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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʤʫ ʩʪʨʦʝʥʠʶ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ, ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʘʮʝʪʠʣʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʘʮʝʪʠʣʝʥʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʩʠʣʴʥʳʤʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʪʨʦʡʥʫʶ ʩʚʷʟʴ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʮʝʪʠʣʝʥʦʚ ʨʝʘʢʮʠʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʘʩʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʨʝʘʢʪʦʨʥʦʡ ʩʙʦʨʢʠ ʩʣʦʞʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʢ ʘʮʝʪʠʣʝʥʘʤ ʦʙʨʘʟʫʶʪʩʷ ʘʜʜʫʢʪʳ ʩ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʴʶ, 

ʚʩʪʫʧʘʶʱʝʡ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʣʴʥʝʡʰʠʝ ʨʝʘʢʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʘʮʝʪʠʣʝʥʳ. ʉʠʥʪʝʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚ ʮʝʣʝʚʳʝ ʤʦʣʝʢʫʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʊʨʠʬʪʦʨʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʸ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʫʥʠʢʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʠ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʊʨʠʬʪʦʨʤʝʪʠʣʟʘʤʝʱʥyʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ, ʦʢʠʩʣʠʪʝʣʴʥʦʡ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʥʘʰʣʦ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ ʦʢʦʣʦ 30% ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ ʩʦʜʝʨʞʘʪ ʘʪʦʤʳ ʬʪʦʨʘ ʠʣʠ 

ʬʪʦʨʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʡ ʥʝʤʘʣʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, N-ʘʨʠʣ/ʘʣʢʠʣ 

CF3ïʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʫʯʝʥʥʳʤ 

ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʩʧʝʢʪʦʚ ʧʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ 
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ʩʪʨʫʢʪʫʨ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʥʦ ʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʠʟ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʥʘʣʠʯʠʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (ʠʤʠʥʦ-, ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʳ ʠ ʪʨʦʡʥʘʷ ʩʚʷʟʴ) ʚ 

ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʅʀʈ ʀʨʢʫʪʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʭʠʤʠʠ ʠʤ. ɸ. ɽ. ʌʘʚʦʨʩʢʦʛʦ ʉʆ ʈɸʅ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʦʩʥʦʚ ʩʠʥʪʝʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʘʟʝ ʥʦʚʳʭ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ, ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʠ 

ʧʦʠʩʢ ʧʫʪʝʡ ʚʦʟʤʦʞʥʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷè (ˉ ʛʦʩ. ʨʝʛʠʩʪʨʘʮʠʠ 

122041100013-1). 

ʎʝʣʴ ʨʘʙʦʪʳ. ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʨʠʬʪʦʨʤʝʪʠʣʟʘʤʝʱʸʥʥʳʭ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ CF3-

ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʣʘʥʠʨʦʚʘʣʦʩʴ 

ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʷʜ ʠʩʭʦʜʥʳʭ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

ʨʝʘʢʮʠʝʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ N-ʟʘʤʝʱʸʥʥʳʭ ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜʦʚ ʩ 

ʧʨʦʧʘʨʛʠʣʦʚʳʤʠ ʩʧʠʨʪʘʤʠ; 

- ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʘʢʮʠʶ ʛʠʜʨʦʣʠʟʘ/ʛʠʜʨʘʪʘʮʠʠ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ 

ʩʧʠʨʪʦʚ; 

- ʠʟʫʯʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʤ ʢʠʩʣʦʪʘʤ; 

- ʠʟʫʯʠʪʴ ʨʝʘʢʮʠʶ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ 

ʩʧʠʨʪʦʚ; 

- ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʘʢʮʠʶ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤ ʩʧʠʨʪʘʤ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺʧʝʨʚʳʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ 

ʢʠʩʣʦʪʘʤʠ, ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ CF3-ʩʦʜʝʨʞʘʱʠʭ 

ʥʝʥʘʩʳʱʝʥʥʳʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʝʘʣʠʟʦʚʘʥʘ ʨʝʘʢʮʠʷ ʛʠʜʨʦʣʠʟʘ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ. 

ʅʘʡʜʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʪʝʢʘʶʪ ʛʠʜʨʦʣʠʟ 

ʠʤʠʥʦʛʨʫʧʧʳ, ʛʠʜʨʘʪʘʮʠʷ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʠ ʮʠʢʣʠʟʘʮʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʨʠʚʦʜʷʱʘʷ ʢ 5-ʛʠʜʨʦʢʩʠ-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘʤ. 

ʆʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ 4-ʛʘʣʦʛʝʥ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ 

CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʤʠ ʢʠʩʣʦʪʘʤʠ (HCl, 

HBr, HI), ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ-ʮʠʢʣʠʟʘʮʠʠ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʪʠʦʮʠʘʥʘʪʦʚ ʠʟʦʪʠʘʟʦʣʠʷ ʠ 4-

ʪʠʦʮʠʘʥʘʪʦ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ ʨʝʘʢʮʠʝʡ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʆʙʥʘʨʫʞʝʥʘ ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʜʦʤʠʥʦ-

ʨʝʘʢʮʠʷ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ CF3-ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʝʥʦʥʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʥʘʣʠʟʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 
1
H, 

13
C, 

15
N ʠ 

19
F, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺʩʝ ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

ʉʦʠʩʢʘʪʝʣʴ ʩʦʚʤʝʩʪʥʦ ʩ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʣʘʥʠʨʦʚʘʣ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʧʦʣʥʷʣ 

ʩʠʥʪʝʟʳ, ʫʯʘʩʪʚʦʚʘʣ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʧʦʜʛʦʪʦʚʢʝ ʠ ʥʘʧʠʩʘʥʠʠ ʧʫʙʣʠʢʘʮʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ 
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ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ - 2023è, ʧʦʩʚʷʱʸʥʥʘʷ 65-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʦʩʥʦʚʘʥʠʷ ʅʀʆʍ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ, 2023); ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ çɹʘʡʢʘʣʴʩʢʠʝ ʯʪʝʥʠʷ ï 2023è (ʀʨʢʫʪʩʢ, 2023); 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠ ̫ çʍʠʤʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʘʣʢʠʥʦʚ, 

ʘʣʢʝʥʦʚ, ʘʨʝʥʦʚ ʠ ʛʝʪʝʨʦʘʨʝʥʦʚè, ʧʦʩʚʷʱʸʥʥʘʷ ʥʘʫʯʥʦʤʫ ʥʘʩʣʝʜʠʶ ʄ.ɻ. 

ʂʫʯʝʨʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2024). ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʦʧʫʙʣʠʢʦʚʘʥʳ 2 ʩʪʘʪʴʠ ʠ ʪʝʟʠʩʳ 3 ʜʦʢʣʘʜʦʚ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 173 

ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʛʣʘʚ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ (ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʨʝʘʢʮʠʷʤ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ. ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʨʦʙʥʦʩʪʠ. ɿʘʚʝʨʰʘʝʪʩʷ ʨʫʢʦʧʠʩʴ 

ʚʳʚʦʜʘʤʠ, ʩʧʠʩʢʦʤ ʩʦʢʨʘʱʝʥʠʡ ʠ ʩʧʠʩʢʦʤ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (101 

ʠʩʪʦʯʥʠʢ). 
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ɻʃɸɺɸ 1. ʈʝʘʢʮʠʠ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʠʩʣʦʪʘʤʠ                

(ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ) 

 

ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʝʥʳ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʭ ʘʮʝʪʠʣʝʥʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ, ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʦʙʰʠʨʥʳ. ʇʦʵʪʦʤʫ, ʩ ʫʯʸʪʦʤ ʮʝʣʠ ʠ ʟʘʜʘʯ ʜʠʩʩʝʨʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦʛʨʘʥʠʯʠʪʴ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʪʝʤʠ ʨʘʙʦʪʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʦʩʚʷʱʝʥʳ ʨʝʘʢʮʠʷʤ ʛʠʜʨʘʪʘʮʠʠ, ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʠ 

ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠ,̫ ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ.  

 

1.1 ʈʝʘʢʮʠʠ ʩ ʚʦʜʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ 

 

ʂʘʪʘʣʠʟʠʨʫʝʤʘʷ ʩʦʣʷʤʠ Hg(II) ʛʠʜʨʘʪʘʮʠʷ ʘʣʢʠʥʦʚ ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ 

ʚʝʢʘ [2, 3].  ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʨʪʫʪʠ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥ rʥʘ ʠʟʫʯʝʥʠʝ ʜʨʫʛʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ Au, Pd, Pt, Ru, Rh, Ir, Co, Fe ʠ Cu [4-16]. 

ʈʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ ʘʣʢʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʠʩʣʦʪʘʤʠ, ʦʧʠʩʘʥʳ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ. ʀʟʚʝʩʪʥʦ ʦ ʨʝʘʢʮʠʷʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʦʜʳ ʢ 

ʘʣʢʠʥʘʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ɹʨʸʥʩʪʝʜʘ, ʪʘʢʠʤʠ ʢʘʢ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘ ̫ ʩʝʨʥʘʷ, ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʘʷ, ʧʘʨʘ-

ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʳ ʠʣʠ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʤʠʜʦʤ. 

ʊʘʢ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ TsOH ʚ ʚʦʜʥʦʡ ʠʣʠ 

ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʘʨʠʣʘʣʢʠʥʳ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʶʪ ʢ ʩʝʙʝ ʚʦʜʫ ʠʣʠ ʩʧʠʨʪ, ʦʙʨʘʟʫʷ ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʦʨʦʰʠʤʠ ʠ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 1.1) [17]. ʈʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʩʨʝʜʝ EtOH, MeOH, i-PrOH, ɻ ʪʠʣʝʥʛʣʠʢʦʣʷ ʠʣʠ 

ʚʦʜʳ. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʘʨʠʣʘʣʢʠʥʘ (6-144 ʯ). ʂ ʪʦʤʫ ʞʝ, ʚ ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 
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ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʵʪʝʨʠʬʠʢʘʮʠʷ 

ʩʚʦʙʦʜʥʦʡ ʆʅ-ʛʨʫʧʧʳ. 

ʉʭʝʤʘ 1.1 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ TsOH, ʧʦʢʘʟʘʥ ʥʘ 

ʩʭʝʤʝ 1.2 [17]. ʉʫʙʩʪʨʘʪʳ ʩ ʧʨʦʧʘʨʛʠʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʯʝʪʳʨʸʭ- ʠʣʠ ʧʷʪʠʯʣʝʥʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʦʢʩʦʥʠʝʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ B, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʚ ʘʣʣʝʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʧʨʦʜʫʢʪʝ ɸ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ ʚ ʩʧʠʨʪʦʚʦʡ ʠʣʠ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʧʦʩʣʝ 

ʛʠʜʨʦʣʠʟʘ ʢ ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ʆʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ɺ ʚ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʣʠʙʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ, ʣʠʙʦ ʧʨʦʮʝʩʩʦʤ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. 

ʉʭʝʤʘ 1.2 
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ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ TfOH ʠʣʠ Tf2NH ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʛʠʜʨʘʪʘʮʠʶ ʘʣʢʠʥʦʚ, ʜʘʚʘʷ ʰʠʨʦʢʠʡ ʨʷʜ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 97% (ʩʭʝʤʘ 1.3) [18]. 

Cʭʝʤʘ 1.3 

 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ, ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʘʣʢʝʥʠʣʴʥʦʛʦ ʢʘʪʠʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʘʪʘʢʦʡ H2O ʠ ʜʘʣʴʥʝʡʰʝʡ ʪʘʫʪʦʤʝʨʠʟʘʮʠʝʡ ʚ ʢʝʪʦʥ. ʅʘʙʣʶʜʘʝʤʘʷ ʚ ʨʝʘʢʮʠʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʚʳʩʦʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʤʝʩʪʠʪʝʣʝʡ R
1
 ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʢʠʥʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʣʢʝʥʠʣʴʥʳʡ ʢʘʪʠʦʥ [18]. 

ɺr ʰʝʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʧʨʝʚʨʘʱʝʥʠ ̫ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʚ ʝʥʦʥʳ (ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʈʝʧʧʝ) [18]. 

ʊʘʢ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ Tf2NH ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʡ ʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʧʨʷʞʸʥʥʳʝ ʝʥʦʥʳ ʩ ʚʳʭʦʜʘʤʠ 64% 

ʠ 67% (ʩʭʝʤʘ 1.4). 

ʉʭʝʤʘ 1.4 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜ ʛʠʜʨʘʪʘʮʠʠ ʘʣʢʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤ r TsOH/CH3COOH [19] (ʩʭʝʤʘ 1.5). ʈʝʘʢʮʠʷ 

ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 
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Cʭʝʤʘ 1.5 

 

ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʜʣʷ ʜʘʥʥʦʡ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʛʠʜʨʘʪʘʮʠʠ 

ʘʣʢʠʥʦʚ (ʩʭʝʤʘ 1.6) [19]. ʂʦʤʙʠʥʘʮʠʷ TsOH ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪʩʷ ʚʠʥʠʣ-4-

ʤʝʪʠʣʙʝʥʟʦʣʩʫʣʴʬʦʥʘʪ A ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ TsOH ʢ 

ʘʣʢʠʥʫ. ɿʘʪʝʤ A ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʝʥʦʣʘ B, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʪʘʫʪʦʤʝʨʠʟʫʝʪʩʷ 

ʚ ʢʦʥʝʯʥʳʡ ʢʝʪʦʥ. 

ʉʭʝʤʘ 1.6 

 

ɽʱʸ ʦʜʠʥ ʤʝʪʦʜ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʦʜʳ ʢ 

ʘʣʢʠʥʘʤ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [20]. ɻʠʜʨʘʪʘʮʠ ʁʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʠʬʪʦʨʵʪʘʥʦʣʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 20 ʤʦʣ.% 

ʪʝʪʨʘʬʪʦʨʙʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʩʭʝʤʘ 1.7). ʈʝʘʢʮʠʷ ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ 

ʰʠʨʦʢʠʡ ʨʷʜ ʘʣʢʠʣʭʣʦʨʠʜʦʚ, ʘʣʢʠʣʙʨʦʤʠʜʦʚ ʠ ʘʣʢʠʣʠʦʜʠʜʦʚ ʠ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ Ŭ-ʛʘʣʦʛʝʥʤʝʪʠʣʢʝʪʦʥ rʩ ʚʳʭʦʜʘʤʠ ʦʪ ʭʦʨʦʰʠʭ ʜʦ ʦʪʣʠʯʥʳʭ. 

ʉʭʝʤʘ 1.7 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʨʘʙʦʪʳ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

TfOH ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʣʢʠʥʦʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [21] ʨʝʘʢʮʠʷ CF3-

ʘʣʢʠʥʦʥʦʚ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʚʦʜʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʝʥʦʣʦʚ. ʇʨʦʜʫʢʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 88% (ʩʭʝʤʘ 1.8). 

ʉʭʝʤʘ 1.8 

 

ɿʘʪʝʤ ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʨʝʘʢʮʠʶ CF3-ʘʣʢʠʥʦʥʦʚ ʩ ʙʦʣʝʝ ʩʠʣʴʥʦʡ 

ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ [21]. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 1 ʯ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ CF3-ʝʥʦʣʳ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 87% (ʩʭʝʤʘ 1.9). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʩ ʘʨʠʣʘʮʝʪʠʣʝʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʴʢʦ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴ  ʁ

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʘʪʠʦʥʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʠʩʭʦʜʥʳʤʠ 

ʘʣʢʠʥʘʤʠ ʚ ʩʚʝʨʭʢʠʩʣʳʭ ʩʨʝʜʘʭ. 

ʉʭʝʤʘ 1.9 

 

ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʠʩʣʦʪʥʦʩʪʴ 

TfOH ʙʳʣʘ ʩʥʠʞʝʥʘ ʜʦʙʘʚʣʝʥʠʝʤ ʧʠʨʠʜʠʥʘ [21]. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Z-ʚʠʥʠʣʪʨʠʬʣʘʪʦʚ (ʩʭʝʤʘ 1.10). ʈʝʘʢʮʠʷ ʩ ʘʣʢʠʥʦʤ, 

ʠʤʝʶʱʠʤ ʜʦʥʦʨʥʦʝ 4-ʤʝʪʠʣʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ, ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ 

Z-ʚʠʥʠʣʪʨʠʬʣʘʪʘ ʠ ʝʥʦʣʘ. ɸʣʢʠʥ, ʥʝʩʫʱʠʡ ʜʦʥʦʨʥʫʶ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʫ ʚ 
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ʬʝʥʠʣʴʥʦʤ ʮʠʢʣʝ, ʧʨʠʚʸʣ ʢ ʧʦʣʫʯʝʥʠʶ ʪʦʣʴʢʦ ʪʨʠʬʪʦʨʘʮʝʪʠʣ ʝʥʦʣʘ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ (98%). 

ʉʭʝʤʘ 1.10 

 

ʆʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ 3(2ʅ)-ʬʫʨʘʥʦʥʦʚ ʠ/ʠʣʠ ʩʦʧʨʷʞʸʥʥʳʭ ʘʣʢʠʥʦʥʦʚ 

ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʢʝʪʦʥʦʚ ʩ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ TfOH 

[22].  ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʛʝʥʝʨʠʨʦʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ O,O-ʜʠʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ (ʜʠʢʘʪʠʦʥʦʚ) ʠʩʭʦʜʥʳʭ 

ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʢʝʪʦʥʦʚ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 3(2ʅ)-ʬʫʨʘʥʦʥʦʚ ʠʣʠ 

ʘʣʢʠʥʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʠʢʘʪʠʦʥʦʚ ʠ ʩʠʣʳ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʠʩʣʦʪʳ (ʩʭʝʤʘ 1.11). 

ʉʭʝʤʘ 1.11 

 

ʃʠʥʝʡʥʦ ʩʦʧʨʷʞʸʥʥʳʝ 1,5-ʜʠʘʨʠʣʧʝʥʪ-4-ʝʥ-2-ʠʥ-1-ʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʚʦʜʦʡ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʥʦʣʳ [23] (ʩʭʝʤʘ 1.12). 

ʉʭʝʤʘ 1.12 

 

ʈʝʘʢʮʠʷ ʩ TfOH [23] ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʣʘ ʣʠʰʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʜʥʘʢʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 1,5-ʜʠʘʨʠʣʧʝʥʪ-4-ʝʥ-2-ʠʥ-1-ʦʥʳ ʩʧʦʩʦʙʥʳ ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʚ 
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2,3-ʜʠʛʠʜʨʦʧʠʨʘʥ-4-ʦʥʳ ʚ ʠʟʙʳʪʢʝ TfOH ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 1 ʯ (ʩʭʝʤʘ 1.13). 

ʉʭʝʤʘ 1.13 

 

ʆʧʠʩʘʥ ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʛʠʜʨʦʧʠʨʘʥʦʥʦʚ (ʩʭʝʤʘ 

1.14) [23]. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʢʘʪʠʦʥʘ A, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʢʠʩʣʦʪʥʳʤ ʧʨʦʪʠʚʦʠʦʥʦʤ (HSO4
-
 ʠʣʠ TfO

-
), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ O-ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʚʠʥʠʣʩʫʣʴʬʘʪʦʚ ʠʣʠ ʪʨʠʬʣʘʪʦʚ 

B. ɻʠʜʨʦʣʠʟ ʚʠʥʠʣʩʫʣʴʬʘʪʦʚ (ʠʣʠ ʧʨʝʚʨʘʱʝʥʠʝ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʜʣʷ 

ʚʠʥʠʣʪʨʠʬʣʘʪʦʚ) ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʝʥʦʣʦʚ. 

ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʮʠʢʣʠʟʘʮʠʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘ B (ʚ ʝʛʦ ʨʝʟʦʥʘʥʩʥʦʡ ʬʦʨʤʝ B') ʚ ʜʠʛʠʜʨʦʧʠʨʘʥʦʥʳ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ C ʠ D. 

ʉʭʝʤʘ 1.14 

 

ʈʝʘʢʮʠʷ 5-ʘʮʝʪʠʣʝʥʠʣ-1,2,4-ʦʢʩʘʜʠʘʟʦʣʦʚ ʩ ʠʟʙʳʪʢʦʤ TfOH [24] ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʨʠʚʝʣʘ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʧʦʣʫʯʝʥʠʶ 

E/Z-ʠʟʦʤʝʨʦʚ ʚʠʥʠʣʪʨʠʬʣʘʪʦʚ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ Z-

ʠʟʦʤʝʨʦʚ ʢʘʢ ʧʨʦʜʫʢʪʦʚ ʘʥʪʠ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ TfOH ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ (ʩʭʝʤʘ 
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1.15). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʦʧʳʪʢʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʪʨʠʬʣʘʪʦʚ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ E- ʠ Z-ʠʟʦʤʝʨʳ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʧʨʠʚʝʣʠ ʢ 

ʩʥʠʞʝʥʠʶ ʠʭ ʚʳʭʦʜʦʚ ʠ ʠʟʤʝʥʝʥʠʶ E/Z-ʩʦʦʪʥʦʰʝʥʠʷ. 

ʉʭʝʤʘ 1.15 

 

ɺ ʨʝʘʢʮʠʠ ʩ H2SO4 ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (ʩʭʝʤʘ 1.16) 3-ʬʝʥʠʣ-5-

(ʬʝʥʠʣʵʪʠʥʠʣ)-1,2,4-ʦʢʩʘʜʠʘʟʦʣ ʧʨʠʚʸʣ ʢ ʧʨʦʜʫʢʪʫ ʛʠʜʨʘʪʘʮʠʠ ʪʨʦʡʥʦʡ 

ʩʚʷʟʠ, ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʚ ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʢʝʪʦ ʠ ʝʥʦʣʴʥʦʡ 

ʬʦʨʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1.2:1 ʧʦ ʜʘʥʥʳʤ ʗʄʈ [24]. 

ʉʭʝʤʘ 1.16 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʛʠʜʨʦʣʠʟʝ ʘʣʢʠʥʠʣʠʤʠʥʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʊʘʢ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʛʠʜʨʦʣʠʟ ʘʮʝʪʠʣʝʥʦʚʳʭ 

ʠʤʠʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 10 ʵʢʚ. 2N 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʦʤ ʊɻʌ [25] (ʩʭʝʤʘ 1.17). 

ʉʭʝʤʘ 1.17 
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1.2 ɻʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ 

 

ɻʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʘʣʢʠʥʦʚ - ʦʜʥʘ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʕʪʦʪ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʧʨʷʤʫʶ ʧʦʣʫʯʘʪʴ 

ʛʘʣʦʛʝʥʘʣʢʝʥʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʠʥʪʝʨʝʩʝʥ ʢʘʢ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ, ʪʘʢ ʠ ʩ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʵʪʦʡ ʨʝʘʢʮʠʠ, 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʝʛʠʦ- 

ʠ/ʠʣʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ. 

ɺ 2017 ʛ. ʙʳʣ ʧʨʝʜʣʦʞʝʥ çmetal-freeè ʤʝʪʦʜ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʥʦʚ ʠ ʠʥʘʤʠʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ DMPU/HX ʢʘʢ ʛʘʣʦʛʝʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ (X = Br ʠʣʠ Cl) 

[26]. ʇʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʘʣʢʠʥʦʥʦʚ ʩ DMPU/HX ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ÁC ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʜʫʢʪʳ ʘʥʪʠ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 98% (ʩʭʝʤʘ 

1.18). 

ʉʭʝʤʘ 1.18 

 

ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ DMPU ʢʘʢ 

ʘʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʩ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʩʪʘʙʠʣʴʥʳʝ ʠ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʢʠʩʣʦʪʥʦʩʪʴ [26]. 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʘʣʢʠʥʦʥʦʚ ʜʘʪy 

ʧʨʦʜʫʢʪʳ ʘʥʪʠ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʦʛʣʘʩʦʚʘʥʥʦʤʫ ʤʫʣʴʪʠʤʦʣʝʢʫʣʷʨʥʦʤʫ 

AdE3 ʤʝʭʘʥʠʟʤʫ [26]. ʆʙʥʘʨʫʞʝʥʥʘʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʘ ʪʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʥʘ ʫʛʣʝʨʦʜʝ C1 ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ 
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ʥʘ C2, ʠʟ-ʟʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʯʘʩʪʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʩʭʝʤʘ 1.19). ʕʪʦʪ 

ʧʫʪʴ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʜʦʣʞʝʥ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʜʫʢʪʫ ʘʥʪʠ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʉʭʝʤʘ 1.19 

 

ʉʠʥ-ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʝʘʢʮʠʠ ʩ 

ʠʥʘʤʠʜʘʤʠ [26] (ʩʭʝʤʘ 1.20). ʅʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ 

DMPU/HX ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʥʘʤʠʜʳ ʷʚʣʷʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʢʠʩʣʦʪʘʤ, 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʡ: ʢʘʢ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠ ʟʘʤʝʱʥyʥʳʝ ʠʥʘʤʠʜʳ ʧʨʠʚʦʜʠʣʠ ʪʦʣʴʢʦ 

ʢ ʧʨʦʜʫʢʪʘʤ ʩʠʥ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʭʦʨʦʰʠʤʠ ʠʣʠ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ. 

ʉʭʝʤʘ 1.20 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.21. 

ɻʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʠʥʘʤʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʥʘ ʫʛʣʝʨʦʜ ʉ2, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʢʣʶʯʝʚʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʢʝʪʝʥʠʤʠʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʘʪʦʤ ʘʟʦʪʘ 

ʧʦʣʷʨʠʟʫʝʪ ʪʨʦʡʥʫʶ ʩʚʷʟʴ, ʪʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʚ 

ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʘ ʥʘ C1 ʠ C2 ʠʥʘʤʠʜʘ. DFT 

ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʢʝʪʝʥʠʤʠʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʘʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 

ʦʙʣʘʜʘʝʪ ʣʠʥʝʡʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʧʨʠʯʝʤ ʝʛʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʪʝʨʠʯʝʩʢʠ 
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ʟʘʪʨʫʜʥʝʥʘ ʛʨʫʧʧʦʡ R
1
. ʊʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʠʥʪʝʨʤʝʜʠʘʪʘ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʩʠʥ-

ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ [26]. 

ʉʭʝʤʘ 1.21 

 

ʆʧʠʩʘʥ ʩʠʥʪʝʟ Z- ʠ E-ʭʣʦʨʘʣʢʝʥʦʚ ʧʫʪʸʤ ʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ 

ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʢʘʪʘʣʠʟʝ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ: ʩ ʧʦʤʦʱʴʶ 

ʢʠʩʣʦʪʳ ɹʨyʥʩʪʝʜʘ ʠ ʟʦʣʦʪʘ [27]. ʇʨʦʜʫʢʪ r ʩʠʥ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʘʨʠʣʟʘʤʝʱʸʥʥʳʤ ʛʘʣʦʛʝʥʘʣʢʠʥʘʤ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʠʩʪʝʤʦʡ 

DMPU/HCl ʚ ʩʤʝʩʠ CH2Cl2/ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʘʢ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʢʠʩʣʦʪʘ ɹʨʸʥʩʪʝʜʘ (ʩʭʝʤʘ 1.22). ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʠʩʴ 

ʪʦʣʝʨʘʥʪʥʳ ʢ ʠʦʜ-, ʙʨʦʤ- ʠ ʭʣʦʨʟʘʤʝʱʸʥʥʳʤ ʘʨʠʣʘʣʢʠʥʘʤ. ɸʚʪʦʨʳ 

ʦʪʤʝʪʠʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʣɻʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʧʨʠ ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ 

(ʵʬʠʨʥʘʷ ʠ ʢʝʪʦ-ʛʨʫʧʧʳ) ʩʥʠʞʘʝʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ 

ʠ ʜʣʷ ʨʝʘʢʮʠʠ ʪʨʝʙʦʚʘʣʘʩʴ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (70 ÁC). 

ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʘʣʢʠʥʳ ʥʝ ʧʨʦʷʚʣʷʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʭʝʤʘ 1.22 

 

ɿʦʣʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʝ ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ ʧʨʠʚʦʜʠʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʘʥʪʠ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [27]. ʀʩʪʦʯʥʠʢʦʤ ʭʣʦʨʘ ʜʣʷ 

ʨʝʘʢʮʠʠ ʚʳʩʪʫʧʠʣ LiCl . ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʮʝʩʩʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʠʩʣʦʪʦʡ 

ɹʨʸʥʩʪʝʜʘ, ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʛʘʣʦʛʝʥʘʣʢʠʥʳ 

(ʩʭʝʤʘ 1.23). 
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ʉʭʝʤʘ 1.23 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤ rʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʘʥ rʥʘ ʩʭʝʤʝ 1.24. 

ʂʣʘʩʪʝʨ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ, 

ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ HCl ʠ ʧʨʠʜʘʸʪ ʝʡ ʧʦʚʳʰʝʥʥʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ, ʦʙʣʝʛʯʘʷ ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ (ʩʭʝʤʘ 1.24, 

ʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʠʥʠʣʦʚʳʡ ʢʘʪʠʦʥ, ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʣʠʥʝʡʥʫʶ ʛʝʦʤʝʪʨʠʶ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ DFT 

ʨʘʩʯʸʪʦʚ. ɺʝʨʭʥʷ ̫ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʟʘʢʨʳʪʘ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʠʤ ʘʪʦʤʦʤ ʙʨʦʤʘ, 

ʠ ʜʘʣʴʥʝʡʰʘʷ ʘʪʘʢʘ ʧʨʦʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʩʪʝʨʠʯʝʩʢʠ ʤʝʥʝʝ ʟʘʪʨʫʜʥʸʥʥʦʡ 

ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʠʥ-ʘʜʜʫʢʪʘ [27]. 
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ʉʭʝʤʘ 1.24 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʮʝʩʩ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʟʦʣʦʪʦʤ, ʧʨʠʚʸʣ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʪʠ-ʘʜʜʫʢʪʘ (ʩʭʝʤʘ 1.24, ʙ). ɿʜʝʩʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʚʦʜʦʨʦʜʥʘ ̫ ʩʚʷʟʴ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʝʢʫʨʩʦʨʘ ʢʘʪʠʦʥʥʦʛʦ ʟʦʣʦʪʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (L-Au-Cl). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʤʦʞʝʪ ʦʩʣʘʙʠʪʴ ʩʚʷʟʴ Au-

Cl, ʪʝʤ ʩʘʤʳʤ ʛʝʥʝʨʠʨʫʷ ʘʢʪʠʚʥʫʶ ʬʦʨʤʫ ʢʘʪʘʣʠʟʘʪʦʨʘ [Au] ʩ ʯʘʩʪʠʯʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʛʘʣʦʛʝʥʘʣʢʠʥʫ. ɸʪʘʢʘ 

ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʘʫʨʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ (AcOH)n ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʘʥʪʠ-ʘʜʜʫʢʪ [27]. 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ 2-ʵʪʠʥʠʣʧʠʨʠʜʠʥʦʚ [28] ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʩʭʝʤʘ 1.25). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

100 
ʦ
ʉ ʚ MeCN ʩ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʦ 89%. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʛʠʜʨʦʙʨʦʤʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʠʦʜʠʨʦʚʘʥʠʷ. 
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ʉʭʝʤʘ 1.25 

 

ʂʘʢ ʧʦʷʩʥʷʶʪ ʘʚʪʦʨʳ, ʘʪʦʤ ʘʟʦʪʘ ʵʪʠʥʠʣʧʠʨʠʜʠʥʘ ʦʙʨʘʟʫʝʪ 

ʧʠʨʠʜʠʥʠʝʚʫʶ ʩʦʣʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʩʭʝʤʘ 1.26). ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʙʣʠʟʦʩʪʴ ʦʙʣʝʛʯʘʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ ʢ ʵʪʠʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-(2-

ʭʣʦʨʵʪʝʥʠʣ)ʧʠʨʠʜʠʥʘ [28]. 

ʉʭʝʤʘ 1.26 

 

2-(ʌʝʥʠʣʵʪʠʥʠʣ)ʘʥʠʣʠʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʠʥ-ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʶ (ʩʭʝʤʘ 1.27) [29]. ʈʘʩʯʸʪ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ DFT 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʦʤ ʧʨʦʪʝʢʘʝʪ ʙʝʟ 

ʩʪʝʨʠʯʝʩʢʠʭ ʧʦʤʝʭ ɓ-ʟʘʤʝʩʪʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʨʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʠ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ, 

ʦʥ ʦʙʨʘʟʫʝʪ ʩ 2-(ʬʝʥʠʣʵʪʠʥʠʣ)ʘʥʠʣʠʥʦʤ ʪʝʩʥʫʶ ʠʦʥʥʫʶ ʧʘʨʫ, ʦʙʣʝʛʯʘ ̫

ʧʨʠʩʦʝʜʠʥʝʥʠʝ HX ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʦʭʦʞ ʥʘ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʨʦʮʝʩʩ, ʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ. 

ɸʚʪʦʨʳ ʥʘʟʚʘʣʠ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʧʩʝʚʜʦ-ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʨʦʮʝʩʩʦʤ. 
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ʉʭʝʤʘ 1.27 

 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʛʠʜʨʦʙʨʦʤʠʨʦʚʘʥʠʠ ʘʣʢʠʥʦʥʦʚ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʤ 

ʢʠʩʣʦʪʦʡ ɹʨyʥʩʪʝʜʘ (Tf2NH) [30]. ɹʨʦʤʠʩʪʳʡ ʚʦʜʦʨʦʜ ʚʳʜʝʣʷʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦ 

ʠʟ ʩʪʘʙʠʣʴʥʦʛʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʨʨʦʛʘʪʘ ʥʘ ʦʩʥʦʚʝ 3-ʬʝʥʠʣ-3-

ʙʨʦʤʵʪʠʣʮʠʢʣʦʛʝʢʩʘ-1,4-ʜʠʝʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʬʝʥʠʣʘ ʠ ʵʪʠʣʝʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʪʭʦʜʦʚ. ʀʟ ʪʝʨʤʠʥʘʣʴʥʳʭ ʠ ʠʥʪʝʨʥʘʣʴʥʳʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʠʥʦʚ ʩ ʭʦʨʦʰʝʡ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ 

ʛʨʫʧʧʘʤ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʚʠʥʠʣʙʨʦʤʠʜʦʚ ʚ ʚʠʜʝ ʩʤʝʩʠ Z/E ʠʟʦʤʝʨʦʚ (ʩʭʝʤʘ 

1.28). 

