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kg, & R, Hel#',  RAER', XE#®', &4 W', B A
(1. i KFAEYEHEFR, RAFUHFREANAMLEELELEE, #d 78 443002; 2. HEHHE
P XA SER IS AR B, #dk BB 443002)

HE: B MREOCEHNLF S0 KSR G, AiE RABEH . Sephadex LH-20 K-l 4 HPLC #4745
afifl, AR AP BT S i A 4 BT AR AL S SR . SR AA] DPPH YA ABTS ITMAT A biGitE, &R Mo e
BB 23 MEAEY, s MR EREBTT (1), 4-BREREFME (2), FRE (3), 3-0-ILZE-3-0-2 B 3-6-
O- (p-RIFEREIL) -a-D-MLIG AT BT (4) . WLIZEM (5) . MK R-3-0-B-D- (6-0-Z-p-IFEBESL) ik Weg 75 25 4% 15
(6) . MBI (7). B=IEH (8). 3, 5-FH7, - —HAEKEI (9), DR _ZHCH (10), 3, 5- K-
6, 7, 8-=WAILEE (11), ZHE (12) . myriophylloside B (13) | 1-T/NKEEE (14) . SZJRE (15) . 4-FR3E-N-
{4- [3- (4-BEERH) -E-NIEMEEEL] -TH KB (16), 3, 6-“H -2, SIREZM (17), B-MR1# (18),
5, 6-EAMME (19) . WAEB-3-0- (2", 6"--0-E-p-WHBLEE) -B-D-MLIF AT (20) . (HZH-3-0- (3"-0-X
HKop-WEERESL) - (67-0-XAX-BTBUMESL ) -B-D-LIGAI A FF (21) | 4, S-WmEREZS TR T W (22) . 3, 4-ufn
BZEE TR TS (23), kA1, 7, 22~23 % DPPH HHEA IC, fHE N (24.67+1.63) ~ (53.41=1.61) pmol/L, 8,
21~23 %t ABTS™ H 3L ICfH R (15.22+0.89) ~ (41.66+6.29) pmol/L, it (k&Y 9. 19~23 N EKNER
B B, 2, 10, 13~14, 16~17 HERMNZEY T AEER, EW 1, 7~8, 21~23 HAKRNILAL
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Chemical constituents from Anaphalis margaritacea and their antioxidant activity
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(1. Key Laboratory of Natural Products Research and Development, China Three Gorges University, College of Biological and Pharmaceutical Sciences,

Yichang 443002, China; 2. Public Inspection and Testing Center of Yiling District, Yichang 443002, China)

ABSTRACT: AIM To study the chemical constituents of Anaphalis margaritacea (L.) Benth. & Hook. f. and
their antioxidant activities. METHODS  Separation and purification were performed using silica gel, Sephadex
LH-20 and semi-preparative HPLC, then the structures of obtained compounds were identified by physicochemical
properties and spectral data. The antioxidant activity was determined by DPPH method and ABTS method.
RESULTS Twenty-three compounds were isolated and identified as trans-tilidroside (1), 4'-
hydroxydehydrokawain (2 ), apigenin ( 3 ), 3-0O-kaempferol-3-O-acetyl-6-0- ( p-coumamoyl ) -a-D-
glucopyranoside (4), kaempferol (5), quercetin-3-O-B-D- ( 6-0-Z-p-coumamoyl ) -glucopyranoside (6 ),
tiliroside (7 ), kaempferol-3-O-B-D-glucoside (8), 3, 5-dihydroxy-7, 8-dimethoxyflavone (9), bis (2-
ethylhexyl) adipate (10), 3, 5-dihydroxy-6, 7, 8-trimethoxyflavone (11), stigmasterol (12), myriophylloside
B (13), I-hexadecanol (14), chlorogenic acid (15), 4-hydroxy-N- {4- [ 3- ( 4- hydroxyphenyl ) -E-
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acryloylamino ] -butyl! -benzamide (16), 3, 6-dimethylpiperazine-2, 5-dione (17), B-adenosine (18), 5, 6-
dehydrokawain (19), kaempferol-3-O- (2", 6"-di-O-E-p-coumaroyl) -B-D- glucopyranoside (20), kaempferol-
3-0- (3"-0-E-p-coumaroyl) - (6"-O-E-feruloyl) -B-D- glucopyranoside (21), 4, 5-di-caffeoylquinic acid butyl
ester (22), 3, 4-di-caffeoylquinic acid butyl ester (23). The ICy, values of compounds 1, 7, 22-23 against
DPPH free radicals were (24.67+1.63) — (53.41x£1.61) pmol/L, and the IC4,values of compounds 8, 21-23
against ABTS" free radicals were (15.22+0.89) — (41.66+6.29) pmol/L. CONCLUSION Compounds 9,
19-23 are isolated from genus Anaphalis for the first time, and 2, 10, 13, 14, 16, 17, 19-23 are first isolated
from this plant. Compounds 1, 7-8, 21-23 have strong antioxidant activity.

KEY WORDS: Anaphalis margaritacea ( L.) Benth. & Hook. f.; chemical constituents; isolation and

identification ; antioxidant activity

A H Anaphalis margaritacea (L.) Benth. &
Hook. f. NZRIEHFIBMY), X413k, FZ o4
LD L I [ 7 N 7 2 = R A 5T 4
DT e Ll S IR L A Rl | AR AT | LLIA B
PN WEgE R, R Y S A
EEN e SN RN SN L1 e
WAy, HAPUEMS | B, Bk R
PR BT W ok kR AE 2 R R T
HAET, ENMEOLEERRKR D, A EEEE
JBHEPIRAAET, AF R EOLEE 2R
WOy HEAT T e e, AR R 23 MEEY, Hh
KRENEMER Gy, KRR, HEIRAEY
A HPUA L IERE, JF HA B ik b X
IR T 52 S SRR B i 5 A/h 24 55 BR 55 1) I
i, AR AR LR AR T
BROCAE T R TR AR AR ZEAR X, gtk —
WARTOIT R A, AWF5E R ] DPPH 1% F
ABTS 00 7E Fr At & Wi P a AL i vk, DU 2k
AT Y IT R TS 2R
1 ##

