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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 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 ɹʁ ʨʦ 

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 14.03.2019,  

ʧʨʦʪʦʢʦʣ ˉ19 

 

ʉʦʩʪʘʚ 

ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

 

ɹʶʨʦ ʉʦʚʝʪʘ 

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

2. ɸʢʘʜʝʤʠʢ ʂʦʥʦʚʘʣʦʚ ɸ.ʀ. ï ʟʘʤ.ʧʨʝʜʩʝʜʘʪʝʣʷ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʝʢʮʠʠ 

3. ɸʢʘʜʝʤʠʢ ʉʠʥʷʰʠʥ ʆ.ɻ. ï ʟʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʝʢʮʠʠ 

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

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

6. ɸʢʘʜʝʤʠʢ ɸʙʘʢʫʤʦʚ ɻ.ɸ. 

7. ɸʢʘʜʝʤʠʢ ɸʣʬʠʤʦʚ ʄ.ɺ. 

8. ɸʢʘʜʝʤʠʢ ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

9. ɸʢʘʜʝʤʠʢ ɹʫʙʥʦʚ ʖ.ʅ. 

10. ɸʢʘʜʝʤʠʢ ʄʠʥʢʠʥ ɺ.ʀ. 

11. ɸʢʘʜʝʤʠʢ ʄʦʠʩʝʝʚ ʀ.ʀ. 

12. ɸʢʘʜʝʤʠʢ ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. 

13. ɸʢʘʜʝʤʠʢ ʅʝʬʝʜʦʚ ʆ.ʄ. 

14. ɸʢʘʜʝʤʠʢ ʅʦʚʘʢʦʚ ʀ.ɸ. 

15. ɸʢʘʜʝʤʠʢ ʊʘʨʪʘʢʦʚʩʢʠʡ ɺ.ɸ. 

16. ɸʢʘʜʝʤʠʢ ʊʨʦʬʠʤʦʚ ɹ.ɸ. 

17. ɸʢʘʜʝʤʠʢ ʏʘʨʫʰʠʥ ɺ.ʅ. 

18. ɸʢʘʜʝʤʠʢ ʏʫʧʘʭʠʥ ʆ.ʅ. 

19. ɸʢʘʜʝʤʠʢ ʖʥʫʩʦʚ ʄ.ʉ. 

 

ʉʝʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ɸʢʘʜʝʤʠʢ ɽʛʦʨʦʚ ʄ.ʇ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɸʥʘʥʠʢʦʚ ɺ.ʇ. 

3. ʇʨʦʬʝʩʩʦʨ ɹʘʛʨʷʥʩʢʘʷ ɽ.ɻ. 

4. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɹʘʯʫʨʠʥ ʉ.ʆ. 

5. ɸʢʘʜʝʤʠʢ ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

6. ʇʨʦʬʝʩʩʦʨ ɹʨʝʜʠʭʠʥ ɸ.ɸ. 

7. ɸʢʘʜʝʤʠʢ ɹʫʭʪʠʷʨʦʚ ɺ.ʀ. 

8. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʫʯʠʥ ɸ.ɺ. 

9. ʇʨʦʬʝʩʩʦʨ ʅʘʚʨʦʮʢʠʡ ʄ.ɹ. 

10. ʇʨʦʬʝʩʩʦʨ ʈɸʅ ʅʝʥʘʡʜʝʥʢʦ ɺ.ɻ. 

11. ɸʢʘʜʝʤʠʢ ʅʝʬʝʜʦʚ ʆ.ʄ. 

12. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʢʠʰʠʥ ɻ.ʀ. 

13. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʬʘʥʪʴʝʚ ʅ.ʕ. 

14. ɸʢʘʜʝʤʠʢ ʅʦʚʘʢʦʚ ʀ.ɸ. 

15. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʈʫʩʠʥʦʚ ɺ.ʃ. 

16. ʇʨʦʬʝʩʩʦʨ ʉʳʩʦʣʷʪʠʥ ʉ.ɺ. 



9 

 

17. ɸʢʘʜʝʤʠʢ ʊʘʨʪʘʢʦʚʩʢʠʡ ɺ.ɸ. 

18. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʊʝʨʝʥʪʴʝʚ ɸ.ʆ. 

19. ɸʢʘʜʝʤʠʢ ʏʘʨʫʰʠʥ ɺ.ʅ. 

20. ɸʢʘʜʝʤʠʢ ʏʫʧʘʭʠʥ ʆ.ʅ. 

21. ɸʢʘʜʝʤʠʢ ʖʥʫʩʦʚ ʄ.ʉ. 

 

ʉʝʢʮʠʷ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

1. ɸʢʘʜʝʤʠʢ ʉʠʥʷʰʠʥ ʆ.ɻ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2. ɸʢʘʜʝʤʠʢ ɸʙʘʢʫʤʦʚ ɻ.ɸ. 

3. ɸʢʘʜʝʤʠʢ ɹʫʙʥʦʚ ʖ.ʅ. 

4. ʇʨʦʬʝʩʩʦʨ ɹʫʜʥʠʢʦʚʘ ʖ.ɻ. 

5. ʏʣ.-ʢʦʨʨ. ʈɸʅ ɼʞʝʤʠʣʝʚ ʋ.ʄ. 

6. ʇʨʦʬʝʩʩʦʨ ʈɸʅ ɼʴʷʢʦʥʦʚ ɺ.ɸ. 

7. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʫʢʫʰʢʠʥ ɺ.ʖ. 

8. ɸʢʘʜʝʤʠʢ ʄʠʥʢʠʥ ɺ.ʀ. 

9. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʄʠʨʦʥʦʚ ɺ.ʌ.  

10. ɸʢʘʜʝʤʠʢ ʄʦʠʩʝʝʚ ʀ.ʀ. 

11. ɸʢʘʜʝʤʠʢ ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. 

12. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʉʘʣʦʫʪʠʥ ɺ.ɸ. 

13. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʉʪʦʨʦʞʝʥʢʦ ʇ.ɸ. 

14. ʇʨʦʬʝʩʩʦʨ ʊʨʠʬʦʥʦʚ ɸ.ɸ.  

15. ɸʢʘʜʝʤʠʢ ʊʨʦʬʠʤʦʚ ɹ.ɸ. 

16. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

17. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʏʝʨʢʘʩʦʚ ɺ.ʂ. 

 

ʉʝʢʮʠʷ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

1. ɸʢʘʜʝʤʠʢ ʂʦʥʦʚʘʣʦʚ ɸ.ʀ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2. ɸʢʘʜʝʤʠʢ 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 ɽʨʝʤʝʥʢʦ ʀ.ʃ. 

8. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʦʡʬʤʘʥ ʆ.ʀ. 

9. ʇʨʦʬʝʩʩʦʨ ʂʫʩʪʦʚ ʃ.ʄ. 

10. ɸʢʘʜʝʤʠʢ ʆʚʯʘʨʝʥʢʦ ɺ.ʀ. 

11. ɸʢʘʜʝʤʠʢ ʈʫʩʘʥʦʚ ɸ.ʀ. 

12. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʌʝʜʠʥ ɺ.ʇ. 

13. ʇʨʦʬʝʩʩʦʨ ʌʝʜʦʨʦʚʘ ʆ.ɸ. 

14. ɸʢʘʜʝʤʠʢ ʍʦʭʣʦʚ ɸ.ʈ. 

15. ɸʢʘʜʝʤʠʢ ʎʠʚʘʜʟʝ ɸ.ʖ. 

16. ʇʨʦʬʝʩʩʦʨ ʏʚʘʣʫʥ ʉ.ʅ. 
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ʅɸʋʏʅʓɽ ɼʆʉʊʀɾɽʅʀʗ ʇʆ ʊɽʄɸʊʀʂɽ ʉʆɺɽʊɸ ɿɸ 2017 ʛʦʜ 

 

ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʨʝʘʛʝʥʪʦʚ 

ʥʘ ʥʘʥʦ- ʠ ʤʠʢʨʦ-ʨʘʟʤʝʨʥʦʤ ʫʨʦʚʥʷʭ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ C-S ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠʜʦʚ ʠ ʪʠʦʣʷʪʦʚ ʥʠʢʝʣʷ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʦʝ ʨʘʟʨʫʰʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʪʠʦʣʷʪʘ ʥʠʢʝʣʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʧʝʨʝʥʦʩʦʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʛʨʫʧʧ ʥʘ ʘʢʪʠʚʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʮʝʥʪʨ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʜʘʣʝʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ. 

ʋʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘʙʣʶʜʝʥʠʝ ʨʝʘʢʮʠʠ ʥʘʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ 

ʨʝʘʛʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʟʘʧʠʩʘʪʴ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʚʠʜʝʦ-ʬʠʣʴʤʘ ʨʝʘʢʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʇ. ɸʥʘʥʠʢʦʚ; 

ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʉ. ʂʘʰʠʥ, ʢ.ʭ.ʥ. ɽ.ʉ. ɼʝʛʪʷʨʝʚʘ, ʠʥʞ.-ʠʩʩʣ. ɼ.ɹ. ɽʨʝʤʠʥ 

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

 

Nature Commun., 9 (2018) 2936 
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2. ʈʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʟʘʤʝʱʸʥʥʳʭ N-

ʘʮʠʣʛʠʜʨʘʟʦʥʦʚ ʥʘ ʦʩʥʦʚʝ Au(I)-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʮʝʪʠʣʝʥʦʚ ʠ 

ʛʠʜʨʘʟʠʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʣʢʠʥʦʚ 

ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʠʣʘʮʝʪʠʣʝʥʘ (ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ) ʩ ʛʠʜʨʘʟʠʜʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʛʦʤʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘ ʟʦʣʦʪʦʤ(I) ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʠʥʪʝʟʘ 

ʟʘʤʝʱʸʥʥʳʭ N-ʘʮʠʣʛʠʜʨʘʟʦʥʦʚ. ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ, ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ɺ.ʖ. ʂʫʢʫʰʢʠʥ; ʠʩʧ. ï ɼ.ʇ. ɿʠʤʠʥ, ɼ.ɺ. ɼʘʨʴʠʥ, ɺ.ɸ. 

ʈʘʩʩʘʜʠʥ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). 

 

Org. Lett., 20 (2018) 4880ï4884 

3. ʅʘʡʜʝʥ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʦʛʦ 

ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ 3-ʛʠʜʨʦʢʩʠ-4-ʘʨʠʣʭʠʥʦʣʠʥ-2-ʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʡ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʘʣʢʘʣʦʠʜ ʚʠʨʠʜʠʢʘʪʦʣ (ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ ʥʠʞʝ). ʉʪʨʘʪʝʛʠʷ ʩʠʥʪʝʟʘ 3-ʛʠʜʨʦʢʩʠ-4-ʘʨʠʣʭʠʥʦʣʠʥ-2-ʦʥʦʚ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʥʜʝʥʩʘʮʠʶ (ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ) ɼʘʨʟʘʥʘ 

ʜʠʭʣʦʨʘʮʝʪʘʥʠʣʠʜʦʚ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʦʜʥʦʨʝʘʢʪʦʨʥʫʶ 

ʵʧʦʢʩʠʜ-ʘʨʝʥʦʮʠʢʣʠʟʘʮʠʶ (ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʉïʉ ʩʚʷʟʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ ʩʳʨʴʷ, ʧʨʦʩʪʦʪʦʡ 

ʠʩʧʦʣʥʝʥʠʷ, ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʘʨʴʠʨʫʝʤʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. ï 

ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. ʄʘʤʝʜʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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4. ʆʪʢʨʳʪʘ ʥʦʚʘʷ ʪʘʥʜʝʤʥʘʷ ʨʝʘʢʮʠʷ ʚ ʨʷʜʫ N-(4,4-

ʜʠʵʪʦʢʩʠʙʫʪʠʣ)ʘʨʠʣʤʝʪʘʥʠʤʠʥʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʨʝʦ-

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ (E)-3-ʘʨʠʣʠʜʝʥ-1-ʧʠʨʨʦʣʠʥʳ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʨʝʘʢʮʠʶ ʄʘʥʥʠʭʘ ʠ ʧʦʩʣʝʜʫʶʱʫʶ [1,3]-ʩʠʛʤʘʪʨʦʧʥʫʶ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʩ ʫʯʘʩʪʠʝʤ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 3-ʘʨʠʣʠʜʝʥ-1-ʧʠʨʨʦʣʠʥʳ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʙʘʟʦʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʨʦʣʠʜʠʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ 2-

ʘʨʠʣʧʠʨʨʦʣʠʜʠʥʦʚ ʠ ʧʨʦʠʟʚʦʜʥʦʛʦ ʘʣʢʘʣʦʠʜʘ ʛʠʛʨʠʥʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ 

ï ʘʢʘʜʝʤʠʢ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ɸ.ʈ. ɹʫʨʠʣʦʚ (ʀʥʩʪʠʪʫʪ 

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

 

 

 

 

 

RSC Adv., 7 (2017) 50955ï

50960; ɾʆʍ, 88 (2018) 

1566ï1569 
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5. ʀʩʩʣʝʜʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʨʠʥʳ ʠ ʛʝʪʘʨʠʥʳ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʠʭ ʨʷʜʦʚ (ʢʘʨʙʦʨʘʥ-ʘʨʠʥʳ), ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʦʜʥʦʨʝʘʢʪʦʨʥʦʤ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʬʣʫʦʨʦʬʦʨʦʚ ʠ 

