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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ.  

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʝʥʳ (NHC), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 

ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʘ, ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʛʦʤʦʛʝʥʥʦʤ [1] ʠ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ [2], ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ [3] ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [4]. 

ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʥʦʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ NHC ʚ ʛʦʤʦʛʝʥʥʦʤ 

ʢʘʪʘʣʠʟʝ ʚʥʠʤʘʥʠʝ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʦʙʨʘʱʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʭʠʤʠʠ ʢʘʨʙʝʥʦʚ ʩ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʤʝʪʘʣʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤʠ 

ʘʨʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʛʝʪʝʨʦʮʠʢʣʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚ ʩ ʤʘʣʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʠʣʴʥʳʤʠ, ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʦʢʩʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʬʦʩʬʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺ ʨʷʜʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ [5]. ʅʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʦ [6], ʯʪʦ ʨʷʜ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʟ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʪʠʥʳ, ʦʙʣʘʜʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʚʦʜʦʨʦʜ-ʚʦʟʜʫʰʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʛʝʦʤʝʪʨʠʠ NHC ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʢʨʘʡʥʝ 

ʤʘʣʦʯʠʩʣʝʥʥʳ. ʕʬʬʝʢʪ ʦʙʲʸʤʘ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʚ NHC ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ 

ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʢʘʨʙʦʥʠʣʘ 

ʦʩʤʠʷ [7]. ɺ ʨʘʙʦʪʝ [8] ʫʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʠʩʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʢʦʙʘʣʴʪʘ ʚ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʭ ʢʘʨʙʝʥʦʚ (Mes2Im, Dipp2Im), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʝʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʟʘʤʝʩʪʠʪʝʣʝʡ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ [9], ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩʝʨʝʙʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʢʘʨʙʝʥʦʚ 

ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʢʘʢ ʚ ʨʝʘʢʮʠʠ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʫʯʘʩʪʚʦʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ Ru-Ag. ʆʜʥʘʢʦ ʥʝ ʪʦʣʴʢʦ ʢʘʨʙʝʥʳ ʩ ʘʨʝʥʦʚʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʧʨʦʷʚʣʷʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʪʣʠʯʥʫʶ ʦʪ Me2Im. ɺ ʨʝʘʢʮʠʠ Ni(COD)2 c R2Im 

ʪʨʠʩʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ ʙʳʣ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʜʣʷ Me2Im, ʪʦʛʜʘ ʢʘʢ ʜʣʷ i-Pr2Im, 

Me(i-Pr)Im ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [(R2Im)2Ni]2(COD) [10]. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ, 

ʩʚʦʡʩʪʚ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʩ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʦʤ (Me2Im). 

 



4 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ Me2Im ʥʘ ʧʨʠʤʝʨʝ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ; 

2) ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʨʤʦʨʘʩʧʘʜʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ; 

3) ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ c 

Me2Im ï ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ;  

4) ʚʳʷʚʠʪʴ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʘʨʙʝʥʦʚʳʭ ʠ ʬʦʩʬʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʩ Me2Im. 

ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʘʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. 

ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤ ʢʘʨʙʝʥʦʤ Mes2Im ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ Ni(II) ʩʭʦʜʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʇʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʤʧʣʝʢʩʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʡ ʢʘʨʙʝʥ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʨʤʦʨʘʩʧʘʜʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ NHC ʠ ʚʧʝʨʚʳʝ 

ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʦʪʱʝʧʣʝʥʠʷ Me2Im. ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Pt(0) ʠ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Pt(0) ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Pt(0), ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ Pt-Sn-Mo. ɺʩʝʛʦ ʧʦʣʫʯʝʥʦ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 36 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʢʘʨʙʝʥʦʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʧʦʣʥʷʶʪ ʠ ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ Me2Im. ʇʦʣʫʯʝʥʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʥʪʝʟʦʤ, 

ʚʳʜʝʣʝʥʠʝʤ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʝ ʐʣʝʥʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ. ʉʢʘʙʠʮʢʠʤ ʀ.ɺ. ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜ.ʭ.ʥ. ʉʘʭʘʨʦʚʳʤ ʉ.ɻ., ʢ.ʭ.ʥ. ʉʢʘʙʠʮʢʠʤ ʀ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʊɻɸ-ɼʉʂ ʚʳʧʦʣʥʝʥʳ ʢ.ʭ.ʥ. ʉʠʤʦʥʝʥʢʦ ʅ.ʇ. ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥ ʚʝʩʴ ʦʙʲʝʤ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʎʂʇ ʀʆʅʍ 

ʈɸʅ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1) ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 36 

ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ NHC; 

2) ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʝʥʥʳʤ ʢʘʨʙʝʥʦʤ Mes2Im ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ; 

3) ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʨʤʦʨʘʩʧʘʜʘ ʨʷʜʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ NHC, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠʥʪʝʨʚʘʣ ʦʪʱʝʧʣʝʥʠʷ Me2Im ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤ ʢʘʨʙʝʥʦʤ Mes2Im, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ; 

4) ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʨʙʝʥʦʚʳʭ ʠ ʬʦʩʬʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʠ ʧʣʘʪʠʥʳ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʧʦʩʪʘʥʦʚʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʫʩʣʦʚʠʷʭ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʪʠʚʦʨʝʯʠʡ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 8 ʢʦʥʬʝʨʝʥʮʠʷʭ: VI ʂʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2016), VIII  ʂʦʥʬʝʨʝʥʮʠʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2018), The Russian cluster 

of conferences on inorganic chemistry «InorgChem 2018» (Astrakhan, Russia, 2018), 

IX ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2019), 

23rd Conference on Organometallic Chemistry (EuCOMC XXIII ) (Helsinki, Finland, 2019), 

X ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2020), 

XVII  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ" 

(ʊʫʘʧʩʝ, ʈʦʩʩʠʷ, 2020), XI ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

(ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2021). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʩʝʭ ʤʝʪʦʜʠʢ ʠ 

ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ; ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʧʦʣʫʯʝʥʠʠ ʀʂ-ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʝʱʝʩʪʚʘʭ; ʚ ʧʦʣʫʯʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʚ ʘʥʘʣʠʟʝ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ. 

ʇʫʙʣʠʢʘʮʠʷ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 

ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ 

ʙʘʟʘʭ ʜʘʥʥʳʭ Scopus, Web of Science ʠ 8 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ.  
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 19-33-90199. 

ʇʦʤʠʤʦ ʩʦʘʚʪʦʨʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ: 

ʐʘʧʦʚʘʣʦʚʫ ʉ.ʉ. ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ; 

ʉʢʘʙʠʮʢʦʤʫ ʀ.ɺ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʈʉɸ ʠ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʪʝʢʩʪʘ ʜʠʩʩʝʨʪʘʮʠʠ;  

ʇʘʩʳʥʩʢʦʤʫ ɸ.ɸ., ʩʦʟʜʘʪʝʣʶ ʣʘʙʦʨʘʪʦʨʠʠ, ʦʧʨʝʜʝʣʠʚʰʝʛʦ ʩʪʠʣʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʝʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʥʷʚʰʝʛʦ ʘʚʪʦʨʘ ʚ ʢʦʣʣʝʢʪʠʚ;  

ʂʦʟʝʨʦʞʝʮ ʀ.ɺ. ʟʘ ʮʝʥʥʫʶ ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ; 

ʂʦʣʦʩʫ ɸ.ɺ. ʣʠʯʥʦ ʠ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʭʠʤʠʠ ʦʙʤʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʟʘ 

ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʠ ʧʦʜʜʝʨʞʢʫ; 

ʉʝʤʴʝ, ʙʣʠʟʢʠʤ ʠ ʜʨʫʟʴʷʤ ʟʘ ʚʝʨʫ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʘʚʪʦʨʘ, ʚʜʦʭʥʦʚʝʥʠʝ ʠ ʤʦʪʠʚʘʮʠʶ ʥʘ 

ʧʫʪʠ ʢ ʟʘʚʝʨʰʝʥʠʶ ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦ ʦʪʮʫ, ʊʠʭʦʥʦʚʫ ɻʝʥʥʘʜʠʶ ɺʠʢʪʦʨʦʚʠʯʫ ï ʧʝʨʚʦʤʫ 

ʯʠʪʘʪʝʣʶ ʜʠʩʩʝʨʪʘʮʠʠ, ʟʘ ʮʝʥʥʳʝ ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʧʨʘʚʢʠ. 
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ɻʣʘʚʘ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

 

1.1 ʂʘʨʙʝʥʳ: ʚʠʜʳ, ʠʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʪʨʦʝʥʠʝ 

ʂʘʨʙʝʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʡʪʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʜʚʫʤʷ 

ʥʝʩʚʷʟʘʥʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʉʚʦʙʦʜʥʳʝ ʢʘʨʙʝʥʳ ʥʝʩʪʘʙʠʣʴʥʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʠ ʯʘʩʪʦ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʨʷʜʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ [11]. 

ɺ ʩʝʨʝʜʠʥʝ 60-ʭ ʛʦʜʦʚ ʕ.ʆ. ʌʠʰʝʨʫ [12] ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʝʨʚʳʝ ʩʪʘʙʠʣʴʥʳʝ ʢʘʨʙʝʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩ r ʚʦʣʴʬʨʘʤʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʵʬʬʝʢʪʠʚʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʬʦʨʤʘʣʴʥʦ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ. ʂʦʤʧʣʝʢʩʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ RLi (R = Ph, Me) ʢ ʢʘʨʙʦʥʠʣʫ ʚʦʣʴʬʨʘʤʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʡ [(CO)5W=C(R)O]-Li+ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʪʠʣʠʨʦʚʘʥʠʝʤ ʜʦ ʥʝʡʪʨʘʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʘ (CO)5W=C(R)OMe (ʨʠʩʫʥʦʢ 1.1). ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʩʪʘʣʠ ʨʦʜʦʥʘʯʘʣʴʥʠʢʘʤʠ 

ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʨʙʝʥʘʤʠ ʌʠʰʝʨʘ: ʚ ʥʠʭ ʧʘʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʥʝʧʦʜʝʣʝʥʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʛʝʪʝʨʦʘʪʦʤʘ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʦʜʥʦʡ 

ʦʨʙʠʪʘʣʠ (ʩʠʥʛʣʝʪʥʳʡ ʢʘʨʙʝʥ). ɼʚʦʡʥʘʷ ʩʚʷʟʴ ʩ ʤʝʪʘʣʣʦʤ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʜʦʥʠʨʦʚʘʥʠ ̫ʵʪʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʥʘ ʩʚʦʙʦʜʥʫʶ ů-ʦʨʙʠʪʘʣʴ ʤʝʪʘʣʣʘ ʠ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ 

-́ʩʚʷʟʠ ʩ ʟʘʧʦʣʥʝʥʥʦʡ ʦʨʙʠʪʘʣʠ ʤʝʪʘʣʣʘ ʦʙʨʘʪʥʦʛʦ ʜʦʥʠʨʦʚʘʥʠʷ ʥʘ ʚʘʢʘʥʪʥʫʶ ʨ-ʦʨʙʠʪʘʣʴ 

ʢʘʨʙʝʥʘ.ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʤʧʣʝʢʩʦʚ ʌʠʰʝʨʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʢʘʨʙʝʥʦʚʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, -́ʘʢʮʝʧʪʦʨʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ ʠ 

ʥʘʣʠʯʠʝ ʛʝʪʝʨʦʘʪʦʤʘ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ, ʢʦʪʦʨʳʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʩʪʫʧʘʝʪ ʘʪ ʦʤ ʤʝʪʘʣʣʘ 

6-8 ʛʨʫʧʧʳ ʚ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1.1. ʂʘʨʙʝʥʳ ʠ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ, ʚ 1974 ʛ., ʈ.ʈ. ʐʨʦʢʦʤ [13] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ Ŭ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʥʝʦʧʝʥʪʘʥʘ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ [(t-BuCH2)5Ta] ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʦʚʦʛʦ 

ʪʠʧʘ (t-BuCH2)3Ta=CHt-Bu. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʌʠʰʝʨʘ ʚ ʢʘʨʙʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʐʨʦʢʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ. ʂʦʤʧʣʝʢʩʳ ʐʨʦʢʘ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʣʴʥʦʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʉʘʤ ʞʝ ʢʘʨʙʝʥ ʐʨʦʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠʧʣʝʪʥʳʡ ʢʘʨʙʝʥ, ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʣʦʢʘʣʠʟʦʚʘʥ rʥʘ ʜʚʫʭ ʨʘʟʥʳʭ 

ʦʨʙʠʪʘʣʷʭ (ʨʠʩʫʥʦʢ 1.1). 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʧʦʧʳʪʢʠ, ʚʳʜʝʣʝʥʠʝ ʠ ʦʜʥʦʟʥʘʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʝʥʘ ʥʝ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʦ ʥʦʚʘʪʦʨʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʮʘ 1980-ʭ 

ï ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ. ʇʝʨʚʳʡ ʩʚʦʙʦʜʥʳʡ ʢʘʨʙʝʥ ɚ3-ʬʦʩʬʠʥʦʢʘʨʙʝʥ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ 

ʩʦʩʝʜʥʠʤʠ ʛʝʪʝʨʦʘʪʦʤʘʤʠ, ʬʦʩʬʦʨʦʤ ʠ ʢʨʝʤʥʠʝʤ, ʙʳʣ ʚʳʜʝʣʝʥ ʚ 1988 ʛ. ʚ ʛʨʫʧʧʝ ɻ. ɹʝʨʪʨʘʥʘ 

[14]. ʊʨʠ ʛʦʜʘ ʩʧʫʩʪʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʕ.ɼʞ. ɸʨʜʫʝʥʛʦ III  [15] ʩʦʦʙʱʠʣʘ ʦ ʚʳʜʝʣʝʥʠʠ ʧʝʨʚʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʙʝʥʘ (NHC), ʧʦʣʫʯʝʥʥʦʛʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ 

ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʙʝʥʦʚʳʡ ʫʛʣʝʨʦʜ ʚ ʚʳʜʝʣʝʥʥʦʤ 

1,3-ʜʠ(ʘʜʘʤʘʥʪʠʣ)ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʝ (Ad2Im) ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ 

ʦʙʲʝʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ů-ɸʢʮʝʧʪʦʨʥʳʝ -́ʜʦʥʦʨʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʠʥʜʫʢʪʠʚʥʦ, ʩʥʠʞʘʷ ʵʥʝʨʛʠʶ ʟʘʥʷʪʦʡ s-ʦʨʙʠʪʘʣʠ, ʪʘʢ ʠ 

ʤʝʟʦʤʝʨʥʦ, ʫʚʝʣʠʯʠʚʘʷ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʘ ʚʘʢʘʥʪʥʦʡ ʨ́-ʦʨʙʠʪʘʣʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ 

ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ [16].  

ɺʳʜʝʣʝʥʠʝ NHC ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʜʘʣʦ ʤʦʱʥʳʡ ʪʦʣʯʦʢ ʢ ʨʘʟʚʠʪʠʶ ʭʠʤʠʠ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʉ ʪʝʭ ʧʦʨ ʢʘʢ ʛʨʫʧʧʘ ʍʝʨʨʤʘʥʥʘ [17] ʚ 1995 ʛ. ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ NHC ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʛʦʤʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ, 

ʧʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʪʘʣʦ ʚʘʞʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. 

 

1.2 ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ Me2Im 

 

1) ʇʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʩʝʨʝʙʨʘ ʠʣʠ 

ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʤʝʜʠ 

ʇʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ(I) ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ 

ʩʪʨʘʪʝʛʠʝʡ ʩʠʥʪʝʟʘ ʚ ʦʪʥʦʰʝʥʠʠ NHC-ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʜʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [18]. ʆʙʯrʥʦ 

ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʩʝʨʝʙʨʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʩ Ag2O, ʘ 

ʜʘʣʝʝ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚʚʦʜʠʪʩʷ ʚ ʨʝʘʢʮʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʘʣʣʘ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ [19], ʞʝʣʝʟʘ [20], ʨʫʪʝʥʠʷ [21], [22], ʟʦʣʦʪʘ 

[23], [24]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ 

ʚʣʠʷʝʪ ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʩʭʝʤʘ 1.1) [25]. 

ʉʭʝʤʘ 1.1. ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʨʠʜʠʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠ.̫ 

ɼʣʷ ʨʷʜʘ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʙʳʣʦ ʧʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʩʝʨʝʙʨʷʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ, ʯʝʤ ʛʝʥʝʨʘʮʠʷ ʢʘʨʙʝʥʘ in situ ʠʟ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ 

ʩ ʧʦʤʦʱʴʶ ʦʩʥʦʚʘʥʠʷ [26]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʝʨʝʨʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʷʜʘ ʠʩʭʦʜʥʳʭ ʢʘʨʙʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʚ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ï ʝʩʣʠ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʛʝʪʝʨʦʬʘʟʥʳʡ ʩʠʥʪʝʟ. 

 

2) ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʴʶ 

ʇʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʟʘʤʝʱʝʥʠʠ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʨʙʝʥʦʚʳʡ 

ʣʠʛʘʥʜ, ʥʦ ʪʘʢʞʝ ʠ ʥʫʢʣʝʦʬʠʣ, ʢʦʪʦʨʳʡ ʚʳʩʪʫʧʘʣ ʧʨʦʪʠʚʦʠʦʥʦʤ ʢ ʠʤʠʜʘʟʦʣʠʶ. ʇʨʠ ʵʪʦʤ 

ʚ ʠʩʭʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʫʭʦʜʷʱʠʡ ʣʠʛʘʥʜ, ʢʦʪʦʨʳʡ ʩʚʷʞʝʪ ʧʨʦʪʦʥ 

ʠʤʠʜʘʟʦʣʠʷ.  
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ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠʤʠʜʘʟʦʣʠʷ ʢ ʤʝʪʘʣʣʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʘʝʪʩʷ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ. ʊʘʢʦʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʧʦʤʠʤʦ ʛʠʜʨʠʜʘ ʧʠʥʮʝʨʥʳʡ 

ʣʠʛʘʥʜ, ʢʘʨʙʝʥ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʥʫʢʣʝʦʬʠʣ (ʭʣʦʨ, ʪʦʟʠʣʘʪ), ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʧʦʣʫʩʵʥʜʚʠʯʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ (ʩʭʝʤʘ 1.2) [27]. 

 

ʉʭʝʤʘ 1.2. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʧʠʥʮʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʩ ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʠʤ ʧʨʦʪʠʚʦʠʦʥʦʤ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʭ ʨʝʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʫʢʣʝʦʬʠʣ, ʯʪʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨ̫ ʜʘ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ [28]. ʂʨʫʛ ʪʘʢʠʭ ʥʫʢʣʝʦʬʠʣʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʥʦʦʙʨʘʟʝʥ: ʵʪʦ ʛʘʣʦʛʝʥʠʜʳ (ʭʣʦʨʠʜ-ʘʥʠʦʥ, ʙʨʦʤʠʜ-ʘʥʠʦʥ, ʠʦʜʠʜ-ʘʥʠʦʥ), ʪʠʦʮʠʘʥʘʪ, 

ʩʝʣʝʥʦʮʠʘʥʘʪ, ʠʟʦʮʠʘʥʘʪ, ʘʟʠʜ (ʩʭʝʤʘ 1.3).  

 

ʉʭʝʤʘ 1.3. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Ni(Me2Im)(PPh3)2Cl]+ ʠʟ ʪʝʪʨʘʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣ ̫

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʦʣʴ [Me2ImCl]BF4, ʩʦʜʝʨʞʘʱʘʷ ʢʘʪʠʦʥ 1,3-ʜʠʤʝʪʠʣ-2-ʭʣʦʨʠʤʠʜʘʟʦʣʠʡ 

(ʩʭʝʤʘ 1.4) [29].  

 

ʉʭʝʤʘ 1.4. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ. 

 

3) ʇʨʷʤʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ 

ʂʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʘʨʙʝʥʦʤ, ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ: ʧʨʠʩʦʝʜʠʥʝʥʠʷ [30] ʠ ʟʘʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʥʘʧʨʠʤʝʨ, ʬʦʩʬʠʥʦʚ [31]. ʊʘʢ, ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʪʠʪʘʥʘ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ 

1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʘ ʢ ʜʠʙʝʥʟʦʣʪʠʪʘʥʫ (ʩʭʝʤʘ 1.5) [32]. 
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ʉʭʝʤʘ 1.5. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʠʪʘʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ. 

ʊʘʢʞʝ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʘʨʙʝʥʘ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ 

ʟʘʤʝʱʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʢʪʨʦʬʠʣʘʤʠ. ʊʘʢ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʨʠʣ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ ʩ Me2Im ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 

ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʢʘʨʙʝʥʘ: ʦʜʠʥ ʜʣʷ ʚʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ, ʚʪʦʨʦʡ ï ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ HCl 

(ʩʭʝʤʘ 1.6) [33]. 

 

ʉʭʝʤʘ 1.6. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ. 

ʂʨʘʡʥʷʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ-2-ʠʣʠʜʝʥʘ ʥʘ ʚʦʟʜʫʭʝ 

(ʨʘʙʦʪʘ ʩ ʥʠʤ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ) ï ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦ ʢʦʪʦʨʦʡ ʭʠʤʠʷ 

Me2Im ʤʝʥʝʝ ʨʘʟʚʠʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʭʠʤʠʝʡ ʢʘʨʙʝʥʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʤʝʟʠʪʠʣ, ʘʜʘʤʘʥʪʠʣ ʠ ʪ.ʜ.). 

ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʭʨʘʥʝʥʠ ̫ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʜʭʦʜʳ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʛʝʥʝʨʘʮʠʶ ʢʘʨʙʝʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

 

4) ɻʝʥʝʨʘʮʠʷ ʢʘʨʙʝʥʘ in situ ʩ ʧʦʤʦʱʴʶ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʠ ʦʩʥʦʚʘʥʠʷ 

ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ Me2Im ʷʚʣʷʶʪʩʷ ʩʦʣʠ 

ʜʠʤʝʪʠʠʤʠʜʘʟʦʣʠʷ. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ ʠʤʠʜʘʟʦʣʠʝʚʫʶ ʩʦʣʴ ʜʝʧʨʦʪʦʥʠʨʫʶʪ 

ʩ ʧʦʤʦʱʴʶ ʦʩʥʦʚʘʥʠʷ ʚ ʘʧʨʦʪʦʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʣʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳʭ ʘʜʜʫʢʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʘʨʙʝʥʘ ʢʘʣʠʡʥʳʝ ʦʩʥʦʚʘʥʠʷ ʦʙʳʯʥʦ ʧʨʝʜʧʦʯʠʪʘʶʪ 

ʠʭ ʣʠʪʠʝʚʳʤ ʘʥʘʣʦʛʘʤ. ʍʦʪʷ ʵʪʦʪ ʧʦʜʭʦʜ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʥʦʛʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʢ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ.  

ɺ ʦʩʥʦʚʥʦʤ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʬʦʩʬʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ (ʦʩʥʦʚʘʥʠʝ KH [34], KHMDS [35]), ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʦʩʥʦʚʘʥʠ ̫t-BuOK [36], [37], 

[38], [39], t-BuONa, [40]). ʀʥʦʛʜʘ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ (ʦʩʥʦʚʘʥʠʝ KHMDS, [41]).  
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ʊʘʢʞʝ ʛʝʥʝʨʘʮʠʷ ʢʘʨʙʝʥʘ in situ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ 

ʢ ʜʠʤʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʦʩʥʦʚʘʥʠʝ t-BuOLi [42]). ʀʥʦʛʜʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʘʨʙʝʥʘ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʙʠʥʘʮʠʶ ʦʩʥʦʚʘʥʠʡ, 

ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʜʦʙʘʚʣʷʝʪʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʦʩʥʦʚʘʥʠʝ NaH, ʢʘʪ. t-BuOK, [43]). 

ɿʘʤʝʱʝʥʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʤʦʥʦʢʘʨʙʝʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʠʩʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʝʥʘʤʠ 

ʚ ʩʦʩʪʘʚʝ (ʩʭʝʤʘ 1.7) (n-BuLi) [44]). 

 

ʉʭʝʤʘ 1.7. ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʘʪʦʤʝ ʥʠʢʝʣʷ. 

ɺ ʩʣʫʯʘʝ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʭʣʦʨʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ, ʦʙʨʘʟʫʝʪʩʷ 

ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ. ʍʣʦʨʠʜ-ʘʥʠʦʥ ʥʘ ʚʥʝʰʥʝʡ ʩʬʝʨʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥ ʥʘ 

ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʠʡ ʘʥʠʦʥ (ʩʭʝʤʘ 1.8) [45] ʠʣʠ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʠʦʥʘ (Na2CO3, [46]). 

 

ʉʭʝʤʘ 1.8. ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʭʣʦʨʘ ʧʨʠ ʘʪʦʤʝ ʟʦʣʦʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Cs2CO3 ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ HCl ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ 

ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʪʠʚʦʠʦʥʦʤ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʩʪʫʧʘʝʪ ʘʥʠʦʥ 

ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ (ʩʭʝʤʘ 1.9) [47]. 

 

ʉʭʝʤʘ 1.9. ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʘ ʭʣʦʨʘ ʧʨʠ ʘʪʦʤʝ ʧʘʣʣʘʜʠʷ. 
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ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʥʝʜʦʩʪʘʪʢʦʤ, ʪ.ʢ. ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʩʪʘʶʪʩʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʯʘʩʪʠʮʳ. ʊʘʢ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʨʙʝʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ in situ, c ʢʘʨʙʦʥʠʣʦʤ ʤʘʨʛʘʥʮʘ ʧʦʤʠʤʦ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠ ̫ ʉʆ ʢʘʨʙʝʥʦʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʦʥʦʷʜʝʨʥʳʝ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

(NHC)M(CO)4Hal. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʡ ʩ ʜʦʜʝʢʘʢʘʨʙʦʥʠʣʦʤ ʨʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ 

ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʛʘʣʦʛʝʥ. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʘʪʘʢʘ ʛʘʣʦʛʝʥʠʜ-ʘʥʠʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʘ ʢʦʦʨʜʠʥʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ [48].  

 

5) ʇʨʷʤʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʤʝʪʘʣʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ çʚʥʫʪʨʝʥʥʝʝè 

ʦʩʥʦʚʘʥʠʝ, ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʨʙʝʥʘ 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʳʜʫʱʝʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ 

ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʩʥʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʙʝʟ ʚʥʝʰʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ, ʝʩʣʠ 

ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʚʥʫʪʨʝʥʥʝʝè ʦʩʥʦʚʘʥʠʝ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʷʭ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʠ ʠʨʠʜʠʷ, ʵʪʫ ʨʦʣʴ ʚʳʧʦʣʥʷʣʠ ʵʪʦʢʩʠ- ʤʦʩʪʠʢʦʚʳʝ 

ʛʨʫʧʧʳ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʭʝʤʘ 1.10) [49]. 

 

ʉʭʝʤʘ 1.10. ʆʙʨʘʟʦʚʘʥʠʝ ʙʠʩʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ (ʠʨʠʜʠʷ). 

ʂ ʵʪʦʤʫ ʤʝʪʦʜʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʘʮʝʪʘʪʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʤʠʜʘʟʦʣʠʝʚʳʭ ʩʦʣʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʝʟʚʦʜʥʦʛʦ ʘʮʝʪʘʪʘ ʥʠʢʝʣʷ 

ʩ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʠʦʜʠʜʦʤ ʧʦʣʫʯʘʝʪʩʷ ʙʠʩʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ ʩ ʜʚʫʤʷ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʠʦʜʘ [50], [51].  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʦʨ ʘʥʠʦʥʘ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʚʣʠʷʝʪ ʥʘ ʛʝʦʤʝʪʨʠʶ ʢʘʨʙʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʊʘʢ, ʨʝʘʢʮʠʷ ʘʮʝʪʘʪʘ ʨʪʫʪʠ ʠ [Me2ImH]Cl ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʘ, 

ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʦʛʦ ʙʣʠʟʢʘ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ. ʇʨʠ ʩʤʝʥʝ ʭʣʦʨʠʜ-ʘʥʠʦʥʦʚ ʥʘ ʧʝʨʭʣʦʨʘʪ-ʘʥʠʦʥʳ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʩʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʪʫʪʠ [52]. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʰʠʨʦʢʦʤ ʢʨʫʛʫ ʩʣʫʯʘʝʚ ʠʟ-ʟʘ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʫ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ çʚʥʫʪʨʝʥʥʝʛʦè ʦʩʥʦʚʘʥʠʷ. 
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6) ɻʝʥʝʨʘʮʠʷ ʢʘʨʙʝʥʘ in situ ʠʟ ʠʤʠʜʘʟʦʣʠʡ-2-ʢʘʨʙʦʢʩʠʣʘʪʘ 

ʇʨʦʙʣʝʤʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʤʠʜʘʟʦʣʠʡ ʢʘʪʠʦʥʘ ʤʦʞʥʦ ʨʝʰʘʪʴ ʩʤʝʥʦʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʨʙʝʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠʜʘʟʦʣʠʡ-2-ʢʘʨʙʦʢʩʠʣʘʪʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʣʠʰʥʠʭ ʨʝʘʛʝʥʪʦʚ, ʪ.ʢ. ʩʚʦʙʦʜʥʳʡ ʢʘʨʙʝʥ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ 

ʵʪʦʛʦ ʮʚʠʪʪʝʨ-ʠʦʥʘ [53]. 

ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ. ʊʘʢ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ-2-ʢʘʨʙʦʢʩʠʣʘʪʘ (Me2ImCO2) ʩ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʤʝʜʠ(I) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʜʝʥʪʘʪʥʦʛʦ ʩʝʨʦʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜʘ-ʢʨʘʫʥʘ ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʦʜʠʥ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ ʠ ʢʨʘʫʥ (ʩʭʝʤʘ 1.11) [54]. 

  

ʉʭʝʤʘ 1.11. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(I). 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ Me2ImCO2 ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ NHC : Cu, ʪʦʛʜʘ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʩ ʜʨʫʛʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʢʘʨʙʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ (ʩʭʝʤʘ 1.12) [55]. 

ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Me2ImCO2 ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʤʦʥʦ- ʠʣʠ ʜʠ-ʢʘʨʙʝʥʦʚʳʝ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ [56].  

 

ʉʭʝʤʘ 1.12. ʇʦʣʫʯʝʥʠʝ ʙʠʩʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ, ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝʢʩʣʦʤʫ 

ʛʘʟʫ. 
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7) ʇʨʷʤʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʤʝʪʘʣʣʘ ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʨʙʝʥʘ 

ɺ 1968 ʛʦʜʫ ʂ. ʆʬʝʣʝ [57] ʦʧʠʩʘʣ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʝʥʪʘʢʘʨʙʦʥʠʣʭʨʦʤʘ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʠʤʠʜʘʟʦʣʠʷ ʘʥʠʦʥʥʳʤ ʤʝʪʘʣʣʷʪʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 

ʇʦʟʜʥʝʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʤʦʣʠʙʜʦʮʝʥʘ [58]. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ ʠʤʠʜʘʟʦʣʠʡ-ʢʘʪʠʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ. 

ʆʙʣʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʠʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ, 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʤʦʣʝʢʣʷʨʥʦʛʦ ʚʜʦʨʦʜʘ (ʩʭʝʤʘ 1.13). ʆʜʥʘʢʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʠ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ. ʀʟ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʢʘʨʙʝʥʘʤʠ. 

ʉʭʝʤʘ 1.13. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʦʮʝʥʘ. 

 

8) ʆʙʨʘʟʦʚʘʥʠʝ NHC ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʤʝʪʘʣʣʘ 

NHC ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʬʝʨʝ 

ʤʝʪʘʣʣʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʨʙʝʥʘ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʥʦʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ [59], ʤʦʥʦ- ʠ ʙʠʩʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʟʦʣʦʪʘ. ʆʙʳʯʥʦ ʵʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʶʪ, ʠʩʧʦʣʴʟʫʷ (ʠʟʦ)ʮʠʘʥʠʜʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʤʝʪʘʣʣʦʚ. 

ʊʘʢ, ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʘʤʠʥʘ ʩ ʘʮʝʪʠʣʝʥʦʚʳʤ 

ʣʠʛʘʥʜʦʤ ʧʨʝʢʫʨʩʦʨʘ ʤʝʪʘʣʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ (ʩʭʝʤʘ 1.14) [60] .  

 

ʉʭʝʤʘ 1.14. ʉʠʥʪʝʟ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʟʦʣʦʪʘ(I). 

ʊʘʢʦʡ ʩʣʦʞʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʨʙʝʥʦʚ, ʘ ʪʘʢʞʝ ʢʘʨʙʝʥʦʚ ʩʦ ʩʣʦʞʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʂ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʦʜʠʬʠʢʘʮʠʶ ʛʦʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Me2Im [61]. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

[Re(CO)3(N-MeIm)3]OTf ʩ ʦʩʥʦʚʘʥʠʝʤ KSi(NMe3)2 ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʦʜʥʦʛʦ 
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ʠʤʠʜʘʟʦʣʘ: ʠʟ N-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʦʥ ʩʪʘʥʦʚʠʪʩʷ C-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ. ɼʘʣʴʥʝʡʰʘʷ 

ʦʙʨʘʙʦʪʢʘ MeOTf ʧʨʠʚʦʜʠʪ ʢ ʤʝʪʠʣʠʨʦʚʘʥʠʶ ʘʪʦʤʘ ʘʟʦʪʘ, ʦʩʪʘʚʰʝʛʦʩʷ ʙʝʟ ʟʘʤʝʩʪʠʪʝʣʷ. 

ʇʦʜʦʙʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ ʩ ʜʚʫʤʷ ʠʤʠʜʘʟʦʣʠʝʚʳʤʠ ʠ ʦʜʥʠʤ 

ʬʦʩʬʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ [62]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʩʦʩʪʘʚ 

Re(CO)3(N-MeIm)(Me2Im)(PMe3)(BAr)4 (ʩʭʝʤʘ 1.15). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʧʦʩʦʙ ʢʦʦʨʜʠʥʘʮʠʠ 

ʠʟʤʝʥʠʣ ʪʦʣʴʢʦ ʦʜʠʥ ʠʤʠʜʘʟʦʣʠʝʚʳʡ ʣʠʛʘʥʜ. 

 

ʉʭʝʤʘ 1.15. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʥʠʷ ʧʫʪʝʤ ʧʝʨʝʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ 

N-MeIm. 

ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʨʝʥʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʠʝʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʝʪ ʙʳʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʠʤʠʜʘʟʦʣʘ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ ʢʘʨʙʝʥʘ ʧʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ ʟʘʤʝʱʝʥʥʳʭ ʙʠʧʠʨʠʜʠʥʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʠʤʠʜʘʟʦʣʠʝʚʦʤ ʢʦʣʴʮʝ, ʦʪ ʤʝʪʘʣʣʦʮʝʥʪʨʘ 

ʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ N,N-ʜʦʥʦʨʥʦʤ ʣʠʛʘʥʜʝ [63]. 

ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʤʝʪʠʣʠʤʠʜʘʟʦʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ [64].  

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʝʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ NHC. 

