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Abstract

An unusual bi¯avonoid named licoagrodin was isolated from the hairy root cultures of Glycyrrhiza glabra (Leguminosae) along
with three prenylated retrochalcones, licoagrochalcones B, C, D, a prenylated aurone, licoagroaurone and four known prenylated
¯avonoids, licochalcone C, kanzonol Y, glyin¯anin B and glycyrdione A. From the glycosidic fraction, a iso¯avone glycoside,

licoagroside A, and a maltol glycoside, licoagroside B were isolated together with four known iso¯avone glycosides, two ¯avone
C-glycosides, and three other glycosides. Their structures were elucidated on the basis of spectroscopic evidence. # 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

Licorice, the roots and stolons of some Glycyrrhiza
species is one of the oldest plant medicines that have
been used by human beings. Many biological activities
such as antimutagenic activity (Ngo et al., 1992; Zani et al.,
1993), anti-ulcer e�ects (Takagi and Ishii, 1967; Takagi et
al. 1969; van Marle et al., 1981), protective action against
hepatotoxicity (Nose et al., 1994), antitumor promoting
activity (Nishino et al., 1986), antimicrobial e�ects
(Mitscher et al., 1980; Demizu et al. 1988; Okada et al.,
1989; Haraguchi et al., 1998), etc., were reported. These
activities are reported due to two kinds of main con-
stituents, the saponins and ¯avonoids. One of the ¯a-
vonoid-rich fractions from the extract of licorice has
been developed as an anti-ulcer drug (Aspalon1) in
Japan (Japan Pharmceutical Information Center, 1997).
Until now, many studies on the ¯avonoid constituents
of Glycyrrhiza species have been carried out, with more
than 300 ¯avonoids being reported. Among them, about
70 were isolated from the underground organs of G. gla-
bra, one of the most important species of licorice
(Nomura and Fukai, 1998).
In our studies on hairy root cultures to produce useful

compounds, we investigated the constituents of G. glabra
hairy root cultures. Although glycyrrhizin, the main

saponin of some Glycyrrhiza species was not detected in
its cultures, a high ¯avonoid production was nevertheless
established, and 10 ¯avonoids were reported in previous
papers (Asada et al., 1998, 1999; Li et al., 1998). Herein,
we report the isolation and structural determination of
compounds 1±20, which include an unusual bi¯avonoid
together with four retrochalcones, a dihydrochalcone,
an aurone, two dibenzoylmethanes, seven ¯avonoid
glycosides, a maltol glycoside and three other glycosides
(Fig. 1).

2. Results and discussion

The methanol extract of G. glabra hairy root cultures
was partitioned between water and ethyl acetate. The
EtOAc extract was subjected to silica gel column chroma-
tography and further puri®ed by normal-phase HPLC to
give ®ve new ¯avonoids, licoagrodin (1), licoagrochalcone
B (3), licoagrochalcone C (4), licoagrochalcone D (5)
and licoagroaurone (7) and four known ¯avonoids,
licochalcone C (2) (Kajiyama et al., 1992), kanzonol Y
(6) (Fukai et al., 1996, 1997), glyin¯anin B (8) (Zheng et
al., 1992) and glycyrdione A (9) (Demizu et al., 1992;
Zheng et al., 1992). The water layer was subjected to a
Daion HP-20 column chromatography, which was
eluted with methanol. The methanol eluate was evapo-
rated in vacuo to give a glycosidic fraction. The fraction
was applied to ODS column chromatography and then
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Fig. 1. Compounds isolated from G. glabra hairy root cultures.
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puri®ed by reverse phase HPLC to give the new iso-
¯avone glycoside, named licoagroside A (10), as well as
six known ¯avonoid glycosides, ononin (11) (Kitakawa et
al., 1994), calycosin 7-O-glucoside (12) (Katsura and
Yamagishi, 1987), wistin (13) (Kajiyama et al., 1994),
afrormosin 7-O-(600-malonylglucoside) (14) (Kessmann et
al., 1990), vicenin-2 (15) (OÈ sterdahl, 1978), isoschaftoside
(16) (OÈ sterdahl, 1978), the new maltol glycoside, licoa-
groside B (19), and three other known glycosides, tachio-
side (17) (Inoshiri et al., 1987), isotachioside (18) (Inoshiri
et al., 1987), dimethylallyl 6-O-a-l-arabinopyranosyl-b-d-
glucopyranoside (20) (Chassagne et al., 1996).
Licoagrodin (1) was obtained as a colorless powder,

