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stained slices were observed under 4 x magnification.
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1. Isolation and structural characterization of licorice compounds.

The dried licorice crude drug (35 kg) was powdered and extracted with 95% (90
L x 2 h x 2)and 70% EtOH (90 L x 2 h x 1) under reflux. After concentration in
vacuo, the extract (10 L) was dispersed in H,O and successively extracted with
EtOAc and n-BuOH.

The n-BuOH extract (1540 g) was separated on an AB-8 macroporous resin
column eluted with EtOH/H,O (10 to 95%, v/v) to obtain fractions A—E. Triterpenoid
saponins (94-122) were obtained mainly from fractions B and D, which was reported
in our previous publication [1]. Phenolic glycosides (74-93) were obtained from
fraction A (200 g), which was firstly subjected to MCI gel column chromatography
and eluted with 10%, 30%, 55% and 95% EtOH to afford fractions AA—AD. Fraction
AA was chromatographed over ODS C;g with EtOH/H,O (10 to 95%, v/v) as the
eluent to obtain fractions AAA—AAC, all of which were further purified over
Sephadex LH-20 and semi-preparative HPLC to yield liquiritin (82, 500 mg) [3],
sophoraflavone B (90, 4 mg) [4] and syringic acid 4-O-glucopyranoside (93, 20 mg)
[5]. Fraction AB was fractionated on an MCI gel column eluted with EtOH/H,O (10
to 95%, v/v) to obtain fractions ABA—ABE, and they were further purified over
Sephadex LH-20 and semi-preparative HPLC to obtain liquiritigenin
7,4'-O-diglucopyranoside (74, 165 mg) [4], glucoliguiritin apioside (75, 34 mg) [6],
vicenin-2 (76, 165 mg) [7], apigenin
6-C-rhamnopyranosyl-8-C-[6"'-(3-hydroxy-3-methylglutaroyl)-glucopyranoside] (83,
12 mg) [8], isoliquiritigenin 4,4'-O-diglucopyranoside (79, 102 mg) [9] and
isoviolanthin (80, 33 mg) [10]. Fraction AC was also subjected to MCI gel column
chromatography eluted with EtOH/H,O (10 to 95%, v/v) as the eluent to produce
ACA—-ACC. They were further purified over ODS C;3 and semi-preparative HPLC to
yield liquiritin apioside (81, 40 mg) [11], 7,4'-dihydroxyflavone 7-O-glucopyranoside
(91, 6 mg) [12] and daidzin (92, 5 mg) [13]. Using the similar method with fraction
AC, isoliquiritin apioside (84, 30 mg) [14], ononin (85, 50 mg) [15], isoliquiritin (86,
49 mg) [3] and glycyroside (89, 18 mg) [4] were obtained from fraction AD by MCI,
Sephadex LH-20 and semi-preparative HPLC. In addition, schaftoside (77),
isoschaftoside (78), neoliquiritin (87) and neoisoliquiritin (88) were purchased from
Mansite Bio-Technology Co., Ltd. (Chengdu, China).

Free phenolics (1-73) were mainly isolated from the EtOAc extract, and the
isolation and structural characterization of 29, 32, 48 and 50 have been reported in our
recent publication [2]. In general, the EtOAc extract (1280 g) was chromatographed
over silica gel using petroleum ether/EtOAc (1:0 to 1:1, v/v) as the eluent to produce

fractions A—J. Fraction B (60 g) was separated on a silica gel column eluted with
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petroleum ether/acetone (1:0 to 1:1, v/v) to obtain fraction BA—BE. Fraction BD was
further subjected to polyamide column chromatography eluted with EtOH/H,O (10 to
90%, v/v) to yield fraction BDA—BDI. Fractions BDC, BDF and BDH were purified
over Sephadex LH-20 and semi-preparative HPLC to obtain licoisoflavanone (58, 180
mg) [16], abiochanin A (589, 2 mg) [17], glyasperin S (6, 2.5 mg), glyasperin C (62, 5
mg) [18], 3-methoxy-9-hydroxy-pterocarpan (64, 320 mg) [19], 1-methoxy-phaseollin
(65, 95 mg) [6], glabridin (66, 2 mg) [20], isolupalbigenin (67, 2 mg) [21], 6,8-
diprenylgenistein (68, 2 mg) [22], 2'-hydroxy-isolupalbigenin (69, 2 mg) [23],
isoderrone (70, 6 mg) [24], licoricidin (71, 900 mg) [25] and licoisoflavone B (73, 1
mg) [16].

Fraction E (30 g) was subjected to MCI gel column chromatography and eluted
with 30%, 40%, 50%, 60%, 70%, 80% and 90% EtOH to afford fractions EA—EG.
Fraction EC was fractionated on a polyamide column eluted with CH,Cl,/MeOH (1:0
to 1:1, v/v) to produce ECA—ECN. Fractions ECC, ECD, ECI and ECK were further
separated by ODS C,g columns and purified over semi-preparative HPLC to yield
glycyrol (9, 820 mg) [26], semilicoisoflavone B (16, 1020 mg) [27], kumatakenin (17,
5 mg) [28], licoricone (18, 18 mg) [29], glyasperin O (1, 54 mg), glyasperin Q (2, 3
mg), glyasperin P (3, 2 mg), licoflavonol (20, 600 mg) [28], topazolin (21, 195 mg)
[30], licoisoflavone A (22, 36 mg) [31], wighteone (23, 102 mg) [32],
allolicoisoflavone B (24, 71 mg) [33],
5,7,4'-trihydroxy-3'-(3-methylbut-2-enyl)-3-methoxy flavone (25, 20 mg) [34],
lupiwighteone (26, 2 mg) [35], glyasperin T (4, 5 mg), isolicoflavonol (28, 20 mg)
[36], glycyfuranocoumarone A (29, 2 mg) [2], formononetin (30, 107 mg) [29],
genkwanin (31, 3 mg) [37], glycyfuranocoumarin A (32, 7 mg) [2], isoglabrone (34, 2
mg) [38] and glyurallin A (35, 2 mg) [39]. Fraction EE was separated by silica gel
column chromatography with CHCl;/MeOH (1:0 to 1:1, v/v) as the eluent to obtain
EEA-EEE. Fractions EEA, EEC and EEE were further purified over Sephadex LH-20
and semi-preparative HPLC to obtain isoangustone A (10, 488 mg) [27], isoglycyrol
(11, 84 mg) [26], 7-O-methylluteone (12, 41 mg) [40], glyasperin D (13, 14 mg) [18],
dehydroglyasperin D (14, 50 mg) [41] and gancaonin I (15, 95 mg) [26]. Fraction EG
was subjected to polyamide column chromatography eluted with CH,Cl,/MeOH (1:0
to 1:1, v/v), and purified over Sephadex LH-20 and semi-preparative HPLC to yield
angustone A (19, 70 mg) [42].

Fraction H (100 g) was subjected to MCI gel column chromatography and eluted
with 10%, 30%, 50%, and 95% EtOH to afford fractions HA—HD. Fraction HB was
chromatographed over silica gel and eluted with CHCI3;/MeOH (1:0 to 1:1, v/v) to
produce fractions HBA—HBH. Fractions HBD, HBF and HBH were further separated
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by Sephadex LH-20 and purified over semi-preparative HPLC to yield liquiritigenin
(60, 330 mg) [43], licoflavone A (61, 2 mg) [44], daidzein (63, 3 mg) [45] and
glycyrin (8, 270 mg) [46]. Fraction HC was subjected to polyamide column
chromatography with CH,Cl,/MeOH (1:0 to 1:1, v/v) as the eluent to obtain fractions
HCA—-HCD. Fractions HCA, HCB and HCC were further purified by ODS Cig
columns and semi-preparative HPLC to yield 7-methoxy-2',4'-dihydroxy isoflavone
(36, 3 mg) [47], 11b-hydroxy-11b,1-dihydromedicarpin (37, 6 mg) [48], kaempferol
3-O-methyl ether (38, 100 mg) [49], 2-one-4-methoxy-pyran (39, 2 mg) [50],
isoliquiritigenin (42, 226 mg) [51], genistein (44, 60 mg) [52], kumatakenin B (45, 9
mg) [53], echinatin (7, 6 mg) [54], glycyfuranocoumarin B (48, 5 mg) [2], glyasperin
R (5, 25 mg), glicoricone (51, 14 mg) [55] and pratensein (52, mg) [56]. Fraction HD
was also subjected to polyamide column chromatography eluted with CH,Cl,/MeOH
(1:0 to 1:1, v/v) to obtain HDA—HDI. Fractions HDC, HDE, HDG and HDH were
further separated by ODS C,g columns and purified over semi-preparative HPLC to
yield hirtellanine 1 (40, 6 mg) [57], glycyrrhiza-isoflavone C (41, 4 mg) [58],
isoglycycoumarin (43, 160 mg) [49], luteone (46, 52 mg) [59], licocoumarone (47, 77
mg) [49], uralenol (49, 16 mg) [60], glycyfuranocoumarin C (50, 1 mg) [2],
dehydroglyasperin C (53, 6 mg) [61], homobutein (54, 2 mg) [62], 6-C-prenylorobol
(55, 22 mg) [63], kaempferol (56, 6 mg) [51], gancaonin L (57, 22 mg) [64] and
glicophenone (72, 2 mg) [65].

Fraction I (50 g) was isolated by a silica gel column eluted with CHCl;/MeOH
(1:0 to 1:1, v/v) to obtain fractions IA—IC. Fraction IB was subjected to MCI gel
column chromatography eluted with EtOH/H,O (10 to 90%, v/v) to produce fraction
IBB, which was further purified over Sephadex LH-20 and semi-preparative HPLC to
obtain licoarylcoumarin (27, 63 mg) [49] and glycycoumarin (33, 500 mg) [36].

Echinatin (7): 'H NMR (400 MHz, DMSO-d;) J: 7.91 (1H, d, J = 15.6 Hz, H-B), 7.64
(1H, d, J = 15.6 Hz, H-a), 7.99 (2H, d, J = 8.4 Hz , H-2', 6"), 6.87 (2H, d, J = 8.4 Hz,
H-3', 5"), 6.47 (1H, d, J = 2.0 Hz , H-3), 6.44 (1H, dd, J = 2.0, 8.4 Hz, H-5), 7.76 (1H,
d, J= 8.4 Hz, H-6), 3.84 (3H, s, 2-OCHj3), 10.21 (H, br s, OH). *C NMR (100 MHz,
DMSO-dg) d: 137.6 (C-B), 118.1 (C-ar), 187.2 (C=0), 130.8 (C-2), 115.3 (C-3"), 161.7
(C-4"), 115.3 (C-3"), 130.8 (C-2'), 129.6 (C-1"), 114.6 (C-1), 160.0 (C-2), 99.1 (C-3),
161.5 (C-4), 108.2 (C-5), 130.1(C-6), 55.5 (2-OCHs).

Glycyrin (8): "H NMR (400 MHz, DMSO-dq) 6: 7.83 (1H, s, H-4), 6.87 (1H, s, H-8),
6.35 (1H, d, J = 2.0 Hz, H-3"), 6.26 (1H, dd, J = 2.0, 8.0 Hz, H-5'), 7.12 (1H, d, J =
8.0 Hz, H-6"), 3.27 (2H, d, J= 8.0 Hz, H-1"), 5.10 (1H, t, J = 8.0 Hz, H-2"), 1.72 (3H,
s, H-4"), 1.62 (3H, s, H-5"), 3.76 (3H, s, 5-OCHs), 3.87 (3H, s, 7-OCHz), 9.45 (1H, s,
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OH), 9.47 (1H, s, OH). >C NMR (100 MHz, DMSO-dg) 6: 160.9 (C-2), 121.8 (C-3),
136.4 (C-4), 155.0 (C-5), 119.6 (C-6), 158.9 (C-7), 95.6 (C-8), 153.7 (C-9), 107.5
(C-10), 113.7 (C-1'), 156.5 (C-2'), 103.1 (C-3'), 160.3 (C-4"), 106.7 (C-5), 132.0
(C-6'), 22.7 (C-1"), 122.7 (C-2"), 131.5 (C-3"), 18.1 (C-4"), 25.8 (C-5"), 63.4
(5-OCHs), 56.8 (7-OCHs).

Glycyrol (9): 'H NMR (400 MHz, DMSO-dy) 6: 6.77 (1H, s, H-8), 7.16 (1H, d, J =
2.0 Hz, H-3"), 6.95 (1H, dd, J = 2.0, 8.4 Hz, H-5'), 7.71 (1H, d, J = 8.4 Hz, H-6"), 3.32
(H, d, J= 7.2 Hz, H-1"), 5.19 (1H, t, J = 7.2 Hz, ), 1.76 (3H, s, H-4"), 1.65 (3H, s,
H-5"), 3.90 (3H, s, 5-OCH;). *C NMR (100 MHz, DMSO-ds) 6: 157.5 (C-2), 102.2
(C-3), 156.1 (C-4), 153.8 (C-5), 119.7 (C-6), 159.5 (C-7), 99.2 (C-8), 152.9 (C-9),
99.7 (C-10), 114.3 (C-1'), 156.1 (C-2"), 98.5 (C-3'), 156.9 (C-4"), 114.0 (C-5"), 120.4
(C-6), 22.0 (C-1"), 122.4 (C-2"), 130.9 (C-3"), 17.7 (C-4"), 25.4 (C-5"), 62.4
(5-OCH).

Isoangustone A (10): "H NMR (400 MHz, DMSO-de) d: 8.23 (1H, s, H-2), 6.43 (1H, s,
H-8), 6.66 (1H, d, J = 1.6 Hz, H-2), 6.88 (1H, d, J = 1.6 Hz, H-6'), 3.23 (2H, d, J =
6.8 Hz, H-1"), 5.17 (1H, t, J = 7.2 Hz, H-2"), 1.67 (3H, s, H-4"), 1.62 (3H, s, H-5"),
3.23 (2H, d, J = 6.8 Hz, H-1"), 5.17 (1H, t, J = 7.2 Hz, H-2"), 1.67 (3H, s, H-4"),
1.72 (3H, s, H-5"). *H NMR (100 MHz, DMSO-ds) 6: 153.6 (C-2), 121.1 (C-3),
180.3 (C-4), 158.8 (C-5), 111.0 (C-6), 162.0 (C-7), 92.9 (C-8), 155.3 (C-9), 104.2
(C-10), 122.5 (C-1'), 120.4 (C-2'), 144.5 (C-3"), 143.1 (C-4"), 127.9 (C-5'), 114.0
(C-6), 21.0 (C-1"), 122.2 (C-2"), 130.7 (C-3"), 17.7 (C-4"), 25.5 (C-5"), 28.3 (C-1"™),
123.0 (C-2"), 130.9 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Isoglycyrol (11): "H NMR (400 MHz, DMSO-d)d: 6.63 (1H, s, H-8), 7.16 (1H, d, J =
1.6 Hz, H-2'), 6.96 (1H, d, J = 1.6, 8.4 Hz, H-4"), 7.71 (1H, d, J = 8.4 Hz, H-5'),2.81
(2H, t,J = 6.4 Hz, H-1"), 1.83 (2H, t, J = 6.4 Hz, H-2"),1.34 (3H, s, H-4"), 1.34 (3H, s,
H-5"), 3.95 (3H, s, 5-OCHj). *C NMR (100 MHz, DMSO-dy) 6: 157.4 (C-2), 102.8
(C-3), 157.8 (C-4), 153.5 (C-5), 113.1 (C-6), 157.4 (C-7), 100.4 (C-8), 152.7 (C-9),
100.4 (C-10), 156.2 (C-1"), 98.5 (C-2), 157.1 (C-3'), 114.1 (C-4"), 120.5 (C-5"), 114.2
(C-6'), 16.2 (C-1"), 31.0 (C-2"), 75.9 (C-3"), 26.4 (C-4"), 26.4 (C-5"), 61.5 (5-OCH).

7-O-methylluteone (12): "H NMR (400 MHz, DMSO-d) : 8.24 (1H, s, H-2), 6.71
(1H, s, H-8), 6.36 (1H, d, J = 1.2 Hz, H-3"), 6.27 (1H, dd, J = 1.2, 8.4 Hz, H-5'), 6.98
(1H, d, J = 8.4 Hz, H-6), 3.25 (2H, d, J = 6.8 Hz, H-1"), 5.13 (1H, t, J = 6.8 Hz,
H-2"), 1.72 (3H, s, H-4"), 1.62 (3H, s, H-5"), 3.91 (3H, s, 7-OCHj3). °C NMR (100
MHz, DMSO-ds) d: 155.5 (C-2), 121.9 (C-3), 180.6 (C-4), 157.7 (C-5), 111.5 (C-6),
162.7 (C-7), 90.1 (C-8), 155.9 (C-9), 102.6 (C-10), 108.6 (C-1"), 156.4 (C-2'), 105.3

8



(C-3"), 158.6 (C-4'), 106.2 (C-5'), 131 (C-6'), 21 (C-1"), 120.7 (C-2"), 132.2 (C-3"),
17.6 (C-4"), 25.5 (C-5"), 56.4 (7-OCH).

Glyasperin D (13): 'H NMR (400 MHz, DMSO-dy) o: 3.92 (1H, t, J = 10 Hz, H-2),
4.15 (1H, m,H-2), 3.23 (1H, m,H-3), 2.73 (1H, dd, J = 10.4, 16.4 Hz, H-4), 2.77 (1H,
ddd, J=5.6, 6.5, 16.4 Hz, H-4), 6.23 (1H, s, H-8), 6.34 (1H, d, J = 2.4 Hz, H-3"), 6.20
(1H, dd, J = 2.4, 8.4 Hz, H-5"), 6.87 (1H, d, J = 8.4 Hz, H-6"), 3.14 (2H, m, H-1"),
5.09 (1H, t, J = 6.8 Hz, H-2"), 1.69 (3H, s, H-4"), 1.61 (3H, s, H-5"), 3.70 (3H, s,
5-OCH3), 3.62 (3H, s, 7-OCH3), 9.38 (1H, s, 2'-OH), 9.11 (1H, s, 4-OH). *C NMR
(100 MHz, DMSO-dg) d: 69.3 (C-2), 30.7 (C-3), 25.5 (C-4), 156.6 (C-5), 114.2 (C-6),
156.9 (C-7), 95.5 (C-8), 153.4 (C-9), 108.1 (C-10), 117.9 (C-1"), 155.8 (C-2"), 102.6
(C-3, 156.6 (C-4"), 106.3 (C-5"), 127.5 (C-6"), 22.2 (C-1"), 123.9 (C-2"), 129.7
(C-3"), 17.6 (C-4"), 25.4 (C-5"), 60.1 (5-OCH3), 55.5 (7-OCH3).