ʉʭʝʤʘ 1.28 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ 

ʛʠʜʨʦʬʪʦʨʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʘʣʢʠʥʦʚ. ʊʘʢ, ʚ 2012 ʛʦʜʫ 

ʚʧʝʨʚʳʝ ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʛʠʜʨʦʬʪʦʨʠʨʦʚʘʥʠʷ ʘʨʠʣʟʘʤʝʱʸʥʥʳʭ ʘʣʢʠʥʦʥʦʚ 

ʬʪʦʨʠʜʦʤ ʩʝʨʝʙʨʘ (I) [31], ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʬʪʦʨʘ, ʪʘʢ ʠ 

ʚ ʨʦʣʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʩʭʝʤʘ 1.29). ʈʘʟʣʠʯʥʳʝ ʘʨʠʣʘʣʢʠʥʠʣʢʝʪʦʥʳ ʧʨʦʷʚʣʷʣʠ 

ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ AgF, ʜʘʚʘʷ ʩʤʝʩʴ Z- ʠ E-

ʠʟʦʤʝʨʦʚ (ʩʦʦʪʥʦʰʝʥʠʝ ʦʪ 78:22 ʜʦ 99:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ ʚʳʭʦʜʘʤʠ ʜʦ 

92%. 

ʉʭʝʤʘ 1.29 

 

Koert ʩ ʢʦʣʣʝʛʘʤʠ ʨʘʟʨʘʙʦʪʘʣʠ ʫʩʣʦʚʠʷ ʛʠʜʨʦʬʪʦʨʠʨʦʚʘʥʠʷ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʣʢʠʥʦʥʦʥʦʚ (ʩʭʝʤʘ 1.30) [32]. 2,2ô-ɹʠʬʝʥʦʣ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʫʨʘʥʘ. ɼʦʙʘʚʢʘ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʩʥʠʞʘʣʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʦʛʦ ɓ-ʛʠʜʨʦʢʩʠʝʥʦʥʘ. ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ [31], ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ (ʩʦʦʪʥʦʰʝʥʠʝ Z/E ʦʪ 80:20 ʜʦ 

>99:1). 

ʉʭʝʤʘ 1.30 
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ʇʦʣʫʯʝʥʥʳʝ ʬʪʦʨʘʣʢʝʥʠʣʢʝʪʦʥʳ ʜʘʣʝʝ ʧʨʝʚʨʘʱʘʣʠ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʪʦʚ ʧʫʪʸʤ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [32]. 

ʆʩʫʱʝʩʪʚʣʝʥʦ ʛʠʜʨʦʬʪʦʨʠʨʦʚʘʥʠʝ ʠʥʘʤʠʜʦʚ [33], ʛʜʝ ʠʟʥʘʯʘʣʴʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʬʪʦʨʦʚʦʜʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʧʝʨʢʠʩʣʦʪʥʫʶ ʩʠʩʪʝʤʫ 

HF-SbF5 (ʩʭʝʤʘ 1.31). ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʡ ʚʳʭʦʜ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ HF 

ʧʨʠ ï50 
ʦ
ʉ. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʮʝʣʦʤ ʙʳʣʘ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʜʣʷ ɽ-

ʠʟʦʤʝʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʜʫʢʪ r ʩ ʘʪʦʤʦʤ ʬʪʦʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʙʣʠʞʝ ʢ ʠʥʘʤʠʜʥʦʡ ʛʨʫʧʧʝ, ʚʩʝʛʜʘ ʚʳʜʝʣʷʣʠ ʚ ʚʠʜʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʛʠʦʠʟʦʤʝʨʘ. 

ʉʭʝʤʘ 1.31 

 

ɺ 2018 ʛʦʜʫ ʛʨʫʧʧʳ Xu ʠ Hammond [34] ʨʘʟʨʘʙʦʪʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ 

ʛʠʜʨʦʬʪʦʨʠʨʦʚʘʥʠʷ ʠʥʘʤʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʪʦʨʠʜʘ ʢʘʣʠʷ ʠ 

ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʭʝʤʘ 1.32). ʅʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʨʝʛʠʦʠʟʦʤʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʬʪʦʨʠʨʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʫʛʣʝʨʦʜʝ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʨʷʜʦʤ ʩ ʠʥʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ. 

ʈʝʘʢʮʠʷ ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʥ-ʧʨʠʩʦʝʜʠʥʝʥʠ ̫ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʪʦʣʴʢʦ E-ʩʪʝʨʝʦʠʟʦʤʝʨʘ. 

 

 

 



25 

 

ʉʭʝʤʘ 1.32 

 

ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚ ʨʘʙʦʪʘʭ [33] ʠ [34] ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʝʪʝʥʠʤʠʥʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʘʥʘʣʦʛʠʯʥʦ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʙʨʦʤʠʨʦʚʘʥʠʷ ʠʥʘʤʠʜʦʚ [26]. 

ʈʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʘʣʢʠʥʳ ʚ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʬʪʦʨʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ Toste ʠ ʩʦʘʚʪʦʨʘʤʠ [35] (ʩʭʝʤʘ 1.33). 

ɺ ʨʝʘʢʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ AuRuPhos (RuPhos - ʣʠʛʘʥʜ 

ʬʦʩʬʠʥʦʚʦʛʦ ʪʠʧʘ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʪʠʦʥʥʳʭ ʬʦʨʤ ʟʦʣʦʪʘ in situ 

ʪʨʝʙʦʚʘʣʘʩʴ ʩʦʣʴ ʩʝʨʝʙʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ HF ʠʩʧʦʣʴʟʦʚʘʣʠ Et3NĿ3HF, 

ʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʬʪʦʨʘʣʢʝʥʦʚ ʜʦʙʘʚʣʷʣʠ 4-

ʭʣʦʨʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫ  ʁ ʢʠʩʣʦʪʥʦʩʪʴ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. ɺ ʩʳʨʦʡ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʤʘʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 98:2 ʜʣʷ Z-ʩʪʝʨʝʦʠʟʦʤʝʨʘ ʩ ʚʳʭʦʜʘʤʠ ʧʦ ʗʄʈ ʦʪ 51 ʜʦ 88%. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʳʣ ʚʳʜʝʣʝʥ ʦʜʠʥ ʠʟʦʤʝʨ ʩ ʚʳʭʦʜʘʤʠ ʦʪ 49 ʜʦ 80%. 
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ʉʭʝʤʘ 1.33 

 

ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʛʠʜʨʦʣʠʟʝ 4-ʭʣʦʨ-1-ʬʝʥʠʣ-N-ʧʨʦʧʠʣʧʝʥʪ-1ʠʥ-3-

ʠʤʠʥʘ 4N ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ [36]. ʇʨʠ ʵʪʦʤ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʩʤʝʩʴ (ɽ)- ʠ (Z)-

1,4-ʜʠʭʣʦʨʦ-1-ʬʝʥʠʣʧʝʥʪ-1-ʝʥ-3-ʦʥʘ (ʚʳʭʦʜʳ 33% ʠ 4% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ 

ʪʘʢʞʝ 1-ʧʝʥʪʠʥ-3-ʦʥʘ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʩʭʝʤʘ 1.34). 

ʉʭʝʤʘ 1.34 

 

ɺ ʨʘʙʦʪʝ [25] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʧʳʪʢʝ ʦʩʫʱʝʩʪʚʠʪʴ ʛʠʜʨʦʣʠʟ 

ʘʮʝʪʠʣʝʥʦʚʳʭ ʠʤʠʥʦʚ 2N ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʚʦʜʥʦʤ ʊɻʌ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɓ-

ʭʣʦʨ-Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʝ ʢʝʪʦʥʳ (ʩʭʝʤʘ 1.35), ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠ 

ʧʦʣʝʟʥʦʛʦ ʢʣʘʩʩʘ ɓ-ʭʣʦʨʚʠʥʠʣʢʝʪʦʥʦʚ. 
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ʉʭʝʤʘ 1.35 

 

 

1.3 ɻʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ 

 

ɻʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʷʤʳʭ 

ʤʝʪʦʜʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-S. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʦʚ 

ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʮʝʪʠʣʝʥʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʘʣʢʠʥʦʘʪʦʚ ʠ ʘʣʢʠʥʦʥʦʚ. ʊʘʢ, Wu ʩ ʢʦʣʣʝʛʘʤʠ [37] ʧʨʝʜʩʪʘʚʠʣ ʩʠʥʪʝʟ 

ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʠʩʣʦʪʥʳʤʠ ʠʦʥʥʳʤʠ 

ʞʠʜʢʦʩʪʷʤʠ ɹʨʸʥʩʪʝʜʘ (BAIL ) ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʣʢʠʥʦʘʪʦʚ 

ʚ ʩʠʩʪʝʤʝ KSCN/H2O (ʩʭʝʤʘ 1.36). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʤʘ ̫

ʫʣʴʪʨʘʟʚʫʢʦʤ ʨʝʘʢʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ (84 

ʢɼʞ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ (1.3Ĭ10
3
 ʢɼʞ) [37]. 

ʉʭʝʤʘ 1.36 
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ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʩʭʝʤʘ 1.37). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʘʣʢʠʥʦʘʪ ʙʳʣ ʦʙʨʘʪʠʤʦ ʧʨʦʪʦʥʠʨʦʚʘʥ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʪʠʦʥʘ A, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʪʘʫʪʦʤʝʨʠʟʦʚʘʣʩʷ ʚ 

ʮʚʠʪʪʝʨʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ B. ʇʨʠʩʦʝʜʠʥʝʥʠʝ SCN-ʘʥʠʦʥʘ ʢ ɓ-ʫʛʣʝʨʦʜʫ 

ʮʚʠʪʪʝʨ-ʠʦʥʘ ɺ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʘʪʘʢʘ ʧʨʦʪʦʥʘ ʥʘ ʠʥʪʝʨʤʝʜʠʘʪ ʉ, 

ʦʪʱʝʧʣʷʶʱʝʛʦʩʷ ʦʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʝʝ ʟʘʪʨʫʜʥʝʥʥʦʡ ʩʪʦʨʦʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ Z-

ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʫ [37]. 

ʉʭʝʤʘ 1.37 

 

ʇʨʦʜʦʣʞʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, Wu [38] ʫʜʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʦʣʦʯʥʫ  ʁ ʢʠʩʣʦʪʫ, ʧʨʠ ʵʪʦʤ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʪʠʦʮʠʘʥʘʪʦʚ 

ʩʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ (ʩʭʝʤʘ 1.38). 

ʉʭʝʤʘ 1.38 

 

ʈʘʟʣʠʯʥʳʝ ʘʣʢʠʥʦʘʪʳ ʨʝʘʛʠʨʦʚʘʣʠ ʩ KSCN ʠ H2O ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʣʫʙʦʢʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ Z-ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʦʚ (ʩʭʝʤʘ 1.39) [39]. 
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ʉʭʝʤʘ 1.39 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 1.40. ʕʚʪʝʢʪʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ (ʭʣʦʨʠʜ ʭʦʣʠʥʘ/ʛʣʠʢʦʣʝʚʘ ̫ʢʠʩʣʦʪʘ, 1:2) ʘʢʪʠʚʠʨʫʝʪ ʘʣʢʠʥʦʘʪ ʩ 

ʧʦʣʫʯʝʥʠʝʤ in situ ʘʣʣʝʥʦʣʷʪʘ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʩʫʙʩʪʨʘʪʦʤ. ɿʘʪʝʤ SCN-

ʘʥʠʦʥ ʘʪʘʢʫʝʪ ɓ-ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʘʣʣʝʥʦʣʷʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 

ʭʣʦʨʠʜʘ ʭʦʣʠʥʘ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ SCN-ʛʨʫʧʧʳ. ʅʘʢʦʥʝʮ, ʟʘʭʚʘʪ ʧʨʦʪʦʥʘ (in situ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʚʦʜʳ) ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʝʝ 

ʟʘʪʨʫʜʥʝʥʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʝ ʢ SCN-ʛʨʫʧʧʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ Z-ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʘ [39]. 

ʉʭʝʤʘ 1.40 

 

ɺ ʨʘʙʦʪʝ [40] ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ 

ʘʣʢʠʥʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ KSCN ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 70 

ÁC (ʩʭʝʤʘ 1.41). 



30 

 

ʉʭʝʤʘ 1.41 

 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʜʦ 100 
ʦ
ʉ, 

ʢʦʣʠʯʝʩʪʚʘ KSCN ʜʦ 3 ʵʢʚ. ʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 4-6 ʯ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ 

ʤʝʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʘʟʠʥ-2-ʪʠʦʥʦʚ (ʩʭʝʤʘ 1.42) [40]. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʫʙʩʪʨʘʪʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ, 

ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʘʥʥʦʤʫ ʪʘʥʜʝʤʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 85%. 

ʉʭʝʤʘ 1.42 

 

ʀʥʘʤʠʜʳ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʟʦʪʠʘʟʦʣʦʥʦʚ, ʤʘʣʦʠʟʫʯʝʥʥʳʭ N,S-ʛʝʪʝʨʦʮʠʢʣʦʚ (ʩʭʝʤʘ 1.43), ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʤʠʜʦʮʠʢʣʠʟʘʮʠʝʡ 

[40]. 

ʉʭʝʤʘ 1.43 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʤʝʭʘʥʠʟʤ ʪʘʥʜʝʤʥʦʛʦ ʩʦʧʨʷʞʝʥʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʠʦʮʠʘʥʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.44 [40]. ʅʫʢʣʝʦʬʠʣʴʥʦʝ 
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ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʪʠʦʮʠʘʥʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Z-ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʘʣʢʠʥʦʥʘ (ʠʣʠ ʢ 

ʠʥʪʝʨʤʝʜʠʘʪʫ C ʠʟ ʠʥʘʤʠʜʘ), ʘ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʪʨʘʥʩ-ʦʨʠʝʥʪʘʮʠʠ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʸʥʥʳʭ ʛʨʫʧʧ. ʊʠʘʟʠʥ-2-ʪʠʦʥ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʘʪʘʢʠ ʚʪʦʨʦʛʦ ʪʠʦʮʠʘʥʘʪʘ ʥʘ ʵʣʝʢʪʨʦʬʠʣʴʥʫʶ CN-ʛʨʫʧʧʫ 

ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʘ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘʨʦʞʜʘʶʱʝʛʦʩʷ 

ʠʤʠʜ-ʘʥʠʦʥʘ ʢ ʩʦʩʝʜʥʝʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ 

KOCN. ɺ ʩʣʫʯʘʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʉ ʘʟʦʪ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʘʪʘʢʫʝʪ SCN-

ʛʨʫʧʧʫ ʩ ʦʪʱʝʧʣʝʥʠʝʤ CN-ʘʥʠʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʪʠʘʟʦʣʦʥʘ. 

ʉʭʝʤʘ 1.44 

 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʝʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʣʢʠʥʘʣʷʤʠ, ʘʣʢʠʥʠʣʩʫʣʴʬʦʥʘʤʠ, ʘʣʢʠʥʦʘʪʘʤʠ ʠ 

ʘʮʝʪʠʣʝʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ [40]. 

ʇʦʣʫʯʝʥʳ ʠʣʠʜʳ N-ʠʤʠʥʦʠʟʦʪʠʘʟʦʣʠʷ ʨʝʘʢʮʠʝʡ ʛʝʪʝʨʦʘʥʥʝʣʠʨʦʚʘʥʠʷ 

ʤʝʞʜʫ ʘʣʢʠʥʠʣ ʛʠʜʨʘʟʦʥʘʤʠ ʠ ʪʠʦʮʠʘʥʘʪʦʤ ʢʘʣʠʷ (ʩʭʝʤʘ 1.45) [41]. ɼʘʥʥʳʡ 

ʧʨʦʪʦʢʦʣ ʚʢʣʶʯʘʝʪ ʨʝʘʢʮʠʶ [4+1] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ 

CīS/SīN ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʉʭʝʤʘ 1.45 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʪʘʥʜʝʤʥʦʛʦ [4+1] 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.46 [41]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ KSCN ʢ ʘʣʢʠʥʠʣ ʛʠʜʨʘʟʦʥʫ, ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʠʥʪʝʨʤʝʜʠʘʪʫ A. ʇʦʩʣʝʜʥʠʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʝʨʝʥʦʩʫ ʧʨʦʪʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʥʠʦʥʘ B. ʅʘʢʦʥʝʮ, ʘʪʘʢʘ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ SCN-ʛʨʫʧʧʫ ʠ ʦʪʱʝʧʣʝʥʠʝ CN-

ʘʥʠʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʣʠʜʘ N-ʠʤʠʥʦʠʟʦʪʠʘʟʦʣʠ.̫ 

ʉʭʝʤʘ 1.46 

 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ Z-ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʘ ʧʫʪʸʤ Ag-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠ ̫ʙʨʦʤʘʣʢʠʥʦʚ (ʩʭʝʤʘ 1.47) [42]. ʇʨʠ 

100 
ʦ
ʉ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 10 ʤʦʣ.% AgOAc ʙʳʣ ʧʦʣʫʯʝʥ 

ʰʠʨʦʢʠʡ ʨʷʜ ʙʨʦʤʟʘʤʝʱʸʥʥʳʭ Z-ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʟʘʤʝʱʝʥʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 96%. 
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ʉʭʝʤʘ 1.47 

 

ʂ ʪʦʤʫ ʞʝ, ʥʘʣʠʯʠʝ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʥʳʭ 

ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʦʚ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ 2,5-

ʜʠʬʝʥʠʣʪʠʦʬʝʥʘ, ʪʠʘʟʦʣ-2-ʘʤʠʥʘ ʠ ʪʨʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʠʜʦʚ [42]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʨʘʙʦʪʘ ʦ ʛʠʜʨʦʪʠʮʠʘʥʠʨʦʚʘʥʠʠ ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʛʦʤʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʥʘ ʦʩʥʦʚʝ 

ʟʦʣʦʪʘ [43]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

AuClǒSMe2 ʠ ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ) ʧʨʠ 

70 
ʦ
ʉ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʥʘʠʣʫʯʰʠʤʠ ʚʳʭʦʜʘʤʠ ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʦʚ (ʩʭʝʤʘ 

1.48). 

ʉʭʝʤʘ 1.48 

 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʠ ʜʣʷ 

ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʟʦʣʦʪʘ (ʩʭʝʤʘ 1.49). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 
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ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ Au/TiO2 ʜʣʷ 

ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʥʦʯʘʩʪʠʮʳ 

ʟʦʣʦʪʘ ʙʳʣʠ ʨʝʮʠʨʢʫʣʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʦʩʣʝ ʢʘʞʜʦʡ 

ʨʝʘʢʮʠʠ [43]. 

ʉʭʝʤʘ 1.49 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʢʠʩʣʦʪʦʡ ɹʨʥyʩʪʝʜʘ çmetal-freeè ʢʘʩʢʘʜʥʘʷ 

ʮʠʢʣʠʟʘʮʠʷ 2-ʧʨʦʧʠʥʦʣʬʝʥʦʣʦʚ ʠ KSCN, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ 4-ʪʠʦʮʠʘʥʦ-2H-ʭʨʦʤʝʥʘ [44]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʥʠʪʨʦʤʝʪʘʥʝ 

ʧʨʠ 60 
ʦ
ʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʩʭʝʤʘ 1.50). 

ʉʭʝʤʘ 1.50 

 

ʅʘ ʩʭʝʤʝ 1.51 ʧʨʝʜʣʦʞʝʥ ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 4-

ʪʠʦʮʠʘʥʦ-2H-ʭʨʦʤʝʥʦʚ [44]. ʉʥʘʯʘʣʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʧʨʦʧʘʨʛʠʣʦʚʳʡ ʢʘʪʠʦʥ A ʜʝʛʠʜʨʘʪʘʮʠʝʡ 2-ʧʨʦʧʠʥʦʣʬʝʥʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝʜʫʶʱʘʷ ʪʘʫʪʦʤʝʨʠʟʘʮʠʷ ʢʘʪʠʦʥʘ A 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʘʣʣʝʥʦʚʦʛʦ ʢʘʪʠʦʥʘ B. ɿʘʪʝʤ 

ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ SCN-ʘʥʠʦʥʘ ʥʘ ʩʦʝʜʠʥʝʥʠʝ B ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʨʤʝʜʠʘʪʫ 

C, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʚ 

ʦʢʩʦʥʠʝʚʳʡ ʢʘʪʠʦʥ D. ʅʘʢʦʥʝʮ, ʩʦʝʜʠʥʝʥʠʝ D ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʧʨʦʪʦʥʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʮʝʣʝʚʦʡ 4-ʪʠʦʮʠʘʥʦ-2H-ʭʨʦʤʝʥ. 

ʉʭʝʤʘ 1.51 

 

ʈʝʘʢʮʠʷ 4-ʘʣʢʠʣ-4-ʛʠʜʨʦʢʩʠ-2-ʘʣʢʠʥʦʥʠʪʨʠʣʦʚ ʩ ʪʠʦʮʠʘʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ, ʧʦʣʫʯʝʥʥʦʡ in situ ʠʟ KSCN ʠ KHSO4 ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ 5,5-ʜʠʘʣʢʠʣ-4-ʮʠʘʥʦʤʝʪʠʣʝʥ-1,3-ʦʢʩʘʪʠʦʣʘʥ-2-ʦʥʦʚ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 1.52) [45]. 

ʉʭʝʤʘ 1.52 

 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʠʩʭʦʜʥʳʭ ʘʣʢʠʥʦʥʠʪʨʠʣʦʚ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʘʣʢʠʥʦʥʠʪʨʠʣʦʚ ʩ ʤʝʪʠʣʴʥʳʤʠ ʠ 

ʵʪʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʢ ʘʣʢʠʥʦʥʠʪʨʠʣʘʤ ʩ ʦʙʲʝʤʥʳʤʠ ʠʣʠ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ (ʦʪ 

1 ʯ ʜʦ 15 ʯ). ɸʚʪʦʨʘʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʥʝ 

ʦʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 
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ʛʠʜʨʦʢʩʠʪʠʦʮʠʘʥʘʪʦʚ ʠʣʠ 2-ʠʤʠʥʦ-1,3-ʦʢʩʘʪʠʦʣʘʥʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʧʦʪʨʝʙʦʚʘʣʩʷ 10-ʪʠ ʠʣʠ 

ʙʦʣʝʝ ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ [45]. 

 

1.4 ʈʝʘʢʮʠʠ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʘʣʢʠʥʘʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [46] ʧʦʢʘʟʘʥ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʧʫʪyʤ Ru-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʘʨʠʣʟʘʤʝʱʸʥʥʳʤ CF3-ʘʣʢʠʥʘʤ (ʩʭʝʤʘ 

1.53). 

ʉʭʝʤʘ 1.53 

 

Ru-ʢʘʪʘʣʠʟʘʪʦʨ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʦʣ.% PPh3 ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʚʠʜʝ ɽ-

ʠʟʦʤʝʨʦʚ [46]. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.54. 

ʈʫʪʝʥʠʝʚʳʡ ʢʦʤʧʣʝʢʩ A, ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟ Ru3(CO)12/PPh3 ʠ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʬʦʨʤʠʨʫʝʪ ʠʥʪʝʨʤʝʜʠʘʪ B ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʮʠʶ ʩ CF3-ʘʮʝʪʠʣʝʥʦʤ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ B ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʵʪʘʧʦʤ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʚʠʥʠʣʦʚʦʛʦ ʵʬʠʨʘ ʧʨʦʪʝʢʘʝʪ ʩ E-ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [46]. 
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ʉʭʝʤʘ 1.54 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠ ̫ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ʢ 

ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʤ ʘʣʢʠʥʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ Ru-ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 

ʩʝʨʝʙʨʷʥʦʡ ʠ ʤʝʜʥʦʡ ʩʦʣʴʶ (ʩʭʝʤʘ 1.55) [47]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɽ-ʠʟʦʤʝʨʥʳʭ ʪʨʠʬʪʦʨʟʘʤʝʱʸʥʥʳʭ 

ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ. 

ʉʭʝʤʘ 1.55 

 

ɹʝʥʟʦʡʥʳʝ ʢʠʩʣʦʪʳ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʠ 

ʭʦʨʦʰʦ ʨʝʘʛʠʨʦʚʘʣʠ ʩ CF3-ʘʣʢʠʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ. ʊʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʩʪʝʨʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ: ʧʘʨʘ-, ʤʝʪʘ- ʠ ʜʘʞʝ ʦʨʪʦ-ʟʘʤʝʩʪʠʪʝʣʠ ʥʝ ʦʢʘʟʳʚʘʣʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʘ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ [47]. 

ɺ ʨʘʙʦʪʝ [48] ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 

ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ 
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ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʦʣ.% DBU ʚ ʘʮʝʪʦʥʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʛʝʢʩʘʬʪʦʨʙʫʪ-2-ʠʥʫ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ Z-ʚʠʥʠʣʦʚʳʝ ʵʬʠʨʳ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 99% (ʩʭʝʤʘ 1.56). 

ʉʭʝʤʘ 1.56 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.57. 

ʀʟʥʘʯʘʣʴʥʦ, ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ B ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʤʝʞʜʫ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʠ DBU. ɺʳʩʦʢʘʷ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢʘʨʙʦʢʩʠʣʘʪ-

ʘʥʠʦʥʘ ʢ ʛʝʢʩʘʬʪʦʨʙʫʪ-2-ʠʥʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʫʪʝʥʠʣ-ʘʥʠʦʥʘ D. ʅʘʢʦʥʝʮ, 

ʘʥʠʦʥ D ʧʨʠʩʦʝʜʠʥʷʝʪ ʧʨʦʪʦʥ ʦʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ [DBU-H]
+
, 

ʩʝʣʝʢʪʠʚʥʦ ʜʘʚʘʷ Z-ʚʠʥʠʣʦʚʳʡ ʵʬʠʨ E ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ DBU [48]. 

ʉʭʝʤʘ 1.57 

 

ɽʱ y ʦʜʥʘ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ DABCO-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤʫ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʩʦʧʨʷʞʝʥʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ 

ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʫ (ʩʭʝʤʘ 1.58) [49]. ʈʝʘʢʮʠʷ ʦʙʣʘʜʘʝʪ 

ʠʜʝʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʢʠʩʣʦʪʘʭ ʙʦʣʝʝ ʦʜʥʦʛʦ 
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ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʠ ʩ 2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʦʡ ʫʯʘʩʪʚʦʚʘʣʘ ʪʦʣʴʢʦ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʟʥʘʯʝʥʠʝʤ pKa ʥʫʢʣʝʦʬʠʣʘ. ʅʫʢʣʝʦʬʠʣ r ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ pKa 

ʙʫʜʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ ʧʝʨʚʳʤʠ. 

ʉʭʝʤʘ 1.58 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʤʝʭʘʥʠʟʤ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ DABCO 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 1.59. ʉʥʘʯʘʣʘ ʮʚʠʪʪʝʨ-

ʠʦʥ A, ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ DABCO ʠ ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʘ, 

ʜʝʧʨʦʪʦʥʠʨʫʝʪ ʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʠʩʣʘʪ-ʘʥʠʦʥʘ B ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ C. ʇʦʩʣʝʜʫʶʱʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ B ʢ C ʧʨʠʚʦʜʠʪ ʢ ʘʜʜʫʢʪʫ D, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʪʱʝʧʣʷʝʪ 

DABCO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [49]. 

ʉʭʝʤʘ 1.59 

 

ɺ ʨʘʙʦʪʝ [50] ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʢ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʘʣʢʠʥʘʤ ʚ ʚʦʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [AuCl(PPh3)]/AgOAc. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʝʘʢʮʠʠ ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʨʝʛʠʦʠʟʦʤʝʨʦʚ (ʩʦʦʪʥʦʰʝʥʠʝ I  ʢ II  ï ʦʪ 

0:100 ʜʦ 91:9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ ʙʝʥʟʦʡʥʦʡ 
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ʢʠʩʣʦʪʳ ʥʘ Ŭ- ʠʣʠ ɓ-ʫʛʣʝʨʦʜ ʪʨʦʡʥʦʡ ʩʚʷʟʠ (ʩʭʝʤʘ 1.60) ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʪ 55% ʜʦ 84%. 

ʉʭʝʤʘ 1.60 

 

ɹr ʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʥʝʩʠʤʤʝʪʨʠʯʥʦ 

ʟʘʤʝʱʥyʥʳʭ ʘʣʢʠʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʝ ʚ ʚʦʜʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [AuCl(PPh3)]/AgOAc, ʧʨʠ ʵʪʦʤ 

ʨʝʘʢʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ 

ʨʝʛʠʦʠʟʦʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʘʪʘʢʝ ʢʠʩʣʦʪʦʡ ʜʚʫʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʘʣʢʠʥʘ [51]. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʠʥʪʝʨʥʘʣʴʥʳʭ ʘʣʢʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʣʥʘʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ɓ-ʧʦʣʦʞʝʥʠʶ ʪʨʦʡʥʦʡ ʩʚʷʟʠ (ʩʭʝʤʘ 1.61). 

ʉʭʝʤʘ 1.61 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʘʨʠʣʮʠʘʥʘʮʝʪʠʣʝʥʦʚ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʛʠʜʨʦʢʩʠʜʦʤ 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥ r

ʥʠʪʨʠʣʟʘʤʝʱʥyʥʳʝ ʚʠʥʠʣʦʚʳʝ ʵʬʠʨ r(ʩʭʝʤʘ 1.62) [52]. ʗʄʈ 
1
H ʠ 2D NOE 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʙʨʘʟʦʚʘʥʠʝ Z-ʚʠʥʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʪʦʣʝʨʘʥʪʥʘ ʢ ʰʠʨʦʢʦʤʫ ʨʷʜʫ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 
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ʉʭʝʤʘ 1.62 

 

ɺʥʘʯʘʣʝ ʢʘʪʠʦʥʥʦʝ ʠʤʠʜʘʟʦʣʠʝʚʦʝ ʢʦʣʴʮʦ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ CN-

ʛʨʫʧʧʦʡ ʘʣʢʠʥʠʣʥʠʪʨʠʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ A, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥ ʜʝʧʨʦʪʦʥʠʨʫʝʪ ʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ (ʩʭʝʤʘ 1.63). ʇʦʩʣʝʜʫʶʱʘʷ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʥʘ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʫʛʣʝʨʦʜ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʘʣʢʠʥʘ ʚ ʢʦʤʧʣʝʢʩʝ A ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ B, ʟʘ ʢʦʪʦʨʳʤ 

ʩʣʝʜʫʝʪ ʢʦʤʧʣʝʢʩ C, ʚ ʢʦʪʦʨʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ 

ʢʘʪʠʦʥʥʳʤ ʠʤʠʜʘʟʦʣʠʝʚʳʤ ʢʦʣʴʮʦʤ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʟʘʤʝʱʘʝʪʩʷ ʧʨʦʪʦʥʦʤ, 

ʦʪʱʝʧʣʷʶʱʠʤʩʷ ʦʪ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʝʥʝʨʘʮʠʷ [BMIM]OH  

ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʧʨʦʜʦʣʞʘʝʪʩʷ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʪʝʨʝʦʭʠʤʠʷ ʢʦʤʧʣʝʢʩʘ C ʧʦʤʦʛʘʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ Z-

ʚʠʥʠʣʦʚʦʤʫ ʵʬʠʨʫ [52]. 

ʉʭʝʤʘ 1.63 
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ʇʦʣʫʯʝʥʳ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʠʟʦʢʫʤʘʨʠʥʳ ʩ ʧʦʤʦʱʴʶ Ir-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ/ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʙʝʥʟʦʡʥʳʭ 

ʢʠʩʣʦʪ ʩ ʘʨʠʣʪʨʠʬʪʦʨʤʝʪʠʣʘʮʝʪʠʣʝʥʘʤʠ (ʩʭʝʤʘ 1.64) [53]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ. 

ʉʭʝʤʘ 1.64 

 

ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʩʭʝʤʝ 

1.65. ɸʢʪʠʚʥʘ ̫ ʬʦʨʤʘ ʢʘʪʘʣʠʟʘʪʦʨʘ A ʛʝʥʝʨʠʨʦʚʘʣʘʩʴ ʠʟ ʜʠʤʝʨʘ, 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ [Cp*IrCl 2]2, ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʩʦʣɹʁ ʩʝʨʝʙʨʘ. 

ɿʘʪʝʤ ʦʜʠʥ ʠʟ ʜʚʫʭ ʘʮʝʪʘʪʦʚ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ. 

