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INTRODUCTION 

The terpenoid stress compounds capsidiol [ 13, 
glutinosone [2], solavetivone [3,4] and phytuberin [5] 
have previously been found in leaves of Nicotiana 
species. These compounds have been produced in 
response to tobacco mosaic virus (TMV), tobacco nec- 
rosis virus (TNV) or the bacterium Pseudomonas lach- 
rymans. In the case of potato, which belongs to the 
same family (Solanaceae), the terpenoid stress com- 
pounds, such as rishitin, lubimin, solavetivone, 
phytuberin and phytuberol, have been found in the 
tubers inoculated with micro-organisms [6]. 

The alteration of plant metabolism by the ethylene- 
releasing compound ethrel, 2-chloroethylphosphonic 
acid, has been extensively studied. Potato slices 
treated with ethrel and subsequently inoculated with 
Helminrhosporium uictoriae, H. carbonurn or an in- 
compatible race of Phytophfhora infesfans accumu- 
lated considerably more phytuberin and phytuberol 
than did slices treated with water followed by inocula- 
tion. But ethrel alone did not elicit the accumulation 
of the terpenoids [7]. 

It has been reported that treatment of tobacco 
leaves with ethrel induced the formation of necrotic 
spots [8], changes in protein constitution and peroxi- 
dase isoenzyme patterns [g], and the accumulation of 
scopoletin [9]. but the accumulation of terpenoid 
stress compounds has not yet been studied. 

In this paper, we report the accumulation of ter- 
penoid stress compounds phytuberin (1) and 
phytuberol (2) in tobacco leaves treated with ethrel. 
This is the first report of phytuberol (2) occurring in 
tobacco as a stress compound. 
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RESULTS AND DISCUSSION 

On leaves pricked with needles moistened with 
0.05 M ethrel, small light brown spots developed 
around the punctures within 1 hour. During the fol- 

lowing days, these spots slightly enlarged and turned 
dark brown, whereas the centres became whitish. 
These spots resembled the virus-induced local lesions. 

The CH2C12 extract from the treated leaves con- 
tained phytuberin (1) and phytuberol (2) which were 
isolated by preparative GLC. From a fraction eluted 
with hexane-Et,0 (4: 1) on a silicic acid column, 
phytuberin (1) was isolated as an oil (2.0mg) and 
identified by comparison with an authentic sample 
(GLC, MS, IR, ‘H NMR and CD spectra). Phytuberol 
(2) was isolated as an oil (1.0 mg) from a fraction 
eluted with Et,O. The GLC retention time and spec- 
tral data were in accord with those of an authentic 
sample. 

In control leaves, which were pricked with water 
instead of ethrel, 1 and 2 were not detected even by 
the very sensitive analytical method of mass fragmen- 
tography. 

The occurrence of 1 and 2 is the first evidence for 
terpenoid stress compound accumulation in response 
to ethrel treatment of tobacco leaves. On the other 
hand, in the case of potato tubers, ethrel did not 
increase the accumulation of these compounds in non- 
inoculated tubers [7]. 

Up to 0.18 mg phytuberin (1) and 0.04mg 
phytuberol (2)/g dry wt of treated leaves were found in 
an analysis by mass fragmentography. Phytuberin (1) 
was unstable to heat. During the isolation by prepara- 
tive GLC, 1 was mostly converted to dehydroxy- 
phytuberol (3). It is considered that elimination of 
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acetic acid was caused by the high temperature at the 
TCD (300“). In fact, 1 did not undergo such thermal 
degradation when the temperature of the TCD was 
lowered to 270”. Dehydroxyphytuberol (3) was iden- 
tified by the measurement of MS, IR and ‘HNMR 
spectra. The molecular ion at m/e 234 indicated the 
loss of acetic acid from 1 or water from 2 to give an 
isopropenyl group. The ‘H NMR methyl signal at 
6 1.74 and the methylene 
absorption at 893 cm-’ 

p:)nal at 4.73, and the IR 
supported this conclusion. The 

other ‘H NMR signals and IR absorptions were very 
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similar to the corresponding spectral data of phytube- 
rin (1) and phytuberol (2). These facts suggested 
dehydroxyphytuberol had structure 3. 

