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˦˲˳˸˦̀ˮ˦ 

   ˦ ˩˦˱˦˲˸˦˲ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ ˨˦˱˳ˮ˶˿˪˫ˮ˦˲ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˺˦˶˭˳ 

˷˴˪˻˸˶ˮ,˭ ˶˦˷˦̀ ˦˩˦˷˸˹˶˪˧˷ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ˷ 

̂˦˶˱˦˸˪˧˹˰ˮ ˨˦˱˳ˮ˽˪˲˪˧˦ ˺˦˶˱˦̀˪˫˸˹˰ ˮ ˻ˮ˱ˮˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˱ˮ˱˦˶˭˹˰˪˧ˮ˭.   

˱ˮ˱˩ˮ˲˦˶˪˳˧˷ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˲˦˪˶˭˪˧ˮ˷ ˮ˲˸˪˲˷ˮ˹˶ˮ ˯˫˰˪˫˪˧ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˹˲ˮ˯˦˰˹˶ˮ ˷˸˶˹˻˸˹˶ˮ˷˦ ˩  ˦˱ˮ˷ ˻ˮ˱ˮ˹˶ ˩  ˦˧ˮ˳˰˳˨ˮ˹˶ ˭˫ˮ˷˪˧˪˧˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ˷ 

˾˪˷˦˷̂˦˫˰˦˩. ˪˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ ˦˩˦˷˸˹˶˪˧˷, ˶˳ ˱ ˷ˮ˫˶̀ˮ˭ ˩ˮ˩ ˮ

˯˦˶˯˦˷˹˰ˮ, ˰ˮ˴˳˺ˮ˰˹˶ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˱˳˰˪˯˹˰ˮ˷  ˹˯˫˪ ˦˶˷˪˧˹˰ ˴˶˪˴˦˶˦˸˾ˮ ˩  ˦

˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ ˱˳˰˪˯˹˰˦˾ˮ ˾˪˽˫˦˲ˮ˷˦˷ ˶ˮ ˨ ˾˪˱˭̄˫˪˫˦˾ˮ ˹˱̅˳˧˪˷˩˪˧˦ 

˲˦˪˶˭ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦, ˮˬ˶˩˪˧˦ ˱ˮ˷ˮ ˰ˮ˴˳˺ˮ˰˹˶˳˧˦, ˧ˮ˳˾˪˼̂˪˫˦˩˳˧˦ 

˩  ˦˹˱˪˸˪˷ ˾˪˱˭̄˫˪˫˦˾ˮ ˱̀ˮ˶˩˪ ˧˦ ˸˳˻˷ˮ˯˹˶˳˧˦.  

    ˿ ˫˪˲ˮ ˯˫˰˪˫ˮ˷ ˱ˮˬ˦˲˷ ̂˦˶˱˳˦˩˨˪˲˩˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ 

˧ˮ˳˰˳˨ˮ˹˶˦˩ ˴˳˸˪˲̀ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˦̄˦˰ˮ ˲ˮ˫˭˪ˮ˶˪˧˪˧ˮ˷ ˱ˮ˼˪˧˦. ˯˫˰˪˫ˮ˷ 

˳˧ˮ˪˻˸˦˩ ˦˶˿˪˹  ˰ ˮ˻˲˦ ˮ˷˪˭ˮ ˧ˮ˳˰˳˨ˮ˹˶˦˩ ˱˲ˮ˾˫˲ ˪˰˳˫˦˲ ˮ ̆˪˸˪˶˳̀ˮ˯˰˹˶ ˮ

˱˳˰˪˯˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ, ˶˳˨˳˶ˮ̀˦˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ, ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ ˩  ˦

˸˶ˮ̀ˮ˯˰˹˶ˮ ˮ˱ˮ˩˦ˬ˳[4,5-]˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ.  

    ˷ ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 2-(˦˩˦˱˦˲˸˦˲-1-ˮ )˰˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ 

˿˦˲˦̀˫˰˪˧˹˰ˮ ̅˨˹˺˪˧ˮ˭ 5(˦  ˲ 6)-˱˩˨˳˱˦˶˪˧˦˾ˮ. ˩ˮ̀ˮ˯˰˹˶ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˩˦˲ 

˱ˮ˼˪˧˹˰ ˩  ˦ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-

˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ. ˾˪˹˼˰˪˧˹˰ˮ ˸˶ˮ̀ˮ˯˰˹˶ˮ ˷ˮ˷˸˪˱˪˧ˮ˩˦˲ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 7-

(1-˦˩˦˱˦˲˸ˮ˰)-2-˦˶ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ. ˫ ˮ˶˸˹˦˰˹˶ˮ ˷˯˶ˮ˲ˮ˲˨ˮ˷ 

(˴˶˳˨˶˦˱˦ Pass) ˷ ˦˾˹˰˪˦ ˧ˮ˭ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ ˲˦˪˶˭˪˧ˮ˷ ˷˸˶˹˻˸˹˶˦˷˦ ˩  ˦

˱˦˭ ˧ˮ˳˰˳˨ˮ˹˶ ˦˻˸ˮ˹˶˳˧˦˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ. 
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Anotation 

  Adamantane derivatives are distinguished with wide range of biological activity which is 

proven by successful usage of preparations made of adamantine moiety in different branches of   

pharmaceutical chemistry. As a result of the research of adamantan compound, the relationship 

between Adamantan's unique structure and its chemical and biological properties has been 

studied. During input of bulk liphophilic adamantane moiety in the proved medications or 

biologically active molecule in most cases is improved moleculeôs biological characteristic, drugôs 

lipopilycity  and prolonged action is enhanced, and at the same time, toxicity and side negative 

effects is reduced.  

The aim of our research was the synthesis of the new biologically active substances by 

addition of adamantane core in biologically important heterocycle, such as benzimidazole, 

benzoxazole and tricyclic imidazo[4,5-e]benzoxazole. 

    New derivatives of 2-(adamantan-1-yl)benzimidazole with 5(or 6)-substituted groups were 

synthesized. In the row of dicyclic benzoxazoles were obtained and studied N-(2-

aryl/alkylbenzoxazol-6-yl)adamantan-1-carboxamides. In fused tricyclic systems were 

synthesized 7-(1-adamantyl)-2-aryl-6H-imidazo[4,5-]benzoxazoles. The relationship between 

structure and biological activity of synthesized compounds were studied by online Pass program. 
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˾˪˷˦˫˦˰ˮ 
˭˪˱ˮ˷ ˦˻˸˹˦˰˳˧˦ 

˭˦˲˦˱˪˩˶˳˫˪ ˷˦˱˪˩ˮ̀ˮ˲˳ ˻ˮ˱ˮˮ˷ ́ˮ˶ˮ˭˦˩ ˦˻˸˹˦˰˹˶ ˭˪˱˦˷ ̂˦˶˱˳˦˩˨˪˲˷ 

˩˦˦˫˦˩˪˧˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˦̄˦˰ˮ ˷˦˾˹˦˰˪˧˪˧ˮ˷ ˦˼˱˳˿˪˲˦ ˩  ˦ ˾˪˷̂˦˫˰˦. ˧˪˫˶ 

˩˼˪ˮ˷˦˭˫ˮ˷ ˦˶˷˪˧˹˰ ˷˦˱˯˹˶˲˦˰˳ ˷˦˾˹˦˰˪˧˦˷ ˨˦˦˿˲ˮ˦˭ ˸˳˻˷ˮ˯˹˶˳˧˦ ˩  ˦ ˷̄˫˦ 

˨˫˪˶˩ˮ˭ˮ ˪˺˪˻˸˪˧ˮ, ˦˱˦˷˭˦˲ ˱˦˭ ̄˦˲˨˶́˰ˮ˫ ˱ˮ˼˪˧˦˷ ˭˦˲ ˷˩˪˫˷ ˶˪ˬˮ˷˸˪˲˸˳˧ˮ˷ 

˨˦˲˫ˮ˭˦˶˪˧˦. ˦˱ˮ˸˳˱ ˭˦˲˦˱˪˩˶˳˫˪ ˴˶˪˴˦˶˦˸˹˰ ˱˪˩ˮ̀ˮ˲˦˾ˮ ˦˶˷˪˧˳˧˷ ˦̄˦˰ˮ, 

˱˳˻˱˪˩˪˧ˮ˷ ˨˦˲˷̄˫˦˫˪˧˹˰ˮ ˱˪˻˦˲ˮˬ˱˪˧ˮ˷ ˱˻˳˲˪,  ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˶˪˦˰˹˶ˮ 

˱˳˭̄˳˫˲ˮ˰˪˧˦.  

̆˪˸˪˶˳̀ˮ˯˰˹˶ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˻ˮ˱ˮˮ˷ ˨˦˲˫ˮ˭˦˶˪˧˦ ˱˲ˮ˾˫˲˪˰˳˫˦˲ ˶˳˰ ˷

˦˷˶˹˰˪˧ ˷ ˦̄˦˰ˮ ˷˦˱˯˹˶˲˦˰˳ ˷˦˾˹˦˰˪˧˪˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˷˦˻˱˪˾ˮ. ˦ ˱ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ 

˾˪˷̂˦˫˰˦ ˩ˮ  ˩ ˮ˲˸˪˶˪˷˷ ˮ̂˫˪˫˷ ˶˳˨˳˶̀ ˭˪˳˶ˮ˹˰, ˦˷˪˫˪ ˴˶˦˻˸ˮ˯˹˰ ˦˷˴˪˻˸˾ˮ.  

˦ˬ˳˸ˮ˷ ˩  ˦ ˵˦˲˨˧˦˩ˮ˷ ˾˪˱̀˫˪˰ˮ ˴˳˰ˮ˺˹˲˻̀ˮ˹˶ˮ ̆˪˸˪˶˳̀ˮ˯˰˹˶ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ 

˧ˮ˳˱˳˰˪˯˹˰˪˧˭˦˲ ˭˦˫ˮ˷ˮ ˱˷˨˦˫˷˳˧ˮ˷ ˨˦˱˳, ˱˲ˮ˾˫˲˪˰˳˫˦˲ ˶˳˰ ˷ ˦˷˶˹˰˪˧˪˲ 

˷˦˱˯˹˶˲˦˰˳ ˷˦˾˹˦˰˪˧˪˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˩  ˦˩˦˲˪˶˨˫ˮ˷ ˴˶˳̀˪˷˾ˮ.  

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˩  ˦˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˪˧ˮ ˾˪˩ˮ˦˲ ́˦˰ˮ˦˲ ˧˪˫˶ˮ ˧˹˲˪˧˶ˮ˫ˮ 

˲˦˪˶˭ˮ˷ ˩  ˦ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˷˸˶˹˻˸˹˶ˮ˷ 

˾˪˱˦˩˨˪˲˰˳˧˦˾ˮ ˩  ˦˾˪˷˦˧˦˱ˮ˷˦˩ ̄˦˷ˮ˦˭˩˪˧ˮ˦˲ ˺ˮˬˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˺˦˶˭˳ 

˷˴˪˻˸˶ˮ˭. ˱˦˭ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ ˩˼˪ˮ˷˦˭˫ˮ˷ ̂˦˶˱˦˸˪˧ˮ˭ 

˨˦˱˳ˮ˽˪˲˪˧ˮ˦˲ ˷˳˺˰ˮ˷ ˱˪˹˶˲˪˳˧˦˾ˮ, ˫˪˸˪˶ˮ˲˦˶ˮ˦˾ˮ ˩  ˦ ˯˰ˮ˲ˮ˯˹˶ ˱˪˩ˮ̀ˮ˲˦˾ˮ. 

˧ˮ˳˻ˮ˱ˮ˹˶˱˦ ˩  ˦ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶˱˦ ̀˩˪˧˱˦ ˦˿˫˪˲˪˷, ˶˳ ˱ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˱˳˰˪˯˹˰˦ ˪˺˪˻˸˹˶ˮ˦ ˱˶˦˫˦˰˶ˮ̀̄˳˫˦˲ 

˱ˮ˯˶˳˳˶˨˦˲ˮˬ˱˭˦˲ ˷˦˧˶́˳˰˫˪˰˦˩. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧˦ˬ˦ˬ ˪ ˨˦˱˳˷˹˰ˮ˦ ˩  ˦

˯˫˰˪˫ˮ˷ ˷˸˦˩ˮ˦˾ˮ˦ ˹˦˱˶˦˫ˮ ˴˶˪˴˦˶˦˸ˮ, ˶˳˨˳˶ˮ̀˦˦ ˯˹̃ˮ˷ ̂˽˰˹˰ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ 

̂˦˱˰˪˧ˮ, ˦˲˸ˮ˺˷ˮ˻˳ˬ˹˶ˮ, ˦˲˸̆˪˰˱ˮ˲˭˹˶ˮ, ˦˲˸ˮ˴˶˳˸˳ˬ˳˹˰ˮ, ˺˹˲˨ˮ̀ˮ˩˹˶ˮ, 

˯ˮ˧˳˷ ˩  ˦ ˸˹˧˪˶˯˹˰˳ˬˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳, ˦˲˸ˮ˱ˮ˯˶˳˧˹˰ˮ ˩  ˦ ˷̄˫˦ ˱˶˦˫˦˰ˮ 

˷˦˾˹˦˰˪˧˪˧ˮ. ˦˱ˮ˸˳˱ ˦̄˦˰ˮ ˧˪˲ˬˮ ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ ˶˿˪˧˦ 

˷˦˱˪˩ˮ̀ˮ˲˳ ˯˫˰˪˫ˮ˷ ́ˮ˶ˮ˭˦˩ ˦˻˸˹˦˰˹˶ ˦˱˳̀˦˲˦˩. ˩˼ˮ˭ˮ˩˼˪ ˹˺˶ ˳ ˮˬ˶˩˪˧˦ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˶ˮ̀̄˫ˮ, ˶˳˱˰˪˧ˮ̀ ˦˿˫˪˲˪˧˪˲ ˹˺˶ ˳ ˹˯˪˭˪˷ 

˦˻˸ˮ˹˶˳˧˦˷, ˫ˮ˩˶˪ ˩˼˪˫˦˲˩˪˰ ˧˦ˬ˦˶ˬ˪ ˦˶˷˪˧˹˰ˮ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ ˷˦˾˹˦˰˪˧˪˧ˮ. 

˹˺˶˳ ˱˪˸ˮ̀, ˦˶˷˪˧˹˰ˮ ˰ˮ˸˪˶˦˸˹˶˦ ̀̄˦˩˽˳˺˷, ˶˳ ˱ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ ˱˳˻˱˪˩˪˧˪˲ ˶˳˨˳˶̀ ˦˰˸˪˶˲˦˸ˮ˹˰ˮ ˷˦˱˪˩ˮ̀ˮ˲˳ ˷˦˾˹˦˰˪˧˪˧ˮ, 

˶˳˱˰˪˧ˮ̀ ˨˦˩˦̂˽˫˪˸˪˲ ˩˼˪˷˩˼˪˳˧ˮ˭ ˦˶˷˪˧˹˰ˮ ̂˦˱˰˪˧ˮ˷ ˱ˮ˱˦˶˭ 

˶˪ˬˮ˷˸˪˲˸˳˧˦˷˭˦˲ ˩˦˯˦˫˾ˮ˶˪˧˹˰ ˴˶˳˧˰˪˱˦˷. ˦ˬ˳˸ˮ˷ ˩  ˦ ˵˦˲˨˧˦˩ˮ˷ ˾˪˱̀˫˪˰ˮ 

˭˪˶ ˦˴˪˫˸˹˰˦˩ ˱˲ˮ˾˫˲˪˰˳˫˦˲ˮ ̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ˷ - ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷, 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˩  ˦ ˱˦˭ˮ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˴˳˰ˮ̀ˮ˯˰˹˶ˮ ˱˳˰˪˯˹˰˪˧ˮ˷ 
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˾˪˷̂˦˫˰˦ ˮ́˰˪˫˦ ˴˪˶˷˴˪˻˸ˮ˹˰ ˾˪˩˪˨˪˧˷ ˳˶˨˦˲˹˰ˮ ˷ˮ˲˭˪ˬˮ˷˦ ˩  ˦ ˷˦˱˪˩ˮ̀ˮ˲˳ 

˻ˮ˱ˮˮ˷ ˷˺˪˶˳˷ ˨˦˲˫ˮ˭˦˶˪˧˦˾ˮ. 

˦˩˦˱˦˲˸˦˲ˮ, ˸˶ˮ̀ˮ˯˰˹˶ˮ  ˯˦˶˯˦˷˹˰ ˮ ˱˳˰˪˯˹˰˦, ˨˦˱˳˶ˮ ˿˪˫˦ ˹˲ˮ˯˦˰˹˶ˮ 

˺ˮˬˮ˯˹˶ˮ-˻ˮ˱ˮ˹˶ˮ ˩  ˦ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ˭. ˦˩˦˱˦˲˸˦˲ˮ˷ ˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ 

˦˻˸ˮ˹˶˳˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˾˪˱˩˪˨ ˮ˲˸˪˲˷ˮ˹˶˦˩ ˱ˮ˱˩ˮ˲˦˶˪˳˧˷ ˱ˮ˷ˮ ˲˦̂˦˶˱˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ ˩  ˦ ˯˫˰˪˫˦, ˶˳˱˪˰˭˦˨˦˲ ˹˱˪˸˪˷˳˧˦ ˦˻˸ˮ˹˶˦˩ ˨˦˱˳ˮ˽˪˲˪˧˦ ˱˪˩ˮ̀ˮ˲˦˾ˮ. 

˱˶˦˫˦˰̂˰ˮ˦˲ˮ ˯˫˰˪˫˪˧ˮ˷ ˷˦˺˹́˫˪˰ˬ˪ ˩˦˩˨˪˲ˮ˰ ˮ˻˲˦, ˶˳ ˱ ˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ ˩  ˦

˦˲˸ˮ˧˦˻˸˪˶ˮ˹˰ˮ ˭˫ˮ˷˪˧˪˧ˮ˷ ˨˦˶˩˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧˱˦ ˨˦˱˳˦˫˰ˮ˲˪˷ ˷̄˫˦ 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˪˧ˮ, ˶˳˨˳˶ˮ̀˦˦ ˮ˱˹˲˳˸˶˳˴˹˰ˮ, ˺˷ˮ˻˳˸˶˳˴˹˰ˮ, 

˷ˮ˱˷ˮ˫˲ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳, ˦˲˦˰˨˪ˬ˹˶ˮ, ˯˶˹˲˿̄˫ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳, ̀ˮ˸˳˷˸ ˦˸ˮ˯˹˶ˮ, 

˯˹˶˦˶˪˱˷˨˦˫˷ˮ, ˸˶˦˲˯˫ˮ˰ˮˬ˦̀ˮ˹˶ˮ, ̆ˮ˴˳˨˰ˮ˯˪˱ˮ˹˶ˮ ˩  ˦ ˷̄˫˦ ˦˻˸ˮ˹˶˳˧˪˧ˮ. 

˦˩˦˱˦˲˸˦˲ˮ ˦˷˪˫˪ ˨˦˱˳ˮ˽˪˲˪˧˦ ˷˦˧˦ˬˮ˷˳ ˲˦˪˶˭˦˩ ̄˪˰˳˫˲˹˶ˮ ˷ˮ˷̄˰ˮ˷, 

ˮ˲˷˪˻˸ˮ̀ˮ˩˪˧ˮ˷ ˩  ˦˧˦˻˸˪˶ˮ̀ˮ˩˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ˷ ˩˦˱ˬ˦˩˪˧ˮ˷˦˷. 

˦˩˦˱˦˲˸˦˲ˮ˷ ˺˶˦˨˱˪˲˸ˮ˷ ˾˪˽˫˦˲˦ ˷̄˫˦˩˦˷̄˫˦ ˱˳˰˪˯˹˰˦˾ˮ ˷˦˾˹˦˰˪˧˦˷ ˮ́˰˪˫˦ 

˺˦˶˭˳ ˷˴˪˻˸˶ˮ˷ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˺ˮˬˮ˯˹˶-˻ˮ˱ˮ˹˶ˮ ˩  ˦ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˭˫ˮ˷˪˧˪˧ˮ˷ ˱˳˩ˮ˺ˮ̀ˮ˶˪˧˦. ˩˦˩˨˪˲ˮ˰ˮ˦, ˶˳ ˱˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˱˳˻˱˪˩˪˧ˮ˷ ˭˦˫ˮ˷˪˧˹˶˪˧˪˧ˮ ˩˦˯˦˫˾ˮ˶˪˧˹˰ˮ˦ ˱ˮ˷ˮ ˱˦˷ˮ˹˶ˮ ˩  ˦˱˦˼˦˰˰ˮ˴˳˺ˮ˰˹˶ˮ 

˯˦˶˯˦˷˹˰ˮ ˧ˮ˶˭˫ˮ˷ ˦˼ ˲˦˨˳˧˦˷˭˦˲. ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˰ˮ˴˳˺ˮ˰˹˶˳˧˦ 

(̆ˮ˩˶˳˺˳˧˹˶˳˧˦) ̄˪˰˷ ˹̂˽˳˧˷ ˱ˮ˷ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˴ˮ˶˩˦˴ˮ˶ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧˦˷ 

˰ˮ˴ˮ˩˹˶ˮ ˾˶ˮ˷ ˱˻˳˲˪ ˧ˮ˳˰˳˨ˮ˹˶ ˱˪˱˧˶˦˲˪˧˭˦˲ ˩  ˦ ̀ˮ˰˪˧ˮ˷ ̆ˮ˩˶˳˺˳˧˹˶ 

˺˶˦˨˱˪˲˸˪˧˭˦˲. ˦˱˦˷˭˦˲, ˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧˷ ˾˪˹́˰ˮ˦˭ ˾˪̀˫˦˰˳˲ ˱˪˱˧˶˦˲ˮ˷ 

˺ˮˬˮ˯˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ ˩  ˦ ˦˷˪˫˪ ˹˲˦˶ˮ ˦˻˫˭ ˷̄˫˦˩˦˷̄˫˦ ˬ˪˱˳˻˱˪˩˪˧ˮ˷ ˩˶˳˷ 

˩˦˦˷˸˦˧ˮ˰˹˶˳˲ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˱˪˱˧˶˦˲˪˧ˮ. ˦˱˶ˮ˨˦˩, ˦˩˦˱˦˲˸˦˲ˮ˷ ˹˲ˮ˯˦˰˹˶ˮ 

˺ˮˬˮ˯˹˶ˮ ˩  ˦ ˻ˮ˱ˮ˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ˷ ˨˦˱˳ ˱ˮ˷ˮ ˨˦˱˳˽˪˲˪˧˦ ˾˪ˮ́˰˪˧˦ ˶˳˨˳˶̀ 

˦˩˦˱˦˲˸˦˲ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˦̄˦˰ˮ ˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ  ˷˸˶˹˻˸˹˶˪˧ˮ˷ 

˱ˮ˷˦˼˪˧˦˩, ˦ ˷˪˫˪ ̂˦˱˰˪˧ˮ˷ ˨˦˩˦˸˦˲ˮ˷˭˫ˮ˷ ˨˦˩˦˱ˬˮ˩ˮ ˷ˮ˷˸˪˱˪˧ˮ˷ ˩˦˷˦˱ˬ˦˩˪˧˰˦˩. 

̂ˮ˲˦˱˩˪˧˦˶˪ ˩ˮ˷˪˶˸˦̀ˮˮ˷ ˰ˮ˸˪˶˦˸˹˶˹˰ˮ ˱ˮ˱˳̄ˮ˰˫ˮ˷ ˷˦˺˹́˫˪˰ˬ˪ 

˩˦˩˨˪˲ˮ˰ˮ˦, ˶˳ ˱˦˩˦˱˦˲˸˦˲ˮ˷ ˺˶˦˨˱˪˲˸ˮ˷ ˾˪˱̀˫˪˰ˮ ̆˪˸˪˶˳̀ˮ˯˰˹˶ˮ ˱˳˰˪˯˹˰˪˧ˮ 

- ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ ˩  ˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˨˦˱˳ˮ˶˿˪˫ˮ˦˲ ˺˦˶˭˳ ˷˴˪˻˸˶ˮ˷ 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˭. ˦ ˱˺˦˶˱˦˯˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˷˸˶˹˻˸˹˶˪˧ˮ˷ ˱ˮ˱˦˶˭ 

˷˦˱˪̀˲ˮ˪˶˳ ˮ˲˸˪˶˪˷ˮ ˩˼ˮ˭ˮ˩˼˪ ˱˦˸˹˰˳˧˷, ˶˦̀ ˬ˶˩ˮ˷ ˦˰˧˦˭˳˧˦˷ ˱˦˭ ˧˦ˬ˦ˬ˪ 

˩˦˱ˬ˦˩˪˧˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ˷ ˩˦˲˪˶˨˫˦˷ ˱˪˩ˮ̀ˮ˲˦˾ˮ ˩  ˦ ˩˼˪ˮ˷˦˭˫ˮ˷ ˦˶˷˪˧˹˰ˮ 

˩˦˦˫˦˩˪˧˪˧ˮ ˷ ˱̂˫˦˫˪ ˴˶˳˧˰˪˱˪˧ˮ˷ ˨˦˩˦̃˶ˮ˷ ˨ˬ˪˧ˮ˷ ˱˳́ˮ˪˧˦.˷ ˱˦˭ˮ ˦̄˦˰ˮ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦˯˫˰˪˫˦ ˨˦˱˳˦˫˰˪˲˷ ˹˯˪˭˪˷ˮ, ˹˷˦˺˶˭̄˳ ˷˦˱˯˹˶˲˦˰˳ 

˷˦˾˹˦˰˪˧˪˧ ˷˺˦˶˭˳ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˭, ˩˦˧˦˰ˮ ˸˳˻˷ˮ˯˹˶˳˧ˮ˭, ˱˦˼˦˰ˮ 

˷˴˪̀ˮ˺ˮ˹˶˳˧ˮ˭ ˩  ˦˧ˮ˳˾˪˼̂˪˫˦˩˳˧˭. 
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˯˫˰˪˫ˮ˷ ́ˮ˶ˮ˭˦˩ˮ ˦˱˳̀˦˲˪˧.ˮ 

̂ˮ˲˦˱˩˪˧˦˶˪ ˩ˮ˷˪˶˸˦̀ˮˮ˷ ˯˫˰˪˫ˮ˷ ˱ˮˬ˦˲˷ ̂˦˶˱˳˦˩˨˪˲˷ ˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ 

˦˩˦˱˦˲˸˦˲ˮ˷ ˶˦˩ˮ˯˦˰ˮ˷ ˾˪˱̀˫˪˰ˮ ̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ˷,  ˯˪˶́˳˩ ˯ ˮ ˩ˮ̀ˮ˯˰˹˶ˮ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˩  ˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷, ˩  ˦ ˸˶ˮ̀ˮ˯˰˹˶ˮ ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦ ˱˦˭ˮ ˷˸˶˹˻˸˹˶˦˷˦ ˩  ˦

˦˻˸ˮ˹˶˳˧˦˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ˷ ˩˦˩˨˪˲˦ ˴˶˳˨˶˦˱˦ PASS-ˮ ˷˱˳˲˦̀˪˱˪˧ˮ˷ ˷˦˺˹́˫˪˰ˬ˪. 

˯˫˰˪˫ˮ˷ ́ˮ˶ˮ˭˦˩ˮ ˦˱˳̀˦˲˪˧ˮ ˾˪˱˩˪˨ˮ˦:  

V N-(3-(5-˧˪˲ˬ˳ˮ˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰˦˩˦˱˦˲˸˦˲-1-ˮ )˰˦̀˪˸˦˱ˮ˩ˮ˷ 

˷ˮ˲˭˪ˬˮ. 

V 5(6)-˧˪˲ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷˷ˮ˲˭˪ˬˮ. 

V ˪˭ˮ/˰˱˪˭ˮ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ 

˷ˮ˲˭˪ˬˮ ˩  ˦̆ˮ˩˶˦ˬˮ˲˳˰ˮˬˮ. 

V 5(6)-˯˦˶˧˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦˱ˮ˷ˮ ˦˼˩˨˪˲ˮ˷ 

˩  ˦˷̄˫˦˩˦˷̄˫˦ ˦˱ˮ˲˪˧˭˦˲ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˪˧ˮ ˷˾˪˷̂˦˫˰˦.  

V N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ. 

V 2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦˱ˮ˷ˮ ˲ˮ˸˶ˮ˶˪˧ˮ˷ 

˩  ˦˦˼˩˨˪˲ˮ˷ ˶˪˦˻̀ˮˮ˷ ˾˪˷̂˦˫˰˦. 

V ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ. 

V 2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ ˦˰˯ˮ˰ˮ˶˪˧ˮ˷ 

˶˪˦˻̀ˮˮ˷ ˾˪˷̂˦˫˰˦.  

V ˪˰˪˻˸˶˳˲˳˩˳˲˳˶˹˰ˮ ˭˫ˮ˷˪˧ˮ˷ ˱˻˳˲˪ ˦˩˦˱˦˲˸˦˲ˮ˷ ˶˦˩ˮ˯˦˰ˮ˷ ˨˦˫˰˪˲ˮ˷ 

˾˪˷̂˦˫˰˦ ˲˦˪˶˭˪˧ˮ˷ ˶˪˦˻̀ˮˮ˷ ˹˲˦˶ˮ˦˲˳˧˦ˬ˪ ˩  ˦ ˱˦˭ ˧ˮ˳˰˳˨ˮ˹˶ 

˦˻˸ˮ˹˶˳˧˦ˬ˪. 

V PASS-ˮ ˷ ˴˶˳˨˶˦˱ˮ˷ ˨˦˱˳˭˫˰˪˧ˮ˭ ˷˸˶˹˻˸˹˶˦˷˦ ˩  ˦ ˱ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ 

˦˻˸ˮ˹˶˳˧˦˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ˷ ˾˪˷̂˦˫˰˦. 

˲˦˾˶˳˱ˮ˷ ́ˮ˶ˮ˭˦˩ˮ ˾˪˩˪˨˪˧ˮ, ˱ ˦˭ˮ ˷˦˱˪̀˲ˮ˪˶˳ ˩  ˦˴˶˦˻˸ˮ˯˹˰ˮ ˱˲ˮ˾˫˲˪˰˳˧˦. 

˷˦˱˪˩ˮ̀ˮ˲˳ ˻ˮ˱ˮˮ˷ ˱˲ˮ˾˫˲˪˰˳˫˦˲ ˦˷˴˪˻˸˷ ̂˦˶˱˳˦˩˨˪˲˷ ˻ˮ˱ˮ˹˶ ˷˸ ˶˹˻˸˹˶˦˷˦ ˩  ˦

˱ˮ˷ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ ˦˻˸ˮ˹˶˳˧˦˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ˷ ˾˪˷̂˦˫˰˦. ˿˫˪˲ ˱ˮ˪˶ 

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 46 ˦̄˦˰ˮ ˲˦˪˶˭ˮ, ˱˦˭ ˾˳˶ˮ˷ ˰ˮ˴˳˺ˮ˰˹˶ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˾˪˱̀˫˪˰  ˮ˧ˮ̀ˮ˯˰˹˶ˮ ̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ˷ - ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˩  ˦˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 

˩  ˦ ˾˪˹˼˰˪˧˹˰ˮ ˸˶ˮ̀ˮ˯˰˹˶ˮ ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˷ ˸ˮ˴ˮ˷ 

̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ ˩  ˦˫ˮ˶˸˹˦˰˹˶ˮ ˷˯˶ˮ˲ˮ˲˨ˮ˷ ˷˦˺˹́˫˪˰ˬ˪ PASS-ˮ ˷

˳˲˰˦ˮ˲ ˴˶˳˨˶˦˱ˮ˷ ˨˦˱˳˭˫˰˪˧ˮ˭ ˾˪˺˦˷˪˧˹˰ ˮ˻˲˦ ˱˦˭ˮ ˾˪˷˦́˰˳ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˦˻˸ˮ˹˶˳˧˦. 
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˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 2-(1-˦˩˦˱˦˲˸˦˲)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 25 ˦ ̄˦˰ˮ ̂˦˶˱˳˪˧˹˰ˮ 5 (˦  ˲

6)-˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˧˪˲ˬ˳ˮ˰, ̆ˮ˩˶˳˻˷ˮ, ˦˶ˮ˰/˦˰˯ˮ˰˳˻˷ˮ, ˯˦˶˧˳˻˷ˮ, 

˦˱ˮ˩˳, ˱ ˪˭ˮ˰ˮ˷ ˩  ˦˪˭˪˶ˮ˷ ˪˷˭˪˶ˮ˷ ˾˪˱̀˫˪˰ˮ ̅˨˹˺˪˧ˮ˭.  

˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ˷ ̅˨˹˺ˮ˷ ˾˪˱̀˫˪˰ˮ 2-

˦˶ˮ˰/˦˰˯ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ, ˨˦˱˳˽˳˺ˮ˰ ˩  ˦ ˩˦̄˦˷ˮ˦˭˪˧˹˰ ˮ˻˲˦ 

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ 10 ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰ˮ ˩  ˦ ˨˦˱˳˯˫˰˪˹˰ ˮ˻˲˦ 

˱˦˭ˮ ˾˪˷˦́˰˳ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦  PASS-ˮ ˷˳˲˰˦ˮ˲ ˴˶˳˨˶˦˱ˮ˷ ˷˦˾˹˦˰˪˧ˮ˭. 

     ˱ ˮ˼˪˧˹˰ ˮ˻˲˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˷

˳˶ ˮ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰ˮ ˩  ˦˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˫ˮ˶˸˹˦˰˹˶ˮ ˷˯˶ˮ˲ˮ˲˨ˮ˷ ˷˦˾˹˦˰˪˧ˮ˭ 

˰ˮ˴˳˺ˮ˰˹˶ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˯˳˪˺ˮ̀ˮ˪˲˸ˮ ˷̄˫˦ 

˰ˮ˴˳˺ˮ˰˹˶ ̅˨˹˺˪˧˭˦˲ ˾˪˩˦˶˪˧ˮ˭.  

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˦̄˦˰ˮ ˲˦˪˶˭ ˪˧ˮ˷ ˾˪˱˩˨˳˱ˮ  ˯˫˰˪˫˦, ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ 

˨˦˱˳˫˰˪˲ˮ˷ ˱ˮˬ˲ˮ˭, ˩˦˨˪˨˱ˮ˰ˮ˦ ˷̄˫˦˩˦˷̄˫˦ ˷˦˾ˮ˾ˮ ˫ˮ˶˹˷˹˰ˮ ˾˸˦˱˪˧ˮ˷, ˦˷˪˫˪ 

˩˼˪ˮ˷˦˭˫ˮ˷ ˪˴ˮ˩˪˱ˮˮ˷ ˨˦˱˳˱̂˫˪˫ˮ ˨˶˦˱ ˩˦˩˪˧ˮ˭ˮ ˩  ˦˨˶˦˱ ˹˦˶˽˳˺ˮ˭ˮ ˧˦˻˸˪˶ˮ˪˧ˮ˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳˩ ˸˪˷˸ˮ˶˪˧ˮ˷ ˿˦˷˦˸˦˶˪˧˰˦˩ ˦˾˾-  ˷ ˦˶˱ˮˮ˷ ˮ˲˺˪˻̀ˮ˹ ˶ ˷˲˪˹˰˪˧˦˭˦ 

˷˦˱˪˩ˮ̀ˮ˲˳ï˯ ˫˰˪˫ˮ˭ ˮ˲˷˸ˮ˸˹˸˾ˮ (USAMRIID). ˩˦˧˦˰ˮ ˸˳˻˷ˮ˯˹˶˳˧ˮ˷ ˩  ˦ ˱̀ˮ˶˪ 

˩˳ˬˮ˶˪˧ˮ˷˦˷ ˱˦˼˦˰ˮ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˨˦˱˳˫˰˪˲ˮ˷ ˾˪˱˭̄˫˪˫˦˾ˮ ˱ˮ˼˪˧˹˰ 

˲˦˪˶˭˪˧ˬ˪ ˯˫˰˪˫ˮ˷ ˨˦˨˶́˪˰˪˧˦ ̄˪˰˷ ˾˪˹̂˽˳˧˷ ˷˦˱˪˩ˮ̀ˮ˲˳ ˻ˮ˱ˮˮ˷ ˨˦˲˫ˮ˭˦˶˪˧˦˷.   

 

˲˦˾˶˳˱ˮ˷ ˱˳̀˹˰˳˧˦ ˩  ˦˷˸˶˹˻˸˹˶˦. 

˷˦˩ˮ˷˪˶˸˦̀ˮ˳ ˲˦˾˶˳˱ˮ ˱˳ˮ̀˦˫˷ 134 ˨˫˪˶˩˷. ˾˪˩˨˪˧˦ ˾˪˱˩˪˨ˮ ́ˮ˶ˮ˭˦˩ˮ 

˭˦˫˪˧ˮ˷˨˦˲: ˾˪˷˦˫˦˰ˮ, ˰ˮ˸˪˶˦˸˹˶ˮ˷ ˱ˮ˱˳̄ˮ˰˫˦, ˪˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˷ 

˨˦˲˷̅˦, ˪˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˲˦̂ˮ˰ˮ, ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˴˶˳˨˲˳ˬˮ˶˪˧˦ ˩  ˦

˩˦˷˯˫˲˪˧ˮ. ˦˷˪˫˪ ˱˳˽˫˦˲ˮ˰ˮ˦ ˩˦˲˦˶˭ˮ 1, ˷˦˩˦̀ ˱˳˽˫˦˲ˮ˰ˮ˦ ˬ˳˨ˮ˪˶˭ˮ ˲ˮ˫˭ˮ˪˶˪˧ˮ˷ 

˧˱˶ ˩  ˦ .ˮ .̂ ˷˴˪˻˸˶˪˧ˮ. ̀ˮ˸ˮ˶˪˧˹˰ˮ ˰ˮ˸˪˶˦˸˹˶ˮ˷ ˲˹˷̄˦ 189, ̀̄˶ˮ˰ˮ 6, ˷˻˪˱˦ 35, 

˷˹˶˦˭ˮ 21. 

 

 

 

˲˦˪˶˭˪˧ˮ˷ ˲˹˱˪˶˦̀ˮ˦ ˭˦˫˪˧˾ˮ 

˲˦˪˶˭˪˧ˮ˷, ˷˻˪˱˪˧ˮ˷ ˩  ˦ ̀̄˶ˮ˰˪˧ˮ˷ ˲˹˱˪˶˦̀ˮ˦ ˭˦˫˪˧˾ˮ Ă˰ ˮ˸˪˶˦˸˹˶ˮ˷ 

˱ˮ˱˳̄ˮ˰˫˦ñ ˩  ˦ Ă˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˷ ˨˦˲˷̅˦ñ ˦˫˸˳˲˳˱ˮ˹˶ˮ˦. ˲˹˱˪˶˦̀ˮ˦ 

Ă˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˲˦̂ˮ˰˾ˮñ ˾˪˪˷˦˧˦˱˪˧˦ Ă˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˷ ˨˦˲˷̅ˮ˷ñ 

˲˹˱˪˶˦̀ˮ˦˷. ˧ˮ ˧˰ˮ˳˨˶˦˺ˮˮ˷ ˲˹˱˪˶˦̀ˮ˦ ˪˶˭ˮ˦˲ˮ˦. ñ˰ ˮ˸˪˶˦˸˹˶ˮ˷ ˱ˮ˱˳̄ˮ˰˫˦˾ˮò 

˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ ˷ ˲˹˱˪˶˦̀ˮ˦ ˦˼˲ˮ˾˲˹˰ˮ˦ ˶˳˱˦˹˰ˮ ̀ˮ˺˶˪˧ˮ˭, ̄˳˰ ˳

Ă˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˷ ˨˦˲˷̅ˮ˷˦ñ ˩  ˦ Ă˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ ˲˦̂ˮ˰˾ˮñ ˦˶˦˧˹˰ˮ 

̀ˮ˺˶˪˧ˮ˭. 
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˴˹˧˰ˮ˯˦̀ˮ˪˧ˮ 

˩ˮ˷˪˶˸˦̀ˮˮ˷ ˱˦˷˦˰˪˧ˬ˪ ˨˦˱˳˻˫˪˽˲˪˧˹˰ˮ˦ 3 ˷˦˱˪̀˲ˮ˪˶˳ ˷˸˦˸ˮ˦, ˦˻˪˩˦˲ 1 ˮ˱˴˦˻  ˸

˺˦˻˸˳˶ˮ˷ ˱˻˳˲˪ ˵˹˶˲˦˰˾ˮ, 2 ˷˸˦˸ˮ˦ ˶˪˺˪˶ˮ˶˪˧˦˩ ˩  ˦ ˶˪̀˪˲ˬˮ˶˪˧˦˩ ˵˹˶˲˦˰˾ˮ. 

˦˴˶˳˧˦̀ˮ˦ ˨˦ˮ˦˶˦  11 ˷˦˪˶˭˦˾˳˶ˮ˷˳ ˩  ˦3 ˪˶˳˫˲˹˰ ˯˳˲˺˪˶˪˲̀ˮ˦ˬ˪ 5  ˳˶˦˰˹˶ˮ ˩  ˦9 

˴˳˷˸˪˶˹˰ˮ ˱˳̄˷˪˲˪˧ˮ˷ ˷˦̄ˮ˭. 

 

˨˦˱˳˻˫˪˽˲˪˧˹˰ˮ ˴ ˹˧˰ˮ˯˦̀ˮ˪˧ˮ: 

1. Marina Soselia, Irina Geibel, Davit Zurabishvili, Shota Samsoniya. ĂThe Synthesis of Adamantane 

Ring Containing Benzimidazole, Benzoxazole, and Imidazo[4,5πe]benzoxazole Derivatives from 

3πAminophenolñ, Journal of Heterocyclic Chemistry, (2018) Vol. 55, Iss.2, Pg.: 447-455. 

2. Marina Soselia, Davit Zurabishvili, Shota Samsoniya, ĂSynthesis of O-and N-Methyl Derivatives 

of 5(6)Hydroxy-4(7)-nitro -2-(1-adamantyl)benzimidazoleñ. ˷˦˻˦˶˭˫˪˰˳˷  ˱˪̀˲ˮ˪˶˪˧˦˭˦ 
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I ˭˦˫ˮ. ˰ ˮ˸˪˶˦˸˹˶˹˰ˮ ˱ˮ˱˳̄ˮ˰˫˦ 

1.1 ˦ ˩˦˱˦˲˸˦˲ˮ ˷˷˸˶˹˻˸˹˶˦ ˩  ˦˱ˮ˷ˮ ˱ˮ˼˪˧ˮ˷ ˱˪˭˳˩˪˧ˮ 

˦˩˦˱˦˲˸˦˲ˮ, ˸˶ˮ̀ˮ˯˰˳[3.3.1.l3,7]˩˪˯˦˲ˮ, ˴˳˰ˮ̀ˮ˯˰˹˶ˮ ˯˦˶˯˦˷˹˰ˮ ˱˳˰˪˯˹˰˦˦ 

˱˦˼˦˰ˮ ˷˸˦˧ˮ˰˹˶˳˧ˮ˭ ˩  ˦ ˾˪˷˦˲ˮ˾˲˦˫ˮ ˺ˮˬˮ˯˹˶ˮ ˩  ˦ ˧ˮ˳˰˳˨ˮ˹˶ ˮ ˭˫ˮ˷˪˧˪˧ˮ˭. 

˴ˮ˶˫˪˰˦˩ ˦ ˱ ˹˲ˮ˯˦˰˹˶ˮ ˱˳˰˪˯˹˰ˮ˷ ˷˸˶˹˻˸˹˶˦ ˾˪˱˳˭˦˫˦ˬ˪˧˹˰ ˮ˻˲˦ ˩˪˯˪˶ˮ˷ 

˱ˮ˪˶ 1924 ̂ ˪˰˷ [13] ˶˳˱˪˰˱˦̀ ˱˦˷ Ă˩ ˪˯˦˸˪˶˴˪˲ˮñ ˹̂˳˩˦ ˩  ˦̂˦˶˱˳˭˻˫˦ ˱˳˷˦ˬ˶˪˧˦, 

˶˳ ˱ ˦ ˱ ˸˶ˮ̀ˮ˯˰˹˶ ˲˦̄˾ˮ˶̂˽˦˰˧˦˩˷, C10H16 ˺˳˶˱˹˰ˮ˭, ˹˲˩˦ ̆˻˳˲˳˩˦ ˦˰˱˦ˮ˷˷ 

˱˷˨˦˫˷ˮ ˦˨˪˧˹˰˪˧˦ ˩  ˦  ˱˦˼˦˰ˮ ˷ˮ˱˪˸˶ˮ˹˰˳˧˦.  ˱˳˨˫ˮ˦˲˪˧ˮ˭, 1933 ̂˪˰˷  ˪ ˷

˸˶ˮ̀ˮ˯˰˹˶ˮ ˱˳˰˪˯˹˰˦ ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ ˲˦˫˭˳˧ˮ˩˦˲ ˰˦˲˩˦˷ ˱ˮ˪˶ ˻˦˰˦˻ 

̆˳˩ˮ˲ˮ˲˾ˮ, ˿˪̄˪˭˾ˮ [14] ˩  ˦˩˦˪˶˻˫˦ ˷˦̄˪˰ˮ  ˦˩˦˱˦˲˸˦˲ˮ, ˶˦̀ ˧˪˶́˲˹˰˦˩ ˦˰˱˦˷ ˷

˲ˮ˾˲˦˫˷. ˪ ˷˷˦̄˪˰̂˳˩˪˧˦ ˷˶˹˰ˮ˦˩ ˦̄˦˷ˮ˦˭˪˧˷ ˦˩˦˱˦˲˸˦˲ˮ˷ ˱˳˰˪˯˹˰˦˷, ˶˦˩˨˦˲ ˱ˮ˷ 

˹˦˼˶˪˷˦˩ ˱˽˦˶ ˷˸˶ ˹˻ ˸˹˶˦˾ˮ ˲˦̄˾ˮ˶˧˦˩ˮ˷ ˦˸˳˱˪˧ˮ ˷ˮ˫˶̀˪˾ˮ ˬ˹˷˸˦˩ ˮ˷˪ ˦˶ˮ˦˲ 

˨˦˲˰˦˨˪˧˹˰˪˧ˮ, ˶˳˨˳˶̀ ˦˰˱˦ˮ˷˷ ˯˶ˮ˷˸˦˰˹˶ ˱˪˷˪˶˾ˮ (˷˹ ˶ 1). ˦˩˦˱˦˲˸˦˲ˮ˷ 

˱˳˰˪˯˹˰˦ ̂˦˶˱˳˦˩˨˪˲˷ ˷˦˫˦˶́˰ˮ˷˪˧˹ ˶˯˳˲˺˳˶˱˦̀ˮ˦˾ˮ ˱˽˳˺ˮ ˷˦˱ˮ ̀ˮ˯˰˳̆˪˻˷˦˲ˮ˷ 

˨˦˪˶˭ˮ˦˲˪˧˦˷ ˽˫˪˰˦˲˦ˮ˶ˮ ˸˳˶˷ˮ˹ ˰ ˮ ˩  ˦ ˯˹˭̄˹˶ˮ ˩˦́˦˧˹˰˳˧ˮ˷ ˨˦˶˪˾˪ (˷˹ ˶ 2). 

˶˪˲˸˨˪˲˳˷˸˶˹˻˸˹˶˹˰˱˦ ˩  ˦ ˪˰˪˻˸˶˳˲˹˰˱˦ ˩ˮ˺˶˦˻̀ˮ˹˰˱˦ ˯˫˰˪˫˪˧˱˦ 

˨˦˱˳˦˫˰ˮ˲˪˷, ˶˳ ˱˦˩˦˱˦˲˸˦˲ˮ˷ ˯˶ˮ˷˸˦˰˪˧ˮ ˾˪˩˨˪˧˦ ̀˪˲˸˶ˮ˷˯˪˲ ˱ˮ˱˦˶˭˹˰ˮ ˯˹˧˹˶ˮ 

˱˪˷˪˶ˮ˷˨˦˲, ˶˦̀ ́˦˰ˮ˦˲ ˹˿˫˪˹˰˳˦ ˳˶˨˦˲˹˰ˮ ˱˳˰˪˯˹˰ˮ˷˦˭ ˫ˮ˷.  ˱ˮ˷ˮ ˹˲ˮ˯˦˰˹˶ˮ 

˦˨˪˧˹˰˪˧˦ ˩ˮ  ˩˨˦˫˰˪˲˦˷ ˦̄˩˪˲˷ ˱ˮ˷ ˹˿˫˪˹˰˳ ˺ˮˬˮ˯˹˶, ˻ˮ˱ˮ˹˶ ˩  ˦˧ˮ˳˰˳˨ˮ˹˶ 

˭˫ˮ˷˪˧˪˧ˬ˪. ˮ ˷ ˪˶-˭˪˶˭ˮ ˽˫˪˰˦ˬ˪ ˱˦˼˦˰ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ ˩˲˳˧˦˩ˮ 

˲˦ ̄˾ˮ˶̂˽ ˦˰˧˦˩ˮ˦ (269°C  ˩ ˦˰˹˻˹˰ ˯˦˴ˮ˰˦˶˾ˮ), ˭˹˱̀˦ ˦˩˫ˮ˰˦˩ ˷˹˧˰ˮ˱ˮ˶˩˪˧˦ 

˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ ˩  ˦˦˸˱˳˷˺˪˶˹˰ ̂˲˪˫˦ˬ˪ [15].   
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˷˹ ˶1: ˦˰˱˦˷ˮ ˷˯˶ˮ˷˸˦˰˹˶ˮ ˱˪˷˶ˮ˷ ˺˶˦˨˱˪˲˸ˮ [16].

 

˷˹ ˶2: ˦˩˦˱˦˲˸˦˲ˮ˷ ˷˸˶˹˻ ˸˹˶˦ [16]. 

˰˦˲˩˦˷ ˦˼˱˳˿˪˲ˮ˷ ˾˪˱˩˪˨ ˩˦ˮ̂˽˳ ˦˩˦˱˦˲˸˦˲ˮ˷ ˨˦˱˳˽˳˺˦ ˷̄˫˦˩˦˷̄˫˦ ˲˦˫˭˳˧ˮ˩˦˲, 

˭˹˱̀˦ ˴˶˳˩˹˻˸ˮ˷ ˨˦˱˳˷˦˫˦˰ˮ ˾˪˦˩˨˪˲˩˦ 0.0004%- .˷ ˱ˮ˷ˮ ˷˹˺˭˦ ˷˦̄ˮ˭ ˨˦˱˳˽˳˺˦  

˱ˮ˷ˮ ˷̄˫˦ ˲˦̂˦˶˱˪˧ˮ˷ ˲˦˶˪˫˾ˮ ˾˪˷˦́˰˪˧˪˰ˮ ˮ˽˳ ˬ˹˷˸˦˩ ˱ˮ˷ˮ ˱˦˼˦˰ˮ ˰˼˳˧ˮ˷ 

˸˪˱˴˪˶˦˸˹˶ˮ˷ ̂˽˦˰˳˧ˮ˭. 40-ˮ˦˲ ̂˰˪˧˦˱˩˪, ˲˦˫˭˳˧ˮ ̂˦˶˱˳˦˩˨˪˲˩˦ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˱ˮ˼˪˧ˮ˷ ˪˶˭˦˩˪˶˭ ̂˽˦˶˳˷, ˷˦ˮ˩˦˲˦̀ ˮ,˷ ˷˦˫˦˶˦˹˩˳˩, ˲˦˫˭˳˧ˮ˷ ˧ˮ˳˨˪˲˪ˬˮ˷ ˩˶˳˷, 

˧˹˲˪˧˶ˮ˫ˮ ̀ˮ˯˰˹˶ˮ ˲˦̄˾ˮ˶̂˽˦˰˧˦˩˪˧ˮ˷ ˮˬ˳˱˪˶ˮˬ˦̀ˮˮ˷ ˾˪˩˪˨˦˩ ̂˦˶˱˳ˮ˻˱˲˦ 

˭ˮ̄ˮ˷˦ ˩  ˦˦˰˹˱ˮ˲˳˷ˮ˰ˮ˯˦˸˪˧˭˦˲ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˷˦˷ [15]. 

˧˳˸̅˪˶ˮ ˮ˽˳ ˴ˮ˶˫˪˰ˮ, ˶˳˱˪˰˱˦̀ 1937 ̂˪˰˷ ˩˦˦˷ˮ˲˭˪ˬ˦ ˷̄˫˦˩˦˷̄˫˦ 

˶˦˩ˮ˯˦˰˪˧ˮ˭ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˸˶ˮ̀ˮ˯˰˳ [3.3.1.13,7]˩˪˯˦˲ˮ [17] ˭˹˱̀˦ ˱ˮ˷ˮ ˱ˮˬ˦˲ˮ ˦ ˶

ˮ˽˳ ˭˫ˮ˭˳˲ ˦˩˦˱˦˲˸˦˲ˮ˷ ˷ˮ˲˭˪ˬˮ. 1941 ̂ ˪˰˷ ˦˩˦˱˦˲˸˦˲ˮ ˴ˮ˶˫˪˰˦˩ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ˮ 

˷ˮ˲˭˪ˬ˹˶ˮ ˨ˬˮ˭ ˴˶˪˰˳˨ˮ ˷ ̅˨˹˺ˮ˷ ˱ˮ˪˶ [18] ˧ˮ̀ˮ˯˰˳˲˳˲˦˲˪˩ˮ˳ˮ˲˩ˮ˪˷˭˪˶ˮ˩˦˲ 

(˷˻˪˱˦ 1). ˭˹˱̀˦ ˷˦˧˳˰˳˳ ˴˶˳˩˹˻˸ˮ˷ ˨˦˱˳˷˦˫˦˰ˮ ˮ˽˳ ́˦˰ˮ˦˲ ˱̀ˮ˶˪ ˩  ˦

˴˶˪˴˦˶˦˸˹˰ˮ ˱ˮˬ˲˪˧ˮ˷˭˫ˮ˷ ˨˦˱˳˹˷˦˩˪˨˦˶ˮ. ˱̄˳˰˳˩ 1957 ̂˰ˮ˩˦˲ ˨˦̄˩˦ 

˾˪˷˦́˰˪˧˪˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˺˦˶˭˳ ̂˦˶˱˳˪˧˦, ˶˳̀˦ ˾˰˪ˮ˱˪˶˱˦ ˾˪ˮ˱˹˾˦˫˦ ˦˩˦˱˦˲˸˦˲ˮ˷ 
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˷ˮ˲˭˪ˬˮ ̆ˮ˩˶ˮ˶˪˧˹˰ˮ ˩ˮ̀ˮ˯˰˳˴˪˲˸˦˩ˮ˪˲ˮ˷ ˯˦˸˦˰ˮˬ˹˶ˮ ˮˬ˳˱˪˶ˮˬ˦̀ˮˮ˷ 

˱˪˭˳˩ˮ,˭ ˰˹ˮ˷ˮ˷ ˱˵˦˫˦˷ ˭˦˲˩˦˷̂˶˪˧ˮ˭ [19].  

 

˷˻˪˱˦ 1: ˦˩˦˱˦˲˸˦˲ˮ˷ ˴ˮ˶˫˪˰ˮ ̂˦˶˱˦˸˪˧˹˰ˮ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦ [18]. 

 

˦˩˦˱˦˲˸˦˲ˮ˷ ˹˲ˮ˯˦˰˹˶ˮ ˺ˮˬˮ˯˹˶ˮ ˩  ˦ ˻ˮ˱ˮ˹˶ˮ ˭˦˫ˮ˷˪˧˹˶˪˧˪˧ˮ˷ ˨˦˱˳ ˱ˮ˷ˮ 

˲˦̂˦˶˱˪˧ˮ ˺˦˶˭˳˩ ˨˦˱˳ˮ˽˪˲˪˧˦ ˦˶˦ ˱˦˶˸˳ ˱˪˩ˮ̀ˮ˲˦˾ˮ, ˦˶˦˱˪˩ ˳˶˨˦˲˹˰ ˷ˮ˲˭˪ˬ˾ˮ 

˷̄˫˦˩˦˷̄˫˦ ˷˦̄ˮ˷ ˷˪˰˪˻˸ˮ˹˶ˮ ˯˦˸˦˰ˮˬ˦˸˳˶˪˧ˮ˷ [20] ˦˷˪˫˪ ˭˪˶˱˳˱˩˨˶˦˩ˮ ˩  ˦

˵˦˲˨˫˦˱˪˩˪˨ˮ ˴˳˰ˮ˱˪˶˪˧ˮ˷ [21] ˩  ˦ ˲˦̄˪˫˶˦˩ ˨˦˱˸˦˶˪˧ˮ˷ ˭̄˪˰ˮ ˺ˮ˶˪˧ˮ˷ 

˩˦˷˦˱ˬ˦˩˪˧˰˦˩ [22, 23]. 

 

1.2. ˦ ˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ 

˦˩˦˱˦˲˸˦˲ˮ˷ ˻ˮ˱ˮˮ˷ ˷̂˶˦˺˱˦ ˨˦˲˫ˮ˭˦˶˪˧˦˱ ̄˪˰ˮ ˾˪˹̂˽˳ ˦˩˦˱˦˲˸˦˲ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˼˶˱˦ ˾˪˷̂˦˫˰˦˷. ˴ˮ˶˫˪˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˲˦̂˦˶˱ˮ, ˶˳˱˪˰ˮ̀ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦ ˷˦˱˪˩ˮ̀ˮ˲˳ ˻ˮ˱ˮ˦˾ˮ, ˮ˽˳ 1-˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲ˮ˷ 

̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ (˦˱˦˲˸˦˩ˮ˲ˮ) (II ) [24]. ˱˦˲ ˨˦˱˳˦˫˰ˮ˲˦ A ˸ˮ˴ˮ˷ ˨˶ˮ˴ˮ˷ ˫ˮ˶˹˷ˮ˷ 

˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦ ˻˷˳˫ˮ˰˪˧ˬ˪, ˭˦˨˫˪˧ˬ˪ ˩  ˦˻˦˭˱ˮ˷ ˪˱˧˶ˮ˳˲ˬ˪ ̀˩˪˧ˮ˷˦˷ 

[25]. ˦˻˪˩˦˲ ˩˦ˮ̂˽˳ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧˦ˬ˦ˬ˪ ̂˦˶˱˳˪˧˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ˷ ˮ˲˸˪˲˷ˮ˹˶ˮ 

˦˼˱˳˿˪˲˦ ˩  ˦ ˯˫˰˪˫˦. ˱˶˦˫˦˰ˮ ˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲ˮ ˩  ˦ ˱ˮ˷ˮ ˦˲˦˰˳˨ ˮ ˮ˻˲˦ 
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˩˦˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˩  ˦ ˾˪˷̂˦˫˰ˮ˰ˮ ˷̄˫˦˩˦˷̄˫˦ ˫ˮ˶˹˷˹˰  ˮ ˾˸˦˱˪˧ˮ˷ ̂ˮ˲˦˦˼˱˩˪˨. 

˱˦˨˦˰ˮ˭˦˩, ˧˶˳˱˦˲˸˦˲ˮ (III ) (˴˶˪˴˦˶˦˸˹˰ˮ ˷˦̄˪˰̂˳˩˪˧˦ - ˰˦˩˦˷˸˪˲ˮ), ˯˪˱˦˲˸˦˲ˮ 

(IV) (˩˶˦˱˦˲˸˳˲ˮ), ˦˱˦˲˸˦˩ˮ˲ˮ (II ) (˷ˮ˱˪˸˶˪˰ˮ) ˩  ˦˶˪˱˦˲˸˦˩ˮ˲  ˮ (V) (˺˰˹˱˦˩ˮ˲ˮ)  

̂˦˶˱˦˸˪˧ˮ˭ ˨˦˱˳ˮ˽˪˲˪˧˳˩˦ ˷˪ˬ˳˲˹˶ˮ ˨˶ˮ˴ˮ˷ ˩˦˦˫˦˩˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ ˩  ˦

˴˶˳˺ˮ˰˦˻˸ˮ˯ˮ˷˭˫ˮ˷. ˶˪˱˦˲˸˦˩ˮ˲˱˦ ˨˦˱˳˦˫˰ˮ˲˦ ˦˷˪˫˪ ̆˪˶˴˪˷ˮ˷, ̂ˮ˭˪˰˦˷, 

˿˹˸˽˫˦˫ˮ˰˦˷, ˶˦˹˷ˮ˷ ˷˦˶˯˳˱ˮ˷, ˷̄˫˦˩˦˷̄˫˦ ˷˦̄ˮ˷ ˪˲̀˪˺˦˰ˮ˸ˮ˷ ˫ˮ˶˹˷˪˧ˮ˷ 

˨˦˱˶˦˫˰˪˧ˮ˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˭˫ˮ˷˪˧˪˧ˮ [10]. ˸˶˳˱˦˲˸˦˩ˮ˲ˮ (VI ) (˫ˮ˶˹-˱˪˶̀ˮ) 

˩˼˪˱˩˪ ˨˦˱˳ˮ˽˪˲˪˧˦ ˸ˮ˴ˮ 1 ˷ˮ˱˴˰˪˻˷ ̆˪˶˴˪˷ˮ˷ ˫ˮ˶˹˷ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ (˷˹ ˶3) [26, 

27]. 

 

˷˹ ˶3: ˦˩˦˱˦˲˸˦˲ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ ˩  ˦˺˷ˮ˻˳˸˶˳˴˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ.  

 

˩˦˩˨˪˲ˮ˰ ˮ˻˲˦, ˶˳ ˱˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲˪˧ˮ ˦ˮ˲̆ˮ˧ˮ˶˪˧˩˲ ˪˲ ˫ˮ˶˹˷˪˧ˮ˷ ˶˪˴˰ˮ˯˦̀ˮ˦˷ 

ˮ˲˺ˮ̀ˮ˶˪˧ˮ˷ ˷˦̂˽ˮ˷ ˪˸˦˴ˬ˪, ˷˦̄˪˰˩˳˧˶, ˫ˮ˶˹˷˪˧ˮ˷ ˾˪̃˶˦˷ ˱˦˷˴ˮ˲́˪˰ ˹̅˶˪˩˾ˮ ˩  ˦

˫ˮ˶˹˷˹˰ˮ ˩˲-˱ˮ ˷˨˦˱˳˾˫˪˧˦˷ ̅˦˲˱˶˭˪˰ ˹̅˶˪˩˾ˮ. ˱˦˭ˮ ˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ ˦˻˸ˮ˹˶˳˧˦ 

˨˦˲˴ˮ˶˳˧˪˧˹˰ˮ ˮ˽˳ ˰ˮ˴˳˺ˮ˰˹˶ˮ ˩ˮ˩ ˮ˱˳˰˪˯˹˰ˮ˭ ˫ˮ˶˹˷ˮ˷ M2 ˸ˮ˴ˮ˷ ̀ˮ˰˳˫˦˲ˮ 

ˮ˳˲˱ˮ˱˳̀˫˰ˮ˭ˮ ˦˶̄ˮ˷ ˷˪˰˪˻˸ˮ˹˶ˮ ˧˰˳˯ˮ˶˪˧ˮ˭, ˶ˮ˷ ˾˪˩˪˨˦˩˦ ̀ ˮ˭˶˨˹˲˪˧˳˩˦ 

˫ˮ˶˹˷ˮ˷ ˶˪˴˰ˮ˯˦̀ˮ˦ ˮ˲˺ˮ̀ˮ˶˪˧˹˰ ˹̅˶˪˩˾ˮ [28]. 
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A ˩  ˦ B ˸ˮ˴ˮ˷ ˫ˮ˶˹˷˪˧ˮ˷ ˷˸˶˹˻˸˹˶˹˰ˮ ˨˦˲̄˫˷ ˦˫˪˧ˮ˷ ˨˦˱˳ ˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲ˮ˷ 

˲˦̂˦˶˱˪˧ˮ˷ ˱˳˻˱˪˩˪˧˦ ˪˺˪˻˸˹˶ˮ ˮ˽˳ ́ˮ˶ˮ˭˦˩˦˩ A ˸ˮ˴ˮ˷ ˫ˮ˶˹˷ˬ˪. ˭˹˱̀˦, ˦ ˱

˷˪˰˪˻˸ˮ˹˶ˮ ˱˳˻˱˪˩˪˧ˮ˷ ˨˦˱˳ ˫ˮ˶˹˷˪˧˾ˮ ˨˦˲˫ˮ˭˦˶˪˧˹˰ˮ ˱̀ˮ˶˪ ˱˹˸˦̀ˮˮ˷ ˾˪˱˩˪˨ 

́˦˰ˮ˦˲ ˷̂˶˦˺˦˩ ˨˦˫˶̀˪˰˩˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ̂˦˱˰˪˧ˮ˷ ˱ˮ˱˦˶˭ ˶˪ˬˮ˸˷˪˲˸˳˧˦. 2003 ̂ ˪˰˷ 

˦ˬˮ˦˾ ˮ˨˦˫˶̀˪˰˪˧˹˰ˮ A(H3N2) ˸ˮ˴ˮ˷ ˫ˮ˶˹˷ˮ ˱˭˰ˮ˦˲˦˩ ˮ˽˳ ˦˱˦˸˦˲ ˩ˮ˲ˮ˷ (II ) ˩  ˦

˶˪˱˦˲˸˦˩ˮ˲ˮ˷ (V) ˱ˮ˱˦˶˭ ˶˪ˬˮ˸˷˪˲˸˹˰ˮ ˩  ˦ ˹˯˫˪ 2009 ̂˰ˮ˷˭˫ˮ˷ ˷˪ˬ˳˲˹˶ˮ A 

˸ˮ˴ˮ˷ ˽˫˪˰˦ ˫ˮ˶˹˷˾ˮ ˦˼ˮ˲ˮ˾˲˪˧˳˩˦ ˦ ˱˴˶˪˴˦˶˦˸˪˧ˮ˷ ˱ˮ˱˦˶˭ ˶˪ˬˮ˸˷˪˲˸˳˧˦ [29].  

˫ˮ˶˹˷˪˧ˮ˷ ˬ˶˩˦˩ˮ ˱˹˸˦̀ˮˮ˷ ˨˦˱˳, ˩˼˪ˮ˷˦˭˫ˮ˷ ˮ˲˸˪˲˷ˮ˹˶˦˩ ˱ˮ˱˩ˮ˲˦˶˪˳˧˷ 

˯˫˰˪˫˪˧ˮ ˦ ˱ ˫ˮ˶˹˷˪˧ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦̄˦˰ˮ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˷˦˾˹˦˰˪˧˪˧ˮ˷ 

́ˮ˪˧˦ ˩  ˦ ˷ˮ˲˭˪ˬˮ. 2013 ̂˪˰˷ ˫ˮ˰ˮ˦˱ ˩˪˨˶˦˩˳˱ ˩  ˦ ˱ˮ˷˱˦ ˭˦˲˦˦˫˸˳˶˪˧˱˦ 

˩˦˦˷ˮ˲˭˪ˬ˪˷ ˩  ˦ ˩˦˦˴˦˸˪˲˸˪˷ ˦˩˦˱˦˲˸˦˲ ˦˱ˮ˲ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ,˷ ˱˦˭ 

˾˳ ˶ˮ  ˷˳˻˷˦ˬ˳˰ˮ˷ ˩  ˦˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˾˪˱̀˫˪˰ˮ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ, ˶˳˱˰˪˧ˮ̀ 

́˦˰ˬ˪ ˪˺˪˻˸˹˶˲ˮ ˦˼˱˳˿˲˩˲˪˲ ̂˦˱˰˪˧ˮ˷ ˱ˮ˱˦˶˭ ˶˪ˬˮ˷˸˪˲˸˹˶ˮ A ˸ˮ˴ˮ˷ ˨˶ˮ˴ˮ˷ 

˫ˮ˶˹˷˪˧ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳˩. ˦˫˸˳˶˪˧ˮ˷ ˦ˬ˶ˮ˭, ˮ˷ˮ˲ˮ ˾˪ˮ́˰˪˧˦ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦˷ 

˶˳˨˳˶̀ M2 ˸ˮ˴ˮ˷ ˴˶˳˸˳˲˹˰ˮ ˦˶̄ˮ˷ ˾˪˱̀˫˪˰ˮ  ˨˶ˮ˴ˮ˷ ˫ˮ˶˹˷˪˧ˮ˷ (A ˩  ˦B ˸ˮ˴ˮ˷ 

˫ˮ˶˹˷˪˧ˮ), ˦˷˪˫˪ ˷̄˫˦ ˱˷˨˦˫˷ˮ ˫ˮ˶˳˺˳˶ˮ˲˪˧ˮ˷ (˪˧˳˰˦˷ ˩  ˦˱˦˶˧˹˶˨ˮ˷ VP24 ˫ ˮ˶˹˷˪˧ˮ; 

˧˰˹˸˦˲˨ˮ˷, ˮ˨ˮ˫˪ ̀̄˫˶ˮ˷ ˯˦˸˦˶˦˰˹˶ˮ ̀ˮ˪˧ˮ˷ ˨˦˱˳˱̂˫˪˫ˮ ˫ˮ˶˹˷ˮ˷ ̀ˮ˰˦ NS3) ˱ˮ˪˶ 

˨˦˱˳̂˫˪˹˰ˮ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˴˶˪˫˪˲̀ˮˮ˷˭˫ˮ˷, ˮ˲̆ˮ˧ˮ˶˪˧ˮ˷˭˫ˮ˷ ˩  ˦˱˯˹˶˲˦˰˳˧ˮ˷˭˫ˮ˷ 

[30, 31]. 

