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Nine flavonoids, (-)-liquiritigenin (1), (-)-7,3",4"-trihydroxyflavanone (2), (-)-7,8,3"4 "-tetrahydr

oxyflavanone (3), 7,3",4-trihydroxylflavone (4), quercetin (5), isoliquiritigenin (6), butein (7), okanin

(8), and 3,2"4'-trihydroxy-4,3'-dimethoxychalcone (9), were isolated from the aerial parts of Guizotia

abyssinica. The structures of these compounds were identified on the basis of their spectral data and

comparison with those in the literature.
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INTRODUCTION

Guizotia abyssinica (L.f.) Cass. belongs to the
family of Asteraceae and grows in the countries like
India and Ethiopiais. Guizotia abyssinica is primarily
cultivated in India and its seeds have high content of
linoleic acid. The oil of the seeds of G. abyssinica
is traditionally used for treatment of rheumatism."”
The phytochemical study of this plant has not been
reported. In our investigation on the chemical
constituents of G. abyssinica, nine compounds,
(—)-liquiritigenin (1),>* (-)-7,3",4-trihydroxyfla
vanone (2),’ (-)-7,8,3",4"-tetrahydroxylflavanone
(3),0 7,34 "-trihydroxyflavone @), quercetin (5),*

isoliquiritigenin (6), butein (7),'" okanin (8),"" and
3,2"4"-trihydroxy-4,3 -dimethoxychalcone (9),*'"
were isolated from the water soluble portion of its
MeOH extract. The structures of these compounds
were identified on the basis of their spectral analyses

and comparison with spectroscopic and physical data

in literature.

MATERIALS AND
METHODS

General Methods

Optical rotations were recorded on a Jasco

DIP-370 polarimeter. IR spectra were measured on a

*Corresponding authors: Bor-Jinn Shien, Phone: 886-3-2653328, Fax: 886-3-2653399, E-mail: borjinn@cycu.edu.tw; Yu-
Ling Huang, Phone: 886-2-28201999 ext. 6241, Fax: 886-2-28264276, E-mail: ylhuang@nricm.edu.tw
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1 R|:H, R2:H
2 R,=H, R,=OH
3 R,=OH, R,=OH

R, O

5 RIZOH, R2:OH

6 R|:H, RzZOH, RSZH

7 R,=OH, R,=OH, Ry=H

8 R,=OH, R,=OH, R;=OH

9 R|:OH, RzZOMe, R3:0Me

Nicolet Avatar 320 FT-IR spectrophotometer. EIMS
and HREIMS spectra were recorded on a Finnigan
MAT GCQ and a Finnigan/Thermo Quest MAT 95XL
Mass spectrometers, respectively. The NMR spectra
were recorded on a Bruker AC-400 spectrometers.
Melting point was determinted on a Yanaco MP-13
micro melting point apparatus. For thin-layer
chromatography analysis, silica gel 60 Fs4 plates

(Merck) were used.

Plant Material

The aerial parts of Guizotia abyssinica were

Figure 1. HMBC correlations of 9.

collected at the Seed Improvement and Propagation
Station, Hsinshe, Taichung, Taiwan. The voucher
specimen was deposited at the Herbarium of the
National Research Institute of Chinese Medicine,

R.O.C.

Extraction and Isolation

The air-dried aerial parts of Guizotia abyssinica
(22 Kg) were extracted at 50°C with MeOH (120 L X
3). After evaporation of the solvent, the concentrated
MeOH extract was separated into water-soluble

