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Abstract-The effect of the 7-, 15- and 18-hydroxyl groups on the microbiological transformation of some 
diterpenoids by Gibberella fujikuroi has been studied. An 18-substituent appears to exert an inhibitory effect 
on transformations involving reaction at the 6P-position. 

INTRODUCTION 

The fungus, Gibberella fujikuroi, produces a range of 
diterpenoid metabolites including the gibberellin plant 
hormones, e.g. gibberellic acid (l), the kaurenolide 
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lactones, e.g. 7,18-dihydroxykaurenolide (2), the 
aldehyde-anhydride, fujenal (3) and a series of hy- 
droxylated kaurenes, e.g. ent-7a-hydroxykaur-l6-en- 
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19-oic acid (4). These compounds are formed by a 
series of branching biosynthetic pathways. In the 
‘wild-type’ fungus (strain ACC 917) certain oxidation 
patterns are characteristic of each branch. Thus a 
13-hydroxyl group and a ring A 1,2-double bond are 
found as major features in the gibberellic acid branch 
but not commonly in the kaurenolide or in the fujenal 
branch. Conversely, an 18-hydroxyl group is found in 
the kaurenolides but not in the fungal gibberellins. It 
was the object of this work to incubate kaurenoid 
substrates with Gibberella fujikuroi to see whether it is 
possible, e.g. to induce the formation of gibberellins 
containing the 18-hydroxyl group characteristic of the 
kaurenolides or whether some of these hydroxylations 
have a hitherto undefined regulatory role limiting 

further transformation to particular pathways. We also 
hope to see how far the order of certain hydroxyla- 
tions may be varied. 

The diterpenoid pathways of Gibberella fujikuroi are 
capable of accepting a variety of artificial kaurenoid 
substrates. Thus steviol (5) which possesses an early 
(19-CO,H) and a late (13-hydroxyl) stage in gibberel- 
lin biosynthesis is transformed along both the 
kaurenolide [l] and gibberellin [2,3] pathways. The 
transformtaion of ent-kaur-2,16-dien-19-01 [4] and of 
some esters of ent-kaur-16-en-19-oic acid [5,6] have 
also been studied in detail. More recently the metabol- 
ism of 2- and 3-hydroxy-kaur-16-en-19-01s and acids 
by G. fujikuroi has been studied [7]. 
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RESULTS AND DISCUSSION 

When G. fujikuroi is grown in the presence of 
AM0 1618, the formation of ent-kaur-16-ene is inhi- 
bited and thus the normal diterpenoid fungal metabo- 
lites are not produced [8,9]. However the subsequent 
metabolism of ent-kaur-16-ene is not perturbed 
[IO, 111. Hence the the metabolism of the abnormal 
diterpenoid substrates can be examined in the absence 
of the normal diterpenoid metabolites, thus facilitating 
the purification and identification of novel metabolites. 
Without facile GC-MS facilities, our method of ap- 
proach has been to compare, by TLC, the fermenta- 
tion of the diterpenoids with that of a parallel control 
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fermentation and then to isolate any new metabolites 
which this assay revealed. 

Candol B, enr- i%hydroxykaur- I h-ene (6). isolated 
from Sideriris candicans [12], contains the last step of 
7,1X-dihydroxykaurenolide (2) biosynthesis but lacks 
the h. 7 and 19-oxygen functions. It was fed to G. 
fLljikuroi and two metabolites which were not present 
tn the control, were detected and isolated. These were 
7. I %dihydroxykaurenolide (2). identified by compari- 
son (NMR) with authentic material [ 1.31 and em- 
7a, 1 %dihydroxykaur- 16-en- 19-oic acid (7). The latter 
was identified by comparison of its methyl ester with 
known material 1141. 

