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STEREOCONTROLLED SYNTHESIS OF GIBBERELLIN A19 FROM GIBBERELLIC ACID
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Summary: The biosynthetically important C-~20 gibberellin, gibberellin A]g 5, has been

prepared from the readily obtained C-19 gibberellin, gibberelli¢ acid 8, by means of
an efficient stereocontrolled ten step sequence.

Gibberellin A19 5 (GA has been strongly implicated as a key intermediate in the

19)"
postulated "early 13~hydroxylation" biosynthetic pathway between the C-20 gibberellin, GA12
1, and the C-19 gibberellin, GA1 7, in several higher plants,2 i.e1+3>U4+5>6>>>T7T.
Whilst GA36 2, the equivalent gibberellin in the alternative "early 3-hydroxylation" sequence
leading to 7,2 is available as a minor metabolite from the fermentation of Gibberella
f‘ujikur'oi,3 GA19 5 has only ever been isolated once in significant quantities (by Tamura et
2£.1, who obtained timg from 44 tons (!) of bamboo shoots). Further amounts of GA19 are
presently much in demand for bicsynthetic and related studies, so we have investigated the
practicality of preparing 5 from gibberellic acid 8, the only 13-hydroxylated gibberellin
which is available in useful amounts. The successful outcome of this investigation not only

provides the first example of the conversion of a C-19 gibberellin into a C-20 gibberellin,

but also serves as a model for the preparation of other C-20 der‘ivatives.Ll

363



364

8 R,R2,R®:=H Il R=0H
9 R',R% = H; RZ = Me 12 R=Cl
10 R',R® = CH,0Me; RZ = Me I3 R = CH=N,
OMe OMe

[3] 17 R' = Me, R%Z = CH,OMe
18 R'= Me, RE = H
19 R' = H, R% = CH,OMe

A successful synthesis of GA19 5 from gibberellic acid 8 must contend with several
major difficulties: the introduction of C(20) into the very hindered C(10) site on the
concave oa—face of the gibberellin molecule,5 the elaboration of an aldehyde function in a
1,3—§12—diaxial relationship to the C(19) carboxy function, and the multifunctional nature of
the substrate. We were especially concerned that the labile methylene cyclopentanol moiety
could be preserved, thereby avoiding a wasteful degradation/reconstitution cycle. We chose,
therefore, to introduce the C(20) formyl group by means of an intramolecular cyclopropanation
reaction based on diazoketone 13, followed by reductive cleavage of the C(1)-C(20) bond in
the product 14, and then oxidative cleavage of the C(19)-C(20) bond. Excellent precedents
for the sequence 13 + 14 » 15 had been established by one of us (J.V.T.) during earlier
syntheses of other bicyclo[3,2,1]octanone derivatives, and the theoretical basis for the

expected outcome is provided in reports of that work.6
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Clearly, the execution of this plan was contingent upon an efficient synthesis of a
suitable olefinic acid precursor, and in the event, 11 was readily prepared in 93% yield by
lithium 1liquid ammonia E—butyl alcohol7 reduction at -65°C of the 3,13-bismethoxymethyl

8 pcid 1

ether 10 derived (ClCHZOMe, iPr NEt, DMAP, 20°C, 48h) from methyl gibberellate 9.
was converted into acid chloride 12 by oxalyl chloride — pyridine — DMF at 0°C (conditions
designed to preserve the A1(10) and A(16) olefinic bonds)6 and thence diazoketone 13 by
treatment with an excess of diazomethane at 0°C (overall yield 83%). Cyclopropanation was
best effected with copper-bronze (0.6g/mmole, THF-cyclohexane (1:2.5), reflux lh; 87% yield)
and the structure of the expected cyclopropyl ketone, m.p. 127-127.5°C, [a]D25 + U47.8¢°,
confirmed, inter alia, by examination of 13C— NMR spectra, which showed methine resonances
for C(1) and C(20) at unusually high field, i.e. at § 30.43 and 31.80, respectively, thereby
furnishing evidence of the cyclopropyl ring.

Hydrogenolysis of the C(1)-C(20) bond in 1l was effected with lithium 1liquid
ammonia £-butyl alecohol at -65°C to give 15, m.p. 182-183.5°C, [a]D25 + 44 ,8°, accompanied
by a mixture of the corresponding C(19) carbinols.6 The latter compounds were readily

9

converted into 15 by pyridine dichromate oxidation,’ however (total yield of 15 : 87%).

Again, 13C-NMR spectra were consistent with structure 15, in that they contained two extra
methylene resonances (8 36.59, 40.32) and two fewer methine resonances relative to 14.
Functionalization of the extremely hindered C(20) position in 15 as a prelude to

oxidative fission proved to be very difficult. Hydroxylation with MoO_,.Py.HMPA/lithium

5

diisopropylamide10, for example, was ineffective, although some success was obtained by

substituting potassium hydride as the base. Enol silylation was no more satisfactory, but
methyl enol ether 16 was obtained in 65% yield by sequential treatment of 15 with potassium
hydride, dimethyl formamide and methyl iodide. Some C-methylation was obtained under these

conditions, but no useful results could be achieved with "harder" electrophiles, e.g. methyl

1

methanesulfonate, trimethyloxonium fluoroborate, or methoxymethyl chloride.1 Selective

oxidative cleavage of the more electron-rich C(19)-C(20) olefinic bond in 16 was then

effected by ozone — pyridine in CHCl_, — MeOH at —78°C12 followed by treatment with dimethyl

3

sulfide to afford the GA19 derivative 17 in high yield. Removal of the 13-methoxymethyl

group (CHC13—Me0H, trace Me3SiCl, 20°C, 2h) readily afforded GA19 dimethyl ester 18, the

1H-NMR and IR spectroscopic constants of which were the same as those reported for naturally
derived mater'ial.1 Moreover, the identity of 18 was confirmed by direct comparison of its

mass spectrum with that of an authentic sample.
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No chemistry has previously been reported for GA19 5 or the dimethyl ester 18. We
found, however, that hydrolysis of the dimethyl ester 17 to the half ester 19 was very rapid,
as could be expected with assistance from the C(20) formyl group. Further hydrolysis to the
dicarboxylic acid required forcing conditions (20% KOH, MeOH—Hzo, 1:1; reflux, 18h), but was
achieved in high yield, and after removal of the methoxymethyl group (MeOH—CHC13—3MH01,
10:2:1; 22°C, 4 days), GA19 5 was obtained. This material had m.p. 244-247°C following
shrinkage and a polymorphic change at 121-126°C (lit.! dimorphic forms: 236-237°C; or

shrinkage at 124-126°C).

H-NMR spectra were poorly resolved, as a consequence of
equilibrium with the lactol tautomer,3 but treatment with diazomethane furnished the dimethyl
ester 18, which was identical with material obtained earlier.

Current studies are focussed on improvements to the oxidative cleavage of the
€(19)~C(20) bond in 15, and on extensions of the synthetic strategy to the preparation of
further C-20 gibberellins, including GA36 2. The results of these investigations should be
reported shortly.
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