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[3,3]1-SIGMATROPIC REARRANGEMENT OF 2-AZA-4-0XY-1,5-HEXADIENE SYSTEM

A NOVEL PYRROLIDINE SYNTHESIS

Masa-aki KAKIMOTO and Makoto OKAWARA¥*
Research Laboratory of Resources Utilization, Tokyo Institute of

Technology, Nagatsuta, Midori-ku, Yokohama 227

3-Acetylpyrrolidines were prepared in high yield when 5-vinyloxa-
zolidines were treated with potassium hydride and 18-Crown-6. The

base catalyzed oxy-2-aza-Cope rearrangement features this reaction.

It is a major objective of synthetic chemistry to develope synthetic methods
which proceed under mild conditions. Sigmatropic rearrangements have been particu-
larly useful in this request.l Overman and coworkers recently reported the new
pyirolidine synthesis by the intramolecular trapping of the intermediate produced
via 2-azonia-[3,3]-sigmatropic rearrangement (eq.l).2 In the present communication
we report that the reaction from 5-vinyloxazolidines 2 to 3-acetylpyrrolidines 1 is

dramatically catalyzed by base. The overall transformation features a base catalyz-

ed 4-oxy-2-aza-[3,3]-sigmatropic rearrangement and is carried out under remarkably

mild conditions.
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The oxy-Cope rearrangement has been well studied3 and strongly developed by
Evans as the base accelerated oxy-Cope rearrangement.4 The strategy to incorporated

this reaction into the 2-aza-Cope rearrangement system is depicted in Scheme I.

2b,5

Readily available 5-vinyloxazolidines 2, derived from l-amino-2-methyl-3-buten-
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2-0l1" and various carbonyl compounds, react with potassium hydride to produce the

4 The following intramolecular

base accelerated oxy-Cope type intermediates 3.
ring closure7 to 3-acetylpyrrolidines 1 is induced by the attack of the rearranged

enolate anions 4 on the imine function endocyclically.
Scheme I.
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The results obtained, when 5-vinyloxazolidines 2 were treated with 1.5 equiv.
of potassium hydride and 0.1 equiv. of 18-Crown-68 in tetrahydrofuran (THF) for 24
hr at 25°C, are summarized in Table 1. The pyrrolidines syntheses succeed with a
variety of aliphatic and alicyclic ketones and even with hindered aldehydes. It is
significant that 4-acetyl-2,2-diethylpyrrolidine 8 and 3-acetyl-l-azaspiro[4.4]non-
ane 9 were prepared in good yield by this procedure. These pyrrolidines were,
however, obtained in very poor yield by 2-azonia-[3,3)-sigmatropic rearrangement.2b
While the l-azaspiro[4.5]decanes were also prepared in high isolated yields, 7
derived from 4-t-butylcyclohexanone was a mixture of two stereoisomers in a
ratio of 3:2.9

If sodium hydride or n-butyllithium was used as the base with 18-Crown-6,
5-vinyloxazolidine 5 was recovered quantitatively even in refluxing THF, and thus,
these bases were found ineffective.

The method reported here is a mild procedure for pyrrolidine synthesis and
the first publication of the base catalyzed oxy-2-aza-Cope rearrangement. With

the success of this reaction, the pyrrolidine ring system can be constructed from

5-vinyloxazolidines under basic conditions as well as acidic conditions. It

clearly seems that these methods should have wide applications especially in the
natural products area.
The following procedure is representative:

3-Acetyl-l-azaspiro[4.5]decane, 611

Two mmol of 2-methyl-2-vinyl-l-oxa-4-azaspiro[4.5]decane 5 was added dropwise

to 3-mmol of prewashed potassium hydride suspended in 5-ml of THF at 0°C. After
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Table 1. Preparation of 5-vinyloxazolidines 2 and 3-acetylpyrrolidines 1
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Oxazolidines 2 B.p. of 2 Y% of gé Pyrrolidines 1  B.p. of 1 Y% of
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a) The yields were isolated yields. b) l-Amino-2-methyl-3-buten-2-o0l and carbonyl

HO

compounds were refluxed for 2-3 hr in benzene with azeotropic removal of water.
c) Catalytic amount of TosOH was used under the condition of b). d) l-Amino-2-
methyl-3-buten-2-ol and carbonyl compounds were stirred in THF in the presence of

excess Na, SO, at 25°C. e) Spectral data supported the imine structure. f) The reac-

2774
tion time was 24 hr in the described conditions unless otherwise noted. g) The

reaction time was 36 hr.
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0.2 mmol of 18-Crown-6 was added, the solution was stirred for 24 hr at 25°C under

N Work-up10 by adding 4 mmol of crystalline ammonium chloride and 2g of crystal-

9
line sodium sulfate hydrate (Na280410H20) gave the crude amine product. Distilla-

tion (bulb to bulb; bath temparature, 80-85°C/0.05 mmHg) yielded 79% of pure 3-

acetyl-l-azaspiro[4.5]decane 6. IR (film) 3370, 1710 cm—l; 1H--NMR (CDCl3 J)

130 nmr (CDC1, §) 209.1(C=0), 63.9(C-5), 52.6(C-2), 47.5(C-3), 39.7,

2.17 (s, CH3CO);
38.2, 37.3, 29.2(gH3CO), 25.9, 23.9, 23.6.
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