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(dd, 1H, J = 10.4, 2.3 Hz), 4.95 (In, 1H, J = 6.0 Hz), 
5.24 (dt, 1H, J = 15.1, 7.5 Hz), 5.47 (bt, 1 H), 5.50 (dd, 
1H, J=15 .1 ,  6.6Hz), 5.98 (d, 1H, J = 8 . 9 H z ) ;  
CIMS(CH~) 471(M + 1), CIMS(NH3) 488(M + 18); 
EIMS 427(M-43)(10),  411(15), 367(37), 308(42), 
133 (80), 95 (100), 55 (95). 
7: oil [c~] D-  3.1 (c 0.005, MeOH); UV(MeOH) 2~,ax 
220 nm (e 14000); IR 3300, 2930, 2860, 1715, 1650, 1542, 
1452, 1222,~'1150, 1105, 1048cm -1 (NaC1 plate); 
1H NMR (500 MHz, see table 1); 13C NMR (75.5 MHz) 
16.7 (q), 19.2 (q), 20.4 (q), 21.0 (t), 25.4 (t), 25.9 (t), 27.2 
(t), 28.4 (t), 28.8 (t), 28.9 (t), 32.3 (t), 36.5 (t), 41.7 (2C, 
t), 43.0 (t), 44,7 (d), 50.4 (d), 63.7 (t), 64.8 (t), 68.8 (d), 
70.3 (d), 71.1 (d), 74.8 (d), 117.4 (d), 129.4 (d), 134.3 (d), 
157.1 (s), 166.9 (s), 171.9 (s), 173.6 (s); HRFABMS 567 
( M +  i) 567.3610, C30HslOaN 2 requires 567.3645, 
257.1838, C13H2503N 2 requires 257.1865. 
Acetylation of 7. Compound 7 (3 rag) was acetylated as 
above. The acetate 8, was isolated as an oil (3.5 mg). 
1H NMR (300 MHz, see table 1), EIMS 692(1), 632(1), 
512(1), 257(15), 156(15), 115(46), 43(100). 
Hydrolysis of 7. 7 (2.0 rag) was dissolved in MeOH 
(1 ml), and 3 drops of 0.1 M KOH was added. The mix- 
ture was stirred for 24 h, the MeOH removed and the 
residue dissolved in water/EtOAc. The organic layer was 
removed, dried and the solvent removed to give an oil. 
This oil was acetylated (Py/Ac20) to give a product iden- 
tical to 5 isolated from above. The water layer from 
above was acidified and extracted with EtOAc (3 x). 
These organic extracts were treated with an ethereal solu- 
tion of CHzN z and the resulting oil subjected to HPLC 

on Partisil PXS 5/25 analytical column to give the methyl 
esters 9 (0.6 rag) and 10 (0.3 mg) as oils. 
9: 1HNMR (300 MHz) 1.00 (d, 3H, J = 7.3 Hz), 1.18 
(d, 3H, J = 6 . 8 H z ) ,  2.04 (bs, 3H), 2.64 (db, 1H, 
J = 15.3 Hz), 3.42-3.55 (m, 3H), 3.69 (s, 3H), 3.70 (m, 
1 H), 3.80 (dd, 1 H, J = 12.0, 3.0 Hz), 3.92 (bs, 1 H), 5.42 
(dd, 1H, J=15 .3 ,  7.4Hz), 5.49 (dd, 1H, J=15 .3 ,  
6.7 Hz), 5.70 (bs, IH). 
10: 1H NMR (300 MHz) 0.97 (d, 3H, J = 7.0 Hz), 1.14 
(d, 3H, J = 6.5 Hz), 1.37 (s, 3H), 2.65 (s, 2H), 3.50 (m, 
2H), 3.64 (m, 2H), 3.66 (s, 3H), 3.82 (m, 1H), 4.11 (bs, 
I H), 5.42 (m, 2H); EIMS 342(10), 324(22), 298(95), 
211 (65), 172(68), 110(95), 88(93), 43(100). 
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Abstract. A phytotoxic metabolite was found to accumulate in culture of a strain of Melanconis thelebola, isolated 
from canker on red alder (Alnus rubra Bong.). The metabolite was identified by elemental analysis, 1H- and 13C-NMR 
and IR spectroscopy as 3-nitropropanoic acid. 
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Melanconis thelebola (Fr.) Sacc. is well known in Europe 
and North America as the causal agent of cankers on the 
trunk and branches of many alder species (Alnus eordata, 
A. glutinosa, A. ineana and A. rubra) 1,2. The fungus 
causes extensive dieback of the crown in both forest 
broadleafs and spontaneous broadleafs such as A. rubra 