Dehydroglyasperin D (14): "H NMR (400 MHz, DMSO-d;) J: 4.89 (2H, s, H-2), 6.67
(1H, s, H-4),6.32 (1H, s, H-8), 6.34 (1H, d, /= 1.6 Hz, H-3"), 6.25 (1H, d, J= 1.6, 8.4
Hz, H-5"), 7.06 (1H, d, J = 8.4 Hz, H-6"),3.16 (2H, d, /= 6.4 Hz, H-1"), 5.08 (1H, t, J
= 6.4 Hz, H-2"),1.71 (3H, s, H-4"), 1.62 (3H, s, H-5"), 3.66 (3H, s, 5-OCH3), 3.74
(3H, s, 7-OCH3). >C NMR (100 MHz, DMSO-ds) J: 67.3 (C-2), 128.1 (C-3), 114.1
(C-4), 154.4 (C-5), 115.1 (C-6), 157.5 (C-7), 95.3 (C-8), 152.7 (C-9), 109.9 (C-10),
116.5 (C-1"), 156.2 (C-2"), 102.8 (C-3"), 158.2 (C-4"), 106.9 (C-5"), 128.5 (C-6"), 22.1
(C-1"), 123.5 (C-2"), 129.6 (C-3"), 17.6 (C-4"), 25.5 (C-5"), 61.7 (5-OCH3), 55.7
(7-OCH3).

Gancaonin I (15): "H NMR (400 MHz, DMSO-ds) J: 7.18 (1H, s, H-3), 6.95 (1H, s,
H-7), 6.46 (1H, d, J = 2.0 Hz, H-3"), 6.36 (1H, dd, J = 2.0, 8.4 Hz, H-5'), 7.57 (1H, d,
J = 8.4 Hz, H-6'), 3.29 (1H, d, J = 7.2 Hz, H-1"), 5.11 (1H, t, J = 7.2 Hz, H-2"), 1.73
(3H, s, H-4"), 1.62 (3H, s, H-5"), 3.96 (3H, s, 4-OCHs), 3.81 (3H, s, 6-OCHs), 10.18
(1H, s, 2'-OH),9.61 (1H, s, 4-OH). *C NMR (100 MHz, DMSO-dg) J: 150.9 (C-2),
100.3 (C-3), 155.5 (C-4), 115.0 (C-5), 150.1 (C-6), 89.6 (C-7), 153.3 (C-8), 113.9
(C-9), 108.8 (C-1'), 155.4 (C-2'), 102.9 (C-3"), 158.3 (C-4'), 107.1 (C-5"), 126.6 (C-6'),
22.3 (C-1"), 123.6 (C-2"), 129.8 (C-3"), 17.6 (C-4"), 25.3 (C-5"), 59.9 (4-OCHs), 56.0
(6-OCH).

Semilicoisoflavone B (16): 'H NMR (400 MHz, DMSO-dy) o: 8.34 (1H, s, H-2), 6.22
(1H, d, J= 1.6 Hz, H-6), 6.38 (1H, d, J= 1.6 Hz, H-8), 6.73 (1H, d, J = 1.6 Hz, H-2'),
6.91 (1H, d, J = 1.6 Hz, H-6),6.37 (1H, d, J = 9.6 Hz, H-1"), 5.76 (1H, d, /= 9.6 Hz,
H-2"), 1.39 (3H, s, H-4"), 1.39 (3H,s, H-5"), 12.95 (1H, s, 5-OH),10.89 (1H, s, 7-OH),
8.98 (1H, s, 3’-OH). >C NMR (100 MHz, DMSO-d) 6: 154.2 (C-2), 122.1 (C-3),
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180.1 (C-4), 162.0 (C-5), 97.7 (C-6), 164.3 (C-7), 93.7 (C-8), 157.5 (C-9), 104.4
(C-10), 122.7 (C-1'), 122.0 (C-2), 145.1 (C-3'), 140.1 (C-4'), 121.4 (C-5"), 117.5
(C-6'), 117.0 (C-1"), 131.3 (C-2"), 76.0 (C-3"), 27.5 (C-4"), 27.5 (C-5").

Kumatakenin (17): "H NMR (400 MHz, DMSO-dy) 6: 6.37 (1H, d, J = 2.4 Hz, H-6),
6.74 (1H, d, J = 2.4 Hz, H-8), 7.98 (2H, d, J = 8.8 Hz, H-2', 6'), 6.95 (2H, d, J = 8.8
Hz, H-3', 5), 3.80 (3H, s, OCHs), 3.86 (3H, s, OCHs), 12.67 (1H, s, OH), 10.28 (1H, s,
OH). *C NMR (100 MHz, DMSO-de) 6: 155.9 (C-2), 137.8 (C-3), 178.0 (C-4), 160.9
(C-5), 97.7 (C-6), 165.1 (C-7), 92.3 (C-8), 160.3 (C-9), 105.2 (C-10), 120.4 (C-1'),
130.6 (C-2"), 115.6 (C-3'), 156.3 (C-4"), 115.6 (C-5"), 130.6 (C-6"), 56.0 (OCH3), 59.7
(OCHs).

Licoricone (18): "H NMR (400 MHz, DMSO-dq) J: 7.99 (1H, s, H-2), 7.87 (1H, d, J =
8.4 Hz, H-5), 6.88 (1H, br d, J = 8.4 Hz, H-6), 6.80 (1H, br s, H-8), 6.32 (1H, s, H-5"),
3.15 (2H, d, J = 6.8 Hz, H-1"), 5.11 (1H, t, J = 6.8 Hz, H-2"), 1.68 (3H, s, H-4"), 1.62
(3H, s, H-5"), 3.36 (3H, s, OCH3), 3.73 (3H, s, OCH;). °C NMR (100 MHz,
DMSO-dg) J: 154.3 (C-2), 118.4 (C-3), 175.18 (C-4), 126.9 (C-5), 115.7 (C-6), 162.7
(C-7), 102.1 (C-8), 157.8 (C-9), 117.0 (C-10), 105.9 (C-1"), 157.9 (C-2'), 112.7 (C-3"),
158.2 (C-4"), 95.3 (C-5"), 155.5 (C-6'), 22.3 (C-1"), 124.0 (C-2"), 129.6 (C-3"), 17.6
(C-4"), 25.5 (C-5"), 55.5 (OCH3), 60.6 (OCHj).

Angustone A (19): 'H NMR (400 MHz, DMSO-dq) 6: 8.11 (1H, s, H-2), 6.44 (1H, s,
H-8), 6.36 (1H, d, J = 8.0 Hz, H-5'), 6.73 (1H, d, J = 8.0 Hz, H-6'), 3.23 2H, d, J =
7.6 Hz, H-1"), 5.18 (1H, t, J = 7.6 Hz, H-2"), 1.71 (3H, s, H-4"), 1.62 (3H, s, H-5"),
3.25 (2H, d, J = 7.6 Hz, H-1""), 5.17 (1H, t, J = 7.6 Hz, H-2""), 1.72 (3H, s, H-4""),
1.62 (3H, s, H-5""), 13.11 (1H, s, OH), 9.28 (1H, s, OH), 8.23 (1H, s, OH), 10.84 (1H,
br s, OH). *C NMR (100 MHz, DMSO-d) J: 155.5 (C-2), 121.0 (C-3), 181.0 (C-4),
158.6 (C-5), 111.0 (C-6), 162.0 (C-7), 92.8 (C-8), 155.5 (C-9), 104.4 (C-10), 109.6
(C-1'), 154.9 (C-2"), 115.3 (C-3"), 156.3 (C-4"), 106.6 (C-5'), 128.7 (C-6"), 21.0 (C-1"),
122.2 (C-2"), 130.7 (C-3"), 17.8 (C-4"), 25.5 (C-5"), 22.4 (C-1""), 123.5 (C-2"),
129.5 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Licoflavonol (20): "H NMR (400 MHz, DMSO-dq) 6: 6.49 (1H, s, H-8), 8.03 (1H, d, J
= 8.8 Hz, H-2"), 8.03 (1H, d, J = 8.8 Hz, H-6'), 6.92 (1H, d, J = 8.8 Hz, H-3'), 6.92
(1H, d, J = 8.8 Hz, H-5"), 3.24 (2H, d, J = 7.2 Hz, H-1"), 5.19 (1H, t, J = 7.2 Hz,
H-2"), 1.76 (3H, s, H-4"), 1.65 (3H, s, H-5"), 12.73 (1H, s, OH), 10.81 (1H, s, OH),
10.09 (1H, s, OH), 9.35 (1H, s, OH). °C NMR (100 MHz, DMSO-ds) J: 146.6 (C-2),
135.0 (C-3), 175.9 (C-4), 159.1 (C-5), 110.2 (C-6), 161.7 (C-7), 92.8 (C-8), 154.0
(C-9), 102.8 (C-10), 121.8 (C-1), 129.5 (C-2"), 115.4 (C-3), 157.4 (C-4"), 115.4
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(C-5"), 129.5 (C-6"), 21.0 (C-1"), 122.3 (C-2"), 130.6 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Topazolin (21): 'H NMR (400 MHz, DMSO-ds) J: 6.47 (1H, s, H-8), 7.92 (2H, d, J =
9.0 Hz, H-2' and H-6'), 6.94 (2H, d, J = 9.0 Hz, H-3' and H-5'), 3.22 (2H, d, J = 7.2
Hz, H-1"), 5.17 (1H, t, J = 7.2 Hz, H-2"), 1.73 (3H, s, H-4"), 1.62 (3H, s, H-5"), 3.77
(3H, s, 3-OCHs), 12.94 (1H, s, 5-OH). *C NMR (100 MHz, DMSO-ds) J: 154.3
(C-2), 137.5 (C-3), 177.8 (C-4), 159.6 (C-5), 110.7 (C-6), 162.4 (C-7), 93.0 (C-8),
155.2 (C-9), 103.8 (C-10), 120.7 (C-1"), 130.1 (C-2'), 115.6 (C-3'), 158.0 (C-4"), 115.6
(C-5'), 130.1 (C-6"), 21.0 (C-1"), 122.3 (C-2"), 130.6 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Licoisoflavone A (22): '"H NMR (400 MHz, DMSO-dq) 6: 8.13 (1H, s, 2-H), 6.22 (1H,
d, J=2.0 Hz, H-6), 6.39 (1H, d, J = 2.0 Hz, H-8), 6.37 (1H, d, J = 8.0 Hz, H-5'), 6.74
(1H, d, J = 8.0 Hz, H-6'), 3.25 (2H, d, J = 7.2 Hz, H-1"), 5.18 (1H, t, J = 7.2 Hz,
H-2"), 1.71 (3H, s, H-4"), 1.62 (3H, s, H-5"), 12.86 (1H, s, OH), 9.29 (1H, s, OH),
10.86 (1H, s, OH), 8.25 (1H, s, OH). *C NMR (100 MHz, DMSO-dj) 6: 154.0 (C-2),
123.5 (C-3), 181.0 (C-4), 161.8 (C-5), 98.9 (C-6), 164.2 (C-7), 93.6 (C-8), 155.7
(C-9), 104.6 (C-10), 106.6 (C-1"), 156.3 (C-2"), 109.4 (C-3"), 157.7 (C-4"), 115.3
(C-5"), 128.7 (C-6"), 22.4 (C-1"), 129.5 (C-2"), 130.6 (C-3"), 17.8 (C-4"), 25.6 (C-5").

Wighteone (23): "H NMR (400 MHz, DMSO-ds) 0: 8.30 (1H, s, H-2), 6.45 (1H, s,
H-8), 7.37(2H, d, J = 8.8 Hz, H-2' and H-6'), 6.82 (2H, d, J = 8.8 Hz, H-3' and H-5"),
321 (2H, d, J=7.2 Hz, H-1"), 5.17 (1H, t, J= 7.2 Hz, ), 1.72 (3H, s, H-4"), 1.62 (3H,
s, H-5"), 13.23 (1H, s, OH), 10.87 (1H, s, OH), 9.58 (1H, s, OH). *C NMR (100 MHz,
DMSO-ds) 8: 153.7 (C-2), 122.1 (C-3), 180.2 (C-4), 158.8 (C-5), 111.0 (C-6), 161.9
(C-7), 92.9 (C-8), 155.3 (C-9), 104.2 (C-10), 122.1 (C-1"), 130.1 (C-2'), 115.0 (C-3"),
157.4 (C-4'), 115.0 (C-5), 130.1 (C-6'), 21.0 (C-1"), 121.4 (C-2"), 130.7 (C-3"), 17.7
(C-4"), 25.5 (C-5").

Allolicoisoflavone B (24): '"H NMR (400 MHz, DMSO-d;) d: 8.08 (1H, s, H-2), 6.18
(1H, br s, H-6), 6.33 (1H, br s, H-8), 6.41 (1H, d, J = 8.4 Hz, H-5'), 6.92 (1H, d, J =
8.4 Hz, H-6'), 6.60 (1H, d, J =10 Hz, H-1"), 5.63 (1H, d, J = 10 Hz, H-2"), 1.30 (6H,
s, H-4" and H-5"), 12.98 (1H, s, 5-OH). *C NMR (100 MHz, DMSO-d) J: 154.9
(C-2), 119.7 (C-3), 179.9 (C-4), 161.9 (C-5), 99.2 (C-6), 165.4 (C-7), 93.8 (C-8),
157.7 (C-9), 103.9 (C-10), 109.7 (C-1'), 151.4 (C-2'), 109.0 (C-3"), 153.4 (C-4"),
107.3 (C-5"), 131.3 (C-6'), 116.8 (C-1"), 128.5 (C-2"), 75.8 (C-3"), 27.5 (C-4"), 27.5
(C-5").

5,7,4"-trihydroxy-3'(3-methylbut-2-enyl)-3-methoxy flavone (25): 'H NMR (400 MHz,
DMSO-ds) o: 6.19 (1H, d, J = 2 Hz, H-6), 6.42 (1H, d, J =2 Hz, H-8), 7.82 (1H, d, J
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=2 Hz, H-2'), 6.96 (1H, d, J = 8.8 Hz, H-5"), 7.77 (1H, dd, J = 2.0, 8.4 Hz, H-6"), 3.28
(2H, d, J=7.2 Hz, H-1"), 5.33 (1H, t, J = 7.2 Hz, H-2"), 1.73 3H, s, H-4"), 1.70 (3H,
s,H-5"), 3.76 (3H, s, 3-OCHs), 12.70 (1H, s, 5-OH), 10.85 (1H, s, OH), 10.25 (1H, s,
OH). *C NMR (100 MHz, DMSO-dg) 6: 156.3 (C-2), 137.5 (C-3), 177.9 (C-4), 161.3
(C-5), 98.5 (C-6), 164.1 (C-7), 93.6(C-8), 155.8 (C-9), 104.2 (C-10), 120.5 (C-1'),
129.6 (C-2'), 127.8 (C-3"), 158.0 (C-4"), 115.0 (C-5'), 127.5 (C-6'), 27.8 (C-1"), 120.5
(C-2"), 132.2 (C-3"), 17.6 (C-4"), 25.5 (C-5"), 59.6 (3-OCHs).

Lupiwighteone (26): "H NMR (400 MHz, DMSO-d) o: 8.35 (1H, s, H-2), 6.26 (1H, s,
H-6), 7.37 (2H, d, J = 8.8 Hz, H-2', 6"), 6.81 (2H, d, J = 8.8 Hz, H-3', 5), 12.90 (1H, s,
5-0H). °C NMR (100 MHz, DMSO-dg)s: 153.7 (C-2), 121.5 (C-3), 180.2 (C-4),
159.6 (C-5), 98.8 (C-6), 161.1 (C-7), 106.0 (C-8), 154.8 (C-9), 104.0 (C-10), 121.8
(C-1'), 130.1 (C-2"), 115.0 (C-3"), 157.3 (C-4"), 115.0 (C-5'), 130.1 (C-6), 21.0 (C-1"),
122.5 (C-2"), 130.8 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Licoarylcoumarin (27): "H NMR (400 MHz, DMSO-ds) J: 7.88 (1H, s, H-4), 6.40
(1H, s, H-6), 6.34 (1H, br s, H-3"), 6.25 (1H, br d, J = 8.0 Hz, H-5", 2"), 7.06 (1H, d, J
=8.0 Hz, H-6'), 4.84 (2H, m, H-3"), 1.61 (6H, s, H-4", 5"), 3.81 (3H, s, 5-OCH3), 9.37
(2H, br s, OH). *C NMR (100 MHz, DMSO-d) : 160.1 (C-2), 113.4 (C-3), 136.3
(C-4), 155.9 (C-5), 96.1 (C-6), 158.1 (C-7), 102.7 (C-8), 159.9 (C-9), 117.7 (C-10),
111.6 (C-1"), 153.9 (C-2'), 102.7 (C-3"), 154.2 (C-4"), 106.2 (C-5"), 131.4 (C-6'), 40.3
(C-1"), 149.5 (C-2"), 108.1 (C-3"), 29.3 (C-4"), 29.3 (C-5").

Isolicoflavonol (28): "H NMR (400 MHz, DMSO-de) J: 6.18 (1H, s, H-6), 6.42 (1H, s,
H-8), 7.91 (1H, s, H-2"), 6.94 (1H, d, J = 8.4 Hz, H-5"), 7.88 (1H, d, J =8.4 Hz, H-6"),
3.28 (2H, d,J=17.2 Hz, H-1"), 5.30 (1H, t, J = 7.2 Hz, H-2"), 1.71 (3H, s, H-4"), 1.70
(3H, s, H-5"), 12.49 (1H, s, 5-OH), 10.79 (1H, br s, OH), 10.07 (1H, s, OH), 9.32 (1H,
br s, OH). *C NMR (100 MHz, DMSO-ds) d: 156.1 (C-2), 135.6 (C-3), 175.8 (C-4),
160.7 (C-5), 98.2 (C-6), 163.9 (C-7), 93.4 (C-8), 147.0 (C-9), 103.0 (C-10), 121.6
(C-1"), 129.1 (C-2%), 127.7 (C-3"), 157.0 (C-4"), 114.9 (C-5"), 127.0 (C-6"), 28.1 (C-1"),
122.5 (C-2"), 131.8 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Formononetin (30): "H NMR (400 MHz, DMSO-dy) J: 8.31 (1H, s, H-2), 7.95 (1H, d,
J=8.4 Hz, H-5), 6.92 (1H, d, J = 8.4 Hz, H-6), 6.83 (1H, s, H-8), 7.51 (2H, d, J = 8.4
Hz, H-2' and H-6"), 6.98 (2H, d, J = 8.4 Hz, H-3' and H-5'), 3.78 (3H, s, 4-OCHs).
13C NMR (100 MHz, DMSO-dq) J: 157.5 (C-2), 123.1 (C-3), 174.5 (C-4), 127.2 (C-5),
115.5 (C-6), 163.3 (C-7), 102.1 (C-8), 153.0 (C-9), 116.2 (C-10), 124.3 (C-1"), 130.0
(C-2'), 113.6 (C-3'), 158.9 (C-4"), 113.6 (C-5), 130.0 (C-6'), 55.1 (4-OCHs).
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Genkwanin (31): "H NMR (400 MHz, DMSO-dq) 6:6.85 (1H, s, H-3), 6.37 (1H, d, J =
2.0 Hz, H-6), 6.22 (1H, d, J = 2.0 Hz, H-8), 7.96 (2H, d, J = 8.4 Hz, H-2' and H-6"),
6.93 (2H, d, J = 8.4 Hz, H-3’ and H-5"), 3.87 (3H, s, 7-OCH3), 12.96 (1H, s, 5-OH),
10.39 (1H, br s, 4'-OH). >C NMR (100 MHz, DMSO-d) d: 157.2 (C-2), 104.6 (C-3),
181.9 (C-4), 164.1 (C-5), 97.9 (C-6), 165.1 (C-7),92.7 (C-8), 161.3 (C-9), 103.0
(C-10), 121.0 (C-1"), 128.5 (C-2"), 115.9 (C-3"), 161.2 (C-4"), 115.9 (C-5'), 128.5
(C-6'), 56.0 (7-OCHj).

