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Studies on Biological Activity of Wood Extractives (Ix)*'
- Antioxidative Compounds from Heartwood of Robinia pseudo-acacia-
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2 %

kst gAo] 7 oA UET A ete 2FEE2RE FANEAS GAT B0 Z 459 HIES
“Elstd o, MS, NMR 59 #3383 uhile) oa] 1 884 T2E 3-8 -stigmast-5-en-3-ol (daucosterol)
g HRslo 2guiwol= BHFER 3,34 5-tetrahydroxystilbened FtH-ol=¢l 3,3'.4".5" T-penta-
hydroxyﬂavone(robinetin) 4 3,3".4", T-tetrahydroxyflavanone(fustin) ©.2 2z} T3t vhald 8829
zHHRYE L2ATE 43 g BAHE HAAE @3’4. HEd FA77E 570”1 3,3°.4,5" T-penta-
hydroxyﬂavonet HAPRIsA & FAFNSA R B2 Fisiad e Uehfo] GeE 8 8E 3 /M gakg)
Bidol =& AoZ eyt ¢, HEA 547171 4709 3,347 5-tetrahydroxystilbene} 3.3". 4" T-tetra-
hydroxyﬂavanoneE A ARl @-tocopherol BT} & M S-S Ve oY 3- 4 -stigmast-5-
en-3-ol2 Mg EAe] gl AoE vehd Zejgtd A% o§ ASEHL S5 HEA FA)
o 2A #F5-HE Ao g} 01’“4 AT oA T2 ket 8AS 3,3'.47,5, T-pentahydro-
xyflavone, 3,3".4" 5~ tetrahvdroxvstllbene ! 33" 4" T-tetrahydroxyflavanoned] 71918} Ao 2 Al H YT}

ABSTRACT

Antimicrobial and antioxidative activities on heartwood extractives of domestic species were investigated
to develop a natural fungicide or preservative. One steroid, stilbene derivatives and two flavonoids were
isolated from heartwood of Robinia pseudo-acacia which has been selected due to its high antioxidative
activity among the tested species. The structures were determinded as : 3- 8 -stigmast-5-en-3-ol(daucosterol),
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3314, 5tetrahydroxystilbene, 33!4/5,7-pentahydroxyflavone(robinetin) and 334 17+etrahydroxyflavanone
(fustin) respectively on the basis of spectroscopic data and chemical correlations.

According to the results of free radical scavenging activity, 33/4/5,7-pentahydroxyflavone was evaluated
as the highest antioxidative compound among the four compounds and showed higher radical scavenging
activity than those of «-tocopherol and butylated hydroxytoluene(BHT), one of the strongest synthetic
antioxidants. 334/5-Tetrahydroxystilbene and 33/4/7-tetrahydroxyflavanone showed higher antioxidative
activities than that of «-tocopherol. However, 3- § -stigmast-5-en-3-ol did not show free radical scavenging
activity. In this regard, it could inferred that high antioxidative activity of extractives of R. pseudo-acacia
was derived from 334)5,7-pentahydroxyflavone, 33/4'5tetrahydroxystilbene and 334 '7-tetrahydroxy-
flavanone,