ʭʝʤʦʩʝʥʩʦʨʦʚ (ʛʝʪʝʨʦ)ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʷʜʦʚ ((ʙʝʥʟ)ʧʝʨʠʣʝʥʦʚ, ʠʧʪʠʮʝʥʦʚ ʠ 

ʜʨ.), ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ (ʥʘʧʨʠʤʝʨ, 

ʠʟʦʭʠʥʦʣʠʥʦʚ, 10-(1ʅ-1,2,3-ʪʨʠʘʟʦʣ-1-ʠʣ)ʧʠʨʠʜʦ[1,2-a]ʠʥʜʦʣʦʚ ʠ ʠʭ ʘʟʘ- ʠ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ). ʊʝʤ ʩʘʤʳʤ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʘʩʘʶʱʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʝʡ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʵʣʝʤʝʥʪ)ʘʨʠʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩ (ʛʝʪʝʨʦ)ʘʨʝʥʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʧʨʠʤʝʨʝ 1,2,4-ʪʨʠʘʟʠʥʦʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʥʪʘ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʭʠʥʦʣʠʥʘ, 

ʘʥʘʣʦʛʠʯʥʦ ʨʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʚ ʘʨʝʥʘʭ ʠ ʛʝʪʘʨʝʥʘʭ, ʘ ʪʘʢʞʝ 

ʥʝʦʧʠʩʘʥʥʘʷ ʨʘʥʝʝ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʷ, ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʛʨʘʥʠʮ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʦʡ ʨʝʘʢʮʠʠ ʠ ʚʣʠʷʥʠʷ ʥʘ ʝʝ ʧʨʦʪʝʢʘʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʤʦʣʝʢʫʣʝ (ʵʣʝʤʝʥʪ)ʘʨʠʥʘ ʠ (ʛʝʪʝʨʦ)ʘʨʝʥʘ. ʀʟʫʯʝʥʘ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʥʫʞʜ ʤʝʜʠʮʠʥʳ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʆ.ʅ. ʏʫʧʘʭʠʥ; ʦʪʚ. ʠʩʧ. ï 

ɻ.ɺ. ɿʳʨʷʥʦʚ (ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ). 

 

Org. Biomol. Chem., 16 (2018) 5119-5135 
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6. ʅʘʡʜʝʥ ʥʦʚʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʠ NO-R 

ʘʣʢʦʢʩʠʘʤʠʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʴʜʦ-

ʥʠʪʨʦʥʦʚ ʢ ʦʣʝʬʠʥʘʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ X ʚ ʦʣʝʬʠʥʝ, ʧʨʦʯʥʦʩʪʴ 

ʩʚʷʟʠ NO-R ʚ ʘʜʜʫʢʪʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 7ï13 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʝʝ ʜʠʩʩʦʮʠʘʮʠʠ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʫʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʩʪʠʨʦʣʘ. ʀʩʭʦʜʥʳʡ 

ʘʣʴʜʦʥʠʪʨʦʥ, ʥʘʧʨʦʪʠʚ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ 

(ʧʝʨʠʦʜ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ 1350 ʩʫʪ. ʧʨʠ 25 
o
C). ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï 

ʧʨʦʬʝʩʩʦʨ ɽ.ɻ. ɹʘʛʨʷʥʩʢʘʷ ʠ ʢ.ʭ.ʥ. ʀ.ɸ. ʂʠʨʠʣʶʢ; ʠʩʧ. ï ʄ.ɺ. ɽʜʝʣʝʚʘ, ɼ.ɸ. 

ʇʘʨʭʦʤʝʥʢʦ, ɼ.ɸ. ʄʦʨʦʟʦʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ɸ. ʖʨʯʝʥʢʦʚʘ). 

 

Chem. Commun., 55 (2019) 190-193 

7. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 2,2,5,5-

ʪʝʪʨʘʵʪʠʣʟʘʤʝʱʝʥʥʳʭ ʥʠʪʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʨʷʜʘ. 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʢ.ʭ.ʥ. ʀ.ɸ. ʂʠʨʠʣʶʢ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʉ.ɸ. ɼʦʙʨʳʥʠʥ; 

ʠʩʧ. ʜ.ʭ.ʥ. ʖ.ɺ. ɻʘʪʠʣʦʚ, ʢ.ʭ.ʥ. ɽ.ʀ. ʏʝʨʥʷʢ, ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ) ʩʦʚʤʝʩʪʥʦ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ 

ʠ ʛʦʨʝʥʠʷ ʠʤ. ɺ.ɺ. ɺʦʝʚʦʜʩʢʦʛʦ ʉʆ ʈɸʅ (ʢ.ʬ.-ʤ.ʥ. ʖ.ʀ. ɻʣʘʟʘʯʝʚʳʤ). 

 
J. Org. Chem. 83 (2018) 5392-5397 

8. ʈʘʟʨʘʙʦʪʘʥ ʦʙʱʠʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʭʠʨʘʣʴʥʳʭ 1ʅ-ʧʠʨʘʟʦʣʦ[3,4-b]-

ʧʠʨʠʜʠʥʦʚ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʧʠʥʘʥʦʚʳʤ ʫʛʣʝʨʦʜʥʳʤ ʩʢʝʣʝʪʦʤ. ʄʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʘʤʠʥʦʧʠʨʘʟʦʣʦʚ ʩ ʦʢʩʠʤʦʤ ʧʠʥʦʢʘʨʚʦʥʘ, 

ʧʦʣʫʯʘʝʤʳʤ ʠʟ ʧʨʠʨʦʜʥʦʛʦ a-ʧʠʥʝʥʘ ʧʦ ʨʝʘʢʮʠʠ ʥʠʪʨʦʟʦʭʣʦʨʠʨʦʚʘʥʠʷ-

ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ï ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 1ʅ-ʧʠʨʘʟʦʣʦ[3,4-b]ʧʠʨʠʜʠʥʦʚ, ʧʦʢʘʟʘʥʳ 

ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʭʠʨʘʣʴʥʳʝ ʛʝʪʝʨʦ-

ʘʪʦʤʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʥʘʥʦʚʦʛʦ ʨʷʜʘ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʝ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʭʠʨʘʣʴʥʳʝ ʣʠʛʘʥʜʳ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 
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ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʧʨʦʬʝʩʩʦʨ 

ɸ.ɺ. ʊʢʘʯʸʚ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʄ. ɸʛʘʬʦʥʮʝʚ, ʘʩʧ. ʖ.ʇ. ʋʩʪʠʤʝʥʢʦ 

(ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ) 

ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ 

(ʢ.ʭ.ʥ. ɺ.ʖ. ʂʦʤʘʨʦʚ). 

 

Mendeleev Commun., (2018) 584-596 

9. ʈʘʥʝʝ (Org. Lett., 19 (2017) 532-535) ʫʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʱʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʠʢʘʪʠʦʥʘ ʙʠʥʦʣʘ ʚ 

ʩʚʝʨʭʢʠʩʣʦʡ ʩʨʝʜʝ, ʠʜʫʱʠʡ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ C(sp
3
)ïC(sp

3
). ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʘʤʠ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠ ʚ ʩʣʘʙʳʭ ʢʠʩʣʦʪʘʭ ʦʙʨʘʱʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʜʝʪ 

ʪʘʢʞʝ ʧʫʪʝʤ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ C(sp
3
)ïC(sp

3
), ʥʦ ʚ ʪʘʫʪʦʤʝʨʥʦʡ 

ʤʦʥʦʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʢʝʪʦ-ʬʦʨʤʝ. ɺ 2018 ʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʡ ʛʠʧʦʪʝʟʳ. ɸʪʨʦʧʦʠʟʦʤʝʨʠʟʘʮʠʷ 

ʙʠʥʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦ-ʬʦʨʤʳ. ʄʝʪʠʣʦʚʳʡ ʵʬʠʨ ʙʠʥʦʣʘ ʥʝ ʩʧʦʩʦʙʝʥ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʢʝʪʦ-ʬʦʨʤʳ ʠ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʘʪʨʦʧʦʠʟʦʤʝʨʠʟʘʮʠʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʩʠʩʪʝʤʝ 15% H2SO4 ï 1,4-ʜʠʦʢʩʘʥ ʚ ʪʝʯʝʥʠʝ 100 ʯ. ɺ ʩʚʝʨʭʢʠʩʣʦʡ ʩʨʝʜʝ 

HSO3F-SbF5 ʧʨʠ ï95 
o
C ʘʪʨʦʧʦʠʟʦʤʝʨʠʟʘʮʠʠ ʥʝʪ, ʪʘʢ ʢʘʢ ʩʚʝʨʭʢʠʩʣʘʷ ʩʨʝʜʘ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 
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ʘʪʨʦʧʦʠʟʦʤʝʨʠʟʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 20 
o
C ʧʨʠʚʦʜʠʪ ʢ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʜ.ʭ.ʥ. ʂ.ʖ. ʂʦʣʪʫʥʦʚ (ʀʂ ʉʆ ʈɸʅ, ʅɻʋ); ʠʩʧ. ï ʏ. ʏʞʫ (ʅɻʋ), 

ʅ.ɺ. ʊʢʘʯʝʥʢʦ (ʀʂ ʉʆ ʈɸʅ, ʅɻʋ), ʢ.ʭ.ʥ. ɸ.ʄ. ɻʝʥʘʝʚ (ʅʀʆʍ ʉʆ ʈɸʅ), 

ʢ.ʭ.ʥ. ɸ.ɺ. ʐʝʨʥʶʢʦʚ ʠ ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ (ʅʀʆʍ ʉʆ ʈɸʅ, ʅɻʋ). 

 

 

 

 

 

 

 

Mendeleev Commun., 

28 (2018) 27ï28; 

ɾʆʨʍ, 54 (2018) 787-

789 

10. ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʨʝʚʨʘʱʝʥʠʷ 1-ʥʠʪʨʦʥʘʬʪʘʣʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ 

ʃʴʶʠʩʘ ʥʘ ʧʨʠʤʝʨʝ AlCl 3 ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʙʝʥʟʦʣ ʙʳʩʪʨʦ 

ʧʦʣʫʯʘʝʪʩʷ ʦʢʩʠʤ ʩ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 4, ʠʟ ʢʦʪʦʨʦʛʦ 

ʟʘʪʝʤ ʦʙʨʘʟʫʝʪʩʷ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʡ ʦʢʩʠʤ. ɺ ʨʝʘʢʮʠʠ ʩ ʮʠʢʣʦʛʝʢʩʘʥʦʤ 

1-ʥʠʪʨʦʥʘʬʪʘʣʠʥ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʪʝʪʨʘʛʠʜʨʦʘʤʠʥʦʥʘʬʪʘʣʠʥʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʂ.ʖ. ʂʦʣʪʫʥʦʚ 

(ʀʂ ʉʆ ʈɸʅ, ʅɻʋ); ʠʩʧ. ï ʏ. ʏʞʫ (ʅɻʋ), ʢ.ʭ.ʥ. ɸ.ʄ. ɻʝʥʘʝʚ (ʅʀʆʍ ʉʆ 

ʈɸʅ) ʠ ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ (ʅʀʆʍ ʉʆ ʈɸʅ, ʅɻʋ). 

 

Org. Biomol. Chem.,16 (2018) 9129-9132 
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11. ʇʨʝʜʣʦʞʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ï ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʵʬʠʨʦʚ ʛʣʠʮʠʥʘ (ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʠ ʠʟʦ-ʧʨʦʧʠʣʦʚʦʛʦ) ʩ 

2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʬʝʥʦʥʦʤ. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʜʘʣʴʥʝʡʰʠʡ ʛʠʜʨʦʣʠʟ ʚ ʢʠʩʣʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʫʶ ʘʤʠʥʦʢʠʩʣʦʪʫ, ʥʦ ʠ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ ʛʠʜʨʦʢʩʠʙʝʥʟʦʬʝʥʦʥ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʚʪʦʨʥʦ, ʙʝʟ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʙʩʪʨʘʪ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʪʴʩʷ ʠ ʜʣʷ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʉ=ʉ ʩʚʷʟʝʡ ʧʦ ʄʠʭʘʵʣʶ, ʧʨʦʭʦʜʷʱʠʭ ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 90% 

ʠ ʩ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 89%. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ: ʖ.ʅ. ɹʝʣʦʢʦʥʴ; 

ʠʩʧʦʣʥʠʪʝʣʠ: ʉ.ʄ. ʄʘʩʦʫʜ, ʊ.ʈ. ɸʢʤʘʣʦʚ, ʂ.ɸ. ʇʘʣʘʛʠʥ, ʌ.ʄ. ɼʦʣʛʫʰʠʥ, 

ʉ.ɽ. ʅʝʬʝʜʦʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. 

ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

 

 

SYNTHESIS, 50 (2018) 607ï616 

12. ʆʪʢʨʳʪʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʣʠʣʙʦʨʠʨʫʶʱʠʝ ʨʝʘʛʝʥʪʳ ï ʘʤʠʥʥʳʝ 

ʘʜʜʫʢʪʳ ʘʣʣʠʣʴʥʳʭ ʦʨʛʘʥʦʙʦʨʘʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʮʝʥʥʳʭ 

ʩʚʦʡʩʪʚ ï ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ, ʧʨʠʩʫʱʝʡ 

ʪʨʠʘʣʣʠʣʴʥʳʤ ʦʨʛʘʥʦʙʦʨʘʥʘʤ, ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʠʩʣʦʨʦʜʫ, ʚʦʜʝ, ʩʧʠʨʪʘʤ ï ʪʝʤ ʩʚʦʡʩʪʚʘʤ, 

ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʤʘʣʦʘʢʪʠʚʥʳʝ, ʥʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʚ ʩʠʥʪʝʟʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʘʣʣʠʣʙʦʨʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʜʜʫʢʪʦʚ 
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ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʦʤʦʘʣʣʠʣʘʤʠʥʦʚ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʤʠʥʦʘʣʣʠʣʠʨʦ-

ʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʝʪʘʥʦʣʝ. ʉʘʤʠ ʛʦʤʦʘʣʣʠʣʘʤʠʥʳ, ʙʣʘʛʦ-

ʜʘʨʷ ʣʝʛʢʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ 

ʧʨʠʨʦʜʥʳʭ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʘʜʜʫʢʪ 

ʤʝʪʠʣʘʤʠʥʘ ʩ ʪʨʠʘʣʣʠʣʙʦʨʘʥʦʤ ʩʧʦʩʦʙʝʥ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚ-

ʥʦʤ (de 98%) ʤʝʜʴ(I) ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʘʣʣʠʣʠʨʦʚʘʥʠʠ ʩʫʣʴʬʠʥʠʣʠʤʠʥʘ 

ʕʣʣʤʘʥʘ. ʇʦʩʢʦʣʴʢʫ ʘʣʣʠʣʴʥʳʝ ʪʨʠʦʨʛʘʥʦʙʦʨʘʥʳ ʩʯʠʪʘʶʪʩʷ ʥʝ ʩʧʦʩʦʙʥʳʤʠ 

ʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʘʣʣʠʣʙʦʨʠʨʦʚʘʥʠʷ ʠʤʠʥʦʚ, ʵʪʦʪ ʧʨʠʤʝʨ ʷʚʣʷʝʪʩʷ 

ʙʝʩʧʨʝʮʝʜʝʥʪʥʳʤ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʘʢʘʜʝʤʠʢ ʖ.ʅ. ɹʫʙʥʦʚ ʠ ʢ.ʭ.ʥ. 

ʅ.ʖ. ʂʫʟʥʝʮʦʚ; ʠʩʧ. ï ʈ.ʄ. ʊʠʭʦʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

 

Org. Lett., 20 (2018) 3549-2; Org. Biomol. Chem.,16 (2018) 7115-9; ʧʦʣʫʯʝʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʧʘʪʝʥʪʥʦʡ ʟʘʷʚʢʝ RU 120720ɸ 

13. ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʪʨʠʬʪʦʨʤʝʪʠʣʢʝʪʦʥʦʚ ʮʠʢʣʦʙʫʪʝʥʦʚʦʛʦ ʨʷʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʜʦ 90%) ʠ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʝʚʨʘʱʝʥʠʷ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʟʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ, ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ï ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʝ 

ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʨʦʣʳ ʩ ʚʘʨʴʠʨʫʝʤʳʤ ʥʘʧʨʷʞʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʩʢʝʣʝʪʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 
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ʚʝʱʝʩʪʚ ʠ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʜ.ʭ.ʥ. ɸ.ɹ. 

ʂʦʣʜʦʙʩʢʠʡ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʆ.ʉ. ʐʠʣʦʚʘ, ʉ.ʄ. ʄʦʨʦʟʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ).  
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14. ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʨʠʨʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʘʢʮʠʠ Ti-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʨʦʩʩ-ʮʠʢʣʦʤʘʛʥʠʨʦʚʘʥʠʷ 1,2-

ʜʠʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʪʠʚʦʚ ɻʨʠʥʴʷʨʘ (ʨʝʘʢʮʠʷ ɼʞʝʤʠʣʝʚʘ), ʨʝʘʣʠʟʦʚʘʥ 

ʧʦʣʥʳʡ ʢʦʨʦʪʢʠʡ ʩʠʥʪʝʟ ʘʮʝʪʦʛʝʥʠʥʘ Chatenaytrienin ï ʙʠʦʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʙʠʩ-ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʚʦʛʦ ʘʮʝʪʦʛʝʥʠʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʤʠʥʦʨʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʠʟ ʢʦʨʥʝʡ Annona muricata ʠ ʧʨʦʷʚʣʷʶʱʝʛʦ ʚʳʩʦʢʠʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʦʡ ʩʠʥʪʦʥ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʮʝʣʝʚʦʛʦ ʘʮʝʪʦʛʝʥʠʥʘ ï (13Z,17Z,21Z)-

ʜʦʪʨʠʘʢʦʥʪʘ-13,17,21-ʪʨʠʝʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʚ ʜʚʝ ʩʪʘʜʠʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʦʩʩ-ʮʠʢʣʦʤʘʛʥʠʨʦʚʘʥʠʷ 6Z-ʛʝʧʪʘʜʝʢʘ-1,2,6-ʪʨʠʝʥʘ ʠ 

ʧʠʨʘʥʦʚʦʛʦ ʵʬʠʨʘ 13,14-ʧʝʥʪʘʜʝʢʘʜʠʝʥʦʣʘ ʩ ʧʦʤʦʱʴʶ EtMgBr ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ Cp2TiCl2 (5 ʤʦʣ.%) ʚ ʫʩʣʦʚʠʷʭ (20-22 
ʦ
ʉ, Et2O, 6 ʯ.) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʧʠʨʘʥʦʚʦʛʦ 

ʵʬʠʨʘ (13Z,17Z,21Z)-ʜʦʪʨʠʘʢʦʥʪʘ-13,17,21-ʪʨʠʝʥʦʣʘ ʨʝʘʢʪʠʚʦʤ ɼʞʦʥʩʘ ʩ 

ʚʳʭʦʜʦʤ ~78%. ʅʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ Ŭ-ʟʘʤʝʱʝʥʥʦʛʦ ʙʫʪʝʥʦʣʠʜʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 

ʌʨʠʩʘ. ʆʙʱʠʡ ʚʳʭʦʜ ʩʪʝʨʝʦʠʟʦʤʝʨʥʦ ʯʠʩʪʦʛʦ ʘʮʝʪʦʛʝʥʠʥʘ Chatenaytrienin 

ʩʦʩʪʘʚʠʣ ~62%. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʦʪʚ. 

ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɺ.ɸ. ɼʴʷʢʦʥʦʚ, ʢ.ʭ.ʥ. ʈ.ɸ., ʊʫʢʪʘʨʦʚʘ, ʘʩʧ. ʉ.ʈ. 

ʀʰʤʫʭʘʤʝʪʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 
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15. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʤʘʣʦʪʦʢʩʠʯʥʳʭ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚʳʜʚʠʥʫʪʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʠʜʝʷ ʧʦ ʩʠʥʪʝʟʫ 

ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʉ60-ʬʫʣʣʝʨʝʥʘ ʠ ʢʚʘʜʨʠʮʠʢʣʘʥʦʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʫʪʴ ʚʳʜʚʠʛʘʝʤʦʡ ʠʜʝʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʱʝʧʣʷʪʴ ɼʅʂ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʚ 

ʧʦʩʣʝʜʥʠʭ ʬʫʣʣʝʨʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʝʨʤʠʯʝʩʢʠ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʟʨʳʚʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʚ ʢʚʘʜʨʠʮʠʢʣʘʥʘʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʦʥʦʚ Pd ʠʣʠ Pt. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʜʚʠʥʫʪʦʡ ʠʜʝʠ ʤʳ 

ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʚ ʫʩʣʦʚʠʷʭ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʬʫʣʣʝʨʝʥʫ ʉ60 Ŭ-ʛʘʣʦʛʝʥʢʘʨʙʘʥʠʦʥʦʚ, 

ʛʝʥʝʨʠʨʫʝʤʳʭ in situ ʠʟ ʢʚʘʜʨʠʮʠʢʣʘʥʦʚʳʭ ʵʬʠʨʦʚ ʤʘʣʦʥʦʚʦʡ ʠ 

ʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʩ 

ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ in vitro ʥʘ ʢʣʝʪʢʘʭ ʊ-ʣʠʤʬʦʙʣʘʩʪʥʦʡ ʣʝʡʢʝʤʠʠ 

ʯʝʣʦʚʝʢʘ (Jurkat cells) ʧʦʢʘʟʘʣʦ ʜʦʩʪʦʚʝʨʥʦʝ ʜʦʟʦʟʘʚʠʩʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʤʝʨʪʚʳʭ ʢʣʝʪʦʢ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ, ʨʘʟʜʝʣʝʥʥʦʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʮʠʩ-ʧʣʘʪʠʥʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ð ʢʣʝʪʢʘʤʠ ʦʙʨʘʙʦʪʘʥʥʳʤʠ 
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ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʮʠʩʧʣʘʪʠʥʦʤ ʠʣʠ ʢʚʘʜʨʠʮʠʢʣʘʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

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

ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɸ.ʈ. ʊʫʢʪʘʨʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʈ. ɸʭʤʝʪʦʚ, ʢ.ʭ.ʥ. ɸ.ɸ. ʍʫʟʠʥ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 
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16. ɺ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʧʦʣʠʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ 6-ʟʘʤʝʱʝʥʥʳʭ ʬʫʣʴʚʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʝʥʦʠʜʦʚ 

ʘʣʶʤʠʥʠʷ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟ Et3Al ʠ CH2I2 ʚ ʫʩʣʦʚʠʷʭ (23
o
C, ʛʝʢʩʘʥ, 6 ʯ.) ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʪʨʠʮʠʢʣʦ[4.1.0.0
2,4
]ʛʝʧʪʘʥʦʚ ʩ ʚʳʭʦʜʦʤ 70-90%. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 6-ʟʘʤʝʱʝʥʥʳʭ ʬʫʣʴʚʝʥʦʚ 

ʜʠʘʟʦʤʝʪʘʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Et2AlI, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʨʙʝʥʦʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠʣʠ CH2N2 ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʮʠʢʣʠ-

ʯʝʩʢʠʭ ʧʦʣʠʝʥʦʚ ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʪʘʢ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

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

ʈɸʅ ʀ.ʈ. ʈʘʤʘʟʘʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ɺ. ʗʨʦʩʣʘʚʦʚʘ ʠ ʘʩʧ. ʅ.ʈ. ʗʫʙʘʩʘʨʦʚ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 
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17. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʛʝʢʩʘʛʠʜʨʦʛʝʢʩʘʘʟʘʧʠʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʬʫʨʘʟʘʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (5 ʤʦʣ. %NiCl2Ŀ6ʅ2ʆ, 

20 Áʉ, 3 ʯ, ʨʘʩʪʚʦʨʠʪʝʣʴ MeOHïDMSO) ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ 1,4,5,8-

ʪʝʪʨʘʘʟʘʜʠʬʫʨʘʟʘʥʦ[3,4-c][3,4-h]ʜʝʢʘʣʠʥʘ ʩ 1,3,5-ʪʨʠʮʠʢʣʦʘʣʢʠʣ-1,3,5-ʪʨʠ-

ʘʟʠʥʘʥʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 2,8-ʜʠʮʠʢʣʦʘʣʢʠʣ-

2,3,8,9,12c,12d-ʛʝʢʩʘʛʠʜʨʦ-1H,7H-5,11-ʜʠʦʢʩʘ-2,3a,4,6,6b,8,9a,10,12,12b-ʜʝʢʘ-

ʘʟʘʜʠʮʠʢʣʦʧʝʥʪʘ[e,l]ʧʠʨʝʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 55ï63%. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʩʠʥʪʝʟʫ ʧʦʣʠʘʟʘʧʦʣʠʮʠʢʣʦʚ ʩ ʙʠʩ-ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ ʬʫʨʘʟʘʥʦʚʳʤʠ ʢʦʣʴʮʘʤʠ 

ʩ ʫʯʘʩʪʠʝʤ 1,4,5,8-ʪʝʪʨʘʘʟʘʜʠʬʫʨʘʟʘʥʦ[3,4-c][3,4-h]ʜʝʢʘʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʰʠʨʦʢʦʤʫ ʨʷʜʫ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʌʫʨʘʟʘʥʦʚʳʡ ʮʠʢʣ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʵʥʝʨʛʦʝʤʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʠʘʟʦʪʠʩʪʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʨʘʟʘʥʦʧʠʨʘʟʠʥʘ ʧʨʝʜʣʦʞʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɸ.ɻ. 

ʀʙʨʘʛʠʤʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɽ.ɹ. ʈʘʭʠʤʦʚʘ, ʘʩʧ. ɺ.ʖ. ʂʠʨʩʘʥʦʚ (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 
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18. ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʵʢʜʠʩʪʝʨʦʠʜʥʳʭ ʤʦʣʝʢʫʣ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨ-ʘʥʘʣʦʛʘ 20-ʛʠʜʨʦʢʩʠʵʢʜʠʟʦʥʘ ʚ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʉ-

ʥʦʨ-D-ʛʦʤʦ-ʧʨʝʛʥʘʥʦʚʦʡ, D-ʛʦʤʦ-ʘʥʜʨʦʩʪʘʥʦʚʦʡ ʠʣʠ D-ʛʦʤʦ-13,14-

ʩʝʢʦʘʥʜʨʦʩʪʘʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʫʩʣʦʚʠʷʭ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʮʝʪʦʥʠʜʘ ʧʦʩʪʩʪʝʨʦʥʘ ʩ L-Selectride/HCl ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʢʘʩʥʦʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩ ʩʫʞʝʥʠʝʤ/ʨʘʩʰʠʨʝʥʠʝʤ ʉ/D ʮʠʢʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ (8R)-13(14Ÿ8)-ʉ-ʥʦʨ-D-ʛʦʤʦ-ʧʨʝʛʥʘʥʳ. ʈʝʘʢʮʠʝʡ 20R- 

ʛʠʜʨʦʢʩʠʧʨʝʛʥʘʥʦʚ ʩ ʜʠʵʪʠʣʘʤʠʥʦʩʝʨʘʪʨʠʬʪʦʨʠʜʦʤ (DAST) ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʝ D-ʛʦʤʦ-ʘʥʜʨʦʩʪʘʥʳ ʩ14Ŭ,(17a)Ŭ-ʦʢʩʝʪʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ (ʈʉɸ) 

ʠ D-ʛʦʤʦ-13,14-ʩʝʢʦʘʥʜʨʦʩʪʘʥ, ʩʦʜʝʨʞʘʱʠʡ ʜʝʩʷʪʠʯʣʝʥʥʳʡ ʤʘʢʨʦʮʠʢʣ. 

ʅʘʡʜʝʥʥʳʝ abeo-ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʧʫʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʘʥʘʣʦʛʦʚ ʤʦʨʩʢʠʭ ʵʢʜʠʩʪʝʨʦʠʜʦʚ, ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʭ D-ʛʦʤʦ-ʘʥʜʨʦʩʪʘʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ 

ʤʘʢʨʦʮʠʢʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʩʪʨʫʢʪʫʨ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʪʝʨʘʧʠʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ 
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ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɺ.ʅ. ʆʜʠʥʦʢʦʚ; ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ʃ.ɺ. ʇʘʨʬʸʥʦʚʘ, ʢ.ʭ.ʥ. 

ʈ.ɻ. ʉʘʚʯʝʥʢʦ, ʤ.ʥ.ʩ. ɽ.ʉ. ʄʝʱʝʨʷʢʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ 

ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 

 
Ultrasonics Sonochemistry 2018, DOI: 10.1016/j.ultsonch.2018.12.029 

19. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʪʨʠʪʝʨʧʝʥʦʚʳʝ 1,3-ʜʠʠʥʳ ʣʫʧʘʥʦʚʦʛʦ, ʫʨʩʘʥʦʚʦʛʦ ʠ ʦʣʝʘʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ, ʚ 

ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʣʠ ʜʚʘ ʪʨʠʪʝʨʧʝʥʦʚʳʭ ʷʜʨʘ ʩʚʷʟʘʥʳ ʧʨʠ ʉ-2 ʧʦʟʠʮʠʠ ʢʦʣʴʮʘ 

ɸ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʧʦʜʚʠʞʥʳʤ 1,3-ʜʠʠʥʦʚʳʤ ʩʧʝʡʩʝʨʦʤ. ʅʦʚʳʝ ʜʠʠʥʦʚʳʝ 

ʪʨʠʪʝʨʧʝʥʦʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 3-ʢʝʪʦ, 3-OAc, 3-OH ʠ 17-COOH ʬʫʥʢʮʠʠ, 

ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (80ï84%) ʧʫʪʝʤ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʛʦʤʦ- ʠ ʢʨʦʩʩ 

ʩʦʯʝʪʘʥʠʷ ʜʦʩʪʫʧʥʳʭ 2-ʧʨʦʧʠʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʪʫʣʦʥʦʚʦʡ, ʫʨʩʦʥʦʚʦʡ 

ʠ ʦʣʝʘʥʦʥʦʚʦʡ ʢʠʩʣʦʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ Cu/Pd-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ ʥʝʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʙʦʛʘʪʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

1,3-ʜʠʠʥʦʚʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʚʘʞʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʪʝʨʧʝʥʦʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɺ.ʅ. 

ʆʜʠʥʦʢʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʖ. ʉʧʠʚʘʢ, ʢ.ʭ.ʥ. ʈ.ʈ. ɻʫʙʘʡʜʫʣʣʠʥ (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 
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20. ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʣʘ ʩ ʧʦʤʦʱʴʶ 

ʮʠʢʣʦʧʨʦʧʘʥʩʦʜʝʨʞʠʱʠʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʪʝʪʨʘʮʠʢʣʦ-

[4.3.0.0
2,4

.0
3,7
]ʥʦʥʘʥʘ, ʵʢʟʦ-ʵʢʟʦ-, ʵʢʟʦ-ʵʥʜʦ-, ʵʥʜʦ-ʵʢʟʦ-, ʵʥʜʦ-ʵʥʜʦ-

ʛʝʢʩʘʮʠʢʣʦ[9.2.1.0
2,10

0
3,8

0
4,6

0
5,9
]ʪʝʪʨʘʜʝʢʘʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

Et3NH-Al 2Cl7. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʜʠʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (20 
ʦ
ʉ, 1 ʯ) ʧʫʪʝʤ 

ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʦʣʴʮʘ.  
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ɺ ʩʣʫʯʘʝ ʵʢʟʦ-ʵʥʜʦ-, ʵʥʜʦ-ʵʥʜʦ-ʛʝʢʩʘʮʠʢʣʦ[9.2.1.0
2,10

0
3,8

0
4,6

0
5,9
]ʪʝʪʨʘʜʝ-

ʢʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʤʦʣʝʢʫʣʝ ʥʘʠʙʦʣʝʝ ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʪʨʝʭʫʛʣʝʨʦʜʥʳʡ 

ʮʠʢʣ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʨʙʢʘʪʠʦʥʥʦʡ ʩʢʝʣʝʪʥʦʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ. ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩ ʚʳʭʦʜʘʤʠ 85-95% 4-
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ʬʝʥʠʣʧʝʥʪʘʮʠʢʣʦ[8.2.1.1
5,8

0.
2,9

0.
3,7
]ʪʝʪʨʘʜʝʢʘʥʦʚ ʜʦʢʘʟʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʗʄʈ
 1
H, 

13
C ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʈ.ʀ. ʍʫʩʥʫʪʜʠʥʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʈ.ʀ. ɸʤʠʥʦʚ ʠ ʢ.ʭ.ʥ. 

ʊ.ʄ. ɽʛʦʨʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ). 

21. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʣʠʛʘʥʜʘʤʠ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʩʠʥʪʝʟʝ ʤʝʪʦʜʘʤʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʥʘ ʧʘʣʣʘʜʠʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦ ʩʘʤʦʜʦʧʠʨʦʚʘʥʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʜʦʧʘʥʪʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (1 % ʠ ʤʝʥʝʝ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʥʮʝʧʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʘʤʦʜʦʧʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ 

ʦʪʢʨʳʚʘʝʪ ʧʨʦʩʪʦʡ ʧʫʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ɸ. ʇʦʥʦʤʘʨʝʥʢʦ, ʠʩʧ. ï ʢ.ʭ.ʥ. ʆ.ɺ. ɹʦʨʱʝʚ, ʢ.ʬ.-ʤ.ʥ. ʅ.ʄ. 

ʉʫʨʠʥ (ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. 

ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʌʠʟʠʯʝʩʢʠʤ ʬʘʢʫʣʴʪʝʪʦʤ ʄɻʋ (ʜ.ʬ.-ʤ.ʥ. 

ɼ.ʖ. ʇʘʨʘʱʫʢ) ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ɻʨʦʥʠʥʛʝʥʘ, ɻʦʣʣʘʥʜʠʷ (ʧʨʦʬʝʩʩʦʨ ʄ.ʉ. 

ʇʰʝʥʠʯʥʠʢʦʚ). 
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22. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ çʟʝʣʝʥʳʝè ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ 

ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʵʪʝʨʠʬʠʢʘʮʠʷ ʙʝʪʫʣʠʥʘ ʠ ʘʣʣʦʙʝʪʫʣʠʥʘ 

ʩ ʧʦʣʫʯʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 3,28-ʜʠʙʝʥʟʦʘʪʘ ʙʝʪʫʣʠʥʘ, 3,28-ʜʠʬʪʘʣʘʪʘ 

ʙʝʪʫʣʠʥʘ, 3,28-ʜʠʩʫʢʮʠʥʘʪʘ ʙʝʪʫʣʠʥʘ, 3,28-ʜʠʮʠʥʥʘʤʘʪʘ ʙʝʪʫʣʠʥʘ, 3-ʙʝʥʟʦʘʪʘ 

ʘʣʣʦʙʝʪʫʣʠʥʘ, 3-ʬʪʘʣʘʪʘ ʘʣʣʦʙʝʪʫʣʠʥʘ ʠ 3-ʩʫʢʮʠʥʘʪʘ ʘʣʣʦʙʝʪʫʣʠʥʘ ʧʫʪʝʤ ʠʭ 

ʩʧʣʘʚʣʝʥʠʷ ʩ ʙʝʥʟʦʡʥʦʡ, ʬʪʘʣʝʚʦʡ, ʷʥʪʘʨʥʦʡ ʠ ʢʦʨʠʯʥʦʡ ʢʠʩʣʦʪʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180ï230 ÁC ʚ ʪʝʯʝʥʠʝ 3ï5 ʤʠʥʫʪ. ɺʳʭʦʜ ʧʦʣʫʯʘʝʤʳʭ ʩʣʦʞʥʳʭ 

ʵʬʠʨʦʚ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 80ï90 % ʤʘʩ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

(ʧʠʨʠʜʠʥ, ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ), ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩ 

15ï20 ʯʘʩʦʚ ʜʦ 3ï5 ʤʠʥʫʪ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚʤʝʩʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʬʠʮʠʪʥʳʭ ʘʥʛʠʜʨʠʜʦʚ ʢʠʩʣʦʪ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï 

ʜ.ʭ.ʥ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ, ʦʪʚ. ʠʩʧ. ï ʜ.ʭ.ʥ. ɺ.ɸ. ʃʝʚʜʘʥʩʢʠʡ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ɸ.. 

ʂʦʥʜʨʘʩʝʥʢʦ, ʢ.ʭ.ʥ. ɸ.ɺ. ʃʝʚʜʘʥʩʢʠʡ (ʀʍʍʊ ʉʆ ʈɸʅ, ʌʀʎ ʂʅʎ ʉʆ ʈɸʅ). 

 

Chem. Nat. Compd., 54 (2018) 806-807; ʇʘʪʝʥʪʳ ʈʌ 2658838; 2665578 

23. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʠʜʨʘʟʠʥʦʚ ʢ CF3-ʟʘʤʝʱʝʥʥʳʤ ʠʥʦʥʘʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʘʟʦʣʦʚ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʰʠʨʦʢʦʛʦ 
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ʢʨʫʛʘ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ 

CelebrexÈ ʠ SC-560. ʄʝʪʦʜʦʤ ʗʄʈ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʄʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥ ʧʫʪʴ ʨʝʘʢʮʠʠ ʧʦ ʜʚʫʤ ʤʝʭʘʥʠʟʤʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʫʪʝʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʝʤʠʘʤʠʥʘʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʠ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʈɸʅ ʄ. ʉ. ʅʝʯʘʝʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʌ. 

ɸʩʘʯʝʥʢʦ, ɼ. ɸ. ɾʘʨʢʦʚʘ (ʀʅʍʉ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ (ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɺ.ɻ. ʅʝʥʘʡʜʝʥʢʦ). 

