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Phenolic compounds from the flowers of Coreopsis lanceolata
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Abstract The flowers of Coreopsis lanceolata were extracted
with 80% aqueous MeOH and the concentrates were partitioned
into EtOAc, n-BuOH, and H,O fractions. The repeated silica gel
(SiO,) and octadecyl silica gel column chromatographies for the
EtOAc fraction led to isolation of one flavonol and one benzoyl
compounds. The chemical structures of the compounds were
respectively determined as melanoxetin (1) and protocatechuic
acid methyl ester (2) based on spectroscopic analyses including
NMR, IR, and MS. These two compounds were isolated for the
first time from C. lanceolata flowers in this study. All fractions
and the isolated compounds were evaluated for 2,2-diphenyl-1-
picrylhydrazyl and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid radical scavenging activities.
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FAI=E(Coreopsis) A &A= oF 550 RAFo] l=dl,
FollA EFAFH FA2ER] 718 Z(Coreopsis tinctoria)y=
‘Kunlun snow chrysanthemum’©|2}eled g=t, = SA|A] 2]
|2 o g ARSI QUTH2]. T3 quercetin (flavonol), luteolin
(flavone), butin (flavanone) 7= t}%3t flavonoid E°] HILE]
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3 theket AAEA RS -‘?‘]"—YJ Aoz AHE st
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FES B TS v AR oW AFdAM= 159
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B Ao ARESE EFAIS(C. lanceolata) 22 20153 799
738l etaell A sk, A A2 w7t A6t
Atk EEAF(KHU-NPCL-201507)y= 733|digha HAEs}s}
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Ale & 7]7]

Ak 2 717)1E o)d Azt FdsA ARLSIATHS). 2,2-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2'-azino-bis(2-amidinopropane) dihydro-
chloride (AAPH), ascorbic acid= Sigma-AldrichAkSt, Louis,
MO, USA) 258 T3t

2 2 £

AZE e 2 1% 2 3kgS 80% MeOH &0 244
A EH7P A2 FEBATH6T.5 Lxd). dojxl efelS 40
°ColM AEE3ld MeOH F2E (1.1 kgye AUtk doizl
MeOH FEE2 H,0 (2 L)9} ethyl acetate (EtOAc, 2 Lx4)
2 Fu FE393, oA H,05S s-butyl alcohol (n-BuOH,
1.8 Lx4)= FHl FZ8i3ich. 2452 40°ColM Ads=sted
EtOAc E3&(CLFE, 194¢), n-BuOH +2/(CLFB, 254¢g) ¥
H,0 #2](CLFW, 248 g)& 4%t} CLFE 8 (194 gyl tist
silica gel (SiO,) column chromatography (CC) (¢ 13%17 cm,
CHCI3;-MeOH-H,0=32:3:1->12:3:19:3:16:4:1, Z+Z} 17.8L
ARE AAIst] F 13709] €& (CLFE-1~CLFE-13)2 431
o CLFE-7 8.1l tdted Sio, CC (6 4.5x15 cm,
CHCI-MeOH=20:1, ¥ SL AM)E AAsH & 147]¢] 23
E(CLFE-7-1~CLFE-7-14)& 9 ith. CLFE-7-9 #d(1.1 g)°l
) 3}e] octadecyl silica gel (ODS) CC (¢ 4.5x5cm, acetone-
H,0=23-1:1, & 325L AR)E AAste] & 179 E3&

(CLFE-7-9-1~CLFE-7-9-11)& %t} CLFE-7-9-2 3% (44.9
mg)°ll t3ted Si0, CC (¢ 2x15cm, CHCl;-MeOH-H,0=
50:3:1, & 720 mL ARE)E AAIste] SigtE 2 (CLFE-7-9-2-9,
12.1 mg, Ve/Vt 0.350-0.445, R=0.50 on SiO, Thin layered
Chromatography (TLC) 60 Fpss, CHCl;-MeOH-H,0=25:3:1)
= ®Z3%t}h. CLFE-7-9-10 ﬁ(285mg)°ﬂ tjsle] ODS CC
(¢ 1x8cm, acetone-H,0=2:3, & 250 mL AF&)E A5t 3}
3= 1 (CLFE-7-9-10-7, 7.9 mg, Ve/Vt 0.624-0.702, R=0.56
on RP-18 TLC 60 F,ss, acetone-H,0=2:1) & #2|3}3i T}