Glycycoumarin (33): 'H NMR (400 MHz, DMSO-ds) 6: 7.81 (1H, s, H-4), 6.61 (1H, s,
H-8), 6.37 (1H, br s, H-3'), 6.25 (1H, br d, J = 8.4 Hz, H-5"), 7.11 (1H, d, J = 8.4 Hz,
H-6'), 3.23 (2H, d, J = 6.0 Hz, H-1"), 5.15 (1H, t, J = 6.0 Hz, H-2"), 1.73 3H, s,
H-4"), 1.63 (3H, s, H-5"), 3.76 (3H, s, 5-OCHs3), 10.60 (1H, s, OH), 9.40 (2H, br s,
OH). C NMR (100 MHz, DMSO-dg) 6: 159.3 (C-2), 120.4 (C-3), 136.5 (C-4), 156.1
(C-5), 118.4 (C-6), 160.1 (C-7), 98.0 (C-8), 153.0 (C-9), 106.3 (C-10), 113.5 (C-1'),
155.3 (C-2"), 102.7 (C-3"), 158.4 (C-4'), 106.1 (C-5'), 131.6 (C-6'), 22.3 (C-1"), 122.7
(C-2"), 130.7 (C-3"), 17.7 (C-4"), 25.5 (C-5"), 62.8 (5-OCHs).

Isoglabrone (34): '"H NMR (400 MHz, DMSO-dy) J: 8.21 (1H, s, H-2), 7.85 (1H, d, J
= 8.8 Hz, H-5), 6.92 (1H, d, J = 8.8 Hz, H-6), 6.35 (1H, d, J = 2.4 Hz, H-3'), 6.26 (1H,
dd, J = 2.4, 8.4 Hz, H-5"), 6.98 (1H, d, J = 8.4 Hz, H-6'), 6.80 (1H, d, J = 10.0 Hz,
H-1"), 5.94 (1H, d, J = 10.0 Hz, H-2"), 1.46 (6H, s, H-4", 5", 9.34 (1H, s, OH), 9.23
(1H, s, OH). *C NMR (100 MHz, DMSO-dg) 6: 151.6 (C-2), 121.8 (C-3), 175.0 (C-4),
131.3 (C-5), 108.9 (C-6), 164.4 (C-7), 114.2 (C-8), 154.3 (C-9), 106.2 (C-10), 114.7
(C-1), 154.3 (C-2"), 102.7 (C-3'), 158.4 (C-4'), 103.3 (C-5), 125.9 (C-6"), 117.7
(C-1"), 132.1 (C-2"), 77.7 (C-3"), 27.6 (C-4"), 27.6 (C-5").

Glyurallin A (35): "H NMR (400 MHz, DMSO-dq) 6: 5.39 (1H, s, H-2), 6.27 (1H, s,
H-8), 6.95 (1H, d, J = 2.0 Hz H-3"), 6.75 (1H, dd, J = 2.0, 8.4 Hz, H-5"), 7.30 (1H, d, J
= 8.4 Hz, H-6'), 3.18 (2H, d, J = 6.8 Hz, H-1"), 5.16 (1H, t, J = 6.8 Hz, H-2"), 1.73
(3H, s, H-4"), 1.63 3H, s, H-5"), 3.74 (3H, s, 5-OCH3), 9.78 (1H, s, OH), 9.57 (1H, s,
OH). *C NMR (100 MHz, DMSO-dg) 6: 64.1 (C-2), 106.2 (C-3), 144.9 (C-4), 155.2
(C-5), 115.2 (C-6), 152.8 (C-7), 99.8 (C-8), 156.6 (C-9), 102.5 (C-10), 117.1 (C-1"),
155.9 (C-27), 98.0 (C-3"), 153.3 (C-4'), 112.2 (C-5"), 118.8 (C-6'), 21.9 (C-1"), 123.5
(C-2"), 129.8 (C-3"), 17.7 (C-4"), 25.4 (C-5"), 61.5 (5-OCHs).

7-methoxy-2',4'-dihydroxy isoflavone (36): 'H NMR (400 MHz, DMSO-dg) &: 8.21
(1H, s, H-2), 7.99 (1H, d, J = 8.8 Hz, H-5), 7.07 (1H, br d, J = 8.8 Hz, H-6), 7.15 (1H,
br s, H-8), 6.36 (1H, br s, H-3"), 6.26 (1H, br d, J = 7.6 Hz, H-5"), 6.98 (1H, d, J=7.6
Hz, H-6'), 3.91 (3H, s, 7-OCH3), 9.35 (br s, OH). *C NMR (100 MHz, DMSO-dj)d:
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154.6 (C-2), 122.0 (C-3), 175.1 (C-4), 126.9 (C-5), 114.6 (C-6), 163.6 (C-7), 102.8
(C-8), 156.4 (C-9), 117.6 (C-10), 109.9 (C-1'), 157.4 (C-2"), 100.5 (C-3'), 158.4 (C-4"),
106.2 (C-5"), 132.1 (C-6'), 56.1 (7-OCHs).

11b-hydroxy-11b, I-dihydromedicarpin (37): 'H NMR (400 MHz, DMSO-de) d: 4.20
(1H, d, J=10.8 Hz, H-2p), 4.66 (1H, dd, J = 3.6, 10.8 Hz, H-2a), 3.89 (1H, dd, J =
3.6, 10.0 Hz, H-3), 4.90 (1H, d, J = 10.0 Hz, H-4), 2.19 (1H, m, H-5a), 2.69 (1H, m,
H-5B), 1.93 (1H, m, H-6B), 2.73 (1H, m,H-6a), 5.24(1H, s, H-8), 6.37 (1H, d, J = 2.4
Hz, H-3'), 6.47 (1H, dd, J = 2.4, 8.0 Hz, H-5"), 7.22 (1H, d, J = 8.0 Hz, H-6), 3.69
(3H, s, 4-OCH3). C NMR (100 MHz, DMSO-ds) 0: 67.5 (C-2), 39.1 (C-3), 82.6
(C-4), 31.4 (C-5), 32.0 (C-6), 197.5 (C-7), 107.5 (C-8), 171.9 (C-9), 66.2 (C-10),
120.0 (C-1"), 160.0 (C-2"), 95.3 (C-3"), 160.5 (C-4"), 107.0 (C-5'), 125.1 (C-6"), 55.3
(4'-OCH3y).

Kaempferol 3-O-methyl ether (38): "H NMR (400 MHz, DMSO-dy) 6: 6.18 (1H, d, J
= 1.6 Hz, H-6), 6.42 (1H, d, J = 1.6 Hz, H-8), 7.93 (1H, d, J = 8.8 Hz , H-2', 6), 6.94
(1H, d, J = 8.8 Hz, H-3", 5"), 3.77 (3H, s, 3-OCH3), 12.88 (1H, s, 5-OH), 10.59 (br s,
OH). >C NMR (100 MHz, DMSO-d) d: 155.5 (C-2), 137.6 (C-3), 177.9 (C-4), 161.2
(C-5), 98.6 (C-6), 164.4 (C-7), 93.7 (C-8), 160.2 (C-9), 104.1 (C-10), 120.6 (C-1"),
130.1 (C-2"), 116.6 (C-3"), 156.4 (C-4"), 115.6 (C-5"), 130.1 (C-6"), 59.7 (3-OCH3).

2-one-4-methoxy-pyran (39): 'H NMR (400 MHz, DMSO-dg) ¢: 6.15 (1H, d, J = 1.6
Hz, H-3), 6.25 (1H, dd, J= 1.6, 8.8 Hz, H-5), 7.54 (1H, d, J = 8.8 Hz , H-6), 3.80 (3H,
s, 4-OCHj3). “C NMR (100 MHz, DMSO-ds) : 163.0 (C-2), 102.6 (C-3), 169.7 (C-4),
109.6 (C-5), 131.1 (C-6), 51.7 (4-OCHa).

Hirtellanine I (40): "H NMR (400 MHz, DMSO-d) 6: 8.06 (1H, s, H-2), 7.90 (1H, d,
J = 8.4 Hz, H-5), 6.93 (1H, br d, J = 8.4 Hz , H-6), 6.87 (1H, br s, H-8), 6.13 (1H, s,
H-5"), 6.42 (1H, d, J = 9.2 Hz, H-1"), 5.57 (1H, d, J = 9.2 Hz, H-2"), 1.37 (6H, s,
H-4", 5"), 3.46 (3H, s, 2'-OCHj), 10.81 (1H, s, OH), 9.51 (1H, s, OH). *C NMR (100
MHz, DMSO-d) J: 154.5 (C-2), 118.1 (C-3), 175.1 (C-4), 127,1 (C-5), 115.0 (C-6),
162.4 (C-7), 102.2 (C-8), 157.7 (C-9), 116.7 (C-10), 106.0 (C-1'), 155.8 (C-2'), 106.9
(C-3'), 154.0 (C-4"), 99.2 (C-5'), 157.3 (C-6"), 116.6 (C-1"), 126.9 (C-2"), 75.9 (C-3"),
27.6 (C-4"), 27.6 (C-5"), 61.6 (2'-OCHs).

Glycyrrhiza-isoflavone C (41): 'H NMR (400 MHz, DMSO-dy) o: 8.02 (1H, s, H-2),
7.90 (1H, d, J = 8.8 Hz, H-5), 6.92 (1H, dd, /=2.4, 8.8 Hz, H-6), 6.87 (1H, d, J=2.4
Hz, H-8), 6.06 (1H, s, H-5"), 2.58 (1H, t, J = 6.4 Hz, H-1"), 1.71 (1H, t, J = 6.4 Hz,
H-2"), 1.27 (6H, s, H-4", 5"), 3.43 (3H, s, 2’-OCH3), 10.79 (1H, s, OH), 9.06 (1H, s,
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OH). *C NMR (100 MHz, DMSO-ds) 8: 154.7 (C-2), 118.5 (C-3), 175.2 (C-4), 127,1
(C-5), 114.9 (C-6), 162.4 (C-7), 102.2 (C-8), 157.6 (C-9), 116.7 (C-10), 105.5 (C-1'),
155.4 (C-2"), 105.5 (C-3'), 155.4 (C-4"), 99.1 (C-5'), 157.7 (C-6"), 16.7 (C-1"), 31.9
(C-2"), 73.9 (C-3"), 26.5 (C-4"), 26.5 (C-5"), 59.8 (2'-OCH).

Isoliquiritigenin (42): "H NMR (400 MHz, DMSO-dq)d: 7.76 (1H, d, J = 16.0 Hz,
H-B), 7.72 (1H, d, J = 16.0 Hz, H-a), 8.16 (1H, d, J= 8.8 Hz, H-6'), 6.40 (1H, dd, J =
2.4, 8.8 Hz, H-5"), 6.28 (1H, d, J = 2.4 Hz , H-3"), 7.75 (2H, d, J = 8.4 Hz, H-2, 6),
6.84 (2H, d, J = 8.4 Hz, H-3, 5), 13.58 (1H, s, 2'-OH), 10.64 (1H, br s, OH), 10.10
(1H, br s, OH). *C NMR (100 MHz, DMSO-dq) J: 144.3 (C-B), 117.4 (C-a), 191.5
(C=0), 132.9 (C-6'), 108.1 (C-5'), 165.8 (C-4'), 102.6 (C-3'), 165.0 (C-2'), 113.0
(C-1'), 125.8 (C-1), 131.2 (C-2), 115.9 (C-3), 160.3 (C-4), 115.9 (C-5), 131.2 (C-6).

Isoglycycoumarin (43): 'H NMR (400 MHz, DMSO-dj) J: 7.83 (1H, s, H-4), 6.56 (1H,
s, H-8), 6.36 (1H, d, /J=2.4 Hz , H-3'), 6.27 (1H, dd, J = 2.4, 8.4 Hz, H-5"), 7.10 (1H,
d, J=8.4 Hz, H-6"), 2.75 2H, t, J = 6.8 Hz, H-1"), 1.81 (2H, d, J = 6.8 Hz, H-2"),
1.33 (6H, s, H-4", 5"), 3.83 (3H, s, 5-OCH3), 9.42 (1H, s, OH), 9.41 (1H, s, OH). “C
NMR (100 MHz, DMSO-ds) o: 159.9 (C-2), 113.4 (C-3), 135.9 (C-4), 156.0 (C-5),
106.7 (C-6), 157.2 (C-7), 99.3 (C-8), 158.4 (C-9), 121.2 (C-10), 111.6 (C-1"), 152.8
(C-2, 102.7 (C-3"), 154.9 (C-4"), 106.2 (C-5"), 131.5 (C-6"), 16.5 (C-1"), 31.1 (C-2"),
75.7 (C-3"), 26.4 (C-4"), 26.4 (C-5"), 61.9 (5-OCHs).

Genistein (44): "H NMR (400 MHz, DMSO-dg) 6: 8.31 (1H, s, H-4), 6.22 (1H, d, J =
2.0 Hz, H-6), 6.38 (1H, d, J = 2.0 Hz, H-8), 7.37 (2H, d, J = 8.8 Hz, H-2', 6'), 6.82
(2H, d, J = 8.8 Hz, H-3', 5'), 12.95 (1H, s, 5-OH), 10.89 (1H, br s, OH), 9.59 (1H, s,
OH). *C NMR (100 MHz, DMSO-dg) 6: 154.0 (C-2), 121.2 (C-3), 180.2 (C-4), 162.0
(C-5), 99.0 (C-6), 164.3 (C-7), 93.7 (C-8), 157.4 (C-9), 104.5 (C-10), 122.3 (C-1'),
130.2 (C-2'), 115.1 (C-3"), 157.6 (C-4"), 115.1 (C-5"), 130.2 (C-6).

Kumatakenin B (45): "H NMR (400 MHz, DMSO-dq) 6: 6.71 (1H, s, H-3), 7.85 (1H,
d, J= 8.4 Hz, H-5), 6.89 (1H, dd, J = 2.0, 8.4 Hz, H-6), 6.96 (1H, d, J = 2.0 Hz, H-8),
7.90 (2H, d, J = 8.8 Hz, H-2", 6'), 6.92 (2H, d, J = 8.8 Hz, H-3', 5"), 10.56 (br s, OH).
13C NMR (100 MHz, DMSO-dg) J: 162.7 (C-2), 104.4 (C-3), 176.2 (C-4), 126.4 (C-5),
114.8 (C-6), 162.4 (C-7), 102.4 (C-8), 160.7 (C-9), 116.0 (C-10), 121.7 (C-1"), 128.1
(C-2'), 115.9 (C-3'), 157.4 (C-4"), 115.9 (C-5"), 128.1 (C-6).

Luteone (46): 'H NMR (400 MHz, DMSO-dy) J: 8.12 (1H, s, H-2), 6.45 (1H, s, H-8),
6.36 (1H, d, J = 2.4 Hz, H-3"), 6.26 (1H, dd, J = 2.4, 8.4 Hz, H-5'), 6.95 (1H, d, J =
8.4 Hz, H-6"), 3.22 2H, d, J = 6.8 Hz, H-1"), 5.17 (1H, t, J = 6.8 Hz, H-2"), 1.72 (3H,
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s, H-4"), 1.62 (3H, s, H-5"). *C NMR (100 MHz, DMSO-d;) &: 155.0 (C-2), 122.2
(C-3), 180.5 (C-4), 158.5 (C-5), 110.9 (C-6), 161.2 (C-7), 92.8 (C-8), 155.3 (C-9),
102.6 (C-10), 108.8 (C-1"), 156.4 (C-2'), 104.3 (C-3'), 158.7 (C-4"), 106.2 (C-5"),
130.7 (C-6"), 21.0 (C-1"), 120.3 (C-2"), 132.2 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Licocoumarone (47): "H NMR (400 MHz, DMSO-d¢) J: 7.15 (1H, s, H-3), 6.70 (1H, s,
H-7), 6.46 (1H, d, J = 2.0 Hz, H-3"), 6.35 (1H, dd, J = 2.0, 8.4 Hz, H-5'), 7.56 (1H, d,
J=8.4Hz, H-6'), 3.27 (1H, d, J = 6.8 Hz, H-1"), 5.17 (1H, t, J = 6.8 Hz, H-2"), 1.73
(3H, s, H-4"), 1.62 (3H, s, H-5"), 3.94 (3H, s, 4-OCHs), 10.14 (1H, s, OH), 9.57 (1H,
brs, 4-OH), 9.45 (1H, s, OH). >C NMR (100 MHz, DMSO-ds) J: 150.1 (C-2), 100.4
(C-3), 155.3 (C-4), 109.0 (C-5), 153.1 (C-6), 92.2 (C-7), 150.4 (C-8), 107.1 (C-9),
112.6 (C-17), 153.2 (C-2"), 103.0 (C-3'), 158.2 (C-4'), 114.1 (C-5'), 126.6 (C-6'), 22.4
(C-1"), 124.0 (C-2"), 129.4 (C-3"), 17.7 (C-4"), 25.5 (C-5"), 59.8 (4-OCHj).

