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Abstract-Feeding experiments using L-phenylalanine-[U-14C], DL-phenylalanine-[l-‘4C] and -[2-14C] together with 
degradative studies have been used to investigate the biosynthesis of the 2-arylbenzofuran phytoalexin vignafuran in 
UV-treated seedlings of cowpea (Rgna unguiculutn). During the biosynthetic process, C-3 of phenylalanine appears 
to be lost, and the resulting labelling pattern is consistent with vignafuran being derived from an isoflavonoid pre- 
cursor, but the phenylalanine-derived aromatic ring becomes the 2-aryl substituent and not part of the benzofuran 
system. A previously proposed pathway to 2-arylbenzofurans by loss of C-6 from a coumestan is thus excluded. 
Alternative routes are suggested. 

INTRODUCTION 

The number of known naturally-occurring 2-arylbenzo- 
furans is not large, but the variety of structures en- 
countered suggests that they arise not by a single bio- 
synthetic pathway, but by a number of different routes. 
Thus, egonol (1) and homoegonol (2) isolated from 
Styrax species [l] are envisaged as being of bisaryl- 
propanoid (lignan [2] or neolignan [3]) origin, derived 
by a process involving loss of one carbon atom. The close 
structural similarity with lignans/neolignans which 
retain this carbon atom, e.g. eupomatene (3) from 
Eupomatia luurina [2], enhances this view. Other 2-aryl- 
benzofurans bear striking resemblances to stilbenes 
isolated from the same or related sources, and may well 
be derived by oxidative cyclization of hydroxystilbenes 
in a process analogous to laboratory conversions [4]. In 
this group may be placed 2-(3,5-dihydroxyphenyl)-6- 
hydroxybenzofuran (4) which co-occurs with oxyres- 
veratrol (34) in Morus laeuigatu [5], and the recently 
reported phytoalexins moracin A (5) and moracin B (6) 
which are produced on infection of MOW ulbu with 
Fusurium soluni f. sp. mori [6]. The stilbene oxyresveratrol 
has also been isolated from M. ulbu [5]. A third group of 
2-arylbenzofurans, observed in the Leguminosae, appears 
to be related to isoflavonoids, since isoflavonoids having 
similar substitution patterns co-occur in these plants. 
These include pterofuran (7) from Pterocurpus indicus [7], 
neoraufurane (8) from Neoruutuneniu edulis [8], 2-(2,4- 
dihydroxyphenyl)-5,6-dimethoxybenzofuran (9) from 
MJJFOXY~O~I bulsumum [9], and 2-(2,4_dihydroxyphenyl)- 
5,6-methylenedioxybenzofuran (10) and its methyl ether 
(11) from Sophoru tomentosu [lo]. To this group must be 
added the phytoalexins vignafuran (12) from leaves of 
cowpea, Vignu unguiculutu infected with Colletotrichum 
lindemuthiunum [l l] and Lublub niger infected with 
Helminthosporium curbonum [12], and 6-demethylvig- 
nafuran (13) from H. curbonum-infected leaves of 

Tetrugonolobus muritimus, Anthyllis vulneruriu and 
Coronillu emerus [13]. A biosynthetic sequence involving 
loss of one carbon atom (C-6) from a coumestan, by 
analogy with alkaline degradation of coumestans [14], is 
generally postulated [9, 151, and the co-occurrence of 9 
with 3-hydroxy-8,9-dimethoxycoumestan (35) [9] and 10 
and 11 with medicagol (36) [lo] lend support for this 
view. However, plausible sequences involving loss of a 
carbon atom from isoflavone, pterocarpan or pterocar- 
pene precursors may also readily be devised. Neorau- 
furane (8) though, co-occurs with similarly substituted 
pterocarpan, isoflavene and isoflavan derivatives [S, 161, 
e.g. neorauflavane (17) and edudiol (23), and this type of 
biosynthetic origin is thus probably excluded. In this 
case, the benzofuran moiety is presumably related to the 
acetate-derived ring of the isoflavonoid, not the shiki- 
mate-derived ring as above. The biosynthetic route to 2- 
(6-hydroxy-2-methoxy-3,4-methylenedioxyphenyl)-ben- 
zofuran (14) isolated from bakers’ yeast [17] is not readily 
apparent. It is structurally similar to betavulgarin (28) a 
phytoalexin of sugar beet, Beta vulgaris (Chenopodiaceae) 
infected with Cercosporu beticolu [ 181, but an isoflavo- 
noid origin in bakers’ yeast seems unlikely. Biosynthetic 
suggestions also include acetate chain extension of a 
phenylacetyl starter group [19]. 

