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Chemical constituents of flavonoids from roots of Glycyrrhiza glabra
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Abstract: Objective To study the chemical constituents from the roots of Glycyrrhiza glabra. Methods Compounds were separated
and purified by silica gel and preparative HPLC. The structures were identified by physicochemical properties and spectral analyses.
Results Ten isoflavanes were isolated and identified as glabrene T (1), glabridin (2), glyasperin C (3), licoricidin (4), isolicoflavonol
(5), licoisoflavone A (6), licoisoflavone B (7), semilicoisoflavone B (8), formononetin (9), and liquiritigenin (10), respectively.
Conclusion Compound 1 is a new isoflavane. Compounds 3—6 are isolated from this plant for the first time.
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Hh ) £ (B4 (MPLC) FS-9200T (R ittgh s
NRBHEHRATD, KEKA 210 nm; il %
R RO i AL Waters 2545, 2487 Kill#s (3%
Waters A a)); HEIERER . EOIERER (F
ST s M. W (fakal), HAREH
9= oy A4

SERG T R E M T 2017 4 5 A HE B
9, 2 ERLAERE BSOS AR AR S BT R BT AT B 4
ENWRE B Glycyrrhiza glabra L. TR, #5
A (CN20170502) PRAF T R Im e =B A 5 5 A f
BEE AR A E .
2 ERESE

FERHE AR S ke, KSR, 08 f5E
95% LBEANFEIRER L 3 IRk, BRRFEE 2 h, JEIL)E
HIFUEM, WERGHIRE 1.12 kg, BEHHPOK
B, ISR CBEZEEL 3 Ik, R RSO R, A3
TR IR ZEBGE AL 125 g BU 120 g 328, REREEAE,
MRS, Tk bR, SHTRERAE G S, DA
THIEE-TAEE (6 2 12 1 1) IEFI RGekh Ve . il
R CIESIFHEE >, 133 6 NS F1~6,
283 W R AR AE €1 DL - ) 4 v O A B o
B 2P 2 WU 2 1« TR BN AE R EE-0.2% B R 7K (65
35—75:25), MK 237 nm, AFGE 15
mL/min, HE{bE% 1 (16 mg). 2 (45 mg). 3 (12
mg). 4 (20 mg). 5 (26 mg). 6 (23 mg). 7 (17 mg).
8 (25mg). 9 (32mg). 10 (22 mg).
3 GMETE

WEW 1. AtmR, HETHE. 8. &
&%, ANET /K mp201~203 C; [a]y —181.6° (¢
0.33, MeOH), IR veor (cm™'): 3 340, 2 947, 1 702,
1604, 1584,1513,1450,1 167, 832, £WHizk&Y)
BARBRIENRIAEN FIC; ESI-MS m/z: 355 [M—
H], 357 [M+H]", BnZEWIH 5 FRERN
356; HR-ESI-MS m/z: 357.224 3 [M+H]" (it51H
357.224 0), 454 "H-NMR (600 MHz, DMSO-d) il
PC-NMR (150 MHz, DMSO-d¢) & (1),
2 TN CoiHouOs. 7E 'H-NMR 1, § 6.90 (1H, d,
J=8.4Hz),6.34 (1H,d,J=2.4Hz), 6.19 (1H, dd, J =
8.4, 2.4 Hz), MRHEMICHREHE, HIZLEY
B ABX 2GR IT; §3.66 3H, s) £
ARAGT, omzgilfa 1| MHER; 51.25,1.26
(% 3H, s) ZHIEMES. B HSQC Xk &Mk E 5
S TEARE, KRR A 2 AR 6157.2,

156.7, 156.2, 153.9, 153.3, 127.9, 118.2, 108.2, 107.0,
106.7,102.9,99.8; 1 NEEmR(E5: 674.1, 4 MPhk
55 669.6,32.3,255,17.0, LK 3 MHEES:

559.6,26.9,25.5. H1 HMBC X4k &4 1) 32 B2 i 7 3k
1THfE (B 1): 6y 3.18 (1H, m, H-3) 5 d¢ 69.6 (C-2),
25.6 (C-4), 118.2 (C-1") #HK; dn 5.96 (1H, s, H-8)

