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Chemical constituents from whole herbs of Azolla imbricata
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Abstract: Objective To investigate the chemical constituents from whole herbs of Azolla imbricata. Methods The chemical
constituents were separated and purified by various chromatographic techniques of silica gel, ODS, Sephadex LH-20 gel, and
semi-preparative HPLC. Their structures were identified by NMR and MS spectroscopic methods. Results Twenty compounds were
isolated from A. imbricata and identified as chlorogenic acid methyl ester (1), 4-O-caffeoylquinic acid (2), 3,4-O-dicaffeoylquinic acid
methyl ester (3), 3,4,5-O-tricaffeoylquinic acid methyl ester (4), (—)-N-[3',4’-dihydroxy-(E)-cinnamoyl]-3-hydroxy-L-tyrosine (5),
(-)-N-[3",4'-dihydroxy-(E)-cinnamoyl]-L-tyrosine (6), (—)-N-[3',4"-dihydroxy-(E)-cinnamoyl]-L-tyrosine methyl ester (7), (-)-N-
[4'-hydroxy-(E)-cinnamoyl)]-L-tyrosine (8), brainicin (9), quercetin-3-O-B-D-glucoside (10), naringenin-7-O-B-D-glucoside (11),
kaempferol-3-O-(6"-O-caffeoyl)-p-D-glucoside (12), caffeic acid (13), epirhododendrin (14), myzodendrone (15), trans-ferulic
acid-p-D-glucoside (16), 5,7-dihydroxychromone-2-carboxylic acid (17), pinoresinol-4-O-B-D-glucoside (18), phytol (19) and
trans-12-oxo0-(10Z,152)-phytodienoic acid (20). Conclusion Compounds 1—12, 14—18, and 20 are isolated from the genus Azolla
for the first time and compound 19 is isolated from A. imbricata for the first time. Compounds 1—7, 10, 12, and 13 exhibit good
antioxidant activity.
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JILZL Azolla imbricata (Roxb.) Nakai, X 4441
SPELERTE, MUK, FE AT IRIE
KILPAR %4 X2, HA-#ef ARRES . RIT
FIREEDN R, Beds X JEmuettsl, Jitar F 25
A T R 2R B T A 2 Jl o 40, LA BRI
o3 BA B ENPUEAEERS, SR, © Mz
AEIFE R AL 10 KA N T FE XA
W E BT NN, AR SR — PR T HALE KT
MHAE R4y B8 2] T 20 AMEEY, 4390 % 58 ek
JAFR H g (chlorogenic acid methyl ester, 1). 4-O-
i 35 2 T R (4-O-caffeoylquinic acid, 2). 3,4-O-
XU pE L 25 R F G (3,4-O-dicaffeoylquinic acid
methyl ester, 3). 3,4,5-O-—IMEREIE 2 7 L F g
(3,4,5-O-tricaffeaylquinic acid methyl ester, 4).
(—)-N-[3"4"- X% F-(E)- W AEIBE £ ]-3-F - L- B 2 IR
{(—)-N-[3’,4'-dihydroxy-(E)-cinnamoyl]-3-hydroxy-L-
tyrosine, 5}. (—)-N-[3",4"-X{¥23E-(E)- R EE R HE]-L-
I & B {(—)-N-[3',4"-dihydroxy-(E)-cinnamoyl]-L-
tyrosine, 6}. (—)-N-[3",4-X{¥23E-(E)- R EE R 3E]-L-
B R g {(—)-N-[3’,4’-dihydroxy-(E)-cinnamoyl]-
L-tyrosine methyl ester, 7}. (—)-N-[4'-F23E-(E)-
it JE]-L-BR &R {(—)-N-[4"-hydroxy-(E)-cinnamoyl)]-
L-tyrosine, 8}. brainicin (9). # % %-3-0-B-D-%i
EIWETF (quercetin-3-O-B-D-glucoside, 10). i %-
7-O-B-D-#i % ¥+H (naringenin-7-O-p-D-glucoside,
110 1l 223 -3-0-(6"-O- il M 1 & )-B-D- ] %) B £
[kaempferol-3-0-(6"-O-caffeoyl)-p-D-glucoside, 12].
o HE B2 caffeic acid, 13). F [k By =
(epirhododendrin, 14). myzodendrone (15). &
kil 21 12 -B-D- i 4 #E ¥ ( trans-ferulic acid-B-D-
glucoside, 16). 5,7- — ¥ %L t4 5 il -2- R ¢ (5,7-
dihydroxychromone-2-carboxylic acid, 17). FAflE%-
4-O-B-D-Hi % #EF (pinoresinol-4-O-B-D-glucoside,
18). fEEE (phytol, 19) Fl/x(-12-5-(10Z,152)-
T ¥ — ¥ BR [trans-12-ox0-(10Z,15Z)-phytodienoic
acid, 20]. HAL&EY 1~12. 14~18 f1 20 AE
TMNHILLL @Y B3, EW 19 NEIR
NG PARAN AE =X CE T R
1 UEEHH

LC-15C R il CHA R AT #
3R (Mercury Plus 400 MHz, 5[ Varian A
F]; Ascend™ 600 MHz, f# [ Bruker A ] ); Agilent
1100 LC/MSD 4t 25+ B s B A (36 [E Agilent

23 H]); Autopol IV-T Jig)'t4% (32 E Rudolph Research
Analytical /2] ); BioTek Epoch ffLik 73 Y66 E i+
([ Bio Tek Aw]); Akl (200~300 H,
TR T ) ) HE AR (10~40
um, HSGF 254, JH & VLR HER T R A FR 22 ] ; RP-18
F254S, 18 [ Merck KGaA A ] ); ODS (40~60 pum,
Cleanert Cig, RN UNREHEEFRAF);
HZz818 KALW I AE (LB RH A RA T D;
Sephadex LH-20 %tk (3£[E Pharmacia A ]); MCI
GEL #fg (75~150 um, CHP20P, HA=35{L2%
24D Promosil Cig (38 #: (150 mm X 4.6 mm,
5pum; 150 mmXx10 mm, 5pum; KA EARE
HAWRAFD:; HEMIK (HPLC %, bifH R
2 F AR A BR 2 7R it AT s s A PR A 7DD
PEEL 5 73 B BT FH A GR35 e pr . (T 2446 1]
ERFARAFD: L-HiA iR (VO gTfifik
AR PR A 7 5 2,2-I6 2K JE-1-77 BE JF 5 (DPPH)D
W F BT T AR A A BR A ]

