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Chemical constituents of flavonoid glycosides in extract from Ginkgo biloba
leaves used for injection

ZHAO Yi-yi, CHEN You-gen, GUO Hong-zhu, FU Xin-tong
Beijing Institute for Drug Control, Beijing 100035, China

Abstract: Objective To study the chemical constituents of flavonoid glycosides in the extract from Ginkgo biloba leaves used for
injection. Methods The constituents of flavonoid glycosides in the 70% ethanol extract from G biloba leaves were isolated and
purified by chromatography over silica gel, MCI, ODS, Sephadex LH-20 columns and RP-HPLC. The structures were identified on the
basis of physicochemical properties and spectral data analyses. Results Sixteen compounds were isolated and identified as 5, 7-
dihydroxyl-4'-methoxylflavonol-3-O-rutinoside (1), quercetin-3-O-(2", 6"-a-L-dithamnopyranosyl)-p-D-glucoside (2), quercetin-
3-0-[2"-(6""-p-coumaroyl)-B-D-glucopyranosyl]-a-L-rhamnopyranosyl-7-O-p-D-glucoside (3), isorhamnetin-3-O-(2", 6"-a-L-
dirhamnopyranosyl)-p-D-glucoside (4), rutin (5), luteolin-7-O-B-D-glucoside (6), quercetin-3-O-B-D-glucoside (7), quercetin-
3-0-(2"-B-D-glucopyranosyl)-oa-L-rhamnoside (8), kaempferol-3-O-rutinoside (9), quercetin-3-O-a-L-rhamnoside (10),
isorhamnetin-3-O-rutinoside (11), apigenin-7-O-B-D-glucoside (12), syringetin-3-O-rutinoside (13), kaempferol-3-O-(2"-
B-D-glucopyranosyl)-o-L-rhamnoside (14), quercetin-3-O-a-L-rhamnopyranosyl-2"-(6""'-p-coumaroyl)-B-D-glucoside (15), and
kaempferol-3-0-a-L-rhamnopyranosyl-2"-(6""-p-coumaroyl)-p-D-glucoside (16). Conclusion UPLC-PDA shows that all the
compounds are flavonoid glycosides in the leaves of G biloba and are marked in the extract and injection. Compound 1 is isolated
from this plant for the first time, named flavonol glycoside K.
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A A AR B B AR AT Ginkgo biloba
L. W8, ek, DU i R SLEREU N skt
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(P, T SR, ST IR AE R B
ST ME LRI AN B 7 28 B 20 ) e R B S e Ay
YA b A B A B ) R L SR P
ARSIz H 2 B oy B Al 7 o0 S FH AR A i
Yyrb S RS P HEAT REWTIT, 73 B E) 16
MEEY, 3SR 5, T- I R4 - H A D -
3-O-ZEFHELT (5, 7-dihydroxyl-4'-methoxylflavonol-
3-O-rutinoside, 1), i #:-3-0-(2", 6"-a-L-— [ ZHE)-
B-D- 4 % B AT  [quercetin-3-O-(2", 6"-a-L-dirhamno-
pyranosyl)-B-D-glucoside, 2]. #it 5 %-3-0-a-L- 4=
BiE-2"-(6""-5% 7 Gk 3E) -B-D-%6 24 b -7-O-B-D-Hi 4
B (quercetin-3-O-[2"-(6""-p-coumaroyl)-B-D-gluco-
pyranosyl]-a-L-rhamnopyranosyl-7-O-B-D-glucoside,
3. R RAEHE-3-0-2", 6"-0-L-— A= HH)-B-D-Hi %
¥E 1F [isorhamnetin-3-O-(2",
pyranosyl)-B-D-glucoside, 4]. /] (rutin, 5). &K
B LK -7-0-B-D- Hi % B+ ( luteolin-7-O-B-D-
glucoside, 6) il 7 #-3-0-B-D-7 % HE # (quercetin-
3-0-B-D-glucoside, 7) il ¢ 2= -3-0-(2"-B-D-Hii % b)-
o-L- FRZEHEFF [quercetin-3-O-(2"-B-D-glucopyranosyl)-
o-L-thamnoside , 8] . I & Wy -3-0- 2 & ¥ 17
(kaempferol-3-O-rutinoside, 9). #ft & % -3-0-a-L-
B BELT (quercetin-3-O-o-L-rhamnoside, 10). 5%
A ER-3-0-ZEF M1 (isorhamnetin-3-O-rutinoside,
11, R #-7-0-B-D-Hi%i b1 (apigenin-7-O-B-D-
glucoside, 12). | & 5=-3-O-ZF Wi (syringetin-3-
O-rutinoside, 13+ LI H)-3-0-(2"-B-D- i % 4H)-o-L-
ZEHE T [kaempferol-3-O-(2"-B-D-glucopyranosyl)-
a-L-rhamnoside, 14]. i) %-3-0-a-L- L 4= HE-2"-
(6""- %) 75 S 3 )-B-D- i 4 Bl 1T [quercetin-3-O-a-L-
rhamnopyranosyl-2"-(6""-p-coumaroyl)-p-D-glucoside,
15]« thZx15)-3-0-0-L- EZ=H-2"-(6""- %) iy St AL )-B-D-
W Z MY [kaempferol-3-O-o-L-rhamnopyranosyl-2"-
(6""-p-coumaroyl)-B-D-glucoside, 16]. HH{bEY) 1

6"-a-L-dirhamno-
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1%; QTOF Synapt G2—S =43¢ AT I [R] i X
(ZE[E Waters A7) ); Varian Inova #Z 43R HEX
([ Varian A F]); Agilent 1200 & Y & RO AH
R R0 R A (A (i1 Buchi 2A#]); LCQ
JREAY (3£[H Thermo Finnigan A 7]); Epsilon 2—
4 LSC &V T HEHL (45 E Christ Goema 23 7] ) ; Waters
Acquity UPLC J my S80BAH (1% 4 (& [ Waters 2
#]); Rudolph Jig 64X (3£ [ Rudolph 24 H]); Agilent
Prep-Cyg il 45 B (5 i A (250 mm X 21.2 mm, 10
um); FEE R (100~200. 200~300 H,
By v ) 72D RALIB B IR s Sephadex
LH-20 i IR, SO (1% MCI gel CHP-
20P BB CHAR =352 A H] ™ Do 7K 4l
HARRF A 7 Bl o

