
Licorice, the roots and rhizomes of some Glycyrrhiza
species (Leguminosae) has been used by human being for at
least 4000 years. Clinical studies of licorice make it one of
the most thoroughly studied herbs, which includes antimuta-
genic activity,1) anti-ulcer effect,2) protective action for hepa-
totoxicity,3) antitumor promoting activity,4) anti-caries ef-
fect,5) antimicrobial effect,6) etc. Much of the recent research
on licorice constituents has indicated the pharmacological
importance of phenolic compounds. Until now, many studies
on the flavonoid constituents of Glycyrrhiza species have
been carried out, and about sixty phenolic compounds have
been isolated from the underground parts of G. uralensis, one
of the most important species of licorice.7)

The natural resource of wild Glycyrrhiza uralensis is
about exhaustion. So this plant is cultivated in a large scale in
the Inner Mongolia area, China. Yet, there is still no report
on chemical studies of the cultivated licorice. We report 
here the results of a phytochemical investigation of the phe-
nolic constituents of the roots of Glycyrrhiza uralensis,
which were cultivated in Inner Mongolia, China. A new bi-
flavonoid named licobichalcone was isolated together with
twelve known flavonoids, licochalcone B,8) formononetin,9)

isoliquiritigenin,10) liquiritin,11) glabrone,12) licochalcone A,8)

echinatin,13) licoflavone A,10) liquiritigenin,10) 49,7-dihydroxy-
flavone,10) medicarpin 3-O-b -D-glucopyranoside,14) and
isoliquiritin.10) The structures of known compounds were de-
termined by analysis of the physical and spectroscopic evi-
dence, and confirmed by comparing with the data of litera-
tures.

Licobichalcone (1) was obtained as a yellow powder. Its
molecular formula, C32H26O10, was established by high reso-
lution (HR)-FAB-MS spectrum. The IR spectrum showed ab-
sorption bands at 3211 and 1654 cm21 due to hydroxyl and
carbonyl groups, respectively. The 1H-NMR spectrum of 1
(Table 1, CD3OD) revealed the presence of four aromatic
rings, namely rings A and C with the resonance for AA9XX9-
type aromatic protons at d 8.19 and 6.90, and d 7.46 and
6.80, respectively, ring B with the resonance for ortho-cou-
pled aromatic protons at d 6.38 and 5.98, and ring E with the
resonance for an isolated aromatic protons at d 6.67. Further-
more, an isolated methine proton at d 7.28, two coupled me-
thine protons at d 4.98 and 4.83, and two methoxyl groups at
d 3.90 and 3.32 were also observed. The 13C-NMR spectrum

showed 32 carbon signals (Table 1). All protonated carbons
were then assigned by 1H-detected heteronuclear multiple
quantum coherence (HMQC) experiment. Two carbonyl car-
bons at d 199.0 and 197.6 were assigned to be linked to C-10
of ring A and C-109 of ring C by observing the 1H–13C long-
range correlations between H-11 (d 8.19) and C-1 (d 199.0),
H-119 (d 7.46) and C-19 (d 197.6) respectively. Taking ac-
count the 20 degrees of unsaturation calculated from the em-
pirical formula of 1, it was suggested that 1 has at least an-
other ring system with one more unsaturated double bond.
The heteronuclear multiple bond connectivity (HMBC) ex-
periment (Fig. 1) established the structure of ring D. Two
methoxyl groups were assigned to be located in C-5 and C-69
by observing of the correlations between their protons and
chemical shift assigned carbons of C-5 and C-69, respec-
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Table 1. 1H- and 13C-NMR Spectral Data for 1

Position DEPT dC dH, J in Hz

1 C 199.0
2 CH 50.5 4.83, d, 1.2
3 CH 35.8 4.98, d, 1.2
4 C 127.8
5 C 147.0
6 C 139.7
7 C 146.6
8 CH 111.4 6.38, d, 8.5
9 CH 120.1 5.98, d, 8.5

