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Chemical constituents of Rubi Fructus and their antioxidant activities

WANG Jing, WANG Minyue, LI Yiming, WU Yingchun, CHEN Kaixian
School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China

Abstract: Objective To study the chemical constituents from Fupenzi (Rubi Fructus) and their antioxidant activities. Methods
Chemical constituents were isolated and purified by chromatographic methods such as microporous adsorption resin, positive silica
gel, ODS, Sephadex LH-20 and semi-preparative HPLC. The structures were identified by modern spectrum technology such as ESI-
MS, NMR. The antioxidant activity of monomer compounds was evaluated in vitro by the scavenging ability of DPPH radicals. Results
A total of 16 compounds were isolated from the 20% n-butanol extract of Rubi Fructus and identified as (erythro,erythro)-1-[4-[2-
hydroxy-2-(4-hydroxy)-1-(hydroxymethyl)ethoxy]-3-methoxyphenyl]-1,2,3-propanetriol (1), (+)-catechin-5-O-B-D-glucoside (2),
brevifolin carboxylic acid (3), (1'R,3'S,5'R,8'S,2Z,4E)-dihydrophaseic acid 3'-O-B-D- glucopyranoside (4), (—)-catechin (5), 3,4,5-
trimethoxyphenyl-p-D-glucopyranoside (6), 2.4,6-trihydroxy-acetophenone-6-O-B-D-glucopyranoside (7), 3,4'-dihy-droxypropio-
phenone-3-B-D-glucoside (8), trans-vaginoside (9), cis-vaginoside (10), dichotomoside E (11), dihydroconiferyl alcohol (12), 2-
phenylethyl-B-D-glucopyranoside (13), dihydro-p-coumaryl alcohol y-O-glucopyranoside (14), 2-hydroxynaringin-5-O-B-D-
glucopyranoside (15), aromadendrin-7-O-B-glucopyranoside (16). The antioxidant activities of compounds 3, 5 and 16 were assessed

through DPPH radical scavenging assay, with ICso values determined to be 5.83, 1.13 and 8.46 pmol/L, respectively. Conclusion
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Among them, compound 1 is new lignan compound, named fupenzicmin, compounds 2, 4—16 are isolated from this plant for the first

time. In vitro studies revealed that compounds 3, 5 and 16 display significant DPPH free radical scavenging capabilities and exhibit

remarkable antioxidant activity.

Key words: Rubi Frucus; Rubus chingii Hu; lignan; antioxidant activity; fupenzicmin; (+)-catechin-5-O-B-D-glucoside; brevifolin

carboxylic acid; aromadendrin-7-O-B-glucopyranoside

BT Rubi Fructus NEFERMEYIC AR B H T
Rubus chingii Hu W TR AR, Rz L
(GRS 2 8 ST, T i ) SR i (4T
SO KRBT 2015 4, BRTHIIN
R EVE P HEAE AR, WER. H, F.
BBt B B ES4E R . TR E ER,
AT T RS R . BRIRA. PR, B s Bl
KRBRZFERFE, KR, Heets,
FERRACH S0 HAHMER N 72 3 ARUK IR . 2018 FE A
MEE CHT\MR” B E SR, CBRRSE IR, M
MUERELEZG . Bt ORAE SR i TS
22 ARG T R 2 B AR S L I AR GE
tbdiz, CaeNERTRE. HhhEa 1 mk,
TS WIS, AALERIS . AR, RN EREEA
FEERFEY), HAAEN. FIETER. 51
FE. PUER. PIBEA. PUEPLR . TR A
RYVERB, AR 24578 31T T IR AL
ST T, A 20% 1 T BER AL TR A AR E] T 16
WE, ma%sEN 1 MRIERENEY: (R,
TRI0)-1-[4-[2-F2FE-2-(4-F2 FE)-1-(F2 F Ok ) £ 5 86 )3
FAR FE R FE0-1,2,3- TN =B [(erythro,erythro)-1-[4-
[2-hydroxy-2-(4-hydroxy)-1-(hydroxymethyl)ethoxy]-
3-methoxyphenyl]-1,2,3-propanetriol, 1]; 4 4~ Fi2
WEW: (+)-JLIE &K -5-0-p-D-F & ¥ H  [(+)-
catechin-5-O-B-D-glucoside , 2]+ (-)-JL % & [(-)-
catechin, 5]. 2-FR3 A i 2 -5-O-B-D- it i ] %7 B 1
(2-hydroxynaringin-5-O-B-D-glucopyranoside, 15)-
751 2 -7-O-B-ME i # & B (aromadendrin-7-O--
glucopyranoside, 16); 3 NMHERZEMEY): Frt Iy
KR (brevifolin carboxylic acid, 3). 3,4,5-= HI4
FLORBL-B-D-ME MR H 2 HEEF (3,4,5-trimethoxyphenyl-
B-D-glucopyranoside, 6). 2.4,6-— 257K Z.Hi-6-O-
B-D- Ntk 5 78] %) B (2,4,6-trihydroxy-acetophenone-
6-O-B-D-glucopyranoside, 7); 4 MR A EKFWAW:
34- R FIR N E-3-B-D-Hi & fE 1 (3,4'-dihydroxy-
propiophenone-3-B-D-glucoside, 8). dichotomoside E
(11). &M HAEE (dihydroconiferyl alcohol, 12).