Uralenol (49): "H NMR (400 MHz, DMSO-de) 6 6.18 (1H, d, J = 1.6 Hz, H-6), 6.38
(1H, d, J= 1.6 Hz, H-8), 7.44 (1H, d, J= 2.0 Hz, H-2'), 7.59 (1H, d, J = 2.0 Hz, H-6"),
3.28 (1H, d, J= 6.8 Hz, H-1"), 5.29 (1H, t, J = 6.8 Hz, H-2"), 1.70 (6H, s, H-4", 5"),
12.49 (1H, s, 5-OH), 10.76 (1H, br s, OH), 9.66 (1H, s, OH), 9.29 (1H, br s, OH),
9.91 (1H, s, OH). *C NMR (100 MHz, DMSO-d;) &: 146.9 (C-2), 135.7 (C-3), 175.7
(C-4), 160.7 (C-5), 98.1 (C-6), 163.8 (C-7), 93.2 (C-8), 156.1 (C-9), 103.0 (C-10),
120.2 (C-1'), 112.5 (C-2"), 144.5 (C-3"), 145.4 (C-4"), 121.1 (C-5'), 128.0 (C-6'), 28.2
(C-1"), 122.7 (C-2"), 131.4 (C-3"), 17.7 (C-4"), 25.5 (C-5").

Glicoricone (51): "H NMR (400 MHz, DMSO-d) d: 7.99 (1H, s, H-2), 7.90 (1H, d, J
= 8.8 Hz, H-5), 6.91 (1H, dd, J = 2.4, 8.8 Hz, H-6), 6.86 (1H, d, J = 2.4 Hz, H-8), 6.23
(1H, s, H-5"), 3.12 (2H, d, J = 6.8 Hz, H-1"), 5.16 (1H, t, J = 6.8 Hz, H-2"), 1.68 (3H,
s, H-4"), 1.62 (3H, s, H-5"), 3.35 (3H, s, 2’-OCHj3), 10.72 (1H, s, OH), 9.30 (1H, s,
OH), 8.92 (1H, s, OH). >C NMR (100 MHz, DMSO-d) : 154.9 (C-2), 118.9 (C-3),
175.3 (C-4), 127.1 (C-5), 114.8 (C-6), 162.3 (C-7), 102.1 (C-8), 157.6 (C-9), 116.7
(C-10), 104.4 (C-1"), 154.4 (C-2"), 111.5 (C-3"), 156.3 (C-4"), 98.5 (C-5'), 158.2 (C-6),
22.4 (C-1"), 124.4 (C-2"), 129.1 (C-3"), 17.6 (C-4"), 25.5 (C-5"), 60.4 (3H, s,
2'-OCHj).

Pratensein (52): '"H NMR (400 MHz, DMSO-d¢) d: 8.33 (1H, s, H-2), 6.23 (1H, d, J =
1.6 Hz, H-6), 6.39 (1H, d, J = 1.6 Hz, H-8), 7.03 (1H, d, J = 1.2 Hz, H-2"), 6.97 (1H, d,
J = 8.4 Hz, H-5"), 4.94 (1H, dd, J = 1.2, 8.4 Hz, H-6"), 3.79 (3H, s, 4-OCHs), 10.88
(1H, s, OH), 12.96 (1H, s, 5-OH), 9.05 (1H, s, OH). *C NMR (100 MHz, DMSO-ds)
9: 154.2 (C-2), 122.1 (C-3), 180.1 (C-4), 162.0 (C-5), 99.0 (C-6), 164.3 (C-7), 93.7
(C-8), 157.5 (C-9), 104.5 (C-10), 123.3 (C-1'), 116.4 (C-2'), 146.1 (C-3"), 147.7 (C-4),
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112.0 (C-5"), 119.8 (C-6'), 55.7 (3H, s, 4-OCH).

Dehydroglyasperin C (53): "H NMR (400 MHz, DMSO-dq) : 4.83 (2H, s, H-2), 6.64
(1H, s, H-4), 6.14 (1H, s, H-8), 6.33 (1H, d, J = 2.0 Hz, H-3"), 6.24 (1H, dd, J = 2.0,
8.4 Hz, H-5'), 7.03 (1H, d, J = 8.4 Hz, H-6'), 3.14 (2H, d, J = 6.0 Hz, H-1"), 5.13 (1H,
t,J=6.0 Hz, H-2"), 1.70 (3H, s, H-4"), 1.62 (3H, s, H-5"), 3.64 (3H, s, 5-OCHj3), 9.56
(1H, s, OH), 9.50 (1H, s, OH), 9.36 (1H, s, OH). >C NMR (100 MHz, DMSO-dj) :
67.2 (C-2), 127.5 (C-3), 116.5 (C-4), 158.0 (C-5), 114.6 (C-6), 154.9 (C-7), 98.4 (C-8),
152.3 (C-9), 113.9 (C-10), 102.8 (C-1"), 155.8 (C-2'), 106.8 (C-3"), 156.1 (C-4"), 108.7
(C-5"), 128.6 (C-6"), 22.1 (C-1"), 123.9 (C-2"), 129.5 (C-3"), 17.6 (C-4"), 25.5 (C-5"),
61.6 (3H, s, 5-OCH3).

Homobutein (54): "H NMR (400 MHz, DMSO-dq) 6: 7.79 (1H, d, J = 15.6 Hz, H-p),
7.73 (1H, d, J = 15.6 Hz, H-0), 8.20 (1H, d, J = 9.2 Hz , H-6'), 6.42 (1H, dd, J = 2.0,
9.2 Hz, H-5'), 6.28 (1H, d, J = 2.0 Hz, H-3"), 7.53 (1H, d, J = 2.0 Hz, H-"), 7.28 (1H,
dd, J = 2.0, 8.0 Hz, H-'), 6.84 (1H, d, J = 8.0 Hz, H-'), 3.87 (3H, s, 3-OCHs), 10.72
(1H, br s, OH), 13.63 (1H, s, 2-OH), 9.75 (1H, s, OH). *C NMR (100 MHz,
DMSO-ds) J: 144.7 (C-B), 117.6 (C-a), 191.5 (C=0), 132.8 (C-6'), 108.0 (C-5'), 165.8
(C-4"), 102.5 (C-3'), 164.9 (C-2'), 113.0 (C-1"), 126.2 (C-1), 111.7 (C-2), 149.9 (C-3),
148.0 (C-4), 115.5 (C-5), 124.6 (C-6), 55.8 (4-OCHs).

6-C-prenylorobol (55): "H NMR (400 MHz, DMSO-d¢) J: 8.26 (1H, s, H-2), 6.45 (1H,
s, H-8), 6.99 (1H, d, J = 1.6 Hz, H-2"), 6.79 (1H, dd, J = 1.6, 8.4 Hz, H-6"), 6.77 (1H,
d, J = 8.4 Hz, H-5), 3.23 (2H, d, J = 7.2 Hz, H-1"), 5.17 (1H, t, J = 7.2 Hz, H-2"),
1.72 (3H, s, H-4"), 1.62 (3H, s, H-5"), 13.26 (1H, s, 5-OH), 10.89 (1H, br s, OH), 9.05
(1H, br s, OH), 8.99 (1H, br s, OH). *C NMR (100 MHz, DMSO-d¢) 6: 153.7 (C-2),
122.1 (C-3), 180.2 (C-4), 158.8 (C-5), 115.4 (C-6), 161.9 (C-7), 92.8 (C-8), 155.3
(C-9), 1042 (C-10), 121.8 (C-1'), 116.6 (C-2), 144.9 (C-3"), 145.5 (C-4"), 111.0
(C-5'), 119.9 (C-6'), 21.0 (C-1"), 122.3 (C-2"), 130.6 (C-3"), 17.7 (C-4"), 25.4 (C-5").

Kaempferol (56): "H NMR (400 MHz, DMSO-d) 6: 6.44 (1H, d, J = 2.0 Hz, H-6),
6.19 (1H, d, J = 2.0 Hz, H-8), 8.04 (2H, d, /= 8.8 Hz , H-2, 6'), 6.93 (2H, d, J = 8.8
Hz, H-3', 5'), 12.48 (1H, s, 5-OH), 10.82 (1H, br s, OH), 10.13 (1H, br s, OH), 9.38
(1H, br s, OH). °C NMR (100 MHz, DMSO-d) J: 146.8 (C-2), 135.7 (C-3), 175.9
(C-4), 160.7 (C-5), 98.2 (C-6), 163.9 (C-7), 93.5 (C-8), 156.2 (C-9), 103.0 (C-10),
121.7 (C-1"), 129.5 (C-2"), 115.4 (C-3"), 159.2 (C-4"), 115.4 (C-5"), 129.5 (C-6").

Gancaonin L (57): 'H NMR (400 MHz, DMSO-d;) 0: 8.35 (1H, s, H-2), 6.31 (1H, s,
H-8), 7.00 (1H, d, J= 1.6 Hz, H-2"), 6.77 (1H, dd, J = 1.6, 8.4 Hz, H-6'), 6.81 (1H, d,
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J=8.4Hz, H-5", 3.31 (2H, d, J = 7.2 Hz, H-1"), 5.15 (1H, t, J = 7.2 Hz, H-2"), 1.75
(3H, s, H-4"), 1.63 (3H, s, H-5"), 12.94 (1H, s, 5-OH), 10.81 (1H, s, OH), 9.05 (1H, s,
OH), 8.98 (1H, s, OH). ?C NMR (100 MHz, DMSO-d;) d: 154.0 (C-2), 122.1 (C-3),
180.5 (C-4), 159.6 (C-5), 98.4 (C-6), 161.5 (C-7), 105.8 (C-8), 154.8 (C-9), 104.4
(C-10), 122.1 (C-1'), 116.6 (C-2"), 144.8 (C-3"), 145.5 (C-4"), 115.4 (C-5"), 119.9
(C-6'), 21.0 (C-1"), 121.7 (C-2"), 131.0 (C-3"), 17.7 (C-4"), 25.4 (C-5").

Licoisoflavanone (58): "H NMR (400 MHz, DMSO-d;) d: 4.29 (1H, dd, J = 5.6, 10.8
Hz, H-2p), 4.41 (1H, dd, J = 5.6, 10.8 Hz, H-2a), 4.52 (1H, t, J = 10.8 Hz, H-3), 5.89
(2H, s, H-6, 8), 6.27 (1H, d, J = 8.4 Hz, H-5'), 6.83 (1H, d, J = 8.4 Hz, H-6"), 6.69 (1H,
d, J=10.0 Hz, H-1"), 5.67 (1H, d, J = 10.0 Hz, H-2"), 1.34 (2H, s, H-4, 5'), 12.29
(1H, br s, 5-OH). *C NMR (100 MHz, DMSO-ds) d: 69.8 (C-2), 46.3 (C-3), 197.1
(C-4), 163.9 (C-5), 96.0 (C-6), 166.8 (C-7), 94.9 (C-8), 163.1 (C-9), 102.0 (C-10),
117.0 (C-1"), 150.8 (C-2"), 107.9 (C-3"), 152.8 (C-4'), 110.2 (C-5"), 130.1 (C-6"), 115.5
(C-1"), 129.1 (C-2"), 75.1 (C-3"), 27.4 (C-4"), 27.4 (C-5").

Abiochanin A (59): '"H NMR (400 MHz, DMSO-dq) J: 8.34 (1H, s, H-2), 6.21 (1H, d,
J=1.6 Hz, H-6), 6.37 (1H, d, J = 1.6 Hz, H-8), 7.50 (2H, d, J = 8.8 Hz, H-2', 6"), 7.00
(2H, d, J = 8.8 Hz, H-3', 5'), 3.79 (3H, s, 4-OCHj3) , 12.91 (1H, br s, 5-OH). >C NMR
(100 MHz, DMSO-ds) d: 154.1 (C-2), 123.0 (C-3), 179.9 (C-4), 161.9 (C-5), 99.3
(C-6), 165.5 (C-7), 93.9 (C-8), 157.7 (C-9), 104.0 (C-10), 121.8 (C-1"), 130.1 (C-2"),
113.7 (C-3"), 159.1 (C-4"), 113.7 (C-5"), 130.1 (C-6"), 55.2 (4'-OCH3).

Liquiritigenin (60): '"H NMR (400 MHz, DMSO-dy) d: 5.37 (1H, dd, J = 2.4, 12.8 Hz,
H-2), 3.03 (1H, dd, J = 12.8, 16.4 Hz, H-30), 2.55 (1H, dd, J = 2.4, 16.4 Hz, H-3p),
7.56 (1H, d, J = 8.4 Hz, H-5), 6.37 (1H, dd, J = 1.2, 8.4 Hz, H-6), 6.16 (1H, d, J = 1.2
Hz, H-8), 7.30 (2H, d, J = 8.8 Hz, H-2, ¢'), 6.78 (2H, d, J = 8.8 Hz, H-3', 5'). °C
NMR (100 MHz, DMSO-dg) &: 78.7 (C-2), 43.3 (C-3), 189.4 (C-4), 128.1 (C-5),
111.7 (C-6), 165.4 (C-7), 102.7 (C-8), 163.4 (C-9), 112.0 (C-10), 129.6 (C-1"), 128.1
(C-2'), 115.1 (C-3"), 157.6 (C-4"), 115.1 (C-5"), 128.1 (C-6").

Licoflavone 4 (61): 'H NMR (400 MHz, DMSO-d)d: 6.70 (1H, s, H-3), 7.66 (1H, s,
H-5), 6.98 (1H, s, H-8), 7.89 (2H, d, J = 8.8 Hz, H-2', 6'), 6.92 (2H, d, J = 8.8 Hz,
H-3', 5%, 3.30 (1H, d, J = 7.6 Hz, H-1"), 5.32 (1H, t, J = 7.6 Hz, H-2"), .73 3H, s,
H-4"), 1.68 (3H, s, H-5"), 10.86 (1H, br s, OH), 10.24 (1H, s, OH). °C NMR (100
MHz, DMSO-dg)5: 162.2 (C-2), 104.4 (C-3), 176.2 (C-4), 127.2 (C-5), 115.8 (C-6),
160.6 (C-7), 101.8 (C-8), 155.6 (C-9), 121.8 (C-10), 124.5 (C-1), 128.0 (C-2), 115.9
(C-3'), 160.1 (C-4"), 115.9 (C-5'), 128.0 (C-6), 27.5 (C-1"), 122.9 (C-2"), 132.4
(C-3"), 17.6 (C-4"), 25.6 (C-5").
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Glyasperin C (62): '"H NMR (400 MHz, DMSO-d) 6: 4.10 (1H, br d, J = 8.8 Hz,
H-2), 3.87 (1H, t, J = 8.8 Hz, H-2), 3.20 (1H, m, H-3), 3.14 (1H, m, H-4), 2.72 (1H, m,
H-4), 6.10 (1H, s, H-8), 6.33 (1H, d, J = 2.0 Hz, H-3"), 6.19 (1H, dd, J = 2.0, 8.4 Hz,
H-5"), 6.86 (1H, d, J = 8.4 Hz, H-6'), 3.42 (1H, d, J = 6.0 Hz, H-1"), 5.14 (1H, t, J =
6.0 Hz, H-2"), 1.69 (3H, s, H-4"), 1.61 (3H, s, H-5"), 3.60 (3H, s, 5-OCHs), 9.37 (1H,
s, OH), 9.18 (1H, s, OH), 9.11 (1H, s, OH). >C NMR (100 MHz, DMSO-d¢) 6: 69.2
(C-2), 30.8 (C-3), 25.5 (C-4), 156.9 (C-5), 113.1 (C-6), 154.5 (C-7), 98.7 (C-8), 152.9
(C-9), 106.8 (C-10), 118.0 (C-1"), 155.8 (C-2'), 102.6 (C-3'), 156.9 (C-4'), 106.3
(C-5'), 127.5 (C-6"), 22.3 (C-1"), 124.3 (C-2"), 129.3 (C-3"), 17.7 (C-4"), 25.5 (C-5"),
60.0 (5-OCHs).

Daidzein (63): "H NMR (400 MHz, DMSO-d) J: 8.26 (1H, s, H-2), 7.94 (1H, d, J =
8.8 Hz, H-5), 6.92 (1H, dd, J = 2.0, 8.8 Hz, H-6), 6.84 (1H, d, J = 2.0 Hz, H-8), 7.37
(2H, d, J = 8.8 Hz, H-2', 6), 6.80 (2H, d, J = 8.8 Hz, H-3’, 5). >C NMR (100 MHz,
DMSO-ds) 8: 152.7 (C-2), 123.4 (C-3), 174.7 (C-4), 127.2 (C-5), 116.3 (C-6), 163.2
(C-7), 102.1 (C-8), 157.2 (C-9), 115.4 (C-10), 122.6 (C-1"), 130.0 (C-2"), 114.9 (C-3"),
157.5 (C-4"), 114.9 (C-5"), 130.0 (C-6").

3-methoxy-9-hydroxy-pterocarpan (64): "H NMR (400 MHz, DMSO-dq) J: 3.59 (2H,
m, H-2), 5.23 (1H, m, H-3), 5.53 (1H, d, J = 5.6 Hz, H-4), 7.27 (1H, d, J = 8.0 Hz,
H-5), 6.50 (1H, br d, J = 8.0 Hz, H-6), 6.43 (1H, br s, H-8), 7.22 (1H, d, J = 8.0 Hz,
H-6"), 6.44 (1H, br d, J = 8.0 Hz, H-5"), 6.29 (1H, br s, H-3'), 3.69 (3H, s, 7-OCH3),
9.68 (1H, s, OH). *C NMR (100 MHz, DMSO-d) d: 65.9 (C-2), 38.9 (C-3), 78.1
(C-4), 132.1 (C-5), 109.7 (C-6), 160.0 (C-7), 102.9 (C-8), 156.4 (C-9), 111.3 (C-10),
119.4 (C-1"), 158.8 (C-2"), 96.4 (C-3"), 160.4 (C-4"), 106.0 (C-5"), 125.2 (C-6"), 55.3
(7-OCHs).

1-methoxyphaseollin (65): 'H NMR (400 MHz, DMSO-dq) d: 3.52 (1H, t, J = 10.0 Hz,
H-2), 3.44 (1H, m, H-2), 4.16 (1H, dd, J = 4.4, 9.8 Hz, H-3), 5.58 (1H, d, J = 6.8 Hz,
H-4), 5.92 (1H, d, J = 1.6 Hz, H-6), 6.10 (1H, d, J = 1.6 Hz, H-8), 6.26 (1H, d, J = 8.0
Hz, H-5"), 7.04 (1H, d, J = 8.0 Hz, H-6'), 6.34 (1H, d, J=10.0 Hz, H-1"), 5.67 (1H, d,
J=10.0 Hz, H-2"), 1.34 3H, s, H-4"), 1.33 (3H, s, H-5"), 3.79 (3H, s, 5-OCH3), 9.79
(1H, br s, 7-OH). *C NMR (100 MHz, DMSO-d) J: 65.8 (C-2), 38.4 (C-3), 75.7
(C-4), 159.6 (C-5), 92.8 (C-6), 160.7 (C-7), 95.4 (C-8), 157.0 (C-9), 100.2 (C-10),
119.5 (C-1"), 152.9 (C-2), 105.0 (C-3"), 155.1 (C-4"), 107.7 (C-5"), 124.3 (C-6'), 116.0
(C-1"), 129.8 (C-2"), 75.5 (C-3"), 27.3 (C-4"), 27.5 (C-5"), 55.6 (5-OCHj3).

