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1.ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ 

ʮʝʥʥʳʤʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʬʦʩʬʦʨ, ʧʦʵʪʦʤʫ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʢ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʘ ʥʘʯʘʣʠ ʧʨʠʚʣʝʢʘʪʴ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʜʨʫʛʠʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʠ 

ɺʠʪʪʠʛʘ. ɺ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʭʠʤʠʠ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʪʨʦʡʥʫʶ ʩʚʷʟʴ. ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʩʬʠʥʦʣʠʥʳ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʝ ʦʢʩʘʟʦʣʳ ʠ 

ʬʫʨʘʥʳ. ʆʜʥʘʢʦ ʩʚʦʡʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʩʪʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʠʟʫʯʝʥʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʦʩʬʦʥʠʝʚʦʤ 

ʬʨʘʛʤʝʥʪʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʧʨʠ ʠʣʠʜʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ. ɺʚʝʜʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʫ 

ʬʦʩʬʦʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ ʧʦʟʚʦʣʠʣʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʦʚʳʝ ʩʦʧʨʷʞʝʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʬʦʩʬʠʥʠʥʦʬʫʨʘʥ, ʬʦʩʬʠʥʠʥʦʪʠʦʬʝʥ ʠ ʜʨʫʛʠʝ, ʧʨʠ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʘʣʢʠʥʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʘʣʢʠʥʘʤʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʣʠʙʦ ʬʦʩʬʠʥʦʣʠʥʘ, ʣʠʙʦ ʬʫʨʘʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʚ ʩʠʥʪʝʟʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʠ ʚʘʞʥʫʶ ʟʘʜʘʯʫ ʢʘʢ ʜʣʷ ʪʦʥʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʪʘʢ ʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʧʨʦʜʦʣʞʘʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ ʚ ʨʝʘʢʮʠʷʭ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʦʪʢʨʦʝʪ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʢʘʢ ʩ ʪʦʯʢʠ 
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ʟʨʝʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʠ ʩʠʥʪʝʟʘ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, 

ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʨʘʥʝʝ ʢʦʤʙʠʥʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʬʦʩʬʦʥʠʝʚʦʤ ʠ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʘʭ ʠ ʘʢʮʝʧʪʦʨʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʛʨʫʧʧʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ - ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʠ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ï ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʥʦʚʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ ʚ ʘʨʠʣʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʠʣʠʜʦʚ ʚ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʘʣʢʠʥʘʤʠ. ʈʘʟʨʘʙʦʪʢʘ ʩʠʥʪʝʟʘ ʪʠʝʥʠʣ- ʠ 

ʬʫʨʠʣʟʘʤʝʱʝʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʘʥʦʛʨʫʧʧʦʡ, ʠ 

ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʢʘʢ ʤʦʜʝʣʴʥʳʭ, ʪʘʢ ʠ ʥʦʚʳʭ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ: 

ʋʌ-ʦʙʣʫʯʝʥʠʝ ʠʣʠ ʩʦʜʝʡʩʪʚʠʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 31P 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʩ ʠʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

- ʀʟʫʯʝʥʠʝ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ 

ʬʫʨʘʥʦʚ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. 

- ɺʳʷʚʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ï ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 
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ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʤʝʰʘʥʥʳʝ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ ʩ ʥʦʚʳʤʠ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʦʩʬʦʥʠʝʚʦʤ, ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʘʭ ʠ ʘʢʮʝʧʪʦʨʥʳʭ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʛʨʫʧʧʘʭ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʮʝʣʝʚʳʭ ʠʣʠʜʦʚ 

ʩ ʘʣʢʠʥʘʤʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʤ ʛʝʪʝʨʦʮʠʢʣʘʤ, ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʠ ʬʦʩʬʠʥʦʣʠʥʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʝ ʧʨʠʝʤʳ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʚʢʣʶʯʘʷ 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʘ-

ʘʢʪʠʚʥʦʩʪʴ (SAR). ɺ ʩʠʥʪʝʟʝ ʮʝʣʝʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʗʄʈ 31P ʠ ʕʇʈ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʢʦʣʦʥʦʯʥʦʡ ʠ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʫ ʠ ʯʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʗʄʈ 1H, 13ʉ, 31P, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʥʝ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʋʌ ʦʙʣʫʯʝʥʠʷ, ʥʦ ʠ ʚ ʝʛʦ 

ʦʪʩʫʪʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʜʠʧʦʣʷʨʦʬʠʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ï 

ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʢʘʢ ʚ ʠʣʠʜʘʭ, ʪʘʢ ʠ ʚ ʘʣʢʠʥʘʭ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʦʚ ʠʥʠʮʠʘʮʠʠ ʨʝʘʢʮʠʠ.  

ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʢʘʣʴʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʣʠʜʘʭ ʠ ʘʣʢʠʥʘʭ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʘʨʠʣʠʦʜʦʥʠʝʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʢ ʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʘʭ, ʠ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ ʠʣʠʜʦʚ 

ʚ ʧʨʦʮʝʩʩʘʭ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʘʣʢʠʥʘʤʠ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʪʠʝʥʠʣ- ʠ ʬʫʨʠʣʟʘʤʝʱʝʥʥʦʡ ʬʦʩʬʦʥʠʝʚʦʡ ʛʨʫʧʧʦʡ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʘʥʦʛʨʫʧʧʦʡ. 
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ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʣʝʢʫʣ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʷʟʠ C-I ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʠʦʜʦʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ C-I, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʚ ʨʝʘʢʮʠʷʭ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʘʣʢʠʥʘʤʠ. 

ɺʧʝʨʚʳʝ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʧʨʦʮʝʩʩʘ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʨʘʜʠʢʘʣʴʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʧʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʥʘ ʩʝʨʠʠ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʢʘ ʯʝʣʦʚʝʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʶʪ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʝ ʬʫʨʘʥʳ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ Ŭ-ʧʦʣʦʞʝʥʠʷʭ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʮʠʩʧʣʘʪʠʥ-

ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʢʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʤʢʘʭ 

ʟʘʜʘʯ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ.  

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ 

ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʦʩʬʦʥʠʝʚʦʤ, 

ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʠ ʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʝ, ʪʨʝʙʫʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʩʣʦʚʠʡ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʣʘʙʠʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ ʩ ʘʢʮʝʧʪʦʨʥʦʡ ʮʠʘʥʦʛʨʫʧʧʦʡ ʧʨʠ ʠʣʠʜʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʬʫʨʠʣʴʥʳʡ ʠ ʪʠʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʬʦʩʬʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʘʞʜʦʤ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʠʣʠʜʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʥʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʚ ʨʝʘʢʮʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ 

ʘʣʢʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʧʦʣʷʨʦʬʠʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘ ʠʥʠʮʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʩ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʦʜʝʡʩʪʚʠʝ ʜʠʧʦʣʷʨʦʬʠʣʘʤʠ ʚʣʠʷʝʪ ʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʩ ʵʣʝʢʪʨʦʥʦʥʘʩʳʱʝʥʥʳʤʠ ʘʣʢʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ɚ5-ʬʦʩʬʠʥʦʣʠʥʘʤʠ.  
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ʉ ʧʦʤʦʱʴʶ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 31P ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʝʸ ʨʝʟʫʣʴʪʘʪ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʢʘʣʦʚ ʠ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢʘʢ ʚ ʠʣʠʜʘʭ, ʪʘʢ ʠ ʚ ʘʣʢʠʥʘʭ 

ʥʘ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. 

ʆʧʨʝʜʝʣʝʥʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʷʜʘ ʮʝʣʝʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ɚ5-ʬʦʩʬʠʥʦʣʠʥʳ ʫʤʝʨʝʥʦ ʘʢʪʠʚʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʝ ʬʫʨʘʥʳ 

ʧʨʦʷʚʣʷʶʪ ʩʨʘʚʥʠʤʫʶ ʠʣʠ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʮʠʩʧʣʘʪʠʥ, ʠ ʩʦʭʨʘʥʷʶʪ ʝʝ ʥʘ ʮʠʩʧʣʘʪʠʥ-

ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʢʘʭ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʢʘʢ ʫʜʦʙʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

- ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʦʩʬʦʥʠʝʚʦʤ ʠ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʘʭ ʠ ʧʨʠʨʦʜʳ 

ʘʢʮʝʧʪʦʨʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʛʨʫʧʧ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʠʣʠʜʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

- ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩʤʝʰʘʥʥʳʭ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘ 

ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʣʠʜʝ ʠ ʘʣʢʠʥʝ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʘ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ. 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʥʦʚʳʭ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 31P ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʜʘʥʥʳʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʬʦʨʤʳ ʠʣʠʜʦʚ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʩʚʷʟʠ C-I, ʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ. 

- ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ 

ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 
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- ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ï ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʘʢʪʠʚʥʦʩʪʴ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʡ ʬʫʨʘʥʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʮʠʩʧʣʘʪʠʥ-ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ Ŭ-ʧʦʣʦʞʝʥʠʷʭ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʙʦʪʳ, ʧʦʩʪʘʥʦʚʢʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʧʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʠ ʦʯʠʩʪʢʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ, ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ 

ʬʫʨʘʥʦʚ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʣʶʯʝʚʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ ʠ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʚʳʚʦʜʦʚ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʠʤʧʫʣʴʩʥʦʤʫ ʬʦʪʦʣʠʟʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʦ ʚʩʝʭ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʨʘʙʦʪʘʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʢʣʘʜ ʘʚʪʦʨʘ, ʇʦʪʘʧʦʚʘ ʀ.ɼ., 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ.  

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʝ ʷʜʨʘ ʈʀʅʎ çʝLibrary Science Indexè, ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 

(Web of Science, Scopus, RSCI) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ 

ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ 10 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʪʝʥʜʦʚʳʭ ʠ ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XXXVI ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʡ 

ʢʠʥʝʪʠʢʝ (ʄʆ, ʈʦʩʩʠʷ, 2019), ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ 

ʯʪʝʥʠʷ ï 2020è (ʂʨʘʩʥʦʚʠʜʦʚʦ, ʄʆ, 2020 ʛʛ.), ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʂʦʥʛʨʝʩʩ "ʂOST ï 2021" ʧʦ ʭʠʤʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʦʯʠ, ʈʦʩʩʠʷ, 2021), ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ 

çʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè ʠ çʆʨʛʘʥʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ 

ʠ ʦʨʛʘʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʭʠʤʠʷ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2022, 

2023 ʛʛ), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ çɹʘʡʢʘʣʴʩʢʠʝ ʯʪʝʥʠʷ ï 2023è (ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, 

2023), 6-ʷ ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ çʄɽɼʍʀʄ ï 2024è (ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 2024), XXII  ʤʝʥʜʝʣʝʝʚʩʢʠʡ ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʌʝʜʝʨʘʣʴʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ çʉʠʨʠʫʩè, ʈʦʩʩʠʷ, 2024). 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʧʨʦʝʢʪ ˉ 18-33-01039, ʛʨʘʥʪʘ ʈʅʌ 

ˉ 23-23-00166. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥ ʥʘ 155 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ 

ʩʦʩʪʦʠʪ ʠʟ 7 ʨʘʟʜʝʣʦʚ: ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʝ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 41 ʨʠʩʫʥʦʢ, 21 ʪʘʙʣʠʮʫ ʠ 50 ʩʭʝʤ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʚʢʣʶʯʘʝʪ 142 ʥʘʠʤʝʥʦʚʘʥʠ.̫ 
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2. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʠʦʪʝʨʘʧʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʫʯʘʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʩʸ 

ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʬʦʩʬʦʨʘ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʚʦʡʩʪʚ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʩʣʝʜʥʠʭ ʚ ʨʘʙʦʪʘʭ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʨʘʙʦʪʢʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʝʘʢʮʠʡ ʠʦʜʦʥʠʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʮʝʣʝʚʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ï ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. 

2.1. ʌʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ. 

ʉʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʦʣʴ ʚ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ [1]. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʦʩʬʦʨʠʣʴʥʫʶ ʛʨʫʧʧʫ (P=O) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʦʩʬʘʪʳ, 

ʬʦʩʬʦʨʘʤʠʜʘʪʳ, ʬʦʩʬʦʥʘʪʳ, ʬʦʩʬʠʥʘʪʳ, ʬʦʩʬʠʥʦʢʩʠʜʳ, ʬʦʩʬʦʨʪʠʦʥʘʪʳ ʠ ʬʦʩʬʦʨʬʪʦʨʠʜʘʪʳ, 

ʘ ʪʘʢʞʝ ʪʠʦʬʦʩʬʘʪʳ, ʬʦʩʬʦʨʥʳʝ ʘʥʛʠʜʨʠʜʳ ʠ ʙʠʩʬʦʩʬʦʥʘʪʳ [2]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʦʩʬʦʨʘʥʦʚ (R3P=CR2) [3ï5]. 

ʋʢʘʟʘʥʥʳʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ADME-ʩʚʦʡʩʪʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʣʝʢʫʣʳ. ʊʘʢ, ʚʚʝʜʝʥʠʝ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʬʦʩʬʦʵʬʠʨʥʳʭ ʛʨʫʧʧ ʚ ʫʞʝ ʠʟʚʝʩʪʥʳʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʝʡ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 

ʚʦʜʝ [6]. ʕʪʠ ʧʨʝʧʘʨʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʣʝʢʘʨʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʦʨʛʘʥʠʟʤʝ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʨʘʟʣʦʞʝʥʠʝ ʜʦ ʠʩʭʦʜʥʦʛʦ ʣʝʢʘʨʩʪʚʘ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʱʝʣʦʯʥʦʡ 

ʬʦʩʬʘʪʘʟʦʡ (ʉʭʝʤʘ 1) [7]. 

 

ʉʭʝʤʘ 1. ʇʨʝʚʨʘʱʝʥʠʝ ʬʦʩʬʘʪʥʳʭ ʧʨʦʣʝʢʘʨʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ. 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ 1) ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʦʛʦ 

ʚʠʜʘʨʘʙʠʥʘ (ʧʨʦʪʠʚʦʛʝʨʧʝʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ) [8ï10], ʬʦʩʬʘʪʘ ʘʥʪʠʙʠʦʪʠʢʘ ʪʝʜʠʟʦʣʠʜʘ [11], ʘ ʪʘʢʞʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʧʨʝʧʘʨʘʪʘ ʬʦʩʬʝʩʪʨʦʣʘ ʥʘʪʨʠʷ [12]. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʳ ʤʦʥʦ- ʠ ʜʠ-ʬʦʩʬʦʨʵʬʠʨʥʳʭ ʧʦʣʝʢʘʨʩʪʚ. 

ʂʨʦʤʝ ʤʦʥʦʵʬʠʨʦʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʠʵʬʠʨʳ, ʥʘʧʨʠʤʝʨ, 

ʢʦʣʬʦʩʮʝʨʠʣ ʧʘʣʴʤʠʪʘʪ [13] ʠʣʠ ʮʠʢʣʠʯʝʩʢʠʡ ʜʠʵʬʠʨ ʙʫʢʣʘʜʝʟʠʥʘ ʥʘʪʨʠʷ [14] (ʈʠʩʫʥʦʢ 1). 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʣʝʢʘʨʩʪʚʘ ʩʦʜʝʨʞʘʪ ʬʦʩʬʦʨʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ (ʈʠʩʫʥʦʢ 2) [15, 16]. ɺ ʦʨʛʘʥʠʟʤʝ 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʳʯʥʦ ʤʝʪʘʙʦʣʠʟʠʨʫʶʪʩʷ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦ- ʠ/ʠʣʠ ʪʨʠ-ʬʦʩʬʘʪʦʚ [17, 

18].  

 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʳ ʬʦʩʬʦʨʘʤʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ɺ ʢʣʠʥʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʧʘʨʘʪʳ, ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʦʜʥʫ ʠʣʠ ʜʚʝ ʩʚʷʟʠ ʉ-P: 

ʬʦʩʬʦʥʘʪʳ ʠ ʬʦʩʬʠʥʘʪʳ (ʈʠʩʫʥʦʢ 3) [19ï21]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ ʚ ʦʨʛʘʥʠʟʤʝ, ʯʝʤ 
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ʬʦʩʬʘʪʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʨʘʛʤʝʥʪ ʚ ʥʠʭ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ 

ʙʝʣʢʦʚʳʤʠ ʤʠʰʝʥʷʤʠ [22].  

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʳ ʧʝʨʧʘʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʦʥʘʪʥʳʝ ʠ ʬʦʩʬʠʥʘʪʥʳʝ 

ʬʨʘʛʤʝʥʪʳ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʟʘʤʝʪʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʚʝʩʴʤʘ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ ʚ ʜʠʟʘʡʥʝ ʩʪʨʫʢʪʫʨ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʌʦʩʬʠʥʦʢʩʠʜʥʘʷ 

ʛʨʫʧʧʠʨʦʚʢʘ ʭʠʤʠʯʝʩʢʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʘ [23], ʠ ʢʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʩʠʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʝʣʢʦʤ-ʤʠʰʝʥʴʶ. ʇʝʨʚʳʤ 

ʦʜʦʙʨʝʥʥʳʤ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʠʥʦʢʩʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʪʘʣ ʠʥʛʠʙʠʪʦʨ 

ʢʠʥʘʟʳ ʘʥʘʧʣʘʩʪʠʯʝʩʢʦʡ ʣʠʤʬʦʤʳ (ALK) ʙʨʠʛʘʪʠʥʠʙ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʤʝʪʘʩʪʘʟʠʨʫʶʱʠʭ ʦʧʫʭʦʣʝʡ ʣʝʛʢʦʛʦ, ʨʝʟʠʩʪʝʥʪʥʳʭ ʢ ʜʨʫʛʠʤ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʢʣʠʥʠʢʝ ʜʣʷ ʵʪʦʡ 

ʮʝʣʠ ʧʨʝʧʘʨʘʪʘʤ [24, 25] (ʈʠʩʫʥʦʢ 4). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʩʬʠʥʦʢʩʠʜʥʘʷ ʛʨʫʧʧʘ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪ ʠ ʘʢʪʠʚʥʦʩʪʴ, ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʙʨʠʛʘʪʠʥʠʙʘ ʢ ʧʨʝʦʜʦʣʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʘʥʘʣʦʛʠ ʩ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʥʝʝ ʘʢʪʠʚʥʳ ʢ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʤʫʪʘʮʠʷʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ [26]. ʉʨʝʜʠ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʘʢʪʠʚʥʦʩʪʠ ï ʬʦʩʘʟʝʧʘʤ [27],ʬʦʩʝʥʘʟʠʜ [28], 1 [29], 2 [30] ʠ 3 

[31] (ʈʠʩʫʥʦʢ 4). 
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ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʦʩʬʠʥʦʢʩʠʜʦʚ, ʚʢʣʶʯʘʷ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʧʨʝʧʘʨʘʪ ʙʨʠʛʘʪʠʥʠʙ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʝʜʠʥʠʯʥʳʝ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʧʨʝʧʘʨʘʪʳ, ʚ ʯʠʩʣʝ 

ʢʦʪʦʨʳʭ ʧʨʦʪʠʚʦʨʘʢʦʚʳʡ ʧʨʝʧʘʨʘʪ PT-112 [32], ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʥʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʠ ʘʥʪʠʨʝʚʤʘʪʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ ʘʫʨʘʥʦʬʠʥ [33] (ʈʠʩʫʥʦʢ 5). 

 

ʈʠʩʫʥʦʢ 5. ʇʨʠʤʝʨʳ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʣ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʩʚʝʜʝʥʠʡ ʦ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʪʨʠʘʨʠʣʬʦʩʬʦʥʠʝʚʘʷ ʛʨʫʧʧʘ 

ï ʘ ʠʤʝʥʥʦ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ ʠ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʨʠʘʨʠʣʬʦʩʬʦʥʠʝʚʳʝ 

ʩʦʣʠ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʛʝʥʪʳ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʧʨʝʧʘʨʘʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʢʣʝʪʦʢ [34]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʠʪʦʭʦʥʜʨʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʳʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ) ʤʝʤʙʨʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 

ʣʠʧʦʬʠʣʴʥʦʛʦ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʪʨʠʘʨʠʣʬʦʩʬʦʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʥʘʢʦʧʣʝʥʠʶ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ 

ʤʘʪʨʠʢʩʝ. ʇʦʵʪʦʤʫ ʚʚʝʜʝʥʠʝ ʪʨʠʘʨʠʣʬʦʩʬʦʥʠʝʚʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ 
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ʧʨʝʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ ʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ [35, 36]. ʊʘʢ, ʫ ʥʝʢʦʪʦʨʳʭ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ 

ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ HuTu-80 ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʝʤ ʢ ʫʩʣʦʚʥʦ ʥʦʨʤʘʣʴʥʳʤ 

ʢʣʝʪʢʘʤ ʯʝʣʦʚʝʢʘ [37], ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʘʧʦʧʪʦʟʥʦʛʦ 

ʧʫʪʠ (ʈʠʩʫʥʦʢ 6). ɹʦʣʴʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠ ʜʣʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘ MitoQ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʝʨʘʧʠʠ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ [38]. 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ. 

ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʦʩʪʘʶʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʀʤʝʶʪʩʷ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ Ph3P=C (ʈʠʩʫʥʦʢ 7). ʊʘʢ, ʬʪʦʨʠʨʦʚʘʥʥʳʝ 

ɓ-ʜʠʢʝʪʦʬʦʩʬʦʥʠʝʚʳʝ ʠʣʠʜʳ 4 ʧʦʢʘʟʘʣʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʤʠʢʨʦʤʦʣʷʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʣʠʤʬʦʤʳ ʤʳʰʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ABCB1-ʛʝʥʦʤ ʯʝʣʦʚʝʢʘ 

[3]. ɺʘʞʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [3] ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʨʦʜʘʤʠʥʘ 123, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʩʬʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ 4 ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ P-ʛʣʠʢʦʧʨʦʪʝʠʥʘ ï ʙʝʣʢʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʤʥʦʞʝʩʪʚʝʥʥʫʶ 

ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪ ɹ[3]. 

ɿʘʤʝʪʥʘʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʣʠʥʠʷʤ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ 

ʧʦʢʘʟʘʥʘ ʜʣʷ ʬʦʩʬʦʨʘʥʠʣʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʠʨʘʥʦʥʘ 5 [4], ʘ ʪʘʢʞʝ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ 

ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 6ï9, ʩʦʜʝʨʞʘʱʠʭ ʥʘʨʷʜʫ ʩ ʠʣʠʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʪʨʠʤʝʪʠʣʩʠʣʠʣʴʥʳʝ 

ʛʨʫʧʧʳ [5]. ɼʣʷ ʧʦʩʣʝʜʥʠʭ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʠʥʛʠʙʠʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʨʤʝʥʪʫ ʤʘʪʨʠʢʩʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʝ 2 (MMP-2), 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʩʠʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʨʘʟʚʠʪʠʶ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ. 
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ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʳ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ɺ ʩʘʤʦʝ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ 10 ʠ 11 ʠ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 12-16, 

ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʦʢʩʘʬʦʩʬʦʥʠʝʚʳʡ ʠ ʜʠʙʝʥʟʦʪʠʘʬʦʩʬʦʥʠʝʚʳʡ ʬʨʘʛʤʝʥʪʳ, ʧʦʢʘʟʘʚʰʠʭ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʩʧʣʘʪʠʥʦʤ, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʝʛʦ, 

ʠʣʠʜʳ 12-15 ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʮʠʩʧʣʘʪʠʥ-ʨʝʟʠʩʪʝʥʪʥʳʤ ʦʧʫʭʦʣʝʚʳʤ 

ʢʣʝʪʢʘʤ (ʈʠʩʫʥʦʢ 8).  

 

ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʳ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ, ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʠ 

ʦʢʩʘʬʦʩʬʝʧʠʥʘ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʤʠʮʝʣʠʷʭ ʛʨʠʙʦʚ Aspergillus ʠ Fusarium ʫ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ 16 ʠ ʦʢʩʘʬʦʩʬʝʧʠʥʘ 

17 [39]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʘʤʳʤ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʬʦʩʬʦʨʘ ʩ ʨʘʟʣʠʯʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʬʦʩʬʦʨʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʧʫʭʦʣʝʚʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ. ɸʢʪʠʚʥʦʩʪʴ 
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ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʠʘʨʠʣʬʦʩʬʦʥʠʝʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʥʳ. ʕʪʦ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʣʘʩʩʦʚ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʝʦʜʦʣʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʜʘʯʝʡ.  

2.2 ɼʠʘʨʠʣʠʦʜʦʥʠʝʚʳʝ ʩʦʣʠ 

ɻʠʧʝʨʚʘʣʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʦʜʘ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ 

ʢʘʢ ʩʪʘʙʠʣʴʥʳʝ, ʤʘʣʦʪʦʢʩʠʯʥʳʝ ʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʝ ʨʝʘʛʝʥʪʳ, ʪʨʝʙʫʶʱʠʝ ʜʦʚʦʣʴʥʦ ʤʷʛʢʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ. ʏʘʩʪʦ ʦʥʠ ʦʪʢʨʳʚʘʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʩʠʥʪʝʟʘ ʩʣʦʞʥʦ 

ʜʦʩʪʫʧʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘ ʤʝʪʘʣʣʘʤʠ. ɺ ʜʘʥʥʦʡ ʯʘʩʪʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ 

ʦʙʟʦʨʘ ʨʘʟʙʝʨʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʡ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ. 

ʅʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʥʪʝʟʝ ʨʝʘʢʮʠʠ ʜʠʘʨʠʣʠʦʜʦʥʠʚʳʭ ʩʦʣʝʡ ʵʪʦ ʨʝʘʢʮʠʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʫʢʣʝʦʬʠʣʘ, ʪʘʢ ʠ 

ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʠʨʦʣʠʟ ʠʣʠ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

ɼʣʷ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ, ʢʘʢ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ I(III), ʭʘʨʘʢʪʝʨʥʘ ʊ-ʦʙʨʘʟʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʛʘʥʜʘʤʠ ʠ ʘʨʠʣʦʤ (ʠʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʘʨʠʣʘʤʠ ʠ ʣʠʛʘʥʜʦʤ). ɽʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʜʚʝ ʵʣʝʢʪʨʦʥʥʳʝ ʧʘʨʳ ʘʪʦʤʘ ʠʦʜʘ, ʪʦ ʦʥʠ, ʚʤʝʩʪʝ ʩ ʘʨʠʣʦʤ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʢɻʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʜʚʘ ʣʠʛʘʥʜʘ ï ʚ ʘʧʠʢʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʩʝʚʜʦʚʨʘʱʝʥʠʝ ɹʝʨʨʠ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʜʚʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʩʚʷʟʠ ʩʪʘʥʦʚʷʪʩʷ ʘʧʠʢʘʣʴʥʳʤʠ, 

ʘ ʜʚʝ ʘʧʠʢʘʣʴʥʳʝ ï ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ (ʩʭʝʤʘ 2). [40] 

 

ʉʭʝʤʘ 2. ʇʩʝʚʜʦʚʨʘʱʝʥʠʝ ɹʝʨʨʠ ʩʦʝʜʠʥʝʥʠʡ ʠʦʜʘ (III ). 

ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ 

ʟʘʨʷʞʝʥʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ɼʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʧʠʨʦʣʠʟ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʥʫʢʣʝʦʬʠʣ ʤʦʞʝʪ ʟʘʤʝʱʘʪʴ ʠʦʜʦʥʠʝʚʫʶ ʛʨʫʧʧʫ ʚ ʦʙʦʠʭ 

ʘʨʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘʭ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʚʳʩʦʢʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ 

ʘʧʠʢʘʣʴʥʦ-ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉʫʱʝʩʪʚʫʝʪ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 18a ʠ 18b ʠʟ-ʟʘ 

ʙʳʩʪʨʦʛʦ ʧʩʝʚʜʦʚʨʘʱʝʥʠʷ (ʉʭʝʤʘ 3).  
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ʉʭʝʤʘ 3. ʇʠʨʦʣʠʟ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ. 

ʀʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʣʠʛʘʥʜ (Nu) 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʧʩʦ-ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʘʨʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʬʠʣʘ, ʠʟ ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ 19a ʠʣʠ 19b ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʪʦ, ʚ 

ʢʦʪʦʨʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʚ ʢʦʣʴʮʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʠʦʜʘ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ʕʪʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʪʚʝʯʘʶʪ ʟʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʩ ʙʦʣʝʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʘʨʠʣʦʤ. ʅʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʡ 

ʠʣʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʧʨʠʚʦʜʷʪ ʢ ʚʳʜʝʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ Ar1-

Nu ʠ ʠʦʜʙʝʥʟʦʣʘ [41]. ʊʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʩʚʷʟʳʚʘʶʪ ʩ ʦʨʪʦ-ʵʬʬʝʢʪʦʤ ʟʘ ʩʯʝʪ 

ʨʘʟʤʝʱʝʥʠʷ ʪʘʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʦʣʝʝ ʩʚʦʙʦʜʥʦʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. [42] 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʩʪʝʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʚʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʩʤʝʱʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʠʣʠʦʜʠʜʘ ʠ 

Ph-Nu, ʠ ʥʘʦʙʦʨʦʪ, ʚʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ï ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʜʙʝʥʟʦʣʘ ʠ 

ʟʘʤʝʱʝʥʥʦʛʦ ʘʨʠʣʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʙʠʜʝʥʪʥʳʡ ʥʠʪʨʠʪ-ʘʥʠʦʥ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ 

ʢʘʢ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʠ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʠʪ-ʘʥʠʦʥʦʤ, ʦʜʥʘʢʦ ʦʥʘ ʥʝ ʚʥʦʩʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʧʨʦʮʝʩʩ (<5%). [43] (ʉʭʝʤʘ 4) 
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ʉʭʝʤʘ 4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʥʠʪʨʠʪ-ʘʥʠʦʥʦʤ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ [44]. ʊʘʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ DFT ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ 

B3LYP ʠ ʙʘʟʠʩʦʤ aug-cc-pVDZ, ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʧʨʦʠʟʚʝʜʝʥ ʜʣʷ 0 ʂ ʧʣʶʩ ʪʝʨʤʘʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 298.15 ʂ. (ʈʠʩʫʥʦʢ 9). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʘʨʴʝʨ ʨʝʘʢʮʠʠ ʜʣʷ çʘʥʪʠè 

ʧʨʦʜʫʢʪʘ ʥʠʞʝ, ʯʝʤ ʜʣʷ çʩʠʥè ʧʨʦʜʫʢʪʘ (ʩʠʥ ʠ ʘʥʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʨʝʜʝʣʷʶʱʝʤʫ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʫ). ɼʣʷ ʨʝʘʢʮʠʠ ʤʦʜʝʣʴʥʦʡ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ, ʩʦʜʝʨʞʘʱʝʡ 

ʬʝʥʠʣʴʥʳʡ ʠ ʘʥʠʟʦʣʴʥʳʡ (4-ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʡ) ʟʘʤʝʩʪʠʪʝʣʴ, ʠ ʙʨʦʤʠʜ ʘʥʠʦʥ ȹȹGÿ ʩʦʩʪʘʚʠʣʘ 

2.05 ʢʢʘʣ/ʤʦʣʴ. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʦʬʠʣʴ ʨʝʘʢʮʠʠ ʙʨʦʤ-4-ʤʝʪʦʢʩʠʘʨʠʣʬʝʥʠʣʠʦʜʘʥʘ ʩ ʫʢʘʟʘʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʙʘʨʴʝʨʦʚ ȹGÍ ʠ ʠʭ ʘʙʩʦʣʶʪʥʳʭ ʨʘʟʥʦʩʪʝʡ. ȹȹGÍ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ [44]. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʝ ʠʦʜʘ ʠ ʠʧʩʦ-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 
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ʛʨʫʧʧʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘ ʘʪʦʤʝ ʠʦʜʘ ʯʘʩʪʠʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ 

ʙʣʠʟʦʢ ʢ +1.0 ʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʯʘʩʪʠʯʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʣʠʛʘʥʜʥʦʛʦ ʠʧʩʦ-ʘʪʦʤʘ. ɼʣʷ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ȹŭI = +0.99, 

ʘ ʯʘʩʪʠʯʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʙʨʦʤʘ ȹŭBr = -0.61. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʯʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʟʘʨʷʜ ʥʘ ʠʧʩʦ-ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʘʨʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʘʥʠʟʠʣʴʥʦʡ ʛʨʫʧʧʳ ʟʘʨʷʜ 

ʩʦʩʪʘʚʣʷʝʪ ȹŭipso = -0.35, ʯʪʦ ʥʘ 0.04 ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʯʝʤ ʜʣʷ ʠʧʩʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 

ʬʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʫ ʢʘʢʦʛʦ ʣʠʛʘʥʜʘ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [44]. 

ɼʠʘʨʠʣʠʦʜʦʥʠʝʚʳʝ ʩʦʣʠ ʩʧʦʩʦʙʥʳ ʘʨʠʣʠʨʦʚʘʪʴ Ŭ-ʧʦʣʦʞʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʯʝʨʝʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʥʦʣʷʪʳ (ʉʭʝʤʘ 5) [45]. 

 

ʉʭʝʤʘ 5. ɸʨʠʣʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ.  

ɼʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ. ʇʝʨʚʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʜʠʬʝʥʠʣʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ ʢ ʝʥʦʣʫ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʩ [2,3]-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ. ʀʣʠ ʚʦʟʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ 

Ŭ-ʫʛʣʝʨʦʜʫ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʩ [1,2]-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ 

(ʉʭʝʤʘ 6).  

 

ʉʭʝʤʘ 6. ʄʝʭʘʥʠʟʤ ʘʨʠʣʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ B3LYP ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʩʦʣʝʡ ʩ ʭʣʦʨʠʜ ʘʥʠʦʥʦʤ, ʯʪʦʙʳ 

ʨʘʩʯʝʪʳ ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ ʧʫʪʠ ʪʘʢʞʝ ʙʳʣʠ ʨʝʣʝʚʘʥʪʥʳ ʜʣʷ ʙʦʣʝʝ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʭ 

ʘʥʠʦʥʦʚ (ʪʨʠʬʣʘʪ, ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ), ʠ ʦʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ (ʥʘ 7 ʢɼʞ/ʤʦʣʴ) 

ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ [2,3]-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ, ʧʨʠ ʵʪʦʤ ʙʘʨʴʝʨ ʠʟʦʤʝʨʠʟʘʮʠʠ 20a-20b 

ʩʦʩʪʘʚʣʷʝʪ 16 ʢɼʞ/ʤʦʣʴ. [45] 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ 3-ʤʝʪʦʢʩʠʬʝʥʦʣʦʤ ʩ ʘʨʠʣʬʝʥʠʣʠʦʜʦʥʠʝʤ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʤʝʪʠʣʴʥʳʭ ʠ ʤʝʪʦʢʩʠʛʨʫʧʧ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ O-ʥʫʢʣʝʦʬʠʣʘ 
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ʚʘʞʥʦ ʩʦʯʝʪʘʥʠʝ ʢʘʢ ʩʪʝʨʠʯʝʩʢʦʛʦ ʦʨʪʦ-ʵʬʬʝʢʪʘ, ʪʘʢ ʠ ʥʘʣʠʯʠʝ ʜʦʥʦʨʥʳʭ ʛʨʫʧʧ. (ʉʭʝʤʘ 7). ɹʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 2,6-ʜʠʤʝʪʠʣʬʝʥʠʣʠʦʜʦʥʠʷ ʢ 2,4,6-

ʪʨʠʤʝʪʠʣʬʝʥʠʣʠʦʜʦʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʧʘʜʘʝʪ ʩ 1:9 ʜʦ 1:1.9 ʚ ʧʦʣʴʟʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʠʣʟʘʤʝʱʝʥʥʦʛʦ ʬʝʥʦʣʘ. ɸ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʜʦʥʦʨʥʳʤ ʤʝʪʦʢʩʠʛʨʫʧʧʘʤ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʣʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ 

ʬʝʥʠʣʠʨʦʚʘʥʠʷ 3-ʤʝʪʦʢʩʠʬʝʥʦʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʥʘʜ ʦʨʪʦ-ʵʬʬʝʢʪʦʤ ʧʨʠ ʨʝʘʢʮʠʠ ʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ O-ʥʫʢʣʝʦʬʠʣʘʤʠ. [46]  

 

ʉʭʝʤʘ 7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʨʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ 3-ʤʝʪʦʢʩʠʬʝʥʦʣʦʤ. 

ʅʘ ʧʨʠʤʝʨʝ ʨʘʟʣʠʯʥʳʭ 2-ʘʨʠʣʭʠʥʦʣʦʥʦʚ [47] ʠ ʨʷʜʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ [48] ʚ 

ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʚʝʜʝʥʠʷ ʧʦ ʘʪʦʤʫ 

ʢʠʩʣʦʨʦʜʘ ʘʨʠʣʴʥʳʭ ʛʨʫʧʧ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. 

(ʉʭʝʤʘ 8) 

 

ʉʭʝʤʘ 8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ 2-ʘʨʠʣʭʠʥʦʣʦʥʘʤʠ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʩʧʠʨʪʘʤʠ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ 

ʚʣʠʷʝʪ ʥʝ ʵʥʝʨʛʠʷ ʊ-ʦʙʨʘʟʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʘ ʵʥʝʨʛʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʚʣʠʷʶʪ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʝ 

ʬɻʬʝʢʪʳ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʵʥʝʨʛʠʷ ʙʘʨʴʝʨʘ ʧʝʨʝʥʦʩʘ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ 

ʢʦʥʩʪʘʥʪʳ ɻʘʤʤʝʪʪʘ ů ʜʣʷ ʟʘʤʝʩʪʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʙʘʨʴʝʨ ʧʝʨʝʥʦʩʘ ʬʝʥʠʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʷ. (ʈʠʩʫʥʦʢ 10) [46] 
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ʈʠʩʫʥʦʢ 10. ɻʨʘʬʠʢ ʨʘʩʩʯʠʪʘʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʙʘʨʴʝʨʘ ʬʝʥʠʣʴʥʦʛʦ/ʘʨʠʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ɻʘʤʤʝʪʘ ʜʣʷ ʣʠʛʘʥʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʝʥʦʢʩʠʜʦʤ ʠ ʘʨʠʣ(ʬʝʥʠʣ)ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʴʶ ʩ ʦʜʥʠʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ. [46] 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʉ-ʥʫʢʣʝʦʬʠʣʫ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʵʪʠʣʤʝʪʠʣʤʘʣʦʥʘʪ, 

ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʩʣʦʞʥʳʤʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ 

ʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʙʳʣ ʜʠʵʪʠʣʤʝʪʠʣʬʝʥʠʣʤʘʣʦʥʘʪ. ʇʨʠ 

ʵʪʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 4-ʤʝʪʠʣʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʚ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ ʢ 2-ʤʝʪʠʣʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʥʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ çʘʥʪʠ-ʦʨʪʦ ʵʬʬʝʢʪʘè. ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʤʝʪʦʢʩʠʟʘʤʝʱʝʥʥʳʤ ʛʨʫʧʧʘʤ 

ʚ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ ʩʥʦʚʘ ʥʘʙʣʶʜʘʣʩʷ ʪʠʧʠʯʥʳʡ ʦʨʪʦ-ʵʬʬʝʢʪ. (ʉʭʝʤʘ 9) [46]  

 

ʉʭʝʤʘ 9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ C-ʥʫʢʣʝʦʬʠʣʘʤʠ. 

ʇʨʠ ʨʝʘʢʮʠʠ ʩ 3-ʤʝʪʦʢʩʠʘʥʠʣʠʥʦʤ ʚ ʢʘʯʝʩʪʚʝ N-ʥʫʢʣʝʦʬʠʣʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʤʝʪʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʝʪʦʢʩʠ-ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘʙʣʶʜʘʣʠ 

ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʝ ʦʨʪʦ-ʵʬʬʝʢʪʘ, ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʙʳʣ 3-ʤʝʪʦʢʩʠ-N-

ʬʝʥʠʣʘʥʠʣʠʥ. (ʉʭʝʤʘ 10) [46]  
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ʉʭʝʤʘ 10. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ 3-ʤʝʪʦʢʩʠʘʥʠʣʠʥʦʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ DFT ʨʘʩʯʝʪʳ ʵʥʝʨʛʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʆ-, N- ʠ ʉ- ʥʫʢʣʝʦʬʠʣʦʚ 

ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʘ ʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʵʥʝʨʛʠʠ ʊ-ʦʙʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʘʨʠʣʠʨʦʚʘʥʠʝ ʤʦʨʬʦʣʠʥʘ ʥʘ 

ʙʦʣʴʰʦʡ ʩʝʨʠʠ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ, ʛʜʝ ʦʜʥʘ ʠʟ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʤʝʟʠʪʠʣʴʥʦʡ ʠʣʠ TMP 

ʛʨʫʧʧʦʡ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʭʦʨʦʰʠʭ ʚʳʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʦʚ ʤʦʨʬʦʣʠʥʘ ʩ ʤʝʟʠʪʠʣʦʤ ʠʣʠ TMP. (ʉʭʝʤʘ 11). [49] 

 

ʉʭʝʤʘ 11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʤʦʨʬʦʣʠʥʦʤ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʧʨʠ ʘʨʠʣʠʨʦʚʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʤʠʜʦʚ ʢʘʣʠʷ ʘʨʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʤʠ 

ʩʦʣʷʤʠ ʥʘʙʣʶʜʘʣʠ ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʦʚ ʬʪʘʣʠʤʠʜʘ ʩ ʘʨʠʣʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, 

ʠʤʝʶʱʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 2- ʠ 6- ʧʦʣʦʞʝʥʠʷʭ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʦʨʪʦ-

ʵʬʬʝʢʪʘ [50]. (ʉʭʝʤʘ 12). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʪʘʢʦʡ ʞʝ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, 

ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʪʴʷʭ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʚʣʠʷʣ ʥʝʧʦʣʷʨʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʱʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 

 

ʉʭʝʤʘ 12.  ɺʟʘʠʤʦʜʝʡʩʚʪʠʝ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʬʪʘʣʠʤʠʜʦʤ ʢʘʣʠʷ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʫʶ ʢʦʨʨʝʣʷʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʵʪʦ ʥʝ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʨʝʘʢʮʠʠ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ɼʦʙʘʚʣʝʥʠʝ ʨʘʜʠʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ ʜʠʬʝʥʠʣʵʪʠʣʝʥ ʠ TEMPO ʢ ʨʝʘʢʮʠʠ 

ʘʨʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ 3-ʤʝʪʦʢʩʠʘʥʠʣʠʥʦʤ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ 

ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʚʝʜʝʥʠʝ ʨʘʜʠʢʘʣʴʥʦʡ ʣʦʚʫʰʢʠ ʚ ʨʝʘʢʮʠʠ ʩ 

ʜʠʵʪʠʣʤʝʪʠʣʤʘʣʦʥʘʪʦʤ ʥʠʢʘʢ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʥʝʝ. [46] 

ʅʘ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʨʠʣʠʨʦʚʘʥʠʷ 

ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʘʣʴʜʝʛʠʜʦʚ ʧʨʠ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʦʚʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ (NHC) [51]. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʢʮʠʠ ʘʣʴʜʝʛʠʜʘ ʩ NHC ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʩʝʚʜʦ-ʠʥʪʝʨʤʝʜʠʘʪʘ ɹʨʝʩʣʦʫ, ʢʦʪʦʨʳʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦ ʘʪʘʢʫʝʪ ʠʦʜʦʥʠʝʚʫʶ ʩʦʣʴ ʧʦ ʘʪʦʤʫ ʠʦʜʘ. ʂʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʡ 

ʘʨʠʣʴʥʳʡ ʧʝʨʝʥʦʩ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʉ-ʉ ʩʚʷʟʠ ʠ ʠ ʚʳʙʨʦʩ ʦʩʪʘʚʰʝʛʦʩʷ ʘʨʠʣʠʦʜʠʜʘ. ʆʪʱʝʧʣʝʥʠʝ 

NHC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʙʠʩʛʝʪʘʨʠʣʢʝʪʦʥʘ. (ʉʭʝʤʘ 13) 

 

ʉʭʝʤʘ 13. ɸʨʠʣʠʨʦʚʘʥʠʝ ʘʣʴʜʝʛʠʜʦʚ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NHC. 