TEX A T -y-O- 1k R ) %) BE T ( dihydro-p-
coumaryl alcohol y-O-glucopyranoside, 14]; 3 N7
LEE NG ERAEY): trans-vaginoside  (9). cis-
vaginoside (10). 2-2K ZF&-B-D-Mt W &) 0% 5 (2-
phenylethyl-B-D-glucopyranoside, 13); 1 MFF-k
FBUAEY: (1'R3'S,5'R8'S2ZAE)- — A5G IR-3"-O-p-
D- 7 % BEH [(1'R,3'S,5'R ,8'S,2Z,4E)-dihydrophaseic
acid 3'-O-B-D-glucopyranoside, 4]. 45/ LK 1.
Hep, k&1 WL EY, s NERETIEER,
EY 2. 4~16 ZAHE RN ZHED T 2] BE
TR 2 By 0 B R 2R AL A P B R R B A L
TR E TR, HLH B R 2 R S S A Y
B F RS, R T — PR BT A
Pt s, IR B A b DhRe 0 i A2y
W, ARSI B AR B 16 SR B YR AT
AN EAIE VAL . SRR, MRFILEY
A FH 2L &Y% DPPH H M5 BRAE 1A K i
(G PE, Hoh k&9 3. 5. 16 MIFLEALAE /T EL iR
B,
1 {UEEHH
Bruker Avance 600 #%#i3t4H71¢ . Bruker Avance

400 FZ B AR (FEE AT E 58 A 7])D); Q-TOF-Ultima
JRHEA (Milford, MA, 3£[ED; BT 125D B3 #r K
P (fEE ZE 2 R PR AR BSZ-100 H 2501
L3 CRIP I A A PRA D5 1260 Infinity
I3 M B v RO € 38 A3 ; 1260 Infinity 1T 2 1) £ 7 AH
it G E 2R FHEA R AR ); ZORBAX SB-
Ciz (250 mmX4.6 mm, 5 pm); ZORBAX SB-Cig

(250mmX9.4mm, 5um); Sephadex LH-20 &%

(Pharmacia A #]); FEZ G (100~200. 200~300-
300~400 H, FEgZRHEBHEBAARAFD: MCI
gel CHP-20P ( H 7 Mitsubishi A 7] ); ODS-AQ-HG

(50 um) AR (HA YMC 7] ); HSGFass i
EERERERR . JEHS R G ETL R T R A IR
AFD; A &R R BERR RS FEE. LB,
BT, B (EZ LA SAER A, ARD;
NG HEE (PHEEHHAFIE R AR, HPLC 4h);
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Fig.1 Chemical structures of compounds 1—16

gk CBUNERG R R A FD.
BIRTA4MT 2020 £ 9 AR T HEIWS EE,
B R RE LB SR A B EEN
R R T B AR E AT R chingii Hu )T
fRSRLSE, FRAS (FPZ20200901) 1547 T EigrhEZG K
S 2 5 2 A B =
2 Rk
21 REERESE
TR 78 7 sz (50kg) FH 80% £ B hnaHa]
WEREL 2 R, BER 2h, S FFREUR, WIEIRZE1R
B 11.9kg. ¥HEE 0 BUEIE /KT, R4 g
TAEH B OE T AL, IRAEAF BIA RO,
AR PEERAL IE T B A A AL IS K E AL . 1T
BEESAL (1300g) KA D-101 4K FLIR B R4 25
B, MIRCAIK K 20% 40%-. 60%-+ 80%- 95%Z.
REEAT IR LB, FAS [FARAR 53 50 BB I B A v
FiEFH1ER 6 M) Fr. B.1~B.6. Fr. B2 (221 g)