which did not give crystals suitable for X-ray analysis.
Its molecular formula, C45H44O9, was established by
HR-FAB mass spectral analysis. The IR spectrum
showed absorption bands at 3440 and 1660 cmÿ1 due to
hydroxyl and carbonyl groups, respectively. The 1H
NMR spectrum of 1 revealed signals indicating three g,
g-dimethylallyl groups, ortho-coupled aromatic protons
at � 6.50 (d, J=8.5 Hz), 7.23 (d, J=8.5 Hz), two ABX-
type aromatic protons at � 6.80 (d, J=8.5 Hz), 7.21 (dd,
J=8.5, 2.5 Hz), 7.27 (d, J=2.5 Hz) and � 6.45 (dd,
J=8.5, 2.5 Hz), 6.62 (d, J=2.5 Hz), 6.68 (d, J=8.5 Hz),
two isolated aromatic protons at � 6.70, 7.56, two cou-
pled methine protons at � 3.36 (d, J=12.0 Hz), 3.93 (d,
J=12.0 Hz) and an isolated methine proton at � 6.32.
All protonated carbons were assigned by the HMQC
spectrum. The 13C NMR spectrum showed 45 carbon

signals, including a carbonyl carbon (� 189.0), 24 car-
bons due to four aromatic rings, seven of which have an
oxygen function, 15 carbons due to three prenyl groups
and residual ®ve carbons (Table 1). By analysis of the
HMBC spectrum, the carbons on four aromatic rings A,
D, E and H were assigned as shown in Fig. 2 and Table
1. Further correlations between the methylene proton
signals on the prenyl groups and the quaternary aro-
matic carbons suggested that the prenyl groups located
at C-6 on aromatic ring A, C-13 on aromatic ring D,
C-130 on aromatic ring H, respectively. The HMBC

Fig. 2. 1H-13C long-range correlation by the HMBC spectrum of 1.

Table 1
1H NMR and 13C NMR spectral data for licoagrodin (1)

Position 13C NMR 1H NMR Position 13C NMR 1H NMR

2 113.2 20 111.2 6.32 (1H, s)

3 63.4 3.36 (1H, d, J=12.0 Hz) 30 93.5

4 189.0 40 50.4 3.93 (1H, d, J=12.0 Hz)

5 128.3 7.56 (1H, s) 50 131.88 6.68 (1H, d, J=8.5 Hz)

6 124.6 60 111.6 6.45 (1H, dd, J=8.5, 2.5 Hz)

7 164.0 70 159.4

8 103.4 6.70 (1H, s) 80 106.8 6.62 (1H, d, J=2.5 Hz)

9 159.9 90 152.3

10 112.2 100 113.1

11 129.3 110 118.3

12 128.0 7.27 (1H, d, J=2.5 Hz) 120 159.3

13 128.5 130 111.3

14 156.6 140 158.4

15 115.5 6.80 (1H, d, J=8.5 Hz) 150 110.2 6.50 (1H, d, J=8.5 Hz)

16 125.5 7.21 (1H, dd, J=8.5, 2.5 Hz) 160 123.3 7.23 (1H, d, J=8.5 Hz)

17 28.2 3.30 (2H, dd, J=14.0, 7.0 Hz) 170 22.8 3.14 (1H, dd, J=14.0, 7.0 Hz)

18 122.9 5.34 (1H, m) 3.20 (1H, dd, J=14.0, 7.0 Hz)

19 133.1 180 122.69 5.19 (1H, m)

20 17.78 1.71 (3H, d, J=1.0 Hz) 190 131.85

21 25.9 1.74 (3H, d, J=1.0 Hz) 200 17.74 1.67 (3H, d, J=1.0 Hz)

22 28.6 3.25 (2H, d, J=7.0 Hz) 210 25.77 1.57 (3H, d, J=1.0 Hz)

23 122.72 5.23 (1H, m)

24 133.4

25 17.68 1.59 (3H, d, J=1.0 Hz)

26 25.79 1.69 (3H, d, J=1.0 Hz)
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spectrum of 1 also showed correlations between the ring
A protons at � 7.56 (5-H), 6.70 (8-H) and the carbonyl
carbon at � 189.0 (C-4), indicating that the carbonyl
group is combined with ring A. The carbonyl carbon
was further correlated to two coupled methine protons
at � 3.36 (3-H) and 3.93 (40-H). The 3-H was correlated
to C-11 on D-ring at � 129.3 and to C-100 on E-ring at �
113.1 through 3JCH, and the 40-H was correlated to C-
100 and C-110 on H-ring at � 118.3 through 2JCH and
3JCH. The methine proton at � 6.32 (20-H) was corre-
lated to aromatic carbons at � 152.3 (C-90) and � 159.3
(C-120) on E and H-rings, respectively. Taking account
the 13C NMR spectral data and the 24 degrees of unsa-
turation calculated from the empirical formular of 1, it
was suggested that 1 has four alicyclic rings in addition
to four aromatic rings. The D ring, which is bound to
the B ring at C-2, was indicated by the correlations of 5-
H, 8-H/C-4 and 3-H/C-2, C-4, C-11. The six-membered
F ring binding to E-ring was indicated by the correla-
tion of 40-H/C-20, C-30, C-90, C-100 and 20-H/C-30, C-40,
C-90, respectively. The ®ve-membered G ring was indi-
cated by the correlations of 20-H/C-30, C-90, C-120, 160-
H/C-30, C-120 and 170-H/C-120. The other ®ve-mem-
bered ring (C-ring) was suggested by correlation of 3-H/
C-2, C-4, C-30 and 40-H/C-2, C-3, C-30, C-100, C-110.
Thus, the molecular structure of licoagrone (1) was as
depicted.
The relative stereochemistry of 1 was determined by

