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Abstract: The structure of a new gibberellin, GAgg, isolated from Spinach plants has been determined to be
2B-hydroxy-GAg (6) by synthesis from gibberellic acid. The key steps in the preparation involved the reduction
under Luche conditions of a A1(10)-2-gne derivative to furnish the critical 2B-stereochemistry, intramolecular
cyclopropanation of the A0 bond by a 4a-diazoacetyl group followed by Li-NH3 reduction, and then oxidative
cleavage of the resulting cyclopentanone by oxygenation of the derived potassium enolate.

Several 2B-hydroxy C-20 gibberellins, e.g. 2B-hydroxy-GAs3 (7), have been tentatively identified from
a number of plant sources, including tomato,! barley? and Silene armeria.3 In order to gain access to workable
amounts of these gibberellins, to confirm their structural identity, and to explore there biosynthetic origins, we
have undertaken the synthesis of 2B-hydroxy GA|g (6) in the expectation that it would be possible to convert
this compound into a range of C-20 gibberellins with varying oxidation levels at C(20), with and without the
13-hydroxyl. In the event, the synthesis of the dimethy! ester derivative of the target aldehyde has made it
possible to establish that 6 occurs naturally in spinach (Spinacia oleracea L.).* The planned route to 6 was
based on an earlier study in which GA g (5) had been prepared via the intramolecular cyclopropanation reaction
of diazoketone 1 to afford 3.5 Thus, adaptation of the previous procedures to a 2B-substituted analogue could
be expected to afford 4, and thence 2B-hydroxy-GA g (6). The realisation of this plan is outlined in Scheme 1,
beginning with lactone 8, the preparation of which has been described previously.67

.« OMOM

R

Cu catalyst several
———
l steps {
2 H : H
COCH=N fO;Me y éozH CO;H
1 R=H 3 R=H 5 R'=H R?=CH=0
2 R = OMOM 4 R = OMOM 6 Rl - OH R2= CH=O

7 R'=0OH R’=Me

723



724

1. MOMCI, DMAP, iProNEt, 0. .+ OMOM

CH;Cly, 2 days (80%)

2. 2M LiOH, THF, EtOH, 2 hr
3. HaoCrOy4, acetone

(95%)
COzMe

H
OH

CHClp, 2 hr (90%)
2. NaBH, (1.5 ag) CeClg (2.5 eq)

C
9
1. MOMCI, DMAP, iPr,NEt,
l MeOH, -78°C— 24°C [75%)]

Cuf(acac),,
CICHoCH,CI, 1. MOMCI, DMAP, iPr,NEt,  H
A,15 min (58%) CH,Cly, 16h (90%)

-

4 €——— 2
2. 1M ZnClp, MeOH, A 10 hr (70%) 4
3. (COC)2, py, Et,0, -25°C—24°C; : H CO;Me
CHaNp, Et;0, -25°C—24°C  (80%) CO,MOM
10
1. Li, NHg, tBUOH, -78°C | (g0
2. Dess-Martin oxidation
1. KH, DMF, THF,
MOMO /i v OMOM 0°C, 2 hr; MOM
Oy, 30 min
2. CHoNy (88%, 2 steps) Z
CO,Me H O:;k CO,Me

12 —» 6 (dimethyl ester)
Dowex 50W-X2 (H*)
MeOH, A, 14hr (71%)
Scheme 1

After protection of the 13-hydroxyl as the methoxymethyl ether, the A-ring lactone function was
hydrolysed and the resulting hydroxy acid oxidised with Jones' reagent.8 The 2-oxo group in the resulting
enone 9 was surprisingly resistant to reduction, possibly due to in situ ketol formation, but the derived
methoxymethy! ester was reduced satisfactorily to the desired 2f-epimer 10 with a combination of cerium
chloride and sodium borohydride, conditions that were chosen to promote approach of the hydride reagent to the
more hindered lower face of the A-ring.? Following protection of the 2B-hydroxyl, the methoxymethyl ester
was selectively cleaved with zinc chloride, the diazoketone 2 prepared, and the cyclopropanation reaction
undertaken with copper-bronze as the catalyst. In the conversion of 1 to 3 this catalyst had afforded an 87%
yield,5 but in the present case, only 46% of 4 was obtained, the balance of material being accounted for by the
formation of the CH insertion product 13 (38% yield) and the unstable acetal 14 (15% yield).
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The identity of the latter compound was apparent from !H and !3C NMR spectra, the former showing
resonances at §3.82 and 4.27 (br s.) for the methylene group (cf. 83.80 for 2-methoxypropene);19 the latter
spectrum displayed signals at 882.4 and 163.3 for the enol ether function, and at §106.4 for the C2 acetal
carbon. Acetal 14 was rapidly hydrolysed on silica gel to methyl ketone 15. A 2-CH insertion product had
been evident in the preparation of 3, and so the greater relative amount of 13 formed from 2 was not surprising,
given the expected activation from the 2f-substituent.!! The transfer of hydride implicit in the formation of 14
(Scheme 2) has precedent in the work of Doyle!2 and Lee!3 and has been observed by us with a number of
other substrates in which stabilisation of an incipient cation by neighbouring functionality could occur.14 Some
improvement in the yield of 415:16 (to 58%) could be obtained with Cu(acac); as the catalyst, while 13 was the
major product (75%) with Rhy(OAc)4.
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Scheme 2

In a continuation of the synthesis, 4 was reduced by lithium-NH3(1)-t-BuOH to 1115.17 with some over-
reduction to the 19-carbinol, a problem that was readily corrected by oxidation of the crude product with the
Dess-Martin reagent.18 A priori, it had appeared possible that some hydrogenolysis of the 2B-substituent could
have occurred, but this reaction was not in evidence. Oxidative cleavage of the cyclopentanone ring in 11 by
oxygenation of the potassium enolate!® proceeded smoothly and after methylation of the product to aid
purification, dimethyl ester 12 was obtained in excellent yield. The dimethyl ester of the target aldehyde 615:20
was then obtained by hydrolysis of the ether protecting groups.2! Comparison of the GCMS of the
trimethylsilylated derivative of 6 dimethyl ester with a similarly derivatised natural gibberellin isolated from
spinach# has established that the synthetic and endogenous gibberellins are identical, so 6 has been designated
as GAgg.22 Further studies stemming from the availability of 6 have shown that this gibberellin is
representative of several 2B-hydroxy C-20 gibberellins isolated from a variety of plant sources, details of which
will be submitted for publication shortly.23
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