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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

(ʀʅʕʆʉ ʈɸʅ) ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  

ʇʝʨʝʢʘʣʠʥ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤ. ɸ.ʅ. 

ʅʝʩʤʝʷʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʕʆʉ ʈɸʅ). 

  



3 
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ., ʟʘʚ. ʣʘʙ. 

ʇʝʨʝʢʘʣʠʥʫ ɼʤʠʪʨʠʶ ʉʝʨʛʝʝʚʠʯʫ, ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʪʠʚʘʤ ʃʘʙʦʨʘʪʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ˉ133) ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʧʠ-ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(ˉ102) ʟʘ ʩʦʟʜʘʥʠʝ ʜʨʫʞʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ. ʆʪʜʝʣʴʥʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʭ.ʥ. 

ʊʨʠʬʦʥʦʚʦʡ ɽʚʛʝʥʠʠ ɸʣʝʢʩʘʥʜʨʦʚʥʦʡ ʟʘ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʦʪʨʫʜʥʠʢʦʚ ʃʘʙʦʨʘʪʦʨʠʠ 

ʩʪʝʨʝʦʭʠʤʠʠ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ˉ103) ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜ.ʭ.ʥ. ʏʫʩʦʚʘ ɼʝʥʠʩʘ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ, ʢ.ʭ.ʥ. 

ɸʬʘʥʘʩʴʝʚʘ ʆʣʝʛʘ ʀʣʴʠʯʘ ʠ ʎʳʛʘʥʢʦʚʘ ɸʣʝʢʩʝʷ ɸʥʘʪʦʣʴʝʚʠʯʘ. ɿʘ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʩʦʪʨʫʜʥʠʢʦʚ ʃʘʙʦʨʘʪʦʨʠʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

(ˉ202) ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʘʥʘʣʠʟʘ (ˉ118). ʆʩʦʙʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʜ.ʭ.ʥ. 

ʅʝʣʶʙʠʥʦʡ ʖʣʠʠ ɺʣʘʜʠʤʠʨʦʚʥʦʡ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

8-OXH/8-OX ï 8-ʛʠʜʨʦʢʩʠʭʠʥʦʣʠʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʝʥʦʣʷʪ 

acacH/acac ï ʘʮʝʪʠʣʘʮʝʪʦʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʨʙʘʥʠʦʥ 

BArF ï ʪʝʪʨʘʢʠʩ[3,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ]ʙʦʨʘʪ 

bipy ï 2,2'-ʙʠʧʠʨʠʜʠʥ 

CAN ï  ʘʤʤʦʥʠʡ-ʮʝʨʠʡ(IV) ʥʠʪʨʘʪ 

COD ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ 

Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ-ʘʥʠʦʥ 

d.r. ï ʩʦʦʪʥʦʰʝʥʠʝ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ  

DDQ ï 2,3-ʜʠʭʣʦʨ-5,6-ʜʠʮʠʘʥʦ-ʧ-ʙʝʥʟʦʭʠʥʦʥ 

DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

DMAP ï 4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥ 

EDG ï ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʘʷ ʛʨʫʧʧʘ 

ee ï ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ  

EWG ï ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʘʷ ʛʨʫʧʧʘ 

HRMS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  

LUMO ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

NBD ï 2,5-ʥʦʨʙʦʨʥʘʜʠʝʥ 

NHC ï N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʢʘʨʙʝʥʳ 

RT ï ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

S,S-BOX ï (4S, 4'S)-2,2'-(ʧʨʦʧʘʥ-2,2'-ʜʠʠʣ)ʙʠʩ(4-ʠʟʦʧʨʦʧʠʣ-4,5-ʜʠʛʠʜʨʦʦʢʩʘʟʦʣ) 

S-Salox ï S-2-(4-ʠʟʦʧʨʦʧʠʣ-4,5-ʜʠʛʠʜʨʦʦʢʩʘʟʦʣ-2-ʠʣ)ʬʝʥʦʣ 

TFB ï ʪʝʪʨʘʬʪʦʨʦʙʝʥʟʦʙʘʨʨʝʣʝʥ 

ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɼʄʌ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʍʄ ï ʜʠʭʣʦʨʤʝʪʘʥ 
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ɼʍʕ ï 1,2-ʜʠʭʣʦʨʵʪʘʥ 

ʇʕ ï ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʕɸ ï ʵʪʠʣʘʮʝʪʘʪ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɸʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʯʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʚʫʤʷ ʅʦʙʝʣʝʚʩʢʠʤʠ 

ʧʨʝʤʠʷʤʠ (2001 ʠ 2021 ʛʦʜʘ). ʂ ʯʠʩʣʫ ʦʩʦʙʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʩʪʝʨʝʦʮʝʥʪʨʦʚ. ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʥʘʯʘʣʠʩʴ ʦʢʦʣʦ 30 ʣʝʪ ʥʘʟʘʜ, ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʠʟʫʯʝʥʥʳʤ 

ʢʣʘʩʩʦʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʯʠʪʘʶʪʩʷ ʢʘʨʙʦʢʩʠʣʘʪʳ ʨʦʜʠʷ ʩʦʩʪʘʚʘ Rh2(RCOO)4. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʠʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʝʞʝʩʪʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʜʨʫʛʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʩʭʦʞʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʝʜʘʚʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʩʪʘʙʠʣʴʥʳʝ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ. ʆʜʥʘʢʦ ʵʪʦʪ ʢʣʘʩʩ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʦ ʩʠʭ 

ʧʦʨ ʥʘʭʦʜʠʪ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʜʘʥʥʳʡ ʬʘʢʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥ ʥʠʟʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʫʜʦʙʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ(I), ʢʦʪʦʨʳʡ ʙʳʣ ʙʳ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ 

ʥʘʤʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʇʨʦʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ DFT ʩ ʮʝʣʴʶ ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʜʠʝʥʦʚʳʭ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ; 

- ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʠʝʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʧʦʣʫʯʠʪʴ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʝ ʢʦʤʧʣʝʢʩʳ; 

- ʀʩʩʣʝʜʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʵʬʠʨʦʚ ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I), ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʨʘʥʝʝ ʧʦʜʭʦʜʦʚ ʥʝ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʠʥʪʝʟʦʚ ʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʘʨ; 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʧʦʣʥʦʮʝʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [(ʜʠʝʥ)RhCl]2, ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʙʘʨʴʝʨʳ ʘʢʪʠʚʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʩʪʝʨʝʦʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʘʜʠʠ; 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʧʣʘʥʘʨʥʦ-ʭʠʨʘʣʴʥʳʝ ʙʝʥʟʦʭʠʥʦʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʠ ʧʦʜʨʦʙʥʦ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʦʡʩʪʚʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʥʟʦʭʠʥʦʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʨʦʜʠʷ(I) ʧʦ ʩʚʦʠʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʜʠʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ B-H ʠ Si-H. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʵʬʠʨʦʚ ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʟʘʤʝʱʝʥʥʳʝ 

ʭʠʨʘʣʴʥʳʝ ʙʦʨʘʥʳ ʠ ʩʠʣʘʥʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʢʘʪʘʣʠʟʘ ʠʥʪʝʨʝʩʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ 

ʭʠʨʘʣʴʥʳʝ ʮʠʢʣʦʧʨʦʧʘʥʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʦʙ ʠʤʝʶʱʠʭʩʷ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʦʭʠʨʘʣʴʥʳʭ ʠ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: ʗʄʈ ʥʘ ʷʜʨʘʭ 1H, 11B, 13C, 19F, 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʛʘʟʦʚʘʷ ʠ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʥʘ ʭʠʨʘʣʴʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʬʘʟʘʭ, 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 
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ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʭʠʨʘʣʴʥʳʭ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʙʘʨʨʝʣʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) 

[(R2-TFB)RhCl]2 ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ; 

- ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ 

ʵʬʠʨʦʚ ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʚ ʙʦʨʘʥʳ ʠ ʩʠʣʘʥʳ; 

- ʈʘʟʜʝʣʝʥʠʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ in situ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚ 

ʨʝʘʢʮʠʷʭ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʘʣʢʝʥʦʚ; 

- ʉʠʥʪʝʟ ʧʣʘʥʘʨʥʦ-ʭʠʨʘʣʴʥʳʭ ʙʝʥʟʦʭʠʥʦʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I), ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʮʝʤʠʟʘʮʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʧʦ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ: ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠ ʨʘʩʯʝʪʥʦʡ ʯʘʩʪʝʡ ʨʘʙʦʪʳ, ʚ ʘʥʘʣʠʟʝ ʠ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ (ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʙʘʟʘʭ Scopus ʠ Web of Science) ʠ 3 ʪʝʟʠʩʘ ʜʦʢʣʘʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çDIAZO 2021è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2021), VI ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çAdvances in synthesis and complexingè (ʄʦʩʢʚʘ, 2022), ʘ ʪʘʢʞʝ ʥʘ III  ʢʦʥʬʝʨʝʥʮʠʠ 

çɼʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ʂʘʟʘʥʴ, 2022). 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 192 ʩʪʨʘʥʠʮʘʭ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʟʘʢʣʶʯʝʥʠʷ, 

ʩʦʜʝʨʞʠʪ 84 ʩʭʝʤ,r 39 ʨʠʩʫʥʢʦʚ, 17 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 194 ʥʘʠʤʝʥʦʚʘʥʠ.̫ 
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ɻʣʘʚʘ 1. ʂʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ: ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ  

(ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ). 

ɼʘʥʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʘʤ ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʱʠʤʩʷ ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ: ʢʘʨʙʦʢʩʠʣʘʪʘʤ ʨʦʜʠʷ(II), ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ ʨʦʜʠʷ(III ), ʘ ʪʘʢʞʝ ʜʠʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤ ʨʦʜʠʷ(I). ɺ ʢʘʞʜʦʤ ʠʟ ʪʨʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʘʟʜʝʣʦʚ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ ʠ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ, ʦ ʩʧʦʩʦʙʘʭ 

ʧʦʣʫʯʝʥʠʷ ʣʠʛʘʥʜʦʚ, ʘ ʪʘʢʞʝ ʦ ʧʨʠʤʝʨʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʭʠʤʠʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʈʠʩ. ʆ1), ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʧʨʦʭʠʨʘʣʴʥʳʤʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ. 

 

ʈʠʩ. ʆ1. ʊʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʪʘʣʠʟʝ. 

ɺ ʦʙʟʦʨʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ C-H, 

Si-H ʠ B-H ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ. ɺ ʦʙʟʦʨʝ ʧʦʜʨʦʙʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʣʷʨʥʳʝ ʩʚʷʟʠ (O-H, N-H, S-H ʠ ʜʨ.) ʠ ʧʨʦʯʠʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʯʝʨʝʟ 

ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʪʝʢʘʶʪ 

ʥʝʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ [1]. ʊʘʢʞʝ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʠʘʟʦʣʦʚ [2], 

ʩʫʣʴʬʦʥʠʝʚʳʭ, ʩʫʣʴʬʦʢʩʦʥʠʝʚʳʭ [3,4] ʠ ʠʦʜʦʥʠʝʚʳʭ ʠʣʠʜʦʚ [5] ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ. ɺ ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʣʝʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʨʘʙʦʪ, ʪʘʢ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʦʙʣʘʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʝʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʇʦʪʦʤʫ ʢʘʢ ʜʘʥʥʦʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I), ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʘʟʜʝʣʘʤ, ʢʘʩʘʶʱʠʤʩʷ 

ʵʪʦʛʦ ʢʣʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʭʦʜʘʤ ʢ ʩʠʥʪʝʟʫ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

1.1.1. ʉʠʥʪʝʟ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(II ) 

ʂʦʤʧʣʝʢʩʳ ʨʦʜʠʷ (II ) ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ Rh2(RCOO)4 ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʭʠʤʠʠ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ ʚ ʮʝʣʦʤ ʠ ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʯʘʩʪʥʦʩʪʠ. ɺʩʝ ʢʘʨʙʦʢʩʠʣʘʪʳ ʨʦʜʠʷ(II) 

ʠʤʝʶʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʚʷʟʴ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ ʠ ʯʝʪʳʨʝ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ï ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʦʙʥʳʝ 
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ʩʪʨʫʢʪʫʨʳ ʥʘʟʳʚʘʶʪʩʷ paddlewheel (ʙʫʢʚ. çʛʨʝʙʥʦʝ ʢʦʣʝʩʦè) ʠʣʠ Chinese lantern (ʙʫʢʚ. 

çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè) [6]. ʇʦʤʠʤʦ Rh(II ) ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

ʤʝʪʘʣʣʦʚ 6-ʡ ʛʨʫʧʧʳ [7], Cu(II ) [8], Re(III ) [9], ʘ ʪʘʢʞʝ ʜʣʷ ʩʤʝʰʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ Ru(II ,III ) 

[10], ʦʜʥʘʢʦ ʠʟ ʚʩʝʛʦ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʨʷʜʘ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ [11]. 

ʇʝʨʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ï ʬʦʨʤʠʘʪ ʨʦʜʠʷ Rh2(HCOO)4 ï ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ 1960-

ʤ ʛʦʜʫ ʚ ʀʆʅʍ ʈɸʅ ʧʦ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʛʠʜʨʦʢʩʠʜʘ ʨʦʜʠʷ (III) ʩ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ [12]. ʊʘ ʞʝ ʨʝʘʢʮʠʷ ʩ ʜʨʫʛʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʜʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ Rh2(RCOO)4, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥ 

ʘʮʝʪʘʪ Rh2(OAc)4. ʇʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢʦʤ Rh(III ) ʥʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʭʣʦʨʠʜ, ʘ ʥʝ ʛʠʜʨʦʢʩʠʜ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʘʮʝʪʘʪʘ ʨʦʜʠʷ (II ) ʥʘʧʨʷʤʫʶ ʠʟ RhCl3ĬnH2O ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ 

(ʉʭʝʤʘ O1) [13,14]. ʍʦʪʷ ʵʪʦʪ ʧʫʪʴ ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ 

(II), ʟʘʤʝʥʘ ʠʩʭʦʜʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʶʪ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ: 

ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ ʦʩʥʦʚʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ [15]. 

 

ʉʭʝʤʘ O1. ʆʩʥʦʚʥʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ Rh2(OAc)4 ï ʩʘʤʦʛʦ ʧʦʧʫʣʷʨʥʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ (II ). 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Rh2(RCOO)4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (II ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʉʭʝʤʘ O2). ʇʨʠ ʩʤʝʰʝʥʠʠ Rh2(OAc)4 ʩ 

ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

ʩʦʩʪʘʚʘ Rh2(OAc)4-n(RCOO)n, ʦʜʥʘʢʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʜʘʣʝʥʠʝʤ ʚʳʜʝʣʷʶʱʝʡʩʷ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʊʢʠʧ. = 118 ʦʉ) ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʤʝʱʝʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Rh2(RCOO)4. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʤʝʪʦʜʠʢʠ, ʚ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʱʘʷʩʷ ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʩʣʘʙʳʤ ʪʚʝʨʜʳʤ ʦʩʥʦʚʘʥʠʝʤ (ʯʘʱʝ ʚʩʝʛʦ K2CO3), ʧʦʤʝʱʝʥʥʳʤ ʚ ʵʢʩʪʨʘʢʪʦʨ 

ʉʦʢʩʣʝʪʘ [16]. ɺʚʠʜʫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʘʮʝʪʘʪʘ ʨʦʜʠʷ (II), ʪʘʢ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʶʪ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʙʣʠʟʢʠʤʠ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. 
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ʉʭʝʤʘ O2. ʆʙʱʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh2(RCOO)4 ʧʦ ʨʝʘʢʮʠʠ ʤʝʪʘʪʝʟʠʩʘ. 

ʇʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʪʥʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ (II ), ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʳʭ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [17]. ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʦʤʧʣʝʢʩʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. O2, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ʥʘʧʨʠʤʝʨ, Rh2(S-DOSP)4 ʠ Rh2(R-BTPCP)4) 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʘʜʠʡ ʠʟ ʜʦʩʪʫʧʥʳʭ ʭʠʨʘʣʴʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʊʘʢʞʝ ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʥʝʜʦʩʪʘʪʢʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʢʠʩʣʦʪ ʤʦʞʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʠʜʘ Rh2(R
1COO)4-n(R

2COO)n (ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩ 

Rh2(S-TCPTTL)3(S-PTTL) ʥʘ ʈʠʩ. O2), ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʭʠʨʘʣʴʥʳʭ ʠ/ʠʣʠ ʘʭʠʨʘʣʴʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ [18,19]. 

 

ʈʠʩ. O2. ʇʨʠʤʝʨʳ ʥʝʢʦʪʦʨʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (II), ʩʦʜʝʨʞʘʱʠʭ ʭʠʨʘʣʴʥʳʝ ʣʠʛʘʥʜʳ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʘʨʙʦʢʩʠʣʘʪʳ Rh(II ) (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʳʭ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʭ) 

[20] ʩ ʣʝʛʢʦʩʪʴʶ ʦʙʨʘʟʫʶʪ ʤʦʥʦ- ʠ ʜʠʘʜʜʫʢʪ rʩʦʩʪʘʚʘ Rh2(RCOO)4*L ʠ Rh2(RCOO)4*2L, ʛʜʝ L = 

N-, S- ʠʣʠ P-ʣʠʛʘʥʜʳ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ ʧʦʟʜʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʘʤʠʥʳ, ʬʦʩʬʠʥʳ, NHC 

ʠ ʜʨ.). ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʭʦʞʠʭ ʧʦ ʩʪʨʦʝʥʠʶ ʢʘʨʙʦʢʩʠʣʘʪʦʚ Cu(II ), Cr(II ) ʠʣʠ Mo(II ), 

ʩʦʝʜʠʥʝʥʠʷ Rh(II) ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʧʨʦʯʥʳʝ ʘʜʜʫʢʪʳ ʩʦ ʤʥʦʛʠʤʠ ʩʣʘʙʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ, 

ʪʘʢʠʤʠ ʢʘʢ ʩʧʠʨʪʳ, ʊɻʌ, ʵʪʠʣʘʮʝʪʘʪ (ʤʥʦʛʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦʜʝʨʞʘʪ ʠʤʝʥʥʦ ʵʪʠ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʘʢʩʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ) ʠ 

ʜʘʞʝ CH2Cl2 (ʉʭʝʤʘ O3). 
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ʉʭʝʤʘ O3. ʆʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦ- ʠ ʜʠʘʜʜʫʢʪʦʚ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ (II) ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ (II) ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʜʜʫʢʪʦʚ 

c ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ (OI1), ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʥʝʦʙʨʘʪʠʤʦʛʦ ʦʪʱʝʧʣʝʥʠʷ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʢʘʨʙʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩ rIM 2 (ʉʭʝʤʘ O4) [21]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ ʌʠʰʝʨʘ ʢʦʤʧʣʝʢʩʳ IM 2 ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʩ ʣʝʛʢʦʩʪʴʶ ʚʩʪʫʧʘʶʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʥʦ ʪʘʢʞʝ 

ʚʥʝʜʨʷʶʪʩʷ ʚ B-H, Si-H, O-H, N-H, S-H ʠ ʜʘʞʝ C-H ʩʚʷʟʠ, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʠʚʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠʩʭʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ (II) ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ IM 2 ʦʪ ʢʘʨʙʝʥʦʚ ʌʠʰʝʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʘʪʦʤʘ, 

ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ sp2-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ. ʕʪʦʪ ʬʘʢʪ ʥʘʨʷʜʫ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʬʦʨʤʘʣʴʥʦʡ 

ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʯʘʩʪʠʮʳ IM 2 

[22]. 

 

ʉʭʝʤʘ O4. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ IM 2 ï ʦʩʥʦʚʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʦʤʧʣʝʢʩʘʤʠ Rh (II ). 

ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʨʙʝʥʦʚ IM 2 ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʤʝʭʘʥʠʟʤ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʉʭʝʤʝ O4, ʙʳʣ ʧʦʩʪʫʣʠʨʦʚʘʥ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ Rh (II ) ʥʘʯʠʥʘʷ ʩ 

ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ. ʃʠʰʴ ʚ 2013-ʤ ʛʦʜʫ ʧʦʷʚʠʣʦʩʴ ʧʝʨʚʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Rh1 ʚ ʨʘʩʪʚʦʨʝ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʨʘʩʪʚʦʨ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʩʪʘʙʠʣʝʥ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʣʠʰʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʝ) [23], ʠ ʝʱʝ ʩʧʫʩʪʷ 3 ʛʦʜʘ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʦʚ Rh2 ʠ Rh3 

(ʉʭʝʤʘ O5) [24]. 

 

 

ʉʭʝʤʘ O5. ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ (Rh1) ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (Rh2 ʠ Rh3) 

ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (II).  

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʤʥʦʞʝʩʪʚʘ ʧʨʝʚʨʘʱʝʥʠʡ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ(II), ʦʜʥʘʢʦ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʫʪʠʣʠʪʘʨʥʦʩʪʠ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʝʜʝʣʦʚ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʦʪʨʝʪʴ ʩʘʤʳʝ 

ʠʥʪʝʨʝʩʥʳʝ ʧʨʠʤʝʨʳ ʫʞʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh2(RCOO)4 ʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʨʙʝʥʦʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ IM 2. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʨʘʣʴʥʳʝ 

ʢʘʨʙʦʢʩʠʣʘʪʳ ʨʦʜʠʷ (II) ʤʦʛʫʪ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ  

ʩʪʠʨʦʣʦʤ ʫʞʝ ʧʨʠ -78 ÁC (ʉʭʝʤʘ O6) [25]. ɺ ʥʝʜʘʚʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʩʪʠʨʦʣʘ ʚ ʪʦʡ ʞʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʝ ʧʨʦʬ. ɼʵʚʠʩʘ ʘʚʪʦʨʳ 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Rh (II ) ʤʦʛʫʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʳ ʩ ʦʙʳʯʥʳʭ 1-2 

ʤʦʣ.% ʜʦ 0.001 ʤʦʣ.% ʠ ʯʪʦ ʧʨʠ ʜʦʣʞʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ TON ʜʣʷ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ (II) ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 100000 (ʉʭʝʤʘ O6) [26]. 

 

ʉʭʝʤʘ O6. ʇʨʠʤʝʨʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ (II) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʩʪʠʨʦʣʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Rh2(RCOO)4 ʚ 

ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʫ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʜʠʥ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʪʨʫʢʪʫʨʦʡ çʛʨʝʙʥʦʛʦ ʢʦʣʝʩʦè: ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʥʝʞʝʩʪʢʦʩʪʴ. ʀʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʩʪʘʪʢʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʥʘ ʘʪʦʤʘʭ Rh ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʩʧʦʩʦʙʥʳ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʪʴʩʷ, ʠʟ-ʟʘ ʯʝʛʦ 

ʠʩʪʠʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʤʦʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʪʠʧʘ IM 2 ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʘ. ɼʣʷ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ 

Rh2(RCOO)4 ʚʦʟʤʦʞʥʳ 4 ʚʘʨʠʘʥʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ, ʚʩʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. O3. ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʩʧʦʩʦʙʦʤ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʯʠʪʘʝʪʩʷ ʤʝʪʦʜ ʈʉɸ, ʦʜʥʘʢʦ ʦʥ ʥʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦʙ ʠʩʪʠʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʙʦʢʦʚʳʭ ʛʨʫʧʧ ʚ ʨʘʩʪʚʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ ʢʦʥʬʦʨʤʘʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩ 

Rh2(S-PTPA)4 ʚ ʢʨʠʩʪʘʣʣʝ ʠʤʝʝʪ C2-ʩʠʤʤʝʪʨʠʯʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʘʜʜʫʢʪ 

Rh2(S-PTPA)4(EtOAc)2 ʦʙʣʘʜʘʝʪ C1-ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ Rh2(S-
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PTPA)4(H2O)(MeOH) ʫʞʝ C4-ʩʠʤʤʝʪʨʠʯʝʥ [27]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ 

ʧʦʜʭʦʜʷʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ Rh(II ) ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʠʪʝʣʝʥ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʟʥʘʪʴ ʢʦʥʬʦʨʤʘʮʠ ʁʠʥʪʝʨʤʝʜʠʘʪʘ ʪʠʧʘ 

IM 2 ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʪʨʫʜʥʦʦʩʫʱʝʩʪʚʠʤʦ ʠʟ-ʟʘ ʝʛʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

Rh(II ) ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʜʥʘʢʦ ʜʣʷ ʪʦʯʥʦʛʦ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʡ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʦʯʥʳʭ ʧʦʩʪ-ʍʌ ʠʣʠ DFT ʤʝʪʦʜʦʚ 

ʩ ʙʦʣʴʰʠʤʠ ʙʘʟʠʩʥʳʤʠ ʥʘʙʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʩʦʣʴʚʘʪʘʮʠʠ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʧʦʧʨʘʚʦʢ. ʇʦ ʧʨʠʯʠʥʝ ʥʘʣʠʯʠʷ ʜʚʫʭ ʘʪʦʤʦʚ Rh ʠ ʯʝʪʳʨʝʭ ʦʙʲʝʤʥʳʭ ʦʩʪʘʪʢʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʚʩʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʫʯʘʩʪʠʝʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʦʙʳʯʥʦ 

ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ [28]. 