the NOESY spectrum (Fig. 3). The 3-H showed NOEs
with 12-H and 16-H on ring D which suggested a cis-
junction of the B/C rings. The cross-peak observed
between 3-H and 40-H showed that they are in a cis-
con®guration, and then the 40-H displayed a NOE with
160-H but no NOE with 20-H, suggested cis-junctions for
the C/F and F/G rings. Base on the above spectral data,
the structure of licoagrodin (1) was elucidated as shown
in Fig. 1.

Licoagrochalcone B (3) was isolated as a yellow powder.
Its molecular formula, C21H20O4, was established byHR-
EI mass spectral analysis. Its spectroscopic properties are
very similar to the known retrochalcone, licochalcone C
(2) except for the presence of a prenyl group. In the 1H
NMR spectrum, 3 showed two one-proton doublets
characteristic of trans-ole®nic protons of a chalcone at �
7.77 (d, J=15.5 Hz) and 7.98 (d, J=15.5 Hz), a meth-
oxy signal at � 3.83 (3H, s), A2X2-type aromatic protons
at � 6.98 (d, J=8.5 Hz) and 8.08 (d, J=8.5 Hz) on A
ring, and an AX-type aromatic system at � 6.65 (dd,
J=8.5, 0.5 Hz) and 7.77 (d, J=8.5 Hz) on B ring. In the
EI±MS spectrum, 3 showed a molecular ion peak at m/z
336 [M]+ which is smaller by 2 mass units than that of
2. The base peak at m/z 305 [MÿOMe]+ suggested that
3 is a 2-methoxychalcone (Saitoh et al., 1975) and the
fragment ion peak at m/z 121 indicated the presence of
p-hydroxybenzoyl group in 3. The 1H NMR spectrum
also exhibited signals due to a dimethylchromene group
at � 1.45 (6H, s), 5.84 (1H, d, J=10.0 Hz) and 6.67 (1H,
dd, J=10.0, 0.5 Hz). Long-range coupling (J=0.5 Hz)
was also observed between 5-H at � 6.65 and 100-H at �
6.67 indicating that the chromene group was located at
C-3 of the B-ring. The above data suggested that the
structure of 3 is as shown in Fig. 1. In order to con®rm
its substitution pattern containing the B-ring, and also
for a more accurate assignment of 13C NMR spectral
data, HMBC analysis give the long-range correlations
shown in Fig. 4. These data supported structure 3.
Licoagrochalcone C (4) was isolated as a yellow

powder. Its HR-El mass spectrum displayed a [M]+ at
354.1453, which corresponded to the empirical formula,
C21H22O5 (354.1468). The

1H NMR spectrum of 4 was
similar to that of 2, except for ABX-type aromatic pro-
ton signals at � 6.96 (d, J=8.5 Hz), 7.63 (dd, J=8.5, 2.5
Hz) and 7.64 (d, J=2.5 Hz) instead of the A2X2-type
aromatic proton signals due to the A-ring of 2. Thus,
the structure of licoagrochalcone C was suggested to be
4. The substitution pattern and assignment of 13C NMR
spectral data was con®rmed by analysis of the HMBC
spectrum as shown in Fig. 4. These data also supported
structure 4.
Licoagrochalcone D (5) had the same molecular for-

mula as licoagrochalcone C (4) in their HR±EI mass
spectra. For the 1H- and 13C-NMR spectra, 5 and 3
showed similar patterns in aromatic proton and carbon
signal regions. In the 1H NMR spectrum of 5, the cou-
pling constants between 100-Ha and 200-H (J=10.0 Hz)
and 100-Hb and 200-H (J=8.0 Hz) suggested that C-3 was
substituted by a 2, 3-dihydro-2-(1-hydroxy-1-methyl-
ethyl) furan isoprenoid unit (Tahara et al., 1987). The
structure of 5 was also con®rmed by analysis of the
HMBC spectrum as shown in Fig. 4. Thus, the structure
of licoagrochalcone D was characterized as formula 5.
Licoagroaurone (7) was obtained as an orange pow-