Glabridin (66): "H NMR (400 MHz, DMSO-dg) J: 3.91 (1H, t, J = 10.0 Hz, H-2),
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4.10 (1H, m, H-2), 3.31 (1H, m, H-3), 2.86 (1H, dd, J = 11.2, 15.6 Hz, H-4), 2.68 (1H,
br dd, J = 3.6, 15.6 Hz, H-4), 6.86 (1H, d, J = 8.4 Hz, H-5), 6.34 (1H, d, J = 8.4 Hz,
H-6), 6.18 (1H, d, J = 2.4 Hz, H-3"), 6.28 (1H, dd, J = 2.4, 8.4 Hz, H-5'), 6.82 (1H, d,
J = 8.4 Hz, H-6'), 6.57 (1H, d, J = 10.0 Hz, H-1"), 5.63 (1H, d, J = 10.0 Hz, H-2"),
1.36 (3H, s, H-4"), 1.35 (3H, s, H-5"). *C NMR (100 MHz, DMSO-dq) 6: 69.3 (C-2),
29.9 (C-3), 31.0 (C-4), 128.3 (C-5), 108.9 (C-6), 156.5 (C-7), 107.6 (C-8), 152.0
(C-9), 112.7 (C-10), 118.9 (C-1"), 150.5 (C-2'), 102.5 (C-3'), 154.5 (C-4"), 108.0
(C-5'), 126.9 (C-6"), 117.1 (C-1"), 130.1 (C-2"), 75.3 (C-3"), 27.3 (C-4"), 27.3 (C-5").

Isolupalbigenin (67): '"H NMR (400 MHz, DMSO-dq) J: 8.32 (1H, s, H-2), 6.29 (1H, s,
H-6), 7.22 (1H, d, J = 2.0 Hz, H-2'), 6.82 (1H, d, J = 8.4 Hz, H-5'), 7.18 (1H, dd, J =
2.0, 8.4 Hz, H-5"), 3.31 (2H, d, J = 7.6 Hz, H-1"), 5.30 (1H, t, J = 7.6 Hz, H-2"), 1.75
(3H, s, H-4"), 1.68 (3H, s, H-3"), 3.23 (2H, d, J = 6.8 Hz, H-1"), 5.15 (1H, t, J = 6.8
Hz, H-2""), 1.68 (3H, s, H-4""), 1.63 (3H, s, H-5""), 12.90 (1H, s, 5-OH), 9.55 (1H, br
s, OH), 8.40 (1H, br s, OH). *C NMR (100 MHz, DMSO-ds) ¢: 153.7 (C-2), 122.1
(C-3), 182.0 (C-4), 159.6 (C-5), 98.8 (C-6), 161.3 (C-7), 105.8 (C-8), 154.8 (C-9),
104.0 (C-10), 121.4 (C-1), 127.5 (C-2'), 114.6 (C-3'), 155.0 (C-4'), 105.9 (C-5'),
127.3 (C-6"), 21.0 (C-1"), 122.4 (C-2"), 130.1 (C-3"), 17.7 (C-4"), 25.5 (C-5"), 28.2
(C-1""), 122.8 (C-2""), 131.1 (C-3""), 17.7 (C-4""), 25.5 (C-5"").

6,8-diprenylgenistein (68): 'H NMR (400 MHz, DMSO-ds) ¢: 8.33 (1H, s, H-2), 7.37
(2H, d, J= 8.8 Hz, H-2', 6'), 6.81 (2H, d, J = 8.4 Hz, H-3", 5'), 3.40 (2H, d, /= 7.2 Hz,
H-1"), 5.14 (1H, t, J= 7.2 Hz, H-2"), 1.76 (3H, s, H-4"), 1.63 (3H, s, H-5"), 3.30 (2H,
d, J=7.2Hz, H-1"), 5.12 (1H, t, J= 7.2 Hz, H-2""), 1.73 (3H, s, H-4""), 1.62 (3H, s,
H-5""), 13.20 (1H, s, 5-OH). *C NMR (100 MHz, DMSO-d¢) d: 152.9 (C-2), 121.7
(C-3), 180.1 (C-4), 157.3 (C-5), 111.6 (C-6), 158.4 (C-7), 106.2 (C-8), 153.5 (C-9),
107.0 (C-10), 121.6 (C-1"), 130.1 (C-2), 115.0 (C-3"), 156.6 (C-4'), 115.0 (C-5"),
130.1 (C-6"), 21.5 (C-1"), 122.7 (C-2"), 130.1 (C-3"), 17.8 (C-4"), 25.5 (C-5"), 21.5
(C-1"), 122.7 (C-2""), 130.8 (C-3'"), 17.8 (C-4"""), 25.5 (C-5"").

2"-hydroxyisolupalbigenin (69): '"H NMR (400 MHz, DMSO-dq) J: 8.20 (1H, s, H-2),
6.31 (1H, s, H-6), 6.36 (1H, d, J = 8.4 Hz, H-5"), 6.75 (1H, d, J = 8.4 Hz, H-6'), 3.25
(2H, d, J=17.2 Hz, H-1"), 5.16 (1H, t, J = 7.2 Hz, H-2"), 1.75 (3H, s, H-4"), 1.62 (3H,
s, H-5"), 3.34 (2H, d, J = 7.2 Hz, H-1""), 5.18 (1H, t, J= 7.2 Hz, H-2""), 1.71 (3H, s,
H-4""), 1.63 (3H, s, H-5""), 12.79 (1H, s, 5-OH), 9.27 (1H, s, OH), 8.24 (1H, s, OH),
10.80 (1H, br s, OH). *C NMR (100 MHz, DMSO-dq) d: 154.0 (C-2), 120.8 (C-3),
181.3 (C-4), 159.3 (C-5), 98.4 (C-6), 161.5 (C-7), 106.6 (C-8), 155.0 (C-9), 104.6
(C-10), 109.6 (C-1'), 155.8 (C-2"), 115.3 (C-3"), 156.3 (C-4"), 105.8 (C-5"), 128.7
(C-6"), 21.0 (C-1"), 122.2 (C-2"), 129.5 (C-3"), 17.7 (C-4"), 25.5 (C-5"), 22.3 (C-1""),
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123.5 (C-2", 131.0 (C-3"), 17.7 (C-4""), 25.5 (C-5"").

Isoderrone (70): '"H NMR (400 MHz, DMSO-dq) J: 8.38 (1H, s, H-2), 6.23 (1H, d, J =
2.0 Hz, H-6), 6.40 (1H, d, J=2.0 Hz, H-8), 7.28 (1H, d, J = 2.4 Hz, H-2'), 6.80 (1H, d,
J= 8.0 Hz, H-5"), 7.29 (1H, dd, J = 2.4, 8.0 Hz, H-6'), 6.45 (1H, d, J = 10.0 Hz, H-1"),
5.79 (1H, d, J = 10.0 Hz, H-2"), 1.39 (6H, s, H-4", 5"), 12.91 (1H, s, 5-OH), 10.93
(1H, br s, 7-OH). >C NMR (100 MHz, DMSO-d) d: 152.4 (C-2), 121.9 (C-3), 180.0
(C-4), 162.0 (C-5), 99.0 (C-6), 164.3 (C-7), 93.7 (C-8), 157.6 (C-9), 104.4 (C-10),
123.1 (C-1"), 126.9 (C-2"), 120.7 (C-3"), 154.3 (C-4"), 115.7 (C-5"), 129.7 (C-6"), 121.6
(C-1"), 131.3 (C-2"), 76.3 (C-3"), 27.7 (C-4"), 27.7 (C-5").

Licoricidin (71): 'H NMR (400 MHz, DMSO-ds) 6: 3.85 (1H, t, J = 10.0 Hz, H-2),
4.08 (1H, br d, J = 10.0 Hz, H-2), 3.31 (1H, m, H-3), 2.77 (1H, dd, J = 4.0, 16.0 Hz,
H-4), 2.61 (1H, dd, J = 10.8, 16.0 Hz, H-4), 6.09 (1H, s, H-8), 6.33 (1H, d, /= 8.4 Hz,
H-5'), 6.73 (1H, d, J = 8.4 Hz, H-6'), 3.14 (1H, m, H-1"), 5.13 (1H, t, J = 6.0 Hz,
H-2"), 1.69 (1H, s, H-4"), 1.62 (1H, s, H-5"), 3.26 (1H, d, J = 6.8 Hz, H-1""), 5.15 (1H,
t, J= 6.8 Hz, H-2"), 1.71 3H, s, H-4"), 1.62 3H, s, H-5""), 3.60 (3H, s, 5-OCH),
9.15 (1H, s, OH), 9.01 (1H, s, OH), 8.16 (1H, s, OH). '*C NMR (100 MHz, DMSO-de)
d: 69.3 (C-2), 30.5 (C-3), 26.2 (C-4), 156.8 (C-5), 106.8 (C-6), 154.4 (C-7), 98.6
(C-8), 152.9 (C-9), 113.1 (C-10), 119.7 (C-1"), 152.9 (C-2"), 115.9 (C-3"), 154.4 (C-4"),
107.1 (C-5"), 123.9 (C-6"), 22.3 (C-1"), 123.6 (C-2"), 129.2 (C-3"), 17.7 (C-4"), 25.5
(C-5"), 22.5 (C-1"), 124.2 (C-2"), 129.5 (C-3""), 17.8 (C-4""), 25.5 (C-5"").

Glicophenone (72): "H NMR (400 MHz, DMSO-d;) 6: 4.06 (2H, s, H-0), 6.24 (1H, d,
J=2.0 Hz, H-3"), 6.37 (1H, dd, J = 2.0, 8.8 Hz, H-5"), 7.96 (1H, d, J = 8.8 Hz, H-6'),
6.20 (1H, s, H-5), 3.10 (1H, d, J = 6.4 Hz, H-1"), 5.14 (1H, t, J = 6.4 Hz, H-2""), 1.68
(3H, s, H-4"), 1.61 (3H, s, H-5"), 3.50 (3H, s, 2-OCH3). *C NMR (100 MHz,
DMSO-d;) 0: 33.5 (C-a), 203.0 (C=0), 164.1 (C-2'), 102.4 (C-3"), 164.8 (C-4"), 108.1
(C-5"), 132.7 (C-6"), 111.3 (C-1"), 106.1 (C-1), 158.0 (C-2), 112.4 (C-3), 155.0 (C-4),
98.5 (C-5), 154.2 (C-6), 22.4 (C-1"), 124.5 (C-2"), 129.0 (C-3"), 17.7 (C-4"), 25.5
(C-5"), 60.7 (2-OCHj).

Licoisoflavone B (73): 'H NMR (400 MHz, DMSO-ds) J: 8.13 (1H, s, H-2), 6.23 (1H,
d, J=2.0 Hz, H-6), 6.40 (1H, d, J = 2.0 Hz, H-8), 6.32 (1H, d, J = 8.4 Hz, H-5'), 6.89
(1H, d, J = 8.4 Hz, H-6'), 6.67 (1H, d, J = 10.0 Hz, H-1"), 5.68 (1H, d, J = 10.0 Hz,
H-2), 1.37 (6H, s, H-4", 5), 12.85 (1H, s, 5-OH), 10.89 (1H, br s, OH), 8.87 (1H, s,
OH). *C NMR (100 MHz, DMSO-dg) 6: 153.6 (C-2), 120.5 (C-3), 180.6 (C-4), 116.8
(C-5), 98.9 (C-6), 164.2 (C-7), 93.7 (C-8), 157.7 (C-9), 104.6 (C-10), 111.2 (C-1'),
151.2 (C-2), 109.7 (C-3'), 155.7 (C-4), 107.4 (C-5), 131.4 (C-6'), 117.0 (C-1"),
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128.9 (C-2"), 75.4 (C-3"), 27.5 (C-4"), 27.5 (C-5").

Liquiritigenin 7,4"-di-O-glucopyranoside (74): '"H NMR (400 MHz, DMSO-ds) o:
5.60 (1H, dd, J = 2.4, 12.8 Hz, H-2), 2.73 (1H, dd, J = 2.0, 15.6 Hz, H-3), 3.15 (1H,
dd, J = 12.8, 15.6 Hz, H-3), 7.72 (1H, d, J = 8.4 Hz, H-5), 6.67 (1H, dd, J = 2.0, 8.4
Hz, H-6), 6.68 (1H, d, J = 2.0 Hz, H-8), 7.46 (2H, d, J = 8.4 Hz, H-2', 6'), 7.05 (2H, d,
J=8.4 Hz, H-3', 5"), 4.99 (1H, d, J = 6.8 Hz, H-1"), 4.89 (1H, d, J = 7.2 Hz, H-1"),
3.00—4.00 (10 H, m, sugar protons). °C NMR (100 MHz, DMSO-d) : 78.9 (C-2),
43.1 (C-3), 190.3 (C-4), 127.9 (C-5), 111.0 (C-6), 163.5 (C-7), 103.6 (C-8), 162.8
(C-9), 115.3 (C-10), 132.0 (C-1"), 128.0 (C-2"), 116.2 (C-3'), 157.5 (C-4'), 116.2
(C-5"), 128.0 (C-6'), 99.7 (C-1"), 73.1 (C-2"), 76.4 (C-3"), 69.6 (C-4"), 77.0 (C-5"),
60.6 (C-6"), 100.3 (C-1"), 73.2 (C-2"), 76.5 (C-3""), 69.7 (C-4"), 77.0 (C-5""), 60.7
(C-6").

Glucoliguiritin apioside (75): "H NMR (400 MHz, DMSO-dq) &: 5.58 (1H, dd, J = 2.0,
12.8 Hz, H-2), 2.72 (1H, dd, J = 2.0, 15.6 Hz, H-3), 3.16 (1H, dd, J = 12.8, 15.6 Hz,
H-3), 7.72 (1H, d, J = 8.4 Hz, H-5), 6.72 (1H, dd, J = 2.0, 8.4 Hz, H-6), 6.68 (1H, d, J
= 2.0 Hz, H-8), 7.46 (2H, d, J = 8.4 Hz, H-2', 6'), 7.05 (2H, d, J = 8.4 Hz, H-3", 5'),
4.97 (1H, d, J = 7.2 Hz, H-1"), 5.00 (1H, d, J = 6.4 Hz, H-1"), 5.36 (1H, br s, H-1""),
3.00—4.00 (17 H, m, sugar protons). °C NMR (100 MHz, DMSO-d) d: 79.0 (C-2),
43.0 (C-3), 190.4 (C-4), 127.9 (C-5), 111.0 (C-6), 163.4 (C-7), 103.5 (C-8), 162.8
(C-9), 115.3 (C-10), 132.1 (C-1"), 128.2 (C-2"), 116.0 (C-3'), 157.4 (C-4), 116.0
(C-5"), 128.2 (C-6'), 99.6 (C-1"), 73.0 (C-2"), 76.3 (C-3"), 69.9 (C-4"), 77.0 (C-5"),
75.6 (C-6"), 98.5 (C-1"), 75.7 (C-2"), 76.0 (C-3""), 69.5 (C-4""), 78.9 (C-5"), 60.5
(C-6"), 108.6 (C-1""), 76.9 (C-2""), 79.3 (C-3""), 74.0 (C-4""), 64.3 (C-5"").

Vicenin-2 (76): "H NMR (400 MHz, DMSO-dq) 0: 6.82(1H, s , H-3), 8.03 (2H, d, J =
8.4 Hz, H-2', 6"), 6.89 (2H, d, J = 8.4 Hz, H-3', 5'), 4.76 (1H, d, J = 9.6 Hz, H-1"),
4.80 (1H, d, J = 9.6 Hz, H-1"), 3.00—4.00 (9 H, m, sugar protons). BC NMR (100
MHz, DMSO-dy) 6: 164.1 (C-2), 102.6 (C-3), 182.3 (C-4), 158.5 (C-5), 107.4 (C-6),
160.7 (C-7), 105.3 (C-8), 155.0 (C-9), 104.0 (C-10), 121.4 (C-1"), 129.0 (C-2"), 115.7
(C-3", 161.1 (C-4"), 115.7 (C-5"), 129.0 (C-6"), 73.3 (C-1"), 70.9 (C-2"), 77.6 (C-3"),
69.0 (C-4"), 81.0 (C-5"), 59.8 (C-6"), 74.0 (C-1"), 72.0 (C-2"), 78.8 (C-3""), 70.6
(C-4"), 81.9 (C-5"), 61.3 (C-6™).

Isoliquiritigenin 4,4'-di-O-glucopyranoside (79): 'H NMR (400 MHz, DMSO-dq)
7.82 (1H, d, J=15.2 Hz, H-a), 7.93 (1H, d, J = 15.2 Hz, H-B), 7.90 (2H, d, J = 8.4 Hz,
H-2, 6), 7.10 (2H, d, J= 8.4 Hz, H-3, 5), 6.58 (1H, d, J = 2.0 Hz, H-3"), 6.64 (1H, dd,
J=12.0,9.2 Hz, H-5"), 8.31 (1H, d, J=9.2 Hz, H-6"), 5.38 (1H, d, J = 6.8 Hz, H-1"),
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5.36 (1H, d, J = 6.8 Hz, H-1"), 3.00—4.00 (12 H, m, sugar protons). *C NMR (100
MHz, DMSO-dg) d: 119.1 (C-a), 114.3 (C-B), 190.4 (C=0), 128.3 (C-1), 131.0 (C-2),
116.5 (C-3), 159.6 (C-4), 116.5 (C-5), 132.6 (C-6), 114.8 (C-1"), 165.2 (C-2"), 103.5
(C-3"), 163.6 (C-4"), 108.3 (C-5"), 129.7 (C-6), 99.9 (C-1"), 73.2 (C-2"), 77.2 (C-3"),
69.7 (C-4"), 77.2 (C-5"), 60.7 (C-6"), 99.6 (C-1"), 73.1 (C-2"), 76.6 (C-3""), 69.6
(C-4"), 76.4 (C-5"), 60.6 (C-6").

