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Abstract-Three isoflavone glucosldes were isolated from cell suspension cultures of red bean ( Vlgna angularls) treated 
with actmomycm D and identified as daldzm, daldzem 7,4’-dl-o-fi-D-glucoslde, and a new compound, 2’- 
hydroxydaldzem 7,4’-di-0-/I-D-glucoslde These compounds were also accompanied by a new hgnan, (+)- 
(lR,2S,5R,6S)-2,6-di(4’-hydroxyphenyl)-3,7-dioxablcyclo(3,3,0)octane. 

INTRODUCTION HOyy 

Stress metabohtes are mductively formed by plant tissues 
m response to a wide variety of stresses such as mfectlon 
with micro-organisms, mechanical wounding, UV n+radi- 
atlon, dehydration, or treatment with phytotoxlc cheml- 
cals [l] Among these metabohtes, phytoalexms which 
accumulate in the tissue through contact with a fungus 
exhibit mhlbltory activities against certain potential plant 
pathogens [2,3], and have been shown to be produced m 
response to treatment with both blotlc and abiotic 
ehcltors [2-61. The use of chemical elicitors, such as 
actmomycm D, may provide a simple model for the study 
of stress metabolism observed m plant tissue treated with 
biotic ehcltors. Cell suspension cultures have also been 
employed m studies aimed at elucldatmg the regulatory 
mechanism of the biosynthesis of such stress metabohtes 
There are, however, only a few studies [7, 81 on 
phytoalexm production using a combmatlon of 
suspension-cultured cells and ablotlc elicitors This paper 
reports the lsolatlon and characterlzatlon of four com- 
pounds produced by cell suspension cultures of red bean 
(Vlgna angularls Ohwl et Ohashl, ‘azukl’) m response to a 
stress caused by the admmistration of actmomycm D. 
Two are known compounds, daldzm (daldzem 7-0-p-D- 
glucoslde, 2) and daldzem 7,4’-di-0-P-D-glucoside (3), 
whereas the other two are new, namely (+)- 
(1 R, 2S, 5R,6S)-2,6-dl(4’-hydroxyphenyl)-3,7-dioxablcyclo 
(3,3,0)octane (1) and 2’-hydroxydaldzem 7,4’-dl-O-/I-D- 
glucoslde (4). 

OH 

R’-“wo_R2 
2 R’= B-Glc, F?‘= H 
3 F?‘=R’=p-Glc 
5 R’=R’=H 

8 R’=H, R’=Me 

R3-owo_R4 

4 R3=R4=j3-GIc 

9 R3=R4=H 

RESULTS AND DISCUSSION 

Culture medium (800 ml) and cells (170 g fr. wt) of 30- 
day-old actmomycm D treated cell suspensions of red 
bean were separated by filtration and extracted with ether 
and methanol, respectively. HPLC analysis of each extract 
showed that some metabohtes accumulated m response to 
the admmistratlon of actmomycm D Repeated 
chromatography (HPLC and SI gel CC) of the extract 
from the culture medium gave 59Opg 1. On the other 
hand, the defatted methanol extract of cells was roughly 
separated mto two fractions by chromatography on a 

6 R5= OMe, R6=H 

7 R5= H,R6=OMe 
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Sephadex LH-20 column Droplet counter-current chro- 
matography of one fraction yielded 12 4 mg 2, whereas 
chromatography of the other fraction (on Sephadex LH- 
20 and Sl gel) gave 7 2 mg 3 and 17.6 mg 4 

