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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʤʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʭʠʤʠʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʘʛʨʦʭʠʤʠʠ, ʢʘʪʘʣʠʟʝ [1-2]. ɸʤʠʜʥʘʷ ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʙʝʣʢʦʚ, ʧʝʧʪʠʜʦʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʨʥʦ 25% ʚʩʝʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚ ʠ ʜʚʝ ʪʨʝʪʠ ʚʩʝʭ ʧʨʝʧʘʨʘʪʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʩʦʜʝʨʞʘʪ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ [3]. ʂʨʦʤʝ ʪʦʛʦ, ʘʛʨʦʭʠʤʠʢʘʪʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʛʝʨʙʠʮʠʜʥʦʡ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʧʘʥʠʣ, ʙʦʩʢʘʣʠʜ) ʠ ʤʥʦʛʠʝ ʠʤʝʶʱʠʝʩʷ ʥʘ ʨʳʥʢʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ 

(ʧʘʨʘʮʝʪʘʤʦʣ, ʥʠʢʣʦʟʘʤʠʜ, ʠʤʘʪʠʥʠʙ) ʩʦʜʝʨʞʘʪ ʘʨʠʣʘʤʠʜʥʳʡ ʦʩʪʦʚ [4-6]. 

ʈʝʘʢʮʠʠ ʧʨʷʤʦʡ ʉ-ʅ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʘʪʦʤ-ʵʢʦʥʦʤʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ, ʠʩʢʣʶʯʘʶʱʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʧʨʝʜʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʯʘʱʝ ʨʝʰʘʶʱʠʤ ʚ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ çʟʝʣʝʥʳʡè ʬʘʢʪʦʨ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʠʝʤʣʝʤʦʩʪʠ. ʇʨʷʤʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʉ-ʅ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʤʘʣʦʦʪʭʦʜʥʳʡ ʧʫʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ, ʯʪʦ ʧʨʠʚʣʝʢʘʝʪ ʢ 

ʥʝʡ ʦʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ 

ʊʨʘʜʠʮʠʦʥʥʳʝ (ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ) ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʤʠʜʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʠ ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ 

ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʦʪʭʦʜʦʚ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʜʦʙʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʪʦʤ-ʥʝʵʬʬʝʢʪʠʚʥʳ ʠ ʟʘʪʨʘʪʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ 

(ʘʥʠʣʠʜʳ, N-ʙʝʥʟʠʣʘʤʠʜʳ) ʦʯʝʚʠʜʥʘ, ʘ ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʣʦʩʪʘʜʠʡʥʳʭ ʠ 
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ʤʘʣʦʦʪʭʦʜʥʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʭʠʤʠʢʦʚ-ʩʠʥʪʝʪʠʢʦʚ. 

ʆʨʛʘʥʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ), ʤʘʣʦʩʪʘʜʠʡʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʥ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʨʝʘʢʮʠʠ ʩʠʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʦʩʥʦʚʘʥʠʡ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʩʦʢʨʘʱʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʦʪʭʦʜʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʥʳʭ ʉ-N ʩʚʷʟʝʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʤʠʥʦʚ ʠʣʠ ʘʤʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʘʤʠʜʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ [7]. ʅʠʪʨʠʣʳ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʘʣʦʠʟʫʯʝʥʳ ʠ 

ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʣʠʩʴ ʤʘʣʦʘʢʪʠʚʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜ r ʩʠʥʪʝʟʘ ʘʥʠʣʠʜʦʚ ʠ N-

ʙʝʥʟʠʣʘʤʠʜʦʚ ʧʫʪʝʤ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ c 

ʥʠʪʨʠʣʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ ʘʪʦʤ-ʵʢʦʥʦʤʥʳʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʧʨʠʝʤʣʝʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʷʤ çʟʝʣʝʥʦʡè ʭʠʤʠʠ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ 

ʘʨʠʣʘʤʠʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʠʥʦʚ ʠʣʠ ʘʤʠʜʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʘʤʠʜʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ N-

ʬʝʥʠʣʘʤʠʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʥʠʪʨʠʣʦʚ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʚ ʧʦʩʣʝʜʥʠʝ 3 

ʛʦʜʘ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʪʦʣʴʢʦ 

ʙʝʥʟʠʣʴʥʳʭ C(sp
3
)-H ʩʚʷʟʝʡ, ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʣʠ ʢʠʩʣʦʪʥʦʡ ʜʦʙʘʚʢʠ. ʇʨʠʤʝʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ C(sp
2
)-H ʩʚʷʟʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʘʨʠʣʘʤʠʜʦʚ 

ʠʟʚʝʩʪʥʦ ʢʨʘʡʥʝ ʤʘʣʦ, ʙʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʦʛʨʘʥʠʯʝʥʳ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ ʠ ʪʨʝʙʫʶʪ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ 

ʘʤʠʜʠʨʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, ʤʘʣʦʦʙʦʩʥʦʚʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ ʠʩʭʦʜʷʪ ʠʟ 

ʦʙʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʢʣʶʯʝʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʳ. 
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ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ N-ʘʨʠʣʣʘʤʠʜʦʚ ʠ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʧʫʪʝʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ C(sp
2
)-H ʠ ʙʝʥʟʠʣʴʥʳʭ C(sp

3
)-H 

ʩʚʷʟʝʡ ʥʠʪʨʠʣʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ 

ʦʢʠʩʣʠʪʝʣʝʡ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʕʇʈ, ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

Ẇ ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʘʢʮʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ), ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ.  

Ẇ ʇʦʜʙʦʨ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ 

(ʨʘʩʪʚʦʨʠʪʝʣʴ, ʘʤʠʜʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ, ʢʘʪʘʣʠʟʘʪʦʨ, ʤʝʜʠʘʪʦʨ, ʬʦʥʦʚʳʡ 

ʵʣʝʢʪʨʦʣʠʪ, ʪʝʤʧʝʨʘʪʫʨʘ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ). 

Ẇ ʇʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʵʣʝʢʪʨʦʩʠʥʪʝʟʦʚ. ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʤʠʜʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ (ʥʠʪʨʠʣʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ), 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ. 

Ẇ ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ).  

Ẇ ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

Ẇ ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʘʥʠʣʠʜʦʚ ʠ N-ʙʝʥʟʠʣʘʤʠʜʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ C(sp
2
)-H ʠ C(sp

3
)-

H ʩʚʷʟʝʡ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʪʨʠʣʘʤʠ RCN (R = Me, 

Et, Ph) ʠ ʚʦʜʦʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ), ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘʪʦʨʦʚ, 
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ʢʠʩʣʦʪ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʦʢʠʩʣʠʪʝʣʝʡ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ). ɸʮʝʪʘʥʠʣʠʜ 

(ʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, ʜʦʙʘʚʢʘ ʚ ʪʦʧʣʠʚʦ) ʠ ʧʨʦʧʘʥʠʣ (ʛʝʨʙʠʮʠʜ) 

ʨʘʥʝʝ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ ʧʦʜʦʙʥʳʭ ʤʷʛʢʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

Ẇ ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ, ʎɺɸ, 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʕʇʈ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʘʮʝʪʦ- 

ʠ ʧʨʦʧʠʦʥʠʪʨʠʣʝ ʜʦ ʘʥʠʣʠʜʦʚ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʥʘ ʘʥʦʜʝ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʝʘʛʠʨʫʶʪ ʩ ʥʠʪʨʠʣʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʢʦʪʦʨʳʡ 

ʜʘʣʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ. 

Ẇ ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʨʷʜʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʢʠʩʣʷʶʪʩʷ ʣʝʛʯʝ, ʯʝʤ ʧʨʠ +2 ɺ, ʣʠʙʦ ʠʤʝʶʪ 

ʦʙʲʝʤʥʳʝ ʘʪʦʤʳ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ (ʙʨʦʤʙʝʥʟʦʣ, 

ʡʦʜʙʝʥʟʦʣ, 1,3-ʜʠʙʨʦʤʙʝʥʟʦʣ, 1,4-ʜʠʙʨʦʤʙʝʥʟʦʣ), ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʉ-ʉ ʩʦʯʝʪʘʥʠʷ ï ʙʠʘʨʠʣʦʚ.  

Ẇ ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʧʫʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. 

Ẇ ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 49 ʥʦʚʭr ʩʦʝʜʠʥʝʥʠʡ. ɺʩʝʛʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʦ 124 ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʘʪʴ 

ʥʘʧʨʷʤʫʶ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʢʫʨʩʦʨʦʚ ʟʘʤʝʱʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʉ-ʅ ʩʚʷʟʝʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ 

ʤʝʪʦʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ N-ʘʨʠʣʤʠʜr ʠ 

N-ʙʝʥʟʠʣʘʤʠʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʘʮʝʪʘʥʠʣʠʜ (ʧʣʘʩʪʠʬʠʢʘʪʦʨ, 

ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, ʜʦʙʘʚʢʘ ʚ ʪʦʧʣʠʚʦ), ʧʘʨʘʮʝʪʘʤʦʣ (ʬʘʨʤʧʨʝʧʘʨʘʪ), ʧʨʦʧʘʥʠʣ 

(ʛʝʨʙʠʮʠʜ) ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʠʩʣʦʪ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʘʪʦʤ-

ʵʢʦʥʦʤʥʳʤ, ʦʜʥʦʩʪʘʜʠʡʥʳʤ, ʤʘʣʦʦʪʭʦʜʥʳʤ, ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʮʝʣʝʚʳʝ 
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ʘʤʠʜʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʟʘ ʙʦʣʝʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʠ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ ʠʭ 

ʚʳʜʝʣʝʥʠʷ. ɸʮʝʪʘʥʠʣʠʜ ʠ ʧʨʦʧʘʥʠʣ ʨʘʥʝʝ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʚ ʧʦʜʦʙʥʳʭ 

ʤʷʛʢʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ 

ʥʦʚʦʛʦ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ N-ʘʨʠʣʘʤʠʜʦʚ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʧʨʠʤʝʨʝ ʘʮʝʪʘʥʠʣʠʜʘ, N-(2,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʜʦʢʩ-ʩʚʦʡʩʪʚʘʭ, ʧʦʪʝʥʮʠʘʣʘʭ ʦʢʠʩʣʝʥʠʷ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʰʠʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʎɺɸ, ʕʇʈ, ʈʉɸ, ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2D-ʢʦʨʨʝʣʷʮʠʡ, ʤʘʩʩ-

ʩʧʝʢʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʢʨʝʧʣʝʥʥʳʤʠ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʚ ʨʘʤʢʘʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʧʨʦʬʠʣʴʥʳʭ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʞʫʨʥʘʣʘʭ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 152 

ʩʪʨʘʥʠʮʘʭ ʧʝʯʘʪʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 11 ʨʠʩʫʥʢʦʚ, 29 ʩʭʝʤ, 6 ʪʘʙʣʠʮ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 148 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɺʚʝʜʝʥʠʝ ʚʢʣʶʯʘʝʪ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʨʘʙʦʪʳ, ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠ ʥʘʫʯʥʦʡ 

ʥʦʚʠʟʥʳ. ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʩʠʥʪʝʟʫ N-ʘʨʠʣʘʤʠʜʦʚ ʠ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʠʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʘʤʠʜʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʨʝʪʴʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 



8 
 

 
 

Ẇ ʆʜʥʦʩʪʘʡʜʠʡʥʳʡ ʩʠʥʪʝʟ N-ʘʨʠʣʘʤʠʜʦʚ ʠ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʠʟ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʷʛʢʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʠʣʦʚ ʠ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ;  

Ẇ ʉʠʥʪʝʟ ʙʠʘʨʠʣʦʚ (ʜʠʤʝʨʦʚ) ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʨʷʜʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ; 

Ẇ ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ; 

Ẇ ʄʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ, ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘ ̫

ʢʦʥʬʝʨʝʥʮʠ ̫ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠè (ʉʇʆʍ-2021) (ʅʦʚʦʩʠʙʠʨʩʢ, 2021 ʛ.); IV ʈʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʧʦ ʢʘʪʘʣʠʟʫ 

çʈʦʩʢʘʪʘʣʠʟè (ʂʘʟʘʥʴ, 2021 ʛ.); IX ʄʦʣʦʜʸʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ, 

2021 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ʥʘʫʯʥʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ - 2022è (ʄʦʩʢʚʘ, 2022 ʛ.); III ʅʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɼʀʅɸʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ɺ ʍʀʄʀʀ 

ʕʃɽʄɽʅʊʆʆʈɻɸʅʀʏɽʉʂʀʍ ʉʆɽɼʀʅɽʅʀʁè, ʧʦʩʚʷʱʝʥʥʘʷ 145-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ɸʨʙʫʟʦʚʘ (ʂʘʟʘʥʴ, 2022 ʛ.); V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ XXI ʚʝʢʘè (ʂʘʟʘʥʴ, 2022 ʛ.); ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʃʦʤʦʥʦʩʦʚ-2023è (ʄʦʩʢʚʘ, 2023 ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʵʣʝʢʪʨʦʭʠʤʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʕʣʝʢʪʨʦʭʠʤʠʷ-2023è (ʄʦʩʢʚʘ, 2023 

ʛ.); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʄʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ XXI ʚʝʢʘè (ʂʘʟʘʥʴ, 2023 

ʛ.); I ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 
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çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʟʘʱʠʪʘ ʦʪ 

ʢʦʨʨʦʟʠʠè (ʂʘʟʘʥʴ, 2023 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʟʣʦʞʝʥʦ ʚ 4 ʩʪʘʪʴʷʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ 24 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ ʂʅʀʊʋ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʀʆʌʍ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ï 

ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠ ̫ ʌʀʎ ʂʘʟʅʎ ʈɸʅ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɻɹʋʅ çʌʀʎ 

çʂʘʟʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè ʧʦ ʪʝʤʝ çʉʦʟʜʘʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦ- ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʫʩʪʨʦʡʩʪʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ɼʠʘʛʥʦʩʪʠʢʘ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʥʘʥʦʯʘʩʪʠʮ 

ʠ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʥʘʥʦʤʘʪʝʨʠʘʣʳè, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʅʌ ̄ 

19-13-00016, ̄  22-13-00017 ʠ ʄʂ-1453.2021.1.3. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ 

ʨʘʙʦʪʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʥʘʫʯʥʦʡ ʥʦʚʠʟʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʫʥʢʪʘʤ 1, 2, ʠ 7 

ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʠ ʦʙʦʙʱʝʥʠʠ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʫʯʘʩʪʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʚʳʚʦʜʦʚ, 

ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ɺʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ. ʖʣʠʠ ɻʝʨʤʘʥʦʚʥʝ ɹʫʜʥʠʢʦʚʦʡ ʟʘ ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʠ 

ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʨʘʙʦʪʳ, ʢ.ʭ.ʥ. ʉ.ʆ. ʉʪʨʝʢʘʣʦʚʦʡ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠ 

ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʠʩʢʝ ʥʦʚʳʭ ʠʜʝʡ 

ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ; ʢ.ʭ.ʥ. ɺ.ʀ. ʄʦʨʦʟʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʕʇʈ-
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢ.ʭ.ʥ. ʈ.ʈ. ʌʘʟʣʝʝʚʦʡ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ; 

ʩʪʫʜʝʥʪʘʤ ʍʠʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʌʋ ɸ.ɼ. ɿʣʳʛʦʩʪʝʚʫ ʠ ʄ.ɸ. ʍʚʦʨʦʚʦʡ ʟʘ 

ʧʦʤʦʱʴ ʠ ʫʯʘʩʪʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʜʠʧʣʦʤʥʳʭ ʠ ʢʫʨʩʦʚʳʭ 

ʨʘʙʦʪ; ʢ.ʬ.-ʤ.ʥ. ʄ.ɻ. ʄʝʜʚʝʜʝʚʫ ʠ ʛʨʫʧʧʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʆʍ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ, ʚ ʯʘʩʪʥʦʩʪʠ ʂ.ɺ. ɹʦʡʢʦ ʠ ɺ.ʀ. ʊʠʤʘʰʝʚʫ, ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ; ʂ.ɸ. ʀʚʰʠʥʫ ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ 

ʧʨʦʬ., ʜ.ʭ.ʥ. ɺ.ɸ. ʄʘʤʝʜʦʚʫ ʟʘ ʧʦʤʦʱʴ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ ʨʘʤʢʘʭ ʦʙʩʫʞʜʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ 

ʭʠʤʠʠ ʢʘʣʠʢʩʘʨʝʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ.ʭ.ʥ. ɸ.ʉ. ɸʛʘʨʢʦʚʫ ʠ ʢ.ʭ.ʥ. ʌ.ɹ. 

ɻʘʙʜʨʘʭʤʘʥʦʚʦʡ ʟʘ ʧʦʜʜʝʨʞʢʫ, ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʠ ʮʝʥʥʳʝ ʩʦʚʝʪʳ, ʘ ʪʘʢʞʝ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʎʂʇʉɸʎ ʌʀʎ ʂʘʟʅʎ ʈɸʅ ʟʘ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢ.ʭ.ʥ. ʆ.ɹ. ɹʘʙʘʝʚʦʡ, ʢ.ʭ.ʥ. ɺ.ʄ. ɹʘʙʘʝʚʫ, ɽ.ɺ. ʂʦʙʝʣʝʚʦʡ.  

https://colab.ws/labs/705
https://colab.ws/labs/705
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1 ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʈʝʘʢʮʠʠ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ ʚ ʩʠʥʪʝʟʝ N-ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʜʦʚ  

ʕʬʬʝʢʪʠʚʥʝr ʤʝʪʦʜʳ ʦʙʨʘʟʦʚʘʥʠ ̫ ʘʤʠʜʥʳʭ ʉ-N ʩʚʷʟʝʡ ʚʘʞʥ r ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʚʚʠʜʫ ʧʨʠʩʫʪʩʪʚʠʷ ʘʤʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʥʘʪʫʨʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʧʦʣʠʤʝʨʘʭ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʘʛʨʦʭʠʤʠʢʘʪʘʭ (ʈʠʩʫʥʦʢ 1.1) [1-6].  

 

ʈʠʩʫʥʦʢ 1.1. ɸʛʨʦʭʠʤʠʢʘʪʳ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʘʤʠʜʥʳʡ 

ʬʨʘʛʤʝʥʪ 
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ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʜʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ 

ʚʘʞʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪ̫ʭ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [8]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ ʩʪʠʤʫʣʠʨʫʶʪ ʧʦʠʩʢ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʈʝʘʢʮʠʷ ʈʠʪʪʝʨʘ, ʦʪʢʨʳʪʘʷ ɼʞʦʥʦʤ ʈʠʪʪʝʨʦʤ ʚ 1948 ʛʦʜʫ [9], ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʝʘʢʮʠʶ ʥʠʪʨʠʣʦʚ ʩ ʘʣʢʝʥʘʤʠ ʠʣʠ ʪʨʝʪʠʯʥʳʤʠ ʩʧʠʨʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʤʠʜʦʚ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 1.1) [10]. ɺ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʩʧʠʨʪʳ 1 

ʠ ʘʣʢʝʥʳ 2 ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʶʪ ʘʢʪʠʚʥʳʝ ʢʘʨʙʦʢʘʪʠʦʥʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ 3 ʠ 4, 

ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʩ ʥʠʪʨʠʣʘʤʠ 5 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʶʯʝʚʳʭ ʠʦʥʦʚ ʥʠʪʨʠʣʠʷ 6 ʠ 

7 (ʠʭ ʨʝʟʦʥʘʥʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʦʟʥʘʯʝʥʳ 8 ʠ 9), ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʷʶʪ ʚʦʜʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 10 ʠ 11 ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʤʠʜʳ 12 ʠ 13. 

ʉʭʝʤʘ 1.1.  

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʨʝʘʢʮʠʠ ʈʠʪʪʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʪʥʝʨʦʚ ʨʝʘʢʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʩʧʠʨʪ r ʠ ʘʣʢʝʥ,r ʥʦ ʠ ʜʨʫʛʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʩʫʙʩʪʨʘʪʳ. ʊʘʢ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʚʘʨʠʘʥʪʳ ʨʝʘʢʮʠʠ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [11], ʛʘʣʦʛʝʥʘʣʢʠʥʦʚ [12], ʘʣʴʜʝʛʠʜʦʚ [13], ʘʨʠʣʪʨʠʘʟʝʥʦʚ [14], 

ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ ʘʨʠʣʜʠʘʟʦʥʠʷ [15], ʮʠʢʣʠʯʝʩʢʠʭ ʜʠʘʨʠʣʡʦʜʦʥʠʝʚʳʭ ʩʦʣʝʡ [16], 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪʁ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ N-ʟʘʤʝʱʝʥʥʳʝ ʘʤʠʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ N-

ʙʝʥʟʠʣʘʤʠʜʳ ʠ N-ʬʝʥʠʣʘʤʠʜʳ. ʈʝʘʢʮʠʷ ʈʠʪʪʝʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʥʪʝʟʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ, ʘ ʠʤʝʥʥʦ ʧʨʦʪʠʚʦʘʣʣʝʨʛʠʯʝʩʢʠʭ [17], 
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ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ [18], ʧʨʦʪʠʚʦʛʨʠʧʧʦʟʥʳʭ [19] ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [20]. 

ʈʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʥʠʪʨʠʣʦʚ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʦʨʦʰʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʩʚʦʡʩʪʚʘʤ, ʘʮʝʪʦʥʠʪʨʠʣ ʩʪʘʣ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʤʠʜʳ, 

ʛʝʪʝʨʦʮʠʢʣʳ) ʠʣʠ ʥʠʪʨʠʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʮʠʘʥʠʜʳ) [21].  

ɼʘʥʥʳʡ ʦʙʟʦʨ ʙʫʜʝʪ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ N-

ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʜʦʚ ʧʦ ʨʝʘʢʮʠʠ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ, ʪʦ ʝʩʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʠʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

 

1.1.1 ɸʤʠʜʠʨʦʚʘʥʠʝ ʘʨʠʣ- ʠ ʙʝʥʟʠʣʛʘʣʦʛʝʥʠʜʦʚ ʥʠʪʨʠʣʘʤʠ 

ɺ 2013 ʛʦʜʫ ʛʨʫʧʧʘ ʖʘ [22] ʩʦʦʙʱʠʣʘ ʦ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ 

ʘʤʠʜʠʨʦʚʘʥʠʠ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʥʠʪʨʠʣʘʤʠ. ʈʘʟʣʠʯʥʳʝ N-ʘʨʠʣʘʤʠʜʳ 15 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ ʚʳʭʦʜʘʤʠ 39-75% ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ (ʉʭʝʤʘ 1.2). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 15 

ʯʘʩʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 100 Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʦʩʥʦʚʘʥʠʡ KOH (1.5 

ʵʢʚ.)/Cs2CO3 (0.5 ʵʢʚ.).  

ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʉʭʝʤʝ 1.2. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʟʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʥʦʡ ʩʦʣʠ ɺ, ʢʦʪʦʨʘʷ ʜʘʣʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʤʝʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ɸ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ C. 

ɸʨʠʣʛʘʣʦʛʝʥʠʜʳ 14 ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠ ̫ʢ C ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ D, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

15 ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ɸ 

ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʝʘʢʮʠʠ 1,2-ʜʠʛʘʣʦʛʝʥʙʝʥʟʦʣʦʚ 16, ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʙʝʥʟʦʢʩʘʟʦʣʳ 17, ʘ ʥʝ N-ʘʨʠʣʘʤʠʜʳ (ʊʘʙʣʠʮʘ 1.1). 
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ʉʭʝʤʘ 1.2.  
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ʊʘʙʣʠʮʘ 1.1. ʄʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʘʥʥʝʣʠʨʦʚʘʥʠʷ 1,2-ʜʠʛʘʣʦʛʝʥʙʝʥʟʦʣʦʚ 

ʥʠʪʨʠʣʘʤʠ 

 

R-X 16 RCN ʇʨʦʜʫʢʪ 17 ɺʳʭʦʜ, % 

   
87 

   
74 

   
42 

   
89 

   
57 

 
 

 

50 

ʇʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʙʝʥʟʠʣʘʤʠʜʦʚ 19 ʧʫʪʝʤ ʩʦʯʝʪʘʥʠʷ 

ʙʝʥʟʦʥʠʪʨʠʣʘ 5b ʩ ʙʝʥʟʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʛʨʫʧʧʝ ʌʵʥ [23] 

(ʊʘʙʣʠʮʘ 1.2). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 80 Áʉ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ FeCl2Ŀ4H2O. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ N-ʙʝʥʟʠʣʙʝʥʟʘʤʠʜʳ 19 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 

96% ʟʘ 2 ʯʘʩʘ. ɸʮʝʪʦʥʠʪʨʠʣ ʦʢʘʟʘʣʩʷ ʥʝʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. 
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ʊʘʙʣʠʮʘ 1.2. ʉʦʯʝʪʘʥʠʝ ʙʝʥʟʦʥʠʪʨʠʣʘ ʩ ʙʝʥʟʠʣʛʘʣʦʛʝʥʠʜʘʤʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ FeCl2Ŀ4H2O 

 

R-X 18 ʇʨʦʜʫʢʪ 19 ɺʳʭʦʜ, % 

 
 

96 

 
 

96 

 
 

88 

 
 

94 

 
 

92 

  

92 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ FeCl2Ŀ4H2O ʩʦʯʝʪʘʥʠʷ 

ʙʝʥʟʦʥʠʪʨʠʣʘ ʩ ʙʝʥʟʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʧʦʢʘʟʘʥ ʥʘ ʉʭʝʤʝ 1.3. ʉ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ Fe
2+

 ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ 

ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʧʨʦʮʝʩʩʫ ʘʤʠʜʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʦʙʣʝʛʯʝʥʠʷ 

ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʷʟʠ C-Hal ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʙʝʥʟʦʥʠʪʨʠʣʦʤ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʠʥʪʝʨʤʝʜʠʘʪʘ ɺ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ N-ʙʝʥʟʠʣʘʤʠʜʦʚ 19. 
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ʉʭʝʤʘ 1.3.  

 

ɻʨʫʧʧʦʡ ʌʵʥ [24] ʪʘʢʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-

ʙʝʥʟʠʣʘʤʠʜʦʚ ʠʟ ʙʝʥʟʠʣʛʘʣʦʛʝʥʠʜʦʚ ʠ ʥʠʪʨʠʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʦʛʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʪʦʨʘ Zn(ClO4)2Ŀ6H2O. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 3-5 

ʯʘʩʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 80 Áʉ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʎʝʣʝʚʳʝ N-ʙʝʥʟʠʣʘʤʠʜʳ 

ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 98%. 

ʇʝʨʝʨʘ ʠ ɸʘʢʝʨʦʡ [25] ʩʦʦʙʱʠʣʠ ʦ ʨʝʘʢʮʠʠ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ-

d3 5ʩ ʩ (ʙʨʦʤʤʝʪʠʣʝʥ)ʜʠʙʝʥʟʦʣʦʤ 20 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʙʝʥʟʛʠʜʨʠʣʘʮʝʪʘʤʠʜʘ-

2,2,2-d3 21 (ʉʭʝʤʘ 1.4). 

ʉʭʝʤʘ 1.4.  
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ɼʝʡʪʝʨʦʘʮʝʪʦʥʠʪʨʠʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʝʘʢʮʠʠ ʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʘ. ɹʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ L1 ʧʨʦʜʫʢʪ ʘʤʠʜʠʨʦʚʘʥʠʷ 21 

ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʜʘʞʝ ʙʦʣʝʝ ʯʝʤ ʯʝʨʝʟ 96 ʯ. ʇʦ ʜʘʥʥʳʤ 
1
ʅ ʗʄʈ, ʜʦʙʘʚʣʝʥʠʝ L1 (1 

ʵʢʚ.) ʧʨʠʚʦʜʠʪ ʢ 90% ʢʦʥʚʝʨʩʠʠ 20 ʚ ʧʨʦʜʫʢʪ ʩʧʫʩʪʷ 96 ʯ., ʧʨʠ ʵʪʦʤ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ L1 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 10% 

L1 ʢʦʥʚʝʨʩʠʷ 20 ʚ 21 ʩʦʩʪʘʚʣʷʝʪ 33%, ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 20% L1 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 63%. 

 

1.1.2 ɸʤʠʜʠʨʦʚʘʥʠʝ ʩʦʣʝʡ ʜʠʘʨʠʣʠʦʜʦʥʠʷ ʥʠʪʨʠʣʘʤʠ  

ʄʝʪʦʜ ʩʠʥʪʝʟʘ N-ʘʨʠʣʘʤʠʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ 

ʘʤʠʜʠʨʦʚʘʥʠʷ ʩʦʣʝʡ ʜʠʘʨʠʣʠʦʜʦʥʠʷ 22 ʥʠʪʨʠʣʘʤʠ 5 ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʨʫʧʧʦʡ ɼʞʠ 

[26] ʚ 2021 ʛʦʜʫ (ʉʭʝʤʘ 1.5).  

ɺ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  rʨʘʟʣʠʯʥʳʝ ʟʘʤʝʱʝʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʥʠʪʨʠʣʳ, ʧʨʠ ʵʪʦʤ N-ʘʨʠʣʘʤʠʜʳ ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʦʪ 

ʫʤʝʨʝʥʥʳʭ ʜʦ ʦʪʣʠʯʥʳʭ (57-90%). ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʥʠʪʨʠʣʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ N-

ʘʨʠʣʘʤʠʜʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʢʘʟʘʥ ʥʘ ʉʭʝʤʝ 1.5. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʘʪʘʣʠʟʘʪʦʨ CuX2 ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʠʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ CuX. ɼʘʣʝʝ, ʩʦʣʠ ʜʠʘʨʠʣʠʦʜʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Cu(I) ʦʙʨʘʟʫʶʪ ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ Cu(III)  ɸ. 

ʀʥʪʝʨʤʝʜʠʘʪ ɸ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʪʨʠʣʘʤʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʨʠʣʢʘʪʠʦʥʥʳʭ ʯʘʩʪʠʮ ʉ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʤʝʜʠʘʪʘ B c ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ Cu(I) ʠ ʝʛʦ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʘʨʠʣʢʘʪʠʦʥʥʳʝ ʯʘʩʪʠʮʳ C 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ N-

ʘʨʠʣʘʤʠʜʦʚ. 
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ʉʭʝʤʘ 1.5.  

 

 

1.1.3 ɸʤʠʜʠʨʦʚʘʥʠʝ ʘʨʠʣʜʠʘʟʦʥʠʷ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ ʥʠʪʨʠʣʘʤʠ 

ɺ 2018 ʛ. ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ N-ʘʨʠʣʘʮʝʪʘʤʠʜʦʚ 15 ʧʫʪʝʤ ʩʦʯʝʪʘʥʠʷ 

ʘʨʠʣʜʠʘʟʦʥʠʷ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʚ 27 ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ 5ʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʨʫʧʧʦʡ ʊʘʥ [27]. ʈʝʘʢʮʠ ̫ʧʨʦʪʝʢʘʝʪ 12 
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ʯʘʩʦʚ ʧʨʠ 80 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ N2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʘʥʠʷ K3PO4 (ʉʭʝʤʘ 1.6).  

ʉʭʝʤʘ 1.6.  

 

N-ʬʝʥʠʣʘʮʝʪʘʤʠʜʳ 15 ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʫʯʘʶʪʩʷ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 91%. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʚʦʟʜʫʭʫ ʨʝʘʛʝʥʪʦʚ. 

ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʘʤʠʜʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʉʭʝʤʝ 1.6. ʉʥʘʯʘʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʨʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ ʠʟ ʘʨʠʣʜʠʘʟʦʥʠ ̫ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 
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27 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ. ɿʘʪʝʤ ʨʘʜʠʢʘʣ ɸ ʨʝʘʛʠʨʫʝʪ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ 5ʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʘ ɺ, ʢʦʪʦʨʳʡ ʚ ʭʦʜʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ (SET) 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʠʦʥʘ ʉ. ʅʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʚʦʜʳ ʢʘʪʠʦʥʘ ʉ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ N-ʬʝʥʠʣʘʮʝʪʘʤʠʜʘ 15. 