2 ODS At 1E, DLHEE-K (51 95-50 © 50)
FREEGENE, 192 15 M4 Fr. B.2.1~B.2.15. Fr.
B.2.4 ZIEAARERAE GRS, DL SHRE-HEE (40 ¢
1—1 0 D BEEESM, L1532 18 M4 Fr.B.2.4.1~
B.2.4.18. Fr. B.2.4.16 4 Sephadex LH-20 ¥ttt
WE, DLHEE-K (70 0 30) SEREVEHE, 1527 AN
Fr.B.2.4.16.1~B.2.4.16.7. Fr.B.2.4.16.3 Z:id - %
WA IS ZHE-7K (5195595 1 5) 1B3EHL&Y 1
(2.0mg). Fr.B.2.4.16.6 & &M i, LLZ
i§-/K (61 94) FEEHMAAZMELEY 2 (3.8 mg).
Fr. B.2.4.16.7 &3 45 i3 214k 54 3 (3.8 mg). Fr.
B.2.4.16.1 SHERAEENE, DABSIR ANE-FFEE (15
1—>1 0 1) BAEEGE AN 6] 2 MO (3 [206-0.1%
HERZK (10 2 90) 55 BESEIAA B LA 4(18.9 mg) o
Fr. B.2.4.7~B.2.4.9 &3 J54 ODS AR, LA
HEE-7K (509540 : 60) BREELEML, 53] 16 14
4% Fr.B.2.4.7.1~B.2.4.7.16.Fr. B.2.4.7.8~B.2.4.7.10
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HHIEAERAE AN, LS - HEE (20
1—1 1 1) BEEEHE LA & A (i, BLSSE-/K
(10 : 90) “FEFEBEliARMEY 5 (6.8 mg). Fr.
B.2.4.7.8.5~B.2.4.7.8.6 &I LLJ5 4 Sephadex LH-20
B AR, DLFEE-/K (20 @ 80) SR BEMAG 2L
A6 (7.8mg). Fr.B.2.4.7.8.7~B.2.4.7.8.8 &3 LL
J5 4 Sephadex LH-20 BEfAT (i, DLFFREE-7K (20 -
80) SFREYEML, 53] 7 A4 Fr. B2.4.7.8.7.1~
B.2.4.7.8.7.7, Ji#H Fr.B.2.4.7.8.7.7 NALE 7(13.1
mg). Fr. B.2.4.7.8.7.4 fil Fr. B.2.4.7.8.7.5 il id 24l
B, PLAE-/K (10 1 90) SRR, 437
BEAEY 8 (293 mg). 9 (1.9 mg) Al 10 (5.7
mg). Fr. B.2.5 & IEMRERAE A, DABSER £.08-H
g (100 @ 153 ¢ 1) BREETENL, L4538 11 M%) Fr.
B.2.5.1~B.2.5.11. Fr.B.2.5.4 £ Sephadex LH-20 #
ekttt DLFFEE-/K (30 @ 70) SRR Peiia s 9 4
214y Fr.B.2.5.4.1~B.2.5.4.9. Fr. B.2.5.4.1 &I ODS
L, PLFFEE-/K (51955351 65) B/ Al
Sephadex LH-20 B FE i, PLFFEE-ZK (30 & 70)
LRI RMLEY 11 (4.5 mg). Fr. B2.543 %
b & AR 3, PLATE-/K (15 1 85—16.5 ¢
83.5) BEEEBEMFRMAD 12 (6.8mg) F1 13 (2.4
mg).Fr. B.2.5.4.4 3t ODS ki, LFEE-/K (S ¢
95—30 © 70) B FE LA Sephadex LH-20 Bt A4
W EE-K (30 1 70) SFEBMARIEY) 14 (10.4
mg). Fr. B.2.5.4.6 fll Fr. B.2.5.4.8 4} A& 15
(63.8mg) 116 (10.0 mg).

22 MEMIEMLE

DPPH S5 # F 12 JE SC k8 1) 7 72003047 24
it, TE 96 FLEFARAR M 50 pL AR BE IAE
FEHIIA 200 uL 75 0.2 mmol/L [¥) DPPH (] H BE 15 ;
2 XTI 100 uL ZFEEF1 150 pL ) DPPH (1)
H IR0 FRIIRE i 2 BB LI 50 ul B 5 A1
200 uL A7 DPPH Y LBEHTR, #EEHF H 30 min &
WsE 517 nm FEIIEREE (4) {8, Ve APHHEXT I
M, IHEE 3R, AN HE DPPH H Gk
K, F] SPSS A IHE 1Cs fH (k% 50%DPPH H
FH B R R D

H HIEEBR R =1—(4 wa—A swpareun)/A waumw
3 %R
3.0 HHEE

a1 R ERY, [0]?+11.7 (c0.1,
MeOH). UV et (nm): 210,230, 280. HR-ESI-MS

m/z: 379.139 1 [M—H] G518 379.139 8), &
BC-NMR HHfHEWT H 531y CroHasOs, ANHLFIEE
N 8. 'H-NMR (600 MHz, CD;0D) ¥ (£ 1) &
~ B 1IAHEEEES on3.88 BH, s). 5 AR
Z55 ou 7.24 (2H, d, J = 8.3 Hz), 7.07 (1H, s), 7.04
(1H, d, J= 8.2 Hz), 6.88 (1H, d, J = 8.2 Hz), o 6.74
(2H, d, J = 8.3 Hz). 2 MHEA(E S du 3.70 (1H,
dd, J = 11.9, 3.9 Hz), 3.44 (1H, m); 3.51 (1H, dt, J =
11.6, 3.4 Hz), 3.37 (1H, dd, J =11.6, 6.2 Hz). 4 ™MKk
LA (55 0u4.87 (1H, overlapped), 4.57 (1H, d, J =
5.8 Hz), 4.24 (1H, q, J = 5.2 Hz), 3.66 (1H, d, J= 4.5
Hz). '3C-NMR (150 MHz, CD;0OD) ¥i#i# (£ 1) &
NEWEYH 19 MkIES, 454 DEPTI35 iR
HAR 1 AMREERES. 2 N EFREBES. 4D
KA S S 10 MERRE S, Hd 1 Hik(ES
N 6c 158.2. 133.0. 129.3. 116.0 (4b&¥ A ¥),

A—HBE SN oc 151.6. 149.0. 138.0. 120.6.