der. The EI mass spectrum of 7 showed a molecular ionFig. 3. NOEs detected for 1 by the NOESY spectrum.
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peak at m/z 338 and the molecular formula was deter-
mined as C20H18O5 from the HR-EI mass spectrum.
The UV spectrum of 7 exhibited absorption maxima at
256, 267 and 396 nm, resembling that of aurone deriva-
tives (Markham and Mabry, 1975). The 1H NMR spec-
trum of 7 showed signals indicating an ole®nic proton at
� 6.64, a dimethylallyl group at � 1.69 (3H, s), 1.88 (3H,
s), 3.56 (2H, d, J=7.0 Hz), 5.41 (1H, m), AX-type aro-
matic protons at � 6.83 (d, J=8.5 Hz), 7.46 (d, J=8.5
Hz) and ABX-type aromatic protons at � 6.96 (d, J=2.5
Hz), 7.42 (dd, J=8.5, 2.5 Hz), 7.61 (d, J=8.5 Hz). In the
13C NMR spectrum, 20 carbon signals were observed.
The above data indicated that 7 is most likely a prenylated
aurone. The 1H and 13C NMR spectra of ¯avones and
aurones are similar (Markham and Chari, 1982; Mark-
ham and Geiger, 1994), but they can be clearly dis-
tinguished from the HMBC spectrum. The ole®nic
proton was correlated to the carbonyl carbon (� 182.9),
C-20 carbon (� 118.8) and 60 carbon (� 125.5) through

3JCH coupling. The methylene carbon signal of the prenyl
group was observed at � 22.6, which indicated that both
ortho-positions to the dimethylallyl group were occu-
pied by oxygenated substituents (Fukai and Nomura,
1989), so the location of the prenyl moiety was deter-
mined to be at C-7. These substituent patterns were also
con®rmed by the HMBC spectrum (Fig. 4). The Z-ste-
reochemistry of the double bond at C-10 in 7 was
determined by the chemical shift of C-10 (� 112.0) (Pel-
ter et al., 1979). Thus, the structure of licoagroaurone
was established as 7.
Compound 10was obtained as a powder. The HR-FAB

mass spectrum displayed [M+H]+ at m/z 493.1360 in
agreement with the empirical formula C23H25O12. The
13C NMR spectrum indicated the presence of 23 carbon
signals, including a carbonyl group at � 178.3. The 1H
NMR spectrum of 10 showed a singlet at � 8.16 char-
acteristic of 10 2-H resonance of iso¯avone derivatives.
The spectrum also exhibited four isolated singlets for

Fig. 4. 1H±13C long-range correlation by the HMBC spectra of compounds 3±5, 7, 10 and 19.
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aromatic protons at � 6.76, 6.94, 7.03, 7.55, indicating
that the protones on the A and C rings were both para-
oriented, as well as two methoxy proton signals at �
3.90, 3.96 and an anomeric proton signal at � 4.81 (d,
J=8.0 Hz). The coupling constants of the protons of
the sugar moiety in 10 suggested the presence of a �-d-
glucopyranose. Among the four aromatic protons, the
most deshielded proton (� 7.55) was readily assigned to
5-H. On irradiation of 2-H at � 8.16, an NOE was
observed for the signal at � 6.76 from the NOE di�er-
ence spectrum as shown in Fig. 5, suggesting that the
proton at � 6.76 could be assigned to 6-H0, while the
residual aromatic protons at � 6.94 and 7.03 were
assigned to 8-H and 3-H0 based on the analysis of the
HMBC spectrum of 10. Irradiation of the methoxy
protons at � 3.90 and the anomeric proton at � 4.81
caused NOEs on the 3-H0 signal at � 7.03 on the B ring,
suggesting that the methoxy and glucopyranosyl groups
are located at C-20 or C-40 of the B-ring. The other
methoxy protons at � 3.96 showed an NOE with 5-H at
� 7.55 indicating that the methoxy group at � 3.96 was
located at C-6. The substitution pattern of 10 was fur-
ther supported from the HMBC spectrum except for the
40-methoxy and 20-glucopyranoyloxy groups as shown
in Fig. 4. Considering the methylation pattern of known
iso¯avonoids from hairy root cultures of G. glabra, it is
most likely that the methoxy group is located at C-40. In
order to con®rm this pattern, the long-range selective
proton decoupling spectrum of 10 was measured. On
irradiation of 2-H at � 8.16, 4JCH long range coupling
was observed for the carbon signal at � 150.4, which was
assigned to the glucosyloxy bonded carbon by the
HMBC spectrum. Therefore, the location of the gluco-
pyranosyl moiety was determined to be at 20-OH. Thus,
10 was determined as 7, 50-dihydroxy-6, 40-dimethoxy-
iso¯avone-20-O-b-d-glucopyranoside.
Compound 19 was obtained as a powder. The mole-

cular formula of 19 was determined as C18H24O12, on
the basis of the [M+H]+ at m/z 433.1344 in the HR-
FAB mass spectrum. The 1H and 13C NMR spectra of