To extend our investigations into the biosynthesis of 
isoflavonoid phytoalexins and related compounds in 
leguminous plants [20-261, and to establish if there 
exists any relationship between certain 2-arylbenzo- 
furans and the isoflavonoids, we report here preliminary 
results concerning the biosynthesis of vignafuran (12) in 
Vignu unguiculatu seedlings. 

RESULTS AND DISCUSSION 

Vignufurun production in cowpea 

A number of phytoalexins have been isolated from 
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cowpea (vigna unguiculata) after fungal or viral infection. 
Kievitone (38) [27], phaseollin (24) [27], phaseollidin 
(25) [27], 2’-0-methylphaseollidinisoflavan (18) [28] and 
demethylhomopterocarpin (26) [29] are all isoflavonoids; 
vignafuran (12) [l l] represents the first reported 2-aryl- 
benzofuran phytoalexin. This was isolated from leaves of 
light- and dark-grown seedlings infected with Colleto- 
trichum lindemuthianum, only trace amounts being isola- 
ted from the stems. The studies utilized cowpea seed, 
accession line TVu 57 obtained from the International 
Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. 
Because the phytoalexin pattern produced by infected 
cowpea seedlings can vary markedly in different acces- 
sion lines [28], our preliminary studies on vignafuran 
biosynthesis involved four accession lines originating 
from IITA. These were TVu 57 (brown seeds), TVu 57 
(grey seeds), TVu 76, TVu 1035 and K 2809. 7-Day-old 
seedlings from these accession lines, grown in a green- 
house in a peat-based medium all contained traces of 
vignafuran (presumably induced by natural fungal con- 
tamination), but largest quantities were observed in line 
K 2809 and further experiments were directed using plant 
material from this line. Reproducible abiotic induction of 
vignafuran synthesis in P’. unguicuIata proved surprisingly 
difficult to attain. Abiotic induction ensures that bio- 
synthetic studies on phytoalexins reflect the plant’s 
metabolic activity and not fungally-mediated transforma- 
tions. Although a variety of abiotic agents may induce 
phytoalexin synthesis [30], the most convenient materials 
are probably heavy metal salts and UV radiation, and the 
use of cupric chloride, sometimes together with UV light, 
has proved an extremely reliable inducer for biosynthetic 
studies in Trifoolium pratense [ZO, 21,261, Medicago satiua 
[22, 23, 251 and Trigonella foenum-graecum [24]. With 
7-day-old light-grown V. unguiculuta seedlings, CuCI, 
applied to the roots proved ineffective, as did root- 
applied CuCl, + UV irradiation of the leaves. However, 
UV irradiation (254 nm 30 min) of light-grown seedlings 
was found to induce vignafuran production, little or 
none of this phytoalexin being observed in untreated 
seedlings. The age of the seedlings was critical for success- 
ful induction. Seeds were germinated in the dark for 
3 days, then the seedlings were transferred to small 
flasks containing distilled water and grown on in the 
light. Batches of seedlings of different ages were exposed 
to UV light (254 nm, 30min), grown in the dark then 
extracted 16 hr later. Table 1 shows maximum phyto- 

alexin synthesis occurred in 7/S-day-old seedlings, the 
quantities induced falling markedly in younger and older 
seedlings. The amount of vignafuran accumulated in 
seedlings irradiated at 7-days old did not vary signifi- 
cantly with longer induction periods after irradiation, 
similar quantities being isolated after 24, 48 and 72 hr 
periods. Eventually, for feeding experiments, batches of 
25 7-day-old seedlings grown in the light in moist ver- 
miculite, and a feeding period of 24 hr in the dark, were 
utilized. Labelled precursors were administered in 
aqueous solution via the roots. 