TS AR AT SR ), AR i 2R I, 4%
CREZY L) 2010 AFERARA LI bR HE J5 104
JRaE, AR SRR G2 B SR (A4, E A s R
RARIA PR > w3t (4t 071003)
2 IEBSENE

U A 2 500 g, H 70% F AR, T
FEEGERERRFERE, T4, SrERFEEIE, BR LE-
THA-FEE-K (5:2:0.5:0.2) BelE, &4 1 000
mL, 35 11 MBS Fr. 1~11. Fr. 4~9 43l ik
LM AE. MCI. ODS. Sephadex LH-20 ¥t/ 76 1)
WA AR 25, SEE-7K (12 9—9 1 1) BREEDEN,
WS ANUE I, - KE LS W R & 4 (35
mg). 9 (150 mg). 11 (150 mg). 15 (250 mg)-
16 (200 mg), MR Fr. 1~3 23 MCI. ODS
Fefoile, FIEE-K (1:5—9: 1) BRREVem, bl
#% HPLC F&fl, WE-/KELMEEMLEY 1 (25
mg). 2 (55 mg). 3(38mg). 5(1.5g). 6 (72 mg).
7 (65 mg). 8 (180 mg); Fr. 10. 11 454 ODS #+
o, /K (12 5—9 0 D BEBEN, 4 HPLC
Kl & ke FEE-/KESE A3 8654 10 (30
mg). 12 (45mg). 13 (20 mg). 14 (62 mg).
3 KT

WEW L B, MEETHE. K, mp
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175.5~175.9 C, [o]3 —68.5°, 7E 365 nm %41t
T W AT, $Eas ] REh RSP . HR-ESI-
MS m/z: [M+H]" 609.552 4 ({154l CosH330,s,
609.552 6), H#HEMILZr 1A CosHanOus, HHXT 731
JiiE N 608.5. ESI-MS/MS 4 AT A3 21 40 32 2 5
W m/z 463 [M—Rha]’, 301 [M—Glu—Rha]’,
'H-NMR (600 MHz, DMSO-ds) "7 X 7575 5t 1
55 0n 7.44 (2H, s, H-2', 6'), 7.06 (2H, s, H-3", 5') &
INGERTAFAE 1 A IR IR Z5 5 oy 3.80
(3H, s, 4-OCH3) {5 53R g5l A7 AE 1 AN A
Oy 6.22 (1H, brs, H-8) #l 6} 6.02 (1H, brs, H-6) 4 A
AL A T8 2 AN AT 0n 5.47 (1H, d, J = 6.6 Hz,
H-1") 12 M i 2L 5115 55 0w 4.39 (1H, s, H-1"")
AR L A5 s BEAMNE 6 3.00~3.80 Abik
AL 1 ANRTAE S, 7 PC-NMR (125 MHz,
DMSO-ds) "' 3¢ 177.5 J B 4 RLFRIEMIFFAESS 5 5
d¢c 100.9 (C-6) 1 ¢ 93.9 (C-8) Hy 5, 7- SACH
AR 6. 8 ALIMFFIEAS 55 6c 132.4 (C-2',6") K 6c
116.1 (C-3', 5") A1) 2 MikAF 5 LA E 1
%, S AT BE A AL ARG IR ZE R 1) 4 AR S 1
AW 3 BiA RS 6 132.9 (C-3) HRIIFES
T 3 LA A AR IR L 6 25, DR 4
BEESEREAE 3 A7, 78 HMBC i (& 1), 6y 7.06
(H-3', 5"y Hloc 132.4 (C-2', 6), 161.5 (C-4"), 121.2
(C-1") HiZFEM, oy 7.44 (H-2, 6') Fl oc 116.1
(C-3, 5), 1212 (C-1) fHm FEAH K, oy 3.80
(4'-OCH;) Fl 5c 161.5 (C-4") HIEFEME, #Er B
I AN h SR BB R R R
U Oy 5.47 S ICRIZ 3 (A5 5 oc 132.9 A FEA
e, DU T ICI0 3 A SR 0E 10 1 A E S
AL 6 ALIRA A AIFEAE N ¢ 66.8 (C-6"), %lF
IR 6 ALtk KR sl , I R AL
IR 6 £ AT 6 AL T15 'S ou 3.68
(2H, d, J = 11.4 Hz, H-6") L 2= (1) L0 A5
5c 101.4 (C-1"") AEfEAHIG,  [RII I 6 7Bk
5% 6c 66.8 (C-6") L A=l 0 0 715 5 U o
4.39 (1H, brs, H-1"") I fEAHC, DAk — ki
SUAREI | A BRI 6 A7 Lo 2R LiRgs
Pl B, M ZAL Sk 5, 7-— FRdk-4- P AR L B i
BE-3-O- 8P, SMIE 1. LAY 11 NMR
S5 AR W& 1. 2 SCI-Finder ¥ ER R, 1b&W
1 ARWSCERIRE, RF &Y, v i Ko

AW 2: REAHK AR, mp 199.4~200.6 C.

