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Chemical constituents of Swertia bimaculata
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Abstract: Objective To investigate the chemical constituents from the dried whole plants of Swertia bimaculata. Methods The
compounds were isolated and purified by various column chromatography, and their structures were elucidated on the basis of chemical
and spectroscopic analyses. Results Thirty compounds were isolated from the n-BuOH fraction of S. bimaculata EtOH extract and
identified as 1,3,6-trihydroxy-4,7-dimethoxyxanthone (1), 1,8-dihydroxy-2,3,4,5-tetramethoxyxanthone (2), 1,3,5-trihydroxy-4-
methoxyxanthone (3), 1,3-dihydroxy-5-methoxyxanthone (4), 1,3,5-trihydroxyxanthone (5), 1,3,7-trihydroxy-4-methoxyxanthone (6),
2-(3'-0-B-D-glucopyranosyl) benzoyloxygentisic acid (7), veratrilogenin (8), demethylbellidifolin (9), isobellidifolin (10),
1,3,8-trihydroxy-4,5-dimethoxyxanthone (11), 1,3-dihydroxy-4,5-dimethoxyxanthone (12), methylbellidifolin (13), 1-hydroxy-
2,3,4,7-tetramethoxyxanthone (14), mangiferin (15), astragalin (16), isoquercitrin (17), nicotiflorin (18), rutin (19), isoorientin-
7,3'-dimethylether (20), swertisin (21), swertiajaponin (22), isoorientin (23), isoscutellarein-8-methyl ether (24), 8-chrysoeriol (25),

kaempferol (26), luteolin (27), quercetin (28), B-sitosterol (29), and oleanolic acid (30). Conclusion Compound 1 is a new compound.
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named bimaculatone A. Compounds 2—7, 16—20, and 24—26 are firstly obtained from the plants of Swertia L., and compounds

2—11 and 16—28 are obtained from S. bimaculata for the first time.

Key words: Swertia bimaculata (Sieb. et Zucc.) Hook. f. et Thoms.; xanthones; bimaculatone A; 1,8-dihydroxy-2,3,4,5tetramethoxyxanthone;

astragalin; isoquercitrin; isoscutellarein-8-methyl ether

JeHE} (Gentianaceae) TIPSR 4 3¢ Swertia
bimaculata (Sieb. et Zucc.) Hook. f. et Thoms. )42
BRI AR R FERE L —, 2K
LRI X AT AN HEAER. @BE. R
I8, AT AR BR. 3 E. KR, M.
R, 2 AT AR CROEARY . BIAR
WL, 55 Sk JB 2 MY A 2 M2y B g A =
BRI RGY, FESANIEE . EER. =65 PO
WA A AR AR AE B RIS MR B R, X
KBS A SR (PSP RS AT T ERER 2B, RKIMHL B
SREUYIIA IE T T A EUR A EAT 55 (10 o s ),
FEM A B E] 13 IEEF . A segh gk ML IE
TEEHRALST RS AFE) 14 AN 13 A EEEEAE 30 A
WY, 75 %58 1,3,6- =F2dE-4,7-— & HnliiH
(1,3,6-trihydroxy-4,7-dimethoxyxanthone, 1) 1,8-—.
¥#3£-2,3,4,5-PU F A ZENNER (1,8-dihydroxy-2,3,4,5-
tetramethoxyxanthone, 2)- 1,3,5- =2 3£-4- FF 5 ZEn 1 R
(1,3,5-trihydroxy-4-methoxyxanthone, 3). 1,3- %%
B -5 & FE ol B C 1,3-dihydroxy-5-methoxy-
xanthone, 4). 1,3,5-=FFLNIEE (1,3,5-trihydroxy-
5) . 1,3,7- = & £ -4- F SR il e
(1,3,7-trihydroxy-4-methoxyxanthone, 6)+ 2-(3'-O-p-
D- M R R ) R R SR R IR [2-(3'-O-
B-D-glucopyranosyl) benzoyloxygentisic acid, 7]+ 4
ANHeH JC (veratrilogenin, 8). 2% F L4/ S B H
fiil ( demethylbellidifolin, 9). 5445 H & fH R
(isobellidifolin, 10 1,3,8- =2 k-4, 5-— F S FEi i
(1,3,8-trihydroxy-4,5-dimethoxyxanthone, 11). 1,3-
T a5 T H S EEnl B 1,3-dihydroxy-4,5-
dimethoxyxanthone , 12 ). H J& 4 % i g fH ffd
(methylbellidifolin, 13). 1-¥3£-2,3,4,7-J0 B 4 Skl
| (1-hydroxy-2,3,4,7-tetramethoxyxanthone, 14).
TR (mangiferin, 15). R =TI (astragalin,
16) . = #fft & # Cisoquercitrin, 17 ). fH AL
(nicotiflorin, 18). F ] (rutin, 19). 7,3-_H4&
FFZEHE (isoorientin-7,3'-dimethyl ether, 20).
253 & (swertisin, 21). HAMZHHE R
(swertiajaponin, 22). i % (isoorientin, 23).

xanthone ,

8-FHHEAL F X2 (isoscutellarein-8-methyl ether,
24), 8-HEIEABH R (8-chrysoeriol, 25). L4
My (kaempferol, 26). AEEZ (luteolin, 27).
Witfz % (quercetin, 28). B-7+ & (B-sitosterol, 29)+
FIIRIR (oleanolic acid, 30). Z5i LK 1. HH,
WEW 1 HACEY), b R Sl As &
Y 2~7. 16~20. 24~26 JE XN ZEHEY T 5
BEE, LAY 2~11. 16~28 A HE KM%Y+

SYBTE.
1 S

Bruker AM-400 %4 3E4R4 . Bruker micro
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A X-5 RAUE REC (B R EAEE A IR 2
A]D; BS224-S BT T RF (Ab it 28 2 R A s
AIRAFD; EZ Purifier "R il & €354 CIRMIR
FERHEA R A D S RCGHAH G (HITACHD:
UV L-2400 £l 28, L-2130 %2; 4 HPLC i
FE: YMC-Pack-ODS-A-S-5 um ik (HA YMC
AF]D; D101 KALEFRIAR (B =R M ERHA
IRATED; HEMERER & GF254 RERHZR (HHE
BRI T AFD; #EMEER Sephadex LH-20
(HA YMC A 7)), Toyopearl HW40-F( H A< TOSOH
ZNRCTID I A A v 7 o [ =3 Cambridge Isotope
Laboratories /A ] ); e ZCRAH L3 BT FH 57 D (i
ali, JKONEERG IS ALK, Bt A AR5 o A i
(g EZERD.

