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The constitutive isoflavones genistein, 2'-hydroxygenistein, wighteone and luteone have been 
isolated in varying amounts from methanolic leaf washings of eight species belonging to the 
legume genus Lupinus. These four compounds likewise occur in the flower buds, stems, roots and 
immature pods of L. albus, and in stems and roots of L. angustifolius and L. mutabilis. A minor 
isoflavone present in L. albus and L. luteus leaf washings has been identified by chemical and 
spectroscopic procedures as 5,7,4'-trihydroxy-3-methoxy-6-(3,3-dimethylallyl)isoflavone (lupiso- 
flavone). Apart from genistein, 2'-hydroxygenistein, wighteone and luteone, the roots of L. albus 
also contain alpinumisoflavone, licoisoflavone B and 6,3'-di-(3,3-dimethylallyl)genistein (lupalbi-
genin).

Introduction

A num ber of constitutive 5-hydroxylated isofla­
vones are known to occur in the roots and above­
ground parts o f several species belonging to the 
genus Lupinus (Legum inosae-Papilionoideae; tribe 
Genisteae; subtribe Lupininae) [1, 2]. As well as 
genistein (5,7,4'-trihydroxyisoflavone, 1) and 5 -0 -  
methylgenistein, both o f which are com monly found 
elsewhere in the G enisteae [1, 3], these com pounds 
include various other aglycones, e.g. luteone (5,7,2',4'- 
tetrahydroxy-6-(3,3-dim ethylallyl)isoflavone, 2), and 
at least six O- and C-glycosides [1, 2], Luteone, first 
isolated from young fruits o f L. luteus [4], is partic­
ularly notable because of its presence on the surface 
o f lupin leaves [5] where, in conjunction with related 
com pounds such as 5,7,4'-trihydroxy-6-(3,3-dim e- 
thylallyl)isoflavone (wighteone, 3), it may inhibit 
the spore germ ination and /o r germ tube growth of 
many potentially pathogenic fungi [5]. In Lupinus 
leaves, constitutive fungitoxic isoflavones appear to 
replace the post-infectionally form ed (induced) iso- 
flavonoid phytoalexins which occur characteristical­
ly as antim icrobial defence com pounds in the tis­
sues o f a great m any papilionate legumes [1, 6 ]. An 
earlier study [5] revealed that in addition  to luteone 
and wighteone (the latter substance is denoted 
“LA-1” in ref. [5]), the methanolic washings of L. albus
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leaves contained a num ber o f o ther phenolic iso­
flavones. These com pounds have now been identi­
fied as genistein (1), 2 '-hydroxygenistein (5,7,2',4'- 
tetrahydroxyisoflavone, 4) and the previously un­
reported 5,7,4'-trihydroxy-3/-m ethoxy-6-(3,3-dim e- 
thylallyl)isoflavone (5) for which we propose the 
trivial nam e lupisoflavone. Isoflavones 1 - 5  have 
also been variously detected in washings from 
leaves o f several additional Lupinus species.

Results and Discussion

Lupinus albus leaves were briefly im m ersed 
(1 min) in M eOH to rem ove the bulk o f surface iso­
flavones. The resulting solution was then filtered, 
reduced to near dryness in vacuo, and the residual 
brown syrup chrom atographed (see Experim ental 
for details) to yield small am ounts of genistein ( 1 ) 
and 2'-hydroxygenistein (4) together with som ewhat 
larger quantities o f luteone (2) and w ighteone (3) 
(Table I). All four com pounds, but particularly 2 
and 3, proved to be fungitoxic when tested (25 and
50 fig) against Cladosporium herbarum using the 
TLC plate bioassay procedure described by H o­
mans and Fuchs [7, 8 ]. Isoflavones 1 - 4  were firmly 
identified by UV, MS and TLC com parison with 
authentic m aterial previously obtained from Neono- 
tonia (Glycine) wightii (isoflavones 1, 3 and 4 [9]) 
and L. luteus (isoflavone 2 [4]).

In addition  to the above m entioned com pounds, 
MeOH washings o f L. albus leaves also contained 
traces o f a new isoflavone (lupisoflavone, 5) which,
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Table I. Isoflavones associated with the leaf surface and 
other parts of 8 Lupinus spp.
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L. albus cv.
Kievskij Mutant FB a - +  b + ++ (+ )?

IP <  0.5 c <  0.5 1 <  0.5
L < 0 .5 <  0.5 4 3 <  1
R d + + + + -

S - + + + + (+ )?

L. angustifolius
cv. Beliak L 2 1 26 7 Tr?

R + + + (+) -
S + + + + + —

L. arboreus L <  0.1 - <0.1 - -
L. arcticus L + + + + (+) + + -
L. elegans L <0.1 Tr <0.5 <  0.5 -
L. luteus 

cv. Barpine L 1 0.5 3 4
cv. Refusa L <  0.5 <0.5 2 1 —

cv. Topaz L 2 2 15 31 <  0.5

L. mutabiIis L 1 <  0.5 Tr <  0.5 —

R + + (+) + -
S + + + (+) + —

L. nanus L Tr Tr <  0.5 <0.5 -

a FB =  Flower bud; IP =  Immature pod (30 -  50 mm in 
length); L = Leaf; R =  Root; S =  Stem. 
b Isoflavone levels assessed qualitatively using the scale, 
+ + +  = large quantity (probably >  10 |ig/g fresh tissue) to 
(+) = trace amount (probably <  1 ng/g fresh tissue). ? = 
Provisional identification.
c Numerical values refer to isoflavone concentrations ex­
pressed as ng/g fresh tissue. These were determined spec- 
trophotometrically using log e = 4.45 at 266 nm for luteone
[4] (compounds 2, 3 and 5) or log e = 4.63 at 262 nm for 
genistein [28] (compounds 1 and 4). Tr =  Trace (com­
pound detectable by Si gel TLC, but obtained in amounts 
insufficient for UV quantification). -  = Not detected. 
d Alpinumisoflavone (11), licoisoflavone B (12) and lup- 
albigenin (13) were also obtained from L. albus roots (see 
text).