AVANCE 400 #% i 3 9% 3% A . Amozon SL+
1200 AH (4 73% -0 e <14 40 2 1 BF B (1
Bruker A F]) ; Thermo 1SQ LT FLPUM AT Bk AL
(5‘% Thermo Fishers Scientific /A\\ﬂ) ; Waters 1525
EF B0 A @35 4 (36 [ Waters A H)) 5 P2050
il B VA R (7T M B AR B A IR A
A IRIRA %R TPl (3£ E Labeonco 2 Al ) ;
MS-TS J173 2 —H 5 RKF (Fi LR -4 8 2 A
F]) . Venusil XBP C A3 AE ( KE M IR /RF
HABRAT) 5 GF,o WZEATREM A, 1E 0] (435 fik
J&E (200 ~ 300 H, & & i TAHRAA);
Sephadex LH-20 fjZEEE (L Z S ER AR
WNE) o 1, 1= - AR 2-2"- - X
3652

(3-C R TF BEMR IR -6-Rf 1R ) | AL BLAREH . L-PUIR
Mg (b2 e kAR IR AR A A . &
W5, PEE ((Aigal, 56 Tedia AF); KI=2
K HAWIRK AN A Hr el (265 4 H Akl A
FRAFE)

S FHEOGE T T 2023 4F 8 H % A LA #h
PRIEMRIX, =g R AR ) S i 22 B R e %
KENHPETRMEYIROCE T Anaphalis
margaritacea Benth et Hook f. A4, FEiEAR A HL
PRAET =R 25 R AR = Wi 52 5 ) A A i S
2 REELSEH

BEOLHH 2 5.08 kg, FASRT G HHE,
FH95% CBE (50 L) R4S R, Bk 7 d 421
LR, BIFRE4ME, W43 SEH 585.9 g, ¥4
MEREIAGE KRS, IKUCRRA M, &
TR LR FNIE T BRI, SRk T, o ilis
FAMMBEERAL (82.5 g) . SRR (258.1 g)
FNE TEEAAL (43.5¢)

BTN (50.0 g) ZREMCHEES, LA
k-2 TR ZWE (100 : 0~0 : 100) BEEEVEML, 753
H4r Fr.1 ~Fr. 10, Fr.5 (37.4 mg) %4 Sephadex
LH-20 7375, DL W e-HmE (1:1) Wi, 1%
FMbEY 14 (10.1 mg); Fr.6 (206.5 mg) 23
FEEnhl s, DiAmBE-LM Ol (5 1) JBIF,
BEMEEY 12 (7.2 mg); Fr.7 (324.3 mg)
Sephadex LH-20 775, DA @ W - EE (1 : 1)
Ve, BEMLAY 9 (7.8 mg) FI11 (4.5 mg);
Fr. 10 (246.3 mg) % Sephadex LH-20 7355, Dl —
AHB-HEE (1 1) WM, BEkaP 10
(8.2 mg),

CFRCERTAL (88.3 g) &REMHAE, LI
AW - EE (100 : 0~0 : 100) BREEVEML, 5%
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57 Fr. 1 ~Fr. 13 Aifb&9 2 (10.0 mg), Fr.5
(25.0 mg) Z2FH145 HPLC 4lifk, LAZIE-7K (50 :
50) VeRR, SEMLAEY 3 (5.7 mg, t;=9 min),
Fr.6 (23.6 mg) £ il % HPLC ({KBijiat 3
mL/min) 438, PAOHE-/K (48 @ 52) e, 153
G5 S (6.2 mg, ;=10 min), Fr.8 (42.8 mg)
2Pl 4 HPLC (MRFHJE & 3 mL/min) 7085, DA
ZIE-K (38 : 62) Ve, HEILEY 22 (7.3
mg) 23 (6.5 mg), Fr.9 (18.4 mg) ZFHl4%
HPLC (A& 3 mL/min) 205, L2 -7k
(40 : 60) PEML, HRLED 4 (6.5 mg, =12
min) , Fr. 11 (80.8 mg) £ :iil# HPLC (AT
2 mL/min) 4ifk, LLONE-/K (25 :75) VM,
BEMLE 1 (13.5 mg, 1, =16 min), 19 (3.3
mg, t,=12 min) 1 21 (4.3 mg, t, =20 min),
Fr.12 (16.0 g) ZREMCHS B, DL G fi-F i
(25 1~0: 1) BREEVEML, 85 Fr.12.1 ~
Fr.12.14, Fr.12.9 (3.8 g) 2% [ Bk S AE 20 55,
DI 7K (20 @ 80~ 100 : 0) HpJEE VR, 45 3]
Fr.12.9.1~Fr. 12.9.7, Fr.12.9.3 (800.7 mg) &
Sephadex LH-20 73 &, DA @ W E-HEE (1 :1)
YEML, 5 Fr.12.9.3.2 (21.2 mg) #1Fr.12.9.3.6
(18.4 mg), & & Fiil%& HPLC (fRFH & 3
mL/min) 438, LA HE-/K (48 = 52) FIZNE-
K (36 :64) WML, HEMEAY 16 (3.1 mg, 1=
9 min) 120 (3.3 mg, t; =10 min); Fr. 12.12
(43.3 mg) Z2FH145 HPLC (B 3 mL/min)
B, LLORE-K (35:65) Wb, BEEY 6
(5.5 mg, t, =25 min) Al 7 (5.3 mg, t, =28
min); Fr.12.13 (31.6 mg) Z2F#l4% HPLC ({k
U 2 mL/min) 2085, LZAE-K (30 :70) ¥t
B, SEEAY 8 (5.7 mg, t,=15 min),
IETEERAL (40.0 g) S RILMAEH Y5, LA
ZEEIK (10 : 90~90 : 10) HREVEML, 19345
Fr.1~Fr. 12, Fr.5(402.3 mg) £t Sephadex LH-20
ZEHr, LLai WOEE e, 45 #] Fr.5.1 ~ Fr.5.9,
Fr.5.7 (50.6 mg) £l 4 HPLC ({RFH R & 2
mL/min) 43, DIHEE-K (18 @ 82) VR, 153
&5 17 (7.1 mg, t,=8 min) F118 (7.7 mg,
1,=12 min); Fr.5.8 (28.8 mg) ZFil 4% HPLC
(B E 2 mL/min) 208, DIHEE-/K (13 :87)
Ve, BELAY 15 (8.6 mg, 1, =5 min),
Fr.12 (35.4 mg) 2Z2FHl# HPLC (KRR = 3
mL/min) 738, DIEEIK (34 :66) W, 153