£1 &% 15 "H-NMR F BC-NMR #1E (600/150

MHz, CD:0D)
Table 1 'H-NMR and '*C-NMR data of compound 1
(600/150 MHz, CDs0D)
30 dc dn
1 133.0
2 1293 724 (1H,d, /=83 Hz)
3 116.0 6.74 (1H, d, J= 8.3 Hz)
4 158.2
5 1160  6.74 (1H,d, /=83 Hz)
6 129.3 7.24 (1H, d, J= 8.3 Hz)
7 74.0 4.87 (1H, overlapped)
8 87.6 424 (IH,q,J=52 Hz)
9 618  3.70 (1H,dd,J=11.9,3.9 Hz)
3.44 (1H, m)
Iy 138.0
2 1123 7.07(1H,s)
3 149.0
4 151.6
5 119.1 7.04 (1H, d, J= 8.2 Hz)
6’ 120.6 6.88 (1H, d, J=8.2 Hz)
7" 75.1 457 (1H,d,J=5.8 Hz)
8’ 774 3.66 (1H,d,J =45 Hz)
9’ 64.2 3.51 (1H, dt, J=11.6, 3.4 Hz)

3.37 (1H, dd, J=11.6, 6.2 Hz)

4-0CH; 565  3.88(3H,s)
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119.1. 1123 (4b&EY B ¥, 4 HMBC i (]
2) WS, B RIS 6 56.5 5 6 151.6 (C-
4"y R, KT 64 4.57 (1H,d,J=5.8 Hz, H-7") %
A5 5¢c 138.0 (C-17), dc 112.3 (C-2") F1 ¢ 120.0 (C-
6" LA IRHHE oc 77.4 (C-8)H2%, AN H-8'5 dc
64.2 (C-9") BAMX, 454 'H-'H COSY &+ H-8'
35 H-7H H-9'H5%, 131 B A3 C-1"6d 1 4
Cs MR, [FIBER] R A R IR F AL Ou 4.87
(1H, overlapped, H-7) 737l 5 dc 133.0 (C-1)+dc 129.3
(C-2,6) Fldc87.6(C-8) tHK, [FINF H-8 5 oc 61.8
(C-9) BAMx, 454 'H-'H COSY i H-8 434
5 H-7 T H-9 5K, AIA3H A ZR38 C-1 Art g 14
Cy MEEEUA. EHEY 1, ond.24(1H, q,J=52
Hz, H-8) 5 6c 149.0 (C-3") B A BB AAHI<E, Rk
A ZEIRFI B ZEFRLL C-8/C-3'f1) )7 sNtkAT i, 5

#ik 1 % 38 (erythro,erythro)-1-[4-[2-hydroxy-2-(4-hydroxy-
3-methoxyphenyl)-1-(hydroxymethyl)  ethoxy]-3,5-
dimethoxyphenyl]-1,2,3-propanetriol 5% —5, J&
TARIEREU G, AR B SO & A
HILA B FRINLL C-8/C-4' 177 kAT iERE . 3t — b
51 #T NOESY i (& 2) &I H-7/H-8, H-7'/H-8'#H
%, RWWEY 1 ¥ H-7 F1 H-8 7E [ —{, H-7'F1
H-8" AL [F—{ll, £5& SCRkHRIERH-7 A1 H-8, H-7'
AN H-8" 2 [0 (A & W8S 4 5 Hz /a4, [k H-7
A H-8 208, H-7R H-8"Z [ R B Ry ARl A
KXo B, &Y 1 &N R 7R)-1-[4-
[2-F2 HE-2-(4-F2 58 )-1-(F W k) £ R A 13- A 2k
ARHE]-1,2,3-0 =, 3T EIR 53 #7 f Sci-Finder £
7=, WENEW 1 81 D E, b NER
THEER

— 'H-'H COSY

~N HMBC #~\ NOESY

B2 &% 1K/EE 'H-'"H COSY. HMBC 71 NOESY #%
Fig.2 Key 'H- "H COSY, HMBC and NOESY correlations of compound 1

&Y 2: REER. ESI-MS m/z: 453 [M+H];
ﬁ%ﬁy\j C21H24011 ° 1H-NMR (600 MHZ, CD}OD) o
6.82 (1H, s, H-2), 6.75 (1H, d, J = 8.1 Hz, H-5"), 6.70
(1H, d, J = 8.1 Hz, H-6), 6.26 (1H, s, H-6), 6.02 (1H,
s, H-8), 4.59 (1H, d, J= 7.4 Hz, H-2), 3.97 (1H, q, J =
7.5 Hz, H-3), 3.90~3.40 (6H, m, H-2"~6"), 3.01 (1H,
dd, J=16.4, 5.4 Hz, H-4eq), 2.57 (1H, dd, J=16.4, 8.1
Hz, H-4ax); '*C-NMR (150 MHz, CDsOD) ¢: 158.1
(C-7), 158.0 (C-5), 156.7 (C-9), 146.3 (C-3',4"), 132.1
(C-1'), 119.9 (C-6'), 116.1 (C-5"), 115.2 (C-2"), 103.4
(C-10), 102.5 (C-1"), 98.1 (C-8), 96.9 (C-6), 82.9 (C-
2), 78.2 (C-5"), 78.1 (C-3"), 74.9 (C-2"), 71.3 (C-4"),
68.6 (C-3), 62.5 (C-6"), 28.4 (C-4). VL _E¥¥5 5 ik
RIEFEAR D), BEEENE 28 (- LA RS-
O-B-D-H G T

