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ʆʂʀʉʃʀʊɽʃʔʅʆɽ ʉʆʏɽʊɸʅʀɽ N,O-ʎɽʅʊʈʀʈʆɺɸʅʅʓʍ 

ʈɸɼʀʂɸʃʆɺ ʉ ʉʆɽɼʀʅɽʅʀʗʄʀ, ʉʆɼɽʈɾɸʑʀʄʀ ˊ-ʉɺʗɿʀ 
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ɺʳʨʘʞʘʶ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʧʨʦʬ. 

ʈɸʅ, ʜ.ʭ.ʥ. ʊʝʨʝʥʪʴʝʚʫ ɸʣʝʢʩʘʥʜʨʫ ʆʣʝʛʦʚʠʯʫ, ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʷʪʴ 

ʥʘʫʯʥʫʶ ʨʘʙʦʪʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʚ ʦʢʨʫʞʝʥʠʠ ʚʳʩʦʢʦ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʧʦ ʭʦʜʫ ʝʸ ʚʳʧʦʣʥʝʥʠʷ. 

ɺ ʨrʘʞʘʶ ʦʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʩ.ʥ.ʩ, ʢ.ʭ.ʥ. ʂʨʳʣʦʚʫ ʀʛʦʨʶ 

ɹʦʨʠʩʦʚʠʯʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʨʝʩʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤr ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʟʘ ʧʝʨʝʜʘʥʥʳʝ 

ʟʥʘʥʠʷ ʠ ʦʧʳʪ, ʯʫʪʢʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʠ 

ʧʦʜʜʝʨʞʢʫ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɹʣʘʛʦʜʘʨʶ ʩʦʚʝʪʥʠʢʘ ʈɸʅ, ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜ.ʭ.ʥ. ʅʠʢʠʰʠʥʘ ɻʝʥʥʘʜʠʷ ʀʚʘʥʦʚʠʯʘ ʟʘ 

ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʢʨʠʪʠʢʫ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ, ʢ.ʭ.ʥ. ʀʣʦʚʘʡʩʢʦʛʦ 

ɸʣʝʢʩʝʷ ʀʛʦʨʝʚʠʯʘ, ʢ.ʭ.ʥ. ʇʘʚʝʣʴʝʚʘ ʉʪʘʥʠʩʣʘʚʘ ɸʣʝʢʩʝʝʚʠʯʘ, ʢ.ʭ.ʥ. ɼʝʤʯʫʢʘ ɼʤʠʪʨʠʷ 

ɺʘʣʝʥʪʠʥʦʚʠʯʘ, ʢ.ʭ.ʥ. ʄʫʣʠʥʫ ʆʣʴʛʫ ʄʠʭʘʡʣʦʚʥʫ, ʢ.ʭ.ʥ. ɺʠʣʴ ɺʝʨʫ ɸʥʜʨʝʝʚʥʫ, ʢ.ʭ.ʥ. ʈʘʜʫʣʦʚʘ 

ʇʝʪʨʘ ʉʝʨʛʝʝʚʠʯʘ, ʢ.ʭ.ʥ. ɹʠʪʶʢʦʚʘ ʆʣʝʛʘ ɺʘʜʠʤʦʚʠʯʘ, ʢ.ʭ.ʥ. ɹʘʨʩʝʛʷʥ ʗʥʫ ɸʨʪʫʨʦʚʥʫ, ʢ.ʭ.ʥ. 

ɹʝʣʷʢʦʚʫ ʖʣʠʶ ʖʨʴʝʚʥʫ, ʜ.ʭ.ʥ. ʉʫʙʙʦʪʠʥʫ ʀʨʠʥʫ ʈʫʜʦʣʴʬʦʚʥʫ, ʘʩʧʠʨʘʥʪʘ ʃʦʧʘʪʴʝʚʫ ɽʣʝʥʫ 

ʈʦʤʘʥʦʚʥʫ, ʘʩʧʠʨʘʥʪʘ ʉʝʛʠʜʫ ʆʣʝʛʘ ʆʣʝʛʦʚʠʯʘ, ʘʩʧʠʨʘʥʪʘ ʌʦʤʝʥʢʦʚʘ ɼʤʠʪʨʠʷ ʀʛʦʨʝʚʠʯʘ, 

ʘʩʧʠʨʘʥʪʘ ɼʦʨʦʥʠʥʘ ʄʠʭʘʠʣʘ ʄʘʢʩʠʤʦʚʠʯʘ ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʧʣʦʜʦʪʚʦʨʥʳʡ ʥʘʫʯʥʳʡ 

ʜʠʘʣʦʛ, ʢ.ʭ.ʥ. ɼʘʝʚʫ ɽʣʝʥʫ ɼʤʠʪʨʠʝʚʥʫ ʠ ʢ.ʭ.ʥ. ʉʪʨʫʯʢʦʚʫ ʄʘʨʠʶ ʀʚʘʥʦʚʥʫ ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ 

ʩʧʝʢʪʨʦʚ ʗʄʈ, ʢ.ʭ.ʥ. ʂʦʣʦʪʳʨʢʠʥʫ ʅʘʪʘʣʴʶ ɻʝʦʨʛʠʝʚʥʫ, ʢ.ʭ.ʥ. ʏʠʞʦʚʘ ɸʣʝʢʩʘʥʜʨʘ ʉʝʨʛʝʝʚʠʯʘ 

ʟʘ ʨʝʛʠʩʪʨʘʮʠʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʢ.ʭ.ʥ. ʄʠʥʷʝʚʘ ʄʠʭʘʠʣʘ ɽʚʛʝʥʴʝʚʠʯʘ ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢ.ʭ.ʥ. ɸʥʥʫ ʃʝʦʥʠʜʦʚʥʫ ɸʣʝʢʩʝʝʥʢʦ ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʥʠʪʨʦʧʠʨʘʟʦʣʦʥʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.   
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ɺɺɽɼɽʅʀɽ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩ 

ʫʯʘʩʪʠʝʤ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ. ɿʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʫʭʦʜʷʱʠʭ ʛʨʫʧʧ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʘʪʦʤʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʘʜʠʡ ʩʠʥʪʝʟʘ ʠ ʦʪʭʦʜʦʚ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʧʨʠʥʮʠʧʘʤ ʟʝʣʝʥʦʡ ʭʠʤʠʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʉʨʝʜʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ CïO ʩʦʯʝʪʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʬʨʘʛʤʝʥʪʘʮʠʷ, ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʠ ʛʣʫʙʦʢʦʝ ʦʢʠʩʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʆʜʥʠʤ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ O-ʨʘʜʠʢʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʠʩʴ ʤʘʣʦʩʝʣʝʢʪʠʚʥʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʨʘʜʠʢʘʣʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʦʣʛʦʞʠʚʫʱʠʝ N,O-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʥʝʨʠʨʫʝʤʳʝ in situ ʠʟ ʜʦʩʪʫʧʥʳʭ N-

ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ. 

ʍʠʤʠʷ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʫ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʞʠʚʫʶ ʨʘʜʠʢʘʣʴʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʶ, ʩʦʟʜʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʙʘʪʘʨʝʡ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʩʧʠʥʦʚʳʭ ʤʝʪʦʢ. ɺ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʣʝʢʪʠʚʥʳʭ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʤʷʛʢʠʭ 

ʦʢʠʩʣʠʪʝʣʝʡ ʠ O- (N-) ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ CïO ʠ CïN 

ʩʦʯʝʪʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʭʠʤʠʠ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ï 

ʧʨʠʤʝʥʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ CïO ʠʣʠ CïN ʩʚʷʟʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. N,O-ʎʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ (ʪʘʢʠʭ ʢʘʢ N-ʛʠʜʨʦʢʩʠʠʤʠʜʳ, 

ʛʠʜʨʦʢʩʘʤʦʚʳʝ ʢʠʩʣʦʪʳ, ʦʢʩʠʤʳ, N-ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣ) ʠʣʠ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʚʠʜʝ (ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣ), ʧʨʝʜʣʦʞʝʥʳ ʢʘʢ ʆ- ʠ N-ʨʝʘʛʝʥʪʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 
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CïO (CïN) ʩʦʯʝʪʘʥʠʷ ʩ ʤʦʥʦ- ʠ ʜʠʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ CH-

ʢʠʩʣʦʪʘʤʠ, ʠʟʦʢʩʘʟʦʣʦʥʘʤʠ, ʬʝʥʦʣʘʤʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʚʠʥʠʣʘʨʝʥʦʚ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʣʢʝʥʦʚ. ɼʠʦʢʩʠʜ ʘʟʦʪʘ (IV) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʧʠʨʘʟʦʣʦʥʳ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʢʩʠʤʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʝ 

ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʦʢʩʠʤʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʫʪʝʤ ʩʠʥʪʝʟʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʩʦʣʴʶ ʤʝʜʠ (II). ʇʦʣʫʯʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʫʯʘʩʪʠʷ ů-ʨʘʜʠʢʘʣʘ ʚ ʩʠʥʪʝʟʝ ʩʪʘʙʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʈʘʟʚʠʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʘ ʢʘʢ ʨʘʜʠʢʘʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ CïH ʠʣʠ HetïH ʩʚʷʟʠ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʝʨʝʭʚʘʪʯʠʢʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʆʩʫʱʝʩʪʚʣʝʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʆ ʩʦʯʝʪʘʥʠʝ ɓ-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʘ, ʚ ʢʦʪʦʨʦʤ ʧʦʩʣʝʜʥʠʡ ʚʳʩʪʫʧʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʷ ʠ O-

ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʩʦʯʝʪʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʜʦʙʘʚʢʘʤʠ ʦʩʥʦʚʘʥʠʡ, 

ʢʠʩʣʦʪ ʠ ʩʦʣʝʡ ʤʝʜʠ ï ʥʝʪʠʧʠʯʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʣʷ ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ. ʆʪʢʨʳʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʨʦʮʝʩʩ ʚ ʭʠʤʠʠ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ï ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʆ 

ʩʦʯʝʪʘʥʠʝ 3-ʟʘʤʝʱʝʥʥʳʭ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʦʤ.  

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʉïʆ ʩʦʯʝʪʘʥʠʷ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ ʩ ʙʘʨʙʠʪʫʨʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʠ ʢʠʩʣʦʪʘʤʠ ʄʝʣʴʜʨʫʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ N-ʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠ ʆ-ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʙʥʘʨʫʞʝʥʥʦʤ ʉïʆ ʩʦʯʝʪʘʥʠʠ. 

ʆʪʢʨʳʪ ʙʝʟʤʝʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʉïʆ ʩʦʯʝʪʘʥʠʶ ʨʘʟʣʠʯʥʳʭ CH-

ʩʫʙʩʪʨʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ, ʩ N-ʛʠʜʨʦʢʩʠʠʤʠʜʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣʧʝʨʦʢʩʠʜʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʢʝʪʦʥʦʚ, ʩʣʦʞʥʳʭ 

ʵʬʠʨʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

CH-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʘ ʠ ʢʠʩʣʦʨʦʜʘ 

ʚʦʟʜʫʭʘ ʢ ʩʪʠʨʦʣʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ ʢʘʢ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʠʮʠʘʪʦʨʘ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʅʘ ʧʨʠʤʝʨʝ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʘ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʦʢʩʠʤʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦ ʜʚʦʡʥʳʤ ʉ=ʉ ʩʚʷʟʷʤ. ʆʪʢʨʳʪʘ ʥʝʦʙʳʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ 

ʦʪ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʘʣʢʝʥʘ: ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦ 

ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʤʠ ʘʣʢʝʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʥʝ 
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ʪʦʣʴʢʦ ʚ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ ʉïO ʠ OïH, ʥʦ ʪʘʢʞʝ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ N-ʨʘʜʠʢʘʣʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ CïN. 

ʈʘʟʨʘʙʦʪʘʥ ʤʘʩʰʪʘʙʠʨʫʝʤʳʡ ʠ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʢʣʘʩʩʘ ʬʫʥʛʠʮʠʜʦʚ ï ʥʠʪʨʦʧʠʨʘʟʦʣʦʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʬʫʥʛʠʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʩʨʘʚʥʠʤʦʡ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʆʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʦʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ 

ʘʢʪʠʚʥʦʩʪʠ.  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 11 ʩʪʘʪʝʡ ʚ 

ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 11 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

CHEMSCI 2019 (ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ɺʟʘʠʤʦʩʚʷʟʴ ʠʦʥʥʳʭ ʠ ʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʠʟʘʡʥʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ", ʀʆʍ ʈɸʅ, 

ʄʦʩʢʚʘ, 2019), ICCOS 2019 (ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʂʘʪʘʣʠʟ ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ", 

ʀʆʍ ʈɸʅ, ʄʦʩʢʚʘ, 2019), WSOC 2020 (ʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ: ʦʪ 

ʄʘʨʢʦʚʥʠʢʦʚʘ ʜʦ ʥʘʰʠʭ ʜʥʝʡ, ʄɻʋ, ʂʨʘʩʥʦʚʠʜʦʚʦ, 2020), XXVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2020è (ʄɻʋ, ʄʦʩʢʚʘ, 2020), 

VII ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʄʦʩʢʚʘ, 2020), ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-2021è (ʄɻʋ, ʄʦʩʢʚʘ, 2021), IX ʄʦʣʦʜʝʞʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ, 2021), I ʠ II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʨʛʘʥʠʯʝʩʢʠʝ 

ʨʘʜʠʢʘʣʳ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳè (ʀʆʍ ʈɸʅ, ʄʦʩʢʚʘ, 2021ï2022), 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ-

2022è (ʄɻʋ, ʄʦʩʢʚʘ, 2022), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, 2022). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥ ʥʘ 274 ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʪʝʤʫ çCH-ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʚʷʟʝʡ CïO, CïN, CïS/Se ʠ CïP ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʪʝʨʦʘʪʦʤ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚè, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʚʷʟʘʥʘ ʩ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ N,O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, 

ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʨʘʜʠʢʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ ʛʝʪʝʨʦʘʪʦʤ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ 441 ʠʩʪʦʯʥʠʢ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 8 ʛʣʘʚʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʦʩʥʦʚʥʳʤ ʪʠʧʘʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ (ʈʠʩʫʥʦʢ 1). 
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ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 
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ɻʃɸɺɸ 1. CH-ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʚʷʟʝʡ CïO, CïN, CïS/Se ʠ CïP ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ 

(ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) 

1. ɺʚʝʜʝʥʠʝ 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʦʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʝ 

ʩʝʤʝʡʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʦʙʣʘʩʪʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʠ ʙʠʦʭʠʤʠʠ.[1ï6] ʉʨʝʜʠ ʧʨʠʤʝʨʥʦ 20 

ʤʠʣʣʠʦʥʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʢʨʳʪʳʭ ʢ ʢʦʥʮʫ ʚʪʦʨʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ, ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ[3,7ï10] ʠ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ[2,11] ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ ʢ ʛʝʪʝʨʦʮʠʢʣʘʤ ʩʚʷʟʘʥ ʩ 

ʠʭ ʫʯʘʩʪʠʝʤ ʚ ʢʣʶʯʝʚʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʦʛʜʘ ʢʘʢ ʤʥʦʞʝʩʪʚʦ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʶʪ ʩʠʥʪʝʪʠʯʝʩʢʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʛʝʨʙʠʮʠʜʦʚ,[12,13] ʬʫʥʛʠʮʠʜʦʚ,[14ï16] ʬʦʪʦʩʪʘʙʠʣʠʟʘʪʦʨʦʚ,[17] ʢʦʩʤʝʪʠʢʠ,[18] 

ʧʦʣʠʤʝʨʦʚ,[4,19] ʢʨʘʩʠʪʝʣʝʡ,[20,21] ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʩʨʝʜʩʪʚ[22,23] ʠ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ.[24,25] 

ʌʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ 

ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ, ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʘʛʨʦʭʠʤʠʢʘʪʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʝʣʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ 

ʟʘʜʘʯʫ.[26ï33] ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ: ʩʙʦʨʢʘ ʦʩʥʦʚʥʦʛʦ çʷʜʨʘè ʛʝʪʝʨʦʮʠʢʣʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 

ʠʟ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʧʨʷʤʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʮʝʣʝʚʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʘ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʪʦʨʦʡ ʧʫʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʝʥ 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʘʪʦʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʷ ʦʪʭʦʜʦʚ. ʉʪʨʘʪʝʛʠʠ ʩʠʥʪʝʟʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʮʝʩʩʘʭ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʤʝʪʘʣʣʘʤʠ.[34ï38] 

ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʠʩʴ ʤʘʣʦʩʝʣʝʢʪʠʚʥʳʤʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤʫ ʨʘʟʣʠʯʠʶ ʤʝʭʘʥʠʟʤʦʚ ʠʦʥʥʳʭ ʠ ʨʘʜʠʢʘʣʴʥʳʭ 

ʨʝʘʢʮʠʡ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ.[39,40] ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʚʠʥʫʣʘʩʴ ʨʘʜʠʢʘʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʘ (ʬʦʪʦʢʘʪʘʣʠʟ), ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʤʝʪʘʣʣʦʚ, ʧʝʨʦʢʩʠʜʦʚ, ʧʝʨʩʫʣʴʬʘʪʦʚ ʠ 

ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʜʠʢʘʣʴʥʦʡ ʭʠʤʠʠ ʫʜʝʣʷʣʦʩʴ 

ʨʝʘʢʮʠʷʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʨʝʘʢʮʠʷ ʄʠʥʠʰʠ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ).[41ï45] 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʮʚʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʛʝʥʝʨʘʮʠʠ ʛʝʪʝʨʦʘʪʦʤ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚʢʣʶʯʘʷ ʬʦʪʦʢʘʪʘʣʠʟ ʠ ʵʣʝʢʪʨʦʩʠʥʪʝʟ. ʊʘʢʠʝ ʜʦʩʪʠʞʝʥʠʷ, 

ʥʝʩʦʤʥʝʥʥʦ, ʨʘʩʰʠʨʠʣʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ.[46ï50] ʍʠʤʠʷ ʛʝʪʝʨʦʘʪʦʤ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʙʫʨʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʦ ʦʥʘ ʚʩʝ ʝʱʝ ʤʝʥʝʝ ʠʟʫʯʝʥʘ, ʯʝʤ ʭʠʤʠʷ ʉ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʆʪʯʘʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʝʝ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʠ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʛʝʪʝʨʦʘʪʦʤʘ ʠ ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʱʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʜʠʢʘʣʘʤ ʦʥʠ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʥʝʥʘʩʳʱʝʥʥʳʤ ʩʚʷʟʷʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ.[51ï57] 

ʇʨʦʮʝʩʩʳ ʦʪʨʳʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ɓ-ʨʘʩʧʘʜʘ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʝʪʝʨʦʘʪʦʤ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ,[49,55ï63] ʦʩʦʙʝʥʥʦ ʆ-[58,64] ʠ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ,[56] ʪʦʛʜʘ ʢʘʢ 

ʜʣ̫ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ. ʇʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 

ʙʦʣʴʰʦʝ ʩʝʤʝʡʩʪʚʦ ʧʝʨʝʜʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ CïH ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ.[65ï71] 

ʈʝʢʦʤʙʠʥʘʮʠʷ ʤʝʞʜʫ ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ HetïHet ʠʣʠ CïHet. ʉʪʘʙʠʣʴʥʳʝ ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ 

ʨʘʜʠʢʘʣʳ ʵʣʝʤʝʥʪʦʚ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, 

ʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʦʚ.[72ï78] ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ ʛʝʪʝʨʦʘʨʝʥʘʤ ʚʩʪʨʝʯʘʝʪʩʷ ʛʦʨʘʟʜʦ ʨʝʞʝ, 

ʯʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʜʚʦʡʥʳʤ ʉ=ʉ ʩʚʷʟʷʤ ʠʟ-ʟʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ p-ʩʠʩʪʝʤʳ (ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʵʥʝʨʛʠʷʤ ʘʢʪʠʚʘʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ) ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ ʨʝʘʢʮʠʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʦʙʟʦʨʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʫʪʝʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʘʪʘʢʠ O-, N-, S-, Se- ʠ P-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʤʝʪʦʜʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ CïO, CïN, CïS/Se, CïP 

ʠ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʫʯʘʝ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʦʙʟʦʨʝ ʫʜʝʣʷʝʪʩʷ ʨʝʘʢʮʠʷʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʢ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤ ˊ-ʩʠʩʪʝʤʘʤ (ʉʭʝʤʘ 1), ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ 

ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ. 
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ʉʭʝʤʘ 1. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʫʪʝʤ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ˊ-ʩʚʷʟʷʤ 

 

ɺ ʮʝʣʦʤ, ʛʝʪʝʨʦʘʪʦʤ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢ -́

ʠʟʙʳʪʦʯʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ. ʄʘʪʝʨʠʘʣ ʚ ʦʙʟʦʨʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʠʧʦʤ ʦʙʨʘʟʫʶʱʝʡʩʷ ʩʚʷʟʠ: CïO, CïN, CïS/Se ʠʣʠ CïP. 

2. ʈʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉïʆ ʩʚʷʟʝʡ 

ʈʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʉïʆ 

ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʆ ʩʦʯʝʪʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʚ ʞʝʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʠʟʙʳʪʢʦʚ ʦʜʥʦʛʦ ʠʟ ʧʘʨʪʥʝʨʦʚ ʩʦʯʝʪʘʥʠʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʦʙʦʯʥʳʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʯʘʱʝ ʚʩʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʣʠ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤ ʨʘʟʨʳʚʝ ʩʚʷʟʠ ʆðʆ ʚ ʧʝʨʦʢʩʠʜʘʭ ʠ ʧʨʠ 

ʧʨʷʤʦʤ ʦʢʠʩʣʝʥʠʠ ʆʅ-ʨʝʘʛʝʥʪʦʚ. ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʳʚʘʶʪ 

ʘʪʦʤ ʚʦʜʦʨʦʜʘ (ʉʭʝʤʘ 2, ʘ), ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʥʝʘʨʦʤʘʪʠʯʝʩʢʠʤ ˊ-ʩʚʷʟʷʤ (ʉʭʝʤʘ 2, ʙ) ʠʣʠ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ɓ-ʨʘʩʧʘʜ (ʉʭʝʤʘ 2, ʚ). ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ˊ-ʩʠʩʪʝʤʘʤ (ʉʭʝʤʘ 2, ʛ) 

ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ɓ-ʨʘʩʧʘʜʘ ʠ ʦʪʨʳʚʘ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ. 
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ʉʭʝʤʘ 2. ʄʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʘʢʮʠʦʥʥʘ ̫ʩʧʦʩʦʙʥʦʩʪʴ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ 

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʭʣʦʨʘʪʘ ʞʝʣʝʟʘ (III) ʧʠʨʘʟʦʣʦʥʳ 1 ʚʩʪʫʧʘʶʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʆ 

ʩʦʯʝʪʘʥʠʝ ʩ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʢʩʠʤʳ, N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜ ʠ N-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣ (ʉʭʝʤʘ 3).[79] 

ʉʭʝʤʘ 3. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʆ ʩʦʯʝʪʘʥʠʝ ʧʠʨʘʟʦʣʦʥʦʚ ʩ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʷʤʠ 

 

N-ʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ N-ʛʠʜʨʦʢʩʠʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ Fe(ClO4)3 ʠ ʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʦ 4-ʤʫ ʧʦʣʦʞʝʥʠ ʁ

ʧʠʨʘʟʦʣʦʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ N-ʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʕʇʈ-
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ.[79] ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʩʪʘʙʠʣʴʥʳʡ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ 3 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʧʠʨʘʟʦʣʦʥʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʉïʆ ʩʦʯʝʪʘʥʠʷ 2aïc (ʉʭʝʤʘ 4). ɺʳʭʦʜʳ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ ʙʣʠʟʢʠ ʢ 

ʚʳʭʦʜʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʝʛʦ ʛʝʥʝʨʘʮʠʠ in situ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʘʛʝʥʪʘ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʜʦ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ʉʭʝʤʘ 4. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʆ ʩʦʯʝʪʘʥʠʝ ʧʠʨʘʟʦʣʦʥʦʚ ʩ ʜʠʘʮʝʪʠʣʠʤʠʥʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ 

 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (II) ʠ Pybox (2,6-ʙʠʩ[(4S)-(ï)-

ʠʟʦʧʨʦʧʠʣ-2-ʦʢʩʘʟʦʣʠʥ-2-ʠʣ]ʧʠʨʠʜʠʥ) ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 4 ʫʩʧʝʰʥʦ ʧʝʨʦʢʩʠʜʠʨʫʶʪʩʷ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ 5 (ʉʭʝʤʘ 5).[80] ɺ ʵʪʦʡ ʠ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ ʤʦʞʝʪ ʠʛʨʘʪʴ 

ʨʦʣʴ ʢʘʢ ʦʢʠʩʣʠʪʝʣʷ, ʪʘʢ ʠ ʆ-ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʉïʆ ʩʦʯʝʪʘʥʠ.̫  

ʉʭʝʤʘ 5. ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʦʡ 

FeCl2/Pybox/t-BuOOH 
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ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʢʩʠʥʜʦʣʳ (ʧʨʦʜʫʢʪʳ 5ʘ,b), ʟʘʤʝʱʝʥʥʳʝ ʙʘʨʙʠʪʫʨʦʚʳʝ 

ʢʠʩʣʦʪʳ (ʧʨʠʤʝʨ 5c) ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʢʫʤʘʨʠʥʘ (ʧʨʠʤʝʨ 5d). ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ Pybox, ʚʦʟʤʦʞʥʘʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʷ ʥʝ 

ʠʟʫʯʘʣʘʩʴ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʉïʆ ʩʦʯʝʪʘʥʠʷ ʥʘ ʩʭʝʤʝ 3 [79] ʚ 

ʫʩʣʦʚʠʷʭ ʩ ʩʠʩʪʝʤʦʡ FeCl2/Pybox/t-BuOOH ʧʠʨʘʟʦʣʦʥ 4ʝ ʥʝ ʦʙʨʘʟʫʝʪ ʧʨʦʜʫʢʪʘ 

ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ (ʉʭʝʤʘ 5). ɼʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʞʠʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ FeCl3 (5 ʤʦʣʴ%) ʚ ʦʪʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʘ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʝʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʦʢʩʠʥʜʦʣʘ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ.[80] 

ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʝʪʝʨʧʝʚʘʶʪ Ŭ-ʟʘʤʝʱʝʥʥʳʝ ʙʘʨʙʠʪʫʨʦʚʳʝ ʢʠʩʣʦʪʳ 6 ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ (ʉʭʝʤʘ 6).[81] 

ʉʭʝʤʘ 6. ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ Ŭ-ʟʘʤʝʱʝʥʥʳʭ ʙʘʨʙʠʪʫʨʦʚʳʭ ʢʠʩʣʦʪ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ 

 

ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʤʝʜʠ, ʪʘʢ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʙʘʚʣʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ Cu(BF4)2 ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, 

ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ t-BuOOH ʠʣʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʠ ʤʝʜʠ, ʦʪʨʳʚʘʝʪ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʦʪ ʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʳ. ʈʝʢʦʤʙʠʥʘʮʠʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ ʉïʆ ʩʦʯʝʪʘʥʠʷ 7. 

ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ 3,4-ʜʠʛʠʜʨʦ-1,4-ʙʝʥʟʦʢʩʘʟʠʥ-2-ʦʥʦʚ 8 ʥʝʜʘʚʥʦ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-BuOOH (ʉʭʝʤʘ 7).[82] ʉʫʙʩʪʨʘʪʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʙʝʥʟʦʢʩʘʟʠʥʦʚʦʤ ʷʜʨʝ ʠ ʫ ʘʪʦʤʘ ʘʟʦʪʘ. ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ (ʦʢʦʣʦ 15ï20%) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʢʠʩʣʦʨʦʜʝ. ɼʠ-ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜ, ʙʝʥʟʦʠʣʧʝʨʦʢʩʠʜ ʠ 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʦʢʘʟʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ 

ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʭʠʥʦʢʩʘʣʠʥʦʥʘ (X = N). 
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ʉʭʝʤʘ 7. ʇʝʨʦʢʩʠʜʠʨʦʚʘʥʠʝ 3,4-ʜʠʛʠʜʨʦ-1,4-ʙʝʥʟʦʢʩʘʟʠʥ-2-ʦʥʦʚ ʠ ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʤʝʪʠʣʬʝʥʦʣʘ (BHT) ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʢʘʣʴʥʦʡ ʣʦʚʫʰʢʠ 

ʙʳʣʠ ʧʝʨʝʭʚʘʯʝʥʳ ʨʘʜʠʢʘʣʴʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ AïD, ʧʨʦʜʫʢʪʳ ʧʝʨʝʭʚʘʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ HRMS. ʂʣʶʯʝʚʳʝ ʩʪʘʜʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʚʪʦʨʘʤʠ ʤʝʭʘʥʠʟʤʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʩʭʝʤʝ 7. 

ʈʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʉïʆ ʩʦʯʝʪʘʥʠʷ ʩʧʠʨʪʦʚ ʩ ʭʠʥʦʢʩʘʣʠʥʦʥʘʤʠ 10 ʠʟʫʯʘʣʘʩʴ ʥʝʟʘʚʠʩʠʤʦ 

ʜʚʫʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ.[83,84] ɺ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ ʫʩʧʝʰʥʦ ʚʩʪʫʧʘʶʪ ʧʝʨʚʠʯʥʳʝ, 

ʚʪʦʨʠʯʥʳʝ, ʙʝʥʟʠʣʦʚʳʝ ʠ ʬʪʦʨʠʨʦʚʘʥʥʳʝ ʩʧʠʨʪʳ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʜʣʷ 

ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ ʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʣʷ ʦʩʪʘʣʴʥʳʭ (ʉʭʝʤʘ 8). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (>70%) ʜʣʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ. 

ʉʭʝʤʘ 8. ɸʣʢʦʢʩʠʣʠʨʦʚʘʥʠʝ ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʳʪʦʚ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʉïʆ 

ʩʚʷʟʠ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʘʥʘʣʦʛʠʯʝʥ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ CïN ʩʦʯʝʪʘʥʠʷ ʭʠʥʦʢʩʘʣʠʥ-2(1H)-

ʦʥʦʚ (ʉʭʝʤʘ 33, ʩʤ. ʥʠʞʝ). ɻʝʥʝʨʘʮʠʷ ʘʣʢʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ 
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ʩʧʠʨʪʘ ʩʦʝʜʠʥʝʥʠʝʤ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʘʚʪʦʨʳ ʥʝ 

ʠʩʢʣʶʯʘʶʪ ʦʢʠʩʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʭʠʥʦʢʩʘʣʠʥʦʥʘ ʜʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʩʧʠʨʪʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʩʫʞʜʘʚʰʠʭʩʷ ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ, ʉïʆ ʩʦʯʝʪʘʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ˊ-ʩʠʩʪʝʤʘʤ ʩ ʥʠʟʢʦʡ ʘʨʦʤʘʪʠʯʥʦʩʪʴʶ ʠʣʠ ʟʘ ʩʯʝʪ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʨʘʜʠʢʘʣʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʠʟ 

ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠʣʠ ʦʪʨʳʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. ʈʝʜʢʠʤ 

ʧʨʠʤʝʨʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʆ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʡ ˊ-ʩʠʩʪʝʤʝ 

ʷʚʣʷʝʪʩʷ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʙʝʥʟʦʠʣʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʨʝʥʦʚ ʠ ʛʝʪʝʨʦʘʨʝʥʦʚ 12 (ʉʭʝʤʘ 

9).[85] 

ʉʭʝʤʘ 9. ʌʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʙʝʥʟʦʠʣʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʨʝʥʦʚ ʠ ʛʝʪʝʨʦʘʨʝʥʦʚ 

 

ɹʝʥʟʦʠʣʦʢʩʠʣʠʨʦʚʘʥʠʝ ʭʦʨʦʰʦ ʧʨʦʪʝʢʘʝʪ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. ʉʫʙʩʪʨʘʪʳ ʩ ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʪʘʢʦʡ ʢʘʢ ʤʝʪʠʣʴʥʘʷ, ʜʘʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʚʳʭʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʙʩʪʨʘʪʘʤʠ ʩ ʘʣʢʦʢʩʠʛʨʫʧʧʘʤʠ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʝʨʝʢʠʩʴ ʙʝʥʟʦʠʣʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʤ Ru(bpy)3
2+* ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʝʥʟʦʠʣʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʘʨʝʥʘʤ ʠ ʛʝʪʝʨʦʘʨʝʥʘʤ 12. ɸʨʠʣʙʝʥʟʦʘʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

13 ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʠ ʨʝʘʨʦʤʘʪʠʟʘʮʠʠ. 

3. ʈʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉïN ʩʚʷʟʝʡ 

ʈʝʘʢʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʨʝʘʢʮʠʷʤʠ O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʆʥʠ ʚʢʣʶʯʘʶʪ 

ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʩʚʷʟʠ NïX, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʝ, ʚʢʣʶʯʘʷ HAT (ʧʝʨʝʥʦʩ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ) ʠ PCET (ʧʨʦʪʦʥʥʦ-ʩʚʷʟʘʥʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ) ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʩʦʣʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ (ʉʭʝʤʘ 10). ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʨʘʜʠʢʘʣʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʦʚ 

ʥʘ ʵʪʫ ʪʝʤʫ.[86ï88] ʂʘʢ ʧʨʘʚʠʣʦ, N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʚʩʪʫʧʘʶʪ ʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ˊ-ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʘʤʠʥʠʨʦʚʘʥʠʷ 

(ʉʭʝʤʘ 10). ʕʪʦʪ ʪʠʧ ʨʝʘʢʮʠʡ ʙʫʜʝʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚʦʟʤʦʞʥʳ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʥʘʧʨʠʤʝʨ, ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʘ 

ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ N-
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ʥʫʢʣʝʦʬʠʣʘ.[89ï91] ʋʯʠʪʳʚʘʷ ʵʪʦ, ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠʣʠ ʥʝʪ. 

ʉʭʝʤʘ 10. ʄʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʘʢʮʠʦʥʥʘ ̫ʩʧʦʩʦʙʥʦʩʪʴ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ 

 

ʇʨʦʠʟʚʦʜʥʳʝ ʩʫʣʴʬʘʥʠʣʘʤʠʜʦʚ 15 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ N-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʘʨʝʥʦʚ 14 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠ ʩʦʣʠ ʠʨʠʜʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 11).[92] ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʤʠʜʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʦʣʦʞʝʥʠʠ ʉ2 ʛʝʪʝʨʦʮʠʢʣʘ. ʈʷʜ ʛʝʪʝʨʦʘʨʝʥʦʚ 

(ʠʥʜʦʣʳ, ʧʠʨʨʦʣʳ, ʙʝʥʟʦʬʫʨʘʥʳ) ʙʳʣʠ ʘʤʠʜʠʨʦʚʘʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʩʫʣʴʬʦʥʘʤʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BHT, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʜʫʢʪʳ ʧʝʨʝʭʚʘʪʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (86ï93%). 
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ʉʭʝʤʘ 11. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïH ʘʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ 

 

ʅʝʜʘʚʥʦ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠʪʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʦʥʦʚ 17 ʩʠʩʪʝʤʦʡ ʥʠʪʨʘʪ 

ʞʝʣʝʟʘ (III)/ʥʠʪʨʠʪ ʥʘʪʨʠʷ (ʉʭʝʤʘ 12).[15] 

ʉʭʝʤʘ 12. ʅʠʪʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʦʥʦʚ ʩʠʩʪʝʤʦʡ ʥʠʪʨʠʪ ʥʘʪʨʠʷ/ʥʠʪʨʘʪ ʞʝʣʝʟʘ (III ) 

 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ (IV) (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʥʠʪʨʠʨʫʶʱʠʡ ʨʝʘʛʝʥʪ) ʦʙʨʘʟʦʚʳʚʘʣʩʷ in situ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʥʠʪʨʘʪʦʤ ʞʝʣʝʟʘ (III). ʌʫʥʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ in vitro 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʠʪʨʦʧʠʨʘʟʦʣʦʥʦʚ 18 ʚ ʦʪʥʦʰʝʥʠʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʫʣʴʪʫʨ r ʩʦʧʦʩʪʘʚʠʤʘ ʠʣʠ ʧʨʝʚʦʩʭʦʜʠʪ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʬʫʥʛʠʮʠʜʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

N,O-ʜʠʬʝʥʠʣʩʫʣʴʬʦʥʠʣ-N-ʤʝʪʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥ 20 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʩʫʣʴʬʘʤʠʜʦʛʨʫʧʧʳ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʉʭʝʤʘ 13).[93] 

ʉʭʝʤʘ 13. CïH ʘʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ 

 

ʇʨʠʤʝʥʷʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ, ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʘʨʝʥʳ (N-ʤʝʪʠʣʠʥʜʦʣʳ, ʧʠʨʨʦʣʳ, 

ʬʫʨʘʥʳ) ʫʩʧʝʰʥʦ ʘʤʠʜʠʨʫʶʪʩʷ ʧʦ ʉ2-ʧʦʣʦʞʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 21. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʣʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 20 ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʤ Ir(ppy)3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ IrIV. ʇʦʩʣʝʜʫʶʱʝʝ 
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ʧʨʠʩʦʝʜʠʥʝʥʠʝ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ʛʝʪʝʨʦʮʠʢʣʫ 19 ʠ ʦʢʠʩʣʝʥʠʝ ʘʜʜʫʢʪʘ ʢʦʤʧʣʝʢʩʦʤ 

Ir IV ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ 21 ʠ ʨʝʛʝʥʝʨʠʨʫʝʪ IrIII . 

ɺ ʩʣʫʯʘʝ ʩʠʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʚʷʟʝʡ NïX, ʥʘʧʨʠʤʝʨ, NïBr ʚ N-ʙʨʦʤʩʘʭʘʨʠʥʝ 22, ʜʣʷ 

ʘʤʠʜʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʘʨʝʥʦʚ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʪʨʝʙʫʝʪʩʷ (ʉʭʝʤʘ 14).[94] 

ʉʭʝʤʘ 14. ɸʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ N-ʙʨʦʤʩʘʭʘʨʠʥʦʤ 

 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʧʨʷʤʦʤ ʘʤʠʜʠʨʦʚʘʥʠʠ N-ʤʝʪʠʣʠʥʜʦʣʦʚ 26 ʧʫʪʝʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʣʝʡ N-ʘʤʠʥʦʧʠʨʠʜʠʥʠʷ 25 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Ru(bpy)3Cl2 (ʉʭʝʤʘ 15).[95] 

ʉʭʝʤʘ 15. ɸʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ ʩʦʣʷʤʠ N-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʟʨʳʚʝ 

ʩʚʷʟʠ ʘʟʦʪ-ʘʟʦʪ ʧʦʩʣʝ ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ N-ʘʤʠʥʦʧʠʨʠʜʠʥʠʷ 25. 

ɸʤʠʜʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʘʨʝʥʘʤ ʠ ʛʝʪʝʨʦʘʨʝʥʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʘʤʠʥʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ 27. 

ʆʧʠʩʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʜʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʟ 2,4-ʜʠʥʠʪʨʦʬʝʥʦʢʩʠʘʤʠʜʦʚ 28 ʚ ʫʩʣʦʚʠʷʭ 

ʦʨʛʘʥʦʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ (ʉʭʝʤʘ 16).[55] 
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ʉʭʝʤʘ 16. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʘʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʠʣʦʢʩʠʘʤʠʜʦʚ 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʨʠʣʦʢʩʠʘʤʠʜʦʚ 28 ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʤ ʵʦʟʠʥʦʤ Y ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ɓ-ʨʘʩʧʘʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʠʜʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ 2,4-

ʜʠʥʠʪʨʦʬʝʥʦʢʩʠʜ-ʘʥʠʦʥʘ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, CïN ʩʦʯʝʪʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʤʠʜʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ʛʝʪʝʨʦʘʨʝʥʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʠ 

ʨʝʘʨʦʤʘʪʠʟʘʮʠʝʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ AgOPiv ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ ʤʝʞʜʫ N-ʘʣʢʦʢʩʠʘʤʠʜʘʤʠ ʠ 

ʟʘʤʝʱʝʥʥʳʤʠ ʠʥʜʦʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʩʢʘʜʥʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʠʥʜʦʣʠʥʦʚ (ʉʭʝʤʘ 17).[96] ɺʳʭʦʜʳ ʜʣʷ N-ʘʣʢʦʢʩʠʘʤʠʜʦʚ ʩ ʵʣʝʢʪʨʦʥʦʜʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɿʘʤʝʩʪʠʪʝʣʠ R3 ʠ 

R4 ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ, ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 

ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣ ̫R5 ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ: N-ʙʝʥʟʠʣ ʟʘʱʠʱʝʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ N-ʘʣʢʠʣʴʥʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ. 
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ʉʭʝʤʘ 17. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʠʥʜʦʣʦʚ ʠ N-ʘʣʢʦʢʩʠ(1H-ʠʥʜʦʣ-1-ʢʘʨʙʦʢʩʘʤʠʜʦʚ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʯʣʝʥʝʥʥʳʭ ʠʥʜʦʣʠʥʦʚ 

 

ʉʦʛʣʘʩʥʦ DFT-ʨʘʩʯʝʪʘʤ ʠ ʢʦʥʪʨʦʣʴʥʳʤ ʦʧʳʪʘʤ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʘʜʠʢʘʣʴʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʘʪʘʢʘ ɸ 

ʥʘ ʠʥʜʦʣ 32 ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ Ag+ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʨʤʝʜʠʘʪʫ ɺ, ʢʦʪʦʨʳʡ ʮʠʢʣʠʟʫʝʪʩʷ 

ʚ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 33. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʰʠʨʝʥʠʷ ʮʠʢʣʘ 3-ʤʝʪʠʣʠʥʜʦʣʦʚ 34 ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʥʘʟʦʣʠʥʦʥʦʚ 35 (ʉʭʝʤʘ 18).[97] ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʘʤʠʥʦʚ, 

ʢʨʦʤʝ ʘʥʠʣʠʥʘ, ʜʠʬʝʥʠʣʘʤʠʥʘ ʠ ʪʨʠʬʪʦʨʵʪʠʣʘʤʠʥʘ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʥʜʦʣʴʥʦʤ ʢʦʣʴʮʝ. ʆʜʥʘʢʦ, ʚʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʶ 

ʧʠʨʨʦʣʦʧʠʨʠʜʠʥʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʭʠʥʦʟʘʣʠʥʦʥʦʚ ʦʧʠʩʳʚʘʝʪʩʷ 

ʘʚʪʦʨʘʤʠ ʩʣʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ 

ʧʝʨʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠʥʜʦʣʘ. 



