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Abstract: Nonstabilized azomethine ylides may be generated by the intra- or intermolecular N-alkylation of 2- 
(azaallyl)stannanes or 2-(azaallyl)silanes. The cycloaddition of these ylides with electron poor or electron rich 
dipolarophiles provides indolizidines or simple monocyclic pyrrolidines (e.g., 5 --~ 8 --~ 9 --~ 10). The same 2- 
(azaallyl)stannanes may be subjected to tin-lithium exchange to afford 2-azaallyl anions, which may also enter into 
cycloadditions (e.g., 11 --~ 12 or 13). An in situ method for the generation and cycloaddition of azomethine ylides 
from an t.o-halocarbonyl compound, an oc-stannyl amine, and a dipolarophile is also described (Table 2). 
© 1997 Elsevier Science Ltd. 

Our work on the [~4s+rt2s] cycloaddition of nonstabilized 2-azaallyl anions (1) with alkenes to provide 

N-lithiopyrrolidines (2) 1 has proven to be an effective complement to the related cycloaddition of azomethine 

ylides (3) with alkenes, which produces neutral pyrrolidines 4. 2 Nonstabilized 2-azaallyl anions, generated by 

t in-l i thium exchange,  undergo cycloadditions with electron-rich alkenes at low temperature. Azomethine 

ylides general ly cycloadd best with electron-poor  alkenes and alkynes. We wish to report  that 2- 

(azaaallyl)stannanes, the precursors to 2-azaallyl anions, may also be used for the generation of azomethine 

ylides. Appl icat ion of  both  the anion and ylide methods to the synthesis of indolizidines and other 

heterocycles is also reported. 

(~ Li (~) 
1R.~f~NvR 2 = 1 R ~ R  2 

1 G Li(~ [~4s+~2S] 
2-azaallyl anion 2 

9 3 

3 ® [rr.4s+n2s] 

azomethine ylide 4 

In our work on 2-azaallyl anion cycloadditions to produce pyrrolidines, we considered that a second 

ring might  be formed if  a pendant  electrophile were present which might capture the N-lithiopyrrolidine 

cycloadduct. For example, t in-lithium exchange on the stannyl imine 5 would produce the anion 6, which 

upon cycloaddition with an alkene would produce the N-lithiopyrrolidine 7 and thus the indolizidine 10 after 

intramolecular N-alkylation (Scheme 1). The leaving group X would have to be compatible with the 2-azaallyl 
anion. 3 This idea led us to consider that an alternative strategy using the same starting material 5 but 

proceeding through an azomethine ylide would be possible. Thus, heating 5 would generate the iminium ion 

8, 4 which might  be destannylated (or desilylated if M=SiMe3) to give the ylide 9, and thus the target 

indolizidine 5 10 after dipolar cycloaddition. Desilylative methods are commonly used to generate azomethine 

ylides from N-(tr imethylsi lyl)methyl iminium ions, themselves derived by N-alkylation or N-acylation of  

imines, imidates, or thioimidates. 2,6,7 Most closely related to the present work is the observation by Achiwa, 

et.  al ,  that PhCH=NCH2SiMe3 undergoes N-alkylat ion/desilylat ion upon heating with alkyl halides or 

tosylates to produce azomethine ylides. 7,8 Destannylation has not been used to generate azomethine ylides. 
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Scheme 1. Synthesis of indolizidines (10) from 5 using either 2-azaallyl anions (6) or azomethine ylides (9). 

Transmetalation of the stannyl imine 119 in the presence of phenyl vinyl sulfide or E-stilbene provided 

the indolizidines 12 and 13, respectively, in modest yield (eq. 1), thus demonstrating that the sequence 5 ~ 6 
7 ~ 10 in Scheme 1 is viable. The yield of this tandem process prompted us to examine the azomethine 

~ ' ~ L  SPh n-BuLi n-BuLi I% (eq. 1 ) ii l= 
L'v'N ~'~ ~'SPh Ph'-.~"- m 

12 CI 11 13 
(41%, 1:1.1 mixture) (31%, one isomer) 

Heating the stannyl imine 11 or the silyl imine 14 in refluxing toluene in the presence of a variety of  

dipolarophiles produced the indolizidines shown in Scheme 2, presumably via the azomethine ylide 15. The 

dipolarophiles used ranged from typical electron poor alkenes such as dimethyl maleate and dimethyl 

acetylenedicarboxylate  to relatively atypical alkenes such as styrene, phenyl vinyl sulfide, and 

triethylvinylsilane. Benzaldehyde was also an effective dipolarophile. The tandem process failed with the 

following dipolarophiles: E-stilbene, ethyl vinyl ether, 1-vinyl-2-pyrrolidinone, 1-hexene, norbornene, 

diphenylacetylene, dihydrofuran, and phenylacetylene. 