 

1.1.4 ɸʤʠʜʠʨʦʚʘʥʠʝ ʘʣʢʠʣʙʝʥʟʦʣʦʚ ʥʠʪʨʠʣʘʤʠ  

ɺ 2002 ʛ. ʀʰʠ [28] ʩ ʢʦʣʣʝʛʘʤʠ ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʠ ʦʙ ʘʤʠʜʠʨʦʚʘʥʠʠ 

ʘʣʢʠʣʙʝʥʟʦʣʦʚ 28 ʧʨʦʧʠʦʥʠʪʨʠʣʦʤ 5d ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʟʘʪʦʨʘ N-

ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ (NHPI) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʢʠʩʣʠʪʝʣʝʤ ʥʠʪʨʘʪʦʤ ʘʤʤʦʥʠʷ ʮʝʨʠʷ 

(IV) (CAN). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ N-ʙʝʥʟʠʣʧʨʦʧʠʦʥʘʤʠʜʳ 29 ʩ 

ʚʳʭʦʜʦʤ 19-75% ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʪʦʣʫʦʣʘ ʩ ʭʦʨʦʰʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʉʭʝʤʘ 1.7). 

ɺ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʜʘʤʘʥʪʘʥʳ. 

ʉʭʝʤʘ 1.7.  

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʨʝʘʢʮʠʝʡ NHPI ʩ 

CAN ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʪʘʣʠʤʠʜ-N-ʦʢʩʠʜʘ (PINO), ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʢʣʶʯʝʚʳʤ 
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ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʙʝʥʟʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʉʭʝʤʘ 1.7) [29-30]. 

ʆʙʨʘʟʫʶʱʠʡʩʷ PINO ʦʪʨʳʚʘʝʪ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʦʪ ʩʫʙʩʪʨʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ A, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Ce(IV), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʢʘʪʠʦʥʘ B. ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʘʨʙʦʢʘʪʠʦʥ B ʨʝʘʛʠʨʫʝʪ ʩ ʧʨʦʧʠʦʥʠʪʨʠʣʦʤ, ʦʙʨʘʟʫʷ ʠʥʪʝʨʤʝʜʠʘʪ 

ʉ. ʇʦʩʣʝʜʫʶʱʘʷ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ N-ʙʝʥʟʠʣʧʨʦʧʠʦʥʘʤʠʜʦʚ 29. ɽʩʣʠ 

ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʪʴ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʙʝʥʟʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ ɸ ʙʫʜʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʆ2, ʘ ʥʝ ʩ ʉʝ(IV), ʦʙʨʘʟʫʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʘʣʴʜʝʛʠʜʳ. 

ɺ ʛʨʫʧʧʝ ʅʘʠʨʘ [31] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʭʦʞʠʡ ʤʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ NaN3 ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʘ ʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ 5ʘ (ʉʭʝʤʘ 1.8). 

ʉʭʝʤʘ 1.8.  

 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʘʟʠʜ-ʠʦʥʘ ʜʦ ʘʟʠʜ-

ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʉ-ʅ ʩʚʷʟʴ ʧʫʪʝʤ ʝʝ ʨʘʟʨʳʚʘ ʩ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ. ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ɸ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʢʘʪʠʦʥʘ ɺ. ʇʦʩʣʝʜʫʶʱʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʥʟʠʣʴʥʦʛʦ ʢʘʨʙʢʘʪʠʦʥʘ ɺ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ 
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ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʦʚ 30. ɼʘʥʥʳʡ 

ʧʦʜʭʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ ʛʨʫʧʧʳ ʀʰʠ [28] ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʫʙʩʪʨʘʪʦʚ. 

ʆʜʥʘʢʦ N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʳ 30 ʧʦʣʫʯʘʶʪʩʷ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (30-58%) ʠʟ-

ʟʘ ʥʝʠʟʙʝʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

1.1.5 ɸʤʠʜʠʨʦʚʘʥʠʝ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʚ ʥʠʪʨʠʣʘʤʠ  

ɺ 2022 ʛʦʜʫ ʚ ʛʨʫʧʧʝ ʃʠʫ [32] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʜʦʚ ʠʟ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʚ 31 ʠ ʥʠʪʨʠʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʩʥʦʚʘʥʠʷ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ KOH (ʉʭʝʤʘ 1.9).  

ʉʭʝʤʘ 1.9.  
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ʎʝʣʝʚʳʝ N-ʘʨʠʣʘʤʠʜʳ ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ 

(30-75%). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 12 ʯʘʩʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʜʨʫʛʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʢʪʠʚʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ, ʥʠʪʨʠʣ r ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʢʫʨʩʦʨʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʠʟʦʪʠʦʮʠʘʥʘʪʳ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʘʤʠʥʘʤ. 

ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʉʭʝʤʝ 1.9. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʘʮʝʪʦʥʠʪʨʠʣ 5ʘ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʜʦ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʘʣʝʝ ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʨʝʘʛʠʨʫʝʪ ʩ ʠʟʦʪʠʦʮʠʘʥʘʪʦʤ 31 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ɸ. ʅʘʢʦʥʝʮ, ʠʥʪʝʨʤʝʜʠʘʪ ɸ ʪʝʨʷʝʪ ʢʘʨʙʦʥʠʣʩʫʣʴʬʠʜ (COS), ʧʨʠʚʦʜʷ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ N-ʬʝʥʠʣʘʮʝʪʘʤʠʜʘ 15. 

 

1.1.6 ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ C(sp
2
)-H ʩʚʷʟʝʡ ʚ ʨʝʘʢʮʠʷʭ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ ʥʠʪʨʠʣʘʤʠ  

ɺ 2015 ʛʦʜʫ ʛʨʫʧʧʦʡ ʈʝʜʰʦʫ [33] ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʘʤʠʜʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʟʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʠʯʝʤ 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ (ʉʭʝʤʘ 1.10). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪʘ ʤʝʜʠ (II) Cu(OTf)2, 

ʦʢʠʩʣʠʪʝʣʷ 2-(ʜʠʘʮʝʪʦʢʩʠʠʦʜ)ʤʝʟʠʪʠʣʝʥʘ MesI(OAc)2, ʚʦʜ r(3 ʵʢʚ.) ʠ ʜʠʭʣʦʨʵʪʘʥʘ 

(ɼʍʕ) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ 

ʚ ʪʝʯʝʥʠʝ 15 ʯʘʩʦʚ. ʇʨʦʜʫʢʪ rʘʤʠʜʠʨʦʚʘʥʠʷ N-ʬʝʥʠʣʙʝʥʟʘʤʠʜʳ 24 ʧʦʣʫʯʘʶʪʩʷ ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ 35 ʜʦ 93%.  

ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʘʢ 

ʩʪʝʨʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʦʣʴʢʦ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʠʟʦʤʝʨʦʚ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 
1
H ʗʄʈ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʭʣʦʨʙʝʥʟʦʣ ʠ ʥʠʪʨʦʙʝʥʟʦʣ, ʥʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ N-ʬʝʥʠʣʙʝʥʟʘʤʠʜʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ.  
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ʉʭʝʤʘ 1.10.  

 

ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ 

ʉʭʝʤʝ 1.10. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ 

ʢʦʣʴʮʝ, ʠʥʠʮʠʠʨʫʝʤʦʝ ʪʨʠʤʝʪʠʣʩʠʣʠʣ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪʦʤ TMSOTf, 
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ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʝʡ ʜʠʘʨʠʣʠʦʜʦʥʠʷ 33. ɸʢʪʠʚʥʘʷ ʬʦʨʤʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

CuOTf, ʦʙʨʘʟʫʶʱʘʷʩʷ ʠʟ Cu(OTf)2 ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ, ʦʢʠʩʣʷʝʪʩʷ ʩʦʣʷʤʠ ʜʠʘʨʠʣʠʦʜʦʥʠʷ 33 ʜʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ɸ, 

ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʣʠʛʘʥʜʥʦʤʫ ʦʙʤʝʥʫ ʩ ʙʝʥʟʦʥʠʪʨʠʣʦʤ 5b ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ɺ. ʏʘʩʪʠʮʳ Cu(III) ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʠʜʨʦʣʠʟʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʙʝʥʟʦʥʠʪʨʠʣʘ, ʦʙʨʘʟʫʷ ʠʥʪʝʨʤʝʜʠʘʪ ʉ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ N-

ʬʝʥʠʣʙʝʥʟʘʤʠʜʦʚ 24 ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ CuOTf ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʜʦ ʯʝʪʳʨʝʭ 

ʵʢʚʠʚʘʣʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ ʘʨʠʣʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ N-ʘʨʠʣʘʤʠʜʦʚ 

ʩʝʣʝʢʪʠʚʥʦ ʚ ʤʝʪʘ-ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʦ-ʢʩʠʣʦʣʘ 

32ʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʙʝʥʟʦʥʠʪʨʠʣʘʤʠ (ʉʭʝʤʘ 1.11).  

ʉʭʝʤʘ 1.11.  
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ɹʝʥʟʦʥʠʪʨʠʣʳ ʢʘʢ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ, ʪʘʢ ʠ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʦʢʘʟʘʣʠʩʴ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʘʨʠʣʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ 34 ʧʦʣʫʯʘʶʪʩʷ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (36-51%). 

 

1.2 ʕʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʠʪʨʠʣʘʤʠ  

ʆʨʛʘʥʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʥʥʳʝ N-

ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤ-ʵʢʦʥʦʤʥʳʤ ʠ ʤʘʣʦʩʪʘʜʠʡʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ [34-35]. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ çʙʝʩʩʣʝʜʥʦʛʦè ʨʝʘʛʝʥʪʘ, ʚʳʟʳʚʘʪʁ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʚ 

ʨʝʘʢʮʠʷʭ ʜʝʛʠʜʨʠʨʫʶʱʝʛʦ C-H/N-H ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʈʝʘʢʮʠʠ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ 

ʣɻʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʘʣʢʘʥʦʚ [36-37], ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ [38], 

ʢʝʪʦʥʦʚ [39] ʙʳʣʠ ʦʧʠʩʘʥʳ ʝʱʝ ʚ 1970-ʭ ʛʦʜʘʭ. ʉ ʪʝʭ ʧʦʨ ʠʟʫʯʝʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ ʥʝʩʢʦʣʴʢʦ ʟʘʪʦʨʤʦʟʠʣʦʩʴ. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʤʠʨʦʚʳʝ ʫʯʝʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʰʘ ʛʨʫʧʧʘ, 

ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʘʤʠʜʠʨʦʚʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʚʷʟʝʡ C(sp
3
)-H 

ʙʝʥʟʠʣʴʥʳʭ [40-45] ʠ C(sp
2
)-H ʘʨʦʤʘʪʠʯʝʩʢʠʭ [45-50] ʮʝʥʪʨʦʚ. ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ C-H/N-H ʵʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʦʯʝʪʘʥʠʶ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʩ ʫʯʘʩʪʠʝʤ ʧʘʨʪʥʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ [51-56]. 

 

1.2.1 ʕʣʝʢʪʨʦʩʠʥʪʝʟ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʥʠʪʨʠʣʦʚ 

ɺ 2017 ʛʦʜʫ ʛʨʫʧʧʘ ʃʝʷ [40] ʩʦʦʙʱʠʣʘ ʦ ʧʦʣʫʯʝʥʠʠ N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʦʚ 30 

ʠʟ ʘʣʢʠʣʙʝʥʟʦʣʦʚ ʤʝʪʦʜʦʤ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʄʉʂ) ʢʘʢ ʢʠʩʣʦʪʳ ɹʨʝʥʩʪʝʜʘ 

(ʉʭʝʤʘ 1.12). ʇʨʦʜʫʢʪʳ ʘʤʠʜʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘ-, ʤʝʪʘ- ʠ ʦʨʪʦ-

ʟʘʤʝʱʝʥʥʳʭ ʪʦʣʫʦʣʦʚ ʧʦʣʫʯʘʶʪʩʷ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ 53-64%. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʠʩʭʦʜʥʳʝ 

ʩʫʙʩʪʨʘʪʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʢʦʥʚʝʨʩʠʠ. ɹʝʥʟʘʣʴʜʝʛʠʜʳ ʠʣʠ 
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ʙʝʥʟʠʣʦʚʳʝ ʩʧʠʨʪʳ (< 2%) ʷʚʣʷʶʪʩʷ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʠʩʣʦʪʳ.  

ɺ 2021 ʛʦʜʫ ʃʘʤʙʝʨʪ ʠ ʐʝʥ [41] ʩʦʦʙʱʠʣʠ ʦʙ ʵʣʝʢʪʨʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʦʚ 30 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʛʦ ʠ 

ʜʦʨʦʛʦʛʦ ʠʦʥʘ ʪʨʠʟʘʤʠʥʦʮʠʢʣʦʧʨʦʧʝʥʠʷ (ʊɸʉ) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 

1.13). ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ, ʩʧʠʨʪʦʚʦʡ, ʘʣʢʠʣʭʣʦʨʠʜʥʦʡ 

ʠ ʪʦʟʠʣʘʪʥʦʡ ʛʨʫʧʧʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ. ʎʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ 30 ʧʦʣʫʯʘʶʪʩʷ ʩ ʫʤʝʨʝʥʥʳʤʠ ʠ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (31-78%). ɹʝʟ 

ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʊɸʉ ʨʝʘʢʮʠʷ ʥʝ 

ʧʨʦʪʝʢʘʝʪ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʪʘ (CFL) ʧʨʦʜʫʢʪʳ ʘʤʠʜʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʣʠʰʴ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ (ʦʢʦʣʦ 9%).   

ʉʭʝʤʘ 1.12.  

 

ʄʝʭʘʥʠʩʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʘʥʥʦʡ ʵʣʝʢʪʨʦʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʉʭʝʤʝ 1.14. ʂʘʪʘʣʠʟʘʪʦʨ TAC ʦʜʥʦʵʣʝʢʪʨʦʥʥʦ ʦʢʠʩʣʷʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʜʠʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ɸ. ʆʙʣʫʯʝʥʠʝ ɸ ʧʨʠʚʦʜʠʪ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ɺ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʩʫʙʩʪʨʘʪʘ 28 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʉ. 

ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ D, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʚʪʦʨʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʣʠʙʦ ʜʠʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʤ ʊɸʉ A, 

ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘ ʘʥʦʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʘʨʙʦʢʘʪʠʦʥʫ E. 

ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʢ ɽ ʧʦ ʨʝʘʢʮʠʠ ʈʠʪʪʝʨʘ ʦʙʨʘʟʫʝʪ 

ʠʥʪʝʨʤʝʜʠʘʪ F. ʇʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ʛʠʜʨʦʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ N-

ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʦʚ 30. 

ʉʭʝʤʘ 1.13.  

 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ ʦʢʠʩʣʝʥʠ ̫ʵʣʝʢʪʨʦʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ TAC, ʘ ʥʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ ʨʠʩʢ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ.  

ɺ 2022 ʛʦʜʫ ʛʨʫʧʧʦʡ ʁʝ [42] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʝɦ ʝ ʦʜʠʥ ʧʨʠʤʝʨ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʘʣʢʠʣʙʝʥʟʦʣʦʚ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ H2SO4, ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʙʝʟ 

ʨʘʟʜʝʣʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʭʝʤʘ 

1.15). 

ʉʭʝʤʘ 1.14.  

 

N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʳ 30, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʚ 

ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ (F, Cl, Br, I, CN, NO2, NH2, Alk , Ac, Ph, OMe) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 
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ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʜʦ 85%. ɼʘʥʥʳʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʩʫʙʩʪʨʘʪʳ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʘʣʢʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʤʠʜʠʨʦʚʘʥʠʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʦʜʥʦʡ 

ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʝ.  

ʉʭʝʤʘ 1.15.  

 

ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʩʫʣʴʬʘʪ-ʘʥʠʦʥ SO4
2-
 ʦʜʥʦʵʣʝʢʪʨʦʥʥʦ 

ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʘʥʦʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ SO4
-
. ʗʚʣʷʷʩʴ ʘʢʪʠʚʥʳʤ ʘʢʮʝʧʪʦʨʦʤ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ, SO4
-
 ʦʪʨʳʚʘʝʪ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʦʪ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʘʥʦʜʝ ʜʦ 

ʢʘʨʙʦʢʘʪʠʦʥʘ. ɼʘʣʝʝ ʢʘʨʙʢʘʪʠʦʥ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʥʠʪʨʠʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ N-

ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʳ. 

ɺ 2023 ʛʦʜʫ ʝʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʘʤʠʜʠʨʦʚʘʥʠʷ ʘʣʢʠʣʙʝʥʟʦʣʦʚ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʨʫʧʧʦʡ ʏʞʦʫ [43]. ʈʝʘʢʮʠʷ 
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ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) ʚ ʷʯʝʡʢʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪ r (TfOH), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-

ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʦʚ 30 ʩ ʚʳʭʦʜʘʤʠ ʦʪ 20 ʜʦ 91% (ʉʭʝʤʘ 1.16).  

ʉʭʝʤʘ 1.16.  
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ʉʫʙʩʪʨʘʪʳ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʯʝʤ ʩʫʙʩʪʨʘʪʳ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʙʝʥʟʠʣʴʥʳʭ CïH 

ʩʚʷʟʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʦʣʴʮʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʜʣʠʥʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ ʮʝʧʷʤʠ ʠʣʠ ʙʦʣʝʝ ʦʙʲʝʤʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [57-

60] ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʉʭʝʤʘ 1.16). ʉʥʘʯʘʣʘ ʥʘ ʘʥʦʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ 28ʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ. ɼʘʣʝʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʫʪʠ ʨʝʘʢʮʠʠ. ʅʘ ʧʫʪʠ 1 ʨʘʜʠʢʘʣ ɸ 

ʨʝʘʛʠʨʫʝʪ ʩ MeCN ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʥʘʯʘʣʘ ʨʘʜʠʢʘʣʘ A1, ʘ ʟʘʪʝʤ ʢʘʪʠʦʥʘ ʥʠʪʨʠʣʠʷ 

ɺ1 ʧʦʩʣʝ ʝʱʝ ʦʜʥʦʛʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʅʘ ʧʫʪʠ 2 ʨʘʜʠʢʘʣ ɸ 

ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʢʘʨʙʢʘʪʠʦʥʘ ɺ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ MeCN ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɺ1. ʂʘʪʠʦʥ ʥʠʪʨʠʣʠʷ ɺ1 ʨʝʘʛʠʨʫʝʪ ʩ OTf
ï
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʉ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʝʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʘ N-(1-

ʬʝʥʠʣʵʪʠʣ)ʘʮʝʪʘʤʠʜʘ 30ʘ ʠ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ. ʂʘʪʠʦʥ 

ʥʠʪʨʠʣʠʷ B1 ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʛʠʜʨʦʣʠʟʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

30ʘ. ʅʘ ʢʘʪʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ClO4
ï
 ʜʦ Cl

ï
 ʠ H2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ H

+
.  

 

1.2.2 ʕʣʝʢʪʨʦʩʠʥʪʝʟ N-ʘʨʠʣʘʤʠʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʥʠʪʨʠʣʦʚ 

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʣʘ 

35 ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʙʳʣ ʦʧʠʩʘʥ ʚ 2014 ʛʦʜʫ ɹʘʨʙʦʡ ʠ ʢʦʣʣʝʛʘʤʠ [46]. ʈʝʘʢʮʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠ ̫ʚ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ 

ʧʦʪʝʥʮʠʘʣʝ +2.8 ɺ (ʦʪʥ. Ag/AgCl) ʚ ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 

Bu4NBF4 (ʉʭʝʤʘ 1.17). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʣʫʯʘʝʪʩʷ 2-
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(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʘʮʝʪʘʥʠʣʠʜ 36 ʩ ʚʳʭʦʜʦʤ 86% ʚʤʝʩʪʝ ʩ 10%-ʥʦʡ ʩʤʝʩʴʶ 3-

(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʘʮʝʪʘʥʠʣʠʜʘ ʠ 4-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʘʮʝʪʘʥʠʣʠʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʘʤʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻʍ) ʠ 
1
ʅ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʜʨʫʛʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠʣʠ 

ʥʠʪʨʠʣʦʚ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʥʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ. 

ʉʭʝʤʘ 1.17.  

 

ʆʙʨʘʟʦʚʘʥʠʝ 2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʘʮʝʪʘʥʠʣʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʟʦʤʝʨʘ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʠʣʴʥʳʤ ʠʥʜʫʢʪʠʚʥʳʤ ʵʬʬʝʢʪʦʤ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʠʮʠʪʫ ʟʘʨʷʜʘ ʚ ʩʦʩʝʜʥʠʭ ʧʦʣʦʞʝʥʠʷʭ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʣʝʛʯʘʷ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʥʠʪʨʠʣʘ. 

ɺ 2022 ʛʦʜʫ ʚ ʛʨʫʧʧʝ ɹʘʥʘʨʜʞʠ [47] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʘʤʠʜʠʨʦʚʘʥʠ ʁ ʧʨʦʠʟʚʦʜʥʳʭ ʬʝʥʦʣʘ ʩ ʘʣʢʠʣʴʥʳʤʠ, 

ʘʣʴʜʝʛʠʜʥʳʤʠ ʠ ʢʝʪʦʥʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ N-(4-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜʘʤ 38 (ʉʭʝʤʘ 1.18). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʝʛʝʦʩʝʣʝʢʪʠʚʥʦ ʚ 

ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʣʠʰʴ 

ʬʝʥʦʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ.  

ɿʘʤʝʩʪʠʪʝʣʠ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʚʨʝʤʷ ʩʠʥʪʝʟʘ. ɺʳʭʦʜʳ N-ʘʨʠʣʘʮʝʪʘʤʠʜʦʚ 38 ʥʠʞʝ ʜʣʷ ʬʝʥʦʣʦʚ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʢʦʣʴʮʝ (-NO2, -CF3, -CHO, Ac), ʧʨʠ ʵʪʦʤ 
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ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʕʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ 

ʬʝʥʦʣʦʚ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʢʦʣʴʮʝ (Me, Et) ʧʨʦʪʝʢʘʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ.  

ʉʭʝʤʘ 1.18. 

 

ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʉʭʝʤʝ 1.18. 

ʈʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʬʝʥʦʣʘ 37ʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʘʜʠʢʘʣʘ B, ʜʘʣʴʥʝʡʰʝʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ 

ʢʘʨʙʦʢʘʪʠʦʥʫ C. ʂʘʨʙʦʢʘʪʠʦʥ C ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʪʘʜʠʷʤ 

ʨʝʘʢʮʠʠ ʈʠʪʪʝʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʘ ʥʠʪʨʠʣʠʷ E, 

ʢʦʪʦʨʳʡ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʦʣʠʟ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʘʮʝʪʘʤʠʥʦʬʝʥʘ 38a. 

ɺ 2023 ʛʦʜʫ ʛʨʫʧʧʦʡ ʁʝ [48] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ 
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ʢʦʣʴʮʝ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚ (ʉʭʝʤʘ 1.19).  

ʉʭʝʤʘ 1.19.  
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ʄʦʥʦ-, ʜʠ- ʠ ʪʨʠʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʣʘ ʩ COOʄʝ, SO3CH3, CN, CF3, 

Br, Cl, F ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ N-ʬʝʥʠʣʘʮʝʪʘʤʠʜʳ 40 ʩ ʚʳʭʦʜʘʤʠ ʦʪ 39 ʜʦ 75%. 

ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ (4 ʵʢʚ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ.  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʘʤʠʜʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʉʭʝʤʝ 1.19. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʘʪ ʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʫʣʴʬʘʪ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʦʢʠʩʣʝʥʠʠ 4-

ʙʨʦʤʙʝʥʟʦʥʠʪʨʠʣʘ 39ʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ ɸ. ɿʘʪʝʤ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ A ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʧʨʠʚʦʜʷ ʢ 

ʨʘʜʠʢʘʣʫ ɺ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ɺ ʥʘ ʘʥʦʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʪʠʦʥʘ ʉ. ʂʘʪʠʦʥ ʉ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʘ 

ʥʠʪʨʠʣʠʷ D. ʇʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʦʣʠʟ D ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ N-(2-ʙʨʦʤ-

5-ʮʠʘʥʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜʫ 40ʘ. ɼʨʫʛʦʡ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ 39 ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ 

ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʪʠʦʥʘ, ʢ ʢʦʪʦʨʦʤʫ 

ʜʘʣʝʝ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʘʮʝʪʦʥʠʪʨʠʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʘʨʠʣʘʤʠʜʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʠʣʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ, ʢʘʢ ʭʠʤʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʩʠʥʪʝʟʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʳʙʦʨ ʩʫʙʩʪʨʘʪʦʚ, ʯʘʩʪʦ ʧʦʚʳʰʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʢʠʩʣʦʪʥʳʭ ʜʦʙʘʚʦʢ, ʠʥʦʛʜʘ ʜʦʨʦʛʠʭ ʠ ʪʨʫʜʥʦ-

ʜʦʩʪʫʧʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʦʚ, ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʪʭʦʜʦʚ ʠ ʪ.ʜ. ʄʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ ʘʤʠʜʠʨʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, 

ʤʘʣʦʦʙʦʩʥʦʚʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ ʠʩʭʦʜʷʪ ʠʟ ʦʙʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʢʣʶʯʝʚʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʳ, ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʜʦʢʩ-

ʩʚʦʡʩʪʚʘ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʦʚ. 
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2. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

2.1 ʕʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ 

ʕʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ ʥʠʪʨʠʣʘʤʠ 

ʅʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʚ ʧʨʦʩʪʳʭ ʠ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ: ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʥʝʰʥʠʭ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʠʩʣʦʪ [49-50]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʜʙʦʨʘ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ʙʝʥʟʦʣ 1a ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʦʙʳʯʥʦ ʙʦʣʝʝ 

ʠʥʝʨʪʥʳʡ ʠ ʪʨʫʜʥʦ ʨʝʘʛʠʨʫʶʱʠʡ ʩʫʙʩʪʨʘʪ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠʩʴ ʩ 

ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʪʚʦʨʘ 1a ʚ ʄʝCN ʚ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ, ʦʩʥʘʱʝʥʥʦʡ ʧʣʘʪʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʠ ʧʠʨʠʜʠʥʠʷ PyHBF4 ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ N-ʬʝʥʠʣʘʮʝʪʘʤʠʜ (2ʘ) ʩ 

ʚʳʭʦʜʦʤ 67% (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 1). ɼʦʙʘʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʶ ʚʦʜʳ (0.8 ʵʢʚ.) 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʦ ʚʳʭʦʜ 2ʘ ʜʦ 82% (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 2). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (~0.02%, Merck), ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ. ʆʜʥʘʢʦ ʠʟʙʳʪʦʢ ʚʦʜʳ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 2ʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʢʫʨʠʨʫʶʱʘʷ 

ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʝʥʦʣʘ [61] (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 3-4). ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ 

ʦʞʠʜʘʪʴ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 2ʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 

5). ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 6). 

ɿʘʤʝʥʘ PyHBF4 ʥʘ Et4NBF4 ʠ Bu4NBF4 ʥʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ 2ʘ 

(ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 7-8), ʪʦʛʜʘ ʢʘʢ ʵʣʝʢʪʨʦʣʠʪʳ Et4NBr ʠ Et4NCl ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 9-10) ʠʟ-ʟʘ ʠʭ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʠ ʙʦʣʝʝ ʨʘʥʥʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ (+1.40 ʠ +1.43 ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʠ ʩʦʣʠ ʪʘʢʞʝ ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ 

ʥʫʢʣʝʦʬʠʣʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ. 
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ʊʘʙʣʠʮʘ 2.1. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 1ʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ
a
. 

 
 

 ̄ ʆʪʣʠʯʠʷ ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ ɺʳʭʦʜ 2a, %
b
 

1 ɹʝʟ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ (0.8 ɻ ʢʚ.) 67 

2 - 82 (70
ʩ
) 

3 H2O (2 / 5 / 10 ʵʢʚ.) 75 / 62 / 20 

4 ʄʝCN:H2O (1:1 ï 10:1) 0 

5 N2, ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʳʡ MeCN, ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ  0 

6 ɹʝʟ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 12 ʯ ʥ.ʨ. 

7 Et4NBF4 ʚʤʝʩʪʦ PyHBF4 81 

8 Bu4NBF4 ʚʤʝʩʪʦ PyHBF4 79 

9 Et4NCl ʚʤʝʩʪʦ PyHBF4, 6 ʯ 33 

10 Et4NBr ʚʤʝʩʪʦ PyHBF4, 6 ʯ 26 

11 ʉʋ(+) - Pt(-) 66 

12 I = 25 ʤA, 3.5 ʯ 65 

13 I = 60 ʤA, 1.5 ʯ 73 

14 ɼʍʄ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʄʝCN (1-5 ʵʢʚ.) 0 

15 ɼʍʄ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʄʝCN (10 / 30 / 100 ʵʢʚ.) 29 / 36 / 51 

16 ʗʯʝʡʢʘ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ 24 

17 ʗʯʝʡʢʘ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ, H2SO4 (4 ʵʢʚ.) 53 

18 ʅʘʛʨʝʚʘʥʠʝ 50 Üʉ 40 

a
ʉʪʘʥʜʘʨʪʥʳʝ ʫʩʣʦʚʠʷ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚ; ʘʥʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: 1ʘ (1.2 ʤʤʦʣʴ, 107 ʤʢʣ), H2O (0.8 ʵʢʚ., 0.96 ʤʤʦʣʴ, 17 ʤʢʣ), 

MeCN (30 ʤʣ); ʢʘʪʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ PyHBF4 (3.0 ʵʢʚ., 3.6 ʤʤʦʣʴ, 0.6 ʛ) 

ʚ MeCN; Pt ʘʥʦʜ (20 ʩʤ
2
), Pt ʢʘʪʦʜ (10 ʩʤ

2
), ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (23-25 Áʉ), ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ I 

= 35 ʤA (2.4 ʌ). 
b
ɺʳʭʦʜ ʦʧʨʝʜʝʣʝʥ ʧʦ 

1
H ʗʄʈ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʜʘʨʪʘ. 
c
ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʥ.ʨ. = ʥʝʪ ʨʝʘʢʮʠʠ. 
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ɿʘʤʝʥʘ ʧʣʘʪʠʥʦʚʦʛʦ ʘʥʦʜʘ ʥʘ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ (ʉʋ) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʚʳʭʦʜʘ 2ʘ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 11), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʜʩʦʨʙʮʠʶ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʨʤʦʞʝʥʠʶ ʮʝʣʝʚʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʣʘʪʠʥʦʚʳʡ ʵʣʝʢʪʨʦʜ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ 35 ʤɸ ʦʢʘʟʘʣʩʷ ʦʧʪʠʤʘʣʴʥʳʤ. ʋʤʝʥʴʰʝʥʠʝ ʪʦʢʘ ʧʨʠʚʦʜʠʪ 

ʢ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʠ ʥʝʧʦʣʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ, ʪʦʛʜʘ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 12-13). ɺ ʜʠʭʣʦʨʤʝʪʘʥʝ (ɼʍʄ) ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ 1ʘ:MeCN 1:1-1:5 ʧʨʦʜʫʢʪ 2ʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 14). 

ʇʨʦʜʫʢʪ 2ʘ ʧʦʣʫʯʘʝʪʩʷ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʙʳʪʢʘ 

ʥʠʪʨʠʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʫ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 15). 

ɺʳʭʦʜ 2ʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʷʯʝʡʢʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ, ʭʦʪʷ ʜʦʙʘʚʣʝʥʠʝ ʢʠʩʣʦʪʳ ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʘʝʪ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 16-17). ʅʘʛʨʝʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦ 

50 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 2ʘ (ʊʘʙʣʠʮʘ 2.1, ʦʧʳʪ 18), 

ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʮʝʪʘʥʠʣʠʜ ʧʨʝʪʝʨʧʝʚʘʝʪ ʛʠʜʨʦʣʠʟ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʣʠʥʘ. 

ʇʦʜʦʙʨʘʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʣʝʝ ʜʣʷ 

ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ (ʉʭʝʤʘ 2.1). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ 

ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʣʘ 1b ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʪʦ- ʠ ʤʝʪʘ-ʟʘʤʝʱʝʥʥʳʭ 

ʘʥʠʣʠʜʦʚ 2b-a, 3b-a, 2b-b, 3b-b ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʩ ʦʙʱʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʨʪʦ:ʤʝʪʘ:ʧʘʨʘ 3:3:1 (2b) ʠ 3:3:2 (3b). ʉʪʨʫʢʪʫʨʘ 2b-a 

ʧʦʜʪʚʝʨʞʜʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (CCDC 

2336800). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 1,3-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣʘ 1d ʚ 

MeCN ʠ EtCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʟʦʤʝʨʦʚ N-
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ʬʝʥʠʣʘʤʠʜʦʚ 2d ʠ 3d ʩ ʚʳʭʦʜʦʤ 81 ʠ 75%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ 

ʜʨʫʛʠʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ.  

