
ʈʆʉʉʀʁʉʂɸʗ ɸʂɸɼɽʄʀʗ ʅɸʋʂ 

ʆʊɼɽʃɽʅʀɽ ʍʀʄʀʀ ʀ ʅɸʋʂ ʆ ʄɸʊɽʈʀɸʃɸʍ 

 

 

 

 

 

 

 

 

ʆʪʯʸʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʟʘ 2020 ʛʦʜ 

 

 

 

 

 

 

 

ʄʦʩʢʚʘ 2021 



2 

 

  

ʆʛʣʘʚʣʝʥʠʝ:          ʉʪʨ. 

1. ʇʦʣʦʞʝʥʠʝ ʦ ʅʘʫʯʥʦʤ ʩʦʚʝʪʝ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 3 

2. ʉʦʩʪʘʚ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

    (ʫʪʚʝʨʞʜʸʥ ɹʶʨʦ ʆʍʅʄ ʈɸʅ 20.01.2021 ʛ.) 

8 

3. ʅʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦ ʪʝʤʘʪʠʢʝ ʉʦʚʝʪʘ    10 

   - ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 10 

   - ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ  

      ʩʦʝʜʠʥʝʥʠʡ 

49 

   - ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 84 

   - ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 99 

 

 

 

ʂʦʥʪʘʢʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʉʦʚʝʪʘ: 

ʂ.ʭ.ʥ. ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ ʖʜʠʥʘ (ʀʆʍ ʈɸʅ) 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

Email: orgchem@ioc.ac.ru 

ʌʘʢʩ: +7 499 135 8784 

http://zioc.ru/institute/ras-academic-council-in-organic-chemistry 

 

 

 



3 

 

ʇʆʃʆɾɽʅʀɽ 

ʦ ʅʘʫʯʥʦʤ ʩʦʚʝʪʝ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ʅʘʫʯʥʳʡ ʩʦʚʝʪ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ (ʜʘʣʝʝ ï ʉʦʚʝʪ) ʷʚʣʷʝʪʩʷ 

ʥʘʫʯʥʦ-ʢʦʥʩʫʣʴʪʘʪʠʚʥʳʤ ʦʨʛʘʥʦʤ ʈɸʅ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʥʘʯʘʣʘʭ ʧʨʠ ʆʪʜʝʣʝʥʠʠ ʭʠʤʠʠ ʠ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʈɸʅ (ʜʘʣʝʝ ï 

ʆʪʜʝʣʝʥʠʝ) ʠ ʨʫʢʦʚʦʜʩʪʚʫʶʱʠʤʩʷ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʢʦʥʘʤʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʋʩʪʘʚʦʤ ʈɸʅ, ʧʦʩʪʘʥʦʚʣʝʥʠʷʤʠ ʠ 

ʨʘʩʧʦʨʷʞʝʥʠʷʤʠ ʇʨʝʟʠʜʠʫʤʘ ʠ ʆʪʜʝʣʝʥʠʷ ʈɸʅ ʠ ʥʘʩʪʦʷʱʠʤ 

ʇʦʣʦʞʝʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʊʠʧʦʚʦʛʦ ʇʦʣʦʞʝʥʠʷ ʦ ʅʘʫʯʥʦʤ 

ʩʦʚʝʪʝ ʈɸʅ.  

2. ʆʙʱʝʝ ʨʫʢʦʚʦʜʩʪʚʦ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʉʦʚʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ɹʁ ʨʦ ʆʪʜʝʣʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʫʪʚʝʨʞʜʘʝʪ ʇʦʣʦʞʝʥʠʝ ʦ ʉʦʚʝʪʝ, ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ ʉʦʚʝʪʘ ʧʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʘ. ʇʨʝʜʩʝʜʘʪʝʣʴ ʉʦʚʝʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʟ ʯʠʩʣʘ ʯʣʝʥʦʚ ʈɸʅ ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʠ ʫʪʚʝʨʞʜʘʝʪʩʷ ʇʨʝʟʠʜʠʫʤʦʤ ʈɸʅ 

ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʚʘ ʧʷʪʠʣʝʪʥʠʭ ʩʨʦʢʘ.  

3. ʉʪʨʫʢʪʫʨʘ ʉʦʚʝʪʘ ʚʢʣʶʯʘʝʪ ɹʶʨʦ ʉʦʚʝʪʘ ʠ ʪʨʠ ʩʝʢʮʠʠ: ʉʝʢʮʠʶ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʉʝʢʮʠʶ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʉʝʢʮʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ɼʨʫʛʠʝ ʉʝʢʮʠʠ ʉʦʚʝʪʘ, ʚʢʣʶʯʘʷ 

ʨʝʛʠʦʥʘʣʴʥʳʝ, ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩ 

ʫʪʚʝʨʞʜʝʥʠʝʤ ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʘ.  

4. ɹʶʨʦ ʉʦʚʝʪʘ ʩʦʩʪʦʠʪ ʠʟ ʧʨʝʜʩʝʜʘʪʝʣʷ, ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʝʜʩʝʜʘʪʝʣʷ, 

ʫʯʝʥʦʛʦ ʩʝʢʨʝʪʘʨʷ ʠ ʯʣʝʥʦʚ ɹʶʨʦ ʉʦʚʝʪʘ. ʅʘ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʷ 

ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʘ ʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ ʠ ʧʦʣʥʦʤʦʯʠʷ ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ 

ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʘ. 

5. ʉʦʩʪʘʚ ʉʦʚʝʪʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʈɸʅ, 

ʜʨʫʛʠʭ ʘʢʘʜʝʤʠʡ, ʠʤʝʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʪʫʩ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʚʫʟʦʚ 

ʠ ʦʪʨʘʩʣʝʚʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʥʘʫʯʥʳʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʱʝʩʪʚ, ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʚʝʜʦʤʩʪʚ, ʘ ʪʘʢʞʝ 

http://igic-ras.ru/union/scientific/inorganic/structure.php
http://igic-ras.ru/union/scientific/inorganic/composition.php
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ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʩʪʨʘʥ ʉʅɻ, ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ.  

6. ʆʙʥʦʚʣʝʥʠʝ ʩʦʩʪʘʚʘ ʉʦʚʝʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʨʝʞʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʧʷʪʴ 

ʣʝʪ.  

7. ɼʣʷ ʨʝʰʝʥʠʷ ʢʨʘʪʢʦ- ʠ ʩʨʝʜʥʝʩʨʦʯʥʳʭ ʟʘʜʘʯ, ʨʝʰʝʥʠʝʤ ɹʁ ʨʦ ʉʦʚʝʪʘ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʵʢʩʧʝʨʪʥʳʝ ʛʨʫʧʧʳ ʠ ʢʦʤʠʩʩʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʙʦʪʳ ʉʦʚʝʪʘ. ʀʭ ʩʦʩʪʘʚ ʫʪʚʝʨʞʜʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ɹʶʨʦ ʉʦʚʝʪʘ. 

8. ʉʦʚʝʪ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʬʦʨʤʠʨʦʚʘʥ ʠʣʠ ʨʝʦʨʛʘʥʠʟʦʚʘʥ ʧʦ ʨʝʰʝʥʠʶ ɹʁ ʨʦ 

ʆʪʜʝʣʝʥʠʷ.  

9. ʉʦʚʝʪ ʧʨʦʚʦʜʠʪ ʩʚʦʠ ʩʝʩʩʠʠ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʦ ʥʝ ʨʝʞʝ ʦʜʥʦʛʦ 

ʨʘʟʘ ʚ ʛʦʜ. ʄʝʞʜʫ ʩʝʩʩʠʷʤʠ ʉʦʚʝʪʘ ʧʨʦʚʦʜʷʪʩʷ ʨʘʩʰʠʨʝʥʥʳʝ ʟʘʩʝʜʘʥʠʷ 

ɹʶʨʦ ʉʦʚʝʪʘ, ʧʦʩʚʷʱʸʥʥʳʝ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

10. ʉʝʩʩʠʠ ʩʦʟʳʚʘʶʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ɹʶʨʦ ʉʦʚʝʪʘ ʠʣʠ ʧʨʝʜʩʝʜʘʪʝʣʷ ʉʦʚʝʪʘ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠ ʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʩʝʩʩʠʡ ʉʦʚʝʪʘ, ʘ ʪʘʢʞʝ ʟʘʩʝʜʘʥʠʡ 

ɹʶʨʦ ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ɹʶʨʦ ʉʦʚʝʪʘ.  

11. ʉʦʚʝʪ ʧʨʘʚʦʤʦʯʝʥ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚʦʧʨʦʩʘʤ, 

ʝʩʣʠ ʥʘ ʟʘʩʝʜʘʥʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝ ʤʝʥʝʝ ʧʦʣʦʚʠʥʳ ʝʛʦ ʩʧʠʩʦʯʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʈʝʰʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʦʪʢʨʳʪʳʤ ʛʦʣʦʩʦʚʘʥʠʝʤ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʡʪʠʥʛʦʚʳʤʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʫʢʠ, ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʘʟʚʠʪʠʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʜʚʝʜʝʥʠʝʤ ʠʪʦʛʦʚ ʥʘʫʯʥʳʭ ʢʦʥʢʫʨʩʦʚ. ʈʝʰʝʥʠʝ 

ʉʦʚʝʪʘ ʩʯʠʪʘʝʪʩʷ ʧʨʠʥʷʪʳʤ, ʝʩʣʠ ʟʘ ʥʝʛʦ ʧʨʦʛʦʣʦʩʦʚʘʣʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʯʣʝʥʦʚ ʉʦʚʝʪʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʟʘʩʝʜʘʥʠʠ. ʉʦʚʝʪ ʤʦʞʝʪ ʧʨʦʩʪʳʤ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʛʦʣʦʩʦʚ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʪʘʡʥʦʛʦ 

ʛʦʣʦʩʦʚʘʥʠʷ ʧʦ ʣʶʙʦʤʫ ʚʦʧʨʦʩʫ, ʚʭʦʜʷʱʝʤʫ ʚ ʢʦʤʧʝʪʝʥʮʠʶ ʉʦʚʝʪʘ. 

ʈʝʰʝʥʠʷ ʉʦʚʝʪʘ ʥʦʩʷʪ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʧʦʩʪʘʥʦʚʣʝʥʠʡ ʠ ʧʨʦʪʦʢʦʣʦʚ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʉʦʚʝʪʘ ʤʦʛʫʪ 

ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʬʦʨʤʝ ʧʦʩʪʘʥʦʚʣʝʥʠʡ ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʠʣʠ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ.  
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12. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʦʚʝʪʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʣʫʞʝʙʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ 

ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ (ʀʆʍ ʈɸʅ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ɹʶʨʦ 

ʆʪʜʝʣʝʥʠʷ ʉʦʚʝʪʫ ʚʳʜʝʣʷʝʪʩʷ ʰʪʘʪʥʘʷ ʝʜʠʥʠʮʘ ʫʯʸʥʦʛʦ ʩʝʢʨʝʪʘʨʷ, 

ʬʠʥʘʥʩʠʨʫʝʤʘʷ ʟʘ ʩʯʸʪ ʩʨʝʜʩʪʚ ʆʪʜʝʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʘʥʦʚʣʝʥʠʷ 

ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʠʣʠ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʉʦʚʝʪʫ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʝʩʩʠʠ, 

ʧʣʝʥʘʨʥʳʝ ʟʘʩʝʜʘʥʠʷ, ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʩʝʤʠʥʘʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʘʩʪʠʝʤ 

ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʳʭ, ʠʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʶʣʣʝʪʝʥʝʡ, ʫʯʘʩʪʠʝ ʚ 

ʚʳʩʪʘʚʢʘʭ ʠ ʪ.ʜ.).  

13. ʉʦʚʝʪ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

¶ ʇʨʦʚʦʜʠʪ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʤʠʨʦʚʦʡ ʥʘʫʢʠ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ; ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʛʦʪʦʚʠʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʆʪʜʝʣʝʥʠʷ ʠʣʠ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ.  

¶ ʈʘʟʨʘʙʘʪʳʚʘʝʪ ʟʘʜʘʯʠ ʠ ʧʨʦʛʥʦʟʳ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ; 

ʩʦʩʪʘʚʣʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʣʘʥʳ ʠ ʥʘʫʯʥʳʝ ʧʨʦʛʨʘʤʤʳ; ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʢʦʦʨʜʠʥʘʮʠʶ ʨʘʙʦʪ ʧʦ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚʳʧʦʣʥʷʝʤʳʤ ʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ; ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦ ʧʦʨʫʯʝʥʠʶ 

ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʠ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʛʦʪʦʚʠʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ.  

¶ ʇʦʜʛʦʪʘʚʣʠʚʘʝʪ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠ 

ʬʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʝʥʠʶ 

ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ.  

¶ ʇʦʜʛʦʪʘʚʣʠʚʘʝʪ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  
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¶ ɺʥʦʩʠʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʬʠʥʘʥʩʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʚʳʜʝʣʷʝʤʳʭ ʜʣʷ ʨʘʙʦʪ ʧʦ 

ʧʨʦʙʣʝʤʘʤ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʣʘʩʪʷʤ ʢʦʤʧʝʪʝʥʮʠʠ ʉʦʚʝʪʘ, ʘ ʪʘʢʞʝ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʤʝʶʱʝʛʦʩʷ ʫʥʠʢʘʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ. 

¶ ʇʦʜʛʦʪʘʚʣʠʚʘʝʪ ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʟʘʢʫʧʢʠ 

ʫʥʠʢʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʥʪʨʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ. 

¶ ʇʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʵʢʩʧʝʨʪʠʟʝ ʧʨʦʝʢʪʦʚ ʠ 

ʘʪʪʝʩʪʘʮʠʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʟʘʧʨʦʩʫ ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ, 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ, ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʄʠʥʧʨʦʤʪʦʨʛʦʚʣʠ ʈʌ ʠ ʜʨʫʛʠʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʤʠʥʠʩʪʝʨʩʪʚ ʠ ʚʝʜʦʤʩʪʚ.  

¶ ɺʳʜʚʠʛʘʝʪ ʨʘʙʦʪʳ ʥʘ ʩʦʠʩʢʘʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʝʤʠʡ ʈʌ, ʧʨʝʤʠʡ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʟʦʣʦʪʳʭ ʤʝʜʘʣʝʡ ʠ ʧʨʝʤʠʡ ʈɸʅ.  

¶ ʋʯʘʩʪʚʫʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʛʨʝʩʩʦʚ, ʩʝʤʠʥʘʨʦʚ, ʰʢʦʣ, ʘ ʪʘʢʞʝ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʧʫʙʣʠʢʘʮʠʠ ʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

¶ ʉʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʛʦʪʦʚʢʝ ʠ ʠʟʜʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʝʙʥʠʢʦʚ ʠ ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʣʷ ʩʨʝʜʥʠʭ ʰʢʦʣ ʠ ʚʫʟʦʚ; ʘʢʪʠʚʥʦ 

ʫʯʘʩʪʚʫʝʪ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʧʦʩʣʝʚʫʟʦʚʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

(ʘʩʧʠʨʘʥʪʫʨʘ, ʜʦʢʪʦʨʘʥʪʫʨʘ, ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʠ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʢʘʜʨʦʚ).  

¶ ʉʧʦʩʦʙʩʪʚʫʝʪ ʠʟʜʘʥʠʶ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʫʣʫʯʰʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

¶ ʉʦʜʝʡʩʪʚʫʝʪ ʨʘʩʰʠʨʝʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʧʨʦʧʘʛʘʥʜʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, 

ʠʟʫʯʝʥʠʶ ʥʘʩʣʝʜʠʷ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ʈʦʩʩʠʠ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ 

ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ.  
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¶ ʈʝʢʦʤʝʥʜʫʝʪ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʥʘʫʯʥʳʝ ʢʦʤʘʥʜʠʨʦʚʢʠ ʟʘ 

ʛʨʘʥʠʮʫ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʦʙʣʘʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ; ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʪʯʝʪʳ ʦ ʢʦʤʘʥʜʠʨʦʚʢʘʭ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʉʦʚʝʪʘ; ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʦʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʩʚʷʟʝʡ.  

¶ ɺʥʦʩʠʪ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʠ ʇʨʝʟʠʜʠʫʤ ʈɸʅ ʧʦ 

ʢʘʥʜʠʜʘʪʫʨʘʤ ʛʣʘʚʥʳʭ ʨʝʜʘʢʪʦʨʦʚ ʞʫʨʥʘʣʦʚ.  

¶ ʌʦʨʤʠʨʫʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʩʦʚʝʪʦʚ ʠ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ɺɸʂ ʧʦ ʧʨʦʬʠʣʶ ʉʦʚʝʪʘ.  

¶ ɻʦʪʦʚʠʪ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʦʜʜʝʨʞʢʝ ʥʘʫʯʥʳʭ ʰʢʦʣ ʠ ʤʦʣʦʜʳʭ 

ʪʘʣʘʥʪʣʠʚʳʭ ʫʯʝʥʳʭ. 

14. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʉʦʚʝʪ ʠʤʝʝʪ ʧʨʘʚʦ: 

¶ ɿʥʘʢʦʤʠʪʴʩʷ ʩ ʩʦʩʪʦʷʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, 

ʤʠʥʠʩʪʝʨʩʪʚʘʭ ʠ ʚʝʜʦʤʩʪʚʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʙʣʝʤ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʣʘʩʪʷʤ ʢʦʤʧʝʪʝʥʮʠʠ ʉʦʚʝʪʘ. 

¶ ɺʥʦʩʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʪʝʤʘʪʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʫʯʨʝʞʜʝʥʠʡ ʈɸʅ, ʚʳʧʦʣʥʷʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʦʙʣʘʩʪʷʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʣʘʩʪʷʤ ʢʦʤʧʝʪʝʥʮʠʠ ʉʦʚʝʪʘ. 

¶ ʆʩʫʱʝʩʪʚʣʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʥʪʘʢʪʳ ʩ ʥʝʘʢʘʜʝʤʠʯʝʩʢʠʤʠ ʥʘʫʯʥʳʤʠ 

ʫʯʨʝʞʜʝʥʠʷʤʠ ʩ ʮʝʣʴʶ ʢʦʦʨʜʠʥʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

15. ʉʦʚʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ɹʶʨʦ ʆʪʜʝʣʝʥʠʷ ʠ ʇʨʝʟʠʜʠʫʤʫ ʈɸʅ ʝʞʝʛʦʜʥʳʡ ʦʪʯʝʪ 

ʦ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʠʡ ʦʪʯʝʪ ʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʜʦʩʪʠʞʝʥʠʷʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

16. ʉʦʚʝʪ ʠʤʝʝʪ ʩʚʦʡ ʬʠʨʤʝʥʥʳʡ ʙʣʘʥʢ ʠ ʧʝʯʘʪʴ.  

17. ʉʦʚʝʪ ʠʤʝʝʪ ʩʚʦʶ ʠʥʪʝʨʥʝʪʥʫʶ ʩʪʨʘʥʠʮʫ ʥʘ ʧʦʨʪʘʣʝ ʀʆʍ ʈɸʅ ʜʣʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʦ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  
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ʋʪʚʝʨʞʜʝʥʦ ʥʘ ʟʘʩʝʜʘʥʠʠ  

ɹʶʨʦ ʆʍʅʄ ʈɸʅ 20.01.2021,  

ʧʨʦʪʦʢʦʣ ˉ5 

 

ʉʦʩʪʘʚ 

ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

 

ɹʶʨʦ ʉʦʚʝʪʘ 

1. ɸʢʘʜʝʤʠʢ ʈɸʅ ɽʛʦʨʦʚ ʄ.ʇ. ï ʧʨʝʜʩʝʜʘʪʝʣʴ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʝʢʮʠʠ 

2. ɸʢʘʜʝʤʠʢ ʈɸʅ ʂʦʥʦʚʘʣʦʚ ɸ.ʀ. ï ʟʘʤ.ʧʨʝʜʩʝʜʘʪʝʣʷ, ʨʫʢ. ʩʝʢʮʠʠ 

3. ɸʢʘʜʝʤʠʢ ʈɸʅ ʉʠʥʷʰʠʥ ʆ.ɻ. ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ, ʨʫʢ. ʩʝʢʮʠʠ 

4. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʬʘʥʪʴʝʚ ʅ.ʕ. ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ 

5. ʂ.ʭ.ʥ. ʖʜʠʥʘ ʆ.ʅ. ï ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʉʦʚʝʪʘ 

6. ɸʢʘʜʝʤʠʢ ʈɸʅ ɸʣʬʠʤʦʚ ʄ.ɺ. 

7. ɸʢʘʜʝʤʠʢ ʈɸʅ ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

8. ɸʢʘʜʝʤʠʢ ʈɸʅ ɹʫʙʥʦʚ ʖ.ʅ. 

9. ɸʢʘʜʝʤʠʢ ʈɸʅ ʄʠʥʢʠʥ ɺ.ʀ. 

10. ɸʢʘʜʝʤʠʢ ʈɸʅ ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. 