EW 13 (6.6 mg, t; =22 min), 2 ) 4% HPLC
ARSI 3 35928 203 nm
3 HBHETE

&Y 1. R @A, ESI-MS m/z: 594.9
[M+H]*,'H-NMR (400 MHz, DMSO-d,) &: 7.97
(2H, d, J=2.1 Hz, H-2, 6'), 7.39 (2H, d,
J=2.1Hz, H2', 6'), 7.33 (1H, d, J=2.1 Hz,
H-7"), 6.85 (2H, d, J=2.1 Hz, H-3", 5'),
6.79 (2H, d, J = 1.9 Hz, H-3", 5"), 6.34
(IH, d, J=1.9 Hz, H-8), 6.14 (1H, d, J=
1.9 Hz, H-6), 6.10 (1H, d, J=4.2 Hz, H-
8"), 5.44 (1H, d, J = 4.2 Hz, H-1"), 4.26
(IH, d, J=2.1 Hz, H-6'a), 4.04 (1H, dd,
J=6.4, 2.1 Hz, H-6'B); "C-NMR (100 MHz,
DMSO-d,) 6: 156.3 (C-2), 132.9 (C-3), 177.1
(C-4), 161.0 (C-5), 99.0 (C-6), 166.1 (C-
7), 93.7 (C-8), 156.1 (C-9), 103.3 (C-10),
120.7 (C-1'), 130.7 (C-2", 6'), 115.7 (C-3',
5y, 156.0 (C-4'), 101.0 (C-1"), 74.0 (C-
2"y, 74.1 (C-3"), 69.8 (C-4"), 76.1 (C-5"),
62.9 ( C-6"), 124.8 ( C-1"), 130.1 ( C-2",
6"), 115.0 (C-3", 5"), 160.0 (C-4"), 144.5
(C-7"), 113.5 (C-8"), 165.2 (C-9"), L\ %k
PS5 3CHR [13] B EEA — 2, e by e AU
BT,

&Y 2. F O H K, ESI-MS m/z; 245.1
[M+H]*,"H-NMR (400 MHz, DMSO-d,) &: 7.45~
7.51 (2H, d, J = 6.6 Hz, H-3', 5'), 7.24
(1H, d, J=16.1 Hz, H-8), 6.80 (2H, d, J=
6.6 Hz, H-2', 6'), 6.78 (1H, d, J=16.1 Hz,
H-7), 6.22 (1H, d, J=2.2 Hz, H-5), 5.59
(IH, d, J=2.2 Hz, H-3), 9.89 (1H, s, H-
4'), 3.82 (3H, s, OCH,);"C-NMR (100 MHz,
DMSO-d,) 8: 163.2 (C-2), 88.6 (C-3), 171.5
(C-4), 56.8 (C-OCH,), 100.6 (C-5), 159.4
(C-6), 116.2 (C-7), 134.9 (C-8), 126.7 (C-
1y, 129.8 ( C-2', 6), 116.6 ( C-3", 5'),
159.4 (C-4"), VL EBE S CHR [14] el SEA
—E, MUEEN 4R R LA E .

& 3. WETERH K, ESI-MS m/z:
271.0 [M+H]",'"H-NMR (400 MHz, DMSO-d,)
8: 12.95 (1H, s, H-5), 10.83 (1H, s, H-7),
10.35 (1H, s, H-4"), 7.91 (2H, d, J=28.6
Hz, H-2', 6'), 6.92 (1H, d, J=2.1 Hz, H-3',
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5), 6.76 (1H, s, H-3), 6.45 (1H, d, J=2.2
Hz, H-8), 6.16 (1H, d, J=2.0 Hz, H-6);"C-
NMR (100 MHz, DMSO-d,) &: 161.4 (C-2),
102.8 (C-3), 181.7 (C-4), 157.4 (C-5), 94.0
(C-6), 163.7 (C-7), 98.9 (C-8), 161.4 (C-
9), 103.5 (C-10), 121.1 (C-1"), 128.5 (C-2',
6'), 116.0 (C-3", 5'), 161.2 (C-4")., LI ¥
P 53CHk [15] MAEFA B, HEEHTRE,

k&Y 4. ¥ O KK, ESI-MS m/z: 636.6
[ M+ H]*,'H-NMR ( 400 MHz, DMSO-d,) &:
12.55 (1H, brs, H-5), 10.83 (1H, brs, H-7),
9.98 (1H, brs, H-4'), 8.00 (1H, d, J=2.1
Hz, H-3"), 7.98 (1H, d, J=2.2 Hz, H-5),
7.39 (2H, d, J =19 Hz, H2", 6), 7.35
(1H, d, J=2.1Hz, H-B), 6.86~6.89 (2H, d,
J=2.0Hz, H-3', 5'), 6.79 (2H, d, J=8.3 Hz,
H-3", 5"), 6.35 (1H, d, J=2.0 Hz, H-8),
6.09 (1H, d, J=2.0 Hz, H-6), 6.13 (1H, d,
J=7.8 Hz, H-7), 5.50 (1H, d, J=7.8 Hz, H-
1"y, 469 (1H, t, J=9.7 Hz, H-3"), 4.26
(1H, d, J=10.2 Hz, H-6"), 3.99 (1H, m, H-
6"), 3.52 (1H, m, H-5"), 3.43 (1H, m, H-
4"y, 3.40 ( 1H, m, H-2"), 2.03 ( 3H, s,
acetyl) ;" C-NMR (100 MHz, DMSO-d,) §: 156.9
(C-2), 133.3 (C-3), 177.5 (C-4), 161.6 (C-
5), 99.5 (C-6), 160.4 (C-7), 94.3 (C-8),
156.9 (C-9), 103.9 (C-10), 121.2 (C-1"),
131.2 (C-2', 6'), 115.6 (C-3", 5'), 160.4
(C-4"), 101.5 (C-1"), 71.8 (C-2"), 74.6 (C-
3"), 68.3 (C-4"), 73.8 (C-5"), 62.4 (C-6"),
166.4 (C=0), 113.8 (a-CH), 145.3 (B-CH),
125.3 (C-1"), 130.7 (C-2", 6"), 116.3 (C-
3", 5"), 160.5 (C-4"), 170.1 (COO-), 21.3
(CH;) . DA E%HE 5 3Cmk [16] il B A —3,
T 5E R 3-0-11 25 13-3-0- 2 Bk 3:-6-0- (p-IN FETBE
) -o-D-MEM A AT

