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Abstract: Objective To study the chemical constituents and in vitro antioxidant activity of Euphorbia heterophylla. Methods
Comprehensive separation and purification were performed using normal-phase silica gel column chromatography, Sephadex LH-20
gel column chromatography and semi-preparative HPLC. Their structures were elucidated by comprehensive spectroscopic analyses
(1D NMR, 2D NMR, HRMS) combined with single-crystal X-ray diffraction. The in vitro antioxidant activities of the isolated
compounds were evaluated by DPPH and ABTS methods. Results A total of 18 compounds were isolated from the ethanol extract
of E. heterophylla, their structures were elucidated as (3R,5R,8R,9R,13S,14R,17R,18R,21R)-3-hydroxy-21-isopropyl-4,4,9,13,14,17-
hexamethyl-cyclopenta[a]chrysen-1(10)-en-2-one (1), f-amyrin ferulate (2), stigmasterol-4-en-3-one (3), isoquercitrin (4), quercetin
3-0-0-L-rhamnoside (5), kaempferol-3-O-a-arabifuranoside (6), kaempferol-3-O-o-L-rthamnoside (7), multiflorin A (8), 4,6-
dimethoxyphthalide (9), vanillin (10), p-hydroxybenzaldehyde (11), protocatechuic acid (12), vanillic acid (13), 3-hydroxy-1-(4-
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hydroxy-3-methoxyphenyl) propan-1-one (14), ferulic acid (15), diethylhexyl adipate (16), 13-propylheptacosane (17) and 1-n-

decanoyl hydroxy-benzoic acid (18), respectively. Antioxidant activity evaluation revealed that compounds 5 and 15 exhibited potent
DPPH radical scavenging activity, with half maximal inhibitory concentration (ICso) values of (15.88 + 0.84) pg/mL and (15.95 + 0.75)

pg/mL, respectively. Moreover, compound 15 also exhibited potent ABTS radical scavenging activity, with an ICso value of (2.54 +

0.57) pg/mL, outperforming the positive control L-ascorbic acid [(ICso 12.25 £ 0.82) pg/mL]. Conclusion Compound 1 is a novel

fernane-type triterpenoid and named as euheterophyllfernane A, compounds 2—3, 6—11, 14 and 16—18 are isolated from E.

heterophylla for the first time.

Key words: Euphorbia heterophylla L.; fernane-type triterpenoids; antioxidant activity; euheterophyllfernane A; quercetin 3-O-0-L-

rhamnoside; ferulic acid

45 S22 5 Euphorbia heterophylla Linn. X 44 1
%46, NKEAEL (Euphorbiaceae) KEkJE 1—4F2:
(B2 AR A B AN T2 o0 A TR iE F AL i,
H AT IE ) iR i Ay E R & 5E, ERE, H
NHMRNE Y, BT ENYER. B &, e
7z oA T E TIPS ARG ER X, H
W EgIA . ACH . Sk, REANLSR ., AR
FE AR YN 2 3 [ 3 2 X B TA) 5 2 o F TR o7 A0 9
SRR BERG WRE RBRIR A I RRER SR TE
(2 Mg B4l AR ZG B2 TR R, BRE R
AARBEGOES. PiR. PR LU S
PEBS-61, SR, BT IT 2 B AR T FORAR ) 1 245 B
TEH, AW KBRS RETEVES . BAT, K
T AR EALE S I R G BN AR, D
HOCERIOE s & SR S A AE )
(A 25 B 73 AL ARFALE B B B3 IR 2 B 1, A
RN BREEENN R ITTR T RETES
W, I CEESI b oy AR R 18 MEEY), 735
Y€ N (3RSR,8RI9R,13S,14R,17R, 18R 21R)-3- 5 % -
21-57 75 %5-4,49,13,14,17-6 F B3R F[a])H-1(10)-
XY B -2- li [(3R,5R,8R,9R,13S,14R,17R,18R,21R)-
3-hydroxy-21-isopropyl-4,4,9,13,14,17-hexamethyl-
cyclopenta[a]chrysen-1(10)-en-2-one, 1]. PB-amyrin
ferulate (2). 5 {§-4-/%-3-Fi (stigmasterol-4-en-3-
one, 3). FMitZH (isoquercitrin, 4). #it 2 3-0-
a-L-FRZAEHEF (quercetin 3-O-a-L-rhamnoside, 5).
25 W3-3-0-0-L WRIEFTHAFRE L (kaempferol-3-O-
o-arabifuranoside, 6). L Z5MH)-3-0-0-L- i 2= Bl
(kaempferol-3-O-a-L-thamnoside, 7). multiflorin A
(8).4,6-— HFHIEKAK (4,6-dimethoxyphthalide, 9)+
FHEEE (vanillin, 10). X FEEXHFE (p-
hydroxybenzaldehyde, 11)- Jii JLZ5H (protocatechuic
acid, 12). FEM (vanillicacid, 13). 3-hydroxy-
1-(4-hydroxy-3-methoxyphenyl) propan-1-one (14).

BT#EEE (ferulic acid, 15). O MR~ M O
(diethylhexyl adipate, 16). 13-AJ&-—+TikE (13-
propylheptacosane, 17) Fl 1- IR HER ( 1-
n-decanoyl hydroxy-benzoic acid, 18), HH{L&Y)
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Fig.1 Chemical structure of compound 1