ʈʝʘʢʮʠʷ ʭʦʨʦʰʦ ʧʨʦʪʝʢʘʝʪ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʥʘʙʣʶʜʘʣʩʷ çʘʥʪʠ ʦʨʪʦ-ʵʬʬʝʢʪè, ʢʘʢ ʠ 

ʚ ʨʘʙʦʪʝ [46]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʦʙʲʝʤʥʦʛʦ ʫʨʘʮʠʣʘ ʧʦʟʚʦʣʠʣʦ 

ʥʘʧʨʘʚʠʪʴ ʨʝʘʢʮʠʶ ʩʝʣʝʢʪʠʚʥʦ ʚ ʩʪʦʨʦʥʫ ʧʝʨʝʥʦʩʘ ʚʪʦʨʦʛʦ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠʦʜʦʥʠʝʚʦʡ 

ʩʦʣʠ ʢ ʘʣʴʜʝʛʠʜʫ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʘʨʠʣʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʦʩʪʦʷʥʠʷ. 
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ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ SET-ʧʨʦʮʝʩʩ ʩ 

ʵʣʝʢʪʨʦʥʦʥʘʩʳʱʝʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʟʦʨ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʘʧʨʘʚʣʝʥ ʥʘ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʝ ʩʦʣʠ ʠ ʠʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ, ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʧʨʦ 

ʨʝʘʢʮʠʶ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʘʥʠʟʦʣʦʚ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʥʠʣʠʦʜʦʥʠʷ(III ) 

ʙʠʩ(ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ) (PIFA). (ʉʭʝʤʘ 14). [52, 53] 

 

ʉʭʝʤʘ 14.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʤʝʱʝʥʥʳʭ ʘʥʠʟʦʣʦʚ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʝʥʠʣʠʦʜʦʥʠʷ(III ) ʙʠʩ(ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ). 

ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʩ ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ (CH3, OCH3, Br, Cl, 

CH2CO2CH3, CH2CN). ʇʨʠ ʵʪʦʤ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʚ ʧʦʣʷʨʥʳʭ, ʩʣʘʙʦ 

ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï TFE, HFIP (ʚʳʭʦʜ 60-68%). ɺ ʘʮʝʪʦʥʠʪʨʠʣʝ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʩ 

ʤʘʣʳʤ ʚʳʭʦʜʦʤ 7%, ʘ ʚ CH2Cl2, THF, DMF ʨʝʘʢʮʠʷ ʥʝ ʠʜʝʪ ʚʦʚʩʝ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ ʠʟ 

PIFA ʠ ʩʫʙʩʪʨʘʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʝʱʝ ʦʜʥʠʤ ʤʠʥʦʨʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʘʟʠʜʦʙʝʥʟʦʣ, ʥʦ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ. ʊʦʛʜʘ ʨʝʘʢʮʠʶ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ. 

ɺ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʚ ʦʙʣʘʩʪʠ 400-500 ʥʤ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʧʨʠ ʩʤʝʰʝʥʠʠ PIFA ʠ ʩʫʙʩʪʨʘʪʘ ʚ HFIP, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ. ɹʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʥʫʢʣʝʦʬʠʣʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ ʜʦʚʦʣʴʥʦ ʩʪʘʙʠʣʴʥʳʡ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʛʥʘʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʕʇʈ ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ɼʘʥʥʳʝ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ ʜʘʥʥʳʤʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʜʨʫʛʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʘʥʠʟʦʣʘ ʩ PIFA ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ SET-ʧʨʦʮʝʩʩʘ. 

(ʉʭʝʤʘ 15) [13] 
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ʉʭʝʤʘ 15. ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʤʝʱʝʥʥʳʭ ʘʥʠʟʦʣʦʚ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʝʥʠʣʠʦʜʦʥʠʷ(III) ʙʠʩ(ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ). 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʝʨʭʣʦʨʘʪʘ ʤʘʛʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ.  

ʈʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʠʥʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʤʝʪʦʜʦʤ ʍʶʢʢʝʣʷ ʧʦʢʘʟʘʣʠ 

ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʨʝʘʢʮʠʠ. (ʈʠʩʫʥʦʢ 11). [13,14] 

 

ʈʠʩʫʥʦʢ 11. ʉʧʠʥʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ, ʧʦʩʯʠʪʘʥʥʘʷ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʍʶʢʢʝʣʷ. [13,14] 

ʕʪʘ ʢʦʥʮʝʧʮʠʷ ʫʜʘʯʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʪʠʝʥʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ, ʬʫʨʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʠ ʧʠʨʦʣʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ 

ʟʘʤʝʱʝʥʥʳʤʠ ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘʤʠ ʠ ʜʨʫʛʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. (ʉʭʝʤʘ 16) [54] 

 

ʉʭʝʤʘ 16. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʝʥʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʦʤ. 

ʆʜʥʘʢʦ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʝʥʠʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʙʝʟ ʢʦʪʦʨʦʡ 

ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʭʦʜʠʪ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ ʕʇʈ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ TMSOTf ʧʦʟʚʦʣʷʝʪ 

ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ ʠ 1,3- ʠʣʠ 1,4-ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʫ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ SET-ʧʨʦʮʝʩʩʘ 

ʩʪʘʙʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ ʚ HFIP (ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣ) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. (ʈʠʩʫʥʦʢ 12). ɺ ʋʌ-ʩʧʝʢʪʨʝ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ 400-500 ʥʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʜʠʢʘʣʘ. ʇʨʠ ʵʪʦʤ, ʚ ʨʝʘʢʮʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʟʘʤʝʱʝʥʠʷ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ. [15] 

 

ʈʠʩʫʥʦʢ 12. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ SET-ʧʨʦʮʝʩʩʘ ʩ ʜʠʘʨʠʣʠʦʜʦʥʠʡ ʙʨʦʤʠʜʦʤ. [15]  

ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [13,14], ʯʪʦ SET ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ (ʉʭʝʤʘ 17). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʥʫʢʣʝʦʬʠʣʘ. 

 

ʉʭʝʤʘ 17. ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʝʥʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʦʤ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚʦ ʚʪʦʨʦʤ Ŭ-ʧʦʣʦʞʝʥʠʠ ʪʠʦʬʝʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʠ ʧʨʠ ʘʢʪʠʚʘʮʠʠ ʩ ʧʦʤʦʱʴʶ TMSOBr ʚʤʝʩʪʦ TMSOTf ʚʦʟʤʦʞʥʦ ʘʨʠʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʙʝʟ ʫʯʘʩʪʠʷ ʨʘʜʠʢʘʣʦʚ [55]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʢ ʪʠʦʬʝʥʫ, ʟʘʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʠʦʜʙʝʥʟʦʣʘ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʪʠʦʬʝʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

(ʉʭʝʤʘ 18) 

 

 

ʉʭʝʤʘ 18. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʝʥʠʣʬʝʥʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʦʤ. 

ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʘʨʠʣʠʨʦʚʘʥʠʷ ʙʝʟ ʫʯʘʩʪʠʷ ʤʝʪʘʣʣʦʚ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ 

ʘʨʠʣʠʨʦʚʘʥʠʷ ʘʨʝʥʦʚ ʠ N-ʛʝʪʘʨʦʘʨʝʥʦʚ ʩ ʧʦʤʦʱʴʶ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʩʥʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʘʢʮʠʶ ʩ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʴʶ ʙʳʣʠ ʚʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʠʨʨʦʣʳ, 

ʧʠʨʠʜʠʥʳ ʠ ʜʘʞʝ ʙʝʥʟʦʣ (ʉʭʝʤʘ 19) [56].  
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ʉʭʝʤʘ 19. ɸʨʠʣʠʨʦʚʘʥʠʝ N-ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ ʙʝʥʟʦʣʘ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ 

ʩʦʣʷʤʠ. 

ɺʚʝʜʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʨʘʜʠʢʘʣʦʚ (TEMPO ʠ 1,1-ʜʠʬʝʥʠʣʵʪʠʣʝʥ) ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʟʠʣʦ 

ʚʳʭʦʜ (ʜʦ <3% ʠ 19% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʨʘʜʠʢʘʣʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ.  

ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʜʚʦʡʥʦʝ ʘʨʠʣʠʨʦʚʘʥʠʝ ʥʘʬʪʦʣʦʚ: ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ 

ʥʘʬʪʠʣʴʥʦʛʦ ʮʠʢʣʘ ʠ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ [57]. ʉʠʥʪʝʪʠʯʝʩʢʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʨʦʠʩʭʦʜʠʪ ʘʨʠʣʠʨʦʚʘʥʠʝ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʥʘʬʪʦʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʪʦʨʦʝ 

ʘʨʠʣʠʨʦʚʘʥʠʝ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ. (ʉʭʝʤʘ 20).  
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ʉʭʝʤʘ 20. ɼʚʦʡʥʦʝ ʘʨʠʣʠʨʦʚʘʥʠʝ ʥʘʬʪʦʣʘ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ. 

ʇʨʦʮʝʩʩ ʥʦʩʠʪ ʨʘʜʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʢʘʣʦʚ ʚʳʩʪʫʧʘʝʪ ʥʝ 

ʠʦʜʦʥʠʝʚʘʷ ʩʦʣʴ, ʘ ʜʦʙʘʚʢʘ TMP2O, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫʝʪ ʨʘʜʠʢʘʣ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ HAT-

ʧʨʦʮʝʩʩ (Hydrogen Atom Transfer) ʩʦ ʩʧʠʨʪʦʚʦʡ ʛʨʫʧʧʳ ʥʘ TMP-ʨʘʜʠʢʘʣ. ɺ ʩʣʝʜʩʪʚʠʠ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʦʙʨʘʟʫʝʪʩʷ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ, ʢʦʪʦʨʳʡ ʘʨʠʣʠʨʫʝʪʩʷ ʠʦʜʦʥʠʝʚʦʡ 

ʩʦʣʴʶ. ʇʦʚʪʦʨʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʩ HAT-ʧʨʦʮʝʩʩʦʤ ʚʦʟʚʨʘʱʘʝʪ ʢ O-ʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ 

ʨʘʜʠʢʘʣʫ, ʢʦʪʦʨʳʡ ʧʦʚʪʦʨʥʦ ʘʨʠʣʠʨʫʝʪʩʷ ʚʪʦʨʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʠʦʜʦʥʠʝʚʦʡ ʩʦʣʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʫʜʘʣʦʩʴ ʚʚʝʩʪʠ ʚ ʨʝʘʢʮʠʶ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʝ ʩʦʣʠ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

2.3. ʀʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʢʮʠʡ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʦʙʨʘʪʠʤʩʷ ʢ 

ʛʘʣʦʛʝʥʦʚʦʤʫ ʩʚʷʟʳʚʘʥʠʶ. ɺ XX ʚʝʢʝ ʛʘʣʦʛʝʥʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʛʘʣʦʛʝʥʠʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʜʠʠʦʜʘʮʝʪʠʣʝʥ [58, 59] ʠ ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ, ʜʦʢʘʟʘʚʰʠʡ ʥʘʣʠʯʠʝ "ʛʘʣʦʛʝʥʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʩʪʘ" ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤ ʙʨʦʤʦʤ 

ʠ 1,4-ʜʠʦʢʩʘʥʦʤ [60, 61]. ɺ 1953 ʛʦʜʫ ʙʳʣʦ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ ʛʘʣʦʛʝʥʦʚʦʛʦ 

ʩʚ̫ʟʳʚʘʥʠʷ ʚ ʤʦʣʝʢʫʣʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʧʝʨʚʘʣʝʥʪʥʳʡ ʠʦʜ, ʯʪʦ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [62]. ʆʬʠʮʠʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʘʣʦʛʝʥʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ IUPAC ʧʦʣʫʯʠʣʦ ʪʦʣʴʢʦ 

ʚ 2013 ʛʦʜʫ. ʇʨʠ ʵʪʦʤ ʠʦʜ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʷʨʠʟʫʝʤʳʤ ʠʟ ʛʘʣʦʛʝʥʦʚ, ʧʦʵʪʦʤʫ 

ʦʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʛʘʣʦʛʝʥʦʚʦʤ ʩʚʷʟʳʚʘʥʠʠ (I>Br>Cl>>F). 
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ʏʪʦʙʳ ʧʦʣʥʦʩʪʴʶ ʧʦʥʷʪʴ ʛʘʣʦʛʝʥʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʚʦʡʩʪʚʘʭ ů-

ʜʳʨʦʯʥʳʭ ʩʚʷʟʝʡ. ů-ɼʳʨʦʯʥʘʷ ʩʚʷʟʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʚʘʣʝʥʪʥʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʠʣʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ů-ʜʳʨʢʦʡ ʘʪʦʤʘ ʵʣʝʤʝʥʪʘ IV-VII ʛʨʫʧʧʳ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʛʘʱʝʥʥʦʡ ʟʦʥʦʡ ʦʩʥʦʚʘʥʠʡ ʃʴʶʠʩʘ, ʪʘʢʠʭ ʢʘʢ ʘʥʠʦʥʳ, ʛʠʜʨʠʜʳ ʠʣʠ ˊ-

ʵʣʝʢʪʨʦʥʳ [63, 64]. ɻʘʣʦʛʝʥʦʚʳʝ ʩʚʷʟʳʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʵʪʦʛʦ ʪʠʧʘ ʩʚʷʟʝʡ, ʛʜʝ R - 

ʵʪʦ ʘʪʦʤ-ʭʦʟʷʠʥ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ, ʢ ʢʦʪʦʨʦʡ ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʚʷʟʘʥ ʛʘʣʦʛʝʥ, X - 

ʛʘʣʦʛʝʥ, ʦʙʣʘʜʘʶʱʠʡ ů-ʜʳʨʢʦʡ, ʘ Y - ʦʩʥʦʚʘʥʠʝ ʃʴʶʠʩʘ (ʘʢʮʝʧʪʦʨ ʛʘʣʦʛʝʥʦʚʦʡ ʩʚʷʟʠ). 

ů-ɼʳʨʢʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʛʘʣʦʛʝʥʦʤ ʠ ʝʛʦ 

ʭʦʟʷʠʥʦʤ, ʢʦʛʜʘ ʧʦʣʷʨʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʣʦʛʝʥʘ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʢʦʚʘʣʝʥʪʥʦʡ 

ʩʚʷʟʠ [63]. ů-ɼʳʨʢʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʢʘʯʝʩʪʚʝʥʥʦ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʩʨʘʚʥʠʚʘʪʴ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʛʘʣʦʛʝʥʦʚʳʝ ʩʚʷʟʳʚʘʥʠʷ [65]. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ů-ʜʳʨʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʪʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (MEP), ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ [66, 67]. 

ʉʠʣʘ ů-ʜʳʨʦʯʥʦʡ ʩʚʷʟʠ ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʚʥʫʪʨʠ ʦʜʥʦʡ ʛʨʫʧʧʳ 

(I>Br>Cl>>F). ʅʘ ʵʪʫ ʩʠʣʫ ʪʘʢʞʝ ʚʣʠʷʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʘ-ʭʦʟʷʠʥʘ, 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʛʘʣʦʛʝʥʘ ʠ ʩʪʝʧʝʥʴ spn-ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʢʦʚʘʣʝʥʪʥʦʡ ůRïX ʩʚʷʟʠ. ɽʩʣʠ ʫ 

ʛʘʣʦʛʝʥʘ ʠʤʝʶʪʩʷ ʜʚʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ů-ʜʳʨʢʠ, ʧʨʠʯʝʤ ʙʦʣʝʝ ʩʠʣʴʥʘʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʧʨʦʪʠʚ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʡ ʛʨʫʧʧʳ [66]. ů-ɼʳʨʢʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʩ ʫʛʣʘʤʠ ʧʦʜʭʦʜʘ ʘʢʮʝʧʪʦʨʘ ʛʘʣʦʛʝʥʦʚʦʡ ʩʚʷʟʠ, ʙʣʠʟʢʠʤʠ ʢ 

ʣʠʥʝʡʥʳʤ (160-180Á) [68], ʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʳ ʩʫʤʤʝ ʘʪʦʤʥʳʭ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʚʦʚʣʝʯʝʥʥʳʭ ʘʪʦʤʦʚ [66]. 

ʅʘ ʩʠʣʫ ʛʘʣʦʛʝʥʦʚʦʡ ʩʚʷʟʠ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ, ʥʘʣʠʯʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʧʦʣʷʨʥʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʩʪʝʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʠ ʜʨʫʛʠʝ [69, 70]. ɻʘʣʦʛʝʥʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ ʠʟʚʝʩʪʥʦ ʢʘʢ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʥʦʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ, ʪʘʢ ʠ ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ, ʦʜʥʘʢʦ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ů-ʜʳʨʦʢ ʚ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʘʭ, ʭʦʪʷ ʛʘʣʦʛʝʥʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʠʭ ʨʝʘʢʮʠʷʭ [71, 72]. ɺ 2022 ʛʦʜʫ ʄʝʨʬʠ ʠ ʩʦʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʦʙʥʘʨʫʞʠʣʠ ʜʚʝ ů-ʜʳʨʢʠ: ʦʜʥʘ ʥʘʧʨʦʪʠʚ ʘʨʝʥʘ ʠ ʜʨʫʛʘʷ ʥʘʧʨʦʪʠʚ ɓ-

ʜʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʤʦʪʠʚʘ [73]. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ, ʯʪʦ ů-ʜʳʨʢʘ ʥʘʧʨʦʪʠʚ ɓ-

ʜʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʤʦʪʠʚʘ ʩʠʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ů-ʜʳʨʢʦʡ ʥʘʧʨʦʪʠʚ ʘʨʝʥʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʦʥʠʤʘʥʠʝ ů-ʜʳʨʦʢ ʚ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʘʭ, ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ 

ʧʨʠʤʝʨʦʚ, ʛʜʝ ʛʘʣʦʛʝʥʦʚʦʝ ʩʚʷʟʳʚʘʥʠʝ ʦʙʲʷʩʥʷʝʪ ʥʝʦʞʠʜʘʥʥʳʝ ʨʝʘʢʮʠʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʘʛʝʥʪʦʚ 
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ʠʣʠ ʩʣʫʞʘʪ ʵʣʝʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʝʡ. ʇʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʩʧʦʥʪʘʥʥʳʝ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝʦʞʠʜʘʥʥʳʡ ʟʘʧʫʩʢ ʧʨʦʮʝʩʩʦʚ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʝʨʝʥʦʩʘ (SET) ʠʣʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʥʳʝ ʧʝʨʝʥʦʩʳ, 

ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ pKa. ʖ. ʂʦʙʘʷʰʠ ʠ ɪ.ʊʘʢʝʤʦʪʦ ʧʨʝʜʣʦʞʠʣʠ, ʯʪʦ ʠʦʜʦʥʠʝʚʳʡ ʠʣʠʜ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʘʣʦʛʝʥʦʚʫʶ ʩʚʷʟʴ ʩ ʥʫʢʣʝʦʬʠʣʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 21 ʠʣʠ 22, ʛʜʝ 

ʮʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ, ʦʙʨʘʟʫʷ 

ʣʠʙʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ɓ-ʜʠʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (23, ʯʘʱʝ ʚʩʝʛʦ), ʣʠʙʦ ʟʘʤʝʱʝʥʥʳʝ 

ʘʨʝʥʳ (24, ʨʝʜʢʦ) [74] (ʉʭʝʤʘ 21). 

 

ʉʭʝʤʘ 21. ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩʣʝʜʫʶʪ ʧʦ ʧʫʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɓ-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ (23). ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ 

ʨʝʘʢʮʠʠ ʩ ʬʪʦʨʠʜʦʤ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ ʬʪʦʨʘʨʝʥʳ (24). ʇʨʦʪʝʢʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʧʨʠʥʮʠʧʦʤ ʂʝʨʪʠʥʘ-ɻʘʤʤʝʪʘ, ʧʨʠʥʮʠʧʦʤ ɾʄʂʆ ʠʣʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʀʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʝʢʫʨʩʦʨʳ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʭ ʨʝʘʢʮʠʠ ʩ ʦʣʝʬʠʥʘʤʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ [75, 76]. ʆʜʥʘʢʦ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚʳʭ ʨʝʘʢʮʠʡ ʥʘ 

ʦʩʥʦʚʝ ʜʠʘʟʦ- ʠ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʨʝʜʣʦʞʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ 

çʥʝʢʘʨʙʝʥʦʚʦʛʦè (carbene-free) ʧʫʪʠ ʜʣʷ ʨʝʘʢʮʠʡ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. 

ʅʘʧʨʠʤʝʨ, ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʦʣʝʬʠʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [77ï80]. ɺ 1988 ʛʦʜʫ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʣʠʜʘ 25 ʢ ʥʦʨʙʦʨʥʝʥʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʘ ʰʝʩʪʴ ʜʥʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʘʝʪʩʷ ʠʥʜʘʥ 26 ʩ ʚʳʭʦʜʦʤ 74% (ʉʭʝʤʘ 22 a) [77]. ʈ. ʄ. ʄʦʨʠʘʨʪʠ ʚ 1989 ʛʦʜʫ 

ʠʟʫʯʘʣ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 27 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 22 b) [81]. ɼ. ʂ. ɻʘʣʣʦʩ ʦʙʥʘʨʫʞʠʣ, 

ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ 28 ʜʘʚʘʣʘ ʪʝ ʞʝ ʚʳʭʦʜʳ ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ 

ʠ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʨʦʜʠʝʤ ʠ ʤʝʜʴʶ (ʉʭʝʤʘ 22 c) [82]. 

 

ʉʭʝʤʘ 22. ʇʨʠʤʝʨʳ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʦʣʝʬʠʥʘʤʠ. 

ʈ.ʄ. ʄʦʨʠʘʨʪʠ ʧʨʝʜʣʦʞʠʣ çʥʝʢʘʨʙʝʥʦʚʳʡè ʤʝʭʘʥʠʟʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 28 [81]. 

ʅʫʢʣʝʦʬʠʣʴʥʳʡ ʦʣʝʬʠʥ ʩʥʘʯʘʣʘ ʘʪʘʢʫʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʠʦʜ, ʦʙʨʘʟʫʷ ʮʚʠʪʪʝʨʠʦʥ 32, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʟʘʤʳʢʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʜʦʮʠʢʣʘ 33 ʠ ʧʨʦʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʠʦʜʦʙʝʥʟʦʣʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 28. (ʉʭʝʤʘ 23) 

 

ʉʭʝʤʘ 23. ʀʟʥʘʯʘʣʴʥʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʠʣʠʜʘ 27. 
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ɸʥʘʣʦʛʠʯʥʳʡ ʧʫʪʴ ʨʝʘʢʮʠʠ ʧʦʟʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 26 [78] ʠ 

30/31 [82]. 

ɺ 2010 ʛʦʜʫ ʈ.ʄ. ʄʦʨʠʘʨʪʠ ʚʝʨʥʫʣʩʷ ʢ ʨʝʘʢʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʣ ʫʩʣʦʚʠʷ, ʜʦʙʠʚʰʠʩʴ 

ʚʳʭʦʜʘ 95% ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [83]. ʕʪʘ ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ ʠ ʢ ʜʨʫʛʠʤ ʤʦʥʦ- ʠ ʙʠʮʠʢʣʦʦʣʝʬʠʥʘʤ. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʥʝ ʥʦʩʠʪ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ ʵʬʬʝʢʪʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ɺʘʛʥʝʨʘ-ʄʝʝʨʚʝʡʥʘ ʩ ʙʠʮʠʢʣʠʯʝʩʢʠʤʠ ʦʣʝʬʠʥʘʤʠ. ʅʘʣʠʯʠʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʫʪʠ ʨʝʘʢʮʠʠ ʪʘʢʞʝ 

ʥʝ ʧʦʜʪʚʝʨʜʠʣʦʩʴ, ʪʘʢ ʢʘʢ ʚ ʕʇʈ-ʩʧʝʢʪʨʘʭ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ. 

ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʝʜʣʦʞʝʥʦ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʜʮʠʢʣʦʙʫʪʘʥʘ 

34 ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʠʦʜʙʝʥʟʦʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʢʣʦʧʨʦʧʘʥʘ 

35. (ʉʭʝʤʘ 24). 

 

ʉʭʝʤʘ 24. ʄʝʭʘʥʠʟʤ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ. 

ʇʦʚʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʜʠʬʝʥʠʣʢʝʪʝʥ ʠ ʜʠʤʝʜʦʥʦʚʳʡ ʠʦʜʦʥʠʝʚʳʡ ʠʣʠʜ 36, ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʝ ɻ. ʌ. ʂʦʟʝʨʘ [84, 85], 

ʧʨʠʚʝʣʦ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʜʝʥʪʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ ʨʘʟʥʳʤʠ. 

ʃ.ʇ. ʍʘʜʞʘʨʘʧʦʛʣʦ ʧʦʣʫʯʠʣ ʧʨʦʜʫʢʪʳ 38 (58%) ʠ 41 (42%) (ʉʭʝʤʘ 25), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɻ.ʌ. ʂʦʟʝʨ 

ʨʘʥʝʝ ʧʦʣʫʯʠʣ ʧʨʦʜʫʢʪʳ 38 ʠ 39.  ɻ. ʌ. ʂʦʟʝʨ ʧʨʝʜʣʦʞʠʣ ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʛʜʝ ʠʣʠʜ ʜʝʡʩʪʚʦʚʘʣ 

ʢʘʢ ʥʫʢʣʝʦʬʠʣ, ʦʙʨʘʟʫʷ ʠʥʪʝʨʤʝʜʠʘʪ 37, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʃ.ʇ. ʍʘʜʞʘʨʘʧʦʛʣʦ ʧʨʝʜʧʦʣʦʞʠʣ ʧʫʪʴ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʦʚ 40/40ô, ʢʦʪʦʨʳʝ ʮʠʢʣʠʟʫʶʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 38 ʠ 41 ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʠʦʜʦʙʝʥʟʦʣʘ. (ʉʭʝʤʘ 25) 
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ʉʭʝʤʘ 25. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʜʠʤʝʜʦʥʘ 36 ʩ 

ʜʠʬʝʥʠʣʢʝʪʝʥʦʤ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʦʚʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ ʠʦʜʠʥʠʝʚʳʤʠ ʠʣʠʜʘʤʠ ʠ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ. ʂʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘ ʩʠʣʫ ʛʘʣʦʛʝʥʦʚʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ. ʇʦʤʠʤʦ ʫʯʝʪʘ ʩʠʣʳ 

ʩʚʷʟʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʘʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ 

ʛʘʣʦʛʝʥʦʚʦʡ ʩʚʷʟʠ ʧʦ ʄʫʣʣʠʢʝʥʫ ʧʨʝʜʧʦʣʘʛʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ c ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ [86], 

ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ SET-ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʠʦʜʦʥʠʝʚʳʤʠ ʠʣʠʜʘʤʠ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʛʘʣʦʛʝʥʦʚʦʡ ʩʚʷʟʠ.  

ɺ 2019 ʛʦʜʫ ɻ. ʂ. ʄʝʨʬʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʩʦʦʙʱʝʥʠʝ ʦ ʨʝʘʢʮʠʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ 

ʠʣʠʜʦʚ ʩ ʘʣʢʝʥʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʦʧʨʦʧʘʥʦʚ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 

96% [87]. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʣʠʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʪʘʢ ʠ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʝ ʠʣʠʜʦʚ ʜʦʣʞʥʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʦʙʣʘʩʪʠ ʩʠʥʝʛʦ ʩʚʝʪʘ, ʚʳʟʳʚʘʷ ʚʦʟʙʫʞʜʝʥʠʝ HOMO-LUMO ʚ ʠʣʠʜʝ. ɹʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʞʠʚʫʱʝʝ, ʯʪʦʙʳ ʫʩʧʝʚʘʪʴ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʪʠʨʦʣʦʤ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʣʦʛʝʥ-ʩʚʷʟʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 42, ʦʙʣʫʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʘʮʠʢʣʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 43*. ʈʝʘʢʮʠʷ ʜʚʫʭ 

ʨʘʜʠʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʜʮʠʢʣʦʙʫʪʘʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 44, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʮʠʢʣʦʙʫʪʘʥʘ 45. 

(ʉʭʝʤʘ 26) 

 

ʉʭʝʤʘ 26. ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʜʠʤʝʜʦʥʘ 36 ʩ ʘʣʢʝʥʘʤʠ. 

ɺ 2021 ʛʦʜʫ ʉ. ʉʝʥ ʠ ʃ. ɻʨʝʤʦ ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ, ʚ ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʝʪʩʷ ʨʝʘʢʮʠʷ 

ʬʦʨʤʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ CïH-ʩʚʷʟʠ ʤʝʞʜʫ ʠʦʜʦʥʠʝʚʳʤʠ ʠʣʠʜʘʤʠ ʠ ʧʠʨʨʦʣʘʤʠ ʠ ʠʥʜʦʣʘʤʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʠʭ ʩʚʝʪʦʜʠʦʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʤʘʣʦʥʘʪ-ʟʘʤʝʱʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ (ʉʭʝʤʘ 27) [88].  
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ʉʭʝʤʘ 27. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ N-ʛʝʪʝʨʦʮʠʢʣʘʤʠ. 

ɸʚʪʦʨʳ ʠʩʢʣʶʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʥʝʜʨʝʥʠʷ CïH, ʪʘʢ 

ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʝʢ ʨʘʜʠʢʘʣʦʚ ʬʝʥʠʣ N-ʪʨʝʪ-ʙʫʪʠʣ ʥʠʪʨʦʥʘ (PBN) ʠ 

TEMPO ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ ʘʜʜʫʢʪʦʚ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʷʟʴ C2ïH ʧʠʨʨʦʣʘ ʥʝ 

ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʘʚʪʦʨʦʚ ʢ ʧʨʝʜʣʦʞʝʥʠʶ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ, ʛʜʝ ʦʙʣʫʯʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (EDA-ʢʦʤʧʣʝʢʩ) 46 ʩ ʛʘʣʦʛʝʥʦʚʦʡ ʩʚʷʟʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʦʜʦʮʠʢʣʦʙʫʪʘʥʘ 47 (ʉʭʝʤʘ 27). ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʠʦʜʦʙʝʥʟʦʣʘ ʟʘʪʝʤ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʧʨʷʞʝʥʥʦʛʦ ʙʠʮʠʢʣʘ 48, ʢʦʪʦʨʳʡ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʣʩʷ ʚ ʧʨʦʜʫʢʪ 49. 

ʆʙʨʘʟʦʚʘʥʠʝ EDA-ʢʦʤʧʣʝʢʩʘ 46 ʤʝʞʜʫ ʠʦʜʦʥʠʝʚʳʤ ʠʣʠʜʦʤ ʠ ʦʩʥʦʚʘʥʠʝʤ ʃʴʶʠʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ʚ ʣʠʛʘʥʜʥʦʡ ʩʬʝʨʝ ʘʪʦʤʘ ʠʦʜʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʧʨʝʪʝʨʧʝʚʘʶʪ SET-ʧʝʨʝʥʦʩ ʦʪ ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ ʢ ʠʣʠʜʫ, 

ʢʘʢ ʚ ʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʚʥʝʜʨʝʥʠʷ CïH. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʘʢ 

1,2-ʜʠʨʘʜʠʢʘʣʳ ʥʘ ʠʣʠʜʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʣʢʝʥʦʤ, ʚʢʣʶʯʝʥʥʳʤ ʚ ʢʦʤʧʣʝʢʩ, 

ʪʘʢ ʠ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʷʤʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʠʣʠʜʦʤ ʠ ʘʣʢʝʥʦʤ.  

ɺ 2018 ʛʦʜʫ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʘʮʠʢʣʠʯʝʩʢʠʭ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʪʨʝʪʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʠʥʜʦʣʠʥʠʥ 51 (ʉʭʝʤʘ 28) [89].  
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ʉʭʝʤʘ 28. ʈʝʘʢʮʠʷ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʦʤ. 

ɼʦʙʘʚʣʝʥʠʝ TEMPO ʠ 1,4-ʜʠʥʠʪʨʦʙʝʥʟʦʣʘ ʠʥʛʠʙʠʨʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ SET-ʧʨʦʮʝʩʩʘ, ʘ ʥʝ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʝʥʦʚ. ʇʨʦʚʝʜʝʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʘʤʠʥʦʤ 50 ʠ ʝʛʦ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʤ ʘʥʘʣʦʛʦʤ [D6]-50 ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʦʪʨʳʚ ʧʨʦʪʦʥʘ N-CH3 ʛʨʫʧʧʳ. (ʉʭʝʤʘ 29).  

 

ʉʭʝʤʘ 29. ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʩ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʦʤ. 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩ 52 ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʮʠʶ ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ 

ʩ ʘʤʠʥʦʤ, ʯʪʦ ʠʥʠʮʠʠʨʫʝʪ SET-ʧʨʦʮʝʩʩ, ʩʦʟʜʘʚʘʷ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʝ ʠʦʥ-ʨʘʜʠʢʘʣʳ, ʪʘʢʠʝ ʢʘʢ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ 53 ʠ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ 54. ɿʘʪʝʤ HAT-ʧʨʦʮʝʩʩ ʤʝʞʜʫ ʠʣʠʜʦʤ ʠ 53 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʜʠʢʘʣʘ 55 ʠ ʢʘʪʠʦʥʫ ʠʤʠʥʠʷ 56. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 54 ʠ 56 ʠ ʧʦʩʣʝʜʫʶʱʘʷ 

ʮʠʢʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʮʠʢʣʘ 51.  

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʪʨʝʪʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʵʪʘ ʪʝʨʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʢʘʪʘʣʠʟʘ ʩʠʥʠʤ ʩʚʝʪʦʤ [90]. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʠʣʠʜʘ ʩ ʦ-ʤʝʪʦʢʩʠʛʨʫʧʧʦʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʩʚʝʪʦʚʦʡ ʨʝʘʢʮʠʠ ʩ 32% ʜʦ 72%. (ʉʭʝʤʘ 30). ʂʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʤʥʦʪʝ, ʘ ʩʠʥʠʡ ʩʚʝʪ ʘʢʪʠʚʠʨʫʝʪ ʵʣʝʢʪʨʦʥʥʦ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʠ ʧʨʠʚʦʜʠʪ ʢ SET-ʧʨʦʮʝʩʩʫ. 

 

ʉʭʝʤʘ 30. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʩ ʤʝʪʦʢʩʠʛʨʫʧʧʦʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʩ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ. 

ʇʦʟʞʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʠʦʜʠʥʠʝʚʳʝ ʠʣʠʜʳ 

ʨʝʘʛʠʨʦʚʘʣʠ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʦʙʨʘʟʫʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ N-ʛʝʪʝʨʦʮʠʢʣʳ [91]. ɹʝʟ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʨʝʘʢʮʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩ 

ʠʦʜʦʥʠʝʚʳʤʠ ʠʣʠʜʘʤʠ ʧʨʦʪʝʢʘʝʪ ʢʨʘʡʥʝ ʩʣʦʞʥʦ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʥʦʞʝʩʪʚʘ ʩʚʷʟʝʡ C(sp3)ïH. ʊʘ ʞʝ ʛʨʫʧʧʘ ʨʘʟʨʘʙʦʪʘʣʘ ʩʝʣʝʢʪʠʚʥʦʝ 

ɓ-CïH ʤʘʣʦʥʠʨʦʚʘʥʠʝ ʥʝʟʘʱʠʱʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 57 (ʉʭʝʤʘ 31) [91]. 

ʇʨʦʜʫʢʪ 58 ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 59 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʘʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʠ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɸʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʩʯʠʪʘʶʱʠʝʩʷ 

ʧʨʦʙʣʝʤʘʪʠʯʥʳʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʜʘʚʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ɔ-

ʣʘʢʪʘʤʳ. ʇʠʧʝʨʠʜʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʪʨʘʛʠʜʨʦʠʥʜʦʣʠʟʠʥʦʥʦʚ.  

 

ʉʭʝʤʘ 31. ʄʘʣʦʥʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 57 ʠʦʜʦʥʠʝʚʳʤ ʠʣʠʜʦʤ. 

ʇʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʧʫʪʠ, ʘʟʦʪʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ 60 ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʤʘʣʦʥʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ 55 ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʝʟ SET ʠ HAT-ʧʨʦʮʝʩʩʳ (ʉʭʝʤʘ 32) [89]. ɿʘʪʝʤ ʠʣʠʜ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʦʪʱʝʧʣʷʝʪ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʠʟ Ŭ-CïH ʩʚʷʟʠ 60, ʜʘʚʘʷ ʝʥʦʣʴʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 61ô, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʨʝʘʛʠʨʫʝʪ ʩ ʤʘʣʦʥʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ in situ ʠʟ 55 ʧʦʩʣʝ ʧʦʪʝʨʠ PhI. 
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ʉʭʝʤʘ 32. ʄʝʭʘʥʠʟʤ ʤʘʣʦʥʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 57 ʠʦʜʦʥʠʝʚʳʤ 

ʠʣʠʜʦʤ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ Ŭ-ʘʤʠʥʦʘʣʢʠʣʴʥʳʡ ʨʘʜʠʢʘʣ 62 ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʠʣʠʜʦʤ, ʦʙʨʘʟʫʷ 

ʢʘʨʙʦʢʘʪʠʦʥ 63. ɽʥʦʣ 64 ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʝʟ ʜʘʣʴʥʝʡʰʠʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʤʝʞʜʫ 63 (ʠʣʠ 63ǋ) ʠ 

ʨʘʜʠʢʘʣʴʥʳʤ ʘʥʠʦʥʦʤ 53. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʝʥʦʣʘ 64 ʧʨʠʚʦʜʠʪ ʢ ʩʦʝʜʠʥʝʥʠʶ 65. 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʦʜʫʢʪ 58 ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʝʟ ʘʤʠʥ-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʜʦʥʠʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʦʛʨʦʤʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʩʚʷʟʝʡ ʢʘʢ ʉ-ʉ, ʪʘʢ ʠ ʉ-ʍ, ʧʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʦʙʰʠʨʥʳʡ ʨʷʜ ʨʝʘʢʮʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʩʪʘʥʜʘʨʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʦʜʦʥʠʝʚʦʛʦ ʫʟʣʘ, 

ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʠ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʦʞʥʳʝ, 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʘ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʦʜ, ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʨʝʮʠʢʣʠʟʘʮʠʠ, ʩʥʠʞʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʧʨʦʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ.  
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3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ1 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ ʚ ʧʨʦʮʝʩʩʘʭ ʩʦʟʜʘʥʠʷ ʢʘʨʙʦ- ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝ ʪʝʨʷʝʪ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʠʣʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʟʚʝʩʪʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʝ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ. ʈʘʟʚʠʪʠʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʚʫʭ 

ʨʘʚʥʦʟʥʘʯʥʦ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʥʦʚʳʭ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, ʥʘʡʜʝʥʥʳʭ ʥʘ ʵʪʦʤ ʧʫʪʠ, ʧʨʠʚʝʜʝʪ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʪʠʧʦʚ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʫʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʟʤʦʞʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʵʪʠʭ ʤʦʣʝʢʫʣ ʥʘ ʙʘʟʝ ʥʦʚʳʭ ʨʝʘʢʮʠʡ, ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʳʭ 

ʠʣʠʜʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʠʪ ʨʘʟʚʠʚʘʪʴ ʧʨʠʢʣʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

- ʩʠʥʪʝʟ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʟʘʜʘʯʫ, ʪʘʢ ʢʘʢ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ (ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ 

ʬʦʩʬʦʥʠʝʚʦʡ, ʠʦʜʦʥʠʝʚʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧ), ʪʘʢ ʠ ʚʥʝʰʥʠʝ (ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʝʘʛʝʥʪʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʤʝʪʦʜ ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ). ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

                                                 
1 ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʘʥʥʳʤ ʨʘʟʜʝʣʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ, ʚ 

ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʇʦʪʘʧʦʚ ʀ.ɼ., ʄʦʪʷʢʠʥ ʄ.ɺ., ʅʝʢʠʧʝʣʦʚʘ ʊ.ɼ., ʇʦʜʨʫʛʠʥʘ ʊ.ɸ. ʈʘʜʠʢʘʣʴʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʧʨʠ ʬʦʪʦʣʠʟʝ 

ʩʤʝʰʘʥʥʦʛʦ ʙʝʥʟʦʠʣʟʘʤʝʱʝʥʥʦʛʦ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ // ʀʟʚʝʩʪʠʷ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. ð 2024. ð ʊ. 73, ˉ 3. ð ʉ. 523ï528. (ʇʝʨʝʚʦʜʥʘʷ ʚʝʨʩʠʷ: Potapov I.D., 

Motyakin M.V., Nekipelova T.D., Podrugina T.A. Radical intermediates in the photolysis of the mixed benzoyl-substituted 

phosphonium-iodonium ylide in different solvents // Russian Chemical Bulletin. ï 2024. ï Vol. 73. ï P. 523.) 

ʇʦʪʘʧʦʚ ʀ.ɼ., ɺʦʟʥʷʨʩʢʠʡ ɸ.ʖ., ʄʠʨʦʥʦʚ ɸ.ɺ., ʄʦʪʷʢʠʥ ʄ.ɺ., ʅʝʢʠʧʝʣʦʚʘ ʊ.ɼ., ʇʦʜʨʫʛʠʥʘ ʊ.ɸ. 

ʈʝʛʠʦʥʘʧʨʘʚʣʝʥʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʮʝʪʠʣʝʥʘʤʠ ʩ ʫʯʘʩʪʠʝʤ 

ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ ʭʠʤʠʯʝʩʢʘʷ. ð 2022. ð ʊ. 71, ˉ5. ð ʉ. 1027-

1033. (ʇʝʨʝʚʦʜʥʘʷ ʚʝʨʩʠʷ: Potapov I .D., Voznarskiy A.Y., Mironov A.V., Motyakin M.V., Nekipelova T.D., Podrugina 

T.A. Regioselective heterocyclization of mixed phosphonium-iodonium ylides with acetylenes involving dimethyl 

acetylenedicarboxylate // Russian Chemical Bulletin ï 2022. ï Vol. 71. ï P. 1027.) 

ʅʝʢʠʧʝʣʦʚʘ ʊ.ɼ., ʇʦʪʘʧʦʚ ʀ.ɼ., ʇʦʛʦʥʠʥ ɺ.ʀ., ʇʦʜʨʫʛʠʥʘ ʊ.ɸ., ʂʫʟʴʤʠʥ ɺ.ɸ. ʌʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʷ ʨʝʘʢʮʠʠ 

ʩʤʝʰʘʥʥʦʛʦ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʩ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʦʤ // ʍʠʤʠʷ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ð 2020. ð  ʊ. 54, 

ˉ 6. ð ʉ. 501-503. (ʇʝʨʝʚʦʜʥʘʷ ʚʝʨʩʠʷ: Nekipelova T.D., Potapov I.D., Pogonin V.I., Podrugina T.A., Kuzmin V.A. 

Photosensitization of the reaction of mixed phosphoniumïiodonium ylide with 9-ethynylphenanthrene // High Energy 

Chemistry. ï 2020. ï Vol. 54. ï P. 480.) 

ʅʝʢʠʧʝʣʦʚʘ ʊ.ɼ., ʄʦʪʷʢʠʥ ʄ.ɺ., ʂʘʩʧʘʨʦʚ ɺ.ɺ., ɼʝʛʪʷʨʝʚ ɽ.ʅ., ʃʝʚʠʥʘ ʀ.ʀ., ʇʦʪʘʧʦʚ ʀ.ɼ., ʇʦʜʨʫʛʠʥʘ ʊ.ɸ. 

ʈʘʜʠʢʘʣʴʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʚ ʨʝʘʢʮʠʷʭ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ // ʍʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ. ð 

2019. ð ʊ. 38, ˉ 12. ð ʉ. 19-26. (ʇʝʨʝʚʦʜʥʘʷ ʚʝʨʩʠʷ: Nekipelova T.D., Motyakin M.V., Kasparov V.V., Degtyarev 

E.N., Levina I.I., Potapov I.D., Podrugina T.A., Radical Intermediates in Reactions of Mixed PhosphoniumïIodonium 

Ylides // Russian Journal of Physical Chemistry B. ï 2019. ï Vol. 13. ï P. 907.) 
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ʯʪʦ ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ - ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʠʪʨʠʣʘʤʠ, ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʧʨʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʦʙʣʫʯʝʥʠʠ, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʧʦʣʷʨʦʬʠʣʦʚ (ʜʠʤʝʪʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʘ, ʤʘʣʝʠʥʦʚʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʠ ʜʨ.) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70Áʉ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ 

ʦʢʩʘʟʦʣʦʚ (ʉʭʝʤʘ 33) [92]. 

 

ʉʭʝʤʘ 33. ʉʠʥʪʝʟ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʦʢʩʘʟʦʣʦʚ. 

ɽʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʣʢʠʥʘʤʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʢʘʢ ʧʨʠʨʦʜʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʛʨʫʧʧ ʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʬʦʩʬʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ 

ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ, ʪʘʢ ʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʘʣʢʠʥʘʭ. (ʉʭʝʤʘ 34)  

 

ʉʭʝʤʘ 34. ʈʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ. 