Vignafuran, for use as reference and carrier material, 
was synthesized by a route analogous to that employed 
in the synthesis of 6-demethylvignafuran (13) [13]. This 
route exploited the similarity of 2-arylbenzofurans to the 
isoflavonoids, and involved as a key step the formation of 
deoxybenzoins via base hydrolysis of f’-benzyloxyiso- 
flavones. Debenzylation and acid-catalysed ring-closure 
produced 2-arylbenzofurans in reasonable yields. Base- 
hydrolysis of 2’,7-dibenzyloxy-4’-methoxyisoflavone (29) 
yielded the deoxybenzoin (39), which was methylated to 
40. Treatment of 40 with HOAc-HCl afforded vigna- 
furan in a yield of ca 20 % from the isoflavone, as a gummy 
material, which for convenience was converted into the 
crystalline acetate. Two other synthetic approaches to 
vignafuran have been reported [ 11, 3 11. 

Feeding experiments 

The first feeding experiment involved the administra- 
tion of 2’,7-dihydroxy-4’-methoxyisoflavone-[Me-’4C] 

Table 1. Vignafuran content of UV-induced Vigna 
unguiculata seedlings* 

Age of seedlings pg vignafuran isolated 
(days) Expt. (i) Expt. (ii) 

5 4 
6 12 29 
I 34 31 
8 39 26 
9 24 18 

10 9 

* 6 seedlings, exposed to UV for 30min, ex- 
tracted 16 hr later. 
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Table 2. Feeding of r4C-labelled phenylalanines to UV-induced Vignu unguiculata seedlings* and degradation of vignafuran 

Methylvignafuran 
Phenylalanine Incorp. Dilution Sp. act. % 

fed 0 I 
10 dpm/mM 

L-[U-W] 0.022 190 1.33 X lo5 100 
DL-[1-‘4c] 0.019 1060 1.66 X lo5 100 
DL-[2-‘4c] 0.009 2570 6.12 x 10“ 100 

* 25 seedlings, exposed to UV for 30 min, feeding period 24 hr. 

Fragment ring A + C-2 
Sp. act. 0, 

dpm/mM ‘” 

1.19 X 105 89.5 
0 0 

6.23 x lo4 102 

Fragment ring B + C-3 
sp. act. II 

,I 
dpm!mM 

1.88 x 10 14.1 
1.66 X 10” 100 
1.20 x lOA 2 

(9 0, 
iii) 

HOz;. / 

HO < ’ OMe 0 
15 42 43 

i 
MeOH/H + 

I 

Me,SO, 

MeO,: / 

Me0 lB ’ OMe 0 
44 44 

Scheme 1. Degradation of methylvignafuran 

(30) as its Na salt in phosphate buffer to the roots of UV- 
treated seedlings. This isoflavone had proved to be an 
excellent precursor of demethylhomopterocarpin (26), 
sativan (20), vestitol (19) and 9-O-methylcoumestrol (37) 
in Cu*+ -treated lucerne (Medicugo sutica) seedlings 
[22, 23, 2.51 and of demethylhomopterocarpin in simi- 
larly-induced red clover (Trifblium pratense) [Zl] and 
fenugreek (Triyonella f&mum-graecum) [24] seedlings. 
These compounds bear an obvious structural relation- 
ship to vignafuran, and incorporation of this isoflavone 
would have indicated a biosynthetic relationship similar 
to that predicted [9, 151. Vignafuran was isolated from 
the seedlings after a metabolism period of 24 hr, quanti- 
fied by UV spectroscopy, diluted with inactive carrier 
(regenerated from the acetate prior to use), then methyl- 
ated to yield the methyl ether (15) which was purified to 
constant specific activity and counted. No incorporation 
of this isoflavone was observed. Similar experiments 
using 2’,4,4’-trihydroxychalcone-[carbonyl-’4C] (41), 
daidzein-[4-r4C] (31) and formononetin-[Me-‘4C] (32) 
were performed. Again, no significant incorporation of 
activity could be detected. 