Keywords: Robinia pseudo-acacia, 3-8-stigmast-S-en-3-ol, 33/4/5tetrahydroxystilbene, 33/4/5!7-pentahy-
droxyflavone, 33/4/7-tetrahydroxyflavanone, antioxidative activity
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%M’%oﬂ %3l oAU (Robinia pseudo- 2.1, 2A| B
acacia)® FopulE]7t dAte] YEuEoR i
%Q*—‘M Aze ZepAm A3 A gln 3y 2
o] Mg 7kA)7} glom f-euEt Ao X 9l B (2
o OMAAGRE BAlzZ o] w9 Xl AES
A 3o vl 743 4go] o, Fuds &3 02 =& Q 28
g ®do| o2 &5t FAA YEE o] g
e A& HrtEln 91er, oleanane §39
triterpened glycosides?t EAdts Aoz d#A
ATHCui T, 1992 1993), E3 2] dFolAE=
T3 %ﬂ g Aol gy AZE Hu
(Landolt, 1997} 1 2o, WA ZH¥ 2,3-trans-
3.4-cis-3,4,7,3",4" 5" -hexahydroxyflavan# .
4'-methoxy-2,3-trans-3,4-cis-3.4,7,3' .5"-pentahy-
droxyflavan®] FetRxeol= AEo] REd Hu
(Bae &, 20000 = Slth. ey} FE3AE 9] AeldA
off #3 A= vFY AR Jgete 23589
gakstgado] S8 Ao g vl dlolEl(o] E,
1999)& 7122 dlo] £ d7oMes gitsEad L g
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&l FAHAA 72413 33 FE8H] 40THA 7
& FFEAT Ar)|A Dol g 2FEEL
A froll Bl 2 (petroleum ether), TiolEe 8 & (Et,0)
2 el Eo|E(EtOAC) B £x1A&5&8l &
WEYSATE o] F TS YEH dEHE}
7€ silica gel Z¢ AZvtEDHI (L5840 ¢
CHCl;-MeOH=20:1~0:1, v/v, &% : Z} 300 mL)
of o3 86719 #HEE Ao, 2+ BHES TLC
(silica gel 60 Fass, 702" © toluene-ethyl formate-
formic acid=5:4:1, v/v/v)Ao AMAZ & UV
(254 nm)WE 9 50% HoS040.8 Felale] grjje] &
YE(R-1~R-8)2 Wyt
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2.3. 717|184

e g g disiMe dx7)FH (NMR) 2
E&E Brucker AM 500, FZ(EI-MS)AHERHLS
JEOL 600W-& o] 83le 439t

2.4. gtietaydd

4kl 8442 DPPH(1.1-diphenyl-2-picrylhydra-
zyDell 9 LA TS o)dsle HB (o] &
2000b)el whet B3l

2.5. 2t MEej e

2.5.1. &8 1 (Daucosterol)

#e] R-3 ¥8E(8.92 g)& benzene-EtOAc(5:1,
v/)E EE8ME & gilica gel T ABWE 1
el o3 4719 ¥ E(R-3-1~R-3-4) & UFIYe
9, o] F R-3-2 £ EZ5E EtOAc - HexaneE A}
&3 AZA Wl o3 F4AA 9 83E1(54 mg)
& dEsdic

321 9] EI-MS m/z © 414(M*-162), 396(base
ion), 381, 329, 303, 255, 213, 173, 145, 107, 81.
'H-NMR (500 MHz, CsDsN): & 0.31(3H, s, Hs-18),
0.53(11H, m, H-9, 11a, Hs-26, 27, 29), 0.58(3H, s,
H3-19), 0.63(6H. m, H-la, 15a, 24. Hs-21), 0.73
(3H, m, H-12a, 17, 22a), 0.80(5H, m. H-16a,
23a,b, 28a.,b), 1.05(4H, m, H-8, 11b, 20, 22b),
1.20(2H, m, H-Ta, 15b), 1.35(3H, m, H-2a, 16,
25), 1.55(3H, m, H-4b, 7b, 16b), 1.63(1H, m.
H-12b), 1.79(1H, m, H-2b), 2.11(1H, m, H-4a),
2.35(1H, m, H-4b), 3.64(1H, m, H-5"), 3.69(1H,
m, H-2"), 3.90(8H, m, H-3, 3', 47, 4.03(1H, m,
H-6"), 4.10(1H. m, H-6"). 4.67 (1H, d, J=17.0 Hz,
H-1'), 4.99(1H, H-6). *C-NMR (125 MHz. CsDsN)
: & [aglycone moiety) 12.02(q, C-19), 12.21(q,
C-18), 19.07(q. C-21), 19.26(q, C-27), 19.46(q,
C-29), 20.01(g, C-26), 21.34(¢, C-11), 23.48(¢.