Compound 1 (M+ 298, C,,H,,O,), [~]o+25 3”, was 
Identified as the hgnan, 2,6-dl(4’-hydroxyphenyl)-3,7- 
dloxablcyclo(3,3,0)octane by UV, IR, NMR and mass 
spectral data which were essentially ldentlcal with the 
published data for natural (-)-hgballmol[9], [a] ,,- 7 l”, 
and Its synthetic racemate or ‘( &)-p-coumarylresmol’ 
[lo] Thus, although there IS a disparity m the rotation 
values, it 1s clear that I 1s the enantlomer ofllgballinof 
Since all ( + )-sesamm type hgnans so far Isolated have the 
lR,2S,SR,6S configuration [ll, 121, the structure shown 
in 1 is reasonable. The positive CD Cotton ef?&ts at 
226 nm A.E + 0 47 and 280 nm AE + 0 02 are also con- 
sistent with this conclusion [ 131 This compound 1s a rare 
example of a naturally occurring hgnan with mono- 
oxygenated aromatic rmgs 

glucondase, indicate that the anomerlc configuration of 
the glucosyl moiety 1s b, smce the chemical shifts of C-3” 
and C-5” are similar to those of methyl B-D-(tetra-o- 
acetyl) glucopyranoslde (6) 1151 but different from those 
of the a-isomer (7) [15] (Table 2) Enzymatic hydrolysis of 
the methylated derlvatlve of 2 gave formononetm (7- 
hydroxy-4’-methoxylsoflavone, 8). whose mass spectrum 
showed a fragment ton at mjz 132 caused by a retro- 
Duels+Alder cleavage (wavy lme m S), whereas that of the 
7.4’-dlhydroxy compound, 5, showed the correspondmg 
ion at m/z 118 These results indicate that the 7-hydroxyl 
group m 2 1s glucosyiated and that Z IS daldzm (daldzem- 
7-O-P-D-glucoside) [ 141 

The ‘H NMR (Table 1). UV and mass spectra of 2- 
peracetate (AC-~) showed 2 to be an isoflavone monogly- 
coslde. Hydrolysis of 2 with /?-glucosldase (EC 3 2 1 21) 
yielded daldzem (7,4’-dlhydroxyrsoflavone, 5) [14] as the 
aglycone, which was ldentlfied by UV and mass spectra, 
the sugar moiety was determined as D-ghCOSe by com- 
parison of the HPLC retention time with that of an 
authentic sample The 13C NMR data (Table 2) of Ac-2, m 
addition to the fact that 2 can be hydrolysed by fl- 

The ’ H NMR spectrum (Table 1) of 3-peracetate (AC-~) 
showed 3 to be a daidzem derlvatlve m which both 
hydroxyl groups are glycosylated Enzymatic hydrolysis 
of 3 gave 5 and D-ghCOSe as the sole sugar; furthermore, 
the 13C NMR data (Table 2) indicate theconfigurations at 
C-l” and C-l”’ to be b Hence, 3 IS daldzem 7,4’-dl-o-B-D- 
glucoslde 

The mass spectrum of 4 showed a catlomzed molecular 
ion peak at m/z 617 [M + Na]’ (FDMS) and that of 4- 
peracetate (AC-~) showed a M+ peak at m,/; 972 (EIMS) 
This mdlcates the presence of an addltlonal hydroxyl 
group m 4 m comparison to 3 The chemical shifts (d 6 88. 
6 95 and 7.28) and the coupling constants (J, 5 = 2 6 Hz 
and J 5 6, = 8 8 Hz) m the spectrum of AC-~ suggested a 
2’,4’-droxygenated structure for nng B The 13C NMR 

Table 1 ‘H NMR data for peracetylated lsoflavone glucosldes AC-~. AC-~ and AC-~ 

AC-~ AC-~ 
____ --_____ _~_ __- __i--~ -. 

Proton 6 J (Hz) 6 J (Hz) 6 

H-2 797s 

H-5 8 25 d 
H-6 7 06 dd 
H-X 704d 
H-2’ 7 5X d 
H-3’ 7 17 d 

H-5’ 7 17 d 
H-6’ 15X d 

H-l” 524 m 

H-2” 5.34 m 

H-3” 5.34 R 

H-4” 5 19 m 

H-5” 396 ddd 

H-6”b 4 22 dd 

H-6”a 4 30 dd 
H-1”’ 

H-2”’ 

H-3”’ _ 

H-4”’ 

