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(-)-JASMONIC ACID, A PHYTOTOXIC SUBSTANCE FROM 
BOTRYODIPLODIA THEOBROMAE: CHARACTERIZATION 

BY NMR SPECTROSCOPIC METHODS' 

AKHTAR HUSAIN, ABSm AHMAD, and  PAW^ K. AGRAWAL* 

Central Institnte of Medicinal and Aromatic Plants, Lsuknow 22601 6. India 

ABS%a.-Botryodiplodia tbeobmnrae causes die-track disease of ornamental roses. A 
phytotoxic substance isolated from the culture filtrate ofthis fungus was characterized as (1S,2R)- 
3-oxo-2-(2'-cis-pentenyl)cyclopentan-l-acetate I11 I(-)-jasmonic acid)] by spectral analysis ('H 
and "C nmr, DEPT, 'H- 'H COSY, 'H- "C COSY). The production of necrotic lesions was 
observed on the detached leaf surface of the rose plants with 5 p g  concentrations. The toxic 
metabolite also inhibited germination of wheat seeds. 

A die-back disease of ornamental 
roses, Rosa species, (Rosaceae) under wa- 
terlogged conditions was recently found 
to be caused by Botryodiplodia tbeobromae 
Pat. (order Sphaerosidales) (1). Decreased 
flower production, decreased quality of 
flowers, and reduced life span of rose 
bushes were the consequences. The dis- 
ease first appears in the form of necrosis of 
twigs from the flowering ends; the necro- 
sis progresses downward ultimately caus- 
ing death of the entire cane. In later 
stages, severe defoliation also occurs in 
most of the diseased plants. The symp- 
toms suggest the elaboration of toxic 
metabolites by this pathogen during 
pathogenesis (2). Therefore, we carried 
out a chemical investigation of the cul- 
ture filtrate of B.  tbeobromae. This study 
led to the isolation of a phytotoxin 1 
possessing potent necrotic effects onleaves 
and twigs of rose. 

RESULTS AND DISCUSSION 

The phytotoxin 1 was assigned the 
molecular formula C1,Hl,O3 on the basis 
of ms [M)' at mlz 2 10 and by the analysis 
ofthe 13C-nmr spectrum. The multiplici- 

'Part 4 in the series "Chemical Studies on 
Phytotoxic Metabolites." For part 3, see R.S. 
Shukla,P.K.Agrawal,R.S.Thakur,andA.Husain, 
Plant Sci., 66, 43 (1990). Part 32 in the series 
"NMR Spectral Investigations." For part 31, see 
P.K. Agrawal, A.W. Frahm, and M. Schneider, 
Map. Reson. Chem. 30, 1079 (1992). CIMAP 
Publication No. 93-12 J. 
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ties of each carbon atom were determined 
by using D E W  experiments with polar- 
ization pulses at 45', 90°, and 135'. 
These experiments (3) revealed the ab- 
sence of aliphatic quaternary as well as 
hydroxylated carbon resonances. The ra- 
tio of carbons to hydrogens in the mol- 
ecule indicated a monocyclic nature since 
it had a saturated keto group (13C nmr 6 
218:l; ir 1740cm-'),acarboxylicgroup 
(13C nmr 6 177.69; ir 1700 cm-') and a 
disubstituted olefinic bond {13C nmr 6 
134.22 (CH), 124.82 (CH); 'H nmr 6 
5.26, 5.47, each l H ,  dt,J=10.5, 5 . 5  
Hz). In addition to the above-mentioned 
fimctionalities, there was a terminal Me 
group (13C nmr 6 14.05; 'H nmr 6 0.97, 
3H, t,  Jz6 .0  Hz) and an unresolved 
multiplet integrating for 12  protons in 
the region 6 1.5-2.9 in the 'H-nmr spec- 
trum. The 13c-nmr spectrum, in con- 
junction with DEPT edited spectral data, 
reflected the presence of five aliphatic 
methylenes (6 38.65,37.69,27.15,2 5 .5  0, 
and 20.58) and two aliphatic methine 
resonances (6 53.88 and 27.77). Thepar- 
ent carbon skeleton and the nature of the 
side chain moieties were deduced by 
decoupling experiments of the olefinic 
resonances followed by homonuclear 
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COSY spectral analysis in the region 0.5 
to 3.5 ppm as discussed below. 