C-28), 24.56(t, C-15), 26.54(¢t, C-23), 28.56(¢,
C-16), 29.58(d. C-25), 30.82(¢, C-2), 32.13(d
C-8), 32.23(¢t, C-T), 34.30(¢t, C-22), 36.42(d,
C-20), 36.98(g, C-10), 37.54(¢t, C-1), 39.42(¢,
C-4), 40.02(s, C-12), 42.56(s, C-13), 46.15(d,
C-24), 50.44(d, C-9). 56.34(d. C-17), 56.91(d,
C-14), 78.23(s, C-3), 121.92(d, C-6), 141.00(s,
C-5) (sugar moiety) 62.94(t, C-6), 71.81(d.
C-4"), 75.38(d, C-27), 78.46(d C-5"), 78.64(d.
C-3"), 102.64(d, C-1"). HMBC correlations : H-1"
—(C-3, H-2'—C-3', H-3'—C-2'/C-4'/C-5', H-4'—>
C-3'/C-5"/C-6, H-4—C-2/C-3/C-10, H-6'—
C-4'/C-5', H-6—-C-4/C-7/ C-8/C-10, H-18—
C-12/C-13/C-14/C-17, H-19—C-1/C-5/C-9/C-10,
H-29—C-24/C-28. NOESY correlations : H-1'e
H-4/H-5", H-6>H-19, H-12a<H-18.

2.5.2. B1EHE11(3,3',4',5'-Tetrahydroxystil~
bene)

2] R-5 &8 E& dichloromethane-MeOH(16:1,
v/V) & §E 82 ¥ silica gel ZHOE Bt 3
719 BEERS51~R-5-3)2 Irgen, oA
R-5-2 £¥8£(5.29 g)2%¥ CHCls-acetone-MeOH
(20:6:5, v/v/v)&] 8&8ME ALE-3 silica gel 23
AzwgEagy o3 e RIYER-52-1~
R-5-2-3) & W7o}, o] F R-5-2-28- & &M EtOAc
- Hexane& &2 245t SFEN(12 mg)E
st

3EHE 09 EI-MS m/z : 244(M", base ion), 197,
173, 137. 'H-NMR (500 MHz, CDsOD) : & 6.16
(1H, t, J = 2.1 Hz, H-4). 6.43(2H, d, J = 2.1 Hz,
H-2, 6}, 6,73(1H, 4. J = 8.0 Hz, H-5"), 6.75(1H
d, J = 16.0Hz, H-7), 6.82(1H, dd. J = 1.8, 8.0
Hz, H-6'), 6.86(1H, d, J = 16.0 Hz. H-8), 6.97
(1H, d. J = 1.8Hz, H-2). C-NMR (125 MHz,
CDsOD) : & 102.61(d. C-4), 105.75(d, C-2, 6),
113.81(d, C-2'), 116.43(d, C-5). 120.20(d, C-6),
126.97(d. C-7), 129.69(d. C-8), 131.05(s, C-1"),
141.29(s, C-1), 146.45(s, C-4"), 146.49(s, C-3'),



HEBL - olBF - o5 - AED - BEE

159.58(s, C-3, 5). HMBC correlations : H-4—
C-2/C-3/C-5/C-6, H-2/6—C-7/C-2/C-3/C-4/C-5/
C-6, H-2'—C-8/C-3"/C-4'/C-6", H-5'—C-1'/C-3"/
C-4'/C-6'., H-6'—C-8/C-2'/C-4', H-T—C-1/C-2/
C-6, H-8—C-7/C-1/C-1'/C-2'/C-6’. NOESY corre-
lations @ H-4<>H-2/H-6, H-7«-H-2/H-6.

2.5.3. &8H2m (Robinetin)

9] R49] FEE(4.2 g 2HE ANE 24484 B
AL 9943l FEEM(34 meg)S AU}, SFEM
] EI-MS m/z : 302(M", base ion), 229, 153, 137.
107. "H-NMR (500 MHz, CD;OD) : & 6.89(1H. d,
J = 2.0 Hz, H-8), 6.90(1H, dd. J = 2.0, 8.0 Hz,
H-6), 7.36(2H, s, H-2". 6"), 7.96(1H, d. J = 8.0
Hz. H-5). C-NMR (125 MHz, CD;0D) : & 102.92
(d. C-8), 108.50(d, C-2', 6), 115.42(s, C-10),
115.94(d, C-6), 123.30(s, C-1"), 127.49(d, C-5),
136.81(s, C-4"), 138.66(s, C-3), 146.72(s, C-5',
3'), 147.51(s, C-2), 158.45(s, C-9), 164.21(s,
C-T), 174.35(s, C-4). HMBC correlations : H-5—
C-4/C-7/C-9, H-6—C-8/C-10, H-8—C-6/C-7/C-9/
C-10. H-2'/6"—C-2/C-2'/C-4"/C-6'.