 

ʈʠʩ. O3. ɺʘʨʠʘʥʪʳ ʩʭʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʘ Rh2(RCOO)4. 

ʉʘʤʳʝ ʩʪʝʨʠʯʝʩʢʠ ʦʙʲʝʤʥʳʝ ʛʨʫʧʧʳ ʦʪʤʝʯʝʥʳ ʦʚʘʣʘʤʠ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ (ʢʘʨʙʦʢʩ)ʠʤʠʜʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(II) 

ʦʙʱʝʡ ʬʦʨʤʫʣʳ Rh2(RC(NR)O)4 ï ʘʥʘʣʦʛʦʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʤʝʩʪʦ 

ʦʜʥʦʛʦ ʠʟ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʨʫʧʧʘ N(H)R (ʈʠʩ. O4). ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʳʯʥʦ 

ʪʘʢʞʝ ʧʦʣʫʯʘʶʪ ʤʝʪʘʪʝʟʠʩʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʠʜʘʪʦʚ ʩ ʘʮʝʪʘʪʦʤ ʨʦʜʠʷ(II ). ʉʪʨʦʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʥʘʣʦʛʠʯʥʳʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ, ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ Rh(II)/Rh(II ) Ÿ Rh(II )/Rh(III ) ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ. ʀʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʦʩʪʫʧʥʳʭ ʭʠʨʘʣʴʥʳʭ ʠʤʠʜʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ ʢʦʤʧʣʝʢʩʳ ʵʪʦʛʦ ʪʠʧʘ ʨʝʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [29]. 
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ʈʠʩ. O4. ʇʨʠʤʝʨʳ ʘʭʠʨʘʣʴʥʳʭ ʠ ʭʠʨʘʣʴʥʳʭ ʠʤʠʜʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(II). 

ʇʦʪʝʥʮʠʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʤʦʛʫʪ ʩʪʘʪʴ 

ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Bi(II )/Rh(II ). ʇʝʨʚʳʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠ ̫ʵʪʦʛʦ 

ʪʠʧʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʝʱʝ ʚ 2006-ʤ ʛʦʜʫ ʨʝʘʢʮʠʝʡ ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ ʚʠʩʤʫʪʘ(II ) ʩ ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ 

ʨʦʜʠʷ(II ) [30,31]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʦʛʦ 

BiRh(CF3COO)4 ʥʘʧʨʷʤʫʶ ʠʟ Rh(CF3COO)4 ʠ Bi(CF3COO)3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Bi 

[32]. ʇʦʣʫʯʝʥʥʳʡ ʪʨʠʬʪʦʨʘʮʝʪʘʪ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʮʝʪʘʪʦʤ ʨʦʜʠʷ(II) ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ 

ʤʝʪʘʪʝʟʠʩʘ ʩ ʜʨʫʛʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʭʠʨʘʣʴʥʳʤʠ, ʜʘʚʘʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʙʠʤʝʪʘʣʣʠʯʝʩʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʙʱʝʡ ʬʦʨʤʫʣʳ BiRh(RCOO)4, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ɼʘʥʥʘʷ ʪʝʤʘ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʣʠʰʴ ʚ 

ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʬ. ɸʣʦʠʩʘ ʌʶʨʩʪʥʝʨʘ [33ï35]. 

ʇʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʧʦʣʦʚʠʥʳ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

Rh ʥʘ Bi, ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ Bi(II)/Rh(II ) ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʠʭ 

ʛʦʤʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ Rh(II )/Rh(II ) ʧʦ ʩʪʝʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ: ʠʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʘʪʦʤʥʦʛʦ 

ʨʘʜʠʫʩʘ Bi ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Rh (1.6¡ ʧʨʦʪʠʚ 1.35¡) ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʙʣʠʞʝ ʢ ʘʪʦʤʫ Rh, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʣʫʯʰʝʡ ʩʪʝʨʝʦʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʠʧʘ Bi(II )/Rh(II) (ʉʭʝʤʘ O7). 
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ʉʭʝʤʘ O7. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ Bi(II )/Rh(II ) ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ 

ʵʬʠʨʘ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʠ ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʛʦʤʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ. 

1.1.2. ʀʟʙʨʘʥʥʳʝ ʩʣʫʯʘʠ ʧʨʠʤʝʥʝʥʠ ̫ʢʦʤʧʣʝʢʩʦʚ Rh(II ) ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʮʝʪʘʪʘ ʨʦʜʠʷ(II) ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʘ (EDA) ʩʧʠʨʪʘʤʠ, ʚʦʜʦʡ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʱʝ ʚ 1973-ʤ 

ʛʦʜʫ [36]. ʋʞʝ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ Rh2(OAc)4 ʤʦʞʥʦ ʥʝ 

ʪʦʣʴʢʦ ʜʦʙʠʚʘʪʴʩʷ ʭʦʨʦʰʠʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (> 80% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 50-60% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ), ʥʦ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

RhCl3*3H2O ʠʣʠ (PPh3)3RhCl) (ʉʭʝʤʘ O8). 

 

ʉʭʝʤʘ O8. ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(II) ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝ ʞʝ ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ EDA ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

Rh2(OAc)4 ʚʥʝʜʨʷʝʪʩʷ ʚ S-H ʩʚʷʟʴ ʪʠʦʬʝʥʦʣʘ ʠ N-H ʩʚʷʟʴ ʘʥʠʣʠʥʘ [37]. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ EDA ʨʝʘʛʠʨʫʝʪ ʠ ʩ ʩʠʣʘʥʘʤʠ ʧʦ ʩʚʷʟʠ Si-H [38], ʘ ʪʘʢʞʝ ʯʪʦ 

ʤʦʥʦʟʘʤʝʤʱʝʥʥʳʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [39] ʠ 

ʚʥʝʜʨʝʥʠʷ ʚ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ C-H ʩʚʷʟʠ ʥʘʩʳʱʝʥʥʳʭ ʘʣʢʘʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʪʘʥ [40ï42]. ʍʦʪʷ 

ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʪʠʧʘ ʨʝʘʢʮʠʡ ʠ ʧʨʦʪʝʢʘʣʠ ʩ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʠʤʝʥʥʦ ʦʥʠ ʚ ʙʫʜʫʱʝʤ 

ʧʦʣʫʯʠʣʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢʘʢ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʉʭʝʤʘ O9). 
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ʉʭʝʤʘ O9. ʇʨʦʯʠʝ ʨʘʥʥʠʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʮʝʪʘʪʘ ʨʦʜʠʷ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ EDA ʠ ʜʨʫʛʠʭ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 

ɽʩʣʠ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʧʨʦʙʣʝʤʫ ʥʠʟʢʦʡ ʭʝʤʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʡ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʠ C-H ʚʥʝʜʨʝʥʠʷ ʧʳʪʘʣʠʩʴ ʨʝʰʠʪʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ-ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ 

(ʩʤ. ʧʨʠʤʝʨʳ ʥʘ ʉʭʝʤʝ O10) [43ï45], ʪʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʝʝ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʦʪ 

ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ EDA ʢ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʪʘʢʠʤ ʢʘʢ 

ʵʬʠʨʳ ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ. ʇʦʤʠʤʦ ʧʦʚʳʰʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʦʩʥʦʚʥʳʭ 

ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʠ ʤʝʥʴʰʝʡ ʩʢʣʦʥʥʦʩʪʠ ʢ ʜʠʤʝʨʠʟʘʮʠʠ, ʪʘʢʠʝ ʩʫʙʩʪʨʘʪʳ ʦʢʘʟʘʣʠʩʴ ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ, ʧʦʩʢʦʣʴʢʫ ʢʘʨʙʝʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ 

ʧʨʦʭʠʨʘʣʴʥʳʤʠ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʚ ʩʚʷʟʴ E-H ʦʙʨʘʟʫʶʪ ʥʦʚʳʡ ʩʪʝʨʝʦʮʝʥʪʨ. ʕʪʦʪ ʧʝʨʝʭʦʜ 

ʩʦʚʧʘʣ ʧʦ ʚʨʝʤʝʥʠ ʩ ʥʘʯʘʣʦʤ ʘʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʭʠʨʘʣʴʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ(II) ʚ ʛʨʫʧʧʝ ʧʨʦʬ. ɼʵʚʠʩʘ [46ï48], ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

Rh(II )-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʤʝʥʥʦ ʜʣʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ɼʠʘʢʮʝʧʪʦʨʥʳʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʙʫʜʫʱʝʤ, ʦʜʥʘʢʦ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʨʘʟʫ ʜʚʫʭ ʘʢʮʝʧʪʦʨʥʳʭ 

ʛʨʫʧʧ ʧʨʠ ʢʘʨʙʝʥʦʚʦʤ ʫʛʣʝʨʦʜʝ: ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʡ E-H ʚʥʝʜʨʝʥʠʷ ʚ ʧʦʣʫʯʘʶʱʠʭʩʷ ʧʨʦʜʫʢʪʘʭ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʜʚʠʞʥʳʡ H-ʘʪʦʤ, ʩʧʦʩʦʙʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʨʙʘʥʠʦʥʘ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʮʝʤʠʟʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʩʧʝʰʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʘʢʮʝʧʪʦʨʥʳʭ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʝʘʢʮʠʷʤʠ ʮʠʢʣʦʧʨʦʧʝʥ- ʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ (ʉʭʝʤʘ O11) [49,50]. 
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ʉʭʝʤʘ O10. ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ Rh(II )-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʠ 

C-H ʚʥʝʜʨʝʥʠʷ. 

 

 

ʉʭʝʤʘ O11. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʨʘʣʴʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ Rh(II ) ʚ ʭʠʤʠʠ ʜʠʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʠ 

ʦʙʲʷʩʥʝʥʠʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʩʚʷʟʠ E-H. 

ʉ ʩʝʨʝʜʠʥʳ 90-ʭ ʠ ʜʦ ʥʘʰʠʭ ʜʥʝʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ Si-H [51ï

55] ʠ B-H [56,57], ʦʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʢʘʢ ʠ ʪʨʠʜʮʘʪʴ ʣʝʪ ʥʘʟʘʜ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ 

ʦʩʪʘʶʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʚʷʟʝʡ C-H, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʤʷʛʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʠʣʠ 

ʢʘʥʜʠʜʘʪʦʚ) ʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʣʝʢʫʣ [58]. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʝʩʢʦʣʴʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ Csp3-H ʩʚʷʟʝʡ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʨʝʘʢʮʠʡ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ 90-ʭ ʠ 

00-ʭ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʥʦʚʳʝ ʭʠʨʘʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ(II) (ʉʭʝʤʘ O12) [59ï62]. 
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ʉʭʝʤʘ O12. ʉʥʠʞʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ C-H ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

ɹʦʣʝʝ ʜʚʘʜʮʘʪʠ ʣʝʪ ʥʘʟʘʜ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ Csp3-H ʩʚʷʟʝʡ ʚ ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ [59]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ C-

H, ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʘʣʣʠʣʴʥʳʝ ʠ ʙʝʥʟʠʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ 

ʘʢʪʠʚʥʝʝ ʦʙʳʯʥʳʭ ʚʪʦʨʠʯʥʳʭ C-H ʩʚʷʟʝʡ, ʥʘʣʠʯʠʝ ʜʦʥʦʨʥʳʭ N- ʠʣʠ O-ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ (ʉʭʝʤʘ O13). ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʚ ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʪʨʝʪʠʯʥʳʝ C-H ʩʚʷʟʠ, ʦʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʠʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʩʪʝʨʠʯʝʩʢʠʤ 

ʧʨʠʯʠʥʘʤ ʦʙʳʯʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʝʝ ʘʢʪʠʚʥʳ ʚʪʦʨʠʯʥʳʭ [63,64]. 
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ʉʭʝʤʘ O13. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʤʝʪʠʣʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʚ ʨʘʟʣʠʯʥʳʝ C-H ʩʚʷʟʠ. 

ʈʷʜ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʉʭʝʤʝ O13, ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Rh2(S-DOSP)4. ʇʦʩʢʦʣʴʢʫ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʪʠʯʥʳʭ C-H ʩʚʷʟʝʡ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʘʤʝʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ ʧʨʦʬ. ɼʵʚʠʩʘ, ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ, ʘ ʧʦʜʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʝʨʚʠʯʥʳʝ C-H ʩʚʷʟʠ, ʥʘʠʤʝʥʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʉʭʝʤʘ O14) [65ï67]. 

 

ʉʭʝʤʘ O14. ʀʟʤʝʥʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ Rh2(RCOO)4 

ʚ ʢʘʪʘʣʠʟʝ, ʧʦʩʚʷʱʝʥʳ ʥʝ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝ ʜʠʟʘʡʥʫ ʥʦʚʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʘ ʧʦʧʳʪʢʝ ʧʦʩʪʨʦʠʪʴ ʦʙʱʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʣʘ ʙʳ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʦʚ ʚʥʝʜʨʝʥʠʷ. ʂʘʢ ʫʞʝ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʨʘʮʠʦʥʘʣʠʟʘʮʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʥʝʞʝʩʪʢʦʩʪʠ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ(II). ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 
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ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʟʘʤʝʥʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʚ ʵʬʠʨʘʭ 

ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ) ʠʣʠ ʚʪʦʨʦʛʦ ʩʫʙʩʪʨʘʪʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʘʜʝʥʠʶ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʜʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪʩʷ ʟʘʥʦʚʦ 

ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ.  ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʥʪʝʨʝʩʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʦʜʠʷ ï [CpRRhX2]2 ʠ [(ʜʠʝʥ)RhCl]2 ï ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʢʘʪʘʣʠʟʫ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʠʷʜʝʨʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʠʤʝʶʪ ʙʦʣʝʝ ʞʝʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʙʦʣʝʝ 

ʧʨʝʜʩʢʘʟʫʝʤʳ ʚ ʢʘʪʘʣʠʟʝ. 

1.2.1. ʉʠʥʪʝʟ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(III ) 

ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʢʣʘʩʩ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ ï 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ (C5R5 = CpR) ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʩʪʘʚʘ [CpRRhX2]2 (X = Hal, OH, OAc ʠ ʜʨ.). 

ʍʦʪʷ ʢʦʤʧʣʝʢʩʳ ʵʪʦʛʦ ʪʠʧʘ ʠʟʚʝʩʪʥʳ ʝʱʝ ʩ ʢʦʥʮʘ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʦʥʠ ʩʪʘʣʠ ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʪʘʣʠʟʝ ʣʠʰʴ ʚ ʢʦʥʮʝ 2000-ʭ ʛʦʜʦʚ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʠʭ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʨʝʘʢʮʠʷʭ ʧʨʷʤʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ C-H ʩʚʷʟʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʘʧʨʘʚʣʷʶʱʫʶ ʛʨʫʧʧʫ (DG) (ʉʭʝʤʘ O15). ɼʘʥʥʦʝ ʦʪʢʨʳʪʠʝ ʧʨʠʚʝʣʦ ʢ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʦʙʣʘʩʪʠ ʨʝʘʢʮʠʡ C-H ʘʢʪʠʚʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʜʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʦʙʘʣʴʪʘ(III ) (CpRCo(CO)I2) ʠ ʠʨʠʜʠʷ(III ) 

([CpRIrX2]2) ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʵʪʠ ʨʝʘʢʮʠʠ [68], ʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʥʥʦ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) ʦʩʪʘʶʪʩʷ ʩʘʤʳʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ 

ʜʣʷ ʨʝʘʢʮʠʡ C-H ʘʢʪʠʚʘʮʠʠ. ʂʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʨʝʘʢʮʠʡ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʠʚʝʣʦ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ 

CpR-ʣʠʛʘʥʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʨʘʣʴʥʳʭ), ʘ ʪʘʢʞʝ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʩʘʤʠʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʘʢʮʠʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ C-H ʩʚʷʟʝʡ ʦʙʳʯʥʦ 

ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ ʢʣʶʯʝʚʫʶ ʩʪʘʜʠʶ C-H ʘʢʪʠʚʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ IM 3, ʩʧʦʩʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ IM 4, ʯʪʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ (ʉʭʝʤʘ O16). 

 

ʉʭʝʤʘ O15. ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʢʣʦʧʝʥʜʘʜʠʝʥʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ(III ) ʚ ʨʝʘʢʮʠʠ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. 
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ʉʭʝʤʘ O16. ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʶʯʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ IM 3 ʧʦʩʣʝ ʩʪʘʜʠʠ C-H ʘʢʪʠʚʘʮʠʠ. 

ʇʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʡ ʭʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʨʦʜʠʷ(III ) [Cp*RhCl2]2 ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʵʪʦʛʦ ʢʣʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʵʪʦ ʧʨʦʠʟʚʦʜʥʦʝ 

Rh(III ), ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʝʟʘʤʝʱʝʥʥʳʡ ʘʥʘʣʦʛ [CpRhCl2]n ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʟ-ʟʘ ʩʚʦʝʡ ʘʤʦʨʬʥʦʡ ʧʨʠʨʦʜʳ, ʥʝ ʠʤʝʝʪ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ, ʢʨʦʤʝ 

ʧʨʦʯʝʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʟʨʳʚʦʤ ʩʚʷʟʠ RhïCp (ʥʘʧʨʠʤʝʨ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ) [69]. ɺʧʝʨʚʳʝ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Cp*RhCl2]2 ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʨʝʘʢʮʠʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ RhCl3ĬnH2O ʩ ʛʝʢʩʘʤʝʪʠʣʙʝʥʟʦʣʦʤ ɼʴʶʘʨʘ [70]. ʀʟ-ʟʘ ʥʝʫʜʦʙʩʪʚʘ 

ʩʠʥʪʝʟʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ [71] ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ [Cp*RhCl2]2 ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ ʨʝʘʢʮʠʷ RhCl3ĬnH2O ʩ 

ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ (ʉʭʝʤʘ O17) [72,73]. 

 

ʉʭʝʤʘ O17. ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Cp*RhCl2]2. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [CpRRhX2]2 ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ. ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

[Cp*RhCl2]2 ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʭ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʩʪʠʪʝʣʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʦʪʘʤ (ʧʦʩʢʦʣʴʢʫ ʧʨʷʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ CpRH ʩ RhCl3 ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

HCl), ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ [74]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʷʛʢʠʝ 

ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ [CpRRhX2]2 ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʦʙʱʠʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ [(ʜʠʝʥ)RhCl]2 (ʜʠʝʥ = COD, NBD, ʨʝʞʝ ʚʤʝʩʪʦ ʜʠʝʥʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʜʚʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʵʪʠʣʝʥʘ) ʩ ʠʩʪʦʯʥʠʢʦʤ CpR-ʘʥʠʦʥʘ: c ʥʘʪʨʠʝʚʦʡ ʠʣʠ 

ʪʘʣʣʠʝʚʦʡ ʩʦʣʴʶ [75ï77]. ʀʟ ʵʪʠʭ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʠʤʝʥʥʦ ʚʘʨʠʘʥʪ ʩ CpRTl ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 
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ʤʷʛʢʠʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʟʙʝʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Na ʠʣʠ NaH. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʣʣʠʝʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩ ʜʠʝʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩʦʩʪʘʚʘ CpRRh(ʜʠʝʥ), ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʦʢʠʩʣʝʥʳ ʛʘʣʦʛʝʥʘʤʠ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[CpRRhHal2]2. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ 

ʪʘʣʣʠʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (ʉʭʝʤʘ O18, ʘ). 

ʅʝʜʘʚʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʦʙʱʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ CpRRh(ʜʠʝʥ) ʥʘʧʨʷʤʫʶ ʠʟ 

ʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʠ ʘʮʝʪʘʪʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ [(COD)RhOAc]2 [78]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʰʠʨʦʢʦ ʢʨʫʛʘ CpR-ʣʠʛʘʥʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʜʝʨʞʘʱʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ 

(ʦʙʳʯʥʦ >80%). ʂ ʥʝʜʦʩʪʘʪʢʫ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥʥʦ 

ʘʮʝʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ, ʦʜʥʘʢʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ [(COD)RhCl]2 (ʠʣʠ ʚ 2 ʩʪʘʜʠʠ ʠʟ RhCl3ĬnH2O) (ʉʭʝʤʘ O18, 

ʙ). 

ʇʦʤʠʤʦ ʜʚʫʭ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʠʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2/CpRRh(ʜʠʝʥ), ʦʜʥʘʢʦ ʦʥʠ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʠʣʠ ʠʭ ʘʥʘʣʦʛʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ CpR-ʬʨʘʛʤʝʥʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʢʘʨʙʠʥʦʣʳ, ʩʧʦʩʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʦʤʧʣʝʢʩʘʤʠ [(ʜʠʝʥ)RhOH]2 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ CpRRh(ʜʠʝʥ) (ʉʭʝʤʘ O18, ʚ) [79]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ CpR-ʣʠʛʘʥʜʦʚ 

ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʬʫʣʴʚʝʥʳ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʪ ʩ ʘʮʝʪʘʪʥʳʤʠ 

ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʦʜʠʷ(I) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʫʢʣʝʦʬʠʣʦʚ, ʜʘʚʘʷ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (ʉʭʝʤʘ O18, ʛ) [80]. ʊʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʬʫʣʴʚʝʥʳ ʩʧʦʩʦʙʥʳ 

ʚʩʪʫʧʘʪʴ ʚ ʧʨʷʤʫʶ ʨʝʘʢʮʠʶ ʩ RhCl3ĬnH2O ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʢʦʤʳʭ ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2 

(ʉʭʝʤʘ O18, ʜ) [81,82]. 
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ʉʭʝʤʘ O18. ʆʙʱʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2 ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ 

ʣʝʪ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʭʠʨʘʣʴʥʳʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʭʠʨʘʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ(II), ʭʠʨʘʣʴʥʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʳ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(III ) ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ 

ʢʘʪʘʣʠʟʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ʇʦʜʨʦʙʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ CpRH ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. O5 [75,77,83,84]. ʀʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʟʦʨʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʶ ʭʠʨʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [CpRRhX2]2 ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ [85ï88]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ 

ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (ʉʭʝʤʘ O19) [89,90]. 
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ʈʠʩ. O5. ʀʟʙʨʘʥʥʳʝ ʧʨʠʤʝʨʳ ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(III ). 

