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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʚʠʪʠʝ ʢʘʪʘʣʠʟʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʣʘʩʪʝʡ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʨʝʜʠ ʦʛʨʦʤʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ 

ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʢʣʘʩʩʦʚ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (Pd/NHC) ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʣʠʯʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ C-C ʠ C-ʛʝʪʝʨʦʘʪʦʤ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʠ ʰʠʨʦʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ 

ʣʠʛʘʥʜʦʚ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʜʦʣʞʘʝʪ ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʰʠʨʷʪʴʩʷ. ʂʦʤʧʣʝʢʩʳ Pd/NHC ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦ ʤʥʦʛʠʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ ʧʦ ʨʝʘʢʮʠʠ 

ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, ʘʤʠʥʠʨʦʚʘʥʠʠ ʧʦ ʨʝʘʢʮʠʠ ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ, ʩʠʥʪʝʟʝ ʘʣʢʠʥʦʚ 

ʧʦ ʨʝʘʢʮʠʠ ʉʦʥʦʛʘʰʠʨʳ, ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ, ʨʝʘʢʮʠʠ ʂʫʤʘʜʳ, 

ʩʦʯʝʪʘʥʠʠ ʅʝʛʠʰʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʛʨʫʧʧ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ 

Pd/NHC ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʟʘʪʨʫʜʥʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʧʨʦʪʝʢʘʶʱʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʩʣʝʜʥʠʡ ʠʟ ʥʠʭ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʩʩʦʮʠʘʮʠʷ ʣʠʛʘʥʜʘ, ʘʛʨʝʛʘʮʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ ʠʣʠ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ʚʳʤʳʚʘʥʠʷ (ʣʠʯʠʥʛ) ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʠʟ ʢʣʘʩʪʝʨʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ). ɼʘʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʠʟ ʦʜʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʷʚʣʷʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʚʢʣʶʯʘʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʣʘʩʪʝʨʳ ʠ ʥʘʥʦʯʘʩʪʠʮʳ. 

ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʠʟʚʝʩʪʥʳ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ r çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ, ʘ ʠʭ 
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ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʘʪʘʣʠʟ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʘʥʠʝ ʮʠʢʣʘ ʧʨʝʚʨʘʱʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʜʫʢʪ, ʥʦ ʠ ʫʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ɽʩʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʮʠʢʣ r ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥ,r ʪʦ 

ʧʨʦʮʝʩʩʳ ʵʚʦʣʶʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʫʜʦʙʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʣʝʢʩʳ Pd/NHC, Pd2dba3 (dba ï ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ) ʠ Pt2dba3. 

ʍʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʘ Pd2dba3 ʫʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʥʝʝ 

ʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʨʘʩʪʚʦʨʘʭ 

ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʠ Pt2dba3 ʦʩʪʘʝʪʩʷ ʧʣʦʭʦ ʠʟʫʯʝʥʥʳʤ. 

 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠ ʁ

ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʠ Pt2dba3 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ Pt2dba3 ʚ ʨʘʩʪʚʦʨʝ. 

2) ʀʟʫʯʠʪʴ ʵʚʦʣʶʮʠʶ ʢʦʤʧʣʝʢʩʘ Pd/NHC ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ. 

3) ʀʟʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ 

ʧʘʣʣʘʜʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʚ ʧʨʦʮʝʩʩʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ; ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʩʚʷʟʳʚʘʥʠʷ 

C2(NHC)-Pd Hʏ. 

4) ʀʩʩʣʝʜʦʚʘʪ ɹʧʨʠʤʝʥʠʤʦʩʪ ɹʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʗʄʈ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ; ʥʝʟʘʚʠʩʠʤʦ ʜʦʢʘʟʘʪ ɹ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ R-NHC ʩʦʯʝʪʘʥʠʷ ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʆʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʚ ʨʘʩʪʚʦʨʝ ʜʣʷ ʢʦʤʧʣʝʢʩʘ Pt2dba3, 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ Pt(0), ʠ ʚʳʷʚʣʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʢ ʜʣʷ ʧʣʘʪʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʠ ʜʣʷ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʘʥʘʣʦʛʘ. 

ɺʳʷʚʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ r ʢʣʶʯʝʚʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ. 

ʈʘʟʨʘʙʦʪʘʥ ʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʧʦʜʭʦʜ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʜʣʷ ʧʨʷʤʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʟʘʤʦʨʦʞʝʥʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ. ɺʧʝʨʚʳʝ ʢʦʚʘʣʝʥʪʥʳʡ ʪʠʧ ʩʚʷʟʠ ʣʠʛʘʥʜ-ʤʝʪʘʣʣ ʚ ʪʘʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ 

ʧʦʜʪʚʝʨʞʜʝʥ ʥʘʙʣʶʜʝʥʠʝʤ ʅʘʡʪʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ. 

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ  

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ. 

ɺʥʝʜʨʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʜʘʥʥʳʝ 

ʞʠʜʢʦʩʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʵʚʦʣʶʮʠʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ.  

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʠ ʧʣʘʪʠʥʳ. ʇʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 

(ʚʢʣʶʯʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ  

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ), ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʧʨʠʤʝʥʠʤʦ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1) ɺ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩ Pt2dba3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʣʘʪʠʥʳ, ʚ ʢʦʪʦʨʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʨʠ ʣʠʛʘʥʜʘ dba, ʠʤʝʶʱʠʝ  

s-cis,s-trans, s-trans,s-cis ʠ s-trans,s-trans ʢʦʥʬʦʨʤʘʮʠʠ. ɺ ʨʘʩʪʚʦʨʝ ʚ 

ʢʦʤʧʣʝʢʩʝ Pt2dba3, ʢʘʢ ʠ Pd2dba3 ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʤʝʞʜʫ ʦʣʝʬʠʥʦʚʳʤʠ 

ʧʨʦʪʦʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ dba, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ.  

2) ɺ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʵʚʦʣʶʮʠʷ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC, 

ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʙʥʘʨʫʞʝʥʳ ʤʘʨʢʝʨʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ. ʈʘʩʧʘʜ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ. 

3) ɺ ʨʝʘʢʮʠʷʭ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ, ʉʫʟʫʢʠ-ʄʠʷʫʨʳ ʠ 

ʉʦʥʦʛʘʰʠʨʳ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ Pd/NHC, ʦʙʨʘʟʫʶʪʩʷ  

NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʘʣʣʘʜʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ 

ʢʦʚʘʣʝʥʪʥʳʡ ʪʠʧ ʩʚʷʟʳʚʘʥʠʷ C(NHC)-Pd. ʊʘʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʦʙʣʘʜʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʘʛʨʝʛʘʮʠʠ. 

4) ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʧʨʷʤʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ 

ʅʘʡʪʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʩʚʷʟʳʚʘʥʠʝ 

C(NHC)-Pd ʧʦ ʢʦʚʘʣʝʥʪʥʦʤʫ ʪʠʧʫ. 

5) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʗʄʈ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʟʫʯʝʥʠʶ 

ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʠʩʭʦʜʷʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʨʝʚʨʘʱʝʥʠʝʤ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʠʦʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ. 
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6) ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʤʝʪʦʜʳ ʞʠʜʢʦʩʪʥʦʡ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠ 

ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʠ 

ʧʣʘʪʠʥʳ, ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɽʚʨʦʧʝʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʧʦ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çESOC 2021è (ʄʦʩʢʚʘ, 2021 ʛ.), IX ʄʦʣʦʜʝʞʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ, 2021 ʛ.), ʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (ʄʦʩʢʚʘ, 2022 ʛ.), ʅʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʥʪʝʟʝ, ʢʘʪʘʣʠʟʝ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʤ ʜʠʟʘʡʥʝ (ʄʦʩʢʚʘ, 2022 ʛ.). 

 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 4 ʥʘʫʯʥʳʭ ʩʪʘʪʴʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʦʚ 

ɺɸʂ, ʘ ʪʘʢʞʝ ʠʟʣʦʞʝʥʳ ʚ 4 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ: 

1. Prima D. O., Kulikovskaya N. S., Novikov R. A., Kostyukovich A. Yu., 

Burykina J. V., Chernyshev V. M., Ananikov V. P. Revealing the mechanism 

of combining best properties of homogeneous and heterogeneous catalysis in 

hybrid Pd/NHC systems // Angew. Chem. Int. Ed. ï 2024. ï Vol. 63. ï ˉ 27 ï 

e202317468 (IF = 16.6, Q1) 

2. Prima D. O., Kulikovskaya N. S., Galushko A. S., Mironenko R. M., Ananikov 

V. P. Transition metal çcocktailè-type catalysis // Curr. Opin. Green Sustain. 

Chem. ï 2021. ï 100502 (IF = 5.165, Q1)  

3. Kulikovskaya N. S., Ondar E. E., Perepukhov A. M., Novikov R. A., 

Kostyukovich A. Yu., Ananikov V. P. Structure and dynamic rearrangements 

of complexes Pt2dba3 and Pd2dba3 in solution // Inorg. Chem. ï 2024. ï  

Vol. 63. ï ˉ 23 ï P. 10527ï10541 (IF = 4.6, Q1)  
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4. Kulikovskaya N. S., Denisova E. A., Ananikov V. P. A novel approach to 

study catalytic reactions via Electrophoretic NMR on the example of Pd/NHC-

catalyzed Mizoroki-Heck cross-coupling reaction // Magn. Reson. Chem. ï 

2022. ï Vol. 60 ï ˉ 10. ï P. 954ï962 (IF = 2.447, Q2)  

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ 

ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʞʠʜʢʦʩʪʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ), ʘ ʪʘʢʞʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʧʦʠʩʢʘ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʭ ʢʘʢ SciFinder ʠ Web of Science, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʳ ʧʝʨʚʦʠʩʪʦʯʥʠʢʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʠ. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʠʩʢʝ, 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʠʟʫʯʝʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʤʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ. ʉʦʠʩʢʘʪʝʣʴ ʦʩʫʱʝʩʪʚʣʷʣ ʗʄʈ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʧʦʣʥʷʣ 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʟʘʥʠʤʘʣʩʷ 

ʦʙʨʘʙʦʪʢʦʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʪʨʠ 

ʛʣʘʚʳ, ʚʳʚʦʜʳ ʠ ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʠʡ 183 ʠʩʪʦʯʥʠʢʘ. 

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 134 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ 52 

ʨʠʩʫʥʢʘ, 5 ʩʭʝʤ ʠ 33 ʫʨʘʚʥʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʜʝʣ ʩ ʙʣʘʛʦʜʘʨʥʦʩʪʷʤʠ, 

ʘ ʪʘʢʞʝ ʧʝʨʝʯʝʥʴ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʘ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʢʦʥʮʝʧʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠʭ ʠʟʫʯʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʗʄʈ, ʧʦʵʪʦʤʫ ʝʡ ʧʦʩʚʷʱʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʙʟʦʨʘ. 

 

1.1 ʈʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ  

ʈʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʤʝʪʘʣʣʘʤʠ, ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʢʨʘʩʠʪʝʣʠ, ʘʛʨʦʭʠʤʠʢʘʪʳ ʠ 

ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦʙ ʠʩʪʠʥʥʦʡ ʧʨʠʨʦʜʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʘʪʘʣʠʟʘʪʦʨʘ: ʷʚʣʷʶʪʩʷ ʣʠ ʠʤʠ 

ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʪʚʝʨʜʦʤ ʥʦʩʠʪʝʣʝ, ʠʣʠ ʯʘʩʪʠʮʳ ʤʝʪʘʣʣʘ, 

ʚʳʤʳʪʳʝ ʚ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʝʡʩʪʚʫʶʪ ʦʙʘ ʪʠʧʘ ʢʦʤʧʦʥʝʥʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʠʩʢʣʶʯʘʝʪ ʫʯʘʩʪʠʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʬʘʟʳ, ʥʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨʦʚ ʠ 

ʥʘʥʦʯʘʩʪʠʮ (ʅʏ), ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ. ʇʨʦʙʣʝʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʢʘʪʘʣʠʟʘ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʉʦʛʣʘʩʥʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʢʘʪʘʣʠʟ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ 

ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪʴ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ [1ï6]. 

ʇʦʥʠʤʘʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʢʘʪʘʣʠʟʘ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʘʢʪʠʚʥʳʭ, ʩʝʣʝʢʪʠʚʥʳʭ, ʩʪʘʙʠʣʴʥʳʭ ʠ 

ʨʝʮʠʢʣʠʟʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʣʘʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʢʘʪʘʣʠʟʘ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʋʩʧʝʭʠ, ʜʦʩʪʠʛʥʫʪʳʝ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳʪʠʶ ʢʦʥʮʝʧʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ 

(çcocktailè-type catalysis), ʚ ʢʦʪʦʨʳʭ ʚ ʦʜʥʦʤ ʨʝʘʢʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ï ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʣʘʩʪʝʨʳ ʠ ʥʘʥʦʯʘʩʪʠʮʳ [7]. 

 

1.2 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʦʩʦʙʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

1.2.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʢʪʝʡʣʷ çʩʥʠʟʫ ʚʚʝʨʭè: ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢ 

ʥʘʥʦʢʘʪʘʣʠʟʫ 

ʉʦʣʠ ʠ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʛʦʤʦʛʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʘʪʘʣʠʟʘ (ʈʠʩʫʥʦʢ 1ʘ). ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʮʝʩʩʳ ʵʚʦʣʶʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʯʘʩʪʠʮ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

(ʈʠʩʫʥʦʢ 1ʙ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʢʣʘʩʪʝʨʘʤʠ (ʈʠʩʫʥʦʢ 1ʚ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʛʦʤʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ), 

ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ (ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ). 

ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-C ʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʠ ʠ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ (ʈʠʩʫʥʦʢ 2). ɺ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ. ʅʘʧʨʠʤʝʨ, ʚ ʪʦʥʢʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʘʮʝʪʘʪ 

ʧʘʣʣʘʜʠʷ Pd(OAc)2 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ [8,9]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  
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(ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʦʣʠ PdX2) ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ. ʇʨʦʩʪʦʝ ʨʘʩʪʚʦʨʝʥʠʝ Pd(OAc)2 ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [10] ʩʘʤʦ 

ʧʦ ʩʝʙʝ ʩʧʦʩʦʙʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ (ʈʠʩʫʥʦʢ 1ʚ). 

 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ ʚʩʣʝʜʩʪʚʠʝ 

ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʦʚ (ʘïʚ) ʠ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ (ʛïʜ) ʚ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ɸʜʘʧʪʠʨʦʚʘʥʥʦ ʠ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʠʟ ʨʘʙʦʪʳ ʘʚʪʦʨʘ (ʨʘʙʦʪʘ 

ˉ2 ʥʘ ʩʪʨ. 9). 

ʂʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ ʩ NHC-ʣʠʛʘʥʜʘʤʠ (M/NHC) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʪʘʣʠʟʝ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʪʝʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʣʠʛʘʥʜʦʚ [11,12]. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʯʠʪʘʣʠʩʴ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ Pd-NHC. ʆʜʥʘʢʦ ʧʦʟʜʥʝʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʢʦʤʧʣʝʢʩʳ Pd/NHC ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʝ 
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ʧʝʨʝʩʪʨʦʡʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʭʦʜʫ NHC-ʣʠʛʘʥʜʘ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ 

ʧʘʣʣʘʜʠʷ [13]. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ (R-NHC ʩʦʯʝʪʘʥʠʝ) ʧʨʦʪʝʢʘʝʪ ʚ ʠʥʪʝʨʤʝʜʠʘʪʘʭ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʜʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʠ ʧʨʠʚʦʜʠʪ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʦʚ ʧʘʣʣʘʜʠʷ ʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʣʷʤʠ ʘʟʦʣʠʷ. ʈʝʘʢʮʠʷ R-NHC ʩʦʯʝʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʦʙʨʘʟʦʚʘʥʠʷ çʢʦʢʪʝʡʣʷè ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟ ʢʦʤʧʣʝʢʩʦʚ M/NHC [14ï16]. 

ɺʦʧʨʝʢʠ ʫʩʪʦʷʚʰʝʤʫʩʷ ʤʥʝʥʠʶ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʧʨʦʯʥʦʡ ʩʚʷʟʠ M-NHC, 

ʪʘʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʡ ʜʝʤʦʥʩʪʨʘʮʠʝʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʨʘʟʨʳʚʘ 

ʩʚʷʟʠ M-NHC, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘ. ʇʨʝʚʨʘʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ M/NHC ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʷʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʜʣʷ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ [17]. 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨʳ ʨʝʘʢʮʠʡ (ʘ) ï ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ,  

(ʙ) ï ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, (ʚ) ï ʯʘʩʪʠʯʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʜʘʥʥʳʭ ʨʝʘʢʮʠʷʭ çʢʦʢʪʝʡʣʴʥʳʝè ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: (ʛ) ï ʩʦʣʠ ʠ ʢʦʤʧʣʝʢʩʳ 

ʤʝʪʘʣʣʦʚ ʠ (ʜ) ï ʤʝʪʘʣʣʳ ʥʘ ʧʦʜʣʦʞʢʝ. ɸʜʘʧʪʠʨʦʚʘʥʥʦ ʠ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ 

ʷʟʳʢ ʠʟ ʨʘʙʦʪʳ ʘʚʪʦʨʘ (ʨʘʙʦʪʘ ˉ2 ʥʘ ʩʪʨ. 9). 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ ʚ 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʶ ʚʢʣʘʜʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ  
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(ʈʠʩʫʥʦʢ 2ʚ) [18ï25]. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʧʠʨʠʜʠʣ)ʙʝʥʟʦʘʟʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʘʣʣʘʜʠʷ (II) ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʪʠʨʦʣʘ (ʢʦʥʚʝʨʩʠʷ 98%) ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ Pd [19]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ Pd, ʢʦʪʦʨʳʝ ʩʣʫʞʠʣʠ ʨʝʟʝʨʚʫʘʨʦʤ ʘʢʪʠʚʥʦʛʦ 

ʛʦʤʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ ʥʘʥʦʯʘʩʪʠʮ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʤʳʚʘʥʠʷ. ɸʥʘʣʦʛʠʯʥʳʡ ʚʳʚʦʜ ʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʢʘʪʘʣʠʟʘ ʙʳʣ ʩʜʝʣʘʥ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʠʜʨʦʛʝʥʦʣʠʟʘ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʜʦ ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ in situ ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ ʩ ʬʦʩʬʠʥʦʤ [20]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʦʤʦʛʝʥʥʦʛʦ ʨʦʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʥʝ 

ʩʘʤʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʘ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʦʜʠʷ [22]. ɼʘʥʥʳʡ ʚʳʚʦʜ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʨʦʜʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʚʝʜʝʥʠʝ ʨʘʩʪʚʦʨʠʤʳʭ 

ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [24]. 

 

1.2.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʢʪʝʡʣʷ çʩʚʝʨʭʫ ʚʥʠʟè: ʦʪ ʥʘʥʦʯʘʩʪʠʮ ʢ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʢʘʪʘʣʠʟʫ 

ɸʪʦʤʳ, ʢʣʘʩʪʝʨʳ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

(ʈʠʩʫʥʦʢ 1ʛ). ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠʭ 

ʚʳʜʝʣʝʥʠʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʮʠʢʣʠʟʘʮʠʠ. ɼʦʣʛʦʝ ʚʨʝʤʷ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʚʳʤʳʚʘʪʴʩʷ ʠʟ ʥʦʩʠʪʝʣʷ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚ ʨʘʩʪʚʦʨʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʠʩʫʥʦʢ 1ʜ). ʏʘʩʪʠʮʳ, ʦʩʪʘʚʰʠʝʩʷ ʥʘ ʥʦʩʠʪʝʣʝ, ʧʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ, ʪʦʛʜʘ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 
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ʘʛʣʦʤʝʨʘʮʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ. ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʠ ʚʢʣʶʯʘʪʴ ʧʨʦʮʝʩʩ ʧʝʨʝʦʩʘʞʜʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʦʚʳʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ ʥʘʩʪʨʦʡʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ in situ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ 

(ʈʠʩʫʥʦʢ 1ʝ). 

ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 

(ʈʠʩʫʥʦʢ 2aïʚ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʠ 

ʦʢʩʠʜʥʳʝ ʧʦʜʣʦʞʢʠ (ʈʠʩʫʥʦʢ 2ʜ). 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ M/C ʠʣʠ M/ʦʢʩʠʜ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʷʭ. 

ʉʦʦʙʱʘʣʦʩʴ ʦ ʩʦʟʜʘʥʠʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ 

Pd/SiO2 [26]. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʧʩʝʚʜʦʛʦʤʦʛʝʥʥʦʤ ʨʝʞʠʤʝ ʚ 

ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ ʟʘ ʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʚ 

ʩʠʩʪʝʤʝ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 3D-ʧʝʯʘʪʠ ʧʦʜʣʦʞʢʠ ʜʣʷ ʧʘʣʣʘʜʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ [27]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ ʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ 

(ʈʠʩʫʥʦʢ 2ʘ, ʙ). ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚʳʤʳʚʘʝʪʩʷ ʜʦ 

5 % ʥʘʥʝʩʝʥʥʦʛʦ ʧʘʣʣʘʜʠʷ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʧʦʨʦʰʢʦʚʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ɺʳʤʳʚʘʥʠʝ ʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ 

ʩ ʥʦʩʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨ ʩʦʟʜʘʝʪ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʠ ʠʥʠʮʠʠʨʫʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ. 

ɺʳʤʳʚʘʥʠʝ ʧʘʣʣʘʜʠʷ ʚ ʨʘʩʪʚʦʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʙʳʣʦ ʦʧʠʩʘʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʩʦʯʝʪʘʥʠʷ  

ʉʫʟʫʢʠ-ʄʠʷʫʨʳ [28]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʥʦʩʠʪ 

ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, ʚʳʤʳʪʳʝ ʚ ʨʘʩʪʚʦʨ, 

ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳʤʠ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʦʣʴ 

ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ ʠʣʠ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 
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ʘʢʪʠʚʥʦʩʪʴʶ ʠʣʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʂʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ Fe3O4/Pd ʢʘʪʘʣʠʟʠʨʦʚʘʣʠ 

ʨʝʘʢʮʠʶ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʘʨʠʣʠʨʦʚʘʥʠ ̫ [29]. ʅʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ ʠ 

Pd/Al2O3, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ, ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ ʠ ʘʤʠʥʠʨʦʚʘʥʠʷ 

ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ [30,31]. NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ Pd, Au 

ʠ ʩʧʣʘʚʘ Au-Pd ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʨʦʚʘʥʠʷ [32ï35]. ʅʘʥʦʯʘʩʪʠʮʳ 

ʟʦʣʦʪʘ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ NHC-ʣʠʛʘʥʜʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ CO2 [35ï37]. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ NHC-ʣʠʛʘʥʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʣʠʥʥʳʝ 

ʘʣʢʠʣʴʥʳʝ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʳʝ  

NHC-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ [38].  