K& 5. HETLEIE K, ESI-MS m/z.
287.1 [M+H]",'"H-NMR (400 MHz, DMSO-d,)
8. 12.48 (1H, s, H-5), 10.74 (1H, s, H-7),
10.14 (1H, s, H-4'), 9.38 (1H, s, H-3),
6.18 (1H, d, J=2.0 Hz, H-6), 6.43 (1H, d,
J=2.0 Hz, H-8), 6.88~6.94 (2H, d, J=8.7
Hz, H-3', 5"), 7.99~8.10 (2H, d, J=8.7 Hz,
H-2', 6'); “C-NMR (100 MHz, DMSO-d,) &. 147.2
3654

(C-2), 136.2 (C-3), 176.4 (C-4), 161.2 (C-
5), 98.7 (C-6), 164.6 (C-7), 94.0 (C-8),
159.7 (C-9), 103.4 (C-10), 122.2 (C-1"),
130.0 ( C-2', 6'), 116.0 ( C-3', 5'), 156.7
(C-4") VI %cH 5 3cmk [17] #fl&EA -3,
e 2SI

E&W 6. HEATEIE KR, ESI-MS m/z:
610.8 [M+H]",'"H-NMR (400 MHz, DMSO-d,)
8: 7.52 (2H, d, J=2.2 Hz, H-5", 9"), 7.54
(2H, d, J=1.9 Hz, H-2", 6'), 6.82 (1H, d,
J=1.9 Hz, H-5"), 6.77 (2H, d, J=2.2 Hz, H-
6”, 8”), 6.31 (1H, d, J=2.0 Hz, H-8), 6.15
(1H, d, J=2.0 Hz, H-6), 5.47 (1H, d, J=
9.0 Hz, H-2"), 5.49 (1H, d, J=7.5 Hz, H-
1"y, 4.26 (1H, dd, J=12.0, 2.0 Hz, H-6"a),
4.03 (1H, dd, H-6"b), 3.18~3.24(4H, H-2"~
5")y; "C-NMR (100 MHz, DMSO-d,) &: 156.6
(C-2), 133.5 (C-3), 177.6 (C-4), 161.6 (C-
5), 99.5 (C-6), 166.7 (C-7), 94.1 (C-8),
156.8 (C-9), 103.9 (C-10), 121.9 (C-1"),
115.6 (C-2'), 145.1 (C-3"), 149.1 (C-4"),
116.2 (C-5'), 121.4 (C-6"), 101.3 ( C-1"),
74.5 (C-2"), 76.8 (C-3"), 70.4 (C-4"), 74.8
(C-5"), 63.6 (C-6"), 165.4 ( C-1"), 114.1
(C-2"), 143.7 (C-3"), 125.4 (C-4"), 130.6
(C-5", 9"), 114.8 (C-6", 8"), 160.3 (C-7"),
DB 5ocHk (18] i EEA —3, dEah
Wit Jz 22-3-0-B-D- (6-0-Z-p-AFEBEHE ) -l A 7 75
BEFT .

WEW 7. WREOITEILH AR, ESI-MS m/z.
595.1 [M+H]",'"H-NMR (400 MHz, DMSO-d, )
8: 6.37 (1H, s, H-6), 6.14 (1H, s, H-8),
8.00 (2H, d, J = 2.0 Hz, H-2", 6'), 6.78
(2H, d, J=2.6 Hz, H-3', 5'), 4.28 (2H, d,
J=11.9 Hz, H-6"), 6.86 (2H, d, J=2.1 Hz,
H-2", 6"), 7.39 (2H, d, J=28.5 Hz, H-3",
5"y, 7.33 (1H, d, J=11.3 Hz, H-a), 6.11
(1H, d, J=10.2 Hz, H-B);"C-NMR (100 MHz,
DMSO-d,) 8: 156.8 (C-2), 133.5 (C-3), 177.8
(C-4), 161.6 (C-5), 99.4 (C-6), 165.3 (C-
7), 94.2 (C-8), 156.9 (C-9), 104.1 (C-10),
121.2 (C-1"), 131.3 (C-2', 6'), 116.2 (C-3',
5y, 160.3 (C-4"), 104.1 (C-1"), 76.7 ( C-
2"y, 74.7 (C-3"), 70.4 (C-4"), 74.6 (C-5"),
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63.4 (C-6"), 101.5 (C-1"), 130.6 ( C-2"),
114.1 (C-3"), 160.5 (C-4"), 114.1 (C-5"),
130.6 (C-6"), 116.2 (C-a), 145.1 (C-B),
166.7 (C-y), DAL S SCHR [19] iR —
B, WU E R

&Y 8. v ItEIL KK, ESI-MS m/z:
449.1 [M+N]*,'"H-NMR (400 MHz, DMSO-d,)
5. 8.03 (2H, d, J=8.9 Hz, H-2', 6'), 6.84~
6.90 (2H, d, J = 8.9 Hz, H-3", 5'), 6.15
(IH, d, J=2.0 Hz, H-6), 6.37 (1H, d, J=
2.0 Hz, H-8), 5.45 (1H, d, J=7.3 Hz, H-1"),
3.55 (1H, d, J=11.4 Hz, H-6"a), 3.33 (1H,
dd, J=11.7, 3.9 Hz, H-6"B), 3.18 (2H, m,
H-2", 3"), 3.08 (2H, m, H-4", 5");"” C-NMR
(100 MHz, DMSO-d,) &: 157.0 (C-2, 9), 133.5
(C-3), 177.7 (C-4), 166.3 (C-5), 99.6 (C-
6), 161.6 (C-7), 94.3 (C-8), 103.9 (C-9),
121.4 (C-1"), 131.3 (C-2", 6"), 115.6 (C-3',
5y, 160.5 (C-4"), 101.4 (C-1"), 77.9 (C-
2"y, 76.9 (C-3"), 70.3 (C-4"), 74.7 (C-5"),
61.3 (C-6"), DhL#ds53Cmk [20] i HA—
B, BUEE N E R,

k&Y 9. B IK, ESI-MS m/z; 315.0
[M+H]*_,'H-NMR (400 MHz, DMSO-d,) §: 5.75
(1H, s, H-2), 4.02 (1H, s, H-3), 6.58 (1H,
s, H-6), 7.47~7.57 (3H, m, H-2', 4', 6'),
7.59 (2H, dt, J=7.2, 1.7 Hz, H-3', 5'), 12.17
(1H, s, 5-0H), 3.82 (1H, s, H-OCH,); "“C-
NMR ( 100 MHz, DMSO-d,) &: 144.5 (C-2),
137.2 (C-3), 176.8 (C-4), 103.6 ( C-4a),
156.0 (C-5), 95.3 (C-6), 158.1 (C-7), 130.1
(C-8), 158.1 (C-8a), 131.0 (C-1"), 127.6
(C-2"), 128.6 (C-3"), 130.2 ( C-4'), 128.7
(C-5"), 127.6 (C-6"), 56.5 (7-OCH,), 61.0
(8-OCH,) . UL F%ds 5 3CHk [21] i HeA —
B, BN 3, S-S FH-T, 8- H L,

