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ɺʃɸɼʀʄʀʈ ɺɸʉʀʃʔɽɺʀʏ ʄɸʈʂʆɺʅʀʂʆɺ ï ʆʉʅʆɺɸʊɽʃʔ ʍʀʄʀʏɽʉʂʆʁ ʐʂʆʃʓ 

ʄʆʉʂʆɺʉʂʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ  

 

 

 
 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʄʘʨʢʦʚʥʠʢʦʚ ʷʚʣʷʣʩʷ 

ʧʝʨʚʳʤ ʠ ʩʘʤʳʤ ʪʘʣʘʥʪʣʠʚʳʤ ʫʯʝʥʠʢʦʤ 

ʧʨʦʩʣʘʚʣʝʥʥʦʛʦ ʨʫʩʩʢʦʛʦ ʭʠʤʠʢʘ ɸʣʝʢʩʘʥʜʨʘ 

ɹʫʪʣʝʨʦʚʘ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʫʤ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʤʘʩʪʝʨʩʪʚʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʰʠʨʦʢʠʤ ʦʙʦʙʱʝʥʠʷʤ ʠ 

ʩʠʥʪʝʟʫ ʧʦʟʚʦʣʠʣʠ ʝʤʫ ʚ ʢʨʘʪʯʘʡʰʠʡ ʧʝʨʠʦʜ ʩʪʘʪʴ 

ʣʫʯʰʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʝʤ ɹʫʪʣʝʨʦʚʘ, ʝʛʦ 

ʩʦʨʘʪʥʠʢʦʤ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɺʣʘʜʠʤʠʨ ʄʘʨʢʦʚʥʠʢʦʚ ʧʦʷʚʠʣʩʷ ʥʘ ʩʚʝʪ ʚ 

ʜʝʨʝʚʥʝ ʏʝʨʥʦʨʝʯʴʝ ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʅʠʞʥʝʛʦ 

ʅʦʚʛʦʨʦʜʘ 25 ʜʝʢʘʙʨʷ 1837 ʛʦʜʘ (ʧʦ ʜʨʫʛʠʤ 

ʜʘʥʥʳʤ 22 ʜʝʢʘʙʨʷ 1838 ʛʦʜʘ). ɽʛʦ ʦʪʝʮ, ɺʘʩʠʣʠʡ 

ɺʘʩʠʣʴʝʚʠʯ ʄʘʨʢʦʚʥʠʢʦʚ, ʙʳʣ ʦʬʠʮʝʨʦʤ 

ʙʘʪʘʣʴʦʥʘ ɹʝʣʝʚʩʢʦʛʦ ʝʛʝʨʩʢʦʛʦ ʧʦʣʢʘ. ʉʧʫʩʪʷ 

ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʦʪʝʮ ʦʪʚʝʟ 

ɺʣʘʜʠʤʠʨʘ ʚ ʜʝʨʝʚʥʶ ʀʚʘʥʦʚʩʢʦʝ ʂʥʷʛʠʥʠʥʩʢʦʛʦ 

ʫʝʟʜʘ, ʛʜʝ ʠ ʧʨʦʰʣʦ ʚʩʸ ʜʝʪʩʪʚʦ ʙʫʜʫʱʝʛʦ ʫʯʝʥʦʛʦ. 

ʄʘʣʴʯʠʢ ʨʘʥʦ ʦʚʣʘʜʝʣ ʛʨʘʤʦʪʦʡ, ʦʜʥʘʢʦ ʯʠʪʘʣ ʙʝʟʦ 

ʚʩʷʢʦʡ ʩʠʩʪʝʤʳ ʦʪ çɹʠʪʚʳ ʨʫʩʩʢʠʭ ʩ 

ʢʘʙʘʨʜʠʥʮʘʤʠè ʠ çɽʨʫʩʣʘʥʘ ʃʘʟʘʨʝʚʠʯʘè ʜʦ 

ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʪʘʢʪʠʢʝ, ʣʝʞʘʚʰʠʭ ʥʘ ʧʠʩʴʤʝʥʥʦʤ 

ʩʪʦʣʝ ʦʪʮʘ. ʂʨʦʤʝ ʪʦʛʦ ʦʥ ʩ ʣʝʛʢʦʩʪʴʶ ʦʩʚʦʠʣ 

ʥʝʤʝʮʢʠʡ ʠ ʬʨʘʥʮʫʟʩʢʠʡ ʷʟʳʢʠ.  

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʧʦʣʫʯʠʣ ʩʨʝʜʥʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤ ʜʚʦʨʷʥʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ 

ʠʥʩʪʠʪʫʪʘ ʚ 1856 ʛʦʜʫ ʄʘʨʢʦʚʥʠʢʦʚ ʧʦʩʪʫʧʠʣ ʥʘ 

ʶʨʠʜʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ 

ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʋʯʠʣʩʷ ʦʥ ʥʘ 

ʂʘʤʝʨʘʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ, ʠʟʫʯʘʣ ʭʠʤʠʶ, 

ʪʝʭʥʦʣʦʛʠʶ ʠ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʅʘʨʘʚʥʝ ʩ 

ʶʨʠʩʪʘʤʠ ʢʘʤʝʨʘʣʠʩʪʳ ʩʣʫʰʘʣʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʢʫʨʩʦʚ ʶʨʠʜʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʧʦʣʠʪʠʯʝʩʢʫʶ 

ʵʢʦʥʦʤʠʶ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʧʨʘʚʦ, ʬʠʥʘʥʩʳ, 

ʩʪʘʪʠʩʪʠʢʫ. ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʚʩʧʦʤʠʥʘʣ: çʗ 

ʧʦʣʫʯʠʣ ʦʩʥʦʚʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ 

ʷʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʯʝʛʦ ʙʳ ʤʥʝ ʘʙʩʦʣʶʪʥʦ ʥʝ ʜʘʣ 

ʬʘʢʫʣʴʪʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ. ɿʥʘʥʠʷʤʠ ʵʪʠʤʠ ʤʥʝ 

ʯʘʩʪʦ ʧʨʠʭʦʜʠʣʦʩʴ ʧʦʣʴʟʦʚʘʪʴʩʷè.  

ʅʘ ʪʨʝʪʴʝʤ ʢʫʨʩʝ ʫʯʘʱʠʝʩʷ ʂʘʤʝʨʘʣʴʥʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʧʨʠʩʪʫʧʠʣʠ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʠʤ ʥʘʯʘʣ ʯʠʪʘʪʴ ʣʝʢʮʠʠ ʧʦ 

ʭʠʤʠʠ ʤʦʣʦʜʦʡ ɹʫʪʣʝʨʦʚ, ʚʝʨʥʫʚʰʠʡʩʷ ʠʟ 

ʟʘʛʨʘʥʠʯʥʦʡ ʢʦʤʘʥʜʠʨʦʚʢʠ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ 

ʠ ʫʨʦʢʠ ɸʣʝʢʩʘʥʜʨʘ ʄʠʭʘʡʣʦʚʠʯʘ ʧʨʦʠʟʚʝʣʠ ʥʘ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʩʠʣʴʥʝʡʰʝʝ ʚʧʝʯʘʪʣʝʥʠʝ, ʦʧʨʝʜʝʣʠʚ 

ʝʛʦ ʙʫʜʫʱʠʡ ʞʠʟʥʝʥʥʳʡ ʧʫʪʴ. ʄʥʦʛʦ ʣʝʪ ʩʧʫʩʪʷ ʦʥ 

ʥʘʧʠʰʝʪ: çʕʪʘ ʚʩʪʨʝʯʘ ʨʝʰʠʣʘ ʩʫʜʴʙʫ ʤʦʶ. ɺʤʝʩʪʦ 

ʪʝʭʥʠʢʘ ʠʣʠ ʶʨʠʩʪʘ, ʢʘʢ ʷ ʧʨʝʜʧʦʣʘʛʘʣ ʩʥʘʯʘʣʘ, ʷ 

ʩʪʘʣ ʭʠʤʠʢʦʤè. ɹʫʪʣʝʨʦʚ ʷʚʣʷʣʩʷ ʦʙʨʘʟʮʦʚʳʤ 

ʧʝʜʘʛʦʛʦʤ, ʚʩʝʛʜʘ ʛʦʪʦʚʳʤ ʦʪʚʝʪʠʪʴ ʥʘ ʣʶʙʦʡ 

ʚʦʧʨʦʩ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʠʣʠ ʩʦʪʨʫʜʥʠʢʘ 

ʣʘʙʦʨʘʪʦʨʠʠ. ʄʘʨʢʦʚʥʠʢʦʚ ʩʦʭʨʘʥʠʣ ʥʘ ʚʩʶ ʞʠʟʥʴ 

ʜʨʫʞʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʩ ʥʠʤ. ɽʱʝ ʫʯʘʩʴ, ʩ ʩʦʛʣʘʩʠʷ 

ɹʫʪʣʝʨʦʚʘ, ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʠʟʜʘʣ 

ʣʠʪʦʛʨʘʬʠʨʦʚʘʥʥʳʡ ʢʫʨʩ ʧʨʦʯʠʪʘʥʥʳʭ 

ɸʣʝʢʩʘʥʜʨʦʤ ʄʠʭʘʡʣʦʚʠʯʝʤ ʣʝʢʮʠʡ ʧʦ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ɺ 1860 ʛʦʜʫ ʄʘʨʢʦʚʥʠʢʦʚ ʦʢʦʥʯʠʣ ʂʘʟʘʥʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, ʧʦʣʫʯʠʚ ʩʪʝʧʝʥʴ ʢʘʥʜʠʜʘʪʘ ʧʦ 

ʢʘʤʝʨʘʣʴʥʦʤʫ ʦʪʜʝʣʝʥʠʶ. ʇʦ ʭʦʜʘʪʘʡʩʪʚʫ 

ɹʫʪʣʝʨʦʚʘ ʝʛʦ ʦʩʪʘʚʠʣʠ ʧʨʠ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʚ ʪʦʤ ʞʝ 

ʛʦʜʫ ʥʘʟʥʘʯʠʚ ʣʘʙʦʨʘʥʪʦʤ ʭʠʤʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ɸʣʝʢʩʘʥʜʨ 

ʄʠʭʘʡʣʦʚʠʯ ʩʦʚʝʨʰʘʣ ʧʝʨʝʚʦʨʦʪ ʚ ʥʘʫʢʝ ï ʨʘʙʦʪʘʣ 
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ʥʘʜ ʩʚʦʝʡ ʟʥʘʤʝʥʠʪʦʡ ʪʝʦʨʠʝʡ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ. ɸ ʝʛʦ ʫʯʝʥʠʢ ʩʪʨʝʤʠʣʩʷ ʠʩʪʦʨʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʚʳʭ ʚʟʛʣʷʜʦʚ, ʧʠʩʘʣ 

ʠʟʜʘʥʥʫʶ ʧʦʟʜʥʝʝ ʨʘʙʦʪʫ çʂ ʠʩʪʦʨʠʠ ʫʯʝʥʠʷ ʦ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝè.  

ʇʘʨʘʣʣʝʣʴʥʦ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʧʳʪʘʣʩʷ 

ʥʘʡʪʠ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʪʝʦʨʠʠ ɹʫʪʣʝʨʦʚʘ, ʨʘʙʦʪʘʣ ʥʘʜ ʠʟʦʤʝʨʠʝʡ 

ʤʘʩʣʷʥʳʭ ʢʠʩʣʦʪ. ʀʟʦʤʝʨʳ ï ʚʝʱʝʩʪʚʘ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʝʩʦʤ, ʩʦʪʚʦʨʝʥʥʳʝ ʠʟ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʋ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʚʝʱʝʩʪʚ 

ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʦʤʝʨʦʚ. ʊʝʦʨʠʷ 

ʩʪʨʦʝʥʠʷ ʢʘʢ ʨʘʟ ʠ ʜʘʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʩʥʠʪʴ, 

ʩʢʦʣʴʢʦ ʠʭ ʤʦʞʝʪ ʙʳʪʴ. ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʚʦʜʦʚ ʪʝʦʨʠʠ ɹʫʪʣʝʨʦʚʘ, ʥʫʞʥʦ 

ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʭ ʝʶ ʠʟʦʤʝʨʦʚ. ɺʦʪ ʧʦʵʪʦʤʫ 

ʄʘʨʢʦʚʥʠʢʦʚ ʠ ʟʘʥʷʣʩʷ ʧʦʣʫʯʝʥʠʝʤ ʠʟʦʤʝʨʦʚ 

ʢʠʩʣʦʪ.  

ʄʝʞʜʫ ʪʝʤ ʜʦʣʞʥʦʩʪʴ ʣʘʙʦʨʘʥʪʘ, ʧʦʣʫʯʘʶʱʝʛʦ 

ʢʨʘʡʥʝ ʥʝʙʦʣʴʰʦʝ ʞʘʣʦʚʘʥʠʝ, ʚʳʥʫʜʠʣʘ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʠʩʢʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʟʘʨʘʙʦʪʢʠ. ʆʥ ʩʪʘʣ ʜʘʚʘʪʴ ʥʘ ʜʦʤʫ ʫʨʦʢʠ, ʯʪʦ 

ʷʚʣʷʣʦʩʴ ʚ ʪʦ ʚʨʝʤʷ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʟʘʥʷʪʠʝʤ. ʆʜʥʦʡ ʠʟ ʝʛʦ ʫʯʝʥʠʮ ʩʪʘʣʘ ʃʶʙʦʚʴ 

ɼʤʠʪʨʠʝʚʥʘ ʈʳʯʢʦʚʘ ï ʚʥʫʯʢʘ ʠʟʚʝʩʪʥʦʛʦ ʛʝʦʛʨʘʬʘ 

ʇʝʪʨʘ ʈʳʯʢʦʚʘ. ʇʦʩʪʝʧʝʥʥʦ ʤʝʞʜʫ ʫʯʝʥʠʮʝʡ ʠ 

ʫʯʠʪʝʣʝʤ ʟʘʨʦʜʠʣʘʩʴ ʜʨʫʞʙʘ, ʥʝʟʘʤʝʪʥʦ 

ʧʝʨʝʨʦʩʰʘʷ ʚ ʣʶʙʦʚʴ. ʉʚʘʜʴʙʘ ʩʦʩʪʦʷʣʘʩʴ ʚ 1864 

ʛʦʜʫ. ʃʶʙʦʚʴ ɼʤʠʪʨʠʝʚʥʘ ʣʝʛʢʦ ʨʘʟʛʦʚʘʨʠʚʘʣʘ ʥʘ 

ʪʨʝʭ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ ʠ ʩʪʘʣʘ ʜʣʷ ʫʯʝʥʦʛʦ ʥʝ 

ʪʦʣʴʢʦ ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʞʝʥʦʡ, ʥʦ ʠ ʥʝʟʘʤʝʥʠʤʦʡ 

ʧʦʤʦʱʥʠʮʝʡ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʥʘ ʜʝʣʘʣʘ ʜʣʷ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʧʝʨʝʚʦʜʳ ʟʘʛʨʘʥʠʯʥʳʭ ʩʪʘʪʝʡ, 

ʧʝʨʝʧʠʩʳʚʘʣʘ ʝʛʦ ʪʨʫʜʳ, ʩʦʧʨʦʚʦʞʜʘʣʘ ʤʫʞʘ ʚ 

ʧʦʝʟʜʢʘʭ.  

ɺ 1862 ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʙʦʣʝʟʥʴʶ ɹʫʪʣʝʨʦʚʘ 

ɺʣʘʜʠʤʠʨʫ ɺʘʩʠʣʴʝʚʠʯʫ ʙʳʣʦ ʧʦʨʫʯʝʥʦ ʯʠʪʘʪʴ 

ʣʝʢʮʠʠ ʧʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ, ʘ ʩʧʫʩʪʷ ʛʦʜ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺ 1863 ʄʘʨʢʦʚʥʠʢʦʚ ʩʜʘʣ 

ʵʢʟʘʤʝʥʳ ʥʘ ʤʘʛʠʩʪʨʘ ʭʠʤʠʠ, ʘ ʩʧʫʩʪʷ ʜʚʘ ʛʦʜʘ 

ʧʨʝʜʩʪʘʚʠʣ ʥʘ ʩʫʜ ʢʦʤʠʩʩʠʠ ʜʠʩʩʝʨʪʘʮʠʶ çʆʙ 

ʠʟʦʤʝʨʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè, ʢʦʪʦʨʫʶ 

ʚʩʢʦʨʝ ʙʣʝʩʪʷʱʝ ʟʘʱʠʪʠʣ. ʇʦʩʣʝ ʵʪʦʛʦ ʝʛʦ 

ʦʪʢʦʤʘʥʜʠʨʦʚʘʣʠ ʟʘ ʛʨʘʥʠʮʫ ʥʘ ʜʚʘ ʛʦʜʘ.  

ʀʟʥʘʯʘʣʴʥʦ ʄʘʨʢʦʚʥʠʢʦʚʳ ʧʦʩʝʪʠʣʠ ɹʝʨʣʠʥ, 

ʛʜʝ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʧʦʨʘʙʦʪʘʣ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʟʥʘʤʝʥʠʪʦʛʦ ʭʠʤʠʢʘ 

ɸʜʦʣʴʬʘ ɹʘʡʝʨʘ. ʇʦʪʦʤ ʦʥʠ ʧʝʨʝʝʭʘʣʠ ʚ 

ɻʝʡʜʝʣʴʙʝʨʛ, ʠ ʫʯʝʥʳʡ ʧʦʩʝʪʠʣ ʣʘʙʦʨʘʪʦʨʠʶ 

ʤʦʣʦʜʦʛʦ ʕʤʠʣʷ ʕʨʣʝʥʤʝʡʝʨʘ ï ʪʦʚʘʨʠʱʘ 

ɹʫʪʣʝʨʦʚʘ. ɺ ʤʘʝ 1866 ʄʘʨʢʦʚʥʠʢʦʚʳ ʩʥʦʚʘ 

ʚʝʨʥʫʣʠʩʴ ʚ ɹʝʨʣʠʥ ʢ ɸʜʦʣʴʬʫ ɹʘʡʝʨʫ, ʘ ʯʝʨʝʟ 

ʤʝʩʷʮ ï ʦʧʷʪʴ ʚ ɻʝʡʜʝʣʴʙʝʨʛ. ʅʘʢʦʥʝʮ, ʧʦʙʳʚʘʚ ʚ 

ʐʚʝʡʮʘʨʠʠ, ʫʯʝʥʳʡ ʦʙʦʩʥʦʚʘʣʩʷ ʚ ʃʝʡʧʮʠʛʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ɻʝʨʤʘʥʘ ʂʦʣʴʙʝ ï ʷʨʦʩʪʥʦʛʦ ʢʨʠʪʠʢʘ 

ʪʝʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʦʩʪʘʣʴʥʳʭ ʧʨʘʢʪʠʢʘʥʪʦʚ ʟʥʘʤʝʥʠʪʦʛʦ ʥʝʤʝʮʢʦʛʦ 

ʭʠʤʠʢʘ-ʦʨʛʘʥʠʢʘ ʄʘʨʢʦʚʥʠʢʦʚ ʙʳʣ ʥʘ ʦʩʦʙʦʤ 

ʧʦʣʦʞʝʥʠʠ. ʉʘʤ ʨʫʢʦʚʦʜʠʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ 

ʚʝʣʠʯʘʣ ʝʛʦ çHerr Doktorè. ʕʪʦ ʦʪʥʶʜʴ ʥʝ ʷʚʣʷʣʦʩʴ 

ʥʘʩʤʝʰʢʦʡ ʠʣʠ ʬʦʨʤʘʣʴʥʦʩʪʴʶ ʚ ʩʚʷʟʠ ʥʘʣʠʯʠʝʤ ʫ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʫʯʸʥʦʛʦ ʟʚʘʥʠʷ. 

ʄʘʨʢʦʚʥʠʢʦʚ ʧʨʠʝʭʘʣ ʚ ɻʝʨʤʘʥʠʶ ʩʦ 

ʩʣʦʞʠʚʰʠʤʠʩʷ ʚʦʟʟʨʝʥʠʷʤʠ, ʧʦ ʤʥʦʛʠʤ ʢʣʶʯʝʚʳʤ 

ʚʦʧʨʦʩʘʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʦʥ ʙʳʣ ʥʘ ʛʦʣʦʚʫ 

ʚʳʰʝ ʟʘʛʨʘʥʠʯʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥ 

ʥʝ ʙʦʷʣʩʷ ʦʪʢʨʳʪʦ ʚʦʟʨʘʞʘʪʴ ʙʦʣʝʝ ʪʠʪʫʣʦʚʘʥʥʳʤ 

ʭʠʤʠʢʘʤ, ʟʘʯʘʩʪʫʶ ʩʧʦʨʠʣ ʩ ʩʘʤʠʤ ʂʦʣʴʙʝ. ʇʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘʤ ʦʯʝʚʠʜʮʝʚ, ʵʪʠ ʩʧʦʨʳ ʨʝʜʢʦ 

ʦʢʘʥʯʠʚʘʣʠʩʴ ʚ ʧʦʣʴʟʫ ʥʝʤʝʮʢʠʭ ʫʯʸʥʳʭ. 

ɺʩʧʦʤʠʥʘʷ, ʄʘʨʢʦʚʥʠʢʦʚ ʪʘʢ ʦʙʨʠʩʦʚʳʚʘʣ 

ʩʦʩʪʦʷʥʠʝ ʥʝʤʝʮʢʦʡ ʰʢʦʣʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ: çʇʦʣʦʞʝʥʠʝ ʤʦʸ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʠʥʳʤ, ʯʝʤ ʫ ʧʨʦʯʠʭ. ʋʞʝ ʪʨʠ ʛʦʜʘ, 

ʢʘʢ ʷ ʙʳʣ ʤʘʛʠʩʪʨʦʤ ʠ ʪʨʫʜʠʣʩʷ ʥʘ ʠʥʪʝʨʝʩʫʶʱʠʝ 

ʤʝʥʷ ʪʝʤʳ. ʇʦ ʧʨʠʝʟʜʫ ʚ ɻʝʨʤʘʥʠʶ ʝʱʝ ʚ ʧʝʨʚʳʡ ʛʦʜ 

ʷ ʫʙʝʜʠʣʩʷ, ʯʪʦ ʂʘʟʘʥʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʜʘʣʝʢʦ 

ʦʧʝʨʝʜʠʣʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʩʝ ʤʝʩʪʥʳʝ, 

ʘ ʢʫʨʩʳ ʣʝʢʮʠʡ ʩʣʠʰʢʦʤ ʧʨʦʩʪʳ. ʄʥʝ ʪʘʢʞʝ ʥʝʯʘʩʪʦ 

ʧʨʠʭʦʜʠʣʦʩʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠʤʠ 

ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʬʝʩʩʦʨʦʚ. ɺ ʥʝʤʝʮʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ ʷ ʦʩʪʘʣʩʷ ʣʠʰʴ ʧʦʪʦʤʫ, ʯʪʦ ʚʩʷ ʞʠʟʥʴ 

ʟʘ ʛʨʘʥʠʮʝʡ ʩʣʦʞʝʥʘ ʪʘʢ, ʯʪʦʙʳ ʙʦʣʝʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ʪʨʘʪʠʣʦʩʴ ʚʨʝʤʷè.  

ʋʯʝʥʳʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʠ 

ʩʪʨʦʝʥʠʠ ʦʢʩʠʠʟʦʙʫʪʠʨʠʥʦʚʦʡ ʠ ʠʟʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪ, ʨʘʟʨʘʙʘʪʳʚʘʣ ʢʦʥʮʝʧʮʠʶ ʦ ʚʟʘʠʤʥʦʤ 

ʚʣʠʷʥʠʠ ʘʪʦʤʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ ʫʛʣʫʙʣʝʥʠʝ ʪʝʦʨʠʠ ɹʫʪʣʝʨʦʚʘ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ 1867 ʛʦʜʫ ʙʳʣʘ ʧʨʦʜʣʝʥʘ 

ʟʘʛʨʘʥʠʯʥʘʷ ʢʦʤʘʥʜʠʨʦʚʢʘ ɺʣʘʜʠʤʠʨʘ 

ɺʘʩʠʣʴʝʚʠʯʘ, ʦʥ ʦʩʫʱʝʩʪʚʠʣ ʨʷʜ ʧʦʝʟʜʦʢ ʧʦ 

ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʤʝʩʪʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. ɺ ʘʚʛʫʩʪʝ 1867 ʛʦʜʘ 

ʄʘʨʢʦʚʥʠʢʦʚ ʥʘʭʦʜʠʣʩʷ ʥʘ ɺʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʝ ʚ 

ʇʘʨʠʞʝ, ʠ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʉʦʚʝʪ ʂʘʟʘʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʟʙʨʘʣ ʝʛʦ ʜʦʮʝʥʪʦʤ ʧʦ ʢʘʬʝʜʨʝ 

ʭʠʤʠʠ. ʇʦʩʝʪʠʚ ʢʦʥʛʨʝʩʩ ʚʨʘʯʝʡ ʠ 

ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʡ ʚʦ ʌʨʘʥʢʬʫʨʪʝ, ʥʝ ʜʦʞʠʜʘʷʩʴ 



 

6 

 

ʦʢʦʥʯʘʥʠʷ ʢʦʤʘʥʜʠʨʦʚʢʠ, ʪʘʣʘʥʪʣʠʚʳʡ ʭʠʤʠʢ 

ʚʦʟʚʨʘʪʠʣʩʷ ʚ ʂʘʟʘʥʴ ʠ ʟʘʤʝʥʠʣ ʥʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤ ʧʦʧʨʠʱʝ ɸʣʝʢʩʘʥʜʨʘ 

ɹʫʪʣʝʨʦʚʘ, ʦʪʧʨʘʚʠʚʰʝʛʦʩʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘ 

ʛʨʘʥʠʮʫ.  

ɺʝʩʥʦʡ 1869 ʛʦʜʘ ʚ ʂʘʟʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʩʦʩʪʦʷʣʘʩʴ ʟʘʱʠʪʘ ʟʥʘʤʝʥʠʪʦʡ ʜʦʢʪʦʨʩʢʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ ʄʘʨʢʦʚʥʠʢʦʚʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʄʘʪʝʨʠʘʣʳ ʧʦ ʚʦʧʨʦʩʫ ʦ ʚʟʘʠʤʥʦʤ ʚʣʠʷʥʠʠ 

ʘʪʦʤʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭè. ʈʘʙʦʪʘ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʧʦ-ʥʦʚʦʤʫ ʧʦʩʪʘʚʠʣʘ 

ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɺʦʟʥʠʢʥʫʚ ʥʘ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʦʡ ʪʝʦʨʠʠ, ʥʦʚʦʝ 

ʫʯʝʥʠʝ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʘʪʦʤʦʚ ʚʳʜʚʠʥʫʣʦ ʥʘ 

ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʤʝʭʘʥʠʟʤʘ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʮʝʩʩʦʚ 

ʩʦʯʝʪʘʥʠʷ ʘʪʦʤʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʷ 

ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʘʪʦʤʦʚ, ʧʦʷʚʣʷʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʦʡ 

ʢʦʥʢʨʝʪʥʦ ʠʟʦʤʝʨ ʧʦʣʫʯʠʪʩʷ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠ̫ʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʢʦʝ ʪʝʯʝʥʠʝ ʧʨʠʤʝʪ ʪʘ ʠʣʠ ʠʥʘʷ 

ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ. ʄʘʨʢʦʚʥʠʢʦʚ ʧʠʩʘʣ ɸ.ʄ. 

ɹʫʪʣʝʨʦʚʫ: çʉʯʠʪʘʶ ʧʨʠʣʠʯʥʳʤ ʧʦʩʚʷʪʠʪʴ 

ʥʝʙʦʣʴʰʦʡ ʪʨʫʜ ʩʚʦʡ ɺʘʤ, ʤʥʦʛʦʫʚʘʞʘʝʤʳʡ 

ʥʘʩʪʘʚʥʠʢ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʚʦʜʠʤʳʝ ʚ ʥʸʤ ʤʳʩʣʠ 

ʝʩʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ɺʘʤʠ.... 

ɽʩʣʠ ʚ ʥʸʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʯʪʦ-ʥʠʙʫʜʴ ʥʦʚʦʝ, ʪʦ 

ʨʦʞʜʝʥʠʝ ʵʪʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʙʝʟ ʠʩʭʦʜʥʳʭ 

ʧʦʣʦʞʝʥʠʡ, ʟʘʣʦʞʝʥʥʳʭ ɺʘʤʠè. ɸʣʝʢʩʘʥʜʨ 

ʄʠʭʘʡʣʦʚʠʯ ɹʫʪʣʝʨʦʚ ʥʘ ʜʠʩʧʫʪʝ ʙʳʣ ʧʝʨʚʳʤ 

ʦʧʧʦʥʝʥʪʦʤ ʠ ʜʘʣ ʜʠʩʩʝʨʪʘʮʠʠ ʄʘʨʢʦʚʥʠʢʦʚʘ 

ʥʘʠʚʳʩʰʫʶ ʦʮʝʥʢʫ. ʋʯʠʪʳʚʘʷ ʝʸ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚʘʞʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʦʥ ʚʳʩʢʘʟʘʣ 

ʧʦʞʝʣʘʥʠʝ, ʯʪʦʙʳ ʪʨʫʜʳ ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ 

ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʠʥʦʩʪʨʘʥʥʳʡ 

ʷʟʳʢ. ʄʘʨʢʦʚʥʠʢʦʚ ʦʪʚʝʪʠʣ ʥʘ ʵʪʦ: çɽʩʣʠ 

ʚʳʩʢʘʟʳʚʘʝʤʳʝ ʤʥʦʶ ʤʳʩʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ, ʪʦ ʚʩʝ ʞʝʣʘʶʱʠʝ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚʦʪ ʵʪʠʤ ʨʫʩʩʢʠʤ ʩʦʯʠʥʝʥʠʝʤè. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ɹʫʪʣʝʨʦʚ ʧʝʨʝʙʨʘʣʩʷ ʚ ʇʝʪʝʨʙʫʨʛ, ʘ 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʧʦʣʫʯʠʣ ʚ ʟʘʚʝʜʳʚʘʥʠʝ 

ʯʪʝʥʠʝ ʚʩʝʭ ʢʫʨʩʦʚ ʠ ʣʘʙʦʨʘʪʦʨʠʶ. ɺ ʤʘʝ 1869 ʛʦʜʘ 

ʉʦʚʝʪ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʟʙʨʘʣ ʝʛʦ ʵʢʩʪʨʘʦʨʜʠʥʘʨʥʳʤ 

ʧʨʦʬʝʩʩʦʨʦʤ, ʘ ʚʝʩʥʦʡ 1870 ʚ ʚʦʟʨʘʩʪʝ ʚʩʝʛʦ 33 ʣʝʪ 

ï ʦʨʜʠʥʘʨʥʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʢʘʬʝʜʨʳ ʭʠʤʠʠ.  

ʆʜʥʘʢʦ ʜʦʣʛʦ ʚ ʂʘʟʘʥʠ ʄʘʨʢʦʚʥʠʢʦʚ ʥʝ 

ʟʘʜʝʨʞʘʣʩʷ. ʇʦʩʣʝ ʧʨʠʥʷʪʠʷ ʚ 1863 ʛʦʜʫ ʥʦʚʦʛʦ 

ʋʩʪʘʚʘ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʘ ʪʘʢʞʝ ʚʩʪʫʧʣʝʥʠʷ ʩʧʫʩʪʷ 

ʪʨʠ ʛʦʜʘ ʥʘ ʧʦʩʪ ʤʠʥʠʩʪʨʘ ʥʘʨʦʜʥʦʛʦ ʧʨʦʩʚʝʱʝʥʠ ̫

ʛʨʘʬʘ ɼ.ɸ. ʊʦʣʩʪʦʛʦ, ʦʙʩʪʘʥʦʚʢʘ ʚ ʥʘʫʯʥʳʭ 

ʟʘʚʝʜʝʥʠʷʭ ʩʪʘʣʘ ʤʝʥʷʪʴʩʷ ʢ ʭʫʜʰʝʤʫ. ɺʣʘʜʠʤʠʨ 

ɺʘʩʠʣʴʝʚʠʯ ʧʠʩʘʣ: çʄʠʥʠʩʪʨ ʩʪʘʣ ʫʧʦʪʨʝʙʣʷʪʴ 

ʚʩʷʢʠʡ ʩʣʫʯʘʡ, ʯʪʦʙʳ, ʥʝ ʦʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ ʥʘ 

ʥʘʫʯʥʳʝ ʟʘʩʣʫʛʠ, ʚʳʞʠʚʘʪʴ ʩʪʘʨʳʭ ʧʨʦʬʝʩʩʦʨʦʚ, 

ʝʩʣʠ ʵʪʠ ʣʠʮʘ ʩʯʠʪʘʣʠʩʴ ʚʨʝʜʥʳʤʠ ʩ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɺʨʝʜʥʳʤʠ 

ʦʢʘʟʳʚʘʣʠʩʴ ʚʩʝ ʥʘʠʣʫʯʰʠʝ ʥʘʫʯʥʳʝ ʩʠʣʳ ʧʦ 

ʧʨʦʩʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʣʶʙʦʡ ʧʦʨʷʜʦʯʥʳʡ ʫʯʝʥʳʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʯʝʣʦʚʝʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠ ʥʝ ʙʫʜʝʪ 

ʧʦʩʪʫʧʘʪʴʩʷ ʚ ʫʛʦʜʫ ʥʘʯʘʣʴʩʪʚʫ ʩʚʦʠʤʠ 

ʫʙʝʞʜʝʥʠʷʤʠ...è. ʅʝ ʧʦʞʝʨʪʚʦʚʘʣ ʩʚʦʠʤʠ 

ʫʙʝʞʜʝʥʠʷʤʠ ʠ ʚʳʜʘʶʱʠʡʩʷ ʙʠʦʣʦʛ ʠ ʘʥʘʪʦʤ, 

ʧʨʦʬʝʩʩʦʨ ʇʝʪʨ ʃʝʩʛʘʬʪ. ɺ ʦʢʪʷʙʨʝ 1871 ʦʥ ʙʳʣ 

ʥʝʟʘʢʦʥʥʦ ʫʚʦʣʝʥ ʠʟ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ 

ʟʥʘʢ ʧʨʦʪʝʩʪʘ ʧʨʦʪʠʚ ʧʦʜʦʙʥʦʡ ʨʘʩʧʨʘʚʳ ʩʝʤʴ 

ʧʨʦʬʝʩʩʦʨʦʚ ʧʦʜʘʣʠ ʟʘʷʚʣʝʥʠʝ-ʘʧʝʣʣʷʮʠʶ ʚ ʉʦʚʝʪ 

ʠ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʝʩʷʮʝʚ ʪʘʢʞʝ ʧʦʪʝʨʷʣʠ 

ʨʘʙʦʪʫ. ʆʪʩʪʘʚʢʘ ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ 

ʩʦʩʪʦʷʣʘʩʴ 18 ʥʦʷʙʨʷ, ʚ ʪʦʪ ʞʝ ʜʝʥʴ ʦʥ ʙʳʣ ʠʟʙʨʘʥ 

ʦʨʜʠʥʘʨʥʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʤʦʣʦʜʦʛʦ 

ʅʦʚʦʨʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɿʜʝʩʴ ʦʥ ʥʘʰʝʣ 

ʜʦʚʦʣʴʥʦ ʥʝʧʣʦʭʫʶ ʧʦ ʪʝʤ ʚʨʝʤʝʥʘʤ 

ʭʠʤʣʘʙʦʨʘʪʦʨʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʠʟʚʝʩʪʥʳʤ ʭʠʤʠʢʦʤ 

ʅʠʢʦʣʘʝʤ ʉʦʢʦʣʦʚʳʤ, ʧʨʦʞʠʚʰʠʤ ʟʜʝʩʴ ʰʝʩʪʴ ʣʝʪ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʟʜʦʨʦʚʴʷ. ʉ ʢʦʥʮʘ 1871 ʠ ʧʦ 1873 ʛʦʜ 

ʄʘʨʢʦʚʥʠʢʦʚ ʨʘʙʦʪʘʣ ʚ ʆʜʝʩʩʝ, ʘ ʧʦʪʦʤ ʧʦʩʣʝ 

ʜʦʣʛʠʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʝʭʘʣ ʚ ʄʦʩʢʚʫ.  

ʇʨʠʯʠʥʘ ʩʦʤʥʝʥʠʡ ʄʘʨʢʦʚʥʠʢʦʚʘ ʙʳʣʘ 

ʦʯʝʚʠʜʥʘ ï ʚ ʄʦʩʢʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʩʫɦ ʝʩʪʚʦʚʘʣʘ ʣʠʰʴ ʦʜʥʘ ʩʪʘʨʝʥʴʢʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ, ʩʦʦʨʫʞʝʥʥʘʷ ʝʱʸ ʚ 1838 ʛʦʜʫ. 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʧʦʥʠʤʘʣ, ʯʪʦ ʧʨʠʜʸʪʩʷ 

ʚʣʦʞʠʪʴ ʥʝʤʘʣʦ ʩʠʣ ʠ ʪʨʫʜʦʚ, ʜʘʙʳ ʧʨʠʚʝʩʪʠ 

ʜʘʥʥʦʝ ʧʦʤʝʱʝʥʠʝ ʚ ʩʦʩʪʦʷʥʠʝ, ʧʦʜʭʦʜʷʱʝʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʦʙʰʠʨʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʮʝʧʮʠʡ. ʆʥ 

ʩʯʠʪʘʣ, ʯʪʦ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʠ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʘʤʳʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʳʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ 

ʄʦʩʢʦʚʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʦʚʦʛʦ ʢʦʨʧʫʩʘ 

ʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʈʝʢʪʦʨ ʜʘʣ ʦʙʝʱʘʥʠʝ 

ʦʢʘʟʘʪʴ ʝʤʫ ʧʦʜʜʝʨʞʢʫ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʜʦʩʪʘʪʦʯʥʳʭ ʩʨʝʜʩʪʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘʯʘʣʠʩʴ ʣʠʰʴ ʚ 1885 ʛʦʜʫ. 