 

1.3 ɺʣʠʷʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʥʘ ʠʟʦʤʝʨʠʶ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʘ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʛʝʦʤʝʪʨʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʘ 

ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʘ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʢʘʢ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ, ʪʘʢ ʠ 

ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠ ̫ ʠ ʚʳʙʠʨʘʷ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ 

ʚʚʝʜʝʥʠʷ ʢʘʨʙʝʥʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ. 
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ʊʘʢ, ʠʟ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ ʨʝʘʢʮʠʝʡ ʩ ʠʦʜʠʜʦʤ ʠʤʠʜʘʟʦʣʠʷ ʙʝʟ ʚʥʝʰʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ 

ʮʠʩ-ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ Pd(Me2Im)I2 [65], ʢʦʪʦʨʳʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ MeSLi ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʦʤʝʨʠʟʦʚʘʥ ʚ ʪʨʘʥʩ-ʬʦʨʤʫ [66]. ʆʜʥʘʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠʟ ʪʝʭ 

ʞʝ ʨʝʘʛʝʥʪʦʚ ʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʧʦʣʫʯʠʪʴ ʠ ʪʨʘʥʩ-ʢʦʥʬʠʛʫʨʘʮʠʶ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ [67]. 

ʎʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʤʧʣʝʢʩʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʢ ʥʘʧʨʷʤʫʶ ï ʠʟ ʭʣʦʨʠʜʘ ʧʘʣʣʘʜʠʷ ʠ 

ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʢʘʨʙʦʢʩʠʣʘʪʘ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (ʩʭʝʤʘ 1.16). 

ʉʭʝʤʘ 1.16. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʠʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ(II ) ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʩ ʠʦʜʠʜʦʤ 

ʠʤʠʜʘʟʦʣʠʷ [68]. ʊʘʢʞʝ ʤʦʥʦʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʭʣʦʨʠʜʘ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʤʝʪʠʣʧʘʣʣʘʜʠʷ ʩ ʧʦʤʦʱʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʘʨʙʝʥʦʤ. 

ʇʦʣʫʯʝʥʥʳʡ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʢʘʨʙʝʥʦʩʦʜʝʨʞʘʱʠʡ ʜʠʤʝʨ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʦʣʴʶ ʩʝʨʝʙʨʘ, 

ʘ ʦʩʚʦʙʦʜʠʚʰʘʩ̫ʷ ʚʘʢʘʥʪʥʘʷ ʦʨʙʠʪʘʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʭʝʣʘʪʥʦʛʦ N,N-, P,P-

ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜʘ [69], N,O-, ʆ,O-, ʉ,C-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜʘ [70] (ʩʭʝʤʘ 1.17). 

 

ʉʭʝʤʘ 1.17. ʇʦʣʫʯʝʥʠʝ ʤʦʥʦʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ. 
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ʉʠʥʪʝʟ ʙʠʩʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ, ʪʘʢʞʝ ʢʘʢ ʠ ʙʠʩʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʣʘʜʠʷ, ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʨʦʮʝʩʩ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʘʥʩ-ʙʠʩʢʘʨʙʝʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʚʚʦʜʷʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʢʘʨʙʝʥʘ ʚ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ [Me3PtI]4, ʘ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʜʦʙʘʚʣʷʶʪ ʝʱʝ ʦʜʠʥ ʣʠʛʘʥʜ, ʦʙʳʯʥʦ ʵʪʦ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʮʠʩ-ʧʨʦʜʫʢʪʘ, ʩʥʘʯʘʣʘ ʚʚʦʜʠʪʩʷ N-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, ʘ ʧʦʪʦʤ ʢʘʨʙʝʥ (ʩʭʝʤʘ 1.18). ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʜʣ̫  ʚʚʝʜʝʥʠʷ ʢʘʨʙʝʥʘ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ ʢʘʨʙʝʥʘ in situ ʩ ʧʦʤʦʱʴʶ 

ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʠ ʦʩʥʦʚʘʥʠʷ [71]. 

ʉʭʝʤʘ 1.18. ʇʦʣʫʯʝʥʠʝ ʙʠʩʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ. 

ʊʘʢʞʝ ʮʠʩ-ʙʠʩʢʘʨʙʝʥʦʚʳʡ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ 

ʦʜʥʫ ʩʪʘʜʠʶ ʠʟ ʠʦʜʠʜʘ ʧʣʘʪʠʥʳ(II) ʜʝʡʩʪʚʠʝʤ ʜʠʤʝʪʠʠʤʠʜʘʟʦʣʠʡ ʠʦʜʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ (ʩʭʝʤʘ 1.19) [72]. 

 

ʉʭʝʤʘ 1.19. ʇʦʣʫʯʝʥʠʝ ʙʠʩʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ. 
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1.4 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥ-ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ɺ ʨʘʙʦʪʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʚʷʟʠ ʩ ʠʭ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤ ʢʘʪʘʣʠʟʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʢʘʨʙʝʥʘ ʧʨʝʜʦʪʚʨʘʪʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʠʜʦʚ ʠ ʦʢʩʠʜʦʚ ʧʨʠ ʪʝʨʤʦʨʘʩʧʘʜʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʦʩʬʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ 

ʨʘʥʝʝ [73]. ʉʧʦʩʦʙʘʤ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ NHC ʢʘʨʙʝʥʘʤʠ ʙʫʜʝʪ 

ʧʦʩʚʷʱʝʥ ʵʪʦʪ ʨʘʟʜʝʣ. 

 

1.4.1 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im 

ʇʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2021 ʛ. 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʢʦʣʦ ʜʝʩʷʪʠ ʩʪʨʫʢʪʫʨ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʘʣʦʦʙʲʝʤʥʳʤʠ NHC, 

ʧʨʠʯʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʪʦʠʪ ʚʳʜʝʣʠʪʴ, ʥʝʩʢʦʣʴʢʦ ʛʣʦʙʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ: 

ʚʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʩʦʩʪʘʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʤ, ʩʙʦʨʢʘ ʠʟ ʯʘʩʪʝʡ ï ʨʝʘʢʮʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘ ʠ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʣʠʥʢʝʨʦʤ ʤʝʞʜʫ ʜʚʫʤʷ 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘʤʠ.  

ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʩʦ ʩʚʦʙʦʜʥʳʤ Me2Im ʪʨʝʙʫʝʪ ʩʪʨʦʛʠʭ ʫʩʣʦʚʠʡ, ʨʝʘʢʮʠʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʢʘʨʙʝʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ in situ. 

ʊʘʢ, Fe-Cu ʢʣʘʩʪʝʨʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʟʘʤʝʱʝʥʠʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʜʠʤʠʪʝʣʠʤʠʜʘʟʦʣʠʡ ʠʦʜʠʜʘ c ʧʦʤʦʱʴʶ t-BuOK (ʩʭʝʤʘ 1.20) [74], [75].  

 

ʉʭʝʤʘ 1.20. ɺʚʝʜʝʥʠʝ Me2Im ʚ ʩʦʩʪʘʚ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɻʦʨʘʟʜʦ ʯʘʱʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʦʪʦʚʳʡ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʶ ʩ ʜʨʫʛʠʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʨʙʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʥʝʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʝʪʩʷ ʩʚʷʟʴ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʩʦʯʝʪʘʥʠʷ ʚ ʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʚʫʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʯʘʱʝ 

ʚʩʝʛʦ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʥʝʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ 

ʨʘʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʝʘʢʮʠʡ. ʊʘʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ Fe-Ga ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ GaCl3 ʢ ʢʘʨʙʝʥʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʞʝʣʝʟʘ Fe(MeIm)2(CO)3 [76]. 
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ɸ ʢʦʤʧʣʝʢʩ Fe-Sn ʙʳʣ ʦʙʨʘʟʦʚʘʥ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʤʝʟʠʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʢʘʨʙʝʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ 

Fe(Me2Im)2(Mes)2 ʥʘ Bu3Sn. ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʦʪ ʪʨʠʙʫʪʠʣʩʪʘʥʥʘʥʘ ʦʙʨʘʟʫʝʪ ʩ ʤʝʟʠʪʠʣʦʤ 

ʭʦʨʦʰʠʡ ʫʭʦʜʷʱʠʡ ʣʠʛʘʥʜ (ʩʭʝʤʘ 1.21) [77]. 

 

Cʭʝʤʘ 1.21. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ Bu3SnH. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ Ru-Sn ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʦʜʠʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʟʘʤʝʱʝʥʥʳʭ 

ʩʪʘʥʥʘʥʦʚ ʢ ʪʨʝʭʲ̫ ʜʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʨʫʪʝʥʠʷ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʤʝʪʠʣʦʤ ʢʘʨʙʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ. ɺ ʨʝʘʢʮʠʠ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʪʨʠʙʫʪʠʣʩʪʘʥʥʘʥʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ Ru:Sn = 1:1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʛʦ ʞʝ ʠʩʭʦʜʥʦʛ ʦʩʦʝʜʠʥʝʥʠʷ 

ʩ ʪʨʠʬʝʥʠʣʩʪʘʥʥʘʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʜʚʫʭ, ʪʘʢ ʠ ʪʨʝʭ 

ʤʦʣʝʢʫʣ Ph3SnH (ʩʭʝʤʘ 1.22). ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʛʨʫʧʧʘ Bu3Sn ʤʝʥʴʰʝ ʠ ʙʦʣʝʝ ʦʩʥʦʚʥʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ph3Sn, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʣʫʯʰʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʩʦʝʜʠʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʩʪʘʥʥʘʥʘ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʩ Bu3Sn. ʇʦ ʭʦʜʫ 

ʨʝʘʢʮʠʠ ʢʘʨʙʝʥ ʩʪʘʥʦʚʠʣʩʷ ʩʥʦʚʘ ʤʦʥʦʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ʟʘ ʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʣʘʩʪʝʨʫ 

ʥʝ ʪʦʣʴʢʦ ʩʪʘʥʥʠʣʦʚʳʭ ʛʨʫʧʧ, ʥʦ ʠ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ [78]. 

ʉʭʝʤʘ 1.22. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʩ R3SnH. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠ ʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʴ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʩʠʣʴʥʦ ʟʘʚʠʩʪ̫ ʦʪ ʣʠʛʘʥʜʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʩʚʷʟʴ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ. ʊʘʢ, 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Ru-Au ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʟʦʣʦʪʘ ʩ ʨʫʪʝʥʠʡʧʦʣʠʠʥʦʤ. ɺʚʝʜʝʥʠʝ ʥʦʚʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ 

ʤʝʪʘʣʣʦʮʝʥʪʨ ʧʦʣʠʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪ.ʢ. ʨʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʧʦ ʢʦʥʮʝʚʳʤ 

TMS-ʛʨʫʧʧʘʤ (ʩʭʝʤʘ 1.23) [79]. 
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ʉʭʝʤʘ 1.23. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʩ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ. 

ʏʘʱʝ ʚʩʝʛʦ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚʳʩʪʫʧʘʶʪ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʠʩʣʦʨʦʜʘ. ʂʘʨʙʝʥʦʚʳʡ ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ [(PW9O34)2(WO2)(Ru(Me2Im)2)]
13-, ʩʦʜʝʨʞʘʱʠʡ Ru 

ʠ W, ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʘ ʩ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʨʫʪʝʥʠʷ Ru(Me2Im)4Cl2 (ʩʭʝʤʘ 1.24). ʂʦʦʨʜʠʥʘʮʠʷ ʬʨʘʛʤʝʥʪʘ Ru(Me2Im)2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʦʢʩʦ-ʤʦʩʪʠʢʠ [80]. 

 

ʉʭʝʤʘ 1.24. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʩ ʧʦʣʠʦʢʩʦʚʦʣʴʬʨʘʤʘʪʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʤʦʩʪʠʢʠ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴ ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʚ ʧʦʣʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʟʘ ʩʯʝʪ ʜʦʥʠʨʦʚʘʥʠʷ ʥʝʧʦʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʥʘ ʚʘʢʘʥʪʥʫʶ ʦʨʙʠʪʘʣʴ 

ʤʝʪʘʣʣʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʠ ʭʘʣʴʢʦʛʝʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ Fe-Ni ʦʙʨʘʟʦʚʘʥ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʉʆ ʜʠʪʠʦʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʠʢʝʣʷ (ʩʭʝʤʘ 1.25) 

[81]. 

 

ʉʭʝʤʘ 1.25. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʠʢʝʣʷ. 
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ʍʘʣʴʢʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜ, ʚʳʩʪʫʧʘʶʱʠʡ ʣʠʥʢʝʨʦʤ, ʤʦʞʝʪ ʚʚʦʜʠʪʴʩʷ ʦʪʜʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʴʤʠʷʜʝʨʥʦʛʦ Pd-Ag ʢʦʤʧʣʝʢʩʘ c ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʠ ʭʘʣʴʢʦʛʝʥ-ʩʦʜʝʨʞʘʱʠʡ ʣʠʛʘʥʜ 

(ʩʭʝʤʘ 1.26) [82]. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ, ʚʝʜʴ ʢʦʤʧʣʝʢʩ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʤʥʦʛʠʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ. 

ʉʭʝʤʘ 1.26. ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ Ag-Pd ʢʦʤʧʣʝʢʩʘ c ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʳʪʦʢ 

ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ, ʯʘʩʪʦ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʳ ʩ ʜʦʚʦʣʴʥʦ ʵʢʟʦʪʠʯʝʩʢʠʤʠ ʤʦʩʪʠʢʦʚʳʤʠ 

ʛʨʫʧʧʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʮʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (NHC)AgI ʘʪʦʤʦʤ ʭʨʦʤʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʯʝʨʝʟ ʘʪʦʤ ʠʦʜʘ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʩʭʝʤʘ 1.27) [83]. 

ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʫʯʘʡʥʦ, ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʝʜʚʘ ʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʦ. 

 

ʉʭʝʤʘ 1.27. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ ʩ ʢʦʤʧʣʝʢʩʦʤ ʭʨʦʤʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʠ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʜʭʦʜʘʤ ʢ ʠʭ ʩʠʥʪʝʟʫ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʘʣʫʶ ʠʩʩʣʝʜʦʚʘʥʥʦʩʪʴ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʪʝʤʘʪʠʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʠʭ ʟʥʘʥʠʡ ʦ ʩʠʥʪʝʟʝ, 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʝʥʠʷ ʢʘʨʙʝʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʨʫʛ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ NHC ʣʠʛʘʥʜʘʤʠ, ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʘ. 
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ɺʩʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʣʝʢʩʳ ʩ R2Im ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʢʦʤʧʣʝʢʩʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʚʷʟʴ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʠ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʙʫʜʫʪ ʦʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʪʠʭ ʪʠʧʦʚ ʩ ʫʯʝʪʦʤ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ. 

 

 

1.4.2 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦ ʩʚʷʟʴʶ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ 

 

1) ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʤʝʱʝʥʠʷ ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ Ta-Ni ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʢ ʘʪʦʤʫ ʥʠʢʝʣʷ ʤʦʞʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ 

ʠʤʠʜʘʟʦʣʠʝʚʦʛʦ ʢʦʣʴʮʘ (ʩʭʝʤʘ 1.28). ɺʦʟʥʠʢʘʶʱʠʡ ʥʘ ʘʪʦʤʝ ʥʠʢʝʣʷ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʥʦʚ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʝʨʝʭʦʜ ʦʜʥʦʛʦ ʠʟ ʭʣʦʨʦʚ ʚ ʤʦʩʪʠʢʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ [84].  

 

ʉʭʝʤʘ 1.28. ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʢʦʤʧʣʝʢʩ Ta-Ni. 

ɿʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʠʤʠʜʘʟʦʣʠʝʚʦʤ ʢʦʣʴʮʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʣʝʢʩʦʚ Pt-Sn, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʞʝ ʟʘʤʝʱʝʥʠʝʤ COD ʥʘ ʩʚʦʙʦʜʥʳʡ ʢʘʨʙʝʥ. 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩ t-Bu2Im ʜʠʤʝʨʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ ʛʠʜʨʠʜʥʳʭ 

ʤʦʩʪʠʢʦʚ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʣʝʢʩ ʩ Dipp2Im ʩʫʱʝʩʪʚʫʝʪ ʚ ʤʦʥʦʤʝʨʥʦʤ ʚʠʜʝ [85]. 

ʂ ʵʪʦʤʫ ʞʝ ʤʝʪʦʜʫ ʧʦʣʫʯʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʨʙʝʥʦʤ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʤ in situ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

Fe-Cu, ʛʜʝ ʢ ʘʪʦʤʫ ʤʝʜʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢʘʨʙʝʥ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʜʝʡʩʪʚʠʝʤ 

ʦʩʥʦʚʘʥʠʷ NaH [86]. 
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2) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʩ ʢʘʨʙʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ Ga, In, Zn, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʛʠʜʨʠʜʥʳʡ 

ʣʠʛʘʥʜ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʱʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʭʝʤʫ, 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ʠʤʝʶʪ ʨʘʟʥʦʝ ʩʪʨʦʝʥʠʝ (ʩʭʝʤʘ 1.29). ʇʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ InMe3 ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʥʦʩ ʜʚʫʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʘʪʦʤ ʨʫʪʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʤʝʪʘʥʘ. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ GaMe3 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʤʝʪʘʥʘ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʝʨʝʥʦʩ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʘʪʦʤʘ ʨʫʪʝʥʠʷ ʥʘ ʛʘʣʣʠʡ [87]. ʈʝʘʢʮʠʷ ʩ ʜʠʘʣʢʠʣʘʤʠ ʮʠʥʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʯʘʩʪʠʮʳ ZnR2 ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʪʱʝʧʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʣʢʘʥʘ [88], [89]. 

 

ʉʭʝʤʘ 1.29. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʩ ʙʠʩʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ. 

ʈʝʘʢʮʠʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʩ ʜʠʤʝʪʠʣʮʠʥʢʦʤ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩʦ ʩʚʷʟʴʶ Ru-Zn. ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʦʤʠʤʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʤʝʪʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʤʝʪʠʣʘ ʦʜʥʦʛʦ ʠʟ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʮʠʢʣʘ (ʩʭʝʤʘ 1.30) [88]. 

 

ʉʭʝʤʘ 1.30. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʩ ʙʠʩʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ. 
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3) ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ ʢʘʨʙʝʥʦʚʳʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʝʪʘʣʣʦʮʠʢʣ.r ʏʘʱʝ ʚʩʝʛʦ ʧʦʣʠʜʝʥʪʘʪʥʦʩʪʴ ʣʠʛʘʥʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ N-ʜʦʥʦʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʥʘ ʤʝʩʪʦ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʠʝʚʦʛʦ ʮʠʢʣʘ. ʅʘʧʨʠʤʝʨ, 

ʭʠʨʘʣʴʥʳʡ ʧʦʣʠʤʝʨ Ag-Au ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ (R2Im)2Au+, ʛʜʝ R = 

Py; ʫʚʝʣʠʯʝʥʠʝ R ʥʘ ʦʜʥʫ ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʪʦʡ 

ʞʝ ʨʝʘʢʮʠʠ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʚʳʜʝʣʝʥ ʪʨʝʭʲ̫ ʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ Ag2Au (ʩʭʝʤʘ 1.31) [90]. ʈʷʜ 

ʜʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʦʚ Au-Ag ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʠʤʠʜʘʟʦʣʠʝʚʦʤ 

ʢʦʣʴʮʝ ʠ ʣʠʛʘʥʜʘ, ʜʦʧʦʣʥʷʶʱʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ [91]. ʊʘʢʞʝ ʠ 

ʢʦʤʧʣʝʢʩʳ Au-Cu ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

N-ʜʦʥʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʢʘʨʙʝʥʘʤʠ [92]. 

 

ʉʭʝʤʘ 1.31. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Au-Ag ʟʘ ʩʯʝʪ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

ɺ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʣʠʛʘʥʜʘ, ʦʜʥʘʢʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʨʝʘʛʝʥʪʦʤ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʢʦʦʨʜʠʥʘʮʠʷ 

ʣʠʛʘʥʜʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʠ 

ʜʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ ʩ ʠʦʜʠʜʦʤ ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʦʦʨʜʠʥʠʨʦʚʘʥʠʝ 

N-ʟʘʤʝʩʪʠʪʝʣʷ ʦʪ ʘʪʦʤʦʚ ʧʘʣʣʘʜʠʷ ʢ ʘʪʦʤʘʤ ʤʝʜʠ, ʘ ʧʘʣʣʘʜʠʝʚʳʝ ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʦʢʘʟʳʚʘʶʪʩʷ 

ʩʚʷʟʘʥʳ ʠʦʜʠʜʥʳʤ ʤʦʩʪʠʢʦʤ (ʩʭʝʤʘ 1.32) [93]. 

 

ʉʭʝʤʘ 1.32. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Pd-Cu ʟʘ ʩʯʝʪ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 
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4) ʇʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʧʦʣʠʷʜʝʨʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʋʚʝʣʠʯʝʥʠʝ ʜʝʥʪʘʪʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʢʘʨʙʝʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚ ʦʜʥʦʛʦ ʣʠʛʘʥʜʘ. ʋ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʣʠʛʘʥʜʦʚ ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʪʴ ʨʘʟʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʊʘʢ, ʚ 

ʪʨʝʭʲ̫ ʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʝʨʝʙʨʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʨʝʘʛʝʥʪʘ Pt(COD)Cl2 

ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʤʝʪʘʣʣʦʮʝʥʪʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʝʢʩ Ag2Pt (ʩʭʝʤʘ 1.33) [94]. 

 

ʉʭʝʤʘ 1.33. ʅʝʧʦʣʥʦʝ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ. 

ʊʘʢʞʝ ʠ ʚ ʩʣʫʯʘʝ ʩ ʯʝʪʳʨʝʭʲ̫ ʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʝʨʝʙʨʘ, ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʠʜʝʥʪʘʪʥʳʡ 

ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ: ʨʝʘʢʮʠʷ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʨʝʘʛʝʥʪʘ ʜʣʷ ʧʦʣʥʦʛʦ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Ag-Cu ʠ Ag-Ir (ʩʭʝʤʘ 1.34) [95]. 

ʉʭʝʤʘ 1.34. ʅʝʧʦʣʥʦʝ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ. 

ʇʦʣʠʜʝʥʪʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚʚʝʜʝʥʠʝʤ ʬʦʩʬʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ ʘʪʦʤʝ 

ʘʟʦʪʘ ʚ ʠʤʠʜʘʟʦʣʠʝʚʦʤ ʢʦʣʴʮʝ, ʪʦʞʝ ʦʙʨʘʟʫʶʪ ʧʦʣʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʤʝʪʘʣʣʦʮʝʥʪʨʳ. ʊʘʢ, ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ ʤʦʛʫʪ ʩʝʣʝʢʪʠʚʥʦ ʚʩʪʫʧʘʪʴ ʚ 

ʨʝʘʢʮʠʠ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʩ Pd(PPh3)4, ʦʙʨʘʟʫʷ ʨʷʜ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ (ʩʭʝʤʘ 1.35). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʭʦʞʠʝ ʠʩʭʦʜʥʳʝ 
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ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ ʩ ʬʦʩʬʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʘʣʣʘʜʠʷ, ʯʪʦ ʚ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʳʤ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʡ [96].  

ʉʭʝʤʘ 1.35. ʅʝʧʦʣʥʦʝ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ. 

ʉʧʦʩʦʙ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʨʘʙʦʪʘʝʪ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢ, ʩʝʨʠʠ ʢʦʤʧʣʝʢʩʦʚ Ag-Au ʠ Ag-Cu ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʷʜʝʨʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ ʩ Au(SMe2)Cl ʠ CuI [97]. 

 

5) ɺʚʝʜʝʥʠʝ ʬʨʘʛʤʝʥʪʘ (NHC)M  

¶ ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ (NHC)M (M = Cu, Ag, Au) c ʤʝʪʘʣʣʷʪʘʤʠ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʬʨʘʛʤʝʥʪʘ (NHC)M (M = Cu, Ag, 

Au) ʢʘʢ (NHC)MCl ʩ ʤʝʪʘʣʣʷʪʘʤʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʯʘʩʪʠʮʳ 

(NHC)M. ʕʪʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ ʩ ʰʠʨʦʢʠʤ 

ʢʨʫʛʦʤ ʤʝʪʘʣʣʦʚ (Cr, Mo,W, Mn, Fe, Ru, Co) (ʩʭʝʤʘ 1.36) [98], ʩʝʨʝʙʨʘ [99], ʟʦʣʦʪʘ [100], [101] ʘ 

ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ (NHC)Zn(Cl)-Fe [102]. 

 

ʉʭʝʤʘ 1.36. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ ʤʝʪʘʣʣʷʪʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʥʠʦʥʥʦʛʦ ʤʝʪʘʣʣʷʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʩʦʝʜʠʥʷʪʴ ʢ ʥʝʤʫ ʜʚʘ 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘ [103], [104], ʧʨʠʯʝʤ ʚʦʟʤʦʞʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʚʫʭ 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʝʥʘʤʠ [105]. 
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ʉʭʝʤʘ 1.37. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ ʩ [Fe(CO)4]2-. 

 

¶ ɸʢʪʠʚʘʮʠʷ ʩʚʷʟʠ ʄ-ʅ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ɺʚʝʜʝʥʠʝ ʬʨʘʛʤʝʥʪʘ (NHC)M (M = Cu, Ag, Au) ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ M-H 

ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ. ʆʜʠʥ ʠʟ ʨʝʘʛʝʥʪʦʚ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʩʚʷʟʴ M-H, ʘ ʚʪʦʨʦʡ ï ʛʨʫʧʧʫ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʪʦʥʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ. 

ʊʘʢʠʤ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʣʫʞʠʪ Cu(NHC)OH, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ ʩʚʷʟʴ H-Mo ʚ 

CpMo(CO)3H, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʚʳʜʝʣʝʥ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (NHC)Cu-Mo (ʩʭʝʤʘ 1.38) 

[106].  

 

ʉʭʝʤʘ 1.38. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩ ʛʠʜʨʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʦʣʠʙʜʝʥʘ. 

ʀʩʧʦʣʴʟʫʷ ʩʧʦʩʦʙʥʦʩʪʴ Cu(NHC)OH ʘʢʪʠʚʠʨʦʚʘʪʴ ʩʚʷʟʴ ʄ-ʉʆ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʠʜʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Knölker-ʪʠʧʘ, ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. ʊʘʢʘʷ 

ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʨʝʘʛʝʥʪʘ ʢʦʤʧʣʝʢʩʦʚ, ʠʤʝʶʱʠʭ 

ʢʝʪʦ-ʛʨʫʧʧʫ ʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ. ʌʨʘʛʤʝʥʪ Cu(NHC) ʤʦʞʝʪ ʙʳʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥ 

ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʬʦʨʤʘ ʩʦ ʩʚʷʟʴʶ Fe-Cu ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦʛʜʘ ʢʘʢ 

ʚ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʬʦʨʤʳ ʩ ʢʘʨʙʝʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ Cu(NHC), 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ (ʩʭʝʤʘ 1.39) [107]. 

ʉʭʝʤʘ 1.39. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʞʝʣʝʟʘ. 
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ɼʨʫʛʠʤ ʘʛʝʥʪʦʤ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ ʄ-ʅ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʤʧʣʝʢʩ ç(NHC)CuH», 

ʛʝʥʝʨʠʨʫʝʤʳʡ in situ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ Cu-Fe ʠ Cu-W, 

ʩʦʜʝʨʞʘʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠ ʘʪʦʤʘʭ ʞʝʣʝʟʘ ʠ ʚʦʣʴʬʨʘʤʘ 

(ʩʭʝʤʘ 1.40) [108].  

 

ʉʭʝʤʘ 1.40. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩ ʛʠʜʨʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʦʣʴʬʨʘʤʘ ʠ 

ʞʝʣʝʟʘ. 

¶ ʇʨʠʩʦʝʜʠʥʝʥʠʝ (NHC)M (M = Cu, Ag, Au) ʧʦʩʨʝʜʩʪʚʦʤ ʃʴʶʠʩʦʚʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʌʨʘʛʤʝʥʪ (NHC)M+ (M = Cu, Ag, Au) ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʢʘʨʙʦʥʠʣʘʤ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʷ ʩʚʷʟʴ ʄ-ʄ ʟʘ ʩʯʝʪ ʜʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʤʝʪʘʣʣʘ ʚ ʢʘʨʙʦʥʠʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʥʘ ʤʝʪʘʣʣ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʩ ʢʘʨʙʝʥʦʤ. ʅʘʧʨʠʤʝʨ, ʪʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Au-Fe (ʩʭʝʤʘ 1.41) [109] ʠ Cu-Fe [110]. ʇʦ ʪʘʢʦʤʫ 

ʞʝ ʧʨʠʥʮʠʧʫ ʃʴʠʩʦʚʩʢʠʭ ʢʠʩʣʦʪʦ-ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʨʘʟʦʚʘʥʳ ʧʦʣʠʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Pt-Ag ï ʨʝʘʢʮʠʝʡ (NHC)AgCl c ʘʥʠʦʥʥʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ [Pt6(CO)12]
2- 

ʠ [Pt9(CO)18]
2-[111]. 

 

ʉʭʝʤʘ 1.41. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʩ ʢʘʨʙʦʥʠʣʦʤ ʞʝʣʝʟʘ. 

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Au-Cr, Au-W ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʟʘ ʩʯʝʪ ʜʦʥʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʐʨʦʢʘ ʥʘ ʘʪʦʤ ʟʦʣʦʪʘ, ʯʪʦ ʪʘʢʞʝ 

ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʃʴʶʠʩʦʚʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʩʭʝʤʘ 1.42) [112]. ɸ ʢʦʤʧʣʝʢʩʳ Ag-Ru ʠ 

Cu-Ru ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʠʣʠʣʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʥʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʜʚʦʡʥʦʡ ʩʚʷʟʠ Ru-Si ʥʘ ʢʘʨʙʝʥʦʚʳʡ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪ [113]. 
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ʉʭʝʤʘ 1.42. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʩ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʐʨʦʢʘ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʚʷʟʴ. ʅʘʧʨʠʤʝʨ, 

ʧʦʤʠʤʦ ʚʦʟʤʦʞʥʳʭ ʃʴʶʠʩʦʚʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ 

ʚ ʢʦʤʧʣʝʢʩʝ Pd-Cu (ʩʭʝʤʘ 1.43) ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʧʝʨʝʢʨʳʚʘʥʠʝ ʛʨʘʥʠʯʥʳʭ 

ʦʨʙʠʪʘʣʝʡ, ʪʘʢ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [114]. 

 

ʉʭʝʤʘ 1.43. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʘʣʣʘʜʠʷ. 

¶ ʇʨʠʩʦʝʜʠʥʝʥʠʝ (NHC)M (M = Pt, Pd) ʢ ʢʘʨʙʦʥʠʣʘʤʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤ 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ (NHC)M (M = Pt, 

Pd) ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ ʢʘʨʙʦʥʠʣʘʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʏʘʩʪʠʮʘ (NHC)M, ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ in situ ʠʟ (NHC)M(allyl)Cl ʩ ʧʦʤʦʱʴʶ ʦʩʥʦʚʘʥʠʷ t-BuOK, 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʫʤ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤ, ʦʙʨʘʟʫʷ ʤʝʪʘʣʣʦʤʦʩʪʠʢ, ʢʦʪʦʨʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʜʠʤʝʨʥʳʭ ʠʣʠ ʪʨʠʤʝʨʥʳʭ 

ʢʘʨʙʦʥʠʣʘʭ ʤʝʪʘʣʣʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ (NHC)M, 

ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʤʝʪʘʣʣʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʝʘʢʮʠʠ ʪʨʠʤʝʨʥʦʛʦ ʢʘʨʙʦʥʠʣʘ ʦʩʤʠʷ ʩ (NHC)Pd ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ 

ʧʨʦʜʫʢʪʘ (ʩʭʝʤʘ 1.44) [Liu ʠ ʜʨ., 2013].  

 

ʉʭʝʤʘ 1.44. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ ʩ ʢʘʨʙʦʥʠʣʦʤ ʦʩʤʠʷ. 
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ʊʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʘʨʙʦʥʠʣʘ ʢʦʙʘʣʴʪʘ ʩ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ (NHC)Pt(allyl)Cl, ʙʳʣ ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

Co-Pt(NHC) [115]. ɼʦʥʦʨʦʤ ʬʨʘʛʤʝʥʪʘ (NHC)Pt ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʠʩʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʧʣʘʪʠʥʳ(NHC)2Pt, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʩ ʢʘʨʙʦʥʠʣʘʤʠ ʨʫʪʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Ru-Pt ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ [116]. 

ɺ ʨʝʘʢʮʠʷʭ ʩ ʢʘʨʙʦʥʠʣʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ VIII  ʛʨʫʧʧʳ ʠʩʪʦʯʥʠʢʦʤ ʬʨʘʛʤʝʥʪʘ 

(NHC)Pt ʚʳʩʪʫʧʘʝʪ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (NHC)Pt(t-Bu3Sn)H. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

[117]: ʚ ʩʣʫʯʘʝ Fe3(CO)12 ʧʨʦʠʩʭʦʜʠʪ ʬʨʘʛʤʝʥʪʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ 

ʪʨʝʭʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ; ʩ Ru3(CO)12 ï ʦʙʨʘʟʫʝʪʩʷ ʧʷʪʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ; ʘ ʩ Os3(CO)12 ï ʦʙʨʘʟʫʶʪʩʷ ʧʣʘʥʘʨʥʳʝ ʯʝʪʳʨʝʭʲ̫ ʜʝʨʥʳʡ ʠ 

ʧʷʪʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʘʤ Pd-Os, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ (ʩʭʝʤʘ 1.45). 

 

ʉʭʝʤʘ 1.45. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ ʩ ʢʘʨʙʦʥʠʣʘʤʠ ʤʝʪʘʣʣʦʚ VIII  ʛʨʫʧʧʳ. 

ʂʦʤʧʣʝʢʩ (NHC)Pt(t-Bu3Sn)H ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʪʘʢʞʝ ʠ ʠʩʪʦʯʥʠʢʦʤ ʛʠʜʨʠʜʥʦʛʦ ʣʠʛʘʥʜʘ. 

ʊʘʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʠ ʩ ʢʣʘʩʪʝʨʦʤ ʨʫʪʝʥʠʷ Ru5(m5-C)(CO)15 

ʤʦʛʫʪ ʧʦʣʫʯʘʪʴʩʷ ʢʘʢ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ 

ʛʠʜʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʩʝʤʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ (NHC)Pt (ʩʭʝʤʘ 1.46) [118].  
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ʉʭʝʤʘ 1.46. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫʪʝʥʠʷ. 

 

6) ʂʦʦʨʜʠʥʘʮʠʷ M+ (M = Ag, Tl) ʢ ʢʘʨʙʝʥʦʚʳʤ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤ  

ʈʝʘʢʮʠʷ ʙʠʷʜʝʨʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʩʘ ʟʦʣʦʪʘ ʩ AgBF4 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʨʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʬʨʘʛʤʝʥʪʦʤ Au-Ag-Au, ʛʜʝ ʢ ʘʪʦʤʫ ʩʝʨʝʙʨʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʩʭʝʤʘ 1.47). ɿʘʤʝʥʘ ʘʥʠʦʥʘ ʚ ʧʨʝʢʫʨʩʦʨʝ ʥʘ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʡ ʥʠʪʨʘʪ ʧʨʠʚʦʜʠʪ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢ ʘʪʦʤʫ ʩʝʨʝʙʨʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʥʠʪʨʘʪ-ʘʥʠʦʥ ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʘʮʝʪʦʥʠʪʨʠʣʘ [119].  

