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The Chemical Structures and Their Antioxidant Activity of the Components
Isolated from the Heartwood of Hemiptelea davidii

Bok Sim Chang, Yong Soo Kwon, and Chang Min Kim*
College of Pharmacy, Kangwon National University, Chuncheon 200-701, Korea

Abstract — From the CHCl, and BuOH soluble fractions of the heartwood of Hemiptelea davidii, eleven compounds have been
isolated. On the basis of spectral data, they were identified as B-sitosterol (1), scopoletin (2), kaempferol (3), 4-hydroxybenzoic
acid (4), 2-(4-hydroxyphenyl) ethanol (5), aromadendrin (6), scopolin (7), kaempferol 6-C-glucoside (8), aromadendrin 6-C-
glucoside (9), taxifolin 6-C-glucoside (10) and quercetin 6-C-glucoside (11), respectively. Among these compounds, com-
pounds 3, 8, 10, and 11 showed potent DPPH radical scavenging activity with IC;, values of 11.9, 14.7, 10.3 and 6.2 ug/ml,

respectively.
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w2 71ek Aok A B B ARSI, TLC plate
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9} RP-8 F,q (Art. No. 15424)E AHE-3921, column
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58S 1 — White needles, mp : 136~137°C, IR : vKBr:
3449 (OH), 1055 (C-0) cm', "H-NMR : (200 MHz, CDCL,);
85.33 (1H, m, H-6), 3.51 (1H, m, H-3), 0.99 (3H, s,
CH,-19), 0.78-0.92 (9H in total, CH,-21, CH,-26, CH,-
27), 0.66 (3H, s, CH,-18), "C-NMR : (50 MHz, CDCl,),
140.18 (C-5), 121.20 (C-6), 71.20 (C-3), 56.14 (C-14),
55.43 (C-17), 49.52 (C-9), 45.22 (C-24), 41.69 (C-13),
39.16 (C-12), 36.63 (C-4), 35.88 (C-1), 35.51 (C-10, 20),
33.31 (C-22), 31.27 (C-7, 8), 31.02 (C-2), 28.52 (C-25),
27.61 (C-16), 25.45 (C-23), 23.66 (C-15), 22.42 (C-28),
20.44 (C-11), 19.16 (C-26), 18.74 (C-19), 18.38 (C-27),
11.33 (C-29), 11.21 (C-18), EI-MS : m/z 414 M]'
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BlEHE 2 — White needles, mp : 203~204°C, IR : vKBr;
3345 (OH), 1648, 1619 (C=0), 1502, 1432 (C=C) cm',
UV : A, (McOH); 222, 252, 296, 341 nm, 'H-NMR :
(200 MHz, Acetone-d,); 87.94 (1H, d, J=9.8 Hz, H-4),
7.29 (1H, s, H-5), 6.89 (1H, s, H-8), 6.27 (1H, d, J=9.8
Hz, H-3), 3.99 (3H, s, -OCH,), "C-NMR : (50 MHz,
Acetone-d,) ; 160.65 (C-2), 151.63 (C-7), 150.29 (C-8a),
145.55 (C-4), 144.04 (C-6), 112.13 (C-5), 110.97 (C-4a),
103.03 (C-8), 55.87 (-OCH,), EL-MS : m/z 192 [M]

3}8H28 3 — Yellow needles, mp : 277~278°C, IR : vKB:;
3400 (OH), 1702 (C=0), 1660 (C=0), 1060 (C-O) cm ',
UV : A, (MeOH); 268, 293, 321, 365nm, UV : A,
(MeOH+NaOH); 231, 277, 320, 413nm, UV : A, (MeOH
+NaOAc); 274, 312, 379 nm, UV : A, (MeOH+AICL);
213, 226, 269, 349, 424 nm, UV : A_.. (MeOH+AICI,
+HC) ; 213, 226, 269, 351, 424 nm, 'H-NMR : (200
MHz, Acetone-d,); 12.28 (1H, s, 5-OH), 8.26 (2H in total,
d, J=8.6 Hz, H-2, 6, 7.12 (2H in total, d, J=8.6 Hz, H-
3, 5, 6.63 (1H, d, J=2.2 Hz, H-8), 6.37 (1H, d, J=2.2
Hz, H-6), "C-NMR : (50 MHz, Acetone-d,); Table I, EI-
MS : m/z 286 [M}"