and water-insoluble portions. The water-soluble
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portion was subjected to a Diaion HP-20 column
and eluted with H,O and then MeOH to afford H,O
and MeOH fractions. The MeOH fraction (200
g) was rechromatographed on a silica gel column
eluting with n-hexane/EtOAc and EtOAc/MeOH
mixtures as solvent systems to give 24 fractions (Fr-
1~Fr-24). The fraction Fr-5, eluate of n-hexane-
EtOAc (5:1), was further chromatographed on a silica
gel column eluting with n-hexane-EtOAc (1:1) and
Sephadex LH-20 (MeOH) to give (—)-liquiritigenin
(1, 13.1 mg), isoliquiritigenin (6, 29.8 mg), and
3,2",4'-trihydroxy-4,3'-dimethoxychalcone (9, 4.6
mg). The fraction Fr-8, eluate of n-hexane-EtOAc
(1:1), was reseparated on a silica gel column eluting
with a gradient solvent system of CHCl3/Me,CO (5:1
—1:1) to afford five fractions (Fr-8-1~Fr-8-5). The
fraction Fr-8-4, eluate of CHCl3/Me,CO (2:1), was
further purified by silica gel (CHCIl3/Me,CO = 3:1)
and Sephadex LH-20 (MeOH) columns to give (—)-7
,3',.4'-trihydroxyflavanone (2, 29.8 mg) and butein (7,
10.8 mg). Fraction Fr-8-5, eluate of CHCI3/Me,CO
(1:1), was purified over silica gel (CHCI3/Me,CO =
3:1) and Sephadex LH-20 (MeOH) columns to afford
quercetin (5, 12.9 mg) and (-)-7,8,3",4"-tetrahydrox
yflavanone (3, 23.5 mg). The fraction Fr-10, eluate
of n-hexane-EtOAc (1:2), was rechromatographed
on a silica gel column eluting with a gradient solvent
system of CHCIl3/Me,CO (5:1—1:1) to afford four
fractions (Fr-10-1~Fr-10-4). The fraction Fr-10-2,
eluate of CHCl3/Me,CO (3:1), was further purified
over silica gel (CHCl3/Me,CO=3:1) and Sephadex
LH-20 (MeOH) columns to obtain 7,3',4'-trihydroxy
flavone (4, 2.7 mg). The fraction Fr-10-3, eluate of
CHCI3/Me,CO (2:1), was purified through a silica gel
(CHCl3/Me,CO = 2:1) and Sephadex LH-20 (MeOH)
columns to afford okanin (8, 506.0 mg).

(-)-Liquiritigenin (1)

Brown solid; mp 180-182°C; [a]5—18.9° (¢
0.9, MeOH); IR vy (KBr) cm™: 3474, 1661, 1603,
1571, 1514, 1472, 1335, 1267, 1162; 'H NMR (400
MHz, acetone-ds) J: 2.62 (1H, dd, /=2.8, 16.8 Hz,
H-3), 3.00 (1H, dd, J=12.8, 16.8 Hz, H-3), 5.40
(1H, dd, J=2.8, 12.8 Hz, H-2), 6.38 (1H, d, /=24
Hz, H-8), 6.54 (1H, dd, J=2.4, 8.8 Hz, H-6), 6.87
(2H, d, J=8.8 Hz, H-3", 5"), 7.36 (2H, d, J=8.8 Hz,
H-2', H-6"), 7.68 (1H, d, J=8.8 Hz, H-5); °*C NMR
(100 MHz, acetone-dg) J: 43.8 (C-3), 79.5 (C-2),
102.8 (C-8), 110.9 (C-6), 113.5 (C-10), 115.2 (C-3'
and C-5"), 128.0 (C-2"and C-6"), 128.5 (C-5), 130.4
(C-1"), 157.7 (C-4"), 163.8 (C-9), 165.9 (C-7), 189.6
(C-4); EIMS m/z (rel. int.): 256 [M]" (C5H;204, 100),
239 (12), 163 (11), 150 (12), 137 (37), 120 (15).

(-)-7,3',4'-Trihydroxyflavanone (2)

Yellow syrup; [a]h—38.8° (¢ 0.8, MeOH); IR
Vmax (KBr) cm™': 3274, 1650, 1608, 1461, 1324, 1277,
1156, 1114, 809; '"H NMR (400 MHz, acetone-ds) o:
2.68 (1H, dd, J=2.8, 16.8 Hz, H-3), 3.00 (1H, dd,
J=12.8, 16.8 Hz, H-3), 5.31 (1H, dd, J=2.8, 12.8
Hz, H-2), 6.35 (1H, d, J=2.4 Hz, H-8), 6.49 (1H, dd,
J=2.4, 8.8 Hz, H-6), 6.73 (1H, d, J=8.0 Hz, H-5"),
6.72 (1H, dd, J=2.0, 8.0 Hz, H-6'), 6.92 (1H, d,
J=2.0 Hz, H-2"), 7.72 (1H, d, J=8.8 Hz, H-5); °C
NMR (100 MHz, acetone-ds) J: 44.1 (C-3), 79.9 (C-2),
103.1 (C-8), 110.5 (C-6), 114.0 (C-2"), 114.6 (C-10),
115.3 (C-5"), 118.5 (C-6"), 128.8 (C-5), 131.4 (C-1"),
145.3 (C-4"), 145.6 (C-3"), 163.8 (C-9), 164.6 (C-7),
189.9 (C-4); EIMS m/z (rel. int.): 272 [M]" (C;5H,0s,
100), 255 (18), 163 (17), 150 (48), 137 (40).

