
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

 

 

 

 

ɻʳʨʜʳʤʦʚʘ ʖʣʠʷ ɺʷʯʝʩʣʘʚʦʚʥʘ 

 

ʅʆɺʓɽ ʊʀʆʉɽʉʂɺʀʊɽʈʇɽʅʆʀɼʓ ʅɸ ʆʉʅʆɺɽ  

ʆʂʉʀɼɸ ʂɸʈʀʆʌʀʃʃɽʅɸ 

  

 

 

02.00.03 ï ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

(ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ) 

 

 

 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

 

 

 

 

 

ʉʳʢʪʳʚʢʘʨ ï 2018 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʥʩʪʠʪʫʪʘ 

ʭʠʤʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ  

ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʦʤʠ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè. 

 

ʅɸʋʏʅʓʁ ʈʋʂʆɺʆɼʀʊɽʃʔ: ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  

ʈʫʙʮʦʚʘ ʉʚʝʪʣʘʥʘ ɸʣʴʙʝʨʪʦʚʥʘ  

  

ʆʌʀʎʀɸʃʔʅʓɽ 

ʆʇʇʆʅɽʅʊʓ: 

 

ʅʠʢʠʪʠʥʘ ʃʠʣʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʌɻɹʋ ɺʆ ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʟʘʚʝʜʫʶʱʘʷ  

ʢʘʬʝʜʨʦʡ ʦʙʱʝʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

  

ʂʫʨʦʧʘʪʦʚ ɺʷʯʝʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

 ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʠʤʝʥʠ ɻ.ɸ. ʈʘʟʫʚʘʝʚʘ ʈɸʅ, ʩʪʘʨʰʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

  

ɺɽɼʋʑɸʗ ʆʈɻɸʅʀɿɸʎʀʗ:   

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè 

 

  

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç05è ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ ʚ 13-00 ʯʘʩ. ʥʘ 

ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.165.06 ʧʨʠ ʅʠʞʝʛʦʨʦʜʩʢʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ ʧʦ ʘʜʨʝʩʫ: 603950, 

ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʄʠʥʠʥʘ, 24. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ ʠ ʥʘ ʩʘʡʪʝ 

https://www.nntu.ru/frontend/web/ngtu/files/org_structura/instit_fakul_kaf_shkoly/fsvk/d

issertacii/2018/gyrdymova_y_v.pdf 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç23è ʘʚʛʫʩʪʘ 2018 ʛ.   

  

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ  

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.165.06                                                   ʊ.ʅ. ʉʦʢʦʣʦʚʘ                       

                                                                                        

https://www.nntu.ru/frontend/web/ngtu/files/org_structura/instit_fakul_kaf_shkoly/fsvk/dissertacii/2018/gyrdymova_y_v.pdf
https://www.nntu.ru/frontend/web/ngtu/files/org_structura/instit_fakul_kaf_shkoly/fsvk/dissertacii/2018/gyrdymova_y_v.pdf
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʥʮʠʧʦʚ çʟʝʣʝʥʦʡ ʭʠʤʠʠè. 

ɼʦʩʪʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʚʝʱʝʩʪʚ (ʪʝʨʧʝʥʦʠʜʦʚ) ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʣʘʝʪ ʠʭ ʚʘʞʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʥʦʦʙʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ ʪʝʨʧʝʥʦʠʜʦʚ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ, ʠ ʥʘʣʠʯʠʝ ʚ ʠʭ ʤʦʣʝʢʫʣʘʭ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʦʪʢʨʳʚʘʝʪ ʙʦʛʘʪʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ. 

 ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʤ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ 

ʢʘʨʠʦʬʠʣʣʝʥʘ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʢʠʩʣʦʪʥʳʤ 

ʨʝʘʛʝʥʪʘʤ, ʪʦ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʦʩʪʘʚʘʣʘʩʴ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ 

ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʘ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ 

ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʣʠʰʴ ʥʝʢʦʪʦʨʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʣʦʚʘʥʦʚʦʛʦ ʩʪʨʦʝʥʠʷ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʩʠʜʘ 

ʢʘʨʠʦʬʠʣʣʝʥʘ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʘ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʧʦʤʠʤʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʩʠʥʪʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ) ʠʤʝʝʪ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ, 

ʘ ʠʤʝʥʥʦ ï ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ 

ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ ʚ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ. 

 ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʪʠʦʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ ʠ ʧʝʨʚʠʯʥʘʷ ʦʮʝʥʢʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ ʩʠʥʪʝʟ ʩʫʣʴʬʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ; 

2. ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠ ̫ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ ʪʠʦʣʦʚ ʠ ʩʠʥʪʝʟ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʦʚ, ʜʠ- ʠ ʙʠʩ-ʩʫʣʴʬʠʜʦʚ; 

3. ʦʢʠʩʣʝʥʠʝ ʢʣʦʚʘʥʦʚʳʭ ʠ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʭ ʩʫʣʴʬʠʜʦʚ ʜʦ 

ʩʫʣʴʬʠʥʠʣʴʥʳʭ ʠ ʩʫʣʴʬʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ; 

4. ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

6. ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ, 

ʤʝʤʙʨʘʥʦʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʧʝʥʩʫʣʴʬʠʜʦʚ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʝʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ɺʧʝʨʚʳʝ ʚ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʣʫʯʝʥ ʧʨʠʨʦʜʥʳʡ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜ ʙʝʪʫʣʝʥʦʥ ʧʫʪʝʤ ʠʟʦʤʝʨʠʟʘʮʠʠ ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʘ ʚ Ŭ-

ʙʝʪʫʣʝʥʦʣ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʦʢʠʩʣʝʥʠʝʤ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝʤ ʧʦ ʄʠʭʘʵʣʶ ʪʠʦʣʦʚ ʢ ʙʝʪʫʣʝʥʦʥʫ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʥʝʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʩʫʣʴʬʠʜʳ ʢʘʨʠʦʬʠʣʣʘʥʦʚʦʛʦ ʪʠʧʘ. 

ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ 4,5-

ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣʘ ʠ 5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣ-3-ʝʥ-8-ʠʣʤʝʪʘʥʪʠʦʣʘ 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʥʘʨʘʙʦʪʢʠ ʚ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʝ ʩʫʣʴʬʠʜʳ ʠ 

ʧʨʦʚʝʜʝʥʦ ʠʭ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘ-ʭʣʦʨʧʝʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʠʩʪʝʤʦʡ 

ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜïʘʮʝʪʠʣʘʮʝʪʦʥʘʪ ʚʘʥʘʜʠʣʘ ʜʦ ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ 

ʩʫʣʴʬʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʠ ʚ ʨʝʘʢʮʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ 

ʠʥʠʮʠʘʪʦʨʘʤʠ ʨʝʘʢʮʠʠ ʠʟʦʤʝʨʠʟʘʮʠʠ 4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-

ʪʠʦʧʨʦʠʟʚʦʜʥʳʭ ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣʝʥʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ ʪʠʦʣʦʚ ʠ ʢʝʪʦʥʘ ï ʙʝʪʫʣʝʥʦʥʘ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ. ʇʨʦʚʝʜʝʥʘ ʧʝʨʚʠʯʥʘʷ ʦʮʝʥʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ, 

ʤʝʤʙʨʘʥʦʧʨʦʪʝʢʪʦʨʥʦʡ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʢʘʨʠʦʬʠʣʣʘʥʦʚʦʡ ʠ ʢʣʦʚʘʥʦʚʦʡ ʩʪʨʫʢʪʫʨ (69 ʩʦʝʜʠʥʝʥʠʡ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʣʠ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ü ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʪʠʦʣʦʚ ʠʟ ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ, 

ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ 

ʠʩʭʦʜʥʦʛʦ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʘ. 

ü ʉʠʥʪʝʟ ʧʨʠʨʦʜʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ ʙʝʪʫʣʝʥʦʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʪʠʦʣʦʚ ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʢʝʪʦʥʘ. 

ü ʉʠʥʪʝʟ ʩʫʣʴʬʠʜʦʚ ʢʣʦʚʘʥʦʚʦʡ ʠ ʢʘʨʠʦʬʠʣʣʘʥʦʚʦʡ ʩʪʨʫʢʪʫʨ ʠ ʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ü ʇʝʨʚʠʯʥʳʡ ʩʢʨʠʥʠʥʛ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro 

ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʭ ʪʠʦʣʦʚ, ʜʠ- ʠ ʙʠʩ-ʩʫʣʴʬʠʜʦʚ, ʚʠʥʠʣʦʚʳʭ 

ʪʠʦʵʬʠʨʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ, 
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ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʦʙʱʝʥʠʠ ʠ ʘʥʘʣʠʟʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

11 ɺʩʝʨʦʩʩʠʡʩʢʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, ʢʦʥʬʝʨʝʥʮʠʷʭ 

(ʉʳʢʪʳʚʢʘʨ, 2015; ʄʦʩʢʚʘ, 2015; ʉʳʢʪʳʚʢʘʨ, 2016, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016; 

ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016; ʅ.ʅʦʚʛʦʨʦʜ, 2017; ʉʝʚʘʩʪʦʧʦʣʴ, 2017; ʂʘʟʘʥʴ, 2017 (2 

ʢʦʥʬʝʨʝʥʮʠʠ); ʀʨʢʫʪʩʢ, 2017; ʅ.ʅʦʚʛʦʨʦʜ, 2018); ʢʦʥʢʫʨʩʝ ʧʨʦʝʢʪʦʚ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʍʠʤʠʷ-2017è, ʄʦʩʢʚʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ 8 ʩʪʘʪʴʷʭ ʚ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, ʠ ʚ 12 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʇʦʣʫʯʝʥʦ 2 ʧʘʪʝʥʪʘ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ. 

 ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, 3 ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (162 ʥʘʠʤʝʥʦʚʘʥʠʷ) ʠ 

ʧʨʠʣʦʞʝʥʠʷ. ʆʙʲʝʤ ʨʘʙʦʪʳ 136 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 

ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, 59 ʩʭʝʤ, 11 ʨʠʩʫʥʢʦʚ ʠ 10 ʪʘʙʣʠʮ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʦʙʱʝʥʳ ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʢʩʠʜʝ 

ʢʘʨʠʦʬʠʣʣʝʥʘ, ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʷʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. 

ʊʘʢʞʝ ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘʭ ʩʠʥʪʝʟʘ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʪʝʨʧʝʥʦʠʜʦʚ. 

 ʈʘʙʦʪʘ ʚʧrʦʣʥʝʥʘ ʢʘʢ ʯʘʩʪʴ ʧʣʘʥʦʚʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʋʨʆ ʈɸʅ, ʘ 

ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʋʨʆ ʈɸʅ ˉ 18-3-3-17 ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ 16-03-01064-ʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (ʎʂʇ) 

çʍʠʤʠʷè ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ. 

 

 ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ï ʜ.ʭ.ʥ. ʉʚʝʪʣʘʥʝ ɸʣʴʙʝʨʪʦʚʥʝ ʈʫʙʮʦʚʦʡ ʟʘ ʧʦʤʦʱʴ ʠ 

ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʥʘ ʚʩʝʤ ʧʫʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

1. ʉʠʥʪʝʟ ʠ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʠʦʬʠʣʝʥʦʢʩʠʜʘ  

ʩ ʪʨʝʪ-ʙʫʪʘʥʪʠʦʣʦʤ 

 (ï)-(ʂʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜ) ʠʣʠ (1R,4R,6R,10S)-9-ʤʝʪʠʣʝʥ-4,12,12-

ʪʨʠʤʝʪʠʣ-5-ʦʢʩʘʪʨʠʮʠʢʣʦ[8.2.0.0
4,6

]ʜʦʜʝʢʘʥ 1 ï ʧʨʠʨʦʜʥʳʡ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜ, 

ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ, ʩʧʦʩʦʙʥʫʶ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʠʦʣʦʚ. ɺ ʨʘʙʦʪʝ 
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ʠʟʫʯʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʪʨʝʪ-ʙʫʪʘʥʪʠʦʣʘ (t-BuSH) ʢ ʦʢʩʠʜʫ ʢʘʨʠʦʬʠʣʣʝʥʘ 1 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ï BF3ĿEt2O ʠ 

ZnCl2. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ (DCM) ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ (MeCN) ʚ 

ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ï ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʘ 1 ʩ t-BuSH ʷʚʣʷʶʪʩʷ 

ʩʫʣʴʬʠʜʳ 2ï4 ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʨʝʪ-ʙʫʪʠʣʩʫʣʴʬʘʥʠʣʢʣʦʚʘʥ-9Ŭ-ʦʣʘ 2 

(ʚʳʭʦʜ ï ʜʦ 63%) (ʩʭʝʤʘ 1). 

