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Study on chemical constituents of Artemisia integrifolia (I1)

WANG Mei-jiao, WANG Jin-lan, WANG Dan, SHI Zhi-chun, LI Jun, ZHAO Ming, ZHANG Shu-jun
Institute of Chemistry and Chemical Engineering, Qiqihar University, Qiqihar 161006, China

Abstract: Objective To study the chemical constituents of Artemisia integrifolia. Methods Solvent extraction, silica gel column
chromatography, and HPLC were used for isolation and purification. The structure was identified by NMR spectrum analysis.
Anti-oxidant activity tests were performed using DPPH. Results A total of 21 monomeric compounds were isolated from A.
integrifolia and identified as 2R-(2Z-pentenoic acid methyl ester)-3S-(methyl acetate) cyclopentanone (1), methyl-4S-6a-hydroxy-3-
oxoeudesma-1,11 (13)-dien-12-oate (2), methyl caffeate (3), dextrin inositol (4), monobutyl fumarate (5), caffeic acid (6), monobutyl
malonate (7), 6,8-dimethoxycoumarin-7-O-3-D-glucoside (8), 3,5-O-di-caffeoyl quinic acid butyl ester (9), 3,4-O-dicaffeoyl quinic
acid butyl ester (10), 4,5-O-dicaffeoyl quinic acid butyl ester (11), 3,5-O-dicaffeoyl quinic acid methyl ester (12), 4,5-O-
dicaffeoylquinic acid (13), 1,5-O-dicaffeoylquinic acid (14) 3,5-O-dicaffeoylquinic acid (15), o-hydroxycinnamic acid glucoside
(16), 1,3-O-dicaffeoyl quinic acid (17), chlorogenic acid (18), 3,4-O-dicaffeoylquinic acid (19), methyl 3,4-O-dicaffeoylquinate (20),
and o-hydroxycinnamate methyl glucoside (21). Conclusion Compound 1 is a new natural product. Compounds 2, 5, 7—11, 14,
16, and 21 are isolated from Artemisia for the first time, and the rest are isolated from A. integrifolia for the first time. Both caffeoyl
quinic acid compounds had strong anti-oxidant capacity, and the activity is basically equivalent to Vc.
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BWR . e RS E RN, R amA
R ik — B IR E Y BRI A, R
BTSN3 L, 3 — 20 X0 F R B I T R
AW HIA 5 B BEAT T T, A2 B4R 31 21 ML
B, SN 2R-QZ-IRIGER F eI )-3S-( LR
B i £ ) 2 % B [2R-(2Z-pentenoic acid methyl
ester)-35-(methyl acetate) cyclopentanone, 1], methyl-
4S-6a-hydroxy-3-oxoeudesma-1,11(13)-dien-12-oate (2)+
WNHERR F S (methyl caffeate, 3). A5 e AJLEE H fk
(dextrin inositol, 4). & SEEH T (monobutyl
fumarate, 5). WIHEER (caffeic acid, 6). P FRH
THE (monobutyl malonate, 7). 6,8- - F4AIEH T
% -7-0-B-D- #i %] ¥ #  ( 6,8-dimethoxycoumarin-
7-O-B-D-glucoside, 8). 3,5-O- - MIMEREIEZS 718 T
fig (3,5-O-di-caffeoyl quinic acid butyl ester, 9).
3,4-0- W MEBE B 2 IR T R (3,4-O-dicaffeoyl
quinic acid butyl ester, 10). 4,5-O- - WIHEREFEZS 72
2T Big (4,5-O-dicaffeoyl quinic acid butyl ester, 11).
3,5-0- Z W E P 25 T R W R (3,5-O-dicaffeoyl
quinic acid methyl ester, 12). 4,5-O-_MIHEREEIEZE
TR (4,5-0- dicaffeoylquinic acid, 13)+ 1,5-O0- Wl
MEREIEZE R (1,5-O-dicaffeoylquinic acid, 14).
3,5-0- W e e 2 28 T /R (3,5-O-dicaffeoylquinic
acid, 15). ABF LA B MR W % B (o-hydroxy-
cinnamic acid glucoside, 16). 1,3-O- _IIHEEEIEZE
TR (1,3-O-dicaffeoyl quinic acid, 17). )RR
(chlorogenic acid, 18). 3,4-O- _MiIMERE 4 TR
(3,4-O-dicaffeoylquinic acid, 19). 3,4-O- —hinEk
FHeZE TR S (methyl 3,4-O-dicaffeoylquinate, 20).
A FR LR B R T R A &) BB (o-hydroxycinnamate
methyl glucoside, 21). HH, (L&MW 1 1E KRR
WE R AR, a2, 5. 711, 14, 16.
21 NE RONE B B R, R E IR
= S ET R
1 UESHR

X-6 AU RMEAC (A R AR A R A
F]); Bruker AV-600 #Z W EARIE X ({4 [E Bruker
A EEEIEFRAF AUTOPOL V BUJiE Al
£ [E Waters Xevo QTOF Jii1{%; 32[F Waters 2489
1) & VAR 1% X : PREP-ODS @ 19 mm X 100 mm
BN AR ) A% S O f 14 . HITACHI
L-7100 $iii %%, HITACHI L-3350 /R ZE 4T A2
GL SCIRNCES Inc. Inertsil PREP-ODS ® 10 mm X

250 mm AEEAN R, A R N T B
T 25 (200~300 H); #ZEMEE (TLC) fiE
R G40 T A7, AHE RN E 25 L
WA, ARG e A A, 1,1- oK AR
K (DPPHD, bt Sk A= il b

HIE T 2013 4 6 A 27 HRHA B RILEFFFWS
IR, BPRE =N FHT, &35 55 M R
BMFHIRYLE E N Artemisia integrifolia Linn., FrAK
(%5 LH-20130627) Wit T- 55 55 M5 R K22 R IR )
=
2 FHE
21 REERESE

TJEANE 2.2 kg, FRRH 7.5 L HEHRIE, =R
B3 dJENE, HE 3K, AIRRMEW, WEK
452 0.5 L A4, /K 1.2 LiRE, KR IE 2 ke(1.2
L), BEFR M (1.210) FIETEE (1.21) #HL 3 K,
SR IE Cbt s BER B IE T BEAE ORI I 45
ZIHE, 193)IE KA 445 g BEIR CHERAHL
Y499 g, IETEERHY) 75.9 g.