like o ther 5-hydroxy derivatives including its co­
constituents 1 - 4 ,  exhibited a purple-black fluores­
cence on TLC plates viewed under long wavelength 
UV light. A TLC bioassay (test organism , C. herba- 
rum) indicated tha t lupisoflavone (25 jag) possessed 
antifungal properties although the resulting inh ib i­
tion zone was only slight when com pared with that

given by com parable quantities o f luteone and 
wighteone.

Apart from signals a ttribu tab le  to the m ethylene 
(H -l" ), olefinic (H-2") and non-equivalent term inal 
methyl (H-4" and H-5") protons o f a 3,3-dim ethyl- 
allyl side-chain, the 'H N M R  spectrum  (CDC13) of 
lupisoflavone ([M]+ 368) also revealed an OM e sub­
stituent (<5 3.94), a hydrogen-bonded OH group 
(<5 13.26) and the sharp low-field (<5 7.85) singlet 
characteristic o f an isoflavone derivative. The MS 
of 5 revealed m ajor fragm ents at m /z  325 (M +—43) 
and m /z  313 (M +—55) thereby providing further 
support for a 3,3-dim ethylallyl attachm ent, whilst 
the arom atic ring substituents (A-ring, 3,3-dim ethyl­
allyl unit and two OH groups; B-ring, OH and OM e 
groups) were deduced from  low intensity ions ap ­
parent at m /z  165 (A-ring derived; cf. MS data for 
luteone and w ighteone [4, 9]) and m /z  148 (B-ring 
derived; cf. MS data  for calycosin and 3 '-0 -m ethy l- 
orobol [10, 11]). As the M eOH UV (269 nm ) m axi­
m um  o f lupisoflavone shifts bathochrom ically  by 
5 — 6  nm upon addition  o f A1C13 or N aO A c, the two 
A-ring OH substituents can only be sited at C-5 and 
C-7 [12]. The associated 3,3-dim ethylallyl group 
must therefore be at either C - 8  or, m ore probably  in 
view of the co-occurrence o f lupisoflavone with 2  

and 3, at C-6 .

A: R = oh 3; R = h

8 : R1 Me 9 ; r ' = r 2= Et

W hen lupisoflavone was heated w ith / 7-toluene- 
sulphonic acid [13], two chrom atographically  dis­
tinct chrom an derivatives (a-cyclolupisoflavone 6 , 
and /?-cyclolupisoflavone 7) were ob ta ined  in ap ­
prox. equal quantities. Significantly, the a-isom er 
('•max, MeOH: 265 nm) gave a distinct 6  nm batho- 
chrom ic UV shift with N aO A c w hereas the ß-
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isomer did not (see Experim ental for full spectro­
scopic details). M oreover, the M eOH UV m axim um  
of /?-cyclolupisoflavone shifted bathochrom ically  by 
4 nm upon addition  o f A1C13, whilst that o f a-cyclo- 
lupisoflavone was com pletely unaffected. These 
data indicate that the 3,3-dim ethylallyl group o f 5 
occurs at C - 6  ra ther than at the alternative C - 8  

position as, for exam ple, in the recently reported 
Phciseolus isoflavone, 2 ,3-dehydrokievitone [14]. 
Lupisoflavone dim ethyl ether 8  ([M]+ 396; the H- 
bonded C-5 OH rem ains unm ethylated) gave a blue 
colour on TLC plates sprayed with G ibbs reagen t/ 
aqueous N a 2C 0 3 [8 ], an observation which also 
provides support for assignm ent o f the 3^3-dime- 
thylallyl substituent to C-6 . In the 'H N M R  spec­
trum  of lupisoflavone, the singlet resonance at <5 6.39 
(CDC13) or <5 6.52 (acetone-d6) can be attribu ted  to 
the C - 8  proton.

'H N M R  signals (acetone-d 6  spectrum ) due to the 
three rem aining (B-ring) arom atic protons {51.25 d,
7.06 dd and 6.89 d) clearly suggested that 5 was 
oxygenated at e ither C -27C -4 ', C -37C -4 ' or C -27  
C-5'. The latter arrangem ent was quickly d iscount­
ed, however, because all known legum e isoflavones 
with B-ring dioxygenation are substituted at C-4'
[1], A lthough a firm  decision between the 2 7 4 ' and 
374 ' oxygenation patterns could not be m ade from 
the spectroscopic data alone, the 374 ' disposition 
was favoured for two reasons. First, the B-ring 
proton signals o f 5 were in very close accord with 
those reported for com parable com pounds such as 
3 '-0 -m ethylorobol (<5 7.26, H-2'; 7.10, H -6 '; 6 .8 6 , 
H-5': acetone-d 6  [11]), petalostetin  ((5 7.07, 6.99 and 
6.83 respectively: CDC13 [15]) and durm illone (<5 

7.12, 6.97 and 6.85 respectively: CDC13 [16]). Se­
condly, the H-5' resonance o f 2 '/4 '-d isubstitu ted  iso­
flavones often appears between 6.30 and 6.60 ppm  
[14, 17—19] whereas for lupisoflavone, lupalbigenin 
(13) and other 3 '/4 '-d isubstitu ted  com pounds [11, 
15, 16] the corresponding signal is evident at about 
6.90 ppm in both acetone-d 6  and CDC13.