&M 3: #aE{A. ESI-MS m/z: 293 [M~+H] '
73 F 3N Ci3HgOs. 'H-NMR (600 MHz, DMSO-ds)
d: 12.51 (1H, s, COOH), 7.30 (1H, s, H-3"), 4.37 (1H,

dd, J=7.8, 1.8 Hz, H-4), 2.99 (1H, dd, J = 18.6, 7.8
Hz, H-5a), 2.44 (1H, dd, J = 18.6, 1.8 Hz, H-5b); 13C-
NMR (150 MHz, DMSO-ds) 6: 193.3 (C-1), 173.5
(COOH), 160.2 (C-7"), 149.6 (C-2), 145.7 (C-4"), 143.9
(C-6"), 140.2 (C-3), 139.1 (C-5"), 115.2 (C-2'), 113.1
(C-1'), 108.0 (C-3'), 40.9 (C-5), 37.5 (C-4). LA %idi
5 ORI TE S AR — 00, s e a3 TR
R -

e 4: K E. ESEMS m/z: 467 [M+Na]';
73 73N C21H32010. 'H-NMR (400 MHz, CD;0D) §:
7.94 (1H, d, J = 15.9 Hz, H-4), 6.49 (1H, d, J = 15.9
Hz, H-5), 5.78 (1H, s, H-2), 4.38 (1H, d, /= 7.8 Hz, H-
1"), 4.25 (1H, tt, J = 10.4, 6.8 Hz, H-3"), 3.87 (1H, d,
J =12.0 Hz, H-6"a), 3.81 (1H, d, J = 7.4 Hz, H-7'a),
3.76 (1H, d, J = 7.4 Hz, H-7'b), 3.67 (1H, dd, J = 12.0,
5.2 Hz, H-6"b), 3.15 (1H, dd, J = 9.1, 7.8 Hz, H-2"),
220 (1H, dd, J = 13.8, 6.9 Hz, H-4"a), 1.99 (1H, dd,
J=13.8, 6.9 Hz, H-4'b), 1.17 (3H, s, H-9'), 0.94 (3H,
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s, H-10"); 3C-NMR (100 MHz, CD;0D) ¢: 150.1 (C-
3), 134.4 (C-4), 132.0 (C-5), 120.6 (C-2), 103.0 (C-1"),
87.7 (C-5"), 83.2 (C-8"), 78.0 (C-5"), 77.9 (C-3"), 77.1
(C-7"), 75.0 (C-2"), 71.6 (C-4"), 62.7 (C-6"), 42.8 (C-
2), 42.7 (C-4"), 21.2 (C-6), 19.7 (C-9"), 16.3 (C-10").
P28 5 Sk AR — 2, s e A 4
N (1'R,3'S,5'R,8'S,2Z AE)- — R3¢ 5.1k -3'-O-p-D-#ij
TIHET .

& 5. #OKAK . ESI-MS m/z: 291 [M+H] '
ﬁ}%ﬁy\j C15H14060 1H-NI\/IR (600 MHZ, CD3OD) o:
6.74 (1H, s, H-2), 6.66 (1H, d, J = 8.1 Hz, H-5'), 6.62
(1H, d, J = 8.1 Hz, H-6'), 5.82 (1H, s, H-8), 5.75 (1H,
s, H-6), 4.46 (1H, d, J= 7.5 Hz, H-2), 3.87 (1H, m, H-
3),2.75 (1H, dd, J = 16.1, 5.4 Hz, H-4a), 2.40 (1H, dd,
J=16.1,8.2 Hz, H-4b'); 3C-NMR (150 MHz, CD;0D)
J: 157.8 (C-7), 157.6 (C-9), 156.9 (C-4"), 146.3 (C-5),
146.2 (C-3"), 132.2 (C-1"), 120.0 (C-5"), 116.1 (C-2"),
115.2 (C-6), 100.8 (C-10), 96.3 (C-8), 95.5 (C-6), 82.9
(C-2), 68.8 (C-3), 28.5 (C-4). VL E¥¥E 5 kiR
BA—F), MBERNED SN (- ILER.

e 6: AR . ESEMS m/z: 369 [M+Na]
73 F RN CisHuOs. 'H-NMR (600 MHz, CD;0D) §:
6.48 (2H, s, H-2, 6), 4.81 (1H, d, J=7.3 Hz, H-1"), 3.91
(1H, dd, J = 12.0, 2.3 Hz, H-6'a), 3.80 (6H, s, 3, 5-
OCH3), 3.70 (3H, s, 4-OCH3), 3.66 (1H, dd, J = 12.0,
6.6 Hz, H-6'b), 3.45~3.44 (4H, m, H-2'~5"); 13C-
NMR (150 MHz, CDs;OD) 6: 156.0 (C-1), 154.8 (C-3,
5), 134.4 (C-4), 103.2 (C-1"), 96.1 (C-2, 6), 78.4 (C-5"),
78.1 (C-3"), 74.9 (C-2'), 71.67 (C-4"), 62.7 (C-6'), 61.2
(4-OMe), 56.5 (3, 5-OMe). PL_E¥¥s 5 ki iE 3
AR —F), W A 6 O 3,4,5-— AR R R I
B-D-EL et ) 22 B Y

