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Abstract—6-Isopentenylgenistein 1 (wighteone) has been isolated as a phytoalexin from the fungus-inoculated or
CuCl,-treated stems of Glycine wightii. Plants treated with aqueous CuCl,, but not those inoculated with the fungus,
also accumulated genistein (2) and its 2’-hydroxy derivative (3).

INTRODUCTION

Recent evidence suggests that phytoalexins might pro-
vide useful chemotaxonomic information if applied to
genera of certain plant families including the Legumi-
nosae [ 1-3] and Solanaceae [4]. In view of these reports
we have investigated the phytoalexins characteristically
produced by members of the soybean genus (Glycine
Willd.) which contains the taxonomically controversial
species, G. wightii (Wight & Arn.) Verdc. [5]. The culti-
vated soybean, G. max (L.) Merr., is known to accumulate
3 isomeric 6a-hydroxylated pterocarpans [6, 7] now
termed glyceollin 1, 2 and 3. We report here that G.
wightii does not produce pterocarpan phytoalexins after
fungal inoculation or treatment with aqueous CuCl,;
instead, this species produces 3 isoflavone derivatives,
one of which is identical to an unidentified compound
(LA-1) previously isolated from Lupinus albus L. [8, 9].

RESULTS AND DISCUSSION

As determined by TLC bioassay [10], extracts of the
fungus-inoculated stems of G. wightii (P.1. 275.716) con-
tained a single antifungal compound (1); only traces of
this substance were present in extracts of wounded but
non-inoculated stems and in the tissues of plants treated
with water (Table 1). Under UV light the above antifungal
zone was evident as a deep purple-black fluorescent
band. No other inhibitory compounds were isolated
from the inoculated plants. However, exposure to
aqueous CuCl, stimulated the formation of two addi-
tional deep purple fluorescent compounds (2 and 3)
both of which were essentially absent from water-treated
cuttings and fungus-inoculated stems. Compounds 2
and 3 did not inhibit the development of Cladosporium
cucumerinum when tested by TLC bioassay [10].

Compound 2 was identified as genistein (5,7.4-
trihydroxyisoflavone) by MS, UV and TLC comparison
with authentic material Similarly, 3 gave spectral and
chromatographic data indistinguishable from those of
2-hydroxygenistein (5,7,2',4"-tetrahydroxyisoflavone), a

phytoalexin recently obtained from the grain legumes
Phaseolus vulgaris [11] and Cajanus cajan [12].

The UV and IR spectra of 1 were also consistent with
its identification as a hydroxylated isoflavone. A signifi-
cant MS loss of isobutene indicated that 1 (M* 338)
possessed either an isopentenyl or dimethylchroman
substituent [13]. The aromatic ring attachments (ring A,
alkyl + two OH groups; ring B, single OH group) were
apparent from the characteristic isoflavone-like frag-
mentation pattern [14, 15] which afforded ions at m/e
165 (A ring) and 118 (B ring). UV shifts with NaOAc and
AICl, located the A ring OH groups at C-7 and C-5
respectively [16].

Compound 1 formed a diacetate and a triacetate
derivative but only a phenolic diMe ether (4) since the
C-5 OH is presumably strongly chelated with the
carbonyl group; as 4 gave a blue-grey colouration with
Gibbs reagent [3, 17] the isopentenyl unit can be
assigned to C-6 rather than C-8 as in the isoflavanone
phytoalexin, kievitone [18]. This view was supported by
acidic cyclisation of 4 to yield the expected non-phenolic
chroman derivative 6. Cyclisation of 1 afforded ca
equivalent amounts of two phenolic compounds identi-
fied by MS and UV as the chroman derivatives 7
(a-isomer) and 8 (B-isomer). Formation of 7 and 8
unequivocally locates the A ring isopentenyl group of 1
at C-6.