 

ʉʭʝʤʘ 1.47. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʩ Ag+. 

ʊʘʢʦʡ ʞʝ ʯʝʪʳʨʝʭʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʬʦʨʤʠʨʫʝʪ ʘʪʦʤ ʩʝʨʝʙʨʘ ʠ ʚ ʩʝʤʠʷʜʝʨʥʦʤ 

ʢʦʤʧʣʝʢʩʝ Pt-Ag, ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʜʚʫʭ ʢʘʨʙʝʥʦʚʳʭ ʪʨʝʭʲ̫ ʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ ʩ ʢʘʪʠʦʥʦʤ ʩʝʨʝʙʨʘ. [120]. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʠʦʥʳ ʩʝʨʝʙʨʘ ʠ ʪʘʣʣʠʷ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʮʝʥʪʨʘʤʠ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʣʴʮʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʭʲ̫ ʜʝʨʥʳʤʠ 

ʢʘʨʙʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʟʦʣʦʪʘ [121]. 
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ʀʥʦʛʜʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʝʨʝʙʨʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʝʨʝʙʨʷʥʦʛʦ 

ʧʨʝʢʫʨʩʦʨʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʩ ʮʝʣʴʶ ʦʪʱʝʧʣʝʥʠʷ ʛʘʣʦʛʝʥʘ. ʊʘʢ, ʦʙʨʘʙʦʪʢʘ ʢʘʨʙʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʩʦʣʷʤʠ ʩʝʨʝʙʨʘ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʦʨʜʠʥʘʮʠʠ (ʪʦʣʫʦʣ), 

ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʠʦʥʘ ʩʝʨʝʙʨʷʥʦʡ ʩʦʣʠ ʜʦʩʪʘʪʦʯʥʦ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʯʘʩʪʠʮ 

(ʪʨʠʬʣʘʪ) (ʩʭʝʤʘ 1.48) [122]. 

 

ʉʭʝʤʘ 1.48. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ ʩ Ag+. 

7)  ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʈʷʜ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ (NHC)AuPh. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩ ʧʷʪʠʷʜʝʨʥʳʤ ʢʣʘʩʪʝʨʦʤ ʨʫʪʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ 

ʧʨʦʜʫʢʪʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʦʜʥʦʤʫ ʬʨʘʛʤʝʥʪʫ (NHC)Au, ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʠʧʦʤ ʢʦʦʨʜʠʥʘʮʠʠ 

ʬʝʥʠʣʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʰʝʩʪʠʷʜʝʨʥʳʤ ʢʣʘʩʪʝʨʦʤ ʨʫʪʝʥʠʷ ʪʦʪ ʞʝ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʟʦʣʦʪʘ ʧʨʦʷʚʣʷʝʪ ʠʥʫʶ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ: ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ ʢʦʤʧʣʝʢʩʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʘʪʦʤʫ ʨʫʪʝʥʠʷ, 

ʷʚʣʷʶʱʝʤʫʩʷ ʚʝʨʰʠʥʦʡ ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ (ʩʭʝʤʘ 1.49) [123]. 

 

ʉʭʝʤʘ 1.49. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ (NHC)AuPh ʢ ʢʘʨʙʦʥʠʣʴʥʳʤ ʢʣʘʩʪʝʨʘʤ ʨʫʪʝʥʠʷ. 

ʇʨʠʩʦʝʜʠʥʝʥʥʘʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʜʘʣʴʥʝʡʰʠʝ 

ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢ ʘʪʦʤʫ ʠʨʠʜʠʷ ʬʝʥʠʣ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʙʳʣ 

ʟʘʤʝʱʝʥ ʥʘ ʩʪʘʥʥʠʣʴʥʫʶ ʛʨʫʧʧʫ (ʩʭʝʤʘ 1.50). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ, ʚ ʢʦʪʦʨʦʤ ʢʘʨʙʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ (NHC)Au ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ 

ʘʪʦʤʘʤ ʚʠʩʤʫʪʘ ʠ ʠʨʠʜʠʷ, ʘ ʪʘʢʞʝ ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʥʠʣʴʥʳʭ ʛʨʫʧʧ [124]. 
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ʉʭʝʤʘ 1.50. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ (NHC)AuPh ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ, ʝʩʣʠ ʝʩʪʴ ʜʨʫʛʠʝ ʫʭʦʜʷʱʠʝ ʛʨʫʧʧʳ. ɺ ʨʝʘʢʮʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʨʝʥʠʷ 

Re2(CO)8[ɛīɖ
2-C(H)=C(H)Bun](ɛ-H) ʛʝʥʝʨʠʨʫʝʪʩʷ ʛʝʢʩʝʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ [125]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʧʨʦʷʚʠʣ ʠ ʢʦʤʧʣʝʢʩ (NHC)AgCl ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʦʩʤʠʷ (ʩʭʝʤʘ 1.51). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 

ʥʝʪʠʧʠʯʥʦʛʦ ʚʟʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣ ʚʳʜʝʣʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ c 

ʜʚʫʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ (NHC)Ag ʬʨʘʛʤʝʥʪʦʤ ʠ ʭʣʦʨʠʜʥʳʤ ʤʦʩʪʠʢʦʤ [126]. 

 

ʉʭʝʤʘ 1.51. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ ʢ ʢʦʤʧʣʝʢʩʫ ʦʩʤʠʷ. 

ʈʝʘʢʮʠʷ (NHC)AuH c ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʪʨʝʭʮʝʥʪʨʦʚʦʡ ʩʚʷʟʠ Au-H-Cu, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʷʟʴ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ (ʩʭʝʤʘ 1.52) [127]. 

 

ʉʭʝʤʘ 1.52. ʆʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʢ ʢʦʤʧʣʝʢʩʘʤ ʤʝʜʠ. 
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1.4.3 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʙʝʟ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ 

1) ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʢʘʨʙʝʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʧʦʩʦʙʳ ʛʝʥʝʨʘʮʠʠ ʢʘʨʙʝʥʘ ʨʘʟʥʷʪʩʷ ʦʪ ʩʣʫʯʘʷ ʢ 

ʩʣʫʯʘʶ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Zn-Ti ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʤʝʪʘʣʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʠʥʜʠʷ. ʈʝʘʢʮʠʷ (NHC)InH3 ʩ ʢʦʤʧʣʝʢʩʦʤ 

Zn-Ti, ʧʦʣʫʯʝʥʥʳʤ in situ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [CpTiCl2]2 c ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʮʠʥʢʦʤ (ʩʭʝʤʘ 1.53), 

ʧʨʠʚʝʣʘ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʮʠʥʢʘ, ʯʪʦ ʦʜʥʘʢʦ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ ʩ ʧʦʤʦʱʴʶ ʭʣʦʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚ [128]. 

 

ʉʭʝʤʘ 1.53. ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Zn-Ti. 

ɺʘʨʠʘʥʪʦʤ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʉ-ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ 

ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʥʳʝ ʩʵʥʜʚʠʯʝʚʳʝ ʢʦʤʧʣʝʢʩʳ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʠʤʝʨ ï 

ʮʠʢʣʦʧʘʣʣʘʜʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʝʨʨʦʮʝʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʝʥʦʚʳʭ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʮʝʥʘ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʣʠ 

ʮʠʢʣʦʧʘʣʣʘʜʠʨʦʚʘʥʠʝ, ʟʘʪʝʤ ʚ ʩʪʨʫʢʪʫʨʫ ʚʚʦʜʠʣʠ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ in situ 

ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʩ t-BuOK (ʩʭʝʤʘ 1.54) [129]. ʂʦʤʧʣʝʢʩʳ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʦʮʝʥʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ 

N-ʛʝʪʝʨʦʮʠʢʣʦʚ: 6-ʙʨʦʤʦ-2-ʭʠʥʦʣʠʥʦʤ [130], 3-ʭʣʦʨʧʠʨʠʜʘʟʠʥʦʤ [131], ʧʠʨʘʟʠʥʦʤ [132], ʘ 

ʪʘʢʞʝ ʘʮʠʢʣʠʯʝʩʢʠʤ ʪʨʝʪʠʯʥʳʤ ʘʤʠʥʦʤ [133]. 

 

ʉʭʝʤʘ 1.54. ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Pd-Fe. 

ʇʦʭʦʞʠʡ ʤʝʪʘʣʣʦʮʠʢʣ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʦʣʫʩʵʥʜʚʠʯʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʭʨʦʤʘ (ʩʭʝʤʘ 1.55). ɼʣʷ ʚʚʝʜʝʥʠʷ ʢʘʨʙʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʘʨʙʝʥʦʤ [134]. 
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ʉʭʝʤʘ 1.55. ɺʚʝʜʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʘʨʙʝʥʘ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ Cr-Mn. 

2) ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʛʨʫʧʧ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʝʩʴ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ ʚʳʩʪʫʧʘʝʪ ʤʦʩʪʠʢʦʤ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ. ʉʘʤʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʘʨʠʘʥʪ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʨʙʝʥʘ ï ʚʚʝʜʝʥʠʝ N-ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʠʝʚʦʛʦ ʢʦʣʴʮʘ. ʊʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʦʣʦʪʘ ʩ 

ʛʘʣʦʛʝʥʠʜʘʤʠ ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ Cu-Au, ʛʜʝ ʘʪʦʤ ʤʝʜʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ N-ʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʩʭʝʤʘ 1.56) [135].  

ʉʭʝʤʘ 1.56. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Cu-Au ʟʘ ʩʯʝʪ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

ʈʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʨʙʝʥ ʩ N-ʜʦʥʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩ AgPF6 

ʧʨʠʚʝʣʘ ʢ ʯʝʪʳʨʝʭʷʜʝʨʥʦʤʫ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ Ru-Ag (ʩʭʝʤʘ 1.57). ʉʚʷʟʳʚʘʥʠʝ 

ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʧʦʤʠʤʦ ʧʦʣʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ 

ʭʣʦʨʘ [136]. 

 

ʉʭʝʤʘ 1.57. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Ru-Ag ʟʘ ʩʯʝʪ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 
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ʊʘʢʞʝ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʩʘʣʝʥʘ. ɺ 

ʢʦʤʧʣʝʢʩʝ Ni-Pd ʘʪʦʤʳ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʩʘʣʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʫʶʪ ʘʪʦʤ ʥʠʢʝʣʷ, 

ʪʦʛʜʘ ʢʘʢ ʢʘʨʙʝʥʦʚʳʝ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʫʶʪ ʘʪʦʤ ʧʘʣʣʘʜʠʷ [137]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʧʘʣʣʘʜʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʯʝʨʝʟ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ (ʩʭʝʤʘ 1.58). 

 

ʉʭʝʤʘ 1.58. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Ni-Pd ʟʘ ʩʯʝʪ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʯʝʨʝʟ CH2-ʤʦʩʪʠʢ ʢ ʬʝʨʨʦʮʝʥʫ. ʄʦʜʠʬʠʢʘʮʠʷ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʮʠʢʣʦʚ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʬʦʩʬʠʥʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʭʝʣʘʪʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʘ. ɼʚʝ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʛʨʫʧʧʳ (ʬʦʩʬʠʥ ʠ ʢʘʨʙʝʥ) ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʦʜʥʦʤ, ʪʘʢ ʠ ʚ ʨʘʟʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʣʴʮʘʭ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ 

ʨʦʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʭʝʤʘ 1.59) [138]. 

 

ʉʭʝʤʘ 1.59. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Fe-Rh ʟʘ ʩʯʝʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʢʘʨʙʝʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʬʝʨʨʦʮʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʬʦʩʬʘʬʝʨʨʦʮʝʥʘ ʚʳʩʪʫʧʘʶʪ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʭʝʣʘʪʠʨʫʶʪ ʤʝʪʘʣʣʦʮʝʥʪʨʳ 

(Mo, Ru) ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʘ ʬʦʩʬʦʨʘ ʠ ʢʘʨʙʝʥʦʚʳʭ ʫʛʣʝʨʦʜʦʚ (ʩʭʝʤʘ 1.60) [139]. 

 

ʉʭʝʤʘ 1.60. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Fe-Ru ʠ Fe-Mo ʟʘ ʩʯʝʪ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ 

ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 
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3) ʇʨʠʩʦʝʜʠʥʝʥʠʝ (NHC)M ʢ ʤʝʪʘʣʣʦʙʦʨʠʣʝʥʦʚʦʟʘʤʫ ʬʨʘʛʤʝʥʪʫ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 11 ʛʨʫʧʧʳ ʩ ʘʤʙʠʬʠʣʴʥʳʤʠ 

ʤʝʪʘʣʣʦʙʦʨʠʣʝʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʠʤʝʪʘʣʣʦʙʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʳ ʤʦʩʪʠʢʦʚʳʤ ʘʪʦʤʦʤ ʙʦʨʘ, ʘ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ 

ʘʪʦʤʫ ʤʝʪʘʣʣʘ 11 ʛʨʫʧʧʳ [140]. ɽʩʣʠ ʩʥʘʯʘʣʘ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʤʝʪʘʣʣʦʙʦʨʠʣʝʥʘ ʩ 

ʬʦʩʬʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʣʘʪʠʥʳ, ʘ ʧʦʪʦʤ ʩ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʦʤ ʟʦʣʦʪʘ ʠʣʠ ʤʝʜʠ, ʪʦ 

ʧʦʣʫʯʘʝʪʩʷ ʯʝʪʳʨʝʭʷʜʝʨʥʳʡ ʪʨʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʦʜʝʨʞʘʱʠʡ ʘʪʦʤʳ Pt, Mn, Au [141] 

ʠʣʠ Cu [142] ʩʦ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʩʚʷʟʠ ʚʥʫʪʨʠ ʢʦʤʧʣʝʢʩʦʚ (ʩʭʝʤʘ 1.61). 

 

ʉʭʝʤʘ 1.61. ʆʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʛʝʪʝʨʦʤʝʪʘʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʦʨʠʣʝʥʦʚʳʤ ʤʦʩʪʠʢʦʤ. 

4) ʈʝʘʢʮʠʠ ʦʙʤʝʥʘ ʣʠʛʘʥʜʘʤʠ 

ʇʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʨʝʘʢʮʠʡ ʦʙʤʝʥʘ. ɺ ʨʝʘʢʮʠʠ ʜʠʤʝʨʘ 

ʛʠʜʨʠʜʦʨʫʪʝʥʘʪʘ ʥʘʪʨʠʷ ʩ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʝʜʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ Ru-Cu, ʚ ʢʦʪʦʨʦʤ ʤʝʪʘʣʣʳ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʛʠʜʨʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʩʭʝʤʘ 1.62) [143]. 

 

ʉʭʝʤʘ 1.62. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Ru-Cu ʩ ʛʠʜʨʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʦʙʤʝʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʊʘʢ, ʩʫʣʴʬʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Hg-Ag ʠ Hg-Cu 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʠʟ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 11 ʛʨʫʧʧʳ, ʩʦʜʝʨʞʘʱʠʭ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʪʠʦʣʘʪʥʫʶ ʛʨʫʧʧʫ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʦʤʠʤʦ ʮʝʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ (AcO)SiMe3 (ʩʭʝʤʘ 1.63). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʤʝʥʫ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʘ ʘʮʝʪʘʪʥʳʭ ʣʠʛʘʥʜʘ ʫ ʘʪʦʤʘ ʨʪʫʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠʤ ʟʘʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʪʘʣʣʦʚ ʚ ʢʦʤʧʣʝʢʩʝ 2:1 [144]. 

 

ʉʭʝʤʘ 1.63. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Hg-Ag ʠ Hg-Cu ʩ ʩʫʣʴʬʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʀʟʤʝʥʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʜʫʢʪʝ ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʳʝ 

ʨʝʘʛʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥ ʘʮʝʪʘʪʥʳʡ ʠ ʦʜʠʥ ʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜ. ʕʪʘ ʩʪʨʘʪʝʛʠʷ ʦʢʘʟʘʣʘʩʴ 

ʫʩʧʝʰʥʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʴʤʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Au-Ag ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ 1:1 ʠ 

ʰʝʩʪʥʘʜʮʘʪʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Au-Cu ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ 3:5 [145] (ʩʭʝʤʘ 1.64). 

ʉʭʝʤʘ 1.64. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Au-Ag ʠ Au-Cu ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʉʝʨʠʷ ʪʨʝʭʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʠʩʢʘʨʙʝʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʙʳʣʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ. ɼʚʘ ʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʘ ʙʳʣʠ 

ʦʙʨʘʟʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʡʪʨʘʣʠʟʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʛʠʜʨʦʢʩʦ-ʤʦʩʪʠʢʘʤʠ ʠ 

ʧʨʦʪʦʥʘʤʠ ʛʠʜʨʦʩʫʣʴʬʠʜʥʳʭ ʛʨʫʧʧ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʭʝʤʘ 1.65). ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʩʚʷʟʝʡ SïRh, SïIr ʠ ʩʚʷʟʝʡ ʤʝʪʘʣʣï

ʤʝʪʘʣʣ [146]. 
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ʉʭʝʤʘ 1.65. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

 

5) ʂʦʦʨʜʠʥʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʤʝʪʘʣʣʦʦʛʨʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ NHC-Au-ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʠʜʘʤʠ ʤʝʜʠ ʠ ʩʝʨʝʙʨʘ ʦʢʘʟʘʣʦʩʴ 

ʫʩʧʝʰʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʢʣʘʩʪʝʨʦʚ ʤʦʥʝʪʥʳʭ ʤʝʪʘʣʣʦʚ Au-Cu ʠ Au-Ag, ʚ ʢʦʪʦʨʳʭ 

ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ p-ʩʚʷʟʠ ʩ ʘʮʝʪʠʣʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʩʭʝʤʘ 1.66) 

[147]. 

 

ʉʭʝʤʘ 1.66. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʠʜʦʤ ʤʝʜʠ. 

ʄʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʯʘʩʪʦ ʚʳʩʪʫʧʘʶʪ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʈʝʘʢʮʠʷ (NHC)MCl (M = Ag, Au) ʩ ʪʠʦʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʣʘʪʠʥʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ ʚʳʩʪʫʧʘʝʪ ʣʠʛʘʥʜʦʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʨʘʛʤʝʥʪʫ (NHC)M (ʩʭʝʤʘ 1.67) [148]. ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʪʘʣʣʳ ʙʦʣʝʝ ʨʘʥʥʠʭ 

ʛʨʫʧʧ, ʯʝʤ 10. ʅʘʧʨʠʤʝʨ, ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩʘ Fe-Co ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʞʝʣʝʟʘ ʠ ʢʦʤʧʣʝʢʩʦʤ ʢʦʙʘʣʴʪʘ, ʩʦʜʝʨʞʘʱʠʤ ʪʠʦʣʘʪʥʳʝ 

ʣʠʛʘʥʜʳ [149]. 
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ʉʭʝʤʘ 1.67. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

 

1.5 ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ 

ɺ ʨʘʟʜʝʣʝ 1.2 ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ 

ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im, ʦʧʠʩʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʦʚ, ʨʘʟʦʙʨʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʦʙʟʦʨʫ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʩ Me2Im, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʢʘʨʙʝʥʦʤ, 

ʧʦʣʫʯʝʥʥʳʤ in situ ʩ ʧʦʤʦʱʴʶ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ Me2ImCO2. 

ɺ ʨʘʟʜʝʣʘʭ 1.4.1 ï 1.4.3, ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʢʘʨʙʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʧʠʩʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʪʘʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʆʛʨʘʥʠʯʝʥʠʝ ʧʦ ʢʘʨʙʝʥʫ, ʘ ʠʤʝʥʥʦ ʪʨʝʙʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Me2Im, ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʨʷʜʘ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʤʦʜʠʬʠʢʘʮʠʶ ʢʘʨʙʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʱʝʥʦ ʥʘ 

ʢʦʤʧʣʝʢʩʳ ʧʦʟʜʥʠʭ ʛʨʫʧʧ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʝʟ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ 

ʤʝʪʘʣʣʳ 10 ʠ 11 ʛʨʫʧʧ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʵʪʠʭ ʤʝʪʘʣʣʦʚ. ʇʨʠʚʝʜʝʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʭʚʘʪʢʫ ʜʘʥʥʳʭ ʦ ʧʦʣʫʯʝʥʠʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʣʦ ʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʦʨʦʛʠʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʥʘ ʦʩʥʦʚʝ 

ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʪʘʣʣʦʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʛʨʫʧʧ, ʯʝʤ 10, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ, 

ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ. ʊʦʛʜʘ ʢʘʢ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʭʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. 
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ɻʣʘʚʘ 2. ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

2.1 ʈʝʘʛʝʥʪʳ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʠ ʧʨʠʙʦʨʳ 

ɺʩʝ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʥʪʝʟʦʤ ʠ ʚʳʜʝʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ ʠ ʚ ʘʙʩʦʣʶʪʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʂʦʤʤʝʨʯʝʩʢʠʝ Ph2S2, Ph2Se2, Ph2Te2, DITFB, NEt3, 

PPh3, HSnPr, W(CO)6, Fe(CO)5, Cp2Ni, CpMn(CO)3, [CpFe(CO)2]2, [CpFe(CO)SPh]2, NH4PF6, 

AgNO3, SnCl2, Me3SnCl, MeSO3H, I2 ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. Fc2Te2 [150], 

[CpNiSnPr]2 [151], Me2ImCO2 [152], CpNi(Mes2Im)Cl [153], [CpFe(CO)SPh]2 ʠ [CpFe(CO)SePh]2 

[154], CpMn(CO)2(NO)PF6 [155], (PPh3)2Pt(C2Ph2) [156], CpôMo(CO)3Cl [157], CpNi(Me2Im)I [158] 

ʧʦʣʫʯʝʥʳ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʪʦʜʠʢʘʤ. ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʠʥʪʝʟʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʨʪʫʪʥʦʡ ʣʘʤʧʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (400 ɺʪ). 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʩ ʧʦʤʦʱʴʶ EuroVector ɽɸ3000 CHNS-ʘʥʘʣʠʟʘʪʦʨʘ. 

ɼʣʷ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʪʘʙʣʝʪʢʘʭ KBr ʠʩʧʦʣʴʟʦʚʘʣʠ ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ 

«BrukerAlphaè, ʘ ʪʘʢʞʝ ʧʨʠʩʪʘʚʢʫ çPlatinum ATRè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʅʇɺʆ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ ʥʘ ʷʜʨʘʭ 1ʅ, 13ʉ, 31P, 77Se, 119Sn, 125Te, 195Pt ʠʩʧʦʣʴʟʦʚʘʣʠ 

«Bruker DRX400», «Bruker DRX300». 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Bruker D8 Venture 

ʩ ʤʠʢʨʦʬʦʢʫʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ çIÕS 3.0è (MoKŬ, ɚ = 71073 ¡) ʠʣʠ Bruker APEX II  CCD 

ʦʩʥʘʱʝʥʥʦʤ ʜʚʫʭʢʦʦʨʜʠʥʘʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ Photon (ʛʨʘʬʠʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, 

ɚ(MoKŬ) = 1073 ¡). ʇʦʛʣʦʱʝʥʠʝ ʫʯʠʪʳʚʘʣʠ ʤʝʪʦʜʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʘʭ SADABS [159] ʠʣʠ TWINABS [160] (ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ʷʚʣʷʶʱʠʭʩʷ ʥʝʤʝʨʦʵʜʨʠʯʝʩʢʠʤʠ ʜʚʦʡʥʠʢʘʤʠ). ʉʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ SHELXT [161] ʠ ʫʪʦʯʥʝʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ F2 ʚ 

ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ SHELX-

2014 [162] ʠ OLEX2 [163]. ʇʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʨʘʩʩʯʠʪʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠ. 

ʉʠʥʭʨʦʥʥʳʡ (ʊɻɸ-ɼʉʂ) ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʘ SDT Q-600; ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʥʘʛʨʝʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ 

Al 2O3-ʪʠʛʣʷʭ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20õ600Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 10Á/ʤʠʥ ʚ ʪʦʢʝ ʘʨʛʦʥʘ (ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ 250 ʤʣ/ʤʠʥ); ʤʘʩʩʘ ʠʩʭʦʜʥʦʡ ʥʘʚʝʩʢʠ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 3.5õ10.5 ʤʛ. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ORCA 4.21 [164]. ʆʧʪʠʤʠʟʘʮʠʶ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ PBE [165], [166] 

c ʜʚʫʭʵʢʩʧʦʥʝʥʪʥʳʤ ʚʘʣʝʥʪʥʦ-ʨʘʩʱʝʧʣʝʥʥʳʤ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʤ ʙʘʟʠʩʦʤ def2-SVP [167]. 
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ʕʥʝʨʛʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʳʭ ʛʝʦʤʝʪʨʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

PBE0 [168] ʩ ʪʨʝʭʵʢʩʧʦʥʝʥʪʥʳʤ ʚʘʣʝʥʪʥʦ-ʨʘʩʱʝʧʣʝʥʥʳʤ ʙʘʟʠʩʦʤ def2-TZVP [167]. ɺʩʝ 

ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʦʡ ʧʦʧʨʘʚʢʠ ʢ ʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ D3BJ [169], [170]. ʋʯʝʪ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʨʘʤʢʘʭ 

ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʦʣʴʚʘʪʘʮʠʠ SMD [171]. 
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2.2 ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ 

 

1) ʉʠʥʪʝʟ Cp2Fe2(CO)3(Me2Im) (1) 

ʂʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ 0.305 ʛ (0.862 ʤʤʦʣʴ) [CpFe(CO)2]2 ʠ 0.238 ʛ (1.700 ʤʤʦʣʴ) Me2ImCO2 

ʚ ʩʤʝʩʠ ʪʦʣʫʦʣʘ (10 ʤʣ) ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (10 ʤʣ) ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʛʦʨʷʯʠʤ ʪʦʣʫʦʣʦʤ 

(25 ʤʣ). ɿʝʣʝʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ı ʠʩʭʦʜʥʦʛʦ ʦʙʲʝʤʘ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -26 Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ɿʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʧʝʥʪʘʥʦʤ 

(2Ĭ5 ʤʣ) ʠ ʩʫʰʠʣʠ. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʙʝʥʟʦʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ. 

ɺʳʭʦʜ: ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.205 ʛ, 57% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C13H13Fe2N2O3: C, 51.23; H, 4.30; N, 6.64; ʅʘʡʜʝʥʦ: 

C, 50.60; H, 4.31; N, 6.67%. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3170 ʩʣ., 3117 ʩʣ., h ., 2947 ʩʣ., h ., 1920 ʦʯ.ʩ., 1880 ʩʣ., 1698 ʦʯ.ʩ., h ., 

1575 ʩʣ., 1543 ʩʣ., 1448 ʩʨ., 1416 ʩʣ., 1394 ʩʣ., 1352 ʩʨ., 1297 ʩʣ., 1219 ʩʨ., 1175 ʩʣ., 1110 ʩʣ., 

1062 ʩʣ., h ., 1019 ʩʣ., 999 ʩʣ., 926 ʩʣ., 857 ʩʣ., 839 ʩʨ., 831 ʩʨ., 818 c., 749 ʩʣ., 724 ʩʨ., 684 c., 659 

ʦʯ.ʩ., h ., 599 ʩʨ., 588 c., 559 ʦʯ.ʩ., 511 ʩʨ., 468 ʩʨ., 452 ʩʨ., 443 ʩʨ., 427 ʩʣ., 419 ʩʨ., 408 ʩʨ.. 

 

2) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)I (2) 

ʂ ʟʝʣʝʥʦʤʫ ʨʘʩʪʚʦʨʫ 0.292 ʛ (0.692 ʤʤʦʣʴ) (C5H5)2Fe2(CO)3(Me2Im) ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) 

ʧʨʠʢʘʧʳʚʘʣʠ ʤʘʣʠʥʦʚʳʡ ʨʘʩʪʚʦʨ 0.180 ʛ (0.709 ʤʤʦʣʴ) I2 ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʩʤʝʩʴʶ ʠʟʦʧʨʦʧʘʥʦʣ-ʞʠʜʢʠʡ ʘʟʦʪ. ʆʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʠʟʤʝʥʠʣʘʩʴ ʥʘ ʢʦʨʠʯʥʝʚʫʶ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ, ʟʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʟʝʣʝʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

10 ʤʣ CH2Cl2, ʜʦʙʘʚʣʷʣʠ 7 ʤʣ  ʛʝʢʩʘʥʘ. ʆʪʜʝʣʷʣʠ ʨʘʩʪʚʦʨ ʦʪ ʚʳʧʘʚʰʝʛʦ ʦʩʘʜʢʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. 

CpFe(CO)(Me2Im)I, CpFe(CO)2I ʠ ʬʝʨʨʦʮʝʥ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʵʣʶʵʥʪʳ: ʛʝʢʩʘʥ, ʙʝʥʟʦʣ ʠ CH2Cl2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʄʦʥʦʢʨʠʩʪʘʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʦʚʦʡ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ 

ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ CH2Cl2. 

ɺʳʭʦʜ: ʟʝʣʝʥʳʡ ʧʦʨʦʰʦʢ, 0.100 ʛ, 39% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C11H13FeIN2O: C, 32.52; H, 3.52; N, 7.53; ʅʘʡʜʝʥʦ: 

C, 35.10; H, 3.35; N, 7.28%. 

1H ʗʄʈ (CDCl3, d, ʤ.ʜ.): 4.09 (s, 6H, 2Me), 4.48 (s, 5H, C5H5), 7.01 (s, 2H, CH). 
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13C{H}  ʗʄʈ (CDCl3, d, ʤ.ʜ.): 40.7 (Me, Me2Im), 80.2 (Cp), 124.3 (CH, Im), 185.8 (C, Im), 

223.8 (CO) 

ʀʂ (ʅʇɺʆ, n, cʤ-1): 3167 ʦʯ.ʩʣ., 3105 ʦʯ.ʩʣ., .h, 2946 ʦʯ.ʩʣ., .h, 2041 ʦʯ.ʩʣ., 1993 ʦʯ.ʩʣ., 

1918 ʦʯ.ʩ., h ., 1576 ʦʯ.ʩʣ., 1453 ʦʯ.ʩʣ., 1425 ʦʯ.ʩʣ., 1397 ʦʯ.ʩʣ., 1371 ʦʯ.ʩʣ., 1356 ʦʯ.ʩʣ., h ., 1305 

ʦʯ.ʩʣ., 1224 ʦʯ.ʩʣ., 1116 ʦʯ.ʩʣ., 1081 ʦʯ.ʩʣ., 1001 ʦʯ.ʩʣ., 840 ʦʯ.ʩʣ., 818 ʦʯ.ʩʣ., h ., 750 ʦʯ.ʩʣ., 727 

ʦʯ.ʩʣ., h ., 680 ʦʯ.ʩʣ., 558 ʦʯ.ʩʣ., 533 ʦʯ.ʩʣ., 469 ʦʯ.ʩʣ., 433 ʦʯ.ʩʣ., 422 ʦʯ.ʩʣ.. 

ʀʂ (CH2Cl2, n, cʤ
-1): 1935 (CO). 

 

3) CpFe(CO)2(Me2Im)I3 (3) 

ʂ ʟʝʣʝʥʦʤʫ ʨʘʩʪʚʦʨʫ 0.191 ʛ (0.453 ʤʤʦʣʴ) (C5H5)2Fe2(CO)3(Me2Im) ʚ CH2Cl2 (10 ʤʣ) 

ʧʨʠʢʘʧʳʚʘʣʠ ʤʘʣʠʥʦʚʳʡ ʨʘʩʪʚʦʨ 0.120 ʛ (0.472 ʤʤʦʣʴ) I2 ʚ CH2Cl2 (5 ʤʣ). ʆʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ 

ʠʟʤʝʥʠʣʘʩʴ ʥʘ ʢʦʨʠʯʥʝʚʫʶ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʂ ʢʦʨʠʯʥʝʚʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ (10 ʤʣ) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ İ V. ʊʝʤʥʦ-ʟʝʣʝʥʳʡ 

ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʛʝʢʩʘʥʦʤ (2Ĭ3 ʤʣ), 

ʩʫʰʠʣʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ MeCN. ʇʨʦʜʫʢʪ ʙʳʣ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʪʨʠʠʦʜʠʜʘ ʜʠʬʬʫʟʠʝʡ 

ʧʘʨʦʚ Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʦʝʜʠʥʝʥʠʷ ʚ MeCN.  

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ, 0.098 ʛ, 50 % 

1H ʗʄʈ (CD3CN, d, ʤ.ʜ.): 3.76 (s, 6H, 2Me), 5.29 (s, 5H, C5H5), 7.29 (s, 2H, CH). 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3167 ʦʯ.ʩʣ., 3093 ʦʯ.ʩʣ., .h, 2952 ʦʯ.ʩʣ., 2037 ʦʯ.ʩ., 1990 ʦʯ.ʩ., 1577 

ʦʯ.ʩʣ., 1460 ʩʣ., 1424 ʦʯ.ʩʣ., 1399 ʦʯ.ʩʣ., 1375 ʦʯ.ʩʣ., .h, 1359 ʦʯ.ʩʣ., 1227 ʩʣ., 1127 ʦʯ.ʩʣ., 1082 

ʦʯ.ʩʣ., 1059 ʦʯ.ʩʣ., 1004 ʦʯ.ʩʣ., 863 ʦʯ.ʩʣ., 732 ʦʯ.ʩʣ., .h, 678 ʩʣ., 611 ʩʣ., 580 ʩʣ., 558 ʩʣ., 505 

ʦʯ.ʩʣ., 472 ʦʯ.ʩʣ., 438 ʦʯ.ʩʣ., 411 ʦʯ.ʩʣ.. 

ʀʂ (CH2Cl2, n, ʩʤ
-1): 2049, 2002 (CO). 

 

4) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)SPh (4a) 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ Cp2Fe2(CO)3(Me2Im) (0.046 ʛ, 0.109 ʤʤʦʣʴ), Ph2S2 (0.024 ʛ, 

0.110 ʤʤʦʣʴ) ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 55 ʤʠʥʫʪ ʧʨʠ 85 Áʉ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. 

ʂʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʧʪʘʥ. 

ɺʳʭʦʜ: ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.028 ʛ, 72% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H18FeN2OS: C, 57.64; H, 5.12; N, 7.91; ʅʘʡʜʝʥʦ: C, 

57.64; H, 4.41; N, 8.08%. 

1H ʗʄʈ (d8-ʪʦʣʫʦʣ, ŭ, ʤ.ʜ.): 3.50 (s, 6H, 2Me), 4.13 (s, 5H, Cp), 6.12 (s, 2H, CH), 

6.88 (t, p-H, Ph), 7.01 (t, m-2H, Ph), 7.61 (d, o-2H, Ph). 
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1C{H} ʗʄʈ (d8-ʪʦʣʫʦʣ, ŭ, ʤ.ʜ.): 38.7 (Me, Me2Im), 81.2 (Cp), 121.7 (CH, Im), 123.6 (Ph), 

127.4 (Ph), 133.6 (Ph), 150.4 (Ph), 189.0 (C, Im), 224.5 (CO) 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3061 ʦ.ʩʣ, h , 2948 ʦ.ʩʣ, 1911 ʦ.ʩ, 1574 ʩʣ, 1469 ʩʣ, 1453 ʦ.ʩʣ, 1430 ʦ.ʩʣ, 

1398 ʦ.ʩʣ, 1358 ʦ.ʩʣ, 1305 ʦ.ʩʣ, 1265 ʦ.ʩʣ, 1224 ʩʣ, 1167 ʦ.ʩʣ, 1116 ʦ.ʩʣ, 1079 ʩʣ, 1023 ʦ.ʩʣ, 

1002 ʦ.ʩʣ, 841 ʦ.ʩʣ, 816 ʦ.ʩʣ, 737 ʩʣ, 694 ʦ.ʩʣ, 682 ʩʨ, 564 ʩʣ, 476 ʦ.ʩʣ, 428 ʦ.ʩʣ, 415 ʦ.ʩʣ. 

