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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 

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.  
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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.  

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.  
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¶ ʇʦʜʛʦʪʘʚʣʠʚʘʝʪ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

¶ 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.  

¶ 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. 
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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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ʇʨʠʣʦʞʝʥʠʝ ˉ15     

ʢ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ɹʶʨʦ ʆʍʅʄ ʈɸʅ 

            ʦʪ 20.02. 2014 ʛ. 
 

 

ʉʦʩʪʘʚ 

ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʈɸʅ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

 

ɹʶʨʦ ʉʦʚʝʪʘ 

1.   ɸʢʘʜʝʤʠʢ ʂʦʥʦʚʘʣʦʚ ɸ.ʀ. ï ʧʨʝʜʩʝʜʘʪʝʣʴ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʝʢʮʠʠ 

2.   ɸʢʘʜʝʤʠʢ ɽʛʦʨʦʚ ʄ.ʇ. 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 ɿʝʬʠʨʦʚ ʅ.ʉ. 

11. ɸʢʘʜʝʤʠʢ ʄʠʥʢʠʥ ɺ.ʀ. 

12. ɸʢʘʜʝʤʠʢ ʄʦʠʩʝʝʚ ʀ.ʀ. 

13. ɸʢʘʜʝʤʠʢ ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. 

14. ɸʢʘʜʝʤʠʢ ʅʝʬʝʜʦʚ ʆ.ʄ. 

15. ɸʢʘʜʝʤʠʢ ʅʦʚʘʢʦʚ ʀ.ɸ. 

16. ɸʢʘʜʝʤʠʢ ʊʘʨʪʘʢʦʚʩʢʠʡ ɺ.ɸ. 

17. ɸʢʘʜʝʤʠʢ ʊʨʦʬʠʤʦʚ ɹ.ɸ. 

18. ɸʢʘʜʝʤʠʢ ʏʘʨʫʰʠʥ ɺ.ʅ. 

19. ɸʢʘʜʝʤʠʢ ʏʫʧʘʭʠʥ ʆ.ʅ. 

20. ɸʢʘʜʝʤʠʢ ʖʥʫʩʦʚ ʄ.ʉ. 

 

ʉʝʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1.   ɸʢʘʜʝʤʠʢ ɽʛʦʨʦʚ ʄ.ʇ. ï ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʢʮʠʠ 

2.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ɸʥʘʥʠʢʦʚ ɺ.ʇ. 

3.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ɹʘʯʫʨʠʥ ʉ.ʆ. 

4.   ɸʢʘʜʝʤʠʢ ɹʝʣʝʮʢʘʷ ʀ.ʇ. 

5.   ʇʨʦʬ. ɹʨʝʜʠʭʠʥ ɸ.ɸ. 

6.   ʇʨʦʬ. ɻʫʣʴʪʷʡ ɺ.ʇ. 

7.   ɸʢʘʜʝʤʠʢ ɿʝʬʠʨʦʚ ʅ.ʉ. 

8.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʫʯʠʥ ɸ.ɺ. 

9.   ɸʢʘʜʝʤʠʢ ʅʝʬʝʜʦʚ ʆ.ʄ. 

10. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʢʠʰʠʥ ɻ.ʀ. 

11. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʬʘʥʪʴʝʚ ʅ.ʕ. 

12. ɸʢʘʜʝʤʠʢ ʅʦʚʘʢʦʚ ʀ.ɸ. 

13. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʈʫʩʠʥʦʚ ɺ.ʃ. 
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14. ɸʢʘʜʝʤʠʢ ʊʘʨʪʘʢʦʚʩʢʠʡ ɺ.ɸ. 

15. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʊʦʣʩʪʠʢʦʚ ɸ.ɻ. 

16. ɸʢʘʜʝʤʠʢ ʏʘʨʫʰʠʥ ɺ.ʅ. 

17. ɸʢʘʜʝʤʠʢ ʏʫʧʘʭʠʥ ʆ.ʅ. 

18. 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.   ʇʨʦʬ. ɹʫʜʥʠʢʦʚʘ ʖ.ɻ. 

5.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ɼʞʝʤʠʣʝʚ ʋ.ʄ. 

6.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʫʢʫʰʢʠʥ ɺ.ʖ. 

7.   ɸʢʘʜʝʤʠʢ ʄʠʥʢʠʥ ɺ.ʀ. 

8.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ʄʠʨʦʥʦʚ ɺ.ʌ.  

9. ɸʢʘʜʝʤʠʢ ʄʦʠʩʝʝʚ ʀ.ʀ. 

10. ɸʢʘʜʝʤʠʢ ʄʫʟʘʬʘʨʦʚ ɸ.ʄ. 

11. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʅʠʬʘʥʪʴʝʚ ʕ.ɽ. 

12. ʇʨʦʬ. ʉʘʣʦʫʪʠʥ ɺ.ɸ. 

13. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʉʪʦʨʦʞʝʥʢʦ ʇ.ɸ. 

14. ɸʢʘʜʝʤʠʢ ʊʨʦʬʠʤʦʚ ɹ.ɸ. 

15. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʌʝʜʶʰʢʠʥ ʀ.ʃ. 

16. 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.   ʇʨʦʬ. ɺʦʣʦʰʠʥ ʗ.ɿ. 

5.   ʇʨʦʬ. ɻʦʨʙʫʥʦʚʘ ʖ.ɻ. 

6.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ɻʨʦʤʦʚ ʉ.ʇ. 

7.   ɸʢʘʜʝʤʠʢ ɽʨʝʤʝʥʢʦ ʀ.ʃ. 

8.   ʏʣ.-ʢʦʨʨ. ʈɸʅ ʂʦʡʬʤʘʥ ʆ.ʀ. 

9.   ʇʨʦʬ. ʂʫʩʪʦʚ ʃ.ʄ. 

10. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʆʚʯʘʨʝʥʢʦ ɺ.ʀ. 

11. ɸʢʘʜʝʤʠʢ ʈʫʩʘʥʦʚ ɸ.ʀ. 

12. ʇʨʦʬ. ʌʝʜʦʨʦʚʘ ʆ.ɸ. 

13. ʏʣ.-ʢʦʨʨ. ʈɸʅ ʌʝʜʠʥ ɺ.ʇ. 

14. ɸʢʘʜʝʤʠʢ ʍʦʭʣʦʚ ɸ.ʈ. 

15. ɸʢʘʜʝʤʠʢ ʎʚʝʪʢʦʚ ʖ.ɼ. 

16. ɸʢʘʜʝʤʠʢ ʎʠʚʘʜʟʝ ɸ.ʖ. 

17. ʇʨʦʬ. ʏʚʘʣʫʥ ʉ.ʅ. 
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ʅɸʋʏʅʓɽ ɼʆʉʊʀɾɽʅʀʗ ʇʆ ʊɽʄɸʊʀʂɽ ʉʆɺɽʊɸ ɿɸ 2013 ʛʦʜ 

 

ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

1. ʆʪʢʨʳʪʘ ʥʦʚʘʷ ʨʝʘʢʮʠʷ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʠʠ ʚ ʦʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ï 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʠʨʘʥʦʟʠʜʦʚ ʚ ʬʫʨʘʥʦʟʠʜʳ ʚ ʫʩʣʦʚʠʷʭ 

ʢʠʩʣʦʪʥʦʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʤʠʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ SO3. ʈʝʘʢʮʠ ̫ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʣʦʞʥʳʝ ʩʭʝʤʳ 

ʩʠʥʪʝʟʦʚ ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʣʠʛʦʩʘʭʘʨʠʜʦʚ. ʕʪʦ ʫʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʩʧʝʰʥʦ ʧʨʦʚʝʜʝʥʥʳʤʠ ʩʠʥʪʝʟʘʤʠ ʩʣʦʞʥʳʭ 

ʛʝʪʝʨʦʩʘʭʘʨʠʜʦʚ, ʩʪʨʫʢʪʫʨʥʦ ʨʦʜʩʪʚʝʥʥʳʭ ʬʨʘʛʤʝʥʪʘʤ ʛʘʣʘʢʪʦʤʘʥʥʘʥʘ 

ʧʣʝʩʥʝʚʦʛʦ ʛʨʠʙʘ A. fumigatus, ʘʥʪʠʛʝʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʙʘʢʪʝʨʠʡ K. 

pneumonia ʠ E. faecalis, ʘ ʪʘʢʞʝ ʧʦʣʠʩʘʭʘʨʠʜʘ ʬʫʢʦʠʜʘʥʘ ʠʟ ʙʫʨʦʡ ʚʦʜʦʨʦʩʣʠ 

C. flagelliformis (ʩʤ. ʩʭʝʤʫ). 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʘʥʪʠʛʝʥʥrʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʘʢʮʠʥ ʧʨʦʪʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʪʦʛʝʥʦʚ ʠ 

ʜʠʘʛʥʦʩʪʠʢʫʤʦʚ ʜʣʷ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʈʘʙʦʪʳ ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʜʫʪʩʷ 

ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʮʝʥʪʨʘʤʠ - 
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ʀʥʩʪʠʪʫʪʦʤ ʠʤ. ʇʘʩʪʝʨʘ (ʇʘʨʠʞ, ʌʨʘʥʮʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʘʤʠ ʠʤ. ʃʶʜʚʠʛʘ 

ʄʘʢʩʠʤʠʣʠʘʥʘ (ʄʶʥʭʝʥ, ɻʝʨʤʘʥʠʷ) ʠ ʏʘʣʤʝʨʩʘ (ɻʝʪʝʙʦʨʛ, ʐʚʝʮʠʷ), 

ʀʥʩʪʠʪʫʪʦʤ ʚʘʢʮʠʥ ʠ ʩʳʚʦʨʦʪʦʢ ʠʤ. ʀ.ʀ. ʄʝʯʥʠʢʦʚʘ ʈɸʄʅ (ʄʦʩʢʚʘ). 

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

ʂʨʳʣʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʅ.ɽ. ʋʩʪʶʞʘʥʠʥʘ, ʘʩʧ. ɼ.ɸ. ɸʨʛʫʥʦʚ, ʘʩʧ. ɼ.ɺ. 

ɺʠʥʥʠʮʢʠʡ. 

 2. ʈʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʟ ʥʦʚʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʥʦ-, ʪʨʠ- ʠ 

ʧʝʥʪʘʤʝʪʠʥʦʚʳʭ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʩ ʜʚʫʤʷ N-ʘʤʤʦʥʠʦʘʣʢʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ 

ʩʥʷʪʠʷ ʬʪʘʣʠʤʠʜʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʚ ʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʷʭ ʩ ʧʦʤʦʱʴʶ 

ʛʠʜʨʘʟʠʥ ʤʦʥʦʛʠʜʨʘʪʘ ʠ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ MeNH2. ʇʦʣʫʯʝʥʥʳʝ ʢʨʘʩʠʪʝʣʠ 

ʩ ʘʤʤʦʥʠʡʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ʇ. 

ɻʨʦʤʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʄ. ɺ. ʌʦʤʠʥʘ (ʎʝʥʪʨ ʬʦʪʦʭʠʤʠʠ ʈɸʅ).  
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3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʠʤʠʜʘʟʦʣʦʚ, ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʘʮʝʪʠʣʝʥʦʚ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ). ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ 

ʧʨʦʪʝʢʘʝʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʨʘʩʢʨʳʪʠʝ ʠʤʠʜʘʟʦʣʴʥʳʭ 

ʮʠʢʣʦʚ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʮʝʪʠʣʝʥʦʚ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ (Z,Z)-1,4-ʜʠʘʟʘ-2,5-ʜʠʝʥʘʤ ʩ ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ - ʥʦʚʳʤ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʝʢʫʨʩʦʨʘʤ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤ ʙʣʦʢʘʤ ʜʣʷ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʘʥʥʘʷ ʥʦʚʘʷ ʨʝʘʢʮʠʷ ʧʦʣʥʦʩʪʴʶ ʘʪʦʤ-

ʵʢʦʥʦʤʥʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʢʨʳʚʘʶʪ ʥʦʚʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʭʠʤʠʠ ʠʤʠʜʘʟʦʣʘ ʠ ʘʮʝʪʠʣʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʚʧʝʨʚʳʝ 

ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʩʢʨʳʪʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʠʤʠʜʘʟʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ  

ʥʝʦʙʳʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (45-60
ʦ
ʉ) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ʚʳʭʦʜ ʜʦ 

80%) ʠ 100%-ʥʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʙʦʠʤ ʦʣʝʬʠʥʦʚʳʤ ʮʝʥʪʨʘʤ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ - 

ʘʜʜʫʢʪʳ ʠʤʠʜʘʟʦʣʘ ʩ ʘʮʝʪʠʣʝʥʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ɹ.ɸ. 

ʊʨʦʬʠʤʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ʃ.ɺ. ɸʥʜʨʠʷʥʢʦʚʘ ʠ ʜ.ʭ.ʥ. ɸ.ɻ. ʄʘʣʴʢʠʥʘ 

(ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ). 
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4. ʆʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʧʨʦʪʦʪʠʧʦʚ ʢʨʘʩʠʪʝʣʝʡ-ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʮʚʝʪʦʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʎʉʉɹ) ʩ ʧʠʨʠʤʠʜʠʥʦʚʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤ ʚ ʢʘʯʝʩʪʚʝ çʷʢʦʨʥʳʭ ʛʨʫʧʧè. ɼʣʷ ʵʪʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SN
H
-

ʤʝʪʦʜʦʣʦʛʠʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 4-(ʦʣʠʛʦ)ʪʠʝʥʠʣʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ 

ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʦʯʝʪʘʥʠʝ ʩ ʪʨʠʬʝʥʠʣʘʤʠʥʦʚʤr ʠʣʠ ʢʘʨʙʘʟʦʣʴʥʳʤ 

ʬʨʘʛʤʝʥʪʘʤʠ ʧʦ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ). ʀʟʫʯʝʥʳ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ (ʋʌ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ) ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʥʘ ʦʩʥʦʚʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʧʨʦʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ (IV), ʘ ʧʨʦʚʝʜʝʥʥʳʝ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ TD-

DFT ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʎʉʉɹ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʆ.ʅ. ʏʫʧʘʭʠʥ ʠ ʘʢʘʜʝʤʠʢ ɺ.ʅ. 

ʏʘʨʫʰʠʥ; ʠʩʧ. - ʢ.ʭ.ʥ. ɻ.ʃ. ʈʫʩʠʥʦʚ, ʢ.ʭ.ʥ. ɽ.ɺ. ɺʝʨʙʠʮʢʠʡ, ɽ.ʄ. ʏʝʧʨʘʢʦʚʘ, 
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ʢ.ʭ.ʥ. ʇ.ɸ. ʉʣʝʧʫʭʠʥ, ɸ.ɺ. ʑʝʧʦʯʢʠʥ, ʢ.ʭ.ʥ. ʄ.ʀ ʂʦʜʝʩʩ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 
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5. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʨʷʤʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠ̫ ʜʝʨʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʧʠʨʝʥ, ʪʨʠʬʝʥʠʣʝʥ ʠ 

ʜʨʫʛʠʝ) ʠ ʤʘʢʨʦʮʠʢʣʦʚ (ʢʘʣʠʢʩ[4]ʘʨʝʥʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ 

ʟʘʤʝʱʝʥʠʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ ʨʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ, ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʦʣʠʛʦʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ c ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʮʠʡ ʘʟʘ-ɼʠʣʴʩʘ-

ɸʣʴʜʝʨʘ ʤʝʞʜʫ ʟʘʤʝʱʝʥʥʳʤʠ as-ʪʨʠʘʟʠʥʘʤʠ ʠ ʝʥʘʤʠʥʘʤʠ ʠ 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ in situ ʘʨʠʥʘʤʠ. ʆʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʥʝʠʟʚʝʩʪʥʘʷ ʨʘʥʝʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ as-ʪʨʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ 1,2,3-ʪʨʠʘʟʦʣʴʥʳʡ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʥʦʚʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʠʨʠʜʠʣ-

ʟʘʤʝʱʝʥʥʳʭ 1,2,4-ʪʨʠʘʟʠʥʦʚ ʩ ʜʠʛʠʜʨʦʙʝʥʟʦʣʦʤ. ʉ ʠcʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ 

SNH ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʭʝʤʦʩʝʥʩʦʨʳ ʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʜʫʨ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ 

(ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ), ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʜʣʷ ʬʦʪʦʣʤʁʠʥʝʩʮʝʥʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ 

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ʊʅʊ ʠ ʜʨʫʛʠʭ), ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʫʜʥʦ-ʜʝʪʝʢʪʠʨʫʝʤʳʭ 

(ʊɸʊɹ, ʛʝʢʩʦʛʝʥ ʠ ʜʨʫʛʠʭ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʆ.ʅ. ʏʫʧʘʭʠʥ; 

ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɻ.ɺ ɿʳʨʷʥʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɼ.ʉ. ʂʦʧʯʫʢ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ). 
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6. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʥʠʪʨʠʣʦʚ (4,5-ʙʠʩ[2'-

(2''-ʙʝʥʟʠʣʦʢʩʠʵʪʦʢʩʠ)ʵʪʦʢʩʠ]ʬʪʘʣʦʥʠʪʨʠʣ, 4',5',4'',5''-ʪʝʪʨʘʮʠʘʥʦʜʠʙʝʥʟʦ-24-

ʢʨʘʫʥ-8 ʠ 4,5-ʙʠʩ(2-ʵʪʦʢʩʠʵʪʦʢʩʠ)ʬʪʘʣʦʥʠʪʨʠʣ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ. ʄʷʛʢʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʦʩʪʦʪʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʬʪʘʣʦʥʠʪʨʠʣʦʚ ï ʨʝʘʢʮʠʡ ʘʤʤʦʥʦʣʠʟʘ/ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ 

ʮʠʘʥʠʨʦʚʘʥʠʷ ʧʦ ʈʦʟʝʥʤʫʥʜʫ-ɹʨʘʫʥʫ - ʧʦʟʚʦʣʠʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʪʘʣʦʥʠʪʨʠʣʦʚ ʩ ʣʘʙʠʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʩʚʦʙʦʜʥʦ-

ʨʘʜʠʢʘʣʴʥʳʝ ʮʝʥʪʨʳ, ʧʨʦʪʦʥʦ-ʜʦʥʦʨʥʳʝ ʛʨʫʧʧʳ ʠ ʪ.ʜ.). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʝʥʠʝ ʤʝʥʝʝ 

ʪʦʢʩʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʮʠʘʥʠʜʦʚ (ʥʘʧʨʠʤʝʨ, K4[Fe(CN)6] ʚʤʝʩʪʦ KCN, 

Zn(CN)2) ʠ ʟʘʤʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʨʦʛʦʛʦ Pd ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʢʦʤʧʣʝʢʩʳ 

Cu(I). ɺʩʝ ʵʪʦ ʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ɸ.ʖ. ʎʠʚʘʜʟʝ ʠ ʧʨʦʬʝʩʩʦʨ ʖ.ɻ. ɻʦʨʙʫʥʦʚʘ; 

ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ɻ. ʄʘʨʪʳʥʦʚ ʠ ʢ.ʭ.ʥ. ʂ.ʇ. ɹʠʨʠʥ (ʀʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʠ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ ʌʍʕ ʈɸʅ). 