ʂʘʨʙʦʢʩʠʣʘʪ ʥʘʧʨʘʚʣʷʣ ʦʨʪʦ-C(sp
2
)-H ʘʢʪʠʚʘʮʠʶ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 

ʫʯʘʩʪʠʠ ʘʮʝʪʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʦʠʨʠʜʠʝʚʦʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ B. ɺʧʦʩʣʝʜʩʪʚʠʠ ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʡ 

ʬʝʥʠʣʘʮʝʪʠʣʝʥ ʢʦʦʨʜʠʥʠʨʦʚʘʣʩʷ ʩ ʠʨʠʜʠʝʚʳʤ ʮʝʥʪʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ C. ʄʠʛʨʘʮʠʦʥʥʘʷ ʚʩʪʘʚʢʘ ʘʣʢʝʥʘ 

ʚ ʫʛʣʝʨʦʜ-ʠʨʠʜʠʝʚʫʶ ʩʚʷʟʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʚʦʜʠʣʘ ʢ ʧʦʣʫʯʝʥʠʶ 

ʩʝʤʠʯʣʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʠʢʣʘ D. ʇʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʳʚʘʣʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ E, ʢʦʪʦʨʦʝ 

ʦʢʠʩʣʷʝʪʩʷ AgOAc ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʘ ʘʥʥʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʧʨʦʪʝʢʘʣʘ 

ʨʝʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ A ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ [53]. 
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ʉʭʝʤʘ 1.65 

 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ [53] ʠʟʫʯʝʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʝ/ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʠʥʜʦʣʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 

ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʦʚʘʥʥʳʤʠ ʘʣʢʠʥʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʨʷʤʦʡ 

ʜʦʩʪʫʧ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ CF3-ʠʥʜʦʣʦʧʠʨʘʥʦʥʘʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʚ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʝ ʠʥʜʦʣ, ʧʠʨʘʥʦʥ ʠ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ - ʪʨʠ ʚʘʞʥʳʭ 

ʬʘʨʤʘʢʦʬʦʨʘ (ʩʭʝʤʘ 1.66) [54]. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʥʘ 

ʦʩʥʦʚʝ Ir, Ru ʠ Rh) ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Cp*RhCl2]2 

ʫʜʘʸʪʩʷ ʜʦʙʠʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʩʦʦʪʥʦʰʝʥʠʝ I  

ʢ II  ï 20:1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʆʙʱʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʠ ʵʪʦʤ 

ʩʦʩʪʘʚʠʣ ʜʦ 95%. 

ʉʭʝʤʘ 1.66 
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ɺ ʨʘʙʦʪʝ [54] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʠʬʪʦʨʵʪʘʥʦʣʝ ʧʨʠ 

100 
ʦ
ʉ. ʆʜʥʘʢʦ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʠʧʝʥʠʷ ʪʨʠʬʪʦʨʵʪʘʥʦʣʘ ʩʦʩʪʘʚʣʷʝʪ 78 
ʦ
ʉ. ʇʨʠ ʵʪʦʤ ʥʝ ʧʦʷʩʥʷʝʪʩʷ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʚ 100 
ʦ
ʉ. 

ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʠʥʪʝʟʝ Ŭ-ʘʮʠʣʦʢʩʠʢʝʪʦʥʦʚ Ag-ʢʘʪʘʣʠʟʠʨʫʝʤʳʤ 

ʛʠʜʨʦʘʮʠʣʦʢʩʠʣʠʨʦʚʘʥʠʝʤ ʪʨʠʬʪʦʨʤʝʪʠʣʧʨʦʧʠʥʦʣʦʚ ʨʘʟʣʠʯʥʳʤʠ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʩʭʝʤʘ 1.67) [55]. ʇʦʣʫʯʝʥʥʳʝ Ŭ-ʘʮʠʣʦʢʩʠʢʝʪʦʥʳ 

ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʣʠ ʛʠʜʨʦʣʠʟʫ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʵʪʘʥʦʣʝ 

ʩ ʧʦʣʫʯʝʥʠʝʤ Ŭ-ʛʠʜʨʦʢʩʠʢʝʪʦʥʦʚ ï ʚʘʞʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. 

ʉʭʝʤʘ 1.67 

 

ʆʙʨʘʟʦʚʘʥʠʝ Ŭ-ʘʮʠʣʦʢʩʠʢʝʪʦʥʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʩʭʝʤʘ 1.68). ɺʥʘʯʘʣʝ ʧʨʠ ʧʨʷʤʦʤ ʛʠʜʨʦʘʮʠʣʦʢʩʠʣʠʨʦʚʘʥʠʠ 

ʪʨʠʬʪʦʨʤʝʪʠʣʧʨʦʧʠʥʦʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʠ ʩʝʨʝʙʨʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʘʣʣʠʣʦʚʳʡ ʩʧʠʨʪ ɸ, ʢʦʪʦʨʳʡ ʠʟʦʤʝʨʠʟʫʝʪʩʷ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʝʥʦʣʘ ɺ. ʇʦʩʣʝʜʫʶʱʘʷ ʢʝʪʦ-ʝʥʦʣʴʥʘʷ ʪʘʫʪʦʤʝʨʠʷ ʧʨʠʚʦʜʠʪ ʢ Ŭ-

ʘʮʠʣʦʢʩʠʢʝʪʦʥʫ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʚʢʣʶʯʘʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʢ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʝʥʦʥʫ ɺô [55]. 
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ʉʭʝʤʘ 1.68 

 

ʇʦʢʘʟʘʥʘ ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʘʣʣʘʜʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʨʝʘʢʮʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʢʘʨʙʦʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʠʥʦʚ 

ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʤʝʪʠʣʝʥʠʥʜʦʣʠʥ-2-ʦʥʦʚ [56]. ɺ ʧʨʠʩʫʪʩʪʚʠʠ Pd(OAc)Ϝ ʠ ArI(OAc)Ϝ N-

ʘʨʠʣʧʨʦʧʠʦʣʘʤʠʜʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʘʥʜʝʤʥʳʤ ʨʝʘʢʮʠʷʤ 

ʘʮʝʪʦʢʩʠʧʘʣʣʘʜʠʨʦʚʘʥʠʷ/C-H-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ Boc-

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʠʣʝʥʠʥʜʦʣʠʥ-2-ʦʥʦʚ ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 78% (ʩʭʝʤʘ 1.69). 

ʉʭʝʤʘ 1.69 

 

ʆʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʪʨʝʪʠʯʥʳʤ 

ʮʠʘʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤ ʩʧʠʨʪʘʤ, ʩʧʦʩʦʙʥʳʤ ʚʩʪʫʧʘʪʴ ʚ ʪʘʥʜʝʤʥʫʶ ʨʝʘʢʮʠʶ ʩ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ, ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ [57-60]. ʈʝʘʢʮʠʠ ʮʠʘʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʦʪʝʢʘʣʠ ʚ MeCN ʚ ʧʨʠʩʫʪʩʪʚʠʠ Et3N ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [57]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʛʝʪʝʨʦʤʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʪʨʝʙʦʚʘʣʦ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ 
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(ʢʠʧʷʯʝʥʠʝ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, MeCN, Et3N) [58-60]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʭ 4-ʮʠʘʥʦ-3(2ʅ)-ʬʫʨʘʥʦʥʦʚ ʠ 4-

ʮʠʘʥʦ-[(Z)-3-ʮʠʘʥʦʤʝʪʠʣʝʥ]-2,3-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ (ʩʭʝʤʘ 1.70). 

ʉʭʝʤʘ 1.70 

 

ʉʙʦʨʢʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 2,3-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ II  ʠ 3(2H)-

ʬʫʨʘʥʦʥʦʚ I  ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʝʪʦʵʬʠʨʦʚ III , 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʜʫʶʱʝʛʦ ʢʘʩʢʘʜʘ ʨʝʘʢʮʠʡ: ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʮʠʘʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʘʜʜʫʢʪʘʭ A ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʝʪʦʵʬʠʨʦʚ III  (ʩʭʝʤʘ 1.71). ɼʘʣʝʝ ʧʨʦʪʝʢʘʶʪ ʜʚʝ 

ʢʦʥʢʫʨʝʥʪʥʳʝ ʨʝʘʢʮʠʠ: ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ III  ʚ 3(2H)-ʬʫʨʘʥʦʥʳ I  ʠʣʠ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʢʘʨʙʘʥʠʦʥʦʚ B 

ʧʦ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʮʠʘʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʠ 

ʢʘʨʙʘʥʠʦʥʳ C ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʮʠʢʣʠʟʫʶʪʩʷ ʚ 2,3-ʜʠʛʠʜʨʦʬʫʨʘʥʳ II . 

ʉʭʝʤʘ 1.71 

 

ʀʟʚʝʩʪʥʦ ʦ ʧʦʣʫʯʝʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʘʨʠʣʬʫʨʘʥʘ ʠʟ ʙʫʪ-2-ʠʥ-1,4-

ʜʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Pd/ʉ ʚ ʩʨʝʜʝ ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʷ-200 ʧʦʜ 
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ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩʭʝʤʘ 1.72) [61]. ɺ ʵʪʦʤ ʧʨʝʚʨʘʱʝʥʠʠ 

ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ʚʳʩʪʫʧʘʣʘ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʦʜʦʨʦʜʘ, ʠ ʢʘʢ ʢʠʩʣʦʪʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ-ʮʠʢʣʠʟʘʮʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʨʝʘʢʮʠʠ ʪʨʝʙʦʚʘʣʦʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʉʭʝʤʘ 1.72 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʚ ʜʘʥʥʦʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʘʢʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʭ ʘʮʝʪʠʣʝʥʦʚ ʩ ʨʷʜʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɺ ʦʙʟʦʨʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ 

ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʠʜʨʘʪʘʮʠʠ ʘʣʢʠʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ 

ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ 

ʠʥʪʝʨʝʩʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪ 

ɹʨʸʥʩʪʝʜʘ. ʊʘʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʟʘʯʘʩʪʫʶ ʷʚʣʶʪʩʷ ʩʝʨʥʘʷ, 

ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʘʷ, ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʳ ʠ ʜʨ. ɺʩʝ 

ʦʧʠʩʘʥʥʳʝ ʨʝʘʢʮʠʠ ʦʙʣʘʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦʡ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʢʝʪʦʥʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʨʘʙʦʪ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʦ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʛʠʜʨʘʪʘʮʠʠ ʘʣʢʠʥʦʚ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʝʘʢʮʠʠ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ. ʈʘʟʨʘʙʦʪʘʥ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʨʷʜ ʧʨʦʪʦʢʦʣʦʚ 
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ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʢʘʢ ʨʝʘʢʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʪʘʢ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʛʘʣʦʛʝʥʠʨʫʶʱʠʭ ʩʠʩʪʝʤ (ʥʘʧʨʠʤʝʨ, DMPU/HX, AgF, LiCl  ʠ ʜʨ.). ɿʘʯʘʩʪʫʶ 

ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʫʜʥʦʨʘʟʜʝʣʠʤʳʭ ʩʤʝʩʝʡ Z/E-ʠʟʦʤʝʨʦʚ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʦʚ ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ. ʆʩʦʙʝʥʥʦ 

ʟʘʤʝʪʝʥ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦ ʩʝʡ ʜʝʥʴ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʧʦʠʩʢ ʥʦʚʳʭ, ʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ 

ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɻʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʘʢʮʠʷʤʠ ʩ 

ʘʣʢʠʥʦʘʪʘʤʠ ʠ ʘʮʝʪʠʣʝʥʦʚʳʤʠ ʢʝʪʦʥʘʤʠ. ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʨʦʚʦʜʷʪʩʷ ʩ ʪʠʦʮʠʘʥʘʪʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʯʪʦ ʚ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʤʝʱʸʥʥʳʤ ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʘʤ. ʅʝʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʵʢʟʦʪʠʯʝʩʢʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʢ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ɹʨʸʥʩʪʝʜʘ (BAIL ), ʛʣʫʙʦʢʠʡ 

ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ (ɻʕʈ) ʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʸʤʢʠʝ 

ʧʨʦʮʝʩʩʳ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʝʪʩʷ ʦʛʨʦʤʥʳʡ ʧʣʘʩʪ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʘʣʢʠʥʘʤʠ. ɺ ʦʙʟʦʨʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʦʪʚʝʜʝʥʦ ʨʝʘʢʮʠʷʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʨʘʟʣʠʯʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʤ ʘʣʢʠʥʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʝʶʱʠʤ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʘʢʪʠʚʠʨʫʶʱʠʝ ʛʨʫʧʧʳ. ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (Ru, Ir, Rh, Au, Ag 

ʠ ʜʨ.). ʀʤʝʶʪʩʷ ʪʘʢʞʝ ʧʨʦʪʦʢʦʣʳ, ʧʦʩʚʷʱʸʥʥʳʝ ʦʩʥʦʚʥʦʢʘʪʘʣʠʟʠʨʫʝʤʦʤʫ 

ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ 

ʯʘʩʪʦ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʩ ʚʳʭʦʜʘʤʠ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʙʣʠʟʢʠʤʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʭʠʤʠʠ 

ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʣʫʯʠʣʦ ʜʦʩʪʘʪʦʯʥʦ 
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ʩʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʠʤ ʠʥʪʝʨʝʩʦʤ ʭʠʤʠʢʦʚ-

ʩʠʥʪʝʪʠʢʦʚ ʢ ʜʘʥʥʦʡ ʪʝʤʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʤʝʨʦʚ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʮʝʪʠʣʝʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʠʥʦ-, ʛʠʜʨʦʢʩʠ-

ʛʨʫʧʧʫ ʠ ʬʪʦʨʘʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʦʛʦ ʢʣʘʩʩʘ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʘʮʝʪʠʣʝʥʦʚ - CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʠ ʠʭ 

ʨʝʘʢʮʠʷʤ ʩ ʢʠʩʣʦʪʘʤʠ. 
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ɻʃɸɺɸ 2. ʊʨʠʬʪʦʨʤʝʪʠʣʟʘʤʝʱʸʥʥʳʝ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʢʠʩʣʦʪʘʤʠ (ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ) 

 

2.1 ʇʦʣʫʯʝʥʠʝ ʠʩʭʦʜʥʳʭ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

 

ʉʫʱʝʩʪʚʫʪʁ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ CF3-ʠʤʠʥʦʘʮʝʪʠʣʝʥʦʚ [62-

66], ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʘ ʨʝʘʢʮʠ ̫ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 

ʠʤʠʜʦʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ. ʕʪʦʪ ʤʝʪʦʜ ʣʸʛ ʚ ʦʩʥʦʚʫ 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʠʬʪʦʨʤʝʪʠʣʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ N-ʟʘʤʝʱʸʥʥʳʭ ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ 

ʛʘʣʦʛʝʥʠʜʦʚ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʠ ʫʜʦʙʥʳʭ CF3-

ʩʦʜʝʨʞʘʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʤʫ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʩʠʥʪʝʟʫ ʠʟ ʜʦʩʪʫʧʥʦʡ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ. 

ʉʠʥʪʝʟ N-ʟʘʤʝʱʸʥʥʳʭ ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤʫ ʤʝʪʦʜʫ ʠʟ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 1a ʠʣʠ ʧʝʨʬʪʦʨʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪʳ 1b, ʘʥʠʣʠʥʘ 2a ʠʣʠ ʥ-ʙʫʪʠʣʘʤʠʥʘ 2b, ʯʝʪʳʨʸʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ (ʩʭʝʤʘ 2.1) [67]. 

ʉʭʝʤʘ 2.1 

 

ʎʝʣʝʚʳʝ ʠʤʠʜʦʠʣ ʭʣʦʨʠʜʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 22-81%. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʫʶ ʤʘʩʣʷʥʠʩʪʫʶ ʞʠʜʢʦʩʪʴ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʘʛʝ ʠ ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʦ 

ʘʤʠʜʘ. ʆʜʥʘʢʦ, ʦʥʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ, ʯʝʤ ʠʭ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ, ʠ 

ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3-ʭ ʤʝʩʷʮʝʚ ʠ ʙʦʣʝʝ. 
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ʂʨʦʩʩ-ʩʦʯʝʪʘʥʠʝ ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 4a-f ʠ N-ʟʘʤʝʱʸʥʥʳʭ 

ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜʦʚ 3a-c ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 

[68]. ʂʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ ſʉ-ʅ (3300-3200 ʩʤ
-1
). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (55-60 
ʦ
ʉ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1.5 ʵʢʚ. K3PO4 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʠ 

1 ʵʢʚ. CuI (ʜʣʷ ʩʠʥʪʝʟʘ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5h ʪʘʢʞʝ ʜʦʙʘʚʣʷʣʠ KI 

[69]) ʙʳʣʠ ʧʦʣʫʯʝʥʳ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪ r5a-h ʩ ʚʳʭʦʜʘʤʠ ʜʦ 

87% (ʩʭʝʤʘ 2.2). 

ʉʭʝʤʘ 2.2 

 

ʇʦʣʫʯʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

ʙʳʣʦ ʦʩʣʦʞʥʝʥʦ ʠʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʠ ʚʳʜʝʣʝʥʠʠ, ʦʯʠʩʪʢʝ ʠ ʭʨʘʥʝʥʠʠ. 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʧʨʦʧʘʨʛʠʣʦʚʳʝ 

ʩʧʠʨʪʳ ʩʦ ʩʚʦʙʦʜʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʧʨʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʪʦʪʨʦʧʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʩʪʘʙʠʣʴʥʳʝ ʘʣʣʝʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʟʘʱʠʪʫ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʳ ʤʝʪʦʜʦʤ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʠʨʦʚʘʥʠʷ ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ [70]. ɺ ʢʘʯʝʩʪʚʝ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʠʨʫʶɦ ʝʛʦ ʘʛʝʥʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ɻʄɼʉ 6 ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1 

ʤʦʣ. % ʩʘʭʘʨʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʭʝʤʘ 2.3). 
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ʉʭʝʤʘ 2.3 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʊʄʉ-ʟʘʱʠʱʸʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ 

ʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 2.4). 

ʉʭʝʤʘ 2.4 

 

ʇʦʣʫʯʝʥʥʳʝ ʊʄʉ-ʟʘʱʠʱʸʥʥr ʝ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ 5i, j  

ʜʘʣʝʝ ʚʦʚʣʝʢʘʣʠʩʴ ʚ ʨʝʘʢʮʠʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʥʷʪʠʷ ʟʘʱʠʪʳ. 

 

2.2 ɻʠʜʨʦʣʠʟ/ʛʠʜʨʘʪʘʮʠʷ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʠʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʚʦʜʦʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʛʠʜʨʦʣʠʟ ʘʮʝʪʠʣʝʥʦʚʳʭ ʠʤʠʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʝʨʥʦʡ ʠʣʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪ [25, 36]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

[ʢʠʩʣʦʪʘ, ʢʠʧʷʯʝʥʠʝ] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʳʭ 

ʧʨʦʧʘʨʛʠʣʦʚʳʭ CF3-ʢʝʪʦʥʦʚ ʦʙʨʘʟʫʪʁʩʷ 5-ʛʠʜʨʦʢʩʠ-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ r

8. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʝʘʢʮʠʠ ʩ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤ ʩʧʠʨʪʦʤ 5ʘ ʚ ʊɻʌ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ  r ʪʘʢʠʝ 
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ʢʠʩʣʦʪʳ, ʢʘʢ ʫʢʩʫʩʥʘʷ, ʬʦʩʬʦʨʥʘʷ, ʱʘʚʝʣʝʚʘʷ, ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ, ʩʦʣʷʥʘʷ ʠ 

ʩʝʨʥʘʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ, ʪʘʢʦʡ ʢʘʢ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ, 

ʦʙʨʘʟʦʚʘʥʠ ̫ ʧʨʦʜʫʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʪʘʙʣʠʮʘ 1, ʦʧʳʪ 1). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʢʠʩʣʦʪ ʙʳʣ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ 8ʘ ʩ ʚʳʭʦʜʘʤʠ ʦʪ 15% ʜʦ 61% (ʪʘʙʣʠʮʘ 1, ʦʧʳʪʳ 2-4, 6). ɺ ʨʝʘʢʮʠʠ ʩ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl ʚ ʊɻʌ 5-ʛʠʜʨʦʢʩʠ-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 8ʘ ʥʝ ʙʳʣ 

ʧʦʣʫʯʝʥ, ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʝʥ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪ ʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ - 5,5-

ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11ʘ) 

(ʪʘʙʣʠʮʘ 1, ʦʧʳʪ 5; ʩʤ. ʨʘʟʜʝʣ 2.3). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʨʥʘ ̫

ʢʠʩʣʦʪʘ ̫ʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ 

(ʪʘʙʣʠʮʘ 1, ʦʧʳʪ 6). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ 3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8ʘ (ʪʘʙʣʠʮʘ 1, ʦʧʳʪʳ 7-

9). ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ (89%) ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1 ʵʢʚ. 2ʄ 

H2SO4 ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʊɻʌ-ʅ2ʆ (ʪʘʙʣʠʮʘ 1, ʦʧʳʪ 8). ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʜʦ 1.5 ʵʢʚ. ʥʝ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ 8ʘ 

(ʪʘʙʣʠʮʘ 1, ʦʧʳʪʳ 7, 8). ɿʘʤʝʥʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʦʣʷʥʫʶ ʚ ʊɻʌ-ʅ2ʆ (1:2) 

ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʩ ʚʳʭʦʜʦʤ 75% (ʪʘʙʣʠʮʘ 1, ʦʧʳʪ 10). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʠʟʙʳʪʦʢ ʚʦʜʳ ʠ ʩʦʣʴʚʘʪʠʨʦʚʘʥʠʝ ʠʦʥʘ Cl ʟʘʪʨʫʜʥʷʶʪ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʪʁ ʦʙʨʘʟʦʚʘʥʠʶ 

3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8ʘ ʢʘʢ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʂʠʧʷʯʝʥʠʝ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5a ʩ ʢʠʩʣʦʪʘʤʠ ʚ ʪʘʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʘʢ 

H2O, CHCl3, MeCN ʠ EtOH ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 8a ʩ 

ʚʳʭʦʜʦʤ ʚʩʝʛʦ 2-44% (ʪʘʙʣʠʮʘ 1, ʦʧʳʪʳ 11-18). 
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ʊʘʙʣʠʮʘ 1 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ 3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8ʘ 

 
 ̄ ʂʠʩʣʦʪʘ ʕʢʚ. ʈʘʩʪʚʦʨʠʪʝʣʴ, ʤʣ ʂʦʥʚʝʨʩʠʷ 5ʘ, % ɺʳʭʦʜ 8ʘ, %

ʘ 

1 CH3COOH 1 ʊɻʌ, 4 5 - 

2 ʅ3ʈʆ4 1 ʊɻʌ, 4 50 22 

3 C2ʅ2ʆ4 1 ʊɻʌ, 4 50 15 

4 ʉF3COOH 1 ʊɻʌ, 4 77 15 

5 HCl (36%) 1 ʊɻʌ, 4 100 -
ʙ
 

6 H2SO4, 2M 1 ʊɻʌ, 4 100 61 

7 H2SO4, 2M 1.5 ʊɻʌ-ʅ2ʆ, 1.5-1.5 100 75 

8 H2SO4, 2ʄ 1 ʊɻʌ-ʅ2ʆ, 1.5-1.5 100 79 

9 H2SO4, 2ʄ 1 ʊɻʌ-ʅ2ʆ, 1-2 100 89 

10 HCl (36%) 1 ʊɻʌ-ʅ2ʆ, 1-2 100 75 

11 H2SO4, 2ʄ 1 ʅ2ʆ, 2 85 44 

12 H2SO4, 2ʄ 1 CHCl3, 4 40 7 

13 H2SO4, 2ʄ 2 CHCl3, 4 60 6 

14 H2SO4, 2ʄ 1 MeCN, 4 100 4 

15 H2SO4, 2ʄ 1 EtOH, 4 100 2 

16 ʅ3ʈʆ4 1 EtOH, 4 100 4 

17 C2ʅ2ʆ4 1 EtOH, 4 91 15 

18 ʉF3COOH 1 EtOH, 4 96 14 
ʘ 
ɺʳʭʦʜʳ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʗʄʈ 

1
ʅ. ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʭʦʜʘ ʧʨʠʤʝʥʷʣʠ ʩʪʘʥʜʘʨʪ - 

1,2,4,5-ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ. 
ʙ
 ʇʨʦʪʝʢʘʝʪ ʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʝ ʪʨʦʡʥʦʡ ʩʚʷʟʠ. 

 

ʆʧʪʠʤʠʟʠʨʦʚʘʚ ʫʩʣʦʚʠ ̫ʨʝʘʢʮʠʠ, ʜʘʣʝʝ ʤ  rʠʩʩʣʝʜʦʚʘʣʠ ʩʫʙʩʪʨʘʪʥʳʡ 

ʦʭʚʘʪ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5 (ʩʭʝʤʘ 2.5). ʅʘʣʠʯʠʝ ʘʣʢʠʣʴʥʳʭ ʠ 

ʦʜʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʛʠʜʨʦʢʩʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5b-ʩ, ʝ ʥʝ ʦʢʘʟʳʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ, ʧʨʠʚʦʜʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 3(2H)-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘʤ 8b-d ʩ ʚʳʭʦʜʘʤʠ 72-82%. ʅʘʣʠʯʠʝ ʜʚʫʭ ʬʝʥʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʠʚʘʣʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʜʦ 11 ʯ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʚʳʭʦʜ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8e ʠ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʩʤʦʣʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʨʝʘʢʮʠʠ ʩ ʊʄʉ-ʟʘʱʠʱʸʥʥʳʤʠ ʚʪʦʨʠʯʥʳʤ 

ʠ ʧʝʨʚʠʯʥʳʤ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤʠ ʩʧʠʨʪʘʤʠ 5i, j  ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ 
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ʜʦʩʪʠʛʥʫʪʘ ʫʞʝ ʯʝʨʝʟ 30 ʤʠʥ, ʠ ʮʝʣʝʚʳʝ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʳ 2f, g ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 40% ʠ 22%. ɿʘʤʝʥʘ CF3-ʛʨʫʧʧʳ ʥʘ C3F7 ʧʨʠʚʝʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 4 ʯʘʩʦʚ ʠ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ 

ʧʨʦʜʫʢʪʘ 8h ʜʦ 11%. N-n-Bu-ɿʘʤʝʱʸʥʥʳʡ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 

5h ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8a ʩ ʚʳʭʦʜʦʤ ʚ 3 ʨʘʟʘ 

ʤʝʥʴʰʠʤ (27%), ʯʝʤ N-Ph-ʟʘʤʝʱʸʥʥʳʡ ʩʧʠʨʪ 5a, ʚʝʨʦʷʪʥʦ, ʧʦʪʦʤʫ, ʯʪʦ 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʥ-ʙʫʪʠʣʘʤʠʥ, ʷʚʣʷʷʩʴ ʙʦʣʝʝ ʦʩʥʦʚʥʳʤ, ʯʝʤ ʘʥʠʣʠʥ, ʩʠʣʴʥʝʝ 

ʠʟʤʝʥʷʣ pH ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʧʝʢʪʨ ʗʄʈ 
1
H ʩʳʨʦʛʦ 

ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʧʠʨʪʘ 5h ʩʦʜʝʨʞʘʣ ʩʠʥʛʣʝʪ ʧʨʠ 1.62 ʤ.ʜ. ʥʘʨʷʜʫ ʩ 

ʩʠʛʥʘʣʘʤʠ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8a. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʤʝʩʪʠʪʝʣʠ, ʢʘʢ ʚ 

ʛʠʜʨʦʢʩʠʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʠʤʠʥʥʦʤ ʬʨʘʛʤʝʥʪʘʭ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. 5-ɻʠʜʨʦʢʩʠ-3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʳ 8a-h 

ʦʢʘʟʘʣʠʩʴ ʥʝʩʪʘʙʠʣʴʥʳʤʠ. ʆʥʠ ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ ʠʭ ʦʯʠʩʪʢʝ ʠ ʭʨʘʥʝʥʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʭʝʤʘ 2.5 

 
ʘ 
ʇʨʝʧʘʨʘʪʠʚʥʳʝ ʚʳʭʦʜʳ; 

ʙ 
ɺʳʭʦʜʳ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʗʄʈ 

1
ʅ. ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʭʦʜʘ 

ʧʨʠʤʝʥʷʣʠ ʩʪʘʥʜʘʨʪ - 1,2,4,5-ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ. 

 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 8a-h ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ 
1
H, 

13
C, 

19
F ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢ ʞʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. 
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ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʠ ʚ ʊɻʌ (5a ʠ 1 ʵʢʚ. H2SO4) ʤʝʪʦʜʦʤ ʗʄʈ (
1
H ʠ 

13
C) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
1
H ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ 

3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8a ʠ ʠʩʭʦʜʥʦʛʦ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5a, 

ʘ ʪʘʢʞʝ ʩʠʥʛʣʝʪ ʧʨʠ 1.62 ʤ.ʜ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
13

C ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʥʘʙʦʨʘ 

ʩʠʛʥʘʣʦʚ ʪʨʦʡʥʳʭ ʩʚʷʟʝʡ, ʪʨʠ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ CF3-ʛʨʫʧʧ ʠ ʢʚʘʨʪʝʪ ʧʨʠ 166.5 

ʤ.ʜ. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʧʨʠ 

2219 ʠ 2223 ʩʤ
-1
. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʧʘʨʛʠʣʦʚʦʛʦ CF3-ʢʝʪʦʥʘ 9 

ï ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ ʠʤʠʥʘ. ʆʜʥʘʢʦ ʚʳʜʝʣʠʪʴ ʵʪʦʪ ʧʨʦʜʫʢʪ ʥʝ ʫʜʘʣʦʩʴ. 

5-ɻʠʜʨʦʢʩʠ-3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 8, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʥʜʝʤʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (ʩʭʝʤʘ 2.6). ʉʥʘʯʘʣʘ ʛʠʜʨʦʣʠʟʫʝʪʩʷ 

ʠʤʠʥʦʛʨʫʧʧʘ ʠʩʭʦʜʥʦʛʦ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5. ɿʘʪʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʘʪʘʮʠʷ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʧʘʨʛʠʣʦʚʦʛʦ CF3-

ʢʝʪʦʥʘ 9 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʥʦʣʘ ɸ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʮʠʢʣʠʟʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ CF3-

ʢʝʪʦ- ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʧʨʦʜʫʢʪʘ 8. 

ʉʭʝʤʘ 2.6 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʳ 8 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʮʠʢʣʠʯʝʩʢʠʝ ʪʘʫʪʦʤʝʨʳ 1,3-ʜʠʢʝʪʦʥʦʚ [71, 72]. ʄ  rʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ 3(2ʅ)-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘ 8a ʩ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ 5-CF3-3-

ʧʨʦʧʠʣʛʠʜʨʦʢʩʠ-1H-ʧʠʨʘʟʦʣʘ 10 ʩ ʚʳʭʦʜʦʤ 82% (ʩʭʝʤʘ 2.7). 

ʉʭʝʤʘ 2.7 
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ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʠʟʘʤʝʱʥyʥʳʝ 3(2H)-

ʬʫʨʘʥʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʶʯʝʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʚʦ ʤʥʦʛʠʭ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʙʫʣʣʘʪʝʥʦʥ, ʛʝʡʧʘʨʚʘʨʠʥ, ʵʨʝʤʘʥʪʦʣʠʜ ɸ 

ʠ ʜʞʘʪʨʦʬʦʥ [73], ʘ ʪʘʢʞʝ ʚ ʚʘʞʥʳʭ ʘʨʦʤʘʪʠʟʘʪʦʨʘʭ [74, 75]. ɹʦʣʝʝ ʪʦʛʦ, 

ʨʘʟʣʠʯʥʳʝ 3(2H)-ʬʫʨʘʥʦʥʳ ʦʙʣʘʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ [76], ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʷʚʣʷʪʴ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʬʫʨʘʥʦʥʳ ʚʳʩʦʢʦ ʮʝʥʷʪʩʷ ʬʘʨʤʘʢʦʣʦʛʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʢʠʩʣʦʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ/ʛʠʜʨʘʪʘʮʠʠ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ 

ʜʦʩʪʫʧ ʢ ʪʨʠʬʪʦʨʤʝʪʠʣʟʘʤʝʱʥyʥʳʤ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʘʤ ï ʚʘʞʥʳʤ 

ʧʨʝʢʫʨʩʦʨʘʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. 

 

2.3 ɻʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʳʭ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʜʦʩʪʫʧ ʢ 

ʚʳʩʦʢʦʟʘʤʝʱʸʥʥʳʤ 4-ʛʘʣʦʛʝʥ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘʤ. 

ʀʟʥʘʯʘʣʴʥʦ ʤ  rʠʟʫʯʠʣʠ ʨʝʘʢʮʠʶ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5a 

ʠ HCl ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɺ ʨʝʘʢʮʠʠ ʩ 

ʛʘʟʦʦʙʨʘʟʥʳʤ HCl CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5a ʚ Tɻʌ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʙʳʣ ʧʦʣʫʯʝʥ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ï 4-

ʭʣʦʨ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11ʘ) 

ʩ ʚʳʭʦʜʦʤ 46% (ʪʘʙʣʠʮʘ 2, ʦʧʳʪ 1). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟʙʳʪʦʢ HCl, ʦʯʝʚʠʜʥʦ, 

ʩʦʟʜʘʚʘʣ ʞʩyʪʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʚʳʟʳʚʘʶʱʠʝ ʦʩʤʦʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1 ʵʢʚ. ʩʦʣʷʥʦʡ ʢʠʩʣʦʪ r (36%) 4-ʭʣʦʨ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ 11ʘ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 73% (ʪʘʙʣʠʮʘ 2, ʦʧʳʪ 2). 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʢʦʨʷʣʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ʇʨʠ ʢʠʧʷʯʝʥʠʠ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʩʦʢʨʘʪʠʣʦʩʴ ʚ 2 ʨʘʟʘ, ʘ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 61% (ʪʘʙʣʠʮʘ 2, ʦʧʳʪ 3). ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʚʳʭʦʜ 
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ʨʝʘʢʮʠʠ. ɹʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ 1,4-ʜʠʦʢʩʘʥ, ʭʣʦʨʦʬʦʨʤ ʠ ʵʪʘʥʦʣ. ɿʘʤʝʥʘ 

ʊɻʌ ʥʘ 1,4-ʜʠʦʢʩʘʥ ʩʥʠʟʠʣʘ ʚʳʭʦʜ 2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 11ʘ ʜʦ 52% (ʪʘʙʣʠʮʘ 

2, ʦʧʳʪ 4). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʣʦʨʦʬʦʨʤʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʪʘʙʣʠʮʘ 

2, ʦʧʳʪ 5) ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 11ʘ ʧʦʚʳʩʠʣʩʷ ʜʦ 96%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʘʥʦʣʘ (ʪʘʙʣʠʮʘ 2, ʦʧʳʪ 6) ʚʳʭʦʜ 11ʘ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʣʦʨʦʬʦʨʤ ʦʢʘʟʘʣʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. 