EUMNE IE T EEASEU 30.0 g FRERCH: (il /)
B, KUK HBE IR O PR-HEE 8 © 2(2.0 L), 6 1 4(2.0
L).4:6(1.0L).2:8(2.0L). 100%MH & (1.0L)
BEATUEME, F TLC BREEOMAT, A IFAHIEH 7, W4
33 7 A5 (F1~F7.

F2 (4.0 ) HHATHEIRKE GG 5r &, KIKHIES
Yi-BERRCFE 8 12 (1.0 L), IFCE-BERRAHE 2 © 8
(750 mL), FSER 205 (1.0L), BEFRLEE-FRE 8 @ 2
(1.OL). 1:1 (750 mL). 2 :8 (500 mL) ¥/,
H TLC BREZH AT, A IFAHIE 7y, 4515 5] 6 A4
45 (F2-1~2-6), F2-1 (2584 g) ZREMH: (i,
AR % HPLC 7755, 34&% 1 (6.6 mg). 2
(6.1 mg).3(17.7mg)- 4(33.9 mg); F2-2(83.4 mg)
AT M A £ HPLC 20 &, 1816&4 5 (5.6 mg);
F2-3 (91.2 mg) #HT /A0 ¥ HPLC 405, 191k
A6 (172mg). 7 (244mg). 8 (58mg); F2-4
(468.0 mg) #AT S AHFH# HPLC 7355, L&Y
9 (20.9 mg). 10 (14.5 mg). 11 (20.3 mg); F2-6
(359.7 mg) AT S AHFH# HPLC 7355, LAY
12 (79.6 mg). 13 (17.5mg), 14 (14.4mg),

F3 (3.5 g) HHTHEMRFE iG> &, fKIKHIES
Yi-BEROFE 8 12 (1.0L), BEFRAMEE (1.9L), B
FR . FE-FEE 8 12 (1.0L). 64 (800mL) ¥ihi,
F TLC BREZM T, & IRFHIEA S, WR4E515 5 M
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(F3-1~F3-5). F3-2 (285.9 mg) #HT A4
HPLC 735, 134&4 15 (25.5 mg).

F4 (4.0 ) #HTRERAE AL B, KIKHIED
Pe-BER g 2 0 8(1.5 L), B 4 Fe-HEE 9 1 1(500
mL). 64 (1.0L). 2 :8 (500 mL) ¥tfi, F TLC
FREZHT, G IFFILLL Sy, WRYE1F 4 AR5 (F4-1~
4-4). F4-3 (2.7 @) BH—RKHBEREALESE, K
UHBER 2 B5-FFEE 8 1 2 (1.3 L), 317 (500 mL).
218 (250 mL) ¥EMt, H TLC PRERDHT, & IFAH
Wy, WAE1S 2 5 ANy (F4-3-1~4-3-5) . F4-3-4
(200.8 mg) #AT S AHF 4% HPLC 7385, 14L&
16 (25.5mg).

F5 (610.0 mg) FIHEE-/K NahAE, Kl K
255 nm, FEATHI& B SRR, 18] 7 AN
(F5-1~5-7). F5-3 (117.5 mg) £ Je M2 HPLC
e, BEMEEY 17 (233 mg); F5-2 (53.3 mg)
AT A2 % HPLC 4y 55, 346449 18 (9.1
mg); F5-4 (85.5 mg) #E47 S AH: 1] & HPLC 45,
LAY 19 (33.0 mg); F5-5 (52.5 mg) #H47 %
FHE % HPLC 20 &, 34661 20 (15.8 mg);
F5-7 (46.1 mg) #47 AHFH]#% HPLC 735, 13
& 21 (53 mg).

2.2 DPPH & {iEME KL

HERYgEER C (Vo) 1EXTERE, 2 BIFREL Ve

FAEINRE S ECH A 1004 504 104 5. 1 pg/mL 5 Ff

ANE R EIREE, ARG AR & A Ve T
96 FLEEFRMRAI/NFLH, KA S 0.1
mmol/L [ DPPH Z BV 180 pL A B &N FLH,
M 0.5 h JETRNBEARX T, 78 517 nm (AT
EWOCE (D E, HEEEINHIKRE (Cso) 1H.
3 HmExE

WA 1: I ERIRY; [o]p —37.4° (¢ 0.053 4,
MeOH); UPLC-QTOF-MS m/z: 268.132 1, #4575
30N CiaH200s (FEI{H 268.131 1); 'H-NMR (600
MHz, CDCl;, £ 1), f£ 6 5.68 (1H, dt, J=9.0, 7.2
Hz), 5.56 (1H, dt, J=9.0, 7.2 Hz) %! 1 DAl fE AR
ity 15 55 0 FH SR AR I I Q0B , 7E 6 3.70 (6H, s) 45
W2 NHSER, £ 93.13(2H,d, J=72Hz) A1
AN R FR S, £E 9 2.67 (1H, dd, J = 14.8, 3.9 Hz),
2.40~2.20 (5H, m), 2.12 (1H, m) &4 4 7 N 547
s AH AR LR TR E 5 PC-NMR (150 MHz,
CDCl3) %t 14 MRS 5, 7E 6218.5 45 1
AL, §172.4, 172.0 45 H 2 DMEgHRIE, 6123.3
1293 45 H 1 NN, 7E 6 51.8 F1 51.6 25 2 A~
FA & . /£ HMBC i (B 1), FERETT T (6 3.70)
S5 C-5' (5 172.0) A1 C-2" (0 172.4) #H%, FH]
TEEWANHIES, H-5, H-4, H-3 L) H-1'#5 C-1 (6
218.5) #3%,H-1"5 C-2 (6 53.8), C-3 (6 37.9), C-4 (6
27.5) 5%, H-1'5 C-1 (6 218.5) C-2 (6 53.8), C-3 (6
37.9) LA C-2' (6 123.3), C-3' (9 129.3) #H%, FKHI2