6 R’=OH,R*=H 
8 R’=H,R’=OH 
9 R’=R’=OH 
14 R’=R’=OAc 
15 R’ = OH, R’= OAc 
16 R’ = Cl, R’ = OAc 
17 R’=CI.R’=OH 

The hydrocarbon, ent-kaur- 16-ene is the parent 
hydrocarbdh of both the gibberellin and kaurenolide 
pathways. In the normal biosynthetic sequence, 7- 
hydroxylation follows the oxidation of ent-kaur- Ih- 
ene at C-19 and is the step immediately prior to the 
divergence between kaurenolide formation and the 
ring contraction to the gibberellins. The incubation of 
candol A, cnt-7a-hydroxykaur-lh-ene 18) [l?-] with 
G. fujikuroi was examined to see if it would be trans- 
formed along the pathway involving ring contraction 
without the oxidation of C-19. However, the metabo- 
litcs which were obtained in amounts commensurate 
with their formation from the substrate. were gibberel- 
lit acid (11, gibberellina A, and A, [IS] and fujenal (3) 
[Ih]. The gibberellins were identified CNMR) through 
the isolation of their methyl esters. They were not 
detected in the control fermentation. No abnormal 
metaholites were detected. Hence there was a substan- 
tial difference between the metabolism of 7- and I#- 
hydroxykaur- Ih-enc. Only the former was trans- 
formed along the pathway beyond the ring-contraction 
stage. 

Epicandicandiol (ent-7cu,l%dihydroxykaur-lh-ene, 
9) [ 17, 181 and its double-bond isomer, sideridiol (erll- 
7u, I S-dihydroxykaur- 15ene, 10) [ 191 contain both 
these features within the same molecule. Epicandican- 
diol [l-1] gave en/-7a,lX,lY-trihydroxykaur-lh-ene 
and the corresponding IY-acid on incubation with G. 
fujikuroi. When sideridiol (10) was fed to the fungus it 
gave a similar isomeric trio1 (11) which was identified 
by the formation of a triacetate and an 18,19- 
acetonide (12) involving the two primary alcohols. ent- 
7a.l8-Dihydroxykaur-15-en-lY-oic acid (13) was also 
isolated. However, no gibberellins or compounds of 
the fujenal type were formed in sufficient amounts to 
be detected. Hence the 1%hydroxyl group is appar- 
ently inhibitin! reaction at the 6@-position. An 1% 
chloro derivative was then prepared by partial hyd- 
rolysis of enl-7a, I%diacetoxykaur- 16-ene (14). The 

resultant l&alcohol (15) 1121 was treated with 
triphenylphosphine-carbon tctrachloride to afford en{- 
7u-acetoxy- 1X-chlorokaur- I h-ene (16) which was then 
hydrolysed to the parent i-alcohol (17). Despite sev- 
eral experiments no transformation products could be 
detected and indeed the compound appeared to be 
toxic to the fungus. 

During the oxidative r-ing contraction process hy- 
drogen atoms arz lost from the 6b-position and from 
the 78-hydroxyl group. A 15/%hydrosyl group posses- 
ses the same relationship to the 7@-hydroxyl hydrogen 
as does an l%hydroxyl group to a hfl-hydrogen, i.e. it 
i\ on the same side of the molcculc and four atoms 
distant from the rcle\ant hydrogen atom. Hence the 
metabolism of en- I5cu. l%dihydroxykaur- 16-ene was 
of interest in this context. In earlier work (Hanson, 
J. R. and Hawker. J.. unpublishcdi wc were unable to 
demonstrate any transformation of the ISP-acetoxy- 
acid. xylopic acid (18). However. more recently Mac- 
Millan [ZO] observed the transformation of 
desacetoxyxylopic acid (19) into gibberellin A,, (20) 
by a mutant of G. fujikuroi. enr- I sa, 19- 
Dihydroxykaur- I h-ene (22) was prepared by reduc- 
tion of methyl xylopate (21) [2l] with lithium 
aluminium hydride. Incubation of the diol with G. 
fujikuroi gave two major new metabolites which were 
isolated by chromatography. These were 7p,15p- 
dihydroxykaurenolide (23) which was further purified 
as its diacetate (24) (I’,,,,, 1770. y-lactone: 1740 cm-’ 
OAc). The ‘H NMR spectrum showed that ring B 
contained the vicinal ha.7p-oxygen functions charac- 
teristic of the kaurenolides (8 5.78, d, .I = 6 Hz. 7-H: 
4.5, t, J-6 Hz. 6-H: 1.96. d. J -6 Hz. 5-H). The 
methyl ester of the other metabolite. cn-7a,lia- 
dihydroxykaur- 16.en- I Y-oic acid had ‘H NMR signals 
consistent with the structure (233. In particular the 
IX-H and 7-H resonances (6 0.X5, 1. IJ; and 3.65) 
were comparable with those of methyl crrf-7a- 
hydroxykaur- l&en- I Y-oatc (0.84, I. 15 and 3.6 I ). 
The MS contained an ion at rnie 109 associated with a 
non-hydroxylatcd ring A. Since both hydroxylation at 
(‘-7 and oxidation at C- I9 had procccdcd in the 
presence of the ISO-hydroxyl group. it was possible 
that further metabolism had occurred. A sample of the 
fermentation extract was bent to Prof. MacMillan 
F.R.S. for GC-MS comparison with his conversion of 
PIII- I Sa-hydroxykaur- l&en- I9-oic acid (19) by the 
mutant B I 3 1 a. He reported the presence of gibherel- 
lin A.,< ( I50-hydroxyGA,,). I SIJ-hydroxyCiA,,, 
1 So-hydroxyCrA,,. 1 iB-hy&oxvGA,,. 15/z- 
hydroxyGA,_,. 15&hydroxqC;A,, I s/3-hydroxyGA,,. 
I Sfi-hydroxqCrA, 1. l50-hydroxyGA, and l5@- 
hydroxyGA,. The evidence for the structure of 
these compounds will be presented in his full paper. 