ʉʭʝʤʘ 2.1.  
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ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʘʤʠʜʠʨʦʚʘʥʠʷ ʩʥʠʞʘʝʪʩʷ ʚ ʩʣʫʯʘʝ 1,3,5-

ʪʨʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣʘ 1ʝ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. 

ʆʢʠʩʣʝʥʠʝ 4-ʭʣʦʨ-1-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣʘ 1f ʢʘʢ ʚ MeCN, ʪʘʢ ʠ ʚ EtCN 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʠʣʠʜʦʚ 2f, 3f ʩ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʢ 

ʭʣʦʨʫ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ 84 ʠ 83%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʤʠʜʠʨʦʚʘʥʠʝ 

ʤʦʥʦʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʪʦʨʙʝʥʟʦʣ 1g ʠ ʭʣʦʨʙʝʥʟʦʣ 1h 

ʥʠʪʨʠʣʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (2g-3h, 3g-3h), 

ʪʦʛʜʘ ʢʘʢ ʦʢʠʩʣʝʥʠʝ ʙʨʦʤʙʝʥʟʦʣʘ ʠ ʡʦʜʙʝʥʟʦʣʘ ʚ ʨʘʩʪʚʦʨʝ ʥʠʪʨʠʣʦʚ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ. ʆʢʠʩʣʝʥʠʝ 1h ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʦʤʠʤʦ ʘʥʠʣʠʜʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʘ 2,2'-

ʜʠʭʣʦʨ-1,1'-ʜʠʬʝʥʠʣʘ 8j  (ʉʭʝʤʘ 2.6), ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʄʉ) ʠ 
1
ʅ ʗʄʈ. ʆʢʠʩʣʝʥʠʝ 1,2-ʜʠʭʣʦʨʙʝʥʟʦʣʘ 1i ʚ ʧʨʦʧʠʦʥʠʪʨʠʣʝ 

ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ N-(3,4-ʜʠʭʣʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜʘ ʠʣʠ 

ʧʨʦʧʘʥʠʣʘ 3i-a ʠ N-(3,4-ʜʠʭʣʦʨʬʝʥʠʣ)ʘʮʝʪʘʤʠʜʘ 2i-a ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ 1-ʭʣʦʨ-4-ʬʪʦʨʙʝʥʟʦʣʘ 1k ʠ 1-ʙʨʦʤ-4-ʬʪʦʨʙʝʥʟʦʣʘ 1l ʚ 

ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʬʪʦʨʘ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʘʥʠʣʠʜʳ N-(5-ʭʣʦʨ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ 2k, N-

(5-ʭʣʦʨ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ 3k, N-(5-ʙʨʦʤ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ 

2l, N-(5-ʙʨʦʤ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ 3l, ʥʦ ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʪʘʢ ʢʘʢ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟʦʢʩʘʟʦʣʦʚ 2kk , 2ll , 

3kk , 3ll  (ʉʭʝʤʘ 2.2). 

ɺ ʩʣʫʯʘʝ ʥʠʪʨʦʙʝʥʟʦʣʘ 1n ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʝ. ʇʨʦʜʫʢʪʳ N-(2-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ 2n ʠ 

N-(2-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ 3n ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 39 ʠ 42% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ 1n ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ ʧʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ 7.2 

ʌ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʪʨʦʛʨʫʧʧʳ, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ 
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ʩʪʘʙʠʣʴʥʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʪʠʧʘ N-H...O, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʪʦ-ʠʟʦʤʝʨʘ.  

ʉʭʝʤʘ 2.2. 

 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ 1-ʭʣʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣʘ 1ʨ ʚ EtCN ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʠʟʦʤʝʨ N-(2-ʭʣʦʨ-5-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ 3ʨ ʩ ʚʳʭʦʜʦʤ 83%, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (CCDC 

2336823), ʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 1ʨ ʚ MeCN ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʨʝʛʠʦʠʟʦʤʝʨʘ (2ʨ-ʘ ʠ 2ʨ-b) 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ a:b 7:1 ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 85%. ʇʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ 1ʨ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ 4.8 ʌ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʦʢʠʩʣʝʥʠʝ 1-ʭʣʦʨ-2,4-

ʜʠʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʥʠʪʨʠʣʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ N-ʘʨʠʣʘʤʠʜʫ. ʆʢʠʩʣʝʥʠʝ 1-

ʬʪʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣ 1q ʢʘʢ ʚ MeCN, ʪʘʢ ʠ ʚ EtCN ʜʘʝʪ ʘʥʠʣʠʜʳ 2q ʠ 3q ʩ 

ʚʳʭʦʜʘʤʠ 68 ʠ 72% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʢʠʩʣʝʥʠʝ 1-ʙʨʦʤ-4-ʥʠʪʨʦʙʝʥʟʦʣʘ 1r  ʚ 

MeCN ʠ EtCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʠʣʠʜʦʚ 2r , 3r  ʩ ʤʝʥʴʰʠʤʠ ʚʳʭʦʜʘʤʠ 

(64% ʠ 57%). ʆʙʨʘʟʦʚʘʥʠʝ N-ʘʨʠʣʘʤʠʜʦʚ ʩ ʘʤʠʜʥʦʡ ʩʚʷʟʴʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʢ ʛʘʣʦʛʝʥʫ (Cl, F, Br), ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʟʦʤʝʨʥʳʡ ʵʬʬʝʢʪ ʛʘʣʦʛʝʥʘ ʧʨʝʚʳʰʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʠʪʨʦ- ʠ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ. 
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ʕʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ ʵʬʠʨʘ 1s ʢʘʢ ʚ MeCN, ʪʘʢ ʠ ʚ EtCN ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ a:b:c ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʩ ʦʨʪʦ- ʠ ʤʝʪʘ-ʟʘʤʝʱʝʥʥʳʤʠ ʘʥʠʣʠʜʘʤʠ (2s-a, 

3s-a, 2s-b, 3s-b) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʦʜʫʢʪ 2t ʧʦʣʫʯʘʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 

75% ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʚʫʭ ʠʟʦʤʝʨʦʚ a:b 1.3:1 ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ 

ʜʠʤʝʪʠʣʠʟʦʬʪʘʣʘʪʘ 1t ʚ MeCN. ʆʢʠʩʣʝʥʠʷ 1t ʚ EtCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3t ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ a:b 1.5:1, ʥʦ ʩ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ (64%). 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ ʬʝʥʦʣʘʤ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʢ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-

(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʤʠʜʦʚ (2u-2y, 3u-3y). ɸʮʝʪʘʤʠʥʦʬʝʥ ʠʣʠ ʧʘʨʘʮʝʪʘʤʦʣ 2u 

ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 73% ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʬʝʥʦʣʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʘ-ʭʠʥʦʥʦʚʦʡ ʬʦʨʤʳ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʬʝʥʦʣʘ, ʢʦʪʦʨʘ ̫ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʶ ʧʦ ʪʠʧʫ ʈʠʪʪʝʨʘ ʩ ʥʠʪʨʠʣʦʤ. ɺ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ (ʤʝʥʝʝ 1%) ʛʠʜʨʦʭʠʥʦʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ 

ʜʘʥʥʳʤʠ ɻʍ-ʄʉ. ʆʢʠʩʣʝʥʠʝ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʛʦ ʬʝʥʦʣʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʝ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʘʤʠʜʠʨʦʚʘʥʠʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ 2,4-

ʜʠʭʣʦʨʬʝʥʦʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠ ̫ʤʝʪʠʣʩʘʣʠʮʠʣʘʪʘ 1ʭ ʠ ʵʪʠʣʩʘʣʠʮʠʣʘʪʘ 1ʫ 

ʢʘʢ ʚ MeCN, ʪʘʢ ʠ ʚ EtCN ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʚʫʭ ʪʠʧʦʚ: 

ʘʥʠʣʠʜʦʚ (2ʭ, 3ʭ, 2ʫ, 3ʫ) ʠ ʙʝʥʟʦʢʩʘʟʦʣʦʚ (2ʭʭ, 3ʭʭ, 2ʫʫ, 3ʫʫ) (ʉʭʝʤʘ 2.2). ʇʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (4.8 ʌ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʙʨʘʟʫʁ ʪʩʷ ʙʝʥʟʦʢʩʘʟʦʣʳ. ʇʨʦʜʫʢʪ rʘʤʠʜʠʨʦʚʘʥʠʷ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʘʤʠʜʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʠ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ. 

 

ʕʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʦʣʫʦʣʘ ʥʠʪʨʠʣʘʤʠ 

ʇʨʠ ʥʘʣʠʯʠʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʩʫʙʩʪʨʘʪʘ ʨʝʘʢʮʠʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʠʤʝʥʥʦ ʧʦ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʝ, ʘ ʥʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ (ʉʭʝʤʘ 2.3) [45, 49-50]. 

ɽʩʣʠ ʩʫʙʩʪʨʘʪʳ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

(ʢʩʠʣʦʣʳ, ʤʝʟʠʪʠʣʝʥ), ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ 
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ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʟʘʤʝʱʝʥʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʜʘʞʝ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ. 

ʉʭʝʤʘ 2.3.  

 

ʅʘʣʠʯʠʝ ʘʪʦʤʘ ʙʨʦʤʘ ʚ ʢʦʣʴʮʝ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʘʤʠʜʠʨʦʚʘʥʠʷ, 

ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ - ʘʣʴʜʝʛʠʜʦʚ 

ʠ ʜʠʤʝʨʦʚ [50]. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʦʨʪʦ-, ʤʝʪʘ- ʠ ʧʘʨʘ-ʢʩʠʣʦʣʦʚ ʧʦʤʠʤʦ N-

ʙʝʥʟʠʣʘʤʠʜʦʚ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʩ 

ʚʳʭʦʜʦʤ 8-12% ʧʦ ʜʘʥʥʳʤ 
1
ʅ ʗʄʈ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʜʫʢʪʳ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ. 

 

2.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ), ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ. ʇʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ; 
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ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 2.2. ɼʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʢʠʩʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 2.1. 

 

ʊʘʙʣʠʮʘ 2.2. ʇʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ (ɺ) ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ; ʫʩʣʦʚʠʷ: 

ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ï ʉʋ, ɻ ʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï Ag/AgCl, Bu4NBF4, ʄʝCN.  

ˉ ʉʫʙʩʪʨʘʪ Eox
a
, ɺ ˉ ʉʫʙʩʪʨʘʪ Eox

a
, ɺ 

1ʘ ɹʝʥʟʦʣ +2.56 1w 2-ʄʝʪʠʣʬʝʥʦʣ +1.78 

1b ʊʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʣ ι +3.2 1ʭ ʄʝʪʠʣʩʘʣʠʮʠʣʘʪ +1.85 

1ʩ 1,4-

ɹʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ 

ι +3.2 1ʫ ʕʪʠʣʩʘʣʠʮʠʣʘʪ +2.16 

1d 1,3-

ɹʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ 

ι +3.2 1ʘʘ ʊʦʣʫʦʣ +2.34 

1ʝ 1,3,5-

ʊʨʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ 

ι +3.2 1ab o-ʂʩʠʣʦʣ +2.18 

1f 4-ʍʣʦʨ-1-

(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ 

ι +3.2 1ac ʤ-ʂʩʠʣʦʣ +2.18 

1g ʌʪʦʨʙʝʥʟʦʣ ι+ 3.2  1ad ʧ-ʂʩʠʣʦʣ +2.17 

1h ʍʣʦʨʙʝʥʟʦʣ +2.63 1ae 1-ɹʨʦʤʪʦʣʫʦʣ +2.37 

1i 1,2-ɼʠʭʣʦʨʙʝʥʟʦʣ +2.75 1af 1,3,5-

ʊʨʠʤʝʪʠʣʙʝʥʟʦʣ 

+2.04 

1j 1,4-ɼʠʭʣʦʨʙʝʥʟʦʣ +2.60 1ag 1-ɹʨʦʤ-1,3,5-

ʪʨʠʤʝʪʠʣʙʝʥʟʦʣ 

+2.09 

1k 1-ʍʣʦʨ-4-ʬʪʦʨʙʝʥʟʦʣ +2.49 1za ʅʘʬʪʘʣʠʥ  +1.79 

1l 1-ɹʨʦʤ-4-ʬʪʦʨʙʝʥʟʦʣ +2.46 1zb 2,6-

ɼʠʤʝʪʠʣʥʘʬʪʘʣʠʥ 

+1.62 

1m ɹʝʥʟʦʥʠʪʨʠʣ +2.35 1zc ɸʥʪʨʘʮʝʥ +1.45 

1n ʅʠʪʨʦʙʝʥʟʦʣ ι +3.2 1zd 1,3,5-

ʊʨʠʤʝʪʦʢʩʠʙʝʥʟʦʣ 

+1.59 

1o 1-ʍʣʦʨ-2-ʥʠʪʨʦʙʝʥʟʦʣ ι +3.2 1ze ʁʦʜʙʝʥʟʦʣ +2.35 
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1p 1-ʍʣʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣ ι +3.2 1zg N,N-

ʜʠʤʝʪʠʣʘʥʠʣʠʥ 

+1.06 

1q 1-ʌʪʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣ ι +3.2 1zh ʄʝʪʦʢʩʠʙʝʥʟʦʣ +1.93 

1r 1-ɹʨʦʤ-4-ʥʠʪʨʦʙʝʥʟʦʣ ι +3.2 1zi ɹʨʦʤʙʝʥʟʦʣ +2.59 

1s ʕʪʠʣʙʝʥʟʦʘʪ ι +3.2 1zm 1,3-ɼʠʙʨʦʤʙʝʥʟʦʣ +2.77 

1t ɼʠʤʝʪʠʣʠʟʦʬʪʘʣʘʪ ι +3.2 1zn 1,4-ɼʠʙʨʦʤʙʝʥʟʦʣ +2.57 

1u ʌʝʥʦʣ +1.80 2a ɸʮʝʪʘʥʠʣʠʜ +1.65 

1v 2,6-ɼʠʤʝʪʠʣʬʝʥʦʣ +1.76 2u ʇʘʨʘʮʝʪʘʤʦʣ +1.32 

 

 

ʈʠʩʫʥʦʢ 2.1. ɼʠʘʧʘʟʦʥ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ (ɺ) ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ ʦʢʠʩʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ, ʩʚʳʰʝ +2 ɺ 

(ʊʘʙʣʠʮʘ 2.2, ʨʠʩʫʥʦʢ 2.1). ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʠʪʨʦ (-NO2) ʠ 

ʬʪʦʨʩʦʜʝʨʞʘʱʠʤʠ (-F, -CF3) ʛʨʫʧʧʘʤʠ ʥʝ ʦʢʠʩʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʜʦ +3.2 ɺ. ɹʝʥʟʦʣ 

1ʘ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +2.56 ɺ (ʦʪʥ. Ag/AgCl), ʪʦʛʜʘ ʢʘʢ ʘʨʠʣʛʘʣʦʛʝʥʠʜʳ ʩ 

ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʛʘʣʦʛʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (-F, -Cl, -Br, -I) ʦʢʠʩʣʷʶʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ +2.4 ɺ ʜʦ ʩʚʳʰʝ +3.2 ɺ. ʌʝʥʦʣʳ ʦʢʠʩʣʷʶʪʩʷ ʣʝʛʯʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠʤʝʨʥʦ ʦʪ +1 ʜʦ +2.5 ɺ. ʇʦʪʝʥʮʠʘʣʳ ʦʢʠʩʣʝʥʠʷ ʨʷʜʘ ʘʥʠʣʠʜʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ +1.3 - +2.7 ɺ, ʘʨʠʣʘʤʠʥʦʚ - ʚ ʜʠʘʧʘʟʦʥʝ +0.9 - +1.6 ɺ, ʥʘʬʪʘʣʠʥʦʚ - ʚ 

ʜʠʘʧʘʟʦʥʝ +1 - +1.9 ɺ (ʈʠʩʫʥʦʢ 2.1). ʅʠʪʨʠʣʳ (MeCN, EtCN) ʥʝ ʦʢʠʩʣʷʶʪʩʷ ʚ 

ʜʦʩʪʫʧʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ (ʜʦ +3.2 ɺ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʥʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. 

ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʙʝʥʟʦʣʘ (1ʘ), ʘʮʝʪʘʥʠʣʠʜʘ (2ʘ), ʬʝʥʦʣʘ 

(1u), N-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜʘ ʠʣʠ ʧʘʨʘʮʝʪʘʤʦʣʘ (2u) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

2.2. 1ʘ ʦʢʠʩʣʷʝʪʩʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʥʦ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +2.56 ɺ, ʦʢʠʩʣʝʥʠʝ 2ʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʨʘʥʥʝʤ ʧʦʪʝʥʮʠʘʣʝ +1.65 ɺ. ʆʢʠʩʣʝʥʠʝ 1u ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

+1.8 ɺ, ʘ 2u ʥʝʦʙʨʘʪʠʤʦ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ +1.32 ɺ. ʇʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʪʦʥʳ H
+
, ʪʦ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʮʝʣʝʚʳʝ N-

ʘʨʠʣʘʤʠʜʳ ʤʦʛʫʪ ʯʘʩʪʠʯʥʦ ʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʦʢʠʩʣʝʥʠʝ ʠ ʥʝ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʧʨʦʜʫʢʪʳ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʘʤʠʜʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʚ ʫʯʘʩʪʥʠʢʦʚ ʨʝʘʢʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʙʝʥʟʦʣʘ, ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚʦʜʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʦʢʠʩʣʝʥʠʷ ʠ 

ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʮʝʩʩʘ ʥʝ ʚʩʝʛʜʘ 

ʚʦʟʤʦʞʥʦ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʦʚ ʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ, ʦʢʠʩʣʷʶʱʠʭʩʷ (ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ) ʧʨʠ ʚʳʩʦʢʠʭ 

ʧʦʪʝʥʮʠʘʣʘʭ, ʙʣʠʟʢʠʭ ʢ ʨʘʟʨʷʜʫ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠʣʠ ʚʳʰʝ. ʂ ʪʘʢʠʤ ʪʨʫʜʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, 

ʦʢʠʩʣʷʝʪʩʷ ʚ ʩʨʝʜʥʝ-ʜʘʣʝʢʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʥʦ ʥʝ ʜʘʝʪ ʯʝʪʢʦʛʦ ʧʠʢʘ 
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ʦʢʠʩʣʝʥʠʷ, ʘ ʩʢʦʨʝʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʦʩʪʘʪʦʯʥʳʡ ʪʦʢ ʠ ʧʨʠʙʣʠʞʘʝʪ ʧʦʪʝʥʮʠʘʣ 

ʨʘʟʨʷʜʘ ʬʦʥʘ. 

 

ʈʠʩʫʥʦʢ 2.2. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ (ʎɺɸ): (ʘ) 1a (ʪʝʤʥʦ-ʟʝʣʝʥʳʡ), 2a 

(ʟʝʣʝʥʳʡ); (ʙ) 1u (ʩʠʥʠʡ), 2u (ʞʝʣʪʳʡ). ʋʩʣʦʚʠʷ: C = 5 ʤʄ ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ, 

MeCN, 0.1 ʄ Bu4NBF4, 100 ʤɺ/ʩ. ʈʘʙʦʯʠʡ ʫʛʣʝʨʦʜ ï ʉʋ, ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï 

Ag/AgCl. 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʦʜʥʦʟʥʘʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʧʨʠʨʦʜʳ ʵʣʝʢʪʨʦʣʠʪʘ 

(ʨʘʩʪʚʦʨʠʪʝʣʴ, ʬʦʥʦʚʘʷ ʩʦʣʴ, pH ʩʨʝʜʳ), ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʘ ʘʥʦʜʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʘ 

ʵʣʝʢʪʨʦʣʠʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ H2O
Å+

 [62], ʨʘʜʠʢʘʣ OH
Å
 [63-64], ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʢʦʪʦʨʦʛʦ ʜʘʞʝ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ.  

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʜʳ, ʤʝʪʦʜʦʤ ʎɺɸ 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʦʢʠʩʣʝʥʠʝ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ N-ʪʨʝʪ-ʙʫʪʠʣ-Ŭ-ʬʝʥʠʣʥʠʪʨʦʥʘ 

(PBN) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚ ʅ2ʆ. ʆʢʠʩʣʝʥʠʝ PBN ʚ ʄʝCN 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +1.6 ɺ ʦʪʥ. Ag/AgCl (ʈʠʩʫʥʦʢ 2.3), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [65]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʢ PBN ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ ʥʘ ʎɺɸ, ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʠʢ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʤʝʥʴʰʠʭ ʧʦʪʝʥʮʠʘʣʘʭ 

(å +1.25 ɺ), ʢʦʪʦʨʳʡ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ. ʊʦ ʝʩʪʴ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʜʫʢʪʘ PBN-OH.  
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ʈʠʩʫʥʦʢ 2.3. ʎɺɸ ʦʢʠʩʣʝʥʠʷ PBN ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚ ʚʦʜʳ. 

ʋʩʣʦʚʠʷ: C = 5 ʤʄ, MeCN, 0.1 ʄ Bu4NBF4, 100 ʤɺ/ʩ. ʈʘʙʦʯʠʡ ʫʛʣʝʨʦʜ ï ʉʋ, 

ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ ï Ag/AgCl. 

 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ ʧʨʠʨʦʜʳ ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʕʇʈ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʦʡ 

ʣʦʚʫʰʢʠ PBN. 

 

ʕʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ (ʕʇʈ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʦʙʨʘʟʫʶʪʩʷ ʣʠ ʨʘʜʠʢʘʣʳ ʧʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʥʠʪʨʠʣʦʚ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʕʇʈ. ʉʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʳ ʥʘʯʘʣʠ ʩ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʘʮʝʪʦʥʠʪʨʠʣʘ (2 ʤʣ) ʩ ʚʦʜʦʡ (100 ʤʢʣ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ N-ʪʨʝʪ-ʙʫʪʠʣ-Ŭ-ʬʝʥʠʣʥʠʪʨʦʥʘ PBN (ʉ = 0.5 

ʤʛ/ʤʣ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʩʧʝʢʪʨ ʕʇʈ ʘʜʜʫʢʪʘ PBN-OH
Å
 (ɸ) 

(ʨʠʩʫʥʦʢ 2.4.1). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʶ ʩ ʥʠʪʨʠʣʦʤ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ. 
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ʈʠʩʫʥʦʢ 2.4.1. ʉʧʝʢʪʨ ʕʇʈ ʩʧʠʥ-ʘʜʜʫʢʪʘ PBN-OH
Å
, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʨʘʩʪʚʦʨʘ MeCN (2 ʤʣ) ʩ ʚʦʜʦʡ (100 ʤʢʣ) ʧʨʠ 293 ʂ ʩ ʩʠʤʫʣʷʮʠʝʡ. g = 

2.001, aN = 13.9 ɻʩ, aH = 2.3 ɻʩ. C (PBN) = 0.5 ʤʛ/ʤʣ. 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʩʧʠʥ-ʘʜʜʫʢʪʦʚ ʜʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʕʇʈ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ ʚ MeCN ʠ EtCN. ɺ ʭʦʜʝ ʦʢʠʩʣʝʥʠ ̫

ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ ʚ MeCN ʠ EtCN, ʩʦʜʝʨʞʘʱʝʛʦ ʚʦʜʫ (0.8 ʵʢʚ.), ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ PBN ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʕʇʈ (ʨʠʩʫʥʦʢ 2.4.2 ʠ 

2.4.3), ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʧʝʢʪʨ ʕʇʈ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚ 

ʧʨʦʧʠʦʥʠʪʨʠʣʝ, ʜʘʣ ʙʦʣʝʝ ʯʝʪʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʣʠʥʠʡ, ʯʝʤ ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʣʠʥʠʡ, ʢʦʥʩʪʘʥʪ ʠ g-ʬʘʢʪʦʨʘ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʜʚʘ ʘʟʦʪʘ ʠ ʜʚʘ ʧʨʦʪʦʥʘ, ʯʪʦ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʥʪʝʨʤʝʜʠʘʪʘʤ ɺ ʠ ʉ (ʨʠʩʫʥʦʢ 2.4.2, 2.4.3). ɺ ʣʠʪʝʨʘʪʫʨʝ ʥʝ 

ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʩʧʝʢʪʨʳ ʕʇʈ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. ʄʘʩʩ-ʩʧʝʢʪʨ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʦʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ PBN ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʪʝʨʤʝʜʠʘʪʘ B (ʤʦʣʝʢʫʣʷʨʥʳʡ ʧʠʢ 235.1441) (ʨʠʩʫʥʦʢ 2.4.2). 
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ʈʠʩʫʥʦʢ 2.4.2. ʉʧʝʢʪʨ ʕʇʈ ʩʧʠʥ-ʘʜʜʫʢʪʘ B, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ ʚ MeCN ʩ ʚʦʜʦʡ (0.8 ʵʢʚ.) ʧʨʠ 293 ʂ ʩ ʩʠʤʫʣʷʮʠʝʡ. g = 2.009, aN1 

= 5.2 ɻʩ, aN2 = 4.4 ɻʩ, aH1 = 5.3 ɻʩ, aH2 = 9.2 ɻʩ. C (PBN) = 1.5 ʤʛ/ʤʣ. 

 

ʈʠʩʫʥʦʢ 2.4.3. ʉʧʝʢʪʨ ʕʇʈ ʩʧʠʥ-ʘʜʜʫʢʪʘ C, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʘ ʚ EtCN ʩ ʚʦʜʦʡ (0.8 ʵʢʚ.) ʧʨʠ 293 ʂ ʩ ʩʠʤʫʣʷʮʠʝʡ. g = 2.006, aN1 

= 5.24 ɻʩ, aN2 = 4.32 ɻʩ, aH1 = 5.15 ɻʩ, aH2 = 9.24 ɻʩ. C (PBN) = 1.5 ʤʛ/ʤʣ. 
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ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜʦʤ ʕʇʈ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʠʢʘʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ, ʥʦ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ OH-ʨʘʜʠʢʘʣʦʚ ʠ RC(OH)N-

ʨʘʜʠʢʘʣʦʚ ʢ PBN, ʪʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʢʠʩʣʝʥʠʷ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʥʘ ʘʥʦʜʝ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʩʣʫʯʘʝ ʧʣʘʪʠʥʦʚʦʛʦ ʘʥʦʜʘ, ʢʦʪʦʨʳʡ, 

ʢʘʢ ʠʟʚʝʩʪʥʦ, ʘʜʩʦʨʙʠʨʫʝʪ ʆʅ ʨʘʜʠʢʘʣʳ) [66-67]. 

ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ OH-ʨʘʜʠʢʘʣʦʚ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʦʡʪʠ ʧʦ ʦʜʥʦʤʫ ʠʟ 

ʯʝʪʳʨʝʭ ʧʫʪʝʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʉʭʝʤʝ 2.4. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʣʦʭʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʣʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ ʩʣʦʝ ʨʘʩʪʚʦʨʘ, 

ʧʦʵʪʦʤʫ ʥʝʣʴʟʷ ʥʘʜʝʞʥʦ ʦʮʝʥʠʪʴ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʦʚ.  

ʉʭʝʤʘ 2.4.  

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʂʠʩʩʥʝʨʘ [68] ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʆʅ ʨʘʜʠʢʘʣ ʩʧʦʩʦʙʝʥ 

ʘʪʘʢʦʚʘʪʴ ʘʮʝʪʦʥʠʪʨʠʣ (ʧʝʨʚʘʷ ʩʪʘʜʠʷ ʇʫʪʝʡ 1 ʠ 2). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʇʫʪʴ 2 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʧʦ ʩʫʪʠ, ʬʦʨʤʘʣʴʥʫʶ ʨʝʘʢʮʠʶ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʤʝʞʜʫ ʆʅ ʨʘʜʠʢʘʣʦʤ ʠ ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʫʜʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ - ʥʠʪʨʠʣʳ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 
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ʧʦʪʝʥʮʠʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʡ [69]. ʇʫʪʴ 3 ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʝʪʦʜʦʤ ʕʇʈ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʜʠʢʘʣʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʥʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʰʠʨʦʢʦ 

ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʘʥʦʜʥʦʤ ʦʢʠʩʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʇʫʪʴ 4) [70-71]. 

ʆʜʥʘʢʦ ʵʪʦʪ ʧʫʪʴ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʠ Ar-O, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʩʚʷʟʠ Ar-F (ʉʭʝʤʘ 2.2), ʥʦ ʥʠʢʦʛʜʘ ʩʚʷʟʠ Ar-H (ʉʭʝʤʘ 2.1). 

ʇʦʵʪʦʤʫ ʇʫʪʴ 4 ʩʯʠʪʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʴʢʦ ʇʫʪʴ 1 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ.  

 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʄʦʣʝʢʫʣʷʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʇʫʪʴ 1). 

ɺʩʝ ʵʪʘʧʳ ʇʫʪʠ 1 ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ DLPNO-

CCSD(T)
[72]

/def2-TZVPP
[73]

/CPCM(CH3CN)//B3LYP
[74-75]

-D3BJ
[76-77]

/def2-

TZVP/CPCM(CH3CN)
[78]

. ʇʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʚ CREST [79] ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ [80] ʠ, ʥʘʢʦʥʝʮ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʚ Orca [81]. ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʨʦʬʠʣʴ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʇʫʪʠ 1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.5. 

ʇʫʪʴ 1 ʜʘʣʝʝ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʘ, ʛʜʝ ʘʪʘʢʫʶʱʝʡ 

ʨʘʜʠʢʘʣʴʥʦʡ ʯʘʩʪʠʮʝʡ ʷʚʣʷʝʪʩʷ ʊ1 ʠʣʠ ʊ2 (ʈʠʩʫʥʦʢ 2.5). ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ, ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʊ1/ʊ2 ʢ ʙʝʥʟʦʣʫ ʷʚʣʷʝʪʩʷ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ. ʇʝʨʚʳʡ ʧʫʪʴ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ 

~21 ʢʢʘʣ/ʤʦʣʴ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʜʣʷ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʝʚʨʘʱʝʥʠʝ ʚ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʚʦʟʤʦʞʝʥ ʧʦ ʜʚʫʤ ʧʫʪʷʤ: 

ʧʝʨʚʳʡ ʧʫʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʢʠʩʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʜʠʢʘʣʘ I1 ʥʘ ʘʥʦʜʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 2.5. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʩʚʦʙʦʜʥʳʝ ʵʥʝʨʛʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ 

DLPNO-CCSD(T)/def2-TZVPP/CPCM(CH3CN)//B3LYP-D3BJ/def2-

TZVP/CPCM(CH3CN).  

 

ɺʪʦʨʦʡ ʧʫʪʴ ʦʙʫʩʣʦʚʣʝʥ ʧʨʷʤʳʤ ʦʪʨʳʚʦʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʨʘʜʠʢʘʣʦʤ ʆʅ. 

ʏʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ, ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʣʦ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʥʝʡ ʤʘʢʩʠʤʫʤʦʚ (ʈʠʩʫʥʦʢ 2.6). 
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ʈʠʩʫʥʦʢ 2.6. ʉʢʘʥ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʪʦʷʥʠ ̫

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʎʚʝʪʦʚʦʝ 

ʦʙʦʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ: ʢʨʘʩʥʳʡ ð ʢʠʩʣʦʨʦʜ, ʩʝʨʳʡ ð ʫʛʣʝʨʦʜ, ʙʝʣʳʡ ð 

ʚʦʜʦʨʦʜ, ʩʠʥʠʡ ð ʘʟʦʪ. 

 

2.3 ʆʙʨʘʟʦʚʘʥʠʝ ʉ-ʉ ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ 

ɹʠʘʨʠʣʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʣʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʥʘʪʫʨʘʣʴʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʢʘʪʘʣʠʟʝ [82-83]. ʇʦʣʫʯʝʥʠʝ ʙʠʘʨʠʣʦʚ ʠ ʜʠʤʝʨʦʚ 

ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠʣʠ ʉ-ʅ ʘʨʠʣʠʨʦʚʘʥʠʷ [84-

85], ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [86-89].  

ɺ 2009 ʛʦʜʫ ʚ ʛʨʫʧʧʝ ɺʘʣʴʜʬʦʛʝʣʷ [87] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʛʦʤʦʩʦʯʝʪʘʥʠ ̫ʬʝʥʦʣʦʚ ʥʘ ʜʦʧʠʨʦʚʘʥʥʦʤ ʙʦʨʦʤ ʘʣʤʘʟʥʦʤ ʘʥʦʜʝ (ɼɹɸ), ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ (ɻʌʀʇ) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʉʭʝʤʘ 

2.5, ʧʨʠʤʝʨ 1). ʆʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʣʝʛʢʦ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʨʪʦ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʬʝʥʦʣʦʚ ʩ ʚʳʭʦʜʦʤ ʜʦ 74%. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʥʦʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʘʥʦʜʝ 

ʬʝʥʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ̫ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ.  