Ew 7. I EH K. ESI-MS m/z:353 [M+
Na]"; 273N CuuHis09. 'H-NMR (600 MHz,
CD;0D) 6: 6.18 (1H, d, J = 2.3 Hz, H-5), 5.94 (1H, d,
J =123 Hz, H-3), 5.02 (1H, d, J = 7.7 Hz, H-1"), 3.91
(1H,dd,J=12.1,2.1 Hz, H-6'a), 3.72 (1H, dd, J=12.1,
2.1 Hz, H-6'b), 3.53~3.41 (4H, m, H-2'~5"), 2.69
(3H, s, 1-CH3); 3C-NMR (150 MHz, CD;0D) d: 204.8
(1-C=0), 167.7 (C-4), 166.3 (C-2), 162.6 (C-6), 106.8
(C-1),102.0 (C-1'), 98.2 (C-3), 95.4 (C-5), 78.5 (C-3"),
78.4 (C-5"), 74.7 (C-2'), 71.1 (C-4"), 62.4 (C-6"), 33.5
(1-CHs)o VA EHR 5 SClRHE B A — 304, #Usse

WEW T H 2,4,6-— 3235 £, -6-O-B-D-ME MR %
BEAT

e 8: MR, ESIMS miz 351 [M+Na] '
2y F RN CisHao0s. 'H-NMR (600 MHz, CD;0D) 6:
791 (2H, d, J = 8.7 Hz, H-2', 6'), 6.84 (2H, d, J = 8.7
Hz, H-3', 5"), 431 (1H, d, J= 7.8 Hz, H-1"), 4.25 (1H,
dt, J = 10.1, 6.4 Hz, H-2a), 3.98 (1H, dt, J = 10.1, 6.4
Hz, H-2b), 3.83 (1H, dd, J=11.9, 1.7 Hz, H-6"a), 3.65
(1H, dd, J=11.9, 5.2 Hz, H-6"b), 3.15 (1H, dd, J=9.2,
7.8 Hz, H-2"); 13C-NMR (150 MHz, CD;0D) d: 199.3
(C-1), 164.2 (C-4"), 132.0 (C-2', 6), 130.0 (C-1"), 116.3
(C-3', 5"), 104.6 (C-1"), 78.0 (C-3"), 77.9 (C-5"), 75.0
(C-4"), 71.6 (C-2"), 66.4 (C-3), 62.7 (C-6"), 39.4 (C-
2)o DA RER 5 SRR E I A — S, W e
V) 8 N 3.4 R EER N EH-3-B-D-H G HEH

B 9: IR AR . ESI-MS m/z: 343 [M+
COOH] ; 73N C14H1507. 1H-NMR (600 MHz,
D,0) d: 7.35 (2H, d, J = 8.7 Hz, H-2', 6'), 7.18 (1H, d,
J=12.7 Hz, H-1), 6.95 (2H, d, J = 8.7 Hz, H-3', 5),
6.28 (1H, d, J = 12.7 Hz, H-2), 4.02 (1H, dd, J = 12.4,
2.2 Hz, H-6'a), 3.84 (1H, dd, J = 12.4, 2.2 Hz, H-6'b),
3.65~3.55 (4H, m, H-2'~5'); BC-NMR (150 MHz,
D,0) §: 154.3 (C-4'), 143.8 (C-1), 127.3 (C-1"), 127.0
(C-2, 6", 115.7 (C-3', 5"), 110.7 (C-1), 101.6 (C-1"),
76.3 (C-3"), 75.5 (C-5"), 72.7 (C-2"), 69.4 (C-4"), 60.5
(C-6")o LA L HiHs 5 STl B AR —F00), s s fb
&9 A trans-vaginoside.

A 10: HIEEK AR, ESI-MS miz: 343 [M+
COOH] ;5 433 A C14aH1507. 'H-NMR (600 MHz,
CD;OD) 6: 7.45 (2H, d, J = 8.6 Hz, H-2', 6'), 6.69 (2H,
d, J=8.6 Hz, H-3', 5"), 6.37 (1H, d, J= 7.1 Hz, H-1),
527 (1H, d, J="7.1 Hz, H-2), 4.62 (1H, d, J= 7.4 Hz,
H-1'), 3.87 (1H, d, J = 12.0 Hz, H-6'a), 3.69 (1H, dd,
J =120, 5.1 Hz, H-6'b), 3.41~3.36 (4H, m, H-2'~
5; 13BC-NMR (150 MHz, CD;0D) d: 156.7 (C-4'),
143.3 (C-1), 131.0 (C-2, 6), 128.6 (C-1"), 115.8 (C-3',
5),108.4 (C-2), 105.0 (C-1"), 78.5 (C-3"), 78.1 (C-5"),
74.8 (C-2"), 71.2 (C-4"), 62.5 (C-6"). LA L% 5
kR TE AR — 0, WS EA S 10 N cis-
vaginoside.