ʇʨʠ ʨʝʘʢʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʠ ʬʦʩʬʠʥʦʣʠʥʦʚ, ʬʦʩʬʠʥʠʥʦʪʠʦʬʝʥʦʚ, ʬʦʩʬʠʥʠʥʦʬʫʨʘʥʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʬʦʩʬʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ [93ï97]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʦʮʝʩʩʳ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʧʘʜʦʤ ʩʘʤʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ ʜʦ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ ʠ ʠʦʜʙʝʥʟʦʣʘ. ɼʣʷ 

ʧʨʦʩʪʦʪʳ ʚʦʩʧʨʠʷʪʠʷ, ʜʘʣʝʝ ʤʳ ʥʝ ʙʫʜʝʤ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʭʝʤʘʭ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ, 

ʝʩʣʠ ʵʪʦ ʥʝ ʠʤʝʝʪ ʦʩʦʙʦʛʦ ʟʥʘʯʝʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ (ʥʘʣʠʯʠʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ) ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠʣʠʜʦʚ ʠ ʘʣʢʠʥʦʚ ʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʜʦʣʞʠʣʠ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 
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ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ, ʨʘʩʰʠʨʝʥʠʷ ʠʭ 

ʙʠʙʣʠʦʪʝʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʱʝʥʠʝ ʢ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ ʧʨʦʙʣʝʤʳ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 

ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʤʦʜʝʣʴʥʳʭ, ʦʧʠʩʘʥʥʳʭ 

ʨʘʥʝʝ ʠʣʠʜʦʚ, ʪʘʢ ʠ ʥʦʚʳʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠʣʠʜʦʚ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʤʝʪʦʜʘʤʠ 

ʕʇʈ ʠ ʗʄʈ 31P ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʘʥʝʝ ʤʝʪʦʜʦʤ ʕʇʈ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʜʝʩʪʨʫʢʮʠʝʡ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠʣʠ ʨʝʘʢʮʠʝʡ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʘʣʢʠʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʘʜʠʢʘʣʦʚ. [98] 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʘʯ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 

ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʢʘʢ ʤʦʜʝʣʴʥʳʭ, ʪʘʢ ʠ ʥʝ ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ, ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʬʦʩʬʦʥʠʝʚʦʤ ʠ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʘʭ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

3.1 ʉʠʥʪʝʟ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ -ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 

ɼʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʠʣʠʜʦʚ 1ʘ-t (ʈʠʩʫʥʦʢ 13) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʧʦʜʭʦʜ 

ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʠʥʦʚ.  

 

ʈʠʩʫʥʦʢ 13. ʉʤʝʰʘʥʥʳʝ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʝ ʠʣʠʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. 
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ɼʠʬʝʥʠʣʬʫʨʠʣʬʦʩʬʠʥ ʠ ʜʠʬʫʨʠʣʪʠʝʥʠʣʬʦʩʬʠʥ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʘʢʮʠʝʡ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʪʠʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʜʠʬʝʥʠʣʭʣʦʨʬʦʩʬʠʥʘ (ʉʭʝʤʘ 35). 

 

ʉʭʝʤʘ 35. ʉʠʥʪʝʟ ʪʠʝʥʠʣ- ʠ ʬʫʨʠʣʜʠʬʝʥʠʣʬʦʩʬʠʥʦʚ. 

ʌʦʩʬʦʥʠʝʚʳʝ ʠʣʠʜʳ 3a-e,j  ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʦʩʬʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʬʦʩʬʦʥʠʝʚʳʭ 

ʩʦʣʝʡ 2a-e ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 2k ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ, ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʩʦʣʠ 

2kô ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʦʟʠʣʬʪʦʨʠʜʦʤ (0.5 ʵʢʚ) (ʉʭʝʤʘ 36). 

 

ʉʭʝʤʘ 36. ʉʠʥʪʝʟ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ ʠ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. 
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ɼʣʷ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 3f-i, ʩʦʜʝʨʞʘʱʠʭ ʬʫʨʠʣʴʥʳʡ ʠ ʪʠʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 

ʬʦʩʬʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʣ ʢ ʜʝʩʪʨʫʢʮʠʠ 

ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʠ ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ 1f-i, ʥʝ ʚʳʜʝʣʷʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʛʝʪʘʨʠʣʜʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʝ ʠʣʠʜʳ 3f-i, ʘ ʠʩʧʦʣʴʟʫʷ ʠʭ in situ. ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʦʩʪʘʚʘʣʩʷ ʛʘʣʦʛʝʥʠʜ ʘʥʠʦʥ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʳʧʘʜʝʥʠʶ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʚ ʚʠʜʝ ʭʣʦʨʠʜʦʚ 

ʠ ʙʨʦʤʠʜʦʚ ʧʨʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʤ ʩʠʥʪʝʟʝ. 

ʉʦʣʠ 2f-i ʥʝʦʧʠʩʘʥʳ ʨʘʥʝʝ ʠ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʧʦʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ 31P ʠ ʢʣʶʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 1H ï ʧʨʦʪʦʥʦʚ CH2 ʛʨʫʧʧʳ ʠ Ŭ-ʛʝʪʘʨʠʣ ʧʨʦʪʦʥʦʚ. ʈʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʦʚ 1H ʠ 31P ʗʄʈ 

ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ 2f-h ʧʨʦʚʦʜʠʣʠ ʚ ɼʄʉʆ-d6, ʘ ʜʣʷ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2i ï CDCl3. 

ʊʘʙʣʠʮʘ 1. ʂʣʶʯʝʚʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ 2f-i. 

ʀʣʠʜ 
ʗʄʈ 31P, 

ʤ.ʜ. 

ʗʄʈ 1H 

CH2P
+ 1H, ŭ, ʤ.ʜ. Ŭ-(H) ʛʝʪʘʨʠʣ, ŭ, ʤ.ʜ. 

2f 15.51 5.85 (ʜ, 2H, 2JHP = 16.14) 
8.68 (ʜʜʜ, 1ʅ, 3JHH = 4.89, 4JHP = 4.89, 

4JHH = 0.98) 

2g 15.71 5.99 ((ʜ, 2H, 2JHP = 16.20) 
8.68 (ʜʜʜ, 1ʅ, 3JHH = 4.89, 4JHP = 4.89, 

4JHH = 0.86) 

2h 9.89 5.78 (ʜ, 2H, 2JHP = 16.44) 8.65 (ʫʰ.ʩ., 1H) 

2i 8.82 5.59 (ʜ, 2H, 2JHP = 13.75) 
6.78 (ʜʜʜ., 1H, 3JHH = 3.67, 3JHH = 1.77, 

4JHP = 1.77) 

ʌʦʩʬʦʨʘʥʳ 3a-e,j ,k ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʨʝʘʢʮʠʶ ʩ ʬʝʥʠʣʠʜʦʟʦʜʠʘʮʝʪʘʪʦʤ ʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʪʝʪʨʘʬʪʦʨʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚʳʩʘʞʠʚʘʥʠʷ ʜʠʵʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ (ʉʭʝʤʘ 37). 

 

ʉʭʝʤʘ 37. ʉʠʥʪʝʟ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 1a-e,j,k. 

ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʮʠʘʥʦʟʘʤʝʱʝʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ 1f-i ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʚʳʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʢʘʢ 
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one-pot ʧʨʦʮʝʩʩ. ʂ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2f-i ʜʦʙʘʚʣʷʣʠ ʤʝʪʠʣʘʪ ʥʘʪʨʠʷ ʧʨʠ 0ʦʉ, 

ʟʘʪʝʤ ʢ ʬʦʩʬʦʨʘʥʫ 3f,h, ʥʝ ʦʪʜʝʣʷʷ ʝʛʦ ʦʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʣʠ, ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 

ʬʝʥʠʣʠʦʜʦʟʦʜʠʘʮʝʪʘʪʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠ ʚʳʧʘʜʝʥʠʝ ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ ʛʘʣʦʛʝʥʠʜʘ ʩʤʝʰʘʥʥʦʛʦ 

ʠʣʠʜʘ (ʉʭʝʤʘ 38).  

 

ʉʭʝʤʘ 38. ʉʠʥʪʝʟ ʮʠʘʥʦʟʘʤʝʱʝʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 1f-i. 

ʆʜʥʘʢʦ, ʪʦʣʴʢʦ ʪʠʝʥʠʣʜʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʝ ʠʣʠʜ r ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩ ʭʦʨʦʰʠʤʠ 

ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ, ʬʫʨʠʣʜʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʳʝ ʠʣʠʜʳ ʚʳʜʝʣʷʶʪʩʷ ʚ ʩʣʝʜʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. ʅʘʣʠʯʠʝ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʡ ʜʝʩʪʨʫʢʮʠʠ ʮʝʣʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʀʣʠʜʳ 1f,g,i ʷʚʣʷʶʪʩʷ ʥʝʦʧʠʩʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 31P ʠʣʠʜʘ 1f ʩʠʛʥʘʣ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʨʘʩʧʦʣʦʞʝʥ ʧʨʠ 

21.38 ʤ.ʜ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 1H ʥʘʙʣʶʜʘʣʠʩʴ ʧʣʦʭʦ ʨʘʟʨʝʰʝʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʦʙʣʘʩʪʠ 7.36 ï 7.99 ʤ.ʜ. 

(17ʅ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʧʨʦʪʦʥʘʤ ʠ ʫʰʠʨʝʥʥʳʡ ʩʠʥʛʣʝʪ ʥʘ 8.37 ʤ.ʜ. (1ʅ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Ŭ-ʅ ʪʠʝʥʠʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʣʠʜʦʚ 1l-t ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʤʝʱʝʥʥʳʝ ʘʨʠʣʠʦʜʦʟʦʜʠʘʮʝʪʘʪʳ 5a,b ʠʟ 4- ʠ 

2-ʠʦʜʪʦʣʫʦʣʘ ʦʢʠʩʣʝʥʠʝʤ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʠ 5c,d ʠʟ 4- ʠ 2-

ʠʦʜʘʥʠʟʦʣʦʚ ʦʢʠʩʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ NaIO4 ʚ ʩʤʝʩʠ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʫʢʩʫʩʥʦʛʦ 

ʘʥʛʠʜʨʠʜʘ. ʀʦʜʦʟʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 5e ʧʦʣʫʯʘʣʠ ʦʢʠʩʣʝʥʠʝʤ 4-ʠʦʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʧʦʤʦʱʴʶ m-CPBA ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʉʭʝʤʘ 39). 

 

ʉʭʝʤʘ 39. ʉʠʥʪʝʟ ʠʦʜʦʟʦʧʨʦʠʟʚʦʜʥʳʭ 5a-e. 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʜʦʟʦʧʨʦʠʟʚʦʜʥʳʭ 5a-d ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʠʣʠʜʳ 1l-t (ʉʭʝʤʘ 40) [99]. ʀʣʠʜʳ 1l,n-t ʷʚʣʷʶʪʩʷ ʥʝʦʧʠʩʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʣʠʜ 1m ʙʳʣ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ [100], ʤʳ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʝʛʦ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʤʝʰʘʥʥʳʡ ʠʣʠʜ 1p 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚ ʩʤʝʩʠ ʩ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʴʶ 2aô (ɤ = 45%), ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʘʣʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠʣʠʜʘ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʧʝʢʪʨʦʚ ʗʄʈ. 

 
ʉʭʝʤʘ 40. ʉʠʥʪʝʟ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 1l-t ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʠʦʜʦʥʠʝʚʦʤ 

ʬʨʘʛʤʝʥʪʝ. 

ʉʪʨʦʝʥʠʝ ʠʣʠʜʦʚ 1l-t ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ 1H, 13C ʠ 31P ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʦʩʪʘʚ 

ʧʦʜʪʚʝʨʞʜʝʥ HRMS. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 31P [99]. ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 31P, ʘ ʥʘʣʠʯʠʝ ʜʣʷ ʠʣʠʜʦʚ 1q-s ʜʚʫʭ 

ʩʠʛʥʘʣʦʚ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʩʪʚʦʨʝ 

ʜʘʥʥʳʝ ʠʣʠʜʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʜʚʫʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʜʚʦʝʩʚʷʟʥʦʩʪʠ ʤʝʞʜʫ ʠʣʠʜʥʳʤ ʠ ʢʘʨʙʦʥʠʣʴʥʳʤ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʠʣʠʜʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʘʣʝʩʮʝʥʮʠʷ ʩʠʛʥʘʣʦʚ. 
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ʊʘʙʣʠʮʘ 2. ʉʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʠʣʠʜʦʚ 1l-t ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 31P, ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʦʚ. 

ʀʣʠʜ ʗʄʈ 31P, ŭ, ʤ.ʜ. 

1l 26.11 

1m 25.47 

1n 25.87 

1o 25.81 

1p 26.42 

1q 27.21 (41%) 28.32 (59%) 

1r 26.95 (42%) 27.60 (58%) 

1s 27.08 (43%) 28.17 (57%) 

1t 27.70 (ʫh .) 

3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʪʦʣʠʟʘ ʨʘʩʪʚʦʨʦʚ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ2 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʢʘʢ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʨʘʩʧʘʜ ʠʣʠʜʘ, ʪʘʢ ʠ ʧʨʦʮʝʩʩ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, ʧʨʦʪʝʢʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʨʘʜʠʢʘʣʦʚ [98]. ʄʳ ʧʨʦʚʝʣʠ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʧʦʚʝʜʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ 1a,b,d,e,j ,k (ʈʠʩʫʥʦʢ 14) ʚ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʋʌ ʦʙʣʫʯʝʥʠʠ ʤʝʪʦʜʦʤ 

ʕʇʈ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ, ʢʘʢʠʝ ʠʟ ʨʘʜʠʢʘʣʦʚ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʠʣʠʜʦʚ [101]. 

 

ʈʠʩʫʥʦʢ 14. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʚʦʨʦʚ 

ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ 1a,j  ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʋʌ-ʩʚʝʪʦʤ 380 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʘʜʠʢʘʣʦʚ ʦʪ ʨʘʩʧʘʜʦʚ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ, ʜʣʷ ʠʣʠʜʦʚ 1b,k ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʦʙʥʘʨʫʞʝʥʦ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʋʌ-ʩʚʝʪʦʤ >290 ʥʤ (ʈʠʩʫʥʦʢ 15), ʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʣʠʜʦʚ 1d,e 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʥʝ ʥʘʙʣʶʜʘʣʠ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʉʊɺ ʜʣʷ ʚʳʷʚʣʝʥʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

                                                 
2 ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʕʇʈ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʚ ʀɹʍʌ ʈɸʅ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʩʦʚʤʝʩʪʥʦ ʩ ʜ.ʭ.ʥ., ʛ.ʥ.ʩ. 

ʅʝʢʠʧʝʣʦʚʦʡ ʊ.ɼ. ʠ ʜ.ʬ.-ʤ.ʥ., ʛ.ʥ.ʩ. ʄʦʪʷʢʠʥʳʤ ʄ.ɺ. 
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ʈʠʩʫʥʦʢ 15. ʉʧʝʢʪʨʳ ʕʇʈ ʧʨʠ ʬʦʪʦʣʠʟʝ ʨʘʩʪʚʦʨʦʚ ʠʣʠʜʘ 1b (A), 1j (B), 1k (C), 25 ÁC. 

ʊʘʙʣʠʮʘ 3. ʂʦʥʩʪʘʥʪʳ ʉʊɺ ʨʘʜʠʢʘʣʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʣʠʟʘ ʩʤʝʰʘʥʥʳʭ 

ʠʣʠʜʦʚ 1a,b,d,e,j ,k ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʀʣʠʜ 
ʋʩʣʦʚʠʷ 

ʦʙʣʫʯʝʥʠʷ 
ʂʦʥʩʪʘʥʪʳ ʉʊɺ, ɻʩ 

1a ɚ Ó 380 ʥʤ 25.00 (1P), 16.38 (1H), 4.47 (2H), 1.40 (2H), 2.83 (1H) 

1b ɚ Ó 290 ʥʤ 23.86 (1P), 17.56 (1H), 4.48 (2H), 1.60 (3H) 

1d - ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

1e - ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

1j ɚ Ó 380 ʥʤ 28.89 (2P), 4.9 (3H) 

1k ɚ Ó 290 ʥʤ 30.9 (1P) 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʕʇʈ ʨʘʜʠʢʘʣʳ, ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʧʦʷʚʣʷʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʳ ʧʨʦʚʝʣʠ ʬʦʪʦʣʠʟ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ 1a,d,e ʩʚʝʪʦʤ 

ʨʪʫʪʥʦʡ ʣʘʤʧʳ (ɚ Ó 190 ʥʤ) ʧʨʠ 77K ʚ ʤʘʪʨʠʮʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. ʇʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʝ ʕʇʈ 

ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʦʭʦ ʨʘʟʨʝʰʝʥʥʳʭ ʜʫʙʣʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʢʦʥʩʪʘʥʪʦʡ ʉʊɺ aP = 21-

23 ɻʩ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʘʪʦʤʝ ʬʦʩʬʦʨʘ, ʠ ʩʠʛʥʘʣʘ ʘʪʦʤʘ H ʩ ʢʦʥʩʪʘʥʪʦʡ 

aH = 505.8 Ñ 0.3 ɻʩ ʠ g = 2.0020 Ñ 0.0001, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʘʤʦʡ 

ʤʘʪʨʠʮʳ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ (ʊʘʙʣʠʮʘ 4). ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʠ g-ʬʘʢʪʦʨʳ ʙʣʠʟʢʠ ʢ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʨʘʜʠʢʘʣʦʚ ʢʘʨʙʢʘʪʠʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤ P ʚʦʟʣʝ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ [102ï104]. 

ʊʘʙʣʠʮʘ 4. ʂʦʥʩʪʘʥʪʳ ʉʊɺ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʣʠʜʦʚ 1a,d,e ʚ ʤʘʪʨʠʮʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ 

ʧʨʠ 77K. 

ʀʣʠʜ 
ʂʦʥʩʪʘʥʪʳ ʉʊɺ  

ʥʘ ʘʪʦʤʝ P, ɻʩ 
g-ʬʘʢʪʦʨ 

1a 21 Ñ 1 2.0030 Ñ 0.0001 

1d 22 Ñ 1 2.0030 Ñ 0.0001 

1e 23 Ñ 1 2.0032 Ñ 0.0001 

ʇʦʩʣʝ ʨʘʟʦʛʨʝʚʘʥʠʷ ʩʤʝʩʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʠʜ ʩʧʝʢʪʨʦʚ ʕʇʈ ʤʝʥʷʣʩʷ. ɼʣʷ 

ʠʣʠʜʦʚ 1d,e ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʠ ʛʠʙʝʣʴ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʦʭʣʘʞʜʝʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 
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ʈʘʜʠʢʘʣ ʦʪ ʬʦʪʦʣʠʟʘ ʠʣʠʜʘ 1a ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʜʦʚʝʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʚ ʕʇʈ-ʩʧʝʢʪʨʝ ʤʳ ʥʘʙʣʶʜʘʣʠ ʥʦʚʳʡ ʨʘʜʠʢʘʣ. ʂʦʥʩʪʘʥʪʳ ʉʊɺ ʦʙʥʘʨʫʞʝʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʩʪʘʥʪ ʨʘʜʠʢʘʣʘ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʊʘʙʣʠʮʘ 5). 

ʊʘʙʣʠʮʘ 5. ʂʦʥʩʪʘʥʪʳ ʉʊɺ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʋʩʣʦʚʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʂʦʥʩʪʘʥʪʳ ʉʊɺ, ɻʩ 

ɚ Ó 190 ʥʤ 77K 21 Ñ 1 

ɚ Ó 190 ʥʤ 77K Ÿ 293K 23.66 (1P), 5.80 (1H), 4.57 (2H), 1.50 (2H) 

ɚ Ó 380 ʥʤ 293K 25.00 (1P), 16.38 (1H), 4.47 (2H), 2.83 (1H), 1.40 (2H) 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʕʇʈ ʠ ʢʦʥʩʪʘʥʪ ʉʊɺ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʣʠʜʘ 

1a ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ 6a, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʩʧʝʢʪʨʘʣʴʥʦ ʧʨʠ 77K. ʊʘʢ 

ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ (ʩʤ. ʩʭʝʤʫ 41), ʪʦ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ 6a ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ 6aô, ʢʦʥʩʪʘʥʪʘ ʉʊɺ ʥʘ ʘʪʦʤʝ ʅ ʧʨʠ ʆʅ-ʛʨʫʧʧʝ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʣʠʥʠʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʝʸ. ʇʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʳ ʩʨʘʟʫ ʥʘʙʣʶʜʘʝʤ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʨʘʜʠʢʘʣ 

6aôô (ʈʠʩʫʥʦʢ 16). 

 

ʈʠʩʫʥʦʢ 16. ʉʪʨʫʢʪʫʨʳ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ ʠʣʠʜʘ 1a ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ, ʩʭʦʞʠʡ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʘʟʣʦʞʝʥʠʷ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʠʣʠʜʘ 1a ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ 6a ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ 

(PhI)Å+ (ʉʭʝʤʘ 41, ʨʝʘʢʮʠʷ (1)). ʂʘʪʠʦʥ-ʨʘʜʠʢʘʣ (PhI)Å+ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʩ 

ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʜʙʝʥʟʦʣʘ, ʨʘʜʠʢʘʣʘ ÅCHCl2 ʠ H
+ (ʉʭʝʤʘ 41, ʨʝʘʢʮʠʷ (2)). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʠʣʠʜ 1a ʤʦʞʝʪ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ, ʚ ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ 

ʧʨʦʯʥʦʩʪʴ ʩʚʷʟʠ C-I ʧʘʜʘʝʪ ʠ ʚʦʟʤʦʞʝʥ ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ (PhI)Å+ ʠ ʨʘʜʠʢʘʣʘ 6aô ʢʘʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ (ʉʭʝʤʘ 

41, ʨʝʘʢʮʠʷ (3)). ʄʝʞʜʫ ʨʘʜʠʢʘʣʘʤʠ 6aô ʠ 6aôô ʥʘʙʣʶʜʘʝʪʩʷ ʢʝʪʦ-ʝʥʦʣʴʥʘʷ ʪʘʫʪʦʤʝʨʠʷ (ʉʭʝʤʘ 41, 

ʨʝʘʢʮʠʷ (4)). 
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ʉʭʝʤʘ 41. ʈʘʟʣʦʞʝʥʠʝ ʠʣʠʜʘ 1a ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʫʯʝʥʠʷ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦʵʪʦʤʫ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʬʦʪʦʣʠʟ ʠʣʠʜʘ 1a ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: 

ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ ʠ ʘʮʝʪʦʥʠʪʨʠʣ. 

ʇʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʳʡ ʩʠʛʥʘʣ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʩʠʛʥʘʣʫ ʨʘʜʠʢʘʣʘ 6aô [105]. ʉʦ ʚʨʝʤʝʥʝʤ ʚʠʜ ʩʧʝʢʪʨʘ ʠʟʤʝʥʷʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ 6aôô (ʈʠʩʫʥʦʢ 17). 

 

ʈʠʩʫʥʦʢ 17. ʉʧʝʢʪʨ ʕʇʈ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʩʣʝ 2 ʤʠʥʫʪ 

ʋʌ-ʦʙʣʫʯʝʥʠʷ 365 ʥʤ (1), ʝʛʦ ʩʠʤʫʣʷʮʠʷ (2) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʧʝʢʪʨ ʯʝʨʝʟ 6 ʤʠʥʫʪ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ (3), 25 ÁC. 
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ɺ ʤʝʪʘʥʦʣʝ ʠ ʵʪʘʥʦʣʝ ʚʠʜ ʩʧʝʢʪʨʘ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʠʜʘ 

ʩʧʝʢʪʨʘ ʧʨʠ ʬʦʪʦʣʠʟʝ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ, 

ʨʘʥʝʝ ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʢʦʥʩʪʘʥʪʦʡ ʥʘ ʬʦʩʬʦʨʝ (21.4 ɻʩ) ʠ 

ʪʨʠʧʣʝʪʥʳʤ (ʜʣʷ ʵʪʘʥʦʣʘ) ʠ ʢʚʘʜʨʫʧʣʝʪʥʳʤ (ʜʣʷ ʤʝʪʘʥʦʣʘ) ʨʘʩʱʝʧʣʝʥʠʝʤ ʥʘ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ʩ 

ʢʦʥʩʪʘʥʪʘʤʠ 2.4 ʠ 3.1 ɻʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 18). ɺʨʝʤʷ ʞʠʟʥʠ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʜʠʢʘʣʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 10-15 ʤʠʥʫʪ. 

 

ʈʠʩʫʥʦʢ 18. ʉʧʝʢʪʨ ʕʇʈ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʵʪʘʥʦʣʝ (1) ʠ ʤʝʪʘʥʦʣʝ (2) ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʜʠʢʘʣʦʚ, 25 ÁC. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʱʝʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʪʦʚ. ʊʘʢ 

ʢʘʢ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʜʠʢʘʣʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʘʪʦʤʘʭ ʅ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʪʦ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʪʱʝʧʣʝʥʠʝ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʦʜʥʘʢʦ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʬʦʪʦʣʠʟʘ ʠʣʠʜʘ 1a ʚ ʤʝʪʘʥʦʣʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʨʦʤʝ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 

ʚʳʜʝʣʷʶʪʩʷ ʬʦʩʬʠʥʦʢʩʠʜ ʠ ʤʝʪʠʣ 2-ʦʢʩʦ-2-ʬʝʥʠʣʘʮʝʪʘʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʉʭʝʤʘ 42) [105]. 

ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʣʠʟʘ ʚ ʩʧʠʨʪʘʭ ʦʙʨʘʟʫʶʪʩʷ ʨʘʜʠʢʘʣʳ 7 (ʈʠʩʫʥʦʢ 

18). 

 

ʉʭʝʤʘ 42. ʈʘʟʣʦʞʝʥʠʝ ʠʣʠʜʘ 1a ʚ ʤʝʪʘʥʦʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʩʚʝʪʘ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʜʠʢʘʣʦʚ ʤʳ ʧʨʦʚʝʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ N-ʪʨʝʪ-

ʙʫʪʠʣ-Ŭ-ʬʝʥʠʣʥʠʪʨʦʥ (PBN) ʠ 5,5-ʜʠʤʝʪʠʣʧʠʨʨʦʣʠʥ-N-ʦʢʩʠʜ (DMPO). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʢʠ 

PBN ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣʳ ʜʚʫʭ ʨʘʜʠʢʘʣʦʚ (ʈʠʩʫʥʦʢ 19): 
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ʦʩʥʦʚʥʦʡ ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʠʥʦʚʦʤʫ ʘʜʜʫʢʪʫ PBN ʩ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʜʠʢʘʣʦʤ 6a, 6aô 

ʠʣʠ 6aôô (ʉʭʝʤʘ 43 ʨʝʘʢʮʠʠ (1,2,3)) ʠ ʤʠʥʦʨʥʳʡ ʩʠʛʥʘʣ ʘʜʜʫʢʪʘ PBN ʩ ʨʘʜʠʢʘʣʦʤ ÅF ʩ ʙʦʣʴʰʦʡ 

ʢʦʥʩʪʘʥʪʦʡ ʉʊɺ 49-51 ɻʩ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʜʠʢʘʣʦʚ [106, 107]. ʉʢʘʟʘʪʴ ʪʦʯʥʦ, 

ʢʘʢʦʡ ʨʘʜʠʢʘʣ ʦʪ ʨʘʩʧʘʜʘ ʠʣʠʜʘ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʢ ʣʦʚʫʰʢʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʨʘʜʠʢʘʣʦʚ ʥʘ ʢʦʥʩʪʘʥʪʳ ʉʊɺ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʘʜʜʫʢʪʘ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʨʘʜʠʢʘʣʦʤ, ʩʚʷʟʳʚʘʶʱʠʤʩʷ ʩ ʣʦʚʫʰʢʦʡ 

PBN, ʷʚʣʷʝʪʩʷ 6a. 

 

ʈʠʩʫʥʦʢ 19. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʯʝʨʥʳʡ) ʠ ʩʠʤʫʣʠʨʦʚʘʥʥʳʝ (ʢʨʘʩʥʳʡ) ʕʇʈ ʩʧʝʢʪʨʳ 

ʧʦʩʣʝ 15 ʩʝʢ ʬʦʪʦʣʠʟʘ ʠʣʠʜʘ 1a ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʢʠ (A) PBN: ç*è - 

ʘʜʜʫʢʪ ʣʦʚʫʰʢʠ ʩ ÅF, (B) DMPO: ç*è - ʘʜʜʫʢʪ ʣʦʚʫʰʢʠ ʩ ÅPh. ç+è - ʘʜʜʫʢʪ ʣʦʚʫʰʢʠ ʩ ʨʘʜʠʢʘʣʦʤ 

ʦʪ ʨʘʩʧʘʜʘ ʠʣʠʜʘ, 25 ÁC. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʚʫʰʢʠ DMPO ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʦʚ ʩ 

ʨʘʜʠʢʘʣʦʤ ʦʪ ʨʘʩʧʘʜʘ ʠʣʠʜʘ, ʨʘʜʠʢʘʣʦʚ ÅPh ʠ ÅF (ʈʠʩʫʥʦʢ 19 (B)). ʂʦʥʩʪʘʥʪʳ ʉʊɺ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ 

ʦʩʥʦʚʥʦʛʦ ʘʜʜʫʢʪʘ aN = 6.88 ɻʩ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʢ ʣʦʚʫʰʢʝ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʨʘʜʠʢʘʣ 6aôô. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʜʠʢʘʣʳ, ʠʤʝʶʱʠʝ ʘʪʦʤ H ʧʨʠ ʨʘʜʠʢʘʣʴʥʦʤ ʮʝʥʪʨʝ, ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʣʦʚʫʰʢʦʡ DMPO ʦʢʠʩʣʷʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ ʚʠʜʘ DMPO-6aôô(Ox) 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʦʥʩʪʘʥʪʘ ʉʊɺ ʥʘ ʘʪʦʤʝ N ʙʣʠʟʢʘ ʢ ʥʘʙʣʶʜʘʝʤʦʡ ʥʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʤʳ ʥʝ 

ʤʦʞʝʤ ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʣʠʯʠʪʴ ÅPh ʠ (PhI)Å+ ʨʘʜʠʢʘʣʳ, ʧʦʪʦʤʫ ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʜʜʫʢʪʦʚ ʨʘʜʠʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ ʩ (PhI)Å+ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, 

ʦʜʥʘʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʢʦʥʩʪʘʥʪʳ ʉʊɺ ʙʣʠʟʢʠ ʢ ʣʠʪʝʨʘʪʫʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʩʪʘʥʪ ʘʜʜʫʢʪʦʚ 

ʣʦʚʫʰʝʢ ʩ ÅPh ʨʘʜʠʢʘʣʦʤ ʠ ʘʣʢʠʣ-ʟʘʤʝʱʝʥʥʳʤʠ ʬʝʥʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʦʩʪʦʪʳ 

ʚʦʩʧʨʠʷʪʠʷ ʤʳ ʧʦʤʝʯʘʝʤ ʵʪʠ ʨʘʜʠʢʘʣʳ ʢʘʢ ÅPh. 
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ʉʭʝʤʘ 43. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʜʠʢʘʣʦʚ ʦʪ ʨʘʩʧʘʜʘ ʠʣʠʜʘ 1a ʩ ʣʦʚʫʰʢʘʤʠ ʨʘʜʠʢʘʣʦʚ PBN ʠ 

DMPO. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

PBN ʦʙʨʘʟʫʝʪ ʥʝ ʪʦʣʴʢʦ ʘʜʜʫʢʪ PBN-6a, ʥʦ ʠ ʘʜʜʫʢʪ ʩ ÅPh ʨʘʜʠʢʘʣʦʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ (ʉʭʝʤʘ 43 (1)). ʂʘʨʪʠʥʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʚʫʰʢʠ DMPO 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ: ʩʨʘʟʫ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʛʥʘʣ ʦʪ ʜʚʫʭ ʨʘʜʠʢʘʣʦʚ, 

ʢʦʪʦʨʳʝ, ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʘʜʜʫʢʪʘʤ DMPO-6a ʠ DMPO-6aôô (ʈʠʩʫʥʦʢ 20). ʇʦ 

ʧʨʦʰʝʩʪʚʠʶ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʛʠʙʝʣʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʘʜʜʫʢʪʦʚ ʠ ʨʦʩʪ 

ʘʜʜʫʢʪʘ DMPO-6aôô(Ox) ʠ ʘʜʜʫʢʪʘ ʩ ÅPh, ʘ ʩʧʝʢʪʨ ʕʇʈ ʩʪʘʥʦʚʠʪʩʷ ʧʦʭʦʞ ʥʘ ʪʦʪ, ʢʦʪʦʨʳʡ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠʣʠʜʘ 1a ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʘʜʜʫʢʪʘ DMPO-6a ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʠ ʘʜʜʫʢʪʘ DMPO-6aôô ʚ 

DMPO-6aôô(Ox). ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʉʊɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 
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ʈʠʩʫʥʦʢ 20. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʯʝʨʥʳʡ) ʠ ʩʠʤʫʣʠʨʦʚʘʥʥʳʝ (ʢʨʘʩʥʳʡ) ʕʇʈ ʩʧʝʢʪʨʳ 

ʧʦʩʣʝ ʬʦʪʦʣʠʟʘ ʠʣʠʜʘ 1a ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ DMPO ʯʝʨʝʟ (A) 2 ʤʠʥʫʪʳ ʠ (B) 55 

ʤʠʥʫʪ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ, 25 ÁC. 

ʊʘʙʣʠʮʘ 6. ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʉʊɺ ʧʨʠ ʬʦʪʦʣʠʟʝ (365 ʥʤ) ʠʣʠʜʘ 1a ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʝʢ 

PBN ʠ DMPO. 

ʃʦʚʫʰʢʘ ʋʩʣʦʚʠʷ ʇʦʡʤʘʥʥʳʡ 

ʨʘʜʠʢʘʣ 

ʂʦʥʩʪʘʥʪʳ ʉʊɺ, ɻʩ 

aN aH aP, aF 

PBN CH2Cl2 6a 

FÅ 

14.11 

12.50 

7.96 

2.20 

8.84 (P) 

50.40 (F) 

CH3CN, 4 ʤʠʥ 6a 

PhÅ 

14.57 

14.66 

7.36 

2.96 

9.27 (P) 

DMPO CH2Cl2 6aôô 

PhÅ 

FÅ 

6.88 

14.12 

12.4 

0.73 (2H) 

22.01, 0.80 (2H) 

2.1 

13.13 (P) 

 

49.2 (F) 

CH3CN, 2 ʤʠʥ 6a 

6aôô 

12.84 

12.86 

3.59 

23.84 

13.06 (P) 

CH3CN,55 ʤʠʥ 6aôô(Ox) 

PhÅ 

6.97 

14.61 

0.71 

20.69, 0.99 (2H) 

12.95 (P) 

3.3 ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʧʨʦʮʝʩʩ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ 

ʘʣʢʠʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʋʌ-ʦʙʣʫʯʝʥʠʷ [108], ʦʜʥʘʢʦ 

ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʅʘ ʧʨʠʤʝʨʝ ʠʣʠʜʦʚ 1a,b ʠ ʘʣʢʠʥʦʚ 8a,b ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʠ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ʇʦ ʘʥʘʣʦʛʠʠ ʨʝʘʢʮʠʠ ʩ ʥʠʪʨʠʣʘʤʠ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʧʦʣʷʨʦʬʠʣʦʚ, 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʩ ʘʣʢʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 3 ʵʢʚ. ʜʠʧʦʣʷʨʦʬʠʣʦʚ: 

ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ (ɼʄɸɼ), ʜʠʤʝʪʠʣʤʘʣʝʘʪʘ (ɼʄʄ), ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ 

(ʄɸ) ʠ ʬʫʤʘʨʦʜʠʥʠʪʨʠʣʘ (ʌɼʅ) (ʉʭʝʤʘ 44). ʂʦʣʠʯʝʩʪʚʦ ʘʣʢʠʥʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣʦ 1.3 ʵʢʚ. ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʠʣʠʜʫ. 
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ʉʭʝʤʘ 44. ʈʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠʣʠʜʦʚ 1a-c ʩ ʘʣʢʠʥʘʤʠ 8a-k. 

ʊʘʙʣʠʮʘ 7. ʇʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʨʝʘʢʮʠʠ ʠʣʠʜʦʚ 1a,b ʩ ʘʣʢʠʥʘʤʠ 8a,b ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ, 25 ÁC. 

ɸʣʢʠʥ ʀʣʠʜ 
hv, 365 

ʥʤ 

ɹʝʟ 

ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ 

ɼʠʧʦʣʷʨʦʬʠʣʳ 

ɼʄɸɼ ɼʄʄ ʄɸ ʌɼʅ 

8a 
1a 10 ʤʠʥ 45 ʤʠʥ 35 ʤʠʥ 30 ʤʠʥ 18 ʤʠʥ 145 ʤʠʥ 

1b 17 ʤʠʥ 180 ʤʠʥ 180 ʤʠʥ 175 ʤʠʥ 175 ʤʠʥ 185 ʤʠʥ 

8b 
1a 1 ʤʠʥ 6 ʤʠʥ 6 ʤʠʥ 5 ʤʠʥ 4 ʤʠʥ 10 ʤʠʥ 

1b 2 ʤʠʥ 37 ʤʠʥ 31 ʤʠʥ 33 ʤʠʥ 31 ʤʠʥ 37 ʤʠʥ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 7, ʚʚʝʜʝʥʠʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ 

ʨʝʘʢʮʠʠ: ɼʄɸɼ, ɼʄʄ ʠ ʄɸ ʧʨʠʚʦʜʷʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ, ʚ ʪʦʤ 

ʚʨʝʤʷ ʢʘʢ ʌɼʅ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ. ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʘʣʢʠʥʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʬʦʩʬʠʥʦʣʠʥʦʚ, ʪʘʢ ʠ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ, ʜʦʙʘʚʣʝʥʠʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ (ʊʘʙʣʠʮʘ 8). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʱʠʡ 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ. ʍʦʪʷ ʌɼʅ ʪʦʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ. 
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ʊʘʙʣʠʮʘ 8. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠʣʠʜʦʚ 1a,b ʩ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ 

8b ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʘʢʪʠʚʘʮʠʠ, 25 ÁC. 

ʄʝʪʦʜ ʘʢʪʠʚʘʮʠʠ ʀʣʠʜ 
ɺʳʭʦʜ, % 

ʌʦʩʬʠʥʦʣʠʥ ʌʫʨʘʥ 

hv, 365 ʥʤ [93, 109] 
1a 40 30 

1b 50 20 

ɹʝʟ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
1a 32 45 

1b 15 42 
ɼ
ʠ
ʧ
ʦ
ʣ
ʷ
ʨ
ʦ
ʬ
ʠ
ʣ

 

ɼʄɸɼ 
1a 10 72 

1b 14 46 

ɼʄʄ 
1a 38 40 

1b 13 45 

ʄɸ 
1a 17 57 

1b 7 66 

ʌɼʅ 
1a 26 33 

1b 8 54 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʠʣʠʜʦʚ 1a,b ʠ ʘʣʢʠʥʦʚ 8a,b ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʜʠʧʦʣʷʨʦʬʠʣʘ ʙʳʣ ʚʳʙʨʘʥ ɼʄɸɼ. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠʣʠʜʦʚ 1a-c ʩ 

ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʘʣʢʠʥʦʚ 8a-k (ʊʘʙʣʠʮʘ 9) [99]. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 1.3 ʵʢʚ. ʘʣʢʠʥʘ ʠ 3 ʵʢʚ. 

ɼʄɸɼ. 

ʊʘʙʣʠʮʘ 9. ɺʳʭʦʜʳ ʨʝʘʢʮʠʠ ʠʣʠʜʦʚ 1a-ʩ ʩ ʘʣʢʠʥʘʤʠ 6a-k ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʄɸɼ. 

ʀʣʠʜ ɸʣʢʠʥ 
ɺʳʭʦʜ, % 

ʌʦʩʬʠʥʦʣʠʥ ʌʫʨʘʥ 

1a 

8a 

9aaô 68%   

1b 9abô 74%  

1c 9acô 45%  

1a 

8b 

9baô 10% 10baô 72% 

1b 9bbô 14% 10bbô 46% 

1c 9bcô 9% 10bcô 51% 

1a 
8c 

9caô 40%  

1b 9cbô 36%  

1a 
8d 

<5%* 10daô 68% 

1b 9dbô 68%  

1a 8e 9eaô 10% 10eaô 65% 

1a 

8f 

9faô 69%  

1b 9fbô 62%  

1c 9fcô 54%  

1a 

8g 

9gaô 65%  

1b 9gbô 68%  

1c 9gcô 58%  

1a 
8h 

9haô  <5%*  10haô 64% 

1b 9hbô <5* 10hbô 66% 

1a 

8i 

0% 10iaô 83% 

1b 0% 10ibô 80% 

1c 0% 10icô 54% 

1a 

8j 

9jaô 72%  

1b 9jbô 48%  

1c 9jcô 50%  

1a 
8k 

9kaô 59%  

1b 9kbô 46%  

*ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʪʦʣʴʢʦ ʚ ʩʧʝʢʪʨʝ 31P ʗʄʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ 8a,c,f,g ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ 

ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 36-74%, ʧʨʠ ʵʪʦʤ ɼʄɸɼ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʝʨʠʦʜ 

ʠʥʜʫʢʮʠʠ ʨʝʘʢʮʠʠ. ɼʣʷ ʘʣʢʠʥʦʚ 8b,c,e,h,i ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʩʤʝʩʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʠʥʦʣʠʥʘ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ, ʧʨʠ ʵʪʦʤ ʚʚʝʜʝʥʠʝ ɼʄɸɼ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʜʦ 46-83% ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʭʦʜʘ ʬʦʩʬʠʥʦʣʠʥʦʚ ʜʦ 0-14% ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʋʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʨʝʘʢʮʠʝʡ, 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʨʘʥʝʝ (ʊʘʙʣʠʮʘ 10).  

ʊʘʙʣʠʮʘ 10. ɺʳʭʦʜʳ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠʣʠʜʦʚ 1a,b ʠ ʘʣʢʠʥʦʚ 8b,h,i. [93, 109] 

ʀʣʠʜ ɸʣʢʠʥ 
ɺʳʭʦʜ, % 

ʌʦʩʬʠʥʦʣʠʥ ʌʫʨʘʥ 

1a 
8b 

9baô 40% 10baô 30% 

1b 9bbô 50% 10bbô 20% 

1a 8h 9haô 10% 10haô 60% 

1a 
8i 

9iaô 5% 10iaô 80% 

1b 9ibô 10% 10ibô 65% 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʝʘʢʮʠʶ ʩ ʘʣʢʠʥʦʤ 8d, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʠʣʠʜʦʤ 1a 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʬʦʩʬʠʥʦʣʠʥʘ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ. ʇʨʠ ʨʝʘʢʮʠʠ ʘʣʢʠʥʘ 8d ʠ ʠʣʠʜʘ 1b ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʬʦʩʬʠʥʦʣʠʥʘ; ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʥʝ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ ʢʘʢ ʧʨʠ ʦʙʣʫʯʝʥʠʠ, ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʄɸɼ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ 8a-i 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʘʣʢʠʥʦʚ 8a,c,f,g, ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 8.3 ʵɺ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʬʦʩʬʠʥʦʣʠʥʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʘʣʢʠʥʦʚ 8b,e,h,i, ʧʦʪʝʥʮʠʘʣ 

ʠʦʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʥʠʞʝ 8.15 ʵɺ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ ʬʦʩʬʠʥʦʣʠʥʦʚ, ʪʘʢ ʠ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ (ʈʠʩʫʥʦʢ 21)3. ɼʣʷ ʘʣʢʠʥʘ 8d ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʬʫʨʘʥʘ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʣʠʜʘ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʵʥʝʨʛʠʷ 

ʩʨʦʜʩʪʚʘ ʢ ʵʣʝʢʪʨʦʥʫ: ʦʥʘ ʚʳʰʝ ʫ ʙʝʥʟʦʠʣʟʘʤʝʱʝʥʥʦʛʦ ʠʣʠʜʘ 1a, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʫʨʘʥʘ ʧʨʠ ʝʛʦ ʨʝʘʢʮʠʠ ʩ ʘʣʢʠʥʦʤ 8d ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʘʨʙʤʝʪʦʢʩʠʟʘʤʝʱʝʥʥʦʛʦ ʠʣʠʜʘ 1b. 

                                                 
3 ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ ʘʣʢʠʥʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʀɹʍʌ ʈɸʅ ʠʤʝʥʠ ʅ.ʄ. 

