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Two novel resorcinol derivatives were isolated from the mycelium of Lasiodiplodia theo­
bromae IFO 31059 as potato micro-tuber inducing compounds. Their structures were estab­
lished by spectroscopic methods as ethyl (6 ' 7?)-2,4-dihydroxy-6-(6'-hydroxyheptyl)benzoate
(8) and isobutyl (6 ' /?)-2.4-dihydroxy-6-(6'-hydroxyheptyl)benzoate (9). The absolute stereo­
chemistry of the asymmetric center of (8) was determined by an advanced Mosher method.

Introduction

Lasiodiplodia theobromae is a fungus whose cul­
ture filtrate inhibits the growth of higher plants, 
and produces various organic metabolites (A l­
dridge et al., 1971). In our ongoing screening pro­
gram for potato micro-tuber inducing substances 
from microorganisms, we previously isolated jas- 
monic acid (1), theobroxide (2) (Nakamori et al., 
1994), 5-oxolasiodiplodin (3), 5-hydroxylasio- 
diplodins (4a) and (4b), (3R, 45)-4-hydroxylasio- 
diplodin (5), (3R, 67?)-6-hydroxy-de-0-methyllasi- 
odiplodin (6) and (3 R, 5/?)-5-hydroxy-de-0- 
methyllasiodiplodin (7) (Matsuura et al., 1998; 
Yang et al., 2000) from this fungus (Fig. 1). As a 
result of continuing research on this fungus, bioas­
say-directed fractionation of the extract has now 
led to the isolation and characterization of two 
novel resorcinol derivatives: ethyl (6'/?)-2,4-dihy- 
droxy-6-(6'-hydroxyheptyl)benzoate (8) and iso­
butyl (6'Ä)-2,4-dihydroxy-6-(6'-hydroxyheptyl)- 
benzoate (9) as biologically active compounds 
inducing potato micro-tuber formation. This ap­
pears to be the first instance in which 8 and 9 have 
been isolated from a natural source and demon­
strated to have such activity.

Materials and Methods

Instrumental analyses

Spectra were obtained with the following instru­
ments: IR, Hitachi 285 spectrometer; optical rota­
tions, JASCO DIP-4 polarimeter; NMR, Bruker

AM-500 FT-NMR spectrometer and JE O L  JNM- 
E X  270 FT-NMR system; FD- and EI-MS, JE O L  
JM S01SG-2 and JM S-DX-300 mass spectrome­
ters, respectively.

Chemicals

(-)-M TPA Cl and (+)-MTPACl were purchased 
from Wako company, Tokyo, Japan.

Bioassay

Potato micro-tuber inducing activity was as­
sayed using cultures of single-node segments of 
potato stems in vitro, as reported previously (Koda 
and Okazawa, 1988). In brief, single-node seg­
ments prepared from etiolated potato shoots (So­
lanum tuberosum L. cv Irish Cobber), were steri­
lized in a 1% solution of sodium hypochlorite for 
1 h. Then three segments were transferred to a 
100 ml flask that contained 10 ml of medium (usu­
ally white’s medium with 2% sucrose) supplement 
with the compound to be tested. The medium was 
adjusted to pH 5.6 and solidified with 0.6% Bac- 
toagar before being autoclaved. Five replicates of 
each culture were maintained at 25 °C in the dark 
for 3 weeks, and the ratio of tuberization was cal­
culated as the number of tuberized laterals divided 
by the total number of laterals that had emerged. 
Jasmonic acid (10~5 m ) was used as the positive 
standard, and a medium without the extract (or 
the test compound) was used as the negative con­
trol.
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OH

4a: R=-"ilOH 4b: R=-*OH

Cultures and isolation

The fungus was grown in 500 ml flasks in a sta­
tionary phase at 25 °C in the dark for 35 days, with 
each culture containing 200 ml of 3%  potato- 
sucrose medium. The mycelium from 20 1 culture 
filtrate was immersed in acetone for 3 months. The 
acetone filtrate was concentrated to nearly 1  1 in 
vacuo and extracted with ethyl acetate. The ex­
tract was evaporated to dryness in vacuo and the 
residue ( 1 1  g) was chromatographed in a silica gel 
column, eluting successively with CHC13, MeOH- 
CHC13 (3:97, v/v), MeOH-CHCl3 (20:80) and 
MeOH. Micro-tuber forming activity was found in 
the MeOH-CHCl3 (3:97) eluate. The residue from 
this eluate was rechromatographed successively 
with MeOH-CHCl3 (3:97) and n-hexane-EtOAc 
(1:1) as eluent. Two active fractions A (6.5 mg) 
and B (10.0 mg) were obtained.

