Phytochenustry, Vol 22, No 1, pp 97-101, 1983
Printed 1n Great Britain

0031-9422/83/010097-05$03 00/0
« 1983 Pergamon Press Ltd

THE INHIBITION OF GIBBERELLIN PLANT HORMONE BIOSYNTHESIS
BY ENT-7-NORGIBBERELLA-5,16-DIENES

JAMES R HANSON, KEITH P PARRY, JORGE TRIANA and CHRISTINE L WILLIS

The School of Molecular Sciences, The University of Sussex, Brighton, BN19QJ, UK and I C1 Plant Protection Ltd , Jealott’s Hill,

Bracknell, Berks, RG12 6EY, UK

(Received 26 April 1982)

Key Word Index—Gibberella fupkurot, gibberellins, biosynthesis, inhibition, ent-7-norgibberella-5,16-dienes

Abstract—Ent-7-norgibberella-5,16-dien-19-oic acid and the corresponding 19-alcohol and aldehyde, have been
prepared from fujenal and shown to act as inhibitors of gibberellic acid biosynthesis in Gibberella fupikuror They act as

plant growth regulators when tested against rice seedlings

INTRODUCTION

A key step 1n gibberellin biosynthests involves the hydro-
xylation of ent-kaur-16-en-19-o1c acid (1) at C-7 with the
formation of ent-7a-hydroxykaur-16-en-19-oic acid (2)
[1] This hydroxy-acid then forms the substrate in G
JSuyikuror for ring contraction to afford gibberellin A, 7-
aldehyde (3) which 1s eventually converted into gibberellic
acid (4) Recently we have shown [2-4] that ent-6a-
hydroxy-58(H)-gibberell-16-en-19-01c acid (5)* and the
corresponding 19-alcohol, blocked the right contraction
and hence acted as inhibitors of the biosynthesis of
gibberellic acid (4) These compounds also showed plant
growth regulatory properties X-ray studies [Hanson, J,
Hitchcock, P B, Parry, K P and Willis, C L, un-
published results] have revealed a close fit between the
B/C/D ring system of ent-7a-hydroxykaur-16-en-19-o1c
acid and ent-6a-hydroxy-7-nor-58(H)-gibberell-16-en-19-
oic acild We have now examined a group of ent-7-
norgtbberell-5,16-dienes in which C-6 (= kaurenoid C-7)
has been converted to a trigonal centre, as possible
mnhibitors of the hydroxylation of ent-kaur-16-en-19-o1c
acid and hence as gibberellin biosynthesis inhibitors A
preliminary report on this work was given n ref [5]

RESULTS AND DISCUSSION

The unsaturated acidd 10 was readily prepared from
fujenal (6) which 1s a metabolite of G fupkuror [6]
Reaction of fujenal (6) with sodium hydride gave, inter-
alia, the hydroxy-compound 7 which was oxidized with
chromium trioxide to the ketone 8 Hydrolysis and
decarboxylation of this g-keto-anhydride (8) gave a keto-
acid (9) which was reduced with sodium borohydnide to
the alcohol 5 and its C-6 epimer [7] Dehydration of the
alcohol (5) with thionyl chloride in pyridine gave the
unsaturated acid 10 together with the lactone 11 The acid
(10) was also obtained as a significant by-product from the
action of sodium hydride on fujenal (6) although 1t was

*Although these compounds have been systematically named
as norgibberellenes, they may also be considered as ent-B-nor-
58(H)-kaurenes

10 R =CO.H
I3 R=CH>OH
14 R=CHO
18 R=COz2Me
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not separated from the condensation product (7) until the
latter was oxidized to the ketone 8 The acid (10) was
accompanied by a lactone which was tentatively assigned
the structure 12 on the basis of its 'H NMR spectrum and
by analogy with some earlier transformations of fujenal
[8] The acid (10) probably arises by hydrolysis of the
hydroxy-anhydride (7) during work-up (see Scheme 1)
The 19-alcohol (13) was obtamed as a by-product from
the reduction of the keto-acid (9) with lithium aluminium
hydnde Oxidation of the 19-alcohol (13) with chromium
trioxide gave sequentially, the 19-aldehyde (14) and the
19-acid (10)