3}5HE 1 (Melanoxetin): Yellow amorphous powder (MeOH);
Negative fast atom bombardment mass spectroscopy (FAB/
MS) m/z 301 [M-H]; Infrared spectroscopy (IR) (CaF,
window) 3358, 1617, 1589cm™; Proton nuclear magnetic
resonance ('H-NMR) (600 MHz, pyridine-ds, &) 7.89 (IH,
d, ~18Hz, H-2), 7.89 (IH, d, J=72Hz, H-5), 7.82 (I1H,
dd, /=84, 1.8Hz, H-6"), 727 (1H, d, /8.4 Hz, H-5), 6.36
(1H, d, J=7.2Hz, H-6); Carbon nuclear magnetic resonance
(PC-NMR) (150 MHz, pyridine-ds, 8c) 176.6 (C-4), 167.3
(C-7), 1642 (C-9), 152.5 (C-2), 147.2 (C-4"), 1454 (C-3),
135.8 (C-3), 133.0 (C-8), 127.5 (C-1), 121.9 (C-6), 119.7
(C-5), 117.8 (C-2"), 116.1 (C-5"), 115.7 (C-10), 112.7 (C-6).

3}3HE 2 (Protocatechuic acid methyl ester): White
amorphous powder (MeOH); Negative FAB/MS m/z 167
[M-H]; IR (CaF, window) 3550, 1742, 1612 cm™; 'H-NMR
(600 MHz, pyridine-ds, dy) 8.11 (1H, d, J/=2.4Hz, H-2),
7.81 (1H, dd, J=8.4, 24Hz, H-6), 7.27 (IH, d, /8.4 Hz,
H-5), 3.75 (3H, s, 7-OCH;); "C-NMR (150 MHz, pyridine-
ds, 8.) 1672 (C-7), 1524 (C-4), 147.0 (C-3), 1269 (C-1),
122.8 (C-6), 117.6 (C-2), 116.1 (C-5), 51.5 (7-OCHj).
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siE 12 3 FAF B FUoEA, TLC A ¥,
10% 2Hike Bl 7FgA] Z2xo =z wall BQit). Negative
FAB/MSOIA m/z 301 [M-H] EA}0]-2 peak7} #=Eo] HA}
2S5 302 [M]E 18tk IR spectruml 2HE FA3td 7}
Bd7] (1617 cm™), F2F71(3358 cem ™9} ©]5 A 3H(1589 ecm™)
o] A& Zoz FIFEHAY. 'H-NMR (600 MHz, pyridine-ds,
8y) spectrumOllAl 371¢] olefin methine proton signal & 7.89
(1H, d, /~1.8Hz, H-2"), &y 7.82 (1H, dd, J=8.4, 1.8 Hz, H-
6", &y 7.27 (I1H, d, /=84 Hz, H-5") & %l 12445 wl
A 27 2T AAEIATE T3 2709 olefin methine
proton signal 6y 7.89 (1H, d, J=7.2Hz, H-5), oy 6.36 (1H,
d J=12Hz, H-6) & &3 1234A8 WAl 7227} EAE
< et ©ol& B3l o] sieEe| flavonol SHHEUS <
3tk BC-NMR (150 MHz, pyridine-ds, 8¢) spectrumollA]

277F 1I9HE RIS, ol Fall flavonollS la}
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Fig. 1 Chemical structures of compounds 1 and 2 from the Coreopsis lanceolata flowers

STk 1719] conjugated ketone carbon signal (8¢ 176.6), 770
9] oxygenated olefin quaternary carbon signal (§c 167.3;
164.2; 152.5; 147.2; 145.4; 135.8; 133.0)2 EIsiA L, 2719]
olefin quaternary carbon signal (§c 127.5; 115.7)S &elakA
o, 5709 olefin methine carbon signal [6c 121.9; 119.7;
117.8; 116.1; 112.71% &ttt 919 data S E31ZE[10])2
H|w3lo] 3}5HE 12 3',4',7,8-tetrahydroxyflavonol, melanoxetin
o2 Fx 4 Ak

SIRHE 2& WA F¥el B 4o =X, TLC A
10% FAHS EFate] 7hdA] gk ZAom ahA F QT
Negative FAB/MSOIA m/z 167 [M-H]” £Al0]& peak’} &=
Ho] EAES 168 MIZ il IR spectrum S ZH-E
ester”] (1617 cm™), =2171(3550 cm ™)} 015 A& (1612 cm™) ©]
AE Aoz FlEth. 'TH-NMR (600 MHz, pyridine-ds, 8y)
spectrum© A1 370 2] olefin methine proton signal &y 8.11
(IH, d, J=24Hz, H-2), &, 7.81 (IH, dd, /-84, 24 Hz, H-
6), dy 727 (1H, d, /=84 Hz, H-5) & Eal 12423
A 271 SATE gttt 28 3] methoxy proton
signal 8y 3.75 (3H, s, 7-OCH;) & #=314L, o5 B3l o]
3l3HEo] phenyl 3EYS oA4FstGith BC-NMR (150 MHz,
pyridine-ds, 8¢) spectrum®l|A] methoxy (8¢ 51.5)% A<|slaL
BT LS BRISN A, ©]E F3l phenyl methanoid 3}
TEUS IASATE 1719] ester carbon signal (8¢ 167.2), 2
70 €] oxygenated olefin quaternary carbon signal (5: 152.4;
147.0)2 9218193, 1712] olefin quaternary carbon signal
B¢ 126.9Y% g1t om, 3702] olefin methine carbon signal
[Bc 122.8; 117.6; 116.11 BRIBISATE 919 datas FAH[11]
I vl ste] 33E 28 3,4-dihydroxybenzoic acid methyl
ester, protocatechuic acid methyl ester &2 F+Z ¥4 3ITh