19 showed signals due to a 3-hydroxy-3-methylglutaric
acid (HMG) group, a 3-hydroxy-2-methyl-g-pyrone
(maltol) group and a b-d-glucopyranose group. In the
HMBC spectrum (Fig. 4), a cross-peak was observed
between the anomeric proton at � 4.85 (d, J=8.0 Hz)
and the C-3 carbon at � 143.3 of the maltol motiety,
suggesting that compound 19 contains maltol 3-O-b-d-
glucopyranoside as a partial structure (Looker and
Fisher, 1985). In comparing the 13C NMR spectra of 19
and maltol 3-O-b-d-glucopyranoside, acylation shifts
were observed for the signals due to C-50 (ca.ÿ2.9 ppm)
and C-60 (ca.+1.4 ppm) of the glucopyranosyl moiety in
19, suggesting that the HMG moiety is attached to the
C-60 position of glucopyranosyl moiety. The HMBC
spectrum of 19 further supported the linkage site of the
HMG moiety to glucopyranose. Namely, the HMBC
spectrum showed the cross-peak between the 60-H pro-
tons of glucopyranose (� 4.21 and 4.45) and the C-100

carbon of HMG (� 172.3). Thus, the structure of 19 was
determined as maltol 3-O-[6-O-(3-hydroxy-3-methyl-
glutaroyl)]-b-d-glucopyranoside.
In conclusion, we have isolated ®ve new prenylated ¯a-

vonoids, a new iso¯avone glycoside, a new maltol glyco-
side and known compounds from the hairy root cultures
of G. glabra. Among the known ¯avonoids, kanzonol Y
(6) (Fukai et al., 1996; Fukai et al., 1997) and ononin
(11) (Kitakawa et al., 1994) were previously obtained
from the root of G. glabra, while licochalcone C (2)
(Kajiyama et al., 1992), glyin¯anin B (8) (Zheng et al.,
1992) and glycyrdione A (9) (Zheng et al., 1992; Demizu
et al., 1992) were isolated from the root of another Gly-
cyrrhiza species, G. in¯ata and vicenin-2 (15) (OÈ sterdahl,
1978) from that of G. uralensis. Compounds 2±5 are
regarded as retrochalcones, because their oxygenation
patterns are the reverse as compared with those of the
normal chalcones. The ®rst retrochalcone, echinatin was
isolated from the G. echinata cell cultures (Furuya et al.,
1971) and also reported in the root of G. glabra (Kita-
kawa et al., 1994). It seems that the G. glabra hairy root
cultures have more prenylation and hydroxylation abil-
ities than G. glabra roots in the course of the retro-
chalcone biosynthesis and thus lead to produce the new
compounds 3±5. Aurones have never been isolated from
the Glycyrrhiza species, so 7 is the ®rst aurone from this
species. The bi¯avonoid (1) has a unique structure as a
natural product. As for its possible biosynthesis, a
hypothetical pathway to 1 is given as shown in Fig. 6 by
a radical reaction mechanism. It is very interesting that
the isolated ¯avonoids could be obviously divided into
two groups in the course of their biosynthesis. The ¯a-
vonoids lacking 5-hydroxyl substituent are biosynthe-
sized to iso¯avones, then further glycosylated to a�ord
O-glucosides (10±14), while the ¯avonoids possessing 5-
hydroxyl substituent are biosynthsized to ¯avone C-gly-
cosides (15 and 16). The reason for this are not clear
and need further study.

Fig. 5. NOEs observed in the NOE di�erence spectrum of 10.
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3. Experimental

3.1. General

UV Spectra were obtained with a Hitachi 340 spec-
trophotometer, whereas the IR spectra were measured
with a Jasco FT/IR-200 (by a KBr disk method) spectro-
meter. Optical rotations were measured with a Jasco DIP-
370 digital polarimeter in a 0.5 dm length cell. EI±MS and
HR-FAB±MS were taken on a Jeol JMS DX-300 spec-
trometer. 1H and 13C NMR spectra were measured with
a Varian XL-400 spectrometer. For HPLC, a Waters
model 510 HPLC system was used. Column chromato-
graphy was carried out using Wako-gel C-200 and
YMC-gel ODS-AQ. TLC was conducted on Kieselgel
60F254 plates (Merck).

3.2. Mass culture of G. glabra hairy root cultures

The mass culture conditions of G. glabra hairy root
were described previously (Asada et al., 1998).

3.3. Separation procedures of ¯avonoids

The methanol extract obtained as mentioned in the
previous paper was partitioned between EtOAc and
water. Removal of the solvent from the EtOAc phase
under reduced pressure below 40�C yielded the EtOAc
extract (50.66 g). The water layer was applied to a Dia-
ion HP-20 column which was eluted with water, fol-
lowed by methanol. Evaporation of the methanol eluate
gave the glycosidic fraction (9.73 g).