#=1 14415 'H-NMR (600 MHz), 3C-NMR (150 MHz) 1 HMBC
Table 1 '"H-NMR (600 MHz), '*C-NMR (150 MHz), and HMBC data of compound 1

{73 IA dc Su HMBC
1 218.5 H-2, H-3, H-4, H-5, H-1'
2 53.8 2.35 (1H, m) H-4, H-2', H-1"

3 37.9 2.35 (1H, m) H-4, H-5, H-1'

4 27.5 1.56 (1H, m), 1.50 (1H, m) H-2, H-3, H-1"

5 37.6 2.35 (1H, m), 2.12 (1H, m) H-2, H-3

1 38.6 2.35 (1H, m), 1.94 (1H, m) H-3, H-3'

2! 1233 5.56 (1H, dt,J=9.0, 7.2 Hz) H-1’, H-2, H-4'

3! 129.3 5.68 (1H, dt, J=9.0, 7.2 Hz) H-1', H-4'

4 32.7 3.13(2H, d,J=7.2 Hz) H-2'

5’ 172.0 H-3', -OCH;

1" 25.5 2.67 (1H, dd, J = 14.8, 3.9 Hz), 2.35 (1H, m) H-2, H-4

2" 172.4 H-3, -OCH3
-OCH3 51.8 3.70 (3H, s) —

-OCH3 51.6 3.70 (3H, s) —
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E1 &1 8WEE HMBC #H% (H—~C)

Fig. 1 Key HMBC correlations of compound 1 (H—C)
AMWBE S BIFEEAE C-2 fil C-3 F, WKIELL B4 Byb
FEAY 1 PP, SURYE SCIkARE S % e
N 2R-Q2Z-JRIH TR F g 2%)-3S-( L8 IR %) BRI HH

G 2: WEEARPRY) (B ; "TH-NMR (600
MHz, CDCl) d: 6.74 (1H, d, J = 9.6 Hz, H-1), 6.33
(1H, s, H-13a), 591 (1H, d, J = 9.6 Hz, H-2), 5.76
(1H, s, H-13b), 3.97 (1H, t, J = 10.2 Hz, H-6), 3.79
(3H, s, -OCH3), 2.94 (1H, m, H-4), 2.51 (1H, m, H-7),
1.96 (1H, m, H-8), 1.89 (1H, m, H-8), 1.74 (1H, m,
H-9), 1.57 (1H, m, H-5), 1.55 (1H, m, H-9), 1.28 (3H,
d, J = 7.0 Hz, H-15), 1.21 (3H, s, H-14); '3C-NMR
(150 MHz, CDCl;3) d: 203.6 (C-3), 168.0 (C-12), 159.6
(C-1), 141.8 (C-11), 126.4 (C-2), 126.3 (C-13), 69.5
(C-6), 52.1 (-OCH3), 50.3 (C-5), 49.6 (C-7), 39.9
(C-4), 39.2 (C-10), 37.3 (C-9), 26.0 (C-8), 21.7 (C-14),
134 (C-15). LA EHR 5 CtiE it A —s, ek
ELEWY 2 A methyl-45-60-hydroxy-3-oxoeudesma-
1,11(13)-dien-12-oate-

AW 3: R BE AR CHED, mp 165~168 C;
'H-NMR (600 MHz, DMSO-ds) 6: 9.60 (1H, s, 4-OH),
9.14 (1H, s, 3-OH), 7.46 (1H, d, J = 15.6 Hz, H-7),
7.04 (1H, d, J = 1.8 Hz, H-2), 6.98 (1H, dd, J = 7.8,
1.8 Hz, H-6), 6.76 (1H, d, J = 7.8 Hz, H-5), 6.25 (1H,
d, J=15.6 Hz, H-8), 3.68 (3H, s, -OCH3); '*C-NMR
(150 MHz, DMSO-ds) 6: 167.4 (C-9), 148.9 (C-4),
146.0 (C-7), 145.6 (C-3), 125.9 (C-1), 121.8 (C-6),
116.2 (C-5), 115.2 (C-2), 114.1 (C-8), 51.5 (-OCH3)s
DL 5 oC kAR A — 3, S a3
TR H i o

&Y 4. AERDIRG & (R, mp 184.0~
186.0 C; "H-NMR (600 MHz, DMSO-ds) 6: 4.68 (1H,
d, J= 3.4 Hz, 5-OH), 4.67 (1H, d, J = 3.4 Hz, 1-OH),
447 (1H, d, J = 4.5 Hz, 2-OH), 444 (1H, d, J = 4.5
Hz, 4-OH), 4.32 (1H, d, J = 5.7 Hz, 3-OH), 3.86 (1H,
dd, J = 6.8, 3.6 Hz, H-2), 3.68 (1H, d, J = 3.6 Hz,
H-3), 3.42 (1H, m, H-4), 3.37 (1H, m, H-6), 3.34 (3H,

s, -OCH3), 3.31 (1H, m, H-5), 3.09 (1H, dd, J = 6.8,
3.6 Hz, H-1); *C-NMR (150 MHz, DMSO-ds) 6: 81.5
(C-1), 68.5 (C-2), 72.5 (C-3), 70.9 (C-4), 73.7 (C-5),
72.6 (C-6), 57.5 (-OCHz). L %diE 5 CRikikIE S A
— 0, WS EY) 4 A TRV k.