S|8HE 4 — White needles, mp : 213~214°C, IR : viBr;
3432 (OH), 1648 (C=0), 1619, 1541 (C=C) cm ', UV :
Ay (MeOH); 224, 256 nm, UV : A, (MeOH+NaOH);
211, 245, 275 nm, 'H-NMR : (200 MHz, Acetone-d;);
§8.02 (2H in total, d, J=8.4 Hz, H-3, 5), 7.02 (2H in total,
d, J=8.4 Hz, H-2, 6), "C-NMR : (50 MHz, Acetone-d;);
8 166.9 (C=0), 161.7 (C-4), 131.9 (C-3, 5), 121.9 (C-1),
115.1 (C-2, 6), EI-MS : m/z 138 [M]

8|g+E 5 — White needles, mp : 210~211°C, IR : vXBr;
3440 (OH), 1645 (C=C), 1070 (C-O) ecm ™', UV : A,
(MeOH) ; 224, 278 nm, UV : A_, (MeOH+NaOH); 228,
241, 286 nm, 'H-NMR : (200 MHz, Acetone-d;); 8.19
(1H, s, OH-4"), 7.14 (2H in total, d, J=8.2 Hz, H-2', 6",
6.83 (2H in total, d, J=8.2 Hz, H-3', 5, 3.77 (2H, t,
J=1.0 Hz, H-1), 2.80 (2H, t, J=7.0 Hz, H-2), "C-NMR :
(50 MHz, Acetone-dy); §155.7 (C-4), 130.2 (C-1), 129.9
(C-2', 6), 115.1 (C-3', 5), 63.4 (C-1), 38.6 (C-2), EI-MS :
m/z 138 (M]"

B}8lZ2 6 — White powder, mp : 239~240°C, IR : vEBr;
3343 (OH), 1661 (C=0), 1598, 1438 (C=C), 1060 (C-0O)
cm’l, UV : A, MeOH); 216, 226, 291, 331 (sh) nm, UV
! Ay (MeOH+NaOH); 246, 325 nm, UV : A, (MeOH
+NaOAc); 274, 312, 379 nm, UV : A__ (MeOH+AICL);
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225, 313, 376 nm, UV : A, (MeOH+AICL+HCI); 224,
314, 376 nm, 'H-NMR : (200 MHz, Acetone-d,); § 11.80
(1H, s, 5-OH), 7.52 (2H in total, d, J=8.6 Hz, H-2' 6),
6.99 (2H in total, d, J=8.6 Hz, H-3', 5, 6.10 (1H, d,
J=1.6 Hz, H-8), 6.05 (1H, d, J=1.6 Hz, H-6), 5.18 (1H, d,
J=11.6 Hz, H-2), 4.75 (1H, d, J=11.6 Hz, H-3), *C-NMR
: (50 MHz, Acetone-d,) & Table I, EI-MS : m/z 288[M]"

SlgHE 7 — White needles, mp : 218~219°C, IR : vkBr:
3420 (OH), 1660 (C=0), 1070 (C-0) cm™, UV : A_,,
(MeOH); 229, 285, 340 nm, 'H-NMR : (200 MHz,
DMSO-dy); 87.96 (1H, d, J=9.8 Hz, H-4), 7.29 (1H, s,
H-5), 7.15 (1H, s, H-8), 6.32 (1H, d, J=9.8 Hz, H-3),
5.09 (1H, d, J=7.0 Hz, H-1'), 3.80 (3H, s, -OCH,), 'H-
NMR : (200 MHz, DMSO-d,) ; 160.65 (C-2), 150.01 (C-
7), 149.04 (C-8a), 146.11 (C-4), 144.35 (C-6), 113.41 (C-
5), 11235 (C-4a), 109.77 (C-3), 103.10 (C-8), 99.69 (C-
19, 77.19 (C-3), 76.82 (C-5), 73.13 (C-2), 69.67 (C-4"),
60.71 (C-6), FAB-MS : m/z 355 [M+H]"