ʊʘʙʣʠʮʘ 2 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ 4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 11ʘ 

 

 ̄ ʂʠʩʣʦʪʘ ʈʘʩʪʚʦʨʠʪʝʣʴ ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʷ ɺʳʭʦʜ 11a, %
ʘ 

1 HCl (ʛʘʟ) ʊɻʌ ʢʦʤʥ. ʪʝʤʧ. 3 ʯ 46 

2 HCl (36%) ʊɻʌ ʢʦʤʥ. ʪʝʤʧ. 1 ʯ 73 

3 HCl (36%) ʊɻʌ ʢʠʧʷʯʝʥʠʝ 30 ʤʠʥ 61 

4 HCl (36%) 1,4-ʜʠʦʢʩʘʥ 60 
ʦ
ʉ 20 ʤʠʥ 52 

5 HCl  (36%) CHCl 3 ʢʠʧʷʯʝʥʠʝ 20 ʤʠʥ 96 

6 HCl (36%) EtOH ʢʠʧʷʯʝʥʠʝ 30 ʤʠʥ 21 
ʘ
 ʇʨʝʧʘʨʘʪʠʚʥʳʝ ʚʳʭʦʜʳ. 

 

ʀʩʧʦʣʴʟʫʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʤ  r ʠʟʫʯʠʣʠ 

ʩʫʙʩʪʨʘʪʥʳʡ ʦʭʚʘʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤ 

ʩʧʠʨʪʘʤ 5b-g (ʩʭʝʤʘ 2.8). ʈʝʘʢʮʠʷ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5b-g, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ 11b-s ʩ 

ʚʳʭʦʜʘʤʠ ʜʦ 75%. ʈʝʘʢʮʠʷ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ C3F7-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ 5g ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 11g ʩ ʚʳʭʦʜʦʤ, 

ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ CF3-ʟʘʤʝʱʸʥʥʦʛʦ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ 5ʘ. ʉʫʜʷ ʧʦ ʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʧʝʨʬʪʦʨʧʨʦʧʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ 

ʠʤʠʥʦ-ʛʨʫʧʧʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ. 
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ʉʭʝʤʘ 2.8 

 

ɹʨʦʤʦʚʦʜʦʨʦʜʥʘʷ (40%) ʠ ʠʦʜʦʚʦʜʦʨʦʜʥʘʷ (47%) ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʣʝʛʢʦ 

ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤʠ ʩʧʠʨʪʘʤʠ 5a-f ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4-ʙʨʦʤ- 

ʠ 4-ʠʦʜ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 11h-s (ʩʭʝʤʘ 2.7). ɹʦʣʝʝ ʥʠʟʢʠʝ ʚʳʭʦʜʳ 2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 11h-s ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ 

ʙʨʦʤ- ʠ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪ, ʚʳʟʳʚʘʶʱʝʡ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 11a-s ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ 
1
H, 

13
C, 

19
F ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢ ʞʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ, 

13
ʉ ʠ 

19
F ʩʦʝʜʠʥʝʥʠʡ 11b, c, e, i, j , l, o, 

p, r  ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʘʨʳ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ (d/r ~ 1:1). ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

2D NOESY. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʧʝʢʪʨʦʚ ʟʘʧʠʩʴ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (-45 
ʦ
ʉ) ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʦʙʤʝʥʥʳʭ 
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ʧʨʦʮʝʩʩʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʜʣʷ ʧʨʦʪʦʥʦʚ NH-ʛʨʫʧʧʳ ʩ ʧʨʦʪʦʥʘʤʠ ʚʦʜʳ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʙʣʶʜʝʥʠʝ ʗʕʆ (ʷʜʝʨʥʳʡ 

ʵʬʬʝʢʪ ʆʚʝʨʭʘʫʟʝʨʘ) ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ NH ʠ ʦʨʪʦ-ʧʨʦʪʦʥʘʤʠ ʬʝʥʠʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʧʨʠ ʘʤʠʥʦʛʨʫʧʧʝ. ʆʩʥʦʚʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʧʝʢʪʨʝ 2D 

NOESY ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 11b ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʭʝʤʝ 2.9. ɺ ʩʣʫʯʘʝ ʪʨʘʥʩ-

ʠʟʦʤʝʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 

ʧʦʣʦʞʝʥʠʠ 5 ʮʠʢʣʘ ʠ ʦʨʪʦ-ʧʨʦʪʦʥʘʤʠ ʬʝʥʠʣʴʥʦʛʦ ʮʠʢʣʘ ʘʤʠʥʦʛʨʫʧʧʳ. ɼʣʷ 

ʮʠʩ-ʠʟʦʤʝʨʘ ʢʨʦʩʩ-ʧʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʧʨʦʪʦʥʦʚ ʵʪʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠ ʦʨʪʦ-ʧʨʦʪʦʥʘʤʠ ʬʝʥʠʣʴʥʦʛʦ ʮʠʢʣʘ. 

ʉʭʝʤʘ 2.9 

 

ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʠ (CDCl3, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʩ ʧʦʤʦʱʴʶ ʗʄʈ 

1
H, 

19
F ʠ 

15
N ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ HCl ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ 

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5a ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ (ʨʠʩʫʥʢʠ 2.1 ʠ 2.2). 

ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʤʠʥʫʪ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʩʠʛʥʘʣʳ ʚʠʥʠʣʦʚʳʭ ʧʨʦʪʦʥʦʚ ʩʠʥ- ʠ ʘʥʪʠ-ʘʜʜʫʢʪʦʚ - 4-ʭʣʦʨ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥʘ 11ʘ ʠ (Z)-2-ʤʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨ-5-(ʬʝʥʠʣʠʤʠʥʦ)-3-ʭʣʦʨʛʝʢʩ-

3-ʝʥ-2-ʦʣʘ, ʧʨʠ 5.83 ʠ 6.52 ʤ.ʜ. ʚ ʩʦʦʪʥʦʰʝʥʠʠ ~1:1. Z-ʂʦʥʬʠʛʫʨʘʮʠʷ 2-

ʤʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨ-5-(ʬʝʥʠʣʠʤʠʥʦ)-3-ʭʣʦʨʛʝʢʩ-3-ʝʥ-2-ʦʣʘ [ʗʄʈ 
1
H: ŭ 1.28 

(ʩ, CH3), 6.52 (ʩ, =CH) ʤ.ʜ.; ʗʄʈ 
15

N: ŭ -27.6 ʤ.ʜ.] ʩʣʝʜʫʝʪ ʠʟ 2D NOESY 

ʩʧʝʢʪʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʦʩʩ-ʧʠʢ ʤʝʞʜʫ ʦʣʝʬʠʥʦʚʳʤ ʧʨʦʪʦʥʦʤ ʠ ʧʨʦʪʦʥʘʤʠ 

ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧ.r ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʠ 

19
F ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʬʝʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ 

ʠ CF3-ʛʨʫʧʧʳ 5a. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʤʠʥʦʛʨʫʧʧʘ 

ʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʠʛʥʘʣʦʚ (Z)-2-ʤʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨ-5-(ʬʝʥʠʣʠʤʠʥʦ)-3-ʭʣʦʨʛʝʢʩ-3-ʝʥ-2-ʦʣʘ 
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ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩ ɹ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʠʛʥʘʣʦʚ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. (E)-2-ʄʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨ-5-(ʬʝʥʠʣʠʤʠʥʦ)-3-

ʭʣʦʨʛʝʢʩ-3-ʝʥ-2-ʦʣ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʩʧʝʢʪʨʘʣʴʥʦ ʜʘʞʝ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 0 
ʦ
C. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 2.1 ʄʦʥʠʪʦʨʠʥʛ ʗʄʈ 
1
ʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 5ʘ/CDCl3/HCl (36%) 

  

ʈʠʩʫʥʦʢ 2.2. ʄʦʥʠʪʦʨʠʥʛ ʗʄʈ 
19

F ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 5ʘ/CDCl3/HCl (36%) 



62 

 

ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʩʭʝʤʝ 2.10. ʈʝʘʢʮʠʷ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʘ ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ 5, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ Z,E-ʘʜʜʫʢʪʦʚ. ɼʘʣʝʝ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʠʤʠʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ E-ʘʜʜʫʢʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 11 (ʩʭʝʤʘ 2.10). ʀʟʦʤʝʨʠʟʘʮʠʷ Z-ʘʜʜʫʢʪʘ, 

ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠʤʠʥʦʛʨʫʧʧʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʟʦʤʝʨʥʦʛʦ ʢʘʪʠʦʥʘ AźBźC ʩ ʦʙʣʝʛʯʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ C2 ï 

C3. 

ʉʭʝʤʘ 2.10 

 

ʄ  rʪʘʢʞʝ ʠʟʫʯʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 4-ʛʘʣʦʛʝʥ-

2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 11 (ʩʭʝʤʘ 2.11). ʊʘʢ, ʥʘʤ ʫʜʘʣʦʩʴ ʟʘʤʝʥʠʪʴ ʛʘʣʦʛʝʥ ʥʘ 

ʵʪʦʢʩʠ-ʛʨʫʧʧʫ ʚ ʨʝʘʢʮʠʠ 4-ʙʨʦʤ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ ʟʘ 40 ʯ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

KOH ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 4-ʵʪʦʢʩʠ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥʘ 12 ʩ ʚʳʭʦʜʦʤ 81%. ʈʝʘʢʮʠʷ 4-ʠʦʜ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 11n ʩ 

CuCN ʚ ɼʄʌɸ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʧʨʠʚʝʣʘ ʢ 4-ʮʠʘʥʦ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʫ 13 ʩ 

ʚʳʭʦʜʦʤ 50% (ʚʳʭʦʜ ʫʢʘʟʘʥ ʩ ʫʯʸʪʦʤ ʢʦʥʚʝʨʩʠʠ; ʢʦʥʚʝʨʩʠʷ 11n ʩʦʩʪʘʚʠʣʘ 

80%). ʉʦʯʝʪʘʥʠʝ 4-ʠʦʜ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 11n ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ PdCl2(PPh3)2 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CuI ʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 5,5-ʜʠʤʝʪʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-N-

ʬʝʥʠʣ-4-(ʬʝʥʠʣʵʪʠʥʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥʘ (14) ʩ ʚʳʭʦʜʦʤ 93% 

(ʚʳʭʦʜ ʫʢʘʟʘʥ ʩ ʫʯʸʪʦʤ ʢʦʥʚʝʨʩʠʠ; ʢʦʥʚʝʨʩʠʷ 11n ʩʦʩʪʘʚʠʣʘ 60%). 

ʉʭʝʤʘ 2.11 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤ  r ʦʩʫʱʝʩʪʚʠʣʠ ʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʧʦʤʦʱʴʶ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʳʭ ʢʠʩʣʦʪ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ HCl, HBr ʠ HI ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʮʠʢʣʠʟʘʮʠʝʡ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 4-ʛʘʣʦʛʝʥ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ ʩ 

ʫʤʝʨʝʥʥʳʤʠ ʠ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ 2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚʦ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠ ʚʘʞʥʳʭ ʙʠʦʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʘʟʘ-ʘʥʜʨʦʛʨʘʬʦʣʠʜʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ 

ʢʦʨʦʥʘʚʠʨʫʩʘ ʯʝʣʦʚʝʢʘ [77]. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ ʦ ʜʠʧʣʦʙʠʬʫʨʘʥʠʣʦʥʝ ɺ, 

ʚʳʜʣʷʝʤʦʛʦ ʠʟ ʛʨʠʙʦʚ Diplodia corticola, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʛʝʨʙʠʮʠʜʥʦʛʦ ʩʨʝʜʩʪʚʘ [78]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 4-

ʛʘʣʦʛʝʥ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʳ ʤʦʛʫʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʙʣʦʢʘʤʠ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ. 
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2.4 ɻʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ/ʮʠʢʣʠʟʘʮʠʷ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ 

ʩʧʠʨʪʦʚ 

 

ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʘʢʮʠʡ ʛʠʜʨʦʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, 

ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʭʠʤʠʢʦʚ ʢʘʢ ʦʜʠʥ ʠʟ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʩʚʷʟʠ C-S [79-81]. 

ʊʠʦʮʠʘʥʘʪʳ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʢʣʘʩʩʦʤ ʤʦʣʝʢʫʣ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [82-85] ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʩʝʨʘʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʪʠʦʣʳ, ʪʠʦʵʬʠʨʳ, ʜʠʩʫʣʴʬʠʜʳ, 

ʬʦʩʬʦʥʦʪʠʦʘʪʳ ʠ ʪʨʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʠʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʜʚʫʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʫʯʘʩʪʢʦʚ - ʘʪʦʤʘ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ ʥʠʪʨʠʣʴʥʦʡ ʬʫʥʢʮʠʠ 

- ʪʠʦʮʠʘʥʘʪʳ ʤʦʛʫʪ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʪʴʩʷ ʧʨʝʚʨʘʱʝʥʠʷʤ ʧʦ ʧʨʠʥʮʠʧʫ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʜʦʤʠʥʦ-ʮʠʢʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʮʠʢʣʦʚ. ʊʘʢ, 

ʝʩʣʠ ʪʠʦʮʠʘʥʘʪʥʘʷ ʛʨʫʧʧʘ ʚʚʦʜʠʪʩʷ ʚ ʤʦʣʝʢʫʣʫ, ʩʦʜʝʨʞʘʱʫʶ ʥʫʢʣʝʦʬʠʣ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʦʞʝʥʠʠ, ʤʦʞʝʪ ʣʝʛʢʦ ʧʨʦʪʝʢʘʪʴ ʮʠʢʣʠʟʘʮʠʷ ʘʜʜʫʢʪʘ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ 

ʤʝʪʦʜʦʚ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʢʠʥʦʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʝ 

ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪyʤ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ 

ʘʣʢʠʥʦʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠʣʠ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪ rʢʘʢ 

ʢʘʪʘʣʠʟʘʪʦʨʘ [37, 38] ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʦʛʦ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ [39]. 

ʅʘʤʠ ʙʳʣʦ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ ʛʠʜʨʦʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 5ʘ ʨʝʘʛʠʨʫʝʪ ʩ NaSCN ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʦʩʥʦʚʥʦʛʦ ʪʠʦʮʠʘʥʘʪʘ ʠʟʦʪʠʘʟʦʣʠ ̫15ʘ ʠ ʤʠʥʦʨʥʦʛʦ 4-

ʪʠʦʮʠʘʥʘʪʦ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 16ʘ. ɺ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʛʝʢʩʘʥ-H2O 

ʨʝʘʢʮʠʷ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5ʘ ʠ ʩʠʩʪʝʤʳ NaSCN/KHSO4 

(ʪʘʙʣʠʮʘ 3, ʦʧʳʪ 1) ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʠʦʮʠʘʥʘʪʘ 15ʘ ʠ 

ʜʠʛʠʜʨʦʬʫʨʘʥʘ 16ʘ ʩ ʚʳʭʦʜʘʤʠ 31% ʠ 10%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʤʝʥʘ ʛʝʢʩʘʥʘ 
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ʥʘ ʊɻʌ ʫʚʝʣʠʯʠʣʘ ʚʳʭʦʜ ʪʠʦʮʠʘʥʘʪʘ ʠʟʦʪʠʘʟʦʣʠ ̫15ʘ ʚ ʜʚʘ ʨʘʟʘ (ʪʘʙʣʠʮʘ 3, 

ʦʧʳʪ 2). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ ʚʳʭʦʜ 

ʩʦʣʠ 15ʘ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪ 4). ʉʠʩʪʝʤʘ NaSCN/H2SO4 ʚ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʊɻʌ-H2O ʧʨʠʚʦʜʠʣʘ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ ʧʨʦʜʫʢʪʦʚ ʠʟ-ʟʘ ʧʦʙʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪ 5), ʥʦ ʟʘʤʝʥʘ ʊɻʌ ʥʘ ʘʮʝʪʦʥ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪ 6) 

ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʪʠʦʮʠʘʥʘʪ 15ʘ ʠ ʜʠʛʠʜʨʦʬʫʨʘʥ 16ʘ ʩ ʚʳʭʦʜʘʤʠ 48% ʠ 

13%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (NaSCN/H2SO4) 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʪʠʦʮʠʘʥʘʪʘ 15ʘ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪ 8), ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʦʥʠʞʘʣʦ ʚʳʭʦʜʳ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪʳ 9 ʠ 

10). ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʚʝʣʦ ʢ 

ʫʣʫʯʰʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʩʦʙʝʥʥʦ 2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 16ʘ 

(ʪʘʙʣʠʮʘ 3, ʦʧʳʪʳ 10 ʠ 11). ʅʘʠʣʫʯʰʠʡ ʚʳʭʦʜ ʪʠʦʮʠʘʥʘʪʘ 15ʘ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ MeCN/CH3COOH (ʪʘʙʣʠʮʘ 3, ʦʧʳʪ 12), ʘ ʦʙʱʠʡ 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 99%. ʈʝʘʢʮʠʷ ʩ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (ʪʘʙʣʠʮʘ 

3, ʦʧʳʪ 15) ʥʝ ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʣʦʩʴ 

ʥʘ ʚʳʭʦʜʝ ʠʟ-ʟʘ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʉʢʨʠʥʠʥʛ ʠʩʭʦʜʥʳʭ 

ʪʠʦʮʠʘʥʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ NaCSN ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʠʩʪʦʯʥʠʢʦʤ HSCN ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NH4SCN ʠ KSCN (ʪʘʙʣʠʮʘ 3, ʦʧʳʪʳ 

12, 16 ʠ 17). ʀʟʦʪʠʘʟʦʣʠʝʚʘʷ ʩʦʣʴ 15ʘ ʠ 2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ 16ʘ ʤʦʞʥʦ ʣʝʛʢʦ 

ʨʘʟʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʟ-ʟʘ ʠʭ ʨʘʟʣʠʯʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ʊʘʙʣʠʮʘ 3 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʪʠʦʮʠʘʥʘʪʘ ʠʟʦʪʠʘʟʦʣʠʷ 15ʘ 

 

 ̄ MSCN ʂʠʩʣʦʪʘ 

ʄʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 

5a/MSCN/ʢʠʩʣʦʪʘ 

ʈʘʩʪʚʦʨʠʪʝʣʴ, ʤʣ 
ɺʳʭʦʜ 

15ʘ, %
ʙ 

ɺʳʭʦʜ 

16ʘ, %
ʙ 

1
ʘ 

NaSCN - 1/2/2 ʛʝʢʩʘʥ-H2O, 1:1 31 10 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 

2
ʘ
 NaSCN - 1/2/2 ʊɻʌ-H2O, 2:1 61 6 

3 NaSCN H3PO4 1/2/2 ʊɻʌ-H2O, 2:1 24 6 

4 NaSCN ClCH2CO2H 1/2/2 ʊɻʌ-H2O, 2:1 52 14 

5 NaSCN H2SO4 1/2/2 ʊɻʌ-H2O, 2:1 26 5 

6 NaSCN H2SO4 1/2/2 ʘʮʝʪʦʥ-H2O, 1:1 48 13 

7 NaSCN H2SO4 1/1/1 ʘʮʝʪʦʥ-H2O, 1:1 12 5 

8 NaSCN H2SO4 1/2/2 MeCN 56 6 

9 NaSCN CH3COOH 1/2/2 MeCN 10 ʩʣʝʜʳ 

10 NaSCN CH3COOH 1/2/4 MeCN 51 27 

11 NaSCN CH3COOH 1/2/0.5 ʤʣ ʛʝʢʩʘʥ 54 30 

12 NaSCN CH3COOH 1/2/1 ʤʣ MeCN 76 23 

13 NaSCN CH3COOH 1/3/1 ʤʣ MeCN 73 25 

14 NaSCN CH3COOH 1/2/- CH3COOH 54 13 

15 NaSCN CF3COOH 1/2/2 MeCN 62 15 

16 KSCN CH3COOH 1/2/1 ʤʣ MeCN 71 25 

17 NH4SCN CH3COOH 1/2/1 ʤʣ MeCN 50 18 
ʘ 
ʈʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KHSO4;

ʙ 
ʇʨʝʧʘʨʘʪʠʚʥʳʝ ʚʳʭʦʜʳ. 

ɼʘʣʝʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩʫʙʩʪʨʘʪʥʳʡ ʦʭʚʘʪ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ 

ʩʧʠʨʪʦʚ 5 (ʩʭʝʤʘ 2.12). ɸʣʢʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʛʠʜʨʦʢʩʠʣʴʥʦʤ 

ʬʨʘʛʤʝʥʪʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣʠ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 15b, c ʠ 16b, c ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʚʳʭʦʜʦʚ. ʈʝʘʢʮʠʠ ʩʦ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʥyʥʤrʠ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤʠ 

ʩʧʠʨʪʘʤʠ 5ʝ (R
1
 = Ph, R

2
 = Me) ʠ 5f (R

1
 = R

2
 = Ph) ʧʨʦʪʝʢʘʣʠ ʚ 2 ʨʘʟʘ ʜʦʣʴʰʝ 

(30 ʤʠʥ) ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ ʩʦʣʝʡ 5d, e ʠʟ-ʟʘ ʧʦʙʦʯʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʄʉ-ʟʘʱʠʱʥyʥʳʭ ʚʪʦʨʠʯʥʦʛʦ ʠ 

ʧʝʨʚʠʯʥʦʛʦ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5i, j  ʚ ʨʝʘʢʮʠʠ ʩ ʩʠʩʪʝʤʦʡ 

NaSCN/CH3COOH ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʦʪʠʘʟʦʣʠʝʚʳʝ ʩʦʣʠ 15f, g ʥʝ 

ʫʜʘʣʦʩʴ, ʜʠʛʠʜʨʦʬʫʨʘʥʳ 15f, g ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ N-n-Bu-ʟʘʤʝʱʸʥʥʦʛʦ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5h ʧʨʦʜʫʢʪ 15h ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (56%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 5a. C3F7-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 

5g ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʧʦʜʭʦʜʷʱʠʤ ʩʫʙʩʪʨʘʪʦʤ ʠ ʧʨʠʚʦʜʠʣ ʢ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʘʤ 

15i ʠ 16i ʩ ʚʳʭʦʜʘʤʠ 75% ʠ 18% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
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ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʛʠʜʨʦʢʩʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʠʤʠʥʥʦʤ ʬʨʘʛʤʝʥʪʝ. 

ʉʭʝʤʘ 2.12 

 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 15 a-e, h, i ʠ 16a-i ʫʩʪʘʥʦʚʣʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʗʄʈ 
1
H, 

13
C, 

19
F ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ, 

13
ʉ ʠ 

19
F ʩʦʝʜʠʥʝʥʠʡ 16b, d, ʠ f 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʘʨʳ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ (d/r ~ 1:1). ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ 

2D NOESY. ɿʘʧʠʩʴ ʩʧʝʢʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (-

45 
ʦ
ʉ), ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʜʣʷ 

ʧʨʦʪʦʥʦʚ NH-ʛʨʫʧʧʳ ʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɼʣʷ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 4-ʛʘʣʦʛʝʥ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 11, ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʙʣʶʜʝʥʠʝ ʗʕʆ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ NH ʠ ʦʨʪʦ-ʧʨʦʪʦʥʘʤʠ ʬʝʥʠʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʘʤʠʥʦʛʨʫʧʧr. ʆʩʥʦʚʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʧʝʢʪʨʝ 2D 
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NOESY ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 16d ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʭʝʤʝ 2.13. ɺ ʪʨʘʥʩ-

ʠʟʦʤʝʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 

ʧʦʣʦʞʝʥʠʠ 5 ʮʠʢʣʘ ʠ ʦʨʪʦ-ʧʨʦʪʦʥʘʤʠ ʬʝʥʠʣʴʥʦʛʦ ʮʠʢʣʘ ʘʤʠʥʦʛʨʫʧʧʳ. ɼʣʷ 

ʮʠʩ-ʠʟʦʤʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʦʩʩ-ʧʠʢ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ ʦʨʪʦ-ʧʨʦʪʦʥʦʚ ʜʚʫʭ 

ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʦʞʝʥʠʷʭ 5 ʠ 2 ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ. 

ʉʭʝʤʘ 2.13 

 

ʉʪʨʦʝʥʠʝ ʪʠʦʮʠʘʥʘʪʘ ʠʟʦʪʠʘʟʦʣʠʷ 15ʘ ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ (ʨʠʩʫʥʦʢ 2.3). 

 

ʈʠʩʫʥʦʢ 2.3. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 15ʘ ʧʦ ʜʘʥʥʳʤ ʈʉɸ 

ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʠ (5a/NaSCN/CH3COOH ʠ 

5j /NaSCN/CH3COOH ʚ MeCN) ʥʝ ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʥʠʢʘʢʠʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʘʞʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 0 
o
C. ɺ 

ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
H ʠ 

19
F ʩʠʛʥʘʣʳ ʧʨʦʜʫʢʪʦʚ 15a ʠ 16a ʧʦʷʚʣʷʣʠʩʴ ʩʨʘʟʫ ʧʦʩʣʝ 

ʩʤʝʰʠʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʨʠʩ. 2.4 ʘ, ʙ). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 5j /NaSCN/CH3COOH ʚ MeCN ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣʳ 

ʠʟʦʪʠʘʟʦʣʠʝʚʦʡ ʩʦʣʠ 15g [ʗʄʈ 
1
H: ŭ 8.30 (ʩ, CH), 5.56 (ʩ, CH2) ʤ.ʜ., ʗʄʈ 

19
F: 

ŭ 60.3 ʤ.ʜ.], ʢʦʪʦʨʳʝ ʠʩʯʝʟʘʣʠ ʢ ʢʦʥʮʫ ʨʝʘʢʮʠʠ (ʨʠʩ. 2.4 ʚ, ʛ). ɺʝʨʦʷʪʥʦ, ʩʦʣʠ 

15f, g ʥʝʩʪʘʙʠʣʴʥʳ ʠ ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 
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a) ʙ) 

 
 

ʚ) ʛ) 

 
 

ʈʠʩʫʥʦʢ 2.4. ʄʦʥʠʪʦʨʠʥʛ ʗʄʈ 
1
ʅ ʠ 

19
F ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

5a/NaSCN/CH3COOH (ʘ, ʙ) ʠ 5j /NaSCN/CH3COOH (ʚ, ʛ) ʚ MeCN 

ʆʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʮʠʢʣʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʘʜʜʫʢʪʘ ʪʠʦʮʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5 ï ʚʠʥʠʣʪʠʦʮʠʘʥʘʪʘ ɸ (ʩʭʝʤʘ 2.14). ʊʠʦʮʠʘʥʘʪ 

ʠʟʦʪʠʘʟʦʣʠ ̫15 ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ ʘʪʦʤʘ ʘʟʦʪʘ ʠʤʠʥʦʛʨʫʧʧʳ ʥʘ 

ʘʪʦʤ ʩʝʨʳ ʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ CN-ʘʥʠʦʥʘ ʚ Z-ʠʟʦʤʝʨʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ɸ, ʪʦʛʜʘ 

ʢʘʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢ 

ʠʤʠʥʦʛʨʫʧʧʝ ʚ E-ʠʟʦʤʝʨʝ ʧʨʠʚʦʜʠʪ ʢ 4-ʪʠʦʮʠʘʥʘʪʦ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʫ 16. 

ʋʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʚʳʭʦʜ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʣʠʷʶʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʣʝʡ 15 ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 



70 

 

ʉʭʝʤʘ 2.14 

 

ʄʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʦʪʠʘʟʦʣʝʚʘʷ ʩʦʣɹ 15a ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʝʥʘ 

ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ (ʩʭʝʤʘ 2.15) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ 3-ʛʠʜʨʦʢʩʠ- ʠ 3-

ʛʠʜʨʦʧʝʨʦʢʩʠ-2,3-ʜʠʛʠʜʨʦʠʟʦʪʠʘʟʦʣ-1,1-ʜʠʦʢʩʠʜʦʚ 17 ʠ 18 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

4:1, ʦʙʱʠʡ ʚʳʭʦʜ 67%. 

ʉʭʝʤʘ 2.15 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʪʨʠʬʪʦʨʤʝʪʠʣʟʘʤʝʱʥyʥʳʭ ʪʠʦʮʠʘʥʘʪʦʚ ʠʟʦʪʠʘʟʦʣʠ ̫ 15 ʠ 4-ʪʠʦʮʠʘʥʘʪʦ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 16 ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

ʩ NaSCN-CH3COOH. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʠʥʪʦʥʘʤʠ 

ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʪʦʥʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʧʨʦʚʝʜʝʥʠʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʤ ʫʩʣʦʚʠʷʤ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. 
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2.5 ʈʝʘʢʮʠʷ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ: ʩʠʥʪʝʟ ɓ-CF3 ɓ-ʘʤʠʥʦʝʥʦʥʦʚ 

 

ʅʘʤʠ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ɓ-CF3 ɓ-ʘʤʠʥʦʝʥʦʥʦʚ 

ʧʫʪʸʤ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʨʝʘʢʮʠʠ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. 

ʀʟʥʘʯʘʣʴʥʦ ʤ  r ʠʩʩʣʝʜʦʚʘʣʠ ʨʝʘʢʮʠʶ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ 5ʘ ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 19a ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 

1). ʅʘʠʣʫʯʰʠʡ ʚʳʭʦʜ ɓ-CF3 ɓ-ʘʤʠʥʦʝʥʦʥʘ 20a (65%) ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʵʢʚ. TMEDA ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ MeCN ʚ ʪʝʯʝʥʠʝ 20 ʯ, ʧʨʠ ʵʪʦʤ 

ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʦʛʦ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5a ʩʦʩʪʘʚʠʣʘ 92% 

(ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 3). ʇʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʝʨʝʟ 40 ʯ, ʦʜʥʘʢʦ 

ʚʳʭʦʜ ʙʳʣ ʥʠʞʝ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

(ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 4). ʈʝʘʢʮʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1 ʵʢʚ. TMEDA, 

MeCN) ʟʘʤʝʜʣʷʣʘʩʴ, ʠ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʝʨʝʟ 1 ʤʝʩʷʮ 

(ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 2). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 0.5 ʵʢʚ. TMEDA ʪʘʢʞʝ ʩʥʠʞʘʣʦ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 5). ʋʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (2 ʵʢʚ.) ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʘʢʮʠʠ: ʢʦʥʚʝʨʩʠʷ 

ʩʧʠʨʪʘ 5ʘ ʩʦʩʪʘʚʣʷʣʘ 94%, ʘ ʚʳʭʦʜ ʘʤʠʥʦʝʥʦʥʘ 20ʘ ʩʥʠʟʠʣʩʷ ʜʦ 61% 

(ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 6). ɿʘʤʝʥʘ TMEDA ʥʘ Et3N ʠʣʠ DABCO ʩʥʠʞʘʣʘ ʚʳʭʦʜ 

ʘʤʠʥʦʝʥʦʥʘ ʜʦ 40% ʠ 52% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 4, ʦʧʳʪʳ 7 ʠ 9). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Et3N ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʜʫʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʦʩʤʦʣʠʣʘʩʴ (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 8). 

