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Abstract-Ent-7-norglbberella-5,16-dlen-l9-o1c acid and the correspondmg 19-alcohol and aldehyde, have been 
prepared from fuJena1 and shown to act as inhibitors of glbberelhc acid blosynthesls m GIbberella ftq~kuro~ They act as 
plant growth regulators when tested against rice seedlings 

INTRODUCTION 

A key step 1n glbberelhn blosynthesls involves the hydro- 
xylat1on of ent-kaur-16-en-19-olc acid (1) at C-7 with the 
formation of ent-7a-hydroxykaur-16-en-19-o1c acid (2) 
[I] This hydroxy-acid then forms the substrate m G 
fu$wror for ring contractlon to afford glbberelhn A,, 7- 
aldehyde (3) which 1s eventually converted mto glbberelllc 
acid (4) Recently we have shown [2-4] that ent-6a- 
hydroxy-5j?(H)-glbberell-l6-en-19-olc acid (5)* and the 
corresponding 19-alcohol, blocked the right contraction 
and hence acted as mh1b1tors of the b1osynthesls of 
glbberelhc acid (4) These compounds also showed plant 
growth regulatory propertles X-ray studies [Hanson, J , 
Hltchcock, P B, Parry, K P and W1llq C L, un- 
published results] have revealed a close fit between the 
B/C/D rmg system of ent-7a-hydroxykaur-16-en-19-olc 
acid and ent-6a-hydroxy-7-nor-Sfi(H)-glbberell-16-en-19- 
OIC acid We have now examined a group of ent-7- 
norglbberell-5,16-dlenes m which C-6 ( = kaurenold C-7) 
has been converted to a tr1gonal centre, as possible 
mhlbltors of the hydroxylat1on of ent-kaur-16-en-19-01~ 
acid and hence as glbberellln blosynthesls inhibitors A 
prehmlnary report on this work was given m ref [S] 

RESULTS AND DISCUSSION 

The unsaturated acid 10 was readily prepared from 
fuJena1 (6) which 1s a metabohte of G fi$urol [6] 
Reaction of fqenal (6) with sodium hydride gave, mter- 
a/q the hydroxy-compound 7 which was oxldlzed with 
chrommm trloxlde to the ketone 8 Hydrolysis and 
decarboxylat1on of this /3-keto-anhydrlde (8) gave a keto- 
acid (9) which was reduced with sodmm borohydrlde to 
the alcohol 5 and Its C-6 ep1mer [7] Dehydration of the 
alcohol (5) with thlonyl chloride m pyrldme 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 fqenal (6) although rt was 

*Although these compounds have been systematically named 
as norgtbberellenes, they may also be considered as en&B-nor- 
S/?(H)-kaurenes 
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not separated from the condensation product (7) until the 
latter was oxldlzed to the ketone 8 The acid (10) was 
accompanied by a lactone which was tentatively asslgned 
the structure 12 on the basis of its ‘H NMR spectrum and 
by analogy with some earlier transformations of fuJena1 
[IS] The acid (10) probably arises by hydrolysis of the 
hydroxy-anhydride (7) during work-up (see Scheme 1) 
The 1Palcohol (13) was obtained as a by-product from 
the reduction of the keto-acid (9) with lithium alummmm 
hydnde Oxldatlon of the 19-alcohol(l3) with chrommm 
trloxlde gave sequentially, the 19-aldehyde (14) and the 
19-acid (10) 

Scheme 1 

Inhlbltlon of glbberelhc acid blosynthesls was revealed 
by the effect on the mcorporatlon of [2-14C]mevalonlc 
acid mto glbberelhc acid by G jiijtkuroz (Table 1) 
Incubation of the 19-alcohol (13), 19-aldehyde (14) and 

19-acid (10) with G ji/zkurot at a concentration of 
40 mg/l produced similar effects on glbberellm blo- 
synthesis The production of glbberelhc acid was blocked 
whilst ent-[14C]kaurene (15) and [14C]fuJenal (6) ac- 
cumulated These metabohtes were isolated and charac- 
terized from a larger scale fermentation m the presence of 
the lPalcohol(l3) The latter was oxidized to the 19-acid 
(10) by G fupkurot 

Incubation of the 19-alcohol (13) and ent- 
[14C]kaurene (15) led to an increase m the amount of 
recovered unmetabohzed ent-kaurene and an enhance- 
ment of the mcorporatlon into fuJena1 compared to 
controls (Table 2) Only a little [14C]glbberellic acid was 
formed On the other hand [6cl-3H]glbberellm A,, 7- 
aldehyde (3) was efficiently incorporated into glbberelhc 
acid (26 y0 vs 162 % m the control) in the presence of the 
19-alcohol The 19-acid (10) not only inhibited the 
production of glbberelhc acid but also reduced the growth 
of the fungus However the corresponding 19-methyl ester 
was without effect on mycehal growth or gbberellm 
blosynthesls The 19-hydroxy-7-norglbberell-5,16-dlene 
(13) showed growth regulatory activity when tested on 
rice seedlings It also dlmmlshed the ‘bakanae’ effect of a 
G fiqlkuroz infection of the rice seedlings 