Degradation experiments 

Feedings of L-phenylalanine-[U-‘4C], DL-phenyl- 
alanine-[ l-14C] and oL-phenylalanine-[2-‘4C] did re- 
sult in the isolation of radioactive vignafuran, but in- 
corporations were disappointingly low (Table 2). How- 
ever, degradations of the labelled materials were con- 
ducted to establish the labelling patterns produced. 
Degradations of methylvignafuran (15) have been re- 
ported as part of a degradative sequence on coumestrol 

[32, 331. A modification of the ozonolysis reaction re- 
ported previously [32] was employed in the present 
studies. Ozonolysis of methylvignafuran at O-, followed 
by base hydrolysis yielded 2,4-dimethoxybenzoic acid 
(42) and 2-hydroxy-4-methoxybenzoic acid (43) (Scheme 
1). No additional treatment was necessary to decompose 
the initial ozonide, and acid (43) resulted rather than the 
anticipated aldehyde. The two acids were separately 
methylated to give methyl 2,4-dimethoxybenzoate (44), 
and the two samples were purified and counted. The 
results of the three phenylalanine feeding experiments 
and degradative data are shown in Table 2 and Scheme 2. 

The feeding of phenylalanine-[U-“Cl and degrada- 
tion of the methylvignafuran produced show that 14’:, 
(i.e. ca l/8 (12.5 :)) of the activity was located in the frag- 
ment derived from ring B + C-3, and 90”!,, (cti 7;8 
(87.5 “d)) was located in ring A + C-2. This result elimi- 
nates the proposed pathway involving loss of C-6 from a 
coumestan or pterocarpan, which route would locate l/8 
of the activity at C-2 and 718 in ring B + C-3. Vignafuran 
is unlikely to be a simple stilbene derivative, since 
demonstrated biosynthetic pathways [34] would incor- 
porate all carbon atoms of phenylalanine and produce 
the two degradation fragments having activities in the 
ratio 2:7 or 7:2 depending on which of the aromatic 
rings was shikimate-derived. Also, vignafuran would 
appear to be unrelated to lignans, since such an origin 
would presumably produce similar quantities of label- 
ling in each degradation fragment. This conclusion is 
borne out by the results of the phenyialanine-[1-“Cl 
feeding, which show that essentially all of the incor- 
porated activity resides in the ring B + C-3 fragment, 
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Scheme 2. Incorporation of phenylalanine into vignafuran. 
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presumably located at C-3, although further degradation 
to confirm this was inappropriate at this level of incor- 
poration. Label from phenylalanine-[l-‘4C] would be 
lost completely on transformation of a lignan-like com- 
pound to a simple 2-arylbenzofuran. 

Possible biosynthetic pathwa).s 
These results are however consistent with two possible 

biosynthetic pathways. The compound may be iso- 
flavonoid-derived involving loss of C-2 (isoflavone 
numbering). but by a process in which the phenyl- 
alanine-derived aromatic ring becomes the 2-aryl moiety, 
not part of the benzofuran system. Alternatively, by 
analogy with synthetic procedures to 3-carboxy-2- 
arylbenzofurans by reaction of H,O, on flavylium salts 
(part of a synthetic route to coumestans [35]) or on 2’- 
hydroxychalcones (by-products of the Algar-Flynn- 
Oyamada reaction [36]), vignafuran may be derived by 
decarboxylation of such an intermediate. However, if a 
chalconeiflavonoid precursor is involved in this manner, 
then the carbon atom lost in the decarboxylation would 
be C-3 of the flavonoid (C-Z of the chalcone) [37, 381, 
which is biosynthetically derived from C-2 of phenyl- 
alanine. Such routes are then excluded by the incorpora- 
tion of label from phenylalanine-[2-‘4C], label which 
essentially all resides in the ring A + C-2 fragment (and 
is presumably located at C-2). This result is however 
consistent with the isoflavonoid-type origin outlined 
above. 

