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Summary: A lithiation-intramolecular cyclization reac- 
tion of N-Boc chloroalkyl secondary amines is reported to 
provide the 2-aryl-substituted pyrrolidine and piperidines 
6,7,9, and 11 and aseriesof 2-azabicyclo[3.1.01 derivatives 
14-25, including cyclopropane derivatives of proline and 
of the indolizidine-pyrrolizidine alkaloid ring system. 
Lithiation-substitutions of N-Boc-N-ethylcycloprop- 
ylamine to give 27-29 and lithiation-silylations of N-Boc 
aziridines to give 31-33 also are reported. 

Saturated heterocyclic nitrogen compounds generally 
have been prepared by reactions which involve ring 
construction by carbon nitrogen bond formations in 
nucleophilic reactions of amines, by cycloadditions, or by 
rearrangements.' The recent development of a-lithio- 
amine synthetic equivalents from N-Boc-amines offers a 
convenient alternative in which a carbanionic center 
adjacent to nitrogen can be used for ring and carbon- 
carbon bond formation.2 The key steps are illustrated for 
the conversion of 1 via 2 to 3. The use of cy-lithioamine 
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synthetic equivalents to form carbon-carbon bonds with 
subsequent formation of the heterocycle by displacement 
by nitrogen has been reported by Meyers and Marra to 
prepare 2-aryl-N-methylpiperidines and -pyrrolidines from 
formamidines and by Fraser and co-workers to prepare 
2-phenyl-N-benzyl-piperidine from nitrosopiperidine.3*4 
In this paper, we provide methodology for syntheses of 3-, 
5-, and 6-membered saturated nitrogen heterocycles by 
the methodology generalized for the formation of 3 from 
1. We have also found that when a cyclopropyl ring is 
formed by this approach, subsequent lithiation and 
substitution become facile and extensions of that result 
in substitutions of N-Boc-cyclopropylamine and N-Boc- 
aziridine are reported. 

Syntheses of 2-phenyl-N-Boc-pyrrolidine (6) and 2- 
phenyl-N-Boc-piperidine (7) illustrate the methodology. 
Treatments of 4 and 5, respectively, withs-BuLiITMEDA 
in THF at -78 OC for 5 h provide the products in the yields 
indicated. 
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A demonstration of the methodology for alkaloid 
synthesis is provided by the conversion of N-Boc-(3- 
pyridy1)methylamine 8 to N-Boc-anabasine (9). It is 
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notable that the pyridine ring is stable to the organolithium 
reagents under the conditions needed to effect the a'- 
lithiation and displacement. It is also interesting that 8 
could be prepared by reaction of the N-Boc-amine with 
1-bromo-4-chlorobutane without interference from the 
nucleophilic pyridene nitrogen. The methodology can be 
used to open an epoxide ring and provides 2-phenyl-3- 
(hydroxymethy1)piperidine as a mixture of diastereomers 
as shown for the synthesis of 11 from 10. The epoxide 9 
was prepared by reaction of the corresponding olefin with 
m-chloroperbenzoic acid. 

A more novel use of the methodology is the formation 
of 2-azabicyclo[3.1.0lhexane systems. The parent com- 
pound 13 was readily formed by treatment on N-Boc-4- 
chloropiperidine (12) with s-BuLi/TMEDA for 8 h at  -78 
"C. The cyclopropyl proton adjacent to nitrogen in 13 is 
available for deprotonation and electrophilic substitution 
as shown by the fact that treatment of 12 with 2.2 equiv 
of s-BuLi/TMEDA followed by the electrophiles shown 
in Table 1 gave the bicyclic products 14-23 in the yields 
indicated. 

Syntheses of compounds incorporating the 2-azabicyclo- 
[3.1.01 ring system in structures which are closely related 
to families of natural products are demonstrated by the 
preparations of 24 and 25. Lithiation cyclization-lithiation 
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(26) with s-BuLi followed by reactions with electrophiles Table 1. Syntheses of 1-Substituted 
N-Boc-2-azabicyclo[ 3.1.0]hexanes 14-23 from 12 
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of 12 followed by reaction with carbon dioxide and 
hydrolysis gave 24, an interesting amino acid which 
combines the structural features of proline and aminocy- 
clopropanecarboxylic acid.6 A similar sequence with 
1-bromo-3-chloropropane as the electrophile, followed by 
hydrolysis of the Boc group and cyclization, gave 25, a 
cyclopropyl derivative related to the indolizidine and 
pyrrolizidine alkaloids? These compounds were isolated 
as their hydrochloride salts. 

The facile lithiation of 13 prompted preliminary ex- 
ploration of the lithiations of other 3-membered ring 
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gave 27-29 in good yields. The lithiations of 13 and 26 
provide the first cases in which formation of a dipole- 
stabilized carbanion occurs by deprotonation of an un- 
stabilized formal tertiary position of a carbamate in the 
presence of an available secondary position. This is a 
special situation attributable to the relatively high acidity 
of the cyclopropyl hydrogen. Extension to the N-Boc- 
aziridines 30 was successful only if the electrophile, 
trimethylsilyl chloride, was present during the lithiation 
as shown for the preparations of 31-33. 

The present work provides methodology for the con- 
venient preparhtion of a variety of nitrogen heterocycles 
by a lithiation-intramolecular cyclization sequence and 
elaboration of products. The yields have not yet been 
optimized, and further development of this approach for 
the synthesis and elaboration of a variety of heterocyclic 
amines seems warranted. 
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