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Abstract-The 1,3-dipolar cycloaddltion of.unsymmetric 

pyrldinium bisImethorycarbonyllmet1~~1~des with methyl proplolate 

proceeds in moderate to good yields w ~ t h  high to moderate slte 

selectlvltr vith respect to the ylldr. Polar 3-substituted 

pyrldinlurn bislmethosgcarhonylimeLhs1ides generally gare 

predominantly the corresponding 8-substituted indolizines 

regardless of the substituents. The results can be expla~ned by 

dipole-dipole interactions. 

The 1.3-dipolar cycloaddition reactions undoubtedly rival Diels-Alder reactions 

in ubiquity as well a s  in synthetic util~ty, thezr synthetic potential being far 

from exhausted.' Specifically, 1,3-dipolar cycloaddition of heteroaromatic N- 

slides with act~vated nlkenes and alkynes provides a convenient route to nitrogen 

bridged heterocycles such as indolizines, l 2 . 2 . 3 I c y c l a ~ i n e s . ~ ~  

benzol2.2.3lcyclazines, and quinoliz~nes. Previously. we have reported on the 

regio- and site selectivrties of 1,3-dipolar cycloaddition reactions of 

pyridinium dicyanomethylides with some activated alkynes both vith respect to the 

dlpolarophiles5 and ylides. 

We now briefly describe on the slte selectivity of the title reaction of 

unsymmetrically substituted pyridinium bislmethoxycarbonyllmethyl~des (I1 with 



methyl propiolate 12) .  

The reactions were carried o u t  either in refluxins toluene or benzene or in 

certain cases, in refluxing ~ylane in the presence of Pd-C. The isomeric products 

were conveniently separated bx flash chromatography d e ~ ~ s e d  recentl~.' The 

structural assiqnrnent of the indolizines 131 and 141 was made or, the basis of 

their 'H nrnr ~ p e c t r a . ~  The isomeric ratlos were determined by integration of 

appropriate signals in the ' H  nmr spectra of the crude products. The results ar.e 

summarized in Table 1. The reaction of 3-substituted pyridlnium 

b i s l m e t h o s v c a r b o n y l l m e t h y l i d e s  I l l  with methyl propiolate I Z I  gave the 

corresponding indolizlnes 131 and I * ) ,  131 generally being predomirrarrtly formed 

regardless of the substituents. Like isoquinoljnium dicpanomethylide. 

isoquinol~niurn b i s l ~ e t h o x ~ c a r h o ~ r y l l m e t h y l ~ d e  l l a l  underwent site sprclfir 

cycloaddition to give the indollzlne (hl exclusively. 

Table 1. Reaction of Ylides (1) with Methyl Propiolate (2) 

Ylide Reaction Time yielda Product Ratio 

a - -(CH=CB) - 2 toluene 21 

2 CH 3 H toluene 2 2 

C - CH3 CH3 toluene 36 

xylede (Pd-Cl 3 

a COCH~ H toluene 21 

e F H benzene 5 

f - C1 H benzene 5 

9 Br H benzene 5 

a Isolated yield. Besides 1%) and 1%). 1.3-dimethoxycarbonylindolizine was 

also isolated in 18% yield. 



HETEROCYCLES, Vol. 27, No. 1 1 ,  1988 



L U M O  

eV 

> 
a, - 0 

L -8  
IT 
W -10 

HOMO 

eV 



HETEROCYCLES, Vol 27, No 1 1 ,  1988 

The results of CNDO/Z calculationsY both for the ylides and (21 are shown l n  Fig. 

1 and Fig. 2 ; the present reaction is predominantly HOMOil,3-dlpolel- 

LUMOldipolaroph~lel controlled. Thus, the reglochem~cal outcome w ~ t h  respect Lo 

121 is in agreemeut with t.he FHO interact~ons. 'The rxclusl\-e formstlo" of ( & I  is 

also in accord with such The b ~ s l m e t h o x y c a r b o ~ ~ ~ ~ l l m e t h ~ - l i d e ~  IIJ 

generally more sluggishly react xlth 121, i n  agreement with the H O 9 U  energy 

levels of 111 lying at lucer level than those of the dicyanomethylides.' tor 

example, 3,4-dlmethylpyridinium bisltnetho~ycarborryllmethylide I k )  with (21 gave 

l i %  yield of the indol~a~oes, rhrreas a s ~ m l l a r  reaction of 3,4-dlmethyi- 

pyridlnlum d~cyanomethylide afforded suant~tatively the correspoodinq 

~ndolizi~res. The ylrld bas improved upto 17% upon heating i n  reflusing rylene 111 

the presence of Pd/C, the ratio bring virtually unaffected. The pyridinlum ylides 

(Id-gl possessing an electron withdrak~ng group reacted more smoothly to produce 

the itkdollzines 1-1 and i.ld-41, almost the same degree of site selrct~v~ties 

being obsrned regardless of nature of the substltuents. Since the coefficients 

of 2- and 6-positions of polar 3-substituted pyridinlum bis(methoaycarbony1l- 

methylides Ilb-4) are almosl. of the same maqnltude, the observed site select~v~ty 

could be esplained, though only quxli~atively, by dlpole-dipole interactions as 

previously proposed by us (Fig. 21.11 Although the ylldes having an acetyl or 

halosen group should s j r e  higher site selectivity than those k-lth an electrvrl 

donating group, thls was not the case in the present reactions (Table 11. Thls 

can be speculated by reactir~ty-selectlvlty principle; the more reactive ylides 

show less select~vity, thouqh dipole-d~pole interaction would favor h ~ y h e r  

selectivity. The exception was encountered in the reaction of 3-bromopyridlnlum 

b~s(methoxycarbonyl1methylide I B )  that lost bromo substituent in refluxing 

toluene to give 1,3-dimethoxycarbonyl~ndo11~ine in 86 % yield, thus indicat~ng 

that bromo substituent is activated by yllde structure. The reactlon of IkJ wrth 

121 in refluxing benzene produced the 8 -  and 6-isomer (X and & I  along wlth the 

debrominated indolizine in the ratio of 2 0  : 38 : 32 respectively. The slightly 

predominant formation of the 6-isomer is presumably ascribed to steric hindrance 

by bromo substituent. The reason for the lower site selectivity of the 

bis1methoxycarhonyl)methylide~ compar.ed with that of the d~cyanomethyl~des is not 

yet clear. 



In conclusion, the site selectivity can be rationalized, to some extent, b y  

dipole-dipole interactions, although the disadvantage inherent in this 

explanation is lack of quantitative nature. 
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