Isoviolanthin (80): "H NMR (400 MHz, DMSO-dy) 6: 6.81 (1H, s, H-3), 8.03 (2H, d,
J=28.4Hz, H-2', 6", 6.89 2H, d, J= 8.4 Hz, H-3", 5'), 5.04 (1H, s, H-1"), 1.25 (1H, d,
J=5.2 Hz, H-6"), 4.71 (1H, d, J = 9.6 Hz, H-1"), 3.00—4.00 (9 H, m, sugar protons).
3C NMR (100 MHz, DMSO-dg) 6: 164.1 (C-2), 103.2 (C-3), 182.2 (C-4), 155.1 (C-5),
107.0 (C-6), 161.9 (C-7), 105.0 (C-8), 161.2 (C-9), 102.4 (C-10), 121.5 (C-1"), 129.0
(C-2", 115.9 (C-3"), 157.1 (C-4"), 115.9 (C-5"), 129.0 (C-6"), 77.3 (C-1"), 74.5 (C-2"),
73.3 (C-3"), 72.2 (C-4™), 71.8 (C-5"), 18.0 (C-6"), 74.1 (C-1""), 70.8 (C-2"), 78.7
(C-3"), 70.7 (C-4"), 81.9 (C-5"), 61.4 (C-6").

Liquiritin apioside (81): "H NMR (400 MHz, DMSO-dq) J: 7.63 (1H, d, J = 8.4 Hz,
H-5), 7.43 (2H, d, J = 8.4 Hz, H-2', 6'), 7.03 (2H, d, J = 8.4 Hz, H-3', 5"), 6.50 (1H, dd,
J =24, 8.4 Hz, H-6), 633 (1H, d, J = 2.4 Hz, H-8), 5.50 (1H, dd, J = 2.4, 12.8 Hz,
H-2), 5.35 (1H, d, J= 1.0 Hz, H-1"), 4.95 (1H, d, J = 7.6 Hz, H-1"), 3.10 (1H, dd, J =
16.4, 12.8 Hz, H-3), 2.65 (1H, dd, J = 2.4, 16.4 Hz, H-3). *C NMR (100 MHz,
DMSO-dg) 8: 79.7 (C-2), 43.5 (C-3), 190.3 (C-4), 128.5 (C-5), 111.0 (C-6), 165.1
(C-7), 103.0 (C-8), 163.5 (C-9), 113.9 (C-10), 132.8 (C-1"), 128.5 (C-2'), 116.5 (C-3"),
157.7 (C-4"), 116.5 (C-5"), 128.5 (C-6'), 99.1 (C-1"), 76.2 (C-2"), 76.5 (C-3"), 70.4
(C-4"), 77.3 (C-5"), 61.0 (C-6"), 109.1 (C-1"), 77.4 (C-2"), 79.1 (C-3""), 74.5 (C-4™),
64.7 (C-5").

Liquiritin (82): '"H NMR (400 MHz, DMSO-dq) : 7.65 (1H, d, J = 8.4 Hz, H-5), 7.45
(2H, d, J = 8.4 Hz, H-2', 6'), 7.07 (2H, d, J = 8.4 Hz, H-3', 5"), 6.51 (1H, dd, J = 2.0,
8.4 Hz, H-6), 6.35 (1H, d, J = 2.0 Hz, H-8), 5.53 (1H, dd, J = 2.8, 12.4 Hz, H-2), 4.88
(1H, d, J=7.2 Hz, H-1"), 3.09 (1H, dd, J = 16.4, 12.4 Hz, H-3), 2.68 (1H, dd, J = 2.8,
16.4 Hz, H-3). >C NMR (100 MHz, DMSO-dj) d: 79.1 (C-2), 44.7 (C-3), 190.3 (C-4),
128.4 (C-5), 111.6 (C-6), 164.8 (C-7), 100.3 (C-8), 163.3 (C-9), 114.0 (C-10), 132.8
(C-1"), 128.8 (C-2'), 116.2 (C-3'), 157.7 (C-4"), 116.2 (C-5"), 128.8 (C-6"), 100.6
(C-1"), 73.7 (C-2"), 77.3 (C-3"), 70.2 (C-4"), 76.6 (C-5"), 61.1 (C-6").

Apigenin
6-C-rhamnopyranoside-8-C-[6"'-(3-hydroxy-3-methylglutaroyl)]-glucopyranoside
(83): '"H-NMR (400 MHz, DMSO-d¢) 6: 6.83 (1H, s), 7.97 (2H, d, J = 8.4 Hz, H-2',
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6", 6.94 (2H, d, J = 8.4 Hz, H-3', 5"), 5.04 (1H, br s, H-1"), 1.25 (1H, d, J = 4.0 Hz,
H-6"), 4.75 (1H, d, J = 10.0 Hz, H-1"), 3.00—4.50 (9 H, m, sugar protons). BC NMR
(100 MHz, DMSO-dg) o: 164.4 (C-2), 102.9 (C-3), 182.7 (C-4), 157.8 (C-5), 107.5
(C-6), 162.5 (C-7), 105.0 (C-8), 155.5 (C-9), 103.7 (C-10), 121.9 (C-1"), 129.1 (C-2"),
116.4 (C-3"), 161.8 (C-4"), 116.4 (C-5"), 129.1 (C-6"), 77.7 (C-1"), 75.0 (C-2"), 74.5
(C-3M), 72.5 (C-4"), 72.2 (C-5"), 18.6 (C-6"), 74.0 (C-1"), 71.1 (C-2""), 78.8 (C-3"),
69.3 (C-4"), 78.8 (C-5™), 64.6 (C-6""), 171.1 (C-1""), 45.5 (C-2""), 69.3 (C-3""), 45.3
(C-4"), 172.8 (C-5""), 27.8 (C-6").

Soliquiritin apioside (84): 'H NMR (400 MHz, DMSO-d;) J: 8.19 (1H, d, J = 8.4 Hz,
H-6"), 7.77 (1H, d, J = 14.4 Hz, H-a), 7.87 (1H, d, J = 14.4 Hz, H-B), 7.86 (2H, d, J =
8.8 Hz, H-2, 6), 7.08 (2H, d, J = 8.8 Hz, H-3, 5), 6.41 (1H, dd, J = 8.4, 2.0 Hz, H-5"),
6.27 (1H, d, J = 2.0 Hz, H-3"), 5.36 (1H, br s, H-1"), 5.05 (1H, d, J = 7.2 Hz, H-1").
BC NMR (100 MHz, DMSO-ds) &: 119.4 (C-a), 143.6 (C-p), 191.6 (C=0), 128.7
(C-1), 131.0 (C-2), 116.6 (C-3), 159.5 (C-4), 116.6 (C-5), 131.2 (C-6), 113.1 (C-1"),
165.7 (C-2"), 98.6 (C-3'), 166.1 (C-4"), 108.9 (C-5'), 133.0 (C-6'), 102.8 (C-1"), 79.5
(C-2"), 76.0 (C-3"), 70.2 (C-4"), 76.0 (C-5"), 60.8 (C-6"), 108.6 (C-1"), 77.2 (C-2"),
79.5 (C-3"), 74.2 (C-4"), 64.5 (C-5").

Ononin (85): "H NMR (400 MHz, DMSO-ds) 6: 8.44 (1H, s, H-2), 8.05 (1H, d, J =
8.8 Hz, H-5), 7.15 (1H, dd, J = 2.0, 8.0 Hz, H-6), 7.24 (1H, d, J = 2.0 Hz, H-8), 7.53
(2H, d, J = 8.8 Hz, H-2, 6'), 6.99 (2H, d, J = 8.8 Hz, H-3", 5"), 5.10 (1H, d, J= 6.8 Hz,
H-1"), 3.79 (3H, s, OCH3), 3.00-3.75 (6H, m, sugar protons). *C NMR (100 MHz,
DMSO-ds) d: 153.6 (C-2), 124 (C-3), 174.6 (C-4), 126.9 (C-5), 115.6 (C-6), 161.4
(C-7), 103.4 (C-8), 157.0 (C-9), 118.4 (C-10), 123.3 (C-1"), 130.1 (C-2"), 113.6 (C-3"),
159.0 (C-4"), 113.6 (C-5), 130.1 (C-6'), 100.0 (C-1"), 73.1 (C-2"), 76.5 (C-3"), 69.5
(C-4"), 77.2 (C-5"), 60.6 (C-6"), 55.1 (OCH3).

Isoliquiritin (86): '"H NMR (400 MHz, DMSO-dq) 6: 8.19 (1H, d, J = 8.8 Hz, H-6'),
7.76 (1H, d, J=15.2 Hz, H-0), 7.80 (1H, d, J = 15.2 Hz, H-B), 7.87 (2H, d, J = 8.8 Hz,
H-2, 6), 7.10 (2H, d, J = 8.8 Hz, H-3, 5), 6.41 (1H, dd, J = 8.8, 2.0 Hz, H-5"), 6.29 (1H,
d, J=2.0 Hz, H-3"), 5.33 (1H, d, J = 7.2 Hz, H-1"). *C NMR (100 MHz, DMSO-dj) ¢:
119.0 (C-0), 143.9 (C-B), 191.0 (C=0), 128.0 (C-1), 131.4 (C-2), 116.0 (C-3), 160.0
(C-4), 116.0 (C-5), 131.4 (C-6), 113.7 (C-1'), 165.5 (C-2'), 103.0 (C-3"), 166.2 (C-4"),
108.0 (C-5"), 132.6 (C-6'), 100.7 (C-1"), 73.8 (C-2"), 77.0 (C-3"), 70.5 (C-4"), 77.0
(C-5"), 61.8 (C-6").

Glycyroside (89): 'H NMR (400 MHz, DMSO-dy) J: 8.44 (1H, s, H-2), 8.05 (1H, d, J
= 8.8 Hz, H-5), 7.13 (1H, dd, J = 1.2, 8.8 Hz, H-6), 7.22 (1H, d, J = 1.2 Hz, H-8), 7.53
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(2H, d, /= 8.4 Hz, H-2', 6'), 7.00 (2H, d, J = 8.4 Hz, H-3", 5"), 5.20 (1H, d, J = 7.2 Hz,
H-1"), 5.37 (1H, s, H-1"), 3.79 (3H, s, OCH3), 3.00—4.00 (11 H, m, sugar protons).
BC NMR (100 MHz, DMSO-dg) 6: 153.7 (C-2), 124.1 (C-3), 174.5 (C-4), 127.0 (C-5),
115.6 (C-6), 161.2 (C-7), 103.3 (C-8), 157.0 (C-9), 118.5 (C-10), 123.4 (C-1"), 130.1
(C-2", 113.7 (C-3"), 159.0 (C-4"), 113.7 (C-5"), 130.1 (C-6"), 98.4 (C-1"), 76.1 (C-2"),
75.7 (C-3"), 69.8 (C-4"), 77.1 (C-5"), 60.5 (C-6"), 108.7 (C-1"), 76.9 (C-2""), 79.3
(C-3"), 74.1 (C-4"), 64.1 (C-5"), 55.2 (OCH3).

Sophoraflavone B (90): '"H NMR (400 MHz, DMSO-dj) 6: 6.82 (1H, s), 7.87 (1H, d, J
= 8.8 Hz, H-5), 6.92 (1H, dd, J = 2.0, 8.8 Hz, H-6), 7.00 (1H, d, J = 2.0 Hz, H-8), 8.02
(2H, d, J=8.8 Hz, H-2', 6"), 7.18 (2H, d, J = 8.8 Hz, H-3', 5'), 5.12 (1H, d, J = 7.2 Hz,
H-1"), 3.00—4.00 (6H, m, sugar protons). °C NMR (100 MHz, DMSO-d) J: 161.8
(C-2), 105.3 (C-3), 176.4 (C-4), 126.5 (C-5), 115.0 (C-6), 162.7 (C-7), 102.6 (C-8),
160.0 (C-9), 116.1 (C-10), 124.6 (C-1'), 127.8 (C-2'), 116.6 (C-3'), 157.4 (C-4"), 116.6
(C-5"), 127.8 (C-6'), 99.9 (C-1"), 73.2 (C-2"), 76.6 (C-3"), 69.7 (C-4"), 77.2 (C-5"),
60.7 (C-6").

7,4"-dihydroxyflavone 7-O-glucopyranoside (91): '"H NMR (400 MHz, DMSO-dg) o:
6.80 (1H, s, H-3), 7.94 (1H, d, J = 8.8 Hz, H-5), 7.11 (1H, dd, J = 2.0, 8.8 Hz, H-6),
7.36 (1H, d, J = 2.0 Hz, H-8), 7.94 (2H, d, J = 8.8 Hz, H-2',6"), 6.93 (2H, d, /= 8.8 Hz,
H-3'.5"), 5.12 (1H, d, J = 5.12 Hz, H-1"), 3.00—3.80 (6H, m, sugar protons). BC NMR
(100 MHz, DMSO-ds) d: 162.8 (C-2), 104.5 (C-3), 176.3 (C-4), 126.1 (C-5), 115.2
(C-6), 161.5 (C-7), 103.8 (C-8), 157.0 (C-9), 118.0 (C-10), 121.7 (C-1"), 128.2 (C-2'),
116.2 (C-3'), 160.8 (C-4"), 116.2 (C-5"), 128.2 (C-6"), 100.0 (C-1"), 73.1 (C-2"), 76.5
(C-3"), 69.6 (C-4"), 77.2 (C-5"), 60.6 (C-6").

Daidzin (92): "H NMR (400 MHz, DMSO-dq) d: 8.40 (1H, s, H-2), 8.05 (1H, d, J =
8.8 Hz, H-5), 7.14 (1H, dd, J = 2.0, 8.8 Hz, H-6), 7.23 (1H, d, J = 2.0 Hz, H-8), 7.40
(2H, d, J = 8.4 Hz, H-2',6"), 6.82 (2H, d, J = 8.4 Hz, H-3',5"), 5.10 (1H, d, J = 8.0 Hz,
H-1"), 3.46 (1H, m, H-6'A), 3.71 (1H, m, H-6'B), 3.00—3.80 (4H, m, sugar protons).
3C NMR (100 MHz, DMSO-dg)d: 153.5 (C-2), 123.9 (C-3), 174.6 (C-4), 126.8 (C-5),
115.7 (C-6), 161.5 (C-7), 103.3 (C-8), 157.2 (C-9), 118.5 (C-10), 122.2 (C-1"), 130.1
(C-2", 114.9 (C-3"), 157.0 (C-4"), 114.9 (C-5"), 130.1 (C-6"), 99.9 (C-1"M), 73.2 (C-2"),
76.5 (C-3"), 69.6 (C-4"), 77.3 (C-5"), 60.7 (C-6").

Syringic acid 4-O-glucopyranoside (93): 'H NMR (400 MHz, DMSO-dg) 6: 7.23 (1H,
s, 4, H-6), 3.80 (6H, s, H-7, 8), 5.11 (1H, d, H-1"), 3.22 (1H, m, H-2"), 3.20 (1H, m,
H-3"), 3.13 (1H, m, H-4"), 3.07 (1H, m, H-5"), 3.40 (1H, dd, J =4.8, 11.2 Hz, H-6'A),
3.59 (1H, d, J = 11.2 Hz, H-6'B). C NMR (100 MHz, DMSO-d¢) d: 152.2 (C-1),
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138.2 (C-2), 152.2 (C-3), 107.4 (C-4), 125.7 (C-5), 107.4 (C-6), 56.4 (C-7), 56.4
(C-8), 166.9 (C-9), 102.0 (C-1), 74.2 (C-2"), 76.6 (C-3"), 69.9 (C-4'), 77.4 (C-5'), 60.8
(C-6").
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2. Electronic circular dichroism (ECD) spectral calculations for compounds 1-3.

A preliminary conformational search was performed in SYBYL-X 1.1 using
random search method with the MMFF94 force field [70]. The conformers were
successively optimized by using the semiempirical method at the AM1 level and the
density functional theory (DFT) method at the B3LYP/6-31G* level. The stable
conformers with populations greater than 1% and without imaginary frequencies were
submitted to ECD calculation by the TDDFT [B3LYP/6-31G*] method. Considering
solvent effects on the calculated ECD spectra, we took the IEFPCM model in MeCN.
ECD spectra of different conformers were simulated using SpecDis with a
halfbandwidth of 0.4 eV [71]. The final ECD spectra were generated according to the
Boltzmann-calculated distribution of each conformer. The calculated ECD spectra
were compared with the experimental data. All calculations have been performed with
the Gaussian 09 program package [72].
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[70] 15 Sybyl Software, version X 1.1; Tripos Associates Inc., St. Louis, MO, 2010.

[71] Bruhn, T.; Hemberger, Y.; Schaumloffel A.; Bringmann, G. SpecDis, version 1.51; University
of Wuerzburg, Germany, 2011.
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3. UHPLC/UYV analysis for chemical profiling of licorice extract and mixed
standards.
An Agilent series 1290 UHPLC instrument (Agilent Technologies, Waldbronn,

Germany) equipped with a binary pump, a diode-array detector, an autosampler and a
column compartment was used. Samples were separated on an Acquity UPLC HSS
T3 column (1.8 um, 2.1 x 150 mm) equipped with a VanGuard pre-column (1.8 pum,
2.1 x 5 mm) (Waters, MA, USA). The mobile phase consisted of acetonitrile (A) and
water containing 0.1% (v/v) formic acid (B). A gradient program was used as follows:
0-7.5 min, 10-25% A; 7.5-38 min, 25-38% A; 38-53 min, 38-47% A; 53-64 min,
47-57% A; 64-72 min, 57-75% A; 72-75 min, 75-80% A. The column temperature
was 50 °C, and the flow rate was 0.2 mL/min. The DAD detector scanned from 190 to
400 nm.
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4. Protective effects of licorice EtOAc extract on CCl-induced mice liver
damage.

The mice were divided randomly into four groups (n=10 for each group).
Licorice EtOAc extract (300 mg/kg body weight, groups 3 and 4) in corn oil (30
mg/mL) were administered orally once daily for three consecutive days. Three hours
after the final treatment, the mice were treated with CCls [200 pL/kg, i.p., dissolved in
corn oil (2%, v/v)]. Control animals were given appropriate corn oil orally.
Twenty-four hours after administration of CCls, mice were anesthetized with diethyl
ether. Blood was then collected from the retro-orbital venous sinus to determine
serum ALT, AST and LDH activities, and the liver tissue was isolated and stored at
-80 °C for GSH and MDA analysis, except for the left lobe, which was used for
histological studies.
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Table S1. Bioactivity screening results (fold of control for Nrf2 activation activity and inhibition rates for the other activities) of licorice extracts

and compounds 1-122. The values in the brackets refer to the standard deviations.