 

5) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)SPh (4b) 

ʅʘʚʝʩʢʫ 0.375 ʛ (0.727 ʤʤʦʣʴ) [CpFeCO2SPh]2 ʠ 0.204 ʛ (1.457 ʤʤʦʣʴ) ʤʝʣʢʦʧʦʤʦʣʦʪʦʛʦ 

Me2ImCO2 ʨʘʩʪʚʦʨʠʣʠ ʚ ʩʤʝʩʠ 20 ʤʣ ʪʦʣʫʦʣʘ ʠ 20 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. 

ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʚ ʚʘʢʫʫʤʝ, ʧʦʣʫʯʝʥʥʦʝ ʤʘʩʣʦ ʧʝʨʝʪʠʨʘʣʠ ʚ ʧʝʥʪʘʥʝ. ʆʩʪʘʪʦʢ 

ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 20 ʤʣ CH2Cl2. ʇʦʣʫʯʝʥʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 

¼ ʦʙʲʸʤʘ, ʜʦʙʘʚʣʷʣʠ 10 ʤʣ ʧʝʥʪʘʥʘ. ʈʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ -26Áʉ ʚ ʪʝʯʝʥʠʝ 24ʯ. ʈʘʩʪʚʦʨ ʥʘʜ 

ʦʩʘʜʢʦʤ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ 2ʭ5 ʤʣ ʧʝʥʪʘʥʘ ʠ ʩʫʰʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ.  

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.420 ʛ, 72% 

 

6) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)SPh·DITFB·C6H6 (4c) 

ʄʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʈʉɸ, ʙʳʣ ʧʦʣʫʯʝʥ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ 

ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ CpFe(CO)(Me2Im)SPh ʚ ʙʝʥʟʦʣʝ ʩ ʠʟʙʳʪʢʦʤ DITFB. 

 

7) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)SePh (5a) 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ Cp2Fe2(CO)3(Me2Im) (0.057 ʛ, 0.135 ʤʤʦʣʴ), Ph2Se2 (0.042 ʛ, 

0.135 ʤʤʦʣʴ) ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ ʧʨʠ 85 Áʉ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. 

ʂʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʧʪʘʥ. 

ɺʳʭʦʜ: ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.053 ʛ, 97% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H18FeN2OSe: C, 50.90; H, 4.52; N, 6.98; ʅʘʡʜʝʥʦ: C, 

51.33; H, 4.49; N, 6.81%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.44 (s, 6H, 2Me), 4.12 (s, 5H, Cp), 6.02 (s, 2H, CH, Im), 

7.00 (s, 3H, Ph), 7.90 (s, o-2H, Ph). 

1C{H} ʗʄʈ (C6D6, 323 K, ŭ, ʤ.ʜ.): 38.1 (Me, Me2Im), 80.6 (Cp), 122.4 (CH, Im), 122.8 (Ph), 

126.6 (Ph), 135.3 (Ph), 136.7 (Ph), 188.7 (C, Im), 224.1 (CO). 

77Se{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): -210.6. 
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ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3060 ʦ.ʩʣ, ,h 2946 ʦ.ʩʣ, 1907 ʦ.ʩ, 1573 ʦ.ʩʣ, 1469 ʩʣ, 1452 ʦ.ʩʣ, 

1431 ʦ.ʩʣ, 1397 ʦ.ʩʣ, 1357 ʦ.ʩʣ, 1303 ʦ.ʩʣ, 1224 ʦ.ʩʣ, 1114 ʦ.ʩʣ, 1081 ʦ.ʩʣ, 1064 ʦ.ʩʣ, 1021 ʦ.ʩʣ, 

1002 ʦ.ʩʣ, 840 ʦ.ʩʣ, 816 ʦ.ʩʣ, 735 ʦ.ʩʣ, 694 ʦ.ʩʣ, 681 ʩʣ, 665 ʦ.ʩʣ, 578 ʦ.ʩʣ, 561 ʦ.ʩʣ, 468 ʦ.ʩʣ. 

 

8) CpFe(CO)(Me2Im)SePh (5b) 

ʂ ʢʦʨʠʯʥʝʚʦʤʫ ʨʘʩʪʚʦʨʫ [CpFe(CO)SePh]2 (0.25 ʛ, 0.410 ʤʤʦʣʴ) ʚ ʩʤʝʩʠ 

ʪʦʣʫʦʣ:ʘʮʝʪʦʥʠʪʨʠʣ (12 ʤʣ: 10 ʤʣ) ʜʦʙʘʚʠʣʠ ʤʝʣʢʦʧʦʤʦʣʦʪʳʡ Me2ImCO2 (0.150 ʛ, 1.071 ʤʤʦʣʴ) 

ʠ ʢʠʧʷʪʠʣʠ ʧʦʣʫʯʝʥʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʪʝʯʝʥʠʝ 2.5 ʯ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ ʨʘʩʪʠʨʘʣʠ ʩ ʛʝʢʩʘʥʦʤ, ʩʫʰʠʣʠ, ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ. ʂʦʨʠʯʥʝʚʳʡ 

ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ. ɺʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24Üʉ ʚ ʪʝʯʝʥʠʝ 

48 ʯ. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʥʘʩʳʱʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ ʙʝʥʟʦʣʝ. 

ɺʳʭʦʜ: ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ, 0.201 ʛ, 61%. 

 

9) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)SePh·DITFB·C6H6 (5c) 

ʄʦʥʦʢʨʠʩʪʘʣʣ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʈʉɸ, ʙʳʣ ʧʦʣʫʯʝʥ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ 

ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ CpFe(CO)(Me2Im)SePh ʚ ʙʝʥʟʦʣʝ ʩ ʠʟʙʳʪʢʦʤ DITFB. 

 

10) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)TePh (6) 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ Cp2Fe2(CO)3(Me2Im) (0.143 ʛ, 0.339 ʤʤʦʣʴ), Ph2Te2 (0.140 ʛ, 

0.342 ʤʤʦʣʴ) ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ ʧʨʠ 75 Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ 

ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ 

ʛʝʧʪʘʥ ʜʦ ʚʳʧʘʜʝʥʠʷ ʢʦʨʠʯʥʝʚʦʛʦ ʤʘʩʣʷʥʦʛʦ ʦʩʘʜʢʘ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʛʝʧʪʘʥʦʤ, ʩʫʰʠʣʠ. 

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ, 0.078 ʛ, 51 % 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.40 (s, 6H, 2Me), 4.13 (m, 5H, Cp), 6.00 (s, 2H, CH, Im), 

6.72 ÷ 7.13 (Ph). 

125ʊe{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): -275.7. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3057 ʦ.ʩʣ, ,h 2946 ʦ.ʩʣ, 1899 ʦ.ʩ, 1679 ʦ.ʩʣ, 1570 ʦ.ʩʣ, 1469 ʩʣ, 

1451 ʦ.ʩʣ, 1429 ʦ.ʩʣ, 1397 ʦ.ʩʣ, 1356 ʦ.ʩʣ, 1297 ʦ.ʩʣ, 1224 ʦ.ʩʣ, 1113 ʦ.ʩʣ, 1080 ʦ.ʩʣ, 1016 ʦ.ʩʣ, 

1000 ʦ.ʩʣ, 840 ʦ.ʩʣ, 817 ʦ.ʩʣ, 731 ʦ.ʩʣ, 694 ʦ.ʩʣ, 680 ʩʣ, 650 ʦ.ʩʣ, 579 ʦ.ʩʣ, 555 ʩʣ, 459 ʦ.ʩʣ. 
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11) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)TePhI2 (7) ʠʟ ʢʦʤʧʣʝʢʩʘ Cp2Fe2(CO)3(Me2Im) (1) 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ Cp2Fe2(CO)3(Me2Im) (0.143 ʛ, 0.339 ʤʤʦʣʴ), Ph2Te2 (0.140 ʛ, 

0.342 ʤʤʦʣʴ) ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ ʧʨʠ 75 Áʉ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ 

ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ 

ʛʝʧʪʘʥ ʜʦ ʚʳʧʘʜʝʥʠʷ ʢʦʨʠʯʥʝʚʦʛʦ ʤʘʩʣʷʥʦʛʦ ʦʩʘʜʢʘ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, 

ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʛʝʧʪʘʥʦʤ, ʩʫʰʠʣʠ.  

ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʠ ʧʨʠʢʘʧʳʚʘʣʠ ʢ ʥʝʤʫ 

5 ʤʣ ʨʦʟʦʚʦʛʦ ʨʘʩʪʚʦʨʘ I2 (0.085 ʛ, 0.339 ʤʤʦʣʴ). ɺʳʧʘʜʘʣ ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ. ʄʘʪʦʯʥʳʡ 

ʨʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʦʩʘʜʦʢ ʧʨʦʤʳʣʠ ʪʦʣʫʦʣʦʤ, ʩʫʰʠʣʠ. ʇʝʨʝʦʩʘʞʜʘʣʠ ʛʝʢʩʘʥʦʤ ʠʟ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʜʫʢʪʘ ʚ CH2Cl2. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʥʘʩʳʱʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ CH2Cl2. 

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, 0.061 ʛ, 50% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C17H18FeI2N2OTe: C, 29.02; H, 2.58; N, 3.98; ʅʘʡʜʝʥʦ: 

C, 28.04; H, 2.55; N, 3.72%. 

1H ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 3.98 (s, 3H, Me, Me2Im), 4.06 (s, 3H, Me, Me2Im), 4.98 (s, 5H, Cp), 

7.05 (d, 2H, CH, Me2Im, J = 25 Hz). 

1H ʗʄʈ (d6-dmso, ŭ, ʤ.ʜ.): 3.81 (s, 3H, Me, Me2Im), 3.97 (s, 3H, Me, Me2Im), 5.19 (s, 5H, Cp), 

7.13 (m, 2H, CH, Me2Im), 7.24 (m, 1H, Ph), 7.59 (s, 2H, Ph), 8.09 (m, 2H, Ph). 

13C{H}  ʗʄʈ (d6-dmso, ŭ, ʤ.ʜ.): 38.4 (Me, Me2Im), 85.0 (Cp), 126.3 (CH, Im), 126.6 (Ph), 

127.5 (Ph), 128.5 (Ph), 142.3, (Ph), 171.3 (C, Im), 224.7 (CO). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3111 ʦ.ʩʣ, 2955 ʦ.ʩʣ, 1944 ʦ.ʩ, 1636 ʦ.ʩʣ, 1570 ʦ.ʩʣ, 1471 ʦ.ʩʣ, 

1454 ʦ.ʩʣ, 1433 ʩʣ, ,h 1397 ʦ.ʩʣ, 1364 ʦ.ʩʣ, 1265 ʦ.ʩʣ, 1224 ʩʣ, 1174 ʦ.ʩʣ, 1117 ʦ.ʩʣ, 1117 ʦ.ʩʣ, 

1079 ʦ.ʩʣ, 1054 ʦ.ʩʣ, 1012 ʦ.ʩʣ, 997 ʦ.ʩʣ, 997 ʦ.ʩʣ, 852 ʦ.ʩʣ, 731 ʩʨ, 687 ʦ.ʩʣ, 676 ʩʣ, 676 ʩʣ, 

601 ʦ.ʩʣ, 568 ʦ.ʩʣ, 548 ʩʣ, 539 ʦ.ʩʣ, 470 ʦ.ʩʣ, 452 ʦ.ʩʣ. 

 

12) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)TePhI2 (7) ʠʟ ʢʦʤʧʣʝʢʩʘ CpFe(CO)(Me2Im)I (2) 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ 0.057 (0.139 ʤʤʦʣʴ) Ph2Te2 ʠ 0.033 ʛ I2 (0.130 ʤʤʦʣʴ) ʚ CH2Cl2 

(8 ʤʣ) ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʋɿ-ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʜʦʙʘʚʣʷʣʠ MeCN (5 ʤʣ). ʈʘʩʪʚʦʨʠʪʝʣʠ 

ʫʜʘʣʷʣʠ. ʂ ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʯʝʨʥʦʤʫ ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ ʟʝʣʝʥʳʡ ʨʘʩʪʚʦʨ 0.077 ʛ (0.207 ʤʤʦʣʴ) 

CpFe(CO)(Me2Im)I ʚ CH2Cl2 (10 ʤʣ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ 

ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. ʂʦʤʧʣʝʢʩ ʦʩʘʞʜʘʣʠ Et2O ʠʟ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ɺʳʭʦʜ: ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.120 ʛ, 69%. 
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13) ʉʠʥʪʝʟ CpFe(CO)(Me2Im)SPh(C5H5)Mn(CO)2 (8) 

ɾʝʣʪʳʡ ʨʘʩʪʚʦʨ 0.246 ʛ (1.206 ʤʤʦʣʴ) C5H5Mn(CO)3 ʚ THF (35 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ 

ʧʨʠ -40 Áʉ ʚ ʪʝʯʝʥʠʝ1 ʯ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʢ 0.424 ʛ (1.198 ʤʤʦʣʴ) (C5H5)Fe(CO)(Me2Im)SPh, 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ 

ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʛʝʢʩʘʥʦʤ (2Ĭ10 ʤʣ), ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʉʅ2Cl2. ʇʦʣʫʯʝʥʥʳʡ 

ʟʝʣʝʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʚ ʩʤʝʩʠ 

CH2Cl2/ʛʝʢʩʘʥ ʧʨʠ -26 Áʉ. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ 

ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʘ ʚ ʉʅ2Cl2. 

ɺʳʭʦʜ: 0.426 ʛ, 67%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H23FeN2O3SMn: C, 54.36 H, 4.37 N, 5.28 S, 6.04; 

ʅʘʡʜʝʥʦ: C,54.53 H, 4.24 N, 5.47 S, 5.98%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.50 (s, 6H, Me2Im), 3.97 (s, 5H, Cp), 4.20 (m, 5H, Cp), 6.18 (m, 2H, 

2CH, Me2Im), 6.85-7.12 (m, 3H, 2m-H+p-H, Ph), 7.70 (m, o-2H, Ph). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3083 ʩʣ., ,h 1917 ʩ., 1894 ʩ., ,h 1824 ʦ.ʩ., ,h 1615 ʩʨ., ,h 1557 ʩʨ., 

1453 ʩ., h , 1423 ʩ., 1398 ʩʨ., 1364 ʩʨ., 1310 ʩʨ., h , 1265 ʩʨ., 1223 ʩʨ., 1153 ʩʨ., 1118 ʩʨ., 1109 ʩʨ., 

1084 ʩʨ., h , 1062 ʩʨ., 1023 ʩʨ., 997 ʩʨ., 905 ʩʣ., h , 842 ʩʨ., 818 ʩ., 794 ʩ., ,h 736 ʩ., 713 ʩ., 692 ʩ., 

674 ʦ.ʩ., h , 658 ʦ.ʩ., 610 ʦ.ʩ., 588 ʦ.ʩ., 576 ʦ.ʩ., 558 ʦ.ʩ., h , 542 ʦ.ʩ., 490 ʦ.ʩ., 473 ʩ. 

 

14) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 4 ʩ W(CO)6, cʠʥʪʝʟ CpFe(CO)(Me2Im)(m-SPh)W(CO)5 (9) ʠ 

CpFe(CO)(m-SPh)(m-CO)W(Me2Im)(CO)3 (11) 

ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ 0.145 ʛ (0.412 ʤʤʦʣʴ) W(CO)6 ʚ THF (20 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ 

-15 Áʉ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʢ 0.139 ʛ (4.100 ʤʤʦʣʴ) 4, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʛʝʢʩʘʥʦʤ (2Ĭ10 ʤʣ), 

ʩʫʰʠʣʠ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -26 Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʤʝʩʴ 9 + 11 (0.192 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ  ʪʦʣʫʦʣʝ (15 ʤʣ) ʠ ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ 

ʧʨʠ -15 Áʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʂʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. 

ʇʨʦʜʫʢʪ 11 ʚʳʜʝʣʷʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -26 Áʉ ʚ ʪʝʯʝʥʠʝ 

24 ʯ. 

ɺʳʭʦʜ 9 + 11: ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ + ʢʦʨʯʥʝʚʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.192 ʛ. 

ʉʦʦʪʥʦʰʝʥʠʝ 9 : 11 = 5 : 1 (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ). 

ɺʳʭʦʜ 11: ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.122 ʛ, 48% 
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ɼʣʷ 9: 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.18 (s, 3H, Me), 3.64 (s, 3H, Me), 3.75 (s, 5H, Cp), 6.13 (s, 2H, 2CH, 

Me2Im), 6.82-6.93 (m, p-H, Ph), 6.98-7.06 (m, m-H, Ph), 7.77 (d, J = 7 Hz, o-2H, Ph). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3057 ʦ.ʩʣ, ,h 2954 ʦ.ʩʣ, ,h 2061 ʩʣ, 1901 ʦ.ʩ, ,h 1862 ʦ.ʩʣ, 1655 ʦ.ʩʣ, 

1578 ʦ.ʩʣ, 1550 ʦ.ʩʣ, 1454 ʩʣ, 1436 ʦ.ʩʣ, 1398 ʦ.ʩʣ, 1370 ʦ.ʩʣ, 1356 ʦ.ʩʣ, 1309 ʦ.ʩʣ, 1265 ʦ.ʩʣ, 

1223 ʩʣ, 1172 ʦ.ʩʣ, 1116 ʦ.ʩʣ, 1080 ʦ.ʩʣ, 1023 ʦ.ʩʣ, 1001 ʦ.ʩʣ, 937 ʦ.ʩʣ, 908 ʦ.ʩʣ, 841 ʦ.ʩʣ, 

823 ʦ.ʩʣ, 742 ʦ.ʩʣ, 694 ʦ.ʩʣ, 680 ʩʣ, 597 ʦ.ʩʣ, 583 ʩʣ, h , 561 ʦ.ʩʣ, 491 ʦ.ʩʣ, 470 ʦ.ʩʣ, 433 ʦ.ʩʣ 

ɼʣʷ 11: 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C21H18FeN2O5SW: C, 38.80 H, 2.79 N, 4.31; 

ʅʘʡʜʝʥʦ: C, 38.93 H, 3.02 N, 4.14 %. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.38 (s, 6H, 2Me, Me2Im), 4.59 (s, 5H, Cp), 5.83 (s, 2H, 2CH, Me2Im), 

6.81-7.25 (Ph). 

1H ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 4.23 (s, 6H, 2Me, Me2Im), 5.02 (s, 5H, Cp), 7.11-7.53 (Me2Im + Ph). 

13C{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 41.3 (Me2Im), 83.5 (ʉʨ), 122.9 (CH, Me2Im), 126.0 (Ph), 127.7 

(Ph), 132.8 (Ph), 145.6 (Ph), 179.0 (C, Me2Im), `197.9 (CO), 198.9 (CO), 205.9 (CO), 214.8(CO). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 2010 ʩʨ, 1912 ʩʣ, 1873 ʦ.ʩ, ʰ, 1776 ʦ.ʩʣ, 1577 ʦ.ʩʣ, 1453 ʦ.ʩʣ, 1437 ʦ.ʩʣ, 

1224 ʦ.ʩʣ, 837 ʦ.ʩʣ, 824 ʦ.ʩʣ, 731 ʦ.ʩʣ, 696 ʦ.ʩʣ, 671 ʦ.ʩʣ, 588 ʦ.ʩʣ, 564 ʦ.ʩʣ, 535 ʦ.ʩʣ, 443 ʦ.ʩʣ. 

 

 

 

15) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 5 ʩ W(CO)6, ʩʠʥʪʝʟ CpFe(CO)(Me2Im)(m-SePh)W(CO)5 (10) ʠ 

CpFe(CO)(m-SePh)(m-CO)W(Me2Im)(CO)3 (12) 

ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ 0.090 ʛ (0.256 ʤʤʦʣʴ) W(CO)6 ʚ THF (15 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ 

-15 Áʉ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʢ 0.102 ʛ (0.254 ʤʤʦʣʴ) 5, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ ʛʝʢʩʘʥʦʤ (2Ĭ7 ʤʣ), 

ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʧʨʠ -26 Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʤʝʩʴ 10 + 12 (0.140 ʛ) ʨʘʩʪʚʦʨʷʣʠ ʚ  ʪʦʣʫʦʣʝ (15 ʤʣ) ʠ ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ 

ʧʨʠ -15 Áʉ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʂʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. 

ʇʨʦʜʫʢʪ 12 ʚʳʜʝʣʷʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -26 Áʉ ʚ ʪʝʯʝʥʠʝ 

24 ʯ. 

ɺʳʭʦʜ 10 + 12:  ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ + ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.140 ʛ. 

ʉʦʦʪʥʦʰʝʥʠʝ 10 : 12 = 2 : 1 (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ). 

ɺʳʭʦʜ 12: ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.091 ʛ, 54% 
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ɼʣʷ 10: 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.20 (s, 3H, Me), 3.49 (s, 3H, Me), 3.81 (s, 5H, Cp), 6.06 (s, 2H, 2CH, 

Me2Im), 6.91-7.34 (m, m-2H + p-H, Ph), 7.84 (d, J = 7.0 Hz, o-2H, Ph). 

77Se{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): -242. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 2060 ʦ.ʩʣ, 1908 ʦ.ʩ, 1871 ʦ.ʩʣ, 1507 ʦ.ʩʣ, 1473 ʦ.ʩʣ, 1456 ʦ.ʩʣ, 

1435 ʦ.ʩʣ, 1224 ʦ.ʩʣ, 737 ʦ.ʩʣ, 681 ʦ.ʩʣ, 597 ʦ.ʩʣ, 582 ʦ.ʩʣ, 560 ʦ.ʩʣ, 472 ʦ.ʩʣ, 419 ʦ.ʩʣ. 

ɼʣʷ 12: 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C21H18FeN2O5SeW: C, 36.19 H, 2.60 N, 4.02; ʅʘʡʜʝʥʦ: 

C, 54.53 H, 35.97 N, 4.29%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.34 (s, 6H, 2Me, Me2Im), 4.55 (s, 5H, Cp), 5.84 (s, 2H, 2CH, Me2Im), 

6.87 (3H, Ph), 7.26 (2 o-H, Ph). 

77Se{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 156. 

1H ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 4.20 (s, 6H, 2Me, Me2Im), 4.98 (s, 5H, Cp), 7.13-7.72 (2CH, Me2Im + 

Ph). 

13C{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 41.8 (Me2Im), 82.7 (ʉʨ), 122.9 (CH, Me2Im), 126.8 (Ph), 

127.8 (Ph), 134.1 (Ph), 134.5 (Ph), 179.2 (C, Me2Im), 198.7 (CO), 200.3 (CO), 205.8 (CO), 

215.4 (CO). 

77Se{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 157. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 2001 ʩʨ, 1918 ʩʨ, 1897 ʩʣ, 1861 ʦ.ʩ, 1797 ʦ.ʩʣ, 1761 ʩʣ, 1576 ʦ.ʩʣ, 

1475 ʦ.ʩʣ, 1451 ʦ.ʩʣ, 1436 ʦ.ʩʣ, 1224 ʦ.ʩʣ, 839 ʦ.ʩʣ, 826 ʦ.ʩʣ, 741 ʩʣ, 687 ʩʣ, 667 ʦ.ʩʣ, 589 ʦ.ʩʣ, 

567 ʩʣ, 539 ʦ.ʩʣ, 472 ʦ.ʩʣ, 449 ʩʣ. 

 

16) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 6 ʩ W(CO)6, ʩʠʥʪʝʟ CpFe(CO)(Me2Im)(m-TePh)W(CO)5 (13)  

ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ 0.054 ʛ (0.152 ʤʤʦʣʴ) W(CO)6 ʚ THF (20 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʚ 

ʪʝʯʝʥʠʝ 1.5 ʯʘʩʦʚ ʧʨʠ -15 Üʉ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʥʝʩʣʠ ʢ 0.069 ʛ (0.154 ʤʤʦʣʴ) 4. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ 

ʨʘʩʪʠʨʘʣʠ ʩ ʛʝʢʩʘʥʦʤ (3Ĭ10 ʤʣ), ʩʫʰʠʣʠ, ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ 

ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ ʚ ʪʝʯʝʥʠʝ 

48 ʯ. ɺʳʧʘʜʘʣʠ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʧʦʣʫʯʝʥʳ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʧʝʥʪʘʥʘ ʚ ʥʘʩʳʱʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ ʪʦʣʫʦʣʝ. 

ɺʳʭʦʜ 13: ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.062 ʛ, 52% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C21H18FeN2O5TeW: C, 34.15 H, 2.35 N, 3.62; 

ʅʘʡʜʝʥʦ: C, 34.54 H, 2.87 N, 3.60%. 
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1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 3.31 (s, 6H, 2Me, Me2Im), 3.96 (s, 5H, Cp), 6.05 (s, 2H, 2CH, Me2Im), 

6.96-7.18 (m, 4H, Ph), 7.96 (d, J = 7 ɻʮ, o-2H, Ph). 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 39.3 (Me2Im), 81.2 (Cp), 123.9 (CH, Me2Im), 124.4 (Ph), 

125.7 (Ph), 129.3 (Ph), 137.8 (Ph), 199.6 (CO), 201.5 (CO), 225.0 (CO). 

125ʊe{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): -210. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3140 ʦ.ʩʣ, 3063 ʦ.ʩʣ, 2954 ʦ.ʩʣ, ,h 2055 ʩʣ, 1969 ʦ.ʩʣ, 1895 ʦ.ʩʣ, 

1865 ʦ.ʩ, ,h 1648 ʦ.ʩʣ, 1572 ʦ.ʩʣ, 1471 ʦ.ʩʣ, 1451 ʩʣ, 1431 ʦ.ʩʣ, 1398 ʦ.ʩʣ, 1355 ʦ.ʩʣ, 1300 ʦ.ʩʣ, 

1265 ʦ.ʩʣ, 1223 ʩʣ, 1179 ʦ.ʩʣ, 1156 ʦ.ʩʣ, 1115 ʦ.ʩʣ, 1079 ʦ.ʩʣ, 1064 ʦ.ʩʣ, 1015 ʦ.ʩʣ, 1000 ʦ.ʩʣ, 

939 ʦ.ʩʣ, 841 ʦ.ʩʣ, 825 ʦ.ʩʣ, 731 ʩʣ, 693 ʦ.ʩʣ, 679 ʩʣ, 595 ʩʣ, 576 ʩʨ, 555 ʩʣ, 458 ʦ.ʩʣ. 

 

17) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ CpFe(CO)(PPh3)SPh ʩ W(CO)6, ʩʠʥʪʝʟ ʉʨFe(CO)(PPh3)(m-

SPh)W(CO)5 (14) 

ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ 0.088 ʛ (0.250 ʤʤʦʣʴ) W(CO)6 ʚ THF (15 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ 

-15 Áʉ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʢ 0.130 ʛ (0.250 ʤʤʦʣʴ) CpFe(CO)(PPh3)SPh, ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʫʜʘʣʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ 

ʛʝʢʩʘʥʦʤ (3Ĭ10 ʤʣ), ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ 

ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʧʨʠ -26 Áʉ ʚ ʪʝʯʝʥʠʝ 

48 ʯ.   

ɺʳʭʦʜ: ʟʝʣʝʥʳʡ ʧʦʨʦʰʦʢ, 0.094 ʛ, 45%. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C35H25FeO6PSW: C, 49.79 H, 2.98 S, 3.80; ʅʘʡʜʝʥʦ: 

C, 50.13 H, 3.13 S, 3.97%. 

1H ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 4.67 (s, 5H, Cp), 6.85÷7.54 (Ph). 

31P{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 65.0 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 84.8 (ʉʨ), 126.4 (PhS), 128.0 (PhS), 128.6 (Ph3P, JC-P=10Hz), 

130.7 (o-Ph3P, JC-P=2Hz), 133 (Ph3P, JC-P=9.6Hz), 133.8 (PhS), 134.8 (i-Ph3P, ʧʨʘʚʳʡ ʩʠʛʥʘʣ 

ʜʫʙʣʝʪʘ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʠʛʥʘʣʦʤ), 145.8 (i-PhS), 199.3 (CO), 201.8 (CO), 

218.9 (CO, JC-P=31Hz). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 2062 ʩʣ, 1956 ʩʣ, 1901 ʩʣ, 1866 ʦʯ.ʩ, ,h 1479 ʦ.ʩʣ, 1433 ʩʣ, 1092 ʩʣ, 

1002 ʦ.ʩʣ, 842 ʦ.ʩʣ,  820 ʩʣ, 739 ʦ.ʩʣ, 730 ʩʣ, 690 ʩ, 596 ʦ.ʩʣ, 582 ʩʣ, 564 ʦ.ʩʣ, 553 ʩʣ, 542 ʦ.ʩʣ, 

521 ʩ, 500 ʩʣ, 488 ʦ.ʩʣ, 465 ʦ.ʩʣ, 445 ʩʣ, 425 ʩʣ. 

 

18) ʉʠʥʪʝʟ CpFe(CO)(m-SPh)(m-CO)W(PPh3)(CO)3 (15) 

ʈʘʩʪʚʦʨ 0.03 ʛ (0.036 ʤʤʦʣʴ) 14 ʚ ʪʦʣʫʦʣʝ (15 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -

15Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ 40 ʤʠʥ. ʈʘʩʪʚʦʨ ʪʝʤʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʪʨʦʚʳʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, 
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ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -25Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ. 

ɺʳʭʦʜ: ʪʝʤʥʦ-ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.023 ʛ, 79% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣ̫ C34H25FeO5PSW: C, 50.03 H, 3.09 S, 3.93; ʅʘʡʜʝʥʦ: 

C, 50.47 H, 3.14 S, 3.76%. 

1H ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 4.67 (s, 5H, Cp), 6.52÷7.61 (Ph). 

31P{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 20.9 (1JW-P = 262 Hz) 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 84.5 (ʉʨ), 126.2 (p-PhS), 127.7 (PhS) 128.7 (m-Ph3P, JP-C=11 Hz), 

130.6 (p-Ph3P), 133.0 (Ph) 133.8 (o-Ph3P, JP-C=11 Hz) , 134.8 (i-Ph3P, JP-C=42 Hz), 144 (i-PhS), 

198.0 (CO, 2JP-C = 5.4 Hz, ʧʝʨʝʢʨʳʚʘʥʠʝ ʩʠʛʥʘʣʦʚ), 198.1 (CO, 2JP-C = 6.3 Hz, 

ʧʝʨʝʢʨʳʚʘʥʠʝ ʩʠʛʥʘʣʦʚ), 204.4 (CO, 2JP-C = 9.7 Hz), 213.0 (CO), 242.2 (CO, 2JP-C = 8.5 Hz). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 2017 ʩʣ, 1944 ʦ.ʩʣ, 1922 ʦ.ʩʣ, 1891 ʦʯ.ʩ., 1830 ʦ.ʩʣ, 1780 ʩʣ,  1749 ʦ.ʩʣ, 

1434 ʩʣ, 1090 ʦ.ʩʣ, 838 ʦ.ʩʣ, 741 ʩʣ, 692 ʩʨ., 583 ʦ.ʩʣ, 561 ʩʣ, 519 ʩʣ,  507 ʦ.ʩʣ, 491 ʦ.ʩʣ, 445 ʦ.ʩʣ, 

418 ʦ.ʩʣ. 

 

19) ʉʠʥʪʝʟ ʉpNi(Me2Im)TeI2Fʩ (16) 

ʂ ʪʝʤʥʦ-ʢʨʘʩʥʦʤʫ ʨʘʩʪʚʦʨʫ 0.036 ʛ (0.142 ʤʤʦʣʴ) I2 ʠ 0.089 ʛ (0.142 ʤʤʦʣʴ) Fc2Te2 ʚ 10 ʤʣ 

ʙʝʥʟʦʣʘ ʜʦʙʘʚʣʷʣʠ 0.104 ʛ (0.300 ʤʤʦʣʴ) CpNi(Me2Im)I ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. 

ɺʳʧʘʜʘʣ ʪʸʤʥʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ. 

ʇʨʦʜʫʢʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ ʙʝʥʟʦʣ/ʛʝʧʪʘʥ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʩʤʝʩʠ 

ʪʦʣʫʦʣ/ʛʝʧʪʘʥ. 

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.015 ʛ, 8% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H22FeI2N5NiTe: C, 30.55 H, 2.82 N, 3.56; ʅʘʡʜʝʥʦ: 

C, 30.07 H, 3.11 N, 3.47%. 

ʀʂ (ʚ KBr, ɜ, cʤ-1): 3092 ʦ.ʩʣ., 1561 ʦ.ʩʣ, 1408 ʦ.ʩʣ, 1375 ʦ.ʩʣ, 1163 ʩʣ, 1128 ʦ.ʩʣ, 1105 ʦ.ʩʣ, 

1082 ʦ.ʩʣ, 1047 ʦ.ʩʣ, 1022 ʦ.ʩʣ, 1004 ʩʣ, 819 ʦ.ʩʣ, 795 ʦ.ʩʣ, 738 ʩʣ, 683 ʩʣ, 617 ʩʣ, 492 ʩʨ, 478 ʩʨ. 

 

20) ʉʠʥʪʝʟ CpNi(Me2Im)SPr (17) 

ʂ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʤʫ ʨʘʩʪʚʦʨʫ 0.098 ʛ (0.246 ʤʤʦʣʴ) [CpNiSPr]2 ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ (5 ʤʣ) : 

ʘʮʝʪʦʥʠʪʨʠʣ (5 ʤʣ) ʜʦʙʘʚʠʣʠ 0.088 ʛ (0.629 ʤʤʦʣʴ) Me2ImCO2 ʠ ʢʠʧʷʪʠʣʠ 1 ʯ. ʈʘʩʪʚʦʨʠʪʝʣʠ 

ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʂʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ CH2Cl2 (10 

ʤʣ), ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʢ ʥʝʤʫ ʛʝʧʪʘʥ (5 ʤʣ), ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ 

ʜʦ ӎ V, ʨʘʩʪʚʦʨ ʜʝʢʘʥʪʠʨʦʚʘʣʠ, ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ. 

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʦʝ ʤʘʩʣʦ, 0.140 ʛ, 95%. 
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1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 1.08 (tr, J = 7 Hz, 3H, Me, Pr), 1.74 (quar, J =7.00 Hz, 2H, CH2, Pr), 

1.83 (quar, J =6 Hz, 2H, CH2, Pr), 3.63 (s, 6H, 2Me, Me2Im), 5.25 (s, 5H, Cp), 6.04 (s, 2H, 2CH, 

Me2Im). 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 14.4 (Me, Pr), 28.9 (CH2, Pr), 32.9 (Me2Im), 38.1 (CH2, Pr), 

44.7 (CH2, Pr), 90.8 (ʉʨ), 122.2 (CH, Me2Im), 170.7 (C, Me2Im). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3097 ʦ.ʩʣ, ʰ, 2956 ʩʣ, ʰ, 2929 ʦ.ʩʣ, 2870 ʦ.ʩʣ, 1675 ʦ.ʩʣ, 1570 ʦ.ʩʣ, 

1461 ʩʨ, 1400 ʩʣ, 1349 ʦ.ʩʣ, 1227 ʩʣ, 1156 ʩʨ, 1083 ʦ.ʩʣ, 1039 ʦ.ʩʣ, 1019 ʦ.ʩ, 980 ʦ.ʩʣ, 898 ʦ.ʩʣ, 

836 ʩʣ, 789 ʩʣ, 742 ʩʨ, 701 ʦ.ʩʣ, 679 ʩ, 595 ʩʣ, 531 ʩʣ, 487 ʦ.ʩʣ, 462 ʦ.ʩʣ. 