22 

ʉʭʝʤʘ 18. ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ n-Bu4NI ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʠʨʨʦʣʴʥʦʛʦ ʮʠʢʣʘ 3-

ʤʝʪʠʣʠʥʜʦʣʦʚ ʘʤʠʥʘʤʠ 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ 36 ʩ ʘʥʠʣʠʥʘʤʠ 37 ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʠ (ʉʭʝʤʘ 19).[98] ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʭʦʨʦʰʠʭ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʘʥʠʣʠʥ 37 ʠ ʠʥʜʦʣ 36 ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʥʘʧʨʠʤʝʨ ʩʫʣʴʬʦʥʠʣʴʥʦʡ ʠʣʠ ʩʣʦʞʥʦʵʬʠʨʥʦʡ. ɿʘʱʠʱʝʥʥʳʝ 

ʤʝʪʠʣʴʥʦʡ ʠʣʠ ʙʝʥʟʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠʥʜʦʣʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʥʠʟʢʠʤ ʠʣʠ 

ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʅʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ N-ʘʮʝʪʠʣʠʥʜʦʣʘʤʠ. ɼʨʫʛʠʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʜʨʫʛʠʝ ʛʝʪʝʨʦʘʨʝʥʳ, ʪʘʢʠʝ ʢʘʢ ʟʘʤʝʱʝʥʥʳʝ ʪʠʦʬʝʥʳ ʠ 

ʬʫʨʘʥʳ (ʉʭʝʤʘ 19). 

ʉʭʝʤʘ 19. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ CïN ʩʦʯʝʪʘʥʠʝ ʤʝʞʜʫ ʛʝʪʝʨʦʘʨʝʥʘʤʠ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʥʠʣʠʥʘ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʎɺɸ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ[99,100] ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 20). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʘʥʦʜʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ ʠ ʢʘʪʠʦʥ-
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ʨʘʜʠʢʘʣʘ ɺ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ɸ ʠ ɺ ʨʝʢʦʤʙʠʥʠʨʫʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʘ ʉ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 

ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʉ. 

ʉʭʝʤʘ 20. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʯʝʪʘʥʠʷ ʘʥʠʣʠʥʦʚ ʠ ʛʝʪʝʨʦʘʨʝʥʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʉïʅ ʘʤʠʥʠʨʦʚʘʥʠʝ ʙʝʥʟʦʢʩʘʟʦʣʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ 

ʛʝʪʝʨʦʮʠʢʣʦʚ 39, ʥʝ ʪʨʝʙʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 21).[100] ɺ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʰʠʨʦʢʠʡ ʨʷʜ ʙʝʥʟʦʢʩʘʟʦʣʦʚ, ʙʝʥʟʦʪʠʘʟʦʣʦʚ ʠ ʦʢʩʘʜʠʘʟʦʣʦʚ ʫʩʧʝʰʥʦ 

ʘʤʠʥʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 40 ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʥʜʦʣʳ ʚ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠ.ʁ ʇʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʷ R 

ʚ ʙʝʥʟʦʢʩʘʟʦʣʘʭ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ. ɸʚʪʦʨʳ ʪʘʢʞʝ 

ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʥʟʠʣʴʥʦʛʦ C(sp3)-H ʘʤʠʥʠʨʦʚʘʥʠʷ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ BHT ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʭʝʤʘ 21. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ CïH ʘʤʠʥʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʎɺɸ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ DFT-ʨʘʩʯʝʪʦʚ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. ʂʣʶʯʝʚʦʝ ʦʪʣʠʯʠʝ CïN ʩʦʯʝʪʘʥʠʷ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʘʥʠʣʠʥʘ (ʩʭʝʤʘ 19) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʛʝʪʝʨʦʮʠʢʣ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʶ, ʘ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ N-ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʘ. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, N-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, 

ʘʪʘʢʫʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʛʝʪʝʨʦʮʠʢʣ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʝʘʨʦʤʘʪʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʤʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʘʟʦʣʦʚ ʠ ʠʥʜʦʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʟʠʜ-

ʙʠʩʠʥʜʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 44 ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʘʟʠʜʦ-ʛʨʫʧʧʳ (ʉʭʝʤʘ 22).[101] ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ 

ʭʦʨʦʰʠʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʘʟʠʜʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʙʠʩʠʥʜʦʣʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʦ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʘʟʠʜʘ ʥʘʪʨʠʷ. 

ʉʭʝʤʘ 22. ʈʘʜʠʢʘʣʴʥʘʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘ ̫ʢʘʩʢʘʜʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʟʠʜʠʨʦʚʘʥʥʳʭ ʙʠʩʠʥʜʦʣʦʚ 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ Cu(III) ʠʟ 

PIFA ʠ Cu(OAc)2 ʧʦ ʜʚʫʤ ʚʦʟʤʦʞʥʳʤ ʤʘʨʰʨʫʪʘʤ (ʉʭʝʤʘ 23). ʇʝʨʚʳʡ ï ʦʢʠʩʣʝʥʠʝ Cu(II) PIFA ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ Cu(III) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʟʦʣʦʤ 42; ʚʪʦʨʦʡ ï ʦʢʠʩʣʝʥʠʝ 

ʘʟʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cu(II ). ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʤʧʣʝʢʩ Cu(III) ʧʨʝʪʝʨʧʝʚʘʝʪ ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ 

ʨʘʟʨʳʚ ʩʚʷʟʠ CuïN ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ A. ʇʦʩʣʝʜʥʠʡ ʘʪʘʢʫʝʪ C2-

ʧʦʣʦʞʝʥʠʝ ʠʥʜʦʣʘ 43 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ C-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʠʥʜʦʣʠʥʦʚʦʛʦ ʨʘʜʠʢʘʣʘ B, ʢʦʪʦʨʳʡ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣ r ʠʥʜʦʣʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ C. 

ʆʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ C ʧʦʜ ʜʝʡʩʪʚʠʝʤ Cu(II ) ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩʠʥʜʦʣʘ D. ʀʥʪʝʨʤʝʜʠʘʪ D ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʪʘʢʝ ʘʟʠʜʥʳʤ ʨʘʜʠʢʘʣʦʤ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ Cu(OAc)2, PIFA ʠ ʘʟʠʜʘ ʥʘʪʨʠʷ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ E. 

ʇʦʩʣʝʜʥʠʡ ʦʢʠʩʣʷʝʪʩʷ Cu(II ) ʠ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʘʟʠʜʠʨʦʚʘʥʥʦʛʦ 

ʙʠʩʠʥʜʦʣʘ 44. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʦʚʫʰʢʠ 

ʨʘʜʠʢʘʣʦʚ BHT. ʆʙʨʘʟʦʚʘʥʠʝ ʘʟʦʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚʳʜʝʣʝʥʠʝʤ ʘʜʜʫʢʪʘ ʩ 
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BHT ɸô. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʘ B ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʙʥʘʨʫʞʝʥʠʝʤ ʘʜʜʫʢʪʘ 

ʩ BHT Bô ʩ ʧʦʤʦʱʴʶ HRMS. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ D ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩ ʚʳʭʦʜʦʤ 89%, ʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ D ʤʦʞʥʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʚʨʘʪʠʪʴ ʚ ʘʟʠʜʥʳʡ ʧʨʦʜʫʢʪ 44 ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʘ D ʦʜʥʠʤ ʘʟʠʜʦʤ ʥʘʪʨʠʷ ʠʣʠ ʝʛʦ ʢʦʤʙʠʥʘʮʠʝʡ ʩ Cu(OAc)2 ʠʣʠ 

PIFA ʧʨʠʚʝʣʘ ʢ ʩʣʝʜʦʚʳʤ ʢʦʣʠʯʝʩʪʚʘʤ 44. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʝʯʥʘʷ ʩʪʘʜʠʷ 

ʘʟʠʜʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ PIFA ʠ Cu(OAc)2. 

ʉʭʝʤʘ 23. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʢʘʩʢʘʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʩʠʥʜʦʣʘ 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʙʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʡ ʉ2 ʠ ʉ3 ʠʥʜʦʣʦʚ 45 ʘʨʠʣʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʘʤʠ 

47, ʩ ʧʦʤʦʱʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ TBAI/TBHP (ʉʭʝʤʘ 24).[102] ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 

ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 3-ʤʝʪʠʣʠʥʜʦʣʳ 46 ʙʳʣʠ 

ʧʨʝʚʨʘʱʝʥʳ ʚ 2-ʩʫʣʴʬʦʥʠʣʜʠʘʟʝʥʠʣ-1ʅ-ʠʥʜʦʣʳ 49. ɺʳʭʦʜʳ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʦʙʳʯʥʦ ʥʠʞʝ, ʯʝʤ 

ʚ ʨʝʘʢʮʠʠ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʠʥʜʦʣʦʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʙʦʪ[103,104] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. ʉʠʩʪʝʤʘ TBAI/TBHP ʩʣʫʞʠʪ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ O-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʟ TBHP. ɸʣʢʦʢʩʠ- ʠ ʧʝʨʦʢʩʠʨʘʜʠʢʘʣʳ ʦʢʠʩʣʷʶʪ 
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ʘʨʠʣʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜ ʜʦ ʘʨʠʣʩʫʣʴʬʦʥʠʡʜʠʠʤʠʜʘ ɸ ʠ ʜʘʣʝʝ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ N-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺ. ʈʘʜʠʢʘʣ ɺ ʨʝʘʛʠʨʫʝʪ ʩ ʠʥʜʦʣʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ D ʠʣʠ ʨʘʟʣʘʛʘʝʪʩʷ 

ʜʦ ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʉ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʝʢʦʤʙʠʥʠʨʫʝʪ ʩ ʨʘʜʠʢʘʣʦʤ D. ʆʙʨʘʟʫʶʱʠʡʩʷ 

ʘʜʜʫʢʪ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʢʦʥʝʯʥʦʛʦ 3-ʩʫʣʴʬʦʥʠʣ-2-ʩʫʣʴʬʦʥʠʣʜʠʘʟʝʥʠʣ-1ʅ-ʠʥʜʦʣʘ 48. 

ʉʭʝʤʘ 24. ʈʘʜʠʢʘʣʴʥʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ ʩ ʧʨʠʤʥʝʥʠʝʤ ʩʠʩʪʝʤʳ 

TBAI/TBHP 

 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʠʤʠʜʠʨʦʚʘʥʠʠ ʠʥʜʦʣʦʚ 51 ʩ ʫʯʘʩʪʠʝʤ 2-ʪʨʝʪ-

ʙʫʪʠʣʘʥʪʨʘʭʠʥʦʥʘ (2-t-BuAQN) ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʦʚ ʠ ʦʢʠʩʣʠʪʝʣʝʡ (ʉʭʝʤʘ 25).[105] ɺ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʤʝʭʘʥʠʟʤʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʛʝʥʝʨʠʨʫʝʪ ʬʪʘʣʠʤʠʜʥʳʡ ʨʘʜʠʢʘʣ ɸ, ʢʦʪʦʨʳʡ 

ʘʪʘʢʫʝʪ ʠʥʜʦʣʴʥʦʝ ʷʜʨʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺ. ɸʥʠʦʥ-ʨʘʜʠʢʘʣ AQN 

ʦʢʠʩʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ AQN ʠ ʛʠʜʨʦʧʝʨʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ. ʈʘʜʠʢʘʣ B ʦʙʨʘʟʫʝʪ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʧʫʪʝʤ ʦʢʠʩʣʝʥʠʷ ʛʠʜʨʦʧʝʨʦʢʩʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ. 

ʅʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʉ2, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʪʠʯʥʳʭ ʨʘʜʠʢʘʣʦʚ ɺ ʧʫʪʝʤ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʥʝʩʧʘʨʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʧʦ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ˊ-ʩʠʩʪʝʤʝ. 
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ʉʭʝʤʘ 25. ɸʵʨʦʙʥʦʝ ʬʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʦʝ CïH ʠʤʠʜʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ ʠ ʧʠʨʨʦʣʦʚ 

 

ʇʨʦʚʝʜʝʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ CïN ʩʦʯʝʪʘʥʠʷ ʤʝʞʜʫ ʠʤʠʜʘʟʦ[1,2-

a]ʧʠʨʠʜʠʥʘʤʠ 55 ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʘʤʠ 56 (ʉʭʝʤʘ 26).[106] ʈʘʟʣʠʯʥʳʝ ʘʟʦʣʳ, ʧʠʨʘʟʦʣʳ ʠ ʜʘʞʝ 

ʤʦʨʬʦʣʠʥ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ NH-ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʵʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʆʜʥʘʢʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥ-ʙʫʪʠʣʘʤʠʥʘ ʚ ʢʘʯʝʩʪʚʝ NH-ʩʫʙʩʪʨʘʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʎɺɸ, ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʳʪʦʚ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. ʂʘʪʦʜʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ H2O ʠ EtOH ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʜʨʦʢʩʠʜ ʠ ʵʪʦʢʩʠʜ ʘʥʠʦʥʦʚ. ʕʪʠ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠʮʳ ʜʝʧʨʦʪʦʥʠʨʫʶʪ NH-ʩʫʩʙʪʨʘʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʘ ɸ. ʇʦʩʣʝʜʥʠʡ ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʘʥʦʜʝ ʜʦ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺ, ʘ 

ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 55 ʧʨʝʪʝʨʧʝʚʘʝʪ ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ. ʂʨʦʩʩ-ʨʝʢʦʤʙʠʥʘʮʠʷ ʨʘʜʠʢʘʣʴʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ B ʠ C ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ 

ʧʨʦʜʫʢʪʫ. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʩʫʣʴʬʘʥʠʣʘʤʠʜʦʚ 58 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʨʨʦʮʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʜʠʘʪʦʨʘ. 

ʆʩʫʱʝʩʪʚʣʝʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ CïH-ʩʫʣʴʬʦʢʩʠʤʠʥʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 60 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʣʴʬʦʢʩʠʤʠʥʘ ʚ ʢʘʯʝʩʪʚʝ NH-ʨʝʘʛʝʥʪʘ 61 ʠ (ʜʠʘʮʝʪʦʢʩʠʡʦʜʦ)ʙʝʥʟʦʣʘ (PIDA) ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ C3-ʩʫʣʴʬʦʢʩʠʤʠʜʦʠʣʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 2-

ʟʘʤʝʱʝʥʥʳʭ ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ 62 ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ (ʉʭʝʤʘ 27).[107] 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʥʘʠʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ R1. 

ʅʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʛʨʫʧʧ R1 ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ. 

ʉʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʘʣʢʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ. ʉʦʛʣʘʩʥʦ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʧʳʪʘʤ ʩ ʧʝʨʝʭʚʘʪʯʠʢʘʤʠ ʨʘʜʠʢʘʣʦʚ ʊɽʄPʆ ʠ BHT ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʢʣʶʯʝʚʳʝ 

ʨʘʜʠʢʘʣʴʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʩʭʝʤʝ 27. 
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ʉʭʝʤʘ 26. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ CïN ʩʦʯʝʪʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ ʘʤʠʥʘʤʠ 

 

ʉʭʝʤʘ 27. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïH ʩʫʣʴʬʦʢʩʠʤʠʥʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ N-(ʪʨʠʬʪʦʨʘʮʝʪʦʢʩʠ)ʬʪʘʣʠʤʠʜʦʚ 63 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʬʪʘʣʠʤʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ A ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʤʝʥʠʝ ʚ 

ʨʝʘʢʮʠʷʭ CïH ʠʤʠʜʠʨʦʚʘʥʠʷ (ʉʭʝʤʘ 28).[108] 
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ʉʭʝʤʘ 28. ʀʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ N-(ʪʨʠʬʪʦʨʘʮʝʪʦʢʩʠ)ʬʪʘʣʠʤʠʜʦʤ 

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʦʛʦ Ir(ppy)3 ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ N-

(ʪʨʠʬʪʦʨʘʮʝʪʦʢʩʠ)ʬʪʘʣʠʤʠʜʘ 63 ʩ ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ NïO. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ ʩʣʦʞʥʦʵʬʠʨʥʦʡ 

ʛʨʫʧʧʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ CF3-ʛʨʫʧʧ r ʨʘʟʨʳʚ ʩʚʷʟʠ NïO ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʠ ʬʪʘʣʠʤʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ/ʦʢʠʩʣʝʥʠʷ/ʨʝʘʨʦʤʘʪʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 64 ʩ 

ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ ɹʘʨʘʥʘ 

(NSP, N-ʩʫʢʮʠʥʠʤʠʜʠʣʧʝʨʦʢʩʠʵʬʠʨ) ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ 

(ʉʭʝʤʘ 29).[109] 
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ʉʭʝʤʘ 29. ʀʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʨʝʘʛʝʥʪʦʤ ɹʘʨʘʥʘ (NSP) 

 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʬʝʨʨʦʮʝʥʘ (Cp2Fe) ʚ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʈʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʠʨʠʜʠʥʳ (ʧʨʠʤʝʨ 65a), 

ʧʠʨʨʦʣʳ (ʧʨʠʤʝʨ 65b), ʧʠʨʠʤʠʜʠʥʳ (ʧʨʠʤʝʨ 65c), ʪʠʦʬʝʥʳ (ʧʨʠʤʝʨ 65d), ʪʠʘʟʦʣʳ (ʧʨʠʤʝʨ 65e), 

ʧʠʨʘʟʠʥʳ (ʧʨʠʤʝʨ 65f), ʙʳʣʠ ʠʤʠʜʠʨʦʚʘʥʳ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʙʣʶʜʘʝʤʘʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʘ ʪʘʢʦʚʦʡ ʧʨʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʟʘʤʝʱʝʥʠʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʫʶʪʩʷ ʙʦʣʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ.  

ʉʦʦʙʱʘʣʦʩʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʬʪʘʣʠʤʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ N-

ʭʣʦʨʬʪʘʣʠʤʠʜʘ 66. ɻʝʥʝʨʠʨʫʝʤʳʝ ʬʪʘʣʠʤʠʜʥʳʝ ʨʘʜʠʢʘʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʤʠʜʠʨʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥʦʚ 67 (ʉʭʝʤʘ 30).[110] ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʷʜʫ 

ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ N-ʭʣʦʨʬʪʘʣʠʤʠʜ, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʡʦʜ- 

ʠ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʪʘʣʠʤʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʝʘʢʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʨʝʞʠʤʝ one-pot ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʪʘʣʠʤʠʜʘ ʠ ʩʠʩʪʝʤ rNaOCl/t-

BuOH/AcOH. 
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ʉʭʝʤʘ 30. ʀʤʠʜʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ N-ʭʣʦʨʬʪʘʣʠʤʠʜʦʤ 

 

ʆʪʢʨʳʪ ʙʝʟʤʝʪʘʣʴʥʳʡ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʘʟʠʜʦ-ʛʨʫʧʧʳ ʚ N-ʦʢʩʠʜʳ ʭʠʥʦʣʠʥʘ 69 (ʉʭʝʤʘ 

31).[111] ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʘʟʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʙʠʥʘʮʠʶ TMSN3 ʠ PhI(CF3CO2)2 

(PIFA). 

