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Abstract: More reliable methods have been developed for the preparation of 12- and 158-hydroxy gibberellins and
applied to the synthetic conversion of GA3 (gibberellic acid) (2) into GA33 (1), the major bioactive gibberellin
from peach (Prunus persica) and other Prunus spp.

Gibberellin A3y ("GA332"), isolated from the immature seeds of peaches, apricots and other Prunus
species!-3 (1) is one of the most biologically potent2.6.7 of the 100 odd gibberellins obtained to date from
natural sources. It is also one of the least accessible (approximately 3.8mg may be isolated from 100Kg of
unripe peaches), and so we have undertaken its preparation from the readily available fungal gibberellin GA3
(2) with a view to facilitating a comprehensive examination of its potential for regulating plant growth and
development. We had made the methyl ester of GAgg (3) in order to confirm a tentative assignment of
structure,8 and that preparation serves as a useful model for the synthesis of GA3 (1). With the more labile A-
ring functionality in 1, plus the objective of making the parent acid rather than the methyl ester, however, the
need for several changes to the previously used procedures became necessary, including the use of a more
labile protecting group for the 7-carboxyl. Most importantly, an improved method was required for the
introduction of the 15B-hydroxyl, a step that had been very low yielding in the preparation of 3.

One of the entry points for the synthesis of 3 had been the pyridinium chlorochromate oxidation of the
150-hydroxy derivative of the diacetate of GA3 methyl ester,8 but this procedure failed on the corresponding
methoxymethyl ester. Fortunately, an alternative approach based on the treatment of epoxide 4° with two
equivalents of bis(cyclopentadienyl) titanium(III) chloride (Cp2TiCl) proved to be an effective and more general
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method for the preparation of 17-aldehydes (Scheme 1). The titanium reagent has been used by Nugent and
Rajanbabu to generate ai-oxy-carbon radicals, which undergo cyclisation with suitably located olefinic bonds.10
It had been reported that if two equivalents of reagent were used, the cyclised radical was reduced to a titanium
alkyl intermediate which could then be trapped by 1. Within the present context, however, we discovered that
treatment of epoxide 4 with one equivalent of Cp,TiCl afforded equal amounts of starting material and aldehyde
5 as a 4:1 mixture of endo (16B) and exo isomers (16ct), while if two equivalents of the titanium (III) complex
were used, an excellent yield of aldehyde resulted.!! If tri-n-butylstannane was included as a co-reagent, a
high yield of 17-carbinol was obtained.

CpaTi(INCI (2 eq);
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(70%)

H c0,CH,0Me
6

Scheme 1

It appears, therefore, that the initial free radical 7 formed from 4 (Scheme 2) is reduced more readily
than the parent epoxide, affording the titanium alkyl 8. This intermediate is unstable, however, and undergoes
hydride elimination to form enolate 9.12 If, instead of simply quenching the reaction mixture with dilute acid,
pyrrolidone hydrotribromide!3 was added in combination with triethylamine (to prevent protonation) to the
presumed enolate 9, bromo aldehyde § was formed in good yield as a 4:1 mixture with the 163-bromo epimer.

C p2Ti(CI

Scheme 2

With a satisfactory synthesis of bromo aldehyde 6 in hand, the synthesis was continued as outlined in
Scheme 3,14 and closely followed the preparation of the 1,2-dihydro analogue 3 (GAge),8 except for the
selection of alternative reagents for the two oxidation steps. The transannular oxidation 10—11 was carried
out with diacetoxyiodobenzene!S5 in place of lead tetraacetate, affording a cleaner product in enhanced yield,
while the Dess-Martin periodinane reagent!” was substituted for the previously used Swern procedure!6 which
was found to be unsatisfactory for the oxidation of 15-carbinol 15 to enone 16. Following the MacMillan
procedure for introduction of the 158-o0l function,!8 reduction of 16 by zinc-acetic acid was examined, but
gave mainly the 1,4-reduction product. Only a very modest yield (20%) of the target 15B-ol 17 was obtained,
as in the preparation of 3. We therefore elected to explore the option of temporarily masking the 17-methylene
group during the reduction of the C(15) carbonyl function. The initial studies were carried out on the GA3
enone 18a!% and then applied to the 120-acetoxy analogue 18b as indicated in Scheme 4.
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Conjugate addition of various nucleophiles to 18 was effected without difficulty, but the epoxide 19
proved to be the most useful intermediate;20 hydride reduction followed by acetylation to give 20, then
deoxygenation?! gave excellent results for both the GA3 and the 12-substituted series. While the conditjons
necessary for hydrolysis of the sterically hindered 15B-acetate function (K2CO3-MeOH) were satisfactory for
the GA3-derived substrate 21a, the formation of significant quantities of the isomeric 19,2-lactone22 occurred
in the case of 21b.

Me
R ! R
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(d - e “o - (&
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CO;Me (95% yield) CO,Me (>90%) CO;Me (>90%) CO,Me

18a,b’ 19a,b 20a,b 21a,b

J‘r(a: R=H; b: R = OAc¢) Scheme 4

We then decided to test the possibility that the free 7-carboxyl group might be enlisted to assist in the
reduction of the 15-oxo function.23 In the event, hydrolysis of the ester 16 to acid 22, followed by reduction
with either borane dimethyl sulfide complex or with sodium triacetoxyborohydride24 afforded triacetate 23
(Scheme 5). This product could then be hydrolysed under sufficiently mild conditions so as to afford a
reasonable yield of GA3; (1), even though some isomerisation of the allylic lactone function still occurred.
Comparison of 500MHz 'H NMR spectra confirmed the identity of the synthetic material with the natural
gibberellin, thereby providing a final proof of structure for GA3, (1).25 The assisted reduction26 by a carboxyl
group is unusual and it is of interest that with the borane complex, reduction of the ketone carbonyl group
occurs in preference to reduction of the carboxy function.2”
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