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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 ɹʶʨʦ 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 ɹʶʨʦ 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 ɹʶʨʦ 

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. 
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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. 

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. 
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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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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ʇʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʘʢʪʠʚʘʮʠʠ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʠʜʠʤʦʛʦ 

ʩʚʝʪʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ-ʘʢʪʠʚʘʪʦʨʦʚ ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʘʪʦʤʦʚ ʬʪʦʨʘ. 

ʋʥʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʪʝʨʘʪʦʤʥʳʭ 

ʩʠʩʪʝʤ ʩ ʦʪʢʨʳʪʦʡ ʚʘʣʝʥʪʥʦʡ ʦʙʦʣʦʯʢʦʡ ʨʘʟʨʳʚʘʪʴ ʧʨʦʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʷʟʠ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʨʝʘʢʮʠʷ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʝʪʦʜ ʢʦʥʚʝʨʩʠʠ ʜʦʩʪʫʧʥʳʭ ʣʠʥʝʡʥʳʭ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ. ʇʝʨʚʠʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʘʣʢʘʥʦʚ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɸ.ɼ. ɼʠʣʴʤʘʥ, 

ʦʪʚ. ʠʩʧ. ī ʢ.ʭ.ʥ. ʃ.ʀ. ʇʘʥʬʝʨʦʚʘ, ʘʩʧʠʨʘʥʪ ʄ.ʆ. ɿʫʙʢʦʚ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 

Angew. Chem. Int. Ed., 60 (2021) 2849  

2. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʟʘʧʫʨʠʥʦʚ (ʙʝʥʟ[4,5]ʠʤʠʜʘʟʦ[1,2-a][1,2,3]ʪʨʠʘʟʦʣʦ[4,5-e]ʧʠʨʠʤʠʜʠʥʦʚ) 3a-e, 

4a-e ʧʦ ʨʝʘʢʮʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ ʘʟʦʘʤʠʥʦʚ 
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1a-e, 2a-e. ʆʙʲʝʜʠʥʝʥʠʝ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʦʛʦ ʠ 

ʘʟʘʧʫʨʠʥʦʚʦʛʦ ʯʘʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʳʤ ʤʦʣʝʢʫʣʘʤ ʩ ʮʝʥʥʳʤʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ 

ʨʘʩʪʚʦʨʘʭ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʭʦʨʦʰʠʤʠ (ʜʦ 60 %) ʢʚʘʥʪʦʚʳʤʠ 

ʚʳʭʦʜʘʤʠ. ɿʘʤʝʩʪʠʪʝʣʠ ʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤ ʷʜʨʝ ʙʝʥʟʠʤʠʜʘʟʦʘʟʘʧʫʨʠʥʦʚ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪʴ ʜʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʮʝʣʝʚʳʭ 

ʩʪʨʫʢʪʫʨ ʙʝʟ ʧʦʪʝʨʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɺ.ʃ. ʈʫʩʠʥʦʚ, ʠʩʧʦʣʥʠʪʝʣʠ ï ʜ.ʭ.ʥ. ɽ.ʅ. ʋʣʦʤʩʢʠʡ, 

ʜ.ʭ.ʥ. ʅ.ʇ. ɹʝʣʴʩʢʘʷ, ɺ.ɺ. ʌʝʜʦʪʦʚ ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ). 

 
 

 

ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ (a) ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (b) ʚ CHCl3 

(c = 5Ĭ10
ï5

 M), ʘ ʪʘʢʞʝ 

ʬʦʪʦʛʨʘʬʠʠ ʨʘʩʪʚʦʨʦʚ ʚ 

CHCl3 ʧʨʠ ʜʥʝʚʥʦʤ ʩʚʝʪʝ 

(c) ʠ ʦʙʣʫʯʝʥʠʠ (d) 365 ʥʤ. 

 

 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ (a) ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (b) ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ, ʘ ʪʘʢʞʝ 

ʬʦʪʦʛʨʘʬʠʠ ʧʦʨʦʢhʦʚ ʧʨʠ 

ʜʥʝʚʥʦʤ ʩʚʝʪʝ (c,e) ʠ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ (d,f) 365 ʥʤ. 

J. Org. Chem. 86 (2021) 8319-8332 

3. ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ 3-ʛʠʜʨʦʢʩʠ-4-

ʘʨʠʣʭʠʥʦʣʠʥ-2-ʦʥʦʚ, ʠʟ ʜʠʭʣʦʨʘʮʝʪʘʥʠʣʠʜʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 
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ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʮʠʶ ɼʘʨʟʘʥʘ, ʚʝʜʫʱʫʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʭʣʦʨʦʢʩʠʨʘʥ-2-ʢʘʨʙʦʢʩʘʤʠʜʦʚ, ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʦ 

ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ c ʚʳʜʝʣʝʥʠʝʤ ʥʝʦʙʳʯʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï 

ʮʠʢʣʦʛʝʧʪʦ[b]ʧʠʨʨʦʣ-2,3-ʜʠʦʥʦʚ ʠʣʠ 1-ʘʟʘʩʧʠʨʦ[4,5]ʜʝʢʘʪʨʠʝʥʦʥʦʚ ï ʠʣʠ ʙʝʟ 

ʚʳʜʝʣʝʥʠʷ ʚ ʦʜʥʫ ʩʪʘʜʠʶ. ʕʪʦʪ ʤʝʪʦʜ ʣʸʛ ʚ ʦʩʥʦʚʫ ʩʠʥʪʝʟʘ ʧʨʠʨʦʜʥʦʛʦ 

ʘʣʢʘʣʦʠʜʘ ʚʠʨʠʜʠʢʘʪʠʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʛʨʘʤʤʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩ ʚʳʭʦʜʦʤ 

86%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ɻ. ʉʠʥʷʰʠʥ, ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. 

ʄʘʤʝʜʦʚ, ʢ.ʭ.ʥ. ɺ.ɸ. ʄʘʤʝʜʦʚʘ, ɺ.ʈ. ɻʘʣʠʤʫʣʣʠʥʘ, ʢ.ʭ.ʥ. ɼ.ʕ. ʂʦʨʰʠʥ, ɻ.ɿ. 

ʍʠʢʤʘʪʦʚʘ, ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʀ.ɸ. ʃʠʪʚʠʥʦʚ, ʜ.ʭ.ʥ. ʐ.ʂ. ʃʘʪʳʧʦʚ. (ʀʥʩʪʠʪʫʪ 

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

 
J. Org. Chem., 86 (2021) 13514ī13534; 83 (2018) 13132-13145 

4. ʈʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʦʜʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʚʷʟʝʡ CīN ʠ CīC ʚ ʩʠʥʪʝʟʝ ʘʤʠʥʦʚ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

(ʇɸʋ) ʥʘ ʦʩʥʦʚʝ 1,2,3,4-ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʘ. ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʬʣʫʦʨʝʥʘ. ɺʧʝʨʚʳʝ 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʘ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ 

ʪʨʝʙʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʵʪʦʪ ʣʠʛʘʥʜ ʦʪʱʝʧʣʷʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʩʚʦʙʦʜʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʫ ʘʪʦʤʘ ʤʝʪʘʣʣʘ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʤʠʥʦʚ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʧʨʦʪʠʚ, ʨʝʘʢʮʠʠ ʘʥʥʝʣʠʨʦʚʘʥʠʷ 
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ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʩ ʘʣʢʠʥʘʤʠ ʧʨʦʪʝʢʘʶʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʪʝʪʨʘʛʠʜʨʦʬʣʫʦʨʝʥʘ 

ʠ ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟʦʢʫʤʘʨʠʥʳ ʠ ʇɸʋ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʪʦʤ-

ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

OLED-ʫʩʪʨʦʡʩʪʚ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ɼ.ɸ. ʃʦʛʠʥʦʚ, ɼ.ɸ. ʏʫʩʦʚ, 

ʠʩʧʦʣʥʠʪʝʣʠ ï ɺ.ɹ. ʍʘʨʠʪʦʥʦʚ, C.ɸ. ʈʫʥʠʭʠʥʘ, ɼ.ɺ. ʄʫʨʘʪʦʚ, ʖ.ɺ. 

ʅʝʣʶʙʠʥʘ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

 

 
 

 

 

 

 

 

Chem. Eur. J. 27 

(2021) 10903ï10912.  

5. ʆʪʢʨʳʪ ʥʦʚʳʡ ʪʠʧ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ʜʠʬʫʨʘʟʘʥʦʧʠʨʘʟʠʥʘ Na(L
Å-
)(H2O)3. ʕʪʦ 

ʧʝʨʚʳʡ ʢʠʥʝʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʜʠʢʘʣ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʙʘʟʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢʣʘʩʩʫ ʵʥʝʨʛʦʝʤʢʠʭ ʚʝʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚ ʨʷʜʫ ʩʭʦʜʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ ʪʚʝʨʜʳʭ ʬʘʟ M(L
Å-
)(H2O)n, ʛʜʝ M = Li , Na, K, Rb, 

NH4, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʦʣʦʥʢʘʤʠ ʧʣʦʩʢʠʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ L
Å-
, ʢʦʪʦʨʳʝ 

ʨʘʟʜʝʣʷʶʪ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ 

ʦʙʤʝʥ ʠ ʦʙʲʸʤʥʦʝ ʤʘʛʥʠʪʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠʩʫʱʠ ʪʦʣʴʢʦ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ 

ʩʧʝʮʠʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʦʥʥʦïɻ ʥʝʨʛʝʪʠʯʝʩʢʫʶ ʢʘʨʪʫ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʦʙʩʫʞʜʘʝʤʳʭ ʩʦʣʝʡ ʠ ʦʙʲʷʩʥʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 
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ʦʪʣʠʯʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ Na(L
Å-
)(H2O)3 ʦʪ ʪʘʢʦʚʳʭ ʜʣʷ ʜʨʫʛʠʭ 

M(L
Å-
)(H2O)n. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢʠ ʈɸʅ ɺ.ʀ. ʆʚʯʘʨʝʥʢʦ ʠ ʄ.ʇ. 

ɽʛʦʨʦʚ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ɸ.ɹ. ʐʝʨʝʤʝʪʴʝʚ, ʜ.ʭ.ʥ. ɻ.ɺ. ʈʦʤʘʥʝʥʢʦ; ʜ.ʬ.-ʤ.ʥ. 

ɺ.ɸ. ʄʦʨʦʟʦʚ, ʢ.ʭ.ʥ. ʄ.ɸ. ʉʳʨʦʝʰʢʠʥ, ʢ.ʭ.ʥ. ɸ.ʗ. ʂʦʟʤʝʥʢʦʚʘ, ʢ.ʭ.ʥ. ʉ.ɺ. 

ʌʦʢʠʥ, ʢ.ʭ.ʥ. ɸ.ʉ. ɹʦʛʦʤʷʢʦʚ, ɸ.ɺ. ʃʘʣʦʚ, ʂ.ɺ. ʉʪʨʠʞʝʥʢʦ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ 

ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʉʆ ʈɸʅ). 

 

Mendeleev Commun., 2021, 31, 784ï788.  

6. ʈʘʟʨʘʙʦʪʘʥʘ ʦʜʥʦʨʝʘʢʪʦʨʥʘʷ, ʘʪʦʤ-ʵʢʦʥʦʤʥʘʷ, ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 2H-ʧʠʨʨʦʣʦʚ ï 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʥʝʩʦʧʨʷʞʝʥʥʳʭ ʠʟʦʤʝʨʦʚ ʧʠʨʨʦʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ɺ ʦʩʥʦʚʫ 

ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʣʦʞʝʥʘ ʥʦʚʘʷ ʨʝʘʢʮʠʷ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʮʝʪʠʣʝʥʦʚ 

ʢ ʰʠʨʦʢʦʜʦʩʪʫʧʥʳʤ ʠʤʠʥʘʤ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʠʨʨʦʣʠʥʘʤ, 

ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʤʷʛʢʦ ʦʢʠʩʣʷʶʪʩʷ (ʚ ʪʦʤ ʯʠʩʣʝ, ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ) ʚ 

ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ. ʇʨʦʮʝʩʩ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʩʪʳʤ ʢʦʤʧʣʝʢʩʥʳʤ 

ʩʫʧʝʨʦʩʥʦʚʘʥʠʝʤ ʂOBu
t
/ɼʄʉʆ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 
ʦ
ʉ ʟʘ ʢʦʨʦʪʢʦʝ 
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ʚʨʝʤʷ (15 ʤʠʥ). ɺʳʭʦʜ 2H-ʧʠʨʨʦʣʦʚ ʙʣʠʟʦʢ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ (ʉʭʝʤʘ, 

ʧʨʠʚʦʜʠʪʩʷ ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʨ). ʉʠʥʪʝʟʠʨʫʝʤʳʝ 2H-ʧʠʨʨʦʣʳ ï ʚʳʩʦʢʦ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʦʣʴʰʠʤ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʟʘʛʦʪʦʚʢʠ 

(ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ) ʜʣʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʬʘʨʤʘʮʝʚʪʠʢʠ ʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɹ.ɸ. 

ʊʨʦʬʠʤʦʚ, ʦʪʚ. ʠʩʧ.: ʜ.ʭ.ʥ. ɽ.ʖ. ʐʤʠʜʪ, ʠʩʧ.: ʀ.ɸ. ɹʠʜʫʩʝʥʢʦ (ʀʨʢʫʪʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ). 

 

Org. Lett. 23 (2021) 4121-4126. 

7. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʨʬʠʨʠʥʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʪʦʟʠʣʛʠʜʨʘʟʦʥʦʚ, ʢʣʶʯʝʚʳʤ 

ʧʨʦʮʝʩʩʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʪʨʘʧʠʨʨʦʣʠʣʟʘʤʝʱʝʥʥʳʭ 

ʢʘʨʙʝʥʦʚ. ʂʘʨʙʝʥʳ ʪʘʢʦʛʦ ʪʠʧʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʚʧʝʨʚʳʝ. ʇʦʩʣʝʜʫʶʱʠʝ 

ʨʝʘʢʮʠʠ ʢʘʨʙʝʥʦʚ ʟʘʚʠʩʷʪ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʘʪʦʤʘ: b-

ʧʠʨʨʦʣʠʣʢʘʨʙʝʥʳ ʨʝʘʛʠʨʫʶʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦ, ʘ ʤʝʟʦ-ʢʘʨʙʝʥʳ ï 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ. ɺ ʨʝʘʢʮʠʷʭ b-ʢʘʨʙʝʥʦʚ ʩ ʘʣʢʝʥʘʤʠ ʧʦʣʫʯʝʥʳ 

ʧʦʨʬʠʨʠʥʦʚʳʝ ʮʠʢʣʦʧʨʦʧʘʥʳ. ɺʥʝʜʨʝʥʠʝ b-ʢʘʨʙʝʥʦʚ ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ Cï

H ʩʚʷʟʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʲʶʛʘʪʦʚ ʧʦʨʬʠʨʠʥʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʄʝʟʦ-ʢʘʨʙʝʥʳ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ 

ʚʥʝʜʨʷʶʪʩʷ ʧʦ ʉ-ʅ ʩʚʷʟʷʤ ʩʦʩʝʜʥʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʮʠʢʣʦʚ. ʊʝʤ ʩʘʤʳʤ ʦʪʢʨʳʪ ʧʨʦʩʪʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʛʣʝʨʦʜʥʳʤ ʩʢʝʣʝʪʦʤ 

ʬʠʪʦʧʦʨʬʠʨʠʥʘ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʠʟ ʧʨʠʨʦʜʥʳʭ ʧʦʨʬʠʨʠʥʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʭ ʩʠʥʪʝʟʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʢʘʨʙʝʥʦʚʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʝʨʠʬʝʨʠʡʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʧʦʨʬʠʨʠʥʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘʤʠ ʠ ʩʝʥʩʦʨʥʳʤʠ 
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ʢʨʘʩʠʪʝʣʷʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ʀ.ɸ. ɿʘʤʠʣʘʮʢʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. 