1969 ̂ ˪˰˷ ˴ˮ˶˫˪˰˦˩ ˨˦˱˳ˮ̀˦˩˦ ˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲ˮ˷ ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ ˴˦˶˯ˮ˲˷ ˳˲ˮ˷ 

˩˦˦˫˦˩˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ ˩  ˦ 50 ̂˰ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˱ˮ˷ˮ ˨˦˱˳˽˪˲˪˧˦ ˩˼˪˱˩˪ 

˦˻˸˹˦˰˹˶ˮ˦. ˨˦˱˳˯˫˰˪˫˦ ˿˦˸˦˶˩˦ 163 ˴˦˶˯ˮ˲˷ ˳˲ˮ˭ ˩˦˦˫˦˩˪˧˹˰ ˴˦̀ˮ˪˲˸ˬ˪, 

˶˳˱˰˪˧˷˦̀ ˨˦̂˪˶ˮ˰ˮ ̆˻˳˲˩˦˭ 200 ˱ ˨˦˱˦˲˸˦˩ˮ˲ˮ˷ ˱ˮ˼˪˧˦ ˽˳˫˪˰˩˼˪. ˨˦˱˳˯˫˰˪˫ˮ˷ 

˾˪˩˪˨˦˩ ˴˦̀ˮ˪˲˸˪ ˧ˮ˷ 66%-  ˷ ˦˼˪˲ˮ˾˲˪˧˳˩˦ ˩˦˦˫˦˩˪˧ˮ˷ ˱ˮ˱˦˶˭ ˷˦˨˶́˲˳˧ˮ 

˨˦˹˱̅˳˧˪˷˪˧˦ ˩  ˦ ˴˦˶˯ˮ˲˷˳˲ˮ˷ ˩˦˦˫˦˩˪˧ˮ˷ ˷ˮ˱˴˸˳˱˪˧ˮ˷ ˩˦˭˶˨˹˲˫˦ [32]. ˦ ˱

˨˦˱˳˯˫˰˪˫ˮ˷ ˾˪˩˪˨˦˩ ˩˦ˮ̂˽˳ ˦˩˦˱˦˲˸ ˦˲ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˦̄˦˰ˮ ˯˰ˮ˲ˮ˯˹˶ˮ 

˨˦˱˳˽˪˲˪˧ˮ˷ ̄˦˲˦ ̀˪˲˸˶˦˰˹˶ˮ ˲˪˶˫˹˰ˮ ˷ˮ˷˸˪˱ˮ˷ (̀˲˷) ˱˯˹˶˲˦˰˳˧ˮ˷ ˷˺˪˶˳˾ˮ. 

˩˦˩˨ˮ˲˩˦, ˶˳ ˱ ˱˦˼˦˰ˮ ˰ˮ˴˳˺ˮ˰˹˶˳˧ˮ˷ ̂˽˦˰˳˧ˮ˭ ˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧ˮ 
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˦˩˫ˮ˰˦˩ ˨˦˩ˮ˦˲ ̆˪˱˦˸˳˪˲̀˪˺˦˰˹˶ ˧˦˶ˮ˪˶˷ ˩  ˦ ˦˼̂˪˫˪˲ ̀˪˲˸˶˦˰˹  ˶ ˲˪˶˫˹˰ 

˷ˮ˷˸˪˱˦˾ˮ (̀˲˷). ˦ ˱˷ˮ˷˸˪˱˦ˬ˪ ˦˩˦˱˦˲˸˦˲ˮ˷ ˱˳˻˱˪˩˪˧ˮ˷ ˱˭˰ˮ˦˲ˮ ˱˪˻˦˲ˮˬ˱ˮ ˩˼˪˱˩˪ 

˹̀˲˳˧ˮ˦, ˭˹˱̀˦ ˩˦˩˨˪˲ˮ˰ˮ˦, ˶˳ ˱ ˦˩˦˱˦˲˸˦˲ˮ ̂˦˶˱˳˦˩˨˪˲˷ ˩˳˺˦˱ˮ˲˪˶˨˹˰, 

˲˳˶˦˩˶˪˲˪˶˨ˮ˹˰ ˩  ˦˷˪˶˳˸˳˲˪˶˨ˮ˹˰ ˲ˮ˫˭ˮ˪˶˪˧˦˷ ˩  ˦˨˦˦˿˲ˮ˦ ˲˪ˮ˶˳˴˶˳˸˪˻˸˹˰ˮ 

˭˫ˮ˷˪˧˪˧ˮ.  ˱ˮ˩˦˲˸˦˲ˮ (VII ) ˩  ˦ ˷̄˫˦ ˷˸˶˹˻˸˹˶˹˰˦˩ ˱˷˨˦˫˷ ˮ ˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲˪˧ˮ 

ˮ̀˦˫˪˲ ̀˲˷-  ˷ ˲˪ˮ˶˳˲˪˧ˮ˷ ˩˦˯˦˶˨˫ˮ˷˨˦˲ ˦ ˲ ˩ˮ˷˺˹˻̀˲ ˮˮ˷˨˦˲ ˸˫ˮ˲ˮ˷ ˷̄˫˦˩˦˷̄˫˦ 

˴˦˭˳˰ ˳˨ˮ˹˶ˮ ˱˩˨˳˱˦˶˪˳˧ˮ˷ ˩˶˳˷, ˶˳˨˳˶˪˧ˮ̀˦˦ ˱˦˨˦˰ˮ˭˦˩, ˪˻˷˸˶˪˱˦˰˹˶ˮ 

˺˦˻˸˳˶˪˧ˮ˷ ˬ˪˨˦˫˰˪˲˦ (̀˪˶˪˧˶˦˰˹˶ˮ ̆ˮ˴˳˻˷ˮ˹˶ˮ ˩˦ˬˮ˦˲˪˧˦, ̀ˮ˶˯˹˰˦̀ˮˮ˷ 

˩˦˶˼˫˪˫˪˧ˮ, ˸˶˦˫˱˪˧ˮ, ˲˪˶˫˹˰ˮ ˮ˲˺˪˻̀ˮ˪˧ˮ ˩  ˦ ˮ˲˸˳˻˷ˮ˯˦̀ˮ˪˧ˮ) ˩  ˦ ˬ˳˨ˮ˪˶˭ˮ 

˲˪ˮ˶˳˩˪˨˪˲˪˶˦˸ˮ˹˰ˮ ˩˦˶˼˫˪˫˪˧ˮ (˴˦˶˯ˮ˲˷ ˳˲ˮ˷, ˦˰̀̆˪ˮ˱˪˶ˮ˷, ˮ˦˯˳˧-

˯˶˪˹˭̀ˮ˺˪˰˸ˮ˷ ˩˦˦˫˦˩˪˧˪˧ˮ ˩  ˦ ˨˦˺˦˲˸˹˰ˮ ˷˯˰˪˶˳ˬˮ). ˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧ˮ 

ˬ˶˩ˮ˦˲ ˾˶˳˱ˮ˷˹˲˦˶ˮ˦˲˳˧˦˷ (˶˳˨˳˶̀ ˲˳˶˱˦˰˹˶, ˦˷˪˫˪ ˱́ˮ˱˪ ˴ˮ˶˳˧˪˧˾ˮ) ˩  ˦

̄˦˷ˮ˦˭˩˪˧ˮ˦˲ ˮ˱˹˲˳˱˦˷˸ˮ˱˹˰ˮ˶˪˧˪˰ˮ  ˩  ˦˲˪ˮ˶˳˺˷ˮ˻˳˦˻˸ˮ˹˶˳˧ˮ˭, ˶˦̀ ˨˦˶˯˫˪˹˰ 

̂ˮ˰˦˩ ˾˪ˮ́˰˪˧˦ ˦̄˲ˮ˰ˮ ˮ˽˳˷ ˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧ˮ˷ ˹̅˶˪˩˹˰ˮ ˱˪˱˧˶˦˲˪˧ˮ˷ 

˷˸˶˹˻˸˹˶ˮ˷ ˩  ˦˺˹˲˻̀ˮˮ˷ ̀˫˰ˮ˰˪˧ˮ˷ ˴˶˪˫˪˲̀ˮˮ ˷˹˲˦˶ˮ˭. ˱˦˨˦˰ˮ˭˦˩, ˧˶˳˱˦˲˸˦˲ˮ 

(III ) ̄˦˷ˮ˦˭˩˪˧˦ ˦˯˸˳˴˶˳˸˪˻˸˳˶˹˰ˮ ˭˫ˮ˷˪˧˪˧ˮ˭, ˺˰˳˧˷ ˶ ˦ ˺˷ˮ˻˳- ˩  ˦

ˮ˱˹˲˳˱˦˷˸ˮ˱˹˰ˮ˶˪˧˪˰, ˩  ˦˦˷˪˫˪ ˦˩˦˴˸˳˨˪˲˹˶ ˭˫ˮ˷˪˧˪˧˷ [33]. 

˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧ˮ ˦˷˪˫˪ ̂˦˶˱˦˸˪˧ˮ˭ ˱˳˻˱˪˩˪˧˪˲ ˪˲ˬˮ˱˪˧ˮ˷ ˷˦˱ˮˬ˲˪˪˧ˬ˪. 

˱˦˨˦˰ˮ˭˦˩, N-˦˩˦˱˦˲˸ˮ˰˾˦˶˩˳˫˦˲˦˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ [34] ˱˳˻˱˪˩˪˧˪˲ ̄˷˲˦˩ 

˪˴˳˻˷ˮ˩̆ ˮ˩˶˳˰˦ˬ˦ˬ˪, ˶˳˱˪˰ˮ̀ ˱˲ˮ˾˲˪˰˳˫˦˲ ˶˳˰ ˷ ˦˷˶˹˰˪˧˷ ˦˲˭˪˧ˮ˷ 

˱˪˩ˮ˦˸˳˶˪˧ˮ˷ ˧ˮ˳˷ˮ˲˭˪ˬ˾ˮ ˩  ˦ ˻˷˪˲˳˧ˮ˳˸ˮ˯˪˧ˮ˷ ˸˶˦˲˷˺˳˶˱˦̀ˮ˦˾ˮ. ˾˪˷˦˧˦˱ˮ˷˦˩ 

˱ˮ˷ˮ ˮ˲̆ˮ˧ˮ˸˳˶˪˧ˮ ̂˦˶˱˦˸˪˧ˮ˭ ˨˦˱˳ˮ˽˪˲˪˧˦ ˦˶˸˪˶ˮ˹˰ˮ ̂˲˪˫ˮ˷ ˩  ˦ ˦˲˭˪˧ˮ˭ ˮ

˴˶˳̀˪˷˪˧ˮ˷ ˩˦˷˦˶˪˨˹ ˰ˮ˶˪˧˰˦˩ [35, 36]. ̆ˮ˩˶˳˻˷ˮ-˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ ˱˳˻˱˪˩˪˧˪˲ ˷˴˪̀ˮ˺ˮ˹˶ ˪˻˷˳˴˪˴˸ˮ˩˦ˬ˦ˬ˪ - ˩ˮ˴˪˴˸ˮ˩ˮ˰ ˴˪˴˸ˮ˩˦ˬ˦ 

IV-ˬ  ˪ (DPP-IV), ˶˳˱˰ˮ˷ ˦˻˸ˮ˹˶˳˧˦ ˹˦˶˽˳˺ˮ˭˦˩ ˱˳˻˱˪˩˪˧˷ ˨˰˹˯˳ˬˮ˷ 

̆˳˱˪˳˷˸˦ˬˬ˪. ˦ ˱ ˪˲ˬˮ˱ˮ˷ ˮ˲̆ˮ˧ˮ˸˳˶˪˧˷ ˦˻˫˭ ̆ˮ˴˳˨˰ˮ˯˪˱ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦ ˩  ˦

̂˦˶˱˦˸˪˧ˮ˭ ˨˦˱˳ˮ˽˪˲˪˧ˮ˦˲ ˸ˮ˴ˮ 2 ˩ ˮ˦˧˪˸ˮ ˱˪˰ˮ˸˹˷ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩.  
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˦˩˦˱˦˲˸˦˲ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˦˲˸ˮ˩ˮ˦˧˪˸˹˶ˮ ˦˻˸ˮ˹˶˳˧˦ ˴ˮ˶˫˪˰˦˩ 2003 ̂˪˰˷ 

˾˪ˮ˷̂˦˫˰˦ ˫ˮ˰̆˦˹˪˶ˮ˷ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺˱˦, ˶˳˱˰˪˧˱˦̀ ˨˦˱˳ˮ˯˫˰ˮ˪˷ ˴ˮ˶˳˰ˮ˩ˮ˲ˮ˷, 

˭ˮ˦ˬ˳˰ˮ˩ˮ˲ˮ˷ ˩  ˦ N-˿˦˲˦̀˫˰˪˧˹˰ˮ ˨˰ˮ̀ˮ˲ ˦˱ˮ˩ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ ˷

˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦ DPP-IV-ˬ  ˪˫ˮ˶˭˦˨˫˪˧ˬ˪ ˩  ˦˱˦ˮ˱˹˲˪˧ˬ˪ ̀˩˪˧ˮ˷˦˷. 90-˱˩ ˪

˲˦˪˶˭ˮ˷ ˷˸˶˹˻˸˹˶˦˷˦ ˩  ˦ ˦˻˸ˮ˹˶˳˧˦ ˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ˷ ˾˪˷̂˦˫˰ˮ˷ ˾˪˩˪˨˦˩ 

˨˦˱˳˫˰ˮ˲˩˦ ˽˫˪˰˦ˬ  ˪ ˪˺˪˻˸˹˶ˮ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧ˮ˷ ˱˻˳˲˪ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˾˪˱̀˫˪˰ˮ ̀ˮ˦˲˳˴ˮ˶˳˰ˮ˩ˮ˲ˮ˷ ˲˦̂˦˶˱ˮ (˷˹ ˶4) ˦ ˱˲ˮ˫˭ˮ˪˶˪˧ˮ˷ ˾˪˽˫˦˲ˮ˷˦˷ (˩˳ˬˮ˭ 10 

˱˯˱˳˰/˯,˨ ˴ ˪˶˳˶˦˰˹˶˦˩) ˾˪˱̀ˮ˶˩˦ ˴˰˦ˬ˱˦˾ ˮDPP-IV-  ˷˦˻˸ˮ˹˶˳˧˦ 90% ˮ  ˭˱˭˰ˮ˦˲ˮ 

90 ̂ -˭ˮ˦˲ˮ ˯˫˰˪˫ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˦ ˱ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ ˯˫˰˪˫˪˧ˮ˷ ˷˦˺˹́˫˪˰ˬ˪ 

˾˪˱˳˭˦˫˦ˬ˪˧˹˰ ˮ˻˲˦ ˪˲˦˲˸ˮ˳˱˪˶ˮ 1-[[(3-̆ˮ˩˶˳˻˷ˮ-1-˦˩˦˱˦˲˸ˮ˰)˦˱ˮ˲˳]˦̀˪˸ˮ˰]-2-

̀ˮ˦˲˳-(S)-˴ˮ˶˳˰ˮ˩ˮ˲ˮ (VIII )  ˶˳˨˳˶̀ ˱́˰˦˫˶ˮ, ˱˩˨˶˦˩ˮ, ˷˪˰˪˻˸ˮ˹˶ˮ ˩  ˦

˳˶˦˰˹˶˦˩ ˧ˮ˳˾˪˼̂˪˫˦˩ˮ DPP-IV-  ˷ˮ˲̆ˮ˧ˮ˸˳˶ˮ, ˶˳˱˪˰ˮ̀ ˦˹˱̅˳˧˪˷˪˧˷ ˮ˲˷˹˰ˮ˲ˮ˷ 

˷˪˯˶˪̀ˮ˦˷ ˩  ˦˨˰˹˯˳ˬˮ˷ ̆˳˱˪˳˷˸˦ˬ˷ [37]. 

 

˷˹ ˶ 4: ˦˩˦˱˦˲˸˦˲ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˸ˮ˴ˮ 2 ˩ˮ˦˧˪˸ˮ ˱˪˰ˮ˸˹˷ˮ˷ ˷˦˱˯˹˶˲˦˰˳ 

˴˶˪˴˦˶˦˸˪˧ˮ. 

 

˦ ˱ ˯˫˰˪˫˦˱ ˩˦˹˩˳ ˷˦˺˹́˫˪˰ˮ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˦˲˸ˮ˩ˮ˦˧˪˸˹˶ˮ ̂˦˱˰˪˧ˮ˷ 

˾˪˻˱ ˲˦˷. ˲ˮ˫˭ˮ˪˶˪˧˦ VIII  ˯˳˩˹˶ˮ ˷˦̄˪˰̂˳˩˪˧ˮ˭ LAF237, ̄˳˰ ˳˾˪˱˩˪˨˾ˮ ˯ ˮ˩˼˪˱˩˪ 

̀˲˳˧ˮ˰ˮ ˴˶˪˴˦˶˦˸ˮ ˫ˮ˰˩˦˨˰ˮ˴˸ˮ˲ˮ˷ ˷˦̄˪˰ˮ˭, ˦˩˦˱ˮ˦˲˪˧ˬ˪ ˶ˮ˨ˮ ˯˰ˮ˲ˮ˯˹˶ˮ 
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˨˦˱˳˯˫˰˪˫˪˧ˮ˷ ˾˪˱˩˪˨ [38-40] ̂˦˶˱˦˸˪˧ˮ˭ ˨˦˱˳ˮ˽˪˲˪˧˦ ˨˰ˮ˯˪˱ˮ˹˶ˮ ˯˳˲˸˶˳˰ˮ˷ 

˨˦˷˦˹˱̅˳˧˪˷˪˧˰˦˩ ˺˦˶˭˳ ˩ˮ˦˴˦ˬ˳˲ˮ˷ ˸ˮ˴ˮ 2 ˩ˮ˦˧˪˸ˮ ˱˪˰ˮ˸˹˷ˮ˭ ˩˦˦˫˦˩˪˧˹˰ 

˴˦̀ˮ˪˲˸˪˧˾ˮ, ˩˦̂˽˪˧˹˰ˮ ˩˦˦˫˦˩˪˧ˮ˷ ˱˷˹˧˹˻ˮ ˺˳˶˱ˮ˷ ˱˦˸˦˶˪˧˰˪˧ˮ˩˦˲, ˮ˲˷˹˰ˮ˲ˬ˪ 

˱́ˮ˱˪ ˺˳˶˱ˮ˷ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˱˻˳˲˪ ˴˦̀ˮ˪˲˸˪˧˦˱˩˪ [41]. ˱˳˨˫ˮ˦˲˪˧ˮ˭ 

˫ˮ˰˩˦˨˰ˮ˴˸ˮ˲ˮ˷ ˷˸˶˹˻˸˹˶˹˰ˮ ˦˲˦˰˳˨ˮ˷, ˷˦˻˷˦˨˰ˮ˴˸ˮ˲ˮ˷ (IX) (˷˦˫˦̃˶˳ 

˷˦̄˪˰̂˳˩˪˧˦ ˳˲˨˰˦ˮˬ˦ - ONGLYZA) ˦ ˼˱˳˿˪˲ˮ˷ ˾˪˱˩˪˨ [42, 43] ˦ ˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰ˮ 

˪ ˷ ˳˶ ˮ ˴˶˪˴˦˶˦˸ˮ ˩˼ ˪ˮ˷˦˭˫ˮ˷ ˺˦˶˱˦̀˪˫˸˹˰ ˧˦ˬ˦˶ˬ˪ ˦˻˸ˮ˹˶˦  ˩ ˨˦˱˳ˮ˽˪˲˪˧˦ 

˩ˮ˦˧˪˸ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩. 

˱˶˦˫˦˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰ˮ ˲ˮ˫˭ˮ˪˶˪˧˦ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˶˳˨˳˶̀ ˴˳˸˪˲̀ˮ˹˶ˮ 

˭˪˶˦˴˪˫˸˹˰ˮ ˷˦˾˹˦˰˪˧˪˧ˮ ̆˪˱˳˻˶˳˱˦˸˳ˬˮ˷ (˴ˮ˨˱˪˲˸˹˶ˮ ̀˪˶˳ˬˮ, ˨˦˱˳̂˫˪˹˰ˮ 

˻˷˳˫ˮ˰˪˧˾ˮ ˩  ˦ ˳˶˨˦˲˳˪˧˾ˮ ˶˯ˮ˲ˮ˷ ̃˦˶˧ˮ ˩˦˨˶˳˫˪˧ˮ˭), ˯ˮ˧˳˷, ˱˦˰˦˶ˮˮ˷ ˩  ˦

˸˹˧˪˶˯˹˰˳ˬˮ˷ ̂ˮ˲˦˦˼˱˩˪˨. ˦ ˱ ˺˦˶˱˦̀˪˫˸˹˰ˮ ˴˶˪˴˦˶˦˸˪˧ˮ˷ ˩˦˷˦˱ˬ˦˩˪˧˰˦˩ 

˩˼˪˷˩˼˪˳˧ˮ˭ ˮ˽˪˲˪˧˪˲ ˲˦̄˪˫˦˶-˷ˮ˲˭˪ˬ˹˶ ˨ˬ˦˷, ˶˳̀˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˿˦˲˪˶˨˫˦ 

˱˳˰˪˯˹˰˦˾ˮ ̄˩˪˧˦ ˧˹˲˪˧˶ˮ˫ ˱˳˰˪˯˹˰˦˷˭˦˲ ˱ˮ˧˱ˮ˭ ˦ ˲ ˩  ˦ ˻ˮ˱ˮ˹˶ˮ ˷ˮ˲˭˪ˬˮ˭ 

˦̄˦˰ˮ ˱˳˰˪˯˹˰ˮ˷ ˱ˮ ˼˪˧ˮ˭ [44]. ˧˹˲˪˧˶ˮ˫ ˱˳˰˪˯˹˰˦˾ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˺˶˦˨˱˪˲˸ˮ˷ 

˱ˮ˧˱˦ ́ˮ˶ˮ˭˦˩˦˩ ̄˩˪˧˦ ˧˹˲˪˧˶ˮ˫ˮ ˲ˮ˫˭ˮ˪˶˪˧ˮ˷ ˭˪˶˦˴˪˫˸˹˰ˮ ˮ˲˩˪˻˷ˮ˷ 

˨˦˹˱̅˳˧˪˷˪˧ˮ˷ ˱ˮˬ˲ˮ˭. ˱˦˨˦˰ˮ˭˦˩, ˩˪˷˺˪˶ˮ˳˻˷˦˱ˮ˲ˮ B, ̂˦˶˱˳˻˱˲ˮ˰ˮ ˲ˮ˦˩˦˨ˮ˷ 

˧˦˻˸˪˶ˮˮ˷, streptomyces pilosus-˨˦˲, ̂˦˶˱˳˦˩˨˪˲˷ ˪˺˪˻˸˹˶ ˷˦˾˹˦˰˪˧˦˷ 

̆˪˱˳˻˶˳˱˦˸˳ˬˮ˷ ˷˦˱˯˹˶˲˦˰˳˩, ˭ ˹˱̀˦ ˦˻˫˷ ́˦˰ˮ˦˲ ˷˹˷˸ˮ ˯˹-̃˲˦̂˰˦˫˾ˮ ˦˧˷˳˶˧̀ˮˮ˷ 

˹˲˦˶ˮ ˩  ˦ ˴˰˦ˬ˱˦˾ˮ ˱˳˯˰˪ ˲˦̄˪˫˦˶˩˦˾˰ˮ˷ ˴˪˶ˮ˳˩ˮ, ˭˹˱̀˦ ˱˦˷˭˦˲ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˱˳˰˪˯˹˰ˮ˷ ˱ˮ˧˱ˮ˭ (˷˹ ˶ 5, X) ˾˪˷˦́˰˪˧˪˰ ˮ˻˲˦ ˳˶˦˰˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˩  ˦

˴˦̀ˮ˪˲˸˪˧ˮ˷˭˫ˮ˷ ˦˩˫ˮ˰˦˩ ˨˦˩˦˱˸˦˲ˮ ˷˦˱˯˹˶˲˦˰˳ ˷˦˾˹˦˰˪˧ˮ˷ ˩˦˱ˬ˦˩˪˧˦ [45].  

˿ˮ˲˹˶ˮ ˱̀˪˲˦˶˪ Artemisia annua-˩˦˲ ˨˦˱˳˽˳˺ˮ˰ˮ ˧˹˲˪˧˶ˮ˫ˮ ˴˶˳˩˹˻˸ˮ 

˦˶˸˪˱ˮ˲ˮ˲ˮ, ̂˦˶˱˳˦˩˨˪˲˷ ˪˺˪˻˸˹˶ ˷˦˾˹˦˰˪˧˦˷ ˱˦˰˦˶ˮˮ˷ ˴˦˶˦ˬˮ˸ˮ˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳˩, ˭˹˱̀˦ ˳˶˨˦˲ˮˬ˱˾ˮ ˷̂˶˦˺ˮ ̆ˮ˩˶˳˰ˮˬˮ˷ ˨˦˱˳ ˫˪˶ ˱˳ˮ˴˳˫˦ 

˯˰ˮ˲ˮ˯˹˶ˮ ˨˦˱˳˽˪˲˪˧˦. ˱ˮ˷ˮ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˦˩˦˱˦˲˸ˮ˰-

˩ˮ̆ˮ˩˶˳˦˶˸˪˱ˮ˷ˮ˲ˮ˲ˮ˷ ˪˭˪˶ˮ˷ (˷˹.˶ 5, XI) ̂˦˶˱˳˪˧˹˰ˮ ˦˼˱˳˿˲˩˦ ˳˶˦˰˹˶˦˩ 
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˦˻˸ˮ˹˶ˮ, ˯˦˶˨ˮ ˧ˮ˳˾˪˼̂˪˫˦˩˳˧ˮ˷ ˱˻˳˲˪ ˦˲˸ˮ˱˦˰˦˶ˮ˹˰ˮ ˷˦˾˹˦˰˪˧˦ ˱˶˦˫˦˰ˮ 

̂˦˱˰ˮ˷ ˱ˮ˱˦˶˭ ˶˪ˬˮ˷˸˪˲˸˹˰ˮ Plasmodium yoelii nigeriensis-ˮ ˷˷˦̂ˮ˲˦˦˼˱˩˪˨˳˩ [46]. 

 

˷˹ ˶5: ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˧˹˲˪˧˶ˮ˫ˮ ˱˳˰˪˯˹˰˪˧ˮ. 

˦˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰ˮ ˲˦˪˶˭˪˧ˮ ˺˦˶˭˳˩ ˮ˻˲˦ ˨˦˱˳˽˪˲˪˧˹˰ˮ ˯ˮ˧˳˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˷˦˾˹˦˰˪˧˪˧ˮ˷ ˾˪˷̂˦˫˰ˮ˷ ˱ˮˬ˲ˮ˭. ˯˫˰˪˫ˮ˷ ˷˦˱ˮˬ˲˪˪˧˦˩ ˨˦˱˳˯˫˰˪˹˰ 

ˮ˻˲˦ ˸˹˧˹˰ˮ˲ˮ, ˻ ˶˳˲ˮ˯˹˰ˮ ˱ˮ˪˰˳˨˪˲˹˶ˮ ˰˪ˮ˯˪˱ˮ˦-˷˴˪̀ˮ˺ˮ˯˹˶ˮ ˸ˮ˶˳ˬˮ˲ ˯ˮ˲˦ˬ˦, 

˸˶˦˲˷˯˶ˮ̀˺ˮˮ˷ ˺˦˻˸˳˶˪˧ˮ ˩  ˦ ˷̄˫˦. ˴˶˳˸˪ˮ˲ ˸ˮ˶˳ˬˮ˲ ˯ˮ˲˦ˬ˦˷ ˮ˲̆ˮ˧ˮ˸˳˶˪˧ˮ˷ 

˾˪˷̂˦˫˰ˮ˷ ˩˶˳˷ ˷˫ˮ˲˨˪˲ˮ˷ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺˱˦ ˨˦˱˳ˮ˯˫˰ˮ˦, ˶˳ ˱ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˾˪˱̀˫˪˰ˮ ˦˩˦˴˳˷˸ˮ˲ˮ˷ (˷˹.˶ 6, XII ) ˯ˮ˲˦ˬ˦˷ ˱ˮ˱˦˶˭ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦ 

˹˺˶ ˳ ˱˦˼˦˰ˮ ˦˼˱˳˿˲˩˦, ˫ˮ˩˶˪ ˱ˮ˷ˮ ˱˪˭ˮ˰ˮ˷ ˦˲˦˰˳˨ˮ˷ [47], ˹˺˶ ˳ ˱˪˸ˮ̀, 

˦˩˦˱ˮ˦˲ˮ˷ ˦˭ ˮ ˸ˮ˴ˮ˷ ˰˪ˮ˯˪˱ˮˮ˷ ˩  ˦ ˨˰ˮ˳˧˰˦˷˸˳˱˦˷ ˹̅˶˪˩˪˧ˬ˪ ˸˪˷˸ˮ˶˪˧˪˧˱˦ 

˦˿˫˪˲˪˷ ˦˩˦˺˳˷˸ˮ˲ˮ˷ ˹˺˶ ˳ ˺˦˶˭˳ ˨˦˱˳˽˪˲˪˧ˮ˷ ˴˪˶˷˴˪˻˸ˮ˫˦, ˫ˮ˩˶˪ ˹˧˶˦˰˳˩ 

˰˪ˮ˯˪˱ˮˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ (˦˻˫˷ ˹˺˶ ˳ ˩˦˧˦˰ˮ  IC50 ˷̄˫˦ ˦˲˸ˮ˰˪ˮ˯ˮ˱ˮ˹˶ 

˷˦˾˹˦˰˪˧˪˧˭˦˲ ˾˪˩˦˶˪˧ˮ˭) [28, 48]. 
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˷˹ ˶6: ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˰˪ˮ˯˪˱ˮˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶ˮ ˲ˮ˫˭ˮ˪˶˪˧˦. 

 

˦˩˦˱˦˲˸˦˲ˮ˷ ˹˲ˮ˯˦˰˹˶˳˧˦ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˨˦˱˳˽˪˲˪˧ˮ˷ ˭˫˦˰˷˦ˬ˶ˮ˷ˮ˭ 

˨˦˲˴ˮ˶˳˧˪˧˹˰ˮ˦ ́ˮ˶ˮ˭˦˩˦˩ ˱ˮ˷ˮ ˱˦˼˦˰ˮ ˰ˮ˴˳˺ˮ˰˹˶˳˧ˮ˭ ˩  ˦ ˱ˮ˷ˮ ˹˲˦˶ˮ˭ 

˹ˬ ˶˹˲˫˪˰˽˳˷ ˴˶˪˴˦˶˦˸ˮ˷ ˷˸˦˧ˮ˰˹˶˳˧˦ ˩  ˦ ˨˦ˬ˦˶˩˳˷ ˺˦˶˱˦˯˳˯ˮ˲˪˸ˮ˯˦ 

˱˳˩ˮ˺ˮ̀ˮ˶˪˧˹˰ ˴˶˪˴˦˶˦˸˪˧˾ˮ.  ˱ ˮ˷ˮ ˱˩˨˶˦˩ˮ, ̄ˮ˷˸ˮ ˯˦˶˯˦˷ˮ ˮ̀˦˫˷ ˦̄˰˳˷ ˱˩˪˧˦˶˪ 

˺˹˲˻̀ˮ˹˶ ̅˨˹˺˪˧˷ ˱˪˸˦˧˳˰ˮˬ˱ˮ˷ ˩˶˳˷ ˱˳̄˰˪˿ˮ˷˨˦˲ ˩  ˦ ˦˱ˮ˭ ˬ˶˩ˮ˷ ̂˦˱˰ˮ˷ 

˷˸˦˧ˮ˰˹˶˳˧˦˷ ˩  ˦˱ˮ˷ˮ ˷ˮ˷̄˰ˮ˷ ˴˰˦ˬ˱˦˾ˮ ˨˦˲˦̂ˮ˰˪˧˦˷. ˦ ˱˦˷˭˦˲ ˪˶˭˦˩, ˦ ˩˦˱˦˲˸˦˲ˮ˷ 

̅˨˹˺ˮ ˭˦˫ˮ˷ˮ ˷˴˪̀ˮ˺ˮ˹˶ˮ ˬ˳˱˪˧ˮ˩˦˲ ˨˦˱˳˱˩ˮ˲˦˶˪ ˮ˩˪˦˰˹˶˦˩ ˪˶˨˪˧˦ ˷̄˫˦˩˦˷̄˫˦ 

˱˦˷˴ ˮ˲́˪˰ˮ ˱˳˰˪˯˹˰˪˧ˮ˷ ˿˦˼˶˱˦˫˪˧˪˧˾ˮ  (˱˦˨˦˰ˮ˭˦˩ ̀ˮ˯˰˳˩˪˻˷˸ ˶ˮ˲˪˧˾ˮ) ˩  ˦˦˻˫˷ 

˹̅˶˪˩˹˰ˮ ˮ˳˲˹˶ˮ ˦˶̄˪˧ˮ˷, ˫ˮ˶˳˴˳˶ˮ˲˪˧ˮ˷ ˩  ˦˯˦˰̀ˮ˹˱ˮ˷ ˦˶̄˪ ˧ˮ˷ ˧˰˳˯ˮ˶˪˧ˮ˷ 

˹˲˦˶ˮ. ˦˩˦˱˦˲˸˦˲ˮ˷ ˱˳˰˪˯˹˰  ˦ ˱˾˫˪˲ˮ˫˶˦˩ ˮ̄˷˲˪˧˦ ˹̅˶˪˩˹˰ˮ ˱˪˱˧˶˦˲ˮ˷ 

˰ˮ˴ˮ˩˹˶ ˮ ˧ˮ˾˶ˮ˷ ˰ˮ˴˳˺ˮ˰˹˶ ˲˦̂ˮ˰˾ˮ ˩  ˦ ˦˼̂˪˫˷ ˹̅˶˪˩ˮ˷ ˾ˮ˨˲ˮ˭, ˶ˮ˭˦̀ 

˱˲ˮ˾˫˲˪˰˳˫˦˲ ˴ˮ˶˫˪˰˦˩ ˶˳˰ ˷˦˷˶˹˰˪˧˷ ̂˦˱˰ˮ˷ ˨˦˩˦˸˦˲˦˾ˮ ˹̅˶˪˩˾ˮ. ˹̅˶˪˩˹˰ 

˱˪˱˧˶˦˲˦˷˭˦˲ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˷˦˷ ˮ ˷̀˫˰ˮ˷ ˱ˮ˷ ˺ˮˬˮ˯˹˶ ˱˩˨˳˱˦˶˪˳˧˦˷ ˩  ˦ˬ˶˩ˮ˷ 

˱ˮ˷ ˨˦˱˸˦˶˳˧˦˷. ˬ˹˷˸˦˩ ˦ ˱ ˭˫ˮ˷˪˧˦ˬ˪ ˩˦˯˫ˮ˶˫˪˧˦˱ ˨˦˲˦˴ˮ˶˳˧˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˦˶˦ 

˱̄˳˰˳˩ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ˷ ˾˪˷̂˦˫˰˦, ˦˶˦˱˪˩ ˦˷˪˫˪ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˶˦˩ˮ˯˦˰ˮ˷ ˨˦˱˳˽˪˲˪˧˦ ˷˦˱˯˹˶˲˦˰ ˳ ˴˶˪˴˦˶˦˸˪˧ˮ˷ ˹̅˶˪˩˾ˮ ˾˪˼̂˪˫ˮ˷ 

˨˦˷˦˦˩˫ˮ˰˪˧˰˦˩ ˩  ˦˦˱ˮ˭ ˱˦˭ˮ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˨˦˷˦ˬ˶˩˪ ˰˦  ˩ [28]. 

˩˼˪ˮ˷˦˭˫ˮ˷ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ ́ˮ˶ˮ˭˦˩˦˩ ˨˦˱˳ˮ˽˪˲˪˧˦ ˹˯˫˪ ̀˲˳˧ˮ˰ ˦˻˸ˮ˹˶ 

˱˳˰˪˯˹˰˦˾ˮ ˿˦˷˦˲˪˶˨˦˩ ˩  ˦ ˱ˮ˷ˮ ˰ˮ˴˳˺ˮ˰˹˶˳˧ˮ˷ ˨˦˷˦ˬ˶˩˪˰˦˩. ˶ˮ ˨

˾˪˱˭̄˫˪˫˪˧˾ˮ, ˦˩˦˱˦˲˸˦˲ˮ˷ ˱˳˰˪˯˹˰ˮ˷ ˿˦˲˪˶˨˫˦ ˹˯˫˪ ̀˲˳˧ˮ˰ ˴˶˪˴˦˶˦˸˾ˮ ˦˱̀ˮ˶˪˧˷ 

˱ˮ˷ ˸˳˻˷ˮ˯˹˶˳˧˦˷ ˩  ˦˨˫˪˶˩ˮ˭ ˲˪˨˦˸ˮ˹˶ ˪˺˪˻˸˷ [49-51]. 
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˦˩˦˱˦˲˸˦˲ˮ˷ ˹˲ˮ˯˦˰˹˶ˮ ˻ˮ˱ˮ˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ˷ ˨˦˱˳ ˱ˮ˷ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ 

˨˦˱˳˽˪˲˪˧˦ ˾˪ˮ́˰˪˧˦ ˶˳˨˳˶̀ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˷˦˱˾˪˲˪˧˰˳ 

˧˰˳˯˪˧˦˩, ˶˳˱˰˪ ˧˾ˮ̀ ˦˩˦˱˦˲˸˦˲ˮ ˷ ˺˹˲˻̀ˮ˹˶ˮ ̅˨˹˺˪˧ˮ ˯˳˫˦˰˪˲˸˹˶˦˩ ˦˶ˮ˦˲ 

˩˦˯˦˫˾ˮ˶˪˧˹˰˪˧ˮ (˦˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰ˮ ˩˪˲˩˶ˮ˱˪˶˪˧ˮ), ˩  ˦˦˷˪˫˪ ˶˳˨˳˶̀ ˭˫ˮ˭-

˦˱̂˽˳˧ˮ ˷˹˴˪˶˱˳˰˪˯˹˰˹˶ ˷ˮ˷˸˪˱˪˧˦˩, ˷˦˩˦̀ ˦˩˦˱˦˲˸˦˲ˮ ˿˦˲˪˶˨ˮ˰ˮ˦ ˱ˮ˷ˮ 

˰ˮ˴˳˺ˮ˰˹˶˳˧ˮ˷ ̂˽˦˰˳˧ˮ˭ (˰ˮ˴˳˷˳˱˪˧ˮ) ˩  ˦ ́˰ˮ˪˶ˮ ˷˸˹˱˦˶-˱˦˷˴ˮ˲́˪˰ˮ 

˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ (̀ˮ˯˰˳˩˪˻˷˸˶ˮ˲˪˧ˮ). ̄˦ˬ˨˦˷˱ˮ˭ ˹˲˩˦ ˦˼ˮ˲ˮ˾˲˳˷, ˶˳ ˱

˭˦˲˦˱˪˩ ˶˳˫˪ ˱˪˩ˮ̀ˮ˲˦˾ˮ ˦˩˦˱˦˲˸˦˲ˮ ˨˦̄˩˦ ˾˪˷˦˺˪˶ˮ˷ˮ ˯˦˶˯˦˷˹˰ˮ ˷˸˶˹˻˸˹˶˦ 

̂˦˱˰ˮ˷ ˨˦˩˦˱˸˦˲ ˷ˮ˷˸˪˱˪˧˾ˮ ˱ˮ˷ˮ ˧ˮ˳˭˦˫˷˪˧˦˩˳˧ˮ˷, ˦˶˦˸˳˻˷ˮ˯˹˶˳˧ˮ˷ ˩  ˦˱˦˶˸ˮ˫ˮ 

̄˪˰˱ˮ˷˦̂˫˩˳˱˳˧ˮ˷ ˨˦˱˳ [12]. 

 

1.3. ˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˻ˮ˱ˮ˦ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˦˶ˮ˷ ˧ˮ̀ˮ˯˰˹˶ˮ ˦˶˳˱˦˸˹˰ˮ ̆˪˸˪˶˳̀ˮ˯˰˹˶ˮ ˱˳˰˪˯˹˰˦, 

˶˳˱˪˰˾ˮ̀ ˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ 4 ˩  ˦ 5 ˴˳ˬˮ̀ˮ˦˷˭˦˲  ˾˪˶̂ ˽˱˹˰ˮ˦ ˧˪˲ˬ˳˰ˮ˷ 

˧ˮ˶˭˫ˮ (˷˹ ˶ 7). Iupac-ˮ ˷ ˲˳˱˪˲˯˰˦˸˹˶ˮ˭ ˮ˨ˮ ̀˲˳˧ˮ˰ˮ˦ ˶˳˨˳˶̀ 1,3-

˧˪˲ˬ˳˩ˮ˦ˬ˳˰ˮ, ˭˹˱̀˦ ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˱˦˷ ˩˪˧˹˷˱˦ ˨˰ˮ˳˻˷˦˰ˮ ˹̂˳˩˦, ˶˳̀˦ 1858 

̂˪˰˷ ˱ˮˮ˼˳ ˮ˨ˮ ˨˰ˮ˳˻˷˦˰ˮ˷˦ ˩  ˦˦˱ˮ˦˯ˮ˷˨˦˲ [52]. 

 

˷˹ ˶7: ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷˸˶˹˻˸˹˶˦ [53]. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ NH ̅˨˹˺˷ ˦˻˫˷ ˱˵˦˫˹˶ˮ ˩  ˦ ˷˹˷˸ˮ ˺˹́ˮ˷ ˭˫ˮ˷˪˧˪˧ˮ [54]. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˦˱˺˳˸˪˶˹˰ˮ ˱˳˰˪˯˹˰˦˦ ˩  ˦ ˾˪˷˦˧˦˱ˮ˷˦˩ ˱ˮ˷ˮ ˮ˳˲ˮˬ˦̀ˮˮ˷ 
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˱˹˩˱ˮ˫˦ ˷˱˲ˮ˾˫˲˪˰˳˧˦ ˹˩˶ˮ˷ pKa=12.8, ̄ ˳˰ ˳˱ˮ˷ˮ ˾˪˷˦˧˦˱ˮ˷ˮ ˾˪˧˶˹˲˪˧˹˰ˮ ˱˵˦˫ˮ˷ 

pKa=5.6 [55]. ˱ˮ˷ˮ ˦˱˺˳˸˪˶˹˰ˮ ˧˹˲˪˧ˮ˩˦˲ ˨˦˱˳˱˩ˮ˲˦˶˪ ˱˦˷ ˦˻˫˷ ˷̄˫˦˩˦˷̄˫˦ ˷˦̄ˮ˷ 

˱˦˶ˮ˰˪˧ˮ˷ ̂˦˶˱˳˻˱˲ˮ˷ ˹˲˦˶ˮ ˩  ˦˦˩˫ˮ˰˦˩ ˮ̄˷˲˪˧˦ ˶˳˨˳˶̀ ˨˦˲ˬ˦˫˪˧˹˰ ˱˵˦˫˪˧˾ˮ, 

ˮ˷˪ ˸˹˸ˮ˷ ̂˽˦˰̄˷˲˦˶˪˧˾ˮ, ˷˦˩˦̀ ̂˦˶˱˳˻˱˲ˮ˷ N-˱˪˸˦˰˹˶ ˯˳˱˴˰˪˻˷˪˧˷. 

˿˦˹˲˦̀˫˰˪˧˪˰ˮ NH ̅˨˹˺ˮ˷ ˱˻˳˲˪ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˱˳˰˪˯˹˰˦˷ ˦̄˦˷ˮ˦˭˪˧˷ ˷̂˶˦˺ˮ 

˴˶˳˸˳˸˶˳˴˹˰ˮ ˸˦˹˸˳˱˪˶ˮˬ˦̀ˮ˦, ˶˳˱˰ˮ˷ ˾˪˩˪˨˦˩˦̀ ˱ˮˮ˼˪˧˦ ˦˷ˮ˱˪˸˶˹˰˦˩ 

˿˦˲˦̀˫˰˪˧˹˰ˮ ˸˦˹˸˳˱˪˶˪˧ˮ˷ ̂˳˲˦˷̂˳˶˹˰ˮ ˲˦˶˪˫ˮ ˩  ˦ ˾˪˷˦˧˦˱ˮ˷˦˩, ˷̄˫˦˩˦˷̄˫˦ 

˲˦̂˦˶˱˪˧ˮ˷ ˱ˮ˼˪˧ˮ˷ ˾˪˱˩˪˨, ˮˬ˳˱˪˶˪˧ˮ˷ ˲˦˶˪˫ˮ (˷˹ ˶8). 

 

˷˹ ˶8: ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˸˦˹˸˳˱˪˶˹˰ˮ ˷˸˶˹˻˸˹˶˪˧ˮ. 5 (˦ ˲6)-˱˪˭ˮ˰˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ. 5-

˱˪˭ˮ˰˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (XIV) ˦˶ˮ˷ 6-˱˪˭ˮ˰˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XIII ) ˸˦˹˸˳˱˪˶ˮ [56]. 

˺ˮˬˮ˯˹˶ˮ ˦˼̂˪˶ˮ˰˳˧ˮ˭ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˦˶ˮ˷ ˱˳˭˪˭˶˳-˯˶˪˱ˮ˷˺˪˶ˮ 

˯˶ˮ˷˸˦˰˹˶ˮ ˲ˮ˫˭ˮ˪˶˪˧˦, ˶˳˱˪˰ˮ̀ ˩˲˪˧˦ 170 - 172°C-ˬ ,˪ ̄˳˰ ˳˩˹˼ ˷360°C-ˬ .˪ ˮ˨ˮ 

˱̀ˮ˶˪˩ ˮ̄˷˲˪˧˦ ̂˽˦˰˾ˮ ˩  ˦ ˯˦˶˨˦˩ ̄˷˲˦ ˩ˮ˦ ˪˭˦˲˳˰˾ˮ [54]. ˮ˱ˮ˩˹˶ˮ ˦ˬ˳˸ˮ˷ 

˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ (˶˳̀˦ ˴˳ˬˮ̀ˮ˦ 1-˾ ˮ̂˽˦˰˧˦˩ˮ˦) ˮ̄˷˲˪˧ˮ˦˲ ˴˳˰˦˶˹˰ 

˨˦˱̄˷˲˪˰˪˧˾ˮ ˩  ˦ ˲˦˯˰˪˧˦˩ ˮ̄˷˲˪˧ˮ˦˲ ˳˶˨˦˲˹˰ ˨˦˱̄˷˲˪˰˪˧˾ˮ. ˱˦˨˦˰ˮ˭˦˩, 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˮ̄˷˲˪˧˦ ̀̄˪˰ ̂˽˦˰˾ˮ, ˱˦˨˶˦˱ ̀˹˩˦˭ ̄˷˲˦˩ˮ˦ ˪˭˪˶˾ˮ ˩  ˦˷˶˹˰ˮ˦˩ 

˹̄˷˲˦˩ˮ˦ ˧˪ ˲ˬ˳˰˾ˮ ˩  ˦ ˰ˮ˨˶˳ˮ˲˾ˮ. ˦˶˦˴˳˰˦˶˹˰ˮ ̅˨˹˺˪˧ˮ˷ ˿˦˲˦̀˫˰˪˧˦ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˾ ˮ ˹˺˶ ˳ ̄˷˲˦˩˷ ̄˩ˮ˷ ˱˦˷ ˦˶˦˴˳˰˦˶˹˰ ˳˶˨˦˲˹˰ 

˨˦˱̄˷˲˪˰˪˧˾ˮ. ˱˦˨˦˰ˮ˭˦˩, 2-˱˪˭ˮ˰˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˯˦˶˨˦˩ ˮ̄˷˲˪˧˦ ˪˭˪˶˾ˮ. 

˦˲˦˰˳˨ˮ˹˶˦˩, ˴˳˰˦˶˹˰ˮ ̅˨˹˺˪˧ˮ˷ ˩˦˱˦˸˪˧˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˾ˮ ˬ˶˩ˮ˷ 
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˱ˮ  ˷ ̄˷˲˦˩˳˧˦˷ ˴˳˰˦˶˹˰ ˨˦˱̄˷˲˪˰˪˧˾ˮ, ˶˳˨˳˶ˮ̀˦˦ ˱˦˨˦˰ˮ˭˦˩ 2-

˦˱ˮ˲˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ, ˶ ˳˱˪˰ˮ̀ ̂˽˦˰˾ˮ ̄˷˲˦˩ˮ˦ [56]. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ ˷˦˯˱˦˳˩ ˷˸˦˧ˮ˰˹˶ˮ ˱˳˰˪˯˹˰˦˦. ˱˩˨˶˦˩ˮ˦ ˩˦˵˦˲˨˫ˮ˷ 

˱ˮ˱˦˶˭. ˱ˮ˷˨˦˲ ˧˪˲ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˱˳̄˰˪˿˫˦ ˾˪˷˦́˰˪˧˪˰ˮ˦ ˱̄˳˰˳˩ ́˦˰ˮ˦˲ ˱˯˦̀˶ 

˩˦˱˵˦˲˨˦˫ ˴ˮ˶˳˧˪˧˾ˮ (˯˦˰ˮ˹˱ˮ˷ ˴˪˶˱˦˲˨˦˲˦˸ˮ  ̀̄˪˰ ˸˹˸˪ ̄˷˲˦˶˾ˮ), ˶ˮ˷ ˾˪˩˪˨˦˩˦̀ 

˱ˮˮ˼˪˧˦ ˮ˱ˮ˩˦ˬ˳˰˩ˮ˯˦˶˧˳˲˱˵˦˫˦ ˱̀ˮ˶˪ ˶˦˳˩˪˲˳˧ˮ˭. ˮ ˷ ˦˷˪˫˪ ˱˩˨˶˦˩ˮ˦ 

˦˼˩˨˪˲ˮ˭ˮ ˶˪˦˻̀ˮˮ˷ ˱ˮ˱˦˶˭, ˭˹˱̀˦ ˨˦˶˯˫˪˹˰ ˴ˮ˶˳˧˪˧˾ˮ ˾˪˷˦́˰˪˧˪˰ˮ˦ 

˯˦˸˦˰ˮˬ˹˶ˮ ˦˼˩˨˪˲ˮ˭ ˸˪˸˶˦̆ˮ˩˶˳ ˩  ˦ ̆˪˻˷˦̆ˮ˩˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˱ˮ˼˪˧˦. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˬ˪ ˦ ˶ ˱˳˻˱˪˩˪˧˷ ˯˳˲̀˪˲˸˶ˮ˶˪˧˹˰ˮ ˨˳˨ˮ˶˩˱˵˦˫˦, ˦˶̀ 

̀̄˪˰ˮ ˱˦˶ˮ˰˱˵˦˫˦ ˩  ˦ ˸˹˸˪ ̄˷˲˦˶˪˧ˮ [1]. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷˸˶˹˻˸˹˶ˮ˷ 

˭˦˫ˮ˷˪˧˹˶˪˧˪˧ˮ˩˦˲ ˨˦˱˳˱˩ˮ˲˦˶˪ ˱˦˷ ˦˻˫˷  ̂˽˦˰˧˦˩˹˶ˮ ˧˱˪˧ˮ˷ ̂˦˶˱˳˻˱˲ˮ˷ ˹˲˦˶ˮ 

˧ˮ˳˰˳˨ˮ˹˶ ˪˲ˬˮ˱˪˧˭˦˲ ˩  ˦ ˶˪̀˪˴˸˳ ˶˪˧˭˦˲, ˮ˨ˮ ˱˪˸˦˰˭˦ ˮ˳˲˪˧˭˦˲ ̂˦˶˱˳˻˱˲ˮ˷ 

˯˳˳˶˩ˮ˲˦̀ˮ˹˰ ˧˱˦˷ ˩  ˦ ˹˯˦˫˾ˮ˶˩˪˧˦ ˶˳˨˳˶̀ ˰ˮ˨˦˲˩ˮ, ˦˷˪˫˪ ˱˳˲˦̂ˮ˰˪˳˧˷  

̆ˮ˩˶˳˺˳˧˹˶ ˩  ˦ p-p ˹˶˭ˮ˪˶˭˻˱˪˩˪˧˦˾ˮ. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˱˳˰˪˯˹˰˦ ˹˯˫˪ 100 

̂˪˰ˬ˪ ˱˪˸ˮ˦ ˮ̂˫˪˫ ˷ ˩ˮ  ˩ˮ˲˸˪˶˪˷˷ ˻ˮ˱ˮ˦˾ˮ ˩  ˦˺˦˶˱˦̀ˮ˦˾ˮ ˩  ˦˱ˮ˷ˮ ˷˸˶˹˻˸˹˶ˮ˷ 

˾˪˱̀˫˪˰ˮ ˲˦˪˶˭˪˧ˮ ˺˦˶˭˳ ˨˦˱˳˽˪˲˪˧˦˷ ˴˳˹˰˳˧˪˲ ˱˪˩ˮ̀ˮ˲˦˾ˮ, ˦˨˶˦˶˹˰ 

˱˪̀˲ˮ˪˶˪˧˪˧˾ ˮ˩  ˦˺˹˲˻̀ˮ˹˶ ˱˦˷˦˰˪˧˾ˮ [9]. 

1.4. ˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧˱˦ ˻ˮ˱ˮˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˷˺˪˶˳˾ˮ ˱˳ˮ˴˳˫˪˷ ˷̄˫˦˩˦˷̄˫˦ ˨˦˱˳˽˪˲˪˧˦. 

˦ ˱ ˱˳˰˪˯˹˰ˮ˷ ˷ˮ˲˭˪ˬˮ [56, 57] ˩  ˦ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ ˮ˦˻˸ˮ˹˶˳˧˦ ́˦˰ˮ˦˲ ˯˦˶˨˦˩ 

˦˶ˮ˷ ˾˪˷̂˦˫˰ˮ˰ˮ ˩  ˦ ˱ˮ˷ ˾˪˷˦̄˪˧ ˦˱˳˱̂˹˶˦˫ˮ ˮ˲˺˳˶˱˦̀ˮ˦˦ ˾˪˨˶˳˫ˮ˰ˮ ˱ˮ˷˭˫ˮ˷ 

˱ˮ́˼˫˲ˮ˰ ˱ˮ˱˳̄ˮ˰˫ˮ˭ ˾˶˳˱˪˧˾ˮ [2, 3, 5,6, 7, 8, 58-63].  

˱˶˦˫˦˰ˮ ˯˫˰˪˫ˮ˷ ˾˪˩˪˨˦˩ ˩˦˩˨ˮ˲˩˦, ˶˳ ˱ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˭˫ˮ˷˪˧˪˧ˮ˷ ˱˶˦˫˦˰˺˪˶˳˫˲˪˧˦ ˩˦˱˳˯ˮ˩˪˧˹˰ˮ˦ ˱ˮ˷ ˧ˮ˶˭˫˾ˮ ˿˦˱˲˦̀˫˰˪˧˰˪˧ˮ˷ 

˸ˮ˴ˬ˪ ˩  ˦ ˴˳ˬˮ̀ˮ˦ˬ˪˦ [64]. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷˸˶˹˻˸˹˶ˮ˷, ˶˳˨˳˶̀ 

˻ˮ˱ˮ˳˭˪˶˦˴ˮ˹˰ˮ ˷˦˾˹˦˰˪˧ˮ,˷ ˱ˮ˱˦˶˭ ˮ˲˸˪˶˪˷ˮ ˩˦ˮ̂˽˳ 1950-ˮ˦˲ ˮ̂˰˪˧ˮ˩˦˲, ˶˳̀˦ 

˦˼˱˳˦˿ˮ˲˪˷, ˶˳ ˱ 5,6-˩ˮ˱˪˭ˮ˰-1-(Ŭ-D-˶ˮ˧˳˺˹˶˦˲˳ˬˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˦˶ˮ˷ 

˫ˮ˸˦˱ˮ˲ˮ B12-ˮ ˷˾˪˱˦˩˨˪˲˪˰ˮ ˷˸˶˹˻˸˹˶˹˰ˮ ˪˶˭˪˹˰ˮ [65], ˶˳˱˪˰ˮ̀ ˯˳˧˦˰˦˱ˮ˲˾ˮ 
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̂˦˶˱˳˦˩˨˪˲˷ ˯˳˧˦˰˸ˮ˷ ˦˻˷ˮ˦˰˹˶ ˰ˮ˨˦˲˩˷ (˷˹ ˶9) [66, 67]. ˾ ˪˱˩˪˨˾ˮ ˨˦˱˳˯˫˰˪˹˰ 

ˮ˻˲˦, ˶˳ ˱˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ̂˦˶˱˳˦˩˨˪˲˷ ˧˹˲˪˧˶ˮ˫ˮ ˲˹˯˰˪˳˸ˮ˩˪˧ˮ˷ ˷˸˶˹˻˸˹˶˹˰ 

˪˶˭˪˹˰˷, ˶ˮ˷ ˾˪˩˪˨˪˩˦̀ ˮ ˷ ˦˩˫ˮ˰˦˩ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧˷ ̀˳̀̄˦˰ˮ ˷ˮ˷˸˪˱ˮ˷ 

˧ˮ˳˴˳˰ˮ˱˪˶˪˧˭˦˲.  ˱ˮ˷ˮ ˪ ˷ ˭˫ˮ˷˪˧˦ ˨˦˲˦˴ˮ˶˳˧˪˧˷ ˱ˮ˷ ˺˦˶˭˳ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ 

˦˻˸ˮ˹˶˳˧˦˷ ˩  ˦˭˪˶˦˴˪˫˸˹˰ ˨˦˱˳˽˪˲˪˧˦˷ [6].  

 

˷˹ ˶9: ˫ˮ˸˦˱ˮ˲ B12-ˮ ˷˷˸˶˹˻˸˹˶˦ [67]. 

1951 ̂˪˰˷ ˭ˮ˦˧˪˲˩˦ˬ˳˰ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˾˪˱˩˪˨ ˲˦˭˪˰ˮ ˨˦̄˩˦, ˶˳ ˱

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˩ˮ  ˩˶˳˰ ˷ˮ˭˦˱˦˾˪˧˩˦ ˴˦˶˦ˬˮ˸˹˰ˮ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˱˯˹˶˲˦˰˳˧ˮ˷ 

˷˦˻˱˪˾ˮ ˩  ˦˱˷˳˺˰ˮ˳˷ ˱˦˷˾˸˦˧ˮ˭ ˩˦ˮ̂˽˳ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˩ˮˬ˦ˮ˲ˮ, ˷ˮ˲˭˪ˬˮ ˩  ˦

˧ˮ˳˰˳˨ˮ˹˶ˮ ˸˪˷˸ˮ˶˪˧˦ ˦˲ ˸̆ ˪˰˱ˮ˲˭ ˹  ˶ ˦˻˸ˮ˹˶˳˧˦ˬ˪ [3, 68]. ˭˦˫˩˦˴ˮ˶˫˪˰˦˩, 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˲˦̂˦˶˱˪˧˷, ˶˳˨˳˶̀ ˦˲˸̆˪ ˰˱ˮ˲˭ ˪˧ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ 

˷˦˾˹˦˰˪˧˪˧˷, ˮ˽˪˲˪˧˩˲˪˲ ˱̄˳˰˳˩ ˫˪˸˪˶ˮ˲˦˶ˮ˦˾ˮ, ˷˦˩˦̀ ̂˦˱˽˫˦˲ ̂˦˱˰˪˧˦˩ (˷˹ ˶10) 

˩˼˪˱˩˪ ˮ˭˫˰˪˧ˮ˦˲ ˦˰˧˪˲˩˦ˬ˳˰ˮ (˶˳˱˪˰ˮ̀ ˪˺˪˻˸˹˶ˮ˦ ˰˦˱˧˰ˮ˳ˬˮ˷, 

˸˶ˮ˯˳̀˪˲˸˪˰˳ˬˮ˷, ˺ˮ˰˦˶ˮ˦˸˳ˬˮ˷, ˲˪ˮ˶˳˻˶ˮ˷˸ˮ˯˶˳ˬˮ˷, ˪˻ˮ˲˳˯˳˯˳ˬˮ˷, 

˪˲˸˪˶˳˧ˮ˳ˬˮ˷, ˦˷˯˦˶ˮ˩˳ˬˮ˷ ˩  ˦ ˷̄˫˦ ˴˦˶˦ˬˮ˸˹˰ˮ ̃ˮ˪˧ˮ˷ ˮ˲˺˪˻̀ˮˮ˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳˩), ˺˰˹˧˪˲˩˦ˬ˳˰ˮ (˨˦˱˳ˮ˽˪˲˪˧˦ ́˦˼˰˪˧ˮ ˷˩  ˦˯˦˸˪˧ˮ˷ ˴˦˶˦ˬˮ˸˹˰ˮ 

̃ˮ˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩), ˺˪˲˧˪˲˩˦ˬ˳˰ˮ (˨˦˱˳ˮ˽˪˲˪˧˦ ˺˦˶˭˳ ˷˴˪˻˸˶ˮ˷ 
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˦˲˸̆˪˰˱ˮ˲˭ ˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩), ˭˶˦ˮ˻˰˦˧˪˲˩˦ˬ˳˰ˮ (˼˫ˮ́˰ˮ˷ ˺˰ˮ˯˪˧ˮ˷, 

˨˦˲˷˦˯˹˭˶˪˧ˮ˭ ˯ ˮ˺˦˲˻˳˰ˮ˦˷˦ ˩  ˦˴˦˶˦˨˳˲˱ˮ˦ˬˮˮ˷ ˷˦˱˯˹˶˲˦˰˳˩), ˳˻˷ˮ˧˪˲˩˦ˬ˳˰ˮ 

(˷̄˫˦˩˦˷̄˫˦ ˲˪˱˦˸˳˩˪˧ˮ˷, ˪˲˸˪˶˳˧ˮ˳ˬˮ˷ ˩  ˦ ˺ˮ˰˸˫ˮ˷ ̃ˮ˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ 

̀̄˪˲˪˧˾ˮ ˩  ˦˾ˮ˲˦˹˶ ̀̄˳˫˪˰˪˧˾ˮ) ˳˻˷˺˪˲˩˦ˬ˳˰ˮ (˾ˮ˲˦˹˶ˮ ̀̄˳˫˪˰˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ 

˴˦˶˦ˬˮ˸˹˰ˮ ̃ˮ˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩) ˩  ˦ .˦ .˾ ˱˪˧˪˲˩˦ˬ˳˰ˮ ˴ˮ˶˫˪˰ˮ ˦˲˸̆˪ ˰˱ˮ˲˭ ˹˶ ˮ

˴˶˪˴˦˶˦˸ˮ˦, ˶˳˱˪˰ˮ̀ ˨˦˱˳ˮ˽˪˲˪˷ ˦˩˦˱ˮ˦˲ˮ˷ ˴˦˶˦ˬˮ˸˹˰ˮ ̃ˮ˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩. ˱˦˷ 

˱˳̆˽˫˦ ˭ˮ˦˧˪˲˩˦ˬ˳˰ˮ, ˱˦˨˶˦˱ ̀˹˩ˮ ˦˱˭˫ˮ˷˪˧˰˳˧ˮ˷ ˨˦˱˳ 1980 ̂˰˪˧ˮ˷˭˫ˮ˷ 

˾˪ˮ̀˫˦˰˦ ˦˰˧˪˲˩˦ˬ˳˰ˮ˭, ˩  ˦ ˭˶˦ˮ˻˰˦˧˪˲˩˦ˬ˳˰ˮ̀, ˶˳˱˪˰ˮ̀ 1990 ̂˰˪˧˾ˮ  

˨˦˱˳ˮ̀˦˩˦ ˦˩˦˱ˮ˦˲˪˧ˬ˪ [69]. 
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˷˹ ˶10: ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˦˲˸̆˪ ˰˱ˮ˲˭ ˹˶ ˮ˴˶˪˴˦˶˦˸˪˧ˮ [70, 71]. 

˩˼˪ˮ˷˦˭˫ˮ˷ ˯˰ˮ˲ˮ˯˹˶ ˱˪˩ˮ̀ˮ˲˦˾ˮ ˨˦˱˳ˮ˽˪˲˪˧˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˧˦ˬ˦ˬ˪ 

˩˦˱ˬ˦˩˪˧˹˰ˮ ˱˭˪˰ˮ ˶ˮ˨ˮ ˴˶˪˴˦˶˦˸˪˧ˮ. ˱˦˨˦˰ˮ˭˦˩, ˯˹̃ˮ˷ ̂˽˰˹˰ˮ˷ 

˷˦˱˯˹˶˲˦˰˳˩ ˪˶-˭˪˶ ˭ ˪˺˪˻˸˹˶ ˷˦˾˹˦˰˪˧˦˩ ˮ˭˫˰˪˧˦ ˳˱˪˴˶˦ˬ˳˰ˮ, 

˰˦˲˷˳˴˶˦ˬ˳˰ˮ, ˶˦˧˪˴˶˦ˬ˳˰ˮ ˩  ˦˴˦˲˸˳˴˶˦ˬ˳˰ˮ (˷˹ ˶11), ˶˳˱˰˪˧ˮ̀ ˱˳˻˱˪˩˪˧˪˲ 

˶˳˨˳˶̀ ˴˶˳˸˳˲˹˰ˮ ˸˹˱˧˳˷ ˮ˲̆ˮ˧ˮ˸˳˶˪˧ˮ ˩  ˦ ˱ˮ˪˯˹˭˫˲˪˧ˮ˦˲ ˯˹̃ˮ˷ 

˱˵˦˫ˮ˦˲˳˧˦˷˭˦˲ ˩˦˯˦˫˾ˮ˶˪˧˹˰ ˮ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˱˯˹˶˲˦˰˳˧ˮ˷ ˭˪˶˦˴˪˫˸˹˰ ˦˨˪˲˸˪˧˷, 
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˶˳˱˪˰˾ˮ̀ ˾˪˩ˮ˷ ˨˦˷˸˶˳˪ˬ˳˺˦˨˹˶ˮ ˶˪˺˰˹˻˷ˮ, ˯˹̃ˮ˷ ̂˽˰˹˰˳˫˦˲ˮ ˩˦˦˫˦˩˪˧˪˧ˮ 

˩  ˦˱̂˫˦˫˪ ˯˹-̃˲˦̂˰˦˫ˮ˷ ˷ˮ˷̄˰˩˪˲˦ [58]. 

 

˷˹ ˶ 11: ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˯˹̃ˮ˷ ̂˽˰˹˰ˮ˷ ˷˦˱˯˹˶˲˦˰˳ 

˴˶˪˴˦˶˦˸˪˧ˮ [58]. 

˦˰˪˶˨ˮ˹˰ˮ ˹˶˸ˮ˯˦˶ˮˮ˷ (̃ˮ˲̃˶ˮ˷ ̀ˮ˪˧˦) ˩  ˦˶ˮ˲ˮ˸ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ ˨˦˱˳ˮ˽˪˲˪˧˦ 

˱ˮˬ˳˰˦ˬ˸ˮ˲ˮ, ˦˷ ˸˪˱ˮˬ˳˰ˮ (˷˹ ˶12) ˩  ˦˱ˮ˷ˮ ˹˺˶ ˳˷˪˰˪˻˸ˮ˹˶ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ O-

˩˪˷˱˪˭ˮ˰˦˷˸˪˱ˮˬ˳˰ˮ ˩  ˦ ˲˳˶˦˷˸˪˱ˮˬ˳˰ˮ, ˶˳˱˰˪˧ˮ̀ ˱˳˻˱˪˩˪˧˪˲ ˶˳˨˳˶̀ 

̆ˮ˷˸˦˱ˮ˲ˮ˷ H1-˶˪̀˪˴˸˳˶ˮ˷ ˦˲˸˦˨˳˲ˮ˷˸˪˧ˮ: ˸˪˰˱ˮ˷˦˶˸˦˲ˮ, ˯˦˲˩˪˷˦˶˸˦˲ˮ (˷˹ ˶12), 

˯˦˲˩˪˶˷˦˶˸˦˲ ̀ˮ˰˪˻˷˪˸ˮ˰ˮ ˩  ˦ ˦ˬˮ˰˷˦˶˸˦˲ˮ ˨˦˱˳ˮ˽˪˲˪˧˦ ̆ˮ˴˪˶˸˪˲ˬˮˮ˷, 

˩ˮ˦˧˪˸˹˶ˮ ˲˪˺˶˳˴˦˭ˮˮ˷ ˩  ˦˨˹˰ˮ˷ ˹˯˱˦˶ˮ˷˳˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ [9]. 
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˷˹ ˶ 12: ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˬ˳˨ˮ˪˶˭ˮ ˱˦˼˦˰ˮ ̂˲˪˫ˮ˷ 

˱˦˶˪˨˹˰ˮ˶˪˧˪˰ˮ ˩  ˦˦˰˪˶˨ˮˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ̂˦˱˰˪˧ˮ. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˴ˮ˶˫˪˰ˮ ˷ˮ˲˭˪ˬˮ˷ ˾˪˱˩˪˨, ˱˶˦˫˦˰ˮ ˷˦˺˹́˫˰ ˮ˦˲ˮ ˯˫˰˪˫˪˧ˮ˷ 

˷˦˺˹́˫˪˰ˬ˪, ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˲˦̂˦˶˱˪˧ˮ ˨˦˱˳˫˰˪˲ˮ˰ˮ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ 

˴˶˳˺ˮ˰ˮ˷ ˱ˮ̄˪˩˫ˮ˭ ˾˪ˮ́˰˪˧˦ ˩˦ˮ˽˳˷ ˾˪˱˩˪˨ ˯˰˦˷˪˧˦˩: 1) ˦ ˲˭˪˧ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ 

˩  ˦ ˦˲˦˰˨˪ˬˮ˹˶ˮ ˷˦˾˹˦˰˪˧˪˧ˮ [4], 2) ˦˲˸ˮ˱ˮ˯˶˳˧˹˰ˮ ˷˦˾˹˦˰˪˧˪˧ˮ [72-76], 3) 

˸˹˧˪˶˯˹˰˳ˬˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ [77, 78], 4) ˦˲˸ˮ˩ˮ˦˧˪˸˹˶ˮ ˩  ˦ ˦˲˸ˮ˯˳˲˫˹˰˷˦˲˸˹˶ˮ 

[79-82], 5) ˦˲˸ˮ˳˻˷ˮ˩˦˲˸˹˶ˮ [83-86], 6) ˯ˮ˧˳˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ [87-89], 7) 

˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ [90-92],  8) B ˩  ˦ C ̆˪˴˦˸ˮ˸ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˷˦˾˹˦˰˪˧˦ [93-95],  9) 
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˱˦˰˦˶ˮˮ˷ ˷˦˦̂ˮ˲˦˦˼˱˩˪˨˳ [96-99], 10) ˦̀˪˸ˮ˲̆˳˰ˮ˲˪˷˭˪˶˦ˬ˦˷ ˮ˲̆ˮ˧ˮ˸˳˶˪˧ˮ [100, 

101] ˩  ˦˷̄˫˦. 