 

Eur. J. Org. Chem., 26 (2018) 3750-3755 

24. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʧʦʣʫʯʝʥʘ cʝʨʠʷ ʥʦʚʳʭ 

ʘʤʠʥʦʤʝʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ Ŭ-, ɔ-ʤʘʥʛʦʩʪʠʥʦʚ ï ʧʨʝʥʠʣʠʨʦʚʘʥʥʳʭ 

ʛʠʜʨʦʢʩʠʢʩʘʥʪʦʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ Garcinia mangostana L. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʘʤʠʥʦʤʝʪʠʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ 

ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʉ-4/ʉ-5-ʜʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʭ ʭʝʣʘʪʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʡ ʠ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʠ ʤʝʤʙʨʘʥʦʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʤʦʜʝʣʠ H2O2-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʛʝʤʦʣʠʟʘ ʵʨʠʪʨʦʮʠʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʘʤʠʥʦʤʝʪʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʦʣʦʞʝʥʠʷ C-4, C-4/C-5 Ŭ- ʠ ɔ-

ʤʘʥʛʦʩʪʠʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ɔ-ʤʘʥʛʦʩʪʠʥ ʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ 

ʩʚʦʡʩʪʚʘʤ Ŭ-ʤʘʥʛʦʩʪʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ɽ.ɺ. ɹʫʨʘʚʣʸʚ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ 

ʌʀʎ çʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅè), ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʙʠʦʣʦʛʠʠ ʌʀʎ çʂʦʤʠ 

ʅʎ ʋʨʆ ʈɸʅè (ʢ.ʙ.ʥ. ʆ.ɻ. ʐʝʚʯʝʥʢʦ). 
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25. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʠ ʦʮʝʥʝʥʘ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʪʦʨʩʦ-

ʜʝʨʞʘʱʠʭ ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ 4-ʢʘʨʘʥʪʠʦʣʘ. ɸʤʠʜʠʨʦʚʘʥʠʝ ʠ 

ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ 4-ʢʘʨʘʥʪʠʦʣʘ ʩ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠ ʩʘʣʠʮʠʣʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʫʣʴʬʝʥʠʤʠʥʘʤ ʩ ʚʳʭʦʜʘʤʠ 73ï99%. ʇʨʦʚʝʜʝʥʦ ʠʭ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʭʠʨʘʣʴʥʳʤʠ ʠ ʘʭʠʨʘʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ (m-CPBA, TBHP, CHP/VO(acac)2, H2O2/L*/VO(acac)2) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʠʥʠʤʠʥʦʚ. ʂʦʥʜʝʥʩʘʮʠ ̫ʩʫʣʴʬʠʥʘʤʠʜʦʚ ʩ ʩʘʣʠʮʠʣʦʚʳʤ 

ʘʣʴʜʝʛʠʜʦʤ ʠ 4-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʫʣʴʬʠʥʠʤʠʥʘʤ. N-ʟʘʤʝʱʝʥʥʳʝ ʪʨʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʠʥʘʤʠʜʳ ʧʦʣʫʯʝʥʳ 

ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ ʈʫʧʧʝʨʪʘ-ʇʨʘʢʘʰʘ ʢ 

ʩʫʣʴʬʠʥʠʤʠʥʘʤ. ʇʨʦʚʝʜʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢ ʧʦʣʫʯʝʥʥʳʤ ʩʫʣʴʬʠʥʠʤʠʥʘʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-

ʟʘʤʝʱʝʥʥʳʭ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʥʘʤʠʜʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 



31 

 

ʩʦʝʜʠʥʝʥʠʡ, ʚʦʩʦʙʝʥʥʦʩʪʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʠʥʘʤʠʜʳ ʠ ʥʝʢʦʪʦʨʳʝ 

ʩʫʣʴʬʠʥʠʤʠʥʳ, ʧʦʢʘʟʘʣʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

Acinetobacter baumannii, ʘ ʪʘʢʞʝ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

Candida albicans. ʉʫʣʴʬʠʥʠʤʠʥʳ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʱʠʱʘʪʴ 

ʵʨʠʪʨʦʮʠʪʳ ʪʝʧʣʦʢʨʦʚʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ in vitro. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʉ.ɸ. ʈʫʙʮʦʚʘ, ʠʩʧ. - ʢ.ʭ.ʥ. ɼ.ɺ ʉʫʜʘʨʠʢʦʚ, ʤ.ʥ.ʩ. 

ʖ.ɺ. ʂʨʳʤʩʢʘʷ, ʘʩʧʠʨʘʥʪ ʅ.ʆ. ʀʣʴʯʝʥʢʦ. (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʌʀʎ çʂʦʤʠ ʅʎ 

ʋʨʆ ʈɸʅè). 

 

Russ. Chem. Bull. 67 (2018) 731ï742; ʇʘʪʝʥʪʳ RU2650681 ʠ RU 2646959  

26. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʠʟʚʝʩʪʥʦʡ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ 

ʨʝʘʢʮʠʠ ɹʘʡʝʨʘ-ɺʠʣʣʠʛʝʨʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʪʘʙʠʣʴʥʳʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. ʅʘʡʜʝʥʦ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥ 

ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʠʟ ʜʦʩʪʫʧʥʳʭ ɓ-ʢʝʪʦʵʬʠʨʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʨʝʜʢʠʝ ʧʨʦʮʝʩʩʳ 

ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʛʠʜʨʦʧʝʨʦʢʩʠʜʥʦʡ ʛʨʫʧʧʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʢʣʶʯ ʢ 

ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ɹʘʡʝʨʘïɺʠʣʣʠʛʝʨʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʝʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. (ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ ˉ 14-50-00126). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʆ. ʊʝʨʝʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. 
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ɺ.ɸ. ɺʠʣ;ɹ ʠʩʧ. - ʘʩʧʠʨʘʥʪ ʆ.ɺ. ɹʠʪʶʢʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 

Angew. Chem. Int. Ed. 130 (2018) 3430-3434 

27. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʩʧʦʩʦʙ ʥʠʪʨʦʚʘʥʠʷ ʩʧʠʨʪʦʚ ʧʷʪʠʦʢʠʩʴʶ ʘʟʦʪʘ ʚ ʩʨʝʜʝ 1,1,1,2-ʪʝʪʨʘ-

ʬʪʦʨʵʪʘʥʘ (ʌʨʝʦʥ R134a). ʇʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 6 ʥʠʪʨʘʪʥʳʭ ʛʨʫʧʧ, 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ 0ï10 ęC, ʜʘʚʣʝʥʠʝ 0.6ï0.8 ʄʧʘ) ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʪʥʳʭ ʦʪʭʦʜʦʚ (HNO3). ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʨʝʙʫʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʣʝʛʢʦʩʪʴ ʨʝʮʠʨʢʫʣʷʮʠʠ ʬʣʶʠʜʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʜʝʣʘʶʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʮʝʥʥʳʭ 

ʣʝʢʘʨʩʪʚ (ʥʠʪʨʦʛʣʠʮʝʨʠʥ, ʠʟʦʩʦʨʙʠʪ ʜʠʥʠʪʨʘʪ ʠ ʜʨ.). ʌʝʨʤʝʥʪʘʪʠʚʥʦ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚʳʷʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ NO-ʜʦʥʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠ ʣʝʯʝʥʠʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʠ ʯʠʩʣʦʤ ʠ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʠʪʨʘʪʥʳʭ ʛʨʫʧʧ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʧʨʦʬʝʩʩʦʨ ʉ.ɻ. ɿʣʦʪʠʥ; ʦʪʚ. ʠʩʧ. - 
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ʢ.ʭ.ʥ. ʀ.ɺ. ʂʫʯʫʨʦʚ; ʠʩʧ. - ʥ.ʩ. ʄ.ʅ. ɾʘʨʢʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 

ACS Sustainable Chem. Eng. 6 (2018) 2535-2540 

28. ʆʙʥʘʨʫʞʝʥʦ (3+3)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʨʝʭʯʣʝʥʥʳʭ 

ʮʠʢʣʦʚ ï ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʮʠʢʣʦʧʨʦʧʘʥʦʚ (DA) ʠ ʜʠʘʟʠʨʠʜʠʥʦʚ (DI) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʛʠʜʨʦʧʠʨʠʜʘʟʠʥʦʚ (PHP). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʢʘʪʘʣʠʟʝ ʤʷʛʢʦʡ 

ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ [(Ni(ClO4)2] ʚ ʉH2Cl2 ʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ (40 ęʉ).  

 

Angew. Chem. Int. Ed. 57 (2018) 10338ï10342 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʦʙʦʠʭ ʪʠʧʦʚ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʝʪ ʚʝʣʠʢʦʣʝʧʥʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʰʝʩʪʠʯʣʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ʄʘʭʦʚʘ, ʦʪʚ. ʠʩʧ.: 
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ʜ.ʭ.ʥ. ɺ.ɺ. ʂʫʟʥʝʮʦʚ, ʜ.ʭ.ʥ. ʀ.ɺ. ʊʨʫʰʢʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

29. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʩʪʝʨʝʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʳʳʭ 

ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʬʨʘʛʤʝʥʪʘʤ Ŭ-(1Ÿ3)-D-ʛʣʶʢʘʥʘ - ʦʩʥʦʚʥʦʛʦ 

ʧʦʣʠʩʘʭʘʨʠʜʘ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʠ ʦʧʘʩʥʝʡʰʝʛʦ ʧʘʪʦʛʝʥʘ Aspergillus fumigatus. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʤʤʫʥʦʘʜʲʶʚʘʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 

ʠʤʤʫʥʦʜʝʪʝʨʤʠʥʘʥʪʥʳʝ ʫʯʘʩʪʢʠ Ŭ-(1Ÿ3)-D-ʛʣʶʢʘʥʘ, ʯʪʦ ʩʦʟʜʘʣʦ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʥʪʠʪʝʣ ʜʣʷ ʣʝʯʝʥʠʷ 

ʠʥʚʘʟʠʚʥʦʛʦ ʘʩʧʝʨʛʠʣʣʸʟʘ ï ʦʧʘʩʥʝʡʰʝʛʦ ʛʨʠʙʢʦʚʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʯʣ.-ʢʦʨʨ. ʈɸʅ ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ.: ʢ.ʭ.ʥ. 

ɹ.ʉ. ʂʦʤʘʨʦʚʘ, ʢ.ʭ.ʥ. ʖ.ɽ. ʎʚʝʪʢʦʚ, ʢ.ʭ.ʥ. ɺ.ɹ. ʂʨʳʣʦʚ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ Institut Pasteur 

(ʇʘʨʠʞ, ʌʨʘʥʮʠʷ). 

 

J. Org. Chem., 83 (2018) 12965ï12976 
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

1. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʙʝʥʟʠʤʠʜʘʟʦʣ-ʧʠʨʠʜʠʣʘʤʠʜʥʳʝ ʧʠʥʮʝʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʮʠʨʢʦʥʠʷ (IV) ʠ ʛʘʬʥʠʷ (IV), ʷʚʣʷʶʱʠʝʩʷ ʩʝʣʝʢʪʠʚʥʳʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʢʦʥʚʝʨʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʉʆ2 ʜʦ ʤʝʪʘʥʘ ʉʅ4. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʤʠʨʦʚʳʭ 

ʘʥʘʣʦʛʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. - 

ʧʨʦʬʝʩʩʦʨ ʈɸʅ ɼ.ɻ. ʗʭʚʘʨʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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2. ʈʘʟʨʘʙʦʪʘʥʳ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʥʦʚʳʤ ʤʝʤʙʨʘʥʦʪʨʦʧʥʳʤ ʉ-2- 

ʠ ʉ-28-ʤʦʥʦ- ʠ ʉ-3,ʉ-28-ʙʠʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʬʦʩʬʦʥʠʝʚʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ, ʦʙʣʘʜʘʶʱʠʤ ʥʠʟʢʦʡ ʪʦʢʩʠʯ-

ʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ MCF-7, MCF-7/Vinb, PC-3), ʢʦʪʦʨʘʷ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ 

ʚʠʥʙʣʘʩʪʠʥ ʠ ʜʦʢʩʦʨʫʙʠʮʠʥ ʜʣʷ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ (MCF-7/Vinb). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ: ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʌ. ʄʠʨʦʥʦʚ; 

ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʆ.ɺ. ʎʝʧʘʝʚʘ, ʢ.ʭ.ʥ. ɸ.ɺ. ʅʝʤʪʘʨʝʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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ɾʆʍ, 88 (2018) 

1576-1579;  

Eur. J. Clin. Inv., 

48 (2018) 97-98; 

RU 2665922 

3. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʛʘʣʦʛʝʥʘʣʢʘʥʦʚ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʘʣʦʛʝʥ-

ʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʩʪʚʦʨʷʝʤʳʤ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʠʡʦʜʤʝʪʘʥ ï ʨʘʩʪʚʦʨʠʪʝʣʴ ʩ ʥʘʠʙʦʣʴʰʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ ï ʦʯʝʥʴ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪ ʤʥʦʛʠʝ ʪʠʧʳ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʮʝʣʦʤ ʨʷʜʝ ʩʣʫʯʘʝʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 2ï15 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ï ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ɺ.ʖ. ʂʫʢʫʰʢʠʥ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). 

 

 

 

 

Angew. Chem. Int. Ed., 57 

(2018) 12785ï12789 

4. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʤʥʦʛʦʷʜʝʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ redox-ʘʢʪʠʚʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʝʥʥʳʭ ʦ-ʙʝʥʟʦʭʠʥʦʥʦʚ. ʉ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ 
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ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʤʝʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʠ/ʠʣʠ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠʶ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʦʙʨʘʤʣʷʶʱʠʭ ʤʝʪʘʣʣʦʦʩʪʦʚ ʠʟ s-ʵʣʝʤʝʥʪʦʚ. 

ɺʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʢ ʢʠʩʣʦʨʦʜʫ, ʦʢʠʩʣʷʶʱʝʤʫ ʢʘʪʝʭʦʣʘʪ 

ʜʦ ʩʝʤʠʭʠʥʦʣʷʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʪʨʦʣʴʥʳʭ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ (ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʥʠʞʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʦ 

ʚʨʝʤʝʥʠ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ [Na6(3,6-Cat)3(Thf)7] ʚ THF ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʡ ʢʦʣʙʝ, 

ʢʦʪʦʨʘ ̫ʙʳʣʘ ʧʝʨʝʤʝʱʝʥʘ ʠʟ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʦʟʜʫʭ). ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ɺ.ʀ. ʆʚʯʘʨʝʥʢʦ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʉ.ɺ. ʌʦʢʠʥ, ʜ.ʭ.ʥ. ɻ.ɺ. 

ʈʦʤʘʥʝʥʢʦ, ʢ.ʭ.ʥ. ɸ.ʉ. ɹʦʛʦʤʷʢʦʚ (ʀʥʩʪʠʪʫʪ "ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʡ ʮʝʥʪʨ" ʉʆ ʈɸʅ). 