As noted earlier, the lupisoflavone B-ring contains 
both an OH and an OM e substituent, and the exact 
location of these (3 '-O M e and 4 '-O H ) was eventual­
ly established by chem ical degradation. A m ixture 
o f i -  and /?-cyclolupisoflavone ( 6  and 7) was First 
ethylated (diethyl su lphate [20]) and the products (9 
and 10) separated by Si gel TLC. After determ ina­
tion of their UV m axim a (see Experim ental), com ­
pounds 9 and 10 (both o f which have identically

substituted B-rings) were again com bined and then 
degraded with H 20 2 under alkaline conditions to 
afford a substance identical (UV, MS, TLC) with 
authentic vanillic acid ethyl ether. The degradation  
product could be distinguished chrom atographically  
not only from isovanillic acid ethyl ether (synthetic 
or derived via alkaline peroxide treatm ent o f ethyl­
ated calycosin [10]) but also from 2-ethoxy-4- 
methoxybenzoic acid and its 2-m ethoxy-4-ethoxy 
isomer; one or other o f the latter acids would have 
been obtained if the starting isoflavone possessed 
oxygenation (O H /O M e) at C-2' and C-4'. Together 
with inform ation on acidic cyclisation o f the 3,3-di­
methylallyl group (see above), the form ation o f 
vanillic acid ethyl ether allows lupisoflavone to be 
correctly form ulated as 5,7,4'-trihydroxy-3'-m eth- 
oxy-6-(3,3-dim ethylallyl)isoflavone (5).

As shown in Table I, isoflavones 1 - 4  were gen­
erally present throughout L. a/bus, occurring in 
small but readily detectable quantities on leaf sur­
faces and in roots, pods, flower buds (apart from  1 ) 
and stems (not 1). Except for 2 '-hydroxygenistein 
and luteone, which could not be isolated from  leaf 
washings of L. arboreus, the sam e com pounds were 
also associated with leaves and various o ther parts 
of a further seven Old and N ew W orld Lupinus 
species. The leaves o f L. angustifolius and L. luteus 
cv. Topaz proved to be particularly  rich sources o f 
luteone and wighteone. Lupisoflavone was firm ly 
identified only as a constituent o f L. albus and L. 
luteus leaf washings, although som e evidence was 
obtained to suggest that traces o f this com pound 
might sim ilarly occur in stems and flower buds o f L. 
albus, and on leaves o f L. angustifolius.

In addition to com pounds 1 — 4, exam ination o f 
L. albus roots also revealed the presence o f alpinum - 
isoflavone ( 11; < 1  (ig/g fresh tissue), licoisoflavone 
B (12; 5 —10 Mg/g fresh tissue), and a substance 
(lupalbigenin) later found to be a d iprenylated  
derivative o f genistein (1 —5 ng/g  fresh tissue). All 
three isoflavones proved to be antifungal when 
tested (TLC plate bioassay) against C. herbarum at 
an applied level o f about 25 ng. A lpinum isoflavone 
and licoisoflavone B were readily identified by 
chrom atographic and spectroscopic com parison 
with authentic m aterial. Licoisoflavone B has prev i­
ously been found to occur only in the roots o f Sin- 
kiang licorice {Glycyrrhiza sp.; Legum inosae-Papi- 
lionoideae; tribe G alegeae) [21] and its appearance 
in L. albus is entirely unexpected. In contrast, how ­
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ever, the isolation o f  alpinum isoflavone is som e­
w hat less surprising as this com plex isoflavone was 
first discovered in Laburnum (Legum inosae-Papi- 
lionoideae; tribe G enisteae; subtribe G enistinae), a 
genus very closely allied to Lupinus [22], Several 
other legumes also contain alpinum isoflavone [ 1 ], 
and in Erythrina variegata (as in L. a/bus) this 
isoflavone co-occurs with its presum ed biosynthetic 
precursor w ighteone 3 (=  erythrinin B) [ 1, 23].