1 &Y 1 %EMINEE HMBC X
Fig. 1 Structure and key HMBC correlations of compound 1
#1 &9 18'H-NMR.®C-NMR.DEPT (i (600/125
MHz, DMSO-dg)
Table 1 H-NMR, ¥C-NMR, and DEPT data of compound 1
(600/125 MHz, DMSO-dg)

AL ¢ O DEPT
2 147.5 C
3 132.9 C
4 177.5 C
5 156.5 C
6 100.9 6.02 (1H, s) CH
7 161.0 C
8 93.9 6.22(1H,s) CH
9 145.5 C
10 109.2 C
G 1212 C
2 1324 744 (1H,s) CH
3 116.1 7.06 (1H, s) CH
4 161.5 C
5' 116.1 7.06 (1H, s) CH
6' 1324 744 (1H,s) CH
4-0CH; 558 3.80(1H,s)
Glc
1" 105.6  5.36 (1H, s) CH
2" 742 333 (1H,d,J=6.0 Hz) CH
3" 764 3.31(1H,d,J=6.0 Hz) CH
4" 70.0  3.05 (1H, s) CH
5" 76.0 3.23(1H,dd,J=6.6,7.8Hz) CH
6" 66.8 3.68 (2H, d,J=11.4 Hz) CH,
Rha
1" 101.4 439 (1H,s) CH
2 703  3.54(1H, s) CH
3 70.5 3.41(1H,dd,J=6.6,7.8Hz) CH
4m 71.8  3.03(1H, d,J=9.0 Hz) CH
5 68.3 3.39(1H, d,J=3.0 Hz) CH
6" 17.7 099 (3H, d, J= 6.0 Hz) CH;
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7t 365 nm AN T BE (05 ESI-MS m/z: 755.3
[M—H] ; “C-NMR #HiZAb &1 3 Sl # 00
(B B0 BB 3 A B 2E A B AE AR IA R 4 6 25,
DN AR IEE B AE 3 4. /E HMBC 1+, 3t
U 3 ANEERIIEREA B . 'TH-NMR (600 MHz, DMSO-
dg) 8: 12.67 (1H, s, 5-OH), 10.81 (1H, s, 7-OH), 9.67
(1H, s, 3’-OH), 9.11 (1H, s, 4-OH), 7.53 (1H, dd, J =
7.8, 1.8 Hz, H-6'), 7.49 (1H, d, J = 2.4 Hz, H-2'), 6.83
(1H, d, J = 8.4 Hz, H-5), 6.37 (1H, d, J = 2.4 Hz,
H-8), 6.18 (1H, d, J = 1.8 Hz, H-6), 5.53 (1H, d, J =
7.8 Hz, H-1"), 5.06 (1H, s, H-1"""), 4.34 (1H, s, H-1""),
3.75 (1H, d, J = 6.6 Hz, H-5""), 3.74 (1H, d, J = 6.6
Hz, H-2""), 3.69 (1H, d, J = 9.6 Hz, H-6"a), 3.50 (1H,
s, H-2"), 3.48 (1H, d, J = 8.4 Hz, H-3""), 3.38 (1H, s,
H-3"), 3.34 (1H, s, H-5"), 3.25 (1H, s, H-2""), 3.24
(2H, d, J = 3.0 Hz, H-3"", 5", 3.22 (1H, d, J = 6.0
Hz, H-6"b), 3.13 (1H, t, H-4""), 3.07 (1H, d, J = 5.4
Hz, H-4"), 3.04 (1H, d, J = 9.6 Hz, H-4""), 0.97 (1H,
d,J = 6.0 Hz, H-6"""), 0.79 (1H, d, J = 6.0 Hz, H-6"");
BC-NMR (125 MHz, DMSO-dq) d: 156.7 (C-2), 132.7
(C-3), 1772 (C-4), 161.2 (C-5), 98.6 (C-6), 164.0
(C-7), 93.5 (C-8), 156.3 (C-9), 104.0 (C-10), 121.2
(C-1"), 116.1 (C-2), 144.7 (C-3"), 148.3 (C-4"), 115.1
(C-5"), 121.5 (C-6"), 98.5 (C-1"), 77.1 (C-2"), 77.1
(C-3"), 70.3 (C-4"), 70.3 (C-5"), 67.1 (C-6"), 100.8
(C-1""), 70.5 (C-2""), 70.5 (C-3"""), 71.8 (C-4""), 68.2
(C-5""), 17.2 (C-6'), 100.5 (C-1"""), 70.6 (C-2"""), 75.7
(C-3""), 71.8 (C-4""), 68.2 (C-5""), 17.7 (C-6"""). LA
S Sk — S, s e 2 ik
#-3-0-(2", 6"-0-L- [ 4 HH)-B-D-H H Bl 17
&Y 3: EEM A, mp227.1~228.2 C.
71365 nm 24 F B .98 . ESI-MS m/z: 917.6
[M—H] ; "C-NMR i 4b & A 3 7 Rifiib 240
AE N 6 162.8, BEF BTN 7 ALARAG2E AL RS (H [ A%
Wk 5, HE DR AR 3G B e 747 6 TN ¥ HMBC
b, MDA 3 ANBEE AL E - 'H-NMR (600
MHz, DMSO-d;) 6: 7.45 (1H, d, J = 16.2 Hz, H-3"""),
742 (2H, d, J = 8.4 Hz, H-5"", 9"), 7.39 (1H, s,
H-2'), 7.27 (1H, d, J = 8.4 Hz, H-6"), 6.89 (1H, d, J =
8.4 Hz, H-5'), 6.71 (2H, d, J = 8.4 Hz, H-6"", 8""),
6.67 (1H, d, J = 1.2 Hz, H-8), 6.41 (1H, d,J = 1.2 Hz,
H-6), 6.27 (1H, d, J = 15.6 Hz, H-2"""), 5.55 (1H, s,
H-17), 5.06 (1H, d, J = 7.8 Hz, H-1"""), 4.29 (1H, d,

