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Abstract — As part of our ongoing study focused on the discovery of antioxidants from natural products by measuring the
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity, methanol extract of flowers of Carthamus tinctorius L. was
found to show potent antioxidant activity. Activity-guided fractionation of the methanol extract lead to the isolation of twenty
compounds including two flavonol glycosides, quercertin-3-O-f3-D-glucopyranoside (12) and kaempferol-3-O-o-L-rhamnopy-
ranosyl-f-D-glucopyranoside (18), two flavanone glycosides, (25)-4',5,6,7-tetrahydroxyflavanone 6-O-B-D-glucopyranoside (15)
and (2R)-5,7,8' 4-tetrahydroxyflavanone 8-O-B-D-glucopyranoside (16), and two acetylenic glycosides, 8Z-decaene-4,6-diyne-
1-O-B-D-glucopyranoside (13) and 4,6-decadiyne-1-O-B-D-glucopyranoside (14). Their chemical structures were identified by
using spectroscopic analysis. Among them, compounds 12-18 were tested in DPPH assay. Compounds 13-16 were first reported
to their antioxidant activity. Quercertin-3-O-B-D-glucopyranoside (12) showed the most potent inhibitory effect on DPPH with

ICy, value of 56.7 uM.
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B-Amyrin acetate (1) — White crystal ; 'H-NMR (250
MHz, CDCL) ; & 0.74 (3H, s, H-28), 0.80 (6H, s, C-29
and H-30), 0.93 (6H, s, H-23 and H-24), 1.16 GH, s, H-
25), 120-197 (s, CHy, CH,), 2.02 (3H, s, H-29), 4.47
(IH, dd, J = 3.0, 50, 12.0, CH-3), 5.15 (1H, m, H-
12).°C-NMR (63 MHz, CDCL,) ; & 14.1 (C-25), 18.2 (C-
6), 213 (C-32), 22.6 (C-24), 234 (C-23), 23.5 (C-11),
236 (C-2), 259 (C-26), 26.1 (C-27), 26.8 (C-28), 28.0
(C-15), 284 (C-12), 31.1 (C-12), 31.6 (C-13), 325 (C-
20), 325 (C-17), 333 (C-7), 347 (C-21), 36.8 (C-22),
37.1 (C-10), 37.7 (C-4), 382 (C-1), 39.7 (C-8), 41.6 (C-
14), 46.7 (C-19), 47.2 (C-18), 47.5 (C-9), 55.2 (C-5), 80.9
(C-3), 121.6 (C-12), 1452 (C-13), 171.05 (C-31).

Trilinolein (2) - Yellow oil ; 'H-NMR (CDCl,, 250 MHz)
. § 081-0.85 (OH, m, H-1), 1.57 (6H, m, H-2), 2.01
(12H, t, J = 6.1 Hz, H-8, 4), 227 (6H, t, J = 7.5 Hz,
COCH,), 2.73 (6H, t, J = 5.6 Hz, H-11), 4.10 (2H, dd, J
=119, 59 HzH-0, 7), 426 (2H, dd, J = 119, 43 Hz,
H-a, y), 521-535 (13H, m, B-CH, H-CH,). “"C-NMR
(CDCL,, 63 MHz) ; & 173.1 (a, y-CO), 172.7 (B-CO),
130.1 (C-13), 129.9 (C-9), 127.9 (C-10), 127.8 (C-12),
68.7 (C-B), 62.0 (C-a, ), 33.9 (C-2), 31.4 (C-16), 29.6
(C-7), 29.4 (C-15), 29.2 (C-6), 29.1-29.7 (CH,), 27.1 (C-8,
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C-14), 25.5 (C-11), 24.7 (C-3), 22.6 (C-17), 14.1 (CH,).

Linoleic acid (3)— Yellow oil ; 'H-NMR (250 MHz,
CD,0D) ; & 0.82-0.85 (3H, m, H-1), 128 (2H, m, H-2),
132 2H, m, H-3), 1.57 (2H, m, H-5), 2.03 (6H, q, J =
6.3, H-8, 14), 230 2H, t, J = 7.5, H-17), 274 (H, t, J =
6.3, H-CH,), 523-5.31 (4H, m, H-5,6,89). *C-NMR (63
MHz, CD,OD) ; § 13.4 (CHy). 22.65 (C-17), 24.9 (C-3),
25.6(C-11), 272 (C-8 and C-14), 29.1-29.7 (CHL), 292
(C-6), 293 (C-15), 29.6 (C-7), 31.5 (C-16), 34.0 (C-2),
128.0 (C-12), 128.0 (C-10), 129.8 (C-9), 129.8 (C-13),
176.8 (C-1).