1 UESHR

Bruker AV 400 #Z WL ARPGEAC Giii LA & w A
#]); Bruker microToF-QII 15§ 5 - PU 2 AF- K AT 8]
LC/MS/MS H BE AL (FE[F A & 502 7]D; - Anton
paar MCP 5100 =k B2 R Re e i (BLHF] Anton
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WA (B R R A ] D; Cosmosil MS-
I RP-Cig (U HE AL 250 mmX 10 mm, 10
um; BT 250 mm X 4.6 mm, 5 um) (HA
Cosmosil A#]); RIRAH TN (3£ Labconco
AFD; IEAEIERER OG0 TR K
MEEER (HA YMC AFD. BHTFRF (R
e b B AL ZS A PR 2 7 )5 Sephadex LH-20 (3 [
Pharmacia A ®]); w=R0BAH A HEE. ZHE35 8tk
af (£[E TEDIA AFD, KA=ZZEK, HERFE
R ATAE OREERLE KA Z 3G R A 7D s w2
JAR GFasa (B EFEAL T D; 2,2 BROREE-1-5 4
3 (DPPH), " EILARBHEAENGR AR L4
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IR CpE R e AR A TR A D; 2,2
IR -(3- £, 2K R e Mk -6 ) (ABTS, H1[H
IHARFBHEAEMA R AR D; K2S208 ( Lifg# sipkE
WRHEERAFD.
FEEEEATRAMILEEET, 2=k
2R 5 ) 24 S B TR RO % e o KRR R KRR
JEHEY RIS E. heterophylla Linn.. HEYIFRA
(2023042101) PRAF T =W R 22 KRR =Wt 52 5 )
FHAbA E i = .
2 RESNE
B RS R B s, TR R R
S EF TR 11.3kg. F 75 L95% LA IR 1R
B3 W, RIS F, 158028 2000 go BUSIRE 200
g IO 1L ZKAr 8, IR AMIEE (3X2 L), BElR
CE (3X2L) FIIETEE (3X2L) HEATAEL, A H
TR [T, 7895 485 43 lAs A kiR (30 gD,
BEIR OB (Sg), IETENRE (17g), KERAL
12E (148 g)o HPLC #T i n il 37y 5 1 N AL
R EAE—E 5, Mo AT R A O R Ak
H, TR AR N5 3.4 ke, MrE)E
10 L 95% LB NAASRE 3 ¥k, ISy sfl, 154 R 55
RLRIRE 140 g. BIZEBH 2L & F el FERA
W (50%) ¥fE, JE SRR IR G 1HIRE 70 g.
H R BERR B ALIRE 5 g RIEMREAL
(200~300 H)O #EiEsE, DL & H b-FE
(100 : 0, 100:1. 90: 1, 80: 1, 70: 1. 60 : 1.
50:1.40:1.30:1.20:1. 10: 1. 8:1. 6
1. 4:1.2:1.1:1.0:100) BEEEHER, 53556
AN Fr. 1~56. Hit Fr. 40 (0.1 g) JEid 214
WA TEH] & (35%LME/K, ZEFEPeil, AT E
3mL/min), fFEHLEY 4 (8 mg, k=8 min) F15
(20mg, ®R=11min). Fr.31 (0.065g) iHidFH&
WAR S Al & (55%FEE/K, 3 mL/min) 73311k
46 (9mg, =11 min) f1 8 (8 mg, x=23 min).
Fr.30 (0.08 g) HI-il & yAH (il il & (25%~70%
CHEIK, BREWEM 25 min, 3 mL/min) F2IEY)
7 (7mg, ®R=18 min) A 12 (10mg, %r=8 min).
b b3 AR AL 30 g 22 IEARRERE (200~
300 H) SR, DS HRE-FEE (80 ¢ 1.
70:1.60:1.50:1.40:1.30:1.20:1.10°:
1.8:1.6:1.4:1.2:1. 151, 0:100) B
Ve, 5330 MR Fr. 1~30, H B Fre 5
Fr.7 &3f (2g) FIRAEIEFARER (200~300 H) £

s> B, DO T EE-IA L 056 (50 0 1,40 1 1.30 -
1.20:1. 1051, 821, 6:1.4:1. 221, 1:
1) ABREESEL, 53 19 MRS Fr. 6-1~6-19,
1 Fr. 6-5 2833 PTLC fill & CHilik-BEER .88 10 :
1), 1538 3 Mt 4 Fr. 6-5-1~6-5-3, Fr. 6-5-2 4 PTLC
alifl, Chik-5 P 20 @ 1D S3EY 3 (Tmg).
Fr. 8 5 Fr. 9 59F (1.5 g) LIEAMHEER (200~300
HO ke, DUAHEE-EEER O (20 01,10 ©
1.8:1.6:1.4:1.2:1.1:1.1:5) BhEEwk
Jiit, 758 30 AMA 2 Fr. 9-1~9-25.Fr. 9-12 4t PTLC
4 CahBE-SENEE 20 1) 155 5 MRS Fr. 9-
12-1~9-12-5, Fr.9-12-1 2 PTLC 4ift. Cf k-
% 2,06 10 0 1D 152146E% 16 (20mg). Fr.9-11 &
it PTLC il £ CAymBE-BSER .06 10 - 1) HBRLE
Y17 (8 mg) F118 (9 mg). Fr. 10 55 Fr. 11 &7
(3g), DLATHBE-BEER B8 (2021, 1021, 81 1.
6:1. 401,21, 11, 1:5) BpEEREm, 153
30 MRS Fr. 10-1~10-30. b Fr. 10-3 £33 PTLC
Hl4% ChmmE-BEme 288 10 @ 1) 58] 3 N Fr.
10-3-1~10-3-3, Fr.10-3-1 5 Fr.10-3-2 534 PTLC
alifl, CAMBE-BERR 288 10 0 1D 0 0.1% 0 H iR, 75
FEM1 (Tmg)s