11. ɸʢʘʜʝʤʠʢ ʈɸʅ ʅʝʬʝʜʦʚ ʆ.ʄ. 

12. ɸʢʘʜʝʤʠʢ ʈɸʅ ʅʦʚʘʢʦʚ ʀ.ɸ. 

13. ɸʢʘʜʝʤʠʢ ʈɸʅ ʊʘʨʪʘʢʦʚʩʢʠʡ ɺ.ɸ. 

14. ɸʢʘʜʝʤʠʢ ʈɸʅ ʊʨʦʬʠʤʦʚ ɹ.ɸ. 

15. ɸʢʘʜʝʤʠʢ ʈɸʅ ʏʘʨʫʰʠʥ ɺ.ʅ. 

16. ɸʢʘʜʝʤʠʢ ʈɸʅ ʏʫʧʘʭʠʥ ʆ.ʅ. 

17. ɸʢʘʜʝʤʠʢ ʈɸʅ ʖʥʫʩʦʚ ʄ.ʉ. 

 

ʉʝʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ɸʢʘʜʝʤʠʢ ʈɸʅ ɽʛʦʨʦʚ ʄ.ʇ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2. ɸʢʘʜʝʤʠʢ ʈɸʅ ɸʥʘʥʠʢʦʚ ɺ.ʇ. 

3. ʇʨʦʬʝʩʩʦʨ ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ. 

4. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɹʘʯʫʨʠʥ ʉ.ʆ. 

5. ɸʢʘʜʝʤʠʢ ʈɸʅ ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

6. ʇʨʦʬʝʩʩʦʨ ɹʨʝʜʠʭʠʥ ɸ.ɸ. 

7. ɸʢʘʜʝʤʠʢ ʈɸʅ ɹʫʭʪʠʷʨʦʚ ɺ.ʀ. 

8. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʫʯʠʥ ɸ.ɺ. 

9. ʇʨʦʬʝʩʩʦʨ ʅʘʚʨʦʮʢʠʡ ʄ.ɹ. 

10. ʇʨʦʬʝʩʩʦʨ ʈɸʅ ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. 

11. ɸʢʘʜʝʤʠʢ ʈɸʅ ʅʝʬʝʜʦʚ ʆ.ʄ. 

12. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʢʠʰʠʥ ɻ.ʀ. 

13. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʬʘʥʪʴʝʚ ʅ.ʕ. 

14. ɸʢʘʜʝʤʠʢ ʈɸʅ ʅʦʚʘʢʦʚ ʀ.ɸ. 

15. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʈʫʩʠʥʦʚ ɺ.ʃ. 

16. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʘʭʫʪʜʠʥʦʚ ʅ.ʌ. 

17. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʉʳʩʦʣʷʪʠʥ ʉ.ɺ. 

18. ɸʢʘʜʝʤʠʢ ʈɸʅ ʊʘʨʪʘʢʦʚʩʢʠʡ ɺ.ɸ. 
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19. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

20. ɸʢʘʜʝʤʠʢ ʈɸʅ ʏʘʨʫʰʠʥ ɺ.ʅ. 

21. ɸʢʘʜʝʤʠʢ ʈɸʅ ʏʫʧʘʭʠʥ ʆ.ʅ. 

22. ɸʢʘʜʝʤʠʢ ʈɸʅ ʖʥʫʩʦʚ ʄ.ʉ. 

 

ʉʝʢʮʠʷ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

1. ɸʢʘʜʝʤʠʢ ʈɸʅ ʉʠʥʷʰʠʥ ʆ.ɻ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2. ɸʢʘʜʝʤʠʢ ʈɸʅ ɹʫʙʥʦʚ ʖ.ʅ. 

3. ʇʨʦʬʝʩʩʦʨ ɹʫʜʥʠʢʦʚʘ ʖ.ɻ. 

4. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɼʞʝʤʠʣʝʚ ʋ.ʄ. 

5. ʇʨʦʬʝʩʩʦʨ ʈɸʅ ɼʴʷʢʦʥʦʚ ɺ.ɸ. 

6. ɸʢʘʜʝʤʠʢ ʈɸʅ ʂʫʢʫʰʢʠʥ ɺ.ʖ. 

7. ɸʢʘʜʝʤʠʢ ʈɸʅ ʄʠʥʢʠʥ ɺ.ʀ. 

8. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʄʠʨʦʥʦʚ ɺ.ʌ.  

9. ɸʢʘʜʝʤʠʢ ʈɸʅ ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. 

10. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʦʫʪʠʥ ɺ.ɸ. 

11. ɸʢʘʜʝʤʠʢ ʈɸʅ ʉʪʦʨʦʞʝʥʢʦ ʇ.ɸ. 

12. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʊʨʠʬʦʥʦʚ ɸ.ɸ.  

13. ɸʢʘʜʝʤʠʢ ʈɸʅ ʊʨʦʬʠʤʦʚ ɹ.ɸ. 

14. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

15. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʏʝʨʢʘʩʦʚ ɺ.ʂ. 

 

ʉʝʢʮʠʷ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

1. ɸʢʘʜʝʤʠʢ ʈɸʅ ʂʦʥʦʚʘʣʦʚ ɸ.ʀ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2. ɸʢʘʜʝʤʠʢ ʈɸʅ ɸʣʬʠʤʦʚ ʄ.ɺ. 

3. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɸʥʪʠʧʠʥ ʀ.ʉ. 

4. ʇʨʦʬʝʩʩʦʨ ɺʦʣʦʰʠʥ ʗ.ɿ. 

5. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɻʦʨʙʫʥʦʚʘ ʖ.ɻ. 

6. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɻʨʦʤʦʚ ʉ.ʇ. 

7. ɸʢʘʜʝʤʠʢ ʈɸʅ ɽʨʝʤʝʥʢʦ ʀ.ʃ. 

8. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʦʡʬʤʘʥ ʆ.ʀ. 

9. ʇʨʦʬʝʩʩʦʨ ʂʫʩʪʦʚ ʃ.ʄ. 

10. ɸʢʘʜʝʤʠʢ ʈɸʅ ʆʚʯʘʨʝʥʢʦ ɺ.ʀ. 

11. ɸʢʘʜʝʤʠʢ ʈɸʅ ʈʫʩʘʥʦʚ ɸ.ʀ. 

12. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʌʝʜʠʥ ɺ.ʇ. 

13. ʇʨʦʬʝʩʩʦʨ ʌʝʜʦʨʦʚʘ ʆ.ɸ. 

14. ɸʢʘʜʝʤʠʢ ʈɸʅ ʍʦʭʣʦʚ ɸ.ʈ. 

15. ɸʢʘʜʝʤʠʢ ʈɸʅ ʎʠʚʘʜʟʝ ɸ.ʖ. 

16. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʏʚʘʣʫʥ ʉ.ʅ. 
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ʅɸʋʏʅʓɽ ɼʆʉʊʀɾɽʅʀʗ ʇʆ ʊɽʄɸʊʀʂɽ ʉʆɺɽʊɸ ɿɸ 2020 ʛʦʜ 

 

ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ɺʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʢʘʨʙʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʪʨʠʤʝʨʠʟʘʮʠʠ ʘʮʝʪʠʣʝʥʘ ʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ɿʝʣʠʥʩʢʦʛʦ, 

160-ʣʝʪ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ ʚ 2021 ʛ. ʕʪʘ ʨʝʘʢʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʥʟʦʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚʘʞʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʧʨʦʜʫʢʪʦʤ. ʂʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʟʘʛʘʜʢʠ ʨʝʘʢʮʠʠ ɿʝʣʠʥʩʢʦʛʦ ʦʢʘʟʘʣʠʩʴ 

ʢʘʨʙʝʥʦʚʳʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʥʘ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ʫ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʛʦ ʢʨʘʷ ʛʨʘʬʝʥʘ. ʊʘʢʠʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʫʥʠʢʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʙʝʥʟʦʣʘ.  

 

 J. Am. Chem. Soc., 142 (2020) 3784-3796. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥ ʧʨʦʬʠʣʴ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ ʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʵʪʘʧʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʤʦʣʝʢʫʣ ʘʮʝʪʠʣʝʥʘ ʢ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʠʛʨʘʮʠʷ ʩʧʠʥʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʙʝʪʘ-ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠʩʦʝʜʠʥʷʝʤʦʡ ʘʮʝʪʠʣʝʥʦʚʦʡ ʤʦʣʝʢʫʣʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʪʠʤʳʝ ʢʦʣʝʙʘʥʠʷ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʣʝʛʯʘʶʪ 
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ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʢʘʨʙʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʇ. 

ɸʥʘʥʠʢʦʚ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɽ.ɻ.ɻʦʨʜʝʝʚ, ɽ.ʆ.ʇʝʥʮʘʢ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

2. ʅʘʡʜʝʥ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʚʘʞʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ï 

ʧʠʨʨʦʣʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʩʠʥʪʝʟʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʭ 

ʙʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʥʝʝ ʧʦʣʫʯʘʝʤʳʭ ʩʣʦʞʥʳʤʠ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʩʠʥʪʝʟʘʤʠ. ʉʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʠʩʣʦʪʥʦ 

ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʭʠʥʦʢʩʘʣʠʥ-2-ʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʠʣʠ ʛʝʥʝʨʠʨʫʝʤʳʭ in situ ʝʥʘʤʠʥʦʚ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʠ ʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʨʦʣʴʥʦʤ ʢʦʣʴʮʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

J. Org. Chem.,  

85 (2020) 9887-

9904; 80 (2015) 

1375-1386; 79 

(2014) 9161-9169. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʠʨʨʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʴʶ ʩʨʝʜʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʦʯʝʪʘʥʠʷ [3+2], 
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ʜʦʩʪʫʧʥʦʩʪʴʶ ʩʳʨʴʷ, ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʥʝʥʠʷ, ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʰʠʨʦʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʚʘʨʴʠʨʫʝʤʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʝ ʙʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ï 1-

(ʧʠʨʨʦʣ-2(3)-ʠʣ))-ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʦʥʳ, ʠʭ ʘʟʘʘʥʘʣʦʛʠ, ʥʦʚʳʝ 

ʪʨʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʧʠʧʝʨʠʜʠʥʦʚʳʡ, ʤʦʨʬʦʣʠʥʦʚʳʡ ʠ ʧʠʨʨʦʣʠʜʠʥʦʚʳʡ ʷʜʨʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ 

ɺ.ɸ. ʄʘʤʝʜʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʅ.ɸ. ɾʫʢʦʚʘ, ʢ.ʭ.ʥ. ɽ.ɸ. ʍʘʬʠʟʦʚʘ, ʅ.ʕ. ɸʣʛʘʝʚʘ, 

ʄ.ʉ. ʂʘʜʳʨʦʚʘ, ʢ.ʭ.ʥ. ɺ.ɺ. ʉʷʢʘʝʚ, ʊ.ʅ. ɹʝʩʯʘʩʪʥʦʚʘ, ʢ.ʭ.ʥ. ɽ.ɺ. ʄʠʨʦʥʦʚʘ, 

ʢ.ʭ.ʥ. ʀ.ʍ. ʈʠʟʚʘʥʦʚ, ʜ.ʭ.ʥ. ʐ.ʂ. ʃʘʪʳʧʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 

3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʤʦʯʝʚʠʥ ï 4/5-(ʛʝʪʝʨʦ)ʘʨʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʠʤʠʜʘʟʦʣʠʜʠʥ-2-ʦʥʦʚ 

ʠ 1,3-ʙʝʥʟʦʜʠʘʟʝʧʠʥʦʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʢʘʩʢʘʜʥʦʡ ʢʠʩʣʦʪʥʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ N-(2,2-ʜʠʤʝʪʦʢʩʠʵʪʠʣ)ʤʦʯʝʚʠʥ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ 

ʛʝʪʝʨʦʮʠʢʣʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɸ.ʈ. 

ɹʫʨʠʣʦʚ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ɸ.ʉ. ɻʘʟʠʟʦʚ; ʠʩʧ: ʢ.ʭ.ʥ ɸ.ɺ. ʉʤʦʣʦʙʦʯʢʠʥ, ɸ.ɻ. 

ʉʪʨʝʣʴʥʠʢ, ʧʨʦʬʝʩʩʦʨ ʄ.ɸ. ʇʫʜʦʚʠʢ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 

 

 

 

 

 

 

 

Synthesis, 52 (2020) 

3263ï3271. 
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4. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʙʦʣʴʰʘʷ ʩʝʨʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʛʣʠʢʦʟʠʜʦʚ ʠ 1,2,3-

ʪʨʠʘʟʦʣʠʣʴʥʳʭ ʛʣʠʢʦʢʦʥʲʶʛʘʪʦʚ ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʩʪʝʚʠʦʣʘ (16-ʦʢʩʦ-ʵʥʪ-

ʙʝʡʝʨʘʥ-19-ʦʚʘʷ ʢʠʩʣʦʪʘ), ʧʦʣʫʯʝʥʥʦʛʦ ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʛʣʠʢʦʟʠʜʦʚ 

ʨʘʩʪʝʥʠʷ Stevia rebaudiana. ʀʟʫʯʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʧʘʥʝʣʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ ʚʳʷʚʠʣʦ 

ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ, ʧʨʦʷʚʠʚʰʠʝ ʚʳʩʦʢʫʶ (IC50 = 1.7ï1.9 ʤʢʄ) 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ M-HeLa (ʵʧʠʪʝʣʠʦʠʜʥʘʷ ʢʘʨʮʠʥʦʤʘ 

ʰʝʡʢʠ ʤʘʪʢʠ), ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʧʨʦʪʠʚʦʨʘʢʦʚʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʜʦʢʩʠʨʫʙʠʮʠʥ (IC50 = 3 ʤʢʄ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʦʢʩʠʯʥʦʛʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʧʝʯʝʥʠ ʯʝʣʦʚʝʢʘ ʜʦʢʩʦʨʫʙʠʮʠʥʘ (IC50 = 3 ʤʢʄ), 

ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ ʦʢʘʟʘʣʠʩʴ ʥʝʪʦʢʩʠʯʥʳʤʠ (IC50 > 100 ʤʢʄ). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʠʥʜʫʢʮʠʝʡ ʘʧʦʧʪʦʟʘ, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤʫ ʧʫʪʠ, ʧʨʠʯʝʤ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʠʥʛʠʙʠʨʫʶʪ ʘʢʪʠʚʥʳʡ ʜʦʤʝʥ 

ʘʣʴʬʘ-ʵʩʪʨʘʛʝʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ (ERŬ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ rï ʧʨʦʬʝʩʩʦʨ ɺ.ɽ. 

ʂʘʪʘʝʚ; ʦʪʚ. ʠʩʧ.: ʢ.ʭ.ʥ. ʆ.ɺ. ɸʥʜʨʝʝʚʘ, ʢ.ʭ.ʥ. ɹ.ʌ. ɻʘʨʠʬʫʣʣʠʥ, ʢ.ʭ.ʥ. ʈ.ʈ. 

ʐʘʨʠʧʦʚʘ, ʢ.ʭ.ʥ. ʄ.ɻ.ɹʝʣʝʥʦʚ, ʢ.ʭ.ʥ. ʀ.ʖ. ʉʪʨʦʙʳʢʠʥʘ, ʃ.ʈ. ʍʘʙʠʙʫʣʠʥʘ, 

ʢ.ʙ.ʥ. ɸ.ɼ. ɺʦʣʦʰʠʥʘ, ɸ.ʉ. ʉʘʧʫʥʦʚʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 

 

 

 

 

 

 

 

J. Nat. Prod., 

83 (2020) 

2367-2380. 

5. ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʩʪʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʨʠʬʪʦʨʤʝʪʠʣ-

4-ʥʠʪʨʦʟʦ- ʠ 4-ʘʤʠʥʦʧʠʨʘʟʦʣʦʚ (ʧʦʢʘʟʘʥʳ ʥʘ ʠʣʣʶʩʪʨʘʮʠʠ ʥʠʞʝ), ʢʦʪʦʨʳʝ, 

ʢʘʢ ʥʘʡʜʝʥʦ, ʦʙʣʘʜʘʶʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 
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ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ N-

ʥʝʟʘʤʝʱʝʥʥʳʝ 4-ʥʠʪʨʦʟʦʧʠʨʘʟʦʣʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʪʫʙʝʨʢʫʣʦʩʪʘʪʠʢʘʤʠ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʪʦʛʜʘ ʢʘʢ 4-ʥʠʪʨʦʟʦ-1-

ʤʝʪʠʣ-5-ʬʝʥʠʣʧʠʨʘʟʦʣ ʦʙʣʘʜʘʝʪ ʘʥʪʠʤʠʢʦʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ. N-ʅʝʟʘʤʝʱʝʥʥʳʝ 4-ʘʤʠʥʦʧʠʨʘʟʦʣʳ 

ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 1-ʄʝʪʠʣ-3-ʪʨʠʬʪʦʨʤʝʪʠʣ-5-

ʬʝʥʠʣʧʠʨʘʟʦʣ-4-ʘʤʤʦʥʠʡ ʭʣʦʨʠʜ ʚʳʷʚʠʣ ʤʦʱʥʦʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ HeLa. ɺʳʨʘʞʝʥʥʘʷ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ N-ʬʝʥʠʣ-4-ʥʠʪʨʦʟʦ- ʠ 4-ʘʤʠʥʦʧʠʨʘʟʦʣʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ʅ. ʏʫʧʘʭʠʥ ʠ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʀ. 

ʉʘʣʦʫʪʠʥ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ʗ.ɺ. ɹʫʨʛʘʨʪ; ʠʩʧ. - ʢ.ʭ.ʥ. ɽ.ɺ. ʑʝʛʦʣʴʢʦʚ, ʤ.ʥ.ʩ. 

ʅ.ɸ. ɸʛʘʬʦʥʦʚʘ, ʤ.ʥ.ʩ. ʉ.ʆ. ʂʫʱ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. 

ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 

 

Eur. J. Med. Chem., 2020 in press 

6. ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʥʠʪʨʦʚʘʥʠʷ ʨʷʜʘ ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7-ʘʤʠʥʦʚ. 

ʇʨʝʜʣʦʞʝʥʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 6-

ʥʠʪʨʦ[1,2,4]ʪʨʠʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7-ʘʤʠʥʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ [1,2,4]ʪʨʠʘʟʦʣʦ[1,5-ʘ]ʧʠʨʠʤʠʜʠʥ-6,7-

ʘʤʠʥʦʚ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (86-89%). ʇʦʣʫʯʝʥʠʝʤ ʨʷʜʘ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʠʘʤʠʥʦʚ. ʇʦʣʫʯʝʥʘ ʨʘʥʝʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʩʠʩʪʝʤʘ ʪʨʠʘʟʦʣʦ[1,5-a]ʧʪʝʨʠʜʠʥ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 
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ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʅ. ʏʘʨʫʰʠʥ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɻ.ʃ. ʈʫʩʠʥʦʚ, ʜ.ʭ.ʥ. ɽ.ʅ. 

ʋʣʦʤʩʢʠʡ; ʠʩʧ. - ʢ.ʭ.ʥ. ɽ.ɹ. ɻʦʨʙʫʥʦʚ, ʘʩʧ. ɼ.ɸ. ɻʘʟʠʟʦʚ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 
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18218ï18225. 

7. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʘʩʠʤʤʝʪʨʠʯʥʦʤʫ ʘʨʠʣʠʨʦʚʘʥʠʶ ʠʤʠʥʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʷ ʨʝʘʢʮʠʶ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ, ʠ ʠʭ 

ʨʘʟʚʠʪʠʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ. ʆʙʟʦʨ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʨʘʟʜʝʣʘ: 

ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʝʥʦʚ ʢ ʠʤʠʥʘʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʨʘʣʴʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ; ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʝʥʦʚ ʢ ʠʤʠʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʭʠʨʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʠ ʨʝʘʢʮʠʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʨʠʣʙʦʨʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠ ʠʤʠʥʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ʅ. ʏʫʧʘʭʠʥ ʠ ʯʣ.-

ʢʦʨʨ. ʈɸʅ ɺ.ʃ. ʈʫʩʠʥʦʚ; ʦʪʚ. ʠʩʧ. - ɼ.ʉ. ʂʦʧʯʫʢ ʠ ɻ.ɺ. ɿʳʨʷʥʦʚ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 

 

 

 

Adv. Synth. Catal. 

362 (2020) 4293-

4324. 

8. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʙʠʩ[1,2,4]ʪʨʠʘʟʦʣʦ[4,3-b:3',4'-f][1,2,4,5]-

ʪʝʪʨʘʟʠʥʦʚ ʠ ʚʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʪʠʛʣʠʢʦʢʩʠʜʘʮʠʦʥʥʦʡ 

(ʭʝʣʘʪʠʨʫʶʱʝʡ) ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʨʝʧʘʨʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʧʦ ʘʥʪʠʛʣʠʢʠʨʫʶʱʝʡ ʠ ʘʥʪʠʘʛʨʝʛʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʦʯʝʪʘʥʠʝ 

ʜʘʥʥʳʭ ʚʠʜʦʚ ʘʢʪʠʚʥʦʩʪʠ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʩʦʟʜʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ 

ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʘʪʦʛʝʥʝʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʝʯʥʳʭ 
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ʧʨʦʜʫʢʪʦʚ ʛʣʠʢʠʨʦʚʘʥʠʷ (ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ, ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ, 

ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ ʠ ʜʨ.). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʅ. ʏʘʨʫʰʠʥ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɻ.ʃ. 

ʈʫʩʠʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʈ.ʀ. ʀʰʤʝʪʦʚʘ, ʢ.ʭ.ʥ. ʉ.ɻ. ʊʦʣʱʠʥʘ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ 

ɺʦʣʛʦʛʨʘʜʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʄɿ ʈʌ 

(ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ.ɸ. ʉʧʘʩʦʚ). 

 
ɿʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʈʌ ˉ 2020141941. 

9. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ 

ʜʠʙʝʥʟʦ[f,h]ʬʫʨʘʟʘʥʦ[3,4-b]ʭʠʥʦʢʩʘʣʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʷʤʦʡ ʥʝʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʤʝʪʘʣʣʘʤʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ C-H ʩʚʷʟʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʮʠʢʣʦʚ. ɺ ʩʨʝʜʥʝʤ, ʜʣʷ 

ʜʠʙʝʥʟʦ[f,h]ʬʫʨʘʟʘʥʦ[3,4-b]ʭʠʥʦʢʩʘʣʠʥʦʚ ʧʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ ʚ ʪʦʥʢʠʭ 

ʧʣʝʥʢʘʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10
-4
 ʩʤ

2
Ĭɺ

-1
Ĭʩ

-1
. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ 

ɺɿʄʆ ʠ ʅʉʄʆ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʝʨʝʥʦʩʘ ʜʳʨʦʢ ʚ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ 

ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʏʫʧʘʭʠʥ ʆ.ʅ. ʠ ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʅ. ʏʘʨʫʰʠʥ; ʦʪʚ. ʠʩʧ. - 

ʜ.ʭ.ʥ. ɽ.ɺ. ɺʝʨʙʠʮʢʠʡ ʠ ʢ.ʭ.ʥ. ɻ.ʃ. ʈʫʩʠʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʖ.ɸ. ʂʚʘʰʥʠʥ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 

 
ACS Omega, 5 (2020) 8200-8210. 
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10. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ ʧʫʨʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʧʦʣʦʞʝʥʠʠ 6 ʨʘʟʣʠʯʥʳʝ N-ʛʝʪʝʨʦʮʠʢʣʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʝ), 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʯʝʨʝʟ ʬʨʘʛʤʝʥʪʳ ʦʤʝʛʘ-ʘʤʠʥʦʢʠʩʣʦʪ (ʩʤ. ʠʣʣʶʩʪʨʘʮʠʶ 

ʥʠʞʝ). ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʧʨʦʩʪʦʛʦ 

ʛʝʨʧʝʩʘ ʪʠʧʘ 1 (ɺʇɻ-1) (ʧʨʦʚʝʜʝʥʦ ʚ ʀʥʩʪʠʪʫʪʝ ʚʠʨʫʩʦʣʦʛʠʠ 

ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ, çʅʀʎʕʄ ʠʤ. ʅ. ʌ. ɻʘʤʘʣʝʠè ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ, 

ʄʦʩʢʚʘ), ʠ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ A ʠ B (ʧʨʦʚʝʜʝʥʦ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤʝʥʠ 

ʇʘʩʪʝʨʘ) ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʚ ʦʧʳʪʘʭ in vitro ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʨʦʷʚʣʷʶʱʠʤʠ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ɺʇɻ-1, ʚ ʪʦʤ ʯʠʩʣʝ ʘʮʠʢʣʦʚʠʨ-ʫʩʪʦʡʯʠʚʦʛʦ ʰʪʘʤʤʘ, ʨʷʜ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʣʘʜʘʝʪ ʫʤʝʨʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ A ʠ B. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɺ.ʇ. 

ʂʨʘʩʥʦʚ; ʠʩʧ. - ʜ.ʭ.ʥ. ɻ.ʃ. ʃʝʚʠʪ, ʢ.ʭ.ʥ. ɼ.ɸ. ɻʨʫʟʜʝʚ, ʢ.ʭ.ʥ. ɺ.ɺ. ʄʫʩʠʷʢ, ʘʩʧ. 

ʆ.ɸ. ɺʦʟʜʚʠʞʝʥʩʢʘʷ, ʢ.ʭ.ʥ. ʉ.ɸ. ɺʘʢʘʨʦʚ, ʢ.ʭ.ʥ. ɽ.ʅ. ʏʫʣʘʢʦʚ, ʢ.ʭ.ʥ. ɸ.ɸ. 

ʊʫʤʘʰʦʚ, ʥ.ʩ. ʃ.ʐ. ʉʘʜʨʝʪʜʠʥʦʚʘ, ʥ.ʩ. ʊ.ɺ. ʄʘʪʚʝʝʚʘ, ʢ.ʭ.ʥ. ʄ.ʀ. ʂʦʜʝʩʩ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 

 

Pure Appl. Chem., 92 (2020) 1277ï1295; ChemistrySelect, 5 (2020) 4069-4073. 

11. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʙʝʟʦʧʘʩʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ Ŭ-

ʥʠʪʨʦʢʝʪʦʥʦʚ ʚ ʬʦʨʤʝ ʩʪʘʙʠʣʴʥʳʭ ʩʦʣʝʡ. Ŭïʅʠʪʨʦʢʝʪʦʥʳ ï 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩ ʰʠʨʦʢʠʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩʦʣʠ Ŭ-ʥʠʪʨʦʢʝʪʦʥʦʚ ʩʧʦʩʦʙʥʳ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʪʨʦʡʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ 

ʤʦʯʝʚʠʥʦʡ, ʢʦʪʦʨʘʷ ʦʧʠʩʘʥʘ ʜʣʷ Ŭ-ʥʠʪʨʦʢʝʪʦʥʦʚ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 81-89%. ʇʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʣʝʡ Ŭ-ʥʠʪʨʦʢʝʪʦʥʦʚ ʚ ʩʠʥʪʝʟʝ ʘʣʢʠʣ-3-ʥʠʪʨʦ-1,4-ʜʠʛʠʜʨʦʘʟʦʣʦ[5,1-

ʩ][1,2,4]ʪʨʠʘʟʠʥ-4-ʦʣʦʚ - ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʨʷʜʦʤ 

ʧʦʣʝʟʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʠ ʦʮʝʥʢʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʥʦʚʳʭ ʘʟʦʣʦ-1,2,4-ʪʨʠʘʟʠʥʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʥʝʨʦʜʩʪʚʝʥʥʳʭ ʚʠʨʫʩʦʚ ï ʚʠʨʫʩʦʚ ʛʨʠʧʧʘ ʠ 

ʂʦʢʩʘʢʠ B3. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʃ. ʈʫʩʠʥʦʚ; ʠʩʧ. ʜ.ʭ.ʥ 

ɽ.ʅ. ʋʣʦʤʩʢʠʡ, ʘʩʧ. ʈ.ɸ. ɼʨʦʢʠʥ, ɽ.ʂ. ɺʦʠʥʢʦʚ (ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ), ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʩ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʤ ʅʀʀ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠʤ. ʇʘʩʪʝʨʘ 

(ʜ.ʙ.ʥ. ɺ.ɺ. ɿʘʨʫʙʘʝʚ). 

 

 

Mendeleev Commun., 30 (2020) 177ï179. 

12. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

Pd ʧʦʣʫʯʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ Pd/MgAlOx ʦʜʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʨʘʟʤʝʨʦʤ, ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʥʘʥʝʩʝʥʥʦʛʦ ʧʘʣʣʘʜʠʷ. ɿʘʢʨʝʧʣʝʥʠʝ [PdCl4]
2-
 ʚ ʤʝʞʩʣʦʝʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

MgAl-ʩʣʦʠʩʪʦʛʦ ʜʚʦʡʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ (ʉɼɻ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʠʟʦʤʝʪʨʠʯʥʳʭ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʤʝʥʝʝ ʦʢʠʩʣʝʥʥʳʡ ʤʝʪʘʣʣ ʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ 
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ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʫʨʬʫʨʦʣʘ. ɺ ʫʩʣʦʚʠʷʭ ʘʢʚʘʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʛʠʜʨʘʪʘʮʠʷ ʘʣʶʤʦʤʘʛʥʠʝʚʳʭ ʦʢʩʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ MgAl-ʉɼɻ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝʪʠʧʠʯʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʚʨʘʱʝʥʠʷ ʬʫʨʬʫʨʦʣʘ ʯʝʨʝʟ ʛʠʜʨʠʨʦʚʘʥʠʝ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï 

ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʀ. ɹʫʭʪʠʷʨʦʚ ʠ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ɸ. ʃʠʭʦʣʦʙʦʚ; ʠʩʧ. - ʆ.ɹ. 

ɹʝʣʴʩʢʘʷ, ɺ.ʀ. ɿʘʡʢʦʚʩʢʠʡ, ʊ.ʀ. ɻʫʣʷʝʚʘ, ɺ.ʇ. ʊʘʣʟʠ, ɸ.ʀ. ʅʠʟʦʚʩʢʠʡ, ɸ.ɺ. 

ʂʘʣʠʥʢʠʥ (ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ). 

 

J. Catal., 392 (2020) 108-118. 

13. ɼʣʷ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʠʤʝʪʘʢʨʠʣʦʚʳʭ ʦʣʠʛʦʤʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʳʝ ʬʦʪʦʧʨʦʩʚʝʪʣʷʶʱʠʝʩʷ ʚ ʘʢʪʠʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʙʝʥʟʦʭʠʥʦʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʧʦʣʦʞʝʥʠʠ 6 ʭʠʥʦʠʜʥʦʛʦ ʢʦʣʴʮʘ ʉʅ2ʍ ʟʘʤʝʩʪʠʪʝʣʴ (ʍ = ʅ, ʆʉʅ3, 

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʴʥʳʡ ʠ ʬʝʥʠʣʠʤʠʜʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ) ʠ ʪʨʝʪʠʯʥʳʭ 

ʘʤʠʥʦʚ. ʀʩʭʦʜʥʳʡ ʭʠʥʦʥ ï 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʜʝʥʟʦʭʠʥʦʥ-1,2 ï ʠʥʛʠʙʠʪʦʨ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺʚʝʜʝʥʠʝ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʠʮʠʘʪʦʨʳ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʂʦʤʙʠʥʘʮʠʠ ʦ-ʭʠʥʦʥʦʚ ʩ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʦʤ ʠʥʠʮʠʠʨʫʶʪ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʶ). ʅʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ 
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ʬʦʪʦʠʥʠʮʠʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʦ-ʭʠʥʦʥʘ ʩ ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʴʥʳʤ 

ʟʘʤʝʩʪʠʪʝʣʝʤ ʠ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʦʤ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʥʠʮʠʠʨʫʝʪ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ʫʢʘʟʘʥʥʦʡ ʩʤʝʩʠ ʜʠʤʝʪʘʢʨʠʣʘʪʦʚ ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ 

ʝʛʦ ʩʤʝʩʠ ʩ ʙʠʩ-ʛʣʠʮʝʜʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʙʠʩʬʝʥʦʣʘ-ɸ (70/30 ʚʝʩ. %) ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ, ʟʝʣʸʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ LED ʩ ɚmax 450, 522 ʠ 630 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʣʦʷ ʢʦʤʧʦʟʠʮʠʠ 

ʨʝʢʦʨʜʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʦʣʱʠʥʳ 46 ʩʤ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʬʨʦʥʪʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 2.56 ʩʤ/ʤʠʥ. ʀʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʞʸʣʪʳʡ LED 

600 ʥʤ (540 ʤɺʪ cm
-2
). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɻ.ɸ. ɸʙʘʢʫʤʦʚ, 

ʠ ʜ.ʭ.ʥ. ʉ.ɸ. ʏʝʩʥʦʢʦʚ ʠ ʢ.ʭ.ʥ. ʄ.ɺ. ɸʨʩʝʥʴʝʚ; ʠʩʧ. - ʄ.ʇ. ʐʫʨʳʛʠʥʘ, ʄ.ʖ. 

ɿʘʭʘʨʠʥʘ, ʄ.ɸ. ɹʘʪʝʥʴʢʠʥ, ɸ.ʅ. ʂʦʥʝʚ, ɸ.ʉ. ʐʘʚʳʨʠʥ, ɽ.ɸ. ʏʝʣʥʦʢʦʚ, ʅ.ʖ. 

ʐʫʰʫʥʦʚʘ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ).  

 

 

 

 

 

 

 

 

 

 

Eur. Polym. J. 127 

(2020) UNSP 109573. 

14. ʆʧʠʨʘʷʩʴ ʥʘ ʥʘʠh ʧʨʝʜʳʜʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 5Z,9Z-ʜʠʝʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʤʠʥʦʨʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠʟ ʤʦʨʩʢʠʭ ʛʫʙʦʢ ʠ ʧʣʦʜʦʚ 

ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʤʳ 

ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʠʣʠ ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʉ60-ʬʫʣʣʝʨʝʥʘ ʩ Ŭ,ɤ- 

ʜʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, Ŭ,ɤ-ʜʠʦʣʘʤʠ ʠ ʤʘʢʨʦʜʠʦʣʠʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

5Z,9Z-ʙʠʩʤʝʪʠʣʝʥʨʘʟʜʝʣʝʥʥʳʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ɹʠʥʛʝʣʷ-



21 

 

ʍʠʨʰʘ. ʀʟʫʯʝʥʠʝ in vitro ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʤʘʢʨʦʜʠʦʣʠʜʦʚ ʠ 5Z,9Z-

ʜʠʝʥʦʚʳʭ ʢʠʩʣʦʪ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ Jurkat, K562, HL60, 

U937 ʠ ʥʦʨʤʘʣʴʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʫʩʪʘʥʦʚʣʝʥ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ 5-

170 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʡ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʥʝʩʚʷʟʘʥʥʳʭ ʩ ʉ60 ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ Z,Z-ʙʠʩʤʝʪʠʣʝʥʨʘʟʜʝʣʝʥʥʳʝ 

ʜʚʦʡʥʳʝ ʩʚʷʟʠ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ 

ʈɸʅ ɸ.ʈ. ʊʫʢʪʘʨʦʚ, ʢ.ʭ.ʥ. ʃ.ʃ. ʍʫʟʠʥʘ, ʜ.ʤ.ʥ. ʃ.ʋ. ɼʞʝʤʠʣʝʚʘ (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 

 

Bioorg. Med. Chem. Lett., 30 (2020) 5. 

15. ɺ ʨʘʤʢʘʭ ʚʳʜʚʠʥʫʪʦʡ ʥʘʤʠ ʨʘʥʝʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʠʜʝʠ ʧʦ ʩʠʥʪʝʟʫ 

ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʦʩʥʦʚʝ ʉ60-ʬʫʣʣʝʨʝʥʘ ʠ ʢʚʘʜʨʠʮʠʢʣʘʥʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʪʝʨʤʠʯʝʩʢʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ in 

situ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʨʳʚʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʚ 

ʢʚʘʜʨʠʮʠʢʣʘʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʠʩʭʦʜʥʦʡ ʛʠʙʨʠʜʥʦʡ ʤʦʣʝʢʫʣʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʦʥʦʚ Pt ʠʣʠ Pd, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʤʳ 

ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʥʘ ʦʩʥʦʚʝ ʉ60-ʬʫʣʣʝʨʝʥʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʦʪ 6 ʜʦ 12 ʢʚʘʜʨʠʮʠʢʣʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 
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ʛʝʢʩʘʢʚʘʜʨʠʮʠʢʣʘʥʩʦʜʝʨʞʘʱʠʭ ʉ60-ʬʫʣʣʝʨʝʥʦʚ ʩ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ in 

vitro ʥʘ ʢʣʝʪʢʘʭ ʊ-ʣʠʤʬʦʙʣʘʩʪʥʦʡ ʣʝʡʢʝʤʠʠ ʯʝʣʦʚʝʢʘ (Jurkat cells) ʧʦʢʘʟʘʣʠ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʚʘʜʨʠʮʠʢʣʘʥʦʚʳʭ 

ʘʜʜʫʢʪʦʚ ʩ ʉ60-ʬʫʣʣʝʨʝʥʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʥʦʢʚʘʜʨʠʮʠʢʣʘʥʦʚʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʉ60-ʬʫʣʣʝʨʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʘʜʜʫʢʪʳ 

ʉ60-ʬʫʣʣʝʨʝʥʘ ʩ ʢʚʘʜʨʠʮʠʢʣʘʥʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. 

ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɸ.ʈ. ʊʫʢʪʘʨʦʚ, ʢ.ʭ.ʥ. ɸ.ʈ. 

ɸʭʤʝʪʦʚ, ʢ.ʭ.ʥ. ɿ.ʈ. ʉʘʜʨʝʪʜʠʥʦʚʘ, ʢ.ʭ.ʥ. ʃ.ʃ. ʍʫʟʠʥʘ, ʜ.ʤ.ʥ. ʃ.ʋ. ɼʞʝʤʠʣʝʚʘ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 

 
Mendeleev Commun. 30 (2020) 150-152. 

16. ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʮʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʠʨʦʜʥʦʛʦ ʣʝʤʙʝʭʠʥʘ B, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʠ 

ʥʦʚʦʡ ʨʝʘʢʮʠʠ Ti-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʨʦʩʩ-ʮʠʢʣʦʤʘʛʥʠʨʦʚʘʥʠʷ ʆ-ʩʦʜʝʨʞʘʱʠʭ 

ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 1,2-ʜʠʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʦʚ ɻʨʠʥʴʷʨʘ, ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ (50-67%) ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (>98%). ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʣʝʤʙʝʭʠʥʘ B ʥʘ 

ʧʨʦʷʚʣʷʝʤʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʠ ʥʝʡʨʠʪʦʛʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʣʠʥʝʡʢʘ ʘʥʘʣʦʛʦʚ ʣʝʤʙʝʭʠʥʘ B ʩ ʨʘʟʣʠʯʥʳʤ ʫʜʘʣʝʥʠʝʤ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ ʦʪ 1,3-ʜʠʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʠʟʫʯʝʥʘ ʠʭ 

ʥʝʡʨʠʪʦʛʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʣʝʪʢʘʭ ʥʝʡʨʦʙʣʘʩʪʦʤʳ ʤʳʰʠ Neuro2A, ʘ 

ʪʘʢʞʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʠʥʜʫʢʮʠʷ ʘʧʦʧʪʦʟʘ ʠ ʚʣʠʷʥʠʝ ʥʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʫʭʦʣʝʚʳʤ ʣʠʥʠʷʤ Jurkat, U937, K562, HeLa and Hek293. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʣʝʤʙʝʭʠʥʘ B ʠʤʝʶʪ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʢʣʝʪʦʯʥʫʶ ʧʦʧʫʣʷʮʠʶ ʠ ʚʳʟʳʚʘʶʪ ʠʥʜʫʢʮʠʶ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ 

ʘʧʦʧʪʦʟʘ, ʪʦʛʜʘ ʢʘʢ ʠʩʭʦʜʥʳʡ ʣʝʤʙʝʭʠʥ B ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʷʚʣʷʝʪʩʷ 

ʠʥʜʫʢʪʦʨʦʤ ʨʘʥʥʝʛʦ ʘʧʦʧʪʦʟʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʣʠʷʥʠʷ 

ʥʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ. ɽʩʣʠ ʣʝʤʙʝʭʠʥ B, ʧʦʤʠʤʦ ʥʘʢʦʧʣʝʥʠʷ ʢʣʝʪʦʢ ʚ 

ʛʠʧʦʜʠʧʣʦʠʜʥʦʡ ʧʦʧʫʣʷʮʠʠ (G0), ʚ ʦʩʥʦʚʥʦʤ ʚʳʟʳʚʘʝʪ ʦʩʪʘʥʦʚʢʫ 

ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚ G1 ʬʘʟʝ, ʪʦ ʝʛʦ 1,3-ʜʠʠʥʦʚʳʝ ʘʥʘʣʦʛʠ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ S-ʬʘʟʫ, ʚʳʟʳʚʘʷ ʝʝ ʦʩʪʘʥʦʚʢʫ ʠ ʩʥʠʞʘʷ ʧʦʧʫʣʷʮʠʶ ʢʣʝʪʦʢ ʚ G2 

ʬʘʟʝ, ʯʪʦ ʪʘʢʞʝ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʙʦʛʘʱʘʝʪ ʛʠʧʦʜʠʧʣʦʠʜʥʫʶ ʧʦʧʫʣʷʮʠʶ 

ʢʣʝʪʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʚʳʷʚʠʣʠ ʚʳʩʦʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʠʣʠ ʥʝʡʨʠʪʦʛʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. 

ɼʞʝʤʠʣʝʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɺ.ɸ. ɼʴʷʢʦʥʦʚ, ʢ.ʭ.ʥ. ɸ.ɸ. ʄʘʢʘʨʦʚ, 

ʢ.ʭ.ʥ. ʕ.ʍ. ʄʘʢʘʨʦʚʘ, ʜ.ʤ.ʥ. ʃ.ʋ. ɼʞʝʤʠʣʝʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ 

ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ).   

