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Abstract. A route to functionalized pyrrolizidines, indolizidines or 

quinolizidines is described. The reaction involves thermal cycloaddition 

of pyrrolidines or piperidines, possessing properly positioned aldoxime 

and alkene functions, and proceeds with stereospecific introduction of 

three stereo centers. 

intramolecular nitrone-olefin cycloadditions are of considerable utility 

in natural products synthesis.= Thermal dipolar cycloadditions of 

unsaturated oximes, which usually require the presence of Michael acceptor 

olefins in order to produce a nitrone intermediate, have been studied recently 

by Grigg and coworkers,j as well as by Padwa et al.4 A few examples are 

known,-‘--* that undergo an unassisted thermal cyclization, believed to 

involve a proton transfer from 0 to N to generate a 1,3-dipole as a reactive 

intermediate. For instance, we have recently6 shown that selected oxime- 

olefins can undergo thermal cycloadditions leading to pyrrolidines fused to an 

isoxazolidine simply on heating to 80-110°C (see 1 9, . These ring closures 

lead to stereospecific introduction of two or more stereochemical centers and 

presumably proceed via a tautomeric proton shift to an intermediate nitrone 

species 2, which is capable of undergoing the cycloaddition. 

&y---N-OH 

RA_b - &L/-+ - 
1 2 1 4 

Unfortunately, the thermal ring closure while effective for formation of 

pyrrol idines 3, could not be applied to the synthesis of piperidines 4. 

We were interested to determine if these ring closures could be used for 

the synthesis of functionalfzed fused rings such as pyrrolizidines, 

indolizidines and quinolizidines, since these ring systems occur widely in a 

number of alkaloids.7 However, when we attempted the cycloaddition of the 

unsaturated pyrrolidine oxime 5 by heating in refluxing toluene or xylene (up 

to llO”C), virtually no ring closure was observed. Addition of metal salts4 

did not aid the cycloaddition. We now found that if 5 is heated in toluene in 

a sealed tube at 180°C, smooth conversion to the pyrrolizidine 6 takes place 
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in 60% yield.’ 

We were able to extend this reaction at 180°C in a sealed tube to the 

fusion of a 6-membered ring on to a 

analogous reactions could be carried 

or a 6-membered ring. In this manner 

by heating 8a, and quinolizidine 

Regioisomeric ring fused products were 
R;l\h, 

S-membered ring, e.g. 2 --> I, and 

out with 8 and fuse unto it either a 5- 

we isolated indolizidine 9 in 76% yield 

1_I! in 69% yield starting from &. 

also synthesized (see below). 

V-q 

The required unsaturated pyrrolidine oximes 5. were readily prepared from 

proline 1_L by conversion of the carboxy function to an aldoxime and 

introduction of unsaturat ion on nitrogen. This versatile method allows 

attachment of various unsaturated side chains that can serve for generation of 

functionalized 5- or 6- membered (and possibly even larger) rings. 

An alternate entry into unsaturated piperidine oximes 12 suitable for 

ring closure to indolizidines, would be the introduction of a two carbon 

aldoxime synthon on N, namely by reaction of Z-vinylpiperidine with an a- 

bromo-0-silyl aldoxime* or with ethyl bromoacetate. Application of this 

method led to formation of the oxime olefin 12 regioisomeric with S. Here 

again heating at 180°C in a sealed tube was necessary to effect thermal ring 

closure of J.J to the indolizidine l3, which proceeded in 70% yield. 

Under the above mentioned conditions, we also accomplished the previously 

unsuccessful ring closure of fi to 6. In this reaction an additional product 

was isolated to which structure E (an ene react ion product of 4) was 

assigned. 

It should be noted that the oxime-olefin cycloaddition described above is 

more suitable than the analogous nitrile oxide-olefin cycloadditionl” for the 

synthesis of the functionalized pyrrolizidines and related fused rings, 

because conversion of a (with NaOCll to a nitrile oxide led to ring closure 

in less than 10% yield. 

The stereochemical outcome of the cycloadditions deserves comment. Ring 

closure to pyrrolidines led mainly to the cis-anti isomer (see 6, 91, while 

formation of the 6-membered fused piperidine produced the cis-syn stereoisomer 

(see 1, fi etc). The products formed were usually stereochemically pure by 

NMR and tic. Structure proof for 5-13 comes from correlated H and C-NMR and 

mass spectra.XX 
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2.5 Hz), 2.67 (dt, H-b, J= 10.5, 7 Hz), 2.24 (m, llf), 1.8-2.0 (m, 3H). '=C- 

NMR (CDCl=, at 75 MHz): 24.67 (t), 29.61 (t), 46.31 (d, C-H=), 53.44 (t, C-51, 

57.20 (t, C-6), 67.79 (d, C-Hb), 71.99 (d, C-H,), 74.67 (t, C-71, 127.90, 

129.28, 131.43, 132.98 (arom C), 169.45 (C=O). Mass spectra CI~H=~N~O~. MW 

258 m/e (%l: 259 (12%, MH'), 257 (2%, M-l), 228 (26%), 173 (23%), 153 (9%k), 

151 (8.5%), 123 (84%, M-PhCONO), 108 (87%), 105 (loo%), 83 (60.5%). 
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