  ˩ ˼˪˷˩˼˪˳˧ˮ˭ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ ˭˦˱˦˾˳˧˷ ́˦˰ˮ˦˲ ˱˲ˮ˾˫˲˪˰˳˫˦˲ ˶˳˰ ˷

˷˦˱˪˩ˮ̀ˮ˲˳ ˻ˮ˱ˮ˦˾ˮ. ˮ˨ˮ ̂˦˶˱˳˦˩˨˪˲˷ ˪˶-˭˪˶ ˭ ˷˦˯˫˦˲́˳ ˺˦˶˱˦˯˳˺˳˶˹˰ 

˱˳˰˪˯˹˰˦˷ ˭˦˲˦˱˪˩˶˳˫˪ ̂˦˱˰˪˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˷˺˪˶˳˾ˮ ˩  ˦ ˮ˲˸˪˲˷ˮ˹˶˦˩ 

˨˦˱˳ˮ˽˪˲˪˧˦ ˷̄˫˦˩˦˷̄˫˦ ˸ˮ˴ˮ˷ ˩˦˦˫˦˩˪˧ˮ˷ ˴˶˪˫˪˲̀ˮˮ˷˭˫ˮ˷ ˩  ˦ ˱˯˹˶˲˦˰˳˧ˮ˷˭˫ˮ˷ 

˭˦˫ˮ˷ˮ ˩˦˧˦˰ˮ ˸˳˻˷ˮ˯˹˶˳˧ˮ˭, ˱˦˼˦˰ˮ ˧ˮ˳˾˪˼̂˪˫˦˩˳˧ˮ˭, ˧ˮ˳˭˦˫˷˪˧˦˩˳˧ˮ˭ ˩  ˦

˱˶˦˫˦˰˺˪˶˳˫˦˲ˮ ˷˦˱˯˹˶˲˦˰˳ ˪˺˪˻˸ˮ˭ [7]. 

 

1.5. ˦ ˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˮ˷˸˳˶ˮ˦ 

˩  ˦˱˦˭ˮ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦ 

˦˩˦˱˦˲˸˦˲ˮ˷, ˶˳˨˳˶̀ ˰ˮ˴˳˺ˮ˰˹˶ˮ ˯˦˶˯˦˷˹˰ˮ ˱˳˰˪˯˹˰ˮ˷, ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ 

˦˻˸ˮ˹˶˳˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˾˪˱˩˪˨, ˮ˲˸˪˲˷ˮ˹˶˦˩ ˩˦ˮ̂˽˳ ˦ ˱ ˹˲ˮ˯˦˰˹˶ˮ ˱˳˰˪˯˹˰ˮ˷ 

˾˪˱̀˫˪˰ˮ ˷̄˫˦˩˦˷̄˫˦ ̆˪˸˪˶˳̀ˮ˯˰˹˶ˮ ˲˦̂˦˶˱˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦˱˦˭ˮ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˦˻˸ˮ˹˶˳˧ˮ ˷˷˦˺˹́˫˰ˮ˦˲ˮ ˾˪˷̂˦˫˰˦. ˴ˮ˶˫˪˰˦˩ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 5 ˩  ˦6 ̂˪˫˶ˮ˦˲ˮ 

̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ ˷˦˷˦˯ˮ˷ ˩  ˦˱ˮ˷ˮ ˭˦˲˦˦˫˸˳˶˪˧ˮ˷ ˱ˮ˪˶ 1969 ̂˪˰˷. 

˱˦˭ ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˷̀˦˩˪˷ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XVI) ˷ˮ˲˭˪ˬˮ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˱ˮ˼˪˧ˮ˷ ˯˰˦˷ˮ˯˹˶ˮ ˱˪˭˳˩ˮ˭: 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ ˷

˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ˳˶˭-˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲˭˦˲ ˱˦˶ˮ˰˱˵˦˫˦ ˷ ˩  ˦

˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫˦ ˷˦˶˪˾ˮ ˩˹˼˪˧ˮ˭,  ˭˹˱̀˦ ˶˪˦˻̀ˮ˦ ˷˦̂˽ˮ˷ˮ ˴˶˳˩˹˻˸˪˧ˮ˷ ˹˯ ˦˲ 

˨˦˱˳˽˳˺ˮ˭ ˩˦˱˭˦˫˶˩˦. ˷˦˧˳˰˳˳˩ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ -˳

˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲˭˦˲ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 

˱ˮ˼˪˧˹˰ˮ N-(˦˩˦˱˦˲˸˦˲-1-ˮ  ˰ ˯˦˶˧˳˲ˮ˰)- -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ (XV) ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ 

˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫˦ ˷˪˭˪˶ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷ ˻˰˳˶˳˺˳˶˱˾ ˮ[102] (˷˻˪˱˦ 2).  
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˷˻˪˱˦ 2: ˷˦˷˦˯ˮ˷ ˱ˮ˪˶ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˴ˮ˶˫˪˰ˮ ̂˦˶˱˦˸˪˧˹˰ˮ ˷ˮ˲˭˪ˬˮ. 

2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XVI) ˷ˮ˲˭˪ˬˮ ˾˪˱˩˪˨ ˹˯˫˪ 1974 ̂˪˰˷ 

˾˫˪̄˨˪ˮ˱˪˶˱˦ ˩  ˦ ˯˹ˬ˱ˮ˿˪˫˱˦ ˷̀˦˩˪˷ ˮ˱ˮ˲˳ ˪˷˭˪˶ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭. ˱˦˭ 

˭˦ ˫˩˦˴ˮ˶˫˪˰˦˩ ̅˪ ˶ ˩˦˦˷ˮ˲˭˪ˬ˪˷ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ ˷ ˮ˱ˮ˲˳˪˷˭˪˶ˮ˷ 

̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ ˩  ˦˾˪˱˩˪˨ ˨˦˲˦̄˳˶̀ˮ˪˰˪˷ ˱ˮ˷ˮ ˯˳˲˩˪˲˷˦̀ˮ˦ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲˭˦˲ 

˦˧˷. ˪˭˦˲˳˰ˮ˷ ˦˶˪˾ˮ 1 ˷˦˦˭ˮ˦˲ˮ ˩˹˼˪˧ˮ˭. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˨˦˱˳˷˦˫˦˰˱˦ ˾˪˦˩˨ˮ˲˦ 

71% [103] (˷˻˪˱˦ 3).  

˷˻˪˱˦ 3: ˾˫˪̄˨˪ˮ˱˪˶ˮ˷ ˱ˮ˪˶ ˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ˮ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ˷ 

˷˻˪˱˦. 

˪˶˭ˮ ̂˰ˮ˷ ˾˪˱˩˪˨ ˮ˨ˮ˫˪ ˦˫˸˳˶˪˧˱˦ [104] ˷̀˦˩˪˷ ˦˩˦˱˦˲˸˦˲˩ˮ˯˦˶˧˳˲ˮ˸˶ˮ˰ˮ˩˦˲ 

˦ ˲ ˦˩˦˱˦˲˸˦˲-1,3-˩ˮ˯˦˶˧˳˲˱˵˦˫˦ ˷ ˩ˮˮ˱ˮ˲˳˪˷˭˪˶ˮ˩˦˲ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲˭˦˲ 

˯˳˲˩˪˲˷˦̀ˮˮ˭ 1,3-[˧ˮ˷(2-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲ˮ ˷ (XVII ) ˱ˮ˼˪˧˦. 

˩ˮ˲ˮ˸˶ˮ˰ˮ˷ ˩  ˦ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ ˯˹˱˳˰˾ˮ ˩˹˼˪˧ˮ˭ 10 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ 4 N 

HCl-ˮ ˷˭˦˲˦˳˧ˮ˷˦˷. ˲ˮ˫˭ˮ˪˶˪˧˦ XVII  ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 58% ˨ ˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 4).  
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˷˻˪˱˦ 4: ˾˫˪̄˨˪ˮ˱˪˶ˮ˷ ˱ˮ˪˶ 1976 ̂˪˰˷ ˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ˮ 1,3-[˧ˮ˷(2-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. 

1 ˱˳˰ˮ ˩ˮˮ˱ˮ˲˳ ˪˷˭˪˶ˮ˷ XVIII  ˩  ˦ 2 ˱˳˰ˮ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 

˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ ˦˧˷. ˪˭˦˲˳˰˾ˮ 2 ˷ -˭ˮ ˷ ˾˪˱˩˪˨ ˾˫˪̄˨˪ˮ˱˪˶˱˦ ˱ˮˮ˼˳ 

˱˳˲˳˿˦˲˦̀˫˰˪˧˹˰ˮ ˱˪˭ˮ˰ 3-[(2-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲-l-˯˦˶˧˳˻˷ˮ˰˦˸ˮ 

(XIX) 64%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭, ̄˳˰ ˳ ̄˹˭ˮ ˪˻˫ˮ˱˳˰˹˶ˮ ˷ˮ̃˦˶˧ˮ˭ -˳

˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ ˦˼˪˧ˮ˷˦˷ ˮ˨ˮ˫˪ ˴ˮ˶˳˧˪˧˾ˮ 4 ˷ -˭ˮ  ˭˱˳˶˪˫ˮ˷˦˷ ˱ˮˮ˼˪˧˦ 1,3-[˧ˮ˷(2-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲ˮ (XVII ) (˨˦˱˳˷˦˫˦˰ˮ 69%) [104] (˷˻˪˱˦ 5). 

 

˷˻˪˱˦ 5: ˱˪˭ˮ˰ 3-[ (2-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲-l-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ ˩  ˦ 1,3-[˧ˮ˷(2-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲ˮ˷ ˱ˮ˼˪˧ˮ˷ ˷˻˪˱˦. 

1975 ̂˪˰˷ ˯˶˳ˮ̀˧˪˶˨˱˦ ˩  ˦ ˾˶˳˩˪˶˱˦ [105] 1-˦˩˦˱˦˲˸˦˲˦̀˪˸ˮ˰˻˰˳˶ˮ˩ˮ˷ 

˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ 2-˲ˮ˸˶˳˦˲ˮ˰ˮ˲˭˦˲ ˱ˮˮ˼˪˷ 1-˦˩˦˱˦˲˸˦˲́˱˦˶˱˵˦˫ˮ˷ 2-˲ˮ˸˶˳ 



33 
 

˦˲ˮ˰ˮ˩ˮ, ̄˳˰ ˳ ˱ˮ˷ˮ ˾˪˱˩˨˳˱ˮ ˦˼˩˨˪˲ˮ˭ ˩  ˦ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ 2-(1-

˦˩˦˱˦˲˸ˮ˰˱˪˭ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (XX) (˷˻˪˱˦ 6). 

˷˻˪˱˦ 6: ˯˶˳ˮ̀˧˪˶˨ˮ˷ ˩  ˦ ˾˶˳˩˪˶ˮ˷ ˱ˮ˪˶ ˿˦˸˦˶˪˧˹˰ˮ 2-(1-

˦˩˦˱˦˲˸ˮ˰˱˪˭ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. 

˱˳˨˫ˮ˦˲˪˧ˮ˭, 1977 ̂ ˪˰˷ ̆˳˰˦˲˱˦ ˨˦ˮ˱˪˳˶˦ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XVI) 

˷ˮ˲˭˪ˬˮ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ 

˩ˮ̆ˮ˩˶˳˻˰˳˶ˮ˩˭˦˲ ̂˽˰ˮ˦˲ ˪˭˦˲˳˰˾ˮ 112°C-ˬ  ˪˩˹˼˪˧ˮ˭ 8 ˯˧˦˶ ̆ˮ˩˶˳˷˸˦˸˹˶ ˮ

̂˲˪˫ˮ ˷ ˻˫˪˾. ˨˦˱˳˷˦˫˦˰˱˦ ˾˪˦˩˨ˮ˲˦ 48%. ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˱˦˼˦˰ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ 

˨˦˲̄˳˶̀ˮ˰˩˦ ˮ˨ˮ˫˪ ˴ˮ˶˳˧˪˧˾ˮ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ ˻˰˳ ˶˩  ˦˱˪˭ˮ˰ ˿˦˲˦̀˫˰˪˧˹˰ˮ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˷˦˷. ˦˱˦˫˪ ˦˫˸˳˶˪˧ˮ˷ ˱ˮ˪˶ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱˵˦˫ˮ˦˲˳˧ˮ˷ ˩  ˦

̂˲˪˫ˮ˷ ˨˦˫˰˪˲˦ N-(1-˦˩˦˱˦˲˸ˮ˰˯˦˶˧˳˲ˮ˰)- -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ (XV) ̀ˮ˯˰ˮˬ˦̀ˮ˦ˬ˪. 

˩˦˩˨˪˲ˮ˰ ˮ˻˲˦, ˶˳ ˱˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˱ˮ˱˩ˮ˲˦˶˪˳˧˷ ˱̄˳˰˳˩ ́˰ˮ˪˶ˮ 

˱˵˦˫˦ ˯˦˸˦˰ˮˬˮ˷ ˾˪˩˪˨˦˩. ˷˦̄˪˰˩˳˧˶, ˦˱ˮ˲˳˦˲ˮ˰ˮ˩ˮ˷ XV ˱˦˶ˮ˰˱˵˦˫˦˷ ˭˦˲˦˳˧ˮ˷˦˷ 

˨˦̀̄˪˰˪˧ˮ˷˦˷ ˪˭˦˲˳˰˾ˮ ˦˸˱˳˷˺˪˶˹˰ ̂˲˪˫˦ˬ˪, 24 ˷˦˦˭ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ, ˱ˮˮ˼˪˧˦ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ XVI . ˦˼˷˦˲ˮ˾˲˦˫ˮ˦, ˶˳ ˱ˮ˨ˮ˫˪ ˴ˮ˶˳˧˪˧˾ˮ ˯˦˸˦˰ˮˬ˦˸˳˶˦˩ ˷˹˷˸ˮ 

˱˵˦˫˦˷ (˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦, pKa=6.8) ˨˦˱˳˽˪˲˪˧ˮ˷˦˷ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˦ ˶

˱ˮ˱˩ˮ˲˦˶˪˳˧˷. ˱̄˳˰˳˩ ̂˲˪˫ˮ˷ ˨˦ˬ˶˩˦ 8 ˯ ˧˦˶-˱˩ ˪ˮ́˰˪˫˦ ˩˦˩˪˧ˮ˭ ˾˪˩˪˨˷ 91%-˱˩ ˪

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭. ˹˲˩˦ ˦˼ˮ˲ˮ˾˲˳˷, ˶˳ ˱˱˦˼˦˰ˮ ̂˲˪˫ˮ˷ (8 ˯˧˦˶) ˨˦˱˳˽˪˲˪˧ˮ˷˦˷ ˮ˨ˮ˫˪ 

˶˪˦˻̀ˮ˦ˬ˪ ˱˵˦˫˦˷ ˨˦˶˪˾˪, ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮ ˦˦ ˶˱ˮ˱˩ˮ˲˦˶˪˳˧˷ (˷˻˪˱ ˦ 7) 

[106].  
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˷˻˪˱˦ 7: ̆˳˰˦˲ˮ˷ ˱ˮ˪˶ 1977 ̂ ˪˰˷ ˿˦˸˦˶˪˧˹˰ˮ 2-(1-˦˩˦˱˦˲˸˦˲)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ˷ 

˷˻˪˱˦. 

1980 ̂ ˪˰˷ ˴˪˲ˮ̀ˮ˦˶˱˦ ˩  ˦˱ˮ˷˱˦ ̅˨˹˺˱˦ ˷̀˦˩˪˷ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

XVI ˱ˮ˼˪˧˦ (˷˻˪˱˦ 8) ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ C-2 ˲˦̄˾ˮ˶˧˦˩ˬ˪ ˦˩˦˱˦˲˸ˮ˰ˮ˷ ˶˦˩ˮ˯˦˰ˮ˷ 

̆˳˱˳˰ˮ˸˹˶ˮ ˿˦˲˦̀˫˰˪˧ˮ˷ ˶˪˦˻̀ˮˮ˭ ˩  ˦˱ˮ˼˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ ˨˦˱˳̀˦˩˪˷ A-2 ˸ˮ˴ˮ˷ 

˫ˮ˻˸˳˶ˮ˦ ˫ˮ˶˹˷ˬ˪, ˭ ˹˱̀˦ ˦ ˱˫ˮ˶˹˷ˮ˷ ˱ˮ˱˦˶˭ ˮ˨ˮ ˦˼˱˳˦˿˲˩˦ ˦˶˦˦˻˸ˮ˹˶ˮ [107]. 

 

˷˻˪˱˦ 8: 1980 ̂˪˰˷ ˴˪˲ˮ̀ˮ˦˶ˮ˷ ˱ˮ˪˶ ˿˦˸˦˶˪˧˹˰ˮ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. 

˴˳˰˳˲˪˰˱˦ ˱˯˰˪˫˦˶˪˧˱˦ 1986 ̂˪˰˷ [108] ˩˦˦˷ˮ˲˭˪ˬ˪˷ 2-˦˩˦˱˦˲˸ˮ˰˱˪˭ˮ˰-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (XX) 1-˦˩˦˱˦˲˸˦˲́˱˦˶˱˵˦˫˦ ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ˾˪˰˼˳˧ˮ˭ 180°C-ˬ  ˪ -˳

˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ̂˦˶˱˳˪˧˹˰˪˧˭˦˲ (25-42%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭) 

(˷˻˪˱˦ 9). ˱ˮ˼˪˧˹˰˱˦ ˲ˮ˫˭ˮ˪˶˪˧˪˧˱˦ ˫ˮ˶˭̄˪˧˾ˮ ˱˦˼˦˰ˮ ˦˶˸˪˶ˮ˹˰ ̂˲˪˫˦ˬ˪ 

˩˦˯˫ˮ˶˫˪˧ˮ˷˦˷ ˨˦˱˳˦˫˰ˮ˲˪˷ ˷˹˷˸ˮ ˦˲˸ˮ̆ˮ˴˪˶˸˪˲ˬˮ˹˰ˮ ˦˻˸ˮ˹˶˳˧˦. 2-

˦˩˦˱˦˲˸ˮ˰˱˪˭ˮ˰-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˱˦ (XX) ˯ ˮ˯˦˶˨ˮ ˦˲˸ˮ˧˦˻˸˪˶ˮ˹˰ˮ ˪˺˪˻˸ˮ ˦˿˫˪˲˦ 

˸˹˧˪˶˯˹˰˳ˬˮ˷ ˱ˮ˯˳˧˦˻˸˪˶ˮˮ˷ ˩  ˦˷̄˫˦ ˧˦˻˸˪˶ˮ˹˰ˮ ˾˸ ˦˱˪˧ˮ˷  ˷ ˦̂ˮ˲˦˦˼˱˩˪˨˳˩. 
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˷˻˪˱˦ 9: 2-(1-˦˩˦˱˦˲˸ˮ˰˱˪˭ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ 

˾˪˰˼˳˧ˮ˭ ˱ˮ˼˪˧ˮ˷ ˷˻˪˱˦. 

1988 ̂˪˰˷ ˶˹˷˱˦ ˱˪̀˲ˮ˪˶˪˧˱˦ ˩˦˦˷ˮ˲˭˪ˬ˪˷ N-˦˩˦˱˦˲˸ˮ ˰˦˱ˮ˩˪˧ˮ XXI N-

(˻˰˳˶˳˦̀˪˸ˮ˰)˦˱ˮ˲˳˦˩˦˱˦˲˸˦˲˪˧ˮ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ 2-˦˱ˮ˲˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧-

˭˦˲ ˦̀˪˸˳˲˾ˮ ˩˹˼˪˧ˮ˭ 28-30 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ (˷˻˪˱˦ 10) ˩  ˦ ˾˪ˮ˷̂˦˫˰˪˷ 

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˲˪˧ˮ˷ ˺˷ˮ˻˳˱˦˷˸ˮ˱˹˰ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦ 

̀̄˳˫˪˰˪˧ˬ˪ ˷˴˳˲˸˦˲˹˶ ˱˳˸˳˶˹˰ ˦˻˸ˮ˹˶˳˧˦ˬ˪ ˩˦˯˫ˮ˶˫˪˧ˮ˷˦˷ [109].  

 

˷˻˪˱˦ 10: N-˦˩˦˱˦˲˸ˮ˰˦˱ˮ˩˪˧ˮ ˷˷ˮ˲˭˪ˬˮ. 

1994 ̂˪˰˷, ˩˦ ˫ˮ˭ ˬ˹˶˦˧ˮ˾˫ˮ˰ˮ˷ ̄˪˰˱́˼˫˦˲˪˰˳˧ˮ˭, ˿˫˪˲ˮ ̅˨˹˺ˮ˷ ˱ˮ˪˶ 

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (XXII ) ˱˦˶˸ˮ˫ˮ ˦̄˦˰ˮ 

˱˪˭˳˩ˮ˭ [110]. ˱˦˭ ˷˦̂˽ˮ˷ ˪˸˦˴ˬ˪ ˱ˮˮ˼˪˷ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˳˶˭-˳

˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ ˮ (XXII ) ˩  ˦ ˾˪˱˩˪˨ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ ˷ ̀ˮ˯˰ˮˬ˦̀ˮ˦ 

˨˦˲˦̄˳˶̀ˮ˪˰˪˷ ˱ˮ˼˪˧˹˰ˮ 4-(1-˦˩˦˱˦˲˸ˮ˰)-1,2-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˰ˮ˷ (XXII ) 

˩ˮ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ˷ ̃ˮ˦˲̃˫˪˰˦ ˱˵˦˫˦˷˭˦˲ 7 ˷  ˭ ˩˹˼˪˧ˮ˭ 95-105°C-ˬ ,˪ 98% 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 11). 
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˷˻˪˱˦ 11: 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XXIII ) ˱ˮ˼˪˧ˮ˷ ˷˻˪˱˦. 

˱˳˨˫ˮ˦˲˪˧ˮ˭, ˦˱˦˫˪ ̅˨˹˺˱˦ ˱ˮˮ˼˳ 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ C-2 ˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷, ˱˪˭ˮ˰ˮ˷, -˲

˧˹˭ˮ˰ˮ˷, ˺˪˲ˮ˰ˮ˷, ˳˶˭-˳˩  ˦˴˦˶˦-˻˰˳˶˧˪˲ˬ˳˰ˮ˷ ˩  ˦˧˪˲ˬˮ˰ˮ˷ ˶˦˩ˮ˯˦˰˪˧ˮ˭, 4-

(1-˦˩˦˱˦˲˸ˮ˰)-1,2-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˰ˮ˷ (XXII ) ˩ˮ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ˷ ̃˦˶˧˦˩ ˦˼˪˧˹˰ 

˾˪˷˦˧˦˱ˮ˷ ˦˰ˮ˺˦˸˹˶ [111] ˩  ˦˦˶˳˱˦˸˹˰ [112, 133] ˱˵˦˫˪˪˧˭˦˲ ˩˹˼˪˧ˮ˷ ˩  ˦˾˪˰˼˳˧ˮ˷ 

˾˪˩˪˨˦˩ (˷˻˪˱˦ 12).  

 

˷˻˪˱˦ 12: .˩ ˬ˹˶˦˧ˮ˾˫ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˱ˮ˪˶ 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷̄˫˦˩˦˷̄˫˦ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ (XXIII a-i) ˱ˮ˼˪˧ˮ˷ ˷˻˪˱˦. 

ˬ˹˶˦˧ˮ˾˫ˮ˰ˮ˷ ̅˨˹˺˱˦ ˲ˮ˫˭ˮ˪˶˪˧˦ XXIIIb ˱ˮˮ˼˳ ˦˷˪˫˪ 5-˦˩˦˱˦˲˸ˮ˰-2-

˦̀˪˸˦˱ˮ˩˳˦˲ˮ˰ˮ˲ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ 140°C-ˬ  ˪ ˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫˦˷ ˪˭˪˶˪˧ˮ˷ 

˭˦˲˦˳˧ˮ˷˦˷ (˷˻˪˱˦ 13) [111]. 
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˷˻˪˱˦ 13: 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XXIIIb ) ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦ ˴˳˰ˮ˺˳˷˺˳˶˱˵˦˫˦˷ 

˪˭˪˶ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷.  

˱ˮ˼˪˧˹˰ 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˴ˮ˶˫˪˰˦˩ˮ 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˯˫˰˪˫˪˫ˮ˷ ˾˪˩˪˨˦˩  ˬ˳˨ˮ˪˶˭˱˦ ̂˦˶˱˳˪˧˹˰˱˦ ˨˦˱˳˦˫˰ˮ˲˦ 

˦˲˸̆˪˰˱ˮ˲˭˹˶ˮ ˩  ˦ ˦˲˸ˮ˱ˮ˯˶˳˧˹˰ˮ ˦˻˸ˮ˹˶˳˧˦ [133]. ˦˲˸̆˪˰˱ˮ˲˭˹˶ˮ ˦̄˦˰ˮ 

˴˶˪˴˦˶˦˸˪˧ˮ˷ ́ˮ˪˧ˮ˷ ˱ˮˬ˲ˮ˭ ˱̀ˮ˶˪ ˭˦˲˦˱˩˪ ˹˦˶˽˳˺ˮ˭ˮ ˪˺˪˻˸˪˧ˮ˷ ˨˦˶˪˾˪, 

ˬ˹˶˦˧ˮ˾˫ˮ˰ˮ˷ ̅˨˹˺˱˦ ˩˦˦ˬˮ˲˭˪ˬ˦ ˦˩˦˱˦˲˸ˮ˰-˿˦˲˦̀˫˰˪˧˹˰ˮ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰˯˦˶˧˦˱˦˸˪˧ˮ. 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)-2-˱˪˭˳˻˷ˮ˯˦˶˧˳˲ˮ˰˦˱ˮ˲˳-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ  (XXIV) ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ ˳˶ ˮ ˷˦˺˪̄˹˶ˮ˷ ˨˦˫˰ˮ˭, 

˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˯˦˰̀ˮ˹˱ˮ˷ ̀ˮ˦˲˦˱ˮ˩ˮ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ ˻˰˳˶˳˺˳˶˱ˮ˦˸˭˦˲ 35-

40°C-ˬ  ˪ ˩  ˦ ˱ˮ˼˪˧˹˰ˮ N-̀ˮ˦˲˳˱˪˭ˮ˰˯˦˶˧˦˱˦˸ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 

˲ˮ˫˭ˮ˪˶˪˧˦ XXII -˭˦˲ 90-100°C-ˬ ,˪ 49%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 14) [112]. 

 

˷˻˪˱˦ 14. 5(6)-(1-˦˩˦˱˦˲˸ˮ˰)-2-˱˪˭˳˻˷ˮ˯˦˶˧˳˲ˮ˰˦˱ˮ˲˳-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷  (XXIV) ˷ˮ˲˭˪ˬˮ.  
 

  ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ 5-˱˩˨˳˱˦˶˪˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˬ˳˨ˮ˪˶˭˱ ˦

˲˦̂˦˶˱˪˧˱ ˦ (˷˹ ˶ 13) ˨˦˱˳˦˫˰ˮ˲˪˷ ˲˦˸˶ˮ˹˱ˮ˷ ˦˶̄ˮ˷ ˱˳˩˹˰˦˸˳˶˹˰ˮ ˭˫ˮ˷˪˧˪˧ˮ, 
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˶˳˱˰˪˧ˮ̀ ˩˦˴˦˸˪˲˸˪˧˹˰ ˮ˻˲˦ 2013 ̂˪˰˷ ˧˦˨˦˰ˮ˷ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺ˮ˷ ˱ˮ˪˶. 

˦˫˸˳˶˪˧ˮ˷ ˼˶˱˦ ˶̂˱˪˲ˮ˭, ˮ˷ˮ˲ˮ ˾˪ˮ́˰˪˧˦ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦˲ ˸˯ˮ˫ˮ˰˨˦˱˦˽˹˿˪˧˪˰ 

˩  ˦˦˲˭˪˧ ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˷˦˾˹˦˰˪˧˪˧˦˩ [113].  

 

˷˹ ˶ 13: ˲˦˸˶ˮ˹˱ˮ˷ ˦˶̄ˮ˷ ˱˳˩˹˰˦˸˳˶˹˰ˮ ˭˫ˮ˷˪˧ˮ˷ ˱˻˳˲˪ (1R,2S)-1-(5-((3R,5R,7R)-

˦˩˦˱˦˲˸˦˲-1-ˮ )˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰-1-˦˱ˮ˲˳˴˶˳˴˦˲-2-ˮ )˰˯˦˶˧˦˱˦˸ˮ˷ ˺˳˶˱˹˰˦. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˾ˮ NH-˭˦˲ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˲˦̂˦˶˱˪˧ˮ 

˴ˮ˶˫˪˰˦˩ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 1999 ̂˪˰˷ ˩˦˲ˮ˰ˮ˲ˮ˷ ˱ˮ˪˶, ˧˶˳˱˳˱˪˭ˮ˰ 1-˦˩˦˱˦˲˸ˮ˰ 

˯˪˸˳˲ˮ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˭˦˲, ̆˪˻˷˦˱˪˭ˮ˰˺˳˷˺˳˸˶ˮ˦˱ˮ˩˾ˮ 

˲˦˸˶ˮ˹˱ˮ˷ ̆ˮ˩˶˳˻˷ˮ˩ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷, ˳˭˦̄ˮ˷ ˸˪˱˴˶˦˪ ˸˹˶˦ˬ˪ ˱˳˶˪˫ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ 

(˷˻˪˱˦ 15) [114].  

 

˷˻˪˱˦ 15: ˩˦˲ˮ˰ˮ˲ˮ˷ ˱ˮ˪˶ 1999 ̂ ˪˰˷ ˿˦˸˦˶˪˧˹˰ˮ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. 

N-1 ˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ 1-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˱ˮˮ˼˪˷ ˦˷˪˫˪ 

˹˯˶˦ˮ˲˪˰˱˦ ˱˪̀˲ˮ˪˶˪˧˱˦ [115] ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 1-˧˶˳˱˦˩˦˱˦˲˸˦˲ˮ˭ 

˦˩˦˱˦˲˸ˮ˰ˮ˶˪˧ˮ˷˦˷ ˹̂˽˰˳ ˯˦˰ˮ˹˱ˮ˷ ˯˦˶˧˳˲˦˸ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷ -˳˩ˮ˻˰˳˶˧˪˲ˬ˳˰˾ˮ 
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˩˹˼˪˧ˮ˷˦˷ 190°C-ˬ  ˪(˷˻˪˱˦ 16). ˱ˮ˼˪˧˹˰ˮ ˦˰˯ˮ˰ˮ˶˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ˷ ˨˦˱˳˷˦˫˦˰˱˦ 

˾˪˦˩˨ˮ˲˦ 54%.  

 

 

˷˻˪˱˦ 16: ˶˦˪˲˯˳˷ ˱ˮ˪˶ ˩˦˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ 1-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˱ˮ˼˪˧ˮ˷ ˷˻˪˱˦. 

2001 ̂˪˰˷ ˦˱˪˶ˮ˯˪˰˱˦ ˱˯˰˪˫˦˶˪˧˱˦ [116, 117] ˾˪ˮ˷̂˦˫˰˪˷ ˩  ˦ ˩˦˦˴˦˸˪˲˸˪˷ 

˦˩˦˱˦˲˸˦˲ˮ ˷ ˾˪˱̀˫˪˰ˮ ˶˪˸ˮ˲˳˰ˮ˷ ˱˷˨˦˫˷ˮ ˦˶˳˱˦˸˹˰ˮ ˩  ˦ ̆˪˸˪˶˳̀ˮ˯˰˹˶ˮ 

˲˦˪˶˭ˮ˷ ˯ˮ˧˳˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶˳˧˦. ˦˼˷˦˲ˮ˾˲˦˫ˮ˦, ˶˳ ˱ ˦ ˱ ˲˦̂˦˶˱˪˧ˮ˩˦˲ 

˨˦˲˷˦˯˹˭˶˪˧ˮ˭ ˱ˮˮ˻̀ˮ˪˷ ˽˹˶˦˩˼˪˧˦ ˧˪ ˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧˱˦. ˷˦̄˪˰˩˳˧˶, 

2-[3-(1-˦˩˦˱˦˲˸ˮ˰)-4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰]-5-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˯˦˶˧˳˲˱˵˦˫˦˱ (XXVIIa) 

˨˦˱˳˫˰ˮ˲˦ ˸˫ˮ˲ˮ˷, ˷˻˪˰ˮ ˲˦̂˰˦˫ˮ˷, ˺ˮ˰˸˫ˮ˷, ˯ˮ˷˶ˮ˷, ˱ˮ˪˰˳˱˦˷, ˴˦˲˯˶˪˦˷ˮ˷, 

˴˶˳˷˸˦˸ˮ ,˷ ˯˦˲ˮ˷, ˼˫ˮ́˰ˮ˷ ˯ˮ˧˳˷ ˩  ˦˰˪ˮ˯˪˱ˮˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶˳˧˦. 2-[3-(1-

˦˩˦˱˦˲˸ˮ˰)-4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰]-5-˱˪˭ˮ˰˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˱˦ (XXVIIb ) ˦˿˫˪˲˦ ˰˪ˮ˯˪˱ˮˮ˷, 

˰ˮ˱˺˳˱˦˷ ˩  ˦˱ˮ˪˰˳˱˦˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦. ˦˱˶ˮ˨˦˩, ˪ ˷˲˦̂˦˶˱˪˧ˮ ˾˪ˮ́˰˪˧˦ 

˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦˷ ˯ˮ˧˳˷ ˺˦˶˭˳ ˦˶˪˦˰ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩ (˷˹ ˶14). 

 

˷˹ ˶14: ˰˪ˮ˯˪˱ˮˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶˳˧ˮ˷ ˱˻˳˲˪ 2-[3-(1-˦˩˦˱˦˲˸ˮ˰)-4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰]-

5-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ ˯˦˶˧˳˲˱˵˦˫˦ ˷˩  ˦˱ˮ˷ˮ ˱˪˭ˮ˰ˮ˷ ˪˭˪˶ˮ˷ ˺˳˶˱˹˰˦. 
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˦˱˦˫˪ ̂˪˰˷, ˯˦˰ˮ˲̅ˮ˦˲˱˦ ˩  ˦ ˱ˮ˷˱˦ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺˱˦ [118] ˾˪ˮ˷̂˦˫˰˦ ˯˹-̃

˲˦̂˰˦˫ˮ˷ ˩˦˶˼˫˪˫˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˦˻˸ˮ˹˶˳˧˦ ˫ˮ˶˭˦˨˫˪˧ˮ˷ ˯˹̃ˬ˪. 

˱˦˭ ˨˦˱˳˦˫˰ˮ˲˪˷, ˶˳ ˱ 2-[5-(˦˩˦˱˦˲˸ˮ˰˳˻˷ˮ/˦˱ˮ˲˳˱˪˭ˮ˰)-2-̀ˮ˯˰˳̆˪˻˷ˮ˰-1H-

ˮ˱ˮ˩˦ˬ˳˰-4-ˮ ]˰˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˩  ˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ ̂˦˶˱˦˸˪˧ˮ˭ ˾˪ˮ́˰˪˧˦ 

˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦˲  ˨˦˷˸˶ˮ˲ˮ˷ ˩  ˦˻˳˰˪̀ˮ˷˸˳˯ˮ˲ˮ˲ˮ˷ ˶˪̀˪˴˸˳˶˪˧ˮ˷ ˰ˮ˨˦˲˩˪˧˦˩ 

(˷˹ ˶15).  

 

˷˹ ˶ 15: ˯˹-̃˲˦̂˰˦˫ˮ˷ ˩˦˶˼˫˪˫˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˭˫ˮ˷˪˧ˮ˷ ˱˻˳˲˪ 2-[5-

(˦˩˦˱˦˲˸ˮ˰˳˻˷ˮ/˦˱ˮ˲˳˱˪˭ˮ˰)-2-̀ˮ˯˰˳̆˪˻˷ˮ˰-1H-ˮ˱ˮ˩˦ˬ˳˰-4-ˮ ]˰˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˩  ˦

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˬ˳˨˦˩ˮ ˺˳˶˱˹˰˦. 

ˮ˦˴˳˲˪˰ˮ ˱˪̀˲ˮ˪˶˪˧ˮ˷ 2002 ̂ ˰ˮ˷ ˴˦˸˪˲˸˾ˮ [119]  ˦˼̂˪˶ˮ˰ˮ˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-Ŭ-

˿˦˲˦̀˫˰˪˧˹˰ˮ ˯˦˶˧˳˲˱˵˦˫˦˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ (˷˹ ˶ 16) ˷ˮ˲˭˪ˬˮ ˩  ˦˩˦̀˹˰ˮ˦ ˱˦˭ˮ 

˩ˮ˦˧˪˸ˮ˷ ˩˦˦˫˦˩˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˭˫ˮ˷˪˧˪˧ˮ. ˿˦˸˦˶˪˧˹˰˱˦ ˯˫˰˪˫˪˧˱˦ ˩ˮ˦˧˪˸ˮ˷ 

˱˻˳˲˪ ˭˦˨˫˪˧˾ˮ ˦˿˫˪˲˦, ˶˳ ˱˦˩˦˱˦˲˸˦˲ ˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˱ˮˮ ˩˦ˬ˳˰ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧˱˦ 

˨˦˱˳˦˫˰ˮ˲˪˷ ˽˫˪˰˦ˬ˪ ˯˦˶˨ˮ ˾˪˩˪˨ˮ. ˱ ˦˭ ˷ˮ˷̄˰˾ˮ ˾˦˻˶ˮ˷ ˩˳˲˪ ˩˦̂ˮ˪˷ 58.8%-ˮ .˭   

 

˷˹ ˶ 16: ˩ˮ˦˧˪˸ˮ˷ ˩˦˦˫˦˩˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˭˫ˮ˷˪˧˪˧ˮ˷ ˱˻˳˲˪ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-Ŭ-

˿˦˲˦̀˫˰˪˧˹˰ˮ ˯˦˶˧˳˲˱˵˦˫˦˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˬ˳˨˦˩ˮ ˺˳˶˱˹˰˦. 
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˱˦˶˯ ˶ˮ˿˦˶˩˷˱˦ ˩  ˦ ˱ˮ˷˱˦ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺˱˦ ˩˦˦˷ˮ˲˭˪ˬ˪˷ ˧ˮ˷-˦˱ˮ˩˹˶ˮ 

̅˨˹˺˪˧ˮ˷ ˾˪˱̀˫˪˰ˮ 2-(˺˪˲ˮ˰˿˦˲˦̀˫˰˪˧˹˰ˮ)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ 

˷̄˫˦˩˦˷̄˫˦ ˷˪˶ˮ˦ (˷˹ ˶17), ˶˳˱˪˰˭˦ ˾˳˶ˮ˷ ˱˲ˮ˾˲˪˰˳˫˦˲ˮ ˦˩˨ˮ˰ˮ ˹˯˦˫ˮ˦ ˨˫˪˶˩ˮ˭˦ 

̅˦̃˫˾ˮ  ˦ ˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰ ˲˦˪˶˭˪˧˷ [120-129].  

 

˷˹ ˶17: 2-(˺˪˲ˮ˰˿˦˲˦̀˫˰˪˧˹˰ˮ)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ 4 ˷ ˪˶ˮ˦.  

 

˦ ˱˲˦˪˶˭˪˧˱˦ ˨˦˱˳˦˫˰ˮ˲˪˷ ˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ [125] ˩  ˦˦˲˭˪˧ˮ˷ [128] ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ 

˦˻˸ˮ˹˶˳˧˦, ˮ˷˪˫˪ ˶˳˨˳˶̀ ˦˷˭˱ˮ˷, ˦˰˪˶˨ˮˮ˷ [120-123] ˩  ˦ ˯ˮ˧˳˷ [124, 126-129] 

˩˦˦˫˦˩˪˧˪˧ˮ˷ ˩˦˱˭˶˨˹ ˲˫˪ ˰ˮ ˱˳˻˱˪˩˪˧˦ ̀̄˳˫˪˰˹˶ ˱˳˩˪˰˾ˮ.  

˲˦˪˶˭˪˧ˮ˷ XXX a-aaa, b-bbb, c-ccc ˷ˮ˲˭˪ˬˮ ˨˦˲̄˳˶̀ˮ˪˰˩˦ ˾˪˷˦˧˦˱ˮ˷ˮ ˲ˮ˸˶˳ ˩  ˦

˯˦˶˧˳˻˷ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˾˪˱̀˫˪˰ˮ ˩ˮ˦˱ˮ˲˪˧ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 4-

˲ˮ˸˶˳˧˪˲ˬ˦˰˩˪̆ˮ˩˭˦˲  ˩  ˦ ˱˪˭ˮ˰ 4-˺˳˶˱ˮ˰˧˪˲ˬ˳˦˸˭˦˲ ˲ˮ˸˶˳˧˪˲ˬ˳˰˾ˮ 

˩˹˼˪˧ˮ˭ 155-160°C-ˬ  ˪˩  ˦˱ˮ˼˪˧˹˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ ˾˪˷˦˧˦˱ˮ˷ 

˦˱ˮ˲˪˧˭˦˲ ˩  ˦˻˰˳˶˦˲̆ˮ˩˶ˮ˩˪˧˭˦˲ (˷˻˪˱˦ 17, 1), 2), 3)). ̄˳˰ ˳˲˦˪˶˭˪˧ˮ ˷˷˪˶ˮ˦ XXX d-
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ddd ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 4-˲ˮ˸˶˳˧˪˲ˬ˳˰-2,3-˩ˮ˦˱ˮ˲ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ -˴˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ 

˱˵˦˫˦ ˷ ̂˦˶˱˳˪˧˹˰˪˧˭˦˲ ˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫˦˷ ˭˦˲˦˳˧ˮ˷˦˷ ˻˷ˮ˰˳˰ˮ˷ ˦˶˪˾ˮ 3 ˷  ˭

˩˹˼˪˧ˮ˷ ˾˪˱˩˪˨ ˩  ˦ ˱ˮ˼˪˧˹˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˦˱ˮ˲˳ ̅˨˹˺˪˧˭˦˲ ˾˪˷˦˧˦˱ˮ˷ˮ 

˦̀˪˸ˮ˰˻˰˳˶ˮ˩˪˧ˮ˷ ˹˶˭ˮ˪˶˭˻˱ ˪˩˪˧ˮ˭ (˷˻˪˱˦ 18). 
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˷˻˪˱˦ 17: ˧ˮ˷-˦˱ˮ˩˹˶ˮ ̅˨˹˺˪˧ˮ˷ ˾˪˱̀˫˪˰ˮ 2-(˺˪˲ˮ˰˿˦˲˦̀˫˰˪˧˹˰ˮ)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˷˪˶ˮˮ˷ ˷ˮ˲˭˪ˬˮ. 
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˷˻ ˪˱˦ 18: ˧ˮ˷-˦˱ˮ˩˹˶ˮ ̅˨˹˺˪˧ˮ˷ ˾˪˱̀˫˪˰ˮ 2-(˺˪˲ˮ˰˿˦˲˦̀˫˰˪˧˹˰ˮ)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ. 

˨˦˱˳˯˫˰˪˹˰ ˮ˻˲˦, ˶˳ ˱ ˳˭̄ˮ˫˪ ˷˪˶ˮˮ˷ ˲˦˪˶˭˪˧ˮ˷ ˦˰˪˶˨ˮˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ 

˱˳˻˱˪˩˪˧˦ ˨˦˲˴ˮ˶˳˧˪˧˹˰ˮ˦ ˱˦˭ˮ ˩˦˱˭˶˨˹˲˫˪˰ˮ ˱˳˻˱˪˩˪˧ˮ˭ lgE ˦˲˸ˮ˨˪˲ˬ˪, ˶˦̀ 

˨˦˱˳˫˰ˮ˲˩˦ in vivo  ˩  ˦ in vitro ̀˩˪˧ˮ˷˦˷, ˭˦˨˫ˮ˷ ˪˰˪˲˭ˮ˷ ˩  ˦ ˦˩˦˱ˮ˦˲ˮ˷ 

˴˪˶ˮ˺˪˶ˮ˹˰ˮ ˷ˮ˷̄˰ˮ˷ ˹̅˶˪˩˹˰ ˯˹˰˸˹˶˦ˬ˪ ˩˦˯˫ˮ˶˫˪˧ˮ˷˦˷, ˮ˷˪˫˪ ˶˳˨˳˶̀ in 

vivo ̀˩˪˧ˮ˷˦˷ ˭˦˨˫˪˧ˮ˷ ˱˳˩˪˰˾ˮ. ˯˫˰˪˫ˮ˷ ˾˪˩˪˨˦˩ ˦ ˱ ˲˦˪˶˭˪˧˱˦ ˨˦˱˳˫˰ˮ˲˪˷ 

˴ˮ˶˩˦˴ˮ˶ˮ ˱˳˻˱˪˩˪˧˦ ˷̄˫˦˩˦˷̄˫˦ ̅˨˹˺ˮ˷ ˦˰˪˶˨ˮ˹˰ ˱˪˩ˮ˦˸˳˶˪˧ˬ˪. ˾˪˷˦˧ ˦˱ˮ˷˦˩, 

ˮ˷ˮ˲ˮ ˾˪˷˦́˰˪˧˪˰ˮ˦ ̂˦˶˱˦˸˪˧ˮ˭ ˮ˻˲˦˷ ˨˦˱˳˽˪˲˪˧˹˰ˮ ˷̄˫˦˩˦˷̄˫˦ ˦˰˪˶˨ˮ˹˰ˮ 

˩˦˦˫˦˩˪˧˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩, ˱˦˭ ˾˳˶ˮ˷ ˱̂˫˦˫˪ ˦˷˭˱ˮ˷ ˩  ˦ ˦˰˪˶˨ˮ˹˰ˮ ˶ˮ˲ˮ˸ˮ˷ 

˩˶˳˷. ˦ ˱ ˳˶˦˷˦˱˩˪ ˲˦˪˶˭ˮ˷ ˷˸˶˹˻˸˹˶˦-˦˻˸ˮ˹˶˳˧˦˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ˷ ˾˪˷̂˦˫˰˦˱ 

˦˿˫˪˲˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˸ˮ˴ˮ˷ ˩ˮ˩ ˮ̆ˮ˩˶˳˺˳˧˹˶ˮ ̅˨˹˺˪˧ˮ˷ ˱˲ˮ˾˲˪˰˳˫˦˲ˮ ̂˫˰ˮ˰ˮ lgE 

˦˲˸ˮ˨˪˲ˮ˷ ˩˦˭˶˨˹˲˫˦˾ˮ. ˦˱˦˷˭˦˲ ˪˶˭˦˩ ˦˼˱˳˿˲˩˦, ˶˳ ˱˸˪˶˱ˮ˲˦˰˹˶ˮ ˦˶˳˱˦˸˹˰ˮ 

̅˨˹˺˪˧ˮ˷ ˿˦˲˦̀˫˰˪˧˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˸ˮ˴ˮ˷ ̀ˮ˯˰˳˦˰˯ˮ˰˹˶ˮ ̅˨˹˺˪˧ˮ˭, ˦˹˱̅˳˧˪˷˪˧˷ 

˦˻˸ˮ˹˶˳˧˦˷. ˦˻˸ˮ˹˶˳˧ˮ˷ ˨˦ˬ˶˩˦˷˭˦˲ ˪˶˭˦˩ ˦˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰˱˦ ˶˳˨˳˶̀ 

˷˦̂˽ˮ˷˱˦ ˲˦˪˶˭˪˧˱˦, ˦˷˪˫˪ ˱˦˭˱˦ ˦˻˸ˮ˹˶˱˦ ˱˪˸˦˧˳˰ˮ˸˪˧˱˦, ˨˦˱˳˦˫˰ˮ˲˪˷ ˯˦˶˨ˮ 

˧ˮ˳˾˪˼̂˪˫˦˩˳˧˦ [121]. ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦, ˶˳ ˱ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 2-

(˺˪˲ˮ˰˿˦˲˦̀˫˰˪˧˹˰ˮ)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ ˱˳˻˱˪˩˪˧˪˲ ˨˳˰̅ˮ˷ 

˦˴˦˶˦˸ˮ˷ ̀ˮ˰˪˧ˬ˪, ˦˱̀ˮ˶˪˧˪˲ ˹̅˶˪˩ˮ˷ ˴˶˳˰ˮ˺˪˶˦̀ˮ˦˷ ˩˦  ˾˪˷˦˧˦˱ˮ˷˦˩ ˦˲˪˰˪˧˪˲ 

˯ˮ˧˳˷ ˹̅˶˪˩˪˧ˮ˷ ˬ˶˩˦˷ [126]. ˦˱˦˷˭˦˲, ˮ˱ˮ˷ ˨˦˱˳, ˶˳ ˱ ˧˪˫˶ˮ ˫ˮ˶˹˷ˮ ˱˦˭ˮ 
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˷˦˷ˮ̀˳̀̄˰˳ ̀ˮ˯˰ˮ˷ ˩˶˳˷  ˮ˽˪˲˪˧˷ ˱˦˷˴ˮ˲́˪˰ˮ ˹̅˶˪˩˪˧ˮ˷ ˨˳˰̅ˮ˷ ˦˴˦˶˦˸˷, ˪ ˷

˲˦˪˶˭˪˧ˮ ˭˶˨˹˲˦˫˪˲ ˮ ˱ ˷̄˫˦˩˦˷̄˫˦ ˳̅˦̄ˮ˷ ˫ˮ˶˹˷˪˧ˮ˭ ˮ˲˺ˮ̀ˮ˶˪˧˦˷, ˶˳˱˰˪˧˷˦̀ 

˷̃ˮ˶˩˪˧˦˭ ˨˳˰̅ˮ˷ ˦˴˦˶˦˸ˮ ˱˦˷˴ˮ˲́˪˰ ˹̅˶˪˩˪˧˾ˮ ˨˦˩˦˦˩˨ˮ˰˪˧ˮ˷˦˷ [125].  

˯˳˶˪˪˰ˮ ˱˪̀˲ˮ˪˶˪˧ˮ˷ ˱ˮ˪˶ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ˷˪˶ˮˮ˷ ˲˦˪˶˭˪˧ˮ ˩  ˦ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱˦˭ˮ 

˩ˮ˦̀ˮ˰˨˰ˮ̀˪˶˳˰ ˦̀ˮ˰˸˶˦˲˷˺˪˶˦ˬ˦˷ ˱ˮ˱˦˶˭ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˦˻˸ˮ˹˶˳˧˦ 

˫ˮ˶˭̄ ˪˧ˮ˷ ˼˫ˮ́˰ˮ˷ ˱ˮ˯˶˳˷˳˱˪˧ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭ ̀˩˪˧ˮ˷˦˷ [130]. ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 

2-((4-(1-˦˩˦˱˦˲˸ˮ˰)˺˪˲˳˻˷ˮ)˱˪˭ˮ˰)-N-̆˪˸˪˶ˮ˰/˦˶ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-

˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ ˦˩˦˱˦˲˸ˮ˰ ˺˪˲˳˰ˮ˩˦˲. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˷ˮ˲˭˪ˬˮ ˱˦˭ 

˨˦˲˦̄˳˶̀ˮ˪˰˪˷ ˶˧ˮ˰ ˴ˮ˶˳˧˪˧˾ˮ, ˦˩˦˱˦˲˸ˮ˰˺˪˲˳˻˷ˮ́˱˦˶˱˵˦˫ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ 

̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ˱˪˭ˮ˰ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸˭˦˲ PPSE (˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫ˮ˷ 

˱˪˭ˮ˰˷ˮ˰ˮ˰)ˮ ˦˶˪˾ˮ 140°C-ˬ  ˪5 ˷˦˦˭ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˩˹˼˪˧ˮ˷ ˾˪˩˪˨˦˩ 90%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 19). 

 

˷˻˪˱˦ 19: 2-((4-(1-˦˩˦˱˦˲˸ˮ˰)˺˪˲˳˻˷ˮ)˱˪˭ˮ˰)-N-̆˪˸˪˶ˮ˰/˦˶ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-

˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦ [130]. 

˦˱˦˫˪ ˾˶˳˱˦˾ˮ ˰ˮˮ˷ ˩  ˦ ˱ˮ˷ˮ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺ˮ˷ ˱ˮ˪˶ ˨˦˱˳˯˫˰˪˹˰ ˮ˻˲˦ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˾ˮ 2-˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˺˪˲˳˻˷ˮ˱˪˭ˮ˰˭˦˲ ˿˦˲˦̀˫˰˪˧˹˰ˮ 

˷̄˫˦˩˦˷̄˫˦ ˦˰˯ˮ˰ˮ˷ ̅˨˹˺˪˧ˮ˷ ˬ˪˨˦˫˰˪˲˦ ˩ˮ˦̀ˮ˰˨˰ˮ̀˪˶˳˰ ˦̀˪˸ˮ˰˸˶˦˲˷˺˪˶˦-
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ˬ˦˷ ˱˦ˮ̆˲ˮ˧ˮ˶˪˧˪˰ ˦˻˸ˮ˹˶˳˧˦ˬ˪. ˯˫˰˪˫ˮ˷ ˾˪˩˪˨˦˩ ˩˦˩˨ˮ˲˩˦, ˶˳ ˱ ˯˦˶˨ˮ 

˱˦ˮ̆˲ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦ ˨˦˦˿˲ˮ˦ ˱̄˳˰˳  ˩ ˦˩˦˱˦˲˸˦˲ˮ˷ ˩  ˦ ˮˬ˳˧˹˭ˮ˰ˮ˷ 

˶˦˩ˮ˯˦˰˪˧ˮ˷ ˾˪˱̀˫˪˰ ˲˦̂˦˶˱˪˧˷ ˺˪˲ˮ˰˭˦˲ ˩  ˦ ̂˽˦˰˧˦˩˭˦˲ ˾˪˩˦˶˪˧ˮ˭. 

˨˦˱˳˯˫˰˪˹˰ˮ ˷˪˶ˮˮ˩˦˲ ˽˫˪˰˦ˬ˪ ˦˻˸ˮ˹˶ˮ ˲ˮ˫˭ˮ˪˶˪˧˦ ˦˼˱˳˿˲˩˦ XXXII  (˷˹ ˶ 18). 

˶˳˱˪˰ˮ̀ ˾˪˱˩˪˨˾ˮ ˨˦˱˳˯˫˰˪˹˰ ˮ˻˲˦ in vivo ˪˺˪˻˸˹˶˳˧˦ˬ˪ ˩ˮ˪˸ˮ ˭˨˦˱˳̂˫˪˹˰ˮ 

˷ˮ˱˷˹˻˲ˮ˷ ˫ˮ˶˭̄˪˧ˮ˷ ˱˳˩˪˰ˬ˪. ˲ˮ˫˭ˮ˪˶˪˧˦ ˱ XXXII  ˯˳˲̀˪˲˸˶˦̀ˮˮ˭ 10 ˱/˨˯,˨ 

˩˦˭˶˨˹˲˦ ˷̄˪˹˰ˮ˷ ̂˳˲ˮ˷ ˱˳˱˦˸˪˧˦ 73%-ˮ .˭ ˹˺˶ ˳˱˪˸ˮ̀, ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ XXXII 5 

˯˫ˮ˶ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˱ˮ˼˪˧ˮ˷˦ ˷ ˷˦˨˶́˲˳˧˰˦˩ ˾˪˱̀ˮ˶˩˦ ˷̄˪˹˰ˮ˷ ̂˳˲˦, ˶˦̀ 

˱˪˸˽˫˪˰˪˧˷ ˮ˱˦ˬ˪, ˶˳ ˱ ˪ ˷ ˲ˮ˫˭ˮ˪˶˪˧ ˦ ̂˦˶˱˦˸˪˧ˮ˭ ˾˪ˮ́˰˪˧˦ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦˷ 

˷ˮ˱˷˹˻˲ˮ˷ ˩  ˦˲ˮ˫˭ˮ˪˶˪˧˦˭˦ ̀˫˰ˮ˷ ˩˦˶˼˫˪˫ˮ˷ ˷˦˱˯˹˶˲˦˰˳˩.  

˷˹ ˶ 18: ˰ˮˮ˷ ˩  ˦ ˱ˮ˷ˮ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺ˮ˷ ˱ˮ˪˶ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˩ˮ˦̀ˮ˰˨˰ˮ̀˪˶˳˰ 

˦̀ˮ˰˸˶˦˲˷˺˪˶˦ˬ˦˷ ˱ˮ˱˦˶˭ ˽˫˪˰˦ˬ˪ ˱˦˼˦˰ˮ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧ˮ˷ ˱˻˳˲ ˪ ˲˦˪˶˭ˮ˷ 

˷˸˶˹˻˸˹˶˦. 

ˬ̆˦˲˨˱˦ ˩  ˦˱ˮ˷˱˦ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺˱˦ ˩˦˦˷ˮ˲˭˪ˬ˪˷ 2-˦˱ˮ˲˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ ˩  ˦

˾˪ˮ̂˦˫˰˪˷ ˱˦˭ˮ ˴˳˸˪˲̀ˮ˹˶ ˮ ˦˻˸ˮ˹˶˳˧˦ ˱ˮ˯˳˧˦˻˸˪˶ˮ˹˰ˮ ˱˪˱˧˶˦˲˹˰ˮ 

˴˶˳˸˪ˮ˲˪˧ˮ˷ ˱ˮ˱˦˶˭. ˦˼˱˳˿˲˩˦, ˶˳ ˱ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰˱˦ 2-

˦˱ˮ˲˳ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧˱ ˦(˷˹ ˶19, XXXIII ) ˨˦˱˳˦˫˰ˮ˲˪˷ ˾˪˷˦˲ˮ˾˲˦˫ˮ ˸˹˧˪˶˯˹˰˳ˬˮ˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶˳˧˦ ˷˦˯˳˲˸˶˳˰˳ ˲ˮ˫˭ˮ˪˶˪˧˦˷˭˦˲ ˾˪˩˦˶˪˧ˮ˭ 

(˯˳˲̀˪˲˸˶˦̀ˮˮ˭ 0.03-˩˦ ˲2µ˨ /˱ )˰ [131].  

 

˷˹ ˶19: 2-(1-˦˩˦˱˦˲˸˦˲˦˱ˮ˲˳)-5,6-˩ˮ˻˰˳˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ. 
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2015 ̂ ˪˰˷ ˩˦˫ˮ˭ ˬ˹˶˦˧ˮ˾˫ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˱ˮ˪˶ ˱˳̂˳˩˪˧˹˰ ˮ˻˲˦ 2-(1-˦˩˦˱˦˲˸ˮ˰)-

1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XVI) ˱˦˶˸ˮ˫ˮ ˪˶ ˭ ˷˦˺˪̄˹˶ˮ˦˲ˮ ˷ˮ˲˭˪ˬˮ 1-

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ -˳˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲˭˦˲ POCl3-ˮ ˷

˦˶˪˾ˮ ˩˹˼˪˧ˮ˭ 93%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 20) [132].  

 

˷˻˪˱˦ 20: .˩ˬ˹˶˦˧ˮ˾˫ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˱ˮ˪˶ ˱ˮ˼˪˧˹˰ˮ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ 

˱˦˶˸ˮ˫ˮ ˪˶ ˭˷˦˺˪̄˹˶ˮ˦˲ˮ ˷ˮ˲˭˪ˬˮ˭. 

˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (XVI) ˲ˮ˸˶ˮ˶˪˧ˮ˷ 

˶˪˦˻̀ˮ˦ ˱˦˲ˮ˸˶ˮ˶˪˧˪˰ˮ ˲˦˶˪˫ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˭˦˲˦˺˦˶˩˳˧˪˧ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭ (˯˳˲̀.  

HNO3 (d 1.35) ˩  ˦˯˳˲̀. H2SO4 (d 1.83) ˽ˮ˲˹˰ˮ˭ ˨˦̀ˮ˫˪˧ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ. ˲˦˪˶˭ˮ XXXIV 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ 92%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ HNO3 : H2SO4 1:1,1 ˪˻˫ˮ˱˳˰˹˶ˮ 

˭˦˲˦˺˦˶˩˳˧ˮ˭ ˦˼˪˧ˮ˷˦˷, ̄˳˰ ˳ ˩ˮ˲ˮ˸˶˳ ˲˦̂˦˶˱ˮ XXXV ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 81%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ HNO3 : H2SO4 10:1 ˪˻˫ˮ˱˳˰˹˶ˮ ˭˦˲˦˺˦˶˩˳˧ˮ˭ ˨˦˱˳˽˪˲˪˧ˮ˷˦˷ 

(˷˻˪˱˦ 21). ˱ˮ˼˪˧˹˰ˮ ˱˳˲˳˲ˮ ˸˶˳˲˦̂˦˶˱ˮ˷ XXXIV ˦˼˩˨˪˲ˮ˷ ˾˪˱˩˪˨ ˿˦˸˦˶˪˧˹˰ ˮ˻˲˦ 

˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˪˧ˮ ˷̄˫˦˩˦˷̄˫˦ ˦˶˳˱˦˸˹˰ ˦˰˩˪̆ˮ˩˪˧˭˦˲ ˷˴ˮ˶˸ˮ˷ ˦˶˪˾ˮ 

˩˹˼˪˧ˮ˭ ˾˪˷˦˧˦˱ˮ˷ˮ ˾ˮ˺ˮ˷ ˺˹́˪˪˧ˮ˷ XXXVIIa-d ˱ˮ˼˪˧ˮ˭, ̄˳˰ ˳ 1-

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˵˦˫˦˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩˭˦˲ ˩  ˦ ˧˪˲ˬˮ˰˻˰˳˶ˮ˩˭˦˲ 

˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˷˦˷ ˩ˮ˪˭ˮ˰ˮ˷ ˪˭˪˶ˮ˷ ˦˶˪˾ˮ ˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ ˭˦ ˲˦˳˧ˮ˷˦˷ 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˾˪˷˦˧˦˱ˮ˷ˮ ˦˱ˮ˩˪˧ˮ  XXXVIII a ˩  ˦b (˷˻˪˱˦ 21) [132].     

 



48 
 

˷˻˪˱˦ 21: 2-(1-˦˩˦˱˦˲˸˦˲)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˲ˮ˸˶˳ ˲˦̂˦˶˱˪˧ˮ˷ ˩  ˦2ï(1ï˦ ˩˦˱˦˲˸ˮ˰)-1H-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5(6)ï˦ ˱ˮ˲ˮ ˷ˮ˱ˮ˲˳ ˩  ˦˦̀ˮ˰˲˦̂˦˶˱˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ. 

 

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ˲˦̂˦˶˱˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦ ˱˦˭ˮ 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˯˫˰˪˫˦ ˩˼˪˱˩˪ ˦˻˸ˮ˹˶˦˩ ˱ˮ˱˩ˮ˲˦ ˶˪˳˧˷. ˦˩˦˱˦˲˸˦˲ 

˾˪˱̀˫˪˰ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬ˷ ˱ˮ́˼˲ˮ˫ ˰ˮ ˦˻˫˷ 2 ˱ˮ˱˳̄ˮ˰˫ˮ˭ˮ ˾˶˳˱˦ [133, 

134] ˩  ˦ ˦ ˱ ˳˶ ˮ ˹˲ˮ˯˦˰˹˶ˮ ˷˸˶˹˻˸˹˶ˮ˷ ˪˶˭˳˧˰ˮ˫ˮ ˲˦̂˦˶˱˪˧ˮ ˭˦˲˦˱˪˩˶˳˫˪ 

˱˪˩ˮ̀ˮ˲˦˾ˮ ˦˶˷˪˧˹˰ˮ ˱̂˫˦˫˪ ˴˶˳˧˰˪˱˪˧ˮ˷ ˨˦˩˦̃˶ˮ˷ ˴˪˶˷˴˪˻˸ˮ˹˰ ˷˦˾˹˦˰˪˧˪˧˷ 

̂˦˶˱˳˦˩˨˪˲˪˲.  

1.6. ˦ ˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ 

˳˻˷˦ˬ˳˰˪˧ˮ ̂˦˶˱˳˦˩˨˪˲˪˲ ̆˪˸˪ ˶˳̀ˮ˯˰˪˧ˮ˷ ˱˲ˮ˾˫˲˪˰˳˫˦˲ ˯˰˦˷˷, ˶˳˱˰˪˧ˮ̀ 

˨˦˱˳ˮ˶˿˪˫ˮ˦˲ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˺˦˶˭˳ ˷˴˪˻˸˶ˮ˭ ˩  ˦˱˲ˮ˾˫˲˪˰˳˫˦˲ ˶˳˰ ˷

˦˷˶˹˰˪˧˪˲ ˷˦˱˪˩ˮ̀ˮ˲˳ ˻ˮ˱ˮ˦˾ˮ. ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ ˲˦̂˦˶˱˪˧˷ 

˨˦˦˿˲ˮ˦˭ ˦˲˸ˮ˱ˮ˯˶˳˧˹˰ˮ, ˦˲˭˪˧ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˩  ˦ ˦˲˦˰˨˪ˬˮ˹˶ˮ, 

˦˲˸ˮ̆ˮ˴˪˶˨˰ˮ˯˪˱ˮ˹˶ˮ, ˯ˮ˧˳˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳, ˩˲ ˱˸˳˴˳ˮˬ˳˱˪˶˦ˬ˦˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪-

˰  ˮ ˱˳˻˱˪˩˪˧˦ ˩  ˦ ˷̄˫˦ [135-141]. ˦˱˦˷˭˦˲ ˪˶˭˦˩, ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˨˦˱˳ˮ˽˪˲˪˧ˮ˦˲ 

˦˨˶˳˻ˮ˱ˮ˦˾ˮ, ˦˷˪˫˪ ˴˳˰ˮ˱˪˶˪˧ˮ˷ ˩  ˦˺˰˹˳˶˪˷̀˪˲˸˹˰ˮ ˷˦˼˪˧˦˫˪˧ˮ˷ ˷ˮ˲˭˪ˬ˾ˮ. 

˱ˮ˹̄˪˩˦˫˦˩ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˺˦˶˭˳ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷,˦ 

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ, ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧˭˦˲ ˾˪˩˦˶˪˧ˮ˭, ˲˦˯˰˪˧˦˩ 

˦˶ˮ˷ ˾˪˷̂˦˫˰ˮ˰ˮ. 20-˱˩ ˪˾˶˳˱˦˾ˮ, ˶˳˱˪˰˭˦˨˦˲˦̀ ˹˱˪˸˪˷˳˧˦ ˴˦˸˪˲˸ˮ˦, ˦˼̂˪˶ˮ˰ˮ 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˧˦ˬ˦ˬ˪ ˩˦˱ˬ˦˩˪˧˹˰ˮ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˴˳˰ˮ˱˪˶˪˧ˮ, 

˶˳˱˰˪˧ˮ̀ ˨˦˱˳ˮ˶˿˪˫ˮ˦˲ ˱˦˼˦˰ˮ ˨˦˱ˮ˲˪˧ˮ˷ ˸˪˱˴˪˶˦˸˹˶ˮ˭ ˩  ˦ ˱˦˼˦˰ˮ ˭˪˶˱˹˰ˮ 

˷˸˦˧ˮ˰˹˶˳˧ˮ˭, ˱˦˼˦˰ˮ ˨˦˱̃˫ˮ˶˫˦˰˳˧ˮ˭ ˩  ˦˩˦˧˦˰ˮ ˩ˮ˪˰˪˻˸˶ˮ˯˹˰ˮ ˱˹˩˱ˮ˫ˮ˭ 

[142-148], ˮ˷ˮ˲ˮ ̂˦˶˱˦˩˨˪˲˪˲ ˴˪˶˷˴˪˻˸ˮ˹˰ ˱˦˷˦˰˪˧˷ ˪˰˪˻˸˶˳ˮˬ˳˰˦̀ˮ˹˶ˮ 

˺ˮ˶˪˧ˮ˷, ˰ ˦˻˪˧ˮ˷ ˩  ˦˲˦̄˪˫˶˦˩˨˦˱˸˦ ˶˪˧ˮ˷ ˩˦˷˦˱ˬ˦˩˪˧˰˦˩ [149-154].  

˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˾˪˷̂˦˫˰ˮ˷ ˱ˮˬ˲ˮ˭ ˴ˮ˶˫˪˰˦˩ ˦˩˦˱˦˸˦˲˾˪˱̀˫˪˰ˮ 

˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ ˩˦˦˷ˮ˲˭˪ˬ˦ ˾˫˪̄˨˪ˮ˱˪˶˱˦ ˩  ˦ ˯˹ˬ˱ˮ˿˪˫˦ ˱ 1974 ̂˪˰˷. 2-(1-

˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ (XXXIX) ˩˦˦˷ˮ˲˭˪ˬ˪˷ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ ˷ ˮ˱ˮ˲˳ 
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˪˷˭˪˶ˮ˷ ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ -˳˦˱ˮ˲˳˺˪˲˳˰˭˦˲ ˦˧˷. ˪˭˦˲˳˰˾ˮ 76%-

ˮ˦˲ˮ ˨˦˱˳˷˦˫˦˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 22) [103].  

 

 

˷˻˪˱˦ 22: ˾ ˫˪̄˨˪ˮ˱˪˶ˮ˷ ˱ˮ˪˶ ˱˳̂˳˩˪˧˹˰ˮ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. 

˪˶˭ˮ ̂˰ˮ˷ ˾˪˱˩˪˨ ˮ˨ˮ˫˪ ˦˫˸˳˶˪˧˱˦ [104] ˩˦˦˷ˮ˲˭˪ˬ˪˷ 1,3-[˧ˮ˷(2-

˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲ˮ (XXXX) ˱˦˼˦˰ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (62 %) 1 ˱˳˰ˮ 

˩ˮ˲ˮ˸˶ˮ˰ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 2 ˱˳˰˹˶ˮ ˭˦˲˦˺˦˶˩˳˧ˮ˭ ˦˼˪˧˹˰ -˳˦˱ˮ˲˳˺˪˲˳˰˭˦˲ 

˸˳˰˹˳˰ˮ˷ ˦˶˪˾ˮ 18 ˷  ˭˩˹˼˪˧ˮ˭ 4 N HC1-ˮ ˷˭˦˲˦˳˧ˮ˷˦˷ (˷˻˪˱˦ 23). ˮ˨ˮ˫˪ ˲˦˪˶˭ˮ˷ 

˱ˮ˼˪˧˦ ˫˪˶ ˱˳̄˪˶̄˩˦  ˮ˨ˮ˫˪ ˭˦˲˦˺˦˶˩˳˧ˮ˭ ˦˼˪˧˹˰ ˩ˮˮ˱ˮ˲˳˪˭˪˶ˮ˷ 

˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˷˦˷  ˳ -˦˱ˮ˲˳˺˪˲˳˰˭˦˲. 