Quercertin (4) — Yellow powder ; 'H-NMR (250 MHz,
CD,0D) ; & 6.18 (1M, d, J = 2.02, H-6), 638 (1H, d, J
= 2.03, H-7), 6.89 (IH, d, J = 8.5,H-2), 7.63 (1H, dd, J
= 2.1, 851, H-5"), 7.72 (1H, d, J = 2.02, H-6"). "C-NMR
(63 MHz, CD,OD) ; & 151.4 (C-2), 137.6 (C-3), 177.5
(C-4), 1638 (C-5), 99.2 (C-6), 165.6 (C-7), 94.4 (C-8),
1582 (C9), 1058 (C-10), 124.1 (C-19, 1159 (C-2),
1462 (C-3"), 150.4 (C-4"), 1162 (C-5), 121.7 (C-6)).

Apigenin (5) — Yellow powder ; 'H-NMR (250 MHz,
CD,0D) ; § 6.19 (IH, d, J = 2.05, H-6), 6.44 (1H, d, J
= 2.12, H-8), 6.58 (IH, s, H-3), 692 2H, d, J = 8.92,
H-3' and H-5"), 7.85 (2H, d, J = 8.95, H-2' and H-6).
BCNMR (63 MHz, CD,OD) ; & 1643 (C-2), 103.6 (C-
3), 182.6 (C-4), 162.9 (C-5), 99.8 (C-6), 165.7 (C-7), 94.7
(C-8), 162.5 (C-9), 104.7 (C-10), 128.7 (C-1"), 135.8 (C-
2, C-6'), 116.7 (C-3', C-5), 158.3 (C-4").

Kaempferol (6)— Yellow powder ; 'H-NMR (250 MHz,
CD,0D) ; 6 6.06 (1H, d, J = 2.07, H-6), 6.27 (1H, d, J
= 2.07, H-8), 678 (2H, d, J = 9.80, H-3' and H-5"), 7.97
(IH, d, J = 495, H-2' and H-6). "C-NMR (63 MHz,
CD,0D) ; & 147.9 (C-2), 1372 (C-3), 1773 (C-4), 162.5
(C-5), 992 (C-6), 165.6 (C-7), 944 (C-8), 160.5 (C-9),
104.5 (C-10), 123.7 (C-1"), 130.7 (C-2' and C-6"), 116.3
(C-3' and C-5"), 1582 (C-4").

Luteolin (7) - Yellow powder ; 'H-NMR (250 MHz,
CD,0D) ; 8 6.15 (1H, d, J = 1.97, H-6), 639 (1H, d, J
= 202, H-8), 649 (1H, s, H-2'), 6.84 (1H, d, J = 8.85,
H-3), 7.34 (1H, m, H-5' and H-6'). "C-NMR (63 MHz,
Pyridine-d;) ; & 164.7 (C-2), 1049 (C-3), 182.6 (C-4),
163.7 (C-5), 99.8 (C-6), 165.7 (C-7), 94.7 (C-8), 158.4
(C-9), 103.9 (C-10), 122.8 (C-1), 114.5 (C-2), 147.6 (C-
3), 151.5 (C-4), 116.7 (C-5"), 119.4 (C-6)).

Ferulic acid (8) — Yellow powder ; 'H-NMR (250 MHz,
CD,0D) ; & 3.82 (3H, s, H-10), 624 (IH, d, J = 1509,
H-8), 6.73 (1H, d, J = 8.15, H-3), 697 (1H, dd, J = 1.9,
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82, H-6), 7.11 (1H, d, J = 1.75, H-2), 7.51 (1H, d, J =
15.9, H-7). "C-NMR (63 MHz, CD,0D) ; & 126.8 (C-1),
123.0 (C-2), 110.5 (C-3), 149.4 (C-4), 1484 (C-5), 1152
(C-6), 115.4 (C-7), 145.7 (C-8), 170.2 (C-9), 55.4 (C-10).