WL LR A ELT 2016 SRR B HRE, &5 B
KL B R 20 U = B s S e T4 8
RIS 21 Azolla imbricata (Roxb.) Nakai f4 %, 4%
WEARAS (201606-5) FRfET-5 HRE25 2B AL 2 2L
W=
2 REESNE

TFHRAHTLA A B DR (6.95 kg) FH 95% .1
FIBIRTRAL, WK 2R E 614 9. MIZHEIR
BT, KK A MBS ER LB EE, 0%
WO 7 J5 43 45 B A B A BGRAL 152 g FIEETER &
BEZEHGHAL 77 go Tl RKEBAI 4 HZ818 B AL i
Wb, L 95% ZEEBEMLTS 25 g, 4 MCI GEL #f
JEME (%75, LACmE-/K (15 : 85—~30 @ 7050 :
50—80 : 20—95 : 5 B i 515 B4 5 Fr. 1~9.
Fr. 1 x5 Sephadex LH-20 B¢ F: B (FFEL) /)
B, FEH %% HPLC 4tk (HPLC 54 S &5tk &
VI RS KA 210 350 nm, AFRIREZ) 3
mL/min), AEMLEY 2 (ZHE-0.1% H R /K5
11.5 : 88.5, t:=10.2 min, 38.3mg). Fr. 2% ODS
Fethil sy B, HEE-K (1:9—2:8—1:3—>3:7—~
4:6—>7:3—>1:0) BEEEMEN, 53] Fr.21~27.
Fr. 2.3.Fr. 2.4 1 Fr. 2.6 7354 Jx &2 Sephadex LH-20
R EE (R 708 il 4 HPLC 4iifk (&
i5-0.1% KW, RBEMEDY 16 (14 © 86—
23 177, tr=3.5min, 1.1mg). 15 (14 :86—23:
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77, =7.7min, 58mg). 1 (14 :86—25:75, k=
9.5min, 3.2mg) A1 14 (13 :87—23:77, tr=9.2
min, 6.8 mg). Fr. 3 £ Sephadex LH-20 %t T (f it
(HED 7321938 6 M2 Fr. 3.1~3.6. Fr. 3.6 £
ghin (FED S53MLAY 17 (2142 mg). Fr. 4 &
i % HPLC 4ifb)s (ZM5-0.1%H BR/K % 16
84) H#MLE&Y 5 (tr=8.5 min, 55.7 mg). Fr. 6
2 Sephadex LH-20 %k (i 7y 2, HIfEE-/K (8 :
2) Ve Fr. 6.1~6.9, Fr. 6.8 Hi2F#l% HPLC
aifhfs (ZH5-0.1% /K 20 © 80) 1REILE
) 9 (tg=8.5 min, 0.6 mg). Fr. 7 4 Sephadex LH-20
B AL 2, WHRE-/K (9 0 D PR Fr. 7.1~
7.11. Fr. 7.6 £&2F#4% HPLC 4ifk)5 (ZJ5-0.1%H
FRZKIER 20 @ 80) 13 EIHLAY) 6 (tR=8.0 min, 22.6
mg). Fr.7.8 % Sephadex LH-20 Bt it HIfE-
K (9 1) PelifEH Fr.7.8.1~7.8.3. Fr. 7.8.2 il Fr.
7.8.3 /2% HPLC 4ifb)E (ZJE-0.1%H 1%
KIBERD BEMLEY 3 (26,5 735, tk=7.9 min,

8.2 mg) #1110 (20 : 80, tr=7.8 min, 53.8 mg).

Fr. 8 64 ODS il 70 5, ULFIEE-/K (3174
6—1:1—>7:3—~>1:0) BREWHEM, HNEKRE
Sephadex LH-20 #tfcitails (FAEE-/K 91 1) o8
J 24 HPLC 4lifk (ZE-0.1% FF /K i) 1531
&4 18 (22 © 78, tr=7.9 min, 66.4 mg). 8 (23 :
77, tr=8.8min, 19.2mg) Al 11 (23: 77, tr=9.2
min, 11.2mg).

TR AE B o 2 P JR A 385 73 15 LA Vit k-
B 2 (20:1—~15:1—~10:1—-5:1—3:1—~
1:1-0: 1) BREEBEMS, 793 Fr. 10~15. Fr. 15
(62 @) £ TLC kil 5 & - NBERE R 2 HGH AT o
Fr. 11 2 ODS Mthil sy 5, HlE-/K (1:1-5:1—
15 :1—1:0) ¥Mi/E43% Fr. 11.1~11.6, Fr. 114
Pl HPLC 4lifkfs CHIEE-0.1% H R /KA
98 :2) H5FI1bE&W 19 (1r=9.2 min, 8.2 mg).