ʇʨʠʤʝʥʝʥʠʝ DBU ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʨʝʘʢʮʠʶ (1,5 ʯ) ʠ ʜʦʩʪʠʯʴ 

ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ, ʦʜʥʘʢʦ ʚʳʭʦʜ ʘʤʠʥʦʝʥʦʥʘ 20ʘ (37%) ʟʘʤʝʪʥʦ ʩʥʠʞʘʣʩ ̫

ʠʟ-ʟʘ ʦʩʤʦʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 10). ɼʘʣʝʝ ʙʳʣʠ 

ʦʧʨʦʙʦʚʘʥʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ KOH ʠ K3PO4, ʢʦʪʦʨʳʝ ʥʝ 

ʜʘʣʠ ʫʣʫʯʰʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ KOH (MeCN-H2O, 10:1) 

ʢʦʥʚʝʨʩʠʷ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5ʘ ʩʦʩʪʘʚʠʣʘ 67%, ʘ ʘʤʠʥʦʝʥʦʥ 20ʘ 
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ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 34% (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 11). ʀʩʧʦʣʴʟʦʚʘʥʠʝ K3PO4 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʢʦʥʚʝʨʩʠʶ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5ʘ ʠ ʚʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 12). ʊʘʢʞʝ ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ɼʄʌɸ ʧʨʠ 120 ÁC ʚʳʭʦʜ ʘʤʠʥʦʝʥʦʥʘ 20ʘ ʩʦʩʪʘʚʠʣ 38% 

ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʩʧʠʨʪʘ 5ʘ 95% (ʪʘʙʣʠʮʘ 4, ʦʧʳʪ 13). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʮʝʪʦʥʘ, 

Tɻʌ, ʵʪʘʥʦʣʘ ʠ ʜʠʭʣʦʨʵʪʘʥʘ ʚʤʝʩʪʦ MeCN ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʤʠʥʦʝʥʦʥʘ 20a, ʠ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʊʘʙʣʠʮʘ 4 

ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ ʘʤʠʥʦʝʥʦʥʘ 20ʘ 

 

 ̄ ʆʩʥʦʚʘʥʠʝ (ʵʢʚ.) ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʨʝʤʷ ɺʳʭʦʜ 20ʘ, 

%
ʙ 

ʂʦʥʚʝʨʩʠʷ 5ʘ, 

%
ʙ 

1 - MeCN 10 ʯ - - 

2
ʘ TMEDA (1) MeCN 1 ʤʝʩʷʮ 60 100 

3 TMEDA  (1) MeCN 20 ʯ 65 92 

4 TMEDA (1) MeCN 40 ʯ 55 100 

5 TMEDA (0.5) MeCN 20 ʯ 60 73 

6 TMEDA (2) MeCN 20 ʯ 61 94 

7 Et3N (1) MeCN 20 ʯ 40 68 

8 Et3N Et3N 10 ʯ - 100 

9 DABCO (1) MeCN 20 ʯ 52 82 

10 DBU (1) MeCN 1.5 ʯ 37 100 

11 KOH (1) MeCN-H2O 

(10:1) 

20 ʯ 34 67 

12 K3PO4 (1) MeCN 20 ʯ 8 17 

13 TMEDA (1) ɼʄʌɸ 20 ʯ 38 95 
ʘ 
ʈʝʘʢʮʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; 

ʙ
 ʇʨʝʧʘʨʘʪʠʚʥʳʝ ʚʳʭʦʜʳ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʚ ʫʩʣʦʚʠʷ, ʤ  r ʦʮʝʥʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʨʝʘʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ 

(5b-c, 5e-j ) ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʠʥʪʝʟʘ ʘʤʠʥʦʝʥʦʥʦʚ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʩʪʨʫʢʪʫʨʘ 
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ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʨʝʘʢʮʠʠ (ʩʭʝʤʘ 2.16). ʉʥʘʯʘʣʘ ʤ  rʧʨʦʚʝʨʠʣʠ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʛʨʫʧʧ R
1
 ʠ R

2
 ʫ ʛʠʜʨʦʢʩʠʘʣʢʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ 5a (R
1 
= R

2 
= Me) ʢ 5b (R

1 
= Me, R

2
 = Et) ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʧʨʦʮʝʩʩ 

ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ: ʧʨʦʜʫʢʪ 20b ʦʙʨʘʟʦʚʘʣʩʷ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (61%). ɺ 

ʨʝʘʢʮʠʠ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5c ʩ ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʠ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 19a ʙʳʣ ʚʳʜʝʣʝʥ ʘʤʠʥʦʝʥʦʥ 20c ʩ ʚʳʭʦʜʦʤ 38%, ʘ ʪʘʢʞʝ 

2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ 21a ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (6%). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5e (R
1
 = Me, R

2
 = Ph) ʠ 5f (R

1
 = R

2
 = Ph) 

ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʚ 2 ʨʘʟʘ, ʦʜʥʘʢʦ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 20d ʠ 

20e ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʣʠʩʴ. ɿʘʤʝʥʘ ʦʜʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ 

ʬʝʥʠʣʴʥʫʶ ʚ 5e ʫʚʝʣʠʯʠʣʘ ʚʳʭʦʜ ʘʤʠʥʦʝʥʦʥʘ (89%). ʆʜʥʘʢʦ ʚ ʨʝʘʢʮʠʠ ʩʦ 

ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʥyʥʳʤ ʜʠʬʝʥʠʣʟʘʤʝʱʸʥʥʳʤ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ 5f ʘʤʠʥʦʝʥʦʥ 20e ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ ʣʠʰʴ 35%, ʧʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʩʤʦʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʉʭʝʤʘ 2.16 
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʩʪʝʨʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʘʭ ʚ ʨʝʘʢʮʠʶ ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 19ʘ ʙʳʣʠ 

ʚʦʚʣʝʯʝʥʳ TMS-ʟʘʱʠʱʥyʥʳʝ ʚʪʦʨʠʯʥʳʡ 5i ʠ ʧʝʨʚʠʯʥʳʡ 5j  CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ (ʩʭʝʤʘ 2.16). ʈʝʘʢʮʠʷ ʩʦ ʩʧʠʨʪʘʤʠ 5i ʠ 5j  

ʧʨʦʪʝʢʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (1 ʵʢʚ. 

TMEDA, MeCN), ʠ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʝʨʝʟ 8 ʜʥʝʡ ʠ 12 

ʯʘʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʞʝʣʘʝʤʳʝ ʘʤʠʥʦʝʥʦʥʳ 20f, g ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ (30-34%) ʠʟ-ʟʘ ʦʩʤʦʣʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʢʠʧʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʫʩʢʦʨʝʥʠʶ (3-10 ʯ) 

ʨʝʘʢʮʠʠ, ʭʦʪʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 20f, g ʩʥʠʟʠʣʩʷ ʜʦ 15-23%. ɺ ʨʝʘʢʮʠʠ c TMS-

ʟʘʱʠʱʸʥʥʳʤ ʚʪʦʨʠʯʥʳʤ ʩʧʠʨʪʦʤ 5i ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʜʝʣʝʥ ɓ-CF3-ɓ-ʠʤʠʥʦʝʥʦʥ 22, ʧʨʦʜʫʢʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʠʩʭʦʜʥʦʛʦ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5i, ʩ ʚʳʭʦʜʦʤ 23%. 

ɼʘʣʝʝ ʤ  rʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʠʤʠʥʦʛʨʫʧʧʝ (ʩʭʝʤʘ 2.16). 

ʈʝʘʢʮʠʷ C3F7-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5g ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 19a 

ʟʘʥʠʤʘʣʘ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ (60 ʯ) ʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚr ʭʦʜ ʘʤʠʥʦʝʥʦʥʘ 20h 

ʩʦʩʪʘʚʠʣ 83%. ʉʧʝʢʪʨʳ ʗʄʈ ʘʤʠʥʦʝʥʦʥʘ 20h ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʜʚʝ ʪʘʫʪʦʤʝʨʥʳʝ ʬʦʨʤʳ, ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʘʤʠʥʦʝʥʦʥ ʠ 

ʤʠʥʦʨʥʳʡ ʠʤʠʥʦʥ, ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:1. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ N-n-Bu-

ʟʘʤʝʱʸʥʥʦʛʦ ʩʧʠʨʪʘ 5h ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʙʦʣʝʝ ʞyʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ɼʄʌɸ, 

120 
o
C) ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʣʦʞʥʘʷ ʩʤʝʩʴ ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. ɸʤʠʥʦʝʥʦʥ 20i ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ ʚʩʝʛʦ 3%. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʨʝʘʢʮʠʠ ʧʦʜʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ 

ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ 19b-j  ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ɓ-CF3 ɓ-ʘʤʠʥʦʝʥʦʥʳ 20 ʩ 

ʫʤʝʨʝʥʥʳʤʠ ʠ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 2.17). ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ 

ʚʳʭʦʜʳ ʘʤʠʥʦʝʥʦʥʦʚ 20j-m ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ 19b, c ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 19d, e ʟʘ 30-40 ʯʘʩʦʚ. ɺ 

ʨʝʘʢʮʠʠ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ 19f-j  ʧʨʝʚʨʘʱʝʥʠʷ ʟʘʚʝʨʰʘʣʠʩʴ 

ʯʝʨʝʟ 50-55 ʯ, ʘ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 20n-r  ʙʳʣʠ ʥʠʞʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 
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ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ 1ʅ-ʧʠʨʨʦʣ- ʠ 1ʅ-ʠʥʜʦʣ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 19p, r , ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʘʩʴ ʩʤʝʩʴ ʘʤʠʥʦʝʥʦʥʦʚ 20p, r  ʠ 2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 21b, c. 

ʉʭʝʤʘ 2.17 

 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 20a-r  ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ 
1
H, 

13
C, 

19
F ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʗʄʈ 2D ʵʢʩʧʝʨʠʤʝʥʪʦʚ (NOESY, HMBC) 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʤʠʥʦʝʥʦʥ 20ʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ Z-ʠʟʦʤʝʨʘ. ʊʘʢʘ̫ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʘʤʠʥʦʛʨʫʧʧʳ ʠ ʢʘʨʙʦʥʠʣʴʥʳʤ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ. Z-ʂʦʥʬʠʛʫʨʘʮʠʷ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʘʤʠʥʦʝʥʦʥʦʚ 20, ʪʘʢ ʢʘʢ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ, 

13
ʉ ʠ 

19
F ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʪʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʘʭ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʛʥʘʣʦʚ. 



76 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 1,1,1-ʪʨʠʬʪʦʨ-N,4-ʜʠʬʝʥʠʣʙʫʪ-3-ʝʥ-2-

ʠʤʠʥʦʤ (23) ʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 19a. ɼʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʦʪʨʝʙʦʚʘʣʠʩʴ 

ʙʦʣʝʝ ʞyʩʪʢʠʝ ʫʩʣʦʚʠʷ, ʠ ʘʤʠʥʦʝʥʦʥ 20s ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 49% ʟʘ 13 ʯ 

ʧʨʠ 100 ÁC, ʢʦʥʚʝʨʩʠʷ CF3-ʠʤʠʥʦʬʝʥʠʣʘʮʝʪʠʣʝʥʘ 23 ʩʦʩʪʘʚʠʣʘ 86% (ʩʭʝʤʘ 

2.18). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʦ 25 ʯ ʚʳʭʦʜ 20s 

ʩʥʠʟʠʣʩʷ ʜʦ 22%, ʢʦʥʚʝʨʩʠʷ ʪʘʢʞʝ ʙʳʣʘ ʥʝʧʦʣʥʦʡ. 

ʉʭʝʤʘ 2.18 

 

ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʩ ʧʦʤʦʱʴʶ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʩʪʘʜʠʷʭ ʨʝʘʢʮʠʠ ʩʠʛʥʘʣ ʦʣʝʬʠʥʦʚʦʛʦ ʧʨʦʪʦʥʘ ʘʜʜʫʢʪʘ CF3-

ʠʤʠʥʦʬʝʥʠʣʘʮʝʪʠʣʝʥʘ 23 ʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 19a ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʠ 6.10 

ʤ.ʜ. (ʨʠʩʫʥʦʢ 2.5). ɿʘʪʝʤ ʵʪʦʪ ʩʠʛʥʘʣ ʫʤʝʥʴʰʘʣʩʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʦʷʚʣʝʥʠʝʤ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʛʥʘʣʘ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʘʤʠʥʦʝʥʦʥʘ. 

ʇʝʨʚʠʯʥʳʡ ʘʜʜʫʢʪ 24 ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʚʳʭʦʜʦʤ 5%. 

 

ʈʠʩʫʥʦʢ 2.5. ʄʦʥʠʪʦʨʠʥʛ ʗʄʈ 
1
H ʨʝʘʢʮʠʠ CF3-ʠʤʠʥʦʬʝʥʠʣʘʮʝʪʠʣʝʥʘ 23 ʠ 

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ 19a 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 2.19. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ ʘʜʜʫʢʪ ɸ ʧʫʪʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 19 ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5 ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʘʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʝʥʦʣ ɺ. ʅʘʢʦʥʝʮ, 

ʧʦʩʣʝʜʥʠʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʝʪʩʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʘ 20 ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʝʥʘʤʠʥʦ-ʠʤʠʥʥʦʡ ʪʘʫʪʦʤʝʨʠʟʘʮʠʠ (ʩʭʝʤʘ 2.19, ʘ). 

ʉʭʝʤʘ 2.19 

 

 

 



78 

 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, 

ʧʨʦʤʦʪʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 19 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʩʠʣʘʪ-

ʘʥʠʦʥʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʫʢʣʝʦʬʠʣʘ (ʩʭʝʤʘ 2.19, ʘ). ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʜʝʡʩʪʚʫʷ ʢʘʢ ʥʫʢʣʝʦʬʠʣʴʥʳʡ 

ʪʨʠʛʛʝʨ, ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ ʘʪʘʢʫʝʪ ʪʨʦʡʥʫʶ ʩʚʷʟʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʚʠʪʪʝʨʠʦʥʥʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ C, ʢʦʪʦʨʦʝ ʜʝʧʨʦʪʦʥʠʨʫʝʪ 

ʢʘʨʙʦʥʦʚʫʶ ʢʠʩʣʦʪʫ 19 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʢʘʨʙʦʢʩʠʣʘʪ-

ʘʥʠʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʘ A ʠ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ (ʩʭʝʤʘ 

2.19, ʙ). ʆʩʥʦʚʘʥʠʝ ʤʦʞʝʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʜʣʷ 

ʦʙʣʝʛʯʝʥʠʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʘʜʜʫʢʪʘ A. 

ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 21. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʦʙʦʯʥʘ ̫ ʨʝʘʢʮʠ ̫ ʥʝ ʚʢʣʶʯʘʝʪ 

ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʶ ʧʝʨʚʠʯʥʳʭ ʘʜʜʫʢʪʦʚ A, ʘ ʚʤʝʩʪʦ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʮʠʢʣʠʟʘʮʠʷ ʯʝʨʝʟ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʠʤʠʥʦʛʨʫʧʧʝ 

(ʩʭʝʤʘ 2.19, ʚ). ʇʦ-ʚʠʜʠʤʦʤʫ, ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʩʪʝʨʠʯʝʩʢʠ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʘʜʜʫʢʪʘ A ʚ 

2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ 21a. 2,5-ɼʠʛʠʜʨʦʬʫʨʘʥʳ 21b, c ʩ 1H-ʧʠʨʨʦʣ- ʠ 1H-ʠʥʜʦʣ-

2-ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 19p, r  ʦʙʨʘʟʫʶʪʩʷ, ʚʝʨʦʷʪʥʦ, ʙʣʘʛʦʜʘʨʷ ʫʤʝʨʝʥʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ ʧʠʨʨʦʣʴʥʦʛʦ NH-ʧʨʦʪʦʥʘ: ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ ʜʝʣʦʢʘʣʠʟʘʮʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚ ʧʠʨʨʦʣʴʥʦʤ ʢʘʨʙʦʢʩʠʣʘʪʥʦʤ ʬʨʘʛʤʝʥʪʝ ʧʝʨʚʠʯʥʦʛʦ 

ʘʜʜʫʢʪʘ A ʟʘʤʝʜʣʷʝʪ ʘʪʘʢʫ ʢʠʩʣʦʨʦʜʥʦʛʦ ʘʪʦʤʘ ʛʠʜʨʦʢʩʠʣʘ ʥʘ 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʠ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʄ  rʪʘʢʞʝ ʦʮʝʥʠʣʠ ʥʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʘʤʠʥʦʝʥʦʥʦʚ 20 (ʩʭʝʤʘ 2.20). ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʘʤʠʥʦʝʥʦʥʦʚ 20a, l ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʛʠʜʨʦʣʠʟ ʘʤʠʥʦʝʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʪʝʢʘʣ ʙʝʟ ʫʯʘʩʪʠʷ COOR-

ʛʨʫʧʧʳ, ʜʘʚʘʷ ʩʦʝʜʠʥʝʥʠʷ 25a, b ʩ ʚʳʭʦʜʘʤʠ ʜʦ 80%. ɼʘʣʴʥʝʡʰʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʘʤʠʥʦʝʥʦʥʦʤ 20ʘ ʧʨʠʚʝʣʠ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʠʥʜʦʣʴʥʦʛʦ 26 ʠ ʧʠʨʘʟʦʣʴʥʦʛʦ 27 ʮʠʢʣʦʚ. 
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ʉʭʝʤʘ 2.20 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤ  r ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʦʚʳʡ ʠ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʨʷʜʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ɓ-CF3 ɓ-ʘʤʠʥʦʝʥʦʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʨʝʘʢʮʠʠ CF3-

ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ ʩ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʙʣʘʛʦʜʘʨʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʘʤʠʥ-ʘʣʢʝʥ-ʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʧʨʷʞʝʥʠʝʤ, ɓ-

ʘʤʠʥʦʝʥʦʥʳ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ [86-88]. ʆʥʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ [89-91], ʪʘʢʠʭ 

ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʠʥʘ, ʧʠʨʠʤʠʜʠʥʘ ʠ ʧʠʨʨʦʣʘ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʠ ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʦʣʝʢʫʣ. ʂʨʦʤʝ ʪʦʛʦ, ɓ-ʘʤʠʥʦʝʥʦʥʳ ʧʨʦʷʚʣʷʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [92-95], ʚʢʣʶʯʘʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, ʘʥʘʣʴʛʝʪʠʯʝʩʢʠʝ ʠ ʧʨʦʪʠʚʦʨʘʢʦʚʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʚʝʜʝʥʠʝ ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʫ ɓ-ʘʤʠʥʦʝʥʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʩʠʥʪʝʟʘ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, 

ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ 
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ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʮʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʢʣʶʯʘʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʣʠʧʦʬʠʣʴʥʦʩʪʠ, ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʜʨ. 
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ɻʃɸɺɸ 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

3.1 ʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

 

ʉʧʝʢʪʨʳ ʗʄʈ 
1
H, 

13
ʉ, 

15
N ʠ 

19
F ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʝ Bruker DPX-400 

[400.1 (
1
H), 100.6 (

13
ʉ), 40.6 (

15
N) ʠ 376 (

19
F) ʄɻʮ], ʚ ʨʘʩʪʚʦʨʘʭ CDCl3 ʠʣʠ 

(CD3)2CO, ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ ï ʛʝʢʩʘʤʝʪʠʣʜʠʩʠʣʦʢʩʘʥ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 

ʫʢʘʟʘʥʳ ʚ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʷʭ (ʤ.ʜ.), ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (J) ʫʢʘʟʘʥʳ ʚ ʛʝʨʮʘʭ (ɻʮ). ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 
1
ʅ ʠ 

13
ʉ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 2D ʵʢʩʧʝʨʠʤʝʥʪʦʚ COSY, 

NOESY, HSQC ʠ HMBC. 

ʄʘʩʩ-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ GCMSQP5050A ʬʠʨʤʳ 

Shimadzu. ʇʘʨʘʤʝʪʨʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ: SPBTM-5, ʜʣʠʥʘ 60 ʤ, 

ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 0,25 ʤʤ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʳ 0,25 ʤʢʤ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʞʝʢʪʦʨʘ 250 
ʦ
C, ʛʘʟ-ʥʦʩʠʪʝʣʴ - ʛʝʣʠʡ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 0,7 

ʤʣ/ʤʠʥ; ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʪʝʢʪʦʨʘ 250 
ʦ
C; ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨ: ʢʚʘʜʨʫʧʦʣʴ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʠʦʥʠʟʘʮʠʷ, ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ: 70 ʵɺ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ 

ʠʦʥʦʚ 200 
ʦ
C; ʜʠʘʧʘʟʦʥ ʤʘʩʩ 34-650 ɼʘ. 

ʀʂ ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Vertex-70 ʚ ʪʘʙʣʝʪʢʘʭ 

KBr, ʪʦʥʢʦʡ ʧʣʸʥʢʝ ʠʣʠ ʤʠʢʨʦʩʣʦʝ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʝ THERMO Scientific Flash 2000 ɽlemental Analyzer. ʊʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʩʪʦʣʠʢʘ ʂʦʬʣʝʨʘ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʪʠʦʮʠʘʥʘʪʘ 5-(2-

ʛʠʜʨʦʢʩʠʧʨʦʧʘʥ-2-ʠʣ)-2-ʬʝʥʠʣ-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʠʟʦʪʠʘʟʦʣʠ-̫2 (15ʘ) 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Bruker D8 VENTURE PHOTON 100 CMOS ʩ 

ʠʟʣʫʯʝʥʠʝʤ MoKŬ (ɚ = 0,71073) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ wïj-ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʙʳʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ 

ʩ ʫʯʸʪʦʤ ʵʬʬʝʢʪʦʚ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʦʜʦʤ ʤʥʦʛʦʩʢʘʥʠʨʦʚʘʥʠʷ (SADABS) [96]. 

ʉʪʨʫʢʪʫʨʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ Bruker 

SHELXTL [97] ʠ ʫʪʦʯʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Olex2 [98]. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʘʩʪʠʥʳ 

Silufol çMerck TLC Silica gel 60 F254è. ɼʣʷ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʣʠʢʘʛʝʣʴ ʧʦʨʠʩʪʦʩʪʠ 70-230 ʤʝ hʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,063-

0,200 ʤʤ ʠʣʠ 230-400 ʤʝ hʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,040-0,063 ʤʤ. 

 

3.2 ʉʠʥʪʝʟ N-ʟʘʤʝʱʸʥʥʳʭ ʧʝʨʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜʦʚ 3 

 

N-ʬʝʥʠʣ-2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ), N-ʬʝʥʠʣ-2,2,3,3,4,4,4-

ʛʝʧʪʘʬʪʦʨʙʫʪʘʥʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3b) ʠ N-ʙʫʪʠʣ-2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ 

ʭʣʦʨʠʜ (3ʩ) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [67]. ɸʥʠʣʠʥ 2ʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʛʦʥʷʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʊʨʠʬʪʦʨʫʢʩʫʩʥʫʶ 1a ʠ 

ʧʝʨʬʪʦʨʤʘʩʣʷʥʫʶ 2b ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʯʝʪʳʨʸʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ 

ʧʝʨʝʛʦʥʷʣʠ ʥʘʜ P2O5. ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ ʠ ʪʨʠʵʪʠʣʘʤʠʥ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʩʠʥʪʝʟʘ N-ʬʝʥʠʣ-2,2,2-

ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜʘ (3ʘ). ʂ ʨʘʩʪʚʦʨʫ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ (34.5 ʛ, 

0.132 ʤʦʣʴ) ʚ ʯʝʪʳʨʸʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ (70 ʤʣ) ʧʨʠ 0 
ʦ
ʉ ʧʨʠʢʘʧʳʚʘʣʠ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ 1ʘ (5.02 ʛ, 0.044 ʤʦʣʴ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥ. ɼʘʣʝʝ ʧʨʠ 0 
ʦ
ʉ ʤʝʜʣʝʥʥʦ ʧʨʠʢʘʧʳʚʘʣʠ ʩʤʝʩʴ ʘʥʠʣʠʥʘ 2ʘ (4.93 ʛ, 

0.053 ʤʦʣʴ) ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ (5.35 ʛ, 0.053 ʤʦʣʴ). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ.  ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ 

ʦʭʣʘʞʜʘʣʠ, ʟʘʪʝʤ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʝʪʨʦʣʝʡʥʳʤ ʵʬʠʨʦʤ (300 ʤʣ). ɺʳʧʘʚʰʠʡ 

ʬʦʩʬʠʥʦʢʩʠʜ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ ʐʦʪʪʘ ʥʘ ʚʦʜʦʩʪʨʫʡʥʦʤ 

ʥʘʩʦʩʝ. ʌʠʣʴʪʨʘʪ ʫʧʘʨʠʚʘʣʠ, ʦʩʪʘʪʦʢ ʧʝʨʝʛʦʥʷʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ (ʬʨʘʢʮʠʷ - 50 

ʦ
ʉ ʧʨʠ 15 ʤʤ ʨʪ. ʩʪ.). ɺʳʭʦʜ 3ʘ: 6.674 ʛ (73%). 

ʇʦʣʫʯʝʥʥʳʝ N-ʟʘʤʝʱʸʥʥʳʝ ʧʝʨʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʳʝ ʤʘʩʣʷʥʠʩʪʳʝ ʞʠʜʢʦʩʪʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʟʘʧʘʭʦʤ. ʅʘ ʚʦʟʜʫʭʝ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʣʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʘʤʠʜʘ. 
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3.3 ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5 

 

ʀʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 

[68]. ʇʨʦʧʘʨʛʠʣʦʚʳʝ ʩʧʠʨʪʳ 4a-d ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʦʯʠʩʪʢʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ʉʧʠʨʪʳ 4e ʠ 4f ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ [99, 100]. 

ɺ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʢ ʩʤʝʩʠ CuI (1 ʵʢʚ.) ʠ ʧʨʦʢʘʣʝʥʥʦʛʦ K3PO4 (1.5 ʵʢʚ.) 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʧʨʠʢʘʧʳʚʘʣʠ ʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 4 (1.2 ʵʢʚ.) ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɼʘʣʝʝ ʤʝʜʣʝʥʥʦ ʧʨʠʢʘʧʳʚʘʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤʠʜʦʠʣʭʣʦʨʠʜ 3 (1 ʵʢʚ.). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 55-60 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 3-9 ʯ (3 ʜʥʷ ʜʣʷ ʩʠʥʪʝʟʘ N-n-Bu-

ʟʘʤʝʱʸʥʥʦʛʦ ʩʧʠʨʪʘ 5h [69]). ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʪʘʪʦʢ ʦʙʨʘʙʘʪʳʚʘʣʠ 100 ʤʣ ʵʪʠʣʘʮʝʪʘʪʘ. ʈʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ 

ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʩʣʦʡ ʩʠʣʠʢʘʛʝʣʷ, ʬʠʣʴʪʨʘʪ ʫʧʘʨʠʚʘʣʠ ʠ ʦʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʵʣʶʝʥʪ ï ʭʣʦʨʦʬʦʨʤ/ʙʝʥʟʦʣ/ʵʪʘʥʦʣ, 

20:4:1). 

N-(1,1,1-ʪʨʠʬʪʦʨ-4-ʬʝʥʠʣʙʫʪʠʥ-3-ʠʣʠʜʝʥ-2)ʘʥʠʣʠʥ 23 ʧʦʣʫʯʝʥ ʧʦ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ [68]. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

2-ʄʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5a) 

 

ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣʙʫʪ-3-ʠʥ-2-ʦʣ (4ʘ) (1.81 ʛ, 0.0216 ʤʦʣʴ), N-ʬʝʥʠʣ-

2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (3.715 ʛ, 0.018 ʤʦʣʴ), CuI (3.42 ʛ, 0.018 

ʤʦʣʴ), K3PO4 (5.72 ʛ, 0.027 ʤʦʣʴ), MeCN (55 ʤʣ), 55 
ʦ
ʉ, 3 ʯ. 

ɺʳʭʦʜ: 3.983 ʛ (87%); ʩʚʝʪʣʦ-ʞyʣʪʘ ̫ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.44 (ʩ, 6H, (CH3)2), 2.14 (ʩ, 1H, 

OH), 7.17-7.19 (ʤ, 2H, Ar), 7.23-7.26 (ʤ, 1H, Ar), 7.36-7.40 (ʤ, 2H, Ar). 
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ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 30.3 ((CH3)2), 65.3 (CſC), 72.1 

(CſC), 105.1 (C-OH), 117.2 (ʢ, CF3, JCF = 277.2 ɻʮ), 121.2, 127.6 , 128.9 (Ar), 

139.2 (ʢ, C-CF3, JCF = 38.8 ɻʮ), 147.3 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 

ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3384, 3068, 3036, 2987, 2937, 2873, 2219, 1616, 

1591, 1486, 1453, 1366, 1334, 1219, 1145, 1095, 963, 919, 813, 762, 723, 692, 

659, 591, 560, 501, 456. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 255 (31) [M
+
], 240 (5), 212 (7), 198 (9), 186 (39), 

129 (13), 128 (99), 77 (100), 51 (34), 43 (39), 39 (9). 

C13H12F3NO (255.24) ɺʳʯʠʩʣʝʥʦ (%): C, 61.17; H, 4.74; F, 22.33; N, 5.49; 

ʥʘʡʜʝʥʦ (%): C, 61.19; H, 4.73; F, 22.31; N, 5.48. 

3-ʄʝʪʠʣ-6-(ʬʝʥʠʣʠʤʠʥʦ)-7,7,7-ʪʨʠʬʪʦʨʛʝʧʪ-4-ʠʥ-3-ʦʣ (5b) 

 

ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣʧʝʪ-1-ʠʥ-3-ʦʣ (4b) (1.568 ʛ, 0.016 ʤʦʣʴ), N-ʬʝʥʠʣ-

2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (2.623 ʛ, 0.013 ʤʦʣʴ), CuI (2.47 ʛ, 0.013 

ʤʦʣʴ), K3PO4 (4.24 ʛ, 0.020 ʤʦʣʴ), MeCN (55 ʤʣ), 55 
ʦ
ʉ, 3 ʯ. 

ɺʳʭʦʜ: 2.458 ʛ (70%); ʩʚʝʪʣʦ-ʞyʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.86 (ʪ, 3H, CH3-CH2, J = 7.4 ɻʮ), 

1.40 (ʩ, 3H, ʉʅ3), 1.57-1.68 (ʤ, 2H, CH3-ʉʅ2), 2.09 (ʩ, 1H, ʆʅ), 7.15-7.17 (ʤ, 

2H, Ar), 7.22-7.26 (ʤ, 1H, Ar), 7.35-7.39 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 8.6 (CH3-CH2), 28.3 (CH3), 35.9 

(CH3-CH2), 69.1 (CſC), 73.2 (CſC), 104.3 (C-OH), 117.2 (ʢ, CF3, JCF = 277.2 

ɻʮ), 121.0, 127.5, 128.9 (Ar), 139.4 (ʢ, C-CF3, JCF = 38.6 ɻʮ), 147.5 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 

ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3412, 3067, 3036, 2979, 2939, 2884, 2218, 1844, 

1696, 1618, 1594, 1487, 1452, 1333, 1287, 1205, 1156, 1097, 1039, 997, 946, 915, 

812, 761, 722, 692, 588, 540, 501. 
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ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 269 (29) [M
+
], 240 (31), 226 (11), 200 (18), 198 

(34), 172 (7), 128 (81), 77 (100), 51 (28), 43 (44), 39 (7). 

C14H14F3NO (269.27) ɺʳʯʠʩʣʝʥʦ (%): C, 62.45; H, 5.24; F, 21.17; N, 5.20; 

ʥʘʡʜʝʥʦ (%): C, 62.44; H, 5.26; F, 21.18; N, 5.21. 

1-(3-ʌʝʥʠʣʠʤʠʥʦ)-(4,4,4-ʪʨʠʬʪʦʨʙʫʪ-1-ʠʥ-1-ʠʣ)ʮʠʢʣʦʛʝʢʩʘʥ-1-ʦʣ 

(5c) 

 

ʋʩʣʦʚʠʷ: 1-ʵʪʠʥʠʣʮʠʢʣʦʛʝʢʩʘʥ-1-ʦʣ (4ʩ) (1.24 ʛ, 0.01 ʤʦʣʴ), N-ʬʝʥʠʣ-

2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (1.746 ʛ, 0.008 ʤʦʣʴ), CuI (1.52 ʛ, 0.008 

ʤʦʣʴ), ʂ3ʈʆ4 (2.54 ʛ, 0.012 ʤʦʣʴ), MeCN (50 ʤʣ), 55 
ʦ
ʉ, 4 ʯ. 

ɺʳʭʦʜ: 1.603 ʛ (68%), ʩʚʝʪʣʦ-ʞyʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.13-1.85 (ʤ, 10H, (CH2)5), 2.03 (ʩ, 

1H, OH), 7.15-7.17 (ʤ, 2H, Ar), 7.21-7.25 (ʤ, 1H, Ar), 7.35-7.39 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 22.9, 24.8, 39.2 ((CH2)5), 69.7 (CſC), 

74.3 (CſC), 104.6 (C-OH), 117.2 (ʢ, CF3, JCF = 277.6 ɻʮ), 120.8, 127.3, 128.9 

(Ar), 139.6 (ʢ, C-CF3, JCF = 38.6 ɻʮ), 147.6 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 

ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3372, 3309, 3066, 2938, 2860, 1619, 1487, 1450, 

1336, 1280, 1228, 1198, 1148, 1103, 1073, 967, 905, 854, 759, 720, 691, 644, 550, 

520. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 295 [M
+
], 238 (10), 226 (37), 198 (23), 170 (24), 128 

(81), 77 (100), 55 (28), 41 (21). 

C16H16F3NO (295.31) ɺʳʯʠʩʣʝʥʦ (%): C, 65.08; H, 5.46; F, 19.30; N, 4.74; 

ʥʘʡʜʝʥʦ (%): C, 65.06; H, 5.47; F, 19.32; N, 4.76. 

4-ʄʝʪʠʣ-7-(ʬʝʥʠʣʠʤʠʥʦ)-8,8,8-ʪʨʠʬʪʦʨʦʢʪ-5-ʠʥ-4-ʦʣ (5d) 
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ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣʛʝʢʩ-1-ʠʥ-3-ʦʣ (4d) (1.008 ʛ, 0.009 ʤʦʣʴ), N-ʬʝʥʠʣ-

2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (1.6 ʛ, 0.0077 ʤʦʣʴ), CuI (1.46 ʛ, 0.0077 

ʤʦʣʴ), ʂ3ʈʆ4 (2.12 ʛ, 0.01 ʤʦʣʴ), MeCN (50 ʤʣ), 55 
ʦ
ʉ, 4 ʯ. 

ɺʳʭʦʜ: 1.372 (63%); ʩʚʝʪʣʦ-ʞyʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.86 (ʪ, 3H, CH3-CH2-CH2, J = 7.3 

ɻʮ), 1.21-1.33 (ʤ, 2H, CH3-CH2-CH2), 1.39 (ʩ, 3H, ʉʅ3), 1.49-1.62 (ʤ, 2H, CH3-

CH2-CH2), 2.37 (ʩ, 1H, ʆʅ), 7.14-7.16 (ʤ, 2H, Ar), 7.21-7.25 (ʤ, 1H, Ar), 7.34-

7.38 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 14.1 (CH3-CH2-CH2), 17.8 (CH3-

CH2-CH2), 28.9 (CH3), 45.2 (CH3-CH2-CH2), 68.6 (CſC), 73.2 (CſC), 104.5 (C-

OH), 117.2 (ʢ, CF3, JCF = 277 ɻʮ), 120.9, 127.5, 128.9 (Ar), 139.5 (ʢ, C-CF3, JCF = 

38.3 ɻʮ), 147.6 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.3 (c, 3F, CF3). 

ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3397, 3067, 3035, 2936, 2876, 2219, 1618, 1591, 

1486, 1453, 1371, 1336, 1287, 1258, 1228, 1158, 1102, 1021, 953, 932, 908, 866, 

818, 762, 723, 692, 663, 561, 501. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 283 (32) [M
+
], 240 (75), 234 (7), 220 (9), 214 (21), 

198 (58), 192 (8), 172 (16), 142 (7), 128 (89), 77 (100), 69 (12), 51 (54), 43 (84), 

41 (24), 39 (18). 

C15H16F3NO (283.29) ɺʳʯʠʩʣʝʥʦ (%): C, 63.60; H, 5.69; F, 20.12; N, 4.94; 

ʥʘʡʜʝʥʦ (%): C, 63.59; H, 5.71; F, 20.14; N, 4.95. 

2-ʌʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5e) 

 

ʋʩʣʦʚʠʷ: 2-ʬʝʥʠʣʙʫʪ-3-ʠʥ-2-ʦʣ (4ʝ) (1.226 ʛ, 0.0084 ʤʦʣʴ), N-ʬʝʥʠʣ-

2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (1.476 ʛ, 0.007 ʤʦʣʴ), CuI (1.33 ʛ, 0.007 

ʤʦʣʴ), ʂ3ʈʆ4 (2.33 ʛ, 0.011 ʤʦʣʴ), MeCN (50 ʤʣ), 60 
ʦ
ʉ, 5 ʯ. 