J = 7.8 Hz, H-1"), 4.18 (1H, m, H-2"), 4.07 (1H, d,
J = 11.4 Hz, H-6"a), 3.7 (1H, d, J = 10.8 Hz,
H-6""a), 3.60 (1H, dd, J = 9.6, 6.0 Hz, H-5"), 3.54
(1H, t, H-4""), 3.48 (1H, t, H-5"""), 3.46 (1H, d, J =
6.6 Hz, H-6"""b), 3.43 (1H, d, J = 6.0 Hz, H-6""b),
3.29 (1H, d, J = 9.0 Hz, H-2""""), 3.26 (1H, d, J = 7.8
Hz, H-3""),3.21 (1H, d, J = 9.0 Hz, H-3"""), 3.19 (1H,
d,J = 4.8 Hz, H-3"), 3.17 (1H, d, J = 9.0 Hz, H-4"""),
3.12 (1H, d, J = 9.6 Hz, H-4"), 3.05 (1H, d, J = 7.8
Hz, H-2""), 3.04 (1H, t, J = 7.0 Hz, H-5""), 0.92 (1H,
d, J = 6.0 Hz, H-6"); *C-NMR (125 MHz, DMSO-dy)
5: 155.9 (C-2), 134.4 (C-3), 177.9 (C-4), 160.9 (C-5),
99.3 (C-6), 162.8 (C-7), 94.4 (C-8), 155.9 (C-9), 105.6
(C-10), 119.8 (C-1), 115.5 (C-2'), 145.3 (C-3"), 157.3
(C-4"), 115.5 (C-5), 121.2 (C-6'), 100.5 (C-1"), 81.6
(C-2"), 69.5 (C-3"), 71.7 (C-4"), 70.2 (C-5"), 17.4
(C-6"), 106.2 (C-1"), 73.5 (C-2'), 75.9 (C-3""), 70.4
(C-4""), 73.7 (C-5""), 67.8 (C-6""), 166.4 (C-1""),
113.9 (C-2""), 144.6 (C-3""), 124.9 (C-4""), 130.1
(C-5""), 115.6 (C-6""), 159.7 (C-7"""), 115.6 (C-8""),
130.1 (C-9"), 99.8 (C-1""), 73.1 (C-2""), 76.3
(C-3"""), 69.3 (C-4"""), 77.1 (C-5""""), 60.6 (C-6"""").
DL $ods b scmkaion — 80, st & 3
J #-3-0-a-L- R ZERE-2"-(6'"- %} 7 52 I )-B-D-F6 4
Wi -7-O-B-D-FH % HETT -

WEY 4: FRFEERAR, mp 148~150 C. %
W HEE. K, 7F 365 nm EA4ME R B A56.
ESI-MS m/z: 769.4 [M—H] . 'H-NMR (600 MHz,
DMSO-de) d: 12.50 (1H, s, 5-OH), 7.78 (1H, d, J =
1.8 Hz, H-2"), 7.40 (1H, d, J = 7.8 Hz, H-6'), 6.84
(1H, d, J = 8.4 Hz, H-5"), 6.22 (1H, s, H-8), 6.02 (1H,
s, H-6), 5.59 (1H, d, J = 7.8 Hz, H-1"), 4.98 (1H, s,
H-1""), 435 (1H, s, H-1""), 3.82 (3H, s, 3'-OCH3),
3.74 (1H, d, J = 6.0 Hz, H-5""), 3.69 (1H, d, J = 9.6
Hz, H-2""), 3.67 (1H, d, J = 10.2 Hz, H-6"a), 3.44
(1H, s, H-2"), 3.42 (1H, d, J = 7.2 Hz, H-3"), 3.37
(1H, s, H-3"), 3.30 (1H, s, H-5"), 3.27 (1H, d, J = 8.4
Hz, H-2""), 3.25 (1H, d, J = 6.6 Hz, H-3"""), 3.22 (1H,
d,J =54 Hz, H-5""),3.21 (1H, d, J = 5.4 Hz, H-6"b),
3.09 (1H, t, H-4""), 3.04 (1H, d, J = 9.6 Hz, H-4"),
3.03 (1H, d, J = 9.0 Hz, H-4""), 0.71 (3H, d, J = 6.0
Hz, H-6""), 0.97 (3H, d, J = 6.0 Hz, H-6""); *C-NMR
(125 MHz, DMSO-ds) d: 156.2 (C-2), 132.0 (C-3),
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176.2 (C-4), 161.0 (C-5), 98.6 (C-6), 162.1 (C-7), 94.2
(C-8), 156.0 (C-9), 102.2 (C-10), 119.5 (C-1"), 115.1
(C-2"), 146.8 (C-3'), 146.2 (C-4"), 113.2 (C-5"), 120.2
(C-6'), 98.6 (C-1"), 77.5 (C-2"), 76.7 (C-3"), 70.2
(C-4"), 70.2 (C-5"), 66.7 (C-6"), 55.6 (3'-OCH;),
100.9 (C-1"""), 70.5 (C-2""), 70.5 (C-3""), 71.7 (C-4""),
68.3 (C-5""), 17.0 (C-6""), 100.7 (C-1"""), 70.5 (C-2"""),
75.7 (C-3""), 71.7 (C-4""), 683 (C-5""), 17.7
(C-6"")o LA_EKcH 5 scmkaion — 80, seth sy
Y 4 hFRAEE-3-0-Q2", 6"-a-L-— R ZHH)-B-D-4i
ZPHETT o

&) 5. FOKAR, mp 167.2~168.0 C. At
VT, K, 7E 365 nm 2RAME R 85O0,
ZhEl G W%, ERAFRRMERIFR: R
Bis- T - FR-7K (503 10.5 1 0.2). iR 4 BE-1E &
Le-HE- R (50102 :0.2) F45-FE (1: 1D
JEFF, 5T I RE(E—30 20 (A £
B —8, MBS AT,