 
Phytochem. Rev. (2020) 18; ACS Omega, 5 (2020) 1974-1981. 

17. ɼʣʷ ʧʦʠʩʢʘ ʠʟʙʠʨʘʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʤʝʜʠʮʠʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʘʜʜʫʢʪʦʚ 

ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʢʠʩʣʦʪ (ʙʝʪʫʣʠʥ, ʙʝʪʫʣʠʥʦʚʘʷ, ʫʨʩʦʣʦʚʘʷ, 

ʦʣʝʘʥʦʣʦʚʘʷ ʠ ʛʣʠʮʠʨʨʝʪʦʚʘʷ ʢʠʩʣʦʪʳ) ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʮʝʣʝʥʥʳʤ 
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ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʣʠʧʦʬʠʣʴʥʳʤ ʢʘʪʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ F16 (E-4(1H-

ʠʥʜʦʣ-3-ʠʣʚʠʥʠʣ)-N-ʤʝʪʠʣʧʠʨʠʜʠʥʠʡ ʙʨʦʤʠʜ). ʌʨʘʛʤʝʥʪ ʣʠʧʦʬʠʣʴʥʦʛʦ 

ʤʝʤʙʨʘʥʦ-ʧʨʦʥʠʢʘʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ F16 ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʥʘʪʠʚʥʳʭ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʴʶʛʘʪʳ, ʠʩʧʳʪʘʥʳ in vitro 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʦʤʝʪʨʠʠ ʥʘ ʪʨʝʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ ʯʝʣʦʚʝʢʘ (U937, K562 ʠ Jurkat) ʠ ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ ʬʠʙʨʦʙʣʘʩʪʘʭ. ɺʩʝ 

ʥʦʚʳʝ ʢʘʪʠʦʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʩʠʣʝʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ (å ʚ 100-200 ʨʘʟ) ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ 

ʩʚʦʠʤ ʧʨʦʪʦʪʠʧʦʤ, ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʦʪʥʦʰʝʥʠʠ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʢʣʝʪʢʘʤʠ ʬʠʙʨʦʙʣʘʩʪʘʤʠ. ɺ ʨʷʜʫ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʤʠ ʙʳʣʠ ʢʦʥʲʶʛʘʪʳ F16 c ʙʝʪʫʣʠʥʦʤ ʠ 

ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩ ʚʝʣʠʯʠʥʦʡ ʠʥʜʝʢʩʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ Ó 10. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ 

ʈɸʅ ɺ.ɸ. ɼʴʷʢʦʥʦʚ, ʜ.ʤ.ʥ. ʃ.ʋ. ɼʞʝʤʠʣʝʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʖ. ʉʧʠʚʘʢ, ʢ.ʭ.ʥ. 

ɼ.ɸ. ʅʝʜʦʧʸʢʠʥʘ, ʘʩʧ. ʕ.ɺ. ɼʘʚʣʝʪʰʠʥ, ʢ.ʙ.ʥ. ʄ.ʄ. ʖʥʫʩʙʘʝʚʘ (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ).  

 

Med. Chem. Res., (2020) in press; ɿʘʷʚʢʘ ʥʘ ʇʘʪʝʥʪ ʈʌ ˉ 2020107440. 

18. ʉʠʥʪʝʟʠʨʦʚʘʥ r ʥʦʚʝr ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʧʦʩʪʩʪʝʨʦʥʘ - 

ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʷʟʠ ʉ20-ʉ22 ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ 
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ʬʠʪʦʵʢʜʠʩʪʝʨʦʠʜʘ 20-ʛʠʜʨʦʢʩʠʵʢʜʠʟʦʥʘ. ɸʥʘʣʦʛʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʩʪʩʪʝʨʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ L-Selectride 

ʠʣʠ H2-Pd/C, ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʙʝʦ-ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʘʛʝʥʪʘ 

ʪʨʠʬʪʦʨʠʜʘ ʜʠʵʪʠʣʘʤʠʥʦʩʝʨʳ (DAST) ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ 

ʩʠʩʪʝʤʝ NaI-Zn-DMF, ʘ ʪʘʢʞʝ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʤʠ ʨʝʘʢʮʠʷʤʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʩʪʩʪʝʨʦʥʘ ʩ ʘʣʴʜʝʛʠʜʘʤʠ (o-FC6H4CHO, m-CF3C6H4CHO, 

CO2Me(CH2)8CHO). ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʣʠʤʬʦʤʳ ʤʳʰʠ, L5178, ʠ ʝʛʦ ABCB1-

ʪʨʘʥʩʬʠʮʠʨʦʚʘʥʥʦʤ ʘʥʘʣʦʛʝ L5178MDR ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ in vitro ʘʢʪʠʚʥʦʩʪʴ ʦʪʜʝʣʴʥʦ ʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ, ʘ ʪʘʢʞʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ABCB1-ʪʨʘʥʩʧʦʨʪʝʨ.  

 
Bioorg. Chem, (2020) 104485. 

ʉʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ 2,3-ʜʠʦʢʩʦʣʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʝʛʥʘʥʦʚʦʛʦ 

ʵʢʜʠʩʪʝʨʦʠʜʘ ʩ ʬʪʦʨ- ʠ ʪʨʠʬʪʦʨʤʝʪʠʣʟʘʤʱʝʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʥʘʡʜʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ 

ʭʝʤʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʦʢʩʦʨʫʙʠʮʠʥʫ. ʆʥʠ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʘʥʜʠʜʘʪʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʮʠʪʦʩʪʘʪʠʢʘʤʠ ʩʧʦʩʦʙʥʳ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ʃ.ɺ. 
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ʇʘʨʬʝʥʦʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ʈ.ɻ. ʉʘʚʯʝʥʢʦ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ 

ʋʌʀʎ ʈɸʅ). 

19. ʈʘʟʨʘʙʦʪʘʥ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʠʨʠʜʠʥʠʝʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʠʥʘ ʠ ʝʛʦ 3,28-ʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʳʭ ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʪʨʠʙʨʦʤʠʜʘʤʠ (ʊʝmpo
+
Br3

-
, ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʪʨʠʙʨʦʤʠʜʦʤ (TBABr3), 

ʪʨʠʙʨʦʤʠʜʦʤ ʧʠʨʠʜʠʥʠʷ (PyĿHBrĿBr2)) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ ʠʣʠ ʝʛʦ 

ʤʝʪʠʣʧʨʦʠʟʚʦʜʥʳʭ (3,5-ʣʫʪʠʜʠʥʘ, 2,6-ʣʫʪʠʜʠʥʘ, 4-ʧʠʢʦʣʠʥʘ ʠ 2,4,6-

ʢʦʣʣʠʜʠʥʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʚʘʪʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ 

ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ c ʚʳʭʦʜʘʤʠ 85-95%, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʘʛʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʨʠʙʨʦʤʠʜʦʚ ʚ ʨʝʘʢʮʠʠ ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ, ʯʪʦ 

ʩʦʢʨʘʱʘʝʪ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʨʝʘʢʮʠʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ʃ.ɺ. ʇʘʨʬʝʥʦʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ʕ.ʈ. ʐʘʢʫʨʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 

 

 

 

 

 

 

Lett. Drug 

Design Discov., 

17 (2020) 79-84; 

 

Molbank, 1 

(2020) 7;  

 

RU 2725873. 

20. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʝʪʦʜʘ 

ʧʦʣʫʯʝʥʠʷ 2-ʤʝʪʠʣ-5-ʵʪʠʣʧʠʨʠʜʠʥʘ (ʄʕʇ) ʦʩʫʱʝʩʪʚʣʝʥ ʝʛʦ ʩʠʥʪʝʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ FAU ʩ 

ʨʘʟʣʠʯʥʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ: ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʠʢʨʦʧʦʨʠʩʪʦʛʦ HNʘ -
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Y ʠ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ HNʘ-Yh. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 2-ʤʝʪʠʣ-5-ʵʪʠʣʧʠʨʠʜʠʥʘ 

ʨʝʘʢʮʠʝʡ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʩ ʘʤʤʠʘʢʦʤ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 130-160 ÁC, ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ CH3ʉOH:NH3 = 1:3, ʩʦʜʝʨʞʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ï 1-20 ʤʘʩ. % ʥʘ 

ʠʩʭʦʜʥʳʡ ʘʮʝʪʘʣʴʜʝʛʠʜ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ 

ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʮʝʦʣʠʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʫʯʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʄʕʇ ʜʦʩʪʠʛʘʝʪ 91-100%. ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʣʫʙʦʢʦʜʝʢʘʪʠʦʥʠʨʦʚʘʥʥʳʡ ʮʝʦʣʠʪ 

HNʘ-Ymmm ʦʙʝʩʧʝʯʠʚʘʝʪ 100%-ʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʄʕʇ ʚ 

ʪʝʯʝʥʠʝ 4-5 ʮʠʢʣʦʚ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʩʥʠʞʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʮʝʦʣʠʪ HNʘ-Y ʘʢʪʠʚʝʥ ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. 

ʅ.ɻ. ɻʨʠʛʦʨʴʝʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ʉ.ɺ. ɹʫʙʝʥʥʦʚ, ʤ.ʥ.ʩ. ʅ.ɸ. ʌʠʣʠʧʧʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 

 

 

 

 

 

 

 

Adv. Molec. 

Sieves, 3 (2021);  

 

J. Saudi Chem. 

Soc. 23 (2020) 

452-460. 

21. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʛʝʢʩʘʘʟʘʜʠʙʝʥʟʦ[fg,op]ʪʝʪʨʘʮʝʥʦʚ ʩ ʘʜʘʤʘʥʪʠʣʴʥʳʤʠ, ʘʨʠʣʴʥʳʤʠ, 

ʛʝʪʘʨʠʣʴʥʳʤʠ, ʘ ʪʘʢʞʝ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʝ ʵʬʠʨʦʚ ʤʘʣʝʦʧʠʤʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘʡʜʝʥʦ, ʯʪʦ ʦʜʥʦʨʝʘʢʪʦʨʥʘʷ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ ʘʜʘʤʘʥʪʠʣʘʤʠʥʦʚ, 

ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʘʤʠʥʦʚ, ʛʠʜʨʘʟʠʜʘ, ʠʤʠʜʦ-ʘʤʠʥʘ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʤʘʣʝʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʪʨʘʥʩ-1,6,7,12-

ʪʝʪʨʘʘʟʘʧʝʨʛʠʜʨʦʪʝʪʨʘʮʝʥʦʤ ʩ ʫʯʘʩʪʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ YbCl3Ĭ6ʅ2ʆ 

ʚ ʫʩʣʦʚʠʷʭ (20 Áʉ, 3ʯ) ʧʨʦʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2,9-

ʜʠʟʘʤʝʱʝʥʥʳʭ ʧʝʨʛʠʜʨʦʛʝʢʩʘʘʟʘʜʠʙʝʥʟʦ[fg,op]ʪʝʪʨʘʮʝʥʦʚ (50-80%). 
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ʋʩʪʘʥʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ 

ʛʝʢʩʘʘʟʘʧʝʨʛʠʜʨʦʜʠʙʝʥʟʦʪʝʪʨʘʮʝʥʦʚ ʩ ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʰʝʩʪʠ ʢʣʝʪʦʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʫʣʴʪʫʨ (Jurkat, K562, U937, A549, 

A2780, T74D) ʠ ʥʦʨʤʘʣʴʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ (Fibroblasts). ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ɸ.ɻ. ʀʙʨʘʛʠʤʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɽ.ɹ. ʈʘʭʠʤʦʚʘ, ʤ.ʥ.ʩ. ɺ.ʖ. 

ʂʠʨʩʘʥʦʚ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ).   

 

RSC Advances 10 (2020) 21039-21048. 

22. ɺ ʩʦʩʪʘʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʄʈʊ ʢʦʥʪʨʘʩʪʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚʭʦʜʷʪ 

ʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʦʟʤʦʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʨʝʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʨʘʜʠʢʘʣʦʚ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʅʀʆʍ ʉʆ ʈɸʅ ʘʮʠʣʠʨʦʚʘʥʠʝʤ ʪʠʦʣʘʢʪʦʥʘ ʛʦʤʦʮʠʩʪʝʠʥʘ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʘʜʠʢʘʣʴʥʳʡ ʮʝʥʪʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʚʦʜʠʣʠ ʚ ʩʪʨʫʢʪʫʨʫ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʨʦʚʠ, ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ 

(ʏʉɸ), ʧʦ ʘʤʠʥʦʛʨʫʧʧʘʤ ʣʠʟʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠ 

ʏʉɸ ʠ ʩʦʜʝʨʞʘʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 2.4 ʜʦ 4.8 ʦʩʪʘʪʢʘ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʥʘ 

1 ʤʦʣʝʢʫʣʫ ʏʉɸ. ʇʦʣʠʨʘʜʠʢʘʣʴʥʳʝ ʢʦʥʲʶʛʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʠʟʢʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʨʝʣʘʢʩʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠ 

ʥʝʪʦʢʩʠʯʥʳʭ ʢʦʥʪʨʘʩʪʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʄʈʊ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʢ.ʭ.ʥ. 
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ʀ.ɸ. ʂʠʨʠʣʶʢ, ʧʨʦʬʝʩʩʦʨ ʄ.ʂ. ɹʦʫʤʘʥ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ), ʢ.ʭ.ʥ. ɸ.ʉ. ʏʫʙʘʨʦʚ 

(ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉO ʈɸʅ), 

ɼʨ. ɻ. ɸʥʛʝʣʦʚʩʢʠʡ (ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʆʙʱʝʩʪʚʘ ʠʤ. 

ʄʘʢʩʘ ʇʣʘʥʢʘ, ɻʝʨʤʘʥʠʷ). 

 

23. ʇʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʜʚʘ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʘʛʨʝʛʘʮʠʦʥʥʦ-

ʠʥʜʫʮʠʨʫʝʤʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʤʝʭʘʥʦʬʣʫʦʨʦʭʨʦʤʠʟʤʦʤ: 2-((9H-

ʬʣʫʦʨʝʥ-9-ʠʣʠʜʝʥ)ʤʝʪʠʣ)-5-(5-ʬʝʥʠʣʪʠʦʬʝʥ-2-ʠʣ)ʧʠʨʠʜʠʥ (FTP) ʠ 2-((9H-

ʬʣʫʦʨʝʥ-9-ʠʣʠʜʝʥ)ʤʝʪʠʣ)-5-([2,2'-ʙʠʪʠʦʬʝʥ]-5-ʠʣ)ʧʠʨʠʜʠʥ (FTT). ɺ ʨʘʩʪʚʦʨʝ 

ʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʥʠʟʢʫʶ ʠʟʣʫʯʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 33% (FTP) 

ʠ 13% (FTT). ʄʘʪʝʨʠʘʣ FTT ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʜʢʠʡ ʵʬʬʝʢʪ ï ʦʙʨʘʪʠʤʳʡ 

ʤʝʭʘʥʦʬʣʫʦʨʦʭʨʦʤʠʟʤ: ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʩʜʚʠʛʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ 

ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʦʣʝʢʫʣʳ FTT ʠʤʝʶʪ ʧʣʦʩʢʫʶ ʛʝʦʤʝʪʨʠʶ, ʘ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʪʝʨʷʶʪ ʧʣʘʥʘʨʥʦʩʪʴ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʘʷ 

ʧʣʘʥʘʨʠʟʘʮʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʠʟʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ʄ.ʉ. ʂʘʟʘʥʮʝʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ) ʠ ʢ.ʬ.-ʤ.ʥ. ʇ. ʉ. ʐʝʨʠʥ 

(ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ). 
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24. ʆʩʫʱʝʩʪʚʣʝʥ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʨʷʜʘ 16-ʘʨʠʣʠʟʦʧʠʤʘʨʘʥʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʧʘʣʣʘʜʠʝʤ ʘʨʠʣʠʨʦʚʘʥʠʷ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘʤʠ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ 

ʧʝʨʚʳʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʪʝʨʧʝʥʦʠʜʳ ʧʠʤʘʨʘʥʦʚʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʬʨʘʛʤʝʥʪʳ 1,2,3-ʪʨʠʘʟʦʣʘ ʠ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʧʠʤʘʨʦʚʦʡ 

ʢʠʩʣʦʪʳ. ʂʣʶʯʝʚʘʷ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʣʘ Cu-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ 

1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʟʠʜʦʚ ʢ 

ʜʠʧʨʦʧʘʨʛʠʣʘʤʠʥʦʟʘʤʝʱʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ 16-(2-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)-

ʠʟʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʜ.ʭ.ʥ., ʧʨʦʬ. ʕ.ʕ. ʐʫʣʴʮ, ʠʩʧ. 

ï ʜ.ʭ.ʥ. ʖ.ɺ. ʍʘʨʠʪʦʥʦʚ, ʢ.ʭ.ʥ. ʄ.ɸ. ɻʨʦʤʦʚʘ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ).  

 

25. ʇʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʧʫʪʠ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʜʠʪʝʨʧʝʥʦʚʦʛʦ ʘʣʢʘʣʦʠʜʘ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠ 

ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʚ 5ᾳ-ʵʪʠʥʠʣʣʘʧʧʘʢʦʥʠʪʠʥ ʠ ʟʘʪʝʤ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʩ 
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ʘʤʠʜʠʥʘʤʠ. ɺʪʦʨʦʡ ʧʫʪʴ ʚʢʣʶʯʘʝʪ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ 

ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ-ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 5ᾳ-ʠʦʜʣʘʧʧʘʢʦʥʠʪʠʥʘ ʩ ʘʨʠʣʘʮʝʪʠʣʝʥʘʤʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʤʦʣʠʙʜʝʥʘ ʠ ʜʘʣʴʥʝʡʰʫʶ ʨʝʘʢʮʠʶ 

ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʘʣʢʠʥʠʣʢʝʪʦʥʘ ʩ ʘʤʠʜʠʥʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʩʪʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʦʣʠ in vivo. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʧʨʦʬʝʩʩʦʨ ʕ.ʕ. 

ʐʫʣʴʮ ʠ ʧʨʦʬʝʩʩʦʨ ʊ.ɻ. ʊʦʣʩʪʠʢʦʚʘ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ), ʜ.ʤ.ʥ. ɺ.ɸ. ɺʘʚʠʣʠʥ (ʅʀʀ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ ï ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʌʀʎ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ). 

 
26. ɺ ʩʪʨʫʢʪʫʨʫ ʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʘ E. coli, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʪʨʘʥʩʧʦʨʪ 

ʢʦʙʘʣʘʤʠʥʘ (ʚʳʜʝʣʝʥ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ), ʚʚʝʜʝʥʳ ʩʧʠʥʦʚʳʝ ʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ Finland trityl  (FTAM) ʠ OX063. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʨʠʪʠʣʴʥʳʝ ʤʝʪʢʠ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪ ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʥʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʧʠʥ-ʤʝʯʝʥʥʳʤ ʙʝʣʢʦʤ ʤʝʤʙʨʘʥʳ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦ ʩʧʠʥ-ʤʝʯʝʥʥʳʤ 

ʩʫʙʩʪʨʘʪʦʤ (NO-ʨʘʜʠʢʘʣ) ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʢʄ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʢʦʥʬʦʨʤʘʮʠʷʭ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ E. 

coli. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʜ.ʬ.-ʤ.ʥ. ɽ.ɻ. ɹʘʛʨʷʥʩʢʘʷ, ʢ.ʭ.ʥ. ɺ.ʄ. ʊʦʨʤʳʰʝʚ 

(ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO 
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ʈɸʅ), ʧʨʦʬʝʩʩʦʨ ɹ. ʁʦʟʝʬ (ʌʨʘʥʢʬʫʨʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀʦʛʘʥʥʘ 

ɺʦʣʴʬʛʘʥʛʘ ɻʝʪʝ). 