ʉʭʝʤʘ 31. ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ CïH ʘʟʠʜʠʨʦʚʘʥʠʝ ʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʦʚ 

 

ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʘ ʨʝʘʢʮʠʠ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠʟ 

TMSN3 ʠ PIFA. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʟʠʜʥʳʡ ʨʘʜʠʢʘʣ ʘʪʘʢʫʝʪ ʧʦʣʦʞʝʥʠʝ ʉ2 N-ʦʢʩʠʜʘ ʭʠʥʦʣʠʥʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʨʦʤʘʪʠʟʘʮʠʷ ʟʘ ʩʯʝʪ ʦʪʨʳʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (ʉʭʝʤʘ 32, ʧʫʪʴ ɸ). ʇʫʪʴ 

ɹ ʚʢʣʶʯʘʝʪ SET (ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ) ʦʪ N-ʦʢʩʠʜʘ ʢ ʘʟʠʜʦ-ʨʘʜʠʢʘʣʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʘʨʙʝʥ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʘʨʙʝʥʘ ʩ TMSN3 ʜʘʝʪ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ (ʉʭʝʤʘ 32, ʧʫʪʴ ɹ). ʆʙʨʘʟʦʚʘʥʠʝ ʊʄSÅ ʨʘʜʠʢʘʣʦʚ ʠ 

ʨʘʜʠʢʘʣʦʚ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ N-ʦʢʩʠʜʘ ʭʠʥʦʣʠʥʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2-ʤʝʪʠʣ-2-ʥʠʪʨʦʟʦʧʨʦʧʘʥʘ (MNP) ʚ ʢʘʯʝʩʪʚʝ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʠ. ʉ2-

ʟʘʤʝʱʝʥʥʳʝ N-ʦʢʩʠʜʳ ʭʠʥʦʣʠʥʘ, ʭʠʥʦʣʠʥ ʠ N-ʦʢʩʠʜ ʠʟʦʭʠʥʦʣʠʥʘ, ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʜʘʥʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩʦʛʣʘʩʥʦ ʢʦʥʪʨʦʣʴʥʳʤ ʦʧʳʪʘʤ. 

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ CïN ʩʦʯʝʪʘʥʠʶ ʭʠʥʦʢʩʘʣʠʥ-2(1H)-ʦʥʦʚ 71 ʩ ʘʟʦʣʘʤʠ 72 

(ʉʭʝʤʘ 33).[112,113] ʈʝʘʢʮʠʷ ʩʦʚʤʝʩʪʠʤʘ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʘʟʦʣʦʚ, ʢʨʦʤʝ ʪʝʪʨʘʟʦʣʘ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʝʡ R1 ʠ R2 ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʦʧʳʪʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ BHT ʠʣʠ ʛʠʜʨʦʭʠʥʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ 

ʧʨʠʚʦʜʠʣʠ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʘʢʮʠʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ ʬʘʢʪʝ ʠ ʥʘ ʨʘʥʝʝ ʩʦʦʙʱʘʚʰʠʭʩʷ 

ʨʝʘʢʮʠʷʭ ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʩ ʭʠʥʦʢʩʘʣʠʥ-2(1H)-ʦʥʘʤʠ, ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʤʝʭʘʥʠʟʤ 

ʨʝʘʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʟʦʣʴʥʳʡ ʩʫʙʩʪʨʘʪ ʦʢʠʩʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ (ʉʭʝʤʘ 33).[83,84,114] 
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ʉʭʝʤʘ 32. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʘʟʠʜʠʨʦʚʘʥʠʷ ʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʦʚ 

 

ʉʭʝʤʘ 33. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïN ʩʦʯʝʪʘʥʠʝ ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ ʩ ʘʟʦʣʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ ʡʦʜʘ  

 

ʈʘʟʨʘʙʦʪʘʥʦ ʙʝʟʤʝʪʘʣʴʥʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ [3+2] ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʧʠʨʠʜʠʥʦʚ 75 ʩ 

ʘʥʠʣʠʥʘʤʠ 74 (ʉʭʝʤʘ 34).[115] ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʚ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. ɺ ʦʙʥʘʨʫʞʝʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʚʩʪʫʧʘʶʪ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʧʠʨʠʜʠʥʳ ʠ N-ʟʘʱʠʱʝʥʥʳʝ ʘʥʠʣʠʥʳ, ʥʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

R = Ts. 
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ʉʭʝʤʘ 34. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʘʥʠʣʠʥʦʚ ʩ ʧʠʨʠʜʠʥʘʤʠ 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʚ ʨʝʘʢʮʠʠ ʫʯʘʩʪʚʫʶʪ ʦʙʘ ʵʣʝʢʪʨʦʜʘ (ʉʭʝʤʘ 35). ʅʘ 

ʢʘʪʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʠʨʠʜʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ɸ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʥʠʣʠʥʘ ʦʙʨʘʟʫʝʪʩʷ N-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ ɺ. 

ʈʝʢʦʤʙʠʥʘʮʠʷ ʨʘʜʠʢʘʣʦʚ A ʠ B ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʠʟʘʤʝʱʝʥʥʦʛʦ ʘʤʠʥʘ C. ʇʦʩʣʝʜʫʶʱʝʝ 

ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʮʠʢʣʠʟʘʮʠʷ ʠ ʘʨʦʤʘʪʠʟʘʮʠʷ ʜʘʶʪ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 76. 

ʉʭʝʤʘ 35. ʄʝʭʘʥʠʟʤ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ 

 

ʆʩʫʱʝʩʪʚʣʝʥʦ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ CïN ʩʦʯʝʪʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʝʟʤʝʪʘʣʴʥʦʛʦ ʘʢʨʠʜʠʥʦʚʛʦ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 36).[116] ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Acr-

Mes+ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ K2S2O8 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ N-ʛʝʪʝʨʦʮʠʢʣʳ 77 ʠʣʠ 78 

ʨʝʘʛʠʨʫʶʪ ʩ ʘʟʦʣʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ CïN ʩʦʯʝʪʘʥʠʷ 80 

ʠ 81. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʭʦʜʠʪ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷʭ 

ʉ3 ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʘ ʠ ʉ5 ʭʠʥʦʣʠʥʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʳʪʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ CïN ʩʦʯʝʪʘʥʠʷ. ʇʝʨʩʫʣʴʬʘʪ-ʘʥʠʦʥ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʩʫʣʴʬʘʪ-ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ ɸ. ʇʦʩʣʝʜʥʠʡ ʨʝʘʛʠʨʫʝʪ ʩ ʭʠʥʦʣʦʥʦʤ 77 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ ɺ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʜʘʝʪ ʨʘʜʠʢʘʣ D. D ʨʝʢʦʤʙʠʥʠʨʫʝʪ ʩ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʦʤ ʉ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʟʦʣʘ ʩ ʚʦʟʙʫʞʜʝʥʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. 

ʊʘʫʪʦʤʝʨʠʟʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ ʩʦʯʝʪʘʥʠʷ.  

ʉʭʝʤʘ 36. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïH ʘʤʠʥʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ 

 

ʈʝʘʢʮʠʷ ʧʘʨʘ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʪʨʝʪʠʯʥʳʭ ʘʥʠʣʠʥʦʚ 82 

ʬʝʥʦʪʠʘʟʠʥʘʤʠ 83 ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʤʝʪʘʣʣʦʚ ʠ 

ʦʢʠʩʣʠʪʝʣʝʡ (ʉʭʝʤʘ 37).[99] ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʦʪʣʠʯʥʳʭ; 

ʥʘʠʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ ʦʙʲʝʤʥʳʭ ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʘʥʠʣʠʥʘ. 

ʄʝʪʘ-ʟʘʤʝʱʝʥʥʳʝ ʘʥʠʣʠʥʳ ʪʘʢʞʝ ʜʘʶʪ ʧʨʦʜʫʢʪʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʘʥʠʣʠʥʦʚ. 
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ʉʭʝʤʘ 37. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧ-ʩʝʣʝʢʪʠʚʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʘʥʠʣʠʥʦʚ ʬʝʥʦʪʠʘʟʠʥʘʤʠ 

 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʳʪʦʚ ʠ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʙʦʪ.[117ï120] ʆʥ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʜʠʢʘʣʦʚ (ɸ ʠ ɺ) ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʦʙʦʠʭ ʧʘʨʪʥʝʨʦʚ ʩʦʯʝʪʘʥʠʷ. ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝ 

ʨʘʜʠʢʘʣʴʥʦʡ ʢʨʦʩʩ-ʨʝʢʦʤʙʠʥʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ. 

ʈʘʜʠʢʘʣʴʥʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ C(sp3)ïH/NïH ʩʦʯʝʪʘʥʠʝ 9-ʘʤʠʥʦʢʩʘʥʪʝʥʦʚ 85 ʩ N-ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʙʝʥʟʦʠʣʧʝʨʦʢʩʠʜʘ (BPO) ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ (ʉʭʝʤʘ 

38).[121] ʇʦʤʠʤʦ ʧʨʦʠʟʚʦʜʥʳʭ ʢʩʘʥʪʝʥʘ, ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʤʘ ʩ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʜʨʫʛʠʭ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʜʠʘʨʠʣʤʝʪʠʣʝʥʦʚ. ʐʠʨʦʢʠʡ ʥʘʙʦʨ ʘʟʦʣʦʚ 86 ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ N-

ʧʘʨʪʥʝʨʦʚ ʩʦʯʝʪʘʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʝʥʟʦʠʣʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʫʪʝʤ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʆïʆ ʩʚʷʟʠ ʚ ʧʝʨʝʢʠʩʠ ʙʝʥʟʦʠʣʘ. 

ɹʝʥʟʦʠʣʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʦʪʨʳʚʘʝʪ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʢʘʢ ʦʪ ʜʠʘʨʠʣʤʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, 

ʪʘʢ ʠ ʦʪ NH-ʩʫʙʩʪʨʘʪʘ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʘʜʠʢʘʣʴʥʘʷ ʢʨʦʩʩ-ʨʝʢʦʤʙʠʥʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ 

ʧʨʦʜʫʢʪʫ. ʈʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ BHT ʠʣʠ ʊɽʄPO. ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʙʝʥʟʠʣʴʥʳʭ ʢʘʪʠʦʥʦʚ ʙʳʣʦ 

ʠʩʢʣʶʯʝʥʦ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʯʘʩʪʠʮ. 
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ʉʭʝʤʘ 38. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïN ʩʦʯʝʪʘʥʠʝ ʘʟʦʣʦʚ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʜʠʘʨʠʣʤʝʪʠʣʝʥʘʤʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʙʝʥʟʦʠʣʧʝʨʦʢʩʠʜʘ  

 

ʈʘʟʨʘʙʦʪʘʥʘ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʤʠʜʠʨʦʚʘʥʠʷ ʘʨʝʥʦʚ ʠ ʛʝʪʝʨʦʘʨʝʥʦʚ 88 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [Ru(bpy)3]Cl2Å6H2O ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʦʝʜʠʥʝʥʠʷ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ 

ʡʦʜʘ (III) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ (ʉʭʝʤʘ 39).[122] ɻʝʪʝʨʦʘʨʝʥʠʤʠʜʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ 90 

ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʟʙʳʪʢʘ ʜʠʬʝʥʠʣʩʫʣʴʬʦʥʠʤʠʜʘ 89 ʚʳʭʦʜʳ ʨʝʘʢʮʠʠ ʧʘʜʘʶʪ ʜʦ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ. 

ʎɺɸ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ IBB ʤʦʞʝʪ ʦʢʠʩʣʷʪʴ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʡ Ru(II)* ʠ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʝʜʠʥʝʥʠʷ Ru(III) ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ ʜʠʬʝʥʠʣʩʫʣʴʬʦʥʠʤʠʜ 89. 

ʀʟʤʝʨʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ (KIE) ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʱʝʧʣʝʥʠʝ CïH ʩʚʷʟʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʝʡ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʠʜʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ ʧʨʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʦʥʠʣʠʤʠʜʘ 89 

Ru(III). ʆʙʨʘʟʫʶʱʠʡʩʷ ʠʤʠʜʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʘʪʘʢʫʝʪ ʛʝʪʝʨʦʮʠʢʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ C-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ B. ʇʦʩʣʝʜʥʠʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʢʘʨʙʦʢʘʪʠʦʥʘ C, ʘ ʧʦʩʣʝʜʫʶʱʝʝ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ 90. 
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ʉʭʝʤʘ 39. Ru-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ CïH ʠʤʠʜʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ 

 

ʅʝʜʘʚʥʦ ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʘʤʠʥʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʘʨʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʙʳʯʥʦʛʦ 

ʨʝʘʢʪʠʚʘ ʡʦʜʘ (III) 91 (ʉʭʝʤʘ 40).[123] ʈʝʘʢʮʠʷ C(sp2)ïH/NïH ʩʦʯʝʪʘʥʠʷ ʙʳʣʘ ʦʧʨʦʙʦʚʘʥʘ ʥʘ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʥʜʦʣʳ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʳ, ʧʠʨʨʦʣʳ, ʧʫʨʠʥʳ ʠ ʧʠʨʨʦʣʦʧʠʨʠʜʠʥʳ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 

ʩʨʝʜʥʠʭ ʜʦ ʦʪʣʠʯʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ N-ʛʝʪʝʨʦʘʨʠʣʩʘʭʘʨʠʥʳ 92 ʤʦʛʫʪ ʙʳʪʴ ʛʠʜʨʦʣʠʟʦʚʘʥʳ ʜʦ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. 



38 

ʉʭʝʤʘ 40. CïH ʘʤʠʜʠʨʦʚʘʥʠʝ N-ʛʝʪʝʨʦʘʨʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʛʠʧʝʨʚʘʣʝʥʪʥʦʛʦ 

ʡʦʜʘ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʪʨʝʙʫʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʡʦʜʘ ʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʩʘʭʘʨʠʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʡʦʜʘ (III). ʂʣʶʯʝʚʳʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʩʭʝʤʝ 41. 

ʉʭʝʤʘ 41. ʂʣʶʯʝʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʘʤʠʜʠʨʦʚʘʥʠʷ ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʡʦʜ-ʩʘʭʘʨʠʥʘ 

 

4. ʈʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉïS ʠ CïSe ʩʚʷʟʝʡ 

ʉʝʨʘʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʩʝʣʝʥʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʝʨʘ- ʠ ʩʝʣʝʥ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ 

ʥʝʥʘʩʳʱʝʥʥʳʤ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʤ ʩʚʷʟʷʤ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʷʟʝʡ CïS ʠ CïSe, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ S- ʠ Se-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ.[124ï126] ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ 
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ʠʥʠʮʠʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ AIBN ʠ ʦʣʦʚʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʌʦʪʦʣʠʟ ʠ ʪʝʨʤʦʣʠʟ ʜʠʩʫʣʴʬʠʜʦʚ 

ʠ ʩʫʣʴʬʦʥʠʣʛʘʣʦʛʝʥʠʜʦʚ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʣʴʬʝʥʠʣʴʥʦʛʦ ʠ ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.[126ï128] ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ S- ʠ Se-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʉʦʣʠ ʠ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʡʦʜʘ ʠ ʧʝʨʦʢʩʠʜʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

S-ʨʘʜʠʢʘʣʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 42). ʊʘʢʞʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʭʠʤʠʠ ʠ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ. 

ʉʭʝʤʘ 42. ʄʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʘʢʮʠʦʥʥʘ ̫ʩʧʦʩʦʙʥʦʩʪʴ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ 

 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʨʝʥʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ CïS ʩʚʷʟʠ: ʘʪʘʢʘ S-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʥʘ ʤʦʣʝʢʫʣʫ ʘʨʝʥʘ, ʘʪʘʢʘ S-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʥʘ ʠʦʥ-ʨʘʜʠʢʘʣ ʘʨʝʥʘ, ʵʣʝʢʪʨʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʘʨʝʥʘ ʦʙʨʘʟʫʶʱʠʤʠʩʷ in 

situ ʯʘʩʪʠʮʘʤʠ RSïSR ʠ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʘʨʝʥʘ ʩʝʨʘʮʝʥʪʨʠʨʦʚʘʥʥʳʤ 

ʥʫʢʣʝʦʬʠʣʦʤ. 

ʈʘʟʣʠʯʥʳʝ ʤʘʣʝʠʤʠʜʳ 93 ʩʫʣʴʬʝʥʠʣʠʨʫʶʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʪʠʦʣʘʤʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ ʠ NEt3. ɺʚʝʜʝʥʠʝ MeS-ʛʨʫʧʧʳ ʚ ʤʘʣʝʠʤʠʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥʪʘ ɼʄʉʆ ʧʨʠ ʜʝʡʩʪʚʠʠ I2 (ʉʭʝʤʘ 43).[129] ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʧʳʪʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʧʫʪʠ ʨʝʘʢʮʠʠ: ʦʜʠʥ ʚʢʣʶʯʘʝʪ 

ʘʪʘʢʫ ʤʘʣʝʠʤʠʜʦʚ ʪʠʠʣʴʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʘ ʚʪʦʨʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ R3SI, 

ʢʦʪʦʨʳʝ ʙʫʜʫʯʠ S-ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʤʘʣʝʠʤʠʜʘʤ. 
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ʉʭʝʤʘ 43. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʪʠʦʣʠʨʦʚʘʥʠʝ ʤʘʣʝʠʤʠʜʦʚ ɼʄʉʆ ʠ ʪʠʦʣʘʤʠ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʘʣʝʠʤʠʜʦʚ 96 ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ 

ʛʠʜʨʦʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ 97 ʠ 98. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʦ- ʠʣʠ ʜʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ (ʉʭʝʤʘ 44).[130] 

ʉʭʝʤʘ 44. ɻʠʜʨʦʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠ ʜʠʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʤʘʣʝʠʤʠʜʦʚ 

ʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʘʤʠ 

 

ʉʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʣʦʚ 99 ʧʨʦʚʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ ʬʦʪʦʨʝʜʦʢʩ-

ʢʘʪʘʣʠʟʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʠʨʠʜʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ S-ʨʘʜʠʢʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʪʠʦʣʳ, ʚʢʣʶʯʘʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʛʣʶʢʦʟʳ, ʙʠʦʪʠʥʘ, ʘʩʧʘʨʪʘʤʘ ʠ ʛʣʫʪʘʪʠʦʥʘ. ʈʝʘʢʮʠʶ ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʨʘʩʰʠʨʠʣʠ ʥʘ 

ʧʠʨʨʦʣʳ, ʪʠʦʬʝʥʳ, ʬʫʨʘʥʳ ʠ ʪʠʘʟʦʣʳ (ʉʭʝʤʘ 45).[131] ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʝʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʫʪʝʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʪʠʦʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʜʠʢʘʣʴʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʟʘʤʝʱʝʥʠʝʤ. 



41 

ʉʭʝʤʘ 45. ʈʘʜʠʢʘʣʴʥʦʝ ʪʠʦʣʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʘʨʝʥʦʚ 

 

BODIPY, ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ ʜʠʧʠʨʨʦʤʝʪʝʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʢʨʘʩʠʪʝʣʠ ʩ 

ʠʥʪʝʨʝʩʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ,  

ʩʫʣʴʬʝʥʠʣʠʨʫʶʪʩʷ ʪʠʦʣʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ TBPB[132] ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥ-Bu2NH.[133] ʆʙʣʫʯʝʥʠʝ ʬʣʫʦʨʠʩʮʝʥʪʥʦʡ ʣʘʤʧʦʡ (CFL) ʢʦʨʨʦʣʦʚ 101 ʠ NH4SCN 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʪʨʘʪʠʦʮʠʘʥʘʪʦʢʦʨʨʦʣʦʚ 102 ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 46). 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ SCN-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ 

ʘʥʘʣʠʟʦʤ.[134] 

ʉʭʝʤʘ 46. ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʪʠʦʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʨʨʦʣʦʚ NH4SCN ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ 

 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʠ 5-ʘʤʠʥʦʧʠʨʘʟʦʣʦʚ 103 ʠ 6-ʘʤʠʥʦʧʠʨʠʤʠʜʦʥʦʚ 105 ʩʠʩʪʝʤʦʡ 

NH4SCN/H2O2 ʚ ʚʦʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 4-SCN ʠ 5-SCN-ʟʘʤʝʱʝʥʥʳʝ 
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ʧʨʦʠʟʚʦʜʥʳʝ 104 ʠ 106 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 47). ɺʝʨʦʷʪʥʳʡ ʤʘʨʰʨʫʪ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ SCN-ʨʘʜʠʢʘʣʘ ʠʟ NH4SCN ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʝʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ 

ʠʩʭʦʜʥʦʤʫ 5-ʘʤʠʥʦʧʠʨʘʟʦʣʫ, ʦʢʠʩʣʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ.[135] ʆʜʥʘʢʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʦʙʨʘʟʫʶʱʠʤʩʷ in situ 

ʜʠʨʦʜʘʥʦʤ (SCN)2 ʪʘʢʞʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʦʟʤʦʞʥʳʡ ʤʘʨʰʨʫʪ ʨʝʘʢʮʠʠ. [135] 

ʉʭʝʤʘ 47. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʪʠʦʮʠʦʥʠʨʦʚʘʥʠʝ ʘʤʠʥʦʘʟʦʣʦʚ ʠ ʘʤʠʥʦʧʠʨʠʤʠʜʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

 

ʕʪʠ ʞʝ ʘʚʪʦʨʳ ʥʝʜʘʚʥʦ ʩʦʦʙʱʠʣʠ ʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʠ 5-ʘʤʠʥʦʧʠʨʘʟʦʣʦʚ 

ʜʠʩʝʣʝʥʠʜʘʤʠ. ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʜʠʦʜʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʙʝʥʛʘʣʴʩʢʦʛʦ ʨʦʟʦʚʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʚ MeCN. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʢʘʢ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʜʠʩʝʣʝʥʠʜʳ. ʈʘʜʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʙʳʣ 

ʧʦʜʪʚʝʨʞʜʝʥ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ CïC ʛʦʤʦʩʦʯʝʪʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ 

ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʢʘʣʴʥʳʭ ʧʝʨʝʭʚʘʪʯʠʢʦʚ TEMPO ʠ BHT.[136] 

ʈʘʟʣʠʯʥʳʝ ʧʠʨʘʟʦʣ-5-ʦʥʳ 107 ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʚʩʪʫʧʘʶʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʝ CïS ʠ CïSe 

ʩʦʯʝʪʘʥʠʝ. ʊʘʢ, ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣ-5-ʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʦʣʦʚ ʠ 

ʜʠʩʫʣʴʬʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ S-ʨʘʜʠʢʘʣʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʉʭʝʤʘ 48) ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʚ ɼʄʉʆ ʥʘ ʚʦʟʜʫʭʝ. ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʭʦʜʠʪ ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ɼʄʌɸ ʠ ʪʦʣʫʦʣ. 

