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Abstract-The microbiological transformations of ent-‘la-hydroxyatis-lSen-19-oic acid into isoatisagibberellins A, 2 
and A , , , and of ent-l9-hydroxy-atis-6,lZ-diene into 7/?-hydroxyisoatisenolide and 7fi,18dihydroxyisoatisenolide have 
been demonstrated using Gibberellafujikuroi. The substrates incubated were chemically obtained from gummiferolic 
acid. 

INTRODUCTION 

The gibberellins are plant hormones that are biosyntheti- 
tally derived from ent-kaur-16ene (1). Although some 
diterpenes structurally related to 1 are known, such as ent- 
kaur-1Sene (isokaurene), ent-phyllocladene (13/L?- 
kaurene), ent-beyer-I S-ene, enl-atis- 16-ene. ent-atis-l5- 
ene (isoatisene), and ent-trachylobane, the gibberellins 
which have been isolated so far belong to the ent-kaur-Id 
ene series [l]. However, nothing is known about 
gibberellin biosynthesis, which might preclude the natural 
occurrence of analogues of gibberellins with other 
skeletons, that show different arrangements of rings C and 
D. We have shown that the fungus Gibberellafujikuroican 
metabolize substrates with the atisane [2], trachylobane 
[3,43, beyerene [S, 61, and isokaurane 173 skeletons to 
give atisa-, trachyloba-, beyer- and iso-gibberellins. Other 
authors have also published the results of the incubation 
of trachylobane and atisane derivatives by a mutant of this 
fungus [8,9]. To complete these studies, we describe in 
this work the microbiological transformation by ‘wild- 
type’ Giibbereh fujikuroi of the synthetic isoatisene 
derivatives, ent-7a-hydroxyatis-15en-19-oic acid (2) and 
ent-19-hydroxyatis-6-,lSdiene (a), to give iso- 
atisagibberellins and isoatisenolides, respectively. Both 
compounds, 2 and 6, were synthetically prepared from 
gummiferolic acid (9, an atisane diteqxme isolated from 
Margotia gummifera [lo]. 

RESULTS AND DISCUSSION 

The fermentations were carried out in the presence of 
AM0 1618, an inhibitor of the biosynthesis of ent-kaur- 
16-ene (I), in order to suppress the formation of the 
metabolites derived from this diterpene, and to facilitate 
the study of the product formed [ 11,121. The incubations 
were harvested after six days of growth, and the broth and 
mycelium extracts were mixed, and separated into acid 
and neutral fractions. The acid fraction was treated with 
diazomethane and purified by chromatography of its 
methyl esters. 

The microbiological transformation of ent-7a- 
hydroxyatis-Sen-19-oic acid (2) gave isoatisagibberellin 
AL2 (8) and isoatisagibbereliin A,, (12), in the acid 
fraction. No metabolites were isolated from the neutral 
fraction. The high resolution mass spectrum of iso- 
atisagibberellin A, 2 dimethyl ester (10) was in accordance 
with the molecular formula C12H3204, and its ‘H NMR 
spectrum contained three C-methyl signals, two singlets at 
60.78 and 1.08 for C-20 and C-18 methyls, respectively, 
and one doublet at 1.73, assigned to the C-17 methyl. The 
characteristic gibberellin double doublets of H-5 and H-6 
appeared at 2.04 and 3.25 resptively, with values similar 
to those observed for the dimethyl ester ofatisagibberellin 
A, z [2]. The two methoxyls appeared at 3.66 and 3.74 and 
the vinylic proton as a broad singlet at 5.77. The mass 
spectrum was very similar to those of gibberellin Al2 
dimethyl ester [13] and atisagibberellin A,, dimethyl 
ester [Z], with the molecular ion at m/z 360 and fragments 
at m/z 328,300 and 285. 

The structure of the second gibberellin analogue ob- 
tained in the methylated acid fraction was determined as 
isoatisagibberellin Al, methyl ester, on the basis of the 
following considerations: the molecular formula was 
established as CzlH,sOd by high resolution mass 
spectrometry. Its ‘H NMR spectrum showed signals of an 
angular methyl (6 I.1 1, s), of a methyl on a double bond 
(1.74, d, J = 1.5 Hz), ofa methoxyl(3.74, s)and of the H-5 
and H-6 hydrogens (2.29 and 2.44) d, J = 1 I Hz). The 
methylene protons at C-20 also appear in this spectrum as 
a doublet at 64.1 I (J = I2 Hz) and a double doublet at 
4.57 (J = I2 and 1.5 Hz). The second coupling constant of 
this last hydrogen probably originates from a long-range 
coupling with the H-la. The mass spectrum contains ions 
similar to those obtained for GA15 methyl ester at 
m/z 344,326,3 12 and 284 [ 133. A third isoatisagibberellin 
was a minor compound in one of the fractions that 
contained isoatisagibberellin A,S, and it was tentatively 
identified as isoatisagibberellin AZ* on the evidence of the 
high and low resolution mass spectrum of this fraction. 

It has been previously noted C2.93 that ent-atis-16-ene 
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diterpenes were only metabolized for a few steps along the 
gibberellin biosynthetic pathway, and atisagibberellins 
oxidized at C-20 were not obtained. In contrast we have 
now obtained isoatisagibberellins with oxygen at this 
carbon, indicating that a small variation in the atisene D 
ring, can affect the substrate specificity of the enzyme(s) 
responsible for these oxidations. On the other hand, no 
C9 analogues of’gibberellin were isolated in the present 
work from the feedings of isoatisene derivatives, as also 
occurred in the incubation of enr-atis-16-ene diterpenes 
cz93. 

The incubation of ear-19-hydroxyatis-6,lSdiene (6) 
gave 7/?-hydroxyisoatisenolide (14)and 7fi-18dihydroxy- 
isotisenolide (15) in the neutral fraction. The acid fraction 
did not contain gibberellin metabolites. This result is as 
expected because the A6double bond in 6, leads the 
metabolism to the kaurenolide biosynthetic pathway 
[14]. The less polar of these compounds, the 7/?- 
hydroxyisoatisenolide (14), showed in its ‘H NMR spec- 
trum signals of the three methyl groups, of the olefinic 
proton at C-15 and of the resonances originating from the 
hydrogens at C-6 and C-7 (64.74 and 4.11, I,, 6 = 7 Hx, 

J r 4 Hz). These last signals are similar to those 
06!&ved in the kaurenolides [15]. The more polar 
hydroxy-lactone showed a ‘H NMR spectrum similar to 
that of 14, where the signal of one of the angular methyl 
groups has been substituted by a broad singlet at 63.71 
(2H) of a hydroxymethyl group. By comparison with the 
spectrum of 7/?,18dihydroxykaurenolide, this alcoholic 
function was assigned to C-18, and the structure es- 
tablished as 7fiJ8dihydroxyisoatisenolide (15). 

The substrates incubated were synthesized in the 
following way. Hydrolysis of the methyl ester of 
gummiferolic acid (4) gave the alcohol 5 [IO], which was 
treated with ptoluenesulphonic acid in benzene to give 
the isomer&d compound 19. Reaction of 19 with thionyl 
chloride in pyridine gave the dehydrated product 7, 
contaminated with the chlorine derivative 16. Treatment 
of this mixture with lithium aluminium hydride afforded 
the alcohols 6 and 17, which were separated by silica gel 
chromatography. 

The hydroxy acid 2 was obtained by isomerization of 
gummiferolic acid (3), and then by hydrolysis of the 
product obtained (1s). 
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