KPR A A ET 2010 4F 9 H R HE LS B
7, SRR [RGB 2 B MR R 0 %
SE N IR R OF 3% R ) WU BE KR F SR Swertia
bimaculata (Sieb. et Zucc.) Hook. f. et Thoms., FRAAF
TR R S RIS B 2 5 B AR 2 U
2 RERS5HE

WP F ST 48 25 kg, WHE, F 90%Z
K Al HR AL 3 VK, B3R 2 he REUKSIE)E, WL
WA ENZE 6 kg WHIRSTERAKF, 7-5H
Al P BERR LEEANIE T AR AR,
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R72 Y787 8y Re
OH O R,

1 R;=R,=R,=H, R,=Rs=OH, R;=R¢=OMe

2 R,=R,=R;=R,=OMe, Rs=R,=H, R,~OH

3 R=Rs=R,=R,=H, R,~R,—OH, R;—OMe

4 R=R;=R<—R¢=R,~H, R,—OH, R,~OMe

5 R,~R;=R;=R—R,=H, R,=R,=OH

6 R;=R,=R:=R;=H, R,=R,=OH, R;=OMe

8 R,=R,~R:=R,=H, R,=R,~OMe, R;=OH

9 R,=R;=R;=R¢=H, Ry=R,~R,=OH

R,=R;=Rs=R¢=H, R,=R,=OH, R,=OMe

11 R=Rs=R¢=H, R,=R,=OH, R;=R,~OMe

12 R,=R,=R¢=R,=H, R,=OH, R;=R,~OMe

R,=R;=Rs=R¢=H, R,=R,~OMe, R,=OH

R,=R,=R,=R=OMe, R;=Rs=R-=H

R,=glc, R,=Rs=R¢=OH, Ry=R,=R,=H

@&}

HO4
320H

E1 &4 1~30 Bafkz

R,=0O-glc, Ry=R,=Rs=H, R;=OH
R,=0-glc,R;=R,=H,R3=R5=OH

R, =O-glc(6-1)-tha, Ry=R4=R5'=H, R;=OH
R, =O-glc(6-1)-tha, Ry=Ry=H, Ry=R5=OH
R,=R,=H, R,=-glc, R;=Rs=OMe
R,~R,=Rs=H, R2'=-glc, R;=OMe
R,=R,=H, R,=-glc, R3=OMe, Rs=OH
R,=R,=H, R,=-glc, R3=Rs=OH
R,;=R,=Rs=H, R;=OH, R,=OMe
R,=R,=H, R;=Rs=OH, R,=OMe
R,=R;=OH, R,=R,~Rs=H
R,;=R,=R,~H, R;=Rs=OH

8 R,=R;=Rs=OH, R,=R,~=H

E5g

Fig.1 Chemical structures of compounds 1—30

B HBEERAT (430 ) AU BEERAL (624 ).
BEWR ZBEHAL (84 @) MIIE T EERRAL (942 g)o IET
FEERAL (942 @) it D101 KFLWL P AERE, Kk
KK 10%. 30% 50%- 95%ZEEHEM, 4 3lfs
F| 5 M Fr. A~E. Fr. B (180 g) &Mt
B, H=SHE-HEE (1:0—0: 1) BREEVEM,
5% B1 (10g). B2 (118 g) M B3 (50g) L34

Hor. B2 (118 g) &k ODS FEailk, DLFFREE-
K (129—1 100 BREEGEML, 5 RE LT Toyopearl

HW40-F ( Z& H fe-HEE 1 0 1) F Sephadex LH-20
() MG AR EM &Y 15 (0.52). 16
(35.5mg). 17 (50.8 mg). 23 (12.8 mg). B3 (50
g) LREEH AN, DIFEE-K (1:9—>1:0) &
FE el » F548 Toyopearl HW40-F( 50 H - FREE 1 ©
1) 1 Sephadex LH-20 (FEE) #: ity 2515510
A18 (252 mg). 19 (40.6 mg). Fr.C (200 g)

AR 7 B, =& be-FEECL 2 0—~0: 1)
BEEEVEML, 153 C1 (25g). C2 (120 g) A C3 (52
g) L3Ny, Cl R EBAEERA: Chimk-BE iR
LM 50 0 1—0 1) F1 Sephadex LH-20 (HEE) #F
il BEARLAY 10 (18.6 mg). 25 (5.6 mg).