Scheme 1

Inhibition of gibberellic acid biosynthesis was revealed
by the effect on the incorporation of [2-'*C]Jmevalonic
acid mto gibberelic acid by G fupkuror (Table 1)
Incubation of the 19-alcohol (13), 19-aldehyde (14) and
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19-acid (10) with G fustkuror at a concentration of
40 mg/1 produced similar effects on gibberelin bio-
synthesis The production of gibberellic acid was blocked
whilst ent-[**C]kaurene (15) and [**C]fujenal (6) ac-
cumulated These metabolites were 1solated and charac-
terized from a larger scale fermentation 1n the presence of
the 19-alcohol (13) The latter was oxidized to the 19-acid
(10) by G fupikuro

Incubation of the 19-alcohol (13) and ent-
[*4C]Jkaurene (15) led to an increase 1n the amount of
recovered unmetabolized ent-kaurene and an enhance-
ment of the incorporation mnto fujenal compared to
controls (Table 2) Only a hittle {**C]gibberellic acid was
formed On the other hand [6a-*H]gibberellin A, 7-
aldehyde (3) was efficiently incorporated into gibberellic
acid (26 %, vs 1 62 %/ 1n the control) 1n the presence of the
19-alcohol The 19-acid (10) not only inhibited the
production of gibberellic acid but also reduced the growth
of the fungus However the corresponding 19-methyl ester
was without effect on mycehal growth or gibberellin
biosynthesis The 19-hydroxy-7-norgibberell-5,16-diene
(13) showed growth regulatory activity when tested on
rice seedlings It also diminished the ‘bakanae’ effect of a
G fupikuror infection of the rice seedlings

In conclusion, ent-19-hydroxy-7-norgibberell-5,16-
diene (13), the corresponding 19-aldehyde (14) and the 19-

Table 1 Incubation of [2-'*CIMVA with G fuytkurot i the presence of compounds 10, 13, 14 and 18

Control + Substrate
Metabolite  Age of culture Sp act Incorporation Sp act Incorporation
Substrate 1solated (days) 10"3dpmmg ! (%) 10" 3dpmmg~* (%)
13 (20 mg) 15 3 086 013 26 043
5 35 053
7 019 003 52 078
6 3 015 0023 87 13
5 097 015 130 19
7 23 035 180 27
10 (20 mg) 15 2 12 018 0 0
4 09 014 051 007
6 028 004 076 015
10 0 0 19 029
6 4 036 0055 019 0029
6 081 012
10 35 053 29 044
14 (20 mg) 15 2 17 026 21 032
4 062 009 48 073
6 46 070
6 2 041 0062 064 0097
4 18 027
6 31 047 44 066
18 (20 mg) 4 3 319 048 345 052
6 493 075 517 078
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Table 2 Incubation of ent-[**Clkaurene with G fuytkuro: n the presence of compound 13

Control + Substrate
Metabohte Age of culture Sp act Incorporation Sp act Incorporation
1solated (days) (1073 dpm/mg) (%) (10~ dpm/mg) (%)
15* 2 345 625 461 835
4 218 395 309 560
6 979 177 2717 502
6 2 164 30
4 312 57
6 491 089 356 64
4 2 893 162 058 011
4 962 174 075 014
6 285 516 103 019

*Recovered material

acid (10), which are readily prepared from fujenal, act as
gibberellin biosynthesis inhibitors and hence as plant
growth regulators The 19-alcohol appears to inhibit
biosynthesis at a post-kaurene but pre-gibberellin step
Unlike the incubations with the hydroxy-acid (5), ent-Ta-
hydroxykaur-16-en-19-oic acid (2) did not accumulate
However fujenal (6) which 1s a terminal metabolite on the
kaurenolide (17) branch of the diterpenoid pathways in G
Supkuror [9], accumulated This could suggest that the
diene (13) 1s blocking the hydroxylation of ent-kaur-16-
en-19-oic acid (1) and diverting material via ent-kaur-
6,16-d1en-19-o1cacid (16) [ 10] and the kaurenolide (17) to
fujenal (6)

EXPERIMENTAL

General experimental details have been described previously
[3.4]

