2433 29(4) 89~96, 2001
Mokchae Konghak 29(4). 89~96, 2001

+u22E9 48R BF AT
- 831 Isoflavonoid] HEHA -

g 7). o] G FE ol M H EET o N0 FT

Studies on Biological Activity of Wood Extractives(vm)*'
— Antifungal activity of Isoflavonoids from Sophora japonica —
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o] 4% 3T ERZHE 4F9 isoflavonoid FFES wEdiyed, 7718A Ax 3%
isoflavone¢l 5,7-dihydroxy-4’,6-dimethoxyisoflavone(irisolidone)2 H®|#3l, 5, 7-dihydroxy-4"-methoxy-
isoflavone(Biochanin A), 7-hydroxy-4'-methoxyisoflavone{formononetin) 2&]1 1352} isoflavanoned! 7-
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ABSTRACT

Three isoflavones and one isoflavanone were isolated from the wood of Sophora japonica (Leguminosae)
which has been selected due to its high antifungal activity among the tested species. Four compounds were
identified as 5,7-dihydroxy-4"6-dimethoxyisoflavone (irisolidone), 5,7-dihydroxy-4"-methoxyisoflavone
(biochanin A), 7-hydroxy-4"-methoxyisoflavone (formononetin) and 7-hydroxy-4"-methoxy- isoflavanone
by Mass and NMR spectroscopic analysis. The antifungal activity of the isoflavonoids was tested by medium
dilution method and showed low antifungal activity indicating that the other compounds may contribute
to high activity of the wood extractives of S japonica.
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1.4 E

3|8} (Sophora japonica L.)= 3 A B4 &3}
= 8dugoezg Eye, F3, 48 54 98 £
3t o] HEL 7L Mol ALY I ML o
I WFdE FYo2 Folg WAz Ue, d& 54
gt 37l T~84E o] A7 £& AT o
e dlu £3eEs An k) o] g
o2 ARt} O ek AY, EY, ¥E T o]%
s, ehataay) dd s s Aog dHA
Arh E Wzt M= 9 4L B2 A (K Y
g FAS T A(E) B 20)HEE H(@)EE, A
T A XA FE) 9 Ao, 218G A7 A=
(B3I FF9 ool AMgste (=]
oFdT 3], 1985). A B7A R EX-A= iso-
flavones®t 1 ui@#<) Biochain A-7-D-gentio-
bioside, sissotrin ¥ pratensein®] EZ == B
17} 9tHTakeda 5. 1977).

2 dFdAe Fagde] 58 3T 55 (4
AATH, 2000022 224& dEsn 1 gz
g 983 sgon g g AL A
=3

2. Mz 3 dHH

2.1 A=

IAFFoEE 19963 T AUy AFH(FE
AT AR A A H 3 AR (3 20d, T
A7 9 cm)E AMEET
2.2 A

FHEHAR L FANFL AFFEA AT
Glomerella cingulata, Fusarium oxysporum, F%
W #el  Fusarium subglutinans f. sp. pini,

Cryphonectria parasitica. ZA5%d4) Trametes
versicolor, Tyromyces palustris, ¥RxdT

- 90

Libertella betulina, Trichoderma viride, Tricho-
derma harzianum% AH&319u}.

2.3 edgdAd

FEEEAA L WAHAE S ARt FAHE
ALE T3] F, 2000).

k-1

=

A

2.4 =& & 24

3R dosle EEE AZdo SAAN F,
95% A &E(EtOH) & AHE-3e] H-2oA 72417 AH
AlA 33 FZsl9en, 40TCAA #d - B2
o|gA ¥old EtOH 2:FE2 4K hexane), H
Z22d8(DCM), AEolMHIE(EtOAc) ¥ H&
£(BuOH)E &¢aF 4% F&3q &8-S A%
et

el 1Y MR F 4 dERE2dg R
(51.55 g)oll th3l MeOH:EtOH(1:1, v/v)& &% &)
2 3 Sephadex LH-20 RA(7.0%65 cm)A&vtE
29 & o] 83l 16 mLY ¥#H 3t 550709 £HES
dAglon o|& BHEEL TLC(silica gel 60 Fase, A
l&ul: toluene-ethyl formate-formic acid=5:4:1,
v/v)el AANA UV (254 nm, 375 nm) JZZ 734
3ty 9719 RYE(SID-1~8IJD-9) 2 73t

2.5 7|17 &4

dud SFEe FHE-MS)AYEHLS JEOL
JMS-600W, #z7|FH(NMR) 2~HEH('H-, “C-
NMR, 'H-'H COSY, NOESY, HMQC. HMBC)< 7]
2R YA T HLE 49 Varian Ul 500& o] &
sto] ZAstgict.