ɺ.ʉ. ʊʶʨʠʥ; ʠʩʧ. ï ɻ.ʃ ʂʦʞʝʤʷʢʠʥ, ɸ.ʆ. ʐʢʠʨʜʦʚʘ, ʢ.ʭ.ʥ. ɽ.ʉ. ɹʝʣʷʝʚ 

(ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ) ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʅʀʀ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɺ.ʅ. ʆʨʝʭʦʚʠʯʘ (ʜ.ʭ.ʥ. 

ɻ.ɺ. ʇʦʥʦʤʘʨʝʚ), ʀʥʩʪʠʪʫʪʦʤ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʘʢʘʜʝʤʠʢʦʚ ʄ.ʄ. 

ʐʝʤʷʢʠʥʘ ʠ ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ (ɸ.ɺ. ɸʨʘʣʦʚ, ɸ.ɸ. ʏʠʩʪʦʚ), ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ (ɺ.ɸ. ʊʘʬʝʝʥʢʦ). 

 

Org. Biomol. Chem., 19 (2021) 9199-9210.  

8. ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʥʦʚʳʭ çʛʠʙʨʠʜʥʳʭè ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ (ʬʫʨʦʢʩʘʥʦʚʫʶ ʠ 2-ʘʤʠʥʦʪʠʘʟʦʣʴʥʫʶ) 

ʛʨʫʧʧʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 7-ʭʣʦʨ-4,6-ʜʠʥʠʪʨʦʙʝʥʟʦʬʫʨʦʢʩʘʥʘ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 2-ʘʤʠʥʦʪʠʘʟʦʣʘ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʤʫ ʘʪʦʤʫ 

ʘʟʦʪʘ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ, ʨʝʘʣʠʟʫʝʤʦʝ ʠʟ ʪʨʝʭ ʚʦʟʤʦʞʥʳʭ, ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

çʛʠʙʨʠʜʥʳʝè ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʥʠʷʤ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ M-HeLa ʠ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʠʩʭʦʜʥʳʝ 

ʙʝʥʟʦʬʫʨʦʢʩʘʥ ʠ ʘʤʠʥʦʪʠʘʟʦʣʳ, ʠ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʢʣʝʪʦʢ 

ʧʝʯʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʘʤʦʢʩʠʬʝʥʦʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ 

ɸ.ʈ. ɹʫʨʠʣʦʚ, ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ɽ.ɸ. ʏʫʛʫʥʦʚʘ, ʢ.ʭ.ʥ. ɼ.ʈ. ʀʩʣʘʤʦʚ, ʢ.ʙ.ʥ. ɸ.ɼ. 

ɺʦʣʦʰʠʥʘ, ɸ.ʇ. ʃʶʙʠʥʘ, ʉ.ʂ. ɸʤʝʨʭʘʥʦʚʘ, ʊ.ʇ. ɻʝʨʘʩʠʤʦʚʘ, ɸ.ʈ. 
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ɻʠʣʴʬʘʥʦʚʘ, ɺ.ɺ. ʉʷʢʘʝʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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9. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʠʤʠʜʦ-ʜʝʟʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 

ʣʘʢʪʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ N-ʩʫʣʴʬʠʥʠʣʘʥʠʣʠʥʦʚ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʘʭ. ʈʝʘʢʮʠʷ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʝʪʦʜʦʤ ʦʢʩʦ-ʠʤʠʜʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʪʝʟʠʩʘ ʚ ʫʩʣʦʚʠʷʭ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʘʣʠʟʘ. ɺ ʨʷʜʫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣ ʪʨʝʪ-ʙʫʪʠʣʠʤʠʜʦʧʠʨʨʦʣʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʪʠʪʘʥʘ (¹SiO)Ti(=NBu
t
)X(py)2 (X= 2,5-Me2Pyr), ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʡ 

ʥʘ ʘʵʨʦʩʠʣʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʦʤ ʧʨʠ 700 ʉ̄. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

5- ʠ 6-ʯʣʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʪʦʚ ʠ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ N-ʘʨʠʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʩ ʵʣʝʢʪʨʦʥʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ 

ï ɼ.ʅ. ɿʘʨʫʙʠʥ ʠ ʇ.ɸ. ɾʠʞʢʦ; ʠʩʧʦʣʥʠʪʝʣʠ ï ɸ.ɺ. ʇʠʯʫʛʦʚ, ʅ.ʉ. ɹʫʰʢʦʚ, 

ɸ.ɺ. ʈʫʤʷʥʮʝʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 
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Chem. Commun. 2021, 57, 2625-2628. 

10. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʝʜʦʩʪʫʧʥʳʭ ʨʘʥʝʝ 

CF3-ʩʦʜʝʨʞʘʱʠʭ 2-ʭʠʥʦʣʦʥʦʚ ʩ ʧʦʤʦʱʴʶ Rh(III )-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʘʩʢʘʜʥʦʡ 

ʨʝʘʢʮʠʠ C-H ʘʢʪʠʚʘʮʠʠ/ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʃʦʩʩʝʥʘ/[4+2]-ʘʥʥʝʣʠʨʦʚʘʥʠʷ N-

ʧʠʚʘʣʦʠʣʦʢʩʠʘʨʠʣʘʤʠʜʦʚ ʩ ʠʥʪʝʨʥʘʣʴʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ Ŭ-

CF3-Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʬʨʘʛʤʝʥʪ ʫ ʪʨʦʡʥʦʡ ʩʚʷʟʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʦʞʠʜʘʝʤʳʝ ʠʟʦʭʠʥʦʣʦʥʳ, ʘ 2-ʭʠʥʦʣʦʥʳ, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʥʝʦʙʳʯʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʃʦʩʩʝʥʘ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʭʦʜʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ ʠ 

ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʶʪ ʢʨʫʛ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʣʝʛʢʦ 

ʜʦʩʪʫʧʥʳʭ ʘʨʠʣʘʤʠʜʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʠʨʫʝʤʦʡ C-H ʘʢʪʠʚʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʦʚʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʮʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʤ CF3-ʩʦʜʝʨʞʘʱʠʤ ʧʨʦʠʟʚʦʜʥʳʤ Ŭ-

ʘʤʠʥʦʢʠʩʣʦʪ, ʦʙʣʘʜʘʶʱʠʤ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʉ.ʅ. 

ʆʩʠʧʦʚ; ʠʩʧ.: ɼ.ɸ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʭ, ɼ.ɺ. ɺʦʨʦʙʴʝʚʘ, ʀ.ɸ. ɻʦʜʦʚʠʢʦʚ, ʆ.ɸ. 

ʌʠʣʠʧʧʦʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. 

ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ), ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ ( ʜ.ʭ.ʥ. ʉ.ɽ. ʅʝʬʝʜʦʚ ). 
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 R = H, R
1
 = Ph   R = Me, R

1
 = Ph 

 

Org. Biomol. Chem., 19 (2021) 9421-9426.  

 11. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ 

in situ ʢʦʤʧʣʝʢʩʘ ʠʟʦʧʨʦʧʦʢʩʠʜʘ ʠ ʪʨʠʬʣʘʪʘ ʪʠʪʘʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʘʥʠʣʳ ʪʝʨʧʝʥʦʠʜʥʳʭ ʢʝʪʦʥʦʚ ï ʢʘʤʬʦʨʳ ʠ ʬʝʥʭʦʥʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʥʝ ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʥʝʜʦʩʪʫʧʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʵʪʦʛʦ ʨʷʜʘ 

ʧʦʣʫʯʝʥʥʳʤ in situ BH3 ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʴ ʢʘʢ ʚ ʵʢʟʦ-, ʪʘʢ ʠ ʚ ʵʥʜʦ-

ʧʦʣʦʞʝʥʠʷʭ ʢʘʨʢʘʩʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʣʠʰʴ ʩ ʥʝʙʦʣʴʰʠʤ 

ʚʳʭʦʜʦʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʠʩʣʦʪʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʥʦʚ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NaBH4 ʠ NiCl2Ŀ6H2O ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʩʧʠʨʪʦʚʦʡ ʧʨʠʨʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ 

ʩ ɻʢʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʇʨʠ ʵʪʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʳʡ ʛʠʜʨʦʣʠʟ ʩʚʷʟʠ C-Hal 

ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʷʜʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʠʥ- ʠ ʘʥʪʠ-ʬʦʨʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʭ ʘʥʠʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʠʰʴ 

ʪʝ, ʛʜʝ ʩʚʷʟʴ C=N ʤʝʥʝʝ ʵʢʨʘʥʠʨʦʚʘʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʘʥʠʣʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʢʘʢ ʧʨʦʪʠʚʦʩʪʘʨʠʪʝʣʠ ʜʣʷ ʨʝʟʠʥ, ʘ 

ʪʘʢʞʝ ï ʘʢʪʠʚʥʳʝ ʥʘʯʘʣʘ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʀ.ɸ. ʅʦʚʘʢʦʚ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ʅʘʚʨʦʮʢʠʡ ʄ.ɹ., ʘʩʧ. 

ɺʝʨʥʠʛʦʨʘ ɸ.ɸ., ɼʘʚʠʜʝʥʢʦ ɸ.ɺ., ʢ.ʭ.ʥ. ɹʨʫʥʠʣʠʥ ʈ.ɺ. (ʌɻɹʆʋ ɺʆ 

çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè). 

NAr

Me

Me

Me

O

Me

Me

Me

(1R ʠʣʠ 1RS)

[(i-PrO)2Ti(OTf)2] 2i-PrOH.

ArNH2

(1R ʠʣʠ 1RS)

(i-PrO)4Ti

69-86%

ʛʜʝ: Ar = Ph; 2-MeC6H4; 2-EtC6H4; 3-MeOC6H4; 4-BrC6H4

ʇʘʪʝʥʪ ʈʌ ˉ 2750161, 

ʦʧʫʙʣ. 22.06.2021.

 

NAr

Me

Me

Me

O

Me

Me

Me

(1R)

[(i-PrO)2Ti(OTf)2] 2i-PrOH.

ArNH2

(1R)

(i-PrO)4Ti

69-86%

ʛʜʝ: Ar = Ph; 3-MeOC6H4; 4-MeOC6H4; 4-EtOC6H4; 3,5-MeC6H3

ʇʘʪʝʥʪ ʈʌ ˉ 2751773, 

ʦʧʫʙʣ. 16.07.2021.

 

 12. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʠʥʘʥʦʚʳʝ ɔ-ʢʝʪʦʪʠʦʣʳ ʠʟ Ŭ,ɓ-

ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʝʪʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ɓ-ʧʠʥʝʥʘ. ʀʟʫʯʝʥʳ ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʝʥʠʷ. ɺʳʷʚʣʝʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʠʦʣʩʫʣʴʬʦʥʘʪʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟʳ 10-ʩʫʣʴʬʘʥʠʣ- ʠ 10-

ʩʫʣʴʬʦʥʠʣʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (de 98%) ʚ ʦʪʥʦʰʝʥʠʠ (R)-ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʘʪʦʤʫ ʉ3 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʷʤʠ ʧʠʥʦʢʘʨʚʦʥʘ (3). ʕʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ 

ʚʣʠʷʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʶ ʨʝʘʛʝʥʪʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʤʦʣʝʢʫʣʳ. ʇʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʭ ʪʠʦʘʮʝʪʠʣ- (5) ʠ 

ʪʠʦʙʝʥʟʦʠʣʧʨʦʠʟʚʦʜʥʳʭ (6) (de 93%) ʥʘ ʦʩʥʦʚʝ ʧʠʥʦʢʘʨʚʦʥʘ (3) ʩ ʚʳʭʦʜʘʤʠ 

ʜʦ 84%. ʀʩʩʣʝʜʦʚʘʥʳ ʭʝʤʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ ʪʝʨʧʝʥʦʚʳʭ 

ʢʝʪʦʪʠʦʣʦʚ (7, 8) ʩ ʜʠʦʢʩʠʜʦʤ ʭʣʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ 

ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 
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ʜʠʩʫʣʴʬʠʜʦʚ (9, 10) ʚ ʧʨʠʩʫʪʩʪʚʠʠ VO(acac)2 ʧʦʚʳʰʘʝʪ ʚʳʭʦʜʳ 

ʪʠʦʣʩʫʣʴʬʦʥʘʪʦʚ (11, 12) ʩ 20 ʜʦ 74ï81%. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʠʨʠʜʠʥʘ ʥʘ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ (2S)-3-ʢʝʪʦʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (15), ʘ 

ʪʘʢʞʝ ʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 2- ʠ 3-ʢʝʪʦʩʫʣʴʬʦʢʠʩʣʦʪ (15, 16). 

ɺʳʷʚʣʝʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʠʦʣʩʫʣʴʬʦʥʘʪʦʚ (11, 12) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʥʦʚ (13, 14), ʧʨʠ ʵʪʦʤ ʜʣʷ 3-ʢʝʪʦʩʫʣʴʬʦʥʘ (13) ï ʩ 

ʦʙʨʘʱʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦ ʘʪʦʤʫ ʉ2. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. 

ʈɸʅ ɸ.ɺ. ʂʫʯʠʥ ʠ ʜ.ʭ.ʥ. ʉ.ɸ. ʈʫʙʮʦʚʘ, ʠʩʧ. - ʢ.ʭ.ʥ. ʆ.ʄ. ʃʝʟʠʥʘ, ʉ.ʅ. 

ʉʫʙʙʦʪʠʥʘ, ʢ.ʭ.ʥ. ɼ.ɺ. ʉʫʜʘʨʠʢʦʚ, ʢ.ʭ.ʥ. ʃ.ʃ. ʌʨʦʣʦʚʘ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʌʀʎ 

ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ). 

Molecules, 26 (2021) 5245. 

13. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʭʘʣʢʦʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʟʦʙʦʨʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ. ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʥʝʢʣʝʪʦʯʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʩʠʩʪʝʤʝ (ʩʫʙʩʪʨʘʪ ʥʘ ʦʩʥʦʚʝ ʣʠʧʠʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ): ʚʳʷʚʣʝʥʳ 



23 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦ, ʦʧʨʝʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʛʨʫʧʧʳ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ 

ʢʦʣʴʮʘ ɺ ʠ ʆʅ-ʛʨʫʧʧʳ ʚ ʢʦʣʴʮʝ ɸ ʚ ʩʪʨʫʢʪʫʨʝ ʭʘʣʢʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʜʠʘʨʠʣʧʠʨʘʟʦʣʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʉʦʝʜʠʥʝʥʠʝ 22, ʩʦʜʝʨʞʘʱʝʝ 

ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʢʦʣʴʮʝ ɸ ʠ ʢʘʪʝʭʦʣʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚ ʢʦʣʴʮʝ ɺ, 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ɺ. ʂʫʯʠʥ, ʠʩʧ. ï ʢ.ʭ.ʥ. ʉ.ɸ. ʇʦʧʦʚʘ, ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ʀ.ʖ. ʏʫʢʠʯʝʚʘ, ɽ.ɺ. ʇʘʚʣʦʚʘ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ), 

ʢ.ʙ.ʥ. ʆ.ɻ. ʐʝʚʯʝʥʢʦ (ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ). 

 
ARKIVOC, part viii (2021) 179-189; Molecules, 26 (2021) 3579. 

14. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ (ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠʟ ʜʨʝʚʝʩʥʦʡ 

ʟʝʣʝʥʠ ʧʠʭʪʳ ʩʠʙʠʨʩʢʦʡ Abies sibirica), ʯʪʦ ʘʨʘʙʠʥʦʛʣʶʢʫʨʦʥʦʢʩʠʣʘʥ (AGX) 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ 4-ʤʫ ʧʦʣʦʞʝʥʠʶ ʢ ʤʦʥʦʩʘʭʘʨʠʜʥʳʤ ʦʩʪʘʪʢʘʤ 1,2,4-a-L-

Rha ʦʩʥʦʚʥʦʡ ʫʛʣʝʚʦʜʥʦʡ ʮʝʧʠ ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥʘ I (RG-I), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ: ...Ÿ 2)-[(2,4-ɓ-D-

Xylp)-(1Ÿ4)]-[(a-D-GalpA-(1Ÿ2)]-a-L-Rhap-(1Ÿ4)-a-D-GalpA-(1Ÿé. ʉ 

ʧʦʤʦʱʴʶ ʜʝʪʘʣʴʥʦʛʦ 2D ʗʄʈ-ʘʥʘʣʠʟʘ ʜʦʢʘʟʘʥʘ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʉ1 

1,2,4-ɓ-D-Xylp ʠʟ ʘʨʘʙʠʥʦʛʣʶʢʫʨʦʥʦʢʩʠʣʘʥʘ ʠ ʉ4 1,2,4-a-L-Rhap ʠʟ RG-I 

ʧʝʢʪʠʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʪʢʠ 1,2,4-a-L-Rhap (RG-I) ʟʘʤʝʱʝʥʳ ʧʦ 4-ʤʫ 
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ʧʦʣʦʞʝʥʠʶ 1,5-a-L-ʘʨʘʙʠʥʘʥʦʤ ʠ/ʠʣʠ 1,4-ɓ-D-ʛʘʣʘʢʪʘʥʦʤ ʠ/ʠʣʠ 

ʘʨʘʙʠʥʦʛʣʶʢʫʨʦʥʦʢʩʠʣʘʥʦʤ. ɺʳʷʚʣʝʥʥʘʷ ʤʝʞʛʣʠʢʦʟʠʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʩʠʣʘʥʦʤ ʠ ʧʝʢʪʠʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʤʦʜʝʣʴʶ 

ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʩʝʪʠ ʩʚʷʟʫʶʱʠʭ ʛʣʠʢʘʥʦʚ ʠ 

ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʠ ʥʝʟʘʚʠʩʠʤʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʝʢʪʠʥ ʠʛʨʘʝʪ ʙʦʣʝʝ ʚʘʞʥʫʶ ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʠ 

ʩʰʠʚʘʶʱʫʶ ʨʦʣʴ ʚ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʝ, ʯʝʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ʋʜʦʨʘʪʠʥʘ ɽ.ɺ.; ʠʩʧ. - ʢ.ʭ.ʥ. ʄʘʢʘʨʦʚʘ ɽ.ʅ., ʢ.ʭ.ʥ. ʐʘʭʤʘʪʦʚ 

ɽ.ɻ.  (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ). 

 

 

 

 

 

 

 

 

 

 

 

Carbohydr. Polym., (2021) 118832 

15. ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ ʫʛʣʝʚʦʜʦʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʛʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ ʬʨʘʢʮʠʠ (ASK), ʚʳʜʝʣʝʥʥʦʡ ʠʟ 

ʜʨʝʚʝʩʥʦʡ ʟʝʣʝʥʠ ʧʠʭʪʳ ʩʠʙʠʨʩʢʦʡ Abies sibirica ʵʢʩʪʨʘʢʮʠʝʡ 7.0%-ʥʳʤ 

ʨʘʩʪʚʦʨʦʤ KOH, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʘʨʘʙʠʥʦʛʣʶʢʫʨʦʥʦʢʩʠʣʘʥʦʚ, 

ʢʩʠʣʦʛʣʶʢʘʥʦʚ, ʧʝʢʪʠʥʦʚʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʚʳʭ ʙʝʣʢʦʚ 

[Carbohyd. Polym., 260 (2021) 117825]. ʄʝʪʦʜʘʤʠ ʠʦʥʥʦ-ʦʙʤʝʥʥʦʡ ʠ 

ʛʝʣʴʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʨʘʩʧʘʜʘ ʧʦ ʉʤʠʪʫ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʠ 

ʯʘʩʪʠʯʥʳʤ ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʣʠʟʘʤʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʚ 

ASK ʢʦʤʧʣʝʢʩʘ ʧʦʣʠʤʝʨʦʚ [ʨʘʤʥʦʛʘʣʘʢʪʫʨʦʥʘʥ-I (RG-I): 

ʘʨʘʙʠʥʦʛʣʶʢʫʨʦʥʦʢʩʠʣʘʥ (AGX) : ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʚʳʝ ʙʝʣʢʠ (AGP)]. 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ a-1,4-D-

ʧʦʣʠʛʘʣʘʢʪʫʨʦʥʘʟʦʡ ʧʨʠʚʝʣʘ ʢ ʧʦʣʥʦʤʫ ʫʜʘʣʝʥʠʶ ʛʦʤʦʛʘʣʘʢʪʫʨʦʥʘʥʘ (HG), 

ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʩʦʚʤʝʩʪʥʦʝ ʩʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʚʷʟʫʶʱʠʭ 

ʛʣʠʢʘʥʦʚ, RG-I ʠ AGP ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʣʴʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʛʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ RG-

I (ʧʝʢʪʠʥʦʤ), AGP ʠ AGX. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʢ.ʭ.ʥ. ɽ.ʅ. ʄʘʢʘʨʦʚʘ, ʢ.ʭ.ʥ. 

ɽ.ɻ. ʐʘʭʤʘʪʦʚ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʌʀʎ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ).  

16. ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ CïH ʘʟʦʣʠʨʦʚʘʥʠʶ ʮʠʢʣʠʯʝʩʢʠʭ 

ʥʠʪʨʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ Selectfluor
È
 ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʘ 

ʧʨʦʮʝʩʩʘ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʥʝʛʦ ʩʚʝʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʨʷʜ ʢʨʦʩʩ-

ʜʝʛʠʜʨʦʛʝʥʘʪʠʚʥʳʭ CïN ʩʦʯʝʪʘʥʠʡ ʤʦʜʝʣʴʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʘʣʴʜʦʥʠʪʨʦʥʦʚ, 

2ʅ-ʠʤʠʜʘʟʦʣ-1-ʦʢʩʠʜʦʚ, ʩ ʨʘʟʣʠʯʥʳʤʠ NH-ʩʦʜʝʨʞʘʱʠʤʠ ʘʟʦʣʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʠʟ 25 ʥʦʚʳʭ ʚʝʱʝʩʪʚ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 94 %. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ ʦʢʘʟʘʣʩʷ ʧʨʠʤʝʥʠʤʳʤ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʛʨʘʤʤʦʚʳʭ ʤʘʩʰʪʘʙʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʫʛʣʫʙʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʟʫʯʝʥʥʳʭ ʩʦʯʝʪʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʫʣʠʨʦʚʘʪʴ, ʯʪʦ 

ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ ʠʤʝʶʪ ʨʘʜʠʢʘʣʴʥʫʶ ʧʨʠʨʦʜʫ ʠ ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʠʪʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ʅ. ʏʫʧʘʭʠʥ ʠ ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʅ. 

ʏʘʨʫʰʠʥ; ʠʩʧ. ï ɸ.ɸ. ɸʢʫʣʦʚ, ʢ.ʭ.ʥ. ʄ.ɺ. ɺʘʨʘʢʩʠʥ, ɸ.ʅ. ʎʤʦʢʘʣʶʢ 

(ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. 

ɽʣʮɹʠʥʘ ʠ ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʋʨʆ ʈɸʅ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ). 

Green Chem., 23 (2021), 2049-2057 
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17. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 

ʘʤʠʥʦʘʟʦʣʦʚ 1, ʘʣʴʜʝʛʠʜʦʚ 3 ʠ 1-ʤʦʨʬʦʣʠʥʦ-2-ʥʠʪʨʦʘʣʢʝʥʦʚ 2 ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʪʨʠʬʪʦʨʠʜʦʵʬʠʨʘʪʦʤ ʙʦʨʘ ʚ ʙʫʪʘʥʦʣʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ 1-ʤʦʨʬʦʣʠʥʦ-2-ʥʠʪʨʦʵʪʠʣʝʥʳ 2 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʠʪʨʦʘʣʢʠʥʳ 4, ʯʪʦ ʥʝ 

ʙʳʣʦ ʨʘʥʝʝ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʣʫʯʘʝʤʳʝ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ 

ʨʝʘʢʮʠʝʡ ʛʝʪʝʨʦʮʠʢʣʳ ʜʘʣʝʝ ʦʢʠʩʣʷʣʠʩʴ ʬʝʥʠʣʡʦʜʜʠʘʮʝʪʘʪʦʤ ʚ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ ʜʦ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʥʝʝ ʩʯʠʪʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ ʦʢʠʩʣʝʥʠʝʤ, ʯʪʦ ʪʘʢʞʝ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʫʯʝʥʦ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɺ.ʃ. ʈʫʩʠʥʦʚ. 

ʀʩʧʦʣʥʠʪʝʣʠ ï ʜ.ʭ.ʥ. ɽ.ʅ. ʋʣʦʤʩʢʠʡ, ɼ.ʅ. ʃʷʧʫʩʪʠʥ (ʋʨʘʣʴʩʢʠʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ). 

 

Molecules 26 (2021) 4719 
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18. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʧʦʣʠʤʝʨʥʦʩʚʷʟʘʥʥʦʛʦ 3-ʥʠʪʨʦ-1,2,4-ʪʨʠʘʟʦʣ-5-ʦʥʘ (NTO) ï ʧʨʝʜʩʪʘʚʠʪʝʣ ̫

ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʣʘʩʩʘ ʤʘʣʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʥ ʢʦʤʧʣʝʢʩ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʥʘʡʜʝʥʘ ʵʬʬʝʢʪʠʚʥʘʷ 

ʩʠʩʪʝʤʘ ʚʫʣʢʘʥʠʟʘʮʠʠ ʜʣʷ ʥʠʪʨʦ- ʠ ʪʨʠʘʟʦʣʦʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʲʝʢʪʳ ʩʦʯʝʪʘʶʪ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʥʠʟʢʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ ʪʝʧʣʦʚʳʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʙʦʛʘʱʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʥʘʧʦʣʥʝʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʥʠʞʝʥʥʦʛʦ ʨʠʩʢʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɻ.ʊ. ʉʫʭʘʥʦʚ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʖ.ɺ. ʌʠʣʠʧʧʦʚʘ, 

ʢ.ʭ.ʥ. ɸ.ɻ. ʉʫʭʘʥʦʚʘ, ʢ.ʪ.ʥ. ʂ.ʂ. ɹʦʩʦʚ, ʀ.ɸ. ʂʨʫʧʥʦʚʘ, ɽ.ɺ. ʇʠʚʦʚʘʨʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ) 

 

Propellants, Explosives, Pyrotechnics, 46 (2021) 1526-1536. 

19. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 1,3-ʜʠʟʘʤʝʱʝʥʥʳʭ ʩʦʣʝʡ 

4-ʥʠʪʨʦ-1,2,3-ʪʨʠʘʟʦʣʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʢʚʘʪʝʨʥʠʟʘʮʠʠ ʪʨʫʜʥʦʨʘʟʜʝʣʠʤʳʭ 

ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʤʝʩʝʡ N2- ʠ N3-ʟʘʤʝʱʝʥʥʳʭ 4-ʥʠʪʨʦ-1,2,3-

ʪʨʠʘʟʦʣʦʚ ʜʠʘʣʢʠʣʩʫʣʴʬʘʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʨʝʘʢʮʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 
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ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ N3-ʟʘʤʝʱʝʥʠʷ. ʈʘʩʰʠʨʝʥ ʘʩʩʦʨʪʠʤʝʥʪ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ 

1,3-ʜʠʘʣʢʠʣ-4-ʥʠʪʨʦ-1,2,3-ʪʨʠʘʟʦʣʠʝʚʳʭ ʩʦʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ (ʚ ʨʷʜʫ ï Me, Et, n-Pr, i-Pr, n-Bu, s-Bu, i-ɸmyl). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɻ.ʊ. ʉʫʭʘʥʦʚ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʖ.ɺ. ʌʠʣʠʧʧʦʚʘ, 

ʢ.ʭ.ʥ. ɸ.ɻ. ʉʫʭʘʥʦʚʘ, ʢ.ʪ.ʥ. ʂ.ʂ. ɹʦʩʦʚ, ʀ.ɸ. ʂʨʫʧʥʦʚʘ, ɽ.ɺ. ʇʠʚʦʚʘʨʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ), ʩʦʚʤʝʩʪʥʦ 

ʩ ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ 

ʈɸʅ (ʜ.ʭ.ʥ. ʀ.ʖ. ɹʘʛʨʷʥʩʢʘʷ). 

 

ʍʠʤʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, 29 (2021) 702ï707. 

20. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4-ʥʠʪʨʦʩʝʤʠʢʘʨʙʘʟʠʜʘ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ. ʇʨʦʚʝʜʝʥʳ ʥʦʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʩʝʤʠʢʘʨʙʘʟʠʜʘ (4-ʥʠʪʨʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ, 4-ʘʤʠʥʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ, Alk-

ʩʝʤʠʢʘʨʙʘʟʠʜʘʤʠ) ʙʝʟ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʝ 3,5-ʜʠʤʝʪʠʣ-N-ʥʠʪʨʦʧʠʨʘʟʦʣ-1-ʢʘʨʙʦʢʩʘʤʠʜ ʠ 5-

ʛʠʜʨʦʢʩʠ-3,5-ʜʠʤʝʪʠʣ-2-ʧʠʨʘʟʦʣʠʥ, ʘ ʪʘʢʞʝ ʙʠʮʠʢʣʠʯʝʩʢʠʡ ʙʠʩ(3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-ʢʘʨʙʦʥʠʣ)ʛʠʜʨʘʟʠʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ ʠ ʱʝʣʦʯʥʘʷ ʩʨʝʜʘ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʣʦʞʝʥʠʶ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʝʪʦʥʩʝʤʠʢʘʨʙʘʟʦʥʘ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʢʨʠʥʠʥʛʘ 

ʧʦ ʧʨʦʛʨʘʤʤʝ çPASSè ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʦʙʝʥʥʦ ʧʨʠ ʣʝʯʝʥʠʠ ʠʥʩʫʣʴʪʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ 
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ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʉ.ɻ. ʀʣʴʷʩʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɺ.ʉ. ɻʣʫʭʘʯʝʚʘ (ʀʥʩʪʠʪʫʪ 

ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʀʇʍʕʊ ʉʆ ʈɸʅ). 
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ACS Omega, 6 (2021) 8637-8645.  

21. ʈʘʟʨʘʙʦʪʘʥʳ ʫʜʦʙʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 2,2,5,5-ʪʝʪʨʘʵʪʠʣʧʠʨʨʦʣʠʜʠʥ-1-ʦʢʩʠʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʠʥʦʚʳʭ 

ʤʝʪʦʢ, ʩʧʦʩʦʙʥʳʭ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʧʦ ʘʤʠʥʦ- ʠ ʪʠʦʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʠ 

ʩʧʠʥʦʚʳʭ ʟʦʥʜʦʚ, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʚʥʫʪʨʠ ʞʠʚʳʭ ʢʣʝʪʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʜʠʢʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ 

ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʦ ʤʦʛʫʪ ʛʠʙʥʫʪʴ ʚ ʛʦʤʦʛʝʥʘʪʘʭ ʦʨʛʘʥʦʚ, ʙʦʛʘʪʳʭ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘʢʪʠʚʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʤʠ ʢʩʝʥʦʙʠʦʪʠʢʠ. 

ʈʘʜʠʢʘʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚʥʫʪʨʠ ʞʠʚʳʭ ʢʣʝʪʦʢ ʤʝʪʦʜʘʤʠ ʠʤʧʫʣʴʩʥʦʛʦ ʕʇʈ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ in vivo. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ: ʩʣʝʚʘ - ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ in vivo; ʩʧʨʘʚʘ - ʢʠʥʝʪʠʢʘ 

ʛʠʙʝʣʠ ʨʘʜʠʢʘʣʘ ʚ ʢʨʦʚʠ (ƴ) ʠ ʛʦʤʦʛʝʥʘʪʘʭ ʩʝʨʜʮʘ (), ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (§), 

ʧʝʯʝʥʠ (ƺ) ʠ ʧʦʯʝʢ (Ǐ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ rï ʢ.ʭ.ʥ. ʀ.ɸ. ʂʠʨʠʣʶʢ; ʠʩʧ. - 

ʢ.ʭ.ʥ. ʉ.ɸ. ɼʦʙʨʳʥʠʥ, ʩʪʫʜ. ʄ.ʉ. ʋʩʘʪʦʚ, ʢ.ʭ.ʥ. ʀ.ʌ. ɾʫʨʢʦ, ʢ.ʭ.ʥ. ɼ.ɸ. 