Dehydration of the alcohol (5) The alcohol (5) [8] (460 mg) 1n
pyridine (2 ml) was treated with SOCI, (four drops) for 5 mn at
0° The mixture was poured onto ice-H,O and the product
recovered in EtOAc and chromatographed on Si1 gel Elution with
5% EtOAc-petrol gave an unidentified product (63 mg) mp
160-163°, IR vp,em™! 1808, 1662 and 880, 'H NMR
610 (3H, s), 135 (3H, s), 485 (2H, m) and 548 (1H,s) Elution
with 109, EtOAc-petrol gave the lactone (11) (92 mg), mp
123-125°, 1dentified by 1ts IR and NMR spectra Further elution
gave the ent-7-nor-gibberell-5,16-diene-19-o01c acid (10) (140 mg)
which crystallized from petrol as needles, mp 92-94° (Found C,
799,H,90 C,3H,50, requiresC,797,H,91% ) IR v, cm™!
3000(br), 1698, 1655 and 875, '"H NMR 6 098 (3H, s, H-20), 1 38
(3H, s, H-18), 4 82 (2H, m, H-17), 545 (1H, 5, H-6) The methyl
ester, prepared with CH,N,, was a gum, IR vy, ecm™! 1730,
1660 and 880, '"H NMR 6 090 (3H, s, H-20), 1 35 (3H, s, H-18),
361 (3H, s, OMe), 4 86 (2H, m, H-17), 541 (1H, s, H-6), MS m/z
(rel 1nt) 300 (30), 285 (15), 257 (14), 241 (100), 226 (24), 186 (19),
159 (18), 129 (12), 105 (8), 91 (10)

Reaction of fwenal with NaH The condensation was carned
out as described previously [7] using fujenal (5 g) in dry DMF
(140 ml)and NaH (1 g) The product was chromatographed on S1
gel Elution with 259 EtOAc-petrol gave a gum (406 g)
containing the anhydride (7) and a second component (TLC)
Further elution with 30 9/ EtOAc—petrol gave ent-7-hydroxy-6,7-
seco-kaur-16-en-6,19-dioic acid 6 — 7-lactone (12) (150 mg)
which crystallized from EtOAc—petrol as plates, mp 266—268°

(Found C,708, H,80 C,,H,,0, 4H,0 requires C, 7035,
H, 85%) IR vy, cm™" 2930 (br), 1740, 1695, 1665 and 885,
!H NMR 41 18 and 1 25 (each 3H, 5),2 92 (1H, s, H-5), 390 and
460 (each 1H,dm,J = 13 Hz, H-7), 485 (2H, m, H-17) The
methyl ester, prepared with CH,;N,, crystalhized from
EtOAc—petrol as needles, mp 168-169°, IR vy, cm ™! 1730 (br),
1658 and 880; '"HNMR 6122 and 135 (each 3H,s), 370
(3H, s, OMe), 375 and 448 (each 1H,d,J = 13 Hz, H-7), 485
(2H, m, H-17) Oxidation of the gum (4 06 g) 1n Me, CO (200 ml)
with CrO, (3 ml) and separation of the product on Si gel gave, on
elution with 109, EtOAc-petrol, the ketone (8) (280g), mp
109-111°, identified by its IR spectrum Elution with 209
EtOAc-petrol gave the unsatd acid (10) (088 g) as a gum,
identified by its IR and NMR spectra On TLC 1t had the same R,
and colour (H,SO, spray) as the second component of the
condensation reaction

