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Chemical constituents from whole plant of Gynura procumbens (I)
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Abstract: Objective To investigate the chemical constituents from the whole plants of Gynura procumbens. Methods The
chemical constituents were isolated and purified by repeated silica gel column chromatography, Sephadex LH-20 gel column
chromatography, medium pressure column chromatography, and semi-preparative HPLC, and their structures were elucidated by
chemical properties and spectroscopic analyses. Results Sixteen compounds were identified to be quercetin (1), apigenin (2), luteolin
(3), kaempferol (4), astragaline (5), kaempferol-5-O-(6"-O-acetyl)-p-D-glucopyranoside (6), negletein (7), 4-methoxycinnamic acid
(8), benzyl-O-B-D-glucopyranoside (9), 2-phenylethyl-O-B-D-glucopyranoside (10), 3,5-dicaffeoylquinic acid methyl ester (11),
3,5-dicaffeoylquinic acid ethyl ester (12), 3,4-dicaffeoylquinic acid methyl ester (13), 4,5-dicaffeoylquinic acid methyl ester (14),
protocatechuic acid (15), and eugenol glucoside (16). Conclusion Compounds 7, 8, 12, 14, and 16 are obtained from the plants in
Gynura Cass. for the first time, and compounds 3, 6, 9—11 and 13 are obtained from this plant for the first time.
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4,5-dicaffeoylquinic acid methyl ester
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O-B-D-glucopyranoside, 9). 2-/ Z,3&-O-B-D-ML IR
i % B (2-phenylethyl-O-B-D-glucopyranoside ,
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I Sephadex LH-20 A3k f - il % iy S0BUAH (2 1%
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SYEAFMLAY 11 (15 mg) 112 (11 mg), Fr.2-5
i Sephadex LH-20 A3 il K Y-l 2% iy O AH (4
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&Y 1: BENR (HED; ESI-MS m/z: 301
[M—H]", 4T3 A CisH1007. "H-NMR (600 MHz,
CsDsN) o: 8.62 (1H, d, J = 2.0 Hz, H-2'), 8.13 (1H,
dd, J = 8.3, 2.0 Hz, H-6'), 7.40 (1H, d, J = 8.4 Hz,
H-5'), 6.78 (1H, d, J = 2.0 Hz, H-6), 6.74 (1H, d, J =
2.0 Hz, H-8); ""C-NMR (150 MHz, CsDsN) &: 94.6
(C-6'), 99.6 (C-8), 104.8 (C-10), 117.0 (C-5'), 121.4
(C-6'), 1382 (C-3), 147.4 (C-2), 148.1 (C-4'), 157.8
(C-5), 162.8 (C-9), 165.9 (C-7), 177.6 (C-4). LA %¥x
5SR-S 1 i

EY 2. KK (FEE; ESI-MS m/z: 269
[M—H], 2734 CsHi00s. 'H-NMR (600 MHz,
CsDsN) ¢: 13.08, 10.80, 10.40 (3H, s, 3X OH), 7.94
(2H, d, J = 8.6 Hz, H-2', 6'), 6.95 (2H, d, J = 8.6 Hz,
H-3', 5'), 6.50 (1H, d, J = 1.6 Hz, H-8), 6.81 (1H, s,
H-3), 6.17 (1H, d, J = 1.6 Hz, H-6); "“C-NMR (150
MHz, CsDsN) d: 166.5 (C-2), 104.6 (C-3), 183.4
(C-4), 159.2 (C-5), 100.7 (C-6), 165.2 (C-7), 95.5
(C-8), 163.8 (C-9), 105.6 (C-10), 123.0 (C-1"), 129.5
(C-2', 6", 117.5 (C-3', 5'), 163.3 (C-4"). LA b¥¥a 5
SCHRIREREA -, M A 2 .
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& 3: AR (HEED; ESI-MS m/z: 285  (C-3',5"), 162.0 (C-4'), 104.4 (C-1"), 76.0 (C-2"), 78.6