 

˷˻˪˱˦ 23: ˾˫˪̄˨˪ˮ˱˪˶ˮ˷ ˱ˮ˪˶ 1,3-[˧ˮ˷(2-˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. 

˦˱˦˫˪ ˦˫˸˳˶˪˧˱˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˨˦˲˦̄˳˶̀ˮ˪˰˪˷ ˱˪˭ˮ˰ 3-[ 

(2-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˰)]˦˩˦˱˦˲˸˦˲-l-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ (XIX) ˯˳˲˩˪˲˷˦̀ˮˮ˭ -˳

˦˱ˮ˲˳˺˪˲˳˰˭˦˲ -˴˻˷ˮ˰˳˰˾ˮ 18 ˷  ˭ ˩˹˼˪˧ˮ˭, ˯˦˸˦˰ˮˬ˦˸˳˶˦˩ KU-2 

ˮ˳˲˱ˮ˱˳̀˫˰ˮ˭ˮ ˶˪ˬˮ˲ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˷˦˷. ˱ˮ˼˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ˷ (XXXXI) 

˨˦˱˳˷˦˫˦˰˱˦ ˾˪˦˩˨ˮ˲˦ 59% (˷ ˻˪˱˦ 24).  
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˷˻˪˱˦ 24: ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˷˻˪˱˦.  

2001 ̂ ˪˰˷ ˯˦˰ˮ˲̅ˮ˦˲˱˦ ˩  ˦˱ˮ˷˱˦ ˷˦˱˪̀˲ˮ˪˶˳ ̅˨˹˺˱˦ [118] ˾˪ˮ̂˦˫˰˦ ˯˹-̃˲˦̂˰˦˫ˮ˷ 

˩˦˶˼˫˪˫˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˦˻˸ˮ˹˶˳˧˦ ˫ˮ˶˭˦˨˫˪˧ˮ˷ ˯˹̃ˬ˪. ˱˦˭ 

˨˦˱˳˦˫˰ˮ˲˪˷, ˶˳ ˱ 2-[5-(˦˩˦˱˦˲˸ˮ˰˳˻˷ˮ˱˪˭ˮ˰)-2-̀ˮ˯˰˳̆˪˻˷ˮ˰-1H-ˮ˱ˮ˩˦ˬ˳˰-4-

ˮ ]˰˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˩  ˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ ̂˦˶˱˦˸˪˧ˮ˭ ˾˪ˮ́˰˪˧˦ ˨˦˱˳˽˪˲˪˧˹˰ 

ˮ˻˲˦˲  ˨ ˦˷˸˶ˮ˲ˮ˷ ˩  ˦˻˳˰˪̀ˮ˷˸˳˯ˮ˲ˮ˲ˮ˷ ˶˪̀˪˴˸˳˶˪˧ˮ˷ ˰ˮ˨˦˲˩˪˧˦˩ (˷˹ ˶20). 

 

˷˹ ˶ 20: 2-[5-(˦˩˦˱˦˲˸-1-ˮ˰˳˻˷ˮ˱˪˭ˮ˰)-2-˦˰˯ˮ˰-1H-ˮ˱ˮ˩˦ˬ˳˰-4-ˮ ]˰˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 

ˬ˳˨˦˩ˮ ˺˳˶˱˹˰˦. 

˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˲˦̂˦˶˱˪˧ˮ ˱˳˻˱˪˩˪˧˪˲ 

˧ˮ˳˱˳˰˪˯˹˰˪˧ˬ˪, ˱˦˨˦˰ˮ˭˦˩, ˱˦˭ ˨˦˱˳˦˫˰ˮ˲˪˷ ˦˲˩˶˳˨˪˲ˮ˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ 

˱˳˻˱˪˩˪˧ ˦ (˦˻˸ˮ˹˶ ˲ˮ˫˭ˮ˪˶˪˧˦˩ ˨˦˱˳˫˰ˮ˲˩˦ ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦ 

˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ˰˦˱ˮ˩ˮ, ˷˹ ˶ 21, XXXXII ), ˶ˮ˷ ˷˦˾˹˦˰˪˧ˮ˭˦̀ ˾˪˷˦́˰˪˧˪˰ˮ˦ ˭˱ˮ˷ 
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ˬ˶˩ˮ˷ ˷˸ˮ˱˹˰˦̀ˮ˦ ˩  ˦ ˦˰˳˴˪̀ˮˮ˷  (˨˦˱˪˰˳˸˪˧ˮ˷) ˱˯˹˶˲˦˰˳˧˦ [155]. 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˲˦̂˦˶˱˪˧˷ ˨˦˦˿˲ˮ˦˭ ˷˺ˮ˲˨˳ˬˮ˲ ˯ˮ˲˦ˬ˦˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ 

˱˳˻˱˪˩˪˧˦ (˷˹ ˶ 21, XXXXII I, 3-(4-˻˰˳˶˳˺˪˲ˮ˰)˦˩˦˱˦˸˦˲-l-˯˦˶˧˳˲˱˵˦ ˫˦(5-˻˰˳˶˳-

˧˪˲ˬ˳˻˷˦ˬ˳˰-2-ˮ )˰-˦˱ˮ˩ˮ) ˩  ˦ ˾˪˷˦́˰˪˧˪˰ˮ˦ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦˲ 

̆ˮ˴˪˶˴˶˳˰ˮ˺˪˶˦̀ˮˮ˷˦ ˩  ˦ ˦˲˭˪˧ˮ˭ˮ ˴˶˳̀˪˷˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˷˦˾˹˦˰˪˧˪˧ˮ˷ 

˩˦˷˦˱ˬ˦˩˪˧˰˦˩ [156, 157]. 

 

˷˹ ˶ 21: ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ˰˦˱ˮ˩ˮ ˷ (XXXXII ) ˩  ˦ 3-(4-

˻˰˳˶˳˺˪˲ˮ˰)˦˩˦˱˦˸˦˲-l-˯˦˶˧˳˲˱˦˫˦(5-˻˰˳˶˳-˧˪˲ˬ˳˻˷˦ˬ˳˰-2-ˮ )˰-˦˱ˮ˩ˮ ˷ ˺˳˶˱˹˰˦ 

(XXXXIII ). 

˰ˮ˸˪˶˦˸˹˶ˮ˷ ˱ˮ˱˳̄ˮ˰˫ˮ˷ ˦˲˦˰ˮˬˮ˷ ˷˦˺˹́˫˪˰ˬ˪ ˾˪ˮ́˰˪˧˦ ˩˦˫˦˷˯˫˲˦˭, ˶˳ ˱

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˲˦˯˰˪˧˦˩ ˦˶ˮ˷ ˾˪˷̂˦˫˰ˮ˰ˮ ˩  ˦

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ, ˶˦̀ ˷˦̃ˮ˶˳˪˧˷ ˹˺˶ ˳ ˱˪˸ ˽˹˶˦˩˼˪˧˦˷ ˦ ˱ ˴˪˶˷˴˪˻˸ˮ˹˰ˮ 

˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˱˳˰˪˯˹˰˪˧ˮ˷ ˻ˮ˱ˮˮ˷ ˨˦˲˫ˮ˭˦˶˪˧ˮ˷ ˷˺˪˶˳˾ˮ ˩  ˦˱˳ˮ˭̄˳˫˷ 

˦ ˱˱˲ˮ˾˫˲ ˪˰˳˫˦˲ˮ ˱˳˰˪˯˹˰ˮ˷ ˷˦ˮ˲˸˪˶˪˷˳ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˭˫ˮ˷˪˧˪˧ˮ˷ ˱˻˳˲˪ ˦̄˦˰ˮ 

˲˦̂˦˶˱˪˧ˮ˷ ˱ˮ˼˪˧˦.˷  
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II ˭˦˫ˮ. ˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˷ ˨˦˲˷̅˦ 

   ̂ ˮ˲˦˱˩˪˧˦˶˪ ˩ˮ˷˪˶˸˦̀ˮˮ˷ ˷˦˯˫˰˪˫ ˳˧ˮ˪˻˸˷ ̂˦˶˱˳˦˩˨˪˲˷ ˴˳˸˪˲̀ˮ˹˶˦˩ 

˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˶˦˩ˮ˯˦˰ˮ˷ ˾˪˱̀˫˪˰ˮ ̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ˷ - 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˩  ˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷, ˩  ˦ ˸˶ˮ̀ˮ˯˰˹˶ˮ ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ. ˰ˮ˸˪˶˦˸˹˶ˮ˷ ˱ˮ˱˳̄ ˮ˰˫ˮ˷ 

˷˦˺˹́˫˪˰ˬ˪ ˾˪˶˿˪˹˰ ˮ˻˲˦ 2-(1-˦˩˦˱˦˲˸˦˲)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ 5 (˦  ˲ 6)-˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˷̄˫˦˩˦˷̄˫˦ ˺˦˶˱˦˯˳˺˳˶˹˰ˮ 

̅˨˹˺˪˧ˮ˭, N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ ˩  ˦ 7-(˦˩˦˱˦˲˸ˮ˰)-2-(˦˶ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

̂˦˶˱˳˪˧˹˰˪˧ˮ ˷˱ˮ˼˪˧˦. 

  ˷ ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˲˦˪˶˭˪˧ˮ˷ ˦˨˪˧˹˰˪˧ˮ˷ ˩  ˦ ˷˸˶˹˻˸˹˶ˮ˷ ˩˦˩˨˪˲˦ 

˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ ˮ˻˲˦ ˮ˲˺˶˦̂ˮ˭˪˰ˮ ˩  ˦˹˰˸˶˦ˮˮ˷˺˪˶ˮ ˷˴˪˻˸˶˳˷˯˳˴ˮˮ˷, 1H ˧˱˶, 

13C ˧˱˶, DEPT 13C ˧˱˶ (Distortions Enhancement by Polarization Transfer), HMQC 

(Heteronuclear Multiple-Quantum Correlation), HMBC (Heteronuclear Multiple Bond 

Correlation) ˷˴˪˻˸˶˳˷˯˳˴ˮˮ˷, ˱˦ï˷˷ ˴˪˻˸˶˳˱˪˸˶ˮˮ˷ ˩  ˦ ˪˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ˷ 

˷˦˾˹˦˰˪˧ˮ˭. 

 

2.1. ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ 

  ˶ ˳˨˳˶̀ ˰ˮ˸˪˶˦˸˹˶˹˰ˮ ˱ˮ˱˳̄ˮ˰˫˦˾ˮ ˦˶ˮ˷ ˲˦˿˫˪˲˪˧ˮ, ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ ˷ ˲˦̂˦˶˱˪˧ˮ˩˦˲ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˦ 2-(1-

˦˩˦˱˦˲˸˦˲)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ, ˷˦˩˦̀ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˭˦˲ 

˩˦˯˦˫˾ˮ˶˪˧˹˰ˮ˦ ˶˳˨˳˶̀ ˹˾˹˦˰˳˩ ˧ˮ˶˭˫˭˦˲ [102-104, 106, 107, 132], ˦˷˪˫˪ 

˷̄˫˦˩˦˷̄˫˦ ̅˨˹˺˪˧ˮ˭ ˦˶ ˮ˷ ˨˦˱˳˽˳˺ˮ˰ˮ ˨˫˪˶˩ˮ˭˦ ̅˦̃˫˾ˮ [105, 108, 109, 116-131]. 

˿˫˪˲˷ ˱ˮ˪˶ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ ˹˾˹˦˰˳˩ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˭˦˲ 

˩˦˯˦˫˾ˮ˶˪˧˹˰ˮ ˦̄˦˰ˮ 2-(1-˦˩˦˱˦˲˸˦˲)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˲˦̂˦˶˱˪˧ˮ, ˶˳˱˰˪˧˾ˮ̀ 

5(6) ˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ˦  ˧˪˲ˬ˳ˮ˰ˮ˷, ̆ˮ˩˶˳˻˷ˮ ˩  ˦˯˦˶˧˳˻˷ˮ ̅˨˹˺˪˧ˮ, 
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̄˳˰ ˳ ˯˦˶˧˳˻˷ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˾˪˱˩˨˳˱ˮ ˨˦˶˩˦˻˱˲˪˧ˮ˭ ˱ˮ˼˪˧˹˰ˮ˦ ˷̄˫˦˩˦˷̄˫˦ 

˦˶˳˱˦˸˹˰ˮ ˩  ˦̆˪˸˪˶ˮ̀ˮ˯˰˹˶ˮ ˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ, ˪˭ˮ ˰˩  ˦˱˪˭ˮ˰˯˦˶˧˳˻˷ˮ˰˦˸˪˧ˮ 

˩  ˦5(6)-̆ˮ˩˶˳˻˷ˮ˱˪˭ˮ˰-2-(1-˦˩˦˱˦˲˸˦˲)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰.ˮ  

2.1.1. 5(6)-˧˪˲ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˩  ˦N-(3-(5(6)-

˧˪˲ˬ˳ˮ˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰˦˩˦˱˦˲˸˦˲-1-ˮ )˰˦̀˪˸˦˱ˮ˩ˮ˷ ˷ˮ˲˭˪ˬˮ 

 ˱˪˧˪˲˩˦ˬ˳˰ˮ, ˱˪˭ˮ˰ 5-˧˪˲ˬ˳ˮ˰-2-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˯˦˶˧˦˱˦˸ˮ, ̂˦˶˱˳˦˩˨˪˲˷ 

˺˦˶˭˳ ˷˴˪˻˸˶ˮ˷ ˱˻˳˲˪ ˦˲˸̆˪˰˱ˮ˲˭˹˶ ˴˶˪˴˦˶˦˸˷, ˶˳˱˪˰ˮ̀ ˪˺˪˻˸˹˶ˮ˦ ˷̄˫˦˩˦˷̄˫˦ 

˷˦̄ˮ˷ ˴˦˶˦ˬˮ˸˹˰ˮ ̃ˮ˪˧ˮ˷, ˲˪˱˦˸˳˩˹˶ˮ ˩  ˦ ˸˶˪˱˦˸˳˩˹˶ˮ ˮ˲˺˪˻̀ˮ˪˧ˮ˷ 

˷˦˱˯˹˶˲˦˰˳˩ ˦˩˦˱ˮ˦˲˪˧˾ˮ ˩  ˦˾ˮ˲˦˹˶ ̀̄˳˫˪˰˪˧˾ˮ. ˦˱˦˷˭˦˲, ˧˳˰ ˳̂˰˪˧ˮ˷ ˯˫˰˪˫˪˧˱˦ 

˦˿˫˪˲˦, ˶˳ ˱ ˱˪˧˪˲˩˦ˬ˳˰˷ ˦˻˫˷ ˯ˮ˧˳˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶˳˧˦ 

˦˩˶˪˲˳˯˳˶˸ˮ˯˦˰˹˶ˮ ˯˦˶̀ˮ˲˳˱˦˷, ˺ˮ˰˸˫ˮ˷ ˩  ˦ ˷˦˯˫˪˶̀̄˪˪˧ˮ˷ ˷ˮ˱˷ˮ˫˲ˮ˷, ˦˷˪˫˪ 

˨˰ˮ˳˧˰˦˸˳˱ˮ˷ ˩  ˦ ˷̄˫˦ ˸ˮ˴ˮ˷ ˸˫ˮ˲ˮ˷ ˯ˮ˧˳˷ ˩˦˦˫˦˩˪˧˪˧ˮ˷˦˷ [158-160]. ˭˹˱̀˦, 

˱˦˼˦˰˪˺˪˻˸˹˶˳˧˦˷˭˦˲ ˪˶˭˦˩, ˱˪˧˪˲˩˦ˬ˳˰˷ ˨˦˦˿˲ˮ˦ ̀˹˩ˮ ˧ˮ˳˾˪˼̂˪˫˦˩˳˧˦, 

˶˳˱˰ˮ˷ ˨˦˷˦˹˱̅˳˧˪˷˪˧˰˦˩ ˱ˮ˱˩ˮ˲˦˶˪˳˧˷ ˱ˮ˷ˮ ˱˳˩ˮ˺ˮ˯˦̀ˮ˦ ˷̄˫˦˩˦˷̄˫˦ ̀̄ˮ˱˳˫˦˲ 

˱˵˦˫˪˧˭˦˲ ˩  ˦ˬ˪˭˪˧˭˦˲ [161].  

˦˶˷˪˧˹˰ ˴˶˪˴˦˶˦˸˭˦˲ ˾˪˩˦˶˪˧ˮ˭ ˹˺˶ ˳ ˱˦˼˦˰ˮ ˧ˮ˳˾˪˼̂˪˫˦˩˳˧ˮ˷, ˩˦˧˦˰ˮ 

˸˳˻˷ˮ˯˹˶˳˧ˮ˷ ˩  ˦ ˱̀ˮ˶˪ ˨˫˪˶˩ˮ˭ˮ ˪˺˪˻˸˪˧ˮ˷ ˱˻˳˲˪ ˦̄˦˰ˮ ˷˦˱˯˹˶˲˦˰˳ 

˷˦˾˹˦˰˪˧˪˧ˮ˷ ́ˮ˪˧ˮ˷ ˱ˮˬ˲ˮ˭ ˿˫˪˲ˮ ˯˫˰˪˫ˮ˷ ˱ˮˬ˦˲˷ ̂˦˶˱˳˦˩˨˪˲˩˦ 

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˱˪˧˪˲˩˦ˬ˳˰ˮ˷ ˦˲˦˰˳˨ˮ˷ ˷ˮ˲˭˪ˬˮ, ˷˦˩˦̀ ˯˦˶˧˦˱˦˸˹˰ˮ ̅˨˹˺ˮ 

˾˪̀˫˰ˮ˰ˮ˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˭.  

 ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˽˫˦˲ˮ˷ ˱ˮˬ˲ˮ˭ ̆˪˸˪˶˳̀ˮ˯˰˹˶ ˱˳˰˪˯˹˰˦˾ˮ, 

˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ (1) ˯˳̄-̆˦ ˦˺ˮ˷ 

˶˪˦˻̀ˮˮ˭ [162]. ́˰ˮ˪˶ ˱˵˦˫˦ ˦˶˪˾ˮ (˯˳˲̀˪˲˸˶ˮ˶˪˧˹˰ˮ H2SO4) 1-˧˶˳˱˦˩˦˱˦˲˸˦˲ˬ˪ 

̃ˮ˦˲̃˫˪˰˦ ˱˵˦˫˦˷ ˱˳˻˱˪˩˪˧ˮ˭, 8 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˱˳˶˪˫ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ 1-˦˩˦˱˦˲˸˦˲ ˯˦˶˧˳˲˱˵˦˫˦ (1) 91%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 1). 

       ˦ ˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫˾ˮ ˺˹˲˻̀ˮ˹˶ˮ ̅˨˹˺˪˧ˮ˷ ˾˪˽˫˦˲ˮ˷ ˪˺˪˻˸˹˶ˮ ˱˪˭˳˩ˮ˦ 

˶˪˦˻̀ˮ˪˧ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˱˪˷˦˱˪˹˰ˮ ˯˦˶˧˯˦˸ˮ˳˲ˮ˷ ˱˳˲˦̂ˮ˰˪˳˧ˮ˭. ˿˫˪˲˷  ˾˪˱˩˪˨ 

˦˱˳̀˦˲˦˷ ̂˦˶˱˳˦˩˨˪˲˩˦ ˶ˮ˸˸˪ ˶ˮ˷ ˶˪˦˻̀ˮˮ˭ [163, 164] 3-˦̀˪˸˦˱ˮ˩˳˦˩˦˱˦˸˦˲-1-
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˯˦˶˧˳˲˱˵˦˫˦ ˷(3) ˱ˮ˼˪˧˦ ˶˳˨˳˶̀ ˴ˮ˶˩˦˴ˮ˶  ˮ˦˩˦˱˦˲˸˦˲ˮ˷ C-H ˧˱ˮ˷ ˦˱ˮ˩ˮ˶˪˧ˮ˭ [165-

167], ˦˷˪˫˪ ˾˪˫ˮ˷̂˦˫˰˪˭ ̆ˮ˩˶˳˻˷ˮ ̅˨˹˺ˮ˷ ˾˪˽˫˦˲˦ 1-˦˩˦˱˦˲˸˦˲ ˯˦˶˧˳˲˱˵˦˫˦˾ˮ (1) ˩  ˦

˾˪˱˩˪˨ ˱˦˷ˬ˪ ˦̀˪˸˳˲ˮ˸˶ˮ˰ˮ˷ ˱˳˻˱˪˩˪˧ˮ˭ ˦̀˪˸˦˱ˮ˩ˮ ˷̂˦˶˱˳˪˧˹˰ˮ˷ ˱ˮ˼˪˧˦ (˷˻˪˱˦ 

1) [168]. 

 ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ˮ 3-˦̀˪˸˦˱ˮ˩˳˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦˷ (3) ˴ˮ˶˩˦˴ˮ˶ˮ 

̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˶˪˦˻̀ˮ˦ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˺˪˲˳˲˭˦˲ (4) ˴ˮ˶˩˦˴ˮ˶ˮ ˾˪˰˼˳˧ˮ˭, ˦˷˪˫˪ 

POCl3  ˦˶˪˾ˮ ˸˳˰˹˳˰˾ˮ, ˩  ˦PPSE (˸ ˶ˮ˱˪˭ˮ˰˷ˮ˰ˮ˰ ˴˳˰ˮ˺˳˷˺˦˸ˮ) ˦˶˪˾ˮ ˶˳˨˳˶̀ 

˨˦˱̄˷˲˪˰ˮ˭, ˦˷˪˫˪ ˨˦˱̄˷˲˪˰ˮ˷ ˨˦˶˪˾˪ (˷˻˪˱˦ 1).  PPSE -ˮ ˷˦˶˪˾ˮ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ N-(3-(5-

˧˪˲ˬ˳ˮ˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰˦˩˦˱˦˲˸˦˲-1-ˮ )˰˦̀˪˸˦˱ˮ˩ˮ (5) 94%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭. ˴ˮ˶˩˦˴ˮ˶ˮ ˾˪˰˼˳˧ˮ˭ 150-˩˦ ˲ 250°C-˱˩ ˪ ̀̄˪˰˪˧ˮ˭ ˫˹˩ˮ˷ 

˦˧˦ˬ˦˲˦ˬ˪ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 5 ˨˦˱˳˷˦˫˰ˮ˦˲˳˧˦ ˷˦˯˱˦˳˩ ˩˦˧˦˰ˮ˦ ˩  ˦ ˦˩˨ˮ˰ˮ ˦˻˫˷ 

˭˦˲˦˱˩˪ ˴˶˳˩˹˻˸˪˧ˮ ˷ ̂˦˶˱˳˻˱˲˦˷, ̄˳˰ ˳ ˻˷ˮ˰˳˰˾ˮ ˩˹˼˪˧ˮ˭ PPSE-ˮ ˷

˭˦˲˩˦˷̂˶˪˧ˮ˭ ˶˪˦˻̀ˮ˦ ˷˦̂˽ˮ˷ˮ ˴˶˳˩˹˻˸˪˧ˮ˷ ˹˯˦˲ ˨˦˱˳˽˳˺ˮ˭ ˩˦˱˭˦˫˶˩˦.  
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˷˻˪˱˦ 1. 3-˦̀˪˸˦˱ˮ˩˳˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦˷ ˩  ˦ ˱ˮ˷˨˦˲ N-(3-(5-˧˪˲ˬ˳ˮ˰-1H-

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰˦˩˦˱˦˲˸˦˲-1-ˮ )˰˦̀˪˸˦˱ˮ˩ˮ˷ ˷ˮ˲˭˪ˬˮ.  
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˱˪˧˪˲˩˦ˬ˳˰ˮ˷ 1-˦˩˦˱˦˲˸ˮ˰ˮ˷ ˶˦˩ˮ˯˦˰ˮ˷ ˾˪˱̀˫˪˰ˮ ˦˲˦˰˳˨ˮ˷ ˱ˮ˷˦˼˪˧˦˩ 

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 5(6)-˧˪˲ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (7) ˶˳˨˳˶̀ 

˾˪˷˦˧˦˱ˮ˷ˮ ˩ˮ˦˱ˮ˲ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦˷˭˦˲, ˦˷˪˫˪ 

˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ̅˪ ˶˦˱ˮ˲˳˦˱ˮ˩ˮ˷ 6 ˱ˮ˼˪˧ˮ˭ ˩  ˦˾˪˱˩˪˨ ˱ˮ˷ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭. (˷ ˻˪˱˦ 2. 

1)). ˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ ˮ˻˲˦ POCl3-ˮ ˷˦˶˪˾ˮ, 

˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ 5(6)-˧˪˲ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (7) 80%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭, 3 ˷  ˭˩˹˼˪˧ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ.  

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ ˨˦˩˦˽˫˦˲ˮ˷ ˾˪˱˩˪˨ ˱ˮ˷ ˾˪˷˦˧˦˱ˮ˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩˾ˮ 

(˭ˮ˳˲ˮ˰˻˰˳˶ˮ˩ˮ˷ ˦˶˪˾ˮ 1 ˷  ˭ ˩˹˼˪˧ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ) ˾˪˷˦́˰˪˧˪˰ ˮ˻˲˦ 

˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ˮ˽˳ ˱˦˶˸ˮ˫ˮ ˩  ˦ ˷̂˶˦˺ˮ ˯˳˲˩˪˲˷˦̀ˮ˦ ˾˪˷˦˧˦˱ˮ˷ 3,4-

˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˺˪˲˳˲˭˦˲ (4). ˶˪˦˻̀ˮ˦ ˿˦˸˦˶˩˦ ˸˨/˺H2O-  ˷ ˦˶˪˾ˮ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪, ˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷, ˶ˮ˷ ˾˪˩˪˨˦˩˦̀ ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ 

˦˱ˮ˲˳˦˱ˮ˩ˮ - N-(2-˦˱ˮ˲˳-5-˧˪˲ˬ˳ˮ˰˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (6) 51%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 2. 2)). ˱ˮ˼˪˧˹˰ˮ ˦˱ˮ˲˳˦˱ˮ˩ˮ ˷ 6  POCl3-˾ ˮ˩˹˼˪˧ˮ˭ 1 ˷  ˭

˨˦˲˱˦˫˰˳˧˦˾ˮ, ˾˪˷˦́˰˪˧˪˰ ˮ˻˲˦ ˾˪˷˦˧˦˱ˮ˷ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷ 7 ˱ˮ˼˪˧˦  99%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (˷˻˪˱˦ 2. 2)).  
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˷˻˪˱˦ 2. 5(6)-˧˪˲ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 1) ˪ ˶ ˭˩  ˦2) ˳  ˶˷˦˺˪̄˹˶ˮ˦˲ˮ 

˷ˮ˲˭˪ˬˮ.  

2.1.2. ˪˭ˮ/˰˱˪˭ˮ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ 

˷ˮ˲˭˪ˬˮ ˩  ˦̆ˮ˩˶˦ˬˮ˲˳˰ˮˬˮ 

˦̄˦˰ˮ ˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˱˳˰˪˯˹˰˪˧ˮ˷ ́ˮ˪˧ˮ˷ ˱ˮˬ˲ˮ˭ ˿˫˪˲ˮ ˷˦˱˹˾˦˳˷ 

˱ˮˬ˦˲˷ ̂˦˶˱˳˦˩˨˪˲˩˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˦̄˦˰ˮ ˲˦̂˦˶˱˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ, ˦˱ˮ˸˳˱ ˾˪˷̂˦˫˰ˮ˰ 

ˮ˻˲˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˱ˮ˼˪˧ˮ˷ ˶˦˱˳˩˪˲ˮ˱˪ ˨ˬ˦, ˶˳˱˰ˮ˷ ˾˪˩˪˨˦˩˦̀ ˷ˮ˲˭˪ˬˮ˷ 

˷̄˫˦˩˦˷̄˫˦ ˷˦˺˪̄˹˶ˬ˪ ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ ˴˳˸˪˲̀ˮ˹˶˦˩ ˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ 

˦˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰ˮ ˦˱ˮ˩˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ̂˦˶˱˳˪˧˹˰˪˧ˮ. ˰ˮ˸˪˶˦˸˹˶˹˰ˮ 

˱ˮ˱˳̄ˮ˰˫ˮ˷ ˷˦ ˺˹́˫˪˰ˬ˪ ˾˪˶˿˪˹˰ ˮ˻˲˦ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 5(6)-˱˩˨˳˱˦˶˪˳˧˦˾ˮ 

˿˦˲˦̀˫˰˪˧˹˰ˮ ˶˭˹˰˪˭˪˶˹˰ˮ ̅˨˹˺˪˧ˮ˷ ˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˱ˮ˼˪˧˦. 

˰ˮ˸˪˶˦˸˹˶˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˩˦˲ ̀˲˳˧ˮ˰ˮ˦, ˶˳ ˱  5-˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˪˷˭˪˶˪˧ˮ˷ 

˾˪˱̀˫˪˰ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧˷ ˨˦˦˿˲ˮ˦˭ ˦˲˸ˮ˱ˮ˯˶˳˧˹˰ˮ [169], ˰˪ˮ˯˪˱ˮˮ˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳ [170], ˱˯˪˶˩ˮ˷ ˯ˮ˧˳˷ ˴˳˸˪˲̀ˮ˹˶ˮ ˱˦˭˶˨˹˲˪˧˪˰ˮ [171], 



58 
 

˸˹˧˪˶˯˳˰˳ˬˮ˷ ˨˦˱˳˱̂˫˪˫ˮ ˱ˮ˯˳˧˦˻˸˪˶ˮˮ˷ [172] ˱˦˭˶˨˹˲˪˧˪˰ˮ ˦˻˸ˮ˹˶˳˧˦, ̄˳˰ ˳

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ ˦˱ˮ˩˹˶˱˦ ̂˦˶˱˳˪˧˹˰˪˧˱˦ ˨˦˱˳˦˫˰ˮ˲˪˷ ˦˲˭˪˧ˮ˷ 

˷˦̂ˮ˲˦˦˼˱˩˪˨˳ [173], ˦˲˸ˮ˱ˮ˯˶˳˧˹˰ˮ [174] ˩  ˦ ̄˷˲˦˩  ˮ ˪˴˳˻˷ˮ ̆ˮ˩˶˳˰˦ˬ˦˷ 

˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ [175] ˦˻˸ˮ˹˶˳˧˦.   

˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ ˮ˻˲˦ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ 5(6)- ˱˩˨˳˱˦˶˪˳˧˦˾ˮ 

˿˦˲˦̀˫˰˪˧˹˰ˮ ˱˪˭ˮ˰ˮ˷ ˩  ˦ ˪˭ˮ˰ˮ˷ ˪˷˭˪˶˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ. 

˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˪˭ˮ ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ (12) 

˱ˮ˼˪˧ˮ˷ ˶˦˱˳˩˪˲ˮ˱˪ ˨ˬ˦. ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˿˦˸˦˶˪˧˹˰ ˮ˻˲˦ ˷ˮ˲˭˪ˬˮ ̄˹˭ˮ 

˷˦˺˪̄˹˶ˮ˷ ˨˦˫˰ˮ˭ (˷˻˪˱˦ 4). ˴˦˶˦-˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦ ˷ ˪˷˭˪˶ˮ˺ˮ˯˦̀ˮˮ˷ ˾˪˱˩˪˨, 

˨˦˲̄˳˶̀ˮ˪˰˩˦ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ ˷˨˦˶˩˦˻˱˲˦ ˱ˮ˷ ˾˪˷˦˧˦˱ˮ˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩˾ˮ 

40-50°C ˨˦̀̄˪˰˪˧ˮ˭ SOCl2-˾ ˮ ˩  ˦ ˱ˮ˼˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ˷ ˯˳˲˩˪˲˷˦̀ˮ˦ ˪˭ˮ ˰ 4-

˦˱ˮ˲˳˧˪˲ˬ˳˦˸˭˦˲ (8) CH2Cl2-ˮ ˷ ˦˶˪˾ˮ, Et3N ˭˦˲˦˳˧ˮ˷˦˷, ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪. 

˱ˮ˼˪˧˹˰ˮ ˦˱ˮ˩ˮ˷ 9 ˲ˮ˸˶ˮ˶˪˧ˮ˭ ˱˦˲ˮ˸˶ˮ˶˪˧˪˰ˮ ˶˪˦˨˪˲˸ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷ (65% HNO3 / 

98% H2SO4, 1 / 1.2) ˽ ˮ˲˹˰˳˫˦˲ˮ ́˱˦˶˱˵˦˫˦˷˦ ˩  ˦́˱˦˶˱˵˦˫˦ ˦˲̆ˮ˩˶ˮ˩ˮ˷ ˦˶˪˾ˮ ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ ˲ˮ˸˶˳ ˴˶˳˩˹˻˸ˮ 10. ˲ ˮ˸˶˳ ̅˨˹˺ˮ˷ ˦˼˩˨˪˲ˮ˭ ˱˳˰˪˯˹˰˹˶ˮ ̂˽˦˰˧˦˩ˮ˷ ˦˶˪˾ˮ 

Pd/C ˯˦˸˦˰ˮˬ˦˸˳˶ˬ˪, ˪˭˦˲˳˰˾ˮ, ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ 

˾˪˷˦˧˦˱ˮ˷ˮ ˦˱ˮ˲˳˦˱ˮ˩ˮ 11. ˦ ˱˹˯˦˲˦˷˯˲˪˰ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ˸˳˰˹˳˰˾ˮ ˽ˮ˲˹˰˳˫˦˲ˮ 

́˱˦˶˱˵˦˫˦ ˷ ˭˦˲˦˳˧ˮ˷˦˷ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ 12, 84%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭. 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 12 ˦˰˸˪˶˲˦˸ˮ˹˰ˮ ˷ˮ˲˭˪ˬˮ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˪˭ˮ ˰ 3,4-

˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ˷ 13 ˴ˮ˶˩˦˴ˮ˶ˮ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷˭˦˲.  

˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˿˦˸˦˶˩˦ ˷˦̂˽ˮ˷ˮ ˶˪˦˨˪˲˸ˮ˷ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ 

˪˷˭˪˶ˮ˺ˮ˯˦̀ˮ˦ ˦˧˷. ˪˭˦˲˳˰˾ˮ ˭ˮ˳˲ˮ˰˻˰˳˶ˮ˩ˮ˷ ˦ ˲˨˳˨ˮ˶˱˩˵˦˫˦˷ ˦˶˪˾ˮ ˩  ˦˾˪˱˩˪˨ 

˩˦˱˹˾˦˫˩˦ ˱ˮ˼˪˧˹˰ˮ ˪˭ˮ ˰ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ ˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ 1-

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷˭˦˲ ˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˱˪˭˳˩.ˮ ˶˪˦˨˪˲˸˪˧ˮ˷ 

˴ˮ˶˩˦˴ˮ˶˱˦ ˾˪˰˼˳˧˦˱ ̅˪ ˶ 95°C-ˬ ,˪ ˾˪˱˩˪˨ ˯ ˮ 135°C-ˬ  ˪ 5 ˷  ˭ ˨˦˲˱˦˫˰˳˧˦˾ˮ 

˩˦˩˪˧ˮ˭ˮ ˾˪˩˪˨ˮ ˦ ˶ ˨˦˱˳ˮ˼˳. ˾˪˱˩˪˨ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ POCl3-ˮ ˷

˷̄˫˦˩˦˷̄˫˦ ˯˳˲̀˪˲˸˶˦̀ˮ˦ˬ˪ ˸˳˰˹˳˰˾ˮ. ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˶˪˦˻̀ˮ˦ ̂˦˶˱˦˸˪˧ˮ˭ 
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˨˦˲̄˳˶̀ˮ˪˰˩˦ POCl3-ˮ ˷10-̅˪ ˶˱˪˸  ˮ˪˻˫ˮ˱˳˰˹˶ˮ ˭˦˲˦˺˦˶˩˳˧ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷ (˷˻˪˱˦ 

5).  

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 12 ˷ˮ˲˭˪ˬˮ ˱˦˼˦˰ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ ˨˦˲̄˳˶̀ˮ˪˰˩˦ ˦˷˪˫˪ 

˦˱ˮ˲˳˦˱ˮ˩ˮ˩˦˲, 4-˦˱ˮ˲˳-3-(1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˻˷˦˱ˮ˩˳)˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦ ˷(14) ˴ˮ˶˩˦˴ˮ˶ˮ 

˪˶ ˭ ˷˦˺˪̄˹˶ˮ˦˲ˮ ˪˷ ˭˪˶ˮ˺ˮ˯˦̀ˮ˦-̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ˪˭˦˲˳˰˾ˮ ˭ˮ˳˲ˮ˰˻˰˳˶ˮ˩ˮ˷ 

˭˦˲˦˳˧ˮ˷˦˷ (˷˻˪˱˦ 6).  

 

 

˷˻˪˱˦ 4. ˪˭ˮ ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ (12) ˷ˮ˲˭˪ˬˮ˷ ˨ˬ˦ 

̄˹˭ˮ ˷˦˺˪̄˹˶ˮ˷ ˨˦˫˰ˮ˭.  

 



60 
 

 

˷˻˪˱˦ 5. ˪˭ˮ ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ (12) ˷ˮ˲˭˪ˬˮ ˪˭ˮ ˰

3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ ˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷˭˦˲ ˴ˮ˶˩˦˴ˮ˶ˮ 

̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˱˪˭˳˩ˮ˭. 

 

 

˷˻˪˱˦ 6. ˪ ˭ˮ ˰2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ (12) ˷ˮ˲˭˪ˬˮ˷ ˨ˬ˦ ˪˶ ˭

˷˦˺˪̄˹˶˾ˮ.  

˨˦˲˷̄˫˦˫˪˧˹˰ˮ ˨ˬˮ˭ ˮ˻˲˦ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ ˱˪˭ˮ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦-

ˬ˳ -˰5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ (19). ˽˫˪˰˦ˬ˪ ˱˦˶˸ˮ˫ˮ ˩  ˦ ˷̂˶˦˺ˮ ˨ˬ˦ ˨˦˱˳˩˨˦ ˱˪˭ˮ˰ 3,4-

˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ˷ (15) ˴ˮ˶˩˦˴ˮ˶ˮ ˨˦̀̄˪˰˪˧˦ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷˭˦˲ 

˸˶ˮ˱˪˭ˮ˰˷ˮ˰ˮ˰˴˳˰ˮ˺˳˷˺˦˸ˮ˷ ˦˶˪˾ˮ 140-160°C-ˬ  ˪ 7 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. 

˨˦˱˳˷˦˫˦˰˱˦ ˾˪˦˩˨ˮ˲˦ 99% (˷˻˪˱˦ 8). ˦ ˷˪˫˪ ˷˦˯˱˦˳˩ ˱˦˼˦˰ˮ ˨˦˱˳˷˦˫˰ˮ˭ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 

ˮ˨ˮ˫˪ ˲ˮ˫˭ˮ˪˶˪˧˦ 19 ˭˦˫˩˦˴ˮ˶˫˪˰˦˩  ˱˪˭ˮ˰ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩˭˦˲ ˩  ˦˱ˮ˼˪˧˹˰ˮ ́ˮ˶ˮ˭˦˩ˮ ˴˶˳˩˹˻˸ˮ˷ - 

˦˱ˮ˲˳˦˱ˮ˩ˮ˷ 16 ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ́˱˦˶˱˵˦˫˦˾ˮ (˨˦˱˳˷˦˫˰ˮ˦˲˳˧˦ 90%) ˦ ˲

˸˶ˮ˺˸˳˶́˱˦˶˱˵˦˫˦˾ˮ (˨˦˱˳˷˦˫˰ˮ˦˲˳˧˦ 99%) (˷ ˻˪˱˦ 7). 
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˿˦˸˦˶˩˦ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˪˷˭˪˶ˮ˷ 19 ̆ˮ˩˶˦ˬˮ˲˳˰ˮˬˮ ̆ˮ˩˶˦ˬˮ˲̆ˮ˩˶˦˸ˮ˭ 

˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 81%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭, ˾˪˷˦˧˦˱ˮ˷ˮ ̆ˮ˩˶˦ˬˮ˩ˮ˷ 

˱ˮ˼˪˧ˮ˭ 20 (˷˻˪˱˦ 7) ˩  ˦˸˹˸˪ ̆ˮ˩˶˳˰ˮˬˮ ˾˪˷˦˧˦˱ˮ˷ˮ ˯˦˶˧˳˲˱˵˦˫˦ ˷ 21 ˨˦˱˳˽˳˺ˮ˭ 

(71%) (˷˻˪˱˦ 8).  

 

˷˻˪˱˦ 7. ˱˪˭ˮ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ (19) ˷ˮ˲˭˪ˬˮ ˩  ˦

̆ˮ˩˶˦ˬˮ˲˳˰ˮˬˮ. 

 

2.1.4. 5(6)-˯˦˶˧˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ ˩  ˦˱ˮ˷ˮ 

˦˼˩˨˪˲ˮ˷ ˩  ˦˷̄˫˦˩˦˷̄˫˦ ˦˱ˮ˲˪˧˭˦˲ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˪˧ˮ 

   ˦ ˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 5(6)- ˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ 

˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ̂˦˶˱˳˪˧˹˰˪˧˷ ˨˦˦˿˲ˮ˦˭ ˺˦˶˭˳ ˷˴˪˻˸˶ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˦˻˸ˮ˹˶˳˧˦. ˦˷˪ ˱˦˨˦˰ˮ˭˦˩, ˦˱˪˶ˮ˯˪˰ˮ ˱˪̀˲ˮ˪˶˪˧ˮ˷ ˱ˮ˪˶ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˩  ˦

˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˧ˮ˷-˦˱ˮ˩˹˶ˮ ̅˨˹˺˪˧ˮ˷ ˾˪˱̀˫˪˰ˮ 2-

(˺˪˲ˮ˰˿˦˲˦̀˫˰˪˧˹˰ˮ)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˷˪˶ˮ˦ (˭˦˫ˮ I. 

˻˫˪˭˦˫ˮ 1.5. ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ XXXa-aaa, b-bbb, c-ccc, d-ddd), ˶˳˱˪˰˭˦̀ ˦˼˱˳˦˿˲˩˦˭ 

˦˲˸ˮ˫ˮ˶˹˷˹˰ˮ [125] ˩  ˦ ˦˲˭˪˧ˮ˷ [128] ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ ˦˻˸ˮ˹˶˳˧˦, ˮ˷˪˫˪ ˶˳˨˳˶̀ 

˦˷˭˱ˮ˷, ˦˰˪˶˨ˮˮ˷ [120-123] ˩  ˦ ˯ˮ˧˳˷ [124, 126-129] ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˩˦˱˭˶˨˹˲˫˪˰ˮ 

˱˳˻˱˪˩˪˧˦ ̀̄˳˫˪˰˹˶ ˱˳˩˪˰˾ˮ.  ˯˳˶˪˪˰ˮ ˱˪̀˲ˮ˪˶˪˧ˮ˷ ˱ˮ˪˶ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 
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˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 5-˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ - 2-((4-(1-

˦˩˦˱˦˲˸ˮ˰)˺˪˲˳˻˷ˮ)˱˪˭ˮ˰)-N-̆˪˸˪˶ˮ˰/˦˶ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-

˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ, ˶˳˱˰˪˧˷˦̀ ˦˼˱˳˦˿˲˩˦˭ ˩ˮ˦̀ˮ˰˨˰ˮ̀˪˶˳˰ ˦̀ˮ˰˸˶˦˲˷˺˪˶˦ˬ˦˷ 

˱ˮ˱˦˶˭ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˦˻˸ˮ˹˶˳˧˦ ˩  ˦ ̂˦˶˱˳˦˩˨˪˲˪˲ ˴˪˶˷˴˪˻˸ˮ˹˰ ˲˦˪˶˭˪˧˷ 

˷ˮ˱˷˹˻˲ˮ˷ ˩  ˦ ˲ˮ˫˭ˮ˪˶˪˧˦˭˦ ̀˫˰ˮ˷ ˩˦˶˼˫˪˫ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˴˶˪˴˦˶˦˸˪˧ˮ˷ 

˩˦˷˦˱ˬ˦˩˪˧˰˦˩ [130].  

˿˫˪˲ˮ ˾˪˱˩˨˳˱ˮ ˯˫˰˪˫ˮ˷ ˱ˮˬ˦˲˷ ̂˦˶˱˳˦˩˨˪˲˩˦ ˱ˮ˼˪˧˹˰ˮ 5(6)-˯˦˶˧˳˻˷ˮ-2-(1-

˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ (21) ˯˦˶˧˳˻˷ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˦˼˩˨˪˲ˮ˷ ˩  ˦ ˦˷˪˫˪ 

˷̄˫˦˩˦˷̄˫˦ ˦˱ˮ˲˪˧˭˦˲ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˪˧ˮ˷ ˾˪˷̂˦˫˰˦ (˷˻˪˱˦ 8).  

˯˦˶˧˳˻˷ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˦˼˩˨˪˲ˮ˷ ˾˪˷˦˷̂˦˫˰˦˩ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦ LiAlH 4 

˱˦̆ˮ˩˶ˮ˶˪˧˪˰ˮ ˦˨˪˲˸ˮ ˩  ˦ ˽˫˪˰˦ˬ˪ ˳˴˸ˮ˱˦˰˹˶ˮ ˴ˮ˶˳˧˪˧ˮ ˦˼˱˳˿˲˩˦ LiAlH 4  

˭˦˲˩˦˷̂˶˪˧ˮ˭ ˱˵˦˫ˮ˷ ˩˹˼˪˧˦ ˦˧˷˳˰˹˸˹˶ ˪˭ˮ˰ˮ˷ ˪˭˪˶˾ˮ 6 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ 5(6)-̆ˮ˩˶˳˻˷ˮ˱˪˭ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (22) 53%-ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭. 

  ˰ˮ˸˪˶˦˸˹˶˦˾ˮ [120-129] ˦˱ˮ˩˪˧ˮ˷ ˱ˮ˷˦˼˪˧˦˩  ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˦˱˹˾˦˫˪˧˪˲ 

˾˪˷˦˧˦˱ˮ˷ ˯˦˶˧˳˲˱˵˦˫˦˷ ˩ˮ˱˪˭ˮ˰˺˳˶˱˦˱ˮ˩ˮ˷ ˦˶˪˾ˮ ˯˦˶˧˳˲ˮ˰˩ˮˮ˱ˮ˩˦ˬ˳˰˭˦˲ 3 

˷ -˭ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ ˮ 80°C-ˬ ,˪ ˦ ˲ 1-˪˭ˮ-˰3-(3-

˩ˮ˱˪˭ˮ˰˦˱ˮ˲˳˴˶˳˴ˮ˰)˯˦˶˧˳˩ˮˮ˱ˮ˩˭˦˲ 3 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪, ̄˳˰ ˳ ˾˪˱˩˪˨ ˦̄˳˶̀ˮ˪˰˪˧˪˲ ˱ˮ˼˪˧˹˰ˮ ˲˦˪˶˭ˮ˷ ˯˳˲˩˪˲˷˦̀ˮ˦˷ 

˦˱ˮ˲˪˧˭˦˲  4-˩ˮ˦˱ˮ˲˳˴ˮ˶ˮ˩ˮ˲ˮ˷ ˭˦˲˩˦˷̂˶˪˧ˮ˭ 18-98 ˷  ˭ ˨˦˲˱˦˫˰˳˧˦˾ˮ 100°C-ˬ  ˪

(˭˦˫ˮ 1.5. ˷ ˻˪˱˦ 17, 1), 3)).  

    ˿˫˪˲˷ ˾˪˱˭̄˫˪˫˦˾ˮ 5(6)-˯˦˶˧˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (21) ˦˱ˮ˩˹˶ˮ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˱ˮ˼˪˧ˮ˷ ˱ˮˬ˲ˮ˭ ˯˦˶˧˳˲˱˵˦˫˦ 21 ˶˪˦˻̀ˮˮ˷˹˲˦˶ˮ˦˲˳˧ˮ˷ ˨˦ˬ˶˩ˮ˷ 

˱ˮˬ˲ˮ˭ ˨˦˩˦˽˫˦˲ˮ˰ ˮ˻˲˦ ˱ˮ˷ ˾˪˷˦˧˦˱ˮ˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩˾ˮ SOCl2-ˮ ˷˦˶˪˾ˮ ˩˹˼˪˧ˮ˭ 

2.5 ˷ -˭  ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦ ˿˦˸˦˶˪˧˹˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ˷ ˷̄˫˦˩˦˷̄˫˦ 

˦˶˳˱˦˸˹˰ ˩  ˦ ̆˪˸˪˶˳̀ˮ˰˯˹˶ ˦˱ˮ˲˪˧˭˦˲ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˦ ˩ˮ˳˻˷˦˲˾ˮ ˦ ˲

˱˪˭ˮ˰˪˲˻˰˳˶ˮ˩˾ˮ ˸˶ˮ˱˪˭ˮ˰˦˱ˮ˲ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷ ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ ˦ ˲40°C-ˬ  ˪

1-9 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˾˪˷˦˧˦˱ˮ˷ˮ ˦˱ˮ˩˪˧ˮ 23-32 (˷˻˪˱˦ 8), (̀ ̄˶ˮ˰ˮ 1). 



63 
 

˷˻˪˱˦ 8. 5(6)-˯˦˶˧˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (21) ˷ˮ˲˭˪ˬˮ ˩  ˦˱ˮ˷ˮ ˦˼˩˨˪˲ˮ˷ ˩  ˦

˷̄˫˦˩˦˷̄˫˦ ˦˱ˮ˲˪˧˭˦˲ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˦.  

̀̄˶ˮ˰ˮ 1. ˦˱ˮ˩˪˧ˮ˷ 23-32 ˷ˮ˲˭˪ˬˮ˷ ˱˳˲˦̀˪˱˪˧ˮ. 

# ˦˱ˮ˲ˮ ˴˶˳˩˹˻˸ˮ ˨˦˱˳˷˦˫˦˰ˮ, % T˰  ˼°C ˩˶ ,˳ ˷  ˭

1 NH4OH 23 92 170-172 1 

2 AdNH2 24 70 318-320 2 

3 1-˱˪˭ˮ˰ 

˴ˮ˴˪˶˦ˬˮ˲ ˮ

25 52 244-246 2 

4 ˴ˮ˴˪˶˦ˬˮ˲ˮ 26 42 272-274 3 

5 4-˦˱ˮ˲˳˦̀˪˸˳˺˪˲˳˲ˮ 27 72 266-268 7 

6 4-˺˪˲˳˻˷ˮ˦˲ˮ˰ˮ˲ˮ 28 60 270-273 4 

7 ˴ˮ˶˳˰ˮ˩ˮ˲ˮ 29 73 283-286 6 

8 4-˱˪˭ˮ˰˦˲ˮ˰ˮ˲ˮ 30 52 292-294 2 

9 3-˲ˮ˸˶˳˦˲ˮ˰ˮ˲ˮ 31 81 167-170 5 

10 2-˻˰˳˶˦˲ˮ˰ˮ˲ˮ 32 70 155-160 9 
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2.1.5. ˱ ˮ˼˪˧˹˰ˮ ˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ̂ ˦˶˱˳˪˧˹˰˪˧ˮ˷ 

˷˴˪˻˸˶˹˰ˮ ˱ ˳˲˦̀˪˱˪˧ˮ 
    ˷ ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˦̄˦˰ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ 5-7, 10-12, 16-32 ˷˸˶˹˻˸˹˶˪˧ˮ 

˩˦˩˨˪˲ˮ  ˰ ˮ˻˲˦ ˮ˲ ˺˶˦̂ˮ˭˪˰ˮ ˷˴˪˻˸˶˳˷˯˳˴ˮˮ˷, 1H ˩  ˦ 13C ˧ˮ˶˭˫˹˰-˱˦˨˲ˮ˸˹˶ˮ 

˶˪ˬ˳˲˦˲˷ˮ˷  ˷˴˪˻˸˶˳˱˪˸˶ˮˮ˷ ˩  ˦ ˱˦˼˦˰ˮ ˨˦˶˿˪˫˦˩˳˧ˮ˷ ˱˦˷˷-˷˴˪˻˸˶˳˱˪˸˶ˮ˷ 

˷˦˾˹˦˰˪˧ˮ˭ (̀̄˶ˮ˰ˮ 2).   

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˲˦˪˶˭˪˧˾ˮ ˺˹˲˻̀ˮ˹˶ˮ ̅˨˹˺ˮ˷ ˦˶˷˪˧˳˧˦ ˩˦˩˨˪˲ˮ˰ ˮ˻˲˦ 

ˮ˲˺˶˦̂ˮ˭˪˰ˮ ˷˴˪˻˸˶˳˷˯˳˴ˮˮ˷ ˷˦˾˹˦˰˪˧ˮ˭. ˲˦˪˶˭˪˧˾ˮ 5, 7, 12, 19, 21-23, 27-32 ˮ.̂ 

˷˴˪˻˸˶˾ˮ N-H ˧˱ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ  ˾ ˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ ˱˵˼˦˫˲˩˪˧ˮ˦˲  3100ï3450 ˷-˱

1 ˹˧˦˲˾ˮ, ̄˳˰ ˳ ˦˶˳˱˦˸˹˰ˮ ˧ˮ˶˭˫ˮ˷ C-H-˪˧ˮ˷  ˩  ˦ ˦˩˦˱˦˲˸˦˲ˮ˷, ˴ˮ˶˳˰ˮ˩ˮ˲ˮ˷ 

(˲˦˪˶˭ˮ 29) ˩  ˦ ˴ˮ˴˪˶˦ˬˮ˲ˮ˷ (˲˦˪˶˭˪˧ˮ 25, 26) C-H-˪˧ˮ˷  ˾˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ 

˱˵˼˦˫˲˩˪˧ˮ˦˲   3050-3080 ˩  ˦2840-2964 ˷-˱1 ˹˧˲˪˧˾ˮ, ˾˪˷˦˧˦˱ˮ˷˦˩. ˲˦˪˶˭˪˧ˮ˷ 5, 6, 11, 23-

32 ˦ ˱ˮ˩˹˶ˮ C=O ˧ ˱ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ ˫˦˰˪˲˸˹˶ˮ ˧˱ˮ˷ ˶̄˪˫˪˧ˮ ˱˵˼˦˫˲˩˪˧ˮ˦˲ 1609-

1650 ˷-˱1 ˹˧˦˲˾ˮ. ˲˦˪˶˭ˮ˷ 9 ˲ˮ˸˶ˮ˶˪˧ˮ˭ ˱ˮ˼˪˧˹˰ ˴˶˳˩˹˻˸˾ˮ 10, NO2 ̅˨˹˺ˮ˷ 

˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ ˾˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ ˿˲˩˪˧˦ 1509 ˩  ˦1376 ˷ -˱1, ̄˳˰ ˳˱ˮ˷ˮ ˦˼˩˨˪˲ˮ˭ 

̂˦˶˱˳˻˱˲ˮ˰ˮ ˴˶˳˩˹˻˸ˮ˷ 11 ˮ ̂ ˷˴˪˻˸˶˾ˮ ˻˶˪˧˦ ˲ˮ˸˶˳̅˨˹˺ˮ˷˭˫ˮ˷ 

˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ ˾˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ ˩  ˦ ˿˲˩˪˧˦ NH2 ̅˨˹˺ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ  

˾˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ 3426, 3363 ˷ -˱1 ˹˧˦˲˾ˮ.  

˲ˮ˫˭ˮ˪˶˪˧˦ 5, 7, 12, 19-24, 26-32 -ˮ ˷1H ˧˱˶ ˷˴˪˻˸˶˪˧˾ˮ ˾˪ˮ˱˿˲˪˫˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

NH ̅˨˹˺ˮ˷˭˫ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ ˶˪ˬ˳˲˦˲˷˹˰ˮ ˷ˮ˨˲˦˰˪˧ˮ ˺˦˶˭˳ ˷ˮ˲˨˰˪˸ˮ ˷

˷˦̄ˮ˭ ˷˹˷˸ ˫˪˰˾ˮ 11.94 - 12.53 ˱ . .˲ (ppm) ˹˧˦˲˾ˮ, ˨˦˩˦˼˪˧˹˰˪˧˷ D6-˩˪ˮ˸˪˶ˮ˶˪˧˹˰ 

˩ˮ˱˪˭ˮ˰˷˹˰˺˳˻˷ˮ˩˾ˮ (DMSO-d6), ̄˳˰ ˳ ˩˪ˮ˸˪˶ˮ˶˪˧˹˰ ˻˰˳˶˳˺˳˶˱˾ˮ (CDCl3) 

˨˦˩˦˼˪˧ˮ˷˦˷  ˲ˮ˫˭ˮ˪˶˪˧˦ 25-ˮ ˷ NH ̅˨˹˺ˮ˷˭˫ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ ˶˪ˬ˳˲˦˲˷˹˰ˮ 

˷ˮ˨˲˦˰ˮ ˱˵˼˦˫˲˩˪˧˦ ˾˪˩˦˶˪˧ˮ˭ ́˰ˮ˪˶ ˫˪˰˾ˮ 10.90 .˱ .˲ (ppm) ˹˧˦˲˾ˮ. ˨˫˪˶˩ˮ˭˦ 

̅˦̃˫˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ ˺˪˲ˮ˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˩  ˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˦˶˳˱˦˸˹˰ˮ C-H 

˴˶˳˸˳˲˪˧ˮ˷ ˶˪ˬ˳˲˦˲˷˹˰ˮ ˷ˮ˨˲˦˰˪˧ˮ  ˱˵˼˦˫˲˩˪˧˦ 6.99-9.00 .˱ .˲ (ppm) ˹˧˦˲˾ˮ, 

˶˳˱˪˰˭˦ ˻ˮ˱ˮ˹˶ˮ ̂˦˲˦̀˫˰˪˧˦ ˩˦˱˳˯ˮ˩˪˧˹˰ˮ˦ ˿˦˲˦̀˫˰˪˧˹˰ ̅˨˹˺˪˧ˬ˪. 1.61-2.23 
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.˱ .˲-ˬ  ˪ ˱˵˼˦˫˲˩˪˧˦ ˦˩˦˱˦˲˸˦˲ˮ˷ C-H ˦˰˯ˮ˰˹˶ˮ ˴˶˳˸˳˲˪˧ˮ˷ ˶˪ˬ˳˲˦˲˷˹˰ˮ 

˷ˮ˨˲˦˰˪˧ˮ ˱˹˰˸ˮ˴˰˪˸˪˧ˮ˷ ˷˦̄ˮ˭ ˽˫˪˰˦  5-7, 10-12, 16-32 ˲˦˪˶˭˾ˮ. 

̀̄˶ˮ˰ˮ 2: ˲˦˪˶˭˪˧ˮ˷ 5-7, 10-12, 19-32 ˷˴˪˻˸˶˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ. 

# ˺˳˶˱˹

˰  ˦

.ˮ .̂ 

˷˴˪˻˸˶. 

1H ˧ ˱˶ ˷˴˪˻˸˶˹˰ˮ 

˱˳˲˦̀˪˱˪˧ˮ 

13C ˧ ˱˶ ˷˴˪˻˸˶˹˰ˮ 

˱˳˲˦̀˪˱˪˧ˮ 

˱˦˷˷ ˷˴˪˻˸˶. 

˱˳˲˦̀˪˱˪˧ˮ  

6 

 

3461, 3345, 

3201, 2901, 

2846, 1658,  

(DMSO-d6): ŭ  1.59ï1.70 (m, 

6H, Ad), 1.83ï1.90 (m, 6H, 

Ad), 1.95ï2.01 (m, 3H, Ad), 

5.60 (s, 2H, NH2), 6.78 (d, 1H, 

Ar), 7.04-7.43 (m, 1H, Ar), 

7.45-7.53 (m, 2H, Ar), 7.55-

7.65 (m, 3H, Ar), 8.16 (s, 1H, 

Ar), 8.79 (s, 1H, NH) 

(DMSO-d6):ŭ 28.07 (3CH), 36.42 

(3 CH2), 42.90 (3 CH2), 41.00 

(C), 110.05 (CH), 128.87 (CH), 

138.15 (CH), 138.43 (CH), 

140.31 (C), 142.51 (C), 143.39, 

144.94, 149.13, 169.60 (C), 

187.55 (C), 187.98 (C),  198.03 

(C) 

HR-MS (CI, 70 eV): 

m/z  ˭ ˪˳˶. 374.20 

(C24H26N2O2+); 

˲˦˴˳˫˲ˮ 374.1997 

[M] + 

5 

 

3363, 2915, 

2861, 1689, 

1627, 1550, 

1457 

DMSO: 12.71 (1H, brs NH), 7. 

84 (1H, s, NHCO), 7.69 (2H, s, 

Ar), 7.66-7.41 (6H, m, Ar), 

2.21-2.08 ( 3H, m, Ad), 2.03-

1.75 (8H, m, 5HAd ˩  ˦3H 

CH3), 1.73-1.43 (6H, m, Ad) 

(DMSO-d6, 125 MHz), ŭ: 177.61 

(C=O), 168.60 (C=O), 145.27, 

144.88,  132.54, 130.69, 129.48 

(2C), 129.35, 128.34, 128.29, 

128.24, 118.31, 116.41, 111.8, 

50.69, 42.06, 41.35, 40.02, 37.59 

(3C), 34.95, 28.42 (3C), 23.63 

(1C-CH3) 

- 

7 

 

3361, 2904, 

2850, 2772, 

2674, 2622, 

2596  

(DMSO-d6): ŭ  12.53 (1H, br.s, 

NH),  7.85 (1H, s, Ar), 7.74-

7.7288 (2H, m, Ar), 7.66 (1H, 

t, J=7.6, Ar), 7.62 (2H, s, Ar), 

7.56 (2H, t, J=7.6), 2.07 (9H, 

m, Ad), 1.77 (6H, m, Ad) 

(DMSO-d6): ŭ 195.63 (C), 

138.17, 131.87 (2C), 130.13, 

129.32 (4C), 128.28 (4), 123.32 

(1C), 40.55(3C), 35.98 (3C), 

35.06 (1C), 27.55 (3C) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶. 

357.1889 

(C24H25N2O), 

˲˦˴˳˫˲ˮ 357.1973 

[M + H+] 

10 

 

3354, 2926, 

2849, 2353, 

2323, 1720, 

1509, 1443, 

1376,   

CDCl3, ŭ: 10.90 (s, 1H), 9.00 

(d, J = 8.9 Hz, 1H), 8.91 (s, 

1H), 8.28 (d, J = 8.6 Hz, 1H), 

4.44 (q, J = 6.8 Hz, 2H), 2.12-

2.21 (m, 3H), 1.97-2.09 (m, 

6H), 1.75-1.91 (m, 6H), 1.45 (t, 

J = 6.9 Hz, 3H) 

CDCl3, ŭ: 177.55 (C), 164.25 (C), 

138.77 (C), 136.43 (CH), 135.56 

(C), 127.46 (CH), 124.93 (C), 

121.68 (CH), 61.65 (CH2), 42.68 

(CH), 39.04 (3 CH2), 36.26 (3 

CH2), 27.99 (3 CH), 14.27 (CH3) 

MS (ESI. pos. 

Mode):˭ ˪˳.˶395.1

583 (C20H24N2NaO5), 

˲˦˴˳˫˲ˮ 395.2888 

[M+Na+].  

11 

 

3426, 3363, 

3289, 2903, 

2849, 2321, 

1715, 1643, 

1593, 1517 

CDCl3, ŭ: 7.58-7.76 (m, 3 H), 

4.35 (q, J = 7.1 Hz, 2H), 1.86-

2.24 (m, 9 H), 1.62-1.86 (m, 6 

H), 1.39 (t, J = 7.1 Hz, 3 H) 

CDCl3, ŭ: 176.78 (C), 166.34 (C), 

139.23 (C), 129.85 (C), 128.09 

(C), 123.78 (CH), 121.63 (CH), 

119.81 (CH), 60.90 (CH2), 41.63 

(C), 39.39 (3 CH2), 36.46 (3 

CH2), 28.14 (3 CH), 14.31 (CH3) 

MS (ESI. pos. 

Mode): ˭˪˳˶. 

(C20H26N2NaO3), 

365.1841. ˲˦˴˳˫˲ˮ 

365.1063 [M+Na+] 

12 

 

3300, 2899, 

2848, 1696, 

1622, 1519 

DMSO-d6, ŭ: 12.32 (br, s, 1H), 

7.98-8.22 (m, 1H), 7.78 (br, s, 

1H), 7.40-7.65 (m, 1H), 4.32 

(q, J = 7.1 Hz, 2H), 2.06-2.12 

(m, 9H), 1.75-1.84 (m, 6H), 

1.36 (t, J = 7.1 Hz, 3H) 

DMSO-d6, ŭ: 165.24 (C),142.70 

(C),141.88 (C), 137.79 (C),122.56 

(C), 121.96 (CH),119.95 (CH), 

117.73 (CH), 60.05 (CH2), 40.58 

(3 CH2), 36.03 (3CH2), 34.98 (C), 

27.59 (3CH), 14.09(CH3) 

MS (ESI. pos. 

Mode):˭ ˪˳˶. 

347.1735 

(C20H24N2NaO2), 

˲˦˴˳˫˲ˮ 347.2493 

[M + Na+].  
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19 

 

3324, 2906, 

2850, 1706, 

1622, 1516, 

1438, 1410, 

1320,  

DMSO-d6: ŭ 12.41 (s, 1H), 8.10 

(s, 1H), 7.78 (d, J = 8.3 Hz, 

1H), 7.55 (d, J = 8.5 Hz, 1H), 

3.85(s, 3H), 2.05 (s, 9 H), 1.77-

1.73(m, 6H). 

CDCl3: ŭ 8.38 (d, J = 1.4 Hz, 

1H), 8.02 (dd, J = 8.7 Hz, J = 

1.5 Hz, 1H), 7.75 (d, J = 8.6 Hz, 

1H), 3.87 (s, 3 H), 2.23 ï 1.61 

(m, 15 H) 

DMSO-d6 ŭ: 166.92 (C), 122.52 

(CH), 51.89 (CH3), 40.65 (3 

CH2),  36.08(3 CH2), 35.11 (C), 

36.45 (3 CH2),  27.66 (3 CH). 

CDCl3, ŭ: 166.32 (C), 163.13 (C), 

135.40 (C), 132.19 (C), 127.38 

(C), 126.47 (CH), 116.47 (CH), 

114.08 (CH), 52.54 (CH3),  40.03 

(3 CH2), 35.52 (d, C, 3 CH2),  

27.76 (3 CH) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶. 

333.1579 (for 

C19H23NaN2O2), 

˲˦˴˳˫˲ˮ 333.1579 

[M + Na+]. 

20 

 

3256, 2905, 

2852, 1625, 

1525, 1452, 

1409, 1318. 

CD3OD: ŭ 8.08 (d, J=15.3 Hz, 

1H), 8.00 (s, 1H), 7.78ï7,68 

(m, 1H), 7.64 (dd, J=8.4, 1,3 

Hz, 1H), 7.57 (d, 8.4 Hz, 1H), 

7.54 (d, J=8.4, 1H), 3.30 (dd, 

J=3.0, 1.6 Hz, 2H),  2.10- 1.96 

(m, 15 H) 

CDCl3: ŭ 173.01 (C), 170.38 (C), 

166.12 (C), 128.83 (C), 128.44 

(C), 128.14 (C), 122.81 (CH), 

122.21 (CH), 42.14 (3 CH2), 

37.55 (3 CH2), 36.80 (C), 28.69 (3 

CH) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶. 

311.1754 

(C18H22N4O), 

˲˦˴˳˫˲ˮ 311.1863  

[M + H+] 

21 

 

2904, 2847, 

1690, 1625, 

1491 

DMSO-d6: ŭ: 12.66 (br.s, 1H), 

8.19 (s, 1H), 7.89 (d, J = 8.3 Hz, 

1H), 7.67 (d, J = 8.4 Hz, 1H), 

2.0 ï 1.90 (m, 9H), 1.78 ï 1.70 

(m, 6H) 

DMSO-d6, ŭ: 167.45 (C), 163.41 

(C), 138.66 (C), 135.39 (C), 

125.30 (C), 124.11 (CH), 116.10 

(CH), 114.04 (CH), 35.78 (3 

CH2), 35.16 (C), 27.43 (3 CH) 

MS (ESI. pos. 

Mode): ˭˪˳˶. 

(C18H20N2NaO2), 

319.14.˲ ˦˴˳˫˲ˮ 

319.123 [M+Na+]  

22 

 

3440, 3286, 

2904, 2848, 

1653, 1608, 

1519 

DMSO-d6, ŭ: (˳ ˶ ˮ

˸˦˹˸˳˱˪˶ˮ), 11.94 (br, s, 

1H), 9.00 (s, 1H), 8.95 (s, 1H), 

7.81 ï 7.55 (m, 1H), 7.34 (d, J = 

8.2 Hz, 1H), 7.10 (dd, J = 8.2, 

1.9 Hz, 1H), 7.05 (d, J = 8.2, 

1H), 5.21 (t, J = 5.7, 1H), 5.07 

(t, J = 5.7, 1H), 4.55 (d, J = 5.5, 

2H), 4.46 (d, J = 5.5, 2H), 2.10ï

1.99 (m, 6H), 1.92-1.83 (m, 12 

H), 1.78-1.63 (m, 12 H) 

DMSO-d6, ŭ: (˳ ˶ ˮ

˸˦˹˸˳˱ ˪˶ˮ) 139.55 (C), 139.52 

(C), 132.32 (C), 131.63 (C), 

131.50 (C), 130.92 (C), 130.83 

(C), 129.50(C), 129.46 (C), 

128.57 (C), 125.04 (C), 125.00 

(CH), 123.10 (CH). 122.99 (CH), 

67.31 (CH2), 62.26 (CH2), 40.76 

(3 CH), 40.60 (3 CH), 38.73 (C), 

38.00 (C), 36.09 (3 CH), 35.95 (3 

CH), 27.64 (3 CH), 27.53 (3 CH) 

HR-MS (ESI. pos. 

