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Abstract-Ent-19-hydroxy-6-oxo-5p(H)-7-nor~bberell-l6-ene and the corresponding 1Pcarboxylic acid are 
shown to be inhibitors of gibberellin biosynthesis in the fungus, Gibberella fujikuroi, at stages involved in the 
oxidative modification of ring B of the kaurenoid precursors. 

INTRODUCTION 

The biosynthesis of the gibberellin plant growth 
hormones involves the oxidation of C-19 of a 
kaurenoid precursor followed by hydroxylation of 1 
at C-7/3 to form ent - 7a - hydroxykaur - 16 - en - 19 - 
oic acid (2). Ring contraction then occurs to afford 
gibberellin AI2 7-aldehyde (3) [l, 21. Dehydrogenation 
of ring B of ent - kaur - 16 - en - 19 - oic acid (1) and 
subsequent oxidative lactonization may form 7- 
hydroxykaurenolide (4) [3]. In the previous papers 
[4,5] we showed that ent - 6a - hydroxy - 5/3(H) - 7 - 
norgibberell - 16 - en - 19 - oic acid (5) and the 
corresponding 6, 19-diol acted as gibberellin inhibitors 
by blocking the ring contraction step. Following this 
precedent, a group of ent - 6 - 0x0 - 5/3(H) - 7 - 
norgibberellenes (6-8) [6] were examined as inhibitors 
of gibberellin biosynthesis in the context of two 
stages: firstly as inhibitors of 7/3-hydroxylation and 
thus altering the balance between the kaurenolide and 
gibberellin pathways, and secondly as inhibitors of 
the steps involving C-6 such as ring contraction. The 
chemistry of these compounds [6] indicates that there 
is considerable participation between the C-6 car- 
bony1 group and C-19. Thus the 19-alcohol does not 
show a C-6 carbonyl band in the IR spectrum but 
exists as a hemi-acetal (9). In view of the results 
obtained with these compounds and their possible 
relationship to the kaurenolides, the corresponding 
19-6 ether (10) and lactone (11) were also examined. 
In each case the substrates were incubated with G. 
fujikuroi in the presence of [2-“‘Clmevalonic acid and 
its incorporation into the metabolites compared to 
controls. 

RESULTS AND DISCUSSION 

Incubation of the 6 - 0x0 - 19 - alcohol (6) with G. 
fujikuroi at a concentration of 40mg/l. led to the 
formation of a sparse, non-pigmented globular 
mycelium and a marked inhibition of gibberellic acid 
(12) biosynthesis. After 3 and 5 days, [2-‘4C]MVA had 
not been incorporated sufficiently well to comment on 

its metabolism. After 7 and 10 days, there was only a 
low incorporation into gibberellic acid (0.09% vs 
1.32% in the control). The incorporation into 7, 18- 
dihydroxykaurenolide (13) was also reduced but to a 
slightly lesser extent. At the concentration of 4 mg/l., 
there was only a slight reduction in the dry weight of 
the mycelium which was produced. However, there 
was a substantial reduction in the incorporation of 
[2-?J]MVA into gibberellic acid (12) (0.53% vs 1.18% 
in the control) and an enhancement of the incor- 
poration into 7, l&dihydroxykaurenolide (13) (1.21% 
vs 0.90% in the control). The 6 - 0x0 - 19 - acid (7) 
when incubated with G. fujikuroi at a concentration 
of 40 mg/l. also produced a sparse mycelial growth 
and effectively blocked the biosynthesis of gibberellic 
acid from [2-14C]MVA. Even at lower concentrations 
(4 mg/l.) there was only a low (0.23% vs 1.1%) in- 
corporation of [2-14C]MVA into gibberellic acid. In 
this case there was an accumulation of ent - 7a - 
hydroxykaur - 16 - en - 19 - oic acid (2) [73 which at 
the higher concentrations, was the only detectable 
metabolite. In contrast the 19-methyl ester (8) was 
without effect. Even at high concentrations (100 mgll.) 
there was only a slight diminution (1.19% vs 1.35% in 
the control) in the incorporation of [2-‘4C]MVA into 
gibberellic acid. The inhibitory effects of the 6 - 0x0 - 
19 - alcohol (6) and 6 - 0x0 - 19 - acid (7) on the 
biosynthesis of gibberellic acid may be an effect of 
the hemi-acetal (14) and the lactol (9) both of which 
possess a 6P-hydroxyl group. This had previously 
been shown to be an important feature of the 7- 
norgibberellene inhibitors (4,5]. 

