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Abstract-Three potato-tuber inducing substances were isolated from Lusiodiplodia theobromae IF0 31059, and their 
structures identified as mellein, jasmonic acid and a previously unrecorded cyclohexene named theobroxide. 

INTRODUCTION 

The potential practical applications of potato (Solanurn 
tuberosum L.) micro-tubers include: (I) reduction of time 
required for the improvement of plant breeding, (2) facili- 
tating the judgement of potato varieties such as early or 
late ripening ones, (3) reduction of transportation costs, 
(4) expanding of productivity by the use of germless 
seedlings, (5) the succession of micro-tubers to the gene- 
tic superiority of mother tubers, (6) the study of tuber- 
inducing mechanisms of plants in general. In a recent 
paper, we described tuberonic acid glucoside (1) as the 
potato tuber-inducing substance of potato (Solanum tu- 
berosum L.) [l] and its methyl ester, jasmonic acid, and 
polyacetylenic compounds as those of Jerusalem artichoke 
(Helianthus tuberosus) [2,33, using a culture of single- 
node segments of potato stem in vitro [4]. We applied this 
method in our search for micro-tuber inducing sub- 
stances from microorganisms. We now present the chem- 
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ical structures of potato micro-tuber inducing substances, 
2-4, from Lasiodiplodia theobromae. 

3R=H 
5 R=Me 

RESULTS AND DISCUSSION 
aromatic protons (67.39, lH, dd, J=8.4, 7.4H~ 66.87, 
IH, d, ./=8.4Hz; 66.69, lH, d, J=7.4 Hz), a hydrogen- 

The culture filtrate of Lusiodiplodia theobromae IF0 bonded phenolic group (6 11.03, IH, s), and 
31059 was subjected to column chromatography on ArCH,CH(Me)O-CO- (64.73, lH, m; 62.92, 2H, d, J 
charcoal and eluted with water, ethanol and acetone. The =6.4 Hz; 6 1.53, 3H, d, J =6.4 Hz). These signals had 
ethanol and acetone eluates showed potato micro-tuber good accordance with those of mellein, which had already 
inducing activity and compounds were further purified by been isolated from the fungus, Lasiodiplodia theobromae 

silica gel and HPLC to afford 2-4. [S]. The absolute configuration of mellein was proposed 
Compound 2 was obtained from acetone eluents as as (R) on the basis of the observation of a negative 

needles, and analysed for Cr,,H,,Os [M]’ by high extremum at 257 nm in its CD [7] and this proposal was 
resolution El-mass spectrometry. The IR spectrum show- confirmed by the chiral synthesis of (R)-mellein [8]. 
ed hydroxy group (3600-3000 cm- *) and hydrogen-bon- Compound 3 was isolated from the ethanol eluents as a 
ded lactone carbonyl group (1610 cm - r ) absorptions. pale yellow oil. The ‘H NMR spectrum of 3 showed the 
The ‘HNMR spectrum showed the presence of three presence of olefinic protons (65.45, lH, dt, J= 10.7, 

7.2 Hz; 6 5.26, lH, dt, J = 10.7,4.7 Hz), carbonylmethylene 
proton (62.78, I H, br d, J = 12.2 Hz), methyl protons 

*Author to whom correspondence should be addressed (60.95, 3H, d, 5=7.5 Hz), and 6 1.91 (IH, m), 6 1.55 (lH, 
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Table 2. ‘H NMR (270 MHz, CDCI,) spectral data for 
11 and 12, and A6 values [a (-): 12-b (+): 111 

(270 MHz) 

H 12 11 A6values [s(-)-s(+)] 

2 5.68 5.71 -8.1 
3 3.78 3.73 13.5 
4a 2.14 2.08 16.2 
4b 1.96 1.90 16.2 
5 5.49 5.49 0.0 
6 3.53 3.64 -24.3 
7 1.75 1.79 - 10.8 

13 

M 
w.2 
16.2 

11 RI (+)-MTPA 
12’ RI (-)-MTPA 

This is the first time 4 has been isolated from a natural 
source and showed potato micro-tuber inducing activity 
at a concentration of 5 x 10m6 M. Harveynone (13), re- 
lated to 4, was isolated as a mitotic arrester of sea urchin 
eggs [18] and efficiently inhibited their spindle formation 
and arrested first cell division. Compound 4 might pos- 
sess a similar activity potential in the inhibition of plant 
microtubules formation. 

According to some reports on the mechanism of tuber 
inducement, at the first stage of tuberization of potato, 
the radial expansion of pith cells at the stolon tip occurs, 
followed by cell division [ 193. It is, therefore, feasible that 
the radial cell expansion of pith cells was induced by the 
disruption of cortical microtubules contained therein. 
From this hypothesis, 3 and 4 might play an important 
role concerning micro-tuber formation in potatoes. 

EXPERIMENTAL 

Bioassay. The tuber-forming activity was tested using 
cultures of single-node segments of potato stem in oitro as 

previously described [4]. 
Cultures and isolation. The fungus was grown in 500 ml 

flasks containing 150 ml of 2% potato-sucrose medium 
stationarily at 23” in the dark for 30 days. The culture 
filtrates were subjected to charcoal chromatography and 
eluted by H,O, EtOH and Me&O. The potato micro- 
tuber inducing activity was observed in EtOH and 
Me,CO eluents. 

