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Recently, we observed (i) that when the quaternary quinuclidine-3-carboxylic acid ester & 

is heated, it rearranges to the lactone 2 under the loss of methyl iodide. Bs now present 

results indicating that the formation of 2 occurs VA two consecutive suprafacial 1,3-sigma- 

tropic rearrangements (2). This appears to be the first observation of this type of reaction. 
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Several mechanisms can be formulated for the therma: conversion of h to 2. The four most 

probabl e pathways, designate0 A-D in Scheme 1, have a common last step, which involves the 

loss of an alkyl halide from the reaction intermediate 2. The postulated occurrecce of 2 as an 

intermediate is supported by the observation tl-at the alkyd halide formed is derived from the 

ester function of 1, since ethyl iodide could be isolated during the rearrangement of & to ?_. 

x 
Part II: See refc,*ence 6. 
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Sigmatropic rearrangement 
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The intermediate 3 may be formed from la via a radical or a carbonium ion mechanism (A or B, -- 

respectively), or after attack by the counter ion as in C. Compound 3 may also be formed by a 

sigmatropic rearrangement of & CD). 

The results of two different experiments indicate that the counter ion is not involved in 

the reaction. The betaine structure 4 (prepared from b (3), m.p. 2GO"l was smoothly rearranged 

to the lactone 2 when heated to its melting point for about one minute. Similarly, the base z 

(41 was converted in 75 5 y&eld to _z when heated for 30 min. at 200 
0 
. In this reactinn, 2 may 

first be formed, and the methyl group may then migrate to the nitrogen. 

The conversion of the raccmic C-methyl substituted quaternary compound z [prepared 

according to Bikhlina c al. (2) m.p. 135-135O] to the lactone $_ gave positive evidence for 

the sigmatropic rearrangement mechanism D. [Compound S_ was obtained in 73 5 yield: 11.~. S2-S‘i". 

Il'max(XBrl 1070 and 1590 cm -1, C=C and CrO (G) , ,\=IIi : (CDC13) b = 7.55 ,,I,m, llI,d, J -, 2 q's, C=C-q; 

J-4-4.1 pnm, 2H.m, Cll,-O-; 2.9G ppm, 311,s, s-N3 and 1.29 ppm, Jll,d, J---G.5 cps, C-C%. US: m/e 
., 

(rel. intensity Zl: IS1 (100) >I+, 1GG (ffl?,l:rO (111, 137 (271, 1'2 (33), NS c.15) a!ltl 9~1 (2.1)]. 
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If the rearrangement cr" 1 had occurred y&mechanism A or B, compound 5 would most probabl:. 

have been the main product. The unpaired electron (mechanism A) or positive charge (mechanism 

B) would then be residing an a secondary carbon atom instead of on a primary one as in Scheme 

1. However, compound 9 could not be detected in the reaction mixture, the only product isolateci 

being 8_. 

The orbital transformaiions in the sigmatropic rearrangement of 2 are depicted in Scheme 

2A. The net result of the reaction is a suprafacial 1,5-sigmatropic rearrangement. However, 

since the migrating group has to be bonded to both ends of the unsaturated system in the 

transition state (7,S), snuch a conversion is not possible in one step in quinuclidine type 

coinpounds, where the nitrogen and the ester function are trans to the double bond. We there- 

fore propose that the reaction involves two consecutive suprafacial sigmatropic rearrangen;ents. 

One-step thermal suprafacial 1,3-sigmatropic rearrangtxnents in bicyclic systems have recently 

been reported (9-11). 

A -> x---> 2 
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The migrating carbon of the unsubstituted bridge of 2 undergoes txo consecutive inversion:; 

when moving from the nitrogen to the carbonyl oxygen of the ester. These reactions give an 

intermediate compound analcgous to 3, which is subsequently converted to ihe lactone 8_. If 

the C-methyl substituted bridge would migrate, the size of the methyl group would effectively 

prevent the overlapping of the orbital lobes (9), either in the first or the second step, 

depending on the configuration of the reacting molecule (Scheme 2B). In analogy with this 

mechanism for the rearrangement of I, we conclude that l-is converted to 2 y& two consecutive 

suprafacial 1,3-sigmatropic rearrangments. 
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