Mode): ˭ ˪˳˶. 

283.1810 (for 

C18H23N2O), 

˲˦˴˳˫˲ˮ 283.1812 

[M + H+] 

23 

 

3340, 3185, 

2923, 2852, 

1658 

DMSO-d6, ŭ: (˳ ˶ ˮ

˸˦˹˸˳˱ ˪˶ˮ), 12.31 (br, s, 

2H), 8.06 (s, 2H), 7.89 (s, 1H), 

7.80-7.66 (m, 2H), 7.62-7.31 

(m, 2H), 7.19 (s, 1H), 2.17-1.77 

(m, 18H), 1.82-1.70 (m, 12H) 

DMSO-d6, ŭ: (˳ ˶ ˮ

˸˦˹˸˳˱ ˪˶ˮ) 168.48 (2 C), 

156.47 (C), 153.94 (C), 141.93 

(C), 139, 97 (C), 133.03 (C), 

131.51 (C), 128.58 (C), 127.34 

(C), 121.09 (CH), 120.98 (CH), 

118.06 (2 CH), 111.13 (2 CH), 

41.17 (6 CH2), 36.59 (6 CH2), 

35.53 (2 C), 28.14 (6 CH2) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶. 

296.1763 

(C18H22N3O), 

˲˦˴˳˫˲ˮ 296.1717 

[M+H+]. 
 

24 

 

3367, 3072, 

3050, 2904, 

2848, 1632. 

DMSO-d6, ŭ: 7.92 (d, J = 8.6 

Hz, 1H), 7.89 (s, 1H), 7.77 (d, J 

= 8.5 Hz, 1H), 5.76 (s, 1H), 

2.15 ï 2.05 (m, 15H), 1.8 ï 

1.75 (m, 15H) 

DMSO-d6,ŭ:165.34(C),161.34 

(C), 151.84 (C),126.03(C), 124.59 

(C), 119.09 (CH), 113.41 (CH), 

103.47 (CH), 40.86 (3CH2), 36.09 

(C),35.42 (C),35.13(6CH2), 28.91 

(3 CH2), 28.31 (6CH2) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶. 

430.2858 

(C28H36N3O), 

˲˦˴˳˫˲ˮ 430.2850 

[M + H+]. 

25 

 

3429, 2923, 

2850, 1724, 

1611. 

CDCl3, ŭ: 10.90 (br, s, 1H), 

7.59 (br, s, 2H), 7.17 (d, J = 

8.08, 1H), 3.95-3.45 (m, 4H), 

2.55-2.34 (m,  4H), 2.31 (s, 

3H), 2.07-1.99 (m, 9H), 1.79-

1.70 (m, 6H) 

 

CDCl3, ŭ: 164.29 (C), 129.47 (C), 

128.60 (2 C), 121.02 (C), 120.92 

(CH), 117.71 (CH), 116. 04 (CH), 

55.02 (2 CH2), 54.90 (CH3), 45.93 

(2 CH2), 41.09 (3 CH2), 36.43 (3 

CH2), 35.41(C), 28.12 (3 CH2) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶. 

379.2498 

(C23H31N4O), 

˲˦˴˳˫˲ˮ 379.2429 

[M + H+] 
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26 

 

3473, 3176, 

2902, 2848, 

1621, 1524. 

DMSO-d6, ŭ:  1.52-1.89 (m, 

6H), 1.91-2.21 (m, 9H), 3.58 (s, 

5H), 7.21 (d, J = 7.6 Hz, 1H), 

7.60 ï 7.47 (m, 2H)  
 

13C NMR (DMSO-d6, 125 

MHz), ŭ: 21.65 (3CH2), 35.03 

(1C), 36.08 (3CH), 40.68 (3CH2), 

120.87 (d, 2H), 128.55 (CH), 

163.56 (CH), 170.13 (C)   

HR-MS (CI. pos. 

Mode):˭ ˪˳˶. 

364.4839(C22H28N4), 

˲˦˴˳˫˲ˮ 364. 8950 

[M+] 

27 

 

3254, 2903, 

2849, 1772, 

1661, 1622, 

1592, 1521. 

DMSO-d6, ŭ:  1.61-1.91 (m, 

6H), 1.97-2.22 (m, 9H), 2.55 

(3H), 7.59 (d, J = 8.3 Hz, 1H), 

7.81 (d, J = 8.3 Hz, 1H), 7.98 (s, 

4H),  8.19 (s, 1H), 10.49 (s, 

1H), 12.51 (s, 1H). 26.46 (CH3) 

 

DMSO-d6, ŭ: 27.65 (3 CH2), 

35.11 (3 C), 36.08 (3 CH2), 40.64 

(3 CH2), 119.32 (3CH), 122.86 (C 

), 127.49 (C ), 129.30 (4CH), 

131.74 (C ), 144.02 (C ), 164.21 

(C ), 166.47 (C ), 167.92 (C ), 

196.61 (C ) 

HR-MS (CI. pos. 

Mode): ˭˪˳˶. 

414.5115 

(C26H28N3O2), 

˲˦˴˳˫˲ˮ 414.2172 

[M+H+]. 

28 

 

3369, 3050, 

2909, 2847, 

1645, 1619, 

1603, 1585. 

DMSO-d6, ŭ:  1.70-1.90 (m, 

6H), 2.03-2.14 (m, 9H), 6.99 

(d, J = 8.0 Hz, 2H), 7.03 (d, J = 

8.8 Hz, 2H), 7.11 (t, J = 7.3 Hz, 

1H), 7.38 (t, J = 7.8 Hz, 2H), 

7.57 (s, 1H), 7.78 (d, J = 8.4 Hz, 

1H), 7.83 (d, J = 8.8 Hz, 2H), 

8.15 (s, 1H), 10.21 (s, 1H), 

12.36 (s, 1H) 

DMSO-d6, ŭ: 27.67 (3 CH2), 

35.03 (C), 36.11 ( 3CH), 40.71 

(3CH2), 117.85 (4 CH), 119.31 

(2CH), 121.95 (4C), 122.95 

(2CH), 129.97 (4 CH), 135.48 

(C), 151.81 (C), 157.44 (C), 

165.97 (C). 

HR-MS (CI. pos. 

Mode): ˭˪˳˶. 

463.5702 

(C30H29N3O2), 

˲˦˴˳˫˲ˮ 463.2670 

[M +]. 

29 

 

3397, 3181, 

2964, 2901, 

2848, 1599, 

1569, 1523.   

DMSO-d6, ŭ:  1.69-1.84 (m, 

6H), 1.84-1.95 (m, 2H), 1.99-

2.13 (m, 9H), 3.53 ï 3.40 (m, 

2H), 7.36 ï 7.22 (m, 1H), 7.46 

ï 7.38 (m, 1H), 7.54 (s, 1H), 

12.22 (s, 1H)  

DMSO-d6, ŭ: 23.96 (CH2), 26.07 

(CH2), 27.64 (3CH2), 35.00 (C), 

36.09 (3CH), 40.71 (3CH2), 45.97 

(CH2), 49.27 (CH2), 176.52 (C). 

HR-MS (CI. pos. 

Mode): ˭˪˳˶. 

349.4693 

(C22H27N3O), 

˲˦˴˳˫˲ˮ 349.2157 

[M +]. 

30 

 

3354, 2902, 

2847, 1645, 

1594. 

DMSO-d6, ŭ: ˳˶ ˮ

˸˦˹˸˳˱˪˶ˮ: 1.91-1.70 (m, 

12H), 2.16 -2.00 (m, 18H), 2.28 

(s, 6H), 7.15 (d, J=8.1 Hz, 4H), 

7.49 (d, J=8.2 Hz, 1H), 7.62 (d, 

J=8.1 Hz, 1H), 7.69 (m, 4H), 

7.77 (s, 2H), 8.01 (s, 1H), 8.25 

(s, 1H), 10.08 (d, 2H), 12.33 (d, 

J=8.8 Hz, 2H) 

DMSO-d6, ŭ: ˳ ˶ ˮ˸˦˹˸˳˱˪˶ˮ: 

20.48 (2C), 27.67 (6CH2), 35.05 

(2 CH3), 36.11 (6CH2), 40.71 (6 

CH2), 110.50, 111.05, 117.72, 

118.10, 120.30 (d, 4CH), 128.98 

(4CH), 132.14, 132.26, 133.96, 

135.78, 36.02, 137.03 (2CH), 

142.31, 145.22, 153.76, 154.10, 

163.76, 164.55, 165.90 (2C)  

HR-MS (CI. pos. 

Mode): ˭˪˳˶.  

385.5014 

(C25H27N3O), 

˲˦˴˳˫˲ˮ 385.2147 

[M +]. 

31 

 

3117, 2903, 

2849, 1651, 

1621, 1596 . 

DMSO-d6, ŭ:1.86-1.70 (m, 6H), 

2.00-2.17(m,9H), 7.59 (d, J=7.6 

Hz, 1H), 7.65 (t, J=8.2 Hz, 1H), 

7.86ï7.78 (m, 1H), 7.94 (dd, J = 

8.1, 1.4 Hz, 1H), 8.23 (d, J = 

7.9 Hz, 2H), 8.86 (s, 1H), 10.64 

(s, 1H), 12.00 (s, 1H) 

 

DMSO-d6, ŭ: 27.67 (3CH2), 35.11 

(C ), 36.10 (3CH2), 40.68 (3CH2), 

114.21, 117.79, 121.30 (d, C), 

121.37 (d, C), 121.43, 121.31, 

125.08, 127.14, 129.47, 129.99, 

140.78, 147.90, 166.60, 171.93 

HR-MS (CI. pos. 

Mode): ˭˪˳˶. 

416.4724 

(C24H24N4O3), 

˲˦˴˳˫˲ˮ 

416.0051[M+]. 

32 

 

3414, 3178, 

2902, 2848, 

1654, 1590. 

DMSO-d6, ŭ:1.83-1.72 (m, 6H), 

2.14-2.02 (m, 9H), 7.31-7.24 

(m, 1H), 7.43-7.35 (m, 1H), 

7.56 (dd, J=8.1 Hz, 1.3 Hz, 1H), 

7.59 (s, 1H), 7.67 (dd, 7.9 Hz, 

1.4 Hz, 1H), 7.81 (dd, J = 8.4 

Hz, J = Hz, 1.5, 1H), 8.18 (s, 

1H), 9.91 (s, 1H), 12.45 (s, 1H) 

DMSO-d6, ŭ: 165.89, 135.42, 

129.48 (2C), 129.15, 128.18 (2C), 

127.41 (2C), 127.08, 121.30, 

40.67 (3CH), 39.09 (3 CH2), 

35.10 (C), 27.66 (3CH2) 

MS (m/z, %): 90.98 

(100%), 349.06 

(93%), 385.15 

(77%).   
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2.2. ˩ ˮ̀ˮ˯˰˹˶ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷, ˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˩  ˦

˸˶ˮ̀ˮ˯˰˹˶ˮ ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ 

̂ˮ˲˦˱˩˪˧˦˶˪ ˩ˮ˷˪˶˸˦̀ˮ˦˾ˮ ˿˫˪˲˷ ˱ˮˬ˦˲˷ ̂˦˶˱˳˦˩˨˪˲˩˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ 

˾˪˱̀˫˪˰ˮ ˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˦ˬ˳˸ ˩  ˦ ˵˦˲˨˧˦˩˾˪˱̀˫˪˰ˮ ̆˪˸˪˶˳̀ˮ˯˰˪˧ˮ˷, 

˯˪˶́˳˩ ˯ ˮ ˩ˮ̀ˮ˯˰˹˶ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷, ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˩  ˦ ˸˶ˮ̀ˮ˯˰˹˶ˮ 

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ ˷˷ˮ˲˭˪ˬˮ. 

˰ˮ˸˪˶˦˸˹˶˹˰ˮ ̂˽˦˶˳˪˧ˮ˩˦˲ ̀˲˳˧ˮ˰ˮ˦, ˶˳ ˱ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ 

˭˫˦˰˷˦ˬ˶ˮ˷ˮ˭ ˨˦˲˷˦˯˹˭˶˪˧ˮ˭ ˨˦˱˳ˮ˶˿˪˫ˮ˦˲ 2- ˩  ˦ 5-(˦ ˲ 6) ˱˩˨˳˱˦˶˪˳˧˦˾ˮ 

˿˦˲˦̀˫˰˪˧˹˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˩  ˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧ˮ. 

˧ˮ˳˰˳˨ˮ˹˶˦˩ ˦˻˸ˮ˹˶ˮ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ ˷˩  ˦˪˶˭˩˶˳˹˰˦˩ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˱ˮ˼˪˧ˮ˷ ˱ˮˬ˲ˮ˭ ˿˫˪˲ ˨˦˲˫˦̄˳˶̀ˮ˪˰˪˭ 

˪˶˭ˮ ˷˦̂˽ˮ˷ˮ ˶˪˦˨˪˲˸ˮ˩˦˲ 3-˦˱ˮ˲˳˺˪˲˳˰ˮ˩˦˲, ˷ˮ˲˭˪ˬˮ ˳˶ ˮ˱ˮ˱˦˶˭˹˰˪˧ˮ˭, ̄˳˰ ˳

˱ˮ˼˪˧˹˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˾˪˱˩˪˨ˮ ˨˦˶˩˦˻˱˲ˮ˭ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˸˶ˮ̀ˮ˯˰˹˶ˮ ˷ˮ˷˸˪˱˦. 

2.2.1 N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪ ˲ˬ˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ 

˶˳˨˳˶̀ ˰ˮ˸˪˶˦˸˹˶˹˰ ˱ˮ˱˳̄ˮ˰˫˦˾ˮ ˦˶ˮ˷ ˱˳̀˪˱˹˰ˮ (˭˦˫ˮ I. ˻˫˪˭˦˫ˮ 1.6.), 2-

˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˹˲˦̀˫˰˪˧˪˰ˮ ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ˰˦˱ˮ˩˷ 

(XXXXII ) ˦˼˱˳˦˿˲˩˦ ˱˦˱˦˯˦̀ˮ˷ ̆˳˶˱˳˲ˮ˷, ˦˲˩˶˳˨˪˲ˮ˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦, 

˶˳˱˪˰ˮ̀ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˯˳˶˪˪˰ˮ ˱˪̀˲ˮ˪˶˪˧ˮ˷ ˱ˮ˪˶ [155], ˭˹˱̀˦ ˱˦˭ ˦ ˶

˨˦˲˹̄˳˶̀ˮ˪˰˪˧ˮ˦˭ ˭˫ˮ˭˳˲ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˷ˮ˲˭˪ˬˮ. ˲ˮ˫˭ˮ˪˶˪˧˦ XXXXII  

˱ˮ˼˪˧˹˰ ˮ˻˲˦ 6-˦˱ˮ˲˳˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ 1-˦˩˦˱˦˲˸˦˲ 

˻˰˳˶˦˲̆ˮ˩˶ˮ˩˭˦˲. ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˦̄˦˰ˮ ̂˦˶˱˳˪˧˹˰˪˧ˮ˷ 

˱ˮ˷˦˼˪˧˦˩, ˿˫˪˲ˮ ˱ˮˬ˦˲ˮ ˮ˽˳ ˩˦˨˫˪˷ˮ˲˭˪ˬˮ˶˪˧ˮ˲˦ ˦˶˳˱˦˸˹˰ˮ ˩  ˦ ˦˰ˮ˺˦˸˹˶ˮ 

̅˨˹˺˪˧ˮ˭ 2-˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˿˦˲˦̀˫˰˪˧˹˰ˮ N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰-6-

ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ, ˶ˮ˷˭˫ˮ˷˦̀ ˾˪˫ˮ˷̂˦˫˰˪˭ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 

˱ˮ˼˪˧ˮ˷ ˳˶ ˮ ˨ˬ˦. ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˿˫˪˲ˮ ˦˶˿˪˫˦˲ˮ ˾˪˫˦˿˪˶˪˭ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 

˦˱ˮ˲˳˺˪˲˳˰ˮ˷ ˦˰˩˪̆ˮ˩˪˧˭˦˲ ˽˫˪˰˦ˬ˪ ˮ˦˺ ˩  ˦ ̄˪˰˱ˮ˷˦̂˫˩˳˱ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ 
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˱˪˭˳˩ˬ˪ ˯˦˸˦˰ˮˬ˦˸˳˶˦˩ ˷˴ˮ˰˪˲́ˮ˷ ˦̀˪˸˦˸ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭  [176], ˾˪˱˩˪˨ ˯ ˮ

˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ ˦˱ˮ˲˳˺˪˲˳˰ˬ˪ ˯˦˶˧˳˲ˮ˸˶ˮ˰˪˧ˮ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ ˰˹ˮ˷ˮ˷ 

˱˵˦˫˦ ˷(ZnCl2) ˭˦˲˦˳˧ˮ˷˦˷ [177]. 

 ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 43-52 ˷ˮ˲˭˪ˬˮ ˷ ˨ˬ˦ ˩˦˫ˮ̂˽˪˭ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ 

˨˦˶˩˦˻˱˲ˮ˭ ˾˪˷˦˧˦˱ˮ˷ ˻˰˳˶˦˲̆ˮ˩˶ˮ˩˾ˮ ˭ˮ˳˲ˮ˰˻˰ ˳˶ˮ˩ˮ˷ ˦˶˪˾ˮ ˩  ˦ ˦ ˱

˾˹˦˰˪˩˹˶ˮ ˴˶˳˩˹˻˸ˮ˷ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ 3-˦˱ˮ˲ˮ˺˪˲˳˰˭˦˲ ˳˶ ˮ˱˪˭˳˩ˮ˭: 1) 

CH2Cl2-ˮ ˷ ˦˶˪˾ˮ ˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷ N-(3-̆ˮ˩˶˳˻˷ˮ˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-

˯˦˶˧˳˻˷˦˱ˮ˩ˮ˷ (33) ̂˦˶˱˳˻˱˲ˮ˭ 80% -ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ ̀˲˳˧ˮ˰ˮ ˴˶˳̀˪˩˹˶ˮ˷ 

˱ˮ̄˪˩˫ˮ˭ (˷˻˪˱˦ 9) [178] ˩  ˦ 2) ˾˳˸˪˲-˧˦˹˱˦˲ˮ˷ ˱˪˭˳˩ˮ˭, ˱˪˭ˮ˰˪˲˻˰˳˶ˮ˩ˮ˷˦ ˩  ˦

˲˦˸˶ˮ˹˱ˮ˷ ̆ˮ˩˶˳˯˦˶˧˳˲˦˸ˮ˷ ̂˽˦˰̄˷˲˦˶ˮ˷ ˲˦˶˪˫˾ˮ, 95%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭. 

˱ˮ˼˪˧˹˰ˮ ˦˱ˮ˩ˮ˷ 33 ˲ˮ˸˶ˮ˶˪˧ˮ˷ ˾˪˩˪˨˦˩ 65%-ˮ˦˲ˮ ˦ˬ˳˸˱˵˦˫ˮ˭ ˽ˮ˲˹˰˳˫˦˲ˮ 

́˱˦˶˱˵˦˫ˮ˷ ˦˶˪˾ˮ ̂˦˶˱˳ˮ˻˱˲˦ ˷˦˱ˮ ˶˪˨ˮ˳ˮˬ˳˱˪˶ˮ, ˳˶˭-˳ˮˬ˳˱˪˶˪˧ˮ 34 (3%) ˩  ˦ 35 

(40%) ˩  ˦ ˦˷˪˫˪ ˴˦˶˦-ˮˬ˳˱˪˶ˮ 36 (30%), ˶˳˱˪˰˭˦ ˩˦˽˳˺˦̀ ˾˪˷˦́˰˪˧˪˰ ˮ˻˲˦ 

˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪. ˱ˮ˼˪˧˹˰ˮ ˮˬ˳˱˪˶˪˧ˮ˷ ˲ˮ˸˶˳ ̅˨˹˺˪˧ˮ˷ ˦˼˩˨˪˲ˮ˭ 

(˱˳˰˪˯˹˰˹˶ˮ ̂˽˦˰˧˦˩ˮ˭, Pt/C ˯˦˸˦˰ˮˬ˦˸˳˶ˮ˷ ˭˦˲˦˳˧ˮ˷˦˷) ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 

˾˪˷˦˧˦˱ˮ˷ˮ ˦˱ˮ˲˳˦˱ˮ˩˪˧ˮ 37 (23%), 38 (91%) ˩  ˦ 39 (95%). ˦ ˱ˮ˲˳˺˪˲˳˰ˮ˷ 38 ˾˪˱˩˪˨ˮ 

˨˦˶˩˦˻˱˲ˮ˭ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ 43-52 ˳˶ ˮ˱˪˭˳˩ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭ 76%-

˱˩ ˪˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ (ˮ.̄ ̀ ̄˶ˮ˰ˮ 3). ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˦˱ˮ˲˳˦˱ˮ˩ˮ˷ 

38 Cu(II)-˯˦˸˦˰ˮˬˮ˶˪˧˹˰ˮ, ˵˦˲˨˫ˮ˭ˮ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˦ ́˱˦˶˱˵˦˫˦ ˦˲̆ˮ˩˶ˮ˩˭˦˲ 

40 (43, ˷˫˪˸ˮ 1) ˩  ˦ ˷̄˫˦˩˦˷̄˫˦ ˦˰˩˪̆ˮ˩˪˧˭˦˲ 41a-f (44-49, ˷˫˪˸˪˧ˮ 2-7). ˹˲˩˦ 

˦˼ˮ˲ˮ˾˲˳˷, ˶˳ ˱ ˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˩˦˧˦˰ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ 

˨˦˱˳˫˰ˮ˲˩˦ ́˱˦˶˱˵˦˫˦ ˦˲̆ˮ˩˶ˮ˩ˮ˷ (˷˫˪˸ˮ 1, 43, 16%), 4-˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41f 

(˷˫˪˸ˮ 7, 49, 15%) ˩  ˦3,4-˩ˮ˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41c (˷˫˪˸ˮ 4, 46, 7%) ˨˦˱˳˽˪˲˪˧ˮ˷ 

˾˪˱˭̄˫˪˫˦˾ˮ, ˱˦˾ˮ˲, ˶˳̀˦ ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41a (˷˫˪˸ˮ 2, 44, 50%), 4-

ˮˬ˳˴˶˳˴ˮ˰˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41b (˷˫˪˸ˮ 3, 45, 32%), 4-˧˶˳˱˳-˿˦˲˦̀˫˰˪˧˹˰ˮ 

˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41e (˷˫˪˸ˮ 6, 48, 39%) ˩  ˦˭ˮ˳˺˪˲-2-˯˦˶˧˦˰˩˪̆ˮ˩ˮ˷ 41d (˷˫˪˸ˮ 5, 47, 

53%) ˨˦˱˳˽˪˲˪˧ˮ˷˦˷ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˷˦˾˹˦˰˳ˬ˪ ˱˦˼˦˰ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭, ˶˦̀ 

˾˪˷˦́˰˪˧˪˰ˮ˦ ˦̄˷˲ˮ˰ˮ ˮ˽˳˷ ˧˪˲ˬ˦˰˩˪̆ˮ˩˪˧˾ˮ ˿˦˱˲˦̀˫˰˪˧˪˰ˮ ̅˨˹˺˪˧ˮ˷ 
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˨˦˫˰˪˲ˮ˭. ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧˦ ˱˲ˮ˾˫˲˪˰˳˫˲˦˩ ˫˪˶ ˨˦˹˱̅˳˧˪˷˩˦ 

˱˪˳˶˪ ˱˪˭˳˩ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭, ˯˪˶́˳˭ ˯ ˮ ˦˱ˮ˲˳˦˱ˮ˩ˮ˷ 38 ˯˳˲˩˪˲˷˦̀ˮˮ˭ 

˯˦˶˧˳˲ˮ˸˶ˮ˰˪˧˭˦˲ 42a-c ˰˹ˮ˷ˮ˷ ˱˵˦˫ˮ˷ ZnCl2-ˮ ˷˭˦˲˩˦˷̂˶˪˧ˮ˭ (50-52, ˷˫˪˸˪˧ˮ 8-

10). 4-˧˶˳˱˳˧˪˲ˬ˳˲ˮ˸˶ˮ˰˭˦˲ 42a ˨˦˱˳˷˦˫˦˰˱˦ ˾˪˦˩˨ˮ˲˦ 17% (˷˫˪˸ˮ 8, 50), ̄˳˰ ˳3-

˱˪˭˳˻˷ˮ˴˶˳˴ˮ˳˲ˮ˸˶ˮ˰˭˦˲ 42c 19% (˷˫˪˸ˮ 10, 52). ˽˫˪˰˦ˬ˪ ˱˦˼˦˰ˮ ˨˦˱˳˷˦˫˦˰ˮ 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˸˪˶˪˺˸˦˰˳˩ˮ˲ˮ˸˶ˮ˰ˮ˷ 42b ˨˦˱˳˽˪˲˪˧ˮ˷˦˷ - 76% (˷ ˫˪˸ˮ 9, ˴ ˶˳˩˹˻˸ˮ 

51).  

˱˳˷ˮ˲̅˹˰ ˮ˻˲˦ ˦˱ˮ˲˳˦˱ˮ˩ˮ˷ 37 ˯˳˲˩˪˲˷˦̀ˮ˦ ˭ˮ˳˺˪˲-2-˯˦˶˧˦˰˩˪̆ˮ˩˭˦˲  

˷˴ˮ˰˪˲́ˮ˷ ˦̀˪˸˦˸ˮ˷ ˯˦˸˦˰ˮˬ˦˸˳˶ˮ˷ ˨˦˱˳˽˪˧ˮ˭, (N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪˲˳˻˷˦ˬ˳˰-4-

ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ˷ ˱ˮ˷˦˼˪˧˦˩, ˭˹˱̀˦ ̀ˮ˯˰ˮˬ˦̀ˮ˦ ˦ ˱ ˴ˮ˶˳˧˪˧˾ˮ ˦ ˶

˱˳̄˩˦, ˶˦̀ ˾˪ˮ́˰˪˧˦ ˨˦˱˳̂˫˪˹˰ˮ ˮ˽˳˷ ˷ˮ˫˶̀ˮ˭ˮ ˺˦˻˸˳˶ˮ˭ ˩  ˦ ˦˱ˮ˲˳˦˱ˮ˩ˮ˷ 37 

˦˩˫ˮ˰˦˩ ˩˦˵˦˲˨˫ˮ˭ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˾ˮ (˷˻˪˱˦ 9). 
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˷˻˪˱˦ 9. ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 43-52 ˷ˮ˲˭˪ˬˮ. ˶˪˦˨˪˲˸˪˧ˮ ˩  ˦ ˶˪˦˻̀ˮˮ˷ ˴ˮ˶˳˧˪˧ˮ: (A) 

H2SO4, 1-AdBr, HCOOH, 8 ˷ ,˭ 23°C (a) 1) SOCl2, 60°C, 30 ̂ ;˭ 2) Et3N, CH2Cl2, 23°C, 3 ˷ .˭ (b) 

HNO3, AcOH, 23°C, 1 ˷ ;˭ (c) Pt/C (˯ ˦ .˸), 1 ˦˸˱ H2, EtOH, 23°C, 24-32 ˷ ;˭ (d) Ac2O (40), 

Cu(OAc)2 · H2O (˯ ˦˸.), ˸˳˰˹˳˰ˮ, 110°C, ̆ ˦˪˶ˮ, 7 ˷ ;˭ (e) 1.0 ˪ ˻˫. ˦˰˩˪̆ˮ˩˪˧ˮ 41aïf, 

Cu(OAc)2 · H2O (˯ ˦˸.), ˸˳˰˹˳˰ˮ, 110°C, ̆ ˦˪˶ˮ, 16-20 ˷ ;˭ (f) 1.0 ˪ ˻˫. ˯˦˶˧˳˲ˮ˸˶ˮ˰˪˧ˮ 

42aïc, ZnCl2 (˯˦˸.), PhCl, 135°C, ˮ ˲˪˶˸˹˰ˮ ˦˶˪ (N2), 24 ˷ .˭ 

 

̀̄˶ˮ˰ˮ 3. ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˴˶˳˩˹˻˸˪˧ˮ 43-52 ˩  ˦58, 59 ˩  ˦˱˦˭ˮ ˨˦˱˳˷˦˫˦˰ˮ. 

˷˫˪˸ˮ ˷˦̂˽ˮ˷ˮ ˶˪˦˨˪˲˸ˮ ˱˪˭˳˩ˮ ˴˶˳˩˹˻˸ˮ (R) ˨˦˱˳˷˦˫˦˰ˮa 

(%) 

1 40 ́˱˦˶˱˵˦˫˦ ˦˲̆ˮ˩˶ˮ˩ˮ (d) 43 (Me) 16 

2 41a ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (e) 44 (Ph) 50 

3 
41b 

4-

ˮˬ˳˴˶˳˴ˮ˰˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (e) 45 (4-iPrC6H4) 32 

4 
41c 

3,4-

˩ˮ˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (e) 46 

[3,4-

(MeO)2C6H4] 7 

5 41d ˭ˮ˳˺˪˲-2-˯˦˶˧˦˰˩˪̆ˮ˩ˮ (e) 47 (2-thienyl)  53 

6 41e 3-˧˶˳˱˳˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (e) 48 (3-BrC6H4) 39 

7 
41f 4-˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (e) 49 

(4-

MeOC6H4) 15 

8 42a 4-˧˶˳˱˳˧˪˲ˬ˳˲ˮ˸˶ˮ˰ˮ (f) 50 (4-BrC6H4) 17 

9 42b ˸˪˶˪˺˸˦˰˳˩ˮ˲ˮ˸˶ˮ˰ˮ (f) 51 (4-NCC6H4) 76 

10 
42c 3-˱˪˭˳˻˷ˮ˴˶˳˴ˮ˳˲ˮ˸˶ˮ˰ˮ (f) 52 

(2-

MeOC2H4) 19 

11 41a ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (g) 58 (Ph) 11 

12 
41f 4-˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ (g) 59 

(4-

MeOC6H4) 9 

a˨ ˦˱˳˽˳˺ˮ˰ˮ ˴˶˳˩˹˻˸˪˧ˮ˷ ˨˦˱˳˷˦˫˦˰ˮ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨. 
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2.2.2. ˮ ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ 

˦ˬ˳˸ ˩  ˦ ˵˦˲˨˧˦˩˾˪˱̀˫˪˰ˮ ˯˳˲˩˪˲˷ˮ˶˪˧˹˰ˮ ˸˶ˮ̀ˮ˯˰˹˶ˮ ˷ˮ˷˸˪˱˪˧ˮ˩˦ ˲

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ ˱̄˳˰˳˩ ˶˦˱˳˩˪˲ˮ˱˪ ˴˦˸˪˲˸˾ˮ ˨˫̄˫˩˪˧˦ 

[179-181]. ˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˩  ˦˳˻˷˦ˬ˳˰ˮ˷ ˾˪˱̀˫˪˰˱ ˦˦ ˱˯˳˲˩˪˲˷ˮ˶˪˧˹˰ ˮ˸˶ˮ̀ˮ˯˰˹˶ˮ 

˧ˮ˶˭˫ˮ˷ ̂˦˶˱˳˪˧˹˰˪˧˱˦ ˨˦˱˳˦˫˰ˮ˲˪˷ ˷˦ˮ˲˸˪˶˪˷˳ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦, 

˯˪˶́˳˭, ˱ˮ˯˶˳˷˳˱˹˰ˮ ˴˶˳˷˸˦˨˰˦˲˩ˮ˲ E ˷ˮ˲˸˦ˬ˦-1 ˪˲ˬˮ˱ˮ˷ ˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ˮ 

˱˳˻˱˪˩˪˧˦, ˶˳˱˰ˮ˭˦̀ ˾˪ˮ́˰˪˧˦ ˸˯ˮ˫ˮ˰ˮ˷ ˩  ˦˦˲˭˪˧ˮ˭ˮ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˱˯˹˶˲˦˰˳˧˦ 

[179],  ˫ˮ˶˹˷˹˰ˮ ˮ˲˺˪˻̀ˮ˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ [180] ˩  ˦˦˷˪˫˪ ˯ˮ˧˳˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳ [181] 

˦˻˸ˮ˹˶˳˧˦. 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˨˦˱˳˯˫˰˪˫˪˧ˮ˷ ˱ˮ˹̄˪˩˦˫˦˩ ˰ˮ˸˪˶˦˸˹˶˦˾ˮ ˦ ˶ ˦˶ˮ˷ ˱˳̀˪˱˹˰ˮ 

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦. ˿˫˪˲ ˨˦˲˫˦̄˳˶̀ˮ˪˰˪˭ ˦ ˱

˸˶ˮ̀ˮ˯˰˹˶ˮ ˷˸˶˹˻˸˹˶ˮ˷ ˷ˮ˲˭˪ˬˮ ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ˦˩˦˱˦˲˸˦˲˾˪˱̀˫˪˰ˮ 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˱ˮ˼˪˧ˮ˭, ˾˪˱˩˪˨ ˯ ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˾ˮ 4- ˩  ˦ 5-

˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˳˻˷˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˯˫˶ˮ˭. 

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ˷ ˷˻˪˱˦ ˾˪˱˩˪˨ˮ˦: ˱˦˾ˮ˲, ˶˳̀˦ ˮˬ˳˱˪˶ˮ 

38 ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 43-52 ˷ˮ˲˭˪ˬˮ˷˭˫ˮ˷, ˮˬ˳˱˪˶ˮ˷ 39 ˱˵˦˫˦-

˯˦˸˦˰ˮˬˮ˶˪˧˹˰ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ 53  99% -ˮ˦˲ˮ 

˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ ˸˶ˮ˺˸˳˶́˱˦˶˱˵˦˫˦˷ ˨˦˱˳˽˪˲˪˧ˮ˭ ˸˳˰˹˳˰ˮ˷ ˦˶˪˾ˮ (˷˻˪˱˦ 10). 

˾˪˱˩˨˳˱ ˪˸˦˴ˬ˪ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 53 ˲ˮ˸˶ˮ˶˪˧ˮ˷ 

˶˪˦˻̀ˮ˦ ˯˳˲̀˪˲˸˶ˮ˶˪˧˹˰ˮ ˦ˬ˳˸˱˵˦˫ˮ˭. ˦˼˱˳˿˲˩˦, ˶˳ ˱ ˲ˮ˫˭ˮ˪˶˪˧˦ 53-ˮ ˷

˲ˮ˸˶ˮ˶˪˧˦ ́˦˰ˮ˦˲ ˷̂˶˦˺˦˩ ˱ˮ˱˩ˮ˲˦˶˪˳˧˷ 57%-ˮ˦˲ˮ ˦ˬ˳˸˱˵˦˫ˮ˭ ́˱˦˶˱˵˦˫ˮ˷ ˦˶˪˾ˮ 

˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪. ˰ˮ˸˪˶˦˸˹˶˦˾ˮ ̀˲˳˧ˮ˰ˮ˦, ˶˳ ˱ 5-

̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˲ˮ˸˶ˮ˶˪˧ˮ˷˦˷ ̆ˮ˩˶˳˻˷ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ́˰ˮ˪˶ˮ 

˩˳˲˳˶˹˰ˮ ˧˹˲˪˧ˮ˩˦˲ ˨˦˱˳˱˩ˮ˲˦˶˪, ˪˰˪˻˸˶˳˺ˮ˰˹˶ˮ ˿˦˲˦̀˫˰˪˧˦ ́ˮ˶ˮ˭˦˩˦˩ 

˱ˮ˱˩ˮ˲˦˶˪˳˧˷ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 4-˱˩˨˳˱˦˶˪˳˧˦˾ˮ [182]. ˿˫˪˲˷ ˾˪˱˭̄˫˪˫˦˾ˮ 

˲ˮ˸˶ˮ˶˪˧ˮ˷ ˾˪˩˪˨˦˩ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˷˦˱ˮ ˲ˮ˸˶˳ ˴˶˳˩˹˻˸ˮ 54-56, ˷˦˩˦̀ ˶˳˨˳˶̀ 

˱˳˷˦˰˳˩˲˪˰ˮ ˮ˽˳, 4-˱˩˨˳˱˦˶˪˳˧˦˾ˮ ˱˳˲˳ ˲ˮ˸˶ˮ˶˪˧˹˰ˮ ˮˬ˳˱˪˶ˮ 54 

(˨˦˱˳˷˦˫˰ˮ˦˲˳˧˦ 44%) ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ ˶˪˦˻̀ˮˮ˷ ́ˮ˶ˮ˭˦˩ˮ ˴˶˳˩˹˻˸ˮ˷ ˷˦̄ˮ˭, 
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˦˱˦˷˭˦˲, ˲ˮ˸˶ˮ˶˪˧˦ ̂˦˶ˮ˱˦˶˭˦ ˦˷˪˫˪ 6-˱˩˨˳˱˦˶˪˳˧˦˾ˮ̀ ˩  ˦ ˲ˮ˸˶˳ ˲˦̂˦˶˱ˮ 55 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ 10%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭. ˲ˮ˸˶ˮ˶˪˧ˮ˷ ˾˪˩˪˨˦˩ ˦˩˨ˮ˰ˮ ˦˻˫˷ 

˩ˮ˲ˮ˸˶˳ ˲˦̂˦˶˱ˮ˷ 56 ˱ˮ˼˪˧˦˷˦̀ ˱̀ˮ˶˪ ˶˦˳˩˪˲˳˧ˮ˭ (˨˦˱˳˷˦˫˰ˮ˦˲˳˧˦ 3%).  

  ˱ ˮ˼˪˧˹˰ˮ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 54 ˲ˮ˸˶˳ ̅˨˹˺ˮ˷ ˦˼˩˨˪˲ˮ˭ ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ 

˦˱ˮ˲˳˺˪˲˳˰ˮ 57 99%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭, ˶˳˱˪˰ˮ̀ ˾˪˽˫˦˲ˮ˰ ˮ˻˲˦ ˯˳˲˩˪˲˷˦̀ˮˮ˷ 

˶˪˦˻̀ˮ˦˾ˮ ˦˶˳˱˦˸˹˰ ˦˰˩˪̆ˮ˩˪˧˭˦˲ 41a ˩  ˦41f ˸˶ˮ̀ˮ˯˰˹˶ˮ ˷ˮ˷˸˪˱ˮ˷ ̂˦˶˱˳˻˱˲ˮ˭, 

Cu(OAc)2 · H2O ˯˦˸˦˰ˮˬ˦˸˳˶ˮ˷ ˭˦˲˩˦˷̂˶˪˧ˮ˭ [176]. ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˾˪˷˦˧˦˱ˮ˷ˮ 

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ 58 (11%) ˩  ˦59 (9%) (̀̄˶ˮ˰ˮ 1, ˷ ˫˪˸ˮ 11 ˩  ˦12). 

 

˷˻˪˱˦ 10. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 53 ˩  ˦ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 58 ˩  ˦59 ˷ˮ˲˭˪ˬˮ. 

˶˪˦˨˪˲˸˪˧ˮ ˩  ˦˶˪˦˻̀ˮˮ˷ ˴ˮ˶˳˧˪˧ˮ: (a) CF3COOH, ˸˳˰˹˳˰ˮ, 110°C, 11 ˷ ;˭ (b) HNO3, 

AcOH, 23°C, 30 ̂ ;˭ (c) Pd/C (˯ ˦˸.), 1 ˦ ˸˱ H2, EtOH, 23°C, 1 ˩ ˼;˪ (g) 2.6 ˪ ˻˫. ˦˰˩˪̆ˮ˩˪˧ˮ 

41a ˦ ˲41f, Cu(OAc)2 · H2O (˯ ˦˸.), ˸ ˳˰˹˳˰ˮ, 110°C, ̆ ˦˪˶ˮ, 9-15 ˷ .˭ 
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2.2.3. ˱ ˮ˼˪˧˹˰ˮ ˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷, ˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˩  ˦

ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ̂ ˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷ ˴˪˻˸˶˹˰ˮ 

˱˳˲˦̀˪˱˪˧ˮ 
˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷  43-52, 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ 53, 54-56, 57 ˩  ˦ ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˰˪˧ˮ˷ 58, 59 ˦̄˦˰ˮ 

̂˦˶˱˳˪˧˹˰˪˧ˮ˷ ˷˸˶˹˻˸˹˶˦ ˩˦˩˨˪˲ˮ˰ ˮ˻˲˦ ˮ˲˺˶˦̂ˮ˭˪˰ˮ ˩  ˦ ˹˰˸˶˦ˮˮ˷˺˪˶ˮ 

˷˴˪˻˸˶˳˷˯˳˴ˮˮ˷, 1H ˩  ˦ 13C ˧ˮ˶˭˫˹˰-˱˦˨˲ˮ˸˹˶ˮ ˶˪ˬ˳˲˦˲˷ˮ˷  ˷˴˪˻˸˶˳˱˪˸˶ˮ˷ ˩  ˦

˱˦˼˦˰ˮ ˨˦˶˿˪˫˦˩˳˧ˮ˷ ˱˦˷˷-˷˴˪˻˸˶˳˱˪˸˶ˮ˷ ˷˦˾˹˦˰˪˧ˮ˭ (̀̄˶ˮ˰ˮ 4).   

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷  43-52 ˹˰˸˶˦ˮˮ˷˺˪ ˶ ˷˴˪˻˸˶˾ˮ ˲ˮ˫˭ˮ˪˶˪˧˦ 43 -  ˷ ˾˭˦˲˭˻˱ˮ˷ 

˽˫˪˰˦ˬ˪ ˱˦˼˦˰ˮ ˱˦˻˷ˮ˱˹˱ˮ ˾˪ˮ˲ˮ˾˲˪˧˦ 205 ˲˦˲˳˱˪˸˶ˬ˪, ̄˳˰ ˳ ˱ˮ˷ˮ ˾˪˷˦˧˦˱ˮ˷ˮ 

˦˶˳˱˦˸˹˰ˮ ˦˲˦˰˳˨˪˧ˮ˷ ˱̀ˮ˶˪ ̆ˮ˴˷˳˻˶˳˱˹˰ˮ ˨˦˩˦˲˦̀˫˰˪˧ˮ˭ 202-204 ˲-˱ˬ  ˪ 

˾˪˷˦˧˦˱ˮ˷˦˩. ˦˲˦˰˳˨ˮ˹˶˦˩ ˲ˮ˫˭ˮ˪˶˪˧˦ 43-  ˷˾˪˱˩˪˨ˮ ˾˭˦˲˻˱ˮ˷ ˬ˳˰˪˧ˮ Ȉ ˱˦˻˷ˮ˱˹˱ˮ˭ 

˱˵˼˦˫˲˩˪˧˦ 256 ˩  ˦284 ˲ -˱ˬ ,˪ ˮ˷˪˫˪ ˶˳˨˳˶̀ ˲ˮ˫˭ˮ˪˶˪˧˦ 52 -  ˷257 ˩  ˦285 ˲ -˱ˬ ,˪ ˱˦˾ˮ˲ 

˶˳̀˦ ˱˦˭ ˦˶˳˱˦˸˹˰ ̂˦˶˱˳˪˧˹˰˪˧˷ ˦˼˪˲ˮ˾˲˪˧˦˭ ˧˦˸˳˻˶˳˱˹˰ˮ ˨˦˩˦˲˦̀˫˰˪˧˦ 

˨˶́˪˰˸˦˲˼˳˫˦˲ ˹˧˦˲˾ˮ Ȉ ˾˭˦˲˻˱ˮ˷ ˱˦˻˷ˮ˱˹˱˪˧ˮ˭ 276-279 ˩  ˦ 312-326 ˲ ˱ ˸˦˰˼ˮ˷ 

˷ˮ˨˶́˪ˬ˪. 

ˮ˲˺˶˦̂ˮ˭˪˰ ˷˴˪˻˸˶˾ˮ ˾˭˦˲˻˱ˮ˷ ˬ˳˰˪˧ˮ  3200-3450 ˹˧˦˲˾ˮ ˾˪˪˷˦˧˦˱˪˧˦ 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 43-52 ˦˱ˮ˩˹˶ˮ N-H ˧˱ˮ˷ ˫˦˰˪˲˸˹˶ ˩  ˦ 1520-1590 ˹˧˦˲˾ˮ 

˩˪˺˳˶˱˦̀ˮ˹˰ ˶̄˪˫˪˧˷. ˦˱ˮ˩˹˶ˮ C=O ˧˱ˮ˷ ˫˦˰˪˲˸˹˶ˮ ˧˱ˮ˷ ˶̄˪˫˪˧ˮ ˺ˮ˻˷ˮ˶˩˪˧˦ 

1640-1690 ˹ ˧˦˲˾ˮ ˾˪˷˦˧˦˱ˮ˷˦˩.  ˦˩˦˱˦˲˸˦˲ˮ˷ ˦˰˯ˮ˰˹˶ˮ C-H ˧˱ˮ˷ ˫˦˰˪˲˸˹˶ˮ ˶̄˪˫˪˧ˮ 

˾˪ˮ˲ˮ˾˲˪˧˦ 2820-2910 ˹˧˦˲˾ˮ ˽˫˪˰˦ ˲ˮ˫˭ˮ˪˶˪˧ˮ˷ 43-57 ˩  ˦ ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ ˪˧ˮ˷ 58, 59 ˷˴˪˻˸˶˾ˮ. ˲ˮ˸˶˳ ˴˶˳˩˹˻˸˪˧ˮ˷ 34-36, 54-56 C-NO2 

̅˨˹˺ˮ˷˦˭˫ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ ˾˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ ˿˲˩˪˧˦ 1503-1520,  1310-1330 ˷ -˱1 

˹˧˦˲˾ˮ, ˶˳˱˰˪˧ˮ̀ ˾˪˱˩˪˨ ˻˶˪˧˦ ˲ˮ˸˶˳ ̅˨˹˺ˮ˷ ˦˼˩˨˪˲ˮ˷˦˷ ˩  ˦ ˾˪˷˦˧˦˱ˮ˷˷ 

̆ˮ˩˶ˮ˶˪˧˹˰ ˴˶˳˩˹˻˸˪˧˾ˮ  37-39, 57 ˿˲˩˪˧˦ NH2 ̅˨˹˺ˮ˷˭˫ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ 

˾˭˦˲˭˻˱ˮ˷ ˬ˳˰˪˧ˮ 3308-3326 ˩  ˦ 3402 ˷-˱1 ˹˧˦˲˾ˮ. ˲˦˪˶˭˪˧ˮ˷ 19-23, 53-57 OH-ˮ ˷

̅˨˹˺ˮ˷ ˾˭˦˲˭˻˱ˮ˷ ˬ˳˰ ˮ˱˵˼˦˫˲˩˪˧˦ 3312-3356 ˷-˱1ïˬ ,˪ ˾ ˪˷˦˧˦˱ˮ˷˦˩. 
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˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧˾ˮ 54-56, 60-62 ˩˪ˮ˸˪˶ˮ˶˪˧˹˰ ˻˰˳˶˳˺˳˶˱˾ˮ ˨˦˩˦˼˪˧˹˰ 1H ˧˱˶ 

˷˴˪˻˸˶˪˧˾ˮ ˾˪ˮ˱˿˲˪˫˦ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ NH ̅˨˹˺ˮ˷˭˫ˮ˷ ˩˦˱˦̄˦˷ˮ˦˭˪˧˪˰ˮ 

˶˪ˬ˳˲˦˲˷˹˰ˮ ˷ˮ˨˲˦˰˪˧ˮ ˺˦˶˭˳ ˷ˮ˲˨˰˪˸ˮ˷ ˷˦̄ˮ˭ ˷˹˷˸ ˫˪˰˾ˮ 10.14-10.67 .˱ .˲ (ppm) 

˹˧˦˲˾ˮ, ̄˳˰ ˳ OH ˴˶˳˸˳˲˪˧ˮ˷ 10.82-12.16 ˹˧˦˲˾ˮ. ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧˾ˮ 54-62 ˩  ˦

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧˾ˮ 43-52 ˦˶˳˱˦˸˹˰ˮ C-H ˴˶˳˸˳˲˪˧ˮ˷ ˶˪ˬ˳˲˦˲˷˹˰ˮ ˷ˮ˨˲˦˰˪˧ˮ  

˱˵˼˦˫˲˩˪˧˦ 6.67-8.78 .˱ .˲ (ppm) ˹˧˦˲˾ˮ, ˦˻˪˩˦˲ ˹˱˪˸˪˷ ˾˪˱˭̄˫˪˫˦˾ ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ 

˩  ˦ ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ C-4-˭˦˲ ˩˦˯˦˫˾ˮ˶˪˧˹˰ˮ ˴˶˳˸˳˲ˮ ˷ˮ˲˨˰˪˸ˮ˷, C-7-˭˦˲ 

˩˦˯˦˫˾ˮ˶˪˧˹˰ˮ ˴˶˳˸˳˲ˮ ˩˹˧˰˪˸ˮ˷ (˷˴ˮ˲-˷˴ˮ˲˹˶ˮ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˷ ˯˳˲˷˸˦˲˸˦ 

˷˦˾˹˦˰˳˩ J=8.5 Hz), ̄˳˰ ˳C-6-˭˦˲ ˩˦˯˦˫˾ˮ˶˪˧˹˰ˮ ˴˶˳˸˳˲ˮ ˩˹˧˰˪˸-˩˹˴˰˪˸ˮ˷ 

˷˦̄ˮ˭ ˷˴ˮ˲-˷˴ˮ˲˹˶ˮ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˭ ˷˦˾˹˦˰˳˩ J=8.5 Hz ˩  ˦ 2.0 Hz ˱˵˼˦˫˲˩˪˧˦. 

˽˫˪˰˦ ˦̄˦˰ ˲ˮ˫˭ˮ˪˶˪˧˦˾ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ C-H ˴˶˳˸˳˲˪˧ˮ ˨˫˦́˰˪˫˪˲ ˷ˮ˨˲˦˰˷ 

˱˹˰˸ˮ˴˰˪˸ˮ ˷˦̄ˮ˭ 1.56-2.30 ˱ . .˲ ˹ ˧˦˲˾ˮ, ˾ ˪˷˦˧˦˱ˮ˷˦˩.  
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̀̄˶ˮ˰ˮ 4: ˦˱ˮ˩˪˧ˮ˷ 34-39, ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷  43-52, ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ 53, 54-56, 57, 60-62 ˩  ˦ ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˰˪˧ˮ˷ 58, 59 ˷˴˪˻˸˶˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ. 

# ˺˳˶˱˹˰˦ .ˮ .̂ 

˷˴˪˻˸˶˳˷˯˳˴

ˮ˹˰ ˮ

˱˳˲˦̀˪˱˪˧ˮ 

.˹ .ˮ Ȉ max,   

nm (lg Ů), 

˱˪˭ˮ˰ˮ˷ 

˷˴ˮ˶˸˾ˮ 

1H ˧ ˱˶ ˷˴˪˻˸˶˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ 

( .˱ .˲ ppm) 

13C ˧ ˱˶  ˷˴˪˻˸˶˹˰ˮ 

˱˳˲˦̀˪˱˪˧ˮ ( .˱ .˲ ppm) 

˱˦˷˷ 

˷˴˪˻˸˶˳˱˪˸˶˹˰

 ˮ˱˳˲˦̀˪˱˪˧ˮ  

34 

 

3351, 2912, 

2850, 1695, 

1611, 1579 

1518, 1448,  

- DMSO-d6: ŭ 1.60ï1.76 (m, 6H, Ad), 

1.77ï1.96 (m, 6H, Ad), 1.96ï2.05 (m, 

3H, Ad), 6.81 (d, J = 7,9 Hz, 1H, Ar), 

6.90 (d, J = 8.2 Hz, 1H, Ar), 7.33 (t, J 
= 8.2 Hz, 1H, Ar), 9.27 (s, 1H, OH), 

10.86 (s, 1H, NH) 

DMSO-d6: ŭ 27.56 (3 CH), 

36.00 (3 CH2), 38.22 (3 CH2), 

40.39 (C), 114.30 (CH), 117.31 

(CH), 131.31 (CH), 131.63 (C), 

135.96 (C), 150.37 (C), 176.03 

(C) 

(ESI): m/z (%) = 

339.1 (100) [M+Na]+  

35 

 

3434, 2904, 

2849, 1686, 

1628, 1589 

1503, 1468 

- DMSO-d6: ŭ 1.66ï1.78 (m, 6H, Ad), 

1.87ï1.97 (m, 6H, Ad), 1.90ï2.12 (m, 

3H, Ad), 7.27 (d, J = 9.1 Hz, 1H, Ar), 

7.75 (s, 1H, Ar), 7.94 (d, J = 9.2 Hz, 

1H, Ar), 9.54 (s, 1H, OH), 10.85 (s, 

1H, NH) 

DMSO-d6: ŭ 27.55 (3 CH), 

35.85 (3 CH2), 37.88 (3 CH2), 

41.37 (C), 108.03 (CH), 111.21 

(CH), 126.06 (CH), 130.40 (C), 

146.36 (C), 154.15 (C), 176.79 

(C) 

(ESI): m/z (%) = 

339.2 (100) [M+Na]+ 

36 

 

3094, 2920, 

2851, 1660, 

1598, 1559 

1505, 1444 

- DMSO-d6: ŭ 1.64ï1.80 (m, 6H, Ad), 

1.85ï1.97 (m, 6H, Ad), 2.01ï2.06 (m, 

3H, Ad), 6.62 (dd, J = 9.2 Hz, J = 2.2, 

1H, Ar), 7.98 (d, J = 2.1 Hz, 1H, Ar), 

8.08 (d, J = 9.3 Hz, 1H, Ar), 10.57 (s, 

1H, OH), 11.17 (s, 1H, NH 

DMSO-d6: ŭ 27.58 (3 CH), 

35.93 (3 CH2), 38.42 (3 CH2), 

41.69 (C), 107.27 (CH), 111.40 

(CH), 128.55 (CH), 129.74 (C), 

137.05 (C), 164.39 (C), 176.32 

(C) 

(ESI): m/z (%) = 

339.2 (100) [M+Na]+  

37 

 

3356, 3326, 

3291, 2899, 

2850, 1646, 

1619, 1544,  

- ˱˪˭˦˲˳˰ˮ-d4: ŭ = 7.02 (d, J = 1.6 

Hz, 1H), 6.68-6.74 (m, 2H), 4.90 (s, 

4H), 2.11-1.93 (m, 9H), 1.87-1.75 (m, 

6H) 

˱˪˭˦˲˳˰ˮ-d4: ŭ = 179.57 (C), 

146.75 (C), 133.66 (C), 131.64 

(C), 117.44 (CH), 115.46 (CH), 

111.24 (CH), 42.81 (C), 40.53 

(3 CH2), 38.01 (3 CH2),  30.16 

(3 CH) 

(ESI. pos. Mode): 

˭˪˳˶. 287.1715 

(for C17H23N2O2), 

˲˦˴˳˫˲ˮ˦ 287.1830  

[M+H+] 
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38 

 

3356, 3326, 

3291, 2899, 

2850, 1646, 

1619, 1544 

- ˱˪˭˦˲˳˰ˮ-d4: ŭ 1.73ï1.81 (m, 6H, 

Ad), 1.92ï1.96 (m, 6H, Ad), 2.02ï

2.06 (m, 3H, Ad), 6.63ï6.72 (m, 2H, 2 

Ar), 6.98 (d, J = 1.9 Hz, 1H, Ar  

˱˪˭˦˲˳˰ˮ-d4: ŭ 30.16 (3 CH), 

38.01 (3 CH2), 40.53 (3 CH2), 

42.81 (C), 111.24 (CH), 115.46 

(CH), 117.44 (CH), 131.64 (C), 

133.66 (C), 146.75 (C), 179.57 

(C) 

MS (ESI): m/z (%) = 

287.2 (100) [M + 

H]+. HRMS (ESI): 

m/z [M+H]+ ˭˪˳˶. 

C17H23N2O2: 

287.1760; ˲ ˦˴˳˫˲ˮ˦: 

287.1747 

39 

 

3312, 3006, 

2906, 2850, 

1629 

- ˱˪˭˦˲˳˰ˮ-d4: ŭ 1.78ï1.84 (m, 6H, 

Ad), 1.98ï2.03 (m, 6H, Ad), 2.04ï

2.09 (m, 3H, Ad), 6.55 (dd, J = 8.5 Hz, 

J = 2.7 Hz, 1H, Ar), 6.69 (d, J = 2.6 

Hz, 1H, Ar), 6.75 (d, J = 8.5 Hz, 1H, 

Ar), 7.90 (s, 1H, NH) 

˱˪˭˦˲˳˰ˮ-d4: ŭ 29.70 (3 CH), 

37.56 (3 CH2), 40.24 (3 CH2), 

42.47 (C), 113.68 (CH), 114.98 

(CH), 120.51 (CH), 127.55 (C), 

134.69 (C), 151.79 (C), 179.47 

(C) 

MS (ESI): m/z (%) = 

309.2 (100) [M+Na]+  

43 

 

3261, 2900, 

2849, 1644, 

1623, 1582, 

1527 

205 (0.251) 

256 (0.180) 

284 (0.116) 

CDCl3: ŭ 1.60ï2.09 (m, 15H, Ad), 

2.81 (s, 3H, CH3), 7.07 (dd, J = 8.5 

Hz, J = 2.1 Hz, 1H, Ar),7.43 (s, 1H, 

NH), 7.53 (d, J = 8.5 Hz, 1H, Ar), 8.17 

(d, J = 2.0 Hz, 1H, Ar) 

CDCl3: ŭ 14.65 (CH3), 28.30 (3 

CH), 36.59 (3 CH2), 39.46(3 

CH2), 41.73 (C), 103.09 (CH), 

116.54 (CH), 119.07 (CH), 

135.28 (C), 138.06 (C), 151.49 

(C), 164.13 (C), 176.21 (C) 

MS (ESI): m/z (%) = 

333.1 (100) [M+Na]+. 

HRMS (ESI): m/z 
˭˪˳˶. 333.1579 

C19H22N2NaO2+); 

˲˦˴˳˫˲ˮ˦ 333.1576 

[M+Na]+ 

44 

 

3433, 2901, 

2819, 1665, 

1620, 1556, 

1523, 1481 

203 (0.258) 

312 (0.146) 

276 (0.073) 

CDCl3: ŭ 1.71ï1.79 (m, 6H, Ad), 

1.95ï1.99 (m, 6H, Ad), 2.08ï2.11 (m, 

3H, Ad), 7.11ï7.19 (m, 1H, Ar), 7.44ï

7.54 (m, 3H, Ar), 7.58 (s, 1H, NH), 

7.62 (d, J = 8.4 Hz, 1H, Ar), 8.20 (dd, 

J = 6.7, J = 3.0 Hz, 2H, Ar), 8.28 (d, J = 

2.1 Hz, 1H, Ar) 

CDCl3: ŭ 28.19 (3 CH), 36.47 (3 

CH2), 39.31 (3 CH2), 41.67 (C), 

103.21 (CH), 117.12 (CH), 

119.57 (CH), 127.20 (C), 127.52 

(CH), 128.96 (2 CH), 131.44 (2 

CH), 135.82 (C), 138.51 (C), 

151.20 (C), 163.29 (C), 176.28 

(C) 

MS (ESI): m/z (%) = 

395.1 (100) [M+Na+]. 

HRMS (ESI): m/z 

˭˪˳˶. 373.1916 

(C24H25N2O2+); 

˲˦˴˳˫˲ˮ˦ 373.1908 

[M+H]+ 
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45 

 

3434, 2906, 

2851, 1620, 

1565, 1485 

204 (0.353) 

313 (0.281) 

278 (0.126) 

CDCl3: ŭ 1.30 (d, J = 6.8 Hz, 6H, 2 

CH3), 1.69ï1.86 (m, 6H, Ad), 1.98ï

2.02 (m, 6H, Ad), 2.07ï2.17 (m, 3H, 

Ad), 2.99 (p, J = 6.8 Hz, 1H, CH), 7.12 

(dd, J = 8.5 Hz, J = 2.2 Hz, 1H, Ar), 

7.37 (d, J = 8.4 Hz, 2H, Ar), 7.45 (s, 

1H, NH), 7.64 (d, J = 8.5 Hz, 1H, Ar), 

8.15 (d, J = 8.3 Hz, 2H, Ar), 8.28 (d, J 
= 2.2 Hz, 1H, Ar) 

CDCl3: ŭ 23.84 (2 CH3), 28.23 

(3 CH), 34.34 (CH), 36.52 (3 

CH2), 39.36 (3 CH2), 41.69 (C), 

103.20 (CH), 116.99 (CH), 

119.44 (CH), 124.80 (C), 127.13 

(2 CH), 127.67 (2 CH), 135.62 

(C), 138.65 (C), 151.16 (C), 

152.83 (C), 163.59 (C), 176.25 

(C) 

MS (EI, 70 eV): m/z 

(%) = 414.3 (30), 

135.1 (100), 83.9 

(75) [M]+. HRMS 

(EI, 70 eV): m/z  

˭˪˳˶.414.2307 

C27H30N2O2+) 

˲˦˴˳˫˲ˮ˦ 414.2301 

[M] + 

46 

 

3259, 2902, 

2850, 1650, 

1620 

204 (0.419) 

326 (0.205) 

279 (0.103) 

CDCl3: ŭ 1.56ï2.13 (m, 15H, Ad), 

3.97 (s, 3H, OCH3), 4.02 (s, 3H, 

OCH3), 6.99 (d, J = 8.4 Hz, 1H, Ar), 

7.11 (dd, J = 8.5 Hz, J = 1.9 Hz, 1H, 

Ar), 7.45 (s, 1H, NH), 7.63 (d, J = 8.5 

Hz, 1H, Ar), 7.73 (d, J = 1.8 Hz, 1H, 

Ar), 7.83 (dd, J = 8.3 Hz, J = 1.9 Hz, 

1H, Ar), 8.27 (d, J = 1.8 Hz, 1H, Ar) 

CDCl3: ŭ 28.27 (3 CH), 36.57 (3 

CH2), 39.44 (3 CH2), 41.75 (C), 

56.20 (CH3), 56.29 (CH3), 

103.12 (CH), 110.04 (CH), 

111.18 (CH), 116.89 (CH), 

119.30 (CH), 119.96 (C), 121.23 

(CH), 135.50 (C), 138.75 (C), 

149.39 (C), 151.26 (C), 152.05 

(C), 163.54 (C), 176.21 (C) 

MS (EI, 70 eV): m/z 

(%) = 432.6 (100), 

135.1 (100), 93.1 

(14) [M]+. HRMS 

(EI, 70 eV): m/z  

˭˪˳˶. 432.2049 

(C26H28N2O4+); 

˲˦˴˳˫˲ˮ˦ 432.2036 

[M] + 

47 

 

3440, 3070, 

2909, 2849, 

1659, 1618, 

1575 

202 (0.131) 

325 (0.124) 

240 (0.0537) 

CDCl3: ŭ 1.72ï1.79 (m, 6H, Ad),1.95ï

1.99 (m, 6H, Ad), 2.12ï2.08 (m, 3H, 

Ad), 7.13 (dd, J = 8.5 Hz, J = 1.9 Hz, 

1H, Ar), 7.16 (dd, J = 4.8 Hz, J = 3.9 

Hz, 1H, thienyl), 7.52 (m, 2H, 

thienyl; NH), 7.59 (d, J = 8.5 Hz, 1H, 

Ar), 7.83ï7.89 (m, 1H, thienyl), 8.24 

(d, J = 1.8 Hz, 1H, Ar) 

CDCl3: ŭ 28.22 (3 CH), 36.51 (3 

CH2), 39.36 (3 CH2), 41.71 (C), 

103.06 (CH), 117.15 (CH), 

119.40 (CH), 128.35 (CH), 

129.72 (C), 129.87 (CH), 130.15 

(CH), 135.82 (C), 138.41 (C), 

150.94 (C), 159.33 (C), 176.24 

(C) 

MS (EI, 70 eV): m/z 

(%) = 378.5 (70) 

135.0 (100), 78.9 

(23) [M]+. HRMS 

(EI, 70 eV): m/z 
˭˪˳˶. 378.1402 

(C22H22N2O2S+); 

˲˦˴˳˫˲ˮ˦ 378.1395 

[M] + 
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48 

 

3437, 2902, 

2849, 1674, 

1621, 1571, 

1530, 1492 

206 (0.441) 

317 (0.328) 

 

CDCl3: ŭ 1.74ï1.82 (m, 6H, Ad), 

2.00ï2.01 (m, 6H, Ad), 2.12ï2.14 (m, 

3H, Ad), 7.15 (dd, J = 8.4 Hz, J = 2.2 

Hz, 1H, Ar), 7.39 (t, J = 7.9 Hz, 1H, 

Ar), 7.48 (s, 1H, NH), 7.60ï7.69 (m, 

2H, Ar), 8.15 (d, J = 7.8 Hz, 1H, Ar), 

8.31 (d, J = 2.1 Hz, 1H, Ar), 8.38 (d, J 
= 1.9 Hz, 1H, Ar) 

CDCl3: ŭ 28.26 (3 CH), 36.54 (3 

CH2), 39.41 (3 CH2), 41.78 (C), 

103.17 (CH), 117.28 (CH), 

119.91 (CH), 123.12 (C), 126.05 

(CH), 129.03 (C), 130.43 (CH), 

130.57 (CH), 134.36 (CH), 

136.24 (C), 138.35 (C), 151.36 

(C), 161.78 (C), 176.28 (C) 

HRMS (EI, 70 eV): 

m/z ˭ ˪˳˶. 
450.0943 

(C24H23BrN2O2+); 

˲˦˴˳˫˲ˮ˦ 450.0933 

[M] + 

49 

 

3262, 2898, 

2850, 1644, 

1620 

202 (0.162) 

316 (0.0931) 

277 (0.0511) 

CDCl3: ŭ 1.74ï1.84 (m, 6H, Ad), 

2.00ï2.04 (m, 6H, Ad), 2.11ï2.13 (m, 

3H, Ad), 3.89 (s, 3H, OCH3), 6.98ï

7.07 (m, 2H, Ar), 7.11 (dd, J = 8.5 Hz, 

J = 2.1 Hz, 1H, Ar), 7.45 (s, 1H, NH), 

7.61 (d, J = 8.5 Hz, 1H, Ar), 8.11ï8.21 

(m, 2H, Ar), 8.24 (d, J = 1.9 Hz, 1H, 

Ar) 

CDCl3: ŭ 28.32 (3 CH), 36.61 (3 

CH2), 39.48 (3 CH2), 41.77 (C), 

55.60 (CH3), 103.18 (CH), 

114.52 (2 CH), 116.88 (CH), 

119.30 (CH), 119.92 (C), 129.41 

(2 CH), 135.43 (C), 138.86 (C), 

151.24 (C), 162.42 (C), 163.58 

(C), 176.19 (C) 

MS (EI, 70 eV): m/z 

(%) = 402.01 (90) 

135.01 (100), 93.3 

(44), 79.3 (42) [M]+. 

HRMS (EI, 70 eV): 

m/z ˭ ˪˳˶. 
402.1943 

(C25H26N2O3+); 

˲˦˴˳˫˲ˮ˦ 402.1945 

[M] + 

50 

 

3434, 2910, 

2851, 1674, 

1619, 1520 

203 (0.211) 

237 (0.0712) 

291 (0.0704) 

267 (0.0448) 

CDCl3: ŭ 1.76ï1.82 (m, 6H, Ad), 

1.93ï2.04 (m, 6H, Ad), 2.07ï2.15 (m, 

3H, Ad), 7.11 (dd, J = 8.7 Hz, J = 2.1 

Hz, 1H, Ar), 7.49 (s, 1H, NH), 7.59ï

7.73 (m, 4H, Ar), 8.08 (d, J = 8.7 Hz, 

1H, Ar), 8.30 (d, J = 2.1 Hz, 1H, Ar 

CDCl3: ŭ 28.27 (3 CH), 36.55 (3 

CH2), 39.43 (3 CH2), 41.78 (C), 

103.18 (CH), 117.21 (CH), 

119.79 (CH), 126.21 (C), 128.99 

(2 CH), 132.36 (2 CH), 136.09 

(C), 138.47 (C), 151.34 (C), 

162.48 (C), 176.30 (C 

HRMS (EI, 70 eV): 

m/z ˭˪˳˶. 

450.0943 

(C24H23BrN2O2+); 

˲˦˴˳˫˲ˮ˦ 450.0950 

[M] + 
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51 

 

3429, 2907, 

2852, 1669, 

1622, 1527 

- CDCl3: ŭ 1.75ï1.82 (m, 6H, Ad), 

1.99ï2.03 (m, 6H, Ad), 2.09ï2.15 (m, 

3H, Ad), 7.15 (dd, J = 8.7 Hz, J = 2.1 

Hz, 1H, Ar), 7.52 (s, 1H, NH), 7.68 (d, 

J = 8.5 Hz, 1H, Ar), 7.80 (d, J = 8.0 

Hz, 2H, Ar), 8.32 (d, J = 8.4 Hz, 2H, 

Ar), 8.37 (d, J = 2.1 Hz, 1H, Ar) 

CDCl3: ŭ 28.24 (3 CH), 36.53 (3 

CH2), 39.42 (3 CH2), 41.83 (C), 

103.14 (CH), 114.63 (C), 117.51 

(CH), 118.38 (C), 120.29 (CH), 

127.91 (2 CH), 131.24 (C), 

132.81 (2 CH), 136.78 (C), 

138.27 (C), 151.55 (C), 161.21 

(C), 176.37 (C 

MS (EI, 70 eV): m/z 

(%) = 397.2 (35), 

135.1 (100) [M]+. 

