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Abstract - In contrast to naphtho[l,8-glthiopyran which undergoes 

1,3-dipolar cycloaddition with maleimides to give exclusively or 

predominantly E-adducts, 2-methylbenz[~]isoquinolinium-1-ide has 

been shown to react with maleimides to give exclusively &-adducts. 

These results are rationalized in terms of frontier orbital theory. 

2-Methylbenz[&]isoquinolinium-1-ide (!)(R=Me) was found to undergo 1.3-dipolar 

cycloaddition with maleimides to give exclusively &-adducts (Table 1) .Ir2 In 

contrast, naphtho[l,8-glthiopyran (2) has been known to give exclusively or 

predominantly =-adducts when allowed to react with maleimides (Table 2). 1.3 

We have now attempted to rationalize these conflicting results using frontier 

orbital theory. 

Before discussing the results of calculations, the reaction of (A) (R=Me) with 
dimethyl maleate and dimethyl fumarate should be mentioned. Thus, treatment of 

1 
2,3-dihydro-2-methyl-l~-benz[~lisoquinoline N-oxide with acetic anhydride and 

triethylamine in the presence of dimethyl maleate at -10'C gave the &- (22) 4 

and --adducts ( % 1 4  in 6 and 52% yields, respectively. A similar reaction of 

(I) (R=Me) with dimethyl fumarate afforded the single adduct 1 5 ) ~  in 83% yield. 

1 
The structuresofthese adducts can be readily assigned on the basis of the H-nmr 

spectra. The fact that the stereospecific G-1,2-cycloaddition was observed 



Table 1. Yield for cycloaddition of (1) (R=Me) to various dipolarophiles 

dipolarophile R' R' isolated yield ( % )  reference 
( 2 )  (3) 

a N-methylmaleimide -NMe- 8 0 0 1 

b N-phenylmaleimide -NPh- 59 0 1 

c maleic anhydride -0- 65 0 unpublished5 

d dimethyl maleate OMe OMe 6 52* this work 

* GLC analysis showed that the product ratio of (2s) to (Ld) is 1:6 

Table 2. Yield for cycloaddition of ( 5 )  to maleimides 

dipolarophile R isolated yield ( % )  reference 
(6) (2)  
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in these reactions, indicates that the reaction takes place in a concerted manner. 

Frontier orbitals of (1_1 (R=H). (5-1, and maleimide (R=HI were calculated hy & 

initio procedures at the STO-3G level.6 The computer program employed is INSPACK 

which contains Gaussian 7 0 . ~  The results. summarized in Fig. 1, clearly indicate 

that both the reactions are dipole-HOMO-controlled ones. 8 

HOMO 

Fig. 1. Frontier energy levels (a.u.1 and orbital coefficients for 

(1) (R=HI, (51 , and maleimide (R=H) 

The secondary orbital interactions in the transition states are shown in Fig. 2. 

The interactions between the lobes on C-3a and C-9a of the dipoles and the carbonyl 

carbons of maleimide are antibonding (wavy lines). However, the coefficients of 

the HOMO of (1) at C-3a and C-9a are relatively small and the bonding interactions 

between the lobes of C-4 and C-9 of the dipoles and the carbonyl oxygens of 

Fig. 2.   he secondary orbital interactions in the transition states 



maleimide are dominant (Fig. 2aLand lead to a preference for endo addition, In 

contrast, relatively large HOMO coefficients on C-3a and C-9a in (2) make 

the transition state (Fig. 2b) disfavorable. In addition, the 5 transition 

state (~ig. 2c) is stabilized by the favorable interaction between the dZx 

component of the sulfur and the carbonyl carbons of maleimide. 

The remaining problem to be accounted for is why the reaction of (i)(R=Me) with 

dlmethyl maleate gave the c-adduct (3s) as the major prod~ct.~ One possible 

interpretation is that the molecule of dimethyl maleate is rather flexible 

compared to maleimides and maleic anhydride, so that the secondary interactions 

in the endo transition state are expected to be less important and the steric 

repulsion between the naphthalene ring and the ester groups may become signifi- 

cant. A sim~lar =-selectivity of dimethyl maleate has been reported with some 

six-membered heteroaromatic betaines [e.g., (8) lo and (g)l11. 
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