Reduction of ent-6-oxo0-7-nor-5(H)-gibberell-16-en-19-oic acid
(9) Theacid (9) (0 7 g) in THF (150 ml) was heated with L1A1H,
(0 7g) for 6 hr under reflux and then left to stand at room temp
overmght EtOAc and H,O were added and the products
recovered in EtOAcand chromatographed on S1gel Elution with
109, EtOAc-petrol gave ent-19-hydroxy-7-norgibbereli-5,16-
diene (13) (430 mg) which crystallized from petrol as needles, mp
86° (Found C,836, H,104 C,;;H,30 requires C, 838,
H, 1039 ) IR v, cm™" 3350 (br), 1655 and 878, 'H NMR §
11 (6H, s, H-18, H-20), 485 (2H, m, H-17), 552 (1H, s, H-6),
I3CNMR §175(C-11), 190(C-2), 215(C-20), 264(C-18),
326(C-12), 36 7(C-14), 401 (C-3 and C-10), 420(C-1), 46 7(C-
15),48 5and 53 4 (C-8 and C-4, assignment uncertain), 59 0(C-9),
68 0(C-19), 1053(C-17), 1339(C-6), 153 6(C-5), 156 8 (C-16),
MS m/z (rel 1nt) 272 (6), 254 (8), 241 (100), 227 (15), 105 (10), 91
(18) Further elution with 209, EtOAc-petrol gave ent-6a,19-
dihydroxy-7-nor-58(H)gibberell-16-ene (29 mg) and 1n 309
EtOAc—petrol, the ent-68-epimer (155 mg)

Oxidation of the alcohol (13) The above alcohol (13) (200 mg)
in Me,CO (50 ml) was treated with the 8N CrO, reagent for
10 min at room temp MeOH (3 ml) was added and the solvent
evaporated in vacuo The residue was diluted with H,O and the
product recovered in EtOAc and chromatographed on Si gel
Elution with 59, EtOAc-petrol gave ent-19-oxo-7-norgibberell-
5,16-diene (14) (185 mg) as a gum, IR vy, cm ™! 1725, 1655 and
875, 'H NMR 4§ 090 (3H, s, H-20), 112 (3H, s, H-18), 492
(2H, m, H-17), 548 (1H, 5, H-6), 972 (1H, 5, H-19), MS m/z (rel
nt) 270(45), 256 (18), 241(100), 199(35), 186 (30), 159 (38),
105 (53),91 (72) The aldehyde (100 mg) was oxidized as above for
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2 hr and the products were recovered in EtOAc and chromato-
graphed on S1 gel Elution with 7 59, EtOAc-petrol gave ent-7-
norgibberella-5,16-dien-19-otc acid (10) (85 mg) which crystal-
lized as needles, mp 92-94°, identified by i1ts IR and NMR spectra
Incubation of ent-19-hydroxy-T-norgibberell-5,16-diene (13)
and [2-'*C]MVA with G fupikuror The alcohol (13) (20 mg) in
EtOH (25 ml) and [2-'*CJMVA (3 xC1) 1n EtOH (1 ml) were
incubated 1n 10 flasks (50 ml medium each) of G fuyikuro: for 3, S
and 7 days As a control another 10 flasks were used No
['*C]gibberellic acid was detected n the presence of the
substrate (139, incorporation after 5days in the control) On
radi0-TLC the major radioactive bands co-chromatographed
with ent-kaurene and fujenal These bands were eluted from the
Si gel with EtOAc, diluted with authentic material (10 mg) and
crystallized to constant activity The results are given in Table 1
The expt was repeated with the alcohol (13) (150 mg) 1n EtOH
(8 ml) distributed between 76 flasks of G fujikuror over 4 days
The metabolites were 1solated and separated mto acidic and
neutral fractions and then purified by chromatography on S1 gel
The neutral fraction gave ent-kaurene (31 mg), fujenal (19 mg)
and the alcohol (13) (97 mg) which were 1dentified by theirr mps
and IR spectra The acid fraction gave ent-7-norgibberell-5,16-
dien-19-o1c acid (28 mg) identified by 1ts IR and NMR spectra
Incubation of ent-19-hydroxy-T-norgibberell-5,16-diene and
ent-[**Clkaurene with G fupkuror The alcohol (13) and ent-
[*4C]kaur-16-ene (2 mg, 2 76 x 10° dpm/mg, prepared biosyn-
thetically from [2-'*C]MVA) n EtOH (2 5 ml) were incubated tn
10 flasks (50 ml medium each) of G fujikuro: for 2, 4 and 6 days
Another 10 flasks were used as a control The metabolites were
1solated, separated by radio-TLC, diluted with authentic material
(10 mg) and crystallized to constant activity (Table 2)
Incubation of ent-19-0xo0-7-norgibberell-5,16-diene (14) and
[2-'*CIMVA with G fupkuror The aldehyde (14) (20 mg) and
[2-'*C]MVA (3 uC1) in EtOH (2 5 ml) were incubated with a
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36 hrculture of G fujikuror (10 flasks) as above for 2,4 and 6 days
No ['“C]gibberellic acid was detected (1 1% incorporation in the
control) The results are given in Table 1