    

[Na6(3,6-Cat)3(Thf)7] [Na5(3,6-Cat)2(SQ)(Thf)5] [Na4(3,6-SQ)4(Thf)4]
.
 [Na4(3,5-SQ)4(Thf)4] 

 

[Li3(3,6-SQ)3(Thf)3] 
 

[K4(3,6-SQ)4(Thf)4]  

 

 

ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ., 1 (2018) 61-70 
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5. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʫʨʴʤʳ ʩ ʜʝʢʘʤʝʪʠʣʩʘʤʘʨʦʮʝʥʦʤ 

ʧʦʣʫʯʝʥ ʫʥʠʢʘʣʴʥʳʡ ʧʦʣʠʧʥʠʢʪʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʘʤʘʨʠʷ [(Cp*2Sm)4Sb8]. 

ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʬʘʟʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʥʠʢʪʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʘʥʘʣʦʛʘʤ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʩʯʠʪʘʶʪʩʷ ʵʢʟʦʪʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʀʣʣʶʩʪʨʘʮʠʷ ʢ ʩʪʘʪʴʝ ʚʳʥʝʩʝʥʘ ʥʘ ʦʙʣʦʞʢʫ ʞʫʨʥʘʣʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʉ.ʅ. ʂʦʥʯʝʥʢʦ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ c ʀʥʩʪʠʪʫʪʦʤ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʘʨʣʩʨʫʵ, ɻʝʨʤʘʥʠʷ 

(ʧʨʦʬʝʩʩʦʨ ʇ.ɺ. ʈʦʝʩʢʠ). 

 

6. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʥʦʚʝʡʰʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣʳ C6H12N2 (DABCO), 

ʚʳʩʪʫʧʘʶʱʝʡ ʚ ʨʦʣʠ ʣʠʥʢʝʨʘ ʚ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʘʭ 

M2(C8H4O4)2ĿC6H12N2, ʛʜʝ M =Co, Ni, Cu, Zn. ʈʘʩʩʤʦʪʨʝʥʳ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʚ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʚʘʥʪʦʚʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʭʠʨʘʣʴʥʳʤʠ 

ʬʦʨʤʘʤʠ ʤʦʣʝʢʫʣʳ DABCO, ʘ ʪʘʢʞʝ ʦʪʢʨʳʚʘʶʱʠʝʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʭʠʨʘʣʴʥʳʭ ʠʟʦʤʝʨʦʚ. 
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ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʬ.-ʤ.ʥ. ʉ.ɻ. ʂʦʟʣʦʚʘ; ʠʩʧ. - ʀ.ɺ. ʄʠʨʟʘʝʚʘ, ʄ.ʈ. 

ʈʳʞʠʢʦʚ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ). 
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7. ʇʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Re(I) c ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʤ ʣʠʛʘʥʜʦʤ 

1,2-ʙʠʩ((2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʥʦ)ʘʮʝʥʘʬʪʝʥʘ (dpp-bian) ʢʦʤʙʠʥʘʮʠʝʡ 

ʤʝʪʦʜʦʚ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʕʇʈ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʜʦ ʪʨʝʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠ ʵʪʦʤ 

ʚʩʝ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʣʠʛʘʥʜʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʨʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʄ.ʅ. 

ʉʦʢʦʣʦʚ; ʠʩʧ. - ʇ.ɸ. ɸʙʨʘʤʦʚ, ɸ.ʃ. ɻʫʱʠʥ (ʀʥʩʪʠʪʫʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ), ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ 

ʠ ʛʦʨʝʥʠʷ ʉʆ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʦʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ. 

ɽ. ɸʨʙʫʟʦʚʘ. 
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8. ʇʦʣʫʯʝʥ ʧʝʨʚʳʡ çʤʦʥʦʧʨʠʚʠʪʳʡè ʢ ʧʦʜʣʦʞʢʝ ʩʠʣʠʢʘʛʝʣʷ 

ʠʤʠʜʦʧʠʨʨʦʣʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʪʠʪʘʥʘ (¹SiO)Ti(=NBu
t
)(Me2Pyr)(py)2 ʫʥʠʬʠʮʠ-

ʨʦʚʘʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʥʘʜʝʞʥʦ ʜʦʢʘʟʘʥʳ ʘʥʘʣʠʟʦʤ ʙʘʣʘʥʩʘ 

ʤʘʩʩ, ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʀʂ- ʠ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

1
ʅ ʠ 

13
ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʢʩʦ-ʠʤʠʜʥʦʛʦ 

ʛʝʪʝʨʦʤʝʪʘʪʝʟʠʩʘ ʤʝʞʜʫ N-ʩʫʣʴʬʠʥʠʣ-ʧ-ʪʦʣʫʠʜʠʥʦʤ ʠ ʙʝʥʟʦʬʝʥʦʥʦʤ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʛʝʪʝʨʦʛʝʥʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʝʚʦʩʭʦʜʷʱʘʷ ʚʩʝ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʘʣʣʦ-

ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʘʣʦʛʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ 5 ʠ 6 ʛʨʫʧʧ. ʅʘ ʦʩʥʦʚʝ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ (¹SiO)Ti(=NBu
t
)(Me2Pyr)(py)2 ʨʝʘʢʮʠʠ ʦʢʩʦ-ʠʤʠʜʥʦʛʦ 

ʛʝʪʝʨʦʤʝʪʘʪʝʟʠʩʘ ʧʨʝʜʣʦʞʝʥ ʙʝʟʚʦʜʥʳʡ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʝʪʠʤʠʥʦʚ, 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʣʠʙʦ ʥʝʜʦʩʪʫʧʥʳʭ ʯʝʨʝʟ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ ʫʜʦʙʝʥ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʝʪʠʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʣʘʙʦʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʥʠʣʠʥʦʚ ʠ ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʪʨʫʜʥʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï 

ɼ.ʅ. ɿʘʨʫʙʠʥ; ʠʩʧ. ï ʇ.ɸ. ɾʠʞʢʦ, ɸ.ɺ. ʇʠʯʫʛʦʚ, ʅ.ʉ. ɹʫʰʢʦʚ, ɸ.ɸ. ɾʠʞʠʥ 

(ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 
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9. ʈʘʟʨʘʙʦʪʘʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʜʚʦʡʥʦʛʦ ʘʥʥʝʣʠʨʦʚʘʥʠʷ 

ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʩ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʧʝʥʪʘ-

ʜʠʝʥʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ [CpRhI2]n. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʝʣʝʢʪʠʚʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʠʟ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʝʥʟʦʠʟʦʢʫʤʘʨʠʥ 1 ʙʳʣ 
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ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʢʫʤʘʨʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠʟ ʦʜʥʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʥʘʬʪʘʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʟ ʜʨʫʛʦʡ. ʉʦʝʜʠʥʝʥʠʝ 1 ʧʨʦʷʚʣʷʝʪ ʬʣʫʦʨʝʩ-

ʮʝʥʮʠʶ ʚ ʩʠʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʤʘʢʩʠʤʫʤ ʠʩʧʫʩʢʘʥʠʷ ï 470 ʥʤ). ʉʜʚʠʛ 

ʉʪʦʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 165 ʥʤ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʣʫʯʰʠʭ ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʣʫʦʨʦʬʦʨʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï 

ɼ.ɸ. ʃʦʛʠʥʦʚ; ʠʩʧ. ï ɸ.ʇ. ʄʦʣʦʪʢʦʚ, ʅ.ʕ. ʐʝʧʝʣʴ (ʀʥʩʪʠʪʫʪ 

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

 
J. Organomet. Chem., 867 (2018) 14-24; 67-70 

10. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʨʫʪʝʥʠʝʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʘʪʝʟʠʩʘ ʦʣʝʬʠʥʦʚ ʩʦ ʩʪʝʨʠʯʝʩʢʠ ʞʝʩʪʢʠʤʠ ʬʪʦʨʩʦʜʝʨ-

ʞʘʱʠʤʠ NHC-ʣʠʛʘʥʜʘʤʠ, ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʪʘʪʝʟʠʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ɻʨʘʙʙʩʘ ʠ ʍʦʚʝʡʜʳ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʜʘʚʣʷʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʤʝʪʘʪʝʟʠʩʘ ʩ ʫʯʘʩʪʠʝʤ ʘʣʣʠʣʙʝʥʟʦʣʘ. 

ʅʘʙʣʶʜʘʝʤʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʥʜʝʥʩʠ-

ʨʦʚʘʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʷʜʨʘ ʞʝʩʪʢʦʛʦ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ NHC-ʣʠʛʘʥʜʘ ʢ 

ʨʫʪʝʥʠʝʚʦʤʫ ʮʝʥʪʨʫ, ʙʣʦʢʠʨʫʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʢʨʳʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʘʪʝʟʠʩʘ 

ʦʣʝʬʠʥʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʉ.ʅ. ʆʩʠʧʦʚ; ʠʩʧ. ï ʉ.ʄ. ʄʘʩʦʫʜ, ʊ.ʈ. ɸʢʤʘʣʦʚ, 
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ʂ.ɸ. ʇʘʣʘʛʠʥ, ʌ.ʄ. ɼʦʣʛʫʰʠʥ, ʉ.ɽ. ʅʝʬʝʜʦʚ (ʀʥʩʪʠʪʫʪ 

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

  

Eur. J. Org. Chem., (2018) 5988 

11. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʥʝʝ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʠʥʜʝʥʠʣʴʥʳʤ 

ʜʠʢʘʪʠʦʥʥʳʤ ʨʦʜʠʝʚʳʤ ʢʦʤʧʣʝʢʩʘʤ ʩ ʘʨʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʠʦʥʘ ʚʳʩʪʫʧʘʝʪ SbF6
2-
, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʨʝʥʘ ï 1,2-ʜʠʤʝʪʠʣʙʝʥʟʦʣ, 1,3,5-

ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ, 1,2,4,5-ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ, ʘ ʪʘʢʞʝ ʛʝʢʩʘʤʝʪʠʣʙʝʥʟʦʣ. 

ʂʦʤʧʣʝʢʩʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CO ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʚʦʜʦʨʦʜʘ ʚ çʟʝʣʝʥʳʭè ʫʩʣʦʚʠʷʭ, ʪʦ ʝʩʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠ ʧʦʢʘʟʘʣʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʠ ʠʥʜʝʥʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʈʝʘʢʮʠʷ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʙʦʨʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʫʙʩʪʨʘʪʝ: N-ʙʝʥʟʠʣʴʥʦʡ, ʧ-ʤʝʪʦʢʩʠʙʝʥʟʠʣʴʥʦʡ, ʘ 

ʪʘʢʞʝ ʛʘʣʦʛʝʥʮʠʢʣʦʧʨʦʧʠʣʴʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʷ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ 

ʩʠʥʪʝʟʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ 

ʪʨʝʙʦʚʘʥʠʡ çʟʝʣʝʥʦʡ ʭʠʤʠʠè. ʈʫʢʦʚʦʜʠʪʝʣʠ ï ɼ.ɸ. ʏʫʩʦʚ, ɼ.ɸ. ʃʦʛʠʥʦʚ; ʠʩʧ. 

ï ɺ.ɹ. ʍʘʨʠʪʦʥʦʚ, ʄ. ʄʘʢʘʨʦʚʘ, ʄ.ɸ. ɸʨʩʝʥʦʚ, ʖ.ɺ. ʅʝʣʶʙʠʥʘ, ɸ.ʉ. 

ʇʝʨʝʛʫʜʦʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 
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12. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 2,1,3-ʙʝʥʟʦ-

ʪʝʣʣʫʨʘʜʠʘʟʦʣʘ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʢʚʘʟʠʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʤʝʥʴʰʠʤ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘʠʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʵʣʝʢʪʨʦʥʫ ʚ ʨʷʜʫ 2,1,3-ʙʝʥʟʦʭʘʣʴʢʦʛʝʥ (S, Se, Te) 

ʜʠʘʟʦʣʦʚ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 2,1,3-ʙʝʥʟʦʪʝʣʣʫʨʘʜʠʘʟʦʣʘ ʢʘʣʠʝʤ ʥʘ ʫʛʣʝʨʦʜʝ 

(ʂʉ8) ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʧʦʣʫʯʝʥ ʜʦʣʛʦʞʠʚʫʱʠʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ 2,1,3-

ʙʝʥʟʦʪʝʣʣʫʨʘʜʠʘʟʦʣʘ, ʢʦʪʦʨʳʡ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ DFT. ɺʧʝʨʚʳʝ ʦʧʠʩʘʥ ʜʦʣʛʦʞʠʚʫʱʠʡ -́

ʘʥʠʦʥ-ʨʘʜʠʢʘʣ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʛʝʪʝʨʦʘʪʦʤʦʤ ʪʝʣʣʫʨʘ ʚ 

ʩʦʩʪʘʚʝ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʜ.ʭ.ʥ. ɸ.ɺ. ɿʠʙʘʨʝʚ 

(ʅʀʆʍ ʉʆ ʈɸʅ), ʜ.ʭ.ʥ. ʉ.ʅ. ʂʦʥʯʝʥʢʦ (ʀʅʍ ʉʆ ʈɸʅ), ʜ.ʭ.ʥ. ʅ.ʇ. ɻʨʠʮʘʥ 

(ʀʍʂɻ ʉʆ ʈɸʅ); ʠʩʧ. ï ʢ.ʭ.ʥ. ʅ.ɸ. ʇʫʰʢʘʨʝʚʩʢʠʡ, ʢ.ʭ.ʥ. ɸ.ʀ. ʉʤʦʣʝʥʮʝʚ 

(ʀʅʍ ʉʆ ʈɸʅ), ʜ.ʭ.ʥ. ʃ.ɸ. ʐʫʥʜʨʠʥ, ʢ.ʭ.ʥ. ɸ.ʄ. ɻʝʥʘʝʚ, ʢ.ʭ.ʥ. ʀ.ɻ. 