ʄʦʨʦʟʦʚ, ʜ.ʭ.ʥ. ʖ.ɺ. ɻʘʪʠʣʦʚ, ʢ.ʭ.ʥ. ʖ.ʌ. ʇʦʣʠʝʥʢʦ, ʢ.ʬ-ʤ.ʥ. ɼ.ɸ. 

ʇʘʨʭʦʤʝʥʢʦ, ʢ.ʭ.ʥ. ɽ.ʀ. ʏʝʨʥʷʢ, ʜ.ʬ.-ʤ.ʥ. ɽ.ɻ. ɹʘʛʨʷʥʩʢʘʷ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ 

ʀʥʩʪʠʪʫʪʦʤ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ ʉʆ ʈɸʅ (ʢ.ʙ.ʥ. ʄ.ɸ. ʊʶʤʝʥʮʝʚ, ʖ.ʀ. 

ɻʣʘʟʘʯʝʚ). 
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22. ʇʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʯʝʪʘʶʱʝʝ ʚ ʩʝʙʝ ʦʩʪʦʚ 9-ʘʢʨʠʜʦʥʘ ʠ 1,2-

ʜʠʘʤʠʥʥʳʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʢ ʫʣʘʚʣʠʚʘʥʠʶ ʦʢʩʠʜʘ ʘʟʦʪʘ(II). ʇʨʠ 

ʨʝʘʢʮʠʠ ʩ NO ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʚʫʰʢʠ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. ʅʘ 

ʧʨʠʤʝʨʝ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ Jurkat ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʘʷ ʣʦʚʫʰʢʘ ʩʧʦʩʦʙʥʘ 

ʧʨʦʥʠʢʘʪʴ ʚ ʞʠʚʳʝ ʢʣʝʪʢʠ ʠ ʫʣʘʚʣʠʚʘʪʴ ʦʢʩʠʜ ʘʟʦʪʘ ʚ ʥʠʭ. ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ 

ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʦʚʫʰʢʠ ʧʨʠ ʨʝʘʢʮʠʠ ʩ NO: (ɸ) 

- ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʣʦʚʫʰʢʠ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ Jurkat; (ɺ) - ʣʦʢʘʣʠʟʘʮʠʷ ʣʦʚʫʰʢʠ 

ʚ ʝʜʠʥʠʯʥʦʡ ʢʣʝʪʢʝ; (ʉ) - ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʣʝʪʢʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

NO. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʢ.ʭ.ʥ. ɸ.ʖ. ɺʦʨʦʙʴʝʚ; ʠʩʧ. - ʄ.ɸ. ʇʘʥʬʠʣʦʚ 

(ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO 

ʈɸʅ), ʩʦʚʤʝʩʪʥʦ ʩ ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʢ.ʬ.-

ʤ.ʥ. ɸ.ɽ. ʄʦʩʢʘʣʝʥʩʢʠʡ, ɼ.ʅ. ʏʝʨʥʦʚʘ, ʢ.ʭ.ʥ. ʀ.ɸ. ʍʘʣʬʠʥʘ). 
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23. ɼʠʪʝʨʧʝʥʦʚʳʡ ʘʣʢʘʣʦʠʜ ʣʘʧʧʘʢʦʥʠʪʠʥ, ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʤʝʪʘʙʦʣʠʪʦʚ 

ʨʘʩʪʝʥʠʡ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʈʌ. ɼʣʷ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʘʷ ʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʛʠʜʨʦʙʨʦʤʠʜ 

ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʘʥʪʠʘʨʠʪʤʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʘ. ɺʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʠʟʫʯʝʥʠʶ ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ʇʨʝʜʣʦʞʝʥʳ ʘʪʦʤʵʢʦʥʦʤʥʳʝ 

ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʣʘʧʧʘʢʦʥʠʪʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʧʠʨʠʤʠʜʠʥʦʚʳʝ, ʠʟʦʢʩʘʟʦʣʴʥʳʝ) ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʬʨʘʛʤʝʥʪʝ ʘʣʢʘʣʦʠʜʘ, ʧʫʪʸʤ ʦʜʥʦʨʝʘʢʪʦʨʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ ï ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ï 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ. ɻʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʣʘʧʧʘʢʦʥʠʪʠʥ-ʧʠʨʠʤʠʜʠʥ 

ʦʙʣʘʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʪʠʥʦʮʠʮʝʧʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʪʝʩʪʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʦʣʠ in vivo ʚ ʥʠʟʢʦʡ ʜʦʟʝ 1 ʤʛ/ʢʛ, ʧʨʦʷʚʣʷʣʠ ʫʤʝʨʝʥʥʫʶ 

ʧʝʨʦʨʘʣʴʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʪʝʩʪʘʭ in vitro. ɺ ʦʧʳʪʘʭ in 

silico ʚʳʷʚʣʝʥ ʘʥʪʘʛʦʥʠʟʤ ʢ ʧʦʪʝʥʮʠʘʣʦʟʘʚʠʩʠʤʦʤʫ ʥʘʪʨʠʝʚʦʤʫ ʢʘʥʘʣʫ 1.7. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʣʘʧʧʘʢʦʥʠʪʠʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʯʝʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʕ.ʕ. ʐʫʣʴʮ; ʦʪʚ. 

ʠʩʧ. - ʢ.ʭ.ʥ. ʂ.ʇ. ʏʝʨʝʤʥʳʭ, ʢ.ʙ.ʥ. ʉ.ɸ. ɹʦʨʠʩʦʚ, ʜ.ʙ.ʥ. ʊ.ɻ. ʊʦʣʩʪʠʢʦʚʘ, ʢ.ʭ.ʥ. 

ɺ.ɸ. ʉʘʚʝʣʴʝʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. 

ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʙʠʦʬʠʟʠʢʠ ʌʀʎ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ. 
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24. ʇʦ ʜʘʥʥʳʤ ʧʠʢʦʩʝʢʫʥʜʥʦʛʦ ʨʘʜʠʦʣʠʟʘ ʧʝʨʚʠʯʥʳʝ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ ʚ 

ʦʙʣʫʯʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʝʧʨʦʪʦʥʠʨʫʶʪʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʘʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ. ʄʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʤʳ ʧʦʩʪʨʦʠʣʠ ʤʦʜʝʣʴ ʠʦʥʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ, ʩʥʠʤʘʶʱʫʶ 

ʜʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʅʘ ʧʨʠʤʝʨʝ ʵʪʠʣʝʥʢʘʨʙʦʥʘʪʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʝʛʦ 

ʤʦʣʝʢʫʣʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʠʤʝʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ, 

ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʘ ʫʧʦʤʷʥʫʪʳʭ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʪʝʨʠ 

ʵʣʝʢʪʨʦʥʘ ʪʘʢʠʤʠ ʜʠʤʝʨʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʧʨʠʥʷʪʘʷ ʢʦʥʮʝʧʮʠʷ 

ʧʝʨʚʠʯʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʩʦʙʳʪʠʡ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʠʜʝʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʦʪʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʨʝʙʫʝʪ 

ʧʝʨʝʩʤʦʪʨʘ ʚ ʩʣʫʯʘʝ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʳʭ 

ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʘʩʩʦʮʠʘʮʠʠ. ʆʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʀ.ɺ. ɹʝʨʝʛʦʚʘʷ 

(ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO 

ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. 

ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ ʠ ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ. 
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25. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ɼʇʗ) ʚ 

ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʷʨʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʙʠʣʴʥʳʡ ʥʠʪʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʊɽʄʇʆʃ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɼʇʗ ʚ ʚʳʩʦʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (9,4 ʊʣ) ʥʝʦʙʭʦʜʠʤʘ 
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ʙʳʩʪʨʘʷ ʜʠʥʘʤʠʢʘ  ʤʝʞʜʫ ʥʠʪʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʧʠʢʦ- ʜʦ ʩʫʙʧʠʢʦʩʝʢʫʥʜ. ʊʘʢʠʝ 

ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ  ʠ ʦʙʲʷʩʥʝʥʳ ʙʳʩʪʨʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʜʚʠʞʝʥʠʷʤʠ 

ʩʬʝʨʳ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʜʠʢʘʣ-ʨʘʩʪʚʦʨʠʪʝʣʴ. ʅʘʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʠʟʫʯʝʥʘ ʩʝʨʠʷ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʚʦʢʨʫʛ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʠʥʘ, ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʚʨʘʱʘʪʝʣʴʥʦʡ 

ʜʠʥʘʤʠʢʠ ʨʘʜʠʢʘʣʘ ʚ ʵʪʫ ʚʥʫʪʨʠʩʬʝʨʥʫʶ ʜʠʥʘʤʠʢʫ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ɼʇʗ 

ʧʨʦʚʦʜʠʣʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 9,4 ʊʣ, ʕʇʈ ʩʧʝʢʪʨʳ ʚ ʢʦʪʦʨʦʤ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʢʣʘʜʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʧʠʢʦʩʝʢʫʥʜʥʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʚʝʣʠʯʠʥʫ ɼʇʗ, ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ ʚʨʘʱʝʥʠʷ 

ʨʘʜʠʢʘʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɽ.ɻ. ɹʘʛʨʷʥʩʢʘʷ; ʦʪʚ. ʠʩʧ. - 

ʢ.ʭ.ʥ., ʜʦʮ. ʀ.ɸ. ʂʠʨʠʣʶʢ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʠʤ. ɻʝʪʝ (ɻʝʨʤʘʥʠʷ; 

Professor T. Prisner). 

 

J. Phys. Chem. C, 125 (2021) 25651ï25659. 

26. ɻʝʤʦʨʨʘʛʠʯʝʩʢʘʷ ʣʠʭʦʨʘʜʢʘ ʩ ʧʦʯʝʯʥʳʤ ʩʠʥʜʨʦʤʦʤ (ɻʃʇʉ) - ʦʩʪʨʦʝ 

ʚʠʨʫʩʥʦʝ ʧʨʠʨʦʜʥʦ-ʦʯʘʛʦʚʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʩʠʩʪʝʤʥʳʤ 

ʧʦʨʘʞʝʥʠʝʤ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ, ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ ʜʠʘʪʝʟʦʤ, 
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ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʠ ʩʚʦʝʦʙʨʘʟʥʳʤ ʧʦʨʘʞʝʥʠʝʤ ʧʦʯʝʢ ʩ 

ʨʘʟʚʠʪʠʝʤ ʦʩʪʨʦʡ ʧʦʯʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʭʘʥʪʘʚʠʨʫʩʥʳʝ ʙʦʣʝʟʥʠ ʚʢʣʶʯʝʥʳ ʚ ʢʨʫʛ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʨʦʙʣʝʤ ʚʦ ʚʩʝʤ 

ʤʠʨʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ emerging (ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ) ʠʥʬʝʢʮʠʡ, ʛʨʦʟʷʱʠʭ 

ʩʣʦʞʥʳʤʠ ʵʧʠʜʝʤʠʯʝʩʢʠʤʠ ʩʠʪʫʘʮʠʷʤʠ. ʇʦʢʘ ʥʝʪ ʘʛʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʚʠʨʫʩʘʤ, ʚʳʟʳʚʘʶʱʠʤ ɻʃʇʉ, ʘ ʠʤʝʶʱʠʝʩʷ 

ʚʝʱʝʩʪʚʘ ï ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʘʥʜʠʜʘʪʳ ï ʣʠʙʦ ʷʚʣʷʶʪʩʷ ʫʞʝ ʦʧʠʩʘʥʥʳʤʠ 

ʨʘʥʝʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʣʠʙʦ ʜʝʡʩʪʚʫʶʪ ʥʝ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʚʠʨʫʩʘ, ʘ ʥʘ ʦʙʣʝʛʯʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʙʦʣʝʟʥʠ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʲʶʛʘʪʳ 

ʛʠʜʨʘʟʦʥʦʚ ʢʘʤʬʦʨʳ ʠ ʬʝʥʭʦʥʘ ʩ ʵʧʦʢʩʠʠʟʦʠʥʜʦʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʧʨʦʷʚʣʷʶʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʍʘʥʪʘʘʥ ʩ 

ʘʢʪʠʚʥʦʩʪʴ,ʁ ʧʨʝʚʳʰʘʶʱʝʡ ʪʘʢʦʚʫʶ ʫ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʝʱʝʩʪʚʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʚʠʨʫʩʥʳʤ ʥʫʢʣʝʦʧʨʦʪʝʠʥʦʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʠʨʫʩʥʫʶ 

ʨʝʧʣʠʢʘʮʠʶ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ; ʦʪʚ. 

ʠʩʧ. - ʜ.ʭ.ʥ. ʆ.ɸ. ʗʨʦʚʘʷ, ʢ.ʭ.ʥ. ʂ.ʉ. ʂʦʚʘʣʝʚʘ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

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

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʮʝʥʪʨʦʤ ʚʠʨʫʩʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ çɺʝʢʪʦʨè ʠ 

ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ. 

 

Bioorg. Med. Chem. Lett., 40 (2021) 127926. 

27. ʉʧʠʥʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ (ʩʧʠʥʪʨʦʥʠʢʘ), ʚ ʢʦʪʦʨʦʡ ʩʧʠʥ ʵʣʝʢʪʨʦʥʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʤʳʭ ʦʙʣʘʩʪʝʡ ʥʘʥʦʤʘʛʥʝʪʠʟʤʘ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʘʛʥʝʪʠʢʠ 
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ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʧʣʘʥʝ ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʘʩhʪʘʙʠʨʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʢʚʘʥʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʣʫʯʝʥ ʧʝʨʚʳʡ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʡ ʪʨʠʨʘʜʠʢʘʣ ʩ 

ʪʦʧʦʣʦʛʠʝʡ ʪʨʠʤʝʪʠʣʝʥʤʝʪʘʥʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʦʩʠʪʝʣʝʡ ʩʧʠʥʦʚ ʨʘʟʥʦʡ 

ʧʨʠʨʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʨʠʨʘʜʠʢʘʣʝ ʨʝʘʣʠʟʫʝʪʩʷ ʛʣʫʙʦʢʦʣʝʞʘʱʝʝ ʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʝ ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʪʦ, ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʧʨʠʩʫʱʝʡ ʧʘʨʘʤʘʛʥʝʪʠʢʫ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʜʝʥʜʨʠʤʝʨʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʠ 

ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʈɸʅ ɺ.ʀ. ʆʚʯʘʨʝʥʢʦ ʠ ʜ.ʭ.ʥ. ɽ.ɺ. ʊʨʝʪʴʷʢʦʚ (ʩʦʚʤʝʩʪʥʘʷ 

ʨʘʙʦʪʘ ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ, ʀʥʩʪʠʪʫʪʘ 

ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ). 