Syringaresinol (9) — Yellow gum ; 'H-NMR (600 MHz,
CDCly) ; & 3.07 (2H, m, H-1 and H-5), 3.87 (12H, s, H-
3,5, 3" and 5"), 3.89 2H, d, J = 3.6, H-2 and H-6),
426 (2H, dd, J = 6.6, 9.2, H-2 and H-6), 4.70 (2H, d, J
= 3.6, H-4 and H-8), 549 (OH, s, OH-4' and OH-4"),
6.56 (4H, s, H-2, 6, 2" and 6"). "C-NMR (150 MHz,
CDCL); & 543 (C-1 and C-5), 71.8 (C-2 and C-6), 86.1
(C-4 and C-8), 56.4 (C-3', 5, 3" and 5"), 132.1 (C-1' and
C-1"), 102.7 (C-2, 6, 2" and 6"), 147.1 (C-3', 5', 3" and
5", 134.3 (C-4' and C-4").

Isoferulic acid (10) — Yellow powder ; 'H-NMR (250
MHz, CD,0OD) ; & 3.83 (3H, s, H-10), 621 (IH, d, J =
15.9, H-8), 6.88 (1H, d, J = 8.0, H-3), 698 H, d, J =
8.2, H-6 and H-2), 749 (1H, d, J = 1.6), 7.51 (1H, d, J =
15.9, H-7). "C-NMR (63 MHz, CD,0D) ; § 127.9 (C-1),
121.7 (C-2), 111.4 (C-3), 150.4 (C-4), 147.1 (C-5), 113.6
(C-6), 115.4 (C-7), 145.6 (C-8), 169.8 (C-9), 55.3 (C-10).

4-Hydroxybenzoic acid (11) — Yellow powder ; 'H-NMR
(250 MHz, CD;0OD) ; & 6.73 (2H, d, J = 7.4, H-5 and H-
3), 7.78 (2H, d, J = 74, H-6 and H-2)."C-NMR (63 MHz,
CD,0D) ; & 122.7 (C-1), 133.0 (C-2 and C-6), 116.0 (C-3
and C-5), 163.4 (C-4), 170.1 (C-7).

Quercertin-3-O--D-glucopyranoside (12)— Yellow powder
: '"H-NMR (250 MHz, CD,0D) ; & 520 (1H, d, J = 7.42,
H-1"), 6.14 (1H, d, J = 2.02, H-6), 632 (1H, d, J = 2.03,
H-7), 6.81 (1H, d, J =8.5, H-2), 7.53 (1H, dd, J = 2.1,
8.51, H-5", 7.65 (1H, d, J = 2.02, H-6'). "C-NMR (63
MHz, CD,0D) ; & 1514 (C-2), 137.6 (C-3), 178.5 (C-4),
162.0 (C-5), 98.9 (C-6), 165.1 (C-7), 93.7 (C-8), 158.0
(C-9), 104.7 (C-10), 122.2 (C-1'), 115.0 (C-2), 1449 (C-
3, 148.8 (C-4"), 115.0 (C-5'), 116.5 (C-6"), 104.7 (C-1"),
747 (C-2"), 77.1 (C-3"), 70.2 (C-4"), 77.4 (C-5"), 61.1 (C-
6").

8Z-Decaene-4,6-diyne-1-O-B-D-glucopyranoside (13) —
Yellow syrup ; '"H-NMR (CD,0OD, 250 MHz) ; 6 1.90
(2H, m, CH;-10, H-7), 2.52 (2H, t, J = 7.0 Hz, H-3), 430
(1H, d, J = 7.80 HzH-1". "C-NMR (CD,0D, 63 MHz) ; &
69.2 (C-1), 29.5 (C-2), 16.5 (C-3), 85.1 (C-4), 66.0 (C-5),
793 (C-6), 72.5 (C-7), 109.8 (C-8), 1432 (C-9), 16.7 (C-
10), 104.1 (C-1"), 74.7 (C-2), 77.6 (C-3), 71.1 (C-4"), 77.5
(C-5'), 62.3 (C-6).