ʇʦʵʪʦʤʫ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʷ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʩʘʤ ɼʄʉʆ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʠʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʟ ʪʠʦʬʝʥʦʣʦʚ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕʇʈ-

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʦʡ DMPO (5,5-ʜʠʤʝʪʠʣ-1-ʧʠʨʦʣʣʠʥ-N-ʦʢʩʠʜ).[137] 



43 

ʉʭʝʤʘ 48. ʆʙʨʘʟʦʚʘʥʠʝ ʪʠʦʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣ-5-ʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʪʠʦʬʝʥʦʣʦʚ ʩ ʧʠʨʘʟʦʣ-5-

ʦʥʘʤʠ ʧʨʠ ʫʯʘʩʪʠʠ ɼʄʉʆ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ 

 

ʉʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʦʥʦʚ 110 ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ KI/K2S2O8 ʚ 

MeCN. ɸʨʠʣ-, ʛʝʪʝʨʦʘʨʠʣ- ʠ ʘʣʢʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʩʫʣʴʬʠʜʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʮʝʣʝʚʳʭ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 111 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʬʝʥʠʣʜʠʩʝʣʝʥʠʜʘ ʩʥʠʟʠʣʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʜʦ 22%.[138] ʇʝʨʦʢʩʦʜʠʩʫʣʴʬʘʪ ʢʘʣʠʷ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ ʧʠʨʘʟʦʣ-5-ʦʥʦʚ 112 ʠ 114 ʩ NH4SCN ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 4-ʪʠʦʮʠʘʥʘʪ ʧʨʦʠʟʚʦʜʥʳʭ 113,[138] 115[139] (ʉʭʝʤʘ 49). 

ʉʭʝʤʘ 49. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ K2S2O8  

 



44 

ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʘʥʠʦʥʘ SCN 

ʦʙʨʘʟʫʝʪʩʷ ʨʘʜʠʢʘʣ ÅSCN. ʇʦʩʣʝʜʥʠʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʧʠʨʘʟʦʣ-5-ʦʥʘ 114 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ C-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ A, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʜʦ 

ʢʘʪʠʦʥʘ B. ʅʘʢʦʥʝʮ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʘʪʠʦʥ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ 

ʪʠʦʮʠʘʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 115 (ʉʭʝʤʘ 50). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʜʜʝʨʞʢʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʦʧʳʪʳ ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʘʢʮʠʠ ʩ 

ʨʘʜʠʢʘʣʴʥʳʤʠ ʣʦʚʫʰʢʘʤʠ TEMPO ʠ BHT. 

ʉʭʝʤʘ 50. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʧʠʨʘʟʦʣʠʥ-5-ʦʥʦʚ ʩʠʩʪʝʤʦʡ 

NH4SCN/K2S2O8 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣ-5-ʦʥʦʚ 116 ʨʦʜʘʥʠʜʦʤ ʘʤʤʦʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʘʤʤʦʥʠʝʚʳʤ ʩʦʣʷʤ 117 ʩ ʚʳʭʦʜʘʤʠ 60ï95% (ʉʭʝʤʘ 51).  ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʠʩʭʦʜʥʳʭ ʧʠʨʘʟʦʣ-5-ʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʛʨʫʧʧʳ. ʇʨʠʤʝʥʝʥʠʝ KSCN ʚʤʝʩʪʦ NH4SCN ʜʘʝʪ ʩʚʦʙʦʜʥʫʶ ʆʅ-ʬʦʨʤʫ ʪʠʦʮʠʘʥʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.[140] 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʨʘʜʠʢʘʣʴʥʦʤ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʠ ʧʠʨʘʟʦʣ-5-ʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʠʥʘʪʦʚ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʫʣʴʬʦʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ TBAI/TBPB. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʝ ʧʨʠ 120 Áʉ ʠ ʜʘʝʪ 

ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʥʳʝ ʧʠʨʘʟʦʣʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ.[141] 

ʀʥʜʦʣʴʥʳʡ ʮʠʢʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʘʨʤʘʢʦʬʦʨʦʚ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ʉʧʦʩʦʙʳ ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠʥʜʦʣʦʚ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ. [142] ʊʘʢ, 

ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ[143] (ʉʭʝʤʘ 52, ʘ) ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ[144] (ʉʭʝʤʘ 

52, ʙ) ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ. SCN-ʛʨʫʧʧʘ ʩʝʣʝʢʪʠʚʥʦ ʚʚʦʜʠʪʩʷ ʚ 3-ʝ ʧʦʣʦʞʝʥʠʝ ʠʥʜʦʣʴʥʦʛʦ 

ʷʜʨʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʝʣʝʥʦʮʠʘʥʠʨʦʚʘʥʠʷ.[144] 
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ʉʭʝʤʘ 51. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʧʠʨʘʟʦʣʠʥ-5-ʦʥʦʚ 

 

ʉʭʝʤʘ 52. ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ (ʘ) ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ (ʙ) ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ 

 

3-ʉʫʣʴʬʝʥʠʣʘʟʘʠʥʜʦʣʳ 123 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ N-ʟʘʱʠʱʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 122 ʠ 

ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ TBAI. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʥʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ʠʩʭʦʜʥʳʤ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʦʤ ʠ TBAI. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩʫʣʴʬʦʥʠʣʠʦʜʠʜ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʣʴʬʝʥʠʣʠʦʜʠʜʘ, ʢʦʪʦʨʳʡ ʛʦʤʦʣʠʪʠʯʝʩʢʠ 

ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʩʫʣʴʬʝʥʠʣʴʥʳʡ ʠ ʡʦʜʥʳʡ ʨʘʜʠʢʘʣʳ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʩʫʣʴʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʢ ʘʟʘʠʥʜʦʣʴʥʦʤʫ ʷʜʨʫ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ C-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ A, ʢʦʪʦʨʳʡ 

ʦʪʨʳʚʘʝʪ ʘʪʦʤ ʡʦʜʘ ʦʪ ʩʫʣʴʬʝʥʠʣʠʦʜʠʜʘ ʠ ʜʘʝʪ ʠʥʪʝʨʤʝʜʠʘʪ B. ʅʘʢʦʥʝʮ, ʦʪʱʝʧʣʝʥʠʝ HI ʠ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ TBAI ʩʥʷʪʠʝ ʩʫʣʴʬʦʥʠʣʴʥʦʡ ʟʘʱʠʪʳ ʩ ʠʥʪʝʨʤʝʜʠʘʪʘ C ʧʨʠʚʦʜʷʪ ʢ ʮʝʣʝʚʦʤʫ 

ʧʨʦʜʫʢʪʫ 123 (ʉʭʝʤʘ 53).[145] 

ʉʭʝʤʘ 53. ʆʧʦʩʨʝʜʦʚʘʥʥʦʝ TBAI ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ N-ʩʫʣʴʬʦʥʠʣ 7-ʘʟʘʠʥʜʦʣʦʚ 

 

ʈʝʘʢʮʠʶ ʠʥʜʦʣʦʚ 124 ʩ ʪʠʦʣʘʤʠ 125, ʧʨʠʚʦʜʷʱʫʶ ʢ 3-ʩʫʣʴʬʝʥʠʣʠʥʜʦʣʘʤ 126, ʧʨʦʚʦʜʷʪ ʚ 

ʫʩʣʦʚʠʷʭ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʥʛʘʣʴʩʢʦʛʦ ʨʦʟʦʚʦʛʦ (RB) ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ (415 ʥʤ) ʥʘ ʚʦʟʜʫʭʝ (ʉʭʝʤʘ 54).[146] 

ʉʭʝʤʘ 54. ʌʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʩʠʥʪʝʟ 3-ʩʫʣʴʬʝʥʠʣʠʥʜʦʣʦʚ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʠʦʬʝʥʦʣʳ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-

ʩʫʣʴʬʝʥʠʣʠʥʜʦʣʦʚ ʩ ʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ 

ʚʳʩʦʢʠʭ. ʏʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʠʥʜʦʣʝ ʠ ʚʳʭʦʜʘʤʠ ʧʨʦʜʫʢʪʦʚ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 
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ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ (ʉʭʝʤʘ 55). 

ʉʫʣʴʬʝʥʠʣʨʘʜʠʢʘʣ ɸ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʪʠʦʣʘ 125 ʩ ʩʠʥʛʣʝʪʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, 

ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ 

ʪʨʠʧʣʝʪʥʦʤʫ ʢʠʩʣʦʨʦʜʫ. ɿʘʪʝʤ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ A ʘʪʘʢʫʝʪ ʧʦʣʦʞʝʥʠʝ C3 ʠʥʜʦʣʘ 124. 

ɺ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ C-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ B ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʢʘʨʙʦʢʘʪʠʦʥʘ 

C, ʢʦʪʦʨʳʡ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 126. 

ʉʭʝʤʘ 55. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʉ3-ʪʠʦʬʝʥʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʦʚ 

 

ɺ ʧʦʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʠʥʜʦʣʳ ʠ ʥʝʢʦʪʦʨʳʝ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ N-ʛʝʪʝʨʦʮʠʢʣʳ ʩʝʣʝʥʠʣʠʨʫʶʪʩʷ 

ʜʠʩʝʣʝʥʠʜʘʤʠ.[147] ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ B(C6F5)3 ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʫʝʪʩʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʞʜʫ ʠʥʜʦʣʦʤ ʠ B(C6F5)3, ʦʙʣʝʛʯʘʶʱʠʡ 

ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ (SET).[148] ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ ʦ ʥʝʩʢʦʣʴʢʠʭ 

ʙʝʟʢʘʪʘʣʠʟʘʪʦʨʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʦʚ ʚ 3-ʝ ʧʦʣʦʞʝʥʠʝ 

ʜʠʩʝʣʝʥʠʜʘʤʠ. ʕʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ EtOH[149] ʠʣʠ 

ʘʮʝʪʦʥʝ.[150] ʈʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʠ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʦʚ 

ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʘ ʧʦ 5-ʤʫ ʧʦʣʦʞʝʥʠʶ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʢʮʠʷ ʤʝʞʜʫ C3-ʧʠʚʘʣʦʠʣʟʘʤʝʱʝʥʥʳʤʠ ʠʥʜʦʣʘʤʠ ʠ ʜʠʩʝʣʝʥʠʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

AgSbF6 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ PIDA ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 5-

ʩʝʣʝʥʠʣʠʨʦʚʘʥʥʳʭ ʠʥʜʦʣʦʚ. ʇʠʚʘʣʦʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ. ʇʦʜʨʦʙʥʳʡ ʤʝʭʘʥʠʟʤ ʚʩʝ ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʠʟʫʯʝʥʠʷ, ʥʦ ʢʦʥʪʨʦʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʝʛʦ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʫʶ ʧʨʠʨʦʜʫ.[151] PIDA ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʜʣʷ C5-ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʠʥʦʚ ʠ ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ. ʈʝʘʢʮʠʷ 

ʧʨʦʭʦʜʠʪ ʚ ʊɻʌ ʧʨʠ 80 Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ, ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

Cu(TFA)2.[152] 
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ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʩʧʦʩʦʙʦʚ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʦʚ ʧʦ 2-ʤʫ ʧʦʣʦʞʝʥʠʶ. ʊʘʢ, ʬʦʪʦʨʝʜʦʢʩ-

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʠʥʜʦʣʦʚ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ 2-ʩʫʣʴʬʦʥʠʣʧʨʦʠʟʚʦʜʥʳʤ 129 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ɼʨʫʛʠʝ 

ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʠʨʘʟʦʣʳ, ʪʠʘʟʦʣʳ ʠ 2-ʘʮʝʪʦʪʠʦʬʝʥ, ʪʘʢʞʝ ʨʝʘʛʠʨʫʶʪ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 45ï60 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ SO2 ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʨʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 131. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʘʨʠʣʩʫʣʴʬʦʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʛʘʰʝʥʠʷ Ir(III), 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 45 Áʉ ʧʦʣʥʦʩʪʴʶ ʜʝʩʫʣʴʬʦʥʠʣʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ (ʉʭʝʤʘ 56).[153] 

ʉʭʝʤʘ 56. ʉʫʙʩʪʨʘʪʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ CïS ʠ CïC ʠ ʛʝʥʝʨʘʮʠʷ ʢʣʶʯʝʚʳʭ ʨʘʜʠʢʘʣʴʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

 

ʉʫʣʴʬʠʥʘʪʳ ʥʘʪʨʠʷ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ 2-ʩʫʣʴʬʦʥʠʣʠʥʜʦʣʦʚ. ʇʦʜʦʙʥʳʝ 

ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ I2,[154] ʩʠʩʪʝʤ I2/TBHP,[155] KI/ʦʢʩʦʥ[156] ʠ 

TBAI/ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.[157] ʉʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ ʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʘʤʠ ʵʬʬʝʢʪʠʚʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ I2/TBHP[158] ʠ KI/H2O2.[159] ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʦ ʚʩʝʭ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʫʣʴʬʦʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ɸ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʠʥʜʦʣʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺ, ʢʦʪʦʨʳʡ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʡʦʜʦʤ. ʕʣʠʤʠʥʠʨʦʚʘʥʠʝ HI ʠʟ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʡʦʜʦʩʫʣʴʬʦʥʘ C ʧʨʠʚʦʜʠʪ ʢ ʞʝʣʘʝʤʦʤʫ ʧʨʦʜʫʢʪʫ D (ʉʭʝʤʘ 57). 

ʇʨʠʤʝʥʝʥʠʝ ʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʠʩʪʝʤʘʤʠ TBAI/TBHP[102] ʠʣʠ 

NH4Br/ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ[160] ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ S- ʠ N-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ ʠʥʜʦʣʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʚʦʜʷʪʩʷ ʩʫʣʴʬʦ- ʠ ʜʠʘʟʦ-/ʛʠʜʨʘʟʦ-ʛʨʫʧʧʳ. 
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ʉʭʝʤʘ 57. ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʡʦʜʦʤ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʦʚ 

 

ʆʢʩʠʥʜʦʣʳ ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ. 3-ʉʫʣʴʬʝʥʠʣʦʢʩʠʥʜʦʣʳ 134 ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʠʦʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʩʫʣʴʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʩʠʩʪʝʤʳ FeCl3/K2CO3 ʚ ɼʄʉʆ ʥʘ ʚʦʟʜʫʭʝ. ʐʠʨʦʢʠʡ ʢʨʫʛ 

ʠʩʭʦʜʥʳʭ ʦʢʩʠʥʜʦʣʦʚ 133 ʩʦʚʤʝʩʪʠʤ ʩ ʵʪʠʤ ʤʝʪʦʜʦʤ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʯʝʨʝʟ ʨʝʢʦʤʙʠʥʘʮʠʶ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠʟ ʦʢʩʠʥʜʦʣʘ ʠ S-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʩʫʣʴʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 58).[161] 

ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NaOH ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʚ 

ɼʄʌɸ.[162] 

ʉʭʝʤʘ 58. ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ Fe(III) ʪʠʦʣʠʨʦʚʘʥʠʝ ʦʢʩʠʠʥʜʦʣʦʚ 
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ʂʦʤʙʠʥʘʮʠʷ ʜʠʘʨʠʣʜʠʩʫʣʴʬʠʜ/t-BuOK ʚ ɼʄʉʆ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʣʘʩʴ ʜʣʷ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ 

ʦʢʩʠʥʜʦʣʦʚ.[163] ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʦʢʩʠʥʜʦʣʦʚ 

ʩʠʩʪʝʤʦʡ ʩʫʣʴʬʠʥʘʪ ʥʘʪʨʠʷ/KI/TBHP. 

ʄʝʪʦʜʳ ʨʘʜʠʢʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʠʤʝʥʠʤʳ ʢ ʠʥʜʘʟʦʣʘʤ. 

ʊʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʠʥʜʘʟʦʣʦʚ ʧʨʦʚʦʜʷʪ ʩ NH4SCN ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʩʪʝʤʳ FeCl3/K2S2O8 ʚ MeCN 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʷʜʨʝ ʠʥʜʘʟʦʣʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʫʩʣʦʚʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʜʣʷ ʩʝʣʝʥʦʮʠʘʥʠʨʦʚʘʥʠʷ ʠʥʜʘʟʦʣʦʚ KSeCN.[164] 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʥʝʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ CïS ʠ CïSe ʩ 

ʫʯʘʩʪʠʝʤ ʠʥʜʘʟʦʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʜʘʟʦʣʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʩʝʣʝʥʠʣʠʨʫʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʠʩʝʣʝʥʠʜʦʚ ʚ MeCN. ʅʝʨʘʟʜʝʣʝʥʥʘʷ ɻ ʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʩʥʘʙʞʝʥʘ ʛʨʘʬʠʪʦʚʳʤ ʘʥʦʜʦʤ ʠ 

ʧʣʘʪʠʥʦʚʳʤ ʢʘʪʦʜʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥ-Bu4NPF6.[165] ʅʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ 

ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʨʠʣʜʠʩʝʣʝʥʠʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʘʣʢʠʣʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ. ʉʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠʥʜʘʟʦʣʦʚ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʩʫʣʴʬʠʥʘʪʦʚ ʥʘʪʨʠʷ,[166] ʪʘʢ ʠ ʩʫʣʴʬʦʥʠʣ ʛʠʜʨʘʟʠʜʦʚ[167] ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʩʫʣʴʬʦʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʚ ʩʠʩʪʝʤʝ 

MeCN-H2O ʩ LiClO4 ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʉʭʝʤʘ 59). 