The irradiation of the low-field ole- 
finic methine resonance of 1 at 6 5.47 
resulted in a collapse of the olefinic 
methine resonance at 6 5.26 to a triplet 
(J= 5 . 5  Hz) and led to the identification 
of allylic methylene resonances at 6 2.03 
and 1.64. In the COSY spectrum, the 
resonance at 6 2.03 exhibited across peak 
to an Me resonance at 6 0.97. In an 
analogous manner, irradiation of the ole- 
finic methine at 6 5.26 simplified the 
multiplicity pattern of the olefinic reso- 
nance at 6 5.47 to a triplet ( J = 5 . 5  Ht)  
and located an allylic methylene reso- 
nance at 6 2.38 which exhibited, in 
turn, a cross peak to a methine resonance 
at 6 2.13 in the COSY spectrum. Thus, 
the existence of a cis-pentenyl 
(CH,CH=CHCH2CH3) group was in- 
ferred. The resonance at 6 1.95 displayed 
cross peaks at 6 2.13 and to a carboxylic 
group substituted methylene resonance 
at 6 2.31, revealing the presence of a 
CH2COOH group at the adjacent posi- 
tion with respect to the position substi- 
tuted with the cis-pentyl group. The one- 
bond 'H- 13C correlation of the assigned 
'H resonances in the 'H- 13C COSY spec- 
trum led to the assignment of the carbon 
resonances belonging to the cis-pentenyl 
and CH,COOH groups. The 13C reso- 

nances left to be assigned were a CO at 6 
2 18.1 and two methylenes at 6 38.65 and 
27.15, which suggested the existence ofa 
cyclopentanone nucleus as the parent skel- 
eton. The deshielded methine resonance 
at 6 53.88 was found to be correlated 
with the cispentenyl substituted 'H reso- 
nanceat 6 1.95; therefore, thecis-pentenyl 
substituent was located at the 01 position 
and the CH,COOH at the p position 
with respect to the keto group of the 
cyclopentanone nucleus. The chemical 
shift (6 20.58) of the allylic methylene 
was consistent with the cis configuration 
of the olefinic bond (4,5), whereas the 
trans relationship between the cispentenyl 
and CH,COOH substituents was evi- 
dent by 13C nmr chemical shifts (6,7). 
Furthermore, the negative optical rota- 
tion was in agreement with the assigned 
stereochemistry (6-9). Thus, the phyto- 
toxin l could be identified as (1S,2R)-3- 
oxo-2-( 2 '-cis-pentenyl)iyclopentan- 1 -ac- 
etateI( -)-jasmonic acid]. 

Application of 1 on rose leaves in- 
duced the development of brown ne- 
crotic lesions within 1 h ofthe treatment. 
The visible symptoms could be observed 
24 h after treatment with application of 
as little as 5 pg (Figure 1). At 100 pg, 
severe leaf necrosis resulted. 

In spite of the fact that cyclopentane- 
derived fatty acids of the jasmonic acid 

A B C D 

FIGURE 1. Phytotoxic effect (necrotic lesion) at 5 pg concentration of the synthetic 1 and natural 1 on 
the host (Rosa species, variety Golden Gate) after 24 h of treatment. (A) control, (B) synthetic 
1, (C) natural 1, and (D) control. 
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type were the target of many synthetic 
and spectroscopic studies (8-14), unam- 
biguous 'H- and 13C-nmr assignments 
were not available. Jasmonic acid has 
already been reported by various workers 
(8,11), to be produced by B. tbwbromue, 
and it has been found to be a growth 
hormone (9-1 5 )  and a plant defense sig- 
nal (16). However, this is the first time 
that tram-jasmonic acid has been found 
to be a potent toxin responsible for pro- 
duction of toxic symptoms in dieback in 
infected rose plants. A synthetic sample 
of jasmoni acid (racemic mixture) was 
also found to produce similar toxic symp- 
toms at 10 pg  but exhibited negligible 
phyotoxic activity at 5 pg. The (-)- 
jasmonic acid isolated from the present 
pathogenic strain of B. tbeobromue was 
found to exhibit significant phytotoxic 
activityat 5 pg. 