From these results WC conclude that although the 
order of hydroxylation at C-7 and oxidation at C- I9 
can be varied in the substrates as in candol A, detecta- 
ble quantities of IY-desorcymetabolites are not formed. 
The formation of IY-oxygenated gibherellins from the 
metabolism of erzr--la-hydroxykaur- I h-ene suggests 
that oxidation of C- 1 Y to the level of a carboxylic acid 
is an important prerequisite for further metabolism of 
ring B. Secondly an Is-substituent appears to inhibit 
the oxidation of the h@-position and thus the forma- 
tion of gihberellin and fujenal derivatives. However, a 
similar effect on the loss of the hvdrogen atom from 
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18 R’ = CO,H, RZ = AC 
19 R’ = COsH, R* = H 
21 R’ = CO,Me, R* = AC 
22 R’ = CH,OH, R2= H 

20 

&R aoH 

CO-76 ‘CO,H 
23 R=H 25 
24 R=Ac 

the hydroxyl group at C-7 is not shown by a lSp- 
hydroxyl group. In this connection it is interesting to 
note that 1%fluorogibberellin A,, aldehyde was 
metabolized by G. fujikuroi into the corresponding 
fluorogibberellic acid and fluorogibberellin A9 [22]. 
These features may be rationalized in terms of a 
mechanism for the ring contraction (Scheme 1). When 

Scheme 1. 

R’= OH or Cl, the oxidative ring contraction is 
blocked either by tyeric effect of the substituent or by 
it binding too effectively to the enzyme system. This 
raises the interesting speculative possibility that many 
apparently ‘irrelevant’ hydroxylations in terpenoid 
metabolism may have a control function or code for 
metabolism along a particular pathway. 

EXPERIMJDWAL 

General experimental details have been described previ- 
ously [23,24]. 