S}8ME 8 — White powder, mp : 244~245°C, IR : vKBr:
3420 (OH), 1660 (C=0), 1070 (C-0) cm™, UV : A__
(MeOH) ; 270, 324, 368 nm, UV : A___ (MeOH+NaOH)
; 213, 280, 326, 408 nm, UV : A_, (MeOH+NaOAc);
278, 313, 390 nm, UV : A, (MeOH+AICL); 213, 230,
274, 309 (sh), 349, 426 nm, UV : A, (MeOH+AICL+
HC); 213, 232, 273, 306 (sh), 351, 429 nm, 'H-NMR :
(200 MHz, DMSO-d,); 8 13.16 (1H, s, 5-OH), 8.05 (2H
in total, d, J=8.8 Hz, H-2, 6", 692 (2H in total, d, J=8.8
Hz, H-3, 5, 647 (1H, s, H-8), 4.61 (1H, d, J=9.4 Hz, H-
1", "C-NMR : (50 MHz, DMSO-d,); Table I, FAB-MS :
m/z 449 [M+H]

S22 9 — White powder, mp : 190~191°C, IR : vKBr:
3420 (OH), 1660 (C=0), 1070 (C-0) cm™, UV : A__,
(MeOH); 226, 293, 334 (sh) nm, UV : A_, (MeOH+
NaOH); 222 (sh), 248, 331 nm, UV : A_, (MeOH+
NaOAc) : 257, 331 nm, UV : A, (MeOH+AICL); 223,
226, 296 nm, UV : A, (MeOH+AICL+HCI); 209, 222,
313, 380 nm, 'H-NMR : (200 MHz, DMSO-d,); & 12.58
(1H, s, 5-OH), 7.39 (2H in total, d, J=8.2 Hz, H-2,, 6),
6.87 (2H in total, d, J=8.2 Hz, H-3', 5", 6.00 (1H, s, H-
8), 5.08 (1H, d, J=11.2 Hz, H-2), 4.58 (1H, d, J=11.2 Hz,
H-3), 4.57 (1H, d, J=10.0 Hz, H-1"), *C-NMR : (50
MHz, DMSO-d,); & Table I, FAB-MS; m/z 451 [M+H]"

3}&=E 10 — White powder, mp : 194~195°C, IR : vKBr:
3420 (OH), 1660 (C=0), 1070 (C-0) cm™, UV : A__

Kor. J. Pharmacogn.

(MeOH); 219, 291, 333 (sh) nm, UV : A, (MeOH+
NaOH); 251, 331 nm, UV : A, (MeOH+NaOAc); 255,
284, 331 nm, UV : A, (MeOH+NaOAc+H,BO,); 293,
332nm, UV : A, (MeOH+AICL); 230 (sh), 293 nm,
UV : A,,, (MeOH+AICL+HCI); 227, 293 nm, 'H-NMR :
(200 MHz, DMSO-d,); 6 12.47 (1H, s, OH-5), 6.80 (3H
in total, m, H-2', H-5' and H-6"), 5.92 (1H, s, H-8), 5.01
(1H, d, J=11.2 Hz, H-2, D,O exchanged), 4.55 (2H in
total, d, J=11.2 Hz, H-3, H-1", D,0 exchanged), “C-
NMR : (50 MHz, DMSO-dy); 6 Table I, FAB-MS : m/z
467 [M+H]"