Isolation o f 8

Active fraction A was purified by HPLC on C l8  

column (Wakosil-II, 4.6x250 mm; flow rate 0.5 ml/

min; UV detector 210 nm). Elution with a gradient 
mode of 70% methanol: 30% water containing 
0.2% acetic acid to 100% methanol over 30 min 
yielded 2.1 mg of 8 , R t = 24.58 min.

[a]o -9.11° (c 0.9, MeOH); EI-M S m/z (rel. 
int.): 296 (M )+ (37), 279 (5), 250 (15), 232 (31), 214
(10), 196 (100), 183 (40), 168 (48), 150 (89), 149 
(70), 124 (22), 123 (20), 69 (12); FD-MS m/z: 296 
(M)+ (100); EI-HR-M S m/z (M+): Calcd. for 
Ci6H2 4 0 5: 296.1624. Found: 296.1648; IR  vmax 
(film) cm“1: 3357, 2931, 1643, 1548, 1513, 1444, 
1259; !H NMR and 13C NMR see Tables I and II.

Isolation o f 9
Active fraction B was first subjected to prep. 

TLC (silica gel 60 F 2 5 4 ), developed with «-hexane- 
EtOAc-AcOH (4:3:0.01, v/v), and the main band 
(Rf. value = 0.38) was further purified by prep. 
TLC employing MeOH-CHCl3 (8:92, Rf. value = 
0.40) as the eluting solvent to yield compound 9 
(0 . 6  mg).

[a]o -15.5° (c 0.6, CHC13); EI-M S m/z (rel. 
int.): 324 (M)+ (46), 279 (8 ), 250 (18), 224 (53), 211
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(33), 168 (100), 150 (56), 111 (30), 97 (39), 71 (37), 
57 (57), 55 (35); FD-MS m/z: 324 (M )+ (100); FI- 
HR-MS m/z (M +): Calcd. for C 1 8H2 80 5 : 324.1937. 
Found: 324.1909; IR  vmax (KBr) c n r 1: 3424, 2988, 
1647, 1546, 1501, 1456, 1260; !H NMR and 13C 
NMR see Tables I and II.

Preparation o f the MTPA esters of 8

Mosher method (Ohtani et al., 1991) was ap­
plied to determine the absolute configuration of 
hydroxyl moiety in 8. The (S)-MTPA ester (8a) 
and (/?)-MTPA ester (8b) (MTPA: 2-methoxy-2- 
trifluoromethyl-2 -phenylacetic acid) were pre­
pared via the dimethyl derivative of 8 . A solution 
of compound 8 (0.7 mg, 2.4 [j,mol), anhydrous po­
tassium carbonate (2.0 mg, 14.4 |imol) and iodo- 
methane (3 drops) in dry acetone (200 |il) was re­
fluxed for 5 hr. The formation of dimethyl 
derivative was confirmed with ’H NMR by observ­
ing two -O C H 3 signals at63.71 and 3.73. The reac­
tion mixture was concd. in vacuo, and the residue 
was extracted with n-hexane for three times 
(3 mlx3). After removal of the solvent, the di­
methyl derivative of 8 (0.7 mg, 2.1 (imol) was ob­
tained. To a stirred soln. of the resultant dimethyl 
derivative (0.35 mg, 1.08 |imol) in dry methylene 
dichloride (200 (il), DMAP (0.26 mg, 2.16 ^imol), 
pyridine (1 drop) and MTPAC1 (2-methoxy-2- 
trifluoromethyl-2 -phenylacetyl chloride) ( 1  drop), 
(-)-M TPA Cl for 8a and (+)-MTPACl for 8b were 
added. After 10 hr, the reaction mixture was 
concd. in vacuo. The residue was subjected to 
prep. TLC on silica gel using n-hexane-EtOAc 
(5:1) to give the (S)-MTPA ester 8a and (R)- 
MTPA ester 8b respectively.

