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Abstract:



The tert-amino reaction effect was examined. A new method to synthesize spiro heterocycles is presented. It was shown that the “tert-amino effect” could be applied to the formation of spiro-fused heterocycles. The formation of spiro compounds proceeds in most cases in good yields in a one-pot reaction.
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The term tert-amino effect was coined by Meth-Cohn and Suschizky [1] to generalize cyclization reactions of certain ortho-substituted N,N-dialkylanilines. Ring closure of ortho-substituted N,N-dialkylaniline derivatives can proceed in three different ways, depending on the nature of A=B (Scheme 1). The first path (a) involves ring closure between the ortho substituted and the tert-nitrogen atom. The second path (b) comprises those reactions which involve one of the α-methylene groups attached to the atom A, ultimately leading to the formation of five membered rings. The third path (c) involved an analogous reaction of methylene groups and atom B which lead to the formation of a six-membered ring. The first reaction of this type was reported in 1895 by Pinnow [2]. Most of the early examples of the reaction of compounds with an unsaturated ortho substituted involve groups with at least one heteroatom, such as nitroso [3], nitro [4,5], azo [6], amine [7], azomethine [8,9,10], carbonyl [11,12,13] or thiocarbonyl moieties as the ortho substituents [14].


Scheme 1.
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Scheme 2. 
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N,N-Dialkylanilines having an ortho-vinyl substituent also exhibit the same type ring closure reactions [15,16,17,18,19,20]. These reactions provide an original way to form C-C bonds by insertion into a virtually non-activated NCH2 group [21]. The systematic study of effect of variation in the structure of the vinyl groups revealed that electron-withdrawing group in the α-position of the vinyl moieties is essential for 5 membered rings. The heating anilines 1 in toluene lead to mixture pyrrolo[1,2-a]indole derivatives. In 1-butanol, the reaction is stereospecific: only cis isomer 2 was isolated in 74% yield [22,23].
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Scheme 3. 
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When only one electron-withdrawing functionality is present at the β-position, no reaction takes place. The compounds having two electron-withdrawing groups at the β-position of the vinyl moiety show a totally different reaction pathway: in this case six-membered rings are formed. Heating of a solution of 2-vinyl-N,N-dialkylanilines 3,6, easily prepared via a nucleophilic substitution of the fluorine atom in 2-fluorobenzaldehyde with secondary amines, followed by Knoevenagel condensation of resulting aldehyde 4 in refluxing butanol yielded cyclization products 5,7 in 67-84% yields [24,25,26,27,28].
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Scheme 4. 
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The mechanism for formation of the six-membered heterocycles is presented in Scheme 5. First step is an intramolecular suprafacial 1,5-hydrogen transfer. The second step involves C-C bond formation be addition of the carbanion to the iminium double bond, which takes place in a stereochemically defined unique way.


Scheme 5.
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We have shown [29] that under Knoevenagel condensation conditions ortho-N,N-dialkylamino-benzaldehydes 4 form with 2,2-dimethyl-1,3-dioxane-4,6-dione (Meldrum's acid) spiro-coupled pyrrolo[1,2-a]quinolines 8. In contrast to the reaction of benzaldehydes with non-cyclic malonic acid derivatives, the intermediate vinyl derivatives 9 were not isolated. Thus we have developed a one-stage method for the synthesis of novel spiro derivatives of quinoline. An example of the NMR spectra of product is presented in Figure 1.


Figure 1. The 1H-NMR spectrum of compounds 8a.
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Scheme 6. 
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The reactions of 2-dialkylaminobenzaldehydes 4 with cyclohexanedione proceeded analogously [30]. It was demonstrated that the reactions were complete in 10 h to give spiro-fused [1,2- a]quinolines 10, whereas vinyl derivatives were not isolated either. The structures of compounds 10 were confirmed by NMR, IR, and mass spectra as well as by the results of elemental analysis [31].
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Scheme 7. 
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Spiro-fused quinolinepyrimidines 11 can be synthesized according to two procedures. One of them involves Knoevenagel condensation of 2-dialkylaminobenzaldehydes 4 with malonic ester, cyclization of the resulting benzylidenemalonic esters 3 to fused quinolines 5 and condensation of the latter with disubstituted urea to give the target products. Another procedure involves the reaction of 2-dialkyl-aminobenzaldehydes 4 with barbituric acids, where Knoevenagel condensation is accompanied by intramolecular cyclization of intermediate vinyl derivatives. Taking into account the results obtained in earlier studies, it can be assumed that this reaction proceeds in one step to give spiro-fused quinolines 11.



The synthesis of spiro derivatives of quinolines according to the first method involves difficulties associated, in particular, with the formation of by-products. In this connection, isolation of the pure target spiro-fused quinolines presents a problem. The total yield of 11 was 15%. Their structures were confirmed by 1H and 13C NMR and IR spectroscopy, mass spectrometry, and elemental analysis [30,31].
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Scheme 8. 
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The second method is preparatively more convenient because it involves one step. We demonstrated that the reactions of 2-dialkylaminobenzaldehydes 4 with dimethyl- and diphenyl-barbituric acids afforded spiro compounds 11. It should be noted that cyclization gave spiro-fused quinolines 11 in good yields on refluxing in toluene for 3 h. An increase in the reaction time led to a decrease in the yield and dezincification of the products. In this approach, the total yield of the target products 11 varied from 36 to 70 % [30,31].
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Scheme 9. 
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We used the strategy of the tert-amino effect for the synthesis of a series of new spiro fused heterocycles as a class of compounds which offer biological interest. In contrast in the cyclization reactions of five membered ortho substituted heterocycles 4-vinyl-1,2,3-thiadiazoles 12 or 4-vinyl-1- phenylpyrazole 13 were isolated [32].



Conclusions


We have shown that the “tert-amino effect” can also be applied to the formation of new spiro fused heterocycles. The formation of spiro compounds proceeds in most cases in good yields in a one-pot reaction.
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