(-)-7,8,3',4'-Tetrahydroxyflavanone (3)
Yellow syrup, [a],%57110.0° (c 0.3, MeOH); IR
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Vmax (KBr) em™: 3358, 1656, 1608, 1524, 1456, 1319,
1282; '"H NMR (400 MHz, acetone-de) 6: 2.64 (1H,
dd, /=2.8, 16.8 Hz, H-3), 3.01 (1H, dd, J=12.8,
16.8 Hz, H-3), 5.37 (1H, dd, J=2.8, 12.8 Hz, H-2),
6.58 (1H, d, J=8.8 Hz, H-6), 6.86 (1H, d, J=8.0 Hz,
H-5'), 6.85 (1H, dd, J=1.6, 8.0 Hz, H-6"), 7.03 (1H,
d, J=1.6 Hz, H-2"), 7.28 (1H, d, J=8.8 Hz, H-5);
C NMR (100 MHz, acetone-dg) J: 44.1 (C-3), 80.3
(C-2), 109.6 (C-6), 114.0 (C-2"), 114.8 (C-10), 115.0
(C-5", 117.9 (C-5), 118.4 (C-6"), 131.0 (C-1"), 132.7
(C-8), 145.1 (C-3"), 145.5 (C-4"), 150.8 (C-9), 151.7
(C-7), 190.2 (C-4); EIMS m/z (rel. int.): 288 [M]"
(C15H 1206, 100), 153 (70), 136 (12).

7,3',4'-Trihydroxyflavone (4)

Yellow solid; mp 223-225°C; IR Vi (KBr)
cm’: 3411, 1671, 1603, 1508, 1451, 1277, 1125,
1109; '"H NMR (400 MHz, acetone-de) 6: 6.61 (1H, s,
H-3), 6.76 (1H, dd, J=1.6, 8.4 Hz, H-6), 6.80 (1H, d,
J=1.6 Hz, H-8), 6.92 (1H, d, J=8.0 Hz, H-5"), 7.32
(1H, dd, J=2.0, 8.0 Hz, H-6"), 7.55 (1H, d, J=2.0
Hz, H-2'), 7.59 (1H, d, J=8.4 Hz, H-5); °C NMR
(100 MHz, acetone-dg) 0: 98.5 (C-8), 111.5 (C-3),
112.6 (C-6), 114.0 (C-10), 115.6 (C-5"), 117.8 (C-2"),
124.5 (C-1"), 124.7 (C-6"), 125.5 (C-5), 145.4
(C-3"), 146.3 (C-2), 147.5 (C-4"), 165.9 (C-7), 168.0
(C-9), 181.6 (C-4); EIMS m/z (rel. int.): 270 [M]"
(C15sH,00s, 100), 253 (18), 242 (10), 213 (11), 195
(13), 163 (12), 137 (19).

Quercetin (5)

Yellow solid; mp 273-275°C; IR vpay (KBr)
cm’: 3421, 1661, 1614, 1519, 1445, 1356, 1319,
1256, 1167; "H NMR (400 MHz, acetone-ds) 0: 6.25
(1H, d, J=2.0 Hz, H-6), 6.57 (1H, d, J=2.0 Hz, H-8),
6.98 (1H, d, /=8.8 Hz, H-5"), 7.68 (1H, dd, J=2.0,

8.8 Hz, H-6"), 7.81 (1H, d, J=2.0 Hz, H-2"), 12.1
(1H, s, 5-OH); C NMR (100 MHz, acetone-d) -
94.5 (C-8), 99.2 (C-6), 104.1 (C-10), 115.8 (C-2"),
116.2 (C-5"), 121.5 (C-6"), 123.8 (C-1"), 136.8 (C-3),
145.9 (C-3"), 147.0 (C-2), 148.1 (C-4"), 157.8 (C-9),
162.3 (C-5), 165.1 (C-7), 176.6 (C-4); EIMS m/z (rel.
int.): 302 [M]" (CysH,005, 100), 284 (55), 274 (12),
229 (9).

