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Abstract 

Protodestannylation or protodesilylation of (2-azaallyl)stannanes or (2-azaallyl)silanes led to the formation 
of nonstabilized N-unsubstituted azomethine ylides, which underwent cycloadditions with electron-poor alkenes 
to produce 2-alkyl- or 2,5-dialkylpyrrolidines. 1,3-Disubstituted ylides derived from the stannanes and silanes 
gave stereochemically complementary results; the stannanes led to trans-2,5-dialkylpyrrolidines with high stereo- 
selectivity, whereas the silanes led to cis-2,5-dialkylpyrrolidines with moderate stereoselectivity. © 1999 Elsevier 
Science Ltd. All rights reserved. 

The cycloaddition of azomethine ylides with dipolarophiles is an important method for the construction 
of five-membered-ring nitrogen heterocycles. I While several methods for the formation of nonstabilized 2 
N-substituted azomethine ylides 2a are known, a :  there appears to be only two methods for the gen- 
eration of nonstabilized N-unsubstituted azomethine ylides 2b, both of which lack either efficiency or 
generality. 3f,g,5 First, the decarboxylation of imines derived from the condensation of ot-aminoacids 
with aldehydes produces 1,3-dialkyl azomethine ylides 2b, which undergo inefficient cycloadditions to 
produce 2,5-dialkylpyrrolidines 3 with poor trans:cis stereoselectivity. 3 f,g,5 Second, Tsuge and coworkers 
have reported the water-induced generation of certain N-unsubstituted azomethine ylides 2b (RI=ph or 
t-Bu, R2=H) from N-(silylmethyl)imines, which are available from the condensation of aldehydes with 
(aminomethyl)trimethylsilane. 6 Notably absent are ylides derived from enolizable N-(silylmethyl)imines 
or 1,3-disubstituted ylides derived ultimately from branched ot-aminosilanes. We recently reported the 
generation of nonstabilized azomethine ylides 2a by the intra- or intermolecular N-alkylation of (2- 
azaallyl)stannanes l a  or (2-azaallyl)silanes lb. 4 We now wish to report our studies on the generation and 
cycloadditions of nonstabilized 1-alkyl and 1,3-dialkyl N-unsubstituted azomethine ylides 2b, which may 
be generated by the protodestannylation or protodesilylation of l a  or lb  with protic acids. Surprisingly, 
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the trans:cis stereoselectivities observed in cycloadditions of the ylides 2b with electron deficient alkenes 
was found to depend on whether the stannanes l a  or the silanes lb  were used. 

EIX 
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RI ,'J'~N ~/',- R 2 

la:  M = SnBu3 
b: M = SiMe 3 

R ~, R 2 : alkyl 

R ~..-",~N-/"~.,R2 
I ®  
El 

E W G  
EWG 
I 

I 
El 

2a: El = alkyl 
b: El = H 3 

The (2-azaallyl)stannanes 6a--d and (2-azaallyl)silanes 6e,f were prepared as outlined in Table 1. The 
tin- or silicon-bearing phthalimide derivatives 4a--e 7-9 were deprotected by hydrazinolysis to afford the 
corresponding et-stannyl- or et-silylamines 5a-c and 5d,e, respectively. 7,8 The ot-stannylamines 5a-c 
were isolated after an aqueous workup and used without further purification, whereas the ~-silylamines 
5d,e were isolated by distillation directly from the reaction mixture. Condensation of the appropriate 
amine with an aldehyde gave the imines 6a-f. Imines 6a and 6e were isolated and purified by distillation. 
Silyl imine 6f was prepared in situ without isolation or removal of water due to its high volatility. The 
stannyl imines 6b--d were prepared in a similar fashion. Note that while ot-aminostannanes (including 
branched versions) are readily prepared and easily handled, 7,8 branched ot-aminosilanes are rare in the 
literature ~° and difficult to manipulate due to their volatility. 

Table 1 
Preparation of (2-azaallyl)stannanes and (2-azaallyl)silanes 

M N2H4,,H20 M R2CHO M 

R 1 NPhthaJ Conditions R + NH 2 Conditions R 1 N " ~ ' "  R2 
A o r B  Co rD  

4a-e 5 H  6a-f 

Phthalimlde M R 1 Hydrazinolysis Amine. 
conditions a 5 (yield) e 

4a SnBu3 /Pr A 5a (- )  
4a SnBu 3 IPr A 5a (--) 

4b SnBu3 Me A 5b (-) 

4c SnBu 3 H A 5c (-) 

R 2 Condensation Imine 
conditions c S (yield) b 

/Pr C 6a (92%) 
Me D 6b (-) 

/Pr D 6c (--) 

/Pr D 6d (-) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i - . . . . . . . . .  

4d SiMe 3 IPr B 5d (94%) /Pr C 6e (51%) 

4e SiMe 3 H B 6e (76%) IPr D 6f (-) 

%lydrazinolysls conditions: A) N2H4*H20, EtOH, reflux followed by aqueous workup. 
El) N=H4-H20, amine distilled from reaction mixture. ~Isolated yield of purified.matedal. 
(-)  indicates that the material was used without purification, eCondensation conditions: 
C) Et20, 4A molecular sieves, RT, lhr, followed by concentration and distillation. 
D) THF or toluene, RT, 5 min, no Isolation or removal of water. 