The B-ring OH group of 1 was initially assigned to
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C-2' on the basis of an observed but weak MS ion
corresponding to M* — 17 [12]. However, H,O, oxida-
tion of the diMe ether (4) gave a product chromato-
graphically inseparable from p-methoxybenzoic acid;
formation of this compound allows the B ring oxygen
function to be placed at C-4', a feature biogenetically
consistent with the production of 2 and 3 by G. wightii.
The MS of numerous 2'-methoxylated isoflavones have

HO

2:R=H
3:R =OH

been reported to exhibit intense ions at M* — 31
[12, 19-21]. However, for both the diMe ether (4) and
1ts chroman derivative (6), ions at M* — 31 were either
not observed or were of extremely low intensity (see
Experimental). Weak M* — 31 ions associated with the
MS of isoflavones lacking 2’-methoxylation have been
reported on several occasions [19, 22]. From the above
data 1 can be formulated as 5,7,4"-trihydroxy-6-iso-
pentenylisoflavone for which the common name wighte-
one is proposed. Wighteone is identical to an antifungal
compound (LA-1) previously obtained from the healthy
leaves and fungus-inoculated hypocotyls of white lupin,
Lupinus albus [8, 9].

Quantitative measurement of the isoflavones from
G. wightii (Table 1) confirmed that whereas inoculation
with Phytophthora megasperma Drechs. var. sojae Hildb.
led to a marked accumulation of 1, compounds 2 and 3
were either absent or present in only trace amounts. In
contrast, cuttings treated with aqueous CuCl, produced
wighteone together with significant quantities of geni-
stein and 2’-hydroxygenistein. To determine if produc-

Table 1. Accumulation of isoflavones in tissues of G. wightii
(P.I. 275.761) following inoculation with P. megasperma var.
sojae or treatment with aqueous CuCl}

Fungus inoculated  CuCl, treated

Control
(wounded Inocu- Control

Compound only) lated (H,0) Treated
Wighteone (1) 14 900 18 400
Genistein (2) <5 <$ <5 560
2'-Hydroxygenistein (3) <5 <5 <5 340

* All concentrations in pg/g fr. tissue. Values for wighteone
are based on log ¢ = 4.45 at 266 nm for luteone (5) [25]; values
for genistein and 2'-hydroxygenistein are based on log ¢ = 4.63
at 262 nm for 2 [12].

tion of 1, 2 and 3 was a characteristic feature of G.
wightii, 7 accessions of varied geographical origin (see
Experimental) were extracted following fungal inocula-
tion or treatment with CuCl,. All produced 1, 2 and 3in
response to CuCl, but only 1 in response to P. mega-
sperma var. sojae. These data (and similar results for
G. max [23] and Phaseolus lunatus [24]) are consistent
with the hypothesis [23] that certain plants capable of
a multiple phytoalexin defence response may preferenti-
ally accumulate those compounds which are most
inhibitory to a particular invading organism whilst at
the same time exhibiting a less specific response to
abiotic elicitors such as CuCl,.

Although no other antifungal compounds were iso-
lated from G. wightii P.I. 275.761, 230.325 or 224.980, a
minor inhibitory fraction that migrated with genistein
(in n-hexane-EtOAc-MeOH, 60:40:1) was detected in
extracts of the other CuCl, or fungus-treated accessions.
This unidentified substance was chromatographically
distinct from the prenylated isoflavone, luteone (5) [8,
25]. Although wighteone may well be derived from
genistein, there was no evidence to suggest that 2'-hydroxy
genistein was similarly converted to luteone by G.
wightii.

In the TLC bioassay, wighteone (detection minimum
1 to 3pug) exhibited high antifungal activity against
Cladosporium cucumerinum. In contrast, neither genistein
nor 2’-hydroxygenistein were active even at an applied
level of 200 pg. Although genistein has been shown to
have antifungal properties [26, 27], the present study
suggests that it is much less active than the 6-isopentenyl
analogue, a feature which presumably reflects the greater
lipid solubility of the latter compound. Luteone (the
6-isopentenyl derivative of 2'-hydroxygenistein) is also
highly fungitoxic 8, 25].

There is considerable taxonomic evidence to indicate
that G. wightii should be removed from the genus
Glycine [28]; indeed, Lackey [29] has recently proposed
that G. wightii should be renamed Neonotonia wightii
nov. sp. Data from the present study are consistent with
this conclusion since G. wightii produces large quantities
of the isoflavone phytoalexin, wighteone (1) whereas the
cultivated soybean (G. max) accumulates antifungal
pterocarpan derivatives [6]. Furthermore, our unpub-
lished observations have shown that 5 additional
Glycine species (whose continued inclusion in the genus
Glycine is supported by other evidence) [28] also
produce pterocarpan analogues although these are
structurally distinct from glyceollin, the phytoalexin of
G. max.