Isoliquiritigenin (6)

Orange solid; mp 189-191°C; IR vy (KBr)
em’: 3343, 1629, 1598, 1503, 1451, 1367, 1235,
1120; "H NMR (400 MHz, acetone-ds) J: 6.44 (1H,
d, J=1.2 Hz, H-3"), 6.45 (1H, dd, J=1.2, 8.8 Hz,
H-5"), 6.92 (2H, d, J=8.4 Hz, H-3, H-5), 7.73 (2H,
d, /J=8.4 Hz, H-2, H-6), 7.76 (1H, d, J=15.2 Hz,
H-a), 7.83 (1H, d, J=15.2 Hz, H-p), 8.11 (1H, d,
J=8.8 Hz, H-6"), 13.6 (1H, s, 2'-OH); *C NMR
(100 MHz, acetone-dg) J: 103.7 (C-3"), 108.7 (C-5"),
114.4 (C-1"), 116.7 (C-3 and C-5), 118.2 (C-a), 127.5
(C-1), 131.7 (C-6), 131.8 (C-2), 133.2 (C-6"), 145.1
(C-p), 161.0 (C-4), 165.7 (C-4"), 167.6 (C-2"), 192.8
(C-B"); EIMS m/z (rel. int.): 256 [M]" (C;s5H 204,
100), 293 (13), 163 (12), 150 (16), 137 (32).

Butein (7)

Orange solid; mp 205-207°C; IR vy (KBr)
cm’: 3295, 1640, 1587, 1550, 1508, 1351, 1288,
1235, 1146; '"H-NMR (400 MHz, acetone-dg) J: 6.35
(1H, d, J=2.4 Hz, H-3"), 6.46 (1H, dd, J=2.4, 8.8
Hz, H-5"), 6.90 (1H, d, J=8.0 Hz, H-5), 7.21 (1H,
dd, J=2.0, 8.0 Hz, H-6), 7.34 (1H, d, /J=2.0 Hz, H-2),
7.68 (1H, d, J=15.2 Hz, H-a), 7.76 (1H, d, J=15.2
Hz, H-$), 8.10 (1H, d, J=8.8 Hz, H-6"), 13.6 (1H, s,
2'-0H); *C NMR (100 MHz, acetone-dg) J: 102.9
(C-3"), 107.8 (C-5"), 113.6 (C-1"), 115.1 (C-2), 117.4



Wen-Lung Kuo, Chien-Chih Chen, Po-Hao Chang, Lee-Ying Cheng, Bor-Jinn Shien, Yu-Ling Huang 125

(C-a), 122.6 (C-6), 127.3 (C-1), 132.4 (C-6"), 144.7
(C-B), 145.5 (C-3), 148.4 (C-4), 155.5 (C-5), 164.7
(C-4"), 166.7 (C-2"), 191.9 (C-A'); EIMS m/z (rel.
int.): 272 [M]" (C1sH1,0s, 100), 255 (12), 163 (13),
150 (41), 137 (35).

Okanin (8)

Organe solid; mp 219-221°C; IR v (KBr)
cm™': 3385, 1635, 1566, 1503, 1440, 1109, 1020, 972,
836; "H NMR (400 MHz, acetone-ds) 0: 6.49 (1H, d,
J=8.8 Hz, H-5"), 6.90 (1H, d, /J=8.0 Hz, H-5), 7.22
(1H, dd, J=2.0, 8.0 Hz, H-6), 7.35 (1H, d, J=2.0
Hz, H-2), 7.68 (1H, d, J=15.2 Hz, H-a), 7.69 (1H, d,
J=8.8 Hz, H-6"), 7.76 (1H, d, J=15.2 Hz, H-f); °C
NMR (100 MHz, acetone-dg) d: 108.2 (C-5"), 114.7
(C-1"), 115.9 (C-2), 116.3 (C-5), 118.3 (C-a), 123.1
(C-6"), 123.4 (C-06), 128.1 (C-1), 133.2 (C-3"), 145.5
(C-p), 146.3 (C-3), 149.2 (C-4), 152.5 (C-4"), 154.2
(C-2"), 193.3 (C-B"); EIMS m/z (rel. int.) 288 [M]"
(Ci5sH120¢, 100), 153 (66), 136 (11).