ʕʤʘʥʫʵʣʷ ʢ.ʬ-ʤ.ʥ., ʩ.ʥ.ʩ. ʊʠʤʦʭʠʥʦʡ ɽ.ʅ. ʠ ʢ.ʭ.ʥ. ʩ.ʥ.ʩ. ɸʩʪʘʭʦʚʦʡ ʊ.ʖ. 
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ʈʠʩʫʥʦʢ 21. ʈʘʩʩʯʠʪʘʥʥʘʷ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ ʠʥʪʝʨʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ. ʇʫʥʢʪʠʨʦʤ 

ʦʙʦʟʥʘʯʝʥʘ ʛʨʘʥʠʮʘ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʩ 

ʠʣʠʜʦʤ 1a (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ 1b (ʟʝʣʝʥʘʷ ʣʠʥʠʷ). 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʣʠʜʦʚ 1a-c ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʠʥʪʝʨʥʘʣʴʥʳʤ ʘʣʢʠʥʦʤ 

ʬʝʥʠʣʧʨʦʧʠʥʦʤ 8j  ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ. ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʠʥʦʣʠʥʘ 9jaô 

ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 2D ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ4. ɹr ʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʣʥʦʝ 

ʩʦʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʠ 13C ʬʦʩʬʠʥʦʣʠʥʘ 9jaô ʩʦ ʚʩʝʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ 

ʫʛʣʝʨʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 1H ʩʠʥʛʣʝʪ ʧʨʠ 1.60 ʤ.ʜ ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʦʤʘʤ 

ʚʦʜʦʨʦʜʘ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɺ ʦʙʣʘʩʪʠ ʩʣʘʙʦʛʦ ʧʦʣʷ 6.7-7.9 ʤ.ʜ. ʥʘʭʦʜʷʪʩʷ ʧʨʦʪʦʥʳ ʦʙʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 24 ʧʨʦʪʦʥʘ (ʈʠʩʫʥʦʢ 22).  
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ʈʠʩʫʥʦʢ 22. ʉʧʝʢʪʨ 1H ʬʦʩʬʠʥʦʣʠʥʘ 9jaô. 

ɼʣʷ ʪʦʯʥʦʛʦ ʩʦʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʗʄʈ 

1H, 1H{ 31P} ʠ ʩʧʝʢʪʨʳ TOCSY { 31P}. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʧʝʢʪʨʫ ʗʄʈ 1H{ 31P} ʠʟ-ʟʘ ʨʘʟʚʷʟʢʝ ʥʘ ʘʪʦʤʝ 

ʬʦʩʬʦʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ: ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ ʧʨʠ 6.79 ʤ.ʜ. , 

                                                 
4 ʈʝʛʠʩʪʨʘʮʠʷ 2D ʩʧʝʢʪʨʦʚ ʗʄʈ, TOCSY, 1D NOESY ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʦʪʨʫʜʥʠʢʦʤ ʢʘʬʝʜʨʳ ʆʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʩ.ʥ.ʩ., ʢ.ʬ.-ʤ.ʥ. ʈʦʟʥʷʪʦʚʩʢʠʤ ɺ.ɸ. ʠ ʩʦʪʨʫʜʥʠʢʦʤ ʀɹʍʌ ʈɸʅ 

ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʥ.ʩ. ʃʝʚʠʥʦʡ ʀ.ʀ. 
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3JHH = 7.85 ɻʮ, 3JHP = 4.77 ɻʮ ʩʪʘʥʦʚʠʪʩʷ ʜʫʙʣʝʪʦʤ ʩ ʢʦʥʩʪʘʥʪʦʡ 3JHH = 8.35 ɻʮ; ʫʧʨʦʱʘʝʪʩʷ ʯʘʩʪʴ 

ʩʠʛʥʘʣʘ ʚ ʤʫʣʴʪʠʧʣʝʪʝ ʧʨʠ 7.11-7.21 ʤ.ʜ., ʧʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʢʦʥʩʪʘʥʪ J = 4.77 ɻʮ, ʦʜʥʘʢʦ ʧʦʥʷʪʴ ʢ 

ʨʘʩʱʝʧʣʝʥʠʶ ʥʘ ʢʘʢʦʤ ʘʪʦʤʝ ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʥʝʣʴʟʷ; ʫʧʨʦʱʘʝʪʩʷ ʤʫʣʴʪʠʧʣʝʪ ʧʨʠ 7.43-7.57 ʤ.ʜ.; 

ʤʫʣʴʪʠʧʣʝʪ ʧʨʠ 7.80-7.89 ʤ.ʜ. ʩʪʘʥʦʚʠʪʩʷ ʜʫʙʣʝʪʦʤ (ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʩʠʛʥʘʣ ʜʦʣʞʝʥ 

ʙʳʪʴ ʜʜʜ, ʜʚʝ ʥʘʠʙʦʣʴʰʠʝ ʢʦʥʩʪʘʥʪʳ 3JHP å 13.2 ɻʮ, 
3JHH å 7.0 ɻʮ ʠ 

4JHH å 1.5 ɻʮ ʦʜʥʘʢʦ ʧʦʩʣʝʜʥʷʷ 

ʢʦʥʩʪʘʥʪʘ ʧʣʦʭʦ ʨʘʟʨʝʰʠʤʘ) ʩ 3JHH = 6.91 ɻʮ (ʈʠʩʫʥʦʢ 23). ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʩʧʝʢʪʨʫ ʩ ʨʘʟʚʷʟʢʦʡ ʦʪ 31P ʩʚʷʟʘʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʟʘʧʠʩʠ 

ʩʧʝʢʪʨʦʚ.  
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ʈʠʩʫʥʦʢ 23. ʉʧʝʢʪʨ 1H{31P} (ʩʚʝʨʭʫ) ʠ 1H (ʩʥʠʟʫ) ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʬʦʩʬʠʥʦʣʠʥʘ 

9jaô. 

ɺ ʬʦʩʬʠʥʦʣʠʥʝ 9jaô ʩʫʱʝʩʪʚʫʶʪ 4 ʩʚʷʟʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ɹʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʝ TOCSY { 31P} ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʩʠʛʥʘʣʦʚ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ. ʂʘʢ ʤʦʞʥʦ 

ʚʠʜʝʪʴ ʩʠʩʪʝʤʝ A ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ: ʜʫʙʣʝʪ ʧʨʠ 6.79 ʤ.ʜ, ʪʨʠʧʣʝʪ ʧʨʠ 7.04 ʤ.ʜ., ʜʫʙʣʝʪ ʧʨʠ 

7.17 ʤ.ʜ. ʠ ʪʨʠʧʣʝʪ ʧʨʠ 7.26 ʤ.ʜ. ʉʠʩʪʝʤʝ B ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʜʫʙʣʝʪ ʧʨʠ 7.14 ʤ.ʜ, ʪʨʠʧʣʝʪ 

ʧʨʠ 7.28 ʤ.ʜ. ʠ ʪʨʠʧʣʝʪ ʧʨʠ 7.37 ʤ.ʜ.. ʉʠʩʪʝʤʝ C ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʫʣʴʪʠʧʣʝʪ 7.45-7.57 ʤ.ʜ., ʜʫʙʣʝʪ 

ʧʨʠ 7.83 ʤ.ʜ. ʉʠʩʪʝʤʝ D ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʫʣʴʪʠʧʣʝʪ 7.30-7.37 ʤ.ʜ. ʠ ʜʫʙʣʝʪ ʧʨʠ 7.71 ʤ.ʜ. (ʈʠʩʫʥʦʢ 

24). ʂʦʥʩʪʘʥʪʳ ʜʣʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ TOCSY { 31P} ʥʝ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʫ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʠʭ ʟʥʘʯʝʥʠʝ.  
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ʈʠʩʫʥʦʢ 24. ʉʧʝʢʪʨ 1H{31P} (ʩʥʠʟʫ) ʠ ʩʧʝʢʪʨʳ TOCSY {31P} ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʘʞʜʦʡ ʠʟ 

ʯʝʪʳʨʝʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 2D ʗʄʈ (1H-1H) COSY ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ A CH 

ʧʨʦʪʦʥ ʧʨʠ 8-ʉ (ʩʠʛʥʘʣ 6.79 ʤ.ʜ.) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ 7-ʉ (ʩʠʛʥʘʣ ʚ ʤʫʣʴʪʠʧʣʝʪʝ 

7.23-7.32 ʤ.ʜ.). ʊʘʢʞʝ ʧʨʠ 7-ʉ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 8-ʉ ʠ 6-ʉ (ʩʠʛʥʘʣ ʧʨʠ 7.04 ʤ.ʜ.). 

ʇʨʦʪʦʥ ʧʨʠ 6-ʉ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ 5-ʉ (ʩʠʛʥʘʣ ʧʨʠ 7.18 ʤ.ʜ.). ɺ ʩʠʩʪʝʤʝ B 

CH ʧʨʦʪʦʥ ʧʨʠ 11-ʉ (ʩʠʛʥʘʣ ʧʨʠ 7.15 ʤ.ʜ.) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ 12-ʉ (ʩʠʛʥʘʣ ʚ 

ʤʫʣʴʪʠʧʣʝʪʝ 7.32-7.42 ʤ.ʜ.) ʠ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ 13-ʉ (ʩʠʛʥʘʣ ʧʨʠ 7.29 ʤ.ʜ.). 

ʊʘʢʞʝ ʚʠʜʝʥ ʩʠʛʥʘʣ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʦʚ ʧʨʠ 12-ʉ ʠ 13-ʉ. ɺ ʩʠʩʪʝʤʝ C ʚʠʜʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʥʘ ʧʨʠ 15-ʉ (ʤʫʣʴʪʠʧʣʝʪ 7.80-7.89 ʤ.ʜ.) ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 16-ʉ ʠ 17-ʉ (ʦʙʘ 

ʚ ʤʫʣʴʪʠʧʣʝʪʝ 7.43-7.57 ʤ.ʜ.). ɺ ʩʠʩʪʝʤʝ D ʚʠʜʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʥʘ ʧʨʠ 20-ʉ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 21-ʉ ʠ 22-ʉ (ʦʙʘ ʤʫʣʴʪʠʧʣʝʪʘ 7.32-7.42 ʤ.ʜ.) (ʈʠʩʫʥʦʢ 25). 
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ʈʠʩʫʥʦʢ 25. ʉʧʝʢʪʨ 2D ʗʄʈ COSY 1H-1H ʬʦʩʬʠʥʦʣʠʥʘ 9jaô ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʩ 

ʦʙʦʟʥʘʯʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʪʦʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1H ʩʠʛʥʘʣ ʧʨʠ 1.60 ʤ.ʜ. 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ; ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ ʧʨʠ 6.79 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʫ ʧʨʠ 8-ʉ; 

ʪʨʠʧʣʝʪ ʧʨʠ 7.04 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʫ ʧʨʠ 6-ʉ; ʤʫʣʴʪʠʧʣʝʪ 7.11-7.21 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʪʦʥʘʤ ʧʨʠ 5-ʉ ʠ 11-ʉ; ʤʫʣʴʪʠʧʣʝʪ 7.23-7.32 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʘʤ ʧʨʠ 7-ʉ ʠ 13-ʉ; 

ʤʫʣʴʪʠʧʣʝʪ 7.32-7.57 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʘʤ ʧʨʠ 12-ʉ, 21-ʉ ʠ 22-ʉ; ʤʫʣʴʪʠʧʣʝʪ 7.43-7.57 

ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʘʤ ʧʨʠ 16-ʉ ʠ 17-ʉ; ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ ʧʨʠ 7.72 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʪʦʥʘʤ ʧʨʠ 20-ʉ; ʤʫʣʴʪʠʧʣʝʪ 7.80-7.89 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʦʥʘʤ ʧʨʠ 15-ʉ.ʉʦʦʪʥʝʩʝʥʥʳʝ 

ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1H ʦʙʣʝʛʯʘʶʪʩʷ ʩʦʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 13ʉ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʘ HSQC: ʩʠʥʛʣʝʪ ʧʨʠ 25.85 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ; ʜʫʙʣʝʪ ʧʨʠ 123.51 ʤ.ʜ. 

4JCP = 11.18 ɻʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6-ʉ; ʩʠʥʛʣʝʪ ʧʨʠ 126.27 ʤ.ʜ.  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 13-ʉ; ʜʫʙʣʝʪ ʧʨʠ 126.59 

ʤ.ʜ. 2JCP = 8.55 ɻʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 8-ʉ; ʩʠʥʛʣʝʪ ʧʨʠ 127.83 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 21-ʉ; ʩʠʥʛʣʝʪ ʧʨʠ 

128.45 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 12-ʉ; ʜʫʙʣʝʪ ʧʨʠ 128.60 ʤ.ʜ. 3JCP = 13.16 ɻʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 16-ʉ; ʩʠʥʛʣʝʪ 

ʧʨʠ 128.91 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20-ʉ; ʩʠʥʛʣʝʪ ʧʨʠ 129.60 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 22-ʉ; ʜʫʙʣʝʪ ʧʨʠ 

131.03 ʤ.ʜ. 3JCP = 1.97 ɻʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 7-ʉ; ʜʫʙʣʝʪ ʧʨʠ 131.51 ʤ.ʜ. 4JCP = 2.63 ɻʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

17-ʉ; ʩʠʥʛʣʝʪ ʧʨʠ 131.76 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 11-ʉ; ʜʫʙʣʝʪ ʧʨʠ 132.28 ʤ.ʜ. 3JCP=7.23 ɻʮ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 5-ʉ; ʜʫʙʣʝʪ ʧʨʠ 133.04 ʤ.ʜ. 2JCP=4.60 ɻʮ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 15-ʉ (ʈʠʩʫʥʦʢ 26). ʊʘʢʞʝ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʰʠʨʝʥʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 189.09 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʫ 18-ʉ ʧʨʠ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ. 
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ʈʠʩʫʥʦʢ 26. ʉʧʝʢʪʨʝ 2D ʗʄʈ HSQC ʬʦʩʬʠʥʦʣʠʥʘ 9jaô. 

ʆʩʪʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 13ʉ ʣʝʛʢʦ ʩʦʦʪʥʝʩʪʠ ʩ ʘʪʦʤʘʤʠ ʩ ʧʦʤʦʱʴʶ 2D ʗʄʈ 

HMBC (ʈʠʩʫʥʦʢ 27). ɼʘʣʝʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʩʦʦʪʥʝʩʝʥʳ ʩ 

ʧʦʤʦʱʴʶ HSQC ʠʣʠ ʩʦʦʪʥʝʩʝʥʠʝ ʢʦʪʦʨʳʭ ʦʯʝʚʠʜʥʦ (ʥʘʧʨʠʤʝʨ, ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ). ɼʫʙʣʝʪ ʧʨʠ 73.85 ʤ.ʜ. ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʥʫʶ ʂʉʉɺ 1JCP = 105.24 ɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʩʦʦʪʥʝʩʪʠ ʩ ʠʣʠʜʥʳʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ 1-

ʉ; ʜʫʙʣʝʪ ʧʨʠ 111.75 ʤ.ʜ. ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 8-ʉ ʠ 6-ʉ ʠ ʪʘʢʞʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʂʉʉɺ 1JCP = 87.48 ɻʮ, ʧʦʵʪʦʤʫ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ 9-ʉ; ʫʰʠʨʝʥʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 120.63 ʤ.ʜ. 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 11-ʉ ʠ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʩʣʘʙʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʦʤ ʧʨʠ 8-ʉ, ʧʦʟʚʦʣʷʷ ʦʪʥʝʩʪʠ ʩʠʛʥʘʣ ʢ 3-ʉ; ʜʫʙʣʝʪ ʧʨʠ 127.52 ʤ.ʜ. 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 16-ʉ, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʂʉʉɺ 1JCP = 92.08 ɻʮ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʪʦʤʫ 14-ʉ; ʜʫʙʣʝʪ ʧʨʠ 135.54 ʤ.ʜ. 2JCP = 6.58 ɻʮ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʳ, ʧʦʵʪʦʤʫ ʩʠʛʥʘʣ ʦʪʥʦʩʠʪʩʷ ʢ ʘʪʦʤʫ 2-ʉ; ʜʫʙʣʝʪ ʧʨʠ 142.18 ʤ.ʜ. 4JCP = 1.97 ɻʮ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 12-ʉ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʪʦʤʫ 10-ʉ; ʜʫʙʣʝʪ ʧʨʠ 142.71 ʤ.ʜ. 

2JCP = 4.60 ɻʮ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 5-ʉ ʠ 7-ʉ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʝʨʦʜʫ 4-ʉ; 

ʫʰʠʨʝʥʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 143.94 ʤ.ʜ. ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 21-ʉ ʠ/ʠʣʠ 22-ʉ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʝʨʦʜʫ 19-ʉ. 
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ʈʠʩʫʥʦʢ 27. ʉʧʝʢʪʨ 2D ʗʄʈ HMBC ʬʦʩʬʠʥʦʣʠʥʘ 9jaô. 

Cʪʨʦʝʥʠʝ ʬʦʩʬʠʥʦʣʠʥʘ 9jcô ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ ʤʦʥʦʢʨʠʩʪʘʣʣʘ (ʈʠʩʫʥʦʢ 28) 

[108]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʜʞʘʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʠʜʦʚ 1a-c ʩ ʬʝʥʠʣʧʨʦʧʠʥʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʦʥʘʧʨʘʚʣʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 28. ʈʉɸ ʬʦʩʬʠʥʦʣʠʥʘ 9jcô. 

ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 31P ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʣʠʜʦʚ 1a-c ʩ 

ʘʣʢʠʥʘʤʠ 8j ,k ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʄɸɼ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʬʦʩʬʠʥʦʣʠʥʦʚ (4ï7 ʤ.ʜ.). ɺ ʩʤʝʩʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣ 

ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ (20ï22 ʤ.ʜ.) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ʧʨʠ 14 ʤ.ʜ.. ʇʦʩʣʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʦʩʬʠʥʦʣʠʥʳ ʠ ʬʦʩʬʦʥʠʝʚʳʝ ʩʦʣʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘ (ʩʠʛʥʘʣ ʧʨʠ 14 ʤ.ʜ.), ʢʦʪʦʨʳʡ ʚ ʧʨʦʮʝʩʩʝ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʬʦʩʬʠʥʦʣʠʥ. ʈʘʥʝʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʙʳʣ 
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ʧʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʚ ʗʄʈ 31P ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʩʥʘʯʘʣʘ 

ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʠ 14-15 ʤ.ʜ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ ʠ ʧʦʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʚ 

ʦʙʣʘʩʪʠ 3-7 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʩʬʠʥʦʣʠʥʘʤ ʠ ʠʤʝʶʱʠʝ ʪʫ ʞʝ ʠʥʪʝʛʨʘʣʴʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʯʪʦ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʳ 14-15 ʤ.ʜ. [110]. 

ʀʥʪʝʨʤʝʜʠʘʪ ʨʝʘʢʮʠʠ ʠʣʠʜʘ 1a ʠ ʬʝʥʠʣʧʨʦʧʠʥʘ 8j  ʙʳʣ ʫʩʧʝʰʥʦ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʞʝʣʪʦʛʦ 

ʧʦʨʦʰʢʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʧʦ ʠʣʠʜʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʬʦʩʬʠʥʦʣʠʥʦʤ 9jaô(H).  

ɺ ʩʧʝʢʪʨʝ 1H ʗʄʈ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʝʪʩʷ ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ 6.33 ʤ.ʜ. 

(2JHP=14.47 ɻʮ, JHH=2.18 ɻʮ) ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʨʠ ʠʣʠʜʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ (ʉ1). ɺ 

ʩʧʝʢʪʨʝ 1D NOESY 1H ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʘʥʥʦʛʦ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ 

(ʩʠʥʛʣʝʪ 1.80 ʤ.ʜ.) ʠ ʦʨʪʦ-ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʙʝʥʟʦʠʣʴʥʦʡ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ (ʜʫʙʣʝʪ 

8.06 ʤ.ʜ. 2JHH=8.51 ɻʮ) (ʈʠʩʫʥʦʢ 29). 
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ʈʠʩʫʥʦʢ 29. ʉʧʝʢʪʨ 1D NOESY ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʬʦʩʬʠʥʦʣʠʥʘ 9jaô(H) ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʘ. 

ɺ ʩʧʝʢʪʨʝ 2D ʗʄʈ HSQC ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʫʙʣʝʪʦʤ 44.85 ʤ.ʜ. (2JCP=53.28 

ɻʮ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ ʠʣʠʜʥʦʛʦ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ ʚ ʩʣʘʙʦʝ ʧʦʣʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 2JCP. ɺ ʩʧʝʢʪʨʝ HMBC ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʟʘʤʦʜʝʡʩʪʚʠʝ ʩʠʛʥʘʣʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩ ʫʛʣʝʨʦʜʦʤ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʈʠʩʫʥʦʢ 30). ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʜʚʫʭ ʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʘʪʦʤʝ ʬʦʩʬʦʨʘ. 
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ʈʠʩʫʥʦʢ 30. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʧʝʢʪʨʝ HSQC (ʩʣʝʚʘ) ʠ HMBʉ (ʩʧʨʘʚʘ) 

ʩʦʝʜʠʥʝʥʠʷ 9jaô(H). 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ ʪʝʪʨʘʬʪʦʨʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʢ ʨʘʩʪʚʦʨʫ ʬʦʩʬʠʥʦʣʠʥʘ 9jaô ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ 9jaô(H), ʘ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ NaOH ʧʨʦʠʩʭʦʜʠʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʩʬʠʥʦʣʠʥʘ 9jaô, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠ ̫

ʬʦʩʬʠʥʦʣʠʥʦʚ ʧʦ ʠʣʠʜʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ (ʉʭʝʤʘ 45). 

 

ʉʭʝʤʘ 45. ʆʙʨʘʪʠʤʦʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʬʦʩʬʠʥʦʣʠʥʘ 9jaô. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʪʠʝʥʠʣʜʠʬʝʥʠʣʬʦʩʬʦʥʠʝʚʦʛʦ ʠʣʠʜʘ 1g ʩ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ 8a ʠ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ 8b ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʩʬʠʥʠʥʦʪʠʦʬʝʥʘ, ʢʘʢ 

ʜʣʷ ʢʘʨʙʦʥʠʣʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ [93, 94], ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʦʣʴʢʦ 

ʪʠʝʥʠʣʜʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜ 11 ʠ ʬʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ 2g. (ʉʭʝʤʘ 46).  

 

ʉʭʝʤʘ 46. ʈʘʟʣʦʞʝʥʠʝ ʠʣʠʜʘ 1g ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʠʥʦʚ 8a,b. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʫʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʘʤ ʨʝʘʢʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʤʠ ʘʣʢʠʥʘʤʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʨʦʣʴ 

ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʜʦ ʢʦʥʮʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʜʠʧʦʣʷʨʦʬʠʣ ʚʳʜʝʣʷʝʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʠ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʘʜʜʫʢʪʦʚ ʠʣʠʜʘ ʩ ʜʠʧʦʣʷʨʦʬʠʣʦʤ, ʘ ʚʚʝʜʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʜʠʧʦʣʷʨʦʬʠʣʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ. ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʠʣʠʜʘ 1a ʩ ʘʣʢʠʥʦʤ 8b ʚʣʠʷʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʣʠʜʘ ʠ ʘʣʢʠʥʘ [110]. 

ʊʘʢ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʢʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ 

ʬʫʨʘʥʘ ʠ ʧʘʜʝʥʠʶ ʚʳʭʦʜʘ ʬʦʩʬʠʥʦʣʠʥʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʩʩʦʮʠʘʪʦʚ ʠʣʠʜʘ ʩ ʘʣʢʠʥʦʤ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, ʧʦʵʪʦʤʫ ʘʣʢʠʥ 

ʠʛʨʘʝʪ ʜʚʦʡʥʫʶ ʨʦʣʴ ʚ ʨʝʘʢʮʠʠ: ʢʘʢ ʨʝʘʛʝʥʪ ʠ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʊʘʢ ʢʘʢ ʜʠʧʦʣʷʨʦʬʠʣʳ ʥʝ ʦʙʨʘʟʫʶʪ ʢʦʚʘʣʝʥʪʥʳʭ ʘʜʜʫʢʪʦʚ, ʥʦ ʚʣʠʷʶʪ ʥʘ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʨʝʘʢʮʠʠ, ʪʦ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʥʠ ʩʦʜʝʡʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʘʩʩʦʮʠʘʪʦʚ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ. 

ʇʦʵʪʦʤʫ ʚʚʝʜʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʛʦ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʜʠʧʦʣʷʨʦʬʠʣʘ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʤʝʥʝʥʠʷ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠʜʘ 1a ʠ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʘ 8b ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʬʦʩʬʠʥʦʣʠʥʘ ʠ ʬʫʨʘʥʘ ʚ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ (ʊʘʙʣʠʮʘ 11). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʘʙʦʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ 10baô. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʠʟʙʳʪʢʘ ʘʣʢʠʥʘ 8b ʜʦ 3 ʵʢʚʠʚʘʣʝʥʪʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʬʫʨʘʥʘ 

ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʬʦʩʬʠʥʦʣʠʥʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ ʜʠʧʦʣʷʨʦʬʠʣʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʩʪʚʦʨʠʪʝʣʠ ʘʮʝʪʦʥ ʠ ʣʝʜʷʥʘʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʦʙʱʝʛʦ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ, ʥʦ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʬʦʩʬʠʥʦʣʠʥ 9baô. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʢʘʢ ʬʦʩʬʠʥʦʣʠʥʘ, ʪʘʢ ʠ ʬʫʨʘʥʘ, ʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʬʦʩʬʦʥʠʝʚʘʷ 

ʩʦʣʴ 2aô. ɺ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʥʝ ʧʨʦʪʝʢʘʝʪ ʩʦʚʩʝʤ, ʘ ʧʨʦʠʩʭʦʜʠʪ 

ʪʦʣʴʢʦ ʜʝʩʪʨʫʢʮʠʷ ʠʣʠʜʘ ʜʦ ʩʦʣʠ. ɺ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʤʝʩʪʦ ʨʝʘʢʮʠʠ ʩ ʘʣʢʠʥʦʤ 8b ʧʨʦʭʦʜʠʪ 

ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʩʘʤʠʤ ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʨʘʥʝʝ [92], ʠ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʡ ʦʢʩʘʟʦʣ. ʊʦ ʝʩʪʴ 

ʧʨʦʮʝʩʩ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʥʠʪʨʠʣʘʤʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʣʢʠʥʘʤʠ. 
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ʊʘʙʣʠʮʘ 11. ɺʳʭʦʜʳ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠʣʠʜʘ 1a ʩ ʪʨʝʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ 4-

ʵʪʠʥʠʣʘʥʠʟʦʣʘ 8b. 

ʈʘʩʪʚʦʨʠʪʝʣʴ 
ɺʳʭʦʜ, % 

ʌʦʩʬʠʥʦʣʠʥ 9baô ʌʫʨʘʥ 10baô 

CH2Cl2 15 58 

CHCl3 15 53 

C2H4Cl2 18 47 

EtOAc 23 46 

ʊɻʌ 14 37 

ɸʮʝʪʦʥ 25 8 

AcOH(ʣʝʜ.) 41 18 

ɹʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 8 23 

MeOH 2 0 

ɼʄʌɸ 0 0 

ɼʄʉʆ 0 0 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʧʦʵʪʦʤʫ ʩʘʤʘ ʨʝʘʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ [111]. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʫʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʠʣʠʜʘ. 

ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʠʣʠʜʦʚ ʫʙʝʜʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʣʝʢʫʣ 

ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʠ ʠʭ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ GAUSSIAN 09 

(Revision D.01) [112] ʥʘ ʜʚʫʭ ʫʨʦʚʥʷʭ ʪʝʦʨʠʠ: ʍʘʨʪʨʠ-ʌʦʢʘ ʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

DFT (ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ PBE) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ DGDZVP 

[113] ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ5 [99]. ʄʠʥʠʤʫʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʥʘʭʦʜʠʣʠ ʧʨʠ ʧʦʣʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚʩʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʘʩʯʝʪʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ. ɺʳʙʦʨ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [114], ʚ ʢʦʪʦʨʦʡ 

ʚʳʧʦʣʥʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ DGDZVP ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʘʪʦʤʘ ʠʦʜʘ ʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ 

ʠʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘʤʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʡ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ DGDZVP ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʝ 

                                                 
5 ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠʣʠʜʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʜ.ʭ.ʥ., ʚ.ʥ.ʩ. 

ʂʫʨʘʤʰʠʥʦʡ ɻ.ʄ. 
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ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʨʝʜʩʢʘʟʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʦʜʘ ʠ ʚ ʦʧʠʩʘʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʠʦʜʘ ʠ ʜʨʫʛʠʭ ʛʘʣʦʛʝʥʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʣʠʜʳ 1a,b,e ʠ ʠʣʠʜ 1u - ʪʨʠʬʫʨʠʣʬʦʩʬʦʥʠʝʚʳʡ 

ʘʥʘʣʦʛ ʠʣʠʜʘ 1b (ʈʠʩʫʥʦʢ 31). ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʜʣʠʥʘ ʩʚʷʟʠ C-I, ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ ʚʩʝʭ 

ʨʝʘʢʮʠʡ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. 

 

ʈʠʩʫʥʦʢ 31. ʉʪʨʫʢʪʫʨʳ ʠʣʠʜʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. 

ɼʣʷ ʚʩʝʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ 

ʜʣʠʥʳ ʩʚʷʟʠ C-I ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʠʣʠʜʘ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʵʪʦʡ ʩʚʷʟʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʠʣʠʜʦʚ (ʊʘʙʣʠʮʘ 12). 

ʊʘʙʣʠʮʘ 12. ʉʨʘʚʥʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ R(C-I) ʠʣʠʜʦʚ 1a,b,e,u. 

ʀʣʠʜ ʈʘʩʪʚʦʨʠʪʝʣʴ 

ɼʣʠʥʘ ʩʚʷʟʠ C-I 

ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ, ¡ 

ɼʣʠʥʘ ʩʚʷʟʠ C-I 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ, ¡ 

ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʩʚʷʟʠ C-I ʧʨʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ¡ 

1b - 2.078 2.134 0.056 

1e - 2.076 2.136 0.060 

1u - 2.073 2.114 0.041 

1a CH2Cl2 2.070 2.127 0.057 

1a PhCN* 2.072 2.113 0.041 

1a PhCſCCH3*  2.073 2.180 0.107 

1a PhCſCH* 2.071 2.183 0.112 

*ʨʘʩʯʝʪ ʧʨʦʠʟʚʝʜʝʥ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʩʩʦʮʠʘʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʦʨʤʘʤʠ ʠʣʠʜʘ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ 

ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ [112, 113]. ɼʣʷ 

ʨʘʩʯʝʪʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʩʩʦʮʠʘʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ, ʢʘʢ ʩʪʘʥʜʘʨʪʥʘʷ 
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ʨʝʘʢʮʠʦʥʥʘʷ ʩʨʝʜʘ, ʠ ʩʝʨʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʘʧʨʦʪʦʥʥʳʝ ʥʝʧʦʣʷʨʥʳʝ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥ ʠ ʬʝʥʠʣʧʨʦʧʠʥ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʬʘʟʥʳʭ ʯʘʩʪʠʮ ʚ 

ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʠʣʠʜʘ ʠ ʘʣʢʠʥʘ, ʠ ʘʧʨʦʪʦʥʥʳʡ ʧʦʣʷʨʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʝʥʟʦʥʠʪʨʠʣ). 

ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʪʘʙʠʣʴʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʘʩʩʦʮʠʘʪʦʚ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ 1a ʠ ʝʛʦ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʠ ʚʳʯʠʩʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥ ʩʚʷʟʝʡ C-I ʜʣʷ ʜʘʥʥʳʭ ʬʦʨʤ ʠʣʠʜʘ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ ʚ ʘʩʩʦʮʠʘʪʘʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʠʥʦʚ ʙʣʘʛʦʜʘʨʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʝʥʜʝʥʮʠʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ C-I ʧʨʠ ʠʭ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʚ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʨʝʘʢʮʠʷʭ.  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʥʘ ʧʨʦʮʝʩʩ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ (ʉʭʝʤʘ 

47) [99]. 

 

ʉʭʝʤʘ 47. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʠʜʦʚ 1l-t ʩ ʘʣʢʠʥʘʤʠ 8a,b. 

ɺʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʠʣʠʜʦʚ 1l-t ʩ ʤʦʜʝʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ 8a,b ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʦʙʣʫʯʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʥʦʨʥʳʭ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʨʪʦ- ʠʣʠ 

ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷ ʠ ʤʝʪʦʢʩʠʛʨʫʧʧʳ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʠʦʜʦʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʣʷ ʠʣʠʜʦʚ 1o,t ʩ ʤʝʪʦʢʩʠʛʨʫʧʧʦʡ ʚ 
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ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʊʘʙʣʠʮʘ 13). 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʗʄʈ ʩʤʝʩʝʡ ʧʦʢʘʟʘʣ, ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ ʩ ʘʣʢʠʥʘʤʠ 8a,b, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʳʭʦʜʦʚ ɚ5-ʬʦʩʬʠʥʦʣʠʥʘ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ ʜʣʷ ʘʣʢʠʥʘ 8b, ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʠʣʠʜʦʚ ʠ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʚʳʭʦʜʘʤʠ 

ʨʝʘʢʮʠʠ ʩ ʠʣʠʜʘʤʠ 1a,b ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʙʣʠʮʘ 13. ɺʨʝʤʝʥʘ ʧʝʨʠʦʜʦʚ ʠʥʜʫʢʮʠʠ ʧʨʠ ʪʝʤʥʦʚʦʡ ʨʝʘʢʮʠʠ ʠʣʠʜʦʚ 1a,b,l-t ʠ ʘʣʢʠʥʦʚ 

8a,b, T = 25ÁC. 

ʀʣʠʜ 
ʇʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʪʝʤʥʦʚʦʡ ʨʝʘʢʮʠʠ, ʤʠʥ 

ɸʣʢʠʥ 8a ɸʣʢʠʥ 8b 

1a 45 6 

1l 8 3 

1m 7 3 

1n 1 ʄʛʥʦʚʝʥʥʦ 

1o 160 31 

1p 
ʊʦʣʴʢʦ ʧʨʠ 

ʋʌ-ʦʙʣʫʯʝʥʠʠ 

ʊʦʣʴʢʦ ʧʨʠ 

ʋʌ-ʦʙʣʫʯʝʥʠʠ 

1b 180 37 

1q 37 5 

1r 31 4 

1s 12 2 

1t 300 58 

 

ʀʣʠʜ 1p ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʚ ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʘʢʮʠʶ 

ʩ ʘʣʢʠʥʘʤʠ ʥʝ ʚʩʪʫʧʘʣ; ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʦʙʣʫʯʝʥʠʷ (> 5 ʯ) ʋʌ-ʩʚʝʪʦʤ 365 ʥʤ ʠʣʠʜ 

1p ʥʘʯʘʣ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʘʣʢʠʥʦʤ 8b, ʧʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʟʘ 

ʚʳʯʝʪʦʤ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʱʝʡʩʷ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ, ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʜʣʷ ʠʣʠʜʦʚ 1l-o ʚ 

ʫʩʣʦʚʠʷʭ ʋʌ-ʦʙʣʫʯʝʥʠʷ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʠʣʠʜʦʚ 

1q-t,v-x (ʈʠʩʫʥʦʢ 32) ʩ ʜʦʥʦʨʥʳʤʠ ʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (4-CH3, 2-CH3, 4-OMe) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʜʣʠʥʳ ʩʚʷʟʠ C-I ʢʘʢ ʚ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʠʣʠʜʦʚ (ʊʘʙʣʠʮʘ 14) 

[99]. ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʠʣʠʜʘ 1t ʩ OMe ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʙʝʥʟʦʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʠʦʜʦʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʠʥʘ ʩʚʷʟʠ C-I ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʜʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ, 

ʪʘʢ ʠ ʜʣʷ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʠʣʠʜʘ. ʕʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʩ ʘʪʦʤʦʤ ʠʦʜʘ (ʦ-ʵʬʬʝʢʪ), ʚʢʣʘʜ ʢʦʪʦʨʦʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ +ʄ ʵʬʬʝʢʪʘ ʢʠʩʣʦʨʦʜʘ. ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 
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ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʩʚʷʟʠ C-I, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ.  

 

ʈʠʩʫʥʦʢ 32. ʉʪʨʫʢʪʫʨʳ ʤʦʜʝʣʴʥʳʭ ʠʣʠʜʦʚ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʊʘʙʣʠʮʘ 14. ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʠ C-I ʜʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ 

ʠʣʠʜʦʚ. 

ʀʣʠʜ 

ɼʣʠʥʘ ʩʚʷʟʠ C-I 

ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ, ¡ 

ɼʣʠʥʘ ʩʚʷʟʠ ʉ-I 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ, ¡ 

ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʩʚʷʟʠ C-I ʧʨʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ, ¡ 

1b 2.078 2.134 0.056 

1q 2.082 2.141 0.059 

1r 2.079 2.140 0.061 

1s 2.087 2.157 0.071 

1t 2.069 2.114 0.045 

1v 2.075 2.129 0.054 

1w 2.059 2.116 0.057 

1x 2.078 2.133 0.054 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʠʣʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʕʇʈ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʠʣʠʜʦʚ 1l-n ʩ ʘʣʢʠʥʘʤʠ 8a,b 

ʦʙʨʘʟʫʶʪʩʷ ʪʝ ʞʝ ʨʘʜʠʢʘʣʳ, ʯʪʦ ʠ ʧʨʠ ʨʝʘʢʮʠʠ ʠʣʠʜʘ 1a ʩ ʪʘʢʠʤ ʞʝ ʥʘʙʦʨʦʤ ʘʣʢʠʥʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʠʦʜʦʥʠʝʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʘʜʠʢʘʣʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ.  
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ʄʳ ʧʦʢʘʟʘʣʠ ʥʘ ʰʠʨʦʢʦʤ ʢʨʫʛʝ ʠʣʠʜʦʚ 1b,d,e,j -n, ʯʪʦ ʥʘ ʬʦʨʤʫ ʩʧʝʢʪʨʦʚ ʕʇʈ ʨʘʜʠʢʘʣʦʚ 

ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ ʚʣʠʷʝʪ ʢʘʢ ʩʪʨʫʢʪʫʨʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʣʠʜʘ, ʪʘʢ ʠ ʩʪʨʫʢʪʫʨʘ ʘʣʢʠʥʘ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʫ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʘʜʠʢʘʣʦʚ ʚʭʦʜʷʪ ʬʨʘʛʤʝʥʪʳ ʠʣʠʜʘ ʠ ʘʣʢʠʥʘ [101]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʠʥʦʚ 

ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʠʣʠʜʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʠʣʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʝʟ ʦʙʣʫʯʝʥʠʷ (ʊʘʙʣʠʮʘ 15). ʏʝʤ ʥʠʞʝ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʘʣʢʠʥʘ ʠ ʚʳʰʝ 

ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ ʠʣʠʜʘ, ʪʝʤ ʣʝʛʯʝ ʦʙʨʘʟʫʶʪʩʷ ʨʘʜʠʢʘʣʳ. ʌʦʨʤʘ ʩʧʝʢʪʨʘ ʕʇʈ, ʢʘʢ ʠ ʨʘʥʝʝ 

ʜʣʷ ʙʝʥʟʦʠʣʴʥʦʛʦ ʠʣʠʜʘ 1a, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʠ ʩʪʨʫʢʪʫʨʦʡ ʘʮʝʪʠʣʝʥʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʨʘʜʠʢʘʣʳ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʠʯʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʦʪ ʛʦʤʦʣʠʟʘ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʢʨʦʤʝ ʩʠʣʴʥʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʥʘ ʷʜʨʝ 31P, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʉʊɺ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, 

ʷʚʣʷʶʪʩʷ ʦʮʝʥʦʯʥʳʤʠ. ʂʦʥʩʪʘʥʪʳ ʉʊɺ ʥʘ ʘʪʦʤʝ 31P ʜʣʷ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʜʝʩʪʨʫʢʮʠʠ ʩʘʤʠʭ ʠʣʠʜʦʚ, ʚʳʰʝ, ʯʝʤ ʜʣʷ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʟ ʠʭ ʩʤʝʩʝʡ ʩ ʘʣʢʠʥʘʤʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝʩʧʘʨʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ 

ʦʩʪʘʪʦʢ ʘʣʢʠʥʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʢʘʣʦʚ ʜʣʷ ʨʘʟʥʳʭ 

ʠʣʠʜʦʚ ʠ ʘʮʝʪʠʣʝʥʦʚ. ɼʣʷ ʚʩʝʭ ʠʣʠʜʦʚ ʥʘʙʣʶʜʘʝʤʳʡ ʨʘʜʠʢʘʣ ʚ ʩʤʝʩʠ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʠʤʝʝʪ 

ʥʘʠʤʝʥʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʝʥʥʫʶ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʦʤʝ ʉʊɺ ʥʘ 31P. 

ɼʣʷ ʠʣʠʜʘ 1d ʩʧʝʢʪʨʳ ʕʇʈ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʩʤʝʩʷʭ ʩ ʘʮʝʪʠʣʝʥʘʤʠ, ʪʘʢʞʝ ʩʣʘʙʦ 

ʨʘʟʨʝʰʝʥʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʣʘʙʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʵʪʦʛʦ ʠʣʠʜʘ ʠ 

ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʠʣʠʜʘ 1j, ʩʦʜʝʨʞʘʱʝʛʦ 

ʜʚʘ ʘʪʦʤʘ ʬʦʩʬʦʨʘ, ʩʧʝʢʪʨ ʕʇʈ ʜʣʷ ʩʘʤʦʛʦ ʠʣʠʜʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʢʦʥʩʪʘʥʪʦʡ ʉʊɺ aP = 28.9 ɻʩ ʜʣʷ ʦʙʦʠʭ ʘʪʦʤʦʚ ʈ, ʘ ʚ ʩʣʫʯʘʝ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʩʤʝʩʠ 

ʩ ʘʣʢʠʥʘʤʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʢʦʥʩʪʘʥʪʳ ʉʊɺ (18ï20 ɻʩ ʠ 12ï13 ɻʩ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʢ ʘʪʦʤʘʤ ʬʦʩʬʦʨʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʷʜʝʨ P ʦʪ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ. ɼʣʷ ʨʝʘʢʮʠʠ ʠʣʠʜʦʚ 1l-n ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʞʝ ʨʘʜʠʢʘʣʦʚ, ʢʘʢ 

ʠ ʜʣʷ ʠʣʠʜʘ 1a. ʅʘ ʨʠʩʫʥʢʝ 33 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʕʇʈ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʤʝʩʝʡ ʠʣʠʜʘ 1b ʩ 

ʤʦʜʝʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ. ʉʧʝʢʪʨʳ ʕʇʈ ʜʣʷ ʩʤʝʩʝʡ ʠʣʠʜʦʚ 1d,j ,k ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ1. 

 

ʈʠʩʫʥʦʢ 33. ʕʇʈ-ʩʧʝʢʪʨʳ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʘ ʠʣʠʜʘ 1b ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ 8a (A), 4-ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ 8b (B) ʠ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʦʤ 8i (C), 25 ÁC. 
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ʊʘʙʣʠʮʘ 15. ʂʦʥʩʪʘʥʪʳ ʉʊɺ (ɻʩ), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʠʤʫʣʷʮʠʠ ʕʇʈ-ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ 

ʠʣʠʜʦʚ 1b,d,j ,k ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʩʤʝʩʷʭ ʩ ʘʣʢʠʥʘʤʠ. 

ʀʣʠʜ ɸʣʢʠʥ 
ʋʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ 
ʂʦʥʩʪʘʥʪʳ ʉʊɺ, ɻʩ 

1b 8a ɚ Ó 380 ʥʤ 19.74 (1P) 

8b ɚ Ó 380 ʥʤ 18.03 (1P), 2.9 (1H), 2.37 (1H), 1.5(1H) 

8i ɹʝʟ ʦʙʣʫʯʝʥʠʷ 19.99 (1P), 3.18 (1H), 2.08 (1H), 2.06 (1H), 1.89 (1H) 

1d 8a ɚ Ó 380 ʥʤ 18.85 (1P) 

8b ɹʝʟ ʦʙʣʫʯʝʥʠʷ 15.27 (1P) 

8i ɹʝʟ ʦʙʣʫʯʝʥʠʷ 14.68 (1P) 

1j 8a ɚ Ó 380 ʥʤ 16.16 (2P) 

8b ɚ Ó 380 ʥʤ 18.31 (1P), 12.02 (1P), 2.26 (5H) 

8i ɹʝʟ ʦʙʣʫʯʝʥʠʷ 
20.43 (1P), 13.21 (1P), 2.82 (1H), 2.15 (1H), 2.08 (1H), 

1.54 (1H) 

1k 8a ɚ Ó 380 ʥʤ 18.05 (1P) 

8b ɚ Ó 380 ʥʤ 16.88 (1P), 2.52 (2H), 1.98 (2H), 1.90 (5H) 

8i ɹʝʟ ʦʙʣʫʯʝʥʠʷ 18.96 (1P), 2.98 (1H), 2.61 (1H), 2.31 (1H), 1.68 (1H) 

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʠʣʠʜʘ 1e ʩ ʬʫʨʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʘʪʦʤʝ ʬʦʩʬʦʨʘ 

ʚʳʜʝʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 16, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʵʪʦʛʦ ʠʣʠʜʘ ʩʧʝʢʪʨʳ ʨʘʜʠʢʘʣʦʚ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʣʦʞʥʳʝ ʜʫʙʣʝʪʳ ʩ ʉʊɺ ʥʘ ʷʜʨʝ 31P 20ï21 ɻʩ. ɿʘʪʝʤ ʵʪʠ ʨʘʜʠʢʘʣʳ ʧʦʩʪʝʧʝʥʥʦ ʚ ʪʝʯʝʥʠʝ 20ï60 

ʤʠʥ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʣʦʞʥʳʝ ʪʨʠʧʣʝʪʳ ʩ ʉʊɺ 9ï10 ɻʩ (ʇʨʠʣʦʞʝʥʠʝ ɸ2). ɼʣʷ ʵʪʦʛʦ ʠʣʠʜʘ 

ʠʟʚʝʩʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʳʪʠʷ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ (ʉʭʝʤʘ 48) [95]. 