34

No. Compounds Nrf2 NO NF-«xB  HINI  HepG2 SW480  A549 MCF7 PTPIB Tyrosinase AChE
opM) (A0pM) (10pM) (10uM) (10pM)  (10pM)  (10pM)  (10uM) (@25puM) (20 uM) (25 nM)
H,O0 crude extract of licorice (25 pg/mL) 1.38 27% 20% ) 14% 12% 17% 15% 0 9% 6%
(0.23) (3%) (2%) (2%) (1%) (2%) (1%) (0%) (1%)
EtOH crude extract of licorice (25 pg/mL) 4.04 40% 22% 51% 68% 35% 55% 99% 50% 29%
(0.11) (2%) (2%) i (3%) (4%) (3%) (3%) (6%) (2%) (2%)
EtOAc extract of licorice (25 pg/mL) 7.16 52% 38% 92% 99% 76% 89% 100% 87% 48%
(0.56) (5%) (3%) ) (7%) (9%) (4%) (7%) (8%) (8%) (4%)
n-BuOH extract of licorice (25 pg/mL) 1.24 40% 21% i 0 0 4% 15% 15% 0 6%
0.14) (4%) (2%) (0%) (0%) (1%) (1%)
1 Glycyuralin A 0.24 0 0 20% 64% 45% 0 43% 25% 0 10%
(0.02) 2) (4%) (8%) (2%) (1%) (0%)
2 Glycyuralin B 1.68 13% 0 0 6% 2% 0 0 72% 5% 0
(0.04) (1%) (0%) (0%) (10%) (0%)
3 Glycyuralin C 0.72 0 0 13% 44% 33% 11% 37% 33% 9% 0
(0.02) (2%) (1%) (1%) (0%) (5%) (2%) (0%)
4 Glycyuralin D 0.93 0 32% 5% 15% 34% 45% 13% 55% 4% 0
(0.05) (11%) (1%) 2%) (1%) 3%) (1%) (4%) (0%)
5 Glycyuralin E 1.84 25% 0 12% 0 35% 27% 9% 35% 15% 36%
0.14) (2%) (1%) (4%) 3%) (1%) (6%) (0%) (1%)
6 Glycyuralin F 2.78 18% 22% 45% 33% 34% 6% 29% 57% 0 0
(0.15) (6%) (2%) (10%) (1%) (1%) (0%) (1%) (9%)
7 Echinatin 5.46 23% 0 37% 0 1% 6% 8% 24% 27% 0
(0.01) (5%) (2%) (1%) (1%) (1%) (2%) (1%)



10

11

12

13

14

15

16

17

18

19

20

Glycyrin

Glycyrol

Isoangustone A

Isoglycyrol

7-O-Methylluteone

Glyasperin D

Dehydroglyasperin D

Gancaonin [

Semilicoisoflavone B

Kumatakenin

Licoricone

Angustone A

Licoflavonol

1.70
(0.23)
0.88
(0.07)
0.95
(0.11)
3.32
(0.60)
1.57
(0.01)
1.78
(0.43)
1.14
(0.00)
1.13
(0.03)
2.00
(0.22)
1.87
(0.09)
0.84
(0.09)
0.86
(0.02)
1.90
(0.14)

7%
(2%)
16%
(6%)
28%
(4%)

0

35%
(7%)
33%
(4%)
14%
(4%)
32%
(6%)
46%
(4%)
7%
(0%)
47%
(9%)
15%
(4%)
11%
(2%)

17%
(1%)

0

9%
(0%)
4%
(1%)

4%
(1%)
7%
(1%)
17%
(1%)

35

8%
(2%)

32%
(8%)
30%
(2%)
23%
(6%)

10%
(1%)

2%
(2%)
52%

(12%)
88%

(13%)

3%
(1%)

0

99%
(6%)

98%
(9%)
17%
(3%)

0

29%
(1%)
82%

(12%)
21%
(2%)
48%
(5%)
78%
(7%)

0

34%
(1%)
38%
(2%)
30%
(2%)
41%
(4%)
94%
(7%)
49%
(5%)

0

82%
(4%)
2%
(2%)
23%
(3%)
25%
(2%)
7%
(1%)
16%
(1%)
16%
(1%)
14%
(1%)

0

86%
(5%)
9%
(2%)

1%
(3%)
12%
(2%)
80%
(3%)

0

14%
(1%)
98%
(6%)

10%
(1%)
16%
(3%)
1%
(0%)
95%
(4%)
56%
(7%)

49%
(5%)
74%

(15%)
100%
(8%)
42%
(8%)
94%
(9%)
98%
(2%)
98%

(10%)
99%
(4%)
27%
(1%)
35%
(7%)
45%
(0%)
100%
(3%)
51%
(8%)

6%
(1%)

0

2%
(0%)
9%
(1%)
26%
(0%)
100%
(0%)
47%
(2%)
60%
(3%)
14%
(3%)

12%
(2%)
8%
(1%)
45%
(2%)

22%
(1%)
54%
(6%)
7%
(0%)
83%
(9%)
57%
(5%)
52%
(4%)
61%
(3%)
10%
(2%)

71%
(8%)
39%
(2%)



21

22

23

24

25

26

27

28

29

30

31

32

33

Topazolin

Licoisoflavone A
Wighteone
Allolicoisoflavone B
5,7,4'-Trihydroxy-3'-(3-methylbut-2-enyl)-3-
methoxy flavone
Lupiwighteone
Licoarylcoumarin
Isolicoflavonol
Glycyfuranocoumarone A
Formononetin
Genkwanin

Glycyfuranocoumarin A

Glycycoumarin

1.78
(0.03)
1.59
(0.30)
1.05
(0.02)
1.97
(0.06)
0.84
(0.05)
1.57
(0.09)
1.49
(0.38)
0.68
(0.04)
1.23
(0.12)
1.93
(0.26)
1.15
(0.03)
1.35
(0.14)
1.72
(0.28)

21%
(6%)
12%
(2%)
11%
(4%)

52%
(6%)
1%
(2%)
39%
(4%)
5%
(2%)
21%
(2%)
25%
(5%)
38%
(8%)
7%
(1%)
26%
(3%)

2%
(4%)

1%
(2%)
9%
(19%)

5%
(5%)
8%
(7%)

36

2%
(3%)

28%
(2%)

26%
(3%)

2%
(3%)
14%
(2%)
16%
(1%)

33%
(2%)
27%
(2%)
83%
(9%)
9%
(1%)
57%
(8%)

52%
(3%)
10%
(3%)
90%
(5%)

0

5%
(2%)
30%
(0%)

34%
(3%)
42%
(2%)
44%
(6%)
45%
(5%)
21%
(3%)
33%
(7%)
28%
(2%)
6%
(1%)
84%
(8%)

0

14%
(1%)
22%
(4%)
40%

(18%)

32%
(2%)
40%
(6%)
19%
(3%)
14%
(2%)

0

4%
(1%)
3%
(1%)
39%
(2%)
2%
(4%)
10%
(1%)
24%
(2%)
7%
(2%)

67%
(10%)
6%
(1%)
31%
(3%)
10%
(1%)
20%
(1%)
18%
(1%)
4%
(3%)

0

37%
(3%)
1%
(1%)
17%
(1%)
23%
(1%)
22%
(2%)

52%
(5%)
18%
(1%)
55%
(11%)
23%
(4%)
85%
(7%)
86%
(9%)
54%
(8%)
98%
(9%)
97%
(8%)
5%
(5%)
62%
(6%)
67%
(5%)
55%
(6%)

14%
(1%)
11%
(1%)

7%
(0%)
16%
(1%)

14%
(1%)
73%
(7%)
20%
(1%)

1%
(1%)
9%
(0%)
13%
(1%)

31%
(2%)
18%
(3%)
47%
(3%)
26%
(1%)
44%
(4%)

27%
(3%)
40%
(3%)
6%
(0%)
20%
(2%)

40%
(4%)



34

35

36

37

38

39

40

41

42

43

44

45

46

Isoglabrone

Glyurallin A

7-Methoxy-2'4'"-dihydroxy isoflavone

11b-Hydroxy-11b,1-dihydromedicarpin

Kaempferol 3-O-methyl ether

2-one-4-Methoxy-pyran

Hirtellanine I

Glycyrrhiza-isoflavone C

Isoliquiritigenin

Isoglycycoumarin

Genistein

Kumatakenin B

Luteone

247
(0.01)
2.08
(0.43)
3.03
(0.23)
1.68
(0.09)
1.72
(0.17)
1.33
(0.09)
1.22
(0.11)
1.78
(0.02)
5.88
(0.10)
3.49
(0.33)
3.71
(0.10)
2.23
(0.37)
6.68
(0.98)

22%
(3%)
9%
(2%)
13%
(7%)

26%
(6%)

9%
(2%)
5%
(1%)
35%
(3%)

8%
(19%)
5%
(19%)
16%
(2%)

0

39%
(13%)

0

11%
(9%)
5%
(1%)

17%

(8%)

15%
(2%)

37

17%
(5%)

1%
(2%)
5%
(19%)
3%
(19%)

7%
(19%)
47%
(6%)

36%
(3%)
46%
(5%)

36%
(3%)

54%
(6%)
5%
(7%)
10%
(7%)
27%
(3%)

4%

(4%)
16%
(2%)

46%
(9%)
26%
(9%)
40%
(7%)
55%
(6%)

3%
(1%)
3%
(1)
4%
(1%)
8%
(3%)

5%
(1%)
15%
(1%)
22%
(1%)
9%
(1%)

1%
(3%)
29%
(5%)

0

14%
(3%)

17%
(2%)
6%
(3%)

6%
(19%)
5%
(19%)
23%
(19%)

2%
(1%)
94%

(10%)
17%
(3%)

3%
(1%)
2%
(1%)
1%
(2%)
16%
(0%)
25%
(1%)
29%
(6%)
36%
(0%)
27%
(3%)
17%
(2%)
53%
(8%)

3%
(5%)
1%
(1%)
15%
(2%)
5%
(3%)
11%
(1%)
1%
(2%)
4%
(1%)
8%
(1%)
43%
(1%)
55%
(1%)

0

11%
(1%)
27%
(0%)

7%
(2%)

32%
(3%)

22%
(2%)
40%
(2%)
16%
(1%)

36%
(1%)



47

48

49

50

51

52

53

54

55

56

57

58

59

Licocoumarone

Glycyfuranocoumarin B

Uralenol

Glycyfuranocoumarin C

Glicoricone

Pratensein

Dehydroglyasperin C

Homobutein

6-C-prenylorobol

Kaempferol

Gancaonin L

Licoisoflavanone

Abiochanin A

1.18
(0.21)
1.36
(0.01)
1.08
(0.07)
1.13
(0.06)
1.45
(0.10)
2.40
(0.02)
4.70
(0.81)
2.49
(0.17)
3.80
(0.00)
3.41
(0.26)
3.85
(0.18)
1.97
(0.11)
1.70
(0.36)

43%
(5%)

13%
(2%)
1%
(2%)
11%
(2%)

66%
(7%)
11%
(3%)
24%
(4%)
5%
(1%)
21%
(2%)
12%
(3%)
2%
(2%)

81%
(8%)

12%
(5%)
6%
(2%)
19%
(0%)

29%

(4%)

4%
(0%)

38

36%
(4%)

0

6%
(1%)
2%
(1%)

5%

(7%)
36%
(3%)

17%
(2%)

45%
(9%)
19%
(2%)

70%
(10%)

0

0

88%
(10%)

0

64%
(9%)

6%
(1%)

30%
(6%)
13%
(1%)

0

13%
(1%)

0

43%
(2%)
21%
(2%)
46%
(4%)
30%
(3%)

0

3%
(2%)

9%
(0%)

24%
(2%)
39%
(2%)
22%
(1%)
16%
(2%)
6%
(1%)
15%
(2%)
18%
(2%)
22%
(5%)
35%
(2%)
14%
(2%)
2%
(2%)
1%
(1%)
2%
(1%)

23%
(2%)
19%
(19%)
26%
(1)
21%
(19%)
19%
(2%)
36%
(3%)
15%
(19%)
9%
(19%)
81%
(7%)
1%
(2%)
8%
(19%)
8%
(2%)
15%
(3%)

92%
(6%)
79%
(3%)
96%
(3%)
81%
(5%)
40%
(1%)
55%
(6%)
87%
(0%)
17%
(2%)
93%
(11%)
93%
(14%)
97%
(7%)
53%
(3%)
39%
(2%)

55%
(2%)

41%
(1%)
11%
(3%)
38%
(3%)
50%
(0%)
87%
(4%)
71%
(9%)

97%
(3%)
10%
(1%)
4%
(1%)

45%
(4%)

27%
(2%)
19%
(2%)

1%
(1%)
17%
(2%)
2%
(1%)
38%
(1%)
7%
(1%)
26%
(2%)
17%
(2%)
2%
(0%)



60

61

62

63

64

65

66

67

68

69

70

71

72

Liquiritigenin

Licoflavone A

Glyasperin C

Daidzein

3-Methoxy-9-hydroxy-pterocarpan

1-Methoxy-phaseollin

Glabridin

Isolupalbigenin

6,8-Diprenylgenistein

2'-Hydroxy-isolupalbigenin

Isoderrone

Licoricidin

Glicophenone

1.80
(0.11)
2.35
(0.13)
1.85
(0.08)
0.83
(0.02)
221
0.21)
2.13
(0.36)
2.32
(0.08)
1.59
(0.12)
2.31
(0.11)
1.83
(0.27)
1.63
(0.19)
1.27
(0.06)
1.33
(0.28)

5%
(2%)
29%
(7%)

2%
(1)

8%
(2%)
1%
(19%)
11%
(2%)
9%
(19%)
1%
(19%)
6%
(2%)
6%
(3%)
11%
(19%)
2%
(1%)

13%
(2%)

13%
(1%)
44%
(4%)
42%
(3%)

3%
(2%)
22%
(1%)
28%
(5%)
14%
(2%)

39

2%
(2%)
3%
(2%)

44%
(6%)
34%
(1%)
13%
(5%)

0

6%
(1%)
6%
(1%)
2%
(1%)

0

2%
(1%)
5%
(1%)
68%
(4%)
14%
(1%)
2%
(2%)
17%
(1%)
98%
(2%)
10%
(1%)

38%
(6%)
44%
(9%)
45%
(7%)
24%
(3%)

0

7%
(1%)
28%
(4%)
59%
(8%)
56%

(13%)

4%
(2%)
12%
(1%)
86%
(7%)
16%
(2%)

1%
(1%)
4%
(2%)
17%
(2%)

21%
(1%)
10%
(2%)
93%
(9%)
27%
(1%)
3%
(0%)
3%
(1%)
78%
(6%)

12%
(1%)
16%
(2%)
12%
(2%)
2%
(1%)
5%
(1%)
16%
(2%)
91%
(7%)
41%
(2%)
5%
(2%)
16%
(2%)
94%
(5%)
9%
(1%)

12%
(2%)
82%
(1%)
71%
(1%)
36%
(2%)
39%
(1%)
51%
(5%)
57%
(1%)
99%

(10%)
98%
(1%)
100%
(9%)
78%
(1%)
100%
(1%)
78%
(0%)

42%
(1%)
9%
(2%)
99%
(2%)

51%
(0%)
6%
(1%)
27%
(2%)
2%
(0%)

0

5%
(0%)
3%
(1%)

18%
(2%)
7%
(1%)
5%
(0%)

0

19%
(1%)
28%
(1%)

0

39%
(6%)
44%
(7%)
23%
(2%)

9%
(1%)
82%

(10%)



73

74

75

76

77

78

79

80

81

82

83

84

85

Licoisoflavone B

Liquiritigenin 7,4'-di-O-glucopyranoside
Glucoliguiritin apioside

Vicenin-2

Schaftoside

Isoschaftoside

Isoliquiritigenin 4,4'-di-O-glucopyranoside
Isoviolanthin

liquiritin apioside

liquiritin

Apigenin
6-C-rhamnopyranoside-8-C-[6"'-(3-hydroxy-
3-methylglutaroyl)]-glucopyranoside
Isoliquiritin apioside

Ononin

1.97
(0.07)
0.85
(0.20)
0.89
(0.01)
0.90
(0.14)
0.89
(0.12)
0.99
(0.01)
112
(0.06)
1.17
(0.21)
0.95
(0.13)
0.94
(0.17)

1.50
(0.03)

0.98
(0.11)
1.23

49%
(6%)

0

5%
(19%)

0

14%
(1%)
22%
(2%)
24%
(2%)
26%
(1%)
7%
(1%)
18%
(2%)
3%
(6%)

13%
(2%)

7%

40

30%
(2%)

0

4%
(19%)

3%
(2%)

2%
(4%)

25%
(4%)
0

2%
(1%)

0

4%
(1%)
13%
(3%)
7%
(1%)
2%
(2%)

10%
(6%)

26%
(2%)

0

7%

30%
(2%)

0

32%
(3%)
25%
(3%)
9%
(3%)
4%
(1%)
16%
(2%)
19%
(2%)
6%
(7%)
11%
(1%)

1%
(2%)
6%

19%
(2%)
18%
(2%)

33%
(3%)
20%
(2%)

24%
(2%)

4%

57%
(3%)
5%
(2%)

21%
(2%)
10%
(2%)
2%
(1%)

18%
(2%)
15%
(2%)

76%
(9%)
50%
(9%)
59%
(4%)

1%
(19%)
34%
(2%)
43%
(2%)
56%
(6%)

37%
(1%)

18%
(1%)

55%
(2%)
39%

2%
(1%)
6%
(2%)
7%
(1%)
7%
(1%)
3%
(4%)
6%
(1%)
3%
(1%)
4%
(2%)

5%
(2%)

2%
(1%)

6%

11%
(8%)
5%
(1%)
18%
(2%)
6%
(2%)
13%
(2%)
18%
(2%)
15%
(2%)
13%
(1%)

16%
(2%)

22%
(3%)
11%



86

87

88

89

920

91

92

93

94

95

96

97

98

Isoliquiritin

Neoliquiritin

Neoisoliquiritin

Glycyroside

Sophoraflavone B

7,4'-Dihydroxyflavone 7-O-glucopyranoside

Daidzin

Syringic acid 4-O-glucopyranoside

Uralsaponin C

Uralsaponin F

Uralsaponin T

Licorice-saponin A3

Uralsaponin X

(0.03)
1.32
(0.09)
0.91
(0.05)
0.91
(0.05)
1.20
0.21)
1.29
0.21)
0.95
(0.07)
1.07
(0.05)
0.94
(0.04)
1.23
0.21)
1.29
(0.15)
1.53
(0.37)
1.34
(0.07)
1.22

3%
(2%)
8%
(2%)

6%
(19%)

13%
(1%)

(4%)
22%
(7%)
7%
(1%)

41

14%
(2%)

54%
(1%)
56%
(6%)
75%
(8%)
63%
(9%)
55%

(3%)
1%
(2%)
23%
(3%)
35%
(1%)
19%
(2%)
17%
(1%)
16%
(1%)
23%
(1%)
39%
(1%)

