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Abstract—3,7,2'-Trihydroxy-4',5"-methylenedioxyisoflavan, a novel fungal metabolite of pisatin, was identified on
the basis of NMR and MS data. The isofiavan arises by reductive opening of the dihydrofuran ring in the

pterocarpan 6a-hydroxymaackiain, the first

breakdown product of pisatin.

The trivial name 3-

hydroxymaackiainisoflavan is proposed for this substance.

INTRODUCTION

Previous studies [1,2] have shown Fusarium oxys-
porum f. sp. pisi 10 be capable of degrading pisatin (1),
the phytoalexin of pea, Pisum sativum, with CO, as
one of the end-products. As early as 1971 [2] an
intermediate of pisatin breakdown produced by As-
cochyta pisi was partially characterized. On the basis
of UV and IR spectra, and NMR and MS measure-
ments, it was later [3] identified as 3,6a-dihydroxy-
8,9-methylenedioxypterocarpan (2). It arises by O-
demethylation of pisatin and can thus be considered to
be 6a-hydroxylated maackiain (= inermin), although
it is probably enantiomeric with the 6a-
hydroxymaackiain as reported by Bilton et al. [4]. The
same metabolite is produced by a number of other
fungi, such as Fusarium solani f. sp. pisi [5], Stem-
phylium botryosum {[6] cf. [5, 7]}, Fusarium anguioides
and F. avenaceum [8] and Mycasphaerella pinodes [9].

Ascachyla pisi

Time-course studies on the degradation of pisatin by
Fusarium oxysporum f. sp. lycapersici and F. oxys-
porum f. sp. pisi demonstrated that only the pea-
pathogenic forma specialis pisi was able to metabolize
pisatin [10, 11]. The first metabolite formed was iden-
tified once again as 6a-hydroxymaackiain; the second
one proved to be an isoflavan [10, 11]. This paper
presents evidence for its structure (3).

RESULTS AND DISCUSSION

TLC, UV and MS data for 6a-hydroxymaackiain
were comparable with those given in the literature [3,
5, 8]. The NMR spectrum of 6a-hydroxymaackiain
(see Experimental) was only slightly different from
that of pisatin [12]. Only the aromatic protons
H-1, H-2 and H-4 showed small upfield shifts (0.05,
0.12 and 0.05 ppm, respectively) relative to those of
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pisatin, which is expectable in view of the replacement
of methoxyl by hydroxyl at position 3.

Upon prolonged incubation of Fusarium oxysporum
f. sp. pisi [10, 11], a compound was produced which
showed TLC mobilities in chloroform-methanol, 97:3
(Ry 0.20) and ethyl acetate—diethyl ether, 1:1 (R,
0.74) not significantly different from. those of 6a-
hydroxymaackiain in the same solvent systems (R
0.24 and 0.80, respectively} [11). However, its UV
spectrum (AE‘OH am: 291, 300 (sh)) distinctly differed
from that of pisatin (AE“’H nm: 281, 286 and:309) and
from that of 6a-hydroxymaackiain (AESF nm: 2832,
287, 309 (for full spectral data, see [11]). Acid dehyd-
ration in the presence of formic acid was accompanied
by marked shifts in the UV spectrum of pisatin and
6a-hydroxymaackiain, with new absorption maxima
produced at 339 and 357 nm; preliminary experiments
with the novel metabolite showed no such peaks at
similar wavelengths; however, prolonged incuba-
tion and partial purification of the product obtained
led to the isolation of an unidentified compound
with AEOH at 317 and 276 nm. These spectral charac-
teristics suggest some chemical relationship with
2-(2-hydroxy-4-methoxyphenyl)-3-methyl-6,7-methyl-
enedioxybenzofuran {13] or more probably with an
ethanolysis product comparable to that derived from
anhydropisatin [15].

A sufficiently large quantity of the compound could
be isclated to carry out NMR and MS measuremenis.
The novel metabolite proved to be rather unstable in
solution as was shown by its decomposition within 3-4
days when stored in chloroform in the dark at 4°. The
similarity of the NMR spectrum of 6a-
hydroxymaackiain (2) to that of the newly isolated
compourx] suggested a close chemical relationship be-
tween the two metabolites. Only in one respect was
there a distinct difference: in contrast to the NMR
spectrum of 2, in which a singlet was observed at &
5.28, that of the novel metabolite showed two doub-
lets at & 3.34 and 3.05 (J = 17 Hz) of which the one at
high-field (6 3.05) showed a long-range coupling (J =
2.3 Hz). These signals can be most readily ascribed to
a third CH, group (6a-hydroxymaackiain has a
methylenedioxy group and a CH, group at position 6).
One could explain the presence of three CH, groups
in the NMR spectrum of the new compound by post-
ulating an izoflavan structure.

In accordance with the maolecular structure (3), the
NMR specirum of the postulated isoflavan exhibited
signals from five aromatic protons; four were found in
the range of & 6.60-6.34 (H-6, H-8, H-3', H-6") and
one at 7.00 (J=8 Hz). The latter absorption can be
ascribed to H-5 because of the lack of (long-range)
meta-coupling. The protons of the methylenedioxy
group showed one sharp absorption at § 5.95. Two
doublets were observed at lower field (& 4.28 and
4.07) of which one (4.28) showed long-range coupling
(J=2.3 Hz); it can be ascribed to the CH, group at
position 2. From these observations, the conclusion
can be drawn that one proton of a CH, group at
position 4 is coupled with one of the two protons of
the CH, group at posntlon 2.

