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Chemical constituents of Chrysanthemum indicum
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Abstract: Objective To isolate and identify chemical constituents in the ethyl acetate part of 95% ethanol extracts of Chrysanthemum
indicum. Methods Chromatographic methods such as silica gel, Sephadex LH-20 and semi preparative high performance liquid
chromatography were used for the isolation and purification, and the structures of the obtained compounds were identified by nuclear
magnetic resonance, mass spectrometry and other techniques. The Nrf2-ARE luciferase reporter gene system was used to evaluate the
antioxidant activity of compounds. Results Twelve compounds were isolated and purified from the 95% ethanol extract of wild
chrysanthemum, which were identified as 3-hydroxy-p-isopropylbenzyl-B-D-glucoside (1), sesamin (2), (15%,2R",55",65)-2-(3,5-
dimethylphenyl)-6-(3,4-methylenedioxyphenyl)-3,7-dioxabicyclo [3.3.0] octane (3), quercetin-3-O-f3-D-glucoside (4), eriodictyol (5),
3'4',5,7-dioxabicyclo tetrahydroxyflavones (6), cirsilineol (7), homoeriodictyol (8), thymidine (9), 2E,4E,12E-tetra-decatriene-8,10-
diynoic acid isobutylamide (10), tetradeca-2E,4E,12Z-trien-8,10-diynoic acid isobutylamide (11), and alpha linolenic acid (12).
Conclusion Compound 1 is a new compound named chrysanthoside, while compounds 3 and 12 are the first compounds in the
Asteraceae family, and compounds 7 and 11 have potential antioxidant activity.
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A TR B A TE R S SREUEAT T2 Ry
PUEAGIEPERT TS, O Baifbma 7 12 Meaw
(B 1), 73 % 58 R 3-F2dE-%t S P R JE-B-D- i 67 b
1 (3-hydroxy-p-isopropylbenzyl-B-D-glucoside, 1)
Z WK & (sesamin, 2). (1S,2R%,55",65%)-2-(3,5-
dimethoxyphenyl)-6-(3,4-methylenedioxyphenyl)-3,7-
dioxabicyclo[3.3.0]octane (3). # f7 Z-3-O-B-D-Hi %]
P (quercetin-3-O-B-D-glucoside, 4). 5 [}

o, L
o
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OH
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(eriodictyol, 5). 3'4'5,7-VU 32 BL 5l (3'4'5,7-
dioxabicyclo tetrahydroxyflavones, 6 ). cirsilineol (7).
homoeriodictyol (8)+ thymidine (9). 2E 4E,12E-tetra-
decatriene-8,10-diynoic acid isobutylamide (10 ) .
tetradeca-2F,4FE,12Z-trien-8,10-diynoic acid isobutyl-
amide (11D a-WZ KR (alphalinolenic acid, 12). F&
HEY) 1 I EY, A BRI ST 3,
12 AR E O B E] PUrE S R,
E407 111 1E 10 umol/L i HAT el k% K 1--E2 A%
[A¥ 2 (nuclear factor erythroid 2-related factor 2, Nrf2)
HITERT .

OCH;

X

11

1 &Y 1~12 piEH

Fig.1 Structures of compounds 1—12

1 UBESHH

AVANCE 111 500 M B R AL 4R (B E A 5
AT, Agilent 1260 FF 7 ATl A1 2 WA (55
E 2SR TR AT D, MCP 5100 & FE 507 i
AL MR R R AR, 5600 =HPULFF
JREA (3£ ABSCIEX 4A#]), Q-Exactive 5573 HHK
AL REEL X (36[F ThermoFisher Scientific),

Evolution-201 K4 A] W43 66 BEvE (FEER i /RE}
FAEBR/AF), NicoletiSs {# B M-I /Ml (FEBR
RIHREHARAFD; SpectraMax iD5 £ I RERE
A CEgRA 7 TAEH IR AT,