 

ʉʭʝʤʘ O19. ʍʠʨʘʣʴʥʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʎʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ), ʢʘʢ ʠ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ Rh2(RCOO)4, 

ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ. ɺ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ ʧʨʦʬ. ʌʶʨʩʪʥʝʨʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʘʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʧʨʠʨʦʜʦʡ ʘʥʠʦʥʥʳʭ X-ʣʠʛʘʥʜʦʚ, ʪʘʢ ʠ ʧʨʠʨʦʜʦʡ 

ʩʘʤʦʛʦ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ [Cp*RhBr2]2 ʠ [Cp*RhI2]2 ʩ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʦʞʠʜʘʝʤʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘʤ Rh4 ʠ Rh5 

(ʠʭ, ʢʘʢ ʠ Rh1-3, ʫʜʘʣʦʩʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʠʰʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ) [24]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʝʘʢʮʠʷ ʭʣʦʨʠʜʥʦʛʦ [Cp*Rhʉl2]2 ʩ ʪʝʤ ʞʝ ʩʫʙʩʪʨʘʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʫ ʪʠʧʘ Rh6, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʪʘʢʦʡ ʭʣʦʨʠʜ-ʠʦʥʘ ʧʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʢʘʨʙʝʥʦʚʦʤʫ ʫʛʣʝʨʦʜʫ (ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʟʘ ʩʯʝʪ ɖ2-ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʘʨʝʥʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 18ʝ ʦʢʨʫʞʝʥʠʷ). ɸʥʘʣʦʛʠʯʥʘʷ 

ʨʝʘʢʮʠʷ [Cp*Rhʉl2]2 ʩ ʜʦʥʦʨʥʳʤ ʜʠʘʨʠʣʜʠʘʟʦʧʨʦʠʟʚʦʜʥʳʤ ʧʨʠʚʦʜʠʪ ʫʞʝ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 
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ʤʝʪʘʣʣʦʢʘʨʙʝʥʫ Rh7, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴʶ ʢʘʨʙʝʥʦʚʦʛʦ ʫʛʣʝʨʦʜʘ ʠʟ-

ʟʘ ʥʘʣʠʯʠʷ ʜʚʫʭ ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʉʭʝʤʘ O20). 

 

ʉʭʝʤʘ O20. ʉʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ(III ) ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ. 

1.2.2. ʇʨʠʤʝʥʝʥʠʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(III ) ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) ʠʟʚʝʩʪʥʳ ʝʱʝ ʩ ʢʦʥʮʘ 

60-ʭ ʛʦʜʦʚ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʣʥʦʮʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ʇʝʨʚʦʡ 

ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʦʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʜʘʚʥʶʶ ʧʫʙʣʠʢʘʮʠʶ ʛʨʫʧʧʳ ʧʨʦʬ. 

ʌʶʨʩʪʥʝʨʘ, ʧʦʩʚʷʱʝʥʥʫʶ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʘʨʙʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Rh(II ) ʠ Rh(III ) (ʩʤ. ʉʭʝʤʳ O5 ʠ O20). ɺ ʥʝʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [Cp*RhX2]2 (X = Cl 

ʠʣʠ I) ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ Si-H ʠ O-H 

(ʉʭʝʤʘ O21) [24]. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʦʡ ʞʝ ʛʨʫʧʧʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʨʷʜʝ 

ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ï ʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʠ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʠ ʤʝʪʘʪʝʟʠʩʝ 

ʘʟʦʙʝʥʟʦʣʦʚ ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟʘʪʦʨ Rh2(OAc)4 (ʉʭʝʤʘ O22) [91]. 
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ʉʭʝʤʘ O21. ʇʝʨʚʳʝ ʫʩʧʝʰʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ [Cp*RhI2]2. ɼʣʷ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʫʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʮʝʥʪʨʦʚ. 

 

ʉʭʝʤʘ O22. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Cp*RhI2]2 ʚ ʢʘʪʘʣʠʟʝ. ɼʣʷ ʵʧʦʢʩʠʜʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʫʢʘʟʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʮʝʥʪʨʦʚ. 

ɺ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ ʧʨʦʬ. ʌʶʨʩʪʥʝʨʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ [Cp*RhX2]2 ʚ ʨʝʘʢʮʠʷʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʛʘʣʦʛʝʥʠʜʘ X (ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʤ. ʉʭʝʤʫ O20 ʠ ʦʙʩʫʞʜʝʥʠʝ ʢ ʥʝʡ), ʦʜʥʘʢʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʦʩʪʘʚʘʣʦʩʴ ʥʝʷʩʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ Cp*-ʧʨʦʠʟʚʦʜʥʳʝ. ɺ ʥʝʜʘʚʥʝʤ ʧʨʦʝʢʪʝ ʥʘʰʝʡ ʛʨʫʧʧʳ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʙʳʣ 

ʯʘʩʪʠʯʥʦ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʢʦʤʧʣʝʢʩʦʚ [CpRRhI2]2, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʤʝʥʥʦ [Cp*RhI2]2 

ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ (ʉʭʝʤʘ O23). ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ(II) ʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [CpRRhI2]2 ʥʝ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʚʥʝʜʨʝʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ C-H [92]. 

 

ʉʭʝʤʘ O23. ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [CpRRhI2]2 ʚ ʨʝʘʢʮʠʷʭ 

ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ E-H (E = B, Si, N). 



31 
 

ɼʣʷ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʚʣʠʷʥʠʷ CpR-ʣʠʛʘʥʜʘ ʥʘ ʩʚʦʡʩʪʚʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʥʝʜʨʝʥʠʷ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʚʳʙʦʨʢʫ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʠ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʬʦʨʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ, ʢʦʤʧʣʝʢʩʳ 

[CpRRhI2]2 ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ Rh2(RCOO)4, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʜʦʥʦʨʥʦʡ ʧʨʠʨʦʜʦʡ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʦʛʦ ʠ ʠʦʜʠʜʥʦʛʦ ʣʠʛʘʥʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʜʘʥʥʳʭ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʘʢʠʭ ʢʘʢ 

[Cp*Rh(MeCN)3](PF6)2, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʭʦʪʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʜʘʚʘʪʴ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʤʝʪʘʣʣʦʢʘʨʙʝʥʳ. ʆʩʦʙʦ 

ʧʦʣʝʟʥʳʤ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʳʣʦ ʙʳ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ 

ʠʟʫʯʘʣʘʩʴ ʙʳ ʢʘʪʘʣʠʪʠʯʝʩʢʘ ̫ʘʢʪʠʚʥʦʩʪ ɹʢʦʤʧʣʝʢʩʦʚ CpRRhLn ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʢʘʢ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ CpR-ʣʠʛʘʥʜʝ, ʪʘʢ ʠ L-ʣʠʛʘʥʜʦʚ (ʥʝʡʪʨʘʣʴʥʳʭ ʠʣʠ ʘʥʠʦʥʥʳʭ). ʂʨʦʤʝ ʪʦʛʦ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʣʥʦʮʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(III ) ʚ ʭʠʤʠʠ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʠ ʜʠʘʢʮʝʧʪʦʨʥʳʭ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʭʦʪʷ ʧʦʩʣʝʜʥʠʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʘʢʮʠʡ C-H ʘʢʪʠʚʘʮʠʠ, ʩʤ. 

ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ). ʅʘʢʦʥʝʮ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʠʣʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʦʜʠʷ(III ) ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.2.3. ʇʨʠʤʝʥʝʥʠʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(III )  

ʜʣʷ ʨʝʘʢʮʠʡ C-H ʘʢʪʠʚʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ 

ʜʨʫʛʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʦʙʟʦʨʝ, ʩʧʦʩʦʙʥʳ ʣʝʛʢʦ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ C-

H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʧʨʘʚʣʷʶʱʫʶ ʛʨʫʧʧʫ (ʩʤ. 

ʉʭʝʤʫ O16). ʆʙʨʘʟʫʶʱʠʡʩʷ ʤʝʪʘʣʣʘʮʠʢʣ IM 3 ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ, ʜʘʚʘʷ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥ IM 4. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ 

ʚʥʝʜʨʝʥʠʷ ʚ C-H ʩʚʷʟʴ.  

ʇʝʨʚʘʷ ʢʣʶʯʝʚʘʷ ʨʘʙʦʪʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʚ 2012-ʤ ʛʦʜʫ [93]. ɸʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ O-ʟʘʤʝʱʝʥʥʳʝ ʦʢʩʠʤʳ ʘʮʝʪʦʬʝʥʦʥʘ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʜʠʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Cp*RhCl2]2 (ʉʭʝʤʘ O24). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʜʣʷ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ ʩʪʘʜʠʠ C-H ʘʢʪʠʚʘʮʠʠ 

ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʘʮʝʪʘʪ-ʠʦʥʘ (AgOAc) ʠʣʠ ʛʦʪʦʚʦʛʦ ʘʮʝʪʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
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Cp*Rh(OAc)2 ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʤʠʤʦ ʦʢʩʠʤʦʚ ʚ ʨʝʘʢʮʠʶ ʪʘʢʞʝ ʚʩʪʫʧʘʶʪ 

ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʠ ʬʝʥʠʣʧʠʨʠʜʠʥʳ, ʦʙʨʘʟʫʷ ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʬʦʨʤʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʚ C-H ʩʚʷʟʴ. ʊʘʢʞʝ ʘʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ N-ʙʝʥʟʠʣʤʝʪʠʣʘʤʠʥʳ, ʧʨʠʯʝʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʩʨʘʟʫ ʚʩʪʫʧʘʶʪ ʚ ʧʦʩʣʝʜʫʶʱʫʶ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʟʦʭʠʥʦʣʦʥʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʘʥʦʣ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘʤʠ, ʦʙʨʘʟʫʷ ʧʨʦʜʫʢʪʳ ʚʥʝʜʨʝʥʠʷ O-

H ʩʚʷʟʠ. ʀʟ ʵʪʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʢʦʩʚʝʥʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʪʘʜʠʷ C-H ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʦʟʤʦʞʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ ʠʟ ʜʠʘʢʮʝʧʪʦʨʥʦʛʦ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʠ [Cp*RhCl2]2. 

 

ʉʭʝʤʘ O24. ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʠʘʢʮʝʧʪʦʨʥʳʤʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(III ). 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʣʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʦʪʢʨʳʪʠʷ 

ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʩʪʫʧʘʪʴ ʚ ʘʥʘʣʦʛʠʯʥʫʶ ʨʝʘʢʮʠʶ C-H ʚʥʝʜʨʝʥʠʷ. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʠʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ 

ʪʘʢʞʝ ʨʝʘʛʠʨʫʶʪ 2-ʬʝʥʠʣʧʠʨʘʟʦʣʳ [94], 2-ʬʝʥʠʣʙʝʥʟʦʪʠʘʟʦʣʳ [95], ʪʨʠʘʟʝʥʳ [96], ʭʠʥʦʣʠʥ N-

ʦʢʩʠʜʳ [97] ʠ ʜʝʩʷʪʢʠ ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶ 

ʛʨʫʧʧʫ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʛʠʨʫʶʱʝʡ C-H ʩʚʷʟʠ (Cʭʝʤʘ O25). ɺʩʝ ʨʝʘʢʮʠʠ 

ʵʪʦʛʦ ʪʠʧʘ ʧʨʦʪʝʢʘʶʪ ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 40-80 oC, ʟʘʛʨʫʟʢʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 2-5 ʤʦʣ.%, ʩʧʠʨʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ) ʠ ʧʦ ʠʜʝʥʪʠʯʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʘ ʩʧʠʩʦʢ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʪʝʤʘʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ [98]. 
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ʉʭʝʤʘ O25. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʠʘʢʮʝʧʪʦʨʥʳʤʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʦʙʱʠʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

 ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ [99]. ɺ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ O-ʟʘʤʝʱʝʥʥʳʤʠ ʛʠʜʨʦʢʩʘʤʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ [Cp*RhCl2]2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʟʦʠʥʜʦʣʠʥʦʥʦʚ (Cʭʝʤʘ O26) [100]. 

 

ʉʭʝʤʘ O26. ʎʠʢʣʠʟʘʮʠʷ O-ʟʘʤʝʱʝʥʥʳʭ ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ [Cp*RhCl2]2. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʨʫʛʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʛʨʫʧʧʳ (ʩʚʦʙʦʜʥʳʝ ʦʢʩʠʤʳ 

[101,102], ʘʤʠʜʳ [103,104], ʠʤʠʥʳ [105ï107], ʘʟʦʩʦʝʜʠʥʝʥʠʷ [108,109] ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ ʚʩʪʫʧʘʶʪ ʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʩ ʜʚʫʤʷ ʘʢʮʝʧʪʦʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʭʦʪʷ ʠ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ï ʝʩʣʠ ʥʝʢʦʪʦʨʳʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʞʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʦ ʚ ʩʣʫʯʘʝ ʜʠʘʢʮʝʧʪʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚ ʜʦ 60-100 oC 

(Cʭʝʤʘ O27).  
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ʉʭʝʤʘ O27. ʉʠʥʪʝʟ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(III ). ɺ ʧʝʨʚʦʡ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʝ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʨʝʘʢʮʠʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ Cʭʝʤʝ O26: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʣʢʠʣ-ʟʘʤʝʱʝʥʥʳʭ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ O-ʧʠʚʘʣʦʠʣ ʛʠʜʨʦʢʩʘʤʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ CpRRh(C2H4)2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʭʠʨʘʣʴʥʳʭ ʠʟʦʠʥʜʦʣʠʥʦʥʦʚ ʩ ʵʥʘʥʪʠʦʤʝʨʥʳʤ ʠʟʙʳʪʢʦʤ ʚʧʣʦʪʴ ʜʦ 93% (ʉʭʝʤʘ O28) [110]. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ee ʘʚʪʦʨʳ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʛʨʫʞʝʥʥʳʡ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʡ ʣʠʛʘʥʜ, ʥʦ ʠ ʧʨʠʤʝʥʷʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ 3-(2,4-ʜʠʤʝʪʠʣ)-ʧʝʥʪʠʣʴʥʫʶ ʩʣʦʞʥʦʵʬʠʨʥʫʶ ʛʨʫʧʧʫ. ʋʤʝʥʴʰʝʥʠʝ ʩʪʝʨʠʢʠ ʣʶʙʦʛʦ 

ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʧʝʨʝʭʦʜ ʢ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʜʠʘʢʮʝʧʪʦʨʥʳʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤ ʠʣʠ ʢ ʵʬʠʨʘʤ 

ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʟʘʤʝʱʝʥʥʳʝ ʠʥʜʦʣʳ, ʦʜʥʘʢʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʩʭʦʜʥʳʤ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤ ʦʩʪʘʣʠʩʴ ʚʩʝ ʪʝ ʞʝ (ʉʭʝʤʘ O29) [111]. 

 

ʉʭʝʤʘ O28. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʘʷ ʮʠʢʣʠʟʘʮʠʷ O-ʟʘʤʝʱʝʥʥʳʭ ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ ʩ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ. 
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ʉʭʝʤʘ O29. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʥʜʦʣʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ ʩ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʍʠʨʘʣʴʥʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʫʣʴʬʦʢʩʠʤʠʥʦʚ (ʉʭʝʤʘ O30) [112] ʠ ʜʣʷ 

ʘʪʨʦʧʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʙʠʘʨʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʭʝʤʳ O31 ʠ O32) [77,113]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʳʭ ʫʩʧʝʭʦʚ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ CpRRhLn ʜʣʷ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ, ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʩʝ ʝʱʝ ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʦ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʳʯʥʦ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ Rh-ʮʝʥʪʨʦʠʜ Cp, ʠʟ-ʟʘ ʯʝʛʦ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) ʦʢʘʟʳʚʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʘ ʩʫʙʩʪʨʘʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʫʶ ʦʙʣʘʩʪʴ ʚʩʝ ʝʱʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʜʦʩʪʫʧʥʳʤʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

ʉʭʝʤʘ O30. ʂʠʥʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʫʣʴʬʦʢʩʠʤʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 
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Cʭʝʤʘ O31. ɸʪʨʦʧʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʦʢʩʘʤʦʚʳʭ ʢʠʩʣʦʪ ʠ ʜʠʘʟʦʥʘʬʪʦʭʠʥʦʥʘ. 

 

ʉʭʝʤʘ O32. ɸʪʨʦʧʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦ[h]ʭʠʥʦʣʠʥʘ ʠ ʜʠʘʟʦʥʘʬʪʦʭʠʥʦʥʘ. 

1.3.1. ʉʠʥʪʝʟ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(I ) 

ʊʨʝʪʠʡ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʢʣʘʩʩ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ ï ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ [(ʜʠʝʥ)RhX]2 (ʯʘʱʝ ʚʩʝʛʦ X = Cl, ʥʦ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ X = Br, I, OR(H), OAc). 

ʇʦʜʦʙʥʦ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ [CpRRhX2]2, ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʜʠʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʘʥʠʦʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʦʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 18ʝ ʢʦʤʧʣʝʢʩʦʚ Rh(III ) 

ʜʠʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʣʘʜʘʶʪ ʛʝʦʤʝʪʨʠʝʡ ʧʣʦʩʢʦʛʦ ʢʚʘʜʨʘʪʘ ʩ ʬʦʨʤʘʣʴʥʦ 16ʝ ʦʢʨʫʞʝʥʠʝʤ 

ʘʪʦʤʘ ʤʝʪʘʣʣʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʨʘʥʝʝ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ Rh(II ) ʠ Rh(III ) 

ʧʝʨʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʪʦʛʦ ʢʣʘʩʩʘ ï ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ [(COD)RhCl]2 ï ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʝʱʝ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʘʩʪʚʦʨʘ RhCl3ĬnH2O ʩ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥʦʤ [114]. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) ʦʪ ʦʙʩʫʞʜʘʝʤʳʭ ʨʘʥʝʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʘʙʠʣʴʥʦʩʪʠ ʜʠʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ: ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʙʠʜʝʥʪʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (ʥʘʧʨʠʤʝʨ, ʬʦʩʬʠʥʦʚ) ʜʠʝʥʳ ʦʙʳʯʥʦ 

ʥʘʮʝʣʦ ʚʳʪʝʩʥʷʶʪʩʷ ʠʟ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʤʝʪʘʣʣʘ. ʀʟ-ʟʘ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʳ 

ʩʦʩʪʘʚʘ [(ʜʠʝʥ)RhCl]2 ʠ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [(ʜʠʝʥ)2Rh]+ ʠ 

[(ʜʠʝʥ)Rh(MeCN)2]
+ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʣʠʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʩʬʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʦʜʠʷ(I), ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ 

ʣʝʛʢʦ ʦʢʠʩʣʷʶʪʩʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʭʨʘʥʝʥʠʝ. ʆʜʥʘʢʦ ʩ ʦʪʢʨʳʪʠʝʤ ʨʝʘʢʮʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 
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ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʠʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʬʦʩʬʠʥʦʚ) ʨʦʜʠʷ(I), ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʢʣʘʩʩ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ 

[(ʜʠʝʥ)RhCl]2. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ [(COD)RhCl]2: ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʭʣʦʨʠʜ ʨʦʜʠʷ(III ) ʨʝʘʛʠʨʫʝʪ 

ʩʦ ʩʚʦʙʦʜʥʳʤ ʜʠʝʥʦʤ ʚ ʨʘʩʪʚʦʨʝ ʩʧʠʨʪʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ [115]. ɺ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʩʧʠʨʪʦʤ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(II), ʦʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʜʦ ʬʦʨʤʘʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +1. ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʧʠʨʪʘʭ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʠʭ ʚʳʜʝʣʝʥʠʝ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʙʳʪʢʘ ʜʠʝʥʘ (ʦʙʳʯʥʦ 3 ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʙʦʣʝʝ), ʦʜʥʘʢʦ ʚ ʭʦʜʝ 

ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʢʦʣʠʯʝʩʪʚʦ ʜʠʝʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ ʜʦ ʵʢʚʠʤʦʣʷʨʥʦʛʦ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤ ʠ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʦʣʝʬʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʣʝʛʢʦ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠʣʝʥʦʚʳʡ [(C2H4)2RhCl]2 ʠʣʠ ʮʠʢʣʦʦʢʪʝʥʦʚʳʡ [(COE)2RhCl]2 ʢʦʤʧʣʝʢʩʳ 

ʨʦʜʠʷ [116,117]. ʍʦʪʷ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ, ʦʙʳʯʥʦ ʠʭ 

ʩʠʥʪʝʟʠʨʫʶʪ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʤʝʪʦʜʫ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ: RhCl3ĬnH2O 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʨʘʩʪʚʦʨʝ ʩʧʠʨʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʢʝʥʘ. 

ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʘʥʘʣʦʛʠʯʥʳ ʜʠʝʥʦʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʦʜʥʘʢʦ ʚ ʩʠʣʫ 

ʦʪʩʫʪʩʪʚʠʷ ʭʝʣʘʪʥʦʛʦ ʵʬʬʝʢʪʘ ʦʙʣʘʜʘʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʈʝʘʢʮʠʠ ʦʙʤʝʥʘ 

ʘʣʢʝʥʦʚ ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʶʪ ʙʳʩʪʨʦ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʭ ʜʠʝʥʦʚ) ʠ 

ʜʘʶʪ ʚʳʭʦʜʳ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʣʠʟʢʠʝ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ (ʉʭʝʤʘ O33). ʀʟ-ʟʘ ʵʪʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʯʘʩʪʦ ʛʝʥʝʨʠʨʫʶʪ in situ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʪʝʩʪʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʘʪʘʣʠʟʝ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʨʦʤʝ ʵʪʠʣʝʥʦʚʦʛʦ ʠ ʮʠʢʣʦʦʢʪʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʪʝʭ ʞʝ 

ʮʝʣʝʡ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʥʘʣʦʛ [(CO)2RhCl]2, ʦʜʥʘʢʦ ʜʣʷ ʜʠʩʩʦʮʠʘʮʠʠ CO 

ʣʠʛʘʥʜʦʚ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʣʴʥʦʛʦ ʥʘʛʨʝʚʘ (> 80 oC), ʯʪʦ ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʤʘʣʦʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. 
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ʉʭʝʤʘ O33. ʆʙʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʦʣʝʬʠʥʦʚʳʭ ʠ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I). 

ʇʨʦʩʪʝʡʰʠʝ ʜʠʝʥʳ, ʪʘʢʠʝ ʢʘʢ 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ (COD), ʥʦʨʙʦʨʥʘʜʠʝʥ (NBD) ʠ 

ʪʝʪʨʘʬʪʦʨʙʘʨʨʝʣʝʥ (TFB), ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ, ʧʦʵʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʥʘʧʨʷʤʫʶ ʠʟ ʭʣʦʨʠʜʘ ʨʦʜʠʷ(III ). ʂʨʦʤʝ ʪʦʛʦ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʝʩʷʪʢʠ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ, ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʪʘʣʠʟʝ ʩ ʫʯʘʩʪʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʠ ʩʧʦʩʦʙʘʤ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʦʩʚʷʱʝʥ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ. ʂʦʤʧʣʝʢʩʳ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʫʯʘʶʪ ʨʝʘʢʮʠʝʡ 

ʦʙʤʝʥʘ ʩ ʵʪʠʣʝʥʦʚʳʤ ʠʣʠ ʮʠʢʣʦʦʢʪʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤʠ, ʠʟʦʙʨʘʞʝʥʥʳʤʠ ʥʘ ʉʭʝʤʝ O33. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ [(ʜʠʝʥ)RhCl]2 ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ Rh2(RCOO)4 ʠ [CpRRhX2]2 ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʘʣʣʦʢʘʨʙʝʥ. 

ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ʂʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ ʪʠʧʘ Rh8 ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ Ir 8, ʢʦʪʦʨʳʡ ʥʝʜʘʚʥʦ 

ʧʦʣʫʯʠʣʠ ʠʟ ʩʪʨʫʢʪʫʨʥʦ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʨʠʜʠʷ(I) [(COD)IrCl]2 ʠ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ (ʉʭʝʤʘ O34) [91]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʦʜʠʷ(I) ʩʪʘʣʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ 

(ʩ 2014-ʛʦ ʛʦʜʘ), ʧʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʠʝ ʦʧʠʩʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘʙʦʪʢʦʡ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʠ. 

 

ʉʭʝʤʘ O34. ʉʪʨʫʢʪʫʨʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʦʜʠʝʚʦʛʦ(I) ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ [(COD)RhCl]2, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʥʳʡ ʠʨʠʜʠʝʚʳʡ(I) ʘʥʘʣʦʛ. 
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1.3.2. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʳ ʫʞʝ ʜʝʩʷʪʢʠ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʦʡ ʩʢʝʣʝʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʠʤʝʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ 

ʜʚʦʡʥʳʭ ʩʚʷʟʷʭ [118ï120]. ʊʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ 

ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʭʠʨʘʣʴʥʳʝ ʥʦʨʙʦʨʥʘʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʦʜʠʷ(I) ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʠʣʙʦʨʦʥʦʚʳʭ 

ʢʠʩʣʦʪ (ʉʭʝʤʘ O35) [121]. 