#£1 L5418 "H-NMR (600 MHz, DMSO-dg). *C-NMR
(150 MHz, DMSO-dy) FiL#13

Table 1 'H-NMR (600 MHz, DMSO-d;) and *C-NMR (150
MHz, DMSO-d;) data of compound 1

Tehir 'H-NMR BC.NMR

2 4.11 (1H, d, J = 8.8 Hz) 69.6 (1)
3.87 (1H, t,J=10.2 Hz)

3 3.18 (1H, m) 31.1 (d)
4 2.76 (2H, m) 25.5(d)
5 108.2 (s)
6 156.7 (s)
7 107.0 (s)
8 153.3 (s)
9 5.96 (1H, s) 99.8 (d)
10 153.9 (s)
1’ 118.2 (s)
2 156.2 (s)
3! 6.34 (1H, d, J = 2.4 Hz) 103.0 (d)
4 157.2 (s)
5 6.19 (1H, dd, J= 8.3, 2.2 Hz) 106.7 (d)
6’ 6.88 (1H, d, J = 8.3 Hz) 127.9 (d)
1" 2.60 (2H, t,J = 6.6 Hz) 17.0 (t)
2" 1.70 (2H, t, J = 6.6 Hz) 32.3 (1)
3" 74.1 (s)
4" 1.25 (3H, s) 26.9 (q)
5" 1.26 (3H, s) 26.7(q)
OCH;  3.66 (3H, s) 59.6 (@)
2-OH  9.35(1H,s)
4-OH  9.10 (1H,s)

1 L& 1 £% HMBC #8%
Fig. 1 Key HMBC correlations of compound 1
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5 6¢ 153.3 (C-7), 153.9 (C-9), 108.2 (C-10) #5%; 5y
2.61 (2H, t, J = 6.6 Hz, H-1') 5 dc 107.1 (C-6), 32.3
(C-2") BN, oy 1.25 BH, s, H-4) 5 dc 74.1
(C-3"), 32.3 (C-2") MK, {EMfE 3 MR TTTH, 45
EZAL A I IAL GRS SCRREEAT X E o i, 5
Wit CD T R AN (B 2), &5 ik
3B (3S)-glycyuralin A [f] CD i3 A —5(7, HElr 3
Bk S HRL . 25 BRTIR, A SNSRI 4-[(3S)-(5-
methoxy-8,8-dimethyl-3,4,7,8-tetrahydro-2 H,6 H-pyrano
[3,2-g] chromen-3-yl)] benzene-1,3-diol, % Scifinder
RGEEM, RIAZEM A CHE, w8 AR
E

22IS 2;0 27I5 3(I)O 3I25 35IO
A/nm
2 kEWM1EICDIE
Fig.2 CD spectrum of compound 1

a2 WEOTEHAR (FED, BIMT
254 nm NEWEHE, AICL [N 2. ESI-MS m/z:
325 [M—+H]J", 347 [M+Na]". 'H-NMR (600 MHz,
DMSO-dy) : 3.86 (1H, t, J = 9.6 Hz, H-2), 4.12 (1H,
m, H-2), 3.33 (1H, m, H-3), 2.85 (1H, dd, J = 11.2,
15.6 Hz, H-4), 2.70 (1H, brdd, J = 15.6, 3.6 Hz, H-4),
6.85 (1H, d, J = 8.4 Hz, H-5), 6.35 (1H, d, J = 8.4 Hz,
H-6), 6.20 (1H, d, J = 2.4 Hz, H-3"), 6.28 (1H, dd, J =
2.4, 8.4 Hz, H-5"), 6.80 (1H, d, J = 8.4 Hz, H-6"), 6.55
(1H, d, J = 9.6 Hz, H-1"), 5.63 (1H, d, J = 10.0 Hz,
H-2"), 1.35 (3H, s, H-4"), 1.34 (3H, s, H-5");
BC-NMR (150 MHz, DMSO-d) 6: 69.5 (C-2), 30.1
(C-3), 31.0 (C-4), 128.4 (C-5), 108.8 (C-6), 156.7
(C-7), 107.4 (C-8), 152.1 (C-9), 112.7 (C-10), 118.8
(C-1"), 150.4 (C-2'), 102.6 (C-3"), 154.5 (C-4'), 108.0
(C-5"), 126.9 (C-6"), 117.2 (C-1"), 130.1 (C-2"), 75.3
(C-3"), 27.4 (C-4"), 27.3 (C-5"). VL Eikit#iE 5
BRI IE A P, Wt A 2 e H R E .