SHERE (250 mm X 4.6 mm, 5 pm), P
(250 mmX 10 mm, 5pm) HEFHA YMC A Fl;
Cis RAFEEIEER (HA YMC AFD, +/\kidk
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fEEEE AR 200~300 H 5 Sifgdeth THRA
A, R EERERR SR KARAFD,
PR CGEEIEARAATFD; 96 FLBRAIEEFR
m g BA R AR AR SiraiF iz, —
AHbE CRETTE FREAMNTARAFD, VKBS .
SHE OB AR (RRE IR R A
"D, A ARG HEE O M T ISR TR A
A, 1R3-S n bk (PMP, 3£ Sigma
ANFD, BPEbRHES (D-H BN L-BR20E. D-E %
WEREIR . D-L-FUWERE IR . D-H &k, D-F3LpE. L-
ARWE L-2 B0 L-BTRiAasi) 26T £E Fluka
A#]; DMSO MEE AN (bR ZEFEREARA
A]); DMEM #3775 (£ Gibeo AF]D); a4 ik
(RS RICPERAERHA R AR FHERRIR
AW CEBFEITEMBEAARATR]D; R TR K
Iy (3£[E MedChemExpress LLC A ], fitS5 HY-
100489).

TRAEZIM T 2020 4 5 ARG T g E AR
7, EITRE B 2 K SN A TR % e N R HE A Y
% C.indicum L. FISRIEF?, FES PR A (YT 2020)
DRAFAETT R P B2 KA 2456 % BN 725
2 RESSE

PFAHIEZM 3L 5.0kg F 95% LRI 3 Ik
(5LAR, BRI T, &SI R RS,
REIRE 1.0 kg, FLEEFI/KIRE, B OBEEE
B GLAR, 300, WEIRAFIFAIY) 3045, J5
S TR A (S e RS BE VI, TLC.
HPLC 7 i & 3645 12 M (Fr. 1~12).

Fr.6 (10.4 g) SRR RS (& be- F i
JEBRID 13314143 Fr. 6.2 (6.8g), Fr. 6.2 2 ODS i
JRAE A | B (O3, JRA & A (3 (60%
HEE, AFNRE 3 mL/min) #&BRENEY S (k=
33.6min, 11.3mg). Fr.10 (21.0g) ZREMRA: i
BAEE PR3 3] Fr. 103 (11.3 g), Fr. 10.3 &3t ODS
S (10%~100% 8 43 Fr. 10.3.2 (400 mg),
a2 M B C10% I, BB E 3
mL/min) RELEY 9 (#=10 min, 2.9 mg).
Fr.4 (160.0 g) ZRERAF EISHE P45 2] Fr. 4.11
(9.5g), it ODS #H ik (10%~100%FHEL) 1543
Fr.4.11.1~4.11.19; Fr.4.11.3 (228 mg) £l %
FHEIE (47% P, ARE 3 mL/min) 1521465
¥) 8 (k=28 min, 10.9mg), Fr.4.11.4 (187.1 mg)
2 R R (B3 B &Y 7 (50.2 mg), Fr.

4.11.6 (104.4 mg) £ P& BAHEIE (60% I,
AR E 3 mL/min) S2LEY 3 (/=26 min,
11.3mg). 2 (fg=38 min, 11.9mg), Fr.4.11.7 (173.4
mg) ZH &AM ERE (70%H B, AR E 10
mL/min) BELEY 10 (k=31 min, 2.7mg). 11
(k=33 min, 17.4mg), Fr.4.11.8 (1593 mg) £
HWAR AT (80% FHEE-7K, #AFVLE 10 mL/min)
BEMAEY 12 (r=50min, 11.4mg). Fr.11 (9.1
g) ARERAE ISR B2 Fr. 115 (3.9g), J&
% ODS H: i (25%~100% F EE-/K) 5% Fr.
11.5.1~11.5.10, Fr.11.5.3 (240 mg) £ 45Uk
i (55%HEE-/K, MBURE 10 mL/min) 34654
6 (x=18min, 17.5mg), Fr.11.5.5 (280.0mg) £
R AE AIESL &) 4 (40.4 mg), J5 &M %
WA LS (35%HIE-/K, AFUAE 10 mL/min) 5
&1 ((r=60 min, 24.8 mg).
3 KBRRSENEE