EXPERIMENTAL

Plant material. Seeds of Glycine wightii (P.I. 275.761) (origin-
ally collected in Brazil) were grown as previously described [7].
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Compounds 1-3 were isolated principally from this accession;
the same isoflavones were also obtained from G. wightii P.1.
230.325 (South Africa), 224.980 (Rhodesia), 339.699 (Australia),
259.545 (Brazil) and 230.323 (Tanzania) and from an un-
numbered Kenyan acquisition {our code: No. 0015). Seeds of
Lupinus albus (supplied by H. Offutt, University of Arkansas or
available from previous work [8]) were grown as described for
G. wightii.

Isoflavone induction, isolation and purification. Stems (G.
wightii} or hypocotyls (L. albus) were wound-inoculated with
mycelium of the fungus Phytophthora megasperma var. sojae and
incubated for 48-72 hr | 7]; alternatively, cuttings of G. wightii
were placed in H,O (control} or 1 mM CuCl, (abiotic induction)
for 4-5 days. After incubation, fungus-inoculated tissues were
excised and extracted with 80% EtOH. These extracts were
filtered by suction, conc (in vacuo, 40°) and then partitioned
{ x 3) against equal vols of EtOAc. The organic fraction was
either chromatographed directly (YLC, Si gel GF,,,, layer
thickness, 0.375 mm) or the isoflavones extractsd into aq. K ,CO,
(5%). After acidification {to ca pH 4 with 4N HCI} the iso-
flavones were re-extracted with EtOAc prior to TLC in n-
hexane-EtOAc-MeOH (60:40:1). Entire control or CuCl,-
treated cuttings were also extracted as described above. 3 major
phenolic compounds (1, R, 0.35;2, R, 0.26 and 3, R, 0.17) were
obtained from cuttings of G wightii treated with aq. CuCl,. All
were eluted (Me,CO) and rechromatographed in CHCl,-
Me,CO-18M NH_OH (50:50:1) to afford 1 (R, 0.55), 2 (R
0.19) and 3 (R, 0.03). Prior to UV and MS examination all 3
compounds were purified as follows: 1, CHCl,-MeOH (100:4)
(R, 0.37),2 and 3, n-pentane-Et,0~-MeOH-HOACc (75:25:6:6)
(R , 028 and 0.17 resp). Only traces of compounds 1-3 were
obtained from H,O-treated cuttings; fungus-inoculated tissues
contained 1 but very little 2 or 3.

5,74 -Trihydroxy-6-isopentenylisoflavone 1 (wighteone). Di-
azotised p-nitroaniline, orange-yellow; Gibbs reagent, blue.
AE'OH 215 268 nm; NaOH 277nm; NaOAc 270 nm; AlCI
271'nm; IR (CHCL) cm™ ! 1730 (C=0), 3450 (OH); MS [30]
mfe (rel. int)) 339 (10), 338 (M*; 55; ConxPOs)’ 337 (6), 323 (15,
C,,H,,0,), 321 (16) 296 (18; C,,CPH, O, 295 (67;
C,,H,,0,), 284 (16; C,,C'*H,,0,), 283 (100; C, H,, 0y,
165 {7), 118 (6; C,H,O). DiMe ether 4 (Me,SO,-K,CO-
Me,CO} (R, 035, CCL-CHCl, 4:1). Diazotised p-nitro-
aniline, orange-brown; Gibbs reagent, blue—grey. A2 268 nm;
NaOH 272 nm; AICL, 270 nm; MS [30] m/e (rel. int) 367 (11),
366 (M*; 48; C,,H,,0,), 351 (18; C, H,,0,), 335 (4;
C,,H,,0, 324 (23; C,,C"*H 0y, 323 (100; C,,H,,0,),
312 (17; C,,C'3H,,0,), 311 (93; C, H,,0,), 281 (9}, 132 (7;
C,H,0). 74'-Diacetoxy derivative (Py-Ac,0}{R . 0.36, CHCl,).
AEOH 912 258, 333 nm; MS m/e (rél int) 423 (8), 422 (M 27),
381 (10), 380(41), 379 (23), 367(8), 365(7), 363(5), 339(5), 338 (29),
other fragments as given for 1. Triacetate (R, 0.30, n-hexane-
EtOAc-MeOH, 60:40:1) AE'O% 212, 258, 333 nm; MS mfe (rel.
int) 465 (1), 464 (M*; 4), 422 (34), 380 (89), 338 (57), other
fragments as given for I.