K0 53 B TR £, T A B A7 8 47 ek J A €35 2
B, & kE-HEE (50:1—-9:1—-8:2—1:1—~
0:1) ¥, 53 Fr. 16~21. Fr. 18 £ ODS #:f%
i, DAFEE-/K (3:7—1:1-6:4—3:1—9:1—
1:0) BEEEVENLS, P&k TLC CAidk-
BEHR 2,08 2 © 1) J il 2% HPLC afifb CHfE-7K 95
5) 53LAY) 20 (tr=2.3min, 2.4mg). Fr. 20 &
it ODS #:ffit (FHfE-/K 35 © 65—40 : 60—50 : 50—
60 : 40—80 : 20—100 : 0) & Sephadex LH-20 %t

@ (PR 52EY 13 (1.6 mg), FH4Lld
Sephadex LH-20 % FE Ltk 755 (HFEE-/K 8 & 2)
Jefl 4% HPLC 4lifk, Z.5-0.1% F R /K I (25 -
75—40 : 60) BEML, FEULED 4 (tr=13.7 min,
2.7mg). Fr.21 &1k ZrER. ODS. MCI GEL #F
3. Sephadex LH-20 &R AT (A1l f2 i % HPLC
afifk, ZME-0.1%FRIKIEI (27 1 73) ¥, 33|
&M 7 (tk=10.0 min, 5.2 mg). Fl44EFHIEER
CBERERG A AR (i o 55, LA T k- R £
fig (15:1-5:1—-3:1-2:3-0:1) ~ERLMAS-
FlE (401111 BREEVEML, 193] Fr. 22~27,
Fr. 27 2 RFLMHERE B3 85 (50% LBE~95%
B ~95% L. -BE R Z.05, 1: 1) 19 Fr. 27.1~27.6.
Fr. 27.1 Zx 5 ODS fE:tai, MCI GEL i,
Sephadex LH-20 #EcAE (3l 12 il % HPLC 4lift,
(ZHE-0.1%F B /KIS 29 @ 71), BELEY 12
(tr=6.5min, 46 mg).
3 HmEXE

B 1 ORI A; [o]y —23.4° (C
0.11, CH3OH); ESI-MS m/z: 367.0 [M—H]; 'H-NMR
(400 MHz, CD30D) §: 7.52 (1H, d, J = 15.9 Hz, H-7"),
7.04 (1H, d, J = 1.9 Hz, H-2), 6.94 (1H, dd, J = 8.2,
1.9 Hz, H-6), 6.77 (1H, d, J = 8.2 Hz, H-5"), 6.21 (1H,
d, J = 15.9 Hz, H-8'), 5.26 (1H, m, H-5), 4.13 (1H, m,
H-3), 3.73 (1H, dd, J = 7.3, 3.1 Hz, H-4), 3.69 (3H, s,
7-OCHs), 2.21 (1H, dd, J = 13.6, 3.4 Hz, H-6b),
2.19~2.10 (2H, m, H-2), 2.00 (1H, dd, J = 13.6, 6.9
Hz, H-6a); 3C-NMR (150 MHz, CD:OD) ¢: 175.5
(C-7), 168.3 (C-9'), 149.8 (C-4'), 147.3 (C-7'), 146.9
(C-3"), 127.7 (C-1"), 123.0 (C-6'), 116.6 (C-5"), 115.2
(C-2"), 115.1 (C-8'), 75.9 (C-1), 72.6 (C-4), 72.2 (C-3),
70.3 (C-5), 53.0 (7-OCHy), 38.1 (C-6), 37.8 (C-2). LA
T EE S SRR IS AR —F0, MU R A Y 1
R JE R H I .

WA 2: BT ERMA: [o]5 —58.0° (¢
0.1, CHzOH); ESI-MS m/z: 352.8 [M—H]; H-NMR
(600 MHz, CD30D) §: 7.64 (1H, d, J = 15.9 Hz, H-7"),
7.07 (1H, d, J = 1.4 Hz, H-2), 6.96 (1H, dd, J = 8.2,
1.4 Hz, H-6'), 6.78 (1H, d, J = 8.2 Hz, H-5"), 6.37 (1H,
d, J = 15.9 Hz, H-8"), 4.81 (1H, dd, J = 9.1, 2.9 Hz,
H-4), 4.28 (2H, m, H-3, 5), 2.20 (1H, m, H-6b), 2.17
(1H, dd, J = 14.4, 2.4 Hz, H-2a), 2.06 (1H, m, H-2b),
2.01 (1H, dd, J = 13.2, 10.7 Hz, H-6a); 1*C-NMR (150
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MHz, CDsOD) §: 177.9 (C-7), 169.1 (C-9'), 149.6
(C-4"), 147.2 (C-7'), 146.9 (C-3"), 127.9 (C-1'), 123.0
(C-6"), 116.6 (C-5"), 115.5 (C-2"), 115.2 (C-8"), 79.3
(C-4), 76.7 (C-1), 69.6 (C-3), 65.8 (C-5), 42.6 (C-6),
38.7 (C-2). LA EH¥E 530kl iE Fe A — 35102, ks
EALEY 2 9 4-O-INnEREFE 4E TR

WA 3: RO LEEMA: [o]5 —96.9° (¢
0.06, CH3OH): ESI-MS m/z: 529.0 [M —H] :
1H-NMR (400 MHz, CD30D) ¢: 7.55 (1H, d, J = 15.9
Hz, H-7"), 7.54 (1H, d, J = 15.9 Hz, H-7"), 7.02 (2H,
brs, H-2',2"), 6.91, 6.88 (% 1H, brd, J = 8.2 Hz, H-6/,
6"), 6.76, 6.73 (% 1H, d, J = 8.2 Hz, H-5", 5"), 6.26
(2H, d, J = 15.9 Hz, H-8', 8"), 5.62 (1H, m, H-3), 5.03
(1H, dd, J = 8.2, 3.0 Hz, H-4), 4.32 (1H, m, H-5), 3.76
(3H, s, 7-OCHs), 2.39~2.08 (4H, m, H-2, 6);
13C-NMR (150 MHz, CD30D) d: 176.2 (C-7), 168.6,
168.5 (C-9', 9"), 149.7 (C-4', 4"), 147.4 (C-7', 7"),
146.9 (C-3', 3"), 127.8, 127.7 (C-1’, 1"), 123.3, 123.2
(C-6', 6"), 116.5 (C-5', 5"), 115.2, 115.1 (C-2', 2"),
115.1, 114.9 (C-8', 8"), 75.7 (C-4), 75.2 (C-1), 69.9
(C-3), 66.1 (C-5), 53.0 (7-OCHs), 41.9 (C-6), 36.9
(C-2). VA -3¥m 5 Sk B A — 8, W ik
E W 3 4 3,4-O- XUk L 45 T R F R