EY) 5: KB AR RCHED, mp 141~143 C;
'"H-NMR (600 MHz, CDCl;) 6: 4.09 2H, t, J = 6.6
Hz, H-1'), 2.67 (2H, t, J = 6.0 Hz, H-3), 2.64 (2H, t,
J = 6.0 Hz, H-2), 1.63 (2H, m, H-2), 1.41 (2H, m,
H-3"), 0.94 (3H, t, J = 7.3 Hz, H-4'); *C-NMR (150
MHz, CDCl;) §: 175.9 (C-4), 171.6 (C-1), 64.2 (C-1"),
30.0 (C-2'), 28.3 (C-3), 28.1 (C-2), 18.5 (C-3"), 13.0
(C-4")o DA 3 5 ek o B A — Y, e it
G5 NE SR T R,

AW 6: ik U R CHEE), mp 116~170 C;
'"H-NMR (600 MHz, DMSO-ds) d: 12.10 (1H, brs,
-COOH), 9.52 (1H, s, 4-OH), 9.12 (1H, s, 3-OH), 7.41
(1H, d, J = 15.9 Hz, H-7), 7.02 (1H, d, J = 1.6 Hz,
H-8), 6.96 (1H, dd, J = 8.0, 1.6 Hz, H-6), 6.75 (1H, d,
J = 8.0 Hz, H-5), 6.16 (1H, d, J = 15.9 Hz, H-2);
BC-NMR (150 MHz, DMSO-ds) 6: 167.7 (C-9), 148.0
(C-4), 145.4 (C-3), 144.4 (C-7), 125.5 (C-1), 121.0
(C-6), 114.9 (C-5), 115.6 (C-2), 114.5 (C-8). VL L
Bl 5 kR E A — ), MEELEY 6 A~
UIERI®

a7 HEEHRK (FEE; 'H-NMR (600
MHz, CDCl;) d: 4.20 (2H, t, J = 6.6 Hz, H-1'), 3.43
(2H, s, H-2), 1.67 (2H, m, H-2), 1.42 (2H, m, H-3"),
0.95 (3H, t, J = 7.8 Hz, H-4"); 3C-NMR (150 MHz,
CDCl3) 6: 169.5 (C-3), 166.9 (C-1), 65.4 (C-1'), 39.7
(C-2), 29.8 (C-2"), 18.4 (C-3"), 13.0 (C-4). LA L%#E
o A g, S hEm 71 AN R
BT

&) 8: ¥R Ak K CHEL), mp 201~205 C;
"H-NMR (600 MHz, DMSO-ds) J: 7.93 (1H, d, J=9.6
Hz, H-4), 7.10 (1H, s, H-5), 6.39 (1H, d, J = 9.6 Hz,
H-3), 5.37 (1H, d, J = 7.2 Hz, H-1"), 3.82 (6H, s, 2 X
-OCH3), 3.62~3.77 (2H, m, H-6"), 3.57 (2H, m, H-2',
3"), 3.49 (1H, m, H-4"), 3.22 (1H, m, H-5"); "*C-NMR
(150 MHz, DMSO-ds) d: 160.2 (C-2), 114.7 (C-3),
144.8 (C-4, 9), 105.3 (C-5), 142.4 (C-6), 150.2 (C-7),
136.9 (C-8), 102.7 (C-10), 56.5 (2X-OCH3), 74.5
(C-2", 77.9 (C-3'), 70.3 (C-4), 76.9 (C-5), 61.2
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(C-6), 61.1 (C-7"). VA5l 5 SCikfiri B A —3518),
% e B 8 N 6,8- WA IEFE E K-7-0-B-D-Hi
EINEE .

B 9: IR R AR CFHEE), mp 246~248 C;
'H-NMR (600 MHz, DMSO-ds) d: 9.61 (2H, brs, 4/,
4"-OH), 9.15 (2H, brs, 3, 3"-OH), 7.51 (1H, d, J =
15.8 Hz, H-7"), 7.42 (1H, d, J = 15.8 Hz, H-7"), 7.04
(2H, d, J = 8.2 Hz, H-2', 2"), 6.97 (2H, d, J = 8.2 Hz,
H-6, 6"), 6.74 (2H, d, J = 8.2 Hz, H-5, 5"), 6.25 (1H,
d, J=15.8 Hz, H-8"), 6.13 (1H, d, J = 15.8 Hz, H-8"),
4.97 (1H, m, H-4), 4.14 (1H, m, H-3), 4.02 (1H, m,
H-5), 3.99 (1H, m, H-1""), 3.93 (1H, m, H-1""), 2.24
(2H, m, H-2a, 6a), 1.99 (2H, m, H-2b, 6b), 1.50 (2H,
m, H-2""), 1.26 (2H, m, H-3"""), 0.83 (3H, t, J = 7.3 Hz,
H-4""); 3C-NMR (150 MHz, DMSO-ds) 6: 173.3
(C-7), 166.3 (C-9', 9"), 149.0 (C-4', 4"), 146.1 (C-3',
3"), 146.1 (C-7, 7"), 125.7 (C-1’, 1"), 121.9 (C-6"),
121, 8 (C-6"), 116.2 (C-5', 5"), 115.3 (C-2"), 115.2
(C-2"), 114.3 (C-8'), 113.7 (C-8"), 79.6 (C-1), 73.6
(C-4), 68.2 (C-3), 64.7 (C-5), 64.5 (C-8), 40.5 (C-6),
38.1 (C-2), 30.5 (C-9), 19.0 (C-10), 13.9 (C-11). Lk
Bl 5 iE A -, SR EY 9 A
3,5-0- . MHERE I 25 TR T Bl