ʉʭʝʤʘ 59. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠʥʜʘʟʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʣʴʬʠʥʘʪʦʚ 

ʥʘʪʨʠʷ (ʘ) ʠ ʩʫʣʴʬʦʥʠʣ ʛʠʜʨʘʟʠʜʦʚ (ʙ) 

 

ɺʩʝ ʦʧʠʩʘʥʥʳʝ ʨʝʘʢʮʠʠ ʠʥʜʘʟʦʣʦʚ ʚʢʣʶʯʘʶʪ ʩʭʦʞʠʝ ʩʪʘʜʠʠ: ʦʙʨʘʟʦʚʘʥʠʝ S-ʨʘʜʠʢʘʣʘ, ʝʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʷʜʨʫ, ʦʢʠʩʣʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʉ-ʨʘʜʠʢʘʣʘ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʪʠʦʥʘ ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ. 
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ʀʥʜʦʣʠʟʠʥʳ 139 ʫʩʧʝʰʥʦ ʩʫʣʴʬʝʥʠʣʠʨʫʶʪʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʪʠʦʣʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʧʨʠʨʦʜʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʊʘʢ, ʧʨʠʤʝʥʝʥʠʝ H2O2 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ 3-

ʟʘʤʝʱʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ 140. ʇʨʠ ʟʘʤʝʥʝ H2O2 ʥʘ ʩʠʩʪʝʤʫ KI/TBHP ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 1,3-

ʙʠʩ-ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʭ ʠʥʜʦʣʠʟʠʥʦʚ 141 (ʉʭʝʤʘ 60).[168] 

ʉʭʝʤʘ 60. ʉʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠ ʜʠʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠʥʜʦʣʠʟʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ H2O2 ʠʣʠ 

ʩʠʩʪʝʤʳ KI/TBHP 

 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʦʟʠʥʘ Y ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʦʙʘʚʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʘ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʩ 

ʤʦʥʦʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ ʥʘ ʜʠʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ.[169] 

ɻʝʪʝʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʘ ʘʢʪʠʚʥʦ ʚʩʪʫʧʘʶʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʩ 

S- ʠ Se-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ KSCN ʚ ʜʠʭʣʦʨʵʪʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2S2O8 ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ. ʊʘʢʞʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʵʦʟʠʥʦʤ Y ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ 

(ʉʭʝʤʘ 61).[170] ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʳ 142, ʥʦ ʚ 

ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʠ ʜʨʫʛʠʝ ʠʤʠʜʘʟʦ-ʛʝʪʝʨʦʮʠʢʣʳ. ʆʜʥʘʢʦ ʠʤʠʜʘʟʦʣ, N-ʤʝʪʠʣʠʤʠʜʘʟʦʣ ʠ 1,2-

ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣ ʥʝ ʚʩʪʫʧʘʣʠ ʚ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

KSCN ʚʤʝʩʪʦ NH4SCN ʧʦʢʘʟʳʚʘʣʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʭʦʜʳ. ʊʘʢʞʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʝʣʝʥʠʨʦʚʘʥʠʠ ʠ 

ʪʨʠʬʪʦʨʤʝʪʠʣʪʠʦʣʠʨʦʚʘʥʠʠ. 

ʉʭʝʤʘ 61. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦ-ʛʝʪʝʨʦʮʠʢʣʦʚ 
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ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 144 ʠ 146 ʨʦʜʘʥʠʜʦʤ ʘʤʤʦʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ 3-ʟʘʤʝʱʝʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 145 ʠ 147 (ʉʭʝʤʘ 

62).[171,172] ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʨʘʟʜʝʣʝʥʥʘʷ ʷʯʝʡʢʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ MeCN. ʅʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʦʠʟʚʦʜʥʳʝ ʪʠʘʟʦʣʘ, ʠʤʠʜʘʟʦ[1,2-ʘ]ʭʠʥʦʣʠʥ ʠ ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʘʟʠʥ, ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʚʩʪʫʧʘʶʪ 

ʚ ʜʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ 

ʩʝʣʝʥʦʮʠʘʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ KSeCN.[172] 

ʉʭʝʤʘ 62. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NH4SCN 

ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ ʘʥʠʦʥ SCN 

ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʘʥʦʜʝ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʜʠʢʘʣʘ ɸ (ʉʭʝʤʘ 63). ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʨʘʜʠʢʘʣʘ ɸ ʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʥʘ ʘʥʦʜʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚʦʤʫ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʫ B (ʧʫʪʴ ɸ). ʇʫʪʴ ɹ ʚʢʣʶʯʘʝʪ ʠʦʥʥʫʶ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʤ B ʠ 
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ʘʥʠʦʥʦʤ SCN ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʦʜʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ C-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ C. 

ʉʭʝʤʘ 63. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʷ 

ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ KSCN ʚ ʩʤʝʩʠ MeCN/MeOH ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʠʤ ʧʨʦʜʫʢʪʘʤ. ʆʯʝʚʠʜʥʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʪʠʦʮʠʘʥʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʄʝʆʅ ʠ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʥʘ ʢʘʪʦʜʝ ʦʩʥʦʚʘʥʠʷ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʠʦʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʳ.[173] ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʜʣʷ 

ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʜʠʩʝʣʝʥʠʜʘʤʠ.[174] 

ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʚ 3-ʝ 

ʧʦʣʦʞʝʥʠʝ. ʊʘʢ, ʨʝʘʢʮʠʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 148 ʩ ʜʠʩʫʣʴʬʠʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʠʦʜʘ ʧʨʠ 110 Áʉ ʜʘʝʪ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ 149 ʩ ʚʳʭʦʜʘʤʠ 54ï99%. ʉʫʣʴʬʝʥʠʣʴʥʳʝ 

ʨʘʜʠʢʘʣʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ SïS ʜʠʩʫʣʴʬʠʜʦʚ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ.[175] ɼʄʉʆ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʪʠʦʤʝʪʠʣʠʨʦʚʘʥʠʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ I2 

ʠ ʘʮʝʪʦʥʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʠɦʝ ʢʘʢ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚʦʛʦ ʷʜʨʘ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʪʝʨʤʠʯʝʩʢʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ɼʄʉʆ ʥʘ ʪʠʦʤʝʪʘʥʦʣ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜ. ʇʝʨʚʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʪʨʳʚʫ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ MeS, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʫ. ʅʘʢʦʥʝʮ, 

ʦʪʱʝʧʣʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʦʪ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʨʘʜʠʢʘʣʦʤ ʠʦʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʠʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʉʭʝʤʘ 64).[176] 
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ʉʭʝʤʘ 64. ʆʧʦʩʨʝʜʦʚʘʥʥʦʝ ʡʦʜʦʤ ʤʝʪʠʣʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʄʉʆ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʩʫʣʴʬʝʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʨʝʘʢʮʠʠ ʩ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʘʤʠ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʶʪʩ ̫ ʩʫʣʴʬʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʠʭ ʩʦʣʠ. ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʦʟʠʥʘ ɹ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ TBHP ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ. ʕʪʘ ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʠʤʠʜʘʟʦʪʠʘʟʦʣʳ.[177] ʉʦʦʙʱʘʣʦʩʴ ʦ ʡʦʜ-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ CïS ʩʚʷʟʠ ʤʝʞʜʫ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʘʤʠ ʠ ʩʫʣʴʬʠʥʘʪʘʤʠ 

ʥʘʪʨʠʷ.[178] ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ I2/PPh3 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʠʥʜʫʮʠʨʫʝʪ ʧʨʦʮʝʩʩ 

ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ I2 ʠ Na2CO3 ʚ Et2O ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʶ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ (ʉʭʝʤʘ 65). ʆʙʘ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʩʪʠʤʳ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʠʩʭʦʜʥʳʭ ʧʘʨʪʥʝʨʦʚ ʧʦ ʩʦʯʝʪʘʥʠʶ. 

ʉʭʝʤʘ 65. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 
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ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʶ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 153, 

155, 157 ʩʫʣʴʬʠʥʘʪʘʤʠ ʥʘʪʨʠʷ.[179ï181] ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʚ ʥʝʨʘʟʜʝʣʝʥʥʳʭ 

ʷʯʝʡʢʘʭ ʩ ʛʨʘʬʠʪʦʚʳʤ ʘʥʦʜʦʤ ʚ ʩʤʝʩʷʭ MeCN-H2O (ʉʭʝʤʘ 66). ɺ ʨʘʙʦʪʝ[179] (ʉʭʝʤʘ 66, ʘ) 

ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʘʤʠ. ɼʨʫʛʠʝ ʠʤʠʜʘʟʦʛʝʪʝʨʦʮʠʢʣʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʘʪʦʤʳ N ʧʠʨʠʜʠʥʦʚʦʛʦ ʪʠʧʘ ʠʣʠ ʘʪʦʤʳ S ʪʠʦʬʝʥʦʚʦʛʦ ʪʠʧʘ, ʜʘʶʪ ʮʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ, ʘʥʘʣʦʛʠʯʥʳʝ 154, ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʨʘʙʦʪʝ[180] (ʉʭʝʤʘ 66, ʙ) ʘʚʪʦʨʳ 

ʩʦʦʙʱʘʶʪ, ʯʪʦ ʢʘʪʦʜ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʠʡ ʚʳʭʦʜ 156, ʯʝʤ 

ʢʘʪʦʜʳ ʠʟ Pt ʠʣʠ Ni. ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ[181] (ʉʭʝʤʘ 66, ʚ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʕʇʈ-

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʦʡ DMPO ʠ ʎɺɸ-ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʠʩʭʦʜʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʘʢ 

157, ʪʘʢ ʠ ʩʫʣʴʬʠʥʘʪ-ʠʦʥʘ ʚ ʭʦʜʝ ʵʣʝʢʪʨʦʣʠʟʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, CïS ʩʚʷʟʴ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ 157. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʫʩʣʦʚʠʷ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʠʟʠʥʦʚ.[181] 

ʉʭʝʤʘ 66. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʠʥʘʪʦʚ ʥʘʪʨʠʷ 

 

ɺʩʝ ʵʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʢʣʶʯʘʶʪ ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʥʘʪ-ʘʥʠʦʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʜʠʢʘʣ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʤʫ ʷʜʨʫ ʠʣʠ ʝʛʦ 

ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʫ cʛʝʥʝʨʠʨʦʚʘʥʥʦʤʫ ʪʘʢʞʝ ʯʝʨʝʟ ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ (ʉʭʝʤʘ 67). 
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ʉʭʝʤʘ 67. ʆʙʱʠʡ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ 

ʠʤʠʜʘʟʦʛʝʪʝʨʦʮʠʢʣʦʚ 

 

3-ʉʫʣʴʬʦʥʠʣʠʨʦʚʘʥʥʳʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʳ 160 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʨʝʜʦʢʩ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʛʝʪʝʨʦʮʠʢʣʦʤ, ʜʠʘʨʠʣʡʦʜʦʥʠʝʚʦʡ ʩʦʣʴʶ ʠ 

DABSO (DABCOĿ(SO2)2) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ.[182] ʕʦʟʠʥ Y ʩʣʫʞʠʪ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ 42ï67%. ɿʘʤʝʩʪʠʪʝʣʴ ʚʦ 2-ʤ 

ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʅʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʠʝ ʢʘʢ ʠʤʠʜʘʟʦʠʟʦʭʠʥʦʣʠʥ, ʠʤʠʜʘʟʦʪʠʘʟʦʣ ʠ ʠʤʠʜʘʟʦʧʠʨʠʤʠʜʠʥ, ʪʘʢʞʝ 

ʚʩʪʫʧʘʶʪ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ (ʉʭʝʤʘ 68). 

ʉʭʝʤʘ 68. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

DABSO 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʮʠʢʣ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʛʘʰʝʥʠʷ (ʉʭʝʤʘ 69). ʌʦʪʦʚʦʟʙʫʞʜʝʥʥʳʡ ʦɻʟʠʥ Y ʨʝʘʛʠʨʫʝʪ ʩ ʠʩʭʦʜʥʦʡ ʩʦʣʴʶ ʜʠʬʝʥʠʣʡʦʜʦʥʠʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʦɻʟʠʥʘ Y ʠ ʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ DABSO ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʩʫʣʴʬʦʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ɺ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʫ 159 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʜʠʢʘʣʘ C, ʢʦʪʦʨʳʡ ʟʘʤʳʢʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ 
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ʥʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣ ʦɻʟʠʥʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʢʘʨʙʦʢʘʪʠʦʥ D ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʘ 160. 

ʉʭʝʤʘ 69. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ 

ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 

 

ʅʝʜʘʚʥʦ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʷʛʢʠʡ ʧʦʜʭʦʜ ʢ CïH ʭʘʣʴʢʦʛʝʥʠʣʠʨʦʚʘʥʠʶ ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦ[5,1-

b]ʪʠʘʟʦʣʦʚ 161 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʫʣʴʬʠʜʦʚ ʠʣʠ ʜʠʩʝʣʝʥʠʜʦʚ (ʉʭʝʤʘ 70).[183] ʈʷʜ 

ʭʘʣʴʢʦʛʝʥʠʟʠʨʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 162 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʊɽʄPʆ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʘʜʝʥʠʶ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ PIFA (ʬʝʥʠʣʡʦʜ (III) ʙʠʩ(ʪʨʠʬʪʦʨʘʮʝʪʘʪ)) ʦʢʠʩʣʷʝʪ 

ʜʠʩʫʣʴʬʠʜ ʠʣʠ ʜʠʩʝʣʝʥʠʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ S- ʠʣʠ Se-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʷʜʨʫ ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʦʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 

162. 

ʉʭʝʤʘ 70. PIFA-ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʭʘʣʴʢʦʛʝʥʠʨʦʚʘʥʠʝ ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦ[5,1-b]ʪʠʘʟʦʣʦʚ 

ʜʠʩʫʣʴʬʠʜʘʤʠ ʠ ʜʠʩʝʣʝʥʠʜʘʤʠ 

 

ʐʝʩʪʠʯʣʝʥʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʟʫʯʘʣʠʩʴ ʚ ʨʝʘʢʮʠʷʭ 

ʨʘʜʠʢʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ CïS ʠ CïSe. ʉʦʦʙʱʘʣʦʩʴ ʦ 

ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʠ 6-ʘʤʠʥʦʫʨʘʮʠʣʦʚ ʩ ʧʦʤʦʱʴʶ NH4SCN ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ 
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ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʫ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʫʨʘʮʠʣʝ 

ʚʳʭʦʜʳ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ 78ï85%.[135] ʇʦʟʞʝ ʵʪʠ ʞʝ ʘʚʪʦʨʳ ʩʦʦʙʱʠʣʠ ʦ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʠ 6-ʘʤʠʥʦʫʨʘʮʠʣʦʚ ʜʠʬʝʥʠʣʜʠʩʝʣʝʥʠʜʦʤ. ʈʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʚ MeCN ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʜʠʦʜʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʥʛʘʣʴʩʢʦʛʦ ʨʦʟʦʚʦʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʨʘʥʝʝ ʧʨʦʮʝʩʩʘ, ʩ ʥʠʤ ʩʦʚʤʝʩʪʠʤʳ ʪʦʣʴʢʦ 

N-ʟʘʤʝʱʝʥʥʳʝ 6-ʘʤʠʥʦʫʨʘʮʠʣʳ.[136] 

ɼʠʬʝʥʠʣʜʠʩʝʣʝʥʠʜ 164 ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥʦʚ 163 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ KIO3 ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʧʨʠ 110 Áʉ. ɼʨʫʛʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʠʝ ʢʘʢ ʭʠʥʦʣʠʥ ʠ 

ʘʤʠʥʦʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ ʠ ʪʠʘʟʦʣʳ, ʪʘʢʞʝ ʚʩʪʫʧʘʶʪ ʚ ʦʙʥʘʨʫʞʝʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ (ʉʭʝʤʘ 

71). ʉʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʜʠʬʝʥʠʣʜʠʩʫʣʴʬʠʜʦʤ ʪʘʢʞʝ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ.[184] 

ʉʭʝʤʘ 71. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʝʣʝʥʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ KIO3 

 

2-ʇʠʨʠʜʦʥʳ 166 ʵʬʬʝʢʪʠʚʥʦ ʩʫʣʴʬʝʥʠʣʠʨʫʶʪʩʷ ʧʦ 5 ʧʦʣʦʞʝʥʠʶ ʜʠʩʫʣʴʬʠʜʘʤʠ 167 ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ rLiCl/K 2S2O8 ʚ MeCN (ʉʭʝʤʘ 72).[185] ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʩʫʙʩʪʨʘʪʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧ rʚ 3 ʠ 4 ʧʦʣʦʞʝʥʠʷʭ 

ʧʠʨʠʜʦʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 6-ʤ ʧʦʣʦʞʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʜʠʩʫʣʴʬʠʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʪʘʨʠʣʦʚʳʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʜʠʩʫʣʴʬʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ 

ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʠʜʦʥʦʚ ʜʠʬʝʥʠʣʜʠʩʝʣʝʥʠʜʦʤ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʪʠʦʣʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʫʣʴʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʘ LiCl 

ʥʘ NCS (N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜ) ʜʣʷ ʣʫʯʰʝʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ S2O8
2-/ʛʘʣʦʛʝʥʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʝʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʧʠʨʠʜʦʥʫ, ʦʢʠʩʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʯʘʩʪʠʮ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ. 
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ʉʭʝʤʘ 72. ɹʝʟʤʝʪʘʣʴʥʦʝ ʪʠʦʣʠʨʦʚʘʥʠʝ 2-ʧʠʨʠʜʦʥʦʚ 

 

ʐʠʨʦʢʠʡ ʨʷʜ ʭʠʥʦʣʠʥʦʚ 169 ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩʫʣʴʬʝʥʠʣʠʨʫʝʪʩʷ ʚ 3 ʧʦʣʦʞʝʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʉʭʝʤʘ 73).[186] ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʪʨʝʙʫʝʪʩʷ 

ʥʝʨʘʟʜʝʣʝʥʥʘʷ ʷʯʝʡʢʘ, ʦʩʥʘʱʝʥʥʘʷ ʧʣʘʪʠʥʦʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, MeCN ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʠʥʝʨʪʥʘ ̫ ʘʪʤʦʩʬʝʨʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʦʙʘʚʢʘ BF3ĿEt2O ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʇʦʤʠʤʦ ʭʠʥʦʣʠʥʦʚ, ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʶ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʪʘʢʞʝ ʠʟʦʭʠʥʦʣʠʥʳ ʠ ʙʝʥʟʦʭʠʥʦʣʠʥʳ. ʉ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʩʦʚʤʝʩʪʠʤʳ ʘʨʦʤʘʪʠʯʝʩʢʠʝ, 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʪʠʦʣʳ. 

ʉʭʝʤʘ 73. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʭʠʥʦʣʠʥʦʚ 

 

6-ʉʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʝ ʠʣʠ ʩʝʣʝʥʠʣʠʨʦʚʘʥʥʳʝ ʭʠʥʦʣʠʥʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ 

ʪʝʪʨʘʛʠʜʨʦʭʠʥʦʣʠʥʦʚ ʠ ʪʠʦʣʦʚ ʠʣʠ ʜʠʩʝʣʝʥʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʨʝʮʠʢʣʠʟʠʨʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʦʢʩʠʜʘ ʢʦʙʘʣʴʪʘ ʠ NaI ʚ ɼʄʉʆ ʚ 

ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ.[187] 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ 2-ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʥʳʭ ʭʠʥʦʣʠʥʦʚ ʠʟ ʭʠʥʦʣʠʥ-N-

ʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʠʥʘʪʦʚ ʥʘʪʨʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʩʠʩʪʝʤʫ 

CuBr2/K2S2O8[188] ʠʣʠ ʧʨʦʩʪʦ K2S2O8.[189] ʊʘʢʞʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ[190] ʠ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ[191] ʚʘʨʠʘʥʪʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘ ʧʨʠʤʝʨʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ N-ʦʢʩʠʜʦʚ[190] ʤʝʭʘʥʠʟʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʦʙʨʘʞʝʥ ʥʘ ʩʭʝʤʝ 74. ɺʝʨʦʷʪʥʦ, 

ʯʪʦ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʥʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ. ɿʘʪʝʤ ʵʪʦʪ ʨʘʜʠʢʘʣ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʫ 172 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ B, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ ʩʫʣʴʬʦʥʠʣʴʥʳʤ 
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ʨʘʜʠʢʘʣʦʤ. ʅʘʢʦʥʝʮ, ʦʪʱʝʧʣʝʥʠʝ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʪ C ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʥʦʛʦ ʭʠʥʦʣʠʥʘ 174 (ʉʭʝʤʘ 74). 

ʉʭʝʤʘ 74. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʘʜʠʢʘʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʩʚʷʟʝʡ CïS 

ʠ CïSe ʩ ʫʯʘʩʪʠʝʤ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 5-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʊʠʦ- ʠ ʩʝʣʝʥʦʮʠʘʥʠʨʦʚʘʥʠʝ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ 175 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʘʣʠʝʚʳʤʠ ʩʦʣʷʤʠ 

ʧʨʦʚʦʜʷʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ CuCl/K2S2O8/TBAI ʚ C2H4Cl2 ʧʨʠ 120 Áʉ (ʉʭʝʤʘ 75).[192] 

ʎʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ 176 ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ. 7-ɿʘʤʝʱʝʥʥʳʝ 8-

ʘʤʠʥʦʭʠʥʦʣʠʥʳ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʜʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʤʝʜʥʳʡ 

ʢʦʤʧʣʝʢʩ ʘʤʠʥʦʭʠʥʦʣʠʥʘ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ K2S2O8/TBAI  ʜʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ ʨʘʜʠʢʘʣʦʤ SCN. 
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ʉʭʝʤʘ 75. ʄʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ 

 

ʇʦ ʚʝʩʴʤʘ ʩʭʦʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʝʘʣʠʟʫʶʪʩʷ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ 8-

ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ. ʂʦʤʙʠʥʘʮʠʷ CuI ʠ Na2CO3 ʚ ʧ-ʢʩʠʣʦʣʝ ʧʨʠ 120 Áʉ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʭ ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ. ʉʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʳ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʫʣʴʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ.[193] ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ Cu(OAc)2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ ʩʫʣʴʬʦʥʠʣʛʠʜʨʘʟʠʜʘʤʠ[194] ʠʣʠ ʩʫʣʴʬʠʥʘʪʘʤʠ 

ʥʘʪʨʠʷ.[195] ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʭʦʜʳ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʪ 

ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ. 