10 C 128.9
11, 15 CH 132.9 8.19, d, 9.0
12, 14 CH 116.1 6.90, d, 9.0

13 C 163.7
19 C 197.6
29 C 123.2
39 CH 144.6 7.28, s
49 C 126.4
59 C 133.1
69 C 147.1
79 C 142.5
89 C 146.6
99 CH 113.3 6.67, s

109 C 130.7
119, 159 CH 132.7 7.46, d, 8.7
129, 149 CH 115.9 6.80, d, 8.7

139 C 162.7
5-OCH3 CH3 60.6 3.32, s



tively. Per-acetylation of 1 gave 1a, which showed 6 addi-
tional phenolic acetyl groups than 1, supported the presence
of six phenolic hydroxyls in 1.

The relative stereochemistry between H-2 and H-3 was as-
signed by a combination of two-dimensional nuclear Over-
hauser effect spectroscopy (2-D NOESY) data, analysis of
coupling constants, and molecular modeling studies per-
formed on 1. H-2 and H-3 were observed as doublets with a
coupling constant of 1.2 Hz, indicating that the dihedral
angle between H-2 and H-3 is about 60°, such small coupling
indicates an axial/equatorial or equatorial/equatorial arrange-
ment of these protons. In the case of H-2 and H-3 to be
trans-configuration, molecular modeling studies performed
on a Silicon graphics R5000 workstation using the Discover
program within Insight II package,15) suggested the existence
of the H-2 and H-3 both pseudoaxial arrangements for con-
formational minimum. By this arrangement, a dihedral angle
between H-2 and H-3 was predicted to be near 180 ° which
requires a reasonable coupling. However, in the case of H-2

and H-3 to be cis-configuration, the same dihedral angle was
measured 60.07 ° which is in agreement with the small cou-
pling between H-2 and H-3. This assumption is supported by
NOE correlations between H-2 and H-3. Therefore, the rela-
tive stereochemistry between H-2 and H-3 was proposed to
be cis-configuration.

Licobichalcone (1) was found to be racemate, since the
optical rotation was zero and the circular dichroism (CD)
spectrum exhibited no Cotton effect. Racemic biflavonoids
were also reported from the hairy root cultures of G. glabra,
another important species of licorice.15,16) We proposed here
a possible route for the biosynthesis of 1 from licochalcone
B, one main metabolite of G. uralensis, by radical reaction
(Fig. 3).

Experimental
General Experimental Procedures UV spectra were obtained with a

SHIMADZU UV-2201 spectrophotometer, whereas the IR spectra were
measured with a BRUKER IFS 55 spectrometer. Electrospray ionization
mass spectroscopy (ESI-MS) was taken on a LCQ mass system. High-reso-
lution FAB-MS was taken on a JEOL JMS-AX505HA. 1H- and 13C-NMR
spectra were measured with JEOL ECP-500 spectrometer. Molecular model-
ing was carried out on a Silicon graphics R5000 workstation using the Dis-
cover program within Insight II package (version 97.2; Molecular Simula-
tions, Inc.: San Diego, CA, U.S.A.).

Plant Material The roots of Glycyrrhiza uralensis F. were collected in
April 2000 from Dongsheng of Inner Mongolia of China. Voucher speci-
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Fig. 1. Key 1H–13C long-Range Correlations by the HMBC Spectrum of 1

Fig. 2. Key NOEs Observed by NOESY Spectrum of 1

Fig. 3. Hypethetical Biosynthesis Pathway for the Formation of 1 from
Licochalcone B



mens are deposited in the Department of Phytochemistry, Shenyang Pharma-
ceutical University.