ʀʨʪʝʛʦʚʘ, ʜ.ʭ.ʥ. ʀ.ʖ. ɹʘʛʨʷʥʩʢʘʷ, ɻ.ɽ. ʉʘʣʴʥʠʢʦʚ (ʅʀʆʍ ʉʆ ʈɸʅ), ʘʩʧ. ɽ.ɸ. 

ʏʫʣʘʥʦʚʘ (ʅʀʆʍ ʉʆ ʈɸʅ, ʀʍʂɻ ʉʆ ʈɸʅ), ʢ.ʭ.ʥ. ɽ.ɸ. ʇʨʠʪʯʠʥʘ (ʀʍʂɻ ʉʆ 

ʈɸʅ), ʧʨʦʬʝʩʩʦʨ ʁ. ɹʝʢʤʘʥʥ (ʋʥʠʚʝʨʩʠʪʝʪ ʛ. ɹʨʝʤʝʥ, ɻʝʨʤʘʥʠʷ). 
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13. ʇʦʣʫʯʝʥʳ ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʘʤʠʥʦʤʝʪʠʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʠʦʢʩʘʥʪʝʥ-9-

ʦʥʦʚʳʝ ʛʨʫʧʧʳ (2-{[ʙʠʩ(4-ʘʤʠʥʦʬʝʥʠʣ)ʘʤʠʥʦʤʝʪʠʣ}-9H-ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥ ʠ 

ʝʛʦ S-ʜʠʦʢʩʠʜ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʦʥʦʤʝʨʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʠʥʪʝʟʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʠʤʠʜʦʚ ʩ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʤʠ ʙʦʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ 

ʪʠʦʢʩʘʥʪʝʥ-9-ʦʥʦʚʦʛʦ ʨʷʜʘ. ɻʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʵʣʝʢʪʨʦʭʠʤʠ-

ʯʝʩʢʠʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ, ʦʙʨʘʪʠʤʦʩʪʴʶ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥ-

ʥʦʤʫ ʧʝʨʝʥʦʩʫ ʠ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʇʦʣʠʠʤʠʜʳ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ 

ʦʩʥʦʚʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʥʘʡʜʫʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʷʭ 

ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʜ.ʭ.ʥ. ʃ.ɸ. ʐʫʥʜʨʠʥ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʀ.ʂ. ʐʫʥʜʨʠʥʘ, 

ʢ.ʭ.ʥ. ʀ.ɸ. ʆʩʴʢʠʥʘ, ʢ.ʭ.ʥ. ʀ.ɻ. ʀʨʪʝʛʦʚʘ, ʘʩʧ. ɼ.ʉ. ʆʜʠʥʮʦʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ).  

 
Eur. J. Org.Chem. (2018) 3471-3480 

14. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʬʪʦʨ-9-ʘʣʢʠʣʬʣʫʦʨʝʥʦʚ ʠʟ ʧʝʨʬʪʦʨ-

1,1-ʜʠʬʝʥʠʣʘʣʢʘʥʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʦ SbF5. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʮʠʢʣʠʟʘʮʠʠ ʚʦ ʬʣʫʦʨʝʥʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʬʪʦʨʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʜʠʬʝʥʠʣʘʣʢʠʣʴʥʦʛʦ ʢʘʪʠʦʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʧʝʨʬʪʦʨʜʠʬʝʥʠʣʤʝʪʘʥ ʥʝ ʦʙʨʘʟʫʝʪ ʧʝʨʬʪʦʨʬʣʫʦʨʝʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ SbF5 

ʜʘʞʝ ʧʨʠ ʙʦʣʝʝ ʞʝʩʪʢʦʤ ʥʘʛʨʝʚʘʥʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʜ.ʭ.ʥ. ɺ.ʄ. 

ʂʘʨʧʦʚ ʠ ʜ.ʭ.ʥ. ʊ.ɺ. ʄʝʞʝʥʢʦʚʘ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʗ.ɺ. ɿʦʥʦʚ (ʅʦʚʦʩʠʙʠʨʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ). 



45 

 

 

 

 

 

 

 

 

 

J. Fluorine Chem. 

207 (2018) 59-66 

15. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʣʠʥʝʡʥʳʭ -́ʩʦʧʨʷʞʝʥʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʥʘ 

ʦʩʥʦʚʝ 2,1,3-ʙʝʥʟʦʪʠʘʜʠʘʟʦʣʘ ʠ ʨʘʟʣʠʯʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʪʠʦʬʝʥʬʝʥʠʣʝʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʩ ʢʦʥʮʝʚʳʤʠ ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʪʘʢʠʝ ʦʣʠʛʦʤʝʨʳ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʫʚʝʣʠʯʠʪʴ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʠ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʟ ʧʦʪʝʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʣʠʛʦʤʝʨʦʚ 

ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 510 

ʜʦ 660 ʥʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ɸ. ʇʦʥʦʤʘʨʝʥʢʦ; ʠʩʧ. ï 

ʢ.ʭ.ʥ. ʄ.ʉ. ʉʢʦʨʦʪʝʮʢʠʡ, ʢ.ʭ.ʥ. ʆ.ɺ. ɹʦʨʱʝʚ, ʢ.ʬ.-ʤ.ʥ. ʅ.ʄ. ʉʫʨʠʥ (ʀʥʩʪʠʪʫʪ 

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

ʩʦʚʤʝʩʪʥʦ ʩ ʀʅʕʆʉ ʈɸʅ. 

 

Dyes & Pigments, 155 (2018) 284-291 
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16. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʜʠʤʝʪʠʣ-

ʩʠʣʦʢʩʘʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʧʦʣʦʞʝʥʠʝ 

ʢʘʨʙʦʢʩʠʣʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 40 

ʤʦʣʴ. %. ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʠʭ ʚʷʟʢʦʩʪʴ ʨʘʩʪʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ 

ʦʙʳʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʞʠʜʢʦʩʪʝʡ ʦʥʘ ʧʘʜʘʝʪ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

ʩʠʣʦʢʩʘʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʩʨʝʜ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʘʤʦʟʘʣʝʯʠʚʘʶʱʠʤʠʩʷ 

ʩʚʦʡʩʪʚʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ɸ.ʄ. ʄʫʟʘʬʘʨʦʚ; ʦʪʚ. ʠʩʧ. ï 

ɺ.ɺ. ɻʦʨʦʜʦʚ (ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. ʅ.ʉ. 

ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʀʅʕʆʉ ʈɸʅ. 

 

ɺʳʩʦʢʦʤʦʣ. ʉʦʝʜʠʥ., ʉʝʨ. ɹ, 60 (2018) 201-10; ʀʟʚ. ɸʅ, ʉʝʨ. ʍʠʤ., 12 (2018) 2282-89 

17. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʭʠʨʘʣʴʥʦʩʪʴ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʧʝʢʪʨʦʚ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ) ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʪʘʣʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʭ ʩʚʷʟʳʚʘʥʠʝʤ ʩ ʦʧʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʙʝʣʢʦʚ. ʊʘʢʠʝ 

ʢʣʘʪʨʦʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʭʠʨʘʣʴʥʳʤʠ ʧʨʦʙʘʤʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʝʣʢʦʚ (ʚ 
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ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ). ʈʫʢʦʚʦʜʠʪʝʣʴ ï 

ʗ.ɿ. ɺʦʣʦʰʠʥ, ʠʩʧ. ï ɸ.ʉ. ɹʝʣʦʚ, ɻ.ɽ. ɿʝʣʠʥʩʢʠʡ, ɽ.ɻ. ʃʝʙʝʜʴ, ɸ.ʉ. ʏʫʧʨʠʥ 

(ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 
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18. ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʥʦʚʳʭ ʥʝʩʪʝʨʦʠʜʥʳʭ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʦʩʬʦʨʠʣʴʥʳʭ ʘʥʘʣʦʛʦʚ ʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ï 2-ʦʢʩʠ-

ʬʝʥʠʣʬʦʩʬʦʥʦʚʦʡ ʠ 2-ʦʢʩʠʬʝʥʠʣʬʦʩʬʦʥʠʩʪʦʡ ʢʠʩʣʦʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 2-

ʦʢʩʠʬʝʥʠʣʬʦʩʬʦʥʠʩʪʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʤʘʣʦʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

(ʃɼ50 3500 ʤʛ/ʢʛ) ʠ ʧʦ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʢ 2-ʦʢʩʠʬʝʥʠʣʬʦʩʬʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʪʘʢ ʠ ʧʨʝʧʘʨʘʪ ʩʨʘʚʥʝʥʠʷ 

ï ʘʥʘʣʴʛʠʥ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʜ.ʭ.ʥ. ɺ.ɽ. ɹʘʫʣʠʥ; ʠʩʧ. ï ʀ.ʇ. 

ʂʘʣʘʰʥʠʢʦʚʘ, ʢ.ʙ.ʥ. ɺʠʭʘʨʝʚ ʖ.ɹ., ɽ.ɸ. ɺʠʭʘʨʝʚʘ, ɼ.ɺ. ɹʘʫʣʠʥ ((ʀʥʩʪʠʪʫʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ), ʩʦʚʤʝʩʪʥʦ ʩ ʀɺʍʕ ʈɸʅ (ʘʢʘʜʝʤʠʢ 

ɸ.ʖ. ʎʠʚʘʜʟʝ). 
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19. ʇʨʝʜʣʦʞʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʬʪʦʨʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ 

ʧʦ C=N ʩʚʷʟʠ ʥʠʪʨʦʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʪʦʨʟʘʤʝʱʝʥʥʳʭ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʚ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʨʠʜʠʝʚʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚʦ ʚʪʦʨʠʯʥʳʝ ʘʤʠʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ 

ʘʟʦʪ-ʢʠʩʣʦʨʦʜ ʮʠʥʢʦʤ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʇʦʣʫʯʘʶʱʠʝʩʷ ʘʤʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʪʦʨ ʚ ɓ-ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʪʦʤʫ ʘʟʦʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ī ʧʨʦʬʝʩʩʦʨ ʈɸʅ 

ɸ.ɼ. ɼʠʣʴʤʘʥ, ʦʪʚ. ʠʩʧ. ʢ.ʭ.ʥ. ɺ.ʀ. ʉʫʧʨʘʥʦʚʠʯ, ʢ.ʭ.ʥ. ɺ.ɺ. ʃʝʚʠʥ, ʩʪʫʜ. 

ʀ.ɸ. ɼʤʠʪʨʠʝʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 

Org. Lett. 20 (2018) 840; Adv. Synth. Cat. 360 (2018) 3788 
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20. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʚ ʭʠʤʠʠ ʟʘʤʝʱʝʥʥʳʭ 

ʤʝʪʠʣʠʜʝʥʤʘʣʦʥʘʪʦʚ (ʄʄ), ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʚʠʜʝ 1,2-

ʮʚʠʪʪʝʨ-ʠʦʥʥʳʭ ʩʠʥʪʦʥʦʚ ( ʩʤʶ ʨʠʩʶ ʥʠʞʝ). ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʛʝʥʝʨʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʣʠʷ ʩʦʩʪʘʚʘ 

(ʄʄ)3Ga3+[GaHal4]3 ï ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʩʠʥʪʝʟʝ.  
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ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʣʠʷ ʩ ʄʄ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʨʝʘʢʮʠʠ ʩ 

ʘʣʢʠʥʘʤʠ, ʥʝʠʟʚʝʩʪʥʳʝ ʚ ʦʙʳʯʥʦʡ ʭʠʤʠʠ ʤʝʪʠʣʠʜʝʥʤʘʣʦʥʘʪʦʚ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦ ʥʘʧʨʘʚʠʪʴ ʚ ʩʪʦʨʦʥʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ (3-ʛʘʣʦʘʣʣʠʣ)ʤʘʣʦʥʘʪʦʚ, ʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚ ʠʣʠ 

ʠʥʜʝʥʠʣʤʘʣʦʥʘʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
71
Ga ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

(ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ 14-13-01054-ʇ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʧʨʦʬʝʩʩʦʨ ʖ.ɺ. ʊʦʤʠʣʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʈ.ɸ. ʅʦʚʠʢʦʚ; ʠʩʧ. - ʘʩʧʠʨʘʥʪʳ 

ɼ.ɼ. ɹʦʨʠʩʦʚ ʠ ɼ.ɸ. ɼʝʥʠʩʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

1. ʇʨʝʜʣʦʞʝʥ ʫʥʠʢʘʣʴʥʳʡ ʢʣʘʩʩ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʜʝʣʴʥʳʭ (ʧʦʣʠʤʝʪʠʥʦʚʳʭ) ʢʨʘʩʠʪʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʩʪʨʦʠʪʴ ʠʟ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʤʘʢʨʦʮʠʢʣʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʦʚʳʝ ʪʠʧʳ ʬʦʪʦʧʝʨʝʢʣʶʯʘʝʤʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʬʦʪʦʫʧʨʘʚʣʷʝʤʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʰʠʥ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʬʦʪʦʧʨʦʮʝʩʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʘʶʪ ʥʦʚʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʠ 

ʥʘʥʦʬʦʪʦʥʠʢʠ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʫʧʨʘ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʘʰʠʥ ï ʩʦʟʜʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠ ʜʚʠʞʝʥʠʷ ʥʘ ʥʘʥʦʫʨʦʚʥʷʭ, 

ʩʦʟʜʘʥʠʝ ʥʘʥʦʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʥʦʢʦʣʠʯʝʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʝʱʝʩʪʚ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪ ï ʘʢʘʜʝʤʠʢ ʄ.ɺ. ɸʣʬʠʤʦʚ, ʯʣ.-

ʢʦʨʨ. ʈɸʅ ʉ.ʇ. ɻʨʦʤʦʚ ʠ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʂ. ʏʠʙʠʩʦʚ (ʎʝʥʪʨ ʬʦʪʦʭʠʤʠʠ 

ʈɸʅ ʌʅʀʎ ñʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘò ʈɸʅ).  