2.6 &9 iz

2.6.1 8lgtE 1

SJD-5 EEE(29.17 g)& DCM:MeOH(150:1~



23289 HelB4e BH AFOD)

50:1, v/v)& 85402 ¥ silica gel ZH(7.5%35
cm) 22otEIE o]4-3td] 25 mLA 530702 &
# 3 | TLC ¥4 93] 17719 FEE(SID-5-1~
SID-5-171)& W53t SJD-5-3 oA 428 &
A& o7 F(40 mg) benzene:EtOAc(7:1, v/v)&
AAguhz g £5 & TLC:?—_ 23] . A3l galo]
B2 355 1(8.0 me)E daElatsut.

EI-MS m/z : 314(M", molecular ion), 299, 296,
278, 271, 167, 149(base ion). NOESY correlations
: H-2'/6'-H-3'/H-6', OMe-4'—H-3"/H-5", H-2—
H-2'/H-6". 'H- 2 C-NMR# HMBCS] #427=
Table 1o YeRHSITT.

2.6.2 =10

SJD-5-6 ¥ 8 E% methanol 7H %
FET (40 mg)E ATt

EI-MS m/z : 285(M", molecular ion), 270, 242,
214, 185, 153, 132, 89. NOESY correlations : H-2
—H-2'/H-6", H-2'/6'—H-2/H-3'/H-5", H-6+~H-8.
'H- 2 "C-NMR3} HMBC®] #4737 Table 19
SN

€ F53 3

2.6.3 SIgEm
SJD-5-8¢] EEE(F0 mg)& benzene:acetone

Table 1. Chemical shift assignments using

'H-, ""C-NMR and HMBC spectra®

for compound 1

and 1I.
Compound [ Compound Tl
B¢ H HMBC Bc 'H HMBC
Position dc OH Jen 8C ¢H Jon
2 15339 7.84(s) - 15433 78%(s) -
3 12312 - H2, 2,6 12477 - H2, 2,6
4 18080 - H2 18224 - H2
5 15357 - - 16363 - -
6 13638 - H8 10071 624(d, 22) H8
7 17217 - - 16567 - H86
8 9831 610(s) - 9546 632(d, 22) H86
9 156.79 - H28 15965 - H28
10 10238 - HS 106.73 - H86
T 12557 - H2, 3,5 12450 - H22,6,3,5
742 739 )
z B0 4420 68) - 13150 (dd, 21, 68) H26
, 69 693
3 11482 (dd, 20,68) - 11537 (d 21, 6% H2 ¢
4 16094 - H2635 16109 H2635
, 695 6.93 s
5 11482 (dd, 20,68) - 11537 (dd 2168y 20358
, 742 739 }
6 13140 (dd, 20,68) - 15150 (dd, 21,68) H26
OCH;
6 5572 3.79(s) cb - - -
4 6020 380(s) c4 5654 379 (s) C4

* Spectra recorded at 500 MHz('"H) and 125 MHz(®C). Assignments were aided by 2D NMR COSY, NOESY and HMQC

experiments.

b Values in parentheses are coupling constants, J values in Hz
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Table 2. Chemical shift assignments using 'H-, ""C-NMR and HMBC spectra® for compound I

and IV.
Compound Compound v
5C 'H HMBC bC '‘H HMBC
Position d¢c OH Jeu 8C §H Jeu
2 15366 795(s) - 6387 2;3795% oo m
3 12483 - H2 5451 474 H2equx,2'6°
4 17807 - H2 20335 - H2eq.x H35
5 12716 783(d, 9.0)° - 13296 7.77(d, 90)
6 12208  667(dd, 22, 90) H8 10799 62%(dd, 22, 90)
7 17693 - - 16590 -
8 10427 644(d, 22) H6 10262 625(d, 22)
9 16147 - H28 16519 - H5
10 11332 - H68 11521 - H86
1 12652 - H22'6°3°5 12791 -
743 i 723 ke
695 6.82 e
11472 (dd, 31, 67) - 11426 (dd, 22, 67) H3°5
16084 - H2'635 15934 - H3 526
s 695 6.82 e
5 11472 (dd, 21, 67) - 11426 (dd 22, 67) H3'5
6 B gaioeny RO 12912 @B e  WBISTE
OCH;
4 5571 381(s) c4’ 5426 373(s)