[M—H], 410 CisH100g. 'H-NMR (600 MHz,
CsDsN) &: 7.92 (1H, d, J = 1.8 Hz, H-2"), 7.56 (1H, dd,
J =84, 1.7 Hz, H-6'), 7.30 (1H, d, J = 8.3 Hz, H-5'),
6.94 (1H, s, H-3), 6.78 (1H, d, J = 1.8 Hz, H-8), 6.71
(1H, d,J= 1.8 Hz, H-6); “C-NMR (150 MHz, CsDsN)
5. 165.5 (C-2), 104.7 (C-3), 183.4 (C-4), 159.2 (C-5),
100.6 (C-6), 166.4 (C-7), 95.4 (C-8), 163.8 (C-9), 105.7
(C-10), 123.5 (C-1"), 1153 (C-2'), 148.4 (C-3'), 1523
(C-4'), 117.5 (C-5"), 120.2 (C-6"). L b-Hdi 5 ek
AR, MEERAY 3 AR R,

& 4: FER AR <Eﬁ@$> ESI-MS m/z: 285
[M—H], 4312k C1sH g0 'H-NMR (600 MHz,
CsDsN) 6: 8.12 (2H, d, J = 8.6 Hz, H-2', 6'), 6.95 (2H,
d, J=8.6 Hz, H-3', 5"), 6.43 (1H, d, J = 1.2 Hz, H-8),
6.23 (1H, d, J = 1.2 Hz, H-6); "*C-NMR (150 MHz,
CsDsN) 6: 177.9 (C-4), 166.1 (C-7), 163.0 (C-5),
161.3 (C-9), 158.0 (C-4'), 148.1 (C-2), 138.4 (C-3),
131.1 (C-2', 6'), 124.0 (C-1"), 116.9 (C-3', 5), 105.0
(C-10), 99.8 (C-6), 94.9 (C-8). LA %k 5 ik iE
A, M A 4 g

WEYS: HEMK (FED; ESI-MS m/z: 447
[IM—H]", 4T3l CoiHyO11. 'H-NMR (600 MHz,
CsDsN) 6: 8.46 (2H, d, J = 8.6 Hz, H-2', 6'), 7.21 (1H,
d, J = 5.9 Hz, H-8), 6.73 (2H, dd, J = 1.2, 5.9 Hz,
H-3', 5'), 6.32 (1H, d, J = 5.9 Hz, H-6), 4.44~4.02
(6H, m, sugar-H); "“C-NMR (150 MHz, CsDsN) &
1582 (C-2), 135.2 (C-3), 179.4 (C-4), 157.5 (C-5),
100.5 (C-6), 166.6 (C-7), 95.3 (C-8), 163.5 (C-9),
105.9 (C-10), 122.6 (C-1"), 132.5 (C-2', 6), 116.7
(C-3', 5"), 162.3 (C-4"), 104.7 (C-1"), 79.7 (C-5"), 79.2
(C-3"), 76.7 (C-2"), 72.1 (C-4"), 63.3 (C-6"). uii&%
5 HRAEREA 8, MR A 5

& 6. Btasi il (FEL; ESI-MS m/z: 473
[M—H]", 7 73RN C3Hy0p1. 'H-NMR (600 MHz,
CsDsN) d: 8.05 (2H, q, J = 10.4 Hz, H-2', 6'), 69.0
(2H, q, J = 10.4 Hz, H-3', 5'), 6.45 (1H, d, J = 2.0 Hz,
H-8), 6.25 (1H, d, J = 2.0 Hz, H-6), 5.18 (1H, d, J =
10.4 Hz, H-1"), 3.18~4.17 (6H, m, sugar-H), 4.50
(3H, s, -COCH3); “C-NMR (150 MHz, CsDsN) 6
158.0 (C-2), 135.3 (C-3), 179.0 (C-4), 163.1 (C-5),
100.2 (C-6), 166.4 (C-7), 95.0 (C-8), 158.1 (C-9),
105.5 (C-10), 122.1 (C-1"), 132.2 (C-2', 6), 116.3

(C-3"), 71.4 (C-4"), 76.3 (C-5"), 64.5 (C-6"), 171.0
(COCHj3), 20.8 (COCH3). LA E#df by SCRIE FEA
— U0 s E LAY 6 LI 25 -5-0-(6"-0- .1
HE)-B-D-NHE It 4 4 B 1

a7 BEER (BRI ; ESI-MS m/z:
283 [M—H], 2374 CigH120s. 'H-NMR (600
MHz, CsDsN) &: 13.21 (1H, s, OH), 7.90 (2H, m,
Ar-2H), 7.60 (3H, m, Ar-3H), 7.12 (1H, s, H-8), 6.66
(1H, s, H-3), 3.90 (3H, s, OCH3); *C-NMR (150 MHz,
CsDsN) 6: 156.2 (C-2), 106.4 (C-3), 184.0 (C-4), 150.5
(C-5), 132.8 (C-6), 164.6 (C-7), 92.3 (C-8), 148.4 (C-9),
107.5 (C-10), 132.6 (C-1), 127.4 (C-2), 130.1 (C-3"),
133.1 (C-4'), 130.1 (C-5"), 127.4 (C- 6’) 57.2 (OCHs). LA
s S S R A S, st A Tk
7-HBE B A2