C2 Zvp A, DL =5 F k- EEC(1 © 0—0 -
1) BREEVERG, B3 C2.1~25 3£ 5 NS, Hrp

C2.3 M ENTH KEYUE, . FRKUERIIE
)21 (8.3 g): C2.4 Bl (1735, FH HPLC
| S A4 S B 59 7(10.5 mg) . 9(21.2 mg).
26 (5.7mg). 27 (30.5mg). 28 (30.8 mg); C3 &
oA (i, =& W be-HEE (1:0—~0: 1)
BEEEVEL, PR (s 5 B Al B 2L 59 20
(10.8 mg). 22 (15.6 mg). Fr.D (260 g) ZHERAE
ok, A= HGE-HEE (1:0—~0: 1) BREEDEN,
33| D1 (30 g). D2 (95 g). D3 (45 g) 1 D4 (85
g) a4 /M4H5%. DI REZLE Toyopearl HW40-F
T E-HEE 1D 1) F1 Sephadex LH-20 (H )
FE, HEFEMERAEIAY 29 (21.8
mg). 30 (24.5 mg). D2 &1 & ODS M ik, LA
HEE-K (129—~1:0) BREBM, FkEEdE
I AE B 5) B, HPLC Pl & i 443 2 59 1
(8.8mg). 2 (11.6 mg). 4 (19.8 mg). 8 (22.1 mg).
14(13.7 mg). D3 x B & it At (1, F 4 HPLC
| AL R A 3 (28.1 mg). 12 (16.5
mg). 13 (9.3 mg). D4 £k ODS #: i, DIH
BE-7K (129110 BREEVEIN, T4 REBEIGH ¢
W CHEE-K 1 9—1:0) & HPLC il g A4tk
B3 A% 5(15.6 mg).6(12.5 mg).11(18.8 mg)-
24 (352 mg),
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WA 1: R EETEE TR (B, mp 225~
228 C; HR-ESI-MS &orH 0 75 T I&N
305.066 7 [M+H]" (i H1H 305.065 6), 4i#
'H-NMR #1 "C-NMR ¥4 (% 1) #EWrHS TN
CisH,07. HAAGHE BoRERHE (3 358 em '), Bt
- (1729cm™) MFEH (1647,1582,1480 cm™)
55, EAMGUAE 312, 258, 206 nm A & KIRIL
WAESEAL AW AEAE TS IR S5 . PC-NMR i |- &R
HISMAF T, Hor 6c 178.9 AFIEIRAE 55 5 60.9
A1 55.9 AR E 2 NHARENIKIE S, TE dc 90~
180 MIFHXEA 13 MfE5. Ew 1 W
BC-NMR {ERHAERT 1,6-— Fadk-4,7-— B g i
AL, LAY 1 1 Oc 157.9 15 5 AMKIZ AL 0 38.5,
HEM R b NAZIE A R TR . #E— P
H ) 'H-NMR K8, &1 54 1 MLT oy
12.87 (1H, s, 1-OH) MEERIEES, 3 MIFHR
W& 57 oy 7.41 (1H, s, H-8), 6.94 (1H, s, H-5) FlI
6.25 (1H, s, H-2), LA & 2 MHEFENEME S 0y 3.87
(3H, s, 7-OMe) Al 3.79 (3H, s, 4-OMe), —#
"H-NMR % JEH AL, AR 2 A7 T &9 1 7E oy
6.25 A MEME TR §0.44 HEMAIER,
[F] I B R Oy 7.40 EE 5 - 454 HR-ESI-MS %45
Je o2 ATRAHEIAL &9 1 1 5c 157.9 T ek
WA BRIk, afCAEWTb &9 1 8 1,3,4,6,7 FLHUAR
I

AP 1 ) HMBC i (B 2) 1, 6y 12.87 1]

£1 &Y 1 8 '"H.NMR (400 MHz, DMSO-d) #1
BC-NMR (100 MHz, DMSO-d,) #i%
Table 1 '"H-NMR (400 MHz, DMSO-dg) and *C-NMR (100
MHz, DMSO-d) data of compound 1

BRAL Ou d¢ /A du ¢
1 12.87,s 1574 | 7 146.3
2 6.25,s 979 | 8 741,s 1046
3 1579 | 8a 111.1
4 1274 | 8b 101.4
4a 1494 | 9 178.9
4b 1551 | 4-OMe 3.79,s  60.9
5 6.96,s 1029 | 7-OMe 3.87,s 559
6 152.0

FILEA S dc 157.4 (C-1), 97.9 (C-2) #11101.4 (C-8b)
AR, BRI R IEAE C-1 k. 0y 6.25 AL
5 6c 157.4 (C-1), 157.9 (C-3), 127.4 (C-4) F1101.4
(C-8b) IFEAIG, ULHHMEUERAE C-2 F. 6y 6.94
&5 dc 152.0 (C-6), 146.3 (C-7), 155.1 (C-4b) Al
111.1 (C-8a) mHFEAHI, UiBHILEUEREAE C-5 L. oy
7.41 A oc 152.0 (C-6), 146.3 (C-7), 155.1 (C-4b)
F1178.9 (C-9) wHEAHG, Ui EESEAE C-8 F. dy
3.87 (3H, s, 7-OMe), 3.79 (3H, s, 4-OMe) 4 HIF1 oc
146.7 (C-7), 127.4 (C-4) 2, BT 2 NHFEIEH
1T C-7FIC-4 b BRI, et B9 1 45K 1,3,6-
=FRHE-47- A ENEE, 1 ANEEY, il
KU 220 A, S5K WL 2.

HO 0. OH

COT—"

2 L&Y 1 BEEMFIEZE HMBC 18X
Fig. 2 Structure and key HMBC correlations of compound 1

G 2: B ARG i (=& BT, ESI-MS
miz: 349 [M+H]", 4T3 N C7H 605 ' H-NMR (400
MHz, CDCLy) &: 11.71, 11.21 (2H, s, 1, 8-OH), 7.20
(1H, d, J = 8.8 Hz, H-6), 6.66 (1H, d, J = 8.8 Hz, H-7),
4.14 (3H, s, 3-OMe), 3.99 (3H, s, 4-OMe), 3.93 (3H,
s, 5-OMe), 3.92 (3H, s, 2-OMe); *C-NMR (100 MHz,
CDCly) 6: 185.5 (C-9), 154.9 (C-3), 154.1 (C-8), 150.2

(C-1), 145.9 (C-4b), 145.6 (C-4a), 140.3 (C-5), 135.7
(C-2), 132.9 (C-4), 121.2 (C-6), 109.3 (C-7), 107.8
(C-8a), 104.0 (C-8b), 62.0 (4-OMe), 61.8 (3-OMe),
61.3 (2-OMe), 57.6 (5-OMe). PL_E¥di 5 CikfiiE
HA—F®, MR A 2 N 1,8-FFE-2,3,4,5-
Y FH A T

