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The Oxidative Modification of the Kauranoid Ring B during Gibberellin 
Biosynthesis 

By J. K. HANSON* and A. F. WHITE 
(The School of Moleculav Sciences, Univevsity of Sussex, Brighton, BNl 9QJ) 

S%mmary 7P-Hydroxy-( -)-kaur-16-en-l9-oic acid has 
been shown to act as a precursor of the gibberellins and 
the kaurenolides. 

THE gibberellin plant-growth hormones differ from the other 
tetracyclic diterpenes by possessing a five-membered ring B. 
However, the tetracyclic diterpenes, (-)-kaurene and 
(-)-kaur-l6-en-19-oic acid, which both possess a six- 
membered ring B, have been shownlF2 to act as precursors 
of gibberellic acid and of the kaurenolides. The subsequent 

stages in the biosynthesis therefore include the oxidation of 
ring B and its ring-contraction. The mevalonate labelling- 
pattern indicated3 that C-7 is extruded from the six-mem- 
bered ring whilst various suggestions4 (including in vitro 
experiment$) have been made to account for the ring 
contraction. We present experimental evidence for the 
biosynthetic order of oxidation of ring B. 

In defining the late stages of this biosynthetic sequence, it 
is imperative to establish that coinpounds such as 7/3- 
hydroxy-( -)-kaur-16-en-19-oic acid (I)6 and the gibbane 



CHEMICAL COMMUNICATIONS, 1969 41 1 

aldehyde (11),5 which are a t  present unknown as metabolites contained 99% of the activity. [17-l4C]-7P-Hydroxy-( -)- 
of Gibbewlla fujikuroi, are in fact produced by the mould, kaur-16-en-19-oic acid (as its potassium salt) was fed to 
Therefore [17-14C]-( -)-kaur-lfi-ene was fed to Gibberella GibbereEEa fujkuvoi. After 4 hr. the gibbane aldehyde (11) 
f i t j i kwo. i .  The fermentation was subjected to dilution (the expected product of ring contraction a t  the glycol level) 

was isolated by dilution analysis and showed a specific 
incorporation of 0.21% and gibberellin A,, (111) 0.29%. 
After 24 hr. the incorporations were 0.17 and 0.37y0, 
respectively. Specificity was demonstrated in each case. 
Thus the gibbane aldehyde from the 24 hr. fermentation was 
oxidized to gibberellin A,, (which retained the radioactivity) 
and the latter, as its dimethyl ester, was ozonized to give the 
nor-ketone and formaldehyde. The formaldehyde contained 

(I1) R=CHo 96.5% of the radioactivity whilst the nor-ketone was 
(I1') inactive. In the gibberellin A,, case, the formaldehyde 

contained 98% of the radioactivity and again the nor- 
ketone was inactive. 

A different fermentation was grown for 5 days after 
feeding the same labelled hydroxy-acid as its potassium salt. 
The major metabolites were isolated. Gibberellic acid (VII), 

(IV) R'=Me, R2=H 
(V) R'=Me, R2=OH 
(''1 R'=CH20H, R2=oH 

O H  

analysis for kaurenolide (IV)' and 7@hydroxy-( -)-kaur-I6- 
en-19-oic acid (I). Only the latter was active, showing a 
low inc orporation of 0.006% compared to 7-hydroxy- 
kaurenolide (V) (0.8%) and 7,18-dihydroxykaurenolide (VI) 
(5.5%). However, this was shown to be specific by ozonolysis 
to the nor-ketone (inactive) and recovery of the formalde- 
hyde (from C-17) as its dimedone derivative. The latter 

which was purified as its methyl ester, showed an incorpora- 
tion of 32.3% whilst 7-hydroxykaurenolide (V) and 7,18- 
dihydroxykaurenolide (VI) showed incorporations of 0-03 
and 0.44%, respectively. Ozonolysis of methyl gibberellate 
gave a keto-acid which was purified as its dimethyl ester 
(VIII), and formaldehyde which was isolated as its dimedone 
derivative. The formaldehyde contained 97.6% of the 
activity whilst 2.7y0 remained in the keto-ester. The 
kaurenolides were also degraded to their (inactive) nor- 
ketones. The formaldehyde from 7,l S-dihydroxykaureno- 
lide accounted for 98.5% of the radioactivity in that 
metabolite. 

Thus the biosynthesis of gibberellic acid involves the 
conversion of (-)-kaur-lCi-ene through (-)-kaur-l6-en-19- 
oic acid to 7fl-hydroxy- ( - )-kaur- 16-en- 19-oic acids followed 
by ring-contraction to the gibbane aldehyde (11). 
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