&Y 8: #wtasdh (HEE; ESI-MS m/z: 177
[M—H] ", 4> T4 CioH1003. 'H-NMR (600 MHz,
MeOD) §: 7.61 (1H, d, J = 16.0 Hz, H-7), 7.45 (2H, d,
J = 8.6 Hz, H-2, 6), 6.80 (2H, d, J = 8.7 Hz, H-3, 5),
6.32 (1H, d, J = 15.9 Hz, H-8), 3.75 (3H, s, OCHs);
BC-NMR (150 MHz, MeOD) d: 169.8 (C-9), 161.3
(C-4), 146.6 (C-7), 131.1 (C-2, 6), 127.1 (C-1), 116.8
(C-3,5), 1149 (C- 8), 52.0 (OCH3). LA FHdis b Sciikdk
RS, M A 8 4-FRARIE I RER

AW 9: LEMRY (FEED; ESI-MS m/z: 269
[M—H], 414 C3H;506. 'H-NMR (600 MHz,
CsDsN) d: 7.53 (2H, d, J = 7.1 Hz, H-2, 6), 7.35 ( 2H, t,
J=7.1Hz, H-3, 5), 7.27 (1H, t, J = 7.1 Hz, H-4), 4.67,
493 (2H, d, J=11.9 Hz, H-7), 445 (1H, d, J= 7.7 Hz,
H-1'), 3.66 (1H, dd, J = 11.9, 4.0 Hz, H-6'a), 3.90 (1H,
dd, J=11.9, 2.0 Hz, H-6'b), 3.24~3.64 (4H, m, H-2'~
5'); *C-NMR (150 MHz, CsDsN) 8: 139.3 (C-1), 128.6
(C-2, 6), 129.0 (C-3, 5), 128.1 (C-4), 72.0 (C-7), 104.4
(C-1"), 75.6 (C-2"), 79.0 (C-3"), 71.2 (C-4"), 79.0 (C-5"),
63.2 (C-6")o LA ¥dfs 5 rmkiia e A 80", ik
ENAY) 9 A TR .

& 10: LRy (HEE ) ESI-MS m/z:
283 [M—H], 2+ T34 CuHx06. 'H-NMR (600
MHz, MeOD) &: 7.33~7.18 (5H, m, H-2, 3, 4, 5, 6),
4.13 (1H, m, H-8a), 3.70 (1H, m, H-8b), 2.98 (2H, m,
H-7); “C-NMR (150 MHz, MeOD) d: 140.1 (C-1),
130.0 (C-2, 6), 129.3 (C-3, 5), 127.2 (C-4), 71.7 (C-8),
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37.2 (C-7), 104.4 (C-1), 78.0 (C-3"), 78.1 (C-5"), 75.1
(C-2"), 71.7 (C-4"), 62.8 (C-6"). LA_L-Hidhi 55 kIR i
AR, W EAY 10 Jy 2-2K 2 3E-0-B-D-
LR 781 26 B o