Flavonol 3}3+&3} phenolic SI3EE2] ¢ T2 dHils), &
A, T 59 &go] HarEo] QIt}15,16]. 53] melanoxetin
DY A5 g3t EdEA 7PF Bol EEzl e
quercetin?H[12] 722 FAMde] w9 =o} dF =] w2
ikt GE 7t & 7 ASS ERlEiTh wEkA S84
= FEE, 2983 22 s9E 259 ABTSS DPPH
radical & ©]€3 radical scavenging assayS A3} TH
Ascorbic acid (vitamin C)¢} AAEAH TS YRS, mg
Vitamin C 9% (VCEYg A% 5% DW)e2 =3XE Yt
w3l

Table 1 Radical scavenging capacity of extract, fractions, and isolated
compounds from Coreopsis lanceolata flowers

Radical scavenging capacity

Samples (mg VCE'g' DW)
ABTS DPPH
Compound 1 204.4+1.6° 195.2+0.6
Compound 2 59.942.0 52.3+0.0
Extract 730.9+2.1 118.8+0.8
CLFE! 859.240.9 232.8+1.6
CLFB* 327.4+5.6 72.2+2.1
CLFW' 113.0+0.3 6.5£0.6
*VCE stands for vitamin C equivalent
"DW stands for dry weight

‘Data are presented as the meantstandard deviations (n=3)
4EtOAc fraction from Coreopsis lanceolata flowers
°n-BuOH fraction from Coreopsis lanceolata flowers
H,0 fraction from Coreopsis lanceolata flowers

ABTS radical& ©]&3 SHoX FEE2 730.9+2.1 mg
VCE/g DW, EtOAc #&E&E-2 859.2+0.9mg VCE/g DW, n-
BuOH E3 &2 3274+5.6mg VCE/g DW, 283 H,0 &3
22 113.0£03mg VCE/g DWE 2AZY TS YeEIY
(Table 1). FEE7 2359 w2 el o) Aol
B8 chalcone SIEHE<IUH8] olHel E&|&t sIRHEES] ¢
oA gl & = Q= =2 ] flavonoid SF3HE phenolic
SiereEollA 71915 Z1dS I3 &= Tk EtOAc w3olA
W e AANTE Bed, ol UE EFEEC 19
HluiR] slehEe] dFo] =204 7IIEE AdE + e
dl, ol HEEA7F iR Bt Pitskso] ke ERlE e}
FARBIATH13]. ®2e stFEE2] A9 melanoxetin (1)
204.4+1.6 mg VCE/g DW, protocatechuic acid methyl ester
(2)& 59.9+£1.6mg VCE/g DW2| &£AEA S Yeldo
(Table 1). 53] melanoxetin (1) quercetin?} 7] A3 &
Aes Holal ASE FIXAE FElA & o ATHI2)

DPPH radicalZ ©]-8-3 S74IM= ABTS9} 79| Wls=dh &
A& JeRAATKTable 1). e, ABTS radicalell B8] 2,
EIEE9 o] Eo]E%+=d, °ol= DPPH assay (80%
methanoly= B15/3 &0 A|Z"loA radical 2A%S 43171
ol Al e S 229 Avse] Ao A &




J Appl Biol Chem (2019) 62(4), 323-326

Aow FZHET14],
AgHoT FFA(C lanceolata) ELZHE Si0,2} ODS
©]4-3} column chromatography= %50}04 152] flavonol
9] benzoyl SIHES 2SI, ©l& NMR, IR, FAB/
st sigkeel 28 8 } At =& EtOAc
=2 radical scavenging B4S XY, E2d s}
12> quercetin 75¢] #2 radical scavenging
ABTS ¢} DPPH radicalolX] HJS z“{ st ol
= EFAEC. lanceloata)?] EoA FE3 33HE]
radical *ﬂﬂ“%ol st 2EF AR G ‘?‘r%kﬂ A
H’ﬂ %‘ T UE A7 ELA e £