The Lupinus isoflavone term ed lupalbigenin (13; 
M + 406) was hydroxylated at C-5 and C-7 (batho- 
chrom ic UV shifts were obtained with A1C13 and 
NaOAc respectively [12]), and from its 'H N M R  
spectrum  clearly contained two 3,3-dim ethylallyl 
substituents, one o f  these being assigned to C - 6  by 
analogy with com pounds 2, 3, 5 and 11. Assuming 
oxygenation (here O H ) at C -4 \ the second 3,3-di- 
methylallyl group can be readily placed at C-3' (cf. 
licoisoflavone B, 12) from coupling observed be­
tween the arom atic  B-ring protons (H -2 \ meta- 
coupled; H-5', ortho-coupled; H -6 ', ortho- and meta- 
coupled). L upalbigenin  would thus appear to be 
6 ,3 '-di-(3,3-dim ethylallyl)genistein (13), a com ­
pound also found in the aerial parts o f Millettia 
pachycarpa (Legum inosae-Papilionoideae; tribe Te- 
phrosieae) [24], T his provisional identification has 
recently been confirm ed by direct UV, MS and TLC 
com parison with the Millettia isoflavone. The 2'- 
hydroxy analogue o f 13 is already known to occur in 
roots o f L. angustifolius where it is thought to deter 
feeding by certain insect larvae [25].

10: R = Et

14;  R1 = R2 = Me 15: R' =R2= Me

Plant material. Seeds o f Lupinus albus L. cv. 
Kievskij M utant, L. angustifolius L. cv. Beliak, L. 
mutabilis Sweet (all supplied by Prof. W. W illiams, 
Dept, o f Agricultural Botany, Univ. o f Reading), L. 
luteus L. cvs. Barpine, Refusa and T opaz (im ported 
from The N etherlands, W est G erm any and Poland 
respectively), L. arboreus Sims, L. elegans H.B.K., 
L. nanus Dougl. (all from the Chelsea Physic G ar­
den, London), and L. arcticus S. Wats, (from the 
Univ. o f Oslo Botanic G arden) were sown in John 
Innes No. 1 com post and the resulting plants then 
grown in a glasshouse (w ithout supplem entary  light­
ing) at approx. 20°. Leaves and o ther parts for 
chemical analysis were norm ally collected when the 
plants were 4 weeks old (L. luteus cv. Topaz), 13 
weeks old (L. arcticus), or between 8  and 10 weeks 
old (all o ther species).

Isolation and purification o f  Lupinus isoflavones. 
Freshly harvested Lupinus leaves (sam ple sizes var­
ied from about 5 g to m ore than 300 g) were placed 
in a beaker, covered with M eOH  and gently stirred 
for 30 sec. The M eOH was then decanted and the 
procedure repeated for periods o f 2 0  sec and 
10 sec respectively. The com bined M eOH washings 
for each species were suction filtered, reduced to 
near dryness (in vacuo, 40 °) and the brown oily 
residue applied  in EtOAc to one or m ore Si gel TLC 
plates (M erck, F-254, layer thickness 0.5 m m ) which 
were then im m ediately  developed in C H C l3-M eOH 
(20: 1). Bands o f Si gel at R F 0.58 (lupisoflavone, 5), 
0.27 (wighteone, 3), 0.16 (genistein, 1 +  luteone, 2) 
and 0.09 (2'-hydroxygenistein, 4) were removed, 
eluted with EtOAc and the m aterial thus obtained 
further purified  by TLC (Si gel, layer thickness 
0.25 mm) in C H C lr M e 2 C O -aqueous (35%) N H 3 

(70 : 60 : 1). This system separated  1 (R F 0.11) from
2 (Rf. 0.22). All the Lupinus leaf isoflavones ran as 
single spots when checked for hom ogeneity by Si 
gel TLC in several additional solvent systems. O c­
casionally, leaf extracts were fractionated by colum n 
chrom atography prio r to preparative an d /o r  analyt­
ical TLC. In a typical experim ent, the washings 
from approx. 2 0 0  g leaf m aterial were dissolved in 
EtOAc (about 0.5 ml) and the resulting solution 
applied to a colum n (1 x 8  cm) o f dry Si gel (3 g). 
After m oistening the entire colum n with «-hexane, 
the various leaf surface com ponents were eluted 
with 20 ml portions o f «-hexane -  EtOAc as follows:

Experimental
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i) 100 : 5, fraction 1 (lipid m aterial) ii) 100 : 40, frac­
tion 2 (principally isoflavones 1—3 and 5), and iii) 
100 : 60, fraction 3 (principally  isoflavone 4).

Stems ( 1 0 0 -3 0 0  g), flower buds (20 g; L. a/bus 
only), im m ature pods (12 g; L. albus only) and roots 
(100 — 200 g) o f th ree Lupinus spp. (albus, angusti- 

folius and mutabilis) were cut into small pieces, 
placed in a beaker and covered with M eOH. After 
standing (with in term ittent stirring) for 2  days at 
20°, the MeOH extracts were collected and proces­
sed by Si gel TLC as outlined above. In CHC13- 
MeOH (20: 1), the m ajor L. albus root isoflavone 
(licoisoflavone B, 12) was located (approx. R F 0.60) 
im m ediately above the lupisoflavone m arker. Elu­
tion (EtOAc) and additional TLC purification  
(CH Clr M e2 C O -aqueous N H 3, 7 0 :6 0 :1 ,  x2) o f 
this material gave pure licoisoflavone B (lower 
zone) well separated  from an upper fluorescence- 
quenching band consisting predom inantly  o f lup- 
albigenin (13) adm ixed with small quantities o f 
alpinum isoflavone (11). These two isoflavones were 
eventually resolved by Si gel TLC in «-pentane- 
Et2 0-glacial HOAc (75 : 25 : 6 ) (11, R F 0.70; 13; R F 
0.64). Lupisoflavone was not detected in extracts o f 
L. albus roots.

