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Phenolic Compounds Isolated from the Leaves of Angelica keiskei Showing
DPPH Radical Scavenging Effect
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Abstract —From the leaves of Angelica keiskei (Umbelliferae), luteolin, protocatechuic acid, guaijaverin, hyperoside and
cynaroside were isolated and characterized by spectral data. Luteolin and protocatechuic acid showed potent DPPH radical

scavenging activity.
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Ale} & 77| - NMR-2 BruckerAt9] AMX-400
spectrophotometer(Germany) S AF&3Fe] 400 MHz('H-
NMR)<} 100 MHz (“C-NMR)®ll 4 23 8ttt Column
chromatography-& - %A = silica gel 60(70-230 mesh,
No. 7734, Merck, Germany)3} Sephadex LH-20(25-100 p,
Sigma, USA), TLC plate= MerckA 9] Kiesel gel 60
F,5,(No. 5735, Germany)& AR&-3}AT}.
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5}&H2 1(luteolin) — 'H-NMR(400 MHz, DMSO-d,) &:
742(1H, dd, J=8.26 & 2.20 Hz, H-6'), 7.40(1H, d, /=2.20
Hz, H-2"), 6.90(1H, d, /=8.26 Hz, H-5"), 6.68(1H, s, H-3),
6.45(1H, d, J=2.04 Hz, H-8), 6.20(1H, d, J=2.04 Hz, H-
6); *C-NMR(100 MHz, DMSO-d,) &: 181.6(C-4),
164.1(C-2), 163.9(C-7), 161.4(C-5), 157.2(C-9), 149.7(C-
4Y, 145.7(C-3", 121.5(C-1'), 118.9(C-6"), 116.0(C-5"),
113.3(C-2"), 103.6 (C-10), 98.8(C-6), 93.8(C-8).

5}8H2 2(protocatechuic acid) — 'H-NMR(400 MHz,
CD,OD) &: 7.43(1H, dd, /~1.9 & 7.6 Hz, H-6), 7.41(1H,
d, J=7.6 Hz, H-5), 6.81(1H, d, J=1.9 Hz, H-2); "“C-
NMR(100 MHz, CD,0D) &: 170.42(-COOH), 151.43(C-
4), 146.05(C-3), 123.85(C-1), 123.43(C-6), 117.74(C-2),
115.73(C-2).

stetE 3(quercetin 3-O-a-L-arabinopyranoside) —
'H-NMR(400 MHz, DMSO-d,) &: 7.65(1H, dd, /=22 &
8.4 Hz, H-6"), 7.51(1H, d, J=2.2 Hz, H-2'), 6.84(1H, d,
J=8.4 Hz, H-5"), 6.40 (1H, d, /=2.0 Hz, H-8), 6.20(1H, d,
J=2.0 Hz, H-6), 5.27(1H, d, J=5.16 Hz, H-1"); "C-
NMR(100 MHz, DMSO-d,) §: 177.5(C-4), 164.1(C-7),
161.2(C-5), 156.1(C-9), 156.1(C-2), 148.5(C-4"), 144.9(C-
3", 133.7(C-3), 122.0(C-6"), 120.8(C-1"), 115.6(C-2"),
115.3(C-5"), 103.7(C-10), 101.3(C-1"), 98.7(C-6), 93.5(C-
8), 71.6(C-3"), 70.7(C-2"), 66.0(C-4"), 64.2(C-5").

3}&tE 4(quercetin 3-O-B-D-galactopyranoside) -
'H-NMR(400 MHz, DMSO-d,) &: 7.66(1H, dd, /=22 &
8.4 Hz, H-6"), 7.52(1H, d, J=2.2 Hz, H-2), 6.81(1H, d,
J=8.4 Hz, H-5"), 640(1H, d, /=2.02 Hz, H-8), 6.19(1H, d,
J=2.02 Hz, H-6), 5.37(1H, d, J=7.69 Hz, H-1"); “C-
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Fig. 1. Structures of compounds 1-5.

NMR(100 MHz, DMSO-d,) &: 177.4(C-4), 164.1(C-7),
161.1(C-5), 156.2(C-9), 156.2(C-2), 148.4(C-4"), 144.7(C-
3%, 133.4(C-3), 121.9(C-1'), 121.0(C-6"), 115.9(C-5"),
115.1(C-2), 103.8(C-10), 101.7(C-1"), 98.7(C-6), 93.5(C-8),
75.8(C-5"), 73.1(C-3"), 71.1(C2"), 67.8(C-4"), 60.1(C-6".

5182 5(luteolin 7-O-B-D-glucopyranoside) — 'H-
NMR(400 MHz, DMSO-d,) &: 7.45(1H, dd, J=2.2 & 8.3
Hz, H-6"), 7.42(1H, d, J=2.2 Hz, H-2"), 6.90(1H, d, J=8.3
Hz, H-5), 6.75(1H, s, H-3), 6.79(1H, d, J=2.1 Hz, H-8),
6.45(1H, d, J=2.1 Hz, H-6), 5.07(1H, d, /=7.16 Hz); "C-
NMR(100 MHz, DMSO-d,) &: 181.8(C-4), 164.4(C-2),
162.9(C-7), 161.1(C-5), 156.9(C-9), 149.8(C-4"), 145.7(C-
3%, 121.3(C-1'), 119.1(C-6"), 115.9(C-5"), 113.5(C-2",
105.3(C-10), 99.8(C-1"), 99.5(C-6), 94.7(C-8), 77.1(C-5"),
76.3(C-3"), 73.1(C-2"), 69.5(C-4"), 60.5(C-6").