 

 

 

 

 

 

 

 

 

 

Macroheterocycles,  

6 (2013) 23-32. 

7. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 58% ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʨʷʜ ʤʘʢʨʦʙʠʮʠʢʣʠʯʝʩʢʠʭ 
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ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʳ ʜʠʘʟʘʢʨʘʫʥ-ʵʬʠʨʦʚ (ʩʤ. ʨʠʩ. ʥʠʞʝ). 

ɼʘʥʥʳʝ ʢʨʠʧʪʘʥʜʳ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʤʝʨʦʤ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʩʧʦʩʦʙʥʳʭ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʬʣʫʦʨʦʬʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʨʠʯʝʤ ʜʘʥʩʠʣʴʥʳʝ ʠ 

ʥʠʪʨʦʙʝʥʟʦʬʫʨʘʟʘʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʚʚʝʜʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʳʯʥʳʭ ʨʝʘʢʮʠʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʘ ʧʠʨʝʥʦʚʳʝ ʠ ʭʠʥʦʣʠʥʦʚʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ï 

ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Zn(II ), Cd(II ), Pb(II ), 

Hg(II ), Ag(I), Cu(II ), Co(II ), Ni(II ), Fe(II ), Mn(II ), Na(I) ʠ K(I) ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʨʦʙʠʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʜʘʥʩʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʩʝʣʝʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʤʝʜʠ, ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʛʘʰʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʭʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ, ʘ ʢʨʠʧʪʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʠʥʦʣʠʥʦʚʳʝ ʛʨʫʧʧʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʤʝʜʠ, ʨʪʫʪʠ ʠ ʩʚʠʥʮʘ, ʦʜʥʘʢʦ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟʤʝʥʝʥʠʷ ʥʦʩʷʪ ʦʩʦʙʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʀ.ʇ. ɹʝʣʝʮʢʘʷ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɸ.ɼ. ɸʚʝʨʠʥ, ʠʩʧ. ï ʘʩʧ. 

ɸ.ɸ. ʗʢʫʰʝʚ, ʘʩʧ. ʆ.ʂ. ɻʨʠʛʦʨʦʚʘ (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ). 
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 8. ʇʨʦʜʦʣʞʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʫʣʣʝʨʝʥʦʚ, ʚʦʟʤʦʞʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʸʥ ʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʧʠʨʘʟʦʣʠʥʦ- ʠ ʤʝʪʘʥʦʬʫʣʣʝʨʝʥʦʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝʤ (Pd(acac)2-PPh3-Et3Al , 80̄ ʉ, 1 ʯʘʩ) ʢ 

ʉ60-ʬʫʣʣʝʨʝʥʫ ʜʠʘʟʦʘʤʠʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ ʘʤʠʜʦʚ 

ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʦʚ ʩ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʛʠʙʨʠʜʥʳʭ ʧʠʨʘʟʦʣʠʥʦ- ʠ ʤʝʪʘʥʦʬʫʣʣʝʨʝʥʘʭ ʤʦʣʝʢʫʣʳ ʉ60-ʬʫʣʣʝʨʝʥʘ ʠ 

ʘʤʠʥʦʘʜʘʤʘʥʪʘʥʦʚ ʩʦʝʜʠʥʝʥʳ ʘʤʠʥʦʢʠʩʣʦʪʥʳʤʠ ʩʧʝʡʩʝʨʘʤʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʫʪʴ ʩʠʥʪʝʟʘ ʣʠʥʝʡʢʠ ʛʠʙʨʠʜʥʳʭ ʬʫʣʣʝʨʝʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʸʪ ʫʣʫʯʰʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʧʦʨʘʞʸʥʥʳʤ ʢʣʝʪʢʘʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-

ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ, ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʈ. ʊʫʢʪʘʨʦʚ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ 

ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ) 

 

9. ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʩʫʙʩʪʘʥʮʠʠ, ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 6-

ʬʪʦʨʭʠʥʦʣʠʥʦʚʦʛʦ ʨʷʜʘ, ʬʝʥʘʥʪʨʦʣʠʥʘʤ (ʢʘʢ ʘʥʘʣʦʛʘʤ ʘʣʢʘʣʦʠʜʦʚ), 
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ʪʨʠʮʠʢʣʠʯʝʩʢʠʤ ʜʠʪʝʨʧʝʥʦʠʜʘʤ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ ʩ ʛʝʪʝʨʦʮʠʢʣʘʤʠ. ɺ 

ʜʘʥʥʦʤ ʨʷʜʫ ʠʟʚʝʩʪʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʠ 

ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʜʥʦʨʝʘʢʪʦʨʥʦʡ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʝʡ ʘʣʴʜʝʛʠʜʦʚ, ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ 

ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘ-ʬʪʦʨʘʥʠʣʠʥ, 

5-ʘʤʠʥʦʭʠʥʦʣʠʥʳ ʠ ʤʝʪʠʣ-12-ʘʤʠʥʦʜʝʛʠʜʨʦʘʙʠʝʪʘʪ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʳ, -ʥʘʬʪʦʭʠʥʦʣʠʥʳ (ʩ ʜʠʪʝʨʧʝʥʦʠʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ) ʠ -

ʬʝʥʘʥʪʨʦʣʠʥʳ, ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʩ ʮʠʢʣʦʧʝʥʪʝʥʦʤ. ʆʟʦʥʦʣʠʟʦʤ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʮʠʢʣʦʧʝʥʪʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʣʫʯʝʥʳ ʩʪʘʙʠʣʴʥʳʝ ʦʟʦʥʠʜʳ, 

ʧʨʦʷʚʠʚʰʠʝ in vitro ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʦʧʘʩʥʦʛʦ ʧʘʨʘʟʠʪʘ Schistosoma 

mansoni. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ɻ. ʊʦʣʩʪʠʢʦʚ; ʦʪʚ. ʠʩʧ. ï 

ʜ.ʭ.ʥ. ɺ.ʅ. ʆʜʠʥʦʢʦʚ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʈ.ɻ. ʉʘʚʯʝʥʢʦ, ʢ.ʭ.ʥ. ɽ.ʉ. ʃʫʢʠʥʘ 

(ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ). 

 

10. ʈʘʟʨʘʙʦʪʘʥ ʢʦʨʦʪʢʠʡ ʠ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ 

ʜʦʩʪʫʧʥʳʭ ʣʫʧʘʥʦʚʳʭ ʪʨʠʪʝʨʧʝʥʦʠʜʦʚ (ʙʝʪʫʣʠʥ, ʙʝʪʫʣʠʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʩ 

ʣʠʧʦʬʠʣʴʥʳʤ ʤʝʤʙʨʘʥʦʧʨʦʥʠʢʘʶʱʠʤ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʤ ʢʘʪʠʦʥʦʤ 

ʧʫʪʸʤ ʘʣʣʠʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ (30)-ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ 

ʠʟʦʧʨʦʧʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʨʠʪʝʨʧʝʥʦʠʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NBS ʠ 



15 

 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʣʣʠʣʴʥʦʛʦ ʛʘʣʦʛʝʥʠʜʘ ʩ ʠʟʙʳʪʢʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ 

ʢʠʧʷʱʝʤ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʊʨʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʡ ʢʘʪʠʦʥ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʙʝʪʫʣʠʥʘ ʠʣʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʦʢʩʠʜʘʥʪʦʚ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʢʣʝʪʦʢ. ɺ 

ʠʩʧʳʪʘʥʠʷʭ in vitro ʧʦʣʫʯʝʥʥʳʝ ʘʣʣʠʣʴʥʳʝ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʪʫʣʠʥʘ ʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʷʚʠʣʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ 

ʜʝʡʩʪʚʠʝ (Iʉ50 0.91-0.94 ʤʢʛ/ʤʣ) ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʢʘʨʮʠʥʦʤʳ 

ʕʨʣʠʭʘ ʠ ʤʘʩʪʦʮʠʪʦʤʳ ʈ815. ʇʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʥʝ ʪʦʢʩʠʯʥʳ ʚ 

ʦʪʥʦʰʝʥʠʠ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ (ʥʝʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ ʠ ʧʨʦʣʠʬʝʨʠʨʫʶʱʠʝ 

ʩʧʣʝʥʦʮʠʪʳ ʤʳʰʠ) ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.6-0.10 ʤʢʛ/ʤʣ. ɺ ʠʩʧʳʪʘʥʠʷʭ 

in vitro ʥʘ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʝ ʜʝʡʩʪʚʠʝ ʘʣʣʠʣʴʥʳʝ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʪʫʣʠʥʘ ʠ ʙʝʪʫʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ 

ʰʠʩʪʦʩʦʤʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (Iʉ50 0.64-0.76  ʤʢʛ/ʤʣ) ʧʨʦʪʠʚ ʶʚʝʥʠʣʴʥʳʭ ʠ 

ʚʟʨʦʩʣʳʭ ʯʝʨʚʝʡ ʪʨʝʤʘʪʦʜ Schistosoma mansoni (ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 

ʀʥʩʪʠʪʫʪʝ ʪʨʦʧʠʢʦʚ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʛ. ɹʘʟʝʣʴ, ʐʚʝʡʮʘʨʠʷ ʠ ʚ ʆʆʆ 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʛ. ʊʦʤʩʢ). ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ɺ.ʅ. ʆʜʠʥʦʢʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʖ. ʉʧʠʚʘʢ (ʀʥʩʪʠʪʫʪ 

ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ). 
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11. ʈʘʟʨʘʙʦʪʘʥʘ ʥʝʨʝʩʫʨʩʦʝʤʢʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ pKa ʦʨʛʘʥʠʯʝʩʢʠʭ O-H, N-H, C-H ʠ S-H ʢʠʩʣʦʪ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʥʝʚʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʨʘʩʪʚʦʨʘʭ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʠʩʣʦʪʥʦʩʪʠ 

ʢʘʢ ʜʣʷ ʩʠʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʩʣʘʙʳʭ ʢʠʩʣʦʪ ʚ ʜʠʘʧʘʟʦʥʝ 50 ʝʜʠʥʠʮ ʧʦ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ ʩʦ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 

ʝʜʠʥʠʮʳ ʰʢʘʣʳ pKa. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʥʝʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï

ʧʨʦʬʝʩʩʦʨ ʉ.ʃ. ʍʫʨʩʘʥ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʄ.ʖ. ʆʚʯʠʥʥʠʢʦʚ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʅʎ ʈɸʅ). 

 

12. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʫʨʘʮʠʣʘ ʭʘʨʘʢʪʝʨʥʘ ʨʝʘʢʮʠʷ ʠʧʩʦ-ʟʘʤʝʱʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʘʟʨʳʚʦʤ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʉ6-ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʩʤ. 

ʧʨʠʤʝʨʳ ʥʘ ʩʭʝʤʘʭ ʥʠʞʝ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʘʢʘʜʝʤʠʢ ʄ.ʉ. ʖʥʫʩʦʚ; ʦʪʚ. 

ʠʩʧ. - ʀ.ɹ. ʏʝʨʥʠʢʦʚʘ, ʧʨʦʬʝʩʩʦʨ ʉ.ʃ. ʍʫʨʩʘʥ, ʢ.ʭ.ʥ. ʃ.ɺ. ʉʧʠʨʠʭʠʥ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʅʎ ʈɸʅ). 
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ʈʝʘʛʝʥʪʳ ʠ ʫʩʣʦʚʠʷ: a. Cl2 (ʩʫʭ.), CHCl3 (ʙʝʟʚʦʜʥ.); b. Cl2 (ʚʣʘʞʥ.), CHCl3 (ʥʝʚʳʩʫʰʝʥ.); 

c.Br2 (1 eq), AcOH; d. KBr (2 eq), 36% H2O2 (4 eq), AcOH; e. KBr (2 eq), 36% H2O2 (4 eq), 

50% H2SO4.  ʀʟʚ. ɸʅ. ʉʝʨ. ʭʠʤ. (2013) 2445-2453.  

13. ʅʘ ʦʩʥʦʚʝ ʘʜʜʫʢʪʘ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʣʝʚʦʛʣʶʢʦʟʝʥʦʥʘ ʩ ʧʠʧʝʨʠʣʝʥʦʤ 

ʟʘʚʝʨʰʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʙʠʮʠʢʣʦ[8.4.0]ʪʝʪʨʘʜʝʢʘʥʦʚʦʛʦ ʷʜʨʘ ʵʣʝʫʪʝʟʠʜʦʚ ï 

ʮʝʥʪʨʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ çʤʦʨʩʢʠʭè ʜʠʪʝʨʧʝʥʦʠʜʦʚ ʜʣʷ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʘʥʘʣʦʛʘ ʩ 14-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩ-12-

ʝʥʦʚʳʤ ʢʦʣʴʮʦʤ ɸ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʧʨʦʬʝʩʩʦʨ ʌ.ɸ. ɺʘʣʝʝʚ; ʦʪʚ. ʠʩʧ. -

ʢ.ʭ.ʥ. ɹ.ʊ. ʐʘʨʠʧʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʅʎ ʈɸʅ). 

 

14. ʇʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ (-)-ʜʠʜʝʟʤʝʪʠʣʤʝʪʠʣʝʥʦʤʠʮʠʥʘ 

ɸ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʨʘʣʴʥʦʛʦ ʙʣʦʢʘ 2 ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʉʦʝʜʠʥʝʥʠʝ 2 ʧʦʣʫʯʝʥʦ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 
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ʦʨʠʛʠʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ  (°)-ʙʠʮʠʢʣʘ 1. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪ ï ʧʨʦʬʝʩʩʦʨ ʄ.ʉ. ʄʠʬʪʘʭʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʄ. ɻʠʤʘʟʝʪʜʠʥʦʚ ʠ ʉ.ʉ. 

ɻʘʪʘʫʣʣʠʥ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʅʎ ʈɸʅ). 

 

15. ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʩʠʥʪʝʟʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʘʛʣʠʢʦʥʘ ʘʥʘʣʦʛʦʚ 

OSW-1 ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʤʦʪʠʨʫʝʤʘʷ ʤʝʪʠʣʝʥʪʨʠʬʝʥʠʣʬʦʩʬʦʨʘʥʦʤ 

ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 16-ʘʮʝʪʦʢʩʠ-22-ʦʢʩʦʭʦʣʝʩʪʝʨʦʣʘ (ʩʤ. ʩʦʝʜʠʥʝʥʠʷ 

2,4,5 ʥʘ ʩʭʝʤʝ ʥʠʞʝ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʚʝʩʧʝʨʪʠʣʠʥʘ 1 ʠ 6. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʧʨʦʬʝʩʩʦʨ ʄ.ʉ. ʄʠʬʪʘʭʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɿ.ʈ. 

ɺʘʣʠʫʣʣʠʥʘ, ʜ.ʭ.ʥ. ʌ.ɸ. ɻʠʤʘʣʦʚʘ, ʢ.ʭ.ʥ. ʅ.ʂ. ʉʝʣʝʟʥʝʚʘ, ʃ.ʉ. ʍʘʩʘʥʦʚʘ 

(ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʅʎ ʈɸʅ). 

 

16. ʈʘʟʨʘʙʦʪʘʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʜʠʧʨʦʧʠʦʥʘʪʘ ʙʝʪʫʣʠʥʦʣʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʵʬʠʨʦʤ ʧʨʦʧʠʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʙʝʪʫʣʠʥʦʣʘ (ʩʤ. ʨʠʩ.). ʉʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʘʮʠʣʠʨʦʚʘʥʠʠ 
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ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʙʝʨʝʩʪʳ ʙʝʨʝʟʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʝʨʝʛʨʝʪʳʤ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʘʧʦʧʪʦʟʘ ʠ ʥʝʢʨʦʟʘ ʢʣʝʪʦʢ 

ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʧʨʦʧʠʦʥʘʪ 

ʙʝʪʫʣʠʥʦʣʘ ʧʨʦʷʚʣʷʝʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʩʚʦʡʩʪʚʘ, ʠʥʜʫʮʠʨʫʷ ʘʧʦʧʪʦʟ 

ʘʩʮʠʪʥʳʭ ʢʣʝʪʦʢ ʢʘʨʮʠʥʦʤʳ ʕʨʣʠʭʘ (ɸʂʕ). ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʩʢʣʶʯʝʥʠʠ ʩʪʘʜʠʠ 

ʚʳʜʝʣʝʥʠʷ ʙʝʪʫʣʠʥʘ ʠʟ ʙʝʨʝʩʪʳ ʙʝʨʝʟʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʜʠʧʨʦʧʠʦʥʘʪʘ ʙʝʪʫʣʠʥʦʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ 

ï ʜ.ʭ.ʥ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ; ʠʩʧ. ï ʜ.ʭ.ʥ. ʉ.ɸ. ʂʫʟʥʝʮʦʚʘ, ɻ.ʇ. ʉʢʚʦʨʮʦʚʘ, ʖ.ʅ. 

ʄʘʣʷʨ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ). 