&Y 10, TEMARY), ESI-MS m/z: 371.3
[M+H]",'"H-NMR (400 MHz, CDCl,) &: 3.92
(4H, dd, J=2.9, 5.7 Hz), 2.28 (4H, t, J=
6.5 Hz), 1.51~1.55(4H, t, J=7.2 Hz), 1.45~
1.51 (4H, m), 1.32 (4H, m), 1.28 (8H,
m), 0.85 ( 12H, t); "“C-NMR ( 100 MHz,
CcDCl, ) &: 173.1 (2C, COO), 66.2 ( 2C,
CH,), 38.7 (2C, CH,), 33.7 (2C, CH,),

30.3 (2C, CH,), 29.0 (2C, CH,), 24.4 (2C,
CH,), 23.7 (2C, CH,), 22.9 (2C, CH,),
14.3 (2C, CH,), 11.2 (2C, CH,), VI F¥URS
ik [22] HOEEEAR -, MEE D SR -2
FOER,

&Y 11, & @K, ESI-MS m/z; 345.1
[M + H]",'"H-NMR (400 MHz, DMSO-d,) &:
12.17 (1H, s, 5-OH), 8.15~8.20 (2H, m, H-
2',6'), 7.48~7.61 (3H, m, H-3'~5"), 6.58
(1H, s, 3-OH), 4.02 (3H, s, 8-OCH,), 3.91
(3H, d, J=2.1 Hz, 6-OCH,), 3.82 (3H, d,
J=2.4 Hz, 7-OCH,) ;"*C-NMR (100 MHz, DMSO-
d,) 8: 146.1 (C-2), 137.2 (C-3), 177.0 (C-
4), 147.9 (C-5), 137.2 (C-6), 152.4 (C-7),
132.5 (C-8), 146.7 (C-9), 105.7 (C-10),
131.0 (C-1'), 127.6 (C-2', C-6'), 130.2 (C-
4y, 128.7 (C-3', C-5"), 60.7 (6-OCH,), 61.8
(7-0CH;), 61.5 (8-OCH,). Vi I ¥¥ 5 SC#ik
[23] HEFEA—F, WEENR3, 5-2RHE-6, 7,
8- — H A SE B

&MY 12, L6455, ESI-MS m/z: 412.9
[M+H]",'"H-NMR (400 MHz, CDCl,) &: 5.35
(2H, d, J=5.1 Hz, H-6), 5.14 (1H, dd, J=
15.1, 8.6 Hz, H-22), 5.01 (1H, dd, J=15.2,
8.7 Hz, H-23), 3.50~3.55 (1H, t, J=5.1 Hz,
H-3), 1.02 (3H, s, H-21), 0.92 (3H, t, J=
6.5 Hz, H-29), 0.84 (6H, m, H-26, 27),
0.82 (3H, s, H-19), 0.69 (3H, s, H-18);"C-
NMR (100 MHz, CDCl,) &: 33.9 (C-1), 31.9
(C-2), 71.8 (C-3), 40.5 (C-4), 140.7 (C-5),
121.8 (C-6), 31.9 (C-7), 31.7 (C-8), 50.1
(C-9), 36.5 (C-10), 21.2 (C-11), 39.7 (C-
12), 42.3 (C-13), 56.0 (C-14), 24.4 (C-15),
29.0 (C-16), 56.8 (C-17), 12.3 (C-18), 19.4
(C-19), 40.6 (C-20), 21.1 (C-21), 138.4 (C-
22), 129.3 (C-23), 51.3 (C-24), 32.0 (C-
25), 19.9 (C-26), 21.1 (C-27), 25.4 (C-28),
12.0 (C-29), DhEEHE S0k [24] #RiBEEEA—
B, BUEE N E BT,

&YW 13, E AR, ESI-MS m/z; 889.1
[M+H]",'"H-NMR (400 MHz, DMSO-d,) &: 6.37
(1H, d, J=2.0 Hz, H-6), 6.75 (1H, d, J=
2.0 Hz, H-8), 7.38 (1H, m, H-2"), 6.86
(1H, d, J=2.1 Hz, H-5"), 7.99 (1H, dd, J=

3655
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2.1 Hz, H-6"), 7.36 (1H, d, J=2.1 Hz, H-
2"), 6.79 (2H, d, J=2.1 Hz, H-3", 5"), 7.33
(IH, d, J=2.1 Hz, H-6"), 7.36 (1H, d, J=
2.1 Hz, H-7"), 6.09 (1H, d, J=7.6 Hz, H-
8"), 5.44 (1H, brs, H-al), 1.21 (1H, d, J=
1.9 Hz, H-a6), 4.26 (1H, d, J=2.1 Hz, H-
1), 3.03~3.07 (1H, d, H-2), 3.20 (1H, d,
H-3), 3.16 (1H, d, H-4), 3.51 (1H, d, H-
5), 4.15 (1H, d, H-6), 5.46 (1H, d, J=7.7
Hz, H-1"), 3.41 (1H, d, H-2"), 3.39 (1H, d,
H-3"), 3.57 (1H, d, H-2"), 3.85 (1H, d, H-
4"y, 3.62 (1H, d, H-5"); "“C-NMR (100 MHz,
DMSO-d,) &: 156.8 (C-2), 133.5 (C-3), 177.8
(C-4), 160.3 (C-5), 101.5 (C-6), 161.6 (C-
7), 94.2 (C-8), 156.8 (C-9), 104.1 (C-10),
121.2 (C-1"), 115.6 (C-2"), 145.1 ( C-3"),
149.1 (C-4'), 116.2 (C-5"), 121.8 ( C-6"),
125.8 ( C-1"), 130.6 ( C-2"), 116.3 ( C-3"),
161.6 ( C-4"), 131.3 ( C-5"), 116.2 ( C-6"),
145.6 ( C-7"), 114.2 ( C-8"), 166.6 ( C-9"),
101.5 (C-al ), 70.5 (C-a2), 70.5 ( C-a3),
71.5 ( C-a4), 70.4 (C-a5), 19.0 ( C-a6),
104.1 (C-ol), 74.7 (C-02), 76.7 ( C-03),
70.4 ( C-04), 74.6 (C-05), 64.5 ( C-06),
101.5 (C-il), 76.7 (C-i2), 74.7 (C-i3), 70.4
(C-i4), 67.4 (C-i5), VL% 5 3cmk [25] )
EFEAR—F, B E N myriophylloside B,

