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Summary The first example of efficient asymmetric 1.3~dipolar cycloadditions of 

axomethine ylides is presented, where reactive N-metalated axomethine ylides and the 

a$-unsaturated ester with a chiml perhydropyrrolo[l.2-c]imidaxol-fyi moiety at the p- 

position have been employed. The exclusive participation of thermodynamically less 

stable 3-H/3’-H synperiplanar conformer is based on its sterical preference in the frontier 

orbital- and chelation-controlled rigid transition state. 

Asymmetric version of Diels-Alder reaction now offers a powerful and reliable synthetic methodology 

for constructing stereochemically complex framework of organic molecules.1 High diastereo- or enantio- 

selectivities are frequently observed when the six-membered ring-forming process is performed at a low 

reaction temperature in the presence of an effective Lewis acid catalyst which works not only to activate 

dienophiles and/or dienes but also to tighten the transition state by chelate formation? 

Unlike Diels-Alder reactions, the successful control of stereo and regioselectivities by use of Lewis acid 

is unknown in the field of 1,3-dipolar cycloaddition reacti0ns.f and most of the hitherto reported asymmetric 

1,3-dipolar cycloadditions have been carried out without catalyst by using chiral dipoles or dipolarophiM4 the 

level of diastereoselectivity achieved is rather low, depending upon the proper choice or combination of 1,3- 

dipoles and dipolarophiles. We expected that a,&unsaturated carbonyl compounds bearing a 2-pyrrolidinyl 

chiral controller, or hemmanalog (x: he teroamm), would serve effectively as chiral dipolarophiles of activated 

types since the approach of dipole from one side of the olefm face would be sterically hindered by the 

extruding N-substituent R. However, there is no example mported for the use of such chiral olefins in 

asymmetric cycloadditions. 
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The present communication describes the fiit example of efficient asymmetric cycloadditions of 

axomethine ylides.5 where highly reactive N-metalated ylides and an tz$-unsaturated ester bearing a bicyclic 

aminal type chiral controller at the ~position are used. 

Methyl (3R,7ti)-2-phenylperhydropytrolo[ 1,2-climidaxole-3-(E)-propenoate (l), was selected as chii 

dipolarophile of the above mentioned type since 1 can be readily pnpared in a diastereomerically pure form 

from Q-2-(Wphenylaminomethyl)pyrrolidine and methyl (E)-Coxobutenoate,e and can be employed in the 

subsequent cycloaddition without further purification. 7 The predominant involvement of thermodynamically 

more stable 3-H/3’-H antiperiplanar conformer (up) of 1, rather than 3-H/3-H synperiplanar isomer (sp), in 

the cycloaddition is expected,* so that the r-e-face (C2) would be open to the attack of dipole because of the 

critical steric hindrance caused by the N-phenyl substituent. 

1 + PhANACOOR - 

2a,b 

OR 

a: R=Me 
b: R=f-Bu 

3a,b 

Mtl = Li or MgQ 

TS-A (sp) TS-B (ap) 

Scheme 1. 

The reaction of methy (benxylideneamino)acetate (2a) with 1 smoothly took place, at -78 ‘C for 5 h in 

tetrahydrofuran (THP), in the presence of lithium bromide (1.5 equiv.) and 1.8~diaxabicyclo[5.4.O]undec-7- 

ene (DBU, 1.2 equiv.) to give 82% yield of cycloadduct 4a as a single diastereomer (Scheme 1). The 

structural assigmnent of 4a was accomplished on the basis of spectral data.9 Relative stereochemistry of the 

newly formed pyrrolidine ring was based on rH NMR analysis, 10 where the strong magnetic shielding of 4 

COOMe (8 2.90) by both 5-Ph and N-Ph substituents and the notable NOE observed between 7a’-H and 4-H 

definitively determined the absolute configuration of 4a. 

Although the exclusively high stereoselectivity creating four new chiral centers on the pyrmlidine ring 

was not surprising,~o the absolute diastereofacial selectivity should be emphasize& Absolute configuration of 

4a was not the one derived from the anticipated transition state TS-B (R: Me) which involves an attack of N- 
lithiated axomethine ylide 3a (Mtl: Li) to the thermodynamically more favored 3-H/3’-H antiperiplanar 
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conformation of 1 from the side opposite to the 2-phenyl obstacle. The actually involved transition state 

producing 4~ is TS-A (R: Me) where ylide 3a attacked the si-face (Cg) of 3-H/3’-H synperiplanar 

conformation of 1. Existence of serious steric hindrance between the ester moiety (R: Me) of 3a and 7a’-H of 

1, or between the ester moiety and the bridgehead nitrogen, would be a major stereoselectivity-determing 

factor as shown in TS-B. 

Removal of the heterocyclic chiral controller from 4a was pedxmed by a sequence of N-tosylation and 

acetal exchange reaction (Scheme 2). Thus, cycloadduct 4a was allowed to react with p-toluenesulfonyl 

chloride and triethylamine in chlorofotm at room temperature to give tosylate 5 in 66% yield, and 5 was treated 

with methanol saturated with dry hydrogen chloride at room temperature. No epimerixation was observed 

during the above transformation, and the resulting polyfunctionalixed 2,4-pyrrolidinedicsrboxyrboxylate 6 showed 

[u]n = -40.9O [c = 1.0, CHCl3]. 

4a 
TsQMEt, MeOWdry HCl 

CHQ3. l-t It 

TS 

Ts =p-h-%-C!& Ts 6 

5 

Scheme 2. 

The absolutely diastereoselective formation of 4a mentioned above was not affected in the reaction at 

room temperature (4a: 79% yield), where ylide 3a (Mtk Li) was generated by treating 2a with lithium bromide 

and ttiethylamine. In the case of f-butyl ester 3b, 96% yield of 4b was obtained under the equivalent 

conditions. IV-Magnesioazomethine ylide 3s (Mtl: MgCl), generated from 2a and t-butyhuagnesium chloride 

at -78 “C, slowly matted with 1 at tbe same temperahre to give 30% yield of 4a as a single diastemomer. 

Cycloadditions of 1 and related olefms with azomethine ylides and other 1,3dipoles are now under 

investigation in our laboratory; the full details will be soon published elsewhere. 
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