 

17. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ 

(ɸɻ) ʢʦʤʧʣʝʢʩʦʤ ʩʝʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ ʧʠʨʠʜʠʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʚ ʩʨʝʜʝ ʧʠʨʠʜʠʥʘ. 

ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʩʥʠʟʠʪʴ ʥʘ 15 ÁC ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʠ ʚ 3 ʨʘʟʘ ʩʦʢʨʘʪʠʪʴ 

ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʩʫʣʴʬʘʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʩʫʣʴʬʘʪʳ ɸɻ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ (11,8 % ʚʝʩ.) ʠ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʜʝʛʨʘʜʘʮʠʠ ɸɻ. ʇʦʣʫʯʝʥʥʳʡ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʡ ɸɻ ʧʨʦʷʚʣʷʝʪ 

ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʛʝʧʘʨʠʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɹ.ʅ. ʂʫʟʥʝʮʦʚ; ʠʩʧ. ï 

ʢ.ʭ.ʥ. ʅ.ʖ. ɺʘʩʠʣʴʝʚʘ, ʢ.ʭ.ʥ. ɸ.ɺ. ʃʝʚʜʘʥʩʢʠʡ, ʘʩʧ. ɸ.ʉ. ʂʘʟʘʯʝʥʢʦ (ʀʥʩʪʠʪʫʪ 

ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʉʆ ʈɸʅ). 
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18. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ çʜʝʘʨʦʤʘʪʠʟʘʮʠʷ 

ʘʨʝʥʘ/ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶè ʫʩʧʝʰʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ çone potè ʚʘʨʠʘʥʪʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʪʝʪʨʘʛʠʜʨʦʧʠʨʨʦʣʦ[3,2-l]ʘʢʨʠʜʠʥ-6(7ʅ)-ʦʥʦʚ ʠ 

ʛʝʢʩʘʛʠʜʨʦ-ʧʠʨʨʦʣʦ[2,3-d]ʭʠʥʦʣʠʥ-8(4ʅ)-ʦʥʦʚ ï ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʠʙʣʠʦʪʝʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʥʫʞʜ ʤʝʜʠʮʠʥʳ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʖ.ɺ. ʐʢʣʷʝʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʖ.ʉ. 

ʈʦʞʢʦʚʘ (ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʋʨʆ ʈɸʅ). 

 

 19. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʝʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʳ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʟʘʜʘʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʮʝʣʣʶʣʦʟʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʝʝ 

ʬʦʨʤʠʘʪʳ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ. ʇʦʣʫʯʘʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ 

ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʮʝʣʣʶʣʦʟʳ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʚ ʛʦʤʦʛʝʥʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʨʝʜʘʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʮʝʣʣʶʣʦʟʳ (ʩʫʣʴʬʘʪʦʚ, ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ, ʜʝʟʦʢʩʠʮʝʣʣʶʣʦʟ). 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ɺ. ʂʫʯʠʥ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɽ.ɺ. 

ʋʜʦʨʘʪʠʥʘ, ʢ.ʭ.ʥ. ʄ.ɸ. ʊʦʨʣʦʧʦʚ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ). 
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i ï 0.1-1.0 mol % H3PW12O40, ʅʉʆʆʅ 

20. ɺʧʝʨʚʳʝ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʪʝʨʧʝʥʦʚʳʭ ʜʠʦʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʜʠʦʢʩʠʜ ʭʣʦʨʘ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ClO2-ɼʄʌɸ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʪʦʨʠʯʥʦ-ʪʨʝʪʠʯʥʳʭ ʚʠʮʠʥʘʣʴʥʳʭ ʪʝʨʧʝʥʦʚʳʭ ʜʠʦʣʦʚ ʩ 

ʜʠʦʢʩʠʜʦʤ ʭʣʦʨʘ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ Ŭ-ʭʣʦʨʢʝʪʦʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʪʦʨʠʯʥʦ-ʚʪʦʨʠʯʥʳʭ 

ʜʠʦʣʦʚ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʙʨʘʟʫʶʪʩʷ Ŭ-ʛʠʜʨʦʢʩʠʢʝʪʦʥʳ. ɺʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʳ 4Ŭ-ʭʣʦʨ,2Ŭ-ʛʠʜʨʦʢʩʠʧʠʥʘʥʦʥ-3, 5Ŭ-ʭʣʦʨ,3Ŭ-ʛʠʜʨʦʢʩʠʢʘʨʘʥʦʥ-4 ʠ 

3Ŭ-ʛʠʜʨʦʢʩʠ-10ɓ-ʧʠʥʘʥʦʥ-4, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ - ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ɺ. ʂʫʯʠʥ; ʠʩʧ. - ʢ.ʭ.ʥ. ʃ.ʃ. ʌʨʦʣʦʚʘ, 

ɸ.ɺ. ʇʦʧʦʚ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ). 
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 21. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʩʘʭʘʨʠʜʥʳʭ 

ʤʘʪʨʠʮ ʩʠʥʪʝʟʠʨʦʚʘʥ ʙʠʜʝʥʪʘʪʥʳʡ ʛʣʠʢʦʢʦʥʲʶʛʘʪ (ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. ʥʘʜ 

ʧʨʘʚʦʡ ʯʘʰʢʦʡ ʚʝʩʦʚ) ï ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʣʦʢʘʪʦʨ 

ʪʝʪʨʘʤʝʨʥʦʛʦ ʙʝʣʢʘ-ʣʝʢʪʠʥʘ LecA (PA-IL), ʷʚʣʷʶʱʝʛʦʩ ̫ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʙʘʢʪʝʨʠʠ Pseudomonas aeruginosa (ʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ). 
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ɸʢʪʠʚʥʦʩʪ ɹ ʛʘʣʘʢʪʦʟʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʥʲʶʛʘʪʝ ʧʨʝʚʳʰʘʝʪ ʚ ʪʳʩʷʯʠ ʨʘʟ 

ʘʢʪʠʚʥʦʩʪʴ ʥʝʩʚʷʟʘʥʥʦʛʦ ʤʝʪʠʣ-ɓ-D-ʛʘʣʘʢʪʦʟʠʜʘ (ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. ʥʘʜ ʣʝʚʦʡ 

ʯʘʰʢʦʡ ʚʝʩʦʚ), ʯʪʦ ʜʦʩʪʠʛʥʫʪʦ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʣʠʥʢʝʨʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʣʠʛʘʥʜʳ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʤʘʪʨʠʮʝ ʧʦ 

ʜʠʘʤʝʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʛʣʶʢʦʟʘʤʠʥʦʚʳʤ ʟʚʝʥʴʷʤ. ɼʠʟʘʡʥ ʩʪʨʫʢʪʫʨʳ 

ʙʣʦʢʘʪʦʨʘ ʧʨʦʚʝʜʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʢʦʤʧʲʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʢʘʢ ʠ ʝʛʦ ʠʟʦʤʝʨʦʚ ʠ 

ʘʥʘʣʦʛʦʚ) ʤʝʪʦʜʘʤʠ HIA, ELLA ʠ ITC ʧʨʦʚʝʜʝʥʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ CNRS ʚ ɻʨʝʥʦʙʣʝ (ʌʨʘʥʮʠʷ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣʝʥ-ʢʦʨʨ. 

ʈɸʅ ʅ.ʕ. ʅʠʬʘʥʪʴʝʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʄ.ʃ. ɻʝʥʠʥʛ ʠ ʢ.ʭ.ʥ. ʖ.ɽ. ʎʚʝʪʢʦʚ; 

ʠʩʧ. - ʘʩʧ. ɼ.ɺ. ʊʠʪʦʚ, ʢ.ʭ.ʥ. ɺ.ɹ. ʂʨʳʣʦʚ, ʢ.ʭ.ʥ. ɸ.ɻ. ɻʝʨʙʩʪ (ʀʥʩʪʠʪʫʪ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 
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 22. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ ʩ 2-ʘʤʠʜʘʤʠ 

(ʧʦʣʫʯʝʥʥʳʤʠ ʠʭ 2,3-ʩʝʢʦʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʪʨʠʪʝʨʧʝʥʦʠʜʥʳʭ ʤʘʪʨʠʮ) 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʭʣʦʨʘʥʛʠʜʨʠʜ ɸ, ʘʤʠʜʥʘʷ ʛʨʫʧʧʘ ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʦʙʨʘʟʫʶʱʠʤʩʷ ʭʣʦʨʦʚʦʜʦʨʦʜʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 

A ʩ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʘ B. ɼʘʣʝʝ 
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ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʜʚʫʤ ʧʫʪʷʤ. ʇʝʨʚʳʡ (ʧʫʪʴ ñAò) ʚʢʣʶʯʘʝʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʘʮʠʣʠʨʦʚʘʥʠʝ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʘ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ 

ʯʝʨʝʟ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʤʝʜʠʘʪ C c ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ D. 

ʇʦʩʣʝʜʫʶʱʝʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʘʮʠʣʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ɓ-

ʜʠʢʝʪʦʥʥʦʛʦ ʮʝʥʪʨʘ ʦʩʪʘʪʢʦʤ ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʠʟʚʝʩʪʥʳʤ ʨʘʥʝʝ 

ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʪʨʠʦʥʘʤ. ɺʪʦʨʦʡ ʧʫʪʴ (ʧʫʪʴ ñɹò) ʚʢʣʶʯʘʝʪ ʠʟʦʤʝʨʠʟʘʮʠʶ 

ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʦʛʦ ʮʠʢʣʘ ʚ ʧʠʨʨʦʣʠʜʠʥʪʨʠʦʥʳʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʠ E ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ɓ-ʜʠʢʝʪʦʥʥʦʛʦ ʮʝʥʪʨʘ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʪʨʠʦʥʘʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʧʨʦʬʝʩʩʦʨ ʅ.ʌ. 

ʉʘʣʘʭʫʪʜʠʥʦʚ, ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ɺ. ʐʝʨʥʶʢʦʚ (ʅʀʆʍ ʉʆ ʈɸʅ).  

 

 23. ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʝʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ ʢʣʘʩʩ ʤʘʢʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʜʦ ʯʝʪʳʨʝʭ ʬʨʘʛʤʝʥʪʦʚ ʜʠʪʝʨʧʝʥʦʠʜʘ ʠʟʦʩʪʝʚʠʦʣʘ (ʠʣʠ ʩʪʝʚʠʦʣʘ), 

ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʧʝʡʩʝʨʘʤʠ. ʉʨʝʜʠ ʥʠʭ 

ʥʘʡʜʝʥʳ ʥʠʟʢʦʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ ʠʤʝʶʱʠʝ ʬʘʨʤʘʢʦʬʦʨʥʳʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧʠʨʦʚʦʢ, ʢʦʪʦʨʳʝ ʠʥʛʠʙʠʨʫʶʪ ʨʦʩʪ Micobacterium 
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tuberculosis (H37Rv in vitro) ʥʘ ʫʨʦʚʥʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠʟʦʥʠʘʟʠʜ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ ɺ.ɽ. ʂʘʪʘʝʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʀ.ʖ. 

ʉʪʨʦʙʳʢʠʥʘ, ʢ.ʭ.ʥ. ɹ.ʌ.ɻʘʨʠʬʫʣʣʠʥ, ʢ.ʭ.ʥ. ʆ.ɺ. ɸʥʜʨʝʝʚʘ, ʢ.ʭ.ʥ. ʈ.ʅ. 

ʍʘʡʙʫʣʣʠʥ, ʢ.ʭ.ʥ. ʄ.ɻ. ɹʝʣʝʥʦʢ, ʢ.ʭ.ʥ. ɺ.ʄ. ɹʘʙʘʝʚ, ʢ.ʭ.ʥ. ʀ.ʍ. ʈʠʟʚʘʥʦʚ, 

ʢ.ʭ.ʥ. ɸ.ɹ. ɼʦʙʨʳʥʠʥ, ʢ.ʭ.ʥ. ʆ.ɸ. ʃʦʜʦʯʥʠʢʦʚʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

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

 

 

 

 

 

 

Macroheterocycles,  

6 (2013) 184-191. 

 24. ʆʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʨʝʘʢʮʠʷ ʜʝʘʨʠʣʠʨʦʚʘʥʠʷ 1,3,5-

ʪʨʠʘʟʠʥʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʬʝʥʦʣʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʘʪʴ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʘʨʠʣʟʘʤʝʱʝʥʥʳʝ ʩʦʣʠ 

ʠʤʠʜʘʟʦʪʨʠʘʟʦʥʠʷ ï ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʆ.ɻ. ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. - ʧʨʦʬʝʩʩʦʨ ɸ.ʈ. 

ɹʫʨʠʣʦʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ʉ. ɻʘʟʠʟʦʚ, ʢ.ʭ.ʥ. ʅ.ʀ. ʍʘʨʠʪʦʥʦʚʘ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʄ.ɸ. 

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

ʂʘʟʅʎ ʈɸʅ). 

  

Monat. Chem., 144 (2013) 1027ï1030. 

 25. ʇʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʦʙʱʠʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʜʦʣʠʟʠʥʦʚʳʭ ʤʘʢʨʦʮʠʢʣʦʚ ʧʫʪʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʉïʉ ʩʦʯʝʪʘʥʠʷ Ŭ,ɤ-ʙʠʩ-

ʠʥʜʦʣʠʟʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʡʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ. ʕʪʠʤ 



25 

 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʤʘʢʨʦʮʠʢʣʳ ʩ 

ʙʠʩ-(ʠʥʜʦʣʠʟʠʥ-2-ʠʣ)ʭʠʥʦʢʩʘʣʠʥ-2(1ʅ)ʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʥʦʚʳʝ ʩʝʣʝʢʪʠʚʥʳʝ 

ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʝ ʠ ʠʟʦʣʠʨʫʶʱʠʝ ʧʦʨʠʩʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʧʣʸʥʢʠ, ʘ ʪʘʢʞʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʭʨʦʤʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ 

ɺ.ɸ. ʄʘʤʝʜʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɸ.ɸ. ʂʘʣʠʥʠʥ; ʠʩʧ. - ʜ.ʭ.ʥ. ɺ.ɺ. ʗʥʠʣʢʠʥ, 

ʢ.ʭ.ʥ. ʅ.ɺ. ʅʘʩʪʘʧʦʚʘ, ʢ.ʭ.ʥ. ɺ.ʀ. ʄʦʨʦʟʦʚ, ʢ.ʭ.ʥ. ɽ.ɺ. ʄʠʨʦʥʦʚʘ, ʢ.ʭ.ʥ. ʀ.ʍ. 

ʈʠʟʚʘʥʦʚ, ʜ.ʭ.ʥ. ɸ.ʊ. ɻʫʙʘʡʜʫʣʣʠʥ, ʜ.ʭ.ʥ. ʐ.ʂ. ʃʘʪʳʧʦʚ (ʀʥʩʪʠʪʫʪ 

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

 

 

Tetrahedron Lett., 54 (2013) 3348-3352; Tetrahedron, 69 (2013) 10675-1068. 

26. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʨʘʮʝʤʠʯʝʩʢʠʭ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʝʪʘ-ʧʝʧʪʠʜʦʚ. ʆʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ N-ʘʮʠʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʧʠʨʨʦʣʠʜʠʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʘʢʨʠʣʦʠʣʭʣʦʨʠʜʦʤ ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʭ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʠ ʠʤʠʥʦʵʬʠʨʦʚ (ʩʭʝʤʘ). ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʠʥʚʝʨʩʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʛʝʥʥʳʭ 

ʮʝʥʪʨʦʚ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʛʝʥʥʳʭ ʮʝʥʪʨʦʚ ʧʠʨʨʦʣʠʜʠʥʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʝʧʪʠʜʥʦʡ ʭʠʤʠʠ, 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʦʣʠʛʦʤʝʨʠʟʘʮʠ ̫ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ 

ʛʨʫʧʧ ʠ ʘʢʪʠʚʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʨʦʪʢʠʭ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ ʙʝʪʘ-ʧʝʧʪʠʜʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʵʪʠʭ ʦʣʠʛʦʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 
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ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʈʉɸ ʠ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʅ.ʉ.ɿʝʬʠʨʦʚ ʠ ʢ.ʭ.ʥ. ʂ.ɺ. ʂʫʜʨʷʚʮʝʚ; ʠʩʧ. ï 

ʘʩʧ. ʇ.ʄ. ʀʚʘʥʮʦʚʘ (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ). 

 
Angew. Chem. Int. Ed.,52 (2013)12736ï12740 

27. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʥʘʡʜʝʥʥʦʡ ʥʘʤʠ ʥʦʚʦʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʛʝʤ-ʙʨʦʤ(ʬʪʦʨ)ʟʘʤʝʱʝʥʥʳʭ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʦʟʦʥʠʡ ʙʦʨʬʪʦʨʠʜʘ ʩ ʫʯʘʩʪʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʠʪʨʠʣʘ. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 4-ʬʪʦʨʧʠʨʠʤʠʜʠʥ N-ʦʢʩʠʜʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʧʨʝʧʘʨʘʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 4-ʬʪʦʨʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ. 
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Tetrahedron Lett., 55 (2014) 483-485. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 4-ʬʪʦʨʧʠʨʠʤʠʜʠʥ N-ʦʢʩʠʜʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ N, P, O-

ʥʫʢʣʝʦʬʠʣʘʤʠ. ʈʫʢʦʚʦʜʠʪʝʣ ɹʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʅ.ʉ.ɿʝʬʠʨʦʚ (ʍʠʤʠʯʝʩʢʠʡ 
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ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ). 
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28. ʅʘʡʜʝʥʘ ʥʦʚʘʷ ʥʝʦʙʳʯʥʘʷ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 5-

ʥʠʪʨʦʠʟʦʢʩʘʟʦʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ, ʧʨʠʚʦʜʷʱʘʷ 

ʢ ʥʝʠʟʚʝʩʪʥʳʤ ʨʘʥʝʝ ʛʝʪʝʨʦʮʠʢʣʘʤ ï 5-[ʛʠʜʨʦʢʩʠ(ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ-2-

ʠʣ)ʘʤʠʥʦ]ʠʟʦʢʩʘʟʦʣʘʤ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʅ.ʉ.ɿʝʬʠʨʦʚ ʠ ʊ.ʉ. 