 
27. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ, ʘ 

ʠʤʝʥʥʦ, (+)-ʢʘʤʬʦʨʳ ʠ (-)-ʙʦʨʥʝʦʣʘ, ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʠʥʛʠʙʠʨʫʶʱʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʭʦʜʘ ʚʠʨʫʩʘ ʕʙʦʣʳ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʩʝʚʜʦʚʠʨʫʩʥʦʡ ʪʝʩʪ-ʩʠʩʪʝʤʳ (rVSVȹG-EboV-GP). ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʠʥʛʠʙʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ rVSVȹG-

EboV-GP ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʟʥʘʯʝʥʠʡ IC50 ʜʦ ʥʘʥʦʤʦʣʷʨʥʳʭ 

ʟʥʘʯʝʥʠʡ IC50. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʛʝʥʪʳ 3b, 3bĿHCl, 4b ʠ 4bĿHCl 

(ʧʦʢʘʟʘʥʳ ʥʠʞʝ) ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʪʫʨʘʣʴʥʳʭ ʚʠʨʫʩʦʚ 

EBOV ʠ MARV. ɺʳʨʘʞʝʥʥʘʷ ʚʠʨʫʩʠʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

EBOV ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 3bĿHCl ʟʥʘʯʝʥʠʝ IC50 ʩʦʩʪʘʚʠʣʦ 9.1 

Õʄ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ MARV ʦʢʘʟʘʣʦʩʴ 

ʧʨʦʠʟʚʦʜʥʦʝ 3b, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʝ IC50 ʩʦʩʪʘʚʠʣʦ 3.7 Õʄ ʠ ʠʥʜʝʢʩ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ 118. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʠʥʛʠʙʠʨʫʶʪ rVSV-ȹG-EboV-GP, ʥʦ ʥʝ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʪʠʚ VSV-G, ʪʦ ʚʝʨʦʷʪʥʦʡ ʤʠʰʝʥʴʶ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʛʣʠʢʦʧʨʦʪʝʠʥ GP EBOV ʠʣʠ GP MARV. ɹʳʣ ʧʨʦʚʝʜʝʥ ʤʦʣʝʢʫʣʷʨʥʳʡ ʜʦʢʠʥʛ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʢʪʠʚʥʳʡ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ GP EBOV 

ʠʟʚʝʩʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ (ʩʤ. ʥʘ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ). In silico ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ EBOV GP 
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ʧʦʜʦʙʥʦ ʠʟʚʝʩʪʥʦʤʫ ʠʥʛʠʙʠʪʦʨʫ ʪʦʨʝʤʠʬʝʥʫ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʘʡʪ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʤʫʪʘʛʝʥʝʟ; ʪʨʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʘ M548A, Y517A ʠ D522A ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʘʣʘʥʠʥ. 

ʀʥʛʠʙʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ-ʣʠʜʝʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʤʫʪʘʥʪʥʳʭ 

ʧʩʝʚʜʦʚʠʨʫʩʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ IC50 ʧʦʜʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ M548A, Y517A ʠ D522A ʥʘʭʦʜʷʪʩʷ ʚ ʘʢʪʠʚʥʦʤ ʩʘʡʪʝ 

ʩʚʷʟʳʚʘʥʠʷ GP EBOV ʦʧʠʩʘʥʥʳʭ ʥʘʤʠ ʣʠʛʘʥʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ in vitro ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ in silico ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʡ ʤʠʰʝʥʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ GP EBOV ʠʣʠ GP MARV. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ʆ.ʀ. ʗʨʦʚʘʷ, ʧʨʦʬʝʩʩʦʨ ʊ.ɻ. 

ʊʦʣʩʪʠʢʦʚʘ, ɸ.ʉ. ʉʦʢʦʣʦʚʘ, ɼ.ʉ. ɹʘʝʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ). 
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28. ʆʩʫʱʝʩʪʚʣʝʥ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʥʠʪʨʦʥʦʚ ʥʦʚʦʛʦ ʪʠʧʘ ʠʟ ʘʮʝʪʠʣʝʥʘ, ʢʝʪʦʥʦʚ ʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʧʝʨʦʩʥʦʚʥʦʡ ʧʦʜʚʠʞʥʦ-ʨʘʚʥʦʚʝʩʥʦʡ 

ʛʝʪʝʨʦʬʘʟʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ ï 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜè. ʕʪʦ ʥʦʚʳʡ ʧʨʠʤʝʨ ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʦʛʦ ʚ ʠʥʩʪʠʪʫʪʝ 

ʷʚʣʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠʟ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠ ʧʨʠ ʫʯʘʩʪʠʠ ʘʮʝʪʠʣʝʥʘ. ʅʦʚʳʝ ʙʠʮʠʢʣʠʯʝʩʢʠʝ 

ʥʠʪʨʦʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʢʘʢ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ ʩʠʥʪʝʟʝ 

ʣʝʢʘʨʩʪʚ, ʚʘʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ ʢʘʢ 
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ʣʦʚʫʰʢʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ: 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʜʦʨʦʛʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʳʨʴʝ, ʧʨʦʩʪʘʷ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ 

ʪʞ̫ʝʣʳʭ ʤʝʪʘʣʣʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠ ʤʝʜʠʮʠʥʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ð ʘʢʘʜʝʤʠʢ ɹ.ɸ. ʊʨʦʬʠʤʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɽ.ʖ. 

ʐʤʠʜʪ; ʠʩʧ. - ʢ.ʭ.ʥ. ʀ.ɺ. ʊʘʪʘʨʠʥʦʚʘ (ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. 

ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ). 
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29. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʢʦʪʦʨʳʝ 

ʩʝʣʝʥʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩʝʣʝʥʦʤ ʩ 

ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɸʜʜʫʢʪʳ ʜʠʙʨʦʤʠʜʘ ʩʝʣʝʥʘ ʩ ʘʣʢʝʥʘʤʠ ʠʣʠ 

ʮʠʢʣʦʘʣʢʝʥʘʤʠ ʣʝʛʢʦ ʦʙʤʝʥʠʚʘʶʪʩʷ SeBr2 ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʚʢʣʶʯʘʷ ʘʮʝʪʠʣʝʥʳ, ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʘʢʮʠʠ ʪʨʘʥʩʬʝʨʘ ʩ ʘʣʢʝʥʘ ʥʘ ʘʣʢʝʥ ʠ ʩ ʘʣʢʝʥʘ ʚ ʘʣʢʠʥ ʧʨʦʪʝʢʘʶʪ ʩ 

ʘʜʜʫʢʪʘʤʠ ʦʨʛʘʥʠʣʩʝʣʝʥʝʥʠʣʙʨʦʤʠʜʦʚ ʩ ʘʣʢʝʥʘʤʠ ʠʣʠ ʮʠʢʣʦʘʣʢʝʥʘʤʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʫʪʴ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʛʝʥʝʨʘʮʠʶ ʩʝʣʝʥʠʨʘʥʠʝʚʳʭ 

ʢʘʪʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʦʚʦʡ ʤʦʣʝʢʫʣʦʡ ʘʣʢʝʥʘ ʠʣʠ ʘʣʢʠʥʘ ʩ 

ʧʝʨʝʥʦʩʦʤ ʩʝʣʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʪʨʘʥʩʬʝʨʘ ʷʚʣʷʶʪʩʷ Se(CH2CH2Br)2 ʠ 

RSeCH2CH2Br. ʅʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʡ ʪʨʘʥʩʬʝʨʘ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʦʨʛʘʥʠʣ-E-2-

ʙʨʦʤʚʠʥʠʣʩʝʣʝʥʠʜʦʚ, ʙʠʩ(E-2-ʙʨʦʤʦʚʠʥʠʣ)ʩʝʣʝʥʠʜʦʚ ʠ ʜʨʫʛʠʭ ʮʝʥʥʳʭ 

ʩʝʣʝʥʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. ʇʦʪʘʧʦʚ; ʠʩʧ. - ʄ.ɺ. ʄʫʩʘʣʦʚ, ʉ.ɺ. ɸʤʦʩʦʚʘ 

(ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ). 
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Molecules. 25 (2020) 194. 

30. ʈʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʟ 4,10-ʜʠ(ʵʪʦʢʩʠʘʮʝʪʠʣ)-2,6,8,12-ʪʝʪʨʘʘʮʝʪʠʣ-

2,4,6,8,10,12-ʛʝʢʩʘʘʟʘʪʝʪʨʘʮʠʢʣʦ[5,5,0,0
3,11

,0
5,9
] ʜʦʜʝʢʘʥʘ (ʩʤ. ʥʠʞʝ) - ʥʦʚʦʛʦ 

ʤʘʣʦʪʦʢʩʠʯʥʦʛʦ ʘʥʘʣʴʛʝʪʠʢʘ, ʧʨʝʚʦʩʭʦʜʷʱʝʛʦ ʊʨʘʤʘʜʦʣ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʫʧʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʦʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʩʪʫʧʥʳʝ ʚ 

ʨʦʩʩʠʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ r ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ɺ. 

ʉʳʩʦʣʷʪʠʥ; ʦʪʚ. ʠʩʧ. ï ɸ.ʀ. ʂʘʣʘʰʥʠʢʦʚ, ʆ.ɺ. ɹʘʡʙʘʢʦʚʘ, ʃ.ɸ. ɹʘʭʦʣʜʠʥʘ, 

ɺ.ɺ. ɽʨʝʤʠʥʘ, ɽ.ɻ. ʉʦʥʠʥʘ, ɼ.ɸ. ʂʫʣʘʛʠʥʘ (ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ). 

  ʇʘʪʝʥʪ ʈʌ ˉ  2736936, ʦʧʫʙʣ. 23.11.2020. 
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31. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʠʪʨʦʚʘʥʠʷ 4,10-ʜʠʙʝʥʟʠʣ-2,6,8,12-

ʪʝʪʨʘʘʮʝʪʠʣ-2,4,6,8,10,12-ʛʝʢʩʘʘʟʘʠʟʦʚʶʨʮʠʪʘʥʘ (ɼɹ) ï ʢʣʶʯʝʚʦʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʠʥʪʝʟʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʟʨʳʚʯʘʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʛʝʢʩʘʥʠʪʨʦʛʝʢʩʘʘʟʘʠʟʦʚʶʨʮʠʪʘʥʘ (HNIW, Cl-20), ʚʳʜʝʣʝʥʳ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʥʠʪʨʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥ 

ʤʝʭʘʥʠʟʤ ʥʠʪʨʦʚʘʥʠʷ ɼɹ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ) ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʦʡ 

ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʧʝʨʚʦʡ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʀʤʝʥʥʦ ʥʘ 

ʵʪʦʡ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʜʝʩʪʨʫʢʮʠʠ 

ʛʝʢʩʘʘʟʘʠʟʦʚʶʨʮʠʪʘʥʦʚʦʛʦ ʢʘʨʢʘʩʘ, ʩʥʠʞʘʶʱʠʝ ʚʳʭʦʜ Cl-20.ɸʥʘʣʠʟ 

ʦʙʱʝʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ 

ʚʧʝʨʚʳʝ. ʈʘʙʦʪʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ CL-20. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ rï ʢ.ʭ.ʥ. ɺ.ʅ. ʉʫʨʤʘʯʸʚ; ʦʪʚ. 

ʠʩʧ. ɺ. ɸ. ʂʫʙʘʩʦʚʘ, ɼ. ɽ. ɿʠʤʠʥ (ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Propellants Explos. 

Pyrotech. 45 (2020) 

1ï5. 

32. ʇʦʣʫʯʝʥʳ ʩʦʧʦʣʠʬʣʫʦʨʝʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʙʝʣʳʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʩʤ. ʘ ʥʘ ʨʠʩ.). ʇʨʦʠʟʚʦʜʥʳʝ ʥʘʬʪʘʣʠʤʠʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʚ ʢʘʯʝʩʪʚʝ ʟʝʣʝʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʡ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʙ). ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʩʦʧʦʣʠʬʣʫʦʨʝʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʙʝʥʟʦʪʠʘʜʠʘʟʦʣ (ʚ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʤʙʠʥʘʮʠʶ ʵʪʠʭ ʜʚʫʭ ʣʶʤʠʥʦʬʦʨʦʚ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʡ ʙʝʣʦʡ ʬʦʪʦ- ʠ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʕʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʥʘʩʪʨʘʠʚʘʪʴ ʮʚʝʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʝʣʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʛ). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɸ.ɺ. ʗʢʠʤʘʥʩʢʠʡ; ʦʪʚ. ʠʩʧ. ï ʢ.ʬ-ʤ.ʥ. ʈ.ʖ. 

ʉʤʳʩʣʦʚ (ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ). 

 
ʘ 

ʙ ʚ 

   

ʄʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʜʠʟʘʡʥ, ʬʦʪʦ- ʠ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʩʦʧʦʣʠʬʣʫʦʨʝʥʦʚ 

  ʛ 

 

 

 

 

Polymer, 210 (2020) 122978.  

 

33. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʩʪʨʘʪʝʛʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʉ-ʅ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʬʫʨʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ-ʧʣʘʪʬʦʨʤ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʂʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʘʣʣʘʜʠʝʤ ʨʝʘʢʮʠʷ ʙʳʣʘ 

ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 2,5-ʜʠʬʦʨʤʠʣʬʫʨʘʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʚʘʞʥʳʤ 
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ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʨʩʠʠ ʙʠʦʤʘʩʩʳ. ɹʝʟʣʠʛʘʥʜʥʦʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʘʨʠʣʠʨʦʚʘʥʠʝ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʠʣʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ, ʯʪʦ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʨʝʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 

ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ, ʯʪʦ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʘʣʦʘʢʪʠʚʥʳʭ ʉ-ʅ ʩʚʷʟʝʡ. ʀʟʫʯʝʥʠʝ 

ʨʷʜʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʫʨʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʜʪʚʝʨʜʠʣʦ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʤʝʪʦʜʠʢʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʇ. ɸʥʘʥʠʢʦʚ; ʠʩʧ. ï ʘʩʧ. 

ɹ.ʗ.ʂʘʨʣʠʥʩʢʠʡ, ʢ.ʭ.ʥ. ɸ.ʖ.ʂʦʩʪʶʢʦʚʠʯ, ʢ.ʭ.ʥ. ʌ.ɸ.ʂʫʯʝʨʦʚ, ʢ.ʭ.ʥ. 

ʂ.ʀ.ɻʘʣʢʠʥ, ʩʪʫʜ. ʂ.ʉ.ʂʦʟʣʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 

ACS Catal., 10 (2020) 11466-11480. 

34. ʆʪʢʨʳʪ ʜʦʩʪʫʧ ʢ ʩʣʦʞʥʳʤ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʩʪʦʡʯʠʚʳʤ 

ʪʨʠʮʠʢʣʠʯʝʩʢʠʤ ʤʦʣʝʢʫʣʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʦʜʠʥ ʠʣʠ ʜʚʘ ʬʨʘʛʤʝʥʪʘ ʆ-ʆ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ 
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ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʘʚʠʣʘ ʩʙʦʨʢʠ ʮʠʢʣʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ ʠʟ ʨʘʟʚʝʪʚʣʝʥʥʳʭ 

ɓ,ɔô-ʪʨʠʢʝʪʦʥʦʚ ʠ H2O2. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʦʢʩʠʜʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʧʝʨʦʢʩʠʜʦʚ ʜʣʷ ʠʭ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ī ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ʆ. ʊʝʨʝʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʀ.ɸ. ʗʨʝʤʝʥʢʦ, 

ʘʩʧ. ʇ.ʉ. ʈʘʜʫʣʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 
J. Am. Chem. Soc., 142 (2020) 14588-14607.  

35. ʇʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ (one-pot) ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʪʨʘʥʩ-ʦʣʝʬʠʥʦʚ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʠʟʘʤʝʱʝʥʥʦʛʦ 

ʘʣʢʠʥʘ ʚ ʮʠʩ-ʦʣʝʬʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʠʜʨʦʠʟʦʤʝʨʠʟʘʮʠʝʡ ʥʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʤ Pd2In3/Al 2O3 ʢʘʪʘʣʠʟʘʪʦʨʝ ʚ ʪʨʘʥʩ-ʠʟʦʤʝʨ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʘ (ɼʌɸ) ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʛʠʜʨʦʠʟʦʤʝʨʠʟʘʮʠʠ ʥʘ Pd2In3/Al 2O3 ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʧʦʣʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʣʢʠʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʢʘʥ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʪʨʘʥʩ-ʠʟʦʤʝʨʘ (75ï80 %). ʇʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ PdxIny ʥʘʥʦʯʘʩʪʠʮ ʩ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ ʪʨʘʥʩ-ʧʨʦʜʫʢʪʫ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ PdxIny ʥʘʥʦʯʘʩʪʠʮ ʦʜʥʦʘʪʦʤʥʳʭ ʮʝʥʪʨʦʚ Pd1, ʠʟʦʣʠʨʦʚʘʥʥʳʭ 
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ʘʪʦʤʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʧʨʦʬʝʩʩʦʨ ɸ.ʖ. ʉʪʘʭʝʝʚ; ʦʪʚ. ʠʩʧ. ï

ʇ.ɺ. ʄʘʨʢʦʚ, ɻ.ʅ. ɹʘʝʚʘ, ʅ.ʉ. ʉʤʠʨʥʦʚʘ, ʀ.ʉ ʄʘʰʢʦʚʩʢʠʡ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʌʀʎ çʀʂ ʉʆ 

ʈɸʅè ʠ ʅɻʋ.  

 
Appl. Surf. Sci., 525 (2020) 146493; Mendeleev Comm., 30 (2020) 468ï471. 

36. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʠʠ ʙʝʟʚʦʜʦʨʦʜʥʳʭ ʙʠʬʫʨʦʢʩʘʥʠʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ: 4,4ô-ʜʠʥʠʪʨʦ-3,3ô-ʙʠʬʫʨʦʢʩʘʥʘ (DNBF) ʠ ʠʟʦʤʝʨʥʳʭ 3- ʠ 4-

ʘʟʠʜʦʥʠʪʨʦʙʠʬʫʨʦʢʩʘʥʦʚ: ANBF-1 (ʞʠʜʢʦʩʪʴ) ʠ ANBF-2. 4,4ô-ɼʠʥʠʪʨʦ-3,3ô-

ʙʠʬʫʨʦʢʩʘʥ ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʠʩʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʠʥʘ ʩʤʝʩʴʶ 

93% ʅ2ʆ2 ʠ ʉF3SO3H ʩ ʚʳʭʦʜʦʤ 64%. ʀʟʦʤʝʨʥʳʝ ʘʟʠʜʦʥʠʪʨʦʙʠʬʫʨʦʢʩʘʥʳ 

ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦʩʪʫʧʥʦʛʦ 4-ʘʟʠʜʦ-3-

ʮʠʘʥʦʬʫʨʦʢʩʘʥʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʦʢʘʟʘʣʩʷ DNBF, 

ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʥʫʣʝʚʳʤ ʢʠʩʣʦʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʠ ʧʨʝʚʳʰʘʝʪ ʧʦ ʩʚʦʠʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ HMX ʠ ʙʣʠʟʦʢ ʢ CL-20 ʧʦ ʵʪʠʤ 

ʧʘʨʘʤʝʪʨʘʤ. ANBF ʦʙʣʘʜʘʶʪ ʨʝʢʦʨʜʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ȹH0f, ʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʧʣʦʪʥʦʩʪʷʤʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 4-ʥʠʪʨʦʠʟʦʤʝʨ 

ʧʨʝʚʳʰʘʝʪ ʅʄʍ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʦ ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢʘʢ a new green 

primary explosive. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ʄʘʭʦʚʘ; ʦʪʚ. ʠʩʧ. ï 
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ʢ.ʭ.ʥ. ɸ.ɸ. ʃʘʨʠʥ, ʜ.ʭ.ʥ. ʃ.ʃ. ʌʝʨʰʪʘʪ, ʘʩʧ. ɸ.ɺ. ʐʘʬʝʨʦʚ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʌʀʎ ʍʌ ʈɸʅ ʠ 

ʀʅʕʆʉ ʈɸʅ. 

 

 

 

 

 

 

 

 

 

ACS Appl. 

Energy Mater., 

3 (2020) 7764-

7771. 

37. ʈʘʟʨʘʙʦʪʘʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ, ʨʝʘʢʮʠʷ ʜʠʤʝʨʠʟʘʮʠʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʢʦʪʦʨʳʭ ʷʣʷʝʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʦʡ. ʕʪʦʪ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ ʛʠʜʨʦʜʠʤʝʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʆ-ʩʠʣʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 9,9'-ʜʠʦʢʩʠ-9H,9'H-9,9'-ʙʠʬʣʫʦʨʝʥʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī 

ʜ.ʭ.ʥ. ɸ.ʉ ʄʝʥʜʢʦʚʠʯ; ʦʪʚ. ʠʩʧ. ī ʢ.ʭ.ʥ. ɺ.ɸ. ʂʦʢʦʨʝʢʠʥ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʋʥʠʚʝʨʩʠʪʝʪʦʤ 

ʈʝʥʥʘ I (ʌʨʘʥʮʠʷ) ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʐʝʡʭʘ ɸʥʪʳ ɼʴʦʧʘ (ɼʘʢʘʨ, ʉʝʥʝʛʘʣ).  

 

 

 

 

 

 

 

Electrochimica Acta, 

358 (2020) 136903. 

38. ʅʘ ʙʘʟʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʉ-ʅ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʥʠʪʨʦʥʘʪʦʚ 

ʨʘʟʨʘʙʦʪʘʥ ʧʦʣʥʳʡ 10-ʩʪʘʜʠʡʥʳʡ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠʟʚʝʩʪʥʦʛʦ 

ʘʥʪʘʛʦʥʠʩʪʘ hNK1 ʨʝʮʝʧʪʦʨʦʚ Merck12-a2-2 (ʧʨʦʪʦʪʠʧʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ 

ʣʝʯʝʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʨʘʢʘ) ʠ ʪʨʭy ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ 
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ʘʢʪʠʚʥʳʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ʜ.ʭ.ʥ. ɸ.ʖ. ʉʫʭʦʨʫʢʦʚ ʠ 

ʧʨʦʬʝʩʩʦʨ ʉ.ʃ. ʀʦʬʬʝ; ʠʩʧ. ï ɺ.ʉ. ɼʦʨʦʭʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ).  

