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ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰ ˀʬʹʸʻʲʬʩʻʲʰʨ ʹʹʰʶ კ ʹʵˆʻʳʰʹ ʹʨˆʬʲʳ˄ʰʼʵ ʻʴʰʭʬʸ-
ʹʰʺʬʺʰʹ ʹʨʩʻʴʬʩʰʹʳʬʺʿʭʬʲʵ ʳʬ˂ʴʰʬʸʬʩʨʯʨ ʫʨ ˇʨʴʫʨ˂ʭʰʹ ʼʨʱʻʲʺʬʺʮʬ 
 
 
ʹʨʳʬ˂ʴʰʬʸʵ ˆʬʲʳ˃ʾʭʨʴʬʲʬʩʰ:   ʮʻʸʨʩ ʼʨˁʻʲʰʨ 
                                                            ʽʰʳʰʰʹ ʫʵʽʺʵʸʰ, ʹʹʰʶ კ ʹʵˆʻʳʰʹ ʹʨˆʬʲʳ˄ʰʼʵ   
                                                            ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʶʸʵʼʬʹʵʸʰ 
                                                            ʬʲʰʮʩʨʸ ʬʲʰʮʩʨʸʨˀʭʰʲʰ 
                                                            ʽʰʳʰʰʹ ʳʬ˂ʴʰʬʸʬʩʨʯʨ ʫʵʽʺʵʸʰ, ʹʨʽʨʸʯʭʬʲʵʹ 

                                                                                ʨʪʸʨʸʻʲʰ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʶʸʵʼʬʹʵʸʰ 
 

 
ʬʽʹʶʬʸʺʬʩʰ:                                     ʨʴʺʵʴʰʴʨ ʳʹˆʰʲʨ˃ʬ 
                                                            ʽʰʳʰʰʹ ʫʵʽʺʵʸʰ, ʹʹʰʶ კ ʹʵˆʻʳʰʹ ʹʨˆʬʲʳ˄ʰʼʵ    
                                                            ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʨʹʵ˂ʰʸʬʩʻʲʰ ʶʸʵʼʬʹʵʸʰ                            
                                                            ʴʬʲʰ ʹʰʫʨʳʵʴʰ˃ʬ 
                                                            ʽʰʳʰʰʹ ʳʬ˂ʴʰʬʸʬʩʨʯʨ ʫʵʽʺʵʸʰ, ʰʭ. ˇʨʭʨˆʰˀʭʰ-   
                                                            ʲʰʹ ʹʨˆʬʲʵʩʰʹ ʯʩʰʲʰʹʰʹ ʹʨˆʬʲʳ˄ʰʼʵ ʻʴʰ-  
                                                            ʭʬʸʹʰʺʬʺʰʹ ʨʹʰʹʺʬʴʺ-ʶʸʵʼʬʹʵʸʰ 
 
 
ʵʼʰ˂ʰʨʲʻʸʰ ʸʬ˂ʬʴʮʬʴʺʬʩʰ:     ʲʨʲʰ ʺʨʩʨʺʨ˃ʬ 
                                                            ʽʰʳʰʰʹ ʫʵʽʺʵʸʰ, ʹʹʰʶ კ ʹʵˆʻʳʰʹ ʹʨˆʬʲʳ˄ʰʼʵ   
                                                            ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʨʹʵ˂ʰʸʬʩʻʲʰ ʶʸʵʼʬʹʵʸʰ 
                                                            ʯʨʳʨʮ ʳ˃ʰʴʨʸʨˀʭʰʲʰ 
                                                            ʼʰʮʰʱʨ-ʳʨʯʬʳʨʺʰʱʰʹ ʳʬ˂ʴʰʬʸʬʩʨʯʨ ʫʵʽʺʵʸʰ,  
                                                            ʰʭ. ˇʨʭʨˆʰˀʭʰʲʰʹ ʹʨˆʬʲʵʩʰʹ ʯʩʰʲʰʹʰʹ   
                                                            ʹʨˆʬʲʳ˄ʰʼʵ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʶʸʵʼʬʹʵʸʰ 
 
 
ʫʰʹʬʸʺʨ˂ʰʰʹ ʫʨ˂ʭʨ ˀʬʫʪʬʩʨ 2016 ˄ʲʰʹ 29 ʰʨʴʭʨʸʹ 13 ʹʨʨʯʮʬ ʹʹʰʶ კ ʹʵˆʻʳʰʹ 
ʹʨˆʬʲʳ˄ʰʼʵ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ʹʨʩʻʴʬʩʰʹʳʬʺʿʭʬʲʵ ʳʬ˂ʴʰʬʸʬʩʨʯʨ ʫʨ ˇʨʴʫʨ˂ʭʰʹ 
ʼʨʱʻʲʺʬʺʰʹ ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʱʵʳʰʹʰʰʹ ʹˆʫʵʳʨʮʬ. 
ʳʰʹʨʳʨʸʯʰ: ʨʴʨ ʶʵʲʰʺʱʵʭʹʱʨʰʨʹ ʽ. №9, IV ʹʨʸʯʻʲʰ, ʹʨʶʸʬʮʬʴʺʨ˂ʰʵ ʵʯʨˆʰ 
 
 
ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʹʨʩ˅ʵʹ ʳʫʰʭʨʴʰ, 
ʩʰʵʲʵʪʰʰʹ ʫʵʽʺʵʸʰ, ʹʹʻ ʨʹʵ˂ʰʸʬʩʻʲʰ ʶʸʵʼʬʹʵʸʰ                         ʴʵʴʨ ʳʰʽʨʰʨ
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ʯʬʳʰʹ ʨʽʺʻʨʲʻʸʵʩʨ.  

ʻʱʨʴʨʹʱʴʬʲʰ ʹʨʳʰ ʨʯ˄ʲʬʻʲʰʹ ʪʨʴʳʨʭʲʵʩʨˀʰ ʳʵʲʬʱʻʲʰʹ 

ʨʾʴʨʪʵʩʰʹ ʽʭʨʴʺʻʸ ʯʬʵʸʰʨˀʰ ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹʰ 

ʳʰʾ˄ʬʭʬʩʰ ʰʽʴʨ ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰ. ʳʰʰˁʴʬʭʨ, ʸʵʳ 

ʩʻʴʬʩʰʹʳʬʺʿʭʬʲʬʩʰʹ ʰʹʺʵʸʰʨˀʰ ʬʹ ʨʸʰʹ ʬʸʯ-ʬʸʯʰ 

ʻʳʴʰˀʭʴʬʲʵʭʨʴʬʹʰ ʳʬ˂ʴʰʬʸʻʲʰ ˀʬʫʬʪʰ, ʸʵʳʬʲʳʨ˂ 

ʫʨʹʨʩʨʳʰ ʳʰʹ˂ʨ ʳʵʲʬʱʻʲʰʹ ʬʲʬʽʺʸʵʴʻʲʰ ʨʾʴʨʪʵʩʰʹʨ ʫʨ 

ʸʬʨʽ˂ʰʰʹ ʻʴʨʸʰʨʴʵʩʰʹ ʱʭʲʬʭʰʹ ʨˆʨʲ ʬʸʨʹ. 

ˀʰʼʰʹ ʼʻ˃ʬʬʩʰ, ʰʪʰʭʬ ʨʮʵʳʬʯʰʴʬʩʰ კ ʴʨʬʸʯʬʩʰ, ʸʵʳʲʬʩʰ˂ 

ˀʬʰ˂ʨʭʬʴ RC=N ʩʳʨʹ, ʼʨʸʯʵʫ ʪʨʳʵʰʿʬʴʬʩʰʨʴ ʵʸʪʨʴʻʲ 

ʹʰʴʯʬʮˀʰ, ʸʵʪʵʸ˂ ˀʻʨʲʬʫʻʸʰ ʴʨʬʸʯʬʩʰ ʨʳʰʴʬʩʰʹ 

ʳʰʾʬʩʰʹʨʹ ʫʨ ʨʹʬʭʬ, ʸʵʪʵʸ˂ ʳʰʮʴʵʩʸʰʭʰ ʴʨʬʸʯʬʩʰ. 

ʮʵʪʰʬʸʯ ʨʮʵʳʬʯʰʴʹ ʨˆʨʹʰʨʯʬʩʹ ʪʨʮʸʫʰʲʰ ʩʰʵʲʵʪʰʻʸʰ 

ʨʽʺʰʻʸʵʩʨ, ʳʨʯ ˀʵʸʰʹ ʹʰʳʹʰʭʴʰʹ ʹʨ˄ʰʴʨʨʾʳʫʬʪʵ, ʩʨʽʺʬʸʰ-

ʵ˂ʰʫʻʲʰ ʫʨ ʨʴʺʰʭʰʸʻʹʻʲʰ. ʫʨʳʨʺʬʩʰʯʰ ʬʲʬʽʺʸʵ-

ʼʰʲʻʸʰ ˁʨʳʴʨ˂ʭʲʬʩʲʬʩʰʹ ˀʬʳ˂ʭʬʲʰ ʨʮʵʳʬʯʰʴʬʩʰ 

ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʱʵʳʶʲʬʽʹ˄ʨʸʳʵʳʽʳʴʬʲʰ ʴʨʬʸʯʬʩʰʨ, 

ʭʰʴʨʰʫʨʴ ʳʨʯ ˀʬʹ˄ʬʭʯ ʻʴʨʸʰ ˄ʨʸʳʵʽʳʴʨʴ ʳʫʪʸʨʫʰ ʫʨ 

ʳʸʨʭʨʲʼʬʸʵʭʨʴʰ ʱʵʳʶʲʬʽʹʴʨʬʸʯʬʩʰ, ʳʨʯ ˀʵʸʰʹ ʳʵʴʵ- ʫʨ 
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ʶʵʲʰʩʰʸʯʭʻʲʰ. ʳʨʱʸʵ˂ʰʱʲʻʸ ʶʵʲʰʨʮʵʳʬʯʰʴʬʩʹ 

ˀʬʻ˃ʲʰʨʯ ˂ʰʱʲʰʹ ˀʰʪʴʰʯ წˀʬʨʱʨʭʵʴმ ʳ˂ʰʸʬ ʫʨ ʫʰʫʰ 

ʮʵʳʰʹ ʳʨʸʺʰʭʰ ʫʨ ʱʵʳʶʲʬʽʹʻʸʰ ʰʵʴʬʩʰ, ʸʵʳʬʲʯʨ˂ 

ʪʨʨˁʴʰʨʯ ʳʨʾʨʲʰ ʱʵʵʸʫʰʴʨ˂ʰʻʲʰ ʸʰ˂ˆʭʬʩʰ (ʳʨʪ. 