e 3: HEOITLEEMAR (FED, LHMT
254 nm FABEHE, AICL 2. ESI-MS m/z:
357 [M+H]J", 379 [M+Na]*. 'H-NMR (600 MHz,
DMSO-dg) d: 4.11 (1H, brd, J = 8.4 Hz, H-2a), 3.88
(1H, t, J = 8.4 Hz, H-2b), 3.21 (1H, m, H-3), 3.15 (1H,
m, H-4), 2.72 (1H, m, H-4), 6.11 (1H, s, H-8), 6.33
(1H, d, J = 2.0 Hz, H-3"), 6.19 (1H, dd, J = 8.4, 2.4
Hz, H-5'), 6.86 (1H, d, J = 8.4 Hz, H-6'), 3.40 (1H, d,
J=6.0 Hz, H-1"), 5.14 (1H, t, J = 6.0 Hz, H-2"), 1.70
(3H, s, H-4"), 1.62 (3H, s, H-5"), 3.58 (3H, s,
5-OCHj3), 9.37 (1H, s, 2’-OH), 9.28 (1H, s, 7-OH),
9.11 (1H, s, 4-OH); "*C-NMR (150 MHz, DMSO-dj)
J: 69.5 (C-2), 30.7 (C-3), 25.6 (C-4), 156.8 (C-5),
113.2 (C-6), 154.5 (C-7), 98.8 (C-8), 152.9 (C-9),
106.7 (C-10), 118.1 (C-1"), 155.5 (C-2"), 102.6 (C-3"),
156.9 (C-4"), 106.4 (C-5"), 127.5 (C-6"), 22.3 (C-1"),
124.3 (C-2"), 129.3 (C-3"), 17.7 (C-4"), 25.6 (C-5"),
60.1 (5-OCHs). LA E%df 5 e ikdioiE 2 A — 51,
WML EE W) 3 4 glyasperin C.

e 4: HEOITEEMAR (FED, LHMT
254 nm FAMEHE, AICL 2. ESI-MS m/z:
425 [M+H]", 447 [M+Na]". '"H-NMR (600 MHz,
DMSO-dg) 6: 3.84 (1H, t, J = 9.6 Hz, H-2), 4.10 (1H,
brd, J = 10.0 Hz, H-2), 3.28 (1H, m, H-3), 2.76 (1H,
dd, J=4.0, 16.0 Hz, H-4), 2.62 (1H, dd, J=10.8, 16.0
Hz, H-4), 6.08 (1H, s, H-8), 6.33 (1H, d, J = 8.4 Hz,
H-5"), 6.79 (1H, d, J = 8.4 Hz, H-6'), 3.13 (1H, m,
H-1"), 5.15 (1H, t, J = 6.0 Hz, H-2"), 1.68 (1H, s,
H-4"), 1.66 (1H, s, H-5"), 3.26 (1H, d, J = 6.8 Hz,
H-1""), 5.17 (1H, t, J = 6.8 Hz, H-2"), 1.70 (3H, s,
H-4'"), 1.62 (3H, s, H-5""), 3.62 (3H, s, 5-OCHj3), 9.15
(1H, s, 2’-OH), 9.03 (1H, s, 4-OH), 8.15 (1H, s,
8-OH); >C-NMR (150 MHz, DMSO-dj) 5: 68.9 (C-2),
30.2 (C-3), 26.3 (C-4), 156.4 (C-5), 106.6 (C-6), 154.5
(C-7), 98.5 (C-8), 152.6 (C-9), 113.0 (C-10), 119.8
(C-1"), 152.9 (C-2"), 115.9 (C-3"), 154.2 (C-4'), 107.0
(C-5"), 123.9 (C-6"), 22.3 (C-1"), 123.8 (C-2"), 129.2
(C-3"), 17.6 (C-4"), 25.5 (C-5"), 22.3 (C-1""), 124.2
(C-2'"), 129.5 (C-3""), 17.9 (C-4""), 25.3 (C-5""). UL |
s 5o A g, W e s 4 NH
FPEE