ɹʝʟʤʝʪʘʣʴʥʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚ 177 ʩʫʣʴʬʠʥʘʪʘʤʠ ʥʘʪʨʠʷ 178 ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 76).[196] ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ 

ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʩ ʛʨʘʬʠʪʦʚʳʤ ʘʥʦʜʦʤ ʠ ʧʣʘʪʠʥʦʚʳʤ ʢʘʪʦʜʦʤ ʚ ʩʨʝʜʝ MeCN/H2O ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3. ʉ ʵʪʠʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʩʦʚʤʝʩʪʠʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʭʝʤʘ 76. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ N-ʘʨʠʣʘʤʠʜʦʚ ʠ N-ʘʨʠʣʘʤʠʥʦʚ 

ʩʫʣʴʬʠʥʘʪʘʤʠ ʥʘʪʨʠʷ 

 

ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʘ ʘʥʦʜʝ ʠʟ ʩʫʣʴʬʠʥʘʪ-ʘʥʠʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʦʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ɸ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʠʩʭʦʜʥʦʛʦ ʭʠʥʦʣʠʥʘ 177 ʦʙʨʘʟʫʝʪʩʷ N-ʘʥʠʦʥ ɺ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʘʥʦʜʝ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʜʠʢʘʣʘ ʉ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ 

ʩʫʣʴʬʦʥʠʣʴʥʳʤ ʨʘʜʠʢʘʣʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ 179 (ʉʭʝʤʘ 77). 
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ʉʭʝʤʘ 77. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ N-ʘʨʠʣʘʤʠʜʦʚ 

 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʠ ʭʠʥʦʣʠʥ-4-ʦʥʦʚ 180 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʥʝʛʦ ʩʚʝʪʘ ʠ ʵʦʟʠʥʘ Y ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ  (ʉʭʝʤʘ 78).[197] ʊʘʢʞʝ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ ʙʘʨʙʠʪʫʨʦʚʳʭ ʢʠʩʣʦʪ ʩ ʧʦʤʦʱʴʶ 

NH4SCN.[198] ʂʣʶʯʝʚʳʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʜʠʨʦʜʘʥ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʤʝʨʠʟʘʮʠʠ SCN-ʨʘʜʠʢʘʣʦʚ. 

ʉʭʝʤʘ 78. ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʪʠʦʮʠʘʥʠʨʦʚʘʥʠʝ 2-ʘʨʠʣʭʠʥʦʣʠʥ-4-ʦʥʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 4-ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʭʠʥʦʣʠʥ-1-

ʦʥʦʚ 182. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʠʩʫʣʴʬʠʜʦʚ 183 ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ AgSbF6 ʚ C2H4Cl2 ʧʨʠ 110 Áʉ (ʉʭʝʤʘ 79).[199] ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʙʦʠʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʘʭ ʫʩʪʦʡʯʠʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ; 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʠ ʜʣʷ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʪʝʨʤʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʛʦʤʦʣʠʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ SïS ʩʚʷʟʠ 

ʜʠʩʫʣʴʬʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʠʟʦʭʠʥʦʣʠʥ-

1-ʦʥʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ AgSbF6 ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʉ-ʨʘʜʠʢʘʣʘ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ. 
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ʉʭʝʤʘ 79. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʪʠʦʣʠʨʦʚʘʥʠʝ ʠʟʦʭʠʥʦʣʠʥ-1-ʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ AgSbF6 

 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʳ 186 ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ 

ʠʟʦʭʠʥʦʣʠʥ-1-ʦʥʦʚ 185. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠʟ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʘ 

ʥʝʦʙʭʦʜʠʤʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ I2/(EtO)2P(O)H ʧʨʠ 80 Áʉ. ʉʫʣʴʬʝʥʠʣʧʨʦʠʟʚʦʜʥʳʝ 187 ʦʙʨʘʟʫʶʪʩʷ ʩ 

ʚʳʭʦʜʘʤʠ 21ï94% (ʉʭʝʤʘ 80).[200] 

ʉʭʝʤʘ 80. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠʟʦʭʠʥʦʣʠʥ-1-ʦʥʦʚ ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʘʤʠ 

 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʧʦʜʭʦʜʘʭ ʢ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʶ ʠ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʶ ʠʟʦʭʠʥʦʣʠʥ-1,3-

ʜʠʦʥʦʚ.[201] ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʶʪʩʷ 4-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʫʣʴʬʠʥʘʪʳ ʥʘʪʨʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ ʚ 

ʩʤʝʩʠ ɸʩʆʅ/ɼʄʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaI ʧʨʠ 80Áʉ. ɼʣʷ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʘʨʠʣʜʠʩʫʣʴʬʠʜʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ t-

BuOK ʚ ɼʄʌɸ. 

ʈʝʘʢʮʠʷ ʭʠʥʦʣʠʥ-2-ʪʠʦʥʦʚ 188 ʠ ʩʫʣʴʬʠʥʘʪʦʚ 189 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʡʦʜʘ ʚ 

ɼʄʉʆ ʧʨʠ 100 ÁC ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2-ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʥʳʭ ʭʠʥʦʣʠʥʦʚ 190 (ʉʭʝʤʘ 

81).[202] ɺ ʨʝʘʢʮʠʶ ʵʬʬʝʢʪʠʚʥʦ ʚʩʪʫʧʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʠʥʦʣʠʥ-2-ʪʠʦʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʫʣʴʬʠʥʘʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʮʝʣʝʚʳʭ ʩʪʨʫʢʪʫʨ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 

ʉʭʝʤʘ 81. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʭʠʥʦʣʠʥ-2-ʪʠʦʥʦʚ ʩʫʣʴʬʠʥʘʪʘʤʠ 
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ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʡʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʩ ʢʦʤʧʣʝʢʩʦʤ ʭʠʥʦʣʠʥ-2-ʪʠʦʥʘ ʠ ʡʦʜʘ ɺ, ʧʨʠʚʦʜʷʱʠʤ 

ʢ S-ʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʨʘʜʠʢʘʣʫ ʉ. ʇʦʩʣʝʜʥʠʡ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ ʡʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʘ D, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ ʩʫʣʴʬʠʥʘʪʦʤ ʥʘʪʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ 

ʡʦʜʠʜʘ ʥʘʪʨʠʷ, ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʠ ʩʫʣʴʬʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

190 (ʉʭʝʤʘ 82). 

ʉʭʝʤʘ 82. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʷ ʭʠʥʦʣʠʥ-2-ʪʠʦʥʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʷ ʧʠʨʠʜʦʧʠʨʠʤʠʜʠʥ-4-ʦʥʦʚ ʜʠʩʝʣʝʥʠʜʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ I2/K2S2O8[203] ʠʣʠ PIFA.[204] ʈʘʟʣʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʜʠʩʝʣʝʥʠʜʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʧʠʨʠʜʦʧʠʨʠʤʠʜʠʥ-4-ʦʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

I2/K2S2O8 ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʠʜʦʧʠʨʠʤʠʜʠʥ-4-ʦʥʦʚ ʪʠʦʣʘʤʠ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʍʠʥʘʟʦʣʠʥʦʥʳ 191 ʩʫʣʴʬʝʥʠʣʠʨʫʶʪʩʷ ʜʠʩʫʣʴʬʠʜʘʤʠ 192 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cu(OAc)2 ʠ ʧ-

ʙʝʥʟʦʭʠʥʦʥʘ (p-BQ) (ʉʭʝʤʘ 83).[205] ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ C2H4Cl2 ʧʨʠ 120 Áʉ ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ɸʥʘʣʦʛʠʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ʢʘʢ ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʜʠʩʫʣʴʬʠʜʳ. ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 193 ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. 
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ʉʭʝʤʘ 83. ʆʧʦʩʨʝʜʦʚʘʥʥʦʝ ʤʝʜʴʶ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʭʠʥʘʟʦʣʠʥʦʥʦʚ 

 

ʊʠʦʣʠʨʦʚʘʥʠʝ ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ 194 ʪʠʦʣʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ 

ʚ N-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʦʥʝ (NMP) ʧʨʠ 50 Áʉ ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ.[206] ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʦʨʦʥʥʝʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʟ ʪʠʦʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ ʠ ʦʙʣʫʯʝʥʠʷ ʩʠʥʠʤ ʩʚʝʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʫʣʴʬʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʨʘʜʠʢʘʣ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʭʠʥʦʢʩʘʣʠʥʦʥʫ ʩ ʧʦʣʫʯʝʥʠʝʤ N-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ 1,2-ʅ-ʩʜʚʠʛʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ, 

ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʠ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 195 (ʉʭʝʤʘ 

84). 

ʉʭʝʤʘ 84. ʀʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ 
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ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ ʦ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʨʘʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʢʠʩʣʦʨʦʜ- ʠ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ S- ʠ Se-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ. ʊʘʢ, 2-ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʬʫʨʘʥʳ 

ʩʝʣʝʥʠʣʠʨʫʶʪʩʷ ʧʦ 3 ʧʦʣʦʞʝʥʠʶ ʜʠʘʨʠʣʜʠʩʝʣʝʥʠʜʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ CuI ʚ ɼʄʉʆ ʧʨʠ 120 Áʉ 

ʥʘ ʚʦʟʜʫʭʝ.[207] ʉʝʣʝʥʠʣʠʨʦʚʘʥʠʝ ʪʠʦʬʝʥʦʚ 196 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʚ 

ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ 2-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʠʦʬʝʥʳ 197.[208] 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ Se-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʣʠʙʦ ʥʘ 

ʢʘʪʦʜʝ, ʣʠʙʦ ʥʘ ʘʥʦʜʝ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʩʝʣʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʪʠʦʬʝʥʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʦʢʠʩʣʷʝʪʩʷ ʠ ʜʝʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʉʭʝʤʘ 85). 

ʉʭʝʤʘ 85. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ Se-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ ʠ ʩʝʣʝʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʬʝʥʘ 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʷ 

ʙʝʥʟʦʬʫʨʘʥʦʚ 199 ʧʦ 2-ʤʫ ʧʦʣʦʞʝʥʠʶ ʩʫʣʴʬʦʥʠʣ ʛʠʜʨʘʟʠʜʘʤʠ 198.[209] ʕʪʦ ʧʨʝʚʨʘʱʝʥʠʝ 

ʧʨʦʪʝʢʘʝʪ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ, ʩʥʘʙʞʝʥʥʦʡ ʫʛʦʣʴʥʳʤ ʘʥʦʜʦʤ ʠ ʥʠʢʝʣʝʚʳʤ ʢʘʪʦʜʦʤ, ʚ ʩʤʝʩʠ 

MeCN/H2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3 ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʥ-Bu4NBF4 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ʂʨʫʛ ʩʫʙʩʪʨʘʪʦʚ, ʚʩʪʫʧʘʶʱʠʭ ʚ ʨʝʘʢʮʠʶ, ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʝʥ. ʄʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʙʝʥʟʦʬʫʨʘʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ 

ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʢʦʣʴʮʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʣʴʬʦʥʠʣ 

ʛʠʜʨʘʟʠʜʳ (ʉʭʝʤʘ 86). 
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ʉʭʝʤʘ 86. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʬʫʨʘʥʦʚ ʩʫʣʴʬʦʥʠʣ ʛʠʜʨʘʟʠʜʘʤʠ 

 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʘʥʦʜʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʝʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʙʝʥʟʦʬʫʨʘʥʫ, ʦʢʠʩʣʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥ ʥʘ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʨʦʣʘ, 

ʪʠʦʬʝʥʘ ʠ ʙʝʥʟʦʪʠʦʬʝʥʘ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʢʫʤʘʨʠʥʦʚ S- ʠ Se-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ. 4-ɻʠʜʨʦʢʩʠʢʫʤʘʨʠʥʳ 201 ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʪʠʦʣʠʨʫʶʪʩʷ ʘʣʢʠʣ-, ʙʝʥʟʠʣ- ʠʣʠ ʘʨʠʣ 

ʪʠʦʣʘʤʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʙʝʣʳʤ ʩʚʝʪʦʜʠʦʜʦʤ ʠʣʠ ʜʘʞʝ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ (ʉʭʝʤʘ 87).[210] 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʪʠʦʣʳ ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʵʪʦʤ ʧʨʝʚʨʘʱʝʥʠʠ. 3-ʊʠʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ 202 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ 46ï92%. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʮʠʢʣ ʛʘʰʝʥʠʷ. 

ʉʭʝʤʘ 87. ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ 4-ʛʠʜʨʦʢʩʠʢʫʤʘʨʠʥʦʚ 

 

4-ɸʥʠʣʠʥʦʢʫʤʘʨʠʥʳ 203 ʩʫʣʴʬʝʥʠʣʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ɹʫʥʪʝ 204 ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʩʫʣʴʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KI ʚ ɼʄʉʆ ʧʨʠ 60 Áʉ 

(ʉʭʝʤʘ 88).[211] 

ʉʭʝʤʘ 88. ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ KI ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ 4-ʘʥʠʣʠʥʦʢʫʤʘʨʠʥʦʚ ʩʦʣʷʤʠ ɹʫʥʪʝ 

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʟ KI ʠ ɼʄʉʆ ʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʡʦʜ. ɼʘʣʴʥʝʡʰʘʷ 

ʨʝʘʢʮʠʷ I2 ʩ ʩʦʣʴʶ ɹʫʥʪʝ 204 ʜʘʝʪ ʡʦʜʠʩʪʳʡ ʩʫʣʴʬʝʥʠʣ, ʢʦʪʦʨʳʡ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʨʘʜʠʢʘʣ ʡʦʜʘ ʠ 



68 

ʩʫʣʴʬʝʥʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ɸ. ʇʦʩʣʝʜʥʠʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 4-ʘʥʠʣʠʥʦʢʫʤʘʨʠʥʫ 203 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ B, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʭʚʘʪʳʚʘʝʪʩʷ ʨʘʜʠʢʘʣʦʤ ʡʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʡʦʜʦʩʫʣʴʬʠʜʫ C. ʅʘʢʦʥʝʮ, ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ HI ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 205 (ʉʭʝʤʘ 

89). 

ʉʭʝʤʘ 89. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ 4-ʘʥʠʣʠʥʦʢʫʤʘʨʠʥʦʚ 

 

ʂʘʢ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ, ʪʘʢ ʠ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʢʫʤʘʨʠʥʦʚ 206 ʧʨʦʚʦʜʷʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ PIFA ʚ CH2Cl2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʫʤʘʨʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʘʢ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʵʬʬʝʢʪʠʚʥʦ 

ʨʝʘʛʠʨʫʶʪ ʩ ʜʠʩʫʣʴʬʠʜʘʤʠ ʠ ʜʠʩʝʣʝʥʠʜʘʤʠ 207 (ʉʭʝʤʘ 90).[212] 

ʉʭʝʤʘ 90. ɹʝʟʤʝʪʘʣʴʥʦʝ ʩʫʣʴʬʝʥʠʣʠʨʦʚʘʥʠʝ ʠ ʩʝʣʝʥʠʣʠʨʦʚʘʥʠʝ ʢʫʤʘʨʠʥʦʚ 
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ʅʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʠʝ ʢʘʢ ʭʨʦʤʦʥ, ʙʝʥʟʦʭʠʥʦʥ, N-ʤʝʪʠʣʭʠʥʦʣʠʥ, 

ʙʝʥʟʦʪʠʦʬʝʥ, 7-ʘʟʘʠʥʜʦʣ, ʠʥʜʘʟʦʣ ʠ ʥʝʢʦʪʦʨʳʝ ʠʤʠʜʘʟʦʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢʞʝ ʩʝʣʝʥʠʣʠʨʫʶʪʩʷ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʪʨʠʬʪʦʨʤʝʪʠʣʪʠʦʣʠʨʦʚʘʥʠʝ ʢʫʤʘʨʠʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 209 (ʉʭʝʤʘ 91).[213] 

ʉʭʝʤʘ 91. ʊʨʠʬʪʦʨʤʝʪʠʣʪʠʦʣʠʨʦʚʘʥʠʝ ʢʫʤʘʨʠʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ʉʝʨʝʙʨʷʥʘʷ ʩʦʣʴ ʪʨʠʬʪʦʨʤʝʪʘʥʪʠʦʣʘʪʘ 210 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʪʨʠʬʪʦʨʪʠʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 3-

ʬʪʦʨʤʝʪʠʣʪʠʦʣʠʨʦʚʘʥʥʳʭ ʢʫʤʘʨʠʥʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʦʪʣʠʯʥʳʭ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ CF3SÅ ʨʘʜʠʢʘʣʘ ʠʟ 

AgSCF3 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʘʢʮʠʶ ʩ ʢʫʤʘʨʠʥ-3-ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ. 

ʐʠʨʦʢʠʡ ʢʨʫʛ ʢʩʘʥʪʝʥʦʚ 212 ʩʫʣʴʬʦʥʠʣʠʨʫʝʪʩʷ ʩʫʣʴʬʦʥʠʣ ʛʠʜʨʘʟʠʜʘʤʠ 213. ʈʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʣʠʙʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TBHP ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʚ ʊɻʌ ʧʨʠ 70 Áʉ,[214] ʣʠʙʦ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TBAI ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʤʝʪʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ.[215] ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʠʜʝʪ 

ʯʝʨʝʟ ʘʥʦʜʥʫʶ ʛʝʥʝʨʘʮʠʶ ʉ- ʠ S-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʠʭ ʧʝʨʝʢʨʝʩʪʥʫʶ ʨʝʢʦʤʙʠʥʘʮʠʶ 

(ʉʭʝʤʘ 92). ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ MeONa, ʪʘʢ ʠ Cs2CO3. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʘʣʦʛʝʥʳ, 

ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʩ ʢʘʨʙʦʥʘʪʦʤ ʮʝʟʠʷ, ʯʝʤ ʩ ʤʝʪʦʢʩʠʜʦʤ ʥʘʪʨʠʷ. ʂʨʫʛ ʩʫʙʩʪʨʘʪʦʚ, 

ʚʩʪʫʧʘʶʱʠʭ ʚ ʨʝʘʢʮʠʶ, ʦʛʨʘʥʠʯʝʥ 9H-ʢʩʘʥʪʝʥʘʤʠ: ʨʦʜʩʪʚʝʥʥʳʝ 9,10-ʜʠʛʠʜʨʦʘʢʨʠʜʠʥ, 9H-

ʪʠʦʢʩʘʥʪʝʥ ʠ 9,10-ʜʠʛʠʜʨʦʘʥʪʨʘʮʝʥ ʥʝ ʜʘʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 
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ʉʭʝʤʘ 92. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʫʣʴʬʦʥʠʣʠʨʦʚʘʥʠʝ ʢʩʘʥʪʝʥʦʚ ʩʫʣʴʬʦʥʠʣ ʛʠʜʨʘʟʠʜʘʤʠ 

 

3. ʈʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉïP ʩʚʷʟʝʡ 

ʌʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ, ʣʠʛʘʥʜʘʤʠ ʚ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʘʣʠʟʝ ʠ ʙʠʦʘʢʪʠʚʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʣʷ ʤʝʜʠʮʠʥʳ 

ʠ ʘʛʨʦʭʠʤʠʠ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʉïʈ-

ʩʚʷʟʝʡ. ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʘʢʮʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ P-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ ˊ-ʩʠʩʪʝʤʘʤ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ CïP 

ʩʚʷʟʝʡ. ʈʘʟʨʳʚ ʩʚʷʟʝʡ PïH ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʩʬʦʨ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. ʕʥʪʘʣʴʧʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʩʚʷʟʠ ʈïʅ ʩʚʷʟʠ (BDE) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 72ï87 ʢʢʘʣ/ʤʦʣʴ,[216] ʯʪʦ ʥʠʞʝ ʩʨʝʜʥʝʡ BDE ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʩʚʷʟʠ ʉ(sp3)ïʅ (ʦʢʦʣʦ 100ï95 ʢʢʘʣ/ʤʦʣʴ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʈ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʘʨʠʣʬʦʩʬʠʥʦʢʩʠʜʳ. ʅ-ʌʦʩʬʦʥʘʪʘʤ ʫʜʝʣʷʝʪʩʷ 

ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ BDE ʈïʅ ʩʚʷʟʠ 
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(ʉʭʝʤʘ 93). ɻʝʥʝʨʘʮʠʷ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʢʘʣʴʥʳʭ 

ʠʥʠʮʠʘʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ AIBN ʠʣʠ ʩʠʩʪʝʤ r Et3B/O2, ʠʣʠ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʠ Mn(III ), ʩʠʩʪʝʤʘ Ag+/S2O8
2-, ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ. ʈʘʟʚʠʪʠʝ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʠʟʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʧʦʜʭʦʜʳ ʢ ʛʝʥʝʨʘʮʠʠ ʬʦʩʬʦʨʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 93). ʕʪʘ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ 

ʧʦʩʣʝʜʥʠʤ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉïʈ ʩʚʷʟʝʡ ʟʘ ʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʈ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʘʢʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʬʦʩʬʦʨʥʳʝ ʨʘʜʠʢʘʣʳ ʦʙʳʯʥʦ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢʘʢ ʢ ˊ-ʠʟʙʳʪʦʯʥʳʤ, ʪʘʢ ʠ ʢ ˊ-ʜʝʬʠʮʠʪʥʳʤ ʛʝʪʝʨʦʮʠʢʣʘʤ.  