4,6-Decadiyne-1-O-B-D-glucopyranoside (14) — Bright
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yellowish syrup ; 'H-NMR (CD,0OD, 250MHz) ; & 0.78
GH, dt, J = 2.2, 7.5, H-10), 1.47 (2H, m, H-9), 1.75 (2H,
m, H-2), 2.08 (2H, t, J = 6.7Hz, H-3), 2.42 (2H, t, J =7.0,
CH, -3), 430 (1H, d, J =7.80 CH-1". BC-NMR (CD,0D,
63 MHz) ; & 67.8 (C-1), 28.8 (C-2), 15.7 (C-3), 77.8 (C-
4), 67.8 (C-5), 662 (C-6), 78.1 (C-7), 20.7 (C-8), 21.7
(C-9), 13.1 (C-10), 1042 (C-1'), 74.8 (C-2)), 77.4 (C-3"),
71.1 (C-4"), 77.4 (C-5"), 62.3 (C-6)).
(25)-4',5,6,7-Tetrahydroxyflavanone 6-O-B-D-glucoside
(15) - Yellowish powder ; 'H-NMR (DMSO-d,, 250 MHz)
; 0 543 (1H, dd, J = 12.5, 3.0Hz H-3',5"), 3.28 (1H, dd,
J =170, 12.5 Hz H-3), 2.68 (1H, dd, J = 17.0, 3.0 Hz),
731 @H, d, J = 8.5 Hz, ), 6.79 2H, t, J = 8.5 Hz, H-8),
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12.24 (1H, s, 5-OH), 0.92 (3H, t, J = 7.2 Hz, H-10), 9.60
(3H, d, J = 7.8 Hz, OH-4"). "C-NMR (DMSO-d,, 63 MHz)
;8 197.1 (C-4), 159.4 (C-7), 15.6 (C-3), 158.6 (C-4),
157.7(C-5), 155.0 (C-6), 128.8 (C-7), 1284 (C-8), 1262
(C-9), 115.2 (C-10), 104.7 (C-1'), 101.8 (C-2), 95.0 (C-3"),
78.5 (C-4"), 772 (C-5"), 76.1 (C-5').

(2R)-5,7,8' 4-Tetrahydroxy flavanone 8-O-B-D-glucoside
(16) — Yellow powder ; 'H-NMR (DMSO-dj, 250 MHz) ;
8 543 (1H, d, J = 11.8, 3.0Hz H-3',5), 3.28 (1H, dd, J =
172, 11.8 Hz, H-3), 2.75 (1H, dd, J = 17.0, 3.0 Hz ),
737 (2H, d, J = 8.5 Hz, H-2'6"), 6.79 (2H, t, J = 8.5 Hz,
H-8), 461 (2H, d, J = 6.4 Hz, H-2"), 3.70 (3H, m, H-6)).
BC-NMR (DMSO-d,, 629 MHz) ; & 159.4 (C-7), 15.6

R, Ry
4 OH OH
S H H
6 H OH
7 OH H
12 OH OGle
18 H ORut

\

Fig. 1. Chemical structures of constituents isolated from C. tinctorius.
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(C-3), 158.6 (C-4), 157.7(C-5), 155.0 (C-6), 128.8 (C-7),
128.4 (C-8), 126.2 (C-9), 1152 (C-10), 155.5 (C-4'), 107.2
(C-1"), 101.8 (C-2"), 95.0 (C-3"), 80.61 (C-4"), 772 (C-
5"), 62.2 (C-6").

Adenosine (17) - Yellow crystal ; '"H NMR (DMSO-
d-250 MHz) ; & 3.59 (2H, dt, J = 3.6, 123 Hz, H-5'),
3.97 (IH, q, J = 3.3 Hz, H-4), 413 (IH, dd, J = 3.1,
5.0 Hz, H-3), 457 (1H, dd, J = 5.2, 5.7 Hz, H-2), 5.85
(1H, d, J = 624, H-1', 8.13 (1H, s, H-2), 832 (IH, s,
H-8). "C-NMR (DMSO-d,, 63 MHz) ; & 1523 (C-2),
149.0 (C-4), 119.3 (C-5), 156.1 (C-6), 138.8 (C-8), 87.9
(C-1"), 73.4 (C-2"), 70.6 (C-3'), 85.8 (C-4), 61.6 (C-5".

Kaempferol 3-O-o-L-rhamnopyranosyH3-D-glucopyranoside
(18)— Yellow powder ; 'H-NMR (DMSO-dj, 250 MHz) ;
8 6.06 (1H, d, J = 2.07, H-6), 627 (1H, d, J = 2.07, H-
8), 6.78 (2H, d, J = 9.80, H-3' and H-5'), 7.97 (1H, d, J
= 495, H-2' and H-6)) 5.12 (1H, d, J = 7.0, H-1"), 1.12
(3H, d, J = 6.0, H-6"). "C-NMR (DMSO-d,, 63 MHz) ;
8 147.9 (C-2), 137.2 (C-3), 177.3 (C-4), 162.5 (C-5), 99.2
(C-6), 165.6 (C-7), 94.4 (C-8), 160.5 (C-9), 104.5 (C-10),
123.7 (C-1'), 130.7 (C-2' and C-6'), 116.3 (C-3' and C-5"),
1582 (C-4") (C-1"), 75.7 (C-2"), 77.1 (C-3"), 71.3 (C-4"),
77.1 (C-5"), 68.7 (C-6") 1023 (C-1"), 722 (C-2"), 73.8
(C-3™), 71.3 (C-4"), 69.7 (C-5"), 17.9 (C-6").