ʲʨʴʯʨʴʵʰʫʬʩʰ ʫʨ ʨʽʺʰʴʵʰʫʬʩʰ). ʻʼʸʵ ʳʬʺʰ˂, ʳʨʯ 

ˀʬʹ˄ʬʭʯ ʻʴʨʸʰ ˄ʨʸʳʵʽʳʴʨʴ წʹʬʴʫʭʰˁʰʹმ ʹʨˆʰʹ ʱʵʳʶʲʬʽʹʻʸʰ 

ʴʨʬʸʯʬʩʰ. ʮʵʪʰʬʸʯ ʳʨʯʪʨʴʹ ʨˆʨʹʰʨʯʬʩʹ ʻˁʭʬʻʲʵʫ 

ʳʨʾʨʲʰ ʳʨʪʴʰʺʻʸʰ ʯʭʰʹʬʩʬʩʰ ʫʨ ʱʨʺʨʲʰʮʻʸʰ 

ʨʽʺʰʻʸʵʩʨ. ʳʵʰʶʵʭʬʩʨ ʨʸʨʬʸʯʰ ˀʸʵʳʨ, ʸʵʳʬʲˀʰ˂ 

ʨʾ˄ʬʸʰʲʰʨ ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʨʮʵʳʬʯʰʴʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ 

ʯˆʬʭʨʫʰ ʱʸʰʹʺʨʲʬʩʰʹ ʫʨʹʨʳʮʨʫʬʩʲʨʫ. ʹʻʲ ʨˆʲʨˆʨʴʹ 

ʪʨʳʵˁʴʫʨ ˀʸʵʳʬʩʰ, ʹʨʫʨ˂ ʴʨˁʭʬʴʬʩʰʨ ʳʨʱʸʵ˂ʰʱʲʻʸʰ 

ʨʮʵʳʬʯʰʴʬʩʰʹ ʻʴʨʸʰ, ˀʬʰ˂ʴʵʴ ʫʨ ʹʬʲʬʽ˂ʰʻʸʨʫ 

ʫʨʻʱʨʭˀʰʸʫʴʬʴ ʨʴʰʵʴʬʩʹ ʫʨ ʪʨʳʵʿʬʴʬʩʻʲʴʰ ʰʽʴʨʴ ʸʵʪʵʸ˂ 

ˆʬʲʵʭʴʻʸʰ ʨʴʰʵʴʻʸʰ ʸʬ˂ʬʶʺʵʸʬʩʰ. 

ʹʨʱʰʯˆʰʹ ˀʬʹ˄ʨʭʲʰʹ ʰʹʺʵʸʰʨ.  

ʨʮʵʳʬʯʰʴʬʩʰʹ ʳʰʾʬʩʰʹ ʱʲʨʹʰʱʻʸ ʳʬʯʵʫʹ ˄ʨʸʳʵʨʫʪʬʴʹ 

ʱʵʴʫʬʴʹʨ˂ʰʰʹ ʸʬʨʽ˂ʰʨ ʱʨʸʩʵʴʰʲʻʸ ʴʨʬʸʯʬʩʹʨ ʫʨ 

ʶʰʸʭʬʲʨʫ ʨʳʰʴʬʩʹ ˀʵʸʰʹ ʳʷʨʭʨ ʱʨʺʨʲʰʮʰʹ ʶʰʸʵʩʬʩˀʰ. 
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ʳʨʯʰ ʳʰʾʬʩʨ ʶʰʸʭʬʲʨʫ ʪʨʴˆʵʸ˂ʰʲʬʩʻʲ ʰʽʴʨ ˀʰʼʰʹ ʳʰʬʸ 

1864 ˄ʬʲʹ ʫʨ,  ʸʵʪʵʸ˂ ˄ʬʹʰ, ʰʪʰ ʳʨʾʨʲʰ 

ʪʨʳʵʹʨʭʲʰʨʴʵʩʰʯ ʳʰʳʫʰʴʨʸʬʵʩʹ: 

 

ʹʽʬʳʨ 1. ʨʮʵʳʬʯʰʴʬʩʰʹ (ˀʰʼʰʹ ʼʻ˃ʬʬʩʰʹ) ʹʰʴʯʬʮʰʹ 
ʳʬʽʨʴʰʮʳʰ 

ʫʾʬʰʹʨʯʭʰʹ ʿʭʬʲʨʮʬ ˆˀʰʸʨʫ ʪʨʳʵʿʬʴʬʩʨʫʰ ʫʨ 

ˀʬʹʨʩʨʳʰʹʨʫ, ʿʭʬʲʨʮʬ ʻʼʸʵ ʱʨʸʪʨʫ ˀʬʹ˄ʨʭʲʰʲʰ ʨʸʰʹ 

ʳʬʺʨʲ-ʯʨʸʪʻʲʰ ʹʰʴʯʬʮʰʹ ʳʬʯʵʫʬʩʰ. ʯʻʳ˂ʨ ʨʳ ʳʬʯʵʫʹ 

ʪʨʨˁʴʰʨ ʵʸʰ ʳʴʰˀʭʴʬʲʵʭʨʴʰ ʻʨʸʿʵʼʰʯʰ ʳˆʨʸʬ: (ʨ) 

ʫʰʱʨʸʩʵʴʰʲʻʸʰ ʴʨʬʸʯʬʩʰʹʨ ʫʨ ʫʰʨʳʰʴʬʩʰʹ 

ʻʸʯʰʬʸʽʳʬʫʬʩʰʹʨʹ ˃ʰʸʰʯʨʫʨʫ ʳʰʰʾʬʩʨ ʹʰʳʬʺʸʰʻʲʰ 

ʴʨʬʸʯʬʩʰ ʫʨ  (ʩ) ʨʸ ʰ˃ʲʬʭʨ ʳʬʺʨʲʰʹʨʪʨʴ ʯʨʭʰʹʻʼʨʲʰ 

ʴʨʬʸʯʰʹ ˄ʨʸʳʵʽʳʴʰʹ ʹʨˀʻʨʲʬʩʨʹ.  ʳʨʱʸʵ˂ʰʱʲʰʹ ˀʬʱʭʸʰʹʨʹ 

ʳʬʺʨʲʰʹ ʰʵʴʰ ʹʺʨʩʰʲʻʸʨʫ ʼʰʽʹʰʸʫʬʩʨ ˂ʰʱʲʰʹ ˆʭʸʬʲˀʰ 

ʫʨ ʫʬʳʬʺʨʲʰʮʨ˂ʰʨ ʳʰʰʾ˄ʬʭʨ ʳˆʵʲʵʫ ʰʳʰʴʵ- ˇʪʻʼʰʹ 

ʨʾʫʪʬʴʰʯ ʨʳʰʴʵˇʪʻʼˀʰ. 
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ʻʱʨʴʨʹʱʴʬʲ ˄ʲʬʩˀʰ ʹʻʲ ʻʼʸʵ ʫʨ ʻʼʸʵ ʨʽʺʻʨʲʻʸʰ 

ˆʫʬʩʨ ʳʨʱʸʵ˂ʰʱʲʬʩʰʹ ʳʰʾʬʩʰʹ ʨʸʨʯʨʸʪʻʲʰ ʳʬʯʵʫʬʩʰ, 

ʸʵʳʬʲʹʨ˂ წʯʭʰʯʨ˄ʿʵʩʨʫʰმ ʳʬʯʵʫʰʯʨ˂ ʳʵʰˆʹʬʴʰʬʩʬʴ.  

 

ʱʭʲʬʭʰʹ ʵʩʰʬʽʺʬʩʰ ʫʨ ʳʬʯʵʫʬʩʰ.  

ʴʨˀʸʵʳˀʰ ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲ ʰʽʴʨ ʸʨʳʫʬʴʰʳʬ 

ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʫʨ ʩʰʵʲʵʪʰʻʸʨʫ ʨʽʺʰʻʸʰ ʴʨʬʸʯʰʹ 

ʹʰʴʯʬʮʰ ʫʨ ʳʨʯʰ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. ʱʬʸ˃ʵʫ, 

ʬʽʹʶʬʸʰʳʬʴʺʰʯ ˁʨʺʨʸʬʩʻʲ ʰʽʴʨ ʩʰʼʬʴʰʲʬʩʰʹ ʹʰʴʯʬʮʰ 

ʴʰʺʸʵʼʬʴʵʲʬʩʰʹ ʯʻʯʰʰʹ ʳʺʭʸʰʯ ʨʾʫʪʬʴʰʯ ʺʻʺʬ ʨʸʬˀʰ 

ʫʨ ʩʬʴʮʰʫʰʴʻʸʰ ʪʨʫʨˇʪʻʼʬʩʰʯ, ʵʸʪʨʴʻʲʰ ʫʨ 

ʨʸʨʵʸʪʨʴʻʲʰ ʶʬʸʵʽʹʰʫʬʩʰʯ ʰʴʰ˂ʰʸʬʩʻʲʰ ʷʨʴʪʭʰʯʰ 

ʫʰʳʬʸʰʮʨ˂ʰʰʯ, ʨʸʰʲˈʨʲʵʪʬʴʰʫʬʩʰʹ ʳʬʺʨʲʬʩʰʯ 

ʫʰʳʬʸʰʮʨ˂ʰʰʯ (ʭʰʻʸ˂-ʼʰʺʰʪʰʹ ʸʬʨʽ˂ʰʨ, ʳʬʺʨʲʻʸ 

ʹʶʰʲʬʴ˃ʯʨʴ ˀʬʲʾʵʩʨ), ʨʮʵʩʬʴʮʵʲʬʩʰʹ ʹʰʴʯʬʮʰ 

ˀʬʹʨʩʨʳʰʹʰ ʨʳʰʴʵʼʬʴʵʲʬʩʰʹ ʫʰʨʮʵʺʰʸʬʩʨ-

ʨʮʵˀʬʻʾʲʬʩʰʯ. ʳʰʾʬʩʻʲʰ ʩʰʼʬʴʰʲʬʩʰ ʫʨ 

ʨʮʵʩʬʴʮʵʲʬʩʰ ʪʨʳʵʿʬʴʬʩʻʲ ʰʽʴʨ ʳʨʱʸʵ˂ʰʱʲʻʸʰ 

ʶʵʲʰʨʮʵʳʬʯʰʴʬʩʰʹ ʹʰʴʯʬʮʰʹʨʯʭʰʹ ʳʨʯʰ 
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ˈʰʫʸʨʮʰʴˈʰʫʸʨʺʯʨʴ ʫʨ 1,2-ʫʰʨʳʰʴʬʯʨʴʯʨʴ 

ʱʵʴʫʬʴʹʨ˂ʰʰʯ.   

ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰ ʽʰʳʰʻʸʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹʨʯʭʰʹ 

ˁʨʺʨʸʬʩʻʲ ʰʽʴʨ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ AM1 ʫʨ 

DFT ʳʬʯʵʫʬʩʰʯ. ˀʬʹ˄ʨʭʲʰʲ ʰʽʴʨ ʳʵʲʬʱʻʲʬʩˀʰ 

ʬʲʬʽʺʸʵʴʻʲʰ ʹʰʳʱʭʸʰʭʰʹ ʪʨʴʨ˄ʰʲʬʩʨ, ʳʰʹʰ ʪʨʭʲʬʴʨ 

ʽʰʳʰʻʸʰ ʸʬʨʽ˂ʰʰʹ ʳʰʳʨʸʯʻʲʬʩʨʮʬ, ʪʨʯʭʲʰʲ ʰʽʴʨ 

ʶʸʵʫʻʽʺʬʩʰʹ ˄ʨʸʳʵʽʳʴʰʹ ʹʰʯʩʵ ʫʨ ʫʨʫʪʬʴʰʲ ʰʽʴʨ 

ʳʰʮʴʵʩʸʰʭʰ ʶʸʵʫʻʽʺʬʩʰʹ ʪʬʵʳʬʺʸʰʻʲʨʫ 

ʵʶʺʰʳʰʮʰʸʬʩʻʲʰ ʹʺʸʻʽʺʻʸʬʩʰʹ ʨʾʴʨʪʵʩʨ ʫʨ ʳʨʯʰ 

ʳʰʾʬʩʰʹ ʵʶʺʰʳʨʲʻʸʰ ʳʬʯʵʫʬʩʰ. 

ʳʬ˂ʴʰʬʸʻʲʰ ʹʰʨˆʲʬ.  