ʇʨʦʰʣʦ ʧʦʯʪʠ ʧʷʪʥʘʜʮʘʪʴ ʣʝʪ ʧʦʩʣʝ ʝʛʦ ʧʝʨʝʝʟʜʘ ʚ 

ʩʪʦʣʠʮʫ, ʧʨʝʞʜʝ ʯʝʤ ʟʘʤʳʩʝʣ ʫʯʝʥʦʛʦ 

ʦʩʫʱʝʩʪʚʠʣʩʷ. ʆʪʢʨʳʪʠʝ ʥʦʚʦʡ ʭʠʤʣʘʙʦʨʘʪʦʨʠʠ 

ʩʦʩʪʦʷʣʦʩʴ 14 ʩʝʥʪʷʙʨʷ 1887 ʛʦʜʘ.  

ɼʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʭʠʤʠʷ, ʢʘʢ ʥʘʫʢʘ, ʚ ʄʦʩʢʚʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʣʘʜʠʤʠʨ 

ɺʘʩʠʣʴʝʚʠʯ ʚʜʦʭʥʫʣ ʥʦʚʫʶ ʞʠʟʥʴ, ʢʘʢ ʚ ʜʝʣʦ 

ʧʦʩʪʘʥʦʚʢʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʚ ʜʝʣʦ 

ʧʨʝʧʦʜʘʚʘʥʠʷ. ɺ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʄʘʨʢʦʚʥʠʢʦʚ ʚʳʜʚʠʛʘʣ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ 
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ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. ʉʦʟʜʘʥʥʫʶ ʠʤ 

ʩʠʩʪʝʤʫ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʚʝʣʠʢʠʡ ʭʠʤʠʢ 

ʣʶʙʠʣ ʚʳʨʘʞʘʪʴ ʚ ʢʨʘʩʦʯʥʳʭ ʘʬʦʨʠʟʤʘʭ, 

ʥʘʧʨʠʤʝʨ, ʛʦʚʦʨʠʣ: çʉʣʝʜʫʝʪ ʧʫʩʢʘʪʴ ʩʪʫʜʝʥʪʦʚ ʥʘ 

ʛʣʫʙʦʢʦʝ ʤʝʩʪʦ ï ʠʟ ʪʝʭ, ʢʪʦ ʚʳʧʣʳʚʝʪ, ʙʫʜʝʪ 

ʪʦʣʢè. ʆʥ ʧʨʠʚʝʪʩʪʚʦʚʘʣ, ʢʦʛʜʘ ʝʛʦ ʫʯʘʱʠʝʩʷ ʩʘʤʠ 

ʨʘʟʙʠʨʘʣʠʩʴ ʚ ʠʥʦʩʪʨʘʥʥʳʭ ʞʫʨʥʘʣʘʭ ʧʦ ʭʠʤʠʠ 

ʠʣʠ ʧʨʠʥʠʤʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʙʝʟ ʧʦʜʩʢʘʟʦʢ ʨʫʢʦʚʦʜʠʪʝʣʝʡ. 

ʇʦʜʦʙʥʳʝ ʥʦʚʦʚʚʝʜʝʥʠʷ ʄʘʨʢʦʚʥʠʢʦʚʘ ʥʝ 

ʟʘʤʝʜʣʠʣʠ ʩʢʘʟʘʪʴʩʷ ʩʘʤʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʦʙʨʘʟʦʤ. ɺ ʝʛʦ ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʘʣʠ ʩʦʙʠʨʘʪʴʩʷ 

ʛʨʫʧʧʳ ʤʦʣʦʜʳʭ ʣʶʜʝʡ, ʞʘʞʜʫʱʠʭ ʟʘʥʠʤʘʪʴʩʷ 

ʭʠʤʠʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʄʦʩʢʦʚʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʩʪʘʣʘ ʧʝʨʚʦʡ ʚ ʈʦʩʩʠʠ, 

ʢʦʪʦʨʘʷ ʦʪʢʨʳʣʘ ʩʚʦʠ ʜʚʝʨʠ ʫʯʘʱʠʤʩʷ ʞʝʥʩʢʦʛʦ 

ʧʦʣʘ. ʉʨʝʜʠ ʧʝʨʚʳʭ ʪʨʫʜʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʝʝ ʩʪʝʥʘʭ, 

ʙʳʣʘ ʨʘʙʦʪʘ çʆ ʧʦʣʫʯʝʥʠʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʙʨʦʤʠʩʪʦʛʦ ʧʨʦʧʠʣʝʥʘè ʖʣʠʠ ɺʩʝʚʦʣʦʜʦʚʥʳ 

ʃʝʨʤʦʥʪʦʚʦʡ, ʧʝʨʚʦʡ ʞʝʥʱʠʥʳ-ʭʠʤʠʢʘ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ ʠ ʨʦʜʩʪʚʝʥʥʠʮʳ ʠʟʚʝʩʪʥʦʛʦ ʧʦʵʪʘ.  

ʉʘʤ ʞʝ ʄʘʨʢʦʚʥʠʢʦʚ ʥʘʨʷʜʫ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʜʦʣʞʘʣ 

ʨʘʟʚʠʚʘʪʴ ʩʚʦʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ, 

ʠʟʣʦʞʝʥʥʫʶ ʠʤ ʚʧʝʨʚʳʝ ʝʱʝ ʚ ʜʦʢʪʦʨʩʢʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ. ʆʥ ʥʘʰʝʣ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʛʘʣʦʠʜʦʚʦʜʦʨʦʜʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʩʚʦʠ ʦʙʦʙʱʝʥʠʷ ʚ çʧʨʘʚʠʣʝ 

ʄʘʨʢʦʚʥʠʢʦʚʘè, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤ ʚʩʝʤ ʭʠʤʠʢʘʤ.  

ɺ ʥʘʯʘʣʝ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʦʚ ɺʣʘʜʠʤʠʨ 

ɺʘʩʠʣʴʝʚʠʯ ʧʝʨʝʢʣʶʯʠʣʩʷ ʥʘ ʥʦʚʳʡ ʦʙʰʠʨʥʳʡ 

ʮʠʢʣ ʦʧʳʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ 

ʢʘʚʢʘʟʩʢʦʡ ʥʝʬʪʠ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʠ ʜʦ 

ʢʦʥʮʘ ʩʚʦʠʭ ʜʥʝʡ ʠʟʫʯʝʥʠʝ ʭʠʤʠʠ ʥʝʬʪʠ ʷʚʣʷʣʦʩʴ 

ʦʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʚ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʟʥʘʤʝʥʠʪʦʛʦ ʫʯʝʥʦʛʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʥʘʯʘʣʫ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʙʦʪʘʭ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʥʝ ʚʩʪʨʝʪʠʣʦ ʧʦʥʠʤʘʥʠʷ ʩʨʝʜʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʫʩʩʢʠʭ ʫʯʝʥʳʭ. ɺʳʨʘʞʘʣʦʩʴ 

ʩʦʞʘʣʝʥʠʝ ʧʦ ʧʦʚʦʜʫ ʝʛʦ ʥʦʚʦʡ ʫʚʣʝʯʝʥʥʦʩʪʠ, 

ʛʦʚʦʨʠʣʦʩʴ, ʯʪʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥ çʠʟʤʝʥʠʣ 

ʯʠʩʪʦʡ ʭʠʤʠʠè. ʉʘʤ ʞʝ ʄʘʨʢʦʚʥʠʢʦʚ ʧʦʣʘʛʘʣ, ʯʪʦ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʷʚʣʷʶʪʩʷ 

ʦʙʷʟʘʥʥʦʩʪʴʶ ʨʫʩʩʢʠʭ ʫʯʸʥʳʭ-ʝʩʪʝʩʪʚʦʚʝʜʦʚ. ʆʥ 

ʛʦʚʦʨʠʣ: çʄʥʝ ʚʩʝʛʜʘ ʙʳʣʦ ʤʘʣʦʧʦʥʷʪʥʦ, ʧʦʯʝʤʫ 

ʥʘʰʠ ʥʘʪʫʨʘʣʠʩʪʳ ʥʝ ʞʝʣʘʶʪ ʚʳʙʠʨʘʪʴ ʜʣʷ ʩʚʦʠʭ 

ʠʟʳʩʢʘʥʠʡ ʪʘʢʠʝ ʥʘʫʯʥʳʝ ʚʦʧʨʦʩʳ, ʤʘʪʝʨʠʘʣʦʤ 

ʜʣʷ ʢʦʪʦʨʳʭ ʩʣʫʞʠʣʘ ʙʳ ʧʨʠʨʦʜʘ ʈʦʩʩʠʠ. ʊʦʛʜʘ ʙʳ 

ʤʳ ʥʝ ʷʚʣʷʣʠʩʴ ʩʚʠʜʝʪʝʣʷʤʠ ʪʦʛʦ, ʯʪʦ ʈʦʩʩʠʷ 

ʠʟʫʯʘʣʘʩʴ, ʜʘ ʠ ʩʝʡʯʘʩ ʥʝʨʝʜʢʦ ʠʟʫʯʘʝʪʩʷ, 

ʧʨʠʝʟʞʠʤʠ ʘʢʘʜʝʤʠʢʘʤʠ-ʠʥʦʩʪʨʘʥʮʘʤʠè.  

ʇʝʨʚʘʷ ʨʘʙʦʪʘ ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʧʦ 

ʥʦʚʦʡ ʪʝʤʘʪʠʢʝ ʥʘʟʳʚʘʣʘʩʴ çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʢʘʚʢʘʟʩʢʦʡ ʥʝʬʪʠè ʠ ʙʳʣʘ ʚ 1881 ʛʦʜʫ ʥʘʧʝʯʘʪʘʥʘ ʚ 

ʞʫʨʥʘʣʝ ʈʫʩʩʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ɺ 1882 

ɸ.ʄ. ɹʫʪʣʝʨʦʚ ʚʳʜʚʠʥʫʣ ʄʘʨʢʦʚʥʠʢʦʚʘ ʚ ʯʣʝʥʳ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʳ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʦʜʥʘʢʦ ʝʛʦ ʢʘʥʜʠʜʘʪʫʨʘ 

ʙʳʣʘ ʟʘʙʘʣʣʦʪʠʨʦʚʘʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʥʘʩʪʨʦʝʥʥʦʡ 

ʯʘʩʪʴʶ ʘʢʘʜʝʤʠʢʦʚ. ɺ 1883 ʛʦʜʫ ʄʘʨʢʦʚʥʠʢʦʚ 

ʩʦʚʤʝʩʪʥʦ ʩ ɺ.ʅ. ʆʛʣʦʙʣʠʥʳʤ ʧʨʝʜʩʪʘʚʠʣ ʚ 

ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʙʦʣʴʰʫʶ ʩʪʘʪʴʶ ï 

ʩʦʙʨʘʥʠʝ ʚʩʝʭ ʩʚʦʠʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʸʥʥʳʭ ʧʦ 

ʚʦʧʨʦʩʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʢʠʥʩʢʦʡ ʥʝʬʪʠ ʚ 

ʄʦʩʢʦʚʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. ɺ ʜʘʥʥʦʤ ʪʨʫʜʝ ʘʚʪʦʨʳ 

ʧʨʠʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢʘʚʢʘʟʩʢʘʷ ʥʝʬʪʴ ʥʝ ʤʝʥʝʝ 

ʯʝʤ ʥʘ ʚʦʩʝʤʴʜʝʩʷʪ ʧʨʦʮʝʥʪʦʚ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʠʟʚʝʩʪʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʦ ʧʨʝʜʣʦʞʝʥʠʶ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʠʭ ʥʘʟʚʘʣʠ çʥʘʬʪʝʥʘʤʠè. ʂʨʦʤʝ 

ʪʦʛʦ ʭʠʤʠʢ ʚʳʷʩʥʠʣ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ 

ʥʝʬʪʠ ʩʦʩʪʘʚʣʷʶʪ ʢʠʩʣʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʠ ʢʠʩʣʦʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʈʫʩʩʢʦʝ 

ʭʠʤʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʫʜʦʩʪʦʠʣʦ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʨʘʙʦʪʫ ʄʘʨʢʦʚʥʠʢʦʚʘ ʠ ʆʛʣʦʙʣʠʥʘ ʧʨʝʤʠʠ 

ʧʨʦʬʝʩʩʦʨʘ ʀʣʴʝʥʢʦʚʘ. ɹʦʣʴʰʘʷ ʟʘʩʣʫʛʘ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʥʘʬʪʝʥʦʚ ʩʨʝʜʠ 

ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʝʤʫ 

ʧʨʠʰʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠʟ ʢʘʚʢʘʟʩʢʦʡ ʥʝʬʪʠ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʟʫʯʠʚ ʠ 

ʦʧʠʩʘʚ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʬʪʝʥʦʚ 

ʭʠʤʠʢ ʩʠʥʪʝʟʠʨʦʚʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʟʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʨʷʜʘ, 

ʨʘʟʨʘʙʦʪʘʚ ʧʨʠ ʵʪʦʤ ʥʝʩʢʦʣʴʢʦ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

ɺ 1892 ʛʦʜʫ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ 

ʦʧʫʙʣʠʢʦʚʘʣ ʚʪʦʨʫʶ ʢʨʫʧʥʫʶ ʩʪʘʪʴʶ, 

ʥʘʟʳʚʘʶʱʫʶʩʷ: çʅʘʬʪʝʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʚ 

ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʦʥ ʨʘʩʰʠʨʠʣ ʧʦʥʷʪʠʝ ʥʘʬʪʝʥʦʚ, ʫʢʘʟʘʣ, ʯʪʦ 

ʤʥʦʛʠʝ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʥʦʟʠʪ, ʢʚʝʨʮʠʪ, ʪʝʨʧʝʥʳ ʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʠʭ, ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʥʘʬʪʝʥʦʚ. 

ʊʘʤ ʞʝ ʦʥ ʚʧʝʨʚʳʝ ʧʦʩʪʘʚʠʣ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʥʝʬʪʠ ʥʘʨʷʜʫ ʩ ʰʝʩʪʠʯʣʝʥʥʳʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʥʳʭ ʮʠʢʣʦʚ. ɺ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ 

ʄʘʨʢʦʚʥʠʢʦʚʫ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʙʦʪʫ 

ʧʦ ʩʠʥʪʝʟʫ ʩʝʤʠʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ.  

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʫʯʝʥʦʤʫ ʠʟ-ʟʘ ʧʨʝʞʥʠʭ 

ʦʧʧʦʟʠʮʠʦʥʥʳʭ ʚʟʛʣʷʜʦʚ ʧʨʝʜʣʦʞʠʣʠ ʩʜʘʪʴ 

ʟʘʚʝʜʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʠʝʡ. ʄʘʨʢʦʚʥʠʢʦʚ ʪʷʞʝʣʦ 
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ʧʝʨʝʞʠʚʘʣ ʦʪʩʪʨʘʥʝʥʠʝ ʦʪ ʨʫʢʦʚʦʜʩʪʚʘ ʢʘʬʝʜʨʦʡ, 

ʦʜʥʘʢʦ ʧʨʦʜʦʣʞʠʣ ʨʘʙʦʪʫ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ. ɸ ʚ 1899 

ʛʦʜʫ ʦʥ ʩʜʝʣʘʣ ʢʨʘʡʥʝ ʚʘʞʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʣʠʯʠʷ ʚ ʢʘʚʢʘʟʩʢʦʡ ʥʝʬʪʠ ʤʝʪʠʣ-

ʧʝʥʪʘʤʝʪʠʣʝʥʘ. ʕʪʦʪ ʚʳʚʦʜ ʧʦʟʞʝ ʙʣʝʩʪʷʱʝ 

ʧʦʜʪʚʝʨʜʠʣʩʷ. ɿʘ ʚʳʜʘʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʬʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʬʪʠ, 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʝʬʪʷʥʦʡ ʢʦʥʛʨʝʩʩ ʥʘʛʨʘʜʠʣ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʚ 1900 ʛʦʜʫ ʟʦʣʦʪʦʡ 

ʤʝʜʘʣʴʶ. ʇʦ ʦʪʟʳʚʫ ʠʟʚʝʩʪʥʦʛʦ ʠʪʘʣʴʷʥʩʢʦʛʦ 

ʫʯʝʥʦʛʦ ʉʪʘʥʠʩʣʘʦ ʂʘʥʥʠʮʘʨʦ, ʄʘʨʢʦʚʥʠʢʦʚ 

ʧʨʠʚʥʝʩ ʚ çʯʠʩʪʫʶ ʥʘʫʢʫ ʥʦʚʳʡ ʪʠʧ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʪʥʳʥʝ ʙʫʜʫʪ ʥʘʚʝʯʥʦ 

ʩʚʷʟʘʥʳ ʩ ʝʛʦ ʠʤʝʥʝʤè.  

ʂʘʢ ʠ ʚʩʝ ʚʝʣʠʢʠʝ ʫʯʝʥʳʝ, ʄʘʨʢʦʚʥʠʢʦʚ ʥʝ ʙʳʣ 

ʯʝʣʦʚʝʢʦʤ, ʟʘʤʢʥʫʪʳʤ ʚ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʠ. ɽʛʦ 

ʞʠʚʦ ʠʥʪʝʨʝʩʦʚʘʣʠ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʭʠʤʠʠ. ʆʥ ʟʘʥʠʤʘʣʩʷ ʚʦʧʨʦʩʘʤʠ 

ʥʘʣʠʯʠʷ ʛʣʘʫʙʝʨʦʚʦʡ ʩʦʣʠ ʚ ʩʦʣʷʥʳʭ ʧʨʠʚʦʣʞʩʢʠʭ 

ʦʟʸʨʘʭ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʘʤʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʘʢʠʭ 

ʦʟʸʨ. ʃʝʪʦʤ 1881 ʛʦʜʘ ʥʘ ʩʦʙʩʪʚʝʥʥʝr ʩʨʝʜʩʪʚʘ 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʧʨʝʜʧʨʠʥʷʣ ʧʫʪʝʰʝʩʪʚʠʝ ʥʘ 

ʶʛʦ-ʚʦʩʪʦʢ ʈʦʩʩʠʠ, ʛʜʝ ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʫʯʠʣ 

ʧʦʣʦʞʝʥʠʝ ʨʫʩʩʢʦʡ ʩʦʣʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 

1884 ʛʦʜʫ ʫʯʝʥʳʡ ʫʞʝ ʧʦ ʟʘʜʘʥʠʶ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʤʫʱʝʩʪʚ ʩʦʚʝʨʰʠʣ ʝʱʝ ʦʜʥʫ 

ʧʦʝʟʜʢʫ, ʚ ɸʩʪʨʘʭʘʥʩʢʫ  ʁ ʛʫʙʝʨʥʠʶ ʥʘ ʤʝʩʪʥʳʝ 

ʩʦʣʷʥʳʝ ʦʟʸʨʘ. ʆʪʯʝʪ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʜʠʮʠʠ 

ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʚ ɻʦʨʥʦʤ ʞʫʨʥʘʣʝ. ʇʦʟʜʥʝʝ 

ʄʘʨʢʦʚʥʠʢʦʚ ʥʘʧʠʩʘʣ ʧʦʜʨʦʙʥʳʡ ʜʦʢʣʘʜ ʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʦʣʷʥʳʭ ʠ ʛʦʨʴʢʠʭ ʦʟʸʨ ʚ ʖʞʥʦʡ 

ʈʦʩʩʠʠ ʥʘ ʧʨʠʤʝʨʝ ʦʟʝʨʘ ʊʘʤʙʫʢʘʥ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʦʙʲʷʩʥʝʥʠʝʤ ʧʨʠʯʠʥ ʠʭ ʧʦʷʚʣʝʥʠʷ ɺʣʘʜʠʤʠʨ 

ɺʘʩʠʣʴʝʚʠʯ ʧʨʝʜʩʪʘʚʠʣ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʞʝʩʪʚʘ 

ʘʥʘʣʠʟʦʚ ʨʘʧʳ ʠ ʩʦʣʝʡ.  

ʅʘʨʷʜʫ ʩ ʥʘʫʯʥʦʡ ʨʘʙʦʪʦʡ ɺʣʘʜʠʤʠʨ 

ɺʘʩʠʣʴʝʚʠʯ ʚʸʣ ʰʠʨʦʢʫʶ ʦʙʱʝʩʪʚʝʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ. ʇʝʨʝʠʥʘʯʠʚʘʷ ʅʝʢʨʘʩʦʚʘ, ʦʥ ʣʶʙʠʣ 

ʧʦʚʪʦʨʷʪʴ: çʋʯʸʥʳʤ ʤʦʞʝʰʴ ʪʳ ʥʝ ʙʳʪʴ, ʥʦ 

ʛʨʘʞʜʘʥʠʥʦʤ ʙʳʪʴ ʦʙʷʟʘʥè. ʉʚʦʠ ʢʦʣʦʩʩʘʣʴʥʳʝ 

ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʦʥ ʧʳʪʘʣʩʷ ʚʳʥʝʩʪʠ ʟʘ 

ʧʨʝʜʝʣʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʪʝʥ. ʇʨʝʢʨʘʩʥʦ ʟʥʘʷ 

ʥʫʞʜʳ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʪʦʚʘʣ ʟʘ 

ʝʝ ʨʘʟʚʠʪʠʝ, ʧʳʪʘʣʩʷ ʜʦʚʝʩʪʠ ʢʘʞʜʦʝ ʦʪʢʨʳʪʠʝ ʜʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʨʝʯʠ, 

ʧʨʦʠʟʥʝʩʸʥʥʦʡ ʚ 1880 ʛʦʜʫ, ʫʯʝʥʳʡ ʥʘʩʪʘʠʚʘʣ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʪʝʩʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʦʙʦʶʜʥʦʛʦ ʠʭ 

ʧʨʝʫʩʧʝʚʘʥʠʷ. ʄʘʨʢʦʚʥʠʢʦʚ ʛʦʚʦʨʠʣ: çʅʠʢʘʢʦʝ 

ʟʥʘʥʠʝ ʚ ʛʦʩʫʜʘʨʩʪʚʝ ʥʝ ʤʦʞʝʪ ʧʨʦʛʨʝʩʩʠʨʦʚʘʪʴ, 

ʝʩʣʠ ʥʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʟʥʠ 

ʥʘʨʦʜʘ. ʅʘʦʙʦʨʦʪ, ʦʥʦ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʧʨʝʜʤʝʪʦʤ 

ʨʦʩʢʦʰʠè. ʅʝ ʩʣʫʯʘʡʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʫʯʝʥʠʢʠ 

ɺʣʘʜʠʤʠʨʘ ɺʘʩʠʣʴʝʚʠʯʘ ʩ ʫʩʧʝʭʦʤ ʨʘʙʦʪʘʣʠ ʥʘ 

ʥʝʬʪʷʥʳʭ ʧʨʦʤʳʩʣʘʭ, ʭʠʤʠʯʝʩʢʠʭ ʟʘʚʦʜʘʭ, 

ʢʨʘʩʠʣʴʥʳʭ, ʩʠʪʮʝʥʘʙʠʚʥʳʭ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʟʘʚʦʜʘʭ. ʋʯʝʥʳʡ ʠʩʢʨʝʥʥʝ ʨʘʜʦʚʘʣʩ,̫ ʚʠʜʷ, ʯʪʦ ʝʛʦ 

ʚʳʧʫʩʢʥʠʢʠ ʟʘʥʷʪʳ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʩʧʝʰʥʦ 

ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʪʝʭʥʦʣʦʛʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʷ, 

ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʴ ʤʝʞʜʫ ʯʠʩʪʦʡ ʥʘʫʢʦʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɼʦʢʘʟʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ, ʄʘʨʢʦʚʥʠʢʦʚ ʟʘʷʚʣʷʣ: 

çʅʘ ʤʛʥʦʚʝʥʠʝ ʧʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʥʘʯʘʣʘʩʴ 

ʚʦʡʥʘ ʩ ʟʘʧʘʜʥʳʤʠ ʩʦʩʝʜʷʤʠ. ʇʨʠʚʦʟ ï ʩʫʭʦʧʫʪʥʳʡ 

ʠ ʤʦʨʩʢʦʡ ï ʢʘʢ ʦʙʨʘʙʦʪʘʥʥʳʭ ʭʠʤʠʢʦ-ʢʨʘʩʠʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʠ ʩʳʨʳʭ ʩʦʚʩʝʤ ʧʨʝʢʨʘʪʠʣʩʷ... ʄʳ 

ʥʝ ʞʝʣʘʝʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʪʫ ʢʘʨʪʠʥʫ ʙʝʜʩʪʚʠʡ, ʚ 

ʢʦʪʦʨʦʡ ʦʢʘʞʝʪʩʷ ʪʦʛʜʘ ʚʩʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʈʦʩʩʠʠè. ʄʥʦʛʦ ʚʨʝʤʝʥʠ ʫʯʝʥʳʡ-ʭʠʤʠʢ ʧʦʩʚʷʱʘʣ 

ʚʦʧʨʦʩʘʤ ʵʢʦʣʦʛʠʠ. ʀʤ ʙʳʣʠ ʥʘʧʠʩʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʦʨʤʠʨʦʚʘʥʠʶ ʩʪʦʯʥʳʭ ʦʪʭʦʜʦʚ 

ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʙʳʣ ʠʟʚʝʩʪʝʥ ʠ ʢʘʢ 

ʵʥʝʨʛʠʯʥʳʡ ʜʝʷʪʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ. 

ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʨʫʜʳ ʫʯʝʥʦʛʦ ʧʦ 

ʠʩʪʦʨʠʠ ʥʘʫʢʠ, ʦʮʝʥʢʠ ʨʦʣʠ ɹʫʪʣʝʨʦʚʘ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʆʥ ʩʪʘʣ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʄʦʩʢʦʚʩʢʦʛʦ ʬʠʣʠʘʣʘ 

ʈʫʩʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙɦʝʩʪʚʘ ʠ ʧʨʠʥʠʤʘʣ ʚ ʝʛʦ 

ʨʘʙʦʪʝ ʩʘʤʦʝ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ, ʷʚʣʷʷʩɹ 

ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʭʠʤʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ, 

ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʠʟʜʘʥʠʶ ʞʫʨʥʘʣʘ ʧʦ ʭʠʤʠʠ ʥʘ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ. ɺ 1884 ʛʦʜʫ ʧʦ ʠʥʠʮʠʘʪʠʚʝ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʚ ʆʙʱʝʩʪʚʝ ʣʶʙʠʪʝʣʝʡ 

ʘʥʪʨʦʧʦʣʦʛʠʠ, ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʵʪʥʦʛʨʘʬʠʠ ʙʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʭʠʤʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ. ʀʟʥʘʯʘʣʴʥʦ 

ʦʥʘ ʙʳʣʘ ʥʘ ʙʘʟʝ ʬʠʟʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʘ ʧʦʟʜʥʝʝ 

ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʦʩʝʤʥʘʜʮʘʪʠ ʣʝʪ (ʥʝ ʩʯʠʪʘʷ 

ʜʚʫʭʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ) ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ 

ʩʦʩʪʦʷʣ ʝʛʦ ʧʨʝʜʩʝʜʘʪʝʣʝʤ. ɺ ʩʚʷʟʠ ʩ 150-ʣʝʪʠʝʤ 

ʦʩʥʦʚʘʥʠʷ ʧʝʨʚʦʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʃʦʤʦʥʦʩʦʚʩʢʦʡ 

ʭʠʤʣʘʙʦʨʘʪʦʨʠʠ ʄʘʨʢʦʚʥʠʢʦʚ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʫʧʦʨʥʦʩʪʠ, ʦʨʛʘʥʠʟʦʚʘʣ ʧʨʠ ʆʙʱʝʩʪʚʝ ʮʝʣʳʡ ʨʷʜ 

ʟʘʩʝʜʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʄʠʭʘʠʣʫ ɺʘʩʠʣʴʝʚʠʯʫ ʠ 

ʠʩʪʦʨʠʠ ʟʘʨʦʞʜʝʥʠʷ ʭʠʤʠʠ ʚ ʈʦʩʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʥʘʯʠʥʘʥʠʷ ʧʦʷʚʠʣʩʷ 

ʧʦʧʫʣʷʨʥʳʡ çʃʦʤʦʥʦʩʦʚʩʢʠʡ ʩʙʦʨʥʠʢè, 

ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠ 

ʢʘʬʝʜʨ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ.  
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ʈʘʟʤʘʭ ʦʙʱʝʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʙʳʣ ʥʝʦʙʳʢʥʦʚʝʥʥʦ ʰʠʨʦʢ, ʝʛʦ 

ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʨʘʟʤʘʭʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʨʫʛʦʛʦ 

ʚʝʣʠʢʦʛʦ ʫʯʸʥʦʛʦ ʠ ʛʨʘʞʜʘʥʠʥʘ ʈʦʩʩʠʠ ï ɼʤʠʪʨʠʷ 

ʀʚʘʥʦʚʠʯʘ ʄʝʥʜʝʣʝʝʚʘ. ʂʦʛʜʘ ʥʘʯʘʣʘʩʴ ʨʫʩʩʢʦ-

ʪʫʨʝʮʢʘʷ ʚʦʡʥʘ 1877-1878 ʛʦʜʦʚ, ɺʣʘʜʠʤʠʨ 

ɺʘʩʠʣʴʝʚʠʯ ʥʘʯʘʣ ʘʢʪʠʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʩʘʥʠʪʘʨʥʦʡ ʧʦʤʦʱʠ ʜʣʷ ʯʘʩʪʝʡ ʜʝʡʩʪʚʫʶʱʝʡ 

ʘʨʤʠʠ, ʟʘʥʠʤʘʣʩʷ ʟʘʢʫʧʢʦʡ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ. ʆʥ ʩʦʩʪʘʚʠʣ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ çʀʥʩʪʨʫʢʮʠʠ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ 

ʩʘʥʠʪʘʨʥʳʭ ʧʦʝʟʜʦʚ, ʛʦʩʧʠʪʘʣʝʡ, ʢʘʟʘʨʤ ʠ ʧʦʣʝʡ 

ʩʨʘʞʝʥʠʷè. ɺ ʠʶʣʝ 1877 ʄʘʨʢʦʚʥʠʢʦʚʘ 

ʢʦʤʘʥʜʠʨʦʚʘʣʠ ʟʘ ɼʫʥʘʡ ʠ ʚ ʈʫʤʳʥʠʁ, ʯʪʦʙʳ ʥʘ 

ʤʝʩʪʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʝʣʦ ʜʝʟʠʥʬʝʢʮʠʠ. ʂʨʘʡʥʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʯʝʥʦʛʦ-ʧʘʪʨʠʦʪʘ, ʯʪʦ ʦʥ ʥʘʦʪʨʝʟ 

ʦʪʢʘʟʘʣʩʷ ʦʪ ʜʝʥʝʞʥʦʛʦ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʚ 

ʯʝʪʳʨʝʩʪʘ ʨʫʙʣʝʡ ʟʦʣʦʪʦʤ ʢʘʞʜʳʡ ʤʝʩʷʮ ï ʩʫʤʤʘ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʚʩʝʤ ʧʨʦʬʝʩʩʦʨʘʤ, 

ʦʪʧʨʘʚʣʝʥʥʳʤ ʥʘ ʪʝʘʪʨ ʚʦʝʥʥʭr ʜʝʡʩʪʚʠʡ. ɺʦ 

ʚʨʝʤʷ ʭʦʣʝʨʥʦʡ ʵʧʠʜʝʤʠʠ ʄʘʨʢʦʚʥʠʢʦʚ ʧʨʦʚʦʜʠʣ 

ʘʥʘʣʠʟʳ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʨʫʩʩʢʦʛʦ ʜʝʛʪʷ, ʞʝʣʘʷ 

ʟʘʤʝʥʠʪʴ ʧʨʠʚʦʟʥʫʶ ʢʘʨʙʦʣʦʚʫʶ ʢʠʩʣʦʪʫ. ɺ 1878 

ʛʦʜʫ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ çʚʝʪʣʷʥʩʢʦʡ ʯʫʤʳè 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ʩʦʚʤʝʩʪʥʦ ʩ ʜʦʢʪʦʨʦʤ 

ʆʪʨʘʜʠʥʩʢʠʤ ʠʟʜʘʣ ʟʥʘʤʝʥʠʪʫʶ ʙʨʦʰʶʨʫ çʏʫʤʘ ʚ 

ʈʦʩʩʠʠè, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚʠʣ çʇʨʘʢʪʠʯʝʩʢʠʝ 

ʨʫʢʦʚʦʜʩʪʚʘ ʢ ʜʝʟʠʥʬʝʢʮʠʠè. ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʚʦ 

ʚʨʝʤʷ ʠʥʩʧʝʢʮʠʦʥʥʦʛʦ ʧʦʩʝʱʝʥʠʷ ʂʫʨʩʢʦʛʦ 

ʛʦʩʧʠʪʘʣʷ ʄʘʨʢʦʚʥʠʢʦʚ ʧʦʜʭʚʘʪʠʣ ʪʠʬ. ʆʥ ʪʷʞʝʣʦ 

ʙʦʣʝʣ, ʦʜʥʘʢʦ ʥʝʜʫʛ ʫʜʘʣʦʩʴ ʧʦʙʦʨʦʪʴ.  

ʂʠʧʫʯʘʷ ʦʙʱʝʩʪʚʝʥʥʘʷ ʠ ʥʘʫʯʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ ʩʘʤʦʛʦ ʢʦʥʮʘ ʝʛʦ 

ʞʠʟʥʠ. ɺ ʜʝʢʘʙʨʝ 1903 ʛʦʜʘ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ 

ʚʳʩʪʫʧʠʣ ʚ ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʍʠʤʠʯʝʩʢʦʤ ʦʙʱʝʩʪʚʝ 

ʩ ʦʙʰʠʨʥʳʤ ʜʦʢʣʘʜʦʤ ʦ ʩʚʦʠʭ ʧʦʩʣʝʜʥʠʭ ʥʘʫʯʥʳʭ 

ʜʦʩʪʠʞʝʥʠʷʭ. ɸ 11 ʬʝʚʨʘʣʷ 1904 ɺʣʘʜʠʤʠʨʘ 

ɺʘʩʠʣɹʝʚʠʯʘ ʥʝ ʩʪʘʣʦ. ʋʤʝʨ ʫʞʝ ʥʝʤʦʣʦʜʦʡ 

ʫʯʝʥʳʡ ʚ ʄʦʩʢʚʝ ʦʪ ʧʨʦʩʪʫʜʳ. ʇʦʩʣʝ ʩʝʙʷ 

ʛʝʥʠʘʣʴʥʳʡ ʭʠʤʠʢ ʦʩʪʘʚʠʣ ʠʟʚʝʩʪʥʫʶ 

çʄʘʨʢʦʚʥʠʢʦʚʩʢʫʶ ʰʢʦʣʫè, ʤʥʦʛʠʝ ʫʯʝʥʠʢʠ 

ʢʦʪʦʨʦʡ ï ʄ.ʀ. ʂʦʥʦʚʘʣʦʚ, ɺ.ʅ. ʆʛʣʦʙʣʠʥ, ʀ.ɸ. 

ʂʘʙʣʫʢʦʚ, ʅ.ʄ. ʂʠʞʥʝʨ, ɸ.ʄ. ɹʝʨʢʝʥʛʝʡʤ, ï 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʳʤʠ 

ʫʯʸʥʳʤʠ. ɺ 1901 ʛʦʜʫ ʥʘ ʧʨʘʟʜʥʦʚʘʥʠʷ 40-ʣʝʪʠʷ 

ʩʚʦʝʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ, ʧʨʠʥʷʚ ʜʠʧʣʦʤ ʧʦʯʝʪʥʦʛʦ 

ʯʣʝʥʘ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʨʦʠʟʥʝʩ 

ʦʪʚʝʪʥʫʶ ʨʝʯʴ: çʇʦʟʚʦʣʶ ʩʝʙʝ ʚ ʟʘʢʣʶʯʝʥʠʝ 

ʦʙʨʘʪʠʪʴʩʷ ʢ ʤʦʣʦʜrʤ ʜʝʷʪʝʣʷʤ ʠ ʫʯʝʥʳʤ ʩ ʦʜʥʠʤ 

ʩʦʚʝʪʦʤ... ʏʪʦʙʳ ʥʝ ʠʩʧʳʪʳʚʘʪʴ ʚ ʙʫʜʫʱʝʤ 

ʛʦʨʴʢʦʡ ʜʦʩʘʜʳ ʠ ʥʨʘʚʩʪʚʝʥʥʳʭ ʤʫʯʝʥʠʡ, ʥʠʢʦʛʜʘ 

ʥʝ ʦʪʢʣʘʜʳʚʘʡʪʝ ʜʦ ʟʘʚʪʨʘ ʪʦ, ʯʪʦ ʤʦʞʥʦ 

ʚʳʧʦʣʥʠʪʴ ʩʝʛʦʜʥʷ. ʗ ʙʳʣ ʙʳ ʩʯʘʩʪʣʠʚ, ʝʩʣʠ ʙʳ 

ʤʦʠ ʩʣʦʚʘ ʠ ʤʦʡ ʦʧʳʪ ʧʦʙʫʜʠʣʠ, ʭʦʪʷ ʙʳ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ, 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʵʪʦʡ ʩʪʘʨʦʡ ʠʩʪʠʥʳè.  
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ʅɽʂʆɺɸʃɽʅʊʅʓɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ ʍʀʄʀʀ 

 

ʂʫʢʫʰʢʠʥ ɺ.ʖ. 