* Spectra recorded at 500 MHz('H) and 125 MHz(®C). Assignments were aided by 2D NMR COSY, NOESY and HMQC experiments

® Values in parentheses are coupling constants, J values in Hz

(5:2, v/v)& AN 42 & preparative TLCH <13
2 - AASe FHEM(34 mg)S dstlnt

EI-MS m/z : 268(M", molecular ion), 236, 225,
183, 155, 125, 97. NOESY correlations : H-6<
H-5, H-2'/6'~H-2/H-3'/H-5', H-3'/5'>OMe. 'H-
2 UC-NMR #4273 Table 20 Jehiich.

2.6.4 BBV

SID-5-139] £EEIA 428 HES Ao
FEIV(23 mg)E DA

EI-MS m/z : 270(M", base ion), 258, 229, 153,
151, 137, 134, 121, 91. NOESY correlations :
H-2e¢~H-2ax/H-3/H-3'/H-5", H-2ux=H-2:/H-2'/

H-3/H-6", H-3-H-2'/H-6'/H-5, H-2'/6'<H-3'/
H-5'/H-5, H-5-H-3/H-6/H-2'/H-6". 'H- 2
BO-NMR #4253+ Table 20 YRt

3. Znt J uF
3.1 &BE1

s BRo gFaade 782 RE dojy
AR 19 BAHE BI-MS 29EHAN m/z 3142
Uehgth. 'H-NMR A2HEHX § 7.849) singlet
A1 isoflavonoid®] H-2¢] 71¢18h:= Aoz 35t
£ 1 9] isoflavonoid FA9] F#EYS e ith
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(Talukdar, 2000). °]= HMBC ~¥E&|A H-2¢
C-1', C-4, 2 C-99%9] A} peakd] ENZHEHE &
A=At

E8 § 6.109 singlet Al A H-89
methine protonol A%3ATH e & 3.79, &
3.809) 2709 singlet Al-1d2 methoxyl7lol &2}
= Ao A% H-6% B9 H-4'2 47 A%34Y
=4, ol SFE 19 NOESY 2"EZHA H-3',
H-5"9} C-4"9] methoxyl7]¢+e] AH# peak$ HMBC
~HEYo|A C4'9e] @A peakE HATLEA
methoxyl7]7} C-4'o] A& & 5 U

C-NMR(DEPT) 2#ERNe F 17749 &2
Aol el on, 013 methoxyl7]el frefishes &
A7} 271, methine ©47} 67], 181 quaternary ©
A7} 971 S g 4 Uitk 6 180.80 Agrawal
(1989) 2 Harborne(1994)¢ Z3lel w} carbonyl
ekl C-4o A%

ol 71NEAAn, & 12 57-dihydroxy-
4’ 6-dimethoxyisoflavoneg! irisolidone2 7=
A cHFig. 1).

3.2 &tgt=E 0

B13H2 1= EI-MSel A molecular ion peak(M™)7}
m/z 28414 Uehten], 'H-NMR ~HEHA §
3.799) singlet signal® methoxyl719] £4, & 6.24
(1H, d. J=2.2 Hz)$} 6.32(1H. d, J=2.2 Hz) A<}
271¢] doublet®] Al1d-& 21 AFAFTZRE metaZ
ol 71918t A2 Mabry(1970)9] Aol wiet A
g9} H-6 2 H-89] methine protonoll Z+zt A&3H5
o}, 2332 8 6.95(2H, dd, J=1.6, 6.4 Hz), & 7.42
(9H. dd. J=1.6, 6.4 Hz)& ZAFAF <3
aromatic ringolA Ztz} orthost meta A%l frelst
+ signalgl A2 FHHA 0, o]E9 assignment
= 7} (1982)9] Aol 23t YnkH o2 BEe] H-4'
o} oxygenated® flavonoids® I FFol @AYol
H-3'.5'7} H-2' 6’5t} high fieldolA Jehtx, 6.5
~17.1 ppm AGoA UYebdtls dajd w2t 8 6.95,
8 7.429) signald 217 B#e H-3' 59 H-2' 6’2

