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Organic acids derived from Picris davurica and their anti-oxidative activity
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Abstract: Objective To study the chemical constituents from the aerial part of Picris davurica and their anti-oxidative activity.
Methods Compounds were isolated by column chromatography of MCI, Sephadex LH-20, and ODS; Their structures and
anti-oxidative activity were elucidated by NMR, MS, and DPPH methods. Results On the basis of 1D-NMR, 2D-NMR, and ESI-MS
data, eleven compounds were identified as caffeic acid (1), caftaric acid (2), chlorogenic acid (3), chicoric acid (4),
5-O-caffeoylshikimic acid (5), 3,4-di-O-caffeoylquinic acid (6), 3,5-di-O-caffeoylquinic acid (7), 4,5-di-O-caffeoylquinic acid (8)
4-O-caffeoylquinic acid (9), 5-O-caffeoylquinic acid (10), and 3,4-dihydroxy-6-(3,4-dihydroxy-E-styryl)-2-pyron-3-O-§3-D-
glucopyranoside (11). Conclusion All the compounds reported in this study are isolated from the aerial part of P. hieracioides for the
first time and show certain anti-oxidative activity.
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acid, 1) WNMEBEIW AR (caftaric acid, 2). %K)
2 (chlorogenic acid, 3)+ —MIHEMEY A 8L (chicoric
acid, 4). 5-WMHFBEILFERIR (5-O-caffeoylshikimic
acid, 5). 3,4 U HEEE I ZE TR (3.4-di-0-
caffeoylquinic acid, 6). 3,5- Wi HE &L JE 25 7 1R
(3,5-di-O-caffeoylquinic acid, 7). 4,5- - WiHEEEZ=
TR (4,5-di-O-caffeoylquinic acid, 8). 4-MIHEREHE
ZE TR (4-O-caffeoylquinic acid, 9). 5-WNMHEREEZE
TR (5-O-caffeoylquinic acid, 10). 3,4-dihydroxy-
6-(3,4-dihydroxy-E-styryl)-2-pyron-3-O-B-D-glucop
yranoside (11D &30 IR kY 7
BRI, TEPETE R IR L S HAT - E T
EATEE

1 XFES5HH

Bruker AVANCE-600 5 Bruker AVANCE-400
PREMSHRAL G AT 50 A Do HP20 KALI T
BIAE C(H A =350 5]); MCI #EBEFT Sephadex LH-20
Bl Chig IVEBVEE 2 7)) (3% A YMC-Pack
ODS-AQ (250 mmX4.6 mm, 5 um). ZrHrafinifk
P OB B A R A ], ik iR
LM (Fisher A7), KNGS Al K s JiACH
CIERUE R W] FUR MR (AR 44, b5 20110922
U 2R A A R A ] o 2,2-B0ORdE- 1717
KRS (DPPH, BiVERVS R A TR A T .

W BIERR BT, AW R
EF5 PN 8 NN BIESK Picris davurica Fish.
2 7
2.1 EMEMIAYIHIE

WO BIESR 3 4, B 1 kg, 73 7 LABS R
LW 95% 415 60% L 15 KA 3 ¥k, [l
A, AFBNA ARSI, LA ER DPPH fig ) bt
B AL PRI M, TR IR 27 B IE SR I PR AL
TWEYEIRAL . AR AT AL, 60% £ BERE U 1 B
IS P o, e ICso fH A 0.055 /L, 95% L4k
W IK MR SER SN 1Cso 5 =, 200
47 0.067. 0.220 1 0.097 g/L COhf Sk Pk i 2 1)
ICso fH 4 0.025 g/L).

22 RESNE

HUCT R 2% e BIE K (8 kgD, H 10 fiF 1K 60%
PRSI 3 0, B 1 h, JlHs DO, 19
390 g, 28 HP20 K ALWRPRAM AT (3%, M LIK
M 30%- 50%- 70%- 95% LBFUE, AR UG
CREANBREECEE 120 LD, K45, b 30% GEEMIVE