2.5.4, 3188V (Fustin)

A¢] R-5-1 B EZ5E EtOAc - Hexane g ©]&
A2 BV mgE walslch
32Vl EI-MS m/z © 288(M, base ion), 259,
167, 149, 137, 123, 81. 'H-NMR (500 MHz, CDs;OD)
& 447Q1H. d. J = 12.0 Hz, H-3), 4.92(1H, 4,
J =12.0 Hz, H-2), 6.33(1H. d. J = 2.0 Hz, H-8),
6.54(1H, dd. J = 2.0, 8.5 Hz, H-6). 6.80(1H, 4,
J = 8.0 Hz, H-5), 6.85(1H, dd. J = 2.0, 8.0 Hz,
H-6'), 6.98(1H. d, J = 2.0 Hz, H-2"), 7.71(1H. 4.
J = 8.5 Hz, H-5). *C-NMR (125 MHz, CD;OD) :
8 74.55(d. C-3). 85.62(d. C-2), 103.69(d, C-8),
112.10(d, C-6), 113.43(s, C-10), 115.90(d, C-5"),
116.06(d, C-2'). 120.93(d, C-6"), 130.08(d.s, C-5,
1), 146.28(s, C-3'), 147.08(s, C-4'), 165.08(s,

C-9), 166.85(s, C-7), 194.47(s, C-4). HMBC
correlations : H-2—C-3/C-4/C-1'/C-2'/C-6", H-3
—C-1"/C-2/C-4, H-5—C-4/C-7/C-9, H-6—-C-7/
C-8/C-10, H-8—C-6/C-7/C-9/C-10, H-2'—(C-2/
C-3'/C-4'/C-6", H-5'—>C-1'/C-3'/C-4'/C~6", H-6
—(C-2/C-2'/C-4'. NOESY correlations : H-2<
H-2'/H-6", H-3-H-2".

3. Zdxnf g A
3.1. cl2|23le| sfstpx

3.1.1. 3}&H8 [ (Daucosterol)

HFE TS FHZAA LR dojxlen TLCAY ob7t
AU AARES FRA4% F9 sz 44"
o} S§HE 19 EI-MS 2¥HEZdME Ezjole
(M")o] Ueh}A ggten Fgole 9aAZA m/fz
414, 396, 329, 255, 213, 145, 107 5& Jehigle
H, o] F m/z 414(M™-162)¢] ol AL HIE I
9] aglyconeql B-sitosterol FETF-Zo] sfsiH
m/z 329 base ion ¥ o)},

'H-NMR A2HEZ A= & 0.2~2.5 Alo]9] A1

T2 AF A 2 RE T2 SFEAA
e Alad JEHE BRYFa glen o] & 4§ 0.31
(3H, 5, Hy-18), & 0.58(3H, s, Hs-19)dl 6Hel AF
8l 2709) singlet:= tertiary methylz}oll 7]¢18k=
He=Z H-18 % H-199), 18]l1 & 0.53, & 0.639
A% 470(12H)9 secondary methyl?)9} EA4& &
8 & et a2l 8 4.999 A1 H-69]
methin proton®l] #&3tAth E£& & 3.64~4.67A)
ol X Bl A fefdteE Alzzde] Yehgoeni o
% 8 467(1H, d, J = 7.0 Hz, H-1)& 1 A3AS
25E A-D-glucose®] oh=™ protonl H-1"2 7
&3tglth. DEPTS o8 S#E 19 “C-NMR 2%
EfAGME F 35709 Alade] e, o F
methyl”]7} 67H, methylene®] 127), methine®t4&7}
1374, o]9jel quaternary®a7t 47 Q&g &g
F AATE 2RSS 5 12.02, 12.21, 19.07.
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19.26, 19.46 2 & 20.01¢] A2 methyl7]oll A
frefshs Ao C-19, C-18, C-21, C-27, C-29, 1
2|31 C-269] &4 4 A&slgon 5 121.92%
C-69] methine, & 102.649] A& oA 7|9
= C-1'9] g4 ALsart.