5,7.4'-Trihydroxyisoflavone 2 (genistein). Diazotised p-nitro-
aniline, orange-yellow; Gibbs reagent, blue; UV and MS as
lit. [11, 12, 16]. 7.4-Diacetoxy derivative (R, 0.57, CHCl,).
AZOH 208, 255, 327 nm; MS m/e (rel int) 355 (6’), 354 (M*; 23),
313 (13), 312 (45), 271 (14), 270 {100), other fragments as lit.
[11,12].

5,7,2 4'-Tetrahydroxyisoflavone 3 (2'-hydroxygenistein). Di-
azotised p-nitroaniline, orange-yellow; Gibbs reagent, blue;
UV and MS as lit. {11, 12]. Tetraacetate (R, 0.15, n-hexane—
EtOH-McOH, 60:40:1). A50M 243, 300 nm; %&S mfe (rel. int.}
455(2), 454 (M*; 6), 412 (9), 370 (14), 354 (12), 352 (14), 328 (50),
312 (15), 310 (10), 286 (48), 153 (100}, other fragments as lit.

11,12].

( Peroxide oxidation of 4. H,0, (30%) was added dropwise in
4 portions (0.2 ml, 0.1 ml, 0.1 ml and 0.2 ml at intervals of 1 hr)
to a stirred soln of 4 (ca 2 mg) in EtOH (2 ml) and aq. KOH
{15%; 0.5 ml) at room temp. The soln was stirred 18 hr at rcom
temp., acidified (2N HCI) and extracted { x 4) with equal vols
of EtOAc. The EtOAc fractions were combined and reduced to
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dryness (in vacuo, 40°) and the residue chromatographed in
n-pentane-Et,0-HOAc (75:25:3) to afford small quantities of
a product (R, 0.84) chromatographically indistinguishable from
authentic p-methoxybenzoic acid (cf. o-methoxybenzoic acid,
R, 0.38). Both compounds also had identical R, values when
chromatographed in HOAc-CHCI, (3:1, R, 0.90), C,H -
MeOH (45:2, R, 0.14) and CHCl,-MeOH (50:1, R, 0.24). n
the latter system the oxidation product of 4 readily separated
from m-methoxybenzoic acid {R, 0.37). Oxidation of biochanin
A (5,7—dihydroxy—4’-mexhoxyisoﬁavone [3]) by the above pro-
cedure also gave p-methoxybenzoic acid.

Acidic cyclisation of 4. 4 {ca 600 pg), HOAc (1 ml) and H,SO,
(25%,; 1 drop) were stirred for 30 min and then allowed to stand
at room temp. for 14 hr. The soln was then diluted (H,0; 25 ml)
and extracted with EtOAc (3 x 15 ml). After removal of EtOAc
(in vacuo, 40°) the residue was chromatographed in CCl -
CHCI, (4:1) to afford the chroman 6, R, 0.03. This was eluted
and rechromatographed (n~pemane~Etzb—HOAc, 75:25:2, R,
0.24) prior to UV and MS.

5,6-Dimethylchroman-7.4'-dimethox yisgflavone (6). Diazotised
p-nitroaniline and Gibbs reagent, no reaction; %0 210, 263,
320 (sh) nm; NaOH-AICI, no change; MS m/e (rel. int.) 367 (19),
366 (76), 351 (10), 335 (10), 324 (5), 323 (32), 312 (23), 311 (100),
281 (15), 132(135).

Acidic cyclisation of 1. 1 (ca 1.2 mg) was treated with HOAc
and H,S0, as described for 4. Work up and TLC (n-pentane-
Et,0-HOAG, 75:25:6) afforded two phenolic bands at R, 0.11
() and 0.54 (8).

5,6-Dimethylchroman-7 4'-dikydroxyisoflavone 7 (z-isowighte-
one). Diazotised p-nitroaniline, yellow—orange; Gibbs reagent,
no reaction; A% 262 nm; NaOH 273 nm; NaOQAc 268 nm;
NaOQOAc + borate 262 nm; MS m/e (rel int)) 339 (43), 338 (61),
295 (30), 284 (21), 283 (100), 282 (21).