Bong.; this species can be an important impediment to 
successful reforestation programmes, because of its rapid 
and unwanted growth. For this reason a study in British 
Columbia, Canada, has suggested that M. thelebola from 
cankerous A. rubra should be investigated for possible 
use in the biological control of broadleaf pests invading 
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forest stands 3. Dorworth 4 likewise suggests the use of 
M. thelebola in forests as a mycoherbicide to check the 
spread of A. rubra. 
On the other hand, a novel approach to weed biocontrol 
uses phytotoxins, rather than the fungus itself, as herbi- 
cides ~-s. This paper reports on the purification and 
identification of a phytotoxin produced in culture by 
M. thelebola, and on its toxicity to tomato and alder. 

Materials and methods 
Production of culture filtrates. The Melanconis thelebola 
isolate used for in vitro toxin production was the Canadi- 
an isolate PCF012, provided by C. E. Dorworth, Pacific 
Forestry Centre, Victoria B.C., obtained from cankers 
on Red Alder (Alnus rubra Bong.) growing near Victoria. 
Ten 5-ram discs of the fungus mycelium from a 20-day- 
old culture on malt-extract-agar were transferred to 500- 
ml Erlenmayer flasks containing 200 ml of a modified 
Emerson broth (dextrose, 15g; yeast extract, 6g;  
KzHPO 4, 1 g; MgSO4 �9 7H20,  0.5 g; distilled water, 1 I; 
pH 6) and incubated in shake culture (100 rpm) at 25 ~ 
for 3 weeks. The cultures were then centrifuged 
(10,000gx 15 rain), and the supernatants filtered 
through a 0.45 gm Millipore membrane and adjusted to 
pH 5.5 with 1N NaOH. Part of the resulting filtrate was 
used immediately for the phytotoxicity assay, and part 
was stored at - 3 0  ~ for further processing. 
Phytotoxic bioassay. The presence of toxin in the culture 
filtrate was routinely detected at different stages of the 
purification process by placing tomato cuttings in small 
vials containing filtrate for 24 h at 26 ~ under continu- 
ous light, and then transferring the cuttings to distilled 
water for a further 24 h 9' 10. Toxicity of the purified toxin 
was also tested on alder leaves using the pin-prick 
method 1~. The toxin (1 rag) was dissolved in a small 
amount of methanol, taken up in distilled water, the pH 
adjusted to 5.5 with NaOH 1N, and diluted i-, 4- and 
16-fold. 10-gl drops were then applied onto the lower side 
of leaves, which were then superficially scratched 24 
times through the drop with a dissecting needle. Symp- 
toms were observed 24 h after toxin application. 
Phytotoxin extraction and purification. The culture fil- 
trate (3.0 1) was lyophilized and the residue dissolved in 
0.6 1 distilled H20 (1/5 of initial filtrate volume). The 
solution was adjusted to pH 2.5 with 99 % formic acid 
and extracted with ethyl acetate (4 x 400 ml). The com- 
bined organic extracts were dried with sodium sulphate 
(NazSO4) , filtered, and evaporated under low pressure. 
An aliquot of the crude residue, dissolved in methanol, 
was analyzed by TLC on silica gel (Merck, Kieselgel 60 
F254, 0.25 ram) plates; eluent: n-butanol-acetic acid-wa- 
ter (60 : 15 : 25, v/v/v). The chromatograms were devel- 
oped with iodine vapor and/or by spraying with 0.5 % 
ninhydrin in acetone, followed by heating at 110~ for 
10 rain. The residue (1.36 g) left from the organic extracts 
was fractionated on a 2.5 x 70cm Sephadex LH-20 
column (Pharmacia); eluent: chloroform-ethyl acetate- 