EY 10 W EH R (FEE, mp 240~
243 °C; 'H-NMR (600 MHz, DMSO-dj) J: 9.24 (4H,
brs, 4, 4", 3', 3"-OH), 7.51 (1H, d, J = 15.8 Hz, H-7"),
7.42 (1H, d, J = 15.8 Hz, H-7"), 7.03 (2H, d, J = 8.4
Hz, H-2', 2"), 6.97 (2H, d, J = 8.4 Hz, H-6', 6"), 6.74
(2H, d, J = 8.4 Hz, H-5', 5"), 6.24 (1H, d, J= 15.8 Hz,
H-8"), 6.10 (1H, d, J = 15.8 Hz, H-8"), 5.26 (1H, m,
H-3), 4.95 (1H, m, H-4), 4.17 (1H, m, H-5), 4.01 (2H,
m, H-1""), 1.97-2.24 (4H, m, H-2, 6), 1.54 (2H, m,
H-2'""), 1.27 (2H, m, H-3""), 0.88 (3H, t, J = 7.6 Hz,
H-4""); BC-NMR (150 MHz, DMSO-ds) J: 173.3
(C-7), 166.4 (C-9', 9"), 149.0 (C-4', 4"), 146.2 (C-7',
7", 146.1 (C-3', 3"), 125.7 (C-1, 1"), 121.9 (C-6"),
121, 8 (C-6"), 116.2 (C-5', 5"), 115.3 (C-2"), 115.1
(C-2"), 1142 (C-8'), 113.7 (C-8"), 73.6 (C-1), 72.6
(C-4), 68.2 (C-3), 64.7 (C-5), 64.6 (C-1""), 38.1 (C-2),
36.7 (C-6), 30.4 (C-2""), 19.0 (C-3"""), 13.9 (C-4""). LA
HE S ocERE A Y, MR AE Y 10
N 3,4-0-ZMHEmE R ZE TR T

EY 11 WA/ AR (FEE, mp 245~

247 °C; 'H-NMR (600 MHz, DMSO-ds) J: 9.48 (4H,
brs, 4', 4", 3", 3"-OH), 7.50 (1H, d, J = 15.7 Hz, H-7"),
7.41 (1H, d, J = 15.7 Hz, H-7"), 7.04 (1H, s, H-2"),
7.03 (1H, s, H-2"), 6.99 (2H, d, J = 8.1 Hz, H-6', 6"),
6.76 (2H, J = 8.1 Hz, H-5", 5"), 6.24 (1H, d, J = 15.7
Hz, H-8), 6.10 (1H, d, J = 15.7 Hz, H-8"), 5.19 (1H,
m, H-4), 5.07 (1H, m, H-5), 4.01 (1H, m, H-3), 4.00
(2H, m, H-1""), 1.96~2.00 (4H, m, H-2, 6), 1.52 (2H,
m, H-2"), 1.27 (2H, m, H-3""), 0.90 (3H, t, J = 7.6 Hz,
H-4""); '*C-NMR (150 MHz, DMSO-ds) 6: 173.7.9
(C-7), 166.4 (C-9"), 165.7 (C-9"), 149.0 (C-4'), 148.7
(C-4"), 148.0 (C-3"), 147.7 (C-3"), 146.1 (C-7"), 146.0
(C-7"), 126.4 (C-1'), 126.3 (C-1"), 121.9 (C-6"), 121.8
(C-6"), 116.3 (C-5), 116.2 (C-5"), 115.4 (C-2"), 115.1
(C-2"), 115.0 (C-8), 114.9 (C-8"), 72.9 (C-1), 71.4
(C-5), 70.3 (C-4), 64.8 (C-3), 64.7 (C-1""), 35.1 (C-6),
34.8 (C-2),30.4 (C-2""), 19.0 (C-3""), 13.9 (C-4""). L
R 5 SCERRoE B A, S EEY 1
N 4,5-0-—MNHEmE 3L 2 TR T R

& 12: REEWMAK (FED, mp 243~
248 °C; [a]y —80.1° (¢ 0.015, FIEY); "H-NMR (600
MHz, DMSO-ds) : 9.62 (1H, s, 4'-OH), 9.58 (1H, s,
4"-OH), 9.22 (1H, s, 3'-OH), 9.17 (1H, s, 3"-OH),
7.48 (1H, d, J = 15.6 Hz, H-7"), 7.45 (1H, d, J = 15.6
Hz, H-7"), 7.02 (2H, s, H-2, 2"), 6.98 (1H, dd, J =
1.6, 8.4 Hz, H-6'), 6.96 (1H, dd, J = 1.6, 8.4 Hz,
H-6"), 6.76 (1H, d, J = 7.0 Hz, H-5"), 6.74 (1H, d, J =
7.0 Hz, H-5"), 6.24 (1H, d, J = 15.6 Hz, H-8'), 6.12
(1H, d, J = 15.6 Hz, H-8"), 5.41 (1H, m, H-3), 5.07
(1H, m, H-5), 4.05 (1H, m, H-4), 2.17~2.19 (2H, m,
H-2, 6), 1.95 (2H, m, H-2, 6); '*C-NMR (150 MHz,
DMSO-ds) 6: 174.1 (C-7), 166.4 (C-9"), 165.7 (C-9"),
149.2 (C-4"), 148.9 (C-4"), 146.1 (C-3'), 146.0 (C-3"),
145.9 (C-7"), 145.4 (C-7"), 125.9 (C-1'), 125.5 (C-1"),
121.2 (C-6"), 121.0 (C-6"), 116.3 (C-5'), 116.2 (C-5"),
115.2 (C-2'), 115.1 (C-2"), 114.9 (C-8'), 114.0 (C-8"),
72.8 (C-1, 4), 68.4 (C-5), 64.9 (C-3), 52.4 (-OCH3),
49.1 (C-2), 34.9 (C-6). LA ¥ 5 Sk i J A —
HU, M B A Y 12 24 3,5-0- - WNHERE R4 T R
FiH .