 

ʉʭʝʤʘ O35. ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʚ ʢʘʪʘʣʠʟʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʳʰʣʦ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʧʦʣʥʦʮʝʥʥʳʭ ʦʙʟʦʨʦʚ, 

ʧʦʜʨʦʙʥʦ ʦʩʚʝʱʘʶʱʠʭ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ, ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʥʠʭ ʥʝ 

ʟʘʦʩʪʨʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʤ ʥʝʜʦʩʪʘʪʢʝ, ʧʨʠʩʫʱʝʤ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟ ʤʝʪʦʜʦʚ ʠ ʩʚʷʟʘʥʥʳʤ ʩ 

ʠʭ ʤʘʣʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ. ʉʪʨʘʪʝʛʠʠ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ 5 ʛʨʫʧʧ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʘ ʜʘʣʝʝ ʚ ʪʝʢʫʱʝʤ ʨʘʟʜʝʣʝ: 

- ʩʠʥʪʝʟ ʜʠʝʥʦʚ ʠʟ ʭʠʨʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

- ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ 

- ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ ʩ ʧʨʝʧʘʨʘʪʠʚʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ 

ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʥʘ ʭʠʨʘʣʴʥʳʭ ʢʦʣʦʥʢʘʭ ʤʝʪʦʜʦʤ ɺʕɾʍ 

- ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʠʝʥʦʚ 

- ʬʨʘʢʮʠʦʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʨʘʮʝʤʠʯʝʩʢʠʭ 

ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʭʠʨʘʣʴʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

ʍʠʨʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ 2004-ʤ ʛʦʜʫ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʫʜʦʙʥʳʡ ʯʝʪʳʨʝʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʘ OD1 ʠʟ ʥʝʜʦʨʦʛʦʛʦ 

(-)-ʢʘʨʚʦʥʘ. ʅʘ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʘʜʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʳʪʠʷ ʙʨʦʤʦʥʠʝʚʦʛʦ ʠʦʥʘ ʤʝʪʘʥʦʣʦʤ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʮʠʢʣʠʟʘʮʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʝʪʦʥʘ ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʫʞʥʦʡ ʩʢʝʣʝʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʇʦʩʣʝʜʫʶʱʠʝ ʪʨʠʬʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ LDA-PyNTf2 ʠ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʥʝʯʥʦʤʫ ʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʘʜʠʝʥʫ OD1 (ʉʭʝʤʘ O36) [122]. ɼʨʫʛʦʡ 
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ʫʜʦʙʥʦʡ ʧʨʠʨʦʜʥʦʡ ʭʠʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ ʦʢʘʟʘʣʩʷ R-ʬʝʣʣʘʥʜʨʝʥ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʶ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 2-ʥʘʬʪʠʣʧʨʦʧʠʦʣʘʪʦʤ. ʇʦʜʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʘʥʥʫʶ ʨʝʘʢʮʠʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ OD2 ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʍʦʪʷ ʧʦʣʫʯʝʥʥʳʡ ʜʠʝʥ ʩʘʤ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʭʠʨʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʠ ʧʝʨʝʚʝʜʝʥ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʠ ʘʤʠʜʳ (ʉʭʝʤʘ O37) [123,124]. 

 

ʉʭʝʤʘ O36. ʇʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʘ OD1 ʠʟ (-)-ʢʘʨʚʦʥʘ. 

 

ʉʭʝʤʘ O37. ʇʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʘ OD2 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʠʟ (R)-ʬʝʣʣʘʥʜʨʝʥʘ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʧʠʩʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʟʘʢʣʶʯʘʪʁʩʷ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʭʠʨʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʣʥʦʡ ʢʦʥʪʨʦʣʴ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʚʦʟʤʦʞʝʥ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʥʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʇʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ ʠʤʝʝʪ 

ʩʢʦʨʝʝ ʠʩʪʦʨʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ C2-
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ʩʠʤʤʝʪʨʠʯʥʳʝ ʭʠʨʘʣʴʥʳʝ ʥʦʨʙʦʨʥʘʜʠʝʥʳ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʩʣʫʞʠʣʦ 

ʧʦʚʦʜʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʦʙʣʘʩʪʠ (ʩʤ. ʉʭʝʤʫ O35). ɺ ʦʨʠʛʠʥʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʥʝʟʘʤʝʱʝʥʥʳʡ 

ʥʦʨʙʦʨʥʘʜʠʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʨʘʣʴʥʦʛʦ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʢʠʩʣʝʥʠʷ 

ʧʨʝʚʨʘʱʘʣʠ ʚ ʭʠʨʘʣʴʥʳʡ ʜʠʢʝʪʦʥ, ʠʟ ʢʦʪʦʨʦʛʦ ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʧʦ ʦʧʠʩʘʥʥʦʤʫ 

ʨʘʥʝʝ ʤʝʪʦʜʫ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʪʘʜʠʠ ʪʨʠʬʣʠʨʦʚʘʥʠʷ ʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ) ʧʦʣʫʯʘʣʠ 

ʜʠʟʘʤʝʱʝʥʥʳʝ ʜʠʝʥ rOD4 (ʉʭʝʤʘ O38) [121]. 

 

ʉʭʝʤʘ O38. ʉʠʥʪʝʟ ʭʠʨʘʣʴʥʳʭ ʥʦʨʙʦʨʥʘʜʠʝʥʦʚ OD4 ʯʝʨʝʟ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʝ. 

ɺ 2012-ʤ ʛʦʜʫ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʘʜʠʝʥʦʚ OD5 ʠʟ ʮʠʢʣʦʛʝʢʩʝʥʦʥʘ ʠ ʬʝʥʠʣʘʮʝʪʘʣʴʜʝʛʠʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʨʛʘʥʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ L-ʧʨʦʣʠʥʘ (ʉʭʝʤʘ O39) [125]. ɸʚʪʦʨʳ ʤʝʪʦʜʘ ʪʱʘʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ 

ʚʩʝ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ 500 ʛʨʘʤʤ ʠʩʭʦʜʥʦʛʦ ʮʠʢʣʦʛʝʢʩʝʥʦʥʘ ʚ 5 ʩʪʘʜʠʡ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ 100 ʛʨʘʤʤ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʘ OD5 (ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʜʫʢʪ, ʛʜʝ Ar = Ph), ʥʝʩʤʦʪʨʷ 

ʥʘ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʚʩʝʛʦ 11% ʩ ʫʯʝʪʦʤ ʧʨʦʚʦʜʠʤʳʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ee. 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʥʘʯʘʣʴʥʦʡ ʬʠʢʩʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ 

ʦʜʥʦʡ ʠʟ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (Ph-ʛʨʫʧʧʘ ʠʟ ʠʩʭʦʜʥʦʛʦ ʬʝʥʠʣʘʮʝʪʘʣʴʜʝʛʠʜʘ) ʠ ʚ 

ʥʝʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʩ ʜʨʫʛʠʤʠ ʩʢʝʣʝʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʥʦʨʙʦʨʥʘʜʠʝʥʦʚ ʠʣʠ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʙʘʨʨʝʣʝʥʦʚ. 

 

ʉʭʝʤʘ O39. ʇʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ OD5 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʨʛʘʥʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʪʘʢʞʝ ʧʦʣʫʯʝʥʘ ʧʨʠ 

ʧʦʤʦʱʠ ʧʦʜʭʦʜʦʚ, ʦʧʠʨʘʶʱʠʭʩ ̫ ʥʘ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʠʥʪʝʟ,r ʦʜʥʘʢʦ ʚ ʥʠʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʘʜʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʣʠʙʦ ʦʜʠʥ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 
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ʧʨʦʜʫʢʪʦʚ, ʫʞʝ ʩʦʜʝʨʞʘʱʠʭ ʭʠʨʘʣʴʥʳʡ ʮʝʥʪʨ, ʣʠʙʦ ʢʦʥʝʯʥʳʡ ʭʠʨʘʣʴʥʳʡ ʜʠʝʥ ʧʨʝʧʘʨʘʪʠʚʥʦ 

ʨʘʟʜʝʣʷʶʪ ʥʘ ʭʠʨʘʣʴʥʳʭ ʢʦʣʦʥʢʘʭ ʤʝʪʦʜʦʤ ɺʕɾʍ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʧʦʤʠʤʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʙʦʨʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟr ʠ ʫʩʣʦʚʠʡ ʨʘʟʜʝʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʦʥʦʢ. ʉʪʘʥʜʘʨʪʥʳʝ 

ʜʣʠʥʳ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʦʥʦʢ ʦʙʳʯʥʦ ʩʦʚʧʘʜʘʶʪ (250 ʤʤ), ʦʜʥʘʢʦ ʚʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʦʪʣʠʯʘʝʪʩʷ ʚ 5-10 ʨʘʟ (ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʦʥʦʢ: 20 ʤʤ, ʜʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ: ʦʪ 2.1 ʜʦ 4.6 ʤʤ) ï ʚʦ ʩʪʦʣʴʢʦ ʞʝ, ʚʦ ʩʢʦʣʴʢʦ ʠ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʜʣʷ 

ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʦʥʦʢ ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʡ 10000$ ʟʘ 1 ʰʪ. 

ʇʨʠ ʧʦʤʦʱʠ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʭʠʨʘʣʴʥʳʝ ʜʠʟʘʤʝʱʝʥʥʳʝ 

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʙʘʨʨʝʣʝʥʳ OD6 (ʉʭʝʤʘ O40) [126]. ɼʠʢʝʪʦʥ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 

ʭʦʜʝ [4+2] ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʝʪʨʘʬʪʦʜʝʛʠʜʨʦʙʝʥʟʦʣʘ ʢ ɻʬʠʨʫ ʛʠʜʨʦʭʠʥʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʛʠʜʨʦʣʠʟʦʤ ʧʦʣʫʧʨʦʜʫʢʪʘ. ʇʦʣʫʯʝʥʥʫʶ ʨʘʮʝʤʠʯʝʩʢʫʶ ʩʤʝʩʴ ʨʘʟʜʝʣʷʶʪ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʝʧʘʨʘʪʠʚʥʦʡ ɺʕɾʍ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʜʠʬʠʮʠʨʫʶʪ 

ʧʦ ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʘʤ. ʇʨʠʤʝʨ ʩʣʫʯʘʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʜʝʣʝʥʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʥʝʯʥʳʝ 

ʭʠʨʘʣʴʥʳʝ ʜʠʝʥʳ, ʠʟʦʙʨʘʞʝʥ ʥʘ ʉʭʝʤʝ O41 (ʧʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʳʭ ʜʠʟʘʤʝʱʝʥʥʳʭ 

ʙʠʮʠʢʣʦ[3.3.1]ʥʦʥʘʜʠʝʥʦʚ OD7) [127]. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʝʱʝ ʤʝʥʝʝ ʫʜʦʙʝʥ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʜʚʦʡʥʳʭ ʩʚʷʟʷʭ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʣʷʨʥʦʩʪʠ ʠ ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʥʦʚʦ ʧʦʜʙʠʨʘʪʴ ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʭʠʨʘʣʴʥʦʡ ʬʘʟʝ. 

 

ʉʭʝʤʘ O40. ʇʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ OD6 ʯʝʨʝʟ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʝʪʦʥʘ ʥʘ ʵʥʘʥʪʠʦʤʝʨʳ. 

 

ʉʭʝʤʘ O41. ʇʦʣʫʯʝʥʠʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚ ʨʘʮ-OD7 ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʵʥʘʥʪʠʦʤʝʨʳ. 
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ɽʱʝ ʦʜʠʥ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʟʘʜʝʡʩʪʚʫʝʪ ʬʝʨʤʝʥʪʘʪʠʚʥʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʩʧʠʨʪʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʢʦʥʝʯʥʳʭ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʤʠʤʦ 

ʩʚʦʝʡ ʤʘʣʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʳ ʭʠʨʘʣʴʥʳʝ 

ʙʠʮʠʢʣʦ[3.3.0]ʦʢʪʘʜʠʝʥʳ OD8 (ʉʭʝʤʘ O42) [128] ʠ ʨʷʜ ʜʨʫʛʠʭ ʨʦʜʩʪʚʝʥʥʳʭ ʣʠʛʘʥʜʦʚ [129]. 

 

ʉʭʝʤʘ O42. ʇʦʣʫʯʝʥʠʝ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ OD8 ʯʝʨʝʟ ʢʠʥʝʪʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʠʦʣʘ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. 

ʅʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʠʤ ʤʝʪʦʜʦʤ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʪʝʤʘʪʠʢʝ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʚʩʝʛʦ 3 ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ, ʦʜʠʥ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʉʭʝʤʝ O43 [130ï132]. ɼʦʩʪʫʧʥʳʡ ʜʠʝʥ ʨʘʮ-OD9 ʧʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʨʦʜʠʝʤ ʜʘʝʪ ʨʘʮʝʤʠʯʝʩʢʫʶ ʩʤʝʩʴ ʢʦʤʧʣʝʢʩʦʚ [(R-OD9)Rh(MeCN)2]OTf ʠ [(S-

OD9)Rh(MeCN)2]OTf. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʙʠʜʝʥʪʘʪʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (+)-DABN ʦʙʘ 

ʠʩʭʦʜʥʳʭ ʵʥʘʥʪʠʦʤʝʨʘ ʩʚʷʟʳʚʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʜʠʘʩʪʝʨʝʦʤʝʨʥʫʶ ʩʤʝʩʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɺ ʭʦʜʝ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʬʨʘʢʮʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʠʟ ʨʘʩʪʚʦʨʘ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ 

[(R-OD9)Rh(+)-DABN)2]OTf ʚ ʚʠʜʝ ʯʠʩʪʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʪʥʦ ʧʝʨʝʚʝʜʝʥ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʘʮʝʪʦʥʠʪʨʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [(R-

OD9)Rh(MeCN)2]OTf (ʉʭʝʤʘ O43). ʋ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʤʠʤʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʨʦʜʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʦʙʳʯʥʦ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ 

ʪʦʣʴʢʦ ʦʜʠʥ ʜʠʘʩʪʝʨʝʦʤʝʨ, ʧʦʵʪʦʤʫ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʥʫʞʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 50% (ʦʙʳʯʥʦ 25-30%). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʢʦʤʧʣʝʢʩʳ ʩ ʪʝʤʠ ʭʠʨʘʣʴʥʳʤʠ ʜʠʝʥʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʦʦʨʜʠʥʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ 

ʚ ʨʘʮʝʤʠʯʝʩʢʦʡ ʬʦʨʤʝ ʠʟ-ʟʘ ʤʘʣʳʭ ʙʘʨʴʝʨʦʚ ʨʘʮʝʤʠʟʘʮʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, R-OD9 ʧʦʩʣʝ 

ʜʝʢʦʦʨʜʠʥʘʮʠʠ ʩ ʨʦʜʠʝʤ ʧʦʣʥʦʩʪʴʶ ʨʘʮʝʤʠʟʫʝʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʥʝʝ ʯʝʤ ʟʘ 3 

ʯʘʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʘʤ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩʧʦʩʦʙʝʥ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʝ 

ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ. 
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ʉʭʝʤʘ O43. ʇʦʣʫʯʝʥʠʝ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʜʠʝʥʘ OD9 ʠ ʝʛʦ ʨʘʟʜʝʣʝʥʠʝ ʯʝʨʝʟ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ɺʩʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʠ 

ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʦʙʱʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ O1. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʙʱʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʘʨʠʘʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʠʨʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʤʦʣʝʢʫʣ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ) ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʣʘʷ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ. 

ʊʘʙʣʠʮʘ O1. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʠʭ ʨʦʜʠʝʚʳʭ(I) ʢʦʤʧʣʝʢʩʦʚ. 

ʀʩʪʦʯʥʠʢ ʭʠʨʘʣʴʥʦʩʪʠ ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʅʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ 

ʍʠʨʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʤʦʣʝʢʫʣʳ 

+  ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ 

 

+ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ 

- ʯʘʩʪʴ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʟʘʜʘʥʘ ʠʩʭʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʭʠʨʘʣʴʥʦʩʪʠ ï ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʜʠʝʥʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟ 

+ ʥʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

 

+ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ 

- ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ (5 ʠ ʙʦʣʝʝ) 

 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʈʘʟʜʝʣʝʥʠʝ ɺʕɾʍ 

+ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʠʨʘʣʴʥʳʝ 

ʨʝʘʛʝʥʪ r

 

+ ʥʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʢʦʣʦʥʦʢ 

 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʙʦʨʘ 

ʫʩʣʦʚʠʡ ʨʘʟʜʝʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʥʦʚʦʛʦ ʩʣʫʯʘʷ 

ʌʝʨʤʝʥʪʘʪʠʚʥʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ 

+ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ï ʧʦʯʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʚʳʭʦʜʳ ʠ ee ʙʣʠʟʢʠʝ ʢ 99% 

 

+ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

- ʧʨʠʤʝʥʠʤʦ ʜʣʷ ʦʯʝʥʴ ʫʟʢʦʛʦ 

ʢʨʫʛʘ ʩʫʙʩʪʨʘʪʦʚ 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

+ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʧʣʘʥʘʨʥʦʡ ʭʠʨʘʣʴʥʦʩʪʴʶ 

- ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʜʦʨʦʛʦʛʦ ʨʦʜʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

 

- ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʩ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 
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1.3.3. ʇʨʠʤʝʥʝʥʠʝ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(I ) ʚ ʭʠʤʠʠ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʘ (EDA) ʠ ʜʨʫʛʠʭ ʨʦʜʩʪʚʝʥʥʳʭ 

ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) ʨʘʟʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʵʪʦʤ ʦʙʟʦʨʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ EDA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [(ʜʠʝʥ)RhCl]2 ʧʨʠʚʦʜʷʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʜʠʤʝʨʠʟʘʮʠʠ ʢʘʨʙʝʥʦʚ ï ʜʠʵʪʠʣʬʫʤʘʨʘʪʘ ʠ 

ʜʠʤʝʪʠʣʬʫʤʘʨʘʪʘ ï ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʥʫʢʣʝʦʬʠʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʤ (ʉʭʝʤʘ O44). 

[133]. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʣʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ, ʦʜʥʘʢʦ ʚ 2006-ʤ ʛʦʜʫ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʘʥʠʦʥʥʳʤʠ N,O-ʙʠʜʝʥʪʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ L-

Pro ʠ 8-ʦʢʩʠʭʠʥʦʣʠʥ, ʜʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʜʠʤʝʨʳ, ʘ ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʳʝ 

(ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʠʝ) ʧʦʣʠʤʝʨʳ ʩʦ ʩʨʝʜʥʝʚʝʩʦʚʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ Mw > 100 ʢɼʘ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ K = 2.5-4 (ʉʭʝʤʘ O44) [134]. 

 

ʉʭʝʤʘ O44. ʈʘʟʥʠʮʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ [(ʜʠʝʥ)RhCl]2 ʠ (ʜʠʝʥ)Rh(N,O) ʚ ʨʝʘʢʮʠʠ ʩ EDA. 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʪʝ ʞʝ ʘʚʪʦʨʳ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʝʥʘʤʠ ʠ ʘʥʠʦʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʉʭʝʤʘ O45). ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ N,O-ʣʠʛʘʥʜʘ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʥʘ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ 

ʧʦʣʠʤʝʨʘ, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʨʦʜʘ ʜʠʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʚʳʭʦʜʳ, ʪʘʢ ʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʦʚ. ʀʟ 

ʵʪʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ N,O-ʣʠʛʘʥʜ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥ 

ʣʠʰʴ ʚ ʩʪʘʜʠʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʩʪ ʮʝʧʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʠʝʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨʳ (ʜʠʝʥ)Rh(L-Pro), ʜʦʣʛʦ 

ʭʨʘʥʠʚʰʠʝʩʷ ʥʘ ʚʦʟʜʫʭʝ (çʩʦʩʪʘʨʝʥʥʳʝè), ʜʘʚʘʣʠ ʧʦʣʠʤʝʨʳ ʩ ʙʦʣʴʰʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʣʫʯʰʠʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʝʤ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ [135]. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʠʩʪʠʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʯʘʩʪʠʮʝʡ ʷʚʣʷʶʪʩʷ ʢʘʪʠʦʥʥʳʝ 

ʘʣʣʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʠʜʘ [(ʘʣʣʠʣ-ʜʠʝʥ)RhOH]+, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʠʩʣʦʨʦʜʦʤ (ʉʭʝʤʘ ʆ46) [136,137]. ɺʘʞʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʯʘʩʪʠʮʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʷ ʧʦʜʚʠʞʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʘʣʣʠʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʠʟʥʘʯʘʣʴʥʦʛʦ ʜʠʝʥʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʤʠʛʨʠʨʦʚʘʪʴ ʢ ʢʠʩʣʦʨʦʜʫ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ɓ-ʛʠʜʨʦʢʩʠʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ Rh(III ). 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʥʦʨʙʦʨʥʘʜʠʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ 

(NBD)Rh(L-Pro), ʥʝ ʠʤʝʶʱʠʡ ʜʦʩʪʫʧʥʦʛʦ ʘʣʣʠʣʴʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʦʢʘʟʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʝʥ ʢʘʢ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʩʤ. ʉʭʝʤʫ O45). 

 

ʉʭʝʤʘ O45. ʉʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ EDA. 

 

 

ʉʭʝʤʘ O46. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʣʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(III ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʜʠʝʥʦʚʳʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) (ʘ ʝʩʣʠ ʙʳʪʴ ʪʦʯʥʝʝ, 

ʪʦ ʧʨʦʜʫʢʪʦʚ ʠʭ ʦʢʠʩʣʝʥʠʷ) ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʧʦʧʳʪʢʠ 

ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ EDA ʠ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʫʜʘʯʥʳʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ EDA ʠ ʜʠʘʟʦʤʝʪʘʥʘ ʪʨʝʙʫʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʥʠʟʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʠʟ-ʟʘ ʝʛʦ ʙʳʩʪʨʦʡ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ) ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

EDA/CH2N2 ʥʝ ʤʝʥʝʝ ʯʝʤ 4:1, ʧʦʩʢʦʣʴʢʫ ʠʥʘʯʝ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʰʢʦʤ ʙʳʩʪʨʳʡ ʦʙʨʳʚ ʮʝʧʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ (Mn < 1 ʢɼʘ). ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʧʦʤʷʥʫʪʳʭ 

ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʨʝʜʫʶʱʠʡʩʷ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ ʩ Mn = 53 ʢɼʘ ʠ ʩʫʤʤʘʨʥʳʤ ʚʳʭʦʜʦʤ 

ʦʢʦʣʦ 20% (ʉʭʝʤʘ O47) [138]. 
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ʉʭʝʤʘ O47. ʇʦʣʫʯʝʥʠʝ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ EDA ʠ ʜʠʘʟʦʤʝʪʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ(I) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜ-ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʊʘʢʞʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʜʚʫʭ ʜʨʫʛʠʭ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʤʦʥʦʤʝʨʦʚ: EDA 

ʠ ʤʝʪʠʣʠʜʘ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʦʥʠʷ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʭ ʥʫʞʥʦ 

ʜʦʙʘʚʣʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʶʪʩʷ ʜʠʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʳ ʙʦʣʴʰʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (Mn > 520 ʢɼʘ), ʭʦʪʷ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 20% (ʉʭʝʤʘ 

O48) [139]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Rh(I), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʣʠʜʦʤ ʩʝʨʳ. 

 

ʉʭʝʤʘ O48. ʇʦʣʫʯʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ EDA ʠ ʠʣʠʜʦʚ ʩʫʣʴʬʦʢʩʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ [(COD)RhCl]2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ EDA ʠ ʵʪʠʣʝʥʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʨʘʟʜʝʣʠʤʘʷ ʩʤʝʩʴ 

ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʦʛʦ ʛʦʤʦʧʦʣʠʤʝʨʘ EDA (ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ), ʘ ʪʘʢʞʝ ʯʝʨʝʜʫʶʱʝʛʦʩʷ ʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʠ EDA ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʚʧʣʦʪʴ ʜʦ 70% (ʉʭʝʤʘ O49) [140]. 