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʧʘʣʣʘʜʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʞʫʪʦʚʳʝ ʧʘʣʦʯʢʠ 

[39]. ʊʘʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨ ʚʳʜʝʨʞʠʚʘʝʪ ʜʦ ʩʝʤʠ ʮʠʢʣʦʚ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʩʣʝ ʩʝʜʴʤʦʛʦ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʳʤʳʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨ 

ʠ ʠʭ ʫʯʘʩʪʠʠ ʚ ʢʘʪʘʣʠʟʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʪʝʨʷ ʤʝʪʘʣʣʘ ʩ ʥʦʩʠʪʝʣʷ, ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʠʢʣʠʟʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʦʜʫʢʪʘ ʩʣʝʜʘʤʠ ʤʝʪʘʣʣʦʚ.  

ʇʨʠʨʦʜʘ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʦʙʩʫʞʜʘʣʠʩʴ ʪʘʢʞʝ 

ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 2ʚ, ʜ) [40ï43]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʣʠʪ-ʪʝʩʪʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 4-ʥʠʪʨʦʬʝʥʦʣʘ 

ʥʘ ʥʘʥʝʩʝʥʥʦʤ ʩʝʨʝʙʨʷʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʤʳʚʘʥʠʝ ʩʝʨʝʙʨʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʢʘʪʘʣʠʟʠʨʫʶʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ 

(ʥʘʨʷʜʫ ʩ ʩʝʨʝʙʨʦʤ ʥʘ ʥʦʩʠʪʝʣʝ) [40]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, 
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ʥʘʥʝʩʝʥʥʳʝ ʥʘ rGO (ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʢʩʠʜ ʛʨʘʬʝʥʘ), ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC, ʦʢʘʟʘʣʠʩʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʘʛʣʦʤʝʨʘʮʠʠ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʣʠʛʘʥʜʦʚ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ [41]. ɺʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ Pd/rGO ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʠʣʘʩʴ ʚ 

ʪʝʯʝʥʠʝ ʜʝʩʷʪʠ ʦʧʳʪʦʚ. ʆʜʥʘʢʦ ʩʦʩʪʘʚ ʥʘʥʝʩʝʥʥʳʭ ʅʏ Pd ʤʝʥʷʣʩʷ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʮʠʢʣʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʠʥʘʤʠʯʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

 

1.2.3 ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʝʥʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʚ ʛʦʤʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ ʩ ʫʯʘʩʪʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʉ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 1995 ʛʦʜʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʩʚʷʟʠ ʩ ʠʭ ʙʦʣʴʰʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [44]. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ M/NHC ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʣʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ NHC ʠ ʩʪʝʨʠʯʝʩʢʠʤ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ. ʆʜʥʘʢʦ ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʣʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʠ 

MïNHC ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʫʶ 

ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ M/NHC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʳʚʘ 

ʩʚʷʟʠ ʄ-NHC ʦʙʨʘʟʫʝʪʩʷ çʢʦʢʪʝʡʣʴè ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʤʝʩʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʦʤʧʣʝʢʩʦʚ, ʢʣʘʩʪʝʨʦʚ ʠ 

ʥʘʥʦʯʘʩʪʠʮ. ʂʦʤʧʦʥʝʥʪʳ ʜʘʥʥʦʡ ʩʤʝʩʠ ʤʦʛʫʪ ʧʨʝʚʨʘʱʘʪʴʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ 

(ʈʠʩʫʥʦʢ 3) [7]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ çʢʦʢʪʝʡʣè̫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʚʳʤʳʚʘʥʠʝ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʘʛʨʝʛʘʮʠʷ/ʨʦʩʪ, 

ʧʝʨʝʦʩʘʞʜʝʥʠʝ) ʠ ʵʚʦʣʶʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ɼʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʛʦʤʦʛʝʥʥʳʤ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʤ ʢʘʪʘʣʠʟʦʤ ʨʘʟʤʳʪʳ [7]. ʀʩʪʠʥʥʘʷ ʬʦʨʤʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʚʦʜʠʤʦʛʦ ʚ ʩʠʩʪʝʤʫ ʠʩʪʦʯʥʠʢʘ 

ʤʝʪʘʣʣʘ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ).  
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ɺʳʤʳʚʘʥʠʝ ï ʦʯʝʥʴ ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʢʘʩʢʘʜ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʣʘʩʪʝʨʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʦʣʣʦʠʜʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ [7,45,46]. 

 

ʈʠʩʫʥʦʢ 3. ɼʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ. 

ɸʜʘʧʪʠʨʦʚʘʥʥʦ ʠ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʠʟ ʨʘʙʦʪʳ ʘʚʪʦʨʘ (ʨʘʙʦʪʘ ˉ2 ʥʘ 

ʩʪʨ. 9). 
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ʇʝʨʝʩʪʨʦʡʢʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ (ʜʠʩʩʦʮʠʘʮʠʷ, ʧʦʪʝʨʷ/ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʣʠʛʘʥʜʦʚ, R-NHC ʩʦʯʝʪʘʥʠʝ, O-NHC ʩʦʯʝʪʘʥʠʝ ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ) ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʛʦʤʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ [7,17]. 

ɼʠʩʩʦʮʠʘʮʠʷ NHC-ʣʠʛʘʥʜʘ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ 

R-NHC ʩʦʯʝʪʘʥʠʷ ʚʦʟʤʦʞʥʘ ʚ ʨʝʘʢʮʠʷʭ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, ʉʫʟʫʢʠ-ʄʠʷʫʨʳ,  

CH-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ (ʉʭʝʤʘ 1). ʇʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ  

Pd(II) [47], Ni(II ) [48], Ru(II ) [49], Rh(III ) [50] ʠ Fe(III ) [51]. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ 

M(II )/NHC, ʧʨʦʜʫʢʪʳ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ M0, ʯʘʩʪʦ ʥʝʩʪʘʙʠʣʴʥʳ ʠ 

ʦʙʨʘʟʫʶʪ ʢʣʘʩʪʝʨʳ ʠ ʥʘʥʦʯʘʩʪʠʮʳ. 

 

ʉʭʝʤʘ 1. ʄʝʭʘʥʠʟʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ R-NHC. 

ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʢʦʤʧʣʝʢʩʳ M/NHC (M = Pd, Pt) 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ ʠ ʘʟʦʣʠʝʚʳʭ ʩʦʣʝʡ (ʉʭʝʤʘ 2). 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʝʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʛʝʥʝʨʘʮʠʠ ʢʘʪʠʦʥʦʚ ʘʟʦʣʠʷ [NHC-H]+ [52,53]. 

 

ʉʭʝʤʘ 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ NHC-ʣʠʛʘʥʜʘʤʠ ʩ 

ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. 
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ʉʚʦʙʦʜʥʳʡ NHC-ʣʠʛʘʥʜ ʤʦʞʝʪ ʙʳʩʪʨʦ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

M/NHC, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʢʦʤʧʣʝʢʩʘ M(NHC)2X2 [53]. ɼʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʠ ʘʟʦʣʠʷ ʠ ʘʢʪʠʚʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʠʣʠ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ (ʉʭʝʤʘ 3). 

 

ʉʭʝʤʘ 3. ʈʘʟʣʦʞʝʥʠʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ NHC-ʣʠʛʘʥʜʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚʘʥʠʡ (ʪʘʢʠʭ ʢʘʢ ʛʠʜʨʦʢʩʠʜʳ ʠʣʠ 

ʢʘʨʙʦʥʘʪʳ), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʪʘʣʠʟʝ, ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʧʦ ʤʝʭʘʥʠʟʤʫ O-NHC ʩʦʯʝʪʘʥʠʷ (ʉʭʝʤʘ 4) 

[54]. 

 

ʉʭʝʤʘ 4. ʀʥʠʮʠʠʨʫʝʤʘʷ ʦʩʥʦʚʘʥʠʝʤ ʨʝʘʢʮʠʷ O-NHC ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

M/NHC. 

ʊʘʢʞʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ H-NHC ʩʦʯʝʪʘʥʠʝ (ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʡ ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʉʭʝʤʘʭ 2 ʠ 3) ʠ N-NHC 

ʩʦʯʝʪʘʥʠʝ [55]. ʇʨʦʪʝʢʘʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʣʘʩʪʝʨʦʚ, ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʠ ʥʘʥʦʯʘʩʪʠʮ. ʕʚʦʣʶʮʠʷ 
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ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʘʢ çʩʥʠʟʫ ʚʚʝʨʭè, ʪʘʢ ʠ çʩʚʝʨʭʫ ʚʥʠʟè ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʭʦʜʥʦʡ 

ʩʠʩʪʝʤʝ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ (ʈʠʩʫʥʦʢ 1ʚ, 1ʝ). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʨʝʘʛʝʥʪʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ʇʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʮʠʠ, ʘʛʨʝʛʘʮʠʠ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

(ʈʠʩʫʥʦʢ 3). 

ɺ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʳʤʳʚʘʥʠʝ ʯʘʩʪʠʮ 

ʤʝʪʘʣʣʦʚ ʩ ʥʦʩʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʦʩʘʞʜʝʥʠʝʤ ʢʣʘʩʪʝʨʦʚ 

ʤʝʪʘʣʣʦʚ ʠ ʥʘʥʦʯʘʩʪʠʮ ʦʙʨʘʪʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ [9,56,57]. ɺʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ, ʠʤʝʥʥʦ ʧʝʨʝʦʩʘʞʜʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [58ï60]. ʏʘʩʪʠʮʳ ʤʦʛʫʪ ʙʳʪʴ ʩʥʦʚʘ ʚʳʤʳʪʳ ʩ ʥʦʩʠʪʝʣʷ, ʧʦʜʜʝʨʞʠʚʘʷ 

ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʠ ʦʙʥʦʚʣʷʷ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ. 

 

1.2.4 ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Pt2dba3 ʠ Pd2dba3 

ɻʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʝʜʝʥʠʷ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ 

ʛʨʫʧʧ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-Si. 

ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʳ ʉʧʘʡʝʨʘ (H2PtCl6) [61], ʂʘʨʪʩʪʝʜʘ 

(Pt2dvtms3, dvtms = 1,3-ʜʠʚʠʥʠʣ-1,1,3,3-ʪʝʪʨʘʤʝʪʠʣʜʠʩʠʣʦʢʩʘʥ) [62] ʠ ʄʘʨʢʦ 

(NHC)Pt(dvtms) [63] ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʣʘʪʠʥʳ ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʈʘʥʝʝ, ʦʙʨʘʟʦʚʘʥʠʝ çʢʦʢʪʝʡʣʴʥʦʡè ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʣʢʝʥʦʚ ʠ ʘʣʢʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Pt/C [64].  

ɺ ʭʠʤʠʠ ʧʣʘʪʠʥʳ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Pt2dba3 

(ʪʨʠʩ(ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ)ʜʠʧʣʘʪʠʥʳ) [65ï75]. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ 

ʧʨʷʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Pt2dba3 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ [76ï78]. ʂʦʤʧʣʝʢʩ Pt2dba3 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʙʠʣʴʥʦʝ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʨʘʚʥʠʤ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ Pt2dvtms3. ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʦʙʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʦʷʚʣʷʣʠ ʧʦʚʝʜʝʥʠʝ ʩʚʦʡʩʪʚʝʥʥʦʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ [79]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʘ Pt2dba3, ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʚ ʨʘʩʪʚʦʨʝ 

ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ. ʍʦʪʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ Pt(0) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ, ʚʘʞʥʳʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʝʜʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʤʦʛʘʶʪ ʧʨʦʣʠʪʴ 

ʩʚʝʪ ʥʘ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

Pt(0), ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʘʞʥʦʩʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙrʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʥʘ ʧʨʠʤʝʨʝ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Pd2dba3, ʢʦʪʦʨʳʡ ʙʳʣ ʠʟʫʯʝʥ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ. 

ʂʦʤʧʣʝʢʩʳ Pt2dba3 ʠ Pd2dba3 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ 

M2, ʦʢʨʫʞʝʥʥʳʡ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʦʚ ʚʭʦʜʷʪ ʪʨʠ 

ʣʠʛʘʥʜʘ dba. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ M2dba3 (M = Pt ʠʣʠ Pd) ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʚʦʟʤʦʞʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ dba, ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ  

(ʈʠʩʫʥʦʢ 4ʘïʙ).  

ʇʝʨʚʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Pt2dba3 ʚ ʨʘʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ ʂʘʚʘʜʟʫʨʳ ʠ ʩʦʘʚʪʦʨʦʚ (ʈʠʩʫʥʦʢ 4ʚ) [80]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ 

ʩʝʣʝʢʪʠʚʥʦ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʜʚʘ s-ʮʠʩ,s-ʪʨʘʥʩ ʠ ʦʜʠʥ s-ʮʠʩ,s-ʮʠʩ ʣʠʛʘʥʜ. ʆʜʥʘʢʦ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʝ ʭʚʘʪʘʣʦ ʜʘʥʥʳʭ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ ʨʷʜʝ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʬʦʨʤʘʮʠʠ dba ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʥʠʮʳ ʚ ʟʥʘʯʝʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ ʧʨʦʪʦʥʦʚ HŬ ʠ Hɓ. 
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ʈʠʩʫʥʦʢ 4. (ʘ) ï ɺʦʟʤʦʞʥʳʝ ʢʦʥʬʦʨʤʝʨʳ dba, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʤʧʣʝʢʩʦʚ M2dba3, (ʙ) ï ʧʨʠʤʝʨ ʩʭʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ Pd2dba3, (ʚ) ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ Pd2dba3 ʠ Pt2dba3 ʚ ʨʘʩʪʚʦʨʝ ʠ 

ʪʚʝʨʜʦʡ ʬʘʟʝ. ɸʜʘʧʪʠʨʦʚʘʥʥʦ ʠ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʠʟ ʨʘʙʦʪʳ ʘʚʪʦʨʘ 

(ʨʘʙʦʪʘ ˉ3 ʥʘ ʩʪʨ. 9). 
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ʂʦʤʧʣʝʢʩ Pt2dba3 ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʫʶ 

ʧʝʨʝʩʪʨʦʡʢʫ ʠ ʪʝʨʷʝʪ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʧʣʘʪʠʥʳ. ʃʴʶʠʩ ʠ ʩʦʘʚʪʦʨʳ ʩʦʦʙʱʘʣʠ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʨʠʩʪʘʣʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʜʚʫʭ ʢʦʤʧʣʝʢʩʦʚ 

Pt2dba3 ʠ Ptdba3 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 44:56 % [81]. ɺ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʘʭ ʣʠʛʘʥʜʳ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ s-ʮʠʩ,s-ʪʨʘʥʩ ʢʦʥʬʦʨʤʘʮʠʶ, ʯʪʦ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʚ 

ʨʘʩʪʚʦʨʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʂʘʚʘʜʟʫʨʦʡ. ɺ ʤʦʥʦʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʘʪʦʤ Pt ʩʚʷʟʘʥ ʩ 

ʬʨʘʛʤʝʥʪʘʤʠ s-ʪʨʘʥʩ ʦʣʝʬʠʥʘ ʚ ʢʦʥʬʦʨʤʘʮʠʠ dba s-ʮʠʩ,s-ʪʨʘʥʩ. ɸʥʘʣʦʛʠʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ɼʝʣʴ'ɸʤʠʢʦ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ, ʦʜʥʘʢʦ ʜʦʣʷ ʤʦʥʦʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʢʨʠʩʪʘʣʣʝ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠ ʩʦʩʪʘʚʣʷʣʘ 97 % [82]. 

ʇʝʨʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ Pd2dba3 ʚ ʨʘʩʪʚʦʨʝ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʂʘʚʘʜʟʫʨʦʡ, ʧʨʠʚʝʣʦ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʦʜʥʦʡ s-ʮʠʩ,s-ʪʨʘʥʩ ʠ ʜʚʫʭ  

s-ʪʨʘʥʩ,s-ʮʠʩ ʢʦʥʬʦʨʤʘʮʠʡ dba ʣʠʛʘʥʜʦʚ (ʈʠʩʫʥʦʢ 4ʚ) [83]. ʇʦʟʜʥʝʝ ɸʥʘʥʠʢʦʚ ʠ 

ɿʘʣʝʩʩʢʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ 

ʬʦʨʤʘʭ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʤʝʨʥʦ 1:0.2 ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʭʠʤʠʯʝʩʢʠʡ ʦʙʤʝʥ [84]. ʉʪʨʫʢʪʫʨʳ ʦʙʦʠʭ ʠʟʦʤʝʨʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʛʨʫʧʧʦʡ ʌʘʠʨʣʘʤʙʘ [85]. ʆʩʥʦʚʥʦʡ 

ʠʟʦʤʝʨ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʂʘʚʘʜʟʫʨʦʡ. 

ʂʦʥʬʦʨʤʘʮʠʠ ʣʠʛʘʥʜʦʚ dba ʚ ʤʠʥʦʨʥʦʤ ʠʟʦʤʝʨʝ ʙʳʣʠ ʩʣʝʜʫʶʱʠʤʠ:  

s-ʮʠʩ,s-ʪʨʘʥʩ, s-ʪʨʘʥʩ,s-ʮʠʩ ʠ s-ʪʨʘʥʩ,s-ʪʨʘʥʩ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

Pd2dba3 ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʝʱʝ ʚ 1974 ʛʦʜʫ ʇʠʨʧʦʥʪʦʤ [86] ʠ ʀʰʠʠ [87]. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ Pd2dba3 ʟʘʚʠʩʝʣʘ ʦʪ ʤʦʣʝʢʫʣʳ ʩʦʣʴʚʘʪʘ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ. ʊʘʢ, ʚ ʢʨʠʩʪʘʣʣʝ Pd2dba3-CHCl3, ʦ ʢʦʪʦʨʦʤ ʩʦʦʙʱʠʣ ʀʰʠʠ, ʣʠʛʘʥʜʳ dba 

ʠʤʝʶʪ ʢʦʥʬʠʛʫʨʘʮʠʶ (2*s-ʮʠʩ,s-ʪʨʘʥʩ ʠ s-ʪʨʘʥʩ,s-ʮʠʩ), ʢʦʪʦʨʘʷ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʦʩʥʦʚʥʦʛʦ ʠʟʦʤʝʨʘ ʚ ʨʘʩʪʚʦʨʝ. ʇʠʨʧʦʥʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʢʨʠʩʪʘʣʣ 

Pd2dba3-CH2Cl2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ (s-ʮʠʩ,s-ʪʨʘʥʩ, s-ʪʨʘʥʩ,s-ʮʠʩ, s-ʪʨʘʥʩ,s-ʪʨʘʥʩ), 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʦʨʥʦʤʫ ʠʟʦʤʝʨʫ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ. ʇʦʟʞʝ 

ʢʨʠʩʪʘʣʣ Pd2dba3-CH2Cl2 ʙʳʣ ʪʘʢʞʝ ʦʧʠʩʘʥ ʇʨʝʛʦʟʠʥʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ, ʦʜʥʘʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʬʦʨʤʘʮʠʠ ʚʩʝʭ ʣʠʛʘʥʜʦʚ ʥʝ ʫʜʘʣʦʩʴ [88]. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ ʩ 

ʭʣʦʨʦʬʦʨʤʦʤ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʌʘʠʨʣʘʤʙʦʤ [89] ʠ ʩʦʚʧʘʜʘʝʪ 

ʩ ʛʝʦʤʝʪʨʠʝʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʀʰʠʠ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʤʝʯʘʣʠ ʥʘʣʠʯʠʝ 
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ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʚ ʨʘʩʪʚʦʨʝ Pd2dba3, ʦʜʥʘʢʦ ʦ ʤʝʭʘʥʠʟʤʘʭ ʵʪʠʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʥʝ ʩʦʦʙʱʘʣʦʩʴ. 

 

1.3 ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʇʦʩʢʦʣʴʢʫ çʢʦʢʪʝʡʣʴʥʳʝè ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ 

ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʨʩʝʥʘʣ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

(ʈʠʩʫʥʦʢ 5). 

 

ʈʠʩʫʥʦʢ 5. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɸʜʘʧʪʠʨʦʚʘʥʥʦ ʠ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʠʟ ʨʘʙʦʪʳ ʘʚʪʦʨʘ (ʨʘʙʦʪʘ 

ˉ2 ʥʘ ʩʪʨ. 9). 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʨʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʈʕʄ) ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ) ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʝ. 

ʄʝʪʦʜ ʟʘʭʚʘʪʘ ʥʘʥʦʯʘʩʪʠʮ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ  
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(nanofishing ï ʥʘʥʦʬʠʰʠʥʛ) ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ 

(ʕʄ) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʜʢʠʭ ʩʠʩʪʝʤ [90ï93]. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʨʘʩʪʨʦʚʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʇʈʕʄ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ. ɺʘʞʥʳʝ ʤʝʪʦʜʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʦʩʪʦʷʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʚʢʣʶʯʘʶʪ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʧʦʛʣʦʱʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ [39,90,94,95]. 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ (ʀʕʈ-ʄʉ) 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [96]. ʄʦʥʠʪʦʨʠʥʛʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʶʪ 

ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʥʝʩʪʘʙʠʣʴʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ [93]. ɸʥʘʣʠʟ ʥʝʙʦʣʴʰʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʯʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ (ʄɸʃɼʀ) [97]. 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʝʘʢʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ [49]. ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʦʙʲʝʤʝ  

(ʀʉʇ ï ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʘʷ ʧʣʘʟʤʘ) [27,28,39,98] ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ/ʪʦʥʢʦʤ 

ʩʣʦʝ (ʕɼʉ ï ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʈʕʄ ʠ ʇʕʄ) [99,100]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʘʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʩʣʦʞʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [59,91,95,101,102]. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ 

ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʚ ʧʫʣʳ ʯʘʩʪʠʮ ʠ ʚʳʷʚʣʝʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʧʨʦʮʝʩʩʦʚ ʚʳʤʳʚʘʥʠʷ [103]. 

ʇʨʦʩʪʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʦʪʨʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʦʪʨʘʚʣʝʥʠʝ 

ʨʪʫʪʴʶ) ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʩʠʩʪʝʤʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʪʨʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʟʤʝ ʠ ʜʘʪʴ ʥʝʢʦʪʦʨʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʩʪʠʷ ʘʛʨʝʛʘʪʦʚ Pd ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 
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ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [3,104,105]. ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʦʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ 

ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ [106]. ɻʦʨʷʯʝʝ ʬʠʣʴʪʨʦʚʘʥʠʝ ʠʣʠ ʩʧʣʠʪ-ʪʝʩʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʳʤʳʚʘʥʠʷ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ [60]. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʟʫʯʘʷ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʯʘʩʪʠʮʘʤʠ ʠ ʢʣʘʩʪʝʨʘʤʠ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ [93]. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʪʴ 

ʵʚʦʣʶʮʠʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ [92]. 

