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Enantiospecific Syntheses of Indolizidines 167B and 209D
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Abstract: Indolizidine 209D (2) was synthesized in 11 steps from L-aspartic acid (3) in an overall yield of 16%. 3R-
pyrrolylnonanoic acid, prepared from 3, was converted into the a-keto diazomethyl derivative, which on Rhy(OAc) »
catalyzed cyclization and catalytic hydrogenation gave 2. A similar procedure, starting from 3, afforded 3R-pyrrolyl-
hexanoic acid, an intermediate which had previously been converted in 3 steps to indolizidine 167B.

The indolizidine alkaloids, the so-called gephyrotoxins, are constituents of the skin secretions of certain
neotropical frogs whose habitat is Central and nearby South America.! These exotic substances have attracted
attention on account of the ability of some of them to block neuromuscular transmission.2 Unfortunately, most
are obtainable in only infinitesimally small amounts. Indolizidines 167B and 209D (1 and 2) are typical
(Scheme 1). They were isolated on only one occasion from unidentified dendrobatid frogs found in a single
population on the Isla de Colon, Panamd.3 Their structures were based on mass spectral evidence whereas
their absolute configurations were simply inferred as 5R,9R. Consequently, syntheses have been undertaken
to prepare 1 and 2 in greater quantities for further investigation.# Three approaches to enantiomerically pure 1
and 2 have been reported. The first relied on the use of a non-recoverable chiral auxiliary.5 The second ex-
ploited the innate chirality of D-norvaline to control the formation of the indolizidine skeleton.® The third
method also used an o-amino acid, but one already possessing the future pyrrolidine moiety, namely
S-pyroglutamic acid.” We now describe how homochiral B-amino acids can be conveniently prepared as pre-
cursors and wholly fashioned into the indolizidine structure to give 1 and 2 in a practical manner.
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L-Aspartic acid (3) was converted in 4 steps into the key intermediate,8 the iodo-ester 4 (Scheme 2).
Next, treatment of 4 with lithium dipentylcuprate in THF gave the 3-(N-tosylamino)nonanoate ester § in 97%
yield. Saponification of 5§ with base afforded the 3R-(N-tosylamino)-$-amino acid 6 which was further de-
protected by heating with 47% aqueous hydrobromic acid and phenol under reflux. The resuiting B-amino
acid hydrobromide 7 was then treated directly with 2,5-dimethoxytetrahydrofuran (8) for 5 minutes in the
presence of sodium acetate. The amino acid was transformed into the corresponding pyrrole analogue 9 in
71% yield.? The free acid 9 was then derivatized as the mixed carbonate by reaction with i-butyl chlorofor-
mate and N-methylmorpholine. Quenching with an excess of diazomethane furnished the critical a-diazoke-
tone 10 in 83% yield. Cyclization was smoothly effected in 82% yield by catalysis with Rho(OAc)4 at 20°C.10
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Submission of the resulting bicyclic keto pyrrole 11 to hydrogenation in strong acid medium over Adams cat-
alyst occurred with concomitant reduction of the keto and pyrrole functions. Neutralization with sodium car-
bonate afforded analytically pure indolizidine 209D (2) in 56% yield. It was spectroscopically identical and
optically similar to the previously prepared sample.!! Clearly, hydrogenation of the pyrrole ring in 11 had oc-
curred stereospecifically thanks to the vested chirality at the C5 position to give 2 having the 5R,9R configu-
ration. The complete reduction of the non-conjugated carbonyl group is unusual and may have occurred by a
Clemmensen-type deoxygenation.5.12
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Indolizidine 167B (1) was formally prepared by following the same synthetic sequence (Scheme 3). The
iodo-ester 4 was treated with lithium diethylcuprate to give ethyl 3-(N-tosylamino)hexanoate (12) in 76%
yield. Hydrolysis and deprotection to the B-amino acid hydrobromide 13, and derivatization with 2,5-
methoxytetrahydrofuran (8) fumished the crucial pyrrole relay 14 in an overall yield of 37% from 4. Once
again, the configurational integrity initially assured by L-aspartic acid was in no way compromised by the
subsequent chemical modifications. The spectral characteristics of 14, in particular its optical activity, 13 were
identical to those of a previously prepared sample which had been converted to indolizidine 167B in 3 steps.®
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In conclusion, it is seen that easily accessible homochiral B-amino acids, apart from their intrinsic
virtues, are also valuable as intermediates for the preparation of 5-alkylindolizidines of natural origin. Appli-
cation of the present procedure for preparing other S-substituted indolizidines, such as the piclavines, ! and
more complex alkaloids, in particular the 3,5 and 5,8-dialkyl derivatives, should be feasible and is under
study.
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