ʂʫʟʥʝʮʦʚʘ; ʠʩʧ. ï ʘʩʧ. ɼ.ɸ. ɺʘʩʠʣʝʥʢʦ (ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ). 
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Synthesis, 46 (2014), DOI: 10.1055/s-0033-1340827. 

29. ʇʨʦʜʦʣʞʘʷ ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʠʩʢ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʨʝʪʨʦʚʠʨʫʩʥʦʡ 

ʨʝʧʣʠʢʘʮʠʠ ʚ ʨʷʜʫ ʧʨʦʠʟʚʦʜʥʳʭ 6-ʙʝʥʟʠʣʧʠʨʠʤʠʜʠʥ-4(3ʥ)-ʦʥʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʙʠʦʠʟʦʩʪʝʨʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ 

ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ çʄʉ-1501è, ʧʨʦʭʦʜʷʱʝʛʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʩʪʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ in vivo. ʉ ʵʪʦʡ ʮʝʣʴʶ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ 2,6-ʜʠʛʘʣʦʛʝʥʤʠʥʜʘʣʴʥʳʭ ʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

6-(2,6-ʜʠʛʘʣʦʛʝʥ-Ŭ-ʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʧʠʨʠʤʠʜʠʥ-4(3ʅ)-ʦʥʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 6-

[(2,6-ʜʠʬʪʦʨʬʝʥʠʣ)-(ʤʝʪʦʢʩʠ)ʙʝʥʟʠʣ]-5-ʤʝʪʠʣ-2-(ʮʠʢʣʦʧʝʥʪʠʣʘʤʠʥʦ)ʧʠʨʠ-

ʤʠʜʠʥ-4(3ʅ)-ʦʥ (ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. ʥʠʞʝ) ʧʨʠ ʢʦʤʧʘʨʘʪʠʚʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʥʪʠʚʠʨʫʩʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ) ʧʨʦʷʚʠʣʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʧʨʦʪʦʪʠʧ çʄʉ-

1501è. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ 

ʀ.ɸ. ʅʦʚʘʢʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ʄ.ɹ. ʅʘʚʨʦʮʢʠʡ (ʌɻɹʆʋ ɺʇʆ ɺʦʣʛɻʊʋ), ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʈɸʅ ʠʤ. ɺ.ɸ. 

ʕʥʛʝʣʴʛʘʨʜʪʘ ʈɸʅ, ʘ ʪʘʢʞʝ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ñLa Sapienzaò (ʈʠʤ, ʀʪʘʣʠʷ), 

ʀʥʩʪʠʪʫʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ (ʇʘʚʠʷ, ʀʪʘʣʠʷ) ʠ 

ʈʝʪʨʦʚʠʨʫʩʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ IrsiCaixa (ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ). 
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ʘʥʘʣʦʛ  

 

 

ʀʟʚ. ɸʅ ʉʝʨ. ʭʠʤ.,  

(2013) 139-143;  

(2013) 796-800;  

(2013) 2544-2546 

30. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʧʦʨʬʠʨʘʟʠʥʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʙʝʞʘʪʴ ʧʦʙʦʯʥʦʡ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʬʪʦʨʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʮʝʪʘʪʘ ʠʥʜʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʤʧʣʘʪʥʦʛʦ ʘʛʝʥʪʘ (ʩʤ. ʨʠʩ. ʥʠʞʝ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʬʪʦʨʠʨʦʚʘʥʠʝ ʩʠʣʴʥʦ 

ʤʝʥʷʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʬʠʨʘʟʠʥʦʚʦʛʦ 

ʤʘʢʨʦʮʠʢʣʘ, ʩʠʣʴʥʦ ʫʤʝʥʴʰʘʷ ʦʩʥʦʚʥʦʩʪʴ ʤʝʟʦ-ʘʪʦʤʦʚ ʘʟʦʪʘ ʠ ʧʦʚʳʰʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ NH ʛʨʫʧʧ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ 

ʆ.ʀ. ʂʦʡʬʤʘʥ ʠ ʜ.ʭ.ʥ. ʇ.ɸ.ʉʪʫʞʠʥ (ʀʚʘʥʦʚʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ).  

 

J. Porphyrrins Phthalocyanines, 17 (2013) 905. 
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31. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʛʘʣʣʠʷ (dpp-bian)Ga-Ga(dpp-bian), 

ʩʦʜʝʨʞʘʱʝʝ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʡ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʠʤʠʥʦʚʳʡ ʣʠʛʘʥʜ (dpp-bian), 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʘʢʪʠʚʥʦʩʪʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʝʘʢʮʠʡ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʥʠʣʠʥʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʢʘʨʙʦʜʠʠʤʠʜʘʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 4 

ʤʦʣ % ʩʦʝʜʠʥʝʥʠʷ ʛʘʣʣʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʚʝʨʩʠʷ 

ʭʣʦʨʘʥʠʣʠʥʘ ʠ ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜʘ ʚ ʧʨʦʜʫʢʪ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ 

ʜʦʩʪʠʛʘʝʪ 80 % ʚ ʪʝʯʝʥʠʝ 80 ʤʠʥʫʪ. ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʨʙʦʜʠʤʠʠʜ ʠ ʘʥʠʣʠʥ 

ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 90 Áʉ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɸʙʘʢʫʤʦʚ ʠ ʯʣʝʥ.-ʢʦʨʨ. ʈɸʅ 

ʀ.ʃ. ʌʝʜʶʰʢʠʥ; ʠʩʧ. - ʢ.ʭ.ʥ. ʄ.ɺ. ʄʦʩʢʘʣʝʚ, ʆ.ɺ. ʂʘʟʘʨʠʥʘ (ʀʥʩʪʠʪʫʪ 

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

 
                                                                 J. Organomet. Chem., 2013, 747, 235-240. 

32. ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʪʝʪʨʘʘʨʠʣʪʝʪʨʘʮʠʘʥʦʧʦʨʬʠʨʘʟʠʥʦʚ ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ 

ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʩʚʦʡʩʪʚʘʤʠ ʬʣʶʦʨʝʩʮʝʥʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʦʪʦʨʦʚ, ʪ.ʝ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʚʷʟʢʦʩʪʠ 

ʩʨʝʜʳ. ʇʦʢʘʟʘʥʦ ʯʨʝʟʚʳʯʘʡʥʦ ʨʝʜʢʦʝ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʥʦʚʳʭ 

ʬʣʶʦʨʝʩʮʝʥʪʥʳʭ ʨʦʪʦʨʦʚ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʠʥʛʣʝʪʥʳʡ 

ʢʠʩʣʦʨʦʜ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʜʣʷ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ). 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʛʠʙʝʣʠ ʨʘʢʦʚʦʡ ʢʣʝʪʢʠ ʧʦ ʥʘʨʦʩʪʘʥʠʶ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʚʷʟʢʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʪʢʨʳʚʘʝʪ ʨʝʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ (ʌɼʊ) ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʙʠʦʤʝʜʠʮʠʥʳ, ʥʦ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ 

ʤʝʭʘʥʠʟʤʝ ʌɼʊ (ʩʤ. ʨʠʩ. ʥʠʞʝ). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʢ.ʭ.ʥ. ʃ.ɻ. ʂʣʘʧʰʠʥʘ; 
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ʠʩʧ. - ʉ.ɸ. ʃʝʨʤʦʥʪʦʚʘ, ʢ.ʭ.ʥ. ʀ.ʉ. ɻʨʠʛʦʨʴʝʚ (ʀʥʩʪʠʪʫʪ 

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

ʅʦʚʘʷ ʩʝʨʠʷ ʪʝʪʨʘʘʨʠʣʪʝʪʨʘʮʠʘʥʦʧʦʨʬʠʨʘʟʠʥʦʚʳʭ 

ʭʨʦʤʦʬʦʨʦʚ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʦʩʥʦʚʘʥʠʡ: 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʴʥʦʡ ʨʘʢʦʚʦʡ 

ʦʧʫʭʦʣʠ ʧʨʠ ʬʣʶʦʨʝʩʮʝʥʪʥʦʤ 

ʙʠʦʠʤʠʜʞʠʥʛʝ in vivo: 

  
J. Polym. Sci. Part A: Polym. Chem. 

51 (2013) 4267ï4281. 

33. ʆʙʥʘʨʫʞʝʥʘ ʫʥʠʢʘʣʴʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɓ,ŭ-ʪʨʠʢʝʪʦʥʦʚ ʚ 

ʨʝʘʢʮʠʠ ʩ H2O2: ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʠʥ - ʦʙʨʘʟʫʶʪʩʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ 

ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʦʢʩʠʜʥʳʡ, 

ʤʦʥʦʧʝʨʦʢʩʠʢʝʪʘʣʴʥʳʡ ʠ ʢʝʪʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ. ʇʝʨʦʢʩʠʜʳ ʧʦʣʫʯʘʶʪʩʷ ʩ 

ʚʳʭʦʜʦʤ 50-95% (12 ʧʨʠʤʝʨʦʚ, ʩʤ. ʩʭʝʤʫ ʥʠʞʝ) ʠ ʣʝʛʢʦ ʚʳʜʝʣʷʶʪʩʷ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʐʚʝʡʮʘʨʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʪʨʦʧʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ 

ʘʥʪʠʛʝʣʴʤʠʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ., ɸ.ʆ. ʊʝʨʝʥʪʴʝʚ; 

ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. ʀ.ɸ. ʗʨʝʤʝʥʢʦ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 
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34. ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʪʝʨʝʦ- ʠ ʨʝʛʠʦʥʘʧʨʘʚʣʝʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʣʝʚʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʭʠʨʘʣʴʥʳʭ 

ʜʠʘʤʠʥʦʚʳʭ ʧʦʠʟʚʦʜʥʳʭ (ʩʤ. ʩʦʝʜʠʥʝʥʠʷ 1-4 ʥʘ ʩʭʝʤʝ ʥʠʞʝ) ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʠʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʣʝʚʦʧʠʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʩʤ. ʩʦʝʜʠʥʝʥʠʷ 1 ʥʘ ʩʭʝʤʝ ʥʠʞʝ) ʩ ʩʝʨʠʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʟʦʤʝʪʠʥʳ (2). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʨʦʛʠʜʨʠʜʦʤ ʧʦʣʫʯʝʥʥʳʭ 

ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ ʧʨʠʚʝʣʦ ʢ ʩʠʥʪʝʟʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʪʦʨʠʯʥʳʭ 

ʜʠʘʤʠʥʦʚ. ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʥʦʚʳʭ ʭʠʨʘʣʴʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʗʄʈ (
1
ʅ, 

13
ʉ), ʈʉɸ, ʧʦʣʷʨʠʤʝʪʨʠʠ, 

ʀʂ- ʠ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʪ.ʥ. ɿ.ʇ. ʇʘʡ; ʦʪʚ. ʠʩʧ. - 

ʢ.ʭ.ʥ. ï ʊ.ɹ. ʍʣʝʙʥʠʢʦʚʘ; ʠʩʧ. - ɺ.ʅ. ʂʦʥʝʚ, ɽ.ɺ. ʃʝʙʝʜʝʚʘ (ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ 

ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ).  

35. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ 8-

ʤʝʪʠʣ-2,4,5,6-ʪʝʪʨʘʛʠʜʨʦ-1H-ʧʠʨʘʟʠʥʦ[3,2,1-jk]ʢʘʨʙʘʟʦʣʘ (1, ʩʤ. ʥʠʞʝ) ʥʘ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ 

ʦʪʢʨʳʪʴ ʜʦʩʪʫʧ ʢ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʤʫ ʠ ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʧʦʣʫʯʝʥʠʶ 

ʘʥʪʠʜʝʧʨʝʩʩʘʥʪʘ ʇʠʨʘʟʠʜʦʣʘ (2). ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. 

ɼʘʚʘʥʢʦʚ ʠ ʜ.ʭ.ʥ. ɺ.ʉ. ɺʝʣʝʞʝʚʘ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

N N N NH

H2

[Ir/L ]

*

1 2
 

36. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʛʝʢʩʘʘʟʘʠʟʦʚʶʨʮʠʪʘʥʘ (ʩʤ. 3 ʥʘ ʩʭʝʤʝ ʥʠʞʝ) ʧʫʪʝʤ ʧʝʨʝʠʤʠʥʠʨʦʚʘʥʠʷ N,Nô-

ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-1,2-ʵʪʘʥʜʠʠʤʠʥʘ (1) ʠ N,Nô-ʜʠʘʣʢʠʣ-1,2-ʜʠʠʤʠʥʘ (2, ʛʜʝ 

ʘʣʢʠʣ: ʉ1-ʉ8) ʩ ʙʝʥʟʠʣʘʤʠʥʦʤ, ʘʣʣʠʣʘʤʠʥʦʤ ʠ ʬʫʨʬʫʨʠʣʘʤʠʥʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʧʝʨʝʠʤʠʥʠʨʦʚʘʥʠʷ ʜʠʠʤʠʥʘ 1 ʩ ʘʣʢʠʣʘʤʠʥʘʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ 

ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʥʝʡʥʳʝ ʜʠʠʤʠʥʳ ʛʣʠʦʢʩʘʣʷ 2. ɸʤʠʜʳ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ (ʥʠʪʨʘʤʠʜ ʠ ʜʨ.) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʠʠʤʠʥʦʤ 1 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʛʠʜʨʦʢʩʠʧʠʧʝʨʘʟʠʥʘ (4) ʠ 

ʛʠʜʨʦʢʩʠʵʪʘʥʘ (5). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʉ.ɺ. ʉʳʩʦʣʷʪʠʥ; ʦʪʚ. 
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ʠʩʧ. - ʜ.ʭ.ʥ. ʉ.ɻ. ʀʣʴʷʩʦʚ; ʠʩʧ. ï ʄ.ɺ. ʏʠʢʠʥʘ (ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ). 
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Tetrahedron Lett., 54 (2013) 1931-1932 

 

R
1
 = 

  ʙʝʥʟʠʣ,  

  ʘʣʣʠʣ,  

  ʬʫʨʬʫʨʠʣ 

 

R
2
 = 

  ʤʝʪʠʣ,  

  ɻ ʪʠʣ,  

  ʧʨʦʧʠʣ,  

  ʠʟʧʨʦʧʠʣ,  

  ʙʫʪʠʣ 

37. ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 2,6,8,12-ʪʝʪʨʘʘʮʝʪʠʣ -

2,4,6,8,10,12-ʛʝʢʩʘʘʟʘʠʟʦʚʶʨʮʠʪʘʥʘ (ʊɸ, ʩʤ. ʨʠʩ. ʥʠʞʝ), ʥʠʪʨʦʚʘʥʠʝʤ 

ʢʦʪʦʨʦʛʦ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʠʟʚʝʩʪʥʳʭ ʠ ʥʦʚʳʭ ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʊɸ, 

ʧʦʣʫʯʝʥ ʛʝʢʩʘʥʠʪʨʦʛʝʢʩʘʘʟʘʠʟʦʚʶʨʮʠʪʘʥ (ɻɸɺ) ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 95%. ɺ ʭʦʜʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʘʮʠʣʠʨʦʚʘʥʠʷ ʊɸ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, 

ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʘʮʠʣʴʥʳʭ ʠ ʠʥʳʭ ʛʨʫʧʧ ʚ 

ʧʠʧʝʨʘʟʠʥʦʚʦʤ ʮʠʢʣʝ. ʅʘʨʘʙʦʪʘʥʳ ʧʘʨʪʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʚʶʨʮʠʪʘʥʘ, 

ʦʙʣʘʜʘʶʱʠʭ ʘʥʘʣʛʝʪʠʯʝʩʢʦʡ ʠ ʥʦʦʪʨʦʧʥʦʡ ʘʢʪʠʚʥʦʩʪʷʤʠ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ 

ʉ.ɺ. ʉʳʩʦʣʷʪʠʥ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʀ. ʂʘʣʘʰʥʠʢʦʚ, ʢ.ʭ.ʥ. ɺ.ɺ. ʄʘʣʳʭʠʥ 

(ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ).  

N

N

N

N

N

N

PhCH2 

PhCH2 

CH2Ph
CH2Ph

CH2Ph

CH2Ph

H2, Pd/C

Ac2O, ɼʄʌɸ, PhBr

N

N

N

N

N

N

PhCH2 

PhCH2 

Ac
Ac

Ac
Ac

N

N

N

N

N

N

H

H

Ac
Ac

Ac
Ac

N

N

N

N

N

N

O2N

O2N

NO2

NO2
NO2

NO2

N

N

N

N

N

N

RCO

RCO

Ac
Ac

Ac
Ac

N

N

N

N

N

N

RCO

RCO

Ac
Ac

Ac
Ac

TA

ɻɸɺ  



34 

 

38. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʥʠʟʰʠʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ 

ʵʪʘʥʦʣʘ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʙʠʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʚʦʜʠʩʪʳʭ ʦʪʭʦʜʦʚ. ʆʧʨʦʙʦʚʘʥ ʤʝʪʦʜ ʢʦʥʜʝʥʩʘʮʠʠ 

ʢʠʩʣʦʪ ʩ ʵʪʘʥʦʣʦʤ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ) ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ 

ʩʫʧʝʨʢʨʠʪʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ (350 
ʦ
ʉ, 300 ʙʘʨ, 10 ʤʠʥ., ʚʳʭʦʜ 45 %): 

RCOOH   +    C2H5OH       Ÿ       RCOOC2H5, 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʠ ʠʩʧʦʣʥʠʪʝʣʠ ʨʘʙʦʪʳ - ɺ.ɹ. ɺʦʣʴʝʚʘ, ʀ.ʉ. ɹʝʣʦʩʪʦʮʢʘʷ, ʅ.ʃ. 

ʂʦʤʠʩʩʘʨʦʚʘ, ɸ.ɺ. ʄʘʣʢʦʚʘ, ʊ.ʀ. ʇʨʦʢʦʬʴʝʚʘ, ʃ.ʅ. ʂʫʨʢʦʚʩʢʘʷ (ʀʥʩʪʠʪʫʪ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ), ʩʦʚʤʝʩʪʥʦ ʩ ʂʘʟʘʥʩʢʠʤ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʋʥʠʚʝʨʩʠʪʝʪʦʤ (ʌ.ʄ. ɻʫʤʝʨʦʚ, ʈ.ɸ. 