L&Y 14, A G555, ESI-MS m/z: 243.3
[M+H]",'"H-NMR (400 MHz, CDCl,) &: 0.85~
0.90 (3H, t, J=6.9 Hz, H-16), 1.25 (26H,
brs, H-3 ~15), 1.55 ~ 1.65 (2H, m, H-2),
3.64 (2H, t, J=6.6 Hz, H-1);"” C-NMR (100
MHz, CDCl,) §: 63.1 (C-1), 32.8 (C-2), 31.9
(C-3), 29.4~29.7 (C-4~13), 25.8 (C-14),
22.7 (C-15), 14.1 (CH,). LA L %c#E 5 SCiik
[26] fRIBEA L, BUEEER 1-T5BEEE .

EW 15, IREEKR, ESI-MS m/z: 355.1
[M + H]".,'"H-NMR (400 MHz, DMSO-d,) &:
7.41~7.49 (1H, s, H-7"), 7.04~7.08 (1H, s,
H-2"), 6.95~6.99 (1H, dd, J=8.2, 3.0 Hgz,
H-6'), 6.76 (1H, d, J=8.2 Hz, H-5'), 6.19
(IH, d, J=9.2 Hz, H-8'), 5.10 (1H, m, H-
3), 3.92 (1H, m, H-4), 3.62 (1H, m, H-5),
1.86~2.00 (1H, m, H-2B), 2.09 (2H, m, H-
3656

6), 1.75 (1H, m, H-2a);"” C-NMR (100 MHz,
DMSO-d,) &: 73.6 (C-1), 37.0 (C-2, 6), 71.9
(C-3), 69.7 (C-4), 66.5 (C-5), 125.9 (C-
1), 115.3 (C-2"), 145.2 (C-3'), 146.3 (C-
4"y, 116.4 (C-5'), 121.6 (C-6'), 145.2 (C-
7'y, 116.4 ( C-8"), 166.8 ( C-9'), 177.3
(COOH) , DL L%uds 530k [27] B SEA—3K,
W BRI

&Y 16, ¥ @ F K, ESI-MS m/z: 355.4
[M+H]*,'H-NMR (400 MHz, DMSO-d,) §: 8.11
(1H, t, J=7.0 Hz, H-8), 7.99 (1H, d, J=
6.0 Hz, H-10'), 7.49~7.59 (2H, di, J=8.7
Hz, H-2, 6), 7.39~7.47 (2H, dt, J=8.7 Hz,
H-2', 6'), 7.28~7.34 (1H, d, J=15.5 Hz, H-
7'y, 6.76 (2H, dd, J = 2.5, 8.6 Hz, H-3',
5'), 6.70 (2H, dd, J = 2.6, 8.6 Hz, H-3',
5'), 6.39 (1H, d, J=10.3 Hz, H-8"), 3.22
(2H, m, H-9), 3.14 (2H, m, H-12), 1.48
(2H, m, H-10), 1.53 (2H, m, H-11); “C-
NMR (100 MHz, DMSO-d,) &: 125.8 (C-1),
129.2 (C-2, 6), 115.6 (C-3, 5), 158.9 (C-
4), 165.7 (C-7), 36.4 (C-9), 26.7 (C-10),
27.8 (C-11), 36.6 (C-12), 126.1 ( C-1'),
129.8 (C-2', 6'), 115.7 (C-3", 5'), 158.8
(C-4"), 138.8 (C-7"), 118.4 ( C-8), 165.5
(C-9") . VL% 5 3emk [28] il fEA —3,
T E N 4-FRRE-N- {4- [3- (4-FRFHE) -E-IN
IR ] - T RN

& 17. AR, ESI-MS m/z: 144.3
[M+H]*_,'H-NMR (400 MHz, DMSO-d,) &: 3.17
(IH, q, J=6.9 Hz, H-3, 6), 1.23 (3H, d,
J=6.9 Hz, H-7, 8), 8.09 (1H, brs, NH);"C-
NMR (100 MHz, DMSO-d,) &6: 168.7 (C-2, 5),
49.1 (C-3, 6), 19.0 (C-7, 8), Ui FAE 5
Mk [29] HoBEEA -, BUEEE N3, 6-H -2,
5-WRE —Fi

&Y 18, ¥ A [ K, ESI-MS m/z; 268.1
[M+H]*_,'H-NMR (400 MHz, DMSO-d,) §: 8.35
(1H, s, H-8), 8.13 (1H, s, H-2), 5.87 (IH,
d, J=6.2 Hz, H-1'), 5.45 (2H, m, H-2', 5'),
5.21 (1H, d, J=4.6 Hz, H-3'), 4.59 (IH,
dd, J=6.2, 4.9 Hz, H-2'), 4.14 (1H, dd, J=
5.0, 3.0 Hz, H-3"), 3.96 (1H, ¢, J=3.3 Hz,
H-4'), 3.65 (1H, d, J=3.6 Hz, H-5'a), 3.55
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(1H, dd, J=12.2, 3.7 Hz, H-5'b);"” C-NMR
(100 MHz, DMSO-d,) &: 152.9 (C-2), 149.5
(C-4), 119.8 (C-5), 156.6 (C-6), 140.4 (C-
8), 88.4 (C-1'), 74.0 (C-2"), 71.1 (C-3"),
86.4 (C-4"), 62.1 (C-5"), VI I %4 5 ik
[30] HREFA—F, SEEN B-It .