5,7,4'-TrihydroxyisoJ1avone (1) (genistein). UV and 
MS data as lit. [26].

5,7,4'-Trihvdroxy-6-(3,3-dimethylallyl)isoflavone (3) 
(wighteone). UV data as lit. [9]. MS: [M]+ 338 (40), 
m /z  337 (4), 323 (M +-1 5 ; 15), 309 (4), 295 (M +-  
43; 100), 294 (4), 283 (M +-5 5 ;  93), 282 (5), 270 (4), 
165 (4), 123 (4), 121 (4), 118 (8 ).

5,7,2', 4'- Tetra hydroxy isofla vone (4) (2'-hydroxy- 
genistein). UV data as lit. [26]. MS: [M]+ 286 (100), 
m /z  285 (13), 269 (M + -1 7 ; 21), 229 (7), 217 (6 ), 
161 (5), 154 (5), 153 (99), 152 (10), 135 (6 ), 134 (60), 
124 (13), 123 (7).

5,7,2', 4'-Tetrahydroxy-6-( 3,3-dimethylallyl)isoflavone 
(2) (luteone). UV data as lit. [4]. MS: [M]+ 354 (6 6 ), 
m /z  353 (3), 339 (M +-1 5 ; 14), 337 (3), 312 (17), 311 
(M +-4 3 ; 100), 300 (12), 299 (M +-5 5 ; 71), 298 (12), 
281 (4), 269 (11), 241 (8 ), 219 (4), 205 (9), 177 (10), 
165 (33), 161 (5), 149 (4), 135 (8 ), 134 (19), 124 (7), 
123 (11).

5,7,4' -Trihydroxy-3'-methoxy-6-(3,3-dimethylallvl)iso- 
flavone (5) (lupisoflavone). D iazotised / 7-nitroaniline, 
orange; G ibbs reagent, blue (colour is initially faint 
but intensifies upon warming with a hair-dryer). On 
TLC (Si gel) plates viewed under long wavelength 
UV light, lupisoflavone exhibits a purple-black fluo­

rescence unaffected by N H 3 vapour. UV: /.max, nm, 
MeOH 269, 292 sh; + N aO H  281, 330 sh; +  NaOAc 
275, 342 (addition of solid boric acid regenerated the 
MeOH spectrum); +A1C13 274, 327 sh. MS: [M]+ 368 
(42), m /z  367 (4), 353 (M +-1 5 ; 11), 325 (M +-4 3 ; 
100), 314 (13), 313 (M +-5 5 ; 70), 310 (5), 298 (7), 
165 (4), 148 (4), 135 (6 ), 133 (8 ), 105 (9). 'H N M R 
(400 MHz; TMS; acetone-d6; J in Hz): <5 1.65 (d, J5",2" 
=  0.97, 3H, H-5"), 1-78 (s, 3H, H-4"), 3.36 (d, J r ’r  
=  7.32, 2H, H -l"), 3.89 (s, 3H, OMe), 5.27 (br t , 1H, 
H-2"), 6.52 (s, 1H, H-8 ), 6.89 (d, J 5̂ = 8 .3 0 ,  1H, 
H-5'), 7.06 (dd, J6.,y =  8.30 and J6-r =  2.44, 1 H, H-6 '), 
7.25 (d, J r  6' =  2.44, 1H, H-2'), 8.19 (s, 1H, H-2), 
approx. 13.3 (s, 1 H, C-5 OH). 'H  N M R  (CDC13) 
<5 1.78, 1.85 (both 5 , each 3H, H-4" and H -5"), 3.48 (d, 
J,".2"=  6.59, 2H. H -l"), 3.94 (s, 3H, OM e), 5.29 (br t, 
1 H, H-2"), 5.70 (br s, 1 H, OH?), 6.18 (br s, 1 H, OH?), 
6.39 (s, 1H, H-8 ), 6.95 (dd, J6< 5.=  8.05 and J6, 2,=  1.47, 
1 H, H-6 '), 6.98 (d, J 5̂ = 8 .0 5 ,  1 H, H-5'), 7.12 (d, 
J2, 6,=  1.47, 1H, H-2'), 7.85 (s, 1H, H-2), 13.26 (s, 1H, 
C-5 OH). Dimethyl ether (8 ) (C H 2N 2; R F 0.15 in 
CC14 -CHC13, 4 :1 ) . Diazotised /?-nitroaniline, pale 
orange; Gibbs reagent, blue. UV: / max, nm, MeOH 
268, 292 sh; + N aO H  274; +A1C13 273. The MeOH 
spectrum of 8  was unaffected by NaOAc. MS: [M]+ 
396 (32), m /z  395 (4), 382 (7), 381 (M + -  15; 11), 367 
(6 ), 354 (15), 353 (M + -  43; 100), 342 (13), 341 (M + -  
55; 70), 339 (9), 337 (6 ), 328 (6 ), 327 (9).

Alpinumisoflavone (11). Diazotised / 7-nitroaniline, 
orange, G ibbs reagent, blue (colour initially weak). 
Long wavelength UV fluorescence as given for 5. UV: 
/.max, nm. MeOH 283; + N aO H  242 sh, 291, 342 sh; 
+A1C13 295, 355. The MeOH spectrum o f 11 was un­
affected by NaOAc. MS: [M]+ 336 (20), m /z  335 (2), 
323 (4), 322 (22), 321 (M + -  15; 100), 320 (3), 203 (5), 
177 (5), 152 (5), 150 (4), 149 (30), 145 (5), 137 (9), 
135 (16). 133 (5), 123 (8 ), 121 (6 ), 119 (8 ), 118 (10).