 

21) CpNi(Me2Im)S(O)2Pr (18) 

ʂʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʢʦʤʧʣʝʢʩʘ CpNi(Me2Im)SPr. 

ɺʳʭʦʜ: ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3148 ʩʣ, 3093 ʩʨ., ʰ, 2958 ʩʣ, 2928 ʩʨ., ʰ, 2869 ʩʣ, 1671 ʩʣ, 1569 ʩʣ, 

1461 ʩ.ʰ, 1397 ʩ, 1377 ʩʨ, 1349 ʩʣ, 1280 ʩʣ, 1232 ʩ, 1157 ʦ.ʩ, 1082 ʩʨ, 1019 ʦ.ʩ., ʰ, 893 ʩʣ, 835 ʩʨ, 

788 ʩ., ʰ, 751 ʩ, 739 ʦ.ʩ., ʰ, 701 ʦ.ʩ., ʰ, 681 ʩ, 639 ʩʨ, 593 ʦ.ʩ, 531 ʩʨ, 494 ʩʨ, 471 ʩʨ, 444 ʩʣ, 

408 ʩʣ. 

 

22) ʉʠʥʪʝʟ CpNi(Mes2Im)SPr (19) 

ʂ ʨʦʟʦʚʦʤʫ ʨʘʩʪʚʦʨʫ 0.301 ʛ (0.649 ʤʤʦʣʴ) CpNi(Mes2Im)Cl ʚ ʪʦʣʫʦʣʝ (15 ʤʣ) ʜʦʙʘʚʣʷʣʠ 

0.1 ʤʣ (1.105 ʤʤʦʣʴ) HSPr ʠ 0.12 ʤʣ (0.865 ʤʤʦʣʴ) Et3N. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 48 ʯ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʛʝʢʩʘʥʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ. 

ɺʳʭʦʜ: ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.282 ʛ, 87 % 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C29H36N2NiS: C, 69.20 H, 7.21 N, 5.57; ʅʘʡʜʝʥʦ: 

C, 69.32 H, 7.32 N, 5.47%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 1.01 (tr, 3J = 7.11 Hz, 3H, Me, Pr), 1.53-1.77 (m, 4H, 2CH2, Pr), 

2.15 (s, 6H, 2Me, Mes), 2.22 (s, 12H, 4Me, Mes), 4.92 (s, 5H, Cp), 6.17 (s, 2H, 2CH, Im), 6.85 (s, 4H, 

2CH, Mes). 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 15.0 (Me, Pr), 19.3 Me, Mes), 21.4 (Me, Mes), 28.8 (CH2, Pr), 

34.9, (CH2, Pr), 91.7 (ʉʨ), 123.8 (CH, Im), 129.6 (Mes), 136.6 (Mes), 138.0 (Mes), 139.0 (Mes), 

174.8 (C, Im). 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3171 ʦ.ʩʣ, 3136 ʦ.ʩʣ, 3102 ʦ.ʩʣ, 3019 ʦ.ʩʣ, 2952 ʩʣ, ,h 2913 ʦ.ʩʣ, 

2863 ʦ.ʩʣ, 2195 ʦ.ʩʣ, 1718 ʦ.ʩʣ, 1652 ʦ.ʩʣ, 1607 ʦ.ʩʣ, 1549 ʦ.ʩʣ, 1520 ʦ.ʩʣ, 1483 ʩʣ, ,h 1459 ʦ.ʩʣ, 

1396 ʩʣ, 1373 ʦ.ʩʣ, 1351 ʦ.ʩʣ, 1323 ʩʨ, 1282 ʦ.ʩʣ, 1265 ʩʨ, 1246 ʦ.ʩʣ, 1218 ʩʣ, 1161 ʦ.ʩʣ, 1113 ʦ.ʩʣ, 
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1083 ʩʣ, 1054 ʦ.ʩʣ, 1031 ʦ.ʩʣ, 1015 ʩʨ, 986 ʩʣ, 960 ʦ.ʩʣ, 924 ʩʨ, 891 ʩʣ, 849 ʩʨ, 834 ʦ.ʩʣ, 825 ʦ.ʩʣ, 

775 ʦ.ʩ, 742 ʦ.ʩʣ, 725 ʩ, 693 ʦ.ʩ, 646 ʦ.ʩʣ, 93 ʦ.ʩʣ, 576 ʩʣ, 502 ʦ.ʩʣ, 452 ʦ.ʩʣ, 430 ʦ.ʩʣ. 

 

23) ʉʠʥʪʝʟ CpNi(Me2Im)(m-SPr)CpW(CO)5 (20) 

ʂʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ 0.156 ʛ (0.392 ʤʤʦʣʴ) [CpNiSPr]2, 0.144 ʛ (1.029 ʤʤʦʣʴ) Me2ImCO2 ʚ 

ʩʤʝʩʠ ʪʦʣʫʦʣ (8 ʤʣ) ʠ MeCN (8 ʤʣ) ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ, ʟʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʦʨʠʯʥʝʚʦʛʦ ʤʘʩʣʷʥʦʛʦ ʦʩʪʘʪʢʘ. 

ɾʝʣʪʳʡ ʨʘʩʪʚʦʨ 0.268 ʛ (0.761 ʤʤʦʣʴ) W(CO)6 ʚ THF (25 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ -

15Áʉ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʢ 0.238 ʛ (0.745 ʤʤʦʣʴ) 17, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʦ-ʢʨʘʩʥʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ 

ʛʝʢʩʘʥʦʤ (3Ĭ5 ʤʣ), ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ (3Ĭ10 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʧʨʠ -26 Áʉ. 

ɺʳʭʦʜ: ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.243 ʛ, 52% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C18H20N2NiO5SW: C, 34.93 H, 3.26 N, 4.53; ʅʘʡʜʝʥʦ: 

C, 35.58 H, 3.12 N, 4.27%. 

ɼʣʷ C18H20N2O5SNiW (M = 619) 

ɺʳʯʠʩʣʝʥʦ, % ʉ, 34.93 H, 3.26 N, 4.53 

ʅʘʡʜʝʥʦ, % C, 35.58 H, 3.12 N, 4.27 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 0.89 (tr, 3J = 7.35 Hz, 3H, Me, Pr), 1.58 (6, 3J = 7Hz, 2H, CH2, Pr), 

2.08 (tr, 3J = 7 Hz, 2H, CH2, Pr), 3.44 (s, 6H, 2Me, Me2Im), 5.00 (s, 5H, Cp),5.89 (s, 2H, 2CH, 

Me2Im). 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 13.7 (Me, Pr), 27.5 (CH2, Pr), 38.4 (Me2Im), 44.7 (CH2, Pr), 

92.2 (ʉʨ), 123.4 (CH, Me2Im), 164.8 (C, Me2Im), 200.45 (CO), 201.7 (CO). 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 3139 ʦ.ʩʣ., ʰ, 2959 ʦ.ʩʣ., ʰ, 2917 ʦ.ʩʣ, 2870 ʦ.ʩʣ, 2058 ʦ.ʩʣ, 1965 ʦ.ʩʣ, 

1895 ʦ.ʩ., ʰ, 1873 ʩ, 1541 ʦ.ʩʣ., ʰ, 1460 ʦ.ʩʣ, 1400 ʦ.ʩʣ, 1352 ʦ.ʩʣ, 1225 ʦ.ʩʣ, 1129 ʦ.ʩʣ, 1081 ʦ.ʩʣ, 

1018 ʦ.ʩʣ., ʰ, 942 ʦ.ʩʣ, 904 ʦ.ʩʣ, 835 ʦ.ʩʣ, 788 ʦ.ʩʣ, 744 ʦ.ʩʣ, 722 ʦ.ʩʣ, 677 ʦ.ʩʣ, 598 ʦ.ʩʣ, 583 ʦ.ʩʣ, 

417 ʦ.ʩʣ. 

 

24) ʉʠʥʪʝʟ CpNi(Mes2Im)(m-SPr)W(CO)5  (21) 

ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ 0.152 ʛ (0.432 ʤʤʦʣʴ) W(CO)6 ʚ THF (20 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʚʦʜʷʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʥʝʩʣʠ ʢ 0.199 ʛ 

(0.377 ʤʤʦʣʴ) 19 ʢʦʨʠʯʥʝʚʦʤʫ ʤʘʩʣʷʥʦʤʫ ʦʩʪʘʪʢʫ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ  ʛʝʢʩʘʥʦʤ (30 ʤʣ). 
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ɺʳʧʘʜʘʣʠ ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ. 

ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ. 

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.179 ʛ, 49 % 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C29H36N2NiO5SW: C, 49.36 H, 4.37 N, 3.39; ʅʘʡʜʝʥʦ: 

C, 49.78 H, 5.43 N, 3.38%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 0.70 (tr, 3J = 7.07 Hz, 3H, Me, Pr), 1.17-1.37 (m, 2H, CH2, Pr), 1.58-

1.74 (m. 2H, CH2, Pr), 2.03 (s, 12H, 4Me, Mes), 2.13 (s, 6H, 2Me, Mes), 4.89 (s, 5H, Cp), 5.99 (s, 2H, 

2CH, Im), 6.78 (s, 4H, CH, Mes). 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 14.3 (Me, Pr), 19.1 (Me, Mes), 21.4 (Me, Mes), 26.9 (CH2, Pr), 

44.4 (CH2, Pr), 93.4 (ʉʨ), 125.0 (CH, Im), 130.0 (Mes), 135.9 (Mes), 137.3 (Mes), 139.4 (Mes), 

168.1 (C, Im), 201.1 (CO), 201.5 (CO). 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 2926 ʦ.ʩʣ, ,h 2058 ʦ.ʩʣ, 1963 ʦ.ʩʣ, 1905 ʦ.ʩ, 1875 ʦ.ʩʣ, 1486 ʦ.ʩʣ, ,h 

1400 ʦ.ʩʣ, 1378 ʦ.ʩʣ, 1320 ʦ.ʩʣ, 1266 ʦ.ʩʣ, 1034 ʦ.ʩʣ, 925 ʦ.ʩʣ, 853 ʦ.ʩʣ, 785 ʦ.ʩʣ, 735 ʦ.ʩʣ, 

698 ʦ.ʩʣ, 678 ʦ.ʩʣ, 599 ʦ.ʩʣ, 584 ʦ.ʩʣ. 

 

25) ʉʠʥʪʝʟ ʉʨNi(Me2Im)(m-SPr)(C5H5)Mn(CO)2 (22) 

ɾʝʣʪʳʡ ʨʘʩʪʚʦʨ 0.157 ʛ (0.770 ʤʤʦʣʴ) ʉʨMn(CO)3 ʚ THF (30 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʧʨʠ 

-40 Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʝʘʢʮʠʶ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʡ 

ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʢ 0.241 ʛ (0.754 ʤʤʦʣʴ) 17, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʠʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʟʝʣʝʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʧʨʦʤʳʚʘʣʠ 

ʛʝʢʩʘʥʦʤ (3Ĭ5 ʤʣ), ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ ʠ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ (3Ĭ10 ʤʣ). ʇʦʣʫʯʝʥʥʳʡ ʟʝʣʝʥʳʡ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʧʨʠ -26 Áʉ. 

ɺʳʭʦʜ: ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ 0.219 ʛ, 62% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H25N2NiO2SMn: C, 50.99 H, 5.35 N, 5.25 S, 6.81 

ʅʘʡʜʝʥʦ: C, 51.42 H, 5.20 S, 6.27%. 

ʀʂ (ʅʇɺʆ, v, ʩʤ-1): 2953 ʩʣ., h , 1891 ʩ., h , 1803 ʦ.ʩ., h , 1454 ʩʨ., ,h 1397 ʩʨ., h , 1265 ʩʣ., 

1222 ʩʨ., 1126 ʩʣ., 1011 ʩʣ., ,h 897 ʩʣ., 834 ʩʨ., 781 ʦ.ʩ., 728 ʦ.ʩ., ,h 675 ʩ., 659 ʩ., 612 ʦ.ʩ., 

588 ʦ.ʩ., h , 530 ʩʨ., 478 ʩʨ., 460 ʩʨ. 

 

26) ʉʠʥʪʝʟ CpNi(Mes2Im)(m-SPr)ʉʨMn(CO)2  (23) 

ɾʝʣʪʳʡ ʨʘʩʪʚʦʨ 0.060 ʛ (0.294 ʤʤʦʣʴ) ʉʨMn(CO)3 ʚ THF (15 ʤʣ) ʦʙʣʫʯʘʣʠ ʋʌ-ʩʚʝʪʦʤ ʚ 

ʪʝʯʝʥʠʝ 50 ʤʠʥ ʧʨʠ -40  Üʉ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʘʩʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʥʝʩʣʠ ʢ 0.120 ʛ (0.228 ʤʤʦʣʴ) 19. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʪʝʤʥʦ-ʟʝʣʝʥʳʡ ʤʘʩʣʷʥʳʡ 

ʦʩʪʘʪʦʢ ʨʘʩʪʠʨʘʣʠ ʩ ʛʝʢʩʘʥʦʤ (30 ʤʣ), ʩʫʰʠʣʠ. ʂʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʩʤʝʩʠ ʪʦʣʫʦʣ/ʛʝʢʩʘʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ.  
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ɺʳʭʦʜ: ʪʝʤʥʦ-ʟʝʣʝʥʳʝ ʢʨʠʩʪʘʣʣʳ, 0.085 ʛ, 52% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C36H41MnN2NiO2S: C, 63.64 H, 6.08 N, 4.12; ʅʘʡʜʝʥʦ: 

C, 63.58 H, 6.21 N, 3.98%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 0.80 (tr, 3J = 7.06 Hz, 3H, Me, Pr), 1.25 (m, 2H, CH2, Pr), 1.56 (m, 2H, 

CH2, Pr), 2.09 (s, 12H, Me, Mes), 2.17 (s, 6H, Me, Mes), 4.36 (s, 5H, Cp), 5.05 (s, 5H, Cp), 

6.09 (s, 2H, 2CH, Mes2Im), 6.85 (s, 4H, CH, Mes). 

13C{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 14.8 (Me, Pr), 19.3 Me, Mes), 21.5 (Me, Mes), 26.3 (CH2, Pr), 

45.4 (CH2, Pr), 83.2 (Cp), 93.2 (ʉʨ), 124.3 (CH, Im), 130.0 (Mes), 136.0 (Mes), 137.5 (Mes), 

139.3 (Mes), 172.8 (C, Im), 238.1 (CO). 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3129 ʦ.ʩʣ, ,h 2958 ʩʣ, ,h 2919 ʦ.ʩʣ, ,h 2866 ʦ.ʩʣ, 1896 ʦ.ʩ, 1827 ʦ.ʩ, ,h 

1608 ʦ.ʩʣ, 1567 ʦ.ʩʣ, 1485 ʩʣ, ,h 1461 ʩʣ, ,h 1422 ʩʣ, 1397 ʩʣ, 1375 ʩʣ, 1355 ʩʣ, 1318 ʩʨ, 1264 ʩʨ, 

1224 ʩʣ, 1163 ʦ.ʩʣ, 1112 ʦ.ʩʣ, 1081 ʩʣ, 1013 ʩʣ, ,h 974 ʦ.ʩʣ, 960 ʦ.ʩʣ, 924 ʩʣ, 894 ʦ.ʩʣ, 852 ʩʣ, 

836 ʩʣ, 785 ʩʨ, 735 ʩʨ, 697 ʩʨ, 660 ʩʣ, 611 ʩʨ, 586 ʩʨ, 525 ʩʣ, 477 ʩʣ, 432 ʦ.ʩʣ. 

 

 

27) ʉʠʥʪʝʟ CpMn(CO)(NO)(Me2Im)PF6  (24) 

ɹʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ 0.206 ʛ (1.264 ʤʤʦʣʴ) NH4PF6 ʚ 5 ʤʣ ʄʝʉN ʧʝʨʝʤʝʰʠʚʘʣʠ ʩ 

ʙʝʩʮʚʝʪʥʳʤ ʨʘʩʪʚʦʨʦʤ 0.214 ʛ (1.259 ʤʤʦʣʴ) AgNO3 ʚ 7 ʤʣ ʄʝʉN ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ. ɿʘʪʝʤ 

ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʢ ʥʝʤʫ 0.360 ʛ (2.571 ʤʤʦʣʴ) Me2ImCO2 ʠ 

ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ʂ ʦʭʣʘʞʜʝʥʥʦʤʫ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 

0.879 ʛ (2.504 ʤʤʦʣʴ) CpMn(CO)2(NO)(PF6). ʅʘʙʣʶʜʘʣʦʩʴ ʚʳʜʝʣʝʥʠʝ ʛʘʟʘ ʠ ʩʤʝʥʘ ʦʢʨʘʩʢʠ 

ʨʘʩʪʚʦʨʘ ʥʘ ʢʦʨʠʯʥʝʚʫʶ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʫʜʘʣʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʦʩʪʘʪʦʢ ʩʫʰʠʣʠ. ʕʢʩʪʨʘʛʠʨʦʚʘʣʠ ʢʦʨʠʯʥʝʚʳʡ ʦʩʪʘʪʦʢ 

3×5 ʤʣ CH2Cl2. ʇʦʣʫʯʠʚʰʠʡʩʷ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ ʥʘʯʘʣʘ 

ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -26Áʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ.  

ɺʳʭʦʜ: ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.08 ʛ, 16% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C11H13F6MnN4O2P: C, 30.50 H, 3.03 N, 12.93; ʅʘʡʜʝʥʦ: 

C, 30.58 H, 3.42 N, 12.98%. 

1H ʗʄʈ (CD3CN, ŭ, ʤ.ʜ.): 3.67 (s, 6H, 2Me), 5.49 (s, 5H, Cp), 7.30 (s, 2H, CH, Im). 

1C{H}  ʗʄʈ (CD3CN, ŭ, ʤ.ʜ.): 39.5 (Me, Me2Im), 95.5 (Cp), 127.1 (CH, Me2Im). 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3179 ʦ.ʩʣ, ,h 3137 ʦ.ʩʣ, 2012 ʩʣ, 1770 ʩʣ, 1624 ʦ.ʩʣ, 1579 ʦ.ʩʣ, 

1466 ʦ.ʩʣ, 1419 ʦ.ʩʣ, 1403 ʦ.ʩʣ, 1340 ʦ.ʩʣ, 1231 ʦ.ʩʣ, 1173 ʩʣ, 1132 ʦ.ʩʣ, 1114 ʦ.ʩʣ, 1085 ʦ.ʩʣ, 

1023 ʦ.ʩʣ, 1011 ʦ.ʩʣ, 862 ʦ.ʩʣ, 814 ʦ.ʩ, ,h 751 ʦ.ʩʣ, 737 ʩʣ, 713 ʦ.ʩʣ, 682 ʩʣ, 658 ʦ.ʩʣ, 626 ʩʨ, 

592 ʦ.ʩʣ, 553 ʦ.ʩ, 486 ʦ.ʩʣ, 467 ʦ.ʩʣ, 432 ʦ.ʩʣ. 
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28) ʉʠʥʪʝʟ (PPh3)(Me2Im)Pt(Ph2C2) (25) 

ʂ ʩʚʝʪʣʦ-ʞʝʣʪʦʤʫ ʨʘʩʪʚʦʨʫ 0.305 ʛ (0.340 ʤʤʦʣʴ) (PPh3)2Pt(Ph2C2) ʚ ʩʤʝʩʠ ʪʦʣʫʦʣʘ (10 ʤʣ) 

ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (8 ʤʣ) ʜʦʙʘʚʠʣʠ 0.064 ʛ (0.457 ʤʤʦʣʴ) Me2ImCO2 ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ. 

ɾʝʣʪʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʈʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ 

ʜʘʚʣʝʥʠʠ. ɾʝʣʪʳʡ ʦʩʪʘʪʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʂ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʤʫ 

ʤʘʩʣʷʥʦʤʫ ʦʩʪʘʪʢʫ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ Et2O ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24 Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ. 

ɺʳʭʦʜ: ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.163 ʛ, 65 % 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C37H33N2PPt: C, 60.73 H, 4.55 N, 3.83; ʅʘʡʜʝʥʦ: 

C, 61.97 H, 5.16 N, 3.57%. 

1H ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 2.93 (s, 6H, Me2Im), 4J(1H-195Pt) = 4.9 Hz; 5.90 (s, 2H, Me2Im), 4J(1H-

195Pt) = 10.4 Hz; 6.96-7.27 (m, 15H, PPh3), 7.87-7.95 (m, 10H, Ph) 

31ʈ{H} ʗʄʈ (C6D6, ŭ, ʤ.ʜ.): 32.5, 1J(31P-195Pt) = 3234 Hz; 

1H ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 3.05 (s, 6H, Me2Im), 4J(1H-195Pt) = 4.9 Hz; 6.44 (s, 2H, Me2Im), 

4J(1H-195Pt) = 10.4 Hz; 6.96-7.27 (m, 15H, Ph), 7.87-7.95 (m, 10H, Ph); 

13C{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 37.2 (Me2Im), 3J(13C-195Pt) = 39.2 Hz; 120.2 (Me2Im), 3J(13C-

195Pt) = 34.0 Hz; 124 ÷ 138 (Ph); 

31ʈ{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): 31.6; 1J(31P-195Pt) = 3195 Hz; 

195ʈt{H} ʗʄʈ (CDCl3, ŭ, ʤ.ʜ.): - 4431; 1J(31P-195Pt) = 3195 Hz; 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3067 ʦ.ʩʣ, 3048 ʦ.ʩʣ, ,h 3021 ʦ.ʩʣ, 2937 ʦ.ʩʣ, 1711 ʩʨ, 1654 ʦ.ʩʣ, 

1586 ʩʣ, 1541 ʦ.ʩʣ, 1519 ʦ.ʩʣ, 1475 ʩʣ, 1455 ʩʣ, 1432 ʩʨ, 1376 ʦ.ʩʣ, 1303 ʦ.ʩʣ, 1280 ʦ.ʩʣ, 1227 ʩʣ, 

1179 ʦ.ʩʣ, 1156 ʦ.ʩʣ, 1121 ʦ.ʩʣ, 1091 ʩ, 1067 ʦ.ʩʣ, 1025 ʦ.ʩʣ, 997 ʦ.ʩʣ, 905 ʦ.ʩʣ, 836 ʦ.ʩʣ, 758 ʩ, 

744 ʩʣ, 690 ʦ.ʩ, 672 ʩʣ, 627 ʦ.ʩʣ, 597 ʦ.ʩʣ, 559 ʩʣ, 528 ʩʨ, 513 ʩ, 492 ʩʣ, 470 ʦ.ʩʣ, 447 ʩʣ, 420 ʩʣ. 

 

29) ʉʠʥʪʝʟ CpôMo(CO)2(C2Ph2)Pt2(PPh3)(Me2Im)2Cl  (26) ʠ 

CpôMo(CO)3Pt(PPh3)(Me2Im)Cl  (27)   

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ 0.200 ʛ (0.273 ʤʤʦʣʴ) 25, 0.082 ʛ (0.278 ʤʤʦʣʴ) CpôMo(CO)3Cl ʚ 20 

ʤʣ ʪʦʣʫʦʣʘ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 80 Ü ʉ ʚ ʪʝʯʝʥʠʝ 2ʯ. ʅʘʙʣʶʜʘʣʠ ʚʳʧʘʜʝʥʠʝ ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ. 

ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ ʪʦʣʫʦʣʦʤ (2Ĭ5 ʤʣ), ʩʫʰʠʣʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ CH2Cl2, 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʧʪʘʥ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ.  

ʂʨʠʩʪʘʣʣʳ 27, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʛʦʨʷʯʝʛʦ ʨʘʩʪʚʦʨʘ 

ʚʝʱʝʩʪʚʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ.  

ʈʘʩʪʚʦʨ (ʚ ʪʦʣʫʦʣʝ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʧʪʘʥ. ʆʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ 26 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24 Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ. 
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ɼʣʷ 26: 

ɺʳʭʦʜ: ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 12 ʤʛ, 12% 

1H ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 2.05 (s, 3H, Me, Cpô), 2.72 (m, 3H, Me, Me2Im, J= 2.64 Hz); 3.28-

3.36 (m, 6H, 2Me, Me2Im), 3.97 (m, 1H, Cpô), 4.10 (s, 3H, Me, Me2Im), 4.52 (m, 1H, Cpô), 4.61 (m, 

1H, Cpô), 4.68 (m, 1H, Cpô), 6.38 (m, 1H, Me2Im), 6.96 (m, 1H, Me2Im), 6.69-7.61 (m, Me2Im+5 Ph); 

13C{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 37.2 (Me2Im), 3J(13C-195Pt) = 39.2 Hz; 120.2 (Me2Im), 

3J(13C-195Pt) = 34 Hz; 124 ÷ 138 (Ph); 

31ʈ{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 22.6; 1J(31P-195Pt) = 2540 Hz; 

195ʈt{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): - 4457, J(195Pt-195Pt) = 392 Hz, J(31P-195Pt) = 2540 Hz; -4065, 

J(195Pt-195Pt) = 392 Hz, J(31P-195Pt) = 17 Hz 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3048 ʦ.ʩʣ, h , 2942 ʦ.ʩʣ, 1734 ʦ.ʩ, h , 1695 ʩʣ, 1585 ʩʣ, 1481 ʦ.ʩʣ, 464 ʩʣ, 

1433 ʩ, ,h 1377 ʦ.ʩʣ, 1312 ʦ.ʩʣ, 1225 ʩʨ, 1186 ʦ.ʩʣ, 1169 ʦ.ʩʣ, 1157 ʦ.ʩʣ, 1125 ʦ.ʩʣ, 1090 ʩʣ, 

1028 ʩʣ, 999 ʦ.ʩʣ, 922 ʦ.ʩʣ, 857 ʦ.ʩʣ, 813 ʩʣ, 766 ʦ.ʩʣ, 747 ʦ.ʩʣ, 726 ʩʣ, 715 ʦ.ʩʣ, 691 ʦ.ʩ, 674 ʩʣ, 

642 ʦ.ʩʣ, 628 ʩʨ, 610 ʩʣ, 579 ʩ, 543 ʦ.ʩʣ, 522 ʦ.ʩ, 498 ʩʣ, 464 ʩʣ, 452 ʦ.ʩʣ, 435 ʩʣ, 422 ʦ.ʩʣ, 

405 ʦ.ʩʣ. 

ɼʣʷ 27: 

ɺʳʭʦʜ: ʞʝʣʪʳʡ ʦʩʘʜʦʢ, 0.110 ʛ, 47 % 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H30ClMoN2O3PPt: C, 45.32 H, 3.575 N, 3.30; 

ʅʘʡʜʝʥʦ: C, 45.08 H, 3.90 N, 3.72%. 

1H ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 1.95 (s, 3H, Me, Cpô), 3.47 (s, 6H, 2 Me, Me2Im, 4J(1H-195Pt) = 

6.3 Hz); 4.56 (m, 2H, Cpô), 4.80 (m, 2H, Cpô), 6.47 (m, 2H, Me2Im, 4J(1H-195Pt)= 10.3 Hz); 7.30-

7.46 (m, 9H, Ph), 7.57-7.70 (m, 6H, Ph); 

31ʈ{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 33, 1J(31P-195Pt)= 3084 Hz; 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3051 ʦ.ʩʣ, ʰ, 1908 ʩʨ, 1805 ʦ.ʩ, ʰ, 1573 ʦ.ʩʣ, 1470 ʩʣ, 1435 ʩʨ, 

1398 ʦ.ʩʣ, 1231 ʩʣ, 1184 ʦ.ʩʣ, 1095 ʩʣ, 1027 ʦ.ʩʣ, 999 ʦ.ʩʣ, 927 ʦ.ʩʣ, 884 ʩʣ, 794 ʩʣ, 742 ʩʨ, 

694 ʦ.ʩ, 682 ʦ.ʩʣ, 604 ʦ.ʩʣ, 579 ʩʨ, 544 ʦ.ʩʣ, 529 ʦ.ʩ, 514 ʩʨ, 492 ʦ.ʩʣ, 454 ʦ.ʩʣ, 439 ʦ.ʩʣ, 420 ʩ. 

 

30) ʉʠʥʪʝʟ  CpôMo(CO)3SnCl2Pt(PPh3)(Me2Im)Cl (29) 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʟ CpôMo(CO)3Pt(PPh3)(Me2Im)Cl (0.231 ʛ, 0.272 ʤʤʦʣʴ), SnCl2 

(0.210 ʛ, 1.765 ʤʤʦʣʴ) ʚ ʉH2Cl2 (20 ʤʣ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʆʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʩʣʷʥʳʡ ʦʩʪʘʪʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʪʦʣʫʦʣʦʤ (12 ʤʣ), ʦʨʘʥʞʝʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʢʩʘʥ (10 ʤʣ) 

ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ.  

ɺʳʭʦʜ: ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.250 ʛ, 88%. 
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ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C32H30Cl3MoN2O3PPtSn: C, 37.04 H, 2.91 N, 2.70; 

ʅʘʡʜʝʥʦ: C, 36.98 H, 3.48 N, 2.20%. 

1H ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 1.98 (s, 3H, Me, Cpô), 3.82 (s, 6H, 2Me, Me2Im,); 5.18 (tr, 2H, Cpô, 

3J = 2.18 Hz), 5.34 (tr, 2H, Cpô, 3J = 2.18 Hz), 7.11 (d, 2H, Me2Im, 3J(1H-195Pt)= 1.00 Hz); 7.40-

7.53 (m, 9H, Ph), 7.68-7.80 (m, 6H, Ph). 

31ʈ{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 13, 1J(31P-195Pt)= 2572 Hz, 2J(31P-119Sn)= 248 Hz, 1J(31P-117Sn) = 

236 Hz, 1J(13C-31P) = 57 Hz, 3J(13C-31P) = 11 Hz; 

13C{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 14.1 (Me, Cpô), 38.6 (Me2Im), 92.4 (CH, Cpô), 94.4 (CH, Cpô), 

124.8 (Me2Im), 129.4 (d, Ph, 3J(13C-31P) = 11.0 Hz), 131.9 (CH, Ph), 133.5 (d, Ph, 1J(13C-31P) = 57 Hz) 

Ph), 134.6 (d, Ph, 2J(13C-31P) = 11.0 Hz), 226.8 (CO), 230.6 (CO); 

119Sn{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 93.2 2J(119Sn-31P)= 248 Hz; 

195ʈt{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): - 4811 1J(31P-195Pt) = 2572 Hz; 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3097 ʦ.ʩʣ, ,h 3050 ʦ.ʩʣ, 2930 ʦ.ʩʣ, ,h 1994 ʩ, 1928 ʩʣ, 1904 ʩ, ,h 

1585 ʦ.ʩʣ, 1571 ʦ.ʩʣ, 1477 ʩʣ, 1433 ʩ, 1402 ʦ.ʩʣ, 1307 ʦ.ʩʣ, 1227 ʩʨ, 1184 ʦ.ʩʣ, 1160 ʦ.ʩʣ, 

1142 ʦ.ʩʣ, 1094 ʩʨ, 1028 ʦ.ʩʣ, 997 ʦ.ʩʣ, 961 ʦ.ʩʣ, 917 ʦ.ʩʣ, 822 ʩʣ, 746 ʩʣ, 731 ʩʣ, 707 ʦ.ʩʣ, 685 ʦ.ʩ, 

617 ʦ.ʩʣ, 583 ʩʣ, 560 ʦ.ʩʣ, 544 ʩʨ, 530 ʩʣ, 502 ʩ, 489 ʦ.ʩʣ, 466 ʦ.ʩʣ, 451 ʩʣ, 436 ʦ.ʩʣ, 411 ʦ.ʩʣ, 

3132 ʦ.ʩʣ, 3162 ʦ.ʩʣ. 

 

31) ʉʠʥʪʝʟ (PPh3)MePt(Me2Im)Cl (30) 

ɾʝʣʪʳʡ ʨʘʩʪʚʦʨ 0.100 ʛ (0.137 ʤʤʦʣʴ) (PPh3)(Me2Im)Pt(Ph2C2) ʠ 0.027 ʛ (0.0136 ʤʤʦʣʴ) 

SnMe3Cl ʚ ʪʦʣʫʦʣʝ (10 ʤʣ) ʛʨʝʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 Üʉ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʅʘʙʣʶʜʘʣʠ ʚʳʧʘʜʝʥʠʝ 

ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʙʝʣʳʡ ʦʩʘʜʦʢ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʉH2Cl2  

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʘʨʦʚʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ 

Et2O ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ CH2Cl2. 

ɺʳʭʦʜ: 15 ʤʛ, 18% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H26ClN2PPt: C, 47.73 H, 4.34 N, 4.64;  

ʅʘʡʜʝʥʦ: C, 47.98 H, 4.67 N, 4.51%. 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3107 ʦ.ʩʣ, 3053 ʦ.ʩʣ, ʰ, 2926 ʦ.ʩʣ, 2870 ʦ.ʩʣ, 1572 ʦ.ʩʣ, 1479 ʩʣ, 

1435 ʩʨ, 1401 ʦ.ʩʣ, 1311 ʦ.ʩʣ, 1268 ʦ.ʩʣ, 1229 ʩʣ, 1184 ʦ.ʩʣ, 1158 ʦ.ʩʣ, 1097 ʩʨ, 1027 ʦ.ʩʣ, 998 

ʦ.ʩʣ, 732 ʩʣ, 693 ʦ.ʩ, 546 ʩ, 516 ʩʣ, 500 ʦ.ʩʣ, 460 ʦ.ʩʣ, 430 ʦ.ʩʣ. 

 

32) ʉʠʥʪʝʟ [ʉpNi(Me2Im)2]MeSO3 (31) 

ʂ ʟʝʣʝʥʦʤʫ ʨʘʩʪʚʦʨʫ 0.290 ʛ (1.534 ʤʤʦʣʴ) Cp2Ni ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ (10 ʤʣ) : MeCN (15 ʤʣ) 

ʜʦʙʘʚʠʣʠ 0.100 ʤʣ (1.542 ʤʤʦʣʴ) MeSO3H. ʏʝʨʝʟ 15 ʤʠʥ ʢ ʟʝʣʝʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʠʣʠ 0.479 ʛ 
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(3.421 ʤʤʦʣʴ) Me2ImCO2 ʠ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 2ʯ. ɺʳʧʘʜʘʣ ʪʝʤʥʳʡ ʦʩʘʜʦʢ. ʇʝʨʝʤʝʰʠʚʘʣʠ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚ ʪʝʯʝʥʠʝ 20 ʯ. 

ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ. ʇʦʣʫʯʝʥʥʦʝ ʤʘʩʣʦ ʨʘʩʪʠʨʘʣʠ 

ʩ Et2O, ʩʫʰʠʣʠ, ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ MeCN, ʧʦʣʫʯʠʚʰʠʡʩʷ ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, 

ʜʦʙʘʚʣʷʣʠ Et2O. ɺʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ ʚ ʪʝʯʝʥʠʝ 18 ʯ. ɺʳʧʘʚʰʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʠ Et2O, ʩʫʰʠʣʠ. 

ɺʳʭʦʜ: ʢʦʨʠʯʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ, 0.528 ʛ, 84% 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C16H24N4NiO3S: C, 46.74 H, 5.88 N, 13.63; ʅʘʡʜʝʥʦ: C, 

46.08 H, 6.15 N, 13.05%. 

1H ʗʄʈ (CD3CN, ŭ, ʤ.ʜ.): 2.42 (s, 3H, Me, MeSO3), 3.87 (s, 12H, Me, Me2Im), 5.44 (s, 5H, 

Cp), 7.09 (s, 4H, CH, Im). 