The ether (10) and the lactone (11) resemble the 
hemi-acetal and the lactol respectively but lack the 
6&hydroxyl group. Incubation of the ether (10) at a 
concentration of 40 mg/l. and at the higher concen- 
tration of 100 mg/l. produced no effect on gibberellic 
acid biosynthesis from [2-14C]MVA in G. fujikuroi. In 
contrast the 19-6 lactone (11) produced a slight 
diminution in gibberellic acid biosynthesis (0.89% vs 
1.16% in the control) and an increase in the in- 
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corporation of [2-“‘C]MVA into the kaurenolides 4 
and 13. 

When tested against rice seedlings, at concen- 
trations of 200 and 400 pg per seedling, in the 
presence and absence of G. fujikuroi infections, the 
6-oxo-19-acid showed both plant growth inhibitory 
action and a diminution of the ‘bakanae’ effect of the 
G. fujikuroi infection. 

Since the 6 - 0x0 - acid (7) restricted the growth of 
G. fujikuroi, it was incubated with Gliocladium virens 
and Trichothecium roseum to see if this was a general 
fungicidal action. However it did not show the same 
inhibitory effect on the growth of these mycelia. 
Hence this secondary metabolite biosynthetic in- 
hibitor may show some selectivity in the control of 
fungal growth. 

The 6 - 0x0 - 19 - alcohol (6) and 6 - 0x0 - 19 - acid 
(7) are effective inhibitors of gibberellin biosynthesis 
in G. fujikuroi. The accumulation of ent - 7a - 
hydroxykaur - 16 - en - 19 - oic acid (2) in the 
presence of the 6 - 0x0 - acid (7) suggests that it might 
be blocking the ring contraction stage in the biosyn- 
thesis. However, the accumulation of the kaurenol- 
ides, which was not observed in the case of the 
6-alcohols, may also be a reflection of inhibition at a 
different step in gibberellin biosynthesis. There is 
now some evidence that the kaurenolides (e.g. 4) are 

formed mainly via enf - kaur - 6, 16 - dien - 19 - oic 
acid (15) rather than via ent - 7e - hydroxykaur - 16 - 
en - 19 - oic acid (2) [3]. Thus the main point of 
divergence between the kaurenolide and gibberellin 
pathways occurs in the immediate metabolism of ent- 
kaur-16-en-19-oic acid by dehydrogenation or, alterna- 
tively, 7fl-hydroxylation. The action of the 6-0~0 com- 
pounds in blocking 7p-hydroxylation would divert 
material into the kaurenolide pathway via the ent-kaur- 
6,16-dien-19-oic acid. 

EXPERIMENTAL 

General experimental details have been described pre- 
viously [S]. 

Incubation of ent - 6 - 0x0 - 19 - hydroxy - .5P(H) - 7 - 
norgibberell - 16 - ene and [Y~-‘~C]MVA with G. fujikuroi. 
The 6 - 0x0 - 19 - alcohol (6) (20 mg) in EtOH (2.5 ml) and 
[2-14C]MVA (3 PCi) in EtOH (1 ml) were incubated in 10 
flasks (50 ml medium each) of G. fujikuroi for 3, 5, 7 and IO 
days. Ten flasks were also used as controls. A white, sparse 
globular mycelial growth was observed. After 3 and 5 days, 
the [2-“C]MVA had not been incorporated sufficiently well 
to comment on its metabolism. After 7 and 10 days, the 
radiochromatogram revealed a low incorporation of [2- 
“C]MVA into gibberellic acid and 7, lSdihydroxy- 
kaurenolide. The results are given in Table 1. 

The experiment was repeated with the 6 - 0x0 - 19 - 
alcohol (6) (2 mg) and [2-?Z]MVA (3 FCi) distributed be- 
tween 10 flasks of a 36 hr old culture of G. fujikuroi. The 
results are given in Table 1. 

Eflect of ent - 19 - hydroxy - 6 - 0x0 - S@(H) - 7 - 
norgibberell - 16 - em on the growth of G. fujikuroi. The 
fungus was grown in shake culture for 4 hr in 80 flasks 

containing sterile medium (50 m!). The alcohol (6) (40 mg) in 
EtOH (10 ml) and Tween 80 was distributed between 40 
flasks. The remainder were treated with EtOH (10 ml) and 
Tween 80 and retained as a control. The mycelium from the 
control and the alcohol (6) incubation (five flasks each) was 
filtered at daily intervals, washed with EtOAc (30 ml), Hz0 
and dried overnight at 60”. The expt was repeated and the 
results are presented in Table 2. 