A 6: IREOHK AR, mp259.8~260.8 C,
7E 365 nm 2 AMGF B A5 . ESI-MS m/z: 447.2
[M—H] . 'H-NMR (600 MHz, DMSO-ds) 6: 7.65
(1H, s, H-2"), 7.49 (1H, d, J = 8.4 Hz, H-6'), 6.84 (1H,
d, J = 8.4 Hz, H-5"), 6.60 (1H, s, H-3), 6.71 (1H, s,
H-6), 6.36 (1H, d, J = 1.8 Hz, H-8), 5.03 (1H, d, J =
7.2 Hz, H-1"), 3.68 (2H, d, J = 10.8 Hz, H-6");
BC-NMR (125 MHz, DMSO-d;) 6: 160.3 (C-2), 92.8
(C-3), 176.0 (C-4), 148.0 (C-5), 98.7 (C-6), 162.6
(C-7), 94.2 (C-8), 155.7 (C-9), 104.6 (C-10), 121.7
(C-1"), 115.3 (C-2'), 145.1 (C-3"), 147.6 (C-4), 115.6
(C-5"), 120.0 (C-6'), 99.8 (C-1"), 73.1 (C-2"), 76.4
(C-3"), 69.5 (C-4"), 77.1 (C-5"), 60.6 (C-6"). LL %k
i 5 SRR E 20, MRS 6 AR -
7-O-B-D- % B o

WEW 7 TR, mp 242.5~243.7 C,
7E 365 nm AN T R 5 . ESI-MS m/z: 463.2
[M—H] . 'H-NMR (600 MHz, DMSO-ds) d: 7.65
(1H, s, H-2'), 7.52 (1H, d, J = 8.4 Hz, H-6"), 6.81 (1H,
d, J = 8.4 Hz, H-5'), 6.32 (1H, brs, H-8), 6.13 (1H,
brs, H-6), 5.19 (1H, d, J = 7.8 Hz, H-1"), 3.66 (1H,
dd,J = 1.8, 1.8 Hz, H-6"a), 3.52 (1H, dd, J = 5.4, 5.4
Hz, H-6"b), 3.44 (1H, d, J = 9.0 Hz, H-2"), 3.37 (1H,
d, J = 9.0 Hz, H-3"), 3.29 (1H, d, J = 9.0 Hz, H-4"),
3.17 (1H, m, H-5"); "“C-NMR (125 MHz, DMSO-d)

5:159.0 (C-2), 135.6 (C-3), 179.5 (C-4), 163.0 (C-5),
99.9 (C-6), 166.0 (C-7), 94.7 (C-8), 158.4 (C-9), 105.7
(C-10), 123.1 (C-1"), 117.6 (C-2"), 145.9 (C-3"), 149.8
(C-4"), 116.0 (C-5"), 123.2 (C-6'), 104.3 (C-1"), 75.7
(C-2"), 78.1 (C-3"), 71.2 (C-4"), 78.4 (C-5"), 62.6
(C-6")o LL ¥ 5 scmpdiis —2, s e s
7 i B 2 -3-0-B-D- 2 B A

EW) 8: HIEHK, mp2142~2154 C,
7t 365 nm AP A5 . ESI-MS m/z: 628.2
[M+Na]", 611.1 [M+H] . 'H-NMR (600 MHz,
DMSO-ds) d: 7.30 (1H, s, H-2), 7.26 (1H, d, J = 7.8
Hz, H-6"), 6.87 (1H, d, J = 8.4 Hz, H-5"), 6.32 (1H, s,
H-8), 6.15 (1H, s, H-6), 5.59 (1H, s, H-1"), 4.32 (1H,
d, J =72 Hz, H-1""), 421 (1H, s, H-2"), 3.79 (1H, d,
J = 6.6 Hz, H-3"), 3.60 (1H, d, J = 4.8 Hz, H-6""),
3.54 (1H, dd, J = 6.6, 3.6 Hz, H-5"), 3.35 (1H, d, J =
3.6 Hz, H-4""), 3.33 (1H, d, J = 7.8 Hz, H-3""), 3.29
(1H, d, J = 3.6 Hz, H-4"), 3.17 (1H, d, J = 7.8 Hz,
H-2""), 3.11 (1H, d, J = 3.0 Hz, H-5""), 0.88 (1H, d,
J = 6.0 Hz, H-6"); "C-NMR (125 MHz, DMSO-d;) ¢:
159.3 (C-2), 136.5 (C-3), 179.6 (C-4), 163.2 (C-5),
99.9 (C-6), 165.9 (C-7), 94.8 (C-8), 158.5 (C-9), 105.9
(C-10), 122.9 (C-1'), 116.9 (C-2), 146.5 (C-3"), 149.9
(C-4"), 116.5 (C-5"), 132.0 (C-6'), 102.6 (C-1"), 82.8
(C-2"), 71.8 (C-3"), 73.5 (C-4"), 72.0 (C-5"), 17.7
(C-6"), 107.2 (C-1""), 75.3 (C-2""), 77.9 (C-3""), 70.8
(C-4""),77.9 (C-5""), 62.2 (C-6""). LA L H ¥ 55 Uik R
-, RS 8 M %-3-0-2"-B-D-
25 B )-0-L- B 2T

& 9: WHEMA, mp168~171.3 C.
7t 365 nm 24PN B350 . ESI-MS m/z: 593.2
[M—H] . 'H-NMR (600 MHz, DMSO-ds) d: 7.99
(2H, d, J = 8.4 Hz, H-2, 6'), 6.83 (2H, d, J = 8.4 Hz,
H-3', 5"), 6.34 (1H, brs, H-8), 6.14 (1H, d, J = 9.0 Hz,
H-6), 5.07 (1H, d, J = 7.2 Hz, H-1"), 4.46 (1H, brs,
H-1""), 3.75 (1H, d, J = 10.2 Hz, H-6"), 3.58 (1H, brs,
H-2""),3.47 (1H, dd, J = 3.0, 7.2 Hz, H-3""), 3.42 (1H,
m, H-3"), 3.39 (1H, d, J = 3.0 Hz, H-5""), 3.38 (1H,
m, H-3"), 3.30 (1H, dd, J = 3.0, 10.2 Hz, H-5"), 3.20
(1H, d, J = 7.2 Hz, H-4""), 3.20 (1H, t, H-4"), 1.04
(1H, d, J = 6.6 Hz, H-6"); “C-NMR (125 MHz,
DMSO-ds) d: 156.9 (C-2), 133.2 (C-3), 177.4 (C-4),
161.2 (C-5), 98.8 (C-6), 164.3 (C-7), 93.8 (C-8), 156.5
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(C-9), 104.0 (C-10), 120.9 (C-1'), 130.9 (C-2"), 115.1
(C-3"), 159.9 (C-4'), 115.1 (C-5"), 130.9 (C-6'), 101.4
(C-1"), 74.2 (C-2"), 76.4 (C-3"), 69.7 (C-4"), 75.8
(C-5"), 66.9 (C-6"), 100.8 (C-1""), 70.4 (C-2'""), 70.6
(C-3""), 71.8 (C-4""), 68.3 (C-5""), 17.8 (C-6""). LA_L-
Bt 5 scmkatoE 50, Mt A 9 i i-
3-O0-ZEA T