Table 2 summarizes the cycloadditions of ylides derived from both (2-azaallyl)stannanes and 
-silanes. ll,12 Good to excellent yields (55-84%) of pyrrolidines were obtained, improving on the 
10--30% yields observed in the decarboxylative route to azomethine ylides. 3f,g,5 While pyridinium p- 
toluenesulfonic acid (PPTS) was an efficient proton source for the reaction, HF-pyridine was found to 
be ideal due to shorter reaction times and the ease of removal of the BuaSnF by-product. Entries 2 and 
3 show that the cycloaddition outcome is unaffected by the position of the stannyl moiety in the starting 
imines 61) and 6c, consistent with a common azomethine ylide intermediate. Monosubstituted azomethine 
ylides derived from the (2-azaaUyl)stannanes and -silanes 6(I and 6f produced pyrrolidines in similar 
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Table 2 
Acid-promoted formation of azomethine ylides from (2-azaallyl)stannanes and -silanes and their 

cycloadditions 

Entry Im ine  A l k e n e  So lven t  Acid Products Yield 
(temp) (ratio)" 

Ph Ph 
o y N ' ~  "0 ox~N"~'O 

Ph . ,  , o . u _  
(reflux) PPTS H ........ H + H H 65%b.• 

Me ~/-Pr Me "/-Pr 
7 Ft H 

8 (1.0) 9 (1.0) 
THF 

2 6¢ 7 (reflux) PPTS 

THF 
3 6b 7 (50 °C) HF-pyr 

10 

11 

THF 
6a 7 (50 °C) HF-pyr 

6d 7 (THcF) HF-pyr 

THF HF-pyr 6f 7 (50 °C) 

6e MeO=C CO~e (]50HF)HF-pyr 

6e ~ / C O . J d e  THF (50 °C) HF-pyr 

M e O = C  THF HF-pyr 
6a co~e (50 °C) 

6e MeO=C'~OO=Me THF (,50 °C) HF-pyr 

6e M e O ~  C THF HF-pyr 
(50 *C) 

8, 9 (1.0:1.0) 56%b,e 

8, 9 (1.0:1.0) 55%b.• 
Ph 

1'4. . . . . . . .  H 69%c 

H 
10 
Ph 

H 
11, 12 (1.3:1.0) 
11, 12 (1.2:1.0) 61%d, • 

E E E E E E 

/-Pr~-~l '~"kPr + / - P r ~ / - P r  + / - P r ~ / - P r  68%c" 
H H H 
13 14 15 

(18) (1.0) (0) 

13 + 14 + 15 68% c,t 
(1.2) (1.3) (1.0) 

/-Pr "/-Pr +/-Pr .... /-Pr +/-Pr /-Pr 84% c,g 
H H H 
16 17 18 

(5.8) (11) (1.0) 
16 + 17 + 18 79% c,h 
(1.0) (2.1) (6.1) 

E . S  

kPr"*~""/-Pr 81% c.i 

19 (1.5:1.0) 

• Ratio8 of purlfiedproducts, b Overall yield from the stannyi _phb~Jimldes 4. c Overall yield l~rn the 
distilled amines 6. "Overall yield horn the distilled amine 5e. ='Isomers were not separated. ~lotilted 
as three ~ fractions: 14% of 13, 30% of • 1.0:5.2 ratio of 13 and 14, and 19% of 15. 
gli4)leLted as three (:/vol'~ipllph~ frictions: 44% of 17, 13% of a 1.7:1.0 ratio of 17 and 18, and 27% of 
~16. "lsollted as two chrolTmtographic fractions: 62% of a 1.0:2.6 ratio of 17 and 18, and 8% of 16. 
rrentstive assignment of configurations. 
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yields and product ratios (entries 5 and 6). Cycloadditions of  the 1,3-disubstituted ylides derived from 
(2-azaallyl)stannanes 6a - c  were found to be highly selective for trans-2,5-dialkylpyrrolidines (entries 
1-4, 7, and 9). 12 Wilson reported that the cycloadditions of  1,3-dialkyl substituted azomethine ylides 
derived from the decarboxylative route proceed with inconsistent and poor trans:cis ratios with the 
cis isomer predominating. 5b,c Grigg reported examples of  2,5-trans selectivity as high as 10.1:1 for 1- 
phenyl-3-alkyl-substituted azomethine ylides generated by the decarboxylative route, but most examples 
gave 2,5-trans selectivities of  about 3:1.Se Surprisingly, 1,3-disubstituted azomethine ylides derived from 
the (2-azaallyl)silane 6e led to moderate selectivity for cis-2,5-dialkylpyrrolidines (entries 8 and 10, cf. 
entries 7 and 9), more closely reflecting the ratios observed for cycloadditions of  1,3-dialkyl azomethine 
ylides generated by the decarboxylative route. We are currently exploring the origin of  this interesting 
stereochemical complementarity. Finally, entry 11 illustrates the use of  a singly activated dipolarophile. 

In conclusion, N-unsubstituted 2-alkyl- or 2,5-dialkylpyrrolidines may be prepared in an efficient 
manner by the cycloaddition of  nonstabilized N-unsubstituted azomethine ylides with alkenes. Enol- 
izable imines are tolerated. 1,3-Disubstituted ylides derived from the protodestannylation of  (2- 
azaallyl)stannanes gave pyrrolidines with high 2,5-trans stereoselectivity, whereas protodesilylation of  
similar (2-azaallyl)silanes gave pyrrolidines with moderate 2,5-cis stereoselectivity. The generation of  
1,3-disubstituted azomethine ylides from (2-azaallyl)stannanes is more practical than the silicon method, 
since it is easier to prepare and manipulate the requisite branched ot-aminostannanes 5. Both methods 
are more efficient than the few existing methods for the generation and cycloaddition of  nonstabilized 
N-unsubstituted azomethine ylides. 
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