R S P S HEORIEIRE 70 ¢ &RIE
AHEERE (200~300 H) Hps s, P& H ke-H
i (80:1.70:1.60:1.50:1.40:1.30: 1.
2001, 10:1. 8:1. 6:1.4:1,2:1, 1:1.
0:100) BEEVEH, 3% 83 ANfi4r Fr. 1~83. ¥
Fr.6~12 &7 (1 g) £ PREP-30-C1s £ 50 5 (10%~
100% 257K 0~180 min, 15 mL/min) 53] 21 4M4H
5y, Ak Fr.6-1~6-21, b Fr.6-7 (0.35g) il
el SR B RS 2 (52% 257K, 25 min, S5
e, 3mL/min) fFEHE9 (5mg, ®rR=14min).
Fr.13 (1.2g) % PREP-30-Cis #4355 (10%~100%
ZJE7K 180 min, 15 mL/min) 5% 17 AN4H75 Fr. 13-
1~13-17, Hr Fr. 13-6 (0.03 g) &m0
Al (2% K, BN, 3 mL/min) 152
WA 10 (5mg, rR=6.5min). Fr.13-17 (0.025 g)
22 PTLC #il#% CHMBE-BERR B8 8+ 1D 521k
Y2 (20mg). Fr.22 (1.1g) £ PREP-30C 5 432
ZAE (10%~100% LK, 0~120 min, 15
mL/min) 3% 18 N4} Fr. 22-1~22-18, . Fr.
22-5 (0.03 g) Vil & AH il 4 (20% LMK,
EREVENL, 3 mL/min) AREMEY 11 (5mg, r=
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14 min). Fr. 26~27 (1 g) &3I4 PREP-30-Cis #F
438 (10%~100%ZE7K, 0~120 min, 15 mL/min)
53 24 NSy, Fr. 26-1~26-24, H:1 Fr. 26-5(0.04
g) &M A i AL (20% 257K, 3 mL/min)
R E% 14 (5mg, rR=10.5min) 1 13 (22 mg,
fr=11min). Fr.26-6 (0.03 g) -l & A (o itk 4l
1k (33%Z 07K, 3 mL/min) S#1LE&% 15 (6 mg,
R=13 min)-
3 #ikE

tEY1: Ltk (FED; [afy +8.3 (¢0.1,
CHCL), HR-ESI-MS W R85 U6 m/z 4413729
[M+H]" GHEAE 441373 3), 454 BC-NMR $#5
5 TH-NMR #d, e H o+ 308 C3oHas02, BA
7 ANAHFNE . 'TH-NMR (600 MHz, CDCl3) i (%
D BaRE 6 NMRERERTES ou 1.21 GH, s),
1.19 (3H, s), 1.03 (3H, s), 0.90 (3H, s), 0.79 (3H, s),
0.63 3H, s), 2 MYUEFEFF15 5 01 0.90 (3H, d,
J=6.2Hz),0.84 (3H, d, J=6.5Hz), 1 PM&EHKHEE
JRTAES 0u3.94 (1H,s), 1 MEEHE 155 0un6.05
(1H,d,J=2.7Hz) fl 1 M2IEE(E S 6n3.76 (1H, brs).
3BC-NMR (150 MHz, CDCl3) ##5 (% 1) &R 30 4
W55, 454 DEPT 135 f1 HSQC i, 30 MikfE's
)8R 8 NMHEIRIES dc 24.6 (C-23), 13.0 (C-24),
27.7(C-25),15.5 (C-26), 15.2 (C-27), 16.3 (C-28),22.2
(C-29),23.1(C-30); 8 NEHFERRAF T 6c 17.9 (C-6),

19.0 (C-7), 35.0 (C-11), 29.0 (C-12), 28.9 (C-15), 35.5
(C-16), 20.2 (C-19), 28.5 (C-20); 7 MNKHFHEIR(E T
dc 119.4 (C-1), 80.6 (C-3), 45.4 (C-5), 37.3 (C-8), 51.9
(C-18), 60.2 (C-21), 31.0 (C-22), 1, 6c119.4 (C-
1) Nk, dc 80.6 (C-3) AEARHHE; 7 MK
55 0c 200.6 (C-2), 44.1 (C-4), 39.6 (C-9), 182.4 (C-
10), 40.9 (C-13), 38.7 (C-14), 43.0 (C-17), H, dc
200.6 (C-2) NFRHERK, Jc 182.4 (C-10) AMifx. L
IFIAS TS T oTmk 1 2 DABEAE, FT
5 NAHURIEEAEI R 5 R SR TR, 4SS 2 WA
HARIRHE, HELAY 1 AR =GR 6.

23 SCHEREEXS B, DA EAZREEE S O S ke A
=51t A W) batatasenol BOAFAML, HE—2Ba Tk &
Y1 1) IDNMR s 28, Vg S ik
LB =H51-& ) batatasenol JEFH AHLUS), 3 H MAL
HEYIELEN H-5. H-8 FEX0HEUE 5 IG5 Hut
W, ZA SRS B 5L &%) batatasenol
—3, IR A 1 B e 8 =i 28 .

M TH-H COSY i Hil %< 2 (#) H-21/H-22/H-29/H30
MEERGH B, 456 M\ HMBC i 4 W23 1) H-
29 5 C-21. C-22 1 C-30 1 H-30 5 C-21. C-22
C-29 PR AT SR T 21 A7 A EE M AEAEC
2), ZRHIEME 21 A R EERRAAAE S — RS T
A1 FFEN A =R E AP, (A1 5 a2 a1k
&%) batatasenol 145 H X B EEALE A 3K, tLEW1

#z1 A4 18 'H-.NMR 1 BC-NMR #3& (600/150 MHz, CDCl)
Table 1 'H- and *C-NMR data of compounds 1 (600/150 MHz, CDCls)

{ZZDA OH Jc A OH dc
1 6.05(d, J=27Hz) 1194 | 17 43.0
2 200.6 18 1.61 (m) 51.9
3 3.94(s) 80.6 | 19 1.38 (m), 1.26 (m) 20.2
4 441 | 20 1.85 (m) 285
5 2.55(dt J =136, 3.5 Hz) 454 | 21 1.01 (m) 60.2
6  1.84(dd,J=13.6, 4.8 Hz), 1.45 (m) 179 | 22 1.45(dd, J=135,46Hz) 310
7 1.69 (m) 190 | 23 1.21 (s) 24.6
8 1.78(dd,J=122,7.3H) 373 | 24 0.63 (5) 130
9 396 |25 1.19 (s) 27.7

10 182.4 26 1.03 (s) 155
11 1.84(m), 1.73 (m) 350 | 27 0.90 (s) 15.2
12 1.55(dd,J = 13.6, 4.7 Hz), 1.13 (dd, J = 13.8, 4.6 Hz) 290 | 28 0.79 () 16.3
13 409 | 29 0.90 (d, J=6.2 Hz) 222
14 38.7 30 0.84 (d, J=6.5Hz) 23.1
15 1.43 (m), 1.21 (m) 289 | OH  3.76 (brs)