(1) B/KMR: FREL1~2mg tb&d 1 TR0
o, 2 mL EB 7 /KA 2 mL [ 4 mol/L = LFR
(TFA) JB%), %E. BN 110 CHUAE R In#OKIE 4
he RPBSERE, BUEZETFES . (2) PMP fiAEfid
F£: N 200 uL 2 B /KM KM= 4, HUH 50 uL
JINZE 2 mLEP &, 4R850 0.6 mol/LNaOH %
i 50 L FIELEC Y 0.5 mol/L PMP HIEEIA R 100 uL,
B T 70 Ca& g hm#k 110 min, KN EEHE,
BN 100 pL 0.3 mol/L HCI, FINA 600 pL &1
Ko (3) ZHL: [A2B8E (2) EP it A =&z,
HERR 4 k. BCEEKM, A 0.22 pm KAARL
PERE I P8 S R o O Bl MERRIE S IZ 10 1 L
VR 1T RSV 6 0 FE TR ) VAT i A A, 1)
bR UE SR

HPLC 73 #4644 s iR sh gl (pH
7.0 IR ER R 5 I ARFREL N 83 1 17D, #E
TN 35 C, EBUREA | mL/min, 4N K
254 nm, BEFEEN 10 pL, FMEEA 70 min. i#
bxf EE B SRR HE S B OR BRI, DL 20 AT
e A 1 BERIFIZE R D E R -
4 LT

&M 1. BEOHRY: [o]f —82.0 (c 0.10,
MeOH) . UV AS! (am):219 (3.59), 275 (3.18) ;
IR v,ﬁf; (cm™1): 3 395, 2 954, 2 871, 1 615, 1 585,
1 471, 1 372; HR-ESI-MS m/z: 351.141 4 [M+Na]*
(C1sH2407Na, 351.14142).,
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I-H R RE: 2-WR20E; 3-MI A PERERR; 4-1-FUERERS; S-D-Hi &b ;
6-F-FLHE: 7-AWE; S-FRLATHE: 9-HEERE.
I-mannose; 2-rhamnose; 3-glucuronic acid; 4-galacturonic acid; 5-D-

glucose; 6-galactose; 7-xylose; 8-arabinose; 9-fucose.
2 BERESR (A) FMEEY 1 (B) 7K HPLC BikE
Fig.2 Chromatograms of hydrolyzed HPLC analysis of
monosaccharide standards (A) and compound 1 (B)

Y= PE5E . NMR HUREHENALSY 1 7
TN CieH2aO7, AEFE N 5. IR il K ER1%
& IfFAERRIE (3395em™). X (1615ecm™).,
'H-NMR #i#f (& D BB UaE 2 MHERT
5%, 2MTEHFEFRFES. PC-NMR HE (£ 1)
PR 16 MRIETE S, Hbg 2 Fg. 2 A
FE 9 MR R 3 AN, AR S 2N
HI4tE9) 7-hydroxythymol 3-O-B-D-glucopyranoside
FAAY, BRRE IR 6155.5 B NMER TS S,
MZRFA BT 1 AR RIS 1 1) HMBC A
FAE 5 B C-7 5 H-1,3",6',2, 4", 5%, UilkE
HHE D S EN T AAE; Bk LR ES S
H-5,6,8 A, ULEHRILESERIL 3 fii. 'H-'H
COSY i (K 3) &7 H-8 5 H-9,10 #15%, iEM 8
759, 10 LI T X SR dE . f4E DL - 2da 15 2
ZAL B GER . SHCE Y 1 AT KR N
LiWE %€ )5, UE TS RINE L 5 D-4 %
B (E 2). HSQC 17K 437 Hz (1H, d, J = 7.8
Hz) 5 102.9 fH2¢, & B-D-H &Mk E S, A
PL 7 AL R B-D-Hi G . BRI &4 1
MEERN 3-F2 58X R AR EE-B-D-H E B H, &
SciFinder K8 = I A1, WAV 1 AHLEY, 8N
B

a2 AafdEk (FHE. 7R
Cy0H1506, ESI-MS m/z: 353.28 [M+H]*. 'H-NMR
(500 MHz, CDCL3) 0: 6.84 (2H, d, J= 1.7 Hz, H-2", 2"),
6.82~6.75 (4H, m, H-6', 6", 5', 5"), 5.94 (4H, s, 2X
-OCH,0-), 4.71(2H, d, J = 3.9 Hz, H-2B, 6p), 4.25~

#z1 &4 187 "HNMR F 3C NMR 38 (500/125

MHz, CD;0D)
Table 1 'H-NMR and '3C-NMR data for compound 1
(500/125 MHz, CD30D)
3IA on Jc