It is possible that in low concentra- 
tion jasmonic acid acts as a growth hor- 
mone, but under high concentration it 
proves to be toxic, causing chlorosis, ne- 
crosis of leaves and twigs, and abscission 
of leaves. The phytotoxic activity of vari- 
ous organic acids that are produced by 
h g i  pathogenic to plants, such as oxalic 
acid (17), fumaric acid (18), 3-methy- 
thiopropionic acid (19), and 3-nitropro- 
pionicacid(20),hasalreadybeenreported. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDuRFS.-The 
'Hand''CnmrwereobtainedwithaBrukerWM- 
400 (400 MHz) nmr spectrometer in CDCI, with 
TMS as internal standard. Chemical shift values 
are reported in ppm downfield from TMS. T h e  
homo- and heteronuclear correlation experiments 
were carried out with the standard pulse sequence. 

CULTLTRING AND TOXIN PRODUCTION.-B. 
t h e o h  was isolated from the diseased rose 
twigs as described earlier (1). The identification of 
B. t h e o h  was confirmed by C.A.B. Interna- 
tional Mycological Institute, Kew, England, where 
avoucher is deposited. A single spore isolate ofthe 
fungus was used for the studies. T h e  fungus was 
grown for 15 days at 2621' in Row bottles (1 
liter) containing 100 ml of modified Czapeks 
solution supplemented with 0.1% yeast extract. 
The pH ofthe medium was adjusted to 7.0 before 
autoclaving. 

TOXIN ISOLATION AND PURIFICATION.-~e 
culture broth was filtered through four layers of 
cheesecloth and reduced to one M h  of its original 
volume by rotary evaporation in vacuo at 40-45'. 
The pH of the culture filtrate was then adjusted to 
4 with 1 N HCL, and it was extracted thrice with 
an equal amount of EtOAc. The EtOAc extracts 
were p l e d ,  dried (anhydrous Ne,), and con- 
centrated at 40" in vacuo to yield a dark brown 
viscous mass (crude toxin). 

The crude toxin was subjected to cc (Si gel) 
and eluted with hexane and increasing amounts of 
EtOAc. Since the toxicity was confined to the 
fractions eluted with hexane-EtOAc (3:l-l:l), 
these were combined, concentrated, and purified 
by preparative tlc on Si gel using CHC1,-MeOH 

TABLE 1. 'H and "C Spectral Assignments of (->Jasmonic Acids 111. 

Carbon I 
c- 1 . . . . . . . . . . . .  
c-2 . . . . . . . . . . . .  
c -3  . . . . . . . . . . . .  
c-4 . . . . . . . . . . . .  
c-5 . . . . . . . . . . . .  
c-1' . . . . . . . . . . .  
c-2' . . . . . . . . . . .  
c-3' . . . . . . . . . . .  
C-4' . . . . . . . . . . .  
c-5' . . . . . . . . . . .  
CH , . . . . . . . . . . . .  
COOH . . . . . . . . .  

"c 

37.77 
53.88 

218.10 
38.65 
27.15 
25.51 

124.82 
134.22 
20.58 
14.05 
37.69 

177.69 

Multiplicity' 

CH 
CH 
C 

CH2 
CH, 
CH2 
CH 
CH 
CH2 
Me 

CH2 
C 

Multiplicity and 
coupling constantsC 

1.95 
- 
2.79,2.37 
2.33, 1.52 
2.38 
5.26 
5.47 
2.03, 1.64 
0.97 
2.31 

dt,J=10.5, 5.5 
dt,]=10.5, 5.5 

rn 
t, ]=6.0 

'Based on the DEFT analysis. 
based on the 'H- 'H COSY and 'H- "C COSY. 
'In Hz. 
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(19:l). TIC exhibited several spots, but the major 
phytotoxic activity was confined to a band at R, 
0.46, which was removed and eluted with EtOAc 
to afford 1 (0.3 8). The purity of the toxin was 
axertained by ms and nmr spectroscopic data 
(Table 1). 

P H Y T O T O X I ~ ~  TEsr.--The phytotoxic ac- 
tivity ofthe phytotoxin was tested on the detached 
leaves of the host plant (variety Golden Gate). Two 
needle punctures 5 mm apart were made on the 
upper leaf surface for two replicates of each concen- 
tration, and 10 p1 of the phytotoxin samples, 
dissolved in a few drops of acetone and then 
diluted with distilled H,O (5, 10,20,40,60,80, 
100,150, and 200 pg), were placed on the punc- 
ture wounds. In the control, an equal amount of 
distilled H 2 0  was used for monitoring the reac- 
tion. The toxicity was determined by monitoring 
the area of necrotic lesions on the leaves 24 h after 
treatment. Root-growth-inhibiting activity of the 
toxin was assayed with germinating wheat seeds 
(2 1) using various concentrations. 
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