16 162 (m) 355
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'H-'H cosY HMBC

B2 A4 1#/EZE 'H-'HCOSY. HMBC #1 NOESY #%
Fig.2 Key '"H-'"H COSY, HMBC and NOESY correlations of compound 1

) C-2 A A#kE, T batatasenol ] C-2 i A H
e BEAYIR BC-NMR Bk, C-2 7 iy B &
(0c 32.2) MBI (0¢200.6), 2RI, I
FHARE) C-1 LK C-3 Mt A3 mMi #5301 4
5.0 (b2 AL, C-1 1 oc 114.3 A% oc 119.4,
1M C-3 W 5c 75.1 ZBR% 6c 80.6. M HMBC it H i
£Hff) H-1 A1 C-3. C-5. C-9 F1 C-10, H-3 5 C-
1. C-2. C-4. C-23 1 C-24, H-5 5 C-1. C-2. C-
3. C4. C23 M1 C-24, LI OH-3 5 C2. C3 M
C-4 B FEAH RAS 5 it — IR S 2--3- 2 2 1) A 2R
SERPEA AT AL A 1 ) HMBC 1 5 'H-"H COSY
w(E 2, I TEY 1 1 By C.
E REM 50 A5 S AL&Y) batatasenol 58
. 5 HER, WAV 1 BT I3 T
i NOESY #fE (| 2) M THEw 11
FHXT# AL . NOESY i B/ 7E H-3/H-5, H-5/H-23, H-
5/H-8, H-8/H-27, H-18/H-21, H-18/H-26, H-22/H-28
DL A H-24/H-25 WIAHRAE 5% W] 3-OH. H-18. H-
21, H-24. H-25 f1 H-26 EAHMFEEA, 7 H-3.
H-5. H-8. H-23. H-27 fil H-28 HA A [FHL A .
&P 1 LR X5 26 P S AT S AT
W, HE SR T M=440.68, [FXXMAR, a=
7.92784 (8) A (1A=0.1nm), b=9.58928 (8) A,
c=33.6742 (3)A, a=90° Pp=90° y=90°, V=
2559.99 (4)A3, T=110.00(10)K, =*[8)# P21212:,
Z=4, n(CuKo)=0.521 mm'. FLIE 28 469 M7
i (5.248°<<20<<148.88°), FA sz AiTi £ 5079
A (Rin= 0.020 4, Ro=0.010 6). % R\ 1 0.029 7
[1>26(1)], wR2 N 0.0792 [I>20 (1)]. T4 EB%L
PE R EM 0.030 0, wR> {EA 0.079 5. %F F2 FIH0
HHRER 1.079. Flack Z%1°5-0.02 (4), Hooft Z4Y
H-0.02 3). HEW) 1 (P FR 25 LI 3, 2N e Y
W€ N 3R,5R, 8R,9R,135,14R,17R,18R,21R. I,

E3 a1 mesE
Fig. 3 X-ray single crystal diffraction pattern of

compound 1

th&% 1 %% N (BRS5R,8RIR,13S,14R,17R, 18R,
21R)-3-F83E-21-57 9 3£-4,4,9,13,14,17-6 B I8 L
I [a] & -1(10)- X 8 -2- 84 [(3R,5R,8R.9R,13S,14R,
17R,18R,21R)-3-hydroxy-21-isopropyl-4,4,9,13,14,
17-hexamethyl-cyclopenta[a]chrysen-1(10)-en-2-one] -
a1 1 X-5F4 AT B & B ARSI AR
RO (CCDC %i'5: 2559976). %4 Scifinder
HARFERZE, A1 e, e AaEE
% =% A Ceuheterophyllfernane A).

th&W2: BAEKAK: ESI-MS m/z: 603.4 [M+
H]"; 7 7 30A CaoHss04. 'H-NMR (400 MHz, CDCl3)
9:7.56 (1H, d, J=15.9 Hz, H-3"), 7.06 (1H, dd, J= 8.2,
1.4 Hz, H-9'), 7.04 (1H, s, H-5), 6.91 (1H,d, J=38.1
Hz, H-8'), 6.29 (1H, d, J= 15.9 Hz, H-2"), 5.16 (1H, d,
J=19.7 Hz, H-12"), 4.64 (1H, m, H-3), 3.93 (3H, s, 7'-
OCH3), 1.98 (1H, m, H-16), 1.94 (1H, m, H-18), 1.91
(1H, m, H-2), 1.86 (1H, m, H-11), 1.74 (1H, m, H-15),
1.69 (1H, m, H-2a), 1.65 (2H, m, H-1, H-19), 1.63 (1H,
m, H-11a), 1.56 (1H, m, H-9), 1.55 (1H, m, H-6), 1.52
(1H, m, H-7), 1.43 (1H, m, H-6a), 1.41 (1H, m, H-22),
1.32 (1H, m, H-7a), 1.32 (1H, m, H-21), 1.20 (1H, m,
H-22a), 1.17 (3H, s, H-27), 1.07 (1H, m, H-21a), 1.04
(1H, m, H-23a), 1.01 (3H, s, H-25), 1.00 (3H, s, H-24),
0.95 (1H, m, H-15a), 0.97 (3H, s, H-26), 0.94 (3H, s,
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H-23),0.92 (1H, m, H-5), 0.91 (3H, s, H-29), 0.90 (3H,
s, H-30), 0.86 (3H, s, H-28), 0.82 (1H, m, H-16a); 3C-
NMR (100 MHz, CDCL3) d: 167.2 (C-1'), 147.8 (C-7"),
146.7 (C-6'), 145.3 (C-13), 144.4 (C-3"), 127.1 (C-4"),
123.1 (C-9"), 121.7 (C-12), 116.2 (C-2"), 114.7 (C-8"),
109.2 (C-5"), 80.8 (C-3), 56.0 (OCH3), 55.3 (C-5), 47.6
(C-9), 47.2 (C-18), 46.8 (C-19), 41.7 (C-14), 39.8 (C-
8), 38.3 (C-1), 38.0 (C-4), 37.2 (C-22), 36.9 (C-10),
34.7 (C-21), 33.4 (C-29), 32.6 (C-7), 32.5 (C-17), 31.1
(C-20), 29.7 (C-28), 28.4 (C-23), 28.1 (C-16), 26.9 (C-
15), 26.0 (C-27), 23.7 (C-11), 23.6 (C-30), 23.3 (C-2),
18.3 (C-6), 16.9 (C-26), 16.8 (C-24), 15.6 (C-25). Lk
ERE S SRR A B0, etk E Y 2 N
B-amyrin ferulate.