Incubation of ent - 6 - 0x0 - S@(H) - 7 - norgibbereil - 16 - 
en - 19 - oic acid and [2-“‘CIMVA with G. fujikuroi. The 6 - 
0x0 - 19 - acid (7) (20 mg) in EtOH (2.5 ml) and [2-?Z]MVA 
(3 &i) in EtOH (1 ml) were incubated with 36 hr old cul- 
tures (10 flasks, 50 ml medium each) of G. fujikuroi for 3, 5, 
7 and 10 days. A white sparse mycelial growth was obser- 
ved. After 3 and 5 days, the [2-W]MVA had not been 
incorporated sufficiently well to comment on its metabolism. 
However after 7 and 10 days growth, the major metabolite 
was ent - 7a - hydroxykaur - 16 - en - 19 - oic acid (2) (0.15% 
incorporation after 10 days). No gibberellic acid was detec- 
ted. The expt ,was repeated using the 6 - 0x0 - 19 - acid (7) 
(2 mg) in 10 flasks of G. fujikuroil The results are given in 
Table 1. 

Effect of ent - 6 - 0x0 - Sa(H) - 7 - norgibberell- 16 - en - 
19 - oic acid on the growth of G. fujikuroi. The procedure 
described above for the 19-alcohol, was repeated for the 6 - 
0x0 - 19 - acid (40 mg) in 40 flasks of G. fujikuroi (Table 3). 

Incubation of ent - 6 - 0x0 - 5/3(H) - 7 - norgibberell - 16 - 
en - 19 - oic acid 19-methyl ester and [2-‘4C]MVA with G. 
fujikuroi. The ester (8) (20 mg) and [2-‘4C]MVA (3 PCi) were 
incubated with G. fujikuroi for 2, 4 and 6 days as above. 
There was no effect on mycelial growth or on the dis- 
tribution of radioactivity in the fungal metabolites when 
compared with radiochromatograms of the controls. The 
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Table I. Incubation of [2-W]MVA with G. jujikuroi in the presence of com- 
pounds 6-8,lO and 11 

1957 

Compound Compound Control 
incubated incorporated Time 

with into (days) 10’dpm % 
G. fujikuroi 

+ Substrate 

l@dpm % 

6(20 mg) 

6(2 mg) 

7(2 mg) 

8(50 mg) 

lO(20 mg) 

ll(20 mg) 

12(GA) 

13 

12(GA) 

13 

2 

12(GA) 

12(GA) 

12(GA) 

4 

12(GA) 