AAYRI,

ofy

w2
e
=2

oX, Mg oy
mlo ol

f
i

rlo

4y tlo M po ot rot fr £ oo

O

&

L4
=

=715 (Coreopsis Zanceolata) 25 80% MeOH Fgdo=z
FE3 H, 2 553 FEES EtOAc, n-butyl alcohol 2
H,0%8 02 etk EtOAc £33 tigle] Sio, ¥ ODS
column chromatographye HHE 2SI 159] flavonolSHgt&E
159 benzoyl SIt=S w2, BASFATE. Nuclear magnetic
resonance, infrared spectrometry ¥ FAB/MS dataS 3|45},
3EE 13 25 Z+7ZF melanoxetin®}  protocatechuic  acid
methyl ester®® 7 &4 ath. FE=I TEE 2L+
8 3}gEEe] thste] DPPHS} ABTS radicals ©]-&3F
radical scavenging assayS 3YsIATE ol# st A= EFAIS
(C. lanceloata)?] £9| F&E&, E3&, 172 3FE =2
radical 2AEA 50| A8 ~2EHAZ <18t tiekst AL 7]
A 7 e AAISAERA N =& FEIFE F 9

e AAFRITE

Keywords &¥s} -
Flavonol - NMR

Benzoic acid - Coreopsis lanceolata -

3 AAHlol e 22121 APAIY @A S
Row ol =AY,

References

1. Gibbs RGE (1987) List of species of southern African plants, In

10.

11.

13.

14.

15.

16.

Memoirs of the Botanical Survey of South Africa. 2nd edition. Botanical
Research Institute, Dept. of Agriculture: South Africa; 1-152(1), 1-
270(2)

Zheng J, Yu X, Maninder M, Xu B (2018) Total phenolics and
antioxidants profiles of commonly consumed edible flowers in China. Int
J Food Prop 21: 1524-1540

Puri B, Seshadri TR (1954) Survey of anthoxanthins. IV.
Chromatographic study of yellow garden flowers and constitution of
coreopsin. J Sci Ind Res 13B: 321-325

. Shang YF, Oidovsambuu S, Jeon JS, Nho CW, Um BH (2013)

Chalcones from the flowers of Coreopsis lanceolata and their in vitro
antioxidative activity. Planta Med 79: 295-300

. Tanimoto S, Miyazawa M, Inoue T, Okada Y, Nomura M (2009)

Chemical constituents of Coreopsis lanceolata L. and their physiological
activities. J Oleo Sci 58(3): 141-146

. Kimura Y, Hiraoka K, Kawano T, Fujioka S, Shimada A (2008)

Nematicidal activities of acetylene compounds from Coreopsis

lanceolata L. Z Naturforsch C 63: 843-847

. Shao D, Zheng D, Hu R, Chen W, Chen D, Zhuo X (2013) Chemical

constituents from Coreopsis lanceolata. Zhongcaoyao 44(12): 1558-
1561

. Kim HG, Oh HJ, Ko JH, Song HS, Lee YG, Kang SC, Lee DY, Baek NI

(2019) Lanceoleins A-G, hydroxychalcones, from the flowers of
Coreopsis lanceolata and their chemopreventive effects against human
colon cancer cells. Bioorg Chem 85: 274-281

. Kim JW, Im S, Jeong HR, Jung YS, Lee I, Kim KJ, Park SK, Kim DO

(2018) Neuroprotective Effects of Korean Red Pine (Pinus densiflora)
Bark Extract and Its Phenolics. J Microbiol Biotechnol 28: 679-687
Yang XW, Huang MZ, Zhao WQ, Jin YS, Chen HS (2009) Studies on
chemical constituents of Bidens bipinnata. Jiefangjun Yaoxue Xuebao
25: 283-286

Xue Y, Huang Gl, Chen Y (2018) Constituents of Lithocarpus

fohaiensis. Chem Nat Comp 54: 603—-605

Kim DO, Lee CY (2004) Comprehensive Study on Vitamin C
Equivalent Antioxidant Capacity (VCEAC) of Various Polyphenolics in
Scavenging a Free Radical and its Structural Relationship. Crit Rev Food
Sci Nutr 44: 253-273

Hopia A, Heinonen M (1999) Antioxidant Activity of Flavonol
Aglycones and Their Glycosides in Methyl Linoleate. ] Am Oil Chem
Soc 76: 139-144

Kim DO, Lee KW, Lee HJ, Lee CY (2002) Vitamin C Equivalent
Antioxidant Capacity (VCEAC) of Phenolic Phytochemicals. J Agric
Food Chem 50: 3713-3717

Ko JH, Nam YH, Joo SW, Kim HG Lee YG, Kang TH, Baek NI (2018)
Flavonoid 8-O-Glucuronides from the Aerial Parts of Malva verticillata
and Their Recovery Effects on Alloxan-Induced Pancreatic Islets in
Zebrafish. Molecules 23: 833

Toker G Kuepeli E, Memisoglu M, Yesilada E (2004) Flavonoids with
antinociceptive and anti-inflammatory activities from the leaves of 7ilia
argentea (silver linden). J Ethnopharmacol 95: 393-397