ʉʭʝʤʘ 2.5.  

 

ɺ 2012 ʛʦʜʫ ʁʦʰʠʜʦʡ ʩ ʩʦʪʨ. [88] ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ C(sp
2
)ï

H/C(sp
2
)ïH ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʶ ʜʚʫʭ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʉʭʝʤʘ 2.5, ʧʨʠʤʝʨ 2). ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʷʯʝʡʢʝ H-ʪʠʧʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ, ʦʩʥʘʱʝʥʥʦʡ ʫʛʣʝʨʦʜʥʳʤ ʚʦʡʣʦʯʥʳʤ ʘʥʦʜʦʤ ʠ 
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ʧʣʘʪʠʥʦʚʳʤ ʢʘʪʦʜʦʤ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʨʝʘʛʠʨʫʶʪ ʩ ʘʨʠʣʴʥʳʤʠ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʵʣʝʢʪʨʦʣʠʟʝ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ. 

ɺ 2018 ʛʦʜʫ ʛʨʫʧʧʦʡ ɺʘʣʴʜʬʦʛʝʣʷ [89] ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʷʤʦʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʬʦʨʤʘʤʠʜʦʙʠʬʝʥʠʣʦʚ ʧʫʪʝʤ ʘʥʦʜʥʦʛʦ ʢʨʦʩʩ- ʠ ʛʦʤʦʩʦʯʝʪʘʥʠʷ 

ʬʦʨʤʘʥʠʣʠʜʦʚ (ʉʭʝʤʘ 2.5, ʧʨʠʤʝʨ 3). ɼʘʥʥʳʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʩʠʤʤʝʪʨʠʯʥʳʭ 2,2ǋ-

ʜʠʬʦʨʤʘʤʠʜʦʙʠʬʝʥʠʣʦʚ, ʘ ʪʘʢʞʝ 2-ʬʦʨʤʘʤʠʜʦ-2ǋ-ʘʤʠʜʦʙʠʬʝʥʠʣʦʚ ʩ ʫʤʝʨʝʥʥʳʤʠ 

ʚʳʭʦʜʘʤʠ ʜʦ 56%. 

ʄʵʡ ʠ ʃʫ [84] ʩʦʦʙʱʠʣʠ ʦ ʧʦʣʫʯʝʥʠʠ ʚʪʦʨʠʯʥʳʭ 2,2ǋ-ʙʠʩʘʥʠʣʠʜʦʚ ʠʟ ʨʷʜʘ 

ʘʥʠʣʠʜʦʚ ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ, ʪʘʢ ʠ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʮʘʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ C(sp
2
)ïH ʩʚʷʟʝʡ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ 

Pd(OAc)2 ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪʘ ʢʘʣʠʷ K2S2O8 ʠ 

ʩʤʝʩʠ ʤʝʪʘʥʩʫʣʴʬʦʥʦʡ ʠ ʪʨʠʬʪʦʨʫʢʩʥʦʥʦʡ ʢʠʩʣʦʪ MsOH/CF3COOH. ʈʝʘʢʮʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʦʜʫʢʪʳ ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʭʦʜʦʤ ʜʦ 93%.  

ʕʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʥʘʰʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ N-ʘʨʠʣʘʤʠʜʦʚ, ʥʦ ʠ 

ʙʠʘʨʠʣʦʚ (ʜʠʤʝʨʦʚ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʫʙʩʪʨʘʪʘ. ʕʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʢʩʠʙʝʥʟʦʣ, 1,3,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʦʣ, 

ʥʘʬʪʘʣʠʥ, 2,6-ʜʠʤʝʪʠʣʥʘʬʪʘʣʠʥ, ʘʥʪʨʘʮʝʥ, N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥ, ʢʦʪʦʨʳʝ 

ʦʢʠʩʣʷʶʪʩʷ ʣʝʛʯʝ, ʯʝʤ +2 ɺ (ʊʘʙʣʠʮʘ 2.2), ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʧʨʦʜʫʢʪʘʤ ʉ-ʉ-ʩʦʯʝʪʘʥʠʷ - ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ (ʉʭʝʤʘ 2.6) 

[50]. ʆʙʲʷʩʥʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʨʘʜʠʢʘʣʦʚ [90-91], ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʛʠʨʫʶʪ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʠʤʝʨʳ. ɼʠʤʝʨʠʟʘʮʠʷ 

ʥʘʬʪʘʣʠʥʘ ʧʨʦʠʩʭʦʜʠʪ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 1,1'-ʙʠʥʘʬʪʘʣʠʥʘ 8ʘ ʩ 

ʚʳʭʦʜʦʤ 64%, ʧʨʠ ʵʪʦʤ ʜʨʫʛʠʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʆʢʠʩʣʝʥʠʝ ʘʥʪʨʘʮʝʥʘ 1zc ʚ MeCN ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
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[9,9'-ʙʠʘʥʪʨʘʮʝʥ]-10,10'(9H,9'H)-ʜʠʦʥʘ 8ʩ ʩ 30% ʚʳʭʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʝ 

1,3,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ ʠ ʤʝʪʦʢʩʠʙʝʥʟʦʣʘ ʦʙʨʘʟʫʶʪʩʷ ʙʠʘʨʠʣʳ 8d ʠ 8h ʩ 

ʚʳʭʦʜʦʤ 57 ʠ 64%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʠʤʝʪʠʣʘʥʠʣʠʥ 1zg ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ 

ʦʢʠʩʣʷʝʪʩʷ (ʧʨʠ +1.06 ɺ ʦʪʥ. Ag/AgCl) ʠ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠ ̫ʦʙʨʘʟʫʝʪ ʜʠʤʝʨ 8g ʚ 

ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʢ ʘʤʠʥʦʛʨʫʧʧʝ. 

ʉʭʝʤʘ 2.6.  

 

ʅʘʣʠʯʠʝ ʦʙʲʝʤʥʦʛʦ ʘʪʦʤʘ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

(ʙʨʦʤʙʝʥʟʦʣ, ʡʦʜʙʝʥʟʦʣ, 1,3-ʜʠʙʨʦʤʙʝʥʟʦʣ, 1,4-ʜʠʙʨʦʤʙʝʥʟʦʣ) ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʜʠʤʝʨʠʟʘʮʠʠ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ (ʉʭʝʤʘ 2.6), ʘ ʥʝ 

ʘʤʠʜʠʨʦʚʘʥʠʶ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʨʠʣʛʘʣʦʛʝʥʠʜʳ ʦʢʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ 

ʚʳʰʝ, ʯʝʤ +2 ɺ (ʊʘʙʣʠʮʘ 2.2). ɿʘʤʝʩʪʠʪʝʣʠ ʙʨʦʤ ʠ ʡʦʜ ʧʨʦʷʚʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʤʝʟʦʤʝʨʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʥʜʫʢʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, 
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ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʜʠʢʘʣʦʚ ʚ ʦʨʪʦ- ʠ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷʭ, ʧʨʠʚʦʜʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʜʠʤʝʨʠʟʘʮʠʠ (8ʝ, 8i, 8m, 8n).  

ʅʘʣʠʯʠʝ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢ 

ʘʥʠʣʠʜʦʚ (ʉʭʝʤʘ 2.1), ʪʘʢ ʠ ʜʠʤʝʨʦʚ (ʉʭʝʤʘ 2.6). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠ ̫

1h ʚ MeCN ʦʙʨʘʟʫʶʪʩʷ ʘʥʠʣʠʜ 2h ʩ ʚʳʭʦʜʦʤ 43% (ʉʭʝʤʘ 2.1) ʠ ʜʠʤʝʨ 8j ʩ 

ʚʳʭʦʜʦʤ 49% (ʉʭʝʤʘ 2.6). ʇʨʠ ʦʢʠʩʣʝʥʠʠ 1k ʠ 1l ʚ MeCN ʢʨʦʤʝ ʘʥʠʣʠʜʦʚ ʠ 

ʙʝʥʟʦʢʩʘʟʦʣʦʚ (ʉʭʝʤʘ 2.2) ʦʙʨʘʟʫʶʪʩʷ ʜʠʤʝʨʳ 8k ʠ 8l ʩ ʚʳʭʦʜʦʤ 11% ʠ 13%. 

ʉʪʨʫʢʪʫʨʘ 8k ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (CCDC 

2383591) 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʩʣʫʯʘʡ ʛʦʤʦʩʦʯʝʪʘʥʠʷ ʧʨʦʜʫʢʪʘ ʘʤʠʜʠʨʦʚʘʥʠʷ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʣʷ N-(2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜʘ (2b-a), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣ ʧʦʣʫʯʝʥ 8ʦ ʩ ʚʳʭʦʜʦʤ 6%. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʉ-ʉ ʩʦʯʝʪʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʉʭʝʤʝ 

2.7.  

ʉʭʝʤʘ 2.7.  

 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʘ ɸ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ B, ʢʦʪʦʨʳʡ, ʚʚʠʜʫ ʩʚʦʝʡ ʚʳʩʦʢʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ɸ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ ʉ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ 
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ʉ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʧʨʦʮʝʩʩ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ D. ʅʘʣʠʯʠʝ ʘʪʦʤʦʚ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʠ 

ʚ ʦʨʪʦ- ʠ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷʭ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʨʦʮʝʩʩʦʚ 

ʜʠʤʝʨʠʟʘʮʠʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʕʇʈ 

ʵʢʩʧʝʨʠʤʝʥʪ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʙʳʣ ʚʟʷʪ 

ʘʥʪʨʘʮʝʥ (1zc), ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʚ ʕʇʈ-

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʕʇʈ-ʩʧʝʢʪʨ 

(ʈʠʩʫʥʦʢ 2.7), ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʪʠʦʥ ʨʘʜʠʢʘʣʫ ʘʥʪʨʘʮʝʥʘ (g = 2.001).  

 

ʈʠʩʫʥʦʢ 2.7. ʉʧʝʢʪʨ ʕʇʈ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ 1zc, ʧʦʣʫʯʝʥʥʳʡ ʚ ʫʩʣʦʚʠʷʭ 

ʦʢʠʩʣʝʥʠʠ ʚ MeCN, ʧʨʠ 150 ʂ ʩ ʩʠʤʫʣʷʮʠʝʡ, g = 2.001. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ, ʦʢʠʩʣʷʶʱʠʝʩʷ ʧʨʠ ʤʝʥʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ (< +2 ɺ) ʠʣʠ ʠʤʝʶʱʠʝ ʘʪʦʤʳ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʚ ʫʩʣʦʚʠʷʭ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʧʨʦʜʫʢʪʳ ʉ-ʉ 

ʩʦʯʝʪʘʥʠʷ ï ʙʠʘʨʠʣʦʚ (ʜʠʤʝʨʦʚ). ʆʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, 
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ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʫ ʛʦʤʦʩʦʯʝʪʘʥʠʷ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʛʠʨʫʶʪ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʦʚ. 

 

2.4 ɸʤʠʥʦʢʠʩʣʦʪʳ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʧʦʣʫʯʝʥʠʷ N-

ʙʝʥʟʠʣʘʤʠʜʦʚ 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ 

ʧʨʠʨʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [92]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 

400 ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʧʨʠʨʦʜʝ ʘʤʠʥʦʢʠʩʣʦʪ ʠ, ʚʦʟʤʦʞʥʦ, ʙʦʣʝʝ ʪʳʩʷʯʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʡ. ɸʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʥʪʝʟʝ [93], ʢʘʪʘʣʠʟʝ [94] ʠ 

ʵʥʟʠʤʦʣʦʛʠʠ [95], ʥʦ ʚ ʦʩʥʦʚʥʦʤ ʘʤʠʥʦʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʚ ʙʝʣʢʘʭ ʠ ʩʣʫʞʘʪ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʦʩʪʦʚʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, ʛʦʨʤʦʥʦʚ, ʣʝʢʘʨʩʪʚ ʠ 

ʪ.ʜ.). ʊʦ ʝʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʘʟʦʪʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʢʮʠʡ ʦʛʨʘʥʠʯʝʥʦ ʠʭ ʧʣʦʭʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʨʝʙʫʶʪʩʷ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ: ʚr ʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ 

ʦʩʥʦʚʘʥʠʡ ʠʣʠ ʦʢʠʩʣʠʪʝʣʝʡ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʠ ʪ.ʜ. ɸʤʠʥʦʢʠʩʣʦʪʳ 

ʩʦʜʝʨʞʘʪ ʮʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (ʘʤʠʥʦʛʨʫʧʧʘ ʠ ʢʘʨʙʦʢʩʠʣʴʥʘʷ 

ʛʨʫʧʧʘ), ʥʦ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʠʝ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʩʦʭʨʘʥʷʣʠʩʴ ʦʙʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ.  

ɸʤʠʥʦʢʠʩʣʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʫʶʪʩʷ [96], ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʫʩʣʦʚʠʷʭ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʠ ʢʘʪʘʣʠʟʘ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Ni, Ir ʠ ʜʨ.) 

[97-99]. ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʤʠʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʦ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʟʘʱʠʪʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʥʠʪʨʠʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʯʝʪʘʥʠʝʤ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʜʦʚ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ 

ʧʝʨʚʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʙʳʣ ʚʳʙʨʘʥ 2-
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ʬʝʥʠʣʛʣʠʮʠʥ 9a, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʫʯʝhʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʝʝ 

ʣʝʛʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠ ʁʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ [44]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʟʫʯʘʣʦʩʴ ʦʢʠʩʣʝʥʠʝ 9ʘ. ɺ ʊʘʙʣʠʮʝ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʙʝʥʟʦʥʠʪʨʠʣʘ 1m ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ 9a. ɺʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʦʧʨʝʜʝʣʷʣʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʰʠʨʦʢʠʤ ʦʢʥʦʤ ʜʦʩʪʫʧʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʘʮʝʪʦʥʠʪʨʠʣʘ CH3CN ʠ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ CH2Cl2 [100]. 

 

ʊʘʙʣʠʮʘ 2.3. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ 9a.
ʘ  

 

ˉ  ʈʘʩʪʚʦʨʠʪʝʣʴ ʗʯʝʡʢʘ ʕʣʝʢʪʨʦʣʠʪ ʕʣʝʢʪʨʠʯʝʩʪʚʦ, ʥʘ 

ʤʦʣʴ ʩʫʙʩʪʨʘʪʘ 

ɺʳʭʦʜ 

1m, %
b
 

1 CH3CN ʉ ʨʘʟʜʝʣʝʥʠʝʤ PyHBF4 -2e - 

2 CH3CN ʉ ʨʘʟʜʝʣʝʥʠʝʤ PyHBF4 -4ʝ - 

3 CH3CN ʉ ʨʘʟʜʝʣʝʥʠʝʤ Et4NBF4 -2ʝ - 

4 CH3CN ɹʝʟ ʨʘʟʜʝʣʝʥʠʷ Et4NBF4 -4ʝ - 

5 CH3CN ɹʝʟ ʨʘʟʜʝʣʝʥʠʷ KBr + Et4NBF4 -4ʝ 98 

6 C2H5OH:H2O 

13:1 

ɹʝʟ ʨʘʟʜʝʣʝʥʠʷ KBr + Et4NBF4 -4e 93 

7 ʉH2Cl2:H2O 

13:1 

ɹʝʟ ʨʘʟʜʝʣʝʥʠʷ KBr + Et4NBF4 -4ʝ 94 

8 ʉH2Cl2:H2O 

13:1 

ɹʝʟ ʨʘʟʜʝʣʝʥʠʷ KBr + Et4NBF4 -2e 20 

9 ʉH2Cl2:H2O 

13:1 

ɹʝʟ ʨʘʟʜʝʣʝʥʠʷ KCl + Et4NBF4 -4e - 

10 ʉH2Cl2:H2O 

13:1 

ʉ ʨʘʟʜʝʣʝʥʠʝʤ KBr + Et4NBF4 -4e - 

ʋʩʣʦʚʠʷ: 9a (0.6 ʤʤʦʣʴ, 0.091 ʛ), ʨʘʩʪʚʦʨʠʪʝʣʴ (40 ʤʣ), ʵʣʝʢʪʨʦʣʠʪ (0.3 ʤʤʦʣʴ), Pt ʘʥʦʜ (2ʩʤ ʭ 

4ʩʤ), Pt ʢʘʪʦʜ (2ʩʤ ʭ 10ʩʤ), rt, ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ I = 40 ʤɸ, 2 ʯ. 
b
ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʝʥ ʧʦ 

1
H 

ʗʄʈ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣʠʮʳ 2.3, ʦʙʨʘʟʦʚʘʥʠʝ 1m ʠʟ 9a ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʧʨʦʧʫʩʢʘʥʠʠ 4 ʌ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʪʦʣʴʢʦ ʚ ʷʯʝʡʢʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʢʘʪʦʜʥʦʛʦ ʠ 



64 
 

 
 

ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʨʦʤʠʜʘ ʢʘʣʠʷ KBr, ʚʳʩʪʫʧʘʶʱʝʛʦ 

ʤʝʜʠʘʪʦʨʦʤ ʠ ʬʦʥʦʚʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ (ʊʘʙʣʠʮʘ 2.3, ʦʧʳʪ 5-7).  

ʇʨʦʜʫʢʪ 1m ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʠ KBr (ʊʘʙʣʠʮʘ 2.3, ʦʧʳʪ 4). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ KCl ʚʤʝʩʪʦ KBr ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 1m, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʛʠʧʦʭʣʦʨʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ H2O (ʊʘʙʣʠʮʘ 2.3, ʦʧʳʪ 9). ʇʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʠ ʚ ʷʯʝʡʢʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 1m, ʥʠ ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ (ʊʘʙʣʠʮʘ 2.3, ʦʧʳʪ 1-3, 10). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 9a ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʳʙʨʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ; 

ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʦʥʠʪʨʠʣʘ 1m. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʜʦʚ ʚ ʚʳʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʜʦʙʘʚʠʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ. ʄʦʜʝʣʴʥʳʡ ʩʫʙʩʪʨʘʪ ʪʦʣʫʦʣ 1aa ʜʦʙʘʚʣʷʣʠ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ 4 ʌ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʢʦʛʜʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

1m, ʠ ʟʘʪʝʤ ʧʨʦʧʫʩʢʘʣʠ ʝʱʝ 2ʌ ʵʣʝʢʪʨʠʯʝʩʪʚʘ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, N-ʙʝʥʟʠʣʘʤʠʜ rʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʶʪʩʷ 

ʧʨʠ ʠʟʙʳʪʢʝ ʥʠʪʨʠʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʪʨʠʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [40-44, 48-50]. ʇʦʵʪʦʤʫ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʠʪʨʠʣʘ ʠ ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʪʘʢʞʝ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ (ʊʘʙʣʠʮʘ 2.4).  

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (å 40 ʤʣ) ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ 

ʢʦʣʠʯʝʩʪʚʦ 1m ʠ 1ʘʘ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ N-ʙʝʥʟʠʣʙʝʥʟʘʤʠʜʘ 7a, ʪʘʢ ʢʘʢ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʢʦʥʢʫʨʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʣʴʜʝʛʠʜʦʚ (ʊʘʙʣʠʮʘ 2.4, ʦʧʳʪ 3). ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

CH2Cl2:H2O (15 ʤʣ) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʥʠʪʨʠʣʘ (å 6.6 ʤʤʦʣʴ), ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 7a ʧʦʣʫʯʘʝʪʩʷ ʩ 64% ʚʳʭʦʜʦʤ ʧʨʠ 

ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʥʠʪʨʠʣ:ʩʫʙʪʨʘʪ 10:1 (ʊʘʙʣʠʮʘ 2.4, ʦʧʳʪ 7). ɽʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ MeCN, ʪʦ ʧʨʦʪʝʢʘʝʪ ʢʦʥʢʫʨʠʨʫʶʱʘʷ ʨʝʘʢʮʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜʘ, ʘ ʥʝ N-ʙʝʥʟʠʣʙʝʥʟʘʤʠʜʘ (ʊʘʙʣʠʮʘ 2.4, ʦʧʳʪ 1). 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʉ2ʅ5ʆʅ 

ʦʙʨʘʟʦʚʘʥʠʷ 7a ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʊʘʙʣʠʮʘ 2.4, ʦʧʳʪ 2). 

 

ʊʘʙʣʠʮʘ 2.4. ʆʙʨʘʟʦʚʘʥʠʝ 7ʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʵʣʝʢʪʨʦʩʠʥʪʝʟʝ 1ʘʘ ʠ 1m, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ 9a one-pot
a
  

 

 ̄ 1m:1aa 

(ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ) 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʆʙʲʝʤ 

ʷʯʝʡʢʠ, ʤʣ  

ʉPhCN  

(ʤʦʣʴ/ʣ) 

 

ɺʳʭʦʜ 7a, 

%
b
 

1 1:1 MeCN 40 0.03 - 

2 1:1 C2H5OH:H2O (13:1) 40 0.03 - 

3 1:1 CH2Cl2:H2O (13:1) 40 0.03 - 

4 2:1 CH2Cl2:H2O (13:1) 40 0.06 - 

5 5:1 CH2Cl2:H2O (13:1) 40 0.15 10 

6 10:1 CH2Cl2:H2O (13:1) 40 0.3 30 

7 10:1 CH2Cl2:H2O (13:1) 15 0.8 64 
a
ʋʩʣʦʚʠʷ: 9ʘ (6.6 ʤʤʦʣʴ, 1 ʛ), CH2Cl2:H2O (13:1, 15 ʤʣ), KBr+Et4NBF4 (3,3 ʤʤʦʣʴ), Pt 

ʘʥʦʜ (2ʩʤ x 4ʩʤ), Pt ʢʘʪʦʜ (2ʩʤ x 10ʩʤ), ʵʣʝʢʪʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 80 ʤɸ ʚ ʪʝʯʝʥʠʝ 9 ʯʘʩʦʚ ʚ ʷʯʝʡʢʝ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ; ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 1ʘʘ (0.6 ʤʤʦʣʴ) ʵʣʝʢʪʨʦʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʝʱʝ 2 ʯʘʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 40 ʤɸ. 
b
ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

ʇʦʜʦʙʨʘʚ ʫʩʣʦʚʠʷ ʧʨʝʚʨʘʱʝʥʠʷ 9a ʚ 1m ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 1aa ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 7a, ʜʘʣʝʝ ʙʳʣ ʨʘʩʰʠʨʝʥ ʨʷʜ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʘʤʠʥʦʢʠʩʣʦʪ (ʉʭʝʤʘ 2.8). 

ʂʦʥʚʝʨʩʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʥʠʪʨʠʣʳ 1-3 ʩʦʩʪʘʚʣʷʣʘ 94-98%, ʯʪʦ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʧʝʢʪʨʘʤʠ 
1
ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʅʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 

N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʘʥʠʥʘ ʠ ʚʘʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʥʠʪʨʠʣʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ 
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ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʥʟʦʥʠʪʨʠʣʦʤ. 

ʅʘʣʠʯʠʝ ʙʨʦʤʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ (2-ʙʨʦʤʪʦʣʫʦʣ, 4-

ʙʨʦʤʪʦʣʫʦʣ, 2-ʙʨʦʤʤʝʟʠʪʠʣʝʥ), ʚʣʠʷʝʪ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʭʦʜ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ - ʜʠʤʝʨʦʚ 

[44]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ ʪʘʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʢʘʢ 7-ʤʝʪʠʣʢʫʤʘʨʠʥ, 2-

ʤʝʪʠʣʧʠʨʠʜʠʥ, ʣʫʪʠʜʠʥ ʠ 2-ʘʮʝʪʠʣ-4-ʤʝʪʠʣʪʠʘʟʦʣ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-ʙʝʥʟʠʣʘʤʠʜʦʚ.  

ʉʭʝʤʘ 2.8.  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʉʭʝʤʝ 2.9. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 9a ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʠʘʪʦʨʘ KBr, ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʙʝʥʟʘʣʴʜʝʛʠʜ 1z. ʀʟʤʝʥʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʫʱʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʧʫʱʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ 
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ʫʯʝʪʦʤ ʤʦʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: 2ʝ, 3ʝ, 4ʝ) ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 1m 

ʠ 1z. ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ 4 ʵʣʝʢʪʨʦʥʥʦʤ ʧʨʦʮʝʩʩʝ.  

ʉʭʝʤʘ 2.9.  

 

ʇʨʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʣʠʟʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʜʠʘʪʦʨʘ KBr ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ 1m. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 9a ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʨʦʤʠʜ ʘʥʠʦʥʦʚ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʤʠʥʘ i, ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ. ɼʘʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʤʦʞʥʦ ʧʦʜʚʝʨʛʥʫʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʦʢʠʩʣʝʥʠʶ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʁ  ʙʝʥʟʦʥʠʪʨʠʣʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ɹ

ʧʨʦʮʝʩʩ ʛʠʜʨʦʣʠʟʘ ʠʤʠʥʥʦʡ ʬʦʨʤʳ, ʯʪʦ ʫʞʝ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ 1z.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʜʠʘʪʦʨʘ KBr ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʧʦʙʨʦʤʠʪ ʠʦʥʦʚ. 

ɻʝʥʝʨʠʨʫʝʤʳʝ ʘʥʠʦʥʳ (BrO
-
) ʩʝʣʝʢʪʠʚʥʦ ʦʢʠʩʣʷʣʠ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʠʪʨʠʣʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʠʪʨʠʣʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ N-

ʙʝʥʟʠʣʘʤʠʜʦʚ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 73%. 
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3. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ, ʧʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʈʝʘʢʪʠʚʳ ʠ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʍʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ: 

ʙʝʥʟʦʣ (Sigma Aldrich, Ó99%), ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʣ (Sigma Aldrich, Ó99%), 1,4-

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ (Sigma Aldrich, 98%), 1,3-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ 

(Sigma Aldrich, 98%), 1,3,5-ʪʨʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ (Sigma Aldrich, 97%), 4-

ʭʣʦʨ-1-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ (Sigma Aldrich, 99%), ʬʪʦʨʙʝʥʟʦʣ (Sigma Aldrich, 

99%), ʭʣʦʨʙʝʥʟʦʣ (Sigma Aldrich, Ó99%), 1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ (Sigma Aldrich, 99%), 

1,4-ʜʠʭʣʦʨʙʝʥʟʦʣ (Sigma Aldrich, 98%), 1-ʭʣʦʨ-4-ʬʪʦʨʙʝʥʟʦʣ (Sigma Aldrich, 

99%), 1-ʙʨʦʤ-4-ʬʪʦʨʙʝʥʟʦʣ (Sigma Aldrich, 99%), ʙʝʥʟʦʥʠʪʨʠʣ (Sigma Aldrich, 

99+%), ʥʠʪʨʦʙʝʥʟʦʣ (Sigma Aldrich, Ó99%), 1-ʭʣʦʨ-2-ʥʠʪʨʦʙʝʥʟʦʣ (Sigma Aldrich, 

99%), 1-ʭʣʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣ (Sigma Aldrich, 99%), 1-ʬʪʦʨ-4-ʥʠʪʨʦʙʝʥʟʦʣ (Sigma 

Aldrich, 99%), -ʙʨʦʤ-4-ʥʠʪʨʦʙʝʥʟʦʣ (Sigma Aldrich, 99%), ʪɻʠʣʙʝʥʟʦʘʪ (Sigma 

Aldrich, 99%), ʜʠʤʝʪʠʣʠʟʦʬʪʘʣʘʪ (Sigma Aldrich, 99%), ʬʝʥʦʣ (Acros Organics, 

99+%), 2,6-ʜʠʤʝʪʠʣʬʝʥʦʣ (Acros Organics, 99%), 2-ʤʝʪʠʣʬʝʥʦʣ (Acros Organics, 

99%), ʪʦʣʫʦʣ (Alfa Aesar, 99%), o-ʢʩʠʣʦʣ (Alfa Aesar, 99%), ʤ-ʢʩʠʣʦʣ (Alfa Aesar, 

99%), ʧ-ʢʩʠʣʦʣ (Alfa Aesar, 99%), 2-ʙʨʦʤʪʦʣʫʦʣ (Sigma Aldrich, 99%), ʤʝʟʠʪʠʣʝʥ 

(Sigma Aldrich, 98%), 2-ʙʨʦʤʤʝʟʠʪʠʣʝʥ (Sigma Aldrich, 98%), ʥʘʬʪʘʣʠʥ (Sigma 

Aldrich, 99%), 2,6-ʜʠʤʝʪʠʣʥʘʬʪʘʣʠʥ (Sigma Aldrich, 99%), ʘʥʪʨʘʮʝʥ (Sigma 

Aldrich, 99%), 1,3,5-ʪʨʠʤʝʪʦʢʩʠʙʝʥʟʦʣ (Sigma Aldrich, 99%), ʡʦʜʙʝʥʟʦʣ (Sigma 

Aldrich, 98%), N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥ (Sigma Aldrich, 99%), ʤʝʪʦʢʩʠʙʝʥʟʦʣ (Sigma 

Aldrich, Ó99%), ʙʨʦʤʙʝʥʟʦʣ (Alfa Aesar, 99%), 1,3-ʜʠʙʨʦʤʙʝʥʟʦʣ (Sigma Aldrich, 

98%), 1,4-ʜʠʙʨʦʤʙʝʥʟʦʣ (Sigma Aldrich, 98%), 2-ʬʝʥʠʣʛʣʠʮʠʥ (Sigma Aldrich, 

95%), L-ʘʣʘʥʠʥ (Sigma Aldrich, Ó98%), L-ʚʘʣʠʥ (Sigma Aldrich, 

Ó98%),ʘʮʝʪʦʥʠʪʨʠʣ (Acros Organics, CHROMASOLVÈ Plus, Ó99.9%, çextra pureè), 

ʧʨʦʧʠʦʥʠʪʨʠʣ (Sigma Aldrich, 99%). ʄʝʪʠʣʩʘʣʠʮʠʣʘʪ ʠ ʵʪʠʣʩʘʣʠʮʠʣʘʪ ʧʦʣʫʯʘʣʠ 

ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [101]. 



70 
 

 
 

ʗʄʈ-ʠʟʤʝʨʝʥʠʷ. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʠʥʩʪʠʪʫʪʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ. ʗʄʈ ʩʧʝʢʪʨʳ 

ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʦʚ Bruker AVANCE-600 (ɻʝʨʤʘʥʠʷ) 

(ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ 600.1 Mɻʮ (
1
H), 150.9 Mɻʮ (

13
C)), Bruker Avance-500 (ɻʝʨʤʘʥʠʷ) 

(ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ 500.13 ʄɻʮ (
1
H), 125.77 ʄɻʮ (

13
C)) ʠ Bruker Avance-400 

(ɻʝʨʤʘʥʠʷ) (ʨʘʙʦʯʠʝ ʯʘʩʪʦʪʳ 399.85 ʄɻʮ (
1
H), 100.6 ʄɻʮ (

13
C), 376 MHz (

19
F)) ʚ 

ʨʘʩʪʚʦʨʘʭ CDCl3 ʠʣʠ CD3CN ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25ęʉ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
1
H ʟʘ 

ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʩʪʘʪʦʯʥʳʭ ʧʨʦʪʦʥʦʚ ʚ CDCl3 

(ŭʅ 7.28 ʤ.ʜ.) ʠʣʠ CD3CN (ŭʅ 1.97 ʤ.ʜ.). ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
13
ʉ ʟʘ ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ 

ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʦʚ CDCl3 (ŭʉ 76.48 ʤ.ʜ.) ʠʣʠ CD3CN (ŭʉ 1.39 ʠ 118.37 

ʤ.ʜ.). ʇʦʣʥʦʝ ʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ 
1
ʅ ʠ 

13
ʉ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʤʝʨʥʳʭ 

ʛʦʤʦ- (
1
H-

1
H COSY) ʠ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (

1
H-

13
C HSQC, 

1
H-

13
C 

HMBC).  

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ (HRMS) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ Impact 

II c cʠʩʪʝʤʦʡ Elute UHPLC (Bruker Daltonik GmbH, ɻʝʨʤʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʣʦʥʢʠ YMCTriart C18 (50Ĭ2.0 ʤʤ; 3 ʤʢʤ). ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʢʠ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 40 Áʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʘʚʪʦʩʘʤʧʣʝʨʘ 12 Áʉ. 

ʀʩʧʦʣʴʟʫʝʤʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʜʣʷ ʵʣʶʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʦʜʘ Milli-Q + 0.1% FA. 