1 137.0
2 6.84 (1H, d,J= 1.7 Hz) 115.9
3 155.5
4 135.7
5 7.12 (1H, d,J="7.8 Hz) 126.9
6 687 (1H,dd,J=7.8,1.7 Hz) 120.7
7 4.84(1H,d,J=11.6 Hz) 71.6

4.60 (1H, d, J=11.6 Hz)
27.8
9 1.22 (6H, d, J= 6.9 Hz) 23.0
10 1.22 (6H, d, /= 6.9 Hz) 23.0
1’ 4.37 (1H, d, J="7.8 Hz) 102.9
2" 3.42~335(4H, m) 75.1
3’ 3.42~3.35 (4H, m) 78.1
4" 3.42~335(4H, m) 71.7
5 3.42~3.35 (4H, m) 77.9
6  3.93(IH, dd,J=12.0,2.2 Hz) 62.8
3.73 (1H, dd, J = 12.0, 5.6 Hz)
OH
, HO, o o] on
92
10 - HO  OH
— HMBC  — 'H-'"HCOSY

3 L&Y 1 /955 HMBC #1 'H-'H COSY 55
Fig. 3 Key HMBC and 'H-'H COSY correlations of

compound 1

420 (2H, m, H-4a, 8a), 3.87 (2H, dd, J = 9.3, 3.2 Hz,
H-4b, 8b),3.05 (2H, q,J=4.1 Hz, H-10, 50); 3C-NMR
(125 MHz, CDCl3) §: 148.2 (C-3",3"), 147.3 (C-4', 4"),
135.3 (C-1', 1”), 119.6 (C-6, 6, 108.5 (C-5, 5",
106.7 (C-2", 2, 101.3 (2X-OCH,0-), 86.0 (C-2, 6),
71.9 (C-4, 8), 54.6 (C-1, 5). LA ikt ¥E 5 Cikik
TEHAE— 20, MEEED 2 NZHRE.

A 3: At (FED . 731208 CaH2206,
ESI-MS m/z: 393.10 [M+Na]*. 'H-NMR (500 MHz,
CDCls) 6: 6.93 (1H, s, H-6"), 6.90~6.76 (5H, m, H-2’,
5'.6',2" 4"), 5.94 (2H, s, -OCH,0), 4.87 (1H, d, J =
5.6 Hz, H-2), 4.41 (1H, d, J = 7.0 Hz, H-6), 4.12 (1H,
d, J= 9.4 Hz, H-4a), 3.90 (3H, s, -OCH3), 3.87 (3H, s,
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-OCH3), 3.87~3.81 (2H, m, H-4b, 8a), 3.46~3.16
(2H, m, H-1, 8b), 2.87 (1H, q, J = 7.2 Hz, H-5); 3C-
NMR (125 MHz, CDCl;) d: 149.0 (C-3), 148.2 (C-5"),
148.1 (C-3"), 147.4 (C-4"), 135.3 (C-1"), 131.1 (C-1"),
119.7 (C-6%, 117.9 (C-2"), 111.2 (C-4"), 109.1 (C-5"),
108.3 (C-6"), 106.7 (C-2", 101.2 (-OCH;0), 87.8 (C-
6), 82.2 (C-2), 71.2 (C-4), 69.9 (C-8), 56.1 (2 X -
OCH3), 54.8 (C-5), 50.3 (C-1). LA b i 5 Sk
OB HHE B0, MEEE G 3 N (1S 2R,557,657)-
2-(3,5-dimethoxyphenyl)-6-(3,4-methyl enedioxyphenyl)-
3,7-dioxabicyclo [3.3.0]octane.

WEY 4: EEH K. 51N CHnO1s ESI-
MS m/z: 479.13 [M + H]". 'H-NMR (500 MHz,
CD;0D) ¢:7.90 (1H, d,J=1.9 Hz, H-2"), 7.56 (1H, dd,
J=128.3, 2.0 Hz, H-6"), 6.88 (1H, d, J = 8.4 Hz, H-5"),
6.34 (1H, s, H-8), 6.16 (1H, s, H-6), 5.43~5.29 (1H,
m, H-1"), 3.93 (3H, s, -OCH3), 3.74~3.26 (6H, m, H-
2"~6"); 13C-NMR (125 MHz, CD;0D) ¢: 179.3 (C-
4), 166.2 (C-7), 162.9 (C-5), 158.6 (C-9), 158.4 (C-2),
150.8 (C-4", 148.3 (C-3"), 135.3 (C-3), 123.8 (C-1"),
123.0 (C-6"), 116.0 (C-2", 114.3 (C-5"), 105.6 (C-10),
103.8 (C-1"), 100.0 (C-6), 94.8 (C-8), 78.4 (C-3"), 78.0
(C-5"), 75.9 (C-2"), 71.5 (C-4"), 62.6 (C-6"), 56.8 (-
OCH3). PA b3 Hiedls 15 Sk i 1 odls — 307, #is
EWEY 4 J9ti 3R -3-0-B-D- 1 G HEH