ʊʘʙʣʠʮʘ 16. ʂʦʥʩʪʘʥʪʳ ʉʊɺ (ɻʩ) ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʠʤʫʣʷʮʠʠ ʕʇʈ-ʩʧʝʢʪʨʦʚ ʨʘʩʪʚʦʨʦʚ 

ʠʣʠʜʘ 1e ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩ ʘʣʢʠʥʘʤʠ. 

ɸʣʢʠʥ 
ʂʦʥʩʪʘʥʪʳ ʉʊɺ çʧʝʨʚʠʯʥʦʛʦ 

ʨʘʜʠʢʘʣʘè, ɻʩ 

ʂʦʥʩʪʘʥʪʳ ʉʊɺ çʚʪʦʨʠʯʥʦʛʦ 

ʨʘʜʠʢʘʣʘè, ɻʩ 

8a 21.27 (1P), 3.90 (1H), 2.09 (3H) 9.50 (2P), 2.40 (4H) 

8b 19.74 (1P), 3.09 (1H), 2.14 (1H), 1.69 (1H) 19.88 (1P), 1.99 (4H) 

8i 20.45 (1P), 2.55 (1H), 1.98 (1H) 10.46 (2P), 2.02 (1H), 2.43 (1H) 
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ʉʭʝʤʘ 48. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʫʨʠʣʟʘʤʝʱʝʥʥʦʛʦ ʠʣʠʜʘ 1e ʩ ʘʣʢʠʥʘʤʠ 8a,b,h ʧʨʠ 

ʋʌ-ʦʙʣʫʯʝʥʠʠ. 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʨʘʜʠʢʘʣʳ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ, 

ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 34. 

 
ʈʠʩʫʥʦʢ 34. ʉʪʨʦʝʥʠʝ ʨʘʜʠʢʘʣʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʨʝʘʢʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʤʝʩʝʡ ʠʣʠʜʘ 1a ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ 8a ʠ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ 8b ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʧʠʥʦʚʳʭ ʣʦʚʫʰʝʢ PBN ʠ DMPO ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʩʤʝʩʠ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʠ ʜʣʷ 

ʩʤʝʩʠ ʩ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ ʙʝʟ ʦʙʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʘ ʣʦʚʫʰʢʠ ʩ ʨʘʜʠʢʘʣʦʤ 

ÅCH2Cl, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʬʦʪʦʣʠʟʝ ʨʘʩʪʚʦʨʘ ʩʘʤʦʛʦ ʠʣʠʜʘ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʢʦʥʮʫ 

ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʤʝʩʷʭ ʥʘʙʣʶʜʘʣʠ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʜʠʢʘʣʴʥʳʭ ʘʜʜʫʢʪʦʚ ʣʦʚʫʰʝʢ ʩ ÅPh ʠ ʨʘʜʠʢʘʣʦʚ PBN-6a ʠ DMPO-6aôô(Ox) ʜʣʷ PBN ʠ DMPO 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʜʦʣʴʰʝ, ʯʝʤ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʣʦʚʫʰʝʢ, ʬʠʢʩʠʨʦʚʘʣʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʢʘʣʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʣʠʜʘ 

1a ʩ ʘʣʢʠʥʘʤʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʣʦʚʫʰʝʢ ʨʘʜʠʢʘʣʦʚ (ʇʨʠʣʦʞʝʥʠʝ ɸ3 ʠ ɸ4). ɼʘʣʴʥʝʡʰʘʷ ʢʠʥʝʪʠʢʘ 

ʛʠʙʝʣʠ ʦʩʥʦʚʥʦʛʦ çʜʫʙʣʝʪʥʦʛʦè ʨʘʜʠʢʘʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʠʧʠʯʥʦʡ ʢʘʨʪʠʥʝ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʣʦʚʫʰʝʢ ʨʘʜʠʢʘʣʦʚ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʝʱʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʪʘʪʦʯʥʳʝ ʩʠʛʥʘʣʳ ʘʜʜʫʢʪʦʚ ʣʦʚʫʰʝʢ ʩ ʨʘʜʠʢʘʣʘʤʠ. (ʊʘʙʣʠʮʘ 17) 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʘʛʨʝʛʘʪʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʦʣʝʢʫʣ ʠʣʠʜʘ ʠ ʘʣʢʠʥʘ. ɻʝʥʝʨʠʨʫʝʤʦʝ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʢʘʣʦʚ ʦʪ ʠʣʠʜʘ ʨʝʘʛʠʨʫʝʪ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʘʜʜʫʢʪʳ ʧʨʦʜʫʢʪʘ ʵʪʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʧʠʥʦʚʳʤʠ ʣʦʚʫʰʢʘʤʠ ʤʳ ʨʝʛʠʩʪʨʠʨʫʝʤ ʚ ʩʧʝʢʪʨʝ ʕʇʈ.  ʉʧʠʥʦʚʳʝ ʣʦʚʫʰʢʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʠʥʛʠʙʠʪʦʨʦʚ, ʙʣʦʢʠʨʫʷ ʨʘʟʚʠʪʠʝ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ. 
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ʊʘʙʣʠʮʘ 17. ɿʥʘʯʝʥʠʝ ʩʠʤʫʣʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʘʥʪ ʉʊɺ ʘʜʜʫʢʪʦʚ ʨʘʜʠʢʘʣʦʚ ʨʝʘʢʮʠʠ ʠʣʠʜʘ 

1a ʠ ʘʣʢʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ. 

ʃʦʚʫʰʢʘ ɸʣʢʠʥ 

ɚʦʙʣʫʯʝʥʠʷ (ʚʨʝʤʷ 

ʦʙʣʫʯʝʥʠʝ), 

ʚʨʝʤʷ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʠʣʠ 

ʩʤʝʰʝʥʠʷ 

ʇʦʡʤʘʥʥʳʡ 

ʨʘʜʠʢʘʣ 

ʂʦʥʩʪʘʥʪʳ ʉʊɺ, ɻʩ 

aN aH aP 

PBN 8a 365 ʥʤ (2 ʤʠʥ), 9 

ʤʠʥ 
2a 

Åʉʅ2Cl 

13.95 

13.43 

7.74 

1.48 

9.41 

8b 135 ʤʠʥ 2a 
Åʉʅ2Cl 

PhÅ 

14.10 

13.43 

14.41 

7.80 

1.69 

3.05 

8.80 

145 ʤʠʥ 2a 
Åʉʅ2Cl 

PhÅ 

12*  

14.13 

13.86 

14.40 

 

7.70 

1.90 

3.07 

1.76 (3H), 2.44 

(2H), 0.46 (6H) 

8.80 

 

 

16.20 

DMPO 8a 365 ʥʤ (1 ʤʠʥ), 4 

ʤʠʥ 
2c 

Åʉʅ2Cl 

PhÅ 

6.90 

12.73 

14.00 

0.70 (2H) 

8.40, 1.55 

21.50, 0.80 (2H) 

13.10 

365 ʥʤ (1 ʤʠʥ), 

17 ʤʠʥ 
2c 

Åʉʅ2Cl 

PhÅ 

6.90 

13.00 

14.10 

0.70 (2H) 

8.40, 1.60 

21.84, 0.87 (2H) 

13.16 

8b 50 ʤʠʥ 2c 
Åʉʅ2Cl 

7.27 

12.92 

0.68 (2H) 

9.73, 0.99 

13.35 

140 ʤʠʥ 2c 
Åʉʅ2Cl 

PhÅ 

DMPOX 

12* 

6.23 

12.97 

13.50 

6.61 

0.82 (2H) 

9.60, 1.11 

20.80, 1.96 

3.46 (2H), 

2.81 (3H), 3.48 

(2H), 0.63 (6H) 

12.37 

 

 

 

15.98 

168 ʤʠʥ 2c 
Åʉʅ2Cl 

PhÅ 

12* 

6.60 

13.00 

13.78 

 

0.80 (2H) 

9.30, 1.20 

22.30, 0.93 (2H) 

1.8 (3H), 2.72 

(2H), 0.48 (6H) 

12.18 

 

 

16.32 

*ʨʘʜʠʢʘʣ 12, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʧʨʠ ʨʝʘʢʮʠʠ ʠʣʠʜʘ 1a ʠ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʘ 

8b ʚ ʦʪʩʫʪʩʪʚʠʠ ʣʦʚʫʰʝʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʘʥʥʳʭ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, 

ʯʪʦ ʨʝʘʢʮʠʷ ʥʦʩʠʪ ʨʘʜʠʢʘʣʴʥʦ-ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ (ʉʭʝʤʘ 49), ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʷʚʣʷʝʪʩʷ 

SET-ʧʨʦʮʝʩʩ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʨʦʪʢʦ ʞʠʚʫʱʝʛʦ ʨʘʜʠʢʘʣʘ 13, ʢʦʪʦʨʳʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʘʣʢʠʥʦʤ, ʜʘʝʪ ʠʥʪʝʨʤʝʜʠʘʪ 14, ʧʨʝʪʝʨʧʝʚʘʶʱʠʡ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʘʨʠʣʠʦʜʠʜʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ 11, ʢʦʪʦʨʳʡ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʕʇʈ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʤ ʘʣʢʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʨʙʢʘʪʠʦʥʘ 15, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʪʘʢʠ ʚ ʢʦʪʦʨʦʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʳʢʘʥʠʝ ʮʠʢʣʘ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʚʳʙʨʦʩ H+ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʦʩʬʠʥʦʣʠʥʦʚʦʡ ʩʠʩʪʝʤʳ. ʉʣʝʜʫʝʪ 
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ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʧʨʦʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ ʠʣʠʜʘ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ.  

 

ʉʭʝʤʘ 49. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ. 

3.4 ʀʤʧʫʣʴʩʥʳʡ ʬʦʪʦʣʠʟ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʠ ʝʛʦ ʩʤʝʩʠ ʩ 1e6 

ɺ ʩʤʝʩʠ ʠʣʠʜʘ 1e ʩ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʦʤ 8i, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʤʝʩʝʡ ʠʣʠʜʘ 1e ʩ ʜʨʫʛʠʤʠ 

ʘʣʢʠʥʘʤʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ʥʘʙʣʶʜʘʣʠ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʣʫʯʝʥʠʠ [101]. ʕʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʦʤʫ, ʯʪʦ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥ 8i ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ, ʯʝʤ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥ 8a ʠ 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 8b, ʠ ʨʝʘʢʮʠʷ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʙʦʣʝʝ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʨʫʛʠʤ ʤʝʭʘʥʠʟʤʦʤ ʨʘʩʧʘʜʘ ʠʣʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 9-

ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i [115].  

ɼʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʋʌ-ʩʚʝʪʦʤ 

ʣʝʛʢʦ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠʧʣʝʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʀʂʂ ʠʟ S1 ʩʦʩʪʦʷʥʠʷ [116]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʤʝʩʠ 1e ʠ 9-ʵʪʠʥʠʣʬʝʥʘʪʨʝʥʘ 8i ʧʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʪʨʠʧʣʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʵʪʦʤ, ʨʘʜʠʢʘʣ, ʥʘʙʣʶʜʘʝʤʳʡ ʤʝʪʦʜʦʤ ʕʇʈ, ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i ʥʘ ʠʣʠʜ 1e, ʢʘʢ 

ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʠ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʨʘʩʧʘʜʘ ʜʠʘʨʠʣʠʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [117]: 

3PAH + DPI+ Ÿ PAHÅ+ + DPIÅ 

DPIÅ Ÿ PhI + PhÅ 

ʛʜʝ PAH ï ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʚʦʜʦʨʦʜ, DPI+ ï ʜʠʬʝʥʠʣʠʦʜʦʥʠʡ. 

ʊʘʢʦʡ ʨʘʩʧʘʜ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʨʘʜʠʢʘʣ-ʢʘʪʠʦʥʘ ʠʟ PAH. ɽʩʣʠ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʦʟʤʦʞʝʥ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i ʥʘ ʠʣʠʜ 1e ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʘʪʴʩʷ ʨʘʜʠʢʘʣ 13a ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ 

                                                 
6 ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʚ ʀɹʍʌ ʈɸʅ ʠʤ. ʅ.ʄ. ʕʤʘʥʫʵʣʷ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜ.ʭ.ʥ., ʛ.ʥ.ʩ. ʅʝʢʠʧʝʣʦʚʦʡ ʊ.ɼ. 
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ʘʣʢʠʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʜʠʢʘʣʘ 13a ʩ ʘʣʢʠʥʦʤ ʤʦʞʝʪ ʜʘʚʘʪʴ ʨʘʜʠʢʘʣʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʤʝʪʦʜʦʤ 

ʕʇʈ (ʉʭʝʤʘ 50). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-

ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 1e. ʅʘ ʨʠʩʫʥʢʝ 35 ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i, ʠ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʝʛʦ ʩʤʝʩʠ ʩ 1e. ʀʟ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 8i ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ ʚ ʤʘʢʩʠʤʫʤʘʭ 

ʧʦʛʣʦʱʝʥʠʷ (ʊʘʙʣʠʮʘ 18). ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ 8i ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʯʘʩʪʴ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʕʇʈ (ʈʠʩʫʥʦʢ 35).  

 

ʈʠʩʫʥʦʢ 35. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i (1) 10-4 ʄ; (2) 10-3 ʄ; (3) ʠ ʩʤʝʩʠ 

1e (10-3 ʄ) ʠ 8i (10-3 ʄ). 

ʊʘʙʣʠʮʘ 18. ʂʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʢʮʠʠ 8i ʚ ʤʘʢʩʠʤʫʤʘʭ ʧʦʛʣʦʱʝʥʠʷ. 

ɼʣʠʥʘ ʚʦʣʥʳ, 

ʥʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʪʠʥʢʮʠʠ Ů, 

ʄ-1 Ŀ ʩʤ-1 

ɼʣʠʥʘ ʚʦʣʥʳ, 

ʥʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʪʠʥʢʮʠʠ Ů, 

ʄ-1 Ŀ ʩʤ-1 

373 170 311 15000 

355 320 298 12900 

346 400 287 7800 

338 510 
255.5 37300 

330.5 560 

ʄʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʛʦ ʬʦʪʦʣʠʟʘ ʨʘʩʪʚʦʨʘ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i (10ï3 ʄ) ʚ ʵʪʘʥʦʣʝ ʚ 

ʦʪʢʘʯʘʥʥʳʭ ʢʶʚʝʪʘʭ ʥʘʙʣʶʜʘʣʠ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ 370ï

500 ʥʤ ʠ 500ï780 ʥʤ. ʇʨʠ ʵʪʦʤ, ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʘʣʠ ʧʦʛʣʦʱʝʥʠʝ ʪʦʣʴʢʦ 

ʚ ʦʙʣʘʩʪʠ 370ï500 ʥʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ 500ï780 ʥʤ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪʥʦʤʫ (ʊ-ʊ) ʧʦʛʣʦʱʝʥʠʶ 8i 

(ʈʠʩʫʥʦʢ 36).  
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ʈʠʩʫʥʦʢ 36. ʉʧʝʢʪʨ ʪʨʠʧʣʝʪ-ʪʨʠʧʣʝʪʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i (10ï3 ʄ) 

ʯʝʨʝʟ 75 ʤʢʩ ʧʦʩʣʝ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʂʠʥʝʪʠʢʘ ʛʠʙʝʣʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʢʦʨʦʩʪʠ (2.0 Ñ 0.2) Ŀ 104 ʩ-1 (ʈʠʩʫʥʦʢ 37). ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʦʙʣʘʩʪʠ 370ï500 ʥʤ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ((650 Ñ 70) ʩï1) ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ 

ʢʠʩʣʦʨʦʜʘ (ʈʠʩʫʥʦʢ 38). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʦʪ ʠʥʪʝʨʤʝʜʠʘʪ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʨʝʚʨʘʱʝʥʠʷ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i.  

 

ʈʠʩʫʥʦʢ 37. ʂʠʥʝʪʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʠʙʝʣʠ ʧʦʛʣʦʱʝʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i ʧʨʠ 

ʠʤʧʫʣʴʩʥʦʤ ʬʦʪʦʣʠʟʝ ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ (ʩʝʨʳʝ ʢʨʠʚʳʝ) ʠ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʯʝʨʥʳʝ ʢʨʠʚʳʝ) (1) 570 ʥʤ, (2) 610 ʥʤ, (3) 630 ʥʤ, (4) 660 

ʥʤ, (5) 700 ʥʤ. 
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ʈʠʩʫʥʦʢ 38. ʂʠʥʝʪʠʢʘ ʛʠʙʝʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ɚʨʝʛ = 420 ʥʤ; ʚʩʪʘʚʢʘ ï 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 370ï500 ʥʤ ʯʝʨʝʟ 0.3 ʤʩ ʧʦʩʣʝ ʩʚʝʪʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʩʪʚʦʨ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i ʠʣʠʜʘ 1e, ʥʘʙʣʶʜʘʣʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʈʠʩʫʥʦʢ 39). 

 

ʈʠʩʫʥʦʢ 39. ʂʠʥʝʪʠʢʘ ʛʠʙʝʣʠ ʊ-ʊ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 590 ʥʤ ʙʝʟ ʠʣʠʜʘ 1e (1) ʠ ʩ 

ʜʦʙʘʚʢʘʤʠ ʠʣʠʜʘ 1e ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ: (2) 10-3 ʄ ʠ (3) 2 Ā 10-3 ʄ (ʩʝʨʳʝ ʢʨʠʚʳʝ) ʠ ʠʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

(ʯʝʨʥʳʝ ʢʨʠʚʳʝ). ɺʩʪʘʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠʜʘ 1e. 

ʀʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠʜʘ 1e ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʙʠʤʦʣʝʢʫʣʷʨʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 8i ʩ ʠʣʠʜʦʤ 1e, k = (5 Ñ 0.5) Ŀ 106 ʄ-1 ʩ-1. ʋʤʝʥʴʰʝʥʠʝ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠʜʘ 1e ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ ʩʘʤʦʛʦ ʠʣʠʜʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʉʭʝʤʘ 50. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʩ ʠʣʠʜʦʤ 1e. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥ 8i ʚ ʪʨʠʧʣʝʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʠʩʭʦʜʥʳʤ ʠʣʠʜʦʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʠʣʠʜ 1e 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʘʜʦʤ ʠʣʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ PhI ʠ ʨʘʜʠʢʘʣʘ 13a (ʉʭʝʤʘ 50 (2)), ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʮʝʪʠʣʝʥʦʤ, ʦʙʨʘʟʫʷ ʥʘʙʣʶʜʘʝʤʳʝ ʤʝʪʦʜʦʤ ʕʇʈ ʨʘʜʠʢʘʣʳ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ 

ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʪʨʠʧʣʝʪʥʳʭ ʠʥʠʮʠʘʪʦʨʦʚè ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʡ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. 

3.5 ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ï ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ 

ʬʦʩʬʠʥʦʣʠʥʦʚ 9cbô,gaô,jaô,kaô,kbô ʠ ʬʫʨʘʥʦʚ 10baô,bbô,daô,eaô,haô,iaô,ibô7 

ɼʣʷ ʨʷʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʥʘ ʩʝʨʠʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ 

ʯʝʣʦʚʝʢʘ: ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ A549, ʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ ʢʠʰʢʠ HCT116, ʢʘʨʮʠʥʦʤʳ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF7, ʘ ʪʘʢʞʝ ʥʘ ʫʩʣʦʚʥʦ ʥʦʨʤʘʣʴʥʳʭ ʜʠʧʣʦʠʜʥʳʭ ʢʣʝʪʢʘʭ ʬʠʙʨʦʙʣʘʩʪʦʚ 

WI38 (ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʄʊʊ ʪʝʩʪʝ ʢʘʯʝʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʩʪʫʧʘʣ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʧʨʝʧʘʨʘʪ ʮʠʩʧʣʘʪʠʥ; ɼʄʉʆ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʷ, ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʩʦʩʪʘʚʠʣʦ 72 ʯʘʩʘ). ɸʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʣʘʩʴ ʚ 

ʚʠʜʝ ʧʦʣʫʤʘʢʩʠʤʘʣʴʥʦʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ IC50, ʧʦʣʫʯʝʥʥʦʡ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 19. 

 

 

 

 

                                                 
7 ʀʩʧʳʪʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʘʬʝʜʨʳ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʠ 

ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʢ.ʭ.ʥ., ʥ.ʩ. ʐʫʪʢʦʚʳʤ ʀ.ɸ. 
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ʊʘʙʣʠʮʘ 19. ɼʘʥʥʳʝ IC50 (ʤʢʄ) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 9jaô,kaô,kbô ʠ 10iaô. 

 A549 HCT116 MCF7 WI38 

 

32Ñ1 19Ñ2 33Ñ2  

 

28Ñ2 8.3Ñ0.3 22.1Ñ1.0 20Ñ1 

 

24.3Ñ0.5 8.6Ñ0.7 17.7Ñ0.5 12.02Ñ0.04 

 

21Ñ2 11.8Ñ1.2 16.5Ñ0.2 10.1Ñ0.6 

 

2.0Ñ0.2 1.72Ñ0.08 2.0Ñ0.2 2.6Ñ0.3 

ʎʠʩʧʣʘʪʠʥ 8.8Ñ0.9 12Ñ2 13Ñ1 3.0Ñ0.7 

 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ï ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʡ ʬʫʨʘʥ 

10iaô ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʩʬʠʥʦʣʠʥʘʤʠ 9gaô,jaô,kaô,kbô ʥʘ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʢʘʢ ʜʣʷ 

ʬʦʩʬʠʥʦʣʠʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʬʫʨʘʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢ ʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʣʦʚʥʦ 

ʥʦʨʤʘʣʴʥʳʤʠ) ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʩʤ. ʪʘʙʣʠʮʫ 19).  

ʉʢʨʠʥʠʥʛ ʩ ʧʦʤʦʱʴʶ FCCT-ʪʝʩʪʘ8 ʥʘ ʩʦʚʤʝʩʪʥʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʦʧʫʭʦʣʝʚʦʡ (ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF-7_EGFP, ʢʘʨʮʠʥʦʤʘ ʣʝʛʢʦʛʦ 

A549_EGFP) ʠ ʥʝʦʧʫʭʦʣʝʚʦʡ (ʥʝʦʧʫʭʦʣʝʚʳʡ ʵʧʠʪʝʣʠʡ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF10A_Katushka, 

ʬʠʙʨʦʙʣʘʩʪʳ ʣʝʛʢʦʛʦ VA13_Katushka) ʵʪʠʦʣʦʛʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʬʦʩʬʠʥʦʣʠʥʘ 9kbô ʢ ʬʦʩʬʠʥʠʥʦʪʠʦʬʝʥʦʚʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

                                                 
8 FCCT-ʪʝʩʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʦʪʨʫʜʥʠʢʦʤ ʢʘʬʝʜʨʳ ʍʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʍʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʢ.ʭ.ʥ., ʜʦʮʝʥʪʦʤ ʉʢʚʦʨʮʦʚʳʤ ɼ.ɸ. 
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ʘʥʘʣʦʛʫ 9kuô (ʈʠʩʫʥʦʢ 40). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʦʧʨʷʞʝʥʥʫʶ ʬʦʩʬʠʥʠʥʦʚʫʶ ʩʠʩʪʝʤʫ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠ ʁʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 40. ʉʪʨʫʢʪʫʨʳ ʬʦʩʬʠʥʦʣʠʥʘ 9kbô ʠ ʬʦʩʬʠʥʠʥʦʪʠʦʬʝʥʘ 9kuô. 

ʋʯʠʪʳʚʘʷ ʦʜʥʫ ʠʟ ʟʘʜʘʯ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʮʠʪʦʪʦʢʩʠʯʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʨʝʟʠʩʪʝʥʪʥʳʝ ʦʧʫʭʦʣʠ, ʘʥʘʣʦʛʠʯʥʳʡ ʄʊʊ ʪʝʩʪ 

ʩʦʝʜʠʥʝʥʠʡ 9cbô ʠ 10baô,bbô,daô,eaô,haô,iaô,ibô ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʣʠʥʠʷʭ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ 

ʷʠʯʥʠʢʦʚ A2780 ʠ ʝʝ ʮʠʩʧʣʘʪʠʥ ʨʝʟʠʩʪʝʥʪʥʦʤ ʘʥʘʣʦʛʝ A2780cis. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 20. 

ʊʘʙʣʠʮʘ 20. ɼʘʥʥʳʝ IC50 (ʤʢʄ) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 9cbô, 10baô,daô,eaô. 

 A2780 A2780cis  A2780 A2780cis 

 

14.4Ñ0.9 61Ñ6 

 

0.20Ñ0.04 0.19Ñ0.03 

 

0.32Ñ0.02 0.34Ñ0.02 

 

0.33Ñ0.08 0.24Ñ0.06 

 

0.37Ñ0.06 0.44Ñ0.07 

 

0.4Ñ0.1 0.41Ñ0.04 

 

0.24Ñ0.06 0.88Ñ0.06 

 

0.7Ñ0.1 0.67Ñ0.07 

ʎʠʩʧʣʘʪʠʥ 1.7Ñ0.3 7.4Ñ0.9    

 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ï ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ Ŭ-ʧʦʣʦʞʝʥʠʷʭ 

ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ɼʅʂ-

ʠʥʪʝʨʢʘʣʠʨʫʶʱʝʡ ʛʨʫʧʧʠʨʦʚʢʠ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʬʦʩʬʠʥʦʣʠʥʘ 9cbô ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʮʠʩʧʣʘʪʠʥ-ʨʝʟʠʩʪʝʥʪʥʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʚʩʝʭ 
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ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʝʠʤ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʜʘʥʥʳʝ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦ ʧʦʭʦʞʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʥʛʠʙʠʨʦʚʘʪʴ P-ʛʣʠʢʦʧʨʦʪʝʠʥ [3] ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʙʝʣʦʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ 

ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ (ʈʠʩʫʥʦʢ 41). 

 

ʈʠʩʫʥʦʢ 41. ʉʪʨʫʢʪʫʨʘ (ʩʣʝʚʘ) P-ʛʣʠʢʦʧʨʦʪʝʠʥʘ [118ï120] ʠ (ʩʧʨʘʚʘ) ʠʥʛʠʙʠʪʦʨʦʚ P-

ʛʣʠʢʦʧʨʦʪʝʠʥʘ (ʩʚʝʨʭʫ) ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ (ʩʥʠʟʫ). 

ʈʘʟʣʠʯʠʝ ʚ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ 

ʬʫʨʘʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʠʩʧʣʘʪʠʥ-ʨʝʟʠʩʪʝʥʪʥʳʤ ʢʣʝʪʢʘʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʠʠ ʚ 

ʤʝʭʘʥʠʟʤʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʜʘʣʴʥʝʡʰʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ.   
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4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

4.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ, 13ʉ, 31ʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ çBruker ɸʄ-400è (ʨʘʙʦʯʠʝ 

ʯʘʩʪʦʪʳ 400 ʠ 100 ʄɻʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), Agilent 400-MR (ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ 400, 100 ʄɻʮ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠ çBruker Avance 500è (500 ʠ 125 ʄɻʮ). ɺ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʛʥʘʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (1ʅ: CDCl3, ŭ = 7.26 ʤ.ʜ., ʉD2Cl2, ŭ = 5.32 ʤ.ʜ., CD3CN, ŭ = 

1.94 ʤ.ʜ., DMSO-d6, ŭ = 2.49 ʤ.ʜ, 13C: CDCl3, ŭ = 77.1 ʤ.ʜ., CD3CN, ŭ = 1.4, 118.7 ʤ.ʜ., ʉD2Cl2, ŭ = 

54.0 ʤ.ʜ., DMSO-d6, ŭ = 39.51 ʤ.ʜ., ʜʣʷ 31P ï 85% H3PO4). 

ʄʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʧʨʠʙʦʨʘʭ çShimadzu IT-TOFè ʩ 

ʥʘʩʦʩʦʤ Shimadzu LC-20AD ʩ ʠʦʥʠʟʘʮʠʝʡ ʧʨʦʙʳ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ (AP-ESI) ʠ ʢʚʘʜʨʫʧʦʣʴʥʦ-ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ G3 QTof (Waters, ʉʐɸ) 

ʩ ʵʣʝʢʪʨʦʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʝʡ ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ (ʤʘʩʩʘʥʘʣʠʟʘʪʦʨ ʪʠʧʘ çʠʦʥʥʘʷ ʣʦʚʫʰʢʘè). ʅʘ ʧʨʠʙʦʨʝ Shimadzu IT-TOF ʙʳʣʠ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʩʪʨʘʮʠʠ: ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 0.3 ʤʣÅʤʠʥï1, ʨʘʩʪʚʦʨʠʪʝʣʠ ð 

ʘʮʝʪʦʥʠʪʨʠʣ, ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ. ʅʘ ʧʨʠʙʦʨʝ G3 QTof ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʩʪʨʘʮʠʠ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ 550 ÁC; ʜʘʚʣʝʥʠʝ ʦʩʫʰʘʶʱʝʛʦ ʛʘʟʘ (ʘʟʦʪ) 40 psi; ʜʘʚʣʝʥʠʝ 

ʨʘʩʧʳʣʷʶʱʝʛʦ ʛʘʟʘ 40 psi, ʜʘʚʣʝʥʠʝ ʛʘʟʘ-ʟʘʚʝʩʳ 25 psi, ʥʘʧʨʷʞʝʥʠʝ ʢʘʧʠʣʣʷʨʘ 5500 ɺ. 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʦʣʦʥʢʘʭ ʩ ʩʠʣʠʢʘʛʝʣʝʤ ʤʘʨʢʠ çMN 

Kieselgel 60è 0.04ð0.063 ʤʤ/ /230ð400 ʤʝʰ. ASTM. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ 

Gaussian 09 (ʚʝʨʩʠʷ D.01). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʦʚ PBE ʠ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ DGDZVP. 

ʀʦʥʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ (ʀʇ) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) ʚ ʬʫʥʢʮʠʦʥʘʣʝ ɤB97X-D3 [121] ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ 

def2-TZVP [122] ʚ ʙʝʩʧʣʘʪʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ORCA5.0.4 [123]. ɼʣʷ ʫʯʝʪʘ ʵʬʬʝʢʪʦʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʜʠʭʣʦʨʤʝʪʘʥ) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʥʪʠʥʫʘʣʴʥʘʷ ʤʦʜʝʣʴ SMD [124]. ʀʦʥʠʟʘʮʠʦʥʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ 

ʘʥʠʦʥʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʊʊ-ʪʝʩʪʘ [125]. ʂʣʝʪʢʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʨʝʜʝ DMEM (GibcoÊ) ʠʣʠ RPMI 1640 (GibcoÊ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʡ 10%-ʥʫʶ ʵʤʙʨʠʦʥʘʣʴʥʫʶ ʩʳʚʦʨʦʪʢʫ ʪʝʣʷʪ (GibcoÊ) ʧʨʠ 37Áʉ, 

ʚ 5%-ʥʦʡ ʘʪʤʦʩʬʝʨʝ ʉʆ2. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʢʣʝʪʢʠ ʨʘʩʩʝʚʘʣʠ ʚ 96-ʣʫʥʦʯʥʳʝ 
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ʧʣʘʥʰʝʪʳ (çʊʈʈè, ʐʚʝʡʮʘʨʠʷ) (7Ĭ103 ʢʣʝʪʦʢ ʚ 100 ʤʢʣ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʳ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 

24 ʯ, ʟʘʪʝʤ ʚʥʦʩʠʣʠ ʨʘʩʪʚʦʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯ. 

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʬʦʨʤʘʟʘʥʘ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Feyond-A400 

ʤʫʣʴʪʠʣʫʥʦʯʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 570 ʥʤ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ɿʘ 100% ʧʨʠʥʠʤʘʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʢʦʥʪʨʦʣʝ, ʛʜʝ ʢʣʝʪʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (ɼʄʉʆ). 

ʉʧʠʩʦʢ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ, ʜʠʬʝʥʠʣʭʣʦʨʬʦʩʬʠʥ, ʬʫʨʘʥ, (ʜʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʝʥʠʣʘʮʝʪʠʣʝʥ, 4-

ʵʪʠʥʠʣʘʥʠʟʦʣ, 3-ʵʪʠʥʠʣʘʥʠʟʦʣ, 2-ʵʪʠʥʠʣʘʥʠʟʦʣ, 3-ʬʪʦʨ-1-ʵʪʠʥʠʣʙʝʥʟʦʣ, 4-ʵʪʠʥʠʣʪʦʣʫʦʣ, 6-

ʤʝʪʦʢʩʠ-2-ʵʪʠʥʠʣʥʘʬʪʘʣʠʥ, 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥ, 1-ʬʝʥʠʣʧʨʦʧʠʥ, ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥ, 3,4,5-

ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ, ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪ, ʤʘʣʝʠʥʦʚʳʡ ʘʥʛʠʜʨʠʜ, 

ʜʠʤʝʪʠʣʤʘʣʝʘʪ, ʬʫʤʘʨʦʜʠʥʠʪʨʠʣ, ʥ-ʙʫʪʠʣʣʠʪʠʡ (2.5 ʄ, 1.6 ʄ ʨ-ʨ ʚ ʛʝʢʩʘʥʝ), ʥʘʪʨʠʡ, N-ʪʨʝʪ-

ɹʫʪʠʣ-Ŭ-ʬʝʥʠʣʥʠʪʨʦʥ (PBN), 5,5-ʜʠʤʝʪʠʣʧʠʨʨʦʣʠʥ-N-ʦʢʩʠʜ (DMPO), ʪʨʠʵʪʠʣʬʦʩʬʠʪ. 

ʇʦ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥ (ʜʠʵʪʠʦʢʩʠʬʦʩʬʠʥʠʣ)ʤʝʪʠʣ 

ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪ [126] ʠ ʤʝʪʠʣ 4,5,7,7-ʪʝʪʨʘʬʝʥʠʣ-7ɚ5-ʬʦʩʬʠʥʠʥʦ[2,3-b]ʪʠʦʬʝʥ-6-

ʢʘʨʙʦʢʩʠʣʘʪ (9kuô)[109]. 

ʉʧʝʢʪʨʳ ʕʇʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʕʇʈ-ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker EMX (ɻʝʨʤʘʥʠʷ) ʧʨʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 2 ʤɺʪ ʚ ʨʘʩʪʚʦʨʝ 3 Ŀ 10-2 ʄ ʠʣʠʜʘ ʚ CH2Cl2 ʜʣʷ ʦʜʥʦʛʦ ʠʣʠʜʘ 

ʠ ʚ ʩʤʝʩʠ ʩ ʘʮʝʪʠʣʝʥʘʤʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ~10-1 ʄ ʘʮʝʪʠʣʝʥʦʚ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʨʪʫʪʥʦʡ ʣʘʤʧʦʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʬʠʣʴʪʨʘ ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ ʚ ʦʙʣʘʩʪʠ 360-480 ʥʤ ʠʣʠ ʘʧʧʘʨʘʪʦʤ ɸʌʉ 

çʉʆʃɸʈʀʉè (ʈʦʩʩʠʷ) ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ 

ʘʟʦʪʘ 77Áʂ. ʇʨʠ ʟʘʧʠʩʠ ʩʧʝʢʪʨʦʚ ʘʤʧʣʠʪʫʜʘ ʤʦʜʫʣʷʮʠʠ (100 ʢɻʮ) ʚʩʝʛʜʘ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʥʘʠʤʝʥʴʰʝʡ ʰʠʨʠʥʳ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʕʇʈ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʳ WINEPR ʠ SIMFONIA (Bruker, ɻʝʨʤʘʥʠʷ), ʘ 

ʪʘʢʞʝ WinSim (NIEHS/NIH, USA) [127]. ʉʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʢʮʠʠ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʚʣʠʷʣʦ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʢʦʥʩʪʘʥʪ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʉʊɺ) ʩʧʠʥʦʚʳʭ ʘʜʜʫʢʪʦʚ, ʪʘʢ ʠ ʠʭ g-ʬʘʢʪʦʨʦʚ. ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʥʩʪʘʥʪ ʉʊɺ ʩʦʩʪʘʚʣʷʣʘ ~ 5-10 %, ʜʣʷ g-ʬʘʢʪʦʨʘ ï Ñ0.0001. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Shimadzu 

UV3101 PC ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 0.4 ʠ 1 ʩʤ. 
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ʀʤʧʫʣʴʩʥʳʡ ʬʦʪʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 20 ʩʤ ʩ 

ʧʦʤʦʱʴʶ Xe ʣʘʤʧʳ ʩ ʵʥʝʨʛʠʝʡ ʚʩʧʳʰʢʠ 150 ɼʞ. ʀʟʤʝʥʝʥʠʷ ʚ ʧʦʛʣʦʱʝʥʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ Xe ʣʘʤʧʳ (75 ɺʪ), ʤʦʥʦʭʨʦʤʘʪʦʨʘ ɿʄʇ-3, ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ, 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʥʘ ʙʘʟʝ ʮʠʬʨʦʚʦʡ ʧʣʘʪʳ PCI Bordo 211 ʠ ʇʂ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʦʙʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʪʦʬʠʣʴʪʨ ʋʌʉ-6 ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ ʚ ʦʙʣʘʩʪʠ 320-400 ʥʤ. ɺʨʝʤʷ ʚʩʧʳʰʢʠ 

ʩʦʩʪʘʚʣʷʣʦ 10 ʤʢʩ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʤʧʫʣʴʩʥʦʤʫ ʬʦʪʦʣʠʟʫ ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʧʠʨʪʦʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 9-

ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʠ ʩʤʝʩʷʤʠ 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ʩ (2-ʵʪʦʢʩʠ-1-(ʬʫʨʘʥ-2-

ʠʣʜʠʬʝʥʠʣʬʦʩʬʦʨʘʥʠʣʠʜʝʥ)-2-ʦʢʩʦʵʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥʘ ~10-3 ʄ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʫʜʘʣʷʣʠ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ.  

ʆʙʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʣʘʤʧʦʚʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʬʦʪʦʣʠʟʘ, ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

ȹAɚ= ×A0i
ɚexp(ïkit) 

ʛʜʝ ȹAɚ ï ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʧʦʛʣʦʱʝʥʠʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ, A0i
ɚ ïʧʦʛʣʦʱʝʥʠʝ i-ʪʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ, kiïʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʛʠʙʝʣʠ i-ʪʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʱʝʩʪʚʘ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ i ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ ʯʠʩʣʦʤ ʦʪ 1 ʜʦ 3. 

4.2 ʈʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʬʦʩʬʠʥʦʣʠʥʘ 9jcô 

ʂʨʠʩʪʘʣʣ C31H27O2P (9jcô) ʥʝʦʧʨʝʜʝʣʸʥʥʦʡ ʬʦʨʤʳ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʋʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʵʤʧʠʨʠʯʝʩʢʠ. ʅʝʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʘ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʣʦ ʦʙʲʝʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʦʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʀʟʤʝʨʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ 

ʬʘʢʪʦʨʳ ʃʦʨʝʥʮʘ ʠ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ SIR2002 [128]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʯʪʦ ʩʨʘʟʫ 

ʧʨʠʚʝʣʦ ʢ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ R-ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʥʝʜʦʩʪʘʶʱʠʭ ʘʪʦʤʦʚ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʦʩʪʥʦʛʦ ʌʫʨʴʝ-ʩʠʥʪʝʟʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ JANA2000 [129]. 

ɸʪʦʤʳ ʩʪʨʫʢʪʫʨʳ ʫʪʦʯʥʷʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʝ ʩʥʘʯʘʣʘ ʚ ʠʟʦʪʨʦʧʥʦʤ, ʟʘʪʝʤ ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʘʪʦʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʝʱʝʥʠʷ. ʇʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʠ ʥʝ ʫʪʦʯʥʷʣʠʩʴ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʤʝʪʠʣʴʥʦʡ 
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ʛʨʫʧʧʳ ʬʠʢʩʠʨʦʚʘʣʘʩʴ, ʠ ʝʸ ʧʦʣʦʞʝʥʠʝ ʫʪʦʯʥʷʣʦʩʴ ʚ ʨʝʞʠʤʝ ʞʝʩʪʢʦʛʦ ʪʝʣʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 21.  

ʊʘʙʣʠʮʘ 21. ɼʘʥʥʳʝ ʈʉɸ ʜʣʷ ʬʦʩʬʠʥʦʣʠʥʘ 9jcô. 

ʌʦʨʤʫʣʘ C31H27O2 P 

ʄʝʪʦʜ ʤʦʥʦʢʨʠʩʪʘʣʣ 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 462.5 

ʉʠʥʛʦʥʠʷ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P 1 21/c 1 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (¡), 

a= 15.5086(5) b= 8.7693(2) 

c= 19.1022(6) a= 90 

b= 108.823(2) g= 90 

V, ¡3 2458.96(13) 

Z 4 

Dcalc, g.cm-3 1.24898 

ʀʟʣʫʯʝʥʠʝ, ʜʣʠʥʘ ʚʦʣʥʳ(¡) Cu Ka, 1.54178 

ʊʝʤʧʝʨʘʪʫʨʘ (K) 293 

ɼʠʬʨʘʢʪʦʤʝʪʨ STOE STADI VARI 

ʊʠʧ ʩʢʘʥʠʨʦʚʘʥʠʷ w 

ʋʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʕʤʧʠʨʠʯʝʩʢʠʡ (multi-scan) 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ 4614 

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʨʝʬʣʝʢʩʦʚ (I>3s(I)) 
2012 

ɼʠʘʧʘʟʦʥ q (o) 4.85 - 71.00 

ɼʠʘʧʘʟʦʥ h, k, l -13 ¢ h ¢ 18, -10 ¢ k ¢ 10, -21 ¢ l ¢ 23 

Rint 0.0338 

R/Rw (I > 3s(I)) 0.0338 / 0.0349 

ɼʦʙʨʦʪʥʦʩʪʴ 1.04 

ʏʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ 333 

ɺʝʩʦʚʘʷ ʩʭʝʤʘ w=1(s^2^(F)+0.000121F^2^) 

Drmax (e/¡
-3) ʧʦʣʦʞʠʪ./ʦʪʨʠʮʘʪ. +0.09 / -0.11 
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4.3 ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ɼʠʬʝʥʠʣ(2-ʬʫʨʠʣ)ʬʦʩʬʠʥ [130] 

 

ʂ ʨʘʩʪʚʦʨʫ 5 ʤʣ (0.069 ʤʦʣʴ) ʬʫʨʘʥʘ ʚ 80 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ Et2O ʜʦʙʘʚʠʣʠ ʧʨʠ 0ÁC 15 ʤʣ 2.5 

ʄ ʨ-ʨʘ ʥ-ʙʫʪʠʣʣʠʪʠʷ ʚ ʛʝʢʩʘʥʝ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 2 ʯʘʩʘ. ɿʘʪʝʤ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ 0ÁC ʜʦʙʘʚʠʣʠ 5.6 ʤʣ (0.03 ʤʦʣʴ) ʜʠʬʝʥʠʣʭʣʦʨʬʦʩʬʠʥʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʦʩʪʘʚʠʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʥʘ ʥʦʯʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʩʤʝʩʴ ʦʙʨʘʙʦʪʘʣʠ 50 ʤʣ 

10%-ʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʣʴʜʦʤ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʦʪʜʝʣʠʣʠ, 

ʧʨʦʤʳʣʠ ʚʦʜʦʡ, ʩʫʰʠʣʠ ʥʘʜ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʬʦʩʬʠʥ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ ʩʠʣʠʢʘʛʝʣʝʤ (ʵʣʶʝʥʪ ï ʛʝʢʩʘʥ : ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ = 4:1). 

ɺʳʭʦʜ 6.1 ʛ (80%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 6.44 (ʜʪ, 1H, 3JHH=3.30, 3JHH=1.65, ɓ-H 

ʬʫʨʠʣ), 6.71 (ʤ, 1H, ɓ-H ʬʫʨʠʣ), 7.32-7.37 (ʤ, 6H, ʘʨʦʤ.), 7.37-7.44 (ʤ, 4H, ʘʨʦʤ.), 7.68 (ʜʜ, 1H, 

3JHH=1.77, 4JHH=0.73, Ŭ-H ʬʫʨʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): -27.02. 

