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AN EFFICIENT SYNTHESIS OF 2-HYDROXY-GIBBERELLINS 

M.H.Beale, J.MacMillan and I.K.Makinson 

(AFRC Research Group,School of Chemistry,The University,Bristol BS8 1TS) 

Methyl gibberellate(4) has been converted into 
meth 1 
of f: 

2-esi-gibberellin A29 
ester(2)in 48% overall yield by a route avow ing protection 

t e ring D functionality. 

Ongoing biochemical investigations, within this laboratory, into the 

biosynthesis and mode of action of the gibberellin plant growth hormones 

(GAS) require quantities of the rare gibberellin A2g (1). Our previous 

routes 1 to 2-hydroxy-gibberellins from the available fungal GAS, e.g. GA3 

(3), have all involved electrophilic addition of ROBr to 2,3-olefins 

such as (5). This route required "protection" of the more reactive 16,17- 

olefin by oxidative cleavage to the 16-ketone before the 2,3-olefin was 

introduced. Reconstruction of the 16,17-olefin at a later stage was 

achieved by Wittig methylenation, a reaction made difficult by the low 

reactivity of such bicycle-octanones, especially in the presence of a 

13-hydroxy function2 , which has to be protected in order to avoid a 

keto-carbinol 3 rearrangement . We now report a new method for the 

synthesis of 2-hydroxy-gibberellins, illustrated by the preparation of 

2-epi-gibberellin A29 methyl ester (21, which requires no protection or 

manipulation of rings C/D. 
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Corey et al 4 , in their early work on the total synthesis of 

gibberellic acid, described the hydrolysis and iodolactonisation of 

iso-GA3 methyl ester (6) which gave the iodolactone (10). Our initial 

strategy was to attempt to prepare the 3-deoxy-analogue (7) which by the 

Corey procedure would lead to the iodolactone (11) and hence by Bu3SnH 

reduction to 2-epi-GA29 methyl ester (2). 
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Treatment of iso-GA3 methyl ester(6) with KH/18crown6/CS2(THF,12hr,20°) 

followed by MeI(lhr) gave, not the expected S-methyl-dithiocarbonate(8), 

but a mixture (1:5) of the triene-acid (12)12 and the cyclic- 

dithiocarbonate (13)12, formed by intramolecular displacement of the 
lactone system by the intermediate 3-dithiocarbonate anion.These compounds 

could be separated, with difficulty, by flash chromatography but treatment 

of the mixture with Bu3SnH (toluene, AIBN, lhr, reflux) resulted in 

fragmentation of the cyclic dithiocarbonate to the triene-acid (12) in an 

analogous reaction to the Corey-Winter alkene 5 synthesis . As an 

alternative to thioesters, we then examined the possibility of 

deoxygenation at C-3 by chlorination followed by Bu3SnH reduction. 

However, treatment of iso-GA3 methyl ester (6), or its 13-acetate, with 

PC15 or with POC13 gave intractable mixtures. 

R - 

(6) OH 

(71 H 
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(91 I 

Having failed to prepare (7) by direct deoxygenation of (6) we turned 

our attention to the triene-acid (12). This compound, previously used 

as a relay in the Corey total synthesis of gibberellic acid416 is more 

readily obtained from methyl gibberellate (4) by bromination with 

CBr4/PPh3 (acetone/pyridine,lO:l,reflux,5hr), a reaction which in our 

hands' consistently gave a mixture (3:l) of the 18- and 3s -allylic 

bromides (14) and (15) in a combined yield of 84%. Reduction of (14) and 

(15) with activated zinc (EtOAc/CH3COOH, 6:1, lhr.) gave the triene- 

acid (12) in 93% yield8. Treatment of (12) with NaHC03/12 

(THF/CH2C12/H20,1:l:2, lhr.) resulted in a single iodolactone (91% yield), 
identified by its 1 H-n.m.r. spectrum [5.82(~-1); 4_93(t,H-2); 4.52(d,H-3); 

J1,2=J2,3=5Hz] as the 38-iodo-19,2- lactone (9)12.The regiospecificity of 

this reaction was surprising to us, particularly as Corey and Danheiser' 

in studies on the bicyclic model compound (16), obtained a mixture of 

bromolactones (17) and (18) after treatment with KBr3. Similarly these 

workers" have also shown that iodoetherisation of the triene-trio1 (19) 
gave the 18-iodo- 19,10-ether(20)11. 

Reduction of (9) with Bu3SnH (toluene,AIBN,reflux,lhr) proceeded as 
expected to give 3-deoxy-iso-GA3 (7) in 98% yield. Thus the original 

intermediate target (7), was achieved, aYbeit by a longer route than 
originally intended, in reasonable overall yield (70%) from methyl 
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gibberellate. Lactone hydrolysis, followed by iodolactonisation onto the 
l,lO-olefinic bond was accomplished in "one pot" as described by Corey et 

4 al . viz:-(7) was treated with aqueous KOH (O.$M)/THF,l:l (4hr, room 
temperature) and then, after adjustment of the pH to 9.0, with a solution 

of I* in CH2C12 for 1.5hr (vigorous stirring). This gave the lg-iodo-2a- 
hydroxy-19,10-lactone (11)(72% yield), which on treatment with Bu3SnH in 
the normal way produced 2-epi-GA2g methyl ester (2) in 97% yield. 

‘%H,OH 

?H20H 

(181 (19) (201 
The overall yield of (2) from methyl gibberellate (4) was 48%. (2) has 

been converted 

followed by NaBH4 

into gibberyllin A2g (1) by oxidation to the 2-ketone 
reduction . In this work (2) was recovered unchanged 

when the more desirable Mitsunobu inversion (PPh3, DEAD,PhCOOH,THF,24hr) 
was attempted. However, the route described above is the most efficient 

yet reported for the synthesis of gibberellin A29 and should also be 
applicable to the preparation of other 2-hydroxy-gibberellins such as GA4o 

and GA51. 
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