Isolation ofmellein (2). The Me,CO eluents (290 mg) of 
30 flasks were subjected to silica gel CC (C-200, Wako- 
gel, CHCI,-MeOH, 1 :0, 19: 1) to give 2 (44 mg). [a];’ 
-94” (CHCI,; c 0.48); mp 47-48”; EI-MS m/z (rel. int.): 
178 CM]’ (92), 160 (49), 149 (24), 134 (100). 106 (27); EI- 
HR-MS m/z: 178.0610 [M]’ (calcd for C,,H,,O,: 
178.0630); IR tiA:cn-‘: 3600-3000, 1610, 1590; 
‘H NMR (500 MHZ CDCl,): d 11.03 (lH, s), 7.39 (lH, dd, 
J=8.4, 7.4Hz), 6.87 (lH, d, J=8.4Hz), 6.69 (lH, d, J 

=7.4Hz),4.73(1H,m),2.92(2H,d,J=6.4Hz), 153(3H,d, 
J = 6.4 Hz). 

Isolation of (- )-jusnwnic acid (3) and theobroxide (4). 

EtOH eluents were coned under red. pres. and the residue 
subjected to silica gel chromatography (C-200, Wako-gel, 
MeOH-CHCI,-HOAc, 2:98: 1, 5:95: 1, 10:90:1, 1:l:O) 
to give active fractions A-D. Fraction A (7.1 g) of 63 
flasks was chromatographed on silica gel (C-200, Wako- 
gel, n-hexane-EtOAc-HOAc, 90: 10: 1) to give 3 (44 mg). 
[a]g4-88.2” (CHCI,; c 0.40); EI-MS m/z (rel. int.): 210 
[M]’ (20), 192(4), 151(31), 142(27), 133(13), 121 (lo), 109 
(21), 95 (20), 83 (lOO), 67 (25), 55 (32), 40 (66); ‘HNMR 
(5OOMHz, CD&): 65.45 (lH, dt, 5=10.7, 7.2Hz), 5.26 
(lH, dt, 5=10.7, 4.7Hz), 2.78 (lH, br d, J=l2.2Hz), 
2.45-2.25 (4H, m), 2.35 (2H, dd, J=7.5, 7.5Hz), 2.19-2.10 
(lH, m), 2.06 (2H, dq, J=7.3, 7.3Hz), 1.91 (lH, m), 1.55 
(lH), 0.95 (3H, d, J=7.5Hz). 

The active fraction C (7.1 g) of 77 flasks was chromato- 
graphed twice on silica gel CC (C-200, Wako-gel, 
EtOAc-C,H,-HOAc, 40:60: 1,70:30: 1, 1 :O:O), (C-200, 
Wako-gel, MeOH-CHCI,-HOAc, 5:95: 1, 10:90: 1, 
1 :O:O), and further purified by HPLC (PBondapac C,s, 
7.8 x 300 mm, Waters, MeCN-H,O-HOAc, 400:600: 1, 
1.13 mlmin- ‘, UV detector 210 nm) to give 4 (28 mg). 
[~]~~-6.12” (EtOH; c 0.20); mp 94-96”; FD-MS m/z (rel. 
int.): 142.0 [M] + (100); EI-MS m/z (rel. int.): 142 [M] + (1). 
124 [M -H,O]+ (ll), 113 (lo), 95 (62), 84 (30), 73 (78), 69 
(62), 53 (33), 43 (77). 41 (lOO), 39 (66); EI-HR-MS m/z: 
124.0517 [M-H,O]+ (c&d for C,H,O,: 124.0524); IR 
vi!: cm-‘: 3500-3000 [-OH], 2830.1410, 1280,990,790; 
‘H, 13C NMR: Table 1. 

Preparation of compounds 5-12. Methyl (-)-jasmonate 

(5). To the stirred soln of jasmonic acid (3) in Et,0 at 
room temp. was added excess CHzN, in EtzO. After 1 hr, 
the volatile components were removed under red. pres., 
and the residue was purified by prep. TLC (Merck, n- 

hexane-EtzO, 1: 1) to give 5. [z];’ -73.6” (MeOH; 
~0.25); EI-MS m/z (rel. int.): 224 [M]’ (23), 156 (20), 151 
(43), 109 (22), 95 (28), 83 (lOO), 76 (13), 55 (23). 41 (53); 
IR tid!:crn-‘: 2930, 1740, 1430, 1190, 990; ‘HNMR 
(270MHz, CDCl,): 65.44 (lH, m), 5.27 (lH, m), 3.70 (3H, 
m), 2.69 (lH, m), 2.50-2.05 (llH, m), 1.90 (lH, m), 1.50 
(lH, m), 0.95 (3H, t, J=7.3Hz). 

3-Benzoyl derivative (6) of 4 and 6-benzoyl derivative (7) 

o/4. To the stirred mixture of 4 (50 mg), benzoic anhy- 
dride (61.3 mg) and dimethylaminopyridine (3.2 mg) was 
added triethylamine under Ar atmosphere with ice bath. 
The reaction mixture was stirred for 2 hr at 0”, room 
temp. The reaction mixture was extracted by EtzO, and 
the combined organic layers were washed with 1 M 
aq. HOAc, satd aq. NaHCO, and NaCl and dried 
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