13C{H} ʗʄʈ (CD3CN, ŭ, ʤ.ʜ.): 36.7 (MeSO3), 39.4 (Me2Im), 92.1 (Cp), 125.3 (CH, Me2Im), 

164.1 (C, Me2Im). 

ʀʂ (ʅʇɺʆ, ɜ, cʤ-1): 3155 ʦ.ʩʣ, 3106 ʩʣ, ,h 3022 ʦ.ʩʣ, 1649 ʩʨ, ,h 1619 ʦ.ʩʣ, 1578 ʦ.ʩʣ, 

1560 ʦ.ʩʣ, 1514 ʩʣ, 1461 ʦ.ʩʣ, 1441 ʦ.ʩʣ, 1432 ʩʣ, ,h 1405 ʦ.ʩʣ, 1372 ʦ.ʩʣ, 1322 ʩʨ, 1237 ʩʣ, 

1205 ʦ.ʩ, ,h 1131 ʦ.ʩʣ, 1103 ʦ.ʩʣ, 1090 ʦ.ʩʣ, 1038 ʩʨ, 977 ʦ.ʩʣ, 919 ʦ.ʩʣ, 890 ʦ.ʩʣ, 794 ʩʣ, 760 ʩ, ,h 

745 ʦ.ʩʣ, 684 ʩʣ, 664 ʩʣ, 651 ʦ.ʩʣ, 625 ʦ.ʩʣ, 549 ʩʨ, 522 ʩ, 472 ʦ.ʩʣ 

 

33) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ 25 ʩ ʠʟʙʳʪʢʦʤ Fe(CO)5, 

ʩʠʥʪʝʟ Fe(CO)3(COC2Ph2)Pt(Me2Im)(PPh3) (34) 

ʂ ʞʝʣʪʦʤʫ ʨʘʩʪʚʦʨʫ ʠʟ 0.100 ʛ (0.137 ʤʤʦʣʴ) (PPh3)(Me2Im)Pt(Ph2C2) ʚ 10 ʤʣ ʪʦʣʫʦʣʘ 

ʜʦʙʘʚʣʷʣʠ 0.03 ʤʣ (0.222 ʤʤʦʣʴ) Fe(CO)5 ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 80 Ü ʉ ʚ ʪʝʯʝʥʠʝ 1.5 ʯ. ʎʚʝʪ 

ʨʘʩʪʚʦʨʘ ʤʝʥʷʝʪʩʷ ʥʘ ʢʨʘʩʥʳʡ. ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʨʘʩʪʚʦʨʠʪʝʣʠ ʫʜʘʣʷʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʇʦʣʫʯʝʥʥʦʝ ʦʨʘʥʞʝʚʦʝ ʤʘʩʣʦ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʪʦʣʫʦʣʦʤ. ʆʨʘʥʞʝʚʳʡ 

ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʛʝʧʪʘʥ, ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -24  Üʉ ʚ ʪʝʯʝʥʠʝ 

18 ʯ. 

ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʘʨʦʚʦʡ ʜʠʬʬʫʟʠʠ ʧʘʨʦʚ 

ʧʝʥʪʘʥʘ ʚ ʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʜʫʢʪʘ ʚ ʪʦʣʫʦʣʝ. 

ɺʳʭʦʜ: ʞʝʣʪʳʡ ʦʩʘʜʦʢ, 0.052 ʛ, 42 %. 

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C41H33FeN2O4PPt: C, 54.74 H, 3.70 N, 3.11; ʅʘʡʜʝʥʦ: 

C, 55.03 H, 3.69 N, 3.03%. 

1H ʗʄʈ (CD2Cl2, ŭ, 273 K, ʤ.ʜ.): 2.48 (minor, s, Me2Im, 0.3H), 2.55 (s, Me2Im, 3H), 3.11 

(minor, s, Me2Im, 0.3H), 3.62 (s, Me2Im, 3H), 6.23÷7.35 (m, Me2Im, minor Me2Im, Ph, minor Ph). 

31ʈ{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 17.9, 1J(31P-195Pt)= 4001 ɻʮ; 28.2 (minor), 1J(31P-195Pt)= 2708 

ɻʮ. 
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13C{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): 35.7 (Me2Im), 37.4 (Me2Im), 122.5 (Me2Im), 125.3 (Me2Im), 

126 ÷ 135 (Ph),  218.4 (CO), 222.6 (CO). 

195ʈt{H} ʗʄʈ (CD2Cl2, ŭ, ʤ.ʜ.): -4621 (minor), 1J(31P -195Pt) = 2708 ɻʮ; - 4315, 1J(31P-195Pt) = 

4001 ɻʮ; 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3135 ʦ.ʩʣ, 3049 ʦ.ʩʣ, ,h 1982 ʦ.ʩ, 1921 ʦ.ʩ, 1842 ʩʣ, 1820 ʩʨ, 1739 ʦ.ʩʣ, 

1703 ʩʣ, 1592 ʦ.ʩʣ, 1570 ʦ.ʩʣ, 1543 ʦ.ʩʣ, 1493 ʦ.ʩʣ, 1479 ʦ.ʩʣ, 1468 ʦ.ʩʣ, 1435 ʩʣ, 1395 ʦ.ʩʣ, 

1310 ʦ.ʩʣ, 1262 ʦ.ʩʣ, 1225 ʩʣ, 1184 ʦ.ʩʣ, 1158 ʦ.ʩʣ, 1127 ʦ.ʩʣ, 1096 ʩʣ, 1045 ʦ.ʩʣ, 1026 ʦ.ʩʣ, 

999 ʦ.ʩʣ, 921 ʦ.ʩʣ, 853 ʦ.ʩʣ, 763 ʦ.ʩʣ, 741 ʩʨ, 722 ʩʣ, 692 ʦ.ʩ, 652 ʦ.ʩʣ, 642 ʩʣ, 615 ʩʨ, 595 ʦ.ʩ, 

557 ʦ.ʩʣ, 526 ʦ.ʩ, 509 ʦ.ʩʣ, 499 ʩʣ, 467 ʦ.ʩʣ, 455 ʦ.ʩʣ, 442 ʦ.ʩʣ, 426 ʦ.ʩʣ; 

 

34) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ 25 ʩ ʥʝʜʦʩʪʘʪʢʦʤ Fe(CO)5, ʧʦʣʫʯʝʥʠʝ 

FePt2(CO)4(C2Ph2)(Me2Im)2(PPh3) (32) ʠ FePt2(CO)4(C2Ph2)(Me2Im)(PPh3)2 (33) 

ʂʦʤʣʝʢʩʳ 32 ʠ 33 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʝʘʢʮʠʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʤʝʪʦʜʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ 34 ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ: ʩ ʥʝʜʦʩʪʘʪʢʦʤ Fe(CO)5.  

ʂʦʤʧʣʝʢʩʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 

ɼʣʷ 32: 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 3052 ʦ.ʩʣ, ʰ, 1992 ʦ.ʩ, 1936 ʦ.ʩ, 1878 ʩʣ, 1589 ʦ.ʩʣ, 1480 ʦ.ʩʣ, 

1464 ʦ.ʩʣ, 1435 ʩʣ, 1223 ʦ.ʩʣ, 1093 ʦ.ʩʣ, 747 ʦ.ʩʣ, 698 ʩʨ, 648 ʦ.ʩʣ, 621 ʩʣ, 593 ʦ.ʩʣ, 530 ʩʨ, 

511 ʦ.ʩʣ, 494 ʦ.ʩʣ. 

ɼʣʷ 33: 

ʀʂ (ʅʇɺʆ, n, ʩʤ-1): 2001 ʩ, 1917 ʦ.ʩ, 1865 ʩʨ, 1750 ʩʨ, 1587 ʦ.ʩʣ, 1571 ʦ.ʩʣ, 1479 ʩʣ, 

1466 ʦ.ʩʣ, 1434 ʩʨ, 1398 ʦ.ʩʣ, 1384 ʦ.ʩʣ, 1263 ʦ.ʩʣ, 1228 ʦ.ʩʣ, 1182 ʦ.ʩʣ, 1119 ʦ.ʩʣ, 1093 ʩʨ, 

1071 ʦ.ʩʣ, 1026 ʦ.ʩʣ, 998 ʦ.ʩʣ, 734 ʩʨ, 691 ʩ, 675 ʦ.ʩʣ, 645 ʦ.ʩʣ, 633 ʩʨ, 613 ʩʣ, 597 ʦ.ʩʣ, 573 ʦ.ʩʣ, 

543 ʦ.ʩʣ, 526 ʩ, 510 ʩʣ, 496 ʦ.ʩʣ, 485 ʦ.ʩʣ, 466 ʦ.ʩʣ, 448 ʩʣ, 424 ʦ.ʩʣ. 
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ɻʣʘʚʘ 3. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

 

3.1 ʂʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ c Me2Im 

ɼʣʷ ʚʚʝʜʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʥʦ̫ ʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ-2-ʢʘʨʙʦʢʩʠʣʘʪʘ (Me2ImCO2) ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʪʠʧʘ 

CpFe(CO)2L (L = I, Cl) ʠ CpFe(CO)2(MeCN)+PF6
- ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʤʝʩʠ ʪʦʣʫʦʣ ï ʘʮʝʪʦʥʠʪʨʠʣ 

(1:1). ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʨʝʘʢʮʠʡ ʙʳʣ ʚʳʜʝʣʝʥ ʜʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[CpFe(CO)2]2. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʮʚʠʪʪʝʨ-ʠʦʥ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʧʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʪʘʢʠʤ ʧʫʪʝʤ ʥʝʚʦʟʤʦʞʥʦ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʢʘʨʙʝʥʘ Me2ImCO2 ʩ [CpFe(CO)2]2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʦʛʦ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ 

ʤʦʥʦʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ Cp2Fe2(CO)3(Me2Im) (1), ʧʨʠʯʝʤ ʟʘʤʝʱʝʥʠʷ ʚʪʦʨʦʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʩʭʝʤʘ 3.1). 

 
ʉʭʝʤʘ 3.1. ʆʙʨʘʟʦʚʘʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ 1. 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ (ʨʠʩʫʥʦʢ 3.1) ʩʚʷʟʴ Fe-Fe (2.53 ¡) ʫʢʦʨʦʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʛʜʝ ʜʣʠʥʘ ʩʚʷʟʠ Fe-Fe ʩʦʩʪʘʚʣʷʝʪ 2.54 ¡ [172]. ɼʣʠʥʘ ʩʚʷʟʠ Fe-CO 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʢʘʨʙʦʥʠʣʘ ʨʘʚʥʘ 1.75 ¡, ʪʦʛʜʘ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ï 1.76 ¡. ʕʪʠ 

ʫʢʦʨʦʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʝʡ ʜʦʥʦʨʥʦʩʪʠ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ 

ʤʦʩʪʠʢʦʚʦʛʦ ʢʘʨʙʦʥʠʣʘ ʠ ʘʪʦʤʘʤʠ ʞʝʣʝʟʘ (1.88, 1.95, 1.87, 1.94 ¡ ï ʚ ʢʦʤʧʣʝʢʩʝ 1, 1.92, 1.93 ¡ ʚ 

ʠʩʭʦʜʥʦʤ ʜʠʤʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ). 

 
ʈʠʩʫʥʦʢ 3.1. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 1. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (Å): Fe(1)-Fe(2) 2.5297(4), Fe(1)-ʉ(2) 1.878(2), Fe(2)-C(2) 1.947(2), Fe(2)-C(3) 

1.937(2), Fe(1)-ʉ(3) 1.870(2), Fe(2)-C(1) 1.748(2), Fe(1)-C(4) 1.961(2).  
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ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 1 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʷ 1920 ʠ 1698 cʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʪʝʨʤʠʥʘʣʴʥʦʡ ʠ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ. 

ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʩʤʝʱʘʝʪ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʷ ʤʦʩʪʠʢʦʚʦʡ 

CO ʛʨʫʧʧʳ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʥʘ 60 ʩʤ-1 (ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʉʆ ʛʨʫʧʧ 

[ʉʨFe(CO)2]2  ʚ ʩʧʝʢʪʨʝ ʅʇɺʆ ʩʦʩʪʘʚʣʷʶʪ 1976, 1953, 1933 ʠ 1758 ʩʤ-1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʘʥʩ-ʠʟʦʤʝʨʫ [173]). ʀʟ ʩʨʘʚʥʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʢʦʤʧʣʝʢʩʘ 1 ʠ ʘʥʘʣʦʛʠʯʥʦʛʦ ʬʦʩʬʠʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Cp2Fe2(CO)3PPh3 (1948, 1727 ʩʤ
-1) [174] ʚʠʜʥʦ, ʯʪʦ Me2Im ï ʙʦʣʝʝ ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ, 

ʯʝʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ: ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʤʝʱʝʥʳ 

ʧʨʠʤʝʨʥʦ ʥʘ 30 ʩʤ-1 ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ. ʇʦʜʦʙʥʦʝ ʩʤʝʱʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʠ ʜʣʷ 

ʢʦʣʝʙʘʥʠʡ ʉʆ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Cp2Fe2(CO)3(CN2H2CH2CH2) (1929, 1716 ʩʤ
-1) [175]. 

ʅʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ ʩʤʝʱʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤ ʩʪʨʦʝʥʠʝʤ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ: ʚ 

ʢʦʤʧʣʝʢʩʝ 1 ʢʘʨʙʝʥ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʜʦʥʦʨʥʳʝ ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʘ 

ʪʘʢʞʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʠʤʠʜʘʟʦʣʠʝʚʦʝ ʢʦʣʴʮʦ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʢʦʤʧʣʝʢʩ 1 ʙʳʣ ʦʢʠʩʣʝʥ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʧʨʦʜʫʢʪʘ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ (ʩʭʝʤʘ 3.2). 

ʉʭʝʤʘ 3.2. ʆʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1 ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʜʦʤ. 

ʅʝʡʪʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ CpFe(CO)(Me2Im)I (2) ʠ CpFe(CO)2I, ʩʦʜʝʨʞʘʱʠʝ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʠʦʜʠʜʥʳʡ ʣʠʛʘʥʜ, ʠʤʝʶʪ ʧʦʣʫʯʵʥʜʚʠʯʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʛʝʤʝʪʨʠʝʡ 

çʪʨʝʭʥʦʛʦʡ ʪʘʙʫʨʝʪʢʠè. ʂʘʪʠʦʥʥʳʡ ʜʠʢʘʨʙʦʥʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [CpFe(CO)2(Me2Im)]+ (3), 

ʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢʘʨʙʝʥ, ʙʳʣ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥ c ʪʨʠʠʦʜʠʜʥʳʤ ʘʥʠʦʥʦʤ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʚʝʨʪʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʬʝʨʨʦʮʝʥ. 

ʈʘʥʝʝ [176] ʦʧʠʩʳʚʘʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 2 ʠ 3 ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ. ʊʘʢ, ʥʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʢʘʨʙʝʥ, ʛʝʥʝʨʠʨʫʶʱʠʡʩʷ ʚ ʨʝʘʢʮʠʠ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ t-BuOK ʩ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʴʶ, 

ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʉpFe(CO)2I ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ CpFe(CO)2(Me2Im)+I-. 

ɼʘʣʴʥʝʡʰʘʷ ʜʣʠʪʝʣʴʥʘʷ ʬʦʪʦʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 2, ʥʦ ʝʛʦ ʩʪʨʫʢʪʫʨʘ ʥʝ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ (ʩʭʝʤʘ 3.3).  
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ʉʭʝʤʘ 3.3. ʇʦʩʪʫʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 3 ʠ 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 2 ʠ 3 ʯʝʨʝʟ 

ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1, ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʈʉɸ. ʇʦ ʜʘʥʥʳʤ 

ʈʉɸ ʚ ʢʦʤʧʣʝʢʩʝ 2 ʜʣʠʥʘ ʩʚʷʟʠ Fe-CNHC (1.963(1) ¡), ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʘʷ ʞʝ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ 

ʢʦʤʧʣʝʢʩʝ 1 (1.961(2) ¡) (ʨʠʩʫʥʦʢ 3.2). 

 

ʈʠcʫʥʦʢ 3.2. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 2. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-I(1) 2.6555(4), Fe(1)-C(1) 1.963(1), Fe(1)-C(6) 1.747(1) ¡ ʠ 

C(1)Fe(1)I(1) 94.00(4), C(1)Fe(1)ʉ(6) 95.92(6), C(6)Fe(1)I(1) 87.16(5)º. 

 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʢʦʣʝʙʘʥʠʷ ʥʘ 1935 ʩʤ-1. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʷ ʉʆ ʢʦʤʧʣʝʢʩʘ 2 ʠ ʧʦʭʦʞʠʭ ʢʦʤʧʣʝʢʩʦʚ CpFe(CO)(Mes2Im)I 

(1938 ʩʤ-1) [177] ʠ CpFe(CO)(n-Bu2Im)I (1935 ʩʤ-1) [178], ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʝʥʥʳʝ ʢʘʨʙʝʥʳ, ʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʩʘ ʢʦʣʝʙʘʥʠʷ ʉʆ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 2 ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʡ ʞʝ 

ʦʙʣʘʩʪʠ, ʯʪʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʚ ʢʘʨʙʝʥʝ. 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 3 (ʨʠʩʫʥʦʢ 3.3) ʘʥʘʣʦʛʠʯʥʘ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

[CpFe(CO)2(Me2Im)]I [179]. ʈʘʟʣʠʯʠʝ ʚ ʘʥʠʦʥʘʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʘʟʣʠʯʠʶ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: ʩʪʨʫʢʪʫʨʘ ʩ I- ʙʳʣʘ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘ ʚ ʩʤʝʩʠ CH2Cl2/ʛʝʢʩʘʥ, ʘ ʩʪʨʫʢʪʫʨʘ ʩ I3
- 

ï ʚ ʩʤʝʩʠ MeCN/Et2O. ɼʣʠʥʘ ʩʚʷʟʠ Fe-CNHC ʩʦʩʪʘʚʣʷʝʪ 1.969(3) ¡, ʯʪʦ ʥʝʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ 1 (1.961(2) Å). 
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ʈʠʩʫʥʦʢ 3.3.ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 3. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ.  

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (Å) ʠ ʫʛʣʳ (º): Fe(4)-C(1) 1.774(3), Fe(4)-C(2) 1.777(3), Fe(4)-C(3) 1.969(2), 

I(1)-I(2) 2.9459(3), I(2)-I(3) 2.8849(3) Å ʠ C(3)Fe(4)C(1) 94.3(1), C(3)Fe(4)C(2) 93.7(1), C(2)Fe(4)C(1) 

92.5(1), I(1)I(2)I(3) 176.85(1) º 

 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 3 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ CO ʛʨʫʧʧ ʩʦʩʪʘʚʣʷʶʪ 

2049 ʠ 2002 ʩʤ-1, ʯʪʦ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʚʫʭ ʦʙʨʘʪʥʳʭ ʩʘʥʪʠʤʝʪʨʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ (2048, 2000). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʠʦʜʠʨʦʚʘʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʙʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 1 (ʩʭʝʤʘ 3.4) ʘʥʘʣʦʛʠʯʝʥ ʤʝʭʘʥʠʟʤʫ ʠʦʜʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ [CpFe(CO)2]2, 

ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ [180]. ʕʣʝʢʪʨʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʧʦ ʩʚʷʟʠ ʞʝʣʝʟʦ-ʞʝʣʝʟʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʦʥʥʦʛʦ ʜʠʤʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʦʩʪʠʢʦʚʳʡ ʘʪʦʤ ʠʦʜʘ. ɼʘʣʝʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʜʚʝ 

ʚʦʟʤʦʞʥʦʩʪʠ: ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʦʜʠʜʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠʣʠ ʘʩʩʠʤʝʪʨʠʯʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ 3 ʠ ʬʝʨʨʦʮʝʥʘ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 3, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ, ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ 

ʘʪʘʢʦʡ ʥʫʢʣʝʬʠʣʘ I- ʧʦ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʘʪʦʤʫ ʞʝʣʝʟʘ. ʆʪʱʝʧʠʚʰʠʡʩʷ ʬʨʘʛʤʝʥʪ 

[CpFe(CO)I] ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʬʝʨʨʦʮʝʥ ʠ ʠʦʜʠʜ ʞʝʣʝʟʘ. 

ʇʦʭʦʞʝʝ ʜʠʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [C5R5FeHal]2 ʥʘ ʛʘʣʦʛʝʥʠʜʳ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʤʝʱʝʥʥʳʝ ʬʝʨʨʦʮʝʥʳ ʦʪʤʝʯʘʝʪʩʷ ʚ [180].  
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ʉʭʝʤʘ 3.4. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 1 ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʜʦʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʚʳʙʦʨ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʊʘʢ, ʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʩʢʦʨʝʝ 

ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʧʝʨʚʦʝ 

ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʥʝʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʠ ʧʦ ʚʪʦʨʦʤʫ ʧʫʪʠ. 

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʤʝʞʜʫ ʦʧʠʩʳʚʘʝʤʳʤ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʠ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ, ʪʦ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʠʧ ʨʘʟʨʳʚʘ, ʠ ʥʘ ʨʝʘʢʮʠʶ ʠʦʜʠʨʦʚʘʥʠʷ. ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʜʪʚʝʨʜʠʚʠhʭ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʦʛʠʠ 

(ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1). 

ʊʘʙʣʠʮʘ 1. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʠʦʜʠʨʦʚʘʥʠʷ ʢʘʨʙʝʥʩʦʜʝʨʞʘʱʝʛʦ ʙʠʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 1 ʧʦʟʚʦʣʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʪʴ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 2 ʠʣʠ 3, ʠʟʙʝʛʘʷ 

ʜʣʠʪʝʣʴʥʦʡ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚʩʝʛʜʘ ʙʫʜʝʪ 

ʥʝʚʳʩʦʢʠʤ, ʪ.ʢ. ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʧʦʙʦʯʥʳʡ ʧʨʦʮʝʩʩ ʥʝʚʦʟʤʦʞʥʦ. 

ʇʦʩʢʦʣʴʢʫ ʩʙʦʨʢʘ ʠʟ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʷʝʤʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʘʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʋʩʣʦʚʠʷ ɺʳʭʦʜ 2, % ɺʳʭʦʜ CpFe(CO)2I, %  ɺʳʭʦʜ [3]I, % ɺʳʭʦʜ FcH, %  

CH2Cl2 

25 ęC 

16 18 54 12 

ɹʝʥʟʦʣ 

4 ęC 

29 41 19 11 

ʊʦʣʫʦʣ 

-40ęC 

39 61 14 7 
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ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʢʘʢ ʢʘʨʙʝʥʦʚʳʡ, ʪʘʢ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ 

ʣʠʛʘʥʜʳ. ʆʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1 ʜʠʬʝʥʠʣʜʠʭʘʣʴʢʦʛʝʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʢʘʨʙʝʥʦʚʳʭ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ (ʩʭʝʤʘ 3.5). ʊʘʢʞʝ ʚ ʨʝʘʢʮʠʷʭ ʧʦʣʫʯʘʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ CpFe(CO)2(EPh) (E = S, Se, Te) ʠ ʜʠʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

 

ʉʭʝʤʘ 3.5. ʆʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 1 ʜʠʬʝʥʠʣʜʠʭʘʣʴʢʦʛʝʥʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 4ʘ-6ʘ. 

ʉʪʨʫʢʪʫʨʳ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ CpFe(CO)(Me2Im)SPh (4ʘ) ʠ 

CpFe(CO)(Me2Im)SePh (5ʘ) ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʦʤ ʈʉɸ, ʢʦʤʧʣʝʢʩ CpFe(CO)(Me2Im)TePh (6ʘ) 

ʚʳʜʝʣʠʪʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʥʝ ʫʜʘʣʦʩʴ. 

ɺʳʜʝʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 4ʘ (ʨʠʩʫʥʦʢ 3.4) ʠ 5ʘ (ʨʠʩʫʥʦʢ 3.5) ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ 

ʢʨʠʩʪʘʣʣʳ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʠ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʦʫʧʦʨʷʜʦʯʝʥʠʝ ʠʟ-ʟʘ ʧʦʧʘʜʘʥʠʷ ʚ ʦʜʥʦ ʧʦʣʦʞʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ ʤʦʣʝʢʫʣ ʨʘʟʥʳʭ 

ʵʥʘʥʪʠʦʤʝʨʦʚ. ʇʦʣʦʞʝʥʠʝ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʥʪʠ-ʧʦʟʠʮʠʠ ʢ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʤʫ 

ʢʦʣʴʮʫ ʦʪʣʠʯʘʝʪ ʵʪʠ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʦʪ ʠʭ ʘʥʘʣʦʛʘ CpFe(CO)2SPh, ʚ ʢʦʪʦʨʦʤ 

ʜʠʵʜʨʘʣʴʥʳʡ ʫʛʦʣ ʉpcentroidFeSʉPh ʨʘʚʝʥ 88.33Á [181], ʪʦʛʜʘ ʢʘʢ ʜʣʷ 4ʘ -170.52Á, ʘ ʜʣʷ 5ʘ 172.01°. 

ɼʣʠʥʳ ʩʚʷʟʝʡ Feï E ʚ 4ʘ ʠ 5ʘ (2.3248(9) ʠ 2.4339(3) ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʘʥʘʣʦʛʘʭ (2.282 ¡ ï SPh ʠ 2.413 ¡ ï SePh) [182]. 

 

ʈʠʩʫʥʦʢ 3.4. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 4a. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-S(1) 2.3248(9), Fe(1)-C(1) 1.948(3), Fe(1)-C(6) 1.757(3), 

C(12)S(1)Fe(1) 109.1(1). 
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ʈʠʩʫʥʦʢ 3.5. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 5ʘ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-Se(1) 2.4339(3), Fe(1)-C(1) 1.921(2), Fe(1)-C(6) 1.741(2) ¡ ʠ 

ʉ(12)Se(1)Fe(1) 105.36(5)º. 

 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

4ʘ - 6ʘ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (1911 ʩʤ-1 ʜʣʷ 4ʘ, 1907 ʩʤ-1 ʜʣʷ 5ʘ, 1900 ʩʤ-1 ʜʣʷ 6ʘ), ʥʦ ʵʪʠ 

ʠʟʤʝʥʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʭʘʣʴʢʦʛʝʥʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʨʘʪʥʦʛʦ ʜʦʥʠʨʦʚʘʥʠʷ Fe-CO.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [CpFe(CO)2]2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ NHC ʧʨʦʠʩʭʦʜʠʪ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ ʧʦʣʦʚʠʥʳ 

ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ [CpFe(CO)2]2 ʠʟ-ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ 1. ʀʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʚʚʝʜʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩ ʢʘʨʙʝʥʘ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʪʘʢʦʡ ʧʦʪʝʨʠ. ʈʝʘʢʮʠʷ ʜʠʤʝʨʦʚ [CpFe(CO)EPh]2 (E = S, Se) ʩ Me2ImCO2 ʚ 

ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʪʦʣʫʦʣ/ʘʮʝʪʦʥʠʪʨʠʣ (ʩʭʝʤʘ 3.6) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʪʠʭ ʞʝ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘʢʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʜʨʫʛʠʝ ʧʦʣʠʤʦʨʬʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

4b (ʨʠʩʫʥʦʢ 3.6) ʠ 5b (ʨʠʩʫʥʦʢ 3.7), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

[CpFe(CO)TePh]2, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʊʉʍ, ʨʝʘʢʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

 

ʉʭʝʤʘ 3.6. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 4b ʠ 5b ʠʟ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʜʠʤʝʨʦʚ. 
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ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʦʪʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 

ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʥʘʯʝʥʠʠ ʜʠʵʜʨʘʣʴʥʦʛʦ ʫʛʣʘ ʉpcentroidFeEʉPh 

(85.35° ʜʣʷ 4b, 84.89Á ʜʣʷ 5b). ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘʧʦʤʠʥʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʘʥʘʣʦʛʘ CpFe(CO)2SPh, ʚ ʢʦʪʦʨʦʤ ʜʠʵʜʨʘʣʴʥʳʡ ʫʛʦʣ ʉpcentroidFeSʉPh ʨʘʚʝʥ 88.33Á [181]. ʕʪʠ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʣʠʤʦʨʬʘʤʠ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʮʚʝʪʘ ʢʨʠʩʪʘʣʣʦʚ: ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʦʚ 4ʘ ʠ 5ʘ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʘ ʢʨʠʩʪʘʣʣʳ 4b ʠ 5b ï ʢʦʨʠʯʥʝʚʦʛʦ. 

 
ʈʠʩʫʥʦʢ 3.6. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 4b. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-S(1) 2.298(2), Fe(1)-C(1) 1.957(4), Fe(1)-C(6) 1.747(6) ¡ ʠ 

Fe(1)-S(1)-ʉ(7) 113.0(2) Ü. 

 

ʈʠʩʫʥʦʢ 3.7. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 5b. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-Se(1) 2.4061(19), Fe(1)-C(2) 1.968(7), Fe(1)-C(1) 1.809(8) ¡ ʠ 

Fe(1)-S(1)-ʉ(7) 110.4(2)Ü. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨ ʦʙʝʠʭ ʧʦʣʠʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ ʦʢʨʘʰʝʥ ʚ ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ [CpFe(CO)(SPh)]2 ʩ Me2ImCO2 ʚ ʪʦʣʫʦʣʝ ʪʘʢʞʝ ʙʳʣʘ ʚʳʜʝʣʝʥʘ 

ʧʦʣʠʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʘ 4a. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʧʦʣʠʤʦʨʬʥʦʡ ʩʪʨʫʪʢʫʨʳ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʂʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʩʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ ʩ DITFB 

(1,4-ʜʠʠʦʜʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣ)  4c (ʨʠʩʫʥʦʢ 3.8) ʠ 5ʩ (ʨʠʩʫʥʦʢ 3.9). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʜʠʵʜʨʘʣʴʥʳʭ ʫʛʣʦʚ ʉpcentroidFeEʉPh ʚ ʩʦʢʨʠʩʪʘʣʣʘʭ (95.12Á ʜʣʷ 4ʩ, 86.88Á ʜʣʷ 5ʩ) ʙʣʠʟʢʠ 

ʟʥʘʯʝʥʠʷʤ ʜʠʵʜʨʘʣʴʥʳʭ ʫʛʣʦʚ ʧʦʣʠʤʦʨʬʥʳʭ ʩʪʫʢʪʫʨ 4b ʠ 5b. 
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ɺ ʩʦʢʨʠʩʪʘʣʣʘʭ ʦʜʥʘ ʤʦʣʝʢʫʣʘ DITFB ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʢʘʨʙʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʟʘ ʩʯʝʪ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠʦʜʘ ʠ ʭʘʣʴʢʦʛʝʥʘ. ʈʘʩʩʪʦʷʥʠʷ ʭʘʣʴʢʦʛʝʥ-

ʠʦʜ ʤʝʥʴʰʝ ʩʫʤʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ [183] ʥʘ 0.65 ¡. 

ʋʛʣʳ E-I-CDITFB (175.63Ü ʜʣʷ 4ʩ, 177.95Ü ʜʣʷ 5ʩ) ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢ 180Ü. ʇʦʭʦʞʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʣʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ [184]. ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ 

ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʜʦʥʠʨʦʚʘʥʠʷ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʭʘʣʴʢʦʛʝʥʘ ʥʘ ʨʘʟʨʳʭʣʷʶʱʫʶ ʦʨʙʠʪʘʣʴ 

ʩʚʷʟʠ I-C. ʋʛʦʣ ʉPh-E-I ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 90Ü (95.90Ü ʜʣʷ 4ʩ, 94.26Ü ʜʣʷ 5ʩ), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʯʘʩʪʚʫʝʪ, ʚ ʦʩʥʦʚʥʦʤ, p-ʵʣʝʢʪʨʦʥʥʘʷ ʧʘʨʘ 

ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ. 

 

ʈʠʩʫʥʦʢ 3.8. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 4ʩ. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-S(1) 2.2973(9), Fe(1)-C(2) 1.964(1), Fe(1)-C(1) 1.742(3), S(1)-I(1) 3.136 ¡ ʠ 

Fe(1)-S(1)-ʉ(7) 113.4(1), S(1)-I(1)-C(19) 175.63, I(1)-S(1)-C(7) 95.90Ü. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʩʚʷʟʳʚʘʶʪ 

ʘʪʦʤʳ S ʠ I ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʤʝʥʴʰʠʭ ʩʫʤʤʳ ʠʭ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ [183]. 

 

ʈʠʩʫʥʦʢ 3.9. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 5c. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)-Se(1) 2.4129(9), Fe(1)-C(1) 1.958(5), Fe(1)-C(2) 1.728(8), Se(1)-I(1) 3.228 Å 

ʠ Fe(1)-Se(1)-ʉ(12) 110.87(15), Se(1)-I(1)-C(18) 177.95, I(1)-Se(1)-C(12) 94.26Ü. ʇʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ 

ʩʚʷʟʳʚʘʶʪ ʘʪʦʤʳ S ʠ I ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʤʝʥʴʰʠʭ ʩʫʤʤʳ ʠʭ ʚʘʥʜʝʨʚʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ [183]. 
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ʇʦ ʩʭʦʞʝʩʪʠ ʩʧʝʢʪʨʦʚ 1ʅ ʗʄʈ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 4 ʠ 5 ʩʦ ʩʧʝʢʪʨʦʤ 

ʢʦʤʧʣʝʢʩʘ 6 ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʭʦʜʥʦʤ ʩʪʨʦʝʥʠʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɼʣʷ ʢʦʩʚʝʥʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 6 ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʠʦʜʦʤ (ʩʭʝʤʘ 3.7). ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 4 ʠ 5 

ʬʝʥʠʣʪʝʣʣʫʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʩʝʙʝ ʤʦʣʝʢʫʣʫ ʠʦʜʘ ʟʘ ʩʯʝʪ ʤʝʥʴʰʝʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʪʝʣʣʫʨʘ ʠ ʝʛʦ ʩʢʣʦʥʥʦʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭʮʝʥʪʨʦʚʳʭ 

ʯʝʪʳʨʝʭʵʣʝʢʪʨʦʥʥʳʭ ʩʚʷʟʝʡ. ʊʘʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʢʦʥʮʝʚʦʤʫ ʬʨʘʛʤʝʥʪʫ ïTeR ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʨʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ CpFe(CO)2TeFc [185]. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

CpFe(CO)(Me2Im)TePhI2 (7) ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ.  

 

ʉʭʝʤʘ 3.7. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 7 ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʜʘ ʢ ʢʦʤʧʣʝʢʩʫ 6. 

ʆʙʨʘʙʦʪʢʘ ʠʦʜʦʤ ʢʦʤʧʣʝʢʩʦʚ 4 ʠ 5 ʧʨʠʚʦʜʠʣʘ ʢ ʟʘʤʝʱʝʥʠʶ ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ 

ʘʪʦʤ ʠʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 2. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʠʦʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [Me2ImI]+I-
, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʠʦʜ-ʘʠʦʥʦʤ ʠ ʠʦʜʦʤ ʠʟ ʠʦʜʢʘʨʙʝʥʠʝʚʦʛʦ ʮʝʥʪʨʘ. ʈʘʥʝʝ ʵʪʘ ʩʦʣʴ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ 2-ʠʦʜʦ-1-ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ ʩ ʠʦʜʤʝʪʘʥʦʤ [186]. 