 

ʉʭʝʤʘ O49. ʇʦʣʫʯʝʥʠʝ ʩʦʧʦʣʠʤʝʨʘ ʵʪʠʣʝʥʘ ʠ EDA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(I). 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʫʞʝ ʥʘʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʣʥʦʮʝʥʥʳʭ ʦʙʟʦʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ [141ï144]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʝʩʷʪʢʦʚ ʨʘʙʦʪ ʧʦ ʪʝʤʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

çʢʘʨʙʝʥʦʚè ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I), ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦ, ʤʦʞʥʦ ʣʠ 
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ʫʣʫʯʰʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʫʪʝʤ ʟʘʤʝʥʳ ʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ (ʚ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 1,5-

ʮʠʢʣʦʦʢʪʘʜʠʝʥ ʠ ʝʛʦ ʜʠʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ). ɺʦʟʤʦʞʥʦ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʨʘʮʝʤʠʯʝʩʢʠʭ ʠ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʦʣʞʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

1.3.4. ʇʨʠʤʝʥʝʥʠʝ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(I ) ʚ ʭʠʤʠʠ ʜʠʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ, ʜʠʝʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʥʘʭʦʜʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʪʘʣʠʟʝ ʩ ʫʯʘʩʪʠʝʤ 

ʜʠʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʤʝʪʘʣʣʦʢʘʨʙʝʥʳ ʪʠʧʘ Rh8 (ʩʤ. ʉʭʝʤʫ 

O34), ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ [(ʜʠʝʥ)RhCl]2 ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʥʝʝ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʨʦʜʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ Rh(II ) ʠ Rh(III ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʝʨʚʳʡ ʫʩʧʝʰʥʳʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʭʠʤʠʠ ʜʠʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʧʦʷʚʠʣʩʷ ʣʠʰʴ ʚ 2010-ʤ ʛʦʜʫ, 

ʢʦʛʜʘ ʩʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʙʳʣʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʘʢʮʠʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʜʠʘʟʦʤʘʣʦʥʘʪʦʚ ʩʪʠʨʦʣʘʤʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʦʚʘʣʠ in situ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʭʣʦʨʠʜ-ʠʦʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

NaBArF4, ʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʯʘʩʪʠʮʳ [(ʜʠʝʥ)Rh]+ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʠ ʟʘʤʝʩʪʠʪʝʣʝʤ ʜʠʝʥʘ 

(ʉʭʝʤʘ O50). ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʵʬʬʝʢʪʠʚʝʥ ʪʦʣʴʢʦ ʜʣʷ ʩʪʠʨʦʣʘ ʠ ʝʛʦ 

ʟʘʤʝʱʝʥʥʳʭ ʘʥʘʣʦʛʦʚ: ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʘʣʢʠʣ-ʟʘʤʝʱʝʥʥʳʤ ʘʣʢʝʥʘʤ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 

ʭʝʤʦ- ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ [145]. 

 

ʉʭʝʤʘ O50. ɸʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʜʠʤʝʪʠʣʜʠʘʟʦʤʘʣʦʥʘʪʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʘʪʠʦʥʥʳʤ 

ʜʠʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ Rh(I). 

ʇʦʩʣʝʜʫʶʱʠʝ ʫʩʧʝʭʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (I) ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʯʝʤ ʧʝʨʚʳʝ ʢʣʶʯʝʚʳʝ ʨʘʙʦʪʳ 

ʧʦʷʚʠʣʠʩʴ ʣʠʰʴ ʚ 2014-ʤ ʛʦʜʫ. ɺ ʛʨʫʧʧʝ ʧʨʦʬ. ɺʘʥʛʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʥʜʘʥʦʣʦʚ 

ʠʟ ʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʦʣʦʚ ʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [(COD)Rh(OH)]2 ʚ ʢʘʯʝʩʪʚʝ 
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ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ O51) [146]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʜʣʷ ʜʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʨʝʘʢʮʠʡ 

C-C ʘʢʪʠʚʘʮʠʠ ʯʝʪʳʨʝʭʯʣʝʥʥʳʭ ʮʠʢʣʦʚ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ 

(ʪʝʤʧʝʨʘʪʫʨʘ > 100 oC) [147]. 

 

ʉʭʝʤʘ O51. ʉʠʥʪʝʟ ʠʥʜʘʥʦʣʦʚ ʠʟ ʙʝʥʟʦʮʠʢʣʦʙʫʪʝʥʦʣʦʚ ʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [(COD)Rh(OH)]2. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʘʤʠ, 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʠ ɓ-ʥʠʪʨʦʘʢʨʠʣʘʪʘʤʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʭʠʨʘʣʴʥʳʤ ʜʠʝʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ (ʉʭʝʤʘ O56) [148]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ (ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʠʣʠʥʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʜʭʦʜʷʪ ʪʦʣʴʢʦ ʵʬʠʨʳ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ 

ʥʠʪʨʦʘʢʨʠʣʘʪʘ), ʥʘ ʝʝ ʧʨʠʤʝʨʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ [(ʜʠʝʥ)RhCl]2 ʧʨʦʪʝʢʘʶʪ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

 

ʉʭʝʤʘ O52. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ɔ-ʥʠʪʨʦ-Ŭ-ʘʤʠʥʦʩʫʢʮʠʥʘʪʦʚ. 

ɺʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʫʩʧʝʭʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) ʜʣʷ ʭʠʤʠʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʘʥʳ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʛʨʫʧʧʳ ʧʨʦʬ. ʐʫ. ɺ 2015-ʤ ʛʦʜʫ ʚ ʠʭ ʛʨʫʧʧʝ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʚ B-H ʩʚʷʟʠ ʫʩʪʦʡʯʠʚʳʭ 

ʘʜʜʫʢʪʦʚ ʙʦʨʘʥʦʚ [149]. ɻʦʜʦʤ ʧʦʟʞʝ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦʪ ʞʝ ʧʦʜʭʦʜ ʜʣʷ ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ 

ʩʠʣʘʥʦʚ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʩʭʝʤʘ O53) [150]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʵʪʠʭ 

ʨʝʘʢʮʠʡ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʨʘʥʝʝ 

ʢʘʨʙʦʢʩʠʣʘʪʳ ʨʦʜʠʷ(II) [151,152].  



50 
 

 

ʉʭʝʤʘ O53. ʈʝʘʢʮʠʠ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʚ ʩʚʷʟʠ B-H ʠ Si-H 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʚʩʝ ʚ ʪʦʡ ʞʝ ʛʨʫʧʧʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

[(ʜʠʝʥ)RhCl]2 ʩʧʦʩʦʙʥʳ ʚʥʝʜʨʷʪʴʩʷ ʠ ʚ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ C-H ʩʚʷʟʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʨʦʜʠʷ(II), ʢʦʪʦʨʳʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʚʥʝʜʨʝʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʜʘʞʝ ʚ ʣʠʥʝʡʥʳʝ 

ʘʣʢʘʥʳ, ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳ ʣʠʰʴ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ ʩʘʤʳʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ C-H ʩʫʙʩʪʨʘʪ rï ʥʘʧʨʠʤʝʨ, ʚ 1,4-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ (ʉʭʝʤʘ O54) [153]. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ ʚʳʭʦʜʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʩ ʜʚʫʤʷ ʘʢʮʝʧʪʦʨʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʜʚʦʡʥʳʭ ʩʚʷʟʷʭ. 

 

ʉʭʝʤʘ O54. ʈʝʘʢʮʠʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʚ 1,4-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ. 

ɼʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʥʝʜʨʝʥʠʝ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ Csp3-H ʩʚʷʟʠ, ʥʦ ʪʘʢʞʝ ʠ ʚ Csp2-H ʩʚʷʟʠ 

ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʤʝʱʝʥʥʳʭ 

ʘʥʠʣʠʥʦʚ ʩ ʚʠʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʚʥʝʜʨʝʥʠʷ ʩ ʤʠʛʨʘʮʠʝʡ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʘʢʨʠʣʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʉʭʝʤʘ O55) [154,155]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ Rh2(RCOO)4 ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʚʠʥʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʦʪʝʢʘʶʪ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ (ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʘʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ çʢʘʨʙʝʥʦʠʜʥʘʷè, ʭʦʪʷ ʦʥ ʠ ʥʝʚʝʨʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʀʖʇɸʂ) [156]. 
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ʉʭʝʤʘ O55. ɺʥʝʜʨʝʥʠʝ ʬʝʥʠʣʦʚʳʭ ʵʬʠʨʦʚ ʚʠʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʚ ʜʦʥʦʨʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʫʙʩʪʨʘʪʳ. 

ʋʞʝ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʧʧʘ ʧʨʦʬ. 

ʐʫ ʦʧʫʙʣʠʢʦʚʘʣʘ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʧʦ ʚʥʝʜʨʝʥʠʶ ʘʨʠʣ- ʠ ʚʠʥʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʚ S-H ʩʚʷʟʠ ʪʠʦʣʦʚ 

[157] ʠ C-H ʩʚʷʟʠ ʜʦʥʦʨʥʳʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [158,159], ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʧʦ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʤʫ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤʫ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʶ [160]. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ(I) ʚ 

ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʛʦ ʦʙʟʦʨʘ, ʢʦʪʦʨʳʡ ʦʙʦʙʱʘʣ ʙʳ 

ʠ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʣ ʫʞʝ ʥʘʢʦʧʣʝʥʥʳʝ ʟʥʘʥʠʷ. ʆʜʥʘʢʦ ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʠʤʝʶʱʠʭʩʷ ʨʘʙʦʪ 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(I) ʤʝʥʝʝ ʘʢʪʠʚʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʫʯʘʩʪʠʝʤ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʦʢʩʠʣʘʪʘʤʠ ʨʦʜʠʷ(II) ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 

CpRRh(III), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʨʝʘʢʮʠʷʭ ʩ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʦʥʠ ʤʦʛʫʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʣʫʯʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʥʝʞʝʩʪʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

Rh2(RCOO)4 ʠ CpRRhLn ʜʠʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʳ ʩ 

ʛʝʦʤʝʪʨʠʝʡ ʧʣʦʩʢʦʛʦ ʢʚʘʜʨʘʪʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʤʧʣʝʢʩʳ [(ʜʠʝʥ)RhCl]2 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ in situ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʵʪʠʣʝʥʦʚʦʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ [(C2H4)2RhCl]2, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʜʙʦʨ ʥʫʞʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ. 

1.4. ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʭʠʤʠʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʩʫʤʤʠʨʫʝʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʣʠʯʥʳʭ ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, 

ʠʟʣʦʞʝʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʭʠʤʠʠ ʧʨʦʭʠʨʘʣʴʥʳʭ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ (ʉʭʝʤʘ O56). ʆʪʥʦʩʠʪʝʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʞʜʦʛʦ ʠʟ ʢʣʘʩʩʦʚ ï Rh2(RCOO)4, 

[CpRRhX2]2 ʠ [(ʜʠʝʥ)RhX]2 ï ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʊʘʙʣʠʮʝ O2. 
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ʉʭʝʤʘ O56. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʧʨʦʭʠʨʘʣʴʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 

ʊʘʙʣʠʮʘ O2. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʘʟʥʳʭ 

ʢʣʘʩʩʦʚ ʚ ʢʦʥʪʝʢʩʪʝ ʭʠʤʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ. 

ʂʣʘʩʩ ʢʘʪʘʣʠʟʘʪʦʨʘ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

Rh2(RCOO)4 

ʢʘʨʙʦʢʩʠʣʘʪʳ ʨʦʜʠʷ(II) 

+  ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʫʧʥʳʭ 

ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ 

 

+ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, 

ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 1 ʤʦʣ.% ʠ 

ʤʝʥʝʝ 

 

+ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ, ʫʥʠʢʘʣʴʥʘʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

(ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ Csp3-H) 

- ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʥʝʞʝʩʪʢʦʩʪʴ, 

ʤʘʣʘʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʩʠʣʘ ʚ 

ʢʘʪʘʣʠʟʝ 

 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʤʝʥʷʪʴ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʣʠʛʘʥʜʦʚ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ 

[CpRRhX2]2 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ(III ) 

+ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʢʘʢ 

ʵʣʝʢʪʨʦʥʥʳʝ, ʪʘʢ ʠ ʩʪʝʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ CpR-ʣʠʛʘʥʜʦʚ 

 

+ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ X-

ʣʠʛʘʥʜʦʚ 

- ʤʘʣʳʡ ʥʘʙʦʨ ʜʦʩʪʫʧʥʳʭ 

ʭʠʨʘʣʴʥʳʭ CpR-ʣʠʛʘʥʜʦʚ, ʜʦʣʛʠʝ 

ʠ ʥʝʫʜʦʙʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

 

- ʢʦʥʬʦʨʤʘʮʠʦʥʥʘʷ ʥʝʞʝʩʪʢʦʩʪʴ, 

ʥʝ ʪʘʢʘʷ ʩʠʣʴʥʘʷ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

Rh(II ); ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʩʚʷʟʠ 

Rh-ʮʝʥʪʨʦʠʜ CpR 

[(ʜʠʝʥ)RhX]2 

ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʦʜʠʷ(I) 

+ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʬʦʨʤʝʨʦʚ, 

ʧʨʝʜʩʢʘʟʫʝʤʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

 

+ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʢʘʢ 

ʵʣʝʢʪʨʦʥʥʳʝ, ʪʘʢ ʠ ʩʪʝʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 

 

+ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ X-

ʣʠʛʘʥʜʦʚ 

 

+ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ in situ ʠʟ [(C2H4)2RhCl]2 

- ʥʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʬʦʨʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʣʣʘ 

 

- ʜʦʣʛʠʝ ʠ ʥʝʫʜʦʙʥʳʝ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ 

 

  



53 
 

ɻʣʘʚʘ 2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

2.1. ʉʠʥʪʝʟ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʩ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʦʜʥʘʢʦ ʩʠʥʪʝʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ-

ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʯʘʩʪʦ 

ʚʢʣʶʯʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʜʠʡ ʠʣʠ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ɺʕɾʍ ʩ 

ʭʠʨʘʣʴʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʬʘʟʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʣʠʛʘʥʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʨʘʣʴʥʳʤʠ ʬʦʩʬʠʥʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʠʬʠʢʘʮʠʷ ʢʦʥʝʯʥʳʭ ʩʪʨʫʢʪʫʨ 

ʜʠʝʥʦʚ ʯʘʩʪʦ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʘʙʦʨ ʚʦʟʤʦʞʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʜʚʦʡʥʳʭ ʩʚʷʟʷʭ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʦʙʲʝʤʥʳʝ ʘʣʢʠʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʪ-ʙʫʪʠʣ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 

ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʥʘ ʤʝʪʘʣʣʝ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʮʝʤʠʯʝʩʢʠʝ ʠʣʠ 

ʧʨʦʭʠʨʘʣʴʥʳʝ ʜʠʝʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʚʠʜʘ 

[(ʜʠʝʥ)RhCl]/2 ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʙʘʨʨʝʣʝʥʘ (TFB). ʕʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʘʷ ʧʨʠʨʦʜʘ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʚ 

TFB ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʦʙʨʘʪʥʦʛʦ ʜʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʤʝʪʘʣʣʘ ʥʘ 

ʜʠʝʥ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ɼʴʶʘʨʘ-ʏʘʪʪʘ-ɼʫʥʢʘʥʩʦʥ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ [(TFB)RhCl] 2 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʜʠʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʨʦʜʠʷ [161]. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʠʥʪʝʟ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʟʘʤʝʱʝʥʥʳʭ TFB-ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʚʩʝʛʦ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʜʨʫʛʠʭ ʜʠʝʥʦʚʳʭ 

ʣʠʛʘʥʜʦʚ. 

 

ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʨʘʮʝʤʠʯʝʩʢʠʭ TFB ʣʠʛʘʥʜʦʚ. 

ʃʠʛʘʥʜʳ D1-D4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ 

(ʉʭʝʤʘ 1) [126]. ʈʝʘʢʮʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʩʭʝʤʝ 1, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʛʦ ʧʝʨʬʪʦʨʟʘʤʝʱʝʥʥʦʛʦ ʜʝʛʠʜʨʦʙʝʥʟʦʣʘ (C6F4) ʩ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ 
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1,4-ʜʠʘʣʢʠʣʟʘʤʝʱʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʦʣʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʙʫʪʠʣʣʠʪʠʷ ï 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʛʠʜʨʦʙʝʥʟʦʣʘ ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʘʨʠʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʳʭʦʜʳ ʚ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ ʦʙʳʯʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 40% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ ʙʨʦʤʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʘ ʠ BuLi, ʦʜʥʘʢʦ ʬʦʨʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʦ 1,4-ʜʠʟʘʤʝʱʝʥʥʦʤʫ 

ʙʝʥʟʦʣʫ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɺʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦʝʜʠʥʝʥʠʷ (ʢʨʦʤʝ D1) ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʧʝʨʚʳʝ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ 1H, 13C ʠ 19F ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʪʨʦʝʥʠʝ ʨʘʮ-D4 ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩ. 1).  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʜʠʝʥʘ D4 (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ: C1ðC2 1.541(2), C1ðC7 1.526(2), C2ð

C3 1.334(2), C2ðC13 1.516(2), C7ðC12 1.402(2), C8ðC9 1.391(3), C8ðF1 1.359(2), C9ðF2 1.349(2), C᷁1ðC2ð

C13 120.13Á, C᷁13ðC2ðC3 128.00Á. 

ʇʦʤʠʤʦ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʥʘʤ ʪʘʢʞʝ ʭʦʪʝʣʦʩʴ ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʣʘʥʘʨʥʦʡ ʭʠʨʘʣʴʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʝʥʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ 

ʭʠʨʘʣʴʥʳʤʠ ʪʦʣʴʢʦ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʥʘ ʘʪʦʤʝ ʤʝʪʘʣʣʘ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʧʨʦʭʠʨʘʣʴʥʳʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ [130ï

132], ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʭʠʨʘʣʴʥʳʤʠ ʜʠʝʥʘʤʠ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʠʥʪʝʟʦʚ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʜʝʣʝʥʠʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʘ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 

2,5-ʜʠʟʘʤʝʱʝʥʥʳʝ-1,4-ʙʝʥʟʦʭʠʥʦʥʳ (R2-Q), ʦʙʣʘʜʘʶʱʠʝ C2h ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʦʡ ʩʠʤʤʝʪʨʠʠ. ʇʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʥʝʩʦʙʩʪʚʝʥʥʦʛʦ 
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ʵʣʝʤʝʥʪʘ ʚʨʘʱʝʥʠʷ ï ʟʝʨʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ůh ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʥʘʯʘʣʴʥʦ ʥʝʭʠʨʘʣʴʥʘʷ 

ʤʦʣʝʢʫʣʘ ʩʪʘʥʦʚʠʪʩʷ ʧʣʘʥʘʨʥʦ-ʭʠʨʘʣʴʥʦʡ. ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʙʝʥʟʦʭʠʥʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʬʦʨʤʘʣʴʥʦ ʙʫʜʫʯʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘ-1,4, ʦʥʠ ʪʝʤ ʥʝ ʤʝʥʝʝ 

ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʝʤ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʦʙʨʘʪʥʦʛʦ ʜʦʥʠʨʦʚʘʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʠʝʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʝʥʟʦʭʠʥʦʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʙʳʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠʭ 

ʩʚʦʡʩʪʚ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ [162,163]. 

ʅʝʢʦʪʦʨʳʝ ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʭʠʥʦʥʳ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳ ï ʥʘʧʨʠʤʝʨ, ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʛʨʫʞʝʥʥʳʡ 2,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-1,4-ʙʝʟʦʭʠʥʦʥ (tBu2-Q, D8). ɼʨʫʛʠʝ ʣʠʛʘʥʜʳ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘʤʠ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʘʣʢʠʣ-

ʙʝʥʟʦʭʠʥʦʥʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʝʨʚʠʯʥʦʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ 1,4-ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʷʣʠ ʘʤʤʦʥʠʷ-ʮʝʨʠʷ (IV) ʥʠʪʨʘʪʦʤ (CAN). ʉʠʥʪʝʟ ʜʠʘʨʠʣ-

ʙʝʥʟʦʭʠʥʦʥʦʚ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʧʫʪʝʤ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ 1,4-ʜʠʙʨʦʤ-2,5-

ʜʠʤʝʪʦʢʩʠʙʝʥʟʦʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʨʠʣʙʦʨʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ CAN (ʉʭʝʤʘ 2). 

 

 

ʉʭʝʤʘ 2. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 1,4-ʙʝʥʟʦʭʠʥʦʥʘ (ʫʢʘʟʘʥʳ ʩʫʤʤʘʨʥʳʝ ʚʳʭʦʜʳ ʜʣʷ ʜʚʫʭ ʩʪʘʜʠʡ). 

2.2. ʇʦʜʙʦʨ ʠ ʩʠʥʪʝʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʤʠʤʦ ʜʠʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ. ʄʳ 

ʦʩʫʱʝʩʪʚʠʣʠ ʩʢʨʠʥʠʥʛ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ DFT 

ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʦʤ PBE/3z ʚ ʧʨʦʛʨʘʤʤʝ Priroda 16. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ ʤʳ ʩʨʘʚʥʠʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʚʫʭ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ (R,R-D4)RhL* ʠ (S,S-D4)RhL* (L* = ʭʠʨʘʣʴʥʳʡ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʣʠʛʘʥʜ) (ʈʠʩ. 2). ʇʦʤʠʤʦ ʨʘʟʥʠʮʳ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʭ ʵʥʝʨʛʠʡ (ȹE) ʪʘʢʞʝ 
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ʫʯʠʪʳʚʘʣʘʩʴ ʧʨʦʩʪʦʪʘ ʩʠʥʪʝʟʘ ʣʠʛʘʥʜʘ L* ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

 

ʈʠʩ. 2. ʅʘʙʦʨ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʊʘʙʣʠʮʘ 1. ʉʢʨʠʥʠʥʛ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ȹE > 2.8 ʢʢʘʣ ʤʦʣʴ-1 ʦʪʚʝʯʘʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ de > 99%. 

ʂʦʤʧʣʝʢʩ ȹE, ʢʢʘʣ ʤʦʣʴ-1a ʂʦʤʧʣʝʢʩ ȹE, ʢʢʘʣ ʤʦʣʴ-1a 

(R,R-D4)RhL 1 
-0.03 

(R,R-D4)RhL 5 
4.45 

(S,S-D4)RhL 1 (S,S-D4)RhL 5 

(R,R-D4)RhL 2 
2.77 

(R,R-D4)RhL 6 
5.98 

(S,S-D4)RhL 2 (S,S-D4)RhL 6 

(R,R-D4)RhL 3 
-0.02 

(R,R-D4)RhL 7 
-0.29 

(S,S-D4)RhL 3 (S,S-D4)RhL 7 

(R,R-D4)RhL 4 
-1.05 

(R,R-D4)RhL 8 
6.02 

(S,S-D4)RhL 4 (S,S-D4)RhL 8 
a ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹE ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ (R,R-tBu2-TFB)RhL*  ʜʠʘʩʪʝʨʝʦʤʝʨʦʤ ʠ ʥʘʦʙʦʨʦʪ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ L 6 (S-Salox) ʷʚʣʷʝʪʩʷ 

ʧʦʜʭʦʜʷʱʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʣʠʛʘʥʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤ DFT ʨʘʩʯʝʪʦʚ ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʟʜʝʣʝʥʠʝ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʧʦʣʥʦʵʣʝʢʪʨʦʥʥʳʭ 

ʵʥʝʨʛʠʷʭ. ɼʨʫʛʠʤʠ ʧʦʜʭʦʜʷʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ L2, L5 ʠ L8, ʦʜʥʘʢʦ ʫ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʜʝʣʘʶʱʠʝ ʠʭ ʤʝʥʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʯʝʤ L 6. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ Rh ʩ L2 ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʩ L5 ʠʣʠ L 6, ʠʟ-

ʟʘ ʥʘʣʠʯʠʷ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʦʛʦ ʪʨʝʪʠʯʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʩʪʨʫʢʪʫʨʝ, ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ L 8 

ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ. ʃʠʛʘʥʜ L6 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʠʟ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʘʤʠʥʦʩʧʠʨʪʘ ʠ 2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʥʠʪʨʠʣʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʉʭʝʤʘ 3). 
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ʉʭʝʤʘ 3. ʇʦʣʫʯʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ L6. 