& 19, & @K, ESI-MS m/z: 229.3
[M+H]*_,'H-NMR (400 MHz, DMSO-d,) §: 5.37
(IH, d, J=1.9 Hz, H-3), 5.63 (1H, d, J=
2.2 Hz, H-5), 6.26 (2H, d, J=2.2 Hz, H-7),
7.40 (1H, d, J=8.6 Hz, H-8), 7.27 (1H, m,
H-10), 7.32 (1H, m, H-11), 7.60 (1H, m,
H-12), 7.62 (1H, m, H-13), 7.62 (1H, m,
H-14), 3.83 (3H, s, OCH,); “C-NMR (100
MHz, DMSO-d,) &: 163.2 (C-2), 89.4 (C-3),
171.4 (C-4), 101.2 (C-5), 159.1 ( C-6),
119.3 (C-7), 134.3 (C-8), 1343 (C9),
129.4 (C-10), 129.3 (C-11), 129.4 (C-12),
129.4 (C-13), 129.4 (C-14), 56.9 ( OCH,),
P EER 500k [31] #iEsaA —3,
5, 6-RAMME,

G 20, IREAHAK, ESI-MS m/z: 741.2
[M + H]",'"H-NMR (400 MHz, DMSO-d,) §&:
12.58 (1H, s, H-5), 7.94 (2H, d, J=9.0 Hz,
H-2', 6'), 6.75~6.83 (2H, d, J=9.0 Hz, H-
3", 5"), 6.31 (1H, d, J=2.5 Hz, H-6), 6.10
(IH, d, J=1.8 Hz, H-8), 7.54 (1H, d, J=
16.2 Hz, H-y"), 6.38 (1H, d, J=10.4 Hz, H-
"), 7.52 (1H, d, J = 8.5 Hz, H-2", 6"),
6.70 (1H, d, J = 8.5 Hz, H-3", 5"), 7.31
(1H, d, J=15.5 Hz, H"), 6.15 (1H, d, J=
15.6 Hz, H-B"™), 7.35 (1H, d, J=7.7 Hz, H-
2", 6™), 6.78 (1H, d, J = 7.7 Hz, H-3",
5™y, 5.74 (1H, d, J=7.7 Hz, Gle-1);"”C-NMR
(100 MHz, DMSO-d,) &: 159.2 (C-2), 133.0
(C-3), 177.7 (C-4), 161.7 (C-5), 99.3 (C-
6), 165.2 (C-7), 94.1 (C-8), 156.8 (C-9),
104.1 (C-10), 121.5 (C-1"), 130.6 ( C-2"),
115.2 (C-3"), 160.3 (C-4"), 115.2 (C-5),
130.6 (C-6"), 98.4 (C-1"), 74.5 (C-2"), 74.8
(C-3"), 70.5 (C-4"), 74.8 (C-5"), 63.6 (C-
6"), 165.9 (C-a™), 114.1 (C-B"), 145.0 (C-
¥"), 125.4 (C-1"), 130.6 (C-2"), 116.3 (C-
3"), 160.3 (C-4"), 116.3 (C-5"), 130.6 (C-