& 13: WE Ak AR (FED, mp 203~
209 C; [o]p —94.3° (¢ 0.035, HEE); 'H-NMR (600
MHz, DMSO-ds) J: 9.60 (2H, brs, 4', 4"-OH), 9.18
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(2H, brs, 3', 3"-OH), 7.49 (1H, d, J = 15.6 Hz, H-7"),
7.45 (1H, d, J = 15.6 Hz, H-7"), 7.05 (2H, brs, H-2',
2"), 6.99 (2H, m, H-6', 6"), 6.78 (1H, d, J = 7.2 Hz,
H-5), 6.76 (1H, d, J = 7.2 Hz, H-5"), 6.26 (1H, d, J =
15.6 Hz, H-8'), 6.17 (1H, d, J = 15.6 Hz, H-8"), 5.33
(1H, m, H-3), 5.20 (1H, m, H-5), 3.83 (1H, m, H-4),
2.16~2.10 (2H, m, H-2a, 6a), 2.00~1.90 (2H, m,
H-2b, 6b); C-NMR (150 MHz, DMSO-d) 6: 176.1
(C-7), 165.9 (C-9"), 165.4 (C-9"), 148.2 (C-4'), 148.1
(C-4"), 145.4 (C-7',7"), 145.0 (C-3', 3"), 125.9 (C-1),
125.5 (C-1"), 121.2 (C-6"), 121.0 (C-6"), 114.8 (C-5"),
114.6 (C-5"), 114.5 (C-2', 2"), 113.9 (C-8', 8"), 72.3
(C-1), 70.7 (C-4), 70.4 (C-5), 69.6 (C-3), 36.0 (C-2),
34.5 (C-6). LA FHHE 5 SCmfghons £ A — 5100, #s
EAY 13 4 4,5-0- MR ZE 71 .

wEY 14: HoEsth R (FED, mp 213~
217 °C; [o]h +29.3° (¢ 0.053, HIE); 'H-NMR (600
MHz, DMSO-ds) J: 9.62 (2H, brs, 4, 4"-OH), 9.19
(2H, brs, 3', 3"-OH), 7.49 (1H, d, J = 15.9 Hz, H-7"),
7.46 (1H, d, J = 15.9 Hz, H-7"), 7.05 (2H, brs, H-2',
2"), 6.99 (2H, d, J = 8.0 Hz, H-6', 6"), 6.77 (2H, d, J =
8.0 Hz, H-5",5"), 6.22 (1H, d, J = 15.9 Hz, H-8"), 6.19
(1H, d, J = 15.9 Hz, H-8"), 4.60 (1H, m, H-5), 4.08
(1H, m, H-4), 3.62 (1H, m, H-3), 2.40~2.20 (2H, m,
H-2, 6), 2.00~1.85 (2H, m, H-2, 6); "*C-NMR (150
MHz, DMSO-dg) J: 172.4 (C-7), 165.9 (C-9'), 165.8
(C-9"), 148.3 (C-4"), 148.2 (C-4"), 1472 (C-7, 7"),
145.4 (C-3"), 145.3 (C-3"), 125.8 (C-1"), 125.5 (C-1"),
121.2 (C-6'), 121.1 (C-6"), 117.7 (C-5"), 115.7 (C-5"),
115.6 (C-2'), 115.2 (C-2"), 114.6 (C-8', C-8"), 79.0
(C-1), 72.2 (C-4), 69.6 (C-5), 67.2 (C-3), 38.9 (C-2),
35.5(C-6). LA FHHE 5 SOk S A — 1Y, i
EAEY) 14 4 1,5-0- WMHEBERZE T2 .

taEY 15 WEOLERH AR (HED, mp
157~163 °C; [a] +38.6° (¢ 0.05, H'F); 'H-NMR
(600 MHz, DMSO-ds) 0: 9.54 (2H, brs, 4/, 4"-OH),
9.22 (2H, brs, 3, 3"-OH), 7.49 (1H, d, J = 15.8 Hz,
H-7"), 7.40 (1H, d, J = 15.8 Hz, H-7"), 7.06 (1H, s,
H-2), 7.04 (1H, s, H-2"), 6.97 (2H, d, J = 8.1 Hz,
H-6', 6"), 6.75 (2H, J = 8.1 Hz, H-5', 5"), 6.25 (1H, d,
J = 15.8 Hz, H-8'), 6.11 (1H, d, J = 15.8 Hz, H-8"),
5.28 (1H, m, H-3), 5.19 (1H, m, H-5), 3.82 (1H, m,
H-3), 1.86-2.25 (4H, m, H-2, 6); *C-NMR (150 MHz,

DMSO-ds) 6: 172.9 (C-7), 166.5 (C-9'), 166.0 (C-9"),
148.8 (C-4"), 148.7 (C-4"), 146.0 (C-3"), 145.9 (C-3"),
145.6 (C-7'), 145.2 (C-7"), 126.1 (C-1"), 126.0 (C-1"),
121.8 (C-6', 6"), 116.2 (C-5), 116.2 (C-5"), 115.3
(C-2"), 115.2 (C-2", 8'), 114.6 (C-8"), 72.9 (C-1), 71.2
(C-5), 70.4 (C-4), 67.8 (C-3), 36.3 (C-2), 35.1 (C-6)-
IR HE S SR ROE B A — U, W A 15
N 3,5-0- - MIHERE I ZE TR