2-ʊʠʝʥʠʣ(ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥ [130] 

 

ʂ ʨʘʩʪʚʦʨʫ 3 ʤʣ (0.037 ʤʦʣʴ) ʪʠʦʬʝʥʘ ʚ 150 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ Et2O ʧʨʠ 0ÁC ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʠʣʠ 10 ʤʣ 2.5 ʄ ʨ-ʨʘ ʥ-ʙʫʪʠʣʣʠʪʠʷ ʚ ʛʝʢʩʘʥʝ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ 2 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʜʦ 0ÁC ʠ ʜʦʙʘʚʠʣʠ 3.7 

ʤʣ (0.02 ʤʦʣʴ) ʜʠʬʝʥʠʣʭʣʦʨʬʦʩʬʠʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʠʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʥʘ ʥʦʯʴ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 100 ʤʣ 0.1 ʄ ʨ-ʨʘ HCl ʚʤʝʩʪʝ ʩʦ 

ʣʴʜʦʤ. ɿʘʪʝʤ ʩʤʝʩʴ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 3 ʨʘʟʘ ʧʦ 50 ʤʣ CHCl3. ʆʙʲʝʜʠʥʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʳʪʷʞʢʠ 

ʧʨʦʤʳʣʠ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ NaHCO3 ʠ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ NaCl, ʩʫʰʠʣʠ ʥʘʜ Na2SO4. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʦʪʦʛʥʘʣʠ ʚ ʚʘʢʫʫʤʝ. ʇʦʣʫʯʝʥʥʦʝ ʤʘʩʣʦ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ ʩ 

ʩʠʣʠʢʘʛʝʣʝʤ (ʵʣʶʝʥʪ ï ʛʝʢʩʘʥ : ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ = 4:1). ɺʳʭʦʜ 2.84 ʛ (53%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 7.15 (ʜʜʜ, 1H, 3JHH=4.89, 3JHH=3.55, 

4JHP=1.22, ɓ-H-ʪʠʝʥʠʣ), 7.31-7.43 (ʤ, 11H, ʘʨʦʤ.), 7.60 (ʜʜ, 1H, 3JHH=5.01, 4JHH=1.10, Ŭ-H-ʪʠʝʥʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): -19.93. 
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ʉʠʥʪʝʟ 1,2,3-ʪʨʠʤʝʪʦʢʩʠ-5-ʵʪʠʥʠʣʙʝʥʟʦʣʘ 

ɸʣʢʠʥ 1,2,3-ʪʨʠʤʝʪʦʢʩʠ-5-ʵʪʠʥʠʣʙʝʥʟʦʣ ʧʦʣʫʯʘʣʠ ʪʨʝʭʩʪʘʜʠʡʥʳʤ ʩʠʥʪʝʟʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʘ ʆʭʠʨʳ-ɹʝʩʪʤʘʥʘ ʠ 3,4,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ: 

ɼʠʵʪʠʣ (2-ʦʢʩʦ-2-ʬʝʥʠʣʵʪʠʥ)ʬʦʩʬʦʥʘʪ [131] 

 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʧʦʤʝʩʪʠʣʠ 3.579 ʛ (0.018 

ʤʤʦʣʴ) ʙʨʦʤʘʮʝʪʦʬʝʥʦʥʘ ʠ 3.29 ʛ (0.02 ʤʦʣʴ) ʪʨʠʵʪʠʣʬʦʩʬʠʪʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 160Áʉ. ɿʘʪʝʤ ʩʤʝʩʴ ʦʭʣʘʜʠʣʠ ʠ ʫʧʘʨʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʆʩʪʘʪʦʢ ʦʯʠʩʪʠʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ʵʣʶʝʥʪ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ:ʛʝʧʪʘʥ ʦʪ 1:1 ʜʦ 0:1). 

ɺʳʭʦʜ 2.552 ʛ (55 %). 

ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.25 (ʪ, 6H, 3JHH=7.1, CH2CH3), 3.61 (ʜ, 2H, 1JHP=22.7, 

PCH2), 4.06-4.16 (ʤ, 4H, CH2CH3), 7.45 (ʪ, 3JHH=7.7, 2H, ʘʨʦʤ.), 7.57 (ʪ, 1H, 3JHH=7.4, ʘʨʦʤ.), 7.95-

8.02 (ʤ, 2H, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 20.02. 

ɼʠʵʪʠʣ (1-ʜʠʘʟʦ-2-ʦʢʩʦ-2-ʬʝʥʠʣʵʪʠʣ)ʬʦʩʬʦʥʘʪ [132] 

 

ʂ ʨʘʩʪʚʦʨʫ 1.788 ʛ (7 ʤʤʦʣʴ) ʜʠʵʪʠʣ-2-ʦʢʩʦ-2-ʬʝʥʠʣʵʪʠʣʬʦʩʬʦʥʘʪʘ ʚ 12 ʤʣ CH3CN 

ʧʦʨʮʠʦʥʥʦ ʜʦʙʘʚʣʷʣʠ 0.35 ʛ (8.7 ʤʤʦʣʴ) NaH (60% ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ) ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 0Áʉ. ɿʘʪʝʤ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʜʦʙʘʚʠʣʠ 1.72 ʛ (8.7 ʤʤʦʣʴ) ʪʦʟʠʣʘʟʠʜ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ 0Áʉ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʩʤʝʩʴ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 3x10 ʤʣ CH2Cl2, 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʧʨʦʤʳʣʠ 40 ʤʣ 1ʄ NaOH, 40 ʤʣ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ Na2CO3 ʠ ʚʳʩʫʰʠʣʠ 

ʥʘʜ Na2SO4. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʣʠ ʧʦʜ ʚʘʢʫʫʦʤ, ʤʘʩʣʦ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ (ʵʣʝʁʥʪ 

ʪʨʝʪ-ʙʫʪʠʣʤʝʪʠʣʦʚʳʡ ʵʬʠʨ : ʜʠʭʣʦʨʤʝʪʘʥ 1:4). ɺʳʭʦʜ 0.602 ʛ (31 %). 

ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.24 (ʪ, 6H, 3JHH=7.1, CH2CH3), 4.04-4.22 (ʤ, 4ʅ, 

CH2CH3), 7.39 (ʪ, 2ʅ, 3JHH=7.8, ʘʨʦʤ.), 7.48 (ʪ, 3JHH=7.0, 1 ʅ, ʘʨʦʤ.), 7.63 (ʜ, 2ʅ, 3JHH=7.6, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 10.56. 
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1,2,3-ʪʨʠʤʝʪʦʢʩʠ-5-ʵʪʠʥʠʣʙʝʥʟʦʣ [132] 

 

ʂ ʨʘʩʪʚʦʨʫ 0.25 ʛ (1.3 ʤʤʦʣʴ) 3,4,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 0.53 ʛ (3.8 ʤʤʦʣʴ) 

ʧʨʦʢʘʣʝʥʥʦʛʦ K2CO3 ʚ 6 ʤʣ ʩʫʭʦʛʦ ʤʝʪʘʥʦʣʘ ʦʭʣʘʞʜʝʥʥʦʛʦ ʜʦ 0ÁC ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʜʦʙʘʚʠʣʠ 

ʨʘʩʪʚʦʨ 0.48 ʛ (1.7 ʤʤʦʣʴ) ʜʠʵʪʠʣ (1-ʜʠʘʟʦ-2-ʦʢʩʦ-2-ʬʝʥʠʣʵʪʠʣ)ʬʦʩʬʦʥʘʪʘ ʚ 7 ʤʣ ʩʫʭʦʛʦ 

ʤʝʪʘʥʦʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯʘʩ ʧʨʠ 0ÁC, ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ (ʢʦʥʪʨʦʣʴ ʊʉʍ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʨʘʟʙʘʚʣʷʣʠ 30 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʧʨʦʤʳʚʘʣʠ 10% ʨʘʩʪʚʦʨʦʤ NaHCO3. ʆʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ 

ʩʫʰʠʣʠ ʥʘʜ Na2SO4, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʆʩʪʘʪʦʢ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ (ʵʣʶʝʥʪ ʪʨʝʪ-ʙʫʪʠʣʤʝʪʠʣʦʚʳʡ ʵʬʠʨ : ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ 1:5). 

ɺʳʭʦʜ 162 ʤʛ (66%). 

ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., 400 ʄɻʮ): 3.03 (ʩ, 1H, ʉſCH), 3.85 (ʩ, 9H, OCH3), 6.73 (ʩ, 2H, ʘʨʦʤ.). 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ (ʜʠʘʮʝʪʦʢʩʠʠʦʜ)ʘʨʠʣʦʚ  

ʄʝʪʦʜ 1. ʂ 17 ʤʣ Ac2O ʜʦʙʘʚʠʣʠ 6.7 ʤʣ H2O2 50%. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 4 ʯʘʩʘ ʧʨʠ 40Áʉ. 

ɿʘʪʝʤ ʜʦʙʘʚʠʣʠ 14 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʦʜʪʦʣʫʦʣʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1.5 ʯʘʩʘ ʧʨʠ 40Áʉ, 

ʘ ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʥʘ ʥʦʯʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʦʙʘʚʠʣʠ 25 ʤʣ. ʣʝʜʷʥʦʡ ʚʦʜʳ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʄʝʪʦʜ 2. ʂ ʩʫʩʧʝʥʟʠʠ 3.08 ʛ (14.4 ʤʤʦʣʴ) NaIO4 ʠ 2.53 ʛ (30.8 ʤʤʦʣʴ) AcONa ʚ 21 ʤʣ 

ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 2.1 ʤʣ Ac2O ʜʦʙʘʚʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 14 ʤʤʦʣʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʦʜʘʥʠʟʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 2 ʯʘʩʘ. ɿʘʪʝʤ 

ʩʤʝʩʴ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʦʙʘʚʠʣʠ 70 ʤʣ H2O. ʉʤʝʩʴ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 4Ĭ20 

ʤʣ CH2Cl2, ʦʙʲʝʜʠʥʸʥʥʫʶ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʦʩʫʰʠʣʠ ʥʘʜ Na2SO4 ʠ ʫʧʘʨʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʂ 

ʞʝʣʪʦʤʫ ʤʘʩʣʫ ʜʦʙʘʚʠʣʠ 10 ʤʣ ʥ-ʛʝʢʩʘʥʘ ʠ ʧʦʩʪʘʚʠʣʠ ʥʘ ʋɿ-ʙʘʥʶ ʥʘ 5 ʤʠʥʫʪ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʞʝʣʪʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 3Ĭ5 ʤʣ ʛʝʢʩʘʥʘ ʠ ʚʳʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʇ-ʪʦʣʠʣ-ɚ3-ʠʦʜʘʥʜʠʠʣ ʜʠʘʮʝʪʘʪ (5a)[133] 

 

ʄʝʪʦʜ 1, 4-ʠʦʜʪʦʣʫʦʣ. ɺʳʭʦʜ 2.45 ʛ (52 %).  
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ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.00 (ʩ, 6H, COCH3), 2.44 (c, 3H, CH3), 7.30 

(ʜ, 2H, 3JHH=8.31, ʘʨʦʤ.), 7.98 (ʜ, 2H, 3JHH=8.31, ʘʨʦʤ.). 

ʆ-ʪʦʣʠʣ-ɚ3-ʠʦʜʘʥʜʠʠʣ ʜʠʘʮʝʪʘʪ (5b)[133] 

 

ʄʝʪʦʜ 1, 2-ʠʦʜʪʦʣʫʦʣ. ɺʳʭʦʜ 3.39 ʛ (72%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.99 (ʩ, 6H, COCH3), 2.73 (ʩ, 3H, CH3), 7.23-

7.29 (ʤ, 1H, ʘʨʦʤ.), 7.49-7.55 (ʤ, 2H, ʘʨʦʤ.), 8.18 (ʜ, 1H, 3JHH=7.82, ʘʨʦʤ.). 

(4-ʄʝʪʦʢʩʠʬʝʥʠʣ)-ɚ3-ʠʦʜʘʥʜʠʠʣ ʜʠʘʮʝʪʘʪ (5c)[133] 

 

ʄʝʪʦʜ 2, 4-ʠʦʜʘʥʠʟʦʣ. ɺʳʭʦʜ 3.35 ʛ (68 %). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.01 (ʩ, 6H, COCH3), 3.87 (ʩ, 3H, CH3), 6.97 

(ʜ, 2H, 3JHH=9.05, ʘʨʦʤ.), 8.02 (ʜ, 2H, 3JHH=9.05, ʘʨʦʤ.). 

(2-ʄʝʪʦʢʩʠʬʝʥʠʣ)-ɚ3-ʠʦʜʘʥʜʠʠʣ ʜʠʘʮʝʪʘʪ (5d)[133] 

 

ʄʝʪʦʜ 2, 2-ʠʦʜʘʥʠʟʦʣ. ɺʳʭʦʜ 1.68 ʛ (34 %). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.98 (ʩ, 6H, COCH3), 3.99 (c, 3H, OCH3), 7.04 

(ʪʜ, 1H, 3JHH=7.76, 4JHH=1.13, ʘʨʦʤ.), 7.16 (ʜʜ, 1ʅ, 
3JHH=8.38, 4JHH=1.13, ʘʨʦʤ.), 7.60 (ʤ, 1ʅ, ʘʨʦʤ.), 

8.15 (ʜʜ, 1ʅ, 3JHH = 7.76, 4JHH=1.59, ʘʨʦʤ.). 
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4-ʠʦʜʦʟʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (5e) 

 

ʂ ʩʫʩʧʝʥʟʠʠ 1 ʛ (4 ʤʤʦʣʴ) 4-ʠʦʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʚ 25 ʤʣ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʜʦʙʘʚʠʣʠ 1170 ʤʛ m-CPBA. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 20 ʯʘʩʦʚ. ɿʘʪʝʤ 

ʜʦʙʘʚʠʣʠ 35 ʤʣ H2O. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 3Ĭ5 ʤʣ ʛʝʢʩʘʥʦʤ ʠ ʚʳʩʫʰʠʣʠ 

ʧʦʜ ʚʘʢʫʫʤʦʤ.  

ɺʳʭʦʜ 583 ʤʛ (55 %). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 7.98 (ʜ, 2H, 3JHH=8.65, ʘʨʦʤ.), 8.11 (ʜ, 2ʅ, 

3JHH=8.65, ʘʨʦʤ.). 

4.3.1 ʉʠʥʪʝʟ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʬʦʩʬʦʥʠʝʚʳʭ ʩʦʣʝʡ  

ʂ ʨʘʩʪʚʦʨʫ 10 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʦʩʬʠʥʘ ʚ 10 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʜʦʙʘʚʣʷʣʠ 10.5 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʢʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʙʨʦʤʘʮʝʪʦʬʝʥʦʥʘ, 

ʤʝʪʠʣʙʨʦʤʘʮʝʪʘʪʘ, ʵʪʠʣʙʨʦʤʘʮʝʪʘʪʘ ʠʣʠ ʙʨʦʤʘʮʝʪʦʥʠʪʨʠʣʘ), ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 

3 ʯʘʩʘ ʧʨʠ 50ÁC. ɿʘʪʝʤ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ 0ÁC, ʜʦʙʘʚʣʷʣʠ 20 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 3Ĭ10 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʚʳʩʫʰʠʚʘʣʠ 

ʧʦʜ ʚʘʢʫʫʤʦʤ.  

(2-ʆʢʩʦ-2-ʬʝʥʠʣʵʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2a)[134] 

 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ, ʙʨʦʤʘʮʝʪʦʬʝʥʦʥ. ɺʳʭʦʜ: 4.33 ʛ (94%).  

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 5.49 (ʜ, 2ʅ, 2Jʅʈ=15.3, ʉʅ2), 7.55-8.08 (ʤ, 

20ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 21.54. 
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ʂʘʨʙʦʤʝʪʦʢʩʠʤʝʪʠʣʝʥʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2b)[135] 

 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ, ʤʝʪʠʣʙʨʦʤʘʮʝʪʘʪ. ɺʳʭʦʜ: 3.62 ʛ (87%). 

 ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD2Cl2, ŭ, ʤ. ʜ., J/ɻʮ, 400 ʄɻʮ): 3.62 (ʩ, 3ʅ, ʆʉʅ3), 5.51 (ʜ, 2ʅ, 
2JHP=13.6, 

ʉʅ2), 7.60-7.94 (ʤ, 15ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CD2Cl2, ŭ, ʤ.ʜ., 162 ʄɻʮ): 23.43. 

ʂʘʨʙʦʵʪʦʢʩʠʤʝʪʠʣʝʥʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2c)[136] 

 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ, ʵʪʠʣʭʣʦʨʘʮʝʪʘʪ. ɺʳʭʦʜ: 3.81 ʛ (89%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCI3, ŭ, ʤ. ʜ., J/ɻʮ, 400 ʄɻʮ): 1.01 (ʪ, 3ʅ, 3Jʅʅ=7.1, ʉʅ3), 4.03 (ʢ, 2ʅ, 

3Jʅʅ=7.1, ʆʉʅ2), 5.14 (ʜ, 2H, 
2JHP=14.2, P+CH2), 7.65-7.91 (ʤ, 15H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCI3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 20.57. 

(ʎʠʘʥʦʤʝʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2d)[137] 

 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ, ʙʨʦʤʘʮʝʪʦʥʠʪʨʠʣ. ɺʳʭʦʜ: 3.65 ʛ (95%).  

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (ʉDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 5.44 (ʜ, 2ʅ, 2Jʅʈ=15.34, ʉʅ2), 7.81-7.99 (ʤ, 

15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (ʉDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 21.18. 

(2-ʄʝʪʦʢʩʠ-2-ʦʢʩʦʵʪʠʣ)ʜʠʬʝʥʠʣʬʫʨʘʥ-2-ʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2e)[109] 

 

(2-ʌʫʨʠʣ)ʜʠʬʝʥʠʣʬʦʩʬʠʥ, ʤʝʪʠʣʙʨʦʤʘʮʝʪʘʪ. ɺʳʭʦʜ: 3.23 ʛ (80%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD2Cl2, ŭ, ʤ. ʜ., J/ɻʮ, 400 ʄɻʮ): 3.65 (ʩ, 3ʅ, ʆʉʅ3), 5.51 (ʜ, 2ʅ, 
2JHP=13.9, 

ʉʅ2), 6.81 (ʜʜʜ, 1ʅ, 
4JHP=3.8, 3JHH=3.7, 3JHH=1.8, ɓ-H-ʬʫʨʠʣ), 7.66-7.71 (ʤ, 4ʅ, ʘʨʦʤ.), 7.79-7.85 (ʤ, 

3ʅ, ʘʨʦʤ.), 7.93-7.99 (ʤ, 4ʅ, ʘʨʦʤ.), 8.06-8.07 (ʤ, 1ʅ, Ŭ-H-ʬʫʨʠʣ). 
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ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 8.74. 

(ʎʠʘʥʦʤʝʪʠʣ)ʜʠʬʝʥʠʣ(ʪʠʦʬʝʥ-2-ʠʣ)ʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2f) 

 

(2-ʊʠʝʥʠʣ)ʜʠʬʝʥʠʣʬʦʩʬʠʥ 1.86 ʤʤʦʣʴ, ʙʨʦʤʘʮʝʪʦʥʠʪʨʠʣ. ɺʳʭʦʜ 635 ʤʛ (88%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 5.85 (ʜ, 2H, 2JHP=16.14, CH2), 7.65-7.69 (ʤ, 1H, ɓ-

H ʪʠʝʥʠʣ), 7.83-7.97 (ʤ, 8H, ʘʨʦʤ.), 7.98-8.04 (ʤ, 2H, ʘʨʦʤ.), 8.11 (ʜʜʜ, 1H, 3JHP=8.02, 3JHH=3.81, 

4JHH=0.95, ʘʨʦʤ.), 8.68 (ʪʜ, 1H, 
3JHH=4.89, 4JHP=4.89, 4JHH=0.98, Ŭ-H-ʬʫʨʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 16.14 (ʜ, 1JCP=56.76, CH2), 112.66 (ʜ, 
2JCP=9.40, 

CN), 113.52 (ʜ, 1JCP=105.41, ʉʠʧʩʦ-ʪʠʝʥʠʣ), 117.06 (ʜ, 1JCP=92.14, Cʠʧʩʦ), 130.56 (ʜ, 
3JCP=13.64, 

PCCHCH), 131.10 (ʜ, 3JCP=15.85, ʘʨʦʤ.), 133.46 (ʜ, 
2JCP=11.61, PCCH), 136.27 (ʜ, 4JCP=2.40, 

PCCHCHCH), 142.60 (ʜ, 4JCP=5.34, ʘʨʦʤ.), 143.89 (ʜ, 
2JCP=10.87, PCCH-ʪʠʝʥʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 15.66. 

HRMS-ESI: ʥʘʡʜʝʥʦ 308.0654 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C18H15OPS+ 308.0657. 

(ʎʠʘʥʦʤʝʪʠʣ)ʜʠʬʝʥʠʣ(ʬʫʨʘʥ-2-ʠʣ)ʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ (2g) 

 

ɼʠʬʝʥʠʣ(2-ʬʫʨʠʣ)ʬʦʩʬʠʥ 1.61 ʤʤʦʣʴ, ʙʨʦʤʘʮʝʪʦʥʠʪʨʠʣ. ɺʳʭʦʜ 452 ʤʛ (75%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 6.36 (ʜ, 2H, 2JHP=16.51, CH2), 7.04-7.11 (ʤ, 1H, ɓ-

H-ʬʫʨʠʣ), 7.77-7.88 (ʤ, 4H, ʘʨʦʤ.), 7.89-8.06 (ʤ, 7H, ʘʨʦʤ.), 8.64 (ʫʰ. ʩ, 1H, Ŭ-H-ʬʫʨʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 14.47 (ʜ, 1JCP=56.94, CH2), 112.43 (ʜ, 
2JCP=9.77, 

CN), 113.48 (ʜ, 2J=9.77, ʘʨʦʤ.), 115.31 (ʜ, 1JCP=93.43, Cʠʧʩʦ), 130.56 (ʜ, 
3JCP=13.82, ʘʨʦʤ.), 131.76 

(ʩ, ʘʨʦʤ.), 131.96 (ʜ, 3JCP=20.46, ʘʨʦʤ.), 133.69 (ʜ, 
2JCP=11.98, ʘʨʦʤ.), 136.34 (ʜ, 

4JCP=2.76, ʘʨʦʤ.), 

155.33 (ʜ, 3JCP=7.92, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 10.03. 

HRMS-ESI: ʥʘʡʜʝʥʦ 292.0882 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C18H15ONP+ 292.0886. 
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(ʎʠʘʥʦʤʝʪʠʣ)ʜʠʬʝʥʠʣ(ʪʠʦʬʝʥ-2-ʠʣ)ʬʦʩʬʦʥʠʡ ʭʣʦʨʠʜ (2h) 

 

ʂ ʨʘʩʪʚʦʨʫ 835 ʤʛ (3.1 ʤʤʦʣʴ) 2-ʪʠʝʥʠʣ(ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥʘ ʚ 7 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦʙʘʚʠʣʠ 

0.39 ʤʣ (6.2 ʤʤʦʣʴ) ʭʣʦʨʘʮʝʪʦʥʠʪʨʠʣʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 70ÁC 24 ʯʘʩʘ. ʂ ʧʦʣʫʯʝʥʥʦʡ 

ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 25 ʤʣ Et2O. ɺʳʧʘʚʰʠʡ ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 40 ʤʣ Et2O. 

ɺʳʭʦʜ 993 ʤʛ (92%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 5.99 (ʜ, 2H, 2JHP=16.20, CH2), 7.65-7.69 (ʤ, 1H, ɓ-

H-ʪʠʝʥʠʣ), 7.82-7.89 (ʤ, 4H, ʘʨʦʤ.), 7.90-8.04 (ʤ, 6H, ʘʨʦʤ.), 8.13 (ʜʜʜ, 1H, 3JHP=8.01, 3JHH=3.82, 

4JHH=0.89, ʘʨʦʤ.), 8.68 (ʪʜ, 1H, 3JHH=4.89, 4JHP=4.89, 4JHH=0.86, Ŭ-H-ʪʠʝʥʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 16.00 (ʜ, 1JʉP=56.82, CH2), 112.62 (ʜ, 
2JʉP=9.54, 

CN), 113.50 (ʜ, 1JʉP=105.70, Cʠʧʩʦ-ʪʠʝʥʠʣ), 117.04 (ʜ, 1JʉP=91.79, Cʠʧʩʦ), 130.56 (ʜ, 3JʉP=13.51, 

PCCHCH), 131.11 (ʜ, 3JʉP=15.89, ʘʨʦʤ.), 133.43 (ʜ, 2JʉP=11.52, PCCH), 136.27 (ʜ, 1JʉP=3.18, 

PCCHCHCH), 142.55 (ʜ, 4JʉP=5.16, ʘʨʦʤ.), 143.87 (ʜ, 2JʉP=10.73, PCCH-ʪʠʝʥʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 15.71.  

HRMS-ESI: ʥʘʡʜʝʥʦ 308.0654 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C18H15OPS+ 308.0657. 

(ʎʠʘʥʦʤʝʪʠʣ)ʜʠʬʝʥʠʣ(ʬʫʨʘʥ-2-ʠʣ)ʬʦʩʬʦʥʠʡ ʭʣʦʨʠʜ (2i) 

 

ʂ ʨʘʩʪʚʦʨʫ 325 ʤʛ (1.29 ʤʤʦʣʴ) 2-ʬʫʨʠʣ(ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥ ʚ 5 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦʙʘʚʠʣʠ 

0.16 ʤʣ (2.5 ʤʤʦʣʴ) ʙʨʦʤʘʮʝʪʦʥʠʪʨʠʣʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 70ÁC 24 ʯʘʩʘ. ʂ ʧʦʣʫʯʝʥʥʦʡ 

ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 25 ʤʣ Et2O. ɺʳʧʘʚʰʠʡ ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 30 ʤʣ Et2O. 

ɺr ʭʦʜ 203 ʤʛ (48%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 6.00 (ʜ, 2H, 2JHP=16.38, CH2), 7.09 (ʜʪ, 1H, 

4JHP=3.67, 3JHH=1.77, ɓ-H-ʬʫʨʠʣ), 7.82-7.88 (ʤ, 5H, ʘʨʦʤ.), 7.90-8.03 (ʤ, 6H, ʘʨʦʤ.), 8.63-8.66 (ʤ, 

1H, Ŭ-H-ʬʫʨʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 14.59 (ʜ, 1JCP=57.50, CH2), 112.25 (ʜ, 
2JCP=9.77, 

CN), 113.59 (ʜ, 2JCP=9.58 Hz, ʘʨʦʤ.), 115.11 (ʜ, 
1JCP=93.25, Cʠʧʩʦ), 130.69 (ʜ, 

3JCP=13.82, ʘʨʦʤ.), 

131.00 (ʜ, 1JCP=132.13, ʉʠʧʩʦ-ʪʠʝʥʠʣ), 132.08 (ʜ, 3JCP=20.46, ʘʨʦʤ.), 133.70 (d, 
2JCP=11.79, ʘʨʦʤ.), 

136.50 (ʜ, 4JCP=2.95, ʘʨʦʤ.), 155.46 (ʜ, 
3JCP=7.92, ʘʨʦʤ.). 
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ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ.): 9.89. 

HRMS-ESI: ʥʘʡʜʝʥʦ 292.0882 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C18H15ONP+ 292.0886. 

((ɼʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣ)ʤʝʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪ (2j)[126] 

 

ʂ ʨʘʩʪʚʦʨʫ 1.35 ʛ (5.13 ʤʤʦʣʴ) ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ 8 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ CH2Cl2 ʜʦʙʘʚʣʷʣʠ 

ʨʘʩʪʚʦʨ 1 ʤʣ (4.66 ʤʤʦʣʴ) (ʜʠʵʪʦʢʩʠʬʦʩʬʠʥʠʣ)ʤʝʪʠʣ ʪʨʠʬʣʘʪʘ ʚ 3 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ CH2Cl2 ʧʨʠ 

0Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 24 ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɿʘʪʝʤ ʩʤʝʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 3 ʨʘʟʘ, ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʤʘʩʣʫ ʜʦʙʘʚʣʷʣʠ 20 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 3Ĭ10 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʚʳʩʫʰʠʣʠ ʧʦʜ 

ʚʘʢʫʫʤʦʤ. ɺʳʭʦʜ 2.11 ʛ (80%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (ʉDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.16 (ʪ, 6ʅ, 
3JHH = 7.1, ʉʅ3), 3.90-4.03 (ʤ, 

4ʅ, Oʉʅ2), 4.15 (ʜʜ, 2ʅ, 
2JHʈ=16.2, 2JHʈ=20.0, CH2), 7.65-7.90 (ʤ, 15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (ʉDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 162 ʄɻʮ): 14.59 (ʜ, 
2JPP=9.9), 20.14 (ʜ, 

2JPP=9.9). 

ʄʝʪʠʣʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʠʦʜʠʜ (2kô)[138] 

 

ʂ ʨʘʩʪʚʦʨʫ 2 ʛ (7.6 ʤʤʦʣʴ) ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ 8 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʜʦʙʘʚʠʣʠ 0.57 ʤʣ (9,2 

ʤʤʦʣʴ) ʤʝʪʠʣʠʦʜʠʜʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ 16 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʜʚʘ ʨʘʟʘ, ʜʦʙʘʚʣʷʣʠ 15 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʥʦʯʴ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 3Ĭ10 ʤʣ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 2.63 ʛ 

(85%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (ʉDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.14 (ʜ, 3ʅ, 
2JHʈ=13.2, CH3), 7.65-7.90 (ʤ, 

15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (ʉDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 21.69. 

4.3.2 ʉʠʥʪʝʟ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʬʦʩʬʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 3a,b,d,e. 

ʂ ʦʭʣʘʞʜʝʥʥʦʤʫ ʜʦ 0ÁC ʨʘʩʪʚʦʨʫ 4.34 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ (2a-e) ʚ 

6 ʤʣ ʤʝʪʘʥʦʣʘ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʝʤ 100 ʤʛ 
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ʥʘʪʨʠʷ ʚ 3 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ, ʥʝ ʜʦʧʫʩʢʘʷ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʚʳʰʝ 5 ÁC. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʜʦʙʘʚʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯʘʩ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 0-5ÁC. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ, ʢ ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ 

ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. ʅʝʨʘʩʪʚʦʨʝʥʥʳʡ ʦʩʘʜʦʢ ʙʨʦʤʠʜʘ ʥʘʪʨʠʷ ʦʪʜʝʣʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ 

ʜʝʢʘʥʪʠʨʦʚʘʥʠʝʤ. ʍʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ ʫʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ 

ʚʘʢʫʫʤʦʤ.  

1-ʌʝʥʠʣ-2-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʘʥʦʥ (3a)[134] 

 

ʌʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ 2a. ɺʳʭʦʜ: 1.49 ʛ (90%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CDCl3, ŭ, ʤ.ʜ., 400 ʄɻʮ): 2.96 (ʫʰ. ʩ., 1ʅ, ʉʅ), 7.34-7.89 (ʤ, 20ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 16.28. 

ʄʝʪʠʣ (ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʘʮʝʪʘʪ (3b)[135] 

 

ʌʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ 2b. ɺʳʭʦʜ: 1.24 ʛ. (86%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CDCl3, ŭ, ʤ.ʜ., 400 ʄɻʮ): 2.94 (ʫʰ. ʩ, 1ʅ, ʉʅ), 3.49 (ʫʰ. ʩ, 3ʅ, ʉʅ3), 7.38-

7.71 (ʤ, 15ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 17.75. 

ʕʪʠʣ (ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʘʮʝʪʘʪ (3c)[136] 

 

ʌʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ 2c. ɺʳʭʦʜ 3.5 ʛ (77%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CDCl3, ŭ, ʤ.ʜ., 400 ʄɻʮ): 1.05 (ʫʰ. ʩ., 3ʅ, ʉʅ3), 2.75 (ʫʰ. ʩ., 1ʅ, ʉʅ), 3.90 

(ʫʰ. ʩ., 2ʅ, ʉʅ2); 7.20-7.80 (ʤ, 15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 19.10.  
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(ʊʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʘʮʝʪʦʥʠʪʨʠʣ (3d)[137] 

 

ʌʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ 2d. ɺʳʭʦʜ: 1.06 ʛ (81%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CDCl3, ŭ, ʤ. ʜ., 400 ʄɻʮ): 1.55 (ʫʰ. ʩ., 1ʅ, ʉʅ), 7.40-7.68 (ʤ, 15ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 23.71. 

ʄʝʪʠʣ ((2-ʬʫʨʠʣ)ʜʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʘʮʝʪʘʪ (3e)[109] 

 

ʌʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ 2e. ɺʳʭʦʜ 1.12 ʛ (80%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD2Cl2, ŭ, ʤ. ʜ., 400 ʄɻʮ): 2.46, 2.78 (ʜʚʘ ʜ, 1ʅ, 
2JHʈ=23.2, ʉʅ), 3.29, 3.50 

(ʜʚʘ ʫʰ. ʩ., 3ʅ, OMe), 6.58-6.61 (ʤ, 1ʅ, ɓ-H-ʬʫʨʠʣ), 7.19 (ʫʰ. ʩ., 1ʅ, ɓ-ʅ-ʬʫʨʠʣ), 7.46-7.52 (ʤ, 4ʅ, 

ʘʨʦʤ.), 7.57-7.61 (ʤ, 2ʅ, ʘʨʦʤ.), 7.67-7.75 (ʤ, 4ʅ), ʘʨʦʤ.), 7.79 (ʫʰ. ʩ., 1ʅ). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CD2Cl2, ŭ, ʤ.ʜ., 162 ʄɻʮ): 3.52, 4.71. 

ɼʠʵʪʠʣ ((ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)ʬʦʩʬʦʥʘʪ (3j)[126] 

 

ʂ ʩʫʩʧʝʥʟʠʠ 6.7 ʤʤʦʣʴ ʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʚ 10 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʊɻʌ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 1.5 ʤʛ (2.7 ʤʤʦʣʴ) ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2j  ʚ 10 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ THF. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 0Áʉ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ, 

ʜʦʙʘʚʣʷʣʠ 8 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ. ʅʝʨʘʩʪʚʦʨʝʥʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʜʝʢʘʥʪʠʨʦʚʘʥʠʝʤ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 

ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɺʳʭʦʜ: 1.31 ʛ (80%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD2Cl2, ŭ, ʤ. ʜ., J/ɻʮ, 400 ʄɻʮ): 1.11 (ʪ, 6ʅ, 
3JHH=7.1, ʉʅ3), 1.26-1.31 (ʤ, 

1ʅ, ʉʅ), 3.80-3.88 (ʤ, 4ʅ, ʉʅ2), 7.41-7.76 (ʤ, 15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CD2Cl2, ŭ, ʤ.ʜ., J/ɻʮ, 162 ʄɻʮ): 20.38 (ʜ, 
2JʈP=50.0), 33.98 (ʜ, 

2JʈP=50.0). 
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{[(4-ʄʝʪʠʣʬʝʥʠʣ)ʩʫʣʴʬʦʥʠʣ]ʤʝʪʠʣʠʜʝʥ}(ʪʨʠʬʝʥʠʣ)-ɚ5-ʬʦʩʬʦʨʘʥ (3k)[139] 

 

ʂ ʨʘʩʪʚʦʨʫ 2 ʛ (4.95 ʤʤʦʣʴ) ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2kô ʚ 15 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʊɻʌ ʧʨʠʙʘʚʣʷʣʠ 

ʧʦ ʢʘʧʣʷʤ 3.7 ʤʣ 1.6 ʄ ʨʘʩʪʚʦʨʘ BuLi ʚ ʛʝʢʩʘʥʝ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 430 ʤʛ (2.47 ʤʤʦʣʴ) ʪʦʟʠʣ ʬʪʦʨʠʜʘ ʚ 2 ʤʣ ʊɻʌ, ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ 1 ʯʘʩ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ ʚʘʢʫʫʤʝ, 

ʜʦʙʘʚʣʷʣʠ 25 ʤʣ ʭʣʦʨʙʝʥʟʦʣʘ, ʧʨʦʤʳʚʘʣʠ 3Ĭ20 ʤʣ H2O, ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩʫʰʠʣʠ ʥʘʜ Na2SO4. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ ʜʠʭʣʦʨʤʝʪʘʥʘ ʠ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ. 

ʛʝʢʩʘʥʘ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 3Ĭ10 ʤʣ ʛʝʢʩʘʥʦʤ. ɺʳʭʦʜ: 1.5 ʛ (70%).  

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CDCl3, ŭ, ʤ. ʜ., J/ɻʮ, 400 ʄɻʮ): 2.32 (c, 3H, CH3), 2.98 (ʜ, 1ʅ, 
2JHP=11.3, 

ʉʅ), 7.00 (ʜ, 2ʅ, 3JHʅ = 8.2, ʘʨʦʤ.), 7.33 (ʜ, 2ʅ, 3JHʅ=8.2, ʘʨʦʤ.), 7.42-7.69 (ʤ, 15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 14.24. 

4.3.3 ʉʠʥʪʝʟ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ: ʢ ʦʭʣʘʞʜʝʥʥʦʤʫ ʜʦ 0Áʉ ʨʘʩʪʚʦʨʫ 0.55 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʬʦʩʬʦʥʠʝʚʦʛʦ ʠʣʠʜʘ ʚ 5 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 0.59 ʤʤʦʣʴ 

ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪʘ ʚ 3 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ, ʩʣʝʜʷ ʯʪʦʙʳ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 5Áʉ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 0-5Áʉ 1 ʯʘʩ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 104 ʤʢʣ 5.6 ʄ ʨ-ʨʘ HBF4. 

ʏʝʨʝʟ 30 ʤʠʥʫʪ ʜʦʙʘʚʣʷʣʠ 20 ʤʣ Et2O. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ, 

ʧʨʦʤʳʚʘʣʠ 3Ĭ10 ʤʣ Et2O ʠ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

(2-ʆʢʩʦ-2-ʬʝʥʠʣ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1ʘ)[100] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3a. ɺʳʭʦʜ: 330 ʤʛ (90%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD3CN, ŭ, ʤ.ʜ., 400 ʄɻʮ): 7.18-7.78 (ʤ, 25ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CD3CN, ŭ, ʤ.ʜ., 162 ʄɻʮ): 26.69.  
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(2-ʄʝʪʦʢʩʠ-2-ʦʢʩʦ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1b) [140] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3b. ɺʳʭʦʜ: 293 ʤʛ (85%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.27, 3.62 (ʦʙʘ ʫʰ. ʩ., 3H, ʉʅ3), 7.44-7.5 

(ʤ, 2H, ʘʨʦʤ.), 7.5-7.7 (ʤ, 15H, ʘʨʦʤ.), 7.74-7.81 (ʤ, 3ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 28.38, 27.36 (ʦʙʘ ʩ.). 

(2-ʕʪʦʢʩʠ-2-ʦʢʩʦ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1c)[141] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3c. ɺʳʭʦʜ: 282 ʤʛ (80%), 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., 400 ʄɻʮ) 1.23, 0.42 (ʦʙʘ ʫʰ. ʩ., 3H, CH3), 4.04, 3.77 (ʦʙʘ 

ʫʰ. ʩ., 2H, CH2), 7.44ï7.50 (ʤ., 2H, ʘʨʦʤ.), 7.50ï7.60 (ʤ., 8ʅ, ʘʨʦʤ.), 7.60ï7.69 (ʤ, 7ʅ, ʘʨʦʤ.), 7.74ï

7.81 (ʤ., 3ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ʤ.ʜ., 162 ʄɻʮ) 27.41, 28.41 (ʦʙʘ ʩ.) 

(ʎʠʘʥʦ(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1d)[142] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3d. ɺʳʭʦʜ: 294 ʤʛ (90%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (DMSO-d6, ŭ, ʤ.ʜ., 400 ʄɻʮ): 7.20-7.75 (ʤ, 15ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CH3CN, ŭ, ʤ.ʜ., 162 ʄɻʮ): 25.70.  
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(2-ʄʝʪʦʢʩʠ-2-ʦʢʩʦ-1-((2-ʬʫʨʠʣ)ʜʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1e)[109] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3e. ɺʳʭʦʜ: 252 ʤʛ (75%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD3CN, ŭ, ʤ. ʜ., J/ɻʮ, 400 ʄɻʮ): 3.57 (ʫʰ. ʩ., 3ʅ, ʆʉʅ3), 6.73-6.74 (ʤ, 1ʅ, 

ɓ-H-ʬʫʨʠʣ), 7.11-7.12 (ʤ, 1ʅ, ɓ-H-ʬʫʨʠʣ), 7.48 (ʪ, 2ʅ, 3JHH=7.2, ʘʨʦʤ.), 7.57-7.67 (ʤ, 11ʅ, ʘʨʦʤ.), 

7.75-7.80 (ʤ, 2ʅ, ʘʨʦʤ.), 8.03-8.04 (ʤ, 1ʅ, Ŭ-H-ʬʫʨʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CD3CN, ŭ, ʤ.ʜ., 162 ʄɻʮ): 16.19.  

(ɼʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣ(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1j)[97] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3j. ɺʳʭʦʜ: 291 ʤʛ (75%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.18 (ʪ, 6ʅ, 
3JʅH=7.1, CH3), 3.92-4.00 (ʤ, 4ʅ, 

CH2), 7.33 (ʜʜ, 2ʅ, 
3JʅH=7.9, 3JʅH=7.8, ʘʨʦʤ), 7.49-7.57 (ʤ, 7ʅ, ʘʨʦʤ.), 7.61-7.70 (ʤ, 11ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 162 ʄɻʮ): 22.66 (ʜ, 
2Jʈʈ=47.5, P(O)(OEt)2), 31.52 

(ʜ, 2Jʈʈ=51.5, Ph3P
+). 

(((4-ʄʝʪʠʣʬʝʥʠʣ)ʩʫʣʴʬʦʥʠʣ)(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1k)[97] 

 

(ɼʠʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ, ʬʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3k. ɺʳʭʦʜ: 338 ʤʛ (85%). 

ʉʧʝʢʪʨ ʗʄʈ 1ʅ (CD3CN, ŭ, ʤ.ʜ., 400 ʄɻʮ): 2.42 (ʩ, 3H, CH3), 7.23-7.28 (ʤ, 4ʅ, ʘʨʦʤ.), 7.43 

(ʜʜ, 2ʅ, 3JHH=7.8, 3JHH=7.9, ʘʨʦʤ.), 7.55-7.67 (ʤ, 15ʅ, ʘʨʦʤ.), 7.76- 7.80 (ʤ, 3ʅ, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31ʈ{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 28.65. 
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(2-ʦʢʩʦ-2-ʬʝʥʠʣ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʧ-ʪʦʣʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1l) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3a, ʘʨʠʣʠʦʜʦʟʦʜʠʘʮʝʪʘʪ 5a. ɺʳʭʦʜ 276 ʤʛ (73%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.34 (c, 3H, CH3), 7.12 (ʜ, 2H, 3JHH=8.19, 

ʘʨʦʤ.), 7.23 (ʜ, 2H, 3JHH=8.31, ʘʨʦʤ.), 7.51 (ʫʰ. ʩ., 3H, ʘʨʦʤ.), 7.56-7.72 (ʤ, 14H, ʘʨʦʤ.), 7.74-7.81 

(ʤ, 3H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ.): 20.78 (ʩ, CH3), 115.81, 122.94, 

123.87, 127.63, 128.26 (ʚʩʝ ʩ, ʘʨʦʤ), 129.45 (ʜ, 3JCP=12.72, ʘʨʦʤ.), 130.20, 131.88, 132.05 (ʚʩʝ ʩ, 

ʘʨʦʤ), 133.67 (ʜ, 2JCP=10.14, ʘʨʦʤ.), 140.04 (ʜ, 
3JCP=8.66, ʘʨʦʤ.), 141.76 (ʩ, ʘʨʦʤ.), 191.11 (ʜ, 

2JCP=7.37, C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 26.11.  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 597.0833 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C33H27IOP+ 597.0839. 

(2-ʦʢʩʦ-2-ʬʝʥʠʣ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʦ-ʪʦʣʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1m) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3a, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5b. ɺʳʭʦʜ 260 ʤʛ (69%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.71 (ʩ, 3H, CH3), 7.18-7.24 (ʤ, 2H, ʘʨʦʤ.), 

7.32 (ʜ, 1H, 3JCP=7.52, ʘʨʦʤ.), 7.44-7.82 (ʤ, 21H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ.): 23.39 (c, CH3), 123.37 (ʜ, 

1JCP=92.69, ʘʨʦʤ.), 128.04, 128.32, 128.92 (ʚʩʝ ʩ, ʘʨʦʤ.), 129.48 (ʜ, 
3JCP=12.53, ʘʨʦʤ.), 130.44, 

131.11, 132.07 (ʚʩʝ ʩ, ʘʨʦʤ.), 133.63 (ʜ, 2JCP=10.50, ʘʨʦʤ.), 133.57, 133.97, 139.30 (ʚʩʝ ʩ, ʘʨʦʤ.), 

139.75 (ʜ, 3JCP=8.66, ʘʨʦʤ.).  
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ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 25.47.  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 597.0802 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C33H27IOP+ 597.0839. 