WAEY 5: dER K. 9§35~ CisHi206, ESI-
MS m/z: 28725 [M —H] . 'H-NMR (500 MHz,
CD;0D) ¢0: 6.92 (1H, d, J=1.5 Hz, H-2"), 6.79 (2H, d,
J=1.6 Hz,H-5',6"),5.90 (1H, d, J= 2.1 Hz, H-6), 5.88
(1H, d, J= 2.1 Hz, H-8), 5.28 (1H, dd, J=12.7, 3.0 Hz,
H-2), 3.07 (1H, dd, J = 17.2, 12.7 Hz, H-3a), 2.70 (1H,
dd, J = 17.1, 3.0 Hz, H-3b); "C-NMR (125 MHz,
CD;0D) 9: 197.8 (C-4), 168.4 (C-7), 165.5 (C-5), 164.9
(C9), 146.9 (C-4"), 146.5 (C-3"), 131.8 (C-1", 119.2 (C-
6", 116.2 (C-5%, 114.7 (C-2"), 103.4 (C-10), 97.0 (C-6),
96.1 (C-8), 80.5 (C-2), 44.1 (C-3). LA Fykil¥E 5
BRIRCEHE — 2, WS EY) 5 NEED .

HEW 6: EmEKMAK. 7313 N CisHigOs, ESI-
MS m/z: 285.15 [M —H] . 'H-NMR (500 MHz,
CD;0D) o: 7.48~7.24 (2H, m, H-2', 6", 6.91 (1H, d,
J=9.0Hz, H-5"), 6.53 (1H, s, H-3), 6.42 (1H, d, /= 2.1
Hz, H-8),6.20 (1H, d,J=2.1 Hz, H-6); '3C-NMR (125
MHz, CD3;0D) ¢: 183.8 (C-4), 166.3 (C-7), 166.2 (C-

2),163.2 (C-5), 159.4 (C-9), 151.0 (C-4"), 147.0 (C-3"),
123.7 (C-1, 120.3 (C-6"), 116.8 (C-5"), 114.1 (C-2"),
105.2 (C-10), 103.8 (C-3), 100.2 (C-6), 95.0 (C-8). LA
PR EE 5O IGE AR B, S E S
6 9y 3'4"5,7- DU FE I i i .

a7 AR 557N CisHigOr, ESI-
MS m/z: 343.05 [M —H] . 'H-NMR (500 MHz,
CDs3OD) ¢: 7.46 (1H, dd, J = 8.4, 2.1 Hz, H-6"), 7.42
(1H, s, H-2", 6.90 (1H, d, J = 8.3 Hz, H-5"), 6.58 (1H,
s, H-8), 6.53 (1H, s, H-3), 3.95 (3H, s, H-3"), 3.88 (3H,
s, H-6); 3C-NMR (125 MHz, CD;0D) 6: 184.2 (C-4),
166.2 (C-2), 158.8 (C-7), 154.6 (C-5), 154.0 (C-9),
152.1 (C-4"), 149.5 (C-3"), 132.9 (C-6), 123.7 (C-1"),
121.7 (C-6"), 116.7 (C-5"), 110.5 (C-2"), 105.1 (C-10),
103.7 (C-3), 95.3 (C-8), 60.9 (6-OCH3), 56.6 (3"
OCHs). A R JE 8 5 SCmk ik 18 £t — 20, #
$EEY T A cirsilineol