Licoisoflavone B (12). Diazotised /7-nitroaniline, 
orange; G ibbs reagent, deep blue. Long wavelength 
UV fluorescence as given for 5. UV: /.max, nm, MeOH 
264; +N aO H  245, 268, 342; +  NaOAc 276, 326 (addi­
tion o f solid boric acid regenerated the M eOH spec­
trum); +  A1C13 270, 308, 366. MS: [M]+ 352 (7), m /z  
338 (8 ). 337 (M + -  15; 100), 295 (2), 185 (4), 168 (3), 
153 (2). 'H NM R (400 MHz; TMS; acetone-d6; J in 
Hz) <5 1.42 (s, 6 H, 2 x Me), 5.70 (d, J r ,4» =  9.76, 1H, 
H-3"), 6.35 (d, J 6 8 =  1.95, 1H, H-6 ), 6.40 (d, J 5< 6  =  
approx. 8.3, 1 H. H-5'), 6.50 (d, J 8 , 6  =  1 -95, 1 H, H-8 ), 
6.78 (d, J4".3" =  9.76, 1H, H-4"), 7.04 (d, J6',5'=  approx. 
8.3, 1H. H-6 '), 8.25 (s, 1H, H-2), 12.52 (s, 1 H, C-5
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OH). Dimethyl ether (14) (C H 2N 2 ; R F 0.76 in 
CHCI3 ). D iazotised /7-nitroaniline, orange; G ibbs 
reagent, blue. UV: /.max, nm, M eOH 261; +  N aO H  
240^sh, 266; +A1C13 271, 307, 366. The M eOH spec­
trum  of 14 was unaffected by NaOAc. MS: [M]+ 380
(21), m /z  379 (3), 367 (4), 366 (23), 365 (M + -  15; 
100), 350 (7).

6,3'-di-(3,3-dimethylallyl)genistein (13) (lupalbige- 
nin). D iazotised / 7-nitroaniline, orange; G ibbs re­
agent, blue (colour initially weak). Long wavelength 
UV fluorescence as given for 5. UV: /.max, nm, 
M eOH 268; + N a O H  279, 335; +  N aO A c 273, 336 
(addition  o f solid boric acid regenerated the M eOH 
spectrum ); +  AICI3 274, 325 sh, 362. MS: [M]+ 406 
(75), m /z  391 (M + -  15; 6 ), 364 (12), 363 (M + -  43; 
78), 352 (14), 351 (M + -  55; 100), 350 (6 ). 'H N M R 
(400 MHz; TMS; acetone-d6; J in Hz) <5 1.65, 1.71,
1.73, 1.78 (all 5, each 3H, H-4", H -5", H -4'", H -5'"),
3.36 (d, J r . r  =  = 7 .8 1 , 2 x 2H, H -l" , H -P "), 
5.28, 5.38 (both b rt, each 1H, H-2", H -2'"), 6.51 (s,
1H, H -8 ), 6.90 (d, Js ',6'=  7.82, 1H, H-5'), 7.26 (dd, 
J6', 5 ' =  7.82 and J6-,r =  1-95, 1 H, H -6 '), 7.33 (d, J 2',6' 
=  1.95, 1H, H-2'), 8.08 (s, 1H, H-2), 13.34 (s, 1 H, 
C-5 OH). Dimethyl ether (1 5 ) (C H 2N 2 ; R f  0.75. in 
CH CI3 -CCI4 , 1 :1 ) . D iazotised p-nitroaniline, pale 
orange; G ibbs reagent, blue. UV: / max, nm, M eOH 
269; +  N aO H  273; +  A1C13 274. The M eOH spec­
trum  o f 15 was unaffected by NaOAc. MS: [M]+ 434
(28), m /z  419 (M + -  15; 34), 392 (23), 391 (M + -  
43; 65), 380 (28), 379 (M + -  55; 100), 378 (9).

Acidic cyclisation o f  lupisoflavone. A m ixture o f 5 
(1 mg), / 7-toluenesulphonic acid (1.5 mg) and C 6 H 6  

(1 ml) was heated (75 — 80°) in a sealed tube for 
60 m in [13]. EtOAc ( 1 5 - 2 0  ml) was then added, 
and the solution shaken (x 2) with aqueous N a H C 0 3 

(0.5%; about 10 ml). The aqueous layer was dis­
carded and the EtOAc fraction allowed to stand 
(12 h) over N a 2S 0 4  before being reduced to dryness 
in vacuo (40°). Si gel TLC (C H C l3-M eOH, 20 : 1 ) o f 
the products gave oc-cyclolupisoflavone 6  (approx. 
300 (ig; R f  0.46) well separated  from the /?-isomer 7 
(approx. 250 |ig; R F 0.83). A m arker o f uncyclised 
lupisoflavone was located at R F 0.65. UV m axim a 
recorded for isoflavones 6 and 7 were as follows:
i) i-cyclolupisoflavone (6 ). /.max, nm, M eOH 265, 
290 sh; +  N aO H  275, 314 sh; +  N aO A c 271, 326 
(addition  o f solid boric acid regenerated the M eOH 
spectrum ). The M eOH  spectrum  o f 6  was unaffect­
ed by AICI3 . ii) ß-cyclolupisoßavone (7 ). / max, nm, 
M eOH 270, 290 sh; +  N aO H  282, 300 sh; +  A1C13

274, 320 sh. The M eOH spectrum  o f 7 was unaffect­
ed by anhydrous NaOAc.