 
J. Am. Chem. Soc., 143 (2021) 8164ï8176. 

28. ʅʝʢʦʪʦʨʳʝ ʩʦʣʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ 100 ʉ̄ ʠ 

ʜʘʞʝ ʤʦʛʫʪ ʙʳʪʴ ʞʠʜʢʠʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʭ ʥʘʟʳʚʘʶʪ 

ʧʨʦʪʦʥʥʳʤʠ ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ (ʇʀɾ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʨʝʘʢʮʠʠ ʇʀɾ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ çʚ ʪʨʝʭ ʠʧʦʩʪʘʩʷʭè. ɺʦ-

ʧʝʨʚʳʭ, ʢʘʢ ʧʨʝʢʨʘʩʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʇʀɾ ʤʦʞʥʦ ʣʝʛʢʦ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʙʝʟ ʧʦʪʝʨʠ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʚ 
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ʢʘʯʝʩʪʚʝ ʩʪʠʤʫʣʷʪʦʨʘ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʙʣʘʛʦʜʘʨʷ ʧʨʦʪʦʥʘʤ ʠʟ ʢʠʩʣʦʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʘʢʦʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʚ ʭʠʤʠʠ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʦʙʱʠʤ 

ʢʠʩʣʦʪʥʳʤ ʢʘʪʘʣʠʟʦʤ. ʅʘʢʦʥʝʮ, ʚ-ʪʨʝʪʴʠʭ, ʘʥʠʦʥ, ʦʙʨʘʟʫʶʱʠʡ ʚʤʝʩʪʝ ʩ 

ʧʨʦʪʦʥʦʤ ʢʠʩʣʦʪʫ, ʩʧʦʩʦʙʝʥ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʩʫʙʩʪʨʘʪʦʤ ʠ ʜʘʚʘʷ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ. ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʇʀɾ ʥʘ ʧʨʠʤʝʨʝ ʥʠʟʢʦʧʣʘʚʢʠʭ ʩʦʣʝʡ ʘʤʠʥʦʚ ʠ 

(ʠʟʦ)ʪʠʦʮʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʩʤ. ʠʣʣʶʩʪʨʘʮʠʶ ʥʠʞʝ). ʌʦʨʤʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʩʫʙʩʪʨʘʪʘʤ 

ʠʟʦʪʠʦʮʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʥʝʩʪʘʙʠʣʴʥʘ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ. ɺʘʞʥʦ ʪʘʢʞʝ, ʯʪʦ ʚ ʪʘʢʠʭ ʩʦʣʷʭ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ 

ʪʠʦʮʠʘʥʘʪ-ʠʦʥ ʨʝʘʛʠʨʫʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʧʦ-ʜʨʫʛʦʤʫ, ʯʝʤ ʚ 

ʩʦʣʷʭ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʣʝʥʥʦʡ 

ʢʠʩʣʦʪʳ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʟʦʪʠʦʮʠʘʥʘʪʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - 

ʜ.ʭ.ʥ. ʀ.ɺ. ʊʨʫʰʢʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ 

ʈɸʅ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʅʄʀʎ ʜʝʪʩʢʦʡ ʛʝʤʘʪʦʣʦʛʠʠ, ʦʥʢʦʣʦʛʠʠ ʠ 

ʠʤʤʫʥʦʣʦʛʠʠ ʠʤʝʥʠ ɼʤʠʪʨʠʷ ʈʦʛʘʯʝʚʘ). 

 

Angew. Chem. Int. Ed., 60 (2021) 7927ï7934. 

29. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʝʥʟ[b]ʘʟʝʧʠʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʝʮʠʢʣʠʟʘʮʠʠ 2,N-ʜʠʘʨʠʣ-1-ʢʘʨʙʘʤʦʠʣʮʠʢʣʦʧʨʦʧʘʥʢʘʨʙʦʢʩʠʣʘʪʦʚ (26 

ʧʨʠʤʝʨʦʚ, ʚʳʭʦʜ ʜʦ 92%). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʜʦʣʠʥʘ ʠ 
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ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʙʠʦʘʢʪʠʚʥʳʭ 

ʘʣʢʘʣʦʠʜʦʚ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʪʨʝʭʯʣʝʥʥʦʤ ʮʠʢʣʝ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʝʨʚʳʡ ʧʨʠʤʝʨ 6-ʵʥʜʦ-ʪʝʪ-ʮʠʢʣʠʟʘʮʠʠ ʠ ʚ ʮʝʣʦʤ ʧʝʨʚʳʡ ʧʨʠʤʝʨ 

ʵʥʜʦ-ʪʝʪ-ʧʨʦʮʝʩʩʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʘʚʠʣʘ ɹʦʣʜʫʠʥʘ ʜʣʷ ʮʠʢʣʠʟʘʮʠʡ ʪʨʝʙʫʶʪ 

ʜʦʧʦʣʥʝʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʨʝʘʢʮʠʠ ʤʘʣʳʭ ʮʠʢʣʦʚ. ʅʘʡʜʝʥʦ, 

ʯʪʦ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ: ʯʝʨʝʟ 1-2 

ʯʘʩʘ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʉ(3) ʠ ʉ(5) ʚ ʧʨʦʜʫʢʪʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ 

ʩʪʦʨʦʥʫ ʮʠʢʣʘ (ʮʠʩ); ʝʩʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 1-2 ʜʥʷ, ʧʨʦʜʫʢʪ 

ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ʀ.ɺ. ʊʨʫʰʢʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʅʄʀʎ ʜʝʪʩʢʦʡ ʛʝʤʘʪʦʣʦʛʠʠ, 

ʦʥʢʦʣʦʛʠʠ ʠ ʠʤʤʫʥʦʣʦʛʠʠ ʠʤʝʥʠ ɼʤʠʪʨʠʷ ʈʦʛʘʯʝʚʘ). 

 

J. Am. Chem. Soc. 143 (2021) 13952ï13961. 

30. ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʦ ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩʪʘʙʠʣʴʥʳʭ ʘʟʘʧʝʨʦʢʩʠʜʦʚ, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʬʨʘʛʤʝʥʪʳ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʝʤ, ʘ ʜʨʫʛʦʡ ï ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʨʝʰʝʥʘ ʩʣʦʞʥʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦ ʠʥʚʝʨʩʠʠ ʩʘʤʦʨʘʟʨʫʰʘʶʱʝʡʩʷ 
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ʩʠʩʪʝʤʳ ʚ ʩʪʘʙʠʣʴʥʫʶ ʩʘʤʦʩʦʙʠʨʘʶʱʫʶʩʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ 

ʥʦʚʳʤ ʪʠʧʘʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʳʭ, ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ, 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

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

ʗʨyʤʝʥʢʦ, ʢ.ʭ.ʥ. ʇ.ʉ. ʈʘʜʫʣʦʚ, ʢ.ʪ.ʥ. ʄ.ɻ. ʄʝʜʚʝʜʝʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ ʠ 

ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʌʣʦʨʠʜʳ (ʉʐɸ).  
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(2021) 6023ï6024;  

6634ï6648. 

31. ʅʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʠʢʨʦʜʦʤʝʥʦʚ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʠ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʦʚ ʥʘ ʫʛʣʝʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʠʩʳʚʘʝʪ 

ʢʦʥʮʝʧʮʠʶ ʥʘʢʦʧʣʝʥʠʷ ʠ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠ ʚ ʩʪʨʦʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʘʢʘʜʝʤʠʢ ɺ.ʇ. ɸʥʘʥʠʢʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʉ. 

ʂʘʰʠʥ, ʢ.ʭ.ʥ. ɽ.ʆ. ʇʝʥʮʘʢ, ʢ.ʭ.ʥ. ɽ.ɻ. ɻʦʨʜʝʝʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 
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Chem. Sci., 12 (2021) 7428-7441. 
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2021, 

2007726. 

32. ʇʨʦʚʝʜʝʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʠʟ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ. ʊʘʢ, ʠʟ ʤʦʨʩʢʦʡ 

ʟʚʝʟʜʳ Lysastrosoma anthosticta ʚʳʜʝʣʝʥʳ ʧʦʣʠʩʘʭʘʨʠʜʳ ʜʝʨʤʘʪʘʥʩʫʣʴʬʘʪ ʠ 

ʛʝʧʘʨʠʥʦʠʜ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʦʙʳʯʥʳʡ ʤʦʥʦʩʘʭʘʨʠʜʥʳʡ ʬʨʘʛʤʝʥʪ 2,3-ʜʠ-ʆ-

ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʫʶ Ŭ-L-ʠʜʫʨʦʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʆʙʘ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʦʷʚʣʷʣʠ 

ʚʳʩʦʢʫʶ ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʥʘʣʦʛʠʯʥʦ, ʠʟ ʤʦʨʩʢʦʛʦ ʦʛʫʨʮʘ 

Holothuria hilla ʚʳʜʝʣʝʥ ʥʝʦʙʳʯʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʚʳʩʦʢʦʨʘʟʚʝʪʚʣʝʥʥʳʡ 

ʬʫʢʦʟʠʣʠʨʦʚʘʥʥʳʡ ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪ, ʷʚʣʷʶʱʠʡʩʷ ʘʢʪʠʚʥʳʤ 

ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʤ. ʊʘʢʞʝ ʥʘʡʜʝʥʦ, ʯʪʦ ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪ ʠʟ ʭʨʷʱʘ ʨʳʙʳ 

Salmo salar ʠ ʬʫʢʦʟʠʣʠʨʦʚʘʥʥʳʡ ʭʦʥʜʨʦʠʪʠʥʩʫʣʴʬʘʪ ʠʟ ʤʦʨʩʢʦʛʦ ʦʛʫʨʮʘ 
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Apostichopus japonicus ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʥʪʠʢʦʘʛʫʣʷʥʪʘʤʠ, ʥʦ ʠ 

ʩʪʠʤʫʣʷʪʦʨʘʤʠ ʛʝʤʦʧʦʵʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 

ʧʦʧʫʣʷʮʠʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʢʣʝʪʦʢ ʢʨʦʚʠ ʫ ʤʳʰʝʡ ʧʦʩʣʝ ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʮʠʢʣʦʬʦʩʬʘʥʦʤ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʝʢʦʤʙʠʥʘʥʪʥʳʡ ʢʦʣʦʥʠʝʩʪʠʤʫʣʠʨʫʶʱʠʡ ʬʘʢʪʦʨ (rG-CSF), ʷʚʣʷʶʱʠʡʩʷ 

ʬʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʛʝʤʦʧʦʵʟʘ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣ ʪʦʣʴʢʦ ʧʦʧʫʣʷʮʠʶ ʣʝʡʢʦʮʠʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʟʜʘʶʪ 

ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʠʤʫʣʷʪʦʨʦʚ 

ʛʝʤʦʧʦʵʟʘ ʥʦʚʦʛʦ ʪʠʧʘ ʩ ʵʬʬʝʢʪʦʤ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʢʣʝʪʦʢ ʢʨʦʚʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - 

ʧʨʦʬʝʩʩʦʨ ɸ.ʀ. ʋʩʦʚ, ʢ.ʭ.ʥ. ʄ.ʀ. ɹʠʣʘʥ ʠ ʢ.ʭ.ʥ. ʅ.ɽ. ʋʩʪʶʞʘʥʠʥʘ, ʧʨʦʬʝʩʩʦʨ 

ɸ.ʉ. ʐʘʰʢʦʚ, ʢ.ʭ.ʥ. ɸ.ʉ. ɼʤʠʪʨʝʥʦʢ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. 

ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ), ʩʦʚʤʝʩʪʥʦ ʩ ʅʄʀʎ ʆʥʢʦʣʦʛʠʠ ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ 

(ʧʨʦʬʝʩʩʦʨ ʄ.ɺ. ʂʠʩʝʣʝʚʩʢʠʡ, ʜ.ʤ.ʥ. ʅ.ʖ. ɸʥʠʩʠʤʦʚʘ), ʊʠʭʦʦʢʝʘʥʩʢʠʤ 

ʠʥʩʪʠʪʫʪʦʤ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʖ.ɹ. ɽʣʷʢʦʚʘ ɼɺʆ ʈɸʅ). 

 

Pharmaceuticals, 14 (2021) 1074; Carbohydr. Polym., 261 (2021) 117867.   

33. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʥʦʚʦʛʦ 

ʢʣʘʩʩʘ ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʛʘʫʟʝʤʠʮʠʥʦʚ ɸ ʠ ɺ, ʧʨʦʜʫʮʠʨʫʝʤʳʭ 

Streptomyces sp. ʰʪʘʤʤʘ INA-Ac-5812. ɸʥʪʠʙʠʦʪʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ 
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ʣʠʧʦʛʣʠʢʦʧʝʧʪʠʜʘʤ, ʠʤʝʶʪ ʮʠʢʣʠʯʝʩʢʠʡ ʩʢʝʣʝʪ ʠ ʩʦʜʝʨʞʘʪ ʨʝʜʢʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʩʦʙʝʥʥʦ Ŭ-L-ʘʨʘʙʠʥʦʧʠʨʘʥʦʟʥʳʡ ʦʩʪʘʪʦʢ, ʧʝʪʠʜʥʳʡ 

ʢʦʨ ʠ ʜʨ. ʇʦʢʘʟʘʥʘ ʚʳʨʘʞʝʥʥʘʷ Ca
2+

-ʟʘʚʠʩʠʤʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʘʫʟʝʤʠʮʠʥʦʚ ɸ ʠ 

ɺ ʚ ʦʪʥʦʰʝʥʠʠ ɻʨʘʤ-ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʯʪʦ ʩʦʟʜʘʣʦ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʪʨʫʢʪʫʨ ʠ ʧʨʦʬʠʣʷ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - ʧʨʦʬʝʩʩʦʨ ɸ.ʉ.ʐʘʰʢʦʚ ʠ ʥ.ʩ. ɼ.ɽ. ʎʚʝʪʢʦʚ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʅʀʀʅɸ ʠʤ. ɻʘʫʟʝ ʈɸʅ, ʍʠʤʠʯʝʩʢʠʤ ʠ ɹʠʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʫʣʴʪʝʪʘʤʠ ʄɻʋ, 

ʀʥʩʪʠʪʫʪʦʤ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ ʖ.ɸ. 

ʆʚʯʠʥʥʠʢʦʚʘ ʈɸʅ, ʌʀʎ ɹʠʦʪʝʭʥʦʣʦʛʠʠ ʈɸʅ, ʎʅʀʀ ʊʫʙʝʨʢʫʣʸʟʘ. 

 

Angew. Chem. Int. Ed., 60 (2021) 18694-18703. 

34. ʇʦʚʝʨʭʥʦʩʪʴ ʢʣʝʪʢʠ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ Cryptococcus neoformans 

ʧʦʢʨʳʪʘ ʢʘʧʩʫʣʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʣʦʞʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʕʪʦʪ 

ʧʘʪʦʛʝʥʥʳʡ ʛʨʠʙ ʷʚʣʷʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ ʢʨʠʧʪʦʢʦʢʢʦʚʦʛʦ ʤʝʥʠʥʛʠʪʘ 

(ʢʨʠʧʪʦʢʦʢʢʦʟʘ) ð ʪʷʞʸʣʦʛʦ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʨʘʞʘʶʱʝʛʦ 

ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʣʶʜʝʡ ʩ ʦʩʣʘʙʣʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ - 

ʦʥʢʦʙʦʣʴʥʳʭ, ʧʘʮʠʝʥʪʦʚ ʩ ɺʀʏ ʠ ʜʨ., ʥʦ ʚ 5ï15% ʩʣʫʯʘʝʚ ʢʨʠʧʪʦʢʦʢʢʦʟ 

ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʫ ʫʩʣʦʚʥʦ ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ C. neoformans ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʘʢʪʠʚʘʮʠʠ ʠʤʤʫʥʠʪʝʪʘ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʘʪʦʛʝʥʘ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ 
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ʤʝʭʘʥʠʟʤʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʱʠʪʥʫʶ ʨʝʘʢʮʠʶ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʊʘʢ, ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʣʠʛʦʩʘʭʘʨʠʜʳ, ʨʦʜʩʪʚʝʥʥʳʝ ʫʟʣʫ ʨʘʟʚʝʪʚʣʝʥʠʷ 

ʛʘʣʘʢʪʦʢʩʠʣʦʤʘʥʥʘʥʘ (GalXylMan) C. neoformans. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʩʘʭʘʨʠʜʘ 

GalXylMan, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʫʟʣʘ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʠ ʛʘʣʘʢʪʦʬʫʨʘʥʦʟʥʳʭ ʟʚʝʥʴʝʚ ʚ GalXylMan. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʦʟʜʘʣʠ ʦʩʥʦʚʫ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ 

ʩ ʙʝʣʢʦʚʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʚʘʢʮʠʥ ʠ ʥʦʚʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪ-ʩʠʩʪʝʤ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʥʬʝʢʮʠʠ C. neoformans. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɺ.ɹ. 