WEY) 8: WEOMRY. 737208 CisHi4Os,
ESI-MS m/z: 301.11 [M—H] - 'H-NMR (500 MHz,
CD;0D) ¢: 7.08 (1H, d, J=2.0 Hz, H-2"), 6.92 (1H, dd,
J=28.1, 2.0 Hz, H-6"), 6.82 (1H, d, J = 8.1 Hz, H-5"),
591 (1H, d, J=2.2 Hz, H-8), 5.89 (1H, d, J = 2.2 Hz,
H-6), 5.36 (1H, dd, J=12.9, 3.0 Hz, H-2), 3.86 (3H, s,
-OCH3), 3.13 (1H, dd, J = 17.1, 12.9 Hz, H-3a), 2.71
(IH,dd,J=17.1,3.0 Hz, H-3b); '3C-NMR (125 MHz,
CD;0D) 9: 197.8 (C-4), 168.4 (C-7), 165.5 (C-5), 164.9
(C-9), 149.1 (C-3", 148.1 (C-4"), 131.7 (C-1"), 120.5
(C-6", 116.1 (C-5", 111.3 (C-2", 103.4 (C-10), 97.1
(C-6), 96.2 (C-8), 80.7 (C-2), 56.5 (-OCH3), 44.2 (C-
3)e DA EJEEE 5 itk EHE — S0, e
A% 8 4 homoeriodictyol

EW9: HtEkR. T A CioH1aNLOs,
ESI-MS m/z: 265.18 [M+Na]*. 'H-NMR (500 MHz,
CDs0OD) d: 7.82 (1H, d, J = 3.7 Hz, H-6), 6.28 (1H, t,
J=6.8 Hz, H-1"), 4.40 (1H, dt, J= 6.7, 3.6 Hz, H-3"),
391 (1H, q, J = 3.5 Hz, H4"), 3.80 (1H, dd, J = 12.0,
3.4 Hz, H-5"), 3.72 (1H, dd, J = 12.1, 3.7 Hz, H-5'b),
2.48~2.12 (2H, m, H-2"), 1.87 (3H, s, H-CH3); 3C-
NMR (125 MHz, CD30D) d: 166.5 (C-4), 152.4 (C-2),
138.2 (C-6), 111.5 (C-5), 88.8 (C-4"), 86.2 (C-1"), 72.2
(C-3"),62.8(C-5",41.2(C-2",12.4 (-CH3). VL L3
Hofls 5 SCR OB BE — B, HCEEREY 9N
thymidine.
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WwEY 10:. A K. TN CisHxNO,
ESI-MS m/z: 292.13 [M+Na]*. 'H-NMR (500 MHz,
CDCls) d: 7.18 (1H, dd, J = 15.0, 10.7 Hz, H-3), 6.29
(1H, dq, J=15.8, 6.8 Hz, H-4), 6.19 (1H, dd, J=15.2,
10.8 Hz, H-13), 6.12~6.02 (1H, m, H-5), 5.80 (1H, d,
J=15.0 Hz, H-2), 5.50 (2H, d, J = 15.3 Hz, H-12), 3.17
(2H, t, J = 6.5 Hz, H-2'), 2.44 (2H, dd, J = 10.5, 4.2 Hz,
H-6),2.39 (2H, t, J= 6.5 Hz, H-7), 1.81 (3H, dd, J= 6.9,
1.8 Hz, H-14), 1.61 (1H, s, H-3"), 0.93 (3H, s, H-4"), 0.91
(3H, s, H-5); BC-NMR (125 MHz, CDCl;) J: 166.1 (C-
1), 143.3 (C-13), 140.6 (C-3), 139.5 (C-5), 129.7 (C-4),
123.1 (C-2), 109.9 (C-12), 81.9 (C-8), 74.5 (C-10), 72.5
(C-11), 66.1 (C-9), 47.0 (C-2), 31.6 (C-6), 28.7 (C-3),
20.2(C-4',5%,19.4(C-7),18.9 (C-14). LA EyiE¥dE 5
SCHRFREHHE — B S E A7 10 4 2EAE,12E-
tetradecatriene-8,10-diynoic acid isobutylamide.