In conclusion, ent-19-hydroxy-7-norglbberell-5,16- 
dlene (13), the correspondmg 19-aldehyde (14) and the 19- 

Table 1 Incubation of [2-L4C]MVA with G fiykurm m the presence of compounds 10, 13, 14 and 18 

Control + Substrate 

Metabohte Age of culture Sp act Incorporatlon Sp act Incorporation 
Substrate isolated (days) 10e3 dpmmg-’ (%) 10_3dpmmg-’ (%) 

13 (20 mg) 15 3 
5 
7 

6 3 
5 
7 

10 (20 mg) 15 2 12 018 
4 09 0 14 
6 028 004 

10 0 0 
6 4 036 0055 

6 081 012 
10 35 053 

14 (20 mg) 15 2 
4 
6 

6 2 
4 
6 

18 (20 mg) 4 3 
6 

086 

019 003 
015 0 023 
097 015 
23 035 

17 026 
062 009 

041 

31 047 

3 19 048 
493 075 

013 

0062 

26 043 
35 053 
52 078 
87 13 

130 19 
180 27 

0 0 
051 007 
076 015 
19 029 
019 0 029 

29 044 

21 032 
48 073 
46 070 
064 0097 
18 027 
44 066 

345 0 52 
517 078 
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Table 2 Incubation of ent-[W]kaurene with G fi~~kuro~ m the presence of compound 13 

Control + Substrate 

Metabohte Age of culture Sp act IncorporatIon sp act Incorporation 
isolated (days) (lo-” dpm/mg) (%) ( 10e3 dpm/mg) (%) 

99 

15’ 2 
4 
6 

6 2 
4 
6 

4 2 
4 
6 

345 62 5 461 
218 39 5 309 

979 17 7 277 

164 
312 

491 089 356 

893 162 058 
962 1 74 075 

28 5 5 16 103 

83 5 
560 
502 

30 
57 
64 

011 
014 
0 19 

*Recovered material 

actd (lo), which are readdy prepared from fqenal, act as 
glbberellm biosynthesis inhibitors and hence as plant 
growth regulators The 1Palcohol appears to mhlblt 
biosynthesis at a post-kaurene but pre-glbberelhn step 
Unlike the incubations with the hydroxy-acid (5), ent-7a- 
hydroxykaur-16-en-19-olc acid (2) did not accumulate 
However fuJenal(6) which IS a terminal metabohte on the 
kaurenohde (17) branch of the dlterpenold pathways m G 
fiqkuroz [9], accumulated This could suggest that the 
dlene (13) IS blocking the hydroxylatlon of ent-kaur-16- 
en-19-olc acid (1) and diverting material via ent-kaur- 
6,16-d~en-19-o~cac~d(16)[10]andthekaurenol~de(17)to 
fqenal (6) 

EXPERIMENTAL 

General experlmental details have been described previously 
c3* 41 

Dehydrarmn ofthe alcohol (5) The alcohol (5) [S] (460 mg) in 
pyrldme (2 ml) was treated with SOCI, (four drops) for 5 mm at 
0” The mixture was poured onto ice-Hz0 and the product 
recovered m EtOAc and chromatographed on SI gel Elution with 
5% EtOAc-petrol gave an unidentified product (63 mg) mp 
160-163”. IR v,,cm-’ 1808, 1662 and 880, ‘H NMR 
6 10 (3H, s), 1 35 (3H, s), 4 85 (2H, m) and 5 48 (lH, s) Elutlon 
with 10% EtOAc-petrol gave the lactone (11) (92mg), mp 
123-125”. Identified by Its IR and NMR spectra Further elutlon 
gave the ent-7-nor-glbberell-5,16-dlene-l9-oc acid (10) (140 mg) 
which crystalhzed from petrol as needles, mp 92-94” (Found C, 
799, H,9 0 C19H2602 requires C, 79 7, H, 9 1% ) IR vmax cm-’ 
3OOO(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), 5 45 (lH, s, H-6) The methyl 
ester, prepared with CHzN,, was a gum, IR v,,cm-’ 1730, 
1660 and 880, ‘H NMR 6 0 90 (3H, s, H-20), 135 (3H, s, H-18), 
3 61 (3H, s, OMe), 4 86 (2H, m, H-17), 5 41 (lH, s, H-6), MS m/z 
(rel int ) 300 (30), 285 (15), 257 (14), 241 (lOO), 226 (24), 186 (19). 
159 (18), 129 (12), 105 (8), 91 (10) 

Reuctron offujenal W/I NaH The condensation was camed 
out as described previously [7] usmg fuJena1 (5 g) m dry DMF 
(140 ml) and NaH (1 g) The product was chromatographed on SI 
gel Elutlon with 25% EtOAc-petrol gave a gum (406 g) 
containing the anhydnde (7) and a second component (TLC) 
Further elutlon with 30 % EtOAc-petrol gave ent-7-hydroxy-6,7- 
seco-kaur-16-en-6,19-duos acid 6 + ‘I-lactone (12) (150 mg) 
which crystallized from EtOAc-petrol as plates, mp 266-268” 