EY 3: LEEHRG R (HED; ESI-MS m/z:
411.4 [M+H]"s 7 FHUN CoHacO. 'H-NMR (400
MHz, CDCls) 6: 5.72 (1H, s, H-4), 1.17 (3H, s, H-19),
0.80~1.10 (4H, m, H-21, 26, 27, 29), 0.70 (3H, s, H-
18); 13C-NMR (100 MHz, CDCl3) d: 199.8 (C=0),
171.8 (C-5), 123.9 (C-4), 56.2 (C-17), 56.0 (C-14), 54.0
(C-9), 46.0 (C-24), 42.5 (C-13), 39.8 (C-10), 38.8 (C-
12), 36.3 (C-20), 35.8 (C-1), 35.8 (C-22), 34.1 (C-8),
34.0 (C-2), 33.1 (C-6),32.2 (C-7),29.3 (C-25), 28.3 (C-
16), 26.3 (C-23), 24.3 (C-15), 23.2 (C-28), 21.2 (C-11),
20.0 (C-26), 19.2 (C-27), 18.9 (C-21), 17.5 (C-19), 12.1
(C-18), 12.1 (C-29). LA ¥ 5 ClR 4R 18 3 A —
FH, WS EWAEY) 3 N 8 -4-0-3- .

& 4: FEKAK; ESI-MS m/z: 465.1 [M+
HI*: 2 TR AN CuH01. 'H-NMR (400 MHz,
MeOD) d: 7.71(1H , d, J = 2.0 Hz, H-2'), 7.59 (1H, dd,
J=2.1,8.5 Hz, H-6"), 6.87 (1H, d, J = 8.5 Hz, H-5"),
6.40 (1H, d, J = 1.7 Hz, H-8), 6.21 (1H, d, J = 1.8 Hz,
H-6), 5.26 (1H, d, J = 7.5 Hz, H-1"), 3.33~3.73 (5H,
m, H-2"~6"); 13C-NMR (100 MHz, CD;0D) &: 179.5
(C-4), 169.5 (C-5), 166.4 (C-7), 159.0 (C-2), 158.5 (C-
9), 149.9 (C-4", 145.9 (C-3"), 135.6 (C-3), 123.2 (C-
1), 123.1 (C-6", 117.5 (C-5%, 116.0 (C-2'), 105.6 (C-
10), 104.3 (C-1"), 100.0 (C-6), 94.8 (C-8), 78.4 (C-5"),
78.1 (C-3"), 75.7 (C-2""), 71.2 (C-4"), 62.5 (C-6"). LA
T EE S SRR S AR B0, Wtk e 4N
R A

&Y 5: FEMA; ESI-MS m/z: 449.1 [M+
H*; 70 TN CaHO01n . 'H-NMR (400 MHz,

MeOD) ¢: 7.34 (1H, s, H-2"), 7.30 (1H, brd, J= 7.9 Hz,
H-6'), 6.91 (1H, d, J=7.6 Hz, H-5"), 6.35 (1H, s, H-8),
6.19 (1H, s, H-6), 5.35 (1H, s, H-1"), 3.23~4.23 (4H,
m, H-2""~5"),0.95 (3H, d,J= 6.0 Hz, CH3); 3C-NMR
(100 MHz, CD;0D) 6: 179.6 (C-4), 165.8 (C-7), 163.1
(C-5), 159.3 (C-9), 158.4 (C-2), 149.7 (C-4"), 146.3 (C-
3%, 136.2 (C-3), 122.9 (C-6"), 122.9 (C-1"), 116.9 (C-
5%, 116.3 (C-2"), 105.9 (C-10), 103.5 (C-1"), 99.8 (C-
6), 94.7 (C-8), 73.2 (C-2"), 72.1 (C-3"), 72.0 (C-4"),
71.9 (C-5"), 17.6 (C-6"). LA L%¥5 5 SOk 4 i 3
R, W EEY S Y &R 3-0-a-L-
HEE .

& 6: FEHAR; ESI-MS m/z: 419.1 [M+
HI*: 7 TR N CuHisO10. 'H-NMR (400 MHz,
DMSO-ds) d: 8.03 (2H, d, J = 8.7 Hz, H-2', 6'), 6.90
(2H, d, J=8.7 Hz, H-3', 5"), 6.45 (1H, d, J= 1.8 Hz, H-
8), 6.20 (1H, d, J= 1.8 Hz, H-6), 5.63 (1H, brs, H-1"),
4.16 (1H, brs, H-2"), 3.73 (1H, brs, H-3"), 3.55 (1H, m,
H-4"), 3.33 (2H, m, H-5"); 3C-NMR (100 MHz,
DMSO-ds) 6: 177.5 (C-4), 165.2 (C-7), 161.3 (C-5),
160.0 (C-4'), 156.8 (C-9), 156.4 (C-2), 133.3 (C-3),
129.6 (C-2, 6), 121.6 (C-1'), 115.6 (C-3', 5"), 108.0 (C-
1), 103.6 (C-10), 98.9 (C-6), 93.6 (C-8), 85.9 (C-4"),
82.1 (C-2"), 77.0 (C-3"), 60.7 (C-5"). A% 5
kAR I A — 304, WS e A 6 il 2 -3-0-
oL BRI R R AR