B 4: REOTEIVA;: [a]d —344.3° (C
0.14, CHsOH): ESI-MS m/z: 691.2 [M —H] :
1H-NMR (600 MHz, CD30D) 6: 7.59, 7.54, 7.53 (%
1H, d, J = 15.9 Hz, H-7', 7", 7""), 7.05, 7.03, 7.01 (%
1H, d, J = 2.0 Hz, H-2", 2", 2'"), 6.94, 6.93, 6.87 (%
1H, dd, J = 8.2, 2.0 Hz, H-6', 6", 6""), 6.76, 6.76, 6.72
(% 1H, d, J = 8.2 Hz, H-5', 5", 5"), 6.29, 6.23, 6.20
(% 1H, d, J = 15.9 Hz, H-8', 8", 8"), 5.64 (1H, m,
H-5), 5.58 (1H, m, H-3), 5.33 (1H, dd, J = 7.6, 3.4 Hz,
H-4), 3.74 (3H, s, 7-OCHs), 2.46 (1H, dd, J = 14.1,
3.9 Hz, H-2a), 2.39 (1H, dd, J = 14.1, 8.1 Hz, H-2b),
2.26 (1H, dd, J = 13.7, 3.0 Hz, H-6a), 2.19 (1H, dd,
J = 137, 7.1 Hz, H-6b); BC-NMR (150 MHz,
CDs0D) ¢: 175.6 (C-7), 168.4, 168.0, 167.8 (C-9', 9",
97, 149.9, 149.9, 149.8 (C-4, 4", 4"), 148.1, 147.9,
147.7 (C-7', 7", 7", 146.9, 146.9, 146.8 (C-3', 3",
3™), 127.8, 127.6, 127.6 (C-1', 17, 1'), 123.5, 123.3,
123.2 (C-6', 6", 6'), 116.6, 116.6, 116.5 (C-5, 5",
5", 115.2, 115.2, 115.1 (C-2', 2", 2", 115.0, 114.5,
114.3 (C-8', 8", 8'"), 74.8 (C-1), 74.8 (C-4), 69.7

(C-3), 69.3 (C-5), 53.2 (7-OCHs), 38.0 (C-6), 36.5
(C-2), DA FEHE 5 Sk S A — S04, e it
EW0 4 3,4,5-0- —WNHEmBEREZE 7R G

WA 5: TELEHNA; [a]F —16.0° (¢ 0.10,
CH30H); ESI-MS m/z: 358.0 [M—H]; *H-NMR (400
MHz, CD30D) §: 7.36 (1H, d, J = 15.7 Hz, H-7"), 6.99
(1H, d, J = 2.0 Hz, H-2'), 6.90 (1H, dd, J = 8.2, 2.0
Hz, H-6"), 6.75 (1H, d, J = 8.2 Hz, H-5"), 6.68 (1H, d,
J = 2.0 Hz, H-2), 6.67 (1H, d, J = 8.1 Hz, H-5), 6.56
(1H, dd, J = 8.1, 2.0 Hz, H-6), 6.41 (1H, d, J = 15.7
Hz, H-8"), 4.69 (1H, dd, J = 8.2, 5.2 Hz, H-8), 3.08
(1H, dd, J = 14.0, 5.2 Hz, H-7b), 2.90 (1H, dd, J =
14.0, 8.2 Hz, H-7a); 3C-NMR (150 MHz, CD30D) ¢:
175.2 (C-9), 169.0 (C-9'), 148.9 (C-4'), 146.7 (C-3"),
146.2 (C-3), 145.3 (C-4), 142.8 (C-7'), 129.9 (C-1),
128.4 (C-1), 122.3 (C-6'), 121.8 (C-6), 118.1 (C-8"),
117.4 (C-2), 116.5 (C-5), 116.3 (C-5), 115.2 (C-2"),
55.7 (C-8), 38.1 (C-7). DAL #dla 5 U HRHRIE F A —
OO, M EY 5 O (-)-N-[34-XHHE-(E)-
PIRE 3L ]-3- 2 5 -L- R R -

WA 6: TETELHNA; [a]F —15.9° (c 0.15,
CH30H); ESI-MS m/z: 342.0 [M—H] ; *H-NMR (400
MHz, CD3;0D) 8: 7.35 (1H, d, J = 15.7 Hz, H-7"), 7.05
(2H, d, J = 8.5 Hz, H-2, 6), 6.99 (1H, d, J = 2.0 Hz,
H-2), 6.89 (1H, dd, J = 8.2, 2.0 Hz, H-6'), 6.75 (1H, d,
J = 8.2 Hz, H-5"), 6.69 (2H, d, J = 8.5 Hz, H-3, 5),
6.41 (1H, d, J = 15.7 Hz, H-8), 4.69 (1H, dd, J = 8.4,
5.2 Hz, H-8), 3.14 (1H, dd, J = 14.0, 5.2 Hz, H-7b),
2.93 (1H, dd, J = 14.0, 8.4 Hz, H-7a); 13C-NMR (150
MHz, CDsOD) ¢: 175.3 (C-9), 169.0 (C-9"), 157.3
(C-4), 148.9 (C-4"), 146.7 (C-3"), 142.8 (C-7'), 131.4
(C-2), 131.3 (C-6), 129.3 (C-1), 128.3 (C-1"), 122.3
(C-6"), 118.0 (C-8'), 116.5 (C-5"), 116.2 (C-3, 5), 115.2
(C-2"), 55.8 (C-8), 37.9 (C-7). LA %5 CkikiE
FEAR—FO, WETENED 6 N (—)-N-[34-X%
B-(E)- PRI RE I 5] L- BB R