ʫʰʹʬʸʺʨ˂ʰʰʹ ʳʬ˂ʴʰʬʸʻʲ ʹʰʨˆʲʬʹ ˄ʨʸʳʵʨʫʪʬʴʹ ˁʭʬʴʹ ʳʰʬʸ 

ʹʰʴʯʬʮʰʸʬʩʻʲʰ ʨˆʨʲʰ ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʶʵʲʰ-

ʨʮʵʳʬʯʰʴʻʸʰ ʴʨʬʸʯʬʩʰ ʫʨ ʹʰʴʯʬʮʰʹ ʰʨʼʰ ʳʬʯʵʫʬʩʰʹ 

ʪʨʴʭʰʯʨʸʬʩʨ. ʨʪʸʬʯʭʬ ʮʵʪʰʬʸʯʰ ʷʨʴʪʩʨʫ ʫʨ 

ʨʮʵʺˀʬʳ˂ʭʬʲʰ ˈʬʺʬʸʵ˂ʰʱʲʻʸʰ ʴʨʬʸʯʬʩʰʹ ʹʰʴʯʬʮʰʹ 

ʳʵʫʬʲʰʹ ʨʪʬʩʨ ʫʨ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʫʨˆʨʹʰʨʯʬʩʨ, ʸʨ˂ 
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ʶʸʨʽʺʰʱʻʲʨʫ ʨʽʨʳʫʬ ˀʬʹ˄ʨʭʲʰʲʰ ʨʸ ʿʵʼʰʲʨ.  

   

                           

ʴʨˀʸʵʳʰʹ ʳʰʮʨʴʰ.  

ˁʭʬʴʰ ʹʨʳʻˀʨʵʹ ʳʰʮʨʴʹ ˄ʨʸʳʵʨʫʪʬʴʫʨ ʮʵʪʰʬʸʯ 

ʩʰʵʲʵʪʰʻʸʨʫ ʨʽʺʰʻʸʰ ˈʬʺʬʸʵ˂ʰʱʲʻʸʰ ʴʨʬʸʯʬʩʰʹ 

ʹʰʴʯʬʮʰ ʫʨ ʸʬʨʽ˂ʰʬʩʰʹ ʳʵʫʬʲʬʩʰʹ ʨʪʬʩʨ. 

ʪʨʴʹʨʱʻʯʸʬʩʻʲʰ ʿʻʸʨʫʾʬʩʨ ʰʽʴʨ ʪʨʳʨˆʭʰʲʬʩʻʲʰ 

ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʶʵʲʰʨʮʵʳʬʯʰʴʻʸʰ ʴʨʬʸʯʬʩʰʹ ʹʰʴʯʬʮʰʹ 

ʰʨʼʰ ʫʨ ʳʨʸʺʰʭʰ ʳʬʯʵʫʬʩʰʹ ˀʬʳʻˀʨʭʬʩʨʮʬ.   

        

ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ˀʬʫʬʪʬʩʰʹ ʪʨʳʵʿʬʴʬʩʨ. ˁʭʬʴʹ ʳʰʬʸ 

ʳʰʾʬʩʻʲʰ ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʶʵʲʰʨʮʵʳʬʯʰʴʬʩʰ ʨʸʰʨʴ 

ʻʰʨʼʬʹʰ ʼʲʻʵʸʬʹ˂ʬʴʺʻʲʰ ʹʨʾʬʩʸʬʩʰ, ʪʨʨˁʴʰʨʯ 

ʹʰʴʯʬʮʰʹ ʳʨʸʺʰʭʰ ʳʬʯʵʫʬʩʰ ʫʨ ʪʨʳʵʿʬʴʬʩʰʹ ʼʨʸʯʵ 

ʨʸʬʨʲʰ. ʼʻʴʫʨʳʬʴʺʨʲʻʸʰ ʱʭʲʬʭʰʹ ˀʬʫʬʪʬʩʰ 

ˀʬʹʨ˃ʲʬʩʬʲʰʨ ʪʨʳʵʿʬʴʬʩʻʲ ʰʽʴʨʹ ʱʵʳʶʰʻʺʬʸʻʲʰ ʽʰʳʰʰʹ 

ʹʨʲʬʽ˂ʰʵ ʱʻʸʹˀʰ, ʸʬʨʽ˂ʰʰʹ ʳʬʽʨʴʰʮʳʬʩʰʹ ˀʬʹ˄ʨʭʲʰʹʨʯʭʰʹ, 

ʴʬʩʰʹʳʰʬʸ ʹʨʳʬ˂ʴʰʬʸʵ-ʱʭʲʬʭʰʯ ʲʨʩʵʸʨʺʵʸʰʨˀʰ ʫʨ ʹˆʭ. 

ʳʬ˂ʴʰʬʸ-ʳʱʭʲʬʭʨʸʯʨ ʰʴʺʬʸʬʹʹ ʪʨʳʵʰ˄ʭʬʭʹ ʽʭʨʴʺʻʸ-
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ʽʰʳʰʻʸʰ ʪʨʯʭʲʰʹ ˀʬʫʬʪʬʩʰ, ʸʨ˂ ʳʵʳʨʭʨʲˀʰ ʹʨʰʴʺʬʸʬʹʵ 

ʰʽʴʬʩʨ ʨʾʴʰˀʴʻʲ ʩʰʵʲʵʪʰʻʸʨʫ ʨʽʺʰʻʸʰ 

ˈʬʺʬʸʵ˂ʰʱʲʻʸʰ ʴʨʬʸʯʬʩʰʹ ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨ 

ʱʰʴʬʺʰʱʻʸʰ ʨʾ˄ʬʸʰʹʨ ʫʨ ʳʨʯʰ ʸʬʨʽ˂ʰʰʹ ʻʴʨʸʰʨʴʵʩʰʹ 

ʯʭʰʹʬʩʰʯʰ ʫʨ ʸʨʵʫʬʴʵʩʰʯʰ ˀʬʼʨʹʬʩʰʹʨʯʭʰʹ. 

ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ˀʰʴʨʨʸʹʰ 

ʴʨˀʸʵʳʰ ˀʬʫʪʬʩʨ: ˀʬʹʨʭʲʰʹ, ʹʨʳʰ ʯʨʭʰʹ, ʫʨʹʱʭʴʰʹʨ ʫʨ 

ʫʨʴʨʸʯʰʹʪʨʴ. ʴʨˀʸʵʳˀʰ ʪʨʴˆʰʲʻʲʰʨ ʸʨʳʫʬʴʰʳʬ 

ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʫʨ ʩʰʵʲʵʪʰʻʸʨʫ ʨʽʺʰʻʸʰ ʴʨʬʸʯʰʹ 

ʹʰʴʯʬʮʰ ʫʨ ʳʨʯʰ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. 

ˀʬʹʨʭʨʲˀʰ ʪʨʳʵʱʭʬʯʰʲʰʨ ʶʸʵʩʲʬʳʰʹ ʨʽʺʻʨʲʵʩʨ, 

ʹʨʱʰʯˆʰʹ ʹʬʹ˄ʨʭʲʰʹ ʰʹʺʵʸʰʨ. ˁʨʳʵʿʨʲʰʩʬʩʻʲʰʨ 

ʫʰʹʬʸʺʨ˂ʰʰʹ ʳʰʮʨʴʰ ʫʨ ʨʳʵ˂ʨʴʬʩʰ, ʱʭʲʬʭʰʹ ˄ʿʨʸʵʬʩʰ. 

ʪʨʴˆʰʲʻʲʰʨ ʹʨʱʭʨʲʰʼʰʱʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ʯʬʵʸʰʻʲʰ ʩʨʮʨ 

ʫʨ ʳʬʯʵʫʵʲʵʪʰʨ. ʪʨʴʹʨʮʾʭʸʻʲʰʨ ʴʨˀʸʵʳʰʹ ʹʰʨˆʲʬ, 

ʳʬ˂ʴʰʬʸʻʲʰ ʫʨ ʶʸʨʽʺʰʱʻʲʰ ʾʰʸʬʩʻʲʬʩʨ. 
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ʯʨʭʰ I 

ʹʨʱʰʯˆʰʹ ˀʬʹ˄ʨʭʲʰʹ ʰʹʺʵʸʰʰʫʨʴ 

ʶʰʸʭʬʲʰ ʯʨʭʰ ʬˆʬʩʨ ʲʰʺʬʸʨʺʻʸʰʹ ʳʰʳʵˆʰʲʭʨʹ. 

ʪʨʴˆʰʲʻʲʰʨ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʪʨʳʵʳʯʭʲʬʲʰ ʳʬʯʵʫʬʩʰ: 

AM1 ʴʨˆʬʭʸʨʫʬʳʶʰʸʰʻʲʰ ʳʬʯʵʫʰ, ʳʵʲʬʱʻʲʻʸʰ 

ʵʸʩʰʺʨʲʬʩʰʹ ʨʸʨʬʳʶʰʸʰʻʲʰ ʳʬʯʵʫʰ (ab initio) ʫʨ 

ʹʰʳʱʭʸʰʭʰʹ ʼʻʴʽ˂ʰʵʴʨʲʰʹ ʳʬʯʵʫʰ (DFT კ Density 

Functional Theory). ʶʰʸʭʬʲ ʯʨʭˀʰ ʳʰʳʵˆʰʲʻʲʰʨ ʨʹʬʭʬ 

ʳʨʱʸʵ˂ʰʱʲʻʸʰ ˀʰʼʰʹ ʼʻ˃ʬʬʩʰʹ ʹʰʴʯʬʮʰʹ ʳʬʯʵʫʬʩʰ, 

ʫʰʨʳʰʴʬʩʰʹʨ ʫʨ ʼʬʴʵʲʻʸʰ ʫʰʱʨʸʩʵʴʰʲʻʸʰ ʴʨʬʸʯʬʩʰʹ 

˂ʰʱʲʵʱʵʴʫʬʴʹʨ˂ʰʨ, ʨʮʵʳʬʯʰʴʻʸʰ ʴʨʬʸʯʬʩʰʹ ʹʰʴʯʬʮʰʹ 

ʹʨ˄ʿʰʹʰ ʹʨʱʭʨʴ˃ʵ ʴʨʬʸʯʬʩʰʹ ʳʰʾʬʩʰʹ ʳʬʯʵʫʬʩʰ ʫʨ 

ʩʰʵʲʵʪʰʻʸʨʫ ʨʽʺʰʻʸʰ ʴʨʬʸʯʰ-ʺʨʲʰʫʵʳʰʫʰ. 

 

ʯʨʭʰ II 

ˀʬʫʬʪʬʩʰʹ ʪʨʴʹˇʨ 

ʳʬʵʸʬ ʯʨʭˀʰ ʪʨʴˆʰʲʻʲʰʨ ʱʭʲʬʭʰʹ ˀʬʫʬʪʬʩʰ ʫʨ ʳʨʯʰ 

ʪʨʴʹˇʨ. ʯʨʭʰ ˀʬʫʪʬʩʨ ʸʭʨ ʶʨʸʨʪʸʨʼʰʹʪʨʴ: 
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ʶʰʸʭʬʲ ʶʨʸʨʪʸʨʼˀʰ ʪʨʴˆʰʲʻʲʰʨ ʺʬʺʸʨˈʰʫʸʵʽʹʰ- 

ʩʰʼʬʴʰʲʬʩʰʹ ʹʰʴʯʬʮʰ ʫʨ  ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. 