&Y 1 (KR (HEE; ESI-MS m/z: 529
[M—H], 5 7R H CoeHaOre 'H-NMR (600 MHz,
MeOD) §: 7.67 (1H, d, J = 15.9 Hz, H-7"), 7.59 (1H,
d, J=15.9 Hz, H-7"), 7.11 (2H, d, J = 1.8 Hz, H-2,
2"), 7.01 (2H, d, J = 8.1 Hz, H-5', 5"), 6.83 (2H, dd,
J=18.,3.7 Hz, H-6', 6"), 6.38 (1H, d, J = 15.9 Hz,
H-8'), 6.29 (1H, d, J = 15.9 Hz, H-8"), 5.42 (1H, dd,
J=28.1,3.7 Hz, H-5), 5.36 (1H, m, H-3), 4.03 (1H, dd,
J=8.1, 3.7 Hz, H-4), 3.74 (3H, s, COOCHj3), 2.42~
2.31 (2H, m, H-6ax, 2eq), 2.26 (1H, dd, J = 14.1, 3.7
Hz, H-6eq), 2.16 (1H, dd, J = 13.8, 8.1 Hz, H-2ax);
BC.NMR (150 MHz, MeOD) §: 74.7 (C-1), 35.7
(C-2), 72.0 (C-3), 69.7 (C-4), 72.2 (C-5), 36.7 (C-6),
127.6, 127.9 (C-1', 1), 115.2 (C-2', 2"), 146.8, 146.9
(C-3, 3", 149.5, 149.7 (C-4', 4", 116.5, 116.6 (C-5,
5", 123.0, 123.1 (C-6', 6"), 147.1, 147.4 (C-7', 7"),
114.9, 115.5 (C-8', 8"), 168.0, 168.7 (C-9', 9"), 175.6
(COOCH3), 53.0 (COOCH3). L F#dh 5 Sk i
SR, MO e A 11 O 3,5- L 4
TR

&Y 12: AERAR CREE; ESI-MS m/z: 543
[M—H], 473 H CyHys01. 'H-NMR (600 MHz,
MeOD) §: 7.64 (1H, d, J = 15.9 Hz, H-8"), 7.60 (1H,
d, J=15.9 Hz, H-8'), 7.14 (1H, d, J = 1.9 Hz, H-2"),
7.09 (1H, d, J = 1.9 Hz, H-2'), 7.04 (1H, dd, J = 8.1,
1.9 Hz, H-5"), 7.02 (1H, dd, J = 8.1, 1.9 Hz, H-5),
6.89 (1H, d, J = 8.1 Hz, H-6"), 6.84 (1H, d, J = 8.1
Hz, H-6'), 6.39 (1H, d, J= 15.9 Hz, H-7"), 6.27 (1H, d,
J = 15.9 Hz, H-7"), 5.49~5.43 (1H, m, H-3), 5.36
(1H, m, H-5), 4.20 (2H, q, J = 7.1 Hz, H-8), 4.03 (1H,
dd, J = 6.3, 2.9 Hz, H-4), 2.38 (2H, m, H-2), 2.27~
2.16 (2H, m, H-6), 1.29 (3H, t, J = 7.1 Hz, H-9);
BC-NMR (150 MHz, MeOD) J: 74.6 (C-1), 36.7
(C-2), 72.0 (C-3), 69.8 (C-4), 72.3 (C-5), 35.6 (C-6),
127.6, 127.9 (C-1', 1), 116.6, 116.8 (C-2', 2"), 115.5,
116.5 (C-3', 3"), 149.5, 149.7 (C-4', 4"), 147.1, 147.4
(C-5', 5, 114.9, 115.2 (C-6", 6"), 123.0 (C-7', 7"),
146.8, 146.9 (C-8', 8"), 168.0, 168.7 (C-9', 9"), 175.2
(COOR), 62.6 (OCH,), 14.3 (OCH,CHj3). UA F¥i# 5

SCHRIRGEREA B0, WM e e 12 D 3,5
WMHERpE IR ZE T R 2

A 13: AENK (HEE; ESI-MS m/z: 529
[M—H], 414 CeHagO1n. 'H-NMR (600 MHz,
CsDsN) 6: 7.60 (1H, d, J = 8.1 Hz, H-7"), 7.54 (1H, d,
J=8.1Hz, H-7"), 7.15 (1H, d, J = 1.7 Hz, H-2"), 7.06
(1H, d, J = 1.7 Hz, H-2"), 6.65 (1H, dd, J = 8.1, 2.5
Hz, H-6"), 6.61 (1H, dd, J = 8.1, 2.5 Hz, H-6"), 6.58
(2H, d, J = 2.5 Hz, H-5', 5"), 6.15 (1H, d, J = 8.1 Hz,
H-8'), 6.06 (1H, d, J = 8.1 Hz, H-8"), 5.41 (1H, m,
H-3),4.97 (1H, dd, J = 8.1, 1.7 Hz, H-4), 4.22 (1H, m,
H-5), 3.73 (3H, s, OCH3), 2.23 (2H, m, H-2), 2.14
(2H, m, H-6); "*C-NMR (150 MHz, CsDsN) 8: 75.5
(C-1), 38.9 (C-2), 68.9 (C-3), 74.9 (C-4), 68.2 (C-5),
38.9 (C-6), 126.9 (C-1', 1"), 116.0, 116.1 (C-2, 2"),
146.8, 146.9 (C-3', 3"), 150.8, 150.9 (C-4', 4"), 116.9,
117.0 (C-5', 57), 122.5 (C-6', 6"), 147.8, 147.9 (C-7',
77, 114.7, 114.9 (C-8', 8"), 167.0, 167.5 (C-9', 9"),
174.9 (COOCH3), 52.6 (-OCH3). LA % 5 Sk
EHA-F, WA 13 O 3,4- uinnERk
B TIRHNR.