Compound 8a: FD-MS m/z: 540 (M )+, ’H NMR 
(270 MHz, CDC13): 67.53 (2H, m), 7.41 (3H, m),
6.31 (2H, dd, J  = 2.1, 2.2 Hz, H-3 and H-5), 5.15 
(1H, m, H-6 '), 4.35 (2H, q, J  = 7.2 Hz, H-2"), 3.82 
(3H, s, OCH3 ), 3.80 (3H, s, OCH3), 3.56 (3H, s, 
OCH 3 ), 2.51 (2H, t, J  = 7.8 Hz, H -l'), 1.55 (8 H, 
m, H-2', H-3', H-4' and H-5'), 1.35 (3H, t, J  = 7.0 
Hz, H-3"), 1.27 (3H, d, J  = 7.1 Hz, H-7').

Compound 8b: FD-MS m/z: 540 (M )+, 'H NMR 
(270 MHz, C D C I3 ): 67.52 (2H, m), 7.40 (3H, m),
6.31 (2H, d, J  = 2.3Hz, H-3 and H-5), 5.13 (1H, m, 
H-6 '), 4.35 (2H, q, J  = 7.0 Hz, H-2"), 3.81 (3H, s, 
OCH 3 ), 3.80 (3H, s, OCH3 ), 3.55 (3H, s, OCH3),
2.54 (2H, t, J  = 7.6 Hz, H -l'), 1.56 (8 H, m, H-2',

H-3', H-4' and H-5'), 1.35 (3H, t, J  = 7.0 Hz, H- 
3") , 1.25 (3H, d, J  = 6.3 Hz, H-7').

Results and Discussion

Structures of 8 and 9
Compound 8  was obtained as colorless oil and 

exhibited [a]o -9.11° (c 0.9, MeOH). The IR 
spectrum showed absorption bands for hydroxyl 
(3357 cm-1), a carbonyl of an aromatic ester 
linked by hydrogen-bonding (1643 cm-1) and an 
aromatic ring system (1548 cm - 1  and 1513 cm-1). 
The molecular formula was determined as 
C 1 6H2 4 O 5 by high resolution El-mass spectra. A 
resorcinol derivative structure was deduced from 
its ‘H NMR and 13C NMR spectra (Tables I and 
II). Thus, in the 'H NMR there were signals due 
to a resorcinol ring (2H, 6  6.28, 6.22, d, J  -  2.7 
Hz), which was disubstituted with two side chains. 
One chain was supposed to be an ethyl ester group 
due to the presence of the signals at 6  4.28 (2H, 
q, / = 7.0 Hz) and 1.33 (3H, t, J  = 7.0 Hz). There 
was also an aliphatic chain bearing a hydroxyl 
group at co-1 , because a signal of a terminal methyl 
at 6  1.23 ppm (d, J  -  6.0 Hz) was observed. An­
other terminal of the chain was a benzylic methy­
lene ( 6  2.83, t, / = 7.2 Hz) which was linked to the 
aromatic system. The 13C NMR had six signals of 
aromatic carbons, two of them being methine ( 6

1 1 2 .1 , 1 0 2 .1 ) and the other quaternary ( 6  166.6, 
163.6, 149.4 and 105.5). In addition to these sig­
nals, the 13C NMR spectrum also showed those for

Table I. 'H  NMR data of compounds 8a-b and 9 a- c (270 
MHz, CD3 COCD3  for 8, CD3 OD for 9).

Assignment 8 9

OH 11.56 (s) 11.78 (s)
2" 4 .28  (q, J  = 7.0 H z) 4.13 ( d ,7 = 6.6 Hz)
3" 1.33 (t, 7  = 7 .0  H z) 2.08 (m )
4", 5" 1.02 ( d ,7 = 6.6 Hz)
3 6.22  (d, J  = 2.7 H z) 6.23 (d. J = 2.5 Hz)
5 6.28  (d. J  = 2.7 H z) 6.27 (d, J = 2.5 Hz)
1' 2 .83 (t, J  = 7.2 H z) 2.90 (t, J  ■■= 7.9 Hz)
2' 1.52 (m ) 1.52 (m )
3' 1.34 (m ) 1.28 (m )
4 ' 1.34 (m ) 1.38 (m )
5' 1.34 (m ) 1.38 (m )
6' 3 .58 (m ) 3.77 (m )
T 1.23 ( d .7  = 6.0 H z) 1.19 (d .7 = 6.2 H z)

a Assignments confirmed by two-dimensional experi­
ments (COSY, HMQC and H M BC). 