(ʵʣʶʝʥʪ A) ʠ ʘʮʝʪʦʥʠʪʨʠʣ ʢʣʘʩʩʘ HPLC + 0.1% FA (ʵʣʶʝʥʪ B). ɻʨʘʜʠʝʥʪ 

ʵʣʶʠʨʦʚʘʥʠʷ ʙʳʣ ʩʣʝʜʫʶʱʠʤ: 0 ʤʠʥ ʧʨʠ 5% ʵʣʶʝʥʪʘ B, 3 ʤʠʥ ʧʨʠ 95% ʵʣʶʝʥʪʘ 

B, 4 ʤʠʥ ʧʨʠ 95% ʵʣʶʝʥʪʘ B, 4.1 ʤʠʥ ʧʨʠ 5% ʵʣʶʝʥʪʘ B, 6 ʤʠʥ ʧʨʠ 5% ʵʣʶʝʥʪʘ B 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 0.3 ʤʣ/ʤʠʥ. ʆʙʲʝʤ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʣ 2 ʤʢʣ. 

ɸʥʘʣʠʪʳ ʠʦʥʠʟʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

ʀʦʥʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʧʠʣʣʷʨʘ 220 ÁC, ʢʘʧʠʣʣʷʨʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ 4.5 ʢɺ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ 6 ʣ/ʤʠʥ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ m/z 50-1900. ʈʘʩʪʚʦʨ ʘʥʘʣʠʪʘ (1 ʤʛ/ʤʣ, MeCN) 

ʨʘʟʚʦʜʠʣʠ ʚ ʩʤʝʩʠ MeCN/H2O (5%:95%) ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0.005 

ʤʛ/ʤʣ. ʈʘʩʪʚʦʨ ʡʦʜʠʜʘ ʥʘʪʨʠʷ ʚ ʚʦʜʝ ʧʨʠʤʝʥʷʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʘʥʪʘ (ʚʦʜʘ 

Milli -Q) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 2 ʤʛ/ʤʣ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠ ̫ ʤʘʩʩʳ 
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ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 3.0 ʤ.ʜ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ otofControl (Bruker 

Daltonik GmbH, ʚʝʨʩʠʷ 5.2) ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʦʨʦʤ ʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ DataAnalysis (Bruker Daltonik GmbH, ʚʝʨʩʠʷ 5.3). 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (ɻʍ-ʄʉ). ʍʨʦʤʘʪʦʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ çAgilent 

6890Nè ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʦʨʦʤ ç5973 Nè (çAgilent Technologiesè, 

ʉʐɸ). ʄʝʪʦʜ ʠʦʥʠʟʘʮʠʠ: ʵʣʝʢʪʨʦʥʥʘʷ ʠʦʥʠʟʘʮʠʷ (70 ʵɺ). ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ 

ʠʦʥʦʚ 230ÁC. ɼʠʘʧʘʟʦʥ ʤʘʩʩ 15-550 ʘ.ʝ.ʤ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ NIST 17, ʚʢʣʶʯʘʶʱʝʡ 

306 622 ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʧʦʣʷʨʥʘʷ 

ʢʘʧʠʣʣʷʨʥʘʷ ʢʦʣʦʥʢʘ ʪʠʧʘ çHP-5 MSè (5%-ʥʳʡ ʜʠʬʝʥʠʣ-, 95%-ʥʳʡ 

ʜʠʤʝʪʠʣʧʦʣʠʩʠʣʦʢʩʘʥ, ʜʣʠʥʦʡ 30 ʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 0.25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 

ʧʣʝʥʢʠ ʬʘʟʳ 0.25 ʤʢʤ). ʋʩʣʦʚʠʷ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ: 

ï ʆʙʲʝʤ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ï 1.0-1.5 ʤʢʣ; 

ï ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʢʠ 75 Áʉ, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ï 0 ʤʠʥ.; 

ï ʉʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 10Áʉ/ʤʠʥ ʜʦ 120Áʉ, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ï 0 

ʤʠʥ.; 

ï ʉʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 20Áʉ/ʤʠʥ ʜʦ 280Áʉ, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ï 20 

ʤʠʥ.; 

ï ʊʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ ï 80 ʤʠʥ.; 

ï ʊʝʤʧʝʨʘʪʫʨʘ ʫʟʣʘ ʚʚʦʜʘ ʧʨʦʙ (ʠʥʞʝʢʪʦʨʘ) ï 200 Áʉ; 

ï ʈʝʞʠʤ ʚʚʦʜʘ ʧʨʦʙʳ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʪʦʢʘ (2:1, 5:1), ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʛʝʣʠʡ, ʨʘʩʭʦʜ 

ï 0.9 ʤʣ/ʤʠʥ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ 32 ʤʠʥʫʪʳ. 

ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ: ʦʙʨʘʟʝʮ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʥʘʪʠʚʥʦʤ ʚʠʜʝ. 

ʕʇʈ-ʵʢʩʧʝʨʠʤʝʥʪ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʚʢʣʶʯʘʶʱʝʤ ʘʥʘʣʦʛʦʚʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ 

ʧʦʪʝʥʮʠʦʩʪʘʪʦʤ ʠ ʧʨʦʛʨʘʤʤʘʪʦʨʦʤ PWR-3, ʕʇʈ-ʩʧʝʢʪʨʦʤʝʪʨ ELEXSYS E500 X-

ʜʠʘʧʘʟʦʥʘ, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʤʦʜʫʣʴ ɽ14-440 (LCard), ʢʦʤʧʴʶʪʝʨ ʯʝʪʚʝʨʪʦʛʦ 
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ʧʦʢʦʣʝʥʠʷ ʠ ʪʨʝʭʵʣʝʢʪʨʦʜʥʫ  ʁʩʧʠʨʘʣʴʥʫ  ʁʷʯʝʡʢʫ. ʉʧʝʢʪʨʳ ʕʇʈ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ WinSim 0.96 (ʨʘʟʨʘʙʦʪʢʘ NIEHS). ʄʘʪʝʨʠʘʣ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ð ʧʣʘʪʠʥʘ, ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ð ʧʣʘʪʠʥʦʚʘʷ 

ʧʨʦʚʦʣʦʢʘ, ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ð ʧʣʘʪʠʥʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 293 ʂ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 0.1 ʄ Et4NBF4; 

ʨʘʟʚʝʨʪʢʘ ʧʦʪʝʥʮʠʘʣʘ E(t) - 0.1 ɺ/ʩ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ 

(ʎɺɸ) ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʝ MeCN ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʷʯʝʡʢʝ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʫʙʩʪʨʘʪʘ 5 ʤʄ, ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

Bu4NBF4 (0.1 ʄ), ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ - ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ (6 

ʤʤ
2
), ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ - ʧʣʘʪʠʥʦʚʳʡ ʩʪʝʨʞʝʥʴ. ɺʩʝ ʧʦʪʝʥʮʠʘʣʳ 

ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ Ag/AgCl (0.01 ʄ KCl) ʚ MeCN. ʕʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ 

ʩʦʝʜʠʥʷʣʩʷ ʩ ʨʘʩʪʚʦʨʦʤ ʷʯʝʡʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʘʧʠʣʣʷʨʦʤ ʃʫʛʛʠʥʘ, 

ʟʘʧʦʣʥʝʥʥʳʤ 0.1 ʄ Bu4NBF4 ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ MeCN. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʟʝʣ 

ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠʤʝʣ ʜʚʘ ʦʪʩʝʢʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʟʘʢʘʥʯʠʚʘʣʩʷ 

ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʝʢʣʷʥʥʦʡ ʬʨʠʪʪʦʡ ʜʣʷ ʦʪʜʝʣʝʥʠʷ AgCl ʦʪ ʘʥʘʣʠʪʘ. ʈʝʛʠʩʪʨʘʮʠʷ 

ʎɺɸ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʩʪʘʪʘ BASi Epsilon (ʉʐɸ) ʠ 

ʧʦʪʝʥʮʠʦʩʪʘʪʘ P-30S Elins (ʈʦʩʩʠʷ). 

 

 
 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1a ʎɺɸ ʦʢʠʩʣʝʥʠʝ 1h 
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ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1i ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1j 

 

 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1k ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1l 

 
 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1m ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1u 
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ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1v ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1w 

  

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1x ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1y 

 
 

 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1aa ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1ab 
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ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1ac ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1ad 

  

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1ae ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1af 

 
 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1ag ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1za 
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ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1zb ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1zc 

  

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1zd ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1ze 

 

 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1zi ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1zm 
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ʎɺɸ ʦʢʠʩʣʝʥʠʷ 1zn ʎɺɸ ʦʢʠʩʣʝʥʠʷ 2a 

 

 

ʎɺɸ ʦʢʠʩʣʝʥʠʷ 2u  

 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 2b-ʉ1, 3p ʧʨʦʚʝʜʝʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker AXS D8 Venture 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 101(2) ʂ ʚ ʤʦʜʝʣʷʭ ɤ- ʠ ű-ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ Mo (ɚ = 0,71073¡). 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ 
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ɹʨʫʪʪʦ ʬʦʨʤʫʣʘ C9H8F3NO C9H9ClN2O3 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 

(ʛ/ʤʦʣʴ) 
203.16 228.63 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 101(2) 101(2) 

ɼʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, 

¡ 
0.71073 0.71073 

ʉʠʥʛʦʥʠʷ ʄʦʥʦʢʣʠʥʥʘʷ ʄʦʥʦʢʣʠʥʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P 21/n P 21 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

a = 4.7728(4) ¡ 

b = 13.3728(12) ¡ 

c = 13.9438(13) ¡ 

a = 5.8609(7) ¡ 

b = 4.8745(5) ¡ 

c = 17.4671(18) ¡ 

ʆʙʲʝʤ, ¡
3
 889.14(14) 498.18(9) ɽ

3
 

Z 4 2 

R-ʠʥʜʝʢʩ R1 = 0.0468, wR2 = 0.0895 R1 = 0.0560, wR2 = 0.1426 

ʌʦʨʤʫʣʘ ʩʦʝʜʠʥʝʥʠʷ 

 
 

 
ɹʨʫʪʪʦ ʬʦʨʤʫʣʘ C12H6Br2F2 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 

(ʛ/ʤʦʣʴ) 
347.98 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 101(2) 

ɼʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, 

¡ 
0.71073 

ʉʠʥʛʦʥʠʷ ʈʦʤʙʠʯʝʩʢʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pbca 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 

a = 6.8932(9) ¡ 

b = 12.5332 (17) ¡ 

c = 25.792 (4) ¡ 

ʆʙʲʝʤ, ¡
3
 2228.3(5) 

Z 8 

R-ʠʥʜʝʢʩ R1 = 0.0244, wR2 = 0.0590 
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ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢ.ʬ.-ʤ.ʥ. ʄ.ɻ. ʄʝʜʚʝʜʝʚʳʤ, ʂ.ɺ. ɹʦʡʢʦ ʠ ɺ.ʀ. ʊʠʤʘʰʝʚʳʤ, ʛʨʫʧʧʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʀʆʍ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʈɸʅ. 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʠʩʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ TS1 ʠ TS2 (ʈʠʩʫʥʦʢ 2.4) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CREST [102] ʩ ʤʝʪʦʜʦʤ GFN2-xTB 

[103], ʥʝʷʚʥʳʤ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʩʦʣʴʚʘʪʘʮʠʠ (alpb [104]), ʘ ʪʘʢʞʝ ʢʦʨʨʝʢʪʥʳʤ 

ʟʘʨʷʜʦʤ ʠ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ. ʉʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ CREST 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʠʥʳ ʨʘʟʨʳʚʘ/ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ [80]. 

$constrain 

distance: 15, 2, auto 

force constant=2.0 

$end 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ ʙʳʣʠ ʥʘʡʜʝʥʳ 5 ʠ 6 ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʦʨʤʝʨʦʚ ʜʣʷ TS1 ʠ TS2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʝ (TS1_4 ʠ TS2_0). ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʬʦʨʤʝʨʳ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʚ 

ORCA 5.0.4 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʦʚʥʷ ʪʝʦʨʠʠ B3LYP
[105-106]

-D3BJ
[76-77]/

def2-

TZVP/CPCM(CH3CN)
[78]
, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʯʘʩʪʦʪʳ ʛʘʨʤʦʥʠʢ ʜʣʷ ʚʳʷʩʥʝʥʠʷ 

ʪʠʧʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʠ ʨʘʩʯʝʪʘ ʧʦʧʨʘʚʢʠ ʥʘ ʩʚʦʙʦʜʥʫʶ 

ʵʥʝʨʛʠʶ. ɺʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: (1) 

ʩʥʘʯʘʣʘ ʤʠʥʠʤʠʟʠʨʦʚʘʣʠ ʠʭ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʝʥʠʡ, ʬʠʢʩʠʨʫʶʱʠʭ 

ʠʟʤʝʥʷʶʱʠʝʩʷ ʩʚʷʟʠ ʥʘ ʠʭ çʯʘʩʪʠʯʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʣʠʥʘʭè: 1,4 ¡ ʜʣʷ CéH 

ʠ 2,0 ¡ ʜʣʷ CéC (çʧʨʝʜʦʧʪʠʤʠʟʘʮʠʷè
[80]
); (2) ʚʪʦʨʦʡ ʰʘʛ ð ʵʪʦ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ 

ʧʦʠʩʢ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ ʚʳʯʠʩʣʝʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʵʥʝʨʛʠʡ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʵʣʝʢʪʨʦʥʥʳʝ ʵʥʝʨʛʠʠ ʚʩʝʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʦʚʥʷ ʪʝʦʨʠʠ DLPNO-CCSD(T)
[72]

/def2-

TZVPP
[73]

/CPCM(CH3CN) ʠ ʧʝʨʝʩʯʠʪʳʚʘʣʠʩʴ ʩʚʦʙʦʜʥʳʝ ʵʥʝʨʛʠʠ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

G'CCSD(T)=ECCSD(T)+(GDFT - EDFT), 
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ʛʜʝ GDFT ʠ EDFT ð ʩʚʦʙʦʜʥʘʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

DFT ʨʘʩʯʝʪʦʚ; ECCSD(T) ð ʵʣʝʢʪʨʦʥʥʘʷ ʵʥʝʨʛʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʨʘʩʯʝʪʦʚ ʪʦʡ ʞʝ 

ʛʝʦʤʝʪʨʠʠ ʤʝʪʦʜʦʤ ʩʚʷʟʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ. 

ʇʨʠ ʚʳʷʩʥʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʚ ʧʦʩʣʝʜʥʝʡ ʨʝʘʢʮʠʠ - ʦʪʨʳʚʝ ʨʘʜʠʢʘʣʘ ʚʦʜʦʨʦʜʘ ʦʪ I1 

ʨʘʜʠʢʘʣʦʤ ʆʅ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʩʩʣʘʙʣʝʥʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʅʘ ʩʭʝʤʝ 3.1 ʧʦʢʘʟʘʥʳ ʠʩʭʦʜʥʘʷ ʤʦʣʝʢʫʣʘ 

ʊ2, ʧʨʦʜʫʢʪ ʠ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʧʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ ʭʦʜʝ ʧʨʦʮʝʜʫʨʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʉʭʝʤʘ 3.1.  
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ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʥʪʝʨʤʝʜʠʘʪʘ I1 ʜʘʣʴʥʝʡʰʝʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʧʨʦʜʫʢʪ 

ʚʦʟʤʦʞʥʦ ʪʨʝʤʷ ʧʫʪʷʤʠ: 

ʇʫʪʴ 1: ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʡ ʧʨʦʪʦʥ ʦʪʱʝʧʣʷʝʪʩʷ ʦʪ I1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʠʩʣʝʥʠʝʤ ʥʘ ʘʥʦʜʝ. ʕʥʝʨʛʠʷ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʧʨʦʪʦʥʘ ʚʟʷʪʘ 

ʠʟ ʣʠʪʝʨʘʪʫʨʳ [107].  

ʇʫʪʴ 2: ʦʪʱʝʧʣʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʨʘʜʠʢʘʣʦʤ ʆʅ ʦʪ I1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʚʦʜʳ. ʏʪʦʙʳ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʝʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʚʦʙʦʜʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʈʠʩʫʥʦʢ 2.5). ʂʨʠʚʘʷ ʥʝ ʩʦʜʝʨʞʠʪ ʤʘʢʩʠʤʫʤʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ. 

ʇʫʪʴ 3: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ I1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʪʱʝʧʣʝʥʠʝʤ ʧʨʦʪʦʥʘ. 

 

ʕʣʝʢʪʨʦʩʠʥʪʝʟ N-ʘʨʠʣʘʤʠʜʦʚ, N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʠ ʜʠʤʝʨʦʚ. 

ʇʨʝʧʘʨʘʪʠʚʥʳʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟ. ʇʨʝʧʘʨʘʪʠʚʥʳʡ ʵʣʝʢʪʨʦʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ 

ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʧʦʪʝʥʮʠʘʣʘ ʨʘʙʦʯʝʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʝʤʢʦʩʪʴʶ 40 ʤʣ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʘʥʦʜʥʦʛʦ ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ɹ5-49 ʧʨʠ ʪʦʢʝ 35 ʤɸ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 900 ʥʤ. ʇʦʪʝʥʮʠʘʣ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʦʣʴʪʤʝʪʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ɺ7-27, ʠʩʧʦʣʴʟʫʷ Ag/AgCl ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʣʘʪʠʥʦʚʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʘʥʦʜ ʧʣʦʱʘʜʴʶ 20 ʩʤ
2
, ʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ ï 

ʧʣʘʪʠʥʦʚʳʡ ʩʪʝʨʞʝʥʴ (10 ʩʤ
2
). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ Pt-ʵʣʝʢʪʨʦʜʘʤʠ 

ʩʦʩʪʘʚʣʷʝʪ 1.5 ʩʤ. ʂʘʪʦʣʠʪʦʤ ʩʣʫʞʠʣ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ Et4NBF4 ʠʣʠ PyHBF4 ʚ 

RCN (R = ʄʝ, Et, Ph). ɺʦ ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ ʵʣʝʢʪʨʦʣʠʪ ʧʝʨʝʤʝʰʠʚʘʣʠ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʦʡ. 

ʋʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʣʠʟʘ.  
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ʈʠʩʫʥʦʢ 3.1. ʋʩʪʘʥʦʚʢʘ ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ: ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ. 1 ï ʘʥʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 2 ï ʢʘʪʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ; 3 ï ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʤʝʤʙʨʘʥʘ: ʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʩ ʨʘʟʤʝʨʦʤ 

ʧʦʨ 900 ʥʤ; 4 ï ʧʣʘʪʠʥʦʚʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ, ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ 20 ʩʤ
2 
(ʘʥʦʜ); 5 ï ʧʣʘʪʠʥʦʚʘʷ ʧʨʦʚʦʣʦʢʘ (10 ʩʤ

2
) (ʢʘʪʦʜ); 6 - 

ʤʝʰʘʣʴʥʠʢ.  

 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʵʣʝʢʪʨʦʣʠʟʘ. ɸʨʦʤʘʪʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ 1 (1.2 ʤʤʦʣʴ), 

H2O (0.8 ʵʢʚ., 0.96 ʤʤʦʣʴ, 17 ʤʢʣ) ʠ ʥʠʪʨʠʣ (30 ʤʣ) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʧʦʤʝʱʘʣʠ ʚ ʘʥʦʜʥʦʝ ʦʪʜʝʣʝʥʠʝ 1 ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʩʥʘʙʞʝʥʥʦʡ  

ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ 4 ʠ ʤʝʰʘʣʴʥʠʢʦʤ 6. ʅʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ PyHBF4 (3.0 ʵʢʚ., 

3.6 ʤʤʦʣʴ, 0.6 ʛ) ʠʣʠ Et4NBF4 (3.0 ʵʢʚ., 3.6 ʤʤʦʣʴ, 0.78 ʛ) ʚ ʥʠʪʨʠʣʝ ʧʦʤʝʱʘʣʠ ʚ 

ʢʘʪʦʜʥʳʡ ʦʪʩʝʢ 2, ʩʥʘʙʞʝʥʥʳʡ ʧʣʘʪʠʥʦʚʦʡ ʧʨʦʚʦʣʦʢʦʡ 5. ʕʣʝʢʪʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (23-25 Áʉ) ʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 35 ʤɸ ʥʘ ʚʦʟʜʫʭʝ. 

ʆʢʦʥʯʘʥʠʝ ʵʣʝʢʪʨʦʣʠʟʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʊʉʍ, ʜʘʣʝʝ ʨʘʩʪʚʦʨʠʪʝʣʴ 

(ʥʠʪʨʠʣ) ʦʪʛʦʥʷʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ. 

ʆʪʦʛʥʘʥʥʳʡ ʥʠʪʨʠʣ (å16 ʤʣ) ʩʦʙʠʨʘʣʠ, ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʣʝʜʫʶʱʠʭ 

ʨʝʘʢʮʠʷʭ. ɿʘʪʝʤ ʢ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʣʷʣʠ ʭʣʦʨʦʬʦʨʤ (å15 ʤʣ) ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ PyHBF4 ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʣʠʙʦ ʵʪʘʥʦʣ (å10 ʤʣ) ʜʣʷ 

ʦʪʜʝʣʝʥʠʷ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ Et4NBF4. ʉʤʝʩʴ ʩ ʧʨʦʜʫʢʪʦʤ ʬʠʣʴʪʨʦʚʘʣʠ ʠ 

ʭʣʦʨʦʬʦʨʤ (ʠʣʠ ʵʪʘʥʦʣ) ʚʳʧʘʨʠʚʘʣʠ, ʧʦʣʫʯʘʷ ʧʨʦʜʫʢʪ. ʇʨʦʜʫʢʪ ʜʘʣʝʝ ʦʯʠʱʘʣʠ 
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ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (ʨʘʟʤʝʨ ʧʦʨ 230ï400) 

(ʵʪʠʣʘʮʝʪʘʪ/ʛʝʢʩʘʥ = 1:1 ʠʣʠ 1:2). 

 

N-ʬʝʥʠʣʘʮʝʪʘʤʠʜ (2ʘ) 

 

ɺʳʭʦʜ 0.115 ʛ (71%), ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, ʪ. ʧʣ. 113-115 Áʉ. ʗʄʈ 
1
ʅ 

(400 ʄɻʮ, CDCl3): ŭH = 8.48 (ʩ, 1H), 7.54 (ʜ, J = 7.8 ɻʮ, 2H), 7.29 (ʪ, J = 7.9 ɻʮ, 2H), 

7.10 (ʪ, J = 7.4 ɻʮ, 1ʅ), 2.14 (ʩ, 3ʅ). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 169.83, 

138.71, 129.40, 124.82, 120.86, 24.84. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H10NO 

[M+H]
+
: 136.0762; ʥʘʡʜʝʥʦ: 136.0761. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [108]. 

 

2b, ʚʳʭʦʜ 0.202 ʛ (82%), ʩʦʦʪʥʦʰʝʥʠʝ 2b-a:2b-b:2b-c 3:3:1 

N-(2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2b-a)  

 

ɹʝʣʳʝ ʢʨʠʩʪʘʣʣʳ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): ŭH = 8.55 (ʩ, 1H), 7.98 (ʜ, J = 7.8 ɻʮ, 

1H), 7.68 (ʜ, J = 7.9 ɻʮ, 1H), 7.62 (ʪ, J = 7.6 ɻʮ, 1H), 7.25 (ʪ, J = 7.4 ɻʮ, 1H), 2.23 (ʩ, 

3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.31, 135.09, 132.71, 125.96, 125.91, 125.87, 

125.82, 125.23, 124.61, 124.42, 122.53, 120.78, 120.30, 120.00, 119.82, 24.49. ʗʄʈ 

19
F (376 ʄɻʮ, CDCl3): ŭF = -60.62. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9F3NO 

[M+H]
+
: 204.0631; ʥʘʡʜʝʥʦ: 204.0634. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [109]. 

 

N-(3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2b-b)  
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ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): ŭH = 8.51 (ʩ, 1H), 7.83 (ʩ, 1H), 7.63 (ʜ, 

J = 7.9 ɻʮ, 1H), 7.39 ï7.31 (ʤ, 2H), 2.14 (s, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 

169.05, 138.54, 131.89, 131.57, 131.25, 130.93, 129.66, 128.03, 125.33, 123.12, 

122.63, 121.07, 121.03, 120.99, 120.95, 119.93, 116.78, 116.74, 116.70, 116.66, 24.63. 

ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3): ŭF = 62.77. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9F3NO 

[M+H]
+
: 204.0631; ʥʘʡʜʝʥʦ: 204.0634. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [109]. 

 

N-(4-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2b-c) 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 8.51 (ʩ, 1H), 7.62 (ʜ, J = 7.9 ɻʮ, 

2H), 7.50 (ʜ, J = 7.8 ɻʮ, 2H), 2.15 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.90, 

140.98, 128.68, 126.48-126.36, 125.97, 125.93, 123.25, 120.54, 119.45, 24.78. ʗʄʈ 
19

F 

(376 ʄɻʮ, CDCl3): ŭF = -62.11. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9F3NO 

[M+H]
+
: 204.0631; ʥʘʡʜʝʥʦ: 204.0634. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [109]. 

 

N-(2,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2ʩ) 

 

ɺʳʭʦʜ 0.28 ʛ (86%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 120-122Áʉ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): 

ŭH = 8.63 (ʩ, 1H), 7.76 (ʜ, J = 8.2 ɻʮ, 1H). 7.50 (ʜ, J = 8.4 ɻʮ, 2H), 2.27 (ʩ, 3H). ʗʄʈ 

13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.94, 136.60, 136.04, 135.71, 135.38, 135.05, 127.92, 

127.60, 127.37, 127.32, 127.27, 127.21, 125.20, 124.88, 122.48, 122.16, 121.73, 
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121.50, 119.76, 119.45, 25.18. ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3): ŭF = -61.21, -63.40. HRMS 

(ESI) m/z [M+H]
+
: ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H8F6NO, 272.0505; ʥʘʡʜʝʥʦ: 272.0504. 

 

N-(2,6-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2d)  

 

ɺʳʭʦʜ 0.264 ʛ (81%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 118-122Áʉ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): 

ŭH = 7.92 (ʜ, J = 8.03 ɻʮ, 2H), 7.61 (ʪ, J = 7.9 ɻʮ, 1H), 7.22 (ʩ, 1H), 2.21 (ʩ, 3H). ʗʄʈ 

13
ʉ (125 ʄɻʮ, CDCl3): ŭC = 170.0, 132.78, 131.24, 131.0, 130.76, 130.51, 129.99, 

129.95, 129.91, 129.87, 128.22, 125.45, 123.27, 121.09, 118.91, 22.38.
 
ʗʄʈ 

19
F (376 

ʄɻʮ, CDCl3): ŭF = -61.47. HRMS (ESI) m/z [M+H]
+
: ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H8F6NO, 

272.0505; ʥʘʡʜʝʥʦ: 272.0507. 

 

N-(2,4,6-ʪʨʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2e)  

 

ɺʳʭʦʜ 0.256 ʛ (63%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 8.56 (ʩ, 2H), 

8.13 (ʩ, 1H), 2.34 (ʩ, 3H). ʗʄʈ 
13
ʉ (125 ʄɻʮ, CDCl3): ŭC = 166.76, 132.66, 132.50, 

132.24, 131.85, 130.24, 128.67, 123.93, 121.75, 24.90.
 19

F NMR (376 MHz, CDCl3): ŭF 

= -60.97, -62.52. HRMS (ESI) m/z [M+H]
+
: ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H7F9NO, 340.0378; 

ʥʘʡʜʝʥʦ: 340.0380. 

 

N-(5-ʭʣʦʨ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2f)
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ɺʳʭʦʜ 0.24 ʛ (84%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 94-96 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH 

= 8.77 (ʩ, 1H), 7.70 (ʩ, 1H), 7.51 (ʜ, J = 8.3 Hz, 1H), 7.32 (ʜʜ, J = 8.5 Hz, 1H), 2.29 (ʩ, 

3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 167.81, 134.68, 129.93, 129.67, 128.88, 125.04, 

124.05, 121.89, 120.54, 117.85, 24.32. ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3): ŭF = -62.73. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H8ClF3NO [M+H]
+
: 238.0241; ʥʘʡʜʝʥʦ: 

238.0241. 

 

N-(4-ʬʪʦʨʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2g)  

 

ɺʳʭʦʜ 0.127 ʛ (69%), ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʪ. ʧʣ. 152ï153 Áʉ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 7.62 (ʩ, 1H), 7.47 (ʜʜ, J = 8.6, 3.5 ɻʮ, 2H), 7.05 (ʪ, J = 8.6 ɻʮ, 2H), 2.17 

(ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.01, 159.77, 158.10, 133.44, 121.42, 

121.38, 115.16, 115.06, 23.85. ʗʄʈ 
19
F (376 ʄɻʮ, CDCl3): ŭF = -119.69 HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H9FNO [M+H]
+
: 154.0663, ʥʘʡʜʝʥʦ 154.0665. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[108]. 

 

N-(4-ʭʣʦʨʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2h) 

 

ɺʳʭʦʜ 0.089 ʛ (44%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 176-179Áʉ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 7.91 (ʩ, 1H), 7.44 (ʜ, J = 7.9 ɻʮ, 2H), 7.30 (ʜ, J = 7.9 ɻʮ, 2H), 2.26 (ʩ, 

3ʅ). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.69, 136.47, 129.61, 129.33, 121.03, 24.29. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H9ClNO [M+H]
+
: 170,0367; ʥʘʡʜʝʥʦ: 170.0369. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[108]. 
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N-(3,4-ʜʠʭʣʦʨʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2i-a)  

 

ɺʳʭʦʜ 0.118 ʛ (48%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 120-122Áʉ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): 

ŭH = 8.58 (ʩ, 1H), 8.14 (ʜ, J = 2.5 ɻʮ, 1H), 7.52 (ʜ, J = 8.0 ɻʮ, 1H), 7.48 (ʜʜ, J = 8.0, 

2.4 ɻʮ, 1H), 2.06 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC =169.28, 139.84, 131.46, 

131.03, 124.80, 120.53, 119.42, 24.48. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8Cl2NO 

[M+H]
+
: 203.9977; ʥʘʡʜʝʥʦ: 203.9978. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [110]. 

 

N-(2,3-ʜʠʭʣʦʨʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2i-b)  

 

ɺʳʭʦʜ 0.04 ʛ (16%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.99 (ʩ, 1H), 

7.89 (ʜʜ, J = 8.2, 2.1 ɻʮ, 1H), 7.39 (ʜʜ, J = 7.8, 2.2 ɻʮ, 1H), 7.32 (ʪ, J = 8.0 ɻʮ, 1H), 

2.20 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.27, 136.75, 131.69, 126.96, 125.53, 

124.21, 123.27, 23.14. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8Cl2NO [M+H]
+
: 

203.9977; ʥʘʡʜʝʥʦ: 203.9978. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [111]. 

 

N-(2,5-ʜʠʭʣʦʨʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2j )  

 

ɺʳʭʦʜ 0.144 ʛ (59%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 131-133 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 8.42 (ʩ, 1H), 7.38 (ʩ, 1H), 7.25 (ʜ, J = 8.4 ɻʮ, 1H), 7.05 (ʜʜ, J = 8.5 ɻʮ, 

1H), 2.22 (ʩ, 3H). 
13

C NMR (100 ʄɻʮ, CDCl3): ŭC = 167.99, 135.19, 133.09, 129.31, 
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124.24, 121.09, 120.15, 24.66. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8Cl2NO [M+H]
+
: 

203.9978; ʥʘʡʜʝʥʦ: 203.9977. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [112]. 

 

N-(5-ʭʣʦʨ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2k)
  

 

ɺʳʭʦʜ 0.029 ʛ (13%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CD3CN): ŭH = 8.46 (ʩ, 

1H), 8.34 (ʩ, 1H), 7.49 (ʜʜ, J = 2.6 ɻʮ, 1H), 7.05 (ʜʜ, J = 8.6, 2.6 ɻʮ, 1H), 6.90 (ʜ, J = 

8.7 ɻʮ, 1H), 2.18 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CD3CN): ŭC = 169.16, 146.29, 127.86, 

123.50, 122.12, 121.08, 116.39, 23.86. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H9ClNO2 

[M+H]
+
: 186.0316; ʥʘʡʜʝʥʦ: 186.0318. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [113]. 

 

5-ʭʣʦʨ-2-ʤʝʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ (2kk) 

 

ɺʳʭʦʜ 0.106 ʛ (53%), ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʪ.ʧʣ. 52-54 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): 

ŭH = 7.65 (ʜ, J = 2.5 ɻʮ, 1H), 7.40 (ʜ, J = 8.6 ɻʮ, 1H), 7.28 (ʜʜ, J = 8.5, 2.5 ɻʮ, 1H), 

2.65 (ʩ, 3H). 
13

C NMR (100 ʄɻʮ, CDCl3): ŭC = 165.75, 149.97, 143.13, 129.98, 

125.20, 119.85, 111.36, 14.94. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H7ONCl [M+H]
+
: 

168.0211; ʥʘʡʜʝʥʦ: 168.0211. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [113]. 