In the absence of suitable feeding data, it can only be an 
assumption that ring B of vignafuran is derived from 
acetate-malonate. Nevertheless, vignafuran appears to 
be derived from phenylaianine by a pathway which 
involves a 1,2-aryl migration, and may therefore be pro- 
duced from an isoflavonoid precursor invzolving loss of 
C-2 of the isoflavonoid, but the phenylalanine-derived 
aromatic ring becomes the 2-aryl substituent and not 
part of the benzofuran system. The observed co-occur- 
rence of neoraufurane (8) with the isoflavonoids neorau- 
flavane (17), neorauflavene (45), edulane (27) and edudiol 
(23) [S, 161 is thus consistent with the present labelling 
studies and strengthens the suggestion that neorau- 
furane and these isoflavonoids may have a common 
isoflavonoid precursor. It is also significant that in 
Tetragonolobus maritimus, 6-demethylvignafuran (13) co- 
occurs with isovestitol (21), together with demethyl- 
vestitol (22) and 3,%dihydroxypterocarp-6a-ene (46) 
[ 13. 391. Similarly, vignafuran in Lnblab niger co-occurs 
with isovestitol, demethylvestitol and other 4’-hydroxy- 
isoflavonoids, but no traces of vestitol (19) or demethyl- 
homoterocarpin (26) were detected [12]. These observa- 
tions are also in accord with the biosynthetic results con- 
cerning the origin of the benzofuran skeleton. In contrast, 
demethylhomopterocarpin has been reported as a 
phytoalexin of Vigna unguiculata [29], but this represents 
the only 4’-methoxy (isoflavonoid numbering) phyto- 
alexin isolated from the plant. In the present studies, 
demethylhomopterocarpin could not be detected. The 
co-occurrence of the 2-arylbenzofurans 9. 10 and 11 
with the corresponding coumestans 35 and 36 [9, lo], 
however, appears to support the coumestan2-aryl- 
benzofuran relationship and may indicate an alternative 
biosynthetic route to these compounds, unless the ob- 
served co-occurrence is coincidental. 

Because vignafuran is not produced by a route invol- 
ving loss of C-6 from a coumestan or pterocarpan, 

the non-incorporation of 2’.7-dihydroxy-4’-methoxyiso- 
flavone (30) in the initial feeding experiment now be- 
comes self-explanatory. If the biosynthetic pathway to 
vignafuran does proceed via an isoflavone precursor 
having a similar substitution pattern, then this inter- 
mediate is more likely to be 2’,7-dimethoxyG’-hydroxy- 
isoflavone (33). Similarly, formononetin (32) would not 
now be expected to be a precursor, but the insignificant 
incorporations of 2’,4.4’-trihydroxychalcone (41 I and 
daidzein (31) are not readily apparent; these compounds 
are still likely precursors. Since vignafuran is synthesized 
in the leaves, and feeding experiments were conducted via 
the roots of the seedlings, poor transport of precursors 
could be to blame. Incorporations of phenylalanine were 
extremely poor by comparison with results from other 
phytoalexin studies [20, 221, so experiments to improve 
incorporations were carried out. Feeding experiments 
using L-phenylalanine-[U-i4C] were conducted using 
7-day-old UV-induced seedlings. Comparisons were 
made between whole seedlings fed via the roots as before, 
seedlings deprived of their roots and fed via the stems, 
and leaf discs floated on the precursor solution. After 
24 hr, the plant material was worked up. No vignafuran 
was isolated from the latter experiment, an incorporation 
of O.OIO’?O (dilution 3200) was observed in the whole 
plant experiment, and an incorporation of 0.024”,, 
(dilution 1200) was recorded in the stem-fed cuttings. 
Thus transport of precursor had been improved, but not 
by a particularly large margin. 

In another experiment, it was established that a major 
factor responsible for the low levels of incorporation of 
label from phenylalanine into v-ignafuran was because of 
the concomitant synthesis of another phytoalexin. 
During the feeding of ur>-phenylalanine-[2-i4C] via the 
roots (Table 2: incorporation into vignafuran 0.009 “,,, 
dilution 2570), TLC zones corresponding to markers of 
demethylhomopterocarpin (26), kievitone (38X phaseollin 
(24) and phaseollidin (25) were eluted purified further and 
analysed by UV spectroscopy and counting. Demethyl- 
homopterocarpin. phaseollin and phaseollidin were 
absent (UV) and no significant activity was associated 
with these chromatographic zones. However, kievitone 
was present and counting showed an incorporation of 
0.23 9, (dilution 31). Thus. there appears to be .a mecha- 
nism in the induced plant whereby suitable precursors 
are preferentially channelled into synthesis of kievitone 
rather than vignafuran. However, such a mechanism 
unfortunately still does not explain the negligible in- 
corporation of the trihydroxychalcone and daidzein, 
since these compounds are unlikely precursors of the 
5,7-dihydroxyisoflavanone kievitone. Poor transport and 
the use of relatively low specific activity materials may 
account for the insignificant incorporations, but it is also 
possible that these compounds are not biosynthetic 
precursors of vignafuran. 