6"), 166.7 (C-a™), 113.7 (C-B™), 145.3 (C-
¥y, 125.8 (C-1"), 130.6 (C-2""), 116.6 (C-
3"y, 160.3 (C-4"), 130.6 (C-2"), 116.6 (C-
3" VA RBE S Scmk [32] B A -2, ik
WeE IS E-3-0- (2", 6"--0-E-p-PFREREIE) -
B-D- ML H A BE
& 21, EEATEIEMA, ESIMS m/z:
771.4 [M+H]",'"H-NMR (400 MHz, DMSO-d,)
8: 6.13~6.15 (1H, d, J=2.3 Hz, H-6), 6.37
(1H, d, J=2.1Hz, H-8), 7.93~7.97 (2H, d,
J=2.1Hz, H-2, 6'), 6.84 (2H, d, J=3.3 Hz,
H-3', 5'), 5.48 (1H, d, J=3.2 Hz, H-1"),
3.41 (1H, m, H-4"), 3.50 (1H, m, H-5"),
4.22 ~4.30 (1H, d, J = 2.3Hz, H-6"), 4.14
(IH, m, H-3"), 6.34 (1H, d, J=2.1 Hz, H-
"), 7.53 ~ 7.56 (3H, m, H-y", 2", 6"),
6.75~6.81 (2H, m, H-3", 5"), 6.19 (1H, d,
J=2.1 Hz, H-p"), 7.38 (1H, d, J=2.1 Hz,
H-y"), 7.36 (1H, d, J=1.8 Hz, H-2"), 6.83
(1H, d, J=2.1Hz, H-5"), 6.86 (1H, dd, J=
1.8 Hz, H-6"), 4.00 ~4.10 (3H, s, H-3");
"C-NMR (100 MHz, DMSO-d,) &: 157.0 (C-2),
133.1 (C-3), 177.8 (C-4), 161.6 (C-5), 99.2
(C-6), 164.9 (C-7), 94.2 (C-8), 157.0 (C-
9), 104.3 (C-10), 121.2 (C-1"), 130.6 (C-
2'), 115.2 (C-3"), 160.4 (C-4"), 115.5 (C-
5'), 131.3 (C-6'), 101.5 (C-1"), 74.4 (C-
2"y, 76.7 (C-3"), 70.4 (C-4"), 74.6 (C-5"),
63.1 (C-6"), 166.7 ( C-a"), 115.0 ( C-p"),
145.1 (C-y"), 125.7 (C-1"), 133.5 (C-2"),
116.2 (C-3"), 159.3 (C-4"), 116.2 (C-5"),
133.5 (C-6"), 168.7 (C-a™), 114.1 (C-p"™),
144.2 (C=y™), 127.1 (C-1"), 133.5 (C-2"),
116.2 (C-3"), 159.3 (C-4"), 116.2 (C-5"),
133.5 (C-6"), 55.4 (C-3"), DL %45 ik
[33] #RIAHEA—F, BOEE N IEW-3-0- (3"-
0-J X -p-INFEBEIL) - (6"-0-F X -PIZRME L) -B-
D-MLR R A HE
&Y 22, IREEKMAK, ESI-MS m/z: 573.2
[M+H]*,'H-NMR (400 MHz, DMSO-d,) §: 7.51
(1H, s, H-3"), 7.47 (1H, s, H-3"), 7.0l
(IH, d, J=2.0 Hz, H-5"), 7.04 (1H, d, J=
2.0 Hz, H-5"), 6.97 (1H, d, J=2.0 Hz, H-
9'), 6.98 (1H, d, J = 2.0 Hz, H-9"), 6.76
3657
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(2H, s, H-8', 8"), 6.28 (1H, s, H-2"), 6.14
(1H, s, H-2"), 5.62 (1H, t, J=3.7 Hz, H-
5), 5.17 (1H, t, J=3.7 Hz, H-4), 4.00~4.03
(1H, m, H-3), 4.00 (1H, s, H-8), 2.01
(1H, d, J=4.0 Hz, H-6B), 1.53 (2H, m, H-
9), 1.25~1.28 (2H, m, H-10), 0.79 (3H, s,
H-11) ;" C-NMR (100 MHz, DMSO-d,) &: 72.9
(C-1), 30.5 (C-2, 6), 64.7 (C-3), 71.4 (C-
4), 70.4 (C-5), 173.7 (C-7), 64.7 (C-8),
30.5 (C-9), 19.0 (C-10), 14.0 (C-11), 166.5
(C-1'), 114.1 ( C2', 2", 146.1 ( C-3"),
126.0 (C-4'), 115.0 (C-5', 5"), 145.4 ( C-
6'), 148.8 (C-7'), 115.1 (C-8'), 121.8 (C-
9'), 165.8 (C-1"), 146.1 (C-3"), 125.8 (C-
4"y, 145.9 (C-6"), 149.1 (C-7"), 115.2 (C-
8"), 121.7 (C-9"), DL L#ds53cHk [34] il
FAR—F, w4, 5-UmHERE A TR T BR .
L&) 23, IREEAK A, ESI-MS m/z: 573. 1
[M+H]*,"H-NMR (400 MHz, DMSO-d,) &: 7.52
(1H, s, H-7"), 7.48 (1H, s, H-7"), 7.01
(2H, d, J=2.0 Hz, H-6', 6"), 6.98 (1H, d,
J=2.1Hz, H-5"), 6.96 (1H, d, J=2.1 Hz, H-
5"y, 6.74 (2H, d, J=2.0 Hz, H-2', 2"), 6.24
(1H, s, H-8"), 6.14 (1H, s, H-8"), 5.55
(1H, m, H-3), 4.95 (1H, d, J=3.2 Hz, H-
4), 4.02 (2H, dd, J=10.8, 6.6 Hz, H-5, 8),
2.26 (1H, s, H-6), 2.00 (1H, m, H-2), 1.97
(2H, d, J=3.6 Hz, H-2, 6), 1.52 (2H, dd,
J=7.2, 3.3 Hz, H9), 1.25~1.31 (2H, m, H-
10), 0.81 (3H, s, H-11);”C-NMR (100 MHz,
DMSO-d,) &: 73.6 (C-1), 38.1 (C-2), 68.3
(C-3), 72.5 (C-4), 64.8 (C-5), 36.5 (C-6),
173.4 (C-7), 125.7 (C-1"), 114.3 (C-2'),
146.0 ( C-3'), 149.0 (C-4"), 115.1 (C-5"),
121.9 (C-6'), 146.1 (C-7', 7"), 116.3 (C-8',
5"y, 165.7 (C-9"), 125.9 (C-1"), 113.7 (C-
2"y, 146.2 (C-3"), 149.2 (C-4"), 122.0 (C-
6"y, 115.3 (C-8"), 166.4 ( C-9"), 64.8 ( C-
1"), 30.5 (C-2"), 19.0 (C-3"), 14.0 (C-4"),
DL EER 500k [35]) MiESA —3, sl
3, 4-IHEREAE TR T IR
4 mELFEHRR
4.1 DPPH AwiAFmiEn ZMMICHt [36-37]
77 3F M ME & ok, B DPPH 0. 008 g, JiIA 100
3658

mlL JC/K L BEES i, Bl A% 0. 2 mmol/L. DPPH ¥
W, BULSYE R, FICK B BIECH R 0.2,
0.1, 0.05, 0.025, 0.012 5. 0.006 25 mg/mlL
FESRVA TR, S 4y M BAMEXT BE4H (150 pl DPPH
WW+50 pL oK /) . FEm 4 (150 pl. DPPH
VW +50 L ARSI FIRE ST IRZE (150 pL G
IKCE+50 pL BE SIS ), #5020 7E 96 FLAR Hhon
AN, R VY 30 min 5, F 517 nm
WAL E W CRE  LAPT L-BU3R il /8 by BHE X R
SCEAT 3 IR, TR IC,MH,
4.2 ABTS' A @ iiFreiEr ¥ 7 mmol/L ABTS /K
RIS 2. 45 mmol/L K,S,0, KIERAFAFIL 1 - 1R
A, FEFE 12~16 h, il ABTS #:i, FHIEK
EERRBARRW, (AR 734 nm P K T BIWOLEE K
0.7+0.02, 35| ABTS TAEM ., L5 5 R FAMEXT Y
21 (150 wL ABTS TAEW+50 pL JoK L FE) . HE
20 (150 pL ABTS TAEW+50 pL FEMEEHR) FIEE
ra X REZH (150 L Jo/K ZBE+50 L BE G A
F 5y A 96 FLAR HOM A R, 28 T akE ' R 1
30 min J5, T 734 nm KA EWOEE, DL LS
IR Ry BAPEXT R, SE8 P47 3 ¥k, TR 1C, fA.,
4.3 WEAMAEFEEMN T LR AW 1-~23 /3B
il B 0.2 mg/mL B A & A W, 45 DPPH HI
ABTS' [ H ZL IS BR LI WK ik 5, SRR RR KR
T 50% k&Y 1, 3~9, 15, 21~23 347 DPPH
FIABTS" [ H ZE G BRI 5

& L AH, ka1, 3~8, 15, 22~23 3
AEA2UER DPPH H 3k, Hrfk&o1, 7, 22~
23 WibRBE A, HmgGE THHMZY, 4. 6, 8, 21
THRBE ST WA T FH 25, 3. 5. 15 i DPPH A i
SRR, AW 1, 3~9, 21~23 Hiig
BOEER ABTS" H B 5, H b &) 22~ 23 1§RTE
Trds, WhE T HMEZY, 1, 5~8, 21 WEBREUCRE
I, 3. 4.9, 15 H5ERAEI&ES .
5 Tt

AN EOCHFH 2B oy % 23 b
G, Hbh FEAREE ORNER | IEIIBEAEE A
k&Y, Wi E IR, KBLEw 1, 4~
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