H-5”’ - 

H_6”‘b _ 

H-6”‘a 

AC (Me) 206s 

207 5 

208 7 

210 5 

XX 

8X,24 

24 

89 

X9 

x9 

89 

_ 

tiIQ.57..25 

124, 25 

124. 57 

794 s 

8 24 d 

106 dd 

704d 
749 d 

707d 

70ld 
749 d 

524 m 

5 33 m 

533 %l 

519 m 

396 Ihid 

422 dd 
430 dd 

512~1 

531 m 

531 m 

5 18 m 

387 ddd 

418 dd 

429 dd 
205 s 

206y(x2) 

207 I 

208 5 

209 c 

210 7 

X9 

x9,25 

25 

91 

91 

91 

91 

- 

10?,60,26 

126. 26 

126.60 

103.60.26 

126, 26 

126.60 
- 

784 \ 
X22 d 
7 06 dd 

704d 

688d 

695 dd 

7 28 d 

523 m 

5 34 m 

5 34 rm 

51X m 

3 96 d&i 

4 22 dd 
4 29 dd 

513 m 

5 ‘3 m 

523 m 

5 1X m 

388 ddd 

41Xdd 

42Xdd 

204s 

-- 

AC-~ 

.I (Hz) 

91 

91.23 

23 

26 

XX.26 

88 

103 6.0,25 

126. 25 

126. 60 

103. 60. 25 

126. 25 

126. 60 

206.\(x2) 
208 $(X2) 
209 \( x2) 
211 b 

212 \ 
-__ 

Spectra were measured at 360 MHz In CDCI, (TMS reference) 



c-2 

c-3 
c-4 

C-5 

C-6 

c-7 

C-8 

C-8a 

c-4a 
C-l’ 
C-2’ 

C-3’ 

C-4’ 

C-5’ 

C-6’ 
C-l”, C-1”’ 
C-2”, C-2”’ 

C-3”, C-3” 
C-4”, C-4”’ 

C-511, C-5” 

C-6”, C-6”’ 

AC (C =0) 

AC (Me) 

152.82 152.47 153 67 
124.71 124.71 122 13 
175.28 175 43 174.67 

128.22 128.10 128 13 - - 

115.41 115.32 115.47 - 

16060 16051 160.63 - - 

104 32 104.23 104 38 - - 

157 32 157 29 15741$ - 

120.23 12009 11988§ 

129 24 126 64 119 746 
130.00 130 18 149.81 

121.67 11699 11201 - 

150 71 156.83 157 56$ - -. 

121.67 11699 114.62 - - 

13000 130 18 13211 

98 35 99.06, 98 24 9891, 9829 101.70 96.95 

7100 7109, 70.92 71.06 ( x 2) 71.40 70 95 

72 52* 72.64, 72.35t 72 67, 72.4711 73 05 70.25 

68.17 68 22, 68.08 68 22, 68.14 68.60 68.75 

72.44+ 72.35, 72.03t 72.47, 72.1411 71.95 67.30 

61.91 61.85 ( x 2) 61.91 (x 2) 62.00 62 05 

17043 170.49 170.52 (x 2) - - 

170.11 170 37 170.40 - 

169.35 ( x 2) 170.11 ( x 2) 170.11 ( x 2) - - 

169.17 169.32 ( x 3) 169 35 ( x 2) - 

- 169 14 169.14 - - 

168.79 

21 13 20 90 - - 

2057 (x4) 20.52 ( x 8) 20.57 ( x 8) - - 

Stress metabobtes of Vzgna anguluru 

Table 2 13C NMR data for peracetylated lsoflavone glucosldes AC-~, AC-~ and AC-~ 

AC-~ AC-~ AC-~ 61 78 
Carbon s 6 6 6 6 

Spectra were measured at 25 MHz in CDCI, (CDCl, reference) 