WEYS: WEETEHAR (FED, EIMT
254 nm FAHWEPE, AICL [N 2PHE . ESI-MS m/z:
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355 [M+H]", 377 [M+Na]". 'H-NMR (600 MHz,
DMSO-dy) d: 8.20 (1H, s, H-2), 6.20 (1H, d, J = 8.4
Hz, H-6), 6.32 (1H, d, J = 9.6 Hz, H-4"), 6.65 (1H, d,
J = 8.4 Hz, H-5"), 6.79 (1H, d, J = 8.4 Hz, H-6'), 3.13
(1H, m, H-1"), 1.33 (3H, s, H-4"), 1.33 (3H, s, H-5"),
9.20 (1H, s, 3-OH), 9.13 (1H, s, 7-OH), 8.20 (1H, s,
4-OH); "“C-NMR (150 MHz, DMSO-dg) J: 146.5
(C-2), 135.4 (C-3), 176.0 (C-4), 160.5 (C-5), 98.2
(C-6), 154.5 (C-7), 93.5 (C-8), 156.2 (C-9), 103.0
(C-10), 121.5 (C-1"), 129.0 (C-2'), 127.6 (C-3"), 157.0
(C-4"), 115.0 (C-5"), 127.0 (C-6'), 21.2 (C-1"), 122.5
(C-2"), 132.0 (C-3"), 25.5 (C-4"), 17.6 (C-5"). LL b3
5 SckE A 8, WS A 5 N RH
AT R I

&) 6: RIEETELMAR (FHED, HIMT
254 nm FAHBERE, AICL N 2HYE. ESI-MS m/z:
355 [M+H]", 377 [M+Na]". 'H-NMR (600 MHz,
DMSO-dg) d: 8.05 (1H, s, H-2), 6.12 (1H, d, J = 2.0
Hz, H-6), 6.30 (1H, d, J = 2.0 Hz, H-8), 6.32 (1H, d,
J = 8.4 Hz, H-5"), 6.86 (1H, d, J = 8.4 Hz, H-6'), 3.25
(1H, d, J = 6.6 Hz, H-1"), 5.15 (1H, t, J = 9.6 Hz,
H-3"), 1.60 (1H, d, J = 9.6 Hz, H-4"), 1.72 (3H, s,
H-5"), 12.85 (1H, s, 5-OH), 10.8 (1H, s, 7-OH), 8.84
(1H, s, 4-OH); "“C-NMR (150 MHz, DMSO-dq) o:
156.6 (C-2), 121.2 (C-3), 180.4 (C-4), 161.5 (C-5),
99.5 (C-6), 165.3 (C-7), 93.6 (C-8), 157.9 (C-9), 104.7
(C-10), 110.1 (C-1"), 155.5 (C-2"), 115.6 (C-3"), 153.9
(C-4'), 106.4 (C-5"), 128.5 (C-6'), 22.4 (C-1"), 123.4
(C-2"), 129.5 (C-3"), 25.5 (C-4"), 17.6 (C-5"). LA %k
o5 cmviE A 2, A 6 A H
SR A

WEM T WEATEHAR (FED, BIMT
254 nm FEREHE, AICI; fiﬁ%ﬁﬁﬁ ESI-MS m/z:
353 [M+H]", 375 [M+Na]’. 'H-NMR (600 MHz,
DMSO-dg) d: 8.15 (1H, s, H-2), 6.20 (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"), 6.86 (1H, d, J = 8.4 Hz, H-6'), 5.65
(1H, d, J = 9.6 Hz, H-3"), 6.70 (1H, d, J = 9.6 Hz,
H-4"), 1.32 (3H, s, H-5"), 1.35 (3H, s, H-6"), 12.85
(1H, s, 5-OH), 10.8 (1H, s, 7-OH), 8.84 (IH, s,
4'-OH); "“C-NMR (150 MHz, DMSO-ds) &: 155.6
(C-2), 120.2 (C-3), 180.4 (C-4), 161.5 (C-5), 98.5
(C-6), 164.3 (C-7), 93.6 (C-8), 157.9 (C-9), 104.7