b CD3CO CD 3 signal at öH 2.05 as reference. 
c CD3OD signal at öH 4.78 as reference.
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Table II . 13C NMR data of compound 8 a- b and 9 a-c (270 
MHz, CD 3CO CD 3 for 8, CD 3OD for 9).

Assignment 8 9

1" 172.6 171.7
2" 62.2 71.9
3" 14.7 27.1
4", 5" 19.4
1 105.5 105.5
2 166.6 165.5
3 102.1 101.5
4 163.6 160.2
5 112.1 110.6
6 149.4 148.4
1 ' 37.6 36.4
2 ' 32.9 31.5
3' 30.9 29.5
4' 26.7 25.8
5' 40.5 39.2
6 ' 67.8 68.2
7' 24.3 23.6

a Assignments confirmed by two-dimensional experi­
ments (COSY, HM QC and H M BC). 

b CD3COCD3 signal at bc  206.5 as reference. 
c CD3OD signal at 6C 49.0 as reference.

a benzylic methylene (6 37.6), five methylenes of 
the chain, secondary hydroxyl (6 67.8) and the ter­
minal methyl (6 24.3). The signals due to an aro­
matic ester (6 172.6, 62.2, 14.7) were also ob­
served. These values were in good agreement with 
those expected for a 2,4-dioxygenated benzoate 
bearing an alkyl substituent at C-6. The partial 
structure, -C H 2(CH2)4CHOHCH3, was well re­
solved by HMBC and 'H -’H COSY spectra 
(Fig. 2). Starting from the H -l' signal at b 2.83, 
every proton on the seven carbons of the chain 
was assigned unambiguously and the chemical 
structure was determined to be ethyl-2, 4-dihy-

droxy-6-(6'-hydroxyheptyl)benzoate. Assignments 
of protons to the carbons were made in conjunc­
tion with HMQC and HMBC.

The absolute configuration at C-6' of 8 was de­
termined by an advanced Mosher method, based 
on the analysis of the difference of the ’H NMR 
chemical shifts between the (5) -  and (R) -  
MTPA esters of 8. In this process, 8 was first meth­
ylated with iodomethane, and then converted to 
MTPA esters: (8a) [(S) -M TPA ] and (8b) [(/?) - 
MTPA], The assignments of 8a and 8b were 
achieved by !H NMR and ‘H-’H COSY spectral 
analyses, and the proton chemical shift differences 
between 8a and 8b were investigated (Fig. 3). The 
tendency of positive value (+0.02) was observed in 
methyl protons at C-7' and methine proton at C- 
6', and negative values (-0 .0 3 ) in benzylic methy­
lene (C -l')  and (-0 .0 1 ) in other methylenes (C- 
2'~C-5'), indicating an R configuration at C-6'. 
Thus, the structure of 8 was deduced as ethyl 
(6' R)-2,4-dihydro xy-6-(6 '-hydroxyheptyl)benzoate.

Compound 9 was obtained as colorless oil, and 
exhibited [a]o -15.5° (c 0.6, CHC13). The infrared 
spectrum indicated the presence of a hydroxyl 
group (3424 cm-1), an aromatic ester (1647 cm-1 
and 1260 cm-1) and an aromatic ring system (1548 
cm-1 and 1513 cm-1). The FD- and El-mass 
spectra of 9 gave the molecular formula of 
C 18H28Os (M )+. The *H- and 13C NMR spectral 
data of 9 bore good resemblance to that of 8. 
Comparison of the spectral data with those of 8 
indicated the same resorcinol derivative skeleton 
with an alkyl substituent at C-6. This alkyl substit­
uent has been found to be a seven-carbon chain 
with the same substitution pattern, a hydroxyl 
group at C-6'. The *H NMR showed the signals

8 9

Fig. 2. 1H - 1H CO SY and H M BC correlations observed in 8 and 9.
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MeO
-0.03 -0.01 -0.01 +0.02