5y (50 g) MK, 24 MCIL AT
i, LKA 10% 50%- 70% A B st i, Wose
Woy, UARBERGHE)Z s aNr, Aorikas, 13 4
MY A~TV). 4431 (6.2'g, MCI KU
) £ & Sephadex LH-20 &kl ik atifl, (LA
80% L A PEM D, HHEH 1 (50 mg). 2 (25
mg). 3 (30 mg). 4 (22 mg). 44 11 (8.4 g,
MCI #F 10% A f e iR 4> ) 4 Sephadex LH-20 #t
A aifb f5 (LA 80% FHEE AP F)), &l
FAH IS (ODS #1), LL 0.1% R K 45 ¥ - H B
(73 :27) Amsh e, [E% S (50mg). 6
(65 mg). 7 (55 mg). 414 I (16.3 g, MCI £
50%P VEL 4> ) 4 Sephadex LH-20 HEfH:
A G (L 80% HRE A YEMEFDD, P& il & WA
ik, L0 1% /K- FHRE (65 1 35) Aiis)
AHVERL, 5464 8 (30 mg). 9 (21 mg). 10 (15
mg). 11 (22 mg).
3 #R
31 HEHEE

& 1: kAR, =&k B . ESI-MS
miz: 179 [M—H] . 'H-NMR (400 MHz, CD;0D) ¢:
7.03 (1H, d, J = 2.0 Hz, H-2), 6.72 (1H, d, J = 8.0
Hz, H-5), 6.92 (1H, dd, J = 2.0, 8.0 Hz, H-6), 7.52
(1H, d, J = 16.0 Hz, H-7), 6.22 (1H, d, J = 16.0 Hz,
H-8); "C-NMR (100 MHz, CD;0D) ¢: 128.3 (C-1),
115.1 (C-2), 148.6 (C-3), 145.4 (C-4), 115.1 (C-5),
126.8 (C-6), 149.3 (C-7), 113.6 (C-8), 171.5 (C-9).
DL_E St 5 ek A 50, et a1
A TR o

& 2. LA, =&k Bk . ESI-MS
mi/z: 311 [M—H] . 'H-NMR (600 MHz, D,0) 6: 7.11
(1H, d, J = 2.0 Hz, H-2)), 6.84 (1H, d, J = 8.2 Hz,
H-5'), 7.01 (1H, dd, J=2.1, 8.2 Hz, H-6'), 7.61 (1H, d,
J =159 Hz, H-7"), 6.33 (1H, d, J = 15.9 Hz, H-8"),
5.51 (1H, d,J= 1.1 Hz, H-2), 4.82 (1H, d, J= 1.1 Hz,
H-3); “C-NMR (150 MHz, D,0) &: 126.8 (C-1'),
115.2 (C-2'), 144.2 (C-3"), 147.3 (C-4"), 116.2 (C-5"),
122.9 (C-6'), 147.4 (C-7'), 113.2 (C-8"), 168.2 (C-9"),
173.9 (C-1), 70.3 (C-2), 74.2 (C-3), 171.4 (C-4). Ll I
K 5 SCiRIE A, s etk a 2 e
R A 1

&) 3: LMK, =& ek B, ESI-MS
miz: 339 [M—H] . 'H-NMR (600 MHz, D,0) ¢: 7.19
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(1H, d, J=2.0 Hz, H-2), 6.95 (1H, d, J = 8.2 Hz, H-5),
7.12 (1H, dd, J = 2.1, 8.2 Hz, H-6), 7.61 (1H, d, J =
15.9 Hz, H-7), 6.35 (1H, d, J = 15.9 Hz, H-8), 2.20
(4H, m, H-2', 6), 4.26 (1H, m, H-3'), 3.91 (1H, dd, J =
3.1, 9.0 Hz, H-4"), 5.30 (1H, m, H-5"); "*C-NMR (150
MHz, D,0) d: 126.9 (C-1), 115.1 (C-2), 144.2 (C-3),
147.1 (C-4), 116.2 (C-5), 122.7 (C-6), 146.2 (C-7),
114.4 (C-8), 168.7 (C-9), 75.0 (C-1"), 36.5 (C-2'), 69.2
(C-3"), 71.4 (C-4), 70.7 (C-5"), 36.5 (C-6"), 173.9
(C-7")e VA RHde 5 scipai i s A —550, et
B 3 NERIRIR -