 
ʉʭʝʤʘ 1 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʢʣʦʚʘʥʦʚʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʪʠʧʦʤ ʨʝʘʢʮʠʡ ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʘ 1, ʧʨʦʪʝʢʘʶʱʠʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʢʘʪʠʦʥʘ ɸ
1
 (ʩʭʝʤʘ 2). 

ʉʭʝʤʘ 2 

ʇʦʩʣʝʜʫʶʱʘʷ ʮʠʢʣʠʟʘʮʠʷ ʢʘʨʙʦʢʘʪʠʦʥʘ ɸ ʧʨʠʚʦʜʠʪ ʢ ʢʘʨʙʦʢʘʪʠʦʥʫ B 

ʢʣʦʚʘʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʥʘ ʘʪʦʤʝ ʉ
2
, ʢ ʢʦʪʦʨʦʤʫ ʚ 

                                                
1 ʈʦʤʘʥʝʥʢʦ ɽ. ʇ., ʊʢʘʯʝʚ ɸ. ɺ. ï ʍʠʤʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʫʩʪʦʡʯ. ʨʘʟʚʠʪʠʷ. 2007. ï ʊ. 15 (5). ï ʉ.581ï594 
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ʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʫʢʣʝʦʬʠʣʘ t-BuS- ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʠʜʘ 2 (ʩʭʝʤʘ 2). ʉʪʘʜʠʷ ʘʪʘʢʠ ʢʘʨʙʦʢʘʪʠʦʥʘ B t-BuS-ʥʫʢʣʝʦʬʠʣʦʤ 

ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʜʘʣʴʥʝʡʰʠʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʆʅ-ʛʨʫʧʧʳ ʚ 

ʧʦʣʦʞʝʥʠʠ 9 ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʫʣʴʬʠʜʘ 3. ɿʘʪʝʤ ʚʦʟʤʦʞʥʘ ʨʝʘʢʮʠʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ t-BuSH ʢ ʥʝʥʘʩʳʱʝʥʥʦʡ ʩʚʷʟʠ C
9
=C

10
 ʩʦʝʜʠʥʝʥʠʷ 3 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʩ-ʩʫʣʴʬʠʜʘ 4. 

ʇʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʦʢʘʪʠʦʥʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩʫʙʩʪʨʘʪʘ 1, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ 5ï9 (ʩʭʝʤʘ 1). 

ʅʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʪʨʝʪ-ʙʫʪʠʣʩʫʣʴʬʘʥʠʣʢʣʦʚʘʥ-9Ŭ-ʦʣʘ 2 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ çʤʷʛʢʦʡè ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ ZnCl2. ɺʝʨʦʷʪʥʦ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʦʢʩʠʜʘ 

ʢʘʨʠʦʬʠʣʣʝʥʘ 1 (ʩʭʝʤʘ 2), ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ZnCl2, ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʥʠʞʝ, ʯʝʤ 

ʙʦʣʝʝ çʞʝʩʪʢʦʡè ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ BF3ĿEt2O, ʯʪʦ ʚʝʜʝʪ ʢ ʤʝʥʴʰʝʤʫ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ (ʩʭʝʤʘ 1). 

ʆʢʠʩʣʝʥʠʝʤ ʩʫʣʴʬʠʜʦʚ 2ï4 ʤʝʪʘ-ʭʣʦʨʧʝʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ (m-

CPBA) ʚ DCM ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʣʴʬʠʥʠʣʴʥʳʝ 10a,b (de = 48%) 

ʠ ʩʫʣʴʬʦʥʠʣɹʥʝr 11ï13 ʧʨʦʠʟʚʦʜʥʳʝ (ʩʭʝʤʘ 3). 

ʉʭʝʤʘ 3 

ɼʠʘʩʪʝʨʝʦʤʝʨʳ 10a, 10b, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʘ 2 

ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ m-CPBA, ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ 

ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʦʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢ, ʚ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʩʦʝʜʠʥʝʥʠʡ 10a, 10b ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʛʨʫʧʧʳ -S=O ʧʨʠ 1029 ʩʤ
-1 

(10ʘ) ʠ 1026 ʩʤ
-1 

(10b). 

ʉʫʣʴʬʠʜʳ 3, 4 ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʩʧʦʩʦʙʥʳʭ 
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ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʢʠʩʣʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʫʜʥʦʨʘʟʜʝʣʠʤʳʭ ʩʤʝʩʝʡ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʫʣʴʬʦʢʩʠʜʳ ʥʝ ʧʝʨʝʚʦʜʠʣʠ. 

ʉʫʣʴʬʦʥʳ 11ï13 ʧʦʣʫʯʝʥʳ ʜʝʡʩʪʚʠʝʤ ʠʟʙʳʪʢʘ m-CPBA ʥʘ ʩʫʣʴʬʠʜʳ 

2ï4 (ʩʭʝʤʘ 3). ʊʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʩʦʝʜʠʥʝʥʠʷ 12 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʧʨʦʪʦʥʘʤʠ ʅ
9
 ʠ ʅ

10
 ʚ ʩʧʝʢʪʨʝ ʗʄʈ NOESY. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʥʳʡ 

ʩʫʣʴʬʠʜ 3 ʠʤʝʣ E-ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ. 

 

2. ʉʠʥʪʝʟ ʠ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʢʘʨʠʦʬʠʣʣʝʥʘ ʠ 

ʙʝʥʟʠʣʪʠʦʣʘ 

ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʪʠʦʣʘ ʚ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʫ 1 ʙʳʣ ʚʳʙʨʘʥ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʙʝʥʟʠʣʪʠʦʣ (BnSH), 

ʦʙʲʝʤʥʳʡ ʬʝʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʢʦʪʦʨʦʛʦ ʦʪʜʝʣʝʥ ʦʪ SH-ʛʨʫʧʧʳ 

ʤʝʪʠʣʝʥʦʚʳʤ ʤʦʩʪʠʢʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʥʘ ʩʫʙʩʪʨʘʪʝ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʘ 1 ʩ BnSH ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʢʣʦʚʘʥʦʚʦʛʦ 14, 17, 18 ʠ ʢʘʨʠʦʬʠʣʣʘʥʦʚʦʛʦ 15, 

16 ʩʪʨʦʝʥʠʷ (ʩʭʝʤʘ 4). 