WEW 7. BETLEEHRA: [o]b —60.0° (c0.1,
CH30H); ESI-MS m/z: 356.0 [M—H]; *H-NMR (600
MHz, CD3;0D) §: 7.36 (1H, d, J = 15.7 Hz, H-7"), 7.03
(2H, d, J = 8.4 Hz, H-2, 6), 6.99 (1H, d, J = 1.5 Hz,
H-2), 6.90 (1H, dd, J = 8.1, 1.5 Hz, H-6'), 6.76 (1H, d,
J = 8.1 Hz, H-5"), 6.70 (2H, d, J = 8.4 Hz, H-3, 5),
6.40 (1H, d, J = 15.7 Hz, H-8), 4.70 (1H, dd, J = 8.1,
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6.0 Hz, H-8), 3.69 (3H, s, 9-OCH3), 3.07 (1H, dd, J =
13.9, 6.0 Hz, H-7b), 2.94 (1H, dd, J = 13.9, 8.3 Hz,
H-7a); *C-NMR (150 MHz, CD;0OD) 4: 173.9 (C-9),
169.1 (C-9'), 157.5 (C-4), 149.0 (C-4), 146.8 (C-3"),
143.1 (C-7), 131.3 (C-2, 6), 128.8 (C-1), 128.3 (C-1"),
122.3 (C-6'), 117.8 (C-8'), 116.5 (C-5), 116.3 (C-3, 5),
115.2 (C-2"), 55.8 (C-8), 52.7 (9-OCH), 37.9 (C-7).
DA 25085 5 SRR S A — B0, e A 7
N (-)-N-[3" 4= BRI (E)- AL 5] L - 2R F e

WA 8: KT ELHMA; [a]F —28.1° (¢ 0.13,
CH30H); ESI-MS m/z: 326.0 [M—H]; *H-NMR (400
MHz, CD30D) d: 7.41 (1H, d, J = 15.7 Hz, H-8'), 7.39
(2H, d, J = 8.4 Hz, H-2, 6), 7.06 (2H, d, J = 8.4 Hz,
H-2, 6'), 6.78 (2H, d, J = 8.4 Hz, H-3', 5'), 6.69 (2H,
d, J = 8.4 Hz, H-3, 5), 6.46 (1H, d, J = 15.7 Hz, H-7),
4.70 (1H, dd, J = 8.3, 5.0 Hz, H-8), 3.14 (1H, dd, J =
14.0, 5.0 Hz, H-7h), 2.94 (1H, dd, J = 14.0, 8.3 Hz,
H-7a); *C-NMR (150 MHz, CD;0D) &: 175.4 (C-9),
168.9 (C-9'), 160.6 (C-4'), 157.3 (C-4), 142.4 (C-7"),
131.4 (C-2, 6), 130.7 (C-2', 6'), 129.3 (C-1), 127.7
(C-1", 118.1 (C-8"), 116.7 (C-3', 5"), 116.2 (C-3, 5),
55.9 (C-8), 38.0 (C-7). DAL #dls 5 30 hRHRkIE F A —
O, M &Y 8 A (-)-N-[4-FHE-(E)-PHE
P 3E)-L-FR R R -

WA 9: WH T ETEH A ; [a]F 6.7° (c 0.06,
CH30H); ESI-MS m/z: 623.0 [M—H]"; 'H-NMR (600
MHz, CDs;0D) ¢: 6.86 (1H, d, J = 1.5 Hz, H-2"), 6.78
(1H, d, J = 1.3 Hz, H-2"), 6.73 (1H, d, J = 8.1 Hz,
H-5%, 6.71 (1H, d, J = 8.1 Hz, H-5"), 6.70 (1H, brs,
H-2'), 6.68 (1H, dd, J = 8.1, 1.5 Hz, H-6"), 6.66 (1H,
dd, J = 8.1, 1.3 Hz, H-6"), 5.98 (1H, d, J = 2.3 Hz,
H-8), 5.88 (1H, d, J = 2.3 Hz, H-6), 5.15 (1H, d, J =
5.0 Hz, H-2), 4.78~4.81 (2H, overlapped, H-7", 5",
4.23 (1H, brs, H-3""), 3.98 (1H, dd, J = 10.7, 5.0 Hz,
H-3), 3.71 (1H, dd, J = 7.2, 4.2 Hz, H-4""), 3.04 (1H, t,
J = 10.7 Hz, H-4), 2.60 (1H, t, J = 10.7 Hz, H-8"),
2.45 (1H, dd, J = 18.5, 2.4 Hz, H-6""a), 1.75 (1H, dd,
J = 185, 40 Hz, H-6"b); 3C-NMR (150 MHz,
CD30D) 4: 174.0 (C-9"), 170.5 (C-7"), 159.5 (C-7),
156.0 (C-5), 155.8 (C-9), 147.0 (C-3"), 146.3 (C-4"),
146.0 (C-3'), 145.8 (C-4"), 138.9 (C-2"), 131.0 (C-1"),
130.9 (C-1"), 130.8 (C-1"), 120.6 (C-6"), 120.2
(C-6"), 116.2 (C-5"), 115.8 (C-5"), 115.8 (C-2"), 115.6

(C-2"), 983 (C-10), 96.2 (C-6), 96.2 (C-8), 81.2
(C-7"), 80.2 (C-2), 72.2 (C-5"), 71.4 (C-3), 69.8
(C-4"), 67.4 (C-3"), 50.9 (C-8"), 37.1 (C-4), 28.9
(C-6")o LA HHRE 5 SClRAIE He A — 3108, e
A% 9 A brainicin.