E3 HMBCAHEHA H-199 protond C-1,
C-5, C-9, C-109] &aote] uatul=, 83 H-18
9} proton¥} C-12, C-13, C-14 2 C-179) &4 A1
g3 H-29919k C-28, C-24%19}e] wajel=1e] EA&
geolgtozy 313FE 12 stigmastane-type® ZHl
2ol=F49] FFEYS AL id agn B
AA Feldhe o™ proton H-1'% C-39] gh&A}
ole] waHA W3 NOESYAHERMA H-1'¢9
H-49 proton#e] wztwla el EAE ztzt gl
T AU o)de] A, FFPE 1L B-sitosterol F
7129 C-399 D-glucose?} 2% 3529 3-
B-stigmast-5-en-3-0l & daucosterol®2 FAHH Y
HFig. 1).

3.1.2. 8EHE 11 (3,3',4',5'-Tetrahydroxystil-
bene)

SHRHE 9] E-MSAME Exbol& s a7HMY) 7
m/z 244 JERATE 'H-NMR 2HEZAME 6
6.75(1H, H-7) ¥ 6 6.86(1H, H-8)¢] 271} dou-
blete] Al1d& 2 AR (T = 16.0 Ho)EHEH E
A€ olefinic proton] EAE ovlala gle
], & 6.16(1H, J = 2.1 Hz, H-4)¢] 1H9} tripletd}
86.43(2H, J = 2.1 Hz, H-2, 6)9] 2Ho Ag3l=
doublet®] Al1'd2 metaZ ¥l 71918 Ao 1,
3, 5-3X & waFse] EXE AN U} EF 3}
2 9] HMBCOIA &= H-7 proton®} C-2/6 % C-1'
o &4 8] H-8 proton®} C-27, 6" 2 C-1919] &
Aste] A#H9aE 77 ERIFOEHN stilbenetF
9 HFEYL &+ AU “C-NMR 2HEF oA
= 84 12709 Azl veder o]F §126.97.
8129.69& C-7, C-8¢] ®tiol Fefsiy L3k §
131.053} §141.299] Al-1d2 C-17, C-1919) methine
Bhaol Zk2t A&stiHet. ool AR, SFEIE
3,3".4",5"-tetrahydroxystilbene 22 FAEHYT}

. GleQ

3-f-stigmast-5-en-3-0l

3,3,4"5' T-pentahydroxyflavone 3,3",4" T-tetrahydroxyflavanone

Fig. 1. Compounds isolated from heartwood of
R. pseudo-acacia.

(Fig. 1).

3.1.3. 3tgrEm(Robinetin)

3HEMe EI-MSIA £ ion JAM') m/z
3028 UEhHTE 'H-NMR 28 E 9] 5 7.36
(2H, s, H-2", 6")¢] 270¢] singlet®] Al14-2 B3¢
H-2'/6'9] proton®l A&, §6.90(1H, dd, J
= 2.0, 8.0 Hz, H-6)9 17§9] double doublet, &
7.96(1H, d. J = 8.0 Hz, H-5) ¥ & 6.89(1H, d. J
= 2.0 Hz. H-8)¢] 27}29] doublet$] Al2de A3 A
2 1.3.4-31% WA EAE Jehhz Qi)
PC-NMR®] & 174.359] A& stnds)e) fe
sl C-4 Ao, el §115.42, & 158.45¢] A
242 -9 2 C-109 methine®4dl] zhzt ALy
ok olde] AARZRE SFPEM 3,345 .7-
pentahydroxyflavone & robinetin®.8 EAHY}
(Fig. 1).