&Y 4: OKA, =F Ak B . ESI-MS
miz: 473 [M—H] » "H-NMR (600 MHz, D,0) 6: 7.11
(1H, d, J= 2.0 Hz, H-2', 2"), 6.83 (1H, d, J = 8.0 Hz,
H-5,5"),7.03 (1H, dd, J=2.1, 8.0 Hz, H-6', 6”), 7.61
(1H, d, J = 15.9 Hz, H-7', 7"), 6.35 (1H, d, J = 15.9
Hz, H-8', 8"), 5.40 (2H, d, J = 2.1 Hz, H-2, 3);
BC-NMR (150 MHz, D,0) é: 126.9 (C-1’, 1”), 115.1
(C-2', 2", 144.1 (C-3', 3"), 147.0 (C-4', 4"), 116.1
(C-5', 5"), 122.7 (C-6, 6"), 146.6 (C-7', 7"), 113.9
(C-8', 8"), 168.3 (C-9', 9"), 74.2 (C-2, 3), 1730(C—1
4y, UL S S A -5, et i
Yy 4 Sy — WHERDE LA 1R

&Y 5: ERA, :;n%fiﬁzE'WF@OESI-Ms
miz: 359.0 [M+Na]’, 695.0 [2M+Na]’, 335.0 [M—
H] . 'H-NMR (400 MHz, CD;OD) ¢: 6.86 (1H, m,
H-2), 4.41 (1H, m, H-3), 3.91 (1H, m, H-4), 5.25 (1H,
m, H-5), 2.86 (1H, dd, J = 18.5, 4.4 Hz, H-6a), 2.32
(1H, dd, J = 18.5, 4.4 Hz, H-6b), 7.05 (1H, d, J = 2.1
Hz, H-2'), 6.77 (1H, d, J = 8.0 Hz, H-5"), 6.96 (1H, dd,
J=2.1,8.0 Hz, H-6"), 7.57 (1H, d, J = 16.0 Hz, H-7'),
6.28 (1H, d, J = 16.0 Hz, H-8'); "*C-NMR (150 MHz,
CD;0D) 6: 130.9 (C-1), 139.5 (C-2), 71.8 (C-3), 70.5
(C-4), 67.9 (C-5), 29.8 (C-6), 170.3 (C-7), 128.3
(C-17), 117.1 (C-2"), 147.4 (C-3"), 150.2 (C-4"), 115.8
(C-5"), 123.6 (C-6'), 147.9 (C-7"), 115.7 (C-8), 169.2
(C-9Y. VL ¥ 5 e s A —s, et
EW 5 Jy S-MIEREIE SR R .

WA 6: TotakyR, =5 ALEk Wi (5 . ESI-MS
miz: 515.5 [M—H] . 'H-NMR (400 MHz, CD;0OD) §:
2.24 (2H, m, H-2), 5.63 (1H, m, H-3), 5.12 (1H, m,
H-4), 437 (1H, m, H-5), 2.22 (2H, m, H-6), 6.90 (2H,
m, H-2', 2"), 6.78 (2H, d, J = 7.9 Hz, H-5', 5"), 6.97

(2H, dd, J = 1.7, 7.9 Hz, H-6, 6"), 7.59 (1H, d, J =
16.0 Hz, H-7'), 7.51 (1H, d, J = 16.0 Hz, H-7"), 6.18
(1H, d, J = 16.0 Hz, H-8"), 6.28 (1H, d, J = 16.0 Hz,
H-8"); "*C-NMR (100 MHz, CD;OD) d: 76.1 (C-1),
39.4 (C-2), 69.0 (C-3), 75.8 (C-4), 69.4 (C-5), 38.4
(C-6), 176.8 (C-7), 127.8 (C-1', 17), 115.2 (C-2', 2"),
146.9 (C-3', 3"), 149.8 (C-4', 4"), 116.7 (C-5', 5"),
123.1 (C-6), 123.0 (C-6"), 147.5 (C-7', 7"), 114.6
(C-8"), 114.8 (C-8"), 168.5 (C-9'), 168.1 (C-9"). LA L
Bl 5 SCHRIRIE I A — B, MO A 6 N
3,4- LI 2 R

