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 In the cycloaddition of heteroaromatic N-ylides to symmetrically 

substituted trans olefins, the anti ylide exclusively participates if 

the ylide is carbonyl-stabilized, while the syn glide does if it has 

a substituent of non-carbonyl type. The cycloadducts isomerize into 

thermodynamically more stable isomers through a retro reaction.

 Regardless of great importance of the cycloaddition of heteroaromatic N-ylides 

as a synthetic method of fused heterocycles, only scattered examples are known for 

the cycloaddition to olefinic dipolarophiles.1) This reaction involves some impor-

tant features of regioselectivity, stereospecificity, and stereoselectivity of ole-

fin- (endo and exo) and ylide-substituents. Only recently it has been gradually 

revealed that cycloaddition of these ylides to symmetrically substituted cis ole-

fins takes place through the endo approach of anti form of the ylides,2) however, 

limited reliable informations are available so far on the cycloaddition to other 

types of olefinic dipolarophiles.3)

 In the course of our study on the cycloaddition of heteroaromatic N-ylides to 

a variety of olefinic dipolarophiles, some stereochemical features of this reaction 

have been figured out. The present communication describes new findings of the 

endo-exo selectivity and the selectivity of ylide-substituent in the cycloaddition 

of heteroaromatic N-ylides.

The reaction of pyridinium phenacylide 1 with an equivalent of fumaronitrile

2a in chloroform at O℃ for 5 min furnished a mixture of two stereoisomeric cyclo-

adducts 3 and 4 (7:3) in a quantitative yield (Scheme 1 and Table 1). Their struc-

tures were confirmed as the 1-endo-2-exo for 3 and 1-exo-2-endo cycloadduct for 4 

to the anti form of 1 on the basis of spectral data4) and elementary analyses.5) 

On standing in solution at room temperature, 3 gradually changed into 4 and this 

clean isomerization was completed in 1 h, indicating that 3 and 4 are kinetically 

and thermodynamically controlled products, respectively.

 It was found that the cycloadducts of 1 to some other trans olefins were so 

labile as to suffer from a ready elimination of pyridine,6) while stable cyclo-

adducts were found to form from isoquinolinium phenacylide 5. A similar reaction 

of 5 with 2a in dimethyl sulfoxide precipitated out the 1-endo-2-exo cycloadduct 6a 

as a major product, and in chloroform the thermodynamically controlled 1-exo-2-endo
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Scheme 1.

isomer 7a was predominant in an equilibrium with 6a.7) With trans-dibenzoylethene 

2b bearing two bulky substituents, 7b was the only product. Exclusive formation of 

7b would be because the kinetic path to its isomer 6b has been sterically closed 

and/or through a rapid isomerization of 6b. Heating 7b with N-methylmaleimide at

50-60℃led to an excellent yield of the cycloadduct 8 to the maleimide,8) indi-

Gating that the isomerization of the 1-endo-2-exo cycloadducts into the 1-exo-2-

endo isomers occurs through a retro cycloaddition.9) 

 It was found that this retro reaction was suppressed when the dipolarophile-

activating substituents are esteric.10) Accordingly, the formation of comparable

Table 1. Cycloadditions of Heteroaromatic N-Ylides to trans Olefins

a) C: chloroform; D: dimethyl sulfoxide; A: acetonitrile. b) Containing 17% of 

the 1, 10b-dehydrogenated derivative of 10c.
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amounts of 6c and 7c in the reaction with dimethyl fumarate 2c indicates that both 

the 1-endo-2-exo and 1-exo-2-endo approaches have competed. It is understandable 

that di(tert-butyl) fumarate 2d as a bulky dipolarophile produced the sterically 

more favored isomer 7d through a kinetical path.

Scheme 2.

 As shown in Scheme 2, the reaction of 5 with 2 has proceeded through either or 

both of the two approaches, the 1-endo-2-exo A and 1-exo-2-endo approach B to the 

anti form of 5, depending upon the nature of substituents Z and W. The approach A 

leading to 6 is favored if an attractive interaction between Z and the heteroaro-

matic plane overwhelms steric repulsions of all sorts. But the approach B leading 

to 7 predominates over the other when steric repulsions between Z and the plane and 

between Z and W suppress the endo interaction. 11) As the 1-endo-2-exo cycloadduct 

6 is rather crowded around the 2- and 3-positions, it undergoes the retro reaction 

back to 5 and 2 which then recombine in the other fashion leading to the thermo-

dynamically more favored 1-exo-2-endo cycloadduct 7.

Scheme 3.

 It is noteworthy that only the anti form has participated in the cycloaddition 

of such carbonyl-stabilized ylides as 1 and 5.12) To our surprise, however, the 

selective participation of syn glide was observed in the reaction of isoquinolinium 

p-nitrobenzylide 9 as a ylide stabilized by a non-carbonyl substituent. Thus, the 

reaction of 9 with 2b to 2d provided the single stereoisomers of cycloadducts 10 

(10b: Z=COPh; 10c: Z=COOMe; 10d: Z=COOBut) which were assigned as the 1-endo-2-

exo cycloadducts to the syn form of 9 on the basis of spectral data and elementary 

analyses (Scheme 3 and Table 1).13)
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 On the 1-endo-2-exo approach of trans olefins, the ylide-stabilizing substitu-

ent is arranged syn so as to go through a sterically less hindered transition state 

(C in Scheme 2). On the other hand, when the ylide is carbonyl-stabilized type, 

the anti form is more highly stabilized than the syn form getting a chance of par-

ticipating exclusively to the cycloaddition. This stabilization may be caused by 

a proximate interaction of the both poles of 1, 5-dipole which arises from an ex-

tended conjugation of 1, 3-dipole with the carbonyl (D and E in Scheme 2).
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