& 7: FEKRAR; ESI-MS m/z: 433.1 [M+
HI*: 4 ¥ N CuH2010. 'H-NMR (400 MHz,
DMSO-ds) : 12.60 (1H, s, 5-OH), 7.73 (2H, d, J = 8'5
Hz, H-2, 6"), 6.90 (2H, d, J = 8.4 Hz, H-3', 5"), 6.35
(1H, s, H-8), 6.15 (1H, s, H-6), 5.28 (1H, s, H-1"), 4.03
(1H, s, H-2"), 3.44~3.47 (1H, dd, J = 8.8, 3.1 Hz, H-
3"),3.06~3.15 (2H, m, H-4", 5", 0.78 (3H, d, J=5.1
Hz, 6”-CH3); '*C-NMR (100 MHz, DMSO-ds) 6: 177.7
(C-4), 166.1 (C-7), 161.5 (C-5), 160.3 (C-4"), 157.1 (C-
9), 156.9 (C-2), 134.3 (C-3), 130.8 (C-2, 6"), 120.8 (C-
1), 115.6 (C-3, 5", 103.8 (C-10), 102.0 (C-1"), 99.4
(C-6),94.2 (C-8),71.4 (C-4"),70.8 (C-3"), 70.6 (C-2"),
70.3 (C-5"), 17.7 (C-6")o VA_LEH 5 SCRkARIE SEA—
O, WA T ML ZEE-3-0-0-L- RAHEE

&Y 8: FHEMA; ESI-MS m/z: 637.2 [M+
HI*; 70 TN CwH3O0is; 'H-NMR (400 MHz,
DMSO-ds) d: 7.72 (2H, d, J = 8.7 Hz, H-2', 6), 6.92
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(2H, d, J = 8.7 Hz, H-3', 5"), 6.39 (1H, s, H-8), 6.18
(1H, s, H-6), 5.18 (1H, s, H-1"), 4.33 (1H, d, J= 7.9
Hz, H-1"), 3.0~4.22 (9H, m, H-2"~5", 2""~6""),
1.98 (3H, d, /= 17.3 Hz, CH5-CO), 0.85 (3H, d, /= 6.0
Hz, Rha-H-6"); '3C-NMR (100 MHz, DMSO-ds) J:
178.0 (C-4), 170.6 (COOH), 165.9 (C-7), 161.7 (C-5),
160.6 (C-4'), 157.5 (C-2), 157.1 (C-9), 134.7 (C-3),
131.0 (C-2/, 5'), 120.9 (C-1"), 115.9 (C-3', 5"), 105.2 (C-
1), 104.2 (C-10), 102.4 (C-1"), 99.5 (C-6), 94.4 (C-8),
82.8 (C-4"), 76.8 (C-4"), 74.7 (C-3"), 74.1 (C-2"), 70.8
(C -3"), 70.6 (C-5"), 70.2 (C-2"), 69.3 (C-5"), 64.1 (C-
6",21.1 (CH3-CO), 17.5 (C-6"). LA % 5 ks
FEAR—F00), W e &Y 8 4 multiflorin A.

& 9: HEKAR; ESI-MS m/z: 195.1 [M+
HJ*: 4> 139 CioH1004. 'H-NMR (400 MHz, DMSO-
ds) 5: 6.86 (1H, s, H-5), 6.85 (1H, s, H-7), 5.23 (2H, s,
H-3),3.82 (3H, s, H-10),3.79 (3H, 5, H-11); 3C-NMR
(100 MHz, DMSO-ds) J: 170.5 (C-1), 162.1 (C-6),
154.7 (C-4), 128.0 (C-8), 127.1 (C-9), 105.0 (C-5), 98.8
(C-7), 67.8 (C-3), 56.0 (C-10), 55.9 (C-11). LA Hdfz
SRR IE AT, SR E 9 N 4,6-—
FR AR R

& 10: FERAK; ESI-MS m/z: 153.1 [M+
H]": 713~ CsHgO;. 'H-NMR (400 MHz, DMSO-
ds) 6:9.72 (1H, s, 7-CHO), 7.39 (1H, d, J= 7.2 Hz, H-
6), 7.42 (1H, s, H-2), 6.91 (1H, s, H-5), 3.82 (3H, s, -
OCH3); 3C-NMR (100 MHz, DMSO-ds) 6: 190.6 (C-
7), 154.4 (C-4), 148.6 (C-3), 127.8 (C-1), 126.5 (C-6),
115.6 (C-5), 110.5 (C-2), 55.5 (C-8). A % 5 ik
RIEEA S, W ENEY) 10 T,

&P 11 LSRR GIE (REE; ESI-MS m/z:
123.0 [M+H]": 7+ ¥~ C/HeO2. 'H-NMR (400
MHz, DMSO-ds) 6: 9.68 (1H, S, -COH), 7.66 (2H, d,
J=8.6 Hz, H-2, 6), 6.80 (2H, d, J = 8.6 Hz, H-3, 5);
3C-NMR (100 MHz, DMSO-ds) 0: 190.7 (-COH),
161.9 (C-4), 132.6 (C-2, 6), 117.0 (C-3, 5). LA %df
S RE R A0, MU EAEY) 11 AR
LR HIE

&) 12: oA CHEE; ESI-MS m/z: 155.0
[M+H]"; 773N CHeOs. 'H-NMR (400 MHz,
DMSO-ds) 6: 7.33 (1H, s, J = 2.0 Hz, H-2), 7.26 (1H,
d,J=7.8 Hz, H-6), 6:76 (1H, d, J= 8.5 Hz, H-5); 3C-
NMR (100 MHz, DMSO-d) d: 168.1 (C-7), 149.9 (C-

4), 144.9 (C-3), 122.6 (C-6), 121.9 (C-1), 116.8 (C-2),
115.2(C-5) LA_bHdim 5 SR XS bUR 18 i A — 51201,
MBS 12 NE LR .