ʋʩʤʘʥʦʚ). 

39. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʤʫʣʴʪʠʛʝʥʥʦʡ 

ʥʝʪʦʢʩʠʯʥʦʡ ʥʝʚʠʨʫʩʥʦʡ ʛʝʥʥʦ-ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʜʠʨʫʶʱʝʡ 

ʙʝʣʦʢ-ʥʦʩʠʪʝʣʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʝʥʥʦ-

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʚ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ. ʅʘʨʘʙʦʪʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ ʙʘʢʪʝʨʠʦʧʫʨʧʫʨʠʥʠʤʠʜʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʤʠʪʦʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʥʫʪʨʠ ʨʘʢʦʚʦʡ ʢʣʝʪʢʠ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ 

ʪʦʢʩʠʥʦʚ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ 

ʙʘʢʪʝʨʠʦʧʫʨʧʫʨʠʥʠʤʠʜʘ. ʄʝʪʦʜʦʤ ʤʠʢʨʦʩʝʢʫʥʜʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʙʳʩʪʨʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʠ ʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʠ ʢʠʩʣʦʨʦʜʦʤ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʪʦʥʠʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ ʠ 

ʩʚʝʨʭʙʳʩʪʨʳʭ ʬʦʪʦʧʨʦʮʝʩʩʦʚ ʤʝʪʦʜʦʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʬʦʪʦʣʠʟʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʠ ʠʩʧʦʣʥʠʪʝʣʠ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. ʂʫʟʴʤʠʥ, ɸ.ɺ. 

ɸʢʠʤʦʚʘ, ɻ.ɺ. ɻʦʣʦʚʠʥʘ, ɸ.ɸ. ʐʪʠʣʴ (ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʬʠʟʠʢʠ ʠʤ. 

ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ). 
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

1. ʇʨʦʚʝʜʸʥ ʩʠʥʪʝʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʣʘʜʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʯʝʪʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʢʘʨʙʦʛʠʜʨʘʟʠʜʦʚ ʩ ʠʟʦʮʠʘʥʠʜʘʤʠ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʠʟʚʝʩʪʥʤrʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʢʘʪʘʣʠʟʘ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

(ʚʳʭʦʜʳ ʜʦʩʪʠʛʘʶʪ 95%, ʘ ʚʝʣʠʯʠʥʳ TON 4.7³10
4
) ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʘʢʦʛʦ ʨʦʜʘ, ʠʟʚʝʩʪʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ɺ.ʖ. ʂʫʢʫʰʢʠʥ (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʀʥʩʪʠʪʫʪ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʈɸʅ). 

 
      Organometallics, 32 (2013) 5212ī5223 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ Ni (II) ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤʠ ʮʠʢʣʠʯʝʩʢʠʤʠ P,N-

ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʧʠʨʠʜʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʬʦʩʬʦʨʘ. ɸʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʨʝʚʳʰʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʠʨʦʜʥʳʭ ʛʠʜʨʦʛʝʥʘʟ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ 

- ʘʢʘʜʝʤʠʢ ʆ.ɻ.ʉʠʥʷʰʠʥ; ʦʪʚ. ʠʩʧ. - ʧʨʦʬʝʩʩʦʨ ɸ.ɸ.ʂʘʨʘʩʠʢ; ʠʩʧ. - ʢ.ʭ.ʥ. 

ʕ.ʀ. ʄʫʩʠʥʘ, ʢ.ʭ.ʥ. ʀ.ɼ. ʉʪʨʝʣʴʥʠʢ, ɺ.ɸ. ʍʨʠʟʘʥʬʦʨʦʚʘ, ʄ.ʀ. ɺʘʣʠʪʦʚ, ʜ.ʭ.ʥ. 

ʖ.ɻ. ɹʫʜʥʠʢʦʚʘ, ʜ.ʭ.ʥ., ʜʦʮ. ʄ.ʂ.ʂʘʜʠʨʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʂʘʟʅʎ ʈɸʅ). 
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Mendeleev Commun., 23 (2013) 237-248; Phosphorus Sulfur Silicon Relat. Elem.,  

188 (2013) 59-60 ʠ 84-90; ʀʟʚ. ɸʅ ʉʝʨ. ʭʠʤ., (2013) 1003-1009. 

3. ʅʘʡʜʝʥ ʥʦʚʳʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʥʘ ʦʩʥʦʚʝ ʩʧʦʥʪʘʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʙʠʩ(2-

ʘʨʠʣʠʜʝʥʘʤʠʥʦ-ʘʨʠʣ)ʘʨʠʣʬʦʩ-ʬʦʥʠʪʦʚ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʮʠʢʣʠʯʝʩʢʠʭ 

ʩʧʠʨʦʬʦʩʬʦʨʘʥʦʚ ʩ PïN ʠ PïO ʩʚʷʟʷʤʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠ̫ ʭ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɺ.ʌ. ʄʠʨʦʥʦʚ; ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ʄ.ʅ. 

ɼʠʤʫʭʘʤʝʪʦʚ; ʠʩʧ. - ʅ.ɸ. ɹʝʣʦʚʘ, ʢ.ʭ.ʥ. ɼ.ɹ. ʂʨʠʚʦʣʘʧʦʚ, ʢ.ʭ.ʥ. ʈ.ɿ. ʄʫʩʠʥ, 

ʜ.ʭ.ʥ. ʀ.ɸ. ʃʠʪʚʠʥʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. 

ɸʨʙʫʟʦʚʘ ʂʘʟʅʎ ʈɸʅ). 

 

Phosphorus Sulfur Silicon Relat. Elem., 188 (2013) 171-172. 

4. ʆʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʉ-ʅ ʟʘʤʝʱʝʥʠʷ ʚ 

ʘʨʠʣʧʠʨʠʜʠʥʘʭ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʘʣʣʘʜʠʝʤ ʚ ʚʳʩʰʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʧʦʚʳʰʘʶʱʠʝ ʙʠʦʘʢʪʠʚʥʦʩʪʴ ʬʪʦʨʘʣʢʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʝ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - 

ʜ.ʭ.ʥ. ʖ.ɻ. ɹʫʜʥʠʢʦʚʘ; ʠʩʧ. - ʖ.ɹ. ɼʫʜʢʠʥʘ, ʢ.ʭ.ʥ. ʊ.ɺ. ɻʨʷʟʥʦʚʘ (ʀʥʩʪʠʪʫʪ 

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



37 

 

 
Organometallics, 32 (2013) 4785-4792; ʋʩʧ. ʭʠʤʠʠ, 82 (2013) 835- 864. 

 5. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʠʥʠʣʴʥʳʝ ʢʘʨʙʘʥʠʦʥʳ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʛʦ 

ʪʠʧʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʘʪʘʢʝ ʪʨʠʧʠʨʠʜʠʣʬʦʩʬʠʥʘ ʥʘ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ 

ʘʮʝʪʠʣʝʥʳ, ʟʘʧʫʩʢʘʶʪ ʥʦʚʳʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʠʥʠʣʜʠʧʠʨʠʜʠʣʬʦʩʬʠʥʦʢʩʠʜʦʚ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ). 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʝ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʩʣʘʙʦʤ ʥʘʛʨʝʚʘʥʠʠ ʩ 

ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ C-P ʠ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʠʟʦʤʝʨʥʦ ʯʠʩʪʳʝ ʚʠʥʠʣʜʠʧʠʨʠʜʠʣʬʦʩʬʠʥʦʢʩʠʜʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʝʢʫʨʩʦʨʘʤʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ɺʘʞʥʦ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʪʨʠʧʠʨʠʜʠʣʬʦʩʬʠʥ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʦʜʥʦʨʝʘʢʪʦʨʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʵʣʝʤʝʥʪʥʦʛʦ ʬʦʩʬʦʨʘ ʠ 2-ʙʨʦʤʧʠʨʠʜʠʥʘ (ʂʆʅ/ɼʄʉʆ 

(ʅ2ʆ), 100 
ʦ
ʉ, 3 ʯ), ʪ.ʝ. ʩʪʘʥʦʚʠʪʩʷ ʩʝʡʯʘʩ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ 

ʪʨʝʪʠʯʥʳʭ ʬʦʩʬʠʥʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ɹ.ɸ. ʊʨʦʬʠʤʦʚ; ʦʪʚ. 

ʠʩʧ. - ʧʨʦʬʝʩʩʦʨ ʅ.ʂ. ɻʫʩʘʨʦʚʘ, (ʀʨʢʫʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. 

ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ). 

 

Eur. J. Org. Chem. (2014) 639-643 

6. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʠʤʤʝʪʨʠʯʥʳʭ Ŭ,ɤ-

ʜʠʭʣʦʨ-1,1,3,3-ʪʝʪʨʘʦʨʛʘʥʠʣʜʠʩʠʣʦʢʩʘʥʦʚ ClRR
'
Si-O-SiRR

'
Cl (R = H, Me; R

'
 = 

ClCH2, Me, Et, Vin, Ph) ʩ ʚʳʭʦʜʦʤ 70 - 90 % (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ). ʆʥ ʦʩʥʦʚʘʥ ʥʘ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 3-4 ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʠʦʨʛʘʥʠʣʜʠʭʣʦʨʩʠʣʘʥʘ RR
'
SiCl2 ʠʣʠ ʦʨʛʘʥʠʣʪʨʠʭʣʦʨʩʠʣʘʥʘ RSiCl3 ʩ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ ʧʨʠ 0 
o
C. Ŭ,ɤ-ɼʠʭʣʦʨʦʨʛʘʥʠʣʜʠʩʠʣʦʢʩʘʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʣʠʥʝʡʥʳʭ ʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʠʣʦʢʩʘʥʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʘʜʛʝʟʠʚʥʳʤʠ, ʛʠʜʨʦʬʦʙʥʳʤʠ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʝ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʜʨ.). ʆʥʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ, 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, 

ʧʠʱʝʚʦʡ, ʢʦʩʤʝʪʠʯʝʩʢʦʡ  ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ  ʤʝʜʠʮʠʥʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʄ.ɻ. ɺʦʨʦʥʢʦʚ; ʦʪʚ. ʠʩʧ. - ʉ.ɺ. ɹʘʩʝʥʢʦ (ʀʨʢʫʪʩʢʠʡ 

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

 
ɼɸʅ Cʝʨ. ʍʠʤ., 451 (2013) 528-532. 

7. ɺʳʧʦʣʥʝʥʳ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʧʨʝʢʫʨʩʦʨʦʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ, ʥʘʫʢʦʝʤʢʠʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ 

ʘʮʝʪʠʣʝʥʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ ʠ ʚʳʩʦʢʦʪʦʯʥʳʝ ʗʄʈ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʆʩʦʙʦ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʫʯʘʩʪʠʝʤ "ʪʷʞʝʣʳʭ" ʷʜʝʨ (
77

Se ʠ 
125

Te) ʠ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʠʭ 

ʧʦʣʥʦʛʦ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʨʘʩʯʝʪʘ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ ʨʝʘʣʴʥʳʡ ʧʨʦʨʳʚ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-

ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
77

Se-
1
ʅ ʠ 

77
Se-

13
C ʚ ʰʠʨʦʢʦʤ ʨʷʜʫ 

ʩʝʣʝʥʦʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʪʢʨʳʪʦʡ 
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ʮʝʧʴʶ. ʋʯʝʪ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʟʚʦʣʠʣ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʃ.ɹ. ʂʨʠʚʜʠʥ (ʀʨʢʫʪʩʢʠʡ 

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

 

 
ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʩʚʷʟʠ Se-C ʚ ʜʠʤʝʪʠʣʩʝʣʝʥʠʜʝ, ʨʘʩʩʯʠʪʘʥʥʘʷ 

ʤʝʪʦʜʦʤ MP2/aug-cc-pVTZ. 

Phys. Chem. Chem. Phys. (2012-2013), 

Magn. Reson. Chem. (2012-2013) 

 
ʈʠʩ. 2. ʉʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪ 

ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
77

Se-
1
H, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʤʝʪʦʜʦʤ SOPPA(CC2) c ʫʯʝʪʦʤ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

 8. ʉ ʧʦʤʦʱʴʶ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʘʤʠʥʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʳ ʧʦʨʬʠʨʠʥʦʚʳʝ ʜʠʤʝʨʳ ʠ ʪʨʠʤʝʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ 

ʛʦʤʦʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʦʨʬʠʨʠʥʘʪʘ Zn(II), ʪʘʢ ʠ ʛʝʪʝʨʦʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʧʦʨʬʠʨʠʥʘʪʦʚ Zn(II) ʠ Sn(IV) ʠʣʠ Zn(II) ʠ Ni(II), ʩʚʷʟʘʥʥʳʭ ʛʠʙʢʠʤʠ 

ʜʠʘʤʠʥʦʚʳʤʠ ʤʦʩʪʠʢʘʤʠ (ʵʪʠʣʝʥʜʠʘʤʠʥ, ʜʠʘʟʘ-18-ʢʨʘʫʥ-6 ʵʬʠʨ, ʧʠʧʝʨʘʟʠʥ). 

ɺʳʭʦʜʳ ʧʦʨʬʠʨʠʥʦʚʳʭ ʜʠʤʝʨʦʚ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 24 ʜʦ 56% ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʜʠʘʤʠʥʘ ʠ ʤʝʪʘʣʣʘ ʚ ʧʦʨʬʠʨʠʥʦʚʦʤ ʤʘʢʨʦʮʠʢʣʝ. ʄʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ Zn-Sn ʧʦʨʬʠʨʠʥʦʚʦʡ ʜʠʘʜʳ, 

ʩʦʜʝʨʞʘʱʝʡ ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʡ ʤʦʩʪʠʢ, ʨʘʩʪʚʦʨʦʤ CuBr ʚ ʨʘʩʪʚʦʨʝ 
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CH2Cl2/MeCN ʚ ʧʨʠʩʫʪʩʪʚʠʠ MeOH ʦʙʥʘʨʫʞʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʦʡ ʢʘʪʠʦʥ Cu
+
 ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʤ ʣʠʥʢʝʨʦʤ (ʩʤ. ʨʠʩ. ʥʠʞʝ). ʇʦʨʬʠʨʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʚ 

ʢʦʤʧʣʝʢʩʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʢʦʬʘʮʠʘʣʴʥʦ, ʦʙʨʘʟʫʷ ʧʦʜʦʙʠʝ çʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʣʝʱʝʡè, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ ʛʠʧʩʦʭʨʦʤʥʦʤ ʩʜʚʠʛʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʜʠʤʝʨʘ. ʋʜʘʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʤʝʜʠ ʠʟ ʧʦʣʦʩʪʠ ʧʦʨʬʠʨʠʥʦʚʦʡ 

ʜʠʘʜʳ ʜʦʙʘʚʣʝʥʠʝʤ ʠʟʙʳʪʢʘ ʬʝʥʘʥʪʨʦʣʠʥʘ ʠʣʠ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ 

ʚʳʟʳʚʘʣʦ ʧʝʨʝʭʦʜ ʜʠʤʝʨʘ ʚ ʨʘʩʢʨʳʪʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚ 

ʙʘʪʦʭʨʦʤʥʦʤ ʩʜʚʠʛʝ ʕʉʇ. ʈʫʢʦʚʦʜʠʪʝʣ ɹʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ʀ.ʇ. ɹʝʣʝʮʢʘʷ; 

ʦʪʚ. ʠʩʧ. - ʢ.ʭ.ʥ. ɺ.ʉ. ʊʶʨʠʥ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɽ.ɸ. ʄʠʭʘʣʠʮʳʥʘ (ʀʥʩʪʠʪʫʪʝ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʈɸʅ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ). 

ɻʠʧʩʦʭʨʦʤʥʳʡ

ʩʜʚʠʛ

ɹʘʪʦʭʨʦʤʥʳʡ 

ʩʜʚʠʛ

 
9. ʅʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ ʤʝʞʜʫ ʘʨʠʣʙʨʦʤʠʜʦʤ ʠ 

ʬʝʥʠʣʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʮʠʢʣʠʟʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ (8 

ʮʠʢʣʦʚ) ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʀʟʫʯʝʥʠʝ ʊɽʄ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʠ ʚʦʩʴʤʦʛʦ ʮʠʢʣʘ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʟʤʝʨʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦ ʨʘʟʤʝʨʘʤ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʨʘʥʝʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ 
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ʙʦʣʝʝ ʢʨʫʧʥʳʝ, ʥʦ ʦʥʠ ʪʘʢ ʞʝ ʤʘʣʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʀ.ʇ. ɹʝʣʝʮʢʘʷ; ʠʩʧ. ï ɸ.ɺ. ʉʝʣʠʚʘʥʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʈɸʅ ʠʤ. ɸ.ʅ. ʌʨʫʤʢʠʥʘ).  

 

1ͼ͙͟͡ 8 ͼ͙͟͡

 
10. ʈʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʨʘʩʪʚʦʨʠʤʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʠʟ ʝʜʠʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʧʨʘʢʪʠʢʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʨʝʜʘʢʮʠʝʡ ʠ 
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ʧʦʤʝʱʝʥʘ ʥʘ ʦʙʣʦʞʢʝ JACS ï ʚʧʝʨʚʳʝ ʨʘʙʦʪʘ ʠʟ ʈʦʩʩʠʠ ʧʦʤʝʱʝʥʘ ʥʘ 

ʦʙʣʦʞʢʫ ʵʪʦʛʦ ʚʘʞʥʦʛʦ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʯʣʝʥïʢʦʨʨ. 

ʈɸʅ ɺ.ʇ. ɸʥʘʥʠʢʦʚ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʉ.ʉ. ɿʘʣʝʩʩʢʠʡ, ɸ.ɽ. ʉʝʜʳʭ, ɸ.ʉ. ʂʘʰʠʥ 

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

 

 

 

 

 

 

 

 
J. Am. Chem. Soc.  

135 (2013) 3550-3559. 

11. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʙʠʦʠʟʦʩʪʝʨʥʦʛʦ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ-ʞʝʩʪʢʦʛʦ ʘʥʘʣʦʛʘ ɻɸʄʂ ï (5-ʘʤʠʥʦʩʧʠʨʦ[2.3]ʛʝʢʩ-1-

ʠʣ)ʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʩʤ. ʩʭʝʤʫ ʥʠʞʝ). ʈʫʢʦʚʦʜʠʪʝʣ ɹʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ 

ʅ.ʉ. ɿʝʬʠʨʦʚ; ʦʪʚ. ʠʩʧ. ʅ.ɺ. ʗʱʠʥ; ʠʩʧ. - ɸ.ɺ. ʏʝʤʘʛʠʥ (ʍʠʤʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ). 

 
ɼɸʅ, 450 (2013) 547; ʀʟʚ. ɸʅ. ʉʝʨ. ʍʠʤ., (2013) 929. 
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12. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʨʝʮʝʧʪʦʨʳ, ʪʝʪʨʘʧʠʨʨʦʣʴʥʘʷ 

ʦʩʥʦʚʘ ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʜʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ 

ʧʦʣʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʪʨʠʘʟʦʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘʜ ʠ 

ʧʦʜ ʧʣʦʩʢʦʩʪʴʶ ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʝʤ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʝʮʝʧʪʦʨʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʣʦʞʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʘʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʧʦʨʬʠʨʠʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʠ ʪʨʠʘʟʦʣʴʥʳʤʠ çʯʘʰʘʤʠè ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʤʘʣʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʆ.ʀ. ʂʦʡʬʤʘʥ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ʅ.ɾ. 

ʄʘʤʘʨʜʘʰʚʠʣʠ (ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ ʈɸʅ).  

 

13. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ, ʩʝʨʦʫʩʪʦʡʯʠʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʩʠʥʪʝʟʘ 

ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ, ʧʨʦʤʦʪʠʨʦʚʘʥʥʦʛʦ 

ʢʦʙʘʣʴʪʦʤ ʠ ʢʘʣʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʜʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʫʩʪʦʡʯʠʚ ʢ 

ʦʪʨʘʚʣʝʥʠʶ ʩʝʨʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʩʠʥʪʝʟ-ʛʘʟʝ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʨʝʜʣʦʞʝʥ 

ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʦʚ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʥʘ ʩʫʣʴʬʠʜʘʭ ʧʝʨʝʭʦʜʥʳʭ 



44 

 

ʤʝʪʘʣʣʦʚ (ʩʤ. ʨʠʩ. ʥʠʞʝ). ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ɸ.ʃ. 

ʃʘʧʠʜʫʩ ʠ ʜ.ʭ.ʥ. ɺ.ʄ. ʂʦʛʘʥ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʉʘʤʘʨʩʢʠʤ ɻʊʋ). 

 

C O

nC O

CH3OH

Cn+1H2n+3OH

2H

H

H

H

H

K

C

S

Co

Mo

S

S

S

S

S

Mo

Mo

H

CH4

3H

H2O

Mo

K

H

H

C
O

S

Co

Mo

S

S

S

S

S

Mo

Mo

K

C O

S

Co

Mo

S

S

S

S

S

Mo

Mo

K

CH
3

S

Co

Mo

S

S

S

S

S

Mo

Mo

H

K

CH
3

S

Co

Mo

S

S

S

S

S

Mo
O

Mo

H

H
H

K

C
O

S

Co

Mo

S

S

S

S

S

Mo

Mo

K

CH
2

S

Co

Mo

S

S

S

S

S

Mo

O
H

Mo

K

S S

Co

Mo

S

SS

S

Mo

H H

K

C O

C
n
H

2n+1

S

Co

Mo

S

S

S

S

S

Mo

Mo

2H

(4n-4)H(n-1)H2O

C
n
H

2n+1 Mo

H

K

CH
2

S

Co

Mo

S

S

S

S

S

Mo

C
n
H

2n+1Mo

K

CH
2

S

Co

Mo

S

S H
O

S

S

S

Mo

Cn+1H2n+4

H2O

3H

H

CH
3

Mo

K

C O

C
n-1

H
2n-2

S

Co

Mo

S

S

S

S

S

Mo

 

J. Catal. 309 (2014) 386;  ʂʠʥ. ʂʘʪ. 54 (2013) 253; ɼɸʅ ʉʝʨ. ʭʠʤ. 451 (2013) 291.  

14. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʘʩʩʠʤʤʝʪʨʠʯʥʳʭ ʪʠʝʥʦʪʠʦʬʝʥʦʚ ʧʦ ʜʚʦʡʥʦʡ ʨʝʘʢʮʠʠ ñʜʦʤʠʥʦò ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ñʵʬʬʝʢʪʘ ʨʘʟʙʘʚʣʝʥʠʷò. ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʜʠʪʠʦʬʝʥʳ, ʧʨʦʷʚʠʚʰʠʝ ʘʥʪʠʨʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ 

çʜʦʤʠʥʦè ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢʞʝ ʥʦʚʳʝ ʚʳʩʦʢʦʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ ʠʟʦʪʠʘʟʦʣʦʪʠʝʥʦʧʠʨʠʜʦʧʠʨʘʥʦʚ ï ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʥʪʠʨʘʢʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ ɸ.ʄ. ʐʝʩʪʦʧʘʣʦʚ (ʀʥʩʪʠʪʫʪ 

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



45 

 

 

15. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʣʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ, 

ʧʦ ʜʘʥʥʳʤ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ, ʷʚʣʷʶʪʩʷ ʩʠʥʪʦʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʨʦʚʦʜʠʤʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʠʦʥʝʨʩʢʠʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʦʚʦʡ 

ʧʨʘʢʪʠʢʝ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʢ.ʭ.ʥ. ɺ.ɹ. ʉʦʢʦʣʦʚ (ʀʥʩʪʠʪʫʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʈɸʅ). 
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16. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʝ ʦ-ʩʝʤʠʭʠʥʦʥ-ʛʘʣʦʛʝʥʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʦʣʦʚʘ(IV) ʩʧʦʩʦʙʥʳ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʢʠʩʣʷʪʴ ʬʝʨʨʦʮʝʥ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʠʦʥ 

ʬʝʨʨʠʮʠʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʩ ʢʘʪʝʭʦʣʘʪʥʳʤ ʣʠʛʘʥʜʦʤ. ʇʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʘ ʦʙʨʘʪʠʤ. ʉʦʛʣʘʩʥʦ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʜʣʷ 

[(Cat)(SQ)SnCl2]-Cp2Fe+ ʥʘʙʣʶʜʘʝʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʦʙʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʝʨʨʠʮʠʥʠʝʚʳʤ ʢʘʪʠʦʥʦʤ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʤ 

ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʠʦʥʦʤ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɸʙʘʢʫʤʦʚ ʠ 

ʯʣʝʥ.-ʢʦʨʨ. ʈɸʅ ɺ.ʂ. ʏʝʨʢʘʩʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɸ.ʀ. ʇʦʜʜʝʣʴʩʢʠʡ; ʠʩʧ. - 

ʢ.ʭ.ʥ. ɽ.ɺ. ʀʣʷʢʠʥʘ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɻ.ɸ. 

ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 

 

Inorg. Chem., 52 (2013) 5284ï5289 

17. ʆʙʥʘʨʫʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʛʘʣʦʛʝʥ ʜʣʷ 

ʨʷʜʘ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʠʦʥʥʳʤʠ ʙʠʩ-ʦ-ʘʤʠʜʦʬʝʥʦʣʷʪʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʘʣʣʠʷ(III) ʠ ʠʥʜʠʷ(III). ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʉ-ʉ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ ʦ-

ʠʤʠʥʦʭʠʥʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʨʘʜʠʢʘʣʦʤ ʠʩʭʦʜʥʦʛʦ 

ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʜʣʠʥʳ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʉ-ʉ 

ʩʚʷʟʝʡ ʩʦʩʪʘʚʣʷʶʪ ~ 1.6 ¡, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ (1.54 ¡), 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ. ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʣʘʙʠʣʴʥʦʩʪʴ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʘʢʘʜʝʤʠʢ ɻ.ɸ. 

ɸʙʘʢʫʤʦʚ ʠ ʯʣʝʥ.-ʢʦʨʨ. ʈɸʅ ɺ.ʂ. ʏʝʨʢʘʩʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɸ.ɺ. ʇʠʩʢʫʥʦʚ; 
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ʠʩʧ. - ʜ.ʭ.ʥ. ɻ.ʂ. ʌʫʢʠʥ, ʢ.ʭ.ʥ. ʀ.ʅ. ʄʝʱʝʨʷʢʦʚʘ, ʢ.ʭ.ʥ. ɸ.ʉ. ʐʘʚʳʨʠʥ 

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

 

 
                                                             Dalton Trans., 42 (2013) 10533-10539 

18. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʵʬʬʢʪʠʚʥʳʝ ʨʝʛʦʩʝʣʝʢʪʠʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʥʠʷ ʠ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ 

ʥʘ ʦʩʥʦʚʝ ʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ. ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʷʚʣʷʝʪʩʷ ʠʭ ʜʝʰʝʚʠʟʥʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʫʪʝʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʘʪʦʤʘ 

ʤʝʪʘʣʣʘ (ʩʤ. ʨʠʩ. ʥʠʞʝ). ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ ï ʜ.ʭ.ʥ. ɸ.ɸ. ʊʨʠʬʦʥʦʚ; ʠʩʧ. - 

ʢ.ʭ.ʥ. ɼ.ʄ. ʃʶʙʦʚ, ʀ.ɺ. ɹʘʩʘʣʦʚ (ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ). 

 

 

 

 

 

Dalton Trans.,  

2013,42, 507-520; 

Inorg. Chem.,  

53 (2014) 1654-1661;  

Chem. Eur. J., DOI: 

10.1002/chem.201303853 
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19. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʷʪʠʯʣʝʥʥʳʭ 

ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʠ in situ ʩ 

ʧʦʤʦʱʴʶ ʛʘʣʦʛʝʥʠʜʦʚ ʙʦʨʘ ʠ ʵʬʠʨʘʪʘ ʪʨʝʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ BF3ĿEt2O 

ʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪʘʥʦʚ ʠ ʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪ-2-ʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Ŭ-ʦʣʝʬʠʥʦʚ ʠʣʠ 1,2-ʜʠʝʥʦʚ ʩ Et3Al  ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ Cp2ZrCl2. ʇʦʣʫʯʝʥʥʳʝ ʟʘʤʝʱʝʥʥʳʝ ʙʦʨʦʣʘʥʳ ʠ 2,3-ʜʠʛʠʜʨʦ-1ʅ-

ʙʦʨʦʣʳ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʠʨʠʜʠʥʦʤ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʳ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ 

ʤʝʪʦʜ ʧʨʝʚʨʘʱʝʥʠʷ in situ ʘʣʶʤʠʥʘʮʠʢʣʘʥʦʚ ïʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪʘʥʦʚ ʠ 

ʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪ-2-ʝʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʷʪʠʯʣʝʥʥʳʝ ʙʦʨʘʮʠʢʣʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʛʘʣʦʛʝʥʠʜʦʚ ʙʦʨʘ (BCl3, BBr3) ʠ ʵʬʠʨʘʪʘ ʪʨʝʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ 

(BF3ÅEt2O) ʦʪʢʨʳʚʘʝʪ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʧʫʪʴ ʩʠʥʪʝʟʘ 

1-ʬʪʦʨ(ʭʣʦʨ, ʙʨʦʤ)ʙʦʨʦʣʘʥʦʚ ʠ 1-ʬʪʦʨ(ʭʣʦʨ, ʙʨʦʤ)-2,3-ʜʠʛʠʜʨʦ-1H-ʙʦʨʦʣʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʠʥʪʦʥʘʤʠ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʩʦʢʦʢʘʣʦʨʠʡʥʳʭ ʪʦʧʣʠʚ, ʜʦʙʘʚʦʢ 

ʢ ʩʤʘʟʦʯʥʳʤ ʤʘʩʣʘʤ, ʧʨʠʩʘʜʦʢ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ 

ʤʝʜʠʮʠʥʳ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. 

ɼʞʝʤʠʣʝʚ; ʠʩʧ. - ʢ.ʭ.ʥ. ʃ.ʆ. ʍʘʬʠʟʦʚʘ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ 

ʈɸʅ). 
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20. ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ, ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʠʨʦʜʥʳʭ 

ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʞʠʨʥʳʭ 5Z,9Z-ʜʠʝʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (61-

67%) ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (>98%), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʦʡ 

ʨʝʘʢʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʦʤʘʛʥʠʨʦʚʘʥʠʷ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʆ-ʩʦʜʝʨʞʘʱʠʭ 1,2-ʜʠʝʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʝʘʢʪʠʚʦʚ ɻʨʠʥʴʷʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Cp2TiCl2. ɺʳʷʚʣʝʥʘ ʚʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʪʦʧʦʠʟʦʤʝʨʘʟʳ ʯʝʣʦʚʝʢʘ I 5Z,9Z-ʵʡʢʦʟʘʜʠʝʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʞʝ 0.1 ɛM. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʝʘʢʮʠʷ ʠʤʝʝʪ 

ʰʠʨʦʢʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʦʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʜʠʝʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ Z-ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʪʦʧʦʠʟʦʤʝʨʘʟ ʯʝʣʦʚʝʢʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; ʠʩʧ. ï ʜ.ʭ.ʥ. ɺ.ɸ. 

ɼʴʷʢʦʥʦʚ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ). 

 

21. ʋʯʠʪʳʚʘʷ ʚʘʞʥʫʶ ʨʦʣʴ, ʦʪʚʦʜʠʤʫʶ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʘʤ 

ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʧʷʪʠʯʣʝʥʥʳʭ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʌʆʉ), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʠ in situ ʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪʘʥʦʚ, ʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪʝʥʦʚ 
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ʠ ʘʣʶʤʠʥʘʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʠʟ ʦʣʝʬʠʥʦʚ, ʘʮʝʪʠʣʝʥʦʚ ʠ 

EtAlCl2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Cp2ZrCl2 ʠ Cp2TiCl2, ʩ 

ʧʦʤʦʱʴʶ RPCl2 (R = ʘʣʢʠʣ, ʘʣʢʦʢʩʠ, ʘʨʠʣ). ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʠ ʘʮʠʢʣʠʯʝʩʢʠʝ ʌʆʉ ï ʬʦʩʬʦʣʘʥʳ, ʬʦʩʬʦʣʝʥʳ, 

ʬʦʩʬʦʣʳ, 1,2- ʠ 1,4-ʙʠʩ-ʬʦʩʬʦʣʘʥʳ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʨʦʚ, ʨʝʘʛʝʥʪʦʚ ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʩʧʦʩʦʙʘ ʜʝʣʘʶʪ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʌʆʉ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʨʘʢʪʠʢʫ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʋ.ʄ. ɼʞʝʤʠʣʝʚ; 

ʠʩʧ. ï ʜ.ʭ.ʥ. ɺ.ɸ. ɼʴʷʢʦʥʦʚ (ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ). 

 

22. ɺʳʷʚʣʝʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʪʝʨʧʝʥʦʚʳʭ ʪʠʦʣʦʚ ʠ 

ʜʠʩʫʣʴʬʠʜʦʚ ʩ ʜʠʦʢʩʠʜʦʤ ʭʣʦʨʘ (ClO2), ʥʝ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ 

ʨʝʘʢʮʠʡ ʜʠʘʣʢʠʣ- ʠ ʜʠʘʨʠʣʜʠʩʫʣʴʬʠʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʜʠʥʝʦʤʝʥʪʠʣ- ʠ ʜʠʠʟʦʙʦʨʥʠʣʜʠʩʫʣʴʬʠʜʦʚ ClO2 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʜʦ 

78%) ʦʙʨʘʟʫʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʠʩʫʣʴʬʠʜʳ. 

ʈʝʘʢʮʠʝʡ ʜʠʠʟʦʙʦʨʥʠʣʜʠʩʫʣʴʬʠʜʘ ʩ ClO2 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ: 

ʠʟʦʙʦʨʥʠʣʩʫʣʴʬʠʥʭʣʦʨʠʜ, ʩʫʣʴʬʠʥʘʤʠʜ, ʩʫʣʴʬʦʢʠʩʣʦʪʘ, ʵʬʠʨʳ 
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ʩʫʣʴʬʠʥʦʚʦʡ ʠ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ClO2, ʘ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʩʪʨʫʢʪʫʨʫ ʣʘʙʠʣʴʥʳʭ ʪʝʨʧʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʩʠʥʪʝʟʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪ ï ʯʣʝʥ-ʢʦʨʨ. 

ʈɸʅ ɸ.ɺ. ʂʫʯʠʥ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ʉ.ɸ. ʈʫʙʮʦʚʘ; ʠʩʧ. ï ʢ.ʭ.ʥ. ʆ.ʄ. ʃʝʟʠʥʘ, 

ʢ.ʭ.ʥ. ɽ.ʉ. ʀʟʤʝʩʪʴʝʚ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ). 

 

23. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʚʦʣʴʬʨʘʤʘ Q3{ PO4[WO(O2)2]4} ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʨʝʘʢʮʠʡ ʞʠʜʢʦʬʘʟʥʦʛʦ ʦʢʠʩʣʝʥʠʷ H2O2 ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ. ʆʩʫʱʝʩʪʚʣʝʥʘ ʥʘʨʘʙʦʪʢʘ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʥʦʚʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʘ Q3{ PO4[WO(O2)2]4} ʠ ʧʨʦʚʝʜʝʥʦ 

ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʘʤʠ ʀʂ-, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʠʦʥ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʩʪʘʚʘ 

Q3{ PO4[WO(O2)2]4}  (ʛʜʝ Q
+
 - [(Hex)4N]

+
, [BnNPr3]

+
, [BnNBu3]

+
, 

[(C12H25)Me3N]
+
, [(C18H39)2Me2N]

+
 ʠ [RBnNMe2]

+
, ʘ R - ʦʪ C8H17 ʜʦ C16H33) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʯʝʪʳʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʜ.ʪ.ʥ. ɿ.ʇ. ʇʘʡ ʠ ʜ. ʬ.-ʤ.ʥ. ɼ.ʀ. ʂʦʯʫʙʝʡ; ʦʪʚ. ʠʩʧ. - 

ʤ.ʥ.ʩ. ʇ.ɺ. ɹʝʨʜʥʠʢʦʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ʖ.ɸ. ʏʝʩʘʣʦʚ, ʢ.ʬ.-ʤ.ʥ. ɺ.ɺ. 