ʉʭʝʤʘ 93. ʄʝʪʦʜʳ ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʘʢʮʠʦʥʥʘ ̫ʩʧʦʩʦʙʥʦʩʪʴ P-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ 

ʢʦʥʪʝʢʩʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʨʦʣʦʚ 215 ʬʦʩʬʠʪʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʩʪʝʤʳ AgNO3/K2S2O8 (ʉʭʝʤʘ 94).[217] ɹʦʣʝʝ ʥʠʟʢʠʝ ʚʳʭʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʜʠ-ʠʟʦ-

ʧʨʦʧʠʣʬʦʩʬʠʪʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʠʣʴʥʳʤʠ ʠʣʠ ʵʪʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʦʢʠʩʣʝʥʠʝ ʬʦʩʬʠʪʘ ʜʦ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʠ 
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ʧʦʩʣʝʜʫʶʱʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʢ ʧʠʨʨʦʣʴʥʦʤʫ ʮʠʢʣʫ. ʇʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʠ 

ʨʝʘʨʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 216. 

ʉʭʝʤʘ 94. ʆʧʦʩʨʝʜʦʚʘʥʥʦʝ AgNO3/K2S2O8 ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʧʠʨʨʦʣʦʚ 

 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïP ʩʦʯʝʪʘʥʠʝ ʤʝʞʜʫ ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ 218 ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 217 ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʘʮʝʪʘʪʘ ʤʘʨʛʘʥʮʘ (II) (ʉʭʝʤʘ 95).[218] ɺʳʭʦʜʳ 

ʨʝʘʢʮʠʠ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʭʦʨʦʰʠʭ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʬʦʩʬʠʥʦʢʩʠʜʘ 218. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ 2- ʠ 5-ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 219 ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 3-

ʟʘʤʝʱʝʥʥʦʛʦ ʪʠʦʬʝʥʘ ʬʦʩʬʠʥʦʢʩʠʜʦʤ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ʎɺɸ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜ 218 ʥʝ ʦʢʠʩʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʥʦʜʝ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʢʣʶʯʝʚʳʤ 

ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʘʥʦʜʥʦʝ ʦʢʠʩʣʝʥʠʝ Mn (II) ʜʦ Mn (III). 

ʉʭʝʤʘ 95. Mn-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʵʣʝʢʪʨʦʦʢʠʩʣʠʪʝʣʴʥʦʝ CïP ʩʦʯʝʪʘʥʠʝ ʤʝʞʜʫ 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ 
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N-ʟʘʱʠʱʝʥʥʳʝ ʠʥʜʦʣʳ 220 ʬʦʩʬʦʥʠʣʠʨʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʠ 

Ru(bpy)3(PF6)2 ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 96).[219] 2-ʀʥʜʦʣʠʬʦʩʬʠʪʳ 222 ʦʙʨʘʟʫʶʪʩʷ 

ʩ ʚʳʭʦʜʘʤʠ 72ï82%. ʂʦʥʪʨʦʣʴʥʳʝ ʦʧʳʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ TEMPO ʚʳʷʚʠʣʠ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ, 

ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʤʦʞʥʦʤ ʨʘʜʠʢʘʣʴʥʦʤ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 96. ʌʦʪʦʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ N-ʟʘʱʠʱʝʥʥʳʭ ʠʥʜʦʣʦʚ 

 

ʌʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʘʢ 2-, ʪʘʢ ʠ 3-ʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ 223 ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Mg(NO3)2 ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʢʘʨʙʦʥʘʪʘ ʩʝʨʝʙʨʘ (ʉʭʝʤʘ 97).[220] ʀʥʜʦʣʳ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚʦ 2-ʤ ʧʦʣʦʞʝʥʠʠ ʜʘʶʪ ʧʨʦʜʫʢʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʵʣʝʢʪʦʨʦʥʦʠʟʙʳʪʦʯʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ N-ʟʘʱʠʱʝʥʥʳʝ ʠʥʜʦʣʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʪʘʢʠʤʠ ʞʝ ʚʳʭʦʜʘʤʠ, ʢʘʢ ʠ N-

ʥʝʟʘʱʠʱʝʥʥʳʝ ʠʥʜʦʣʳ. ʂʘʢ ʧʨʘʚʠʣʦ, 3-ʟʘʤʝʱʝʥʥʳʝ ʠʥʜʦʣʳ ʜʘʶʪ ʤʝʥʴʰʠʝ ʚʳʭʦʜʳ, ʯʝʤ 2-

ʟʘʤʝʱʝʥʥʳʝ. ɺ ʵʪʦ ʧʨʝʚʨʘʱʝʥʠʝ ʫʩʧʝʰʥʦ ʚʩʪʫʧʘʶʪ ʢʘʢ ʜʠʘʨʠʣʬʦʩʬʠʥʦʢʩʠʜʳ, ʪʘʢ ʠ ʬʦʩʬʠʪʳ. 

ʉʭʝʤʘ 97. Ag-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʧʨʷʤʦʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʘ 

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜ ʦʢʠʩʣʷʝʪʩʷ ʢʘʨʙʦʥʘʪʦʤ ʩʝʨʝʙʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʬʦʩʬʦʨʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɸ (ʉʭʝʤʘ 98), ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ 3 ʧʦʣʦʞʝʥʠʶ 

ʠʥʜʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ɺ. ʇʦʩʣʝʜʥʠʡ ʦʢʠʩʣʷʝʪʩʷ ʢʘʨʙʦʥʘʪʦʤ 

ʩʝʨʝʙʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʘ ʉ. ʇʦʩʣʝʜʫʶʱʝʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ 

ʧʨʦʜʫʢʪʫ 225. 
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ʉʭʝʤʘ 98. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʩʝʨʝʙʨʘ 

 

ʆʧʠʩʘʥʦ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʉïʈ ʩʦʯʝʪʘʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʝʡ ʉ3-ʟʘʤʝʱʝʥʥʳʭ ʠʥʜʦʣʦʚ 227 ʩ ʧʦʪʝʨʝʡ ʘʨʦʤʘʪʠʯʥʦʩʪʠ (ʉʭʝʤʘ 99).[221] ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʟʢʠʡ ʚʳʭʦʜ (13%) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʘ 

ʚʤʝʩʪʦ ʅ-ʬʦʩʬʦʥʘʪʦʚ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ ʥʠʟʢʠʭ ʜʦ ʭʦʨʦʰʠʭ, ʠ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʪʨʘʥʩ-ʜʠʘʩʪʝʨʝʦʤʝʨʘ. Mn(OAc)3 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ P-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ A ʠ ʦʢʠʩʣʝʥʠʷ ʨʘʜʠʢʘʣʘ B ʜʦ 

ʢʘʨʙʦʢʘʪʠʦʥʘ C. ʇʦʩʣʝʜʥʠʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 229. 

ʉʭʝʤʘ 99. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïH ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʠʥʜʦʣʦʚ 

 

ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ Ŭ-ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ N-ʩʫʣʴʬʦʥʠʣʠʥʜʦʣʦʚ 230 ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ 231 

ʧʨʦʚʦʜʷʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 100).[222] ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ AgNO3, K2S2O8 ʠʣʠ DTBP. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ 
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ʩʣʫʯʘʷʭ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʷʪʠʝ N-ʩʫʣʴʬʦʥʠʣʴʥʦʡ ʟʘʱʠʪʳ. ʇʨʝʜʣʦʞʝʥ ʨʘʜʠʢʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʩʣʝʜʫʶʱʠʤ ɓ-ʨʘʩʧʘʜʦʤ ʩ ʨʘʟʨʳʚʦʤ NïS ʩʚʷʟʠ ʠ ʦʪʱʝʧʣʝʥʠʝʤ PhSO2Å ʨʘʜʠʢʘʣʘ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ 

ʥʝ ʠʩʢʣʶʯʘʶʪ ʦʢʠʩʣʝʥʠʷ N-ʩʫʣʴʬʦʥʠʣʠʥʜʦʣʘ ʜʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʬʦʩʬʠʥʦʢʩʠʜʘ. 

ʉʭʝʤʘ 100. ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ Ŭ-ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ N-ʩʫʣʴʬʦʥʠʣʠʥʜʦʣʦʚ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ 

 

ʉʦʦʙʱʘʝʪʩʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ/ʧʝʨʩʫʣʴʬʘʪ ʢʘʣʠʷ ʜʣʷ 

ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʘʨʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʫʨʘʥʳ, ʪʠʦʬʝʥʳ, ʪʠʘʟʦʣʳ, ʧʠʨʨʦʣʳ, ʧʠʨʠʜʠʥʳ ʠ 

ʭʠʥʦʣʠʥʳ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 234 ʠ 236 (ʉʭʝʤʘ 101).[223] ɸʮʝʪʘʪ ʩʝʨʝʙʨʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʠʥʜʦʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 238 (ʩʭʝʤʘ 101).[224] 

ʉʭʝʤʘ 101. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʪʠʘʟʦʣʦʚ ʠ ʙʝʥʟʦʪʠʘʟʦʣʦʚ 239 ʧʫʪʝʤ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʬʦʩʬʦʨʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʪʦʨʠʯʥʳʭ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ 240 (ʉʭʝʤʘ 102).[225] 
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ʉʭʝʤʘ 102. ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ ʵʦʟʠʥʦʤ B ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʟʦʣʘ 

 

ɺ ʵʪʦʡ ʨʝʘʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʨʝʜʦʢʩ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʦʟʠʥ B ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ 

ʜʦʙʘʚʦʢ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ. ʈʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ (ʘʪʦʤʳ ʙʨʦʤʘ, ʭʣʦʨʘ, ʥʠʪʨʦ- ʠʣʠ ʵʬʠʨʥʘʷ ʛʨʫʧʧʳ) ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʞʝ ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CsPbBr3, ʚʥʝʜʨʝʥʥʦʛʦ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ 

ʧʠʣʣʘʨ[5]ʘʨʝʥʦʚ.[226] 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïP ʩʦʯʝʪʘʥʠʝ ʪʠʘʟʦʣʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʛʝʪʝʨʦʮʠʢʣʦʚ 242 ʩ 

ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ 243 ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʜʠʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ (ʉʭʝʤʘ 103) [239]. ʆʙʥʘʨʫʞʝʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʥʝʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ. ʂʨʫʛ ʩʫʙʩʪʨʘʪʦʚ ʦʛʨʘʥʠʯʝʥ ʪʠʘʟʦʣʘʤʠ, 

ʙʝʥʟʦʪʠʘʟʦʣʘʤʠ ʠ ʭʠʥʦʢʩʘʣʠʥʘʤʠ; ʧʨʠʤʝʥʝʥʠʝ ʢʩʘʥʪʝʥʘ, ʙʝʥʟʦʢʩʘʟʦʣʘ ʠ ʠʥʜʦʣʘ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʈ-ʢʦʤʧʦʥʝʥʪʳ ʧʦ ʩʦʯʝʪʘʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ 

ʜʠʘʨʠʣʬʦʩʬʠʥʦʢʩʠʜʘʤʠ ʠ ʜʠʘʣʢʠʣʬʦʩʬʠʥʦʢʩʠʜʘʤʠ. ɼʠʵʪʠʣ ʅ-ʬʦʩʬʦʥʘʪʳ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʵʪʦ 

ʧʨʝʚʨʘʱʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʎɺɸ-ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʠʘʟʦʣ ʦʢʠʩʣʷʣʩʷ ʥʘ ʘʥʦʜʝ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʯʝʤ ʬʦʩʬʠʥʦʢʩʠʜ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘ ʢʘʪʦʜʝ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ɻʍ-ʘʥʘʣʠʟʦʤ. ʋʯʘʩʪʠʝ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʚʳʜʝʣʝʥʠʝʤ ʘʜʜʫʢʪʘ ʩ 1,1-ʜʠʬʝʥʠʣʵʪʠʣʝʥʦʤ ʩ ʚʳʭʦʜʦʤ 37% ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. ɺ 

ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʝ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʪʨʳʚʘ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʦʤ ʪʠʘʟʦʣʘ. ʊʠʘʟʦʣ 242 ʦʢʠʩʣʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ɸ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪ ʜʠʘʨʠʣʬʦʩʬʠʥʦʢʩʠʜ 243 ʜʦ ʈ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ. ʇʦʩʣʝʜʥʠʡ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʪʠʘʟʦʣʴʥʦʡ ˊ-ʩʠʩʪʝʤʝ. ʇʦʩʣʝʜʫʶʱʝʝ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʘʢʞʝ ʩʦʦʙʱʘʣʦʩʴ ʦʙ 

ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʜʝʣʝʥʥʦʡ ʷʯʝʡʢʝ ʠ ʢʘʪʘʣʠʟʝ 

ʩʝʨʝʙʨʦʤ.[227,228] ʎɺɸ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ AgPO(OAlkyl)2 ʦʙʨʘʟʫʝʪʩʷ in situ, ʘ 

ʜʠʘʣʢʠʣ-H-ʬʦʩʬʦʥʘʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʣʝʛʢʦ ʦʢʠʩʣʷʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʳ. ɽʛʦ ʘʥʦʜʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʠʦʥʘ Ag+ ʠ P-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʯʪʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʕʇʈ-ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦ ʩʧʠʥʦʚʦʡ ʣʦʚʫʰʢʦʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʎɺɸ ʠ ʕʇʈ 

ʫʯʘʩʪʠʝ Ag(II) ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ.[227,228] 
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ʉʭʝʤʘ 103. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ CïH ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʪʠʘʟʦʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

 

ʈʘʟʨʘʙʦʪʘʥʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʪʠʘʟʦʣʦʚ ʠ ʪʠʘʟʦʣʦʚ 245 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʩʬʠʥʦʢʩʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ AgNO3 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ (ʉʭʝʤʘ 104).[229] ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

H-ʬʦʩʬʦʥʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ P-ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʩʦʯʝʪʘʥʠʶ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʤʫ ʚʳʭʦʜʫ ʧʨʦʜʫʢʪʘ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʢ ʩʫʙʩʪʨʘʪʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʙʝʥʟʦʪʠʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ʅʠʟʢʠʡ ʚʳʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʪʠʘʟʦʣʦʤ 

ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ. ɸʥʘʣʦʛʠʯʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʪʠʘʟʦʣʦʚ ʠ 

ʙʝʥʟʦʪʠʘʟʦʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Mn(OAc)3 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʳ[230]  ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

K2S2O8.[231] 

ʉʭʝʤʘ 104. ʂʘʪʘʣʠʟʠʨʫʝʤʦʝ ʥʠʪʨʘʪʦʤ ʩʝʨʝʙʨʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʘʟʦʣʦʚ 

 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠ ̫ʙʝʥʟʦʪʠʘʟʦʣʦʚ 247 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ CïC ʠʣʠ CïP 

ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʝʡ (ʉʭʝʤʘ 

105).[232] 
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ʉʭʝʤʘ 105. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʘʮʠʣʠʨʦʚʘʥʠʝ ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʦʪʠʘʟʦʣʦʚ ʜʠʘʣʢʠʣ 

ʬʦʩʬʠʪʘʤʠ 

 

ɺ ʨʝʘʢʮʠʠ ʩ ʪʨʝʪ-ʙʫʪʠʣ ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʧʨʦʜʫʢʪ ʘʮʠʣʠʨʦʚʘʥʠʷ 249 ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʜʠʘʣʢʠʣ-

H-ʬʦʩʬʦʥʘʪʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜʘ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ 248. ɼʠ-ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʜ ʪʘʢʞʝ ʤʦʞʝʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʬʦʩʬʠʥʦʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʟ H-ʬʦʩʬʠʥʦʢʩʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ CïP 

ʩʚʷʟʝʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ. ʊʘʢʦʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ DTBP ʠ TBHP ʘʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ 

ʪʨʝʪ-ʙʫʪʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʛʦʤʦʣʠʟʝ TBHP. ʇʝʨʚʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʳʚʘʝʪ Ŭ-

ʚʦʜʦʨʦʜ ʦʪ C(sp3)īH ʩʚʷʟʠ ʪʘʫʪʦʤʝʨʘ B H-ʬʦʩʬʦʥʘʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ C-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ 

ʨʘʜʠʢʘʣʘ D. ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʨʳʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʯʘʩʪʠʮʘʤʠ HOĿ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʚ ʢʦʪʦʨʦʤ TBHP ʙʳʣ ʟʘʤʝʥʝʥ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ; 2-

ʘʮʠʣʙʝʥʟʦʪʠʘʟʦʣ 249 ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 60%. ʕʪʦ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ DFT-

ʨʘʩʯʝʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʨʘʜʠʢʘʣ ʉ ʦʙʨʘʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ 

ʦʪʨʳʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ t-BuOOĿ ʚ ʦʪʩʫʪʩʪʚʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅʆĿ-

ʨʘʜʠʢʘʣʦʚ ʦʩʥʦʚʥʳʤ ʧʫʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʉ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ D. ʈʝʰʘʶʱʘʷ 

ʨʦʣʴ ʚʪʦʨʠʯʥʳʭ Ŭ-ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʜʠʘʣʢʠʣ ʅ-ʬʦʩʬʦʥʘʪʦʚ ʜʣʷ ʘʮʠʣʠʨʦʚʘʥʠʷ ʙʝʥʟʦʪʠʘʟʦʣʘ 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʦʧʳʪʝ ʩ ʜʠʠʟʦʧʨʦʧʠʣ ʅ-ʬʦʩʬʦʥʘʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʪʨʝʪʠʯʥʳʡ Ŭ-

ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʚ ʵʬʠʨʥʦʤ ʬʨʘʛʤʝʥʪʝ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 2-ʘʮʠʣʙʝʥʟʦʪʠʘʟʦʣʘ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. 

ɼʝʘʟʘʧʫʨʠʥʳ 250 ʬʦʩʬʦʥʠʣʠʨʫʶʪʩʷ ʜʠʵʪʠʣʬʦʩʬʠʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Mn(OAc)3 ʚ MeCN 

(ʉʭʝʤʘ 106).[233] 
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ʉʭʝʤʘ 106. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʜʝʘʟʘʧʫʨʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ Mn(OAc)3 

 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦ 8-ʤʫ ʧʦʣʦʞʝʥʠʶ 7- ʠ 9-ʜʝʘʟʘʧʫʨʠʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʝʘʟʘʧʫʨʠʥʬʦʩʬʦʥʘʪʦʚ 252. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʝʥ ʜʣʷ ʩʠʥʪʝʟʘ 

ʜʝʘʟʘʧʫʨʠʥʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʦʙʨʘʙʦʪʢʦʡ TMSBr. 

ʈʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ 253 ʠ 

ʧʠʨʨʦʣʦʚ 256 (ʉʭʝʤʘ 107).[234] ʈʝʘʢʮʠ ̫ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʘʪʘ ʤʘʨʛʘʥʮʘ (III) ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʙʝʟʚʦʜʥʦʤ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʘʨʛʘʥʮʘ (III) ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ ʘʨʝʥʦʚ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʈ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ.[235] 

ʉʭʝʤʘ 107. ʆʢʠʩʣʠʪʝʣʴʥʦʝ CïH ʬʦʩʬʦʥʠʣʠʨʦʚʘʥʠʝ N-ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʨʠʘʮʝʪʘʪʘ 

ʤʘʨʛʘʥʮʘ (III ) 

 

ʉʦʦʙʱʘʝʪʩʷ ʦʙ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʤ ʤʝʪʦʜʝ ʦʙʨʘʟʦʚʘʥʠʷ ʉïʈ ʩʚʷʟʠ ʚ ʙʝʥʟʦʪʠʘʟʦʣʘʭ 259 ʠ 

ʭʠʥʦʢʩʘʣʠʥʘʭ 262. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠʣʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʉʭʝʤʘ 108).[236] ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʦʯʝʪʘʥʠʠ ʩ ʪʠʘʟʦʣʘʤʠ ʠʣʠ 






























































































































































































































































































