At all three probe temperatures chosen (see Experi-
mental), major peaks in the MS were found at m/e
137 (809%), 138 (100%) and 164 (30-40%). At m/fe
284 a peak was found which, relative to the base peak
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(m/e 138), increased with temperature from' 5% at
120° to 30% at 150° and 40% at 200°. Smaller peaks
(ca 5-8%) were present at mje 162 and 283. Exact
mass measurements of the ions at mje 138, 164 and
284 showed their elemental compositions to be
CiHgOs, CHeOs and C,H,,0s, respectively. Only a
very small peak (£ 0.5%) was found at m/e 302, the
mass of the supposed molecular ion. HQWever, this is

not surprising since tertiary alcohols are known to lose
water quite readily, especially in this case where an
extensive conjugated system can be farmed. The fact
that the peak at mfe 284 increased with temperature is
undoubtedly due to thermal dehydration. The elemen-
tal composition of the ion concerned is in agreement
with the proposed dehydration product 4. In 6a-
hydroxypterocarpans the dehydration during MS
measurement takes place across the C6a—C1l1a bond.
Analogously, our isoflavan can be assumed to give rise
to the major ion at m/e 284 by a dehydration across
the comparable C3-C4 bond. The presence of an ion
at m/e 162 might be due to a retro-Diels-Alder
fragmentation of the 284 ion, as reported for other
isoflavans [15-17].

Both the NMR and MS data are consistent with the
assumption that the isolated pisatin metabolite is an
isoflavan with structure 3. Since the numbering of the
isoflavan ring system is different from that of the
pterocarpan ring system (cf. [7]), its semisystematic
name, 3,7,2'-trihydroxy-4',5'-methylenedioxyisoflavan,
has little relationship with that of the parent com-
pound(s); therefore, in accordance with the habit of
naming- isoflavans after their parent compound (cf.
phaseollinisoflavan [15], 2’-O-methylphaseollidinisofi-
avan [17]), we propeose as a trivial name 3-hydroxy-
maackiainisoflavan (elsewhere [11] indicated as 3-hy-
droxyinerminisoflavan).

Several fungal species are known to be able to
degrade pisatin, with CO, being an end-product [1, 2].
Fusarium oxysporum 'f. sp. pisi is the first species of
which the first two intermediates in the degradative
pathway are now known: the first step involves O-
demethylation of the methoxyl at C-3, the second
reductive opening of the dihydrofuran ring of the
pterocarpan skeleton. The isoflavan resulting from the
latter step is rapidly broken down, without inter-
mediates with distinctive UV-spectral characteristics
being isolated [11). Mycosphaerella pinodes is another
fungal species which most probably degrades pisatin in
a similar-way (Fuchs and De Vries, unpublished data).
It will be of interest to investigate whether O-
demethylation of pisatin is a prerequisite for further
degradation; the evidence so far indicates that it is an
introductory step to further microbial breakdown, 6a-
hydroxymaackiain being found as its first metabolite.

EXPERIMENTAL

Fusarium oxysporum {. sp. pisi was grown in shake cultures
[11] in 200 mi Lilly and Barnett’s medium [18] with 1%
ghucose. After 1 week, the whole cultures, together with 10
ml fresh medium with 0.1% glucose, were transferred to
Erlenmeyer flasks in which pisatin had been dried down;
incubation took place at ca 22°. At intervals, samples were
taken which were fractionated as described elsewhere [11].
Some- EtOAc fractions contained either 6a-hydroxy-
maackiain or its isoflavan breakdown product, or both. Both



3-Hydroxymaackiainisoflavan, a pisatin metabolite produced by Fusarium oxysporum f. sp. pisi

compounds were isolated and purified by TLC and subjected
to UV, NMR and MS analysis. 'H NMR spectra were
recorded on a Varian XL-100-15 spectrometer in FT mode,
equipped with a pulse unit and a 620 L-16K on-line compu-
ter system using TMS as an internal standard. (Typical spec-
tral parameters were as follows: spectral width 1000 Hz (0.25
Hz/point), acquisition time 4 sec, pulse width 25 ps and
number of transients 150-400.) MS, were obtained using a
heated direct insertion probe at three different probe temp.
(120, 150 and 200°). Peak intensities at 200° of the main
peaks were: mje 137: 80%, 138: 100%; 139: 10%, 162: 5%,
164: 30%, 283: 7%, 284: 40%, 285: 7%, 302:<0.5%.
Exact mass measurements were m/fe. 138, experimental value
138.0316 (theor. 138.0317), mje 164, exper.
(theor. 164.0473), m/fe 284, exper. 284.0675 (theor.
284.0685). Elemental compositions were. C;H,Q5, C,H, O«
and C;¢H,,0;, respectively. No exact mass measurement
could be made of the molecular ion, since the peak intensity
was t0o low to enable an accurate estimation.

6a-Hydroxymaackiain. "TH NMR (CDCl,) 3 ppm: 7.37 (d,
J=8 Hz, H-1), 6.82 (s, H-10), 6.56 (dd, J=8 and 2 Hz,
H-2), 6.43 (d, J =2 Hz, H4), 6.42 (s, H-7), 5.96 and 5.93
d’s, J~1 Hz, 2H, O-CH,-0), 5.28 (s, H-11a), 4.18 and 4.00
(d’s, J=11 Hz, 2H, CH, position 6).

3,7,2"- Trihydroxy -4 ,5'-methylenedioxyisoflavan  (=3-hy-
droxymaackiainisoflavan). 'H NMR (CDCl,) & ppm: 7.00
(d, 7 =8 Hz, H-5), 6.60-6.34 (m, 4H: H-6, H-8, H-3', H-6"}
5.95 (s, 2H, O-CH,-0), 4.28 (dd, J=11, 2.3 Hz) and 4.07
{d. =11 Hz) (2H, CH, position 2), 3.34 (d, J =17 Hz) and
3.05 (dd, J=17, 2.3 Hz) (2H, CH, position 4).
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