(C-10), 111.1 (C-1"), 151.5 (C-2"), 109.6 (C-3"), 153.9
(C-4"), 107.4 (C-5"), 131.5 (C-6'), 75.4 (C-2"), 128.5
(C-3"), 117.1 (C-4"), 27.6 (C-5"), 27.6 (C-6"). LA I
W 5 ocmapig A g, e 1 oA
H % 5 B

WAV 8: REETEMAK (HED, EHMT
254 nm FABEHE, AICL B EFHME. ESI-MS m/z:
353 [M+H]J", 375 [M+Na]". 'H-NMR (600 MHz,
DMSO-ds) J: 8.24 (1H, s, H-2), 6.17 (1H, d, J = 1.8
Hz, H-6), 6.28 (1H, d, J = 1.8 Hz, H-8), 6.90 (1H, d,
J=2.0Hz, H-2"), 6.71 (1H, d, J = 2.0 Hz, H-6"), 5.75
(1H, d, J = 9.6 Hz, H-3"), 6.36 (1H, d, J = 9.6 Hz,
H-4"), 1.32 (3H, s, H-5"), 1.35 (3H, s, H-6"), 12.85
(1H, s, 5-OH), 10.8 (1H, s, 7-OH), 8.84 (1H, s,
4-OH); “C-NMR (150 MHz, DMSO-d;) &: 157.6
(C-2), 122.2 (C-3), 179.4 (C-4), 161.5 (C-5), 99.5
(C-6), 165.3 (C-7), 93.6 (C-8), 157.9 (C-9), 103.7
(C-10), 121.1 (C-1"), 117.5 (C-2'), 144.8 (C-3"), 153.9
(C-4"), 117.4 (C-5"), 139.5 (C-6'), 75.9 (C-2"), 131.5
(C-3"), 122.1 (C-4"), 27.6 (C-5"), 27.6 (C-5"). LA L
g 5 ocEk kB R A, etk E 8 N
B R B B

WEM9: AT ELM AR (HED, EHMT
254 nm FAMEH, AICL 2. ESI-MS m/z:
267 [M—H]", 269 [M+H]". 'H-NMR (600 MHz,
DMSO-dq) d: 8.31 (1H, s, H-2), 7.82 (1H, d, J = 8.4
Hz, H-5), 6.89 (1H, dd, J = 8.4, 2.4 Hz, H-6), 6.85
(1H, d, J = 2.4 Hz, H-8);: "“C-NMR (150 MHz,
DMSO-dq) 6: 152.8 (C-2), 124.7 (C-3), 174.5 (C-4),
117.2 (C-5), 115.2 (C-6), 162.5 (C-7), 102.8 (C-8),
158.9 (C-9), 126.7 (C-10), 123.1 (C-1"), 130.0 (C-2"),
112.6 (C-3'), 157.6 (C-4"), 113.4 (C-5"), 130.5 (C-6"),
55.2 (4-OMe). LA_b%ds 5 Selikis 2 A — 51,
e B 9 NTERRAE R

&Y 10: REETEEMA (FED, %Ib
T 254 nm NAREHE, AICL [N 2 FHE . ESI-MS m/z:
257 [M+H]", 279 [M+Na]". 'H-NMR (600 MHz,
DMSO-d) d: 5.34 (1H, t, J = 9.6 Hz, H-2), 3.10 (1H,
dd, J=2.8, 12.0 Hz, H-3a), 2.68 (1H, dd, J=2.8, 12.0
Hz, H-3b), 7.64 (1H, d, J = 8.4 Hz, H-5), 6.45 (1H, dd,
J=18.4, 2.4 Hz, H-6), 6.75 (1H, d, J = 2.4 Hz, H-8);
BC-NMR (150 MHz, DMSO-dq) 6: 78.8 (C-2), 43.2
(C-3), 189.5 (C-4), 1282 (C-5), 110.2 (C-6), 164.5
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(C-7), 102.8 (C-8), 163.9 (C-9), 113.5 (C-10), 129.1
(C-17), 128.8 (C-2'), 115.1 (C-3'), 157.6 (C-4"), 115.1
(C-5", 18.8 (C-6)» LA_FHidfs 5 i A —54),
WS G 10 NHE R,

= W

]
]

—
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(3]

%30k
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