*,t,$, §,I[ Values with the same sign are Interchangeable 

I Ref. [15] 

data estabhshed the substitution position of the ad- 
dltlonal hydroxyl group. Thus, the chemical shifts 
(Table 2) of C-2-C-4 in AC-~ differed from those in AC-~ 
and AC-~, a fact which can be explained only by the sterlc 
effects caused by the presence of the additional hydroxyl 
group linked to C-2’ and not to C-3’ m ring B. This 
conclusion was also supported by good agreement be- 
tween observed and calculated “CNMR shifts [16, 171 
for AC-~ but not between observed shifts and calculated 
values [16, 173 for the 3’-acetoxy isomer. Compound 4 is 
thus 2’-hydroxydaidzein 7,4’-dl-O-/?-D-glucoslde. 

The presence of these isoflavone glucosides m the intact 
plant, in callus grown on agar medium, and m cells 
cultured in the liquid medium without actinomycin D was 
also examined. Although no significant amounts were 
detected in the intact plant and callus of red bean, a small 
amount was shown to accumulate in the suspennon- 
cultured cells; treatment with actmomycin D greatly 
enhanced this accumulation (Fig. 1). Thus, these com- 
pounds must be stress metabolites produced by the cells in 
response to the admimstratlon of actmomycin D. Daidzin 
(2) is known as one of the allelochemtcs of red clover 
(Trifolium pratense L.) [ 181, as well as 5 and 8, whereas 3 
has recently been isolated [19] from a Chinese drug, the 
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0 1 2 3 4 5 

Retentkon time, mm 

Fig. 1 Companson of accumulation of lsoflavone glucosldes on 

day 14 m actmomycm D treated (- )anduntreated(-----) 

cell suspensions. Extracts from both cell suspensions were 
analysed by HPLC on a Partlsll-10 ODS-2 column (4 mm 1.d. 

x 25cm) usmg MeOH-H,O (4.1) as solvent (flow rate 
0.5 ml/mm), and the eluate was momtored with a UV detector 

(250 nm). The difference m accumulation was further enhanced 
on day 30, the day of harvest. 
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dried root of Puerarta lobata (Wllld ) Ohwl, together with 
2 and 5 The free Isoflavones, such as daldzem (5) or 7,2’,4’- 
trlhydroxylsoflavone (9), have been detected m fungus- 
Infected plants and designated as possible mtermedlates m 
the biosynthesis of pterocarpan phytoalexms [20]. On the 
other hand, 2-4 are, as far as we know, the first examples 
of glycosylated lsoflavones produced by plant material 
under stressed condltlons mcludmg mfectlon with micro- 
orgamsms These glycosylated metabohtes may be m- 
volved m the storage or transport of phytoalexms or their 
precursors 

EXPERIMENTAL 

Suspenaron c ulture~ and admmrstratron ofacrmomyLm D The 

cell suspension culture of red bean (VIgna angularIs Ohwl et 

Ohashi) used was that estabhshed by Mr KenJl Katoh of this 
Institute and mamtamed for more than 4 years by subculturmg at 

i j-day mtervais m -Murashlge&koog medium contammg 3 ‘:<, 

sucrose and 1 mg/l 2,4-dlchlorophenoxyacetlc acid Cultures 
were grown at 25 m 500-ml Sakaguchl flasks containing 100 ml 

of the medium and lOm1 of moculatlve cell suspension on a 

reciprocal shaker (110 strokes/mm) In order to induce produc- 

tlon of stress metabohtes, 10 ml of an aq soln of actmomycm D 

was added to a lo-day-old cell suspension, to give a final concn of 
lOmgj1, and cultures were continued for a further 20 days, m 

control expts H,O (10ml) was added instead of a soln of 
actnnomycm D 

I\olurlon and purljcatron of stresr metabolrteh Cultured cell 
suspension was separated mto culture medmm (800ml) and cells 

(17Og fr wt) by filtration, which were extracted with Et,0 and 

MeOH. respectively Both extracts were analysed by HPLC on a 
Partis&10 ODS-2 column (Whatman, 4 mm I d x 25 cm) usmg 