3,2',4"-Trihydroxy-4,3'-dimethoxychalcone (9)

Orange solid; mp 154-156°C; IR v (KBr)
cm™: 3379, 1629, 1592, 1556, 1508, 1440, 1351,
1267, and 1214; '"H NMR (400 MHz, acetone-d) -
3.84 (3H, s, 3'-OCH3), 3.93 (3H, s, 4-OCHs), 6.48
(1H, d, J=8.8 Hz, H-5"), 6.90 (1H, d, /=8.0 Hz,
H-5), 7.34 (1H, dd, J=1.6, 8.0 Hz, H-6), 7.53 (1H,
d, J=1.6 Hz, H-2), 7.79 (1H, d, J=15.6 Hz, H-a),
7.84 (1H, d, J=15.6 Hz, H-$), 7.34 (1H, d, J=8.8
Hz, H-6"), 13.8 (1H, s, 2’-OH); >C NMR (100 MHz,
acetone-ds) 0: 56.4 (3'-OCHj3), 60.5 (4-OCH3), 108.2
(C-5"), 112.0 (C-2), 115.2 (C-1"), 116.2 (C-5), 118.4
(C-a), 125.1 (C-6), 127.4 (C-6"), 127.9 (C-1), 135.8
(C-3"), 145.8 (C-p), 148.8 (C-3), 150.7 (C-4), 157.5
(C-4"), 159.7 (C-2"), 193.4 (C-B'); EIMS m/z (rel.

int.): 316 [M]" (100), 301 (13), 284 (14), 180 (16),
167 (43); HREIMS m/z [M]" 316.0948, (calad. for
C17H,606, 316.0947).

RESULTS AND
DISCUSSION

The MeOH extract of the aerial parts of Guizotia
abyssinica was separated into water-soluble and
water-insoluble portions. The water-soluble portion
was successively chromatographed using Diaion
HP-20, silica gel and Sephadex LH-20 columns to
obtain nine flavonoids.

Compound 1 was obtained as an orange
solid. The molecular formula was established to be
Ci5H1204 based on its EIMS and NMR spectral data.
In '"H NMR spectrum of 1, the presence of a pair of
methylene signals at 6 2.62 (1H, dd, J=2.8, 16.8 Hz,
H-3) and 3.00 (1H, dd, /=12.8, 16.8 Hz, H-3) and
an O-linked methine signal at 6 5.40 (1H, dd, J=2.8,
12.8 Hz, H-2) suggested that compound 1 was an
analogue of flavanone. The rest of signals were
assigned to one set of protons of ABX-type ring A [0
6.38 (1H, d, J=2.4 Hz, H-8), 6.54 (1H, dd, J=2.4, 8.8
Hz, H-6), 7.68 (1H, d, J=8.8 Hz, H-5)] and the other
set of protons of AA'BB’-type ring B [6 6.87 (2H, d,
J=8.8 Hz, H-3",5"), 7.36 (2H, d, J=8.8 Hz, H-2',6")].
Based on the analyses of 2D (‘H-"H COSY, HMQC,
and HMBC) spectral data of 1 and comparison
of their spectral data with those in literature,’*
compound 1 was identified as (—)-liquiritigenin.

Compounds 2 and 3 were obtained as yellow
syrup. The spectral characteristics of two compounds
showed that they were also analogues of flavanone.
The 'H and "C NMR spectra of 2 were similar

to those of 1, except for the ring B moiety which
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beared one set of ABX-type protons [J 6.72 (1H,
dd, J=2.0, 8.0 Hz, H-6"), 6.73 (1H, d, J=8.0 Hz,
H-5"), and 6.92 (1H, d, J=2.0 Hz, H-2")]. This was
supported by the presence of a molecular ion peak
at m/z 272 (Cy5H,,05) in EIMS of 2, which was 16
mass units larger than that of 1. Based on the above
evidence and comparison with those in the literature,’
compound 2 was assigned as (—)-7,3',4"-trihydrox
yflavanone. The spectral data of 3 were similar to
those of 2, except for the ring A moiety. A pair of
o-coupling doublets (J=8.8 Hz) attributed to H-5 and
H-6 were shown in the '"H NMR spectrum of 3, and
C-8 signal was shifted downfield to appear at 6 132.7.
Therefore, compound 3 was determined to be (—)-7.,8,
3'4'-tetrahydroxyflavanone, which was confirmed by
comparison with literatural data.’