2.3. ʈʘʟʜʝʣʝʥʠʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʪʝʪʨʘʬʪʦʨʙʘʨʨʝʣʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ 

ʅʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʠʟ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚ. ɺ ʧʝʨʚʦʤ ʧʦʜʭʦʜʝ (ʉʭʝʤʘ 4, ʘ) ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ S-Salox ʩ ʣʝʛʢʦʜʦʩʪʫʧʥʳʤ ʧʨʝʢʫʨʩʦʨʦʤ Rh(I), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʭʠʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ L2Rh(S-Salox). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʴʶ ʜʠʝʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʜʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʜʠʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʦʙʦʜʥʳʡ ʜʠʝʥ ʩʪʘʥʦʚʠʪʩʷ ʦʙʦʛʘʱʝʥ S,S-ʵʥʘʥʪʠʦʤʝʨʦʤ. ɺʪʦʨʦʡ 

ʧʦʜʭʦʜ (ʉʭʝʤʘ 4, ʙ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʩʠʥʪʝʟ ʜʠʝʥʦʚʳʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʚʠʜʝ ʨʘʮʝʤʘʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ 0.5 ʵʢʚʠʚʘʣʝʥʪʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ 

ʣʠʛʘʥʜʘ, ʩ ʢʦʪʦʨʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʵʥʘʥʪʠʦʤʝʨ ʠʟ ʠʩʭʦʜʥʦʡ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʦʙʨʘʟʫʝʪʩʷ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʡ ʧʨʦʜʫʢʪ (R,R-TFB)Rh(S-Salox), 

ʘ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʵʥʘʥʪʠʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʡ ʢʦʤʧʣʝʢʩ [(S,S-TFB)RhCl]2. 

 

ʉʭʝʤʘ 4. ʇʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ. 



58 
 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ S-Salox (ʉʭʝʤʘ 4, ʧʦʜʭʦʜ ʘ). ʉʥʘʯʘʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʢʫʨʩʦʨʳ 

ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ L2Rh(S-Salox), ʛʜʝ L ï ʣʘʙʠʣʴʥʳʡ ʣʠʛʘʥʜ, ʩʧʦʩʦʙʥʳʡ ʣʝʛʢʦ ʟʘʤʝʱʘʪʴʩʷ ʥʘ TFB 

ʠʣʠ ʜʨʫʛʠʝ ʜʠʝʥʦʚʳʝ ʣʠʛʘʥʜʳ. ʂʘʨʙʦʥʠʣʴʥʳʡ [(CO)2RhCl]2 ʠ ʵʪʠʣʝʥʦʚʳʡ [(C2H4)2RhCl]2 

ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʪ ʩ S-Salox ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʠ ʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʤʧʣʝʢʩʳ (CO)2Rh(S-Salox) (C1) ʠ (C2H4)2Rh(S-Salox) (C2a) ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (> 90%). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʮʠʢʣʦʦʢʪʝʥʦʚʳʡ ʘʥʘʣʦʛ [(C8H14)2RhCl]2 ʨʝʘʛʠʨʫʝʪ ʩ S-Salox ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʝʪʩʷ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʜʘʞʝ 

ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ.  ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʩʚʷʟʘʥʘ ʩ 

ʙʦʣʴʰʠʤ ʩʪʝʨʠʯʝʩʢʠʤ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʚ ʢʦʤʧʣʝʢʩʝ ʩʦʩʪʘʚʘ (C8H14)2Rh(S-Salox). ʊʘʢʞʝ ʥʘʤʠ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ L2Rh(Salox*) (C2b ʠ ʉ2c), ʩʦʜʝʨʞʘʱʠʝ ʜʨʫʛʠʝ ʟʘʤʝʩʪʠʪʝʣʠ R ʧʨʠ 

ʭʠʨʘʣʴʥʦʤ ʮʝʥʪʨʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (R = S-Me, R-Et) (ʉʭʝʤʘ 5). 

 

ʉʭʝʤʘ 5. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ L2Rh(Salox*). 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʧʝʨʚʳʝ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 1H ʠ 13C 

ʗʄʈ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤʠ HRMS. ʉʪʨʦʝʥʠʝ C1 ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩ. 3). ɺ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʉ2a-c, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʠ 298 K, ʥʘʙʣʶʜʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʫʰʠʨʝʥʥʳʝ ʩʠʛʥʘʣʳ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʵʪʠʣʝʥʘ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʝʛʦ ʤʝʜʣʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ (ʈʠʩ. 4). 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ C1 (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 30%). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ: Rh1ðC1 1.856(1), Rh1ðC2 1.816(1), 

Rh1ðO3 2.001(7), Rh1ðN1 2.046(7), ᷁ O3ðRh1ðN1 88.55Á, C᷁1ðRh1ðC2 89.65Á. 
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ʈʠʩ. 4. 1H ʗʄʈ ʩʧʝʢʪʨ C2b. ʋʰʠʨʝʥʥʳʡ ʩʠʛʥʘʣ ʚ ʨʘʡʦʥʝ 4.2-1.3 ʤ.ʜ. ʦʪʚʝʯʘʝʪ ʧʨʦʪʦʥʘʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʵʪʠʣʝʥʘ (9.67 ï 1.26 = 8.41 å 8H). 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʟʘʤʝʱʝʥʠʷ ʣʘʙʠʣʴʥʳʭ ʵʪʠʣʝʥʦʚʳʭ ʠ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ L2Rh(Salox*) ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ TFB ʜʠʝʥʳ. ɺ ʭʦʜʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠʣʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʉ2a ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ 

ʩ Me2-TFB (D1), ʜʘʚʘʷ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʉ3a ʠ ʉ4a ʚ ʩʦʦʪʥʦʰʝʥʠʠ 6:1. 

ɼʘʣʴʥʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʩ HCl ʚ ʩʤʝʩʠ THF/H2O ʧʨʠʚʝʣʦ ʢ 

ʦʞʠʜʘʝʤʦʤʫ ʭʣʦʨʠʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [(Me2-TFB)RhCl]2 (ʉ5a) ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʠ 67% 

ee, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʦʤʫ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ ʩʦʦʪʥʦʰʝʥʠʶ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ (Cʭʝʤʘ 6). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [(Me2-TFB)RhCl]2 ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʠʪʴ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʦʪ ʠʟʙʳʪʢʘ ʜʠʝʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ ʜʦ ʨʝʘʢʮʠʠ ʩ HCl. ɽʩʣʠ ʞʝ ʧʨʦʚʦʜʠʪʴ ʵʪʫ ʦʧʝʨʘʮʠʶ ʫʞʝ ʧʦʩʣʝ ʚʳʪʝʩʥʝʥʠʷ S-Salox, ʪʦ 

ʚʳʜʝʣʷʝʪʩʷ ʨʘʮʝʤʠʯʝʩʢʠʡ ʭʣʦʨʠʜʥʳʡ ʜʠʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʙʳʩʪʨʦʤ ʦʙʤʝʥʝ ʩʚʦʙʦʜʥʦʛʦ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʜʠʝʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʨʝʘʢʮʠʠ ʩ 16 ʯʘʩʦʚ ʜʦ 5-10 ʤʠʥʫʪ, ʙʳʩʪʨʦʝ ʫʜʘʣʝʥʠʝ ʠʟʙʳʪʢʘ Me2-TFB ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʦʡ ʩʤʝʩʠ HCl ʧʨʠʚʝʣʠ ʢ ʙʦʣʴʰʝʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ (ee ʦʪ 72 ʜʦ 95%) ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʩʫʤʤʘʨʥʦʛʦ ʚʳʭʦʜʘ, ʦʜʥʘʢʦ ʜʘʥʥʳʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʢʘʟʘʣʠʩʴ 

ʤʘʣʦʚʦʩʧʨʦʠʟʚʦʜʠʤʳ. ɺʝʨʦʷʪʥʦ, ʚ ʧʝʨʚʳʝ ʤʠʥʫʪʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
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ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʉ3a (ʢʠʥʝʪʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ), ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫ 

ʉ4ʘ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʨʝʜʩʢʘʟʘʥ ʧʦʩʨʝʜʩʪʚʦʤ DFT ʨʘʩʯʝʪʦʚ. 

 

ʉʭʝʤʘ 6. ɼʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ Me2-TFB (D1) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʵʥʘʥʪʠʦʤʝʨʥʦ 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ R,R-C5a. 

ʄʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʪʠʧʘ L2Rh(Salox*) ʩ 

ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ ʣʠʛʘʥʜʝ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʜʫʢʪʘʭ (ʉʭʝʤʘ 7 ʠ ʊʘʙʣʠʮʘ 2). ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ Me- ʠ Et-ʟʘʤʝʱʝʥʥʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ Salox* ʠ ʫʤʝʥʴʰʝʥʠʠ ʩʪʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʚʩʧʦʤʦʛʘʪʠʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʦʠʟʦʰʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʢʦʦʨʜʠʥʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ TFB ʥʘ Rh (ʵʢʩʧʝʨʠʤʝʥʪʳ #1 ʠ #2). ɺʘʨʴʠʨʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚʣʠʷʝʪ ʣʠʰʴ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʤʝʱʝʥʠʷ 

ʣʘʙʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ L, ʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʪʦʛʦʚʫʶ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʵʢʩʧʝʨʠʤʝʥʪʳ ## 3-

5). ʉʢʨʠʥʠʥʛ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʪʘʢʞʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʦʜʥʘʢʦ ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 

ʚʳʭʦʜʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʵʢʩʧʝʨʠʤʝʥʪ #6). ʇʨʠ ʟʘʤʝʥʝ 

ʣʘʙʠʣʴʥʦʛʦ ʵʪʠʣʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʡ ʢʘʨʙʦʥʠʣ (ʵʢʩʧʝʨʠʤʝʥʪ #11, L = CO) 

ʪʘʢʞʝ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʫʶ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ d.r., ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʷ (ʪʨʠʤʝʪʠʣʘʤʠʥ N-ʦʢʩʠʜʘ) ʜʣʷ ʫʜʘʣʝʥʠʷ 

CO, ʧʦʩʢʦʣʴʢʫ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ ʪʝʨʤʠʯʝʩʢʠ ʛʦʨʘʟʜʦ ʫʩʪʦʡʯʠʚʝʝ ʵʪʠʣʝʥʦʚʦʛʦ ʘʥʘʣʦʛʘ ʠ ʥʝ 

ʨʝʘʛʠʨʫʝʪ ʩ ʜʠʝʥʦʤ ʜʘʞʝ ʧʨʠ 60ÁC. 
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ʉʭʝʤʘ 7. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ R ʚ ʩʪʨʫʢʪʫʨʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʧʨʠʨʦʜʳ L, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʥʘ ʧʨʦʮʝʩʩ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ Me2-TFB. 

ʊʘʙʣʠʮʘ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ Me2-TFB. 

# L R T, ÁC ʨʘʩʪʚʦʨʠʪʝʣʴ d.r.b ʚʳʭʦʜ, %b ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

1 C2H4 S-Me 45 CDCl3 77:23 69 16 ʯ 

2 C2H4 R-Et 45 CDCl3 20:80 68 16 ʯ 

3 C2H4 S-iPr 45 CDCl3 86:14 65 16 ʯ 

4 C2H4 S-iPr 0 CDCl3 86:14 67 3 ʜʥʷ 

5 C2H4 S-iPr -28 CDCl3 ND < 10 3 ʜʥʷ 

6 C2H4 S-iPr 45 MeCN ND 17 16 ʯ 

7 C2H4 S-iPr 45 ʪʦʣʫʦʣ 85:15 60 16 ʯ 

8 C2H4 S-iPr 45 1,2-ʜʠʭʣʦʨʙʝʥʟʦʣ 89:11 44 16 ʯ 

9 C2H4 S-iPr 45 1,4-ʜʠʦʢʩʘʥ 86:14 47 16 ʯ 

10 C2H4 S-iPr 45 ɼʍʕ 85:15 57 16 ʯ 

11 CO S-iPr 45 CDCl3 86:14 61 24 ʯ 
aɺʩʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 0.1 ʤʤʦʣʴ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. bʇʦ ʜʘʥʥʳʤ 1H ʗʄʈ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʧʦʜʭʦʜ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ R,R-C5a (ʩʤ. ʉʭʝʤʘ 6). ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʛʨʫʞʝʥʥʳʭ TFB ʣʠʛʘʥʜʦʚ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʡ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʝ ʜʠʝʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʛʠʧʦʪʝʟʦʡ, ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʠ TFB 

ʣʠʛʘʥʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʥʠʮʝʡ ʚ ʵʥʝʨʛʠʷʭ ʤʝʞʜʫ ʧʘʨʘʤʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ (R,R-TFB)Rh(S-Salox) 

(C3) ʠ (S,S-TFB)Rh(S-Salox) (C4). ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʨʦʜʠʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +1 

ʭʘʨʘʢʪʝʨʥʳ 16e ʢʦʤʧʣʝʢʩʳ ʩ ʛʝʦʤʝʪʨʠʝʡ ʧʣʦʩʢʦʛʦ ʢʚʘʜʨʘʪʘ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʜʥʦʤ ʠʟ ʥʠʭ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʝʪ ʩʪʝʨʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (R = iPr ʚ ʩʣʫʯʘʝ S-Salox) ʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʠʝʥʘ. ʇʦʜʦʙʥʦʝ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ ʟʘ ʩʯʝʪ ʧʨʦʚʦʨʘʯʠʚʘʥʠʷ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ NðRhð

C(ʜʚʦʡʥʘʷ ʩʚʷʟʴ)ðC(ʜʚʦʡʥʘʷ ʩʚʷʟʴ, ʟʘʤʝʱʝʥʥʘʷ), ʦʜʥʘʢʦ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʩ ʣʠʛʘʥʜʘʤʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. ʉʦʛʣʘʩʥʦ ʥʘʰʝʡ ʤʦʜʝʣʠ S-Salox 

ʦʢʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʤʝʥʪʘʨʝʥ R,R-ʵʥʘʥʪʠʦʤʝʨʫ TFB, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʘʩʪʝʨʝʦʤʝʨʳ C3 ʜʦʣʞʥʳ 
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ʙʳʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʦʪʥʦʩʠʪʝʣʴʥʦ C4 (ʈʠʩ. 5). ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʤʝʪʦʜʦʤ DFT 

(M06L/TZVP, QZVP ʠ ECP ʜʣʷ Rh) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʤʦʜʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

R2-TFB ʩ ʦʙʲʝʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (R = iPr, tBu) ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ (ʊʘʙʣʠʮʘ 3). 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʳ ʧʦʣʘʛʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ C3 ʠ C4 ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʢʦʥʩʪʘʥʪʦʡ K = exp(-ȹGÁ/RT). 

 

ʈʠʩ. 5. ʄʦʜʝʣʴ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ TFB. 

ʊʘʙʣʠʮʘ 3. ʈʘʩʩʯʠʪʘʥʥʘʷ ʨʘʟʥʠʮʘ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ C3 ʠ C4. 

R1,R2 ȹGfÁ ʤʝʞʜʫ C3 ʠ C4 (ʢʢʘʣ ʤʦʣʴ-1) ʇʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ de (%) C3 

Me2 (a) 1.54 86 

Me, iPr (b) 2.57 97 
iPr2 (c) 3.90 >99 
tBu2 (d) 6.58 >99 

ʇʦʩʢʦʣʴʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ d.r.  ʜʣʷ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦʡ ʧʘʨʳ C3/C4 ʦʢʘʟʘʣʦʩʴ 

ʙʣʠʟʢʦ ʢ ʧʨʝʜʩʢʘʟʘʥʥʦʤʫ ʨʘʩʯʝʪʘʤʠ (67% ee ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʠʮʝ å 1 ʢʢʘʣ ʤʦʣʴ-1, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 1.54 ʢʢʘʣ ʤʦʣʴ-1), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ 

ʩʠʣʘ ʤʝʪʦʜʘ ʩʨʘʙʦʪʘʝʪ ʠ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʭ TFB-ʣʠʛʘʥʜʦʚ. ʆʜʥʘʢʦ ʤʝʪʦʜʠʢʘ 

ʩʠʥʪʝʟʘ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ C3/C4 ʠʟ ʢʦʤʧʣʝʢʩʘ C2a ʧʫʪʝʤ ʟʘʤʝʱʝʥʠʷ ʣʘʙʠʣʴʥʳʭ ʵʪʠʣʝʥʦʚ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ Me2-TFB, ʦʢʘʟʘʣʘʩʴ ʥʝʵʬʬʝʢʪʠʚʥʘ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʭ 

ʪʝʪʨʘʬʪʦʨʙʝʥʟʦʙʘʨʨʝʣʝʥʦʚ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ (45 ÁC) ʨʘʩʪʚʦʨʦʚ iPrMe-TFB (D2) ʠʣʠ iPr2-TFB (D3) 

ʩ ʢʦʤʧʣʝʢʩʦʤ C2a ʚ CDCl3 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚ 
1H ʗʄʈ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 60ÁC ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʵʪʠʣʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʝʘʢʮʠʷ ʩ 

ʢʘʨʙʦʥʠʣʴʥʳʤ ʘʥʘʣʦʛʦʤ (CO)2Rh(S-Salox) (C1) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Me3NO ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʣʘ ʢ 

ʞʝʣʘʝʤʳʤ ʧʨʦʜʫʢʪʘʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʤʠ 

ʜʠʝʥʘʤʠ ʤʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʦʡ ʧʦʜʭʦʜ (ʉʭʝʤʘ 4, ʙ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʜʝʣʝʥʠʠ 

ʨʘʮʝʤʠʯʝʩʢʠʭ ʨʦʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʨʘʮʝʤʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ [(ʨʘʮ-TFB)RhCl]2. ʉʠʥʪʝʟ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʨʦʜʠʷ RhCl3ĬnH2O ʠ [(C2H4)2RhCl]2 ʧʦ ʦʜʥʦʤʫ 

ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʉʭʝʤʦʡ 8 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (75-99%). ʅʘʠʙʦʣʝʝ 

ʤʷʛʢʠʤ ʚʘʨʠʘʥʪʦʤ (ʤʝʪʦʜ ɸ) ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʟʘʤʝʱʝʥʠʷ ʵʪʠʣʝʥʘ ʚ ʢʦʤʧʣʝʢʩʝ [(C2H4)2RhCl]2 ï 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʚʳʭʦʜʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʧʨʠʤʝʥʠʤ ʜʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ TFB ʣʠʛʘʥʜʦʚ ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ tBu2-TFB (D4), ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʦʛʦ ʧʨʠʰʣʦʩʴ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʪʝʯʝʥʠʝ ʧʷʪʠ ʜʥʝʡ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʨʦʜʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʭʣʦʨʠʜʥʳʡ ʛʠʜʨʘʪ, ʤʳ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʣʠ ʚʘʨʠʘʥʪ ʩʠʥʪʝʟʘ ʨʘʮʝʤʠʯʝʩʢʠʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ RhCl3ĬnH2O ʚ ʩʤʝʩʠ 

ʠʟʦʧʨʦʧʘʥʦʣ/ʚʦʜʘ ʩ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʤʝʪʦʜ ɺ). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʜʠʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʘʥʘʣʦʛʠʯʝʥ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ [(COD)RhCl]2 ʠ 

[(NBD)RhCl]2. ʕʪʦʪ ʤʝʪʦʜ, ʦʜʥʘʢʦ, ʥʝ ʨʘʙʦʪʘʝʪ ʚ ʩʣʫʯʘʝ D4: ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʯʘʩʘ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ 

ʨʝʘʛʝʥʪʦʚ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʦʜʠʷ. 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʦʦʨʜʠʥʘʮʠʠ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʦʛʦ ʣʠʛʘʥʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʟʙʳʪʦʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʦʜʠʷ Rh3+ ʜʦ Rh0
ʤʝʪ. 

 

ʉʭʝʤʘ 8. ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʮ-C5a-d. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʮ-C5a ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʧʝʨʚʳʝ ʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 1H, 19F ʠ 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʪʘʢʞʝ ʜʣʷ ʥʠʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʟʦʧʨʦʧʠʣʴʥʳʤʠ ʠ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʮ-C5c ʠ ʨʘʮ-C5d ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʚʫʤ ʚʠʜʘʤ ʜʠʤʝʨʦʚ: ʛʦʤʦʭʠʨʘʣʴʥʳʤ (ʪ.ʝ. [(R,R-R2-TFB)RhCl]2 ʠ [(S,S-R2-

TFB)RhCl]2) ʠ ʛʝʪʝʨʦʭʠʨʘʣʴʥʳʤ (ʪ.ʝ. [(R,R-R2-TFB)Rh(Cl2)Rh(S,S-R2-TFB). ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʘ ʷʚʣʷʶʪʩʷ ʜʠʘʩʪʝʨʝʦʤʝʨʘʤʠ, ʠʭ ʧʨʦʪʦʥʳ ʤʘʛʥʠʪʥʦ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ, ʠʟ-ʟʘ ʯʝʛʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʫʩʣʦʞʥʝʥʠʝ ʩʧʝʢʪʨʘ. ʅʘʤ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʢʨʠʩʪʘʣʣʳ 
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ʦʙʝʠʭ ʜʠʤʝʨʥʳʭ ʬʦʨʤ C5d, ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʢʨʠʩʪʘʣʣʳ 

ʛʦʤʦʭʠʨʘʣʴʥʦʡ ʬʦʨʤʳ ï [(R,R-D4)RhCl]2, ʧʦʣʫʯʝʥʥʳʡ ʫʞʝ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʩʤ. ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ; ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʛʝʪʝʨʦʭʠʨʘʣʴʥʦʛʦ ʜʠʤʝʨʘ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʛʦʤʦʭʠʨʘʣʴʥʳʡ ʜʠʤʝʨ R,R-C5d ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʝʛʦ ʛʝʪʝʨʦʭʠʨʘʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʨʘʮ-C5d ʠʤʝʝʪ ʠʟʦʛʥʫʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʣʝʛʢʦ 

ʚʠʜʝʪʴ ʧʦ ʨʘʟʥʠʮʘʤ ʚ ʚʝʣʠʯʠʥʘʭ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ Rh1ðCl1ðCl2ðRh2 ʠ ʧʦ ʨʘʩʩʪʦʷʥʠʶ Rh1ð

Rh2 (ʈʠʩ. 6). 

 

 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ R,R-C5d (ʩʚʝʨʭʫ) ʠ (R,R-tBu2-TFB)Rh(Cl2)Rh(S,S-tBu2-TFB) (ʩʥʠʟʫ) (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ʇʦʨʷʜʦʢ ʥʫʤʝʨʘʮʠʠ 

ʘʪʦʤʦʚ ʚ ʥʠʞʥʝʤ ʢʦʤʧʣʝʢʩʝ ʘʥʘʣʦʛʠʯʝʥ ʚʝʨʭʥʝʤʫ. ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ R,R-C5d: Rh1ð

Rh2 3.207ð3.360, RhðCl 2.382ð2.417, C=Cʜʚʦʡʥʘʷ 1.395ð1.416, ᷁ Cl1ðCl2ðRh2ðRh1 30.61ï38.54Á. 

ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ (R,R-tBu2-TFB)RhCl2Rh(S,S-tBu2-TFB): Rh1ïðRh2 3.532, Rh1ðCl1 

2.401, Rh1ðCl2 2.390, C=Cʜʚʦʡʥʘʷ 1.411, C᷁l1ðCl2ðRh2ðRh1 0.00Á. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʘʟʥʠʮʫ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʦʙʝʠʭ ʜʠʤʝʨʥʳʭ ʬʦʨʤ ʚ ʨʘʩʪʚʦʨʝ, ʛʦʤʦ- ʠ ʛʝʪʝʨʦʭʠʨʘʣʴʥʳʝ ʜʠʤʝʨʳ ʠʤʝʶʪ ʩʭʦʞʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʢʮʠʡ ʩ ʜʘʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʦʪʝʢʘʶʪ ʩ 

ʜʠʩʩʦʮʠʘʮʠʝʡ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʤʦʥʦʤʝʨʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʜʠʤʝʨʘ ʨʘʮ-ʉ5d 

(ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʢ ʛʦʤʦ-, ʪʘʢ ʠ ʛʝʪʝʨʦʭʠʨʘʣʴʥʫʶ ʬʦʨʤʳ) ʩ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʧʠʨʠʜʠʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ C6 ʩʦʩʪʘʚʘ (ʨʘʮ-D4)RhCl(Py) ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  ʇʦʣʫʯʝʥʥʳʡ ʘʜʜʫʢʪ ʩ ʧʠʨʠʜʠʥʦʤ ʠʥʪʝʨʝʩʝʥ ʩʚʦʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʈʠʩ. 

7), ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʨʠʤʝʨʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ Cl1ðRh1ðC5ðC6 ʭʦʨʦʰʦ ʚʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʙʱʝʡ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʡ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, 

ʯʪʦ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʚʷʟʘʥʦ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʩʪʝʨʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ tBu-

ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʠʝʥʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ -Cl ʠ -Py ʣʠʛʘʥʜʦʚ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ. 

 

ʈʠʩ. 7. ʉʪʨʫʢʪʫʨʘ C6 (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ: Rh1ðCl1 2.362, Rh1ðN1 2.096, Rh1ð

C2 2.109, Rh1ðC3 2.113, Rh1ðC5 2.118, Rh1ðC6 2.171, ᷁ Cl1ðRh1ðC5ðC6 107.12Á, N᷁1ðRh1ðC2ðC3 101.44Á. 

ɼʘʣʝʝ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜʠʢʫ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [(TFB)RhCl]2 (ʨʘʮ-

C5), ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ S-Salox. 

ʈʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʮ-C5 ʩ İ ʵʢʚʠʚʘʣʝʥʪʘ S-Salox ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʝʥ R,R-TFB, ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʘʩʪʝʨʝʦʤʝʨʘ (R,R-TFB)Rh(S-Salox) 
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(ʉ3), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʵʥʘʥʪʠʦʤʝʨ ʢʦʤʧʣʝʢʩʘ (ʩ S,S-TFB ʣʠʛʘʥʜʦʤ) ʦʩʪʘʝʪʩʷ ʚ ʚʠʜʝ 

ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ S,S-C5 (ʉʭʝʤʘ 9). ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʞʥʦ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠ ʧʦʤʦʱʠ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʕʬʬʝʢʪʠʚʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ S,S-C5 ʚ ʘʜʜʫʢʪ ʩ ʤʦʨʬʦʣʠʥʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʧʦʣʷʨʥʦʩʪʠ 

(ʩʤ. ʜʝʪʘʣʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ʇʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʦʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ R,R-C5 ʠ S,S-C5 ʩ 

ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʨʦʜʠʷ ʚ ʭʦʜʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. 

 

ʉʭʝʤʘ 9. ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʪʝʪʨʘʬʪʦʨʙʘʨʨʝʣʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ C5a-d. 

R,R-ʵʥʘʥʪʠʦʤʝʨ rʢʦʤʧʣʝʢʩʦʚ ʉ5c ʠ ʉ5d ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʦʡ >99%, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ S,S-ʵʥʘʥʪʠʦʤʝʨʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʥʘʯʘʣʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩ ʯʠʩʪʦʪʦʡ >80% ee, 

ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʜʦ >99% ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 0.45 ʵʢʚʠʚʘʣʝʥʪʦʚ ʨʘʩʪʚʦʨʘ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ S-Salox ʚʤʝʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʥʝʦʙʭʦʜʠʤʳʭ 0.5 ʵʢʚʠʚʘʣʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ ʙʳʪʴ 

ʫʚʝʨʝʥʥʳʤʠ ʚ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ R,R-ʉ5c ʠ R,R-ʉ5d ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʙʫʜʫʪ 

ʧʦʣʫʯʝʥʳ ʩ ʯʠʩʪʦʪʦʡ >99% ee. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (1H, 13C ʠ 19F ʗʄʈ ʩʧʝʢʪʨʳ) ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʚʧʘʣʠ ʩ ʨʘʮʝʤʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ ʟʘ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʩʠʛʥʘʣʳ ʛʝʪʝʨʦʭʠʨʘʣʴʥʳʭ ʜʠʤʝʨʦʚ. ʉʪʨʦʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (R,R-iPr2-TFB)Rh(S-Salox) (ʉ3c) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩ. 8). 
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ʈʠʩ. 8. ʉʪʨʫʢʪʫʨʘ ʉ5ʩ (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 30%). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ. ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡): Rh1ðO1 2.031, Rh1ðN1 2.048, Rh1ðC2 2.110, 

Rh1ðC3 2.131, Rh1ðC5 2.100, Rh1ðC6 2.120. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʦʣʫʯʝʥʠʠ 1:1 ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʠ ʝ y ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝʥʠʠ ʤʥʦʛʦʢʨʘʪʥʦʡ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ: 

- ʨʘʟʜʝʣʠʪʴ ʨʘʮʝʤʠʯʝʩʢʫʶ ʩʤʝʩʴ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʥʘʥʪʠʦʤʝʨʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ 

- ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʨʦʜʠʷ (ʩʫʤʤʘʨʥʳʝ ʚʳʭʦʜʳ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʶʪ 72-97%) 

- ʧʦʣʫʯʠʪʴ ʦʙʘ ʵʥʘʥʪʠʦʤʝʨʘ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʰ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʦʜʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦʡ ʩʤʝʩʠ, ʛʜʝ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʠʩʢ ʧʦʜʭʦʜʷʱʝʡ 

ʩʠʩʪʝʤʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʘʭ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʦʙʱʝʡ ʧʦʣʷʨʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʣʝʞʘʱʝʝ ʚ ʦʩʥʦʚʝ ʥʘʰʝʛʦ ʤʝʪʦʜʘ, ï  

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʨʘʟʥʠʮʫ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʉ3/ʉ4. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʜʠʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʪʠʯʥʳʡ ʠʣʠ ʯʝʪʚʝʨʪʠʯʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 



68 
 

(ʢʘʢ ʚ ʩʣʫʯʘʝ -iPr ʠʣʠ -tBu ʛʨʫʧʧ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ 

ʢʦʤʧʣʝʢʩʘʤ ʩ ʥʦʚʳʤʠ ʦʙʲʝʤʥʳʤʠ ʭʠʨʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʳ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʳ ʧʦʩʪʨʦʠʣʠ ʩʪʝʨʠʯʝʩʢʠʝ ʢʘʨʪʳ ʜʣʷ 

ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ (R2-TFB)Rh(acac) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ SambVca 2.1 

(ʈʠʩ. 9) [164]. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʯʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʟʘʥʷʪʦʡ ʣʠʛʘʥʜʦʤ (Vburied ʦʪ 

ʘʥʛʣ. volume buried), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʢʦʤʧʣʝʢʩʘ ʦʙʣʘʜʘʶʪ ʢʘʢ 

ʙʦʣʴʰʠʤ ʩʫʤʤʘʨʥʳʤ ʟʘʥʷʪʳʤ ʦʙʲʝʤʦʤ, ʪʘʢ ʠ ʙʦʣʴʰʝʡ ʨʘʟʥʠʮʝʡ Vburied ʤʝʞʜʫ ʥʘʠʙʦʣʝʝ ʠ 

ʥʘʠʤʝʥʝʝ ʟʘʥʷʪʳʤʠ ʩʝʢʪʦʨʘʤʠ: ʜʣʷ (Me2-TFB)Rh(acac) ȹVburied = 9%, ʜʣʷ (Ph2-TFB)Rh(acac) 

ȹVburied = 16%, ʜʣʷ ʉ5ʩ ʠ ʉ5d ï 20%. ʀʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʦʙʱʫʶ 

ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʣʠʛʘʥʜʘ ʠ ʚ ʩʣʫʯʘʷʭ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʟʘʯʘʩʪʫʶ ʦʧʨʝʜʝʣʷʝʪ, 

ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʝʥ ʙʫʜʝʪ ʢʦʤʧʣʝʢʩ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ. ʉʫʤʤʘʨʥʳʡ ʟʘʥʷʪʳʡ 

ʧʨʦʮʝʥʪʥʳʡ ʦʙʲʝʤ ʚ ʩʣʫʯʘʝ ʉ5d (58%), ʚʝʨʦʷʪʥʦ, ʚʳʰʝ, ʯʝʤ ʜʣʷ ʣʶʙʦʛʦ ʠʟ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, 

ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ [119]. 

 

ʈʠʩ. 9. ʉʪʝʨʠʯʝʩʢʠʝ ʢʘʨʪʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ (R2-TFB)Rh(acac), ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʘʪʦʤʘ ʨʦʜʠʷ. 

ʇʦʢʘʟʘʚ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ DFT, ʤʳ ʨʝʰʠʣʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʣʠʛʘʥʜ S-Salox ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ. ɼʣʷ ʵʪʦʛʦ ʤʳ 

ʧʨʦʚʝʣʠ ʩʝʨʠʶ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʦʛʠʯʥʫʶ ʪʦʡ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʘʥʝʝ ʧʨʠ ʚʳʙʦʨʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (ʩʤ. ʊʘʙʣʠʮʫ 1). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʉʭʝʤʳ 10 ʠ ʊʘʙʣʠʮʳ 4, ʨʘʩʯʝʪʥʳʝ 

ʜʘʥʥʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʫʩʧʝʰʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 
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ʠʟʚʝʩʪʥʳʭ Ph-ʟʘʤʝʱʝʥʥʳʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʘʨʠʣʟʘʤʝʱʝʥʥʳʝ ʜʠʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʠ ʣʠʛʘʥʜʳ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ). ʇʦʩʢʦʣʴʢʫ ʩʪʝʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ -Ph ʠ -iPr ʛʨʫʧʧ ʚ ʮʝʣʦʤ ʩʭʦʞʠ (A-

value ʜʣʷ -Ph ï 3, ʜʣʷ -iPr ï 2.15), ʘ ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʥʘ ʧʨʠʤʝʨʝ iPr2-TFB ʧʨʠ ʧʦʤʦʱʠ ʥʘʰʝʛʦ 

ʧʦʜʭʦʜʘ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʡ ʢʦʤʧʣʝʢʩ (ʪ.ʝ. ʨʝʘʢʮʠʷ ʩʚʷʟʳʚʘʥʠʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʦʪʝʢʘʝʪ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʩ d.r. > 99:1), ʪʦ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ ʜʠʝʥʦʚ ʩ ʜʨʫʛʦʡ ʩʢʝʣʝʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

 

ʉʭʝʤʘ 10. ʉʧʠʩʦʢ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʠʟʚʝʩʪʥʳʭ ʧʦ ʧʨʝʜʳʜʫʱʠʤ ʨʘʙʦʪʘʤ. 

ʊʘʙʣʠʮʘ 4. ʉʢʨʠʥʠʥʛ ʠʟʚʝʩʪʥʳʭ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʚ. ȹE > 2.8 ʢʢʘʣ ʤʦʣʴ-1 ʦʪʚʝʯʘʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ de > 99%. 

ʂʦʤʧʣʝʢʩ ȹE, ʢʢʘʣ ʤʦʣʴ-1a ʂʦʤʧʣʝʢʩ ȹE, ʢʢʘʣ ʤʦʣʴ-1a 

(R,R-ʜʠʝʥ1)RhL 6 
2.16 

(R,R-ʜʠʝʥ8)RhL 6 
3.81 

(S,S-ʜʠʝʥ)RhL 6 (S,S-ʜʠʝʥ8)RhL 6 

(R,R-ʜʠʝʥ2)RhL 6 
2.18 

(R,R-ʜʠʝʥ9)RhL 6 
2.98 

(S,S-ʜʠʝʥ2)RhL 6 (S,S-ʜʠʝʥ9)RhL 6 

(R,R-ʜʠʝʥ3)RhL 6 
2.99 

(R,R-ʜʠʝʥ10)RhL 6 
-1.55 

(S,S-ʜʠʝʥ3)RhL 6 (S,S-ʜʠʝʥ10)RhL 6 

(R,R-ʜʠʝʥ4)RhL 6 
5.98 

(R,R-ʜʠʝʥ11)RhL 6 
8.48 

(S,S-ʜʠʝʥ4)RhL 6 (S,S-ʜʠʝʥ11)RhL 6 

(R,R-ʜʠʝʥ5)RhL 6 
-3.40 

(R,R-ʜʠʝʥ12)RhL 6 
-3.39 

(S,S-ʜʠʝʥ5)RhL 6 (S,S-ʜʠʝʥ12)RhL 6 

(R,R-ʜʠʝʥ6)RhL 6 
3.06 

(R,R-ʜʠʝʥ13)RhL 6 
-5.87 

(S,S-ʜʠʝʥ6)RhL 6 (S,S-ʜʠʝʥ13)RhL 6 

(R,R-ʜʠʝʥ7)RhL 6 
2.78 

(R,R-ʜʠʝʥ14)RhL 6 
4.77 

(S,S-ʜʠʝʥ7)RhL 6 (S,S-ʜʠʝʥ14)RhL 6 

  (R,R-ʜʠʝʥ15)RhL 6 
4.97 

  (S,S-ʜʠʝʥ15)RhL 6 
a ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ȹE ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ (R,R-ʜʠʝʥ)RhL6 ʜʠʘʩʪʝʨʝʦʤʝʨʦʤ ʠ ʥʘʦʙʦʨʦʪ. 
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2.4. ʇʨʠʤʝʥʝʥʠʝ ʪʝʪʨʘʬʪʦʨʙʘʨʨʝʣʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʤ ʢʘʪʘʣʠʟʝ 

ʇʦʣʫʯʠʚ ʚ ʩʚʦʝ ʨʘʩʧʦʨʷʞʝʥʠʝ ʭʠʨʘʣʴʥʳʝ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʦʙʲʝʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʤʳ ʨʝʰʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʧʨʠʤʝʨʝ 

ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ɻ ʬʠʨʦʚ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʦʚ ʚ ʩʚʷʟʠ E-H (E = ʛʝʪʝʨʦʘʪʦʤ), ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʜʦʙʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʢʘ ʯʪʦ ʤʘʣʦ ʠʟʫʯʝʥʳ ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ Rh(I) ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Rh(II). ʉʨʝʜʠ 

ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʳ ʨʝʰʠʣʠ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʚ ʩʚʷʟʠ B-H, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʜʫʢʪʳ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʥʪʝʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʧʨʦʜʫʢʪʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʛʠʜʨʦʙʦʨʠʨʦʚʘʥʠʷ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ B-H ʚ ʦʪʣʠʯʠʝ ʦʪ C-H ʠ Si-H ʙʳʣʦ ʦʧʠʩʘʥʦ ʣʠʰʴ ʥʝʜʘʚʥʦ (ʚʧʝʨʚʳʝ ï ʚ 

2013-ʤ) ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʜʠʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Rh(I) [149], 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Rh(II) [56], ʤʝʪʘʣʣʘʮʠʢʣʘʤʠ ʥʘ ʦʩʥʦʚʝ Ru (II ) [165], 

ʙʠʩʦʢʘʟʦʣʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Cu (I) [166], ʘ ʪʘʢʞʝ ʚ ʬʝʨʤʝʥʪ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʚʘʨʠʘʥʪʝ 

[167,168]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʶʱʠʝʩʷ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʤʝʨʳ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ B-H ʩʚʷʟʠ ʣʠʙʦ ʥʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ee, ʣʠʙʦ 

ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʳʭ ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʩʠʥʪʝʟʘ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʧʦʣʫʯʘʪʴ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʝ ʭʠʨʘʣʴʥʳʝ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚʩʝʛʦ ʚ 3 ʩʪʘʜʠʠ, ʤʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʜʦʩʪʫʧʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʠʟʚʝʩʪʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʘʤ.  

ʄʳ ʥʘʯʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʬʝʥʠʣʜʠʘʟʦʘʮʝʪʘʪʘ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʘʜʜʫʢʪʘ ʙʦʨʘʥïN-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ (ʜʘʣʴʥʝʡʰʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʘʜʜʫʢʪʘ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʡ BH3ĿNEt3 ʙʝʟ ʩʥʠʞʝʥʠʷ ʚʳʭʦʜʦʚ ʠ ee, ʘʜʜʫʢʪ ʩ N-ʤʝʪʠʣʧʠʨʦʣʣʠʜʠʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʟʜʝʣʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʜʫʢʪʦʚ ʥʘ ʭʠʨʘʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ) (ʉʭʝʤʘ 

11). ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʙʲʝʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʜʠʝʥʦʚʦʤ ʣʠʛʘʥʜʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ R,R-C5d, ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ï 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝʤ ï ʧʦʢʘʟʘʣʠ, ʯʪʦ C5d ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ 

1a ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʨʝʘʢʮʠʠ 1a ʩ ʙʦʨʘʥʦʤ ʢʦʥʚʝʨʩʠʷ 

ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ. ɺʝʨʦʷʪʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʠʟʙʳʪʦʯʥʦʡ ʩʪʝʨʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʩʦʟʜʘʚʘʝʤʦʡ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ. 
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ʉʭʝʤʘ 11. ʅʝʫʜʘʯʥʘʷ ʧʦʧʳʪʢʘ ʧʨʦʚʝʜʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ 1a ʚ ʩʚʷʟʴ B-H ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ R,R-C5d ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʝʨʝʭʦʜ ʢ ʤʝʥʝʝ ʟʘʛʨʫʞʝʥʥʦʤʫ ʜʠʠʟʦʧʨʦʧʠʣʴʥʦʤʫ ʧʨʦʠʟʚʦʜʥʦʤʫ R,R-C5c ʧʦʟʚʦʣʠʣ 

ʜʦʙʠʪʴʩʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʙʦʨʘʥʦʚʦʛʦ ʘʜʜʫʢʪʘ ʚ 1a ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ 2a ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (84%) ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (98% ee) 

(ʉʭʝʤʘ 12). ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʝʥʠʣʫʢʩʫʩʥʳʭ ʢʠʩʣʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʢʘʢ ʜʦʥʦʨʥʳʭ (Me, Ph, OMe), ʪʘʢ ʠ 

ʘʢʮʝʧʪʦʨʥʳʭ (NO2, Ac, F, CF3) ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ɺ ʩʣʫʯʘʝ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʛʨʫʞʝʥʥʳʭ o-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1g, 1h ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ ʚʥʝʜʨʝʥʠʷ), 

ʦʜʥʘʢʦ, ʥʘʙʣʶʜʘʣʦʩʴ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝʤ 

ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ 1.5 ʤʦʣʴʥʳʭ % ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʞʠʜʘʝʤʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʱʝʥʠʶ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʮʝʥʪʨʘ ʧʨʦʜʫʢʪʘ ʩ ʚʳʭʦʜʘʤʠ ʠ ʟʥʘʯʝʥʠʷʤʠ ee ʘʥʘʣʦʛʠʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤ 

ʩ R,R-C5c ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʘʢʞʝ ʤʘʣʦ ʟʘʚʠʩʝʣʘ ʦʪ 

ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ, ʥʦ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʪʠʧʦʤ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ee ʚ ʩʣʫʯʘʝ ʪʨʝʪ-ʙʫʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʣʝʞʘʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 97-98%, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʦʚ ʩ 91-94% ee. ʆʙʲʷʩʥʝʥʠʝ ʜʘʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʧʨʦʚʝʜʝʥʦ ʜʘʣʝʝ ʚ ʯʘʩʪʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʝʡ ʨʦʣʴ ʥʝʢʦʚʘʣʝʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʷ 2m ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

R,R-C5d ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ R-ʵʥʘʥʪʠʦʤʝʨʘ ʧʨʦʜʫʢʪʘ (ʈʠʩ. 10). ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʜʘʣʝʝ ʚ ʯʘʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ. 
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ʉʭʝʤʘ 12. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1 ʚ B-H ʩʚʷʟʴ ʘʜʜʫʢʪʘ ʙʦʨʘʥïN-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ. ɺʳʭʦʜʳ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʝʜʝʥʳ ʧʦʩʣʝ ʦʯʠʩʪʢʠ. ɺ ʩʣʫʯʘʝ ʧʨʦʜʫʢʪʦʚ 2g ʠ 2h ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 1.5 ʤʦʣʴʥʳʭ % R,R-C5c. ɼʣʷ 

ʧʨʦʜʫʢʪʘ 2j ʙʳʣ ʧʨʠʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʜʨʫʛʠʤ ʵʥʘʥʪʠʦʤʝʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ï S,S-C5c (1 ʤʦʣ.%). 

 

ʈʠʩ. 10. ʉʪʨʫʢʪʫʨʘ R-2m (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%). ʀʟʙʨʘʥʥʳʝ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡): N1ðB1 1.628, C1ðB1 1.654. 
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ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʳ ʨʝʰʠʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ R,R-

C5c ʚ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1 ʚ Si-H ʩʚʷʟʴ ʪʨʠʵʪʠʣʩʠʣʘʥʘ (ʉʭʝʤʘ 13). ɼʘʥʥʘʷ 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʩʣʫʯʘʝ ʩʚʷʟʠ B-H, ʘ ʪʘʢʞʝ 

ʩ ʤʝʥʴʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ 

ʦʞʠʜʘʝʤʳʝ ʧʨʦʜʫʢʪʳ 3a-e ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ee. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʙʦʨʘʥʦʚ, ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʨʠʢʠ: ʦʪ 87% ʚ ʩʣʫʯʘʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

3a ʜʦ 97% ʚ ʩʣʫʯʘʝ ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 3e. ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʦʛʠʯʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ 

ʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʩʚʷʟʴ B-H, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠʨʦʜʘ ʚʥʝʜʨʷʝʤʦʛʦ ʨʝʘʛʝʥʪʘ ʚʣʠʷʝʪ ʣʠʰʴ ʥʘ ʩʢʦʨʦʩʪʴ ʩʘʤʦʡ ʨʝʘʢʮʠʠ ï ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʨʝʘʢʮʠʠ ʩ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʳʤ ʠ ʤʝʥʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʪʨʠʵʪʠʣʩʠʣʘʥʦʤ ʧʨʦʪʝʢʘʣʠ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩ ʙʦʨʘʥʦʤ. 

 

ʉʭʝʤʘ 13. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1 ʚ Si-H ʩʚʷʟʴ ʪʨʠʵʪʠʣʘʤʠʥʘ. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʝʜʝʥʳ 

ʧʦʩʣʝ ʦʯʠʩʪʢʠ. ɼʣʷ ʩʫʙʩʪʨʘʪʘ 1k (ʧʨʦʜʫʢʪ 3b) ʙʳʣ ʧʨʠʚʝʜʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʜʨʫʛʠʤ ʵʥʘʥʪʠʦʤʝʨʦʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï S,S-C5c (1 ʤʦʣ.%). 