Incubation of methyl ent-7-norgibberell-5,16-dien-19-oate and
[2-'*CIMVAwithG fujikuror The 19-methyl ester (18) (20 mg)
and [2-'*C]MVA (3 uC1) m EtOH (2 5 ml) were incubated witha
36-hr-old culture of G fujikuror (10 flasks) as above for 3 and 6
days There was no apparent effect on the mycehal growth or on
gibberellic acid biosynthesis (Table 1)

Incubation of ent-19-hydroxy-T-norgibberell-5,16-diene (13)
and ent-[6a-*H]-7-oxogibberell-16-en-19-01c acid (3) with
G fupkuror The alcohol (13) (20 mg) and the aldehyde (3)
(5 mg, 52 x 10* dpm/mg) 1n EtOH (2 5 ml) were incubated 1n 10
flasks (50 ml medium each) of G fujikuror (Table 3) The cultures
were harvested after 3and 5 days Another 10 flasks were used asa
control The metabolites were 1solated and gibberellic acid (4)
(10 mg) was added to each acid fraction These were methylated
with CH,N, and chromatographed in S1 gel The methyl
gibberellate was crystallized to constant radioactivity

The effect of ent-T-norgibberell-5,16-dien-19-o1c acid (10) on the
mycehal dry wt of G fupkuror G fuptkuror was grown 1n shake
culture for 4 hrin 80 flasks each containing 50 ml of medium The
acid (40 mg) in EtOH (10 ml) was evenly distributed between 40
flasks and the remainder were retatned as a control Each day the
mycelium from five flasks was filtered, washed with H;O (30 ml)
and dried overnight 1n an oven at 60° (see Table 4)

Plant growth regulatory actwity of ent-19-hydroxy-7-nor-
gibberell-5,16-diene (13) Rice seedlings (cv Crueso Balhla C)
were grown i John Innes No 1 compost with ca 10
seedlings/pot When the shoots were ca 1cm high, they were
treated with the 19-alcohol (13) (2 or 4 mg/pot, 200 or
400 ug/seedling) in the mmmimum of aq Me,CO The height
of the shoots (average of 120 seedlings/determination) was
measured (1) 400 ug, 7 day expt control 760 (sd +146)cm, 19-

Table 3 Incubation of ent-[6a->H]-7-oxogibberell-16-en-19-oic acid (3) with G fuytkuror 1n
the presence of 13

Incorporation nto gibberellic acid

Control

+ Substrate

Age of culture Sp act

Incorporation

Sp act Incorporation

(days) (107> dpm/meg) (%) (10~ > dpm/mg) (%)
3 035 13 29 11
5 042 16 68 26

Table 4 Mycehal dry wts (g/1)
Expt 1 Expt 2
Age of culture
(days) Control  + Substrate Control  + Substrate
1 135 051 05 02
2 406 186 264 197
3 713 392 60 33
4 884 451 818 395
5 986 697 100 681
6 1059 812 1075 793
7 1096 899 109 89
8 1130 984 1113 943
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alcohol, 461 (sd +1 56) cm (39 reduction 1n height), control
+ G fupkuror 1607 (sd +14)cm, 19-alcohol + G fusikurot,
1219 (sd +205)cm (249, reduction mn height) (2) 200 ug, 7
days expt control 775 (sd +113)cm, 19-alcohol 577 (sd

+169) cm (259 reduction n height), control + G fupikuros,
1519 (sd +402)cm, 19-alcohol + G fuptkuroi, 1085 (sd

+295)cm (299 reduction 1n height) (3) 200 ug 12 day expt
control 1270 (sd +185)cm, 19-alcohol, 1125 (sd +194)cm
(119, reduction n height) control + G fujikuror, 303 (sd

+414)cm, 19-alcohol + G fuptkuror, 2634 (sd +546)cm
(139 reduction m height)
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