b5 10: BER AR, mp 177.3~177.9 C.
11 365 nm AN T WHE 5O ESI-MS m/z: 447.1
[M—H] . 'H-NMR (600 MHz, DMSO-dg) d: 7.30
(1H, d, J = 1.8 Hz, H-2"), 7.25 (1H, dd, J = 8.4, 1.8
Hz, H-6"), 6.86 (1H, d, J = 8.4 Hz, H-5"), 6.38 (1H, d,
J = 1.8 Hz, H-8), 6.19 (1H, d, J = 1.8 Hz, H-6), 5.25
(1H, d, J = 1.2 Hz, H-1"), 3.97 (1H, dd, J = 1.2, 1.8
Hz, H-2"), 3.14 (1H, t, J = 3.6 Hz, H-3"), 3.51 (1H,
dd, J = 3.0, 3.6 Hz, H-4"), 3.21 (1H, dd, J = 3.0, 6.6
Hz, H-5"), 0.82 (3H, d, J = 6.6 Hz, H-6"); "*C-NMR
(125 MHz, DMSO-ds) 6: 157.2 (C-2), 134.2 (C-3),
177.8 (C-4), 161.3 (C-5), 98.7 (C-6), 162.1 (C-7), 93.6
(C-8), 156.4 (C-9), 103.9 (C-10), 120.7 (C-1), 115.6
(C-2"), 1452 (C-3'), 148.4 (C-4'), 115.4 (C-5"), 121.1
(C-6"), 101.8 (C-1"), 70.5 (C-2"), 70.3 (C-3"), 71.2
(C-4"), 70.0 (C-5"), 17.5 (C-6"). LA EXds 5 STk
w5, B ES Y 10 Ty 2 -3-0-0-L- 2
R

a1 RO A, mp 173.6~175.3 C.
7t 365 nm 24N B A5 ESI-MS m/z: 623.2
[M—H] . 'H-NMR (600 MHz, DMSO-d;) J: 7.84
(1H, d, J = 1.8 Hz, H-2'), 7.50 (1H, dd, J = 1.8, 9.0
Hz, H-6'), 6.90 (1H, d, J = 9.0 Hz, H-5), 6.38 (1H, d,
J =12 Hz, H-8), 6.16 (1H, d, J = 1.2 Hz, H-6), 5.42
(1H, d, J = 7.2 Hz, H-1"), 440 (1H, s, H-1""), 3.82
(1H, s, 3'-OCH3), 3.69 (1H, d, J = 10.8 Hz, H-6"a),
3.40 (1H, d, J = 1.8 Hz, H-2""), 3.32 (1H, dd, J = 8.4,
1.8 Hz, H-3""), 3.27 (1H, d, J = 9.0 Hz, H-2"), 3.26
(1H, d, J = 42 Hz, H-3"), 3.25 (1H, d, J = 6.0 Hz,
H-6"b), 3.22 (1H, d, J = 10.2 Hz, H-5""), 3.19 (1H, d,
J =9.0 Hz, H-5"), 3.05 (1H, d, J = 6.0 Hz, H-4"), 3.02
(1H, d, J = 8.4 Hz, H-4"), 0.97 (1H, d, J = 6.6 Hz,
H-6""); "C-NMR (125 MHz, DMSO-dg) &: 156.5
(C-2), 132.9 (C-3), 177.1 (C-4), 159.2 (C-5), 99.0
(C-6), 161.1 (C-7), 93.9 (C-8), 156.3 (C-9), 103.6
(C-10), 121.0 (C-1"), 113.2 (C-2'), 146.9 (C-3"), 149.4

(C-4"), 115.2 (C-5"), 122.2 (C-6"), 55.6 (C-3', OCH3),
101.3 (C-1"), 74.3 (C-2"), 76.4 (C-3"), 70.0 (C-4"),
75.9 (C-5"), 66.8 (C-6"), 100.9 (C-1""), 70.3 (C-2""),
70.6 (C-3""), 71.8 (C-4""), 68.3 (C-5""), 17.7 (C-6"").
DL $ods 5 Scmkaion — 800, S et 11 o R
BLA% 2-3-0- 25 F BT

