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S u m m a r y :  The vinyl tricarbonyl system 1 reacts as a 
trielectrophile with reagents having multiple donor capa- 
bility to form functionalized indolizidines. 

The central carbonyl group in a vicinal tricarbonyl 
system has attracted attention as a highly electrophilic site. 
We have recently demonstrated the synthetic utility of this 
reactive unit in the formation of fused ring /3-lactams' and 
natural products in the vincamine,* i~oquinoline,~ and 
prodigiosin4 families. We now report a novel method for 
preparing indolizidine~~ using the vinyl tricarbonyl reagent 
1.6 Methods for the formation of the indolizidine ring 
system are of timely concern in connection with current 
interest in the biological properties of alkaloids such as 
~wainsonine,~ castanospermine: and ~ laf ramine .~  

1 2 
Because of the concentration of electron-deficient 

groupings in a small carbon skeleton, compound 1 is a 
potent trielectrophile as revealed in its facile incorporation 
of tryptamine into the tetracyclic addition product 2.6 We 
have now found that with other primary amines possessing 
auxiliary donor sites, the same type of reaction leads to 
substituted indolizidines. The multinucleophilic reagents 
shown in Figure 1'O initially take part in a 2-fold addition 
of the amine to the cqfl-unsaturated ketone and the central 
carbonyl group in 1, generating a hydroxypyrrolidinone 
carboxylate. Under acid conditions this intermediate forms 
an iminium salt which acts as an acceptor for a third-stage 
nucleophilic attack, aided by the electron-donor capability 
of either an enol ether, a vinylsilane, a propargylsilane, or 
a pyrrole. 

The cis enol ether 3a" reacts with 1 to form hydroxy- 
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pyrrolidinone 7. Cyclization to the indolizidine 913J4 
(Scheme I) occurs readily, apparently through the salt 8, 
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Figure 1. 

upon addition of silica gel (45% overall). The trans enol 
ether 3b yields a mixture of the cyclized product (20%) 
and 3-hydroxypyrrole-2-carboxylate ( 16%)15 under the 
same conditions.16 

The vinylsilane derivative 4a" takes part in a related 
acid-promoted cyclization most probably through the 
stabilized carbonium ion 11 (Scheme 11). Here again, it 
is the cis derivative which leads to an indolizidine deriv- 
ative (42% overall) while the trans analogue 4b gives only 
a small amount of hydroxypyrrole rather than 12. These 
results are in accord with the recent findings of Overman, 
wherein cis vinylsilanes add preferentially to iminium ions 
presumably by enhanced hyperconjugative stabilization 
of the intermediate carbonium ion.18-20 
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The propargylsilane derivative 521922 undergoes rapid 
conversion to the allene 15 (64% overall) as illustrated in 
Scheme 111. As observed in related propargyl 
iminium ion formation and cyclization take place in 
preference to the competing protodesilylation. 

The efficiency of these intramolecular cyclizations ap- 
pears to be dependent upon the nucleophilic strength of 
the third-stage nucleophile. Accordingly, when an elec- 
tron-rich N-methylpyrrole is appropriately appended to 
the primary amine as in 6, a facile cyclization takes place. 
The tricyclic system 18 can be obtained in 90% overall 
yield through this three-step sequence when the inter- 
mediate carbinolamine 16 is treated with a mildly acidic 
reagent such as silica gel (Scheme IV). This cyclization, 
like the previous examples, offers the advantage of placing 
an oxygen functionality a t  the C-1 position of the indol- 
izidine ring. The fused N-methylpyrrole ring thus created, 
provides a reactive site for further elaboration. 

In summary, our method provides a novel, generally 
applicable route to the indolizidine system. Current work 
will investigate the use of these precursors in the synthesis 
of derivatives of biological interest. 
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