3.1.4. g8 V(Fustin)

BIENE EI-MS A~ EFM= Bx}lon 9
(M) m/z 2888 JERRAT

'H-NMR 2#E# 9] 22326 Jehbs § 4.47
(1H, d. J = 12.0Hz, H-3). 84.92(1H. d, J = 12.0
Hz, H-2)9] 2He *433H= doublet Al2ge
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flavanone¥-#729| H-3 ¥ H-29] protonll 7]¢!
&t} o] HMBCY A H-29) proton# C-4, C-2/6
o &4 Aoy aga H-39 C-1'9he] mabw =)
EAZRHE A% F At 123 HAFEN
PC-NMRolME % 15749 Alade] vehton, 8
70| methine®4 5 & 74.55, & 85.629] A1
C#e] heterocyclic +-ETZA FHste C-3 2
C-29 g4 Zt2 A&EYch ol 4% e
IV 3,3".4" T-tetrahydroxyflavanon & fustin® &

FTAHAG(Fig. 1.
3.2, chi2|E& el ity

opZiAUF-2RE  dElg  AFE(3-B-stig-
mast-5-en-3-ol), SIFE1(3.3",4" 5-tetrahydroxy-
stilbene), #FEIM(3,3",4" 5", T-pentahydroxyfla-
vone) ¥ FFEIV(3,3" 4", T-tetrahydroxyflavanone)
9 ZEjr)d AAFE S5 dtslgA e HA
Sk 2 2% o5 APE F AYE] & A
w2 f7] wHEsAd FAE Ze 33 SgEe
FE9 718 tiEo #gUFd aASel FEE A
& B3rHTable 1). tiETE ALE§ AAgats)
A a-tocopherol® §AJ34+3IAQ  butylated
hydroxytoluene(BHT) & 22 43-g R rHTable
D. a3y 38E 1 & $27 7 Suz 24
Fol T7FetAl Yo} dhatslEAdo] mjg We Ao
W= HTable 1). o] 318 72¥os d=

A FA7IE MR 3 Qe FEREA GUEe &

=
™

2.
A% F Yt FEFETF Qo) AT 2% g

wola Ao g AlREAC

SHENE 10 pg/mLe F=olA 76.3%9) ez
2A%E Yehle] $53 ilslgAde BolE
(Table 1) ©]+= stilbene9] M EAL =AM 2
F(o] F. 2000a)tE AA 3= Aol B3] 3%
EML 10 pg/mLe) XA 93.6%2 gz 4H
& YERol(Table 1) B&7¢ e-tocopherol 2
BHTRT $-58 ghtst8d & B ol A4
T BETE g gde) gokn = Fdn
(o] . 2000a)el A} B0 o] B3Eo] 579 wHE
4 FA7NE 7HA I glo] @Ade) B Ao AlgY
At HEd FAE ) M3 Qe AREVE
10 pg/mLY FZolA 51.5%9 oz 2A%L U
Ehfiol(Table 1) SFEBMRTH= FAT o-toco-
pherol HThe ¥& 384 et

Tutour$} Guedon(1992) = Olea europaea ¥<] &
A E A8 HEA SgES B ot
o™, Yagi 5(1994)0] 3789 H4&(HA)A
flavonoid(quercetin  3-sulphate,  isorhamnetin
3.7-disulphate, tamarixetin-3-glucoside-7-sulphate)
€ Polygonum hydropiper® Yo 2XE waldlo
@ -tocopherol ¥ 4+alEAH L wlmE A%, gz
Rice-Evans §(1995)¢] 2% 9] Felnwo)=o
st R3S AAT AFA Bo] FlslgA S
Hed Fa719] 9 9X)7F F83 JE L e A
o2 AL HATH

olel A% sFEMe| veslgd 3 7Py 4t
gEAol wtom 1 thgo] SFED, JFEN &
ol o e 1 & FAtstgA o) gl Ao e

Table 1. Antioxidative activities of isolated compounds from heartwood of R. pseudo-acacia by

DPPH free radical scavenging model.

Free radical scavenging activity (%)

Compounds
100 yg/mL 10 yg/mL 1 yg/mL
3- B -Stigmast-3-en-3-ol 72 55 52
33'4)5-Tetrahydroxystilbene 982 763 200
3314'577-Pentahydroxyflavone 965 96 154
33'4,7-Tetrahydroxyflavanone 992 511 116
a-Tocopherol 921 413 118
Butylated hydroxytoluene (BHT) 993 728 119
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