ʂʘʥʘʞʝʚʩʢʠʡ, ɽ.ɸ. ʋʩʣʘʤʠʥ (ʀʥʩʪʠʪʫʪ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʆ ʈɸʅ). 

R=Me; Et; Bu
i
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{ PO4[WO(O2)2]4}
3-
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24. ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʥʦʚʦʛʦ ʪʠʧʘ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʪʘʣʣʦʚ ï ʛʠʙʨʠʜʥʳʭ ʢʣʘʪʨʦʭʝʣʘʪʦʩʢʦʨʧʠʦʥʘʪʦʚ ʠ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʙʠʩ-ʜʠʦʢʩʠʤʘʪʘ ʞʝʣʝʟʘ(II) ʩ ʧʠʨʘʟʦʣʦʢʩʠʤʦʤ ʧʦʣʫʯʝʥ r

ʧʝʨʚʳʡ ʤʘʢʨʦʙʠʮʠʢʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʵʪʦʛʦ ʪʠʧʘ ʠ ʝʛʦ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʡ 

ʠʥʪʝʨʤʝʜʠʘʪ; ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʠʟʫʯʝʥʳ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʨʝʜʦʢʩ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï 

ʧʨʦʬʝʩʩʦʨ ʗ.ɿ.ɺʦʣʦʰʠʥ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ɺ.ɼʦʣʛʘʥʦʚ (ʀʥʩʪʠʪʫʪ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 
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 25. ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʘʨʠʣʩʠʣʘʥʦʚ 

(ʘʥʘʣʦʛʦʚ ʨʝʘʢʪʠʚʘ ɻʨʠʥʴʷʨʘ) ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ ʩʠʣʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ 

ʠʩʭʦʜʥʳʭ ʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ ʧʨʦʩʪʦʪʘ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ. 

http://dx.doi.org/10.1002/ejic.201201545
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʬʪʦʨʘʨʠʣʩʠʣʘʥʦʚ, 

ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʛʥʝʦʧʘʩʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ʉ.ʄ. ʀʛʫʤʥʦʚ (ʀʥʩʪʠʪʫʪ 

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

 

26. ʅʘʡʜʝʥʘ ʥʦʚʘʷ ʨʝʘʢʮʠʷ ï ʛʦʤʦʣʦʛʠʟʘʮʠʷ ʨʪʫʪʴʦʨʛʘʥʠʯʝʩʢʠʭ 

ʘʥʪʠʢʨʘʫʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʨʦʤʠʜ-ʘʥʠʦʥʘ. ʊʘʢ, ʪʨʝʭʨʪʫʪʥʳʡ ʘʥʪʠʢʨʘʫʥ 

(o,o¡-C6F4C6F4Hg)3 ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ ʯʝʪʳʨʸʭʨʪʫʪʥʳʡ 

ʘʥʪʠʢʨʘʫʥ (o,o¡-C6F4C6F4Hg)4, ʭʝʣʘʪʠʨʫʶʱʠʡ ʙʨʦʤʠʜ-ʘʥʠʦʥ. ʇʦ ʜʘʥʥʳʤ ʈʉɸ 

ʚ ʧʦʣʫʯʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ {[(o,o¡-C6F4C6F4Hg)3]4Br}
-
 ʙʨʦʤʠʜ-ʘʥʠʦʥ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʨʪʫʪʠ, ʠ 

ʢʦʦʧʝʨʘʪʠʚʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʚʩʝʤʠ ʵʪʠʤʠ ʣʴʶʠʩʦʚʦʢʠʩʣʦʪʥʳʤʠ ʮʝʥʪʨʘʤʠ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ɺ.ɹ. ʐʫʨ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 

 

27. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʙʦʨ-ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ï 

ʥʫʢʣʝʦʟʠʜʥʳʝ ʢʦʥʲʶʛʘʪʳ ʙʦʨʥʳʭ ʢʣʘʩʪʝʨʦʚ. ɺʳʷʚʣʝʥʳ ʥʘʠʤʝʥʝʝ 

ʮʠʪʦʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ɺ.ʀ. ɹʨʝʛʘʜʟʝ (ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 



54 

 

O
N

NH

O

OO

O
Si

Si

O
N

O
N

NH

O

O

I

O

O

16, Pd(PPh3)2Cl2, CuI

Si

Et3N, RT, 4h

Si

X

X
N+

O

O

N

NH

O

O
O

O

Si

O

CH3CN,

1.NBu4F/THF

2. CsF/MeOH

Si

2-

O+

2-

X
N+

O

O

N

NH

O

O
HO

OH

O

2-

 

28. ʈʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʘʛʝʥʪʦʚ 

ï ʥʦʩʠʪʝʣʝʡ ʘʪʦʤʦʚ 
10

B ʜʣʷ ʥʝʡʪʨʦʥʦʟʘʭʚʘʪʥʦʡ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ʉʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʨʙʦʨʘʥʠʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʧʦʨʬʠʨʠʥʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʛʝʥʦʪʦʢʩʠʯʥʦʩʪʴ 

ʧʨʝʧʘʨʘʪʘ, ʩʥʠʟʠʪʴ ʜʦʟʳ ʚʚʦʜʠʤʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʪʨʘʩʪʘ ï ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʦʧʫʭʦʣʠ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʦʩʝʜʥʝʡ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ 

ï ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. ʂʫʟʴʤʠʥ (ʀʥʩʪʠʪʫʪ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. 

ʕʤʘʥʫʵʣʷ ʈɸʅ). 
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

1. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʠʨʠʣʦʚʳʝ ʢʨʘʩʠʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ N-

ʤʝʪʠʣʙʝʥʟʦʘʟʘʢʨʘʫʥ-ʵʬʠʨʘ, ʚʳʩʦʢʦ ʵʬʬʝʢʪʠʚʥʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʘʪʠʦʥʳ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʭʨʦʤʦʠʦʥʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʬʝʥʠʣʘʟʘʢʨʘʫʥ-ʵʬʠʨʦʚ ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ ʠʦʥʦʭʨʦʤʥʦʛʦ ʵʬʬʝʢʪʘ, ʪʘʢ ʠ ʧʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʆʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʣʴʥʳʝ 

ʛʠʧʩʦʭʨʦʤʥʳʝ ʩʜʚʠʛʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ (ʜʦ 136 ʥʤ) ʠ ʢʘʪʠʦʥ ʟʘʚʠʩʠʤʦʝ 

ʨʘʟʛʦʨʘʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦ 61 ʨʘʟʘ. ʄʝʪʦʜʘʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ 

ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʘʩʠʪʝʣʝʡ ʠ ʠʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʘʞʥʝʡʰʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʚʳʩʦʢʫʶ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʤʘʢʨʦʮʠʢʣʘ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʯʣ.-ʢʦʨʨ. ʈɸʅ ʉ.ʇ. 

ɻʨʦʤʦʚ, ʘʢʘʜ. ʄ.ɺ. ɸʣʬʠʤʦʚ; ʦʪʚ. ʠʩʧ. ï ʢ.ʭ.ʥ. C. ʅ. ɼʤʠʪʨʠʝʚʘ (ʎʝʥʪʨ 

ʬʦʪʦʭʠʤʠʠ ʈɸʅ).  

 

J. Org. Chem., 78 (2013) 9834ī9847 

2. ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ 

ʧʦʨʬʠʨʠʥʦʚ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʦʣʠʛʦʤʝʨʳ ʧʦʨʬʠʨʠʥʘ, ʩʚʷʟʘʥʥʳʝ 

ʘʟʘʢʨʘʫʥʵʬʠʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢ ʩʙʦʨʢʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, 
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ʘʣʢʠʣʜʠʘʤʤʦʥʠʷ ʠ ʵʢʟʦʙʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ (DABCO) ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʗʄʈ-ʪʠʪʨʦʚʘʥʠʷ, 

ʜʚʫʤʝʨʥʳʤ ʗʄʈ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʀ.ʇ. ɹʝʣʝʮʢʘʷ; ʦʪʚ. ʠʩʧ. 

ʢ.ʭ.ʥ. ɺ.ʉ.ʊʶʨʠʥ, ʠʩʧ. ʢ.ʭ.ʥ. ɽ.ɸ. ʄʠʭʘʣʠʮʳʥʘ (ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤʝʥʠ ɸ.ʅ. ʌʨʫʤʢʠʥʘ ʈɸʅ, ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ). 

 

 3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʬʪʦʨʭʠʥʦʣʦʥʦʚʦʛʦ ʨʷʜʘ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʟʘ ʩʯʝʪ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʚ ʢʦʤʧʣʝʢʩʘʭ Tb(III) ʠ Eu(III) ʚ 

ʩʦʩʪʘʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ (ʚ ʥʘʥʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ) 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʚʦʩʭʦʜʷʪ ʠʟʚʝʩʪʥʳʝ ʘʥʘʣʦʛʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ɸ.ʀ. 

ʂʦʥʦʚʘʣʦʚ; ʦʪʚ. ʠʩʧ. - ʜ.ʭ.ʥ. ɸ.ʈ.ʄʫʩʪʘʬʠʥʘ; ʠʩʧ. - ʅ.ɺ. ɼʘʚʳʜʦʚ, ʢ.ʭ.ʥ. ʈ.ʈ. 

ɿʘʠʨʦʚ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʌ. ʄʠʨʦʥʦʚ, ʢ.ʭ.ʥ. ɼ.ɸ. ʊʘʪʘʨʠʥʦʚ, ʢ.ʭ.ʥ. ɺ.ɺ. 

ʉʷʢʘʝʚ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʉ.ɸ. ʂʘʮʶʙʘ, ʢ.ʭ.ʥ. ɽ.ɽ. ɿʚʝʨʝʚʘ (ʀʥʩʪʠʪʫʪ 

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



57 

 

 

 

 

 

 

 

 

 

 

 

Analytica Chem. Acta.,  

784 (2013) 65-71. 

4. ɺʳʷʚʣʝʥʳ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʝ 

ʘʛʝʥʪʳ-ʧʝʨʝʥʦʩʯʠʢʠ ɼʅʂ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʥʳʭ ʧʠʨʠʤʠʜʠʥʩʦʜʝʨʞʘʱʠʭ, 

ʜʠʪʝʨʧʝʥʦʠʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʵʪʠʣʠʨʦʚʘʥʥʳʭ ʛʝʤʠʥʘʣʴʥʳʭ ʘʤʬʠʬʠʣʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʢʨʠʪʝʨʠʷʤ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʬʝʢʮʠʠ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ 

ɸ.ʀ. ʂʦʥʦʚʘʣʦʚ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ɺ.ʉ. ʈʝʟʥʠʢ; ʠʩʧ. - ʧʨʦʬʝʩʩʦʨ ʃ.ʗ. 

ɿʘʭʘʨʦʚʘ, ʢ.ʭ.ʥ. ʄ.ɸ. ɺʦʨʦʥʠʥ, ʢ.ʭ.ʥ. ɼ.ʈ. ɻʘʙʜʨʘʭʤʘʥʦʚ, ʢ.ʭ.ʥ., ɺ.ʕ. ʉʝʤʝʥʦʚ, 

ʧʨʦʬʝʩʩʦʨ ɺ.ɽ. ʂʘʪʘʝʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. 

ɸʨʙʫʟʦʚʘ ʂʘʟʅʎ ʈɸʅ) ʩʦʚʤʝʩʪʥʦ ʩ ʂʘʟʘʥʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʙʠʦʭʠʤʠʠ ʠ 

ʙʠʦʬʠʟʠʢʠ (ʧʨʦʬʝʩʩʦʨ ʖ.ʌ.ɿʫʝʚ) ʠ ʅʦʚʦʩʠʙʠʨʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʧʨʦʬʝʩʩʦʨ ɸ.ɻ.ʇʦʢʨʦʚʩʢʠʡ). 

 

J. Colloid Interface Sci., 405 (2013) 125-133; Phys. Chem. Chem. Phys.,15 (2013) 16725-16735. 
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5. ɺʧʝʨʚʳʝ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩʦʤ ʠʟ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

(ʧʝʨʬʪʦʨʘʣʢʠʣ)ʤʝʪʠʣʦʢʩʠʨʘʥʦʚ ʠ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (~100 
ʦ
ʉ, ʩʤ. ʩʭʝʤʫ ʠ ʬʦʪʦʛʨʘʬʠʠ ʥʠʞʝ) ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʨʝʤʥʝʟʝʤʥʳʝ ʯʘʩʪʠʮʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʚʝʩʪʥʳʤ ʤʘʨʢʘʤ 

ʘʵʨʦʩʠʣʘ, ʧʨʦʠʟʚʦʜʠʤʳʤ ʢʦʤʧʘʥʠʝʡ Evonik Degussa GmbH ʧʠʨʦʛʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʪʝʪʨʘʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ ʧʝʨʝʛʨʝʪʳʤ ʧʘʨʦʤ (~1000 
o
C). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʨʝʤʥʝʟʝʤʥʳʭ ʯʘʩʪʠʮ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʚʘʣʝʥʪʥʦ ʩʚʟ̫ʘʥʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʜʦʙʘʚʢʦʡ - (ʧʝʨʬʪʦʨʘʣʢʠʣ)ʤʝʪʠʣʦʢʩʠʨʘʥʘʤʠ. ʅʦʚʘʷ ʩʚʷʟʴ Si-O-

C ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ ʩʠʣʘʥʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ in situ 

ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ, ʧʦ ʦʢʩʠʨʘʥʦʚʦʤʫ ʮʠʢʣʫ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʚʢʣʘʜʦʤ ʚ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ ɺ.ʀ. ʉʘʣʦʫʪʠʥ; ʠʩʧ. - ʢ.ʭ.ʥ. 

ʊ.ʀ. ɻʦʨʙʫʥʦʚʘ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ 

ʈɸʅ). 
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ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʨʝʤʥʝʟʝʤʥʳʭ ʯʘʩʪʠʮ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ  

ʧʨʠʩʫʪʩʪʚʠʠ ʘ - (ʧʝʨʬʪʦʨʧʨʦʧʠʣ)ʤʝʪʠʣʦʢʩʠʨʘʥʘ; ʙ - (ʧʝʨʬʪʦʨʙʫʪʠʣ)ʤʝʪʠʣʦʢʩʠʨʘʥʘ. 

6. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʷʯʝʝʢ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʨʠʬʝʥʠʣʘʤʠʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʦʣʠʛʦʪʠʦʬʝʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʠ ʙʠʜʠʮʠʘʥʘʣʢʠʣʴʥʳʝ ʦʢʦʥʯʘʥʠʷ. ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʩʢʦʣʴʟʷʱʠʭ ʫʛʣʘʭ ʦʪʨʘʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ ʦʙʨʘʟʮʦʚ ʚ ʙʣʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʫʣʣʝʨʝʥʦʤ PCBM70. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʣʠʯʘʣʠʩʴ ʢʘʢ ʜʣʠʥʦʡ ʦʣʠʛʦʪʠʦʬʝʥʦʚʳʭ ʙʣʦʢʦʚ, 

ʪʘʢ ʠ ʜʣʠʥʦʡ ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʯʘʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ ʚ ʙʣʦʯʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʘʤʦʨʬʥʳ, ʦʜʥʘʢʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʙʠʪʠʦʬʝʥʘ ʩ 

ʛʝʢʩʠʣʴʥʳʤʠ ʦʢʦʥʯʘʥʠʷʤʠ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʜʚʫʤʝʨʥʦʡ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʢʦʣʦʥʯʘʪʦʡ ʬʘʟʳ, ʚ ʢʦʪʦʨʦʡ ʦʪʜʝʣʴʥʳʝ ʢʦʣʦʥʥʳ 

ʩʦʩʪʘʚʣʝʥʳ ʠʟ ʥʘʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʜʠʩʢʦʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʅʘ 

ʜʚʫʤʝʨʥʳʭ ʢʘʨʪʠʥʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʩʢʦʣʴʟʷʱʠʭ ʫʛʣʘʭ ʦʪʨʘʞʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ 

ʬʫʣʣʝʨʝʥʘ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʘ: ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ ʉ.ɸ. ʇʦʥʦʤʘʨʝʥʢʦ ʠ 

ʧʨʦʬʝʩʩʦʨ ʉ.ʅ. ʏʚʘʣʫʥ; ʠʩʧ. ï ʄ.ɸ. ʑʝʨʙʠʥʘ, ɸ.ɺ. ɹʘʢʠʨʦʚ, ɽ.ɺ. ɸʛʠʥʘ, 

ʖ.ʅ. ʃʫʧʦʥʦʩʦʚ (ʀʥʩʪʠʪʫʪ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤ. 

ʅ.ʉ. ɽʥʠʢʦʣʦʧʦʚʘ ʈɸʅ). 

 

 

ʉʪʨʫʢʪʫʨʘ ʦʜʥʦʛʦ ʠʟ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʠʤ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʢʦʣʦʥʯʘʪʦʡ ʬʘʟʳ.  

ɺ ʥʠʞʥʝʤ ʨʷʜʫ: ʦʙʱʘʷ 

ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʤʝʪʦʜʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʚ ʩʢʦʣʴʟʷʱʠʭ 

ʫʛʣʘʭ ʦʪʨʘʞʝʥʠʷ. 

ɼʚʫʤʝʨʥʘʷ ʢʘʨʪʠʥʘ 

ʜʠʬʨʘʢʮʠʠ, ʧʦʣʫʯʝʥʥʘʷ 

ʜʣʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩʤʝʩʝʡ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ 

ʦʣʠʛʦʪʠʦʬʝʥʦʚ ʩ 

ʬʫʣʣʝʨʝʥʦʤ PCBM70.  