Structure of MTPA ester 8a R= (S)-MTPA; 8b R= (K)-MTPA

Fig. 3. MTPA derivatives of 8 and the ’H-NMR chemical shift differences [(S )-M T PA -(/?)-M T PA ],

due to a resorcinol ring (2H, 66.27, 6.23, d, / = 2.5 
Hz), a terminal methyl (61.19, d, J  = 6.2 Hz) in 
the chain, and a benzylic methylene (62.90, t, / =
7.9 Hz). Instead of the signals for an ethyl ester 
observed in 8, a doublet peak at 6 1.02 (6H, J  = 
6.6 Hz, CH2CH(CH3)2) correlated with a multiple 
peak at 6 2.08 (1H, CH2CH(CH3)2 ) and a doublet 
peak at 6 4.13 (2H, J  = 6.6 Hz, CH2CH(CH3)2) 
which indicated the presence of an isobutyl group 
in 9. Thus, the chemical structure of 9 was pro­
posed as isobutyl-2,4-dihydroxy-6-(6'-hydroxyhep- 
tyl)benzoate. This conclusion can be confirmed 
further by the 13C NMR data. The complete NMR 
assignments of 9 are given in Tables I and II ac­
cording to the HMQC, HMBC and !H-‘H COSY 
spectra (Fig. 2). Because of the small amount of 9, 
it was difficult to determine the absolute configu­
ration of C-6' by advanced Mosher method. Com­
parison of its optical rotation ([a]o -15.5°) with 
that of 8 ( [ cx] d  -9 .11°), suggested that C-6' has 
the same R configuration as 8. Hence, the struc­
ture of 9 is proposed as isobutyl (6'/?)-2,4-dihy- 
droxy-6-(6'-hydroxyheptyl)benzoate.

Retrosynthetic analysis of 8 and 9 would easily 
give the same acid, together with ethyl and isobu­
tyl alcohols, respectively. It is conceivable that a 
free acid exists as the common precursor for 8 and 
9. Furthermore, it is fair to suggest that esterifica- 
tion of this acid with different alcohols would sim­
ply give a myriad of compounds in nature-still un­
discovered. Benzoic acid derivatives are known 
that have side chains which may be closed to form 
a lactone ring. Lasiodiplodin and de-O-methyl las- 
iodiplodin (Aldridge et al., 1971) together with 
their hydroxyl derivatives (4a, 4b, 5, 6 and 7) and 
5-oxolasiodiplodin 3 are 12-member lactone ring 
which have been isolated from the same fungus. 
Compound 8 and 9 that bear a seven-carbon side

chain with hydroxyl group are capable of forming 
a lactone ring. But these are two carbons short 
compared to lasiodiplodin and de-O-methyl lasio­
diplodin and their derivatives. The presence of 8 
and 9 give an interesting hint to the biosynthesis 
of lasiodiplodin and its congeners.

Biological properties

Using bioassay of single-node stem segment cul­
tures, compound 8 was found to have micro-tuber 
inducing activity (Fig. 4) at the same concentration 
( 1 0 - 4  m )  as that of theobroxide, which was also 
obtained from the same fungus. The activity of 8 
was lower than that of jasmonic acid, which is usu­
ally applied at 10~5 m  as a positive control. The 
negative control (using medium without any 
added compounds) showed no activity at all. Al­
though not subjected to bioassay because of its 
small amount, compound 9 might possess similar

Fig. 4. Potato micro-tubers induced by 8 at 10~4 M 
(right), compared to jasmonic acid at 10~5 M (left) and 
negative control (middle).



Q. Yang et al. ■ Novel R esorcinol D erivatives from  Lasiodiplodia theobromae 551

activity since it closely resembled 8 in structure 
and was isolated from an active fraction. Up to 
now, there is no report about the effect of resor­
cinol lipids on potato micro-tuber induction. The 
role of resorcinol lipid 8 in micro-tuber induction 
is interesting but unknown at the moment.

Based on their structures, compound 8 and 9 can 
be classified as resorcinol lipids. This class of com­
pound occurs widely in plant and microorganism 
and are known to have various biological functions 
such as antimicrobial, antiparasitic, regulation of
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