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ABSTRACT

A short synthesis of a functionalized gibbane is described. The key~step involves the intra-
molecular Diels-Alder reaction of furan-diene 12, leading to a 3:1 ratio of two diastereoiso-
mers, tentatively identified as l4a and 14b. The precursor 12 is obtained from m-methoxyben-

zoic acid in 7 steps.

The continuous search for syntheses of gibkerellin phytohormones has re-
cently culminated in the total synthesis of its most prestigious member, gib-
berellic acid (GA3, l)3. In connection with synthetic approaches to natural
products we have been investigating in recent years the synthetic potential of
the intramolecular Diels-Alder reaction with furan as diene partner. One po-
werful application of this strategy rests in the simultaneous AB-ring forma-
tion to a functionalized gibbane (i.e., 2), thereby providing directly for an
oxygenated A-ring. In view of the planned CD-ring closure (cf. 3), a retro-
synthesis calls for an adequately functionalized 4-furyl-3,3-dialkylcyclohexa-
none, the synthesis of which we recently reported on4. We now wish to des-
cribe the successful application of this overall CD/AB-strategy with the expe-
ditious synthesis (8 steps from m-methoxybenzoic acid) of potential gibberel-
lin precursors l4a and 1l4b.

At the outset of our study the sole report on a successful Diels-Alder

transformation of the type 4 + 5 involved the 40 % conversion (benzene, re-
flux, 5 days) of 4a to §§5. Subtle conformational effects are probably res-
ponsible for this result since both allylic alcohol 4b and enone 4c were un-—
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reactive under the same conditionsG. No cycloadduct could be obtained from
4d (undefined stereochemistry at 2,3), where a B-phenyl-a,8~acetylenic ke-
tone serves as the dienophile7 (Scheme) .

A5’6; R2=R6=H; Z=H2; R5=COOEt=R
Az’:; R2=R6=R3=RS=H; Z=H, OH
AT R2=R6=R3=R§=H; Z=0
5,6-acet.; RZ’ R3 = cyclohexene;
R§=H and Me; R6=pheny1; Z=0

3
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Scheme

Ketone 6, available from m-methoxybenzoic acid (3 steps, 40 % overall
yield)4, possesses the correct set-up for CD-ring closure to 7 according to
Corey's methodsa. Thus, 7 (m.p. 59-61°C)9 was obtained in 65 % yield upon re-
action with 9 eq di-n-butylcopperlithium in THF-hexane (3:1) at -50°C (1 h),
the sole isolated by-product being ketone 8. Consistent with the original

8b, the reaction is critically dependent on both solvent and reaction

findings
temperature. Indeed, the same procedure in ether (ether-hexane, 2.7:1) gave
a mixture of 7, 8 and 9 (ratio ~ 1l:1:1). Higher temperatures (0°C) or sol-
vent ratios in favor of hexane (e.g., ether-hexane, 1:6) led to complex reac-
tion mixtures without any appreciable amount of ring closed 7. The reduction
of ester 7 with LAH (THF, 0°C, quantitative), followed by PDC/pyridinium tri-
fluoroacetate oxidation (CH2C12—THF, 12 h)lo
115-118°C) and aldehyde llg (50 % isolated yield of 11; silica gel, EtOAc-
isococtane, 3:7). Reaction of 11 with lithium ethyl propiolatell (-78°C, 60
min) gave a v 4:1 mixture of two diastereoisomeric alcohols (94 % yield), from

led to a mixture of diol 10 (m.p.

which the major isomer (12) was separated by chromatography (silica gel;
EtOAc-isooctane, 4:6); the stereochemistry at C-6 remains yet to be clarified.
Upon reflux in benzene for 24 h 12 was clearly converted to a 3:1 mixture of
two adducts diastereoisomeric at C-10 (70 % isolated next to starting mate-
rial; silica gel, EtOAc-isococtane, 1:1). Both isomers l4a (m.p. 65-67°C) and
14b (m.p. 55-58°C) are separated by HPLC (ether-hexane, 8:2). Although no
absolute proof for the respective configurations at C-10 has been obtained
so far, the presence of a long range coupling between H-2 and H-9 (1.0 Hz;
proven by double irradiation) in the minor isomer suggests l4b for its struc-
turelz. Upon prolonged heating in benzene (160 h) a 1l:1 ratio of both ad-
ducts is obtained (70 % conversion). At room temperature (CH2C12) only trace
amounts (TLC) of adduct were observed. The preferred formation of l4a is
as yet not fully understood.

The successful Diels-Alder reaction of 12 is especially noteworthy in view
of the failure for reaction of the analogous 4d. Both adducts l4a and 14b
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possess the gibbane skeleton and carry the necessary functionalities for in-
troduction of the two remaining carbons at C-4 and at C-6 (cf. 1) and for
realizing the gibberellic acid A-ring. The expeditious way in which they
are obtained (8 steps from m-methoxybenzoic acid) makes them especially at-
tractive for further gibberellin synthesisl3. Results obtained along this

route will be reported in due course.
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