HO

OMe

5,7-Dihydroxy- 4 ,6'-dimethoxyisoflavone
(irisolidone : i)

HO

OMe

5,7-Dihydroxy- 4-methoxyisoflavone
(Biochanin A : 11)

HO

OMe

7-Hydroxy- 4 -methoxyisoflavone
(Formonaonetin : i)

OMe

7-Hydroxy- 4 -methoxyisoflavanone(lV)

Fig. 1. Isoflavonoids from S. japonica.

A&sgch BC-NMR 29 EH0A § 154.339] Al
2o (-20), 18] 3 131.50, 115.37¢] Al2d& B
Cc-2', 6 B -3, 5d &z ALt

o|ate]l BA AW, BFYEZME 5 7-dihydroxyl-4'-
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Table 3. Antifungal activites of isoflavonoids from S. japonica.

Hyphae growth inhibition rate(%)”

Compound G E F subglutinans C L T T T T
cingulata oxysporum  f.sp. pini  parasitica betulina versicolor palustris viride barzianum

5,7-dihydroxy-6,4"-
dimethoxyisoflavone 131 5 95 381 452 0 1 107 83
5,7-dihydroxy-4~-
methoxyisoflavone 226 226 166 345 476 0 83 19 107
7-hydroxy-4-
methoxyisoflavone 131 60 131 190 24 0 60 71 0
7-hydroxy-4-
methoxyisoflavanone 310 B7 26 702 202 131 1B5 32 417
U100 yg/mL of each compounds was added
methoxyisoflavone¢] biochanin AZ SRSt 3.4 3321V

{Fig. 1). ©]*= Charles(1993)¢] A#tole dxjslge
9 23R el HEdME dEEdekeE Bust vk
(Komatsu, 1976).

3.3 &=

S3EM EI-MS 29 EH A= molecular ion
peak(M")& m/z 268¢ Jehith. 'H-NMR 29 £
ol Jehd & 3.81(0Me-4")9] singlet signale
methoxyl7| & Jeliz slen, & 6.44(1H, 4,
J=2.2 Hz, H-8), 6.67(1H, dd. J=2.2, 9.0 Hz, H-6)
2 7.83(1H, d J=9.0 Hz, H-5)9} 3718 Aadee
AYAQ 1,2,4-308 FFYAA Jehde Fe=,
phloroglucinol ¥-¥+%¢ H-8, H-6 2182 H-5¢)
methine protonoll ztzt A&IIATE ol C-To
oxygenated® 7% H-57} C&9 3= carbonyl”]¢]
anisotropic effect® 18t low fieldolA vE}L}7]
w o)},

BFEMe “C-NMR 2HERME & 15719 &
A Aage] Ygyten, o|F methine®47} 871,
quaternary B271 771 82 ¢ F 3leH, olF &
176.939] Alz2g2 C-Td A&3IEh

olAe 7171 RMAx, SFEME T-hydroxy-4'-
methoxyisoflavone, & formononetin®2 S35
o} (Fig.1).

HFEIVY EI-MS 2BEHHAE molecular ion
peak(M")°] m/z 270& Jebdrt. 'H-NMR 29 EH
A Jehd & 4.27(1H, dd, J=9.0, 11.0 Hz,
H-2ax)3 8 3.69(1H, dd, J=5.0, 11.0 Hz, H-2eq)
9] % 709 double doulet A1 H-29] axial %
eqatorial protonol 7—]'7—]’ A&3tact. & 4.74(1H,
dd J—50 9.0 Hz, H-3)¢] A1'd< isoflavanone

Z9| H-39 methine protondl FA&dTE,
13c NMR 29EPdE Wi WLd B2 8
63.879) Alage C-20 A&} £ NOESY ~
e YA H-59 H-3, H-2, 6’0 M2 AdaAE
RoZ0 24 o]F protonEe] A 2HET F329 5
FE24S Jen L AU

o]Ae] A= FFEINNE T-hydroxy-4-methoxy-
isoflavanone 2.2 FA 39 tH(Fig. 1).