(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)(2-ʦʢʩʦ-2-ʬʝʥʠʣ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)-ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1n) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3a, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5c. ɺʳʭʦʜ 212 ʤʛ (55%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.80 (c, 3H, OCH3), 6.98 (ʫʰ. ʩ., 2H, 

ʘʨʦʤ.), 7.09 (ʫʰ. ʩ., 2H, ʘʨʦʤ.), 7.42-7.88 (ʤ, 20 H).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ.): 55.63 (ʩ, OCH3), 108.48, 116.85 (ʚʩʝ 

ʩ, ʘʨʦʤ.), 123.29 (ʜ, 1JCP=92.88, ʘʨʦʤ.), 127.61, 128.19 (ʚʩʝ ʩ, ʘʨʦʤ), 129.37 (ʜ, 
3JCP=11.79, ʘʨʦʤ.), 

130.11 (ʩ, ʘʨʦʤ.), 133.56 (ʜ, 2JCP=10.32, ʘʨʦʤ.), 134.13, 137.87 (ʚʩʝ ʩ, ʘʨʦʤ.), 139.96 (ʜ, 
3JCP=8.85, 

ʘʨʦʤ.), 161.40 (ʩ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 25.87.  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 613.0788 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C33H27IO2P
+ 613.0788. 

(2-ʤʝʪʦʢʩʠʬʝʥʠʣ)(2-ʦʢʩʦ-2-ʬʝʥʠʣ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)-ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1o) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3a, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5d. ɺʳʭʦʜ 272 ʤʛ (70%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.49 (c, 3H, OCH3), 6.82-6.89 (ʤ, 2H, 

ʘʨʦʤ.), 7.12 (ʜ, 1H, 3JHH=8.31, ʘʨʦʤ.), 7.47-7.67 (ʤ, 16H, ʘʨʦʤ.), 7.74 (ʪ, 3H, 3JHH=7.31, ʘʨʦʤ.), 7.76-

7.82 (ʫʰ. ʩ., 2H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ.): 56.21 (ʩ, OCH3), 108.42 (ʜ, JCP=2.40, 

ʘʨʦʤ.), 112.49, 122.59 (ʚʩʝ ʩ, ʘʨʦʤ.), 123.47 (ʜ, 1JCP=93.06, ʘʨʦʤ.), 128.00, 128.20 (ʚʩʝ ʩ, ʘʨʦʤ), 
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129.24 (ʜ, 3JCP=12.71, ʘʨʦʤ.), 130.46 (ʩ, ʘʨʦʤ.), 133.32 (ʜ, JCP=2.58, ʘʨʦʤ.), 133.51 (ʜ, 
2JCP=10.14, 

ʘʨʦʤ.), 134.09, 134.92 (ʩ, ʘʨʦʤ.), 139.66 (ʜ, 2JCP=8.66, ʘʨʦʤ.), 156.04 (ʩ, ʘʨʦʤ.), 190.95 (ʜ, 
2JCP=7.19, 

C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 25.81.  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 613.0751 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C33H27IO2P
+ 613.0788. 

(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)(2-ʦʢʩʦ-2-ʬʝʥʠʣ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1p) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3a, 4-ʠʦʜʦʟʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 5e. ɺʳʭʦʜ 242 ʤʛ (66%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 7.45-7.95 (ʤ, 24 H).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 26.42.  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 627.0553 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C33H25IO3P
+ 627.0581. 

(2-ʤʝʪʦʢʩʠ-2-ʦʢʩʦ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʧ-ʪʦʣʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1q) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3b, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5a. ɺʳʭʦʜ 241 ʤʛ (68%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.37 (ʩ, 3H, CH3), 3.26 (ʫʰ. ʩ, 1H, OCH3), 

3.63 (ʫʰ. ʩ, 2H, OCH3), 7.28 (ʜ, 2H, 3JHH=8.19, ʘʨʦʤ), 7.43 (ʜ, 2H, 3JHH=8.19, ʘʨʦʤ.), 7.53 (ʜʜ, 6H, 

3JHP=12.78, 3JHH=7.64, ʘʨʦʤ), 7.64 (ʪʜ, 6H, 3JHH=7.70, 3.30, ʘʨʦʤ.), 7.73 - 7.82 (ʤ, 3H) (ʇʨʠʣʦʞʝʥʠʝ 

ɸ5).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ.): 20.83 (ʩ, CH3), 116.12 (ʩ, ʘʨʦʤ.), 

123.91 (ʜ, 1JCP=98.41, ʘʨʦʤ.), 129.43 (ʜ, 
3JCP=12.53, ʘʨʦʤ.), 131.65, 132.07, 132.60 (ʚʩʝ ʩ, ʘʨʦʤ.), 
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133.60 (ʜ, 2JCP=11.06, ʘʨʦʤ.), 133.68, 141.49 (ʚʩʝ ʩ, ʘʨʦʤ.), 167.63 (ʜ, 
2JCP=14.19, C=O) 

(ʇʨʠʣʦʞʝʥʠʝ ɸ6).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 27.21, 28.32 (ʇʨʠʣʦʞʝʥʠʝ ɸ5).  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 551.0630 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C28H27IO2P
+ 551.0631. 

(2-ʤʝʪʦʢʩʠ-2-ʦʢʩʦ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(ʦ-ʪʦʣʠʣ)ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1r) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3b, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5b. ɺʳʭʦʜ 147 ʤʛ (42%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ): 2.14 (ʩ, 3H, CH3), 3.45 (ʫʰ. ʩ., 3H, OCH3), 

7.24 (ʪ, 1H, 3JHH=7.55, ʘʨʦʤ.), 7.40 (ʜ, 1H, 3JHH=7.32, ʘʨʦʤ.), 7.48-7.57 (ʤ, 8H, ʘʨʦʤ.), 7.63 (ʪʜ, 6H, 

3JHH=7.29, 4JHP=3.13, ʘʨʦʤ.), 7.77 (ʪ, 3H, 3JHH=7.32, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ): 23.65 (ʩ, CH3), 123.74 (ʜ, 
1JCP=94.46, 

ʘʨʦʤ.), 124.24, 128.54 (ʚʩʝ ʩ, ʘʨʦʤ.), 129.23 (ʜ, 3JCP=12.72, ʘʨʦʤ.), 130.59, 131.73 (ʚʩʝ ʩ, ʘʨʦʤ.), 

133.40 (ʜ, 2JCP=7.27, ʘʨʦʤ.), 134.47, 139.30 (ʚʩʝ ʩ, ʘʨʦʤ.), 167.42 (ʜ, 
2JCP=13.62, C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 26.95, 27.60. 

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 551.0633 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C28H27IO2P
+ 551.0631. 

(2-ʤʝʪʦʢʩʠ-2-ʦʢʩʦ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1s) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3b, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5ʩ. ɺʳʭʦʜ 224 ʤʛ (62%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.23 (ʫʰ. ʩ., 1H, COOCH3), 3.62 (ʫʰ. ʩ., 

2H, COOCH3), 3.82 (ʩ, 3H, OCH3), 7.02 (ʜ, 2H, 3JHH=8.80, ʘʨʦʤ.), 7.43 (ʜ, 2H, 3JHH=8.62, ʘʨʦʤ.), 7.53 

(ʜʜ, 6H, 2JHP=12.56, 3JHH=7.79, ʘʨʦʤ.), 7.60-7.70 (ʤ, 6H, ʘʨʦʤ.), 7.78 (ʪ, 3H, 3JHH=7.06, ʘʨʦʤ.).  
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ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 52.16 (ʫʰ. ʩ., COOCH3), 55.63 (ʩ, 

OCH3), 109.02, 116.69 (ʩ, ʘʨʦʤ.), 123.86 (ʜ, ʘʨʦʤ., 
1JCP=97.30), 129.43 (ʜ, ʘʨʦʤ., 

2JCP=12.72), 133.60 

(ʜ, ʘʨʦʤ., 3JCP=10.50), 133.67 (ʩ, ʘʨʦʤ.), 134.72 (ʫʰ. ʩ., ʘʨʦʤ.), 161.38 (ʩ, ʘʨʦʤ.), 167.63 (ʜ, C=O, 

2JCP=13.82).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 162 ʄɻʮ): 27.08, 28.17. 

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 567.0578 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C28H25IO3P
+ 567.0581. 

(2-ʤʝʪʦʢʩʠ-2-ʦʢʩʦ-1-(ʪʨʠʬʝʥʠʣ-ɚ5-ʬʦʩʬʘʥʠʣʠʜʝʥ)ʵʪʠʣ)(2-ʤʝʪʦʢʩʠʬʝʥʠʣ)-ʠʦʜʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (1t) 

 

ʌʦʩʬʦʥʠʝʚʳʡ ʠʣʠʜ 3b, ʘʨʠʣʠʦʜʦʟʦʘʮʝʪʘʪ 5d. ɺʳʭʦʜ 229 ʤʛ (63%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ, 46Áʉ): 3.47 (c, 3H, ʉOOCH3), 3.65 (c, 3H, 

OCH3), 7.04 (ʪʜ, 1H, 3JHH=7.59, 4JHH=1.14, ʘʨʦʤ.), 7.16 (ʜʜ, 1H, 3JHH=8.32, 4JHH=0.99, ʘʨʦʤ.), 7.49-

7.66 (ʤ, 14H, ʘʨʦʤ.), 7.76 (ʪʜ, 3JHH=7.48, 4JHH=1.83 Hz, 3H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ, 46Áʉ): 51.86 (ʩ, COOCH3), 56.28 (ʩ, 

OCH3), 108.64, 112.27, 122.82 (ʚʩʝ ʩ, ʘʨʦʤ.), 123.94 (ʜ, 
1JCP=93.55, ʘʨʦʤ.), 129.19 (ʜ, 

3JCP=12.72, 

ʘʨʦʤ.), 133.46 (ʜ, 2JCP=9.99, ʘʨʦʤ.), 133.40, 133.66, 134.94, 155.96 (ʚʩʝ ʩ, ʘʨʦʤ.), 167.59 (ʜ., 

2JCP=13.62, COOCH3).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 202 ʄɻʮ, 46Áʉ): 27.70.  

ʄʘʩʩ-ʩʧʝʢʪʨ: ʥʘʡʜʝʥʦ m/z 567.0544 [M+]; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C28H25IO3P
+ 567.0581. 

(ʎʠʘʥʦ(ʜʠʬʝʥʠʣ(ʪʠʦʬʝʥ-2-ʠʣ)ʬʦʩʬʦʨʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ ʙʨʦʤʠʜ (1f) 

 

ʂ ʩʫʩʧʝʥʟʠʠ 500 ʤʛ (1.28 ʤʤʦʣʴ) ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2f ʚ 4 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ ʧʨʠ 

0ÁC ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ 31 ʤʛ (1.34 ʤʤʦʣʴ) ʥʘʪʨʠʷ ʚ 1 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ 

ʤʝʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ -5-0ÁC. ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʠʣʠ ʨ-ʨ 415 ʤʛ (1.28 ʤʤʦʣʴ) ʬʝʥʠʣʠʦʜʦʟʦʘʮʝʪʘʪʘ ʚ 2 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ, 

ʧʦʜʜʝʨʞʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ 0ÁC. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 0ÁC 40 ʤʠʥʫʪ. ɿʘʪʝʤ ʢ 
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ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 50 ʤʣ Et2O. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 5 ʤʣ ʚʦʜʳ, 150 ʤʣ 

ʘʙʩʦʣʶʪʥʦʛʦ Et2O. ɺʳʭʦʜ 106 ʤʛ (14%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ): 7.41 (ʤ, 3H, ʘʨʦʤ.), 7.53-7.77 (ʤ, 12H, 

ʘʨʦʤ.), 7.78-7.86 (ʤ, 2H, ʘʨʦʤ.), 8.32-8.41 (ʫʰ. ʩ, 1H, Ŭ-H-ʪʠʝʥʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ): 122.39 (ʩ, ʉʠʧʩʦ), 123.65 (ʜ, 

1JCP=99.00, Cʠʧʩʦ), 123.55 (ʜ, 
2JCP=14.53, CN), 129.69 (ʜ, 3JCP=12.72, PCCHCH), 130.11 (ʜ, 

3JCP=16.35, ɓ-C-ʪʠʝʥʠʣ) 130.73 (ʩ, ʘʨʦʤ.), 132.83 (ʩ, ʘʨʦʤ.), 132.92 (ʩ, ʘʨʦʤ.), 133.09 (ʜ, 2JCP=10.90, 

PCCH), 134.45 (ʫʰ. ʩ, PCCHCHCH), 139.52 (ʜ, 3JCP=3.63, Ŭ-H-ʪʠʝʥʠʣ), 141.38 (ʜ, 2JCP=9.99, ɓ-C-

ʪʠʝʥʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., 202 ʄɻʮ): 20.99. 

HRMS-ESI: ʥʘʡʜʝʥʦ 509.9934 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C24H18NIPS+ 509.9937. 

(ʎʠʘʥʦ(ʜʠʬʝʥʠʣ(ʪʠʦʬʝʥ-2-ʠʣ)ʬʦʩʬʦʨʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ ʭʣʦʨʠʜ (1h) 

 

ʂ ʩʫʩʧʝʥʟʠʠ 811 ʤʛ (2.36 ʤʤʦʣʴ) ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2h ʚ 7 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ ʧʨʠ 

0ÁC ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ 57 ʤʛ (2.48 ʤʤʦʣʴ) ʥʘʪʨʠʷ ʚ 2 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ 

ʤʝʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ -5-0ÁC. ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʠʣʠ ʨ-ʨ 760 ʤʛ (2.36 ʤʤʦʣʴ) ʬʝʥʠʣʠʦʜʦʟʦʘʮʝʪʘʪʘ ʚ 4 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ, 

ʧʦʜʜʝʨʞʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ 0ÁC. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 0ÁC 1 ʯʘʩ. ɿʘʪʝʤ ʢ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 100 ʤʣ Et2O. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 10 ʤʣ ʚʦʜʳ, 250 ʤʣ 

ʘʙʩʦʣʶʪʥʦʛʦ Et2O. ɺʳʭʦʜ 1006 ʤʛ (78%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 7.41-7.49 (ʤ, 3H, ʘʨʦʤ.), 7.55-7.71 (ʤ, 11H, ʘʨʦʤ.), 

7.74 (ʜʜ, 1H, 3JHH=7.55, 3JHH=3.76, ʘʨʦʤ.), 7.83 (ʪ, 2H, 3JHH=7.18, PCCHCHCH), 8.39 (ʪ, 1H, 

3JHH=4.49, Ŭ-H-ʪʠʝʥʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 122.36 (ʩ., ʉʠʧʩʦ), 123.58 (ʜ, 
1JCP=96.27, Cʠʧʩʦ), 

123.49 (ʜ, 2JCP=13.62, CN), 129.70 (ʜ, 3JCP=13.62, PCCHCH), 130.13 (ʜ, 3JCP=14.53, ɓ-C-ʪʠʝʥʠʣ), 

130.73 (c, ʘʨʦʤ.), 132.82 (ʩ, ʘʨʦʤ.), 132.94 (ʩ, ʘʨʦʤ.), 133.10 (ʜ, 2JCP=11.81, PCCH), 134.45 (ʜ, 

4JCP=1.82, PCCHCHCH), 139.53 (ʜ, 3JCP=4.54, Ŭ-H-ʪʠʝʥʠʣ), 141.38 (ʜ, 2JCP=10.90, ɓ-C-ʪʠʝʥʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 21.48. 

HRMS-ESI: ʥʘʡʜʝʥʦ 509.9941 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C24H18NIPS+ 509.9937. 
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(ʎʠʘʥʦ(ʜʠʬʝʥʠʣ(ʬʫʨʘʥ-2-ʠʣ)ʬʦʩʬʦʨʘʥʠʣʠʜʝʥ)ʤʝʪʠʣ)-(ʬʝʥʠʣ)ʠʦʜʦʥʠʡ ʭʣʦʨʠʜ (1i) 

 

ʂ ʩʫʩʧʝʥʟʠʠ 805 ʤʛ (2.46 ʤʤʦʣʴ) ʬʦʩʬʦʥʠʝʚʦʡ ʩʦʣʠ 2i ʚ 7 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ ʧʨʠ 

0ÁC ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ 59 ʤʛ (2.58 ʤʤʦʣʴ) ʥʘʪʨʠʷ ʚ 2 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ 

ʤʝʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ -5-0ÁC. ɿʘʪʝʤ ʢ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʠʣʠ ʨ-ʨ 791 ʤʛ (2.46 ʤʤʦʣʴ) ʬʝʥʠʣʠʦʜʦʟʦʘʮʝʪʘʪʘ ʚ 4 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ, 

ʧʦʜʜʝʨʞʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ 0ÁC. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 0ÁC 1 ʯʘʩ. ɿʘʪʝʤ ʢ 

ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 100 ʤʣ Et2O. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 10 ʤʣ ʚʦʜʳ, 250 ʤʣ 

ʘʙʩʦʣʶʪʥʦʛʦ Et2O. ɺʳʭʦʜ 5 ʤʛ (<1%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (DMSO-d6, ŭ, ʤ.ʜ., J/ɻʮ): 6.85 (ʫʰ. ʩ., 1ʅ, ɓ-ʅ-ʬʫʨʠʣ), 7.33-7.46 (ʤ, 3H, 

ʘʨʦʤ.), 7.51-7.77 (ʤ, 11H, ʘʨʦʤ.), 7.81 (ʪ, 2H, 3JHH=6.14, PCCHCHCH), 8.31 (ʫʰ. ʩ., 1H, Ŭ-H-

ʪʠʝʥʠʣ). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (DMSO-d6, ŭ, ʤ.ʜ.): 15.52. 

4.4 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʬʦʩʬʠʥʦʣʠʥʦʚ 9 ʠ ʬʫʨʘʥʦʚ 10 

ʂ ʨʘʩʪʚʦʨʫ 0.15 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʣʠʜʘ (1a,b,c) ʚ 6 ʤʣ CH2Cl2 ʚ ʟʘʢʨʳʪʦʡ ʦʪ ʩʚʝʪʘ 

ʢʦʣʙʝ ʜʦʙʘʚʣʷʣʠ 0.45 ʤʤʦʣʴ ɼʄɸɼ ʠ 0.20 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʢʠʥʘ. ɿʘ ʧʨʦʭʦʞʜʝʥʠʝʤ 

ʨʝʘʢʮʠʠ ʩʣʝʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʊʉʍ (ʵʣʶʝʥʪ CH2Cl2:MeOH = 20:1). ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ CH2Cl2 ʠ 

ʩʤʝʩʴ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ (ʵʣʶʝʥʪʳ ï ʙʝʥʟʦʣ, CH2Cl2, ʩʤʝʩʴ CH2Cl2:MeOH ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʦʪ 250:1 ʜʦ 50:1). 

ʌʝʥʠʣ(1,1,4-ʪʨʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)ʤʝʪʘʥʦʥ (9aaô)[96] 

 

ʀʣʠʜ 1a, ʬʝʥʠʣʘʮʝʪʠʣʝʥ 6a. ɺʳʭʦʜ 49 ʤʛ (68%).  
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ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 7.09-7.11 (ʤ, 1H, ʘʨʦʤ.), 7.17 (ʜ, 1H, 

2JHP=31.4, ʘʨʦʤ.), 7.23-7.25 (ʤ, 1H, ʘʨʦʤ.), 7.35-7.45 (ʤ, 9H, ʘʨʦʤ.), 7.50-7.55 (ʤ, 6H, ʘʨʦʤ.), 7.67-

7.78 (ʤ, 3H, ʘʨʦʤ), 7.88 (ʜʜ, 4H, 3JHP=13.4, 3JHH=6.8, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 2.90 

ʄʝʪʠʣ 1,1,4-ʪʨʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9abô)[109] 

 

ʀʣʠʜ 1b, ʬʝʥʠʣʘʮʝʪʠʣʝʥ 6a. ɺʳʭʦʜ 48 ʤʛ (74%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., 400 ʄɻʮ): 3.55 (ʫʰ. ʩ, 3ʅ, ʆʉʅ3), 6.88-7.63 (ʤ, 16ʅ, ʘʨʦʤ.), 

7.31-7.66-7.75 (ʤ, 4ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 6.04. 

ʕʪʠʣ 1,1,4-ʪʨʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9acô)[96] 

 

ʀʣʠʜ 1c, ʬʝʥʠʣʘʮʝʪʠʣʝʥ 6a. ɺʳʭʦʜ 30 ʤʛ (45 %).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.09 (ʫʰ.ʩ., 3H, ʉʅ3), 4.06 (ʫʰ. ʩ., 2H, Oʉʅ2), 

7.01-7.06 (ʤ, 1H, ʘʨʦʤ.), 7.25-7.34 (ʤ, 2H, ʘʨʦʤ.), 7.36-7.59 (ʤ, 14H, ʘʨʦʤ.), 7.76 (ʜʜ, 4H, 3Jʅʈ=12.9, 

3Jʅʅ=7.3, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 3.80 
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(4-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)(ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9baô)[96] 

 

ʀʣʠʜ 1a, 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 6b. ɺʳʭʦʜ 8 ʤʛ (10%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.83 (c, Oʉʅ3), 6.91 (ʜ, 2H, 3Jʅʅ=8.6, ʘʨʦʤ.), 

7.05-7.13 (ʤ, 1ʅ, ʘʨʦʤ.),7.13 (ʜ, 1H, 3Jʅʈ=31.4, ʘʨʦʤ.), 7.27 (ʜ, 2H, 3Jʅʅ=8.6, ʘʨʦʤ.), 7.33-7.44 (ʤ, 

6H, ʘʨʦʤ.), 7.47-7.58 (ʤ, 6H, ʘʨʦʤ.), 7.63-7.70 (ʤ, 2H, ʘʨʦʤ.), 7.87 (ʜʜ, 4H, 3Jʅʈ=13.9, 3Jʅʅ=7.4, 

ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 3.06. 

(5-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʬʝʥʠʣʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

(10baô)[96] 

 

ʀʣʠʜ 1a, 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 6b. ɺʳʭʦʜ 64 ʤʛ (72%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.84 (ʩ, 3H, OCH3), 6.52 (ʜ, 1H, 
3JHP=3.85, ɓ-

H-ʬʫʨʠʣ), 6.96 (ʜ, 2H, 3JHH=8.93, ʘʨʦʤ.), 7.08 (ʪ, 2H, 
3JHH=7.73, ʘʨʦʤ.), 7.15-7.25 (ʤ, 3H, ʘʨʦʤ.), 

7.64-7.75 (ʤ, 14H, ʘʨʦʤ.), 7.78-7.85 (ʤ, 3H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 14.17. 
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ʄʝʪʠʣ 4-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9bbô)[109] 

 

ʀʣʠʜ 1b, 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 6b. ɺʳʭʦʜ 10 ʤʛ (14%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.51 (ʫʰ.ʩ., 3H, COOCH3), 3.79 (ʩ, 3H, 

OCH3), 6.89 (ʜ, 2H, 3JHH=8.7, ʘʨʦʤ.), 6.98-7.01 (ʤ, 1ʅ, ʘʨʦʤ.), 7.24-7.27 (ʤ, 3ʅ, ʘʨʦʤ.), 7.31-7.41 (ʤ, 

3ʅ, ʘʨʦʤ.), 7.45-7.55(ʤ, 6ʅ, ʘʨʦʤ.), 7.68-7.69 (ʤ, 4ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 5.67. 

(2-ʤʝʪʦʢʩʠ-5-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

(10bbô)[109] 

 

ʀʣʠʜ 1b, 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 6b. ɺʳʭʦʜ 38 ʤʛ (46%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CD2Cl2, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.83 (ʩ, 3H, OCH3), 4.04 (c, 3H, COOCH3), 

6.33 (ʜ, 1H, 3JHH=2.6, ʘʨʦʤ.), 6.95 (ʜ, 2H, 3JHH=9.0, ʘʨʦʤ.), 7.54 (ʜ, 2H, 3JHH=9.0, ʘʨʦʤ.), 7.66 (ʜʜ, 

6H, 3JHP=13.5, 3JHH=7.2, ʘʨʦʤ.), 7.70-7.78 (ʤ, 6H, ʘʨʦʤ.), 7.87-7.92 (ʤ, 3H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CD2Cl2, ŭ, ʤ.ʜ., 162 ʄɻʮ): 12.22. 
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ʕʪʠʣ 4-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9bcô)[96] 

 

ʀʣʠʜ 1c, 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 6b. ɺʳʭʦʜ 6 ʤʛ (9%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 0.92 (ʫʰ. ʩ., 3ʅ, Cʅ3), 3.73 (ʩ, 3ʅ, ʆCʅ3), 

3.91 (ʫʰ. ʩ., 2ʅ, Cʅ2), 6.83 (ʜ, 2ʅ, 
3JCH=8.7, ʘʨʦʤ.), 6.90 (ʪ, 1ʅ, ʘʨʦʤ.), 7.14-7.18 (ʤ, 1ʅ, ʘʨʦʤ.), 

7.21 (ʜ, 2ʅ, 3JCH=8.7, ʘʨʦʤ.), 7.25-7.42 (ʤ, 9ʅ, ʘʨʦʤ.), 7.61-7.66 (ʤ, 4ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 3.76. 

(2-ʵʪʦʢʩʠ-5-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (9bcô) 

 

ʀʣʠʜ 1c, 4-ʵʪʠʥʠʣʘʥʠʟʦʣ 6b. ɺʳʭʦʜ 43 ʤʛ (51%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.09 (ʪ, 3H, 3Jʅʅ=7.1, CH3), 3.79 (c, 3H, 

OCH3), 4.44 (ʢ, 
3Jʅʅ=7.1, 2H, CH2), 6.32 (ʜ, 1H, 

3Jʅʈ=2.6, ɓ-ʅ-ʬʫʨʠʣ), 6.89 (ʜ, 2H, 3Jʅʅ=8.8, ʘʨʦʤ.), 

7.48 (ʜ, 2H, 3Jʅʅ=8.8, ʘʨʦʤ.), 7.64 (ʜʜ, 6ʅ, 
3Jʅʈ=13.6, 3Jʅʅ=7.4, ʘʨʦʤ.), 7.73-7.75 (ʤ, 6H, ʘʨʦʤ.), 7.80-

7.90 (ʤ, 3H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 13.96 (c, CH3), 54.99 (c, OCH3), 68.75 

(c, OCH2), 104.17 (ʜ, 
2JCP=10.1, ɓ-ʉ-ʬʫʨʠʣ), 114.01 (c, ʘʨʦʤ.), 118.16 (ʜ, 1JCP=94.0, ɓ-ʉ-ʬʫʨʠʣ), 

120.50 (c, ʘʨʦʤ.), 124.77 (c, ʘʨʦʤ.), 130.27 (ʜ, 1JCP=126.1, ʘʨʦʤ.), 130.03 (ʜ, 
3JCP=13.3, ʘʨʦʤ.), 133.37 

(ʜ, 2JCP=11.1, ʘʨʦʤ.), 134.99 (ʜ, 
4JCP=3.0, ʘʨʦʤ.), 147.61 (ʜ, 

3JCP=13.6, Ŭ-ʉ-ʬʫʨʠʣ), 159.44 (c, ʘʨʦʤ.), 

164.15 (ʜ, 2JCP=13.4, Ŭ-ʉ-ʬʫʨʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 12.08. 

HRMS-ESI: ʥʘʡʜʝʥʦ 479.1769 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C31H28O3P
+ 479.1771. 
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(4-(3-ʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)(ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9caô) 

 

ʀʣʠʜ 1a, 3-ʵʪʠʥʠʣʘʥʠʟʦʣ 6c. ɺʳʭʦʜ 31 ʤʛ (40%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CD2Cl2, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.78 (c, 3H, OCH3), 6.79 (ʜʜ, 1H, 3JHH=8.16, 

4JHH=2.23, ʘʨʦʤ.), 6.88 (ʩ, 1H, ʘʨʦʤ.), 6.92 (ʜ, 1H, 3JHH=7.64, ʘʨʦʤ.), 7.11 (ʜ, 1H, 3JHP=31.42, ʘʨʦʤ.), 

7.08-7.14 (ʤ, 1H, ʘʨʦʤ.), 7.25 (ʪ, 1H, 3JHH=7.86, ʘʨʦʤ.), 7.33-7.45 (ʤ, 6H, ʘʨʦʤ.), 7.49-7.65 (ʤ, 8H, 

ʘʨʦʤ.), 7.80-7.90 (ʤ, 4H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H}  (CD2Cl2, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 55.48 (ʩ, OCH3), 96.76 (ʜ, 
1JCP=84.0, 

ʘʨʦʤ.), 108.32 (ʜ, 3JCP=11.5, ʘʨʦʤ.), 113.27, 114.18 (ʚʩʝ ʩ, ʘʨʦʤ.), 116.92 (ʜ, 
2JCP=10.8, ʘʨʦʤ.), 124.53 

(ʜ, 2JCP=11.2, ʘʨʦʤ.), 128.40 (ʩ, ʘʨʦʤ.), 128.73 (ʜ, 
3JCP=12.9, ʘʨʦʤ.), 129.18, 129.93, 131.50, 131.98, 

132.34 (ʚʩʝ ʩ, ʘʨʦʤ.), 133.32 (ʜ, 3JCP=7.2, ʘʨʦʤ.), 133.85 (ʜ, 
3JCP=10.8, ʘʨʦʤ.), 133.94 (ʜ, 

2JCP=8.7, 

ʘʨʦʤ.), 135.55 (ʩ, ʘʨʦʤ.), 141.14 (ʜ, 2JCP=10.2, ʘʨʦʤ.), 142.31 (ʜ, 
4JCP=4.3, ʘʨʦʤ.), 161.53 (ʩ, ʘʨʦʤ.), 

188.91 (ʫʰ. ʩ., C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CD2Cl2, ŭ, ʤ.ʜ., 162 ʄɻʮ): 2.87.  

HRMS-ESI: ʥʘʡʜʝʥʦ 511.1814 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C35H28O2P
+ 511.1821. 

ʄʝʪʠʣ 4-(3-ʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9cbô) 

 

ʀʣʠʜ 1b, 3-ʵʪʠʥʠʣʘʥʠʟʦʣ 6c. ɺʳʭʦʜ 25 ʤʛ (36%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ, 50Áʉ): 3.58 (ʫʰ. ʩ., 3H, COOCH3), 3.85 (ʩ, 3H, 

OCH3), 6.84 (ʜ, 1H, 
3JHH=8.24, ʘʨʦʤ.), 6.96-7.07 (ʤ, 3H, ʘʨʦʤ), 7.25-7.34 (ʤ, 2H, ʘʨʦʤ), 7.37-7.59 (ʤ, 

9H, ʘʨʦʤ.), 7.76 (ʜʜ, 4H, 3JHP=12.89, 3JHH=7.40, ʘʨʦʤ.).  
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ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ, 50Áʉ): 50.20 (ʩ, COOCH3), 55.27 (ʩ, 

OCH3), 108.94 (ʜ, 
1JCP=89.92, ʘʨʦʤ.), 111.71, 115.22, 115.75, 122.86 (ʚʩʝ ʩ, ʘʨʦʤ.), 123.07 (ʜ, 

3JCP=12.72, ʘʨʦʤ.), 125.39 (ʜ, 
2JCP=8.17, ʘʨʦʤ.), 128.22 (ʩ, ʘʨʦʤ.), 128.48 (ʜ, 

3JCP=12.72, ʘʨʦʤ.), 

129.03, 131.14, 131.61 (ʚʩʝ ʩ, ʘʨʦʤ.), 132.99 (ʜ, 2JCP=8.17, ʘʨʦʤ.), 133.23 (ʜ, 
2JCP=10.90, ʘʨʦʤ.), 

141.92 (ʜ, 2JCP = 4.54, ʘʨʦʤ.), 144.38, 159.80 (ʚʩʝ ʩ, ʘʨʦʤ.), 168.48 (ʜ, 
2JCP=13.63, C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 202 ʄɻʮ, 50Áʉ): 5.78.  

HRMS-ESI: ʥʘʡʜʝʥʦ 465.1585 [M+H]  +; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H26O3P
+ 465.1614. 

(5-(2-ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʬʝʥʠʣʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (10daô) 

 

ʀʣʠʜ 1a, 2-ʵʪʠʥʠʣʘʥʠʟʦʣ 6d. ɺʳʭʦʜ 61 ʤʛ (68%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.82 (ʩ, 3H, OCH3), 6.86 (ʜ, 1H, 
3JHP=4.03, ɓ-

H ʬʫʨʠʣ), 6.99 (ʜ, 1H, 3JHH=8.38, ʘʨʦʤ.), 7.06-7.14 (ʤ, 3H, ʘʨʦʤ.), 7.20-7.26 (ʤ, 3H, ʘʨʦʤ.), 7.34-

7.41 (ʤ, 1H, ʘʨʦʤ.), 7.66-7.87 (ʤ, 15H, ʘʨʦʤ.), 7.94 (ʜʜ, 1H, 3JHH=7.83, 4JHH=1.47, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 55.43 (ʩ, OCH3), 98.82 (ʜ, 
1JCP=112.3, 

ʘʨʦʤ.), 107.43 (ʜ, 3JCP=12.1, ʘʨʦʤ.), 114.89, 121.32, 126.54, 127.97, 128.73, 129.15, 130.12 (ʚʩʝ ʩ, 

ʘʨʦʤ.), 131.02 (ʜ, 3JCP=13.4, ʘʨʦʤ.), 134.43 (ʜ, 
2JCP=10.7, ʘʨʦʤ.), 136.01 (ʜ, 

4JCP=3.1, ʘʨʦʤ.), 157.16 

(ʜ, 3JCP=13.8, ʘʨʦʤ.), 161.23 (ʩ, ʘʨʦʤ.), 162.18 (ʜ, 2JCP=17.8, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 14.33.  

HRMS-ESI: ʥʘʡʜʝʥʦ 511.1791 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C35H28O2P
+ 511.1821. ʅʘʡʜʝʥʦ 87.0034 

[M]-; ʚʳʯʠʩʣʝʥʦ ʜʣʷ BF4
- 87.0034. 

ʄʝʪʠʣ 4-(2-ʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9dbô) 

 

ʀʣʠʜ 1b, 2-ʵʪʠʥʠʣʘʥʠʟʦʣ 6d. ɺʳʭʦʜ 56 ʤʛ (68%).  
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ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ): 3.56 (ʫʰ. ʩ., 3H, COOCH3), 3.69 (ʩ, 3H, 

OCH3), 6.79-7.14 (ʤ, 3H, ʘʨʦʤ.), 7.18-7.43 (ʤ, 4H, ʘʨʦʤ.), 7.43-7.61 (ʤ, 8H, ʘʨʦʤ.), 7.67-7.85 (ʤ, 4H, 

ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ): 50.15 (ʫʰ. ʩ., COOCH3), 55.82 (ʩ, 

OCH3), 111.80, 114.62, 116.48, 121.67 (ʚʩʝ ʩ, ʘʨʦʤ.), 123.54 (ʜ, 3JCP=12.72, ʘʨʦʤ.), 125.61 (ʜ, 

2JCP=8.17, ʘʨʦʤ.), 128.54 (ʩ, ʘʨʦʤ.), 128.44 (ʜ, 
3JCP=12.72, ʘʨʦʤ.), 129.53, 129.98, 131.54 (ʚʩʝ ʩ, 

ʘʨʦʤ.), 133.12 (ʜ, 2JCP=7.27, ʘʨʦʤ.), 133.38 (ʜ, 
2JCP=11.81, ʘʨʦʤ.), 142.30 (ʜ, 

2JCP = 4.54, ʘʨʦʤ.), 

143.28, 159.29 (ʚʩʝ ʩ, ʘʨʦʤ.), 168.69 (ʜ, 2JCP=12.72, C=O) 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 202 ʄɻʮ): 5.81.  

HRMS-ESI: ʥʘʡʜʝʥʦ 465.1607 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H26O3P
+ 465.1614. 

(4-(3,4,5-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ)-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ) (ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9eaô) 

 

ʀʣʠʜ 1a, 5-ʵʪʠʥʠʣ-1,2,3-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʦʣ 6e. ɺʳʭʦʜ 9 ʤʛ (10%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ): 3.85 (ʩ, 6H, OCH3), 3.88 (ʩ, 3H, OCH3), 6.58 

(ʩ, 2H, ʘʨʦʤ.), 7.12 (ʪ, 1H, 3JHH=7.48, ʘʨʦʤ.), 7.19 (ʜ, 1H, 3JHP=31.43, ʘʨʦʤ.), 7.34-7.57 (ʤ, 12H, 

ʘʨʦʤ.), 7.66-7.70 (ʤ, 2H, ʘʨʦʤ.), 7.84-7.91 (ʤ, 4H, ʘʨʦʤ.) (ʇʨʠʣʦʞʝʥʠʝ ɸ7).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ): 56.12 (ʩ, OCH3), 60.90 (ʩ, OCH3), 73.76 

(ʜ, 1JCP=100.82, ʉ(O)CP), 107.20 (ʩ, ʘʨʦʤ.), 111.00 (ʜ, 1JCP=85.38, ʘʨʦʤ.), 117.09 (ʜ, 
3JCP=9.99, 

ʘʨʦʤ.), 123.95 (ʜ, 2JCP=11.81, ʘʨʦʤ.), 125.59 (ʜ, 
3JCP=8.18, ʘʨʦʤ.), 126.48, 127.23, 127.81 (ʚʩʝ ʩ, 

ʘʨʦʤ.), 128.59 (ʜ, 2JCP=12.72, ʘʨʦʤ.), 128.94, 129.58 (ʚʩʝ ʩ, ʘʨʦʤ.), 131.51 (ʜ, 
4JCP=1.82, ʘʨʦʤ.), 

131.73 (ʜ, 4JCP=2.73, ʘʨʦʤ.), 133.13 (ʜ, 
3JCP=7.27, ʘʨʦʤ.), 133.39 (ʜ, 

2JCP=10.90, ʘʨʦʤ.), 136.54, 

138.36 (ʚʩʝ ʩ, ʘʨʦʤ.), 140.37 (ʜ, 3JCP=9.99, ʘʨʦʤ.), 141.50 (ʜ, 
3JCP=5.45, ʘʨʦʤ.), 146.89, 153.05 (ʚʩʝ 

ʩ, ʘʨʦʤ.), 189.63 (ʜ, 2JCP=5.45, C=O) (ʇʨʠʣʦʞʝʥʠʝ ɸ8).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 202 ʄɻʮ): 2.90 (ʇʨʠʣʦʞʝʥʠʝ ɸ7).  

HRMS-ESI: ʥʘʡʜʝʥʦ 571.2027 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C37H31O4P
+ 571.2033. 
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ʊʨʠʬʝʥʠʣ(2-ʬʝʥʠʣ-5-(3,4,5-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʫʨʘʥ-3-ʠʣ)ʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

(10eaô) 

 

ʀʣʠʜ 1a, 1,2,3-ʪʨʠʤʝʪʦʢʩʠ-5-ʵʪʠʥʠʣʙʝʥʟʦʣ 6e. ɺʳʭʦʜ 62 ʤʛ (65%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 500 ʄɻʮ): 3.88 (ʩ, 3H, OCH3), 3.93 (ʩ, 6H, OCH3), 6.87 

(ʜ, 1H, 3JHP=3.66, ɓ-H-ʬʫʨʠʣ), 7.02 (ʩ, 2H, ʘʨʦʤ.), 7.08 (ʪ, 2H, 3JHH=7.78, ʘʨʦʤ.), 7.17 (ʜ, 2H, 

3JHH=7.17, ʘʨʦʤ.), 7.23 (ʪ, 1H, 3JHH=7.40, ʘʨʦʤ.), 7.64-7.74 (ʤ, 12H, ʘʨʦʤ.), 7.75-7.82 (ʤ, 3H, ʘʨʦʤ.) 

(ʇʨʠʣʦʞʝʥʠʝ ɸ9).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 126 ʄɻʮ): 56.06 (ʩ, OCH3), 60.44 (c, OCH3), 98.30 

(ʜ, 1JCP=108.99, ʘʨʦʤ.), 101.99 (ʩ, ʘʨʦʤ.), 108.80 (ʜ, 
3JCP=11.81, ʘʨʦʤ.), 117.12 (ʜ, 

1JCP=92.64, ʘʨʦʤ.), 

127.15, 127.81, 127.94, 129.86 (ʚʩʝ ʩ, ʘʨʦʤ.), 130.08 (ʜ, 2JCP=12.72, ʘʨʦʤ.), 131.57 (ʜ, 
3JCP=9.99, 

ʘʨʦʤ.), 133.62 (ʜ, 3JCP=10.90, ʘʨʦʤ.), 135.00 (ʜ, 
4JCP=2.73, ʘʨʦʤ.), 138.98, 153.28 (ʚʩʝ ʩ, ʘʨʦʤ.), 

156.06 (ʜ, 2JCP=14.53, ʘʨʦʤ.), 161.16 (ʜ, 
2JCP=18.17, ʘʨʦʤ.) (ʇʨʠʣʦʞʝʥʠʝ ɸ10).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 202 ʄɻʮ): 13.87 (ʇʨʠʣʦʞʝʥʠʝ ɸ9).  

HRMS-ESI: ʥʘʡʜʝʥʦ 571.2001 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C37H32O4P
+ 571.2033. ʅʘʡʜʝʥʦ 87.0034 

[M]-; ʚʳʯʠʩʣʝʥʦ ʜʣʷ BF4
- 87.0034. 

(1,1-ʜʠʬʝʥʠʣ-4-(ʧ-ʪʦʣʠʣ)-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)(ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9faô) 

 

ʀʣʠʜ 1a, 4-ʵʪʠʥʠʣʪʦʣʫʦʣ 6f. ɺʳʭʦʜ 52 ʤʛ (69%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.38 (ʩ, 3H, CH3), 7.11 (ʫʰ.ʩ, 2H, ʘʨʦʤ.), 7.18 

(ʜ, 2H, 3JHH=7.5, ʘʨʦʤ.), 7.25 (ʜ, 2H, 3JHH=7.8, ʘʨʦʤ.), 7.33-7.45 (ʤ, 6H, ʘʨʦʤ.), 7.50-7.57(ʤ, 6H, 

ʘʨʦʤ.), 7.67(ʜʜ, 2H, 3JHH=6.0, 4JHH=2.3, ʘʨʦʤ.), 7.88(ʜʜʜ, 4H, 3JHP=13.3, 3JHH=8.0, 4JHH=1.5, ʘʨʦʤ.).  
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ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J, ɻʮ, 101 ʄɻʮ): 20.73 (c, ʉʅ3), 99.56 (ʜ, 
1JCP=100.4, 

ʘʨʦʤ.), 110.69 (ʜ, 1JCP=85.3, ʘʨʦʤ.), 123.53 (ʜ, 2JCP=12.0, ʘʨʦʤ.), 125.23 (ʜ, 3JCP=7.6, ʘʨʦʤ.), 126.81, 

127.47, 128.11, 128.24 (ʚʩʝ c, ʘʨʦʤ.), 128.57 (ʜ, 2JCP=12.0, ʘʨʦʤ.), 129.08, 129.47 (ʚʩʝ c, ʘʨʦʤ.), 

131.00 (ʜ, 4JCP=1.8, ʘʨʦʤ.), 131.27 (ʜ, 4JCP=2.8, ʘʨʦʤ.), 132.91 (ʜ, 1JCP=129.7, ʘʨʦʤ.), 132.55 (ʜ, 

3JCP=7.2, ʘʨʦʤ.), 132.98 (ʜ, 2JCP=11.1, ʘʨʦʤ.), 135.11, 137.93, 139.30 (ʚʩʝ c, ʘʨʦʤ.), 139.89 (ʜ, 

3JCP=9.4, ʘʨʦʤ.), 141.22 (c, ʘʨʦʤ.), 189.09 (ʫʰ. ʩ., ʉ=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 400 ʄɻʮ): 3.04.  

HRMS-ESI: ʥʘʡʜʝʥʦ 495.1871 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C35H28OP+ 495.1872. 

ʄʝʪʠʣ 4-(ʧ-ʪʦʣʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9fbô) 

 

ʀʣʠʜ 1b, 4-ʵʪʠʥʠʣʪʦʣʫʦʣ 6f. ɺʳʭʦʜ 46 ʤʛ (69%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.26 (ʩ, 3ʅ, ʉʅ3), 3.50 (ʫʰ. ʩ, 3ʅ, ʆʉʅ3), 

7.00-7.20 (ʤ, 2ʅ, ʘʨʦʤ.), 7.28-7.58 (ʤ, 13ʅ, ʘʨʦʤ.), 7.74(ʜʜ, 4ʅ, 3JHP=12.53, 3JHH=6.91, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13ʉ{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 21.17 (c, Cʅ3), 52.97 (c, ʆʉʅ3), 101.52 

(ʜ, 1JCP=107.6, ʘʨʦʤ.), 115.59 (ʜ, 1JCP=88.6, ʘʨʦʤ.), 123.10 (ʜ, 2JCP=13.1, ʘʨʦʤ.), 125.36 (ʜ, 3JCP=7.63, 

ʘʨʦʤ.), 127.73 (c, ʘʨʦʤ.), 128.50 (ʜ, 2JCP=12.1, ʘʨʦʤ.), 128.93, 130.10, 131.15 (ʚʩʝ c, ʘʨʦʤ.), 131.63 

(ʜ, 4JCP=3.2, ʘʨʦʤ.), 131.79 (c, ʘʨʦʤ.), 132.44 (ʜ, 1JCP=109.0, ʘʨʦʤ.), 133.23 (ʜ, 2JCP=10.7, ʘʨʦʤ.), 

135.21 (ʜ, 4JCP=3.0, ʘʨʦʤ.), 135.33, 137.50, 148.98 (ʚʩʝ c, ʘʨʦʤ.), 171.72 (ʫʰ. c., C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 5.78.  