ʀʩʭʦʜʷ ʠʟ ʩʧʝʮʠʬʠʢʠ ʧʨʠʚʝʜʝʥʥʦʛʦ ʜʘʣʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʨʝʙʫʝʪʩʷ 

ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʝʱʝ ʦʜʠʥ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʭ 

ʵʚʦʣʶʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ï ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʗʄʈ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 

ʨʝʰʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʩʧʝʢʪʨʦʚ ʗʄʈ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʜʚʫʤʝʨʥʳʝ ʩʧʝʢʪʨʳ: COSY (ʘʢʨʦʥʠʤ ʦʪ correlation 

spectroscopy) [107], TOCSY (ʘʢʨʦʥʠʤ ʦʪ total correlation spectroscopy), HMBC 

(ʘʢʨʦʥʠʤ ʦʪ heteronuclear multiple-bond correlation spectroscopy) [108], HSQC 

(ʘʢʨʦʥʠʤ ʦʪ heteronuclear single-quantum correlation spectroscopy) [109,110], 

NOESY (ʘʢʨʦʥʠʤ ʦʪ nuclear Overhauser effect spectroscopy) [111,112] ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʞʝ, ʥʦ ʤʦʛʫʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʥʫʶ ʟʘʜʘʯʫ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ [107,109,110]. ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜ EXSY 

(ʘʢʨʦʥʠʤ ʦʪ exchange spectroscopy) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʪʚʦʨʝ. EXSY ʦʪʣʠʯʘʝʪʩʷ ʦʪ NOESY ʪʦʣʴʢʦ ʚʨʝʤʝʥʝʤ ʩʤʝʰʠʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʟʘʜʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ, ʘ ʥʝ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ 

[107]. ʉʠʛʥʘʣʳ EXSY ʜʣʷ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʤʦʛʫʪ ʥʘʭʦʜʠʪɹʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ 

ʩʠʛʥʘʣʘʤʠ NOE. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʤʝʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʦʤ, ʥʦ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʪʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʠ ʝʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʨʝʤʝʥʠ ʩʤʝʰʠʚʘʥʠʷ [113,114]. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ, ʥʦ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʨʦʪʝʢʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [115,116]. ʊʘʢ, 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ 
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ʠʥʪʝʨʚʘʣʘʤʠ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʠ 

ʨʘʩʭʦʜʘ ʚʝʱʝʩʪʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ [117]. ʕʬʬʝʢʪʘ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ 

ʩʧʝʢʪʨʘʭ ʩʤʝʩʝʡ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ DOSY (ʜʠʬʬʫʟʠʦʥʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ) [118ï121]. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ DOSY, ʤʦʞʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʤʝʩʠ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʘʤʦʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ 

ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ [122]. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) in situ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʷʜʨʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [100]. ʅʘʧʨʠʤʝʨ, ʩʧʝʢʪʨʳ ʗʄʈ 31P ʦʯʝʥʴ ʠʥʬʦʨʤʘʪʠʚʥʳ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ 

ʣʠʛʘʥʜʘ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 31ʈ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ ʩ ʤʝʪʘʣʣʦʤ 

[123]. ʂʦʦʨʜʠʥʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [91]. ʉʧʝʢʪʨʦʩʢʦʧʠʶ 

ʗʄʈ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ 13ʉ-ʤʝʯʝʥʥʳʭ NHC-ʣʠʛʘʥʜʦʚ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ ʨʫʪʝʥʠʷ [91]. ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʧʘʣʣʘʜʠʷ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ NHC-ʣʠʛʘʥʜʘʤʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 

ʛʦʤʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Pd/NHC ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [124,125]. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 13ʉ-ʤʝʯʝʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Pd/NHC ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʳʡ ʫʟʢʠʡ ʩʠʛʥʘʣ ʚ ʦʙʣʘʩʪʠ 170ï200 ʤ.ʜ. ɺ ʩʣʫʯʘʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʠʛʥʘʣ ʢʘʨʙʝʥʦʚʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʰʠʨʷʝʪʩʷ ʠ ʩʤʝʱʘʝʪʩʷ ʥʘ ʩʦʪʥʠ ʤ.ʜ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʅʘʡʪʦʚʩʢʠʤ 

ʩʜʚʠʛʦʤ (ʧʦʜʨʦʙʥʝʝ ʚ ʛʣʘʚʝ 1.4.2) [126]. ʅʘʙʣʶʜʝʥʠʝ ʅʘʡʪʦʚʩʢʠʭ ʩʜʚʠʛʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. ʆʩʦʙʝʥʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʅʘʡʪʦʚʩʢʠʤʠ 

ʩʜʚʠʛʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ. ɼʣʷ Pd ʠ Pt ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʅʘʡʪʦʚʩʢʦʛʦ ʩʜʚʠʛʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 1000 ʤ.ʜ.  

ʅʘʙʣʶʜʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʅʘʡʪʦʚʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʧʨʦʩʪʫʶ ʟʘʜʘʯʫ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʯʠʩʣʦ ʪʘʢʠʭ ʨʘʙʦʪ, ʘ ʤʝʪʦʜ ʥʝ ʷʚʣʷʝʪʩʷ ʨʫʪʠʥʥʳʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʅʘʡʪʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ. ʅʘʙʣʶʜʝʥʠʝ 

ʅʘʡʪʦʚʩʢʠʭ ʩʜʚʠʛʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʚ 1950-ʭ ʛʦʜʘʭ [127]. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʅʘʡʪʦʚʩʢʠʭ ʩʜʚʠʛʦʚ 

ʨʝʜʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʝ, ʘ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [128ï130]. ʉʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʶ ʩʠʛʥʘʣʦʚ ʩ ʅʘʡʪʦʚʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ Pt ʠ Pd [131]. ʅʘʧʨʠʤʝʨ, ʭʝʤʦʩʦʨʙʘʮʠʶ 13ʉʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Pt ʠ Pd 

ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ SEDOR (Spin-Echo Double Resonance) 

[124,132,133]. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʦʜʥʦ ʩʦʦʙʱʝʥʠʝ ʠʟ ʥʠʭ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʪʝʤʝ  

NHC-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ [126] . ɼʘʥʥʳʝ ʨʘʙʦʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

 

1.4 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ 

1.4.1 ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ  

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʷʜʝʨ ʩ ʥʝʥʫʣʝʚʳʤ ʩʧʠʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʥʝʰʥʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʬʬʝʢʪ 

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʧʨʠʩʫʱʠʭ ʘʪʦʤʥʳʤ ʷʜʨʘʤ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʧʠʥ ʠ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʫʛʣʦʚʦʤʫ ʤʦʤʝʥʪʫ, ʩʚʷʟʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʨʦʤʘʛʥʠʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ‎. ʉʧʠʥ ʷʜʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʚʘʥʪʦʚʳʤ ʯʠʩʣʦʤ Ὅ ʠ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʮʝʣʳʤ, ʪʘʢ ʠ ʧʦʣʫʮʝʣʳʤ (0, 1/2, 1, 3/2  

ʠ ʪ. ʜ.). ʂʦʛʜʘ ʘʪʦʤʳ ʩ ʪʘʢʠʤʠ ʷʜʨʘʤʠ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʠʭ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 2I + 1. ɼʣʷ ʷʜʝʨ ʩʦ ʩʧʠʥʦʤ 1/2 ʚʦʟʥʠʢʘʝʪ ʜʚʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷ ʩ ʨʘʟʥʦʩʪʴʶ ʵʥʝʨʛʠʡ ЎὉ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

ЎὉ
‎Ὤὄ

ς“
 (1) 
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ʛʜʝ Ὤ ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ‎ ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ὄ ï ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʝʥʦ ʩʪʨʦʛʦ 

ʚʜʦʣʴ ʦʩʠ Ú. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ  

║ πȟπȟὄ . ʏʘʩʪʦʪʘ, ʩ ʢʦʪʦʨʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʚʩʝʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʞʜʳʤ ʷʜʨʦʤ) 

ʧʨʝʮʝʩʩʠʨʫʝʪ ʚʦʢʨʫʛ ʵʪʦʛʦ ʧʦʣʷ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʦʪʦʡ ʃʘʨʤʦʨʘ ʠ ʪʘʢ ʢʘʢ ЎὉ Ὤὺ, 

ʪʦ: 

ὺ  
‎ὄ

ς“
 (2) 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʤʦʞʥʦ ʚʦʟʙʫʞʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ὄ, ʢʦʪʦʨʦʝ ʢʦʣʝʙʣʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʃʘʨʤʦʨʘ ʠ ʧʨʠʣʦʞʝʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ ὄ. ʈʘʜʠʦʯʘʩʪʦʪʥʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʣʠʙʦ ʚ 

ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʚʝʨʪʢʠ, ʣʠʙʦ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ. ʈʘʜʠʦʯʘʩʪʦʪʥʳʡ 

(ʈʏ) ʠʤʧʫʣʴʩ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʙʫʞʜʘʝʪ ʚʩʝ ʷʜʨʘ ʦʙʨʘʟʮʘ (1H, 13C ʠ ʪ.ʜ.), ʧʦʩʣʝ 

ʯʝʛʦ ʷʜʨʘ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʠʟʣʫʯʘʶʪ ʧʦʛʣʦʱʝʥʥʫʶ ʵʥʝʨʛʠʶ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚʩʝʭ ʷʜʝʨ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʠʛʥʘʣʘ ʩʧʘʜʘ 

ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʢ ʵʪʦʤʫ ʩʠʛʥʘʣʫ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʭʦʜ ʠʟ ʚʨʝʤʝʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʯʘʩʪʦʪʥʦʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʪʩʷ  

ʩʧʝʢʪʨ ʗʄʈ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʛʥʘʣʦʚ ʢʘʢ ʬʫʥʢʮʠʷ ʯʘʩʪʦʪʳ. ʄʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʜʠʥʦʯʥʳʡ ʠʤʧʫʣʴʩ, ʪʘʢ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʠʤʧʫʣʴʩʦʚ (ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ). 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʨʝʣʘʢʩʘʮʠʠ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ: ʧʨʦʜʦʣʴʥʘʷ 

ʨʝʣʘʢʩʘʮʠʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʨʝʣʘʢʩʘʮʠʷ. ʇʨʦʜʦʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʂʦʛʜʘ ʷʜʝʨʥʳʝ ʩʧʠʥʳ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʩʚʦʝʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʦʥʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʢ ʩʦʩʪʦʷʥʠʶ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʛʜʝ ʠʭ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ɺʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʪʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʚʨʝʤʝʥʝʤ ʧʨʦʜʦʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (T1). ʕʪʦ ʚʨʝʤʷ 
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ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ʠ ʦʙʳʯʥʦ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʤʠʣʣʠʩʝʢʫʥʜ ʜʦ ʩʝʢʫʥʜ. ʇʦʧʝʨʝʯʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ 

ʧʦʪʝʨʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʧʨʝʮʝʩʩʠʨʫʶʱʠʭ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʧʨʝʮʝʩʩʠʠ ʠʟ-ʟʘ ʚʘʨʠʘʮʠʠ 

ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʢʦʣʦ ʦʪʜʝʣʴʥʳʭ ʩʧʠʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʪʫʭʘʝʪ ʧʦʧʝʨʝʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʚʥʝʰʥʝʤʫ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ɺʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʵʪʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʩʯʝʟʘʝʪ, ʥʘʟʳʚʘʝʪʩʷ 

ʚʨʝʤʝʥʝʤ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (T2). ɼʣʷ ʗʄʈ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʚ ʞʠʜʢʦʩʪʷʭ T2 

ʦʙʳʯʥʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ T1 ʠ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʨʫʧʥʳʭ ʤʦʣʝʢʫʣ ʚ ʞʠʜʢʦʩʪʷʭ ʠʣʠ ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ, ʚʨʝʤʷ 

ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ T2 ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʢʦʨʦʪʢʠʤ, ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʤʠʣʣʠʩʝʢʫʥʜʳ. 

 

1.4.2 ʆʩʥʦʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʊʦʯʥʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʘʶʱʝʛʦ ʷʜʨʦ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʳʤʠ ʚʢʣʘʜʘʤʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʩʦʩʝʜʥʠʤʠ ʷʜʨʘʤʠ ʠ ʵʢʨʘʥʠʨʫʶʱʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʯʪʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʤʠʣʴʪʦʥʠʘʥʘ Ὄ: 

Ὄ Ὄ Ὄ Ὄ Ὄ Ὄ Ὄ  (3) 

ʛʜʝ Ὄ  ï ɿʝʝʤʘʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, Ὄ  ï ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ, 

Ὄ ï J-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, Ὄ  ï ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, Ὄ  ï ʅʘʡʪʦʚʩʢʠʡ 

ʩʜʚʠʛ ʠ Ὄ  ï ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

 

ɿʝʝʤʘʥʦʚʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʉʧʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʥʝʰʥʠʤ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʵʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʤʠʣʴʪʦʥʠʘʥʦʤ: 

Ὄ ᴐ‎Ὅὄ (4) 
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ʆʧʝʨʘʪʦʨ ʩʧʠʥʘ ʷʜʨʘ ʦʧʠʩʳʚʘʝʪ ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʷʜʨʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʩʧʠʥʘ: ╘= Ὅ Ὅ Ὅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  

Ὅ ï ʢʦʤʧʦʥʝʥʪʘ ʦʧʝʨʘʪʦʨʘ ʩʧʠʥʘ ʷʜʨʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʜʦʣʴ ʦʩʠ ᾀ. 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ʗʜʨʘ ʘʪʦʤʦʚ ʦʢʨʫʞʝʥʳ ʵʣʝʢʪʨʦʥʥʳʤʠ ʦʙʣʘʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʕʪʠ 

ʵʣʝʢʪʨʦʥʳ ʚʣʠʷʶʪ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʷʜʨʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʷʜʨʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʠʟʚʝʩʪʥʦ ʢʘʢ 

ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ. ʕʬʬʝʢʪ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ὄ: 

Ὄ ‎ᴐὍ„ὄ (5) 

ʕʣʝʢʪʨʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʷʜʨʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ, ʠ 

ʥʘʙʣʶʜʘʝʤʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʬʨʘʛʤʝʥʪʘ 

ʤʦʣʝʢʫʣʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ï ɻ ʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʝʡ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʜʚʠʛʘ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʦʨʘ „, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʨʘʟʣʦʞʠʪʴ ʥʘ ʩʠʤʤʝʪʨʠʯʥʫ  ʁ„  ʠ ʘʩʠʤʤʝʪʨʠʯʥʫ  ʁ„  ʢʦʤʧʦʥʝʥʪʳ [134]: 

„

„ „ „
„ „ „
„ „ „

 (6) 

„ „ „  (7) 

ɸʩʠʤʤʝʪʨʠʯʥʘʷ ʯʘʩʪʴ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʥʘʙʣʶʜʘʝʤʳʡ ʩʠʛʥʘʣ. ɽʩʣʠ ʚʳʙʨʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚʜʦʣʴ 

ʦʜʥʦʡ ʠʟ ʪʨʸʭ ʛʣʘʚʥʳʭ ʦʩʝʡ ʪʝʥʟʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʘʪʨʠʮʘ ʩʪʘʥʦʚʠʪʩʷ 

ʜʠʘʛʦʥʘʣʴʥʦʡ: 

„
„ π π
π „ π
π π „

 (8) 

ʛʜʝ „ , „ , ʠ „  ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʦʨʠʝʥʪʘʮʠʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʩʣʫʯʘʝ ʩʚʦʙʦʜʥʦʛʦ 
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ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʫʩʨʝʜʥʷʶʪʩʷ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʦʪʨʦʧʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʩʜʚʠʛ „  [135]: 

„
„ „ „

σ
 (9) 

ɺ ʪʚʸʨʜʳʭ ʪʝʣʘʭ ʠ ʚʷʟʢʠʭ ʩʨʝʜʘʭ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ 

ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ-ʨʘʟʥʦʤʫ ʩʣʠʚʘʶʪʩʷ ʚ ʧʦʨʦʰʢʦʚʳʡ ʧʘʪʪʝʨʥ (ʈʠʩʫʥʦʢ 6ʘ). 

ʅʘʙʣʶʜʘʝʤʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʷʜʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ: 

„ „
ρ

ς
Ўσὧέί— ρ  –ίὭὲ—ὧέίς•  (10) 

ʛʜʝ ɝ ʠ – ï ʘʥʠʟʦʪʨʦʧʠʷ ʠ ʘʩʠʤʤʝʪʨʠʷ ʪʝʥʟʦʨʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ,  

— ʠ ‰ ï ʧʦʣʷʨʥʳʝ ʫʛʣʳ (ʈʠʩʫʥʦʢ 6ʙ). 

 

ʈʠʩʫʥʦʢ 6. (ʘ) ï ʇʦʨʦʰʢʦʚʳʡ ʧʘʪʪʝʨʥ ʚʦʟʥʠʢʘʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʢʘʞʜʘʷ ʦʨʠʝʥʪʘʮʠʷ 

ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷ ὄ ʠʤʝʝʪ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʯʘʩʪʦʪʫ 

ʠ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʩʠʛʥʘʣ. ʉʠʛʥʘʣʳ ʦʪ ʨʘʟʥʳʭ ʦʨʠʝʥʪʘʮʠʡ ʥʘʢʣʘʜʳʚʘʶʪʩʷ, 

ʦʙʨʘʟʫʷ ʥʘʙʣʶʜʘʝʤʳʡ ʰʠʨʦʢʠʡ ʩʠʛʥʘʣ. (ʙ) ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷʨʥʳʭ ʫʛʣʦʚ — ʠ ‰. 

ɿʥʘʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʚ ʤʠʣʣʠʦʥʥʳʭ ʜʦʣʷʭ 

(ʤ.ʜ.), ʢʘʢ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʦʡ ʯʘʩʪʦʪʦʡ ʜʘʥʥʦʛʦ ʷʜʨʘ ʠ ʘʙʩʦʣʶʪʥʦʡ 

ʯʘʩʪʦʪʦʡ ʷʜʨʘ ʵʪʘʣʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʪʘʥʜʘʨʪʠʟʠʨʫʝʪ ʜʘʥʥʳʝ, 
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ʜʝʣʘʷ ʠʭ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʠʩʢʣʶʯʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

ɼʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ɼʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʥʳʤ ʧʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʠ ʦʙʳʯʥʦ ʫʩʨʝʜʥʷʝʪʩʷ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ, ʝʩʣʠ ʤʦʣʝʢʫʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʥʝ 

ʦʛʨʘʥʠʯʝʥʦ. ʄʝʭʘʥʠʟʤ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʧʦʤʠʥʘʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʤʘʛʥʠʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ. ʉʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʜʠʧʦʣʷʤʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 

ʠ ʠʭ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ [135]. ɼʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʛʦʤʦʷʜʝʨʥʳʤ ʠ ʛʝʪʝʨʦʷʜʝʨʥʳʤ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [136]: 

Ὄ
Ὠ

ς
σὧέί— ρ σὍὛ ╘Ͻ╢  (11) 

Ὄ Ὠσὧέί— ρ ὍὛ (12) 

ʛʜʝ ʢʦʥʩʪʘʥʪʘ ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ὠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

Ὠ
‘‎‎ᴐ

τ“ὶ
 (13) 

ʛʜʝ ╘ ʠ ╢ ï ʦʧʝʨʘʪʦʨʳ ʩʧʠʥʦʚ ʜʣʷ ʷʜʝʨ Ὅ ʠ Ὓ, ‘ ï ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʚʘʢʫʫʤʘ, ‎ ʠ ‎ ʛʠʨʦʤʘʛʥʠʪʥʳʝ ʦʪʥʦʰʝʥʠʷ ʷʜʝʨ Ὅ ʠ Ὓ, ὶ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʜʠʧʦʣʷʤʠ, — ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʷʜʨʘ, ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʝʡ (ʈʠʩʫʥʦʢ 7). 

 

ʈʠʩʫʥʦʢ 7. ɼʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ. 
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J-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʗʜʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʦʢʨʫʞʝʥʠʷʭ ʤʦʛʫʪ ʚʣʠʷʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, 

ʠʟʤʝʥʷʷ ʣʦʢʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʧʝʨʝʜʘʚʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʠʥʦʚʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʦʚ. ʕʬʬʝʢʪ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʷʤʦʛʦ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʦ. J-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʵʥʝʨʛʠʠ ʜʚʫʭ ʩʧʠʥʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὄ ς“ὐ╘Ͻ╢ (14) 

ʛʜʝ ὐ ï ʢʦʥʩʪʘʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʕʪʦ ʷʚʣʝʥʠʝ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʘʩʱʝʧʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, 

ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʩʪʘʥʪʘʤʠ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʂʉʉɺ), 

ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚʘʞʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʂʉʉɺ 

ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥʢʨʝʪʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ.  

 

ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʂʚʘʜʨʫʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ʫ ʷʜʨʘ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ. ʂʚʘʜʨʫʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʦʙʣʘʜʘʶʪ ʷʜʨʘ ʩʦ ʩʧʠʥʦʤ 

Ὅ  ρȾς, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʢʦʪʦʨʳʭ ʥʝ ʦʙʣʘʜʘʝʪ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʝʡ. ʂʚʘʜʨʫʧʦʣʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ 

ʜʠʧʦʣʷ, ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʟʘʨʷʜʘʤʠ (ʈʠʩʫʥʦʢ 8). 

 

ʈʠʩʫʥʦʢ 8. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. 
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ʗʜʨʘ ʩʦ ʩʧʠʥʦʤ Ὅ  ρȾς ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩ ʚʥʝʰʥʠʤ ʠ ʚʩʝʤʠ 

ʣʦʢʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʥʦ ʠ ʩ ʣʶʙʳʤʠ ʛʨʘʜʠʝʥʪʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚʙʣʠʟʠ ʷʜʨʘ. ʉʠʣʘ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʩʠʣʳ ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʷʜʨʘ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Ὡὗ. 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʢʘʢ: 

Ὄ
Ὡὗ

ςὍςὍ ρᴐ
 ╘Ͻ╥ ╘ (15) 

ʛʜʝ ╥ ï ʛʨʘʜʠʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʂʚʘʜʨʫʧʦʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ 

ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʠ ʫʩʨʝʜʥʷʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ. 

 

ʅʘʡʪʦʚʩʢʠʡ ʩʜʚʠʛ 

ɺ ʤʝʪʘʣʣʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʷʜʝʨ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ [137]. ʕʪʦʪ ʩʜʚʠʛ 

ʥʘʟʳʚʘʝʪʩʷ ʩʜʚʠʛʦʤ ʅʘʡʪa, ʚ ʯʝʩʪʴ ʝʛʦ ʦʪʢʨʳʚʘʪʝʣʷ ʋʦʣʪʝʨʘ ɼ. ʅʘʡʪʘ, ʢʦʪʦʨʡr 

ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʷʜʝʨ 63Cu ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ 

ʧʨʝʚʳʰʘʝʪ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʜʣʷ ʷʜʝʨ ʚ ʜʠʘʤʘʛʥʠʪʥʦʤ CuCl ʥʘ 0.23 % [138]. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʜʚʠʛʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʅʘʡʪʦʚʩʢʠʡ 

ʩʜʚʠʛ ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ, ʩʜʚʠʛ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʨʷʜʘ ʷʜʨʘ [139,140]. 

