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Summary: The synthesis of (£)-3-f1 carboxy-3o,de-dihydroxyeyelotex- 1-en-5p-yl}-2-methylenepropionic acid, a carba analogue of
5-enolpyruvylshikimic acid from methyl (t)-homogabacnlinate is described. In addition, both enantiomers of methyl homogabaculinate
have been obtained from the Dicls Alder reaction of !-fert-buloxy-carbonyl-1,2-dihydropyridine and the N-acryloyl derivative of

Oppolzer's bornane 10.2-sultam.

The shikimic acid pathway is of major biosynthetic importance leading from glucose to the aromatic
amino acids. At a comparatively late stage in the sequence shikimic acid 3-phosphate is converted into
5-enolpyruvylshikimic acid 3-phosphate and thence into chorismic acid (scheme 1).! From chorismic
acid the pathway branches, leading not only to the aromatic amino acids, but also to a diverse group of

compounds including the K group of vitamins.
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Scheme 1 Biosynthetic relationship of shikimic acid and chorismic acid

There is much interest in the possibility of selectively inhibiting the enzymes which regulate various
steps along the pathway. We have described the syntheses of 6o-fluoroshikimic acid and a homologue of
shikimic acid bath? of which may act as structural mimics of shikimic acid itself.

We now report the synthesis of the carba analogue of S-enclpyruvylshikimic acid from methyl
homogabaculinate and illustrate how methy! homogabaculinate can be obtained in homochiral form.
Previously we have described? the synthesis of methyl (£)-homo-gabaculinate 3 from the Diels Alder
adduct 2 of methyl acrylate and 1-ferr-butoxycarbonyl-1,2-dihydropyridine 1 and the conversion to the
iodide 4 (scheme 2).

3181



3182

CO -t-Bu CO,Me

~ (a) (b) (©) (d) (e)
| —_—

']‘ CO,Me

CO,-t-Bu

1 ‘ 3

COo,Me CO,Me

(g) (h)
N(Ns), o N(Ns), o I

A

Scheme 2 Reagents: (a) CHyCHCO,Me, PhMe, A; (b) (TMS),NLi, THF, -78°C; (¢) TFA; (d) NsClI,
EiN, THF, (e) NsCl, NaH, DMF; (f) Os0,, NMO, Me,CO; (g) Me,C(OMe),, Me,CO, p-TSA; (h) KI,
18-crown-6, PhMe, A,
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In the new work the jodide 4 was reacted with the dianion of methyl 3-nitropropanoate* to give the
nitroester 5 and this, on reaction with DBU, yielded the acetal 6. Hydrolysis of this product with aqueous
acetic acid afforded both the diol 7 and the lactone 8. The two compounds could be separated by
chromatography, and the diol hydrolysed to the carba analogue of 5-enolpyruvylshikimic acid 9. The
lactone is of importance since it provides the opportunity to differentiate between the C-3 and C-4
hydroxyl groups of the parent acid. This could be used in a preparation of the corresponding 3-phosphate,
should a closer mimic of the enzymic substrate be required.

High levels of asymmetric induction in asymmetric Diels Alder reactions frequently require the use of a
Lewis acid catalyst. Unfortunately however, attempts to promote an enantioselective addition between
the chiral acrylate 10° and 1-terr-butoxycarbonyl-1,2-dihydropyridine 11 with a variety of such catalysts
failed. A thermal version of the reaction, in the absence of a catalyst, gave four products, the
diastereomeric endo (12 and 13) and exo (14 and 15) adducts (ratio endo:exo 10:1). In each case the
diastereomers were present almost equal amounts. In addition, the nitrogen substituent in each isomer
had two possible orientations, syn or anti to the C-5 double bond and on heating the sample the 'H NMR
spectra of each adduct simplified as a result of increasing rates of inversion at the nitrogen atom centres.
The diastereomeric endo compounds were separated by column chromatography and recrystallisation
afforded diastereomerically pure materials (d.e. > 98% by 'H NMR).

Removal of the chiral auxiliary from the endo adducts 12 and 13 afforded both of the pure enantiomers
(-)-16 and (+)-16. Their absolute configurations were assigned by comparison of their optical rotations

with those of the known compounds (-)-17 and (+)-17.% Ring opening of each of the enantiomers then
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gave the antipodal dienes (+)-18 and (-)-18. The laevorotation of the diene (-)-18 correlates well with that
displayed by the acid (-)-19, which was an intermediate in the synthesis of natural (-)-gabaculine.”
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Scheme 3 Reagents: (a) NO,(CH,),CO,Me, LDA, THF, DMPU, -78 to 20°C; (b) DBU, THF; (c) ag.
AcOH, THF, 55°C; (d) NaCH, H,0.
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Scheme 4 Conditions: (a) PhMe, A,
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