W& 13: LIRSS & (B ; ESI-MS m/z:
169.1 [M+H]*; 7313~ CsHgOso 'H-NMR (400
MHz, DMSO-ds) 0: 7.44 (2H, m, H-2, 6), 6.84 (1H, d,
J=18.6 Hz, H-5), 3.80 (3H, s, -OCH.); '3C-NMR (100
MHz, DMSO-dj) d: 167.6 (COOH), 150.9 (C-3), 147.2
(C-4), 123.4 (C-6), 122.3 (C-1), 115.0 (C-2), 112.8 (C-
5),55.6 (OCH3). LA bEH#8 5 SOk i il B A — 3121,
M EL A 13 NEHR

&) 14: FEEFAK; ESI-MS m/z: 197.1 [M+
HT*: 93 73K CioH1204. 'H-NMR (400 MHz, DMSO-
ds) 5: 7.56 (1H, d, J = 8.2 Hz, H-6), 7.54 (1H, s, H-2),
6.83 (1H, d, J = 8.2 Hz, H-5), 3.94 (2H, t, J= 6.2 Hz,
H-3"), 3.16 (2H, t, J = 6.2 Hz, H-2'); 3C-NMR (100
MHz, DMSO-ds) d: 199.7 (C-1"), 149.5 (C-3), 125.1
(C-6), 116.1 (C-5), 111.8 (C-2), 59.0 (C-3"), 56.3 (OCH3),
41.6 (C-2")o LA E3# 5 iR e A — 522, s
EANEY) 14 N 3-hydroxy-1-(4-hydroxy-3-methoxy-
phenyl) propan-1-one.

&Y 15: FEHIRY); ESI-MS m/z: 195.1 [M+
H]*: 43 13N C1oH1004. 'H-NMR (400 MHz, DMSO-
ds) 0:7.41 (1H, d, J=15.8 Hz, H-7), 7.22 (1H, s, H-2),
7.07 (1H, d, J= 7.9 Hz, H-6), 6.78 (1H, d, J = 8.1 Hz,
H-5), 6.34 (1H, d, J = 15.9 Hz, H-8), 3.81 (3H, s,
OCH3); 3C-NMR (100 MHz, DMSO-ds) : 169.4 (C-
9), 148.8 (C-3), 147.9 (C-4), 142.8 (C-7), 126.2 (C-1),
122.3 (C-6), 115.5 (C-2, 5), 111.0 (C-8), 55.7 (OCH3).
DA b 25085 5 SR He AR — 5, i R A 15
BRI o

& 16: AEFA; ESI-MS m/z: 371.3 [M+
H]*: 2> T 3N C2Ha204. 'H-NMR (400 MHz, DMSO-
ds) 9: 3.98 (4H, m, H-4, 4), 2.33 (4H, m, H-2, 2"), 1.67
(4H, m, H-1, 1), 1.54 (2H, m, H-5, 5", 1.35 (4H, m, H-
6, 6'), 1.28 (12H, m, H-7, 8, 10, 7/, 8', 10'), 0.86 (12H,
m, H-9, 11,9/, 11"); '*C-NMR (100 MHz, DMSO-dy)
5:172.7(C-3,3", 65.8 (C-4, 4", 39.5 (C-6, 6", 33.2 (C-
2,2%,29.8 (C-7,7",28.3 (C-8, 8", 24.0 (C-1, 1), 23.3
(C-11, 117, 22.4 (C-9, 9", 13.9 (C-10, 10", 10.8 (C-5,
5% VA REdE S CRoE A —FPY, e E
Y116 A IR L O,

WEW17: TEMMRMAE: ESI-MS m/z: 395.5
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[M-+H]"; 43 F 2 CasHss 'H-NMR (400 MHz, CDCl;)
8: 1.72 (1H, m, H-13), 0.95 3H, t, J = 6.8 Hz, H-3"),
0.85 (6H, m, H-1, 25); '3C-NMR (100 MHz, CDCls)
8: 37.5 (C-1"), 37.3 (C-12, 14), 36.8 (C-11, 15), 32.9
(C-2"), 32.1 (C-13), 30.2 (C-10, 16), 29.9 (C-7~9,
17~19), 29.8 (C-6, 20), 29.5 (C-5, 21), 27.2 (C-4, 22),
22.9 (C-3, 23), 22.8 (C-2, 24), 19.88 (C-3'), 14.28 (C-
1,25). DL B85 SCfE e A —F), i Etl
EWT N 13- - k.

&Y 18: AT K ; ESI-MS m/z: 349.3 [M+
HJ*: 2> TR A CoH3603. 'H-NMR (400 MHz, CDCl3)
o: 8.10 (1H, s, H-3), 7.53 (1H, d, J = 8.7 Hz, H-4), 7.3
(1H, t, J= 2.1 Hz, H-6), 7.1 (1H, dd, J = 2.5, 8.6 Hz,
H-5),5.07 (1H, brs, -OH), 4.27 (2H, m, H-2"), 2.30 (2H,
m, H-3"), 1.72 (2H, m, H-4"), 1.41 (2H, m, H-5"), 1.33
(4H, m, H-6, 7'), 1.26 (16H, m, H-8'~15"), 0.93 (3H,
t,J=6.7 Hz, H-16"); 3C-NMR (100 MHz, CDCl;) ¢:
166.1 (C-1'), 147.2 (C-2), 138.7 (C-6), 129.6 (C-5),
124.6 (C-3), 124.1 (C-4), 119.3 (C-1), 67.9 (C-2"), 35.0
(C-3"), 32.1 (C-4"), 31.8 (C-5"), 31.6 (C-6"), 30.7 (C-7"),
30. 3 (C-8'), 29.9 (C-9"), 29.1 (C-10"), 24.1 (C-11"),
23.1 (C-12'), 22.8 (C-13"), 19.9 (C-14"), 14.3 (C-15"),
14.2 (C-16". LA 3R -5 Sk ho A — 520, i)
YEEY 18 N 1-EE R AT,

