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Biosynthetic origin of the antheridiogen, gibberellin A3

methyl ester, in ferns o of the ,'\7g0/]”lm oenus
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Abstract

9,11-Didehydrogibberellin Ag4 has been prepared from GAj3 and shown to be the biosynthetic precursor of the
potent antheridiogen, gibberellin A73 methyl ester, in prothallia of the ferns Lygodium flexuosum and Lygodium
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The methyl ester of gibberellin A73 ("GA73") (1), first isolated in trace quantities (3-4
nanograms per litre of culture filtrate) from prothallia of the fern Lygodium jap mcum [1]

Japonicum at femtomolar concentrations [2]. Dlene 1 has qubsequently been 1solated in
greater quantities from L. flexuosum and L. circinnatum, with several hydroxy derivatives
also bemg obtained from the latter spemes [3} GAg (2) would appear to be the most obvious
biosynthetic precursor of 1, but it has not been possible to demonstrate incorporation of
isotopically labelled material by prothallia of L. japonicum [4,5]. Although methylation of

the carboxy group to form 3 occurred, this was then followed hv hydroxylation at C(12) or
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C(13) (Scheme 1). More recently, however, metabolic exnerlments with labelled precursors

have ‘shown that GA24 (4) is a biosynthetic precursor to 1 in this fern genus [6].
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These resulits naturaily raised the possibility that an intermediate in the formation of 1
might be 9,11-didehydro-GAz4 (5) (Scheme 2) Havmg recently established a new approach
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his hypn 1esis hv nrennrmo a deuteriu
L. flexuosum and L. circinnatum. The details of t
disclosed in this Letter.

Our first approach [7] to the synthesis of C-ring functionalised C20-gibberellins was an
amalgam of earlier procedures that had addressed separately the problems of mtroducmg a
functional group into the C-ring [8,9] and of incorporating a formyl group at C(10) [10].

The resulting syntheses required ca 18 steps, however. Arising out of a search for a more
direct approach to this class of gibberellins, we can now report that the Lewis acid-catalysed
cyclisation of diazoketone 8 (obtained in 9 steps from GA3 (6) [11]) affords 9 in good yield
(Scheme 3), thereby achieving in the one process, the introduction of both the C(20) carbon
atom and functionality into the C-ring. After reconstitution of the 17-methylene group by a

regloselectlve Lombardo methylenation [12], oxidative cleavage, as _applied to similar
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compounds [13], gave access to 9,11-didehydro-GA24 (5).* T'ne overall sequence required
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5 Hz, H-6), 3.75 (3H, s, OMe), 4.87 (1H, br
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Hz, H-5), 2.54 (1H, br d, J = 15.0 Hz, H-13), 3.66 (3H, s, OMe), 3.75 (iH, 4, J
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32.0 (C-1), 38.3, 38.5, 40.1 (C-3, C-14, C-15), 41.8 (C-13), 454, 46.2 (C-4, C-8), 49.5 (C-6), 52.3 (2xCOMe), 55.1 (C-5), 60.9
(C-10), 107.6 (C-17), 123.6 (C-11), 146.8 (C-9), 155.3 (C-16), 174.4 (COMe), 177.2 (COoMe), 195.8 (C-20).

*IH NMR (dimethyl ester) (300 MHz, CDCly): §1.21 (3H, s, 4-Me), 2.20 (1H, dt, J
=12



To investigate the biosynthetic pathway leading to the methyl ester of GA73 (1), the
candidate precursor, (17, 17- 2H,]-9, 11 dldehydro GA24, was added to 5-week-old prothallla
of L. circinnatum and L. flexuosum, respectively, and the cultures maintained for a further
10 days In these experlments T as in the case of our prev1ous study [6] the prothalha were
cuitured in the presence of 1pg/mL of uniconazole-P, an 1nmmtor of GA mosyntnesm [14 ]
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metabolism of the fed substrate [15]. [2H?2]- GA73 methyl ester was identified as a major
metabolite in both L. flexuosum and L. circinnatum by full-scan GC-MS, no other
metabolites being detected in either species. Thus, these results, together with the earlier
experiments [6], provide strong circumstantial evidence that GA73-Me is formed from GA24
via 9 11-didehydro-GA24 (5) in these Lygodium ferns. In addition, the absence of [17,17-
1 dldehydro GA24 methyl ester from the culture medlum provxdes support for our
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hlgher plants, i.e. "non-early 3[3 13- hydroxylatlon" "early 3B- hydroxylatlon and ' early 13-
hydroxylation" [16]. The results from the present study indicate a sub-branch in the non-
3B,13-early hydroxylation pathway that operates in these fern gametophytes. It may possibly
occur in higher plants as well, given the isolation of GA73 and its 3B-hydroxy derivative
(GAgg) from developing apple seeds [17,18]. A search for further 9,11-didehydro-Cpo-GAs
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Scheme 4. Synthesis of 9,11-didehydrogibberellin A2, A5 and A5 methyl esters

1A“Spores of L. flexuosum (20 mg) and L. circinnatum (8 mg) were aseptically inoculated and cultured for 5 wecks on 20 and 8 Petri
dishes (3 cm diameter), respectively, each containing 6 mL of 1/10 strength Murashige and Skoog’s mineral salts [19] medium
containing uniconazole-P (1pg/mL) solidified with 0.5 agar, at 25°C under continuous white light (5W. m-2). Ten ug of {17,17-
2H,19, 11 didehydro-GA»4 in MeOH (5uL) was aseptically added to a 50 mL conical flask containing 10 mL of the same medium as
above, but without agar. To each conical flask, the 5-weck-old prothallia collected from 4 Petri dishes were transferred and incubated
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filtrate was adjusted to pH 3 with 1M HCl and extracted with EtOAc (3x). The combined EtOAc phasc was dricd over Na3SO4 and
evaporated to dryness. The residue was dissolved in EtOAc (1 mL) and passed through a short column containing 0.5 g of silica gel.
The column was eluted with EtOAc (3x1ml), then the combined eluate evaporated to dryness. The residue was trimethyisilylated

ek MACTEA at 70O far M0 min and analuzed hy (3. MS ac deccribhed nreviongly (81 Mage snectral data:
With v 1 C°A &l /U U 10T 4v TN alG aNaiyZCG 0Y S5u <V aS GCSCNoCa PICVIOUS: Y 104, Mass SpoCiias Gad.

2Hg-GA73-Me (L. flexuosum): 330 M 1%), 299 (5), 286 (84), 271 (12), 241 (23), 227 (100), 183 (58); KRI: 2324;
2H;-GA73»Me (L. circinnatum): 330 (M*; 1%), 299 (5), 286 (85), 271 (12), 241 (24), 227 (100), 183 (65); KRI; 2326.
GA73-Me (reference spectrum) [3]: 328 M™; 1%), 297 (14), 284 (100), 269 (17), 241 (21), 225 (95), 183 (29); KRI: 2320.



13 (Scheme 4), in order to assist these future investigations. Thus, the 10a-formyl group in

9,11-didehydro-GA24 was deoxygenated by means of a Wolff-Kishner reduction, using a

procedure developed for similar GAs [20]. The GAj2 analogue 11 was obtained

subsequently after methylation with diazomethane. Reduciion of th If ester 1U with
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