 
ʉʭʝʤʘ 4 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ZnCl2 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʣʦʚʘʥʦʚʦʛʦ ʪʠʧʘ. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ t-BuSH, ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʡ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʉ
2
-ʟʘʤʝʱʝʥʥʦʛʦ 

ʢʣʦʚʘʥ-9Ŭ-ʦʣʘ 14 (ʩʭʝʤʘ 4). ɿʘʤʝʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ BF3ĿEt2O ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʶ ʩʫʣʴʬʠʜʦʚ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ 

(ʩʭʝʤʘ 4). 
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ʉʠʥʪʝʟ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʭ ʩʫʣʴʬʠʜʦʚ 15, 16 (ʩʭʝʤʘ 4) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ ʧʦ ʧʨʘʚʠʣʫ ʄʘʨʢʦʚʥʠʢʦʚʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʉ
15 
ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ 

ʧʨʠ 21.5 ʤ.ʜ. (ʩʦʝʜʠʥʝʥʠʝ 15) ʠ 21.6 ʤ.ʜ. (ʧʨʦʜʫʢʪ 16) ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
13
ʉ. 

ʉʦʝʜʠʥʝʥʠʷ 14, 18 ʠ 15, 16 ʚ ʚʠʜʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʥʝʜʝʣʠʤʦʡ ʩʤʝʩʠ 

ʦʢʠʩʣʝʥʳ ʠʟʙʳʪʢʦʤ m-CPBA ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʫʣʴʬʦʥʳ 20ï22 (ʩʭʝʤʘ 5). 

 

ʉʭʝʤʘ 5 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ m-CPBA 2-ʙʝʥʟʠʣ-

ʩʫʣʴʬʘʥʠʣʢʣʦʚʘʥ-9Ŭ-ʦʣ 14 ʦʢʠʩʣʝʥ ʚ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʩʫʣʴʬʦʢʩʠʜʳ 19a,b 

(de 18 %, ʦʙʱʠʡ ʚʳʭʦʜ 74 %), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʛʨʫʧʧ -S=O ʧʨʠ 1026 (19a), 

1024 (19b) ʩʤ
-1
 ʚ ʀʂ-ʩʧʝʢʪʨʘʭ. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʫʣʴʬʦʥʦʚ 20ï22 ʠʤʝʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʝʡ SO2-ʛʨʫʧʧʳ (ɜ = 1132 ʠ 1294 ʩʤ
-1
) ʠ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ʛʨʫʧʧ rC=O (ɜ = 1709 ʩʤ
-1
) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 21. S,S-ʂʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʳʭ 

ʮʝʥʪʨʦʚ ʉ
4
 ʠ ʉ

8
 ʩʦʝʜʠʥʝʥʠʷ 21 ʦʧʨʝʜʝʣʷʣʠ ʧʦ NOE-ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʧʨʦʪʦʥʦʚ ʅ
4
 ʠ ʅ

1
, ʘ ʪʘʢʞʝ ʝʛʦ ʦʪʩʫʪʩʪʚʠʶ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ Me

15
 ʠ H

9
, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʨʘʟʣʠʯʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʮʠʢʣʦʥʦʥʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʪʝʨʧʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ. 

 

3. ʇʦʣʫʯʝʥʠʝ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʭ ʪʠʦʣʦʚ 

 ʊʝʨʧʝʥʦʚʳʝ ʪʠʦʣʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ 



10 

 

ʩʠʥʪʝʟʘ ʪʝʨʧʝʥʦʚʳʭ ʪʠʦʣʦʚ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʠʦʘʮʝʪʘʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜ 1 ʷʚʣʷʝʪʩʷ ʣʘʙʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʪʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʝʛʦ ʧʨʝʚʨʘʪʠʣʠ ʚ ʙʝʪʫʣʝʥʦʥ (ʢʘʨʠʦʬʠʣʣ-4,8-ʜʠʝʥ-5-ʦʥ) 23 

ʧʫʪʝʤ ʠʟʦʤʝʨʠʟʘʮʠʠ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʘ 1 ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ
2
 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʘʣʣʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩʠʩʪʝʤʦʡ 

ʙʠʩ-ʘʮʝʪʦʢʩʠʡʦʜʙʝʥʟʦʣïʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ ʦʢʩʠʜ (BAIBïTEMPO) (ʩʭʝʤʘ 

6). 

 
ʉʭʝʤʘ 6 

ɼʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʝ ʪʠʦʘʮʝʪʘʪʳ 24a,b ʧʦʣʫʯʘʣʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʪʠʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (AcSH) ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʦʡ 

ʉ=ʆ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ
4
=ʉ

14
 ʙʝʪʫʣʝʥʦʥʘ 23. ʇʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʚ ʙʝʥʟʦʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʠʨʠʜʠʥʘ ʧʨʠ 

0ÁC ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 24 (96%) ʠ ʦʧʪʠʤʘʣʴʥʫʶ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (de = 74%). 

 ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʡ ʪʠʦʣ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʣʠ ʛʠʜʨʦʣʠʟʦʤ ʪʠʦʘʮʝʪʘʪʘ 24 ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. 

ʈʝʘʢʮʠʠ ʣʠʙʦ ʥʝ ʧʨʦʪʝʢʘʣʠ, ʣʠʙʦ ʟʘʚʝʨʰʘʣʠʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʝʡ 

ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

 ʆʙʨʘʙʦʪʢʘ ʢʘʨʠʦʬʠʣʣʝʥʦʢʩʠʜʘ 1 AcSH ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʟʚʦʣʷʝʪ ʚ ʪʝʯʝʥʠʝ 5ï10 ʤʠʥ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʧʦʣʫʯʠʪʴ 4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʵʪʘʥʪʠʦʘʪ 25, 

ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʦʯʠʱʘʝʪʩʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ (ʩʭʝʤʘ 7). 