Compound 4 and 5 were obtained as yellow
solid. The molecular formula of 4 was derived as
C5H 1005 from its EIMS, '"H NMR and "“C NMR
data. The spectral characteristics of 4 were resemble
to those of 2, except for the presence of one typical
singlet at § 6.61 attributed to H-3 in the '"H NMR
spectrum of 4, which indicated that compound 4 was
a flavone analogue. The remaining proton signals
included two sets of ABX-type signals. One set
appeared at 6 6.76 (1H, dd, J=1.6, 8.4 Hz, H-6),
6.80 (1H, d, J=1.6 Hz, H-8), and 7.59 (1H, d, /=8.4
Hz, H-5) and the other set appeared at 6.92 (1H,
d, /=8.0 Hz, H-5"), 7.32 (1H, dd, J=2.0, 8.0 Hz,
H-6"), and 7.55 (1H, d, J=2.0 Hz, H-2"). Based
on the above data and comparison with those in
literature,” the structure of 4 was identified as 7,34
-trihydroxyflavone. Compound 5 had a molecular
formula of C;sH;00;. Comparing the spectral data of
5 with those of 4, the proton signal H-3 was absent

and C-3 signal was shifted downfield to appear at ¢

136.8, suggesting that compound 5 was a flavonol
analogue. In addition, a pair of m-coupling doublets
at 0 6.25 (J=2.0 Hz) and 6.57 (J=2.0 Hz) attributed
to H-6 and H-8 were observed. Thus, the structure of
compound 5 was identified as quercetin.*®

Compounds 6~9, were obtained as orange
solid and they belonged to the chalcone derivatives.
Compound 6 had a Cy5H1,04 derived from its EIMS
data. The IR bands at 3343 and 1629 cm™ indicated
the presence of hydroxyl and carbonyl groups. The
BC NMR spectrum of 6 showed fifteen carbon
signals including one carbonyl group (J 192.8). In its
"H NMR spectrum, the presence of two doublets with
a trans configuration at 6 7.76 (1H, d, J=15.2 Hz,
H-a) and 7.83 (1H, d, J=15.2 Hz, H-p) suggested
that compound 6 belonged to a chalcone analogue.
Other proton signals included a chelated hydroxyl
singlet at 0 13.6, one set of ABX-type signals at ¢
6.44 (1H, d, J=1.2 Hz, H-3"), 6.45 (1H, dd, J=1.2,
8.8 Hz, H-5"), and 8.11 (1H, d, J=8.8 Hz, H-6"), and
another set of AA’BB/'-type signals at 6 6.92 (2H, d,
J=8.4 Hz, H-3, H-5) and 7.73 (2H, d, /=8.4 Hz, H-2,
H-6). From the above data, the structure of 6 was
thus determined to be isoliquiritigenin.*’

Compounds 7 and 8 had molecular formulas of
CsH12,05 and C;sH,0g, respectively. Comparing
their '"H NMR spectra with that of 6, the ABX-type
signals were replaced by the AA’BB’-type signals
on ring B. Besides, a pair of o-coupling doublets at &
6.49 (1H, d, /=8.8 Hz, H-5") and 7.69 (1H, d, /=8.8
Hz, H-6") were shown in the "H NMR spectrum of 8.
Therefore, the structures of compounds 7 and 8 were
identified as butein'® and okanin," respectively.

Compound 9 had a molecular formula of
C17H160¢ derived from HREIMS data. Its '"H and

BC NMR spectral characteristics were closely
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similar to those of 8. The DEPT (6 56.4 and 60.5)
and "H NMR (J 3.84 and 3.93) spectra of 9 showed
the presence of two methoxyl groups which existed
HMBC correlations with the carbon signals at
135.8 (C-3") and 0 150.7 (C-4). Thus, the structure
of 9 was identified as 3,2',4'-trihydroxy-4,3"'-

dimethylchalcone.*'!"!
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