ʌʨʘʛʤʝʥʪ [TePhI2] ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ. ʇʦʤʠʤʦ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʦʜʘ ʢ ʢʦʥʮʝʚʦʡ ʛʨʫʧʧʝ TePh, ʬʨʘʛʤʝʥʪ [TePhI2] ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʥʝʜʨʝʥʠʷ ʤʦʣʝʢʫʣʳ TePhI ʧʦ ʩʚʷʟʠ M-Hal. ʈʘʥʝʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ 

ʉpFe(CO)2TePhI2 [187], (C4Me4)Co(ʉO)2TePhI2 [188], ʩʦʜʝʨʞʘʱʠʝ [TePhI2] ɼʣʷ ʢʦʤʧʣʝʢʩʘ 7 

ʪʘʢʦʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʨʝʘʣʠʟʫʝʤʳʤ: ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʚʥʝʜʨʝʥʠʷ PhTeI 

ʧʦ ʩʚʷʟʠ ʄïI ʢʦʤʧʣʝʢʩʘ 2 (ʩʭʝʤʘ 3.8). 

 

Cʭʝʤʘ 3.8. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 7 ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ïPhTeI ʢ ʢʦʤʧʣʝʢʩʫ 2. 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣʳ ʠʦʜʘ ʢ ʪʝʣʣʫʨʦʬʝʥʠʣʴʥʦʤʫ 

ʬʨʘʛʤʝʥʪʫ ʚ ʢʦʤʧʣʝʢʩʝ 7 (1944 ʩʤ-1) ʚʳʟʚʘʣʦ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʷ ʉʆ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ ʥʘ 40 ʩʤ-1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 6. ɺʥʝʜʨʝʥʠʝ ʬʨʘʛʤʝʥʪʘ PhTeI ʧʦ 
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ʩʚʷʟʠ Fe-I ʧʨʠʚʝʣʦ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʷ ʉʆ ʚ ʪʫ ʞʝ ʩʪʦʨʦʥʫ ʥʘ 25 ʩʤ-1 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʉʆ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ 2. 

ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 7 (ʨʠʩʫʥʦʢ 3.10) ʩʚʷʟʴ Te-Fe, ʨʘʚʥʘʷ 2.5156(8)¡, ʩʠʣʴʥʦ ʫʢʦʨʦʯʝʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʤʤʦʡ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ (ʉʂʈ = 2.70 ¡ [189]), ʘ ʜʚʝ ʩʚʷʟʠ Te-I, ʨʘʚʥʳʝ 

3.0119(6) ¡ ʠ 2.9301(6) ¡, ʥʘʦʙʦʨʦʪ, ʫʜʣʠʥʝʥʳ (ʉʂʈ = 2.77 ¡). ʊʘʢʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ 

ʦʙʲʷʩʥʷʶʪʩʷ ʦʙʨʘʪʥʳʤ ʜʦʥʠʨʦʚʘʥʠʝʤ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʞʝʣʝʟʘ ʥʘ ʘʪʦʤ ʪʝʣʣʫʨʘ 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʟʨʳʭʣʝʥʠʝʤ ʩʚʷʟʝʡ Te-I. 

 

ʈʠʩʫʥʦʢ 3.10. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 7. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (Å) ʠ ʫʛʣʳ (º): Fe(1)-Te(1) 2.5156(8), Fe(1)-C(1) 1.967(2), Fe(1)-C(6) 1.759(2), 

Te(1)-I(1) 3.0119(6), Te(1)-I(2) 2.9301(6) Å ʠ Fe(1)-Te(1)-ʉ(12) 107.18(7), I(1)Te(1)I(2) 161.05(2)º. 

 

ɺ ʩʧʝʢʪʨʝ 1ʅ ʗʄʈ (ʉDCl3) ʢʦʤʧʣʝʢʩʘ 7 ʧʨʦʪʦʥʳ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢʘʨʙʝʥʘ ʜʘʶʪ ʜʚʘ 

ʩʠʛʥʘʣʘ, ʘ ʥʝ ʦʜʠʥ ʢʘʢ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʢʦʤʧʣʝʢʩʦʚ 4-6, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʚʨʘʱʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʟʘʪʨʫʜʥʝʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʘʪʦʤʦʚ ʠʦʜʘ. 
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3.2. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ 

ʩ Me2Im 

 

ʂʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʜʦʥʠʨʦʚʘʥʠʷ 

ʥʝʧʦʜʝʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ʭʘʣʴʢʦʛʝʥʘ. ʈʘʥʝʝ [190] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʨʤʦʣʠʟʝ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣ: ʭʘʣʴʢʦʛʝʥ = 1:1 

ʦʙʨʘʟʫʝʪʩʷ ʦʩʪʘʪʦʢ ʠʟ ʭʘʣʴʢʦʛʝʥʠʜʘ ʤʝʪʘʣʣʘ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʣʣʘ ʚ ʵʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʦʣʥʦʤʫ ʦʪʱʝʧʣʝʥʠʶ ʢʘʨʙʦʥʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢʞʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ [73], ʯʪʦ ʚʚʝʜʝʥʠʝ ʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʘʨʙʠʜʦʚ ʠ ʦʢʩʠʜʦʚ ʧʨʠ ʪʝʨʤʦʨʘʩʧʘʜʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʤʝʪʘʣʣ : ʭʘʣʴʢʦʛʝʥ = 2 : 1. ʇʦʩʢʦʣʴʢʫ ʧʦ ʪʠʧʫ ʩʚʷʟʳʚʘʥʠʷ ʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩʭʦʜʥʳ 

ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦʣʘ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫

ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʪʝʨʤʦʣʠʟʘ ʠ ʥʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ Me2Im.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ 4 ʩ ʧʨʦʜʫʢʪʦʤ ʦʙʣʫʯʝʥʠʷ CpMn(CO)3 ʚ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

CpFe(CO)(Me2Im)(ɛ-SPh)Mn(CO)2Cp (8) (ʩʭʝʤʘ 3.9). 

 

ʉʭʝʤʘ 3.9. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʝʢʩʘ 8. 

ɺ ʢʦʤʧʣʝʢʩʝ 8 (ʨʠʩʫʥʦʢ 3.11) ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ ʪʠʦʣʘʪʥʳʤ ʤʦʩʪʠʢʦʤ. 

ɹʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ FeïS ʚ ʢʦʤʧʣʝʢʩʝ 8 (2.2920(5) ¡) ʠ ʢʦʤʧʣʝʢʩʝ 4b (2.298(2) Å) 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʘ 4ʘ (2.3248(9) ¡) ʦʙʲʷʩʥʷʝʪʩʷ ʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʧʦʣʦʞʝʥʠʷ 

ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ɸ ʜʣʠʥʘ ʩʚʷʟʠ FeïCNHC (1.961(2) ¡ ʜʣʷ 8), ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʣʘʩʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ (1.948(3) ¡ ʜʣʷ 4a ʠ 1.957(4) ¡ ʜʣʷ 4b). 
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ʈʠʩʫʥʦʢ 3.11. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 8. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Fe(1)ïS(1) 2.2920(5), Fe(1)ïC(2) 1.961(2), Fe(1)ïC(1) 1.743(2), Mn(1)ïS(1) 

2.3293(6) ¡ ʠ C(1)Fe(1)S(1) 90.73(7)Á, C(2)Fe(1)S(1) 88.96(6)Á, Fe(1)S(1)Mn(1) 122.51(2)Á, C(19)S(1)Fe(1) 

107.82(7)°, C(19)S(1)Mn(1) 104.71(7)°. 

 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 8 ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

1917, 1894 ʠ 1824 cʤ-1. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʂ-ʩʧʝʢʪʨʦʤ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʭʦʞʝʛʦ 

ʩʪʨʦʝʥʠʷ ʩ ʤʦʩʪʠʢʦʚʦʡ ʬʝʥʠʣʪʝʣʣʫʨʠʜʥʦʡ ʛʨʫʧʧʦʡ (1948, 1900 ʠ 1839 ʩʤ-1 ʚ KBr) [191], ʜʣʷ 

ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 8 ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʉʆ ʛʨʫʧʧ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ 

ʀʂ-ʩʧʝʢʪʨʘ. 

ʇʦ ʜʘʥʥʳʤ ʊɻɸ-ɼʉʂ ʢʦʤʧʣʝʢʩʘ 8 ʪʝʨʤʦʨʘʩʧʘʜ ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ (ʩʭʝʤʘ 3.10). 

ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʩʝʨʳ, 

ʟʘʪʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 168-206 ʦʉ ʦʪʱʝʧʣʷʝʪʩʷ ʢʘʨʙʝʥʦʚʳʡ ʣʠʛʘʥʜ, ʚ ʠʥʪʝʨʚʘʣʝ 

206-309 ʦʉ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʬʝʨʨʦʮʝʥʘ, ʘ ʦʩʪʘʪʦʢ ʩʦʩʪʦʠʪ ʠʟ ʩʫʣʴʬʠʜʘ ʤʘʨʛʘʥʮʘ. 

 

ʉʭʝʤʘ 3.10. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʪʝʨʤʦʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ 8.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʱʝʧʣʝʥʠʝ Me2Im ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 206 ʦʉ), ʦʜʥʘʢʦ ʵʪʦʪ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʠʟ-ʟʘ ʦʪʱʝʧʣʝʥʠʷ ʬʝʨʨʦʮʝʥʘ. 

ʆʪʱʝʧʣʝʥʠʝ ʬʝʨʨʦʮʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʨʘʩʧʘʜʘ ʙʳʣʦ ʨʘʥʝʝ ʦʧʠʩʘʥʦ ʜʣʷ ʉp2Fe2(CO)4, 

CpFe(CO)2X (X = Br, Cl, I) [192] ʠ [CpFe(CO)SPh] [193]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʭʦʜʝ ʪʝʨʤʦʨʘʩʧʘʜʘ ʠʟ-

ʟʘ ʦʪʱʝʧʣʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʜʝʬʠʮʠʪ ʥʘ ʤʝʪʘʣʣʦʮʝʥʪʨʘʭ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʣʠʛʘʥʜʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 
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ʦʪʱʝʧʣʝʥʠʝ ʬʝʨʨʦʮʝʥʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʘ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʣʠʛʘʥʜʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ. ɺ ʠʪʦʛʝ, ʜʣʷ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʪʦʨʦʡ 

ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʮʠʢʣʦʧʝʪʘʜʠʝʥʠʣʴʥʳʡ ʣʠʛʘʥʜ.  

ʈʝʘʢʮʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ 4 ʠ 5 ʩ ʘʜʜʫʢʪʦʤ W(CO)5(THF), 

ʧʦʣʫʯʝʥʥʳʤ ʋʌ-ʦʙʣʫʯʝʥʠʝʤ ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ ʚ THF (ʩʭʝʤʘ 3.11), ʧʨʠʚʦʜʷʪ ʢ ʩʤʝʩʷʤ ʧʘʨ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: CpFe(CO)(Me2Im)(m-EPh)W(CO)5 (9, E = S; 10, E = Se) ʠ ʧʨʦʜʫʢʪʘʤ ʠʭ 

ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʷ CpFe(CO)(m-EPh)(m-CO)W(Me2Im)(CO)3 (11, E = S; 12, E = Se). ɺ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʦʜʥʦʡ ʉʆ-ʛʨʫʧʧʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʚʷʟʠ FeïW (2.8167(2) ¡ ʚ 11 ʠ 

2.8394(3) ¡ ʚ 12), ʘ ʪʘʢʞʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʦʪ ʘʪʦʤʘ ʞʝʣʝʟʘ ʢ 

ʘʪʦʤʫ ʚʦʣʴʬʨʘʤʘ. ʈʘʥʝʝ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʝʥʦʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʠʪʘ ʤʝʞʜʫ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ, 

ʠʥʠʮʠʠʨʦʚʘʥʥʳʡ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝʤ, ʥʘʙʣʶʜʘʣʩʷ ʚʦ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ 

CpM(CO)(P(OMe)3)(m-SMe)W(CO)5 (M = Mo, W) [194], ʘ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʪʠʦʣʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ W(CO)5(THF). 

 

ʉʭʝʤʘ 3.11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ 4 ʠ 5 ʩ W(CO)5(THF). 

ʇʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʧʨʦʜʫʢʪʦʚ ʚ 

ʚʳʜʝʣʝʥʥʳʭ ʩʤʝʩʷʭ (ʩʦʦʪʥʦʰʝʥʠʝ 9 : 11 = 5 : 1, ʩʦʦʪʥʦʰʝʥʠʝ 10 : 12 = 2 : 1). ʅʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ 

ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʪʨʫʜʥʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

ʚ ʨʘʩʪʚʦʨʝ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 11 ʠ 12 ʩ ʉʆ ʚ ʪʦʣʫʦʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ 9 ʠ 10, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʦʝ ʦʙʨʘʪʠʤʦʝ 

ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʨʘʥʝʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 6 ʛʨʫʧʧʳ 

(ɖ5-CpM(CO)3(m-SR)Mô(CO)5 (M = Mo, W, R = Me, Ph, Mô = Cr, Mo, W). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, 

ʯʪʦ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ CpM(CO)3(m-SR) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʠ ʤʝʪʘʣʣï

ʤʝʪʘʣʣ. 
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ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʜʣʷ 9 (ʨʠʩʫʥʦʢ 3.12) ʠ 10 (ʨʠʩʫʥʦʢ 3.13) ʢʦʦʨʜʠʥʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʞʝʣʝʟʘ ʢ ʬʨʘʛʤʝʥʪʫ W(CO)5 ʧʨʠʚʦʜʠʪ ʢ ʫʢʦʨʦʯʝʥʠʶ ʩʚʷʟʝʡ FeïE (ʥʘ 0.023 ¡ ʜʣʷ 9, ʥʘ 0.024 ¡ 

ʜʣʷ 10), ʧʨʠʯʝʤ ʜʣʠʥʳ ʩʚʷʟʝʡ FeïCNHC ʠ FeïCCO ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʶʪʩʷ. ɸʪʦʤ ʚʦʣʴʬʨʘʤʘ 

ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʛʝʦʤʝʪʨʠʶ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʪʦʷʥʠʷ WïC (1.97 ¡ ʩʨ.), 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ trans-ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʩʪʠʢʦʚʦʛʦ ʬʝʥʠʣʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ, 

ʤʝʥʴʰʝ, ʯʝʤ ʯʝʪʳʨʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷ WïC (2.04 ¡ ʩʨ.). ʈʘʥʝʝ ʪʘʢʠʝ ʞʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ CpFe(CO)2(m-SPh)W(CO)5 [195]. 

 

ʈʠʩʫʥʦʢ 3.12. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 9. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-S(1) 2.591(1), W(1)-C(7) 1.966(4), W(1)-C(8) 2.046(4), W(1)-C(9) 2.045(4), 

W(1)-C(10) 2.031(4), W(1)-C(11) 2.045(4), Fe(1)-S(1) 2.302(1), Fe(1)-C(1) 1.745(4), Fe(1)-C(2) 1.957(4) ¡ ʠ 

Fe(1)S(1)W(1) 119.43(4), C(12)S(1)W(1) 103.62(13)º. 

 

ʈʠʩʫʥʦʢ 3.13. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 10. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-Se(1) 2.6961(6), W(1)-C(7) 1.964(7), W(1)-C(8) 2.036(7), 

W(1)-C(9) 2.057(7), W(1)-C(10) 2.040(6), W(1)-C(11) 2.036(7), Se(1)-Fe(1) 2.410(1), Se(1)-C(12) 1.929(6), 

Fe(1)-C(1) 1.744(6), Fe(1)-C(2) 1.958(6) ¡ ʠ Fe(1)Se(1)W(1) 116.82(3)º. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʠ W-Fe ʚ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 11 (ʨʠʩʫʥʦʢ 3.14) ʠ 

12 (ʨʠʩʫʥʦʢ 3.15) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʢʦʨʦʯʝʥʠʝʤ ʩʚʷʟʝʡ FeïE (2.2503(3), 2.3626(3) ¡) ʠ WïE 

(2.4720(3) ʠ 2.5827(2)¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʚ ʢʦʤʧʣʝʢʩʘʭ 9 ʠ 10 

(FeïS 2.302(1), FeïSe 2.410(1), WïS 2.591(1), WïSe 2.6961(6) ¡). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʥʘ 1759 cʤ-1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʣʝʙʘʥʠʷʤ ʤʦʩʪʠʢʦʚʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʉ6D6, ʩʧʝʢʪʨʳ ʥʘ ʷʜʨʘʭ 
13ʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʨʘʩʪʚʦʨʦʚ ʚ CDCl3, ʥʦ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʢʨʳʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ CH ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʠ ʧʨʦʪʦʥʦʚ ʬʝʥʠʣʴʥʦʛʦ 

ʢʦʣʴʮʘ. ɺ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʢʦʤʧʣʝʢʩʦʚ 11 ʠ 12 ʤʝʪʠʣʴʥʳʤ ʧʨʦʪʦʥʘʤ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʘʜʘ 

ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʩʠʛʥʘʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʦʙʦʜʥʦʤ ʚʨʘʱʝʥʠʠ Me2Im, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʦʤʧʣʝʢʩʦʚ 9 ʠ 10, ʛʜʝ ʚʨʘʱʝʥʠʝ ʢʘʨʙʝʥʘ ʟʘʪʨʫʜʥʝʥʦ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʜʚʫʤ ʩʠʛʥʘʣʘʤ ʧʨʦʪʦʥʦʚ 

ʤʝʪʠʣʦʚ ʚ ʩʧʝʢʪʨʘʭ.  

 
ʈʠʩʫʥʦʢ 3.14. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 11. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-Fe(1) 2.81665(17), W(1)-S(1) 2.4720(3), W(1)-C(4) 1.9978(12), 

W(1)-C(5) 2.0303(12), W(1)-C(3) 2.0353(12), W(1)-C(6) 2.2461(11), W(1)-C(2) 2.0470(12), Fe(1)-S(1) 

2.2503(3), Fe(1)-C(2) 2.1683(11) ¡ ʠ O(2)C(2)W(1) 154.22(10), Fe(1)S(1)W(1) 73.062(9)º. 

 
ʈʠʩʫʥʦʢ 3.15. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 12. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-Se(1) 2.58267(19), W(1)-Fe(1) 2.8394(3), W(1)-C(2) 2.0474(15), 

W(1)-C(3) 2.0342(15), W(1)-C(4) 1.9885(15), W(1)-C(5) 2.0286(14), W(1)-C(6) 2.2461(14), Se(1)-Fe(1) 

2.3626(3), Se(1)-C(16) 1.9282(13), Fe(1)-C(1) 1.7523(14), Fe(1)-C(2) 2.1629(14) ¡ ʠ Fe(1)Se(1)W(1) 

69.920(7), C(16)Se(1)Fe(1) 107.18(4), O(2)C(2)W(1) 153.58(12) º.  
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ 4 ʠ 5, ʨʝʘʢʮʠʷ ʩʭʦʞʝʛʦ ʬʝʥʠʣʪʝʣʣʫʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 6 ʩ 

W(CO)5(THF) (ʩʭʝʤʘ 3.12) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʉʨFe(CO)(Me2Im)(m-TePh)W(CO)5 (13, ʨʠʩʫʥʦʢ 3.16). ɼʘʣʴʥʝʡʰʝʝ ʦʙʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

ʉʭʝʤʘ 3.12. ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 13. 

 

ʈʠʩʫʥʦʢ 3.16. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 13. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-Te(1) 2.8441(4), W(1)-C(18) 2.034(5), W(1)-C(20) 2.042(5), 

W(1)-C(22) 1.973(5), W(1)-C(21) 2.041(5), W(1)-C(19) 2.039(5), Te(1)-Fe(1) 2.5584(7), Te(1)-C(12) 2.133(4), 

Fe(1)-C(1) 1.958(4), Fe(1)-C(6) 1.746(5) ¡ ʠ Fe(1)Te(1)W(1) 114.513(18), C(12)Te(1)W(1) 101.01(12), 

C(12)Te(1)Fe(1) 104.46(12)º. 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʝʥʦʩʘ ʣʠʛʘʥʜʦʚ ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʞʝʣʝʟʘ  

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ W(CO)5(THF) ʩʦ ʩʭʦʞʠʤ ʬʦʩʬʠʥʦʚʳʤ ʪʠʦʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

CpFe(CO)(PPh3)SPh. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʨʙʝʥʦʚʦʛʦ ʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 4 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ CpFe(CO)(PPh3)SPh ʩ W(CO)5(THF) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ CpFe(CO)(PPh3)(m-SPh)W(CO)5 (14). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ 14 (ʨʠʩʫʥʦʢ 3.17) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ 

ʉʨFe(CO)(m-SPh)(m-CO)W(PPh3)(CO)3 (15) (ʨʠʩ. 3.18) ʩʦ ʩʚʷʟʴʶ FeïW (2.8094(4) ¡), ʘ ʪʘʢʞʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ PPh3 ʣʠʛʘʥʜʘ ʦʪ ʘʪʦʤʘ ʞʝʣʝʟʘ ʢ ʘʪʦʤʫ ʚʦʣʴʬʨʘʤʘ (ʩʭʝʤʘ 3.13). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 14 ʧʨʦʠʩʭʦʜʠʪ ʜʦʣʴʰʝ 

(1 ʯ 40 ʤʠʥ), ʯʝʤ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 9 ʠ 10 (10 ʤʠʥ ʠ 20 ʤʠʥ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʝʨʝʥʦʩ ʬʦʩʬʠʥʘ ʢ ʘʪʦʤʫ ʚʦʣʴʬʨʘʤʘ ʚ 15 ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʂʉʉɺ 183W-31P (262 Hz) ʚ ʩʧʝʢʪʨʝ 31P ʠ ʂʉʉɺ 31Pï3C ʜʣʷ ʯʝʪʳʨʝʭ ʠʟ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʧʝʢʪʨʝ 13C. ʈʘʥʝʝ ʪʘʢʦʝ ʞʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ 

Mo-W ʢʦʤʧʣʝʢʩʘ ʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʬʦʩʬʠʪʦʤ [194]. 

 

ʉʭʝʤʘ 3.13. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 14 ʠ 15. 

 

ʈʠʩʫʥʦʢ 3.17. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 14. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-S(1) 2.5751(5), W(1)-C(2) 2.050(2), W(1)-C(3) 2.040(2), 

W(1)-C(4) 2.028(2), W(1)-C(5) 1.966(2), W(1)-C(6) 2.041(2), Fe(1)-S(1) 2.3065(6), Fe(1)-P(1) 2.2342(5), 

Fe(1)-C(1) 1.756(2), Fe(1)S(1)W(1) 120.94(2), C(12)S(1)W(1) 105.77(7), C(12)S(1)Fe(1) 115.42(7). 

 

ʈʠʩʫʥʦʢ 3.18. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 15. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)-Fe(1) 2.8094(4), W(1)-S(1) 2.4706(7), W(1)-P(1) 2.5362(7), 

W(1)-C(2) 2.050(3), W(1)-C(3) 2.022(3), W(1)-C(4) 1.990(3), W(1)-C(5) 2.047(3), Fe(1)-S(1) 2.2349(8), 

Fe(1)-C(1) 1.757(3), Fe(1)S(1)W(1) 73.12(2), O(2)C(2)W(1) 155.4(2). 
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3.3 ʂʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʢʝʣʷ 

 

ʂʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ CpNi(Me2Im)I, ʠʟʦʣʦʙʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩʫ ʞʝʣʝʟʘ 2, ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʘʥʝʝ [158] ʩ ʧʦʤʦʱʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʤʠʜʘʟʦʣʠʝʚʦʡ ʩʦʣʠ ʢ 

ʥʠʢʝʣʦʮʝʥʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʫ ʨʝʘʢʮʠʠ ʝʩʪʴ ʪʘʢʠʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʪʝʢʘʥʠʷ ʠ ʧʣʦʭʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ 

CpNi(Me2Im)I ʙʳʣ ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ CpNi(Me2Im)TeFcI2 (16), ʩ ʧʦʤʦʱʴʶ 

ʚʥʝʜʨʝʥʠʷ ʬʝʨʨʦʮʝʥʠʣʪʝʣʣʫʨʠʦʜʠʜʘ (FcTeI) ʧʦ ʩʚʷʟʠ ʛʘʣʦʛʝʥ ï ʤʝʪʘʣʣ (ʩʭʝʤʘ 3.14). ʊʘʢʦʡ 

ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪʘ FcTeI ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʉʨFe(CO)2I [196]. 

 

ʉʭʝʤʘ 3.14. ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 16. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 16 (ʨʠʩʫʥʦʢ 3.19) ʩʚʷʟʴ TeïNi, ʨʘʚʥʘʷ 2.44 ¡, ʩʠʣʴʥʦ 

ʫʢʦʨʦʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʤʤʦʡ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ (ʉʂʈ = 2.62 ¡ [189]), ʘ ʜʚʝ ʩʚʷʟʠ TeïI, 

ʨʘʚʥʳʝ 2.97 ¡ ʠ 3.00 ¡, ʥʘʦʙʦʨʦʪ, ʫʜʣʠʥʝʥʳ (ʉʂʈ = 2.77 ¡). ʊʘʢʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʦʙʲʷʩʥʷʶʪʩʷ 

ʦʙʨʘʪʥʳʤ ʜʦʥʠʨʦʚʘʥʠʝʤ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʥʠʢʝʣʷ ʥʘ ʘʪʦʤ ʪʝʣʣʫʨʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʟʨʳʭʣʝʥʠʝʤ ʩʚʷʟʝʡ TeïI. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʞʝʣʝʟʘ 

7, ʩʦʜʝʨʞʘʱʠʤ ʬʨʘʛʤʝʥʪ ïTePhI2.  

 

ʈʠʩʫʥʦʢ 3.19. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 16. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Ni(1)ïC(6) 1.873(6), Ni(1)ïTe(1) 2.4407(8), Te(1)ïI(1) 2.9686(6), 

Te(1)ïI(2) 3.0015(6) ¡ ʠ Ni(1)Te(1)I(1) 96.08(2)°, Ni(1)Te(1)I(2) 90.55(2)°, I(1)Te(1)I(2) 171.044(18)°. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʤʧʣʝʢʩ 16 ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ, ʪ.ʢ. ʚ ʭʦʜʝ ʧʠʨʦʣʠʟʘ ʧʨʦʠʟʦʡʜʝʪ 

ʦʪʝɦʧʣʝʥʠʝ ʬʝʨʨʦʮʝʥʘ, ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 8. ʇʦʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ï 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ï ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʊʠʦʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ ʩ Me2Im ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʪʝʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʠ ʢʦʤʧʣʝʢʩʳ 

ʞʝʣʝʟʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Me2ImCO2 c ʜʠʤʝʨʥʳʤ ʪʠʦʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʩʭʝʤʘ 3.15). 

ʄʦʥʦʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʉʨNi(Me2Im)SPr (17), ʧʦʣʫʯʝʥʥʳʡ ʚ ʚʠʜʝ ʢʦʨʠʯʥʝʚʦʛʦ ʤʘʩʣʘ, ʙʳʩʪʨʦ 

ʦʢʠʩʣʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʦʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ CpNi(Me2Im)S(O)2Pr (18), ʢʦʪʦʨʳʡ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ʉʭʝʤʘ 3.15. ʇʦʣʫʯʝʥʠʝ ʥ-ʧʨʦʧʠʣʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʩ Me2Im 17 ʠ 18. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʢʦʤʧʣʝʢʩʘ 17 (ʨʠʩʫʥʦʢ 3.20) ʜʣʠʥʘ ʩʚʷʟʠ NiïS ʩʦʩʪʘʚʣʷʝʪ 2.1319(5) ¡. 

ɼʣʷ ʧʦʭʦʞʠʭ ʪʠʦʣʘʪ-ʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ CpNi(PPh3)SPh [197] ʠ CpNi(PPh3)S(p-C6H4F) 

[198] ʜʣʠʥʳ ʩʚʷʟʠ NiïS ʩʦʩʪʘʚʣʷʶʪ 2.192 ʠ 2.199 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ ʢʘʨʙʝʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ 

CpNi(Mes2Im)[S(p-C6H4OMe)] ï 2.192 Å [199]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʴ NiïS ʚ ʢʦʤʧʣʝʢʩʝ 18 

ʢʦʨʦʯʝ, ʯʝʤ ʚ ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʝʨʝʜʘʯʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʦʪ ʤʝʪʘʣʣʘ ʥʘ ʨʘʟʨʳʭʣʷʶʱʠʝ ʦʨʙʠʪʘʣʠ ʩʚʷʟʠ SïO. 

 

ʈʠʩʫʥʦʢ 3.20. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 18. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Ni(1)ïS(1) 2.1319(5), Ni(1)ïC(1) 1.885(2), S(1)ïO(2) 1.471(2), 

S(1)ïO(1) 1.460(2) ¡ ʠ C(1)Ni(1)S(1) 89.18(5)°, O(1)S(1)O(2) 114.33(11)°. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʭʦʜʩʪʚ ʠ ʨʘʟʣʠʯʠʡ ʚ ʩʪʨʦʝʥʠʠ, ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦ 

ʩʪʝʨʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʝʥʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʘʥʘʣʦʛ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ 17 ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤ ʢʘʨʙʝʥʦʤ Mes2Im. ʂʦʤʧʣʝʢʩ ʉʨNi(Mes2Im)SPr (19), 

ʩʦʜʝʨʞʘʱʠʡ ʢʘʨʙʝʥʦʚʳʡ ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜʳ, ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʜʚʝ ʩʪʘʜʠʠ: ʥʘ ʧʝʨʚʦʡ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʳʣ ʚʚʝʜʝʥ ʢʘʨʙʝʥ [153], ʟʘʪʝʤ ʘʪʦʤ ʭʣʦʨʘ 

ʟʘʤʝʩʪʠʣʠ ʥʘ ʪʠʦʣʘʪʥʫʶ ʛʨʫʧʧʫ SPr ʜʝʡʩʪʚʠʝʤ ʥ-ʧʨʦʧʠʣʪʠʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ 

(ʩʭʝʤʘ 3.16). ʕʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʝʘʢʮʠʷʤʠ ʜʣʷ ʘʨʠʣʤʝʨʢʘʧʪʘʥʦʚ [199]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʢʠʣʤʝʨʢʘʧʪʘʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ (ʩ 2 ʯ ʜʦ 48 ʯ). ʊʘʢʞʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ 19 ʚ ʦʪʣʠʯʠʝ ʦʪ ʝʛʦ ʘʨʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʦʙʣʘʜʘʝʪ ʥʝʦʞʠʜʘʥʥʳʤ 

ʩʚʦʡʩʪʚʦʤ: ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ 

ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʪʠʦʣʘʪʥʦʡ ʛʨʫʧʧʳ ʥʘ ʭʣʦʨʠʜ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʠʩʭʦʜʥʦʛʦ ʭʣʦʨʠʜʘ (67%). ʇʦʜʦʙʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 17 ʩ Me2Im. 

 

ʉʭʝʤʘ 3.16. ʇʦʣʫʯʝʥʠʝ ʥ-ʧʨʦʧʠʣʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ ʩ Mes2Im 19. 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 19 (ʨʠʩʫʥʦʢ 3.21) ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ɼʣʠʥʘ ʩʚʷʟʠ Ni-CNHC 

(1.874(1) ¡) ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.83-1.92 ¡, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʚʷʟʷʤ Ni-CNHC ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʩʪʘʚʘ CpNi(Mes2Im)X (X = Cl, SPh, SC6H4OMe), ʪʦʛʜʘ ʢʘʢ ʜʣʠʥʘ ʩʚʷʟʠ Ni-S (2.1873(5) Å) 

ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ Mes2Im, ʩʦʜʝʨʞʘʱʠʭ ʘʨʠʣʪʠʦʣʘʪʳ (2.19-2.20 Å) [199]. 

 

ʈʠʩʫʥʦʢ 3.21. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 19. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Ni(1)ïS(1) 2.1873(5), Ni(1)ïC(1) 1.874(1) ¡ ʠ C(1)Ni(1)S(1) 

89.18(5)°. 
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ʅʝʘʨʦʤʘʪʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ ʩʝʨʳ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʥʘ ʷʜʨʘʭ 1ʅ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 19. ʊʘʢ, ʩʠʛʥʘʣ ʧʨʦʪʦʥʦʚ ʉʨ 

ʢʦʤʧʣʝʢʩʘ 19 (4.92 ʤ.ʜ.) ʩʤʝʱʝʥ ʚ ʦʙʣʘʩʪʴ ʩʣʘʙʦʛʦ ʧʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʉpNi(Mes2Im)SAr (4.63 ï 4.75 ʤ.ʜ.), 

ʘ ʩʠʛʥʘʣ ʧʨʦʪʦʥʦʚ ʠʤʠʜʘʟʦʣʠʝʚʦʛʦ ʢʦʣʴʮʘ (6.17 ʤ.ʜ.), ʥʘʧʨʦʪʠʚ, ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʩʠʣʴʥʦʛʦ 

ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʉpNi(Mes2Im)SAr (7.01 ʤ.ʜ.) [199]. ʕʪʠ ʞʝ ʪʝʥʜʝʥʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʝʘʨʠʣʴʥʳʤʫ ʢʘʨʙʝʥʫ: ʚ ʩʧʝʢʪʨʝ ʗʄʈ ʥʘ ʷʜʨʘʭ 1ʅ ʢʦʤʧʣʝʢʩʘ 17 ʭʠʤʠʯʝʩʢʠʡ 

ʩʜʚʠʛ ʧʨʦʪʦʥʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩʦʩʪʘʚʣʷʝʪ 5.25 ʤ.ʜ., ʘ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ 

ʧʨʦʪʦʥʦʚ ʠʤʠʜʘʟʦʣʠʝʚʦʛʦ ʢʦʣʴʮʘ ï 6.04 ʤ.ʜ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ 17 ʠ 19 ʩ ʘʜʜʫʢʪʦʤ W(CO)5(ʊHF), ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ 

ʦʙʣʫʯʝʥʠʠ ʢʘʨʙʦʥʠʣʘ ʚʦʣʴʬʨʘʤʘ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ, ʧʨʠʚʦʜʠʪ ʢ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʘʤ ʩʦʩʪʘʚʘ ʉʨNi(NHC)(m-SPr)W(CO)5 (ʩʭʝʤʘ 3.17). ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʦʙʣʫʯʝʥʠʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ 9, 10 ʠ 14. ʕʪʦ ʦʪʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʟʦʣʦʙʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 17 ʠ 19 ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʢ ʘʪʦʤʫ ʥʠʢʝʣʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʦʪʱʝʧʣʝʥʠʝ 

ʢʦʪʦʨʦʡ ʠ ʠʥʠʮʠʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. 

 

ʉʭʝʤʘ 3.17. ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni-W 20 ʠ 21. 

ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ CpNi(Me2Im)(m-SPr)W(CO)5 (20) ʠ CpNi(Mes2Im)(m-SPr)W(CO)5 

(21) ʠʤʝʶʪ ʩʭʦʜʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩʫʥʢʠ 3.22 ʠ 3.23). ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʦʙʘ ʢʦʤʧʣʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʦ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣʳ ʚ ʷʯʝʡʢʝ. ɼʣʠʥʳ ʩʚʷʟʝʡ NiïS ʚ 20 (2.1933(7) ʠ 

2.1951(7) ¡) ʤʝʥʴʰʝ, ʯʝʤ ʚ 21 (2.2139(8) ʠ 2.207(1) ¡), ʪʘʢʞʝ ʠ ʩʚʷʟʠ NiïʉNHC (1.882(3) ʠ 

1.879(3)¡) ʚ 20 ʢʦʨʦʯʝ, ʯʝʤ ʚ 21 (1.903(3) ʠ 1.900(3) ¡). ʇʦʜʦʙʥʳʝ ʫʢʦʨʦʯʝʥʠʷ ʩʚʷʟʝʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʝʡ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʨʘʛʤʝʥʪʘ Me2Im ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Mes2Im. 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʟʣʠʯʠʝ ʚ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚ S-Ni-CNHC (91.78(9) ʠ 92.32(9)° ʜʣʷ 20 ʠ 

96.44(9) ʠ 95.7(1)Á ʜʣʷ 21), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʙʦʣʴʰʠʤ ʩʪʝʨʠʯʝʩʢʠʤ ʦʙʲʝʤʦʤ 

Mes2Im ʧʦ ʩʨʘʚʥʝʥʠʶ c Me2Im.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʷʟʴ NiïCNHC ʨʘʚʥʘ 1.882(3) ʠ 1.879(3) ¡ ʚ 20 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʣʴʬʦʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 18 (1.885(2) ¡), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʜʨʫʛʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʩʚʷʟʴ ʤʝʪʘʣʣ ï ʢʘʨʙʝʥ.  
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ʈʠʩʫʥʦʢ 3.22. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 20. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. ʇʦʢʘʟʘʥʘ 

ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ. ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)ïS(1) 2.5797(7), 

W(2)ïS(2) 2.5866(6), Ni(1)ïS(1) 2.1933(7), Ni(2)ïS(2) 2.1951(7), Ni(1)ïC(1) 1.882(3), Ni(2)ïC(19) 1.879(3) 

¡ ʠ Ni(1)S(1)W(1) 109.66(3)°, Ni(2)S(2)W(2) 112.69(3), S(1)Ni(1)C(1) 91.78(9), S(2)Ni(2)C(19) 92.32(9)°. 

 

ʈʠʩʫʥʦʢ 3.23. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 21. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): W(1)ïS(1) 2.5931(7), W(2)ïS(2) 2.5800(9), Ni(1)ïS(1) 2.2139(8), 

Ni(2)ïS(2) 2.207(1), Ni(1)ïC(6) 1.903(3), Ni(2)ïC(40) 1.900(3) ¡ ʠ Ni(1)S(1)W(1) 116.46(3), Ni(2)S(2)W(2) 

117.30(3), S(1)Ni(1)C(6) 96.44(9), S(2)Ni(2)C(40) 95.7(1)°. 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʬʨʘʛʤʝʥʪʘ W(CO)5 ʚ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʘ 21 ʩ Mes2Im (2058, 1963, 1905, 1875 cʤï1) ʠ ʢʦʤʧʣʝʢʩʘ ʩ Me2Im 20 (2058, 1965, 1895 ʠ 

1873 cʤï1) ʥʝ ʚʳʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʥʘ ʩʚʷʟʳʚʘʥʠʝ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʩ ʩʦʩʝʜʥʠʤ ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ.  

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʨʤʦʨʘʩʧʘʜʘ ʠ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʳʣʠ 
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ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 20 ʠ 21 ʤʝʪʦʜʦʤ ʊɻɸ-ɼʉʂ (ʨʠʩʫʥʦʢ 3.24). ʇʠʨʦʣʠʟ 

ʢʦʤʧʣʝʢʩʘ 20 ʧʨʦʠʩʭʦʜʠʪ ʩʪʫʧʝʥʯʘʪʦ, ʦʜʥʘʢʦ ʙʝʟ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ. ʉʫʜʷ ʧʦ ʧʦʪʝʨʷʤ 

ʤʘʩʩʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʪʝʨʤʦʨʘʩʧʘʜʘ (ʩʭʝʤʘ 3.18). ɺ ʠʥʪʝʨʚʘʣʝ 

92-182 °C ʧʨʦʠʩʭʦʜʠʪ ʜʝʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʠ ʦʪʱʝʧʣʝʥʠʝ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ 

ʩʝʨʳ, ʜʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʜʦ 550 ÁC ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʪʘʪʢʘ { NiWS}  (46.38%, 44.36% ï ʪʝʦʨʝʪʠʯʝʩʢʠ). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ [190] ʜʣʷ ʩʭʦʞʠʭ 

ʬʦʩʬʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ: ʚʚʝʜʝʥʠʝ Me2Im, ʢʘʢ ʠ ʬʦʩʬʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ, ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʦʚ ʠ ʦʢʩʠʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʣʠʟʘ. 

 

ʈʠʩʫʥʦʢ 3.24. ɼʘʥʥʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 20 ʠ 21.  

 

 

ʉʭʝʤʘ 3.18. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʪʝʨʤʦʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ 20. 

ʇʦ ʜʘʥʥʳʤ ʊɻɸïɼʉʂ, ʪʝʨʤʦʨʘʩʧʘʜ ʢʦʤʧʣʝʢʩʘ 21 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʫʧʝʥʯʘʪʦ 

(ʩʭʝʤʘ 3.19): ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 101-137 °C ʦʪʱʝʧʣʷʝʪʩʷ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʉʆ, ʟʘʪʝʤ ʚ 

ʠʥʪʝʨʚʘʣʝ 137-156 °C ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʝʱʝ ʜʚʫʭ ʉʆ ʠ ʜʘʣʝʝ ʚ ʠʥʪʝʨʚʘʣʝ 156-190 °C 

ʦʪʱʝʧʣʷʶʪʩʷ ʦʩʪʘʚʰʠʝʩʷ ʜʚʝ ʤʦʣʝʢʫʣʳ ʉʆ. ʆʩʪʘʣʴʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʦʪʱʝʧʣʷʶʪʩʷ 

ʯʘʩʪʠʯʥʦ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 500 ÁC. ɼʘʣʴʥʝʡʰʠʡ ʥʘʛʨʝʚ ʜʦ 550 °C ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʤʘʩʩʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʩʪʘʪʦʢ (46.85%) ʤʦʞʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʩʫʣʴʬʠʜʦʚ ʥʠʢʝʣʷ ʠ ʚʦʣʴʬʨʘʤʘ ({ NiWS}, 33.19%), ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ (13.66%). 



87 

 

 

ʉʭʝʤʘ 3.19. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʪʝʨʤʦʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ 21. 

ʊʘʢʞʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʠʦʣʘʪʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ 17 ʠ 19 ʩ ʘʜʜʫʢʪʦʤ ʉʨMn(CO)2(THF), 

ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʚʦʨʘ ʉʨMn(CO)3 ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʋʌ-ʩʚʝʪʦʤ (ʩʭʝʤʘ 3.20).  

 

ʉʭʝʤʘ 3.20. ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ni-Mn. 

ʂʦʤʧʣʝʢʩʳ CpNi(Me2Im)(m-SPr)Mn(CO)2Cp (22) ʠ CpNi(Mes2Im)(m-SPr)Mn(CO)2Cp (3) 

ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʨʠʩʫʥʢʠ 3.25 ʠ 3.26). ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʚʷʟʠ NiïS, NiïCsp2 ʠ 

MnïS ʚ 22 ʢʦʨʦʯʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʩʚʷʟʠ ʚ 23, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʙʦʣʴʰʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʥʦʨʥʦʩʪʴʶ Me2Im ʧʦ ʩʨʘʚʥʝʥʠʶ c Mes2Im, ʘ ʪʘʢʞʝ ʩʪʝʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʨʘʟʥʠʮʝ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ Ni-S-Mn (112.33(3)Á ʜʣʷ 22 ʠ 122.11(4)Á ʜʣʷ 23). 

 
ʈʠʩʫʥʦʢ 3.25. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 22. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Ni(1)ïS(1) 2.2087(7), Ni(1)ïC(1) 1.884(3), Mn(1)ïS(1) 2.3308(7) ¡ ʠ 

C(1)Ni(1)S(1) 93.96(8), Ni(1)S(1)Mn(1) 112.33(3)°. 
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ʈʠʩʫʥʦʢ 3.26. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 23. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Ni(1)ïS(1) 2.2152(9), Ni(1)ïC(1) 1.897(3), Mn(1)ïS(1) 2.3537(9) ¡ ʠ 

C(1)Ni(1)S(1) 95.43(9), Ni(1)S(1)Mn(1) 122.11(4)°. 

 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 22 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʥʘ 1891 ʠ 1803 cʤï1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʬʨʘʛʤʝʥʪʘ ʉʨMn(CO)2, ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 23 

ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪ ʩʦʩʪʘʚʣʷʶʪ 1896 ʠ 1827 cʤï1. ʀʟ ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʢʦʤʧʣʝʢʩʝ ʙʦʣʝʝ ʜʦʥʦʨʥʦʛʦ Me2Im ʢʘʨʙʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ  

ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʧʦʣʥʦʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʉʆ, ʦʜʥʘʢʦ ʩʤʝʱʘʝʪ ʯʘʩʪʦʪʫ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʉʆ ʧʨʠʤʝʨʥʦ ʥʘ 25 ʩʤ-1 ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ. 

Cʨʘʚʥʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʠʟʦʣʦʙʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ CpMn(CO)2 ʠ 

ʠʟʦʣʦʙʘʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ï 22 (ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ CO ʧʨʠ ʘʪʦʤʝ Mn: 1891 ʠ 1803 cʤ-1) ʠ 8 

(ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ CO ʧʨʠ ʘʪʦʤʝ Mn: 1894 ʠ 1824 cʤ-1) ï ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʨʘʛʤʝʥʪ 

CpNi(Me2Im) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʦʥʦʨʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʘʥʘʣʦʛʦʤ CpFe(CO)(Me2Im). 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 22 (ʨʠʩʫʥʦʢ 3.27) ʪʘʢʞʝ ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʘ 20 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ ʠ ʩ ʧʦʣʥʳʤ ʦʪʱʝʧʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʪʘʪʢʘ { NiMnS}  (28.89%, ʪʝʦʨʝʪʠʯʝʩʢʠ ï 30.93%). 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʝʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʩʭʝʤʘ 3.21). 
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ʈʠʩʫʥʦʢ 3.27. ɼʘʥʥʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʦʚ 22 ʠ 23. 

 

 

ʉʭʝʤʘ 3.21. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʪʝʨʤʦʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ 22. 

ʊʝʨʤʦʨʘʩʧʘʜ ʢʦʤʧʣʝʢʩʘ 23 ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ (ʩʭʝʤʘ 3.22), ʦʜʥʘʢʦ 

ʦʩʪʘʪʦʢ (34.94%) ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʩʪʦʠʪ ʠʟ ʩʫʣʴʬʠʜʦʚ ʥʠʢʝʣʷ ʠ ʤʘʨʛʘʥʮʘ ({ NiMnS},  

21.44%), ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʨʦʜʫʢʪʘʤʠ ʧʠʨʦʣʠʟʘ ʣʠʛʘʥʜʦʚ (13.50%).  

 

ʉʭʝʤʘ 3.22. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʪʝʨʤʦʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ 23. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 21 ʠ 23, 

ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʡ ʢʘʨʙʝʥ Mes2Im, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʛʦ 

ʦʪʱʝʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʚ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ Me2Im ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʦʪʱʝʧʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ Me2Im 

ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʥʳʤʠ ʢʘʨʙʝʥʘʤʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ. 
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3.4. ʇʝʨʝʥʦʩ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 8 ʠ 22, ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʨʝʘʛʠʨʫʷ ʩ ʧʦʣʫʩʵʥʜʚʠʯʝʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʘʨʛʘʥʮʘ, 

ʠʤʝʶʱʠʤʠ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ çʪʨʝʭʥʦʛʦʡ ʪʘʙʫʨʝʪʢʠè. ʇʦʤʠʤʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʎʊʄ ʪʘʢʦʝ ʞʝ 

ʩʪʨʦʝʥʠʝ ʠʤʝʝʪ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ CpMn(CO)2(NO)PF6. 

ʈʝʘʢʮʠʷ CpMn(CO)2(NO)PF6 ʩ ʢʘʨʙʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʞʝʣʝʟʘ 4 (ʩʭʝʤʘ 3.33) ʧʨʦʠʩʭʦʜʠʪ 

ʦʯʝʥʴ ʙʳʩʪʨʦ: ʩʨʘʟʫ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʫʨʥʦʝ ʚʳʜʝʣʝʥʠʝ ʛʘʟʘ. ʆʜʥʘʢʦ 

ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣ ʚʳʜʝʣʝʥ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ʤʘʨʛʘʥʮʘ CpMn(Me2Im)(CO)(NO)PF6 (24).  

 

ʉʭʝʤʘ 3.33. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 24 ʨʝʘʢʮʠʝʡ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ 4 ʠ CpMn(CO)2(NO)PF6. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʚ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ CpMn(CO)2(NO)PF6 ʩ ʬʦʩʬʠʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʞʝʣʝʟʘ ʙʳʣ ʚʳʜʝʣʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʤʦʩʪʠʢʦʚʳʡ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜ (ʩʭʝʤʘ 3.34) [201]. 

 

ʉʭʝʤʘ 3.34. ʇʦʣʫʯʝʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Fe-Mn ʨʝʘʢʮʠʝʡ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʞʝʣʝʟʘ ʠ CpMn(CO)2(NO)PF6. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʛʦ ʞʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ CpMn(CO)2(NO)PF6 ʩ ʢʘʨʙʝʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʥʠʢʝʣʷ 17 ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʤʘʨʛʘʥʮʘ 24 

(ʩʭʝʤʘ 3.35).  

 

ʉʭʝʤʘ 3.35. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 24 ʨʝʘʢʮʠʝʡ ʢʦʤʧʣʝʢʩʘ ʥʠʢʝʣʷ 15 ʠ CpMn(CO)2(NO)PF6. 
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ʂʦʤʧʣʝʢʩ 24 ʧʨʝʜʩʪʘʚʣʷʝʪ (ʨʠʩʫʥʦʢ 3.28) ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʬʦʨʤʘʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ Me2Im. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʝʨʝʥʦʩ ʢʘʨʙʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ ʦʪ ʘʪʦʤʘ ʞʝʣʝʟʘ ʢ ʘʪʦʤʫ ʤʘʨʛʘʥʮʘ. 

 

ʈʠʩʫʥʦʢ 3.28. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 24. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡): Mn(1)ïN(3) 1.733(2), Mn(1)ïC(1) 2.009(2), Mn(1)ïC(6) 1.754(2) Å. 

 

ʇʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʘʝʪ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʠ ʥʠʪʨʦʟʠʣʴʥʦʡ ʛʨʫʧʧ: 2012 (CO), 1770 (NO) ʜʣʷ ʢʦʤʧʣʝʢʩʘ 24 (2125 (CO), 

2075 (CO), 1840 (NO) ʩʤ-1 ʚ ʠʩʭʦʜʥʦʤ CpMn(CO)2(NO)PF6 [202]). ɺ ʩʧʝʢʪʨʝ 1H ʗʄʈ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʥʛʣʝʪʥʳʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ ʚʨʘʱʝʥʠʠ ʣʠʛʘʥʜʘ ʚʜʦʣʴ ʩʚʷʟʠ ʉNHC-Mn ʚ ʨʘʩʪʚʦʨʝ. 

ʇʦʧʳʪʢʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ 24 ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

CpMn(CO)2(NO)PF6 ʩ Me2ImCO2 ʥʝ ʧʨʠʚʝʣʘ ʢ ʚʳʜʝʣʝʥʠʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʜʫʢʪʘ. ʆʜʥʘʢʦ 

ʢʦʤʧʣʝʢʩ 24 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ: 

ʯʝʨʝʟ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʙʠʩʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʝʨʝʙʨʘ (ʩʭʝʤʘ 3.36). 

 

ʉʭʝʤʘ 3.36. ʇʦʧʳʪʢʠ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʨʛʘʥʮʘ 24. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʦʪʣʠʯʥʫʶ 

ʦʪ ʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʭʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɿʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʤʦʛʫʪ 

ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ, ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʪʨʫʜʥʝʥʦ. 
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3.5. ʇʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ ʩ Me2Im 

 

ɻʝʪʝʨʦʤʝʪʘʣʣʣʠʯʝʩʢʠʝ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ ʩʣʫʞʘʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʥʘ ʦʩʥʦʚʝ ʩʧʠʨʪʦʚ. ʊʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ ʷʚʣʷʶʪʩʷ ʣʝʛʢʦʫʜʘʣʷʝʤʦʩʪʴ ʣʠʛʘʥʜʦʚ ʠ ʯʠʩʪʦʪʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.3, Me2Im ʦʪʱʝʧʣʷʝʪʩʷ ʙʝʟ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 300Üʉ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ Me2Im ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʳ, ʥʝ ʧʦʣʫʯʘʶʱʠʝʩʷ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʚʚʠʜʫ ʩʚʦʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ.  

ʈʘʥʝʝ ʩʦʟʜʘʥʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʣʘʪʠʥʳ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ 

ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʦʚʳʡ ʣʠʛʘʥʜ. ʅʦʚʳʡ 

ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ (PPh3)(Me2Im)Pt(PhCſCPh) (25) (ʩʭʝʤʘ 3.37) ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ 

ʜʝʡʩʪʚʠʠ Me2ImCO2 ʥʘ ʙʠʩʬʦʩʬʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ(0) (PPh3)(Me2Im)Pt(PhCſCPh). 

ʂʘʨʙʝʥ, ʛʝʥʝʨʠʨʫʱʠʡʩʷ ʧʨʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʠ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣ-2-ʢʘʨʙʦʢʩʠʣʘʪʘ, 

ʟʘʤʝʱʘʝʪ ʦʜʠʥ ʠʟ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʩ ʠʟʙʳʪʢʦʤ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʢʘʨʙʝʥʘ ʟʘʤʝʱʝʥʠʝ ʚʪʦʨʦʛʦ ʬʦʩʬʠʥʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʅʦʚʳʡ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ (PPh3)(Me2Im)Pt(PhCſCPh) (25) (ʩʭʝʤʘ 3.37) ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʨʠ ʜʝʡʩʪʚʠʠ Me2ImCO2 ʥʘ (PPh3)(Me2Im)Pt(PhCſCPh). ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʟʙʳʪʢʘ 1,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣ-2-ʢʘʨʙʦʢʩʠʣʘʪʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʘʢʮʠʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʢʘʨʙʝʥ ʟʘʤʝʱʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʬʦʩʬʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

 

ʉʭʝʤʘ 3.37. ʇʦʣʫʯʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ 25. 

ɺʚʝʜʝʥʠʝ ʢʘʨʙʝʥʘ ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ(0) ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʩ ʣʠʛʘʥʜʘʤʠ ʠ ʫʢʦʨʦʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 

(PPh3)2Pt(PhCſCPh) (ʨʠʩʫʥʦʢ 3.29). ʊʘʢ, ʜʣʠʥʘ ʩʚʷʟʠ PtïP ʚ ʢʦʤʧʣʝʢʩʝ 25 ʩʦʩʪʘʚʣʷʝʪ 2.2592(9) ¡, 

ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ PtïCPh ʘʮʝʪʠʣʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʨʘʚʥʳ 2.043(3) ʠ 2.032(3) ¡, ʪʦʛʜʘ ʢʘʢ ʚ 

ʠʩʭʦʜʥʦʤ ʙʠʩʬʦʩʬʠʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ: 2.2903(7) ʠ 2.2887(8) ʜʣʷ PtïP, 2.057(3) ʠ 2.050(3) ¡ ʜʣʷ 

PtïC [203].  
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ʈʠʩʫʥʦʢ 3.29. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 25. ɸʪʦʤr ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (º): Pt(1)ïP(1) 2.2592(9), Pt(1)ïC(1) 2.041(3), Pt(1)ïC(6) 2.043(3), 

Pt(1)ïC(7) 2.032(3), (6) ïC(7) 1.303(4) ¡ ʠ P(1)Pt(1)C(1) 94.11(8), P(1)Pt(1)C(6) 115.17(8)°. 

 

ʂʦʤʧʣʝʢʩ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʷʜʨʘʭ 1H, 13C, 31P ʠ 195ʈt. 

ʉʦʛʣʘʩʥʦ 1H ʩʧʝʢʪʨʫ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʩʚʦʙʦʜʥʦʝ ʚʨʘʱʝʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚʦʢʨʫʛ 

ʩʚʷʟʠ PtïCNHC. ʉʧʝʢʪʨʳ ʥʘ ʷʜʨʘʭ 
31ʈ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʂʉʉɺ 31P-195Pt ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʀʟʚʝʩʪʥʦ [204], ʯʪʦ ʙʠʩʬʦʩʬʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ ʚʳʩʪʫʧʘʝʪ ʫʜʦʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

14-ʵʣʝʢʪʨʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ -Pt(PPh3)2 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ (ʪʦʣʘʥʦʤ). ʈʘʥʝʝ [157] ʥʘ ʦʩʥʦʚʝ (PPh3)2Pt(PhCſCPh) 

ʙʳʣ ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ Mo : Pt = 

1 : 2 ʠ ʜʠʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʢ ʪʨʝʤ ʤʝʪʘʣʣʦʮʝʥʪʨʘʤ (ʩʭʝʤʘ 3.38). ʅʝʩʤʦʪʨʷ 

ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʳʜʝʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ 

ʩʠʥʪʝʟʘ, ʚʳʜʝʣʠʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʥʝ ʫʜʘʣʦʩʴ. 

ʉʭʝʤʘ 3.38. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ ʩ CpôMo(CO)3Cl. 

ɺ ʨʝʘʢʮʠʠ ʠʟʦʣʦʙʘʣʴʥʦʛʦ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ 25 ʩ CpôMo(CO)3Cl ʪʘʢʞʝ ʙʳʣ 

ʚʳʜʝʣʝʥ ʪʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ CpôMo(CO)2(C2Ph2)Pt2(Me2Im)2(PPh3)Cl (26) ʚ ʢʘʯʝʩʪʚʝ 

ʤʠʥʦʨʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʦʜʥʘʢʦ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ï ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

CpôMo(CO)3Pt(Me2Im)(PPh3)Cl (27) (ʩʭʝʤʘ 3.39). 
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ʉʭʝʤʘ 3.39. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ 25 ʩ CpôMo(CO)3Cl. 

ʉʪʨʫʢʪʫʨʘ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 26 (ʨʠʩʫʥʦʢ 3.30) ʩ ʜʚʫʤʷ ʩʚʷʟʷʤʠ MoïPt, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʪʦʣʘʥʦʤ, ʧʦʭʦʞʘ ʥʘ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ ʩ CpôMo(CO)3Cl: 

CpôMo(ɛ-CO)2(C2Ph2)Pt2(PPh3)2(CO)Cl, ʤʝʞʜʫ ʪʝʤ, ʟʘʤʝʪʥʳ ʨʘʟʣʠʯʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʬʦʩʬʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ ʢʦʤʧʣʝʢʩ 26 ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʘʨʙʝʥʦʚʳʭ ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʢʘʞʜʳʤ ʘʪʦʤʦʤ ʧʣʘʪʠʥʳ. ɼʦʧʦʣʥʷʶʪ ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʧʣʘʪʠʥʳ ʘʪʦʤ ʭʣʦʨʘ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ 

ʠ ʬʦʩʬʠʥ ʧʨʠ ʚʪʦʨʦʤ ʘʪʦʤʝ ʧʣʘʪʠʥʳ (ʘ ʥʝ ʢʘʨʙʦʥʠʣ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʜʣʷ ʬʦʩʬʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ). 

ʕʪʠ ʨʘʟʣʠʯʠʷ ʧʨʠʚʝʣʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ MoïPt (2.8235(5) ʠ 2.7330(4) ¡) 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʩʬʠʥʦʚʳʤ ʘʥʘʣʦʛʦʤ, ʛʜʝ ʩʚʷʟʠ ʤʝʥʝʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (2.7962(5) ʠ 

2.7699(5) ¡). ɸʮʝʪʠʣʝʥʦʚʳʡ ʣʠʛʘʥʜ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʯʝʪʳʨʝʭ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʫʷ 

ʜʚʝ ů-ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ Pt (2.059(2), 2.090(2) ¡), ʢʦʪʦʨʳʝ ʫʜʣʠʥʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʩʬʠʥʦʚʳʤ 

ʘʥʘʣʦʛʦʤ (2.038 ʠ 2.035 ¡). ʂʨʦʤʝ ʪʦʛʦ, ʪʦʣʘʥ ʦʙʨʘʟʫʝʪ ʦʜʥʫ -́ʩʚʷʟʴ ʩ ʘʪʦʤʦʤ Mo (2.294(3), 

2.231(2) ¡), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʘʮʝʪʠʣʝʥʦʚʦʡ ʩʚʷʟʠ (1.401(4) ¡) ʠ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʫʛʣʦʚ ʉ-ʉ-Ph ʜʦ 127.5(2) ʠ 127.2(2) Ü. 

 
ʈʠʩʫʥʦʢ 3.30. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 26. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (º): Pt(1)ïMo(1) 2.8235(5), Pt(2)ïMo(1) 2.7330(4), Pt(2)ïCl(1) 2.4018(8), 

Pt(1)ïP(1) 2.3428(7), Pt(1)ïC(1) 2.039(3), Pt(2)ïC(6) 2.049(3), Pt(1)ïC(13) 2.059(2), Pt(2)ïC(14) 2.090(2), 

Mo(1)ïC(13) 2.294(3), Mo(1)ïC(14) 2.231(2), C(13)ïC(14) 1.401(4) ¡ ʠ Pt(2)Mo(1)Pt(1) 70.27(1), 

P(1)Pt(1)C(1) 92.84(8), ʉ(14)ʉ(13)C(15) 127.5(2), ʉ(13)ʉ(14)C(21) 127.2(2)°. 



95 

 

ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ï ʢʦʤʧʣʝʢʩ 27 (ʨʠʩʫʥʦʢ 3.31) ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ 

ʚʥʝʜʨʝʥʠʷ ʬʨʘʛʤʝʥʪʘ -Pt(Me2Im)(PPh3) ʧʦ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʥʘʷ ʩʚʷʟʴ 

MoïPt ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʜʚʫʤʷ ʧʦʣʫʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɸʪʦʤ ʧʣʘʪʠʥʳ 

ʠʤʝʝʪ ʩʣʘʙʦ ʠʩʢʘʞʝʥʥʫʶ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ: ʫʛʦʣ Mo-Pt-P ʩʦʩʪʘʚʣʷʝʪ 175Ü, ʠ 

P-Pt-CNHC ʥʘ 3Ü ʧʨʠʙʣʠʟʠʣʩʷ ʢ 90Á ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʫʛʣʦʤ ʚ ʠʩʭʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ 

25. 

 

ʈʠʩʫʥʦʢ 3.31. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 27. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (Ü): Pt(1)ïMo(1) 2.8763(7), Pt(1)ïCl(1) 2.3702(8), Pt(1)ïP(1) 2.2745(9), 

Pt(1)ïC(2) 2.599(3), Pt(1)ïC(3) 2.462(4), Pt(1)ïC(10) 1.972(3), Mo(1)ïC(1) 1.947(4), Mo(1)ïC(2) 1.973(3), 

Mo(1)ïC(3) 1.970(4) ¡ ʠ P(1)Pt(1)C(10) 91.21(8), Mo(1)Pt(1)P(1) 174.86(2), P(1)Pt(1)Cl(1) 88.30(3)°. 

 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʩʣʦʞʥʷʝʪ ʧʦʣʥʫʶ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʘ 27 ʤʝʪʦʜʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʫʯʝʥʥʳʡ ʗʄʈ 

ʩʧʝʢʪʨ ʥʘ ʷʜʨʝ 31ʈ ʜʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʠʟʦʤʝʨʦʚ ʢʦʤʧʣʝʢʩʘ 27 ʚ ʨʘʩʪʚʦʨʝ (31ʈ{H}: 33 ʤ.ʜ., 

1J(31P-195Pt)= 3084 Hz). 

ʇʦʧʳʪʢʠ ʮʝʣʝʥʦʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 26 ʢʘʢ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʧʣʘʪʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʪʘʢ ʠ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʜʚʫʭ 

ʵʢʚʠʚʘʣʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ 25 ʩ CpôMo(CO)3Cl ʥʝ ʧʨʠʚʝʣʠ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ.  

ʈʘʩʯʝʪ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 27 ʠ ʝʛʦ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʙʠʩʬʦʩʬʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ 

(ʩʭʝʤʘ 3.40) ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 27 (-11.5 ʢʢʘʣ/ʤʦʣʴ) 

ʦʙʨʘʟʦʚʘʥʠʝ Cp'Mo(CO)3PtCl(PPh3)2 ʦʢʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʥʳʤ (5.1 ʢʢʘʣ/ʤʦʣʴ). 

ʈʘʩʯʝʪ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦʨʦʤ ʢʘʨʙʝʥ ʟʘʤʝʥʝʥ ʥʘ CO 

(-0.7 ʢʢʘʣ/ʤʦʣʴ) ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʘ ʣʠʛʘʥʜʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ CpôMo(CO)3Cl ʢ ʧʣʘʪʠʥʦʚʦʤʫ ʮʝʥʪʨʫ, ʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. 
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ʉʭʝʤʘ 3.40. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ CpôMo(CO)3Pt(PPh3)Cl(L), 

L = Me2Im, PPh3, CO. 

 

ʊʘʙʣʠʮʘ 2. ɼʘʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

CpôMo(CO)3Pt(PPh3)Cl(L), L = Me2Im, PPh3, CO. 

L ȹH ʦʪʱʝʧʣʝʥʠʷ C2Ph2 ȹH ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

CpôMo(CO)3Cl 

ȹH ʦʙʱʘʷ 

Me2Im 35.34 -46.84 -11.50 

PPh3 36.72 -31.58 5.14 

CO 32.87 -32.27 -0.69 

 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ, ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʘ 27 ʩ ʭʣʦʨʠʜʦʤ 

ʦʣʦʚʘ(II). ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ: 

ʚʥʝʜʨʝʥʠʝ ʧʦ ʩʚʷʟʠ ʤʝʪʘʣʣïʤʝʪʘʣʣ ʠ/ʠʣʠ ʚʥʝʜʨʝʥʠʝ ʧʦ ʩʚʷʟʠ ʤʝʪʘʣʣïʛʘʣʦʛʝʥ ï ʨʝʘʣʠʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʚʥʝʜʨʝʥʠʝ ʧʦ ʩʚʷʟʠ Mo-Pt ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ CpôMo(CO)3(SnCl2)Pt(Me2Im)(PPh3)Cl (28), ʢʘʢ 

ʚ ʩʣʫʯʘʝ ʵʢʚʠʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʘʢ ʠ ʚ ʨʝʘʢʮʠʠ ʩ ʠʟʙʳʪʢʦʤ SnCl2 (ʩʭʝʤʘ 3.41). 

ɼʘʥʥʳʝ ʢʚʘʥʪʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ SnCl2 ʧʦ ʩʚʷʟʠ MoïPt 

ʚʳʛʦʜʥʝʝ, ʯʝʤ ʧʦ ʩʚʷʟʠ PtïCl: ʠʟʦʤʝʨ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ ʢʨʠʩʪʘʣʣʝ, ʥʠʞʝ ʧʦ ʵʥʝʨʛʠʠ ʥʘ 8.8 ï 

14.0 ʢʢʘʣ/ʤʦʣʴ, ʯʝʤ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʚʥʝʜʨʝʥʠʷ SnCl2 ʧʦ ʩʚʷʟʠ ʧʣʘʪʠʥʘ ï ʭʣʦʨ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ SnCl2 (32.0 ʢʢʘʣ/ʤʦʣʴ) ʦʢʘʟʳʚʘʝʪʩʷ 

ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʚʳʠʛʨʳʰʘ ʚ ɻʥʝʨʛʠʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʝʨʚʦʡ ʤʦʣʝʢʫʣʳ (43.6 ʢʢʘʣ/ʤʦʣʴ), ʧʦʵʪʦʤʫ 

ʚʥʝʜʨʝʥʠʷ ʚʪʦʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ SnCl2 ʚ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

 

ʉʭʝʤʘ 3.41. ʇʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 28 ʠʟ ʢʦʤʧʣʝʢʩʘ 27. 
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ɺ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 28 ʘʪʦʤ ʧʣʘʪʠʥʳ ʠʤʝʝʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 

(ʨʠʩʫʥʦʢ 3.32). ɺʚʝʜʝʥʠʝ SnCl2 ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʩʚʷʟʠ PïPt (2.3115(16) ¡ ʜʣʷ 

28, 2.2745(9) ¡ ʜʣʷ 27), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʣʴʥʳʤ ʪʨʘʥʩ-ʚʣʠʷʥʠʝʤ ʦʣʦʚʦ-ʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ 

[205]. ʋʛʦʣ Pt-Sn-Mo (125.57(2)Á) ʩʠʣʴʥʦ ʙʦʣʴʰʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ, ʘ ʫʛʦʣ Cl-Sn-Cl (94.73(6)°) 

ʤʝʥʴʰʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʫʛʣʘ, ʯʪʦ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʷ 

ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʫʤʝʥʴʰʘʶʪʩʷ  ʚ ʧʦʨʷʜʢʝ M-Sn-M > M-Sn-R > R-Sn-R [205]. 

 

ʈʠʩʫʥʦʢ 3.32. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 28. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʦʧʫʱʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 

ʀʟʙʨʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (º): Pt(1)ïSn(1) 2.5937(5), Pt(1)ïCl(1) 2.3523(16), Pt(1)ïP(1) 2.3115(16), 

Pt(1)ïC(10) 1.967(6), Sn(1)ïMo(1) 2.7971(7), Sn(1)ïCl(2) 2.4433(17), Sn(1)ïCl(3) 2.4361(16) ¡ ʠ 

P(1)Pt(1)C(10) 92.38(19), Pt(1)Sn(1)Mo(1) 125.57(2), P(1)Pt(1)Cl(1) 93.42(6)°. 

 

ʇʦʩʢʦʣʴʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʉʆ ʛʨʫʧʧ (1908, 1805 ʩʤ-1 ʜʣʷ ʢʦʤʧʣʝʢʩʘ 27) ʩ ʘʪʦʤʦʤ 

ʧʣʘʪʠʥʳ ʠʩʯʝʟʘʝʪ, ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʉʆ ʛʨʫʧʧ ʠʟʤʝʥʷʶʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʣʝʙʘʥʠʷʤ ʢʦʥʮʝʚʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (1928, 1904 ʩʤ-1 ʜʣʷ ʢʦʤʧʣʝʢʩʘ 28). ʂʦʤʧʣʝʢʩ 28 

ʣʫʯʰʝ ʨʘʩʪʚʦʨʠʤ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ, ʯʝʤ 27, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʝʛʦ 

ʤʝʪʦʜʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʦʟʜʫʭʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 28 ʥʘ CpôMo(CO)3SnCl3 ʠ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ 

ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 27 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʨʘʛʤʝʥʪ 

Pt(Me2Im)(PPh3) ʚʥʝʜʨʷʝʪʩʷ ʧʦ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʛʘʣʦʛʝʥ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ 25 ʩ ʪʨʠʤʝʪʠʣʦʣʦʚʦʭʣʦʨʠʜʦʤ ʧʨʠʚʝʜʝʪ ʢ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʩʦ ʩʚʷʟʴʶ Pt-Sn. ʆʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʙʳʣ ʚʳʜʝʣʝʥ ʢʘʨʙʝʥʦʚʳʡ 

ʢʦʤʧʣʝʢʩ ʧʣʘʪʠʥʳ ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (PPh3)(Me2Im)PtClMe (29) 

(ʩʭʝʤʘ 3.42). ɺʝʨʦʷʪʥʦ, ʧʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 29 ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ 

SnMe2 ʦʞʠʜʘʝʤʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (PPh3)(Me2Im)PtCl(SnMe3). ʇʦʜʦʙʥʦʝ 

ʦʪʱʝʧʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘ SnR2 ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʘ (Ph3Sn)Pt(PPh3)2Cl, ʢʦʪʦʨʦʝ ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʠʣʠ 1,2-ʩʜʚʠʛʦʤ [206]. 




