&) 3: B ARG i (=S BT, ESI-MS
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miz: 275 [M~+H]", 4> T34 C14H 006 'H-NMR (400
MHz, DMSO-ds) 6: 12.65 (1H, s, 1-OH), 7.54 (1H,
dd, J = 8.0, 0.8 Hz, H-8), 7.33 (1H, dd, J = 8.0, 0.8
Hz, H-6), 7.24 (1H, t, J = 8.0 Hz, H-7), 6.26 (1H, s,
H-2), 3.84 (3H, s, 4-OMe); “C-NMR (100 MHz,
DMSO-dg) 6: 180.1 (C-9), 159.6 (C-3), 157.7 (C-1),
149.3 (C-4a), 146.5 (C-5), 144.9 (C-4b), 127.9 (C-4),
124.1 (C-7), 120.9 (C-8a), 120.5 (C-6), 114.4 (C-8),
101.7 (C-8b), 98.3 (C-2), 60.7 (4-OMe). LA L%i#5 5
SCERARE A —F), WA 3 N 1,3,5-=
B4 F A SEMIER o

e 4: TLEEPRG & (& F 5D, ESI-MS
miz: 259 [M+H]", 51N C14H,005. 'H-NMR (400
MHz, DMSO-ds) 6: 12.80 (1H, s, 1-OH), 7.64 (1H,
dd, J = 8.0, 1.2 Hz, H-8), 7.48 (1H, dd, J = 8.0, 1.2
Hz, H-6), 7.36 (1H, t, J = 8.0 Hz, H-5), 6.38 (1H, d,
J =2.0 Hz, H-4), 6.19 (1H, d, J = 2.0 Hz, H-2), 3.95
(3H, s, 5-OMe); "“C-NMR (100 MHz, DMSO-d;) o:
179.8 (C-9), 166.2 (C-3), 162.8 (C-1), 157.2 (C-4a),
148.0 (C-5), 145.4 (C-4b), 124.1 (C-7), 120.6 (C-8a),
116.7 (C-8), 115.7 (C-6), 102.1 (C-8b), 98.3 (C-2),
94.2 (C-4), 56.3 (5-OMe). PL_L%iE 5 sCrikdiiE i
AU, M ENEY 4 8 13- RS
SEmlif o

EY) 5 B ARG & (=EH 50, ESI-MS
miz: 245 [M+H]", 4734 Ci3HgOs. 'H-NMR (400
MHz, DMSO-ds) 6: 12.89 (1H, s, 1-OH), 7.53 (1H,
dd, J = 8.0, 1.6 Hz, H-8), 7.30 (1H, dd, J = 8.0, 1.6
Hz, H-6), 7.24 (1H, t, J = 8.0 Hz, H-5), 6.41 (1H, d,
J = 2.0 Hz, H-4), 6.19 (1H, d, J = 2.0 Hz, H-2);
BC-NMR (100 MHz, DMSO-d;) J: 180.1 (C-9), 166.1
(C-3), 162.9 (C-1), 157.2 (C-4a), 146.2 (C-5), 144.8
(C-4b), 124.1 (C-7), 120.9 (C-6), 120.6 (C-8a), 114.5
(C-8), 102.1 (C-8b), 98.2 (C-2), 94.1 (C-4). VL E%idf
ScmifoE A -, MEEAY 5 N 1,3,5-
=

B 6: W ARG it (=S T ), ESI-MS
miz: 275 [M+H]", 43 F 3N C14H 006 ' H-NMR (400
MHz, DMSO-dq) d: 12.66 (1H, s, 1-OH), 7.52 (1H, d,
J = 8.8 Hz, H-5), 7.40 (1H, d, J = 2.8 Hz, H-8), 7.27
(1H, dd, J = 8.8, 2.8 Hz, H-6), 6.22 (1H, s, H-2), 3.79
(3H, s, 4-OMe); "“C-NMR (100 MHz, DMSO-d;) J:
179.5 (C-9), 160.1 (C-3), 157.7 (C-1), 154.0 (C-7),

149.6 (C-4b), 149.0 (C-4a), 127.6 (C-4), 124.3 (C-6),
120.3 (C-8a), 119.1 (C-5), 108.0 (C-8), 101.3 (C-8b),
98.2 (C-2), 60.7 (4-OMe). LA % dE 5 SCilik4his Ik
A5, Mt A 6 N 1,3,7-= k-4 R
FEnliR o

e 1. Eé%%ﬁ%‘}l{ ESI-MS m/z: 437
[M-+H]", 473 A CH01. 'H-NMR (400 MHz,
DMSO-ds) 6: 7.77 (1H, brd, J = 7.6 Hz, H-6"), 7.73
(1H, t,J=2.0 Hz, H-2'), 7.65 (1H, d, J = 3.2 Hz, H-6),
7.53 (1H, t, J = 8.0 Hz, H-5"), 7.42 (1H, brdd, J = 8.4,
2.0 Hz, H-4'), 7.40 (1H, dd, J = 9.2, 3.2 Hz, H-4"),
7.00 (1H, d, J=9.2 Hz, H-3), 4.95 (1H, d, J= 7.2 Hz,
H-1"); "“C-NMR (100 MHz, DMSO-dg) d: 171.1
(C-7), 164.6 (C-7"), 159.0 (C-5), 157.6 (C-3), 142.0
(C-2), 130.2 (C-1"), 130.1 (C-5'), 128.8 (C-4), 123.3
(C-6), 122.6 (C-6), 122.0 (C-4"), 117.8 (C-3), 117.6
(C-2)), 114.2 (C-1), 100.9 (C-1"), 77.2 (C-5"), 76.5
(C-3"), 73.3 (C-2"), 69.7 (C-4"), 60.7 (C-6"). LA L%k
o 5k E A -, WA T N
2-(3"-O-B-D-HH i o] e Al S ) 248 FH gk AU T JIE R o