S}gFE 11 — Brown powder, mp : 153~155°C, IR : vKBr;
3420 (OH), 1660 (C=0), 1070 (C-O) cm™’, UV : A,
(MeOH); 213, 258, 298 (sh), 373 nm, UV : & (MeOH
+NaOH); 281, 333, 419 nm, UV : A, (MeOH+NaOAc)
; 278, 328, 391 nm, UV : A, (MeOH+NaOAc+H,BO,);
264, 389 nm, UV : A, (MeOH+AICL); 212, 230, 273,
434 nm, UV : A, (MeOH+AICL+HCI) ; 212, 227, 271,
435 nm, 'H-NMR : (200 MHz, DMSO-dy); 613.07 (1H,
s, OH-5), 7.60 (2H in total, m, H-2', H-6"), 6.88 (1H, d,
J=8.4 Hz, H-5"), 6.45 (1H, s, H-8), 4.60 (1H, d, J=9.4
Hz, H-1"), "C-NMR : (50 MHz, DMSO-d,); & Table I,
FAB-MS : m/z 465 [M+H]"

cro| &ol _ 33HE 78 TLC plated] FAEL c-HCHE
1 drop¥ Hojm=# & hot platecl]X] 71=A1A n-buthanol-
acetic acid-water (4: 1: 5 Su= FFZ3 SHA A4
7131 20% H,S0,Z FMAA D-glucoseE 13153t}

DPPH Radical 27101 2|8t &isterd 27 - Yoshida
V9] whgo) wgton, ekesld ted 2o 9 AR
3 mgE F3ld MeOH 25 mill ¢ Zkz}e] $ =& 120 pg/
ml, 80 ug/ml, 40 ug/mi, 20 ug/mi, 10 ug/mi, 5 pug/mi, 2.5
pg/mi7t HE2 3438 88 4mpel MeOHZA 1.5% 107
Me| 5%=7}F S 3 DPPHEY 1 mPS ¥ vortex mixer
T s £ U A2l 3087 AT F 520
nmol|A] optical densityE 31t} 33t avbe gz
ol tigt 50% H8%S] AAE UERls AA1Y] FX(1C,,)
E EANSIT 2t Al 2 33] ¥ st Haetd).

i 9 aF

ct2| g slgtEe sistp=x - 313E 12 Liebrmann-
Burchard testl] %3052, IR spectrum®] 7-%-, 3449 cm™
o4} OHOll 2]3F &<, 1640 cm ‘oIl A olefinic absorption,
1050 em™ell A C-0°ll 9% F7F Yepda Tk o] 3%t
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Table I. “C-NMR (50 MHz) data for compounds 3, 6, 8, 9, 10, and 11*

Catbon Comp. 3 6 8 8a*+ 9 9g 10 10a** 11 112%
C-2 146.2 83.6 146.6 148.1 82.9 824 83.0 83.0 146.5 146.5
C-3 135.8 72.3 1358 137.1 71.5 71.2 71.6 71.7 1359 1355
C4 175.8 197.5 176.2 177.5 198.1 197.0 197.9 198.1 176.2 1759
C-5 161.5 164.2 159.9 162.2 162.7 162.2 1627 162.7 159.9 159.7
C-6 98.3 96.3 108.3 108.3 106.1 105.8 106.1 106.1 108.2 108.1
C-7 164.1 167.0 163.5 164.5 166.2 164.4 166.2 166.4 163.5 163.0
C-8 93.6 95.2 93.2 94.5 94.9 94.5 94.8 94.8 93.2 93.0
C-9 159.3 163.4 159.3 157.5 161.4 161.0 161.3 161.4 1552 155
C-10 103.3 100.7 102.7 104.4 100.2 99.6 100.2 100.3 102.7 102.6
Cc-1 122.5 128.3 121.8 1239 127.6 127.2 128.0 128.1 122.0 121.8
c-2 129.7 129.6 129.6 130.6 129.5 128.9 1153 1154 115.0 115.0
Cc-3 1155 1151 115.6 116.3 115.0 114.4 145.0 145.9 1452 145.0
c4 157.0 158.0 155.2 160.5 157.8 157.4 145.8 145.1 147.8 147.6
Cc-5 1155 115.1 115.6 116.3 115.0 1144 1154 1152 115.7 1155
c-6 129.7 129.6 129.6 130.6 129.5 128.9 120.5 119.5 120.1 121.7