ARz QoA EEgh 55 12 'H-NMR spectrum®]
] meta coupling3}t3L )= F aromatic signal [86.45(1H,
d, J=2.04 Hz), 86.20(1H, d, J=2.04 Hz)]3} 1= ortho,
meta coupling3}+= peak [57.42(1H, dd, J=8.26 & 2.20
Hz), §7.40(1H, d, J=2.20 Hz), 86.90(1H, d, J~8.26 Hz)]7}
A=} 283 §6.68(1H, s)2] singlete= C-39 Aga}laL
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Table 1. DPPH radical scavenging activities of MeOH
extract and its fractions of the leaves of Angelica keiskei.

Sample IC,, (ug/ml)?
MeOH ext. 66.26
CH,CI, fr. >100
EtOAc fr. 13.11
n-BuOH fi. 13.97

Concentration giving a 50% decrease of DPPH radical

Table 2. DPPH radical scavenging activity of phenolic
compounds isolated from the leaves of Angelica keiskei.

Compound IC,, (uM)?
1 5.5
2 6.8
3 17.3
4 13.1
5 17.2
L-ascorbic acid 14.1

“Concentration giving a 50% decrease of DPPH radical

o)

= proton?] signal® FAHEch "C-NMR spectrume]] 1}
ERt RE peakS-S luteolin 31272} 2 A=)sle] 313H=
< luteolinZ LI}

3}3E 2% 'H-NMR spectrum®| 4] A1 & ortho, meta
couplingH= [7.43(1H, dd, J=1.9 & 7.6 Hz), 7.41(1H, d,
J=1.6 Hz), 6.81(1H, d, J/~1.9 Hz)] signalE°| #== At}
PC-NMR spectrum®] A= § 151.06~112.69 7+A] 674 <]
singnate WA peako]™, 167.16(-COOH)5-S 2&1x|¥e} 1]
g o] 3}3tE-2 protocatechuic acid(3,4-dihydroxy
benzoic acid)® 7333t}

3}3He 39] '"H-NMR spectrumelX] meta couplingdtaZ $1
= %709 peak [86.40(1H, d, J=2.0 Hz), 56.20(1H, d,
J=2.0 Hz)|} ortho, meta couplingd}+= peak[57.65(1H, dd,
J=2.2 & 8.4 Hz), §7.51(1H, d, J=2.2 Hz), 66.84(1H, d,
J=8.4 Hz)]¥9l §5.27(1H, d, J=5.16 Hz)<] anomeric
proton® 2 ©] 3}9HE-2 quercetin®l| 1 mole®] Fo] ZA7ts}
EugAdS & Ak F2 PC-NMR datadl| A
arabinose [101.3(C-1"), 71.6(C-3"), 70.7(C-2"), 66.0(C-4"),
64.2(C-5"1ULVE 18T o] Axts E31x V9 v
3l 3gE 32 quercetin 3-O-a-L-arabinopyran-
oside(guaijaverin) &2 I F+ZE I3t}

3}3HE 49] ! H-NMR spectrum 932 313HE 33 54}
o Hlnl F24oA aglyconeS quercetin® 2 13}
St} 85.37(1H, d, J=7.69 Hz)*llX] #=% proton signal->
Fo] p-forme & Al U & F gow, "C-NMR
spectrum®| A 1 mole®] & galactose [101.7(C-1"),
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75.8(C-5"), 73.1(C-3™), 71.1(C-2"), 67.8(C-4"), 60.1(C-
6M317S SIS wEhA sghE 4 B Ve vl
L3 A quercetin 3-O-P-D-galactopyranoside(hyperoside) =
A3

31312 59 'H-NMR spectrum®l|A] algyconeS 3HHE 1
I ARl luteolin®lS & <+ 212™, 85.07(1H, d, /~7.16
Hz)ollX #Z5]+= proton signal& o] B-forme = 23}
3 USS & 4 Ak PC-NMR spectrum F-AJ0lA] @&
glucose[99.8(C-1"), 77.1(C-5"), 76.3(C-3"), 73.1(C-2"),
69.5(C-4"), 60.5(C-6")|¥< & = L, AFAE= C-70] oF
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g 13 22 A xRN = Mo =2 Feg Aol

Az 28] MeOH F+EE34 #-8E(CH,CL,, EtOAc, n-
BuOH)< /42 2 DPPH radical &~75& A3 th
(Table 1). MeOH %22 66.45 ng/mle 1C,, 3o 2
DPPH radical 227155 ®.$ith CH,Cl,, EtOAc, n-BuOH
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