&Y 8: ARG R (=& %), ESI-MS
m/z: 289 [M~+H]", 2> T34 C 5H 2,06 'H-NMR (400
MHz, DMSO-dg) 6: 12.74 (1H, s, 1-OH), 10.05 (1H, s,
7-OH), 7.54 (1H, d, J = 9.2 Hz, H-5), 7.41 (1H, d, J =
2.8 Hz, H-8), 7.30 (1H, dd, J = 9.2, 2.8 Hz, H-6), 6.55
(1H, s, H-2), 3.92 (3H, s, 3-OMe), 3.79 (3H, s,
4-OMe); "“C-NMR (100 MHz, DMSO-dg) &: 180.4
(C-9), 159.6 (C-3), 158.1 (C-1), 154.1 (C-7), 149.2
(C-4b), 148.9 (C-4a), 128.1 (C-4), 124.9 (C-6), 120.2
(C-8a), 119.3 (C-5), 108.0 (C-8), 102.2 (C-8b), 94.8
(C-2), 60.1 (4-OMe), 56.6 (3-OMe). A F3df 5 Sk
gAY, MR 8 NEARBF T,

a9 BT A, ESI-MS m/z: 261
[M+H]", 413N C;3HsO0g. 'H-NMR (400 MHz,
DMSO-ds) 6: 11.90, 11.14 (2H, s, 1, 8-OH), 7.23 (1H,
d, J= 8.8 Hz, H-6), 6.61 (1H, d, J = 8.8 Hz, H-7), 6.40
(1H, d, J = 2.0 Hz, H-4), 6.20 (1H, d, J = 2.0 Hz,
H-2); C-NMR (100 MHz, DMSO-d;) 6: 183.7 (C-9),
166.6 (C-3), 162.3 (C-1), 157.5 (C-4a), 151.8 (C-8),
143.3 (C-4b), 137.3 (C-5), 123.6 (C-6), 109.4 (C-8a),
107.4 (C-8b), 101.2 (C-7), 98.5 (C-2), 94.4 (C-4). LA
¥l S kR E A -, st A 9 N
25 HEAHE 4G 1 e AR
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&Y 10: FEEEEPIRG S (Z&F kD,
ESI-MS m/z: 275 [M+H]", 273N CiH¢0so
'H-NMR (400 MHz, CsDsN) d: 12.37, 11.79 (2H, s, 1,
8-OH), 7.29 (1H, d, J = 9.2 Hz, H-6), 6.86 (1H, d, J =
9.2 Hz, H-7), 6.74 (1H, d, J = 2.0 Hz, H-4), 6.69 (1H,
d, J = 2.0 Hz, H-2), 3.81 (3H, s, 5-OMe); “C-NMR
(100 MHz, CsDsN) 6: 184.8 (C-9), 168.8 (C-3), 164.0
(C-1), 158.8 (C-4a), 154.6 (C-8), 145.9 (C-4b), 140.7
(C-5), 120.9 (C-6), 109.8 (C-8a), 108.7 (C-8b), 102.6
(C-7), 100.1 (C-2), 95.7 (C-4), 57.2 (5-OMe). DL %%
a5 ek A Y, S EAY 10 N5
A2 el R

WE 11: REETERH AR, ESI-MS m/z:
305 [M+H]", % FRN CsH;07. 'H-NMR (400
MHz, DMSO-ds) : 11.55, 11.25 (2H, s, 1, 8-OH),
7.43 (1H, d, J= 9.2 Hz, H-6), 6.68 (1H, d, J= 9.2 Hz,
H-7), 6.29 (1H, s, H-2), 3.89 (3H, s, 4-OMe), 3.81
(3H, s, 5-OMe); "“C-NMR (100 MHz, DMSO-dj) &:
183.8 (C-9), 159.7 (C-3), 157.1 (C-1), 153.0 (C-8),
149.3 (C-4a), 144.7 (C-4b), 139.8 (C-5), 127.9 (C-4),
121.3 (C-6), 109.1 (C-7), 107.2 (C-8a), 101.0 (C-8b),
98.7 (C-2), 60.7 (4-OMe), 57.2 (5-OMe). LA F¥i#i 5
SCHRIRE A —FT, A 11 N 13,8-=
FRI-4,5- — FAR R .

E 12: RFEOERE R (& FHD,
ESI-MS m/z: 289 [M+H]", T3 A CisH ;2060
'H-NMR (400 MHz, DMSO-dg) &: 12.52 (1H, s,
1-OH), 7.62 (1H, dd, J = 8.0, 1.2 Hz, H-8), 7.48 (1H,
dd, J=8.0, 1.2 Hz, H-6), 7.35 (1H, t, J = 8.0 Hz, H-7),
6.28 (1H, s, H-2), 3.97 (3H, s, 5-OMe), 3.84 (3H, s,
4-OMe); "“C-NMR (100 MHz, DMSO-dg) &: 180.0
(C-9), 158.9 (C-3), 157.6 (C-1), 149.2 (C-4a), 148.2
(C-5), 145.4 (C-4b), 127.8 (C-4), 124.1 (C-7), 120.4
(C-8a), 116.8 (C-8), 115.6 (C-6), 102.0 (C-8b), 98.2
(C-2), 60.7 (4-OMe), 56.5 (5-OMe). LA L% 5k
WIBHA Y, WS EA 12 M 1,3- -
4,5- — FRA MR .

E 13: RFOERE S (& FHD,
ESI-MS m/z: 289 [M+H]", 2 ¥R N CsH;,06.
'H-NMR (400 MHz, CDCls) d: 11.90, 11.31 (2H, s, 1,
8-OH), 7.15 (1H, d, J = 9.2 Hz, H-6), 6.63 (1H, d, J =
9.2 Hz, H-7), 6.45 (1H, d, J = 2.0 Hz, H-4), 6.27 (1H,
d, J=2.0 Hz, H-2), 3.89 (3H, s, 3-OMe), 3.82 (3H, s,

5-OMe); "*C-NMR (100 MHz, CDCl;) 6: 184.6 (C-9),
167.5 (C-3), 162.9 (C-1), 157.8 (C-4a), 154.2 (C-8),
145.4 (C-4b), 139.9 (C-5), 120.4 (C-6), 109.3 (C-8a),
108.1 (C-8b), 102.8 (C-7), 98.0 (C-2), 93.2 (C-4), 57.4
(5-OMe), 56.1 (3-OMe). LA %5 SCHkfiRIE LA
— B, S E A 13 R LA A E R .