MeOH-H,O (4 1) as solvent (flow rate 0 5 ml/mm) The eluate 

was monitored with a UV detector (250nm) and only peaks 
whose mtensltles enlarged when actmomycm D was admmlstered 

to the cell suspension were checked For prep purposes, the Et,0 

extract of the culture medmm was chromatographed on a HPLC 
column, under the same condmons as mentioned above. and the 

fractions which showed increased peak height on actmomycm D 

treatment were collected This fraction was repeatedly chromat- 

ographed on SI gel columns eluted with n-hexane-EtOAc (1 3 
and 1 1) to yield 1 The defatted MeOH extract of suspenslon- 
cultured cells was chromatographed on a Sephadex LH-20 

column (Pharmdna) eluted with MeOH-H,O (1 1) to give two 

portions, as momtored by UV absorption at 250nm The mmor 
portion was purltied by droplet count%r-current chromatography 

using both aq and orgamc layers of CHCI,-MeOH-H,O 

(7 13 8) as solvents to yreld 2 The major portion containing a 
large amount of sugars was chromatographed twice with 

Sephadex LH-20, elutmg with MeOH-H,O (1 1 and 3 2) and 

once with SI gel, elutmg with CHCl,-MeOH-H,O (6 4 1), to 

give 3 and 4 

(+ )-(lR, 2S,5R,6S)-2,6-DI-(4’-hydroxypheny~~3,7-dloxablcyclo 
(3,3,0)octane (1) Colorless needles UV ,?$pH nm 227, 

276, 283 (sh) IR vcycrn-’ 3300 (br, OH), 1610, 1512, 823 
(1,4-dlsubstltuted aromatlc ring) ‘HNMR (360MHz, Me,CO- 

d,. TMS) 6 3 07 (2H, m. H-l and H-5), 3 78 (2H, dd, Ja,, &,> 
= J,, 8eq = 9 4 Hz, J,,, 5 = JBax, 1 = 3 8 Hz, H-4ax and ~~~a~~, 

4 18 W, dd J+.,eq = JBax geq = 9 4 Hz, JI,, 5 = Jgeq , 
= 7 4 Hz, H4eq and H-deq). 4 6; (2H. d, J, , = J, : = 4 7 HL. 

H-2 and H-6), 6 80 (4H, d,- J = 9 i Hz, H-i’gnd fi-“5’ of both 

aromatic rings), 7 21 (4H, d, J = 9 2 Hz, H-2’ and H-6’ of both 

aromatic rings), 8 32 (2H, br 5, phenohc protons) EIMS (70 eV), 

m,‘z(rel mt ) 298 [Ml+ (33 0),267 [M -CH,O -HI’ (11 5), 175 

[M - HOC,H,CHO - H]+ (26 3), 133 [HOC,H,CH 

=CHCH,]+ (620), 121 [HOC,H,CO]+ (1000). 107 
[HOC,H,CH,]+ (54 7) High resolution MS m/l M+ 298 1195 

(C,,H,,O,) [&I$‘+253 (MeOH. (006) CD AfZlb+047. 

A&,,,+002 (MeOH. c 0016) 
Dnrdzrn (daIdLeln-7-0-8-o-qluctl.clde) (2) Colorless needles 

‘H NMR (360 MHZ. CD,CN, TMS) d 3 34 (1 H, m, H-4”), 3 43 

(2H, m, H-2” and H-3”). 3 52 (IH, ddd, J,, ( = 9 7 Hz, J5..,h,a 
=61Hz, .I,,h.h=26Hz H-5”). 361 (lH, dd, Jb.a,6.b 

= 120Hz, J,,,,,= 6 1 Hz, H-6”a), 3 80 (lH, dd, J,,,, 6”b 

= 120Hz,J,,,,,sb= 2 6 Hz. H-6”b). 507 (lH, d, J, 2, = 7 5’Hz. 