Incubation of candol B with Gibberella fujikuroi. The 

PHYTO N/~--F 

fungus, inhibited with 10e4MAM0 1618, was grown in 
shake culture at 25” for 1 day in 35 conical flasks (250ml) 
each containing sterile medium (100 ml) [23,24]. Candol B 
(280 mg) in EtOH (33 ml) was distributed equally between 
33 flasks and the remaining 2 flasks were retained as a 
control. The incubation was allowed to continue for a further 
5 days. The broth was filtered, acidified with dil HCl and 
extracted with EtOAc. The extract was washed with H,O 
and shaken first with aq. NaHCO, and then with aq. 
Na,CO,. These extracts were acidified with dil HCl and then 
extracted with EtOAc. The EtOAc extract was washed with 
H,O, dried and the solvent evapd to afford ent-7a,18- 
dihydroxykaur-16-en-19-oic acid (lOmg), mp 145-146” 
(Found: MS 316.205. C,,H,,O,-Ha0 requires: 316.203; the 
peaks at m/e 334 and 319 were too small to measure 
accurately). IR vrnax cm-‘: 3360, 1685 and 875; ‘HNMR 
(C,H,N-d,): 6 1.26 (3H, s, 20-H), 3.73 (lH, m, 7-H), 3.84 
and 4.46 (lH, d, _I= 11 Hz, 18-H,), 4.84 (2H, m, 17-H). 
Irradiation at 6 3.84 caused the doublet at 4.46 to collapse to 
a singlet. Methylation with CH,N, gave methyl em-7cy, 18- 
dihydroxykaur-16-en-19-oate which crystallized from 
EtOAc-petrol as needles, mp 229-230” (lit. [14] 228-230”) 
identified by its IR and ‘HNMR spectra. The neutral frac- 
tion was chromatographed on Si gel. Elution with EtOAc- 
petrol (20: 80) gave the starting material (50 mg). Elution 
with EtOAc-petrol (35 : 65) gave 7,18-dihydroxykaurenolide 
(18 mg), mp 211-213” (lit. [13] 211-214”) which was iden- 
tified by its IR and ‘HNMR spectra. 

Incubation of candol A with Gibberella fujikuroi. Candol 
A (75 mg) in EtOH (20 ml) was distributed between 20 flasks 
of G. fujikuroi and incubated as above. The broth was 
extracted with EtOAc and separated into acidic and neutral 
fractions with aq. NaHCO,. The acid fraction was methylated 
with CH,N,. TLC showed 3 new compounds compared to 
the control. The acid fraction was chromatographed on Si gel. 
Elution with EtOAc-petrol (30 :70) gave dimethyl ent-7- 
oxo-6,7-seco-16-en-6,19-dioic acid 6,19-dioate (5 mg), mp 
141-143”, identified by its ‘HNMR spectrum. Further elu- 
tioo gave a mixture of gibberellin A, and gibberellin A, 
methyl esters (5 mg), identified by their ‘H NMR spectra. 
Further elution with EtOAc-petrol (1: 1) gave gibberellin A, 
methyl ester (15 mg), mp 207-210”, identified by its ‘H NMR 
spectrum. Chromatography of the neutral fraction on Si gel 
gave the starting material (10 mg). 

Incubation of sideridiol with Gibberella fujikuroi. 
Sideridiol (200 mg) in EtOH (36ml) was distributed 
between 36 flasks of G. fujikuroi and incubated as above. 
The broth was extracted with EtOAc and separated into 
acid and neutral fractions. Elution with EtOAc gave the 
starting material (95 mg). Further elution with EtOAc gave 
ent-7o,18,19-trihydroxykaur-15-ene which was recrystallized 
from EtOAc-petrol as needles (10 mg), mp 210”. (Found: C, 
75.2; H, 9,9,C,,H,,O, requires: C, 75.0; H, lO.I%), IR n,,, 
cm-.‘: 3548 (sharp), 3350 (br.), 1065, 1040, 1030, 1020, 
825; ‘H NMR (C,H,N-d,): 6 1.12 (3H, s, 20-H), 1.68 (3H, 
s, 17-H), 3.85 and 4.29 (2H each, d, J= 11 Hz, 18- and 
19-H), 4.0 (lH, m, 7-H), 5.96 (lH, s, 15-H). MS m/e: 320, 
302, 272, 271, 254, 164, 139, 121, 120, 108, 107, 105, 95, 
94, (100%). The triacetate, prepared with Ac,O in Py. was an 
oil. [Found: MS 446.267 Ca6H3s06 requires: 446.2661 IR 
v,,_ cm-‘: 1730 (br), 1250 (br), 1035, 1025, 980 and 822; 
‘HNMR: S 1.09 (3H, s, 20-H), 1.68 (3H, s, 17-H), 2.0 and 
2.05 (6H and 3H, s, 3 OAc), 3.85 (2H, d, .I= 12 Hz, 19-H), 
4.1 (2H, d, J = 20 Hz, 18-H) 4.7 (lH, r, .I = 3 Hz, 7-H), 5.19 
(lH, s, 15-H); MS m/e (rel. int.): 446 (30), 404, 386 (loo), 
371, 358, 344, 326, 267, 251, 238, 105. The acetonide, 
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