 

N-(5-ʙʨʦʤ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2l)  
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ɺʳʭʦʜ 0.064 ʛ (23%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CD3CN): ŭH = 8.75 (ʩ, 

1H), 8.44 (ʩ, 1H), 7.61 (ʜ, J = 2.4 ɻʮ, 1H), 7.18 (ʜʜ, J = 8.6, 2.4 ɻʮ, 1H), 6.84 (ʜ, J = 

8.6 ɻʮ, 1H), 2.16 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CD3CN): ŭC = 169.09, 146.76, 128.04, 

126.40, 123.82, 116.88, 109.64, 23.85. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H9BrNO2 

[M+H]
+
: 229.9811; ʥʘʡʜʝʥʦ: 229.9814. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [113]. 

 

5-ʙʨʦʤ-2-ʤʝʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ (2ll ) 

 

ɺʳʭʦʜ 0.114 ʛ (45%), ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʪ.ʧʣ. 65-67 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): 

ŭH = 7.80 (ʜ, J = 1.8 ɻʮ, 1H), 7.43 (ʜʜ, J = 8.6, 1.9 ɻʮ, 1H), 7.37 (ʪ, J = 8.6 ɻʮ, 1H), 

2.66 (ʩ, 3H). 
13

C NMR (100 ʄɻʮ, CDCl3): ŭC = 164.63, 149.46, 142.60, 126.98, 

121.97, 116.36, 110.92, 13.99. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H7ONBr [M+H]
+
: 

211.9705; ʥʘʡʜʝʥʦ: 211.9710. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [113]. 

 

2m, ʚʳʭʦʜ 0.152 ʛ (79%), ʩʦʦʪʥʦʰʝʥʠʝ 2m- a:2m- b:2m- c 1.3:1:1.3 

N-(2-ʮʠʘʥʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2m-a)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 10.99 (ʩ, 1H), 8.72 (ʜ, J = 8.7 ɻʮ, 

1H), 8.12 (ʜʜ, J = 8.1, 1.7 ɻʮ, 1H), 7.61 (ʪ, J = 7.5 ɻʮ, 1H), 7.13 (ʪ, J = 7.7 ɻʮ, 1H), 

2.26 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 167.84, 141.44, 134.71, 131.53, 124.76, 

121.66, 115.68, 24.82. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9N2O [M+H]
+
: 161.0709; 

ʥʘʡʜʝʥʦ: 161.0709. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [114]. 
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N-(3-ʮʠʘʥʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2m-b)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.93 (ʩ, 1H), 7.73 (ʜ, J = 8.1 ɻʮ, 

1H), 7.55 (ʩ, 1H), 7.51 ï 7.42 (m, 2H), 2.23 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 

169.31, 139.02, 129.91, 127.64, 124.11, 123.01, 118.70, 112.69, 24.43. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9N2O [M+H]
+
: 161.0709; ʥʘʡʜʝʥʦ: 161.0709. 

 

N-(4-ʮʠʘʥʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2m-c)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.67 (ʜ, J = 9.0 ɻʮ, 2H), 7.62 (ʜ, J 

= 8.2 ɻʮ, 2H), 7.59 (ʩ, 1H), 2.24 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 169.21, 

143.54, 133.21, 119.12, 104.67, 24.26. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9N2O 

[M+H]
+
: 161.0709; ʥʘʡʜʝʥʦ: 161.0709. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [115]. 

 

2n, ʚʳʭʦʜ 0.138 ʛ (64%), ʩʦʦʪʥʦʰʝʥʠʝ 2n-a:2n-b :2n-c= 3.5:1.3:1 

N-(2-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2n-a)  

 

ɺʳʭʦʜ 0.084 ʛ (39%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 91-93Áʉ. 
1
H ʗʄʈ (400 ʄɻʮ, CDCl3): 

ŭH = 10.34 (ʩ, 1H), 8.79 (ʜ, J = 8.7 ɻʮ, 1H), 8.23 (ʜʜ, J = 8.5 ɻʮ, 1H), 7.69 ï 7.65 (ʤ, 

1H), 7.20 (ʪ, J = 7.9 ɻʮ, 1H), 2.31 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 169.97, 

135.94, 134.87, 134.51, 127.70, 123.19, 122.20, 25.60. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ 



91 
 

 
 

ʜʣʷ C8H9N2O3 [M+H]
+
: 181.0608; ʥʘʡʜʝʥʦ: 181.0608. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [116]. 

 

N-(3-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2n-b)  

 

ɺʳʭʦʜ 0.03 ʛ (14%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 103-105Áʉ. 
1
H ʗʄʈ (400 ʄɻʮ, 

CDCl3): ŭH = 8.38 (c, 1H), 7.97 (ʜʜ, J = 8.0, 2.1 ɻʮ, 2H), 7.71 (ʩ, 1H), 7.50 (ʪ, J = 8.2 

ɻʮ, 1H), 2.25 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.39, 148.03, 138.59, 

129.31, 125.08, 118.32, 114.03, 24.04. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H9N2O3 

[M+H]
+
: 181.0608; ʥʘʡʜʝʥʦ: 181.0607. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [117]. 

 

N-(4-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2n-ʩ)  

 

ɺʳʭʦʜ 0.023 ʛ (11%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 96-98 Áʉ. 
1
H ʗʄʈ (400 ʄɻʮ, CDCl3): 

ŭH = 8.22 (ʜ, J = 9.2 ɻʮ, 1H), 7.71 (ʜ, J = 9.1 ɻʮ, 2H), 6.33 (ʩ, 1H), 2.26 (ʩ, 3H). ʗʄʈ 

13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 170.31, 145.32, 142.75, 124.56, 118.73, 23.56. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H9N2O3 [M+H]
+
: 181.0608; ʥʘʡʜʝʥʦ: 181.0607. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[118]. 

 

2o, ʚʳʭʦʜ 0.211 ʛ (82%), ʩʦʦʪʥʦʰʝʥʠʝ 2o-a:2o-b 1.2:1 

N-(4-ʭʣʦʨ-3-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2o-a)  
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ɾʝʣʪʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 8.15 (ʜ, J = 2.24 ɻʮ, 1H), 7.72 

(ʜʜ, J = 8.74, 2.24 ɻʮ, 1H), 7.51 (ʩ, 1H), 7.49 (ʜ, J = 8.74 ɻʮ, 2H), 2.23 (ʩ, 3H). ʗʄʈ 

13
ʉ (125 ʄɻʮ, CDCl3): ŭC = 167.99, 147.45, 136.91, 131.62, 123.25, 120.89, 115.74, 

24.01. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8ClN2O3 [M+H]
+
: 215.0218; ʥʘʡʜʝʥʦ: 

215.0220. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [119]. 

 

N-(2-ʭʣʦʨ-3-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2o-b) 

 

ɾʝʣʪʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 8.67 (ʜ, J = 8.41 ɻʮ, 1H), 7.81 (ʩ, 

1H), 7.60 (ʜʜ, J = 8.15, 1.45 ɻʮ, 1H), 7.44 (ʪ, J = 8.2 ɻʮ, 1H), 2.32 (ʩ, 3H). ʗʄʈ 
13
ʉ 

(125 ʄɻʮ, CDCl3): ŭC = 167.99, 148.02, 136.05, 127.32, 124.28, 119.41, 113.58, 24.39. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8ClN2O3 [M+H]
+
: 215.0218; ʥʘʡʜʝʥʦ: 

215.0220. 

 

N-(2-ʭʣʦʨ-5-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2p-a)  

 

ɺʳʭʦʜ 0.191 ʛ. (74%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 155-158Áʉ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 9.13 (ʜ, J = 2.6 ɻʮ, 1H), 8.10 (ʩ, 1H), 7.98 (ʜʜ, J = 8.8 ɻʮ, 1H), 7.59 (ʜ, J 

= 8.4 ɻʮ, 1H), 2.37 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 170.13, 148.33, 135.21, 

130.06, 128.55, 119.14, 117.13, 24.21. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8ClN2O3 

[M+H]
+
: 215.0218; ʥʘʡʜʝʥʦ: 215.0218. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [120]. 

 

N-(5-ʭʣʦʨ-2-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2p-b)  
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ɺʳʭʦʜ 0.028 ʛ (11%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 10.45 (ʩ, 

1H), 8.78 (ʜ, J = 2.3 ɻʮ, 1H), 8.19 (ʜ, J = 9.1 ɻʮ, 1H), 7.20 (ʜʜ, J = 9.0, 2.2 ɻʮ, 1H), 

2.34 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 169.20, 142.95, 135.93, 134.46, 127.05, 

123.54, 121.77, 25.75. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 215.02. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8ClN2O3 [M+H]
+
: 215.0218; ʥʘʡʜʝʥʦ: 215.0218. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[121]. 

 

N-(2-ʬʪʦʨ-5-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2q) 

 

ɺʳʭʦʜ 0.159 ʛ (67%), ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 177-178 Áʉ. ʗʄʈ 
1
ʅ (400 

ʄɻʮ, CD3CN): ŭH = 9.15 (ʜʜ, J = 6.9, 2.9 ɻʮ, 1H), 8.49 (ʩ, 1H), 7.99 (ʜʜʜ, J = 9.1, 4.2, 

2.9 ɻʮ, 1H), 7.36 (ʜʜ, J = 10.2, 9.1 ɻʮ, 1H), 2.19 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, 

CD3CN): ŭC = 169.57, 157.44, 154.78, 143.73, 135.93, 127.62, 127.54, 120.13, 120.05, 

116.61, 116.43, 23.69. ʗʄʈ 
19

F (376 ʄɻʮ, CD3CN): ŭF = -118.17. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H8 FN2O3 [M+H]
+
: 199.0513; ʥʘʡʜʝʥʦ: 199.0513. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[122]. 

 

N-(2-ʙʨʦʤ-5-ʥʠʪʨʦʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2r ) 
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ɺʳʭʦʜ 0.198 ʛ (64%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ.ʧʣ. 182-183 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 9.19 (ʩ, 1H), 8.11 (ʜ, J = 8.9 ɻʮ, 1H), 7.88 (ʜʜ, J = 9.1, 2.6 ɻʮ, 1H), 7.75 

(ʜ, J = 8.8 ɻʮ, 1H), 2.35 (ʩ, 3H). 
13

C NMR (100 MHz, CDCl3): ŭC = 169.30, 147.47, 

137.78, 134.53, 120.97, 120.17, 23.98. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ for 

C8H8BrN2O3 [M+H]
+
: 258.9713; ʥʘʡʜʝʥʦ: 258.9713. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [123]. 

 

2s, ʚʳʭʦʜ 0.196 ʛ (79%), ʩʦʦʪʥʦʰʝʥʠʝ 2s-a:2s-b:2s-c 2.2:1.7:1 

ʕʪʠʣ 2-ʘʮʝʪʘʤʠʜʦʙʝʥʟʦʘʪ (2s-a) 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 11.10 (c, 1H), 8.71 (ʜ, J = 8.7 ɻʩ, 

1H), 8.05 (ʜʜ, J = 8.1, 1.7 ɻʩ, 1H), 7.44 (ʪ, J = 7.5 ɻʩ, 1H), 7.09 (ʪ, J = 7.7 ɻʩ, 1H), 

4.39 (ʢʚ, J = 7.5 ɻʩ, 2H), 2.24 (ʩ, 3H), 1.41 (ʪ, J = 7.5 ɻʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, 

CDCl3): ŭC = 169.57, 168.87, 142.17, 135.07, 130.06, 122.88, 120.84, 115.62, 61.90, 

25.99, 14.70. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H14NO3 [M+H]
+
: 208.0968; 

ʥʘʡʜʝʥʦ: 208.0968. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [124]. 

 

ʕʪʠʣ 3-ʘʮʝʪʘʤʠʜʦʙʝʥʟʦʘʪ (2s-b) 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 8.03 (c, 1H), 8.00 (c, 1H), 7.91 (ʜ, 

J = 8.6 ɻʮ, 1H), 7.79 (ʜ, J = 6.9 ɻʮ, 1H), 7.39 (ʪ, J = 8.0 ɻʮ, 1H), 4.37 (ʢʚ, J = 7.1 ɻʮ, 

6H), 2.21 (ʩ, 3H), 1.39 (ʪ, J = 7.1 ɻʮ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 168.74, 

165.81, 137.82, 130.42, 128.41, 125.01, 124.61, 124.11, 60.31, 23.80, 13.67. HRMS-

ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H14NO3 [M+H]
+
: 208.0968; ʥʘʡʜʝʥʦ: 208.0968. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [48]. 
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ʕʪʠʣ 4-ʘʮʝʪʘʤʠʜʦʙʝʥʟʦʘʪ (2s-c) 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 8.02 (ʜ, J = 4.8 ɻʮ, 2H), 7.61 (ʜ, J 

= 8.4 ɻʮ, 2H), 4.37 (ʢʚ, J = 7.1 ɻʮ, 2H), 2.21 (s, 3H), 1.38 (ʪ, J = 7.1 ɻʮ, 3H). ʗʄʈ 
13
ʉ 

(100 ʄɻʮ, CDCl3): ŭC = 168.80, 165.83, 141.91, 130.02, 120.41, 118.31, 60.61, 24.00, 

13.67. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H14NO3 [M+H]
+
: 208.0968; ʥʘʡʜʝʥʦ: 

208.0968. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [48]. 

 

ɼʠʤʝʪʠʣ-4-ʘʮʝʪʘʤʠʜʦʠʟʦʬʪʘʣʘʪ (2t-a)  

 

ɺʳʭʦʜ 0.126 ʛ (42%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 11.27 (ʩ, 

1H), 8.80 (ʜ, J = 8.9 ɻʮ, 1H), 8.72 (ʜ, J = 2.1 ɻʮ, 1H), 8.18 (ʜʜ, J = 8.9, 2.2 ɻʮ, 1H), 

3.97 (ʩ, 3H), 3.93 (ʩ, 3H), 2.27 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 169.81, 

168.80, 166.38, 145.68, 136.12, 133.31, 124.50, 120.36, 114.90, 53.08, 52.71, 26.08. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H14NO5 [M+H]
+
: 252.0867; ʥʘʡʜʝʥʦ: 252.0868. 

 

ɼʠʤʝʪʠʣ-2-ʘʮʝʪʘʤʠʜʦʠʟʦʬʪʘʣʘʪ (2t-b)  

 

ɺʳʭʦʜ 0.099 ʛ (33%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 10.54 (c, 

1H), 8.04 (ʜ, J = 7.8 ɻʮ, 2H), 7.24 (ʪ, J = 7.8 ɻʮ, 1H), 3.93 (ʩ, 6H), 2.23 (ʩ, 3H). ʗʄʈ 

13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 169.02, 167.47, 137.44, 134.13, 123.87, 123.49, 52.50, 
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24.41. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H14NO5 [M+H]
+
: 252.0867; ʥʘʡʜʝʥʦ: 

252.0868. 

 

N-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2u) 

 

ɺʳʭʦʜ 0.132 ʛ (73%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 167-170 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

ɼʄʉʆ-d6): ŭH = 9.61 (ʩ, 1H), 9.09 (ʩ, 1H), 7.33 (ʜ, J = 8.8 ɻʮ, 2H), 6.67 (ʜ, J = 8.8 ɻʮ, 

2H), 1.97 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, ɼʄʉʆ-d6): ŭC = 168.47, 154.11, 132.04, 

121.81, 115.98, 24.72. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C8H10NO2 [M+H]
+
: 

152.0706; ʥʘʡʜʝʥʦ: 152.0709. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [47]. 

 

N-(4-ʛʠʜʨʦʢʩʠ-3,5-ʜʠʤʝʪʠʣʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2v) 

 

ɺʳʭʦʜ 0.146 ʛ (68%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 141-144 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

ɼʄʉʆ-d6): ŭH = 9.21 (ʩ, 1H), 7.94 (ʩ, 1H), 7.31 (ʩ, 2H), 2.13 (ʩ, 6H), 1.98 (ʩ, 3H). 

ʗʄʈ 
13
ʉ (100 ʄɻʮ, ɼʄʉʆ-d6): ŭC = 168.23, 149.65, 131.82, 125.06, 120.28, 24.56, 

17.57. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H14NO2 [M+H]
+
: 180.1019; ʥʘʡʜʝʥʦ: 

180.1018. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [47]. 

 

N-(4-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣʬʝʥʠʣ)ʘʮʝʪʘʤʠʜ (2w) 
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ɺʳʭʦʜ 0.129 ʛ (65%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ.ʧʣ.160-163 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CD3CN): ŭH = 9.17 (ʩ, 1H), 8.85 (ʩ, 1H), 7.17 (ʜ.ʢʚ, J = 4.6, 2.1 ɻʮ, 2H), 6.66 (ʜ, J = 

9.0 ɻʮ, 1H), 2.16 (ʩ, 3H), 2.03 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CD3CN): ŭC = 169.82, 

152.10, 130.04, 124.42, 123.24, 119.24, 114.12, 22.16, 14.97. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H12NO2 [M+H]
+
: 166.0868; ʥʘʡʜʝʥʦ: 166.0868. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [47]. 

 

ʄʝʪʠʣ 5-ʘʮʝʪʘʤʠʜʦ-2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (2x)  

 

ɺʳʭʦʜ 0.105 ʛ (42%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 143-145 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CD3CN): ŭH = 8.64 (ʩ, 1H), 8.04 (ʜ, J = 2.3 ɻʮ, 1H), 7.60 (ʩ, 1H), 7.54 (ʜʜ, J = 9.0, 2.8 

ɻʮ, 1H), 6.93 (ʜ, J = 9.0 ɻʮ, 1H), 3.93 (ʩ, 3H), 2.13 (ʩ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, 

CD3CN): ŭC = 170.83, 170.60, 158.70, 130.38, 129.25, 121.94, 118.13, 112.65, 52.86, 

23.07. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H12NO4 [M+H]
+
: 210.0761; ʥʘʡʜʝʥʦ: 

210.0762. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [125]. 

 

ʄʝʪʠʣ-2-ʤʝʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ-7-ʢʘʨʙʦʢʩʠʣʘʪ (2xx) 

 

ɺʳʭʦʜ 0.08 ʛ (35%), ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.95 (ʜʜ, J 

= 7.8, 1.2 ɻʮ, 1H), 7.86 (ʜʜ, J = 7.9, 1.2 ɻʮ, 1H), 7.37 (ʪ, J = 7.9 ɻʮ, 1H), 4.02 (ʩ, 3H), 

2.73 (ʩ, 3H). 
13

C NMR (100 ʄɻʮ, CDCl3): ŭC = 165.09, 164.70, 135.70, 124.29, 

123.95, 119.16, 117.59, 111.60, 52.26, 14.59. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C10H10NO3 [M+H]
+
: 192.0655; ʥʘʡʜʝʥʦ: 192.0655. 
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ʕʪʠʣ 5-ʘʮʝʪʘʤʠʜʦ-2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ (2y).  

 

ɺʳʭʦʜ 0.11 ʛ (41%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 121-124 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 10.69 (ʩ, 1H), 7.98 (ʜ, J = 2.7 ɻʮ, 1H), 7.54 (ʜʜ, J = 8.9, 2.7 ɻʮ, 1H), 7.29 

(ʩ, 1H), 6.94 (ʜ, J = 8.9 ɻʮ, 1H), 4.41 (ʢʚ, J = 7.3 ɻʮ, 2H), 2.16 (ʩ, 1H), 1.41 (ʪ, J = 7.1 

Hz, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, CDCl3): ŭC = 170.30, 168.97, 159.16, 129.87, 129.40, 

122.33, 118.46, 112.89, 62.15, 24.71, 14.69. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C11H14NO4 [M+H]
+
: 224.0917; ʥʘʡʜʝʥʦ: 224.0919. 

 

ʕʪʠʣ-2-ʤʝʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ-7-ʢʘʨʙʦʢʩʠʣʘʪ (2ʫʫ) 

 

ɺʳʭʦʜ 0.084 ʛ (34%), ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.95 (ʜʜ, 

J = 7.8, 1.2 ɻʮ, 1H), 7.85 (ʜʜ, J = 7.9, 1.2 ɻʮ, 1H), 7.37 (ʪ, J = 7.9 ɻʮ, 1H), 4.49 (ʢʚ, J 

= 7.1 ɻʮ, 2H), 2.72 (ʩ, 1H), 1.46 (ʪ, J = 7.2 ɻʮ, 3H). 
13

C NMR (100 ʄɻʮ, CDCl3): ŭC = 

165.57, 164.73, 150.58, 143.42, 127.02, 124.67, 124.38, 115.59, 61.86, 15.12, 14.86. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H12NO3 [M+H]
+
: 206.0812; ʥʘʡʜʝʥʦ: 206.0814. 

 

N-ʬʝʥʠʣʧʨʦʧʠʦʥʘʤʠʜ (3a)  

 

ɺʳʭʦʜ 0.125 ʛ (70%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 101-104 ÁC. 
1
H ʗʄʈ 

1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 7.54 (ʜ, J = 7.6 ɻʮ, 2H), 7.40 (ʩ, 1H), 7.35 (ʪ, J = 7.9 ɻʮ, 2H), 7.04 (ʪ, J = 

7.4 ɻʮ, 1H), 2.40 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.15 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ 
13
ʉ (100 ʄɻʮ, 

CDCl3): ŭC = 172.24, 138.09, 129.13, 124.22, 120.03, 30.80, 9.77. HRMS-ESI (m/z): 
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ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H12NO [M+H]
+
: 159.0913; ʥʘʡʜʝʥʦ: 159.0914. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[126]. 

 

3b, ʚʳʭʦʜ 0.202 ʛ (82%), ʩʦʦʪʥʦʰʝʥʠʝ 3b-a:3b-b:3b-c 3:3:1 

N-(2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3b-a).  

 

ɹʝʣʳʝ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 8.34 (c, 1H), 8.03 (ʜ, J = 7.8 ɻʮ, 

1H), 7.64 (ʜ, J = 7.9 ɻʮ, 1H), 7.50 (ʪ, J = 7.5 ɻʮ, 1H), 7.23 (ʪ, J = 7.4 ɻʮ, 1H), 2.46 

(ʢʚ, J = 7.5 ɻʮ, 2H), 1.27 (ʪ, J = 7.4 ɻʮ, 3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 173.70, 

135.50, 133.24, 128.52, 126.71, 126.66, 126.62, 126.57, 126.18, 125.79, 125.59, 

123.08, 120.34, 30.95, 10.00. ʗʄʈ 
19

F (376 ʄɻʮ, CDCl3): ŭF = -60.68. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H11F3NO [M+H]
+
: 218.0787; ʥʘʡʜʝʥʦ: 218.0790. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[127]. 

 

N-(3-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3b-b)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): ŭH = 7.85 (ʩ, 1H), 7.70 (ʜ, J = 7.8 ɻʮ, 

1H), 7.52 (ʩ, 1H), 7.34 (ʤ, 2H), 2.37 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.20 (ʪ, J = 7.5 ɻʮ, 3H). 

ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 173.70, 139.29, 132.17, 131.84, 131.52, 131.20, 

128.72, 127.73, 126.08, 123.57, 123.32, 121.06, 120.62, 117.25, 31.03, 10.00. ʗʄʈ 
19

F 

(376 ʄɻʮ, CDCl3): ŭF = -62.79. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H11F3NO 

[M+H]
+
: 218.0787; ʥʘʡʜʝʥʦ: 218.0790. 

 

N-(4-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3b-c)  



100 
 

 
 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 8.32 (ʩ, 1H), 7.60 (ʜ, J = 7.8 ɻʮ, 

2H), 7.50 (ʜ, J = 7.9 ɻʮ, 2H), 2.38 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.20 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ
 

13
C (100 ʄɻʮ, CDCl3): ŭC = 173.40, 141.88, 128.57, 126.67, 126.61, 126.56, 126.48, 

126.03, 125.84, 123.13, 120.38, 120.05, 31.15, 9.96. ʗʄʈ
 19

F (376 ʄɻʮ, CDCl3): ŭF = -

62.34. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H11F3NO [M+H]
+
: 218.0787; ʥʘʡʜʝʥʦ: 

218.0790. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [128]. 

 

N-(2,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3ʩ) 

 

ɺʳʭʦʜ 0.287 ʛ (84%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 83-85 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 8.69 (ʩ, 1H), 7.75 (ʜ, J = 8.0 ɻʮ, 1H). 7.55 (ʜ, J = 7.5 ɻʮ, 2H), 2.50 (ʢʚ, J = 7.5 

ɻʮ, 2H), 1.30 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 172.62, 136.77, 

136.06, 135.73, 135.40, 135.06, 128.00, 127.94, 127.89, 127.66, 127.37, 127.31, 

127.26, 127.21, 125.30, 124.95, 122.58, 122.23, 121.54, 121.50, 121.29, 121.25, 

119.85, 119.51, 31.38, 9.72. ʗʄʈ
 19

F (376 ʄɻʮ, CDCl3): ŭF = -61.22, -63.41. HRMS-

ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H10F6NO [M+H]
+
: 286.0661; ʥʘʡʜʝʥʦ: 286.0662.  

 

N-(2,6-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3d)  

 

ɺʳʭʦʜ 0.257 ʛ (75%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 82-85 Áʉ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): 

ŭH = 7.93 (ʜ, J = 8.0 ɻʮ, 2H), 7.61 (ʪ, J = 7.9 ɻʮ, 1H), 7.08 (ʩ, 1H), 2.48 (ʢʚ, J = 7.6 
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ɻʮ, 2H), 1.29 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ 
13
ʉ (125 ʄɻʮ, CDCl3): ŭC = 170.0, 132.78, 

131.24, 131.0, 130.76, 130.51, 129.99, 129.95, 129.91, 129.87, 128.22, 125.45, 123.27, 

121.09, 118.91, 22.38.
 
ʗʄʈ 

19
F (376 ʄɻʮ, CDCl3): ŭF = -61.47. HRMS (ESI) m/z 

[M+H]
+
: ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H8F6NO, 286.0661; ʥʘʡʜʝʥʦ: 286.0664. 

 

N-(2,4,6-ʪʨʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3e)  

 

ɺʳʭʦʜ 0.263 ʛ (45%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (500 ʄɻʮ, CDCl3): ŭH = 8.41 (ʩ, 2H), 

7.98 (ʩ, 1H), 2.36 (ʢʚ, J = 7.2 ɻʮ, 2H), 1.31 (ʪ, J = 7.1 ɻʮ, 3H). ʗʄʈ
 13

C (125 ʄɻʮ, 

CDCl3): ŭC = 171.36, 132.99, 132.57, 132.05, 130.54, 129.36, 124.67, 123.41, 29.28, 

9.59.
 
ʗʄʈ

 19
F (376 ʄɻʮ, CDCl3): ŭF = -60.77, -62.41. HRMS (ESI) m/z [M+H]

+
: 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ  C12H9F9NO, 354.05349; ʥʘʡʜʝʥʦ, 354.05350. 

 

N-(5-ʭʣʦʨ-2-(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3f)
  

 

ɺʳʭʦʜ 0.25 ʛ (83%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 79-82 ÁC. ʗʄʈ
 1
H (500 ʄɻʮ, CDCl3): ŭH 

= 8.77 (ʩ, 1H), 7.77 (ʩ, 1H), 7.49 (ʜ, J = 8.5 ɻʮ, 1H), 7.29 (ʜʜ, J = 8.5 ɻʮ, 1H), 2.52 

(ʢʚ, J = 7.5 ɻʮ, 2H), 1.30 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ
 13

C (125 ʄɻʮ, CDCl3): ŭC = 171.78, 

134.65, 130.09, 129.83, 129.57, 129.30, 128.87, 126.23, 125.26, 124.07, 121.90, 

120.47, 120.45, 120.42, 120.40, 119.73, 117.92, 30.37, 8.78. ʗʄʈ
 19

F (376 ʄɻʮ, 

CDCl3) ŭ = -62.77. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H8ClF3NO [M+H]
+
: 

252.0397; ʥʘʡʜʝʥʦ: 252.0394. 

 

N-(4-ʬʪʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3g) 
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ɺʳʭʦʜ 0.136 ʛ (68%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 132-133 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, 

CDCl3): ŭH = 7.69 (ʩ, 1H), 7.42 (ʜʜ, J = 8.9 ɻʮ, 3.5 ɻʮ, 2H), 6.97 ï 6.92 (ʤ, 2H), 2.36 

(ʢʚ, J = 7.6 ɻʮ, 2H), 1.24 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 172.59, 

160.25, 157.70, 134.00, 121.93, 121.81, 115.55, 115.26, 30.37, 9.66. ʗʄʈ
 19

F (376 

ʄɻʮ, CDCl3): ŭF = -120.78. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H11FNO [M+H]
+
: 

168.0819, ʥʘʡʜʝʥʦ: 168.0817. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [129]. 

 

N-(4-ʭʣʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3h) 

 

ɺʳʭʦʜ 0.099 ʛ (45%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 134-137 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, 

CDCl3): ŭH = 7.70 (ʩ, 1H), 7.51 (ʜ, J = 8.9 ɻʮ, 2H), 7.30 (ʜ, J = 8.9 ɻʮ, 2H), 2.43 (ʢʚ, J 

= 7.6 ɻʮ, 2H), 1.27 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 172.61, 

136.82, 129.33, 129.13, 121.41, 30.82, 9.83. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C9H11ClNO [M+H]+: 184.0524; ʥʘʡʜʝʥʦ: 184.0522. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [108]. 

 

N-(3,4-ʜʠʭʣʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3i-a)  

 

ɺʳʭʦʜ 0.133 ʛ (51%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 90-92ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH 

= 7.78 (ʩ, 1H), 7.35 ï 7.34 (ʤ, 1H), 7.32 (ʩ, 2H), 2.42 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.26 (ʪ, J = 

7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 171.39, 136.66, 132.08, 129.77, 120.73, 

118.24, 28.94, 8.75. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10Cl2NO [M+H]
+
: 
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218.0134; ʥʘʡʜʝʥʦ: 218.0134. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [126]. 

 

N-(2,3-ʜʠʭʣʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3i-b)  

 

ɺʳʭʦʜ 0.044 ʛ (17%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 7.88 (ʩ, 1ʅ), 

7.70 (ʜʜ, J = 8.1, 2.2 ɻʮ, 1H), 7.37 (ʜʜ, J = 8.0, 2.2 ɻʮ, 1H), 7.32 (ʜ, J = 8.0 ɻʮ, 1H), 

2.53 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.17 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 

172.13, 137.12, 134.84, 128.59, 124.84, 123.51, 119.98, 31.31, 9.78. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10Cl2NO [M+H]
+
: 218.0134; ʥʘʡʜʝʥʦ: 218.0136.  

 

N-(2,5-ʜʠʭʣʦʨʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3j)  

 

ɺʳʭʦʜ 0.157 ʛ (60%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 95-98 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): 

ŭH = 8.11 (ʩ, 1H), 7.98 (ʩ, 1H), 7.39 (ʜ, J = 8.6 ɻʮ, 1H), 7.07 (ʜ, J = 8.6 ɻʮ, 1H), 2.57 

(ʢʚ, J = 7.5 ɻʮ, 2H), 1.17 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 172.74, 

137.05, 133.59, 129.73, 125.36, 122.70, 121.46, 30.52, 9.67. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10Cl2NO [M+H]
+
: 218.0134; ʥʘʡʜʝʥʦ: 218.0135.  

 

N-(5-ʭʣʦʨ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3k)
  

 

ɺʳʭʦʜ 0.055 ʛ (25%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 7.29 (ʩ, 1H), 

7.15 (ʜ, J = 2.5 ɻʮ, 1H), 7.08 (ʜʜ, J = 8.7, 2.5 ɻʮ, 1H), 7.02 (ʩ, 1H), 6.94 (ʜ, J = 8.5 ɻʮ, 

1H), 2.51 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.30 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC 
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= 172.15, 147.80, 126.90, 124.06, 122.95, 120.96, 116.11, 30.68, 9.57. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H11ClNO2 [M+H]
+
: 200.0473; ʥʘʡʜʝʥʦ: 200.0475. 

 

5-ʭʣʦʨ-2-ʵʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ (3kk ) 

 

ɺʳʭʦʜ 0.107 ʛ (49%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 35-38ÁC. ʗʄʈ
 1
H (500 ʄɻʮ, CDCl3): ŭH 

= 7.67 (ʜ, J = 2.1 ɻʮ, 1H), 7.41 (ʜ, J = 8.5 ɻʮ, 1H), 7.29 (ʜʜ, J = 8.6, 2.1 ɻʮ, 1H), 2.98 

(ʢʚ, J = 7.6 ɻʮ, 2H), 1.47 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (125 ʄɻʮ, CDCl3): ŭC = 169.10, 

148.91, 142.03, 129.04, 124.21, 119.08, 110.44, 21.68, 10.26. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9ONCl [M+H]
+
: 182.0367; ʥʘʡʜʝʥʦ: 182.0366. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[113]. 