W& 7: ok R, =& Ak W 4 ESI-MS
m/z: 515.5 [M—H] . 'H-NMR (400 MHz, CD;0D)
5:2.20 (2H, m, H-2), 5.44 (1H, m, H-3), 4.00 (1H, m,
H-4), 5.40 (1H, m, H-5), 2.32 (2H, m, H-6), 7.08
(2H, m, H-2', 2"), 6.98 (2H, d, J = 7.9 Hz, H-5', 5"),
6.80 (2H, dd, J = 1.7, 7.9 Hz, H-6/, 6"), 7.62 (1H, d,
J=16.0 Hz, H-7"), 7.57 (1H, d, J = 16.0 Hz, H-7"),
6.27 (1H, d, J = 16.0 Hz, H-8'), 6.35 (1H, d, J = 16.0
Hz, H-8"); C-NMR (100 MHz, CD;OD) J: 74.8
(C-1), 36.9 (C-2), 72.1 (C-3), 69.9 (C-4), 72.3 (C-5),
35.8 (C-6), 175.9 (C-7), 128.0 (C-1"), 127.9 (C-1"),
115.4 (C-2',2"), 146.8 (C-3', 3"), 147.9 (C-4"), 147.7
(C-4"), 116.7 (C-5', 5"), 123.2 (C-6'), 123.1 (C-6"),
147.0 (C-7), 147.1 (C-7"), 1152 (C-8"), 115.0
(C-8"), 168.1 (C-9'), 168.2 (C-9"). LA F¥#s & ik
i A —S U, WA T 3,5- okt
FE TR

& 8: Lk A, =& ek B0 . ESI-MS
m/z: 515.5 [M—H] . '"H-NMR (400 MHz, CD;0D) §:
2.20 (2H, m, H-2), 4.33 (1H, m, H-3), 5.04 (1H, m,
H-4), 5.61 (1H, m, H-5), 2.23 (2H, m, H-6), 7.01 (2H,
m, H-2', 2"), 6.79 (2H, d, J = 8.0 Hz, H-5', 5"), 6.88
(2H, dd, J = 2.1, 8.0 Hz, H-6, 6"), 7.54 (1H, d, J =
16.0 Hz, H-7'), 7.55 (1H, d, J = 16.0 Hz, H-7"), 6.25
(1H, d, J = 16.0 Hz, H-8, 8"); *C-NMR (100 MHz,
CD;0D) d: 75.2 (C-1), 36.9 (C-2), 66.1 (C-3), 69.9
(C-4), 69.9 (C-5), 41.3 (C-6), 1752 (C-7), 1272
(C-1'), 127.9 (C-17), 114.9 (C-2', 2"), 146.8 (C-3', 3"),
149.6 (C-4), 149.7 (C-4"), 116.4 (C-5', 5"), 123.1
(C-6'), 123.3 (C-6"), 147.3 (C-7"), 147.4 (C-7"), 115.1
(C-8'), 115.2 (C-8"), 168.5 (c 9", 168.6 (C-9"). Ll L
Kot 5 SCRRIROE SEA — B, MO e A 8 4 4,5-
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wED 9: LtEkmAR, =&k E#
ESI-MS m/z: 355 [M—H] . 'H-NMR (400 MHz,
CD;0D) §: 2.23 (2H, m, H-2), 4.30 (1H, m, H-3),
5.12 (1H, m, H-4), 4.39 (1H, m, H-5), 2.24 (2H, m,
H-6), 7.01 (1H, d, J = 2.1 Hz, H-2"), 6.76 (1H, dd,
J = 2.1, 8.0 Hz, H-5"), 6.98 (1H, d, J = 8.0 Hz,
H-6'), 7.62 (1H, d, J = 16.0 Hz, H-7"), 6.26 (1H, d,
J=16.0 Hz, H-8'); *C-NMR (100 MHz, CD;0D) 6:
75.3 (C-1), 38.0 (C-2), 67.2 (C-3), 73.9 (C-4), 68.6
(C-5), 35.2 (C-6), 175.2 (C-7), 127.7 (C-1"), 115.2
(C-2"), 146.8 (C-3"), 149.7 (C-4"), 116.5 (C-5"), 123.0
(C-6), 147.1 (C-7"), 115.1 (C-8'), 168.3 (C-9"). LI |
M 5 SCiRAE FE A B, M et 9 4-
OO P T i 2 1 1