Table 1 shows additional examples of the tandem N-alkylation/cycloaddition involving different 

azomethine ylides. Table 2 shows that the formation and use of the 2-(azaallyl)stannane or 2-(azaallyl)silane 

may be accomplished in one pot by mixing the carbonyl compound, the a-amino stannane or et-amino silane, 

and the dipolarophile at reflux in toluene. The stannane 189 demonstrates that branching next to the tin group 

is viable, producing even more densely functionalized indolizidines 19 and bicyclic oxazolidines 20. The 
branched et-amino stannanes such as that required to make 18 are readily available, lc,l° The use of 21 lc and 
23 lc show that intermolecular N-alkylation is also viable. The formation of quaternary centers is also possible, 

as illustrated by the formation of 24 .  Imines with enolizeable hydrogens are tolerated, as demonstrated by the 
formation of 22, 24, 25.11 

ylide route. 
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Scheme 2. Cycloadditions of / 
the Azomethine Ylide 15 with _ ~ t I ~ . N J ' ~  M 
Alkenes and Alkynes. a 

v "CI 

~ 0 2 M e  ~ O 2 M e  11 (M=SnBu3) 
- . - 14 (M=SiMe3) 

L " , , / ! ' ~ ' " 'CO2M e + L~, ~ I ~ ' ~ C O 2 M  e Ax -Bu3SnCI 

toluene from 11: 72% (1:1.3) b 
from 14: 74% (7.4:1) b " ~ , ~ o , ~  

O O 
.,Ph ,.I~ o 

0 0 ® 

from11:68-77%(1:11 b ( lS 
from 14: 67% (1:1) t~ ~ /  

j M.o  / I t  - 

~ C O 2 M e +  ~ M e  

+ 

or (10:5:1) f _-- 
"Me3SiCI S o , ~  

mc~o " 0 " 0 
Ph + .... I~ 

630/o 
(1.4:1) 

OO2Me 

78°/o c 79°/* 31% 
(1:1:1.8) d'e (one isomer) 

t•SPh ?. 

L,,.,j 1~. ,~  SiEt3 

61% (one isomer)g 
(1:1:1)d,e from 11: 54% 

from 14: 67% 

Notes: aUnless noted, the stannyl imine 11 was used as the starting material, blsomers separated. CAfter DDQ 
oxidation of intermediate 3-pyrroline. dDiastereomers not separated, eRegio- and stereochemical assignment(s) 
not made. fRegio- and stereochemical assignments made by COSY experiments on alcohols derived from LiAIH4 
reduction, gStereochemistry not determined. 
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Table 1, Other cycloadditions. Table 2. In situ method. 

Stannane Dipolarophile Product(s) a Reactants Product(s) a 

Q 

nBu3 Ph 

18 0 \ 19 63% (1:1) b'c 

nBu3 PhCHO (3 Ph . ~'56%b'cu.I)- 

18 
o 

BnBr+ ~ N  
",,~N~SnBu3 Ph Phalli..,,./" "O 

' 21 22 77% 
O (1:1.5 ~ iPr:l~ iPr) d 

O 
BnBr ~ N  ~ ~ . ~ P h  
. . ~  - Ph 
N" S n u u  3 Ph~N~.~ O 
23 0 24 52°1o 

c 
+ O 

H2N~SnBu3 67% (3:2 ~-t:~H) d 

+ Ph 
CI 

+ O 

H2NJ~ 'S iMe3 58% (1:1)d 

. 

+ O 
H 2 N ~ ' S n B u 3  25 77% (1:1 )d 

alsolated yields, bDiastereomers not separated. CStereochemistry not determined, dDiastereomers separated. 
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