 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

E-mail: v.kukushkin@spbu.ru 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʝʤʘʪʠʢʦʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʜʝʡʩʪʚʫʶʪ ʢʦʣʣʝʢʪʠʚʥʦ, ʠ ʩʫʤʤʘ ʠʭ ʜʝʡʩʪʚʠʡ ʤʦʞʝʪ ʠʛʨʘʪʴ ʟʥʘʯʠʤʫʶ 

ʨʦʣʴ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʠʥʪʝʟʝ ʠ ʢʘʪʘʣʠʟʝ, ʚʢʣʶʯʘʷ ʦʨʛʘʥʦʢʘʪʘʣʠʟ. ʅʘ 

ʷʚʣʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʣʘʙʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʦʩʥʦʚʘʥ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʡ ʜʠʟʘʡʥ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ, ʧʦʣʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ 

ʪʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʨʘʙʦʪʳ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʜʦʢʣʘʜʯʠʢʘ ʧʦ 

ʠʟʫʯʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

 

ɻʨʘʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ˉ 075-15-2024-553. 
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ʈɽɸʂʎʀʀ ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʇʈʀʉʆɽɼʀʅɽʅʀʗ ʂ ɸʃʂʀʅɸʄ 

 

ɸʩʘʯʝʥʢʦ ɸ.ʌ.ʘ, ʊʦʧʯʠʡ ʄ.ɸ.ʘ, ɸʙʨʘʤʦʚ ɺ.ɸ.ʘ, ɹʝʣʝʮʢʘʷ ʀ.ʇ.ʘ,ʙ 

 
a ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ ɸ.ɺ. ʊʦʧʯʠʝʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. e-mail: aasachenko@ips.ac.ru 
ʙʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʣʢʠʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ 

ʘʣʢʠʥʦʚ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʘʪʘʣʠʟʝ 

ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʟʦʣʦʪʦ ʠ ʧʘʣʣʘʜʠʡ ʚʩʝʛʜʘ ʙʳʣʠ ʥʘ ʧʝʨʚʳʭ ʨʦʣʷʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʢʠʥʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʤʝʪʦʜʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʣʢʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʰʠʭ ʧʦʩʣʝʜʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ [1-4]. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. S.A. Rzhevskiy, A.N. Philippova, G.A. Chesnokov, A.A. Ageshina, L.I. Minaeva, M.A. Topchiy, M.S. Nechaev, 

A.F. Asachenko Chem. Commun., 2021,57, 5686 

2. V.A. Abramov, M.A. Topchiy, M.A. Rasskazova, E.A. Drokin, G.K. Sterligov, O.V. Shurupova, A.S. Malysheva, 

S.A. Rzheviskiy, I.P. Beletskaya, A.F. Asachenko Org. Biomol. Chem., 2023, 21, 3844. 

3. ɺ.ɸ. ɸʙʨʘʤʦʚ, ʄ.ɸ. ʊʦʧʯʠʡ, ɸ.ʉ. ʄʘʣʳʰʝʚʘ, ʀ.ʇ. ɹʝʣʝʮʢʘʷ, ɸ.ʌ ɸʩʘʯʝʥʢʦ ɾʆʨʍ., 2023, 59, 1620. 

4. V.A. Abramov, M.A. Topchiy, M.A. Rasskazova, E.A. Drokin, E.S. Tarasova, O.V. Shurupova, A.S. Malysheva, 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʅʍʉ ʈɸʅ.  

mailto:aasachenko@ips.ac.ru


ʇʃɽʅɸʈʅʓʁ ɼʆʂʃɸɼ 

 

14 

 

ʌʆʊʆʂɸʊɸʃʀɿ ɺ ʉʆɺʈɽʄɽʅʅʆʄ ʆʈɻɸʅʀʏɽʉʂʆʄ ʉʀʅʊɽɿɽ 

 

ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʄɸʂʈʆʎʀʂʃʀʏɽʉʂʀɽ ɸʄʌʀʌʀʃʓ ʀ ɼɽʅɼʈʀʄɽʈʓ: ʉʀʅʊɽɿ, ʄʆʃɽʂʋʃʗʈʅʆɽ 

ʈɸʉʇʆɿʅɸɺɸʅʀɽ ʀ ʂɸʊɸʃʀɿ 

 

ɹʫʨʠʣʦʚ ɺ.ɸ., ʉʫʣʪʘʥʦʚʘ ʕ.ɼ., ɸʥʪʠʧʠʥ ʀ.ʉ. 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʂʘʟʘʥʩʢʠʡ 

(ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ", 420008, ʈʦʩʩʠʷ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ. 

e-mail: ultrav@bk.ru 

 

ɼʠʟʘʡʥ ʥʦʚʳʭ ʘʤʬʠʬʠʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʝʮʝʧʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʛʦʩʪʷʤ 

ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʠ, 

ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ, ʢʘʪʘʣʠʟʝ, ʢʣʝʪʦʯʥʦʡ ʤʠʤʠʢʨʠʠ, ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʩʠʥʪʝʟʘ ʘʤʬʠʬʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʪʠʘ)ʢʘʣʠʢʩ[4]ʘʨʝʥʘ, 

ʚʢʣʶʯʘʷ ʛʠʧʝʨʨʘʟʚʝʪʚʣʝʥʥʳʝ ʜʝʥʜʨʠʤʝʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʠʢ-ʭʠʤʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʢʨʦʮʠʢʣʳ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʤʦʣʝʢʫʣ ʚ ʚʦʜʝ, 

ʧʦʜʘʚʘʷ ʩʠʛʥʘʣ ʯʝʨʝʟ ʚʳʪʝʩʥʝʥʠʝ ʢʨʘʩʠʪʝʣʷ ʠʣʠ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʧʦʣʠʜʠʘʮʝʪʠʣʝʥʦʚʦʡ ʤʘʪʨʠʮʳ. 

ɿʘ ʩʯʝʪ ʘʛʨʝʛʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʣʠʢ-ʬʠʢʩʘʮʠʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʪʨʠʘʟʦʣʴʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʯʘʩʪʠʮʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥ ʧʦʪʝʥʮʠʘʣ ʘʤʬʠʬʠʣʴʥʳʭ ʢʘʣʠʢʩʘʨʝʥʦʚ ʩ ʠʤʠʜʘʟʦʣʠʝʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣ - N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʢʘʨʙʝʥ. ʇʦʣʫʯʝʥʥʳʝ ʘʤʬʠʬʠʣʴʥʳʝ 

ʤʘʢʨʦʮʠʢʣʳ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʢʨʘʩʠʪʝʣʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʢʪʠʚʥʦʩʪʴ ʚ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ɸʤʬʠʬʠʣʴʥʳʝ ʜʝʥʜʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 

ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʛʠʜʨʦʬʠʣʠʟʘʮʠʠ ʚʦʜʦʥʝʨʘʩʪʚʦʨʠʤʳʭ ʣʝʢʘʨʩʪʚ ʠ ʢʦʤʧʘʢʪʠʟʘʮʠʠ ɼʅʂ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-13-68015).  
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ʉʀʅʊɽʊʀʏɽʉʂʀɽ ʊɸʅɼɽʄʓ ɺ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀʀ N,O,S,Se-ʉʆɼɽʈɾɸʑʀʍ 5-,6-ʏʃɽʅʅʓʍ 

ɻɽʊɽʈʆʎʀʂʃʆɺ 

 

ɼʷʯʝʥʢʦ ʀ.ɺ. 

 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʃʫʛʘʥʩʢ, ʈʦʩʩʠʷ. 

e-mail : ivladya87@mail.ru 

 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʘ, ʬʫʨʘʥʘ, ʪʠʘʟʦʣʘ, ʩʝʣʝʥʘʟʦʣʘ, ʧʠʨʠʜʠʥʘ, ʧʠʨʘʥʘ, 

ʪʠʦʧʠʨʘʥʘ, ʭʠʥʦʣʠʥʘ, ʠʟʦʭʠʥʦʣʠʥʘ, ʭʨʦʤʝʥʘ, ʧʠʨʠʤʠʜʠʥʘ, ʪʠʝʥʦʧʠʨʠʜʠʥʘ, ʪʠʘʟʦʣʦʧʠʨʠʜʠʥʘ ʠ 

ʧʠʨʘʥʦʭʨʦʤʝʥʘ [1, 2]. 
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ʄɽʊɸʃʃ-ʊɽʄʇʃɸʊʅʓʁ ʇʆɼʍʆɼ ʇʆʉʊʈʆɽʅʀʗ ʄʅʆɻʆʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʍʀʈɸʃʔʅʓʍ 

ʉʀʉʊɽʄ ɼʃʗ ɸʉʀʄʄɽʊʈʀʏɽʉʂʆɻʆ ʂɸʊɸʃʀɿɸ ʀ ʉʀʅʊɽɿɸ 

 

ʃʘʨʠʦʥʦʚ ɺ.ɸ., ʄʘʣʝʝʚ ɺ.ʀ. 

 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ 

 (ʀʅʕʆʉ ʈɸʅ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: larionov@ineos.ac.ru 

 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟ ʠ ʩʠʥʪʝʟ ʠʤʝʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʩ 

ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʦʡ. ʆʜʥʠʤ ʠʟ ʥʦʚʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣ-

ʪʝʤʧʣʘʪʥʳʡ ʧʦʜʭʦʜ ʩʙʦʨʢʠ ʭʠʨʘʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ[1]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ (ʥʠʟʢʘʷ ʟʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʠ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʊʘʢ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʥʦʚʳʡ ʢʣʘʩʩ ʭʠʨʘʣʴʥʳʭ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʳʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Co(III) 1, ʢʦʪʦʨʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʨʷʜʝ 

ʚʘʞʥʝʡʰʠʭ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 96% ʝʝ[1,2], ʘ ʪʘʢʞʝ ʦʥʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʭʠʨʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʪʨʠʧʪʦʬʘʥʘ[3]. ɺʳʩʦʢʠʡ 

ʵʥʘʥʪʠʦʢʦʥʪʨʦʣʴ ʜʦʩʪʠʛʘʣʩʷ ʟʘ ʩʯʝʪ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʣʠʛʘʥʜʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʩʫʙʩʪʨʘʪʘʤʠ[1]. 

 

 
ɺ ʜʨʫʛʦʤ ʧʦʜʭʦʜʝ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʤʝʪʦʜ r ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ, ʠʩʧʦʣʴʟʫ ̫ʭʠʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣ(̫II ) 2 ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ[4-

6]. 
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SYNTHESIS AND IN VITRO STUDY OF A NOVEL CATEC HOL WITH A  

 HYDANTOIN CORE  

 

Bai X., Beloglazkina E. K., Finko A. V. 

 

Lomonosov Moscow State University, Moscow, Russia. 

E-mail:  baixiumei6871@gmail.com 

 

To address the challenges posed by the spread of multidrug-resistant strains, accelerated viral mutations, and the 

complexity of tumor microenvironments in current clinical treatments, this study employs "hybrid drug design" theory 

to develop highly efficient and specific hybrid compounds by fusing molecular fragments with distinct 

pharmacological activities [1].  

 

 
 

This research innovatively integrates the molecular advantages of catechol structures and heterocyclic hydantoin 

cores. It fully considers the unique role of the catechol moiety in scavenging reactive oxygen species (ROS)-mediated 

oxidative stress and metal ion chelation [2], as well as the importance of hydantoin heterocycles in improving drug 

solubility and enhancing target binding capacity [3].  

Starting with catechol as the raw material and hydantoin as the skeleton, a bifunctional molecular skeleton was 

constructed using mild reaction conditions and efficient synthetic methods, aiming to develop novel compounds with 

synergistic mechanisms. Cytotoxicity was evaluated via the MTT assay [4], and AT1 [5] receptor inhibitory activity 

was assessed using an ex vivo rat portal vein model. The results demonstrate that these compounds exhibit potential in 

both antitumor and cardiovascular activities, providing critical references for developing novel multifunctional drug 

candidates [6]. 

 

References 

1. Singh, Ankit Kumar, et al. Concept of hybrid drugs and recent advancements in anticancer hybrids. 

Pharmaceuticals. 2022, 15(9), 1071. 

2. Andjelkoviĺ, Mirjana, et al. Iron-chelation properties of phenolic acids bearing catechol and galloyl groups. Food 

chemistry. 2006, 98(1), 23-31. 

3. Cho, SeoHyun, et al. Recent applications of hydantoin and thiohydantoin in medicinal chemistry. European journal 

of medicinal chemistry. 2019, 164, 517-545. 

4. Ozdemir, Kutlu Gokhan, et al. In vitro evaluation of cytotoxicity of soft lining materials on L929 cells by MTT 

assay. Journal of Biomedical Materials Research Part B: Applied Biomaterials. 2009, 90(1), 82-86. 

5. Wei, Hong-Sha, et al.  Effects of AT1 receptor antagonist, losartan, on rat hepatic fibrosis induced by CCl4. World 

journal of gastroenterology. 2000, 6(4), 540. 

6. Bai, Xiumei, et al. Synthesis and in vitro study of a novel catechol with a hydantoin core. Medicinal Chemistry 

Research. 2025, 1-19. 

 

This work was supported by the fund (CSC NO. 202208090142) 

mailto:baixiumei6871@gmail.com


ʋʉʊʅʓʁ ɼʆʂʃɸɼ 

 

20 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈɽʇɸʈɸʊʆɺ ɼʃʗ ʊɽʈɸʅʆʉʊʀʂʀ ɹʆʃɽɿʅʀ ɸʃʔʎɻɽʁʄɽʈɸ 

 ʅɸ ʆʉʅʆɺɽ ʇʈʆʀɿɺʆɼʅʓʍ ʌʃʋʆʈʆʌʆʈʆɺ BODIPY 

 

ɸʙʨʘʤʯʫʢ ɼ.ʉ. ʘ,ʙ, ɺʦʩʢʨʝʩʝʥʩʢʘʷ ɸ.ʉ.ʘ, ɺʘʥʝʝʚ ɸ.ʅ.ʙ, ʂʫʘʥʘʝʚʘ ʈ.ʄ.ʙ,  
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ɺ ʩʚʷʟʠ ʩ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʦʩʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ 

ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ [1]. ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʣʷʪʴ ʙʦʣʝʟʥʴ 

ɸʣʴʮʛʝʡʤʝʨʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʢ, ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʧʨʦʙʳ ʩ ʘʛʨʝʛʘʪʘʤʠ ʙʝʪʘ-ʘʤʠʣʦʠʜʘ [2]. 

ʆʧʪʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʪʘʢʠʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʢʘʢ ʧʦʟʠʪʨʦʥʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʦʧʪʠʯʝʩʢʘʷ 

ʜʝʪʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, ʜʝʰʝʚʳʤ ʠ ʦʧʝʨʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʝ ʪʨʝʙʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝ ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ [3]. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʙ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʛʨʘʥʠʯʝʥʦ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʠʩʘʥʥʳʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʝʪʦʢ [4]. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 

BODIPY, ʩʧʦʩʦʙʥʳʭ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠ ʦʧʠʩʘʥʦ ʩʝʤʴ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʬʨʘʛʤʝʥʪʳ 

ʢʣʠʦʭʠʥʦʣʘ ʠ ʪʘʢʨʠʥʘ. ʈʘʟʛʦʨʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʩ ʘʛʨʝʛʘʪʘʤʠ ʙʝʪʘ-

ʘʤʠʣʦʠʜʘ, ʘ ʪʘʢʞʝ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro. ʊʘʢʞʝ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʛʨʝʛʘʮʠʶ ʙʝʪʘ-ʘʤʠʣʦʠʜʘ ʠ ʩʥʠʞʘʪʴ 

ʫʨʦʚʝʥʴ ʘʤʠʣʦʠʜ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. 
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ʉʂɽʃɽʊʅʓɽ ʇɽʈɽʉʊʈʆʁʂʀ ʊʀɸɿʆʃʆ[3,2-A]ʇʀʈʀʄʀɼʀʅʆɺ ɼʃʗ ʉʀʅʊɽɿɸ  

ʅʆɺʓʍ N,N,S-ɹʀɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ 
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ʊʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʦʙʣʘʜʘʷ ʦʙʰʠʨʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ 

ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʥʪʝʟʘ, ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʳ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʤʝʪʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʦʚʳʭ, ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ 2-ʘʨʠʣʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʘ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʩʝʣʝʢʪʠʚʥʦʤ ʚʚʝʜʝʥʠʠ ʢʠʩʣʦʨʦʜʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʘ ʠʤʝʥʥʦ: 3,5-ʜʠʘʨʠʣ-2,3-ʜʠʛʠʜʨʦʪʠʘʟʦʣʦ[3,2-

a]ʧʠʨʠʤʠʜʠʥ-2,6-ʜʠʢʘʨʙʦʢʩʠʣʘʪʳ (ʯʝʨʝʟ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʘʣʢʦʛʦʣʠʟ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 

ʦʙʣʫʯʝʥʠʝʤ) ʠ 2-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-5-ʘʨʠʣ-2,3,5,6-ʪʝʪʨʘʛʠʜʨʦʠʤʠʜʘʟʦ[2,1-b]ʪʨʠʘʟʦʣ-6-ʢʘʨʙʦʢʩʠʣʘʪʳ (ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʩʦʧʨʷʞʝʥʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ) (ʉʭʝʤʘ 1).  

 

 
ʉʭʝʤʘ 1. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. A.S. Agarkov, A.K. Shiryaev, S.E. Solovieva, I.S. Antipin Russ. J. Org. Chem., 2023, 59(3), 285-315. 

2. A.S. Agarkov, A.A. Nefedova, E.R. Gabitova, D.O. Mingazhetdinova, A.S. Ovsyannikov, D.R. Islamov, S.K. 

Amerhanova, A.P. Lyubina, A.D. Voloshina, I.A. Litvinov, S.E. Solovieva, I.S. Antipin Int. J. Mol. Sci., 2023, 24, 

2084. 

3. A.S. Agarkov, A.A. Kozhikhov, A.A. Nefedova, A.S. Ovsyannikov, D.R. Islamov, S.E. Solovieva, I.S. Antipin 

Dokl. Chem., 2022, 505(2), 177-183. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʩʫʙʩʠʜʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʈɽɸʂʎʀʀ 3,5-ɼʀɸʈʀʃʌʋʈɸʅ-2-ɸʄʀʅʆɺ ɺ ʉʈɽɼɽ ʇʌʂ, ʂɸʂ ʇʈʗʄʆʁ ʄɽʊʆɼ 

ʇʆʃʋʏɽʅʀʗ ʇʈʆʀɿɺʆɼʅʓʍ 2,4-ɼʀɸʈʀʃɿɸʄɽʑɽʅʅʓʍ ʇʀʈʈʆʃʆɺ. 

 

ɸʢʩʝʥʦʚ ɼ.ɸ., ɸʢʩʝʥʦʚ ɸ.ɺ., ɸʢʩʝʥʦʚ ʅ.ɸ., ɻʘʣʫʰʢʦ ʊ.ʉ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 355017, ʈʦʩʩʠʷ, ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ, ʜ.1ʘ. 

e-mail: daksenovncfu@gmail.com 

ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣ ʧʦʢʘʟʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʛʝʥʝʨʘʮʠʠ 3,5-ʘʨʠʣʘʤʠʥʦʬʫʨʘʥʦʚ ʚ 

ʩʨʝʜʝ ʧʦʣʠʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʇʌʂ). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʧʦʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʰ ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʠ 4 

ʬʫʨʘʥʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʤʠʥʦʬʫʨʘʥʦʚ ʚ ʩʨʝʜʝ ʇʌʂ, ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʧʦʧʳʪʢʝ 

ʚʳʜʝʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʩʜʝʣʘʥ ʠʤʝʥʥʦ ʥʘ one-pot ʠ ʢʘʩʢʘʜʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ 

ʧʦʜʭʦʜʦʚ ʚʢʣʶʯʘʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʩʨʝʜʳ ʇʌʂ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʣʫʯʝʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ 2,4-ʜʠʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʧʠʨʨʦʣʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʙʠʣʜʠʥʛ-ʙʣʦʢʘʤʠ 

ʚ ʩʠʥʪʝʟʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚ ʩʠʥʪʝʟʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʶʦʨʦʬʦʨʦʚ.  

 

 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-73-00063, 

https://rscf.ru/project/ 25-73-00063/ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʀʅʆʈʅʓʍ ʇʈʀʄɽʉɽʁ ʆʈɻɸʅʀʏɽʉʂʀʍ ʈɽɸʂʎʀʁ  

ɺ ʂɸʂ ʇʆɼʍʆɼ ʂ ʈɸɿɺʀʊʀʖ ʅʆɺʓʍ ʅɸʇʈɸɺʃɽʅʀʁ 

 

ɸʢʩʝʥʦʚ ʅ.ɸ., ɸʢʩʝʥʦʚ ɸ.ɺ., ɸʢʩʝʥʦʚ ɼ.ɸ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

355017, ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ, 1, 355017, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ; 

 ʝ-mail: radioanimation@rambler.ru 

 

ʄʠʥʦʨʥʳʝ ʧʨʠʤʝʩʠ ʷʚʣʷʶʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʩʧʫʪʥʠʢʦʤ ʣʶʙʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʀʩʢʣʶʯʝʥʠʝʤ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʣʠʰʴ ʧʨʦʩʪʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʩʪʘʙʠʣʴʥʳʭ ʩʫʙʩʪʨʘʪʘʭ. ɺ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʜʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʦʩʣʦʞʥʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʯʠʩʪʢʠ, ʣʠʙʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʗʄʈ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʦ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʦʚʩʝ ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʦʦʙʨʘʞʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʠʣʫ ʦʧʳʪʘ ʠ ʫʩʪʦʷʚʰʝʡʩʷ ʥʘʫʯʥʦʡ ʧʘʨʘʜʠʛʤʳ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʝ ʧʨʠʨʦʜʦʡ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ. ɺ ʚʠʜʫ ʵʪʦʛʦ, ʚ ʜʦʢʣʘʜʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʩʣʫʯʘʠ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʉʭʝʤʘ 1). 

 

ʉʭʝʤʘ 1. 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-73-10027, 

https://rscf.ru/project/24-73-10027/è 
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ʅʆɺʓɽ ʂɸʊʀʆʅʅʓɽ ʂʆʄʇʃɽʂʉʆʅʓ ɼʃʗ ʉɺʗɿʓɺɸʅʀʗ ʊɽʊʈɸʕɼʈʀʏɽʉʂʀʍ 

ʆʂʉʆɸʅʀʆʅʆɺ ʅɸ ʆʉʅʆɺɽ ʇʀʈʀɼʀʅʀɽɺʓʍ ʉʆʃɽʁ  

 

ɸʣʠʩʫʣʪʘʥʦʚ ɸ.ʈ., ʉʠʟʦʚʘ ɿ.ɸ., ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: termoadernyjhimik@gmail.com 

 

ʇʦʠʩʢ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ ʊʩʆ4
-, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ), ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʝʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

[1]. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʊʩʆ4- ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʆʗʊ, ʦʩʥʦʚʘʥʦ ʣʠʙʦ ʥʘ ʝʛʦ 

ʩʦʨʙʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʦʨʙʝʥʪʦʚ [2], ʣʠʙʦ ʥʘ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ/ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ [3]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʶʪ ʝʩʣʠ ʨʝʮʝʧʪʦʨ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʘʥʠʦʥ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʆ-ʅéʆ ʠ/ʠʣʠ NHéʆ, ʘ ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʜʨʫʛʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [4]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʝʨʠʷ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʠʨʠʜʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠ ʢʚʘʪʝʨʥʠʟʦʚʘʥʥʳʭ ʘʪʦʤʘʭ ʘʟʦʪʘ ʨʘʜʠʢʘʣʳ ʙʝʥʟʠʣʴʥʦʛʦ ʪʠʧʘ. ʉ ʮʝʣʴʶ 

ʚʘʨʴʠʨʦʚʘʪʴ ʛʠʜʨʦʬʠʣʴʥʦ-ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʜʝʥr  ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʘʥʠʦʥʦʚ. ʉʪʨʦʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʢʘʟʘʥʦ ʢʦʤʧʣʝʢʩʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʪʘʢʠʭ ʢʘʢ ʗʄʈ 1ʅ-, 13ʉ-, 11B-, 19F-

, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝh ʝʥʠʷ.  

 

 
 

ʇʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʘʪʠʦʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʧʝʨʨʝʥʘʪ ʘʥʠʦʥ ReO4
-, 

ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʡ ʘʥʘʣʦʛʘ ʧʝʨʪʝʭʥʝʪʘʪʘ, ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ 

ʈʉɸ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Y.A. Ustynyuk, N.I. Zhokhova, Z.A. Sizova, V.G. Nenajdenko Coord. Chem. Rev., 2024, 508, 215759. 

2. C. Xiao, A. Khayambashi, S. Wang Chem. Mater. 2019, 31, 3863. 

3. E.A. Katayev, J.L. Sessler, Yu.A. Ustynyuk Russ. Chem. Bull. 2009, 58, 1785. 

4. P. Molina, F. Zapata, A. Caballero Chem. Rev. 2017, 117, 9907. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-23-00050).  
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ʆɼʅʆʈɽɸʂʊʆʈʅʓʁ ʊʈɽʍʂʆʄʇʆʅɽʅʊʅʓʁ ʄɽʊʆɼ ʉʀʅʊɽɿɸ  

N-(2-(ʀɿʆʂʉɸɿʆʃ-5-ʀʃ)ʌɽʅʀʃ)ɹɽʅɿɸʄʀɼʆɺ 

 

ɸʨʫʪʶʥʦʚ ʅ.ɸ., ɿʘʮʝʧʠʣʠʥʘ ɸ.ʄ., ʊʦʣʩʪʦʚ ʂ.ɺ., ʐʪʘʣʴ ɼ.ɸ., ɸʢʩʝʥʦʚ ɸ.ɺ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

e-mail: nik.arutiunov@bk.ru 

 

ʀʟʦʢʩʘʟʦʣ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʨʤʘʢʦʬʦʨʦʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙr ʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʠʟʦʢʩʘʟʦʣʦʚ [1]. ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʨʘʥʝʝ, ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʩʧʠʨʦ[ʠʥʜʦʣʦ-

3,5ô-ʠʟʦʢʩʘʟʦʣʦʚ] ʨʝʘʢʮʠʝʡ ʠʥʜʦʣʦʚ ʩ ʥʠʪʨʦʘʣʢʝʥʘʤʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ[2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ, ʦʪʢʨʳʚʘʶʱʘʷ ʜʦʩʪʫʧ ʢ ʚʳʩʦʢʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 

ʠʟʦʢʩʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʝʥʟʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. Morita, T., Yugandar, S., Fuse, S.,Nakamura, H. Tet. Lett., 2018, 59(13), 1159-1171. 

2. Aksenov, A. V., Aksenov, D. A., Arutiunov, N. A., Aksenov, N. A., Aleksandrova, E. V., Zhao, Z., Liqin Du, 

Kornienko A., Rubin, M. J. Org. Chem, 2019, 84 (11), 7123-7137. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-73-20003).  
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ɼʀʍʃʆʈɼʀɸɿɸɼʀɽʅʓ ʂɸʂ ʋɼʆɹʅʓʁ ɹʃʆʂ  

ɼʃʗ ʉʀʅʊɽɿɸ ʀʅɼʆʃʔʅʓʍ ɻɽʊɽʈʆʎʀʂʃʆɺ 

 

ɹʘʨʢʦʚʩʢʠʡ ʉ.ɺ.ʘ, ʃʝʚʠʮʢʠʡ ʆ.ɸ.ʘ, ʅʝʯʘʝʚ ʄ.ʉ.ʘ, ʙ, ʃʳʩʝʥʢʦ ʂ.ɸ.ʘ, ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤʝʥʠ ɸ.ɺ.ʊʦʧʯʠʝʚʘ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʠ. 

e-mail: savva.barcovsky@mail.ru 

 

ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠ̫ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ (ɽ)-1-(2,2-ʜʠʭʣʦʨ-1-ʘʨʠʣʚʠʥʠʣ)-2-ʘʨʠʣʜʠʘʟʝʥʦʚ ʠ 

ʘʨʠʣʙʦʨʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʨʝʘʢʮʠʷ ʉʫʟʫʢʠ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ (E)-1-ʘʨʠʣ-2-

(1,2,2-ʪʨʠʘʨʠʣʚʠʥʠʣ)ʜʠʘʟʝʥʦʚ ʚʦʟʤʦʞʥʦ 2 ʪʠʧʘ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʠ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʠ ʩʣʘʙʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʮʝʣʳʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ 1-ʘʥʠʣʠʥ-2,3-ʜʠʘʨʠʣʠʥʜʦʣʦʚ, ʢʦʛʜʘ 

ʢʘʢ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʙʳʪʢʘ ʩʠʣʴʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ, ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚʝʜʝʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʜʦʣʦ[2,3-b]ʠʥʜʦʣʴʥʦʛʦ ʷʜʨʘ (Cʭʝʤʘ 1). ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʠʥʜʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ (ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ DFT, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ). 

 
ʉʭʝʤʘ 1.  

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ 

ʈʉɸ (ʈʠʩʫʥʦʢ 1) ʠʣʠ ʩʨʘʚʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 1H ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʚ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

 
ʈʠʩʫʥʦʢ 1. 
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ʉʆɿɼɸʅʀɽ ʉɺʗɿɽʁ ʉïʉ, ʉïN ʀ ʀɿʆʄɽʈʀɿɸʎʀʀ ɸʃʂɽʅʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʌʆʊʆʆʈɻɸʅʆʂɸʊɸʃʀɿɸ ʀ ʄʀʂʈʆʌʃʖʀɼʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  

 

ɹʦʨʦʥʠʥ ɽ.ʅ., ʋh ʘʢʦʚʘ ɸ.ɸ., ʂʘʫʨʢʠʥʘ ʉ.ɽ., ɺʦʨʦʙʴʝʚ ʀ.ʀ., ʅʶʯʝʚ ɸ.ɺ. 

 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

e-mail: egor_boronin@mail.ru 

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ çʟʝʣʸʥʦʡè ʭʠʤʠʠ ï ʪɻʦ ʩʦʢʨʘʱʝʥʠʝ, ʫʩʪʨʘʥʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʕʢʦʣʦʛʠʯʥʦʡ, ʨʝʩʫʨʩʦ- 

ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʘʤ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʶʪʩʷ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʚʝʪ ʢʘʢ ʙʝʟʦʪʭʦʜʥʳʡ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʨʝʘʛʝʥʪ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ CïN ʠ CïC ʩʦʯʝʪʘʥʠʷ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʘʣʢʝʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʦʪʦʢʘʪʘʣʠʟʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʪʦʯʥʳʝ ʤʠʢʨʦʨʝʘʢʪʦʨʳ ʨʘʟʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʩʚʝʪʘ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʦʣʙʘʤʠ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ 

ʨʝʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʛʨʫʟʢʫ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʘʟʳ ʠʣʠ ʜʘʞʝ ʥʘ ʧʦʨʷʜʢʠ.  

 

 
 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ çʟʝʣʸʥʦʡè ʭʠʤʠʠ ʚ ʬʦʪʦʭʠʤʠʠ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʤʠʢʨʦʬʣʶʠʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Boronin, E. N., Nyuchev, A. V. et al. Reaction Chemistry & Engineering, 2024. 9(7), 1877-1882. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʩɹʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʩʦʟʜʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ɻɿ ʧʨʠ ʅʆʎ "ʊʝʭʥʦʧʣʘʪʬʦʨʤʘ 2035" (FSWR-2024-0002).  
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ʅʆɺʓɽ ʌʆʊʆɸʂʊʀɺʀʈʋɽʄʓɽ ʇʈʆʀɿɺʆɼʅʓɽ PT(IV) ɼʃʗ ʌʆʊʆʊɽʈɸʇʀʀ  

ʀ ɹʀʆɺʀɿʋɸʃʀɿɸʎʀʀ ɿʃʆʂɸʏɽʉʊɺɽʅʅʓʍ ʅʆɺʆʆɹʈɸɿʆɺɸʅʀʁ 

 

ɹʳʢʫʩʦʚ ɺ.ɺ.ʘ, ʂʫʟʴʤʠʯʝʚ ʀ.ɸ.ʙ, ʉʧʝʢʪʦʨ ɼ.ɺ.ʘ, ʉʪʝʧʘʥʦʚ ʄ.ʉ.ʛ, ɸʢʘʩʦʚ ʈ.ɸ.ʚ, ɸʙʘʢʫʤʦʚ ʄ.ɸ.ʙ, 

ʂʨʘʩʥʦʚʩʢʘʷ ʆ.ʆ.ʘ 

 

aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʈʊʋ ʄʀʈʕɸ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

e-mail: vladbyk.2001@gmail.com  
ʚʇʝʨʚʳʡ ʄɻʄʋ ʠʤ. ʀ.ʄ, ʉʝʯʝʥʦʚʘ, ʄʦʩʢʚʘ 

ʛʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ Pt(II) ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 50% ʩʭʝʤ ʭʠʤʠʦʪʝʨʘʧʠʠ, ʦʜʥʘʢʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʠ ʨʘʟʚʠʪʠʝʤ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚʳʩʪʫʧʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ Pt(IV), ʩʧʦʩʦʙʥʳʝ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʦ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ Pt(II),  

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʩʠʩʪʝʤʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʧʨʝʦʜʦʣʝʪʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ [2]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Pt(IV) ʩ ʘʢʩʠʘʣʴʥʳʤʠ ʬʦʪʦʘʢʪʠʚʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʙʦʨʜʠʧʠʨʨʦʤʝʪʝʥʦʚ (BODIPY). ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʩʦʯʝʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʭʠʤʠʦʪʝʨʘʧʠʠ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʬʦʪʦʪʝʨʘʧʠʝʡ ˈ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʌɼʊ) ʠ ʬʦʪʦʪʝʨʤʠʯʝʩʢʦʡ (ʌʊʊ). 

ɹʦʣʝʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʨʘʩʰʠʨʝʥʥʦʡ ˊ-ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʝ ʵʪʠ ʣʠʛʘʥʜʳ ʩʧʦʩʦʙʥʳ ʢ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʧʨʠʜʘʝʪ 

ʧʦʣʫʯʝʥʥʳʤ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ ʫʥʠʢʘʣʴʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʪʣʠʯʥʳʝ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʣʝʢʫʣʷʨʥʭr ʤʦʥʦʤʝʨʦʚ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʯʠʪʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʠʤʝʨʦʚ BODIPY, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʢʪʠʚʘʮʠʝʡ ʚ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʚ ɹʀʂ-ʜʠʘʧʘʟʦʥʝ [3].  

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʨʦʣʝʢʘʨʩʪʚʘ Pt(IV) 1-4 ʩ BODIPY ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʠ ʥʘʥʦʯʘʩʪʠʮʳ 

NP(1)-NP(4) ʥʘ ʠʭ ʦʩʥʦʚʝ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʷʚʣʷʪʴ ʌʊʊ ʠ ʌɼʊ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʦ 

ʚʳʩʚʦʙʦʞʜʘʪʴ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ Pt(II ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʧʫʭʦʣʠ in vivo. 

ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ Pt(IV) 5-6, ʩʦʜʝʨʞʘʱʠʝ ʜʠʤʝʨʳ BODIPY, ʨʘʩʰʠʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʪʦʪʝʨʘʧʠʠ.  
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ʆʂʀʉʃʀʊɽʃʔʅʆɽ ʉïO ʉʆʏɽʊɸʅʀɽ ʆʈɻɸʅʀʏɽʉʂʀʍ ɻʀɼʈʆʇɽʈʆʂʉʀɼʆɺ  

ʀ ʂɸʈɹʆʅʀʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ɺ ʋʉʃʆɺʀʗʍ ɻʆʄʆɻɽʅʅʆɻʆ ɹɽɿʄɽʊɸʃʔʅʆɻʆ 

ʌʆʊʆʈɽɼʆʂʉ ʂɸʊɸʃʀɿɸ 
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ʙʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: VarfolomeevMatvey@yandex.ru 

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʩʦʝʜʠʥʝʥʠʡ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʦʣʠ ʠʥʠʮʠʘʪʦʨʦʚ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʨʝʘʛʝʥʪʦʚ 

ʜʣʷ ʩʰʠʚʢʠ ʧʦʣʠʤʝʨʦʚ, ʦʪʙʝʣʠʚʘʶʱʠʭ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʩʨʝʜʩʪʚ.  ʂʨʦʤʝ ʪʦʛʦ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ 

ʦʙʣʘʜʘʶʪ ʘʥʪʠʤʘʣʷʨʠʡʥʦʡ, ʘʥʪʠʛʝʣʴʤʠʥʪʥʦʡ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ [1]. 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʚʷʟʝʡ CïC ʠ CïHet ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʝʘʢʮʠʠ CīO ʩʦʯʝʪʘʥʠʷ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʭʝʤʦ-, 

ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ [2]. ʆʜʥʘʢʦ, ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ ʠʣʠ ʪʨʝʙʫʶʪ 

ʫʪʠʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ. ɺʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʦʪʦʭʠʤʠʠ ʚ C-

O-ʩʦʯʝʪʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʣʠʰʝʥʳ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʚʳʛʦʜʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʦʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʪʘʢʠʭ ʢʘʢ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ.  