ɻʘʤʠʣʴʪʦʥʠʘʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʜʝʨʥʦʛʦ ʩʧʠʥʘ ʩ 

ʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ: ʢʦʥʪʘʢʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʌʝʨʤʠ, ʩʧʠʥ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʷʜʝʨʥʦʛʦ ʩʧʠʥʘ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ [141,142]: 

Ὄ ς
ψ“

σ
‘‎ᴐ╘Ͻ╢►‏► ς‘‎ᴐ

 ╘Ͻ╢

ὶ

σ ╘Ͻ► ╢Ͻ►

ὶ

‎ᴐ
Ὡ

ά
ὍϽ
► ▬

ὶ
 

(16) 
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ʛʜʝ ‘  ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʥʘ, ‎ ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ,  

ά  ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ, Ὡ ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ, ► ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʵʣʝʢʪʨʦʥʘ ʠ 

▬ ï ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ╘ ʠ ╢ ï ʦʧʝʨʘʪʦʨʳ ʩʧʠʥʦʚ ʷʜʨʘ ʠ ʵʣʝʢʪʨʦʥʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

1.5 ɼʠʬʬʫʟʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ 

ɼʠʬʬʫʟʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ Ὀ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʤʝʨʦʡ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣʳ. ʅʘ ʩʘʤʦʜʠʬʬʫʟʠʶ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʷʜ 

ʬʘʢʪʦʨʦʚ: ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʤʦʣʝʢʫʣʳ, ʯʪʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥa:  

Ὀ
ὯὝ

φ“–ὶ
 (17) 

ʛʜʝ Ὧ ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ, Ὕ  ï ʪʝʤʧʝʨʘʪʫʨʘ, ὶ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ 

ʤʦʣʝʢʫʣʳ, ɖ ï ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ. ʊʘʢ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʤʦʣʝʢʫʣʳ ʙʫʜʫʪ ʠʤʝʪʴ 

ʤʝʥʴʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ.  

ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʝʩʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʬʬʫʟʠʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʷʚʣʝʥʠʝ ʩʧʠʥʦʚʦʛʦ ʵʭʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʨʘʜʠʝʥʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʤʧʫʣʴʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʧʠʥʦʚʦʛʦ ʵʭʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ ωπЈ †  ρψπЈ, ʪʦ ʝʩʪʴ ʩʥʘʯʘʣʘ ʧʨʠʤʝʥʷʝʪʩʷ 

90Á-ʠʤʧʫʣʴʩ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʵʚʦʣʶʮʠʷ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ Ű, ʟʘʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ 180Á-ʠʤʧʫʣʴʩ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʨʝʬʦʢʫʩʠʨʦʚʢʝ 

ʚʝʢʪʦʨʦʚ, ʦʙʱʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ, ʦʙʨʘʟʫʷ ʩʧʠʥʦʚʦʝ ʵʭʦ 

(ʈʠʩʫʥʦʢ 13ʘ). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʤʧʫʣʴʩʘʤʠ ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʧʠʥʦʚʳʤ 

ʵʭʦʤ ʛʨʘʜʠʝʥʪʥʳʝ ʠʤʧʫʣʴʩʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʤʝʱʝʥʠʷ. 

ɻʨʘʜʠʝʥʪʥʳʡ ʠʤʧʫʣʴʩ ‏ çʢʦʜʠʨʫʝʪè ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʷ ʟʘ ʚʨʝʤʷ (ῳ), ʤʦʣʝʢʫʣʳ ʧʨʝʦʜʦʣʝʚʘʶʪ ʥʝʢʦʪʦʨʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʠ ʧʦʩʣʝ ʯʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʚ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʦʝ çʩʯʠʪʳʚʘʝʪʩʷè ʚʪʦʨʳʤ ʛʨʘʜʠʝʥʪʥʳʤ ʠʤʧʫʣʴʩʦʤ ‏. ʇʦʣʥʘʷ 

ʧʝʨʝʬʦʢʫʩʠʨʦʚʢʘ ʚʝʢʪʦʨʦʚ 180Á-ʠʤʧʫʣʴʩʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ 

ʩʧʠʥ ʦʩʪʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠ ʚ ʪʦʡ ʞʝ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥ 

ʧʝʨʝʤʝʩʪʠʣʩʷ, ʪʦ ʩʠʛʥʘʣ ʵʭʘ ʟʘʪʫʭʘʝʪ ʠ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʝʦʜʦʣʝʥʥʦʝ ʤʦʣʝʢʫʣʦʡ. ɺ ʜʠʬʬʫʟʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʠʣʫ ʛʨʘʜʠʝʥʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʦʪʩʣʝʞʠʚʘʪʁ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʵʭʘ. ʀʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʉʪʝʡʩʢʘʣʘ-ʊʘʥʥʝʨʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ 

ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [143,144]: 

Ὅ ὍὩ Ў ϳ  (18) 

ʛʜʝ Ὅ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʠʤʧʫʣʴʩʘ, ʦʪʢʣʦʥʷʶʱʝʛʦ ʚʝʢʪʦʨ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ 90Á, Ὣ ï ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ, ‏ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʨʘʜʠʝʥʪʥʳʭ 

ʠʤʧʫʣʴʩʦʚ, ῳ ï ʚʨʝʤʷ ʜʠʬʬʫʟʠʠ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʦ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʢʨʠʚʦʡ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ.  

 

1.6 ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ 

ʕʣʝʢʪʨʦʬʦʨʝʟ ï ʵʪʦ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʗʄʈ ʧʦʟʚʦʣʷʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʘʨʷʞʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʜʚʠʞʥʦʩʪʴ 

ʠʦʥʦʚ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ [145].  

ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

Ὁ ὟȾὰ (19) 

ʛʜʝ Ὗ ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ὰ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ. ʉʠʣʘ Ὂ, 

ʠʩʧʳʪʳʚʘʝʤʘʷ ʟʘʨʷʜʦʤ ᾀ, ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

Ὂ
ᾀὟ

ὰ
 (20) 
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ʂʦʛʜʘ ʧʨʠʣʦʞʝʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʥʘʯʠʥʘʶʪ 

ʫʩʢʦʨʷʪʴʩʷ. ʇʦʩʪʦʷʥʥʘʷ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ὺ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʩʠʣʘ ʪʨʝʥʠʷ 

Ὂ̓̑̆̎̉Ὢ̠ὺ φ“–ὶὺὊ. ʊʦʛʜʘ ʨʘʚʥʦʚʝʩʥʘʷ ʩʢʦʨʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

ὺ
ᾀὉ

Ὢ
 (21) 

ʉʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʯʘʩʪʠʮʳ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

‘ ʠ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ὁ [146]: 

ὺ ‘Ὁ (22) 

ʕʢʩʧʝʨʠʤʝʥʪ eNMR (ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ) ʦʩʥʦʚʘʥ ʥʘ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢ ʦʙʨʘʟʮʫ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ (ʈʠʩʫʥʦʢ 9ʜ). ʕʪʦʪ ʵʬʬʝʢʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʦʚ 

ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʠʣʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʩʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʞʜʫ 

ʠʟʤʝʨʝʥʠʷʤʠ, ʟʥʘʢ ʢʦʪʦʨʦʛʦ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʛʝʨʝʥʪʥʦʝ ʩʤʝʱʝʥʠʝ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʬʘʟʦʚʦʤʫ ʩʜʚʠʛʫ ʩʠʛʥʘʣʘ ʗʄʈ ʚ ʩʧʝʢʪʨʘʭ (ʈʠʩʫʥʦʢ 9ʙ). ʌʘʟʦʚʳʡ 

ʩʜʚʠʛ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʢʦʨʦʩʪʠ [147]: 

‰ ‎‏ῳὫὺ (23) 

ʛʜʝ ‎ ï ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, ‏ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʠʤʧʫʣʴʩʘ, ῳ ï ʦʙʱʝʝ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʘ Ὣ ï ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʧʦʵʪʦʤʫ ʠʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (22) ʠ (23) ʩʣʝʜʫʝʪ [143]: 

‘
Ὣ‎‏ῳ‰

Ὁ
 (24) 

ɺ ʮʝʣʦʤ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨʳ ʗʄʈ ʩ ʧʨʠʣʦʞʝʥʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠ ʙʝʟ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ 

ʧʦʜʚʠʞʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʠ ʩʧʝʮʠʘʣʴʥʘʷ ʗʄʈ-ʷʯʝʡʢʘ, ʦʩʥʘʱʝʥʥʘʷ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ (ʈʠʩʫʥʦʢ 9ʘ, ʛ). 
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ʀʤʧʫʣʴʩʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʪ ʩʨʝʟʘ ʢ ʩʨʝʟʫ ʧʩʝʚʜʦ-ʜʚʫʤʝʨʥʦʛʦ ʩʧʝʢʪʨʘ [148,149]. 

 

ʈʠʩʫʥʦʢ 9. (ʘ) ï ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʷʯʝʡʢʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ eNMR, 

(ʙ) ï ʵʬʬʝʢʪ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚ ʩʧʝʢʪʨʘʭ eNMR, (ʚ) ï ʩʠʛʥʘʣʳ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ eNMR, (ʛ) ï ʦʙʨʘʟʝʮ, ʵʣʝʢʪʨʦʜʳ ʠ 

ʜʝʨʞʘʪʝʣʴ ʦʙʨʘʟʮʘ ʚ ʩʙʦʨʝ, (ʜ) ï ʠʤʧʫʣʴʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  

EDSTE. ɸʜʘʧʪʠʨʦʚʘʥʥʦ ʠ ʧʝʨʝʚʝʜʝʥʦ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʠʟ ʨʘʙʦʪʳ ʘʚʪʦʨʘ (ʨʘʙʦʪʘ 

ˉ4 ʥʘ ʩʪʨ. 9). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʤʦʞʥʦ 

ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʥʚʝʢʮʠʠ. ʇʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʞʠʜʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʝʝ ʧʣʦʪʥʦʩʪʴ ʠ ʝʩʣʠ ʥʘʛʨʝʚʘʝʪʩʷ ʪʦʣʴʢʦ ʯʘʩʪʴ 

ʦʙʨʘʟʮʘ, ʪʦ ʦʙʣʘʩʪʴ ʩ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʚʚʝʨʭ, ʩʦʟʜʘʚʘʷ 

ʢʦʥʚʝʢʮʠʦʥʥʳʡ ʧʦʪʦʢ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ eNMR ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʝʪʩʷ ʠʟ-ʟʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʥʝʛʦ. ʈʘʩʪʚʦʨ ʫ ʩʪʝʥʦʢ ʘʤʧʫʣʳ ʦʩʪʳʚʘʝʪ 

ʙʳʩʪʨʝʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʠ ʚʳʟʳʚʘʝʪ 

ʢʦʥʚʝʢʮʠʶ [150]. ʂʦʥʚʝʢʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʦʡ ʚ 
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ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʭ ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʘʢ ʢʘʢ ʦʥʠ ʚʣʠʷʶʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚʝʱʝʩʪʚʘ ʚ ʦʙʲʝʤʝ, ʢʦʪʦʨʦʝ ʥʝ ʩʚʷʟʘʥʦ ʩ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʥʘʛʨʝʚʫ ʦʙʨʘʟʮʘ. ʏʘʩʪʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʤʧʫʣʴʩʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʚʦʡʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʵʭʦ (EDSTE ï Electrophoretic 

Double-Stimulated Echo), ʢʦʪʦʨʘʷ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʢʦʥʚʝʢʮʠʠ 

(ʈʠʩʫʥʦʢ 9ʜ) [151]. ɽʝ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʘʟʦʚʳʝ ʵʬʬʝʢʪʳ, 

ʚʳʟʚʘʥʥʳʝ ʧʦʪʦʢʦʤ, ʚʦ ʚʪʦʨʦʤ ʜʠʬʬʫʟʠʦʥʥʦʤ ʧʝʨʠʦʜʝ ʚʳʯʠʪʘʶʪʩʷ ʠʟ ʪʘʢʦʚʳʭ ʚ 

ʧʝʨʚʦʤ. ʂʦʥʚʝʢʮʠʶ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ, ʪʘʢ ʢʘʢ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʢʦʥʚʝʢʮʠʷ ʥʝʪ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʷʨʥʦʩʪʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʘ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʜʚʠʞʝʥʠʷ, 

ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʜʭʦʜ ʦʛʨʘʥʠʯʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʤʝʪʦʜʘ ʗʄʈ, ʯʪʦ ʜʝʣʘʝʪ ʩʣʦʞʥʦʡ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʡ ʨʘʙʦʪʫ ʩ ʨʘʩʪʚʦʨʘʤʠ ʩ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʠʰʢʦʤ ʚʳʩʦʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʤʝʰʘʶʱʝʡ ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳ, ʠ ʜʣʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʫʜʦʙʥʦ ʥʘʯʠʥʘʪʴ ʨʘʙʦʪʫ ʩ 

ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʣʠʷʝʪ ʥʘ 

ʜʠʬʬʫʟʠʦʥʥʫʶ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʘʩʩʦʮʠʘʮʠʷ 

ʠʦʥʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ʉ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʗʄʈ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʘʩʩʦʮʠʘʮʠʶ ʠʦʥʦʚ [152]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʴ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʜʠʩʩʦʮʠʠʨʫʝʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʘ ʘʩʩʦʮʠʘʮʠʷ ʠʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʵʪʘʥʦʣʘ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʜʣʷ ʵʪʠʭ ʩʦʣʝʡ ʥʘʙʣʶʜʘʣʩʷ ʠ ʚ ʜʨʫʛʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ-d6, ʤʝʪʘʥʦʣ-d4, ʘʮʝʪʦʥʠʪʨʠʣ-d3  
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ʠ ʵʪʘʥʦʣ-d6) [153]. ʇʦʤʠʤʦ ʘʩʩʦʮʠʘʮʠʠ ʠʦʥʦʚ ʥʘ ʜʠʬʬʫʟʠʦʥʥʫʶ ʠ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚʣʠʷʶʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ [154]. ʕʪʠ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʘʙʩʦʣʶʪʥʫʶ 

ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 

ʈʘʥʝʝ, ʚ ʛʣʘʚʝ 1.3 ʤʝʪʦʜ DOSY ʙʳʣ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʢʦʥʪʝʢʩʪʝ ʠʟʫʯʝʥʠʷ 

ʵʚʦʣʶʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʆʜʥʘʢʦ ʨʘʟʥʠʮʘ ʚ ʨʘʟʤʝʨʘʭ 

ʤʦʣʝʢʫʣ (ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʘʤʦʜʠʬʬʫʟʠʠ) ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ. ʖʘʥʴ ʌʘʥ ʠ ʩʦʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʝʢʪʨ DOSY ʜʣʷ ʩʤʝʩʠ ʘʤʠʥʦʢʠʩʣʦʪ (L-ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ,  

L-ʩʝʨʠʥ, L-ʣʠʟʠʥ) ʥʝʠʥʬʦʨʤʘʪʠʚʝʥ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ 

ʩʦʧʦʩʪʘʚʠʤʳʡ ʨʘʟʤʝʨ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ Ὀ ʧʦʯʪʠ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ [154]. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠ ʜʦʧʦʣʥʝʥʠʷ ʢ ʤʝʪʦʜʫ DOSY ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

MOSY (ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʜʚʠʞʥʦʩʪʠ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʥʠʮʝ ʚ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ʉʧʝʢʪʨ MOSY ï ʵʪʦ ʧʩʝʚʜʦ-ʜʚʫʤʝʨʥʳʡ 

ʩʧʝʢʪʨ, ʛʜʝ ʦʜʥʘ ʠʟ ʦʩʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ‘. 

ʈʘʟʜʝʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʚ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʩʦʦʙʱʝʥʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

MOSY, ʦʜʥʘʢʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ [155ï157]. 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʠʤʧʫʣʴʩʦʚ ʠ ʘʚʪʦʨʩʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʚʦʜʠʣʦ 

ʢ ʩʣʦʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʪʘʚʠʣʦ ʧʨʝʛʨʘʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ʁ

ʤʝʪʦʜʘ ʩʨʝʜʠ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɿʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʩʦ ʩʧʝʢʪʨʘʤʠ MOSY ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ (TopSpin, MestReNova, ACD/Labs) [158]. ʈʘʟʣʠʯʥʳʝ 

ʢʦʣʣʝʢʪʠʚʳ ʘʚʪʦʨʦʚ ʥʝ ʧʨʠʚʦʜʠʣʠ ʧʦʜʨʦʙʥʦʩʪʝʡ ʦʙ ʘʣʛʦʨʠʪʤʘʭ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʩʦʦʙʱʝʥʠʝʤ, ʯʪʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʙʣʠʦʪʝʢʠ NumPy, Matplotlib ʠ Nmrglue ʜʣʷ Python. 
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1.7 ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʮʝʦʣʠʪʦʚ, ʤʠʥʝʨʘʣʦʚ, 

ʩʪʝʢʣʘ, ʢʝʨʘʤʠʢʠ, ʙʝʣʢʦʚ ʠ ʧʦʣʠʤʝʨʦʚ [159,160]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ 

ʚ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʩʢʣʶʯʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʦʙʨʘʟʮʘ [161]. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʠ 

ʟʘʤʝʨʟʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʝʢʦʪʦʨʳʝ ʚʝʱʝʩʪʚʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʳ ʚ 

ʧʨʠʥʮʠʧʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ [160]. 

ʉʧʝʢʪʨ ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʦʧʠʩʘʥʥʳʤ ʚ 

ʛʣʘʚʝ 1.4.2, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʦʪʨʦʧʥʳʭ ʠ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦʜ 

çʤʘʛʠʯʝʩʢʠʤ ʫʛʣʦʤè (MAS ï magic angle spinning) ʧʨʠʚʦʜʠʪ ʢ ʫʩʨʝʜʥʝʥʠʶ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʧʝʢʪʨʳ ʩ ʫʟʢʠʤʠ ʩʠʛʥʘʣʘʤʠ 

(ʈʠʩʫʥʦʢ 10) [135].  

 

ʈʠʩʫʥʦʢ 10. ʇʨʠʥʮʠʧ MAS: ʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʘ ʚ ʨʦʪʦʨʝ ʧʦʜ ʤʘʛʠʯʝʩʢʠʤ ʫʛʣʦʤ ʢ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʨʝʜʥʝʥʠʝ ʘʥʠʟʦʪʨʦʧʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʘʟʨʝʰʝʥʥʳʝ ʩʧʝʢʪʨʳ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 
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ʊʚʝʨʜʳʡ ʦʙʨʘʟʝʮ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʨʦʪʦʨ, ʚʨʘɦ ʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ ʧʦʜ ʫʛʣʦʤ — 

ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [135]. ɽʩʣʠ ʫʛʦʣ — υτȢχЈ, ʪʦ ʯʣʝʥ 

σὧέί— ρ  (ʫʨʘʚʥʝʥʠʷ 10, 11, 12) ʨʘʚʝʥ ʥʫʣʶ, ʯʘʩʪʴ ʘʥʠʟʦʪʨʦʧʥʳʭ ʚʢʣʘʜʦʚ 

ʫʩʨʝʜʥʷʝʪʩʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚʨʘʱʝʥʠʝ ʨʦʪʦʨʘ ʜʦʣʞʥʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʯʘʩʪʦʪʦʡ, ʧʨʝʚʳʘhʶʱʝʡ ʰʠʨʠʥʫ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʩʣʫʯʘʝ 

ʥʝʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʣʥʦʝ ʫʩʨʝʜʥʝʥʠʝ, ʚ ʩʧʝʢʪʨʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʢʦʚʳʝ ʧʦʣʦʩʳ ʚʨʘʱʝʥʠʷ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ [160]. ʈʝʛʠʩʪʨʘʮʠʷ ʩʝʨʠʠ ʩʧʝʢʪʨʦʚ ʩ ʨʘʟʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʟʦʪʨʦʧʥʳʝ ʩʜʚʠʛʠ, ʪʘʢ ʢʘʢ 

ʠʭ ʧʦʣʦʞʝʥʠʝ ʥʝ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʏʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, ʪʝʤ ʩ 

ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟʦʪʨʦʧʥʳʡ ʩʜʚʠʛ. ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʦʜʷʪ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʦʪ 2 ʜʦ 100 ʢɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʨʦʪʦʨʦʚ ʜʠʘʤʝʪʨʦʤ ʦʪ 7 ʤʤ ʜʦ 0.7 ʤʤ; ʯʝʤ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨ, ʪʝʤ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʤʦʞʥʦ ʜʦʩʪʠʯʴ (ʈʠʩʫʥʦʢ 11) [160,162].  

 

ʈʠʩʫʥʦʢ 11. ʇʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: (ʘ) ï ʨʦʪʦʨ ʜʣʷ ʦʙʨʘʟʮʘ (ʜʠʘʤʝʪʨ ʨʦʪʦʨʘ ʥʘ ʨʠʩʫʥʢʝ 

4 ʤʤ), (ʙ) ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʦʙʨʘʟʮʘ, (ʚ) ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʩʧʘʢʦʚʢʠ 

ʨʦʪʦʨʘ, (ʛ) ï ʚʦʨʦʥʢʘ ʜʣʷ ʥʘʧʦʣʥʝʥʠʷ ʨʦʪʦʨʘ, (ʜ) ï ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʥʷʪʠʷ ʢʨʳʰʢʠ 

ʨʦʪʦʨʘ, (ʝ) ï ʩʪʫʧʢʘ ʩ ʧʝʩʪʠʢʦʤ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʨʘʟʮʘ.  
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ʉʧʝʢʪʨʳ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ onepulse ʩ ʦʜʥʠʤ ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ ʠʤʧʫʣʴʩʦʤ 

(ʈʠʩʫʥʦʢ 12ʘ). ʆʜʥʘʢʦ ʥʘʙʣʶʜʝʥʠʝ ʷʜʝʨ ʩ ʥʠʟʢʠʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʠʤʝʝʪ ʨʷʜ ʧʨʦʙʣʝʤ. ɺʦ-ʧʝʨʚʳʭ, ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʷʜʝʨ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʣʦʭʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ/ʰʫʤ. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʠʝ ʷʜʨʘ ʠʤʝʶʪ ʜʣʠʥʥʳʝ 

ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʯʪʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʛʦʤʦʷʜʝʨʥʳʭ 

ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ. ɼʣʠʥʥʳʝ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʣʘʪʴ ʙʦʣʴʰʠʝ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʩʢʘʥʘʤʠ ʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʩʠʛʥʘʣ/ʰʫʤ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ  

ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʠ (CP ï cross-polarization), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʪʝʭʥʠʢ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʈʠʩʫʥʦʢ 12ʙ) [135].  

ʅʘʯʘʣʴʥʳʡ 90Á-ʠʤʧʫʣʴʩ ʩʦʟʜʘʝʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʧʠʥʦʚ 1H ʚʜʦʣʴ -y, ʟʘʪʝʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʥʪʘʢʪʥʳʡ ʠʤʧʫʣʴʩ. ʇʦʣʝ ὄ(1H), ʩʦʟʜʘʚʘʝʤʦʝ ʵʪʠʤ ʠʤʧʫʣʴʩʦʤ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪɹ ʩʧʠʥʦʚ 1H ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʪʘʢ ʞʝ, ʢʘʢ ʧʦʣʝ ὄ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʨʘʚʥʦʚʝʩʥʫʶ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʅʘ ʩʧʠʥʳ X ʪʦʞʝ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʢʦʥʪʘʢʪʥʳʡ ʠʤʧʫʣʴʩ ʩ ʧʦʣʝʤ ὄ(X) ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʦʥʪʘʢʪʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ʜʣʷ ʩʧʠʥʦʚ 1H. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ̫ʜʝʨ 1H ʥʘ ʷʜʨʘ X 

ʯʝʨʝʟ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ ʠ ʫʣʫʯʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ɸʤʧʣʠʪʫʜʳ ʢʦʥʪʘʢʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʍʘʨʪʤʘʥʥʘ-

ʍʘʥʘ: 

‎ὄ(1H) ‎ὄ(X) (25) 

ʛʜʝ ὄ(1H) ʠ ὄ(X) ï ʧʝʨʝʤʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ‎ ʠ ‎ ʛʠʨʦʤʘʛʥʠʪʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʷʜʝʨ 1H ʠ X, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [163]. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

MAS, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚʨʘʱʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʝ, ʫʩʨʝʜʥʷʝʪ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦ ʥʫʣʷ, ʯʪʦ ʩʠʣʴʥʦ ʥʘʨʫʰʘʝʪ ʧʝʨʝʜʘʯʫ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ 
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ʜʣʷ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ʘʤʧʣʠʪʫʜʳ ʢʦʥʪʘʢʪʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʩʧʠʥʦʚ. 

 

ʈʠʩʫʥʦʢ 12. ʀʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʘ) ï onepulse, 

(ʙ) ï cross-polarization. 

ɸʥʠʟʦʪʨʦʧʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʚʦʜʷʪ ʢ ʰʠʨʦʢʠʤ ʩʠʛʥʘʣʘʤ ʚ ʩʧʝʢʪʨʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʙʳʩʪʨʦʟʘʪʫʭʘʶʱʠʤ ʩʠʛʥʘʣʘʤ ʩʧʘʜʘ ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ 

ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʪʦʣʴʢʦ ʩʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʠʤʧʫʣʴʩʘ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʤʘʷ ʯʘʩʪʴ ʙʩrʪʨʦʟʘʪʫʭʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ. ɼʣʷ ʗʄʈ ʨʘʩʪʚʦʨʦʚ ʵʪʦ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ ʩʠʛʥʘʣ ʩʧʘʜʘ 

ʩʚʦʙʦʜʥʦʡ ʠʥʜʫʢʮʠʠ ʟʘʪʫʭʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ. ɺ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʧʠʥʦʚʦʝ ʵʭʦ (Hahn-Echo), ʥʘʟʚʘʥʥʦʡ ʚ ʯʝʩʪʴ ʕʨʚʠʥʘ ʍʘʥʘ, 

ʢʦʪʦʨʳʡ ʚ 1950-ʭ ʛʦʜʘʭ ʦʙʥʘʨʫʞʠʣ ʵʬʬʝʢʪ ʵʭʘ (ʈʠʩʫʥʦʢ 13ʘ). ʇʦ ʘʥʘʣʦʛʠʠ ʩʦ 

ʩʧʠʥʦʚʳʤ ʵʭʦ ʩʫʱʝʩʪʚʫʝʪ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʵʭʦ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʤʧʫʣʴʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ 90Á-ʠʤʧʫʣʴʩʦʚ. 
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ʈʠʩʫʥʦʢ 13. ʀʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  

(ʘ) ï Hahn-Echo, (ʙ) ï QCPMG, (ʚ) ï D-HMQC X{ 1H}.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʦʛʫʪ ʙʳʪʴ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʫʰʠʨʝʥʥʳʤʠ, ʜʦ ʜʝʩʷʪʢʦʚ ʄɻʮ, ʯʪʦ ʩʚʷʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʩ 

ʢʚʘʜʨʫʧʦʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʘʥʠʟʦʪʨʦʧʠʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʠʣʠ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʩʜʚʠʛʘ ʅʘʡʪʘ. ʉʧʝʢʪʨʳ ʩ ʪʘʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʥʝ ʧʨʦʩʪʦ ʧʦʣʫʯʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʙʘʟʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʪʁʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, 

ʥʘʧʨʠʤʝʨ, ʨʝʛʠʩʪʨʘʮʠ ̫ ʩʝʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩ ʥʝʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʩʤʝʱʝʥʠʷ (offset) ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʩʢʘʥʘ.  

(VOCS ï Variable Offset Cumulative Spectroscopy) [162]. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ 

ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʩʧʝʢʪʨʘ ʩ ʫʣʫʯʰʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʠʤʧʫʣʴʩʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ QCPMG (Quadrupolar  

Carr-Purcell-Meiboom-Gill ), ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 13ʙ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʵʭʘ, ʚ ʢʦʪʦʨʦʡ ʩʙʦʨ ʜʘʥʥʳʭ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʘʢʩʠʤʫʤʘ ʵʭʘ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʩʝʨʠʷ 90Á-ʠʤʧʫʣʴʩʦʚ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʠʟ ʵʪʠʭ ʠʤʧʫʣʴʩʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦʣʥʦʝ ʵʭʦ [164]. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ 



48 

 

ʩʦʙʠʨʘʝʪʩʷ ʩʠʛʥʘʣʦʚ ʩʧʠʥʦʚʳʭ ʵʭʦ, ʪʝʤ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ [165,166]. 

ʉʧʝʢʪʨ QCPMG ʩʦʩʪʦʠʪ ʠʟ ʫʟʢʠʭ ʧʠʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ρȾ†, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [167]. ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʧʠʢʦʚ ʬʦʨʤʦʡ ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ ʧʦʨʦʰʢʦʚʦʛʦ ʧʘʪʪʝʨʥʘ [168]. ʄʝʪʦʜr  Hahn-Echo 

ʠ QCPMG ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ (ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ MAS). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ MAS ʥʝʦʙʭʦʜʠʤʦ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʚʨʘʱʝʥʠʝ ʨʦʪʦʨʘ ʩ ʟʘʜʝʨʞʢʘʤʠ ʵʭʘ †.  

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʰʠʨʦʢʠʭ ʩʠʛʥʘʣʦʚ ʗʄʈ ʷʚʣʷʝʪʩʷ 

ʨʘʙʦʪʘ ʩ ʜʚʫʤʝʨʥʳʤʠ ʩʧʝʢʪʨʘʤʠ [135,163]. ɻʝʪʝʨʦʷʜʝʨʥʳʝ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʧʦʩʦʙʥʳ ʦʪʨʘʞʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʙʣʠʟʦʩʪʴ ʤʝʞʜʫ 

ʷʜʨʘʤʠ. ʈʘʥʝʝ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʤʝʪʦʜ 

ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʨʫʪʠʥʥʳʤ ʜʣʷ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʢʚʘʜʨʫʧʦʣʴʥʦʝ ʷʜʨʦ. 

ʀʤʧʫʣʴʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʠʧʦʣʴʥʦʡ ʛʝʪʝʨʦʷʜʝʨʥʦʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʢʚʘʥʪʦʚʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ (D-HMQC), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 13ʚ, ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ D-HMQC ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʨʝʢʘʧʣʠʥʛ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ çʢʦʩʚʝʥʥʦʤè ʢʘʥʘʣʝ, ʘ ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʷʜʨʝ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʦʜ D-HMQC 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʢʘʢ ʜʣʷ ʷʜʝʨ ʩʦ 

ʩʧʠʥʦʤ (I = 1/2), ʥʘʧʨʠʤʝʨ, 195Pt, ʪʘʢ ʠ ʜʣʷ ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʷʜʝʨ, ʥʘʧʨʠʤʝʨ, 71Ga  

(I = 3/2) [135,169]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʜʯʝʨʢʠʚʘʣʠ, ʯʪʦ ʤʝʪʦʜ D-HMQC ʷʚʣʷʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ [159,170,171]. 

 

1.8 ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʢʦʪʦʨʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ, ʪ.ʝ. ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʵʚʦʣʶʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʣʝʛʢʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʤʝʞʜʫ 
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ʤʦʣʝʢʫʣʷʨʥʳʤ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤ ʢʘʪʘʣʠʟʦʤ. ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʣʠ ʢ ʚʚʝʜʝʥʠʶ ʢʦʥʮʝʧʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ çʢʦʢʪʝʡʣʴʥʦʛʦè ʪʠʧʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʥʘʣʠʯʠʝʤ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʧʦʣʝʟʥʘ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʵʪʦʤʫ 

ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʨʘʟʚʠʪʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʗʄʈ 

ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 
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ɻʃɸɺɸ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1 ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʳʩʫʰʝʥʥʦʡ ʧʦʩʫʜʝ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʢʪʠʚʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʠ. ʂʦʤʧʣʝʢʩ r

Pt2dba3 ʠ Pd2dba3 ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥ rʆʥʜʘʨ ɽ. ʕ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʨʦʜʫʢʪʳ 

ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʇʘʪʠʣʴ ɽ. ɼ. Pd ʅʏ/NHC 

ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʢ.ʭ.ʥ. ʇʨʠʤʘ ɼ. ʆ.  

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʢ.ʭ.ʥ. ʂʦʩʪʶʢʦʚʠʯʝʤ ɸ. ʖ. 

 

2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢ ʨʘʟʜʝʣʫ 3.1 

ʗʄʈ-ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance III 

400 ʄɻʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5-ʤʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʘʪʯʠʢʘ BBFO, ʩʧʝʢʪʨʦʤʝʪʨʝ 

Bruker Avance II 600, ʦʩʥʘʱʝʥʥʦʤ 5-ʤʤ ʜʘʪʯʠʢʦʤ SmartProbe, ʠ Bruker  

Avance-Neo 300 ʄɻʮ, ʦʩʥʘʱʝʥʥʦʤ 5-ʤʤ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʜʘʪʯʠʢʦʤ BBO. ɺʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʗʄʈ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʤʧʣʝʢʩʦʚ Pt2dba3, Pd2dba3 ʩʦʩʪʘʚʣʷʣʘ 6 ʤʛ/ʤʣ (3 ʤʛ/500 ʤʢʣ) ʚ ʭʣʦʨʦʬʦʨʤʝ-d3. 

ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʢʘʣʠʙʨʦʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʭʣʦʨʦʬʦʨʤʘ-d3 (7.26 ʤ.ʜ. ʜʣʷ 
1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʠ 77.16 ʤ.ʜ. ʜʣʷ 13ʉ 

ʗʄʈ ʩʧʝʢʪʨʦʚ). 

 

ʕʢʩʧʝʨʠʤʝʥʪ r 1H ʗʄʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zg Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 64 ʠ ʟʘʜʝʨʞʢʦʡ ʥʘ 

ʨʝʣʘʢʩʘʮʠʶ 5 ʩ. 

ʕʢʩʧʝʨʠʤʝʥʪ r 1H{ 195Pt} ʗʄʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zgig30 Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 64 ʠ ʟʘʜʝʨʞʢʦʡ 

ʥʘ ʨʝʣʘʢʩʘʮʠʶ 5 ʩ. 
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ʕʢʩʧʝʨʠʤʝʥʪ r 13C{1H} ʗʄʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zgig30 Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 35038 ʠ 

ʟʘʜʝʨʞʢʦʡ ʥʘ ʨʝʣʘʢʩʘʮʠʶ 1 ʩ. 

ʕʢʩʧʝʨʠʤʝʥʪ r 195Pt{1H}  ʗʄʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zgig30 Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 33778 ʠ 

ʟʘʜʝʨʞʢʦʡ ʥʘ ʨʝʣʘʢʩʘʮʠʶ 1 ʩ. 

ʕʢʩʧʝʨʠʤʝʥʪ rʧʦ ʠʟʤʝʨʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ T2 
195Pt{1H} ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cpmgig Bruker ʩ 

ʯʠʩʣʦʤ ʩʢʘʥʦʚ 512 ʠ ʟʘʜʝʨʞʢʦʡ ʥʘ ʨʝʣʘʢʩʘʮʠʶ 1 ʩ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-1H COSY ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cosygpqf Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 4. ɿʘʜʝʨʞʢʘ ʥʘ 

ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 512 (F2) ʠ 256 (F1). 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-1H NOESY ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ noesygpph Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 4. ɿʘʜʝʨʞʢʘ 

ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 512 (F2) ʠ 256 (F1). 

ɺʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 0.8 ʩ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-13C HSQC ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ hsqcedetgpsp.3 Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 32. 

ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 1024 (F2) ʠ 

128 (F1). ɿʘʜʝʨʞʢʘ ʨʝʬʦʢʫʩʠʨʦʚʢʠ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʧʨʷʤʦʡ ʩʚʷʟʠ: 

 JCH = 145 ɻʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-13C HMBC ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ hmbcgpndqf Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 64. 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 2048 (F2) ʠ 128 (F1). ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ 

ʩʦʩʪʘʚʣʷʣʘ 0.5 ʩ. ɿʘʜʝʨʞʢʘ ʥʘ ʧʝʨʝʬʦʢʫʩʠʨʦʚʢʫ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ 

ʜʘʣʴʥʝʡ ʩʚʷʟʠ: JCH = 8 ɻʮ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-195Pt HMBC ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ hmbcgpndqf Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 180. 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 3072 (F2) ʠ 128 (F1). ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ 

ʩʦʩʪʘʚʣʷʣʘ 1 ʩ.  
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ʕʢʩʧʝʨʠʤʝʥʪʳ 1H{ 195Pt} 1D NOESY (EXSY) ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ selnogp Bruker ʩ ʨʘʟʚʷʟʢʦʡ 195Pt ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ Pt2dba3. ʀʩʧʦʣʴʟʦʚʘʣʠ ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ ʦʪ 0.05 ʩ ʜʦ 2 ʩ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʢʘʥʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʦʪ 128 ʜʦ 3072 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 5 ʩ. ɿʥʘʯʝʥʠʷ spoffs2 (ʩʤʝʱʝʥʠʝ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ) ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʧʠʢʦʚ ʙʳʣʠ ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʡ ʧʨʦʛʨʘʤʤʳ selzg Bruker. 

 

2.3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢ ʨʘʟʜʝʣʫ 3.2 

ʋʩʣʦʚʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ ʧʨʦʜʫʢʪʦʚ ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC 

ʉʧʝʢʪʨʳ ʗʄʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance II 600, 

ʦʩʥʘʱʝʥʥʦʤ 5-ʤʤ ʜʘʪʯʠʢʦʤ SmartProbe. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʗʄʈ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʢʘʣʠʙʨʦʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʪʘʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3 (1.94 ʤ.ʜ. ʜʣʷ 
1H ʗʄʈ 

ʩʧʝʢʪʨʦʚ ʠ 1.32 ʤ.ʜ. ʜʣʷ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʚ, ï137.6 ʤ.ʜ. ʜʣʷ 15N ʗʄʈ ʩʧʝʢʪʨʦʚ). 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H ʗʄʈ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zg Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 32 ʠ ʟʘʜʝʨʞʢʦʡ ʥʘ 

ʨʝʣʘʢʩʘʮʠʶ 1 ʩ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ 13C{1H} ʗʄʈ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zgig30 Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 1024 

ʠ ʟʘʜʝʨʞʢʦʡ ʥʘ ʨʝʣʘʢʩʘʮʠʶ 2 ʩ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-1H COSY ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cosygpqf Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 8. 

ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1.5 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 2048 (F2) 

ʠ 512 (F1). 
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ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-1H NOESY ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ noesygpph Bruker ʩ ʯʠʩʣʦʤ  

ʩʢʘʥʦʚ 16. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1.5 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 

2048 (F2) ʠ 128 (F1). 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-13C HSQC ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ hsqcedetgpsp.3 Bruker ʩ ʯʠʩʣʦʤ 

ʩʢʘʥʦʚ 8. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1.5 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 

2048 (F2) ʠ 256 (F1). 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-13C HMBC ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ hmbcgpndqf Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 

16. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 1.5 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 1024 

(F2) ʠ 256 (F1). 

ʕʢʩʧʝʨʠʤʝʥʪʳ 1H-15N HMBC ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ hmbcgpndqf Bruker ʩ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 

128. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 2 ʩ. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʦ 2048 

(F2) ʠ 128 (F1). 

 

ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ (Pd/NHC 2ʘ*, 

Et3N) 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ 

(0.2 ʤʤʦʣʴ, 22 ʤʢʣ), ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), Et3N (0.3 ʤʤʦʣʴ, 

42 ʤʢʣ), 1 ʤʦʣ % ʢʦʤʧʣʝʢʩʘ Pd/NHC (2ʘ*) ʠ 600 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3.  

ʆʙʨʘʟʝʮ ʚ ʗʄʈ-ʘʤʧʫʣʝ ʥʘʛʨʝʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʝ (70 ÁC, 

16 ʯʘʩʦʚ). ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ 

ʩʧʝʢʪʨʦʚ ʗʄʈ. 
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ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ (Pd/NHC 2ʘ*; 

DIPEA) 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ 

(0.2 ʤʤʦʣʴ, 22 ʤʢʣ), ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), DIPEA (0.3 ʤʤʦʣʴ, 

52 ʤʢʣ), 1 ʤʦʣ % ʢʦʤʧʣʝʢʩʘ Pd/NHC 2ʘ* ʠ 600 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. ʆʙʨʘʟʝʮ ʚ 

ʗʄʈ-ʘʤʧʫʣʝ ʥʘʛʨʝʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʝ (70 ÁC, 24 ʯʘʩʘ). 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ ʩʧʝʢʪʨʦʚ ʗʄʈ. 

 

ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ (Pd/NHC 2ʟ*; 

Et3N) 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ 

(0.2 ʤʤʦʣʴ, 22 ʤʢʣ), ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), Et3N (0.3 ʤʤʦʣʴ, 

42 ʤʢʣ), 1 ʤʦʣ % ʢʦʤʧʣʝʢʩʘ 2ʟ* ʠ 600 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. ʆʙʨʘʟʝʮ ʚ  

ʗʄʈ-ʘʤʧʫʣʝ ʥʘʛʨʝʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʝ (70 ÁC, 24 ʯʘʩʘ). 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ ʩʧʝʢʪʨʦʚ ʗʄʈ. 

 

ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ (Pd ʅʏ/NHC* 

2ʘ*; Et3N) 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ 

(0.2 ʤʤʦʣʴ, 22 ʤʢʣ), ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), Et3N (0.3 ʤʤʦʣʴ, 

42 ʤʢʣ), 1 ʤʦʣ % Pd ʅʏ/NHC* 2ʘ* ʠ 600 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. ɸʤʧʫʣʫ ʥʘʛʨʝʚʘʣʠ 

ʚ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʝ ʧʨʠ 70 ÁC ʚ ʪʝʯʝʥʠʝ 50 ʯʘʩʦʚ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. 

 

ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ (Pd ʅʏ; Et3N) 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ 

(0.2 ʤʤʦʣʴ, 22 ʤʢʣ) ʠ ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), Et3N (0.3 ʤʤʦʣʴ, 

42 ʤʢʣ), 1 ʤʦʣ % Pd ʅʏ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ Pd(OAc)2, ʠ 600 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. 
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ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ʚ ʗʄʈ-ʘʤʧʫʣʘʭ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʧʨʠ 70 ÁC. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ 

(0.2 ʤʤʦʣʴ, 22 ʤʢʣ), ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), Et3N (0.3 ʤʤʦʣʴ, 

42 ʤʢʣ), 1 ʤʦʣ % Pd ʅʏ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʦʤʧʣʝʢʩʘ 2ʘ*, ʠ 600 ʤʢʣ  

ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ʚ ʗʄʈ-ʘʤʧʫʣʘʭ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ 70 ÁC. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. 

 

ɻʦʨʷʯʝʝ ʬʠʣʴʪʨʦʚʘʥʠʝ 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʡʦʜʙʝʥʟʦʣ (0.2 ʤʤʦʣʴ, 22 ʤʢʣ),  

ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 29 ʤʢʣ), PhONa (0.3 ʤʤʦʣʴ, 35 ʤʛ), 1 ʤʦʣ % 

ʢʦʤʧʣʝʢʩʘ Pd/NHC 2ʘ* ʠ 2 ʤʣ ʊɻʌ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʧʨʠ 

100 ÁC. ɺrʭʦʜ ʩʦʩʪʘʚʠʣ 94 %. ʉʤʝʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʦʩʘʜʦʢ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, 

ʨʘʩʪʚʦʨ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫʶ ʘʤʧʫʣʫ. ʆʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʛʦʨʷʯʠʤ ʊɻʌ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʜʝʢʘʥʪʠʨʦʚʘʣʠ. ʂ ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ ʥʦʚʳʝ ʧʦʨʮʠʠ ʨʝʘʛʝʥʪʦʚ 

ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʂ ʦʪʜʝʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʥʦʚʳʝ ʧʦʨʮʠʠ ʨʝʘʛʝʥʪʦʚ. ʆʙʝ 

ʘʤʧʫʣʳ ʛʨʝʣʠ 2 ʯʘʩʘ ʧʨʠ 100 ÁC. ɺrʭʦʜ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 28 % ʠ 89 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

2.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢ ʨʘʟʜʝʣʫ 3.3 

ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʚʳʜʝʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʡ ʩʫʩʧʝʥʟʠʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (1200 ʦʙ/ʤʠʥ, 

10 ʤʠʥ), ʚʝʨʭʥʠʡ ʩʣʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ ʫʜʘʣʷʣʠ. ʅʘʥʦʯʘʩʪʠʮʳ ʧʨʦʤʳʚʘʣʠ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʘʥʘʣʦʛʠʯʥʳʤ ʪʦʤʫ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʘʢʮʠʷ (2 Ĭ 3 ʤʣ) ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ 40 ÁC.  

 



56 

 

ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʗʄʈ ʜʣʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ 

ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance III 400 ʄɻʮ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʜʘʪʯʠʢʠ 4.0 ʤʤ BB/HF ʠ 2.5 ʤʤ BB/H. ʆʙʨʘʟʮʳ ʚʨʘʱʘʣʠ ʧʦʜ 

ʤʘʛʠʯʝʩʢʠʤ ʫʛʣʦʤ ʩ ʯʘʩʪʦʪʦʡ 7ï11 ʢɻʮ (ʜʣʷ 4.0 ʤʤ ʜʘʪʯʠʢʘ) ʠ 2ï34 ʢɻʮ (ʜʣʷ 

2.5 ʤʤ ʜʘʪʯʠʢʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʪʦʨʦʚ ʠʟ ZrO2. ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʮʳ 

ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʨʘʟʙʘʚʣʷʪʴ ʦʙʨʘʟʮʳ ʦʩʫʰʝʥʥʳʤ KCl (ʦʙʳʯʥʦ 30ï60 % ʦʪ ʦʙʲʝʤʘ ʨʦʪʦʨʘ). ɺʩʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʜʣʷ 1H ʠ 13C ʢʘʣʠʙʨʦʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʜʘʤʘʥʪʘʥʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʰʠʨʦʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ 

13ʉ Hahn-Echo ʠ QCPMG. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 15ï34 ʢɻʮ. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 0.1ï5 ʩ, ʘ ʚʨʝʤʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 10 ʤʩ. ɺʨʝʤʝʥʘ ʩʧʠʥʦʚʦʛʦ ʵʭʘ ʩʦʩʪʘʚʣʷʣʠ  

60ï190 ʤʢʩ (1ï3 ʧʝʨʠʦʜʘ ʦʙʦʨʦʪʘ ʨʦʪʦʨʘ). ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʘʧʦʜʠʟʘʮʠʶ (LB 60ï1200). ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʠʣʴʥʦ 

ʟʘʚʠʩʝʣʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʨʝʣʘʢʩʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʪʨʝʙʦʚʘʣʠ ʦʪʜʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ. 

ʉʧʝʢʪʨʳ 1H-13C D-HMQC ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2.5 ʤʤ ʜʘʪʯʠʢʘ 

ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʧʦʜ ʤʘʛʠʯʝʩʢʠʤ ʫʛʣʦʤ 32ï34 ʢɻʮ. ʀʤʧʫʣʴʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ.  