 

39. C ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ɸ3-ʢʦʥʜʝʥʩʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 

ʩ 2-ʘʤʠʥʦʪʠʘʟʦʣʘʤʠ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʧʠʦʣʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʘ 

ʰʠʨʦʢʘʷ ʩʝʨʠʷ ʠʤʠʜʘʟʦʙʝʥʟʦʪʠʘʟʦʣʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ. ʇʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ in vitro ʠ in 

vivo ʧʦʢʘʟʘʥʘ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ɻɸʄʂɸ ʨʝʮʝʧʪʦʨʦʚ. ɺʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ-

ʣʠʜʝʨʳ. ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʝ ʩʥʦʪʚʦʨʥʦʝ 

ʩʨʝʜʩʪʚʦ ɿʦʣʧʠʜʝʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʜ.ʭ.ʥ. ʀ.ɺ. ɿʘʚʘʨʟʠʥ; ʦʪʚ. ʠʩʧ. ï 

ʜ.ʭ.ʥ. ʖ.ɸ. ɺʦʣʢʦʚʘ; ʠʩʧ. - ʠʥʞ-ʠʩʩʣ. ʊ.ɸ. ʊʠʭʦʥʦʚʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ).  

 

 

 

 

Bioorg. Chem., 

94 (2020) 

103334;  

 

Adv. Synth. Cat., 

2020, in press. 
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40. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ. ʇʣʘʪʬʦʨʤʦʡ ʜʣʷ ʵʪʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʣʠʩʴ 

ʮʝʦʣʠʪʦʧʦʜʦʙʥʳʝ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ. ʉʦʜʘʣʠʪʦʧʦʜʦʙʥʘʷ 

ʠʤʠʜʘʟʦʣʘʪʥʘʷ ʢʘʨʢʘʩʥʘʷ ʩʪʨʫʢʪʫʨʘ ZIF-67 (Co(meim)2, meim = 2-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʘʪ) ʠ ʙʦʨ-ʠʤʠʜʘʟʦʣʘʪʥʘʷ ʢʘʨʢʘʩʥʘʷ ʩʪʨʫʢʪʫʨʘ BIF-66 

({ Co[B(im)4]2} n, im = ʠʤʠʜʘʟʦʣʘʪ) ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (Au-NP). Au-NP ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʤʘʪʨʠʮʳ ZIF-67 ʠ BIF-

66 ʧʨʦʧʠʪʢʦʡ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʥʦʛʠʙʨʠʜʳ 

Au@ZIF-67 ʠ Au@BIF-66 ʙʳʣʠ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʳ ʚ ʞʠʜʢʦʬʘʟʥʦʤ 

ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ ʘʥʠʣʠʥʦʤ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ, ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʜʫʭʘ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ). ʅʘʥʦʢʘʪʘʣʠʟʘʪʦʨʳ Au@ZIF-67 ʠ Au@BIF-66 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʮʝʣʝʚʦʛʦ ʠʤʠʥʘ [ʬʝʥʠʣ-(1-ʬʝʥʠʣʵʪʠʣʠʜʝʥ)ʘʤʠʥʘ] ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ, ʧʨʝʢʫʨʩʦʨʘ ʟʦʣʦʪʘ ʠ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʚʝʜʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʦʣʠʪʦʧʦʜʦʙʥʳʭ 

ʠʤʠʜʘʟʦʣʘʪʥʳʭ ʢʘʨʢʘʩʦʚ ʠ ʙʦʨ-ʠʤʠʜʘʟʦʣʘʪʥʳʭ ʢʘʨʢʘʩʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ r- ʧʨʦʬʝʩʩʦʨ ʃ.ʄ. ʂʫʩʪʦʚ; 

ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɺ.ʀ. ʀʩʘʝʚʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ). 

 
Crystals 10 (2020) 617. 

41. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʙʠʦʜʦʩʪʫʧʥʳʭ ʤʦʣʝʢʫʣ ʩ ʦʛʨʦʤʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ. ʅʘʣʠʯʠʝ ʬʫʨʘʥʦʚʦʛʦ 

ʢʦʣʴʮʘ, ʩʦʧʨʷʞʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʟʣʠʯʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ ʦʜʥʦʩʪʘʜʠʡʥʳʭ ʩʠʥʪʝʟʦʚ. 2,5-

ɹʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʫʨʘʥ, ʚʘʞʥʳʡ ʤʦʥʦʤʝʨ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʷʜʘ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʳʣ ʧʦʣʫʯʝʥ 

ʩʝʣʝʢʪʠʚʥʳʤ ʛʠʜʨʠʨʦʚʘʥʠʝʤ 5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣʘ ʩ ʚʳʭʦʜʦʤ, 

ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Pt/CeO2-ZrO2 c ʩʦʜʝʨʞʘʥʠʝʤ Pt 0,5-1% 

ʤʘʩʩ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣ ʧʦʣʫʯʝʥ ʘʢʪʠʚʥʳʡ ʥʠʟʢʦʧʨʦʮʝʥʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

0,25%Pt/CeO2-ZrO2, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʦʡ ʜʠʦʣ ʩ ʚʳʭʦʜʦʤ 

87% ʧʨʠ ʜʘʚʣʝʥʠʠ H2 0,5 ʄʇʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ: ʧʨʦʬʝʩʩʦʨ ʃ.ʄ. ʂʫʩʪʦʚ; 

ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɽ.ɸ. ʈʝʜʠʥʘ; ʠʩʧ. - ʘʩʧ. ʂ.ɺ. ɺʠʢʘʥʦʚʘ, ʩʪʫʜ. ʄ.ʉ. ʏʝʨʥʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ). 

 
ACS Sustain. Chem. Eng., 9 (2020) in press 

42. ʆʪʢʨʳʪʳ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ 

ʙʘʟʝ ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʚ ʨʝʘʢʮʠʷʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʠ ʥʠʪʨʦ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʵʬʠʨʦʚ ʠ ʘʣʴʜʝʛʠʜʦʚ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʚʷʟʘʥʘ ʩ ʩʠʣʴʥʳʤ ʢʦʥʪʘʢʪʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ ʩʠʩʪʝʤʘʭ Fe-Cu, Fe-Pt, Cu-Pt, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʜʨʫʛʦʡ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʝ ʪʨʝʙʫʶʪ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʘʢʪʠʚʥʳ ʧʨʠ 110 ï 170 Áʉ ʠ 

ʜʘʚʣʝʥʠʠ ʅ2 ʜʦ 1.5 ʄʧʘ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ Pt, Pd, Rh ʠ ʜʨ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ:r ʧʨʦʬʝʩʩʦʨ ʃ.ʄ. ʂʫʩʪʦʚ; ʠʩʧ.: ʢ.ʭ.ʥ. ɸ.ɸ. ʐʝʩʪʝʨʢʠʥʘ 
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ʢ.ʭ.ʥ. ɽ.ɺ. ʐʫʚʘʣʦʚʘ, ʘʩʧ. ɸ.ɸ. ʉʪʨʝʢʘʣʦʚʘ, ʢ.ʭ.ʥ. ʆ.ʇ ʊʢʘʯʝʥʢʦ. (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ). 
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(2020) 989-1006;  

 

ɾʌʍ, 94 (2020) 888-

892. 

43. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʢʨʳʪʠʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʮʠʢʣʦʧʨʦʧʘʥʦʚ 

ʮʠʘʥʠʜ-ʠʦʥʦʤ ʠ ʝʛʦ ʩʫʨʨʦʛʘʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 2-

ʘʨʠʣʮʠʢʣʦʧʨʦʧʘʥ-1,1-ʜʠʵʬʠʨʦʚ ʩ ʮʠʘʥʠʜʦʤ ʥʘʪʨʠʷ ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 2-

ʘʨʠʣʩʫʢʮʠʥʦʜʠʥʠʪʨʠʣʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʠ, 

ʚʢʣʶʯʘʶʱʝʡ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʜʠʤʝʪʠʣʤʘʣʦʥʘʪʘ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʦʧʨʦʧʘʥʘ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ ʮʠʘʥʠʜ-

ʠʦʥʘ ʢ a-ʮʠʘʥʦʩʪʠʨʦʣʫ. ʍʝʤʦʩʝʣʝʢʪʠʚʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

HCN ʢ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤ ʮʠʢʣʦʧʨʦʧʘʥʘʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʩʣʝʜʥʠʭ ʩ ʪʨʠʤʝʪʠʣʩʠʣʠʣʮʠʘʥʠʜʦʤ ʚ 
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ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʩ(ʧʝʥʪʘʬʪʦʨʬʝʥʠʣ)ʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 2-ʘʨʠʣ-2-ʮʠʘʥʦʵʪʠʣʤʘʣʦʥʘʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʚʨʘʱʝʥʳ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʢʣʶʯʘʷ 5-

ʘʨʠʣʧʠʨʨʦʣʠʜʠʥ-2-ʦʥʳ, ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʙʠʦʘʢʪʠʚʥʳʭ 3-ʘʨʠʣʧʠʧʝʨʠʜʠʥʦʚ 

(ʥʘʧʨʠʤʝʨ, ʧʨʝʢʣʘʤʦʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ). 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ī ʜ.ʭ.ʥ. ʀ.ɺ. ʊʨʫʰʢʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʅʄʀʎ 

ɼɻʆʀ ʠ ʀɹʍʌ ʈɸʅ.  

 
J. Org. Chem., 85 (2020) 1146; ChemistrySelect, 5 (2020) 12243ï12249. 

44. ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʷʜʘ ʥʦʚʳʭ ʵʥʝʨʛʦʝʤʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʫʨʘʟʘʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʦʪʢʨʳʪʦʡ ʚ ʀʆʍ ʈɸʅ 

ʵʢʩʧʣʦʟʦʬʦʨʥʦʡ ʥʠʪʨʦ-NNO-ʘʟʦʢʩʠʛʨʫʧʧʳ. ʇʦʣʫʯʝʥʥʳʝ (ʥʠʪʨʦ-NNO-

ʘʟʦʢʩʠ)ʬʫʨʘʟʘʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʪʚʝʨʜʳʝ ʨʘʢʝʪʥʳʝ ʪʦʧʣʠʚʘ ʩ ʚʳʩʦʢʠʤʠ, ʘ 

ʜʣʷ ʨʷʜʘ ʚʝʱʝʩʪʚ ʩ ʨʝʢʦʨʜʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʊʘʨʪʘʢʦʚʩʢʠʡ; ʦʪʚ. 

ʠʩʧ. ï ʜ.ʭ.ʥ. ɸ.ʄ. ʏʫʨʘʢʦʚ, ʢ.ʭ.ʥ. ʄ.ʉ. ʂʣʝʥʦʚ, ʠʥʞ.-ʠʩʩʣ. ʅ.ɽ. ʃʝʦʥʦʚ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 
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ChemistrySelect, 5 (2020) 12243ï12249.  

45. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʳʭ 

ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʬʨʘʛʤʝʥʪʘʤ ʛʘʣʘʢʪʦʟʘʤʠʥʦʛʘʣʘʢʪʘʥʘ - 

ʦʩʥʦʚʥʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʠ ʬʘʢʪʦʨʘ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 

ʛʨʠʙʢʦʚʦʛʦ ʧʘʪʦʛʝʥʘ Aspergillus fumigatus. ʇʨʦʚʝʜʸʥʥʳʝ ʩʠʥʪʝʟʳ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʘʟʠʜʦʬʝʥʠʣʩʝʣʝʥʠʣʠʨʦʚʘʥʠʠ ʛʣʠʢʘʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜʘʭ ʜʣʷ ʩʪʝʨʝʦʢʦʥʪʨʦʣʷ 

ʘʣʴʬʘ-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 3-ʆ-ʘʮʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʫʜʘʣʸʥʥʳʭ 

ʦʪ ʘʥʦʤʝʨʥʦʛʦ ʮʝʥʪʨʘ ʚ ʛʣʠʢʦʟʠʣ-ʜʦʥʦʨʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʤʤʫʥʦʘʜʲʶʚʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 

ʠʤʤʫʥʦʜʝʪʝʨʤʠʥʘʥʪʥʳʝ ʫʯʘʩʪʢʠ ʛʘʣʘʢʪʦʟʘʤʠʥʦʛʘʣʘʢʪʘʥʘ, ʯʪʦ ʩʦʟʜʘʣʦ ʦʩʥʦʚʫ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʩʧʝʮʠʬʠʯʥʳʭ 

ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʭ ʪʝʩʪʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʣʣʝʨʛʠʯʝʩʢʦʛʦ ʠ ʙʨʦʥʭʦ-

ʣʸʛʦʯʥʦʛʦ ʘʩʧʝʨʛʠʣʣʸʟʘ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʘʥʪʠʪʝʣ ʜʣʷ ʣʝʯʝʥʠʷ ʠʥʚʘʟʠʚʥʦʛʦ ʘʩʧʝʨʛʠʣʣʸʟʘ ï ʦʧʘʩʥʝʡʰʝʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʣʝʪʘʣʴʥʦʩʪʴ ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʜʦʩʪʠʛʘʝʪ 50% ʠ 

ʚʳʰʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - 

ʜ.ʭ.ʥ. ɼ.ɺ. ʗʰʫʥʩʢʠʡ ʠ ʢ.ʭ.ʥ. ɺ.ɹ. ʂʨʳʣʦʚ; ʠʩʧ. - ʘʩʧ. ɽ.ɼ. ʂʘʟʘʢʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 
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ʢʦʣʣʝʛʘʤʠ ʠʟ ʀʥʩʪʠʪʫʪʘ ʇʘʩʪʝʨʘ (ʌʨʘʥʮʠʷ) ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʚ ɸʥʞʝʨʘ ʠ 

ɻʨʝʥʦʙʣʷ (ʌʨʘʥʮʠʷ). 

 
J. Am. Chem. Soc. 142 (2020) 1175-1179; Pure Appl. Chem., 92 (2020) 1047-1056.   
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

1. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʧʣʘʪʬʦʨʤʘ ï 2-ʬʦʩʬʦʣʘʥʧʠʨʠʜʠʥʳ - ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ, ʢʘʢ ʦʩʥʦʚʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʃʶʤʠʥʝʩʮʝʥʪʥʳʡ ʦʪʢʣʠʢ ʥʘ ʪʠʦʣʳ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʜʣʷ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʩʝʨʝʙʨʘ(I) ʩ 2-

ʬʦʩʬʦʣʘʥʧʠʨʠʜʠʥʘʤʠ ʠ ʛʝʢʩʘʨʝʥʠʝʚʳʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʠ ʠʭ ʫʥʠʢʘʣʴʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʤʦʛʫʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʠ ʤʘʨʢʝʨʦʚ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʊʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʘʷ ʜʚʫʭʧʦʣʦʩʥʘʷ ʵʤʠʩʩʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ 2-

ʬʦʩʬʦʣʘʥʧʠʨʠʜʠʥʘʤʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʩʘʤʦʥʘʩʪʨʘʠʚʘʝʤʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʨʤʦʤʝʪʨʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ 

ɸ.ɸ. ʂʘʨʘʩʠʢ; ʠʩʧ. - ʜ.ʭ.ʥ. ɸ.ʈ. ʄʫʩʪʘʬʠʥʘ, ʢ.ʭ.ʥ. ɸ.ɺ. ʐʘʤʩʠʝʚʘ, ʢ.ʭ.ʥ. ʊ.ʇ. 

ɻʝʨʘʩʠʤʦʚʘ, ʢ.ʭ.ʥ. ʀ.ɼ. ʉʪʨʝʣʴʥʠʢ, ʢ.ʬ.-ʤ.ʥ. ʀ.ɽ. ʂʦʣʝʩʥʠʢʦʚ (ʉʇʙɻʋ), ʢ.ʭ.ʥ. 

ʖ.ɻ. ɽʣʠʩʪʨʘʪʦʚʘ, ɹ.ɸ. ʌʘʡʟʫʣʣʠʥ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ).  

 
Dalton Trans., 49 (2020), 11997; J. Mol. Liq., 305 (2020) 112853. 

2. ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʣʘʪʠʥʘʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʨʪʦ-ʟʘʤʝʱʸʥʥʳʤʠ ʜʠʘʣʢʠʣʘʨʠʣʬʦʩʬʠʥʘʤʠ (ʣʠʛʘʥʜʳ 
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ɹʫʭʚʘʣʴʜʘ), ʷʚʣʷʶʱʠʝʩʷ ʘʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ 

ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʢʘʟʘʪʝʣʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ 

(ʢʘʪʘʣʠʟʘʪʦʨʳ ʂʘʨʩʪʝʜʘ). ʅʠʞʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʣʘʪʠʥʘʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ 

ʈɸʅ ɼ.ɻ. ʗʭʚʘʨʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ɺ. ʉʫʭʦʚ, ʢ.ʭ.ʥ. ɻ.ʕ. ɹʝʢʤʫʭʘʤʝʜʦʚ, ɸ.ʄ. 

ʂʫʯʢʘʝʚ, ʈ.ʖ. ʃʫʢʠʥ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. 

ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 

 

Polymers, 12 (2020) 2174; Mendeleev Commun., 29 (2019) 458-460. 

3. ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʙʝʥʟʦʪʝʣʣʫʨʘʜʠʘʟʦʣʠʣʴʥʦʛʦ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʨʘʥʝʝ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚʳʜʝʣʝʥ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʤʝʨʥʳʭ S- ʠ Se-ʩʦʜʝʨʞʘʱʠʭ 

ʘʥʘʣʦʛʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʝʪʩʷ ʪʨʠʤʝʨʥʳʡ ʜʠʘʥʠʦʥ ʩ ʯʘʩʪʠʯʥʳʤ 

ʙʠʨʘʜʠʢʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʭʘʣʴʢʦʛʝʥʦʚʳʤʠ ʩʚʷʟʷʤʠ 

NĿĿĿTe. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ð ʧʨʦʬ. ʅ. ʇ. ɻʨʠʮʘʥ (ʀʍʂɻ ʉʆ ʈɸʅ), ʧʨʦʬ. 

ɸ. ɺ. ɿʠʙʘʨʝʚ (ʅʀʆʍ ʉʆ ʈɸʅ), ʦʪʚ. ʠʩʧ. ʅ. ɸ. ʇʫʰʢʘʨʝʚʩʢʠʡ (ʀʥʩʪʠʪʫʪ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ); ʩʦʚʤʝʩʪʥʦ c 

ʀʥʩʪʠʪʫʪʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʥʠʚʝʨʩʠʪʝʪʘ ɹʨʝʤʝʥʘ 

(ʧʨʦʬʝʩʩʦʨ ʁ. ɹʝʢʤʘʥ, ɻʝʨʤʘʥʠʷ). 
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Chem. Commun. 56 (2020) 1113 ï 1116. 

4. ʅʦʚʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʤʥʦʛʦʩʪʘʜʠʡʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʨʝʟʝʨʚʫʘʨʳ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʄʠʨʦʥʦʚ ʖ.ɺ.; ʦʪʚ. ʠʩʧ.: ʜ.ʭ.ʥ. ɹʨʳʣʝʚ ʂ.ɸ., 

ʢ.ʭ.ʥ. ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ. (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ). 

 
Inorg. Chem. 59 (2020) 2116ï2120. 

5. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʢʣʘʩʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʨʝʥʠʷ [Re6Q8L6]
4ï

 (ʛʜʝ Q = S ʠʣʠ Se, ʘ L = ʙʝʥʟʦʪʨʠʘʟʦʣ, 1,2,3-

ʪʨʠʘʟʦʣ ʠʣʠ 1,2,4-ʪʨʠʘʟʦʣ) ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʢʣʝʪʦʯʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ 

ʣʦʢʘʣʠʟʘʮʠʶ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʠʟʫʯʝʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠ 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠʟʫʯʝʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘ ʢʣʝʪʢʘʭ 

ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ (HeLa) ʠ ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ 

(CRL-4025). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʠ ʥʘʩʳʱʝʥʥʳʭ ˊ-

ʩʚʷʟʷʤʠ ʬʨʘʛʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʚ ʙʝʥʟʦʪʨʠʘʟʦʣʝ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪ ʢʣʝʪʦʯʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʥʠʷ (ʩʤ. ʠʣʣʶʩʪʨʘʮʠʶ ʥʠʞʝ). ʕʪʠ ʣʠʛʘʥʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʚʷʟʳʚʘʥʠʶ 

ʢʣʘʩʪʝʨʦʚ ʩ ɼʅʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ʐʝʩʪʦʧʘʣʦʚ ʄ.ɸ. ʦʪʚ. ʠʩʧ.: ʢ.ʭ.ʥ. ʀʚʘʥʦʚ ɸ.ɸ., 

ʢ.ʭ.ʥ. ɻʘʡʬʫʣʠʥ ʗ.ʄ. (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ 

ʉʆ ʈɸʅ); ʩʦʚʤʝʩʪʥʦ c ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʦʤ (ɽʣʴʮʦʚ ʀ.ɺ.); 

ʀʥʩʪʠʪʫʪʦʤ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ (ʌʨʦʣʦʚʘ ʊ.ʉ.), ʎʝʥʪʨʦʤ 

ʧʝʨʝʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ɻ.ɺ. ɻʨʝʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ (ɽʬʨʝʤʦʚʘ ʆ.ɸ.). 