Hydroxysafflor yellow A (19)— Yellow powder ; 'H-
NMR (CD,OD, 250MHz) ; & 7.24 (d, J = 15.6 Hz, H-8),
742 (d, J = 156 Hz, H9), 743 (d, J = 7.1 Hz, H-
11,15), 6.80 (d, J = 7.1 Hz, H-12, 14), 3.85 (d, J = 9.5
Hz, H-G1), 3.46 (t, J = 9.3 Hz, H-G2), 3.28 (t, J = 9.0
Hz, H-G3), 3.15 (m, H-G4), 3.50 (m, H-G5), 3.70 (m, H-
G6), 4.40 (d, J = 10.0 Hz, H-G1"), 4.07 (t, J = 9.5 Hz,
H-G2"), 3.36 (t, J = 88 Hz, H-G3"), 3.15 (m, H-G4"),
3.32 md, H-G5"), 3.43 (dd, J = 12.7, 44 Hz, d, J = 9.5
Hz, H-G6"). "C-NMR (CD,0D, 63MHz) ; & 189.3 (C-1),
96.9 (C-2), 181.1 (C-3), 83.2 (C-4), 194.8 (C-5), 103.1
(C-6), 1783 (C-7), 1183 (C-8), 138.1 (C-9), 125.1 (C-10),
127.4 (C-11, 15), 1133 (C-12, 14), 154.8 (C-13), 829 (C-
Gl), 66.8 (C-G2), 75.0 (C-G3), 76.6 (C-G4), 66.83 (C-
G5), 57.90 (C-G6), 71.5 (C-G1"), 66.0 (C-G2"), 75.8 (C-
G3"), 66.6 (C-G4"), 77.2 (C-G5"), 58.2 (C-G6").

Safflomin B (20) — Yellow powder ; "H-NMR (CD,0D,
250 MHz) ; & 7.45 (d, J = 15.8 Hz, H-8), 7.71 (d, J =
15.8 Hz, H-9), 7.53 (d, J = 85 Hz, H-11,15), 3.56 (m,
H-G1), 332 (m, H-G2), 3.24 (m, H-G3), 3.24 (m, H-G4),
3.68 (m, H-G5), 3.86 (d, J = 12.2 Hz, H-G6), 3.58 (m,
H-G6), 7.55 (d, J = 15.8 Hz, H-8), 7.74 (d, J = 15.8 Hz,
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H-9), 7.50 (d, J = 85 Hz, H-11,15"), 6.80 (d, J = 8.5
Hz, H-12,14"), 3.68 (m, H-G1'), 327 (m, H-G2'), 3.42 (m,
H-G3"), 2.28 (d, J = 9.58 Hz, H-G4'), 341 (m, H-G3),
3.63 (m, H-G6), 3.38 (m, H-G6'), 494 (d, J = 8.0 Hz,
H-G1"), 5.01 (t, J = 6.8 Hz, H-G2"), 3.97 (d, J = 5.8 Hz,
H-G3"), 3.67 (m, H-G4"), 3.79 (dd, J = 11.0, 2.7 Hz, H-
G5"), 3.59 (m, H-G6"). *C-NMR (CD,OD, 63 MHz) ; &
191.0 (C-1), 109.2 (C-2), 175.6 (C-3), 82.2 (C-4), 196.0
(C-5), 113.6 (C-6), 180.9 (C-7), 1193 (C-8), 144.3 (C-9),
1283 (C-10), 131.8 (C-11, 15), 1169 (C-12, 14), 161.5
(C-13), 884 (C-G1), 79.8 (C-G2), 71.2 (C-G3), 82.2 (C-
G4), 722 (C-G5), 62.7 (C-G6), 862 (C-G1'), 79.5 (C-
Gl'), 689 (C-GI'), 804 (C-G1'), 702 (C-G1'), 60.7 (C-
Gl'), 374 (C-GI") ,94.9 (C-G2"), 72.8 (C-G3"), 70.9 (C-
G4"), 72.9 (C-G5"), 65.0 (C-G6").
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Table I. DPPH Radical scavenging effects of constituents
isolated from C. tinctorius

Compound IC,, M
12 56.7
13 -
14 -
15 63.1
16 68.8
17 -
18 -
Quercertinb) 20.3

YThe values indicate 50% decrease of DPPH radical and are
the means of triplicate data.
positive control.
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