&Y 11: AR ER. ESEMS m/z: 453 [M+K]';
43 F 3N CaoH3009. 'H-NMR (600 MHz, CD30D) §:
7.07 (1H, d, J = 8.2 Hz, H-5), 6.87 (1H, d, J = 2.1 Hz,
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H-2), 6.74 (1H, dd, J = 8.2, 2.1 Hz, H-6), 3.84 (3H, s,
3-OCH3), 2.87 (2H, t, J= 7.6 Hz, H-7), 2.61 (2H, t, J =
7.6 Hz,H-8),0.91 (3H, d, J=7.6 Hz, H-4"); 3C-NMR
(150 MHz, CDs;OD) &: 174.5 (C-9), 150.8 (C-3),
144.4 (C-4), 136.5 (C-1), 121.4 (C-6), 117.7 (C-5),
112.7 (C-2), 103.0 (C-1"), 78.2 (C-3"), 77.9 (C-5"),
75.0 (C-2), 71.4 (C-4"), 62.5 (C-6"), 56.7 (3-
COOCH3), 36.8 (C-8), 31.8 (C-7), 20.7 (C-13), 14.4
(C-14). VL EHHE 5 SOk ioE F AR — 207, fess e
W& 11 A dichotomoside E.

B 12: IREGE M. ESI-MS m/z: 362 [M+
NH4]": 73N CieHauOs. 'H-NMR (600 MHz,
CD;0D) d: 6.79 (1H, d, J= 2.0 Hz, H-2), 6.69 (1H, d,
J = 8.0 Hz, H-5), 6.64 (1H, dd, J = 8.0, 2.0 Hz, H-6),
424 (1H,d,J=7.8 Hz, H-1"), 3.91 (1H, dt,J=9.6, 6.3
Hz, H-9a), 3.85 (1H, dd, J=11.9, 2.3 Hz, H-6'a), 3.83
(3H, s, 3-OCH3), 3.66 (1H, dd, J=11.9, 5.6 Hz, H-6'b),
3.52 (1H, dt, J=9.6, 6.6 Hz, H-9b), 2.63 (2H, t, J= 7.8
Hz, H-7), 3.36~3.20 (4H, m, H-2'~5"), 1.88 (2H,
m, H-8); 13C-NMR (150 MHz, CD3;0D) ¢: 148.8 (C-
3), 145.5 (C-4), 134.9 (C-1), 121.9 (C-6), 116.1 (C-
5), 113.3 (C-2), 104.5 (C-1"), 78.1 (C-3"), 77.9 (C-
5", 75.2 (C-2"), 71.7 (C-4"), 70.0 (C-9), 62.8 (C-6"),
56.4 (3-OCH3), 32.9 (C-7), 32.7 (C-8). VL F¥¥i 5
ERRE A S, S EAEY 12 h A
P Aa B .

&M 13: HER K. ESI-MS m/z: 285 [M+
H]": 2 FR N CiuH20s. 'H-NMR (600 MHz,
CD;0D) é: 7.25 (4H, d, J=4.4 Hz, H-2',3",5',6"), 7.17
(1H, m, H-4"), 4.30 (1H, d, J= 7.8 Hz, H-1"), 4.09 (1H,
dd, J=16.5, 8.1 Hz, H-1a), 3.86 (1H, dd, J=11.9, 2.0
Hz, H-6"a), 3.75 (1H, dd, J=16.5, 8.1 Hz, H-1b), 3.66
(1H, dd, J=11.9, 5.3 Hz, H-6"b), 3.34~3.17 (4H, m,
H-2"~5"),2.93 (2H, ddd, J = 8.0, 6.7, 3.4 Hz, H-2);
3C-NMR (150 MHz, CD;OD) 6: 140.1 (C-1'), 130.0
(C-3, 5, 129.3 (C-2', 6"), 127.2 (C-4"), 104.4 (C-1"),
78.1 (C-3"), 78.0 (C-5"), 75.1 (C-2"), 71.7 (C-1), 71.6
(C-4"), 62.8 (C-6"),37.2 (C-2). LA FHUE 5 cikikiE
BRI, MUEENE 13 2 2-2K 2 HE-B-D-ik
W R T B Y

&Y 14: HEK K. ESI-MS m/z: 359 [M+
COOH] ; 4T3 A CisH207. "H-NMR (600 MHz,
CD;0D) d: 7.02 (2H, d, J = 8.4 Hz, H-2, 6), 6.68 (2H,

d, J= 8.4 Hz, H-3, 5), 4.24 (1H, d, J = 7.8 Hz, H-1"),
3.90 (1H, dt, J= 9.6, 6.5 Hz, H-9a), 3.85 (1H, dd, J =
11.9,2.3 Hz, H-6'a), 3.67 (1H, dd, J=11.9, 2.3 Hz, H-
6'b), 3.52 (1H, dt, J = 9.6, 6.5 Hz, H-9b), 3.35~3.19
(4H, m, H-2'~5"), 2.61 (2H, t, J = 7.6 Hz, H-7), 1.87
(1H, m, H-8); BC-NMR (150 MHz, CD;OD) 6: 156.4
(C-4), 134.1 (C-1), 130.4 (C-2, 6), 116.1 (C-3, 5), 104.5
(C-1), 78.1 (C-3'), 77.9 (C-5"), 75.2 (C-2"), 71.7 (C-4"),
70.1(C-9), 62.8 (C-6'), 32.9 (C-7), 32.2 (C-8). LA b¥k
W5 SRR AR S, WSt A Y 14 =
SN 5 I -y -O- M TR A A Y