glucose

C-1 73.2 75.5 73.0 72.7 73.0 73.0 732 73.0
C-2 70.7 72.7 70.7 70.3 70.7 70.8 70.7 70.5
C3 79.0 80.1 79.1 78.8 79.1 79.2 79.1 78.9
C4 70.3 71.8 70.3 69.9 70.3 70.3 70.3 70.3
C-5 81.7 82.6 81.6 81.1 81.6 81.6 81.7 81.3
C-6 61.5 62.9 61.6 61.2 61.6 61.7 61.5 61.4

*Spectra of compounds 3 and 6 were recorded in acetone-d; and compounds 8, 9, 10, and 11 in DMSO-d,.
**Data for 8a, 9a, 10a, and 11a are taken from reference [20] and [22].

29 "H-NMR spectrum EH §0.66 2 0.99914 27]9)
angular methyl groupS WERW = peak7t 2=, §3.51
o A2FF shiftslal = multiplet® C-39] EA)3K= proton
(CH-OH)o. 2 FH =™, §5.339] olefin proton signal& C-
6] proton® 2 FA =0, o] 352 BositosterolE FH =
93\‘:} T3, PC-NMR spectrumel] SJFiAE )9} 78 AR
< I F YAk =, 5 140.187 121.209014 C-59} C-
(H sp’ carbon 31gna1°] b}E]-H-Sl 871.200014 C-3¢] signal
of VFEFSTE. B MS spectrum®ll A molecular ion®] m/z
4140114 ‘/}F/]r‘/h—, A7) A o] g At GEHHEA A4
¥ fragmentation ion®] m/z 3960141 base peakZ LER}E
Z B-sitosterol® FABEL, spectral data® T3 X9} v
sle] o] SRMES B-sitosterolZ 53T} BIEHE 2,} IR
spectrumS- 3345 cm 'oIA] OHll ©]8t &4 1650 cm™ -
A C=0, 1502 em™, 1432 cm ™94 aromatic C=C 2
&S VEMIE SV VBRI, UV spectrum®] 222, 252,
296, 341 nmolA] 5 F7 e = Ao g Bel, o] 3
FEL coumarinA| 2 9] FFEE FAHHATY 'HNMR

spectrum®] §7.949} 6.27914 J=9.8 HzZ Jeht= zH7}<]
doublet-> coumarin =3 2] 4 3} 3 o] EX) 3=
protonEl] &g AL & = A2, §7.299F 6.89°14]
VeEh= 27219 singlete2 2L $1XZ & 9 coumarin®] 5
Hal g 9] Bkiol] EA8= protonEel 9§ AYE & S
AATE. 63.9914 Ve 3He B9k singlet F 71l
2] methoxyl”1ell 71218k= AUE & & Uek” &8, Pe-
NMR spectrum®] § 145.559F 109.979141 413} 33 ghhe
signalo] VFERFT, §151.633 144.04004 TH} 6 ©hAo)
signale] YERH, §55.879141 3+ 7119 methoxylZ]ell 2]gt
B signals ERIE 4= AT o) AHE F1ete,
7% spectral data® F31X) 79} v)wsle) o] HFEL sco-
poletin® & A3t} 33 % 39] IR spectrume HH,
3450 cm™ oA OHell 18k $4=, 1660 cm™ 9|4 C=00]] <]
3 &4 2 1060 cm ol A c-ooﬂ o & 7} HEbs T
UV spectrum 268, 293, 321, 365 nmolA S5 7} o}
Ehbs 2102 Hol o] 3HE- flavonoid AIBE F8E