methanol (2 : 2 : 1, v/v/v), elution rate : 3 ml/min, fraction 
volume: 3 ml. The fractions collected were analyzed by 
TLC as above; groups of homogeneous fractions were 
combined and assayed for toxicity on tomate cuttings. 
The residue (324 mg) left from the groups of combined 
toxic fractions was purified in two separate portions on 
a 2.0 x 100cm silic acid (I00 mesh, Mallinckrodt) 
column; eluent: chloroform-iso-propanol (9 : 1, v/v), elu- 
tion rate: 60 ml/h, fraction volume: 1.5 ml. The fractions 
collected were analyzed by TLC as above. The fractions 
containing the main component (colored yellow-pink 
after spraying the plates with the ninhydrin solution) 
were combined and evaporated under reduced pressure. 
The homogeneous oily residue (197 rag), which was toxic 
on tomato cuttings, was crystallized as white needles 
from chloroform at - 20~ (116 rag, 38.6 rag/l). 
Toxin identification. The melting points (uncorrected) 
were measured on a Kofler block, while elemental analy- 
sis was performed on a 740 Perkin Elmer instrument. The 
natural compound was identified by 1H- and 13C-NMR, 
recording the spectra in CD3OD at 270 and 67.92 MHz, 
respectively, on a Bruker, A.C. 270 spectrometer, using 
the same solvent as for the internal standard. The IR 
spectra were recorded in neat on a Perkin-Elmer IR-FT 
1720-X spectrometer, while the UV spectra were mea- 
sured in methanol on a Perkin-Elmer, 550 S spectropho- 
tometer. EI-MS and CI-MS were recorded at 70 and 
300 eV, respectively, on a Kratos MS-80 spectrometer, 
using iso-butane as a reagent gas for the CI-MS. 
Chemical derivatization of the toxin. The acid toxin 
(32.8 mg), dissolved in 4 ml methanol, was converted in- 
to the corresponding methyl ester by reaction with ethe- 
real diazomethane. The crude product was purified on a 
silica gel column (eluent: chloroform-iso-propanol, 
97:3,  v/v), yielding a homogeneous oily compound 
(27.9 mg) which was identified by 1H-NMR (recorded in 
CDC13) and by IR and UV spectroscopy performed as 
above. 

Results 
Toxic activity. A toxic effect on tomato cuttings was 
noted for 21-day-old culture filtrates of M. thelebola. It 

Figure 1. Toxic effects (left) of 21-day-old culture filtrate ofM. thelebola 
on tomato cuttings; control (right): uninoculated growth medium. 
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Figure 2. 1H (a) and 13C (b) NMR spectra of the toxic compound isolated from M. thelebola. 

caused a collapse of the petioles accompanied by com- 
plete wilting of the leaves (fig. 1). Flabbiness of the peti- 
oles appeared within 3 - 4  h and was complete after 20 h. 
Controls using uninoculated medium gave no reaction in 
this test. Culture filtrates diluted one- and fourfold in- 
duced only slight petiole collapse and small necrotic 
spots on the leaf lamina. Petiole collapse was also in- 
duced by the purified toxin at 3 mg/ml (2.5 x 10 -2 M). 
The minimum toxin concentration which induced visible 
effects on the tomato cuttings was 1.13 gmoles/g f.w. 
When 10-gl droplets of the purified toxin at a concentra- 
tion of 2.5 x 10 -2 M were applied to alder leaves, tan 