 
ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʪʢʨʳʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ CīO ʩʦʯʝʪʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʤʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʝʨʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʤʦʛʝʥʥʦʛʦ ʙʝʟʤʝʪʘʣʴʥʦʛʦ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʘʩʠʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ɺʃʀʗʅʀɽ ʄɽɾʄʆʃɽʂʋʃʗʈʅʆɻʆ ˊ-ʉʊʕʂʀʅɻɸ ʅɸ ʉʊɸɹʀʃʀɿɸʎʀʖ {FeIII
2}-ʂʆʄʇʃɽʂʉʆɺ 

ʆʉʅʆɺɸʅʀʁ ʐʀʌʌɸ ʅɸ ʇʃɸʊʌʆʈʄɽ ʆ-ʂʉʀʃʀʃɽʅɼʀɸʄʀʅɸ 

 

ɺʦʣʦʜʠʥ ʇ.ɸ.1, ʐʫʪʠʣʦʚ ʀ.ɼ.2, ʆʚʩʷʥʥʠʢʦʚ ɸ.ʉ.2, ʌʨʘʥʮʫʟʦʚʘ ʃ.ɺ.2, ʇʷʪʘʝʚ ɸ.ɺ.,1 ʍʘʤʘʪʛʘʣʠʤʦʚ ɸ.ʈ.,2 

ʉʦʣʦʚʴʝʚʘ ʉ.ɽ.2, ɸʥʪʠʧʠʥ ʀ.ʉ.1 

 
1ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

420008, ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ, ʫʣ. ʂʨʝʤʣʝʚʩʢʘʷ, ʜ. 29/1 
2 ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ, ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ 

420088, ʈʦʩʩʠʷ, ʛ. ʂʘʟʘʥʴ, ʫʣ. ɸʢʘʜʝʤʠʢʘ ɸʨʙʫʟʦʚʘ, ʜ. 8 

pavel.volodin.12@gmail.com 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ï ʙʠʩ-ʭʝʣʘʪʥʳʝ N2O2-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ï ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 3d-ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʝ 

ʩʚʦʡʩʪʚʘ [1-3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʦʥʪʨʦʣʝ ʥʘʜ ʩʪʨʫʢʪʫʨʥʳʤ 

ʤʦʪʠʚʦʤ {FeIII
2} -ʢʦʤʧʣʝʢʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʩ-ʭʝʣʘʪʥʳʭ N2O2-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ ʥʘ ʧʣʘʪʬʦʨʤʝ ʦ-ʢʩʠʣʠʣʝʥʜʠʘʤʠʥʘ, ʜʦʩʪʠʛʥʫʪʳʤ ʟʘ ʩʯʸʪ ʥʘʩʪʨʦʡʢʠ ʠʭ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ (R1=H, 

OMe, R2=H, Br, ʨʠʩ. 1ʘ). ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʧ-Br- ʠ 

ʦ-OMe-ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʛʘʥʜʘ III  ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ [III -Fe2(m2-OMe)2Cl2(MeOH)2] ʢʦʤʧʣʝʢʩʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʫʥʠʢʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʤʦʪʠʚʦʤ ʩʨʝʜʠ ʚʩʝʭ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ 3d-ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʩ-

ʭʝʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩʘʣʝʥʦʚʦʛʦ ʠ ʩʘʣʦʬʝʥʦʚʦʛʦ ʪʠʧʦʚ, ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ M/L=2/1 (ʨʠʩ. 1ʙ). 

ʄʝʪʦʜʦʤ DFT-ʨʘʩʯʸʪʦʚ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʘ [III -Fe2(m2-

OMe)2Cl2(MeOH)2] ʷʚʣʷʝʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ p-ʩʪʵʢʠʥʛ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʨʘʥʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʩʘʣʠʮʠʣʠʜʝʥʠʤʠʥʥʳʭ ʬʨʘʛʤʝʥʪʘʭ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 

[4].  

 

 
ʈʠʩʫʥʦʢ 1. ʘ) ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʣʠʛʘʥʜʦʚ I -III , ʙ) ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ p-

ʩʪʵʢʠʥʛʘ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʢʦʤʧʣʝʢʩʘ [III -Fe2(m2-OMe)2Cl2(MeOH)2].  
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ʇɸʃʃɸɼʀʁ-ʂɸʊɸʃʀɿʀʈʋɽʄʆɽ ʎʀɸʅʀʈʆɺɸʅʀɽ 5-ʀʆɼʊʈʀɸɿʆʃʆɺ 
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ʈʝʘʢʮʠʷ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ʢ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ ʥʘʰʣʘ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʧʨʦʠʟʚʦʜʥʳʭ 1,2,3-ʪʨʠʘʟʦʣʘ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʧʦʣʫʯʝʥʠʝʤ 1,4-ʜʠʟʘʤʝʱʸʥʥʳʭ ʪʨʠʘʟʦʣʦʚ. ʆʜʥʠʤ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʚʚʝʜʝʥʠʷ ʪʨʝʪʴʝʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʪʨʠʘʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʷʚʣʷʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʛʘʣʦʛʝʥʘ ʚ 5-ʠʦʜ-1,2,3-ʪʨʠʘʟʦʣʘʭ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʠ ʘʟʠʜʦʚ ʠ 1-ʠʦʜʘʣʢʠʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʧʠʩʘʥ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʨʝʘʢʮʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʕʪʠ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʪʨʠʟʘʤʝʱʸʥʥʳʝ 1,2,3-ʪʨʠʘʟʦʣʳ. 

ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ 5-ʮʠʘʥʦʪʨʠʘʟʦʣʘʤ ʥʘ ʦʩʥʦʚʝ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʮʠʘʥʠʨʦʚʘʥʠʷ 5-

ʠʦʜʪʨʠʘʟʦʣʦʚ [1]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʠʥʪʝʟʝ 5-ʮʠʘʥʦʪʨʠʘʟʦʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʨʘʟʣʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ ʢ ʥʘʣʠʯʠʶ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʶʱʘʷ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʚʝʜʝʥʘ ʧʦʩʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʮʠʘʥʠʨʦʚʘʥʠʝ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʝʡ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʩʢʘʜʥʳʡ ʩʠʥʪʝʟ ʪʨʠʘʟʦʣʦ[1,5-a]ʭʠʥʦʣʠʥʦʚ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. Galashev, R.N., Latyshev, G.V., Kotovshchikov, Y.N., Lukashev, N.V., Beletskaya, I.P., Org. Biomol. Chem., 2025, 

23, 4725ï4729. 
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ʉʀʅʊɽɿ ʅʆɺʆɻʆ ʂʃɸʉʉɸ ʄɽɿʆʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ï  

ʇʀʈʀɼɸɿʀʅ-1-ʀʋʄ-3-ʆʃɸʊʆɺ 
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 ɹʦʡʯʝʥʢʦ ʄ.ɸ.ʘ, ʊʨʫʰʢʦʚ ʀ.ɺ.ʚ, ʀʚʘʥʦʚʘ ʆ.ɸ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 
ʙʅʀʋ ɺʐʕ, ʬʘʢʫʣʴʪʝʪ ʭʠʤʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

 ʚʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ. 

e-mail: ernal.gaiazov@chemistry.msu.ru 

 

ʄʝʟʦʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʢʣʘʩʩʦʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʢʘʪʘʣʠʟʝ, ʘʛʨʦʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉ ʤʦʤʝʥʪʘ 

ʠʭ ʦʪʢʨʳʪʠʷ ʚ 1935 ʛʦʜʫ ʤʝʟʦʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʷʚʣʷʝʪʩʷ ʜʠʧʦʣʷʨʥʘʷ ʧʨʠʨʦʜʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ [1], 

ʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʆʜʥʘʢʦ ʢʣʘʩʩ ʧʠʨʠʜʘʟʠʥ-1-ʠʫʤ-3-ʦʣʘʪʦʚ ï ʰʝʩʪʠʯʣʝʥʥʳʭ ʤʝʟʦʠʦʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ï 

ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʧʦʯʪʠ ʥʝ ʠʟʫʯʝʥʥʳʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʠʨʠʜʘʟʠʥ-1-ʠʫʤ-3-ʦʣʘʪʦʚ 4 ʥʘ 

ʦʩʥʦʚʝ ʦʢʠʩʣʝʥʠʷ 3-ʦʢʩʦʛʝʢʩʘʛʠʜʨʦʧʠʨʠʜʘʟʠʥʦʚ 3 ʩ ʧʦʤʦʱʴʶ DDQ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʝʢʩʘʛʠʜʨʦʧʠʨʠʜʘʟʠʥʳ 3 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʥʠʮʠʠʨʫʝʤʳʤ ʪʨʠʬʣʘʪʦʤ ʠʪʪʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʮʠʢʣʦʧʨʦʧʘʥʦʚ 1 ʩ 

ʘʨʠʣʛʠʜʨʘʟʠʥʘʤʠ 2. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʘʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʘ 1, ʪʘʢ ʠ ʚ ʛʠʜʨʘʟʠʥʝ 2. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʤʠ ʫʩʧʝʰʥʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʩʪʠʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʩ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ one pot ʧʨʦʪʦʢʦʣ ʩʠʥʪʝʟʘ ʤʝʟʦʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 4, ʩʦʯʝʪʘʶʱʠʡ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʤʝʟʦʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʘʟʠʜʳ ï ʵʪʦ ʜʦʩʪʫʧʥʳʝ ʠ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʤʥʦʛʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ 

ʨʝʘʢʮʠʡ ʘʟʠʜʦʚ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʟʠʥʳ, ʘʤʠʥʳ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠ 

ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʪ.ʜ. [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʧʘʨʘʪʠʚʥʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [2]. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʟʚʦʣʷʶʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. 

ʉʨʝʜʠ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʩʪʘʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ N-

ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ [3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ, ʩʝʣʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʟʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆ-ʟʘʤʝʱʸʥʥʳʭ ʦʢʩʠʤʦʚ ʩ 

ʬʨʘʛʤʝʥʪʦʤ N-O-N. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʧʨʠ 

ʜʝʡʩʪʚʠʠ N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʘ ʙʝʥʟʠʣʘʟʠʜʳ. ʇʨʠ ʵʪʦʤ ʠʤʠʥʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʵʬʬʝʢʪʠʚʥʦ 

ʧʝʨʝʭʚʘʪʳʚʘʶʪʩʷ N-ʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʦʙʳʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʮʠʢʣʠʯʝʩʢʠʡ N-O-N ʬʨʘʛʤʝʥʪ. 

 

 
ʉʭʝʤʘ 1. ʈʝʘʢʮʠʷ N-O ʩʦʯʝʪʘʥʠʷ ʙʝʥʟʠʣʘʟʠʜʦʚ ʩ N-ʛʠʜʨʦʢʩʠʠʤʠʜʘʤʠ. 
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ʈɽɻʀʆʉɽʃɽʂʊʀɺʅʓʁ ʉʀʅʊɽɿ ʇʀʈɸɿʆʃʆ[1,5-ʘ]ʇʀʈʀʄʀɼʀʅ-3-ʀʃʌʆʉʌʆʅɸʊʆɺ ɺ 
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ʇʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ ï ʛʝʪʝʨʦʮʠʢʣ, ʷʚʣʷʶʱʠʡʩʷ ʚʘʞʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʣʝʢʘʨʩʪʚʘʤʠ 

[1], ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʦʥʘʪʥʫʶ ʛʨʫʧʧʫ, ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʢʘʢ ʚ ʤʝʜʠʮʠʥʝ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ [3,4,5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 

ʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʧʦʣʦʞʝʥʠʝ 3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ ʚ ʥʘʡʜʝʥʥʳʭ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-3-ʠʣʬʦʩʬʦʥʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʩʭʦʜʥʳʭ ʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘʭ ʥʘ 

ʚʳʭʦʜ ʬʦʩʬʦʥʘʪʦʚ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ.  
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ʈɸɿʈɸɹʆʊʂɸ ʅʆɺʓʍ ʌʆʊʆɸʂʊʀɺʀʈʋɽʄʓʍ ʂʆʅʒʖɻɸʊʆɺ Pt(IV ) ʉ ʎʀɸʅʀʅʆɺʓʄʀ 
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ʇʨʦʣʝʢʘʨʩʪʚʘ Pt(IV) ʩ ʬʦʪʦʘʢʪʠʚʥʳʤʠ ʘʢʩʠʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʩʦʝʜʠʥʝʥʠʷʤ Pt(II), ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ. ʊʘʢʠʝ ʧʨʦʣʝʢʘʨʩʪʚʘ ʦʙʣʘʜʘʶʪ 

ʤʘʣʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʪʝʤʥʦʪʝ, ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʳ ʢ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ 

Pt(II) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ [1]. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʣʝʢʘʨʩʪʚ, ʘʢʪʠʚʠʨʫʝʤʳʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʚ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ 

ʪʢʘʥʷʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʌʣʫʦʨʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʝʧʪʘʤʝʪʠʥʦʚʳʭ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʦʙʣʘʜʘʶʪ 

ʧʦʛʣʦʱʝʥʠʝʤ ʚ ɹʀʂ ʜʠʘʧʘʟʦʥʝ ʠ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʢʦʥʲʶʛʘʪʦʚ Pt(IV)-

ʮʠʘʥʠʥʦʚʳʡ ʢʨʘʩʠʪʝʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʨʦʣʝʢʘʨʩʪʚ Pt(IV), ʚ ʢʦʪʦʨʦʡ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 

ʧʨʠʨʦʜʘ ʮʠʘʥʠʥʦʚʦʛʦ ʢʨʘʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʪʠʧ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʬʦʪʦʘʢʪʠʚʥʳʤ ʣʠʛʘʥʜʦʤ ʠ ʮʝʥʪʨʦʤ Pt(IV). 

ʃʠʥʢʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʪʨʫʢʪʫʨʫ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʙʳʣʠ ʚʚʝʜʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʉʤʘʡʣʩʘ, ʘ ʪʘʢʞʝ ʧʦ ʨʝʘʢʮʠʠ ʎʠʥʢʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʘʢʪʚʠʨʠʨʫʝʤʳʝ ʧʨʦʣʝʢʘʨʩʪʚʘ 

Pt(IV) ʜʚʦʡʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. 
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ɸʫʪʦʬʘʛʠʷ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʨʝʛʫʣʠʨʫʝʤʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʣʝʪʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʥʫʪʨʝʥʥʠʝ ʥʝʥʫʞʥʳʝ 

ʠʣʠ ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪ rʢʣʝʪʢʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚʥʫʪʨʴ ʝʸ ʣʠʟʦʩʦʤ ʠʣʠ ʚʘʢʫʦʣʝʡ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚ 

ʥʠʭ ʜʝʛʨʘʜʘʮʠʠ.  

ʅʘʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʘʫʪʦʬʘʛʠʠ ʠʛʨʘʶʪ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʥʝʡʨʦʪʦʢʩʠʯʥʳʭ ʙʝʣʢʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʠ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʛʠʙʝʣʴʶ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ. ʅʘʧʨʘʚʣʝʥʥʘʷ ʘʢʪʠʚʘʮʠʷ ʘʫʪʦʬʘʛʠʠ ʧʦʟʚʦʣʠʣʘ ʙʳ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʨʘʟʨʫʰʘʪʴ ʥʝʡʨʦʪʦʢʩʠʯʥʳʝ ʙʝʣʢʦʚʳʝ ʘʛʨʝʛʘʪʳ, ʥʝ ʚʳʟʳʚʘʷ ʧʨʠ ʵʪʦʤ ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʪʝʨʘʧʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʅʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 2,4-ʜʠʤʦʨʬʦʣʠʥʦʭʠʥʘʟʦʣʠʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʩʠʛʥʘʣʴʥʦʛʦ ʢʘʩʢʘʜʘ PI3K-AKT-mTOR. ɹʳʣʘ ʚʳʷʚʣʝʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʠ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ MCF7 ʠ MDA-MB-231, ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʥʘ 

ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ [1]. ʊʘʢʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʳʟʳʚʘʶʪ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʘʫʪʦʬʘʛʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʢʪʠʚʘʮʠʠ ʘʫʪʦʬʘʛʠʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʫʪʸʤ ʟʘʤʝʥʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʷʜʨʘ ʥʘ ʙʝʥʟʠʤʠʜʘʟʦʣ (ʨʠʩ.1). ɼʣʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʯʘʪʳ ʠʩʧʳʪʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʢʪʠʚʘʪʦʨʦʚ ʘʫʪʦʬʘʛʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. M.V. Zapevalova, E.S. Shchegravina et al. International Journal of Molecular Sciences, 2022, 23(18), 10854. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-13-20064).  
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ʈɽɻʀʆʉɽʃɽʂʊʀɺʅʓʁ ʉʀʅʊɽɿ ʀʄʀɼɸɿʆʊʀɸɿʀʅʆʊʈʀɸɿʀʅʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 3-

ɸʈʀʃ-2(3)-ɻɸʃʆɻɽʅɸʂʈʀʃɸʊʆɺ  

 

ʀʟʤʝʩʪʴʝʚ ɸ.ʅ.ʘ, ʀʩʘʢʦʚ ʉ.ʉ. ʘ,b, ʉʪʝʧʘʨʫʢ ɸ.ʉ.c 

 
aʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

bʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
cʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ. ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ. 

e-mail: nebeli@mail.ru 

 

ɸʟʦʪ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʚ ʩʠʥʪʝʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 1,3-ʪʠʘʟʠʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʝʢʦʪʦʨʳʭ ʧʨʠʨʦʜʥʳʭ ʬʠʪʦʘʣʝʢʩʠʥʦʚ 

(ʮʠʢʣʦʙʨʘʩʩʠʥʠʥʘ, ʩʠʥʘʣʴʙʠʥʦʚ ɸ ʠ ɺ, ʨʫʪʘʣʝʢʩʠʥʘ ʠ ʜʨʫʛʠʭ) [1] ʠ 7-ʘʤʠʥʦʮʝʬʘʣʦʩʧʦʨʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (7-

ACA), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ.  

ʋʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 1,3-ʪʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʠʣʠ 

ʥʝʮʠʢʣʠʯʝʩʢʠʭ ʪʠʦʤʦʯʝʚʠʥ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʧʠʦʣʦʚʦʡ ʢʠʩʣʦʪʳ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ 

ʨʘʥʝʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʠ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦʪʨʠʘʟʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʵʪʠʣ-3-

ʬʝʥʠʣʧʨʦʧʠʦʣʘʪʘ ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʟʦ[4,5-e][1,2,4]ʪʨʠʘʟʠʥʦʚ [2]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ 1,3-ʪʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʥʳʝ ʵʬʠʨʳ 3-ʘʨʠʣʧʨʦʧʠʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʟʘʤʝʥʝʥʳ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ 3-ʘʨʠʣʘʢʨʠʣʘʪʳ 1 [3], ʩʦʜʝʨʞʘʱʠʝ ʚʦ ʚʪʦʨʦʤ ʠʣʠ ʪʨʝʪʴʝʤ 

ʧʦʣʦʞʝʥʠʠ ʘʪʦʤ ʭʣʦʨʘ ʠʣʠ ʙʨʦʤʘ (ʩʭʝʤʘ 1). 

 

ʉʭʝʤʘ 1 

  
ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʤʦʩʪʠʢʦʚʳʭ ʧʦʣʦʞʝʥʠʷʭ ʠʤʠʜʘʟʦʪʨʠʘʟʠʥʦʚ 2 ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦ[3,2-b]ʪʨʠʘʟʠʥʘ 3 (ʜʣʷ R3=Ar) ʠʣʠ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦ[2,3-c]ʪʨʠʘʟʠʥʦʚ 

4 (ʜʣʷ R3=H). ɺ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 2 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʠʪʨʠʣʘʤʠ ʛʘʣʦʛʝʥʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ (EWG=CN) 

ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦʪʨʠʘʟʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʪʠʘʟʠʥʦʚʦʤ ʮʠʢʣʝ ʚʤʝʩʪʦ ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠʤʠʥʦʛʨʫʧʧʫ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʛʨʘʥʠʮʳ ʤʝʪʦʜʘ ʠ ʧʦʚʳʰʘʝʪ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. M. S. C. Pedras, A. Abdoli, RSC Adv. 2017, 7, 23633. 

2. D. B. Vinogradov, A. N. Izmest'ev, A. N. Kravchenko, N. G. Kolotyrkina, G. A. Gazieva, J. Heterocycl. 
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ʂʆʅʊʈʆʃʔ ʅɸɼ ʉʊʈʋʂʊʈʆʁ ʀ ʄʆʃɽʂʋʃʗʈʅʆʁ ʉɸʄʆʉɹʆʈʂʆʁ ɺ ʂʈʀʉʊɸʃʃɽ 

ʄʆʅʆʗɼɽʈʅʓʍ 4f- ʂʆʄʇʃɽʂʉʆɺ ʅɸ ʆʉʅʆɺɽ 1,3-ɼʀɿɸʄɽʑɽʅʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ 

(ʊʀɸ)ʂɸʃʀʂʉ[4]ɸʈɽʅʆɺ 

 

ʀʦʚʘ ɸ.ɸ.ʘ, ʉʪʨʝʣʴʥʠʢʦʚʘ ʖ.ɺ.ʘ, ʆʚʩʷʥʥʠʢʦʚ ɸ.ʉ.b, ɻʫʙʘʡʜʫʣʣʠʥ ɸ.ʊ.b, ʃʠʪʚʠʥʦʚ ʀ.ɸ.b,  

ʉʦʣʦʚʴʝʚʘ ʉ.ɽ.a,b, ɸʥʪʠʧʠʥ ʀ.ʉ.a,b 

 
aʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʍʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʄ. ɹʫʪʣʝʨʦʚʘ,  

ʂʘʟʘʥʴ, ʈʦʩʩʠʷ. 
bʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ, 

 ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ. 

e-mail: aa.iova@mail.ru 

 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚʳʟʳʚʘʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ 

ʩʦʯʝʪʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʘʛʥʝʪʠʟʤ (SMM) [1] ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ [2], ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳ ʥʘʭʦʜʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦʡ ʩʧʠʥʪʨʦʥʠʢʠ, 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʘʪʘʣʠʟʘ [3]. 

ʃʠʛʘʥʜʳ çʩʘʣʝʥʦʚʦʛʦè ʪʠʧʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ 4f-ʤʝʪʘʣʣʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʜʚʫʭ ʵʥʜʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʭʝʣʘʪʥʳʭ 

ʩʘʣʠʮʠʣʠʜʝʥʘʤʠʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ çʩʘʣʝʥʦʚʦʛʦè ʪʠʧʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʪʘʢʞʝ (ʪʠʘ)ʢʘʣʠʢʩ[4]ʘʨʝʥʳ [4]. ʅʘʣʠʯʠʝ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʡ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʠ ʚʳʩʦʢʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ (ʪʠʘ)ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʠʩʢʘʞʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʤʝʪʘʣʣʘ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʪʴ ʥʘ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʚʢʣʶʯʘʷ ʤʘʛʥʠʪʥʳʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ çʩʘʣʝʥʦʚʦʛʦè ʪʠʧʘ ï 1,3-

ʟʘʤʝʱʸʥʥʳʭ ʧʦ çʥʠʞʥʝʤʫè ʦʙʦʜʫ ʧʨʦʠʟʚʦʜʥʳʭ (ʪʠʘ)ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʝʣʘʪʥʳʝ N,O-ʜʦʥʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ. ʇʦʣʫʯʝʥʳ ʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʷʜʨʝʥʳʭ DyIII  ʠ ErIII -ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʤʧʣʝʢʩ [CA2c-Dy] ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʝʪʠʢʘ ʚ ʦʙʣʘʩʪʠ 2-10 K ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ DC ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [5]. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. C.P. Chen, Y.F. Wang, P. Qin Inorg. Chim. Acta, 2023, 547, 121343. 

2. M. Hasegawa, H. Ohmagari, H. Tanaka J. Photochem. Photobiol. C., 2022, 50, 100484. 

3. D. Shao, X. Y. Wang Chin. J. Chem., 2020, 38, 1005-1018. 

4. A. S. Ovsyannikov, S. E. Solovieva, I. S. Antipin, S. Ferlay Coord. Chem. Rev., 2017, 352, 151-186. 

5. I. V. Strelnikova, A. A. Iova, A. S. Ovsyannikov Dalton Trans., 2025. 
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ɻʀɹʈʀɼʅʓɽ ʌʆʊʆʂɸʊɸʃʀɿɸʊʆʈʓ ʅɸ ʆʉʅʆɺɽ ʂʆʄʇʃɽʂʉʆɺ RU(II ) ʀ IR(III ) ɺ ʈɽɸʂʎʀʗʍ 

ʂʈʆʉʉ-ʉʆʏɽʊɸʅʀʗ ʇʆɼ ɼɽʁʉʊɺʀɽʄ ɺʀɼʀʄʆɻʆ ʉɺɽʊɸ 

 

ʀʦʥʦʚʘ ɺ.ɸ.ʘ,ʙ, ɸʙʝʣʴ ɸ.ʉ.ʘ, ɸʚʝʨʠʥ ɸ.ɼ.ʘ, ɹʝʣʝʮʢʘʷ ʀ.ʇ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤʝʥʠ ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: v-ionova@mail.ru  

 

ʄʝʪʘʣʣʦʬʦʪʦʨʝʜʦʢʩ (metallaphotoredox) ʢʘʪʘʣʠʟ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚ ʨʝʘʢʮʠʠ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ [1]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʤ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ C(sp)ïC(sp2), C(sp2)ïS ʠ C(sp2)ïN ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʳ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʙʨʠʜʥʦʛʦ ʪʠʧʘ (ʉʭʝʤʘ 1). ɼʘʥʥʳʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ Ru(II) ʠʣʠ 

Ir(III) ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʠʪʦʧʥʳʡ ʣʠʛʘʥʜ, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʧʝʨʝʭʦʜʥʳʡ 

ʤʝʪʘʣʣ (Pd ʠʣʠ Ni). ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʝʨʝʜ 

ʩʤʝʰʘʥʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʠʩʴ ʚ 2-3 ʨʘʟʘ ʘʢʪʠʚʥʝʝ, 

ʯʝʤ ʩʤʝʰʘʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

 

 
ʉʭʝʤʘ 1. 
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1. A. Chan, I. Perry,  D. MacMillan, et al  Chem. Rev., 2022, 122, 1485. 

2. V. Ionova, A. Abel, A. Averin, I. Beletskaya Catalysts., 2023, 13, 768. 
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ʊɸʅɼɽʄʅʓɽ ʈɽʎʀʂʃʀɿɸʎʀʀ ɺ ʅɸʇʈɸɺʃɽʅʅʆʄ ʉʀʅʊɽɿɽ ʅʆɺʓʍ 

ʉʇʀʈʆ(ʀʄʀɼɸɿʆʊʀɸɿʆʃʆʊʈʀɸɿʀʅ-ʇʀʈʈʆʃʀɼʀʅʆɺ) 

 

ʀʩʘʢʦʚ ʉ.ʉ. ʘ,b, ʀʟʤʝʩʪʴʝʚ ɸ.ʅ.ʘ 

 
aʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

bʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: sergisakoff@yandex.ru 

 

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤ ʧʠʨʨʦʣʠʜʠʥʘʤ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʘ ʪʘʢʞʝ ʥʘʙʦʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ 

ʧʦʧʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʜʠʚʝʨʛʝʥʪʥʳʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʤʦʞʥʦ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʝʜʠʥʦʛʦ ʥʘʙʦʨʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʩʠʥʪʝʟʘ ʧʷʪʠ ʩʝʨʠʡ ʠʟʦʤʝʨʥʳʭ 

ʩʧʠʨʦ(ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥ-ʧʠʨʨʦʣʠʜʠʥʦʚ) 2ï6 ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʘʤ 1, ʘ ʪʘʢʞʝ ʠʟʦʤʝʨʠʟʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʮʠʢʣʦʘʜʜʫʢʪʦʚ 2 ʠ 3 ʚ ʥʦʚʳʝ ʨʝʛʠʦ- ʠ ʜʠʘʩʪʝʨʝʦʤʝʨʳ 4ï6 ʚ ʭʦʜʝ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʩʢʝʣʝʪʥʳʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ. ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʦʜʥʦʡ ʠʟ ʩʪʘʜʠʡ ʧʦʟʚʦʣʠʣ ʠʟʫʯʠʪʴ ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʡ ʨʝʮʠʢʣʠʟʘʮʠʠ ʠ ʥʘʡʪʠ 

ʫʩʣʦʚʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. 

 

 
 

     

ʈʠʩʫʥʦʢ 1. ʗʄʈ-ʄʦʥʠʪʦʨʠʥʛ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 4Ÿ6 ʚ ʩʠʩʪʝʤʝ CD3OD ð CD3ONa. 
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ʅʋʂʃɽʆʌʀʃʔʅʆɽ ɿɸʄɽʑɽʅʀɽ ɺ 2,9-ɼʀʍʃʆʈʌɽʅɸʅʊʈʆʃʀʅɽ:  

ʉʊʈɸʊɽɻʀʗ ʂ ʄʆʅʆ-, ɹʀʉ- ʀ ɻɽʊɽʈʆɼʀɿɸʄɽʑɽʅʅʓʄ ɸʄʀʅʆ-ʃʀɻɸʅɼɸʄ 

 

ʀʩʦʤʠʜʜʠʥʦʚ ɾ.ʂ., ʄʫʟʘʣʝʚʩʢʠʡ ɺ.ʄ., ʃʳʩʝʥʢʦ ʂ.ɸ., ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail : javohirmirzo7375@mail.ru 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʤʦʥʦ- ʠ ʙʠʩ(ʚʪʦʨʠʯʥʦʘʤʠʥ)ʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʯʝʨʝʟ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʘ ʚ 2,9-ʜʠʭʣʦʨ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʝ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ (ʤʦʥʦ- 

ʠ ʙʠʩ-ʟʘʤʝʱʝʥʠʝ) ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʨʠʨʦʜʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʜʠʦʢʩʘʥ, ʧʠʨʠʜʠʥ) ʠ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 

ʘʤʠʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʭʦʜʳ ʜʦ 96-98%. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʙʠʩʘʤʠʥʳ (ʥʘʧʨ., 4ab, 4ai), 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʜʚʫʭ ʨʘʟʥʳʭ ʘʤʠʥʦʚ, ʩ ʚʳʭʦʜʘʤʠ ʜʦ 97% (Cʭʝʤʘ 1). ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʮʠʢʣʠʯʝʩʢʠʭ (ʧʠʨʨʦʣʠʜʠʥ, ʤʦʨʬʦʣʠʥ) ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ (ʜʠʵʪʠʣʘʤʠʥ, ʜʠʙʫʪʠʣʘʤʠʥ) 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ.  

 

 
ʉʭʝʤʘ 1. 

ʇʦʣʫʯʝʥʥʳʝ ʣʠʛʘʥʜʳ (ʥʘʧʨ., 2d) ʦʙʨʘʟʫʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ Ag(I) ʠ Hg(II), 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʥʝʦʙʳʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ (Ag-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ). ʄʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ 

ʥʦʚʦʤʫ ʢʣʘʩʩʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ. (ʈʠʩʫʥʦʢ 1) 

2d-Ag       2d-Hg 

ʈʠʩʫʥʦʢ 1. 

ʃʠʪʝʨʘʪʫʨʘ 
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ɿʦʣʦʪʦʡ ʢʘʪʘʣʠʟ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʯʥʦ ʟʘʥʷʣ ʩʚʦʸ ʤʝʩʪʦ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [1]. 

ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ [2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʦʣʦʪʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʘʣʢʠʥʦʚ, ʢʘʢ ʫʜʦʙʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʙʣʦʢʦʚ, ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ [3]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʟʦʣʦʪʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʝʥʠʥʦʚ ʠ ʮʠʘʥʘʤʠʜʦʚ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ, ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʘʟʘʛʝʪʝʨʦʮʠʢʣʘʤ: 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘʤ, 1-ʘʤʠʥʦʠʟʦʭʠʥʦʣʠʥʘʤ ʠ 2,6-

ʜʠʘʤʠʥʦʧʠʨʠʤʠʜʠʥʘʤ ï ʮʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ [4]. 
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ʇʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʮʠʘʥʘʪʥʳʭ ʵʬʠʨʦʚ (ʮʠʘʥʘʪʵʬʠʨʥʳʝ ʩʤʦʣʳ) ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʠʦʥʠʟʠʨʫʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ [1]. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʮʠʢʣʦʪʨʠʤʝʨʠʟʘʮʠʷ ʮʠʘʥʘʪʥʳʭ ʵʬʠʨʦʚ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʤʝʶʪ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʩʦʯʝʪʘʶʱʠʝ ʭʦʨʦʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʮʠʘʥʘʪʵʬʠʨʥʳʭ ʩʤʦʣ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [2]. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʙʝʟʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, ʬʝʥʦʣʳ ʠ 

ʚʦʜʘ. ʆʯʝʚʠʜʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʦʥʠʤʘʥʠʷ ʚʣʠʷʥʠʷ ʠʭ ʥʘ ʤʝʭʘʥʠʟʤ 

ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʮʠʘʥʘʪʥʳʭ ʵʬʠʨʦʚ, ʷʚʣʷʝʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤ [3]. 

ʄʝʭʘʥʠʟʤ ʥʝʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʮʠʢʣʦʪʨʠʤʝʨʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4-ʙʠʬʝʥʠʣʮʠʘʥʘʪʘ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ɺʕɾʍ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 

ʮʠʢʣʦʪʨʠʤʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʙʳʣ ʫʩʧʝʰʥʦ ʚʳʜʝʣʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʦʤ ʈʉɸ. ɽʛʦ ʨʦʣʴ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 4-ʪʨʝʪ-

ʙʫʪʠʣʬʝʥʠʣʮʠʘʥʘʪʦʤ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʵʣʝʢʪʨʦʩʧʨʝʡ-ʠʦʥʠʟʘʮʠʝʡ (ʨʠʩ. 1). ʊʘʢʞʝ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ ʦʧʘʣʦʚʳʭ ʧʣʝʥʦʢ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʘʢʮʠʷʤʠ ʛʠʜʨʦʣʠʟʘ ʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

 
 

ʈʠʩ. 1. ʇʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʜʝʣʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

 ʩ 4-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣʮʠʘʥʘʪʦʤ ʠ ʤʘʩʩ-ʩʧʝʢʪʨ ʠʭ ʩʤʝʩʠ. 
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ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
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ʉʦʝʜʠʥʝʥʠʝ SF2312, ʦʙʣʘʜʘʶʱʝʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʸʪ 

ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʝʥʦʣʘʟʳ [1], ʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤ ʧʷʪʠʯʣʝʥʥʳʤ ʛʝʪʝʨʦʮʠʢʣʦʤ. ʉʪʨʫʢʪʫʨʥʦ ʧʦʭʦʞʠʝ 

ʥʘ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʷʪʠʯʣʝʥʥʳʝ ʛʠʜʘʥʪʦʠʥʳ 1, ʩʦʜʝʨʞʘʱʠʝ ʩʚʷʟʴ çʘʟʦʪ-ʬʦʩʬʦʨè, 

ʠʟʫʯʘʶʪʩʷ ʚ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ. ɺ ʨʷʜʝ ʨʘʙʦʪ [2,3] ʫʞʝ ʫʧʦʤʠʥʘʝʪʩʷ ʩʠʥʪʝʟ ʧʦʭʦʞʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʠʭ ʧʝʩʪʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʅʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʛʠʜʘʥʪʦʠʥʦʚ 1a-h ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (10-

49%): ʠʩʭʦʜʥʳʝ ʛʠʜʘʥʪʦʠʥʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaH ʚ ʊɻʌ, ʟʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʳʤ ʩʦʣʷʤ 

ʜʦʙʘʚʣʷʣʠ ʜʠʵʪʠʣʬʦʩʬʦʭʣʦʨʠʜʘʪ 2. ʈʝʘʢʮʠʝʡ ʛʠʜʘʥʪʦʠʥʦʚ 1a-h ʩ TMSBr, ʘ ʟʘʪʝʤ ʩ ʤʝʪʘʥʦʣʦʤ ʚʳʜʝʣʠʪʴ 

ʮʝʣʝʚʳʝ ʘʤʠʜʦʬʦʩʬʦʨʥʳʝ ʢʠʩʣʦʪʳ 3 ʥʝ ʫʜʘʣʦʩʴ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 
31P.  

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 3-ʬʝʥʠʣ-2-ʪʠʦʛʠʜʘʥʪʦʠʥ 4 ʚ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ, 

ʥʝʞʝʣʠ ʧʦ ʘʪʦʤʫ ʩʝʨʳ, ʦʙʨʘʟʫʷ ʛʠʜʘʥʪʦʠʥ 4a (54%), ʯʪʦ ʙʳʣʦ ʢʦʩʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ HMBC 1H-31P 

ʢʦʨʨʝʣʷʮʠʠ; ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʨʝʘʢʮʠʠ ʪʠʦʛʠʜʘʥʪʦʠʥʘ 4 ʩ ʤʝʪʠʣʠʦʜʠʜʦʤ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʘʪʦʤʫ ʩʝʨʳ [4]. 