AW 12: WE ALK K, mp 238~239.5 C.
VST HEE. K, 7F 365 nm 4N B 50,
ESI-MS m/z: 431.1 [M—H] . '"H-NMR (600 MHz,
DMSO-ds) J: 7.83 (2H, d, J = 8.4 Hz, H-2', ¢'), 6.87
(2H, d, J = 8.4 Hz, H-3', 5'), 6.76 (1H, d, J = 1.8 Hz,
H-8), 6.60 (1H, s, H-3), 6.44 (1H, d, J = 1.8 Hz, H-6),
5.01 (1H, d, J = 7.2 Hz, H-1"), 3.88 (2H, d, J = 10.2
Hz, H-6"), 3.66 (1H, dd, J = 10.2, 3.6 Hz, H-5"), 3.49
(1H, d, J = 2.4 Hz, H-2"), 3.44 (1H, dd, J = 2.4, 3.6
Hz, H-3"), 3.35 (1H, t, J = 3.6 Hz, H-4"); "C-NMR
(125 MHz, DMSO-d;) J: 166.8 (C-2), 104.2 (C-3),
184.1 (C-4), 162.9 (C-5), 101.6 (C-6), 164.8 (C-7),
96.1 (C-8), 159.1 (C-9), 107.1 (C-10), 123.1 (C-1"),
129.6 (C-2"), 117.0 (C-3"), 162.9 (C-4"), 117.0 (C-5"),
129.6 (C-6'), 101.2 (C-1"), 74.7 (C-2"), 77.9 (C-3"),
71.3 (C-4"), 78.4 (C-5"), 62.5 (C-6"). LI E¥#a 5
BRIRE — 8, Stk AW 12 W ER-1-0--D-
R

&) 13: RIE AR A, mp 253.5~2542 C,
HMEFETHEE. /K, £E 365 nm KAME T Wi (058,
ESI-MS m/z: 672.2 [M+Na]’, 6552 [M+H] .
'H-NMR (600 MHz, DMSO-ds) &: 12.56 (1H, s,
5-OH), 10.81 (1H, s, 7-OH), 9.15 (1H, s, 4-OH), 7.45
(2H, s, H-2', 6), 6.47 (1H, d, J = 1.2 Hz, H-8), 6.20
(1H, d, J = 1.2 Hz, H-6), 5.47 (1H, d, J = 6.6 Hz,
H-1"), 439 (1H, s, H-1""), 3.83 (3H, s, 3', 5'-OCH3),
3.70 (1H, d, J = 11.4 Hz, H-6"a), 3.37 (1H, d, J = 10.8
Hz, H-4""), 3.35 (1H, d, J = 6.6 Hz, H-6"b), 3.29 (1H,
d, J = 9.6 Hz, H-3"), 3.26 (2H, d, J = 10.8 Hz, H-2"",
5, 3.23 (2H, d, J = 6.0 Hz, H-3"", 5"), 3.05 (1H, d,
J =10.2 Hz, H-4""), 3.02 (1H, d, J = 6.0 Hz, H-2"),
0.96 (3H, d, J = 6.0 Hz, H-6""); '*C-NMR (125 MHz,
DMSO-ds) 0: 156.4 (C-2), 133.1 (C-3), 177.3 (C-4),
161.1 (C-5), 98.7 (C-6), 164.1 (C-7), 94.0 (C-8), 156.4
(C-9), 104.0 (C-10), 138.6 (C-1'), 106.9 (C-2"), 119.8
(C-3"), 147.4 (C-4"), 119.8 (C-5'), 106.9 (C-6'), 56.1
(C-3', 5', OCH3), 101.0 (C-1"), 70.3 (C-2"), 76.0



¢ %% Chinese Traditional and Herbal Drugs 3 44 % 25 153 2013428 A - 2033 -

(C-3"), 70.1 (C-4"), 76.4 (C-5"), 66.7 (C-6"), 100.9
(C-1), 70.6 (C-2"), 74.3 (C-3""), 71.7 (C-4""), 68.3
(C-5""), 17.7 (C-6"")o A%t 5 e ki — 5!
WS E G 13 4 T FH5-3-0-EF/ BT

B 14: REOKAK, mp 175.8~176.3 C,
7 365 nm %S%;‘ﬁ F 09 . ESI-MS m/z: 593.2
[M—H] . 'H-NMR (600 MHz, CD;OD) §: 7.72 (2H,
d,J=8.4Hz H-2', 6, 6.88 (2H, d, J = 8.4 Hz, H-3',
5%, 6.32 (1H, s, H-8), 6.15 (1H, s, H-6), 5.66 (1H, s,
H-1"), 437 (1H, d, J = 7.8 Hz, H-1""), 423 (1H, d,
J = 2.4 Hz, H-2"), 3.76 (1H, dd, J = 3.6, 6.0 Hz, H-
5"),3.67 (1H, d, J = 2.4 Hz, H-6""), 3.65 (1H, d, J =
2.4 Hz, H-3""), 3.34 (1H, d, J = 3.6 Hz, H-3"), 3.30
(1H, d, J = 3.6 Hz, H-4"), 3.19 (1H, d, J = 7.8 Hz, H-
2'),3.15 (1H, dd, J = 2.4, 2.4 Hz, H-5""), 0.88 (1H, d,
J = 6.0 Hz, H-6"); *C-NMR (125 MHz, DMSO-d;) J:
159.4 (C-2), 136.5 (C-3), 179.6 (C-4), 163.2 (C-5),
99.9 (C-6), 166.0 (C-7), 94.8 (C-8), 158.6 (C-9), 106.0
(C-10), 122.5 (C-1"), 131.9 (C-2'), 116.4 (C-3"), 161.7
(C-4", 116.7 (C-5"), 132.1 (C-6'), 102.5 (C-1"), 82.7
(C-2"), 72.0 (C-3"), 73.4 (C-4"), 71.8 (C-5"), 17.6
(C-6"), 107.1 (C-1""), 75.3 (C-2""), 77.9 (C-3""), 70.9
(C-4"),77.9 (C-5""), 62.4 (C-6""). LA Bk 55 SClik
-5, MEEE 14 L2 -3-0-2"-B-D-
HIABE)-0-L- B A B LT