EP15: AR AR. ESI-MS m/z: 449 [M—H] ;
43 F 3N C21H22011. 'H-NMR (600 MHz, CD;0D) §:
6.99 (2H, d, J = 8.5 Hz, H-2', 6'), 6.56 (2H, t, J = 8.5
Hz, H-3', 5"), 6.03 (1H, dd, J = 3.7, 1.7 Hz, H-6), 5.92
(1H, s, H-8), 3.86 (1H, dd, J = 12.0, 2.1 Hz, H-6"a),
3.67 (1H, m, H-6"b), 3.52~3.34 (4H, m, H-2"~5"),
3.07 (2H, s, H-3); 3C-NMR (150 MHz, CD;0OD) &:
196.8 (C-4), 174.6 (C-9), 172.1 (C-7), 158.4 (C-5),
157.3 (C-4'), 132.5 (C-2', 6'), 125.6 (C-1"), 115.8 (C-3',
5%, 107.6 (C-2), 103.3 (C-10), 101.7 (C-1"), 97.6 (C-
6), 93.3 (C-8), 78.4 (C-3"), 77.3 (C-5"), 74.0 (C-2"),
71.2 (C-4"), 62.3 (C-6"),42.0 (C-3). LA _F¥¥5 5 ik
RIEFEA TR0, MUERNAED 15 N 2-FRHuAh
FK-5-O-B-D- N I 3 2 B

WA 16: A . ESI-MS m/z:451 M+H]
73T CHa6010. 'H-NMR (400 MHz, CD;0D) 6
7.35 (2H, d, J=8.5 Hz, H-2', 6), 6.83 (2H, d, J= 8.5 Hz,
H-3',5'), 6.23 (1H, d, J= 2.2 Hz, H-6), 6.20 (1H, d, J =
2.2 Hz, H-8),4.60 (1H, d, J=7.8 Hz, H-1"), 3.86 (1H, m,
H-6"a), 3.67 (1H, m, H-6"b), 3.44~3.34 (4H, m, H-2"~
5"); 13C-NMR (100 MHz, CD;0D) 6: 201.9 (C-4), 167.3
(C-7), 164.8 (C-9), 163.4 (C-5), 160.5 (C-4'), 129.8 (C-2',
6), 129.1 (C-4), 116.1 (C-3', 5'), 103.5 (C-10), 101.3 (C-
1), 98.3 (C-6), 97.0 (C-8), 85.8 (C-2), 78.3 (C-5"), 77.8
(C-3"), 74.6 (C-2"), 73.8 (C-3), 71.1 (C4"), 62.8 (C-6").
DA EHE S SR E B AR — R, WS E A 16
NG 2-T-O-B-M I A A B
32 MEMNWEMHER

16 MRS DPPH [ HEE IR 45
R (F2), &3, 5. 6. 7. 13, 16 HATHA
HiEtE, THAEA B PUAEMETE (IC50>50
mmol/L), HAHMmEEI A% DPPH A I
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*2 HAERYASN DPPH BEEERREENISR (X £5,n=3)
Table 2 In vitro DPPH free radical scavenging activities of

compounds (X £ s,n=3)

WEY ICso/(umol-L™1)
1 >500
3 5.83+0.73
5 1.13+0.24
6 108.6240.52
7 55.13£1.13
13 60.08£2.23
16 8.461+0.42
Ve 1.421+0.63

A B S s v, FOR R SR SRS,
WEA P RMPUAMEE. (B 3. 5. 16 X
DPPH [ H 2 (137 Bk g 77 6 5 o 2 98 B2 (1 38 n it
B, 2R ERICR, 1Cso 5N 5.83. 1.13.
8.46 umol/L.
4 g

ARSI R 2 M i E NSRBI TR T
FE ZEHGHAL 7 B2 16 MEA, a1 R
KRIERFHIEY, v REETIRER, &Y 2.
5. 15, 16 NIEEEEY), 3+ 6+ T NHEREIMA
Y, 8. 11, 12, 14 NEFNREENLAEY, 9. 10, 13
NI CBE CIGTAEND, BRILZANER 1AM
e (4, K WEaY) 2. 4~16 HINE IR
YRR ARSI — XM ST T ek
TEHEVHL, 45 R BRI RIS G IR EY)
X} DPPH IiERRAE 71500, Hr a4 3. 5. 16 A
A ERPEIEN. AR REE T EAT
A B FIPT A AT R 7, B R TP
(25 3800 S B il S T R B T i

RBAR AR ERNTAEF B R
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