ɺʳʭʦʜ: 1.351 ʛ (61%), ʩʚʝʪʣʦ-ʞyʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 
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ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.68 (ʩ, 3H, CH3), 2.61 (ʩ, 1H, OH), 

7.15-7.17 (ʤ, 2H, Ar), 7.22-7.27 (ʤ, 4H, Ar), 7.33-7.37 (ʤ, 4H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 32.3 (CH3), 70.3 (CſC), 74.5 (CſC), 

103.5 (C-OH), 117.3 (ʢ, CF3, JCF = 277.4 ɻʮ), 121.0, 124.8, 127.5, 128.3, 128.6, 

129.0 (Ar), 139.4 (ʢ, C-CF3, JCF = 38.8 ɻʮ), 143.5, 147.6 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 

ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3404, 3064, 3032, 2990, 2932, 2215, 1674, 1617, 

1597, 1488, 1449, 1363, 1334, 1271, 1226. 1199, 1143, 1107, 1079, 1043, 1027, 

938, 915, 790, 761, 720, 694, 593, 549, 508. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 317 (8) [M
+
], 316 (10), 275 (9), 274 (47), 254 (14), 

248 (14), 234 (12), 220 (10), 206 (12), 204 (17), 172 (7), 151 (6), 128 (49), 116 

(8), 115 (8), 78 (32), 77 (100), 51 (56), 43 (64), 39 (10). 

C18H14F3NO (317.31) ɺʳʯʠʩʣʝʥʦ (%): C, 68.13; H, 4.45; F, 17.96; N, 4.41; 

ʥʘʡʜʝʥʦ (%): C, 68.11; H, 4.46; F, 17.98; N, 4.42. 

1,1-ɼʠʬʝʥʠʣ-4-(ʬʝʥʠʣʠʤʠʥʦ)-5,5,5-ʪʨʠʬʪʦʨʧʝʥʪ-2-ʠʥ-1-ʦʣ (5f) 

 

ʋʩʣʦʚʠʷ: 1,1-ʜʠʬʝʥʠʣʧʨʦʧ-2-ʠʥ-1-ʦʣ (4f) (2.37 ʛ, 0.0114 ʤʦʣʴ), N-

ʬʝʥʠʣ-2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (1.968 ʛ, 0.0095 ʤʦʣʴ), CuI (1.8 

ʛ, 0.0095 ʤʦʣʴ), ʂ3ʈʆ4 (2.97 ʛ, 0.014 ʤʦʣʴ), MeCN (55 ʤʣ), 60 
ʦ
ʉ, 9 ʯ. 

ɺʳʭʦʜ: 2.935 ʛ (81%), ʪʤyʥʦ-ʢʦʨʠʯʥʝʚʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 3.20 (ʩ, 1H, OH), 7.10-7.12 (ʤ, 2H, 

Ar), 7.20-7.23 (ʤ, 6H, Ar), 7.30-7.32 (ʤ, 3H, Ar), 7.38-7.41 (ʤ, 2H, Ar), 7.49-7.53 

(ʤ, 1H, Ar), 7.70-7.72 (ʤ, 1H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 74.9 (CſC), 76.6 (CſC), 102.5 (C-

OH), 117.3 (ʢ, CF3, JCF = 277.4 ɻʮ), 121.1, 126.0, 128.3, 128.6, 129.0, 130.2 (Ar), 

139.2 (ʢ, C-CF3, JCF = 38.8 ɻʮ), 143.0, 147.5 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 
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ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3414, 3063, 3031, 2211, 1648, 1619, 1598, 1489, 

1449, 1335, 1282, 1229, 1203, 1148, 1084, 1030, 985, 942, 919, 890, 807, 764, 

696, 642, 615, 522, 507. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 378 (8) [M
+
], 359 (7), 282 (10), 275 (11), 274 (65), 

262 (10), 234 (9), 207 (18), 180 (11), 156 (9), 145 (55), 129 (14), 128 (15), 120 

(27), 116 (19), 105 (80), 77 (100), 51 (60). 

C23H16F3NO (379.38) ɺʳʯʠʩʣʝʥʦ (%): C, 72.82; H, 4.25; F, 15.02; N, 3.69; 

ʥʘʡʜʝʥʦ (%): C, 72.83; H, 4.22; F, 15.01; N, 3.67. 

2-ʄʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,7,7,8,8,8-ʛʝʧʪʘʬʪʦʨʦʢʪ-3-ʠʥ-2-ʦʣ (5g) 

 

ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣʙʫʪ-3-ʠʥ-2-ʦʣ (4ʘ) (1.34 ʛ, 0.016 ʤʦʣʴ), N-ʬʝʥʠʣ-

2,2,3,3,4,4,4-ʛʝʧʪʘʬʪʦʨʙʫʪʘʥʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3b) (4 ʛ, 0.013 ʤʦʣʴ), CuI (2.47 

ʛ, 0.013 ʤʦʣʴ), K3PO4 (4.24 ʛ, 0.02 ʤʦʣʴ), MeCN (60 ʤʣ), 55 
ʦ
ʉ, 3 ʯ. 

ɺʳʭʦʜ: 1.019 ʛ (22%), ʩʚʝʪʣʦ-ʞyʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.44 (ʩ, 6H, CH3), 2.10 (ʩ, 1H, OH), 

7.17-7.19 (ʤ, 2H, Ar), 7.23-7.27 (ʤ, 1H, Ar), 7.37-7.40 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 30.4 (CH3), 65.9 (CſC), 72.7 (CſC), 

105.7 (C-OH), 105.9-122.5 (ʤ, C3F7), 121.1, 127.7, 128.9 (Ar), 140.0 (ʪ, C-CF2, 

JCF = 28.1 ɻʮ), 147.7 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -125.1 (c, 2F, CF3-CF2-CF2), -113.95-(-

113.88) (ʤ, 2F, CF3-CF2-CF2), -79.6 (ʪ, 3F, CF3-CF2-CF2, J = 8.6 ɻʮ). 

ʀʂ (ʧʣyʥʢʘ, ɜ, ʩʤ
-1
): 3390, 3068, 2986, 2935, 2856, 2219, 1848, 1694, 

1615, 1592, 1486, 1452, 1352, 1232, 1124, 1059, 1023, 971, 950, 932, 878, 806, 

757, 742, 692, 632, 555, 503. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 355 (20) [M
+
], 340 (3), 298 (4), 187 (11), 186 (72), 

129 (19), 128 (100), 104 (4), 94 (5), 78 (12), 77 (97), 69 (6), 51 (44), 43 (57), 39 

(9). 
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C15H12F7NO (355.26) ɺʳʯʠʩʣʝʥʦ (%): C, 50.71; H, 3.40; F, 37.43; N, 3.94; 

ʥʘʡʜʝʥʦ (%): C, 50.73; H, 3.39; F, 37.41; N, 3.93. 

5-(ɹʫʪʠʣʠʤʠʥʦ)-2-ʤʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-oʣ (5h) 

 

ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣʙʫʪ-3-ʠʥ-2-ʦʣ (1ʘ) (0.013 ʤʦʣʴ, 1.092 ʛ), N-ʙʫʪʠʣ-2,2,2-

ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʩ) (0.013 ʤʦʣʴ, 2.400 ʛ), K3PO4 (0.013 ʤʦʣʴ, 

2.700 ʛ), KI (0.001 ʤʦʣʴ), MeCN (50 ʤʣ), 70 
ʦ
ʉ, 3 ʜʥ.̫

 

ɺʳʭʦʜ: 1.66 ʛ (54%); ʞʸʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.93 (ʪ, 3ʅ, ʉʅ3-CH2-CH2-CH2, J = 

7.3 ɻʮ), 1.36 (ʩʝʢʩʪʝʪ, 2ʅ, ʉʅ3-CH2-CH2-CH2, J = 7.4 ɻʮ), 1.59 (ʩ, 6H, ʉʅ3), 

1.67 (ʢʚʠʥʪʝʪ, 2ʅ, ʉʅ3-CH2-CH2-CH2, J = 7.3 ɻʮ), 2.37 (ʩ, 1H, OH), 3.71 (ʪ, 2ʅ, 

ʉʅ3-CH2-CH2-CH2, J = 6.9 ɻʮ). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 13.8 (ʉʅ3-CH2-CH2-CH2), 20.5 

(ʉʅ3-CH2-CH2-CH2), 30.9 (CH3), 31.8 (ʉʅ3-CH2-CH2-CH2), 55.9 (ʉʅ3-CH2-CH2-

CH2), 65.5 (CſC), 70.3 (CſC), 105.7 (C-OH), 118.3 (ʢ, CF3, JCF = 276.7 ɻʮ), 

141.5 (ʢ, C-CF3, Jʉɸ = 37.9 ɻʮ). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.6 (c, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3389, 2986, 2963, 2937, 2874, 2219, 1627, 1461, 

1341, 1205, 1149, 1018, 962, 899, 803, 722, 643, 618, 579, 539, 452. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 235 (1) [M
+
], 193 (16), 178 (22), 175 (47), 166 (99), 

148 (24), 136 (14), 115 (12), 110 (77), 95 (13), 69 (12), 59 (89), 43 (100). 

C11H16F3NO (235.25) ɺʳʯʠʩʣʝʥʦ (%): C, 56.16; H, 6.86; F, 24.23; N, 5.95; 

ʥʘʡʜʝʥʦ (%): C, 56.19; H, 6.82; F, 24.25; N, 5.95. 

5-((ʊʨʠʤʝʪʠʣʩʠʣʠʣ)ʦʢʩʠ)-1,1,1-ʪʨʠʬʪʦʨ-N-ʬʝʥʠʣʛʝʢʩ-3-ʠʥ-2-ʠʤʠʥ 

(5i) 
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ʋʩʣʦʚʠʷ: (ʙʫʪʠʥ-3-ʠʣʦʢʩʠ-2)ʪʨʠʤʝʪʠʣʩʠʣʘʥ (7b) (0.01 ʤʦʣʴ, 1.420 ʛ), N-

ʬʝʥʠʣ-2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (0.008 ʤʦʣʴ, 1.664 ʛ), CuI 

(0.008 ʤʦʣʴ, 1.520 ʛ), ʂ3ʈʆ4 (0.012 ʤʦʣʴ, 2.500 ʛ), MeCN (30 ʤʣ), 55 
ʦ
ʉ, 3 ʯ. 

ɺʳʭʦʜ: 1.837 g (59%); ʞʸʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.2 (ʩ, 9ʅ, (ʉʅ3)3SiO), 1.49 (ʜ, 3ʅ, 

ʉʅ3, J = 6.6 ɻʮ), 4.68 (ʢ, 1ʅ, ʅ, J = 6.7 ɻʮ), 7.29-7.34 (ʤ, 2ʅ, Ar), 7.34-7.40 (ʤ, 

1ʅ, Ar), 7.47-7.53 (ʤ, 2ʅ, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -0.2 ((ʉʅ3)3SiO), 24.3 (CH3), 58.6 

(C-CH3), 73.3 (CſC), 102.8 (CſC), 118.7 (ʢ, CF3, JCF = 277.3 ɻʮ), 121.2, 127.5, 

128.9 (Ar), 139.9 (ʢ, C-CF3, JCF = 38.4 ɻʮ), 147.4 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3067, 2988, 2960, 2900, 2867, 2213, 1622, 1591, 

1486, 1449, 1371, 1336, 1309, 1287, 1254, 1228, 1199, 1146, 1109, 1043. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 313 (7) [M
+
], 204 (10), 154 (21), 128 (12), 108 (10), 

77 (100), 75 (27), 73 (85), 51 (39), 47 (19), 45 (36), 43 (26). 

C15H18F3NOSi (313.40) ɺʳʯʠʩʣʝʥʦ (%): C, 57.49; H, 5.79; F, 18.19; N, 

4.47; ʥʘʡʜʝʥʦ (%): C, 57.50; H, 5.77; F, 18.19; N, 4.46. 

5-((ʊʨʠʤʝʪʠʣʩʠʣʠʣ)ʦʢʩʠ)-1,1,1-ʪʨʠʬʪʦʨ-N-ʬʝʥʠʣʧʝʥʪ-3-ʠʥ-2-ʠʤʠʥ 

(5j ) 

 

ʋʩʣʦʚʠʷ: (ʧʨʦʧʠʥ-2-ʠʣʦʢʩʠ-1)ʪʨʠʤʝʪʠʣʩʠʣʘʥ (7ʘ) (0.011ʤʦʣʴ, 1.358 ʛ), 

N-ʬʝʥʠʣ-2,2,2-ʪʨʠʬʪʦʨʘʮʝʪʠʤʠʜʦʠʣ ʭʣʦʨʠʜ (3ʘ) (0.006 ʤʦʣʴ, 1.253 ʛ), CuI 

(0.006 ʤʦʣʴ, 1.140 ʛ), ʂ3ʈʆ4 (0.009 ʤʦʣʴ, 1.908 ʛ), MeCN (25 ʤʣ), 55 
ʦ
ʉ, 10 ʯ. 

ɺʳʭʦʜ: 1.076 ʛ (60%), ʞʸʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.20 (ʩ, 9H, (ʉʅ3)3SiO), 4.49 (ʩ, 2H, 

CH2), 7.29-7.34 (ʤ, 2H, Ar), 7.34-7.39 (ʤ, 1H, Ar), 7.47-7.53 (ʤ, 2H, Ar). 
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ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -0.43 ((ʉʅ3)3SiO), 51.2 (CH2), 74.7 

(CſC), 99.2 (CſC), 118.7 (ʢ, CF3, JCF = 277.2 ɻʮ), 121.2, 127.6, 129.0 (Ar), 138.9 

(ʢ, C-CF3, JCF = 38.8 ɻʮ), 147.3 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -71.4 (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3067, 2960, 2921, 2214, 1733, 1623, 1596, 1487, 

1451, 1367, 1335, 1285, 1254, 1229, 1199, 1149, 1131, 1091. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 299 (23) [M
+
], 284 (14), 230 (29), 209 (13), 188 

(22), 187 (10), 160 (18), 140 (15), 133 (11), 127 (11), 108 (22), 77 (100), 73 (88), 

51 (26), 45 (21). 

C14H16F3NOSi (299.37) ɺʳʯʠʩʣʝʥʦ (%): C, 56.17; H, 5.39; F, 19.04; N, 

4.68; ʥʘʡʜʝʥʦ (%): C, 56.15; H, 5.40; F, 19.01; N, 4.68. 

 

3.4 ʉʠʥʪʝʟ 5-ʛʠʜʨʦʢʩʠ-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʦʚ 8 

 

ʂ ʨʘʩʪʚʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5 (1 

ʵʢʚ.) ʚ ʊɻʌ (1 ʤʣ) ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʢʘʧʳʚʘʣʠ ʨʘʩʪʚʦʨ 

2ʄ H2SO4 (1 ʵʢʚ.) ʚ ʅ2ʆ (2 ʤʣ). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 

0.5-11 ʯ. ʇʦʩʣʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʠʣʠ NaHCO3 (0.00025 ʤʦʣʴ) ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʸ 5 ʤʠʥ. ɼʘʣʝʝ ʜʦʙʘʚʠʣʠ ʵʪʠʣʘʮʝʪʘʪ (4 ʤʣ), ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʩʣʦʡ ʦʪʜʝʣʷʣʠ, ʘ ʚʦʜʥʫʶ ʯʘʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʵʪʠʣʘʮʝʪʘʪʦʤ (3Ĭ3 ʤʣ). 

ʆʙʲʝʜʠʥʸʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʣʦʠ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (2Ĭ1 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘʜ 

MgSO4. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ 8. ʇʦʣʫʯʝʥʥʳʝ 5-ʛʠʜʨʦʢʩʠ-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʳ 8 ʥʝʩʪʘʙʠʣʴʥʳ. 

ʀʭ ʭʨʘʥʠʣʠ ʚ ʪʝʯʝʥʠʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʦʬʦʨʤʘ. 

5-ɻʠʜʨʦʢʩʠ-2,2-ʜʠʤʝʪʠʣ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 

(8ʘ) 
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ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5a) 

(0.128 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 1 ʯ. 

ɺʳʭʦʜ: 0.088 ʛ (89%); ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.32 (ʩ, 3ʅ, ʉʅ3), 1.43 (ʩ, 3ʅ, ʉʅ3), 

2.77 (ʜ, 1ʅ, CH2, J = 18.7 ɻʮ), 2.96 (ʜ, 1ʅ, ʉʅ2, J = 18.7 ɻʮ), 3.19 (ʩ, 1ʅ, ʆʅ). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 24.5 (CH3), 25.8 (CH3), 41.7 (CH2), 

84.8 ((CH3)2C), 98.1 (ʢ, JCF = 34.8 ɻʮ, C-CF3), 122.2 (ʢ, CF3, JCF = 283.8 ɻʮ), 

212.0 (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -85.7 (ʩ, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3418, 2988, 2941, 1766, 1467, 1465, 1438, 1383, 

1365, 1342, 1261, 1185, 1134, 1083, 1025. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 198 (0.3) [M
+
], 69 (18), 59 (100), 43 (96), 42 (26), 

41 (25), 39 (16). 

2-ʕʪʠʣ-5-ʛʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2ʅ)-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ (8b) 

 

ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣ-6-(ʬʝʥʠʣʠʤʠʥʦ)-7,7,7-ʪʨʠʬʪʦʨʛʝʧʪ-4-ʠʥ-3-ʦʣ (5b) 

(0.135 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 2 ʯ. 

ɺʳʭʦʜ: 0.076 ʛ (72%); ʦʨʘʥʞʝʚʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1.5). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.95 [0.86] (ʪ, 3H, CH2-CH3, J = 7.5 

ɻʮ), 1.39 [1.27] (ʩ, 3H, CH3), 1.62-1.80 (ʤ, 2H, CH2-CH3), 2.68-3.02 (ʤ, 2H, 

CH2), 3.32 (ʩ, 1H, OH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 7.9 [7.7] (CH3-CH2), 24.5 [22.1] 

(CH3), 31.2 [31.1] (CH3-CH2), 43.1 [42.1] (CH2), 88.1 [87.6] (CH3-CH2-C), 98.2 
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[97.9] (ʢ, C-CF3, JCF = 34.2 ɻʮ,), 122.4 [122.3] (ʢ, CF3, JCF = 284.7 ɻʮ), 212.4 

[212.1] (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -85.8 [-85.0] (ʩ, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3409, 2984, 2942, 1767, 1718, 1460, 1377, 1365, 

1341, 1260, 1185, 1128, 1086. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 212 (0.3) [M
+
], 73 (69), 57 (19), 55 (16), 43 (100), 

42 (12). 

2-ɻʠʜʨʦʢʩʠ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-1-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʢʘʥ-4-ʦʥ (8ʩ) 

 

ʋʩʣʦʚʠʷ: 1-(3-ʬʝʥʠʣʠʤʠʥʦ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʠʥ-1-ʠʣ-1)ʮʠʢʣʦʛʝʢʩʘʥ-1-

ʦʣ (5ʩ) (0.148 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 

ʤʣ), ʢʠʧʷʯʝʥʠʝ, 2 ʯ. 

ɺʳʭʦʜ: 0.098 ʛ (82%); ʩʚʝʪʣʦ-ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.26-1.40 (ʤ, 1H, (CH2)5), 1.48-1.81 

(ʤ, 9H, (CH2)5), 2.75 (ʜ, 1H, CH2, J = 18.7 ɻʮ), 2.94 (ʜ, 1H, CH2, J = 18.7 ɻʮ), 

3.49 (ʩ, 1H, OH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 21.20, 21.23, 24.8, 33.1, 33.9 

((CH2)5), 42.1 (CH2), 86.4 ((CH2)5C), 98.0 (ʢ, C-CF3, JCF = 34.7 ɻʮ), 122.3 (ʢ, 

CF3, JCF = 284.0 ɻʮ), 211.7 (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -85.7 (ʩ, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3409, 2941, 2864, 1761, 1710, 1449, 1409, 1371, 

1342, 1287, 1247, 1181, 1152, 1083, 1032. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 238 (7) [M
+
], 99 (96), 98 (93), 84 (11), 83 (15), 81 

(52), 80 (32), 70 (34), 69 (69), 56 (20), 55 (100), 54 (14), 53 (14), 43 (49), 42 (89), 

41 (62), 40 (10), 39 (78). 
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5-ɻʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-2-ʬʝʥʠʣ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2ʅ)-

ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ (8d) 

 

ʋʩʣʦʚʠʷ: 2-ʬʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5e) 

(0.159 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 3 ʯ. 

ɺʳʭʦʜ: 0.101 ʛ (78%); ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1.5). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.76 [1.63] (ʩ, 3H, CH3), 2.70-3.05 

(ʤ, 2H, CH2), 3.69 (ʩ, 1H, OH), 7.25-7.39 (ʤ, 3H, Ar), 7.47-7.54 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 27.5 [26.6] (CH3), 41.7 [41.6] (CH2), 

88.0 [86.9] (CH3-C), 98.6 [98.3] (ʢ, C-CF3, JCF = 34.8 ɻʮ,), 122.4 [122.3] (ʢ, CF3, 

JCF = 283.8 ɻʮ), 124.6, 124.8, 128.3, 128.7, 139.1, 140.2 (Ar), 209.0 [208.7] 

(C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -85.7 [-84.4] (ʩ, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3418, 3093, 3065, 3031, 2989, 2936, 2874, 1770, 

1601, 1495, 1447, 1390, 1373, 1335, 1263, 1181, 1096, 1069, 1042. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 260 (6) [M
+
], 121 (48), 105 (100), 77 (30), 51 (11), 

43 (38). 

5-ɻʠʜʨʦʢʩʠ-2,2-ʜʠʬʝʥʠʣ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 

(8ʝ) 
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ʋʩʣʦʚʠʷ: 1,1-ʜʠʬʝʥʠʣ-4-(ʬʝʥʠʣʠʤʠʥʦ)-5,5,5-ʪʨʠʬʪʦʨʧʝʥʪ-2-ʠʥ-1-ʦʣ 

(5f) (0.190 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 

ʤʣ), ʢʠʧʷʯʝʥʠʝ, 11 ʯ. 

ɺʳʭʦʜ: 0.029 ʛ (18%; ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ
 1
ʅ; 1,2,4,5-

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 

140-143 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 2.84 (c, 1H, OH), 2.93 (ʜʜ, 1H, 

CH2, J = 18.9, 3.9 ɻʮ), 3.35 (ʜʜ, 1H, CH2, J = 18.8, 4.1 ɻʮ), 7.13-7.14 (ʤ, 1H, Ar), 

7.30-7.39 (ʤ, 7H, Ar), 7.48-7.60 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 42.6 (CH2), 90.9 (Ph2C), 98.4 (ʢ, C-

CF3, JCF = 34.9 ɻʮ), 122.1 (ʢ, CF3, JCF = 284.3 ɻʮ), 126.1, 126.7, 126.8, 127.7, 

128.5, 128.7, 139.0, 140.7 (Ar), 206.5 (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -84.5 (ʩ, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3393, 3062, 2944, 1756, 1600, 1492, 1447, 1417, 1344, 

1268, 1188, 1155, 1108, 1041, 1023. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 322 (6) [M
+
], 183 (26), 182 (32), 165 (15), 105 

(100), 77 (39). 

5-ɻʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ (8f) 

 

ʋʩʣʦʚʠʷ: 5-((ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʦʢʩʠ)-1,1,1-ʪʨʠʬʪʦʨ-N-ʬʝʥʠʣʛʝʢʩ-3-ʠʥ-2-

ʠʤʠʥ (5j ) (0.123 ʛ, 0.0004 ʤʦʣʴ), H2SO4 (2M, 0.2 ʤʣ, 0.0004 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ 

(1:2 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 30 ʤʠʥ. 

ɺʳʭʦʜ: 0.030 ʛ (40%; ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ
 1
ʅ; 1,2,4,5-

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ); ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ 

ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:6). 
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ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.43 [1.35] (ʜ, 3H, CH3, J = 7.0 ɻʮ), 

2.76 [2.72] (ʜ, 1H, CH2, J = 18.6 ɻʮ), 2.97 [2.86] (ʜ, 1H, CH2, J = 18.6 ɻʮ), 3.76 

(c, 1H, OH), 4.42 [4.13] (ʢ, 1H, CH, J = 7.0 ɻʮ). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 18.6 [16.2] (CH3), 42.3 [42.1] (CH2), 

79.6 [77.7] (CH), 99.5 [98.9] (ʢ, C-CF3, JCF = 34.5 ɻʮ), 122.4 [122.1] (ʢ, CF3, JCF 

= 282.6 ɻʮ), 210.5 [210.4] (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -85.4 [-85.2] (ʩ, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3397, 2992, 2941, 1770, 1716, 1601, 1572, 1499, 

1449, 1376, 1347, 1253, 1181, 1105, 1077, 1050. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 184 (3) [M
+
], 156 (18), 112 (21), 92 (17), 69 (22), 55 

(10), 45.12 (59), 45.05 (100), 43 (40). 

5-ɻʠʜʨʦʢʩʠ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ (8g) 

 

ʋʩʣʦʚʠʷ: 5-((ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʦʢʩʠ)-1,1,1-ʪʨʠʬʪʦʨ-N-ʬʝʥʠʣʧʝʥʪ-3-ʠʥ-2-

ʠʤʠʥ (5i) (0.153 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ 

(1:2 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 30 ʤʠʥ. 

ɺʳʭʦʜ: 0.019 ʛ (22%; ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ
 1
ʅ; 1,2,4,5-

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ); ʢʦʨʠʯʥʝʚʘʷ 

ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 2.67 (ʜ, 1H, CH2, J = 18.5 ɻʮ,), 2.85 

(ʜ, 1H, CH2, J = 18.5 ɻʮ), 3.51 (c, 1H, OH), 4.21-4.35 (ʤ, 2H, CH2). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 42.7 (CH2), 71.5 (CH2O), 100.9 (ʢ, 

C-CF3, JCF = 34.8 ɻʮ), 122.1 (ʢ, CF3 JCF = 285.2 ɻʮ,), 208.4 (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -85.0 (ʩ, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3392, 2938, 2941, 1772, 1711, 1631, 1602, 1557, 

1500, 1441, 1397, 1343, 1254, 1172, 1111, 1062. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 170 (10) [M
+
], 112 (100), 101 (53), 93 (17), 92 (37), 

75 (13), 69 (43), 64 (56), 59 (12), 43 (48), 42 (79). 
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5-ɻʠʜʨʦʢʩʠ-2,2-ʜʠʤʝʪʠʣ-5-(ʧʝʨʬʪʦʨʧʨʦʧʠʣ)-3(2ʅ)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 

(8h) 

 

ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,7,7,8,8,8-ʛʝʧʪʘʬʪʦʨʦʢʪ-3-ʠʥ-2-ʦʣ 

(5g) (0.177 ʛ, 0.0005 ʤʦʣʴ), H2SO4 (2M, 0.25 ʤʣ, 0.0005 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 

ʤʣ), ʢʠʧʷʯʝʥʠʝ 4 ʯ. 

ɺʳʭʦʜ: 0.033 ʛ (11%; ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ
 1
ʅ; 1,2,4,5-

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ); ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ 

ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.30 (ʩ, 3H, CH3), 1.42 (ʩ, 3H, CH3), 

2.77 (ʜ, 1H, CH2, J = 18.8 ɻʮ), 3.03 (ʜ, 1H, CH2, J = 18.8 ɻʮ), 3.46 (ʩ, 1H, OH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 24.4 (CH3), 25.9 (CH3), 42.7 (CH2), 

84.2 [(CH3)2C], 99.8 (ʪ, CïCF2, J = 26.3 ɻʮ), 104.0-131.0 (ʤ, C3F7), 211.8 (C=O). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -121.0-(-127.2) (ʤ, 4F, CF3ïCF2ïCF2), 

-80.8 (ʪ, 3F, CF3ïCF2ïCF2, J = 10.3 ɻʮ). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3396, 2986, 2933, 1768, 1718, 1630, 1597, 1529, 

1488, 1463, 1386, 1382, 1349, 1228, 1122. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 280 (0.5) [M-H2O]
 +

, 93 (11), 69 (17), 59 (100), 43 

(47). 

5-ɻʠʜʨʦʢʩʠ-2,2-ʜʠʤʝʪʠʣ-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥ 

(8ʘ) 

ʋʩʣʦʚʠʷ: 5-(ʙʫʪʠʣʠʤʠʥʦ)-2-ʤʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-1-oʣ (5h) 

(0.070 ʛ, 0.0003 ʤʦʣʴ), H2SO4 (2M, 0.15 ʤʣ, 0.0003 ʤʦʣʴ), ʊɻʌ-ʅ2ʆ (1:2 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 2 ʯ. 

ɺʳʭʦʜ: 0.016 ʛ (27%; ʫʩʪʘʥʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ
 1
ʅ; 1,2,4,5-

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʦʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ); ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ 

ʞʠʜʢʦʩʪʴ. 
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3.4.1 ʉʠʥʪʝʟ 2-(5-ʪʨʠʬʪʦʨʤʝʪʠʣ)-1ʅ-ʧʠʨʘʟʦʣ-3-ʠʣ)ʧʨʦʧʘʥ-2-ʦʣʘ (10) 

 

 

ʂ 3(2H)-ʜʠʛʠʜʨʦʬʫʨʘʥʦʥʫ 8a (0.147 ʛ, 0.0005 ʤʦʣʴ, 1 ʵʢʚ.) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ 

ʨʘʩʪʚʦʨ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʘ (0.125 ʛ, 0.0025 ʤʦʣʴ, 5 ʵʢʚ.) ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ (5 ʤʣ). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 100 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʯ. ɿʘʪʝʤ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʅ2ʆ (8 ʤʣ) ʠ ʵʬʠʨʦʤ (4 ʤʣ). ʆʨʛʘʥʠʯʝʩʢʠʡ 

ʩʣʦʡ ʦʪʜʝʣʷʣʠ, ʚʦʜʥʳʡ ʩʣʦʡ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʵʬʠʨʦʤ (3Ĭ3 ʤʣ), ʦʙʲʝʜʠʥʝʥʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʣʦʠ ʧʨʦʤʳʚʘʣʠ ʅ2ʆ (3Ĭ1,5 ʤʣ) ʠ ʩʫʰʠʣʠ ʥʘʜ MgSO4. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ, ʘ ʦʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʛʨʘʜʠʝʥʪʥʦʝ ʵʣʶʠʨʦʚʘʥʠʝ ʛʝʢʩʘʥʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ) c 

ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 5-CF3-3-ʧʨʦʧʠʣʛʠʜʨʦʢʩʠ-1H-ʧʠʨʘʟʦʣ 10 

ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʩʦʝʜʠʝʥʠʝʤ, ʩʠʛʥʘʣʳ ʗʄʈ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ [101]. 

ɺʳʭʦʜ: 0.080 ʛ (82%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 144-146 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 1.57 (ʩ, 6H, (CH3)2), 4.62 (ʩ, 1H, 

OH), 6.47 (ʩ, 1H, CH), 12.55 (ʩ, 1H, NH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 30.9 ((CH3)2), 68.3 (C-OH), 99.7 

(CH), 122.8 (ʢ, CF3, JCF = 267.4 ɻʮ), 142.5 (ʢ, C-CF3, JCF = 37.3 ɻʮ), 154.1 

(C=N). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -62.1 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3423, 3276, 3024, 2987, 1632, 1501, 1462, 1422, 1374, 

1285, 1203, 1162, 1129, 1081, 1004, 982, 959, 812, 747, 621, 589, 511, 483. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 194 (7) [M
+
], 179 (100), 176 (9), 161 (19), 141 (9), 

117 (21), 43 (81), 39 (11). 

C7H9F3N2O (194.16) ɺʳʯʠʩʣʝʥʦ (%): C, 43.30; H, 4.67; F, 29.36; N, 14.43; 

ʥʘʡʜʝʥʦ (%): C, 43.31; H, 4.60; F, 29.32; N, 14.42. 
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3.5 ʉʠʥʪʝʟ 4-ʛʘʣʦʛʝʥ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʦʚ 11 

 

ʂ ʨʘʩʪʚʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5 (1 

ʵʢʚ.) ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʫʶ ʢʠʩʣʦʪʫ (1 

ʵʢʚ.). ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (3Ĭ2 ʤʣ), 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʩʫʰʠʣʠ ʥʘʜ MgSO4. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʣ̫ʠ ʧʦʜ ʚʘʢʫʫʤʦʤ, 

ʦʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ʵʣʶʝʥʪ - ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:15 ï 1:2) ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 11. 

5,5-ɼʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-

2-ʘʤʠʥ (11a) 

 

ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5a) 

(0.127 ʛ, 0.0005 ʤʦʣʴ), HCl (36%, 0.051 ʛ, 0.0005 ʤʦʣʴ), CHCl3 (4 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:10). 

ɺʳʭʦʜ: 0.141 ʛ (96%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 56-59 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.77 (ʩ, 3ʅ, CH3), 1.34 (ʩ, 3ʅ, CH3), 

4.11 (ʩ, 1ʅ), 5.78 (ʩ, 1ʅ, CH), 6.92-6.94 (ʤ, 2ʅ, Ar), 7.04-7.08 (ʤ, 1ʅ, Ar), 7.21-

7.25 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 25.6 ((CH3)2), 89.3 ((CH3)2C), 98.0 

(ʢ, C-CF3, JCF = 31.1 ɻʮ), 117.3 (CH), 121.5 (ʢ, CF3, JCF = 285.9 ɻʮ), 124.3, 

124.9, 128.8, 141.4 (Ar), 145.4 (C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.6 (c, 3F, CF3). 

ʗʄʈ 
15

N (40.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -304.2. 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3355, 3097, 3061, 3031, 2992, 2923, 2852, 1644, 1603, 

1499, 1462, 1369, 1304, 1279, 1240, 1189, 1168, 1136, 1074, 1034, 985, 938, 882, 

838, 767, 727, 689. 
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ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 291 (9) [M
+
], 256 (11), 222 (24), 199 (95), 151 

(100), 115 (28), 93 (20), 77 (36), 65 (43), 51 (26), 39 (36). 