WA 10: EETEHMA: [o]s —13.0° (C
0.10, CH3;OH); ESI-MS m/z: 463.0 [M —H] :
!H-NMR (400 MHz, CD30D) ¢: 7.70 (1H, d, J = 2.2
Hz, H-2'), 7.59 (1H, dd, J = 8.4, 2.2 Hz, H-6'), 6.87
(1H, d, J = 8.4 Hz, H-5'), 6.40 (1H, d, J = 2.1 Hz,
H-8), 6.21 (1H, d, J = 2.1 Hz, H-6), 5.26 (1H, d, J =
7.5 Hz, H-1"), 3.71 (1H, dd, J = 11.9, 2.3 Hz, H-6"a),
3.57 (1H, dd, J = 11.9, 5.3 Hz, H-6"b), 3.48 (1H, dd,
J=9.0, 7.5 Hz, H-2"), 3.42 (1H, t, J = 9.0 Hz, H-3"),
3.34 (1H, t, J = 9.0 Hz, H-4"), 3.21 (1H, ddd, J = 9.0,
5.3, 2.3 Hz, H-5"); 3C-NMR (150 MHz, CD30D) ¢:
179.6 (C-4), 166.1 (C-7), 163.1 (C-5), 159.1 (C-9),
158.6 (C-2), 149.9 (C-3'), 146.0 (C-4"), 135.7 (C-3),
123.2 (C-1"), 123.1 (C-6"), 117.6 (C-5'), 116.1 (C-2),
105.8 (C-10), 104.3 (C-1"), 99.9 (C-6), 94.7 (C-8),
78.5 (C-3"), 78.2 (C-5"), 75.8 (C-2"), 71.3 (C-4"),
62.6 (C-6"). LA Hdfs 5 il AR — 50, iy
SEAEW 10 i 2 -3-O-B-D-H & i H

& 11: ABTERMA;: [o]y —95.5° (¢
0.11, CH3OH); ESI-MS m/z: 433.0 [M—H]; 'H-NMR
(400 MHz, CD30D) ¢: 7.32 (2H, d, J = 8.4 Hz, H-2/,
6'), 6.81 (2H, d, J = 8.4 Hz, H-3', 5), 6.21 (1H, brs,
H-8), 6.19 (1H, brs, H-6), 5.38 (1H, dd, J = 13.2, 2.7
Hz, H-2), 4.96 (1H, d, J = 6.9 Hz, H-1"), 3.87 (1H,
brd, J = 12.1 Hz, H-6"a), 3.68 (1H, dd, J = 12.1, 5.3
Hz, H-6"b), 3.48~3.34 (4H, m, H-2", 3", 4", 5"), 3.17
(1H, dd, J = 17.2, 13.2 Hz, H-3a), 2.74 (1H, dd, J =
17.2, 2.7 Hz, H-3b); 3C-NMR (150 MHz, CD;0D) 6:
198.6 (C-4), 167.1 (C-7), 165.0 (C-5), 164.7 (C-9),
159.2 (C-4'), 130.9 (C-1'), 129.2 (C-2', 6), 116.4
(C-3', 5", 105.0 (C-10), 101.3 (C-1"), 98.0 (C-6), 96.9
(C-8), 80.8 (C-2), 78.3 (C-5"), 77.8 (C-3"), 74.7
(C-2"), 71.2 (C-4"), 62.4 (C-6"), 44.2 (C-3). LA % HE
5 SR oE B A — S0, WS A 11 Al
#-7-O-B-D-Hi & i .

WA 12: $EETE BRI A [o]5 —8.3° (¢ 0.12,
CH30H); ESI-MS m/z: 611.2 [M+H]*; H-NMR (600
MHz, CD30D) §: 7.99 (2H, d, J = 8.9 Hz, H-2', 6"),
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7.35 (1H, d, J = 15.9 Hz, H-7""), 6.96 (1H, d, J = 1.9
Hz, H-2""), 6.82 (2H, d, J = 8.9 Hz, H-3', 5), 6.80~
6.78 (1H, m, H-6""), 6.77 (1H, d, J = 8.1 Hz, H-5""),
6.32 (1H, d, J = 2.1 Hz, H-8), 6.15 (1H, d, J = 2.1 Hz,
H-6), 6.04 (1H, d, J = 15.9 Hz, H-8""), 5.21 (1H,d, J =
7.4 Hz, H-1"), 4.28 (1H, dd, J = 11.8, 2.1 Hz, H-6"a),
4.19 (1H, dd, J = 11.8, 6.5 Hz, H-6"b), 3.48~3.43
(3H, m, H-2", 3", 5"), 3.34~3.32 (1H, m, H-4");
3C-NMR (150 MHz, CD;0D) &: 179.5 (C-4), 168.9
(C-9'"), 166.1 (C-7), 163.1 (C-5), 161.6 (C-4'), 159.5
(C-2), 158.5 (C-9), 149.6 (C-4""), 147.0 (C-3""), 146.8
(C-7'"), 135.3 (C-3), 132.3 (C-2', 6'), 127.8 (C-1""),
123.1 (C-6""), 122.8 (C-1'), 116.6 (C-5""), 116.1 (C-3',
5%, 115.3 (C-2""), 114.8 (C-8""), 105.7 (C-10), 104.2
(C-1"), 100.1 (C-6), 94.9 (C-8), 78.1 (C-3"), 75.9
(C-2"), 75.8 (C-5"), 71.7 (C-4"), 64.3 (C-6"). LA L%
P55 SCIR R E Fe A —BR2Y, WS TE S 12 AL
A5 3-3-0-(6"-O- M HE 1 52)-B-D - 2 B 7 o

&Y 13: WEOTLEHA: ESI-MS m/z:
179.0 [M—H]™; 'H-NMR (600 MHz, DMSO-dg) o:
7.40 (1H, d, J = 15.9 Hz, H-7), 7.01 (1H, d, J = 2.1
Hz, H-2), 6.95 (1H, dd, J = 8.1, 2.1 Hz, H-6), 6.75
(1H, d, J = 8.1 Hz, H-5), 6.16 (1H, d, J = 15.9 Hz,
H-8); 13C-NMR (150 MHz, DMSO-ds) 6: 167.9 (C-9),
148.0 (C-4), 145.5 (C-7), 144.3 (C-3), 125.6 (C-1),
121.0 (C-6), 115.6 (C-5), 115.2 (C-8), 114.5 (C-2). LL
R SO R AR — 3, S E A 13
JNHERR o