˄ʰʴʨʳʫʬʩʨʸʬ ʴʨˀʸʵʳˀʰ ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲ ʰʽʴʨ 

ʩʰʼʬʴʰʲʬʩʰʹ ʹʰʴʯʬʮʰ 2-ʴʰʺʸʵʼʬʴʵʲʰʹ ʯʻʯʰʰʹ ʳʺʭʸʰʯ 

ʨʾʫʪʬʴʰʯ ʺʻʺʬ ʨʸʬˀʰ ʫʨ ʩʬʴʮʰʫʰʴʻʸʰ ʪʨʫʨˇʪʻʼʬʩʰʯ. 

OH

NO2

OH

NO
OHNOH N

+

O
-

OHNOH N
Zn

OH-

Zn

OH-

Zn

OH-

            

   1                            2                             3                               4 

OHNHOH NH

NH2NH2

OH OH

Zn

OH-

H+

OHOH

OH OH

                      5                                6                                         7 

ʹʽʬʳʨ 1. ʩʰʼʬʴʰʲʬʩʰʹ ʹʰʴʯʬʮʰ ʨʾʫʪʬʴʨ-ʩʬʴʮʰʫʰʴʻʸʰ 

ʪʨʫʨˇʪʻʼʬʩʰʹ ʸʬʨʽ˂ʰʰʯ 

 

2-ʴʰʺʸʵʼʬʴʵʲʰʹ ʨʾʫʪʬʴʨ ʯʻʯʰʰʹ ʳʺʭʸʰʹ ʹʨˀʻʨʲʬʩʰʯ 

ʺʻʺʬ ʨʸʬˀʰ ʸʬʨʽ˂ʰʰʹ ʶʰʸʭʬʲ ʹʨʼʬˆʻʸʮʬ ʰ˃ʲʬʭʨ ˀʬʹʨʩʨʳʰʹ 

ʴʰʺʸʵʮʵʴʨ˄ʨʸʳʹ, ʸʵʳʬʲʰ˂ ʪʨʳʵʿʵʼʰʹ ʪʨʸʬˀʬ 
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ʪʨʸʫʨʽʳʴʰʲ ʰʽʴʨ ʨʾʫʪʬʴʰʹ ˀʬʳʫʪʵʳ ʶʸʵʫʻʽʺˀʰ, ʱʬʸ˃ʵʫ 

ʱʰ ˈʰʫʸʵʽʹʰʲʨʳʰʴˀʰ. ʹʨʸʬʨʽ˂ʰʵ ʹʰʹʺʬʳʨˀʰ ˄ʨʸʳʵʽʳʴʰʲʰ 

ʴʰʺʸʵʮʵ- ʫʨ ˈʰʫʸʵʽʹʰʲʨʳʰʴʰ ʻʸʯʰʬʸʯʽʳʬʫʬʩʬʴ 

ʬʸʯʳʨʴʬʯʯʨʴ ʫʨ ˄ʨʸʳʵʽʳʴʰʨʴ ʨʮʵʽʹʰʴʨʬʸʯʹ. ʯʻʯʰʰʯ 

ʨʾʫʪʬʴʰʹ ʹʨʩʵʲʵʵ ʶʸʵʫʻʽʺʹ ˄ʨʸʳʵʨʫʪʬʴʫʨ ʴʨʬʸʯʰ 5. ʨʳ 

ʻʱʨʴʨʹʱʴʬʲʰʹ ʳʷʨʭʨ ʪʨʸʬʳʵˀʰ ʪʨʫʨʺʨʴʰʯ ʪʨʴˆʵʸ˂ʰʬʲʫʨ 

ʩʬʴʮʰʫʰʴʻʸʰ ʪʨʫʨˇʪʻʼʬʩʨ, ʸʨʳʨ˂ ʳʵʪʭ˂ʨ ʹʨˀʻʨʲʬʩʨ 

ʳʰʪʭʬʾʵ 3,3'-ʫʰˈʰʫʸʵʽʹʰ-4,4'-ʫʰʨʳʰʴʵʩʰʼʬʴʰʲʰ (6). 

ʨʳʰʴʵˇʪʻʼʬʩʰʹ ˈʰʫʸʵʽʹʰˇʪʻʼʬʩˀʰ ʪʨʸʫʨʽʳʴʰʹʨʯʭʰʹ 

ˁʨʺʨʸʬʩʻʲ ʰʽʴʨ ʫʰʨʮʵʺʰʸʬʩʰʹ ʸʬʨʽ˂ʰʨ ʳʰʾʬʩʻʲʰ 

ʫʰʨʮʵʴʰʻʳʰʹ ʳʨʸʰʲʰʹ ˀʬʳʫʪʵʳʰ ˈʰʫʸʵʲʰʮʰʯ ʳʷʨʭʨ 

ʨʸʬˀʰ. 

 

ʳʬʵʸʬ ʶʨʸʨʪʸʨʼˀʰ ʪʨʴˆʰʲʻʲʰʨ ʼʬʴʵʲʬʩʰʹ ʷʨʴʪʭʰʯʰ 

ˀʬʻʾʲʬʩʨ. ʩʰʼʬʴʰʲʬʩʰʹ ʳʰʾʬʩʰʹ ʨʲʺʬʸʴʨʺʰʻʲ ʳʬʯʵʫʹ 

˄ʨʸʳʵʨʫʪʬʴʹ ʼʬʴʵʲʬʩʰʹ ʷʨʴʪʭʰʯʰ ʫʰʳʬʸʰʮʨ˂ʰʨ.  
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    8 (a-d)                                    9 (a-d)                              10 

a: R=OH, R1=OH, R2=H,          b: R=OMe, R1=OMe, R2=H, 

c: R=OH, R1=OH, R2=Br,         d: R=OMe, R1=OMe, R2=Br                      

ʹʽʬʳʨ 2. ʩʰʼʬʴʰʲʬʩʰʹ ʹʰʴʯʬʮʰ ʷʨʴʪʭʰʯʰ 

ʫʰʳʬʸʰʮʨ˂ʰʰʯ . 

ʩʰʼʬʴʰʲʬʩʰʹ ʷʨʴʪʭʰʯʰ ʫʰʳʬʸʰʮʨ˂ʰʰʹ ʳʬʯʵʫʰʯ 

ʳʰʾʬʩʰʹʨʯʭʰʹ ʫʨ ʳʰʳʫʰʴʨʸʬ ʸʬʨʽ˂ʰʬʩʰʹ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ 

ʳʵʫʬʲʰʸʬʩʰʹʨʯʭʰʹ ˀʬʸˁʬʻʲʰʨ ʸʬʮʵʸ˂ʰʴʰ, 1,3-

ʫʰʳʬʯʵʽʹʰʩʬʴʮʵʲʰ, 1-ʩʸʵʳ-2,4-ʫʰˈʰʫʸʵʽʹʰʩʬʴʮʵʲʰ ʫʨ 

1-ʩʸʵʳ-2,4-ʫʰʳʬʯʵʽʹʰʩʬʴʮʵʲʰ .  

ʸʬʮʵʸ˂ʰʴʰ ʨʾʬʩʻʲ ʰʽʴʨ ʱʵʳʬʸ˂ʰʻʲʨʫ ˆʬʲʳʰʹʨ˄ʭʫʵʳʰ 

ʴʨʬʸʯʰʹ ʹʨˆʰʯ, ʸʵʳʬʲʰ˂ ʬʽʹʶʬʸʰʳʬʴʺʰʹ ˄ʰʴ 

ʪʨʫʨʱʸʰʹʺʨʲʬʩʰʯ ʰʽʴʨ ʪʨʹʻʼʯʨʭʬʩʻʲʰ. 1,3-ʫʰʳʬʯʵʽʹʰ-

ʩʬʴʮʵʲʰ ʫʨ 1-ʩʸʵʳ-2,4-ʫʰʳʬʯʵʽʹʰʩʬʴʮʵʲʰ ʹʰʴʯʬʮʰʸʬ-

ʩʻʲ ʰʽʴʨ ʸʬʮʵʸ˂ʰʴʰʫʨʴ ʫʨ 1-ʩʸʵʳ-2,4-ʫʰˈʰʫʸʵʽʹʰ-

ʩʬʴʮʵʲʰʫʨʴ ʫʰʳʬʯʰʲʹʻʲʼʨʺʰʹ ʳʵʽʳʬʫʬʩʰʯ. ʼʬʴʵʲʬ-
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ʩʰʹ ʷʨʴʪʭʰʯʰ ʫʰʳʬʸʰʮʨ˂ʰʰʹ ʸʬʨʽ˂ʰʨˀʰ ʫʨʳʷʨʴʪʭʬʲʬʩʨʫ 

ʪʨʳʵʿʬʴʬʩʻʲʰʨ ʵʸʪʨʴʻʲʰ ʫʨ ʨʸʨʵʸʪʨʴʻʲʰ ʶʬʸʵʽʹʰʫʬʩʰ. 

ʷʨʴʪʭʰʯʰ ʫʰʳʬʸʰʮʨ˂ʰʰʹ ʸʬʨʽ˂ʰʨ ˁʨʺʨʸʬʩʻʲʰʨ 50-80°C-ʮʬ.  

ʷʨʴʪʭʰʯʰ ʫʰʳʬʸʰʮʨ˂ʰʰʹ ʸʬʨʽ˂ʰʨ ʳʰʳʫʰʴʨʸʬʵʩʹ 

ʯʨʭʰʹʻʼʨʲʰ ʸʨʫʰʱʨʲʬʩʰʹ ˄ʨʸʳʵʽʳʴʰʯ. ʨʳʰʺʵʳ ʸʬʨʽ˂ʰʰʹ 

ʶʸʵʫʻʽʺʬʩʰ ʼʰʹʵʭʨʴʰ ʹʨˆʰʯ ʳʰʰʾʬʩʨ, ʸʵʳʲʰʫʨʴʨ˂ 

˄ʨʸʳʵʬʩʹ ʳʰʮʴʵʩʸʰʭʰ ʶʸʵʫʻʽʺʬʩʰʹ ʪʨʳʵʿʵʼʨ. 

ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰ ʽʰʳʰʻʸʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ˀʬʳʯˆʭʬʭʨˀʰ 

ʫʵʳʰʴʨʴʺ ʶʸʵʫʻʽʺʹ ʿʭʬʲʨ ˀʬʳʯˆʭʬʭʨˀʰ ˄ʨʸʳʵʨʫʪʬʴʫʨ 

ʶʨʸʨ-ʶʨʸʨ ˀʬʻʾʲʬʩʰʹ ʶʸʵʫʻʽʺʬʩʰ (9 a-d) ʫʨ ʶʨʸʨ-O 

ˀʬʻʾʲʬʩʰʹ ʶʸʵʫʻʽʺʰʹ ʪʨʳʵʿʵʼʨ ʰʴʫʰʭʻʫʻʨʲʻʸʰ 

ʹʨˆʰʯ ʭʬʸ ʳʵˆʬʸˆʫʨ. 