C13H13ClF3NO (291.70) ɺʳʯʠʩʣʝʥʦ (%): C, 53.53; H, 4.49; Cl, 12.15; F, 

19.54; N, 4.80; ʥʘʡʜʝʥʦ (%): C, 53.52; H, 4.50; Cl, 12.14; F, 19.57; N 4.77. 

5-ʄʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʭʣʦʨ-5-ʵʪʠʣ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11b) 

 

ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣ-6-(ʬʝʥʠʣʠʤʠʥʦ)-7,7,7-ʪʨʠʬʪʦʨʛʝʧʪ-4-ʠʥ-3-ʦʣ (5b) 

(0.269 ʛ, 0.001 ʤʦʣʴ), HCl (36%, 0.101 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 

1:10). 

ɺʳʭʦʜ: 0.213 ʛ (70%); ʧʨʦʟʨʘʯʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʮʠʩ- [ʪʨʘʥʩ-]: ŭ 0.68 [0.92] (ʪ, 3H, 

CH3-CH2, J = 7.04 ɻʮ), 1.31 [0.75] (ʩ, 3H, CH3), 1.33-1.38 [1.58-1.66] (ʤ, 2H, 

CH3-CH2), 4.11 (ʩ, 1H, NH), 5.78 [5.79] (ʩ, 1H, CH), 6.91-6.93 (ʤ, 2H, Ar), 7.00-

7.05 (ʤ, 1H, Ar), 7.19-7.24 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 7.5 [7.7] (CH3-CH2), 22.27 [22.34] 

(CH3), 31.07 [31.13] (CH3-CH2), 91.9 [91.4] (C-Et), 97.7 [97.9] (ʢ, C-CF3, JCF = 

32.1 ɻʮ), 117.3 [117.4] (CH), 123.0 [122.9] (ʢ, CF3, JCF = 286.5 ɻʮ), 123.7, 123.8, 

124.0, 124.3, 128.80, 128.81, 141.66, 141.74 (Ar), 145.53 [145.57] (C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.4 [-81.1] (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3359, 3101, 3058, 3032, 2980, 2939, 2884, 1641, 

1602, 1498, 1457, 1376, 1277, 1242, 1177, 1130, 1074, 1021, 960, 887, 849, 754, 

694, 588. 
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ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 305 (8) [M
+
], 276 (18), 236 (20), 213 (45), 193 (13), 

177 (20), 167 (11), 165 (40), 149 (14), 129 (15), 93 (24), 79 (22), 77 (81), 65 (57), 

51 (38), 45 (20), 43 (100). 

C14H15ClF3NO (305.73) ɺʳʯʠʩʣʝʥʦ (%): C, 55.00; H, 4.95; Cl, 11.60; F, 

18.64; N, 4.58; ʥʘʡʜʝʥʦ (%): C, 55.01; H, 4.93; Cl, 11.57; F, 18.65; N, 4.60. 

4-ʍʣʦʨ-5-ʤʝʪʠʣ-N-ʬʝʥʠʣ-5-ʧʨʦʧʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11c) 

 

ʋʩʣʦʚʠʷ: 4-ʤʝʪʠʣ-7-(ʬʝʥʠʣʠʤʠʥʦ)-8,8,8-ʪʨʠʬʪʦʨʦʢʪ-5-ʠʥ-4-ʦʣ (5d) 

(0.283 ʛ, 0.001 ʤʦʣʴ), HCl (36%, 0.101 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 

1:10). 

ɺʳʭʦʜ: 0.158 ʛ (49%); ʧʨʦʟʨʘʯʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʮʠʩ- [ʪʨʘʥʩ-]: ŭ 0.64 [0.89] (ʪ, 3H, 

CH3-CH2-CH2, J = 7.2 ɻʮ), 1.30 [0.75] (ʩ, 3H, CH3), 1.10-1.20 [1.34-1.44] (ʤ, 2H, 

CH3-CH2-CH2), 1.22-1.26 [1.47-1.61] (ʤ, 2H, CH3-CH2-CH2), 4.09 (ʩ, 1H, NH), 

5.77 [5.78] (ʩ, 1H, CH), 6.91-6.93 (ʤ, 2H, Ar), 7.02-7.07 (ʤ, 1H, Ar), 7.20-7.24 

(ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 14.3 [14.5] (CH3-CH2-CH2), 16.4 

[16.8] (CH3-CH2-CH2), 22.5 [22.8] (CH3), 40.3 [40.4] (CH3-CH2-CH2), 91.4 [91.2] 

(C-n-Pr), 98.0 [97.9] (ʢ, C-CF3, JCF = 31.2 ɻʮ), 117.1 [117.2] (CH), 123.0 [122.9] 

(ʢ, CF3, JCF = 286.4 ɻʮ), 124.0, 124.3, 124.4, 128.8, 141.6, 141.7 (Ar), 145.6 

[145.8] (C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.6 [-81.4] (c, 3F, CF3). 



102 

 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3359, 3102, 3057, 3032, 2963, 2936, 2875, 1641, 

1602, 1497, 1466, 1376, 1274, 1242, 1189, 1131, 1071, 1022, 971, 944, 914, 883, 

844, 762. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 319 (7) [M
+
], 276 (10), 250 (13), 240 (11), 229 (22), 

227 (61), 191 (15), 163 (13), 93 (31), 77 (43), 65 (35), 43 (100). 

C15H17ClF3NO (319.75) ɺʳʯʠʩʣʝʥʦ (%): C, 56.35; H, 5.36; Cl, 11.09; F, 

17.82; N, 4.38; ʥʘʡʜʝʥʦ (%): C, 56.34; H, 5.37; Cl, 11.10; F, 17.85; N, 4.35. 

N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʭʣʦʨ-1-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʢ-3-ʝʥ-2-ʘʤʠʥ 

(11d) 

 

ʋʩʣʦʚʠʷ: 1-(3-ʬʝʥʠʣʠʤʠʥʦ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʠʥ-1-ʠʣ-1)ʮʠʢʣʦʛʝʢʩʘʥ-1-

ʦʣ (5c) (0.295 ʛ, 0.001 ʤʦʣʴ), HCl (36%, 0.101 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:10). 

ɺʳʭʦʜ: 0.248 ʛ (75%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 40-41 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.06-1.61 (ʤ, 10H, (CH2)5), 4.11 (ʩ, 

1H, NH), 5.74 (ʩ, 1H, CH), 6.91-6.93 (ʤ, 2H, Ar), 7.02-7.06 (ʤ, 1H, Ar), 7.19-7.23 

(ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 21.4, 24.8, 33.4, 33.5 ((CH2)5), 90.3 

((CH2)5C), 98.3 (ʢ, C-CF3, JCF = 31 ɻʮ), 117.0 (CH), 121.5 (ʢ, CF3, JCF = 286 ɻʮ), 

125.0, 124.3, 128.7, 141.6 (Ar), 145.5 (C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.7 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3346, 3103, 3061, 3040, 2942, 2860, 1640, 1602, 1495, 

1448, 1322, 1289, 1238, 1183, 1164, 1112, 1063, 1019, 971, 911, 841, 745, 706, 

577. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 331 (10) [M
+
], 296 (13), 262 (19), 239 (100), 223 

(20), 221 (62), 185 (73), 165 (24), 93 (49), 77 (62), 69 (43), 67 (50), 51 (32), 41 

(59). 
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C16H17ClF3NO (331.76) ɺʳʯʠʩʣʝʥʦ (%): C, 57.93; H, 5.17; Cl, 10.69; F, 

17.18; N, 4.22; ʥʘʡʜʝʥʦ (%): C, 57.92; H, 5.21; Cl, 10.66; F, 17.20; N, 4.23. 

5-ʄʝʪʠʣ-N,5-ʜʠʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-

2-ʘʤʠʥ (11e) 

 

ʋʩʣʦʚʠʷ: 2-ʬʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5e) 

(0.317 ʛ, 0.001 ʤʦʣʴ), HCl (36%, 0.101 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:4). 

ɺʳʭʦʜ: 0.179 ʛ (51%); ʩʚʝʪʣʦ-ʞʸʣʪʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʪʨʘʥʩ- [ʮʠʩ-]: ŭ 1.19 [1.81] (c, 3H, 

CH3), 4.24 [4.21] (c, 1H, NH), 5.97 [5.95] (c, 1H, CH), 6.77-7.48 (ʤ, 10H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 25.1 [26.2] (CH3), 91.6 [92.1] (C-

CH3), 97.9 [98.1] (ʢ, C-CF3, JCF = 33.9 ɻʮ), 118.8 [119.2] (CH), 123.1 [122.9] (ʢ, 

CF3, JCF = 287.0 ɻʮ), 122.8, 123.2, 124.09, 124.12, 125.90, 125.94, 127.9, 128.10, 

128.16, 128.2, 128.96, 128.98, 140.45, 140.47, 141.5, 141.6 (Ar), 144.2 [144.5] 

(C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.6 [-81.3] (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3356, 3097, 3059, 3032, 2990, 2935, 1640, 1602, 

1497, 1444, 1373, 1274, 1240, 1165, 1133, 1066, 1030, 961, 848, 762, 624. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 353 (24) [M
+
], 318 (12), 284 (29), 261 (100), 225 

(57), 197 (30), 177 (23), 128 (67), 127 (25), 93 (31), 77 (58), 65 (24), 51 (33), 39 

(29). 

C18H15ClF3NO (353.77) ɺʳʯʠʩʣʝʥʦ (%): C, 61.11; H, 4.27; Cl, 10.02; F, 

16.11; N, 3.96; ʥʘʡʜʝʥʦ (%): C, 61.12; H, 4.26; Cl, 10.00; F, 16.14; N, 3.95. 
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N,5,5-ʊʨʠʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ 

(11f) 

 

ʋʩʣʦʚʠʷ: 1,1-ʜʠʬʝʥʠʣ-4-(ʬʝʥʠʣʠʤʠʥʦ)-5,5,5-ʪʨʠʬʪʦʨʧʝʥʪ-2-ʠʥ-1-ʦʣ 

(5f) (0.379 ʛ, 0.001 ʤʦʣʴ), HCl (36%, 0.101 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:4). 

ɺʳʭʦʜ: 0.257 ʛ (62%); ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 4.27 (ʩ, 1H, NH), 6.18 (ʩ, 1H, CH), 

6.74-6.76 (ʤ, 2H, Ar), 6.92-6.94 (ʤ, 2H, Ar), 6.96-6.98 (ʤ, 1H, Ar), 7.02-7.10 (ʤ, 

4H, Ar), 7.13-7.16 (ʤ, 1H, Ar), 7.29-7.30 (ʤ, 3H, Ar), 7.35-7.38 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 95.7 ((Ph)2C), 98.1 (ʢ, C-CF3, JCF = 

31.8 ɻʮ), 121.4 (CH), 123.0 (ʢ, CF3, JCF = 287.3 ɻʮ), 122.7, 123.2, 127.6, 127.9, 

128.2, 129.0, 140.8, 141.3, 141.6 (Ar), 142.7 (C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.3 (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3357, 3093, 3060, 3034, 1711, 1637, 1602, 1497, 

1447, 1362, 1275, 1243, 1179, 1157, 1089, 1055, 1035, 1005, 927, 854, 760, 699, 

650. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 415 (29) [M
+
], 346 (6), 323 (100), 305 (10), 287 

(27), 267 (28), 254 (16), 226 (30), 191 (77), 165 (13), 77 (29), 65 (10), 51 (16). 

C23H17ClF3NO (415.84) ɺʳʯʠʩʣʝʥʦ (%): C, 66.43; H, 4.12; Cl, 8.52; F, 

13.71; N, 3.37; ʥʘʡʜʝʥʦ (%): C, 66.42; H, 4.13; Cl, 8.51; F, 13.74; N, 3.35. 

5,5-ɼʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʧʝʨʬʪʦʨʧʨʦʧʠʣ)-4-ʭʣʦʨ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-

2-ʘʤʠʥ (11g) 
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ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,7,7,8,8,8-ʛʝʧʪʘʬʪʦʨʦʢʪ-3-ʠʥ-2-ʦʣ 

(5g) (0.1 ʛ, 0.00028 ʤʦʣʴ), HCl (36%, 0.027 ʛ, 0.00028 ʤʦʣʴ), CHCl3 (3 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 10:1). 

ɺʳʭʦʜ: 0.064 ʛ (58%); ʢʦʨʠʯʥʝʚʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.75 (ʩ, 3H, CH3), 1.33 (ʩ, 3H, CH3), 

4.04 (ʩ, 1H, NH), 5.79 (ʩ, 1H, CH), 6.91-6.93 (ʤ, 2H, Ar), 7.05-7.09 (ʤ, 1H, Ar), 

7.21-7.25 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 25.5 (CH3), 25.6 (CH3), 88.5 

((CH3)2C), 99.8 (ʪ, C-CF2, JCF = 24.6 ɻʮ), 106.8-122.7 (ʤ, ʉ3F7), 124.7, 125.4, 

128.8, 141.1 (Ar), 145.4 (C-Cl). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -126.2 (ʜʜ, 1F, CF3ïCF2ïCF2, J = 

277.7, 13.1 ɻʮ), -124.8 (ʜʜ, 1F, CF3ïCF2ïCF2, J = 279.6, 12.9 ɻʮ), -122.1 (ʜʜʜ, 

1F, CF3ïCF2ïCF2, J = 281.2, 9.58, 2.7 ɻʮ), -118.6 (ʜʜʜ, 1F, CF3ïCF2ïCF2, J = 

279.5, 29.0, 5.4 ɻʮ), -81.2 (ʪ, 3F, CF3ïCF2ïCF2, J =10.7 ɻʮ). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3359, 3103, 3059, 3035, 2963, 2938, 2858, 1644, 

1600, 1497, 1463, 1345, 1261, 1230, 1189, 1151, 1073, 1021, 989, 905, 849, 804, 

735, 691. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 392 (3) [M
+
], 315 (80), 267 (14), 224 (20), 151 

(100), 129 (25), 115 (34), 101 (21), 93 (32), 77 (53), 69 (11), 65 (51), 51 (26), 43 

(23), 39 (29). 

C15H13ClF7NO (391.71) ɺʳʯʠʩʣʝʥʦ (%): C, 45.99; H, 3.35; Cl, 9.05; F, 

33.95; N, 3.58; ʥʘʡʜʝʥʦ (%): C, 45.97; H, 3.36; Cl, 9.07; F, 33.96; N, 3.59. 

4-ɹʨʦʤ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-

2-ʘʤʠʥ (11h) 
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ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5a) 

(0.255 ʛ, 0.001 ʤʦʣʴ), HBr (40%, 0.202 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.212 ʛ (63%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 80-82 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.77 (ʩ, 3H, CH3), 1.34 (ʩ, 3H, CH3), 

4.10 (ʩ, 1H, NH), 5.92 (ʩ, 1H, CH), 6.91-6.93 (ʤ, 2H, Ar), 7.03-7.06 (ʤ, 1H, Ar), 

7.20-7.24 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 25.9 (CH3), 26.0 (CH3), 90.7 

((CH3)2C), 98.2 (ʢ, C-CF3, JCF = 31 ɻʮ), 121.3 (ʢ, CF3, JCF = 285.9 ɻʮ), 121.7 

(CH), 124.3, 124.7, 128.8 (Ar), 135.3 (C-Br), 141.4 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.5 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3360, 3092, 3005, 2990, 2930, 1635, 1601, 1498, 1367, 

1299, 1278, 1241, 1178, 1163, 1066, 1020, 981, 919, 881, 828, 765, 727, 684. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 335 (6) [M
+
], 266 (17), 243 (69), 195 (17), 164 

(100), 115 (12), 93 (27), 77 (45), 65 (57), 51 (33), 39 (47). 

C13H13BrF3NO (336.15) ɺʳʯʠʩʣʝʥʦ (%): C, 46.45; H, 3.90; Br, 23.77; F, 

16.96; N, 4.17; ʥʘʡʜʝʥʦ (%): C, 46.46; H, 3.89; Br, 23.75; F, 16.99; N, 4.14. 

4-ɹʨʦʤ-5-ʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-5-ʵʪʠʣ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11i) 

 

ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣ-6-(ʬʝʥʠʣʠʤʠʥʦ)-7,7,7-ʪʨʠʬʪʦʨʛʝʧʪ-4-ʠʥ-3-ʦʣ (5b) 

(0.269 ʛ, 0.001 ʤʦʣʴ), HBr (40%, 0.202 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.210 ʛ (60%); ʙʝʩʮʚʝʪʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʮʠʩ- [ʪʨʘʥʩ-]: ŭ 0.67 [0.92] (ʪ, 3H, 

CH3-CH2, J = 6.9 ɻʮ), 1.31 [0.75] (ʩ, 3H, CH3), 1.33-1.42 [1.56ï1.70] (ʤ, 2H, 
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CH3-CH2), 4.09 (ʩ, 1H, NH), 5.92 [5.93] (ʩ, 1H, CH), 6.90-6.92 (ʤ, 2H, Ar), 6.99-

7.04 (ʤ, 1H, Ar), 7.18-7.23 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 7.5 [7.7] (CH3-CH2), 22.6 [22.7] 

(CH3), 31.2 [31.4] (CH3-CH2), 92.7 [93.2] (C-Et), 98.6 [98.8] (ʢ, C-CF3, JCF = 31.1 

ɻʮ), 122.8 [122.7] (ʢ, CF3, JCF = 286.1 ɻʮ), 121.6 [121.7] (CH), 123.7, 124.0, 

124.2, 128.8, 129.0 (Ar), 135.4 [135.5] (C-Br), 141.6, 141.7 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.7 [-81.5] (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3357, 3099, 3057, 3031, 2979, 2936, 2883, 1633, 

1602, 1498, 1460, 1376, 1318, 1276, 1242, 1177, 1160, 1129, 1066, 1019, 946, 

876, 753, 695, 580. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 349 (6) [M
+
], 280 (11), 257 (69), 241 (12), 209 (10), 

178 (100), 163 (27), 149 (11), 129 (13), 109 (17), 93 (42), 77 (65), 65 (62), 51 

(36), 43 (93), 39 (45). 

C14H15BrF3NO (350.18) ɺʳʯʠʩʣʝʥʦ (%): C, 48.02; H, 4.32; Br, 22.82; F, 

16.28; N, 4.00; ʥʘʡʜʝʥʦ (%): C, 48.01; H, 4.33; Br, 22.80; F, 16.31; N, 3.99. 

4-ɹʨʦʤ-5-ʤʝʪʠʣ-5-ʧʨʦʧʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11j ) 

 

ʋʩʣʦʚʠʷ: 4-ʤʝʪʠʣ-7-(ʬʝʥʠʣʠʤʠʥʦ)-8,8,8-ʪʨʠʬʪʦʨʦʢʪ-5-ʠʥ-4-ʦʣ (5d) 

(0.283 ʛ, 0.001 ʤʦʣʴ), HBr (40%, 0.202 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.207 ʛ (57%); ʙʝʩʮʚʝʪʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʮʠʩ- [ʪʨʘʥʩ-]: ŭ 0.64 [0.89] (ʪ, 3ʅ, 

CH3-CH2-CH2, J = 7.3 ɻʮ), 1.29 [0.75] (ʩ, 3H, CH3), 1.10-1.21 [1.45-1.52] (ʤ, 2H, 

CH3-CH2-CH2), 1.36-1.44 [1.57-1.65] (ʤ, 2H, CH3-CH2-CH2), 4.08 (ʩ, 1H, NH), 
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5.91 [5.92] (ʩ, 1H, CH), 6.90-6.92 (ʤ, 2H, Ar), 7.01-7.06 (ʤ, 1H, Ar), 7.20-7.23 

(ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 14.3 [14.5] (CH3-CH2-CH2), 16.4 

[16.7] (CH3-CH2-CH2), 22.9 [23.1] (CH3), 40.5 [40.7] (CH3-CH2-CH2), 92.6 [92.8] 

(C-nPr), 99.0 [98.9] (ʢ, C-CF3, JCF = 31.5 ɻʮ), 122.8 [122.7] (ʢ, CF3, JCF = 285.8 

ɻʮ), 121.4 [121.6] (CH), 123.94, 123.96, 124.2, 124.3, 128.8 (Ar), 135.6 [135.8] 

(C-Br), 141.62, 141.65 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.4 [-81.2] (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3357, 3100, 3057, 3032, 2962, 2936, 2874, 1633, 

1602, 1498, 1376, 1274, 1241, 1189, 1162, 1065, 1020, 963, 932, 876, 750, 694. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 364 (1) [M
+
], 363 (5), 294 (9), 271 (51), 241 (16), 

192 (29), 174 (10), 163 (15), 93 (40), 77 (50), 65 (45), 43 (100). 

C15H17BrF3NO (364.21) ɺʳʯʠʩʣʝʥʦ (%): C, 49.47; H, 4.71; Br, 21.94; F, 

15.65; N, 3.85; ʥʘʡʜʝʥʦ (%): C, 49.44; H, 4.72; Br, 21.91; F, 15.68; N, 3.81. 

4-ɹʨʦʤ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ) 1-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʢ-3-ʝʥ-2-ʘʤʠʥ 

(11k) 

 

ʋʩʣʦʚʠʷ: 1-(3-ʬʝʥʠʣʠʤʠʥʦ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʠʥ-1-ʠʣ-1)ʮʠʢʣʦʛʝʢʩʘʥ-1-

ʦʣ (5c) (0.153 ʛ, 0.00052 ʤʦʣʴ), HBr (40%, 0.105 ʛ, 0.00052 ʤʦʣʴ), CHCl3 (4 

ʤʣ), ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.098 ʛ (50%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 45-49 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.17-1.61 (ʤ, 10H, (CH2)5), 4.10 (ʩ, 

1H, NH), 5.90 (ʩ, 1H, CH), 6.91-6.93 (ʤ, 2H, Ar), 7.02-7.06 (ʤ, 1H, Ar), 7.19-7.23 

(ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 21.4, 21.8, 24.8, 33.7, 33.9 ((CH2)5), 

91.6 ((CH2)5C), 99.0 (ʢ, C-CF3, JCF = 31 ɻʮ), 121.4 (CH), 122.5 (ʢ, CF3, JCF = 

280.3 ɻʮ), 124.3, 124.9, 128.7 (Ar), 135.5 (C-Br), 141.6 (Ar). 
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ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.4 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3345, 3100, 3059, 3038, 2940, 2859, 1632, 1601, 1495, 

1447, 1320, 1283, 1246, 1182, 1161, 1109, 1059, 1016, 891, 840, 743, 702. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 376 (10) [M
+
], 306 (19), 283 (100), 265 (38), 227 

(20), 203 (24), 185 (87), 165 (23), 93 (50), 77 (61), 65 (38), 51 (36), 41 (68). 

C16H17BrF3NO (376.22) ɺʳʯʠʩʣʝʥʦ (%): C, 51.08; H, 4.55; Br, 21.24; F, 

15.15; N, 3.72; ʥʘʡʜʝʥʦ (%): C, 51.07; H, 4.58; Br, 21.23; F, 15.13; N, 3.74. 

4-ɹʨʦʤ-5-ʤʝʪʠʣ-N,5-ʜʠʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-

2-ʘʤʠʥ (11l) 

 

ʋʩʣʦʚʠʷ: 2-ʬʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5e) 

(0.317 ʛ, 0.001 ʤʦʣʴ), HBr (40%, 0.202 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2).  

ɺʳʭʦʜ: 0.211 ʛ (53%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 99-103 
ʦ
ʉ. ʆʜʠʥ ʠʟ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʦʢʘʟʘʣʩʷ ʥʝʩʪʘʙʠʣʴʥr ʤ ʠ ʦʩʤʦʣʠʣʩʷ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʩʪʘʚʰʠʡʩʷ ʜʠʘʩʪʝʨʝʦʤʝʨ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʮʠʩ-

ʠʟʦʤʝʨʘ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.82 (ʩ, 3H, CH3), 4.24 (ʩ, 1H, NH), 

6.11 (ʩ, 1H, CH), 6.79-6.81 (ʤ, 2H, Ar), 6.95-6.99 (ʤ, 1H, Ar), 7.08-7.12 (ʤ, 6H, 

Ar), 7.14-7.17 (ʤ, 1H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 25.4 (CH3), 93.5 (C-Ph), 98.8 (ʢ, C-

CF3, JCF = 31.6 ɻʮ), 121.5 (ʢ, CF3, JCF = 287 ɻʮ), 122.9 (CH), 123.7, 123.3, 126.2, 

128.0, 128.9, 129.1 (Ar), 134.7 (C-Br), 140.4, 141.7 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -80.9 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3405, 3105, 3057, 3024, 2987, 2938, 1632, 1602, 1505, 

1443, 1313, 1263, 1181, 1130, 1063, 1023, 943, 894, 848, 755, 698. 
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ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 398 (2) [M
+
], 397 (11), 330 (9), 305 (34), 226 (100), 

197 (9), 157 (21), 129 (57), 93 (34), 77 (44), 65 (21), 51 (33), 39 (18). 

C18H15BrF3NO (398.22) ɺʳʯʠʩʣʝʥʦ (%): C, 54.29; H, 3.80; Br, 20.07; F, 

14.31; N, 3.52; ʥʘʡʜʝʥʦ (%): C, 54.28; H, 3.82; Br, 20.03; F, 14.32; N, 3.54. 

4-ɹʨʦʤ-N,5,5-ʪʨʠʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-

ʘʤʠʥ (11m) 

 

ʋʩʣʦʚʠʷ: 1,1-ʜʠʬʝʥʠʣ-4-(ʬʝʥʠʣʠʤʠʥʦ)-5,5,5-ʪʨʠʬʪʦʨʧʝʥʪ-2-ʠʥ-1-ʦʣ 

(5f) (0.379 ʛ, 0.001 ʤʦʣʴ), HBr (40%, 0.202 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.234 ʛ (51%); ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 4.26 (ʩ, 1H, NH), 6.34 (ʩ, 1H, CH), 

6.74-6.76 (ʤ, 2H, Ar), 6.95-6.97 (ʤ, 3H, Ar), 7.03-7.11 (ʤ, 4H, Ar), 7.13-7.17 (ʤ, 

1H, Ar), 7.29-7.30 (ʤ, 3H, Ar), 7.37-7.38 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 96.8 ((Ph)2C), 98.7 (ʢ, C-CF3, JCF = 

96.8 ɻʮ), 121.4 (ʢ, CF3, JCF = 287.4 ɻʮ), 122.5 (CH), 123.1, 125.8, 127.8, 127.9, 

128.1, 128.2, 129.1 (Ar), 132.6 (C-Br), 140.9, 141.4, 141.6 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.3 (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3362, 3092, 3060, 3033, 2954, 2924, 2854, 1710, 

1628, 1602, 1497, 1447, 1274, 1243, 1191, 1179, 1158, 1054, 1003, 928, 879, 760, 

699, 647. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 460 (1) [M
+
], 369 (18), 288 (84), 219 (12), 191 

(100), 165 (17), 105 (7), 92 (9), 77 (35), 65 (20), 51 (17), 39 (16). 

C23H17BrF3NO (460.29) ɺʳʯʠʩʣʝʥʦ (%): C, 60.02; H, 3.72; Br, 17.36; F, 

12.38; N, 3.04; ʥʘʡʜʝʥʦ (%): C, 60.05; H, 3.70; Br, 17.34; F, 12.41; N, 3.05. 
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4-ʀʦʜ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-

ʘʤʠʥ (11n) 

 

ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5a) 

(0.255 ʛ, 0.001 ʤʦʣʴ), HI (47%, 0.271 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.219 ʛ (57%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 70-73 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.75 (ʩ, 3H, CH3), 1.32 (ʩ, 3H, CH3), 

4.07 (ʩ, 1H, NH), 6.09 (ʩ, 1H, CH), 6.90-6.92 (ʤ, 2H, Ar), 7.03-7.06 (ʤ, 1H, Ar), 

7.20-7.22 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 26.3 (CH3), 26.6 (CH3), 92.9 

((CH3)2C), 100.8 (ʢ, C-CF3, JCF = 31 ɻʮ), 110.6 (C-I), 121.2 (ʢ, CF3, JCF = 286.2 

ɻʮ), 124.2, 124.6, 128.8 (Ar), 129.9 (CH), 141.5 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.2 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3351, 3081, 2989, 2927, 2854, 1619, 1600, 1497, 1366, 

1277, 1239, 1176, 1160, 1059, 1015, 978, 823, 765, 727, 678. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 383 (6) [M
+
], 314 (17), 290 (50), 164 (100), 149 

(10), 95 (17), 77 (23), 65 (34), 51 (17), 39 (26). 

C13H13F3INO (383.15) ɺʳʯʠʩʣʝʥʦ (%): C, 40.75; H, 3.42; F, 14.88; I, 

33.12; N, 3.66; ʥʘʡʜʝʥʦ (%): C, 40.77; H, 3.41; F, 14.89; I, 33.12; N, 3.64. 

4-ʀʦʜ-5-ʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-5-ʵʪʠʣ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11o) 

 

ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣ-6-(ʬʝʥʠʣʠʤʠʥʦ)-7,7,7-ʪʨʠʬʪʦʨʛʝʧʪ-4-ʠʥ-3-ʦʣ (5b) 

(0.134 ʛ, 0.0005 ʤʦʣʴ), HI (47%, 0.136 ʛ, 0.0005 ʤʦʣʴ), CHCl3 (4 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:10). 
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ɺʳʭʦʜ: 0.125 ʛ (63%); ʙʝʩʮʚʝʪʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʮʠʩ- [ʪʨʘʥʩ-]: ŭ 0.68 [0.92] (ʪ, 3H, 

CH3-CH2, J = 7.4 ɻʮ), 1.28 [0.73] (ʩ, 3H, CH3), 1.48-1.57 [1.58-1.68] (ʤ, 2H, 

CH3-CH2), 4.07 [4.14] (ʩ, 1H, NH), 6.11 [6.12] (ʩ, 1H, CH), 6.90-6.92 (ʤ, 2H, Ar), 

6.98-7.03 (ʤ, 1H, Ar), 7.18-7.23 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 7.5 [7.7] (CH3-CH2), 23.1 [23.3] 

(CH3), 31.6 [32.0] (CH3-CH2), 94.6 [95.2] (C-Et), 100.5 [100.3] (ʢ, C-CF3, JCF = 

31 ɻʮ), 110.7 [110.7] (C-I), 122.7 [122.8] (ʢ, CF3, JCF = 286.4 ɻʮ), 123.5, 123.6, 

123.8, 124.0, 128.8 (Ar), 129.7 [129.8] (CH), 141.7, 141.8 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.3 [-81.1] (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3355, 3095, 3058, 3031, 2979, 2936, 2882, 1711, 

1640, 1602, 1498, 1456, 1374, 1275, 1241, 1177, 1160, 1131, 1062, 1019, 961, 

937, 868, 753, 697. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 397 (2) [M
+
], 328 (16), 305 (76), 178 (100), 163 

(73), 93 (33), 77 (35), 65 (34), 51 (26), 43 (27), 39 (24). 

C14H15F3INO (397.18) ɺʳʯʠʩʣʝʥʦ (%): C, 42.34; H, 3.81; F, 14.35; I, 

31.95; N, 3.53; ʥʘʡʜʝʥʦ (%): C, 42.35; H, 3.78; F, 14.35; I, 31.96; N, 3.50. 

4-ʀʦʜ-5-ʤʝʪʠʣ-5-ʧʨʦʧʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ (11p) 

 

ʋʩʣʦʚʠʷ: 4-ʤʝʪʠʣ-7-(ʬʝʥʠʣʠʤʠʥʦ)-8,8,8-ʪʨʠʬʪʦʨʦʢʪ-5-ʠʥ-4-ʦʣ (5d) 

(0.283 ʛ, 0.001 ʤʦʣʴ), HI (47%, 0.271 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.277 ʛ (67%); ʙʝʩʮʚʝʪʥʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 
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ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʮʠʩ- [ʪʨʘʥʩ-]: ŭ 0.64 [0.89] (ʪ, 3H, 

CH3-CH2-CH2, J = 7.3 ɻʮ), 1.27 [0.74] (ʩ, 3H, CH3), 1.10-1.21 [1.38-1.47] (ʤ, 2H, 

CH3-CH2-CH2), 1.30-1.35 [1.58-1.66] (ʤ, 2H, CH3-CH2-CH2), 4.06 (ʩ, 1H, NH), 

6.10 [6.11] (ʩ, 1H, CH), 6.89-6.91 (ʤ, 2H, Ar), 7.00-7.05 (ʤ, 1H, Ar), 7.19-7.23 

(ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 14.5 [14.6] (CH3-CH2-CH2), 16.5 

[16.8] (CH3-CH2-CH2), 23.5 (CH3), 41.0 [41.3] (CH3-CH2-CH2), 94.4 [94.7] (C-

nPr), 100.62 [100.66] (ʢ, C-CF3, JCF =31 ɻʮ), 111.0 [111.2] (C-I), 122.7 [122.6] 

(ʢ, CF3, JCF = 286.5 ɻʮ), 123.82, 123.85, 124.0, 124.1, 128.8 (Ar), 129.5 [129.6] 

(CH), 141.68, 141.70 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.2 [-80.9] (c, 3F, CF3). 

ʀʂ (ʤʠʢʨʦʩʣʦʡ, ɜ, ʩʤ
-1
): 3355, 3094, 3056, 3031, 2962, 2935, 2874, 1618, 

1602, 1497, 1465, 1375, 1318, 1278, 1241, 1189, 1159, 1061, 1019, 924, 871, 820, 

750, 694. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 411 (6) [M
+
], 319 (60), 192 (100), 163 (57), 93 (31), 

77 (41), 65 (41), 51 (21), 43 (58), 39 (29). 

C15H17F3INO (411.21) ɺʳʯʠʩʣʝʥʦ (%): C, 43.81; H, 4.17; F, 13.86; I, 

30.86; N, 3.41; ʥʘʡʜʝʥʦ (%): C, 43.79; H, 4.18; F, 13.86; I, 30.84; N, 3.42. 