 

 
ʈʷʜ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩ ʜʠʘʤʝʪʨʦʤ ʥʝʢʨʦʟʘ 1-2 ʤʤ ʧʨʦʪʠʚ ʙʦʜʷʢʘ 

ʧʦʣʝʚʦʛʦ ʠ ʦʜʥʦʜʦʣʴʥʳʭ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʤʠ ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ 

ʨʘʙʦʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʘʤʠʜʦʬʦʩʬʦʨʥʳʭ ʢʠʩʣʦʪ 4 ʜʨʫʛʠʤʠ ʜʦʩʪʫʧʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 
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ʂʦʪʠʢʦʚʘ ʇ.ʌ., ɼʫʙʦʚʮʝʚ ɸ.ʖ. 
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ʂʘʪʘʣʠʟʠʨʫʝʤʳʡ ʟʦʣʦʪʦʤ ʢʠʩʣʦʨʦʜʥʳʡ ʧʝʨʝʥʦʩ ʩ ʫʯʘʩʪʠʝʤ ʘʣʢʠʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʥʘʰʝʣ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ [1, 2]. ʆʜʥʘʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʘʣʢʠʥʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʠʟʚʝʩʪʥʳ. ɺʚʝʜʝʥʠʝ 

ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʩʪʝʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ, ʘ 

ʪʘʢʞʝ ʫʣʫʯʰʘʪʴ ʠʭ ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʣʠʧʦʬʠʣʴʥʦʩʪʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [3]. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ CF3-ʛʨʫʧʧʫ ʫʥʠʢʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

ʅʘʤʠ ʠʟʫʯʝʥ ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʟʦʣʦʪʦʤ ʜʚʦʡʥʦʡ ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʚʧʝʨʚʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ CF3-ʘʣʢʠʥʳ. ʕʪʘ ʨʝʘʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʝ 1,2-ʜʠʢʝʪʦʥʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʜʝʤʦʥʩʪʨʠʨʫ ̫ ʢʘʢ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʅʘ ʦʩʥʦʚʝ ʟʦʣʦʪʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ one-pot ʩʠʥʪʝʟ rʮʝʥʥʳʭ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʠʥʜʦʣʦʚ ʠ ʙʝʥʟʦʬʫʨʘʥʦʚ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʠʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ [4, 5]. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʥʳʭ ʬʦʪʦʫʧʨʘʚʣʷʝʤʳʭ ʵʢʩʧʨʝʩʩ ʠʥʜʠʢʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʢʦʚʘʣʝʥʪʥʦ ʟʘʢʨʝʧʠʪʴ ʥʘ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ, ʧʦʣʫʯʝʥʥrʝ ʨʘʥʝʝ, ʩʧʠʨʦʧʠʨʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ 8 

ʧʦʣʦʞʝʥʠʠ ʪʘʢʠʝ ʠʦʥʦʭʨʦʤʥʳʝ ʘʟʦʣʴʥrʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʢʘʢ ʙʝʥʟʦʢʩʘʟʦʣʴʥʳʡ, ʜʠʬʝʥʠʣʠʤʠʜʘʟʦʣʴʥʳʡ, 

ʙʝʥʟʪʠʘʟʦʣʴʥʳʡ ʠ ʜʨ., ʦʙʣʘʜʘʶʱʠʝ ʬʦʪʦʭʨʦʤʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩ 

ʢʘʪʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [1-2].   

ʇʦʣʫʯʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʧʠʨʦʧʠʨʘʥʘ 1a-c ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ 

ʵʪʝʨʠʬʠʢʘʮʠʠ 3-(5-(ʙʝʥʟʦ[d]ʪʠʘʟʦʣ-2-ʠʣ)-3',3'-ʜʠʤʝʪʠʣ-ʩʧʠʨʦ[ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-3,2'-ʠʥʜʦʣʠʥ]-1'-ʠʣ)ʧʨʦʧʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʩ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʤʠ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʮʝʣʣʶʣʦʟʘ, ʧʦʣʠʚʠʥʠʣʦʚʳʡ 

ʩʧʠʨʪ, ʧʦʣʠ(ʚʠʥʠʣʙʫʪʠʨʘʣʴ/1-ʛʠʜʨʦʢʩʠʵʪʠʣʝʥ/ ʚʠʥʠʣʘʮʝʪʘʪ). ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɹʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʨʅ 5-7, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʮʠʥʢʘ ʩ 

ʧʦʣʠʤʝʨʦʤ 1ʩ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʦʩʦʡ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 604 ʥʤ.  

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. 1. Metelitsa A.V., Chernyshev A.V., Demidov O.P., Makarova N.I., Rostovtseva I.A., Voloshin N.A., Solovôeva 

E.V., Tupaeva I.O., Mukhanov E.L., Gaeva E.B., Dyes and Pigm., 2022, V. 207., 110703. 

2. A. Metelitsa, A. Chernyshev, N. Voloshin, O. Demidov, E. Solovôeva, I. Rostovtseva,E. Gaeva, New J. Chem., 

2021., V. 45., P. 13529-13538. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ (ʛʨʘʥʪ ˉ FENW_2023-0020), ʘ ʪʘʢʞʝ ʎʂʇ ʖʌʋ çʄʦʣʝʢʫʣʷʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷè.  
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ʉʀʅʊɽɿ ɹʀʉ-ʆʉʅʆɺɸʅʀʁ ʄɸʅʅʀʍɸ ʀɿ ʇʈʆʀɿɺʆɼʅʓʍ ɸʎɽʊʆʌɽʅʆʅɸ, 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄɸ ʀ ʇʈʀʄɽʅɽʅʀɽ ɺ ʂɸʏɽʉʊɺɽ ʌɸʈʄɸʂʆʌʆʈʆɺ 

 

ʂʫʜʨʷʰʦʚʘ ɽ.ʉ., ʗʨʫʰʠʥʘ ʄ.ɸ., ʆʪʚʘʛʠʥ ɺ.ʌ., ʌʝʜʦʨʦʚ ɸ.ʖ. 
 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

E-mail: ESKudriashova@yandex.ru 

 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʠʩ-ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ ʠʟ ʘʮʝʪʦʬʝʥʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʘʤʠʥʦʤʝʪʠʣʠʨʫʶʱʝʛʦ 

ʘʛʝʥʪʘ - ʪʝʪʨʘʤʝʪʠʣʤʝʪʠʣʝʥʜʠʘʤʠʥʘ (ʊʄʄɼɸ) ʠ ʭʣʦʨʠʜʘ ʮʠʥʢʘ ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ. ʋʩʣʦʚʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʮʝʪʦʬʝʥʦʥʘ ʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʙʠʩ-ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ (ʨʠʩ.1.):  

 

 
Pʠʩ.1. 

 

ʄʝʪʦʜʠʢʘ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ï ʧʨʦʠʟʚʦʜʥʳʭ ʘʮʝʪʦʬʝʥʦʥʘ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʱʠʪʥʳʤ ʛʨʫʧʧʘʤ.  

ʈʝʘʢʮʠʷ ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ 10 ʛʨʘʤʤʘʭ ʘʮʝʪʦʬʝʥʦʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʠʩ-ʦʩʥʦʚʘʥʠʝ ʄʘʥʥʠʭʘ ʩ ʚʳʭʦʜʦʤ 98%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʭʦʨʦʰʝʡ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʩʭʦʜʷ ʠʟ DFT-ʨʘʩʯʝʪʦʚ. ʉʦʛʣʘʩʥʦ ʤʝʭʘʥʠʟʤʫ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʜʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʘ ʝʥʦʣʠʟʘʮʠʠïʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʘʷ ʨʦʣʴ ʊʄʄɼɸ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʜʚʦʡʥʦʡ ʬʫʥʢʮʠʠ: ʠʟʥʘʯʘʣʴʥʦ ʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʦʩʥʦʚʘʥʠʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʝʥʦʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʟʘʪʝʤ ʨʘʩʧʘʜʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʘʢʪʠʚʥʳʝ 

ʠʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʬʠʣʳ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʝʥʦʣʷʪʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʩʥʘʯʘʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦ-ʦʩʥʦʚʘʥʠʷ ʄʘʥʥʠʭʘ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʙʠʩ-ʘʤʠʥʦʤʝʪʠʣʠʨʦʚʘʥʥʦʤʫ ʧʨʦʜʫʢʪʫ.  

ʇʦʩʢʦʣʴʢʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʠʦʤʝʜʠʮʠʥʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʙʠʩ-ʦʩʥʦʚʘʥʠʡ ʄʘʥʥʠʭʘ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ A431 (ʯʝʣʦʚʝʯʝʩʢʘʷ ʵʧʠʜʝʨʤʦʠʜʥʘʷ ʢʘʨʮʠʥʦʤʘ, EGFR-ʧʦʣʦʞʠʪʝʣʴʥʘʷ) ʠ 

ʢʣʝʪʦʯʥʫʶ ʣʠʥʠʶ CHO (ʷʠʯʥʠʢ ʢʠʪʘʡʩʢʦʛʦ ʭʦʤʷʯʢʘ, EGFR-ʦʪʨʠʮʘʪʝʣʴʥʘʷ) ʚ ʢʘʯʝʩʪʚʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ 

ʦʧʫʭʦʣʝʦʙʨʘʟʫʶʱʠʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʤʦʜʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 24-73-00093). 
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ʉʀʅʊɽɿ, ʌʆʊʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀ ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺɸʗ ɸʂʊʀɺʅʆʉʊʔ 

ʌʆʊʆʈɸʉʑɽʇʃʗɽʄʓʍ ʂʆʅʒʖɻɸʊʆɺ ʌʆʊʆʉɽʅʉʀɹʀʃʀɿɸʊʆʈɸ BODIPY ʀ 

ʎʀʊʆʉʊɸʊʀʂʆɺ 

 

ʂʫʟʴʤʠʥʘ ʅ.ʉ., ɻʨʠʙʦʚʘ ɻ.ʇ., ʇʥʘʯʠʥʘ ɽ.ʄ., ʂʨʳʣʦʚʘ ʃ.ɺ., ʆʪʚʘʛʠʥ ɺ.ʌ.,  

ɹʘʣʘʣʘʝʚʘ ʀ.ɺ., ʌʝʜʦʨʦʚ ɸ.ʖ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ. 

e-mail: kuzmina.ns2014@gmail.com 

 

ʉʠʩʪʝʤʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʚ - ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪʳ 1 ʥʘ 

ʦʩʥʦʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ BODIPY (4,4-ʜʠʬʪʦʨ-4-ʙʦʨʘ-3a,4a-ʜʠʘʟʘ-s-ʠʥʜʘʮʝʥʘ) ʠ ʮʠʪʦʩʪʘʪʠʢʦʚ: ʘʣʢʠʣʘʪʦʨʘ 

ɼʅʂ ʧʨʦʠʟʚʦʜʥʦʛʦ ʜʫʦʢʘʨʤʠʮʠʥʘ (seco-CBI 2) ʠ ʠʥʛʠʙʠʪʦʨʘ ʪʠʨʦʟʠʥʢʠʥʘʟ ʢʘʙʦʟʘʥʪʠʥʠʙʘ 3 (ʩʭʝʤʘ 1). ʉ 

ʧʦʤʦʱʴʶ ɺʕɾʍ ʧʦʢʘʟʘʥʦ ʚr ʩʚʦʙʦʞʜʝʥʠʝ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʮʠʪʦʩʪʘʪʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʟʝʣʝʥʦʡ (510 

ʥʤ) ʠʣʠ ʢʨʘʩʥʦʡ (630 ʥʤ) ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʟʘ ʩʯʝʪ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʚ ʤʝʟʦ-ʤʝʪʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʢʦʥʲʶʛʘʪʘ 1 [1]. ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʛʝʥʝʨʘʮʠʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʬʦʪʦʚʳʩʚʦʙʦʞʜʝʥʠʷ ʮʠʪʦʩʪʘʪʠʢʘ) ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ in vitro ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʉʦʯʝʪʘʥʠʝ ʚ ʩʦʩʪʘʚʝ ʬʦʪʦʨʘʩʱʝʧʣʷʝʤʦʛʦ ʢʦʥʲʶʛʘʪʘ 1 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʠ ʮʠʪʦʩʪʘʪʠʢʘ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʫʶ 

ʪʝʨʘʧʠʠ ʠ ʭʠʤʠʦʪʝʨʘʧʠʠ. 

 
ʉʭʝʤʘ 1 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. N.S. Kuzmina, E.A. Fedotova, P. Jankovic, G.P. Gribova, A.V. Nyuchev, A.Yu. Fedorov, V.F. Otvagin. 

Pharmaceutics, 2024, 16 (4), 479.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 24-13-00179).  
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ʊɸʅɼɽʄʅɸʗ ʀ ɺʅʋʊʈʀʄʆʃɽʂʋʃʗʈʅɸʗ ʈɽɸʂʎʀʗ ɼʀʃʔʉɸ-ɸʃʔɼɽʈɸ  

ɺ ʋʉʃʆɺʀʗʍ ʉɺɽʈʍɺʓʉʆʂʀʍ ɼɸɺʃɽʅʀʁ 

 

ʂʫʪʘʩʝʚʠʯ ɸ.ɻ., ɿʫʙʢʦʚ ʌ.ʀ. 

 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤʝʥʠ ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʘʥʜʝʤʥʳʤ ʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʨʝʘʢʮʠʷʤ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ (IMDAF) ʚ ʨʷʜʫ ʬʫʨʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʩʪʝʨʝʦʭʠʤʠʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʘʢʪʠʚʘʮʠʠ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʧʦʣʫʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ [1], ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 7-

ʦʢʩʠʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ï ʨʷʜ 1,4:5,8-ʜʠʵʧʦʢʩʠʥʘʬʪʘʣʠʥʦʚ ʠ ʵʧʦʢʩʠʧʠʨʘʟʦʣʦ[5,1-

a]ʠʟʦʠʥʜʦʣʦʚ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʞʝʩʪʢʦʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʥʘʣʠʯʠʶ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʚʝʨʭʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ çʟʝʣʝʥʦʡè ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘʛʨʝʩʩʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʩʦʢʨʘʱʘʝʪ ʯʠʩʣʦ ʩʪʘʜʠʡ ʩʠʥʪʝʟʘ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ. 
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ʃʦʮʤʘʥ ʂ.ɸ., ʈʦʞʢʦʚ ɸ.ɺ. 
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ʆʨʛʘʥʦʩʝʣʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

[1-3]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʬʪʦʨʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʣʝʢʫʣʳ, ʥʘʜʝʣʷʷ ʝ yʥʝʦʙʳʯʘʡʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʠʭ ʧʨʠʤʝʥʝʥʠ ʁʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ 

ʤʝʜʠʮʠʥʝ [4]. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʣʝʢʫʣʳ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʩʝʣʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ 

ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʤ ʬʨʘʛʤʝʥʪʦʤ, ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʜʦʥʦʨʘʤʠ ʭʘʣʴʢʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʝ [5]. ʅʝʩʤʦʪʨʷ ʥʘ ʚʘʞʥʦʩʪʴ ʪʘʢʠʭ ʩʝʣʝʥʠʜʦʚ, ʤʝʪʦʜʳ ʠʭ ʩʠʥʪʝʟʘ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳ, ʩʣʦʞʥʳ ʠ ʥʝ ʫʥʠʚʝʨʩʘʣʴʥʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʝʣʝʥʠʜʦʚ ʠ ʜʠʩʝʣʝʥʠʜʦʚ ʥʘʧʨʷʤʫʶ ʠʟ ʜʦʩʪʫʧʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʣʝʥʠʜʘ ʥʘʪʨʠʷ (ʩʭʝʤʘ 1). 

 
ʉʭʝʤʘ 1. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʝʘʢʪʦʨʥʳʤ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʛʨʫʧʧʘʤ ʠ ʧʨʠʚʦʜʠʪ ʢ 3-ʤ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʧʨʦʜʫʢʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ. ʊʘʢ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʧʨʠ 130 Áʉ ʚ ʪʝʯʝʥʠʠ 3 ʯ ʠ ʩʦʦʪʥʦʰʝʥʠʠ ʩʫʙʩʪʨʘʪʘ ʢ Na2Se 1,7:1 ʦʙʨʘʟʫʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʝ ʩʝʣʝʥʠʜʳ. 

ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ 1:1,1 ʟʘ 10 ʤʠʥʫʪ ʧʨʠ 50 Áʉ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ArFSeNa, ʢʦʪʦʨʳʡ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʩʝʣʝʥʠʜ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ 

ʠʥʪʝʨʤʝʜʠʘʪʫ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʬʠʣʦʚ (ʥʘʧʨʠʤʝʨ, ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʟʘʤʝʱʝʥʥʳʭ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʦʚ) ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʝʣʝʥʠʜʳ. 
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ʇʨʷʤʦʝ, ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ï ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ [1]. ʈʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢʫʶ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʩʪʘʪʴ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʩʚʷʟʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʚʷʟʴ ʉ-ʆ - ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʘʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʠ ʉ-ʆ ʩʦʧʨʷʞʝʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʩʧʝʢʪʨʘ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ (ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʦʢʠʩʣʝʥʠʝ ʠ 

ʬʨʘʛʤʝʥʪʘʮʠʷ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʉ-ʆ ʩʦʯʝʪʘʥʠʝ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

[2]. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʉ(sp3)-H ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʉ-ʆ 

ʩʦʯʝʪʘʥʠʷ [3]. ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʷʤʦʝ ʦʢʠʩʣʝʥʠʝ ʉ-ʅ ʩʚʷʟʠ ʚʚʠʜʫ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʜʠʡ (ʩʭʝʤʘ 1). 

 

 
 

ʉʭʝʤʘ 1. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʉ(sp3)-H ʩʚʷʟʠ. 

 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʉ-ʆ ʩʦʯʝʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʍʘʨʘʰʘ-ʉʦʩʥʦʚʩʢʦʛʦ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʚʘʨʠʘʥʪʝ 

ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ (Cu, Mn, Fe, Co). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ C(sp3) ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ (ʩʭʝʤʘ 

2). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʢʠʩʣʠʪʝʣʝʤ, ʆ-ʨʝʘʛʝʥʪʦʤ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ [4]. 

 

 
 

ʉʭʝʤʘ 2. ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ ʉ(sp3)-H ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

[1] Ananikov V.P. et.al. Mendeleev Communication, 2017, 27 (5), 425-438. 

[2] Yoo W.J., Li C.J Springer-Verlag Berling Heidelberg, 2009, 292, 281-302. 

[3] Rogge T. et.al. Nature Reviews Methods Primers, 2021, 1(43), 1-31. 

[4] Bityukov O.V, Vilô V.A., Sazonov G.K., Kirillov A.S., Lukashin N.V., Nikishin G.I., Terentôev A.O. Tetrahedron 

Letters, 2019, 60 (13), 920-924. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 18-73-00315.  
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Ŭ-ɸʃʂʀʃ-Ŭ-ʅʀʊʈʆʂɽʊʆʅʓ ɺ ʂɸʏɽʉʊɺɽ 1,2  

ʀ 1,1-ɹʀʉʕʃɽʂʊʈʆʌʀʃʔʅʓʍ ʈɽɸɻɽʅʊʆɺ. 

 

ɸʢʩʝʥʦʚ ɸ.ɺ., ɻʨʠʰʠʥ ʀ.ʖ., ʄʘʣʁʛʘ ɺ.ɺ., ɸʢʩʝʥʦʚ ɼ.ɸ., ɼʞʠʦʝʚʘ ʈ.ɻ., ɸʢʩʝʥʦʚ ʅ.ɸ.  

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ 

vladimircrusader@gmail.com 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ Ŭ-ʘʣʢʠʣ-Ŭ-ʥʠʪʨʦʘʮʝʪʦʬʝʥʦʥʦʚ ʩ 1,2-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘʤʠ ʠ ʦʨʪʦ-ʘʤʠʥʦʬʝʥʦʣʘʤʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʇʦʢʘʟʘʥʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʙʝʥʟʦʢʩʘʟʦʣʘʤ, ʙʝʥʟʠʤʠʜʘʟʦʣʘʤ ʠ ʭʠʥʦʢʩʘʣʠʥʘʤ ʯʝʨʝʟ ʘʟʦ-ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ ʅʝʬʘ. 

 

 
 

ʉʭʝʤʘ 1. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʥʦʢʩʘʣʠʥʦʚ. 

 

 

 
ʉʭʝʤʘ 2. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-73-00070 
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ʇʈʆʀɿɺʆɼʅʓɽ 2-(ʀʄʀɼɸɿʆʃʀɼʀʅ-2,4-ɼʀʆʅ-5-ʀʃʀɼɽʅ)ʋʂʉʋʉʅʓʍ ʂʀʉʃʆʊ ʂɸʂ 

ʇʈɽʂʋʈʉʆʈʓ ɿɸʄɽʑɽʅʅʓʍ ʆʈʆʊʆɺʓʍ ʂʀʉʃʆʊ 

 

ʄʘʨʢʦʚ ʆ.ʅ., ʌʠʥʴʢʦ ɸ.ɺ., ɹʝʣʦʛʣʘʟʢʠʥʘ ɽ.ʂ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: oleg.markov@chemistry.msu.ru 

 

ʆʨʦʪʦʚʳʝ (ʫʨʘʮʠʣ-6-ʢʘʨʙʦʥʦʚʳʝ) ʢʠʩʣʦʪʳ 5 ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʦʨʪʦʚʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʚ ʙʠʦʩʠʥʪʝʟʝ ʫʨʘʮʠʣʘ, 

ʘʟʦʪʠʩʪʦʛʦ ʦʩʥʦʚʘʥʠʷ ʈʅʂ [1]. 

ʕʬʠʨʳ 2-(ʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ-5-ʠʣʠʜʝʥ)ʫʢʩʫʩʥʳʭ ʢʠʩʣʦʪ 3 ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʝʨʝʮʠʢʣʠʟʘʮʠʶ ʚ ʦʩʥʦʚʥʳʭ 

ʫʩʣʦʚʠʷ, ʦʙʨʘʟʫʷ ʦʨʦʪʦʚʳʝ ʢʠʩʣʦʪʳ 5. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ 3 ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʟʘʤʝʱʸʥʥʳʭ ʦʨʦʪʦʚʳʭ ʢʠʩʣʦʪ 5. 

 
ʕʬʠʨʳ 3 ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʦ 2-(ʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ-5-ʠʣʠʜʝʥ)ʫʢʩʫʩʥʳʭ 

ʢʠʩʣʦʪ 4, ʚ ʞʝʩʪʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʝʪ ʛʠʜʨʦʣʠʟ ʘʤʠʜʥʦʡ ʩʚʷʟʠ ʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥʦʚʦʛʦ 

(ʛʠʜʘʥʪʦʠʥʦʚʦʛʦ) ʮʠʢʣʘ ʠ ʟʘʤʳʢʘʥʠʝ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʦʪʦʚʳʭ ʢʠʩʣʦʪ 5. 

2-(ʀʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ-5-ʠʣʠʜʝʥ)ʫʢʩʫʩʥʳʝ ʢʠʩʣʦʪʳ 4 ʠ ʠʭ ʵʬʠʨʳ 3 ʧʨʦʷʚʣʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʩʭʦʜʥʫʶ ʩ ʪʘʢʦʚʦʡ ʫ ʦʨʦʪʦʚʳʭ ʢʠʩʣʦʪ 5. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 3 ʠ 4 

ʷʚʣʷʶʪʩʷ ʧʨʝʢʫʨʩʦʨʘʤʠ ʦʨʦʪʦʚʳʭ ʢʠʩʣʦʪ 5 ʠ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. J. D. Boeke, J. Trueheart, G. Natsoulis, G. R. Methods Enzymol., 1987, 154, 164. 

2. H. K. Mitchell, J. F. C. Nyc J. Am. Chem. Soc., 1947, 69, 674. 
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ʉʊʈʋʂʊʋʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʈɽɸʂʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ  

2-ɿɸʄɽʑɽʅʅʓʍ ʊʀɸɿʆʃʆ[3,2-ʘ]ʇʀʈʀʄʀɼʀʅʆɺ: ʅɸʇʈɸɺʃɽʅʅʓʁ ʉʀʅʊɽɿ 

ɼʀʉʇʀʈʆʎʀʂʃʀʏɽʉʂʀʍ ʇʈʆʀɿɺʆɼʅʓʍ ʀ ʄɽʊɸʅʆʃʀɿ-ʀʅɼʋʎʀʈʆɺɸʅʅɸʗ 

ʇɽʈɽɻʈʋʇʇʀʈʆɺʂɸ 

 

ʅʝʬʝʜʦʚʘ ɸ.ɸ.ʘ, ɸʛʘʨʢʦʚ ɸ.ʉ.ʘ, ʄʠʥʛʘʞʝʪʜʠʥʦʚʘ ɼ.ʆ.ʘ, ʌʨʘʥʮʫʟʦʚʘ ʃ.ɺ.ʘ,  

ʃʠʪʚʠʥʦʚ ʀ.ɸ.ʘ, ʉʦʣʦʚʴʝʚʘ ʉ.ɽ.ʘ,ʙ, ɸʥʪʠʧʠʥ ʀ.ʉ.ʘ,ʙ. 

 
aʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ, 

 ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
ʙʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʂʘʟʘʥʩʢʠʡ 

(ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ", 420008, ʈʦʩʩʠʷ,  

ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ, ʫʣ. ʂʨʝʤʣʝʚʩʢʘʷ, ʜ.18. 

e-mail: nef.6@yandex.ru 

 

2-ɿʘʤʝʱʸʥʥʳʝ ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʥʦʚʳ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʤʥʦʛʦʦʙʨʘʟʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʋʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʜʠʩʧʠʨʦʩʦʯʣʝʥʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʨʘʥʝʝ ʥʝ ʠʟʫʯʝʥʥʳʭ ʥʘ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʝ, 

ʷʚʣʷʝʪʩʷ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ in situ ʠʟ 1,2-ʜʠʢʝʪʦʥʦʚ ʠ N-ʟʘʤʝʱʝʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ [1]. 

ʋʯʠʪʳʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʢ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʠʜʨʘʟʦʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʫ 

ʪʠʘʟʦʣʦʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʦʩʪʦʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʩʢʝʣʝʪʥʳʤ ʧʝʨʝʩʪʨʦʡʢʘʤ, 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʘʢʮʠʶ ʘʨʠʣʛʠʜʨʘʟʦʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʘ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʥʦʣʘ ʠ ʧʠʨʠʜʠʥʘ [2,3]. 
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ɾʝʣʯʥʳʝ ʢʠʩʣʦʪʳ (ɾʂ) ð ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʣʝʢʘʨʩʪʚ 

[1]. ʄʦʜʠʬʠʢʘʮʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʩʪʝʨʦʠʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʧʦʚʳʰʘʝʪ ʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʚ ʧʝʯʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʦʣʝʢʘʨʩʪʚʘ ʩ ʘʜʨʝʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [2]. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣ ɾʂ ʥʝʩʢʦʣʴʢʠʭ ʛʠʜʨʦʢʩʠʛʨʫʧʧ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʘʥʪʝʥʥʘʨʥʳʭ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʘ ʨʘʟʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʛʨʫʧʧ [3] 

ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ ʣʠʥʢʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

ɺ ʭʦʜʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʝʥʟʠʣʦʚʳʭ ʵʬʠʨʦʚ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ ʥʘʤʠ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʝ ʘʛʝʥʪʳ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʛʠʜʨʦʢʩʠʛʨʫʧʧ ɾʂ ï ʘʮʝʪʠʣʝʥʢʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ ʪʠʧʘ ʘʣʢʠʥ-ʇʕɻn-COOH (n=1ï3). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤʠ ʞʠʨʥʳʤʠ ʢʠʩʣʦʪʘʤʠ [3], ʦʥʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙ·ʣʴʰʫʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʆʅ-ʛʨʫʧʧʘʤʠ ʚ ʨʘʟʥʳʭ 

ʧʦʟʠʮʠʷʭ ʩʪʝʨʦʠʜʥʦʛʦ ʩʢʝʣʝʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʧʨʦʚʦʜʠʪʴ ʩʪʫʧʝʥʯʘʪʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʙʝʥʟʠʣʦʚʳʭ ʵʬʠʨʦʚ ɾʂ 

ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʉ(3)Ÿʉ(7)Ÿʉ(12) ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ.  

ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʞʝʣʯʥʳʭ ʢʠʩʣʦʪ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʘʥʪʝʥʥʘʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʤʫʣʴʪʠʚʘʣʝʥʪʥʳʭ ʪʢʘʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʠʥʪʝʟʘ ʚ ʩʦʩʪʘʚ ɾʂ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʚʚʦʜʠʣʠ ʬʨʘʛʤʝʥʪʳ ʢʠʩʣʦʪ ʘʣʢʠʥ-ʇʕɻn-COOH, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ 

ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʵʪʝʨʠʬʠʢʘʮʠʶ ʦʩʪʘʚʰʠʭʩʷ ʧʦʣʦʞʝʥʠʡ ʩʪʝʨʦʠʜʥʦʛʦ ʩʢʝʣʝʪʘ ʤʘʣʦʡ ʤʦʣʝʢʫʣʦʡ ʛʝʢʩ-5-ʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩʦ ʚʩʝʤʠ ʛʠʜʨʦʢʩʠʛʨʫʧʧʘʤʠ ɾʂ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʟʘʪʨʫʜʥʝʥʠʡ. ɺ ʭʦʜʝ 

ʦʧʠʩʘʥʥʦʛʦ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘ ʚʳʭʦʜ 

ʢʦʥʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠʥʳ ʧʦʚʳʰʝʥʥʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩ 

ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʪ ʘʣʢʠʥ-ʇʕɻn-COOH. 
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ʆʜʥʦʡ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʜʠʟʘʡʥʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʚ 

ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʥʝʩʢʦʣʴʢʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ñʦʪʚʝʪʩʪʚʝʥʥʳʭò ʟʘ ʧʨʦʷʚʣʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʯʝʪʘʥʠʷ ʪʘʢʠʭ ʯʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ 

ʠʭ ʚ ʩʦʩʪʘʚ ʩʧʠʨʦʩʦʯʣʝʥʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʳ ʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʣʫʯʰʠʤ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʫʩʠʣʝʥʠʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [1-2]. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʡ ʟʘʥʠʤʘʶʪ 

ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʩʪʘʜʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʚʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ [3].  

ʇʨʝʜʩʪʘʚʣʷʝʤʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʷʭ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʨʷʜʘ ʛʠʜʘʥʪʦʠʥʦʚ (ʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-

ʜʠʦʥʦʚ), ʩʦʜʝʨʞʘʱʠʭ ʜʦʩʪʫʧʥʫʶ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʠʤʠʥʦʚ ʠ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʵʢʟʦʮʠʢʠʯʝʩʢʫʶ ʩʚʷʟʴ 

C5=N [4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʠʥʦʚʦʛʦ ʠʣʠ 1,2,4-

ʪʨʠʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʦʚ, ʩʧʠʨʦʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ ʠʩʭʦʜʥʳʤ ʛʠʜʘʥʪʦʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. 

 

 
 

ʃʝʛʢʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ 5-ʠʤʠʥʦʛʠʜʘʥʪʦʠʥʦʚ ʠ ʚ 

ʩʦʩʪʘʚʝ ʜʠʧʦʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʨʝʛʠʦ- ʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦ ʠ ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʮʝʣʝʚʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʩ ʭʦʨʦʰʠʤ ʠʣʠ ʦʪʣʠʯʥʳʤ 

ʚʳʭʦʜʦʤ. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HCT116. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. S. Cho, S.-H. Kim, D. Shin Eur. J. Med. Chem. 2019, 164, 517. 
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3. A. Vega-Pe¶aloza, S. Paria, L. Dell'Amico, X. Company· (2022) Recent Advances in the Asymmetric Synthesis of 

Spiro Compounds Through Cycloadditions. In Spiro Compounds, R.R. Torres (Ed.). 

4. J. Kuznetsova, V. Tkachenko, L. Petrovskaya, M. Filkina, D. Shybanov, Y. Grishin, V. Roznyatovsky, V. Tafeenko, 

A. Pestretsova, V. Yakovleva, V. Pokrovsky, M. Kukushkin, E. Beloglazkina Int. J. Mol. Sci. 2023, 25, 18. 
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ʄʝʪʦʜʦʣʦʛʠʷ PROTAC (ʦʪ ʘʥʛʣ. PROteolysis TArgeting Chimera) ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʝʪ ʚʩʸ ʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʯʝʥʠʷ ʮʝʣʝʚʳʭ ʙʝʣʢʦʚ ʠ 

ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʦʪʝʘʩʦʤʝ. ʄʦʣʝʢʫʣʘ ʪʠʧʘ PROTAC ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʢʝʨʦʤ: ʦʜʥʘ ʠʟ ʯʘʩʪʝʡ ʩʧʦʩʦʙʥʘ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʙʝʣʢʦʤ-ʤʠʰʝʥʴʶ, ʘ ʜʨʫʛʘʷ ð ʩ ɽ3 ʫʙʠʢʚʠʪʠʥ-

ʣʠʛʘʟʦʡ ʵʪʦʛʦ ʙʝʣʢʘ. ɺ ʧʦʜʭʦʜʝ ʛʦʤʦ-PROTAC ʜʚʝ ʤʦʣʝʢʫʣʳ, ʩʧʦʩʦʙʥʳʝ ʩʚʷʟʳʚʘʪʴ ʮʝʣʝʚʦʡ ʙʝʣʦʢ, 

ʩʦʝʜʠʥʷʶʪʩʷ ʣʠʥʢʝʨʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʦʥʠ ʞʝ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ɽ3 ʫʙʠʢʚʠʪʠʥ-ʣʠʛʘʟʳ, ʟʘʧʫʩʢʘʷ 

ʧʨʦʮʝʩʩ ʩʘʤʦʫʥʠʯʪʦʞʝʥʠʷ [1]. 

ɺ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʫʶʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-MDM2 ʨʷʜʠ ʜʠʩʧʠʨʦ-ʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʥʦʚ [2]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʝʣʦʢ 

MDM2 ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ɽ3 ʫʙʠʢʚʠʠʪʠʥ ʣʠʛʘʟʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʪʘʨʛʝʪʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʩʪʨʘʪʝʛʠʶ ʛʦʤʦ-PROTAC, ʩʦʝʜʠʥʠʚ ʜʚʘ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʩ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʣʠʥʢʝʨʘʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ 3-ʤ 

ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʝʪʠʣʝʥʦʚʳʝ ʮʝʧʦʯʢʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ 

(4-10 ʘʪʦʤʦʚ ʉ), ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - Ŭ,ɤ-ʜʠʘʤʠʥʦʘʣʢʘʥʳ: 

 

 
ʇʦʣʫʯʝʥʥʳʝ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʠ ʠʭ ʤʦʥʦ-ʜʠʧʠʨʦ-ʘʥʘʣʦʛʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ HEK293T, MCF7, VA13 ʠ A549 [3]. ʊʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʝ 4c ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤ ʤʦʥʦ-ʘʥʘʣʦʛʦʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʨʝʜʝʣʷʶʱʝʤ ʚʣʠʷʥʠʠ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʩ-

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ. 
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ʉʦ-ʂɸʊɸʃʀɿʀʈʋɽʄʆɽ ɺɺɽɼɽʅʀɽ ʊʈɽʊ-ɹʋʊʀʃʇɽʈʆʂʉʀ ʌʈɸɻʄɽʅʊɸ ɺ ʎʀʂʃʀʏɽʉʂʀɽ 1,3-

ɼʀʂɸʈɹʆʅʀʃʔʅʓɽ ʉʆɽɼʀʅɽʅʀʗ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʦʚ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [1], ʘ ʪʘʢʞʝ ʚ ʘʛʨʦʭʠʤʠʠ ʠ ʢʘʢ ʜʝʡʩʪʚʫʶʱʠʝ 

ʚʝʱʝʩʪʚʘ ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʭ, ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʭ ʠ ʙʘʢʪʝʨʠʮʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʭʠʤʠʠ. 

ʅʘʩʪʦ̫ʱʘʷ ʨʘʙʦʪʘ [3] ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʚʚʝʜʝʥʠʷ ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʮʠʢʣʠʯʝʩʢʠʭ ʉʅ-ʢʠʩʣʦʪ (ʩʭʝʤʘ 1) ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʣʝʢʪʠʚʘ ʣʘʙʦʨʘʪʦʨʠʠ ˉ13 ʧʦ 

ʪʝʤʝ: ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ ɓ-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʣʠ Co(II), 

Fe(III), Mn(III), Cu(II) ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʘʣʢʠʣ/ʘʨʠʣ ʟʘʤʝʱʸʥʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʉʅ-ʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ 4-ʛʠʜʨʦʢʠʩʠ-2(5ʅ)-ʬʫʨʘʥʦʥʳ ʠ ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ (ʉʭʝʤʘ 1). 

 

 
 

ʉʭʝʤʘ 1. ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ 1,3-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  

ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʩʦʣʷʤʠ Co(II ), Fe(III ), Mn(III ), Cu(II ). 