ʳʬʹʨʳʬ ʶʨʸʨʪʸʨʼˀʰ ʪʨʴˆʰʲʻʲʰʨ ˈʰʫʸʵʽʹʰʨʮʵʩʬʴʮʵʲʬʩʰʹ 

ʹʰʴʯʬʮʰ ʫʨ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. ʩʰʼʬʴʰʲʬʩʰʹ 

ʨʲʺʬʸʴʨʺʰʻʲʰ ʴʨʬʸʯʬʩʰʹ ʹʰʴʯʬʮʰʹ ʳʬʯʵʫʬʩʰʹ 

ˀʬʳʻˀʨʭʬʩʰʹ ʳʰʮʴʰʯ ˀʬʭʨʸˁʰʬʯ ʨʮʵˀʬʻʾʲʬʩʰʹ ʸʬʨʽ˂ʰʨ, 

ʸʵʳʬʲʰ˂ ʹʨˀʻʨʲʬʩʨʹ ʰ˃ʲʬʭʨ ˀʬʫʨʸʬʩʰʯ ʳʨʸʺʰʭ 

ʶʰʸʵʩʬʩˀʰ ʳʰʾʬʩʻʲʰ ʰʽʴʨʹ ʩʰʼʬʴʰʲʰʹ ʨʮʵ ʨʴʨʲʵʪʰʹ - 

ʨʮʵʩʬʴʮʵʲʰʹ ʸʰʪʰʹ ʴʨʬʸʯʬʩʰ. ʳʰʮʴʵʩʸʰʭʰ 4,4'-
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ʫʰˈʰʫʸʵʽʹʰʨʮʵʩʬʴʮʵʲʰʹ ʹʰʴʯʬʮʰʹ ʪʮʨ ʳʵ˂ʬʳʻʲʰʨ 

ʹʽʬʳʨ 3-ʮʬ. 
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ʹʽʬʳʨ 3. ʨʮʵʩʬʴʮʵʲʬʩʰʹ ʹʰʴʯʬʮʰ ʫʰʨʮʵʺʰʸʬʩʨ-

ʨʮʵˀʬʻʾʲʬʩʰʹ ʸʬʨʽ˂ʰʰʯ 

4,4'-ʫʰˈʰʫʸʵʽʹʰʨʮʵʩʬʴʮʵʲʰʹ ʹʰʴʯʬʮʰ ʪʨʴˆʵʸ˂ʰʬʲʫʨ 

ʵʸ ʹʨʼʬˆʻʸʨʫ. ʶʰʸʭʬʲ ʹʨʼʬˆʻʸʮʬ ˁʨʺʨʸʬʩʻʲʰ ʰʽʴʨ ʶ-

ʨʳʰʴʵʼʬʴʵʲʰʹ ʫʰʨʮʵʺʰʸʬʩʰʹ ʸʬʨʽ˂ʰʨ. ʳʬʵʸʬ ʬʺʨʶʮʬ 

ʪʨʴˆʵʸ˂ʰʬʲʫʨ ʨʮʵˀʬʻʾʲʬʩʰʹ ʸʬʨʽ˂ʰʨ. ʨʮʵ ʶʨʸʺʴʰʵʸʨʫ 

ʨʾʬʩʻʲʰ ʰʽʴʨ ʼʬʴʵʲʰ. ʳʰʮʴʵʩʸʰʭʰ ʨʮʵʴʨʬʸʯʰʹ 

ʳʰʹʨʾʬʩʨʫ ʫʰʨʮʵʶʨʸʺʴʰʵʸʰʹ ˆʹʴʨʸʰ ʬʳʨʺʬʩʵʫʨ ʨʮʵ 

ʶʨʸʺʴʰʵʸʰʹ ˆʹʴʨʸʹ ˄ʭʬʯ-˄ʭʬʯʵʩʰʯ  -5 - 0 °C-ʰʹ ʶʰʸʵʩʬʩˀʰ 

ʨʮʵʹʨʾʬʩʸʰʹ ˄ʨʸʳʵʽʳʴʨʹ ʨʫʨʹʺʻʸʬʩʹ ʬʲʬʽʺʸʵʴʻʲ 
ʹʶʬʽʺʸʮʬ ˆʰʲʻʲ ʻʩʨʴˀʰ 440 ʴʳ-ʮʬ ˀʯʨʴʯʽʳʰʹ ʮʵʲʰʹ 
ʪʨˁʬʴʨ (ʴʨˆ. 1). 
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ʴʨˆ. 1. ʴʨʬʸʯʰ 13-ʰʹ ˀʯʨʴʯʽʳʰʹ ʹʶʬʽʺʸʰ 

ʳʬʵʯˆʬ ʶʨʸʨʪʸʨʼˀʰ ʳʰʳʵˆʰʲʻʲʰʨ ʫʰʱʨʸʩʵʴʰʲʴʨʬʸʯʬʩʰʹ 
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      13  16  14 n=0 

  15 n=2 

ʹʽʬʳʨ 4. ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʶʵʲʰʨʮʵʳʬʯʰʴʻʸʰ ʴʨʬʸʯʬʩʰʹ 
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ʳʰʾʬʩʻʲʰ ʩʰʼʬʴʰʲʬʩʰʹʨ ʫʨ ʨʮʵʩʬʴʮʵʲʬʩʰʹʨʯʭʰʹ 

ˁʨʺʨʸʬʩʻʲ ʰʽʴʨ ʱʨʸʩʵʴʰʲʰʸʬʩʰʹ ʸʬʨʽ˂ʰʨ. ʫʰʱʨʸʩʵ-

ʴʰʲʰʸʬʩʰʹ ʸʬʨʽ˂ʰʰʹ ˄ʨʸʳʨʺʬʩʰʯ ˄ʨʸʳʨʸʯʭʨ ʫʨʹʺʻʸʫʬʩʨ 

ʳʰʾʬʩʻʲʰ ʴʨʬʸʯʬʩʰʹ ʲʾʵʩʰʹ ʺʬʳʶʬʸʨʺʻʸʰʯ. ʪʨʸʫʨ 

ʨʳʰʹʨ, ʯʰʯʵʬʻʲʰ ʳʨʯʪʨʴʰ ʰ˃ʲʬʭʨ ʭʬʸ˂ˆʲʰʹ ʹʨʸʱʰʹ 

ʸʬʨʽ˂ʰʨʹ. ʨʲʫʬˈʰʫʻʸʰ ˇʪʻʼʬʩʰʹ ʨʸʹʬʩʵʩʨ ʫʨʹʺʻʸʫʬʩʨ 

ʨʪʸʬʯʭʬ ʴʨʬʸʯʰʹ ʰ˄ ʹʶʬʽʺʸʰʹ ʳʰˆʬʫʭʰʯʨ˂. ˀʯʨʴʯʽʳʰʹ 

ʮʵʲʬʩʰ 2820 ʫʨ 1723 ʹʳკ1კʮʬ ˀʬʬʹʨʩʨʳʬʩʨ ʨʲʫʬˈʰʫʻʸʰ 

ˇʪʻʼʰʹ C-H ʫʨ C=O ʭʨʲʬʴʺʻʸ ʸˆʬʭʬʩʹ.  

ʴʨʬʸʯʰʹ 9 ʬʲʬʽʺʸʵʴʻʲ ˀʯʨʴʯʽʳʰʹ ʹʶʬʽʺʸʮʬ ˀʬʰʴʰˀʴʬʩʨ 

ˈʰʶʹʵʽʸʵʳʻʲʰ ˄ʨʴʨ˂ʭʲʬʩʨ 20-30 ʴʳ, ʸʨ˂ ʨʫʨʹʺʻʸʬʩʹ 

ʳʵʲʬʱʻʲʰʹ ʵʸʰʭʬ ʨʸʵʳʨʺʻʲ ʩʰʸʯʭˀʰ ʬʲʬʽʺʸʵ-

ʴʨʽ˂ʬʶʺʵʸʻʲʰ ʱʨʸʩʵʴʰʲʰʹ ˇʪʻʼʰʹ ˁʨʴʨ˂ʭʲʬʩʨʹ 
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ʴʨˆ. 2. ʴʨʬʸʯʰ 16-ʰʹ ˀʯʨʴʯʽʳʰʹ ʹʶʬʽʺʸʰ 

ʳʬˆʻʯʬ ʶʨʸʨʪʸʨʼˀʰ ʪʨʴˆʰʲʻʲʰʨ ʳʨʱʸʵ˂ʰʱʲʻʸʰ 

ʶʵʲʰʨʮʵʳʬʯʰʴʻʸʰ ʴʨʬʸʯʬʩʰʹ ʹʰʴʯʬʮʰ ʫʨ ʽʭʨʴʺʻʸ-

ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. ʳʰʾʬʩʻʲʰ ʫʰʱʨʸʩʵʴʰʲ ʴʨʬʸʯʬʩʰʹ 

ʱʵʴʫʬʴʹʨ˂ʰʰʯ ʨˆʲʨʫʹʰʴʯʬʮʰʸʬʩʻʲ ˈʰʫʸʨʮʰʴ-

ˈʰʫʸʨʺʯʨʴ ʫʨ ʬʯʰʲʬʴʫʰʨʳʰʴʯʨʴ ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲ ʰʽʴʨ 

ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʶʵʲʰʨʮʵʳʬʯʰʴʻʸʰ ʴʨʬʸʯʬʩʰʹ ʹʰʴʯʬʮʰ. 

ʳʨʱʸʵ˂ʰʱʲʻʸʰ ʨʮʵʳʬʯʰʴʻʸʰ ʹʨʾʬʩʸʰʹ ˀʬʫʪʬʴʰʲʵʩʨ ʫʨ 

ʨʾʴʨʪʵʩʨ ʫʨʫʪʬʴʰʲʰ ʰʽʴʨ ʬʲʬʳʬʴʺʻʸʰ ʨʴʨʲʰʮʰʹʨ ʫʨ 

ʹʶʬʽʺʸʻʲʰ (ʻʰ, ʰ˄ ʫʨ 1H-ʩʳʸ ʹʶʬʽʺʸʵʳʬʺʸʰʨ) 

ʳʬʯʵʫʬʩʰʯ. ʴʨʬʸʯʰʹ ʬʲʬʽʺʸʵʴʻʲ ʹʶʬʽʺʸʮʬ ˆʰʲʻʲ 
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ʻʩʨʴˀʰ ˀʬʰʴʰˀʴʬʩʨ ʳˆʵʲʵʫ ʹʨʳʰ ˀʯʨʴʯʽʳʰʹ ʮʵʲʰ 316, 329 

ʫʨ 340 ʴʳკʮʬ. 