Extraction and Isolation The air-dried roots (5 kg) were extracted
twice with hot water (30 l each). The extract fractions were combined, evap-
orated and freeze dried to gave the residue (1000 g). Partial of this residue
(800 g) was partitioned between EtOAc and water. Removal of the solvent
from EtOAc phase yielded the EtOAc soluble extract (45.5 g). The EtOAc
soluble fraction was subjected to normal-phase silica gel column, and eluted
with petroleum ether, followed by a gradient of EtOAc up to 100% and then
with CHCl3, followed by a gradient of MeOH to 50% to give sixteen frac-
tions. Further separation of fr. 5 by repeated silica gel, Sephadex LH-20, and
ODS column chromatography gave glabrone (35 mg) and formononetin
(6 mg), of fr. 7 gave isoliquiritigenin (5 mg) and liquiritigenin (22 mg), of fr.
9 gave licochalcone A (48 mg), licochalcone B (50 mg), licoflavone A
(39 mg) and echinatin (6 mg), of fr. 11 gave 49,7-dihydroxyflavone (10 mg),
medicarpin 3-O-b-D-glucopyranoside (5 mg) and licobichalcone (1, 60 mg),
of fr. 12 gave isoliquiritin (15 mg), and of fr. 13 gave liquiritin (212 mg).

Licobichalcone (1): Yellow powder; [a]D
24 60° (c50.7, MeOH); UV

(MeOH) lmax (log e) 370 (4.14), 284 (4.37), 266 (4.37), 204 (4.77) nm; IR
(KBr) nmax, 3211, 1654, 1607, 1582, 1512, 1377, 1322 cm21; 1H-NMR
(500 MHz, CD3OD) and 13C-NMR (125 MHz, CD3OD), given in Table 1;
ESI-MS (positive) m/z 571.1 [M1H]1; HR-FAB-MS (positive) m/z
571.1595 [M1H]1 (Calcd for C32H27O10, 571.1604).

Acetylation of 1 A mixture of 1 (12 mg), acetic anhydride (4 ml) and
pyridine (2 ml) was left to stand overnight at room temperature, and then the
solvent was removed. The residue was partitioned between water and
CHCl3. The CHCl3 extract was subjected to ODS open column chromato-
graph, eluted with 50% MeOH to give 1a (7 mg): 1H-NMR (500 MHz,
CDCl3): d : 8.18 (2H, d, J58.7 Hz, H-11 and H-15), 7.65 (2H, d, J58.7 Hz,
H-119 and H-159), 7.37 (1H, s, H-39), 7.22 (2H, d, J58.7 Hz, H-12 and H-
14), 7.15 (2H, d, J58.7 Hz, H-129 and H-149), 7.07 (1H, s, H-99), 6.80 (1H,
d, J58.7 Hz, H-8), 6.56 (1H, d, J58.7 Hz, H-9), 5.07 (1H, br s, H-3), 4.98
(1H, d, J50.9 Hz, H-2), 3.76, (3H, s, 69-OCH3), 3.36 (3H, s, 5-OCH3), 2.23,
2.26, 2.27, 2.31, 2.32, 2.36 (each 3H, s, OCOCH336); 13C-NMR (125 MHz,
CDCl3): 196.1 (C-1), 194.4 (C-19), 168.9, 168.8, 167.9, 167.8, 167.6, 167.2
(–OCO of –OCOCH336), 154.5 (C-13), 153.7 (C-139), 150.7 (C-5), 150.0
(C-69), 143.0 (C-89), 142.6 (C-7), 140.5 (C-39), 137.6 (C-79), 136.1 (C-6),
134.9 (C-109), 134.4 (C-59), 133.4 (C-10), 133.3 (C-4), 131.2 (C-49), 131.0
(C-11, C-15), 130.9 (C-119, 159), 127.2 (C-29), 125.7 (C-9), 121.7 (C-12, C-
14), 121.6 (C-129, C-149), 119.2 (C-99), 118.2 (C-8), 61.0 (5-OCH3), 60.8
(69-OCH3), 48.1 (C-2), 33.8 (C-3), 21.2, 21.2, 20.8, 20.7, 20.5, 20.3 (–OCH3

of –OCOCH336); ESI-MS m/z 845 [M1Na]1.
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