EY 14: RFE ARG R (&R,
ESI-MS m/z: 333 [M+H]", T3 N CH 4070
'H-NMR (400 MHz, CDCl;) 6: 12.61 (1H, s, 1-OH),
7.53 (1H, d, J= 3.2 Hz, H-8), 7.42 (1H, d, J= 9.2 Hz,
H-5), 7.27 (1H, dd, J = 9.2, 3.2 Hz, H-6), 4.12 (3H, s,
3-OMe), 3.93 (3H, s, 4-OMe), 3.92 (3H, s, 2-OMe),
3.87 (3H, s, 7-OMe); *C-NMR (100 MHz, CDCl;) 6:
181.5 (C-9), 156.3 (C-7), 154.4 (C-3), 151.0 (C-4b),
150.9 (C-1), 146.2 (C-4a), 135.5 (C-2), 132.6 (C-4),
125.5 (C-6), 120.5 (C-8a), 119.5 (C-5), 105.2 (C-8),
105.0 (C-8b), 62.3 (4-OMe), 61.9 (3-OMe), 61.4
(2-OMe), 56.1 (7-OMe). PA_E%u¥s 5 ki iE FE A
— 3, WU EA) 14 R 15 0E-2.3.4,7- D0 H 4R,
S .

&M 15: WOTEL AR, ESI-MS m/z: 421
[M—H], 2+ 73 CoHis01. 'H-NMR (400 MHz,
DMSO-ds) d: 13.79 (1H, s, 1-OH), 7.38 (1H, s, H-8),
6.83 (1H, s, H-5), 6.38 (1H, s, H-4), 4.63 (1H, d, J =
7.2 Hz, H-1); “C-NMR (100 MHz, DMSO-d)
179.1 (C-9), 164.0 (C-3), 161.8 (C-1), 156.1 (C-4a),
154.0 (C-6), 150.8 (C-4b), 143.9 (C-7), 111.7 (C-8a),
108.1 (C-8), 107.6 (C-2), 102.6 (C-5), 101.3 (C-8b),
93.3 (C-4), 81.7 (C-1'), 79.1 (C-5"), 73.2 (C-2), 70.6
(C-3"), 70.2 (C-4"), 61.6 (C-6")o LA ¥ di 5 SCiik 4R iE
HA P, MU A 15 NTE R

&Y 16: REETELH AR, ESI-MS m/z:
471 [M+Na]", 2 T3A C21HyO011. 'H-NMR (400
MHz, DMSO-dq) : 12.63 (1H, s, 5-OH), 8.04 (2H, d,
J=28.8 Hz, H-2', 6), 6.88 (2H, d, J = 8.8 Hz, H-3', 5'),
6.43 (1H, d, J= 2.0 Hz, H-8), 6.20 (1H, d, J= 2.0 Hz,
H-6), 5.46 (1H, d, J = 7.6 Hz, H-1"); "*C-NMR (100
MHz, DMSO-ds) 6: 177.5 (C-4), 164.2 (C-7), 161.2
(C-5), 160.0 (C-4"), 156.4 (C-2), 156.3 (C-9), 133.2
(C-3), 130.9 (C-2'/6"), 120.9 (C-1'), 115.1 (C-3'/5"),
104.0 (C-10), 100.9 (C-1"), 98.7 (C-6), 93.7 (C-8),
77.5 (C-5"), 76.4 (C-3"), 74.2 (C-2"), 69.9 (C-4"),
60.9 (C-6"). LA_EXEHASCERIRIER A —FPY, %
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WEEY) 16 NE ST,

WE 17 BEEOTEHAK, ESI-MS m/z:
487 [M+Na]", 237N CoHy012- 'H-NMR (400
MHz, DMSO-ds) 6: 12.60 (1H, s, 5-OH), 7.59 (1H,
dd, J =92, 2.0 Hz, H-6'), 7.57 (1H, d, J = 2.0 Hz,
H-2'), 6.84 (1H, d, J = 9.2 Hz, H-5"), 6.40 (1H, d, J =
2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 5.46 (1H,
d,J=7.2Hz, H-1"); C-NMR (100 MHz, DMSO-dj)
5: 177.3 (C-4), 164.4 (C-7), 161.2 (C-5), 156.4 (C-9),
156.2 (C-2), 148.5 (C-4"), 144.8 (C-3"), 133.3 (C-3),
121.6 (C-1), 121.2 (C-6'), 116.2 (C-5"), 115.2 (C-2"),
104.0 (C-10), 100.9 (C-1"), 98.7 (C-6), 93.5 (C-8),
77.6 (C-5"), 76.5 (C-3"), 74.1 (C-2"), 70.0 (C-4"),
61.0 (C-6"). LA EEHE ARG A — Y,
USEAE 1T 9 R

&Y 18: HRIEETELHM AR, ESI-MS m/z:
595 [M+H]", 7313 N CyH3015. 'H-NMR (400
MHz, DMSO-dg) 6: 12.55 (1H, s, 5-OH), 7.98 (2H, d,
J=28.8Hz, H-2', 6"), 6.88 (2H, d, J = 8.8 Hz, H-3', 5"),
6.41 (1H, d, J = 2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz,
H-6), 5.31 (1H, d, J = 7.6 Hz, H-1"), 438 (1H, d, J =
0.8 Hz, H-1""); “C-NMR (100 MHz, DMSO-de)
177.3 (C-4), 164.4 (C-7), 161.2 (C-5), 159.9 (C-4"),
156.8 (C-2), 156.5 (C-9), 133.2 (C-3), 130.8 (C-2, 6'),
120.9 (C-1"), 115.1 (C-3', 5"), 103.9 (C-10), 101.4 (C-1"),
100.8 (C-1"), 98.8 (C-6), 93.8 (C-8), 76.4 (C-5"), 75.1
(C-3"), 742 (C-2"), 71.8 (C-4"), 70.6 (C-2""), 70.3
(C-3"), 69.9 (C-4"), 682 (C-5"), 66.9 (C-6"), 17.7
(C-6")o LA -Hm Ak A5, et
HW0 18 NIHAETFE

W& 19: REEOTEEH A, ESI-MS m/z:
609 [M—H], 7> TN CyH306. H-NMR Fl
PC-NMR $iif 5 kB A — 50, s
W19 N T .