wEY 11: AR, 57N CisHiNO,
ESI-MS m/z: 292.16 [M+Na]*. 'H-NMR (500 MHz,
CDCls) d: 7.19 (1H, dd, J = 14.9, 10.8 Hz, H-3), 6.21
(1H, dd, J = 15.3, 10.8 Hz, H-4), 6.18~6.02 (2H, m,
H-5, 13), 5.80 (1H, d, J = 15.0 Hz, H-2), 5.49 (1H, d,
J=10.5Hz, H-12), 3.16 (2H, t, J = 6.5 Hz, H-2"), 2.46
(2H, d, J = 6.5 Hz, H-6), 2.40 (2H, dt, J= 7.8, 4.4 Hz,
H-7), 1.90 (3H, dd, J= 6.9, 1.7 Hz, H-14), 1.60 (1H, s,
H-3"), 0.94 (3H, d, J = 2.6 Hz, H-4"), 0.93 (3H, d, J =
2.6 Hz, H-5"); BC-NMR (125 MHz, CDCl3) ¢: 166.1
(C-1), 142.6 (C-13), 140.6 (C-3), 139.5 (C-5), 129.7 (C-
4), 123.1 (C-2), 109.2 (C-12), 83.3 (C-8), 78.4 (C-11),

2.0 — ek

1.5 =

1.0 =

Nrf2 ¥ FE 1

0.5 =

72.5 (C-10), 66.0 (C-9), 47.0 (C-2"), 31.6 (C-6), 28.7
(C-3"),20.2 (C-4',5"), 19.5 (C-7), 16.5 (C-14). Ll L
WerE s 5 Sk RoE BE — 304, M e AT
11 & tetradeca-2E 4E,12Z-trien-8,10-diynoic acid
isobutylamide.

WEW12: BEEMRY . T3 CisH3002,
ESI-MS m/z: 277.15 [M—H] ™. 'H-NMR (500 MHz,
CDCl3) 8: 5.51~5.27 (6H, m, H-9, 10, 12, 13, 15, 16),
2.80 (4H, t, J = 6.2 Hz, H-11, 14), 2.34 QH, t, J= 7.5
Hz, H-2), 2.06 (4H, p, J = 7.4 Hz, H-8, 17), 1.62 (2H,
q, J = 7.3 Hz, H-3), 1.42~1.20 (8H, m, H-4, 5, 6, 7),
0.97 (3H, t, J= 7.5 Hz, H-18); '3C-NMR (125 MHz,
CDCl3) 6: 179.8 (C-1), 132.0 (C-16), 130.3 (C-9), 128.3
(C-12), 128.3 (C-13), 127.8 (C-10), 127.2 (C-15), 34.0
(C-2), 29.6 (C-7), 29.2 (C-6), 29.1 (C-5), 29.1 (C-4),
27.2 (C-8), 25.7 (C-11), 25.6 (C-14), 24.7 (C-3), 20.6
(C-17), 14.3 (C-18). LA Lyl it Kot 15 SC ki i Kt
—E0s), R E Y 12 N o- TR .

5 JEMEMN

K2R MR FE A S0 1 ~12 X Nrf2
WS VE UG, K 293T 4ARsM T 96 FLIR, F540
MU FE R 70% A A0, RRFLEEGE 100 ng SE DAL
NG RBE R, 24 h G IS 1~12
(10 pmol/L), LASEAEEFRRAE NS A4, R TR
Ty (TBHQ, KN 10 umol/L) YEANFHYEZY, WE
24h. FF LiE, FEFLIN 100 uL 240000, Fe5r280R)q,
B 30 pL 24 96 FJLAMRF, BEEEDEIA
PCHEBRY), 2 VIReBEbr DO &L= R E

*tH#® TBHQ 1 2 3 4 5 6 7 8 9 10

11

12

AP(10 pmol- LT
X AR "P<0.05 "P<0.01 ""P<0.001.
"P<0.05 *P<0.01 ™ P<0.001 vscontrol group.
4 KEY 1~12 3 Nref2 FRFERITEN
Fig. 4 Evaluation of activation of Nrf2 by compounds 1—12
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S (-4 Bor, AT REWEEE N2, 372
R EERPTETE
6 it
AHIE T I X AL 95% L BESE U AT 43
e, 2812 NMEEEEY, KR Eaw 1 v
wEY, a3, 12 AR E RS EAE. 5
Ah, LAY T A1 11 1E 10 pmol/L ¥R I REULI0G
Nrf2, EAEHERPTEMEY, e ERa R
RANWTE . AT EE T B AL IR ARG =1 A
A, B — P KRR R BR L T 2%
RBAFAR  FIAVEH Y ERNTAEFBA R
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