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Chemical constituents in ethyl acetate extract from aerial part of Gynura divaricata
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Abstract: Objective To study the chemical constituents of ethyl acetate fraction in 80% ethanol reflux extract from the aerial part of
Gynura divaricata. Methods Column chromatographic techniques were applied to isolate and purify the chemical constituents. The
chemical structures of the constituents were elucidated on the basis of mass properties and NMR spectral data. Results Fourteen
compounds were isolated and their structures were determined spectroscopically as succinic acid (1), methyl succinate (2), ethyl succinate
(3), ethyl methyl succinate (4), 4-hydroxybenzoic acid (5), salicylic acid (6), isovanillic acid (7), p-coumaric acid (8), esculetin (9),
quercetin (10), kaempferol (11), isoquercitrin (12), astragalin (13), and rutin (14). Conclusion Compounds 1—4 and 6—9 are isolated
from this plant for the first time.
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MR Z R ARG AT A 2 I 9T, A 23 g alidh,
132 14 MEEY), 53 0%5E h T 8 (succinic acid,
D. T BR¥PHFES (methyl succinate, 2). ] &
H. 2, Cethyl succinate, 3)+ 1 g I8 4. 1g Cethyl
methyl succinate, 4). XJFIEFKFE (4-hydroxyl-
benzoic acid, 5). /K2 (salicylic acid, 6). S+
Hg (isovanillic acid, 7). X#&FEMR (p-coumaric
acid, 8). UM 2 (esculetin, 9). Mt &
(quercetin, 10). LM (kaempferol, 11). S
JetF (isoquercitrin, 12). AU (astragalin, 13).
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X—6 A R A (EstZe 5 A H)); JEOL
ECLIPSE+ 300 A% M ALHRAC CHACHLT-); Agilent
1100 LC-MSD 7 ZOBAH (08 54 (G H 2588,
Agilent Prep-HPLC 1100 il % 2 iy OB (0 38 A% (56
RS ) ) O ORI € 1 4 Ok A 2%
Grace A H]; LiChroprep RP-18 (40~63 um) W4T
Merck 7~ 7 ; Sephadex LH-20 4+ GE 7] ; MCI gel
CHP20P )T~ =240 2% e ReoA (i ) oh 6
wal, HAbIKR R o Hr 4l
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HHYL T3 44 0 RE A B AR DU 70 o 0 SR IBATE 7T U % e
K H Y3 Gynura divaricata (L.) DC. FJHh_F# 5.
2 ERESE

FIF 30 T 5y 8.5 kg, 1 80% L EE[AIA
FEM 2 K, BHK 2 h, JRIERIEARHRE 900 g, RH
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a1 AR (BB LR, mp 184~185
‘C, ESI-MS m/z: 117 [M—H] . 'H-NMR (300 MHz,
DMSO-ds) J: 2.40 (4H, s, 2X-CH,), 3.35 (2H, brs,
2X-OH); “C-NMR (75 MHz, DMSO-dg) J: 29.3
(-CHy), 174.1 ((COOH). DA bt 5 Scikiian —a™,
WS AL AT R,

e 2: AR (BERCED, mp 57~58
‘C, ESI-MS m/z: 131 [M—H] . 'H-NMR (300 MHz,
CD;0D) §: 2.49~2.51 (4H, m, 2 X -CH,), 3.57 (3H, s,
-OCH3); "“C-NMR (75 MHz, CD;0D) §: 28.5 (-CH,),
50.9 (-OCHj3), 173.5 (-COOCHj3), 174.8 (-COOH). LA
R Sk S, s et A AT
i HpL G

AW 3: TLOHRY) (BEER 418D, ESI-MS m/z:
145 [M—H] . 'H-NMR (300 MHz, CDCL) J: 1.25
(3H, t, J = 6.9 Hz, -CHj), 2.38~2.69 (4H, m, 2 X
-CH,), 4.16 (2H, q, J = 6.9 Hz, -OCH,): “C-NMR (75
MHz, CDCl;) &: 14.1 (-CHj), 28.5 (-COCH,), 60.9
(-OCHy,), 176.4 (-COOH, -COOCH,CH3). L EXi#i 5
SClkRIE S, MRS 3 O T IR 2.