 

N-(5-ʙʨʦʤ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3l) 

 

ɺʳʭʦʜ 0.035 ʛ (12%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 7.78 

(ʩ, 1H), 7.43 (ʜʜ, J = 4.6, 2.2 ɻʮ, 1H), 7.17 (ʜʜ, J = 8.7, 2.4 ɻʮ, 1H), 7.16 (ʩ, 1H), 6.86 

(ʜ, J = 8.6 ɻʮ, 1H), 2.50 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.28 (ʪ, J = 7.2 ɻʮ, 3H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 172.00, 147.84, 129.69, 127.68, 124.96, 117.50, 112.43, 30.68, 

10.21. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10BrFNO [M+H]
+
: 243.9967; ʥʘʡʜʝʥʦ: 

243.9967. 

 

5-ʙʨʦʤ-2-ʵʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ (3ll ) 
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ɺʳʭʦʜ 0.165 ʛ (61%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 46-48 ÁC. ʗʄʈ
 1
H (500 ʄɻʮ, CDCl3): 

ŭH = 7.83 (ʜ, J = 8.7 ɻʮ, 1H), 7.44 (ʜʜ, J = 8.6, 1.9 ɻʮ, 1H), 7.38 (ʜ, J = 8.6 ɻʮ, 1H), 

2.99 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.47 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (125 ʄɻʮ, CDCl3): ŭC = 

169.79, 149.76, 143.237, 127.82, 122.94, 117.19, 111.90, 22.60, 10.98. ʗʄʈ
 13

C (125 

ʄɻʮ, CDCl3): ŭC = 169.16, 149.24, 141.99, 127.16, 121.93, 116.49, 111.07, 21.64, 

10.25. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H9ONBr [M+H]
+
: 225.9862; ʥʘʡʜʝʥʦ: 

225.9862. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [113]. 

 

3m, ʚʳʭʦʜ 0.152 ʛ (73%), ʩʦʦʪʥʦʰʝʥʠʝ 3m-a:3m-b:3m-c 3:1:2 

N-(2-ʮʠʘʥʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3m-a)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 11.17 (c, 1H), 8.71 (ʜʜ, J = 8.5 ɻʮ, 

1H), 8.06 (ʜʜ, J = 8.0, 1.7 ɻʮ, 1H), 7.56 ï 7.53 (ʤ, 1H), 7.12 ï 7.08 (ʤ, 1H), 2.51 (ʢʚ, J 

= 7.6 ɻʮ, 2H), 1.43 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ 
13

C (100 Mɻʮ, CDCl3): ŭC = 173.70, 

142.64, 135.91, 132.21, 123.08, 118.98, 114.52, 32.25, 10.10. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H11N2O [M+H]
+
: 175.0866; ʥʘʡʜʝʥʦ: 175.0867.  

 

N-(3-ʮʠʘʥʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3m-b)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.95 (c, 1H), 7.74 (ʜ, J = 8 ɻʮ, 1H), 

7.44 ï 7.37 (ʤ, 2H), 2.45 (ʢʚ, J = 7.6 Hz, 2H), 1.30 (ʪ, J = 7.6 ɻʮ, 3H). 
13

C NMR (100 

ʄɻʮ, CDCl3): ŭC = ŭ 171.34, 139.34, 130.41, 128.14, 121.00, 119.35, 118.31, 113.56, 

29.23, 9.97. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H11N2O [M+H]
+
: 175.0866; 

ʥʘʡʜʝʥʦ: 175.0867. 
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N-(4-ʮʠʘʥʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3m-c)  

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.68 (ʜ, J = 8.9 ɻʮ, 1H), 7.62 (ʜ, J 

= 8.9 ɻʮ, 1H), 7.45 (ʩ, 1H), 2.46 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.28 (ʪ, J = 7.6 ɻʮ, 3H). 
13

C 

NMR (100 MHz, CDCl3): ŭC = 172.97, 142.57, 133.83, 120.01, 107.55, 31.36, 9.90. 

ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 175.08. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C10H11N2O [M+H]
+
: 175.0866; ʥʘʡʜʝʥʦ: 175.0867. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [129]. 

 

3n, ʚʳʭʦʜ 0.159 ʛ (68%), ʩʦʦʪʥʦʰʝʥʠʝ 3n-a:3n-b:3n-c= 3.2:1:1 

N-(2-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3n-a)  

 

ɺʳʭʦʜ 0.098 ʛ (42%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 63-65Áʉ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): 

ŭH = 9.47 (c, 1H), 8.80 (ʜʜ, J = 9.7, 1.8 ɻʮ, 1H), 8.21 (ʜʜ, J = 9.5, 1.7 ɻʮ, 1H), 7.65 (ʪ, 

J = 7.8 ɻʮ, 1H), 7.19 (ʪ, J = 7.8 ɻʮ, 1H), 2.56 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.31 (ʪ, J = 7.6 ɻʮ, 

3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 172.75, 136.14, 135.93, 134.89, 125.61, 122.95, 

120.01, 30.80, 9.78. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H11N2O3 [M+H]
+
: 195.0764; 

ʥʘʡʜʝʥʦ: 195.0764. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [128]. 

 

N-(3-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3n-b)  

 

ɺʳʭʦʜ 0.033 ʛ (13%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 100-102 Áʉ. ʗʄʈ 
1
H (400 ʄɻʮ, 

CDCl3): ŭH = 8.39 (c, 1H), 7.98-7.94 (ʤ, 2H), 7.83 (ʩ, 1H), 7.48 (ʪ, J = 8.2 ɻʮ, 1H), 
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2.47 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.27 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 

173.30, 148.17, 139.14, 129.55, 125.56, 118.42, 114.39, 30.36, 9.34. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H11N2O3 [M+H]
+
: 195.0764; ʥʘʡʜʝʥʦ: 195.0765. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[130]. 

 

N-(4-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3n-ʩ)  

 

ɺʳʭʦʜ 0.03 ʛ (13%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 69-72 Áʉ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): 

ŭH = 8.20 (ʜ, J = 9.2 ɻʮ, 2H), 7.78 (ʩ, 1H), 7.73 (ʜ, J = 9.2 ɻʮ, 2H), 2.47 (ʢʚ, J = 7.5 

ɻʮ, 2H), 1.27 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 173.69, 145.90, 

142.47, 125.48, 118.83, 30.17, 9.67. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H11N2O3 

[M+H]
+
: 195.0764; ʥʘʡʜʝʥʦ: 195.0765. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [131]. 

3o, ʚʳʭʦʜ 0.217 ʛ (79%), ʩʦʦʪʥʦʰʝʥʠʝ 3o-a:3o-b 2.2:1 

 

N-(4-ʭʣʦʨ-3-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3o-a)  

 

ɺʳʭʦʜ 0.159 ʛ (58%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 8.18 

(ʜ, J = 2.43 ɻʮ, 1H), 7.73 (ʜʜ, J = 8.78, 2.43 ɻʮ, 1H), 7.54 (ʩ, 1H), 7.48 (ʜ, J = 8.78 Hz, 

1H), 2.45 (ʢʚ, J = 7.58 ɻʮ, 2H), 1.28 (ʪ, J = 7.58 ɻʮ, 3H). ʗʄʈ 
13

C (125 Mɻʮ, CDCl3): 

ŭC = 171.82, 147.40, 137.04, 131.59, 123.26, 120.71, 115.75, 30.12, 8.80. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10ClN2O3 [M+H]
+
: 229.0375; ʥʘʡʜʝʥʦ: 229.0375.  

 

N-(2-ʭʣʦʨ-3-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3o-b) 
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ɺʳʭʦʜ 0.058 ʛ (21%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 8.69 

(ʜʜ, J = 8.38, 1.43 ɻʮ, 1H), 7.84 (ʩ, 1H), 7.59 (ʜʜ, J = 8.16, 1.43 ɻʮ, 1H), 7.44 (ʪ, J = 

8.4 ɻʮ, 1H), 2.55 (ʢʚ, J = 7.52 ɻʮ, 2H), 1.32 (ʪ, J = 7.52 ɻʮ, 3H). ʗʄʈ 
13

C (125 Mɻʮ, 

CDCl3): ŭC = 171.73, 147.96, 136.09, 127.31, 124.25, 119.26, 114.51, 30.55, 8.87. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10ClN2O3 [M+H]
+
: 229.0375; ʥʘʡʜʝʥʦ: 

229.0377.  

 

N-(2-ʭʣʦʨ-5-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3p)  

 

ɺʳʭʦʜ 0.228 ʛ. (83%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 116-120Áʉ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, 

CDCl3): ŭH = 9.39 (ʜ, J = 2.59 ɻʮ, 1H), 7.93 (ʜʜ, J = 8.75 ɻʮ, 1H), 7.75 (ʩ, 1H), 7.56 

(ʜ, J = 8.74 ɻʮ, 1H), 2.55 (ʢʚ, J = 7.54 ɻʮ, 2H), 1.33 (ʪ, J = 7.54 ɻʮ). ʗʄʈ 
13

C (125 

Mɻʮ, CDCl3): ŭC = 171.50, 146.73, 135.04, 128.92, 127.79, 118.30, 115.70, 30.45, 

8.76. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10ClN2O3 [M+H]
+
: 229.0375; ʥʘʡʜʝʥʦ: 

229.0378.  

 

N-(2-ʬʪʦʨ-5-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3q) 

 

 
ɺʳʭʦʜ 0.255 ʛ (72%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 98-102 Áʉ. ʗʄʈ 

1
ʅ (500 ʄɻʮ, 

CDCl3): ŭH = 9.35 (ʜʜ, J = 6.82, 2.79 ɻʮ, 1H), 8.0 (ʜʜʜ, J = 9.07, 4.65, 2.79 ɻʮ, 1H), 

7.47 (ʩ, 1H), 7.25 (ʜʜ, J = 9.93, 9.07 ɻʮ, 1H), 2.52 (ʢʚ, J = 7.53 ɻʮ, 2H), 1.31 (ʪ, J = 

7.53 ɻʮ, 3H). ʗʄʈ 
13

C (125 Mɻʮ, CDCl3): ŭC = 171.57, 155.67, 153.66, 144.08, 
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126.85, 126.76, 119.13, 119.06, 116.75, 114.82, 114.63, 30.24, 8.73. ʗʄʈ 
19

F (376 

Mɻʮ, CDCl3): ŭF = -121.72. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H10FN2O3 [M+H]
+
: 

213.0670; ʥʘʡʜʝʥʦ: 213.0669.  

 

N-(2-ʙʨʦʤ-5-ʥʠʪʨʦʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3r ) 

 

ɺʳʭʦʜ 0.186 ʛ (57%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 9.30 (ʜ, J 

= 2.7 ɻʮ, 1H), 7.84 (ʜʜ, J = 8.8, 2.7 ɻʮ, 1H), 7.77 (ʩ, 1H), 7.72 (ʜ, J = 8.8 ɻʮ, 1H), 2.54 

(ʢʚ, J = 7.5 ɻʮ, 2H), 1.31 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ 
13

C (100 Mɻʮ, CDCl3): ŭC = 172.73, 

148.39, 137.26, 133.27, 119.92, 119.70, 116.84, 31.52, 9.84. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ for C9H10BrN2O3 [M+H]
+
: 272.9869; ʥʘʡʜʝʥʦ: 272.9870. 

 

3s, ʚʳʭʦʜ 0.218 ʛ (82%), ʩʦʦʪʥʦʰʝʥʠʝ 3s-a:3s-b:3s-c 2:2:1 

ʕʪʠʣ 2-ʧʨʦʧʠʦʥʘʤʠʜʦʙʝʥʟʦʘʪ (3s-a) 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 11.17 (ʩ, 1H), 8.74 (ʜ, J = 8.5 ɻʮ, 

1H), 8.12 (ʜʜ, J = 8.0, 1.7 ɻʮ, 1H), 7.62 ï 7.55 (ʤ, 1H), 7.10 (ʪʜ, J = 7.7, 1.2 ɻʮ, 1H), 

4.36 (ʢʚ, J = 7.1 ɻʮ, 2H), 2.49 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.39 (ʪ, J = 6.7 ɻʮ, 3H), 1.26 (ʪ, J = 

7.1 ɻʮ, 3H). ʗʄʈ 
13

C NMR (100 ʄɻʮ, CDCl3): ŭC = 172.91, 170.81, 140.94, 134.55, 

131.72, 122.79, 119.55, 116.41, 62.08, 31.09, 14.61, 9.82. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H16NO3 [M+H]
+
: 222.1125; ʥʘʡʜʝʥʦ: 222.1124. 

 

ʕʪʠʣ 3-ʧʨʦʧʠʦʥʘʤʠʜʦʙʝʥʟʦʘʪ (3s-b) 
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ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 8.44 (ʩ, 1H), 8.03 (ʜ, J = 6.4 ɻʮ, 

1H), 7.95 (ʩ, 1H), 7.82 (ʜ, J = 6.2 ɻʮ, 1H), 7.45 (ʪ, J = 6.3 ɻʮ, 1H), 4.39 (ʢʚ, J = 5.1 

ɻʮ, 2H), 2.44 (ʢʚ, J = 5.7 ɻʮ, 2H), 1.40 (ʪ, J = 5.1 ɻʮ, 3H), 1.19 (ʪ, J = 5.7 ɻʮ, 3H). 

ʗʄʈ 
13

C (100 MHz, CDCl3): ŭC = 172.06, 166.20, 138.59, 130.98, 127.87, 125.50, 

124.79, 124.41, 60.83, 30.50, 14.06, 9.91. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C12H16NO3 [M+H]
+
: 222.1125; ʥʘʡʜʝʥʦ: 222.1124. 

 

ʕʪʠʣ 4-ʧʨʦʧʠʦʥʘʤʠʜʦʙʝʥʟʦʘʪ (3s-c) 

 

ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 8.00 (ʜ, J = 6.9 ɻʮ, 1H), 7.94 (ʩ, 

1H), 7.67 (ʜ, J = 6.8 ɻʮ, 1H), 4.39 (ʢʚ, J = 5.1 ɻʮ, 2H), 2.39 (ʢʚ, J = 5.7 ɻʮ, 2H), 1.40 

(ʪ, J = 5.1 ɻʮ, 3H), 1.15 (ʪ, J = 5.7 ɻʮ, 3H). ʗʄʈ 
13

C (100 Mɻʮ, CDCl3): ŭC = 171.98, 

166.15, 142.09, 130.53, 120.74, 118.51, 60.62, 30.36, 14.06, 9.44. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H16NO3 [M+H]
+
: 222.1125; ʥʘʡʜʝʥʦ: 222.1124. 

 

ɼʠʤʝʪʠʣ-4-ʧʨʦʧʠʦʥʘʤʠʜʦʠʟʦʬʪʘʣʘʪ (3t-a)  

 

ɺʳʭʦʜ 0.121 ʛ (38%). ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 11.33 (ʩ, 

1H), 8.81 (ʜ, J = 8.9 ɻʮ, 1H), 8.71 (ʜ, J = 2.1 ɻʮ, 1H), 8.17 (ʜʜ, J = 8.9, 2.2 ɻʮ, 1H), 

3.96 (ʩ, 3H), 3.92 (ʩ, 3H), 2.47 (ʢʚ, J = 7.6 Hz, 4H), 1.39 (ʪ, J = 7.1 ɻʮ, 3H). ʗʄʈ 
13

C 

(125 Mɻʮ, CDCl3): ŭC = 172.58, 168.82, 166.80, 144.69, 135.72, 133.54, 125.02, 

120.73, 115.75, 52.74, 52.45, 30.24, 9.65. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C13H16NO5 [M+H]
+
: 266.1023; ʥʘʡʜʝʥʦ: 266.1023. 

 

ɼʠʤʝʪʠʣ-2-ʧʨʦʧʠʦʥʘʤʠʜʦʠʟʦʬʪʘʣʘʪ (3t-b)  
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ɺʳʭʦʜ 0.083 ʛ (26%). ɹʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
ʅ (500 ʄɻʮ, CDCl3): ŭH = 11.31 (ʩ, 

1H), 8.06 (ʜ, J = 7.8 ɻʮ, 2H), 6.53 (ʪ, J = 7.8 ɻʮ, 1H), 3.93 (ʩ, 6H), 2.50 (ʢʚ, J = 7.6 

ɻʮ, 2H), 1.27 (ʪ, J = 7.6 ɻʮ, 3H). 
13

C NMR (125 ʄɻʮ, CDCl3): ŭC = 172.76, 169.30, 

138.80, 133.84, 121.94, 121.23, 52.84, 29.28, 9.89. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C13H16NO5 [M+H]
+
: 266.1023; ʥʘʡʜʝʥʦ: 266.1023. 

 

N-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3u) 

 

ɺʳʭʦʜ 0.143 ʛ (72%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 170-173 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

ɼʄʉʆ-d6): ŭH = 8.21 (ʩ, 1H), 7.70 (ʩ, 1H), 7.47 (ʜ, J = 8.7 ɻʮ, 2H), 7.23 (ʜ, J = 8.7 ɻʮ, 

2H), 2.26 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.09 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ 
13

C (100 Mɻʮ, ɼʄʉʆ-

d6): ŭC = 171.32, 153.11, 131.14, 120.88, 115.08, 27.60, 9.89. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H12NO2 [M+H]
+
: 166.0826; ʥʘʡʜʝʥʦ: 166.0827. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[132]. 

 

N-(4-ʛʠʜʨʦʢʩʠ-3,5-ʜʠʤʝʪʠʣʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3v) 

 

ɺʳʭʦʜ 0.146 ʛ (63%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 206-210 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

ɼʄʉʆ-d6): ŭH = 9.41 (ʩ, 1H), 7.99 (ʩ, 1H), 7.16 (ʩ, 2H), 2.45 (ʢʚ, J = 7.5 ɻʮ, 2H), 2.15 

(ʩ, 6H), 1.15 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ 
13

C (100 Mɻʮ, ɼʄʉʆ-d6): ŭC = 171.41, 148.99, 

131.16, 124.47, 119.88, 29.58, 16.87, 9.94. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 
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C11H16NO2 [M+H]
+
: 194.1176; ʥʘʡʜʝʥʦ: 194.1176. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [133]. 

 

N-(4-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣʬʝʥʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (3w) 

 

ɺʳʭʦʜ 0.141 ʛ (66%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ.137-139 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CD3CN): ŭH = 8.91 (c, 1H), 8.49 (c, 1H), 7.26 (ʜʜ, J = 8.7, 2.1 ɻʮ, 2H), 6.81 (ʜ, J = 8.5 

ɻʮ), 2.42 (ʢʚ, J = 7.5 ɻʮ, 2H), 2.15 (ʩ, 3H), 1.13 (ʪ, J = 7.5 ɻʮ, 3H). ʗʄʈ 
13

C (100 

Mɻʮ, CD3CN): ŭC = 172.13, 147.33, 132.49, 125.34, 122.78, 120.28, 117.27, 30.88, 

16.32, 9.78. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H14NO2 [M+H]
+
: 180.1019; 

ʥʘʡʜʝʥʦ: 180.1019. 

 

ʄʝʪʠʣ-2-ʛʠʜʨʦʢʩʠ-5-ʧʨʦʧʠʦʥʘʤʠʜʦʙʝʥʟʦʘʪ (3x)  

 

ɺʳʭʦʜ 0.096 ʛ (36%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 121-124 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDʉl3): ŭH = 8.72 (c, 1H), 8.06 (ʜ, J = 1.2 ɻʮ, 1H), 7.87 (ʩ, 1H), 7.56 (ʜʜ, J = 7.9 ɻʮ, 

1H), 6.99 (ʜ, J = 7.8 ɻʮ, 1H), 3.93 (ʩ, 3H), 2.46 (ʢʚ, J = 7.3 ɻʮ, 2H), 1.12 (ʪ, J = 7.1 

ɻʮ, 3H). ʗʄʈ 
13

C (100 MHz, CDCl3): ŭC = 172.78, 168.57, 159.12, 131.07, 125.82, 

121.84, 116.14, 115.02, 52.98, 31.46, 11.14. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C11H14NO4 [M+H]
+
: 224.0917; ʥʘʡʜʝʥʦ: 224.0917. 

 

ʕʪʠʣ-2-ʤʝʪʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ-7-ʢʘʨʙʦʢʩʠʣʘʪ (3xx) 
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ɺʳʭʦʜ 0.079 ʛ (32%), ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.98 (ʜʜ, 

J = 7.9, 1.2 ɻʮ, 1H), 7.88 (ʜʜ, J = 7.9 ɻʮ, 1H), 7.49 (ʪ, J = 8.0 ɻʮ, 1H), 3.91 (ʩ, 3H), 

3.01 (ʢʚ, J = 7.3 ɻʮ, 2H), 1.40 (ʪ, J = 7.1 ɻʮ, 3H). ʗʄʈ 
13

C (100 Mɻʮ, CDCl3): ŭC = 

170.20, 168.02, 148.98, 139.52, 127.98, 126.54, 118.75, 115.22, 52.67, 22.29, 11.19. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H12NO3 [M+H]
+
: 206.0811; ʥʘʡʜʝʥʦ: 206.0813. 

 

ʕʪʠʣ-2-ʛʠʜʨʦʢʩʠ-5-ʧʨʦʧʠʦʥʘʤʠʜʦʙʝʥʟʦʘʪ (3y)  

 

ɺʳʭʦʜ 0.097 ʛ (34%), ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 97-100 ÁC. ʗʄʈ 
1
ʅ (400 ʄɻʮ, 

CDCl3): ŭH = 10.70 (ʩ, 1H), 8.04 (ʜ, J = 2.7 ɻʮ, 1H), 7.54 (ʜʜ, J = 8.9, 2.7 ɻʮ, 1H), 7.19 

(ʩ, 1H), 6.95 (ʜ, J = 8.9 ɻʮ, 1H), 4.42 (ʢʚ, J = 7.3 ɻʮ, 2H), 2.40 (ʢʚ, J = 7.3 ɻʮ, 2H), 

1.43 (ʪ, J = 7.2 ɻʮ, 3H), 1.27 (ʪ, J = 7.2 ɻʮ, 3H). ʗʄʈ 
13

C (100 MHz, CDCl3): ŭC = 

172.06, 169.85, 158.51, 129.51, 128.63, 121.51, 117.90, 112.36, 61.61, 30.44, 29.69, 

14.19, 9.63. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H16NO4 [M+H]
+
: 238.1074; 

ʥʘʡʜʝʥʦ: 238.1073. 

 

ʕʪʠʣ-2- ʪɻʠʣʙʝʥʟʦ[d]ʦʢʩʘʟʦʣ-7-ʢʘʨʙʦʢʩʠʣʘʪ (3ʫʫ) 

 

ɺʳʭʦʜ 0.087 ʛ (33%), ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ. ʗʄʈ 
1
ʅ (400 ʄɻʮ, CDCl3): ŭH = 7.97 (ʜʜ, 

J = 7.8, 1.2 ɻʮ, 1H), 7.88 (ʜʜ, J =7.9, 1.2 ɻʮ, 1H), 7.40 (ʪ, J = 8.1 ɻʮ, 1H), 4.48 (ʢʚ, J 

= 7.2 ɻʮ, 2H), 3.06 (ʢʚ, J = 7.2 ɻʮ, 2H), 1.40 (ʪ, J = 7.1 ɻʮ, 3H), 1.33 (ʪ, J = 7.1 ɻʮ, 

3H). ʗʄʈ 
13

C (100 Mɻʮ, CDCl3): ŭC = 172.06, 169.85, 158.52, 129.51, 128.63, 121.51, 

117.90, 112.36, 61.61, 30.44, 14.19, 9.63. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C12H14NO3 [M+H]
+
: 220.0968; ʥʘʡʜʝʥʦ: 220.0971. 
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N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜ (5a) 

 

ɺʳʭʦʜ 0.157 ʛ (88%), ʙʝʣʳʝ ʠʛʦʣʢʠ, ʪ. ʧʣ. 60-62 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH 

= 7.37 ï 7.29 (ʤ, 5H), 5.86 (ʩ, 1H), 4.45 (ʜ, J = 5.5 ɻʮ, 2H), 2.04 (ʩ, 3H). ʗʄʈ
 13

C 

(100 ʄɻʮ, CDCl3): ŭC = 169.93, 138.23, 128.73, 127.86, 127.56, 43.80, 22.24. HRMS-

ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H12NO [M+H]
+
: 150.0913; ʥʘʡʜʝʥʦ: 150.0915. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [41]. 

 

N-(2-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5b) 

 

ɺʳʭʦʜ 0.154 ʛ (79%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 85-88 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.22 (ʜʪ, 4H), 5.58 (ʩ, 1H), 4.46 (ʜ, J = 5.4 ɻʮ, 2H), 2.36 (ʩ, 3H), 2.04 (ʩ, 3H). 

ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 169.67, 136.5, 135.81, 130.58, 128.66, 127.86, 

126.25, 41.93, 23.19, 18.96. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H14NO [M+H]
+
: 

164.1069; ʥʘʡʜʝʥʦ: 164.1070. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [134]. 

 

N-(3-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5ʩ) 

 

ɺʳʭʦʜ 0.157 ʛ (80%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 80-83 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.27 ï 7.23 (ʤ, 1H), 7.13 ï 7.09 (ʤ, 3H), 5.70 (ʩ, 1H), 4.43 (ʜ, J = 5.7 ɻʮ, 2H), 

2.37 (ʩ, 3H), 2.05 (ʩ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 169.77, 138.49, 138.14, 

128.65, 128.32, 124.91, 43.81, 23.30, 21.33. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 
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C10H14NO [M+H]
+
: 164.1069; ʥʘʡʜʝʥʦ: 164.1071. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [42]. 

 

N-(4-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5d) 

 

ɺʳʭʦʜ 0.163 ʛ (83%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 102-103 ÁC. ʗʄʈ
 1

H (400 ʄɻʮ, 

CDCl3): ŭH = 7.17 ï 7.11 (ʤ, 4H), 5.95 (ʩ, 1H), 4.40 (ʜ, J = 5.4 ɻʮ, 2H), 2.34 (ʩ, 3H), 

2.08 (ʩ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 169.88, 137.39, 135.26, 129.51, 128.03, 

43.47, 23.28, 21.22. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H14NO [M+H]
+
: 164.1069; 

ʥʘʡʜʝʥʦ: 164.1070. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [134]. 

 

N-(2-ʙʨʦʤʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5e) 

 

ɺʳʭʦʜ 0.175 ʛ (64%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 76-79 ÁC. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.50 (ʜ, J = 7.9 ɻʮ, 1H), 7.39 (ʜ, J = 7.7 ɻʮ, 1H), 7.24 (ʪʜ, J = 7.8, 1.3 ɻʮ, 1H), 

6.92 (ʪʜ, J = 7.8, 1.8 ɻʮ, 1H), 6.12 (ʩ, 1H), 4.57 (ʜ, J = 5.7 ɻʮ, 2H), 1.98 (ʩ, 3H). ʗʄʈ 

13
C (100 ʄɻʮ, CDCl3): ŭC = 170.06, 137.47, 132.84, 130.69, 129.31, 127.86, 124.04, 

44.04, 21.13. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C9H11BrNO [M+H]
+
: 228.0018; 

ʥʘʡʜʝʥʦ: 228.0020. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [41]. 

 

N-(3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5f) 
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ɺʳʭʦʜ 0.145 ʛ (68%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 123-125 ÁC. ʗʄʈ
 1

H (400 ʄɻʮ, 

CDCl3): ŭH = 6.95 (ʩ, 1H), 6.90 (c, 2H), 6.24 (ʩ, 1H), 4.38 (ʜ, J = 5.4 ɻʮ, 2H), 2.31 (ʩ, 

6H), 2.06 (ʩ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 170.99, 138.47, 137.51, 129.36, 

125.76, 44.12, 22.90, 21.21. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H15NO [M+H]
+
: 

178.1226; ʥʘʡʜʝʥʦ: 178.1226.  

 

N-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5g) 

 

ɺʳʭʦʜ 0.181 ʛ (59%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 131-132 ÁC. ʗʄʈ 
1
H (400 ʄɻʮ, 

CDCl3): ŭH = 9.75 (ʩ, 1H), 7.53 (ʩ, 2H), 4.44 (ʜ, J = 5.6 ɻʮ, 2H), 2.31 (ʩ, 6H), 2.01 (ʩ, 

3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 169.79, 140.09, 130.40, 127.45, 122.90, 44.29, 

22.35, 21.22. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H15BrNO [M+H]
+
: 256.0332; 

ʥʘʡʜʝʥʦ: 256.0333.  

 

N-ʙʝʥʟʠʣʧʨʦʧʠʦʥʘʤʠʜ (6a) 

 

ɺʳʭʦʜ 0.164 ʛ. (84%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 44-45 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.36 ï 7.29 (ʤ, 2H), 7.28 ï 7.25 (ʤ, 3H), 6.53 (ʩ, 1H), 4.38 (ʜ, J = 5.4 ɻʮ, 2H), 

2.26 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.13 (ʪ, J = 7.5 ɻʮ, 4H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 

172.77, 138.46, 128.74, 127.85, 127.52, 43.59, 29.72, 9.93. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C10H14NO [M+H]
+
: 164.1069; ʥʘʡʜʝʥʦ: 164.1070. 
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ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[135]. 

 

N-(2-ʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (6b) 

 

ɺʳʭʦʜ 0.16 ʛ (75%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 68-71 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH 

= 7.27 ï 7.22 (ʤ, 4H), 6.39 (ʩ, 1H), 4.47 (ʜ, J = 5.4 ɻʮ, 2H), 2.35 (ʩ, 3H), 2.26 (ʢʚ, J = 

7.6 ɻʮ, 2H), 1.14 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 173.92, 138.99, 

137.45, 128.70, 128.55, 127.74, 125.30, 43.55, 30.82, 22.88, 9.97. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H16NO [M+H]
+
: 178.1226; ʥʘʡʜʝʥʦ: 178.1226. 

 

N-(3-ʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (6ʩ) 

 

ɺʳʭʦʜ 0.164 ʛ (77%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 65-67 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.26 ï 7.22 (ʤ, 1H), 7.20 ï 7.15 (ʤ, 3H), 5.85 (ʩ, 1H), 4.32 (ʜ, J = 5.7 ɻʮ, 2H), 

2.36 (ʩ, 3H), 2.25 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.16 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, 

CDCl3): ŭC = 173.97, 138.43, 138.20, 128.49, 127.96, 124.65, 43.53, 29.66, 20.66, 9.87. 

ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 178.12. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H16NO 

[M+H]
+
: 178.1226; ʥʘʡʜʝʥʦ: 178.1225. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [136]. 

 

N-(4-ʤʝʪʠʣʙʝʥʟʠʣ) ʧʨʦʧʠʦʥʘʤʠʜ (6d) 
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ɺʳʭʦʜ 0.172 ʛ (81%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 87-89 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.20 (ʜ, J = 8.2 ɻʮ, 2H), 7.17 (ʜ, J = 8.1 ɻʮ, 2H), 5.67 (ʩ, 1H), 4.43 (ʜ, J = 5.6 ɻʮ, 

2H), 2.36 (ʩ, 3H), 2.26 (ʢʚ, J = 7.6 ɻʮ, 2H), 1.21 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 173.48, 137.25, 135.38, 129.39, 127.87, 43.40, 29.75, 21.07, 9.84. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H16NO [M+H]
+
: 178.1226; ʥʘʡʜʝʥʦ: 178.1225. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[137]. 

 

N-(2-ʙʨʦʤʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (6e) 

 

ɺʳʭʦʜ 0.189 ʛ (65%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 74-77 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.55 (ʜ, J = 7.9 ɻʮ, 1H), 7.38 ï 7.34 (ʤ, 1H), 7.26 (ʪ, J = 7.5 ɻʮ, 1H), 7.13 (ʪʜ, J = 

7.7, 1.8 ɻʮ, 1H), 5.84 (ʩ, 1H), 4.54 (ʜ, J = 5.9 ɻʮ), 2.26 (ʢʚ, J = 7.5 ɻʮ, 2H), 1.15 (ʪ, J 

= 7.5 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 171.59, 137.57, 132.89, 130.61, 

129.23, 127.83, 123.86, 43.88, 29.74, 9.84. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C10H13BrNO [M+H]
+
: 242.0175; ʥʘʡʜʝʥʦ: 242.0175. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [138]. 