 
Chem. Eur. J. 26 (2020) 13904 ï 13914. 

6. ʆʩʫʱʝʩʪʚʣʝʥʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʙʦʨʢʘ ʙʠʷʜʝʨʥʳʭ 

ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Pt(C^N)(mu-N^S)]2  ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1,4-ʜʠʠʦʜʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʘ 

ʦʙʨʘʟʫʶʪʩʷ ʪʨʠʤʝʨʳ ʪʠʧʘ ĿĿĿPt
II
ĿĿĿI(ɸʨʝʥ

F
)IĿĿĿPt

II
ĿĿĿ, ʪʦʛʜʘ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ 

1,1ô-ʜʠʠʦʜʧʝʨʬʪʦʨʙʠʬʝʥʠʣʘ ʚʝʜʸʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ 

ĿĿĿPt
II
ĿĿĿI(ɸʨʝʥ

F
)IĿĿĿPt

II
ĿĿĿ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Pt
II
ïPt

II
 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʩʥʦʚʥʦʩʪʴ ʚʥʝʰʥʠʭ dz

2
 ʦʨʙʠʪʘʣʝʡ 

ʧʣʘʪʠʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʚʷʟʳʚʘʥʠʶ ʩ ů-ʜʳʨʢʦʡ ʘʪʦʤʘ ʠʦʜʘ. ʉʦʛʣʘʩʥʦ 

ʨʘʩʯʸʪʘʤ ʤʝʪʦʜʘʤʠ DFT ʠ NBO, ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ɸʨʝʥ)IĿĿĿdz
2
[Pt

II
] 

ʦʮʝʥʠʚʘʝʪʩʷ ʦʪ ï12 ʜʦ ï8 ʢʢʘʣ/ʤʦʣʴ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʢʣʘʜʦʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʫʤʝʨʝʥʥʦ 

ʩʠʣʴʥʳʝ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʤ ʘʜʜʫʢʪʝ ʚʳʧʦʣʥʷʶʱʠʝ 
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ʚʘʞʥʫʶ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʬʫʥʢʮʠʶ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʎɺɸ, ʗʄʈ 
195
Pt ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʦʭʨʘʥʝʥʠʠ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʨʘʩʪʚʦʨʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ 

ʈɸʅ ɺ.ʖ. ʂʫʢʫʰʢʠʥ (ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ ʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). 

 

Chem. Eur. J., 26 (2020) 7692ï7701. 

7. ɼʚʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ Pt
II
 

ʙʳʣʠ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʬʪʦʨʘʨʝʥʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʘʜʜʫʢʪʦʚ ʤʝʪʦʜʦʤ ʈʉɸ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʥʠʭ ʟʘʢʣʶʯʸʥ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʧʝʨʬʪʦʨʘʨʝʥʘ, ʦʙʨʘʟʫʷ ʙʝʩʢʦʥʝʯʥʳʝ 

ʦʙʨʘʪʥʦ-ʩʵʥʜʚʠʯʝʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 3.5 ʨʘʟʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʚ 

15 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʖ. ʂʫʢʫʰʢʠʥ (ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʈɸʅ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). 
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Inorg. Chem., 59 (2020) 9308ï9314. 

8. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʩʠʣʦʢʩʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʜʠʪʠʦʦʢʩʘʤʠʜʘ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʣʣʘʜʠʷ (II) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʛʦʣʴʥʦ-ʧʘʩʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʨʝʜʣʦʞʝʥ 

ʧʦʜʭʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʝʨʝʙʨʘ(I) ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʀʩʧ. - ʢ.ʭ.ʥ. ʀ.ʉ. ʇʫʟʳʨʝʚ, ʢ.ʭ.ʥ. ʃ.ɸ. ʍʘʤʠʜʫʣʣʠʥʘ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 

 

 
ɾɸʍ, 75 (2020) 466ï472. 

9. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ S- ʠ Se-ʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 3-

(ʛʝʪʝʨʦ)ʘʨʠʣʙʝʥʟʦ[b]ʪʠʝʥʦ[2,3-d]ʪʠʦʬʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-2, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘ 

ʪʠʦʬʝʥʦʚ ʧʦ ʌʠʩʩʝʣʴʤʘʥʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʥʳʝ 

ʙʝʥʟʦ[4,5]ʩʝʣʝʥʦʬʝʥʦ[3,2-b]ʪʠʦʬʝʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ 3-ʙʨʦʤʙʝʥʟʦ[b]ʩʝʣʝʥʦʬʝʥ-2-ʠʣʦʚ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ ʧʝʥʪʘ- ʠ ʛʝʢʩʘʮʠʢʣʠʯʝʩʢʠʭ N,S,Se-

ʛʝʪʝʨʦʘʮʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʷʜʨʘ ʧʠʨʨʦʣʘ, ʪʠʦʬʝʥʘ ʠ ʩʝʣʝʥʦʬʝʥʘ ʚ ʩʦʩʪʘʚʝ 

ʩʚʦʝʛʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʢʘʨʢʘʩʘ. ʉʠʥʪʝʟ ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʫʜʦʙʥʦʡ ʩʪʨʘʪʝʛʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ 

ʌʠʩʩʝʣʴʤʘʥʘ ʠ ʌʠʰʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʟʘʨʷʜʦʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ N,S-ʩʦʜʝʨʞʘʱʠʭ ʘʥʘʣʦʛʦʚ. ʊʘʢʞʝ, 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʝʥʟʦ[4,5]ʪʠʝʥʦ[3,2-

b]ʠʥʜʦʣʦʚ, ʧʠʨʠʜʦ[3',2':4,5]ʪʠʝʥʦ[3,2-b]ʠʥʜʦʣʦʚ, ʧʠʨʘʟʠʥʦ[2',3':4,5]ʪʠʝʥʦ[3,2-

b]ʠʥʜʦʣʦʚ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 3-ʘʤʠʥʦʪʠʦʬʝʥ-2-

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʌʠʰʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʡ 

ʩʪʘʜʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ɻ.ʃ. ʈʫʩʠʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʈ.ɸ. ʀʨʛʘʰʝʚ, 

ʘʩʧ. ʉʪʝʧʘʨʫʢ ɸ.ʉ., ʘʩʧ. ɼʝʤʠʥʘ ʅ.ʉ. (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. 

ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 
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10. ʇʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʘʨʠʣʪʨʠʬʪʦʨʙʦʨʘʪʦʚ ʢʘʣʠʷ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʠʟ ʘʨʠʣʪʨʠʬʪʦʨʙʦʨʘʪʦʚ 

ʢʘʣʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʩʠʩʪʝʤʦʡ çʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ ï AlCl 3è ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʨʠʣʜʠʬʪʦʨʙʦʨʘʥʳ ï ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʷʛʢʠʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ 

ʥʝʧʦʣʷʨʥʳʭ ʩʨʝʜʘʭ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʘʨʠʣʜʠʬʪʦʨʙʦʨʘʥʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

ʬʝʥʦʣʦʚ ʩʪʠʨʦʣʦʤ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʙʦʨʘʥʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʘʨʠʣʜʠʬʪʦʨʙʦʨʘʥʘ ʫʧʨʘʚʣʷʪʴ 

ʢʠʩʣʦʪʥʳʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʅ.ʖ. ɸʜʦʥʠʥ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʉ.ɸ. 

ʇʨʠʭʦʜʴʢʦ ʠ ʄ.ʄ. ʐʤʘʢʦʚ (ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ). 

 

 

 

 

 

 

 

 

Mendeleev 

Commun. 30 

(2020) 262-272; 

 

Nanoscale 12 

(2020) in press. 

11. ʇʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 3d-4f 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ. ʇʦʣʫʯʝʥ 

ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʩʦʝʜʠʥʝʥʠʷ Co(II)-La(III) ʩ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ. ʂʦʤʧʣʝʢʩ 

ʫʩʪʦʡʯʠʚ ʢ ʜʝʡʩʪʚʠʶ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ 



57 

 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʘ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ȹE/KB = 5 K,  

Ű0 = 2.7Ĭ10
ï6 
c). ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʳʡ ʩʠʥʪʝʟ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʫʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʧʨʘʚʣʷʝʤʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʩ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʪʠʧʦʤ ʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʜʘʥʥʳʭ (ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ 

ʫʨʦʚʥʝ), ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ð 

ʘʢʘʜʝʤʠʢ ʈɸʅ ʀ.ʃ. ɽʨʸʤʝʥʢʦ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ɸ.ɸ. ʉʠʜʦʨʦʚ ʠ ʧʨʦʬʝʩʩʦʨ 

ʈɸʅ ʄ.ɸ. ʂʠʩʠʥ; ʠʩʧ. - ʢ.ʭ.ʥ. ʉ.ɸ. ʅʠʢʦʣʘʝʚʩʢʠʡ, ʢ.ʭ.ʥ. ɼ.ʉ. ʗʤʙʫʣʘʪʦʚ, 

ʢ.ʭ.ʥ. ʖ.ʂ. ɺʦʨʦʥʠʥʘ, ʢ.ʭ.ʥ. ʅ.ʅ. ɽʬʠʤʦʚ, ʘʩʧ. ʉ.ʅ. ʄʝʣʴʥʠʢʦʚ, ʘʩʧ. ʂ.ɸ. 

ɹʘʙʝʰʢʠʥ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ). 

 

 

 

 

 

 

 

 

 

 

ChemestrySelect, 

5(2020) 12829-

12834. 

12. ʀʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 10
-4
 ɻʇʘ ʜʦ ~1 ɻʇʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(hfac)2 ʩ ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ L
R
, ʛʜʝ 

hfac ï ʛʝʢʩʘʬʪʦʨʘʮʝʪʠʣʘʮʝʪʦʥʘʪ, L
R
 ï 2-(1-R-1H-ʧʠʨʘʟʦʣ-4-ʠʣ)-4,4,5,5-

ʪʝʪʨʘʤʝʪʠʣ-4,5-ʜʠʛʠʜʨʦ-1H-ʠʤʠʜʘʟʦʣ-3-ʦʢʩʠʜ-1-ʦʢʩʠʣ ʠ R ï Et ʠʣʠ Allyl . 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚʩʝʛʦ ʣʠʰʴ ʜʦ ~0.03 ɻʇʘ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʫʝʤʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ, 

ʥʘʙʣʶʜʘʶʱʝʡʩʷ ʜʣʷ ʜʘʥʥʳʭ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʙʳʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɼʘʚʣʝʥʠʷ ʚ ~0.8 ɻʇʘ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʚʩʝ 
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ʦʙʤʝʥʥʳʝ ʢʣʘʩʪʝʨʳ {L
R
ïCuïL

R
} ʚ ʩʠʣʴʥʦʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʪʝʤ ʩʘʤʳʤ 

ʨʝʘʣʠʟʦʚʘʪʴ ʪʝʨʤʠʯʝʩʢʠ ʥʝʜʦʩʪʠʞʠʤʦʝ ʜʣʷ ʜʘʥʥʳʭ ʛʝʪʝʨʦʩʧʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Cu(hfac)2L
Et
] ʠ [Cu(hfac)2L

Allyl
] ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʇʦʪʝʥʮʠʘʣʴʥʦ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʤʘʛʥʠʪʥʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʧʦʚʳʰʝʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 

ʥʠʞʝ ʧʦʢʘʟʘʥʳ: (ʘ) ʩʪʨʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʠ ʚ ʛʝʪʝʨʦʩʧʠʥʦʚʦʤ 

ʢʦʤʧʣʝʢʩʝ Cu(hfac)2 L
Et

; (ʙ) ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

mɻ ʬʬ(T) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʘʚʣʝʥʠʷ; (ʚ) ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ Cu-

ONO ʤʝʞʜʫ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ P ʠ T. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʀ. ʆʚʯʘʨʝʥʢʦ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɻ.ɺ. 

ʈʦʤʘʥʝʥʢʦ; ʠʩʧ. - ʄ.ʉ. ʃʝʪʷʛʠʥ, ʂ.ʖ. ʄʘʨʶʥʠʥʘ (ʀʥʩʪʠʪʫʪ 

ñʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨò ʉʆ ʈɸʅ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʀʥʩʪʠʪʫʪʦʤ ʧʝʨʝʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʛ. ʍʠʨʦʩʠʤʳ (S. Nishihara, 

K. Inoue). 

 

 

 

ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ., (2020), 1530. 

13. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʛʥʠʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʙ ʚ 

ʘ 
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ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʦʠʩʢ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ 2020 ʛʦʜʫ ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʪʠʧ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʠʤʝʨʥʳʭʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʯʝʪʳʨʝ ʠʦʥʘ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʣʘʥʪʘʥʠʜʦʚ ʚʳʩʪʨʦʝʥʳ ʚʜʦʣʴ ʦʜʥʦʡ ʧʨʷʤʦʡ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ ʧʨʠʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʭ ʜʠʤʝʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʤʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʙʦʨʢʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʪʠʤʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ð ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ.ʖ. ʎʠʚʘʜʟʝ ʠ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʖ.ɻ. 

ɻʦʨʙʫʥʦʚʘ (ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ 

ʈɸʅ ʠ ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ). 

 

Inorg. Chem., 59 (2020) 9424-9433. 

14. ɼʣʷ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʨʦʜʝ ʭʠʤʠʯʝʩʢʦʡ 

ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʪʠʧʠʯʥʦʤ 

ʚʘʣʝʥʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʳ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʠʪʪʝʨʙʠʷ ʠ ʩʘʤʘʨʠʷ ʩ ʜʠʘʟʘʜʠʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʩʚʝʨʭʦʙʲʝʤʥʳʝ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʘʤʘʨʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʠʦʥʥʳʡ 
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ʨʘʜʠʫʩ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʪʪʝʨʙʠʷ, ʠʦʥ ʩʘʤʘʨʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʦʥʘ ʠʪʪʝʨʙʠʷ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ-ʟʘ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ˊ-ʩʠʩʪʝʤʘʤʠ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ, ʚʳʷʚʣʝʥʥʦʛʦ 

ʚʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʘ ʠʣʣʶʩʪʨʘʮʠʠ ʥʠʞʝ 

ʩʣʝʚʘ ʧʦʢʘʟʘʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [(Ar
BIG

-

bian)Sm], ʘ ʩʧʨʘʚʘ - ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ArïSm ʧʦ ʜʘʥʥʳʤ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ: ʫʯʘʩʪʢʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ï ʦʙʣʘʩʪʠ 

ʧʨʠʪʷʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ.ʃ. ʌʝʜʶʰʢʠʥ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 

 
 

Dalton Trans., 49 (2020) 14445ï14451. 

15. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʬʦʪʦ-

/ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ, ʚʧʝʨʚʳʝ ʧʨʝʜʩʢʘʟʘʥ ʠ, ʥʘ ʧʨʠʤʝʨʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʝʜʦʢʩ-

ʠʟʦʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (1,10-phen)Co(3,6-DBSQ)2, ʨʝʘʣʠʟʦʚʘʥ 

ʬʦʪʦʤʝʭʘʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊʩ - 250ʂ) ʨʝʜʦʢʩ-ʧʝʨʝʭʦʜʘ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʳ (ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ) 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (1,10-phen)Co(3,6-DBSQ)2 ʠ 

(2,2'-bpy)Co(3,6-DBSQ)2, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʨʝʜʦʢʩ-

ʠʟʦʤʝʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʩʦʩʪʘʚʦʤ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʦʪʦ-ʘʢʪʫʘʪʦʨʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʂ. ʏʝʨʢʘʩʦʚ; ʠʩʧ. - 
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ʄ.ʇ. ɹʫʙʥʦʚ, ʂ.ɸ. ʂʦʞʘʥʦʚ, ʅ.ɸ. ʉʢʦʨʦʜʫʤʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ).   
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6679ī6683. 

16. 3a, 6a-ɼʠʘʟʘ-1,4-ʜʠʬʦʩʬʘʧʝʥʪʘʣʝʥʳ (DDP) ʷʚʣʷʷʩʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʩ ʜʨʫʛʦʡ - ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʬʦʩʬʠʥʠʜʝʥʘʤʠ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʚʦʡʩʪʚʝʥʥʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ˊ-ʜʦʥʦʨʦʚ ʠʣʠ ʜʦʥʦʨʦʚ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ DDP ʩ 

ʪʠʧʠʯʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ˊ-ʘʢʮʝʧʪʦʨʦʤ ï 1,2,4,5-ʪʝʪʨʘʮʠʘʥʦʙʝʥʟʦʣʦʤ (TCNB) 

ʧʦʣʫʯʝʥʳ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ˊ-ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʯʝʨʝʜʫʶʱʠʝʩʷ ʚ 

ʩʪʦʧʢʝ ʤʦʣʝʢʫʣʳ DDP ʠ TCNB. ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ˊ-ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ. 

ʅʝʙʦʣʴʰʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ɺɿʄʆ-ʅʉʄʆ (1.40 eV) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʢʦʤʧʣʝʢʩʘʤ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʘ. ʉ ʜʨʫʛʦʡ 
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ʩʪʦʨʦʥʳ, ʜʠʘʟʘʜʠʬʦʩʬʘʧʝʥʪʘʣʝʥʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʜʦʥʦʨʳ ʥʝʧʦʜʝʣʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ 

ʪʝʪʨʘʭʣʦʨʪʝʨʝʬʪʘʣʦʥʠʪʨʠʣʦʤ (TCTPN). ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ ʩʦʧʨʷʞʝʥʥʳʝ 

ʛʝʪʝʨʦʬʦʩʬʦʣʴʥʳʝ ʙʣʦʢʠ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʘʨʢʘʩʳ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʣʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʜ.ʭ.ʥ. ɸ.ʅ. ʂʦʨʥʝʚ; ʠʩʧ. - ʖ.ʉ. ʇʘʥʦʚʘ, ɺ.ɺ. ʉʫʱʝʚ, 

ɼ.ʌ. ɼʦʨʘʜʦ ɼʘʩʘ, ʅ.ɺ. ɿʦʣʦʪʘʨʝʚʘ, ʈ.ɺ. ʈʫʤʷʥʮʝʚ, ɻ.ʂ. ʌʫʢʠʥ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 
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11346. 

17. ʆʙʥʘʨʫʞʝʥʘ ʷʨʢʘʷ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʘʪʦʜʥʳʤʠ ʣʫʯʘʤʠ, 

ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʝ. ʉʘʤʫʶ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ 

ʧʦʢʘʟʘʣʠ ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ ʠ ʪʝʨʙʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʠʨʘʟʦʣʦʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ Tb(pmip)3(TPPO)2 ʚ 40 ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʘʥʪʨʘʮʝʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʧʨʠ ʦʮʝʥʢʝ 

ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʦʛʦ ʞʝ ʢʦʤʧʣʝʢʩʘ 

ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ CaI2:Eu
2+
, ʷʚʣʷʶʱʝʛʦʩʷ 

ʩʝʛʦʜʥʷ ʣʫʯʰʠʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʪʝʨʙʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ 

ʢʘʪʦʜʥʳʝ ʣʫʯʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʠʤʠʪʠʨʫʶʪ ʙʝʪʘ-

http://iomc.ras.ru/2020/07/ln-complexes-cathodoluminescence/
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ʠʟʣʫʯʝʥʠʝ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʥʫʢʣʠʜʦʚ, ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʧʨʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʘʚʪʦʥʦʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ (ʙʝʪʘ-ʙʘʪʘʨʝʠ), ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʙʘʪʘʨʝʷʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʝʨʙʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘ 

ʬʦʪʦʛʨʘʬʠʠ ʧʦʢʘʟʘʥʳ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʝ ʦʙʨʘʟʮ r ʢʦʤʧʣʝʢʩʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Tb(pmip)3(TPPO)2 (1), Tb(NON)3 (2), Sc(OON)3 (3), 

Tb(acac)3(H2O)3 (4), Eu(TTA)3 (5) ʠ ʘʥʪʨʘʮʝʥʘ (6) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʪʦʜʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʜ.ʭ.ʥ. ʄ.ʅ. ɹʦʯʢʘʨʸʚ; ʠʩʧ. - ɸ.A. ʂʫʢʠʥʦʚ, 

ʊ.ɺ. ɹʘʣʘʰʦʚʘ, ɹ. ʉ. ʂʘʚʝʨʠʥ, ɺ.ɸ. ʀʣʴʠʯʝʚ, ʉ.ɺ. ʆʙʦʣʝʥʩʢʠʡ, A.ʅ. 

ʊʨʫʬʘʥʦʚ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 

  Appl. Phys. Lett., 116 (2020) 263302. 

18. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʳʭ ʧʦʜʛʨʫʧʧ ʚ ʛʠʧʝʨ- ʠ 

ʩʫʙʚʘʣʝʥʪʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʜʠʚʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʩʠʥʪʝʟʝ. ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʠʟʢʦʚʘʣʝʥʪʥʳʭ 

ʘʪʦʤʦʚ ʩ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ dpp-bian 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʘʢʪʠʚʘʮʠʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʣʝʢʫʣʳ ʩ ʥʝʦʙʳʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʥʝʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʠʤʠʪʠʨʦʚʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʧʝʨʚʳʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʟʢʦʚʘʣʝʥʪʥʦʛʦ ʛʘʣʣʠʷ ʩ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʤ ʜʠʠʤʠʥʦʚʳʤ ʣʠʛʘʜʥʦʤ ʩ ʢʘʨʙʦʜʠʠʤʠʜʘʤʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ ʩʧʦʩʦʙ 

ʧʨʷʤʦʛʦ ʧʦʣʫʯʝʥʠʷ ʛʫʘʥʠʜʠʥʘʪʦʚ ʠ ʠʤʠʥʦʛʫʘʥʠʜʠʥʘʪʦʚ ʠʟ ʢʘʨʙʦʜʠʠʤʠʜʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ 

ʚ ʢʘʨʙʦʜʠʠʤʠʜʝ, ʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ [1+2+2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 
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ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʨʘʩʯʝʪʘʤʠ DFT. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ.ʃ. 

ʌʝʜʶʰʢʠʥ; ʠʩʧ. - ɺ.A. ɼʦʜʦʥʦʚ, O.A. ʂʫʰʥʝʨʦʚʘ, E.V. ɹʘʨʘʥʦʚ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ) ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

Northwest University (ʂʠʪʘʡ). 
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(2020) 7475-7478. 

19. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʘʪʦʤ-ʵʢʦʥʦʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ ʉīʉ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʝʣʝʢʪʠʚʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ Csp2īH ʠ ʙʝʥʟʠʣʴʥʳʭ Csp3īH ʩʚʷʟʝʡ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʢʘʪʠʦʥʥʳʝ ʙʠʩ(ʙʝʥʟʛʠʜʨʠʣʴʥʳʝ) ʢʦʤʧʣʝʢʩʳ [(p-tBu-C6H4)2CH]2Ln[(p-tBu-

C6H4)2CHB(C6F5)3] (Ln = La, Nd) ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ, ʨʝʛʠʦ- ʠ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʛʠʜʨʦʘʨʠʣʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʙʝʥʟʠʣʠʨʦʚʘʥʠʷ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ ʦʣʝʬʠʥʦʚ ʠ ʜʠʝʥʦʚ ʟʘʤʝʱʝʥʥʳʤʠ 

ʧʠʨʠʜʠʥʘʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʪʘʢʠʝ 

ʢʘʢ ʛʠʜʨʦʙʝʥʟʠʣʠʨʦʚʘʥʠʝ 1,1-ʜʠʟʘʤʝʱʝʥʥʳʭ ʠ ʠʥʪʝʨʥʘʣʴʥʳʭ ʩʚʷʟʝʡ C=C. 

ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʧʨʠʚʦʜʷ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʘʥʪʠ-ʄʘʨʢʦʚʥʠʢʦʚʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ɸ. ʊʨʠʬʦʥʦʚ; ʠʩʧ. - ɸ.ʅ. ʉʝʣʠʭʦʚ, 

ɽ.ʅ. ɹʦʨʦʥʠʥ, ɸ.ɺ. ʏʝʨʢʘʩʦʚ, ɻ.ʂ. ʌʫʢʠʥ, ɸ.ʉ. ʐʘʚʳʨʠʥ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 
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20. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [er-NHC]Ln[N(SiMe3)2]2 

(M = Yb(II ), Sm(II)), ʩʦʜʝʨʞʘʱʠʝ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ 

ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʮʠʢʣʦʤ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ 

ʪʨʫʜʥʦʨʝʘʣʠʟʫʝʤʳʭ ʨʝʘʢʮʠʷʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʝʥʦʚ ʧʨʝʚʟʦʰʣʠ ʚʩʝ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

Ln(II) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʠʦʥʦʚ Ln(II) ʙʦʣʝʝ ʜʦʥʦʨʥʳʭ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʷʪʠʯʣʝʥʥʳʤʠ NHC-ʢʘʨʙʝʥʘʤʠ) ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʘʨʙʝʥʦʚʳʭ er-NHC-

ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʠ 

ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʢʦʥʚʝʨʩʠʡ (73ï89%) ʚ ʨʝʘʢʮʠʷʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʥ-ʘʣʢʝʥʦʚ, ʮʠʢʣʦʛʝʢʩʝʥʘ ʠ ʥʦʨʙʦʨʥʝʥʘ ʧʝʨʚʠʯʥʳʤ 

PhPH2 ʠ ʚʪʦʨʠʯʥʳʤ Ph2PH ʬʦʩʬʠʥʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ɸ.ɸ. ʊʨʠʬʦʥʦʚ; ʠʩʧ. - ʀ.ɺ. ʃʘʧʰʠʥ, ɸ.ɺ. ʏʝʨʢʘʩʦʚ, ɸ.ʌ. ɸʩʘʯʝʥʢʦ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ).  

 
Chem. Commun., 56 (2020) 12913ï12916. 

21. ʇʨʝʜʣʦʞʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʛʠʙʨʠʜʥʳʭ ʜʝʥʜʨʠʤʝʨʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʞʝʩʪʢʦʛʦ ʬʝʥʠʣʝʥʦʚʦʛʦ ʷʜʨʘ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʛʠʙʢʦʡ 

ʢʘʨʙʦʩʠʣʘʥʦʚʦʡ ʦʙʦʣʦʯʢʠ ʨʘʟʣʠʯʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʝʥʜʨʠʤʝʨʳ ʦʢʘʟʘʣʠʩʴ 

ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʩʦʜʝʥʜʨʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʘʥʘʣʦʛʠʯʥʳ ʢʘʨʙʦʩʠʣʘʥʦʚʳʤ ʜʝʥʜʨʠʤʝʨʘʤ, 

ʥʦ ʛʠʙʢʘʷ ʦʙʦʣʦʯʢʘ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ 
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ʜʦʤʝʥʦʚ. ʇʨʠ ʵʪʦʤ ʩʢʣʦʥʥʦʩʪʴ ʢ ʫʧʦʨʷʜʦʯʝʥʠʶ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʢʘʨʙʦʩʠʣʘʥʦʚʦʡ ʦʙʦʣʦʯʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʘʨʙʦʩʠʣʘʥʦʚʳʭ 

ʜʝʥʜʨʠʤʝʨʦʚ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʫ ʛʠʙʨʠʜʥʳʭ ʜʝʥʜʨʠʤʝʨʦʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʦʟʜʘʝʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ 

ʜʝʥʜʨʠʤʝʨʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɸ.ʄ. ʄʫʟʘʬʘʨʦʚ; ʠʩʧ. - 

ʉ.ɸ. ʄʠʣʝʥʠʥ, ɻ.ɺ. ʏʝʨʢʘʝʚ, ʅ.ɺ. ɼʝʤʯʝʥʢʦ, ɽ.ɺ. ʉʝʣʝʟʥʝʚʘ (ʀʥʩʪʠʪʫʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ) ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. 

ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ (ɽ.ʉ. ʉʝʨʢʦʚʘ, ʀ.ʖ. ʂʨʘʩʥʦʚʘ, ʄ.ʀ. ɹʫʟʠʥ, ɺ.ɻ. ɺʘʩʠʣʴʝʚ, 

ɿ.ɹ. ʐʠʬʨʠʥʘ) ʠ ʂʫʨʯʘʪʦʚʩʢʠʤ ʀʥʩʪʠʪʫʪʦʤ (ɸ.ɺ. ɹʘʢʠʨʦʚ, ʉ.ʅ. ʏʚʘʣʫʥ). 

 

Macromolecules, 22 (2020) 9706-9716. 

22. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ CuAAC, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʢʣʠʢ-ʨʝʘʢʮʠʶ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʙʝʟ ʦʩʥʦʚʘʥʠʷ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʩʤ. ʠʣʣʶʩʪʨʘʮʠʶ ʥʠʞʝ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʘʜʠʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ C-N ʤʝʞʜʫ 



67 

 

ʘʟʠʜʦʤ ʠ ʘʮʝʪʠʣʝʥʦʤ, ʘ ʥʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʠʣʝʥʠʜʘ ʤʝʜʠ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ 

ʨʘʥʝʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ DFT ʨʘʩʯʝʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ 

ʧʠʨʘʟʦʣʘʪʥʳʡ ʣʠʛʘʥʜ ʚ ʢʦʤʧʣʝʢʩʝ ʤʝʜʠ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʩʥʦʚʘʥʠʝ ɹʨʝʥʩʪʝʜʘ, 

ʜʝʧʨʦʪʦʥʠʨʫʷ ʤʦʣʝʢʫʣʫ ʘʮʝʪʠʣʝʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

1,4-ʟʘʤʝʱʝʥʥʳʝ 1,2,3-ʪʨʠʘʟʦʣʳ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪ, ʥʝʩʫʱʠʭ 

ʪʨʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ɺ.ɸ. 

ʃʘʨʠʦʥʦʚ; ʠʩʧ. - ɺ.ʀ. ʄʘʣʝʝʚ, ɸ.ɸ. ʊʠʪʦʚ, ɸ.ʌ. ʉʤʦʣʴʷʢʦʚ, ʄ.ɻ. ʄʝʜʚʝʜʝʚ ʠ 

ʜʨ. (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ.ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

 

J. Catal. 390 (2020) 37ï45. 

23. ʉʠʥʪʝʟʠʨʦʚʘʥ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ [(Ph3CO)2Dy(THF)4][BPh4], 

ʠʤʝʶʱʠʡ ʩʪʨʦʛʦ ʘʢʩʠʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ (O-Dy-O 180Á). ʉʠʣʴʥʦʝ 

ʨʘʩʱʝʧʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʳʟʚʘʥʥʦʝ ʢʦʨʦʪʢʠʤʠ ʘʢʩʠʘʣʴʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ Dy-O ʠ ʠʜʝʘʣʴʥʦ ʣʠʥʝʡʥʳʤ ʫʛʣʦʤ O-Dy-O, ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʝʜʣʝʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩ ʨʝʢʦʨʜʥʳʤ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʥʠʟʦʪʨʦʧʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ 1385 

ʩʤ
-1
. ʂʦʤʧʣʝʢʩ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ ʦʙʣʘʩʪʷʭ 560-600 ʥʤ ʠ 650-

670 ʥʤ, ʩʚʷʟʘʥʥʫʶ ʩ 4f
9
-ʧʝʨʝʭʦʜʘʤʠ ʚ ʠʦʥʘʭ Dy

3+
. ʄʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ab initio ʘʥʘʣʠʟʦʤ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʠʣʠ ʥʝʦʙʳʯʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦʢʦʛʦ ʙʘʨʴʝʨʘ ʙʣʦʢʠʨʦʚʢʠ, ʚʳʟʚʘʥʥʦʛʦ ʛʘʰʝʥʠʝʤ 

ʦʜʥʦʬʦʥʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʪʨʝʤʷ ʥʠʟʢʦʣʝʞʘʱʠʤʠ ʤʫʣʴʪʠʧʣʝʪʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʦʤʧʣʝʢʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʥʠʤʠ, ʧʨʝʚʳʰʘʶʱʝʡ ʵʥʝʨʛʠʠ ʬʦʥʦʥʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ɸ. ʊʨʠʬʦʥʦʚ (ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ) ʚ 
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ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʄʦʥʧʝʣʴʝ (ʌʨʘʥʮʠʷ) ʠ ʂʘʪʦʣʠʯʝʩʢʠʤ 

ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʃʸʚʝʥʘ (ɹʝʣʴʛʠʷ). 

 
Inorg. Chem. Frontiers, 2020, in press 

24. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʩʧʠʥʦʚʳʤ ʧʝʨʝʭʦʜʦʤ, ʣʝʞʘʱʠʤ ʚ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʥʩʦʨʦʚ ʠ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʨʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʣʶʙʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʙʠʩ(ʧʠʨʘʟʦʣ-3-

ʠʣ)ʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʦ ʘʪʦʤʘʤ ʘʟʦʪʘ ʧʠʨʘʟʦʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʘʤ ʞʝʣʝʟʘ(II) ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʚʩʝʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʚʝʜʝʥʠʝ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʵʪʠʤ 

ʧʦʣʦʞʝʥʠʷʤ ʧʦʟʚʦʣʠʣʦ ʚʧʝʨʚʳʝ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ(II) ʩ N,Nô-

ʟʘʤʝʱʝʥʥʳʤʠ ʙʠʩ(ʧʠʨʘʟʦʣ-3-ʠʣ)ʧʠʨʠʜʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʠʥʜʫʮʠʨʫʝʤʳʡ ʩʧʠʥʦʚʳʡ ʧʝʨʝʭʦʜ. ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ 
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ʙʳʪʴ ʧʝʨʝʥʝʩʝʥ ʥʘ ʢʦʤʧʣʝʢʩʳ ʠʟʦʤʝʨʥʳʭ ʙʠʩ(ʧʠʨʘʟʦʣ-1-ʠʣ)ʧʠʨʠʜʠʥʦʚ ʠ 

ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠʦʥʘ 

ʤʝʪʘʣʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ïʖ.ɺ. ʅʝʣʶʙʠʥʘ; ʠʩʧ. ïʀ.ɸ. ʅʠʢʦʚʩʢʠʡ, ɸ.ɺ. 

ʇʦʣʝʞʘʝʚ, ɼ.ʖ. ɸʣʝʰʠʥ, ʕ.ʉ. ʉʘʬʠʫʣʣʠʥʘ ʠ ʜʨʫʛʠʝ (ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ) ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʄʘʥʯʝʩʪʝʨʘ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ).  

 Chem. Eur. J., 26 (2020) 5629ï5638. 

25. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʠʨʨʦʣʦʚ ʠ ʧʠʨʠʜʠʥʦʚ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʝʘʢʮʠʷ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʮʝʪʠʣʝʥʦʚ ʩ ʘʨʠʣ-  ʠ ʘʣʢʠʣʥʠʪʨʠʣʘʤʠ ʠ 

EtAlCl2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Cp2ʊiCl2. (10 ʤʦʣʴ%) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ï

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Mg ʚ ʫʩʣʦʚʠʷʭ (ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʊɻʌ, 0
0
ʉ, 8 ʯʘʩ.) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʨʦʚ ï ʘʮʝʪʠʣʝʥ ʠ ʥʠʪʨʠʣ 

ʨʘʚʥʳʡ 2:1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʥʠʪʨʠʣʳ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ ʠ EtAlCl2, ʚ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʫʩʣʦʚʠʷʭ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʨʦʣʦʚ ʩ ʚʳʭʦʜʘʤʠ 40-77%. ɺ 

ʩʣʫʯʘʝ ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʥʠʪʨʠʣʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʘʝʪʩʷ 

ʥʘʧʨʘʚʠʪʴ ʨʝʘʢʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 50-65%. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʨʦʣʦʚ ʠ 
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ʧʠʨʠʜʠʥʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʪʘʢ ʠ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; 

ʠʩʧ. ï ʢ.ʭ.ʥ. ʃ.ʆ. ʍʘʬʠʟʦʚʘ, ʢ.ʭ.ʥ. ʄ.ɻ. ʐʘʡʙʘʢʦʚʘ, ʘʩʧ. ʅ.ɸ. ʈʠʭʪʝʨ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 

 

 

 

 

 

 

 

 

ɾʆʨʍ,  

56 (2020) 

218-224. 

26. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʠʷ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʀʅʂ ʈɸʅ, 

ʧʨʠʚʝʣʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʘʨʙʦʮʠʢʣʠʟʘʮʠʠ N-ʘʣʣʠʣʟʘʤʝʱʝʥʥʳʭ 2-

ʘʣʢʝʥʠʣʘʤʠʥʦʚ ʩ ʧʦʤʦʱʴʶ ZnEt2, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʦʡ Ti(OPri)4ï

EtMgBr, ʩ ʧʦʣʫʯʝʥʠʝʤ ʚ ʦʜʥʫ ʧʨʝʧʘʨʘʪʠʚʥʫʶ ʩʪʘʜʠʶ ʤʝʪʠʣʝʥʧʠʨʨʦʣʠʜʠʥʦʚ 

ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʩʝʣʝʢʪʠʚʥʦ ʧʨʦʭʦʜʠʪ ʚ ʪʘʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʘʢ ʜʠʭʣʦʨʤʝʪʘʥ, ʪʦʣʫʦʣ, ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʠ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʧʨʠʨʦʜʝ ʠ ʩʪʨʫʢʪʫʨʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʮʝʪʠʣʝʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʠʩ-

ʘʣʣʠʣʧʨʦʧʘʨʛʠʣʘʤʠʥʳ ʣʝʛʢʦ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʩ-

ʧʠʨʨʦʣʠʜʠʥʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. 

ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʀ.ʈ. ʈʘʤʘʟʘʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʈ.ʅ. ʂʘʜʠʢʦʚʘ, ʘʩʧ. ɸ.ʄ. 

ɻʘʙʜʫʣʣʠʥ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 
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RSC Advances, 10 (2020) 17881-17891. 

27. ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʭʠʤʠʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʠʩ-ʬʦʩʬʠʥʦʢʩʠʜʦʚ, 

ʢʦʚʘʣʝʥʪʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 1,3-ʙʫʪʘʜʠʝʥʦʚʳʤ ʩʧʝʡʩʝʨʦʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 1-ʬʦʩʬʠʥʠʣ-2-ʘʨʠʣʘʮʝʪʠʣʝʥʦʚ ʩ 

Cp2ZrCl2, EtAlCl2 ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ Mg, ʚʟʷʪʳʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (ʘʮʝʪʠʣʝʥ : Zr : 

Al  : Mg = 1: 0.5 : 0.5 : 0.6) ʚ ʫʩʣʦʚʠʷʭ (ʨʘʩʪʚʦʨʠʪʝʣʴ ʊɻʌ, 20 
ʦ
ʉ, 18 ʯ) ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ  

1ɽ,3ɽ-2,3-ʜʠʘʨʠʣʙʫʪʘ-1,3-ʜʠʝʥ-1,4-ʜʠʠʣ)-ʙʠʩ-ʜʠʘʨʠʣʬʦʩʬʠʥʦʢʩʠʜʦʚ ʩ 

ʚʳʭʦʜʘʤʠ >65%.  ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʝʘʢʮʠʷ ʠʤʝʝʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʟʚʦʣʷʝʪ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʘʥʝʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʥʝʧʨʝʜʝʣʴʥʳʝ 

ʙʠʩ-ʬʦʩʬʠʥʦʢʩʠʜʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʩʦʧʨʷʞʝʥʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʩʧʝʡʩʝʨʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʠʥʪʝʟʘ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. ʠʩʧ. 

ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʀ.ʈ. ʈʘʤʘʟʘʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʈ.ʅ. ʂʘʜʠʢʦʚʘ, ʘʩʧ. ɸ.ʂ. 

ɸʤʠʨʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 
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ɼɸʅ, 494 

(2020) 155ï

158. 

28. ɺʘʞʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʮʠʢʣʦʧʨʦʧʘʥ-ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʦʚ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʷʚʣʷʝʪʩʷ ʛʨʝʥʘʜʘʤʠʜ (grenadamide), ʚʳʜʝʣʝʥʥʳʡ ʚ 1998 

ʛʦʜʫ ʠʟ ʤʦʨʩʢʠʭ ʮʠʘʥʦʙʘʢʪʝʨʠʡ Lyngbya cf. majuscula ʠ ʧʨʦʷʚʣʷʶʱʠʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʩʪʚʫʝʪ 

ʥʘʢʦʧʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ ʚ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʱʝʣʠ. ɺ ʨʘʟʚʠʪʠʝ 

ʧʨʦʚʦʜʠʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʀʅʂ ʈɸʅ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʘʣʶʤʠʥʠʨʦʚʘʥʠʷ 1,2-ʜʠʝʥʦʚ ʩ ʧʦʤʦʱʴʶ Et3Al  ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5 ʤʦʣ.% 

Cp2ZrCl2 (ʨʝʘʢʮʠʷ ɼʞʝʤʠʣʝʚʘ) ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʛʨʝʥʘʜʘʤʠʜʘ ʠ 

ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʣʠʥʛʙʠʦʝʚʦʡ ʢʠʩʣʦʪʳ (Lingbyoic acid) ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʫʢʘʟʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ 1,2-ʜʠʝʥʘ ʠ ʧʝʨʚʠʯʥʦʛʦ ʘʤʠʥʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ 

ʈɸʅ ɺ.ɸ. ɼʴʷʢʦʥʦʚ, ʢ.ʭ.ʥ. ɸ.ɸ. ʄʘʢʘʨʦʚ, ʢ.ʭ.ʥ. ʕ.ʍ. ʄʘʢʘʨʦʚʘ, (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ). 
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