 
ʉʭʝʤʘ 7 

                                                
2 U. Vogt et al., Angew. Chem. Int. Ed. Engl., 12, 29 (1990) 
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 ʇʨʠʩʦʝʜʠʥʝʥʠʝ AcSH ʢ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ
8
=ʉ

15
 ʩʚʷʟʠ ʩʫʙʩʪʨʘʪʘ 1 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʠʚ ʧʨʘʚʠʣʘ ʄʘʨʢʦʚʥʠʢʦʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ 

ʩʠʛʥʘʣʘ ʤʝʪʠʣʝʥʦʚʦʛʦ ʘʪʦʤʘ ʉ
15

 ʚ ʦʙʣʘʩʪʴ ʩʠʣʴʥʦʛʦ ʧʦʣʷ (34.2 ʤ.ʜ.) ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʛʥʘʣʘ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʘʪʦʤʘ ʉ
8
 ʧʨʠ 151.8 ʤ.ʜ. ʚ ʩʧʝʢʪʨʝ ʗʄʈ 

13
ʉ. ʑʝʣʦʯʥʳʤ ʛʠʜʨʦʣʠʟʦʤ ʪʠʦʘʮʝʪʘʪʘ 25 ʩʠʥʪʝʟʠʨʦʚʘʥ 4,5-ʵʧʦʢʩʠ-

ʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣ 26 (ʩʭʝʤʘ 7). ʇʩʝʚʜʦʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʠʦʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ 25 ʠ 26, ʦʪʚʝʯʘʶɦ ʝʝ R-

ʢʦʥʬʠʛʫʨʘʮʠʠ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʉ
8
, ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ (ʨʠʩ. 1)

3
. 

        
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʝʥʠʝ ʪʠʦʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ 25 ʠ 26 ʧʦ ʜʘʥʥʳʤ ʈʉɸ 

ʂʠʧʷʯʝʥʠʝ 4,5-ʵʧʦʢʩʠʪʠʦʣʘ 26 ʚ ʙʝʥʟʦʣʝ (PhH) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʤʦʥʦʛʠʜʨʘʪʘ ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ 

(TsOHĿH2O) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣ-3-ʝʥ-8-

ʠʣʤʝʪʘʥʪʠʦʣʘ 27, ʚ ʢʦʪʦʨʦʤ ʵʧʦʢʩʠʜʥʳʡ ʮʠʢʣ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʆʅ-

ʛʨʫʧʧʫ ʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʚ ʧʦʣʦʞʝʥʠʠ 3 ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʦʛʦ ʮʠʢʣʘ (ʩʭʝʤʘ 8). 

ʉʭʝʤʘ 8 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 27 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʛʨʫʧʧʳ ʆʅ ʧʨʠ 3296 ʩʤ
-1
. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 

13
ʉ 

ʛʠʜʨʦʢʩʠʪʠʦʣʘ 27 ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʉ
3
, ʉ

4
, ʉ

5
 (125.02, 139.35 ʠ 70.66 ʤ.ʜ.) 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʩʣʘʙʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʛʥʘʣʦʚ ʵʪʠʭ ʞʝ 

ʘʪʦʤʦʚ (38.4, 60.2, 65.4 ʤ.ʜ.) ʵʧʦʢʩʠʪʠʦʣʘ 26. R-ʂʦʥʬʠʛʫʨʘʮʠʶ ʘʪʦʤʘ ʉ
5
 ʠ Z-

ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʩʚʷʟʠ ʉ
3
=ʉ

4
 ʚ ʪʝʨʧʝʥʦʚʦʤ ʤʘʢʨʦʮʠʢʣʝ 

                                                
3
 ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʪʠʦʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʥʫʤʝʨʘʮʠʶ ʘʪʦʤʦʚ 
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ʩʦʝʜʠʥʝʥʠʷ 27 ʫʩʪʘʥʦʚʠʣʠ ʧʦ ʥʘʣʠʯʠʶ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʧʨʦʪʦʥʦʚ ʅ
5
 ʠ ʅ

1
, ʅ

3
 ʠ Me

14
 ʚ ʩʧʝʢʪʨʝ ʗʄʈ NOESY. 

ʉʨʝʜʥʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 27 ʦʙʫʩʣʦʚʣʝʥ ʥʝʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ (70%) 

ʩʫʙʩʪʨʘʪʘ 26, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʢʘʨʠʦʬʠʣʣ-4-ʝʥ-15-ʪʠʦʣʘ 28 ʠ 

ʠʟʦʢʘʨʠʦʬʠʣʣ-4-ʝʥ-15-ʪʠʦʣʘ 29 ï ʧʨʦʜʫʢʪʦʚ ʠʟʦʤʝʨʠʟʘʮʠʠïʜʝʛʠʜʨʘʪʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ 26. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ,r ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʠʣʠ ʤʘʩʩʳ ʚʚʦʜʠʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʚʣʠʷʶʪ ʥʘ ʢʦʥʚʝʨʩʠʶ 

ʠʩʭʦʜʥʦʛʦ ʪʠʦʣʘ 26 ʠ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 27, ʘ ʣʠʰʴ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʧʨʝʜʝʣʴʥʳʭ ʪʠʦʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ 28, 29 ʠ ʦʩʤʦʣʝʥʠʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

 

4. ʉʠʥʪʝʟ ʩʫʣʴʬʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʪʫʣʝʥʦʥʘ 

ʊʠʠʣʠʨʦʚʘʥʠʝʤ ʧʦ ʄʠʭʘʵʣʶ ʙʝʪʫʣʝʥʦʥʘ 24 ʧʦʣʫʯʝʥʳ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ 

ʪʝʨʧʝʥʩʫʣʴʬʠʜʳ 30ï36 (ʩʭʝʤʘ 9). 

 

ʉʭʝʤʘ 9 

 ʈʝʘʢʮʠʷ ʢʝʪʦʥʘ 24 ʩ 3-ʤʝʨʢʘʧʪʦ-4-ʤʝʪʠʣ-1,3,4-ʪʨʠʘʟʦʣʦʤ ʟʘʚʝʨʰʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʦʘʤʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 36 (ʩʭʝʤʘ 9). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 

ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʝʘʢʮʠʠ ʛʝʪʘʨʠʣʪʠʦʣ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʪʘʫʪʦʤʝʨʥʳʭ 

ʪʠʦʣïʪʠʦʥʥʳʭ ʬʦʨʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʩʣʝʜʥʝʡ, ʢʦʪʦʨʘʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʙʝʪʫʣʝʥʦʥʦʤ 24. 

 ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
Hï

1
H NOESY ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʠʟʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 

30ʘï36ʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʅ
4
 ʠ ʅ

9
, ʠʩʭʦʜʷ ʠʟ 

ʯʝʛʦ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ R-ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʪʦʤʦʚ ʉ
4
 ʪʝʨʧʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ 

ʤʘʞʦʨʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʩʫʣʴʬʠʜʦʚ 30ʘï35ʘ ʠ ʜʣʷ ʤʠʥʦʨʥʦʛʦ ʠʟʦʤʝʨʘ 36b. 
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ʈʠʩʫʥʦʢ 2. ʉʪʨʦʝʥʠʝ ʪʠʦʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ 32a ʠ 36ʘ ʧʦ ʜʘʥʥʳʤ ʈʉɸ 

 ʀʟ ʩʤʝʩʝʡ ʪʠʦʧʨʦʠʟʚʦʜʥʳʭ 32a,b ʠ 36a,b ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ 

ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʤʝʪʦʜʦʤ ʈʉɸ (ʨʠʩ. 2). ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ 

ʗʄʈ ʠ ʜʘʥʥʳʭ ʈʉɸ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʧʨʠʥʘʜʣʝʞʘʪ ʤʘʞʦʨʥʳʤ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘʤ ʩ R-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʪʦʤʘ ʉ
4
 ʜʣʷ ʩʫʣʴʬʠʜʘ 32 ʠ S- ï ʜʣʷ 

ʪʠʦʘʤʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 36. 

 

5. S-ʘʣʢʠʣʠʨʦʚʘʥʠʝ 4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣʘ ʠ 

5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣ-3-ʝʥ-8-ʠʣʤʝʪʘʥʪʠʦʣʘ 

 ʊʝʨʧʝʥʩʫʣʴʬʠʜʳ 37ï40 ʩʠʥʪʝʟʠʨʦʚʘʥ  r ʧʦ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ 4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣʦʤ 26 (ʩʭʝʤʘ 

10). 

ʉʭʝʤʘ 10 

ʉʫʣʴʬʠʜ 41 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʜʦ ʢʠʧʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʩʫʙʩʪʨʘʪʘ 

26 ʚ ʩʧʠʨʪʦʚʫʶ ʛʨʫʧʧʫ ʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʉ
3
=ʉ

4
. 

 ʇʦʩʢʦʣʴʢʫ ʠʟʦʤʝʨʠʟʘʮʠʷ ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʨʦʪʝʢʘʝʪ 

ʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʩʠʥʪʝʟʫ ʩʫʣʴʬʠʜʦʚ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩ 4,5-
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ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣʦʤ 26 ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʩʤʝʩʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʦʣʘ 26 ʩ ʧʘʨʘ-

ʥʠʪʨʦʙʝʥʟʠʣʙʨʦʤʠʜʦʤ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʩʫʣʴʬʠʜʦʚ 42, 43, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʣʦʞʝʥʠʝʤ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʪʝʨʧʝʥʦʚʦʤ ʮʠʢʣʝ 

(ʩʭʝʤʘ 10). ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʵʧʦʢʩʠʜʥʳʭ ʮʠʢʣʦʚ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʠʟʦʤʝʨʠʟʘʮʠʶ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʧʨʠʨʦʜʘ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʅʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʪʁ ʨʘʩʢʨʳʪʠʶ 

ʦʢʩʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʩʥʠʞʘʪʁ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʯʝʤ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʦʚ 44, 45 ʚ ʨʝʘʢʮʠʠ ʩ p-BnNO2Br. 

Z-ʈʘʩʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʩʚʷʟʠ ʉ
3
=ʉ

4
 ʚ ʩʫʣʴʬʠʜʘʭ 41, 42 

ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʥʘʣʠʯʠʶ ʢʨʦʩʩ-ʧʠʢʦʚ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʅ
3
 ʠ ʄʝ

14
 ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ NOESY. R-ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʪʦʤʦʚ ʉ
5
 ʚ ʩʦʝʜʠʥʝʥʠʷʭ 41ï43 ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ NOE-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʧʨʦʪʦʥʦʚ ʅ
5
 ʩ ʅ

1
 (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 

 ʉʫʣʴʬʠʜ r42, 44, 45 ʩ ʚʳʭʦʜʘʤʠ ʜʦ 50% ʧʦʣʫʯʝʥʳ S-ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ 

5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣ-3-ʝʥ-8-ʠʣʤʝʪʘʥʪʠʦʣʘ 27 (ʩʭʝʤʘ 11). 

 
ʉʭʝʤʘ 11 

 ʉʨʝʜʥʠʝ ʚʳʭʦʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʠʦʩʝʩʢʚʠʪʝʨʧʝʥʦʠʜʦʚ 44, 46, 47 

ʦʙʲʷʩʥʷʶʪʩʷ ʥʝʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ ʠʩʭʦʜʥʦʛʦ ʪʠʦʣʘ 27. 
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6. ʆʢʠʩʣʝʥʠʝ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʭ ʩʫʣʴʬʠʜʦʚ 

 ʅʘ ʦʩʥʦʚʝ ʤʝʪʠʣ(4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥ-15-ʠʣ)ʩʫʣʴʬʠʜʘ 37, ʵʪʠʣ(4,5-

ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥ-15-ʠʣ)ʩʫʣʴʬʠʜʘ 38, ʙʝʥʟʠʣ(4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥ-15-

ʠʣ)ʩʫʣʴʬʠʜʘ 39, ʧʘʨʘ-ʥʠʪʨʦʙʝʥʟʠʣ(4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥ-15-ʠʣ)ʩʫʣʴʬʠʜʘ 

40, ʵʪʠʣ(5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣʝʥ-15-ʠʣ)ʩʫʣʴʬʠʜʘ 44, ʙʝʥʟʠʣ(5-ʛʠʜʨʦʢʩʠ-

ʢʘʨʠʦʬʠʣʣʝʥ-15-ʠʣ)ʩʫʣʴʬʠʜʘ 45, ʧʘʨʘ-ʥʠʪʨʦʙʝʥʟʠʣ(5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣʝʥ-

15-ʠʣ)ʩʫʣʴʬʠʜʘ 42 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʫʣʴʬʦʢʩʠʜʳ 46ï53 ʠ ʩʫʣʴʬʦʥʳ 54ï61. 

ʉʫʣʴʬʦʢʩʠʜʳ 46a,bï49a,b (ʚʳʭʦʜʳ 30ï95%) ʧʦʣʫʯʘʣʠ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʩʫʣʴʬʠʜʳ 37ï40 ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ m-CPBA ʠʣʠ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ (t-BuOOH) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʚʘʥʘʜʠʣʘ [VO(acac)2] (ʩʭʝʤʘ 12). 

ʉʭʝʤʘ 12 

 ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʘ,b ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʥʝʝ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, t-BuOOHïVO(acac)2, ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ ʩ ʙʝʥʟʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ 39, 40, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʜʠʘʩʪʝʨʝʦʤʝʨ 

ʩʫʣʴʬʦʢʩʠʜʦʚ 48, 49. 

ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ 37ï40 ʦʙʥʘʨʫʞʝʥʳ 

ʩʫʣʴʬʦʢʩʠʜʳ 50a,bï53ʘ,b (ʚʳʭʦʜʳ ʜʦ 30%), ʚ ʢʦʪʦʨʳʭ ʵʧʦʢʩʠʜʥʳʡ ʮʠʢʣ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʆʅ-ʛʨʫʧʧʫ (ɜ = 3367ï3387 ʩʤ
-1
) ʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʉ

3
=ʉ

4
, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʛʠʜʨʦʢʩʠʪʠʦʣʘ 27 ʠ ʩʫʣʴʬʠʜʦʚ 41, 42, 44, 45. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʫʣʴʬʦʢʩʠʜʳ 50a,bï53a,b ʩ ʚʳʭʦʜʘʤʠ 50ï94% ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʦʚ 42, 44 ʠ 45 (ʩʭʝʤʘ 12). 

 ʉʫʣʴʬʦʥʳ 54ï57 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʝʡʩʪʚʠʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ m-

CPBA ʚ CHCl3 ʥʘ ʩʫʣʴʬʠʜʳ 37ï40 (ʩʭʝʤʘ 13). 
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ʉʭʝʤʘ 13 

ʀʟ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 58ï61 ï 

ʧʨʦʜʫʢʪʳ ʠʟʦʤʝʨʠʟʘʮʠʠïʦʢʠʩʣʝʥʠʷ ʪʝʨʧʝʥʩʫʣʴʬʠʜʦʚ 37ï40. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ 39, 40 ʩ 

ʙʝʥʟʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ 3,4-ʵʧʦʢʩʠʩʫʣʴʬʦʥʳ 60 (65%) ʠ 61 

(55%). 

ʇʨʦʠʟʦʰʝʜʰʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 58ï

61 ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʣʠʯʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʝʡ ʛʨʫʧʧ ʆʅ (ɜ = 3487 ʩʤ
-1
) ʠ SO2- 

(ɜ = 1120 ʠ 1301 ʩʤ
-1
) ʚ ʀʂ-ʩʧʝʢʪʨʘʭ. R-ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʉ
3
 ʠ ʉ

5 
ʩʫʣʴʬʦʥʦʚ 58ï61 ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʧʨʦʪʦʥʦʚ ʅ
3
 ʠ Me

14
, ʅ

5
 ʠ ʅ

1
 ʚ 

ʩʧʝʢʪʨʘʭ ʗʄʈ NOESY (ʨʠʩ. 4). 

 ʉʦʝʜʠʥʝʥʠʷ 58ï61 ʩ ʚʳʭʦʜʘʤʠ 65ï70% 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʳ ʚʩʪʨʝʯʥʳʤ ʩʠʥʪʝʟʦʤ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ 

42, 44, 45 ʪʨʝʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ m-CPBA (ʩʭʝʤʘ 13). 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʧʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ 

ʘʣʣʠʣʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʠʩʣʦʪʥʦʡ ʧʨʠʨʦʜʦʡ 

ʨʝʘʛʝʥʪʦʚ. ʂʘʞʜʳʡ ʠʟ ʦʢʠʩʣʠʪʝʣʝʡ ʠʤʝʝʪ çʧʦʜʚʠʞʥʳʡè ʘʪʦʤ ʚʦʜʦʨʦʜʘ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʦʪʱʝʧʣʝʥʠʠ ʩʧʦʩʦʙʝʥ ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʩʝʩʢʚʠʪʝʨʧʝʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʩʭʝʤʘ 14). 

 
ʉʭʝʤʘ 14 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʤʝʨʠʟʦʚʘʥʳʭ ʩʫʣʴʬʦʢʩʠʜʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʧʦʢʩʠʜʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ t-BuOOHïVO(acac)2 

ʈʠʩʫʥʦʢ 4 
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ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʣʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʵʧʦʢʩʠʜʥʳʝ 

ʩʫʙʩʪʨʘʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʤʦʪʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

VO(acac)2. ʅʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʦʥʦʚ ʩ 

ʠʩʭʦʜʥʳʤʠ ʠ ʠʟʦʤʝʨʠʟʦʚʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʦʢʠʩʣʝʥʠʝ ʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚ ʘʣʣʠʣʦʚʳʝ ʩʧʠʨʪʳ (ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʠʩʣʝʥʠʝʤ) ʧʨʦʪʝʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ 

ʷʚʣʷʶʪʩʷ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʩʫʣʴʬʠʜʳ 42, 44, 45. 

 

7. ʇʦʣʫʯʝʥʠʝ ʜʠ- ʠ ʙʠʩ-ʩʫʣʴʬʠʜʦʚ 

 ʉʠʤʤʝʪʨʠʯʥʳʡ ʜʠʩʫʣʴʬʠʜ 62 ʧʦʣʫʯʘʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʝʡ 

4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣʘ 26 ʤʦʣʝʢʫʣʷʨʥʳʤ ʡʦʜʦʤ (ʩʭʝʤʘ 15). 

 
ʉʭʝʤʘ 15 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʩʫʣʴʬʠʜʘ 63 ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ ʩʧʦʩʦʙ 

ʷʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʝʛʦ ʩʠʥʪʝʟʘ ʪʠʦʣ 27 

ʦʙʨʘʟʫʝʪʩʷ ʩ ʥʝʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ʇʦʵʪʦʤʫ ʜʠ(5-ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣ-3-ʝʥ-8-

ʠʣʤʝʪʠʣ)ʜʠʩʫʣʴʬʠʜ 63 ʩ ʚʳʭʦʜʦʤ 50% ʧʦʣʫʯʘʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʜʠʩʫʣʴʬʠʜʘ 62 (ʩʭʝʤʘ 15). ʄʦʥʦʢʨʠʩʪʘʣʣ ʩʦʝʜʠʥʝʥʠʷ 63 

ʠʩʩʣʝʜʦʚʘʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʤʝʪʦʜʦʤ 

(ʨʠʩ. 5). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʜʣʷ ʜʠʩʫʣʴʬʠʜʘ 

63, ʘʪʦʤ rʉ
5
 ʠʤʝʶʪ R-ʢʦʥʬʠʛʫʨʘʮʠ ʁ ʠ Z-

ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʜʚʦʡʥʦʡ 

ʉ
3
=ʉ

4
 ʩʚʷʟʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʫ  ʁ ʞʝ 

ʩʪʝʨʝʦʭʠʤʠʶ ʠʤʝʁʪ ʪʠʦʣ 27 ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ 42, 44, 45, ʯʪʦ ʧʦʣʥʦʩʪʴʶ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʗʄʈ ʜʣʷ ʚʩʝʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ 5-ʛʠʜʨʦʢʩʠ-

ʢʘʨʠʦʬʠʣʣʝʥʘ. 