WEY 14: ABTEERMA: [o]s —23.5° (c
0.14, CH3OH); ESI-MS m/z: 327.0 [M —H] ;
IH-NMR (400 MHz, CDs0D) ¢: 7.03 (2H, d, J = 8.5
Hz, H-2', 6), 6.67 (2H, d, J = 8.5 Hz, H-3', 5"), 431
(1H, d, J = 7.8 Hz, H-1"), 3.83 (1H, dd, J = 11.9, 2.2
Hz, H-6"a), 3.80~3.76 (1H, m, H-2), 3.65 (1H, dd,
J =119, 55 Hz, H-6"b), 3.34 (1H, m, H-3"), 3.27
(1H, m, H-4"), 3.22 (1H, m, H-5"), 3.17 (1H, dd, J =
9.0, 7.8 Hz, H-2"), 2.70~2.56 (2H, m, H-4), 1.90~
1.81 (1H, m, H-3a), 1.74~1.63 (1H, m, H-3b), 1.26
(3H, d, J = 6.3 Hz, H-1); B®C-NMR (150 MHz,
CD30D) ¢: 156.4 (C-4"), 134.6 (C-1"), 130.4 (C-2, 6'),
116.1 (C-3', 5%, 104.2 (C-1"), 782 (C-3"), 77.8
(C-5"), 772 (C-2), 75.4 (C-2"), 71.7 (C-4"), 62.8
(C-6"), 40.1 (C-3), 31.6 (C-4), 22.2 (C-1). LA L%k

5ol A5, S AY 14 hERA
iR .

&Y 15: BELELHA; (o]l —106.0° (C
0.12, CH3;OH); ESI-MS m/z: 341.0 [M —H] :
IH-NMR (600 MHz, CD3;0D) ¢: 7.05 (1H, s, H-2"),
6.74 (2H, m, H-5', 6"), 4.73 (1H, d, J = 7.4 Hz, H-1"),
3.92 (1H, dd, J = 12.0, 2.1 Hz, H-6"a), 3.71 (1H, dd,
J =12.0, 5.7 Hz, H-6"b), 3.52~3.36 (4H, m, H-2"~
5"),2.76 (4H, m, H-3, 4), 2.11 (3H, s, H-1); 3C-NMR
(150 MHz, CD3;OD) ¢§: 211.4 (C-2), 146.6 (C-3"),
146.5 (C-4"), 134.2 (C-1"), 124.4 (C-6'), 118.8 (C-2"),
116.9 (C-5"), 104.3 (C-1"), 78.4 (C-3"), 77.6 (C-5"),
74.9 (C-2"), 71.4 (C-4"), 62.5 (C-6"), 46.0 (C-3), 30.2
(C-4), 30.0 (C-1). LA b-Hdfs 5 STk HRIE B A — 524,
s e L&) 15 S myzodendrone.

WA 16: AL ELMA: [o]f -39.1°(C
0.11, CH3OH); ESI-MS m/z: 355.0 [M—H]; 'H-NMR
(400 MHz, CDs0D) ¢: 7.53 (1H, d, J = 15.8 Hz, H-7),
7.23 (1H, d, J = 1.5 Hz, H-2), 7.17 (1H, d, J = 8.4 Hz,
H-5), 7.13 (1H, dd, J = 8.4, 1.5 Hz, H-6), 6.40 (1H, d,
J = 15.8 Hz, H-8), 4.96 (1H, d, J = 7.3 Hz, H-1"), 3.90
(3H, s, 3-OCHs), 3.87 (1H, m, H-6"a), 3.69 (1H, dd,
J =12.0, 5.0 Hz, H-6'b), 3.56~3.36 (4H, m, H-2'~
5"; 1BC-NMR (150 MHz, CD30D) §: 172.1 (C-9),
151.1 (C-3), 149.8 (C-4), 144.8 (C-7), 131.1 (C-1),
123.2 (C-6), 119.7 (C-8), 117.5 (C-5), 112.4 (C-2),
102.3 (C-1"), 78.3 (C-5"), 77.9 (C-3"), 74.9 (C-2'), 71.3
(C-4"), 62.5 (C-6"), 56.8 (3-OCHa3). LA %5 ik
RIEIEA—P, W EY) 16 R AR 2 IR-
B-D-H & HE L o

&) 17 B2k i (HEED; ESI-MS m/z: 221.0
[M—H]: H-NMR (400 MHz, DMSO-ds) J: 12.43
(1H, s, 5-OH), 6.81 (1H, s, H-3), 6.42 (1H, s, H-8),
6.25 (1H, s, H-6); 3C-NMR (150 MHz, DMSO-ds) o:
181.8 (C-4), 165.1 (C-7), 161.4 (C-5), 160.8 (C-11),
157.2 (C-9), 153.4 (C-2), 112.1 (C-3), 105.0 (C-10),
99.3 (C-6), 94.2 (C-8). LA F¥ ¥ 5 3 ki iE He A —
Flean, MeksEth &Y 17 N 5,7- RS 5 H-2-
IR -