WA 16: B ETCE LA R CHED ; 'TH-NMR
(600 MHz, DMSO-ds) d: 7.89 (1H, d, J = 16.2 Hz,
H-7), 7.68 (1H, d, J = 7.5 Hz, H-6), 7.37 (1H, t, J =
7.5 Hz, H-4), 7.19 (1H, d, J = 7.5 Hz, H-3), 7.03 (1H,
t,J=7.5 Hz, H-5), 6.54 (1H, d, J = 16.2 Hz, H-8), 5.0
(1H, d, J = 7.2 Hz, H-1"), 3.68 (1H, d, J = 10.8 Hz,
H-6"), 3.46 (1H, dd, J = 10.8, 6.0 Hz, H-6'), 3.33 (3H,
m, H-2', 4, 5'), 3.18 (1H, m, H-3"); “C-NMR (150
MHz, DMSO-ds) d: 168.6 (C-9), 156.0 (C-2), 138.7
(C-7), 131.8 (C-4), 128.4 (C-6), 123.9 (C-5), 122.4
(C-1), 120.7 (C-8), 115.6 (C-3), 100.5 (C-1'), 77.5
(C-5"), 77.2 (C-3"), 73.7 (C-2'), 70.0 (C-4), 61.1
(C-6")o IR HHE 5 STk Fe A — 5, et
B 16 AR R AT R R AT

WEY 17: REEHK (FEE, mp 159~
165 C; [o]h —36.4° (¢ 0.03, HE); 'H-NMR (600
MHz, DMSO-ds) §: 9.31 (4H, brs, Ar-OH), 7.48 (1H,
d, J=15.7 Hz, H-7"), 7.46 (1H, d, J = 15.7 Hz, H-7"),
7.05 (1H, brs, H-2'), 7.05 (1H, brs, H-2"), 7.00 (1H, d,
J=17.6 Hz, H-6'), 7.00 (1H, d, J = 7.6 Hz, H-6"), 6.77
(1H, d, J = 7.6 Hz, H-5"), 6.77 (1H, d, J = 7.6 Hz,
H-5"), 6.21 (1H, d, J=15.7 Hz, H-8'), 6.21 (1H, d, J =
15.7 Hz, H-8"), 5.22 (1H, m, H-3), 4.05 (1H, m, H-5),
3.60 (1H, m, H-4), 2.33 (2H, m, H-2, 6), 2.28 (1H, m,
H-2), 2.26 (1H, m, H-6); "*C-NMR (150 MHz,
DMSO-ds) 6: 173.1 (C-7), 166.4 (C-9"), 165.6 (C-9"),
148.9 (C-4"), 148.8 (C-4"), 145.6 (C-7', 7"), 146.0
(C-3',3"), 126.0 (C-1’, 1"), 121.8 (C-6"), 121.6 (C-6"),
116.3 (C-5"), 1162 (C-5"), 115.3 (C-2', 2"), 114.6
(C-8"), 114.6 (C-8"), 79.4 (C-1), 71.4 (C-4), 70.4
(C-3), 67.9 (C-5), 34.6 (C-6), 36.0 (C-2). LA F#¥5 5
SCHERARIE B A —EUT, MU EAE 17 A 1,3-0-
R TR

&Y 18: REEHm AR (FEE), mp 205~
209 °C; [a]hy —35.2° (¢ 0.028, FEY); "H-NMR (600
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MHz, DMSO-ds) 0: 9.61 (1H, brs, 4-OH), 9.19 (1H,
brs, 3-OH), 7.47 (1H, d, J = 15.6 Hz, H-7"), 7.03 (1H,
brs, H-2"), 7.01 (1H, brd, J = 7.8 Hz, H-6"), 6.77 (1H,
d, J=7.8Hz H-5),6.17 (1H, d, J = 15.6 Hz, H-8),
5.07 (1H, m, H-3), 3.91 (1H, m, H-4), 3.55 (1H, m,
H-5), 1.74-2.02 (4H, m, H-2, 6); '3C-NMR (150 MHz,
DMSO-ds) 0: 175.4 (C-7), 166.2 (C-9"), 148.8 (C-4"),
146.0 (C-7"), 145.3 (C-3'), 126.0 (C-1"), 121.7 (C-6"),
116.2 (C-5"), 115.1 (C-2"), 114.7 (C-8'), 74.0 (C-1),
71.3 (C-5), 70.9 (C-4), 68.6 (C-3), 37.6 (C-2), 36.7
(C-6). LA FHHE 5 SOk i B A — 5, il
G 18 AL .

Ew 19: wEOm A (FED, mp 173~
178 °C; [a]h —23.7° (¢ 0.038, HIfE); '"H-NMR (600
MHz, DMSO-ds) 0: 9.61 (2H, brs, 4', 4"-OH), 9.15
(2H, brs, 3', 3"-OH), 7.50 (1H, d, J = 15.8 Hz, H-7"),
7.44 (1H, d, J = 15.8 Hz, H-7"), 7.02 (1H, brs, H-2'),
7.02 (1H, brs, H-2"), 6.96 (1H, d, J = 8.0 Hz, H-6"),
6.95 (1H, d, J = 8.0 Hz, H-6"), 6.74 (1H, d, J = 8.0 Hz,
H-5"), 6.73 (1H, d, J = 8.0 Hz, H-5"), 6.25 (1H, d, J =
15.8 Hz, H-8"), 6.13 (1H, d, J = 15.8 Hz, H-8'), 5.36
(1H, m, H-3), 5.11 (1H, m, H-4), 4.17 (1H, m, H-5),
2.16 (1H, d, J = 12.6 Hz, H-2), 2.14 (1H, d, J = 12.6
Hz, H-6), 2.13 (1H, d, J = 11.7 Hz, H-2), 2.03 (1H, d,
J=11.7 Hz, H-6); '*C-NMR (150 MHz, DMSO-dj) 6:
172.4 (-COOH), 166.4 (C-9'), 166.0 (C-9"), 148.9
(C-4', 4"), 146.0 (C-7", 7"), 145.9 (C-3’, 3"), 125.8
(C-1',1"), 121.9 (C-6"), 121.8 (C-6"), 115.3 (C-5', 5"),
114.3 (C-8, 8"), 114.0 (C-2/, 2"), 75.0 (C-1), 74.0
(C-4), 66.8 (C-5), 68.1 (C-3), 40.6 (C-6), 37.9 (C-2).
DA Ed 5 SRR E HE AR — S, s e E ) 19
N 3,4-O-ZWNHERE 3L ZE TR