ʳʬʬʽʭʹʬ ʶʨʸʨʪʸʨʼˀʰ ʪʨʴˆʰʲʻʲʰʨ ʺʨʲʰʫʵʳʰʫʰʹ ʹʰʴʯʬʮʰʹ 

ʸʬʨʽ˂ʰʰʹ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. ʺʨʲʰʫʵʳʰʫʰʹ 

ʹʰʴʯʬʮʰʹ ʬʸʯ-ʬʸʯʰ ˀʬʹʨ˃ʲʵ ʭʨʸʰʨʴʺʰʨ ʼʺʨʲʰʳʰʫʰʹʨ ʫʨ 

ʪʲʻʺʨʸʰʳʰʫʰʹ ʻʸʯʰʬʸʯʽʳʬʫʬʩʨ ˄ʿʨʲʩʨʫʰʹ ʪʨʳʵʿʵʼʰʯ 

(ʫʬˈʰʫʸʰʸʬʩʰʹ ʸʬʨʽ˂ʰʨ) 

ʴʨˆʬʭʸʨʫʬʳʶʰʸʰʻʲʰ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʬʯʵʫʰʹ AM 

ʪʨʳʵʿʬʴʬʩʰʯ ʪʨʳʵʯʭʲʰʲ ʰʽʴʨ ʶʸʬʶʨʸʨʺ ʺʨʲʰʫʵʳʰʫʰʹ 

(+)-ʬʴʨʴʺʰʵʳʬʸʰʹ ʫʨ ʳʰʹʰ ˀʬʹʨ˃ʲʵ ʹʰʴʯʬʮʰʹ ʶʸʵ˂ʬʹʰʹ 

ʹʨ˄ʿʰʹʰ, ʪʨʸʫʨʳʨʭʨʲʰ ʫʨ ʹʨʩʵʲʵʵ ʳʫʪʵʳʨʸʬʵʩʬʩʰʹ 

ʪʬʵʳʬʺʸʰʻʲʰ, ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨ ʬʲʬʽʺʸʵʴʻʲʰ 

ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ 
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ʳʬˀʭʰʫʬ ʫʨ ʳʬʸʭʬ ʶʨʸʨʪʸʨʼˀʰ ʪʨʴˆʰʲʻʲʰʨ ʬʶʵʽʹʰʫʬʩʰʹ 

ʹʰʴʯʬʮʰʹ ʸʬʨʽ˂ʰʰʹ ʽʭʨʴʺʻʸ ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ 

ʬʶʵʽʹʰʫʬʩʰʹ ʹʰʴʯʬʮʰʹ ʸʬʨʽ˂ʰʰʹ ʹʸʻʲʰ ʫʨˆʨʹʰʨʯʬʩʰʹʨʯ-

ʭʰʹ ˁʨʺʨʸʬʩʻʲ ʰʽʴʨ ʪʨʯʭʲʬʩʰ ʹʰʳʱʭʸʰʭʰʹ ʼʻʴʽ˂ʰʵʴʨʲʰʹ 

ʯʬʵʸʰʰʹ ʳʬʯʵʫʰʯ (DFT) ʫʨ ʴʨˆʬʭʸʨʫ-ʬʳʶʰʸʰʻʲʰ 

ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʬʯʵʫʰʯ AM1  

ʹʰʳʱʭʸʰʭʬʯʨ ʼʻʴʽ˂ʰʵʴʨʲʰʹ ʯʬʵʸʰʰʹ DFT ʳʬʯʵʫʰʹ  

ʪʨʳʵʿʬʴʬʩʰʯ ʪʨʳʵʭʰʯʭʨʲʬʯ ʺʬʺʸʨ-ʩʻʯʰʲ 3 კ(3,4 

ʫʰʩʬʴʮʵʽʹʰʼʬʴʰʲ) ʵʽʹʰʸʨʴ-2 ʱʨʸʩʵʽʹʰʲʨʺʰʹ ʹʰʴʯʬʮʰʹ 

ʸʬʨʽ˂ʰʰʹ ʹʨ˄ʿʰʹʰ, ʪʨʸʫʨʳʨʭʨʲʰ ʫʨ ʹʨʩʵʲʵʵ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʪʬʵʳʬʺʸʰʻʲʰ, ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨ 

ʬʲʬʽʺʸʵʴʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ. 

O

O

O

O

O

Cl

H
+

O

O

O
CO2-t--Bu

1 2 3

+ HCl

 

ʴʨˆʬʭʸʨʫʬʳʶʰʸʰʻʲʰ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʬʯʵʫʰʹ AM1  

ʪʨʳʵʿʬʴʬʩʰʯ ʪʨʳʵʯʭʲʰʲ ʰʽʴʨ ʳʬʯʰʲ 3 კ(3,4 

ʫʰʩʬʴʮʵʽʹʰʼʬʴʰʲ) ʵʽʹʰʸʨʴ-2 ʱʨʸʩʵʽʹʰʲʨʺʰʹ ʹʰʴʯʬʮʰʹ 
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ʸʬʨʽ˂ʰʰʹ ʹʨ˄ʿʰʹʰ, ʪʨʸʫʨʳʨʭʨʲʰ ʫʨ ʹʨʩʵʲʵʵ 

ʳʫʪʵʳʨʸʬʵʩʰʹ ʪʬʵʳʬʺʸʰʻʲʰ, ʬʴʬʸʪʬʺʰʱʻʲʰ ʫʨ 

ʬʲʬʽʺʸʵʴʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ. 

O

O

O

O

O

Cl

O

O

O
CO2CH3

+ HCl+

5 4
6  

ʯʨʭʰ III 

ʬʽʹʶʬʸʰʳʬʴʺʻʲʰ ʴʨ˄ʰʲʰ 

ʳʬʹʨʳʬ ʯʨʭʰ ʳʵʰ˂ʨʭʹ ʬʽʹʶʬʸʰʳʬʴʺʻʲ ʴʨ˄ʰʲʹ. ʫʰʹʬʸʺʨ˂ʰʰʹ 

ʨʳ ʴʨ˄ʰʲˀʰ ʳʵʿʭʨʴʰʲʰʨ ʳʵʫʰʼʰ˂ʰʸʬʩʻʲʰ ʫʨ 

ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰ ʽʰʳʰʻʸʰ ʬʽʹʶʬʸʰʳʬʴʺʬʩʰʹ ʳʬʯʵʫʰʱʨ 

ʫʨ ʳʹʭʲʬʲʵʩʰʹ ʶʰʸʵʩʬʩʰ. ʯʨʭʰ ˀʬʫʪʬʩʨ 16 ʶʨʸʨʪʸʨʼʰʹʪʨʴ.  

ʫʨʴʨʸʯʰ 

ʫʨʴʨʸʯˀʰ ʳʨʪʨʲʰʯʰʹ ʹʨˆʰʯ ʳʵʿʭʨʴʰʲʰʨ ʺʬʺʸʨ-ʩʻʺʰʲ-3-

(3,4-ʫʰʳʬʯʵʽʹʰʼʬʴʰʲ)ʵʽʹʰʸʨʴ-2-ʱʨʸʩʵʽʹʰʲʨʺʰʹ 

ʹʰʴʯʬʮʰʹ ʸʬʨʽ˂ʰʰʹ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʪʨʯʭʲʬʩʰʹ 

ʱʵʳʶʰʻʺʬʸʻʲʰ ʨʳʵʴʨʩʬ˅ʫʰ. 
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ʫʨʹʱʭʴʨ 

1. ˁʨʺʨʸʬʩʻʲʰ ʫʨ ʳʵʫʰʼʰ˂ʰʸʬʩʻʲʰʨ 2-

ʨʳʰʴʵʼʬʴʵʲʰʹ ʺʻʺʬ ʨʸʬˀʰ ˄ʭʸʰʲʫʰʹʶʬʸʹʻʲʰ 
ʯʻʯʰʰʹ ʹʨˀʻʨʲʬʩʰʯ ʨʾʫʪʬʴʨ. ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ 
ʳʨʾʨʲʰ ʪʨʳʵʹʨʭʲʰʨʴʵʩʰʹ ʳʰʹʨʾʬʩʨʫ ʯʻʯʰʨ 
ʹʨʸʬʨʽ˂ʰʵ ʹʰʹʺʬʳʨʹ ʻʴʫʨ ʫʨʬʳʨʺʵʹ ʸʨʳʫʬʴʰʳʬ 
ʻʲʻʼʰʹ ʹʨˆʰʯ. 

2. ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰʨ 
ʫʰʱʨʸʩʵʴʰʲʫʰˈʰʫʸʵʽʹʰʨʮʵʩʬʴʮʵʲʬʩʰʹʨ ʫʨ ʳʨʯ 
ʩʨʮʨʮʬ  ˈʰʫʸʨʮʰʴˈʰʫʸʨʺʯʨʴ ʫʨ ʬʯʰʲʬʴʫʰʨʳʰʴʯʨʴ 
[2+2] ˂ʰʱʲʵʳʰʬʸʯʬʩʰʯ ʳʰʾʬʩʻʲʰ ʳʨʱʸʵ˂ʰʱʲʻʸʰ 
ʴʨʬʸʯʬʩʰʹ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʪʨʨʴʪʨʸʰˀʬʩʬʩʰ. 
ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ ʸʵʪʵʸ˂ ʳʵʴʵʳʬʸˀʰ, ʰʹʬ 
ʳʨʱʸʵ˂ʰʱʲˀʰ  ʨʮʵˇʪʻʼʰʹ ʳʰʳʨʸʯ ʫʵʳʰʴʨʴʺ 
ʱʵʴʼʰʪʻʸʨ˂ʰʨʹ ˄ʨʸʳʵʨʫʪʬʴʹ ʺʸʨʴʹ-ʱʵʴʼʰʪʻʸʨ˂ʰʨ.  

3. ʪʨʴˆʵʸ˂ʰʬʲʬʩʻʲʰ ʰʽʴʨ ʫʰʱʨʸʩʵʴʰʲʫʰ-

ˈʰʫʸʵʽʹʰʨʮʵʩʬʴʮʵʲʬʩʰʹʨ ʫʨ ʫʰʱʨʸʩʵʴʰʲ-

ʫʰˈʰʫʸʵʽʹʰʩʰʼʬʴʰʲʬʩʰʹ ʹʰʴʯʬʮʰ [2+2] 

˂ʰʱʲʵʳʰʬʸʯʬʩʰʯ. ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ ʫʰʱʨʸʩʵʴʰʲ-

ʫʰˈʰʫʸʵʽʹʰʩʰʼʬʴʰʲʬʩʰʹ ˀʬʳ˂ʭʬʲ ʳʨʱʸʵ˂ʰʱʲʬʩʹ 
ʨʽʭʯ წʯʨʰʪʻʲʰʹმ ʳʹʪʨʭʹʰ ʨʾʴʨʪʵʩʨ, ˆʵʲʵ ʫʰʱʨʸ-

ʩʵʴʰʲʫʰˈʰʫʸʵʽʹʰʨʮʵʩʬʴʮʵʲʬʩʰʫʨʴ ʳʰʾʬʩʻʲʹ - 

წʶʬʶʲʰʹმ ʳʹʪʨʭʹʰ ʱʵʴʼʰʪʻʸʨ˂ʰʨ. 
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4. ʪʨʨʴʪʨʸʰˀʬʩʻʲʰ ʰʽʴʨ ʳʨʱʸʵ˂ʰʱʲʬʩʰʹ ˆʭʸʬʲʰʹ 
ʫʰʨʳʬʺʸʰ. ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ 20-˄ʬʭʸʰʨʴʰ 
˂ʰʱʲʰʹʨʯʭʰʹ ˆʭʸʬʲʰʹ ʫʰʨʳʬʺʸʰʹ ʮʵʳʨ ʳʬʸʿʬʵʩʹ  
4.2კ4.33 Å-ʰʹ ʼʨʸʪʲʬʩˀʰ, ˆʵʲʵ ʨʮʵ ˇʪʻʼʬʩʰʹ 
ˁʨʸʯʭʰʯ ʳʰʾʬʩʻʲ 24-˄ʬʭʸʰʨʴ ʳʨʱʸʵ˂ʰʱʲʬʩˀʰ ʳʰʹʰ 
ʮʵʳʨ 7 Å -ʳʫʬ ʰʮʸʫʬʩʨ.   

5. ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ AM1 ʳʬʯʵʫʰʯ ʪʨʳʵʯʭʲʰʲʰʨ 
ʶʸʬʶʨʸʨʺ ʺʨʲʰʫʵʳʰʫʰʹ ʹʰʴʯʬʮʰʹ ʸʬʨʽ˂ʰʰʹ 
ˀʻʨʲʬʫʻʸʰ ʫʨ ʹʨʩʵʲʵʵ ʶʸʵʫʻʽʺʬʩʰʹ 
ʪʬʵʳʬʺʸʰʻʲʰ ʫʨ ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ. 
ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ ʨʽʺʰʭʨ˂ʰʰʹ ʬʴʬʸʪʰʨ ʳʨʾʨʲʰʨ ʫʨ 
ʸʬʨʽ˂ʰʨ ʬʴʫʵʯʬʸʳʻʲʰʨ (ΔΔH = 38.92 ʱˇ/ʳʵʲʰ), 
ʳʨʪʸʨʳ ˆʬʲʹʨʿʸʬʲʰ ʶʰʸʵʩʬʩʰʹ ˀʬʽʳʴʰʯ 
(ʺʬʳʶʬʸʨʺʻʸʨ, ˄ʴʬʭʨ, ʱʨʺʨʲʰʮʨʺʵʸʰ, pH) 
ʳʵ˂ʬʳʻʲʰ ʹʽʬʳʨ ˀʬʰ˃ʲʬʩʨ ʪʨʳʵʿʬʴʬʩʻʲ ʰʽʴʬʹ 
ʵʶʺʰʱʻʸʨʫ ʹʻʼʯʨ ʺʨʲʰʫʵʳʰʫʰʹ ʹʰʴʯʬʮʰʹʯʭʰʹ. 

6. ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ DFT ʫʨ AM1 ʳʬʯʵʫʬʩʰʯ 
ʪʨʳʵʯʭʲʰʲʰʨ ʬʶʵʽʹʰʫʬʩʰʹ ʹʰʴʯʬʮʰʹ ʸʬʨʽ˂ʰʰʹ 
ˀʻʨʲʬʫʻʸʰ ʫʨ ʹʨʩʵʲʵʵ ʶʸʵʫʻʽʺʬʩʰʹ 
ʪʬʵʳʬʺʸʰʻʲʰ ʫʨ ʬʴʬʸʪʬʺʰʱʻʲʰ ʳʨˆʨʹʰʨʯʬʩʲʬʩʰ. 

7. ʹʰʳʱʭʸʰʭʰʹ ʼʻʴʽ˂ʰʵʴʨʲʰʹ ʳʬʯʵʫʰʹ DFT 
ʪʨʳʵʿʬʴʬʩʰʯ ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ ʺʬʺʸʨ-ʩʻʺʰʲ-3კ
(3,4 ʫʰʩʬʴʮʰʲʵʽʹʰʼʬʴʰʲ)ʵʽʹʰʸʨʴ-2-ʱʨʸʩʵʽʹʰʲʨ-

ʺʰʹ ʹʰʴʯʬʮʰʹ ʨʽʺʰʭʨ˂ʰʰʹ ʬʴʬʸʪʰʨ ʳʨʾʨʲʰʨ ʫʨ 
ʸʬʨʽ˂ʰʨ ʬʪʮʵʯʬʸʳʻʲʰʨ    (ΔΔH = -11.53 ʱˇ/ʳʵʲʰ). 
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8. ʪʨʴˆʰʲʻʲʰʨ ʬʶʵʽʹʰʫʬʩʰʹ ʹʰʴʯʬʮʰʹ ʳʰʳʫʰʴʨʸʬʵʩʨ 
ʹˆʭʨʫʨʹˆʭʨ ʪʨʳˆʹʴʬʲˀʰ: ʬʯʨʴʵʲʹʨ ʫʨ 
ʫʰʽʲʵʸʳʬʯʨʴˀʰ. ʬʯʨʴʵʲʰʹ ʨʸʬˀʰ ʳʬʯʰʲ-3-(3,4-

ʫʰʳʬʯʵʽʹʰʼʬʴʰʲ)-ʵʽʹʰʸʨʴ-2-ʱʨʸʩʵʽʹʰʲʨʺʰʹ 
ʹʰʴʯʬʮʰʹ ʸʬʨʽ˂ʰʰʹ ʨʽʺʰʭʨ˂ʰʰʹ ʬʴʬʸʪʰʨ ΔΔH# = 410.5 

ʱˇ/ʳʵʲʰ, ˆʵʲʵ ʸʬʨʽ˂ʰʰʹ ʹʰʯʩʵ ΔΔH = 15.32 

ʱˇ/ʳʵʲʰ. ʫʰʽʲʵʸʳʬʯʨʴʰʹ ʨʸʬˀʰ ΔΔH# = 409.48 

ʱˇ/ʳʵʲʰ, ˆʵʲʵ ΔΔH = 6.64 ʱˇ/ʳʵʲʰ. 
9. ʬʯʨʴʵʲʰʹ ʨʸʬˀʰ ʳʬʯʰʲ-3-(3,4-ʫʰʩʬʴʮʰʲʵʽʹʰʼʬ-

ʴʰʲ)-ʵʽʹʰʸʨʴ-2- ʱʨʸʩʵʽʹʰʲʨʺʰʹ ʹʰʴʯʬʮʰʹ 
ʸʬʨʽ˂ʰʰʹ ʨʽʺʰʭʨ˂ʰʰʹ ʬʴʬʸʪʰʨ ΔΔH# = 312.58 

ʱˇ/ʳʵʲʰ, ˆʵʲʵ ʸʬʨʽ˂ʰʰʹ ʹʰʯʩʵ ΔΔH = -16.06 

ʱˇ/ʳʵʲʰ. ʫʰʽʲʵʸʳʬʯʨʴʰʹ ʨʸʬˀʰ ΔΔH# = 311.95 

ʱˇ/ʳʵʲʰ, ˆʵʲʵ ΔΔH = -19.3 ʱˇ/ʳʵʲʰ. 
10. ʫʨʫʪʬʴʰʲʰʨ, ʸʵʳ ʨʽʺʰʭʨ˂ʰʰʹ ʬʴʬʸʪʰʬʩʰʹ ʫʨ 

ʸʬʨʽ˂ʰʰʹ ˄ʨʸʳʵʽʳʴʰʹ ʹʰʯʩʵʹ ʳʴʰˀʭʴʬʲʵʩʬʩʰʹ 
ʪʨʯʭʨʲʰʹ˄ʰʴʬʩʰʯ, ʬʶʵʽʹʰʫʬʩʰʹ ʹʰʴʯʬʮʰʹʯʭʰʹ 
ʬʴʬʸʪʬʺʰʱʻʲʨʫ ʻʼʸʵ ˆʬʲʨʿʸʬʲʰʨ 
ʫʰʽʲʵʸʳʬʯʨʴʰʹ ʪʨʳʵʿʬʴʬʩʨ. 
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ʹʨʫʰʹʬʸʺʨ˂ʰʵ ʴʨˀʸʵʳʰʹ ˃ʰʸʰʯʨʫʰ ʫʬʩʻʲʬʩʬʩʰ 

ʪʨʳʵʽʭʬʿʴʬʩʻʲʰʨ ˀʬʳʫʬʪ ʶʻʩʲʰʱʨ˂ʰʬʩˀʰ: 

ʮ. ʼʨˁʻʲʰʨ, ʨ. ˁʰʽʵʭʨʴʰ. ʺʨʲʰʫʵʳʰʫʰʹ ʹʰʴʯʬʮʰʹ 
    ʸʬʨʽ˂ʰʰʹ ʽʭʨʴʺʻʸ-ʽʰʳʰʻʸʰ ʳʵʫʬʲʰʸʬʩʨ. ʹʵˆʻʳʰʹ 
    ʹʨˆʬʲʳ˄ʰʼʵ ʻʴʰʭʬʸʹʰʺʬʺʰʹ ˀʸʵʳʬʩʰ, 
    ʹʨʩʻʴʬʩʰʹʳʬʺʿʭʬʲʵ ʳʬ˂ʴʰʬʸʬʩʨʯʨ ʹʬʸʰʨ.  ʺ. X, 
    ʪʭ. 169-172, 2014. 
 
2. ʨ. ˁʰʽʵʭʨʴʰ, ʮ. ʼʨˁʻʲʰʨ. ʳʬʯʰʲ- 3-(3,4- 
    ʫʰʳʬʯʵʽʹʰʼʬʴʰʲ)-ʵʽʹʰʸʨʴ-2-ʱʨʸʩʵʽʹʰʲʨʺʰʹ ʹʰʴʯʬʮʰʹ  
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Actuality of the topic: 

Important achievements were carried out in quantum theory of 
molecular structure for last three decades. It is assumed that it is 
one of the important scientific achievements in natural history, 
which gives the start of the new stage for the study of electronic 
structure of molecule and reaction ability. 

The Schiff bases (azomethines) - compounds, that contain RC=N 
bonding are widely used in organic synthesis as intermediate 
compounds in producing amines and also, as targeted compound. 
Some azomethines are characterized with increased biological 
activity, including anticancer, bactericidal and anti-virus 
activities. Azomethines containing additional electrophylic  
substituents are important complex compounds because, they are 
able to form stable and various complex compounds including 
mono and polynuclear compounds. Macrocyclic polyazomethines 
can cycle within "restrain" the small and the large simple and 
complex ions, which have high coordination numbers (for 
example lanthanides and actinides).  
Moreover, they are able to form a "sandwichნ type complex 
compound. Some of them are characterized by unusually high 
magnetic properties and catalytic activity. There are several 
works, which describe the use of micro cyclic azomethines in 
production of liquid crystals. Most recently some proceedings are 
published in which there are shown ability of macrocycle 
azomethines to recognize and selectively bind with anions and be 
used as artificial anionic receptors. 
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The history of studied issue: The condensation reaction between 
carbonic compounds and initial amines, within acid catalyzes, is a 
classical method of azomethines synthesis. In 1864, for the first 
time, their synthesis was conducted by Schiff : 
 
 

 

Scheme 1: Mechanism of azomethines synthesis (Schiff bases) 

 

Nowadays, the methods of metal-templated synthesisare the most 
commonly used and well-researched. However, this method has 
got two important negative sides: a) within interaction of 
dicarbonic compounds and diamines, basicallysymmetric 
compounds areaccepted and b) does not give the opportunity for 
compound producing. 

Research objects and methods. 

It was carried out a synthesis of several micro cyclic and 
biologically active compounds and their quantum- chemical 
modeling. 
 
The following experiments were conducted: the synthesis of 
biphenyls by reduction of nitro phenol with powdered zinc in the 
presence of alkali and by benzidine regrouping, with organic and 
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inorganic peroxides initiated by oxidation dimerization, also with 
metals dimerization of aryl halides (Wurts-Fititigპs reaction, 
melting with metallic copper), the synthesis of azobenzenes with 
dinitration-azocoupling of corresponding aminophenols. An 
obtained biphenyls and azobenzenes have been used for the 
synthesis of microcyclicpolyazomethines by the condensation 
with hydrazinehydrate and 1,2-diaminethane.  
The quantum-chemical modeling of conducted chemical 
experiments was carried out by AM1 and DFT methods. It has 
been studied the distribution of electron density in molecules, its 
influence on the direction chemical reaction. It was calculated 
heat of formation of products and determined geometrically 
optimized structures of targeted products and the optimal methods 
of their production. 
 
 
 
 
The scientific novelty.     

 

The Scientific novelty of the thesis is synthesis of the new macro 
cycle polyazomethinil compounds and development of cheap 
methods of synthesis, as well as construction of   model of 
synthesis of some oxygen and nitrogen containing heterocyclic 
compounds and quantum-chemical characterization, which have 
not been studied up to this date. 
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Reaserch goals.  
The aim of our work was the synthesis of some biologically active 
heterocyclic compounds and construction of reactions models. 
The emphasis was to find out a cheap and easy methods for the 
synthesis of macrocyclic poliazomethin compounds. 