GC-MSwasona3mmxlmcolumnof5%OV101on 
Chromosorh W(AW-DMCS), IR spectra were measured as a 
film. ‘H NMR spectra were measured at 100 MHz in CDCl, 
and mass fragmentograms were determined using a 3 mm x 

1 m column of 2% OV-1 on Chromosorb W(AW-DMCS) at 
165”. 

Nicotiana tohacum cv Samsun NN was grown in a 
greenhouse at 24“. Tobacco plants (2 months old) with 6 to 8 
fully expanded leaves were treated with 0.05 M ethrel. The 
leaves were pricked by stainless steel needles moistened with 
the treatment soln into, and occasionally through, the leaf. 
The leaves pricked with H,O served as control. Six days 
later, the leaves were harvested. The harvested leaves (434 g 
fr. wt) were frozen at -20” for 2 days and then freeze-dried. 
The dried materials (48 g) were extracted with CIixCI, (2 1. x 
3). The solvent was removed from the crude extract which 
was then introduced onto a cohunn of Si gel (8Og) and 
eluted with hexane-Et,O. 

Phytuberin (1) was contained in a hexancEb0 4: 1 
fraction and isolated by prep. GLC as an oil (2.0 mg). The 
retention time on GLC was 13.0min (5% OV-101 on 
Chromosorb W(AW), 3 mm x 1 m, lOO-240”, S”/min, 60 ml 
Helmin). MS m/e (rel. int.): 294 (M+, 8). 249 (lo), 234 (14), 
205 (100). 189 (61), 149 (41), 107 (46), 95 (38) 93 (39). 91 
(37). 67 (29); IR vfi: cm -‘: 1735, 1620, 1375, 1260, 1155, 
1088, 1040, 737; ‘HNMR: 61.02 (3H, s), 1.42 (3H, s), 1.45 
(3H, s), 1.57 (3H, s), 1.97 (3H, s), 3.32 (lH, d, J= 9 Hz), 
3.47 (lH, d, _r = 9 Hz), 4.65 (1H. d, J = 3 Hz), 6.42 (lH, d, 

I = 3 I-Ix); CD: [01x, -67 700 (EtOH, c 0.03). 
Phytuberol (2) was contained in an Et,0 fraction and 

isolated by prep. GLC as an oil (1.0 mg). The retention time 
on GLC was 10.3 min (5% OV-101 on Chromosorb W(AW), 
3 mm x 1 m, lOO-240”, S”/min, 60 ml Helmin). MS m/e (rel. 
int.): 252 (M’. 12). 237 (6). 234 (3). 205 (41). 149 (36). 107 

(37). 95 (36). 77 (35), 59 (51). 55 (37), 43 UC@), 41 (75); IR 
v~:~cm-‘: 3455, 1623, 1470, 1379, 1152, 1085, 1038,915, 
859, 810, 798, 731; ‘HNMR: 81.00 (3H, s), 1.21 (6H, s), 
1.55 (3H, s). 3.26 (lH, d, I = 9 Hz), 3.40 (lH, d, J = 9 I-Ix), 
4.65 (1H. d. I=3Hz). 6.42 (1H. d. l=3Hz). 

Dehydroxyphytuberol(3) was obtained as an oil (0.5 mg) by 
preparative GLC of the fraction containing phytuberin (1) at 
high TCD temp. (300”). MS m/e (rel. int.): 234(M+, IS), 219 
(5). 205 (51) 189 (79) 107 (74), 93 (83) 91 (70), 81 (91), 79 
(74). 67 (74) 55 (100) 53 (84); IR ~:~cn-‘: 1620, 1469, 
1440, 1370, 1155, 1087, 1037, 893, 730; ‘HNMR: 81.03 
(3H, s), 1.58 (3H, s), 1.74 (3H, s), 3.33 (lH, d, _r=9 Hz), 
3.49 (lH, d, .J= 9 I-Ix), 4.64 (lH, d, J = 3 I-Ix), 4.73 (2H, s), 
6.42 (lH, d, _I = 3 I-Ix). 
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