WA 20: REETCE T AR, ESI-MS m/z 499
[M+Na]", 273 A Co3H24011. 'H-NMR (400 MHz,
DMSO-de) g 744 512 HIE 5 2 6: 13.49/13.51
(1H, s, 5-OH), 7.63 (1H, dd, J = 8.0, 2.0 Hz, H-6'), 7.62
(1H, d, J=2.0 Hz, H-2), 6.98 (1H, d, J = 8.0 Hz, H-5),
6.96/6.97 (1H, s, H-8), 6.87/6.85 (1H, s, H-3), 3.90/3.90
(3H, s, 3'-OMe), 3.88/3.90 (3H, s, 7-OMe); “C-NMR
(100 MHz, DMSO-ds) Clig BH 7 ¥4 51 & 115 5 70 %)
J5: 182.3/182.0 (C-4), 165.0/163.7 (C-7), 163.9/163.8

(C-2), 159.6/160.3 (C-5), 156.8/156.9 (C-9), 150.9 (C-4),
148.1 (C-3"), 123.3/1233 (C-1), 120.5 (C-6'), 115.8
(C-5"), 110.3/110.3 (C-2"), 109.7/109.7 (C-6), 104.2/
104.6 (C-10), 103.5/103.4 (C-3), 91.0/90.3 (C-8), 81.9/
81.7 (C-5"), 79.1/79.1 (C-3"), 72.8/72.6 (C-2"), 71.0/
70.9 (C-1"), 70.3/69.6 (C-4"), 61.8 (C-6"), 56.3/56.5
(7-OMe), 56.3/56.5 (3'-OMe). LA _EH¥E i C ki iE
HA P, H % E A 20 A 7,3 A
FEE R,

&Y 21: REETEH AR, ESI-MS m/z:
445 [M—H], RN CpH»00. 'H-NMR (400
MHz, DMSO-ds) (JigbH 5 # 51ERE 5 7 %) o
13.50/13.48 (1H, s, 5-OH), 7.98 (2H, d, J = 8.8 Hz,
H-2'/6"), 6.94 (2H, d, J = 8.8 Hz, H-3'/5), 6.87/6.85
(1H, s, H-8), 6.84/6.83 (1H, s, H-3), 3.90/3.87 (3H, s,
7-OMe); *C-NMR (100 MHz, DMSO-d¢) (JigPH 54
SIHEMIE 502 6: 182.3/182.0 (C-4), 165.0 (C-7),
163.9/163.8 (C-2), 161.4 (C-4'), 160.3/159.6 (C-5),
156.8/156.7 (C-9), 128.6 (C-2/6"), 121.0/120.9 (C-1),
116.0 (C-3'/5"), 109.7/109.6 (C-6), 104.1/104.6 (C-10),
103.1/103.0 (C-3), 91.0/90.2 (C-8), 81.9/81.7 (C-5"),
79.1/79.0 (C-3"), 72.8/72.6 (C-2"), 71.0/70.9 (C-1"),
70.3/69.6 (C-4"), 61.8 (C-6"), 56.3/56.5 (7-OMe). LA
ERERACCER IR E R A Y, WA 21

& 22: WEETEEHAR, ESI-MS m/z
485 [M+Na]", 4+ TN C»H»01. 'H-NMR (400
MHz, DMSO-d) ClieBH 7 # 51 i 115 5 728D 6:
13.50/13.51 (1H, s, 5-OH), 7.47 (1H, dd, J = 8.0, 2.0
Hz, H-6"), 7.46 (1H, d, J = 2.0 Hz, H-2'), 6.90 (1H, d,
J = 8.0 Hz, H-5'), 6.78/6.79 (1H, s, H-8), 6.76/6.74
(1H, s, H-3), 3.87/3.90 (3H, s, 7-OMe); "C-NMR
(100 MHz, DMSO-de) (i FHL 44 51 2 145 5 40 %)
5. 182.2/181.9 (C-4), 165.0/163.8 (C-7), 164.1/164.0
(C-2), 159.6/160.4 (C-5), 156.7/156.9 (C-9), 149.9
(C-4"), 145.9 (C-3'), 121.3 (C-1"), 119.1 (C-6"), 116.0
(C-5"), 113.5 (C-2'), 109.8/109.7 (C-6), 104.1/104.6
(C-10), 103.1 (C-3), 91.0/90.1 (C-8), 81.9/81.7 (C-5"),
79.1 (C-3"), 72.8/72.6 (C-2"), 71.0/70.9 (C-1"),
70.3/69.7 (C-4"), 61.8 (C-6"), 56.3/56.5 (7-OMe). LA
ERARACCERIRIE R A Y, WA 22

&Y 23: REETELHAK, ESI-MS m/z:
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471 [M+Na]", 273N CyHy01. 'H-NMR (400
MHz, DMSO-ds) 6: 13.57 (1H, s, 5-OH), 7.42 (1H,
dd, J = 8.4, 2.0 Hz, H-6'), 7.40 (1H, d, J = 2.0 Hz,
H-2'), 6.89 (1H, d, J = 8.4 Hz, H-5), 6.67 (1H, s,
H-8), 6.48 (I1H, s, H-3); "“C-NMR (100 MHz,
DMSO-dg) 6: 181.9 (C-4), 163.7 (C-7), 163.3 (C-2),
160.7 (C-5), 156.2 (C-9), 149.7 (C-4), 145.8 (C-3'),
121.5 (C-1), 119.0 (C-6"), 116.1 (C-5"), 113.3 (C-2"),
108.9 (C-6), 103.3 (C-10), 102.8 (C-3), 93.5 (C-8),
81.6 (C-5"), 79.0 (C-3"), 73.1 (C-2"), 70.7 (C-1"),
70.2 (C-4"), 61.5 (C-6"), LA Hl ATk IE LA
— 5P, S E A 23 AR,

tEY) 24: IR EERG W (FEED, ESI-MS
miz: 301 [M+H]", 4T3 N C16H 206 ' H-NMR (400
MHz, DMSO-dq) J: 12.64 (1H, s, 5-OH), 7.92 (2H, d,
J=28.0 Hz, H-2', 6"), 6.96 (2H, d, J = 8.0 Hz, H-3', 5"),
6.80 (1H, s, H-6), 6.28 (1H, s, H-3), 3.84 (3H, s,
8-OMe); “C-NMR (100 MHz, DMSO-ds) J: 181.9
(C-4), 163.6 (C-2), 161.3 (C-4"), 157.4 (C-7), 156.2
(C-5), 149.5 (C-9), 128.4 (C-2', 6'), 127.8 (C-8), 121.3
(C-1", 116.1 (C-3', 5"), 103.4 (C-10), 102.7 (C-3),
99.0 (C-6), 61.0 (8-OMe). LA ARk IE A
—FP), S EEY) 24 N 8-HEIER LK.