 
 
Use of the main research results:  

The macrocycle poliazomethines, which were obtained by us, are 
the cheapest fluorescent dyes, that are synthesized by simple 
methods and are widely used. A fundamental research results can 
be used in courses of computer chemistry to study reaction 
mechanisms in any research laboratory and etc. The results of 
quantum-chemical calculations will cause interest of scientists. It 
will be interesting for description of kinetic energy of biologically 
active heterocyclic compounds and for qualitative and 
quantitative evaluation of reaction ability. 

 

The structure of the thesis. The dissertation consists of an 
introduction, three chapters, discussion of the given results and 
conclusions. The thesis includes a list of cited literature (97 
sources) and an appendix. The volume of the thesis contains 133 
printed pages.An introduction outlines a topicality of the problem, 
history of the studied issue, dissertation goal, objectives and 
research sources are formulated, theoretical basis and 
methodology of the work are discussed, the novelty of the work, 
as well as its scientific and practical values are defined. 
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 Chapter I  

From the history of studied issue 

The first chapter deals with the literature review. It is discussed 
quantum-chemical calculation methods: semi-empirical method 
AM1, non-empirical molecular orbital method (ab initio) and DFT 
method. In the first chapter the synthesis of macrocyclic Schiff 
bases, cyclocondensation of diamines and phenolic bicarbonylic 
compounds, the methods of preparation the initial compounds for 
the azomethine compound synthesis and biologically active 
compound Thalidomide are reviewed. 

 

Chapter II 

Discussion of Results 

The second chapter deals with the research results and their 
discussion. The chapter consists of eight paragraphs: 

The first paragraph considers synthesis of tetrahydroxybiphenyls 
and their quantum-chemical modeling. Biphenyls were 
synthesized by reduction of 2-nitrophenol with zinc dust in 
alkaline medium and by benzidine rearrangement. Experiment 
showed that benzidine configuration of 2-nitrophenols can be 
used as one of the alternative methods for obtaining biphenyls.       
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Scheme1. Synthesis of biphenyls, reduction by benzidine 

rearrangement reaction. 

Reduction of 2-nitrophenol by means of zinc dust in alkaline 
medium at the first stage yields a corresponding  nitroso-product, 
which was transformed, without its isolation, into the next 
product of reduction, namely into hydroxyl amine.  Nitroso- and 
hydroxyl amines produced in the reaction system interact and 
form azoxy compound. Final product of reduction by zinc was the 
compound 5. By transfer of this compound into acid medium the 
benzidine rearrangement was realized, which enabled us to 
receive 3,3'-dihydroxy-4,4'-diaminobiphenol.  

To transform amino groups into hydroxyl groups reaction of 
diazotization was carried out by further hydrolysis of the obtained 
diazonium salt, in acidic medium. 
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The second paragraph considers acidic conjugation of phenols. 
Alternative method for obtaining biphenyls is acid dimerization.  

R
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 (6%)
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    8 (a-d)                                    9 (a-d)                              10 

a: R=OH, R1=OH, R2=H,          b: R=OMe, R1=OMe, R2=H, 

c: R=OH, R1=OH, R2=Br,         d: R=OMe, R1=OMe, R2=Br                      

Scheme 2. Synthesis of biphenyls by acid dimerization. 

For obtaining biphenyls by the method of acid dimerization and 
for quantum-chemical simulation of the going on processes, we 
have selected rezorcin, 1,3-dimethoxybenzene,  1-bromo-2,4-
dihydroxybenzene and 1-bromo-2,4-dimethoxybenzenel.  

Rezorcin was a commercially accessible substance, which was 
purified by crystallization prior to the experiment. 1,3-
dimethoxybenzene and 1-bromo-2,4-dimethoxybenzene were 
synthesized from rezorcin  and  1-bromo-2,4-dihydroxybenzene 
by interaction with dimethyl sulfate. Organic and inorganic 
peroxides were used as acidification agents in acid dimerization 
reaction of phenols. Acid dimerization reaction was carried out at 
50-80°C.  

Acid dimerization reaction proceeds by the formation of free 
radicals. Therefore, reaction products are obtained in the form of 
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resin, from where the target products are isolated. In the cases of 
implemented chemical experiments a dominant product was para-
para conjugation products and we were unable to isolate the para-
O product in individual form. 

The third paragraph considers synthesis of hydroxyazobenzols and 
their quantum-chemical modeling. 

To develop the methods of synthesis of alternative compounds of 
biphenyls we gave preference to the reaction of azoconjugation, 
which enables one to obtain, azoanalogue of biphenyl, azobenzene 
compounds, in relatively simple conditions.  The Scheme 2 offers 
the process of synthesis of the target product - 4,4'-
dihydroxyazobenzene.

OH

NH2

NaNO2, HCl

0-5 °C

OH

N
+

N Cl
-

OH OH

N

N

OH

R

pH > 7

 

     11                            12                                           13 

Scheme 3. Synthesis of azobenzols via diazotization კ
azoconjugation reaction. 

Synthesis of 4,4'-dihydroxyazobenzene was implemented in two 
stages. At the first stage diazotization reaction of p-aminophenol 
was performed. At the second stage კ azoconjugation was 
performed. Phenol was used as an azo-partner. To obtain a target 
azocompound diazo-partner solution was added to azo-partnerპs 
solution, drop-wise, at the -5 - 0 °C conditions. 
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Formation of azo dye is proved by appearance of absorption band 
in visible region 440 nm of electronic spectra (Diagram 1). 

 

 

Diagram. 1. Absorption specter of a compound 13. 

The fourth paragraph considers synthesis of dicarbonyl 
compounds. 
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Scheme 4. synthesis of macro cyclic polyazomethine compounds 

Carbonylation reaction of the synthesized biphenyls and 
azobenzols was performed. Successful progress of dicarbonylation 
reaction was proved by melting temperature of the obtained 
compounds. Besides, each of these compounds gave silver mirror 
reaction. Presence of aldehyde groups was proved also by IR 
spectra. Absorption bands in 2820 and 1723 cmკ1 correspond to 
aldehyde group C-H and C=O valence vibrations.  

Hypsochromatic shift of 20-30 nm is observed on the compound 
absorption spectra, which refers to substitution of electron 
acceptor carbonyl group in both aromatic nuclei of a molecule. 

  



 

 

39 

 

Diagram. 2. Absorption specter of a compound 16 

The fifth paragraph considers synthesis of macro cyclic 
polyazomethine compounds and quantum-chemical simulation. 
Synthesis of macro cyclic polyazomethine compounds was 
implemented by means of condensation of the obtained 
dicarbonyl compounds with the just-synthesized hydrazine 
hydrate and ethylene diamine. Composition and structure of 
macro cyclic azomethine dye were determined by elemental 
analysis and spectral (UV, IR and 1H-NMR spectrometry) 
methods. Electronic spectra of the compound, in its visible region 
show only three absorption bands at 316, 329 and 340 nm. 
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The sixth paragraph considers quantum-chemical simulation of 
reaction of thalidomide synthesis. One of the possible versions of 
thalidomide synthesis is interaction of phtalimide and glutaramide  
by isolation of hydrogen (dehydration reaction). 

 

Geometric, energetic and electronic characteristics of starting, 
transition and final states of the process of possible synthesis of the 
preparation talildomide (+)-enantiomer were computed by the use 
of semi-empiric  quantum-chemical method AM1.  

The seventh and eight paragraphs consider quantum-chemical 
simulations of reactions of epoxide synthesis. 

For thorough characterization of reaction of epoxide synthesis the 
computations were performed by the DFT method and semi-
empiric quantum-chemical method AM1. 

We computed geometric, energetical and electronic characteristics 
of starting, transition and final states of the process of synthesis of 
the preparation tetra-butyl 3კ(3,4-dibenzoxyphenyl) oxyran-2 
carboxylate by the use of  quantum-chemical DFT method . 
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Geometric, energetical and electronic characteristics of starting, 
transition and final states of the process of synthesis of methyl  3 კ
(3,4-dimethoxyphenyl) oxyran-2 carboxylate were computed by 
the use of semi-empiric  quantum-chemical method AM1.   
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Chapter III 

Experimental 

Chapter three covers experimental part of the research. This part 
of the thesis offers the methodology and terms of the processes of 
modified and implemented chemical experiments. The chapter 
consists of 16 paragraphs. 

Appendix 

The Appendix offers computer transcript of quantum-chemical 
computations of reaction of synthesis of tetra-butyl 3 კ(3,4-
dimethoxyphenyl) oxyran-2 carboxylate, taken as an example. 
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CONCLUSIONS 

1. Reduction of 2-aminophenol was performed and modified 
in alkaline medium by means of fine dispersion zinc. It was 
proved that to receive high yield, zinc should be added to 
the reaction medium in several portions. 

 
2. Quantum-chemical computations of 

dicarbonyldihydroxyazobenzene and macro cyclic 
compounds obtained on their base via their cyclo addition 
with hydrazinhydrate and ethylene diamine [2+2] were 
performed. It was established that trans-configuration is a 
dominant configuration with respect to azo-group both in 
a monomer and macro cycle. 

 
 
3. Synthesis of dicarbonyldihydroxyazobenzols and 

dicarbonyldihydroxybiphenols was implemented [2+2] by 
cyclic addition. It was proved that 
dicarbonyldihydroxybiphenyls-containing macro cycles 
possess მbouquetნ structure, while those obtained from 
dicarbonyldihydroxyazobenzols have მbutterflyნ 
configuration. 

 
4. Diameter of macro cycles aperture was calculated. It was 

established that the aperture diameter size of 20-member 
cycle varies within the ranges of 4.2კ4.33 Å, while in 24-
member macro cycles obtained by inclusion of azo groups 
its size increases up to 7 Å.   



 

 

43 

5. Geometrical and energetic characteristics of intermediate 
and final products of the reaction of synthesis of the 
preparation thalidomide were computed by quantum-
chemical AM1 method. It was established that the 
activation energy is high and reaction is endothermic (ΔΔH 
= 38.92 kJ/mole), but by the creation of favorable 
conditions (temperature, pressure, catalyst, pH) the given 
scheme might be used for the synthesis of optically pure 
thalidomide. 

 
6. Geometric and energetic characteristics of intermediate 

and final products of the reaction of epoxide synthesis were 
computed by quantum-chemical AM1 and DFT methods. 

 
 
7. Application of density functional method DFT proved that 

activation energy of synthesis of tetra-butyl 3 კ(3,4-
dibenzoxyphenyl) oxyran-2 carboxylate  is high and 
reaction is exothermic    (ΔΔH = -11.53 kJ/mole). 

 
8. The process of epoxides synthesis  is considered in various 

solvents: ethanol and dichloromethane;  in ethanol 
activation energy of reaction of synthesis of  methyl  3 კ
(3,4 dimethoxyphenyl) oxyran-2 carboxylate  ΔΔH# = 410.5 
kJ/mole, while reaction heat ΔΔH = 15.32 kJ/mole. In the 
medium of dichloromethane ΔΔH# = 409.48 kJ/mole, while 
ΔΔH = 6.64 kJ/mole. 

 
9. Activation energy of reaction of synthesis of methyl 3კ(3,4 

dibenzyloxyphenyl) oxyran-2 carboxylate in the medium 
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of methanol  ΔΔH# = 312.58 kJ/mole, while reaction heat 
ΔΔH = -16.06 kJ/mole. In the medium of dichloromethane 
ΔΔH# = 311.95 kJ/mole, while ΔΔH = -19.3 kJ/mole. 

10. It was proved that if we consider indices of activation 
energies and heats of reaction initiation, for the synthesis 
of epoxides, with the energetic point of view application of 
dichloromethane is more  favorable. 
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