WEY 4. EORBRY (BR 2. "H-NMR
(300 MHz, CDCly) d: 127 (3H, t, J = 7.2 Hz,
-CH,CH3), 2.60~2.73 (4H, m, 2X-COCH,), 3.71
(3H, s, -OCH3), 4.16 (2H, q, J = 7.2 Hz, -OCH,);
BC-NMR (75 MHz, CDCl;) &: 14.2 (-CH,CH;), 28.9
(-COCH,), 52.1 (-OCHs), 61.0 (-OCH,), 172.3
(-COOCH,CHj3), 172.8 (-COOCH3). LA L% 5 SCHik
faE S5, MEER A 4 T RTINS,

EY s AEBAR (FED, ESI-MS m/z: 137
[M—H] . 'H-NMR (300 MHz, CD;OD) ¢: 6.71 (2H,
d, J =83 Hz, H-3, 5), 7.77 (2H, d, J = 8.3 Hz, H-2,
6); C-NMR (75 MHz, CD;0D) §: 114.7 (C-3, 5),
121.7 (C-1), 131.7 (C-2, 6), 161.9 (C-4), 169.0
(-COOH). VL b 5 cikdrE — 3™, #ett
G5 AR IR R .
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%A% 6: FIEMAR (HED, ESI-MS m/z: 137 (C-4). LA 3o 5 scikdioE — 502, s ey
[M—H] . 'H-NMR (300 MHz, CD;OD) J: 6.77 (1H, 10 J#filfz 2.

dd, J = 8.3, 1.1 Hz, H-3), 6.81 (1H, ddd, J = 8.2, 7.2,
1.1 Hz, H-5), 7.36 (1H, ddd, J = 8.3, 7.2, 1.7 Hz, H-4),
7.75 (1H, dd, J = 8.2, 1.7 Hz, H-6); “C-NMR (75
MHz, CD;OD) &: 112.6 (C-3), 116.8 (C-1), 118.7
(C-5), 130.2 (C-6), 135.3 (C-4), 161.9 (C-2), 172.2
(-COOH). LI ¥ 5 semkiis —s™), #eih
EW 6 KR -

4&%@7 FOH AR (FFEE), ESI-MS m/z: 167
[M—H] . 'H-NMR (300 MHz, CD;OD) &: 3.81 (3H,
s, -OCH3), 6.75 (1H, d, J = 8.7 Hz, H-5), 7.47 (1H, d,
J=1.7 Hz, H-2), 7.47 (1H, dd, J = 8.3, 1.7 Hz, H-6);
BC-NMR (75 MHz, CD;0D) : 55.0 (-OCHj3), 112.4
(C-5), 114.5 (C-2), 123.9 (C-6), 123.9 (C-1), 147.3
(C-3), 151.3 (C-4), 168.8 (-COOH). LA #i 5 3iik
B8, M A T N RE R .

A 8: IR R (FEE), ESI-MS m/z: 163
[M—H] . 'H-NMR (300 MHz, CD;OD) : 6.20 (1H,
d, J = 15.9 Hz, H-u), 6.73 (2H, dd, J = 9.3, 2.1 Hz,
H-3, 5), 7.37 (2H, dd, J = 9.3, 2.1 Hz, H-2, 6), 7.52
(1H, d, J = 159 Hz, H-B); “C-NMR (75 MHz,
CD;0D) §: 114.3 (C-0), 115.5 (C-2, 6), 125.9 (C-1),
129.8 (C-3, 5), 1453 (C-B), 159.9 (C-4), 169.7
(-COOH). L F3d b5 scikapis — 80>, st
G 8 WX EIR.

%%@9 WAL (F R, ESI-MS m/z: 177
[M—H] . 'H-NMR (300 MHz, CD;OD) &: 6.09 (1H,
d, J = 9.9 Hz, H-3), 6.67 (1H, s, H-8), 6.85 (1H, s,
H-5), 7.70 (1H, d, J = 9.9 Hz, H-4); “C-NMR (75
MHz, CD;OD) &: 102.3 (C-8), 111.2 (C-4a), 111.5
(C-3), 111.7 (C-5), 143.2 (C-6), 144.7 (C-4), 149.1
(C-8a), 150.7 (C-7), 163.0 (C-2). LA L%¥s 5 ki
Y, MRS 9 M .