(Found C, 70 8, H, 8 0 C,,H,,O, fH,O requires C, 70 35, 
H, 8 57”) IR v,,,,,cm -I 2930 (br), 1740, 1695, 1665 and 885, 
‘H NMR 6 1 18 and 125 (each 3H, s), 2 92 (lH, s, H-5), 3 90 and 
460 (each lH,dm,J = 13 Hz, H-7), 485 (2H, m, H-17) The 
methyl ester, prepared with CHzN,, crystalhzed from 
EtOAc-petrol as needles, mp 168-169”, IR vmax cm-’ 1730 (br), 
1658 and 880; ‘H NMR 6 122 and 135 (each 3H, s), 3 70 
(3H, s, OMe), 3 75 and 4 48 (each lH, d, J = 13 Hz, H-7), 4 85 
(2H, m, H-17) Oxldatlon of the gum (4 06 g) in MezCO (200 ml) 
with CrOa (3 ml) and separation of the product on SI gel gave, on 
elutlon with 10% EtOAc-petrol, the ketone (8) (280 g), mp 
109-l ll”, ldentlfied by Its IR spectrum Elutlon with 20% 
EtOAc-petrol gave the unsatd acid (10) (088 g) as a gum, 
ldentlfied by Its IR and NMR spectra On TLC It had the same R, 
and colour (H2S04 spray) as the second component of the 
condensation reaction 

Reductson of ent-6-oxo-7-nor-5~(H)-g~bberell-16-en-19-0~~ acid 
(9) The acid (9) (0 7 g) m THF (150 ml) was heated with LlAl H4 
(0 7g) for 6 hr under reflux and then left to stand at room temp 
overmght EtOAc and Hz0 were added and the products 
recovered m EtOAc and chromatographed on SI gel Elutlon with 
10% EtOAc-petrol gave ent-19-hydroxy-7-norglbberell-5,16- 
dlene (13) (430 mg) which crystallized from petrol as needles, mp 
86” (Found C, 836, H, 104 C,,H,,O requires C, 838, 
H, 103%)IR v,,cm -’ 3350 (br), 1655 and 878, ‘H NMR d 
11 (6H, s, H-18, H-20). 485 (2H, m, H-17), 552 (lH, s, H-6), 
‘“C NMR 6 17 5(C-11), 19 O(C-2), 21 5 (C-20), 264(C-18), 
32 6 (C-12), 36 7 (C-14), 40 1 (C-3 and C-lo), 42 O(C-1), 46 7 (C- 
15), 48 5 and 53 4 (C-8 and C-4, assignment uncertam), 59 0 (C-9), 
68 O(C-19), 105 3 (C-17), 133 9(C-6), 153 6(C-5), 156 8 (C-16), 
MS m/z (rel mt ) 272 (6), 254 (8), 241 (lOO), 227 (15), 105 (lo), 91 
(18) Further elutlon with 20% EtOAc-petrol gave ent-6a,l9- 
dlhydroxy-7-nor-5j?(H)glbberell-16-ene (29 mg) and m 30 % 
EtOAc-petrol, the ent-6/7-epimer (155 mg) 

Oxtdatlon of the alcohol (13) The above alcohol (13) (200 mg) 
in Me,CO (50 ml) was treated with the 8N CrO, reagent for 
10 mm at room temp MeOH (3 ml) was added and the solvent 
evaporated in uacuo The residue was dduted with Hz0 and the 
product recovered m EtOAc and chromatographed on SI gel 
Elutlon with 5 % EtOAc-petrol gave ent-19-oxo-7-norgbberell- 
5,16-dlene (14) (185 mg) as a gum, IR vllLlx cm-’ 1725,1655 and 
875, ‘H NMR S 090 (3H, s, H-20), 1 12 (3H, s, H-18), 492 
(2H, m, H-17), 5 48 (lH, s, H-6), 9 72 (lH, s, H-19), MS m/z (rel 
mt) 270(45), 256(18), 241 (lOO), 199(35), 186(30), 159 (38), 
105 (53), 91(72) The aldehyde (100 mg) was oxldlzed as above for 
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alcohol, 4 61 (s d f 1 56) cm (39 % reduction m height), control 
+ G jiijlkurol 1607 (sd f 14)cm, 19-alcohol + G jiipkurm, 
12 19 (s d + 2 05) cm (24 y0 reduction m height) (2) 200 pg, 7 
days expt control 7 75 (s d f 1 13) cm, 19-alcohol 5 77 (s d 
f 1 69) cm (25 y0 reduction m height), control + Gfi~~kuror, 
15 19 (sd +402)cm, 19-alcohol + G fipkurot, 1085 (sd 
f 2 95) cm (29 % reduction m he&t) (3) 200 pg 12 day expt 
control 12 70 (s d + 1 85) cm, lPalcoho1, 11 25 (s d f 1 94) cm 
(117” reduction m height) control + G fupkurot, 30 3 (s d 
k4 14) cm, 19-alcohol + G fipkurol, 26 34 (s d + 5 46) cm 
(13 y0 reduction m height) 
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