5 4'-Dihydroxy-6,7-dimethylchromanisoflavone 8 ( -isowighte-
one). Diazotised p-nitroaniline, yellow—orange; Gibbs reagent,
blue; A% 266 nm; NaOH 279 nm; NaOAc and NaOAc +
borate, no change; MS m/e (rel int.) 339 (17), 338 (89), 295 (38),
284 (17), 283 (100), 282 (34).

Acknowledgements—The authors thank J. Lackey and D. Isely
{lowa State University} for seed of G. wightii and the SR.C. for
financial support {to J.L.1) and provision of high resolution
MS facilities.

REFERENCES

. Ingham, J. L. and Harborne, 1. B, (1976) Nature 260, 241.

. Ingham, J. L. (1976) Ph.D. thesis, University of Reading.

. Ingham, J. L. (1976) Phytopathol. Z. 87, 353,

. Ashchaie, A. and D’Yakov, Y. T. (1976) Byull Mosk.

QObshchestva Ispytatelei Prirody Otd Biol. 81, 73.

. Verdcourt, B. (1966) Taxon 18, 34.

6. Lyne, R. L, Mulheirn, L. J. and Leworthy, D. P. (1976)
J. Chem. Soc. Chem. Commun. 497,

7. Partridge, J. E. and Keen, N. T. (1977) Phytopathol. 67, 50.

8. Harborne, . B, Ingham, J. L, King, L. and Payne, M.
(1976) Phytochemistry 18, 1485.

9. Keen, N. T. unpublished observations.

10. Keen, N. T,, Sims, J. J., Erwin, D. C, Rice, E. and Partridge,
L. E. (1971) Phytopathol. 61, 1084.

11. Biggs, R. (1975) Australian J. Chem. 28, 1389.

12. Ingham, J. L. (1976) Z. Naturforsch. 31c, 504,

13. Perrin, D. R, Whittle, C. P. and Batterham, T. J. (1972)
Tetrahedron Letters 1673,

14. Wong, E. (1970) Fortsch. Chem. Org. Naturstoffe 28, 1.

15. Porter, Q. N. and Baldas, J. (1971} Mass Spectrometry of
Heterocyclic Compounds p. 173. Wiley-Interscience, New
York.

16. Mabry, T. J, Markham, K. R. and Thomas, M. B. (1570}
The Systematic Identification of Flavonoids. Springer,
Berlin.

17. King, F. E, King, T. J. and Manning, L. C. (1957) J. Chem.

Soc. 563.

PR N S

W



1946

18.
19.
20.
21.

22,
23

24

Burden, R. S, Bailey, J. A. and Dawson, G. W. (1972
Tetrahedron Letters 4175,

Campbell, R. V. M, Harper, S. H. and Kemp, A. D. (1969)
J. Chem. Soc. C. 1787.

Campbell, R. V. M. and Tannock, J. (1973) J. Chem. Soc.
Perkin 1 2222,

Galina, E. and Gottlieb, O. R. (1974) Phytachemistry 13,
2593.

Shamma, M. and Stiver, L. D. (1969) Tetrahedron 25, 3887.
Keen, N. T. (1976) in Specificity in Plant Diseases (Wood,
R. K. 8. and Graniti, A. eds} p. 268. Plenum, New York.
Rich, 1. R, Keen, N. T. and Thomason, L. J. (1977) Physiol.

2s.
26.
27.
28.

J. L. IngHaM, N. T. Keen and T. HyMowiItz

Plant Pathol. 10, 105.

Fukui, H, Egawa, H., Koshimizu, K. and Mitsui, T. (1973)
Agr. Biol. Chem. 37, 417.

Johnson, G., Maag, D. D, Johnson, D. K. and Thomas,
R. D. (1976) Physiol. Plant Pathol. 8, 225,

Debnam, J. R. and Smith, §. M. (1976) Physiol. Plant Pathol.
9,9.

Hadley, H. H. and Hymowitz, T. (1973) In Soybeans:
Improvement, Production and Uses (Caldwell, B. E. ed)
p- 97. Am. Soc. Agron., Madison, Wisconsin.

. Lackey, J. (1976) Ph.D. thesis, fowa State University, Ames.
30.

Empirical formulae based on precise mass measurements.