 

ʎʠʢʣ ʨʘʙʦʪ ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʄ.ɺ. ɸʣʬʠʤʦʚʘ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ʇ. 

ɻʨʦʤʦʚʘ ʠ ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʂ. ʏʠʙʠʩʦʚʘ ʫʜʦʩʪʦʝʥʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʝʤʠʠ ʈʌ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʟʘ 2018 ʛʦʜ ʟʘ ʨʘʟʨʘʙʦʪʢʫ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʘʰʠʥ. 

2. ʀʩʩʣʝʜʦʚʘʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʪʠʘʤʦʥʦʤʝʪʠʥʦʚʳʭ ʮʠʘʥʠʥʦʚʳʭ 

ʢʨʘʩʠʪʝʣʝʡ (ʂʨ) ʩ ʢʫʢʫʨʙʠʪ[5,7]ʫʨʠʣʘʤʠ (CB[5,7]). ʅʘʡʜʝʥʦ, ʯʪʦ CB[5] 

ʦʙʨʘʟʫʝʪ ʩ ʢʨʘʩʠʪʝʣʷʤʠ ʚʥʝʰʥʠʝ ʢʦʤʧʣʝʢʩʳ, ʘ CB[7] ï ʠʥʢʣʶʟʠʚʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 1:1 ʠ 1(ʂʨ):2(CB[5,7]). ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʩ CB[5,7] ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʮʠʘʥʠʥʦʚʳʭ 
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ʢʨʘʩʠʪʝʣʝʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʛʦʨʘʥʠʶ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɹʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʝʪ ʢʨʘʩʠʪʝʣʴ ʩ N-ʘʤʤʦʥʠʦʛʝʢʩʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ NH3
+
 ʠ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʨʪʘʣʦʚ CB[5,7]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʚʳʩʦʢʦʫʩʪʦʡʯʠʚʳʭ 

ʬʦʪʦʘʢʪʠʚʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠ-

ʪʝʣʝʡ ʠ CB[n], ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʩʝʥʩʦʨʦʚ ʠ ʬʦʪʦʫʧʨʘʚʣʷʝʤʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʰʠʥ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ʇ. ɻʨʦʤʦʚ (ʎʝʥʪʨ ʬʦʪʦʭʠʤʠʠ ʈɸʅ ʌʅʀʎ 

ñʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘò ʈɸʅ); ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʄ.ɺ. ʌʦʤʠʥʘ.  
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3. ʀʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʠʥʘʤʠʢʘ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʩʝʚʜʦʮʠʢʣʠʯʝʩʢʦʛʦ ʙʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʙʠʩ(18-ʢʨʘʫʥ-6)ʩʪʠʣʴʙʝʥʘ (D) ʩ ʪʝʪʨʘʧʝʨʭʣʦʨʘʪʦʤ 

ʙʠʩʘʤʤʦʥʠʦʵʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʜʠʧʠʨʠʜʠʣʵʪʠʣʝʥʘ (A). ʀʟ-ʟʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʡ ʛʦʩʪʴ-ʭʦʟʷʠʥ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʤʧʣʝʢʩ DĿA 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʚʝʨʭʙʳʩʪʨʳʭ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʢʦʤʧʣʝʢʩ ʥʝ ʬʣʫʦʨʝʩʮʠʨʫʝʪ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʢʦʤʧʣʝʢʩʘ ʩ ʢʘʪʠʦʥʘʤʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʧʩʝʚʜʦʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʯʝʟʘʝʪ ʩʣʘʙʦʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʉʊ-

ʧʦʛʣʦʱʝʥʠʝ ʠ ʧʨʦʠʩʭʦʜʠʪ çʨʘʟʛʦʨʘʥʠʝè ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ 
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ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʥʩʦʨʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ʇ. 

ɻʨʦʤʦʚ (ʎʝʥʪʨ ʬʦʪʦʭʠʤʠʠ ʈɸʅ ʌʅʀʎ ñʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘò ʈɸʅ) 

ʠ ʜ.ʭ.ʥ. ʄ.ʗ. ʄʝʣʴʥʠʢʦʚ (ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ. ɺ. 

ʃʦʤʦʥʦʩʦʚʘ); ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɺ.ɺ. ɺʦʣʯʢʦʚ ʠ ʢ.ʭ.ʥ. ɸ. ʀ. ɺʝʜʝʨʥʠʢʦʚ; ʠʩʧ. 

ʢ.ʭ.ʥ. ʄ.ɺ. ʈʫʩʘʣʦʚ ʠ ʢ.ʭ.ʥ. ɸ.ɸ. ɽʬʨʝʤʦʚʘ.  
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4. ʅʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ Cu(II ), Ni(II ), Co(II ), La(III) ʠ ʢʘʪʠʦʥʥʳʭ 

ʇɸɺ ʩ ʙʠʮʠʢʣʠʯʝʩʢʦʡ ʛʦʣʦʚʥʦʡ ʛʨʫʧʧʦʡ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʝ ʥʘʥʦʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʛʠʜʨʦʬʦʙʥʳʭ 

ʣʝʢʘʨʩʪʚ (ʥʘ ʧʨʠʤʝʨʝ ʢʚʝʨʮʝʪʠʥʘ, ʨʫʪʠʥʘ, ʬʫʨʘʜʦʥʠʥʘ) ʠ ɼʅʂ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʭ ʚʳʩʦʢʘʷ ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʠ ʬʫʥʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʚʦʩʭʦʜʠʪ ʙʦʣʝʝ 

ʯʝʤ ʚ 8 ʨʘʟ ʘʢʪʠʚʥʦʩʪʴ ʥʦʨʬʣʦʢʩʘʮʠʥʘ ʠ ʢʝʪʦʢʦʥʘʟʦʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ - 

ʧʨʦʬʝʩʩʦʨ ʃ.ʗ. ɿʘʭʘʨʦʚʘ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɽ.ʇ. ɾʠʣʴʮʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʌʀʎ ʂʘʟʅʎ ʈɸʅ). 
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(2018) 716-22 



54 

 

5. ʇʦ ʨʝʘʢʮʠʠ click chemistry (ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ) 

ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (SWCNT), ʩʦʜʝʨʞʘʱʠʤʠ ʘʟʠʜʥʳʝ 

ʛʨʫʧʧʳ, ʠ 7-ʧʨʦʧʠʥʠʣʦʢʩʠ-3-(p-ʧʨʦʧʠʥʠʣʦʢʩʠʬʝʥʠʣ)ʢʫʤʘʨʠʥʦʤ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥ 3D ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ SWCNT-coumarine, ʦʙʣʘʜʘʶʱʠʡ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʧʦʣʫʯʝʥʥʳʤ 3D ʛʠʙʨʠʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʚʝʨʮʝʪʠʥʘ ʚ ʚʦʜʝ ʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʘʭ ʯʘʷ ʤʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʧʦʣʷʨʦʛʨʘʬʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 

ʢʚʝʨʮʝʪʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 20 ʥM. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ʊ.ɺ. ɹʘʩʦʚʘ 

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

ʊʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʛ. ɻʝʙʟʝ, ʊʫʨʮʠʷ (ʧʨʦʬʝʩʩʦʨ ʄ. ɼʫʨʤʫʰ). 

 

Sensors Actuators B, 267 (2018) 165ï173 

6. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʢʨʘʫʥ-ʩʦʜʝʨʞʘʱʠʭ 

ʙʠʩʩʪʠʨʠʣʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʩ ɼʅʂ ʣʦʩʦʩʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʬʣʫʦ-

ʨʝʩʮʠʨʫʶʱʠʝ ʚ ʚʦʜʝ ʢʨʘʩʠʪʝʣʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʛʦʨʘʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʢʘʨʤʘʥ ɼʅʂ. ʇʨʠ ʩʚʷʟʳʚʘʥʠʠ ʢʨʘʩʠʪʝʣʝʡ ʩ 

ɼʅʂ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʢʨʘʫʥ-ʵʬʠʨʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʦ G-C ʧʘʨʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ɼʅʂ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʨʘʩʠʪʝʣʴ-ɼʅʂ ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʘ ʵʪʘʧʘ: ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ ʙʦʨʦʟʜʢʝ 

ɼʅʂ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʣʝʛʘʥʠʝ ʚ ʤʘʣʫʶ ʙʦʨʦʟʜʢʫ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, 

ʤʠʰʝʥʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ɼʅʂ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʧʨʦʬʝʩʩʦʨ ʆ.ɸ. ʌʝʜʦʨʦʚʘ; 

ʠʩʧʦʣʥʠʪʝʣʠ ï ɸ.ʖ. ʈʫʣʝʚʘ, ʖ.ɺ. ʌʝʜʦʨʦʚ, ɺ.ʖ. ɻʨʠʥʙʝʨʛ, ʅ.ɺ. ɻʨʠʥʙʝʨʛ, 
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ʊ.ɺ. ɹʫʨʦʚʘʷ, ɸ.ʉ. ɼʫʙʦʚʠʢ ʠ ʂ. ɹʘʙʠʝʚʩʢʠʡ (ʀʥʩʪʠʪʫʪ 

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

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ ʠʤ 

ʅ.ʄ. ʕʤʘʥʫʵʣʷ (ɺ.ɸ. ʎʚʝʪʢʦʚʳʤ). 

 

Dyes and Pigments, 157 (2018) 80-92 

7. ʇʦʣʫʯʝʥ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʧʝʨʚʳʡ ʫʩʪʦʡʯʠʚʳʡ 

çʢʣʘʩʩʠʯʝʩʢʠʡè ʢʦʤʧʣʝʢʩ ʞʝʣʝʟʘ(I) ʩ N-ʜʦʥʦʨʥʳʤ ʣʠʛʘʥʜʦʤ, ʧʦʢʘʟʘʚʰʠʡ 

ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï 

ʗ.ɿ. ɺʦʣʦʰʠʥ, ʠʩʧʦʣʥʠʪʝʣʠ ï ɸ.ʉ. ɹʝʣʦʚ, ʉ.ɺ. ɼʫʜʢʠʥ, ʉ.ɸ. ʉʘʚʢʠʥʘ 

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

      

Chem. Commun., 54 (2018) 3436-3439 
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8. ʇʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʭʝʣʘʪʦʨʘ ʜʣʷ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ʩ 
213

Bi
3+

, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʠʥʪʝʟʠʨʦʚʘʥ 

ʣʠʛʘʥʜ, ʦʙʨʘʟʫʶʱʠʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩ ʩ 
213

Bi
3+ 
ʩ ʚʳʩʦʢʦʡ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ (logK(LĿBi
3+

) = 21.3), ʩ ʙʳʩʪʨʦʡ ʢʠʥʝʪʠʢʦʡ 

ʦʙʨʘʟʦʚʘʥʠʷ (30 ʩʝʢ), ʥʝʮʠʪʦʪʦʢʩʠʯʥʳʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʳʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ in vitro ʠ 

in vivo, ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʢʦʤʧʦʥʝʥʪʘʤ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ, ʨʘʙʦʪʘ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʆ.ɸ. ʌʝʜʦʨʦʚʘ, ʠʩʧʦʣʥʠʪʝʣʠ ï ɸ.ɼ. 

ɿʫʙʝʥʢʦ, ʖ.ɺ. ʌʝʜʦʨʦʚ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. 

ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ) ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɹ.ɺ. ɽʛʦʨʦʚʦʡ, ʉ.ʅ. ʂʘʣʤʳʢʦʚʳʤ 

ʠ ʩʦʪʨ. (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ). 

 

Nuclear Medicine and Biology, 60 (2018) 1-10 

9. ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʧʠʥ-ʤʝʯʝʥʘʷ 

ʛʨʘʬʝʥʦʚʘʷ ʥʘʥʦʣʝʥʪʘ, ʩʪʘʙʠʣʴʥʘʷ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʦʜʝʨʞʘʱʘʷ ʜʚʘ 

ʪʠʧʘ ʥʦʩʠʪʝʣʝʡ ʩʧʠʥʘ: ʢʨʘʝʚʳʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʩʧʠʥʳ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʩʧʠʥʳ ʨʘʜʠʢʘʣʴʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʠʥ-ʤʝʯʝʥʦʡ ʥʘʥʦʣʝʥʪʝ 

ʚʨʝʤʷ ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʨʝʚʳʰʘʝʪ 1 ʤʢʩ ʧʨʠ 85 ʂ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʝʥʘ 