HRMS (EI, 70 eV): 

m/z ˭ ˪˳˶. 
397.1790 

(C25H23N3O2+); 

˲˦˴˳˫˲ˮ˦ 397.1789 

[M] + 

52 

 

3259, 2900, 

2849, 1644, 

1618, 1526 

204 (0.253) 

257 (0.178) 

285 (0.126) 

 

DMSO-d6: ŭ 1.70ï1.74 (m, 6H, Ad), 

1.90ï1.95 (m, 6H, Ad), 2.01ï2.05 (m, 

3H, Ad), 3.15 (t, J = 6.3 Hz, 2H, CH2), 

3.26 (s, 3H, OCH3), 3.79 (t, J = 6.4 Hz, 

2H, OCH2), 7.51 (dd, J = 8.6 Hz, J = 

1.9 Hz, 1H, Ar), 7.56 (d, J = 8.6 Hz, 

1H, Ar), 8.11 (d, J = 1.8 Hz, 1H, Ar) 

9.26 (s, 1H, NH) 

DMSO-d6: ŭ 27.63 (3 CH), 

28.65 (CH2), 35.97 (3 CH2), 

38.24 (3 CH2), 40.94 (C), 57.86 

(CH3), 68.43 (CH2), 102.24 

(CH), 117.09 (CH), 118.43 

(CH), 136.37 (C), 136.57 (C), 

150.09 (C), 164.31 (C), 176.01 

(C 

MS (EI, 70 eV): m/z 

(%)=354.2 (15), 

135.1 (100) [M]+. 

HRMS (EI, 70 eV): 

m/z ˭˪˳˶. 

354.1943 

(C21H26N2O3+); 

˲˦˴˳˫˲ˮ˦ 354.1942 

[M] + 

53 

 

2912, 2856, 

2280, 1778, 

1663, 1638, 

1503 

208 (1.2467) 

291 (0.4080) 

246 (0.2607) 

˱˪˭˦˲˳˰ˮ-d4: ŭ 1.75ï1.93 (m, 6H, 

Ad), 2.14 (s, 9H, Ad), 6.95ï7.04 (m, 

2H, 2 Ar), 7.48 (d, J = 8.6 Hz, 1H, Ar) 

˱˪˭˦˲˳˰ˮ-d4: ŭ 29.16 (3 CH), 

36.57 (C), 36.87 (3 CH2), 40.93 

(3 CH2), 99.16 (CH), 115.27 

(CH), 117.07 (CH), 125.51 (C), 

133.38 (C), 158.05 (C), 160.45 

(C) 

MS (ESI): m/z (%) = 

269.2 (100) [M+H]+. 

HRMS (ESI): m/z  

˭˪˳˶. 269.1654 

(C17H21N2O+) 

˲˦˴˳˫˲ˮ˦ 269.1655 

[M+H] + 
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54 

 

3435, 3016, 

2906, 2854, 

1626, 1601, 

1509, 1489 

- CDCl3: ŭ 1.80ï1.88 (m, 6H, Ad), 

2.10ï2.19 (m, 9H, Ad), 6.96 (d, J = 8.7 

Hz, 1H, Ar),7.93 (d, J = 8.6 Hz, 1H, 

Ar), 10.16 (br, s, 1H, NH), 10.82 (s, 

1H, OH)   

CDCl3: ŭ 28.21 (3 CH), 35.51 

(C), 36.49 (3 CH2), 41.38 

(3CH2), 112.90 (CH), 120.81 

(C), 128.19 (C), 130.58 (CH), 

137.86 (C), 153.74 (C), 162.58 

(C) 

MS (ESI): m/z (%) = 

314.2 (100) [M+H]+ 

55 

 

3311, 2919, 

2850, 1640, 

1600, 1551 

- CDCl3: ŭ 1.80ï1.87 (m, 6H, Ad), 

2.03ï2.15 (m, 9H, Ad), 7.09 (s, 1H, 

Ar), 8.38 (s, 1H, Ar), 10.67 (s, 1H, 

NH)  

CDCl3: ŭ 28.19 (3 CH), 35.92 

(C), 36.51 (3 CH2), 41.19 (3 

CH2), 130.46 (C), 152.16 (C)  

MS (ESI): m/z (%) = 

314.1 (100) [M + 

H]+. HRMS (ESI): 

m/z ˭˪˳˶. 

314.1505 

(C17H20N3O3)+ 

˲˦˴˳˫˲ˮ˦ 314.1511 

[M+H] + 

56 

 

3850, 2905, 

2852, 1641, 

1515 

- CDCl3: ŭ 1.75ï1.96 (m, 6H, Ad), 

2.04ï2.32 (m, 9H, Ad), 8.78 (s, 1H, 

Ar), 10.38 (s, 1H, NH), 12.16 (s, 1H, 

OH 

CDCl3: ŭ 28.06 (3 CH), 35.98 

(C), 36.35 (3 CH2), 41.07 (3 

CH2), 124.57 (CH), 132.11 (C), 

134.62(C), 135.81(C), 149.59 

(C) 

MS (ESI): m/z (%) = 

359.2 (95), 301.2 

(100) [M + H]+. 

HRMS (ESI): m/z 

˭˪˳˶. 359.1355 

(C17H19N4O5)+  

˲˦˴˳˫˲ˮ˦ 359.1353 

[M+H] + 

57 

 

3402, 3308, 

2910, 1665, 

1639 

- ˱˪˭˦˲˳˰ˮ-d4: ŭ 1.55ï2.32 (m, 15H, 

Ad), 3.27 (s, 3H, NH2, NH) 6.67 (d, J 
= 2.9 Hz, 2H, 2 Ar) 

DMSO-d6: ŭ 27.71 (3 CH), 

34.83 (C), 38.13 (3 CH2),40.80 

(3 CH2),101.23 (C),111.77 

(CH), 123.09 (C), 137.59 (C), 

159.52 (2 C) 

MS (EI, 70 eV): m/z 

(%) = 283.1 (100), 

226 (10) [M]+. 

HRMS (EI, 70 eV): 

m/z ˭˪˳˶. 

283.1685 

(C17H21N3O+); ˲ ˦˴. 

283.1683 [M] + 
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58 

 

2901, 2849, 

1553, 1530 

208 

(0.69357) 

303 

(0.40656) 

237 

(0.24706) 

 

CDCl3: ŭ 1.78ï1.88 (m, 6H, Ad), 

2.11ï2.22 (m, 9H, Ad), 7.47 (d, J = 8.7 

Hz, 1H, Ar), 7.49ï7.57 (m, 3H, 

Ar),7.66 (br. s, 1H, Ar), 8.27 (dd, J = 

6.7 Hz, J = 3.0 Hz, 2H, Ar) 

CDCl3: ŭ 28.43 (3 CH), 35.64 

(C), 36.71 (3 CH2), 41.66 (3 

CH2), 104.94(CH), 127.51 (2 

CH), 127.61 (C), 129.09 (3 CH), 

131.38 (CH),148.05 (C), 161.91 

(C), 162.79 (C) 

MS (EI, 70 eV): m/z 

(%) = 369.2 (100), 

312.1 (17) [M]+. 

HRMS (EI, 70 eV): 

m/z ˭˪˳˶. 

369.1841 

(C24H23N3O+); 

˲˦˴˳˫˲ˮ˦ 369.1833 

[M] + 

59 

 

3072, 3003, 

2903, 2847, 

1610, 1529, 

1498 

208 (0.1356) 

308 

(0.075348) 

253 

(0.027894) 

CDCl3: ŭ 1.78ï1.88 (m, 6H, Ad), 

2.10ï2.24 (m, 9H, Ad), 3.90 (s, 3H, 

CH3O), 6.95ï7.09 (m, 2H, Ar),7.46 (d, 

J= 8.6 Hz, 1H, Ar), 7.66 (s, 1H, Ar), 

8.27ï8.12 (m, 2H, Ar) 

CDCl3: ŭ 28.42 (3 CH), 35.62 

(C), 36.69 (3 CH2), 41.62 (3 

CH2), 55.61(CH3), 104.87 (2 

CH), 114.56 (2 CH), 120.16 (C), 

129.25 (2 CH), 147.90 (2 C), 

161.83 (2 C), 162.32 (C), 162.97 

(2 C) 

MS (EI, 70 eV): m/z 

(%) = 399.1 (100), 

342.1 (58), 171.2 

(25) [M]+. HRMS 

(EI, 70 eV): m/z 
˭˪˳˶.399.1947 

(C25H25N3O2+); 

˲˦˴˳˫˲ˮ˦ 399.1948 

[M] + 

60 

 

3471, 2904, 

2847, 2038, 

1636, 1585, 

1504, 1448, 

1390, 1359, 

1314  

- CDCl3: 1.71 ï 1.82 (m, 6 H), 2.02 ï 

2.12 (m, 9 H), 3.97 (s, 3 H),  6.89 (d, J 

= 8.9, 1 H ï 7), 7.85 (d, J = 8.8 Hz, 1H 

ï 6), 10.14 (s, 1 H)  

163.25 (C 2), 152.68 (C 5), 

138.65 (C 7a), 130.36 (C 4), 

126.99 (CH 6), 123.61 (C 3a), 

107.49 (CH 7), 57.35 (CH3), 

41.18 (3 CH2), 36.89 (3 CH2), 

29.23 (C), 28.09 (3 CH) 

HR-MS (ESI. pos. 

Mode):                   

˨˦˱˳˭˫˰ˮ˰ˮ.      

328.1661 

(C18H22N3O3), 

˲˦˴˳˫˲ˮ                                                        

328.1663 [M + H+]. 
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61 

 

3391, 3063, 

2901, 2849, 

2322, 2164, 

2049, 1857, 

1633, 1587, 

1502, 1449, 

1354, 1311 

- CDCl3: ŭ = 1.62-1.80 (m, 6H), 1.97-

2.10 (m, 9H), 5.22 (s, 2 H), 6.92 (d, J = 

8.9, 1H), 7.11-7.47 (m, 5H), 7.78 (d, J 

= 8.9 Hz, 1H), 10.17 (s, 1H), 

163.43 (C 2), 151.50 (C 5), 

138.77 (C 7a), 135.76 (C Ar), 

130.26 (C 4), 128.65 (2 CH Ar), 

128.54 (CH 6), 126.97 (2 CH 

Ar), 126.79 (CH Ar), 124.12 (C 

3a),  109.41 (CH 7), 72.16 

(CH2), 41.17 (3 CH2), 36.35 (3 

CH2), 35.45 (C), 28.06 (3 CH) 

HR-MS (ESI. pos. 

Mode): ˭˪˳˶.        

426.1794 

(C24H25N3NaO3),                                                             

˴˶˦˻˸.         

426.3391 [M + Na+].    

 

62 

 

2918, 2850, 

2366, 1605, 

1518, 1483, 

1441, 1376, 

1356, 1330 

- CDCl3: ŭ = 1.69 ï 1.84 (m, 6H), 2.0 ï 

2.15 (m, 4H), 2.18 ï 2.27 (m, 5H), 

3.91 (s, 3H), 6.93 (d, J = 8.9 Hz, 1H ï 

7),  7.42 (d, J = 8.8 Hz, 1H-6), 11.19 

(s, 1H) 

163.66 (C 2), 153.59 (C 5), 136. 

63 (C 3a), 132.11 (C 7a), 124.98 

(C 4), 117.92 (CH 7), 113.05 

(CH 6), 41.15 (3 CH2), 36.45 

(C), 36.36 (3 CH2), 32.68 (CH3), 

28.23 (3 CH) 

HR-MS (ESI. pos. 

Mode):                  

˭˪˳˶.      350.1481 

(C18H21N3NaO3),                                                            

˴˶˦˻˸.      350.1031  

[M + Na+] 
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2.3. 2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ 

˦˰˯ˮ˰ˮ˶˪˧ˮ˷ ˶˪˦˻̀ˮˮ˷ ˾˪˷̂˦˫˰˦ 

 

˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˧ˮ˶˭˫˾ˮ ˦˰˯ˮ˰ˮ˶˪˧ˮ˷ ˶˪˦˻̀ˮ˦ ˦˰˯ˮ˰̆˦˰˳˨˪˲ˮ˩˪˧ˮ˭, 

˯˦˶˨˦˩ ˦˶ˮ˷ ˾˪˷̂˦˫˰ˮ˰ˮ [56]. ˿˦˲˦̀˫˰˪˧˹˰ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ ˦˰˯ˮ˰ˮ˶˪˧ˮ˷ 

˶˪˦˻̀ˮˮ˷ ˱ˮ˱˩ˮ˲˦˶˪˳˧˦ ˩˦˱˳˯ˮ˩˪˧˹˰ˮ˦ ˪˰˪˻˸˶˳˲˹˰ˮ, ˭˪˶˱˳˩ˮ˲˦˱ˮ˯˹˶ˮ ˩  ˦

˷˸˪˶ˮ˹˰ˮ ˺˦˻˸˳˶˪˧ˮ˷ ˯˳˱˴˰˪˻˷˹˶ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧˦ˬ˪, ˶˳˱˪˰˭˦ ˬ˪˨˦˫˰˪˲˦ 

˩˦˱˳˯ˮ˩˪˧˹˰ˮ˦ SN2 ˶ ˪˦˻̀ˮ˦˾ˮ ˨˦˶˩˦˱˦˫˦˰ˮ ˱˩˨˳˱˦˶˪˳˧ˮ˷ ˷˸˶˹˻˸˹˶ˮ˷ ˧˹˲˪˧˦ˬ˪  

[183]. 

˿˫˪˲ ˾˪˫ˮ˷̂˦˫˰˪˭ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-

˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ 54 ˦˰˯ˮ˰ˮ˶˪˧ˮ˷ ˶˪˦˻̀ˮ˦ ˷̄˫˦˩˦˷̄˫˦ ˴ˮ˶˳˧˪˧˾ˮ (˷˻˪˱˦ 11). 

˲˦˿˫˪˲˪˧ˮ ˮ˻˲˦, ˶˳ ˱˱˪˭ˮ˰ ˮ˳˩ˮ˩ˮ˭ ˱˪˭ˮ˰ˮ˶˪˧ˮ˷˦˷ ˸˪˸˶˦̆ˮ˩˶˳˺˹˶˦˲ˮ˷ ˦˶˪˾ˮ 

˺˹́ˮ˷ ˷˦̄ˮ˭ NaH -ˮ ˷˨˦˱˳˽˪˲˪˧ˮ˷˦˷ ̂˦˶˱˳ˮ˻˱˲˪˧˦ O-˱˪˭ˮ˰ (˲ˮ˫˭ˮ˪˶˪˧˦ 60, 5%) ˩  ˦N-

˱˪˭ˮ˰ (˲ˮ˫˭ˮ˪˶˪˧˦ 62, 25%) ̂ ˦˶˱˳˪˧˹˰˪˧ˮ. ˶˳˨˳˶̀ ˮ˽˳ ˱˳˷˦˰˳˩˲˪˰ˮ, ˶˳̀˦ NaH 

˾˪̀˫˰ˮ˰ ˮ˻˲˦ ˯˦˰ˮ˹˱ˮ˷ ˯˦˶˧˳˲˦˸ˮ˭, ˦̀˪˸˳˲ˮ˷ ˦˶˪˾ˮ, ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ ˱̄˳˰˳˩ O-

˱˪˭ˮ˰ˮ˶˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ 60 (40%). ˦˲˦˰˳˨ˮ˹˶˦˩, ˯˦˰ˮ˹˱ˮ˷ ˯˦˶˧˳˲˦˸ˮ˷ 

˭˦˲˩˦˷̂˶˪˧ˮ˭, ˦̀˪˸˳˲ˮ˷ ˦˶˪˾ˮ, ˧˪˲ˬˮ˰˧˶˳˱ˮ˩ˮ˭ ˦˰˯ˮ˰ˮ˶˪˧ˮ˷˦˷ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 

O-˦˰˯ˮ˰ˮ˶˪˧˹˰ˮ ˴˶˳˩˹˻˸ˮ 61 (67%).  
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˷˻˪˱˦ 11. 4-˲ˮ˸˶˳-5-̆ˮ˩˶˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ˷ ˦˰˯ˮ˰ˮ˶˪˧ˮ˷ 

˶˪˦˻̀ˮ˦. 

2.3.1. ˦ ˰˯ˮ˰ˮ˶˪˧˹˰ˮ ˴˶˳˩˹˻˸˪˧ˮ˷ ˷˴˪˻˸˶˹˰ˮ ˱˳˲˦̀˪˱˪˧ˮ˷ ˦˲˦˰ˮˬˮ 

O-˩  ˦ N-˦˰˯ˮ˰ˮ˶˪˧˹˰ˮ ˴˶˳˩˹˻˸˪˧ˮ˷ ˷˸˶˹˻˸˹˶˦ ˬ˹˷˸˦˩ ˮ˻˲˦ ˩˦˩˨˪˲ˮ˰ˮ  

HMBC (̆ ˪˸˪˶˳˧ˮ˶˭˫˹˰ˮ ˱˶˦˫˦˰˧˱ˮ˦˲ˮ ˯˳˶˪˰˦̀ˮ˦) ˩  ˦HMQC (̆˪˸˪˶˳˧ˮ˶˭˫˹˰ˮ 

˱˶˦˫˦˰̅˪˶˦˩ˮ ˯˫˦˲˸˹˶ˮ ˯˳̆˪˶˪˲˸˹˰˳˧˦) ˪˻˷˴˪˶ˮ˱˪˲˸˪˧ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭ (̀̄˶ˮ˰ˮ 

5). 1-˱˪˭ˮ˰-4-˲ˮ˸˶˳-5-̆ˮ˩˶˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ (62) ˾˳˶˪˹˰ˮ 

˯˳˶˪˰˦̀ˮ˪˧ˮ ˩˦˺ˮ˻˷ˮ˶˩˦ N-CH3 (s, 3.98) ˩  ˦˳  ˶˲˦̄˾ˮ˶˧˦˩˷ C-2 ˩  ˦7a ˾ ˳˶ˮ˷, ̄˳˰ ˳

˿˦˹˲˦̀˫˰˪˧˪˰ˮ O-H ˯˳˶˪˰˦̀ˮ˦˾ˮ ˦˼˱˳˿˲˩˦ ˾˪˷˦˧˦˱ˮ˷˦˩ ˷˦˱ ˦˶˳˱˦˸˹˰ 

˲˦̄˾ˮ˶˧˦˩˭˦˲ C-4, 5 ˩  ˦ 6. ˲ˮ˫˭ˮ˪˶˪˧˦ 4(7)-˲ˮ˸˶˳-5(6)-˱˪˭˳˻˷ˮ-2-(1-

˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ (60) ˨˶́˪˰ ˩ˮ˦˴˦ˬ˳˲ˮ˦˲ˮ ˹˶˭ˮ˪˶˭˻˱˪˩˪˧˦ 

˾˪ˮ˲ˮ˾˲˪˧˦ O-CH3-˷ ˦ ˩  ˦ ˦˶˳˱˦˸˹˰ˮ ˲˦̄˾ˮ˶˧˦˩˷ C-5 ˾˳˶ˮ˷. O-˿˦˲˦̀˫˰˪˧˦ 4(7)-

˲ˮ˸˶˳-5(6)-˧˪˲ˬˮ˰˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˾ˮ (61) ˾˪ˮ́˰˪˧˦ 

˩˦˩˦˷˸˹˶˪˧˹˰ ˮ˻˲˦˷ ̄ˮ˰˹˰ˮ ˨˶́˪˰ ˩ˮ˦˴˦ˬ˳˲ˮ˦˲ˮ ˯˳˶˪˰˦̀ˮˮ˭ H-18 -˷ ˦˩  ˦C-5 -  ˷

˾˳˶ˮ˷ ˩  ˦˦˷˪˫˪ ˿˦˹˲˦̀˫˰˪˧˪˰ˮ N-H-ˮ ˷˯˳˶˪˰˦̀ˮˮ˭ ˲˦̄˾ˮ˶˧˦˩˪˧˭˦˲ C-2, 7a ˩  ˦7. 
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̀̄˶ˮ˰ˮ 5. ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ 60, 61 ˩  ˦62 1H, 13C-˧˱˶ ˩  ˦HMBC ˧ ˱˶ ˱˳˲˦̀˪˱˪˧ˮ˷ ˦˲˦˰ˮˬˮ. 

˲ˮ˫˭ˮ˪˶˪˧˦ 60 

 

˲ˮ˫˭ˮ˪˶˪˧˦ 61 

 

˲ˮ˫˭ˮ˪˶˪˧˦ 62 

 

N 1H 13C HMBC 

(HŸC) 

1Ha 13C HMBC 

(HŸC) 

 
1H 

13C HMBC 

(HŸC) 

CH3 4.03 57.51 C-5    3.98 (s) 32.84 C-2, 7a 

OH       11.26 (s)  C-4,5,6 

1 10.14 

(s) 

  10.17 (s)  C-2, 7a, 7    

2  163.4

2 

  163.53   163.83  

3          

4  130.5

2 

  130.35   125.15  

4a  123.7

7 

  124.12   136. 

80 

 

5  152.8

4 

  151.60   153.76  

6 6.95 

(d) 

107.6

5  

C-5, 6, 7, 

7a 

6.92 (d) 109.5 C-4, 5, 7, 7a 7.00 (d) 113.22 C-4, 5, 7, 7a 

7 7.91 

(d) 

127.1

5 

C-4, 5, 7 7.78 (d) 128.24 C-4a, 5, 6, 

7a,  

7.49 118.09 C-4,5,4a,7a 

7a  138.8

1 

  138.86   132.28  

8  29.40   35.54   37.01  

9,13,

14 

2.02 ï 

2.12 

(m) 

41.34 C-2,8, 

10,11,12,1

5,16,17 

1.97-

2.10 (m) 

41.24 C-2,8, 

10,11,12,15,

16,17 

2.18 ï 

2.27 (m) 

40.10 C-2,8, 

10,11,12,15,

16,17 

10, 

12, 

15 

2.02 ï 

2.12 

(m) 

28.25 C-

9,13,14,11

,16,17 

1.97-

2.10 (m) 

28.15 C-

9,13,14,11,1

6,17 

2.0 ï 

2.15 (m) 

28.40 C-

9,13,14,11,1

6,17 

11, 

16, 

17 

1.71 ï 

1.82 

(m) 

36.53 C-

8,9,10,12,

13,14,15 

1.62-

1.80 (m) 

36.45 C-

8,9,10,12,13

,14,15 

1.69 ï 

1.84 (m) 

36.62 C-

8,9,10,12,13

,14,15 

18    5.22 (s) 72.25 C-5, 

19,20,24 

   

19     135.86     

20, 

24 

   7.44 (d) 128.74 C-18,19, 

21,23 

   

21, 

23 

   7.30 (t) 126.89 C-19, 20,24, 

22 

   

22    7.24 (t) 126.22 C-

20,21,23,24 
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III ˭˦˫ˮ. ˪ ˻˷˴˪˶ˮ˱˪˲˸˹˰ˮ ˲˦̂ˮ˰ˮ 

˶˪˦˻̀ˮˮ˷ ˱˷˫˰˪˰˳˧˦, ˲ˮ˫˭ˮ˪˶˪˧˦˭˦ ˷ˮ˷˹˺˭˦˫˪ ˩  ˦ ˱˦˭ˮ Rf-ˮ ˷ ˱˲ˮ˾˫˲˪˰˳˧˦ 

ˮ˷˦ˬ˼˫˶˪˧˳˩˦ Merck-ˮ ˷ ˺ˮ˶˱ˮ˷ ˦˰˹˱ˮ˲ˮ˷ ˺ˮ˶˺ˮ˸˦ˬ˪ ˩˦˺˦˶˪˧˹˰ ˷ˮ˰ˮ˯˦˨˪˰ˬ˪ 

SiO2 F254. ˨˦˱˵˼˦˫˲˪˧˦ ̄˩˪˧˳˩˦ ˮ˳˩ˮ˭ ˩  ˦ UV ˲˦˭˹˶ˮ˷ ˩˦̄˱˦˶˪˧ˮ˭.  ˷˫˪˸˹˶ˮ 

˻˶˳˱˦˸˳˨˶˦˺ˮˮ˷˭˫ˮ˷ ˱˽˦˶ ˷˳˶˧˪˲˸˦˩ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦  Merck-ˮ ˷ ˺ˮ˶˱ˮ˷ 

˷ˮ˰ˮ˯˦˨˪˰ˮ (Merck SiO2, ˲˦̂ˮ˰˦˯˪˧ˮ˷ ˬ˳˱˦ 35ï70 ˱˯˱, ˸ˮ˴ˮ 60 Å), ̄˳˰ ˳˪˰˹˪˲˸˦˩ 

̆˪˻˷˦˲ˮ˷˦ ˩  ˦˪˭ˮ˰˦̀˪˸˦˸ˮ˷ ˲˦˶˪˫ˮ ˷̄˫˦˩˦˷̄˫˦ ˭˦˲˦˺˦˶˩˳˧ˮ˭.  

1H ˩  ˦ 13C, ˧ˮ˶˭˫˹˰-˱˦˨˲ˮ˸˹˶ˮ ˶˪ˬ˳˲˦˲˷ˮ˷  ˷˴˪˻˸˶˪˧ˮ ˨˦˩˦˼˪˧˹˰ˮ˦ ˱˦˼˦˰ˮ 

˨˦˶˿˪˫˦˩˳˧ˮ˷ 500 MHz ˷˴˪˻˸˶˳˱˪˸˶ˬ˪ Bruker Avance DRX 500. ˲˦̄˾ˮ˶˧˦˩ˮ˷ 

˷ˮ˨˲˦˰˪˧ˮ˷ ˷ˮ˱˶˦˫˰˪ ˨˦˲ˮ˷˦ˬ˼˫˶˦ DEPT ˪ ˻˷˴˪˶ˮ˱˪˲˸˪˧ˮ˭. 1H-13C ̆ ˪˸˪˶˳˧ˮ˶˭˫˹˰ˮ 

˷˴˪˻˸˶˪˧ˮ ˨˦˩˦˼˪˧˹˰ˮ˦ CDCl3 ˨˦˱̄˷˲˪˰˾ˮ. ˻ˮ˱ˮ˹˶ˮ ̂˦˲˦̀˫˰˪˧ˮ˷ ˨˦ˬ˳˱˫˪˧ˮ˷˭˫ˮ˷ 

˾ˮ˲˦˨˦˲ ˷˸˦˲˩˦˶˸˦˩ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦ ˸˪˸˶˦˱˪˭ˮ˰˷ˮ˰˦˲ˮ (TMS). ˱˦˼˦˰ˮ 

˨˦˶˿˪˫˦˩˳˧ˮ˷ ˱˦˷˷-˷˴˪˻˸˶˪˧ˮ ˨˦˩˦˼˪˧˹˰ˮ˦ ̄˪˰˷˦̂˽˳ˬ˪ - Finnigan MAT95 (EI) ˩  ˦

Waters Q-TOF Premier (ESI, pos. mode). ˮ˲˺˶˦̂ˮ˭˪˰ˮ ˷˴˪˻˸˶˪˧ˮ ˨˦˩˦˼˪˧˹˰ˮ˦ Bruker 

Tensor 27 ˷ ˴˪˻˸˶˳˱˪˸˶ˬ˪, ˦˼̃˹˶˫ˮ˰ˮ "GoldenGate" diamond ATR ˪ ˶˭˪˹˰ˮ˭. ˿˦̂˪˶˦ 

̄˩˪˧˳˩˦ ˷˶˹ ˰˩ˮ˦˴˦ˬ˳˲˾ˮ 4000-400 ˷ -˱1. ˹˰˸˶˦ˮˮ˷˺˪˶ˮ ˷˴˪˻˸˶ˮ ˨˦˩˦˼˪˧˹˰ˮ ˮ˻˲˦ 

Agilent 8453 ˷˴˪˻˸˶˳˱˪˸˶ˬ˪ ˪˭˦˲˳˰˾ˮ.  ˪˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ ˿˦˸˦˶˪˧˹˰ˮ˦ 

HEKAtech ˺ ˮ˶˱ˮ˷ ˮ˲˷˸˶˹˱˪˲˸ˬ˪ - Euro EA-CHNS.  

˰˼˳˧ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ ˨˦˲˷˦ˬ˼˫˶˹˰ˮ˦ ̄˪˰˷˦̂˽˳ˬ˪ Boetius, ˫ ˮˬ˹˦˰˹˶ˮ ˱˳̂˽˳-

˧ˮ˰˳˧ˮ˭ PHMKO5 ˩  ˦ Gallenkamp-ˮ ˷ ˰˼˳˧ˮ˷ ˸˪˱˴˪˶˦˸˹˶ˮ˷ ˨˦˲˱˷˦ˬ˼˫˶˪˰ 

̄˪˰˷˦̂˽˳ˬ˪.  

˶˪˦˨˪˲˸˪˧ˮ ˩  ˦ ˷˦̂˽ˮ˷ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ ˾˪́˪˲ˮ˰ ˮ˻˲˦ ˷˦˪˶˭˳ ˯˳˱˪˶̀ˮ˹˰ˮ 

˱˳˱̂˳˩˪˧˰˪˧ˮ˷˨˦˲ ˩  ˦ ˨˦˱˳˽˪˲˪˧˹˰ ˮ˻˲˦ ˴ˮ˶˩˦˴ˮ˶ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˨˦˶˪˾˪. ˽˫˪˰˦ 

˨˦˱̄˷˲˪˰ˮ ˨˦˱˳˽˪˲˪˧ˮ˷ ̂ˮ˲ ˮ˻˲˦ ˨˦˷˹˺˭˦˫˪˧˹˰ˮ ˩  ˦ ˨˦˱˾˶˦˰ˮ ̀˲˳˧ˮ˰ˮ 

˷˸˦˲˩˦˶˸˹˰ˮ ˴˶˳̀˪˩˹˶˪˧ˮ˷ ˨˦˫˰ˮ˭.  

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ (1) 

 ˷˦˱˽˪˰˦ ˯˳˰˧˦˾ˮ, ˶˳˱˪˰˷˦̀ ˱˳˶˨˪˧˹˰ˮ ˦˻˫˷ ˷˦̂˫˪˭ˮ ́˦˧˶ˮ ˩  ˦˨˦ˬ˨˦˱˽˫˦˲ˮ ˱ˮ˰ˮ, 

˦˭˦˫˷˪˧˪˲  (3.227 ˨ ,  15 ˱ ˱˳˰, 1 ˪ ˯˫) 1-˧˶˳˱˦˩˦˱˦˲˸˦˲ ˷˩  ˦(182 ˱ ,˰ 1860  ˱ ˱˳˰, 124 ˪ ˯˫) 
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˯˳˲̀˪˲˸˶ˮ˶˪˧˹˰ H2SO4- .˷ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˮ˲˸˪˲˷ˮ˹˶ˮ ˱˳˶˪˫ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ 

˽ˮ˲˹˰ˮ˦˲ ˦˧˦ˬ˦˲˦ˬ˪ ˨˦̀ˮ˪˧ˮ˷ ˾˪˱˩˪˨, ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˪˱˦˸˪˧˦ (18 ˱ ,˰ 390 ˱ ˱˳˰, 26 

˪˯˫) ̃ˮ˦˲̃˫˪˰˦˱˵˦˫˦ 30 ̂ ˹˭ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˦˱ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˽ˮ˲˹˰ˮ˷ 

˦˧˦ˬ˦˲˦˷ ˦̀ˮ˰˪˧˪˲ ˩  ˦ ˹˶˪˫˪˲ 8 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾.ˮ ˶ˮ˷ ˾˪˱˩˪˨˦̀ ˾˰ˮ˦˲ 300  ˨

˽ˮ˲˹˰ˬ˪. ˨˦˱˳˽˳˺ˮ˰ ˭˪˭ ˶˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦ ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˲˪ˮ˸˶˦˰˹˶ 

˶˪˦˻̀ˮ˦˱˩˪ ˩  ˦ ˦˾˶˳˧˪˲. ˱ˮ˼˪˧˹˰ ˴˶˳˩˹˻˸˷ ̄˷˲ˮ˦˲ 100 ˱  ˰ NaOH-˾ ˮ (10 % 

̂˽˦˰̄˷˲˦˶ˮ) ˩  ˦ ˺ˮ˰˸˶˦˫˪˲. ˺ˮ˰˸˶˦˸˷ ˦˲˪ˮ˸˶˦˰˪˧˪˲ 20 % ˱˦˶ˮ˰˱˵˦˫ˮ˭ ˩  ˦

˨˦˱˳˽˳˺ˮ˰ ˭˪˭ ˶˲˦˰˪˻˷ ˺ˮ ˰˸˶˦˫˪˲ ˩  ˦˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭. ˲˦˰˪˻ˮ˷ ˨˦˾˶˳˧ˮ˷ ˾˪˱˩˪˨ 

˱ˮˮ˼˪˧˦ 2.460 ˨  (13.65 ˱ ˱˳˰, 91 %) ˬ ˪˱˳˭˱˳̄˷˪˲ˮ˪˧˹˰ˮ ˲ˮ˫˭ˮ˪˶˪˧˦ 1.  

˰ .˼ .˸ 173-175°C. 1H NMR (300 MHz, CDCl3): ŭ = 11.09 (s, 1H), 2.12-1.97 (m, 3 H), 1.96-1.82 

(m, 6 H), 1.81-1.53 (m, 6 H) ppm. ˶ ˦̀ ˪˱˭̄˫˪˫˦ ˰ˮ˸˪˶˦˸˹˶˹˰ ˱˳˲˦̀˪˱˪˧˷ [184]. 

1-̆ˮ˩˶˳˻˷ˮ˦˩˦˱˦˲˸˦˲-3-˯˦˶˧˳˲˱˵˦˫˦ (2)  

˷˦˱˽˪˰˦ ˯˳˰˧˦˾ˮ ˷˦˶˪˫˪˰˦˭ˮ, ˹˯˹˱˦̀ˮ˫˶ˮ˭ ˩  ˦˭˪˶˱˳˱˪˸˶ˮ˭, ˦˭˦˫˷˪˧˪˲ 20 ˱  ˰

HNO3 (57%), ˦ ̀ˮ˫˪˧˪˲ ˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦ˬ˪ 2-3°C-ˬ  ˪˩  ˦˦˱˦˸˪˧˪˲ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ 40 ˱  ˰

˯˳˲̀. ˨˳˨ˮ˶˩˱˵˦˫˦˷ 30̂ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˱˦˸˪˧˪˲ 50 ˱  ˰

˳˰˪˹˱˷ (20%) 1 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˧˰˦˲˸ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˱˦˸˪˧˪˲ 12  ˨ (0.07 

˱˳˰)ˮ 1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ (1) ˩  ˦˹˶˪˫˪˲ 2 ˷ -˭  ˷˨˦˲˱˦˫˰˳˧˦˾ˮ 5°C-ˬ .˪ ˾˪˱˩˪˨ 

˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˾˰ˮ˦˲ ˽ˮ˲˹˰˪˧ˬ˪, ˨˦˱˳˰˪˻ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ 

̂˽˰ˮ˭ ˩  ˦ ˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 12.5  ˨ (0.064 ˱˳˰ˮ, 96%) ˲ˮ˫˭ˮ˪˶˪˧˦ 2 ˹˺˪˶˳ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭ ˰ .˼ .˸ 200-203°C (˰ˮ .˸: 202-203°C [168]). .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3440; 

3200, 2500; 2946, 2908,  2862, 2808; 1712. 

3-˦̀˪˸˦˱ˮ˩˳˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦ (3)  

˱˪˭˳˩ˮ 1 

3-̆ˮ˩˶˳˻˷ˮ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦˷ (2) (10 ,˨ 0.05 ˱˳˰ˮ) ˩  ˦ 35 ˱  ˰ CH3CN (0.68 

˱˳ )˰ ˦˭˦˫˷˪˧˪˲ ˷˦˱˽˪˰˦ ˯˳˰˧˦˾ˮ ˷˦˶˪˫˪˰ˮ˭, ˹˯˹˱˦̀ˮ˫˶ˮ˭ ˩  ˦ ˷˦̂˫˪˭ ́˦˧˶ˮ˭ 

́˦˧˶ˮ˷ ˱˪˾˫˪˳˧ˮ˭ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˹˱˦˸˪˧˪˲ ˯˳˲̀ ˨˳˨ˮ˶˱˵˦˫˦˷ (30 ˱ ,˰ 0.56 ˱˳ )˰. 

˹˶˪˫˪˲ 1.5 ˷ -˭  ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ 3-5°C-ˬ .˪ ˶˪˦˻̀ˮˮ˷ ˩˦˷˶˹˰˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ 

˲˦˶˪˫ˮ˷ ˧˰˦˲˸ ˱˦˷˦˷ ˾˰ˮ˦˲ ̂˽˦˰˾ˮ ˩  ˦˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲,  ˶˪̀̄˦˫˪˲ 
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̂˽˰ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 9.0 ˨  (0.038 ˱ ˳˰ˮ, 74%). ˰ .˼ .˸ 252-254°C ([˰ˮ .˸: 252-254°C 

[168]).  

˱˪˭˳˩ˮ 2 

˷˦˱˽˪˰˦ ˯˳˰˧˦˾ˮ ˷˦˶˪˫˪˰˦˭ˮ, ˹˯˹˱˦̀ˮ˫˶ˮ˭ ˩  ˦˭˪˶˱˳˱˪˸˶ˮ˭, ˦˭˦˫˷˪˧˪˲ 35 ˱  ˰

HNO3 (57%), ˦ ̀ˮ˫˪˧˪˲ ˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦ˬ˪ 2-3°C-ˬ  ˪˩  ˦˦˱˦˸˪˧˪˲ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ 60˱  ˰

˯˳˲̀. ˨˳˨ˮ˶˩˱˵˦˫˦˷ 30̂ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˱˦˸˪˧˪˲ 80 ˱  ˰

˳˰˪˹˱˷ (20%) 30 ̂ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˧˰˦˲˸ ˲˦˶˪˫˷ ˹˱˦˸˪˧˪˲ 1-

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ (1) (20 ˨ , 0.11 ˱ ˳˰ˮ) ˩  ˦50 ˱  ˰˦̀˪˸˳˲ˮ˸˶ˮ˰˷, ˹˶˪˫˪˲ 1 ˷ -˭  ˷

˨˦˲˱˦˫˰˳˧˦˾ˮ 3-8°C-ˬ .˪ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˱˦˸˪˧˪˲ ˯ˮ˩˪˫ ˪˶ ˭˹˰˹˺˦ 50˱  ˰

˩  ˦˹˶˪˫˪˲ ˩˦˱˦˸˪˧ˮ˭ 2 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ 3°C-ˬ .˪ ˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ 

˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˾˰ˮ˦˲ ˽ˮ˲˹˰˪˧ˬ˪, ˨˦˱˳˰˪˻ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ 

̂˽˰ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ ˹˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧˷ 19  ˨ (0.080 ˱ ˳˰ˮ, 73%). ˰ .˼ .˸ 252-

254°C ([˰ˮ .˸: ˲˪˩˰ˮ, ˸˪˻˲. ˴˶˳˩˹˻˸ˮ˷ 242-246°C [168]). .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3371; 

2908, 2854; 1689.  1H NMR (DMSO-d6): ŭ  12.09 (1H, s, OH); 7.40 (1H, s, NH);    2.08 (3H, s, Ad), 

1.98-1.69 (11 H, m, Ad), 1.55 (3H, s, CH3) ppm. 13C NMR (DMSO-d6, 125 MHz), ŭ: 177.62, 

168.61, 42.06, 41.35, 37.59, 34.95, 28.43, 23.63 ppm. 

N-(3-(5-˧˪˲ˬ˳ˮ˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰˦˩˦˱˦˲˸˦˲-1-ˮ )˰˦̀˪˸˦˱ˮ˩ˮ (5) 

0.662˨  (3.1 ˱˱˳˰) 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˺˪˲˳˲ˮ˷ (4) ˩  ˦ 0.75 (3.1 ˱˱˳˰)  3-

˦̀˪˸˦˱ˮ˩˳˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦ ˷ (3) ˲˦˶˪˫ˮ 6 ˱  ˰ ˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫˦ ˷

˸˶ˮ˱˪˭ˮ˰˷ˮ˰ˮ˰ˮ˷ ˪˭˪˶˾ˮ ˦̀̄˪˰˪˧˪˲ 150-160°C 9 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦˾˪˱˩˪˨ 

˾˰ˮ˦˲ 100 ˱  ˰̂˽˦˰˾ˮ. ˦ ˲˪ˮ˸˶˦˰˪˧˪˲ 10% NaOH ̂ ˽˦˰̄˷˲˦˶ˮ˭ pH 8-9 ˱ ˩.˪ ˨ ˦˱˳˽˳˺ˮ˰ 

˭˪˭ ˶ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˩  ˦ ̆˪˻˷˦˲ˮ˭ ˩  ˦ ˦˯˶ˮ˷˸˦˰˪˧˪˲ 

˱˪˭ˮ˰˪˲˻˰˳˶ˮ˩ˮ˩˦˲ ˩  ˦ ̆˪˻˷˦˲ˮ˩˦˲. ˮ˼˪˧˪˲ 1.2  ˨ (3.0 ˱˱˳˰) 94 % ˭˪˭ ˶

˯˶ˮ˷˸˦˰˪˧˷. ˰ .˼ .˸ 265-268°C. 1H NMR DMSO: 12.71 (1H, brs NH), 7. 84 (1H, s, NHCO), 

7.69 (2H, s, Ar), 7.66-7.41 (6H, m, Ar), 2.21-2.08 ( 3H, m, Ad), 2.03-1.75 (m, 5HAd ˩  ˦3H CH3), 

1.73-1.43 (6H, m, Ad) ppm.  13C NMR (DMSO-d6, 125 MHz), ŭ: 177.61 (C=O), 168.60 (C=O), 

145.27, 144.88,  132.54, 130.69, 129.48 (2C), 129.35, 128.34, 128.29, 128.24, 118.31, 116.41, 
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111.8, 50.69, 42.06, 41.35, 40.02, 37.59 (3C), 34.95, 28.42 (3C), 23.63 (1C-CH3) ppm. .ˮ .̂ 

˷˴˪˻˸˶ˮ, Ȋ, cm-1:  3363, 2915, 2861, 1689, 1627, 1550, 1457.  

N-(2-˦˱ˮ˲˳-5-˧˪˲ˬ˳ˮ˰˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (6) 

1.8  ˨ ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦˷ (1) ˦˩˹˼˪˧˪˲ 5 ˱  ˰ SOCl2 ˦˶˪˾ˮ 60°C-ˬ  ˪ 1 ˷ -˭ˮ ˷

˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˨˦˱̄˷˲˪˰˷ ˦̀ˮ˰˪˧˪˲ ˩  ˦ ̄˷˲ˮ˦˲ 30 ˱  ˰ ˩ˮ˪˭ˮ˰ˮ˷ ˪˭˪˶˾ˮ. 

˱ˮ˼˪˧˹˰ ̄˷˲˦˶˷ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˹˱˦˸˪˧˪˲ 2.12  ˨ (10 ˱˱˳˰) 4-˧˪˲ˬ˳ˮ˰- -˳

˺˪˲ˮ˰˪˲˩ˮ˦˱ˮ˲ˮ˷˦ (4) ˩  ˦ 1.39 ˱  ˰ (10 ˱˱˳˰) ˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ ˲˦˶˪˫˷ ˩ˮ˪˭ˮ˰ˮ˷ 

˪˭˪˶ˮ/˸̆ ˺ (80˱ /˰50˱ )˰ ˲˦˶˪˫˾ˮ. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦̀̄˪˰˪˧˪˲ 40°C-ˬ  ˪ 4 ˷ -˭ˮ ˷

˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˦˱˦˸˪˧˪˲ 100 ˱  ˰̂˽˦˰˷ ˩  ˦˾˪˱˩˪˨ NaOH (5%) pH=10-˱˩.˪ ˳  ˶

˺˪˲˦˷ ˽˳˺˪˲ ˩  ˦˨˦˱˳˰˪˻ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ˲˪ˮ˸˶˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪ ˩  ˦

˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 1.89 ˨  (51%, 5 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 6. ˰ .˼ .˸ 265-268°C. 1H NMR (DMSO-

d6): ŭ  1.59ï1.70 (m, 6H, Ad), 1.83ï1.90 (m, 6H, Ad), 1.95ï2.01 (m, 3H, Ad), 5.60 (s, 2H, NH2), 

6.78 (d, 1H, Ar), 7.04-7.43 (m, 1H, Ar), 7.45-7.53 (m, 2H, Ar), 7.55-7.65 (m, 3H, Ar), 8.16 (s, 1H, 

Ar), 8.79 (s, 1H, NH) ppm. 13C NMR (DMSO-d6): ŭ 28.07 (3 CH), 36.42 (3 CH2), 42.90 (3 CH2), 

41.00 (C), 110.05 (CH), 128.87 (CH), 138.15 (CH), 138.43 (CH), 140.31 (C), 142.51 (C), 143.39, 

144.94, 149.13, 169.60 (C), 187.55 (C),  187.98 (C),  198.03 (C) ppm. HR-MS (CI, 70 eV): m/z  

˭˪˳˶. 374.20 (C24H26N2O2+); ˲ ˦˴˳˫˲ˮ ˦374.1997 [M] +     

5(6)-˧˪˲ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ ˷ˮ˲˭˪ˬˮ (7) 

0.25 ˨   (0.7 ˱ ˱˳˰) ˦˱ˮ˲˳˦˱ˮ˩˷ 6 ˹˱˦˸˪˧˪˲ 2 ˱  ˰POCl3 ˩  ˦˦˩˹˼˪˧˪˲ 1 ˷ .˭ ˷˦˶˪˦˻̀ˮ˳ 

˲˦˶˪˫˷ ˾˰ˮ˦˲ ̂˽˦˰˾ˮ, ˨˦˱˳˰˪˻ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˦˱˹˾˦˫˪˧˪˲  5% NaOH ˶˪̀̄˦˫˪˲ 

˩  ˦ ˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 0.23  ˨ (0.7 ˱˱˳˰, 99 %) ˲ˮ˫˭ˮ˪˶˪˧˦ 7-  ˷ ˭˪˭˶ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ 

˷˦̄ˮ˭. ˰ .˼  ˸211-213°C. 1H NMR (DMSO-d6): ŭ  12.53 (1H, br.s, NH),  7.85 (1H, s, Ar), 7.74-

7.7288 (2H, m, Ar), 7.66 (1H, t, J=7.6, Ar), 7.62 (2H, s, Ar), 7.56 (2H, t, J=7.6), 2.07 (9H, m, Ad), 

1.77 (6H, m, Ad) ppm. 13C NMR (DMSO-d6): ŭ 195.63 (C), 138.17, 131.87 (2C), 130.13, 129.32 

(4C), 128.28 (4), 123.32 (1C), 40.55(3C), 35.98 (3C), 35.06 (1C), 27.55 (3C) ppm. HR-MS (ESI. 

pos. Mode): ˭ ˪˳˶. 357.1889 (C24H25N2O), ˲ ˦˴˳˫˲ˮ˦ 357.1973 [M + H+]. 
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˪˭ ˮ  ˰2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ (12) 

˱˪˭˳˩ˮ A (˷˻˪˱˦ 5). 

0.2  ˨ (1,1 ˱˱˳˰) ˪˭ˮ ˰ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ ˩  ˦ 0.2  ˨ (1.1 ˱˱˳˰) 1-

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦ ˷ ˨˦̄˷˲ˮ˰ ˷ 20 ˱  ˰ ˸˳˰˹˳˰˾ˮ ˩  ˦ 1 ˱  ˰ (11 ˱˱˳˰) POCl3. 

˦˩˹˼˪˧˪˲ 6 ˷ .˭ ˾˪˱˩˪˨ ˹˱˦˸˪˧˪˲ ̂˽˦˰˷ ˩  ˦ Na2CO3 ˩  ˦̂˫˰ˮ˰˦˫˪˲ ˪˭ˮ˰˦̀˪˸˦˸ˮ˭. 

˳˶˨˦˲˹˰ ˺˦ˬ˦˷ ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭, ˦˾˶˳˧˪˲ ˨˰˦˹˧˪˶ˮ˷ ˱˦˶ˮ˰ˬ˪, ˺ˮ˰˸˶˦˫˪˲ ˩  ˦

˦˳˶˭˻˰˪˧˪˲. ˱ˮ˼˪˧˹˰ ˱˽˦˶ ˱˦˷˦˷ ˦˯˶ˮ˷˸˦˰˪˧˪˲ ̆˪˻˷˦˲ˮ˩˦˲ ˩  ˦ ˮ˼˪˧˪˲ 0.1  ˨ (0,3 

˱˱˳˰, 28%) ˲ ˮ˫˭ˮ˪˶˪˧˦ 12 ˱˳˶˹̄˳ ˺˪˶ˮ˷ ˯˶ˮ˷˸˦˰˪˧˷. ˰ .˼ .˸ 246-248°C (̆˪˻˷˦˲ˮ). 

˱˪˭˳˩ˮ B (˷˻˪˱˦ 6). 

0.20 ˨  (1.24 ˱ ˱˳˰) 4-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-3-˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ (10) ˩  ˦1.4 

˱  ˰SOCl2-ˮ ˷˷˹˷˴˪˲ˬˮ˦˷ ˪˭˦˲˳˰˾ˮ ˦˩˹˼˪˧˪˲ 3 ˷ .˭ ˾˪˱˩˪˨ ˨˦˱̄˷˲˪˰˷ ˦˳˶˭˻˰˪˧˪˲ 

˩  ˦ ˲˦˾˭˷ ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˩  ˦ ̆˪˻˷˦˲ˮ˭, ˦˾˶˳˧˪˲, ˮ˼˪˧˪ ˲ 0.43  ˨ (1.19 ˱˱˳˰, 96%) 

˲ˮ˫˭ˮ˪˶˪˧˦ 12 ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ˷ ˱˦˶ˮ˰ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 246-248°C 

˱˪˭˳˩ˮ C (˷ ˻˪˱˦ 4). 

0.21 ˨  (0.61 ˱ ˱˳˰, 1 ˪ ˯˫) ˪˭ˮ ˰3-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-4-˦˱ˮ˲˳˧˪˲ˬ˳˦˸˷ (15) 

˹˱˦˸˪˧˪˲ 0.30 ˱  ˰ (100 %, 5.2 ˱ ˱˳˰, 8.5 ˪˯˫) ́˱˦˶˱˵˦˫˦˷, 10 ˱  ˰˸˳˰˹˳˰˷, ˯˳˰˧˦˷ 

˹˯˪˭˪˧˪˲ ˹˯˹˱˦̀ˮ˫˦˶˷ ̂˽˰ˮ˷ ˨˦˱˳˷˦˽˳˺ˮ ˱ˮ˰ˮ˭ ˩  ˦˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 11 ˷ -˭

ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˲˦˶˪˫˷ ˦̀ˮ˫˪˧˪˲, ˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ 

˦̀˪˸˳˲ˮ˭ ˩  ˦ ˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 12 (0.17 ,˨ 0.52 ˱˱˳˰, 84%) ˹˺˪˶˳ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 246-248°C. 1H NMR (500 MHz, DMSO-d6), ŭ: 12.32 (br, s, 1H), 

7.98-8.22 (m, 1H), 7.78 (br, s, 1H), 7.40-7.65 (m, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.06-2.12 (m, 9H), 

1.75-1.84 (m, 6H), 1.36 (t, J = 7.1 Hz, 3H). 13C NMR (DMSO-d6, 125 MHz), ŭ: 165.24 (C), 142.70 

(C), 141.88 (C), 137.79 (C), 122.56 (C), 121.96 (CH), 119.95 (CH), 117.73 (CH), 60.05 (CH2), 

40.58 (3 CH2), 36.03 (3 CH2), 34.98 (C), 27.59 (3 CH), 14.09 (CH3) ppm. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 

3300, 2899, 2848, 1696, 1622, 1519. MS (ESI. pos. Mode): ˨ ˦˱˳˭˫˰ˮ˰ˮ 347.1735 (for 

C20H24N2NaO2), ˲˦˴˳˫˲ˮ˦ 347.2493 [M + Na+]. Anal. For C20H24N2O2 (324.42): ˨ ˦˱˳˭˫˰ˮ˰ˮ, 

%: C 74.04, H 7.46, N 8.64; ˲˦˴˳˫˲ˮ˦ C 73.67, H 7.55, N 8.78. 
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˪˭ˮ ˰-4-˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ˷ ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ (8) 

˯˦˶˨˦˩  ˨˦̀ˮ˫˪˧˹˰ (˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦) 50 ˱  ˰˪˭˦˲˳˰˷ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˹˱˦˸˪˧˪˲ 

˦̀˪˸ˮ˰˻˰˳˶ˮ˩˷ (1.43 ˨ , 18.00 ˱ ˱˳˰, 3 ˪˯˫) ́˰ˮ˪˶ˮ ˱˳˶˪˫ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ. ˦˭ ˮ̂˹˭ˮ˷ 

˾˪˱˩˪˨, ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˱˦˸˪˧˪˲  0.82 ˨  (6.00 ˱ ˱˳˰, 1 ˪ ˯˫) -˴˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ ˩  ˦

˲˦˶˪˫˷ ˹˶˪˫˪˲ 5 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˦̀ˮ˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷ ˫˦˯˹˹˱ 

˦˱˦˳˶˭˻˰˪˧˪˰ˬ˪ ˩  ˦ ˩˦˶˿˪˲ˮ˰ ˱˽˦˶ ˱˪˭ˮ˰ˮ˷ ˪˭˪˶ˮ˷ ̆ˮ˩˶˳˻˰˳˶ˮ˩˷ 

˦˯˶ˮ˷˸˦˰˪˧˪˲ ˪˭˦˲˳˰˾ˮ. ˱ˮˮ˼˪˧˦ 1.10  ˨ (91 %, 5.45 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 8 ˹˺˪˶˳ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭ ˰ .˼ .˸ 183-185°C (˪ ˭˦˲˳˰ˮ), (˰ ˮ .˸: 195°C [185]). 1H NMR (300 MHz, 

Methanol-d4), ŭ: 7.75 (d, J =8.5 Hz, 2H), 6.64 (d, J = 8.5 Hz, 2H), 4.41 (q, J = 7.1, 2H), 1.41 (t, J = 

7.1, 3H) ppm. 

˪˭ˮ ˰ 4-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)˧˪˲ˬ˳˦˸ˮ (9) 

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ (1) (0.54 ˨ , 3.00 ˱ ˱˳˰, 1 ˪ ˯˫) ̄˷˲ˮ˦˲ 5 ˱  ˰SOCl2-˾ ˮ˩  ˦˲˦˶˪˫˷ 

˦˩˹˼˪˧˪˲ 1 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ SOCl2-  ˷ ˦˾˳˶˪˧˪˲ ˫˦˯˹˹˱ˬ˪, ˲˪˩˰˷ ˱˦˷˦˷ 

̄˷˲ˮ˦˲ CH2Cl2-˾ ˮ (5 ˱ )˰ ˩  ˦ ˹˱˦˸˪˧˪˲ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˲ˮ˫˭ˮ˪˶˪˧˦ 8-˷ ˦ (0.50˨ , 3.00 

˱˱˳˰, 1 ˪˯˫) ˩  ˦˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ (0.30 ˨ , 3.00 ˱ ˱˳˰) ˲˦˶˪˫˷ 10 ˱  ˰CH2Cl2-˾ ˮ1 ˷ -˭ˮ ˷

˨˦˲˱˦˫˰˳˧˦˾ˮ. ˷˦˶˪˦˻̀ˮ ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 2 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪ (18°C).  ˾˪˱˩˪˨ ˷˦ ˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˾˰ˮ˦˲ 15 ˱  ˰̂˽˦˰˾ˮ ˩  ˦̂˦˶˱˳˻˱˲ˮ˰ 

˳  ˶˺˪˲˦˷ ˽˳˺˪˲ ˨˦˱˽˳˺ˮ ́˦˧˶ˮ˷ ˷˦˾˹˦˰˪˧ˮ˭. ˳ ˶˨˦˲˹˰ ˺˪˲˦˷ ˦˾˶˳˧˪˲ ˹̂˽˰˳ Na2SO4-

ˬ ,˪ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˦˳˶˭˻˰˪˧˪˲ ˫˦˯˹˹˱ˬ˪. ˩˦˶˿˪˲ˮ˰ ˲˪˩ ˰˱˽˦˶ ˱˦˷˦˷ ˦˷˹˺˭˦˫˪˧˪˲ 

˷˫˪˸ˬ˪ (SiO2, ˪˭ˮ˰˦̀˪˸˦˸ˮ/̆˪˻˷˦˲ˮ, 1 / 3, Rf  = 0.80). ˱ ˮˮ˼˪˧˦ ˲ˮ˫˭ˮ˪˶˪˧˦ 9 (0.70 ˨ , 2.13 

˱˱˳˰, 71 %) ˹ ˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸188-190°C (˰ ˮ .˸: 186-188°C [186], 192°C 

[175]). 1H NMR (300 MHz, CDCl3), ŭ: 7.93 (d, J = 8.7 Hz, 2H),  7.56 (d, J = 8.7 Hz, 2H),  7.38 

(s,br, 1H), 4.29 (q, J = 7.1 Hz, 2H), 2.00-2.09 (m, 3H),  1.84-1.98 (m, 6H),  1.60-1.78 (m, 6H), 1.32 

(t, J = 7.1 Hz, 3H) ppm. 

˪˭ˮ ˰4-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-3-˲ˮ˸˶˳˧˪˲ˬ˳˦˸ˮ (10) 

˱˦˲ˮ˸˶ˮ˶˪˧˪˰ ˲˦˶˪˫˷ (HNO3 65%, 0.15 ˱ ,˰ 3.45 ˱ ˱˳˰, 2.30 ˪  ˯˩  ˦H2SO4 98%, 0.22 ˱ ,˰ 

4.1 ˱˱˳˰, 2.7 ˪˯˫) ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˹˱˦˸˪˧˪˲ 15 ̂ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˯˦˶˨˦˩ 
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˨˦̀ˮ˫˪˧˹˰ (˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦)  0.49 ˨  (1.50 ˱ ˱˳˰, 1 ˪ ˯˫) ˲ˮ˫˭ˮ˪˶˪˧˦ 9,  2 ˱  ˰́˱˦˶˱˵˦˫˦ 

˩  ˦ 1 ˱  ˰́˱˦˶˱˵˦˫˦ ˦˲̆ˮ˩˶ˮ˩ˮ˷ ˷˹˷˴˪˲ˬˮ˦˾ˮ. 30 ̂ -˭ˮ ˷˾˪˱˩˪˨ ˦̀ˮ˰˪˧˪˲ ˽ˮ˲˹˰ˮ˦˲ 

˦˧˦ˬ˦˲˦˷ ˩  ˦˷˦˶˪˦˻̀ˮ ˳˲˦˶˪˫˷ ˹˶˪˫˪˲ 3 ˷ -˭  ˷˨˦˲˱˦˫˰˳˧˦˾ ˮ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 

(18° C).  ˾ ˪˱˩˪˨ ˶˪˦˻̀ˮ˦˷ ˾˰ˮ˦˲ ˽ˮ˲˹˰˪˧ˬ˪ (50 ˱ )˰ ˩  ˦˨˦˱˳˽˳˺ˮ˰ ˽˫ˮ˭˪˰ ˲˦˰˪˻˷ 

˺ˮ˰˸˶˦˫˪˲ ˩  ˦ ˶˪̀̄˦˫˪˲ ˲˪ˮ˸˶˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪. ˲˪˩ ˰ ˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ 

˷˫˪˸ˬ˪ (˷ˮ˰ˮ˯˦˨˪˰ˮ, ̆˪˻˷˦˲ˮ / ˪˭ˮ˰˦̀˪˸˦˸ˮ 8 / 1, Rf = 0.65). ˱ ˮˮ˼˪˧˦ 0.40 ˨   (1.1 ˱ ˱˳˰, 

72 %) ˽ ˫ˮ˭˪˰ˮ ˺˪˶ˮ˷ ˲ˮ˫˭˪˶˪˧˦ 10. ˰ .˼ .˸121-123°C. 1H NMR (500 MHz, CDCl3), ŭ: 10.90 

(s, 1H), 9.00 (d, J = 8.9 Hz, 1H), 8.91 (s, 1H), 8.28 (d, J = 8.6 Hz, 1H), 4.44 (q, J = 6.8 Hz, 2H), 

2.12-2.21 (m, 3H), 1.97-2.09 (m, 6H), 1.75-1.91 (m, 6H), 1.45 (t, J = 6.9 Hz, 3H) ppm. 13C NMR 

(CDCl3, 125 MHz), ŭ: 177.55 (C), 164.25 (C), 138.77 (C), 136.43 (CH), 135.56 (C), 127.46 (CH), 

124.93 (C), 121.68 (CH), 61.65 (CH2), 42.68 (CH), 39.04 (3 CH2), 36.26 (3 CH2), 27.99 (3 CH), 

14.27 (CH3) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3354, 2926, 2849, 2353, 2323. MS (ESI. pos. Mode): 

˭˪˳˶ˮ˹˰ˮ 395.1583 (C20H24N2NaO5), ˲˦˴˳˫˲ˮ˦ 395.2888 [M + Na+]. ˪˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ: 

C20H24N2O5 (372.41): ˭˪˳˶. %: C 64.60, H 6.50, N 7.52; ˲˦˴˳˫˲ˮ˦ C 64.85, H 6.64, N 7.77. 

˪˭ˮ ˰4-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-3-˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ (11) 

0.34  ˨(0.90 ˱ ˱˳˰) ˲ˮ˫˭˪˶˪˧˦ 10 ˩  ˦0.04 ˨   ˯˦˸˦˰ˮˬ˦˸˳˶˷ (10 % Pd) Pd/C ˦ ˭˦˫˷˪˧˪˲ 

100 ˱  ˰˪˶˭˽˪˰˦ ˯˳˰˧˦˾ˮ, ˹˱˦˸˪˧˪˲ 30 ˱  ˰˪˭˦˲˳˰˷ ˩  ˦˹˶˪˫˪˲ ̂˽˦˰˧˦˩ˮ˷ ˦˶˪˾ˮ 24 

˷ -˭  ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ (18° C). ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ 

˺ˮ˰˸˶˦˫˪˲ ˩  ˦ ˦̀ˮ˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷ ˫˦˯˹˹˱ˬ˪. ˲˪˩ ˰ ˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ 

˨˦˩˦˯˶ˮ˷˸˦˰˪˧ˮ˭ 10 ˱  ˰˪˭˦˲˳˰˾ˮ. ˮ˼˪˧˪˲ 0.21 ˨  (0.61 ˱ ˱˳˰, 68 %) ˲ ˮ˫˭ˮ˪˶˪˧˦ 11 

˹˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 286-288°C. 1H NMR (300 MHz, CDCl3), ŭ: 7.58-7.76 (m, 

3 H), 4.35 (q, J = 7.1 Hz, 2H), 1.86-2.24 (m, 9 H), 1.62-1.86 (m, 6 H), 1.39 (t, J = 7.1 Hz, 3 H) 

ppm. 13C NMR (CDCl3, 125 MHz), ŭ: 176.78 (C), 166.34 (C), 139.23 (C), 129.85 (C), 128.09 (C), 

123.78 (CH), 121.63 (CH), 119.81 (CH), 60.90 (CH2), 41.63 (C), 39.39 (3 CH2), 36.46 (3 CH2), 

28.14 (3 CH), 14.31 (CH3) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3426, 3363, 3289, 2903, 2849, 2321. MS 

(ESI. pos. Mode): ˭ ˪˳˶ˮ˹˰ˮ (for C20H26N2NaO3), ˲˦˴˳˫˲ˮ˦ 366.1063 [M+Na+]. ˪˰˪˱˪˲˸˹˶ˮ 

˦˲˦˰ˮˬˮ: C20H26N2O3 (342.43): ˭ ˪˳˶., %: C 70.15, H 7.65, N 8.18; ˲˦˴˳˫˲ˮ˦ C 70.33, H 7.83, N 

8.39. 
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5(6)-˯˦˶˧˳˻˷ˮ-2-(1ï˦ ˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ 21 

˱˪˭˳˩ˮ )˦ 

2.16 ˨  (12 ˱ ˱˳˰) ˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˲˱˵˦˫˦˷ 1 ˦ ̀̄˪˰˪˧˪˲ SOCl2 (4 ˱ )˰ ˦˶˪˾ˮ 30 ̂  ˭50°C-

ˬ .˪ ˾˪˱˩˪˨ SOCl2 ˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ ˦˱˦˳˶˭˻˰˪˧˪˰ˬ˪ ˩  ˦ ˲˪˩ ˰˴˶˳˩˹˻˸˷ ̄˷˲ˮ˦˲ 

CH2Cl2-˾ ˮ(30 ˱ )˰ ˩  ˦˾˪˱˩˪˨ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˦˱˦˸˪˧˪˲ 1 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ 1.83 ˨  (12 

˱˱˳˰) 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷˦ ˩  ˦3 ˱  ˰˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ (20 ˱ ˱˳˰) ˲˦˶˪˫˷ CH2Cl2-

˾ ˮ(200 ˱ )˰. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 3 ˷  ˭˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪. ˾˪˱˩˪˨ ˦˱˦˸˪˧˪˲ 

̂˽˦˰˷ (30 ˱ )˰ ˩  ˦ ˱ˮ˼˪˧˹˰ ˳  ˶ ˺˪˲˦˷ ˽˳˺˪˲. ˳˶˨˦˲˹˰ ˺˪˲˦˷ ˶˪ ̀̄˦˫˪˲ ̂˽˰ˮ˭, 

˦˾˶˳˧˪˲ ˹̂˽˰˳ Na2SO4-ˬ ,˪ ˾˪˱˩˪˨ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˦˳˶˭˻˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷. ˱ˮ˼˪˧˹˰ 

2.61  ˨ ˲˦˰˪˻˷ ̄˷˲ˮ˦˲ CF3COOH-˾ ˮ (5 ˱ )˰ ˩  ˦˸˳˰˹˳˰ˮ˷ (35 ˱ )˰ ˲˦˶˪˫˾ˮ 9 ˷ -˭ˮ ˷

˨˦˲˱˦˫˰˳˧˦˾ˮ. ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˩  ˦̆˪˻˷˦˲ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 

1.60 ˨  (5.40 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 21 -ˮ ˷˹˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧˷. ˰ .˼ ˸ . 298-300°C. 

˱˪˭˳˩ˮ )˧ 

50 ˱  ˰˱˶˨˫˦˰́ˮ˶˦ ˯˳˰˧˦˾ˮ ˦˭˦˫˷˪˧˪˲ 742 ˱  ˨(2.39 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 19 ˩  ˦˹˱˦˸˪˧˪˲ 

˸˨/˺̂˽˦˰ˮ 2/1 ˲˦˶˪˫˷. ̂˦˶˱˳˻˱˲ˮ˰ ˭˪˭ ˶˷˹˷˴˪˲ˬˮ˦˷ ˹˱˦˸˪˧˪˲ 7 ˱  ˰10% ˲ ˦˸˶ˮ˹˱ˮ˷ 

˸˹˸˪˷ ˩  ˦˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 35 ˷  ˭˨˦˲˱˦˫˰˳˧˦˾ˮ. 

˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˲˪ˮ˸˶˦˰˪˧˪˲ HCl-ˮ  ˭˩  ˦˨˦˱˳˽˳˺ˮ˰ ˭˪˭˶ˮ ˺˪˶ˮ˷ ˲˦˰˪˻˷ 

˺ˮ˰˸˶˦˫˪˲ ˩  ˦˦˾˶˳˧ ˪˲. ˮ ˼˪˧˪˲ 510 ˱ ,˨ 1.72 ˱ ˱˳˰, 72%) ˲ ˮ˫˭ˮ˪˶˪˧˦ 21- .˷ 

˰ .˼ .˸ 298-300°C. 1H NMR (500 MHz, DMSO-d6): ŭ: 12.66 (br.s, 1H), 8.19 (s, 1H), 7.89 (d, J = 

8.3 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 2.0 ï 1.90 (m, 9H), 1.78 ï 1.70 (m, 6H) ppm. 13C NMR (125 

MHz, DMSO-d6), ŭ: 167.45 (C), 163.41 (C), 138.66 (C), 135.39 (C), 125.30 (C), 124.11 (CH), 

116.10 (CH), 114.04 (CH), 35.78 (3 CH2), 35.16 (C), 27.43 (3 CH) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 

2904, 2847, 1690, 1625, 1491. 

5(6)-̆ˮ˩˶˳˻˷ˮ˱˪˭ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (22) 

 0.20 ˨  (0.67 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 21-  ˷˹˱˦˸˪˧˪˲ 0.19 ˨  ˰ˮ˭ˮ˹˱ ˦˰˹˱ˮ˲ˮ˷ ̆ˮ˩˶ˮ˩ˮ˷ 

˷˹˷˴˪˲ˬˮ˦˾ˮ ˱˾˶˦˰ Et2O-˾ ˮ(80 ˱ )˰. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˹˼˪˧˪˲ 6 ˷ .˭ ˾˪˱˩˪˨ ˦̀ˮ˫˪˧˪˲, 

˹˱˦˸˪˧˪˲ KOH (3 ˱ ,˰ 15%) ˩  ˦̂˽˦˰˷ (2 ˱ )˰ ˩  ˦˹˶˪˫˪˲ 24 ˷ .˭ ˨˦˱˳˽˳˺ˮ˰ ˦˰˹˱ˮ˲ˮ˷ 

˱˦˶ˮ˰ˮ˷ ˭˪˭ ˶˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˶˪̀̄˦˫˪˲ EtOAc ˩  ˦Et2O-ˮ ˷˲˦˶˪˫ˮ˭. ˾˪˱˩˪˨ 
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˳˶˨˦˲˹˰ ˺˪˲˦˷ ˦˪˶˭ˮ˦˲˪˧˪˲ ˩  ˦˦˾˶˳˧˪˲ ˹̂˽˰˳ Na2SO4-ˬ ,˪ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˦̀ˮ˰˪˧˪˲ 

˨˦˱̄˷˲˪˰˷ ˫˦˯˹˹˱ˬ˪. ˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ (SiO2, 

EtOAc / ̆˪˻˷˦˲ˮ, 2 / 1, Rf= 0.55). ˨˦˱˳˽˳˺ˮ˰ ˮ˻˲˦ ˲ˮ˫˭ˮ˪˶˪˧˦ 22 0.10 ˨  (0.35 ˱ ˱˳˰, 53%) 

˯˶˪˱ˮ˷˺˪˶ˮ ˯˶ˮ˷˸˦˰˪˧ˮ ˷˷˦̄ˮ˭. ˰ .˼ .˸ 138-140°C. 1H NMR (500 MHz, DMSO-d6), ŭ: 

(˳˶ ˮ˸˦˹˸˳˱˪˶ˮ), 11.94 (br, s, 1H), 9.00 (s, 1H), 8.95 (s, 1H), 7.81 ï 7.55 (m, 1H), 7.34 (d, J = 

8.2 Hz, 1H), 7.10 (dd, J = 8.2, 1.9 Hz, 1H), 7.05 (d, J = 8.2, 1H), 5.21 (t, J = 5.7, 1H), 5.07 (t, J = 

5.7, 1H), 4.55 (d, J = 5.5, 2H), 4.46 (d, J = 5.5, 2H), 2.10ï1.99 (m, 6H), 1.92-1.83 (m, 12 H), 1.78-

1.63 (m, 12 H) ppm. 13C NMR (DMSO-d6, 125 MHz), ŭ: (˳˶ ˮ˸˦˹˶˳˱˪˶ˮ) 139.55 (C), 139.52 

(C), 132.32 (C), 131.63 (C), 131.50 (C), 130.92 (C), 130.83 (C), 129.50(C), 129.46 (C), 128.57 (C), 

125.04 (C), 125.00 (CH), 123.10 (CH). 122.99 (CH), 67.31 (CH2), 62.26 (CH2), 40.76 (3 CH), 40.60 

(3 CH), 38.73 (C), 38.00 (C), 36.09 (3 CH), 35.95 (3 CH), 27.64 (3 CH), 27.53 (3 CH) ppm. .ˮ .̂ 

˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3440, 3286, 2904, 2848, 1653, 1608, 1519. HR-MS (ESI. pos. Mode): ˭ ˪˳˶. 