The present studies have broadly established the 
labelling pattern produced in vignafuran from phenyl- 
alanine precursors, and have demonstrated the biosyn- 
thetic similarity of the molecule with isoflavonoids. They 
also indicate though that established hypotheses [9, 151 
involving loss of a carbon atom from a coumestan are 
untenable in this case. The precise pathway leading to 
vignafuran, however, is still obscure. One possibility 
involves the formation of a 2-arylbenzofuran by oxidativc 
cyclization [4] of a 2-hydroxystilbene. e.g. 47, which 
could be produced by ring opening and decarboxylation 
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Meo~oMe 
0 

49 
OMe 

I TI(OAc), 

NaBH, 

OMe 

Scheme 3. Synthesis of a 2-arylbenzofuran via Tl(OAc), oxidation of a chalcone [42]. 

OH 
SOMe 

of a 3-arylcoumarin, e.g. 48, rather than by the normal a coumaranone (51), which was envisaged as being formed 
route to stilbenes [34]. Literature reports of natural 3- by further oxidation of the intermediate acetal (50). 
arylcoumarins are rare [40, 411 and cover only five Reduction of the coumaranone with NaBH, gave 52, 
examples, but such compounds appear to be biosynthetic which on acid treatment, eliminated formic acid to yield 
intermediates in the production of coumestans [25]. An the 2-arylbenzofuran (53). This sequence of reactions 
observation by Ollis and coworkers [42], however, shows a chemical relationship between chalcones, iso- 
provides an interesting chemical analogy for the present flavones (via the acetal) and 2-arylbenzofurans in a man- 
results (Scheme 3). During thallium acetate oxidation of a ner which is analogous to the biosynthetic findings. 
2’-hydroxychalcone (49) to prepare an isoflavone, they Kinoshita and coworkers have more recently reported 
isolated two products, neither of which was the required the conversion of a 3-arylcoumarin into a 2-arylbenzo- 
isoflavone. One proved to be a flavone and the other was furan [41]. DDQ oxidation of 54, derived by AlH, 
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reduction of the corresponding 3-arylcoumarin, pro- 
duced the 2-arylbenzofuran (16). These authors postulate 
a mechanism for the transformation via loss of formalde- 
hyde, but alternatively, if 54 undergoes oxidation at the 
alcohol function prior to ring formation, an inter- 
mediate ion (55) may be involved. This ion may be 
regarded as analogous to 52 in the Ollis scheme. 

EXPERIMENTAL 

General. TLC was carried out using 0.5 mm layers of Si gel 

(Merck Kiesel gel GF,,,) in the solvent systems: A. CbHhm 

EtOAc-MeOH-petrol (60-80”), 6:4: 1:6; B, C,H,-EtOAc, 

32: 1; C, toluene-HCO,Et-HCO,H, 5:4: 1; D. CHCl,-.MeOH, 

50: 1; E, CHCl,-iso-PrOH, 10: 1. Me,CO (Analar) was used for 
elution of TLC zones. Radioactive samples were counted as 

previously [20]. 

Radiochemicals. L-Phenylalanine-[U-i4C] (sp. act. 10 mCi, 

mM), DL-phenylalanine-[ l-i‘%] (sp. act. 60 mCi/mM) and DL- 

phenylalanine-[2-‘%I (sp. act. 25 mCi/mM) were purchased 

(Amersham). The syntheses of 2’,7-dihydroxy-4’-methoxyiso- 

flavone-[Me-“%] (0.518 mCi/mM) [21]. formononetin-[Me- 

14C] (0.676 mCi/mM) [23], daidzein-[4-‘4C] (0.322 mCi;mMl 
[23] and 2’,4,4’-trihydroxychalcone-[carbon);[-’4C] (0.223 mCi/ 

mM) [43] have been described. 