The EtOAc fraction was subjected to column chro-
matography on Wako-gel C-200 (1500 g) and eluted
with n-hexane:acetone (3:2, v/v) to give six fractions, fr.
1 (1250 ml, 2.2754 g), fr. 2 (250 ml, 1.1072 g), fr. 3 (1000
ml, 6.5808 g), fr. 4 (2000 ml, 6.5556 g), fr. 5 (1500 ml,
3.2771 g), fr. 6 (2000 ml, 3.6993 g) and then the column
was washed with MeOH to give fr. 7 (1500 ml, 11.190 g).
Fr. 3 was subject to silica gel column chromatography

(n-hexane:acetone=75:25) to give 10 fractions I±X. Fr. V
was further puri®ed by repeatedHPLC (n-hexane±CHCl3±
EtOH=9:10:0.5; n-hexane±EtOAc±EtOH=90:8:1) to
give 8 (5.8 mg). Fr. VI was puri®ed by HPLC (n-hexane±
CHCl3±EtOH=60:40:1; CHCl3±MeOH=99:1; n-hexane±
CHCl3±EtOH=15:85:0.3) to give 3 (14.8 mg) and 6 (5.4
mg). Fr. VII was puri®ed by HPLC (n-hexane±CHCl3±
EtOH=60:40:1; n-hexane±isopropanol=96:4) to give 9
(138.0 mg). Fr. IX was puri®ed by HPLC (n-hexane±
CHCl3±EtOH=40:60:1; n-hexane±acetone±isopropanol=
90:5:4) to give 2 (39.6 mg).
Fr.4 was subject to silica gel column chromatography

(n-hexane:acetone=65:35) to give six fractions I±VI. Fr.
VI was further separated by HPLC (n-hexane±EtOH=
89:11) to give more six fractions VIa±VIf. Fr. VIc was
puri®ed by HPLC (n-hexane±EtOAc±EtOH=80:20:3)
to give 4 (9.4 mg) and 7 (9.4 mg). Fr. VId was puri®ed
by HPLC (n-hexane±CHCl3±EtOH=10:90:2; hexane±
CHCl3±EtOH=70:30:0.5) to give 1 (9.0 mg) and 5 (6.2
mg).
The glycosidic fraction was subjected to ODS silica

gel column chromatography (50 g), eluted with aqueous
methanol (0±100%) to give eight fractions, fr. 1 (0.9865
g),fr. 2 (1.3821 g), fr. 3 (1.38289 g), fr. 4 (2.7798 g), fr. 5

Fig. 6. Hypothetical biosynthesis pathway for the formation of 1 from isoliquiritigenin.
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(1.1291 g), fr. 6 (0.7685 g), fr. 7 (0.8364 g) and fr. 8 (0.1743
g). Further puri®cation of fractions 1±5 was achieved by
repeated HPLC (m-Bondasphere, 5 mm C18-100 AÊ ,
19�150 mm) to give 10 (28.3 mg), 11 (18.3 mg), 12 (8.8
mg), 13 (33.8 mg), 14 (87.6 mg), 15 (96.8 mg), 16 (31.0 mg),
17 (5.8 mg), 18 (5.8 mg), 19 (55.5 mg), and 20 (20.6 mg).

3.4. Licoagrodin (1)

Yellow powder. [a]D24
��0� (c=i.12, MeOH). UV lmax

MeOH

nm (log "): 230 sh (4.49), 280 (4.23), 326 (3.93). IR �max
KBr

cmÿ1: 3440, 1660, 1600. EI±MS m/z (%): 408 (29), 322
(39), 266 (42), 189 (100). HR-FAB±MS: calcd for C45

H43O9 ([M±H]ÿ), 727.2907; found: 727.2923. 1H NMR
(400 MHz, acetone-d6) and

13C NMR (100 MHz, ace-
tone-d6) �: see Table 1.

3.5. Licoagrochalcone B (3)

Yellow powder. UV lmax
MeOH nm (log "): 290 (3.70), 350

(3.73). IR �max
KBr cmÿ1: 3430, 1630, 1590, 1560. EI±MS

m/z (%): 336 (M+, 15), 321 (93), 305 (100),121 (27).
HR-EI±MS: calcd for C21H20O4 (M+), 336.1362;
found: 336.1374. 1H NMR (400 MHz, acetone-d6) �: 1.45
(6H, s, 400 and 500-CH3), 3.83(3H, s, OCH3), 5.84 (1H, d,
J=10.0 Hz, 200-H), 6.65 (1H, dd, J=8.5, 0.5 Hz, 5-H),
6.67 (1H, dd, J=10.0, 0.5 Hz, 100-H), 6.98 (2H, d, J=8.5
Hz, 30 and 50-H), 7.77 (1H, d, J=8.5 Hz, 6-H), 7.77 (1H,
d, J=15.5 Hz, a-H), 7.98 (1H, d, J=15.5 Hz, b-H), 8.08
(2H, d, J=8.5 Hz, 20 and 60-H). 13C NMR (100 MHz,
acetone-d6) �: see Table 2.