4 WEMEIMLETEEITN
4.1 DPPH HEEERZR

Z: 2 SCHR T R R EAT I B, e K R
DPPH P il i 0.2 mmol/L [Ffif %, FEH5 50 215 2
A VIFE S TEK CBERC R A& R B, 7R 96 fL
BRI 50 pL #F SN 150 uL DPPH B
Wi, 37 CHEYG M 30 min, {3 FHEEHRIC 3 517 nm
METRSERE (4D {H. SEESsreH: XFHEZH (50 uL Bk
L BE+150 L DPPH %70 XHEZS 141 (200 uL ok
KO FEfZH (50 uL #£5h+150 pL DPPH &
WO~ PR EA (50 uL A5 +150 uL Bk 4ED,
DL L-BUdh B R FHPEXTHE,  BE ST U6 I B v BN
200 pg/mL, BEATHIIE, A (1) 1+ DPPH
THBRE (RO IFEFEALE 1) DPPH H H 255 b
R, T A BEERE>S50%0aY, REIRE
FEE, 3 GraphPad Prism {4115 1Cso {H

Ri=1—(A4 wn—A ez (A s —A simesrr) (D
4.2 ABTS BREEBRE
Z X SCER T ERT AT E , ¥ 7.4 mmol/L

ABTS A1 2.6 mmol/L i i B 7 i 1% e AR EL
12 1IRA), =iEHLR SR, 75 ABTS BEE. #
ABTS BEEINE &K LEEMRE, 138] ABTS TAE
W, BN 4 CUKFR& . 7E 96 FLBHF A 50 uL
FE BB 150 uL ABTS TAEW, #© 37 ClEET
FRAR R R A 30 min, A EEAROLE 734 nm
M AME . SE3ed: XTIRZL (50 L /K LFE+150
uLABTS TAED X HEZE 41 (200 uL Jo7K LB
FESR4H (50 uL K5 +ABTS TAEWD. FEma A
(50 uL Ff b +150 pL BK LFED, UL L-Hih gk
FEPEXTRE, AESWIIRIRE R B 50 pg/mL, #HATH]
i, A (2) HH ABTS iEMRE (R, KT
H HREERE>S0%MEY), WEIREHE, I
F GraphPad Prism #4115 1Cso {H -

Ro=1—(4 ws—A waze)/(A wm—A wmn) 2
43 %R

SRR 2 s, &Y S A 15 X DPPH H
FH 2 R B AMEIE F, ICso [E 3N (15.88+
0.84) pg/mL F1 (15.9540.75) pg/mL, HH|RS
FHMEZ) L-PURIMERAH Y [ICso N (16.0940.72)
ug/mL]. L5497 4 112 %f DPPH H HIEEER—E
HuFMHIVE R, 1Cso {H 5> 318 (52.8840.84) pg/mL K&
(37.9940.9) pg/mL. HARMEPIARFZIHEIHE
PEo LB 15 X ABTS H H %L B B B 3 /E
i, HICsofH N (2.54+0.57) pg/mL, 1T FHMEZ
L-PURMEZ[ICs N (12.25+0.82) pg/mL]. tb&4
12 F1 13 ] ICso 43728 (20.22+0.60) pg/mL F
(31.24£0.60) pg/mL, 2R H B 3E P
5 e

AN EEEER T 3B EE T 18 MLs
Yy, BFE 2 NERERERAAE Y (L 2), 5 ANEEEEER
KB (4~8); T MEERENEY (9~15. 18),
1 AR S (3D, 1 ANEREILEY) (16) LUK
1 NSRRI A (D). Hrp, b &M 1
WM =0, (A 2~3. 6~11. 14, 16~18
YINE IR 53 B4 3. FaR T 25 AR
TIZMEYEE RS 2R . EERE R AR
B AR oy 2 —, A SRR IE M
PR B 43 B A5 31 e A R A B I S i 431282,
AW G — UL B E & R R
fiEo AWFTERT 20 B SR A VAT T Bria s vk
PR, 2SRRI B R AR R A )2
PUEMTEE R . X — RIS EE 2
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*=2

HEM1~18 I ICsoE (X+s,n=3)

Table 2 1Cso values of compounds 1—18 (X £ s, n =3)

ICso/(ug mL™)

&
DPPH ABTS

L-Prp i g 16.09+0.72 12.25+0.82
1 >100 >100
2 >100 >100
3 >100 85.03+1.30
4 52.88+0.84 48.2440.13
5 15.8840.84 31.24+1.10
6 >100 55.27+0.57
7 142.00+1.25 102.20+1.50
8 >100 88.52+0.60
9 >100 >100
10 >100 >100
11 >100 >100
12 37.99+0.90 20.2240.60
13 >100 31.24+0.60
14 >100 >100
15 15.95+0.75 2544057
16 >100 >100
17 >100 >100
18 >100 >100

Elshamy 2B 57 kL G R S8 St b 3070 8 % ik
KU B E W PUAIE T, X DPPH H B H0,
YIEA RIFMIERREE T, HIE S TS I 2o
FYIAIE o da Silva ZEAI% (454252 FE FIAR BB
IR FCR I, I YRR 28 4 A E IR IR B R 2R Bl
HE T BHT M BHEERREM, SR HIsr
FALRRIE . AT T 20 B I R 2R AL S M) B AL
VBT NGRS T BEEAE . AWPEC R K
F, FEEE PR E T 3 BT T R
FRGER, AR VN A AT B F A, o,
B 3 AL R LMD S5 2 0E ) i ks
T B IE E RSB 2 R AR, AR B S i
B & H 2 ARt XM T HprE st m
gEREERT . MR AP A TE TS 5 T
YR 5 B AL B IR, RS S M
AN PR, HPrE s EE R i TS 1 MR
2 s 1T P AR R U o Ly 5 e (1)
[FIF e, R EGRI B HIEERREE 8235, K
WFEFCH, FIBERR I BRI T s, FLOC T PE M
B2y, X —ZERHESE T LIRMRee R, BV RIE
[y SRk & B ke B LA 77, (RSP
5552 K 22 5 e S I R AR R {2 D6

MBFR AR FARGEA G R

SE

(1]

[2]

(3]

(4]

(5]

(6]

[’

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

hEB G E A SR AR . P EEYE: B
PU-FP0 (3> % [M]. dbi: B HAREE, 1997: 67.
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