ɼʣʷ ʧʝʨʝʥʦʩʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ SR4 ʙʣʦʢ ʠʤʧʫʣʴʩʦʚ: ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʨʷʤʳʭ C-H ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʜʣʠʪʝʣʴʥʦʩʪʴʶ 60 ʤʢʩ, ʠ ʜʣʷ ʜʘʣʴʥʠʭ C-H 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʜʣʠʪʝʣʴʥʦʩʪʴʶ 650 ʤʢʩ. 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʟʘʤʦʨʦʞʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʗʄʈ ʜʣʷ ʟʘʤʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker AVANCE III HD SB ʩ ʯʘʩʪʦʪʦʡ 300 ʄɻʮ.13C 

Hanh-Echo ʩʧʝʢʪʨʳ ʩ ʰʠʨʦʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʥʘʥʦʯʘʩʪʠʮ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʦʢʥʦʤ 9000ï11000 ʤ.ʜ. ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʩʣʦʚʠʡ MAS. 
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ɿʘʜʝʨʞʢʘ ʜʣʷ ʨʝʣʘʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 3 ʩ, ʟʘʜʝʨʞʢʘ ʩʧʠʥ-ʵʭʦ 120 ʤʢʩ. ʊʠʧʠʯʥʦʝ 

ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 24ï48 ʯ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʜʣʷ ʰʢʘʣʳ 13C 

ʢʘʣʠʙʨʦʚʘʣʠ ʧʦ ʞʠʜʢʦʤʫ ʨʘʩʪʚʦʨʠʪʝʣʶ: ʘʮʝʪʦʥʠʪʨʠʣ-d3 (1.32 ʤ.ʜ.), ʪʦʣʫʦʣ-d8 

(20.4 ʤ.ʜ.) ʠ ʩʨʘʚʥʠʚʘʣʠ ʩ ʦʩʪʘʪʦʯʥʳʤ ʩʠʛʥʘʣʦʤ ʦʪ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʘʧʦʜʠʟʘʮʠʶ  

(LB 150ï3000). 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʜʣʷ ʗʄʈ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

in situ 

ɺ ʗʄʈ-ʘʤʧʫʣʫ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʙʳʣ ʟʘʛʨʫʞʝʥ ʡʦʜʙʝʥʟʦʣ (0.2 ʤʤʦʣʴ, 

20 ʤʢʣ), ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪ (0.2 ʤʤʦʣʴ, 26 ʤʢʣ), ʪʨʠʵʪʠʣʘʤʠʥ (0.3 ʤʤʦʣʴ, 40 ʤʢʣ) ʠ 

ʢʦʤʧʣʝʢʩ Pd/NHC* 5ʘ* (0.2 ʤʤʦʣʴ), ʘ ʪʘʢʞʝ 600 ʤʢʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. 

ʈʝʘʢʮʠʦʥʥʫ  ʁʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʠ 1.5 ʯʘʩʦʚ ʧʨʠ 80 ÁC ʠ ʟʘʪʝʤ 

ʩʤʝʩʴ ʙʳʩʪʨʦ ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʉʧʝʢʪʨʳ  

13C Hahn-Echo ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ī80 ÁC. ʆʭʣʘʞʜʝʥʠʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʮʘ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʘʛʣʦʤʝʨʘʮʠʶ ʯʘʩʪʠʮ.  

ɼʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ Pd/NHC* ʚ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʘʣʠ, ʩʨʘʚʥʠʚʘʷ ʩʧʝʢʪʨʳ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʧʦʩʣʝ 1 ʯʘʩʘ ʠ 1.5 ʯʘʩʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʠʛʥʘʣʳ ʦʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Pd/NHC*, ʚʩʝʭ ʬʦʨʤ ʩʚʦʙʦʜʥʳʭ NHC*, ʘ ʪʘʢʞʝ  

CN- ʛʨʫʧʧʳ ʟʘʤʦʨʦʞʝʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 

T1, ʙʦʣʝʝ 2ï3 ʤʠʥʫʪ, ʪʦʛʜʘ ʢʘʢ NHC*, ʩʚʷʟʘʥʥʳʡ ʩ Pd-ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʠʤʝʝʪ 

ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʢʦʨʦʯʝ. ʉʠʛʥʘʣʳ ʦʪ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʝʥʳ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʜʝʨʞʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʠʭ 

ʥʘʢʦʧʣʝʥʠʷ (ʊ1 ʬʠʣʴʪʨ). ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ 

ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʠʟʦʪʦʧʥʘʷ ʤʝʪʢʘ 13C ʚ NHʉ*, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʝʣʝʢʪʠʚʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʛʥʘʣʦʚ ʣʠʛʘʥʜʘ 

NHC ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʤʦʨʦʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʝʘʢʮʠʠ ɹʘʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ ʤʝʪʦʜʦʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ɺ ʘʤʧʫʣʫ ʗʄʈ ʟʘʛʨʫʞʘʣʠ 1-ʭʣʦʨ-4-ʵʪʠʣʙʝʥʟʦʣ (0.13 ʤʤʦʣʴ, 18 ʤʢʣ), 

ʤʦʨʬʦʣʠʥ (0.13 ʤʤʦʣʴ, 11 ʤʢʣ), tBuOK (0.19 ʤʤʦʣʴ, 21 ʤʛ), Pd/NHC* 2ʘ* 

(0.02 ʤʤʦʣʴ) ʠ 600 ʤʢʣ ʪʦʣʫʦʣʘ-d8. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʠ 

2.5 ʯ ʧʨʠ 100 Áʉ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʩʪʨʦ ʟʘʤʦʨʘʞʠʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ 

ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩʪʘʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 13C Hahn-Echo ʧʨʠ ī120 Áʉ.  

 

2.5 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢ ʨʘʟʜʝʣʫ 3.4 

 ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠ ʥʘ ʗʄʈ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Bruker Avance III 400 ʄɻʮ ʩ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʜʘʪʯʠʢʦʤ BBFO ʠ ʛʝʥʝʨʘʪʦʨʦʤ 

ʠʤʧʫʣʴʩʦʚ eNMR-1000m (P&L Scientific). ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʝʮʠʘʣʴʥʫʶ ʷʯʝʡʢʫ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʚ ʢʦʪʦʨʫʶ ʚʥʦʩʠʣʠ 700 ʤʢʣ ʨʘʩʪʚʦʨʘ 

ʠʟʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɼʣʷ eNMR 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠ ʠʤʧʫʣʴʩʥʫʶ EDSTE (ʈʠʩʫʥʦʢ 9ʜ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 3.33 ʩʤ ʠ ʙʳʣʦ ʦʪʢʘʣʠʙʨʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ eNMR ʚ ʩʪʘʥʜʘʨʪʥʦʤ 10 ʤʄ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʙʨʦʤʠʜʘ 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ [172]. 

ʉʦʙʨʘʥʥʫʶ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʫʶ ʷʯʝʡʢʫ ʧʦʤʝʱʘʣʠ ʚ ʤʘʛʥʠʪ, ʟʘʪʝʤ 

ʥʘʩʪʨʘʠʚʘʣʠ ʜʘʪʯʠʢ, ʩʠʛʥʘʣ ʣʦʢʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʣʠʙʨʦʚʘʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

90Áʠʤʧʫʣʴʩʘ. ʈʝʛʠʩʪʨʘʮʠʷ ʧʩʝʚʜʦ-ʜʚʫʤʝʨʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʛʨʘʜʠʝʥʪʘ, ʥʦ ʩ ʚʦʟʨʘʩʪʘʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ.  

 

ʄʝʪʦʜʠʢʘ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ eNMR 

ʉʦʝʜʠʥʝʥʠʝ 8 (1-ʘʣʢʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʙʨʦʤʠʜ) ʧʦʣʫʯʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ [173]. ɼʣʷ ʵʪʦʛʦ ʢ ʨʘʩʪʚʦʨʫ  
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1-ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ 6 (41 ʤʛ, 5.00 ʤʤʦʣʴ) ʚ 1 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3 ʜʦʙʘʚʣʷʣʠ  

1-ʙʨʦʤʧʨʦʧʘʥ 7 (62 ʤʛ, 5 ʤʤʦʣʴ). ʈʝʘʢʮʠʶ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 

2 ʯʘʩʦʚ ʧʨʠ 80 Áʉ. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʘ ʦʪʙʠʨʘʣʠ ʧʦ 14 ʤʢʣ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʨʘʟʙʘʚʣʷʣʠ 0.7 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ-d3. 

ʕʢʩʧʝʨʠʤʝʥʪ 1H eNMR ʜʣʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ‏, ʨʘʚʥʦʡ 1 ʤʩ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ Ὣ, 

ʨʘʚʥʳʤ 15 ɻʩ/ʩʤ. ɺʨʝʤʷ ʜʨʝʡʬʘ Ў ʩʦʩʪʘʚʣʷʣʦ 200 ʤʩ. ʅʘʧʨʷʞʝʥʠʝ Ὗ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʦʪ 0 ʜʦ 400 ɺ ʟʘ 8 ʰʘʛʦʚ. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʠʣʘ 15 ʩ, 

ʯʠʩʣʦ ʩʢʘʥʦʚ 16. 

ʕʢʩʧʝʨʠʤʝʥʪ 1H ʗʄʈ ʜʣʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʩ ʟʘʜʝʨʞʢʦʡ ʥʘ 

ʨʝʣʘʢʩʘʮʠʶ 1 ʩ ʠ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 16. 

 

ʄʝʪʦʜʠʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʠ ʧʘʨʘʤʝʪʨʳ eNMR ʵʢʩʧʝʨʠʤʝʥʪʘ 

ɺʝʱʝʩʪʚʘ 9 (2 ʤʛ, 0.0035 ʤʤʦʣʴ) ʠ 10 (0.8 ʤʛ, 0.0035 ʤʤʦʣʴ) ʩʤʝʰʠʚʘʣʠ ʚ 

ɼʄʌɸ-d7 (0.7 ʤʣ). 

ʉʧʝʢʪʨ 1H eNMR ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠʤʧʫʣʴʩʘ 

 ʨʘʚʥʦʡ 1 ʤʩ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ Ὣ, ʨʘʚʥʳʤ 18 ɻʩ/ʩʤ. ɺʨʝʤʷ ,‏

ʜʨʝʡʬʘ Ў ʩʦʩʪʘʚʣʷʣʦ 200 ʤʩ. ʅʘʧʨʷʞʝʥʠʝ Ὗ ʫʚʝʣʠʯʠʚʘʣʠ ʦʪ 0 ʜʦ 400 ɺ ʟʘ 8 ʰʘʛʦʚ. 

ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʠʣʘ 15 ʩ, ʯʠʩʣʦ ʩʢʘʥʦʚ 16. 

ʕʢʩʧʝʨʠʤʝʥʪ 1H 2D MOSY ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʩ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʛʨʘʜʠʝʥʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ‏, ʨʘʚʥʦʡ 1 ʤʩ, ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ Ὣ, ʨʘʚʥʳʤ 35 ɻʩ/ʩʤ. ɺʨʝʤʷ ʜʨʝʡʬʘ Ў ʩʦʩʪʘʚʠʣʦ 360 ʤʩ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 3.33 ʩʤ. ʅʘʧʨʷʞʝʥʠʝ Ὗ ʧʦʚʳʰʘʣʠ ʦʪ 

0 ʜʦ 400 ɺ ʟʘ 41 ʰʘʛ. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʣʷʣʘ 80 ʩ, ʯʠʩʣʦ ʩʢʘʥʦʚ 8. 

 

 

ʄʝʪʦʜʠʢʘ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʠ eNMR ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ 

ʈʝʘʢʮʠʶ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [174]. ʉʤʝʩʴ 

ʢʦʤʧʣʝʢʩʘ 9 (5 ʤʦʣ. %, 0.002 ʤʤʦʣʴ), ʡʦʜʙʝʥʟʦʣʘ (0.080 ʤʤʦʣʴ, 0.009 ʤʣ),  
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ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪʘ (0.048 ʤʤʦʣʴ, 0.0068 ʤʣ) ʠ ʪʨʠʤʝʪʠʣʘʤʠʥʘ (0.064 ʤʤʦʣʴ, 

0.009 ʤʣ) ʚ ɼʄʌɸ-d7 (0.7 ʤʣ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʚʠʘʣʝ ʧʨʠ 140 ÁC  

ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ. ʉʧʝʢʪʨʳ ʗʄʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ 

ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ 1H eNMR ʜʣʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʩ ʜʣʠʥʦʡ 

ʠʤʧʫʣʴʩʘ ʛʨʘʜʠʝʥʪʘ ‏, ʨʘʚʥʦʡ 1 ʤʩ ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ Ὣ, 

ʨʘʚʥʳʤ 18 ɻʩ/ʩʤ. ɺʨʝʤʷ ʜʨʝʡʬʘ Ў ʩʦʩʪʘʚʣʷʣʦ 200 ʤʩ. ʅʘʧʨʷʞʝʥʠʝ Ὗ ʫʚʝʣʠʯʠʚʘʣʠ 

ʦʪ 0 ʜʦ 400 ɺ ʟʘ 8 ʰʘʛʦʚ. ɿʘʜʝʨʞʢʘ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʩʦʩʪʘʚʠʣʘ 15 ʩ, ʯʠʩʣʦ ʩʢʘʥʦʚ 

16. 

ʕʢʩʧʝʨʠʤʝʥʪ 1H ʗʄʈ ʜʣʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʩ ʟʘʜʝʨʞʢʦʡ ʥʘ 

ʨʝʣʘʢʩʘʮʠʶ ʨʘʚʥʦʡ 1 ʩ ʠ ʯʠʩʣʦʤ ʩʢʘʥʦʚ 16. 

 

ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ eNMR 

ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Topspin 

4.0.8 (Bruker) ʠ Mnova (Mestrelab Research).  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ eNMR, ʚʳʧʦʣʥʷʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʇʝʨʚʳʡ ʩʨʝʟ ʬʘʟʠʨʦʚʘʣʠ ʠ ʩʦʭʨʘʥʷʣʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ 

ʬʘʟʫ ʜʣʷ ʚʩʝʛʦ ʤʘʩʩʠʚʘ. ʇʦʣʫʯʘʣʠ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʬʘʟʳ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʜʣʷ ʠʦʥʥʦʛʦ ʠ ʜʣʷ ʥʝʠʦʥʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʨʝʟʦʚ. ʈʘʟʥʦʩʪʴ 

ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫ  ʁ ʬʘʟʫ ʙʝʟ ʚʢʣʘʜʘ 

ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʵʬʬʝʢʪʘ ʵʣʝʢʪʨʦʦʩʤʦʩʘ. ɼʘʣʝʝ ʩʪʨʦʠʣʠ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʯʠʪʘʣʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ‘ ὒ•Ⱦ‎‏ὫЎὟ, ʚʳʯʠʩʣʷʣʠ ʟʥʘʯʝʥʠʝ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ 1H 2D MOSY ʨʘʟʨʘʙʦʪʘʣʠ ʩʧʝʮʠʘʣʴʥʫʶ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ AU ʜʣʷ TopSpin. ʇʝʨʝʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AU ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʢʦʨʨʝʢʮʠʷ ʬʘʟʳ 

ʢʘʞʜʦʛʦ ʩʨʝʟʘ.  
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ɻʃɸɺɸ 3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ 

ʩʠʛʥʘʣʳ, ʩʣʫʞʘʱʠʝ ʤʘʨʢʝʨʘʤʠ ʧʨʠʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʣʦʞʥʳʭ 

ʩʤʝʩʷʭ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʣʠ ʨʝʘʢʮʠʦʥʥʳʝ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʤʝʩʷʭ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʚʳʧʘʜʘʶʱʠʡ ʚ ʨʝʘʢʮʠʷʭ ʦʩʘʜʦʢ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

 

3.1 ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʢʦʤʧʣʝʢʩʦʚ Pt2dba3 ʠ 

Pd2dba3 ʚ ʨʘʩʪʚʦʨʝ 

3.1.1 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ Pt2dba3 ʚ ʨʘʩʪʚʦʨʝ 

ʂʦʤʧʣʝʢʩ ʪʨʠ(ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ)ʜʠʧʣʘʪʠʥʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ 

ʢʘʪʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʝʤ. ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʨʝʰʝʥʘ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʦʜʠʥ ʠʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʣʠ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʩʪʨʫʢʪʫʨʝ Pt2dba3 ʚ ʨʘʩʪʚʦʨʝ (ʈʠʩʫʥʦʢ 14). 

ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʜʝʨʞʠʪ ʜʚʝʥʘʜʮʘʪʴ ʩʠʛʥʘʣʦʚ ʦʪ ʜʚʝʥʘʜʮʘʪʠ ʦʣʝʬʠʥʦʚʳʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ ʚ 

ʢʦʤʧʣʝʢʩʝ (ʈʠʩʫʥʦʢ 14(1) ʠ 15). ʅʘʣʠʯʠʝ ʩʘʪʝʣʣʠʪʦʚ ʫ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʠʥ-ʩʧʠʥʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʘʪʦʤʘʤʠ 195Pt (ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ 33.8 %). ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ (ʛʣʘʚʘ 1.2.4.) ʦʙʩʫʞʜʘʣʦʩʴ, ʯʪʦ ʚ 

ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʘ Pd2dba3 ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʨʘʟʥʳʤ ʠʟʦʤʝʨʘʤ ʢʦʤʧʣʝʢʩʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʩʧʝʢʪʨʘʭ 

Pt2dba3 ʥʝʪ ʚʪʦʨʦʛʦ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʪ.ʝ. ʢʦʤʧʣʝʢʩ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʦʜʥʦʛʦ 
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ʠʟʦʤʝʨʘ. ʇʦʩʢʦʣʴʢʫ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʤʧʣʝʢʩʝ ʚ ʪʚʝʨʜʦʡ ʬʦʨʤʝ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ ʤʦʥʦʧʣʘʪʠʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ptdba3, ʢʦʪʦʨʳʡ ʚ ʨʘʩʪʚʦʨʝ 

ʙʳʩʪʨʦ ʧʝʨʝʭʦʜʠʪ ʚ Pt2dba3 (2Ptdba3 Ÿ Pt2dba3 + 3dba), ʚ ʩʧʝʢʪʨʘʭ ʚʩʝʛʜʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ ʩʚʦʙʦʜʥʦʛʦ dba ʣʠʛʘʥʜʘ (ʦʙʣʘʩʪʴ 7.4ï7.8 ʤ.ʜ., ʩʠʛʥʘʣʳ 

ʚʳʜʝʣʝʥʳ ʢʨʘʩʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 15). 

 

ʈʠʩʫʥʦʢ 14. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠ ̫ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ Pt2dba3. 

ʄʝʪʦʜ 1H-1H COSY ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʰʝʩʪʠ ʧʘʨ ʧʨʦʪʦʥʦʚ 

HŬ-Hɓ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʦʣʝʬʠʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ (ʈʠʩʫʥʢʠ 14(2) 

ʠ 16). 



63 

 

 

ʈʠʩʫʥʦʢ 15. ʉʧʝʢʪʨ ʗʄʈ 1ʅ ʢʦʤʧʣʝʢʩʘ Pt2dba3; ʩʧʠʥ-ʩʧʠʥʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ COSY, ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤʠ ʣʠʥʠʷʤʠ; ʦʨʘʥʞʝʚʳʤʠ 

ʢʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʣʘʪʠʥʦʚʳʝ ʩʘʪʝʣʣʠʪʳ. 

  

ʈʠʩʫʥʦʢ 16. ʉʧʝʢʪʨ 1H-1H COSY ʢʦʤʧʣʝʢʩʘ Pt2dba3. ʐʝʩʪʴ ʧʘʨ ʧʨʦʪʦʥʦʚ HŬ ʠ Hɓ 

ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʩʧʝʢʪʨʝ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ. 
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ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʣʝʬʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʣʠʛʘʥʜʘʤ dba 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʚ 1H-13C HSQC ʠ 1H-13C HMBC (ʈʠʩʫʥʦʢ 14(3)). 

ʉʠʛʥʘʣʳ ʫʛʣʝʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 180ï200 ʤ.ʜ. ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ. ʂʘʞʜʳʡ ʠʟ ʪʨʝʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ 1H-13C HMBC ʠʤʝʝʪ 

ʢʨʦʩʩ-ʧʠʢʠ ʩ ʩʠʛʥʘʣʘʤʠ ʧʨʦʪʦʥʦʚ ʜʚʫʭ ʦʣʝʬʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʈʠʩʫʥʦʢ 17). 

 

ʈʠʩʫʥʦʢ 17. ʆʙʣʘʩʪʴ ʩʧʝʢʪʨʘ 1H-13C HMBC ʢʦʤʧʣʝʢʩʘ Pt2dba3, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. 

ʄʝʪʦʜʦʤ 1H-13C HSQC ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʳ ʧʨʦʪʦʥ-ʫʛʣʝʨʦʜ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʩʝ ʩʠʛʥʘʣʳ 1H ʠ 13C ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʟʣʠʯʥʳʤ ʣʠʛʘʥʜʘʤ dba (ʈʠʩʫʥʦʢ 18).  
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ʈʠʩʫʥʦʢ 18. ʉʧʝʢʪʨ 1H-13C HSQC ʢʦʤʧʣʝʢʩʘ Pt2dba3. ʇʘʨʳ ʧʨʦʪʦʥ-ʫʛʣʝʨʦʜ ʚ 

ʦʣʝʬʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ dba ʦʪʤʝʯʝʥʳ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ. 

ʉ ʮʝʣʴʶ ʦʜʥʦʟʥʘʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʪʦʥʦʚ HŬ ʠ Hɓ ʚ ʢʘʞʜʦʡ ʧʘʨʝ, ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ Pt2dba3 ʩ ʜʝʡʪʝʨʠʝʚʳʤʠ ʤʝʪʢʘʤʠ ʚ Ŭ-ʧʦʣʦʞʝʥʠʷʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɺ ʩʧʝʢʪʨʝ 1H ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ ɓ-ʧʨʦʪʦʥʦʚ. ɺʩʝ ʩʠʛʥʘʣʳ ʦʣʝʬʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ HŬ ʠʣʠ Hɓ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ 

1H{ 195Pt} ʜʣʷ ʤʝʯʝʥʥʳʭ ʠ ʥʝʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Pt2dba3 (ʈʠʩʫʥʢʠ 14(4) 

ʠ 19ʘ, ʙ). 
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ʈʠʩʫʥʦʢ 19. ʉʧʝʢʪʨʳ ʗʄʈ 1H{ 195Pt} (ʘ) ï Ŭ-ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

Pt2(dba-d2)3 ʠ (ʙ) ï Pt2dba3. 

ʉ ʧʦʤʦʱʴʶ 1H-1H NOESY ʩʧʝʢʪʨʘ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʬʦʨʤʘʮʠʶ dba-ʣʠʛʘʥʜʘ (ʈʠʩʫʥʢʠ 14(5) ʠ 20).  