 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʛʨʫʧʧʳ: ʧʝʨʦʢʩʠ 

ʬʨʘʛʤʝʥʪ ʠ ʤʦʪʠʚ ʪʝʪʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʷʚʣʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ 

ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ [4]. 
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ʉʀʅʊɽɿ ʅʆɺʓʍ ʂʃɸʉʉʆɺ ʆʈɻɸʅʀʏɽʉʂʀʍ ʇɽʈʆʂʉʀɼʆɺ  
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e-mail: kseniyaskokova@yandex.ru 

 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʫʶ, ʘʥʪʠʛʝʣʴʤʠʥʪʥʫʶ, ʬʫʥʛʠʮʠʜʥʫʶ, ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ. ʐʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ ʩʦʟʜʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʥʘʰʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,3-ʜʠʢʝʪʦʥʦʚ ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʡ ʩʙʦʨʢʝ 1,2,4,5-ʪʝʪʨʘʦʢʩʘʥʦʚ. ɺ 

ʩʣʫʯʘʝ 1,5-ʜʠʢʝʪʦʥʦʚ ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʶʪʩʷ 1,2,4-ʪʨʠʦʢʩʦʣʘʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʧʨʦʛʨʝʩʩ, 

ʧʨʦʮʝʩʩʳ ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʷ 1,4-ʜʠʢʝʪʦʥʦʚ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʴʶ, ʥʘʩʯʠʪʳʚʘʶʱʝʡ ʚʩʝʛʦ 

ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʧʦʤʠʤʦ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʦʚ, ʪʘʢʞʝ 

ʩʢʣʦʥʥʳ ʢ ʮʠʢʣʠʟʘʮʠʠ ʚ ʬʫʨʘʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ (ʨʝʘʢʮʠʷ ʇʘʘʣʷ-ʂʥʦʨʨʘ). ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʧʨʦʙʝʣʘ ʠ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ ʠʟ 1,4-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʝʣʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʨʘʥʝʝ ʥʝʜʦʩʪʫʧʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟ 1,4-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʥʘʤ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʦʚʣʝʯʴ ʚ ʨʝʘʢʮʠʶ ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʷ ʚʪʦʨʦʡ ʥʫʢʣʝʦʬʠʣ ï ʩʧʠʨʪ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʟʘʤʝʱʸʥʥʳʝ 1,2-ʜʠʦʢʩʘʥʳ. 

 

 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 24-13-00310).  
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ʇɽʈɽɻʈʋʇʇʀʈʆɺʂɸ ɸɿʆʃʆ[1,3,4]ʊʀɸɼʀɸɿʀʅʆɺ ʉ ʆʊʑɽʇʃɽʅʀɽʄ ʉɽʈʓ 

 

ʉʢʦʨʦʚʘ ɸ.ɺ.ʘ, ʍʦʜʳʢʠʥʘ ɽ.ʉ.ʘ, ʇʦʙʝʜʠʥʩʢʘʷ ɼ.ʖ.b, ɹʦʨʦʜʢʠʥʘ ʀ.ɻ.ʘ,  

ɼʝʤʠʜʦʚ ʆ.ʇ.b, ʂʦʣʦʜʠʥʘ ɸ.ɸ.ʘ 

 
aʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
b ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

e-mail: skorova@sfedu.ru  

 

ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʘʟʦʣʦʪʠʘʜʠʘʟʠʥʦʚʫʶ ʩʠʩʪʝʤʫ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʀʭ ʩʪʨʫʢʪʫʨʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʝ ʜʝʡʩʪʚʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ [1].  

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ ʥʘ ʪʨʠʘʟʦʣʦʪʠʘʜʠʘʟʠʥʳ 1 ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʢʨʳʪʠʶ ʘʟʦʣʦʪʠʘʜʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʣʠʙʦ ʯʝʨʝʟ ʨʘʟʨʳʚ ʩʚʷʟʠ N-N (ʧʫʪʴ ɸ), ʣʠʙʦ 

ʯʝʨʝʟ ʩʚʷʟʴ C-S (ʧʫʪʴ ɺ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 2 ʠ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 1) [2,3].  

ʉʭʝʤʘ 1 

 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʪʝʪʨʘʛʠʜʨʦʪʠʘʜʠʘʟʠʥʦʚ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʣʫʯʘʝ ʪʨʠʘʟʦʣʦ- ʠ ʙʝʥʟʠʤʠʜʘʟʦ[1,3,4]ʪʠʘʜʠʘʟʠʥʦʚ 4,5 ʩ ʙʝʥʟʦʠʣʴʥʳʤ 

ʟʘʤʝʩʪʠʪʝʣʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʢʨʳʪʠʝ ʪʠʘʜʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ, ʚʢʣʶʯʘʶʱʝʡ 

ʵʢʩʪʨʫʟʠʶ ʩʝʨʳ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 6 ʠ 7 (ʉʭʝʤʘ 2).  

ʉʭʝʤʘ 2 

 
ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ ʗʄʈ 1ʅ, 13ʉ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  
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ʅʆɺʓɽ ɸɿʆʊ- ʀ ʉɽʈʆʉʆɼɽʈɾɸʑʀɽ ɻɽʊɽʈʆʎʀʂʃʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ʉ 
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ʉʦʟʜʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʠʰʝʥʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʤʫʣʴʪʠʪʘʨʛʝʪʥʦʩʪʴ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʘʪʦʛʝʥʦʚ ʠ ʩʣʦʞʥʦʩʪʠ ʧʘʪʦʛʝʥʝʟʘ 

ʧʦʣʠʵʪʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [1, 2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʷʜʘ 

ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʘʟʦʪ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ. ʆʩʥʦʚʫ ʵʪʠʭ ʤʦʣʝʢʫʣ ʩʦʩʪʘʚʣʷʶʪ ʥʝʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʠ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 1,2,4-ʪʨʠʘʟʦʣʘ, ʪʝʪʨʘʟʦʣʘ, ʧʠʨʠʤʠʜʠʥʘ, ʧʠʨʠʤʠʜʠʥʦʥʘ, 1,3,4-ʪʠʘʜʠʘʟʠʥʘ ʠ 

ʪʠʦʧʠʨʘʥʦ[2,3-b]ʭʠʥʦʣʠʥʘ. 

 

 
 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ in silico ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (PASS, ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ, 

ʩʢʦʨʠʥʛ) ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʨʦʜʩʪʚʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʤʠʰʝʥʷʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʥʜʠʜʘʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ in vitro ʠ in vivo ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʫ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʘʥʪʠʚʠʨʫʩʥʦʡ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʠ ʘʥʪʠʜʠʘʙʝʪʠʯʝʩʢʦʡ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚr ʷʚʣʝʥʘ ʤʫʣʴʪʠʪʘʨʛʝʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʯʸʨʢʠʚʘʶʪ ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʜʠʟʘʡʥ, 

ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʚʘʣʠʜʘʮʠʶ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʢʘʢ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʤʫʣʴʪʠʪʘʨʛʝʪʥʦʛʦ ʜʝʡʩʪʚʠʷ. 
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ʅʆɺʓɽ ɹʀʉ- /ʊʈʀʉ-1ʅ-1,2,3-ʊʈʀɸɿʆʃʓ ʅɸ ʇʃɸʊʌʆʈʄɽ ɼʀ-/ʊʈʀʕʊʀʃɸʄʀʅʆɺ ï 

ʋʅʀɺɽʈʉɸʃʔʅʓɽ ʃʀɻɸʅɼʓ ɼʃʗ ʉʀʅʊɽɿɸ 0D-3D ʂʆʆʈɼʀʅɸʎʀʆʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ʅɸ 

ʆʉʅʆɺɽ 3d-ʄɽʊɸʃʃʆɺ 
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ʇʨʦʠʟʚʦʜʥʳʝ 1ʅ-1,2,3-ʪʨʠʘʟʦʣʦʚ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ [3+2]-ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (CuAAC), ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʜʚʫʭ ʜʦʥʦʨʥʳʭ N-ʘʪʦʤʦʚ ʷʚʣʷʶʪʩʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʘʪʠʦʥʘʤʠ 3d-ʤʝʪʘʣʣʦʚ [1,2]. 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 3d-ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʧʫʪʸʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʩʚʷʟʳʚʘʶʱʠʭ 1,4-ʜʠʟʘʤʝʱʸʥʥʳʭ-1ʅ-1,2,3-ʪʨʠʘʟʦʣʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʸʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʨʠʨʦʜʳ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ cʠʥʪʝʟ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʧʦʣʠʪʦʧʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʠʣʠ ʪʨʠ 1,4-ʜʠʟʘʤʝʱʝʥʥʳʭ 1ʅ-1,2,3-ʪʨʠʘʟʦʣʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ (ʙʠʩ- ʠʣʠ ʪʨʠʩ-ʧʨʦʠʟʚʦʜʥʳʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʘʪʬʦʨʤʝ ʜʠ-/ʪʨʠʵʪʠʣʘʤʠʥʦʚ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʚʷʟʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʛʘʥʜʦʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʢʘʪʠʦʥʘʤʠ 3d-

ʤʝʪʘʣʣʦʚ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʩ- ʠ ʪʨʠʩ-1ʅ-1,2,3-ʪʨʠʘʟʦʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ -Ph, a-Py, b-Py, ʧʠʨʘʟʦʣʠʣʴʥʳʝ ʠ ʙʝʥʟʦʪʨʠʘʟʦʣʠʣʴʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʉ4-

ʧʦʣʦʞʝʥʠʠ ʪʨʠʘʟʦʣʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʢʘʪʠʦʥʘʤʠ 3d-

ʤʝʪʘʣʣʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 0D - 3D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʘ ʩ 

ʧʦʤʦɦɹʶ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʠ 0D-3D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʧʨʠʨʦʜʳ ʪʝʨʤʠʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʘ 3d-ʵʣʝʤʝʥʪʘ. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. C. Moraesa, P. de Souza Inorg. Chim. Acta. 2019. 489. 93-99.  

2. D. Schweinfurth, et al. Inorg. Chem. 2011. 50. 6114-6121. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ ˉ 22-73-10139).  
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ʆʈʊʆ-ɸʄʀʅʆɹɽʅɿɸʃʔɼɽɻʀɼʓ ï ʋʅʀɺɽʈʉɸʃʔʅɸʗ ʇʃɸʊʌʆʈʄɸ ɺ ʉʀʅʊɽɿɽ 

ʍʀʅʆʃʀʅɸʅʅɽʃʀʈʆɺɸʅʅʓʍ ʉʂɽʃɽʊʆɺ 

 

ʊʠʭʦʥʦʚ ʊ.ʇ.ʘ, ɸʥʜʨʝʝʚ ʀ. ɸ. ʙ, ʈʘʪʤʘʥʦʚʘ ʅ. ʂ.ʙ, ʀʚʘʥʦʚʘ ʆ.ɸ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ ʠʤ. ʇʘʪʨʠʩʘ ʃʫʤʫʤʙʳ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: tikhonov-tim@mail.ru 

 

ʇʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʘʛʝʥʪʳ ʚʳʟʳʚʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʠʥʪʝʨʝʩ ʫ ʭʠʤʠʢʦʚ-ʦʨʛʘʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʥʘʣʠʯʠʝ 

ʤʥʦʞʝʩʪʚʘ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʚ ʩʠʥʪʝʟʝ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ, ʦʪʢʨʳʚʘʶʱʘʷ ʧʨʦʩʪʦʡ ʧʫʪʴ ʢ ʩʠʥʪʝʟʫ 

ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ 2-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ. ʅʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʜʘʥʥʦʛʦ ʜʦʤʠʥʦ-ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʷ 

ʂʥʝʚʝʥʘʛʝʣʷ ʤʝʞʜʫ ʘʣʴʜʝʛʠʜʦʤ 1 ʠ CH-ʢʠʩʣʦʪʦʡ 2, ʧʦʩʣʝʜʫʶʱʘʷ ʮʠʢʣʠʟʘʮʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʥʦʤ 3 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ 4. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʘʭ 2-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ 4 ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʭʠʥʦʣʠʥʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʩʢʝʣʝʪʦʚ: ʠʤʠʜʘʟʦ[1,2-ʘ]ʭʠʥʦʣʠʥʦʚ 5, ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-ʘ]ʭʠʥʦʣʠʥʦʚ 6, 

ʙʝʥʟʦ[2,3][1,4]ʜʠʘʟʝʧʠʥʦ[5,6-b]ʭʠʥʦʣʠʥʦʚ 8, ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ [1, 2]. 

 

 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. F. Jiang, A. Guo, J. Xu, H. Wang, X. Mo, Q. You, X. Xu Eur. J. Med. Chem., 2017, 141, 1. 

2. P. Parvatkar, K. Diagne, Y. Zhao, R. Manetch ChemMedChem., 2024, 19, 1. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 25-73-20019). 
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ʉʀʅʊɽɿ 3-ɸʄʀʅʆ-1,2-ɼʀɿɸʄɽʑɽʅʅʓʍ ʀʅɼʆʃʆɺ ʇʋʊɽʄ  

ɺʅʋʊʈʀʄʆʃɽʂʋʃʗʈʅʆʁ ʎʀʂʃʀɿɸʎʀʀ ɸʄʀɼʆɺ 

 

ʊʦʧʯʠʡ ʄ.ɸ., ɸʛʝʰʠʥʘ ɸ.ɸ., ʈʘʩʩʢʘʟʦʚʘ ʄ.ɸ., 

 ʉʪʝʨʣʠʛʦʚ ɻ.ʂ., ɸʩʘʯʝʥʢʦ ɸ.ʌ. 

 
 ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ ɸ.ɺ. ʊʦʧʯʠʝʚʘ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. e-mail: maxtopchiy@ips.ac.ru 

 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʩʦʙʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʜʦʣʘʤ. ʀʥʜʦʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʚ ʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʠʥʜʦʣʴʥʦʛʦ ʷʜʨʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʭʠʤʠʠ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

1,2-ʜʠʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ[1], 3-ʥʠʪʨʦʠʥʜʦʣʦʚ[2], 3-ʥʠʪʨʦ-2-ʧʝʨʬʪʦʨʘʣʢʠʣʠʥʜʦʣʦʚ[3], ʘ ʪʘʢʞʝ 3-ʪʦʟʠʣ- ʠ 3-

ʮʠʘʥʦ-1,2-ʜʠʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ[4]. 

ʅʘʤʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 3-

ʘʤʠʥʦʠʥʜʦʣʦʚ ʧʫʪʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ N-(2-(ʘʤʠʥʦʤʝʪʠʣ)ʬʝʥʠʣ)-N-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʜʦʚ.  

 

 

 
 

ɹʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 1,2-ʜʠʬʝʥʠʣ-3-ʘʤʠʥʦʠʥʜʦʣʦʚ ʩʦʜʝʨʞʘʱʠʡ N,N-ʜʠʘʣʢʠʣʘʤʠʥʦ-, N,N-ʜʠʘʨʠʣʘʤʠʥʦ- 

ʠ N,N-ʘʣʢʠʣʘʨʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʚʳʭʦʜʘʤʠ 50-93%.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. G.A. Chesnokov, A.A. Ageshina, M.A. Topchiy, M.S. Nechaev, A.F. Asachenko Eur. J. Org. Chem., 2019, 30, 4844-

4854. 

2. ɻ.ɸ. ʏʝʩʥʦʢʦʚ, ɸ.ɸ. ɸʛʝʰʠʥʘ, ɸ.ɺ. ʄʘʨʴʷʥʦʚʘ, ʉ.ɸ. ʈʞʝʚʩʢʠʡ, ʇ.ʉ. ɻʨʠʙʘʥʦʚ, ʄ.ɸ. ʊʦʧʯʠʡ, ʄ.ʉ. ʅʝʯʘʝʚ, 

ɸ.ʌ. ɸʩʘʯʝʥʢʦ ʀʟʚ. ɸʅ. ʉʝʨ. ʍʠʤ., 2020, 12, 2370-2377. 

3. G.K. Sterligov, M.A. Rasskazova, E.A. Drokin, D.K. Isaeva, A.A. Ageshina, S.A. Rzhevskiy, O.V. Shurupova, 

M.A. Topchiy, L.I. Minaeva, A.F. Asachenko .J. Org. Chem., 2024, 89, 19, 14028-14037. 

4. G.K. Sterligov, A.A. Ageshina, S.A. Rzhevskiy, O.V. Shurupova, M.A. Topchiy, L.I. Minaeva, A.F. Asachenko ACS 

Omega, 2022, 7, 43, 38505-38511 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʅʍʉ ʈɸʅ.  
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ɼʆʄʀʅʆ-ʈɽɸʂʎʀʗ 2-(2-ɸʎʀʃɺʀʅʀʃ)ʀʅɼʆʃʆɺ ʉʆ ʉʊʀʈʀʃʉʋʃʔʌʆʅʀɽɺʓʄʀ ʉʆʃʗʄʀ 

ʂɸʂ ʕʌʌɽʂʊʀɺʅʓʁ ʇʆɼʍʆɼ ʂ ʉʀʅʊɽɿʋ ʉʊʈʋʂʊʋʈʅʓʍ ɸʅɸʃʆɻʆɺ ʄʀʊʆʄʀʎʀʅɸ ʉ. 

 

ʌʝʜʦʨʦʚ ɸ.ɸ.ĭ, ʄʷʩʥʠʢʦʚ ɼ.ɸ.ĭ, ʄʝʥʜʦʛʨʘʣʦ ɽ.ʖ.ĭ, ʊʨʫʰʢʦʚ ʀ.ɺ.Į, ʋʯʫʩʢʠʥ ʄ.ɻ.ĭ 

 

ĭʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

Įʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: dflt.ferow@yandex.ru 

 

ʄʠʪʦʤʠʮʠʥ ʉ ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʘʥʪʠʙʠʦʪʠʢ ʩ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɽʛʦ 

ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ï ʮʠʢʣʦʧʨʦʧʘ[3,4]ʧʠʨʨʦʣʦ[1,2-a]ʠʥʜʦʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ c 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʣʫʯʰʝʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʜʥʘʢʦ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʟʘʪʨʫʜʥʝʥʦ 

ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʚʝʩʪʥʳʝ ʧʦʜʭʦʜʳ ʙʘʟʠʨʫʶʪʩʷ 

ʥʘ ʩʣʦʞʥʳʭ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʠʟʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʮʠʢʣʦʧʨʦʧʘ[3,4]ʧʠʨʨʦʣʦ[1,2-

a]ʠʥʜʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʠ 2-(2-ʘʮʠʣʚʠʥʠʣ)ʠʥʜʦʣʦʚ [2, 3] ʩʦ ʩʪʠʨʠʣʩʫʣʴʬʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ. ʄʝʪʦʜ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, 

ʦʪʢʨʳʚʘʷ ʧʫʪʴ ʢ ʙʠʙʣʠʦʪʝʢʘʤ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 2-(2-ʘʮʠʣʚʠʥʠʣ)ʧʠʨʨʦʣʳ 

[4] ʵʬʬʝʢʪʠʚʥʦ ʚʩʪʫʧʘʶʪ ʚ ʘʥʘʣʦʛʠʯʥʫʶ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʶ ʩʦ ʩʪʠʨʠʣʩʫʣʴʬʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ, ʧʨʠʚʦʜʷ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʦʧʨʦʧʘ[3,4]ʧʠʨʨʦʣʦ[1,2-a]ʧʠʨʨʦʣʦʚ. 

 

 

ʉʭʝʤʘ 1. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʮʠʢʣʦʧʨʦʧʘ[3,4]ʧʠʨʨʦʣʦ[1,2-ʘ]ʠʥʜʦʣʦʚ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Fedorov A. A, Myasnikov D. A, Mendogralo E. Y, Trushkov I. V, Uchuskin M. G. J. Org. Chem., 90(7), 2682-

2687  

2. Uchuskin, M. G., Molodtsova, N. V., Abaev, V. T., Trushkov, I. V., Butin, A. V. Tetrahedron, 2012, 68(22), 4252-

4258. 

3. Abaev, V. T., Plieva, A. T., Chalikidi, P. N., Uchuskin, M. G., Trushkov, I. V., Butin, A. V. Org. Lett., 2014, 

16(16), 4150-4153. 

4. Makarov A. S., Fadeev A. A., Uchuskin M. G. Org. Chem. Front., 2021, 8, 6553-6560. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 24-73-10099, 

https://rscf.ru/project/24-73-10099/ 
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1,3-ɼʀʇʆʃʗʈʅʆɽ ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀɽ ʅʀʊʈʀʃʀʄʀʅʆɺ ʂ ɼʀʇʆʃʗʈʆʌʀʃɸʄ ʈʗɼɸ 

ɻʀɼɸʅʊʆʀʅʆɺ ʀ ʊʀʆɻʀɼɸʅʊʆʀʅʆɺ 

 

ʌʠʣʴʢʠʥʘ ʄ.ɽ. 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

119992, ʛ. ʄʦʩʢʚʘ, ɻʉʇ-2, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ.1, ʩʪʨ. 3 

e-mail: suuperolen@yandex.ru 

 

ʅʠʪʨʠʣʠʤʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ 1,3-ʜʠʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʠʭ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ [1]. ʋʥʠʢʘʣʴʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʥʠʪʨʠʣʠʤʠʥʦʚ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ [3+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʠ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ [2]. 

ʇʨʠ ʵʪʦʤ ʩʚʷʟʠ ʩʝʨʘ-ʫʛʣʝʨʦʜ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʠʪʨʠʣʠʤʠʥʘʤʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ çʩʫʧʝʨ-ʜʠʧʦʣʷʨʦʬʠʣʳè ʚ ʚʠʜʫ ʠʭ 

ʧʦʚʳʰʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ [3].  

 

 
 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʠʪʨʠʣʠʤʠʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʛʠʜʘʥʪʦʠʥʘʤʠ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʫʛʣʝʨʦʜïʫʛʣʝʨʦʜ, ʘ ʪʘʢʞʝ 

ʩʚʷʟʠ ʫʛʣʝʨʦʜïʩʝʨʘ ʠ ʫʛʣʝʨʦʜ-ʩʝʣʝʥ [4]. ʇʦʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʫʢʘʟʘʥʥʳʤ ʩʫʙʩʪʨʘʪʘʤ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʥʠʪʨʠʣʠʤʠʥʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʭʝʤʦ-, ʨʝʛʠʦ- ʠ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʠʘʟʦʣʠʥʦʚʳʝ, ʧʠʨʘʟʦʣʠʥʦʚʳʝ ʠ ʛʠʜʘʥʪʦʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ. 
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ʉʀʅʊɽɿ N9-ɿɸʄɽʑɽʅʅʓʍ ʉʃʆɾʅʆʕʌʀʈʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ɸɼɽʅʀʅɸ 

 

ʌʠʥʘʛʝʝʚʘ ʄ.ʆ. 

 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʢʘʬʝʜʨʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʬʘʨʤʘʢʦʛʥʦʟʠʠ ʠ ʙʦʪʘʥʠʢʠ, ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ. 

e-mail: mari.tuzhikova@inbox.ru 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ɹʦʣʴʰʠʥʩʪʚʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ï ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʂ 

ʪʘʢʠʤ ʚʝʱʝʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʜʝʥʠʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʫʞʝ ʩʦʜʝʨʞʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʯʘʩʪʴ. ʃʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚ N9 ʧʦʣʦʞʝʥʠʝ ʛʫʘʥʠʜʠʥʦʚʦʛʦ ʦʩʪʘʪʢʘ ʜʘʝʪ ʚʳʩʦʢʫʶ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʣʠʯʠʷ ʮʠʪʦʧʨʦʪʝʢʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʠʛʠʙʠʪʦʨʦʚ Na+/H+ ʦʙʤʝʥʥʠʢʘ ʧʝʨʚʦʛʦ ʪʠʧʘ).  

ʎʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ  ï N9-ʟʘʤʝʱʝʥʥʳʭ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʜʝʥʠʥʘ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʨʝʰʘʣʩʷ ʨʷʜ ʟʘʜʘʯ: ʧʨʦʚʝʜʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʧʦʠʩʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʦʢʘʟʘʥʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ; ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʥʦʚʦʡ 

ʤʦʣʝʢʫʣʳ ʠ ʤʝʪʦʜʠʢʠ ʝʝ ʩʠʥʪʝʟʘ; ʧʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ; ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ɸʜʝʥʠʥ ʭ.ʯ. (ʢʦʤʧʘʥʠʷ Chemical Line), 

ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ ʯ. (ʢʦʤʧʘʥʠʷ Aldosa), ɼʄʌɸ, ʭ.ʯ. (ʢʦʤʧʘʥʠʷ ʕʂʆʉ-1), ʵʪʠʣʙʨʦʤʘʮʝʪʘʪ 98% (ʢʦʤʧʘʥʠʷ Sigma 

Aldrich)  ʠ ʵʪʠʣʙʨʦʤʧʨʦʧʘʥʦʘʪ 99% (ʢʦʤʧʘʥʠʷ Sigma Aldrich).  

ʉʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʠ ʗʄʈ ï ʩʧʝʢʪʨʘʣʴʥʦ (çBruker Avance 600è) ʠʟ ʨʘʩʪʚʦʨʦʚ 

ɼʄʉʆ-d6, ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ ï ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥ. ʌʠʢʩʘʮʠʶ ʠʥʪʝʨʚʘʣʘ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ 

ʢʘʧʠʣʣʷʨʥʳʤ ʤʝʪʦʜʦʤ (Mel-temp 3.0.)  

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʜʝʥʠʥʘ ʧʦ N9 ʧʦʣʦʞʝʥʠʶ. 

ʅʘʚʝʩʢʫ ʘʜʝʥʠʥʘ ʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʩʤʝʰʠʚʘʣʠ ʩ ʙʝʟʚʦʜʥʳʤ ɼʄʌɸ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʩʧʝʥʟʠʠ. ʂ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʜʦʙʘʚʣʷʣʠ ʵʪʠʣʙʨʦʤʘʮʝʪʘʪ ʠʣʠ ʵʪʠʣʙʨʦʤʧʨʦʧʘʥʦʘʪ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ ʧʨʠ 

ʥ.ʫ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ʦʪ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʠ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ. ʌʠʣʴʪʨʘʪ ɼʄʌɸ 

ʫʧʘʨʠʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 4-5 ʤʤ ʨʪ. ʉʪ., ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʬʠʣʴʪʨʦʚʘʣʠ  ʠ ʚʳʩʫʰʠʚʘʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ, ʧʦʣʫʯʘʷ ʙʝʣʳʝ ʠʣʠ ʩʚʝʪʣʦ-

ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʩ ʚʳʭʦʜʦʤ 58-77%. ɼʣʷ ʦʯʠʩʪʢʠ ʦʪ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʧʨʦʜʫʢʪ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʇʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0-5 0ʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʩʫʰʠʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ.  

ʇʦ ʜʘʥʥʳʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʦʣʫʯʘʣʠ ʯʠʩʪʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʳʭʦʜ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʣ ʜʦ 70,0%. ʉʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 1H ʠ 13ʉ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 

ɺʳʚʦʜʳ: ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ N9-

ʟʘʤʝʱʝʥʥʳʝ ʩʣʦʞʥʦʵʬʠʨʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʜʝʥʠʥʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦ 

70,0%. 

 

ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʅʘʫʯʥʦʤ ʮʝʥʪʨʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ɺʦʣʛɻʄʋ. 
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ɼɺʋʍʉʊɸɼʀʁʅɸʗ ʉʊʈɸʊɽɻʀʗ ʉʀʅʊɽɿɸ ɋ-ʌʋʅʂʎʀʆʅɸʃʀɿʀʈʆɺɸʅʅʓʍ ʉʆɽɼʀʅɽʅʀʁ  

ʀɿ ʉɽʄʀʂɸʈɹɸɿʆʅʆɺ ʎʀʂʃʆɸʃʂɸʅʆʅʆɺ 

 

ʌʦʤʝʥʢʦʚ ɼ.ʀ., ɹʫʜʝʭʠʥ ʈ.ɸ., ʗʨʸʤʝʥʢʦ ʀ.ɸ., ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʨʠʤʝʥʝʥʠʝ ʦʟʦʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʦʟʦʥʦʣʠʟʦʤ ʘʣʢʝʥʦʚ. ʅʘ 

ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʟʦʥʘ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʨʘʛʤʝʥʪʦʤ ʉ=ʉ ʩʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʠʨʪʦʚ, ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʘʢʞʝ ʦʟʦʥʦʣʠʟ ʦʣʝʬʠʥʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 1,2,4-

ʪʨʠʦʢʩʦʣʘʥʦʚ (ʦʟʦʥʠʜʦʚ). 

ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʟʦʥʘ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʠ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʩʝʣʝʢʪʠʚʥʳʤ ʠ ʪʦʣʝʨʘʥʪʥʳʤ ʢʦ ʤʥʦʛʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʛʨʫʧʧʘʤ. ɺ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʦʟʦʥʦʣʠʟʘ ʦʣʝʬʠʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʣʘʙʠʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʧʝʨʦʢʩʠʜʳ, ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ d-ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʷʪ ʢ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʤ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʟʦʥʦʣʠʟʘ ʘʣʢʝʥʦʚ ʠ ʨʘʩʧʘʜʘ 

ʧʝʨʦʢʩʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʝʡ ʞʝʣʝʟʘ ʧʦʩʪʨʦʝʥ ʮʝʣʳʡ ʨʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ [1,2]. 

 

 
 

ʆʟʦʥʦʣʠʟ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʨʘʛʤʝʥʪʦʤ ʉ=N ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʟʦʥʦʣʠʟʦʤ ʘʣʢʝʥʦʚ ʠʟʫʯʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʥʪʝʟʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ. ʃʠʰʴ ʥʝʜʘʚʥʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʟʦʥʦʣʠʟ ʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʣʢʦʢʩʠʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ.[3] 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ɤ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʩʝʤʠʢʘʨʙʘʟʦʥʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ one-pot ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʠʪʩʷ 

ʩʠʥʪʝʟ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ ʠʟ ʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʟʦʥʘ, ʘ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʭ ʧʝʨʦʢʩʠʜʦʚ 

ʦʪʢʨʳʚʘʶʪ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ ɤ-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʧʦʜʭʦʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʥʪʝʟ ʯʝʨʝʟ ʬʦʨʤʘʣʴʥʳʡ ʨʘʟʨʳʚ ʉ(sp2)ïC(sp3) ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ c 

ʬʨʘʛʤʝʥʪʦʤ ʉ=N.[4,5] 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Ġimek M., Dworkin J. H., Kwon O. // Acc. Chem. Res. ï 2025. ï ʊ. 58. ï ˉ. 9. ï ʉ. 1547-1561. 

2. Dworkin J. H., Dehnert B. W., Kwon O. // Trends Chem. ï 2023. ï ʊ. 5. ï ˉ. 3. ï ʉ. 174-200. 

3. Yaremenko I. A., Fomenkov D. I. et al. // J. Org. Chem. ï 2024. ï ʊ. 89. ï ˉ. 8. ï ʉ. 5699-5714. 

4. Fomenkov D. I. et al. // Org. Lett. ï 2024. ï ʊ. 26. ï ˉ. 38. ï ʉ. 8095-8099. 

5. Fomenkov D. I. et al. // Eur. J. Org. Chem. ï 2025. ï ʊ. 28. ï ˉ. 7. ï ʉ. E202401198. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ 24-43-00111. 
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ʇʋʊʀ ʇʈʆʊɽʂɸʅʀʗ ɺʅʋʊʈʀʄʆʃɽʂʋʃʗʈʅʆʁ ʎʀʂʃʀɿɸʎʀʀ  

N-ɸʈʀʃʍʀʅʆʅʀʄʀʅʆɺ 

 

ʍʦʜʳʢʠʥʘ ɽ.ʉ. ʘ, ɹʦʨʦʜʢʠʥ ɻ.ʉ. ʘ, ʇʦʙʝʜʠʥʩʢʘʷ ɼ.ʖ. ʙ, ɼʝʤʠʜʦʚ ʆ.ʇ. ʙ, ʂʦʣʦʜʠʥʘ ɸ.ɸ. ʘ 

 
aʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ, 
ʙʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ.  

e-mail: ehodykina@sfedu.ru   

 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ S(O)-ʙʝʥʟʠʣʦʚʳʝ ʵʬʠʨʳ N-ʘʨʠʣʭʠʥʦʥʠʤʠʥʦʚ 1 ʚ ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʘʥʦʚʳʭ ʘʟʠʥʦʚʳʭ ʮʠʢʣʦʚ 2, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ 1 ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʘ(ʦʢʩʘ)ʟʦʣʦʚ 3 (ʩʭʝʤʘ 1). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʮʠʡ ʮʠʢʣʠʟʘʮʠʡ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʚʦʡʩʪʚʝʥʥʘʷ ʧʨʠʨʦʜʘ 

ʠʤʠʥʦ-ʛʨʫʧʧʳ ʭʠʥʦʥʠʤʠʥʘ, ʪ.ʝ. ʘʟʦʪ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʥʫʢʣʝʦʬʠʣ ʠʣʠ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣ [1]. 

ʉʭʝʤʘ 1 

 
ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ O-ʬʝʥʘʮʠʣʦʚʳʭ ʵʬʠʨʦʚ N-ʘʨʠʣʭʠʥʦʥʠʤʠʥʦʚ 4 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʘʢʮʠʷ ʮʠʢʣʠʟʘʮʠʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʧʦ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʘʥʦʚʦʛʦ ʦʢʩʘʟʥʦʚʦʛʦ 

ʮʠʢʣʘ 5, ʪʘʢ ʠ ʧʦ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ 6, ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʝʜʝʪ ʢ ʙʝʥʟʦʢʩʘʟʦʣʦʥʫ 7 (ʩʭʝʤʘ 

2).  

ʉʭʝʤʘ 2 

 
ɺʩʝ ʩʪʨʫʢʪʫʨʳ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ 1ʅ, 13ʉ, ʜʚʫʤʝʨʥʳʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʗʄʈ, 

HRMS ʠ ʈʉɸ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʨʘʥʦʚʳʭ ʘʟʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʚʘ ʦʜʥʦʧʨʦʪʦʥʥʳʭ ʩʠʥʛʣʝʪʘ ʦʪ N(4)H- ʠ C(2)H-ʛʨʫʧʧ ʦʢʩʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʜʚʘ ʜʝʚʷʪʠʧʨʦʪʦʥʥʳʭ ʩʠʥʛʣʝʪʘ ʦʪ 

ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʜʚʘ ʦʜʥʦʧʨʦʪʦʥʥʳʭ ʜʫʙʣʝʪʘ ʦʪ ʭʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. E.S. Khodykina, D.V. Steglenko, E.V. Vetrova, A.D. Pugachev, M.S. Galkina, I.G. Borodkina, A. V. Lesin, O.P. 

Demidov, A.V. Metelitsa, A. A. Kolodina. ChemistrySelect. 2023. 8. e202204317. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-23-00405, 
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ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʧʨʝʜʣʘʛʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʨʝʘʢʮʠʦʥʥʳʭ ʧʫʪʝʡ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ ʥʝʜʦʩʪʠʞʠʤʳʤʠ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. [1, 2] ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 

ʠʟʦʤʝʨʠʟʘʮʠʠ N-ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣʦʚ ʤʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʦʚ ʘʢʪʠʚʘʮʠʠ ʚ 50ï70 ʢʢʘʣ/ʤʦʣʴ, ʜʦʩʪʠʛʘʷ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʘ ʜʦ 50% ʚʩʝʛʦ ʟʘ ʧʷʪʴ ʤʠʥʫʪ. ʄʝʪʦʜʦʣʦʛʠʷ 

ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʢʘʧʠʣʣʷʨʳ ʠ ʧ-ʢʩʠʣʦʣ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʧʨʦʩʪʦʪʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚ ʨʘʩʪʚʦʨʝ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʩʯʝʪʳ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʜʘʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ, ʦʪʢʨʳʚʘʷ ʜʦʩʪʫʧ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʩʦʝʜʠʥʝʥʠʡ, 

ʟʥʘʯʠʤʳʭ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ, ʘʛʨʦʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʈʘʩʰʠʨʷʷ ʢʨʫʛ ʜʦʩʪʫʧʥʳʭ ʨʝʘʢʮʠʡ, ʵʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʨʫʙʝʞʠ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʜʝʣʘʷ ʚʦʟʤʦʞʥʦʡ ʨʘʟʨʘʙʦʪʢʫ ʨʘʥʝʝ 

ʥʝʜʦʩʪʫʧʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʆʥʦ ʟʘʜʘʝʪ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʠʥʥʦʚʘʮʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʢʘʢ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ. 

ʕʥʝʨʛʠʷ ʪʠʧʠʯʥʦʡ ʩʚʷʟʠ CïC ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 87 ʢʢʘʣ/ʤʦʣʴ, ʧʨʠʯʝʤ ʜʨʫʛʠʝ ʩʚʷʟʠ CïC, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʝʱʝ ʧʨʦʯʥʝʝ. [3] ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʦʜʦʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʧʦʨʷʜʢʘ ~70 ʢʢʘʣ/ʤʦʣʴ 

ʦʩʫʱʝʩʪʚʠʤʦ ʠ ʥʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʳʚʫ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ. 