WEY 10: REERK, =SB RE A,
ESI-MS m/z: 355 [M—H] . 'H-NMR (400 MHz,
CD;0D) 6: 2.28 (2H, m, H-2), 5.55 (1H, m, H-3), 4.12
(1H, m, H-4), 430 (1H, m, H-5), 2.21 (2H, m, H-6),
7.01 (1H, d, J = 2.1 Hz, H-2), 6.76 (1H, dd, J = 2.1,
8.0 Hz, H-5"), 6.92 (1H, d, J = 8.0 Hz, H-6"), 7.60 (1H,
d,J=16.0 Hz, H-7"), 6.30 (1H, d, J = 16.0 Hz, H-8');
BC-NMR (100 MHz, CD;0OD) &: 75.7 (C-1), 38.0
(C-2), 72.0 (C-3), 70.8 (C-4), 67.8 (C-5), 37.6 (C-6),
175.4 (C-7), 127.7 (C-1), 115.1 (C-2), 146.8 (C-3"),
149.6 (C-4"), 116.5 (C-5"), 122.9 (C-6'), 147.1 (C-7"),
115.0 (C-8), 168.2 (C-9")0 LA Hidsi 15 SOk i Fa A
— 3O, WSE A 10 ) S-IMHEREREZE T .

a1 KR, =& 48k B 4 HR-MS
miz: 424.100 6, ESI-MS m/z: 423 [M—H] . 'H-NMR
(600 MHz, D,0) 8: 6.11 (1H, s, H-5), 6.99 (1H, d, J =
2.1 Hz, H-2'), 6.74 (1H, d, J = 8.0 Hz, H-5"), 6.90 (1H,
dd, J = 2.1, 8.0 Hz, H-6), 6.98 (1H, d, J = 15.9 Hz,
H-7'), 6.60 (1H, d, J = 15.9 Hz, H-8), 4.67 (1H, d, J =
7.1 Hz, H-1"); "C-NMR (150 MHz, D,0) 6: 160.5
(C-2), 122.7 (C-3), 162.3 (C-4), 103.5 (C-5), 154.5
(C-6), 127.1 (C-1"), 113.9 (C-2'), 145.5 (C-3'), 146.9
(C-4"), 115.7 (C-5"), 119.9 (C-6"), 132.9 (C-7"), 116.4
(C-8"), 104.2 (C-1"), 73.7 (C-2"), 76.4 (C-3"), 69.6
(C-4"), 77.2 (C-5"), 60.8 (C-6"). LA % 55 ik
EHA S, M A 11 4 3,4-dihydroxy-6-
(3,4-dihydroxy-E-styryl)-2-pyron-3-O-B-D-glucopyra-

noside.

32 mEMNIENE

S WCHER TR, RS BRI DPPH 7.9 mg T
200 mL EJH, 0 95% L EEE MR, Bod i 0.1
mmol/L . LA 95%4BE A H, BUAFE Sk
55 B ALt 5 CLAWMMERR 43491 0.01+ 0.02+ 0.04
0.08. 0.12. 0.16. 0.20. 0.24 mg/mL) 0.5 mL, %
515 3 mL () DPPH ¥ V. o K 48 A1 WL 43
HCEEET 515 nm AbME OB (4D {H, WRIFEA
KT HERR R

THRFE=1—(4,—4))/Ac
A R TURE S DPPH 1) 4 {8, 4, SR IURE S 2 11 A1
A, Ac 9 DPPH VRIS VI A {1

FACNENIREE (ICso) FRIEFRA N 50%H] P
TPUEAL R R R R S, R4 A WA Rk
FERE BRI E A ML, 15 1Cs0. &5 R B,
A 1~8 1 1Cso E. 3 7 4 0.035.0.033.0.042.
0.047. 0.062. 0.071. 0.064 F10.079 g/L, XJ &
YU LR K] 1Cso 18 M 0.029 g/L, L&Y 9~11 11
RN, R 1Cs00
4 itig

AR Z 0 s TR, R ) Rt B 21
T BRAE R R AE HP TR A 7 M 2 5 38 K 18 7 ¥
AR M BIER T AL B R 11 ASHERR AT
Ay, L rR R A R bR A S, O
UMERE I A R S R, A Y BB
AR E e 8 P (EW NS oL 2 T 1T S
5, T HZ RN AL IATIONE, B fhiA
AL G PR AT P S AL .
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