Ethylation o f  1 - and ß-cyclolupisoßavone. A m ix­
ture of 6  and 7 (500 (ig) was dissolved in dry M e2CO 
(4 ml) and then refluxed with stirring in the pres­
ence o f anhydrous K 2C 0 3 (0.2 g) and diethyl su l­
phate (10 (il) for approx. 2 h. After rem oval o f 
K2 C O 3 and M e2CO [20], the residue was chrom a­
tographed (Si gel TLC; C H C l3-M eOH, 5 0 :1 )  to 
afford 9 (approx. 200 fig) and 10 (approx. 180 (ig) at 
Ä/.-0.44 and 0.76 respectively. UV m axim a recorded 
for isoflavones 9 and 10 were as follows: i) 7,4'-di- 
ethoxy-i-cyclolupisoflavone (9). /.max, nm, M eOH  
264. 290 sh, 324 sh. The M eOH spectrum  of 9 was 
unaffected by NaOAc or AICI3 . ii) 4’-ethoxy-ß-cyclo- 
lupisqflavone (10). /.max, nm, M eOH 270, 288 sh; 
+  AICI3 273, 320 sh. The M eOH spectrum  of 10 was 
unaffected by NaOAc.

Degradation o f  ethylated isoflavones 9 and 10. 
H 2O 2  (30%) was added dropw ise in portions (0.1 ml; 
0.05m l; 0 .05m l; 0.1 ml) over a 4 h  period to a 
stirred solution o f 9 +  10 (com bined am ount, 
350 |ig) in EtOH (1 ml) and aqueous KOH (15%; 
0.25 ml) at approx. 20°. A fter standing for a fu rther 
12 h, the m ixture was acidified (pH 2; 2n  HC1) 
and then extracted (x3) w ith EtOAc. The com bined 
organic fractions were dehydrated  (N a 2S 0 4; 12 h), 
reduced to dryness in vacuo (40°), and the residue 
chrom atographed (Si gel TLC; C H C l3-M eOH, 
3 0 :1 )  to furnish a single, fluorescence-quenching 
product (R f 0.22) indistinguishable (UV, MS, TLC) 
from synthetic vanillic acid ethyl ether (3-m ethoxy-
4-ethoxybenzoic acid). In the sam e TLC system, 
isovanillic acid ethyl ether (3-ethoxy-4-m ethoxy- 
benzoic acid; both synthetic and derived by H 20 2 

oxidation o f ethylated calycosin) was located at R F 
0.24, whilst 2-ethoxy-4-m ethoxybenzoic acid and 2- 
m ethoxy-4-ethoxybenzoic acid ran to R F 0.74 and 
0.56 respectively. C orresponding R F values in tolu- 
ene-/>-dioxane (4 :1 )  were: vanillic acid ethyl ether 
(synthetic, and from isoflavones 9 and 10), R F 0.41; 
isovanillic acid ethyl ether (synthetic, and from  
ethylated calycosin), R F 0.44; 2-ethoxy-4-m ethoxy- 
benzoic acid, R F 0.47; 2-m ethoxy-4-ethoxybenzoic 
acid, R f 0.35. Vanillic acid ethyl ether and iso­
vanillic acid ethyl ether were indistinguishable by
Si gel TLC in a variety o f o ther solvent systems.

Preparation o f  vanillic acid ethyl ether. A m ixture 
of vanillic acid (50 mg), dry M e 2CO (10 ml), an ­
hydrous K 2C 0 3 (0.5 g) and diethyl sulphate
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(0.06 ml) was refluxed with stirring for 2 h. After 
addition o f H20  (5 ml), the reaction m ixture was 
concentrated in vacuo (40°) to about 3 ml, and then 
shaken with an approx. equal volum e o f Et20 .  The 
ether layer was collected, and the solvent rem oved 
under reduced pressure to yield 3-methoxy-4- 
ethoxyvanillic acid ethyl ester (18 mg). Exam ination 
o f the rem aining aqueous phase (acidification with 
2 n  HC1, followed by extraction with Et20  and 
eventual TLC purification  o f the ether extract) 
revealed only unchanged vanillic acid. The preced­
ing ethyl ester, w ithout further purification, was 
refluxed (2 -  3 h) with EtOH (1 ml) and aqueous 
N aO H  (2 n; 1 ml), and the cooled m ixture then 
acidified (pH 2; 2 n  HC1) prior to extraction with 
Et20 .  Si gel TLC (C H C l3-M eOH, 10: 1) o f the E t20  
extract gave vanillic acid ethyl ether (approx. 5 mg) 
at R F 0.63. UV: / max, nm, M eOH 254, 289; + N aO H  
251, 285, 290 sh. MS: [M]+ 196 (63), m /z  168 (M + -  
28; 100), 153 (84), 151 (17), 125 (16), 97 (17), 79 
(17). Identical UV and MS data were obtained for 
the product resulting from  H 20 2  oxidation o f eth- 
ylated isoflavones 9 and 10.