 ɿʘʤʝʥʘ ʚ ʤʦʣʝʢʫʣʘʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʩʫʣʴʬʠʜʦʚ ʦʜʥʦʛʦ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʦʪʣʠʯʥʳʡ ʦʪ ʪʝʨʧʝʥʦʚʦʛʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʠʩʫʥʦʢ 5. ɻʝʦʤʝʪʨʠʷ ʜʠʩʫʣʴʬʠʜʘ 63 

ʚ ʢʨʠʩʪʘʣʣʝ 
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ʇʦʵʪʦʤʫ, ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥ  r ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʜʠʩʫʣʴʬʠʜʳ ʥʘ ʦʩʥʦʚʝ 4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣʘʥʠʣ-15-ʪʠʦʣʘ 26. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʘʢʮʠʠ ʩ ʪʠʦʣʦʤ 27 ʥʝ ʧʦʚʪʦʨʷʣʠ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʝʛʦ ʧʦʣʫʯʝʥʠʷ. 

 ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʩʫʣʴʬʠʜ 64, ʩʦʜʝʨʞʘʱʠʡ ʢʘʨʠʦʬʠʣʣʘʥʦʚʳʡ ʠ 

ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦʵʪʘʧʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʠʤʝʨʠʟʘʮʠʝʡ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣʘ ʩ N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʦʤ (NCS) ʠ 

ʪʠʦʣʦʤ 26 (ʩʭʝʤʘ 16). 

 
ʉʭʝʤʘ 16 

ʆʜʥʘʢʦ ʵʪʦʪ ʩʧʦʩʦʙ ʦʢʘʟʘʣʩʷ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʩʫʣʴʬʠʜ 62. ʇʦʵʪʦʤʫ ʜʣʷ 

ʩʠʥʪʝʟʘ ʜʠʩʫʣʴʬʠʜʦʚ 65ï67 (ʩʭʝʤʘ 16, ʚʳʭʦʜʳ ʜʦ 72%) ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ 

1-ʭʣʦʨʦʙʝʥʟʦʪʨʠʘʟʦʣ (BtCl)ïʙʝʥʟʦʪʨʠʘʟʦʣ (BtH) ʚ DCM. ʇʦʣʫʯʝʥʠʝ 

ʜʠʩʫʣʴʬʠʜʦʚ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʵʪʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʚʠʜʫ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦʩʣʝʜʥʠʭ ʚ DCM, ʘ ʧʨʠ ʟʘʤʝʥʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʊɻʌ, ʚ ʢʦʪʦʨʦʤ ʛʝʪʘʨʠʣʪʠʦʣʳ ʨʘʩʪʚʦʨʠʤʳ, ʨʝʘʢʮʠʠ ʥʝ 

ʧʨʦʪʝʢʘʶʪ. 

ɺʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣ r ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʩʫʣʴʬʠʜʦʚ ʩʧʝʡʩʝʨʦʚ ï 

çʤʦʩʪʠʢʦʚè, ʨʘʟʜʝʣʷʶʱʠʭ ʪʝʨʧʝʥʦʚʳʝ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ, ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʙʠʩ-ʩʫʣʴʬʠʜʳ, 

ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʪʠʦʪʝʨʧʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʥʘʩʳʱʝʥʥʳʤ (ʵʪʠʣʝʥʦʚʳʤ) ʠ ʥʝʥʘʩʳʱʝʥʥʳʤ (ʚʠʥʠʣʝʥʦʚʳʤ) ʣʠʥʢʝʨʘʤʠ. 

ɹʠʩ(4,5-ʵʧʦʢʩʠʢʘʨʠʦʬʠʣʣ-9-ʠʣʤʝʪʠʣʪʠʦ)ʵʪʘʥ 68 ʧʦʣʫʯʝʥ ʠʟ ʪʠʦʣʘ 26 ʠ 

ʜʠʭʣʦʨʵʪʘʥʘ (DCE) ʚ ʄʝʆʅ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

Cs2CO3ïTBAI ʧʨʠ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʩʫʙʩʪʨʘʪ : DCE = 2:1 (ʩʭʝʤʘ 17). 
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ʉʭʝʤʘ 17 

ɹʠʩ(ʘʣʢʠʣʪʠʦ)ʧʨʦʠʟʚʦʜʥʳʝ 69, 70 ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʣʠʥʢʝʨʘʤʠ 

ʧʦʣʫʯʘʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʝʘʢʮʠʠ ʊʨʦʬʠʤʦʚʘ ï ʚʚʝʜʝʥʠʝʤ ʚ 

ʤʦʣʝʢʫʣʳ ʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʩʫʣʴʬʠʜʦʚ ʘʮʝʪʠʣʝʥʘ, ʛʝʥʝʨʠʨʫʝʤʳʤ in situ ʠʟ 

CaC2 ʧʨʠ ʜʦʟʠʨʦʚʘʥʥʦʡ ʧʦʜʘʯʝ H2O (ʩʭʝʤʘ 18).
4
 

 
ʉʭʝʤʘ 18 

ʈʉɸ ʙʝʩʮʚʝʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʦʜʫʢʪʘ 69 ʧʦʢʘʟʘʣ, ʯʪʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʚʠʥʠʣʝʥʦʚʦʛʦ ʣʠʥʢʝʨʘ ʠʤʝʶʪ Z-ʨʘʩʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 6). ɹʠʩ-ʩʫʣʴʬʠʜ 70 ʩ 5-

ʛʠʜʨʦʢʩʠʢʘʨʠʦʬʠʣʣʝʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʚʳʜʝʣʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʩʦʨʙʝʥʪʝ. 

 

 

 

 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʦʝʥʠʝ ʙʠʩ-ʩʫʣʴʬʠʜʘ 69 ʧʦ ʜʘʥʥʳʤ ʈʉɸ 

                                                
4 ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ ʩ ʃʘʙʦʨʘʪʦʨʠʝʡ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʘʣʠʟʘ ʉʇʙɻʋ 