H-l”), 6 86 (2H. d. Jz,,3, = .I,. h = 8 7 Hz, H-3’ and H-5’). 7 11 

(lH, dd. J, h = 8 4 Hz, J, H = 2 3 Hz. H-b), 7 13 (lH, d. J, B 
= 2 3 HZ, H-X), 7 40 (ZH, d, Jz 3 = J, ,(_ = 8 7 Hz. H-2’ and H- 

6’), 8 08 (lH, 7. H-2) 8 I1 (lH, d, J, ,, = 8 4 Hz, H-5) FDMS 

(70eV)m/z(rel mt) 439[M +Na]’ 1167),416[M]+ (900),254 

[M - glucosyl + H]’ (1000). 163 [glucosyl]’ (100). 127 

[C,H:O,]+ (11 1) 
Acet)/atmn cg 2 Compound 2 wds acetylated with Ac,O and 

pyridme to yleid 4’-U-acetyidaldiem 7;0-~-D-(T’,.~,4”,6’‘-tetra- 

O-acetyl)glucoslde (AC-~) UViE:EHnm 330. 251, 296. 304 
‘H NMR, see Table I ‘“C’NMR. see Tdble 2 EIMS (70eV) m,‘r 
(rel mt) 627[M+H]‘(21).584[M-MeCO+H]+ (13).331 

[Ac,glucosyl] + (34 9), 297 [M + H - Ac,glucosyl + H] + (8 7), 

271 [331 - HOAc] ’ (8 7) 254 1297 - MeCO]’ (I5 7). 211 [271 
-HOAc]+ (44). 169 [?ll-MeCO+H]+ (100.0). 109 1169 

- HOAc] * (47 4) 
Enzlmutrc hjdro[ysu oJ'2 A mrxture contammg, m a final vol 

of 5 ml, 500 lcmol acetate bulfer, pH 4 7. IO pmol 2, and 25 units 
of P-glucosldaae (emulsm) was Incubated at 3@ for 4 hr The 

hydrolysdte was extracted with EtOAc The EtOAc extract was 

purdied on a SI gel column eluted ulth n-hexdneeEtOAc (1 3) to 

give daldzem (5) UV i !$z” nm 249. ?58(sh), 300. + NaOH 260, 
291,332 EIMS (70eV) m/r (iel mt 1 254 [M]’ (lOOO), 137 [M 

-118+H]’ (71 8). 118 [HC=CC,H,OH]’ (402) The aq 

layer m the EtOAc extractlon of the hydrolysate was filtered 

through Sep-Pak C,, cartridge (Waters). The filtrate was anal- 

ysed by HPLC on a MCI-CKOXS column (Mitsublshl-Kdsel. 

4 mm I d x 2, cm, x 2) eluted nlth Hz0 (flow r&e 0 3 ml/mm) at 

65’ The eluate WdS monitored with d RI detector Standard 

samples of D-ghCOSe, o-galactose and D-mannose were eluted at 

10 3,1 I I and 11 4 mm, respectnelq The sugar component m the 

aq layer had an Identical R, with that of D-glucose 

Methylalron and \ubseyuent hvdrolvst oj 2 After methylatlon 
of 2 with CH,N,. the resulting methyl ether was hydrolysed 31th 

P-glucosldase under slmliar condltlons to those described above 

The hydrolysate was extracted with EtOAc and purified on a St 

gel column to yield formononetm (7-hydroxy-4’-methoxy- 

isoflavone, 8) EIMS (70 eV) m/z (rel mt 1 268 [M] + (100 0), 253 
[M-Me]’ (145) 132 [HC=CC,H,OMe]+ (768). 108 [M 
- 132 - CO] + (32 2) 

Dardzern-7,4’-dl-0-B-o-glucocrde (3) Colorless needles 

UV~.~~H-tH~onm 231,255.294. 304(sh). + NaOH 231, 254, 
295. 304(sh) IRv:flcrn ’ 3420 (br. OH), 1620 (C=O of 
lsoflavone) FDMS (70 eV) rn(‘z (rel mt ) 601 [M + Na]’ (62 0), 