0

23%
(2%)

5%
(1%)
0

(2%)
27%
(1%)

0

10%
(2%)
32%
(2%)
1%
(2%)
8%
(1%)

0

13%
(2%)
6%
(2%)
5%
(1%)
7%
(1%)
5%
(2%)
5%

(4%)
0

2%
(1%)
10%
(1%)
23%
(2%)
22%
(3%)
23%
(2%)
15%
(2%)
24%
(2%)
4%
(1%)
21%
(0%)

0

0

7%

0

1%
(1%)
28%
(3%)

0

0

3%
(0%)
43%
(5%)

2%
(0%)
20%
(19%)
19%

(3%)
24%
(6%)

6%
(19%)
10%
(19%)

6%
(19%)

0

32%
(2%)
11%
(0%)
32%
(1%)
14%
(3%)
18%

(1%)
1%
(2%)

2%

(1%)

4%
(1%)

1%
(1%)

6%

(2%)
21%
(3%)
18%
(2%)
19%
(1%)
12%
(3%)
15%
(1%)
8%
(2%)
5%
(2%)
19%
(3%)
3%
(1%)
1%
(1%)

0



929

100

101

102

103

104

105

106

107

109

110

111

112

Uralsaponin R

22p-Acetoxyglycyrrhizin

Uralsaponin M

Uralsaponin P

Uralsaponin S

Uralsaponin Q

Uralsaponin Y

Licorice-saponin G2

Licorice-saponin E2

Uralsaponin U

22-Acetoxyl-glycyrrhaldehyde

Uralsaponin N

Glycyrrhizin

(0.04)
1.36
0.27)
111
(0.18)
1.24
(0.25)
1.01
(0.11)
1.16
(0.07)
0.99
(0.26)
0.80
(0.10)
0.99
(0.14)
1.08
(0.03)
1.23
(0.34)
1.16
(0.04)
124
(0.23)
1.38

8%
(5%)

15%
(3%)
17%
(3%)
3%
(19%)
15%
(3%)
6%
(1%)

0

25%

0

17%
(5%)

0

2%
(0%)

42

(1%)
61%
(5%)
62%
(1%)
69%
(4%)
57%
(10%)
67%
(9%)
59%
(8%)
58%
(1%)
67%
(2%)
65%
(6%)
65%
(6%)
57%
(8%)
52%
(1%)
50%

15%
(1%)
12%
(2%)
7%
(0%)

3%
(19%)
3%
(2%)

15%
(2%)
6%
(1%)
0

(1%)
4%
(1%)
6%
(1%)
6%
(1%)
11%
(1%)
1%
(2%)
4%
(1%)
6%
(1%)

0

5%
(1%)
5%
(0%)
8%
(1%)
6%
(2%)
5%

(1%)
6%
(1%)
12%
(2%)
3%
(0%)

10%
(1%)
2%
(0%)

14%
(1%0)
17%
(2%)
4%
(1%)

16%

(2%)

7%
(2%)
13%
(2%)
19%
(2%)
12%
(1%)
38%
(2%)
42%
(6%)
21%
(2%)
33%
(4%)
27%
(2%)

22%
(2%)
25%

(2%)
25%
(3%)
17%
(19%)
7%
(19%)
32%
(4%)
14%
(0%)
8%
(0%)
20%
(1)
49%
(7%)
26%
(2%)
5%
(6%)
37%
(3%)
31%
(3%)
70%

(0%)

9%
(2%)

7%
(2%)

8%
(1%)

7%
(4%)

4%
(0%)
4%
(1%)
5%
(1%)
11%
(1%)
8%
(1%)
5%
(1%)

4%
(1%)
1%
(1%)
3%
(1%)
8%



114

115

116

117

118

119

120

121

122

Licorice-saponin H2

Licorice-saponin J2

Araboglycyrrhizin

3-0O-[ glucuronopyranosyl-(1—2)-glucurono
pyranosyl]-olean-9,12-diene-30-oic-acid
Uralsaponin V

Uralsaponin W

Licorice-saponin B2

3-O-Glucuronopyranosyl-glycyrrhetinic acid

Glycyrrhetinic acid

(0.17)
1.47
(0.04)
1.32
(0.07)
1.30
(0.01)
1.17
(0.33)
121
(0.10)
121
(0.18)
1.41
(0.11)
1.20
(0.09)
1.18
(0.07)

(19%)

6%
(1%)
37%
(0%)

17%

(1%)

13%
(2%)

4%
(19%)
31%
(2%)

4%
(3%)

7%
(2%)

22%
(1%)

(10%)
77%
(7%)
72%
(6%)
63%
(3%)
37%
(2%)
55%
(0%)
50%
(3%)
67%
(7%)
43%
(1%)
58%
(5%)

29%
(4%)
16%
(1%)

3%
(0%)

(0%)

2%
(1%)
3%
(0%)
3%
(0%)
3%
(1%)
2%
(0%)
2%
(0%)
4%
(0%)

(1%)
1%
(1%)
22%
(1%)
25%
(0%)
11%
(0%)
13%
(1%)
17%
(1%)
28%
(1%)
35%
(2%)
29%
(2%)

(19%)

22%
(1%)

3%
(0%)
15%
(1%)
30%
(2%)

(6%)
33%
(4%)
27%
(3%)
20%
(3%)
49%
(6%)
67%
(5%)
61%
(8%)
12%
(3%)
31%
(0%)
82%
(6%)

4%
(0%)

8%
(0%)
44%
(2%)
1%
(1%)
4%
(1%)

(1%)
8%
(0%)
10%
(1%)
10%
(1%)
8%
(1%)
10%
(1%)
7%
(1%)
5%
(1%)
2%
(3%)
3%
(0%)
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Glycyrrhiza uralensis (licorice) |

\
Biological activities
(11 bioassay models)

A 4

Compound library
(1-122)

| In vitro bioassays

\
Chemical-bioactivity correlation of licorice

\
Confirmation of bioactivities (in vivo)
(A selected active compound, 7)

Y
Bioactive constituents

Scheme S1. Strategy to discover the effective components of licorice.
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Chart S1. Structures of compounds 1-122 isolated from Glycyrrhiza uralensis.
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Calcd. for (3R)-3

Calcd. for (3R)-1

Calcd. for (3S, 4S)-2

_ 40 A 25 -+
80 Calcd. for (35)-3 N Calcd. for (3S)-1 o Calcd. for (3R, 4R)-2
60 1 Exp. for 3 20 Exp. for 1 15 - Exp. for 2
10 A
10 - 5 |
0 0
-10 A 5 4
-10 -
_20 4
_15 .
-30 -~ 220 A
-80 T T T 1 -40 T T 1 '25 T T T T T 1
180 230 280 330 380 180 230 280 330 200 220 240 260 280 300 320

Fig. S1. Comparison of the calculated ECD spectra for (3R)-1, (3R)-3, (3R,4R)-2, and their enantiomers, with the experimental ECD spectra for

1, 3 and 2.
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Fig. S2. (A) Dose-dependent activation effects of 46 on luciferase activity of HepG2
cells stably transfected with Nrf2 luciferase reporter. (B) Cytotoxicity of 46 against
HepG2 cells at different concentrations.
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Fig. S3. UHPLC/UV chromatograms of licorice water crude extract (A), licorice EtOH crude extract (B), licorice EtOAc extract (C) and licorice

n-BuOH extract (D) at 254 nm.
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Bioactivity Model

’ Antioxidant ‘ e ’ Nrf2 ‘ _—

Active chemicals

Chalcones 7, 42
Prenylated phenolics 46, 53

’ Anti-inflammation ‘ —>’ NO, NF-xB ‘ —>’ Prenylated phenolics 25, 47, 53

| Antiviral |—s| HNI | —>

’ Anticancer ‘—)’ Cytotoxicity ‘ _

’ Antidiabetic ‘ —_— ’ PTP1B ‘  —

’ Skin-whitening ‘—>’ Tyrosinase ‘—>

Saponins 97, 100, 106, 107, 112
Glycyrrhetinic acid 122

Prenylated phenolics 10, 13, 19, 29,
67,71

Prenylated phenolics 10, 13-15, 19,
28,29, 49, 57, 67-69, 71
Glycyrrhetinic acid 122

Prenylated phenolics 13, 62
Kaempferol 56

’ Cholinergic ‘ —>’ AChE ‘ —>’ Prenylated phenolics 12, 71

Fig. S4. The chemical-bioactivity correlation of licorice.
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Nrf2 activation activity (F: Fold of control at 10 uM)
OH _0 OH
HO O OH O HO | O
| ®

(0]
Isoliquiritigenin (42) Echinatin (7) Luteone (46) Dehydroglyasperin C (53)
F,5.88 F, 5.46 F,6.68 F,4.70
NO inhibition activity (I, inhibition rate at 10 uM) NF-kB inhibition activity (I, inhibition rate at 10 uM)
HO
HO Ie)
W
N
OH O
5,7, 4'-trihydroxy-3'(3-methylbut- Dehydroglyasperin C (53) Licocoumarone (47)
2-enyl)-3-methoxy flavone (25) 1, 66%; ICs, 8.1 UM 1, 81%; ICsp, 5.1 UM
1, 52%; ICs0, 12.1 uM '
H1N1 inhibition activity (I, inhibition rate at 100 uM)
. JCOOH

'OCOCH,
HOOC HOOC
o O Hi o]
H Hi
o 0 OHCOgH o}
HO
Uralsaponin T (96) OH 22p-acetoxylglycyrrhizin (100) OH Uralsaponin M (101)
I, 75%; ICs0, 39.6 uM I, 62%; ICs0, 49.1 uM 1, 69%; ICs0, 48.0 UM

%, JCOOH

Uralsaponin S (103)
1, 67%; ICs0, 42.7 uM

OH
Isoangustone A (10) Glyasperin D (13) Angustone A (19)
1, 88% (a); 82% (b); 82% (c); 80% (d); 1, 99% (a); 78% (b); 25% (c); 98% (d); 1, 98% (a); 94% (b); 86% (c); 95% (d);
ICs, 4.4 (a); 6.5 (b); 6.4 (c); 6.6 (d) uM ICs0, 3.8 (a); 7.2 (b); 12.9 (c); 6.7 (d) pM ICs0, 1.1 (a); 6.4 (b); 7.1 (c); 6.0 (d) uM

HO
0 (o) HO
o

OH

> OH
Glycyfuranocoumarone A (29) Isolupalbigenin (67) Licoricidin (71)
I, 90% (a); 84% (b); 39% (c); 37% (d); 1, 68% (a); 59% (b); 93% (c); 91% (d) 1,98% (a); 86% (b); 78% (c); 94% (d);
ICs0, 6.7 (a); 4.4 (b); 13.7 (c) uM ICs5, 0.3 (a); 7.1 (b); 6.9 (c); 5.2 (d) uM

(A)
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PTP1B inhibition activity (1, inhibition rate at 25 uM)
HO O

OH
Isoangustone A (52) Glyasperin D (55) Dehydroglyasperin D (56)
1, 100%; ICsp, 3.0 uM 1, 98% 1, 98%

OH O
Gancaonin | (57) Angustone A (61)
1, 99% 1, 100%; 1Csp, 0.4 uM

HO

0 0o
(L))o
O\

Glycyfuranocoumarone A (75) Uralenol (96) Gancaonin L (105)
1, 97% 1, 96% 1,97%

Isolupalbigenin (116) 6,8-diprenylgenistein (117) 2'-hydroxyisolupalbigenin (118)
1, 99% 1, 98% 1, 100%

%, JCOOH

Licoricidin (120) Glycyrrhetinic acid (49)
1, 100% 1, 82%

Tyrosinase inhibition activity (I, inhibition rate at 20 uM)
HO 0}

H O
Glyasperin D (55) Glyasperin C (111) Kaempferol (104)
1, 100%; ICsp, 0.1 uM 1, 99%; ICsp, 0.2 uM 1, 99%; ICs0, 1.0 uM

AChE inhibition activity (I, inhibition rate at 25 pM)

OH

7-O-methylluteone (54) Licoricidin (120)
1, 83%; ICs0, 9.9 uM 1, 82%; ICs0, 15.5 uM

(B)

Fig. S5. The most active compounds for (A) Nrf2 activation, NO inhibition, NF-xB
inhibition, HIN1 inhibition, cytotoxic (HepG2, SW480, A549 and MCF7 cells) and
(B) PTP1B inhibition, tyrosinase inhibition, AChE inhibition activities.
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(A) - (B) ==
= 35 7000 -
2 3] 6000 -
o * =5
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3 5
g 151 < 3000 -
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Fig. S6. The protective effects of licorice EtOAc extract against CCly-induced mice liver damage. (A) Effects of licorice EtOAc extract on mice
hepatic GSH level after CCl4 treatment. (B) Effect of licorice EtOAc extract on mice serum ALT, AST and LDH levels after CCly treatment. (C)
Effect of licorice EtOAc extract on the histological changes of mice liver after CCly treatment. *p < 0.05; **p < 0.01; H&E stained slices were

observed under 4 X magnification.
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Dried licorice crude drug (35 Kg)

Extracted with 95% EtOH (2h X 2) and 70% EtOH (2h X 1)
Total extract

Extracted with EtOAC and n-BuOH successively

EtOAC extract n-BuOH extract Water layer
See Figure S2 Macroporous resin
Free phenolics
(1-73) A B C D E
MCI

See Reference S1

AA AB AC AD Triterpenoid saponins
OoDS MCI MCI MCI (94-122)

R | |

AAA AAB AAC ABA ABB ABC  ABE ACA ACB ACC ADA  ADB
|oos oDsS |LH-20 |sp|-|ch oDS |LH-20 |LH-20 obs  |LH-20 |LH-20 obs |obs

|SPHPLC LH-20 |SPHPLC 75 LH-20 |SPHPLC|SPHPLC LH-20 |SPHPLC |sp|-|ch LH-20 |LH-20
82 90 93 83 74 76 91 922 84
20 2 SPHPLC SPHPLC
81 85
86
89

Fig. S7. Flow chart for the isolation of compounds 74—76, 79—86 and 89—93.
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EtOAc extract

ISiIica
A B c D E F G I J
|Si|ica | mcl mcl | Silica
o | | | | | |
Polyamide EC EE EG HB HC HD | mcl
IPonamide Silica | Silica Silica | Polyamide | Polyamide
|SPHPLC
BDC BDF. . BDH | |SPHPLC | | | | | | | | | | 27
|Si|ica |Slllca |LH 20 ECC ECD  ECI ECK EEA EEC EEE 19 HBD HBF HBH HDE HDG  HDH 33
|SPHPLC |ODS |SPHPLC |0DS |s|||ca |S|I|ca |S|I|ca |ODS ||_|-|-zo |LH-20 |SPHPLC |Polyam|de |o|)s |LH 20 |0DS |0DS |0DS Polyamide |sijlica ||-H-20
58 |LH_20 62 |SPHPLC|LH-20 |u-|-zo |oos |LH-20 |SPHPLC |SPHPLC 60 |LH-20 |LH 20 |SPHPLC |LH 20 |u-| 20 |LH 20 |LH-20 |SPHPLC |SPHPLC
59 67 14
6 65 68 Y 2 |5PHPLC |LH-20 spHpLc =3 o |$PHP"c |SPHPLc SPHPLC p s
o 1 24 15 63 37 49 56
gg 70 2 31 16 |SPHPLC 10 ’ 38 >7
7 3 34 18 11 48 39 41 72
n 30 a 9,20 - 5 a2 50
29 21,23 51 a4 53
32 25,26 52 45 54
35 28

Fig. S8. Flow chart for the isolation of compounds 1-73.
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8.957
—8.240

6.737
6.716
6.332
X 6.311
—5.962
—4.490

4.109
/4083
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Fig. S9 'H NMR spectrum of glycyuralin A (1) in DMSO-ds (400 MHz).
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Fig. S15 HRESIMS spectrum of glycyuralin A (1).
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Fig. S16 "H NMR spectrum of glycyuralin C (3) in DMSO-ds (400 MHz).
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Fig. S21 DEPT 135 spectrum of glycyuralin C (3) in DMSO-ds (100 MHz).
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Fig. S24 HRESIMS spectrum of glycyuralin C (3).
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Fig. S25 "H NMR spectrum of glycyuralin B (2) in acetone-ds (400 MHz).
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Fig. S27 HMBC spectrum of glycyuralin B (2) in acetone-ds (400 MHz).
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Fig. S32 HRESIMS spectrum of glycyuralin B (2).
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Fig. S33 "H NMR spectrum of glycyuralin D (4) in DMSO-ds (400 MHz).
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Fig. S36 HSQC spectrum of glycyuralin D (4) in DMSO-ds (400 MHz).
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Fig. S41 HRESIMS spectrum of glycyuralin D (4).
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Fig. S42 '"H NMR spectrum of glycyuralin E (5) in DMSO-ds (400 MHz).
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Fig. S44 HMBC spectrum of glycyuralin E (5) in DMSO-ds (400 MHz).
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Fig. S45 HSQC spectrum of glycyuralin E (5) in DMSO-d; (400 MHz).
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Fig. S46 'H-"H COSY spectrum of glycyuralin E (5) in DMSO-d (400 MHz).
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Fig. S47 DEPT 135 spectrum of glycyuralin E (5) in DMSO-ds (100 MHz).
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Peking University Mass Spectrometry Sample Analysis Report
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Analysis Mame 13110827_Meg_20131118_000013.d Acquisition Diate TRAB2013 11:15:40 AM
Samgple go-47 Instrument Bruker Apex IV FTMS
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Fig. S50 HRESIMS spectrum of glycyuralin E (5).
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Fig. S51 "H NMR spectrum of glycyuralin F (6) in DMSO-ds (400 MHz).
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Fig. S52 *C NMR spectrum of glycyuralin F (6) in DMSO-ds (100 MHz).
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Fig. S53 HMBC spectrum of glycyuralin F (6) in DMSO-ds (400 MHz).

50

100

150

200

1 (ppm)



— 6
— 0

= 0 0

—a @

p—
— 8

— 0 ]

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
2 (ppm)

Fig. S54 HSQC spectrum of glycyuralin F (6) in DMSO-ds (400 MHz).
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Fig. S55 'H-"H COSY spectrum of glycyuralin F (6) in DMSO-ds (400 MHz).
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Fig. S56 DEPT 135 spectrum of glycyuralin F (6) in DMSO-dg (100 MHz).
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Fig. S57 DEPT 90 spectrum of glycyuralin F (6) in DMSO-ds (100 MHz).
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Fig. S58 IR spectrum of glycyuralin F (6).
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Peking University Mass Spectrometry Sample Analysis Report
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Fig. S59 HRESIMS spectrum of glycyuralin F (6).
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