3.6. Licoagrochalcone C (4)

Yellow powder. UV lmax
MeOH nm (log "): 247 (4.10), 360

(4.38). IR �max
KBr cmÿ1: 3430, 1630, 1590, 1560. EI±MS

m/z (%): 354 (M+, 1), 323 (64), 137 (100). HR-EI±MS:
calcd for C21H22O5 (M+), 354.1468; found: 354.1453.
1H NMR (400 MHz, acetone-d6) �: 1.67 (3H, d, J=0.8
Hz, 500-CH3), 1.79 (3H, d, J=1.0 Hz, 400-CH3), 3.40 (2H,
d, J=7.0 Hz, 100-H), 3.78 (3H, s, OCH3), 5.27 (1H, m,
200-H), 6.77 (1H, d, J=8.5 Hz, 5-H), 6.96 (1H, d, J=8.5
Hz, 50-H), 7.63 (1H, dd, J=8.5, 2.5 Hz, 60-H), 7.64 (1H,
d, J=2.5 Hz, 20-H), 7.67 (1H, d, J=8.5 Hz, 6-H), 7.67
(1H, d, J=15.5 Hz, a-H), 7.98 (1H, d, J=15.5 Hz, b-
H).13C NMR (100 MHz, acetone-d6) �: see Table 2.

3.7. Licoagrochalcone D (5)

Yellow powder. [a]D24ÿ8.7� (c 0.23, CHCl3). UV lmax
MeOH

nm (log "): 260 (3.83), 300 sh (3.87), 356 (4.16). IR umax
KBr

cmÿ1: 3440, 1630, 1600, 1590. EI±MS m/z (%): 354
(M+, 17), 323 (100), 121 (29). HR-EI±MS: calcd for
C21H22O5 (M+), 354.1468; found: 354.1461. 1H NMR
(400 MHz, acetone-d6) �: 1.25 (3H, s, 400 or 500-CH3),
1.28 (3H, s, 400 or 500-CH3), 3.43 (1H, dd, J=16.0, 10.0

Hz, 100-Ha), 3.44 (1H, dd, J=16.0, 8.0 Hz, 100-Hb), 4.00
(3H, s, OCH3), 4.71 (1H, dd, J=10.0, 8.0 Hz, 200-H),
6.53 (1H, d, J=8.5 Hz, 5-H), 6.96 (2H, d, J=8.5 Hz, 30

and 50-H), 7.70 (1H, d, J=16.5 Hz, a-H), 7.71 (1H, d,
J=8.5 Hz, 6-H), 8.04 (1H, d, J=16.5 Hz, b-H), 8.06
(2H, d, J=8.5 Hz, 20 and 60-H). 13C NMR (100 MHz,
acetone-d6) �: see Table 2.

3.8. Licoagroaurone (7)

Yellow powder. UV lmax
MeOH nm (log "): 256 (3.99), 267

(3.98), 396 (4.41). IR �max
KBr 1 cmÿ1: 3440, 1630, 1600. EI±

MS m/z (%): 338 (M+, 100), 283 (54), 149 (46). HR-EI±
MS: calcd for C20H18O5 (M+), 338.1154; found:
338.1164. 1H NMR (400 MHz, acetone-d6) �: 1.69 (3H,
d, J=0.5 Hz, 500-CH3), 1.88 (3H, d, J=0.5 Hz, 400-CH3),
3.56 (2H, d, J=7.0 Hz, 100-H), 5.41 (1H, m, 200-H), 6.64
(1H, s, 10-H), 6.83 (1H, d, J=8.5 Hz, 5-H), 6.96 (1H, d,
J=8.5 Hz, 50-H), 7.42 (1H, dd, J=8.5, 2.5 Hz, 60-H),
7.46 (1H, d, J=8.5 Hz, 4-H), 7.61 (1H, d, J=2.5 Hz, 20-
H). 13C NMR (100 MHz, acetone-d6) �: 18.1 (C-400),
22.6 (C-100), 25.8 (C-500), 112.0 (C-10), 112.9 (C-5), 113.1
(C-7), 114.9 (C-9), 116.5 (C-50), 118.8 (C-20), 122.1(C-
200), 123.4 (C-4), 125.5 (C-60), 125.7 (C-10), 132.8 (C-300),
146.2 (C-30), 147.4 (C-2), 148.1 (C-40), 163.6 (C-8), 167.7
(C-6), 182.9 (C-3).