%A% 10: FE AR AR (HEED, ESI-MS m/z: 301
[M—H] . 'H-NMR (300 MHz, CD;OD) &: 7.63 (1H,
d, J=2.1 Hz, H-2'), 7.53 (1H, dd, J = 8.1, 2.1 Hz,
H-6'), 6.78 (1H, d, J = 8.1 Hz, H-5"), 6.29 (1H, d, J =
1.8 Hz, H-8), 6.08 (1H, d, J= 1.8 Hz, H-6); *C-NMR
(75 MHz, CD;0D) &: 93.1 (C-8), 97.9 (C-6), 103.2
(C-10), 114.7 (C-2'), 114.9 (C-5'), 120.3 (C-6), 122.8
(C-1"), 135.9 (C-3), 144.9 (C-3"), 146.7 (C-2), 147.4
(C-4"), 156.9 (C-5), 161.2 (C-9), 164.2 (C-7), 176.0

&Y 11 KR (HEE), ESI-MS m/z: 287
[M+H]". 'H-NMR (300 MHz, CD;0D) 6: 7.99 (2H,
dd, J=9.3, 3.0 Hz, H-2', 6), 6.81 (2H, d, J = 9.0 Hz,
H-3', 5'), 6.30 (1H, d, J = 2.1 Hz, H-8), 6.08 (1H, d,
J=2.1 Hz, H-6); *C-NMR (75 MHz, CD;0D) &: 93.1
(C-8), 97.9 (C-6), 103.2 (C-10), 115.0 (C-3', 5"), 122.2
(C-1"), 129.4 (C-2, 6"), 135.9 (C-3), 146.6 (C-2),
156.9 (C-5), 159.1 (C-4), 161.2 (C-9), 164.3 (C-7),
175.8 (C-4). LA ¥ 5 s3cikapas —80°Y, e
et/ RS TIEN T

EW) 12: EERAK (FEED, ESI-MS m/z: 463
[M—H] . "H-NMR (300 MHz, CD;0D) 6: 7.60 (1H,
d, J = 2.4 Hz, H-2), 7.49 (1H, dd, J = 8.8, 2.2 Hz,
H-6'), 6.77 (1H, dd, J = 8.8, 2.2 Hz, H-5"), 6.27 (1H, d,
J = 1.5 Hz, H-8), 6.08 (1H, d, J = 2.1 Hz, H-6), 5.13
(1H, d, J=7.2 Hz, H-1"), 3.30~3.64 (5H, m, H-2"~
6")e BB S ScikRE — 5%, 4 HPLC 4347,
LR B I 1) 5 5256 3 o e B o B — 3, ik
BENAY 12 T .

&Y 13: HER AR (I, ESI-MS m/z: 447
[M—H] . 'H-NMR (300 MHz, CD;0D) 6: 7.96 (2H,
d, J=8.7 Hz, H-2', 6'), 6.79 (2H, d, J = 9.0 Hz, H-3',
5%, 6.25 (1H, d, J = 1.8 Hz, H-8), 6.07 (1H, d, J= 1.8
Hz, H-6), 5.12 (1H, d, J = 6.9 Hz, H-1"), 3.30~3.62
(5H, m, H-2"~6"). L %5 scmkaian —s>,
28 HPLC 73, JLOREA I [A) 55 5000 % E%’J%%ﬁﬁ
X —3, MBS E A EY) 13 N R

EW) 14: BER AR (HEE, ESI-MS m/z: 609
[M—H] . 'H-NMR (300 MHz, CD;0D) 6: 7.56 (1H,
d, J = 6.0, 2.1 Hz, H-6"), 7.52 (1H, d, J = 2.1 Hz,
H-2), 6.78 (1H, d, J = 8.7 Hz, H-5"), 6.31 (1H, s,
H-8), 6.12 (1H, s, H-6), 5.01 (1H, d, J = 7.2 Hz,
H-1"), 3.26~3.73 (11H, m, sugar-H), 1.02 3H, d, J =
5.4 Hz, -CHy). DL -¥d 5 Scmiapis — 5, 2
HPLC Z3H7, FCAR I ] 55 S50 5 1 s T 0] F
—8, WMEEEREY 14 T
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