283.1810 (for C18H23N2O), ˲ ˦˴˳˫˲ˮ˦ 283.1812 [M + H+]. 

˦˱ˮ˩˪˧ˮ˷ ˱ˮ˼˪˧ˮ˷ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ 23-32 

0.20  ˨(0.7 ˱˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 21 4 ˱  ˰SOCl2 -˾ ˮ˩  ˦2 ˱  ˰˦˧˷. ˧˪˲ˬ˳˰˾ˮ ˦˩˹˼˪˧˪˲ 3.5 

˷ .˭ ˾˪˱˩˪˨ ˨˦˱̄˷˲˪˰˷ ˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ˬ˪ ˩  ˦˽˫ˮ˭˪˰ ˲˦˰˪˻˷ ̄˷˲ˮ˦˲ CH2Cl2-˾ ˮ˩  ˦

˹˱˦˸˪˧˪˲ ˦˱ˮ˲˷ (0.7 ˱˱˳˰). ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦̀̄˪˰˪˧˪˲ 3-12 ˷  ˭˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ 

˹˱˦˸˪˧˪˲ 30 ˱  ˰̂˽˦˰˷ ˩  ˦˦˱˹˾˦˫˪˧˪˲ 8% HCl-ˮ ,˭ ˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, 

˶˪̀̄˦˫˪˲, ˦˱˹˾˦˫˪˧˪˲ 5% ˸˹˸ˮ˭. ˱ˮ˼˪˧˹˰ ˲˪˩ ˰˴˶˳˩˹˻˸˷ ˶˪̀̄˦˫˪˲, ˦˾˶˳˧˪˲ ˩  ˦

˦˯˶ˮ˷˸˦˰˪˧˪˲ CH2Cl2-ˮ˩˦˲.  

5(6)-˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (23). ˰ .˼ .˸ 170-172°C. 1H NMR 

(500 MHz, DMSO-d6), ŭ: (˳ ˶ ˮ˸˦˹˶˳˱˪˶ˮ), 12.31 (br, s, 2H), 8.06 (s, 2H), 7.89 (s, 1H), 7.80-

7.66 (m, 2H), 7.62-7.31 (m, 2H), 7.19 (s, 1H), 2.17-1.77 (m, 18H), 1.82-1.70 (m, 12H) ppm. 13C 

NMR (DMSO-d6, 125 MHz), ŭ: (˳ ˶ ˮ˸˦˹˶˳˱˪˶ˮ) 168.48 (2 C), 156.47 (C), 153.94 (C), 141.93 

(C), 139, 97 (C), 133.03 (C), 131.51 (C), 128.58 (C), 127.34 (C), 121.09 (CH), 120.98 (CH), 118.06 

(2 CH), 111.13 (2 CH), 41.17 (6 CH2), 36.59 (6 CH2), 35.53 (2 C), 28.14 (6 CH2) ppm. .ˮ .̂ 

˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3340, 3185, 2923, 2852, 1658. HR-MS (ESI. pos. Mode): ˭ ˪˳˶. 296.1763 ( 

C18H22N3O), ˲ ˦˴˳˫˲ˮ 296.1717 [M + H+]. 
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N-(1-˦˩˦˱˦˲ˮ˰)-2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5(6)-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (24). ˰ .˼ .˸ 

318-320°C, 1H NMR (500 MHz, DMSO-d6), ŭ: 7.92 (d, J = 8.6 Hz, 1H), 7.89 (s, 1H), 7.77 (d, J = 

8.5 Hz, 1H), 5.76 (s, 1H), 2.15 ï 2.05 (m, 15H), 1.8 ï 1.75 (m, 15H) ppm. 13C NMR (DMSO-d6, 

125 MHz), ŭ, ppm: 165.34 (C), 161.34 (C), 151.84 (C), 126.03 (C), 124.59 (C), 119.09 (CH), 

113.41 (CH), 103.47 (CH), 40.86 (3 CH2), 36.09 (C), 35.42 (C), 35.13 (6 CH2), 28.91 (3 CH2), 28.31 

(6 CH2) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3367, 3072, 3050, 2904, 2848, 1632. HR-MS (ESI. pos. 

Mode): ˭ ˪˳˶. 430.2858 (C28H36N3O), ˲ ˦˴˳˫˲ˮ˦ 430.2850 [M + H+]. 

5(6)-(N-˱˪˭ˮ˰˴ˮ˴˪˶˦ˬˮ˲)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (25). ˰ .˼ .˸ 

244-246°C 1H NMR (500 MHz, CDCl3), ŭ: 10.90 (br, s, 1H), 7.59 (br, s, 2H), 7.17 (d, J = 8.08, 1H), 

3.95-3.45 (m, 4H), 2.55-2.34 (m,  4H), 2.31 (s, 3H), 2.07-1.99 (m, 9H), 1.79-1.70 (m, 6H) ppm. 13C 

NMR (CDCl3, 125 MHz), ŭ: 164.29 (C), 129.47 (C), 128.60 (2 C), 121.02 (C), 120.92 (CH), 117.71 

(CH), 116. 04 (CH), 55.02 (2 CH2), 54.90 (CH3), 45.93 (2 CH2), 41.09 (3 CH2), 36.43 (3 CH2), 

35.41(C), 28.12 (3 CH2) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3429, 2923, 2850, 1724, 1611. HR-MS (ESI. 

pos. Mode): ˭ ˪˳˶. 379.2498 (C23H31N4O), ˲ ˦˴˳˫˲ˮ˦ 379.2429 [M + H+]. 

5(6)-(N-(2-˻˰˳˶˳˺˪˲ˮ˰)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (32). ˰ .˼ .˸ 

155-160°C . 1H NMR (400 MHz, DMSO-d6, ŭ:  1.83-1.72 (m, 6H), 2.14-2.02 (m, 9H), 7.31-7.24 

(m, 1H), 7.43-7.35 (m, 1H), 7.56 (dd, J=8.1 Hz, 1.3 Hz, 1H), 7.59 (s, 1H), 7.67 (dd, 7.9 Hz, 1.4 Hz, 

1H), 7.81 (dd, J = 8.4 Hz, J = Hz, 1.5, 1H), 8.18 (s, 1H), 9.91 (s, 1H), 12.45 (s, 1H) ppm. 13C NMR 

(DMSO-d6, 125 MHz), ŭ: 165.89, 135.42, 129.48 (2C), 129.15, 128.18 (2C), 127.41 (2C), 127.08, 

121.30, 40.67 (3CH), 39.09 (3 CH2), 35.10 (C), 27.66 (3CH2) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3414, 

3178, 2902, 2848, 1654, 1590. MS (m/z, %): 90.98 (100%), 349.06 (93%), 385.15 (77%).   

5(6)-(N-(4-˱˪˭ˮ˰˺˪˲ˮ˰)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (30). ˰ .˼ .˸ 

292-294°C . 1H NMR (400 MHz, DMSO-d6, ŭ:  ˳˶ ˮ˸˦˹˸˳˱˪˶ˮ: 1.91-1.70 (m, 12H), 2.16 -2.00 

(m, 18H), 2.28 (s, 6H), 7.15 (d, J=8.1 Hz, 4H), 7.49 (d, J=8.2 Hz, 1H), 7.62 (d, J=8.1 Hz, 1H), 7.69 

(m, 4H), 7.77 (s, 2H), 8.01 (s, 1H), 8.25 (s, 1H), 10.08 (d, 2H), 12.33 (d, J=8.8 Hz, 2H) ppm. 13C 

NMR (DMSO-d6, 125 MHz), ŭ: ˳˶ ˮ˸˦˹˸˳˱˪˶ˮ: 20.48 (2C), 27.67 (6CH2), 35.05 (2 CH3), 

36.11 (6CH2), 40.71 (6 CH2), 110.50, 111.05, 117.72, 118.10, 120.30 (d, 4CH), 128.98 (4CH), 

132.14, 132.26, 133.96, 135.78, 36.02, 137.03 (2CH), 142.31, 145.22, 153.76, 154.10, 163.76, 
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164.55, 165.90 (2C) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3354, 2902, 2847, 1645, 1594. HR-MS (CI. pos. 

Mode): ˭ ˪˳˶.  385.5014 (C25H27N3O), ˲ ˦˴˳˫˲ˮ˦ 385.2147 [M +]. 

5(6)-(N-(3-˲ˮ˸˶˳˺˪˲ˮ˰)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (31) ˰ .˼ .˸ 

167-170°C . 1H NMR (400 MHz, DMSO-d6, ŭ:  1.86-1.70 (m, 6H), 2.00-2.17 (m, 9H), 7.59 (d, J=7.6 

Hz, 1H), 7.65 (t, J=8.2 Hz, 1H), 7.86 ï 7.78 (m, 1H), 7.94 (dd, J = 8.1, 1.4 Hz, 1H), 8.23 (d, J = 7.9 

Hz, 2H), 8.86 (s, 1H), 10.64 (s, 1H), 12.00 (s, 1H) ppm. 13C NMR (DMSO-d6, 125 MHz), ŭ: 27.67 

(3CH2), 35.11 (C ), 36.10 (3CH2), 40.68 (3CH2), 114.21, 117.79, 121.30 (d, C), 121.37 (d, C), 

121.43, 121.31, 125.08, 127.14, 129.47, 129.99, 140.78, 147.90, 166.60, 171.93 ppm. .ˮ .̂ 

˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3117, 2903, 2849, 1651, 1621, 1596 . HR-MS (CI. pos. Mode): ˭ ˪˳˶. 416.4724 

(C24H24N4O3), ˲ ˦˴˳˫˲ˮ˦ 416.0051[M+]. 

5(6)-(N-(4-˺˪˲˳˻˷ˮ˺˪˲ˮ˰)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (28) ˰ .˼ .˸ 

270-273°C . 1H NMR (400 MHz, DMSO-d6, ŭ:  1.70-1.90 (m, 6H), 2.03-2.14 (m, 9H), 6.99 (d, J = 

8.0 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 7.11 (t, J = 7.3 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.57 (s, 1H), 

7.78 (d, J = 8.4 Hz, 1H), 7.83 (d, J = 8.8 Hz, 2H), 8.15 (s, 1H), 10.21 (s, 1H), 12.36 (s, 1H) ppm. 13C 

NMR (DMSO-d6, 125 MHz), ŭ: 27.67 (3 CH2), 35.03 (C), 36.11 ( 3CH), 40.71 (3CH2), 117.85 (4 

CH), 119.31 (2CH), 121.95 (4C), 122.95 (2CH), 129.97 (4 CH), 135.48 (C), 151.81 (C), 157.44 (C), 

165.97 (C) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3369, 3050, 2909, 2847, 1645, 1619, 1603, 1585. HR-MS 

(CI. pos. Mode): ˭ ˪˳˶. 463.5702 (C30H29N3O2), ˲ ˦˴˳˫˲ˮ˦ 463.2670 [M +].  

5(6)-(N-(4-˦̀˪˸˦˱ˮ˩˳˺˪˲ˮ˰)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (27). ˰ .˼ 

.˸ 266-268°C . 1H NMR (400 MHz, DMSO-d6, ŭ:  1.61-1.91 (m, 6H), 1.97-2.22 (m, 9H), 2.55 (3H), 

7.59 (d, J = 8.3 Hz, 1H), 7.81 (d, J = 8.3 Hz, 1H), 7.98 (s, 4H),  8.19 (s, 1H), 10.49 (s, 1H), 12.51 (s, 

1H). 26.46 (CH3) ppm. 13C NMR (DMSO-d6, 125 MHz), ŭ: 27.65 (3 CH2), 35.11 (3 C), 36.08 (3 

CH2), 40.64 (3 CH2), 119.32 (3CH), 122.86 (C ), 127.49 (C ), 129.30 (4CH), 131.74 (C ), 144.02 (C 

), 164.21 (C ), 166.47 (C ), 167.92 (C ), 196.61 (C ) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3254, 2903, 2849, 

1772, 1661, 1622, 1592, 1521.  HR-MS (CI. pos. Mode): ˭ ˪˳˶. 414.5115 (C26H28N3O2), ˲˦˴˳˫˲ˮ˦ 

414.2172 [M+H+]. 

5(6)-(N-(1H-˴ˮ˴˪˶˦ˬˮ˲)˯˦˶˧˳˻˷˦˱ˮ˩˳-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (26). ˰ .˼ .˸ 

272-274°C . 1H NMR (400 MHz, DMSO-d6), ŭ:  1.52-1.89 (m, 6H), 1.91-2.21 (m, 9H), 3.58 (s, 5H), 
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7.21 (d, J = 7.6 Hz, 1H), 7.60 ï 7.47 (m, 2H) ppm. 13C NMR (DMSO-d6, 125 MHz), ŭ: 21.65 

(3CH2), 35.03 (1C), 36.08 (3CH), 40.68 (3CH2), 120.87 (d, 2H), 128.55 (CH), 163.56 (CH), 170.13 

(C) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3473, 3176, 2902, 2848, 1621, 1524.  HR-MS (CI. pos. Mode): 

˭˪˳˶. 364.4839 (C22H28N4O), ˲ ˦˴˳˫˲ˮ˦ 364. 8950 [M +]. 

2-(˦˩˦˱˦˲˸˦˲-1-ˮ )˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-ˮ )˰(˴ˮ˶˳˰ˮ˩ˮ˲-1-ˮ )˰˱˪˭˦˲˳˲ˮ (29) ˰ .˼ .˸ 

283-286°C. 1H NMR (400 MHz, DMSO-d6, ŭ:  1.69-1.84 (m, 6H), 1.84-1.95 (m, 2H), 1.99-2.13 (m, 

9H), 3.53 ï 3.40 (m, 2H), 7.36 ï 7.22 (m, 1H), 7.46 ï 7.38 (m, 1H), 7.54 (s, 1H), 12.22 (s, 1H) 

ppm. 13C NMR (DMSO-d6, 125 MHz), ŭ: 23.96 (CH2), 26.07 (CH2), 27.64 (3CH2), 35.00 (C), 36.09 

(3CH), 40.71 (3CH2), 45.97 (CH2), 49.27 (CH2), 176.52 (C) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3397, 

3181, 2964, 2901, 2848, 1599, 1569, 1523.  HR-MS (CI. pos. Mode): ˭ ˪˳˶. 349.4693 (C22H27N3O), 

˲˦˴˳˫˲ˮ˦ 349.2157 [M +]. 

˪˭ˮ ˰3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ (13) 

˱˪˭˳˩ˮ )˦  

3.04  ˨ (20 ˱˱˳˰) 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦ ˨˦̄˷˲ˮ˰ ˮ˻˲˦ 50 ˱  ˰˦˧˷. ˪˭˦˲˳˰˾ˮ ˩  ˦

̂˫˪˭-̂˫˪˭˳˧ˮ˭ 15 ̂  ˭ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˩˦˱˦˸˪˧˹˰ ˮ˻˲˦ 2 ˱  ˰ ˨˳˨ˮ˶˱ ˩˵˦˫˦ (d=1.84). 

˱ˮ˼˪˧˹˰ˮ ˽˦˫ˮ˷˺˪˶ˮ ˷˹˷˺˪˲ˬˮ˦ ˦˩˹˼˪˷ 6 ˷ ,˭ ˾˪˱˩˪˨ ˩˦˦˱˦˸˪˷  200 ˱  ˰̂˽˦˰ˮ ˩  ˦80 

˱  ˰ Na2CO3 pH=8-˱˩.˪ ˾˪˱˩˪˨ ˦˱˳ˮ̂˫˰ˮ˰˦ 200˱  ˰˪˭ˮ˰˦̀˪˸˦˸ˮ˭. ˳˶˨˦˲˹˰ ˺˦ˬ˦˷  

˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭, ˦˾˶˳˧˪˲ ˨˰˦˹˧˪˶ˮ˷ ˱˦˶ˮ˰ˬ˪, ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˦˳˶˭˻˰˪˧˪˲. ˮ˼˪˧˪˲ 

1.8  ˨(10 ˱˱˳˰. 50%) ˲ ˮ˫˭ˮ˪˶˪˧˦ 13 ˽˦˫ˮ˷˺˪˶ ˯˶ˮ˷˸˦˰˪˧.˷ ˰ .˼ ˸ . 220-225°C.  

˱˪˭˳˩ˮ )˧  

5.05 ˨  (35˱ ˱˳˰) 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦ ˨˦̄˷˲ˮ˰ ˮ˻˲˦ 50 ˱  ˰˦˧˷. ˪˭˦˲˳˰˾ˮ ˩  ˦50 

˱  ˰ ˱˪˭ˮ˰˪˲ ˻˰˳˶ˮ˩ˮ˷ ˦˶˪˾ˮ ˩  ˦ ˽˦˫ˮ˷˺˪˶ ˷˹˷˴˪˲ˬˮ˦˷ ̂˫˪˭- ̂˫˪˭˳˧ˮ˭ 20 ̂  ˭

˨˦˲˱˦˫˰˳˧˦˾ˮ ˹˱˦˸˪˧˪˲ 5 ˱  ˰ ˭ˮ˳˲ˮ˰˻˰˳˶ˮ˩˷. ˦˩˹˼˪˧˪˲ 4.5 ˷ .˭ ˲˦˰˪˻˷ 

˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ˱˪˭ˮ˰˪˲˻˰˳˶ˮ˩ˮ˭ ˩  ˦ ˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 5.8  ˨ (71%) 

˲ˮ˫˭ˮ˪˶˪˧˦ 13 ˽˦˫ˮ˷˺˪˶ˮ ˯˶ˮ˷˸˦˰˪˧˷ ̆ˮ˩˶˳˻˰˳˶ˮ˩ˮ˷ ˷˦̄ˮ˭. ˰ .˼ ˸ . 220-225°C. 

˱˪˭ˮ˰ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ (15) 
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5.0  ˨ (33 ˱˱˳˰) 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳ˮ˷ ˱˵˦˫˦˷ 50 ˱  ˰ ˦˧˷˳˰˹˸˹˶ ˱˪˭˦˲˳˰˾ˮ 

˹˱˦˸˪˧˪˲ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ 3.6 ˱  ˰ (50 ˱˱˳˰) SOCl2 20 ̂ -˭  ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦˾˪˱˩˪˨ 

˷˦˶˪˻̀ˮ˳ ˲˦˶˪˫˷ ˦˩˹˼˪˧˪˲ 3 ˷ .˭ ˾˪˱˩˪˨ ˦˯˳˲̀˪˲˸˶ˮ˶˪˧˪˲, ˶˪̀̄˦˫˪˲ ˲˦̅˪˶ˮ NaHCO3 

̄˷˲˦˶ˮ˭  pH=8-˱˩ ˪ ˩  ˦ ˦̄˩˪˲˪˲ ˪˻˷˸˶˦˻̀ˮ˦˷ (3×50 ˱ )˰150 ˱  ˰ ˪˭ˮ˰˦̀˪˸˦˸ˮ˭. 

˳˶˨˦˲˹˰ ˨˦˱˳˲˦̂˫˰ˮ˰˪˧˷ ˦˨˶˳˫˪˧˪˲, ˶˪̀̄˦˫˪˲ ˱˦˶ˮ˰ˮ˦˲ˮ ̂˽˰ˮ˭, ˦˾˶˳˧˪˲ ˹̂˽˰˳ 

MgSO4-ˬ  ˪˩  ˦˦˳˶˭˻˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷. ˮ˼˪˧˪˲ 5.0 ˨  (30 ˱ ˱˳˰, 92 %) ˲ ˮ˫˭ˮ˪˶˪˧˦ 15 ˼ˮ˦ 

˽˦˫ˮ˷˺˪˶ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ ˸ . 109-111°C  (˰ ˮ :˸ 105-110°C). 

1H NMR (500 MHz, CDCl3): ŭ = 7.45 (dd, J = 8.0 Hz, J = 1.8 Hz, 1H), 7.40 (d, J = 1.8 Hz, 1H), 6.66 

(d, J = 8.1 Hz, 1H), 3.84 (s, 3 H), 3.43 (br, s, 4 H) ppm. 13C NMR (125 MHz, CDCl3): ŭ = 167.51 

(C), 140.54 (C), 133.20 (C), 123.35 (CH), 121.09 (C), 118.40 (CH), 114.99 (CH), 51.79 (CH3) ppm. 

.ˮ .̂ ˷ ˴˪˻˸˶ˮ, Ȋ, cm-1: 3435, 3362, 3199, 2943, 1688, 1665, 1624, 1585. 

˱˪˭ˮ˰ 3-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-4-˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ (16) 

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ (1) (1.1 ,˨ 6.1 ˱˱˳˰, 1 ˪˯˫) ˦˭˦˫˷˪˧˪˲ 50 ˱  ˰ ˪˶˭˽˪˰˦ 

˱˶˨˫˦˰́ˮ˶˦ ˯˳˰˧˦˾ˮ, ˹˱˦˸˪˧˪˲ 2 ˱  ˰ (27 ˱˱˳˰, 4 ˪˯˫.) SOCl2, ˯˳˰˧˦˷ ˹˯˪˭˪˧˪˲ 

˹˯˹˱˦̀ˮ˫˦˶˷ ˩  ˦˦̀̄˪˰˪˧˪˲ 50Ɓ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 20 ̂ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ SOCl2 

˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ ˦˱˦˳˶˭˻˰˪˧˪˰ˬ˪ ˩  ˦˱ˮ˼˪˧˹˰ ˱˽˦˶ ˱˦˷˦˷ ̄˷˲ˮ˦˲ 30 ˱  ˰CH2Cl2-˾.ˮ 

˱ˮ˼˪˧˹˰ ̄˷˲˦˶˷ ̂˫˪˭-̂˫˪˭˳˧ ˮ˭ ˦˱˦˸˪˧˪˲ 2 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˱˪˭ˮ˰ 3,4-

˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸ˮ˷ (2.02 ˨ ,  12 ˱ ˱˳˰, 2 ˪˯˫) ˩  ˦˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ (3.5 ˱ ,˰ 25 ˱ ˱˳˰, 4 

˪˯˫) CH2Cl2 -˦ ˲̄˷˲˦˶˾ˮ (100 ˱ )˰. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 3 

˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˶˪̀̄˦˫˪˲ 

̂˽˰ˮ˭ ˲˪ˮ˸˶˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪, ˦˾˶˳˧˪˲ MgSO4-ˬ  ˪ ˩  ˦ ˦˳˶˭˻˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷ 

˫˦˯˹˹˱ ˦˱˦˳˶˭˻˰˪˧˪˰ˬ˪. ˱ˮ˼˪˧˹˰ ˲˪˩˰  ˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˷ˮ˰ˮ˯˦˨˪˰ˮ˷ 

˷˫˪˸ˬ˪.  (˱ ˳́˶˦˫ˮ ˺˦ˬ˦: ̆ ˪˻˷˦˲ˮ/˪˭ˮ˰˦̀˪˸˦˸ˮ 3/1). ˮ ˼˪˧˪˲ 4 ˺ ˶˦˻̀ˮ˦˷: 

I ˺˶˦˻̀ˮ˦: ˷ ˦̂˽ˮ˷ˮ ˦˱ˮ˲ ˮ236 ˱  ˨(1.4 ˱ ˱˳˰, 12%). 

1H NMR (300 MHz, CDCl3): ŭ = 8.69 (s, 1H), 8.16 (dd, J = 9.2 Hz, J = 1.5 Hz, 1H), 7.99 (d, J = 9.2 

Hz, 1H), 3.98 (s, 3H) ppm. 

II ˺˶˦˻̀ˮ˦: ˩ˮ˦˱ˮ˩ˮ 18. (60 ˱ ,˨ 0.1 ˱ ˱˳˰, 2%). (Rf=0.25).  ˰ .˼ .˸ 287-288 °C. 1H NMR (300 

MHz, CDCl3): ŭ = 8.39 (s, 1H), 7.94 (d, 1.8 Hz, 1H), 7.98 ï 7.80 (m, 2H), 7.73 (d, 8.5 Hz, 1H), 
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3.90 (s, 3H), 2.13 ï 1.78 (m, 30) ppm. 13C NMR (125 MHz, CDCl3): ŭ = 177.74 (C), 177.42 (C), 

166.31 (C), 136.22 (C), 129.87 (C), 127.67 (CH), 127.21 (CH), 127.07 (C), 125.15 (CH), 

52.29(CH3), 41.70 (C),  41.46 (C), 39.37 (3 CH2),  39.37 (3 CH2), 36.51 (d, 6 CH), 28.20 (d, 6 CH) 

ppm. ˮ . .̂ ˷ ˴˪˻˸˶ˮ, Ȋ, cm-1: 3275 (br, w), 2901 (s), 2850 (s), 1716 (s), 1645 (s), 1491 (s), 1437 (m), 

1284 (s), 1221 (s), 1136 (w) cm-1. 

III ˺˶˦˻̀ˮ˦: ˮ ˬ˳˱˪˶ˮ 17. (78 ˱ ,˨ 0.2 ˱ ˱˳˰, 4%). 

IV ˺˶˦˻̀ˮ˦: ˮ ˬ˳˱˪˶ˮ 16 (600 ˱ ,˨ 1.8 ˱ ˱˳˰, 30 %). (Rf=0.15). ˰ .˼ .˸200-202 °C. 

1H NMR (300 MHz, CDCl3): ŭ = 7.83-7,64 (m, 2H), 7.27 (s, Hz, 1H), 6.76 (d, J = 8.1 Hz, 1H), 4.31 

(s, 2H), 3.88 (s, 3H), 2.21 ï 1.90 (m, 9 H), 1.91 ï 1.66 (m, 6 H) ppm. 13C NMR (125 MHz, CDCl3): 

ŭ = 177.23 (C), 166.83 (C), 146.66 (C), 129.37 (CH), 128.01 (CH), 122.98 (C), 120.41 (C), 116.97 

(CH), 51.89(CH3), 41.42 (C),  39.48 (3 CH2), 36.49 (3 CH2),  28.20 (3 CH) ppm. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, 

cm-1: 3449 (m), 3341 (d, m), 3200 (m), 2903 (s), 2850 (s), 1717 (m), 1687 (s), 1650 (s), 1624 (s), 

1603 (s), 1490 (s),1443 (s), 1328 (s), 1287 (s), 1209 (s), 1105 (m), 993 (s), 639 (m) cm-1. 

˱˪˭ˮ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ (19) 

1) ˱ ˪˭˳˩ˮ. 

1.64  ˨ (5 ˱˱˳˰, 1 ˪˯˫) ˱˪˭ˮ˰ 3-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-4-˦˱ˮ˲˳˧˪˲ˬ˳˦˸˷ (16) 

˦˭˦˫˷˪˧˪˲ 50 ˱  ˰ ˱˶˨˫˦˰́ˮ˶˦ ˯˳˰˧˦˾ˮ, ˹˱˦˸˪˧˪˲ 2.3 ˱  ˰ (100 %, 40 ˱ ˱˳˰, 9 ˪˯˫) 

́˱˦˶˱˵˦˫˦˷, 30 ˱  ˰ ˸˳˰˹˳˰˷, ˯˳˰˧˦˷ ˹˯˪˭˪˧˪˲ ˹˯˹˱˦̀ˮ˫˦˶˷ ̂˽˰ˮ˷ ˨˦˱˳˷˦˽˳˺ˮ 

˱ˮ˰ˮ˭ ˩  ˦˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 11 ˷ -˭  ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˲˦˶˪˫˷ ˦̀ˮ˫˪˧˪˲, 

˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ˦̀˪˸˳˲ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 

19 (0.912 ,˨ 2.94 ˱ ˱˳˰, 90 %) ˹ ˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 224-226°C. 1H NMR (500 

MHz, DMSO-d6): ŭ = 12.41 (s, 1H), 8.10 (s, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.55 (d, J = 8.5 Hz, 1H), 

3.85(s, 3H), 2.05 (s, 9 H), 1.77-1.73(m, 6H) ppm. 13C NMR (125 MHz, DMSO-d6): ŭ = 166.92 (C), 

122.52 (CH), 51.89 (CH3), 40.65 (3 CH2),  36.08(3 CH2), 35.11 (C), 36.45 (3 CH2),  27.66 (3 CH) 

ppm. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3324 (s), 2906 (s), 2850 (s), 1706 (s), 1622 (s), 1516 (w), 1438 (m), 

1410 (m), 1320 (m), 1280 (s), 1214 (w), 1090 (s), 737 (s), 668 (s) cm-1. HR-MS (ESI. pos. Mode): 

˨˦˱˳˭˫˰ˮ˰ˮ˦: 333.1579 (for C19H23NaN2O2), ˲˦˴˳˫˲ˮ˦: 333.1579 [M + Na+]. 

2) ˱ ˪˭˳˩ˮ. 
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989 ˱ ˨ (3 ˱˱˳˰, 1 ˪˯˫) ˱˪˭ˮ˰ 3-(˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩˳)-4-˦˱ˮ˲˳˧˪˲ˬ˳˦˸˷ (16) 

˦˭˦˫˷˪˧˪˲ 50 ˱  ˰ ˱˶˨˫˦˰́ˮ˶˦ ˯˳˰˧˦˾ˮ, ˹˱˦˸˪˧˪˲ 1.7 ˱  ˰ (21 ˱˱˳˰, 7 ˪˯˫) 

˸˶ˮ˺˸˳˶́˱˦˶˱˵˦˫˦˷, 15 ˱  ˰ ˸˳˰˹˳˰˷, ˯˳˰˧˦˷ ˹˯˪˭˪˧˪˲ ˹˯˹˱˦̀ˮ˫˦˶˷ ̂˽˰ˮ˷ 

˨˦˱˳˷˦˽˳˺ˮ ˱ˮ˰ˮ˭ ˩  ˦˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 7 ˷ -˭  ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˲˦˶˪˫˷ 

˦̀ˮ˫˪˧˪˲, ˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˩  ˦̆˪˻˷˦˲ˮ˭ ˩  ˦˦˾˶˳˧˪˲. 

ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 19 (925 ˨ , 2.98 ˱ ˱˳˰, 99 %) ˹ ˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 224-

226°C. 1H NMR (300 MHz, CDCl3): ŭ = 8.38 (d, J = 1.4 Hz, 1H), 8.02 (dd, J = 8.7 Hz, J = 1.5 Hz, 

1H), 7.75 (d, J = 8.6 Hz, 1H), 3.87 (s, 3 H), 2.23 ï 1.61 (m, 15 H) ppm. 1H NMR (500 MHz, 

CDCl3): ŭ = 8.39 (s, 1H), 8.02 (dd, J = 8.6 Hz, J = 1.1 Hz, 1H), 7.73 (d, J = 8.6 Hz, 1H), 4.70 (s, 1H), 

3.86 (s, 3H), 2.20 (s, 8 H), 1.73 (q, J = 12.4 Hz, 8H) ppm. 13C NMR (125 MHz, CDCl3): ŭ = 166.32 

(C), 163.13 (C), 135.40 (C), 132.19 (C), 127.38 (C), 126.47 (CH), 116.47 (CH), 114.08 (CH), 52.54 

(CH3),  40.03 (3 CH2), 35.52 (d, C, 3 CH2),  27.76 (3 CH) ppm. 

3)˱ ˪˭˳˩ˮ 

50 ˱  ˰˯˳˲˹˷˹˶ ˯˳˰˧˦˾ˮ ˹˯˹˱˦̀ˮ˫˶ˮ˭, ˷˦˶˪˫˪˰˦˭ˮ ˩  ˦˭˪˶˱˳˱˪˸˶ˮ˭, ˦˭˦˫˷˪˧˪˲ 

3.489 ˨  (21 ˱˱˳˰) ˱˪˭ˮ˰-3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˦˸˷ (15) ˩  ˦3.785 ˨  (21 ˱˱˳˰) ˦˩˦˱˦˲˸˦˲ 

˯˦˶˧˳˲˱˵˦˫˦˷. ˲˦˶˪˫˷ ˹˱˦˸˪˧˪˲ 15 ˱  ˰ ˴˳˰ˮ˺˳˷˺˳˶ˮ˷ ˱˵˦˫˦ ˷ ˸˶ˮ˱˪˭ˮ˰˷ˮ˰ˮ˰ˮ˷ 

˪˭˪˶˷ ˩  ˦˧˰˦˲˸ ˱˦˷˦˷ ˦̀̄˪˰˪˧˪˲ 140-160°C-ˬ  ˪ 7 ˷ .˭ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˱ˮ˱˩ˮ˲˦˶˪˳˧˦˷ 

˦˱˳̂˱˪˧˪˲ ˭̄˪˰˺˪˲˳˫˦˲ˮ ˻˶˳˱˦˸˳˨˶˦˺ˮˮ˷ ˷˦˾˹˦˰˪˧ˮ˭ ˷ˮ˷˸˪˱˦: ̆˪˻˷˦˲ˮ/˪˭ˮ˰˦̀˪-

˸˦˸ˮ 1/1. ˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ̀̄˰˦˩ ˾˰ˮ˦˲ 100 ˱  ˰

̂˽˦˰˾ˮ. ˦ ˲˪ˮ˸˶˦˰˪˧˪˲ 5% NaOH ̂ ˽˦˰̄˷˲˦˶ˮ˭ pH 9-10-˱˩.˪ ˨ ˦˱˳˽˳˺ˮ˰ ˭˪˭ ˶˲˦˰˪˻˷ 

˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˩  ˦̆˪˻˷˦˲ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 6.5  ˨ (21 ˱˱˳˰) 99 % 

˲ˮ˫˭ˮ˪˶˪˧˦ 19 ˭˪˭ ˶˯˶ˮ˷˸˦˰˪˧˷. ˰ .˼ .˸ 224-226°C 

2-(˦˩˦˱˦˲˸˦˲-1-ˮ )˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳̆ˮ˩˶˦ˬˮ˩ˮ (20)  

10 ˱  ˰˱˶˨˫˦˰́ˮ˶  ˦˯˳˰˧˦˾ˮ ˦˭˦˫˷˪˧˪˲ 100 ˱  ˨(0.3 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 19, ˹˱˦˸˪˧˪˲ 2 

˱  ˰ ̆ˮ˩˶˦ˬˮ˲̆ˮ˩˶˦˸˷ ˩  ˦ 5 ˱  ˰ ˪˭˦˲˳˰˷. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 48 ˷ .˭ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˱˦˸˪˧˪˲ ̂˽˦˰˷  ˩  ˦̂˫˰ˮ˰˦˫˪˲ 50 

˱  ˰˪˭ˮ˰˦̀˪˸˦˸ˮ˭  ˳˶̅˪˶. ˦˾˶˳˧˪˲ ˹̂˽˰˳ ˱˦˨˲ˮ˹˱ˮ˷ ˷˹˰˺˦˸ˬ˪ ˩  ˦˦˳˶˭˻˰˪˧˪˲ 

˨˦˱̄˷˲˪˰˷. ˮ ˼˪˧˪˲ 81 ˱  ˨(0.26 ˱ ˱˳˰, 81 %) ˭ ˪˭˶ˮ ˺˪˶ˮ˷ ˲ˮ˫˭ˮ˪˶˪˧˦ 20- .˷ 
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1H NMR (500 MHz, CD3OD): ŭ = 8.08 (d, J = 15.3 Hz, 1H), 8.00 (s, 1H), 7.78 ï 7,68 (m, 1H), 7.64 

(dd, J = 8.4, 1,3 Hz, 1H), 7.57 (d, 8.4 Hz, 1H),7.54 (d, J = 8.4, 1H), 3.30 (dd, J = 3.0, 1.6 Hz, 2H),  

2.10- 1.96 (m, 15 H) ppm. 13C NMR (125 MHz, CDCl3): ŭ = 173.01 (C), 170.38 (C), 166.12 (C), 

128.83 (C), 128.44 (C), 128.14 (C), 122.81 (CH), 122.21 (CH), 42.14 (3 CH2), 37.55 (3 CH2), 36.80 

(C), 28.69 (3 CH) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3256 (br.s), 2905 (s), 2852 (s), 1625 (s), 1525 (w), 

1452 (w), 1409 (m), 1318 (m). HR-MS (ESI. pos. Mode): ˨ ˦˱˳˭˫˰ˮ˰ˮ˦: 311.1754 (C18H22N4O), 

˲˦˴˳˫˲ˮ˦: 311.1863  [M + H+]. 

N-(3-̆ˮ˩˶˳˻˷ˮ˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ  (33) 

˱˪˭˳˩ˮ 1) [171] 

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ (1) (9.01 ,˨ 50 ˱˱˳˰, 1 ˪˯˫) ˦˭˦˫˷˪˧˪˲ 100 ˱  ˰ ˪˶˭˽˪˰˦ 

˱˶˨˫˦˰́ˮ˶˦ ˯˳˰˧˦˾ˮ, ˹˱˦˸˪˧˪˲ 11 ˱  ˰ SOCl2, ˯˳˰˧˦˷ ˹˯˪˭˪˧˪˲ ˹˯˹˱˦̀ˮ˫˦˶˷ ˩  ˦

˦˩˹˼˪˧˪˲ 1 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ SOCl2 ˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ ˦˱˦˳˶˭˻˰˪˧˪˰ˬ˪ 

˩  ˦ ˱ˮ˼˪˧˹˰ ˱˽˦˶ ˱˦˷˦˷ ̄˷˲ˮ˦˲ 10 ˱  ˰ CH2Cl2-˾.ˮ ˱ˮ˼˪˧˹˰ ̄˷˲˦˶˷ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ 

˹˱˦˸˪˧˪˲ 3-˦˱ˮ˲˳˺˪˲˳˰ˮ˷˦ (5.46 ,˨  50 ˱˱˳˰, 1 ˪˯˫) ˩  ˦ ˸˶ˮ˪˭ˮ˰˦˱ˮ˲ˮ˷ (11 ˱ ,˰ 

79.˱ ˱˳˰, 1.6 ˪˯˫) CH2Cl2 -˦ ˲ ̄˷˲˦˶˾ˮ (50 ˱ )˰. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 3 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ 

˷˹˷˴˪˲ˬˮ˦˷ ˹˱˦˸˪˧˪˲ ˦˱˹˾˦˫˪˧˪˲ ̂˽˰ˮ˭, ˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ 

̂˽˰ˮ˭ ˩  ˦̆˪˻˷˦˲ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 10.85  ˨ ˲ˮ˫˭ˮ˪˶˪˧˦ 33-ˮ ˷ (40 ˱˱˳˰, 80%). 

˰ .˼ .˸ 187-188°C.   

˱˪˭˳˩ˮ 2) 

1-˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷ (1) (1.092 ˨ , 6 ˱ ˱˳˰, 1 ˪ ˯˫.) ˩  ˦˭ˮ˳˲ˮ˰˻˰˳˶ˮ˩˷ (2 ˱ ,˰ 27 

˱˱˳˰, 27 ˪˯˫) ˦˭˦˫˷˪˧˪˲ 50˱  ˰ ˱˶˨˫˦˰́ˮ˶˦ ˯˳˰˧˦˾ˮ ˩  ˦ ˦̀̄˪˰˪˧˪˲ 55 °C- ˬ  ˪ 1˷˭  

˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˭ˮ˳˲ˮ˰˻˰˳˶ˮ˩˷ ˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ ˦˱˦˳˶˭˻˰˪˧˪˰ˬ˪ ˩  ˦

˱ˮ˼˪˧˹˰ ˲˦˾˭˷ ̄˷˲ˮ˦˲ 10 ˱  ˰˱˪˭ˮ˰˪˲˻˰˳˶ˮ˩˾ˮ. ˱ˮ˼˪˧˹˰ ̄˷˲˦˶˷ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ 

˦˱˦˸˪˧˪˲ ˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦˾ˮ ˿˦˩˨˱˹˰ 20 ˱  ˰ ˱˪˭ˮ˰˪˲˻˰˳˶ˮ˩˾ˮ ˨˦̄˷˲ˮ˰ 3-

˦˱ˮ˲˳˺˪˲˳˰ˮ˷˦ (0.660 ˨ , ˱˱˳˰, 1˪ ˯˫) ˩  ˦  10 ˱  ˰ 2M ˲˦˸˶ˮ˹˱ˮ˷ ̆ˮ˩˶˳˯˦˶˧˳˲˦˸ˮ˷ 

̂˽˦˰̄˷˲˦˶ˮ˷ ˲˦˶˪˫˾ˮ. ˻˰˳˶˦˲̆ˮ˩˶ˮ˩ˮ˷ ˷˶˹˰ˮ ˩˦˱˦˸˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ 

˦̀ˮ˰˪˧˪˲ ˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦˷ ˩  ˦˦˨˶́˪˰˪˧˪˲ ˱˳˶˪˫˦˷ ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ ˱˭˪˰ˮ 
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˼˦˱ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˱˪˳˶˪ ˩˼˪˷ ˺˹́ˮ˷ ˺˦ˬ˦˾ˮ ˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, 

˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˲˪ˮ˸˶˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪ ˩  ˦˦˾˶˳˧˪˲. ˮ˼˪˧˪˲ 1.048 ˨  ˲ˮ˫˭ˮ˪˶˪˧˦ 33-

ˮ ˷˭˪˭˶ˮ ˺˪˶ˮ˷ ˦˱˳˶˺˹˰ ˯˶ˮ˷˸˦˰˪˧˷. 

˳˶ ˮ ˺˪˲ˮ˷˨˦˲ ˾˪˱˩˨˦˶ ˺ˮ˰˸˶˦˸˷ ˽˳˺˪˲. ˳˶˨˦˲˹˰ ˺˪˲˦˷ ˶˪̀̄˦˫˪˲ 10% 

˱˦˶ˮ˰˱˵˦˫ˮ˭, ˾˪˱˩˪˨ ̂˽˰ˮ˭ ˲˪ˮ˸˶˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪, ˦˾˶˳˧˪˲ MgSO4-ˬ  ˪ ˩  ˦

˦˳˶˭˻˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷. ˨˦˱˳˽˳˺˪˲  0.447  ˨ ˭˪˭˶ˮ ˺˪˶ˮ˷ ˦˱˳˶˺˹˰ ˯˶ˮ˷˸˦˰˪˧˷, 

˱ˮ˼˪˧˹˰ˮ ˲˦˰˪˻ˮ˷ ˷˶˹˰ˮ ˶˦˳˩˪˲˳˧˦ ˾˪˦˩˨˪˲˷ 1.495 ˨ (5.5 ˱ ˱˳˰, 95%). Rf=0.60, ˰ .˼ .˸ 

187-188°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3389, 3177, 2901, 2851, 1609, 1532, 1436 cm-1. 1H NMR 

(DMSO-d6): ŭ  1.59ï1.77 (m, 6H, Ad), 1.82ï1.92 (m, 6H, Ad), 1.94ï2.05 (m, 3H, Ad), 6.36ï6.48 

(m, 1H, Ar), 6.94ï7.08 (m, 2H, Ar), 7.23 (s, 1H, Ar), 8.94 (s, 1H, NH), 9.29 (s, 1H,OH) ppm. 13C 

NMR (DMSO-d6): ŭ 27.76 (3 CH), 36.07 (3 CH2), 38.33 (3 CH2), 40.97 (C), 107.45 (CH), 110.23 

(CH), 111.02 (CH), 128.99 (CH), 140.44 (C), 157.40 (C), 175.89 (C) ppm. 

ˮˬ˳˱˪˶˪˧ˮ 34-36 ˱ˮ˼˪˧ˮ˷ ˱˪˭˳˩ˮ˯˦ 

˯˦˶˨˦˩ ˨˦̀ˮ˪˧˹˰ (˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦) 2.99  ˨(11 ˱ ˱˳˰, 1 ˪ ˯˫) ˲ˮ˫˭ˮ˪˶˪˧˦ 33 -ˮ ˷15 ˱  ˰

́˱˦˶˱˵˦˫ˮ˷ ˷˹˷˴˪˲ˬˮ˦˾ˮ ˹˱˦˸˪˧˪˲ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ HNO3  (65%, 7 ˱ ,˰ 15 ˱ ˱˳˰, 1.4 ˪ ˯˫) 

5 ̂˹˭ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 1 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪. ˾˪˱˩˪˨ ˦˷̄˦˱˪ ˲ ˽ˮ˲˹˰˪˧ˬ˪ ˩  ˦ ˨˦˱˳˽˳˺ˮ˰ ˽˫ˮ˭˪˰ ˲˦˰˪˻˷ 

˺ˮ˰˸˶˦˫˪˲ ˩  ˦ ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˲˪ˮ˸˶˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪.  ˲˦˰˪˻˷ ˦˾˶˳˧˪˲ ˩  ˦

˦˯˶ˮ˷˸˦˰˪˧˪ ˲10 ˱  ˰˪˭˦˲˳˰˾ˮ. ˮ˼˪˧˪˲ 0.86  ˨(2.74 ˱ ˱˳˰, 25 %) ˽ ˫ˮ˭˪˰ˮ ˺˪˶ˮ˷  N-(5-

̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(36) ˯˶ˮ˷˸˦˰˪˧˷.  ˺ˮ˰˸˶˦˸˷ 

˦˳˶˭˻˰˪˧˪˲ ˩  ˦˱˾˶˦˰ ˲˦˾˭˷ ˦˷˹˺˭˦˫˪˧˪˲ ˷ˮ˰ˮ˯˦˨˪˰ˮ˷ ˷˫˪˸ˬ˪.  (˱ ˳́˶˦˫ˮ ˺˦ˬ˦: 

̆˪˻˷˦˲ˮ/˪˭ˮ˰˦̀˪˸˦˸ˮ 3/1). ˮ ˼˪˧˪˲ 3 ˺ ˶˦ ˻̀ˮ˦˷: ˴ˮ˶˫˪˰˷, (Rf = 0.85), 0.10  ˨(0.33 ˱˱˳˰, 3 

%), ̂ ˮ˭˪˰ˮ ˺˪˶ˮ˷ ˮˬ˳˱˪˶˷ 34. ˱˪˳˶˪, (Rf = 0.80), ˽ ˫ˮ˭˪˰ˮ ˺˪˶ˮ˷ ˲ˮ˫˭˪ˮ˶˪˧˦ 35 (1.39 

g, 5.13 mmol, 40 %). ˱ ˪˷˦˱˪ ˺˶˦˻̀ˮ˦, (Rf = 0.71), ˲ ˮ˫˭ˮ˪˶˪˧˦ 36 ˩˦˶˿˪˲ˮ˰ˮ ˲˦̂ˮ˰ˮ (0.186 

,˨ 0.588 ˱ ˱˳˰, 5 %).˲ ˮ˫˭ˮ˪˶˪˧˦ 36 ˷˶˹˰ˮ ˨˦˱˳˷˦˫˦˰ˮ: 1.049 ˨  (3.316 ˱ ˱˳˰, 30 %).  

N-(3-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (34). ̂ˮ˭˪˰ˮ ˯˶ˮ˷˸˦˰˪˧ˮ 

˰ .˼ .˸ 155-157°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3351, 2912, 2850, 1695, 1611, 1579 cmï1; 1H NMR 

(DMSO-d6): ŭ 1.60ï1.76 (m, 6H, Ad), 1.77ï1.96 (m, 6H, Ad), 1.96ï2.05 (m, 3H, Ad), 6.81 (d, J = 
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7,9 Hz, 1H, Ar), 6.90 (d, J = 8.2 Hz, 1H, Ar), 7.33 (t, J = 8.2 Hz, 1H, Ar), 9.27 (s, 1H, OH), 10.86 

(s, 1H, NH) ppm; 13C NMR (DMSO-d6): ŭ 27.56 (3 CH), 36.00 (3 CH2), 38.22 (3 CH2), 40.39 (C), 

114.30 (CH), 117.31 (CH), 131.31 (CH), 131.63 (C), 135.96 (C), 150.37 (C), 176.03 (C) ppm. ˱˦˷˷-

˷˴˪˻˸˶ˮ (ESI): m/z (%) = 339.1 (100) [M + Na]+. ˪˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ: ˭˪˳˶ˮ˹˰ˮ 

C17H20N2O4: C, 64.54; H, 6.37; N, 8.86. ˲˦ ˴˳˫˲ˮ˦ C, 64.03; H, 6.83; N, 8.34.  

N-(3-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (35). ˽˫ˮ˭˪˰ˮ ˯˶ˮ˷˸˦˰˪˧ˮ 

˰ .˼ .˸192-194°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3434, 2904, 2849, 1686, 1628, 1589. 1H NMR (DMSO-

d6): ŭ 1.66ï1.78 (m, 6H, Ad), 1.87ï1.97 (m, 6H, Ad), 1.90ï2.12 (m, 3H, Ad), 7.27 (d, J = 9.1 Hz, 

1H, Ar), 7.75 (s, 1H, Ar), 7.94 (d, J = 9.2 Hz, 1H, Ar), 9.54 (s, 1H, OH), 10.85 (s, 1H, NH) ppm. 

13C NMR (DMSO-d6): ŭ 27.55 (3 CH), 35.85 (3 CH2), 37.88 (3 CH2), 41.37 (C), 108.03 (CH), 

111.21 (CH), 126.06 (CH), 130.40 (C), 146.36 (C), 154.15 (C), 176.79 (C) ppm. ˱˦˷˷-

˷˴˪˻˸˶ˮ(ESI): m/z (%) = 339.2 (100) [M + Na]+. ˪˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ: ˭˪˳˶ˮ˹˰ˮ 

C17H20N2O4: C, 64.54; H, 6.37; N, 8.86. ˲˦ ˴˳˫˲ˮ˦ C, 64.63; H, 6.41; N, 8.61. 

N-(5-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (36). ˱˹˻ˮ ˽˫ˮ˭˪˰ˮ 

˯˶ˮ˷˸˦˰˪˧ˮ, ˰ .˼ .˸ 281-285°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3094, 2920, 2851, 1660, 1598, 1559. 1H 

NMR (DMSO-d6): ŭ 1.64ï1.80 (m, 6H, Ad), 1.85ï1.97 (m, 6H, Ad), 2.01ï2.06 (m, 3H, Ad), 6.62 

(dd, J = 9.2 Hz, J = 2.2, 1H, Ar), 7.98 (d, J = 2.1 Hz, 1H, Ar), 8.08 (d, J = 9.3 Hz, 1H, Ar), 10.57 (s, 

1H, OH), 11.17 (s, 1H, NH) ppm. 13C NMR (DMSO-d6): ŭ 27.58 (3 CH), 35.93 (3 CH2), 38.42 (3 

CH2), 41.69 (C), 107.27 (CH), 111.40 (CH), 128.55 (CH), 129.74 (C), 137.05 (C), 164.39 (C), 

176.32 (C) ppm. ˱ ˦˷˷-˷˴˪˻˸˶ˮ (ESI): m/z (%) = 339.2 (100) [M + Na]+. ˪ ˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ: 

˭˪˳˶ˮ˹˰ˮ C17H20N2O4: C, 64.54; H, 6.37; N, 8.86. ˲˦ ˴˳˫˲ˮ˦ C, 64.36; H, 6.62; N, 8.90. 

˲ˮ˫˭ˮ˪˶˪˧˦ 37-39 ˱ˮ˼˪˧ˮ˷ ˬ˳˨˦˩ˮ ˱˪˭˳˩ˮ˯˦. 

0.100  ˨ ˯˦˸˦˰ˮˬ˦˸˳˶ˮ (5% Pt, 1 % Fe, ˲ ˦̄˾ˮ˶ˬ˪) ˪˱˦˸˪˧˦ 0.78  ˨ (2.37 ˱˱˳˰) 

˲ˮ˫˭ˮ˪˶˪˧˦ 34-36-  ˷ 25 ˱  ˰ ˪˭˦˲˳˰˾ˮ. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˯˪˭˪˧˪˲ ˩˪˨˦ˬ˦̀ˮ˦˷ ˩  ˦

˹˶ ˪˫˪˲ 24 ˷ -˭  ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˳˭˦̄ˮ˷ ˸˪˱˴˪˶˦˸˹˶˦ˬ˪ (18°C) ̂˽˦˰˧˦˩ˮ˷ ˦˶˪˾ˮ. 

˾˪˱˩˪˨ ˦̀ˮ˰˪˧˪˲ ˯˦˸˦˰ˮˬ˦˸˳˶˷ ˨˦˺ˮ˰˸˫˶ˮ˭ ˩  ˦˱ˮ˼˪˧˹˰ ˺ˮ˰˸˶˦˸˷ ˦˳˶˻˰˪˧˪˲ 

˫˦˯˹˹˱ ˦˱˦˳˶˻˰˪˧˪˰ˬ˪. ˲˪˩ ˰ ˴˶˳˩˹˻˸˷ ˦˯˶ˮ˷˸˦˰˪˧˪˲ ˻˰˳˶˳˺˳˶˱˾ˮ. ˮ˼˪˧˪˲ 

˦˱ˮ˲˳˦˱ˮ˩˪˧˷ 37-39.  
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N-(2-˦˱ˮ˲˳-3-̆ˮ˩˶˳˻˷ˮ˺˪˲ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (37). (˨˦˱. 23%)  ˼ˮ˦ 

ˮ˦˷˦˱˲ˮ˷˺˪˶ ˯˶ˮ˷˸˦˰˪˧˷. ˰ .˼ .˸ 1H NMR (500 MHz, ˱ ˪˭˦˲˳˰ˮ-d4): ŭ = 7.02 (d, J = 1.6 Hz, 

1H), 6.68-6.74 (m, 2H), 4.90 (s, 4H), 2.11-1.93 (m, 9H), 1.87-1.75 (m, 6H) ppm. 13C NMR (125 

MHz, Methanol-d4): ŭ = 179.57 (C), 146.75 (C), 133.66 (C), 131.64 (C), 117.44 (CH), 115.46 (CH), 

111.24 (CH), 42.81 (C), 40.53 (3 CH2), 38.01 (3 CH2),  30.16 (3 CH) ppm. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 

3356, 3326, 3291, 3899, 2850, 1646, 1619, 1544, 1444, 1393, 1247. HR-MS (ESI. pos. Mode): 

˭˪˳˶. 287.1715 (for C17H23N2O2), ˲ ˦˴˳˫˲ˮ˦ 287.1830  [M + H+]. 

N-(4-˦˱ˮ˲˳-3-̆ˮ˩˶˳˻˷ˮ˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (38). ˨˦˱˳˷˦˫˦˰ˮ: 0.64 ˨  (2.24 

˱˱˳˰, 91%); ˶ ˹̄ˮ ˺˪˶ˮ˷ ˯˶ˮ˷˸˦˰˪˧ˮ, ˰ .˼ .˸ 200-202°C. ˮ . .̂ ˷ ˴˪˻˸˶ˮ, Ȋ, cm-1: 3356, 3326, 

3291, 3899, 2850, 1646, 1619, 1544. 1H NMR (˱˪˭˦˲˳˰ˮ-d4): ŭ 1.73ï1.81 (m, 6H, Ad), 1.92ï

1.96 (m, 6H, Ad), 2.02ï2.06 (m, 3H, Ad), 6.63ï6.72 (m, 2H, 2 Ar), 6.98 (d, J = 1.9 Hz, 1H, Ar) 

ppm. 13C NMR (˱˪˭˦˲˳˰ˮ-d4): ŭ 30.16 (3 CH), 38.01 (3 CH2), 40.53 (3 CH2), 42.81 (C), 111.24 

(CH), 115.46 (CH), 117.44 (CH), 131.64 (C), 133.66 (C), 146.75 (C), 179.57 (C) ppm. MS (ESI): 

m/z (%) = 287.2 (100) [M + H]+. HRMS (ESI): m/z [M + H]+ ˨ ˦˱˳˭˫˰ˮ˰ˮ˦ C17H23N2O2: 

287.1760; ˲ ˦˴˳˫˲ˮ˦: 287.1747. 

N-(2-˦˱ˮ˲˳-5-̆ˮ˩˶˳˻˷ˮ˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (39). ˨˦˱˳˷˦˫˦˰ˮ 0.67 g (2.34 

mmol, 95%); ˶ ˹̄ˮ ˺˪˶ˮ˷ ˯˶ˮ˷˸˦˰˪˧ˮ, ˰ .˼ .˸180-182°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3312, 3006, 

2906, 2850, 1629. 1H NMR (˱˪˭˦˲˳˰ˮ-d4): ŭ 1.78ï1.84 (m, 6H, Ad), 1.98ï2.03 (m, 6H, Ad), 

2.04ï2.09 (m, 3H, Ad), 6.55 (dd, J = 8.5 Hz, J = 2.7 Hz, 1H, Ar), 6.69 (d, J = 2.6 Hz, 1H, Ar), 6.75 

(d, J = 8.5 Hz, 1H, Ar), 7.90 (s, 1H, NH) ppm. 13C NMR (˱˪˭˦˲˳˰ˮ-d4): ŭ 29.70 (3 CH), 37.56 (3 

CH2), 40.24 (3 CH2), 42.47 (C), 113.68 (CH), 114.98 (CH), 120.51 (CH), 127.55 (C), 134.69 (C), 

151.79 (C), 179.47 (C) ppm. MS (ESI): m/z (%) = 309.2 (100) [M + Na]+. ˪˰˪˱˪˲˸˹˶ˮ 

˦˲˦˰ˮˬˮ, ˨˦˱˳˭˫˰ˮ˰ˮ C17H22N2O2: C, 71.30; H, 7.74; N, 9.78. ˲˦˴˳˫˲ˮ˦: C, 71.26; H, 7.78; 

N, 9.55. 

 

 

N-(2-˱˪˭ˮ˰˧˪˲˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (43). 
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   ˲ ˮ˫˭ˮ˪˶˪˧˦ 38 (92 ˱,˨ 0.30 ˱˱˳˰), Cu(OAc)2Ā H2O (19 ˱,˨ 0.10 ˱˱˳˰) ˩  ˦́˱˦˶˱˵˦˫˦ 

˦˲̆ˮ˩˶ˮ˩˷ 40 (61 ˱ ,˨ 0.60 ˱ ˱˳˰) ˽ˮ˲˹˰˳˫˦˲ ́˱˦˶˱˵˦˫˦˾ˮ (2 ˱ )˰ ˦˩˹˼˪˧˪˲ 118°C  7 ˷ .˭ 

˾˪˱˩˪˨ ˦̀ˮ˰˪˧˪˲ ˨˦˱̄˷˲˪˰˷ ˩  ˦ ˲˪˩ ˰ ˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ 

˷˫˪˸ˬ˪ (SiO2, ̆ ˪˻˷˦˲ˮ/EtOAc 2:1) ˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 43 (15 ˱ ,˨ 0.05 ˱ ˱˳˰, 16%, Rf = 

0.30) ˫˦˶˩ˮ˷˺˪˶ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 235-237°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3261, 

2900, 2849, 1644, 1623, 1582, 1527. 1H NMR (CDCl3): ŭ 1.60ï2.09 (m, 15H, Ad), 2.81 (s, 3H, 

CH3), 7.07 (dd, J = 8.5 Hz, J = 2.1 Hz, 1H, Ar), 7.43 (s, 1H, NH), 7.53 (d, J = 8.5 Hz, 1H, Ar), 8.17 

(d, J = 2.0 Hz, 1H, Ar) ppm. 13C NMR (CDCl3): ŭ 14.65 (CH3), 28.30 (3 CH), 36.59 (3 CH2), 

39.46(3 CH2), 41.73 (C), 103.09 (CH), 116.54 (CH), 119.07 (CH), 135.28 (C), 138.06 (C), 151.49 

(C), 164.13 (C), 176.21 (C) ppm. MS (ESI): m/z (%) = 333.1 (100) [M+Na]+. HRMS (ESI): 

˨˦˱˳˭˫˰ˮ˰ˮ 333.1579 (C19H22N2NaO2+); ˲ ˦˴˳˫˲ˮ ˦333.1576 [M+Na]+. 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ 44-49 (̀̄˶ˮ˰ˮ 1, ˷ ˫˪˸ˮ 2ï7); ˬ ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A 

˲ˮ˫˭ˮ˪˶˪˧˦ 38 (1.0 equiv.), Cu(OAc)2 Ā H2O (0.4 equiv.) ˩  ˦ ˦˰˩˪̆ˮ˩˪˧˷ 41aïf (1.0 

equiv.) ˦˧˷˳˰˹˸˹˶ ˸˳˰˹˳˰˾ˮ (10 ˰/˱˳  ˰38) ˦˩˹˼˪˧˪˲ 16-20 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ 

˩ˮ˲˦-˷˸˦˶˯ˮ˷ ˦˴˦˶˦˸ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭. ˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ (˱˳˲ˮ˸˳˶ˮ˲˨˷ 

˦̂˦˶˱˳˪˧˩˲˪˲ ˭̄˪˰˺˪˲˳˫˦˲ˮ ˻˶˳˱˦˸˳˨˶˦˺ˮˮ˭), ˨˦˱̄˷˲˪˰˷ ˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ˬ˪ ˩  ˦

˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪. ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˪˧˷ 44-

49. 

N-(2-˺˪˲ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (44). ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 

ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A-  ˷ ˾˪˷˦˧˦˱ˮ˷˦˩:  ˲ˮ˫˭ˮ˪˶˪˧˦ 38 (143˱ ,˨ 0.50˱ ˱˳˰), 

Cu(OAc)2 · H2O (40˱ ,˨ 0.20˱ ˱˳˰) ˩  ˦˧˪˲ˬ˦˰˩˪̆ˮ˩˷ 41a (53 ˱ ,˨ 0.50 ˱ ˱˳˰) ˦˧˷˳˰˹˸˹˶ 

˸˳˰˹˳˰˾ˮ (50 ˱ )˰ ˦̀̄˪˰˪˧˪˲ 16 ˷  ˭˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 44 (93 ˱ ,˨ 0.25 ˱ ˱˳˰, 50%, 

Rf = 0.25) ˻ ˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, ̆ ˪˻˷˦˲ˮ/EtOAc 4:1) ˼ ˮ˦ 

˧˪˵ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭,  ˰ .˼ .˸ 196-198°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3433, 3901, 2819, 1665, 

1620, 1556, 1523, 1481. 1H NMR (CDCl3): ŭ 1.71ï1.79 (m, 6H, Ad), 1.95ï1.99 (m, 6H, Ad), 2.08ï

2.11 (m, 3H, Ad), 7.11ï7.19 (m, 1H, Ar), 7.44ï7.54 (m, 3H, Ar), 7.58 (s, 1H, NH), 7.62 (d, J = 8.4 

Hz, 1H, Ar), 8.20 (dd, J = 6.7, J = 3.0 Hz, 2H, Ar), 8.28 (d, J = 2.1 Hz, 1H, Ar) ppm. 13C NMR 

(CDCl3): ŭ 28.19 (3 CH), 36.47 (3 CH2), 39.31 (3 CH2), 41.67 (C), 103.21 (CH), 117.12 (CH), 
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119.57 (CH), 127.20 (C), 127.52 (CH), 128.96 (2 CH), 131.44 (2 CH), 135.82 (C), 138.51 (C), 

151.20 (C), 163.29 (C), 176.28 (C) ppm. MS (ESI): m/z (%) = 395.1 (100) [M+Na+]. HRMS (ESI): 

m/z ˨ ˦˱˳˭˰ˮ˰ˮ 373.1916 ( C24H25N2O2+); ˲ ˦˴˳˫˲ˮ˦ 373.1908 [M+H]+. 

N-[2-(4-ˮˬ˳˴˶˳˴ˮ˰˺˪˲ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (45). 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A-  ˷ ˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 38 (100 ˱,˨ 0.35 

˱˱˳˰), Cu(OAc)2 · H2O (30 ˱ ,˨ 0.15 ˱ ˱˳˰) ˩  ˦4-ˮˬ˳˴˶˳˴ˮ˰˦˰˩˪̆ˮ˩˷ 41b (52 ˱,˨ 0.35 

˱˱˳˰) ˦˧˷˳˰˹˸˹˶ ˸˳˰˹˳˰˾ˮ (30 ˱ )˰ ˦̀̄˪˰˪˧˪˲ 16 ˷  ˭˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 45 

(46 ˱,˨ 0.11 ˱˱˳˰, 32%, Rf = 0.68) ˻ ˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ 

(SiO2, hexanes/EtOAc 3:1) ˹˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦ ̄ˮ˭, ˰ .˼ .˸ 225-226°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, 

cm-1: 3434, 2906, 2851, 1620, 1565, 1485. 1H NMR (CDCl3): ŭ 1.30 (d, J = 6.8 Hz, 6H, 2 CH3), 

1.69ï1.86 (m, 6H, Ad), 1.98ï2.02 (m, 6H, Ad), 2.07ï2.17 (m, 3H, Ad), 2.99 (p, J = 6.8 Hz, 1H, 

CH), 7.12 (dd, J = 8.5 Hz, J = 2.2 Hz, 1H, Ar), 7.37 (d, J = 8.4 Hz, 2H, Ar), 7.45 (s, 1H, NH), 7.64 

(d, J = 8.5 Hz, 1H, Ar), 8.15 (d, J = 8.3 Hz, 2H, Ar), 8.28 (d, J = 2.2 Hz, 1H, Ar) ppm. 13C NMR 

(CDCl3): ŭ 23.84 (2 CH3), 28.23 (3 CH), 34.34 (CH), 36.52 (3 CH2), 39.36 (3 CH2), 41.69 (C), 

103.20 (CH), 116.99 (CH), 119.44 (CH), 124.80 (C), 127.13 (2 CH), 127.67 (2 CH), 135.62 (C), 

138.65 (C), 151.16 (C), 152.83 (C), 163.59 (C), 176.25 (C) ppm. MS (EI, 70 eV): m/z (%) = 414.3 

(30), 135.1 (100), 83.9 (75) [M]+. HRMS (EI, 70 eV): m/z ˨˦˱˳˭˫˰ˮ˰ˮ 414.2307 (C27H30N2O2+); 

˲˦˴˳˫˲ˮ 414.2301 [M]+. 

N-[2-(3,4-˩ˮ˱˪˭˳˻˷ˮ˺˪˲ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (46). 

˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A-  ˷ ˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 38 (100 ˱,˨ 0.35 

˱˱˳˰), Cu(OAc)2 · H2O (30 ˱ ,˨ 0.15 ˱ ˱˳˰) ˩  ˦3,4-˩ˮ˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩˷ 41c (58 ˱ ,˨ 

0.35 ˱ ˱˳˰) ˦˧˷˳˰˹˸˹˶ ˸˳˰˹˳˰˾ˮ (30 ˱ )˰ ˦̀̄˪˰˪˧˪˲ 20 ˷  ˭˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 

46 (10 ˱,˨ 0.02 ˱˱˳˰, 7%, Rf = 0.25 ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ 

˾˪˱˩˪˨(SiO2, hexanes/EtOAc 2:1) ˹ ˺˪˶˳ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 140-145°C. .ˮ .̂ 

˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3259, 2902, 2850, 1650, 1620. 1H NMR (CDCl3): ŭ 1.56ï2.13 (m, 15H, Ad), 3.97 

(s, 3H, OCH3), 4.02 (s, 3H, OCH3), 6.99 (d, J = 8.4 Hz, 1H, Ar), 7.11 (dd, J = 8.5 Hz, J = 1.9 Hz, 

1H, Ar), 7.45 (s, 1H, NH), 7.63 (d, J = 8.5 Hz, 1H, Ar), 7.73 (d, J = 1.8 Hz, 1H, Ar), 7.83 (dd, J = 

8.3 Hz, J = 1.9 Hz, 1H, Ar), 8.27 (d, J = 1.8 Hz, 1H, Ar) ppm. 13C NMR (CDCl3): ŭ 28.27 (3 CH), 
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36.57 (3 CH2), 39.44 (3 CH2), 41.75 (C), 56.20 (CH3), 56.29 (CH3), 103.12 (CH), 110.04 (CH), 

111.18 (CH), 116.89 (CH), 119.30 (CH), 119.96 (C), 121.23 (CH), 135.50 (C), 138.75 (C), 149.39 

(C), 151.26 (C), 152.05 (C), 163.54 (C), 176.21 (C) ppm. MS (EI, 70 eV): m/z (%) = 432.6 (100), 

135.1 (100), 93.1 (14) [M]+. HRMS (EI, 70 eV): m/z ˭˪˳˶. 432.2049 (C26H28N2O4+); ˲˦˴˳˫˲ˮ 

432.2036 [M]+. 