22 th. Shift reagent® NaOHE 7131 o] 3iHE9]
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band I°] 48 nm ZH 0 2 o] E38l3, NaQAcE 7}3hA
band T°] 14 nm A3 ©]%3}2Z, band IV} 6 nm F3H3
o]E3 B2 C-4¢ C.79] OH7} EATE ¢ T YA,
AICLE 7}8F band 1ol 59 nm FoFg ofFshs Zo= B
o} C-59 OH/} EAES & & Ao, 97]ell ThA] HCl
& Jbshd FS e A9 Wby} gli Y] band 1
<] intensity7} 97 ZA3he A2 Rol ¢-39% OH7t
AT & 5 AT oY AAERE o] FgES
flavonoid®] C-3, C-4', C-5, C-7° OH7} EA)5he & & 3
2} 'H-NMR spectrum®] § 8263 7.12914 Yehes 2}
Z} 2HE 9] doublet (J=8.6 Hz)=-& flavonoid® B-ring2]
H-69} H-2' 2 H-59F H-39 71903k AYS & F e
™, §6.63% 6.3791A4 ZHz} vER = J=2.2 Hz®l doublets:
£ A-ing®) H-83 H-60) &8 AP & &= Y. o\&
signal ]9l TE signale] Ve e Zo2 Ho}
o] B}FE-L kaempferol® FAE 5 At} ol8i% =
2 PC-NMR spectrumel] 23N = 218 5 . =,
BC-NMR spectrum®llA] C-2¢] signalo] C-3o X217} §1
& A= §145~148904 Uehe Zloz BE] gtk
o] 33tz o] A$ 29 signalo] § 1462004 Y EZ
C-39) OH/} EAES ¢ 5 U+, §129.734 115.5914 1}
ERbE signal=?) intensity7} THE signalE R T oF 2904 =
73EA JENER o) signalE 2 77y €2, €6 R €3,
C-5YLe & 4 Ak T&t, MS spectrum m/z 28690
A1 molecular ion peak”} WEFETE ©]2€] spectral datas
T3l x)10e} w)wated o) 83E-S kaempferol= &8 3151
t}. 3HE 49 IR spectrum EF 3000~4000 cm” ¥
o F4heF 1700 cm™ F29 C=0, 1580, 1550, 1450
em™'9) C=C, 1050, 1030 cm oM< F4¢ UV spectrum
9] 224, 256 nmolM FFU7F Yehie 20278 24
el -CO0, -OH, 2 benzene®2] EAE FHE F U3
T} MS spectrum®] m/z 138041 molecular ion®] YERLE,
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hydroxybenzoic acid (4)¢} 7] methoxyV?17} §l& 735
3laksl @Ado) glthes Bk UX)Ekem, scopoletin (2)3%
scopolin (7y2&S coumarinAl @] SRHEERE 3 Femandez-



86

Table II. DPPH radical scavenging acivity of the isolated
compounds from the heartwood of Hemiptelea davidii.

Tested compounds IC,, (ug/mi)”

[3-Sitosterol (1) >480
Scopoletin (2) >480
Kaempferol (3) 119
4-Hydroxybenzoic acid (4) >480

2-(4-Hydroxyphenyl) ethanol (5) >480
Aromadendrin (6) >480
Scopolin (7) >480
Kaempferol 6-C-glucoside (8) 14.7

Aromadendrin 6-C-glucoside (9) >480
Taxifolin 6-C-glucoside (10) 10.3
Quercetin 6-C-glucoside (11) 6.2
BHA* 14
Ascorbic acid** 6.5

* and ** : positive control
a) Concentration giving a 50% decrease of DPPH radical.
The values are the means of triplicate experiments.
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Fig. 1. The structures of 1-11.
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