ʊʨʠ ʚʦʟʤʦʞʥʳʝ ʢʦʥʬʦʨʤʘʮʠʠ dba ʠʤʝʶʪ ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

H-H ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ s-ʮʠʩ,s-ʮʠʩ ʣʠʛʘʥʜʝ (I-I) ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ HŬ-HŬ, 

ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ, ʩʦʩʪʘʚʣʷʝʪ 2.29 ¡. ʂʦʥʬʦʨʤʘʮʠʷ s-ʮʠʩ,s-ʪʨʘʥʩ  

(I-II) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ HŬ-Hɓ, ʨʘʚʥʳʤ 1.97 ¡, ʚ s-ʪʨʘʥʩ,s-ʪʨʘʥʩ 

ʣʠʛʘʥʜʝ (II-II) ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʚ ɓ-ʧʦʣʦʞʝʥʠʷʭ ʨʘʩʧʦʣʦʞʝʥʳ  

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2.36 ¡. ɺ ʩʧʝʢʪʨʝ NOESY ʜʦʣʞʥ  rʥʘʙʣʶʜʘʪʴʩʷ ʢʨʦʩʩ-ʧʠʢʠ ʦʪ ɻ ʪʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʝʩʣʠ ʣʠʛʘʥʜ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʬʦʨʤʘʮʠʝʡ ʝʩʪʴ ʚ ʢʦʤʧʣʝʢʩʝ. 

ʉʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 1H-1H NOESY, ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ H-H ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ: HŬHɓ (ʢʨʦʩʩ-ʧʠʢʠ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʨʘʩʥʳʤ ʠ 

ʙʠʨʶʟʦʚʳʤ, ʥʘ ʨʠʩʫʥʢʝ 20) ʠ HɓHɓ (ʢʨʦʩʩ-ʧʠʢ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʩʠʥʠʤ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩ Pt2dba3 ʩʦʜʝʨʞʠʪ ʜʚʘ ʣʠʛʘʥʜʘ I-II ʠ ʦʜʠʥ ʣʠʛʘʥʜ II-II. 
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ʈʠʩʫʥʦʢ 20. 1H-1H NOESY ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ Pt2dba3; ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʚ ʪʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʘʭ dba ʠ ʢʣʶʯʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NOE ʦʪʤʝʯʝʥʳ ʨʘʟʥʳʤʠ 

ʮʚʝʪʘʤʠ (ʩʠʥʠʤ, ʢʨʘʩʥʳʤ ʠ ʙʠʨʶʟʦʚʳʤ). 

ɺ ʩʧʝʢʪʨʝ 195Pt{1H} ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʚʫʤ ʠʟʦʪʦʧʦʣʦʛʘʤ Pt2dba3 ʩ ʦʜʥʠʤ ʠ ʜʚʫʤʷ ʠʟʦʪʦʧʘʤʠ 195Pt ʚ ʩʦʩʪʘʚʝ 

(ʈʠʩʫʥʦʢ 21ʘ, ʩʠʛʥʘʣʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʬʠʦʣʝʪʦʚʳʤ, ʟʝʣʝʥʳʤ ʠ ʢʨʘʩʥʳʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʠʛʥʘʣʳ ɸ ʠ B ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤ ʘʪʦʤʘʤ 

ʧʣʘʪʠʥʳ ʚ ʢʦʤʧʣʝʢʩʝ. ɸʥʘʣʠʟ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʠʢʘʤʠ ʚ ʩʧʝʢʪʨʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, 

ʯʪʦ ʩʠʛʥʘʣʳ ʤʦʣʝʢʫʣ Pt2dba3 ʩ ʜʚʫʤʷ ʠʟʦʪʦʧʘʤʠ 
195Pt ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ  



68 

 

ɸɺ-ʩʠʩʪʝʤʫ ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ JPtPt ʠ ʨʘʟʥʦʩʪʴʶ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ȹɜ [175ï176] : 

ὐ   ὺ  ὺ  ὺ  ὺ ρφυπ ː  ̗ (26) 

Ўὺ ὺ  ὺ=ρψχψ ː  ̗ (27) 

Ὀ
Ў’ ὐ

ς
ρςυπ ː  ̗

(28) 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Ὀ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

ʩʧʝʢʪʨʘ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʧʠʢʘʤʠ ’   ’  ʠ ’  ’ . ɿʥʘʯʝʥʠʝ JPtPt, 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʫʯʝʥʥʳʤ ʚʳʰʝ. 

Ὀ
ςὈ ὐ ςὈ ὐ

τ

’   ’ ’  ’

τ
ρςυρ ː  ̗ (29) 

ὐ
ςὈ ὐ ςὈ ὐ

ς

’   ’ ’  ’

ς
ρφυρ ː  ̗

(30) 

ʇʦʣʫʯʝʥʦ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ɸɺ ʩʠʩʪʝʤʳ.  

Ὅ

Ὅ
πȢς (31) 

Ὅ

Ὅ

ρ ὗ

ρ ὗ
πȢς 

(32) 

ὗ
ὐ

Ў’ ςὈ
πȢσψ 

(33) 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʝ 195Pt ʗʄʈ, ʧʦʣʫʯʝʥʥʦʤ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʦʡ ʷʜʝʨ 195Pt 86 ʄɻʮ, ʩʠʛʥʘʣʳ A2 ʠ B1 ʩʤʝʱʝʥʳ ʙʣʠʞʝ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʯʘʩʪʦʪʝ 129 ʄɻʮ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-

ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʠʢʠ A ʠ B ʠʤʝʶʪ ʟʘʤʝʪʥʦ ʨʘʟʥʳʝ ʘʤʧʣʠʪʫʜʳ, ʥʦ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʠʭ ʧʠʢʦʚ ʦʜʠʥʘʢʦʚʳ. ʈʘʟʣʠʯʠʷ ʚ ʘʤʧʣʠʪʫʜʘʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʧʝʨʝʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (T2) ʜʣʷ ʵʪʠʭ ʧʠʢʦʚ (‏’Ⱦ ρȾ“Ὕ). ɼʣʷ 
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ʧʨʦʚʝʨʢʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʧʝʨʝʯʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ T2 ʥʘ ʷʜʨʘʭ 
195Pt. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʨʝʤʝʥʘ 

ʨʝʣʘʢʩʘʮʠʠ: T2(ī4427) = 0.115Ñ0.006 ʩ ʠ T2(ī4441) = 0.032Ñ0.003 ʩ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ ʩʠʛʥʘʣʦʚ. 

 

ʈʠʩʫʥʦʢ 21. (ʘ) ï ʉʧʝʢʪʨ 195Pt{1H} Pt2dba3, (ʙ) ï ʩʧʝʢʪʨ 1H-195Pt HMBC, (ʚ) ï 1H 

ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ Pt2dba3 ʠ ʧʨʦʝʢʮʠʠ ʩʧʝʢʪʨʘ 1H-195Pt HMBC ʜʣʷ ʩʠʛʥʘʣʦʚ 

ʧʣʘʪʠʥʳ (ʛ) ï ī4441 ʤ.ʜ. ʠ (ʜ) ï ī4427 ʤ.ʜ. 

ʅʘʣʠʯʠʝ ʤʘʛʥʠʪʥʳʭ ʠʟʦʪʦʧʦʚ ʧʣʘʪʠʥʳ ʚ ʢʦʤʧʣʝʢʩʝ Pt2dba3 ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ dba. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ 

ʚʦʟʤʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ H-Pt ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 1H-195Pt HMBC 
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(ʈʠʩʫʥʦʢ 21ʙ). ʅʘʙʣʶʜʘʝʤʳʝ ʩʧʠʥ-ʩʧʠʥʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʩʠʣʴʥʳʝ (JHPt > 30 ɻʮ) ʠ ʩʣʘʙʳʝ (JHPt < 1ï2 ɻʮ). ʉʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʦʨʜʠʥʘʮʠʶ ʦʣʝʬʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʪʦʤʦʤ 

ʧʣʘʪʠʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʩʧʝʢʪʨʝ 1H-195Pt HMBC ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʦʣʝʬʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ I (HŬ
I, 4.31 ʤ.ʜ.) ʠ ʘʪʦʤʦʤ Pt (ī4427 ʤ.ʜ.). ʊʦʪ ʞʝ ʩʠʛʥʘʣ (4.31 ʤ.ʜ.) 

ʠʤʝʝʪ ʢʨʦʩʩ-ʧʠʢ ʩ ʜʨʫʛʠʤ ʘʪʦʤʦʤ Pt (ī4441 ʤ.ʜ.), ʥʦ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʘʙʦʝ. 

ʉʠʛʥʘʣ HŬ
II ʪʦʛʦ ʞʝ ʣʠʛʘʥʜʘ dba ʧʨʠ 6.69 ʤ.ʜ. ʪʘʢʞʝ ʠʤʝʝʪ ʢʨʦʩʩ-ʧʠʢʠ ʩ ʜʚʫʤʷ 

ʩʠʛʥʘʣʘʤʠ Pt, ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘʦʙʦʨʦʪ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʩʠʛʥʘʣʦʤ ī4441 ʤ.ʜ. ʠ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʠʢʦʤ ʧʨʠ ī4427 ʤ.ʜ. (ʈʠʩʫʥʦʢ 

21ʙïʜ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ Pt-H ʜʣʷ ʚʩʝʭ 

ʣʠʛʘʥʜʦʚ dba, ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʠʟʦʤʝʨ ʠʟʫʯʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Pt(I-II)(II -II)(II -I)Pt (ʈʠʩʫʥʦʢ 14(6)).  

ɺ ʠʟʦʤʝʨʝ Pt(I-II)(II -II)(II -I)Pt ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʘ 

ʦʨʠʝʥʪʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚʦʢʨʫʛ ʜʠʤʝʨʥʦʛʦ ʦʩʪʦʚʘ Pt-Pt (ʈʠʩʫʥʦʢ 22). ɺ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʚ ʤʦʣʝʢʫʣʘʭ dba ʠ 

ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʵʥʝʨʛʠʠ (ɸ(0), ɺ(7.4), ɺ(9.8), ɻ(9.9) ʢʢʘʣ/ʤʦʣʴ). ɺ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ɸ ʚʩʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʛʨʫʧʧʳ dba ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʝʜʠʥʦʦʙʨʘʟʥʦ ʧʦ ʯʘʩʦʚʦʡ ʠʣʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʜʥʦʛʦ dba ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʛʨʫʧʧ ʦʩʪʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ dba ʚ ʚʘʨʠʘʥʪʘʭ ɹ, ɺ ʠ ɻ. ʉʪʨʫʢʪʫʨʳ ɹ, ɺ ʠ ɻ ʤʝʥʝʝ 

ʩʪʘʙʠʣʴʥʳ, ʯʝʤ ʢʦʤʧʣʝʢʩ ɸ. ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʵʥʝʨʛʠʷʭ ʜʘʶʪ 

ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ Pt(I-II)(II -II)(II -I)Pt ʩʫʱʝʩʪʚʫʝʪ ʚ ʬʦʨʤʝ ɸ. 

ʉʪʨʫʢʪʫʨʳ Aïɻ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʦʣʝʬʠʥʦʚʳʤʠ 

ʧʨʦʪʦʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ dba, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʢʪʨʦʩʢʦʧʠʶ NOESY ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ dba ʣʠʛʘʥʜʦʚ. 

ʆʜʥʘʢʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʜʘʥʥʳʭ ʩʧʝʢʪʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʧʨʦʪʦʥʘʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʣʠʛʘʥʜʘ dba, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 2 ¡. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʙʣʠʞʘʡʰʠʤʠ ʧʨʦʪʦʥʘʤʠ ʨʘʟʥʳʭ ʣʠʛʘʥʜʦʚ dba ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2.82 ʜʦ 
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3.01 ¡. ɺʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ NOE ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ 

ʷʜʨʘʤʠ ʚ ʰʝʩʪʦʡ ʩʪʝʧʝʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʨʦʩʩ-ʧʠʢʦʚ NOE 

ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʨʦʪʦʥʘʤʠ ʙʫʜʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʦʩʩ-ʧʠʢʘʤʠ, ʨʘʥʝʝ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ 1H-1H NOESY ʩʧʝʢʪʨʝ (ʈʠʩʫʥʦʢ 20).  

 

ʈʠʩʫʥʦʢ 22. ɺʦʟʤʦʞʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʣʠʛʘʥʜʦʚ dba ʚ ʢʦʤʧʣʝʢʩʝ 

Pt(I-II)(II -II)(II -I)Pt. ɿʝʣʝʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʝr 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ,̫ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʩʧʝʢʪʨʘʭ 1H NOESY. ʇʫʥʢʪʠʨʥʳʝ ʩʝʨʳʝ 

ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʢʦʥʪʘʢʪʳ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 

ʏʠʩʣʘ ʨʷʜʦʤ ʩʦ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʘʶʪ ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ¡. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʦʣʝʢʫʣʘʭ dba ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ 1D 1H NOESY, ʚ ʢʦʪʦʨʳʭ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʩʳʱʘʝʪʩʷ ʚʳʙʠʨʘʝʤʳʡ ʧʨʦʪʦʥ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ NOE ʜʣʷ 
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ʜʨʫʛʠʭ ʧʨʦʪʦʥʦʚ [108]. ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 7 ʩʠʛʥʘʣʦʚ ʦʣʝʬʠʥʦʚʳʭ 

ʧʨʦʪʦʥʦʚ (4.01, 4.31, 4.56, 4.72, 5.98, 6.03 ʠ 6.69 ʤ.ʜ.). ʅʘ ʨʠʩʫʥʢʝ 23 ʧʦʢʘʟʘʥʳ ʜʚʘ 

ʧʨʠʤʝʨʘ ʩʧʝʢʪʨʦʚ 1D 1H NOESY ʩ ʥʘʩʳʱʝʥʥʳʤʠ ʧʨʦʪʦʥʘʤʠ ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ II-I 

ʧʨʠ 5.98 (Hɓ(II -I)) ʠ 6.69 (HŬ(II -I )) ʤ.ʜ. ɺ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ NOE 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʧʨʦʪʦʥʘʤʠ, ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʦʯʝʥʴ ʩʣʘʙʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ 

ʩ ʦʣʝʬʠʥʦʚʳʤʠ ʧʨʦʪʦʥʘʤʠ ʜʨʫʛʠʭ dba-ʣʠʛʘʥʜʦʚ. ɼʘʥʥʳʝ ʦ ʧʦʩʣʝʜʥʠʭ ʤʦʛʫʪ  

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  r ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʣʠʛʘʥʜʦʚ ʚ  

ʢʦʤʧʣʝʢʩʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʝʢʪʨʘʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ  

ʩʣʘʙʳʝ NOE ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ dba-ʣʠʛʘʥʜʘʤʠ  

Hɓ(II -I)-HŬ(II -II) ʠ HŬ(II -I )-HŬ(II -II). ʊʝ ʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ  

1D 1H NOESY ʩʧʝʢʪʨʘʭ, ʜʣʷ ʧʨʦʪʦʥʦʚ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 4.01 ʠ 4.56 ʤ.ʜ.  

 

ʈʠʩʫʥʦʢ 23. ʉʧʝʢʪʨʳ ʗʄʈ 1H NOESY ʢʦʤʧʣʝʢʩʘ Pt2dba3 ʩ ʩʝʣʝʢʪʠʚʥʦ 

ʥʘʩʳʱʝʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʧʨʦʪʦʥʦʚ ʧʨʠ 6.69 ʤ.ʜ. (ʦʙʦʟʥʘʯʝʥ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ) ʠ 

5.98 ʤ.ʜ. (ʦʙʦʟʥʘʯʝʥ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ). ʀʥʪʝʥʩʠʚʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʩʳʱʝʥʥʳʤ ʧʨʦʪʦʥʘʤ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʠʢʘʤ NOE ʤʝʞʜʫ ʥʘʩʳʱʝʥʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʦʪʦʥʘʤʠ. ʏʝʨʥʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥ 1ʅ ʗʄʈ ʩʧʝʢʪʨ. ʇʨʦʪʦʥʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʣʠʛʘʥʜʘʤ dba 

ʚʳʜʝʣʝʥʳ ʩʠʥʠʤ ʠ ʙʠʨʶʟʦʚʳʤ ʮʚʝʪʦʤ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟ ʚʩʝʭ ʩʧʝʢʪʨʦʚ 1D 1H NOESY ʙʳʣʠ ʦʙʥʘʨʫʞʝʥ rʯʝʪʳʨʝ 

ʢʦʥʪʘʢʪʘ dba-dba, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʝʥʳ ʟʝʣʝʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 22. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʨʠʝʥʪʘʮʠʠ ɸ. ɼʣʷ ʩʪʨʫʢʪʫʨ 

ɹ, ɺ ʠ ɻ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴʩʷ ʜʨʫʛʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʩ 

ʦʙʥʘʨʫʞʝʥʥʳʤʠ (ʦʙʦʟʥʘʯʝʥʳ ʩʝʨʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ).  

 

3.1.2 ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Pt2dba3 ʠ Pd2dba3 ʚ ʨʘʩʪʚʦʨʝ 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ NOESY ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ, ʪʘʢ ʠ 

ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ. ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʚ ʢʦʤʧʣʝʢʩʝ Pt2dba3, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʛʘʥʜʦʚ 

dba. ɸʥʘʣʠʟ ʪʝʭ ʞʝ ʦʜʥʦʤʝʨʥʳʭ ʩʧʝʢʪʨʦʚ 1H NOESY ʜʣʷ ʩʝʤʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʠʛʥʘʣʦʚ (4.01, 4.31, 4.56, 4.72, 5.98, 6.03 ʠ 6.69 ʤ.ʜ.) ʪʘʢʞʝ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʤʧʣʝʢʩʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ Pt2dba3 ʚ ʨʘʩʪʚʦʨʝ. ʄʝʪʦʜ EXSY ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʤʝʪʦʜʘ NOESY ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʤʝʥʥr ʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʡ ʞʝ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʠ 

NOESY, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤ ʚʨʝʤʝʥʝʤ ʩʤʝʰʠʚʘʥʠʷ. 

ʇʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ, ʢʘʢ ʩ 

ʜʠʩʩʦʮʠʘʮʠʝʡ/ʘʩʩʦʮʠʘʮʠʝʡ ʣʠʛʘʥʜʦʚ dba, ʪʘʢ ʠ ʩ ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʢʦʤʧʣʝʢʩʦʚ 

M2dba3. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʙʳʣ ʠʩʢʣʶʯʝʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚ ʩʧʝʢʪʨʘʭ ʩʠʛʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʩʚʦʙʦʜʥʳʤʠ ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ dba. ɺ ʧʦʣʴʟʫ ʚʪʦʨʦʛʦ ʚʘʨʠʘʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙʤʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʦʤʧʣʝʢʩʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 24ʙ ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʩʧʝʢʪʨʘ 1H NOESY, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʩʝʣʝʢʪʠʚʥʳʤ 

ʥʘʩʳʱʝʥʠʝʤ HŬ(II -II) ʧʨʠ 4.56 ʤ.ʜ., ʘ ʪʘʢʞʝ ʩʧʝʢʪʨ ʗʄʈ 1H{ 195Pt} ʢʦʤʧʣʝʢʩʘ 

Pt2dba3 ʜʣʷ ʩʨʘʚʥʝʥʠʷ (ʈʠʩʫʥʦʢ 24ʚ). 
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ʈʠʩʫʥʦʢ 24. (ʘ) ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ EXSY, (ʙ) ï ʧʨʠʤʝʨ ʩʧʝʢʪʨʘ 1D ʗʄʈ 

1H NOESY (EXSY) ʢʦʤʧʣʝʢʩʘ Pt2dba3 ʩ ʩʝʣʝʢʪʠʚʥʦ ʥʘʩʳʱʝʥʥʳʤ ʧʨʦʪʦʥʦʤ 

(ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʠʢ ʧʨʠ 4.56 ʤ.ʜ.), (ʚ) ï ʩʧʝʢʪʨ ʗʄʈ 1H{ 195Pt} 

ʢʦʤʧʣʝʢʩʘ Pt2dba3.  

ʅʘ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʢʦʨʨʝʣʷʮʠʠ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʠʢʠ NOE), ʪʘʢ ʠ 

ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʠʢʠ) ʤʝʞʜʫ ʥʘʩʳʱʝʥʥʳʤ ʠ ʜʨʫʛʠʤʠ 

ʧʨʦʪʦʥʘʤʠ. ʆʙʤʝʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʩʠʛʥʘʣʘ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʘʤʠ 6.69 ʠ 4.72 ʤ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʭʠʤʠʯʝʩʢʦʤ ʦʙʤʝʥʝ ʤʝʞʜʫ ʘʪʦʤʦʤ HŬ(II -II) ʠ ʧʨʦʪʦʥʘʤʠ  

HŬ(II -I) ʠ HŬ(I-II), ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʨʘʟʥʳʤ ʣʠʛʘʥʜʘʤ dba. ɸʥʘʣʠʟ ʚʩʝʭ ʩʝʤʠ 

ʩʧʝʢʪʨʦʚ 1H NOESY ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

(ʈʠʩʫʥʦʢ 24ʘ). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʚʳʙʨʘʥʥʳʤ ʧʨʦʪʦʥʦʤ ʠ ʧʨʦʪʦʥʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ 

ʣʠʛʘʥʜʘʤʠ dba. ɸʥʘʣʦʛʠʯʥʳʡ ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʧʘʣʣʘʜʠʝʚʦʛʦ 



75 

 

ʘʥʘʣʦʛʘ (Pd2dba3), ʪʘʢ ʞʝ ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʈʠʩʫʥʦʢ 

25ʘïʚ). 

 

ʈʠʩʫʥʦʢ 25. (ʘ) ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ EXSY, (ʙ) ï ʩʧʝʢʪʨ 1D ʗʄʈ 1H NOESY (EXSY) 

ʢʦʤʧʣʝʢʩʘ Pd2dba3 ʩ ʩʝʣʝʢʪʠʚʥʦ ʥʘʩʳʱʝʥʥʳʤ ʧʨʦʪʦʥʦʤ (ʠʥʪʝʥʩʠʚʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʠʢ ʧʨʠ 5.15 ʤ.ʜ.); ʩʠʛʥʘʣʳ ʧʨʠ 4.81 ʤ.ʜ. ʠ 4.87 ʤ.ʜ. ʦʪʥʦʩʪ̫ʩʷ ʢ 

ʤʠʥʦʨʥʦʤʫ ʠʟʦʤʝʨʫ, (ʚ) ï ʩʧʝʢʪʨ ʗʄʈ 1H ʢʦʤʧʣʝʢʩʘ Pd2dba3. 

 

3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʘ Pd/NHC ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ  

ʕʚʦʣʶʮʠʶ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ 

ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 26ʘ). ʉʠʩʪʝʤʘ Pd/NHC 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ DiPP (1,3-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ) ʠ Mes 

(ʤʝʟʠʪʠʣ). ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʗʄʈ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠʭ 

ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʦʩʪʫʶ ʟʘʜʘʯʫ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʙʳʣ 

ʩʦʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʚʨʘʱʝʥʠʡ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC 

(ʈʠʩʫʥʦʢ 26ʙ). 
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ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠ ʨʘʩʰʠʬʨʦʚʘʥʳ 

ʩʧʝʢʪʨʳ ʗʄʈ (1H, 13C{1H}, 1H-15N HMBC, 1H-1H COSY, 1H-13C HSQC,  

1H-13C HMBC, 1H-1H NOESY) ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʩʣʫʞʘʱʠʭ ʤʘʨʢʝʨʘʤʠ ʧʨʠʩʫʪʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ ʘʟʦʣʠʝʚʳʝ ʩʦʣʠ 1ʝ ʠ 3ʝ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʚʦ ʚʪʦʨʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʘ ʚ ʦʙʣʘʩʪʠ 10 ʤ.ʜ. 