3.6 22|23 ney
ST SRR Ud 439 SFEel UE 3

TS A2 YT 2F, $EHYY 2F, ST S
2% 9 Rasld 35l gt AT 1 A9 3
B2 19 5,7-dihydroxy-4’.6-dimethoxyisoflavone
o] A% 100 pg/mLe] FEAA ¥ FEFQ C
parasitica. 9% 3 FQ L. betulina®) i3l 247+
38.1%% 45.2%9 TAHAZAAEE YeUdE &
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71 99 FAIFF gEiAE 10% 459 v ¢ e
&g dehR e, dARERQ) T versicolors)
A5L Ay qAetA] R3te Aoz YehgHTable
3). BAFEUQ 5.7-dihydroxyl-4"-methoxyisofla-
vone® T2 AL Uellol C parasitica.$ L.
betulina ©]9]9] FAIEFo| I PHE F A&
Uelslen T versicolord R{E JA8HA] B3}
= Ao2 YEtHTable 1). £3), g¢EmMY 7-
hydroxy-4"-methoxyisoflavone?| $-ol& 100 pg/
mLe] FEAN BE FAEF sl 20%0]3te) u)
§ 2 FAHFAAEE YERRY FEEA ) fle
Rog FAEAUHTable 3). 22}, SFENQ 7-
hydroxy-4"-methoxyisoflavanone® 7Z$dle ¢
parasitica.o ™3l 70.2%9) FALIFA A &S Ve
o AEBWHAT G. cingulata, F. oxysporum
9 gu8FY T viride, T harzianum®} W8] 30%
oM 40%9 AAELE 12jx o 99 FANEF sl
A 15% AF9 AA &S Jehlo] A& FA¢ 3
T&o] 9le Ao & B AHTable 1). o]} #o]
isoflavanone %] FFEIV7} isoflavone+22 3
FEI, O 2 Mol vs) JiH oz @4do] ¥& A
flavanone 3}3HE°] flavone 32 HT} FF&A o)
=0 23 Choi &, 2001) 9% Yxj8l= Aot}

ol T ERZRE Reld 439 IAFES
Fagdol e Ao YEIton o] 1 F2F
£ 71908 Aog Asgrh A HA F2AHY
E7R& isoflavonoid 2 £, flavanone %4l narin-
genin(4’,5, 7-trihydroxyflavanone) 2t} isoflavanone
TZ9l genistein(4’,5,7-trihydroxyisoflavanone)©]
Y53 B2 gt 4L Jebd A (Choi F, 2001)
ol A Hiz ule} o) 4% B isoflavonoid 33 Eo
D gAo] ¥& ALE FEHAY F ¥A 5L
methoxyl7lel  ¢|§¢ HRS=E naringenin(4’,5,7-
trihydroxyflavanone)?] 4'$] ¥ 7'o] methoxyl”]7}
£-2 angophorol (5, 7-dihydroxy-4"-methoxyflavanone)
oy} sakuranetin(4’ 5-dihydroxy-7-methoxyflava-
none)°} naringenin®t} dF&Ao] & A(Choi
5, 2001)4% hydrox!1717} methoxyld gl we} &
o] grolxl o2 FAFUT

ojde] A7 £ AelA dald 439 isoflavonoid
&3 2 YFEAE vEho] R BR ke
FAEY(LAATY, 200002 B Aol gl 2
Hol9j9] E2o] A AL F4HY 35 B
EZ9 90| Q¥ Aoz ARHAT}

4.2 B

58 LA vehd 3SUF B9 dee
FEERYE Sephadex LH-207} silica gel column
chromatography & ©l48< 4% isoflavonoid
Es 2gdden, g4 244 ddMeE NMR
2 MS 59 717184& E3to 5 7-dihydroxy-4".6-
dimethoxyisoflavon (irisolidone), 5,7-dihydroxy-
4"~methoxyisoflavone (biochanin A), 7-hydroxy-
4’~methoxyisoflavone (formononetin), 7-hydroxy-
4'~-methoxyisoflavanone 2.2 ztz} B34}, olE
g2 FRBAHE ZAY 2T 4F FI) 2L §
FEEE vl 33y BR 2o dagae
& AN D& EHo)9e] Edo] Hodl= Ao
2 3R 23 $AELY] dMo] o @ Rog A}
aHUT

1]
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