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Generation and Cycloaddition of Heteroa~So~tuted 242aaUyl Anions with 
Alkenes and Alkynes. Synthesis of Wyrroli~ and Pyndea 

WillhmELP caIson* UNl Ellmd P. stevaul 

We have previously described the synthesis of pyrrolidines by the [z4s+rr2s] cycloaddition of non- 
stabilized 2-az~llyl anions with electron-rich alken-. tq2 The anions were generated by tin-lithium exchange 
of 2-azaallyl stannanes. The 2-azaallyl anion method is complementary to azomethine ylide cycloaddition 
chemistry, since the latter species generally require electron-poor dipolarophile~~ We now wish to describe 
the generation and cycloaddition chemistry of heteroatom-substituted 2-araallyl anions 2. which allow access 
to I-pyn~lines 4 and 6 (Scheme 1). 

Scheme I. Generation and Cycloaddition of Heteroatom-Substituted 2-AzAlyl Anions 2. 

The archetype for the conversion of an alkene to a I-pyrmline involves the cycloaddition of a nitrile 
ylkk4 The cycloaddition of aryl-substituted nitrile ylides AC-N(+)C(-)HR with electron-poor dipoluophiles 
has been widely studied. Nitrile ylides without aromatic substitution ate IIUCL~*~ Heteroatom-substituted 
azomethine ylidtx have ~~J~ZXI used kquently as synthetic equivalents of a nitrile ylidm in cycloaddirions with 
electron poor dipolarophik7-t2 The reactions of certain stabilized heteroatom-substituted 2-azaallyl 

2641 



2642 

anions13~*0c or N-metalloaxomethine y&less with carbonyl compounds or electron-poor alkenes have also been 
studied. In order to complement the approach to I-pyrrolines based on heteroatom-substituted 1,3dipoles. we 
felt that the higher reactivity of 2-axaallyl anions would allow cycloaddition with less reactive alkenes. We 
wish to teport that non-stabilized he mroatom-substituted Zaxaallyl anions 2 may be generaM by tin-lithium 
exchange on stannyl imidates and thioimidates 1. These anions undergo cycloadditions with relatively 
electron-rich alkenes. producing intermediate N-lithiopyrrolidines 3. which undergo loss of alkoxide or 
thiolate to give 1-pyrrolines 4. Under the basic reaction conditions, 4 is deprotonated to give the 
metalloenamine 5. This may be quenched with water to regenerate 4, or may be akylated to give a different 
1 -p yrroline 6. 

The tin-substituted imidates and thioimidates 7-914 were mixed with various anionophiles (1 equiv.) 
and added to n-BuLi (ca. 5 equiv.) in THP at -78 “C. After about 30 minutes, workup with aqueous NH&l 
and column chromatography (Si@) afforded good to excellent isolated yields of the pyrrolines lo-18 (Table 
1).15 The use of an acetylenic anionophile provided the pyrrole 19 in modest yield. Particularly noteworthy is 
the opposite regioselectivity observed in entries 1 and 2, where the only difference is the heteroatom 
substituent (oxygen versus sulfur) on the 2-axaallyl anion. The generality of this qposekctivity is currently 
under investigation. The shift in regioselectivity observed in entries 1 and 3 is also notable. In both cases, the 
most crowded regioisomer is formed selectively. Complete regiocontrol was observed in the cycloaddition 
with a vinyl silane (entry 4). Entries 5 and 6 produce the same products 15-18, even though the geometry of 
the anionophile is different. Normally, we observe stereospecificity with respect to the alkene geometry.’ 
However, imines with adjacent aromatic substituents are capable of undergoing imine-enamine 
tautomerixation,16~*7 which allows scrambling of the stereochemistry of these cycloadducts. The fotmation of 
oxidized products, tentatively assigned as 17 and 18, presumably occurs by air oxidation upon purification. 
Norbornene and ethyl acrylate wem unsuccessful in attempted cycloadditions using 9. 

The use of at least 2 equivalents of n-B&i was found to be necessary because of in situ deptotonation 
of the initial pytroline products 4 to form metalloenamines 5. The presence of 5 was shown by workup of the 
cycloadditions with methyl iodide, which led to the formation of the Z-ethyl pyrrolines 20 and 21 in good yield 

(eq. 1.2). 

l) Et&G* 
rrBuLi 

65% (1) 
2) CH,I 

2 diastereomers 

51% + 26% (2) 

In conclusion, the cycloaddition of oxygen- and sulfur-substituted 2-axaallyl anions with alkenes is 
complementary to l&iipolar methods for meking I-pynolines. These anions am far mom teactive (i.e., 
cycloaddition occurs at -78 T), allowhrg the use of mlatively electton-rich akenes. Metaker ’ .s m 
formed, which am kuown to be useful synthetic intetmediates for further functionak&ou F&y, a strikbq 
difference in the xegiosekctivity of oxygen- versus sulfur-substituted 2-azaallyl anions was obowed. We ate 
curmntly exploring this intetesting selectivity, as well as nitrogen-substituted Zaxaallyl aniona and partkkiy 
anions bearing a chiral heteroatom-linked auxilkv for asvmmetric cvcloadditions. 
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Table I. Generation and Cycloaddition of Hetwoatom-Substituted P-Azaaliyi Anions 

Entry Stannane Wonophile Product(s) Yield, Ratio. 

CH30 SnBy 

ANJ 
7 

8 

CHaO 

A ‘N 

9 

CH30 

A ‘N 

9 

CHBO 

A ‘N 

9 

CHBO 

A ‘N 

9 

Ph 

A 

Ph 

A 

Ph 

A 

Et&i /\\ 

ph&Ph 

PhT 
Ph 

A$ Aif 68% (loA)* 

10 11 

Ph Ph 

A$ & 65% (1:4.5)6 

10 11 

12 13 

#SiEt 

15,18 17,18 

15,18,17,18 

97016 

65% 

(6.6:1.2:5.2:1)’ 

93% 

(1 :3.0:3.6:2.6)d 

(a) isolated, chromatographed yields. (b) Isomers not separated. (c) Isolated yield of three 
chrcmatographiifractions: 41%of15,22%ofa1:2mixtureof18and17,and22%ofa3:1 
mixture of 17 and 18. (d) Isolated yield of three chromatographii fractions: 9?k of 15,59?! of 
a 1:1.2 mixtureof 18 and 17, and25%of 18. 
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