1ʅ ʗʄʈ ʩʧʝʢʪʨʘ (ʈʠʩʫʥʦʢ 27, 28). ɺ ʩʣʫʯʘʝ NHC ʩ  

DiPP-ʟʘʤʝʩʪʠʪʝʣʝʤ ʥʘʙʣʶʜʘʣʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʛʥʘʣ CH ʚ ʠʟʦʧʨʦʧʠʣʴʥʦʤ 

ʬʨʘʛʤʝʥʪʝ ʚ ʦʙʣʘʩʪʠ 2.5ï3.4 ʤ.ʜ.  

ʂʘʨʙʝʥʦʚʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ 1ʘï4ʘ, 1ʙï4ʙ, 1ʚï4ʚ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʚ ʦʙʣʘʩʪʠ 150ï175 ʤ.ʜ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 1ʛ, 1ʝ, 2ʜ, 

3ʛ, 3ʝ, 4ʜ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʘ Pd, ʭʘʨʘʢʪʝʨʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ 140ï150 ʤ.ʜ. ʆʜʥʘʢʦ ʚ ʩʧʝʢʪʨʘʭ ʜʘʥʥʳʡ ʩʠʛʥʘʣ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ 

ʥʝʠʥʪʝʥʩʠʚʥʳʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʷ 

ʩ ʠʟʦʪʦʧʥʦʡ ʤʝʪʢʦʡ 13ʉ ʚʦ ʚʪʦʨʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ (ʜʘʣʝʝ ʧʦ 

ʪʝʢʩʪʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʪʤʝʯʝʥʳ *, ʥʘʧʨʠʤʝʨ, 2ʘ*). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʫʯʰʠʤ 

ʤʘʨʢʝʨʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʦʚ Pd/NHC ʷʚʣʷʝʪʩʷ 

ʩʠʛʥʘʣ ʢʘʨʙʝʥʦʚʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʘ ʚʦ ʚʪʦʨʦʤ ʧʦʣʦʞʝʥʠʠ 

ʠʤʠʜʘʟʦʣʘ. ɺ ʤʦʣʝʢʫʣʘʭ ʩ DiPP-ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʦʪʦʥ CH ʚ ʠʟʦʧʨʦʧʠʣʴʥʦʤ 

ʬʨʘʛʤʝʥʪʝ ʪʘʢʞʝ ʫʜʦʙʝʥ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 26. (ʘ) ï ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, (ʙ) ï ʚʦʟʤʦʞʥʳʝ ʧʨʦʜʫʢʪʳ 

ʵʚʦʣʶʮʠʠ Pd/NHC ʢʦʤʧʣʝʢʩʘ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ DiPP (1,3-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ) ʠ 

Mes (ʤʝʟʠʪʠʣ). 
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ʈʠʩʫʥʦʢ 27. ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ ʩʧʝʢʪʨʘʭ ʚ ʤʦʣʝʢʫʣʘʭ ʩ ʟʘʤʝʩʪʠʪʝʣʝʤ 

DiPP. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 13ʉ ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, 1H ï ʟʝʣʝʥʳʤ ʠ 15N ï 

ʩʠʥʠʤ. 
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ʈʠʩʫʥʦʢ 28. ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ ʩʧʝʢʪʨʘʭ ʚ ʤʦʣʝʢʫʣʘʭ ʩ ʟʘʤʝʩʪʠʪʝʣʝʤ 

Mes. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 13ʉ ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, 1H ï ʟʝʣʝʥʳʤ  

ʠ 15N ï ʩʠʥʠʤ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʤʝʞʜʫ ʡʦʜʙʝʥʟʦʣʦʤ ʠ ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʢʪʨʦʚ 1H ʠ 13C ʗʄʈ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʗʄʈ-ʘʤʧʫʣʝ ʩ ʟʘʢʨʫʯʠʚʘʶʱʝʡʩʷ 

ʢʨʳʰʢʦʡ ʚ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʪʨʠʵʪʠʣʘʤʠʥ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 29ʘ). ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʦʝʜʠʥʝʥʠ ̫1ʘ* ʠ 2ʘ* c 13C ʤʝʪʢʦʡ ʚʦ ʚʪʦʨʦʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. 

ʇʨʝʚʨʘʱʝʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʷʪ ʢ ʭʘʨʘʢʪʝʨʥʦʤʫ ʩʤʝʱʝʥʠʶ ʩʠʛʥʘʣʘ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠʟʦʧʨʦʧʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (MeCHMe). ʉʦʝʜʠʥʝʥʠʝ 1ʘ* 

(ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ MeCHMe 3.14 ʤ.ʜ.) ʥʘʯʠʥʘʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʫʞʝ ʧʨʠ 



80 

 

ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 1ʞ* (MeCHMe, 3.00 ʤ.ʜ.). 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʴ 1ʘ* ʠ 1ʞ* ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩ 1ʟ* (MeCHMe, 

3.36 ʤ.ʜ.). ɸʥʘʣʦʛʠʯʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 2ʘ*.  

 

ʈʠʩʫʥʦʢ 29. (ʘ) ï ʄʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, (ʙ) ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʦʚ Pd/NHC* ʩ ʪʨʠʵʪʠʣʘʤʠʥʦʤ, (ʚ) ï ʦʪʥʝʩʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 1ʞ ʠ 1ï2ʟ; ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 13ʉ ʦʙʦʟʥʘʯʝʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ, 1H ï 

ʟʝʣʝʥʳʤ, ʠ 15N ï ʩʠʥʠʤ. 
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ɺ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʨʠʵʪʠʣʘʤʠʥ. ɼʣʷ ʧʦʣʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ 

ʢʦʤʧʣʝʢʩʳ 1ʘ*ʠ 2ʘ* ʙʳʣʠ ʩʤʝʰʘʥʳ ʩ ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʚ CD3CN ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 1ʘ* ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 1ʞ* (ʈʠʩʫʥʦʢ 29ʙ), ʢʦʤʧʣʝʢʩ 2ʘ* ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʝ ʨʝʘʛʠʨʦʚʘʣ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70 Áʉ ʩʦʝʜʠʥʝʥʠʝ 1ʞ* ʧʨʝʚʨʘʱʘʣʦʩʴ ʚ 1ʟ*, ʘ 

ʢʦʤʧʣʝʢʩ 2ʘ* ʚ ʩʦʝʜʠʥʝʥʠʝ 2ʟ*. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩ 2ʞ* ʥʝ ʫʜʘʣʦʩʴ 

ʦʙʥʘʨʫʞʠʪʴ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʪʠʤʦʩʪʠ ʨʝʘʢʮʠʠ 2ʘ*Ÿ2ʞ*. ʉʪʨʫʢʪʫʨʘ 

ʩʦʝʜʠʥʝʥʠʡ 1ʞ*, 1ʟ* ʠ 2ʟ* ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ, ʘ ʠʭ ʩʧʝʢʪʨʳ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʰʠʬʨʦʚʘʥʳ (ʈʠʩʫʥʦʢ 29ʚ). ʅʘʙʣʶʜʘʝʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʠʨʠʜʠʥʦʚʳʡ ʣʠʛʘʥʜ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʙʤʝʥʠʚʘʝʪʩʷ ʥʘ ʪʨʠʵʪʠʣʘʤʠʥ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ 

ʜʠɻʪʠʣʘʤʠʥʦʚʳʡ ʣʠʛʘʥʜ. 

ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩ 

ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥʦʤ (DIPEA) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 30ʘ). ʏʝʨʝʟ  

10 ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚ 13ʉ ʩʧʝʢʪʨʘʭ ʧʨʦʧʘʜʘʣ ʩʠʛʥʘʣ ʢʘʨʙʝʥʦʚʦʛʦ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠ ʵʪʦʤ ʩʠʛʥʘʣʳ ʦʪ ʦʞʠʜʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʵʚʦʣʶʮʠʠ ʢʦʤʧʣʝʢʩʘ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ (ʈʠʩʫʥʦʢ 30ʙ). ɹʳʣʦ ʩʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ NHC* ʣʠʛʘʥʜʳ ʨʘʩʭʦʜʫʶʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʘʢʮʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ NHC* ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʫʰʠʨʝʥʠʶ ʩʠʛʥʘʣʘ ʢʘʨʙʝʥʦʚʦʛʦ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ ʜʝʣʘʝʪ ʝʛʦ ʥʝʜʦʩʪʫʧʥʳʤ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ Pd ʅʏ ʚ 

ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʬʘʢʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʛʘʥʜʘʤʠ NHC ʜʦʢʘʟʘʥ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ (ʧʦʜʨʦʙʥʝʝ ʚ ʛʣʘʚʝ 3.3). 
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ʈʠʩʫʥʦʢ 30. (ʘ) ï ʈʝʘʢʮʠʷ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʩ DIPEA ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ,  

(ʙ) ï 13ʉ ʩʧʝʢʪʨ ʯʝʨʝʟ 10 ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ 1H ʠ 13ʉ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʦʚ ʨʝʘʢʮʠʠ ʩ ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 2ʘ* ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (ʈʠʩʫʥʦʢ 31). ɿʘ ʧʝʨʚʳʡ ʯʘʩ ʨʝʘʢʮʠʠ ʚ ʩʤʝʩʠ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ 

35 % ʦʪ ʝʛʦ ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. ɺ ʵʪʦʤ ʞʝ ʚʨʝʤʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʧʨʦʠʩʭʦʜʠʪ 

ʙʳʩʪʨʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 2ʟ*. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʦʤʧʣʝʢʩʘ 2ʟ* 

ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʯʝʤ ʢʦʥʚʝʨʩʠʷ 2ʘ*. ʋʯʝʪ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤ ʤʝʪʘʣʣʘ (ʘʟʦʣʠʝʚʳʝ ʩʦʣʠ ʠ ʘʟʦʣʦʥ), ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ. ɺ 

ʦʩʪʘʚʰʝʝʩʷ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩ 2ʘ* ʤʝʜʣʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ 2ʟ*. 

ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 88 % ʟʘ 18 ʯʘʩʦʚ. 

 

ʈʠʩʫʥʦʢ 31. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ 2ʘ* (ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʧʨʠʥʷʪ ʟʘ 100 %), 2ʟ* ʠ ʧʨʦʜʫʢʪʘ ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʦʪ ʚʨʝʤʝʥʠ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1H ʠ 13ʉ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩ 2ʟ* ʙʳʣ ʚʳʜʝʣʝʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʘʢʮʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʢʦʤʧʣʝʢʩʦʤ 2ʘ*. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 63 % ʟʘ 24 ʯʘʩʘ (ʈʠʩʫʥʦʢ 32). ʉʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʠʣʘ 24 %.  
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ʈʠʩʫʥʦʢ 32. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʣʝʢʩʘ 2ʟ* (ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʧʨʠʥʷʪ ʟʘ 100 %) ʠ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʦʪ ʚʨʝʤʝʥʠ, 

ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ  

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʙʝʟ ʣʠʛʘʥʜʦʚ ʠ NHC-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ (ʈʠʩʫʥʦʢ 33). ʅʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʅʏ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ Pd(OAc)2, ʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʅʏ ï ʨʘʟʣʦʞʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

2a* [8,9]. ʂʘʪʘʣʠʟʘʪʦʨʳ ʧʦʢʘʟʘʣʠ ʨʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, 

ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ ʚ ʘʤʧʫʣʝ ʗʄʈ. ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʚ ʩʣʫʯʘʝ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 22 %, ʪʦʛʜʘ ʢʘʢ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩ ʚʳʭʦʜʦʤ 

85 %. 
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ʈʠʩʫʥʦʢ 33. ʈʝʘʢʮʠʷ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʩ Pd ʅʏ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ Pd(OAc)2 ʠ 

Pd/NHC. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Pd/NHC ʠ NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʛʦʨʷʯʠʤ ʬʠʣʴʪʨʦʚʘʥʠʝʤ (ʈʠʩʫʥʦʢ 34).  

 

ʈʠʩʫʥʦʢ 34. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʬʠʣʴʪʨʦʚʘʥʠʷ. 

ʈʝʘʢʮʠʶ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ (ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʣ 94 %), ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʨʘʟʜʝʣʠʣʠ ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʘʜʦʢ ʠ ʨʘʩʪʚʦʨ. ʆʩʘʜʦʢ ʧʨʦʤʳʣʠ ʊɻʌ, 

ʚʳʩʫʰʠʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʚʪʦʨʥʦ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʥʦʚʦʡ ʧʦʨʮʠʝʡ 

ʨʝʘʛʝʥʪʦʚ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚ ʧʦʚʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʧʦʩʣʝ 2 ʯʘʩʦʚ ʩʦʩʪʘʚʠʣ 28 %, ʯʪʦ 
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ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʘʜʢʘ.  ɺ ʨʘʩʪʚʦʨ 

ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʥʦʚʳʝ ʧʦʨʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 89 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ Pd/NHC ʚ ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ çʢʦʢʪʝʡʣʴʥʫèʁ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʛʦʤʦʛʝʥʥʘʷ ʯʘʩʪʴ 

ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ Pd ʅʏ. 

ʉ ʧʦʤʦʱʴʶ 1H ʠ 13ʉ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʦʚ ʨʝʘʢʮʠʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ  

NHC-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʥʝʙʦʣʴʰʦʛʦ 

ʧʝʨʠʦʜʘ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʳʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʚʳʤʳʚʘʥʠʷ ʙʦʣʝʝ 

ʤʝʣʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣ 88 %. 

 

 

ʈʠʩʫʥʦʢ 35. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʚ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʄʠʟʦʨʦʢʠ-ʍʝʢʘ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. 
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3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ Pd/NHC ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

3.3.1 ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ NHC-ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ 

ʄʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʬʘʢʪʘ ʩʚʷʟʳʚʘʥʠʷ NHC-ʣʠʛʘʥʜʦʚ ʩ ʧʘʣʣʘʜʠʝʚʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʦ 

ʢʦʚʘʣʝʥʪʥʦʤʫ ʪʠʧʫ. ʉʚʷʟʴ ʣʠʛʘʥʜʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʤʝʱʝʥʠʶ ʩʠʛʥʘʣʘ ʢʘʨʙʝʥʦʚʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʩʧʝʢʪʨʝ, 

ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʅʘʡʪʦʚʩʢʠʤ ʩʜʚʠʛʦʤ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʗʄʈ ʜʣʷ ʥʘʙʣʶʜʝʥʠ ̫

ʅʘʡʪʦʚʩʢʠʭ ʩʜʚʠʛʦʚ ʪʨʝʙʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ ʠ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 13C Hahn-Echo ʠ QCPMG 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ Pd ʅʏ/NHC*, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ çʩʚʝʨʭʫ ʚʥʠʟè ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ: ʨʝʘʢʮʠʝʡ 

Pd(OAc)2 ʩ NHC*-CO2 5 ʠ ʨʘʟʣʦʞʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ Pd/NHC* 2ʘ* (ʈʠʩʫʥʦʢ 36). ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʘʣʩʷ ʧʨʦʜʫʢʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ 

ʠʤʝʶʱʠʝ ʩʚʷʟʴ ʢʦʚʘʣʝʥʪʥʦʛʦ ʪʠʧʘ ʩ NHC-ʣʠʛʘʥʜʘʤʠ ʩ ʠʟʦʪʦʧʥʦʡ ʤʝʪʢʦʡ 13C ʚ 

ʧʦʣʦʞʝʥʠʠ ʉ2 ʠʤʠʜʘʟʦʣʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ (ʦʪ 98 % ʜʦ 99 %). 

ʆʙʥʘʨʫʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 13C ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʚʩʣʝʜʩʪʚʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʐʠʨʠʥʘ ʩʠʛʥʘʣʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʘʥʠʟʦʪʨʦʧʠʝʡ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʜʚʠʛʘ, ʘ ʪʘʢʞʝ ʩʠʣʴʥʳʤ (ʥʘ ʧʦʨʷʜʢʠ) ʫʤʝʥʴʰʝʥʠʝʤ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ T2 ʠ T1 

ʚʩʣʝʜʩʪʚʠʝ ʩʚʷʟʳʚʘʥʠʷ ʣʠʛʘʥʜʘ NHC ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤʠ ʢʚʘʜʨʫʧʦʣʴʥʳʤʠ 

ʷʜʨʘʤʠ ʧʘʣʣʘʜʠʷ ʚ Pd ʅʏ. ʂʘʨʙʝʥʦʚʳʡ ʩʠʛʥʘʣ C2 ʠʤʠʜʘʟʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʛʥʘʣ ʩ ʰʠʨʠʥʦʡ ʧʨʠʤʝʨʥʦ 1500 ʤ.ʜ. ʠ ʮʝʥʪʨʦʤ ʦʢʦʣʦ 600 ʤ.ʜ. (ʈʠʩʫʥʦʢ 37a)  

[76ï77].  
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ʈʠʩʫʥʦʢ 36. (ʘ) ï ʈʝʘʢʮʠʷ Pd ʅʏ ʩ NHC*-CO2 5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ 

Pd ʅʏ/NHC*. (ʙ) ï ʈʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ Pd/NHC* 2ʘ* ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

Pd ʅʏ/NHC*. (ʚ) ï Cʨʝʜʥʠʡ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ 2.5 Ñ 0.4 ʥʤ ʠ 13.3 Ñ 5.2 ʥʤ; 

Pd ʅʏ/NHC*, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʘʢʮʠʠ (a), TEM-ʠʟʦʙʨʘʞʝʥʠʝ. (ʛ) ï ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʥʘʥʦʯʘʩʪʠʮ 5.8 Ñ 1.1 ʥʤ; Pd ʅʏ/NHC*, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʘʢʮʠʠ (ʙ), TEM-

ʠʟʦʙʨʘʞʝʥʠʝ. 

ʋʟʢʠʡ ʩʠʛʥʘʣ ʧʨʠ 181 ʤ.ʜ. ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʨʙʝʥʦʚʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ 

ʢʦʤʧʣʝʢʩʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ. ʉʠʛʥʘʣʳ ʩ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 24 ʤ.ʜ. ʠ 150 ʤ.ʜ. ʧʨʠʥʘʜʣʝʞʘʪ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ  

(13C-ʤʝʯʝʥʳʝ ʘʪʦʤʳ C2) / (ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ) / (ʘʣʠʬʘʪʠʯʝʩʢʠʝ 

ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ) ʩʦʩʪʘʚʣʷʝʪ 100/14/12, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣʦʚ, ʥʘʙʣʶʜʘʝʤʦʤʫ ʚ 13C Hahn-Echo ʩʧʝʢʪʨʝ (ʈʠʩʫʥʦʢ 37ʘ). 

ʆʙʥʘʨʫʞʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ 1H ʗʄʈ ʩʦʩʪʘʚʣʷʝʪ 8/28, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʧʨʦʪʦʥʦʚ ʚ ʣʠʛʘʥʜʝ NHC (ʈʠʩʫʥʦʢ 37ʙ). ʕʪʦ 
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ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʣʠʛʘʥʜʳ NHC ʩʚʷʟʘʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʚ ʩʧʝʢʪʨʝ 13C QCPMG ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ 

ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʨʝʞʠʤʝ ʙʝʟ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ 

ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʳʝ ʠʣʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʫʰʠʨʝʥʥʳʝ ʩʠʛʥʘʣʳ (ʈʠʩʫʥʦʢ 37ʚ). 

 

ʈʠʩʫʥʦʢ 37. MAS ʩʧʝʢʪʨʳ ʗʄʈ ʤʦʜʝʣʴʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NHC*-CO2: (ʘ) ï 13C Hahn-Echo ʩʧʝʢʪʨ, (ʙ) ï 1H ʩʧʝʢʪʨ, 

(ʚ) ï 13C QCPMG ʩʧʝʢʪʨ, (ʛ) ï 1H-13C HMQC ʩʧʝʢʪʨ. 

 

3.3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʘʢʮʠʷʭ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʠ 

ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ 

ʅʘʥʦʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʣʝʢʩʘ Pd/NHC* ʚ 

ʨʝʘʢʮʠʠ ʡʦʜʙʝʥʟʦʣʘ ʩ ʥ-ʙʫʪʠʣʘʢʨʠʣʘʪʦʤ (ʈʠʩʫʥʦʢ 38ʘ), ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ 13C QCPMG. ɺ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʰʠʨʦʢʠʡ ʩʠʛʥʘʣ C2-NHC* ʧʨʠ  

660 ʤ.ʜ. ʩ ʅʘʡʪʦʚʩʢʠʤ ʩʜʚʠʛʦʤ, ʘ ʪʘʢʞʝ ʫʟʢʠʝ ʩʠʛʥʘʣʳ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ 
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ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʈʠʩʫʥʦʢ 38ʙ). ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʣʝʜʥʠʭ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʚʥʦʩʠʪʴ C2-NHC, ʥʝ 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʚ 

ʨʝʘʢʮʠʠ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ ʠʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ Pd/NHC* ʦʙʨʘʟʫʶʪʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ NHC-ʣʠʛʘʥʜʘʤʠ ʧʘʣʣʘʜʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ. 

 

ʈʠʩʫʥʦʢ 38. (ʘ) ï ʨʝʘʢʮʠʷ ʄʠʟʦʨʦʢʠ-ʍʝʢʘ; MAS ʗʄʈ-ʩʧʝʢʪʨʳ ʥʘʥʦʯʘʩʪʠʮ, 

ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ: (ʙ) ï 13C QCPMG ʩʧʝʢʪʨ, (ʚ) ï 1H-13C HMQC 

ʩʧʝʢʪʨ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪr  ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ  

ʉʫʟʫʢʠ-ʄʠʷʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ Pd ʅʏ/NHC*. ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʩʧʝʢʪʨʘʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʢʘʢʠʝ-ʣʠʙʦ ʜʨʫʛʠʝ ʨʘʟʣʠʯʠʤʳʝ ʩʠʛʥʘʣʳ (ʈʠʩʫʥʦʢ 39ʘ, ʙ). 
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ʈʠʩʫʥʦʢ 39. (ʘ) ï ʨʝʘʢʮʠʷ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ, (ʙ) ï 13C QCPMG ʗʄʈ ʩʧʝʢʪʨ 

Pd ʅʏ/NHC*, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʦʚ 13C Hahn-Echo ʜʣʷ 

Pd ʅʏ/NHC* ʠ Pd ʅʏ/NHC, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ-ʄʠʷʫʨʳ 

(ʈʠʩʫʥʦʢ 40). 13C Hahn-Echo ʩʧʝʢʪʨ, ʦʪʤʝʯʝʥʥʳʡ ʩʠʥʠʤ ʥʘ ʨʠʩʫʥʢʝ 40, ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʣʷ Pd ʅʏ/NHC* ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 13ʉ-ʤʝʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Pd/NHC*. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʰʠʨʦʢʦʛʦ ʩʠʛʥʘʣʘ ʚʳʰʝ, ʯʝʤ ʚ 

ʘʥʘʣʦʛʠʯʥʦʤ ʩʧʝʢʪʨʝ Pd ʅʏ/NHC, ʢʦʪʦʨʳʡ ʦʪʤʝʯʝʥ ʢʨʘʩʥʳʤ, ʯʪʦ ʢʦʩʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʨʦʜʫ ʥʘʙʣʶʜʘʝʤʦʛʦ ʰʠʨʦʢʦʛʦ ʩʠʛʥʘʣʘ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʢʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

13C QCPMG (ʈʠʩʫʥʦʢ 41). 














































