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Scheme 16. Reported synthesis of dibenzonaphthyridines 7 (ref. 47) 

 

Thus, we intended a practical synthesis of dibenzonaphthyridines 7 from 2-aminobenzaldehydes.  Since 

2-aminobenzaldehyde is automatically condensed to give polymeric product, 2-acetylaminobenzaldehyde 

was used as a substrate.  When 0.1 eq of aq. NaOH was used in the reaction of 

2-acetylaminobenzaldehyde with acetophenone, the corresponding chalcone was obtained.  However, 

when 1 eq. of aq. NaOH was used, 1,2-dihydroquinoline 8 was obtained in 76% yield, which clearly 

shows that chalcone intermediate further cyclized via intramolecular manner to give 1,2-dihydroquinoline 

8 (Scheme 17). 

 
Scheme 17. Synthesis of 1,2-dihydroquinoline 

 

Further addition of aq. NaOH finished the formation of dibenzonaphthyridines 7 by intramolecular 

condensation (Scheme 18a).  Finally, one-pot synthesis of dibenzonaphthyridines 7 from 

2-acetylaminobenzaldehyde with acetophenones was accomplished by sequential addition of aq. NaOH.  

Yields were in the range of 42-76% (Scheme 18b).  The obtained dibenzonaphthyridine 7 was 

methylated to give the corresponding ammonium triflate 9.  Dibenzonaphthyridines 7 were selectively 

methylated at 6-position and their structures were very similar to that of ethidium bromide (EtBr), a 
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synthesis of 4-aryl-2-naphthols by reacting 2-(trimethylsilyl)phenyl triflate with diketones in the 

presence of CsF.51-53  We have applied this method to the synthesis of 2,3-benzodiazepines 12.  

Treatment of trimethylsilylphenyl triflate with aroylacetones in the presence of CsF resulted in the 

formation of 2-aroylacetophenones, which further reacted with hydrazine hydrate to give 

2,3-benzodiazepines 12 in moderate yields.  By using ethyl acetoacetate instead of benzoylacetone, 

2,3-benzodiazepin-4-ones 13 were synthesized.  When trimethylsilylphenyl triflate was treated with 

benzoylacetones in the presence of fluoride followed by the addition of ammonium hydroxide, the 

corresponding isoquinolines 14 were obtained in one-pot reaction (Scheme 21).54 

 

 
Scheme 21. Synthesis of benzodiazepines, benzodiazepin-4-ones, and isoquinolines 

 

Thus, we have synthesized many nitrogen containing heterocycles from imine and its derivatives:  

quinolines and quinoline N-oxides by intramolecular cyclization of 2-aminochalcone derivatives, 

benzoxazines and benzothiazines from 2-acylaminoalkenyl or alkynylbenzenes, dibenzonaphthyridines 

from 2-acetylaminobenzaldehyde and acetophenones.  Zinc catalyzed intramolecular cyclization of 

2-alkenylanilines to indoles was developed.  Short-step syntheses of benzodiazepines, 

benzodiazepine-4-ones, and isoquinolines from benzyne precursors were also accomplished.    

 

8. REACTION OF KETONE HYDRAZONES WITH CHALCOGEN DERIVATIVES 

Cyclic selenides and tellurides have received considerable attention due to their application in material 
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Scheme 26. One-pot synthesis of 1,3,4-selenadiazolines 

 

Thermolysis of 1,3,4-selenadiazolines 16 gave the corresponding sterically conjugated alkenes by 

two-fold extrusion.  

 

10. 2,5-DIARYLSELENOPHENE 

2,5-Diarylselenophenes 20 are generally synthesized by the reaction of 1,3-diynes with hydrogen 

selenide,71 the reaction of arylacetylenes with 1,2,3-selenadiazoles,72 or the reaction of titanocycles with 

selenium diselenocyanate.73  We intended more simple synthesis of 2,5-diarylselenophenes by 

thermolysis of vinylselenols (eneselenols), which would be easily obtained in situ by the reaction of 

acetophenone hydrazones with Se2Br2.  When acetophenone hydrazones were treated with Se2Br2 in the 

presence of triethylamine in refluxing benzene, 2,5-diaylselenophenes 20 were obtained moderately along 

with alkenes, which clearly shows that both diazoalkanes and selones 15 were formed as intermediates 

(Scheme 27).74  

 
Scheme 27. Synthesis of 2,5-diarylselenophenes 

 

11. 1,3,4-THIADIAZOLES 

The unique reactivity of ketone hydrazones prompted us to investigate the reactivity of aldehyde 

hydrazones with chalcogen halides.  Although the reaction of benzaldehyde hydrazone with Se2Br2 gave 

a mixture of trans- and cis-stilbene, the reaction with S2Cl2 gave the corresponding 
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Scheme 43. Nitrogen containing heterocycles via intra- or intermolecular cyclization 

 

Ketone hydrazones are also very interesting compounds due to their versatile reactivity. We have 

developed the synthesis of chalcogen containing heterocycles such as 1,3,4-thiadiazole, 

1,3,4-selenadiazolines, 1,3,4-telluradiazolines, selenophenes, tellurophenes, disulfides, cyclic polysulfides, 

diselenides, and ditellurides (Scheme 44). 

 
Scheme 44. Heterocycles from ketone or aldehyde hydrazones 

 

The new procedures allow us to obtain a variety of N, O, S, Se, and Te containing heterocycles. 
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