Preparation o f  isovanillic acid ethyl ether. Isovanil- 
lic acid (100 mg) in dry M e2CO (10 ml) was reflux­
ed with anhydrous K 2C 0 3 (0.25 g) and diethyl sul-

[1] J. L. Ingham, Fortschr. Chem. Org. NatStoffe in press.
[2] N. A. Laman and L. P. Oleksyuk, Vestsi Akad. Navuk

B.S.S.R., Ser. Biyal. Navuk 1982, 101. (Chem. Abstr. 
97,3540 (1982)).

[3] J. B. Harborne, Phytochemistry 8, 1449 (1969).
[4] H. Fukui, H. Egawa, K. Koshimizu, and T. Mitsui, 

Agric. Biol. Chem. 37,417 (1973).
[5] J. B. Harborne, J. L. Ingham, L. King, and M. Payne, 

Phytochemistry 15, 1485 (1976).
[6] J. L. Ingham, Phytoalexins (J. A. Bailey and J. W. 

Mansfield, eds.), p. 21, Blackie, Glasgow 1982.
[7] A. L. Homans and A. Fuchs, J. Chromatogr. 51, 327 

(1970).
[8] J. L. Ingham, Phytopathol. Z. 87,353 (1976).
[9] J. L. Ingham, N. T. Keen, and T. Hymowitz, Phyto­

chemistry 16, 1943 (1977).
[10] D. R. Biggs and G. A. Lane, Phytochemistry 17, 1683

(1978).
[11] M. E. Leite de Almeida and O. R. Gottlieb, Phyto­

chemistry 13,751 (1974).
[12] T. J. Mabry, K. R. Markham, and M. B. Thomas, The 

Systematic Identification of Flavonoids, Springer, 
Berlin 1970.

[13] F. Bohlmann, C. Zdero, H. Robinson, and R. M. 
King, Phytochemistry 2 0 ,2245 (1981).

[14] M. D. Woodward, Phytochemistry 18,2007 (1979).

phate (0.2 ml) for 5 h, and the reaction m ixture then 
treated as described for p repara tion  o f vanillic acid 
ethyl ether to yield 3-ethoxy-4-m ethoxyisovanillic 
acid ethyl ester (20 mg). In addition , an E t20  extract 
o f the acidified aqueous phase afforded two sub­
stances upon Si gel TLC in C H C l3-M eO H  (10: 1). 
One o f these (R F 0.31) proved to be unchanged iso­
vanillic acid, whilst the o ther (R F 0.63) was identi­
fied (MS) as the desired isovanillic acid ethyl ether 
(30 mg). UV: / max, nm, M eOH  254, 289; + N aO H  
250, 286, 290 sh. MS: [M]+ 196 (62), m /z  168 (M + -  
28; 100), 153 (76), 151 (16), 125 (16), 97 (16), 79 
(19). As expected, H 20 2  oxidation o f ethylated caly- 
cosin gave a single substance indistinguishable (UV, 
MS, TLC) from synthetic isovanillic acid ethyl 
ether.

Acknowledgements

We thank Mr. R. W. Butters and Mr. K. W ata- 
nabe for MS analyses, and Mr. J. K aw abata for 
determ ination o f 'H N M R  spectra. A uthentic sam ­
ples o f 2, and 11 — 13 were respectively supplied by 
Drs. H. Fukui, C. Vilain, T. K inoshita and R. P. 
Sharma. Financial assistance (to J. L. I) from  the 
S.E.R.C. is also gratefully acknowledged.

[15] S. J. Torrance, R. M. Wiedhopf, J. J. Hoffmann, and 
J. R. Cole, Phytochemistry 18, 366 (1979).

[16] R. J. Highet and P. F. Highet, J. Org. Chem. 32, 1055 
(1967).

[17] R. Braz Filho, G. Pedreira, O. R. Gottlieb, and J. G.
S. Maia, Phytochemistry 1 5 ,1029 (1976).

[18] T. Kinoshita, T. Saitoh, and S. Shibata, Chem. 
Pharm. Bull. Tokyo 24,991 (1976).

[19] M. Shabbir, A. Zaman, L. Crombie, B. Tuck, and 
D. A. Whiting, J. Chem. Soc. (C) 1968,1899.

[20] J. L. Ingham, Z. Naturforsch. 34 c, 159 (1979).
[21] T. Saitoh, H. Noguchi, and S. Shibata, Chem. Pharm. 

Bull. Tokyo 26,144(1978).
[22] B. Jackson, P. J. Owen, and F. Scheinmann, J. Chem. 

Soc. (C) 1971,3389.
[23] V. H. Deshpande, A. D. Pendse, and R. Pendse, 

Indian J. Chem. 15 B, 205 (1977).
[24] A. K. Singhal, R. P. Sharma, G. Thyagarajan, W. 

Herz, and S. Govindan, Phytochemistry 19, 929 
(1980).

[25] G. B. Russell, O. R. W. Sutherland, G. A. Lane, and
D. R. Biggs, Proc. 2nd. Australasian Conf. Grassld. 
Invertebr. Ecol. (Session 3) 1978,95.

[26] J. L. Ingham, Z. Naturforsch. 31 c, 504 (1976).
[27] R. B. Bradbury and D. W. White, J. Chem. Soc. 1951, 

3447.