WEY 18: ABTEEMMA: [o]p +17.0° (c
0.10, CH3;OH); ESI-MS m/z: 519.0 [M —H] :
1H-NMR (400 MHz, CDs0OD) ¢: 7.14 (1H, d, J = 8.3
Hz, H-5), 7.03 (1H, s, H-2), 6.95 (1H, s, H-2'), 6.92
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(1H, d, J = 8.3 Hz, H-6), 6.81 (1H, d, J = 8.1 Hz
H-6"), 6.76 (1H, d, J = 8.1 Hz, H-5"), 4.88 (1H, d, J =
7.1 Hz, H-1"),4.76 (1H, d, J = 3.7 Hz, H-7), 4.71 (1H,
d, J = 3.9 Hz, H-7'), 4.24 (2H, m, H-9b, 9'b), 3.86
(3H, s, 3-OCHg), 3.85 (3H, s, 3'-OCHs), 3.86~3.37
(8H, m, H-9, 2"~6"), 3.14 (2H, m, H-8, 8'); 3C-NMR
(150 MHz, CD3;OD) d: 151.0 (C-4), 149.2 (C-4"),
147.6 (C-3), 147.4 (C-3"), 137.5 (C-1), 133.8 (C-1"),
120.1 (C-6"), 119.8 (C-6), 118.1 (C-5), 116.1 (C-5"),
111.7 (C-2), 111.0 (C-2"), 102.9 (C-1"), 87.6 (C-7),
87.2 (C-7), 78.3 (C-5"), 77.9 (C-3"), 75.0 (C-2"), 72.8
(C-9), 72.7 (C-9), 71.4 (C-4"), 62.6 (C-6"), 56.8
(3-OCHg), 56.5 (3'-OCHj), 55.6 (C-8'), 55.4 (C-8). LA
RS SCERIRE A P, WA 18
ARG -4-O-B-D-Hi & BE 1T o

&M 19: R MPIRY; ESI-MS m/z: 319.3
[M+Na]*; H-NMR (600 MHz, CDCls) 6: 5.41 (1H,
td, J = 7.2, 1.2 Hz, H-2), 4.15 (2H, d, J = 7.2 Hz, H-1),
1.99 (2H, m, H-4), 1.67 (3H, s, H-17), 1.52 (1H, m
H-15), 1.41~1.22 (12H, m, H-5, 6, 7, 9, 11, 13, 14),
1.15~1.03 (6H, m, H-8, 10, 12), 0.87 (6H, d, J = 6.6
Hz, H-16, 20), 0.84, 0.85 (6H, d, J = 6.6 Hz, H-18,
19); 3C-NMR (150 MHz, CDCls) &: 140.4 (C-3),
123.1 (C-2), 59.5 (C-1), 39.9 (C-4), 39.4 (C-14), 37.5,
37.4, 37.3 (C-8, 10, 12), 36.7 (C-6), 32.8 (C-11), 32.7
(C-7), 28.0 (C-15), 25.2 (C-5), 24.8 (C-13), 24.5
(C-9), 22.7 (C-16), 22.7 (C-20), 19.8, 19.7 (C-19, 18),
16.2 (C-17). LA & 5 Skl FaA — 502, il
YA 19 NHHEE.

AW 20: HEEHRY: [o] +15.8° (¢ 0.12,
CH:Cly); ESI-MS m/z: 315.2 [M+Na]*; H-NMR
(600 MHz, CDCls) ¢: 7.58 (1H, dd, J = 6.0, 2.4 Hz,
H-10), 6.11 (1H, dd, J = 6.0, 1.8 Hz, H-11), 5.44 (1H,
dt, J = 10.8, 7.2 Hz, H-16), 5.25 (1H, dt, J = 10.8,
7.2 Hz, H-15), 2.57 (1H, m, H-9), 2.44 (1H, m,
H-14b), 2.28 (1H, m, H-14a), 2.13 (2H, m, H-2),
2.04 (2H, m, H-17), 2.01 (1H, m, H-13), 1.48 (2H,
m, H-3), 1.46 (2H, m, H-8), 1.34 (2H, m, H-7), 1.28
(2H, m, H-5), 1.25 (4H, m, H-4, 6), 0.95 (3H, t, J =
7.8 Hz, H-18); 13C-NMR (150 MHz, CDCls) §:
211.7 (C-12), 181.4 (C-1), 167.5 (C-10), 134.0
(C-16), 132.9 (C-11), 125.0 (C-15), 51.3 (C-13),
47.1 (C-9), 36.8 (C-2), 34.3 (C-8), 29.8 (C-6), 29.6

(C-5), 29.4 (C-7), 28.3 (C-14), 27.4 (C-3), 25.8
(C-4), 20.6 (C-17), 14.2 (C-18). LA I %4 5 CHR IR
T FEAR—F 081, W e A 20 e -12-5 -
(10Z,15Z)-t8H4) — M1
4 IENTEMTFE

KH DPPH H 275 BRiIG0, XI5 B RT3 11
B P EAT PR TS PRI 52 FE T 5 B v
(ICs0) 1H, LA VC NFHMEXTIE . 10 MELEYEIR H
T RIFMPTEMAEYE GR D, Hd, thE& 1~5.
7.10 #1113 1) DPPH H H25 FRAE /T 1Cs0 [EAK T-FH
PEXTHR VC, T B I LAk &4 P A TE PR T Ve

x1 10 MEAYIRIMELTEY
Table 1 Antioxidant activities of 10 compounds

WA 1Cso/(umol-L7Y) EY  ICso/(umol-L 1)
1 20.67%+1.04 7 34.72+2.91
2 4753+3.42 10 22.80+0.95
3 9.09+0.83 12 77.34+7.20
4 7.90£0.32 13 48.214+1.08
5 21.47+0.46 VC 54.22+3.08
6 78.731+4.69

5 1ig

ARSI PIHTLLL Iy B4 E T 20 MEE,
AR RIRZS . LRk IR 2 W 38 S o iR 2K 55 B
gy, BRAEY 13, HAL G5 v E IR NI
IR R RN EYETENA S R L], (&Y 1~
7. 10. 12 1 13 BB HITTEMIE . 53 SOk
fRIEE23, o SRR SR R RS e BA TR
PURTFEAEYNGTE . AL TR T
BTN AR, 25280 o At ) ] Y DA &% 24 O
K5 BHIEA FH IR AL -

SE 0k
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