13 

3 
5 
7 

IO 

3 
5 
7 

IO 

3 
6 
9 

3 
6 
9 

5 
7 

IO 

3 
5 
7 

10 

3 
5 
7 

2 
5 
7 

3 
7 

3 
7 

3 
7 

- - 
4.2 0.64 
8.6 1.3 
8.7 1.32 

0 
0 
0.46 
0.59 

- - 

3.6 0.54 
6.9 1.05 
7.3 I.10 

0 
0.29 
0.77 
0.96 

0 
0 
0.07 
0.09 

0 
0.04 
0.12 
0.15 

2.85 0.43 0.36 0.05 
4.12 0.62 0.91 0.14 
7.8 1.18 3.49 0.53 

1.49 0.23 1.95 0.29 
2.35 0.36 3.28 0.50 
5.94 0.90 1.99 I.21 

- 
- 
- 

- 
- 
- 

2.3 0.34 
4.3 0.65 
7.8 1.20 
7.3 1.10 

0.13 0.02 
0.69 0.10 
2.0 0.30 

0 0 
0 0 
0 0 
1.50 0.23 

1.4 0.21 I .40 0.21 
3.6 0.54 3.00 0.45 
8.9 1.35 7.90 1.19 

1.2 0.19 0.53 0.08 
4.5 0.67 3.89 0.59 
8.3 1.25 7.13 1.08 

0.61 
0.35 

0.09 
0.05 

0.68 
1.16 

0.83 0.12 
1.70 0.26 

4.5 
7.7 

3.20 0.48 
5.90 0.89 

I .45 0.22 2.86 0.43 
4.69 0.71 6.74 I .02 

incorporation into gibberellic acid after 6 days was 1.29% 
~~~zi~~~ +L‘& i.Z4% in <R CWSXL T& -zXH ‘W&s X*?s& 
with the ester (8) (50 mg) and [2-?]MVA (3 WCi) evenly 
&i~slibmeb be’lween 5% ‘basks o’l a %YIT ctilme 03 G. 
fujikuroi. The results are given in Table I. 

Incubation of ent - 6@, I9 - dihydroxy - SP(H) - 7 - 
norgibberell - 16 - enc. 19 - 6 - ether and J2-‘y>MVA with G. 
P@ikuroi. The ether (l@ (20m_e’l in EtOH (23 ml‘, and ]2- 
“C]MVA (3 &i) were incubated with G. fujikuroi as above 
for 2, 5 and 7 days. Althou& a deep red mycetial growth 
was observed, there was little difference in the dry weight of 
rnycelmm pro&nce& or in the &istr?ion 0% rdtioa&vily in 
the metatmtites. The Tesuis aTe given in Tabie <. 

Incubation of ent-6P-hydroxy-SP(H)-7-norgibberell-16- 
en-19-oic acid, 19-6 lactone and [2-‘4C]MVA with G. 
fujikuroi. The lactone (11) (20 mg) in EtOH (2.5 ml) and 

[2-‘4C]MVA (3 PCi) in EtOH (1 ml) were incubated with a 
36ti coti= 11% &&its’, ui G. mlcuroi as above irn 3 and 7 
days. The results are given in Table 1. 

~hiJrOWlh r&?Uh~lo~ achvi~~ L$ he 6 - 0x0 - 39 - OiJb 

(7). Rice seedlings (Crueso Ballila C cultivar) were grown in 
John Innes No. 1 compost with ca 10 seedlings per pot. 
When the shoots were ca 1 cm high, they were treated with 
the 6 - 0x0 - acid .(7,‘1.(2 or 4 n&ooC,: 200 0-r 4oO,u&~dtiqg~ 
in the minimum of aq. Me&O. The height of the shoots 
[average ot 120 seedlings per determination) was measured. 
(i) 400 pg. 7 days, expt: control 7.60 (s.d. 1.46) cm; 6 - 0x0 - 
19 - acid,. 4.X Is.&. 1.71 cm 143% re&clion in height),: 
conWoIC G. fujikuroi 16.07 <X.ci. 1.4) cm; 6 - 0x0 - 19 - 
acid + G. fujikuroi, 12.51 (s.d. 2.11) cm (22% reduction in 
height). (ii) 200 fig, 7 days expt: control 7.75 (s.d. 1.13) cm; 
6-oxo-19-acid, 5.95 (s.d. 1.86) cm (23% reduction in 
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Table 2. The effect of ent - 19 - hydroxy - 6 - 0x0 - 5p(H) - 7 - norgibberell - 16 - ene (6) on 
the growth of G. fujikoroi. The mycelial dry weights are given in g/l. 

Age of 
fungus 
(days) 

Experiment 1 Experiment 2 Average 

Control 
6-0x0-19- 
alcohol (6) Control 

1.05 0.18 I .72 0.13 
3.98 1.45 5.86 1.00 
6.34 2.67 7.37 1.93 
8.75 4.93 9.14 4.71 
9.82 6.53 9.60 6.81 

10.35 8.54 9.72 8.50 
10.95 9.62 11.35 8.71 
II.12 10.5 1 11.06 11.18 

6-0x0-19- 
alcohol (6) Control 

1.38 
4.92 
6.56 
8.94 
9.71 

10.03 
II.15 
11.09 

6-0x0-19- 
alcohol (6) 

0.15 
1.23 
2.30 
4.85 
6.67 
8.52 
9.17 

10.84 

Table 3. The effect of ent - 6 - 0x0 - 5@(H) - 7 - norgibberell - 16 - en - 19 - oic acid (7) on 
the growth of G. fujikuroi. The dry weight of the mycelium is given in g/l. 

Age of 
fungus 
(days) 

I 
2 
3 
4 
5 
6 
7 
8 

Experiment I Experiment 2 Average 

6-0x0-19- 6-0x0-19- 6-0x0- 19- 
Control acid (7) Control acid (7) Control acid (7) 

1.53 0.08 1.39 0.16 1.46 0.12 
4.82 1.10 6.66 1.71 5.74 1.40 
7.69 I .95 9.36 2.77 8.52 2.36 
9.71 4.83 9.42 5.56 9.56 5.20 

10.02 6.71 10.73 7.02 10.38 6.87 
10.95 7.92 11.15 7.90 11.05 7.91 
I1 56 9.93 Il.78 8.56 11.67 8.70 
I 1.62 9.15 11.27 9.00 11.44 9.07 

height); control + G. fujikuroi, 15.19 (s.d. 4.02) cm; 6 - 0x0 - 2. 
19 - acid + G. fujikuroi, 12.23 (s.d. 3.28) cm (20% reduction in 
height). (iii) 2OOFg, 12 days expt: control 12.70 (s.d. 1.85) 3. 
cm; 6 - 0x0 - 19 - acid, 11.43 (3.64) cm (10% reduction in 
height); control + G. fujikuroi 30.3 (s.d. 4.14) cm; 6 - 0x0 - 
19 - acid + G. fujikuroi 25.23 (s.d. 5.38) cm (17% reduction in 4. 
height). 
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