4-ʀʦʜ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-1-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʢ-3-ʝʥ-2-ʘʤʠʥ 

(11q) 

 

ʋʩʣʦʚʠʷ: 1-(3-ʬʝʥʠʣʠʤʠʥʦ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʠʥ-1-ʠʣ-1)ʮʠʢʣʦʛʝʢʩʘʥ-1-

ʦʣ (5ʩ) (0.295 ʛ, 0.001 ʤʦʣʴ), HI (47%, 0.271 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.191 ʛ (45%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 59-62 
ʦ
ʉ. 
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ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 1.15-1.59 (ʤ, 10H, (CH2)5), 4.06 (ʩ, 

1H, NH), 6.09 (ʩ, 1H, CH), 6.88-6.91 (ʤ, 2H, Ar), 7.00-7.04 (ʤ, 1H, Ar), 7.17-7.21 

(ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 21.4, 21.9, 24.8, 34.0 ((CH2)5), 93.4 

((CH2)5C), 100.5 (ʢ, C-CF3, JCF = 30.8 ɻʮ), 111.2 (C-I), 121.3 (ʢ, CF3, JCF = 286.4 

ɻʮ), 124.1, 124.8, 128.7 (Ar), 129.4 (CH), 141.6 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.5 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3321, 3092, 3054, 3030, 2949, 2918, 2868, 2848, 1616, 

1598, 1495, 1447, 1321, 1283, 1235, 1183, 1159, 1107, 1059, 1015, 880, 793, 772, 

704, 558. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 423 (7) [M
+
], 354 (9), 331 (77), 275 (7), 204 (100), 

186 (29), 175 (11), 162 (12), 135 (12), 117 (11), 93 (35), 77 (41), 65 (36), 51 (20), 

41 (32). 

C16H17F3INO (423.22) ɺʳʯʠʩʣʝʥʦ (%): C, 45.41; H, 4.05; F, 13.47; I, 

29.99; N, 3.31; ʥʘʡʜʝʥʦ (%): C, 45.43; H, 4.04; F, 13.48; I, 29.99; N, 3.29. 

4-ʀʦʜ-5-ʤʝʪʠʣ-N,5-ʜʠʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-

ʘʤʠʥ (11r) 

 

ʋʩʣʦʚʠʷ: 2-ʬʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5e) 

(0.317 ʛ, 0.001 ʤʦʣʴ), HI (47%, 0.271 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), ʢʠʧʷʯʝʥʠʝ, 

20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ʭʨʦʤʘʪʦʛʨʘʬʠ ̫(ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:2). 

ɺʳʭʦʜ: 0.286 ʛ (64%); ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʋʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

(ʩʦʦʪʥʦʰʝʥʠʝ 1:1). 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.) ʪʨʘʥʩ- [ʮʠʩ-]: ŭ 1.21 [1.80] (ʩ, 3H, 

CH3), 4.22 [4.15] (ʩ, 1H, NH), 6.34 [6.28] (ʩ, 1H, CH), 6.81-7.48 (ʤ, 10H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 25.5 [26.0] (CH3), 94.9 [95.6] (C-Ph), 

100.6 [100.5] (ʢ, C-CF3, JCF = 31 ɻʮ), 109.9 [110.5] (C-I), 123.0 [122.9] (ʢ, CF3, 
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JCF = 287 ɻʮ), 122.7, 123.2, 123.6, 123.8, 126.61, 126.65, 128.0, 128.2, 128.2, 

128.3, 129.0, 129.1 (Ar), 131.0 [131.7] (CH), 140.4, 140.5, 141.7, 141.8 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.6 [-81.2] (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3365, 3092, 3059, 3034, 2988, 2932, 1651, 1602, 

1498, 1446, 1373, 1274, 1178, 1168, 1052, 1016, 937, 840, 763, 698. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 445 (4) [M
+
], 376 (4), 353 (14), 227 (14), 226 (100), 

157 (25), 129 (47), 128 (29), 127 (12), 93 (21), 92 (14), 77 (24), 65 (15), 51 (24), 

39 (10). 

C18H15F3INO (445.22) ɺʳʯʠʩʣʝʥʦ (%): C, 48.56; H, 3.40; F, 12.80; I, 

28.50; N, 3.15; ʥʘʡʜʝʥʦ (%): C, 48.55; H, 3.42; F, 12.80; I, 28.54; N, 3.12. 

4-ʀʦʜ-N,5,5-ʪʨʠʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥ 

(11s) 

 

ʋʩʣʦʚʠʷ: 1,1-ʜʠʬʝʥʠʣ-4-(ʬʝʥʠʣʠʤʠʥʦ)-5,5,5-ʪʨʠʬʪʦʨʧʝʥʪ-2-ʠʥ-1-ʦʣ 

(5f) (0.379 ʛ, 0.001 ʤʦʣʴ), HI (47%, 0.271 ʛ, 0.001 ʤʦʣʴ), CHCl3 (5 ʤʣ), 

ʢʠʧʷʯʝʥʠʝ, 20 ʤʠʥ. ʂʦʣʦʥʦʯʥʘ ̫ ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ 

ʵʬʠʨ/ʛʝʢʩʘʥ, 1:15). 

ɺr ʭʦʜ: 0.282 ʛ (56%); ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʘʷ ʤʘʩʣʷʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 4.21 (ʩ, 1H, NH), 6.52 (ʩ, 1H, CH), 

6.72-6.74 (ʤ, 2H, Ar), 6.91-6.95 (ʤ, 1H, Ar), 6.99-7.10 (ʤ, 6H, Ar), 7.13-7.16 (ʤ, 

1H, Ar), 7.27-7.29 (ʤ, 3H, Ar), 7.37-7.39 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 98.3 ((Ph)2C), 100.4 (ʢ, C-CF3 JCF = 

31.8 ɻʮ), 108.2 (C-I), 122.7 (ʢ, CF3, JCF = 287.8 ɻʮ), 122.1, 122.9, 127.77, 127.8, 

127.9, 128.2, 128.4, 128.5, 129.1, 133.8 (CH), 141.2, 141.5, 141.8 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.7 (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3362, 3088, 3058, 3031, 2925, 1602, 1496, 1446, 

1274, 1242, 1178, 1155, 1055, 1003, 908, 863, 759, 700, 645. 
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ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 507 (4) [M
+
], 415 (15), 288 (73), 219 (15), 191 

(100), 165 (20), 92 (18), 77 (31), 65 (27), 51 (16), 39 (16). 

C23H17F3INO (507.29) ɺʳʯʠʩʣʝʥʦ (%): C, 54.46; H, 3.38; F, 11.24; I, 

25.02; N, 2.76; ʥʘʡʜʝʥʦ (%): C, 54.44; H, 3.39; F, 11.21; I, 25.02; N, 2.77. 

 

3.5.1 ʉʠʥʪʝʟ 5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-4-ʵʪʦʢʩʠ-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥʘ (12) 

 

 

ʂ ʨʘʩʪʚʦʨʫ 4-ʙʨʦʤ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥʘ (11h) (0.087 ʛ, 0.00026 ʤʦʣʴ) ʚ ʵʪʘʥʦʣʝ (3 ʤʣ) 

ʜʦʙʘʚʣʷʣʠ ʂʆʅ (0.042 ʛ, 0.00075 ʤʦʣʴ). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 40 ʯ. ɼʘʣʝʝ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʧʦʜ 

ʚʘʢʫʫʤʦʤ c ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 12 ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ɺʳʭʦʜ: 0.063 ʛ (81%); ʩʚʝʪʣʦ-ʞʸʣʪʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.76 (ʩ, 3H, CH3), 1.28 (ʩ, 3H, CH3), 

1.30 (ʪ, 3H, CH3-CH2, J = 7.2 ɻʮ), 3.89 (ʤ, 2H, CH3-CH2), 4.12 (ʩ, 1H, NH), 4.53 

(ʩ, 1H, CH), 6.96-6.98 (ʤ, 2H, Ar), 7.00-7.03 (ʤ, 1H, Ar), 7.18-7.22 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 14.3 (CH3-CH2), 25.7 (CH3), 26.0 

(CH3), 67.0 (CH3-CH2), 84.9 ((CH3)2C), 86.6 (CH), 97.4 (ʢ, C-CF3, JCF = 30.5 ɻʮ), 

122.3 (ʢ, CF3, JCF = 285.9 ɻʮ), 123.6, 124.9, 128.5, 142.2 (Ar), 167.1 (C-OEt). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.7 (c, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3356, 3108, 3057, 2985, 2937, 1661, 1602, 1497, 

1468, 1366, 1277, 1161, 1051, 1033, 886, 764, 696. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 301 (5) [M
+
], 240 (11), 209 (100), 181 (91), 161 

(30), 153 (21), 133 (36), 117 (44), 113 (33), 97 (20), 93 (24), 83 (35), 77 (51), 65 

(45), 43 (62), 39 (37). 
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C15H18F3NO (301.31) ɺʳʯʠʩʣʝʥʦ (%): C, 59.79; H, 6.02; F, 18.92; N, 4.65; 

ʥʘʡʜʝʥʦ (%): C, 59.78; H, 6.05; F, 18.92; N, 4.63. 

 

3.5.2 ʉʠʥʪʝʟ 2,2-ʜʠʤʝʪʠʣ-5-(ʬʝʥʠʣʘʤʠʥʦ)-5-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-3-ʢʘʨʙʦʥʠʪʨʠʣʘ (13) 

 

 

ʉʤʝʩʴ 4-ʠʦʜ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-

ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥʘ (11n) (0.129 ʛ, 0.00034 ʤʦʣʴ,), CuCN (0.061 ʛ, 0.00068 

ʤʦʣʴ) ʠ ʂʆʅ (0.042 ʛ, 0.00075 ʤʦʣʴ) ʚ ɼʄʌɸ (3 ʤʣ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 13 ʯ. ʇʦʩʣʝ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʨʘʙʦʪʘʣʠ 30 ʤʣ ʩʤʝʩʠ 

ʜʠʭʣʦʨʤʝʪʘʥʘ ʠ ʚʦʜʳ (1:1) ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʩʣʦʡ ʩʠʣʠʢʘʛʝʣʷ. 

ʌʠʣʴʪʨʘʪ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʡ (2Ĭ20 ʤʣ) ʠ 0.1ʄ HCl (2Ĭ15 ʤʣ). ʆʨʛʘʥʠʯʝʩʢʦʡ 

ʩʣʦʡ ʩʫʰʠʣʠ ʥʘʜ MgSO4 ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʆʩʪʘʪʦʢ ʦʯʠʱʘʣʠ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ʵʣʶʝʥʪ ï ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ/ʛʝʢʩʘʥ, 1:3). 

ɺʳʭʦʜ: 0.039 ʛ (50% ʩ ʫʯʸʪʦʤ ʢʦʥʚʝʨʩʠʠ; 41% ʙʝʟ ʫʯʸʪʘ ʢʦʥʚʝʨʩʠʠ); 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 137-141 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.83 (ʩ, 3H, CH3), 1.43 (ʩ, 3H, CH3), 

4.12 (ʩ, 1H, NH), 6.52 (ʩ, 1H, CH), 6.89-6.91 (ʤ, 2H, Ar), 7.10-7.14 (ʤ, 1H, Ar), 

7.24-7.28 (ʤ, 2H, Ar). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 26.3 (CH3), 26.4 (CH3), 90.4 

((CH3)2C), 100.8 (ʢ, C-CF3, JCF = 31.3 ɻʮ), 112.1 (CH), 121.0 (ʢ, CF3, JCF = 286.5 

ɻʮ), 125.3, 125.4 (Ar), 128.8 (CſN), 129.1, 135.1 (Ar), 140.5 (C-CſN). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.4 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3434, 3111, 3064, 2986, 2926, 2854, 1627, 1602, 1496, 

1322, 1301, 1238, 1169, 1128, 1040, 1003, 894, 766, 695. 
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ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 282 (26) [M
+
], 247 (8), 223 (20), 213 (100), 190 

(54), 162 (70), 142 (51), 132 (9), 121 (17), 93 (43), 77 (37), 65 (43), 51 (26), 43 

(31). 

C14H13F3N2O (282.27) ɺʳʯʠʩʣʝʥʦ (%): C, 59.57; H, 4.64; F, 20.19; N, 9.92; 

ʥʘʡʜʝʥʦ (%): C, 59.58; H, 4.62; F, 20.21; N, 9.92. 

 

3.5.3 ʉʠʥʪʝʟ 5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-4-(ʬʝʥʠʣʵʪʠʥʠʣ)-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-

2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥʘ (14) 

 

 

ɺ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʢ ʨʘʩʪʚʦʨʫ 4-ʠʦʜ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʠʣ-2-

(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-2-ʘʤʠʥʘ (11n) (0.1 ʛ, 0.00026 ʤʦʣʴ) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (2 ʤʣ) ʜʦʙʘʚʣʷʣʠ PdCl2(PPh3)2 (0.009 ʛ, 0.000013 ʤʦʣʴ), CuI 

(0.005 ʛ, 0.000026 ʤʦʣʴ) ʠ Et3N (0.2 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. 

ɿʘʪʝʤ ʧʨʠʢʘʧʳʚʘʣʠ ʬʝʥʠʣʘʮʝʪʠʣʝʥ (0.032 ʛ, 0.000312 ʤʦʣʴ). ʇʦʣʫʯʝʥʥʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʇʦʩʣʝ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʣʠ 80 ʤʣ ʩʤʝʩʠ ʉH2Cl2/H2O (1:1) ʠ ʬʠʣʴʪʨʦʚʘʣʠ 

ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʩʣʦʡ ʩʠʣʠʢʘʛʝʣʷ. ʌʠʣʴʪʨʘʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʜʠʭʣʦʨʤʝʪʘʥʦʤ 

(3Ĭ15 ʤʣ) ʠ ʧʨʦʤʳʚʘʣʠ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ NaCl (2Ĭ20 ʤʣ). 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʩʣʦʡ ʩʫʰʠʣʠ ʥʘʜ MgSO4 ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʆʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ʵʣʶʝʥʪ ï ʛʝʢʩʘʥ/ʵʪʠʣʘʮʝʪʘʪ, 

20:1). 

ɺʳʭʦʜ: 0.052 ʛ (93% ʩ ʫʯʸʪʦʤ ʢʦʥʚʝʨʩʠʠ; 56% ʙʝʟ ʫʯʸʪʘ ʢʦʥʚʝʨʩʠʠ); 

ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 71-74 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 0.88 (ʩ, 3H, CH3), 1.43 (ʩ, 3H, CH3), 

4.14 (ʩ, 1H, NH), 6.00 (ʩ, 1H, CH), 6.95-6.98 (ʤ, 2H, Ar), 7.02-7.06 (ʤ, 1H, Ar), 

7.21-7.26 (ʤ, 2H, Ar), 7.32-7.35 (ʤ, 3H, Ar), 7.42-7.45 (ʤ, 2H, Ar). 
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ʗʄʈ 
13

C (100.6 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ 26.6 (CH3), 26.7 (CH3), 80.8 

((CH3)2C), 91.0 (CſC), 96.8 (CſC), 100.0 (ʢ, C-CF3 JCF = 30.7 ɻʮ), 122.1 (ʢ, CF3, 

JCF = 286.4 ɻʮ), 124.0, 124.4, 124.6, 128.6 (Ar), 128.8 (CH), 129.4, 132.0, 138.5, 

141.8 (Ar). 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3, ʤ.ʜ.): ŭ -81.6 (c, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3365, 3087, 3052, 3033, 2992, 2970, 2928, 2860, 2210, 

1634, 1599, 1502, 1333, 1278, 1249, 1192, 1154, 1136, 1111, 1036, 996, 886, 851, 

, 756, 742, 689. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 357 (4) [M
+
], 266 (38), 265 (100), 196 (11), 181 

(16), 178 (13), 168 (25), 167 (26), 165 (15), 153 (29), 152 (27), 128 (11), 115 (16), 

105 (81), 91 (14), 77 (24), 65 (13), 51 (15), 43 (19), 39 (12). 

C21H18F3NO (357.38) ɺʳʯʠʩʣʝʥʦ (%): C, 70.58; H, 5.08; F, 15.95; N, 3.92; 

ʥʘʡʜʝʥʦ (%): C, 70.55; H, 5.10; F, 15.95; N, 3.95. 

 

3.6 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʳʭ ʩʧʠʨʪʦʚ 5 ʩ ʪʠʦʮʠʘʥʘʪʦʤ 

ʥʘʪʨʠʷ 

 

ʂ ʩʤʝʩʠ NaSCN (2 ʵʢʚ.) ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (1 ʤʣ) ʙʳʩʪʨʦ ʜʦʙʘʚʣʷʣʠ 

ʨʘʩʪʚʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ CF3-ʠʤʠʥʦʧʨʦʧʘʨʛʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 5 (1 ʵʢʚ.) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (2 ʤʣ). ʇʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʆʩʪʘʪʘʪʦʢ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

(ʛʨʘʜʠʝʥʪʥʦʝ ʵʣʶʠʨʦʚʘʥʠʝ ï ʛʝʢʩʘʥ/ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ (1:1), ʟʘʪʝʤ 

ʘʮʝʪʦʥ/ʛʝʢʩʘʥ (2:1)) ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʟʦʪʘʟʦʣʠʡ ʪʠʦʮʠʘʥʘʪʘ 15 ʠ 4-ʪʠʦʮʠʘʥʦ-

2,5-ʜʠʛʠʜʨʦʬʫʨʘʥʘ 16.  

ʊʠʦʮʠʘʥʘʪ 5-(2-ɻʠʜʨʦʢʩʠʧʨʦʧʘʥ-2-ʠʣ)-2-ʬʝʥʠʣ-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ) -

2-ʠʟʦʪʠʘʟʦʣʠ̫ (15ʘ) 
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ʋʩʣʦʚʠʷ: 2-ʤʝʪʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5a) 

(0.128 ʛ, 0.0005 ʤʦʣʴ), NaSCN (0.081 ʛ, 0.001 ʤʦʣʴ), CH3COOH (1 ʤʣ), MeCN 

(2 ʤʣ), ʢʦʤʥ. ʪʝʤʧ., 15 ʤʠʥ. 

ɺʳʭʦʜ: 0.131 ʛ (76%); ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 178-180 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 1.81 (ʩ, 6H, (CH3)2), 2.83 (ʩ, 1H, 

OH), 7.72-7.75 (ʤ, 2H, Ar), 7.80-7.84 (ʤ, 1H, Ar), 7.97-7.99 (ʤ, 2H, Ar), 8.49 (ʩ, 

1H, CH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 30.3 ((CH3)2), 74.3 ((CH3)2C), 

118.1 (ʢ, CF3, JCF = 275.4 ɻʮ), 119.7 (ʢ, C-CF3, JCF = 2.8 ɻʮ), 128.4, 130.9, 133.8, 

135.3 (Ar), 154.5 (ʢ, CH, JCF = 39.6 ɻʮ,), 196.7 (C-S). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -60.4 (c, 3F, CF3); 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3106, 2060, 1490, 1460, 1412, 1380, 1266, 1215, 1197, 

1142, 969, 767, 721, 690. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 272 (39), 230 (45), 229 (24), 210 (9), 160 (17), 134 

(10), 114 (10), 77 (100), 59 (38), 51 (41), 43 (35). 

C14H13F3N2OS2
+
 (346.39) ɺʳʯʠʩʣʝʥʦ (%): C, 48.55; H, 3.78; F, 16.45; N, 

8.09; S, 18.51; ʥʘʡʜʝʥʦ (%): ʉ, 48.42; H, 3.67; F, 16.33; N, 8.13; S, 18.63. 

ʆʩʥʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: ʦʙʨʘʟʝʮ C28H26N4F6O2S4 

ʨʘʟʤʝʨʘʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,60 ʤʤ x 0,60 ʤʤ x 0,45 ʤʤ. ɹʳʣʠ ʠʟʤʝʨʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ Pca21 ʜʘʣʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 66222 ʦʪʨʘʞʝʥʠʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʛʣʦʤ (2ɗ)max = 53,0Á, ʠʟ ʢʦʪʦʨʳʭ 6761 ʙʳʣʠ ʥʝʟʘʚʠʩʠʤʳʤʠ 

(ʧʦʣʥʦʪʘ = 99,9%, Rint = 7,43%, Rsig = 4,16%), ʘ 4698 ʠʤʝʣʠ ʫʛʦʣ ʙʦʣʴʰʝ 

2ů(F2). ʂʦʥʝʯʥʳʝ ʢʦʥʩʪʘʥʪʳ ʷʯʝʡʢʠ: a = 11,513(2) ¡, b = 11,513(2) ¡, c = 

24,721(5) ¡, Z = 4, ʦʙʲʸʤ = 3276,9(10) ¡
3
. ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʠʥʠʤʘʣʴʥʳʡ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʢʨʠʩʪʘʣʣʘ) ʩʦʩʪʘʚʣʷʶʪ 0,808 ʠ 0,852. ɺʩʝ ʘʪʦʤʳ H ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ 

ʩʤʝʰʘʥʥʳʤ ʤʝʪʦʜʦʤ. 
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ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʘʥʠʟʦʪʨʦʧʥʦʝ ʧʦʣʥʦʤʘʪʨʠʯʥʦʝ ʫʪʦʯʥʝʥʠʝ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ F2 ʩ 450 ʧʝʨʝʤʝʥʥʳʤʠ ʜʘʣʦ ʩʭʦʜʠʤʦʩʪʴ ʧʨʠ R1 = 

4,49% ʜʣʷ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ ʠ wR2 = 12,19% ʜʣʷ ʚʩʝʭ ʜʘʥʥʳʭ. ʉʪʝʧʝʥʴ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʘʚʠʣʘ 1,02. ʅʘʠʙʦʣʴʰʠʡ ʧʠʢ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʨʘʟʥʦʩʪʥʦʤ 

ʩʠʥʪʝʟʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 0,26 ʝ-/¡
3
, ʘ ʥʘʠʙʦʣʴʰʠʡ ʜʳʨʦʯʥʳʡ 

ʧʠʢ ï -0,28 ʝ-/¡3. ʅʘ ʦʩʥʦʚʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ 1,402 ʛ/ʩʤ3, ʘ F(000) ï 1420 ʝ-. 

ʊʠʦʮʠʘʥʘʪ 5-(2-ɻʠʜʨʦʢʩʠʙʫʪʘʥ-2-ʠʣ)-2-ʬʝʥʠʣ-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-2-

ʠʟʦʪʠʘʟʦʣʠ̫ (15b) 

 

ʋʩʣʦʚʠʷ: 3-ʤʝʪʠʣ-6-(ʬʝʥʠʣʠʤʠʥʦ)-7,7,7-ʪʨʠʬʪʦʨʛʝʧʪ-4-ʠʥ-3-ʦʣ (5b) 

(0.135 ʛ, 0.0005 ʤʦʣʴ), NaSCN (0.081 ʛ, 0.001 ʤʦʣʴ), CH3COOH (1 ʤʣ), MeCN 

(2 ʤʣ), ʢʦʤʥ. ʪʝʤʧ., 15 ʤʠʥ. 

ɺʳʭʦʜ: 0.142 ʛ (78%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 130-132 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 1.00 (ʪ, 3H, CH3-CH2, J = 7.4 

ɻʮ,), 1.81 (ʩ, 3H, CH3), 2.07-2.19 (ʤ, 2H, CH3-CH2), 2.92 (c, 1H, OH), 7.71-7.75 

(ʤ, 2H, Ar), 7.79-7.83 (ʤ, 1H, Ar), 7.88-8.01 (ʤ, 2H, Ar), 8.47 (ʩ, 1H, CH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 8.1 (CH3-CH2), 28.1 (CH3), 35.9 

(CH3-CH2), 77.0 (C-Et), 118.0 (ʢ, CF3, JCF = 275 ɻʮ), 119.7 (ʢ, C-CF3, JCF = 2.9 

ɻʮ), 128.3, 130.9 (Ar), 132.9 (SCN), 133.7, 135.3 (Ar), 154.5 (ʢ, CH, JCF = 39.4 

ɻʮ), 195.6 (C-S). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -60.4 (ʩ, 3F, CF3); 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3053, 2980, 2064, 1489, 1459, 1410, 1377, 1264, 1215, 

1180, 1141, 1029, 928, 851, 765, 720, 689. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 302 (3) [M ï SCN
+*

], 288 (13), 272 (44), 252 (14), 

238 (14), 229 (48), 184 (18), 159 (69), 134 (58), 116 (37), 96 (17), 77 (100), 59 

(36). 
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C15H15F3N2OS2 (360.41) ɺʳʯʠʩʣʝʥʦ (%): C, 49.99; H, 4.20; F, 15.81; N, 

7.77; S, 17.79; ʥʘʡʜʝʥʦ (%): C, 49.78; H, 4.28; F, 15.90; N, 7.82; S, 17.66. 

ʊʠʦʮʠʘʥʘʪ 5-(1-ɻʠʜʨʦʢʩʠʮʠʢʣʦʛʝʢʩʠʣ)-2-ʬʝʥʠʣ-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)-

2-ʠʟʦʪʠʘʟʦʣʠ ̫(15ʩ) 

 

ʋʩʣʦʚʠʷ: 1-(3-ʬʝʥʠʣʠʤʠʥʦ)-4,4,4-ʪʨʠʬʪʦʨʙʫʪʠʥ-1-ʠʣ-1)ʮʠʢʣʦʛʝʢʩʘʥ-1-

ʦʣ (5ʩ) (0.148 ʛ, 0.0005 ʤʦʣʴ), NaSCN (0.081 ʛ, 0.001 ʤʦʣʴ), CH3COOH (1 ʤʣ), 

MeCN (2 ʤʣ), ʢʦʤʥ. ʪʝʤʧ., 15 ʤʠʥ. 

ɺʳʭʦʜ: 0.137 ʛ (71%); ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 168-171 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 1.39-2.15 (ʤ, 10H, (CH2)5), 2.81 

(c, 1H, OH), 7.72-7.75 (ʤ, 2H, Ar), 7.79-7.83 (ʤ, 1H, Ar), 7.97-7.99 (ʤ, 2H, Ar), 

8.48 (ʩ, 1H, CH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 21.7 ((CH2)5), 25.1 ((CH2)5), 37.9 

((CH2)5), 75.8 ((CH2)5C), 117.8 (ʢ, CF3, JCF = 275.5 ɻʮ), 119.1 (ʢ, C-CF3, JCF = 

2.7 ɻʮ), 128.2, 130.8 (Ar), 133.0 (SCN), 133.6, 135.2 (Ar), 154.4 (ʢ, CH, JCF = 

39.4 ɻʮ), 198.0 (C-S). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -60.5 (ʩ, 3F, CF3). 

ʀʂ (KBr, ɜ, ʩʤ
-1
): 3078, 3040, 2938, 2873, 2056, 1720, 1489, 1439, 1417, 

1356, 1269, 1221, 1196, 1172, 1156, 1030, 1004, 985, 866, 761, 720, 689, 653. 

ʄʘʩʩ-ʩʧʝʢʪʨ m/z (%): 328 (1) [M ï SCN
+*

], 299 (13), 284 (26), 256 (35), 

229 (21), 160 (34), 77 (100), 69 (19), 59 (39), 55 (41), 51 (42), 41 (32). 

C17H17F3N2OS2 (386.45) ɺʳʯʠʩʣʝʥʦ (%): C, 52.84; H, 4.43; F, 14.75; N, 

7.25; S, 16.59; ʥʘʡʜʝʥʦ (%): C, 52.72; H, 4.35; F, 14.62; N, 7.38; S, 16.69. 
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ʊʠʦʮʠʘʥʘʪ 5-(1-ɻʠʜʨʦʢʩʠ-1-ʬʝʥʠʣʵʪʠʣ)-2-ʬʝʥʠʣ-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ) 

-2-ʠʟʦʪʠʘʟʦʣʠ̫ (15d) 

 

ʋʩʣʦʚʠʷ: 2-ʬʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-ʦʣ (5e) 

(0.159 ʛ, 0.0005 ʤʦʣʴ), NaSCN (0.081 ʛ, 0.001 ʤʦʣʴ), CH3COOH (1 ʤʣ), MeCN 

(2 ʤʣ), ʢʦʤʥ. ʪʝʤʧ., 15 ʤʠʥ. 

ɺʳʭʦʜ: 0.060 ʛ (29%); ʢʦʨʠʯʥʝʚʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 2.07 (c, 1H, OH), 2.26 (ʩ, 3H, 

CH3), 7.37-7.39 (ʤ, 1H, Ar), 7.42-7.46 (ʤ, 2H, Ar), 7.71-7.75 (ʤ, 2H, Ar), 7.79-

7.83 (ʤ, 3H, Ar), 7.98-8.00 (ʤ, 2H, Ar), 8.54 (ʩ, 1H, CH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 30.1 (CH3), 77.1 (C-Ph), 117.9 (ʢ, 

CF3, JCF = 275.4 ɻʮ), 120.3 (ʢ, C-CF3, JCF = 3 ɻʮ), 126.3, 128.3, 129.3, 129.7, 

130.7, 130.9 (Ar), 133.8 (SCN), 135.1, 143.5 (Ar), 154.8 (ʢ, CH, JCF = 39.6 ɻʮ), 

194.6 (C-S). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -60.4 (ʩ, 3F, CF3); 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3064, 2929, 2855, 2058, 1680, 1596, 1489, 1450, 

1398, 1377, 1263, 1217, 1158, 1073, 912, 761, 736, 699. 

C19H15F3N2OS2 (408.46) ɺʳʯʠʩʣʝʥʦ (%): C, 55.87; H, 3.70; F, 13.95; N, 

6.86; S, 15.70; ʥʘʡʜʝʥʦ (%): C, 56.02; H, 3.91; F, 14.02; N, 6.96; S, 15.82. 

ʊʠʦʮʠʘʥʘʪ 5-(ɻʠʜʨʦʢʩʠʜʠʬʝʥʠʣʤʝʪʠʣ)-2-ʬʝʥʠʣ-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ) -

2-ʠʟʦʪʠʘʟʦʣʠ ̫(15ʝ) 

 

ʋʩʣʦʚʠʷ: 1,1-ʜʠʬʝʥʠʣ-4-(ʬʝʥʠʣʠʤʠʥʦ)-5,5,5-ʪʨʠʬʪʦʨʧʝʥʪ-2-ʠʥ-1-ʦʣ 

(5f) (0.175 ʛ, 0.0004 ʤʦʣʴ), NaSCN (0.065 ʛ, 0.0008 ʤʦʣʴ), CH3COOH (0.8 ʤʣ), 

MeCN (2 ʤʣ), ʢʦʤʥ. ʪʝʤʧ., 15 ʤʠʥ. 
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ɺʳʭʦʜ: 0.058 ʛ (31%); ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 120-123 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 2.08 (c, 1H, OH), 7.42-7.44 (ʤ, 

6H, Ar), 7.60-7.63 (ʤ, 4H, Ar), 7.72-7.76 (ʤ, 2H, Ar), 7.80-7.84 (ʤ, 1H, Ar), 8.03-

8.05 (ʤ, 2H, Ar), 8.55 (ʩ, 1H, CH). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 82.1 ((Ph2)C), 117.7 (ʢ, CF3, JCF 

= 275.7 ɻʮ), 121.7 (ʢ, C-CF3, JCF = 2.9 ɻʮ), 128.30, 128.34, 129.4, 129.6, 130.8 

(Ar), 133.5 (SCN), 133.7, 135.0, 143.1 (Ar), 154.7 (ʢ, CH, JCF = 39.1 ɻʮ), 192.4 

(C-S). 

ʗʄʈ 
19

F (376 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ -60.2 (ʩ, 3F, CF3). 

ʀʂ (ʧʣʸʥʢʘ, ɜ, ʩʤ
-1
): 3360, 3063, 3032, 2923, 2058, 1680, 1601, 1493, 

1444, 1395, 1258, 1144, 1025, 909, 754, 733, 701, 648. 

ʉ24H17F3N2OS2 (470.53) ɺʳʯʠʩʣʝʥʦ (%): C, 61.26; H, 3.64; F, 12.11; N, 

5.95; S, 13.63; ʥʘʡʜʝʥʦ (%): C, 61.37; H, 3.72; F, 12.19; N, 6.03; S, 13.72. 

ʊʠʦʮʠʘʥʘʪ 2-ɹʫʪʠʣ-5-(2-ʛʠʜʨʦʢʩʠʧʨʦʧʘʥ-2-ʠʣ)-3-(ʪʨʠʬʪʦʨʤʝʪʠʣ) -

2-ʠʟʦʪʠʘʟʦʣʠ ̫(15h) 

 

ʋʩʣʦʚʠʷ: 5-(ʙʫʪʠʣʠʤʠʥʦ)-2-ʤʝʪʠʣ-6,6,6-ʪʨʠʬʪʦʨʛʝʢʩ-3-ʠʥ-2-oʣ (5h) 

(0.111 ʛ, 0.0005 ʤʦʣʴ), NaSCN (0.076 ʛ, 0.001 ʤʦʣʴ), CH3COOH (1 ʤʣ), MeCN 

(2 ʤʣ), ʢʦʤʥ. ʪʝʤʧ., 15 ʤʠʥ. 

ɺʳʭʦʜ: 0.091 ʛ (56%); ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʊʧʣ = 111-113 
ʦ
ʉ. 

ʗʄʈ 
1
H (400.1 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 1.00 (ʪ, 3H, CH3-CH2-CH2-CH2, J 

= 7.6 ɻʮ), 1.52-1.61 (ʤ, 2H, CH3-CH2-CH2-CH2), 1.76 (ʩ, 6H, (CH3)2), 2.19 

(ʢʚʠʥʪʝʪ, 2H, CH3-CH2-CH2-CH2 J = 7.7 ɻʮ), 3.05 (ʩ, 1ʅ, ʆʅ), 4.86 (ʪ, 2H, CH3-

CH2-CH2-CH2, J = 7.7 ɻʮ), 8.30 (ʩ, 1H, ʉʅ). 

ʗʄʈ 
13

C (100.6 ʄɻʮ, (CD3)2CO, ʤ.ʜ.): ŭ 13.6 (CH3-CH2-CH2-CH2), 20.1 

(CH3-CH2-CH2-CH2), 30.4 ((CH3)2), 33.8 (CH3-CH2-CH2-CH2), 55.2 (ʢ, CH3-CH2-

CH2-CH2, JCF = 2.1 ɻʮ), 74.0 ((CH3)2C), 118.1 (ʢ, CF3, JCF = 275.4 ɻʮ), 119.3 (ʢ, 

C-CF3, JCF = 3.2 ɻʮ), 133.2 (SCN), 153.5 (ʢ, CH, JCF = 39.7 ɻʮ), 193.3 (C-S). 














































