ʆʜʥʘʢʦ ʧʦʧʳʪʢʠ ʧʨʝʦʜʦʣʝʪʴ ʩʪʦʣʴ ʚʳʩʦʢʠʝ ʙʘʨʴʝʨʳ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʯʘʩʪʠʯʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʚ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʣʫʯʰʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. [4] 

 

 
ʈʠʩ. 1. ʇʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʘʧʠʣʣʷʨʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 
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ʇʠʨʨʦʣʴʥʦʝ ʷʜʨʦ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʚ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʤ ʢʘʨʢʘʩʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʬʪʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ. 

ʅʝʜʘʚʥʦ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʜʫʣʴʥʳʡ ʩʠʥʪʝʟ ʥʦʚʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ 1H-ʧʠʨʨʦʣʦʚ ʧʦ 

ʨʝʘʢʮʠʠ ɹʘʨʪʦʥʘ-ɿʘʨʜʘ ɓ-ʬʪʦʨ-ɓ-ʥʠʪʨʦʩʪʠʨʦʣʦʚ ʩ ɻʪʠʣ-2-ʠʟʦʮʠʘʥʦʘʮʝʪʘʪʦʤ [1]. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʭʣʦʨʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʠʨʨʦʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʝʘʨʦʤʘʪʠʟʘʮʠʝʡ ʧʠʨʨʦʣʴʥʦʛʦ ʷʜʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʜʠʭʣʦʨ-ʧʨʦʠʟʚʦʜʥʳʭ (ʉʭʝʤʘ 1). ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʨʘʩʢʨʳʪʠʶ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʠʭʣʦʨ-ʧʠʨʨʦʣʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ. 

 
ʉʭʝʤʘ 1. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʘ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʪʨʝʭ ʢʣʘʩʩʦʚ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ: 3-ʧʠʨʨʦʣʠʥ-2-ʦʥʦʚ [2], 2H-ʧʠʨʨʦʣʦʚ [3] ʠ ʘʟʦʧʠʨʨʦʣʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. R.V. Larkovich, V.E. Shambalova, S.A. Ponomarev, A.S. Aldoshin, K.A. Lyssenko, M.S. Nechaev, V.G. 

Nenajdenko J. Org. Chem., 2023, 88, 10122. 

2. V.E. Shambalova, R.V. Larkovich, A.S. Aldoshin, K.A. Lyssenko, M.S. Nechaev, V.G. Nenajdenko, Org. 

Chem., 2024, 89, 11183. 

3. V.E. Shambalova, R.V. Larkovich, A.S. Aldoshin, K.A. Lyssenko, M.S. Nechaev, V.G. Nenajdenko, Org. 

Chem., 2024, 89, 11394. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 23-73-00014). 
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ʉʀʅʊɽɿ ʀ ʉʇɽʂʊʈɸʃʔʅʓɽ ʉɺʆʁʉʊɺɸ ʉʆʇʈʗɾɽʅʅʓʍ 1,3-ɼʀʂɽʊʆʇʈʆʀɿɺʆɼʅʓʍ 

ʂɸʃʀʂʉ[4]ɸʈɽʅɸ ʀ ʀʍ ʂʆʄʇʃɽʂʉʆɺ 

 

ʐʚʝʜʦʚʘ ɸ.ɽ.1, ʉʫʜʘʢʦʚʘ ʉ.ʅ.1, ʄʘʤʙʝʪʦʚʘ ɻ.ʐ.1,2, ɸʭʤʘʜʝʝʚ ɹ.ʉ.1, ɺʘʮʫʨʦ ʀ.ʄ.3,  

ʉʷʢʘʝʚ ɺ.ɺ.1, ʄʘʩʣʠʡ ɸ.ʅ.2, ʂʦʚʘʣʝʚ ɺ.ɺ.3, ʄʫʩʪʘʬʠʥʘ ɸ.ʈ.1, ʇʦʜʲʷʯʝʚ ʉ.ʅ.1 

 
1ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ, 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
2ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

E-mail: a.shvedova@iopc.ru 

 

1,3-ʜʠʢʝʪʦʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ɺr ʨʘʞʝʥʥʳʝ ʭʨʦʤʦʬʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʩʚʝʪʦʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥ ʜʣʷ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ. ɺʚʝʜʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 1,3-ʜʠʢʝʪʦʛʨʫʧʧ ʥʘ ʧʦʜʭʦʜʷʱʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʘʪʬʦʨʤʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʘʣʠʢʩ[4[ʘʨʝʥʳ ʩʣʫʞʘʪ 

ʫʜʦʙʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

ʅʘʤʠ ʥʝʜʘʚʥʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʦʧʨʷʞʝʥʥʳʭ 1,3-ʜʠʢʝʪʦʧʨʦʠʟʚʦʜʥʳʭ 

ʢʘʣʠʢʩ[4]ʘʨʝʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʭʝʣʘʪʥʳʝ ʛʨʫʧʧʳ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʤ ʦʩʪʦʚʝ ʥʘʧʨʷʤʫʶ ʯʝʨʝʟ ʦʜʠʥ 

ʠʟ ʢʘʨʙʦʥʠʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 1,3-ʜʠʢʝʪʦʛʨʫʧʧʳ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʘʨʫ ʫʛʣʝʨʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʜʚʦʡʥʦʡ 

ʩʚʷʟʴʶ, ʢʘʢ ʚ ʧʨʠʨʦʜʥʦʤ ʢʫʨʢʫʤʠʥʝ. 

 

 1,3-alternate cone 

 

 

 

H2L, n = 0, 1 H2L, n = 0 [L(BF2)2], n = 1 

 

ʋʥʠʢʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʭʝʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʙʦʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. [1-3] 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Shvedova ɸ.E. et al. Russ. J. Gen. Chem., 2024, 94, 1610-1624. 

2. Podyachev S.N. et al. Polyhedron, 2024, 264, 117271 

3. Akhmadeev B.S. et al. J. Mol. Liq., 2025, 419, 126824-126832 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 24-23-00050).  
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 ʅɽʆɹʓʏʅɸʗ ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅɸʗ ʎʀʂʃʀɿɸʎʀʗ 3-ʅʀʊʈʆ-4-

(ʌɽʅʀʃɸʄʀʅʆ)ɹɽʅɿʆʁʅʆʁ ʂʀʉʃʆʊʓ: ɹɽʅɿʀʄʀɼɸɿʆʃ ɺʄɽʉʊʆ ʌɽʅɸɿʀʅɸ 

 

ɸʙʨʘʤʦʚʠʯ ʄ.ʉ. 

 
ʘʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  
ʙʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʬʘʢʫʣʴʪʝʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: mabramovich98@gmail.com 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʬʝʥʘʟʠʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ [1]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʟʘʤʝʱʝʥʥʳʤ 

ʬʝʥʘʟʠʥʘʤ ʚʦʟʨʦʩ ʚʚʠʜʫ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʢʘʢ ʣʠʛʘʥʜʦʚ G-ʢʚʘʜʨʫʧʣʝʢʩʦʚ (G4), ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ [2]. ɼʣʷ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʘʟʠʥʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʪʦʜʦʚ [3], 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʦ-ʥʠʪʨʦʘʥʠʣʠʥʦʚ ʚ ʦʩʥʦʚʥʦʡ ʩʨʝʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ  ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʢʘʢ ʧʨʦʩʪʦʡ ʠ ʤʷʛʢʠʡ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʬʝʥʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ.  

ɺ ʨʘʤʢʘʭ ʥʘʰʝʡ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʣʠʛʘʥʜʦʚ G4 ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʬʝʥʘʟʠʥ-2-ʢʘʨʙʦʥʦʚʫʶ 

ʢʠʩʣʦʪʫ 4 ʧʫʪʝʤ ʮʠʢʣʠʟʘʮʠʠ ʦ-ʥʠʪʨʦʘʥʠʣʠʥʘ 1. ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʵʪʘʥʦʣʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚʤʝʩʪʦ ʮʝʣʝʚʦʛʦ ʬʝʥʘʟʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʙʝʥʟʠʤʠʜʘʟʦʣ 2b, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 1 ʩ ʧʝʨʚʠʯʥʳʤʠ  ʩʧʠʨʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʨʠʷ (ʉʭʝʤʘ 1) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 2-ʘʣʢʠʣ-1-

ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʄʠʥʦʨʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʬʝʥʠʣʝʥʜʠʘʤʠʥ 3 ʠ ʬʝʥʘʟʠʥ-2-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 4. 

 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ 2-ʘʣʢʠʣ-1-ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʠʟ ʦ-ʥʠʪʨʦʘʥʠʣʠʥʘ 1 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʨʦʚʘʨʴʠʨʦʚʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 30 ʵʢʚʠʚʘʣʝʥʪʦʚ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ 

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ 3. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʙʝʟ ʙʦʨʛʠʜʨʠʜʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʝʥʟʠʤʠʜʘʟʦʣʳ, ʥʦ ʩ 

ʤʝʥʴʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚʦʟʨʘʩʪʘʣ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʮʝʧʠ ʩʧʠʨʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʘʣʢʦʛʦʣʷʪ ʥʘʪʨʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʠʪʨʦ-

ʛʨʫʧʧʫ ʜʦ ʘʤʠʥʦ-ʛʨʫʧʧʳ, ʦʢʠʩʣʷʷʩʴ ʧʨʠ ʵʪʦʤ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʴʜʝʛʠʜʘ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʬʝʥʠʣʝʥʜʠʘʤʠʥ ʠ ʘʣʴʜʝʛʠʜ ʜʘʣʝʝ ʨʝʘʛʠʨʫʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʠʤʠʜʘʟʦʣʘ.  
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ʇʈʗʄʆʁ ʄɽʊʆɼ ʉʀʅʊɽɿɸ 2-ɸʈʀʃʍʀʅʆʃʀʅ-4(1ʅ)-ʆʅʆɺ  

ʅɸ ʆʉʅʆɺɽ 2-(3-ʆʂʉʆʀʅɼʆʃʀʅ-2-ʀʃ)ɸʎɽʊʆʅʀʊʈʀʃʆɺ. 
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ʈʘʥʝʝ, ʥʘʤʠ ʙʳʣʘ ʥʘʡʜʝʥʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ N-ʘʣʢʠʣ 2-(2-ʘʨʠʣ-3-ʦʢʩʦʠʥʜʦʣʠʥ-2-ʠʣ)-2-

ʬʝʥʠʣʘʮʝʪʦʥʠʪʨʠʣʦʚ ʚ 2,3-ʜʠʘʨʠʣ-ʟʘʤʝʱʝʥʥʳʝ 4-ʭʠʥʦʣʦʥʳ. ʆʥʘ ʧʨʦʪʝʢʘʣʘ ʯʝʨʝʟ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʉ-ʅ ʧʨʦʪʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʪʘʢʦʡ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʨʘʩʢʨʳʪʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʠʨʨʦʣʴʥʦʛʦ ʮʠʢʣʘ ʚ 4-

ʧʠʨʠʜʦʥʦʚʳʡ. 2-(2-ɸʨʠʣ-3-ʦʢʩʦʠʥʜʦʣʠʥ-2-ʠʣ)-2-ʬʝʥʠʣʘʮʝʪʦʥʠʪʨʠʣʦʚ ʠʤʝʶʪ ʩʢʣʦʥʥʦʩʪʴ ʪʝʨʷʪʴ 

ʙʝʥʟʠʣʮʠʘʥʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʦʩʥʦʚʥʦʡ ʩʨʝʜʝ, ʧʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʮʝʪʦʬʝʥʦʥʘ ʢ ʦʙʨʘʟʫʶʱʝʤʫʩʷ 3H-ʠʥʜʦʣ-3-ʦʥʫ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʩʢʘʜʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ Ŭ-ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʫʛʣʝʨʦʜʘ 1,4-ʜʠʢʝʪʦʥʘ ʧʦ ʉ3-ʘʪʦʤʫ ʠʥʜʦʣʦʥʘ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʚʳʩʪʫʧʘʣ 2-ʬʝʥʠʣʭʠʥʦʣʠʥ-4(1H)-ʦʥ 

 

 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʧʨʦʝʢʪ FSRN-

2023-005) 
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ʉʀʅʊɽɿ ʇʈʆʀɿɺʆɼʅʓʍ [1,8]ʅɸʌʊʀʈʀɼʀʅ-5(7H)ʆʅʆɺ ʀ ʀʍ ɹɽʅɿɸʅɸʃʆɻʆɺ ʅɸ ʆʉʅʆɺɽ 

4'H-ʉʇʀʈʆ[ʀʅɼʆʃ-3,5'-ʀɿʆʂʉɸɿʆʃʆɺ] 
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ʇʨʦʠʟʚʦʜʥʳʝ 4-ʭʠʥʦʣʦʥʦʚ, ʢʘʢ ʧʨʠʨʦʜʥʳʝ, ʪʘʢ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ, ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ, ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ, ʘʥʪʠʚʠʨʫʩʥʦʡ ʠ ʜʨ. [1-2]. 1,8-ʅʘʬʪʠʨʠʜʠʥ-

4(1H)-ʦʥʳ, ʢʘʢ ʙʣʠʞʘʡʰʠʝ ʘʥʘʣʦʛʠ ʘʥʪʠʙʠʦʪʠʢʦʚ 4-ʭʠʥʦʣʦʥʦʚʦʛʦ ʨʷʜʘ, ʷʚʣʷʶʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʤʠʤʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʜʘʥʥʳʡ ʢʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝʧʣʦʭʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ [3,4]. ʇʦʠʩʢ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʠ ʜʦʩʪʫʧʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʙʦʨʦʢ ʜʘʥʥʦʛʦ ʢʘʨʢʘʩʘ ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʣʝʞʠʪ ʦʪʢʨʳʪʘʷ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 4'H-cʧʠʨʦ[ʠʥʜʦʣ-3,5'-

ʠʟʦʢʩʘʟʦʣʦʚ] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʥʜʦʣʦʚ ʩ ʥʠʪʨʦʩʪʠʨʦʣʘʤʠ, ʢʦʪʦʨʳʝ ʩ ʣʝʛʢʦʩʪʴʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʶʪʩʷ ʚ 

2-(3-ʦʢʩʦʠʥʜʦʣʠʥ-2-ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʚ ʧʦʣʦʞʝʥʠʠ 3ǋ ʟʘʤʝʩʪʠʪʝʣʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ 

[5].  

ɽʱʝ ʦʜʥʦ ʥʘʙʣʶʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʣʦ ʪʦʣʯʦʢ ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʨʝʚʨʘʱʝʥʠʡ 2-(3-ʦʢʩʦʠʥʜʦʣʠʥ-

2-ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣʦʚ ʠ 4'H-cʧʠʨʦ[ʠʥʜʦʣ-3,5'-ʠʟʦʢʩʘʟʦʣʦʚ], ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 3ǋ, ʩ 3-

ʘʮʝʪʠʣʧʠʨʠʜʠʥʘʤʠ ʠ 3-ʘʮʝʪʠʣʭʠʥʦʣʠʥʘʤʠ ï ʣʝʛʢʦʩʪʴ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʙʝʥʟʠʣʮʠʘʥʠʜʘ 2-(3-ʦʢʩʦʠʥʜʦʣʠʥ-2-

ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣʘʤʠ ʪʝʨʤʠʯʝʩʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʠʣʠ ʙʝʟ ʥʝʛʦ. ʇʨʦʜʫʢʪʳ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 3H-

ʠʥʜʦʣ-3-ʦʥʳ ʤʘʣʦʩʪʘʙʠʣʴʥʳ, ʠʭ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ in situ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ.  
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ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʥʝʧʦʣʷʨʥʳʭ ʘʥʘʣʠʪʦʚ, ʚʝʨʦʷʪʥʦʩʪʴ ʫʯʘʩʪʠʷ ʢʦʪʦʨʳʭ ʚ ʩʚʦʡʩʪʚʝʥʥʳʭ ʵʪʠʤ 

ʤʝʪʦʜʘʤ ʧʨʦʮʝʩʩʘʭ ʠʦʥʦʦʙʨʘʟʦʚʘʥʠʷ-ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʠ ʢʘʪʠʦʥʠʟʘʮʠʠ ï ʤʘʣʘ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʝʨʠʚʘʪʠʟʘʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʠ, ʚ ʩʣʫʯʘʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʄɸʃɼʀ, ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʦʧʘʥʪʘʤʠ ʠ 

ʵʣʝʢʪʨʦʥ-ʧʝʨʝʜʘʶʱʠʤʠ ʤʘʪʨʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʕʬʬʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʘʢʠʤ ʧʦʜʭʦʜʘʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʠʦʥʠʟʘʮʠʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (ʌʀɸɼ), ʦʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʠʦʥʦʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ ʛʝʥʝʨʘʮʠʷ ʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠʟ ʘʥʘʣʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʬʦʪʦʥʦʚ. ɺ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ʤʳ ʩʨʘʚʥʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʌʀɸɼ ʠ ʄɸʃɼʀ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʬʝʥʠʣ-ʟʘʤʝʱʸʥʥʳʭ ʥʦʨʙʦʨʥʝʥʦʚ. 

ʄʘʩʩ-ʩʧʝʢʪʨʳ ʄɸʃɼʀ ʧʦʣʫʯʘʣʠ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker autoflex speed (Bruker Daltonics Inc., 

ɻʝʨʤʘʥʠʷ), ʦʩʥʘʱʝʥʥʦʤ ʪʚʝʨʜʦʪʝʣʴʥʳʤ ʋʌ-ʣʘʟʝʨʦʤ ʩ ɚ=355 ʥʤ ʠ ʨʝʬʣʝʢʪʨʦʥʦʤ, ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ. ʉʤʝʩʴ ʘʥʘʣʠʪʘ ʩ ʤʘʪʨʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (4-ʛʠʜʨʦʢʩʠʮʠʥʥʘʤʦʚʘʷ ʢʠʩʣʦʪʘ) 

ʠ ʪʨʠʬʪʦʨʘʮʝʪʘʪʦʤ ʩʝʨʝʙʨʘ ʥʘʥʦʩʠʣʠ ʥʘ ʩʪʘʣʴʥʫʶ ʤʠʰʝʥʴ MTP 384 ground steel (Bruker Daltonics Inc., 

ɻʝʨʤʘʥʠʷ). ʄʘʩʩ-ʩʧʝʢʪʨʳ ʌʀɸɼ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ID-X (Thermo Scientific, 

ʉʐɸ) ʩ ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ ʦʨʙʠʪʘʣʴʥʦʡ ʠʦʥʥʦʡ ʣʦʚʫʰʢʦʡ, ʩ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 480 000 

(FWHM, ʧʨʠ m/z 200), ʠ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʦʚ Ion Max, ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʌʀɸɼ. ʆʙʨʘʟʝʮ 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʪʦʣʫʦʣʝ ʠ ʚʧʨʳʩʢʠʚʘʣʠ ʚ ʧʦʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʪʦʣʫʦʣ).  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʘʥʪʘ ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ ʩʝʨʝʙʨʘ 

ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʧʠʢʠ ʠʦʥʦʚ-ʧʨʦʜʫʢʪʦʚ ʢʘʪʠʦʥʠʟʘʮʠʠ ʘʥʘʣʠʪʦʚ ʩ ʧʦʤʦʱʴ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʄɸʃɼʀ. ʆʜʥʘʢʦ ʧʠʢʠ ʠʦʥʦʚ ʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʦʙʣʘʜʘʣʠ ʥʠʟʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʩʠʛʥʘʣ/ʰʫʤ ʠ ʙʳʣʠ ʤʘʣʦ ʧʨʠʛʦʜʥʳ ʢ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʅʘʧʨʦʪʠʚ, ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩ-ʩʧʝʢʪʦʤʝʪʨʠʠ ʌʀɸɼ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʤʘʩʩ-ʩʧʝʢʪʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʘʥʘʣʠʪʦʚ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʦʝʥʠʝ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʦʣʠʛʦʤʝʨʦʚ.  
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ʃʀɻɸʅɼʓ ʅɸ ʆʉʅʆɺɽ ɹʀʉʇʀɼʀʅɸ ɼʃʗ ʍɽʃɸʊʀʈʆɺɸʅʀʗ 177Lu, 90Y, 64Cu, 44Sc  

 

ɹʝʣʦʛʣʘʟʢʠʥʘ ɼ.ɺ. ʘ, ʄʝʜʚʝʜʴʢʦ ɸ.ɺ. ʘ, ʂʨʘʡʥʦʚʘ ʄ.ɼ.ʙ,  

 ʃʘʨʝʥʢʦʚ ɸ.ɸ.ʚ, ɽʛʦʨʦʚʘ ɹ.ɺ. ʙ, ɺʘʮʘʜʟʝ ʉ.ɿ.ʘ 

 

ʘʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
ʙʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

ʚʌɻɹʋ ɻʅʎ ʌʄɹʎ ʠʤʝʥʠ ɸ.ʀ. ɹʫʨʥʘʟʷʥʘ ʌʄɹɸ ʈʦʩʩʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: dandelinekm@gmail.com 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ï 

ʩʦʯʝʪʘʥʠʶ ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɹʠʩʧʠʜʠʥ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʢʘʩʦʤ, ʦʢʘʟʘʣʩʷ ʧʨʦʩʪʳʤ ʚ 

ʩʠʥʪʝʟʝ ʠ ʧʦʣʫʯʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ ʭʝʣʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʠʩʧʠʜʠʥʘ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ. ʈʘʥʝʝ ʥʘʤʠ ʫʞʝ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʜʘʥʥʳʝ ʧʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʮʝʪʘʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩʧʠʜʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʜʠ(II) 

[1].  

ʄʳ ʧʨʦʜʦʣʞʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ, ʠʤʝʶʱʠʡ ʥʝʙʦʣʴʰʦʡ ʨʘʜʠʫʩ, 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʨʘʜʠʫʩʫ Cu(II ) ʩʨʝʜʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ), ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʩʧʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʀʪʪʨʠʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʠ ʨʘʟʤʝʨʫ ʠʦʥʘ 

ʩʭʦʞ ʩʦ ʩʢʘʥʜʠʝʤ, ʠ ʣʶʪʝʮʠʡ, ʦʙʣʘʜʘʶʱʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤʠ ʧʦʩʣʝ Sc(III ) 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʠ ʈɿʕ, ʪʘʢʞʝ ʙʳʣʠ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ 

ʜʣʷ ʭʝʣʘʪʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʭʝʣʘʪʦʨʳ ʥʘ ʙʘʟʝ ʙʠʩʧʠʜʠʥʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 1,2,3-

ʪʨʠʘʟʦʣʘʤʠ, ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ (ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʚ ʚʦʜʝ, ʪʘʢ ʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʳʭ ʞʠʜʢʦʩʪʷʭ. 

ʈʘʜʠʦʤʝʯʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ in vivo ʩ ʦʮʝʥʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʨʛʘʥʘʤ ʤʳʰʝʡ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ 1ï6, ʠʟʫʯʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. A. V. Medvedôko, B. V. Egorova, A. A. Komarova, R. D. Rakhimov, D. P. Krutôko, S. N. Kalmykov, S. Z. 

Vatsadze. ACS Omega, 2016, 1, 854.  
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2-(2-ʆʂʉʆʕʊʀʃʀɼɽʅ)-ʊʀɸɿʆʃʆ[3,2-ʘ]ʇʀʈʀʄʀɼʀʅ-6-ʂɸʈɹʆʂʉʀʃɸʊʓ: ʉʀʅʊɽɿ, ʉʊʈʋʂʊʋʈɸ 

ʀ ʈɽɸʂʎʀʀ ʉ ɸɿʆʄɽʊʀʅʀʃʀɼɸʄʀ, ɻɽʅɽʈʀʈʋɽʄʓʄʀ in situ 

 

ɻʘʙʠʪʦʚʘ ʕ.ʈ.ʘ,ʙ, ɸʛʘʨʢʦʚ ɸ.ʉ.ʘ, ʅʝʬʝʜʦʚʘ ɸ.ɸ.ʘ, ʂʦʞʠʭʦʚ ɸ.ɸ.ʘ, ʄʘʠʣʷʥ ʄ.ɻ.ʙ, ʆʚʩʷʥʥʠʢʦʚ ɸ.ʉ.ʘ, 

ʌʨʘʥʮʫʟʦʚʘ ʃ.ɺ.ʘ, ʃʦʜʦʯʥʠʢʦʚʘ ʆ.ɸ.ʘ, ʃʠʪʚʠʥʦʚ ʀ.ɸ.ʘ, ʉʦʣʦʚʴʝʚʘ ʉ.ɽ.ʘ, ɸʥʪʠʧʠʥ ʀ.ʉ.ʙ 

 
aʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ,  

ʌʀʎ ʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ 
ʙʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ "ʂʘʟʘʥʩʢʠʡ 

(ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

e-mail: elina81100@gmail.com  

 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ. ʇʨʦʠʟʚʦʜʥʳʝ ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ [1,2]. ʊʘʢ ʢʘʢ 2-(2-ʦʢʩʦʵʪʠʣʠʜʝʥ)ʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʠʘʟʦʣʦ[3,2-

ʘ]ʧʠʨʠʤʠʜʠʥʘ ʚ ʩʚʦʝʤ ʩʪʨʦʝʥʠʠ ʠʤʝʶʪ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʟʘ 

ʩʯʝʪ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʝʡ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʧʦʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʘʟʦʤʝʪʠʣʠʥʠʜʳ 

[3].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ 2-(2-ʦʢʩʦʵʪʠʣʠʜʝʥ)ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥ-6-

ʢʘʨʙʦʢʩʠʣʘʪʦʚ, ʠʟʫʯʝʥʠ ʁ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ [3+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʟʦʤʝʪʠʥʠʣʠʜʘʤʠ, ʛʝʥʝʨʠʨʫʝʤʳʤʠ in situ  (ʉʭʝʤʘ 1). 

 
 

ʉʭʝʤʘ 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ 2-(2-ʦʢʩʦʵʪʠʣʠʜʝʥ)ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥ-6-ʢʘʨʙʦʢʩʠʣʘʪʦʚ  

ʠ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ 
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Voloshina, P.V. Dorovatovskii, I.A. Litvinov, S.E. Solovieva, I.S. Antipin Molecules, 2022, 27(22), 7747. 

2. A.S. Agarkov, A.A. Nefedova, E.R. Gabitova, D.O. Mingazhetdinova, A.S. Ovsyannikov, D.R. Islamov, S.K. 

Amerhanova, A.P. Lyubina, A.D. Voloshina, I.A. Litvinov, S.E. Solovieva, I.S. Antipin IJMS, 2023, 24, 2084. 

3. A.A. Nefedova, D.A. Tretyakova, D.O. Mingazhetdinova, A.S. Agarkov, A.S. Ovsyannikov, I.A. Litvinov, S.E. 

Solovieva, I.S. Antipin Chemistry Proceedings, 2024, 16(1), 24.  
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2-(3-ʆʂʉʆʀʅɼʆʃʀʅ-2-ʀʃ)-2-ɸʈʀʃɸʎɽʊʆʅʀʊʈʀʃʓ ʂɸʂ ʀʉʊʆʏʅʀʂ 2-ɸʈʀʃ-3H-ʀʅɼʆʃ-3-

ʆʅʆɺ: ʉʀʅʊɽʊʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʈɽɸʂʎʀʗʍ [3+2]-ʎʀʂʃʆʇʈʀʉʆɽɼʀʅɽʅʀʗ ʉ 

ʈɸɿʃʀʏʅʓʄʀ 1,3-ɼʀʇʆʃʗʄʀ 

 

ɿʘʮʝʧʠʣʠʥʘ ɸ.ʄ., ɸʨʫʪʶʥʦʚ ʅ.ɸ., ʊʦʣʩʪʦʚ ʂ.ɺ., ʐʪʘʣʴ ɼ.ɸ.,  

ʄʦʤʦʪʦʚʘ ɼ ʉ., ɸʢʩʝʥʦʚ ɸ.ɺ. 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ. 

e-mail: ann.zazaza.2002@gmail.com 

 

ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʠʥʜʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʚʳʩʦʢʦ ʮʝʥʷʪʩʷ ʟʘ ʠʭ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. 1,3-ʜʠʧʦʣʴʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʣʦ 

ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʢ ʧʷʪʠʯʣʝʥʥʳʤ ʛʝʪʝʨʦʮʠʢʣʘʤ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ [2].  

ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʤʝʪʦʜʫ ʩʠʥʪʝʟʘ 2-(2-ʘʨʠʣ-3-ʦʢʩʦʠʥʜʦʣʠʥ-2-

ʠʣ)-2-ʬʝʥʠʣʘʮʝʪʦʥʠʪʨʠʣʦʚ [3]. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʘʪʦʤ ʘʟʦʪʘ ʥʝ ʟʘʱʠʱʝʥ ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, 

ʥʘʭʦʜʷʩʴ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ ʙʝʥʟʠʣʮʠʘʥʠʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʩʦʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ 2-ʘʨʠʣ-3H-ʠʥʜʦʣ-3-ʦʥʘʤ. ʗʚʣʷʷʩʴ ʮʠʢʣʠʯʝʩʢʠʤʠ ʘʮʠʣʠʤʠʥʘʤʠ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪ ʦʪʣʠʯʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʉ- ʠ ʛʝʪʝʨʦʥʫʢʣʝʦʬʠʣʘʤʠ [4], ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ in situ ʛʝʥʝʨʠʨʫʝʤʳʭ 2-

ʘʨʠʣ-3H-ʠʥʜʦʣ-3-ʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 1,3-ʜʠʧʦʣʷʤʠ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʀʅʊɽɿ ɻʀɹʈʀɼʅʓʍ ʇɽʈʆʂʉʀɼʅʓʍ ʉʊʈʋʂʊʋʈ ʀɿ ʎʀʂʃʀʏɽʉʂʀʍ ʆʈɻɸʅʀʏɽʉʂʀʍ 

ʇɽʈʆʂʉʀɼʆɺ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʆɿʆʅɸ 

 

ʂʘʨʘʯʸʚ ɼ.ɼ.a,b, ʌʦʤʝʥʢʦʚ ɼ.ʀ.a, ʉʢʦʢʦʚʘ ʂ.ɺ.a, ʊʝʨʝʥʪʴʝʚ ɸ.ʆ.a,b 

 
aʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

bʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ɺʍʂ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

e-mail: lorpkarpov@yandex.ru 

 

ʆʟʦʥʦʣʠʟ ʘʣʢʝʥʦʚ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ[1], ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʤʷʛʢʠʤ 

ʫʩʣʦʚʠʷʤ ʧʨʦʪʝʢʘʥʠʷ, ʦʩʪʘʸʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʆʟʦʥʦʣʠʟ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝ ʪʦʣʴʢʦ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʦʣʝʬʠʥʦʚ, ʥʦ ʠ ʚ ʩʠʥʪʝʟʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ[2]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʟʦʥʦʣʠʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ[3]. 

ʆʪʢʨʳʪʠʝ ʚ 1972 ʛʦʜʫ ʩʪʨʫʢʪʫʨʳ ɸʨʪʝʤʠʟʠʥʠʥʘ ð ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʝʨʦʢʩʠʜʘ ʩ ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ð ʩʪʘʣʦ ʪʦʯʢʦʡ ʦʪʩʯʝʪʘ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʝʨʦʢʩʠʜʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʪʘʢʞʝ ʬʫʥʛʠʮʠʜʥʫʶ, 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʠ ʨʦʩʪ-ʨʝʛʫʣʷʪʦʨʥʫʶ ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʧʦʠʩʢ ʤʦʣʝʢʫʣ-ʢʘʥʜʠʜʘʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʝʥ ʪʝʤ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʧʦʜʭʦʜʳ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʭʠʤʠʠ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʱʠʭ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʬʨʘʛʤʝʥʪ ʆ-ʆ. 

 

 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʛʠʙʨʠʜʥʳʭ ʧʝʨʦʢʩʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʝʩʢʦʣʴʢʦ ʬʨʘʛʤʝʥʪʦʚ ʆ-ʆ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʟʦʥʦʣʠʟʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ ʠʣʠ ʜʨʫʛʠʭ ʆ-ʥʫʢʣʝʦʬʠʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʟʦʥʦʣʠʟ ʘʣʢʝʥʦʚ, ʨʘʥʝʝ 

ʘʩʩʦʮʠʠʨʦʚʘʚʰʠʡʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʜʦ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʠʨʪʦʚ ʠ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʘʥ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ 

ʚʳʩʦʢʦʡ ʘʪʦʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʧʝʨʦʢʩʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʩʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ 

ʤʦʣʝʢʫʣ ʥʘ ʦʩʥʦʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʩʚʷʟʠ ʆ-ʆ ʠ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʷʜʨʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. T. Oyama Catal. Rev., 2000, 42, 279. 

2. T. Fisher, P. Dussault, Tetrahedron, 2017, 73, 4233. 

3. A.Terent'ev, D. Borisov, V. Vilô, V. Dembitsky, J. Org. Chem. 2014, 10, 34. 
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mailto:lorpkarpov@yandex.ru


ʌʃʕʐ-ʇʈɽɿɽʅʊɸʎʀʗ 

 

82 

 

ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʀɿʆʂʉɸɿʆʃʀʅʆɺ ʀɿ ɸʃʔɼʆʂʉʀʄʆɺ ʀ 

ʕʃɽʂʊʈʆʅʆɼɽʌʀʎʀʊʅʓʍ ɸʃʂɽʅʆɺ ʉ ʋʏɸʉʊʀɽʄ ʉʆɽɼʀʅɽʅʀʁ ɻʀʇɽʈɺɸʃɽʅʊʅʆɻʆ 

ʁʆɼɸ 

 

ʂʠʨʠʣʣʦʚ ɸ.ʉ., ɺʠʣʴ ɺ.ɸ., ɹʠʪʶʢʦʚ ʆ.ɺ., ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

 

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: pilipchuk.andrei2014@yandex.ru 

 

ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʕʣʝʢʪʨʦʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʠ ʘʥʦʜʦʤ ʠʣʠ ʢʘʪʦʜʦʤ, ʥʦ ʩʣʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʥʦʞʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ (ʩʠʣʘ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʧʫʩʢʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ) [1]. 

ʀʟʦʢʩʘʟʦʣʠʥʳ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʠʶ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʭʠʤʠʢʘʪʦʚ [2]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʥʥʳʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʘʶʪ ʧʫʪʸʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ [3+2]-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ (ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʘʣʴʜʦʢʩʠʤʦʚ) ʢ ʜʠʧʦʣʷʨʦʬʠʣʘʤ [3]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ ʘʣʴʜʦʢʩʠʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʠʣʦʢʩʠʜʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʯʘʩʪʫʶ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʦʢʠʩʣʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ ʩ ʢʨʘʪʥʦʡ ʩʚʷʟʴʶ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʟʦʢʩʘʟʦʣʠʥʦʚ ʠʟ ʘʣʴʜʦʢʩʠʤʦʚ ʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ 

ʘʣʢʝʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʠʟʦʢʩʘʟʦʣʠʥʳ ʩ ʚʳʭʦʜʘʤʠ 20-48 % ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ 

ʧʨʦʩʪʝʡʰʝʡ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ. 

 
ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʠʟʦʢʩʘʟʦʣʠʥʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʘʪʦʛʝʥʥʳʤ ʛʨʠʙʘʤ Venturia, Rhizoctonia, Alternaria, Bipolaris ʠ Sclerotinia. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Yan M., Kawamata Y., Baran Ph. S. Chem. Rev. 2017, 117, 21, 13230ï13319. 

2. Huang S., Ma H., Wang Z., Zhang P., Li S., Li Y., Liu A., Li Y., Liu Y., Wang Q., J. Agric. Food. Chem. 2023, 71 

(13), 5107-5116. 