&Y 14: AEKK (HEE; ESI-MS m/z: 529
[M—H], 4> T34 CyHagO12. 'H-NMR (600 MHz,
MeOD) d: 7.55 (1H, d, J = 6.6 Hz, H-7"), 7.53 (1H, d,
J = 6.5 Hz, H-7"), 7.02 (2H, m, H-2', 2"), 6.90 (1H,
dd, J = 8.1, 1.7 Hz, H-6), 6.87 (1H, dd, J = 8.2, 1.5
Hz, H-6"), 6.75 (1H, d, J = 8.2 Hz, H-5"), 6.73 (1H, d,
J=8.1Hz, H-5"), 6.27 (1H, d, J = 3.3 Hz, H-8), 6.24
(1H, d, J = 3.3 Hz, H-8"), 5.61 (1H, m, H-5), 5.02
(1H, dd, J = 8.2, 3.1 Hz, H-4), 4.35 (1H, m, H-3), 3.74
(3H, s, OCH3); "*C-NMR (150 MHz, MeOD) §: 75.2
(C-1), 41.3 (C-2), 69.8 (C-3), 75.2 (C-4), 66.0 (C-5),
36.8 (C-6), 127.7 (C-1', 1), 115.1 (C-2', 2"), 146.8
(C-3', 3"), 149.6 (C-4', 4"), 116.5 (C-5', 5"), 123.1,
123.3 (C-6', 6"), 147.4 (C-7', 7"), 114.8, 115.0 (C-8',
8"), 168.5, 168.6 (C-9, 9"), 176.2 (COOCH3), 53.0
(-OCH3)o Lh_E%d 5 sepkap i se A — 5™,
SEAEY) 14 D0 4,5- ZINHEBEIEZE 7 8 F G .

&P 15: s (FEE; ESI-MS m/z: 153
[M—H], 2 T34 CHeOso 'H-NMR (600 MHz,
MeOD) 6: 7.48 (1H, s, H-2), 7.44 (1H, d, J = 6.1 Hz,
H-6), 6.83 (1H, d, J = 6.1 Hz, H-5); "*C-NMR (150
MHz, MeOD) &: 170.4 (C=0), 151.4 (C-4), 145.9
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(C-3), 124.0 (C-6), 123.0 (C-1), 117.7 (C-5), 115.8
(C-2)o VA EXl 5 5ok 2 A — 5™, we e b
B8 IR

& 16: AERAR CHEE; ESI-MS m/z: 325
[M—H], 410 CisHnO7. 'H-NMR (600 MHz,
MeOD) d: 7.13 (1H, d, J = 8.2 Hz, H-6), 6.87 (1H, s,
H-3), 6.77 (1H, d, J = 8.2 Hz, H-5), 6.00 (1H, m,
H-8), 5.12 (1H, d, J=19.4 Hz, H-9b), 5.08 (1H, d, J =
19.4 Hz, H-9a), 491 (1H, d, J = 8.0 Hz, H-1"), 3.91
(1H, dd, J = 12.0, 1.8 Hz, H-6b"), 3.88 (3H, s, H-10),
3.74 (1H, dd, J = 11.3, 3.5 Hz, H-6a"), 3.45~3.35
(6H, m, H-2, 3", 4, 5, 7); “C-NMR (150 MHz,
MeOD) d: 150.8 (C-2), 146.3 (C-1), 139.0 (C-8),
136.5 (C-4), 122.1 (C-5), 118.3 (C-6), 115.9 (C-9),
114.2 (C-3), 103.1 (C-1"), 78.2 (C-3"), 77.83 (C-5'),
74.9 (C-2"), 71.4 (C-4"), 62.5 (C-6'), 56.7 (C-10), 40.7
(C-7)0 VA RE5H 5 SRR B HE A — 30, e ik
HW16 49 T HEYF .
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