& 20: wEOMA (FED, mp 136~
141 °C; [a]y —65.5° (¢ 0.045, HEF); "H-NMR (600
MHz, DMSO-ds) 0: 9.27 (4H, brs, Ar-OH), 7.48 (1H,
d, J=15.6 Hz, H-7'), 7.43 (1H, d, J = 15.6 Hz, H-7"),
7.04 (1H, s, H-2"), 7.00 (1H, s, H-2"), 6.99 (1H, d, J =
7.6 Hz, H-6"), 6.99 (1H, d, J = 7.6 Hz, H-6"), 6.78
(1H, s, H-5"), 6.77 (1H, s, H-5"), 6.26 (1H, d, J = 15.6
Hz, H-8"), 6.19 (1H, d, J = 15.6 Hz, H-8"), 5.25 (1H,
m, H-3), 4.96 (1H, dd, J = 6.5, 3.0 Hz, H-4), 3.83 (1H,
m, H-5), 3.60 (3H, s, -OCH3), 2.24 (2H, m, H-2, 6),
1.97 (1H, m, H-2), 1.88 (1H, m, H-6); '*C-NMR (150

MHz, DMSO-de) : 175.9 (C-7), 166.6 (C-9'), 166.1
(C-9"), 148.8 (C-4"), 148.7 (C-4"), 146.0 (C-3', 3"),
145.6 (C-7"), 145.2 (C-7"), 126.1 (C-1"), 126.0 (C-1"),
121.8 (C-6"), 121.6 (C-6"), 116.3 (C-5"), 116.2 (C-5"),
1152 (C-2, 2"), 115.1 (C-8"), 114.6 (C-8"), 73.0
(C-1), 713 (C-4), 712 (C-5), 68.1 (C-3), 52.5
(-OCH3), 37.7 (C-2), 35.2 (C-6). LA ¥k 5 ki
TEHEAR— U2, s e A 20 9 3,4-0- R
TR,

EY 21: WEEOLERH AR (PEE, mp
175~178 °C; [a]5 +70° (¢ 0.035, HE¥); 'H-NMR
(600 MHz, DMSO-ds) o: 7.87 (1H, d, J = 16.2 Hz,
H-7), 7.67 (1H, d, J = 7.8 Hz, H-6), 7.36 (1H, t, J =
7.8 Hz, H-4), 7.18 (1H, d, J = 7.8 Hz, H-3), 7.03 (1H,
t,J= 7.8 Hz, H-5), 6.53 (1H, d, J= 16.2 Hz, H-8), 5.0
(1H, d, J = 7.2 Hz, H-1"), 3.67 (1H, d, J = 10.8 Hz,
H-6"), 3.46 (1H, dd, J = 10.8, 6.0 Hz, H-6'), 3.33 (3H,
m, H-2', 4, 5, 3.19 (1H, m, H-3'), 3.17 (IH, s,
-OCH3); 'C-NMR (150 MHz, DMSO-ds) J: 168.6
(C-9), 156.0 (C-2), 138.7 (C-7), 131.6 (C-4), 128.4
(C-6), 124.1 (C-5), 122.3 (C-1), 120.7 (C-8), 115.5
(C-3), 100.4 (C-1"), 77.2 (C-3"), 77.5 (C-5'), 73.7
(C-2"), 70.1 (C-4"), 61.1 (C-6'), 49.1 (C-OCH3). iR
ol 5 ORI E R A — 200, MUEE A 21 N
QN5 FE AR R IR P R T
4 MENEMHARER

R Ve FEXTREE, X LA E1S R onmERS . o
FRH TR DA S 7 /> inmMEmE L 2 T IR R S 1,1-
RS- =B (DPPH) BEAT HLEAL IS MR E
S E TR Ve FUEATETER) 1Cs0 W3R 2.

T2 BERR Ve FEIEMER ICs
Table 2 Anti-oxidant activity ICso of samples and Vc

&Y ICso/(ugmL™) | AW ICso/(ug'mL™)
3 23.33 15 82.09
6 26.53 17 92.80
12 35.87 19 79.13
13 87.67 20 50.44
14 65.61 Ve 32.49

M3 2 ISRl A, B TR &
YIHR R I B P AL S P, ICs (B 5 Ve [FJg—
MR, RIS TERAS I HEE AT AR T, L
WO B 3R P 32 57 B T W R R 2 T IR M FL R SR A
I FIPTE AR RN A R A AR
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W 1 D9 2 6 s P AR, FAT ARG O N P T 5%

TR AR R R IE Ol BEIR CBRAC IS
7K = AR T BEREROR] A3 5 TR i & 3.45%1K)
IET 2R . 2R AL (i 2 HPLC 45
ko Eaife, 1521 MEE, HPfa 1 AdE

TR S LS, RIANNE RBEREAE T BEAE I
o A TRRATAENI N . &Y 1 8K FTR G
FTAEY, VRN s O #HRaEl, (EE AR
P IR 5 AR 3
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