3.9. Licoagroside A (10)

Powder, [a]D24+75.1� (c 0.37, MeOH). UV lmax
MeOH nm

(log "): 218 (4.30), 250 (4.07), 294 (3.85), 324 (3.84). IR

Table 2
13C NMR spectral data for retrochalcones 3±5

3 4 5

C=O 188.1 188.2 188.2

C-a 121.2 120.4 120.0

C-b 138.1 139.1 139.2

C-1 121.9 121.1 120.4

C-2 157.1 160.5 157.5

C-3 115.8 123.0 118.0

C-4 157.1 159.6 165.3

C-5 113.9 112.7 105.4

C-6 129.2 127.4 129.8

C-10 131.7 132.1 131.5

C-20 131.7 116.1 131.5

C-30 116.1 145.9 116.0

C-40 162.5 150.8 162.4

C-50 116.1 115.6 116.0

C-60 131.7 122.7 131.5

C-100 117.2 23.6 29.6

C-200 131.7 123.9 91.2

C-300 77.4 131.5 71.4

C-400 28.1 17.9 25.4a

C-500 28.1 25.8 26.0a

OCH3 63.2 62.7 60.0

a Assignments may be interchangeable.
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�max
Kbr cmÿ1: 3430, 1630. FAB±MS (positive) m/z: 515

[M+Na]+, 493 [M+H]+. HR-FAB±MS (positive) m/z:
found: 493.1360; calcd for C23H25O12 [M+H]+:
493.1346. 1H NMR (400 MHz, methanol-d4) �: 3.24
(1H, dd, J=9.0, 9.0 Hz, 400-H), 3.28 (1H, dd, J=9.0, 8.0
Hz, 200-H), 3.40 (1H, ddd, J=9.0, 6.0, 2.0 Hz, 500-H),
3.42 (1H, dd, J=9.0, 9.0 Hz, 300-H), 3.60 (1H, dd,
J=12.0, 6.0 Hz, 600-Ha), 3.87 (1H, dd, J=12.0, 2.0 Hz,
600-Hb), 3.90 (3H, s, 40-OCH3), 3.96 (3H, s, 6-OCH3),
4.84 (1H, d, J=8.0 Hz, 100-H), 6.76 (1H, s, 60-H), 6.94
(1H, s, 8-H), 7.03 (1H, s, 30-H), 7.55 (1H, s, 5-H), 8.16
(1H, s, 2-H). 13C NMR (100 MHz, methanol-d4) �:
178.3 (C-4), 156.8 (C-2), 155.1 (C-7), 154.5 (C-9), 150.4
(C-20), 149.7 (C-40), 148.7 (C-6), 142.8 (C-50), 122.6 (C-
3), 118.7 (C-60), 117.9 (C-10), 115.5 (C-10), 105.4 (C-5),
104.3 (C-100), 104.0 (C-8), 103.4 (C-30), 78.4 (C-500), 78.1
(C-300), 74.9 (C-200), 71.6 (C-400), 62.8 (C-600), 56.7 (6-
OCH3), 56.6 (40-OCH3).

3.10. Licoagroside B (19)

Powder, [a]D24 ÿ61.4� (c 0.60, MeOH). UV lmax
MeOH nm

(log "): 210 (4.04), 254 (4.07). IR �max
KBr cmÿ1: 3420, 1650,

1620. FAB±MS (positive) m/z: 455 [M+Na]+, 433
[M+H]+ HR-FAB±MS (positive) m/z: found:
433.1344; calcd for C18H25O12 [M+H]+: 433.1346. 1H
NMR (400 MHz, methanol-d4) �: 1.35 (3H, s, 600-H),
2.42 (3H, s, 7-H), 2.60 (1H, d, J=15.0 Hz, 400-Ha), 2.64
(1H, d, J=15.0 Hz, 400-Hb), 2.65 (1H, d, J=15.0 Hz, 200-
Ha), 2.72 (1H, d, J=15.0 Hz, 200-Hb), 3.34 (1H, dd,
J=9.0, 8.0 Hz, 40-H), 3.38 (1H, dd, J=8.0, 8.0 Hz, 20-
H), 3.40 (1H, dd, J=9.0, 8.0 Hz, 30-H), 3.45 (1H, ddd,
J=8.0, 6.0, 2.0 Hz, 50-H), 4.21 (1H, dd, J=12.0, 6.0 Hz,
60-Ha), 4.45 (1H, dd, J=12.0, 2.0 Hz, 60-Hb), 4.85 (1H,
d, J=8.0 Hz, 10-H), 6.45 (1H, d, J=6.0 Hz, 5-H), 8.01
(1H, d, J=6.0 Hz, 6-H). 13C NMR (100 MHz, metha-
nol-d4): � 177.0 (C-4), 174.8 (C-500), 172.3 (C-100), 164.6
(C-2), 157.2 (C-6), 143.3 (C-3), 117.3 (C-5), 104.9 (C-10),
77.8 (C-30), 75.9 (C-50), 75.3 (C-20), 71.2 (C-40), 70.6 (C-
300), 64.3 (C-60), 46.3 (C-200), 45.9 (C-400), 27.8 (C-600),
15.8 (C-7).
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