Feeding techniques and isolation of metabolites. Seeds of 

Mgna unguiculata (IITA accession line K 2809) were washed 

with EtOH and surface-sterilized in NaOCl soln (1 “,, w/r Cl) for 

15 min, then washed with distilled H,O and germinated at 21’ 

in moist vermiculite in a greenhouse for 7 days. Seedlings (25) 

were uprooted, transferred to a small beaker containing dis- 

tilled H,O and irradiated with UV light (254 nm, Mineralight 

UVSL-58) at a distance of ca 5 cm for 30 min before feeding in 

the dark. Phenylalanine precursors (100-150 uCi) were ad- 

ministered in H,O (4 ml), phenolic compounds (0.551.0 mg) as 

their Na salts in Pi buffer (0.1 M, pH 7.0,4 ml), to the roots of the 

plants. Distilled H,O was added as required during the feeding 

period. After 24 hr, the seedlings were homogenized by grinding 

in a mortar with ground glass and H,O (ca 20 ml). The slurry 

was poured into boiling EtOH (200 ml) and filtered. The tissue 

was re-extracted with hot EtOH (2 x 100 ml) and the combined 

extracts evapd to dryness. After the addition of HZ0 (50 ml), the 

soln was extracted with Et,0 (100 ml, then 4 x 50 ml) and the 

extracts combined and evapd. The extract was separated by 

TLC (solvent A), and vignafuran located by reference to marker 

material. The isolated material was purified further by TLC 

(solvent B) and quantified by UV absorption of EtOH soln 

(i.,,, 320 nm loge 4.59 [ll, 311). The vignafuran was diluted 

with carrier material (ca 25 mg), dried in racuo, then methylated 

by stirring under reflux under anhydrous conditions with Mel 

(0.5 ml), dry K&O, (1 g) in dry Me,CO (10 ml) for 1 hr. The 

methyl ether was isolated after filtration and evapn of the fl- 

trate, by TLC (solvent B), then recrystallized to constant sp. act. 
from aq. MeOH. The methyl ether was diluted further with 

carrier (ca 40 mg), prior to degradative studies. 

Degradation ofmethyloignajiiran. A gentle stream of ozone in 

0, (6-7;:) was passed through a soln of the labelled methyl- 

vignafuran (ca 50 mg) in CH,Cl, (25 ml), cooled in an ice-bath. 
After 1 hr, the reaction mixture was allowed to warm to R’, and 

was then evapd to dryness. EtOH (20 ml) and KOH (0.5 g) were 
added, and the mixture was heated under reflux for 1.5 hr. The 

solvent was evapd and the mixture acidified uith dil. HCI, 

extracted with EtOAc (3 x 25 ml) and the extracts washed with 

H,O. The evapd extract was separated by TLC (solvent C) and 

bands corresponding to markers of 2.4-dimethouybenzoic acid 

and 2-hydroxy-4-methoxv-benzoic acid were eluted. The di- 
methoxybenzoic acid fraction was heated under reflux in MeOH 

(10 ml) with cone H,SO, (1 ml) for 1.5 hr, when the mixture was 

poured into H,O, extracted with Et,0 (3 x 20 ml), the extracts 

washed with H,O and evapd. Methyl 2,4-dimethoxybenzoate 

was isolated by TLC (solvent A). The hydroxymethoxybenzoic 

acid fraction was heated under reflux with dry K,CO, (1 g) and 

MeZSO, (0.2 ml) in dry Me,CO (IO ml) for 1.5 hr. After filtration 

and evapn, methyl 2,4-dimethoxybenzoate was isolated by TLC 

(solvent A). Both ester samples were purified further by TLC 

(solvents B and D), then quantified by UV absorption: j.E,‘:: 

290 nm, log E 3.745. Yields ca 5 mg from each fraction. After 

evapn of the EtOH, the residues were washed into counting vials 

with dioxan-based scintillator, and counted. 