colored lesions were produced at the area of application. 
An authentic sample of 3-nitropropionic acid (Aldrich, 
Chemical Co., Milwaukee, U.S.A.) assayed on tomato 
and alder leaves induced the same phytotoxic effects 
caused by the natural toxin. 
Toxin identification. The phytotoxic metabolite produced 
in vitro by M. thelebola and shown by elemental analysis 
to have a molecular formula of C3HsNO 4 was identified 
as 3-nitropropanoic acid by spectroscopic analysis. The 
1H-NMR spectrum (fig. 2 a) showed two coupled triplets 
at 6 4.68 (2H, J = 6.2 Hz) and 2.95 (2H, J = 6.2 Hz) 
assigned to two CH z groups, bonded to a NO/  and a 
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COOH group respectively 1 z. The same structural feature 
was observed with the 13C-NMR data (fig. 2b): the sig- 
nals of the two methylene groups resonated at 6 70.1 and 
31.7, while the carboxylic group appeared as a singlet at 
& 173.513. The presence of the carboxylic and nitro group 
was confirmed by the appearance of the typical bands in 
the IR spectrum at 3018 (broad) and 1724 and at 
1558 cm -1, while the UV spectrum showed the weak 
absorption at 270 nm (e = 20.6) t2' 14. 
Both the EI and the CI mass spectra gave the pseudo- 
molecular ion at m/z 120 [MH] + and the characteristic 
fragmentation peaks at m/z 103 [ M H - O H ]  +, 102 
[ M - O H ]  +, 74 [ M H - N O 2 ]  +, 73 [ M - N O z ]  + and 55 
[ M -  NO2 - H20] + (base peak)l 2. 
The structure 1 assigned to the toxic metabolite was con- 
firmed by preparing the corresponding methyl ester (2) 
which differed from it only for the presence of the 
methoxy group at 6 3.74 and for the lacking of OH 
absorptions in the 1H and IR spectrum, respectively. 
The natural toxin and an authentic sample of 3-nitropro- 
pionic acid had the same chromatographic behavior and 
melted at the same temperature (65-67~ alone or in 
mixture is. Finally, under identical experimental condi- 
tions, the toxin (1) also had the same IR, UV, ~H- and 
13C-NMR and MS spectra as 3-nitropropionic acid, and 
the chemical and physical properties of 1 were very close 
to those reported in the literature for 3-nitropropionic 
acid 16 

Discussion 
The toxic metabolite produced in culture from M. thele- 
bola was isolated and identified as 3-nitropropanoic acid 
(1), also known as fl-nitropropionic acid or hiptagenic 
acid, a toxin 16 naturally produced by some fungi includ- 
ing Aspergillus 16, 17 and Penicillium 16,18 species. /~-Ni- 
tropropionic acid is also a metabolite of some families of 
higher plants that are important as forage 15, t9, where it 
occurs either as a free compound or as a conjugate ob- 
tained by esterification with glucose 19.20, 21 
/~-Nitropropionic acid is toxic to animals 15, 16, 19 and to 
insects 21, but its toxicity to plants is reported here for the 
first time. This is also the first time that 1 is identified as 
a metabolite of M. thelebola. Phytotoxic, low molecular 
weight organic 'acids are produced by fungi pathogenic to 
plants. Examples are oxalic acid 21, fumaric acid 23 and 
3-methylthiopropionic acid 24. The latter compound, iso- 
lated from in vitro culture ofXanthomonas campestris pv. 
manihotis, the causal agent of cassava blight, was also 
found in the infected leaves of the same plant, suggesting 

it could have a role in the disease caused by the bacteri- 
um 24. 

3-Methylthiopropionic acid is structurally very close to 
1, and since the two compounds differ only in the termi- 
nal group bonded at the C-3 of the propanoic acid chain, 
it may be hypothesized that the toxicity is associated with 
the aliphafic acid chain, and that the substituent group 
(NO2 or SCH3) at C-3 is relatively less important  in 
causing the toxic effects. 
Further studies are needed to determine whether produc- 
tion of 3-nitropropanoic acid by M. the[ebo[a has a role 
in the disease process and if and how the toxin may be 
used as a forest herbicide. Preliminary observations indi- 
cated that A. rubra seed germination is inhibited to some 
extent by 3-nitropropanoic acid. 
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