439 [M - giucosyl t H + Nd] + (3 6), 108 [M - 2glucosql+ 2H 
- HC =CC,H,OH - CO] ’ (100 0) 

fkW_VhLfon qf 3 Compound 3 wds acetyldted wnh Ac,O and 
pyrldme to yield daldzem 7,4’-dl-0-~-D-(2”,3”.4”,6”-tetra-O- 
acetyl)glucoslde (AC-~) IJV j.~~Xc” nm 258. 297, 306 *H NMR, 

see Table 1 13C NMR. see Table 2 FDMS (70eV). m/z (rel lnt ) 

915 [M+H]+ (332), 583 [M - Ac,glucosyl]+ (128). 331 

[Ac,glucosyl] + (100 0), 252 [M - ZAc,glucosyl) + (24 6) 
Enzymatrc hydroly~rs of 3 Compound 3 was hydrolysed with fi- 

glucosldase under similar conditions to those described above 

The aglycone was identified as daldzem (5) by cochromatography 
with an authentic ample [Sl gel TLC. n-hexane- EtOAc-HOAc 
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(1 3 0 l), R, 0 571 and by HPLC [Par&d-l0 ODS-2, Dlrector of the Suntory Institute for Blo-orgamc Research, for 

MeOH-H,O (4 l)] The sugar component was ldentlfied as D- dIscussions 
glucose by HPLC (MCI-CK08S, H,O, 65”) 

2’-Hydroxpdardzem 7,4’-dl-O-S-D-glucostde (4) Colorless 

needles UV i.$2H’Hzonm 240, 247, 261(sh), 286, 304(sh), 

+NaOH 224, 266, 296, 303(sh) IR v~~crn-’ 3360 (br, OH), 

1620 (C=O of lsoflavone) FDMS (70eV) m/z (rel mt) 617 [M 

+Na]+ (!OOO), 595 [M~+H<+ (2 O), 455 [Mu - glucosy! + H 

+Na]+ (1 0) 
Acetylatron of4 Compound 4 was acetylated with Ac,O and 

pyrldme to yield 2’-acetoxydmdzem 7,4’-dl-O-P-D-(2”,3”,4”,6”- 

tetra-0-acetyl)glucoslde (AC-~) UV E. ~:F’J nm 248, 295, 305 
‘HN_MB,~secTab!e I~ 13C NME,~sccTablcX ELMS(70 eY) m/r 
(r.ei mt.). 972 [MG.+ @4),. 929 [M-MLO~.+ (X.6),. 64L CM 
- Ac,glucosyl]+ (5 6), 600 [M - MeCO + H - Ac,glucosyl 

+H]+ (1000). 331 [Ac,glucosyl]+ (4800) 

Enzymatrc hydrolysrs of4 Compound 4 was hydrolysed with B- 

glucosldase, the hydrolysate was extracted with EtOAc and 

purdied on a SI gel column to yield 7,2’,4’-trlhydroxylsoflavone 

(9) uv i E”,“” nm 240,248,261 (sh), 289,306(sh), + NaOH 258, 
W&224. U&L% !.7b_V).mjr (11eJ. mt). X70_ CM<.+ (.!.~_O),. 1.27 CM_ 

-134+H]+ (61 2), 134 [HC-CC,H,(OH),]+ (320) 
Cultwatron of wuact plant and callus culture, and analysts of 

metabohrez Vlgna angularis plants were grown for 20 days at 

20-27” m a phytotron with 15-hr photoperIod Callus of Vlgna 
angularIs was grown for 30 days at 25” under contmuous hght on 

MLlrashlge-Sknog agar medmm contammg 3 :,” sucrose, ! mgj! 

2,4-dichlorophenoxyacetlc acid and 0 1 mg/l kmetm Metabohtes 

of both plant materials were extracted with MeOH and analysed 

by HPLC [PartIs& ODS-2, MeOH-H,O (4 l)] and TLC [Si 

gel, CHCI,-MeOH-H,O (6 4 l)] 
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