HRMS-ESI: ʥʘʡʜʝʥʦ 449.1672 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H26O2P
+ 449.1665. 
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ʕʪʠʣ 1,1-ʜʠʬʝʥʠʣ-4-(ʧ-ʪʦʣʠʣ)-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9fcô) 

 

ʀʣʠʜ 1c, 4-ʵʪʠʥʠʣʪʦʣʫʦʣ 6f. ɺʳʭʦʜ :104 ʤʛ (32 %). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 0.95-1.20(ʤ, 3ʅ, OCH2ʉʅ3), 1.29 (ʩ, 3ʅ, ʉʅ3), 

4.01 (ʫʰ. ʩ., 2ʅ, ʆʉʅ2ʉʅ3), 7.14-7.24 (ʤ, 2 H, ʘʨʦʤ.), 7.29-7.57 (ʤ, 13ʅ, ʘʨʦʤ.), 7.75 (ʜʜ, 4ʅ, 

3JHP=12.2, 3JHH=8.0, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13ʉ{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ):14.12 (c, OCH2Cʅ3), 20.81 (c, Cʅ3), 

56.33 (c, ʆʉʅ2CH3), 101.16 (ʜ, 
1JCP=108.0, ʘʨʦʤ.), 115.23 (ʜ, 

1JCP=88.5, ʘʨʦʤ.), 122.74 (ʜ, 
3JCP=13.0, 

ʘʨʦʤ.), 125.00 (ʜ, 3JCP=7.6, ʘʨʦʤ.), 127.37 (c, ʘʨʦʤ.), 128.14 (ʜ, 
3JCP=12.3, ʘʨʦʤ.), 128.58, 129.74, 

130.79 (ʚʩʝ c, ʘʨʦʤ.), 131.27 (ʜ, 4JCP=3.0, ʘʨʦʤ.), 131.43 (c, ʘʨʦʤ.), 132.08 (ʜ, 
1JCP=109.9, ʘʨʦʤ.), 

132.87 (ʜ, 2JCP=10.6, ʘʨʦʤ.), 134.85 (ʜ, 
4JCP=3.1, ʘʨʦʤ.), 134.97, 137.15, 148.62 (ʚʩʝ c, ʘʨʦʤ.), 171.36 

(c, C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 5.56.  

HRMS-ESI: ʥʘʡʜʝʥʦ 463.1815 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C31H28O2P: 463.1821 

(1,1-ʜʠʬʝʥʠʣ-4-(3-ʬʪʦʨʬʝʥʠʣ)-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)(ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9gaô) 

 

ʀʣʠʜ 1a, 3-ʬʪʦʨ-1-ʵʪʠʥʠʣʙʝʥʟʦʣ 6g. ɺʳʭʦʜ 48 ʤʛ (65%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 6.94 (ʪʜʜ, 1H, 3JHH = 8.6, 4JHF = 2.5, JHH = 0.8, 

ʘʨʦʤ.), 7.07 (ʜʜʜ, 1H, 3JHF=10.3, JHH=2.3, JHH=1.7, ʘʨʦʤ.), 7.10-7.14 (ʤ, 2H, ʘʨʦʤ.), 7.18 (ʜ, 1H, 

2JHP=31.1, ʘʨʦʤ.), 7.27-7.33 (ʤ, 1H, ʘʨʦʤ.), 7.38-7.45 (ʤ, 6H, ʘʨʦʤ.), 7.48-7.58 (ʤ, 6H, ʘʨʦʤ.), 7.66-

7.68 (ʤ, 2H, ʘʨʦʤ.), 7.87 (ʜʜʜ, 4H, 3JHP=13.4, 3JHH=6.7, 4JHH=1.6, ʘʨʦʤ.).  
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ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 100.31 (ʜ, 1JCP=96.4, ʘʨʦʤ.), 110.69 (ʜ, 

1JCP=86.1, ʘʨʦʤ.), 112.34 (ʜ, 2JCF=21.0, ʘʨʦʤ.), 116.27 (ʜ, 2JCF=20.6, ʘʨʦʤ.), 123.77 (ʜ, J=12.0, 

ʘʨʦʤ.), 124.88 (ʜ, J=8.1, ʘʨʦʤ.), 125.16 (ʜ, J=3.0, ʘʨʦʤ.), 125.7, 127.55 (ʚʩʝ c, ʘʨʦʤ.), 128.23 (ʜ, 

J=13.1, ʘʨʦʤ.), 128.51 (c, ʘʨʦʤ.), 129.26 (ʜ, J=4.2, ʘʨʦʤ.), 129.33 (c, ʘʨʦʤ.), 131.16 (ʜ, J=1.8, ʘʨʦʤ.), 

131.39 (ʜ, J=3.1, ʘʨʦʤ.), 132.67 (ʜ, 1JCP=123.1, ʘʨʦʤ.), 132.96 (ʜ, J=10.9, ʘʨʦʤ.), 133.07 (c, ʘʨʦʤ.), 

139.40 (ʜ, J= 3.1, ʘʨʦʤ.), 139.77, 142.33 (ʚʩʝ c, ʘʨʦʤ.), 164.22 (ʜ, 1JCF= 273.66, ʘʨʦʤ.), 196.93 (ʜ, 

2JCP = 19.35, ʉ=O).  

ʉʧʝʢʪʨ ʗʄʈ 31 P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 3.13.  

HRMS-ESI: ʥʘʡʜʝʥʦ 499.1625 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C34H25OP+ 499.1622. 

ʄʝʪʠʣ 1,1-ʜʠʬʝʥʠʣ-4-(3-ʬʪʦʨʬʝʥʠʣ)-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9gbô) 

 

ʀʣʠʜ 1b, 3-ʬʪʦʨ-1-ʵʪʠʥʠʣʙʝʥʟʦʣ 6g. ɺʳʭʦʜ 44 ʤʛ (65%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.55 (ʫʰ.ʩ, 3H, ʆʉʅ3), 6.94-7.24 (ʤ, 3H, 

ʘʨʦʤ.), 7.32-7.62 (ʤ, 12H, ʘʨʦʤ.), 7.74 (ʜʜ, 4H, 3Jʅʈ=12.8, 3Jʅʅ=7.52, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13ʉ{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 162 ʄɻʮ): 55.35 (ʩ, OCH3), 100.70 (ʜ, 
1JCP=96.6, 

ʘʨʦʤ.), 111.08 (ʜ, 1JCP=86.1, ʘʨʦʤ.), 112.72 (ʜ, 2JCF=21.0, ʘʨʦʤ.), 116.65 (ʜ, 2JCF=20.1, ʘʨʦʤ.), 124.15 

(ʜ, J=12.0, ʘʨʦʤ.), 125.26 (ʜ, J=8.3, ʘʨʦʤ.), 127.02 (ʩ, ʘʨʦʤ.) 128.62 (ʜ, J=12.9, ʘʨʦʤ.), 128.90 (ʩ, 

ʘʨʦʤ.), 129.65 (ʜ, J=4.2, ʘʨʦʤ.), 129.71, 131.55 (ʚʩʝ ʩ, ʘʨʦʤ.), 131.77 (ʜ, J = 3.3, ʘʨʦʤ.), 133.06 (ʜ, 

1JCP=122.2, ʘʨʦʤ.), 133.34 (ʜ, J=11.1, ʘʨʦʤ.), 139.78 (ʜ, J=3.0, ʘʨʦʤ.), 140.16, 142.71 (ʚʩʝ c, ʘʨʦʤ.), 

164.60 (ʜ, 1JCF=273.7, ʘʨʦʤ.), 174.92 (ʜ, 2JCP=22.9, ʉ=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 5.38.  

HRMS-ESI: ʥʘʡʜʝʥʦ 453.1410 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C29H23FO2P
+ 453.1414. 
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ʕʪʠʣ 4-(3-ʬʪʦʨʬʝʥʠʣ)-1,1-ʜʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9gcô) 

 

ʀʣʠʜ 1c, 3-ʬʪʦʨ-1-ʵʪʠʥʠʣʙʝʥʟʦʣ 6g. ɺʳʭʦʜ 40 ʤʛ (58 %). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.00 (ʫʰ. ʩ., 3ʅ, ʉʅ3), 4.06 (ʫʰ. ʩ., 2ʅ, 

ʆʉʅ2), 6.93-6.96 (ʤ, 1ʅ, ʘʨʦʤ.), 7.13 (ʫʰ.ʩ., 1ʅ, ʘʨʦʤ.), 7.21-7.22 (ʤ, 1ʅ, ʘʨʦʤ.), 7.30-7.35 (ʤ, 3ʅ, 

ʘʨʦʤ.), 7.39-7.45 (ʤ, 2ʅ, ʘʨʦʤ.), 7.48-7.57 (ʤ, 7ʅ, ʘʨʦʤ.), 7.74 (ʜʜ, 4ʅ, 3JHP=12.96, 3JHH=6.85, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 162 ʄɻʮ): 13.53 (c, ʉʅ3), 60.02 (ʩ, Oʉʅ2), 100.38 

(ʜ, 1JCP=96.6, ʘʨʦʤ.), 110.76 (ʜ, 
1JCP=86.0, ʘʨʦʤ.), 112.40 (ʜ, 

2JCF=21.0, ʘʨʦʤ.), 116.33 (ʜ, 
2JCF=20.6, 

ʘʨʦʤ.), 123.84 (ʜ, J=12.0, ʘʨʦʤ.), 124.94 (ʜ, J=8.2, ʘʨʦʤ.), 126.71 (c, ʘʨʦʤ.), 128.30 (ʜ, J=12.9, ʘʨʦʤ.), 

128.58 (c, ʘʨʦʤ.), 129.31 (c, ʘʨʦʤ.), 129.37 (ʜ, J=4.6, ʘʨʦʤ.), 131.24 (c, ʘʨʦʤ.), 131.45 (ʜ, J=3.3, 

ʘʨʦʤ.), 132.77 (ʜ, 1JCP=129.0, ʘʨʦʤ.), 133.03 (ʜ, J=11.0, ʘʨʦʤ.), 139.46 (ʜ, J=2.9 , ʘʨʦʤ.), 139.84, 

142.37 (ʚʩʝ c, ʘʨʦʤ.), 164.67 (ʜ, 1JʉF=248.2, ʘʨʦʤ.), 173.80 (ʜ, 
2JCP=19.9, C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 5.71. 

HRMS-ESI: ʥʘʡʜʝʥʦ 467.1571 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H25FO2P
+ 467.1571. 

(5-(6-ʤʝʪʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʠʣ)-2-ʬʝʥʠʣʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (10haô)[93] 

 

ʀʣʠʜ 1a, 6-ʤʝʪʦʢʩʠ-2-ʵʪʠʥʠʣʥʘʬʪʘʣʠʥ 6h. ɺʳʭʦʜ 62 ʤʛ (64%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.93 (ʩ, 3H, OCH3), 6.76 (ʜ, 1H, 4JʅP=3.9, ɓ-

H-ʬʫʨʠʣ), 7.09-7.14 (ʤ, 3H, ʘʨʦʤ.), 7.16 (ʜʜ, 1H, 3JʅH=8.9, 4JʅH=2.5, ʘʨʦʤ.), 7.23 (ʩ, 1H, ʘʨʦʤ.), 7.24 

(ʜ, 2H, 3JʅH=8.1, ʘʨʦʤ.), 7.66-7.77 (ʤ, 14H, ʘʨʦʤ.), 7.78-7.85 (ʤ, 4H, ʘʨʦʤ.), 8.19 (ʩ, 1H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 14.24. 
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(2-ʤʝʪʦʢʩʠ-5-(6-ʤʝʪʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʠʣ)ʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (10hbô) 

 

ʀʣʠʜ 1a, 6-ʤʝʪʦʢʩʠ-2-ʵʪʠʥʠʣʥʘʬʪʘʣʠʥ 6h. ɺʳʭʦʜ 59 ʤʛ (66%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ): 3.91 (ʩ, 3ʅ, ʆʉʅ3); 4.15 (c, 3H, OCH3), 6.51 (ʜ, 1ʅ, 

3Jʅʈ=2.63, ɓ-H ʬʫʨʠʣ), 7.16 (ʜʜ, 1ʅ, 3JHH=9.1, 4JHH=2.5, ʘʨʦʤ.), 7.24 (ʩ, 1ʅ, ʘʨʦʤ.); 7.49-7.89 (ʤ, 

18ʅ, ʘʨʦʤ.), 7.99 (ʩ, 1ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ): 55.81 (ʩ, ʆʉʅ3), 73.67 (ʜ, 
1JCʈ=121.3, ɓ-H ʬʫʨʠʣ), 

108.83 (ʩ, ʘʨʦʤ.), 106.64 (ʜ, 2JCʈ=10.2, ʘʨʦʤ.), 118,45 (ʜ, 1JCʈ=94.2, ʘʨʦʤ.), 119.53, 122.46, 122.99, 

123.82, 127.38, 127.75, 128.62, 130.49 (ʩ, ʘʨʦʤ.), 130.46 (ʜ, 3JCʈ=13.6, ʘʨʦʤ.), 133.77 (ʜ, 2JCʈ=10.6, 

ʘʨʦʤ.), 135.01 (ʩ, ʘʨʦʤ.), 135.35 (ʜ, 4JCʈ=3.0, ʘʨʦʤ.), 148.98 (ʜ, 2JCʈ=13.7, O-C-OCH3), 165.84 (ʜ, 

2JCʈ=14.0, Ŭ-C ʬʫʨʠʣ), 157.21 (ʩ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ.): 12.33 

HRMS-ESI: ʥʘʡʜʝʥʦ 515.1776 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C34H28O3P
+ 515.1771. 

(5-(ʬʝʥʘʥʪʨʝʥ-9-ʠʣ)-2-ʬʝʥʠʣʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

(10iaô)[93] 

 

ʀʣʠʜ 1a, 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥ 6i. ɺʳʭʦʜ 83 ʤʛ (83%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 6.72 (ʜ, 1H, 3JHP=3.73, ɓ-H ʬʫʨʠʣ), 7.11 (ʪ, 

2H, 3Jʅʅ=7.6, ʘʨʦʤ.), 7.21-7.33 (ʤ, 4H, ʘʨʦʤ.), 7.59-7.88 (ʤ, 18H, ʘʨʦʤ.), 8.00 (ʜ, 1H, 3Jʅʅ=8.9, 

ʘʨʦʤ.), 8.14 (c, 1H, ʘʨʦʤ.), 8.26 (ʜ, 1H, 3Jʅʅ=7.5, ʘʨʦʤ.), 8.68 (ʜ, 1H, 3Jʅʅ=8.3, ʘʨʦʤ.), 8.76 (ʜ, 1H, 

3Jʅʅ=7.8, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 14.19. 
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(2-ʤʝʪʦʢʩʠ-5-(ʬʝʥʘʥʪʨʝʥ-9-ʠʣ)ʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

(10ibô)[109] 

 

ʀʣʠʜ 1b, 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥ 6i. ɺʳʭʦʜ 74 ʤʛ (80%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CD2Cl2, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 4.14 (ʩ, 3H, OCH3), 6.61 (ʜ, 1H, , 3JHP=2.6 

ɓ-H ʬʫʨʠʣ), 7.63-7.67 (ʤ, 1H, ʘʨʦʤ.), 7.69-7.81 (ʤ, 15H, ʘʨʦʤ.), 7.89-7.94 (ʤ, 3H, ʘʨʦʤ.), 7.98 (ʜʜ, 

1H, 3JHH=7.8, 4JHH=1.5, ʘʨʦʤ.), 8.04 (ʩ, 1H, ʘʨʦʤ.), 8.23-8.25 (ʤ, 1H, ʘʨʦʤ.), 8.69 (ʜʜ, 1H, 3JHH=8.25, 

4JHH=0.5, ʘʨʦʤ.), 8.76-8.79 (ʤ, 1H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CD2Cl2, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 59.78 (ʩ, OCH3), 73.78 (ʜ, 
1JCP=121.3, 

ʘʨʦʤ.), 112.28 (ʜ, 2JCP=10.0, ʘʨʦʤ.), 119.03 (ʜ, 1JCP=94.2, ʘʨʦʤ.), 123.07, 123.79, 124.90, 125.86, 

127.67, 127.81, 127.89, 128.43, 129.14, 129.34, 129.62 (ʚʩʝ c, ʘʨʦʤ.), 130.89 (ʜ, 2JCP=13.3, ʘʨʦʤ.), 

130.99, 131.15, 131.32 (ʚʩʝ c, ʘʨʦʤ.), 134.37 (ʜ, 3JCP=11.2, ʘʨʦʤ.), 135.91 (ʜ, 4JCP=3.1, ʘʨʦʤ.), 147.67 

(ʜ, 3JCP=14.0, Ŭ-ʉ ʬʫʨʠʣ), 166.02 (ʜ, 2JCP=13.1, Ŭ-ʉ ʬʫʨʠʣ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CD2Cl2, ŭ, ʤ.ʜ., 162 ʄɻʮ): 12.50.  

HRMS-ESI: ʥʘʡʜʝʥʦ 535.1825 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C37H28O2P
+ 535.1822. 

(2-ʕʪʦʢʩʠ-5-(ʬʝʥʘʥʪʨʝʥ-9-ʠʣ)ʬʫʨʘʥ-3-ʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ (10icô) 

 

ʀʣʠʜ 1c, 9-ʵʪʠʥʠʣʬʝʥʘʥʪʨʝʥ 6i. ɺʳʭʦʜ 52 ʤʛ (44 %). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.11 (ʪ, 3H, 3Jʅʅ=7.0, CH3) 4.50 (ʢ, 2H, 

3Jʅʅ=7.1, ʆʉʅ2), 6.52 (ʜ, 1H, 
3JʅP=2.0, ɓ-ʅ-ʬʫʨʘʥ), 7.56 (ʪ, 1H, 3Jʅʅ=7.4, ʘʨʦʤ.), 7.59-7.79 (ʤ, 16H, 

ʘʨʦʤ.), 7.84 (ʪ, 2H, 3Jʅʅ=6.3, ʘʨʦʤ.), 7.96 (ʜ, 1H, 
3Jʅʅ=8.2, ʘʨʦʤ.), 8.01 (c, 1H, ʘʨʦʤ.), 8.18 (ʜ, 1H, 

3Jʅʅ=7.5, ʘʨʦʤ.), 8.60 (ʜ, 1H, 
3Jʅʅ=8.1, ʘʨʦʤ.), 8.68 (ʜ, 1H, 

3Jʅʅ=7.4, ʘʨʦʤ.).  
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ʉʧʝʢʪʨ ʗʄʈ 13C{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 13.99 (c, ʉʅ3), 69.01 (c, ʆʉʅ2), 110.78 

(ʜ, 2JCP=10.14, ɓ-ʉ-ʬʫʨʘʥ), 118.16 (ʜ, 1JCP=94.0 ɻʮ, ɓ-ʉ-ʬʫʨʘʥ), 122.06, 122.77, 124.00, 125.12, 

126.70, 126.78, 127.09, 127.42, 128.59, 128.65 (ʚʩʝ c, ʘʨʦʤ.), 129.58 (ʜ, 1JCP=126.1, ʘʨʦʤ.), 130.1 (ʜ, 

2JCP=13.5, ʘʨʦʤ.), 130.13, 130.44, 133.36 (ʚʩʝ c, ʘʨʦʤ.), 133.47 (ʜ, 
3JCP=11.1, ʘʨʦʤ.), 133.47 (c, ʘʨʦʤ.), 

135.01 (ʜ, 4JCP=3.0, ʘʨʦʤ.), 146.96 (ʜ, 
3JCP=14.0, Ŭ-ʉ-ʬʫʨʘʥ), 164.96 (ʜ, 2JCP=13.3, Ŭ-ʉ-ʬʫʨʘʥ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 12.16.  

HRMS-ESI: ʥʘʡʜʝʥʦ 549.1977 [M+H] +; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C38H30O2P
+ 549.1978 

(3-ʄʝʪʠʣ-1,1,4-ʪʨʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)(ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9jaô).  

 

ʀʣʠʜ 1a, 1-ʬʝʥʠʣʧʨʦʧʠʥ 6j. ɺʳʭʦʜ 53 ʤʛ (72%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.60 (ʩ, 3H, ʉH3), 6.79 (ʜʜ, 1H, 3JHH=7.85, 

3JHP=4.77, ʘʨʦʤ.), 7.04 (ʪ, 1H, 3JHH=7.19, ʘʨʦʤ.), 7.11-7.21 (ʤ, 3H, ʘʨʦʤ.), 7.23-7.32 (ʤ, 2H, ʘʨʦʤ.), 

7.32-7.42 (ʤ, 5H, ʘʨʦʤ.), 7.43-7.57 (ʤ, 6H, ʘʨʦʤ.), 7.72 (ʜʜ, 2H, 3JHH=7.26, 4JHH=2.13, ʘʨʦʤ.), 7.80-

7.89 (ʤ, 4 H). 

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 25.85 (ʜ, 3JCP=9.21, CH3), 73.85 (ʜ, 

1JCP=105.24, C(=O)CP), 111.75 (ʜ, 1JCP=87.48, ʘʨʦʤ.), 120.63 (ʫʰ. ʩ., ʘʨʦʤ.), 123.51 (ʜ, 4JCP=11.18, 

ʘʨʦʤ.), 126.27 (ʩ, ʘʨʦʤ.), 126.59 (ʜ, 2JCP=8.55, ʘʨʦʤ.), 127.52 (ʜ, 1JCP=92.08, ʘʨʦʤ.), 127.82, 128.45 

(ʚʩʝ ʩ, ʘʨʦʤ.), 128.60 (ʜ, 3JCP=13.16, ʘʨʦʤ.), 128.91, 129.60 (ʚʩʝ ʩ, ʘʨʦʤ.), 131.03 (ʜ, 3JCP=1.97, 

ʘʨʦʤ.), 131.51 (ʜ, 4JCP=2.63, ʘʨʦʤ.), 131.76 (ʩ, ʘʨʦʤ.), 132.28 (ʜ, 3JCP=7.23, ʘʨʦʤ.), 133.04 (ʜ, 

2JCP=11.18, ʘʨʦʤ.), 135.54 (ʜ, 2JCP=6.58, ʘʨʦʤ.), 142.18 (ʜ, 4JCP=1.97, ʘʨʦʤ.), 142.71 (ʜ, 2JCP=4.60, 

ʘʨʦʤ.), 143.94 (ʫʰ. ʩ., ʘʨʦʤ.), 189.09 (ʫʰ. ʩ., C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 4.05. 

HRMS-ESI: ʥʘʡʜʝʥʦ 495.1868 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C35H28OP+ 495.1872. 
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ʄʝʪʠʣ 3-ʤʝʪʠʣ-1,1,4-ʪʨʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9jbô).  

 

ʀʣʠʜ 1b, 1-ʬʝʥʠʣʧʨʦʧʠʥ 6j. ɺʳʭʦʜ 32 ʤʛ (48%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.27 (ʩ, 3H, CH3), 3.29 (c, 3H, OCH3), 6.68 

(ʜʜ, 1H, 3Jʅʅ=8.0, 3Jʅʅ=5.0, ʘʨʦʤ.), 6.94 (ʪ, 1H, 3Jʅʅ=7.9, ʘʨʦʤ.), 7.13-7.25 (ʤ, 4H, ʘʨʦʤ.), 7.32 (ʪ, 

1H, 3Jʅʅ=7.4, ʘʨʦʤ.), 7.41 (ʪ, 2H, 3Jʅʅ=7.4, ʘʨʦʤ.), 7.46-7.60 (ʤ, 6H, ʘʨʦʤ.) 7.69-7.77 (ʤ, 4H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 22.67 (c, ʉʅ3), 45.41 (ʫʰ. c., OCH3), 

100.76 (ʜ, 1JCP=98.9, ʘʨʦʤ.), 115.02 (ʜ, 1JCP=106.1, ʘʨʦʤ.), 126.06, 127.44, 128.15 (ʚʩʝ c, ʘʨʦʤ.), 

128.49 (ʜ, 2JCP=12.1, ʘʨʦʤ.), 129.21, 129.55, 129.73, 131.34, 132.06 (ʚʩʝ c, ʘʨʦʤ.), 132.90 (ʜ, 

2JCP=10.2, ʘʨʦʤ.), 133.78 (c, ʘʨʦʤ.), 134.04 (ʜ, 3JCP=9.7, ʘʨʦʤ.), 134.36 (ʜ, 3JCP=9.9, ʘʨʦʤ.), 142.67 

(c, ʘʨʦʤ.), 174.35 (c, ʉ=ʆ). 

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 7.57.  

HRMS-ESI: ʥʘʡʜʝʥʦ 449.1672 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C30H26O2P
+ 449.1663 

ʕʪʠʣ 3-ʤʝʪʠʣ-1,1,4-ʪʨʠʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9jcô) 

 

ʀʣʠʜ 1c, 1-ʬʝʥʠʣʧʨʦʧʠʥ 6j. ɺʳʭʦʜ :35 ʤʛ (50 %).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 0.79 (ʪ, 3H, 
3JHH = 8.0, OCH2CH3), 2.28 (c, 

3H, CH3), 3.86 (ʢ, 2H, 3JHH = 8.0, OCH2CH3), 6.69 (ʫʰ.ʩ, 1H, ʘʨʦʤ.), 6.93 (ʫʰ.ʩ, 1H, ʘʨʦʤ.), 7.16-

7.21 (ʤ, 4H, ʘʨʦʤ.), 7.31 (ʪ, 1H, 3JHH = 8.0, ʘʨʦʤ.), 7.41 (ʪ, 2H, 3JHH = 8.0, ʘʨʦʤ.), 7.49-7.54 (ʤ, 6H, 

ʘʨʦʤ.), 7.75 (ʜʜ, 4H, 3JHP = 12.0, 3JHH = 8.0, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 13C{1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 14.16 (ʩ, OCH2CH3), 22.81 (c, CH3), 

58.38 (c, OCH2), 100.56 (ʜ, 
1JCP = 96.9, ʘʨʦʤ.), 110.57 (ʜ, 1JCP = 119.8, ʘʨʦʤ.), 126.03 (c, ʘʨʦʤ.), 

127.70 (c, ʘʨʦʤ.), 128.42 (ʜ, JCP = 16.0, ʘʨʦʤ.), 128.47, 129.52 (ʚʩʝ c, ʘʨʦʤ.), 131.69 (ʜ, 1JCP = 139.6, 



126 
 

 

ʘʨʦʤ.), 131.31 (ʜ, 4JCP = 3.1, ʘʨʦʤ.), 131.97, 132.05 (ʚʩʝ c, ʘʨʦʤ.), 132.91 (ʜ, 2JCP = 10.7, ʘʨʦʤ.), 

136.71 (ʜ, 3JCP = 15.3, ʘʨʦʤ.), 138.71, 142.75, 147.85 (ʚʩʝ c, ʘʨʦʤ.), 170.54 (ʜ, 2JCP = 28.0, ʉ=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 7.41. 

HRMS-ESI: ʥʘʡʜʝʥʦ 463.1815 [M+ʅ]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C31H28O2P
+ 463.1821. 

ʌʝʥʠʣ(1,1,1,3,4-ʪʝʪʨʘʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʠʣ)(ʬʝʥʠʣ)ʤʝʪʘʥʦʥ (9kaô).  

 

ʀʣʠʜ 1a, ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥ 6k. ɺʳʭʦʜ 49 ʤʛ (59%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 6.56-6.57 (ʤ, 3H, ʘʨʦʤ), 6.69-6.71 (ʤ, 2H, 

ʘʨʦʤ), 6.91 (ʪ, 2H, 3JHH=7.6, ʘʨʦʤ.), 6.97-7.24 (ʤ, 11H, ʘʨʦʤ), 7.29-7.38 (ʤ, 1H, ʘʨʦʤ.), 7.50-7.59 (ʤ, 

6H, ʘʨʦʤ.), 7.91 (ʜʜ, 4H, 3JHP=13.2,3JHH=6.9, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ.,J/ɻʮ, 101 ʄɻʮ): 99.85 (ʜ, 1JCP=103.4, ʘʨʦʤ.), 112.83 (ʜ, 

1JCP=117.9, ʘʨʦʤ.), 121.50, 124.28, 125.29, 125.55, 125.94, 126.40, 127.27, 127.92, 128.05 (ʚʩʝ c, 

ʘʨʦʤ.), 128.32 (ʜ, 2JCP=12.7, ʘʨʦʤ.), 129.32, 129.72, 130.43 (ʚʩʝ c, ʘʨʦʤ.), 131.28 (ʜ, 3JCP=5.5, ʘʨʦʤ.), 

131.51, 132.02 (ʚʩʝ c, ʘʨʦʤ.), 132.67 (ʜ, 2JCP=10.7, ʘʨʦʤ.), 133.67 (ʜ, 1JCP=127.2, ʘʨʦʤ.), 136.41, 

140.38 (ʚʩʝ c, ʘʨʦʤ.), 145.25 (ʜ, 3JCP=4.8, ʘʨʦʤ.), 154.72 (c, ʘʨʦʤ.), 156.73 (ʜ, 2JCP=21.2, ʘʨʦʤ.), 

189.84 (ʜ, 2JCP=8.7, ʉ=ʆ).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 5.69.  

HRMS-ESI: ʥʘʡʜʝʥʦ 557.2018 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C40H30OP+ 557.2029. 

ʄʝʪʠʣ 1,1,3,4-ʪʝʪʨʘʬʝʥʠʣ-1ɚ5-ʬʦʩʬʠʥʦʣʠʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ (9kbô)[109]  

 

ʀʣʠʜ 1b, ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥ 6k. ɺʳʭʦʜ 35 ʤʛ (46%).  

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 2.98 (ʩ, 3H, OCH3), 6.92 (ʜʜ, 1H, 3JHH=8.1, 

4JHP=5.3, ʘʨʦʤ.), 6.97-7.15 (ʤ, 11H, ʘʨʦʤ.), 7.25-7.29 (ʤ, 1H, ʘʨʦʤ.), 7.38 (ʜʜʜ, 1H, 3JHP=12.8, 
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3JHH=7.8, 4JHH=1.3, ʘʨʦʤ.), 7.55-7.65 (ʤ, 6H, ʘʨʦʤ.), 7.83 (ʜʜʜ, 4H, 3JHP=13.0, 3JHH=8.3, 4JHH=1.7, 

ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ.,J/ɻʮ, 101 ʄɻʮ): 54.47 (c, OCH3) 100.41 (ʜ, 
1JCP=99.2, 

ʘʨʦʤ.), 111.28 (ʜ, 1JCP=118.1, ʘʨʦʤ.), 124.70 (ʜ, 4JCP=1.5, ʘʨʦʤ.), 125.43, 126.48, 126.74, 127.23, 

127.94, 128.03 (ʚʩʝ c, ʘʨʦʤ.), 129.09 (ʜ, 2JCP=12.4, ʘʨʦʤ.), 129.82 (c, ʘʨʦʤ.), 130.99 (ʜ, 1JCP=124.0, 

ʘʨʦʤ.), 131.63, 132.17 (ʚʩʝ c, ʘʨʦʤ.), 133.54 (ʜ, 3JCP=11.1, ʘʨʦʤ.), 139.34 (c, ʘʨʦʤ.), 142.78 (ʜ, 

2JCP=20.5, ʘʨʦʤ.) 145.01, 146.70, 147.13, 151.49 (ʚʩʝ c, ʘʨʦʤ.), 174.19 (ʜ, 2JCP=14.2, C=O).  

ʉʧʝʢʪʨ ʗʄʈ 31P{1H} (CDCl3, ŭ, ʤ.ʜ., 162 ʄɻʮ): 7.41.  

HRMS-ESI: ʥʘʡʜʝʥʦ 511.1815 [M+H]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C35H28O2P
+ 511.1821. 

2-ɹʝʥʟʦʠʣ-3-ʤʝʪʠʣ-1,1,4-ʪʨʠʬʝʥʠʣ-1,2-ʜʠʛʠʜʨʦʬʦʩʬʠʥʦʣʠʥ-1-ʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

(9jaô(H))  

 

ʂ ʨʘʩʪʚʦʨʫ 100 ʤʛ (0.15 ʤʤʦʣʴ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʣʠʜʘ 1a ʚ 6 ʤʣ CH2Cl2 ʜʦʙʘʚʠʣʠ ʠ 37 

ʤʢʣ (0.3 ʤʤʦʣʴ) ʬʝʥʠʣʧʨʦʧʠʥʘ. ɿʘ ʧʨʦʭʦʞʜʝʥʠʝʤ ʨʝʘʢʮʠʠ ʩʣʝʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʊʉʍ (ʵʣʶʝʥʪ 

CH2Cl2:MeOH = 20:1). ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ, ʤʘʩʣʦ 

ʟʘʪʠʨʘʣʠ 10 ʤʣ ʩʤʝʩʠ ʛʝʢʩʘʥ : ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ (1 : 1). ʆʩʘʜʦʢ ʚʳʩʫʰʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ, 

ʧʨʦʤʳʚʘʣʠ 3Ĭ5 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ.  

ɺʳʭʦʜ 72 ʤʛ (83%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 1.80 (ʩ, 3H, CH3), 6.33 (ʜʜ, 1H, 2JHP=14.47, 

JHH=2.18 , PCHC(O)), 7.00 (ʜʜ, 1H, 2JHP=7.84, 2JHP=4.93, PCCH), 7.39-7.70 (ʤ, 14H, ʘʨʦʤ.), 7.76-

7.89 (ʤ, 5H, ʘʨʦʤ.), 8.02-8.16 (ʤ, 4H, ʘʨʦʤ.). 

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 101 ʄɻʮ): 23.43 (ʜ, 3JCP=7.05, CH3), 44.86 (ʜ, 

1JCP=53.3, PCH), 110.82 (ʜ, 1JCP=91.54, ʘʨʦʤ.), 114.38 (ʜ, 
1JCP=84.68, Cʠʧʩʦ), 116.32 (ʜ, 

1JCP=88.53, 

Cʠʧʩʦ), 127.86 (c, ʘʨʦʤ.), 127.91 (ʜ, 2JCP=5.0, PCHCCH3), 128.52 (ʜ, 
3JCP=13.05, ʘʨʦʤ.), 129.23, 129.75 

(ʚʩʝ ʩ., ʘʨʦʤ.), 129.99 (ʜ, 3JCP=13.24, ʘʨʦʤ.), 130.57 (ʜ, 
3JCP=9.87, ʘʨʦʤ.), 130.66 (ʜ, 3JCP=13.22, 

ʘʨʦʤ.), 132.33 (ʜ, 2JCP=8.70, ʘʨʦʤ.), 133.36 (ʜ, 
2JCP=10.71, ʘʨʦʤ.), 134.85, 134.95 (ʩ, ʘʨʦʤ.), 135.23 

(ʜ, 3JCP=2.43, ʘʨʦʤ.), 135.33 (ʜ, 
2JCP=10.71, ʘʨʦʤ.), 135.40 (ʜ, 

5JCP=3.18, ʘʨʦʤ.), 135.52 (ʜ, 
4JCP=3.18, 

ʘʨʦʤ.), 135.63 (ʜ, 4JCP=2.68, ʘʨʦʤ.), 138.00 (ʜ, 4JCP=2.21, ʘʨʦʤ.), 140.00 (ʜ, 
3JCP=13.40, ʘʨʦʤ.), 142.63 

(ʜ, 2JCP=5.69, ʘʨʦʤ.), 190.59 (ʜ, 
2JCP=4.20, C=O). 
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HRMS-ESI: ʥʘʡʜʝʥʦ 495.1868 [M]+; ʚʳʯʠʩʣʝʥʦ ʜʣʷ C35H28OP+ 495.1872. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʠʜʘ 1f ʩ ʘʣʢʠʥʘʤʠ 6a,b ʧʨʠ ʋʌ-ʦʙʣʫʯʝʥʠʠ  

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ. ʂ ʩʫʩʧʝʥʟʠʠ 75 ʤʛ (0.13 ʤʤʦʣʴ) ʠʣʠʜʘ 1f ʚ 5 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ 

ʜʦʙʘʚʠʣʠ 0.41 ʤʤʦʣʴ ʘʮʝʪʠʣʝʥʘ. ʉʤʝʩʴ ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ 5 ʯʘʩʦʚ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʣʠ ʚ 

ʚʘʢʫʫʤʝ, ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʠʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ (ʵʣʶʝʥʪ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ : ʤʝʪʘʥʦʣ = 200 : 1). 

1. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ (8a): 2-ʪʠʝʥʠʣ(ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥʦʢʩʠʜ 

(63%), ʬʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ (2f) (10%). 

2.  ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 4-ʵʪʠʥʠʣʘʥʠʟʦʣʦʤ (8b): 2-ʪʠʝʥʠʣ(ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥʦʢʩʠʜ 

(27%), ʬʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ (2f) (62%). 

2-ʊʠʝʥʠʣ(ʜʠʬʝʥʠʣ)ʬʦʩʬʠʥʦʢʩʠʜ 

 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 7.18-7.23 (ʤ, 1ʅ, ɓ-ʪʠʝʥʠʣ), 7.45-7.51 (ʤ, 5ʅ, 

ʘʨʦʤ.), 7.54-7.60 (ʤ, 2ʅ, ʘʨʦʤ.), 7.70-7.78 (ʤ, 5ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H}  (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ): 22.10.  

HRMS-ESI: ʅʘʡʜʝʥʦ: 285.0497 [M+H]+; ɺʳʯʠʩʣʝʥʦ ʜʣʷ ʉ16H14OPS+ 285.0503. 

ʌʦʪʦʣʠʟ ʠʣʠʜʘ 1a ʚ ʤʝʪʘʥʦʣʝ 

ʈʘʩʪʚʦʨ 100 ʤʛ (0.15 ʤʤʦʣʴ) ʠʣʠʜʘ 1a ʚ 3 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʘʥʦʣʘ ʦʙʣʫʯʘʣʠ ʋʌ-ʣʘʤʧʦʡ 

(365 ʥʤ) ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠʣʠʜʘ (ʢʦʥʪʨʦʣʴ ʊʉʍ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʚ 

ʚʘʢʫʫʤʝ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʘ ʢʦʣʦʥʢʝ (ʵʣʶʝʥʪ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ : ʤʝʪʘʥʦʣ ʦʪ 150 : 1 ʜʦ 10 : 1). ɹʳʣʠ 

ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʜʫʢʪʳ: 

1. ʌʦʩʬʦʥʠʝʚʘʷ ʩʦʣʴ (2-ʦʢʩʦ-2-ʬʝʥʠʣʵʪʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ 

 

ɺʳʭʦʜ 35 ʤʛ (50%). 
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ʉʧʝʢʪʨ ʗʄʈ 1H (CD3CN, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 5.48 (ʜ, 2ʅ, 2JHP=15.4, ʉʅ2), 7.56-8.11 (ʤ, 

20 ʅ, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CD3CN, ŭ, ʤ.ʜ., J/ɻʮ): 21.70. 

2. ʊʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜ 

 

ɺʳʭʦʜ 16 ʤʛ (40%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 7.44-7.50 (ʤ, 6ʅ, ʘʨʦʤ.), 7.52-7.58 (ʤ, 3H, 

ʘʨʦʤ.), 7.64-7.71 (ʤ, 6H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 31P{ 1H} (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ): 29.40. 

3. ʄʝʪʠʣ 2-ʦʢʩʦ-2-ʬʝʥʠʣʘʮʝʪʘʪ 

 

ɺʳʭʦʜ 9 ʤʛ (40%). 

ʉʧʝʢʪʨ ʗʄʈ 1H (CDCl3, ŭ, ʤ.ʜ., J/ɻʮ, 400 ʄɻʮ): 3.99 (ʩ, 3H, OMe), 7.50-7.57 (ʤ, 2H, ʘʨʦʤ.), 

7.65-7.71 (ʤ, 1 H, ʘʨʦʤ.), 8.00-8.06 (ʤ, 2H, ʘʨʦʤ.).  

ʉʧʝʢʪʨ ʗʄʈ 13C{ 1H} (CDCl3, ŭ, ʤ.ʜ., 101 ʄɻʮ): 52.78 (c, OCH3), 128.89, 130.08, 132.39, 

134.98 (ʚʩʝ ʩ, ʘʨʦʤ.), 164.01, 186.02 (ʚʩʝ ʩ, C=O)  
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5. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ 

ʥʦʚʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ ʩ ʘʣʢʠʥʘʤʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ɚ5-ʬʦʩʬʠʥʦʣʠʥʘʤ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʤ ʬʫʨʘʥʘʤ, ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-

ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʘʥʦʛʨʫʧʧʦʡ, ʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʠʦʜʦʥʠʝʚʦʤ ʬʨʘʛʤʝʥʪʝ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ 

ʠʣʠʜʦʚ ʚʣʠʷʶʪ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠʜʘ ʠ ʥʘ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʧʨʠ ʨʝʘʢʮʠʠ ʩ 

ʘʣʢʠʥʘʤʠ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ 

ʬʫʨʘʥʦʚ.  

3. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʢʠʥʦʚ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ. 

4. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 31P ʠʩʩʣʝʜʦʚʘʥ r

ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ 

ʘʣʢʠʥʘʤʠ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ. 

5. ʄʝʪʦʜʦʤ DFT ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʢʘʢ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ, ʪʘʢ ʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʠʦʜʦʥʠʝʚʳʡ ʬʨʘʛʤʝʥʪ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʩʚʷʟʠ C-I. 

6. ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ ɚ5-ʬʦʩʬʠʥʦʣʠʥʦʚ ʠ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʝ ʬʫʨʘʥʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vitro ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɚ5-ʬʦʩʬʠʥʦʣʠʥʘʤʠ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʤʠʢʨʦʤʦʣʷʨʥʫʶ ʠ ʩʫʙʤʠʢʨʦʤʦʣʷʨʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. 

7. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʘ ï ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʙʦʠʭ Ŭ-

ʧʦʣʦʞʝʥʠʷʭ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʮʠʩʧʣʘʪʠʥ-ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʢʘʭ. 



131 
 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʩʤʝʰʘʥʥʳʭ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʝʘʢʮʠʡ 

ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ. 

2. ɺʳʩ̫ʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ 

ʠ ʦʢʩʘʟʦʣʦʚ ʧʨʠ ʨʝʘʢʮʠʠ ʢʘʨʙʦʥʠʣʟʘʤʝʱʝʥʥʳʭ ʬʦʩʬʦʥʠʝʚʦ-ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʩʚʷʟʠ CſC ʠ CſN. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʬʦʩʬʦʥʠʡʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥʦʚ ʥʘ ʢʣʝʪʦʯʥʳʝ ʣʠʥʠʠ ʯʝʣʦʚʝʢʘ ʠ ʤʝʭʘʥʠʟʤʘ ʧʨʝʦʜʦʣʝʥʠʷ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʮʠʩʧʣʘʪʠʥ-ʨʝʟʠʩʪʝʥʪʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ. 
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7. ʇʨʠʣʦʞʝʥʠʝ 

ʇʨʠʣʦʞʝʥʠʝ A1. ʅʘʙʣʶʜʘʝʤʳʝ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ ʕʇʈ ʠʣʠʜʦʚ 1d,j ,k ʚ ʨʘʩʪʚʦʨʘʭ 

ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ ʠ ʩ ʘʣʢʠʥʘʤʠ 8a,b,i, 25 ÁC. 
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ʇʨʠʣʦʞʝʥʠʝ A2. ʉʧʝʢʪʨʳ ʕʇʈ ʩʤʝʩʝʡ ʠʣʠʜʘ 1e ʩ ʘʣʢʠʥʘʤʠ, 25 ÁC. 

ɸʣʢʠʥ 
ʉʧʝʢʪʨ ʕʇʈ ʧʝʨʚʠʯʥʦʛʦ 

ʨʘʜʠʢʘʣʘ 

ʉʧʝʢʪʨ ʕʇʈ ʚʪʦʨʠʯʥʦʛʦ 

ʨʘʜʠʢʘʣʘ 
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ʇʨʠʣʦʞʝʥʠʝ ɸ3. A C: ʉʧʝʢʪʨʳ ʕʇʈ ʩʤʝʩʠ 1a + 4-ʵʪʠʥʠʣʘʥʠʟʦʣ + PBN ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ: (A) 3 135 ʤʠʥ, (B) 135 150 ʤʠʥ, (C) 155 225 ʤʠʥ. D F: ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

(ʯʝʨʥʳʡ) ʠ ʩʠʤʫʣʠʨʦʚʘʥʥʦʛʦ (ʢʨʘʩʥʳʡ) ʩʧʝʢʪʨʦʚ ʥʘ ʦʪʤʝʪʢʝ (D) 135 ʤʠʥ, (E) 145 ʤʠʥ, (F) 175 

ʤʠʥ, 25 ÁC. 

 

ʇʨʠʣʦʞʝʥʠʝ ɸ4. A C: ʉʧʝʢʪʨʳ ʕʇʈ ʩʤʝʩʠ 1a + 4-ʵʪʠʥʠʣʘʥʠʟʦʣ + DMPO ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ: (A) 4 95 ʤʠʥ, (B) 95 145 ʤʠʥ, (C) 145 180 ʤʠʥ. D F: ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

(ʯʝʨʥʳʡ) ʠ ʩʠʤʫʣʠʨʦʚʘʥʥʦʛʦ (ʢʨʘʩʥʳʡ) ʩʧʝʢʪʨʦʚ ʥʘ ʦʪʤʝʪʢʝ (D) 50 ʤʠʥ, (E) 140 ʤʠʥ, (F) 168 ʤʠʥ, 

25 ÁC. 
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ʇʨʠʣʦʞʝʥʠʝ ɸ5. ʉʧʝʢʪʨ ʗʄʈ 1H ʠ 31P ʩʦʝʜʠʥʝʥʠʷ 1q. 

 