&) 25: WwE OEHRE B (HEE), ESI-MS
miz: 339 [M+Na]", 473 A CigH;,07. 'H-NMR
(400 MHz, DMSO-dy) J: 12.64 (1H, s, 5-OH), 7.45
(1H, d, J = 2.0 Hz, H-2"), 7.42 (1H, dd, J = 8.4, 2.0
Hz, H-6"), 6.91 (1H, d, J = 8.4 Hz, H-5), 6.69 (1H, s,
H-6), 6.28 (1H, s, H-3), 3.85 (3H, s, 8-OMe):
BC-NMR (100 MHz, DMSO-d;) J: 181.8 (C-4), 163.7
(C-2), 1572 (C-7), 156.2 (C-5), 149.8 (C-9), 149.4
(C-4"), 145.8 (C-3"), 127.7 (C-8), 121.6 (C-1"), 118.9
(C-6"), 116.1 (C-5"), 113.3 (C-2'), 103.4 (C-10), 102.6
(C-3), 99.0 (C-6), 61.1 (8-OMe). LA _EH3k Al SCHR AR
EHA P, W EAY 25 N 8-HEIEARR
L5

tEY) 26: R EERG M (FEED, ESI-MS
m/z: 309 [M+Na]", 2T 3K CisHg0se 'H-NMR
(400 MHz, DMSO-dy) d: 12.47 (1H, s, 5-OH), 8.04
(2H, d, J=9.2 Hz, H-2', 6), 6.92 (2H, d, J = 9.2 Hz,
H-3', 5'), 6.43 (1H, d, J = 1.6 Hz, H-8), 6.19 (1H, d,
J=1.6 Hz, H-6); "C-NMR (100 MHz, DMSO-dg) 6:
175.9 (C-4), 163.9 (C-7), 160.7 (C-5), 159.2 (C-9),

156.2 (C-2), 146.8 (C-4'), 135.6 (C-3), 129.5 (C-2/,
6'), 121.7 (C-1"), 115.4 (C-3, 5"), 103.0 (C-10), 98.2
(C-6), 93.5 (C-8). LA_F- Xt A1 S kR i 3 A — 5>,
WS SEAL A 26 NILIZE

WEW 27 REGEHIRG & (FE, ESI-MS
miz: 309 [M+Na]", 2 F=H CisH00s. 'H-NMR
(400 MHz, DMSO-d) &: 12.98 (1H, s, 5-OH), 7.40
(1H, dd, J = 8.4, 2.4 Hz, H-6'), 7.39 (1H, d, J = 2.4
Hz, H-2'), 6.88 (1H, d, J = 8.4 Hz, H-5'), 6.65 (1H, s,
H-3), 6.43 (1H, d, J = 1.6 Hz, H-8), 6.17 (1H, d, J =
1.6 Hz, H-6); "C-NMR (100 MHz, DMSO-dq) 6
181.6 (C-4), 164.5 (C-2), 163.9 (C-7), 161.5 (C-5),
157.3 (C-9), 149.9 (C-4'), 145.8 (C-3), 121.4 (C-1"),
118.9 (C-6'), 116.0 (C-5"), 113.3 (C-2'), 103.5 (C-10),
102.8 (C-3), 98.9 (C-6), 93.9 (C-8). LA Hdli A ik
POBERA O, M A 27 NARRE R,

&) 28: R AERZ S (FEE), ESI-MS
miz: 303 [M+H]", 273N C 5H 007, 'H-NMR (400
MHz, DMSO-d;) &: 12.49 (1H, s, 5-OH), 7.67 (1H, d,
J=2.0 Hz, H-2'), 7.54 (1H, dd, J = 8.0, 2.0 Hz, H-6"),
6.88 (1H, d, J = 8.0 Hz, H-5"), 6.41 (1H, d, J= 1.6 Hz,
H-8), 6.18 (1H, d, J = 1.6 Hz, H-6); "*C-NMR (100
MHz, DMSO-dg) 6: 175.8 (C-4), 164.0 (C-7), 160.7
(C-5), 156.1 (C-9), 147.7 (C-2), 146.8 (C-4"), 145.1
(C-3"), 135.7 (C-3), 122.0 (C-1"), 120.0 (C-6"), 115.6
(C-5"), 115.1 (C-2'), 103.0 (C-10), 98.2 (C-6), 93.4
(C-8) VA EHd kR g 3 A — 5>, s e fh
59 28 Ffit &

E 29: ABTLEHAR, S%MHRER-L5E
BB 410, Libermann-burhard Sz N EFHM:, KT
AL AN S ISRy . 3 Rl TFAR R TLC #k47
5o, H REESXHM B-AEIEEa—8, HE
TEAY) 29 N B-45 S BE

&Y 30: AEEHIRGE W, TLC %0, 55578
RERTEAARE RE AL EHUHFBIERE S . "C-NMR
HOHE 5 57 R R HE S SR B A — B, W etk
HW) 30 AFTHRR

52 3Lk

(11 P, 2Rk PERELGEE M]. dbst HEE
LR AL, 2005,

[2] ChenJ C, Komatsu K, Namba T, ef al. Pharmacognostical
studies of the Chinese folk medicines, Zhang Yacai and
Qing Yedan [J]. Nat Med, 2001, 55(4): 165-173.
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