3. Dai P., Tan X., Luo Q., Yu X., Zhang S., Liu F., Zhang W.-H., Org. Lett. 2019, 21 (13), 5096-5100. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʛʨʘʥʪ 19-73-20190).  
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ʅʆɺʓʁ ʇʆɼʍʆɼ ʂ ʉʀʅʊɽɿʋ ɿɸʄɽʑɽʅʅʓʍ ɸɿɽʇʀʅ-2-ʆʅʆɺ 

 

ʂʫʨʣʠʢʦʚ ɸ.ʕ.ʘ, ɹʘʨʙʦʣʠʥ ɸ.ʇ. ʘ, ʂʫʨʝʥʢʦʚ ʀ.ɸ. ʘ, ɸʢʩʝʥʦʚ ʅ.ɸ. ʘ 

 
ʘʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

 ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʫʣ. ʇʫʰʢʠʥʘ 1, 355017, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ;  

e-mail: vip.kurlikov@mail.ru 

 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠ ʁʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 3,5-ʜʠʘʨʠʣ-5-ʛʠʜʨʦʢʩʠʧʠʨʨʦʣ-2-ʦʥʦʚ, ʥʘʤʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ 5-ʛʠʜʨʦʢʩʠʧʠʨʨʦʣʴʥʦʛʦ ʮʠʢʣʘ ʜʦ ʘʟʝʧʠʥʦʚʦʛʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʨʦʣ-2-ʦʥʦʚ 1 ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ 2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ 3,5,7-

ʟʘʤʝʱʝʥʥʳʭ ʘʟʝʧʠʥ-2-ʦʥʦʚ 3.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʘʥʥʝʣʠʨʦʚʘʥʳʭ ʘʟʝʧʠʥʦʚ ʧʨʦʷʚʣʷʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʣʘʛʘʝʤ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʥʝʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʘʟʝʧʠʥ-

2-ʦʥʦʚ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

 

 
 

 ʉʭʝʤʘ 1. 
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ɼʆʅʆʈʅʆ-ɸʂʎɽʇʊʆʈʅʓɽ ɸʃʂɽʅʓ ʀ ʎʀʂʃʆʇʈʆʇɸʅʓ  

ɺ ʉʀʅʊɽɿɽ ʇʈʆʀɿɺʆɼʓʅʍ ʀɿʆʀʅɼʆʃʀʅɸ 

 

ʃʝʙʝʜʝʚ ɼ.ʉ.ʘ,ʙ,ʚ, ʊʨʫʰʢʦʚ ʀ.ɺ.ʚ, ʀʚʘʥʦʚʘ ʆ.ɸ.ʘ 

 
aʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 
ʙʅʀʋ ɺʐʕ, ʬʘʢʫʣʴʪʝʪ ʭʠʤʠʠ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

 ʚʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʠʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ. 
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ɼʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʮʠʢʣʦʧʨʦʧʘʥʳ (ɼɸʎ) ʠ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʙʨʦʤʤʝʪʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʷʚʣʷʶʪʩʷ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤʠ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʕʪʠ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʤʦʥʦ- ʠ ʧʦʣʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ 

ʨʝʛʝʥʪʘʤʠ, ʷʚʣʷʷʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪʳ ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʥʘ [1] ʠ ʠʟʦʠʥʜʦʣʠʥʘ [2] (ʉʭʝʤʘ 1). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʨʪʦ-(ʙʨʦʤʤʝʪʠʣ)ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ɼɸʎ 1 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ (ʘʥʠʣʠʥʘʤʠ, ʙʝʥʟʠʣʘʤʠʥʘʤʠ, ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʢ ʧʦʣʫʯʝʥʠʶ ʜʠʟʘʤʝʱʝʥʥʳʭ ʠʟʦʠʥʜʦʣʠʥʦʚ 3a-

m [3]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ 7a,12-ʜʠʛʠʜʨʦ-5H-

ʙʝʥʟʦ[2,3][1,4]ʜʠʘʟʝʧʠʥʦ[7,1-a]ʠʟʦʠʥʜʦʣ-6(7H)-ʦʥʦʚ 4a-h, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʦʨʪʦ-(ʙʨʦʤʤʝʪʠʣ)ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 2 ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʪʦ-ʘʨʠʣʠʜʝʥʜʠʘʤʠʥʘʤʠ. 

 

 
 

ʉʭʝʤʘ 1. 
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ʂʦʚʘʣʝʥʪʥʳʝ ʪʨʠʘʟʠʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʧʦʨʠʩʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʦʣʠʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʠ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʘʜʩʦʨʙʮʠʠ, 

ʢʘʪʘʣʠʟʘ, ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʠ ʨʘʟʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʚʘʣʝʥʪʥʳʝ ʪʨʠʘʟʠʥʦʚʳʝ ʢʘʨʢʘʩʳ CTF-1 ʠ CTF-2, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ (ʉʭʝʤʘ 1), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ.  

 

 
ʉʭʝʤʘ 1 

 

ʉʠʥʪʝʟ CTF-1 ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʤʝʪʦʜʫ, ʛʜʝ ʧ-ʬʝʥʠʣʝʥʜʠʘʤʠʥ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ 

ʜʠʦʢʩʘʥʝ, ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʢ ʮʠʘʥʫʨʭʣʦʨʠʜʫ ʚ ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥʝ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ 65 Áʉ ʚ ʪʝʯʝʥʠʝ 21 

ʯʘʩʘ [1]. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 81%. 

ʋʯʠʪʳʚʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, CTF-2 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩ ʫʯʝʪʦʤ ʩʪʝʭʠʦʤʝʪʨʠʠ [2]. ʊʘʢ, ʩʤʝʩʴ ʮʠʘʥʫʨʭʣʦʨʠʜʘ ʠ ʧ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʚ ʜʠʦʢʩʘʥʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʧʦʜʚʝʨʛʘʣʠ ʥʘʛʨʝʚʫ ʧʨʠ 90 Áʉ ʚ ʪʝʯʝʥʠʝ 82 ʯ. 

ʇʨʦʜʫʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 85%. 

ʀʂ-ʩʧʝʢʪʨ rʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʫʩʧʝʰʥʳʡ ʩʠʥʪʝʟ ʢʦʚʘʣʝʥʪʥʳʭ ʪʨʠʘʟʠʥʦʚʳʭ ʢʘʨʢʘʩʦʚ 

CTF-1 ʠ CTF-2. ɺʘʣʝʥʪʥʦʝ ʢʦʣʝʙʘʥʠʝ C-Cl ʧʨʠ 843 ʩʤ ĭ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʮʠʘʥʫʨʭʣʦʨʠʜʘ, ʦʪʩʫʪʩʪʚʦʚʘʣʦ ʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ɸʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʠ 

ʨʘʟʨʳʚʘʤʠ ʚʥʫʪʨʠ ʩʣʦʝʚ ʢʘʨʢʘʩʦʚ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ. ʏʘʩʪʠʯʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ 2ɗ= 38ę, 44ę ʠ 77ę ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ, ʦʜʥʘʢʦ CTF-2, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ, ʦʪʣʠʯʘʣʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʊʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʅʘʠʚʳʩʰʘʷ ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʜʣʷ CTF-2, ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʚʝʨʛʘʣʩʷ ʨʘʟʣʦʞʝʥʠʶ ʜʦ 300 Áʉ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʚʘʣʝʥʪʥʳʭ 

ʪʨʠʘʟʠʥʦʚʳʭ ʢʘʨʢʘʩʦʚ. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʣʫʯʫh  ʁ

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʣ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʤʝʨʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʦʚʘʣʝʥʪʥʳʭ ʪʨʠʘʟʠʥʦʚʳʭ ʢʘʨʢʘʩʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʫʯʰʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʠʥʪʝʟʘ ʢʦʚʘʣʝʥʪʥʳʭ ʪʨʠʘʟʠʥʦʚʳʭ ʢʘʨʢʘʩʦʚ, 

ʦʪʢʨʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʙʦʣʴʰʦʤ ʦʙʲʸʤʝ. 
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ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ ð ʦʜʥʘ ʠʟ ʟʥʘʯʠʤʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʤʠʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ ʫʩʧʝʭʠ ʚ ʧʨʦʬʠʣʘʢʪʠʢʝ, ʜʠʘʛʥʦʩʪʠʢʝ 

ʠ ʣʝʯʝʥʠʠ ʤʥʦʛʠʭ ʚʠʜʦʚ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʤʝʜʠʮʠʥʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʶʪʩʷ 

ʚʳʩʦʢʠʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʥʘʧʨʘʚʣʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʙʝʟʦʧʘʩʥʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʠ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ 

ʩ ʠʟʘʪʠʥʘʤʠ 1 ʠ 2 [1], ʘ ʪʘʢʞʝ (ʛʝʪʝʨʦ)ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ 3 [2,3] (ʨʠʩʫʥʦʢ 1) ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʪʴ ʧʨʦʣʠʬʝʨʘʮʠʶ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʚʳʩʪʫʧʘʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʪʫʙʫʣʠʥʘ [3].  

 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ 

 ʩ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

 

ʐʠʨʦʢʠʡ ʨʷʜ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ in vitro ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʠʣʠʜʝʥʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʲʝʤʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʦʞʝʥʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ 4 ʠ 5, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ 

ʠʟʦʤʝʨʥʳʝ ʠʤ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦʪʨʠʘʟʠʥʳ 6, ʩʦʜʝʨʞʘʱʠʝ ʵʥʜʦʮʠʢʣʠʯʝʩʢʫʶ ʢʨʘʪʥʫʶ ʉïʉ ʩʚʷʟʴ (ʩʭʝʤʘ 1). 

 

 

ʉʭʝʤʘ 1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʪʨʝʭ ʩʝʨʠʡ ʠʟʦʤʝʨʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥʦʚ 

ʠ ʠʤʠʜʘʟʦʪʠʘʟʠʥʦʪʨʠʘʟʠʥʦʚ ʩ ʘʤʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʀʅʊɽɿ ɸʎɽʊʀʃɽʅɼʀʆʃʆɺ ʅɸ ʆʉʅʆɺɽ 1-ʌɽʅʀʃʇʈʆʇʀʅ-2-ʆʃɸ-1 ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʂɸʊɸʃʀʊʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ CaO/NH3/Et2O 

 

ɸʙʜʫʨʘʭʤʘʥʦʚʘ ʉ.ʉ. a, ɿʠʷʜʫʣʣʘʝʚ ʆ.ʕ. b  

 
aʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄ.ʋʣʫʛʙʝʢʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ, 

 ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
bɸʢʘʜʝʤʠʷ ʄʏʉ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ ʩʚʦʠʭ ʤʦʣʝʢʫʣʘʭ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʩʪʨʫʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʠʟʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʙʠʦʮʠʜʦʚ, ʠʦʥʦʦʙʤʝʥʥʠʢʦʚ 

ʠ ʠʥʛʠʙʠʪʦʨʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1-2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʮʝʪʠʣʝʥʜʠʦʣʳ ī 1,4-ʜʠʬʝʥʠʣʙʫʪʠʥ-2-

ʜʠʦʣ-1,4 (1), 1-ʬʝʥʠʣ-4-(2,4,5-ʪʨʠʤʝʪʠʣʬʝʥʠʣ)ʙʫʪʠʥ-2-ʜʠʦʣ-1,4 (2), 1-(2,4-ʜʠʤʝʪʠʣʬʝʥʠʣ)-4-ʬʝʥʠʣʙʫʪʠʥ-2-

ʜʠʦʣ-1,4 (3), 1-ʬʝʥʠʣ-4-ʦ-ʪʦʣʠʣʙʫʪʠʥ-2-ʜʠʦʣ-1,4 (4) ī ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʘʮʝʪʠʣʝʥʦʚʦʛʦ 

ʩʧʠʨʪʘ 1-ʬʝʥʠʣʧʨʦʧʠʥ-2-ʦʣʘ-1 ʩ ʥʝʢʦʪʦʨʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʚʢʣʶʯʘʷ ʙʝʥʟʘʣʴʜʝʛʠʜ, 2,4,5-

ʪʨʠʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜ, 2,4-ʜʠʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜ ʠ 2-ʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜ ʚ ʩʣʦʞʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

CaO/NH3/Et2O. ʇʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ ʨʝʘʢʮʠʡ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ. 
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ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. ʇʨʠ ʩʠʥʪʝʟʝ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʘʤʤʠʘʢ ʩʥʘʯʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʨʦʡʥʦʡ ʩʚʷʟʴʶ 1-

ʬʝʥʠʣʧʨʦʧʠʥ-2-ʦʣʘ-1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʨʝʟʫʣʪɹʘʪʝ ʵʪʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʣʝʛʢʦ ʟʘʤʝʱʘʪʴ ʚʦʜʦʨʦʜ ʠ ʩʦʝʜʠʥʷʪʴʩʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʝʘʢʮʠʠ ʧʦʜʚʠʞʥʳʡ 

ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʚ ʪʨʦʡʥʦʡ ʩʚʟ̫ʠ ʤʦʣʝʢʫʣʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʢʘʣʴʮʠʝʤ, ʦʙʨʘʟʫʷ ʢʘʣʴʮʠʝʚʫʶ ʩʦʣʴ 1-ʬʝʥʠʣʧʨʦʧʠʥ-2-ʦʣʘ-1 ð ʩʪʘʙʠʣʴʥʳʡ, ʩʠʣʴʥʳʡ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʨʝʘʛʝʥʪ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʝʘʢʮʠʠ ʢʘʣʴʮʠʝʚʘʷ ʩʦʣʴ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ ʨʝʘʛʠʨʫʝʪ ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʣʢʦʛʦʣʷʪʘ ʢʘʣʴʮʠʷ ʘʮʝʪʠʣʝʥʜʠʦʣʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʣʝʛʢʦ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ. ɸʣʢʦʛʦʣʷʪ ʢʘʣʴʮʠʷ ʘʮʝʪʠʣʝʥʜʠʦʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʛʠʜʨʦʣʠʟʫ ʚ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ, ʜʘʚʘʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʝʥʜʠʦʣʳ ʠ ʛʠʜʨʦʢʩʠʜ ʢʘʣʴʮʠʷ [3-4]. 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʨʝʘʢʮʠʠ ʥʘ ʚʳʭʦʜ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʦʜʘ ʨʝʘʢʮʠʠ ʠʟʫʯʘʣʠʩʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ, ʧʨʠʨʦʜʘ, ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʘ ʨʝʘʛʝʥʪʦʚ 

ʠ ʩʫʙʩʪʨʘʪʦʚ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʚ ʚʳʙʨʘʥʥʦʡ ʩʣʦʞʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

CaO/NH3/Et2O ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʩʫʙʩʪʨʘʪʘ, ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʠʨʦʜʘ ʨʘʜʠʢʘʣʦʚ ʪʘʢʞʝ ʚʣʠ̫ ʶʪ ʥʘ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ. ɸʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʚ ʤʦʣʝʢʫʣʝ ʘʣʴʜʝʛʠʜʘ ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʛʨʫʧʧʳ >C=O. 

ʇʨʦʷʚʣʷʝʤʳʡ ʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʟʦʤʝʨʥʳʡ ʵʬʬʝʢʪ (+ʄ) ʟʘʪʨʫʜʥʷʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʨʝʘʛʝʥʪʘ 

(ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ) ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʧʨʦʜʦʣʞʝʥʠʝ ʧʨʦʮʝʩʩʘ [5-6]. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʝʚʳʭ ʨʘʜʠʢʘʣʦʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʛʨʫʧʧʝ >C=O, ʠ 

ʩʚʦʡʩʪʚʘ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʨʝʘʢʮʠʠ ʘʣʴʜʝʛʠʜʦʚ ʩ ʘʮʝʪʠʣʝʥʦʚʳʤʠ ʩʧʠʨʪʘʤʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 2,4,5-ʪʨʠʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜ < 2,4-ʜʠʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜ < 2-ʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜ < 

ʙʝʥʟʘʣʴʜʝʛʠʜ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

(ʀʂ, 1H-ʗʄʈ, 13C-ʗʄʈ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ), ʯʠʩʪʦʪʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ, 

ɾʍ). 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʦʥʝʯʥʳʡ ʘʮʝʪʠʣʝʥʦʚʳʡ ʩʧʠʨʪ 1-ʬʝʥʠʣʧʨʦʧʠʥ-2-ʦʣ-1 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʠʟ ʘʮʝʪʠʣʝʥʜʠʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ CaO/NH3/Et2O ʩ ʚʳʭʦʜʦʤ ʚʳʙʨʘʥʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 75-63%. 
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ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ, ʘʮʝʪʠʣʝʥ, ʘʮʝʪʘʣʴʜʝʛʠʜ, ʤʝʪʘʥʦʣ, ʠ ʬʝʥʦʣ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʣʘʢʦʚ, ʢʨʘʩʦʢ, ʧʦʣʠʤʝʨʦʚ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ  ʧʝʨʝʨʘʙʦʪʢʘ ʧʨʠʨʦʜʥʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ. ʆʜʥʘʢʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʤʝʥʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ  ʦʪʭʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʥʠʟʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʕʪʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʧʨʠ ʉɺʏ ʘʢʪʠʚʘʮʠʠ ʩʠʩʪʝʤʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ  ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʮʝʪʘʣʴʜʝʛʠʜʘ, 

ʤʝʪʘʥʦʣʘ ʠ ʬʝʥʦʣʘ ʥʘ ʦʩʥʦʚʝ ʉɺʏ-ʧʣʘʟʤʝʥʥʦʡ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʧʨʦʮʝʩʩʦʤ ʉɺʏ-ʘʢʪʠʚʘʮʠʠ ʚʦʜʳ ʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʢʘʢ 

ʘʮʝʪʘʣʴʜʝʛʠʜ, ʤʝʪʘʥʦʣ ʠ ʬʝʥʦʣ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ, ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʩʠʩʪʝʤʝ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʯʝʨʝʟ ʨʝʘʢʪʦʨ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ-ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʤʝʪʘʥ/ʧʘʨʳ ʚʦʜr) ʠ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ, 

ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʧʣʘʟʤʳ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʪʦʢʝ, ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʨʝʘʢʪʦʨʝ. ɺ ʪʘʙʣ.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʳʭʦʜʳ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʛʦ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʉɺʏ-

ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ. 

ʊʘʙʣʠʮʘ 1. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ  ʩʠʩʪʝʤʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʘ 

 

ʇʨʦʜʫʢʪ ʘʮʝʪʠʣʝʥ ʘʮʝʪʘʣʴʜʝʛʠʜ ʬʝʥʦʣ ʤʝʪʘʥʦʣ 

ɺʳʭʦʜ (%) 82 55 46 57 

 

ʇʨʦʜʫʢʪʳ ʢʦʥʚʝʨʩʠʠ ʦʪʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʜʫʢʪʦʚ 

ʢʦʥʚʝʨʩʠʠ. ʀʂ-ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʘʮʝʪʘʣʴʜʝʛʠʜ - 1735 ʩʤ-1, ʙʝʥʟʦʣ ï 680 ʩʤ-1, ʬʝʥʦʣ - 3450 ʩʤ-1, ʤʝʪʘʥʦʣ ï 1025 ʩʤ-1. ʕʪʠ ʧʦʣʦʩʳ ʠʤʝʶʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʀʂ-ʩʧʝʢʪʨʝ, ʭʦʨʦʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʥʝ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ-ʧʨʦʪʦʪʠʧ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʤʘʣʦʪʦʥʥʘʞʥʦʛʦ 

ʉɺʏ-ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʦʛʨʝʚʝ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ ʩʪʝʥʦʢ ʨʝʘʢʪʦʨʘ ʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʛʘʟʘ ʚ ʩʠʩʪʝʤʝ ʠ ʚʨʝʤʝʥʠ ʛʦʨʝʥʠʷ ʉɺʏ-ʧʣʘʟʤʳ ʚ ʨʝʘʢʪʦʨʝ. 

 

mailto:grinwald@mts-nn.ru
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ʅʆɺʓɽ ʇʆɼʍʆɼʓ ʂ ʉʀʅʊɽɿʋ ʇʈʆʀɿɺʆɼʅʓʍ ʊʈʀɸɿʆʃɸ 

 

ɸʥʧʸʥʦʚʘ ɽ., ʇʨʦʪʘʩʦʚ ʅ., ʇʝʨʝʚʘʣʦʚ ɺ. 

 

ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ,  

125047, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣʦʱʘʜʴ, ʜʦʤ 9 

E-mail: e.anpenova@yandex.ru 

 

ʄʥʦʛʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʜʦʩʪʫʧʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ 1,2,3-ʪʨʠʘʟʦʣʘ ʷʚʣʝ̫ʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ [1]. 

 

 
 

ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ N-(2,4-ʜʠʥʠʪʨʦʬʝʥʠʣ) ʛʣʠʮʠʥʘ (I), ʩʦʜʝʨʞʘʱʠʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ 80ʦʉ ʧʦʣʫʯʘʣʠ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ 2-ʘʤʠʥʦ-4-ʥʠʪʨʦʬʝʥʠʣʛʣʠʮʠʥ 

(II ) ʠ 4-ʥʠʪʨʦ-2-ʦʢʩʦ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʭʠʥʩʢʩʦʣʠʥ (III ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʪʦʥʢʦʩʣʦʡʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ʇʦ ʨʝʘʢʮʠʠ ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ II ʧʦʣʫʯʝʥʘ (5-ʥʠʪʨʦ-1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣ)ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ (IV). ʅʠʪʨʦʛʨʫʧʧʫ ʚ ʩʦʝʜʠʥʝʥʠʠ (IV) ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʦʣʦʚʦʤ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, 

ʠʩʧʦʣʴʟʫʷ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 70ʦʉ. 

ʇʦʣʫʯʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʝ (V) ʧʦʜʚʝʨʛʣʠ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ 

ʩʚʦʡʩʪʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ  ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 5-(ʘʮʝʪʠʣʘʤʠʥʦ)-1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣ-1-

ʠʣ)ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (VI). ʉʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ ʕʉʇ, ʀʂ, ʗʄʈ ʠ 

ʤʘʩʩ ʩʧʝʢʪʨʦʚ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

[1] çDer PharmaChemicaè., 2017, 9(13):141-147 1983, A Review: Biological Importance of Heterocyclic 

Compounds, Department of Chemistry, Faculty of Sciences, Kufa Un 
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ʎʀʂʃʆʇʈʆʇɸʅʆʃʔʅʓʁ ʇʆɼʍʆɼ ʂ ʉʀʅʊɽɿʋ ʌɽʈʆʄʆʅɸ  

ʀʇʉɽʅʆʃɸ ɾʋʂʆɺ-ʂʆʈʆɽɼʆɺ ʈʆɼɸ IPS 

 

ɺʘʩʠʣʝʚʩʢʠʡ ɽ.ɸ.ʘ, ʄʠʥʝʝʚʘ ʀ.ɺ.ʘ,ʙ 

 
aɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ. 

e-mail: jahor.vasileuski.2003@gmail.com 
ʙ ɹʝʣʦʨʫʩʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʀʀ ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ,  

ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

e-mail: i.mineyeva@yandex.ru 

 

ʀʧʩʝʥʦʣ (RS)-14 ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʬʝʨʦʤʦʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ 

ʀʇʉɺɸɹʆʃ ɺ ʠ ʐ. ɼʘʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠʩʧʦʣɹ ʟʫʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʧʫʣʷʮʠʠ ʠ ʙʦʨʴʙʳ ʩ ʞʫʢʘʤʠ-

ʢʦʨʦʝʜʘʤʠ ʨʦʜʘ Ips, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ ʚʨʝʜʠʪʝʣʷʤʠ ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ.  

ɺ ʅʀʃʕʆʉ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɹɻʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʠʧʩʝʥʦʣʘ (RS)-14 ʥʘ 

ʦʩʥʦʚʝ ʘʣʣʠʣʙʨʦʤʠʜʦʚ (5) ʠ (12), ʜʦʩʪʫʧʥʳʭ ʯʝʨʝʟ ʮʠʢʣʦʧʨʦʧʘʥʦʣʴʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʝʚʦʝ 

ʩʦʝʜʠʥʝʥʠʝ (RS)-14 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʨʝʘʛʝʥʪʘ ʵʪʠʣ-3,3-ʜʠʵʪʦʢʩʠʧʨʦʧʘʥʦʘʪʘ (1) ʩ 

ʦʙʱʠʤ ʚʳʭʦʜʦʤ 8 % ʚ ʨʘʩʯʝʪʝ ʥʘ 13 ʣʠʥʝʡʥʳʭ ʩʪʘʜʠʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠ̫  ʠʧʩʝʥʦʣʘ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʝ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɓ-ʢʝʪʦʵʬʠʨʘ (7). ɼʣʷ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʛʦʤʦʛʝʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ ʠ Nʘɺʅ4, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ L-ʚʠʥʥʦʡ 

ʢʠʩʣʦʪʦʡ. ʊʘʢʞʝ ʦʧʠʩʘʥ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʩʧʠʨʪʘ (8) ʥʘ ʦʩʥʦʚʝ ʜʨʦʞʞʝʚʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ (7) ʢʫʣʴʪʫʨʦʡ Saccharomyces cerevisiae ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʱʝʥʠʝʤ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ ʄʠʮʫʥʦʙʫ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʝʥ (R)-ʠʧʩʝʥʦʣ. 

 

 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʇʅʀ (ˉ ɻʦʩ. ʨʝʛ. 20240340). 
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ʄʋʃʔʊʀʂʆʄʇʆʅɽʅʊʅʓʁ ʉʀʅʊɽɿ ʅʆɺʓʍ 3,4-ɼʀɻʀɼʈʆʇʀʈʀʄʀɼʀʅ-2(1H)-ʊʀʆʅʆɺ, 

ʉʆɼɽʈɾɸʑʀʍ ʈɸɿʃʀʏʅʓɽ ɸʃʀʌɸʊʀʏɽʉʂʀɽ ʌʈɸɻʄɽʅʊʓ 

 

ɻʦʨʜʫʥʦʚ ɻ.ɸ., ʄʠʥʝʝʚʘ ʀ.ɺ. 

 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ. 

e-mail: grigory.gordunov@yandex.by 

 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ (ʨʝʮʝʧʪʦʨʦʤ, ʬʝʨʤʝʥʪʦʤ), ʪʝʤ ʩʘʤʳʤ ʠʛʨʘʷ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦʮʝʩʩʝ ʦʪʢʨʳʪʠʷ ʣʝʢʘʨʩʪʚ [1]. ʉʨʝʜʠ ʥʠʭ ʚʠʜʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 3,4-

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʥʳ, ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ɹʠʜʞʠʥʝʣʣʠ [2]. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʢʘʢ ʦʩʥʦʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ ʩʠʥʪʝʟʝ ɼʅʂ ʠ ʈʅʂ, ʘ ʪʦʥʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ 

(ʥʠʪʨʘʢʪʠʥ G) [3], ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ((S)-ʤʦʥʘʩʪʨʦʣ ɸ) [4] ʠ ʧʨʦʯʠʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʩʠʥʪʝʟʫ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ɹʠʜʞʠʥʝʣʣʠ, ʩʦʜʝʨʞʘʱʠʭ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʦʜʥʘʢʦ ʥʘʰʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ 

ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʢʣʦʧʨʦʧʘʥʩʦʜʝʨʞʘʱʠʭ). 

 

 
 

 

ʢʘʪʘʣʠʟʘʪʦʨ 
ɺʳʭʦʜʳ 3,4-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2(1H)-ʪʠʦʥʦʚ 1ï10, % 

1 2 3 4 5 6 7 8 9 10 

EuCl3 Ā 6H2O 81 68 33 36 89 85 62 64 55 46 

TmCl3 Ā 6H2O 93 86 37 50 88 80 60 65 ï 69 

GdCl3 Ā 6H2O 96 36 41 33 85 79 59 54 ï 28 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. C. J. Shishoo, V. S. Shirsath, I. S. Rathod, V. D. Yande Eur. J. Org. Chem., 2000, 35, 351. 

2. H. Nagarajaiah, A. Mukhopadhyay, J.N. Moorthy Tetrahedron. Lett., 2016, 57, 5135. 

3. J. Safari, Z. Zarnegar New J. Chem., 2014, 38, 358. 

4. W. C. Galeano, H. Ram²rez-Malule, D. G·mez-Rios J. Appl. Pharm. Sci., 2024, 14, 73. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ɻʇʅʀ (ˉ ɻʦʩ. ʨʝʛ. 20240340).  
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20-ʏʃɽʅʅʓɽ ʄɸʂʈʆɻɽʊɽʈʆʎʀʂʃʓ ʅɸ ʆʉʅʆɺɽ ʈɽɸʂʎʀʁ Ŭ,Ŭ-ɼʀɻɸʃʆɻɽʅ-ɓ-

ʆʂʉʆɸʃʔɼɽɻʀɼʆɺ ʉ ɼʀɸʄʀʅʆʌʋʈɸɿɸʅʆʄ: ʈɸʉʏɽʊʅʓɽ ʇɸʈɸʄɽʊʈʓ ʀ 

ʆʉʆɹɽʅʅʆʉʊʀ 

 

ʊʶʨʠʥ ɺ.ʉ.ʩ, ɸʬʘʥʘʩʴʝʚʘ ʂ.ɸ.ʘ,b, ɻʘʡʜʘʨ ʉ.ʄ.ʘ, ʂʦʙʨʘʢʦʚ ʂ.ʀ.a, ɻʫʩʝʡʥʦʚ ʌ.ʀ.ʘ,b 

 

a ʌɻɹʆʋ ɺʆ "ʈɻʋ ʠʤ. ɸ.ʅ. ʂʦʩʳʛʠʥʘ", ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
b ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ 

 ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
c ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

e-mail: guseinoveltos@mail.ru 
 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ Ŭ,Ŭ-ʜʠʛʘʣʦʛʝʥ-ɓ-ʦʢʩʦʘʣʴʜʝʛʠʜʦʚ ʩ ʜʠʘʤʠʥʦʬʫʨʘʟʘʥʦʤ 

ʦʙʨʘʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 20-ʯʣʝʥʥʳʝ ʤʘʢʨʦʮʠʢʣʳ, ʧʨʠ ʵʪʦʤ ʩʦʚʩʝʤ ʥʝʪ ʩʣʝʜʦʚ ʤʘʢʨʦʮʠʢʣʦʚ 

ʜʨʫʛʦʡ ʨʘʟʤʝʨʥʦʩʪʠ: 5, 10, 15, 25. ʈʘʩʯʝʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʦʤ DFT 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʨʫʛʠʝ ʤʘʢʨʦʮʠʢʣʳ, ʚ ʩʨʝʜʥʝʤ, ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳ. ʊʦʣɹ ʢʦ 15-ʯʣʝʥʥʳʡ ʤʘʢʨʦʮʠʢʣ 

ʤʦʞʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ 20-ʯʣʝʥʥʳʤ: ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʝʜʠʥʠʮʫ ʤʦʥʦʤʝʨʘ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 15-ʯʣʝʥʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ (11.3 ʢʢʘʣ/ʤʦʣʴ) ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʪʘʢʦʚʦʡ ʜʣ̫  20-ʯʣʝʥʥʦʛʦ (11.3 ʢʢʘʣ/ʤʦʣʴ), ʭʦʪʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʥ ʤʝʥʝʝ ʚʳʛʦʜʝʥ (ʤʝʥʴʰʠʡ ʪʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ). ʈʦʩʪ ʨʘʟʤʝʨʘ ʤʘʢʨʦʮʠʢʣʘ (25 ʠ ʙʦʣʝʝ) ʧʨʠʚʦʜʠʪ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ 

ʵʬʬʝʢʪʫ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʨʦʠʛʨʳʰʫ ʚ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. ʇʦʤʠʤʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ, 

ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʘ ʨʦʣʴ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʮʠʢʣʠʟʘʮʠʠ: ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʢʣʘʜʳʚʘʥʠʷ 

ʮʝʧʠ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʢ ʮʠʢʣʠʟʘʮʠʠ 20-ʯʣʝʥʥʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ, ʧʦʚʳʰʘʷ ʝʝ ʩʢʦʨʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʡ ʠʥʜʝʢʩ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʢʨʦʮʠʢʣʠʟʘʮʠʠ 

Emac. 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʝʪʨʘʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʘʤʠʥʦʬʫʨʘʟʘʥʘ 

ʠ ʙʝʥʟʦʠʣʟʘʤʝʱʝʥʥʦʛʦ Ŭ,Ŭ-ʜʠʭʣʦʨʘʣʴʜʝʛʠʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʝʛʦ ʩʚʝʨʪʳʚʘʥʠʶ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 20-ʯʣʝʥʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʣʶʜʘʝʤʫʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

F. I. Guseinov, V. O. Ovsyannikov, E. V. Shuvalova, L. M. Kustov, K. I. Kobrakov, A. I. Samigullina, K. T. 

Mahmudov New Journal of Chemistry, 2024, 48, 12869. 
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ʍʈʆʄɽʅʆ[2,3-d]ʇʀʈʀʄʀɼʀʅʓ ï ʉʀʅʊɽɿ ʀ ʇʈʆɻʅʆɿʀʈʋɽʄɸʗ ɹʀʆʃʆɻʀʏɽʉʂɸʗ 

ɸʂʊʀɺʅʆʉʊʔ 

 

ɼʦʙʨʠʮʢʘʷ ʖ.ʖ., ɼ̫ ʯʝʥʢʦ ʉ.ɺ., ʉʫʢʘʯ ʉ.ʄ., ɼʷʯʝʥʢʦ ʀ.ɺ. 

 

ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʃʫʛʘʥʩʢ, ʈʦʩʩʠʷ. 

e-mail: dobritskayayuliya@yandex.com 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʭʨʦʤʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ, ʘʥʪʠʪʨʦʤʙʦʮʠʪʘʨʥʳʭ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ [1], ʦʙʝʟʙʦʣʠʚʘʶʱʠʭ [2, 3], 

ʘʥʪʠʤʝʣʘʥʦʤʥʳʭ [4] ʠ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʸʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [5]. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʠʡ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [6] 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʩʠʥʪʝʟʘ ʭʨʦʤʝʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ 1 ʠ 2 ʠ ʦʮʝʥʝʥʘ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʚ ʩʠʩʪʝʤʘʭ [7, 8]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ 

ʛʠʩʪʠʜʠʥʢʠʥʘʟʳ, ʵʢʩʧʨʝʩʩʠʠ HIF1A, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʭʝʤʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ 

ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ ʠ ʬʦʙʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ. 
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ʈɽɸʂʎʀʗ ʕʊʀʅʀʃʀʈʆɺɸʅʀʗ ɹɽʅɿɸʃʔɼɽɻʀɼɸ ʀ ɽɻʆ ʨ-ɿɸʄɽʑɽʅʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ʉ 3-
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ʅʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʥʪʦʥʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʘʣʢʠʥʦʚʳʝ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʩʳʨʴʝʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʝʚʨʘʱʝʥʠʡ 

ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ. [1]. ɺʧʝʨʚʳʝ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ CsF/TBACl/TGF ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʨʝʘʢʮʠʠ ʘʣʢʠʥʠʣʠʨʦʚʘʥʠʷ ʙʝʥʟʘʣʴʜʝʛʠʜʘ, ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʝʛʦ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘ-R-ʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ: 4-ʤʝʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜʘ, 4-ʵʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜʘ, 4-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʘʣʴʜʝʛʠʜʘ, 4-ʬʪʦʨʙʝʥʟʘʣʴʜʝʛʠʜʘ, 

4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʘ, 4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʙʝʥʟʘʣʴʜʝʛʠʜʘ, 4-(ʙʫʪʦʢʩʠ)ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 4-(ʪʠʦʵʪʠʣ)ʙʝʥʟʘʣʴʜʝʛʠʜʘ 

ʩ 3-ʭʣʦʨ-3-ʤʝʪʠʣʙʫʪʠʥʦʤ-1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʠ 

ʘʣʢʠʥʠʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʘʣʴʜʝʛʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 3-ʭʣʦʨ-3-ʤʝʪʠʣʙʫʪʠʥʘ. 

 

 
R= H (1), R= Me (2), R= Et (3), R= trBu (4), R= F (5), 

R= Cl (6), R= N(Me)2 (7), R= OBu (8), R= SEt (9) 

 

ɺ ʨʘʩʪʚʦʨʝ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʢʘʪʘʣʠʟʘʪʦʨ ʬʪʦʨʠʜ ʮʝʟʠʷ ʩʠʣʴʥʦ ʠʦʥʠʟʫʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʣʘʢʘ, ʩʠʣʴʥʦ ʧʨʠʪʷʛʠʚʘʶʱʠʝʩʷ ʢ ʷʜʨʫ ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʢʘʪʠʦʥʘ ʮʝʟʠʷ, ʘ ʘʪʦʤ ʚʦʜʦʨʦʜʘ, 

ʩʪʘʚʰʠʡ ʧʦʜʚʠʞʥʳʤ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ ʩʚʷʟʠ ʉ-ʅ ʚ sp-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ 

ʘʣʢʠʥʘ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʫʩʪʫʧʘʝʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ, ʦʙʨʘʟʫʷ ʘʮʝʪʠʣʝʥʠʜ ʮʝʟʠʷ, ʦʙʣʘʜʘʶʱʠʡ ʚ ʩʠʩʪʝʤʝ 

ʩʣʘʙʳʤʠ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʝʥʠʜʳ ʨʝʘʛʠʨʫʶʪ ʩ ʧʨʦʤʦʪʦʨʦʤ 

ʭʣʦʨʠʜʦʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ, ʩʦʟʜʘʶʱʠʤ ʚ ʩʠʩʪʝʤʝ ʩʠʣʴʥʦʱʝʣʦʯʥʫʶ ʩʨʝʜʫ, ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʚʳʰʘʶʱʝʝ ʬʘʟʦʚʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʘʢʮʠʠ. ʅʘ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʘʣʢʠʥʠʣʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ ʮʝʟʠʷ ʚ 

ʤʦʣʝʢʫʣʝ ʩʣʦʞʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʠʣʴʥʦ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʚʳʩʦʢʦ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʘʪʦʤʫ 

ʭʣʦʨʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʨʳʚʫ ŭ-ʩʚʷʟʠ ʤʝʞʜʫ ʮʝʟʠʝʤ ʠ sp-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʤ ʫʛʣʝʨʦʜʦʤ ʚ ʪʨʦʡʥʦʡ ʩʚʷʟʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 3-ʭʣʦʨ-3-ʤʝʪʠʣʙʫʪʠʥʘ-1 ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ. 

ʅʫʢʣʝʦʬʠʣʴʥʳʡ ʨʝʘʛʝʥʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʘʪʘʢʫʝʪ ʢʠʩʣʦʨʦʜ ʚ ʤʦʣʝʢʫʣʝ ʘʣʴʜʝʛʠʜʘ, ʠʤʝʶʱʠʡ ʚʳʩʦʢʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ˊ-ʩʚʷʟʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʧʝʨʝʭʦʜ sp2-

ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ sp3-ʛʠʙʨʠʜʠʟʘʮʠʶ, ʦʙʨʘʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʧʠʨʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʣʦʨʠʜ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʘʣʢʦʛʦʣʷʪʘ ʮʝʟʠʷ. ɺ ʮʝʣʦʤ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʵʪʠʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʤʝʨ ʨʝʘʢʮʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 
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