Adv. Energy Mater. 2013  

(10.1002/aenm.201301234). 
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7. ʆʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʠʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ɼʣʷ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ DL-ʘʣʘʥʠʥʠʷ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʧʦʨʷʜʢʘ 2 ɻʇʘ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʪʠʧʘ ʤʦʥʦʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ, ʩʚʷʟʘʥʥʳʡ ʩ çʧʝʨʝʢʣʶʯʝʥʠʝʤè 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʎʝʧʠ ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʩʠʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, 

ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʞʝʩʪʢʦʛʦ ʢʘʨʢʘʩʘ, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ. ʂʦʣʴʮʝʚʳʝ ʤʦʪʠʚʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʦʝʜʠʥʷʶʱʠʝ ʮʝʧʠ 

ʛʠʜʨʦʦʢʩʘʣʘʪ-ʘʥʠʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʞʝʩʪʢʠʝ, ʧʦʵʪʦʤʫ 

ʦʩʥʦʚʥʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʧʨʦʠʩʭʦʜʷʪ ʠʤʝʥʥʦ ʚ ʥʠʭ, ʙʝʟ 

ʨʘʟʨʫʰʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʞʝʩʪʢʦʛʦ ʢʘʨʢʘʩʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ð ʜ.ʭ.ʥ. ɽ.ɺ. ɹʦʣʜʳʨʝʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ɹ.ɸ. ɿʘʭʘʨʦʚ 

(ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ).  

 

ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʛʠʜʨʘʪʘ ʛʠʜʨʦʦʢʩʘʣʘʪʘ  DL-ʘʣʘʥʠʥʠʷ.  

ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʦʙʦʟʥʘʯʝʥʳ ʛʦʣʫʙʳʤ ʮʚʝʪʦʤ. Acta Cryst. Ser. B, 69 (2013) 271-280. 

8. ʆʙʥʘʨʫʞʝʥ ʦʙʨʘʪʠʤʳʡ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ 

ʧʨʝʧʘʨʘʪʝ ʭʣʦʨʧʨʦʧʘʤʠʜʝ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʥʦʚʦʤʫ ʪʠʧʫ 

ʧʨʝʚʨʘʱʝʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣʣ-ʤʦʥʦʢʨʠʩʪʘʣʣ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 

ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʝʚʨʘʱʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʩʪʨʫʢʪʫʨʳ ʠʟ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʚ ʤʦʥʦʢʣʠʥʥʫʶ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʟʝʨʢʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʦʤʝʥʦʚ, ʧʨʠ ʵʪʦʤ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʥʝ ʨʘʟʨʳʚʘʶʪʩʷ, ʠ ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ. ɼʘʥʥʳʡ ʪʠʧ ʧʝʨʝʭʦʜʘ 
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ʦʙʥʘʨʫʞʝʥ ʚ ʘʣʴʬʘ-ʬʦʨʤʝ ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 2,8 ɻʇʘ. 

ʆʧʨʝʜʝʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʦʚʦʡ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʀʟ-ʟʘ 

ʧʦʪʝʨʠ ʩʠʤʤʝʪʨʠʠ (P212121 Ú P21) ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ ʥʝʟʘʚʠʩʠʤʦʡ 

ʯʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʨʘʟʥʳʝ ʧʦ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʜ.ʭ.ʥ. ɽ.ɺ. ɹʦʣʜʳʨʝʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ʊ.ʅ. ɼʨʝʙʫʱʘʢ 

(ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ) ʠ ʜ.ʭ.ʥ. ʖ.ɺ. 

ʉʝʨʸʪʢʠʥ (ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʣʦʛʠʠ ʉʆ ʈɸʅ). 

 
ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʘʣʴʬʘ-ʭʣʦʨʧʨʦʧʘʤʠʜʘ ʚ ʪʨʝʭ ʧʨʦʝʢʮʠʷʭ 

(ʘ) ʠ ʩ ʫʢʘʟʘʥʠʝʤ ʧʣʦʩʢʦʩʪʠ ʜʚʦʡʥʠʢʦʚʘʥʠʷ (ʙ). ʈʘʟʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʩʠʤʤʝʪʨʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ. Acta Cryst. Ser. B, 69 (2013) 77-85. 

9. In situ ʤʝʪʦʜʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʳ 

N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʦ 6.2 ɻʇʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʤʠʛʨʘʮʠʠ 

ʧʨʦʪʦʥʘ ʩʫʣʴʬʛʠʜʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʢ ʘʪʦʤʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭʮʝʥʪʨʦʚʦʡ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ S-HéO ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ S-HéO ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʚ 

ʜʨʫʛʠʭ ʮʠʩʪʝʠʥʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʘʭ - ʨʦʤʙʠʯʝʩʢʦʤ L-ʮʠʩʪʝʠʥʝ ʠ 
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ʛʣʫʪʘʪʠʦʥʝ - ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ 

ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʈʘʙʦʪʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʜʠʥʘʤʠʢʠ 

ʮʠʩʪʝʠʥʩʦʜʝʨʞʘʱʠʭ ʙʠʦʧʦʣʠʤʝʨʦʚ. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ N-H (ʘ) ʠ S-H (ʩ) ʛʨʫʧʧ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʩʜʚʠʛ ʯʘʩʪʦʪʳ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ D...A ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ N1-H1n...S1 (b) ʠ S1-H1s...O2 (d). 

ʆʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʥʘʙʣʶʜʘʝʤʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ 

(S-H)str, ʦʪʤʝʯʝʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ. J. Phys. Chem. B, 117 (2013) 14247-14260. 

10. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ñʩʣʝʜʦʚʦʛʦò ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥ ʧʝʨʛʠʜʨʘʪ N,N,N-ʪʨʠʤʝʪʠʣʛʣʠʮʠʥʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚ ʩʪʨʫʢʪʫʨʝ N,N,N-ʪʨʠʤʝʪʠʣʛʣʠʮʠʥʘ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʠ 

ʮʚʠʪʪʝʨ-ʠʦʥʳ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʢʫʣʦʥʦʚʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, ʚʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣʳ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʪʢʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɺ ʧʝʨʛʠʜʨʘʪʝ N,N,N-ʪʨʠʤʝʪʠʣʛʣʠʮʠʥʘ ʦʙʨʘʟʫʶʪʩʷ 

ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʤʦʩʪʠʢʦʚʘʷ ʤʦʣʝʢʫʣʘ ʧʝʨʦʢʩʠʜʘ ʩʣʫʞʠʪ 

ʜʦʥʦʨʦʤ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ N-HéO ʤʝʞʜʫ ʮʚʠʪʪʝʨ-ʠʦʥʘʤʠ N,N,N-

ʪʨʠʤʝʪʠʣʛʣʠʮʠʥʘ. ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʦʪʥʦʰʝʥʠʝʤ ʮʚʠʪʪʝʨ-

ʠʦʥʦʚ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʠ 



63 

 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʤʦʪʠʚʘʤʠ ʠʟʚʝʩʪʥʳʭ ʧʝʨʛʠʜʨʘʪʦʚ ʘʤʠʥʦʢʠʩʣʦʪ. ɺʩʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 4 ʪʠʧʘ, ʠ ʚʦ ʚʩʝʭ ʤʦʣʝʢʫʣʘ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʧʝʨʛʠʜʨʘʪʦʚ ʘʤʠʥʦʢʠʩʣʦʪ, 

ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʷʤʠ ʪʝʭ ʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ð ʜ.ʭ.ʥ. ɽ.ɺ. 

ɹʦʣʜʳʨʝʚʘ; ʠʩʧ. - ʢ.ʭ.ʥ. ɺ.ʉ. ʄʠʥʴʢʦʚ, ʩʪʫʜ. ɽ.ɸ. ʂʘʧʫʩʪʠʥ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ). 

 
ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʚ ʢʨʠʩʪʘʣ- 

ʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʝʨʛʠʜʨʘʪʦʚ ʘʤʠʥʦʢʠʩʣʦʪ. Acta Cryst. Ser. C, 69 (2013) 416ï420. 

11. ʄʝʪʦʜʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (DFT ʠ ab initio) ʧʦʢʘʟʘʥa 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʪʦʨʘ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ 5-

ʠʦʜʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ 1, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʷʪ ʙʳʩʪʨʳʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 1,5-

ʩʠʛʤʘʪʨʦʧʥʳʝ ʩʜʚʠʛʠ ʘʪʦʤʘ ʠʦʜʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʧʷʪʠʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ ʩ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ DG
Í
298 13.6 ʢʢʘʣ/ʤʦʣʴ. ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʦʚ 

B3LYP/Gen, 6-311++G(d,p)/SDD ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʦʣʷ EF ʢ 

ʤʦʣʝʢʫʣʝ 1 (ʩʤ. ʨʠʩ. ʥʠʞʝ) ʙʘʨʴʝʨ 1,5-ʩʜʚʠʛʘ ʘʪʦʤʘ ʠʦʜʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʚ 

ʠʟʦʤʝʨʝ 1aEF ʯʝʨʝʟ ʇʉ3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠʟʦʤʝʨʘ 1bEF 

ʩʦʩʪʘʚʣʷʝʪ DEZPE
Í
 13.5 ʢʢʘʣ/ʤʦʣʴ, ʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʯʝʨʝʟ ʇʉ4 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʠʟʦʤʝʨʘ 1eEF 17.0 ʢʢʘʣ/ʤʦʣʴ. 
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ʇʦʚʪʦʨʷʶʱʠʝʩʷ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʦʨʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʧʨʠʚʝʜʫʪ ʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ 1,5-ʩʜʚʠʛʘʤ ʘʪʦʤʘ ʠʦʜʘ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʧʷʪʠʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ ʪʘʢʞʝ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʅʠʞʝ ʧʦʢʘʟʘʥ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ 1,5-ʩʜʚʠʛʦʚ ʘʪʦʤʘ ʠʦʜʘ ʚ 1 ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʧʦʣʷ EF 1aEF­ʇʉ3­1bEF, ʘ ʪʘʢʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ (ʧʫʥʢʪʠʨʦʤ) 

ʧʦʣʷ 1eӨʇʉ2Ө1aӨʇʉ2Ө1b. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ɺ.ʀ. 

ʄʠʥʢʠʥ; ʦʪʚ. ʠʩʧ. ï ʧʨʦʬʝʩʩʦʨ ʀ.ɽ. ʄʠʭʘʡʣʦʚ ʠ ʜ.ʭ.ʥ. ɻ.ɸ. ɼʫʰʝʥʢʦ (ʅʀʀ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ 

ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ). 
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12. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʤʘʢʨʦʙʠʮʠʢʣʠʯʝʩʢʠʝ (ʢʣʘʪʨʦʭʝʣʘʪʥʳʝ) ʢʦʤʧʣʝʢʩ r

ʤʝʪʘʣʣʦʚ ʥʦʚʳʭ ʪʠʧʦʚ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. ʥʠʞʝ. ʀʭ in vitro ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʘʢ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ 

ʙʠʦʩʠʥʪʝʟʘ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ ʙʘʢʪʝʨʠʦʬʘʛʘ ʊ7 ʠ 

ʪʦʧʦʠʟʦʤʝʨʘʟʳ I) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʷʜ ʢʣʘʪʨʦʭʝʣʘʪʦʚ ʞʝʣʝʟʘ(II) ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʚ ʩʠʩʪʝʤʝ ʊ7 ʈʅʂ-ʧʦʣʠʤʝʨʘʟʳ, ʥʝ ʧʨʦʷʚʣʷʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʧʦʠʟʦʤʝʨʘʟʝ I. ʄʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʪʘʢʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ 

ʤʝʞʜʫ ʧʨʦʪʝʠʥʦʤ, ʤʘʪʨʠʯʥʦʡ ɼʅʂ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʈʅʂ ʠ ʢʣʘʪʨʦʭʝʣʘʪʥʳʤ 
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ʠʥʛʠʙʠʪʦʨʦʤ. ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʛʠʙʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʉ ï ʉ ʩʦʧʨʷʞʝʥʥʳʭ ʙʠʩ-ʢʣʘʪʨʦʭʝʣʘʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʤʝʜʴ-ʧʨʦʤʦʪʠʨʫʝʤʦʛʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʛʦʤʦʩʦʯʝʪʘʥʠʷ ʠʭ ʛʘʣʦʛʝʥʦʢʣʘʪʨʦʭʝʣʘʪʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (ʩʤ. ʈʠʩ.). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʙʠʩ-ʢʣʘʪʨʦʭʝʣʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʪʦʨʩʠʦʥʥʫʶ ʣʘʙʠʣʴʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʫʶ ʠʤ 

çʧʦʜʩʪʨʘʠʚʘʪʴʩè̫ ʢ ʬʦʨʤʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʩʘʤʙʣʷ 

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ 

ʢʦʥʬʦʨʤʝʨʦʚ; ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ ʠʭ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʘʥʜʠʜʘʪʦʚ (ʪ.ʥ. çʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚè). ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ʗ.ɿ.ɺʦʣʦʰʠʥ; ʠʩʧ. ï ʢ.ʭ.ʥ. ɸ.ʉ.ɹʝʣʦʚ, ʢ.ʭ.ʥ. ɺ.ɺ.ʅʦʚʠʢʦʚ 

(ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ.ʅʝʩʤʝʷʥʦʚʘ ʈɸʅ). 
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J. Inorg.Biochem., 124 (2013) 42ï45  

Chem.Com., (2014) CC-COM-09-2013-047018.  
 

13. ʄʝʪʦʜʦʤ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʷʥʦʢʠʩʣʳʭ ʩʦʣʝʡ 7,7,9-ʪʨʠʤʝʪʠʣ-6,7-

ʜʠʛʠʜʨʦʬʫʨʦ[3,2-f]ʭʠʥʦʣʠʥʘ ʠ N-(6,8,8-ʪʨʠʤʝʪʠʣ-8,9-ʜʠʛʠʜʨʦʬʫʨʦ[3,2-

h]ʭʠʥʦʣʠʥ-5-ʠʣ)ʘʮʝʪʘʤʠʜʘ ʩ ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ ʧʦ ʤʝʭʘʥʠʟʤʫ ʠʥʪʝʨʢʘʣʷʮʠʠ. 
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ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ 7,7,9-ʪʨʠʤʝʪʠʣ-4-ʥʠʪʨʦ-6,7-ʜʠʛʠʜʨʦʬʫʨʦ[3,2-f]ʭʠʥʦʣʠʥ, 

ʩʦʜʝʨʞʘʱʠʡ ʥʠʪʨʦʛʨʫʧʧʫ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʬʦʪʦʩʪʘʙʠʣʴʥʦ, ʪ.ʝ. ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʬʦʪʦʣʠʟʝ ʢʘʢ ʚʠʜʠʤʳʤ, ʪʘʢ ʠ ʋʌ-

ʩʚʝʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʝʪʦʜʦʤ 

ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ 7,7,9-ʪʨʠʤʝʪʠʣ-4-ʥʠʪʨʦ-6,7-ʜʠʛʠʜʨʦʬʫʨʦ[3,2-

f]ʭʠʥʦʣʠʥʘ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʝʛʦ ʪʫʰʝʥʠʝ 

ʢʠʩʣʦʨʦʜʦʤ ʩ ʙʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ, ʙʣʠʟʢʦʡ ʢ 

ʜʠʬʬʫʟʠʦʥʥʦʡ (2.5 Ĭ 10
9
 ʣ ʤʦʣʴ

ï1 
ʩ
ï1
). ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʬʝʩʩʦʨ ɺ.ɸ. 

ʂʫʟʴʤʠʥ;  ʠʩʧ. - ɺ.ɺ. ʐʘʭʤʘʪʦʚ, ɺ.ɸ. ɺʦʣʥʫʭʠʥ, ʊ.ɼ. ʅʝʢʠʧʝʣʦʚʘ (ʀʥʩʪʠʪʫʪ 

ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʈɸʅ). 
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ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 1. ʅʘ ʆɸʆ çʈʝʜʢʠʥʩʢʠʡ ʦʧʳʪʥʳʡ ʟʘʚʦʜè ʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʤʘʩʰʪʘʙʝ ʨʝʘʣʠʟʦʚʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʳʭ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʜʠʘʟʦʤʝʪʘʥʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ in situ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 100% ʚʳʭʦʜ ʮʠʢʣʦʧʨʦʧʘʥʦʚ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʦʞʝʥ ʚ 

ʦʩʥʦʚʫ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʢʝʪʥʦʛʦ 

ʛʦʨʶʯʝʛʦ ɼʝʮʠʣʠʥ-ʄ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʫʩʧʝʰʥʦ ʠʩʧʳʪʘʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʫʯʝʙʥʦ-ʙʦʝʚʳʭ ʧʫʩʢʦʚ ʢʨʳʣʘʪʳʭ ʨʘʢʝʪ ʚʦʟʜʫʰʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʨʘʙʦʪʳ - ʘʢʘʜʝʤʠʢ ʆ.ʄ. ʅʝʬʝʜʦʚ ʠ ʧʨʦʬʝʩʩʦʨ ʖ.ɺ. ʊʦʤʠʣʦʚ 

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

2. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʵʥʝʨʛʦʝʤʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʦʚʦʛʦ ʢʣʘʩʩʘ - ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʢʩʠʬʫʨʘʟʘʥʠʣʬʫʨʦʢʩʘʥʦʚ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʳʭ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ (ʩʤ. ʨʠʩʫʥʦʢ ʥʠʞʝ). ʋʢʘʟʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʚʳʩʦʢʦʡ ʵʥʪʘʣʴʧʠʝʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢʘʢ ʢʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʳʩʦʢʦʠʤʧʫʣʴʩʥʳʭ ʪʚʝʨʜʳʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʤʦʱʥʳʭ ʧʣʘʚʢʠʭ ʚʟʨʳʚʯʘʪʳʭ ʩʦʩʪʘʚʦʚ. ʈʫʢʦʚʦʜʠʪʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʬʝʩʩʦʨ 

ʆ.ɸ. ʃʫʢʴʷʥʦʚ (ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ). 

 