& 15 FERA, mp 198.5~199.6 C.
7t 365 nm %&F%Tiéﬁé%ﬁ% ESI-MS m/z: 755.3
[M—H] . 'H-NMR (600 MHz, DMSO-d;) J: 12.61
(1H, s, 5-OH), 10.87 (1H, s, 7-OH), 9.77 (1H, s,
3-OH), 9.43 (1H, s, 4-OH), 9.05 (1H, s, 7""-OH),
7.45 (1H, s, H-5""), 7.43 (1H, s, H-9""), 7.40 (1H, d,
J = 8.4 Hz, H-3""), 7.35 (1H, s, H-2"), 7.25 (1H, d,
J =9.0 Hz, 6-H), 6.88 (1H, d, J = 8.4 Hz, H-5'), 6.79
(1H, t, J = 7.2 Hz, H-6""), 6.69 (1H, d, J = 8.4 Hz,
H-2""), 6.31 (1H, s, H-8), 6.22 (1H, d, J = 16.2 Hz,
H-8""), 6.16 (1H, s, H-6), 5.52 (1H, s, H-1"), 4.28
(1H, d, J = 7.2 Hz, H-1""), 4.17 (1H, d, J = 4.2 Hz,
H-6""a), 4.15 (1H, s, H-2"), 4.05 (1H, d, J = 11.4 Hz,
H-6""b), 3.58 (1H, d, J = 7.8 Hz, H-5""), 3.53 (1H, t,
J = 7.8 Hz, H-4""), 3.26 (1H, s, H-5"), 3.17 (2H, d,
J =7.8 Hz, H-3", 3"), 3.12 (1H, t, J = 9.6 Hz, H-4"),
3.06 (1H, d, J = 7.2 Hz, H-2""), 0.91 (1H, d, J = 6.0
Hz, H-6"); "“C-NMR (125 MHz, DMSO-dq) 6: 156.6

(C-2), 134.3 (C-3), 177.8 (C-4), 161.3 (C-5), 98.6
(C-6), 164.1 (C-7), 93.6 (C-8), 156.3 (C-9), 104.0
(C-10), 120.6 (C-1"), 145.2 (C-2"), 144.7 (C-3"), 148.6
(C-4"), 115.5 (C-5"), 120.9 (C-6'), 100.6 (C-1"), 81.7
(C-2"), 69.4 (C-3"), 71.7 (C-4"), 70.2 (C-5"), 17.4
(C-6"), 106.2 (C-1"), 73.7 (C-2'"), 75.9 (C-3""), 70.4
(C-4""), 73.6 (C-5""), 62.8 (C-6""), 166.4 (C-1""),
115.6 (C-2"""), 115.6 (C-3""), 125.0 (C-4""), 130.2
(C-5""), 119.4 (C-6""), 159.7 (C-7""), 113.9 (C-8""),
130.1 (C-9""), LL_-¥od 5 3cikaps — 2, #%
SEWAY) 15 Wi -3-0-0-L- A= HE-2"-(6"-X 7
SLIERE)-B-D- A A

&Y 16: TER K, mp 198.6~199.2 C.
7f 365 nm * %ymﬂzﬁémﬂﬁ ESI-MS m/z: 739.3
[M—H] . 'H-NMR (600 MHz, DMSO-ds) 6: 7.61
(2H, d,J = 9.0 Hz, H-2', 6'), 7.34 (1H, d, J = 15.6 Hz,
H-3""), 7.12 (2H, d, J = 8.4 Hz, H-9"", 5""), 6.85
(2H, d, J = 4.8 Hz, H-3', 5'), 6.61 (2H, d, J = 9.0 Hz,
H-8"", 6"), 6.10 (2H, d, J = 1.2 Hz, H-6, 8), 5.92
(1H, d, J = 15.6 Hz, H-2"""), 5.75 (1H, s, H-1"), 4.50
(1H, d, J = 6.0 Hz, H-6""a), 4.42 (1H, d, J = 7.8 Hz,
H-1""), 433 (1H, d, J = 2.4 Hz, H-2"), 4.05 (1H, dd,
J =6.0,9.0 Hz, H-6""b), 3.77 (1H, dd, J = 3.0, 3.6 Hz,
H-3"), 3.48 (1H, dd, J = 3.0, 3.6 Hz, H-5"), 3.44 (1H,
m, H-2"), 3.37 (2H, t, J = 3.0 Hz, H-3"", 4"), 3.25
(1H, d, J = 1.2 Hz, H-4""), 3.24 (1H, d, J = 9.0 Hz,
H-5""), 0.99 (1H, d, J = 6.0 Hz, H-6"); *C-NMR (125
MHz, DMSO-d¢) 6: 156.6 (C-2), 134.3 (C-3), 177.7
(C-4), 161.3 (C-5), 98.6 (C-6), 164.1 (C-7), 93.7
(C-8), 136.4 (C-9), 104.0 (C-10), 120.3 (C-1'), 130.5
(C-2"), 115.4 (C-3"), 160.0 (C-4"), 115.4 (C-5"), 130.5
(C-6"), 100.5 (C-1"), 81.6 (C-2"), 69.7 (C-3"), 71.7
(C-4"), 70.1 (C-5"), 17.4 (C-6"), 106.0 (C-1""), 73.7
(C-2"), 76.0 (C-3""), 70.4 (C-4"), 73.7 (C-5""), 63.0
(C-6"), 166.4 (C-1""), 113.8 (C-2"""), 144.7 (C-3""),
124.9 (C-4""), 130.5 (C-5""), 115.6 (C-6""), 159.7
(C-7""), 115.6 (C-8""), 130.1 (C-9""). VL _L#¥i 53¢
kR IE B, M e A A 16 1L A5 -3-0-0-L-
B -2"-(6""- X 7 S T K6 )-B-D- i A B 1
4 g

A S 38 0 A S FH AR A e B H) v B S
ST T RGEM s aith, AL 16 Sk
e, sy 1 B a, Sediih
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5, 7- R4 - WA L T RE-3-O- S/ BT o [AIIN
Ji BRI 3 K F AR €185 23 A1 7 v AR A i R B
Yy K BN FIHAT 1oy 307, 45 R R &4 1~16
TERE A PR, 32 T L B 2R R Ay )
I, ASEL A ISR A B L 7] e R 2R 4 B
B, DA 3 — 20 S N A 2 R R T A A g i B
BT Al
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