ʂʨʳʣʦʚ ʠ ʢ.ʭ.ʥ. ɸ.ɻ. ɻʝʨʙʩʪ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɹ.ʉ. ʂʦʤʘʨʦʚʘ, ʧʨʦʬʝʩʩʦʨ 

ɸ.ʉ.ʐʘʰʢʦʚ, ʢ.ʭ.ʥ. ɸ.ʉ. ɼʤʠʪʨʝʥʦʢ, ʘʩʧ. ɺ.ʉ. ɼʦʨʦʭʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʌʝʜʝʨʘʣʴʥʳʤ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʈʠʦ-ʜʝ-ɾʘʥʝʡʨʦ (ʧʨʦʬʝʩʩʦʨ ʃ. ʇʨʝʚʠʘʪʦ).  

 

Org. Biomol. Chem., 19 (2021) 2923-2931. 

35. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 3D-ʩʪʨʦʝʥʠʷ ʬʫʨʘʥʦʟʠʣ-ʩʦʜʝʨʞʘʱʠʭ 

ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʦʚʝʜʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʛʘʣʘʢʪʦʬʫʨʘʥʦʟʠʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʤʦʥʦ- ʠ ʦʣʠʛʦʩʘʭʘʨʠʜʘʭ, ʚʢʣʶʯʘʷ 

ʧʨʦʠʟʚʦʜʥʳʝ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʩʪʘʪʦʢ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʆ-3. 
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ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʍʘʨʪʨʠ-ʌʦʢʘ, ʤʝʪʦʜ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʘʤʠ (B3LYP, PBE0, ʘ ʪʘʢ ʞʝ ʜʚʦʡʥʦʡ ʛʠʙʨʠʜʥʳʡ ʬʫʥʢʮʠʦʥʘʣ 

B2PLYP ʩ ʢʦʨʨʝʢʮʠʝʡ ɻʨʠʤʤʝ D3) ʠ ʧʨʠʙʣʠʞʝʥʠʝ RI-MP2. ʅʘʡʜʝʥʦ, ʯʪʦ ʜʣʷ 

ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʤʝʪʦʜʘ DFT ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʦʧʨʘʚʢʦʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʦʩʪʘʪʢʦʤ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʝʛʦ ʚʨʘʱʝʥʠʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʬʫʨʘʥʦʟʠʜʥʦʤ ʢʦʣʴʮʝ, ʯʝʛʦ ʦʙʳʯʥʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʧʠʨʘʥʦʟʠʜʥʳʭ ʘʥʘʣʦʛʘʭ. ɸʥʘʣʠʟ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ 

Natural Bond Orbitals (NBO) ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ 1,3-ʩʠʥ-

ʜʠʘʢʩʠʘʣʴʥʳʤ ʨʘʩʪʘʣʢʠʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʥʘ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ ʆ-3 ʠ 

ʆ-1. ʊʘʢ ʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʗʄʈ ʢʦʥʩʪʘʥʪ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ 
1
ʅ ʬʫʨʘʥʦʟʠʜʥʳʭ ʢʦʣʝʮ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʠʨʘʥʦʟʠʜʦʚ, ʢʦʥʩʪʘʥʪʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʚ ʬʫʨʘʥʦʟʠʜʘʭ ʩʣʘʙʦ ʤʝʥʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʦʨʤʘʮʠʠ ʮʠʢʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ 

ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ɻ. ɻʝʨʙʩʪ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɺ.ɹ. ʂʨʳʣʦʚ ʠ ʘʩʧ. 

ɺ.ʉ. ɼʦʨʦʭʦʚʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

1. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʛʝʢʩʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʜʚʫʤʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʪʨʝʭʲʷʜʝʨʥʳʤʠ ʛʦʤʦ- (Cu3I3) ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

(Cu2AuI3) ʬʨʘʛʤʝʥʪʘʤʠ, ʦʙʲʝʜʠʥʝʥʥʳʤʠ ʥʦʚʳʤʠ NPPN-ʤʦʩʪʠʢʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ - 1,5-ʜʠʘʟʘ-3,7-ʜʠʬʦʩʬʘʮʠʢʣʦʦʢʪʘʥʘʤʠ ʩ ʧʠʨʠʜʠʣʵʪʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ. ʂʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʨʝʜʢʦʡ ʙʝʣʦʡ 

ʜʚʫʭʧʦʣʦʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʩ ʚʳʩʦʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ, 

ʜʦʩʪʠʛʘʶʱʠʤʠ 40%, ʠ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʤʠʪʪʝʨʦʚ ʜʣʷ WOLED 

ʫʩʪʨʦʡʩʪʚ (white organic light emissive diodes) ʠ ʪʝʨʤʦʤʝʪʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ɻ. ʉʠʥʷʰʠʥ, ʦʪʚ. ʠʩʧ. - ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɸ.ɸ. ʂʘʨʘʩʠʢ; ʠʩʧ.ï 

ʀ.ʈ. ɼʘʷʥʦʚʘ, ʢ.ʭ.ʥ. ʊ.ʇ. ɻʝʨʘʩʠʤʦʚʘ, ʢ.ʭ.ʥ. ʀ.ɼ. ʉʪʨʝʣʴʥʠʢ, ʜ.ʭ.ʥ. ʕ.ʀ. 

ʄʫʩʠʥʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ 

ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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2. ʅʘʡʜʝʥʘ ʥʦʚʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚ ʨʷʜʫ ʢʘʨʢʘʩʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ 

ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ ʚ ʩʧʠʨʦʬʦʩʬʦʨʘʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 
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ʨʘʩʰʠʨʝʥʠʝ ʧʷʪʠʯʣʝʥʥʦʛʦ ʙʝʥʟʦ-1,3,2-ʜʠʦʢʩʘʬʦʩʬʦʣʴʥʦʛʦ ʮʠʢʣʘ ʜʦ 

ʚʦʩʴʤʠʯʣʝʥʥʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʢʘʩʥʦʛʦ ʬʦʩʬʦʨʘʥʘ ʩ 1,3,2-

ʜʠʦʢʩʘʬʦʩʬʦʣʝʥʦʚʳʤ ʮʠʢʣʦʤ. ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʷʤʠ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʝʘʢʮʠʡ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʜʝʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɺ.ʌ. 

ʄʠʨʦʥʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʄ.ʅ. ɼʠʤʫʭʘʤʝʪʦʚ, ʧʨʦʬʝʩʩʦʨ ʀ.ɸ. ʃʠʪʚʠʥʦʚ, 

ʢ.ʭ.ʥ. ɼ.ʈ. ʀʩʣʘʤʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. 

ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ).  

 

3. ɺ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʳ ʜʚʘ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʦʤʝʨʘ ʩʢʘʥʜʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ [Sc(Hpzc)(pzc)]Ŀ(H2pzc = 2,5-

ʧʠʨʘʟʠʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ). ʆʜʠʥ ʠʟʦʤʝʨ ʦʙʨʘʟʫʝʪ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ 

ʪʦʧʦʣʦʛʠʠ dia ʩ ʫʟʢʠʤʠ ʢʘʥʘʣʘʤʠ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʶ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʩʤʝʩʝʡ ʛʘʟʦʚ CO2/CH4 ʠ CO2/N2. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʨʝʜʢʫʶ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʫʶ ʘʜʩʦʨʙʮʠʶ ʉʆ2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉ2ʅ2. ɼʨʫʛʦʡ ʠʟʦʤʝʨ ʦʙʨʘʟʫʝʪ ʢʘʨʢʘʩ ʩ ʪʦʧʦʣʦʛʠʝʡ crb ʠ 

ʷʚʣʷʝʪʩʷ ʙʠʧʦʨʠʩʪʳʤ. ʆʥ ʧʦʢʘʟʘʣ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ (IAST) ʜʣʷ ʩʤʝʩʠ C2H2/C2H4. ʆʙʘ ʠʟʦʤʝʨʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɺ.ʇ. ʌʝʜʠʥ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ɼ.ʅ. 

ɼʳʙʮʝʚ, ʢ.ʭ.ʥ. ʄ.ʆ. ɹʘʨʩʫʢʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ). 
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4. ɺ ʢʦʤʧʣʝʢʩʘʭ [Cu3(ɛ2-Hal)3L] (Hal = Cl, Br, I; L = ʪʨʠʩ[2-(2-

ʧʠʨʠʜʠʣ)ʵʪʠʣ]ʬʦʩʬʠʥ) ʦʪʢʨʳʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʡ ɛ3-ʤʦʩʪʠʢʦʚʳʡ ʪʠʧ 

ʢʦʦʨʜʠʥʘʮʠʠ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ: ʘʪʦʤ ʬʦʩʬʦʨʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʷʟʘʥ ʩ 

ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ. ʂʦʤʧʣʝʢʩʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʢʘʣʴʥʫʶ ʪʝʨʤʦ- ʠ 

ʤʝʭʘʥʦʭʨʦʤʥʫʶ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 100%. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʭʠʤʠʶ 

ʧʥʠʢʪʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɸ.ɺ. ɸʨʪʝʤʴʝʚ; ʦʪʚ. 

ʠʩʧ. - ɸ.ʖ. ɹʘʨʘʥʦʚ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ 

ʉʆ ʈɸʅ); ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ ɺ. ɺ. 

ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ (ʜ.ʭ.ʥ. ʅ.ʇ. ɻʨʠʮʘʥ). 

 

Angew. Chem. Int. Ed. 60 (2021) 12577ï12584. 

5. ʆʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ (Pd, Au, PdAu) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʣʝʥʦʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʢʦʙʘʣʴʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʥʩʦʨʥʦʛʦ ʦʪʢʣʠʢʘ 
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ʥʘ ʚʦʜʦʨʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʢʣʠʢʦʤ ʠʩʭʦʜʥʳʭ ʧʣʝʥʦʢ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʦʜʦʨʦʜʫ 

ʚʧʣʦʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ppm ʠ ʩʝʣʝʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʦʨʦʜʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʤʝʰʘʶʱʠʭ ʛʘʟʦʚ, ʢʘʢ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʠ ʧʘʨʳ ʣʝʪʫʯʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʊ.ɺ. ɹʘʩʦʚʘ; ʦʪʚ. 

ʠʩʧ. - ʜ.ʭ.ʥ. ʅ.ɹ. ʄʦʨʦʟʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. 

ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ); ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʬʠʟʠʢʠ ʠʤʝʥʠ ʃ. ɺ. 

ʂʠʨʝʥʩʢʦʛʦ ʉʆ ʈɸʅ (ʜ.ʬ.-ʤ.ʥ. ʉ.ʄ. ɾʘʨʢʦʚ). 

 

Int. J. Hydrog. Energy. 46 (2021) 19682ï19692. 

6. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʵʪʠʣʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʠʥʮʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ (ʧʦʢʘʟʘʥʳ ʥʘ ʠʣʣʶʩʪʨʘʮʠʠ 

ʥʠʞʝ. ʆʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʙʫʪʝʥ-1 ʠ 

ʛʝʢʩʝʥ-1, ʘ ʯʠʩʣʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʙʦʨʦʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ (TOF) ʜʦʩʪʠʛʘʝʪ 200 

Ĭ 103 ʯ 1, ʯʪʦ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʢʘʟʘʪʝʣʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʨʦʚʳʭ 

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

ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɼ.ɻ. ʗʭʚʘʨʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɿ.ʅ. ɻʘʬʫʨʦʚ, ɸ.ɸ.ʂʘʛʠʣʝʚ, 

ɸ.ʆ.ʂʘʥʪʶʢʦʚ, ʢ.ʭ.ʥ. ɺ.ʀ.ʄʦʨʦʟʦʚ, ʢ.ʭ.ʥ. ɻ.ʕ. ɹʝʢʤʫʭʘʤʝʜʦʚ, ʜ.ʭ.ʥ. ɽ.ʄ. 

ɿʫʝʚʘ, ʀ.ʂ. ʄʠʭʘʡʣʦʚ, ʢ.ʭ.ʥ. ʀ.ʌ. ʉʘʭʘʧʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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Coordin. Chem. Rev. 442 (2021) 213986; Molecules. 26 (2021) 4063;  

J. Organomet. Chem. 949 (2021) 121951 

7. ʀʩʩʣʝʜʦʚʘʥʘ ʙʠʬʫʥʢʮʠʘʥʘʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ ʘʤʠʥʙʦʨʘʥʦʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʦʥʥʦʡ ʧʘʨʦʡ [LW(CO)2(Õ-CO)ĀĀĀPd(
tBu

PCP)] - ʘʥʘʣʦʛʦʤ 

çfrustrated Lewis pairsè. ɺʦʜʦʨʦʜ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʵʥʝʨʛʠʠ, ʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʭʨʘʥʝʥʠʷ ʠ 

ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʉʨʝʜʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʚʳʜʝʣʷʶʪ ʚʦʜʦʨʦʜ, ʘʤʠʥ-ʙʦʨʘʥʳ (AB) ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʙʘʣʘʥʩ ʦʙʲʝʤʥʳʭ ʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠʦʥʥʦʡ ʧʘʨʳ [LW(CO)2(Õ-CO)ĀĀĀPd(
tBu
PCP)] ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʝʛʠʜʨʠʨʦʚʘʥʠʠ ʘʤʠʥ-ʙʦʨʘʥʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʦ ʩʚʷʟʴʶ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʦʜʥʫ ʩʚʷʟʴ ʧʫʪʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʚʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʘ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʥʦ ʜʝʡʩʪʚʫʶʪ ʩʦʚʤʝʩʪʥʦ 

ʢʘʢ ʢʠʩʣʦʪʘ ([Pd]
+
) ʠ ʦʩʥʦʚʘʥʠʝ ([W]

-
) ʃʴʶʠʩʘ, ʘ ʨʘʩʱʝʧʣʝʥʠʝ NïH ʠ BïH 

ʩʚʷʟʝʡ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʊʘʢʦʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [LW(CO)2(Õ-

CO)ĀĀĀPd(
tBu
PCP)] ʢʘʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ frustrated Lewis pairs. 
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ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʅ.ɺ. ɹʝʣʢʦʚʘ ʠ ʜ.ʭ.ʥ. ɽ.ʉ. ʐʫʙʠʥʘ (ʀʥʩʪʠʪʫʪ 

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

 

Chem. Sci. 12 (2021) 3682-3692 

8. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʤʦʞʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ, ʜʦʙʘʚʣʷʷ ʠʩʪʦʯʥʠʢ ʬʪʦʨʠʜ-ʘʥʠʦʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ in situ ʦʙʨʘʟʫʝʪʩʷ ʬʪʦʨʠʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʝʪʘʣʣʘ. ɿʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʬʪʦʨʠʜ 

ʫʚʝʣʠʯʠʚʘʝʪ ʃʴʶʠʩʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʬʪʦʨʠʜ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʫʚʝʣʠʯʠʚʘʷ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʙʩʪʨʘʪ-ʢʘʪʘʣʠʟʘʪʦʨ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʨʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʘʣʴʜʝʛʠʜʦʚ, 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʄʠʭʘʵʣʶ ʠ ʩʠʥʪʝʟʘ ʮʠʢʣʠʯʝʩʢʠʭ 

ʢʘʨʙʦʥʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ 

ʬʪʦʨʠʜʦʤ ʩʦʝʜʠʥʝʥʠʷ ʢʦʙʘʣʴʪʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʊɻʌ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʢʠʣʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ ʠ ʧʦʣʫʯʘʪʴ N-ʙʫʪʠʣʘʤʠʥʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʘʢʪʠʚʘʮʠʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʝʪ ʥʘʡʪʠ ʰʠʨʦʢʦʝ 
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ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɼ.ɸ. ʏʫʩʦʚ; ʠʩʧ. ʨʘʙʦʪʳ ï 

ɸ.ɸ. ʎʳʛʘʥʢʦʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. 

ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

 

ACS Catal. 11 (2021) 13077ï13084. 

9. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʢʘʨʙʦʨʘʥʩʦʜʝʨʞʘʱʠʝ ʭʣʦʨʠʥʳ ï ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʬʦʪʦʨʘʜʠʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʌɼʊ) ʠ 

ʙʦʨʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ (ɹʅɿʊ) ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʨʝʜʠ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʬʪʦʨʠʨʦʚʘʥʥʳʡ 

ʭʣʦʨʠʥ (ɹʌʍ) ʠ ʝʛʦ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ (ɹʍ), ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ 4 ʘʥʠʦʥʥʳʭ ʢʘʨʙʦʨʘʥʦʚʳʭ ʧʦʣʠʵʜʨʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʢʣʝʪʢʘʭ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ɹʌʍ ʠ ɹʍ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʧʫʭʦʣʝʚʳʭ 

ʢʣʝʪʢʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʠ 

ʧʨʦʷʚʣʷʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʪʝʤʥʦʚʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. ʅʘʧʨʦʪʠʚ, 

ʬʦʪʦʘʢʪʠʚʘʮʠʷ ɹʌʍ ʠʣʠ ɹʍ ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʚʳʟʳʚʘʣʘ ʙʳʩʪʨʫʶ (ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ) ʛʝʥʝʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʝʨʝʡ ʮʝʣʦʩʪʥʦʩʪʠ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ (ʬʦʪʦʥʝʢʨʦʟ), 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ ʢʣʝʪʦʢ, ʫʩʪʦʡʯʠʚʳʭ ʢ 

ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʞʠʚʦʪʥʳʭ ɹʌʍ ʠʣʠ 

ɹʍ (ʜʦ 80 ʤʛ/ʢʛ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ) ʥʝ ʚʳʟʳʚʘʣʠ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʫ ʤʳʰʝʡ 
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ʩ ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʦʧʫʭʦʣʴʶ ʤʝʣʘʥʦʤʳ ɺ16. ʆʩʚʝʱʝʥʠʝ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʩʚʝʪʦʤ ʤʳʰʝʡ ʩ ʪʨʘʥʩʧʣʘʥʪʘʪʦʤ ɺ16, ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ 

5 ʤʛ/ʢʛ ɹʌʍ ʠʣʠ ɹʍ, ʚʳʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʯʘʛʦʚ ʦʧʫʭʦʣʠ ʙʝʟ 

ʧʦʚʪʦʨʥʦʛʦ ʨʦʩʪʘ ʫ 77,8% ʞʠʚʦʪʥʳʭ ʢ 21 ʜʥʶ ʧʦʩʣʝ ʌɼʊ (ʩʤ. ʬʦʪʦ ʥʠʞʝ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɹʌʍ ʠ ɹʍ ʚ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʦʚ ʜʣʷ ɹʅɿʊ in vivo ʥʘ ʢʨʳʩʘʭ ʩ 

ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʳʤʠ ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ ʣʠʥʠʠ ʉ6 (ʛʣʠʦʤʘ) ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ɹʌʍ ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʨʘʜʠʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹʍ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ɺ.ɸ. ʆʣʴʰʝʚʩʢʘʷ; ʠʩʧ. ï ɸ.ɺ. ɿʘʡʮʝʚ (ʀʥʩʪʠʪʫʪ 

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

  

Dyes Pigments, 186 (2021) 108993. 

10. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʦʚʭr ʩʝʣʝʥ-, ʪʝʣʣʫʨ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʡ ʮʠʢʣʦʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ 

ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʛʘʣʦʛʝʥʠʜʘʤʠ ʭʘʣʴʢʦʛʝʥʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʣʢʝʥʦʚ, 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʵʚʛʝʥʦʣ, ʠʟʦʵʚʛʝʥʦʣ, 

ʤʝʪʠʣʵʚʛʝʥʦʣ, ʤʝʪʠʣʠʟʦʵʚʛʝʥʦʣ, ʘʮʝʪʠʣʵʚʛʝʥʦʣ, ʘʣʣʠʣʦʚʳʝ ʠ ʧʨʦʧʘʨʛʠʣʦʚʳʝ 

ʵʬʠʨʳ ʪʠʤʦʣʘ, ʢʘʨʚʘʢʨʦʣʘ ʠ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). ʅʦʚʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʷʭ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʥʥʝʣʠʨʦʚʘʥʠʷ-ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ ʜʠʛʘʣʦʛʝʥʠʜʘʤʠ ʩʝʣʝʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʥʘʩʳʱʝʥʥʳʝ ʬʫʥʢʮʠʠ (ʘʣʣʠʣʴʥʘʷ, 
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ʧʨʦʧʝʥʠʣʴʥʘʷ, ʘʣʣʠʣʦʢʩʠ-, ʧʨʦʧʘʨʛʠʣʦʢʩʠ- ʠ ʜʨʫʛʠʝ ʛʨʫʧʧʳ). ʉʪʘʜʠʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʡ ʨʝʘʢʮʠʠ. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʅʘ 

ʦʩʥʦʚʝ ʥʦʚʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʘʥ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʥʦʚʳʤ 

ʘʥʩʘʤʙʣʷʤ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʝʣʝʥʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ī 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʝʣʝʥʦʭʨʦʤʘʥʘʤ, ʜʠʛʠʜʨʦʙʝʥʟʦʩʝʣʝʥʦʬʝʥʘʤ, 

ʜʠʛʠʜʨʦʙʝʥʟʦʢʩʘʩʝʣʝʥʠʥʘʤ ʠ ʜʨʫʛʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - 

ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. ʇʦʪʘʧʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʄ.ɺ. ʄʫʩʘʣʦʚ ʠ ʧʨʦʬʝʩʩʦʨ ʉ.ɺ 

ɸʤʦʩʦʚʘ (ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤʝʥʠ ɸ. ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ). 
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11. ʇʦʣʫʯʝʥ ʧʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʡ ʧʨʝʪʝʨʧʝʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ ʚ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʦʙʥʘʨʫʞʝʥʥʦʝ ʚ ʦʜʥʦʤ ʠʟ ʝʛʦ ʩʦʣʴʚʘʪʦʤʦʨʬʦʚ ʚ 

ʭʦʜʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʟʠʨʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʩʧʠʥʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʫ (ʧʩʝʚʜʦ)ʢʣʘʪʨʦʭʝʣʘʪʘ ʞʝʣʝʟʘ(II) ʦʙʫʩʣʦʚʣʝʥʘ ʫʥʠʢʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʢʣʝʪʦʯʥʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʠʦʥʫ ʤʝʪʘʣʣʘ ʚ 

ʜʚʫʭ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʟʘ ʩʯʝʪ ʪʨʠʛʦʥʘʣʴʥʦʛʦ ʩʢʨʫʯʠʚʘʥʠʷ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 
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ʧʨʦʩʪʦʪʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʣʠʛʘʥʜʦʚ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʪʨʠʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʠʥʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʯʪʦ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʥʩʦʨʦʚ ʠ 

ʵʣʝʤʝʥʪʦʚ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʠ 

ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʅʝʣʶʙʠʥʘ ʖ.ɺ. ʠ ʜ.ʭ.ʥ. ʗ.ɿ. ɺʦʣʦʰʠʥ; ʠʩʧ. ïɻ.ʃ. ɼʝʥʠʩʦʚ, 

ɽ.ʂ. ʄʝʣʴʥʠʢʦʚʘ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ).  
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12. ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʥʩʦʨʦʚ ʘʥʠʦʥʦʚ ʥʘ 

ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ ʩʚʷʟʳʚʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʚʦʜʦʨʦʜʥʦʡ ʠ 

ʭʘʣʴʢʦʛʝʥʦʚʦʡ ʩʚʷʟʝʡ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʬʪʦʨʠʨʦʚʘʥʠʷ ʢʘʨʙʦʮʠʢʣʘ ʥʘ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʨʦʜʩʪʚʝʥʥʳʭ 6-5 ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: 1,3-

ʙʝʥʟʦʜʠʘʟʦʣʘ 1, 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʘ 2 ʠ 2,1,3-ʙʝʥʟʦʩʝʣʝʥʘʜʠʘʟʦʣʘ 3. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʙʨʝʥʩʪʝʜʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ 1 

ʠ 2 ʠ ʣʴʶʠʩʦʚʩʢʫʶ ʢʠʩʣʦʪʥʦʩʪʴ 3, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʫʶ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ VS,max ʚ ʠʭ ů-ʜʳʨʘʭ. ʇʦʚʳʰʝʥʥʘʷ 

ʙʨʝʥʩʪʝʜʦʚʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 4 ʠ 9 ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ-ʟʥʘʯʠʤʳʭ ʞʝʩʪʢʠʭ ʘʥʠʦʥʦʚ Cl
ï
 ʠ F

ï
 ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʇʦʚʳʰʝʥʥʘʷ ʣʴʶʠʩʦʚʩʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 10, 

ʦʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ Cl
ï
 ʠ F

ï
 ʧʦʩʨʝʜʩʪʚʦʤ ʭʘʣʴʢʦʛʝʥʦʚʦʡ 
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ʩʚʷʟʠ, ʥʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʣʫʯʘʝ ʤʷʛʢʠʭ ʘʥʠʦʥʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʛʠʙʨʠʜʥʳʝ ʩʝʥʩʦʨʳ ʩʝʣʝʥʘʜʠʘʟʦʣïʜʠʘʟʦʣʴʥʦʛʦ ʠ 

ʩʝʣʝʥʘʜʠʘʟʦʣïʪʨʠʘʟʦʣʴʥʦʛʦ ʪʠʧʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɸ. ɺ. 

ɿʠʙʘʨʝʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʅ. ɸ. ʉʝʤʝʥʦʚ, ʢ.ʭ.ʥ. ɽ. ɸ. ʏʫʣʘʥʦʚʘ, ɻ. ɽ. ʉʘʣʴʥʠʢʦʚ, 

ʢ.ʭ.ʥ. ɼ. ʆ. ʇʨʠʤʘ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ ʅ. ʅ. 

ɺʦʨʦʞʮʦʚʘ ʉO ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʅʘʮʠʦʥʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʛ. 

ʊʘʨʪʫ, ʕʩʪʦʥʠʷ: 

 

 

3 10 
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ChemPhysChem, 2021, 22, 2329ï2335. 

13. ʊʠʘʢʘʣʠʢʩʘʨʝʥʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ 

çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩ ʢʘʪʠʦʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ ʩʦʟʜʘʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʝʥʩʦʨʳ, ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʤʘʛʥʝʪʠʢʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪ.ʜ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʅʀʆʍ ʉʆ ʈɸʅ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʪʠʘ- ʠ 

ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʬʪʦʨ-ʤʝʪʘ-ʢʩʠʣʦʣ ʠ 2,5-ʜʠʬʪʦʨ-4,6-

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʙʣʦʢʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʦʛʦ ʪʝʪʨʘʪʠʘ-ʢʘʣʠʢʩ[4]ʘʨʝʥʘ, ʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʬʪʦʨ-ʤʝʪʘ-ʢʩʠʣʦʣʘ ʩ ʨʝʟʦʨʮʠʥʦʤ, ʘ 

ʟʘʪʝʤ ʩ 2,5-ʜʠʬʪʦʨ-4,6-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ-1,3-ʜʠʪʠʦʣʦʤ ʠʣʠ 

ʪʠʦʤʦʯʝʚʠʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʦʢʩʘʪʠʘʢʘʣʠʢʩʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 4-6 ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʷʜʝʨ ʚ ʤʘʢʨʦʮʠʢʣʝ. 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ɺ.ʅ. ʂʦʚʪʦʥʶʢ; ʠʩʧ. - ʜ.ʭ.ʥ. ʖ.ɺ. ɻʘʪʠʣʦʚ, 

ʢ.ʭ.ʥ. ʇ.ɺ. ʅʠʢʫʣʴʰʠʥ, ʢ.ʭ.ʥ. ʈ.ɸ. ɹʨʝʜʠʭʠʥ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ 

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

 

 

 

 

 

 

 

 

 

Molecules, 

26 (2021) 

526. 

14. ʌʫʨʘʥ-ʬʝʥʠʣʝʥʦʚʳʝ ʩʦ-ʦʣʠʛʦʤʝʨʳ ʚʳʜʝʣʷʶʪʩʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠ ʭʦʨʦʰʝʡ ʜʳʨʦʯʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ; ʦʜʥʘʢʦ ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʤʙʠʧʦʣʷʨʥʳʭ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʬʪʦʨʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʨʘʥ-ʬʝʥʠʣʝʥʦʚ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤʳ 

ʬʪʦʨʘ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʢʦʥʮʝʚʳʭ ʬʨʘʛʤʝʥʪʘʭ ʤʦʣʝʢʫʣ. ɺʚʝʜʝʥʠʝ ʬʪʦʨʘ 

ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, ʫʣʫʯʰʝʥʠʶ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʷʨʢʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ɺʥʝʰʥʷʷ ʢʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʜʦ 0,63%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ 

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

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

ʐʝʨʠʥ (ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ ʉʆ ʈɸʅ) ʠ ʧʨʦʬʝʩʩʦʨ 
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ɼ.ʖ. ʇʘʨʘʱʫʢ (ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʈɸʅ ʠʤ. 

ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ). 

 

 

 

 

 

 

 

Advanced Functional 

Materials, 31 (2021) 

2104638. 

15. ʈʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʟ 4-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ-2(1ʅ)-ʦʥʦʚ ï ʧʨʦʜʫʢʪʦʚ 

ʚʢʣʶʯʝʥʠʷ ʤʦʣʝʢʫʣʳ ʉʆ2 ʚ ʛʝʪʝʨʦʮʠʢʣ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʭʠʥʦʣʦʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʪʦ-ʘʣʢʠʥʠʣʘʥʠʣʠʥʦʚ ʩ ʜʠʦʢʩʠʜʦʤ 

ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʝʙʨʷʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʩʥʦʚʘʥʠʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ʃ.ɺ. ʇʦʣʠʪʘʥʩʢʘʷ; ʠʩʧ. - ʢ.ʭ.ʥ. ʅ.ʄ. ʊʨʦʰʢʦʚʘ 

(ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO 

ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ Tsinghua University (ʇʝʢʠʥ, ʂʠʪʘʡ). 

 

 

 

 

 

 

 

J. Fluorine Chem. 

242 (2021) 109720. 

16. ʊʠʨʦʟʠʣ-ɼʅʂ-ʬʦʩʬʦʜʠʵʩʪʝʨʘʟʘ 1 (Tdp1) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʤʠʰʝʥʴʶ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʠʟ-ʟʘ ʝʸ 
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ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʦʥʢʦʧʨʝʧʘʨʘʪʘʤ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ 

ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ, ʪʘʢʠʭ ʢʘʢ ʪʦʧʦʪʝʢʘʥ, ʫʤʝʥʴʰʘʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʘʡʜʝʥ ʥʦʚʳʡ ʪʠʧ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʬʝʨʤʝʥʪʘ Tdp1, 

ʩʦʯʝʪʘʶʱʠʭ ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ ʤʦʥʦʪʝʨʧʝʥʦʠʜʥʳʡ ʬʨʘʛʤʝʥʪʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʣʠʥʢʝʨʘ. ʋʜʘʣʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʟ 

ʣʠʥʢʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, 

ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʥʝʪʦʢʩʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠ ʢʣʠʥʠʯʝʩʢʠ ʚʘʞʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʪʦʧʦʪʝʢʘʥʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʵʬʬʝʢʪ ʧʦʩʣʝʜʥʝʛʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʢʘ 

ʰʝʡʢʠ ʤʘʪʢʠ ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ ʢʠʰʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʡʜʝʥ 

ʥʦʚʳʡ ʪʠʧ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʦʧʫʭʦʣʝʡ ʢ ʜʝʡʩʪʚʠʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ 

ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʅ.ʌ. ʉʘʣʘʭʫʪʜʠʥʦʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʂ.ʇ. ɺʦʣʯʦ 

ʠ ʢ.ʭ.ʥ. ɽ.ɺ. ʉʫʩʣʦʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. 

ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʉʆ ʈɸʅ (ʘʢʘʜʝʤʠʢ ʈɸʅ ʆ.ʀ. ʃʘʚʨʠʢ) ʠ 

ʂʠʣʴʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʅʴʶʢʘʩʣ-ʥʘ-ʃʘʡʤʝ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ).  

 
Molecules 26 (2021) 3128.  

17. 2-ʄʝʪʠʣ-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ (1) ʠ ʝʛʦ S,S-ʜʠʦʢʩʠʜ (2) ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʧʝʥʜʘʥʪʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʥʮʠʘʣʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʦʣʠʠʤʠʜʦʚ, 
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ʧʨʦʷʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʭʨʦʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʝ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1 ʠ 2 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ ʜʠʘʥʠʦʥʘ (ʜʣʷ S, S-ʜʠʦʢʩʠʜʘ). ʉ 

ʧʦʤʦʱʴʶ ʪʨʝʭʤʝʨʥʦʡ ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʘʥʠʦʥʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʣʴʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ UV-VIS-NIR ʜʠʘʧʘʟʦʥʘʭ 

ʜʣʠʥ ʚʦʣʥ. ʅʘ ʠʣʣʶʩʪʨʘʮʠʠ ʧʦʢʘʟʘʥʳ: ʩʣʝʚʘ - 3D UV-VIS-NIR 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ 

ʧʨʦʬʠʣʠ; ʩʧʨʘʚʘ - ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2.  
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ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 1 ʠ 2 ʠ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʙʳʣʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʷʟʘʚʠʩʠʤʳʭ DFT-ʨʘʩʯʝʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʨʘʩʯʝʪʘʤ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʜʠʘʥʠʦʥʦʚ 1
2-
 ʠ 2

2-
 ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʷʶʪ ʛʠʧʩʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʝʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʠ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʩʠʣʳ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ 2. 

ʇʨʝʜʣʦʞʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʧʨʝʚʦʩʭʦʜʥʦ ʦʧʠʩʳʚʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʪʨʝʭʤʝʨʥʳʭ 

ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2. ʅʘ 

ʠʣʣʶʩʪʨʘʮʠʠ ʧʦʢʘʟʘʥʳ: ʩʣʝʚʘ - 3D UV-VIS-NIR ʩʧʝʢʪʨʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ; ʩʧʨʘʚʘ - ʄʝʭʘʥʠʟʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʃ.ɸ. 

ʐʫʥʜʨʠʥ, ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʀ.ʂ. ʐʫʥʜʨʠʥʘ ʠ ʘʩʧ. ɼ.ʉ. ʆʜʠʥʮʦʚ 
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(ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ. ʅ. ɺʦʨʦʞʮʦʚʘ ʉO 

ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ. ɺ. 

ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ɹʨʝʤʝʥʘ (ɻʝʨʤʘʥʠʷ). 

18. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʘʢʪʠʚʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ ʮʝʣʴʶ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʮʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʝʘʢʮʠʠ CO2 ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʝʪʘʣʣʦʚ 13 ʛʨʫʧʧʳ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʝ ʜʠʠʤʠʥʦʚʳʝ ʣʠʛʘʥʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʣʝʛʢʦ ʧʨʦʪʝʢʘʶʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʪʘʣʣʢʘʨʙʦʢʩʠʣʘʪʦʚ, ʬʦʨʤʠʘʪʦʚ, ʛʝʤ-ʜʠʦʣʘʪʦʚ ʠ ʛʠʜʨʦʢʩʠʤʝʪʠʣʢʘʨʙʦʥʘʪʦʚ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʘʨʠʘʥʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ CO2 ʚ ʨʝʘʢʮʠʷʭ  

ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʪʝʨʦʢʫʤʫʣʝʥʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ rï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʀ.ʃ. ʌʝʜʶʰʢʠʥ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. 

ʊ.ʉ. ʂʦʧʮʝʚʘ, ʢ.ʭ.ʥ. ɺ.ɸ. ɼʦʜʦʥʦʚ, ʜ.ʭ.ʥ. ɸ.ɸ. ʉʢʘʪʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤʝʥʠ ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 

 

 

 

 

Chem. Eur. J. 27 (2021) 5745;  

Dalton Trans. 50 (2021) 8899; 

J. Organomet. Chem. 949 (2021) 121972; 

Inorg. Chem. 61 (2022) 206. 

19. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʘʪʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ(III ) 

[(RO)2Dy(THF)n][BPh4] ʩ ʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʘʣʢʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʠʩʪʠʥʥʳʤʠ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʛʥʝʪʠʢʘʤʠ (SMM). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʣʢʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʠʦʥʦʚ Dy
3+

 ʛʝʦʤʝʪʨʠʝʡ ï ʣʠʥʝʡʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʘʥʠʦʥʥʳʭ 

ʘʣʢʦʢʩʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʦʯʝʥʴ ʢʦʨʦʪʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ DyīOR. ʂʦʤʧʣʝʢʩ 
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[(C6F5CH(Me)O)2Dy(THF)5][BPh4] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʙʣʦʢʠʨʦʚʘʥʠʷ (22 K) ʠ ʨʝʢʦʨʜʥʳʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʙʘʨʴʝʨ (1469 ʩʤ
ī1
) ʜʣʷ 

ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ SMM ʥʘ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ(III ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ɸ. 

ʊʨʠʬʦʥʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɼ.ʄ. ʃʶʙʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʆ. ʊʦʣʧʳʛʠʥ, ʢ.ʭ.ʥ. 

ʅ.ʖ. ʈʘʜʴʢʦʚʘ, ʤ.ʥ.ʩ. ɸ.ɺ. ʏʝʨʢʘʩʦʚ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 

 

Dalton Trans, 50 (2021) 8487ï8496. 

20. ʈʘʟʨʘʙʦʪʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʪʝʨʠʯʝʩʢʠ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʦ-ʭʠʥʦʥʦʚ ʧʫʪʝʤ ʘʥʥʝʣʠʨʦʚʘʥʠʷ 1,3-ʜʠʪʠʦʣ-2-ʟʘʤʝʱʸʥʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʢ 4,5-ʧʦʣʦʞʝʥʠʷʤ ʦ-ʭʠʥʦʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʤʝʪʦʜʠʢʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʩʠʥʪʝʟʘ, ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʚʚʦʜʠʤʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʫʝʤʫʶ ʠ ʫʧʨʘʚʣʷʝʤʫʶ ʛʝʦʤʝʪʨʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦ-ʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʇʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʜʠʪʦʧʥʳʭ ʣʠʛʘʥʜʦʚ ʩʚʷʟʘʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ 

ʭʠʤʠʝʡ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ 1D-, 2D- ʠ 3D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ ʠ ʪ.ʧ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɺ.ʂ. ʏʝʨʢʘʩʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɺ.ɸ. 

ʂʫʨʦʧʘʪʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʉ.ɺ. ʅʦʨʢʦʚ, ʢ.ʭ.ʥ. ʄ.ɺ. ɸʨʩʝʥʴʝʚ, ʤ.ʥ.ʩ. ɸ.ɺ. 

ʏʝʨʢʘʩʦʚ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 
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Beilstein J. Org. Chem. 17 (2021) 273ï282. 

21. ʆʙʥʘʨʫʞʝʥʳ ʥʝʦʞʠʜʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʵʥʜʚʠʯʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ ʠ ʭʨʦʤʘ ʧʨʠ ʠʦʥʠʟʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʮʠʟʠʦʥʥʦʡ 

ʧʦʨʦʛʦʚʦʡ ʬʦʪʦʠʦʥʠʟʘʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʨʳʚ ʥʝʩʚʷʟʳʚʘʶʱʝʛʦ d-ʵʣʝʢʪʨʦʥʘ ʦʪ 

ʢʦʤʧʣʝʢʩʘ ʪʠʪʘʥʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʷ ʭʨʦʤʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʆʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ ʦʪʨʘʞʘʝʪ 

ʥʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʠʣʠ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʳʝ ʢʘʪʠʦʥʳ, 

ʠʛʨʘʶʱʫʶ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʪʘʣʠʟʝ ʠ ʙʠʦʤʝʜʠʮʠʥʝ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʰʠʥ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ 

ï ʜ.ʭ.ʥ. ʉ.ʖ. ʂʝʪʢʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɻ.ɺ. ʄʘʨʢʠʥ ʠ ʢ.ʭ.ʥ. ʉ.ɻ. ʄʘʢʘʨʦʚ 

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

 

Dalton Trans. 50 (2021) 10729-10736. 

22. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʘʟʘʬʦʩʬʦʣʳ 

(ʜʠʘʟʘʜʠʬʦʩʬʘʧʝʥʪʘʣʝʥʳ, DDP), ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʩ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ 

ʤʦʣʝʢʫʣʘʤʠ ʙʦʨʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʤʠʩʪʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʝ 
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ʙʦʨʘ. ɺʳʩʦʢʘʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ DDP ʩʚʷʟʘʥʘ ʩ ʠʭ 

ʬʦʩʬʠʥʠʜʝʥʦʚʦʡ ʧʨʠʨʦʜʦʡ. ʆʙʳʯʥʳʝ ʘʟʘʬʦʩʬʦʣʳ ʥʝ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʙʦʨʘʥʘʤʠ. ʆʙʥʘʨʫʞʝʥʦ ʫʥʠʢʘʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʦʜʳ ʢ ʢʦʤʧʣʝʢʩʫ 

DDPĀB(C6F5)3, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʫ ʢʦʤʧʣʝʢʩʦʚ ʙʦʨʘʥʦʚ ʩ ʦʙʳʯʥʳʤʠ 

ʪʨʝʪʠʯʥʳʤʠ ʬʦʩʬʠʥʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʙʦʨʘʥʦʚ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʦʨʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʜ.ʭ.ʥ. ɸ.ʅ. ʂʦʨʥʝʚ; ʦʪʚ. ʠʩʧ.: ʢ.ʭ.ʥ. ɺ. ʉʫʱʝʚ, ʖ. ʇʘʥʦʚʘ, ɻ.ʂ. ʌʫʢʠʥ, ʠʩʧ.: ɸ. 

ʍʨʠʩʪʦʣʶʙʦʚʘ, ʅ. ɿʦʣʦʪʘʨʝʚʘ, ʈ. ʈʫʤʷʥʮʝʚ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ) 

       

Dalton Trans., 50 (2021) 5890ï5898. 

23. ʄʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʠʦʮʠʘʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, 

ʪʠʦʮʠʘʥʦʛʝʥʘ, ʧʫʪʝʤ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʪʠʦʮʠʘʥʘʪ-ʘʥʠʦʥʘ
 
ʚʧʝʨʚʳʝ ʠʟʫʯʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʇʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʜʠʤʝʨʠʟʘʮʠʝʡ ʪʠʦʮʠʘʥʘʪ-ʨʘʜʠʢʘʣʘ ʘʥʦʜʥʳʡ 

ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʠ ʝʛʦ ʩʦʯʝʪʘʥʠʝ ʩ ʘʥʠʦʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ 

ʪʠʦʮʠʘʥʦʛʝʥʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʪʠʤʫʶ ʨʝʘʢʮʠʷ ʩʦʯʝʪʘʥʠʷ ʪʠʦʮʠʘʥʦʛʝʥʘ ʩ 

ʪʠʦʮʠʘʥʘʪ-ʘʥʠʦʥʦʤ. ʇʦʩʣʝʜʥʷʷ ʨʝʘʢʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʪʠʦʮʠʘʥʦʛʝʥʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʵʣʝʢʪʨʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ɸ.ʉ. ʄʝʥʜʢʦʚʠʯ ʠ ʢ.ʭ.ʥ. 

ɺ.ɸ. ʂʦʢʦʨʝʢʠʥ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ), 

ʩʦʚʤʝʩʪʥʦ ʩ ʇʝʨʚʳʤ ʄʦʩʢʦʚʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʤʝʜʠʮʠʥʩʢʠʤ 
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ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʠʤʝʥʠ ʀ.ʄ. ʉʝʯʝʥʦʚʘ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ 

ʗʨʦʩʣʘʚʩʢʠʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʋʥʠʚʝʨʩʠʪʝʪʦʤ. 

 

J. Electrochem. Soc., 168 (2021) 125501. 

24. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʤʘʨʛʘʥʮʘ 

ʘʜʘʤʘʥʪʦʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣ ʠʤʝʝʪ ʥʝʭʘʨʘʢʪʝʨʥʫʶ ʩʪʝʧʝʥʴ 

ʦʢʠʩʣʝʥʠʷ +4. ʇʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʦʥʘ ʤʝʪʘʣʣʘ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʤʷ 

ʥʠʪʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʠʛʘʥʜʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʩʦʣʝʡ 

ʤʝʪʘʣʣʦʚ(II) ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʢʘʢ ʦʢʠʩʣʠʪʝʣʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʘʢʪʠʚʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʠʤʠʪʠʨʫʷ ʜʝʡʩʪʚʠʝ ʧʨʠʨʦʜʥʦʛʦ ʬʝʨʤʝʥʪʘ 

ʪʠʦʣʦʢʩʠʜʘʟʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɸ.ʖ. ʉʫʭʦʨʫʢʦʚ; ʦʪʚ. ʠʩʧ. ï 

ʢ.ʭ.ʥ. ʀ.ʉ. ɻʦʣʦʚʘʥʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ). 

 
Inorg. Chem., 60 (2021) 5523. 
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25. ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 2-ʘʟʠʜʦʬʝʥʠʣ-

ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʠ 2-ʬʝʥʠʣʩʝʣʝʥʦʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʛʣʠʢʘʣʝʡ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ Ph2Se2, PhI(OAc)2 ʠ NaN3 ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʊʘʢ, ʠʟ ʪʨʠʘʮʝʪʠʣ-D-ʛʘʣʘʢʪʘʣʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʦʣʫʯʝʥ 

ʬʝʥʠʣ-3,4,6-ʪʨʠ-O-ʘʮʝʪʠʣ-2-ʘʟʠʜʦ-2-ʜʝʟʦʢʩʠ-1-ʩʝʣʝʥʦ-Ŭ-D-ʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜ 

ï ʤʘʣʦʜʦʩʪʫʧʥʳʡ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʦ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʡ ʙʣʦʢ ʜʣʷ ʩʙʦʨʢʠ 

ʩʣʦʞʥʳʭ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 1-O-ʘʮʝʪʠʣ-2-ʩʝʣʝʥʦ-2-ʜʝʟʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ - 

ʧʨʦʜʫʢʪʳ ʘʮʝʪʦʢʩʠʬʝʥʠʣʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʛʣʠʢʘʣʝʡ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 2-ʜʝʟʦʢʩʠʩʘʭʘʨʦʚ. ɼʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥ r ʩʧʝʢʪʨ r
1
ʅ, 

13
ʉ ʠ 

77
Se ʗʄʈ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 2-ʩʝʣʝʥʦ-2-

ʜʝʟʦʢʩʠʛʣʠʢʦʟʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʝʣʠʯʠʥ ʭʠʤʩʜʚʠʛʦʚ ʠ ʂʉʉɺ 
n
JSe-H ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʥʦʩʘʭʘʨʠʜʥʦʛʦ ʢʦʣʴʮʘ ʠ ʘʥʦʤʝʨʥʦʛʦ ʮʝʥʪʨʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʅ.ɽ. ʋʩʪʶʞʘʥʠʥʘ; 

ʠʩʧ. ï ʘʩʧ. ʇ.ɸ. ʌʦʤʠʮʢʘʷ, ʢ.ʭ.ʥ. ʖ.ɽ. ʎʚʝʪʢʦʚ, ʢ.ʭ.ʥ. ɼ.ɸ. ɸʨʛʫʥʦʚ ʠ ɸ.ɺ. 

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