N-[2-(2-˭ˮ˪˲ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (47). ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 

ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A-  ˷ ˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 38 (100 ˱,˨ 0.35 ˱˱˳˰), 

Cu(OAc)2 · H2O (30 ˱ ,˨ 0.15 ˱ ˱˳˰) ˩  ˦˭ˮ˳˺˪˲-2-˯˦˶˧˦˰˩˪̆ˮ˩˷ 41d (39 ˱,˨ 0.35 ˱ ˱˳˰) 

˦˧˷˳˰˹˸˹˶ ˸˳˰˹˳˰˾ˮ (30 ˱ )˰ ˦̀̄˪˰˪˧˪˲ 17 ˷  ˭˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 47 (70 ˱,˨ 

0.18 ˱˱˳˰, 53%, Rf = 0.70) ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, 

hexanes/EtOAc 2:1) ˷ ˸˦˺ˮ˰˳˷˺˪˶ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 203-205°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, 

Ȋ, cm-1: 3440, 3070, 2909, 2849, 1659, 1618, 1575. 1H NMR (CDCl3): ŭ 1.72ï1.79 (m, 6H, 

Ad),1.95ï1.99 (m, 6H, Ad), 2.12ï2.08 (m, 3H, Ad), 7.13 (dd, J = 8.5 Hz, J = 1.9 Hz, 1H, Ar), 7.16 

(dd, J = 4.8 Hz, J = 3.9 Hz, 1H, thienyl), 7.52 (m, 2H, thienyl; NH), 7.59 (d, J = 8.5 Hz, 1H, Ar), 

7.83ï7.89 (m, 1H, thienyl), 8.24 (d, J = 1.8 Hz, 1H, Ar) ppm. 13C NMR (CDCl3): ŭ 28.22 (3 CH), 

36.51 (3 CH2), 39.36 (3 CH2), 41.71 (C), 103.06 (CH), 117.15 (CH), 119.40 (CH), 128.35 (CH), 

129.72 (C), 129.87 (CH), 130.15 (CH), 135.82 (C), 138.41 (C), 150.94 (C), 159.33 (C), 176.24 (C) 

ppm. MS (EI, 70 eV): m/z (%) = 378.5 (70) 135.0 (100), 78.9 (23) [M]+. HRMS (EI, 70 eV): m/z 

˨˦˱˳˭˫˰ˮ˰ˮ 378.1402 (C22H22N2O2S+); ˲ ˦˴˳˫˲ˮ 378.1395 [M]+. 

N-[2-(3-˧˶˳˱˳˺˪˲ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (48). ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A-  ˷˾˪˷˦˧˦˱ˮ˷˦˩: 38 (100 ˱ ,˨ 0.35 ˱ ˱˳˰), Cu(OAc)2 · H2O (30 ˱ ,˨ 

0.15 ˱ ˱˳˰) ˩  ˦3-˧˶˳˱˧˪˲ˬ˦˰˩˪̆ˮ˩ ˷41e (65 ˱,˨ 0.35 ˱ ˱˳˰) ˦˧˷˳˰˹˸˹˶ ˸˳˰˹˳˰˾ˮ 

(30 ˱ )˰ ˦̀̄˪˰˪˧˪˲ 16 ˷  ˭˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 48 (61 ˱,˨ 0.14 ˱ ˱˳˰, 39%, Rf = 0.50) 

˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 3:1) ˧˪˵ˮ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 216-218°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3437, 2902, 2849, 1674, 1621, 

1571, 1530, 1492. 1H NMR (CDCl3): ŭ 1.74ï1.82 (m, 6H, Ad), 2.00ï2.01 (m, 6H, Ad), 2.12ï2.14 

(m, 3H, Ad), 7.15 (dd, J = 8.4 Hz, J = 2.2 Hz, 1H, Ar), 7.39 (t, J = 7.9 Hz, 1H, Ar), 7.48 (s, 1H, 

NH), 7.60ï7.69 (m, 2H, Ar), 8.15 (d, J = 7.8 Hz, 1H, Ar), 8.31 (d, J = 2.1 Hz, 1H, Ar), 8.38 (d, J = 
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1.9 Hz, 1H, Ar) ppm. 13C NMR (CDCl3): ŭ 28.26 (3 CH), 36.54 (3 CH2), 39.41 (3 CH2), 41.78 (C), 

103.17 (CH), 117.28 (CH), 119.91 (CH), 123.12 (C), 126.05 (CH), 129.03 (C), 130.43 (CH), 130.57 

(CH), 134.36 (CH), 136.24 (C), 138.35 (C), 151.36 (C), 161.78 (C), 176.28 (C) ppm. HRMS (EI, 70 

eV): m/z ˭ ˪˳ ˶ˮ˹˰ˮ 450.0943 (C24H23BrN2O2+); ˲ ˦˴˳˫˲ˮ 450.0933 [M] +. 

N-[2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (49). ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ A-  ˷ ˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 38 (72 ˱,˨ 0.25 ˱˱˳˰), 

Cu(OAc)2 · H2O (20 ˱ ,˨ 0.10 ˱ ˱˳˰) ˩  ˦4-˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩˷ 41f (34 ˱,˨ 0.25 ˱ ˱˳˰) 

˦˧˷˳˰˹˸˹˶ ˧˪˲ˬ˳˰˾ˮ (20 ˱ )˰ ˦˩˹˼˪˧˪˲ 20 ˷  ˭˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 49 (15 ˱ ,˨ 0.04 

˱˱˳˰, 15%, Rf = 0.25) ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, 

hexanes/EtOAc 3:1) ˼ ˮ˦ ˧˪˵ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 235-239°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 

3262, 2898, 2850, 1644, 1620. 1H NMR (CDCl3): ŭ 1.74ï1.84 (m, 6H, Ad), 2.00ï2.04 (m, 6H, Ad), 

2.11ï2.13 (m, 3H, Ad), 3.89 (s, 3H, OCH3), 6.98ï7.07 (m, 2H, Ar), 7.11 (dd, J = 8.5 Hz, J = 2.1 Hz, 

1H, Ar), 7.45 (s, 1H, NH), 7.61 (d, J = 8.5 Hz, 1H, Ar), 8.11ï8.21 (m, 2H, Ar), 8.24 (d, J = 1.9 Hz, 

1H, Ar) ppm. 13C NMR (CDCl3): ŭ 28.32 (3 CH), 36.61 (3 CH2), 39.48 (3 CH2), 41.77 (C), 55.60 

(CH3), 103.18 (CH), 114.52 (2 CH), 116.88 (CH), 119.30 (CH), 119.92 (C), 129.41 (2 CH), 135.43 

(C), 138.86 (C), 151.24 (C), 162.42 (C), 163.58 (C), 176.19 (C) ppm. MS (EI, 70 eV): m/z (%) = 

402.01 (90) 135.01 (100), 93.3 (44), 79.3 (42) [M] +. HRMS (EI, 70 eV): m/z ˨˦˱˳˭˫˰ˮ˰ˮ 

402.1943 (C25H26N2O3+); ˲ ˦˴˳˫˲ˮ 402.1945 [M] +. 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ 33hïj (̀̄˶ˮ˰ˮ 1, ˷ ˫˪˸ˮ 8ï10); ˬ ˳˨˦˩ˮ ˱˪˭˳˩ˮ˯˦ B  

˲ˮ˫˭ˮ˪˶˪˧˦ 38 (1.0 ˪ ˻˫.), ZnCl2 (0.3 ˪ ˻˫.) ˩  ˦˯˦˶˧˳˲ˮ˸˶ˮ˰˷ (1.0 ˪ ˻˫.) ˻˰˳˶˧˪˲ˬ˳˰˾ˮ 

(12 ˰ /˱˳  ˰38) ˦˩˹˼˪˧˪˲ ˦ˬ˳˸ˮ˷ ˮ˲˪˶˸˹˰ ˦˶˪˾ˮ 135º C-ˬ  ˪24 ˷ .˭ ˾˪˱˩˪˨ ˨˦˱̄˷˲˪˰˷ 

˦˳˶˭˻˰˪˧˪˲ ˫˦˯˹˹˱ˬ˪ ˩  ˦˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪. 

ˮ˼˪˧˪˲ ˴˶˳˩˹˻˸˷ 50-52.   

N-[2-(4-˧˶˳˱˳˺˪˲˳˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (50). ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ B-  ˷˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 38 (70 ˱ ,˨ 0.24 ˱ ˱˳˰), ZnCl2 (10 

˱,˨ 0.07 ˱ ˱˳˰) ˩  ˦4-˧˶˳˱˳˧˪˲ˬ˳˲ˮ˸˶ˮ˰ˮ 42a (44 ˱,˨ 0.24 ˱ ˱˳˰) ˻˰˳˶˧˪˲ˬ˳˰˾ˮ (3 

˱ )˰ ˦˩˹˼˪˧˪˲ 24 ˷  ˭ ˩  ˦ ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 50 (19 ˱,˨ 0.04 ˱˱˳˰, 17%, Rf = 0.60) 

˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 3:1) ˹˺˪˶˳ 



110 
 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 180-182°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3434, 2910, 2851, 1674, 1619, 

1520. 1H NMR (CDCl3): ŭ 1.76ï1.82 (m, 6H, Ad), 1.93ï2.04 (m, 6H, Ad), 2.07ï2.15 (m, 3H, Ad), 

7.11 (dd, J = 8.7 Hz, J = 2.1 Hz, 1H, Ar), 7.49 (s, 1H, NH), 7.59ï7.73 (m, 4H, Ar), 8.08 (d, J = 8.7 

Hz, 1H, Ar), 8.30 (d, J = 2.1 Hz, 1H, Ar) ppm. 13C NMR (CDCl3): ŭ 28.27 (3 CH), 36.55 (3 CH2), 

39.43 (3 CH2), 41.78 (C), 103.18 (CH), 117.21 (CH), 119.79 (CH), 126.21 (C), 128.99 (2 CH), 

132.36 (2 CH), 136.09 (C), 138.47 (C), 151.34 (C), 162.48 (C), 176.30 (C) ppm. HRMS (EI, 70 eV): 

m/z ˨˦˱˳˭˫˰ˮ˰ˮ 450.0943 (C24H23BrN2O2+); ˲ ˦˴˳˫˲ˮ 450.0950 [M] +. 

N-[2-(4-̀ˮ˦˲˳˺˪˲ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (51). ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ B-  ˷˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 3b (70 ˱ ,˨ 0.24 ˱ ˱˳˰), ZnCl2 (10 

˱,˨ 0.07 ˱ ˱˳˰) ˩˦˸ ˪˶˪˺˸˦˰˳˩ˮ˲ˮ˸˶ˮ˰˷ 42b (31 ˱,˨ 0.24 ˱ ˱˳˰) ˻˰˳˶˧˪˲ˬ˳˰˾ˮ (3 

˱ )˰ ˦˩˹˼˪˧˪˲ 24 ˷  ˭ ˩  ˦ ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 51 (37 ˱,˨ 0.09 ˱˱˳˰, 76%, Rf = 0.33) 

˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 3:1) ˹˺˪˶˳ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸> 340°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3429, 2907, 2852, 2228, 1669, 

1622, 1527 cmï1. 1H NMR (CDCl3): ŭ 1.75ï1.82 (m, 6H, Ad), 1.99ï2.03 (m, 6H, Ad), 2.09ï2.15 

(m, 3H, Ad), 7.15 (dd, J = 8.7 Hz, J = 2.1 Hz, 1H, Ar), 7.52 (s, 1H, NH), 7.68 (d, J = 8.5 Hz, 1H, 

Ar), 7.80 (d, J = 8.0 Hz, 2H, Ar), 8.32 (d, J = 8.4 Hz, 2H, Ar), 8.37 (d, J = 2.1 Hz, 1H, Ar) ppm. 13C 

NMR (CDCl3): ŭ 28.24 (3 CH), 36.53 (3 CH2), 39.42 (3 CH2), 41.83 (C), 103.14 (CH), 114.63 (C), 

117.51 (CH), 118.38 (C), 120.29 (CH), 127.91 (2 CH), 131.24 (C), 132.81 (2 CH), 136.78 (C), 

138.27 (C), 151.55 (C), 161.21 (C), 176.37 (C) ppm. MS (EI, 70 eV): m/z (%) = 397.2 (35), 135.1 

(100) [M]+. HRMS (EI, 70 eV): m/z ˭˪˳˶ˮ˹˰ˮ 397.1790 (C25H23N3O2+); ˲˦˴˳˫˲ˮ 397.1789 

[M] +. 

N-[2-(2-˱˪˭˳˻˷ˮ˪˭ˮ˰)˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ ]˰˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ (52). ˱ˮ˼˪˧˹˰ 

ˮ˻˲˦ ˬ˳˨˦˩ˮ ˴˶˳̀˪˩˹˶˦ B-  ˷˾˪˷˦˧˦˱ˮ˷˦˩: ˲ˮ˫˭ˮ˪˶˪˧˦ 29b (70 ˱ ,˨ 0.24 ˱ ˱˳˰), ZnCl2 (10 

˱,˨ 0.07 ˱ ˱˳˰) ˩  ˦3-˱˪˭˳˻˷ˮ˴˶˳˴ˮ˳˲ˮ˸˶ˮ˰˷ 42c (20 ˱ ,˨ 0.24 ˱ ˱˳˰) ˻˰˳˶˧˪˲ˬ˳˰˾ˮ (3 

˱ )˰ ˦˩˹˼˪˧˪˲ 24 ˷  ˭ ˩  ˦ ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 52 (16 ˱,˨ 0.05 ˱˱˳˰, 19%, Rf = 0.15) 

˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ ˨˦˷˹˺˭˦˫˪˧ˮ˷ ˾˪˱˩˪˨ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 2:1) ˹˺˪˶˳ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸175-177°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3259, 2900, 2849, 1644, 1618, 

1526. 1H NMR (DMSO-d6): ŭ 1.70ï1.74 (m, 6H, Ad), 1.90ï1.95 (m, 6H, Ad), 2.01ï2.05 (m, 3H, 
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Ad), 3.15 (t, J = 6.3 Hz, 2H, CH2), 3.26 (s, 3H, OCH3), 3.79 (t, J = 6.4 Hz, 2H, OCH2), 7.51 (dd, J 

= 8.6 Hz, J = 1.9 Hz, 1H, Ar), 7.56 (d, J = 8.6 Hz, 1H, Ar), 8.11 (d, J = 1.8 Hz, 1H, Ar) 9.26 (s, 1H, 

NH) ppm. 13C NMR (DMSO-d6): ŭ 27.63 (3 CH), 28.65 (CH2), 35.97 (3 CH2), 38.24 (3 CH2), 40.94 

(C), 57.86 (CH3), 68.43 (CH2), 102.24 (CH), 117.09 (CH), 118.43 (CH), 136.37 (C), 136.57 (C), 

150.09 (C), 164.31 (C), 176.01 (C) ppm. MS (EI, 70 eV): m/z (%) = 354.2 (15), 135.1 (100) [M]+. 

HRMS (EI, 70 eV): m/z ˭˪˳˶ˮ˹˰ˮ 354.1943 (C21H26N2O3+); ˲ ˦˴˳˫˲ˮ 354.1942 [M] +. 

2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (53). ˸˶ˮ˺˸˳˶́˱˦˶˵˦˫˦˷ (0.10 ˱ ,˰ 1.30 

˱˱˳˰) ˹˱˪˸˪˧˪˲ ˱˳˶˪˫ˮ˷ ˴ˮ˶˳˧˪˧˾ˮ ˲ˮ˫˭ˮ˪˶˪˧˦ 39-  ˷(54 ˱ ,˨ 0.20 ˱ ˱˳˰) ˸˳˰˹˳˰ˮ˷ 

˲˦˶˪˫˾ˮ (5 ˱ )˰. ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˩˹˼˪˧˪˲ 11 ˷ ,˭ ̂˦˶˱˳˻˱˲ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, 

˶˪̀̄˦˫˪˲ ˸˳˰˹˳˰ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˰˳˶˳˺˳˶˱˾ˮ (5 

˱ )˰ ˨˦˩˦˯˶ˮ˷˸˦˰˪˧ˮ˭. ˮ˼˪˧˪˲ ˲ˮ˫˭˪˶˪˧˦ 53 (50 ˱,˨ 0.19 ˱˱˳˰, 99%) ˼ˮ˦ ˶˹̄ˮ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 220-222°C. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 2912, 2856, 2280, 1778, 1663, 

1638, 1503. 1H NMR (˱˪˭˦˲˳˰ˮ-d4): ŭ 1.75ï1.93 (m, 6H, Ad), 2.14 (s, 9H, Ad), 6.95ï7.04 (m, 

2H, 2 Ar), 7.48 (d, J = 8.6 Hz, 1H, Ar) ppm. 13C NMR (˱˪˭˦˲˳˰ˮ-d4): ŭ 29.16 (3 CH), 36.57 (C), 

36.87 (3 CH2), 40.93 (3 CH2), 99.16 (CH), 115.27 (CH), 117.07 (CH), 125.51 (C), 133.38 (C), 

158.05 (C), 160.45 (C) ppm. MS (ESI): m/z (%) = 269.2 (100) [M + H]+. HRMS (ESI): m/z  

˭˪˳˶ˮ˹˰ˮ 269.1654 (C17H21N2O+); ˲ ˦˴˳˫˲ˮ 269.1655 [M + H]+. 

˲ˮ˫˭ˮ˪˶˪˧˦ 54-56 ˱ˮ˼˪˧ˮ˷ ˱˪˭˳˩ˮ˯˦ 

˽ˮ˲˹˰ˮ˷ ˦˧˦ˬ˦˲˦ˬ˪ ˨˦̀ˮ˪˧˹˰ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ 53 (1.24 ,˨ 4.60 ˱˱˳˰) ˷˹˷˴˪˲ˬˮ˦˷ 

˽ˮ˲˹ ˰˳˫˦˲ ́˱˦˶˱˵˦˫˦˾ˮ (10 ˱ )˰ ̂˫˪˭-̂˫˪˭˳˧ˮ˭ ˹˱˪˸˪˧˪˲ ˦ˬ˳˸˱˵˦˫˦˷ (65%, 0.2 ˱ ,˰ 

4.60 ˱˱˳˰) 5 ̂˹˭ˮ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 15 ̂ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦˾˰ˮ˦˲ ˽ˮ˲˹˰˪˧ˬ˪ (10 ˱ )˰. ˨˦˱˳˽˳˺ˮ˰ 

˽˫ˮ˭˪˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̄˦˫˪˲ ̂˽˰ˮ˭ ˲˪ˮ˸˶ ˦˰˹˶ ˶˪˦˻̀ˮ˦˱˩˪ ˩  ˦ ˦˾˶˳˧˪˲. 

˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 3:1). 

˴ˮ˶˫˪˰ˮ ˺˶˦˻̀ˮˮ˷ ˷˦̄ˮ˭ ˨˦˱˳˽˳˺˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 54 (0.64 ˨ , 2.02 ˱ ˱˳˰, 44%, Rf = 0.49). 

˱˪˳˶˪ ˺˶˦˻̀ˮˮ˷ ˷˦̄ˮ˭ ˨˦˱˳ˮ˽˳˺˦ ˲ˮ˫˭ˮ˪˶˪˧˦ 55 (0.114 ˨ , 0.46 ˱ ˱˳˰, 10%, Rf = 0.32) ˩  ˦

˱˪˷˦˱˪ ˺˶˦˻̀ˮˮ˷ ˷˦̄ˮ˭ ˨˦˱˳ˮ˽˳˺˦ ˩ˮ˲ˮ˸˶˳ ˴˶˳˩˹˻˸ˮ 56 (0.049 ˨  , 0.14 ˱ ˱˳˰, 3%, Rf 

= 0.15). 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (54). ˨˦˱˳˽˳˺ˮ˰ˮ˦ ˽˫ˮ˭˪˰ˮ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 188-187°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3435, 3016, 2906, 2854, 1626, 

1601, 1509, 1489. 1H NMR (CDCl3): ŭ1.80ï1.88 (m, 6H, Ad), 2.10ï2.19 (m, 9H, Ad), 6.96 (d, J = 

8.7 Hz, 1H, Ar), 7.93 (d, J = 8.6 Hz, 1H, Ar), 10.16 (br, s, 1H, NH), 10.82 (s, 1H, OH) ppm. 13C 

NMR (CDCl3): ŭ 28.21 (3 CH), 35.51 (C), 36.49 (3 CH2), 41.38 (3CH2), 112.90 (CH), 120.81 (C), 

128.19 (C), 130.58 (CH), 137.86 (C), 153.74 (C), 162.58 (C) ppm. MS (ESI): m/z (%) = 314.2 (100) 

[M + H]. ˪˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ: ˭˪˳˶ˮ˹˰ˮ C17H19N3O3: C, 65.16; H, 6.11; N, 13.41. 

˲˦˴˳˫˲ˮ˦: C, 65.22; H, 6.19; N, 13.54. 

2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-6-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (55). ˨˦˱˳˽˳˺ˮ˰ˮ˦ ˽˫ˮ˭˪˰ˮ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 258-260°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3311, 2919, 2850, 1640, 1600, 

1551. 1H NMR (CDCl3): ŭ 1.80ï1.87 (m, 6H, Ad), 2.03ï2.15 (m, 9H, Ad), 7.09 (s, 1H, Ar), 8.38 (s, 

1H, Ar), 10.67 (s, 1H, NH) ppm. 13C NMR (CDCl3): ŭ 28.19 (3 CH), 35.92 (C), 36.51 (3 CH2), 

41.19 (3 CH2), 130.46 (C), 152.16 (C) ppm. MS (ESI): m/z (%) = 314.1 (100) [M + H]+. HRMS 

(ESI): m/z ˨˦˱˳˭˫˰ˮ˰ˮ 314.1505 (C17H20N3O3)+; ˲ ˦˴˳˫˲ˮ˦ 314.1511 [M + H]+. 

2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4,6-˩ˮ˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (56). ˨˦˱˳˽˳˺ˮ˰ˮ˦ ˱˹˻ˮ 

˽˫ˮ˭˪˰ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 133-135°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3850, 2905, 2852, 

1641, 1515. 1H NMR (CDCl3): ŭ 1.75ï1.96 (m, 6H, Ad), 2.04ï2.32 (m, 9H, Ad), 8.78 (s, 1H, Ar), 

10.38 (s, 1H, NH), 12.16 (s, 1H, OH) ppm. 13C NMR (CDCl3): ŭ 28.06 (3 CH), 35.98 (C), 36.35 (3 

CH2), 41.07 (3 CH2), 124.57 (CH), 132.11 (C), 134.62(C), 135.81(C), 149.59 (C) ppm. MS (ESI): 

m/z (%), 359.2 (95), 301.2 (100) [M+H]+. HRMS (ESI): m/z ˨˦˱˳˭˰ˮ˰ˮ 359.1355 

(C17H19N4O5)+; ˲ ˦˴˳˫˲ˮ˦ 359.1353 [M + H]+. 

2-(1-˦˩˦˱˦˲˸ˮ˰)-4-˦˱ˮ˲˳-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (57). Pd/C (10%, 140 ˱)˨ 

˹˱˦˸˪˧˪˲ ˲ˮ˸˶˳ ˲˦˪˶˭˷ 54 (575 ˱ ,˨ 1.80 ˱ ˱˳˰) ˪˭˦˲˳˰˾ˮ (60 ˱ )˰. ˷˦˶˪˦˻̀ˮ˳ ˷ˮ˷˸˪˱˦˷ 

˦̀ˮ˰˪˧˪˲ ˦˸˱˳˷˺˪˶˹˰ ̆˦˪˶˷ ˩  ˦  ̂˽˦˰˧˦˩ˮ˷ ˦˸˱˳˷˺˪˶˳˾ˮ (1 ˦˸˱) ˹˶˪˫˪˲ ˳˭˦̄ˮ˷ 

˸˪˱˴˪˶˦˸˹˶˦ˬ˪ 24 ˷ -˭  ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˶˪˦̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ ˦̀ˮ˰˪˧˪˲ 

˨˦˺ˮ˰˸˫˶ˮ˭ ˯˦˸˦˰ˮˬ˦˸˳˶˷ ˩  ˦ ˦˳˶˭˻˰˪˧˪˲ ˫˦˯˹˹˱˾ˮ ˨˦˱̄˷˲˪˰˷. ˮ˼˪˧˪˲ 

˲ˮ˫˭ˮ˪˶˪˧˦ 57 (450 ˱ ,˨ 1.6 ˱˱˳˰, 87%) ˽ ˦˫ˮ˷˺˪˶ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 185-190°C 

˨˦˷˹˺˭˦˫˪˧ˮ˷ ˨˦˶˪˾˪. .ˮ .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3402, 3308, 2910, 1665, 1639. 1H NMR 
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(˱˪˭˦˲˳˰ˮ-d4): ŭ 1.55ï2.32 (m, 15H, Ad), 3.27 (s, 3H, NH2, NH) 6.67 (d, J = 2.9 Hz, 2H, 2 Ar) 

ppm. 13C NMR (DMSO-d6): ŭ 27.71 (3 CH), 34.83 (C), 38.13 (3 CH2), 40.80 (3 CH2), 101.23 (C), 

111.77 (CH), 123.09 (C), 137.59 (C), 159.52 (2 C) ppm. MS (EI, 70 eV): m/z (%) = 283.1 (100), 

226 (10) [M]+. HRMS (EI, 70 eV): m/z ˨˦˱˳˭˫˰ˮ˰ˮ 283.1685 (C17H21N3O+); ˲˦˴˳˫˲ˮ˦ 

283.1683 [M]+. 

7-(1-˦˩˦˱˦˲˸ˮ˰)-2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧˪˲ˬ˳˻˷˦ˬ˳˰ˮ (58). ˦ ˱ˮ˲˳ ˦˰˯˳̆˳˰ˮ˷ 57 

(50 ˱,˨ 0.14 ˱ ˱˳˰), Cu(OAc)2 · H2O (40 ˱ ,˨ 0.20 ˱ ˱˳˰) ˩  ˦˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41a (162 ˱ ,˨ 

0.37 ˱˱˳˰) ˲˦˶˪˫˷ ˸˳˰˹˳˰˾ˮ (30 ˱ )˰ ˦˩˹˼˪˧˪˲ 9 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ 

˨˦˱̄˷˲˪˰˷ ˦̀ˮ˰˪˧˪˲ ˫˦˯˹˹˱ˬ˪ ˩  ˦˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ 

˷˫˪˸ˬ˪ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 2:1) ˩  ˦ˮ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 58 (7 ˱,˨ 0.02 ˱ ˱˳˰, 11%, Rf = 

0.45) ˧ ˪˵ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭, ˰ .˼ .˸ 303-306°C. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 2901, 2849, 1553 

1530. 1H NMR (CDCl3): ŭ 1.78ï1.88 (m, 6H, Ad), 2.11ï2.22 (m, 9H, Ad), 7.47 (d, J = 8.7 Hz, 1H, 

Ar), 7.49ï7.57 (m, 3H, Ar),7.66 (br. s, 1H, Ar), 8.27 (dd, J = 6.7 Hz, J = 3.0 Hz, 2H, Ar) ppm. 13C 

NMR (CDCl3): ŭ 28.43 (3 CH), 35.64 (C), 36.71 (3 CH2), 41.66 (3 CH2), 104.94 (CH), 127.51 (2 

CH), 127.61 (C), 129.09 (3 CH), 131.38 (CH), 148.05 (C), 161.91 (C), 162.79 (C) ppm. MS (EI, 70 

eV): m/z (%) = 369.2 (100), 312.1 (17) [M]+. HRMS (EI, 70 eV): m/z ˨˦˱˳˭˫˰ˮ˰ˮ 369.1841 

(C24H23N3O+); ˲ ˦˴˳˫˲ˮ˦ 369.1833 [M] +. 

7-(˦˩˦˱˦˲˸ˮ˰)-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (59). ˦˱ˮ˲˳ 

˦˰˯˳̆˳˰ˮ˷ 57 (50 ˱,˨ 0.14 ˱˱˳˰), Cu(OAc)2 · H2O (40 ˱,˨ 0.20 ˱˱˳˰) ˩  ˦ 4-

˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩ˮ˷ 41f (50 ˱ ,˨ 0.37 ˱ ˱˳˰) ˲˦˶˪˫˷ ˸˳˰˹˳˰˾ˮ (30 ˱ )˰ ˦˩˹˼˪˧˪˲ 

15 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˨˦˱̄˷˲˪˰˷ ˦̀ˮ˰˪˧˪˲ ˩  ˦ ˲˪˩ ˰ ˴˶˳˩˹˻˸˷ 

˦˷˹˺˭˦˫˪˧˪˲ ˻˶˳˱˦˸˳˨˶˦˺ˮ˹˰ ˷˫˪˸ˬ˪ (SiO2, ̆˪˻˷˦˲ˮ/EtOAc 3:1). ˮ ˼˪˧˪˲ ˲ˮ˫˭ˮ˪˶˪˧˦ 

59 (12 ˱,˨ 0.03 ˱ ˱˳˰, 9%, Rf = 0.25) ˧ ˪˵ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ,˭ ˰ .˼ .˸ 293-296°C. .ˮ .̂ 

˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3072, 3003, 2903, 2847, 1610, 1529, 1498. 1H NMR (CDCl3): ŭ 1.78ï1.88 (m, 

6H, Ad), 2.10ï2.24 (m, 9H, Ad), 3.90 (s, 3H, CH3O), 6.95ï7.09 (m, 2H, Ar), 7.46 (d, J= 8.6 Hz, 

1H, Ar), 7.66 (s, 1H, Ar), 8.27ï8.12 (m, 2H, Ar) ppm.  13C NMR (CDCl3): ŭ 28.42 (3 CH), 35.62 

(C), 36.69 (3 CH2), 41.62 (3 CH2), 55.61(CH3), 104.87 (2 CH), 114.56 (2 CH), 120.16 (C), 129.25 

(2 CH), 147.90 (2 C), 161.83 (2 C), 162.32 (C), 162.97 (2 C) ppm. MS (EI, 70 eV): m/z (%) = 399.1 
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(100), 342.1 (58), 171.2 (25) [M]+. HRMS (EI, 70 eV): m/z ˨˦˱˳˭˫˰ˮ˰ˮ 399.1947 

(C25H25N3O2+); ˲ ˦˴˳˫˲ˮ˦ 399.1948 [M]+. 

4(7)-˲ˮ˸˶˳-5(6)-˧˪˲ˬˮ˰˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (61) 

73 ˱  ˨(0.51 ˱ ˱˳˰) K2CO3 ˪˱˦˸˪˧˦ 94 ˱  ˨(0.34 ˱ ˱˳˰) ˲ˮ˫˭ˮ˪˶˪˧˦ 54-  ˷10 ˱  ˰˦̀˪˸˳˲˾ˮ. 

˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 15 ̂ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦ ˾˪˱˩˪˨ ˹˱˦˸˪˧˪˲ 0.06  ˨ (0.34 

˱˱˳˰) ˧˪˲ˬˮ˰˧˶˳˱ˮ˩˷.˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˩˹˼˪˧˪˲ 7 ˷ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ ˩  ˦˾˪˱˩˪˨ 

˾˰ˮ˦˲ ̂˽˦˰ˬ˪. ˽˫ˮ˭˪˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭. ˲˪˩ ˰˴˶˳˩˹˻˸˷ 

˦˷˹˺˭˦˫˪˧˪˲ ˷ˮ˰ˮ˯˦˨˪˰ˮ˷ ˷˫˪˸ˬ˪ (SiO2, ̆˪˻˷˦˲ˮ / ˪˭ˮ˰˦̀˪˸˦˸ˮ, 2 : 1) (Rf = 0.49). 

˨˦˱˳˽˳˺˪˲ 81 ˱  ˨(0.20 ˱ ˱˳˰, 67 %) ˲ ˮ˫˭ˮ˪˶˪˧˦ 61 ˽˫ˮ˭˪˰ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 

208-210°C. 1H NMR (500 MHz, CDCl3): ŭ = 10.17 (s, 1H), 7.78 (d, J = 8.9 Hz, 1H), 7.44 (d, J = 7.6 

Hz, 2H), 7.30 (t, J = 7.4 Hz, 2H), 7.24 (t, J = 7.3 Hz, 1H), 6.92 (d, J = 8.9, 1 H), 5.22 (s, 2 H), 1.97-

2.10 (m, 9 H), 1.62-1.80 (m, 6 H) ppm. 13C NMR (CDCl3, 125 MHz): ŭ = 163.53 (C), 151.60 (C), 

138.86 (C), 135.86 (C Ar), 130.35 (C), 128.74 (2 CH Ar), 128.24 (CH), 126.89 (2 CH Ar), 126.22 

(CH Ar), 124.12 (C),  109.50 (CH), 72.25 (CH2), 41.24 (3 CH2), 36.45 (3 CH2), 35.54 (C), 28.15 (3 

CH) ppm. ˮ . .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3391, 3063, 2901, 2849, 2322, 2164, 2049, 1857, 1633, 1587, 

1502, HR-MS (ESI. pos. Mode): ˨ ˦˱˳˭˫˰ˮ˰ˮ. 426.1794 (C24H25N3NaO3), ˲˦˴˳˫˲ˮ˦ 426.3391 

[M + Na+]. ˪ ˰˪˱˪˲˸˹˶ˮ ˦˲˦˰ˮˬˮ C24H25N3O3 (403.19): ˨ ˦˱˳˭˫˰ˮ˰ˮ. C 71.44, H 6.25, N 

10.41; ˲ ˦˴˳˫˲ˮ˦ C 71.47, H 6.32, N 10.10. 

4(7)-˲ˮ˸˶˳-5(6)-˱˪˭˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (60) 

67 ˨  ˱(0.21 ˱ ˱˳˰, 1 ˪ ˯˫) ˲ˮ˫˭ˮ˪˶˪˧˦ 54 ˩  ˦30 ˱  ˨(0.21 ˱ ˱˳˰, 1 ˪ ˯˫) K2CO3˷̄˲ˮ˦˲ 20  ˱  ˰

˦̀˪˸˳˲˾ˮ ˩  ˦˲˦˶˪˫˷ ˹˶˪˫˪˲ 10 ̂ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾˪˱˩˪˨ ˹˱˦˸˪˧˪˲ 15 ˱  ˰˱˪˭ˮ˰ 

ˮ˳˩ˮ˩˷ ˩  ˦ ̂ˮ˭˪˰ˮ ˺˪˶ˮ˷ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 32 ˷ -˭ˮ ˷ ˨˦˲˱˦˫˰˳˧˦˾ˮ. 

˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˷̄˦˫˪˲ 50 ˱  ˰̂˽˦˰˾ˮ ˩  ˦˽˫ˮ˭˪˰ˮ 

˺˪˶ˮ˷ ˨˦˱˳˽˳˺ˮ˰ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲ ˩  ˦˶˪̀̄˦˫˪˲. ˲˪˩ ˰˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ 

˷˫˪˸ˬ˪  (˷ˮ˰ˮ˯˦˨˪˰ˮ, ̆˪˻˷˦˲ˮ/˪˭ˮ˰˦̀˪˸˦˸ˮ, 2 / 1) (Rf = 0.37). ˮ˼˪˧˪˲ 28 ˱ ˨(0.08 ˱ ˱˳˰, 

40%) ˲ˮ˫˭ˮ˪˶˪˧˦ 60 ˽˫ˮ˭˪˰ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸ 139-142°C. 1H NMR (500 MHz, 

CDCl3): ŭ = 10.20 (s, 1 H), 7.91 (d, J = 8.8 Hz, 1 H ï 6), 6.95 (d, J = 8.9, 1 H ï 7), 4.03 (s, 3 H), 2.02 
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ï 2.12 (m, 9 H), 1.71 ï 1.82 (m, 6 H) ppm. 13C NMR (CDCl3, 125 MHz): ŭ = 163.42 (C 2), 152.84 

(C 5), 138.81 (C 7a), 130.52 (C 4), 127.15 (CH 7), 123.77 (C 4a), 107.65 (CH 6), 57.51 (CH3), 41.34 

(3 CH2), 36.53 (3 CH2), 29.40 (C), 28.25 (3 CH) ppm. ˮ. .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 3471, 2904, 2847, 

2038, 1636, 1585, 1504. HR-MS (ESI. pos. Mode): ˨ ˦˱˳˭˫˰ˮ˰ˮ 328.1661 (C18H22N3O3), 

˲˦˴˳˫˲ˮ˦ 328.1663   [M + H+]. 

1-˱˪˭ˮ˰-4-˲ˮ˸˶˳-5-̆ˮ˩˶˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ (62). 

125 ˱  ˨(0.4 ˱ ˱˳˰, 1 ˪ ˯˫) ˲ˮ˫˭ˮ˪˶˪˧˦ 54 ˩  ˦20 ˱  ˨(0.4 ˱ ˱˳˰, 1 ˪ ˯˫) NaH  ˦ ˭˦˫˷˪˧˪˲  50 

˱  ˰˪˶˭˽˪˰˦ ˯˳˰˧˦˾ˮ, ˹ ˱˦˸˪˧˪˲ ˦˧˷. ˸ ˨-˺  ˷˩  ˦˹˶˪˫˪˲ 25 ̂ -˭ˮ ˷˨˦˲˱˦˫˰˳˧˦˾ˮ. ˾ ˪˱˩˪˨ 

˹˱˦˸˪˧˪˲ 0.025 ˱  ˰ (0.4 ˱˱˳˰) ˱˪˭ˮ˰ ˮ˳˩ˮ˩˷ ˩  ˦˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˹˶˪˫˪˲ 8 ˷ -˭ˮ ˷

˨˦˲˱˦˫˰˳˧˦˾ˮ. ˶˪˦˻̀ˮˮ˷ ˩˦˱˭˦˫˶˪˧ˮ˷ ˾˪˱˩˪˨ ˷˦˶˪˦˻̀ˮ˳ ˲˦˶˪˫˷ ˦˷̄˦˫˪˲ 20 ˱  ˰̂˽˦˰˾ˮ, 

˨˦˱˳˰˪˻ˮ˰ ̂ˮ˭˪˰ˮ ˺˪˶ˮ˷ ˲˦˰˪˻˷ ˺ˮ˰˸˶˦˫˪˲, ˶˪̀̄˦˫˪˲ ̂˽˰ˮ˭ ˩  ˦˦˾˶˳˧˪˲. ˲˪˩ ˰

˴˶˳˩˹˻˸˷ ˦˷˹˺˭˦˫˪˧˪˲ ˷˫˪˸ˬ˪  (˷ˮ˰ˮ˯˦˨˪˰ˮ, ̆˪˻˷˦˲ˮ / ˪˭ˮ ˰˦̀˪˸˦˸ˮ, 2 / 1). 

˨˦˱˳˽˳˺˪˲ ˷˦˱ ˺˶˦˻̀ˮ˦˷: ˴ ˮ˶˫˪˰ˮ,  (Rf = 0.68), 67 ˱  ˨(0.21 ˱ ˱˳˰) ˷˦̂˽ˮ˷ˮ ˲ˮ˫˭ˮ˪˶˪˧˦ 54. 

˱˪˳˶˪, (Rf = 0.45), 33˱  ˨(0.10 ˱ ˱˳˰, 25 %) ˲ˮ˫˭ˮ˪˶˪˧˦ 62 ˽˫ˮ˭˪˰ˮ ˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭ 

˩  ˦ ˱˪˷˦˱˪ ˺˶˦˻̀ˮ˦, (Rf = 0.37), 7˱ ˨ (0.02 ˱˱˳˰, 5 %) ˲ˮ˫˭ˮ˪˶˪˧˦ 60 ˽˫ˮ˭˪˰ˮ 

˯˶ˮ˷˸˦˰˪˧ˮ˷ ˷˦̄ˮ˭. ˰ .˼ .˸153-155°C. 1H NMR (500 MHz, CDCl3): ŭ = 11.26 (s, 1 H), 7.49 (d, 

J = 8.6 Hz, 1 H), 7.00 (d, J = 8.9 Hz, 1 H), 3.98 (s, 3 H), 2.18 ï 2.27 (m, 6 H), 2.0 ï 2.15 (m, 3 H), 

1.69 ï 1.84 (m, 6 H) ppm. 13C NMR (CDCl3, 125 MHz): ŭ = 163.83 (C 2), 153.76 (C 5), 136. 80 (C 

4a), 132.28 (C 7a), 125.15 (C 4), 118.09 (CH 7), 113.22 (CH 6), 40.10 (3 CH2), 37.01(C), 36.62 (3 

CH2), 32.84 (CH3), 28.40 (3 CH) ppm. ˮ. .̂ ˷˴˪˻˸˶ˮ, Ȋ, cm-1: 2918, 2850, 2366, 1605, 1518, HR-

MS (ESI. pos. Mode): ˨ ˦˱˳˭˫˰ˮ˰ˮ 350.1481 (C18H21N3NaO3), ˲ ˦˴˳˫˲ˮ˦ 350.1031 [M + Na+]. 
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IV ˭˦˫ˮ. ˧ ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˴˶˳˨˲˳ˬˮ˶˪˧˦ 

˻ˮ˱ˮ˹˶ˮ ˲˦˪˶˭ˮ˷ ˱˲ˮ˾˫˲˪˰˳˫˦˲ ˱˦̄˦˷ˮ˦˭˪˧˪˰˷ ̂˦˶˱˳˦˩˨˪˲˷ ˱ˮ˷ˮ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˦˻˸ˮ˹˶˳˧˦, ˶˦˩˨˦˲ ˬ˹˷˸˦˩ ˪ ˷ ˴˦˶˦˱˪˸˶ˮ ˨˦˲˷˦ˬ˼˫˶˦˫˷ ˦ ˱ ˲ˮ˫˭ˮ˪˶˪˧ˮ˷ ˾˪˱˩˨˳˱ 

˨˦˱˳˽˪˲˪˧˦˷ ˭˪˶˦˴˪˫˸˹˰ˮ ˩˦˲ˮ˾˲˹˰˪˧ˮ˭ ˩  ˦ ˸˳˻˷ˮ˯˹˶˳˧ˮ˷ ˦ ˲ ˨˫˪˶˩ˮ˭ˮ 

˪˺˪˻˸˪˧ˮ˷ ˦˼˱˳˿˪˲ˮ˷ ˾˪˱˭̄˫˪˫˦˾ˮ ˴ˮ˶ˮ˻ˮ˭, ˾˪ˬ˼˹˩˦˫˷ ˱ˮ˷ ˴˶˦˻˸ˮ˯˹˰ ˨˦˱˳˽˪˲˪˧˦˷. 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˷˴˪˻˸˶ˮ˷ ˾˪˺˦˷˪˧˦ ˯˳˱˴ˮ˹˸˪˶˹˰ˮ ˴˶˳˨˶˦˱˪˧ˮ˭ 

˾˪˷˦́˰˪˧˰˳˧˦˷ ˮ́˰˪˫˦ ˹ˬ˦˶˱˦ˬ˦˶ˮ ˩˶˳˷˦ ˩  ˦ ˶˪˷˹˶˷˪˧ˮ˷ ˩˦ˬ˳˨˫ˮ˭ 

˨˦˲ˮ˷˦ˬ˼˫ ˶˳˷ ˯˳˲˯˶˪˸˹˰ˮ ˲ˮ˫˭ˮ˪˶˪˧ˮ˷ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ 

˸˪˷˸ˮ˶˪˧ˮ˷ ˱˪˸˦˩ ˴˪˶˷˴˪˻˸ˮ˹˰ˮ ˱ˮ˱˦˶˭˹˰ ˪˧˪˧ˮ. ˦˷˪˫˪ ˯˫˰˪˫ˮ˷ ˦˩˶˪˹˰ 

˷˸˦˩ˮ˦ˬ˪ ˨˦ˮ˱ˮ̅˲˳˷ ˴˳˸˪˲̀ˮ˹˶˦˩ ˷˦̄ˮ˺˦˭˳ ˱˳˰˪˯˹˰˪˧ˮ.   

̂ˮ˲˦˱˩˪˧˦˶˪ ˩ˮ˷˪˶˸˦̀ˮ˦˾ˮ ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˧ˮ˳˰˳˨ˮ˹˶ˮ 

˦˻˸ˮ˹˶˳˧ˮ˷ ˾˪˺˦˷˪˧˦ ˨˦˲̄˳˶̀ˮ˪˰˩˦ PASS (Prediction of Activity Spectra for Substances - 

˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˦˻˸ˮ˹˶˳˧ˮ˷ ˷˴˪˻˸˶ˮ˷ ˴˶˳˨˲˳ˬˮ˶˪˧˦) ˨˦˱˳˭˫˰˪˧ˮ˷ ˷˦˺˹́˫˪˰ˬ˪ 

ParmaExpert ˴˶˳˨˶˦˱˹˰ˮ ˹ˬ˶˹˲˫˪˰˽˳˺ˮ˭ (http://www.pharmaexpert.ru/passonline/). 

PASS-ˮ ˷ ˴˶˳˨˶˦˱ˮ  ˭ ˾˪˷˦́˰˪˧˪˰ˮ˦ 4000-ˬ  ˪ ˱˪˸ˮ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷, ˱˦˭ 

˾˳˶ˮ˷ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ˮ ˪˺˪˻˸ˮ˷, ˱˳˻˱˪˩˪˧ˮ˷ ˱˪˻˦˲ˮˬ˱ˮ,˷ ˸˳˻˷ˮ˯˹˶˳˧ˮ˷ ˩  ˦

˨˫˪˶˩ˮ˭ˮ ˪˺˪˻˸˪˧ˮ˷, ˱˪˸˦˧˳˰˹˶ ˪˲ˬˮ˱˪˧˭˦˲ ˩  ˦ ˨˦˩˦˱˸˦˲˪˧˭˦˲ 

˹˶˭ˮ˪˶˭˻˱˪˩˪˧ˮ˷, ˨˪˲ˮ˷ ˪˻˷˴˶˪˷ˮ˦ˬ˪ ˨˦˫˰˪˲ˮ˷ ˩  ˦ .˦ .˾  ˴˶˳˨˲˳ˬˮ˶˪˧˦. ˴˶˳˨˶˦˱˦ 

PASS ˴ ˶˳˨˲˳ˬˮ˶˪˧˷ ˱˳˰˪˯˹˰ˮ˷ ˺˦˶˱˦˯˳˰˳˨ˮ˹˶ ˪˺˪˻˸˷ ˷˸˶˹˻˸˹˶˦-˦˻˸ˮ˹˶˳˧˦˷ 

˾˳˶ˮ˷ ˩˦˱˳˯ˮ˩˪˧˹˰˪˧ˮ˷ ˦˲˦˰ˮˬˮ˷ ˷˦ ˺˹́˫˪˰ˬ˪, ˱˳˲˦̀˪˱˭˦ ˧˦ˬ˦˾ˮ ˦˶˷˪˧˹˰ 

300.000-˱˩ ˪ ˴˶˪̀˪ˬˮ˹˰˦˩ (˷˦˺˹́˫˰ˮ˦˲˦˩) ˦˶˿˪˹˰ ˳˶˨˦˲˹˰ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ 

˷˸˶˹˻˸˹˶ˮ˷˦ ˩  ˦ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧ˮ˷ ˱˳˲˦̀˪˱˭˦ ˿˦˲˦̂˪˶˪˧ˮ˷ ˷˦˺˹́˫˪˰ˬ˪ 

[187]. ˲ˮ˫˭ˮ˪˶˪˧ˮ˷ ˦˻˸ˮ˹˶˳˧ˮ˷ ˷˴˪˻˸˶ˮ ˾˪˺˦˷˪˧˹˰ˮ˦ ˶˳˨˳˶̀ ˷˦˫˦˶˦˹˩˳ ˦˻˸ˮ˹˶ˮ 

(Pa) ˦ ˲ ˷˦˫˦˶˦˹˩˳ ˦˶˦˦˻˸ˮ˹˶ˮ (Pi) ˩  ˦ ˱˦˭ˮ ˷ˮ˩ˮ˩˪ ˱˪˶˽˪˳˧˷  0.000-˩˦ ˲ 1.000-ˮ ˷

˱˲ˮ˾˫˲ ˪˰˳˧˦˱˩˪. ˯˳˲˯˶˪˸˹˰ˮ ˲ˮ˫˭ˮ˪˶˪˧ˮ˷˭˫ˮ˷ ˱̄˳˰˳˩ ˮ ˷ ˦˻˸ˮ˹˶˳˧˪˧ˮ 

˨˦˲ˮ̄ˮ˰˪˧˦ ˶˳˨˳˶̀ ˾˪˷˦́˰˳, ˶˳˱˪˰˭˦ ˷ˮ˩ˮ˩˪ Pa>Pi ˾˪˪˷˦˧˦˱˪˧˦.  ˦ ˱˨˦˱˳˭˫˰˪˧ˮ˷  

˷˦˾˹˦˰˳ ˷ˮˬ˹˷˸˪ 95%-ˮ ˦[188]. 

PASS ˴ ˶˳˨˶˦˱ˮ˷ ˴˶˳˨˲˳ˬˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭ ˦̄˳˶̀ˮ˪˰˪˧˪˲ ˱˭˪˰ˮ ˪˰˪˻˸˶˳˲˹˰ˮ 
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˧ˮ˧˰ˮ˳˭˪˯ˮ˷ ˫ˮ˶˸˹˦˰˹˶ˮ ˷˯˶ˮ˲ˮ˲˨˷ ˩  ˦ ˦˭˦˷˳˧ˮ˭ ˲˦˪˶˭ˮ˩˦˲ ˦˶˿˪˫˪˲ 

˴˳˸˪˲̀ˮ˹˶˦˩ ˦˻˸ˮ˹˶ ˹˯˫˪ ˦˭˪˹˰ ˲˦˪˶˭˷ ˾˪˱˩˨˳˱ˮ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˯˫˰˪˫˪˧ˮ˷˭˫ˮ˷. 

˦˱˦˷˭˦˲, ˫ˮ˶˸˹˦˰˹˶ˮ ˷˯˶ˮ˲ˮ˲˨ˮ˭ ˩  ˦ ˪˻˴˪˶ˮ˱˪˲˸ˮ˷ ˾˪˩˪˨˦ ˩ ˾˪˷̂˦˫˰ˮ˰ˮ 

˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˪˧ˮ ̄˾ˮ˶ ˾˪˱˭̄˫˪˫˦˾ˮ ˪˱˭̄˫˪˫˦ ˪˶˭˱˦˲˪˭˷ [189]. 

 ˴˶˳˨˲˳ˬˮ˶˪˧˹˰ˮ ˾˪˩˪˨˪˧ˮ˷ ˱ˮ̄˪˩˫ˮ˭, ˦˱ˮ˩˪˧˱˦ 33, 34-36 ˩  ˦37-39 ˨˦˱˳˦˫˰ˮ˲˪˷ 

˱˦˼˦˰ˮ ˦˻˸ˮ˹˶˳˧˦ (Pa > 0.7) ˨˶ˮ˴ˮ˷ ˩  ˦ ˴ˮ˯˳˶˲˦˫ˮ˶˹˷ˮ˷ ˷˦̂ˮ˲˦˦˼˱˩˪˨˳˩. 

˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧˱˦ 43-52 ˦˿˫˪˲˪˷ ˯˦˶˨ˮ ˾˪˩˪˨˪˧ˮ 5-̆ˮ˩˶˳˻˷ˮ˸˶ˮ˺˸˦˱ˮ˲ˮ˷ ˷˪˯˶˪̀ˮˮ˷ 

˱˦ˮ˲̆ˮ˧ˮ˶˪˧˪˰ ˱˳˻˱˪˩˪˧˦ˬ˪, ̄˳˰ ˳˧˪˲ˬˮ˱ˮ˩ ˦ˬ˳˰˪˧˱˦ 53, 54-56 ˩  ˦57 ˨˦˱˳˦˫˰ˮ˲˪˷ 

˭ˮ˶˯˱˪˰˪˧ˮ˷ ˺˹˲˻̀ˮˮ˷ ˱˦˷˸ˮ˱˹˰ˮ˶˪˧˪˰ˮ ˱˳˻˱˪˩˪˧˦. ˲ˮ˫˭ˮ˪˶˪˧˪˧˱˦ 58, 59 ˦˿˫˪˲˪˷ 

Pa > 0.8 ˭ ˮ˶˯˱˰ˮ˷ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˪˺˪˻˸ˮ.  

˷ˮ˲˭˪ˬˮ˶˪˧˹˶  ˮ ˲ˮ˫˭ˮ˪˶˪˧˪˧ˮ˷ ˱ˮ˪˶ ˨˦˱˳˫˰˪˲ˮ˰ˮ ˺˦˶˭˳ ˷˴˪˻˸˶ˮ˷ 

˴˶˳˨˲˳ˬˮ˶˪˧˹˰ ˦˻˸ˮ˹˶˳˧˪˧˷ ˾˳˶ˮ˷, ˾˪˶˿˪˹˰ ˮ˻˲˦ ˽˫˪˰˦ˬ˪ ˱˦˼˦˰ˮ Pa  ˷ˮ˩ˮ˩ˮ˷ 

˱˻˳˲˪ ˦˻˸ˮ˹˶˳˧˪˧ˮ ˩  ˦˦ ˱˱˳˲˦̀˪˱˪˧ˮ˷ ˨˦˱˳˽˪˲˪˧ˮ˭ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˷˸˶˹˻˸˹˶˦˷˦ ˩  ˦

˦˻˸ˮ˹˶˳˧˦˷ ˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˶˦˩ˮ˯˦˰ˮ˷ ˩  ˦˷̄˫˦ ˰ˮ˴˳˺ˮ˰˹˶ˮ ̅˨˹˺ˮ˷ 

˾˪˱̀˫˪˰ ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰˪˧ˮ, ˧˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˩  ˦ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 

˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ̂˦˶˱˳˪˧˹˰˪˧ˬ˪. ˶˳˨˳˶̀ ˱˳˷˦˰˳˩˲˪˰ˮ ˮ˽˳, ˦˼˱˳˿˲˩˦, ˶˳ ˱

˦˩˦˱˦˲˸˦˲ˮ˷ ˱˳˰˪˯˹˰ˮ˷ ˿˦˲˦̀˫˰˪˧˦˱ ˷̄˫˦ ˰ˮ˴˳˺ˮ˰˹˶ˮ ˱˳˰˪˯˹˰ˮ˭ ˹˱˪˸˪˷ 

˾˪˱˭̄˫ ˪˦˾˫  ˮ ˾˪˦˱̀ˮ˶˦ ˴˶˳˨˲˳ˬˮ˶˪˧˹˰ˮ ˦˻˸ˮ˹˶˳˧˦ ̆˪˸˪˶˳̀ˮ˯˰˪˧˾ˮ. 

˱˳˰˪˯˹˰˪˧˱˦ ˱˪˭ˮ˰ˮ˷, ˺˪˲ˮ˰ˮ˷, ̀ˮ˯˰˳̆˪˻˷˦˲ˮ˷, ˮˬ˳˴˶˳˴ˮ˰ˮ˷ ˩  ˦ ˱˪˳˭̄˪˹˰ˮ 

˧˹˸ˮ˰ˮ˷ ˶˦˩ˮ˯˦˰˪˧ˮ˭ ˦˿˫˪˲˪˷ ˹˺˶ ˳ ˩˦˧˦˰ˮ Pa ˱˲ˮ˾˲˪˰˳˧˦, ˫ˮ˩˶˪ ˮ˨ˮ˫˪ 

˱˳˰˪˯˹˰˪˧˱˦ ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˭. ˱˦˨˦˰ˮ˭˦˩, ˮ˱ˮ˩˦ˬ[˳4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ 

37aïb Pa -  ˷ ˱˳˲˦̀˪˱˪˧ˮ ˭ˮ˶˯˱˰ˮ˷ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˦˻˸ˮ˹˶˳˧˦ˬ˪ 

˦˼˱˳˿˲˩˲˪˲ 1-2 ˶ˮ˨ˮ˭ ˱˪˸ˮ, ˫ˮ˩˶˪ ˦˩˦˱˦˲˸˦˲ˮ˷ ˨˦˶˪˾˪ ˷̄˫˦ ˱˦˭ˮ ˦˲˦˰˳˨ˮ 

˲˦˪˶˭˪˧ˮ˷ (̀̄˶ˮ˰ˮ 6).  
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̀̄˶ˮ˰ˮ 6: ˲ ˮ˫˭ˮ˪˶˪˧˦ 58, 59 -  ˷˩  ˦˱˦˭ˮ ˷˸˶˹˻˸˹˶˹˰ˮ ˦˲˦˰˳˨˪˧ˮ˷ Pa ˩  ˦Pi 

˱˲ˮ˾˲˪˰˳˧˪˧ˮ ˭ˮ˶˯˱˰ˮ˷ ˩˦˦˫˦˩˪˧˪˧ˮ˷ ˷˦˱˯˹˶˲˦˰˳ ˦˻˸ˮ˹˶˳˧˦ˬ˪ 

˶ˮ˨ˮ ˲ˮ˫˭ˮ˪˶˪˧˦˭˦ ˷˦̄˪˰̂˳˩˪˧˦ ˭ˮ˶˯˱˰ˮ˷ 

˩˦˦˫˦˩˪˧˪˧ˮ˷ 

˱˯˹˶˲˦˰˳˧˦ 

Pa Pi 

1 58 7-(1-˦˩˦˱˦˲˸ˮ˰)-2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.882 0.003 

2  7-̀ˮ˯˰˳̆˪˻˷ˮ˰-2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.392 0.008 

3 7-˱˪˭ˮ˰-2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.630 0.004 

4 2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.451 0.005 

5 7-ˮˬ˳˴˶˳˴ˮ˰-2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.526 0.011 

6 2,7-˩ˮ˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.537 0.007 

7 7-˸˪˸˶-˧˹˭ˮ˰-2-˺˪˲ˮ˰-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.677 0.004 

8 59 7-(1-˦˩˦˱˦˲˸ˮ˰)-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 

0.810 0.003 

9  7-̀ˮ˯˰˳̆˪˻˷ˮ˰-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 

0.350 0.011 

10 7-˱˪˭ˮ˰-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 

0.540 0.004 

11 2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 0.398 0.008 

12 7-ˮˬ˳˴˶˳˴ˮ˰-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 

0.468 0.005 

13 7-˺˪˲ˮ˰-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 

0.459 0.005 

14 7-˸˪˸˶-˧˹˭ˮ˰-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-

e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰ˮ 

0.520 0.005 
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˩˦˷˯˫˲˪˧ˮ 

1. ˾˪˷̂˦˫˰ˮ˰ˮ˦ N-(3-(5-˧˪˲ˬ˳ˮ˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-2-ˮ )˰˦˩˦˱˦˲˸˦˲-1-

ˮ )˰˦̀˪˸˦˱ˮ˩ˮ ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˶˪˦˻̀ˮ˦ 3-˦̀˪˸˦˱ˮ˩˳˦˩˦˱˦˲˸˦˲-1-

˯˦˶˧˳˲˱˵˦˫˦˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 3,4-˩ˮ˦˱ˮ˲˳˧˪˲ˬ˳˺˪˲˳˲˭˦˲ ˶˳˨˳˶̀ ˴ˮ ˶˩˦˴ˮ˶ˮ 

˾˪˰˼˳˧ˮ˭, ˦˷˪˫˪ POCl3 ˦˶˪˾ˮ ˸˳˰˹˳˰˾ˮ ˩  ˦ PPSE (˸ ˶ˮ˱˪˭ˮ˰˷ˮ˰ˮ˰ 

˴˳˰ˮ˺˳˷˺˦˸ˮ) ˦˶˪˾ˮ ˶˳˨˳˶̀ ˨˦˱̄˷˲˪˰ˮ˭, ˦ ˷˪˫˪ ˨˦˱̄˷˲˪˰ˮ˷ ˨˦˶˪˾˪.  

2. ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 5(6)-˧˪ˬ˳ˮ˰-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷̂˶˦˺ˮ ˩  ˦

˱˦˶˸ˮ˫ˮ ˱˪˭˳˩ˮ˭ ˾˪˷˦˧˦˱ˮ˷ˮ ˩ˮ˦˱ˮ˲ˮ˷ ˴ˮ˶˩˦˴ˮ˶ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭ 1-

˦˩˦˱˦˲˸˦˲˯˦˶˧˳˲˱˵˦˫˦˷˭˦˲, ˦˷˪˫˪ ˭˦˫˩˦˴ˮ˶˫˪˰˦˩ ̅˪ ˶˦˱ˮ˲˳˦˱ˮ˩ˮ˷ ˱ˮ˼˪˧ˮ˭ 

˩  ˦˾˪˱˩˪˨ ˱ˮ˷ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ ˷̄˫˦˩˦˷̄˫˦ ˴ˮ˶˳˧˪˧˾ˮ ˿˦˸˦˶˪˧ˮ˭.   

3. ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˪˭ˮ ˰2-(1-˦˩˦˱˦˲˸ˮ˰)-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ˷ 

˱ˮ˼˪˧ˮ˷ ˶˦˱˳˩˪˲ˮ˱˪ ˨ˬ˦ ˷̄˫˦˩˦˷̄˫˦ ˴ˮ˶˳˧˪˧˾ˮ. 

4. ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ ˱˪˭ˮ˰ 2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ 

99%-ˮ˦˲ˮ ˨˦˱˳˷˦˫˰ˮ˦˲˳˧ˮ˭ ˶˳˨˳˶̀ ˴ˮ˶˩˦˴ˮ˶ˮ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮˮ˭, ˦ ˷˪˫˪ 

˦˱ˮ˲˳˦˱ˮ˩ˮ˷ ˱ˮ˼˪˧ˮ˭ ˩  ˦ ˾˪˱˩˨˳˱˾ˮ ˱ˮ˷ˮ ̀ˮ˯˰ˮˬ˦̀ˮˮ˭. ˿˦˸˦˶˪˧˹˰ ˮ˻˲˦ 

˱ˮ˼˪˧˹˰ˮ ˪˷˭˪˶ˮ˷ ̆ˮ˩˶˦ˬˮ˲˳˰ˮˬˮ ˩  ˦ ˱ˮ˼˪˧˹˰ ˮ˻˲˦ ˾˪˷˦˧˦˱ˮ˷ˮ 2-

(˦˩˦˱˦˲˸˦˲-1-ˮ )˰-1H-˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳̆ˮ˩˶˦ˬˮ˩ˮ. 

5. ˱ˮ˼˪˧˹˰ ˮ˻˲˦ 5(6)-˯˦˶˧˳˻˷ˮ-2-(1-˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ, ˱˪˭ˮ˰ 2-(1-

˦˩˦˱˦˲˸ˮ˰)˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰-5-˯˦˶˧˳˻˷ˮ˰˦˸ˮ ˷ ˸˹˸˪ ̆ˮ˩˶˳˰ˮˬˮ˷ 

˷˦˾˹˦˰˪˧ˮ˭ ˩  ˦ ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˯˦˶˧˳˻˷ˮ˰ˮ˷ ̅˨˹˺ˮ˷ ˦˼˩˨˪˲ˮ˷ ˩  ˦

˷̄˫˦˩˦˷̄˫˦ ˦˶˳˱˦˸˹˰ ˩  ˦̆˪˸˪˶˳̀ˮ˯˰˹˶ ˦˱ˮ˲˪˧˭˦˲ ˯˳˲˩˪˲˷˦̀ˮˮ˷ ˶˪˦˻̀ˮ˪˧ˮ. 

6. ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ N-(2-˦˶ˮ˰/˦˰˯ˮ˰˧˪˲ˬ˳˻˷˦ˬ˳˰-6-ˮ )˰˦˩˦˱˦˲˸˦˲-1-

˯˦˶˧˳˻˷˦˱ˮ˩˪˧ˮ ˳˶ ˮ˨ˬˮ˭. ˶˳˨˳˶̀ ˾˪˷˦˧˦˱ˮ˷ˮ ˦˱ˮ˲˳˺˪˲˳˰ˮ˷ ̀ˮ˯˰ˮˬ˦̀ˮˮ˷ 

˦˶˳˱˦˸˹˰ ˦˰˩˪̆ˮ˩˪˧˭˦˲ Cu(OAc)2 ˭˦˲˦˳˧ˮ˷˦˷, ˦˷˪˫˪ ˲ˮ˸˶ˮ˰˪˧˭˦˲ 

˯˳˲˩˪˲˷˦̀ˮˮ˭ ˰˹ˮ˷ˮ˷ ˱˵˦˫˦˷ ˭˦˲˩˦˷̂˶˪˧ˮ˭. 

7. ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ ˮ˻˲˦ 2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˩  ˦

˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱ˮ˷ˮ ˲ˮ˸˶ˮ˶˪˧ˮ˷ ˶˪˦˻̀ˮ˪˧ˮ. ˿˦˸˦˶˪˧˹˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ˮ 

˲ˮ˸˶˳ ˴˶˳˩˹˻˸ˮ˷ ˦˼˩˨˪˲ˮ˷ ˶˪˦˻̀ˮ˦.  
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8. ˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ ˮ˻˲˦ ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬ˳˻˷˦ˬ˳˰˪˧ˮ˷ ˷ˮ˲˭˪ˬˮ 2-(1-

˦˩˦˱˦˲˸ˮ˰)-4-˦˱ˮ˲˳-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷ ˯˳˲˩˪˲˷˦̀ˮˮ˭ 

˧˪˲ˬ˦˰˩˪̆ˮ˩˭˦˲ ˩  ˦4-˱˪˭˳˻˷ˮ˧˪˲ˬ˦˰˩˪̆ˮ˩˭˦˲ Cu(OAc)2-ˮ ˷˭˦˲˦˳˧ˮ˷˦˷.  

9. ˾˪˷̂˦˫˰ˮ˰ ˮ˻˲˦ ˱ˮ˼˪˧˹˰ˮ 2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦-

ˬ˳˰ˮ˷ ˦˰˯ˮ˰ˮ˶˪˧ˮ˷ ˶˪˦˻̀ˮ˦.  

10. ˷ˮ˲˭˪ˬˮ˶˪˧˹˰ˮ ˲˦˪˶˭˪˧ˮ˷ ˷˸˶˹˻˸˹˶˦˷˦ ˩  ˦ ˧ˮ˳˰˳˨ˮ˹˶ˮ ˦˻˸ˮ˹˶˳˧˦˷ 

˾˳˶ˮ˷ ˯˦˫˾ˮ˶ˮ ˾˪˺˦˷˪˧˦ ˨˦˲̄˳˶̀ˮ˪˰˪˧˹˰ ˮ˻˲˦ PASS-ˮ ˷ ˳˲˰˦ˮ˲ ˴˶˳˨˶˦˱ˮ˷ 

˷˦˾˹˦˰˪˧ˮ˭. ˦˩˦˱˦˲˸˦˲ˮ˷ ˧ˮ˶˭˫ˮ˷ ˾˪˱̀˫˪˰ˮ ˲˦˪˶˭˪˧ˮ˷ ˾˪˷˦́˰˳ ˱˦˼˦˰ˮ 

˦˻˸ˮ˹˶˳˧˦ ˾˪˩˦˶˪˧˹˰ ˮ˻˲˦ ˦˲˦˰˳˨ˮ˹˶ˮ ˷˸˶˹˻˸˹˶ˮ˷ ˱˻˳˲˪ ˷̄˫˦ 

˰ˮ˴˳˺ˮ˰˹˶ ˱˳˰˪˯˹˰ˮ˭ ˿˦˲˦̀˫˰˪˧˹˰ ˲˦˪˶˭˪˧˭˦˲. ˨˦˱˳˫˰˪˲ˮ˰ ˮ˻˲˦, ˶˳ ˱

˭ˮ˭˻˱ˮ˷ ˽˫˪˰˦ ˾˪˱˭̄˫˪˫˦˾ˮ ˦˩˦˱˦˲˸˦˲ˮ˷ ˾˪˱̀˫˪˰˱˦ ˲˦˪˶˭˪˧˱˦ ˨˦˱˳˦˫˰ˮ˲˪˷ 

˹˺˶ ˳ ˱˦˼˦˰ˮ ˦˻˸ˮ˹˶˳˧˦, ˫ˮ˩˶˪ ˦˲˦˰˳˨ˮ˹˶˱˦ ˲˦˪˶ ˭˪˧˱˦ ˦˩˦˱˦˲˸˦˲ˮ˷ 

˧ˮ˶˭˫ˮ˷ ˨˦˶˪˾˪.   
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˩˦˲˦˶˭ˮ 1 

N-(3-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ˷ (34) 1H ˧˱˶ ˷˴˪˻˸˶ˮ 
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N-(3-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ˷ (34) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ

 



137 
 

N-(3-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ˷ (34) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ
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N-(3-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(35) 1H ˧˱˶ ˷˴˪˻˸˶ˮ 
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N-(3-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(35) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ 
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N-(3-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(35) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ
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N-(5-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(36) 1H ˧˱˶ ˷˴˪˻˸˶ˮ
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N-(5-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(36) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ
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N-(5-̆ˮ˩˶˳˻˷ˮ-2-˲ˮ˸˶˳˺˪˲ˮ˰)˦˩˦˱˦˲˸˦˲-1-˯˦˶˧˳˻˷˦˱ˮ˩ˮ ˷(36) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(53) 1H ˧˱˶ ˷˴˪˻˸˶ˮ 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(53) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(53) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(54) 1H ˧˱˶ ˷˴˪˻˸˶ˮ 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(54) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-4-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(54) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ 
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-6-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ˷ (55) 1H ˧˱˶ ˷˴˪˻˸˶ˮ
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-6-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(55) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ
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2-(1-˦˩˦˱˦˲˸ˮ˰)-5-̆ˮ˩˶˳˻˷ˮ-6-˲ˮ˸˶˳˧˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(55) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ
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7-(˦˩˦˱˦˲˸ˮ˰)-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(59) 1H ˧˱˶ ˷˴˪˻˸˶ˮ 
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7-(˦˩˦˱˦˲˸ˮ˰)-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(59) 13C ˧ ˱˶ ˷˴˪˻˸˶ˮ

 



155 
 

7-(˦˩˦˱˦˲˸ˮ˰)-2-(4-˱˪˭˳˻˷ˮ˺˪˲ˮ˰)-6H-ˮ˱ˮ˩˦ˬ˳[4,5-e]˧ ˪˲ˬˮ˱ˮ˩˦ˬ˳˰ˮ ˷(59) 13C DEPT ˧ ˱˶ ˷˴˪˻˸˶ˮ 

 