 

N-(3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (6f) 

 

ɺʳʭʦʜ 0.151 ʛ (66%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 111.5 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 6.93 (ʩ, 1H), 6.90 (ʩ, 2H), 5.74 (ʩ, 1H), 4.37 (ʜ, J = 5.6 ɻʮ, 2H), 2.31 (ʩ, 6H), 2.27 

(ʢʚ, J = 7.6 ɻʮ, 2H), 1.20 (t, J = 7.6 ɻʮ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 173.65, 

139.16, 138.03, 127.94, 127.58, 44.27, 30.33, 21.03, 9.95. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H18NO [M+H]
+
: 192.1383; ʥʘʡʜʝʥʦ: 192.1384. 
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N-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (6g) 

 

ɺʳʭʦʜ 0.324 ʛ (61%), ʙʣʝʜʥʦ-ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 101-102 ÁC. ʗʄʈ 
1
H (400 

ʄɻʮ, CDCl3): ŭH = 6.95 (ʩ, 2H), 6.31 (ʩ, 1H), 4.28 (ʜ, J = 5.9 ɻʮ, 2H), 2.36 (ʩ, 6H), 

2.24 (ʢʚ, J = 7.7 ɻʮ, 2H), 1.15 (ʪ, J = 7.6 ɻʮ, 3H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 

173.88, 138.60, 138.02, 128.86, 125.37, 43.56, 30.83, 22.90, 9.97. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H17BrNO [M+H]
+
: 270.0488; ʥʘʡʜʝʥʦ: 270.0488. 

 

N-ʙʝʥʟʠʣʙʝʥʟʘʤʠʜ (7a) 

 

ɺʳʭʦʜ 0.158 ʛ. (69%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 94-96 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.79 ï 7.77 (ʤ, 2H), 7.51 ï 7.42 (ʤ, 3H), 7.36 (ʜ, J = 7.4 ɻʮ, 2H), 7.25 ï 7.16 (ʤ, 

3ʅ) 6.23 (ʩ, 1H), 4.68 (ʜ, J = 5.7 ɻʮ, 2H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 166.48, 

138.15, 134.38, 133.11, 128.88, 128.61, 127.96, 127.64, 126.96, 44.17. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C14H14NO [M+H]
+
: 212.1069; ʥʘʡʜʝʥʦ: 212.1070. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[139].  

 

N-(2-ʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7b) 

 

ɺʳʭʦʜ 0.155 ʛ (57%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 107-109 ÁC. ʗʄʈ
 1

H (400 ʄɻʮ, 

CDCl3): ŭH = 7.94 (ʜ, J = 7.6 ɻʮ, 2H), 7.54 ï 7.47 (ʤ, 3H), 7.33 (ʪ, J = 6.9 ɻʮ, 1H), 

7.22 ï 7.17 (ʤ, 3H), 6.67 (ʩ, 1H), 4.66 (ʜ, J = 5.3 ɻʮ, 2H), 2.37 (ʩ, 3H). ʗʄʈ
 13

C (100 
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ʄɻʮ, CDCl3): ŭC = 167.92, 138.51, 137.89, 136.22, 131.58, 130.78, 128.73, 128.62, 

128.11, 127.46, 125.79, 42.29, 19.79. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C15H16NO 

[M+H]
+
: 226.1226; ʥʘʡʜʝʥʦ: 226.1228. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [139].  

 

N-(3-ʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7ʩ) 

 

ɺʳʭʦʜ 0.160 ʛ (59%), ʙʣʝʜʥʦ-ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 73-75 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, 

CDCl3) ŭH = 7.82 (ʜ, J = 7.5 ɻʮ, 2H), 7.54 ï 7.45 (ʤ, 3H), 7.24 (ʪ, J = 6.9 ɻʮ, 1H), 7.20 

ï 7.16 (ʤ, 3H), 6.47 (ʩ, 1H), 4.64 (ʜ, J = 5.6 ɻʮ, 2H), 2.35 (ʩ, 3H). ʗʄʈ
 13

C (100 ʄɻʮ, 

CDCl3): ŭC = 167.13, 139.64, 139.23, 134.78, 131.49, 128.81, 128.56, 128.44, 127.52, 

125.77, 44.42, 20.89. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C15H16NO [M+H]
+
: 226.1226; 

ʥʘʡʜʝʥʦ: 226.1228. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [139]. 

 

N-(4-ʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7d) 

 

ɺʳʭʦʜ 0.168 ʛ (62%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 136-138 ÁC. ʗʄʈ
 1

H (400 ʄɻʮ, 

CDCl3): ŭH = 7.90 ï 7.88 (ʤ, 2H), 7.56 ï 7.47 (ʤ, 3H), 7.25 (ʜ, J = 7.2 ɻʮ, 2H), 7.21 (ʜ, 

J = 7.2 ɻʮ, 2H), 6.48 (ʩ, 1H), 4.57 (ʜ, J = 5.6 ɻʮ, 2H), 2.36 (ʩ, 3H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 167.32, 137.07, 135.14, 134.28, 131.29, 129.32, 128.41, 127.82, 

126.93, 43.69, 21.28. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C15H16NO [M+H]
+
: 226.1226; 

ʥʘʡʜʝʥʦ: 226.1228. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [139]. 
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N-(2-ʙʨʦʤʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7e) 

 

ɺʳʭʦʜ 0.167 ʛ (48%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 105-106 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, 

CDCl3): ŭH = 7.81 (ʜ, J = 7.8 ɻʮ, 2H), 7.48 (ʜ, J = 7.7 ɻʮ, 1H), 7.43 ï 7.38 (ʤ, 4H), 

7.33 ï 7.31 (ʤ, 1H), 7.19 ï 7.15 (ʤ, 1H), 6.54 (ʩ, 1H), 4.69 (ʜ, J = 5.7 ɻʮ, 2H). ʗʄʈ
 

13
C (100 ʄɻʮ, CDCl3): ŭC = 168.41, 137.67, 135.23, 134.19, 132.82, 131.89, 129.43, 

128.57, 128.02, 127.52, 123.88, 44.59. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C14H13BrNO 

[M+H]
+
: 290.0175; ʥʘʡʜʝʥʦ: 290.0176. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [140]. 

 

N-(3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7f) 

 

ɺʳʭʦʜ 0.156 ʛ (54%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 68-70 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.84 (ʜʜ, J= 7.4 Hz, 2H), 7.53 ï 7.47 (ʤ, 3H), 7.25 ï 7.23 (ʤ, 3H), 6.57 (ʩ, 1H), 

4.55 (ʜ, J = 4.5 Hz, 2H), 2.33 (ʩ, 6H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 167.78, 

138.61, 136.22, 131.53, 129.37, 128.68, 127.19, 125.82, 42.29, 19.10. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C16H18NO [M+H]
+
: 240.1383; ʥʘʡʜʝʥʦ: 240.1383. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[139]. 

 

N-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (7g) 
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ɺʳʭʦʜ 0.160 ʛ (42%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 96-98 ÁC. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.85 (ʜʜ, J= 7.4 ɻʮ, 2H), 7.56 ï 7.49 (ʤ, 3H), 7.02 (ʩ, 2H), 6.52 (ʩ, 1H), 4.61 (ʜ, J 

= 4.5 ɻʮ, 2H), 2.38 (ʩ, 6H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 167.64, 138.82, 135.89, 

131.43, 129.38, 128.83, 125.91, 42.47, 20.38. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C16H17BrNO [M+H]
+
: 318.0488; ʥʘʡʜʝʥʦ: 318.0488. 

 

1,1'-ʙʠʥʘʬʪʘʣʠʥ (8a) 

 

ɺʳʭʦʜ 0.196 ʛ (64%), ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): ŭH 

= 8.08 ï 7.97 (ʤ, 4H), 7.65 (ʪʜ, J = 7.5, 0.8 ɻʮ, 2H), 7.59 ï 7.49 (ʤ, 4H), 7.47 (ʜ, J = 

7.9 ɻʮ, 2H), 7.37 ï 7.30 (ʤ, 2H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 138.73, 133.84, 

133.15, 128.44, 128.14, 128.12, 126.80, 126.23, 126.12, 125.61. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C20H15 [M+H]
+
: 255.1168; ʥʘʡʜʝʥʦ 255.1168. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [141]. 

 

2,2',6,6'-ʪʝʪʨʘʤʝʪʠʣ-1,1'-ʙʠʥʘʬʪʘʣʠʥ (8b) 

 

ɺʳʭʦʜ 0.257 ʛ (69%), ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH 

= 7.87 (ʜ, J = 8.4 ɻʮ, 1H), 7.76 ï 7.72 (ʤ, 2H), 7.55 (ʜʜ, J = 8.4, 3.8 ɻʮ, 1H), 7.36 

(ʜʜʜ, J = 8.2, 3.9, 1.6 ɻʮ, 2H), 7.27 ï 7.11 (ʤ, 2H), 7.09 ï 7.04 (ʤ, 1H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 138.46, 137.47, 136.50, 135.70, 135.53, 132.82, 132.54, 132.43, 

131.09, 130.79, 129.62, 128.88, 128.05, 127.85, 127.05, 126.48, 126.38, 125.91, 

124.95, 77.84, 77.52, 77.20, 22.24, 22.05, 21.23. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C24H23 [M+H]
+
: 311.1794; ʥʘʡʜʝʥʦ: 311.1794. 
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[9,9'-ʙʠʘʥʪʨʘʮʝʥ]-10,10'(9H,9'H)-ʜʠʦʥ (8c) 

 

ɺʳʭʦʜ 0.140 ʛ (30%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 7.99 ï 7.92 

(ʤ, 4H), 7.48 ï 7.40 (ʤ, 8H), 6.92 ï 6.85 (ʤ, 4H), 4.80 (ʩ, 2H). ʗʄʈ 
13

C (100 ʄɻʮ, 

CDCl3): ŭC = 183.59, 140.42, 134.30, 132.74, 129.07, 128.49, 127.20, 54.91. HRMS-

ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C28H23O2 [M+H]
+
: 391.1693; ʥʘʡʜʝʥʦ: 391.1692. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[142]. 

 

2,2',4,4',6,6'-ʛʝʢʩʘʤʝʪʦʢʩʠ-1,1'-ʙʠʬʝʥʠʣ (8d) 

 

ɺʳʭʦʜ 0.229 ʛ (57%), ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH 

= 6.25 (ʩ, 4H), 3.85 (ʩ, 6H), 3.72 (ʩ, 12H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 161.24, 

159.99, 113.86, 92.13, 56.43, 55.64. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C18H23O6 

[M+H]
+
: 335.1489; ʥʘʡʜʝʥʦ: 335.1489. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [143]. 

 

4,4'-ʜʠʠʦʜ-1,1'-ʜʠʬʝʥʠʣ (8e) 

 

ɺʳʭʦʜ 0.331 ʛ (68%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 201-202 ÁC. ʗʄʈ
 1

H (400 ʄɻʮ, 

CDCl3): ŭH = 7.78 (ʜ, J = 8.8 ɻʮ, 4H), 7.73 (ʜ, J = 8.8 ɻʮ, 4H). ʗʄʈ
 13

C (100 ʄɻʮ, 

CDCl3): ŭC = 139.82, 138.26, 128.92, 93.73. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H9I2 
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[M+H]
+
: 406.8788; ʥʘʡʜʝʥʦ: 406.8788. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [144]. 

 

[1,1'-ʜʠʬʝʥʠʣ]-4,4'-ʜʠʢʘʨʙʦʥʠʪʨʠʣ (8f).
4
 

 

ɺʳʭʦʜ 0.027 ʛ (11%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 201-202 ÁC. ʗʄʈ
 1

H (400 ʄɻʮ, 

CDCl3): ŭH = 7.45 ï 7.40 (ʤ, 4H), 6.68 ï 6.64 (ʤ, 4H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC 

= 143.13, 132.47, 127.51, 117.98, 111.99. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C14H9N2 

[M+H]
+
: 205.0760; ʥʘʡʜʝʥʦ: 205.0760. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [145]. 

 

N4,N4,N4',N4'-ʪʝʪʨʘʤʝʪʠʣ-[1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʘʤʠʥ (8g) 

 

ɺʳʭʦʜ 0.150 ʛ (52%), ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 191-193 ÁC. ʗʄʈ
 1
H (400 

ʄɻʮ, CDCl3): ŭH = 7.44 (ʜ, J = 8.6 ɻʮ, 4H), 6.81 (ʜ, J = 8.5 ɻʮ, 4H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 149.25, 129.83, 126.98, 113.21, 40.85. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C16H21N2 [M+H]
+
: 241.1705; ʥʘʡʜʝʥʦ: 241.1705. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[146]. 

 

4,4'-ʜʠʤʝʪʦʢʩʠ-1,1'-ʙʠʬʝʥʠʣ (8h) 
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ɺʳʭʦʜ 0.159 ʛ (62%), ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 170-173 ÁC. ʗʄʈ
 1
H (400 

ʄɻʮ, CDCl3): ŭH = 7.48 (ʜ, J = 9.0 ɻʮ, 4H), 6.95 (ʜ, J = 8.9 ɻʮ, 4H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 158.15, 132.95, 127.18, 113.63, 54.82. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C14H15O2 [M+H]
+
: 215.1067; ʥʘʡʜʝʥʦ: 215.1067. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[145]. 

 

2,2'-ʜʠʙʨʦʤ-1,1'-ʜʠʬʝʥʠʣ (8i) 

 

ɺʳʭʦʜ 0.236 ʛ (63%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 80-82 ÁC. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.67 (ʜʜ, J = 8.0, 1.2 ɻʮ, 2H), 7.39 (ʪʜ, J = 7.5, 1.3 ɻʮ, 2H), 7.28 ï 7.24 (ʤ, 4H). 

ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 142.64, 133.27, 131.58, 130.07, 127.72, 124.10. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H9Br2 [M+H]
+
: 312.9045; ʥʘʡʜʝʥʦ: 312.9045. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[144]. 

 

2,2'-ʜʠʭʣʦʨ-1,1'-ʙʠʬʝʥʠʣ (8j ) 

 

ɺʳʭʦʜ 0.131 ʛ (49%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 60-63 ÁC. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): 

ŭH = 7.51 ï 7.48 (ʤ, 2H), 7.37 ï 7.33 (ʤ, 4H), 7.30 ï 7.26 (ʤ, 2H). ʗʄʈ
 13

C (100 ʄɻʮ, 

CDCl3): ŭC = 138.92, 134.04, 131.76, 130.03, 129.83, 127.09. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H9Cl2 [M+H]
+
: 223.0076; ʥʘʡʜʝʥʦ: 223.0076. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[144]. 

 

2,2'-ʜʠʙʨʦʤ-5,5'-ʜʠʬʪʦʨ-1,1'-ʙʠʬʝʥʠʣ (8k) 
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ɺʳʭʦʜ 0.046 ʛ (11%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 7.67 ï 7.60 

(ʤ, 2H), 7.11 ï 6.96 (ʤ, 4H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 149.55, 146.32, 123.67, 

121.58, 118.77, 118.23, 115.86, 115.27. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H7Br2F2 

[M+H]
+
: 348.8857; ʥʘʡʜʝʥʦ 348.8857. 

 

2,2'-ʜʠʭʣʦʨ-5,5'-ʜʠʬʪʦʨ-1,1'-ʜʠʬʝʥʠʣ (8l). 

 

ɺʳʭʦʜ 0.040 ʛ (13%), ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3): ŭH = 7.46 (ʜʜ, J 

= 8.9, 5.1 ɻʮ, 2H), 7.13 ï 7.07 (ʤ, 2H), 7.02 (ʜʜ, J = 8.5, 3.0 ɻʮ, 2H). ʗʄʈ
 13

C (100 

ʄɻʮ, CDCl3): ŭC = 161.37, 159.41, 130.34, 117.62, 117.43, 116.31, 116.13, 114.39. 

HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H7Cl2F2 [M+H]
+
: 258.9887; ʥʘʡʜʝʥʦ: 258.9887. 

 

2,2',4,4'-ʪʝʪʨʘʙʨʦʤ-1,1'-ʙʠʬʝʥʠʣ (8m) 

 

ɺʳʭʦʜ 0.389 ʛ (69%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): ŭH = 7.78 (ʜ, J = 

2.2 ɻʮ, 2H), 7.49 (ʜ, J = 8.4 ɻʮ, 2H), 7.31 (ʜʜ, J = 8.5, 2.3 ɻʮ, 1H). ʗʄʈ 
13

C (100 

ʄɻʮ, CDCl3): ŭC = 141.10, 131.81, 124.08, 122.99. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

C13H7Br4 [M+H]
+
: 470.7235; ʥʘʡʜʝʥʦ 470.7235. 
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2,2',5,5'-ʪʝʪʨʘʙʨʦʤ-1,1'-ʜʠʬʝʥʠʣ (8n) 

 

ɺʳʭʦʜ: 0.451 ʛ (80%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ 
1
H (400 ʄɻʮ, CDCl3): ŭH = 7.54 (ʜ, J = 

8.4 ɻʮ, 2H), 7.44 ï 7.38 (ʤ, 4H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 142.87, 134.48, 

134.10, 133.37, 122.40, 121.30. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C13H7Br4 [M+H]
+
: 

470.7235; ʥʘʡʜʝʥʦ 470.7235. 

 

N,N'-(3,3'-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)-[1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʜʠʘʮʝʪʘʤʠʜ (8o) 

 

ɺʳʭʦʜ 0.058 ʛ (12%). ʗʄʈ
 1
ʅ (500 ʄɻʮ, CD3CN): ŭH = 8.67 (ʩ, 1H), 8.11 (ʜ, J = 2.16 

ɻʮ, 1H), 7.74 (ʜʜ,
 
J = 8.37, 2.16 ɻʮ, 1H), 7.29 (ʜ, J = 8.37 ɻʮ, 1H), 2.13 (ʩ, 3H). ʗʄʈ

 

13
C (100 ʄɻʮ, CD3CN): ŭC = 170.28, 140.40, 133.73, 132.73, 130.08, 129.84, 129.58, 

129.32, 128.34, 126.17, 123.99, 122.35, 117.38, 24.46. ʗʄʈ
 19

F (376 ʄɻʮ, CD3CN): ŭF 

= -57.1. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C18H15F6N2O2 [M+H]
+
: 405.1032; 

ʥʘʡʜʝʥʦ: 405.1032. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʵʬʬʝʢʪʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʂʀʕ (ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ) ʙʝʥʟʦʣ C6H6 (0.6 

ʤʤʦʣʴ, 55 ʤʢʣ), ʜʝʡʪʝʨʦʙʝʥʟʦʣ C6D6 (0.6 ʤʤʦʣʴ, 53 ʤʢʣ), H2O (0.8 ʵʢʚ., 0.96 ʤʤʦʣʴ, 

17 ʤʢʣ) ʠ MeCN (20 ʤʣ) ʧʦʤʝʱʘʣʠ ʚ ʘʥʦʜʥʦʝ ʦʪʜʝʣʝʥʠʝ 1 ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʷʯʝʡʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʩʥʘʙʞʝʥʥʦʡ ʨʘʙʦʯʠʤ ʵʣʝʢʪʨʦʜʦʤ 4 ʠ 

ʤʝʰʘʣʴʥʠʢʦʤ 6. ʅʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ PyHBF4 (3.0 ʵʢʚ., 3.6 ʤʤʦʣʴ, 0.6 ʛ) ʚ MeCN 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʣʠʪʘ. ʕʣʝʢʪʨʦʣʠʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (23-25 Áʉ) ʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 35 ʤɸ. ʕʣʝʢʪʨʦʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ 
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ʪʝʯʝʥʠʝ 2.5 ʯʘʩʦʚ, ʝʛʦ ʦʢʦʥʯʘʥʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʊʉʍ. ɼʘʣʝʝ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ. 

ɿʘʪʝʤ ʢ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʣʷʣʠ ʭʣʦʨʦʬʦʨʤ (å15 ʤʣ) ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʬʦʥʦʚʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ PyHBF4. ʉʤʝʩʴ ʩ ʧʨʦʜʫʢʪʦʤ ʬʠʣʴʪʨʦʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʬʠʣʴʪʨʘʪ 

ʫʧʘʨʠʚʘʣʩʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʨʦʜʫʢʪ ʜʘʣʝʝ ʦʯʠʱʘʣʠ ʤʝʪʦʜʦʤ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (ʨʘʟʤʝʨ ʧʦʨ 230ï400) 

(ʵʪʠʣʘʮʝʪʘʪ/ʛʝʢʩʘʥ = 1:1 ʠʣʠ 1:2). ʉʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʘʤʠʜʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ KH/KD.  
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ʕʣʝʢʪʨʦʩʠʥʪʝʟ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʵʣʝʢʪʨʦʣʠʟʘ. ɸʤʠʥʦʢʠʩʣʦʪʫ (6.6 ʤʤʦʣʴ), CH2Cl2:H2O 

(13:1) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ KBr + Et4NBF4 (3.3 ʤʤʦʣʴ) ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʘ 

ʠ ʬʦʥʦʚʦʡ ʩʦʣʠ ʧʦʤʝʱʘʣʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʢʘʪʦʜʥʦʛʦ 

ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚ, ʦʙʦʨʫʜʦʚʘʥʥʫʶ ʧʣʘʪʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʣʝʢʪʨʦʣʠʟ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (23-25 Áʉ) ʚ ʪʝʯʝʥʠʝ 9 ʯʘʩʦʚ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 80 ʤɸ. ʇʦʩʣʝ ʧʨʦʧʫʩʢʘʥʠʷ 4ʌ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʢ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ (0.66 ʤʤʦʣʴ) ʠ ʧʨʦʧʫʩʢʘʣʠ ʝʱʝ 2ʌ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 40 ʤɸ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʣʝʢʪʨʦʣʠʟʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩʥʘʯʘʣʘ ʬʠʣʴʪʨʦʚʘʣʠ ʦʪ ʙʨʦʤʠʜʘ ʢʘʣʠʷ, ʘ ʟʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʦʪʛʦʥʷʣʠ ʥʘ ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ. ʆʩʪʘʪʦʢ ʦʯʠʱʘʣʠ 

ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (ʨʘʟʤʝʨ ʧʦʨ 230ï400) 

(ʵʪʠʣʘʮʝʪʘʪ/ʛʝʢʩʘʥ = 1:1 ʠʣʠ 1:2). 

N-ʙʝʥʟʠʣʙʝʥʟʘʤʠʜ (7a). ɺʳʭʦʜ 0.09 ʛ (64%). 

N-(2-ʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7b). ɺʳʭʦʜ 0.086 ʛ (58%). 

N-(3-ʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7ʩ). ɺʳʭʦʜ 0.085 ʛ (57%). 

N-(4-ʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7d). ɺʳʭʦʜ 0.088 ʛ (59%).  

N-(2-ʙʨʦʤʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7e). ɺʳʭʦʜ 0.094 ʛ (49%).  

N-(3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʙʝʥʟʘʤʠʜ (7f). ɺʳʭʦʜ 0.088 ʛ (56%). 

N-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (7g). ɺʳʭʦʜ 0.099 ʛ (47%). 

N-ʙʝʥʟʠʣʘʮʝʪʘʤʠʜ (5a). ɺʳʭʦʜ 0.072 ʛ (73%).  

N-(2-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5b). ɺʳʭʦʜ 0.07 ʛ (65%).  

N-(3-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5ʩ). ɺʳʭʦʜ 0.069 ʛ (64%).  

N-(4-ʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5d). ɺʳʭʦʜ 0.071 ʛ (66%).  

N-(2-ʙʨʦʤʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5e). ɺʳʭʦʜ 0.083 ʛ (55%).  

N-(3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5f). ɺʳʭʦʜ 0.073 ʛ (62%). 

N-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʘʮʝʪʘʤʠʜ (5g). ɺʳʭʦʜ 0.09 ʛ (53%). 
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N-ʙʝʥʟʠʣʠʟʦʙʫʪʠʨʘʤʠʜ (10a) 

 

ɺʳʭʦʜ 0.084 ʛ. (72%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 84-86 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3) 

ŭH = 7.37 ï 7.30 (ʤ, 5H), 5.97 (ʩ, 1H), 4.43 (ʜ, J = 5.4 ɻʮ, 2H), 2.48-2.42 (ʤ, 1H), 1.19 

(ʜ, J = 4.5 ɻʮ, 6H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 175.94, 138.63, 128.74, 127.82, 

127.55, 43.39, 35.57, 20.14. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 178.12. HRMS-ESI 

(m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H16NO [M+H]
+
: 178.1226; ʥʘʡʜʝʥʦ: 178.1227. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[147]. 

 

N-(2-ʤʝʪʠʣʙʝʥʟʠʣ)ʠʟʦʙʫʪʠʨʘʤʠʜ (10b) 

 

ɺʳʭʦʜ 0.081 ʛ (64%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3) ŭH = 7.32 (ʤ, 1H), 

7.28-7.22 (ʤ, 3H), 6.14 (ʩ, 1H), 4.44 (ʜ, J = 5.5 ɻʮ, 2H), 2.50-2.46 (ʤ, 1H), 2.36 (ʩ, 

3H), 1.19 (ʜ, J=4.6 ɻʮ, 6H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 176.19, 137.32, 136.66, 

137.57, 130.93, 130.11, 128.79, 43.71, 35.88, 20.78, 20.30. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: 

[M+H]
+
 192.13. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H18NO [M+H]

+
: 192.1383; 

ʥʘʡʜʝʥʦ: 192.1383.  

 

N-(3-ʤʝʪʠʣʙʝʥʟʠʣ)ʠʟʦʙʫʪʠʨʘʤʠʜ (10ʩ) 

 

ɺʳʭʦʜ 0.108 ʛ (63%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3) ŭH = 7.26-7.24 (ʤ, 

1H), 7.12 ï 7.04 (ʤ, 3H), 5.92 (ʩ, 1H), 4.47 (ʜ, J = 5.7 ɻʮ, 2H), 2.48-2.44 (ʤ, 1H), 2.34 
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(ʩ, 3H), 1.20 (ʜ, J=4.7 ɻʮ, 6H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 176.08, 137.32, 

136.66, 130.93, 130.31, 127.74, 43.74, 35.57, 21.9, 20.74. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: 

[M+H]
+
 192.12. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H18NO [M+H]

+
: 192.1383; 

ʥʘʡʜʝʥʦ: 192.1383. 

 

N-(4-ʤʝʪʠʣʙʝʥʟʠʣ)ʠʟʦʙʫʪʠʨʘʤʠʜ (10d) 

 

ɺʳʭʦʜ 0.082 ʛ (65%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 87-89 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3) ŭH 

= 7.34-7.32 (ʜ, J = 7.6 ɻʮ, 2H), 7.22-7.2 (ʜ, J = 7.4 ɻʮ, 2H), 5.96 (ʩ, 1H), 4.43 (ʜ, J = 

5.6 ɻʮ, 2H), 2.48-2.42 (ʤ, 1H), 2.3 (ʩ, 3H), 1.18 (ʜ, J = 4.7, 6H). ʗʄʈ
 13

C (100 ʄɻʮ, 

CDCl3): ŭC = 176.03, 137.29, 136.61, 134.69, 134.17, 43.56, 35.78, 21.14, 20.82. ʄʘʩʩ-

ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 192.13. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C12H18NO 

[M+H]
+
: 192.1383; ʥʘʡʜʝʥʦ: 192.1383. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [148]. 

 

N-(2-ʙʨʦʤʙʝʥʟʠʣ)ʠʟʦʙʫʪʠʨʘʤʠʜ (10e) 

 

ɺʳʭʦʜ 0.090 ʛ (65%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 80ï82ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3) ŭH 

= 7.56 (ʜ, J = 7.8 ɻʮ, 1H), 7.39 (ʜ, J = 7.7 ɻʮ, 1H), 7.28-7.26 (ʤ, 1H), 7.15-7.13 (ʪ, J= 

7.6, 1H), 5.97 (ʩ, 1H), 4.43 (ʜ, J = 5.6 ɻʮ, 2H), 2.48-2.42 (ʤ, 1H), 1.19 (ʜ, J =4.7, 6H). 

ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 176.94, 137.69, 132.63, 129.98, 128.88, 127.55, 

123.8, 43.69, 35.57, 23.37. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 256.03. HRMS-ESI (m/z): 

ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C11H15BrNO [M+H]
+
: 256.0332; ʥʘʡʜʝʥʦ: 256.0333. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

[148]. 
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N-(3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʠʟʦʙʫʪʠʨʘʤʠʜ (10f) 

 

ɺʳʭʦʜ 0.081 ʛ (60%), ʙʝʣʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 85-87 ÁC. ʗʄʈ
 1
H (400 ʄɻʮ, CDCl3) ŭH 

= 6.98-6.97 (ʤ, 3H), 6.23 (ʩ, 1H), 4.48 (ʜ, J = 5.5 ɻʮ, 2H), 2.47-2.41 (ʤ, 1H), 2.35 (ʩ, 

6H), 1.19 (ʜ, J = 4.5 ɻʮ, 6H). ʗʄʈ
 13

C (100 ʄɻʮ, CDCl3): ŭC = 175.77, 138.44, 

137.48, 129.34, 126.69, 43.64, 35.46, 21.68, 20.16. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: [M+H]
+
 

206.15. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C13H20NO [M+H]
+
: 206.1539; ʥʘʡʜʝʥʦ: 

206.1540. 

 

N-(4-ʙʨʦʤ-3,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʧʨʦʧʠʦʥʘʤʠʜ (10g) 

 

ɺʳʭʦʜ 0.096 ʛ (51%), ʙʣʝʜʥʦ-ʞʝʣʪʳʡ ʧʦʨʦʰʦʢ, ʪ. ʧʣ. 106-107 ÁC. 
1
H ʗʄʈ (400 

ʄɻʮ, CDCl3) ŭH = 7.02 (ʩ, 2H), 6.17 (ʩ, 1H), 4.47 (ʜ, J = 5.5 ɻʮ, 2H), 2.49-2.43 (ʤ, 

1H), 2.37 (ʩ, 3H), 1.2 (ʜ, J=4.6 ɻʮ, 6H). ʗʄʈ 
13

C (100 ʄɻʮ, CDCl3): ŭC = 176.13, 

139.48, 131.47, 129.33, 122.64, 43.64, 35.46, 21.8, 20.19. ʄʘʩʩ-ʩʧʝʢʪʨ (ESI) m/z: 

[M+H]
+
 284.06. HRMS-ESI (m/z): ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ C13H19BrNO [M+H]

+
: 284.0644; 

ʥʘʡʜʝʥʦ: 284.0645. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

Ẇ ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʘʨʠʣʘʤʠʜʦʚ ʠ N-

ʙʝʥʟʠʣʘʤʠʜʦʚ (ʩ ʚʳʭʦʜʦʤ ʜʦ 87%) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ 

ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʠʣʦʚ ʠ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʢʠʩʣʦʪ.  

῝  ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʝʧʘʨʘʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʩʠʥʪʝʟʘ, ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʕʇʈ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ ʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʩ ʥʠʪʨʠʣʦʤ, ʘ ʟʘʪʝʤ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʘʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʘʨʠʣʘʤʠʜʦʚ. 

῝  ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʢʠʩʣʷʶʪʩʷ ʧʨʠ ʘʥʦʜʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʤʝʥʝʝ, ʯʝʤ +2 ɺ (ʦʪʥ. Ag/AgCl), ʠʣʠ ʠʤʝʶʪ 

ʘʪʦʤʳ ʙʨʦʤʘ ʠʣʠ ʡʦʜʘ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʧʨʠ ʘʥʦʜʥʦʤ ʦʢʠʩʣʝʥʠʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠ ʁʛʦʤʦʩʦʯʝʪʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʘʨʠʣʦʚ. 

῝ ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ 

ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ N-ʙʝʥʟʠʣʘʤʠʜʦʚ ʧʫʪʝʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʝʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ. ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʝʡ, ʦʩʥʦʚʘʥʠʡ ʠ ʤʝʪʘʣʣʦʚ-

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʘʨʠʣʘʤʠʜʦʚ ʠ ʜʠʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ N-ʘʨʠʣʘʤʠʜʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʝʘʢʮʠʷʭ ʉ-ʅ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʢʘʢ ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʝʱʝʩʪʚ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʥʘʧʨʠʤʝʨ, ʬʘʨʤʧʨʝʧʘʨʘʪʳ). 
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ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʥʠʣʠʜʦʚ 

ʩ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ï ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

  



135 
 

 
 

ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ ʀ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕʇʈ ï ʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʄʉ ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʌ ï ʌʘʨʘʜʝʡ 

ʊɸʉ ï ʪʨʠʟʘʤʠʥʦʮʠʢʣʦʧʨʦʧʝʥʠʡ  

NHPI ï N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜ  

CAN ï ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ ʮʝʨʠʷ 

CFL ï ʢʦʤʧʘʢʪʥʘ ̫ʣʶʤʠʥʝʩʮʝʥʪʥʘ ̫ʣʘʤʧʘ 

PINO ï ʬʪʘʣʠʤʠʜ-N-ʦʢʩʠʜ  

Ac ï ʘʮʝʪʠʣ 

ʉʋ ï ʩʪʝʢʣʦʫʛʣʝʨʦʜ 

SS ï ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʴ 

SET ï ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ 

ʄʉʂ ï ʤʝʪʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ɼɹɸ ï ʜʦʧʠʨʦʚʘʥʥʳʡ ʙʦʨʦʤ ʘʣʤʘʟ 

ɻʌʀʇ ï ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣ  
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