Feeding cf L-phenylalanine-[U-‘“Cl to parts of‘ seedlings. 
Batches (3 x 25) of cowpea seedlings were grown and irradiated 

with UV light as before. One batch was fed in the usual way by 

administration of an aq. soln (5 ml) of the precursor (16.7 uCi) to 

the roots. Seedlings from the second batch had their roots re- 

moved under H,O by cutting with a scalpel. The cut stems were 

then placed in the feeding soln (5 ml, 16.7 uCi). Leaves from the 

third batch were removed, and leaf discs, 1 cm dia, were cut with 

a cork-borer. The discs were floated on the precursor soln 
(10 ml, 16.7 uCi) to which 1 drop Tween 20 had been added. The 

three batches were left for 24 hr in the dark and then each was 

extracted as before. Vignafuran was absent from the leaf discs. 

Vignafuran from the other two batches was worked up and 

counted as previously. 

Vigtuzfuran. 2-Benzyloxy-4-methoxybenzyl-4-benzyloxy-2-hy- 

droxyphenylketone [13] (200mg) was stirred at 60- with dry 

K,CO, (2 g) and Me,SO, (50 ul, 67 mg) in dry DMF (20 ml) for 
1 hr. The mixture was poured into H,O, extracted with EtOAc 

(2 x 25 ml) and the extracts washed with H,O. The extracts were 

evapd, and the product, 2-benzyloxy-Cmethoxybenzyl-4-ben- 

zyloxy-2-methoxyphenylketone isolated by TLC (solvent B) to 

yield a gum. NMR (60 MHz. CDCI,. TMS): 5 3.66 (6H, s, OMe), 

4.18 (2H. s, CO-CH,-Ar)? 4.88 (2H, s, 0-C&I,-Ph). 4.96 (2H, s, 

0-C‘HZ-Ph), 6.42 (4H, WI, H-3.3,.5,5’), 7.13 (lH, d, J = 9 Hz, 

H-6’), 7.23 (5H, s, 0-CH,-fi), 7.36 (5H, s, 0-CH,-phi, 7.76 
(lH, d, J = 9 Hz, H-6). The product was stirred at 80 with 

HOAc (15 ml) and cone HCl(7.5 ml) for 1.5 hr then poured into 

HzO, and extracted with EtOAc (3 x 25 ml). The extracts were 

washed with aq. NaHCO, and then H,O. The product was 

isolated by TLC (solvent B) to give vignafuran as a gum, UV and 

NMR in agreement with those reported [ 11, 131. Acetylation of 

the product (Py-Ac,O, R’ overnight) gave vignafuran acetate 
(44 mg), mp 92-4 (from MeOH), lit. [1 I] 9494.5 

Vignafuran for dilution of radioactive material was obtained 

by stirring vignafuran acetate (30 mg) in EtOH (15 ml) with 

KOH (0.1 g) at R” for 0.75 hr. The mixture was coned, acidified 

with dil. HCI, extracted with EtOAc (3 x ). and vignafuran puri- 

fied by TLC (solvent A) and assayed by UV absorption. Methyla- 

tion of vignafuran (Mel, K,CO,, MeZCO) yielded methylvigna- 

furan, mp 88-9’ (from aq. MeOH). NMR (60MHz CDCI,, 

TMS): 6 3.83 (6H, s, OMe), 3.91 (3H, s, OMe), 6.53 (2H. m, 

H-3,.5’), 6.78 (lH, dd, J = 9, 2 Hz, H-5), 7.08 (2H, m, H-3.7). 7.35 
(lH,d,J=8Hz,H-4),7.83(1H,d,J=9Hz,H-6’). 

Other phytoalexins in V. unguiculata. Kievitone was isolated 

from the UV-induced cowpea extract by TLC (solvent A) by 

reference to marker material, and purified further by TLC 

(solvent E). The material was eluted, quantified by UV spec- 

troscopy (il;;::” 293nm, log E 4.22 [44]) and then counted. 

Chromatographic zones corresponding to demethylhomoptero- 

carpin, phaseollin and phaseollidin were also eluted, then puri- 

fied by TLC (solvent B). None of these compounds could be 
detected by UV spectroscopy. 
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