ʅʘʰʘ ʛʠʧʦʪʝʟʘ ʦʙ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ ʚʥʝʜʨʝʥʠʝ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ B-H ʠ Si-H ʩʚʷʟʠ, ʬʦʨʤʘʣʴʥʦ ʷʚʣʷʶʱʠʤʠʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʛʠʜʨʠʜʘ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʘʰʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʦʙʨʘʱʝʥʥʦʡ ʧʦʣʷʨʥʦʩʪʴʶ ʚʦʜʦʨʦʜʘ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ O-H ʠ N-H ʩʚʷʟʝʡ. ɺʩʝ 

ʧʦʧʳʪʢʠ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʠ ʩʦ ʩʧʠʨʪʘʤʠ (MeOH, iPrOH) ʠʣʠ ʬʝʥʦʣʘʤʠ (Ŭ- ʠ ɓ-ʥʘʬʪʦʣ) ʧʨʠʚʦʜʠʣʠ 

ʣʠʰʴ ʢ ʨʘʮʝʤʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʘʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʝʤʣʝʤʳʝ ʚʳʭʦʜʳ. ʈʝʘʢʮʠʷ ʚʥʝʜʨʝʥʠʷ 1ʘ ʚ N-

H ʩʚʷʟʴ ʙʝʥʟʘʤʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ R,R-C5c ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʘ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʮʝʤʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 4a, ʦʜʥʘʢʦ ʟʘʤʝʥʘ ʩʫʙʩʪʨʘʪʘ ʥʘ ʬʪʘʣʠʤʠʜ ʠʣʠ ʢʘʨʙʘʟʦʣ 

ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ 4b ʠ 4c ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ee (Cʭʝʤʘ 16). 
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ʉʭʝʤʘ 14. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ 1a ʚ N-H ʩʚʷʟʴ ʘʤʠʥʦʚ ʠ ʘʤʠʜʦʚ. ɼʣʷ ʧʨʦʜʫʢʪʘ 4ʩ ʪʘʢʞʝ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ɼʍʕ/tBuOH (10:1) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʙʳʣʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʧʳʪʘʤ ʩ ʙʦʨʘʥʘʤʠ ʠ ʩʠʣʘʥʘʤʠ: ʝʩʣʠ ʨʘʥʝʝ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʙʳʣʠ R-2 

ʠ R-3, ʪʦ ʚ ʩʣʫʯʘʝ ʩ ʘʤʠʥʘʤʠ ʠ ʘʤʠʜʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʛʦ ʞʝ ʵʥʘʥʪʠʦʤʝʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ S-4. ʄʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʦ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ ʩ ʢʘʨʙʘʟʦʣʦʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (ee = 72%), ʧʨʠ ʵʪʦʤ ʩʘʤ tBuOH ʚ ʨʝʘʢʮʠʶ ʚʥʝʜʨʝʥʠʷ ʧʦ 

ʩʚʷʟʠ O-H ʥʝ ʚʩʪʫʧʘʝʪ ï ʚʝʨʦʷʪʥʦ, ʧʦ ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. ʆʙʲʷʩʥʝʥʠʝ ʪʘʢʦʡ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʘʟʥʠʮʳ ʚ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʚʥʝʜʨʷʝʤʦʡ ʩʚʷʟʠ 

ʧʨʠʚʝʜʝʥʦ ʜʘʣʝʝ ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ. 

2.5. ɸʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ çʭʠʨʘʣʴʥʦʛʦ ʷʜʘè 

ʍʦʪ̫ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ 

ʦʢʘʟʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʘ, ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝ ʨʘʚʥʦ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʣʠʛʘʥʜʦʤ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ C3 ʦʪ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

S,S-C5, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʫʶʱʘʷ ʟʘʤʝʥʘ S-Salox ʚ ʢʦʤʧʣʝʢʩʘʭ C3 ʥʘ ʭʣʦʨʠʜ-ʠʦʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ HCl. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʚʷʟʳʚʘʥʠʷ ʦʜʥʦʡ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʬʦʨʤʳ ʨʘʮʝʤʠʯʝʩʢʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨ ʨʘʮ-C5 ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ in situ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʝʪ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ 

ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʜʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʣʠʛʘʥʜ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ çʭʠʨʘʣʴʥʦʛʦ ʷʜʘè, ʙʣʦʢʠʨʫʶʱʝʛʦ ʪʫ 

ʵʥʘʥʪʠʦʤʝʨʥʫʶ ʬʦʨʤʫ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʣʫʯʰʝ ʩ ʥʠʤ ʩʚʷʟʳʚʘʝʪʩʷ. ʅʘ ʧʨʠʤʝʨʝ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ B-H ʩʚʷʟʴ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ C5ʩ ʠ S-Salox R,R-C5c ʬʦʨʤʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʛʠʨʫʝʪ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʣʠʛʘʥʜʦʤ, ʦʙʨʘʟʫʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʡ (ʢʘʢ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʚʦʙʦʜʥʳʭ 
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ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪ) ʢʦʤʧʣʝʢʩ C3c ʠ ʦʩʪʘʚʣʷʷ ʭʣʦʨʠʜʥʳʡ S,S-C5c, ʩʧʦʩʦʙʥʳʡ ʚʳʩʪʫʧʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʉʭʝʤʘ 15, ʙ). ʍʦʪ ɹʢʦʥʮʝʧʪʫʘʣʴʥʦ ʵʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʙʦʣʝʝ 

30 ʣʝʪ ʥʘʟʘʜ, ʩ ʪʝʭ ʧʦʨ ʦʥ ʥʘʰʝʣ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʪʘʣʠʟʝ [169]. 

 

ʉʭʝʤʘ 15. ʂʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ çʭʠʨʘʣʴʥʦʛʦ ʷʜʘè ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ 

ʘʜʜʫʢʪʘʤʠ ʙʦʨʘʥʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʭʣʦʨʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʦʜʠʷ ʉ5c. 

ʄʳ ʨʝʰʠʣʠ ʫʙʝʜʠʪʴʩʷ ʚ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ ʥʘ ʧʨʠʤʝʨʝ ʚʩʝ ʪʦʡ 

ʞʝ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1 c ʘʜʜʫʢʪʘʤʠ ʙʦʨʘʥʦʚ ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ çʭʠʨʘʣʴʥʳʭ ʷʜʦʚè ʧʦʤʠʤʦ S-Salox. ʇʦ ʧʨʠʤʝʨʫ ʪʦʛʦ, ʢʘʢ ʨʘʥʝʝ ʫʞʝ 

ʧʨʦʚʦʜʠʣʩʷ ʩʢʨʠʥʠʥʛ ʣʠʛʘʥʜʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʠʝʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ C5d (ʩʤ. ʈʠʩ. 2 ʠ ʊʘʙʣʠʮʫ 1), ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʨʘʟʥʠʮʫ ʵʥʝʨʛʠʠ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʷʜʦʤ ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʣʠʯʠʠ ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (L9-11). ʅʦʚʳʝ 

ʨʘʩʯʝʪʳ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ C5c ʙʳʣʠ ʥʝʦʙʭʦʜʠʤʳ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ C5d, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʥʝʘʢʪʠʚʝʥ ʚ ʨʝʘʢʮʠʷʭ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ.  ʂʘʢ ʠ 

ʨʘʥʝʝ, ʤʳ ʠʩʭʦʜʠʣʠ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʝ ʬʦʨʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʯʝʪʥʦʝ ee ʥʝʩʚʷʟʘʥʥʦʡ ʬʦʨʤʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ C5c ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ K = exp(-ȹGÁ/RT) (ʉʭʝʤʘ 16, ʊʘʙʣʠʮʘ 5). 

ʀʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʣʠʛʘʥʜʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ L 9 ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ C5c. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ 
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ʦʪʣʠʯʠʝ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘʤʠ ʨʘʥʝʝ L6, ʚ ʩʣʫʯʘʝ L 10 ʠ L 11 ʦʩʥʦʚʥʳʤ ʥʝʩʚʷʟʘʥʥʳʤ 

ʵʥʘʥʪʠʦʤʝʨʦʤ ʜʦʣʞʝʥ ʙʳʪʴ R,R-C5c, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ S-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠʩʭʦʜʥʦʛʦ 

ʩʫʣʴʬʠʥʘʤʠʜʘ. 

 

ʉʭʝʤʘ 16. ʇʨʠʥʮʠʧ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ C5c ʠ ʥʘʙʦʨ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʭʠʨʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʊʘʙʣʠʮʘ 5. ʉʢʨʠʥʠʥʛ çʭʠʨʘʣʴʥʳʭ ʷʜʦʚè. ȹG > 2.8 ʢʢʘʣ ʤʦʣʴ-1 ʦʪʚʝʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ee > 99%. 

çʍʠʨʘʣʴʥʳʡ ʷʜè 
ʇʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ȹG ʤʝʞʜʫ 

R,R-C5c-L ʠ S,S-C5c-L, ʢʢʘʣ ʤʦʣʴ-1 

ʇʨʝʜʩʢʘʟʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ee ʜʣʷ 

C5c ʚ ʧʨʠʩʫʪʩʪʚʠʠ L n (0.5 ʵʢʚ.)a,ʙ 

L 6 -3.90 > 99% (S,S) 

L 9 -0.45 36 (S,S) 

L 10 4.89 >> 99% (R,R) 

L 11 2.79 > 99% (R,R) 
aʈʘʩʩʯʠʪʘʥʦ ʜʣʷ ʩʠʩʪʝʤʳ ʧʨʠ T = 298 ʂ, ʠʩʭʦʜʥʦ ʩʦʜʝʨʞʘʱʝʡ 1 ʵʢʚʠʚʘʣʝʥʪ ʨʘʮʝʤʠʯʝʩʢʦʛʦ 2ʩ ʠ 0.5 ʵʢʚʠʚʘʣʝʥʪʦʚ (ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ Rh) çʭʠʨʘʣʴʥʦʛʦ ʷʜʘè. ʙɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʮʝʥʪʨʦʚ ʜʠʝʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ 

çʭʠʨʘʣʴʥʳʤʠ ʷʜʘʤʠè. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ çʭʠʨʘʣʴʥʳʭ ʷʜʦʚè ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ 1a ʩ ʘʜʜʫʢʪʦʤ ʙʦʨʘʥïN-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ, ʜʣʷ ʢʦʪʦʨʦʡ ʫʞʝ 

ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʜʘʥʥʳʝ ʧʦ ʚʳʭʦʜʫ ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ S,S-C5c (ʉʭʝʤʘ 17, ʊʘʙʣʠʮʘ 6, ɻ ʢʩʧʝʨʠʤʝʥʪ #1). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʮ-C5ʩ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 0.6 ʵʢʚʠʚʘʣʝʥʪʘʤʠ L 6 ʠ L 11 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʮʝʣʝʚʦʤʫ 

ʧʨʦʜʫʢʪʫ 2ʘ ʩ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʊʘʙʣʠʮʘ 6, ʵʢʩʧʝʨʠʤʝʥʪʳ #2 ʠ #5 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ (ʚʢʣʶʯʘʷ ʦʙʨʘʱʝʥʠʝ 
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ʩʪʝʨʝʦʮʝʥʪʨʘ 2a ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ L11). ʀʩʧʦʣʴʟʦʚʘʥʠʝ L 9 ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʦʞʠʜʘʝʤʦ 

ʧʨʠʚʝʣʦ ʢ ʧʨʦʜʫʢʪʫ ʩ ʥʝʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ee (8%, ʊʘʙʣʠʮʘ 6, ʵʢʩʧʝʨʠʤʝʥʪ #3). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʭʠʨʘʣʴʥʦʛʦ ʷʜʘè L10, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ DFT ʨʘʩʯʝʪʦʚ 

ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ ʥʘʠʣʫʯʰʝʡ ʜʠʩʢʨʠʤʠʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʣʠʰʴ 

ʫʤʝʨʝʥʥʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ (-62% ee, ʊʘʙʣʠʮʘ 6, ʵʢʩʧʝʨʠʤʝʥʪ #4). ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩ S,S-C5c-L 10, ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ 

ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʭʠʨʘʣʴʥʳʤ ʷʜʦʤè, ʩʘʤ ʩʧʦʩʦʙʝʥ ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ʚʥʝʜʨʝʥʠʷ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʚ ʩʚʷʟʴ B-H, ʦʜʥʘʢʦ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ C5ʩ. ʊʘʢʞʝ ʦʥ, ʚʝʨʦʷʪʥʦ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʫʤʤʘʨʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ee 2ʘ. ɺʝʨʦʷʪʥʦ, ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʘ 

S,S-C5c-L 10 ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʝʛʦ ʘʥʘʣʦʛʘʤʠ ʩ L 6 ʠ L11. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʢʘ L 6 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʩʚʷʟʳʚʘʥʠʝ C5ʩ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ C3ʩ ʠ 

C4ʩ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʳʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʚʝʨʩʠʠ 1ʘ (ʊʘʙʣʠʮʘ 6, ɻ ʢʩʧʝʨʠʤʝʥʪ #7). ʇʦʧʳʪʢʠ 

ʩʥʠʟʠʪʴ ʩʫʤʤʘʨʥʫʶ ʟʘʛʨʫʟʢʫ C5ʩ ʠ L 6 ʧʨʠʚʝʣʠ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʢʘʢ ʩʫʤʤʘʨʥʦʛʦ ʚʳʭʦʜʘ, 

ʪʘʢ ʠ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʘ (ʊʘʙʣʠʮʘ 6, ʵʢʩʧʝʨʠʤʝʥʪ #6), ʯʪʦ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʦʡ 

ʥʝʜʦʩʪʘʪʦʢ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠ ̫ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʠʥʠʤʫʤ ʚ 2 

ʨʘʟʘ, ʧʦʩʢʦʣʴʢʫ ʦʜʠʥ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ (ʧʦʣʦʚʠʥʘ ʚʩʝʡ ʟʘʛʨʫʟʢʠ C5c) ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʘʢʪʠʚʝʥ ʠʟ-

ʟʘ çʭʠʨʘʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷè. 

 

ʉʭʝʤʘ 17. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ 1ʘ ʚ B-H ʩʚʷʟʴ ʘʜʜʫʢʪʘ ʙʦʨʘʥïN-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ 

çʭʠʨʘʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷè. 

ʊʘʙʣʠʮʘ 6. ʇʦʜʙʦʨ çʭʠʨʘʣʴʥʳʭ ʷʜʦʚè ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ. 

# L n x, y ʚr ʭʦʜ, %a ee, % 

1 - 2, -ʙ 91 98 

2 L 6 5, 3 94 96 

3 L 9 5, 3 96 8 

4 L 10 5, 3 86 -62 

5 L 11 5, 3 98 -90 

6 L 1 2.5, 2 79 88 

7 L 1 5, 10 < 5 - 

aɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʝʜʝʥʳ ʧʦʩʣʝ ʦʯʠʩʪʢʠ. ʙʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ S,S-ʉ5c. 



78 
 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʚʠʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʳ ʧʦʢʘʟʘʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʭʦʜʘ 

çʭʠʨʘʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷè ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʘʮʝʤʠʯʝʩʢʦʤʫ ʜʠʝʥʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʉ5ʩ, 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʥʝʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʭʠʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ L n ʤʦʞʥʦ 

ʧʨʝʜʩʢʘʟʘʪʴ ʧʨʠ ʧʦʤʦʱʠ DFT ʨʘʩʯʝʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʚʳʙʨʘʪʴ çʭʠʨʘʣʴʥʳʡ ʷʜè ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʧʨʦʜʫʢʪʘ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʜʠʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

Rh(I) ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ B-H, Si-H ʠ ʜʘʞʝ C-

H, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʚʦʩʭʦʜʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ Rh(II). ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʜʨʫʛʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʜʣʷ ʭʠʤʠʠ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ ʨʝʘʢʮʠʷ ï ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ï ʚʩʝ ʝʱʝ 

ʦʩʪʘʝʪʩʷ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ ʜʣʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʀʤʝʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ çʭʠʨʘʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷè ʩʠʩʪʝʤʦʡ ʨʘʮ-ʉ5ʩ + L 6, ʤʳ ʨʝʰʠʣʠ 

ʨʘʩʰʠʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʠʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ ʠ ʜʣʷ ʨʝʘʢʮʠʡ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ 

ʘʣʢʝʥʘʤʠ. 

ʇʝʨʚʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʨʝʘʢʮʠʡ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ï ʩʪʠʨʦʣ ï ʨʝʘʛʠʨʫʝʪ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝʤ 1ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1.5 ʤʦʣ.% ʨʘʮ-

ʉ5c ʠ 2 ʤʦʣ.% L 6 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ 5ʘ ʚ ʩʤʝʩʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʠʟ-ʟʘ ʯʝʛʦ ʚʳʭʦʜ ʮʠʢʣʦʧʨʦʧʘʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 20%. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʧʨʠʯʠʥʦʡ 

ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʘʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ 

Rh(I) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʥʘ ʦʩʥʦʚʝ Rh(II), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʨʦʤʦʪʠʨʦʚʘʪʴ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʩʪʠʨʦʣʦʚ ʜʘʞʝ ʧʨʠ -78 Áʉ. ʃʦʛʠʯʥʳʤ ʰʘʛʦʤ ʩʪʘʣʦ ʫʚʝʣʠʯʝʥʠʝ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʘʣʢʝʥʦʚ, ʠ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʠʨʦʣʦʚ ʩ ʜʦʥʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ (4-tBu, 4-OAc, 3,4-(OMe)2) ʧʨʠʚʝʣʦ ʢ ʦʞʠʜʘʝʤʳʤ ʧʨʦʜʫʢʪʘʤ ʩ ʚʳʭʦʜʘʤʠ 50-60% 

ʠ ʟʥʘʯʝʥʠʷʤ ee ʚ ʜʠʘʧʘʟʦʥʝ 70-84% (ʉʭʝʤʘ 18, 5b-d). ʈʝʘʢʮʠʷ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ 

ʭʦʨʦʰʦ ʧʨʦʪʝʢʘʝʪ ʩ ʆ-ʚʠʥʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ (6a-d) ʠ ʝʱʝ ʣʫʯʰʝ ʩ N-ʚʠʥʠʣʦʚʳʤʠ ʘʣʢʝʥʘʤʠ (7a-

d), ʜʘʚʘ ̫ʧʨʦʜʫʢʪʳ ʩ ee ʚʧʣʦʪʴ ʜʦ 94%. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʠʤʝʥʝʝ ʜʦʥʦʨʥʦʛʦ 

ʩʨʝʜʠ ʠʤʝʶʱʠʭʩʷ ʘʟʦʪ-ʟʘʤʝʱʝʥʥʳʭ ʘʣʢʝʥʦʚ N-ʚʠʥʠʣ-ʬʪʘʣʠʤʠʜʘ ʚʳʭʦʜ ʠ ee ʧʨʦʜʫʢʪʘ 7d 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʚʘʞʥʦʩʪʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʩʫʙʩʪʨʘʪʘ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʇʨʠʨʦʜʘ ʠʩʭʦʜʥʦʛʦ ʘʨʠʣʜʠʘʟʦʘʮʝʪʘʪʘ 1, ʚʝʨʦʷʪʥʦ, ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʤʳ ʥʘʙʣʶʜʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʘʜʝʥʠʝ ʚʳʭʦʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʥʦʨʥʳʭ 4-Me ʠ 4-OMe ʟʘʤʝʱʝʥʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

(ʧʨʦʜʫʢʪʳ 8c ʠ 8d) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ (ʧʨʦʜʫʢʪʳ 8a ʠ 8b), ʦʜʥʘʢʦ ee ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʣ > 90%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʣʫʯʰʠʭ ʚʳʭʦʜʦʚ ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʮʝʧʪʦʨʥʳʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ) ʠ ʜʦʥʦʨʥʳʭ ʘʣʢʝʥʦʚ. 
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ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʠ ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʨʝʦʮʝʥʪʨʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʜʘʥʥʳʭ ʈʉɸ 

ʜʣʷ ʧʨʦʜʫʢʪʘ 7a (ʈʠʩ. 11), ʘ ʪʘʢʞʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʛʣʦʚ ʚʨʘʱʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ 6a ʠ 6d ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʄʳ ʪʘʢʞʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʣʫʯʘʝ ʥʘʠʤʝʥʝʝ ʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʧʘʜʝʥʠʝ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ çʦʪʨʘʚʣʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨè ʚ ʚʠʜʝ ʜʠʘʩʪʝʨʝʦʤʝʨʘ C3ʩ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚ, ʠʟ-ʟʘ ʯʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʵʥʘʥʪʠʦʤʝʨʦʚ ʧʨʦʜʫʢʪʦʚ 5-8 (ʪʘʢ ʞʝ, 

ʢʘʢ ʚ ʩʣʫʯʘʝ ʚʥʝʜʨʝʥʠʷ B-H ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ L 10). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʥʘʠʤʝʥʝʝ 

ʫʩʧʝʰʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʧʨʦʜʫʢʪʳ 5b, 5c, 6a, 6b ʠ 7d) ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ S,S-ʉ5c ʠʣʠ R,R-ʉ5c, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʜʭʦʜʘ çʭʠʨʘʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷè. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ee 

ʚʧʣʦʪʴ ʜʦ 98% ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʫʤʤʘʨʥʳʭ ʚʳʭʦʜʦʚ. ʀʟ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʰ 

ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʭʠʨʘʣʴʥʦʛʦ ʷʜʘè ʣʫʯʰʝ ʚʩʝʛʦ ʨʘʙʦʪʘʝʪ ʚ ʩʣʫʯʘʝ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ 

ʨʝʘʢʮʠʡ, ʚ ʢʦʥʪʝʢʩʪʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ï ʩ ʩʠʣʴʥʦʜʦʥʦʨʥʳʤʠ ʘʣʢʝʥʘʤʠ. 

ɺʝʨʦʷʪʥʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ ʧʫʪʝʤ 

ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʨʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ L 6 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʢʦʤʧʣʝʢʩʝ ʚʠʜʘ (TFB)RhL n ï ʥʘʧʨʠʤʝʨ, ʚʚʦʜʦʤ ʘʢʮʝʧʪʦʨʥʭr ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʬʝʥʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ [170,171]. 

 

ʈʠʩ. 11. ʉʪʨʫʢʪʫʨʘ 7a (ʵʣʣʠʧʩʦʠʜʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʢʘʟʘʥʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%). ʀʟʙʨʘʥʥʳʝ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ (¡) ʠ ʫʛʣʳ: C1ðC2 1.497(2), C2ðC3 1.495(3), C2ðC4 1.520(3), C2ðC5 1.540(3), C4ðC5 1.489(3), C5ð

N1 1.428(2), ᷁ C1ðC2ðC3 118.8Á, C᷁2ðC4ðC5 61.56Á. 

 



80 
 

 

ʉʭʝʤʘ 18. ʉʝʨʠʷ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ. ɺʳʭʦʜʳ ʧʨʠʚʝʜʝʥʳ ʧʦʩʣʝ ʦʯʠʩʪʢʠ. aʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 50 

Áʉ. ʙʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ S,S-C5c. ʚʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʦʛʦ R,R-C5c. 
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ʅʘʙʣʶʜʘʝʤʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʣʢʝʥʦʚ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʰʢʘʣʦʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʄʘʡʝʨʘ (N). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʫʩʧʝʰʥʦ ʧʨʦʪʝʢʘʝʪ ʩ 

ʙʫʪʠʣʚʠʥʠʣʦʚʳʤ ʵʬʠʨʦʤ (N = 3.76), ʜʠʛʠʜʨʦʬʫʨʘʥʦʤ (N = 4.37) ʠ N-ʚʠʥʠʣ-ʢʘʨʙʘʟʦʣʦʤ (N = 5.02). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʥʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʩʪʠʨʦʣ (N = 0.78) ʠ ʠʟʦʧʨʝʥ (N = 1.10) ʨʝʘʛʠʨʫʶʪ ʤʝʜʣʝʥʥʦ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʝʢʩʝʥ-1 (N = -2.77) ʥʝ ʨʝʘʛʠʨʫʝʪ ʚʦʚʩʝ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʩʪʘʥʪʳ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ 

ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʘʣʢʝʥʦʚ, ʤʳ ʙʳʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʠʩʢʝ 

ʨʘʩʯʝʪʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʣʶʙʦʛʦ ʩʫʙʩʪʨʘʪʘ. ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʆʨʣʘʥʜʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʨʦʜʩʪʚʦ ʢ ʧʨʦʪʦʥʫ (EPA) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʨʘʩʯʝʪʥʦʡ 

ʦʮʝʥʢʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ [172]. ʅʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ ʚʠʥʠʣʦʚʳʝ 

ʵʬʠʨʳ (EPA = 223-229 ʢʢʘʣ ʤʦʣʴ-1) ʠ N-ʚʠʥʠʣʦʚʳʝ ʘʣʢʝʥʳ (EPA = 228-235 ʢʢʘʣ ʤʦʣʴ-1) ʦʙʣʘʜʘʶʪ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʧʨʦʪʦʥʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʘʢʪʠʚʥʳʤʠ ʘʣʢʝʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʩʪʠʨʦʣ (EPA = 218 ʢʢʘʣ ʤʦʣʴ-1), ʚʠʥʠʣʘʮʝʪʘʪ (EPA = 205 ʢʢʘʣ ʤʦʣʴ-1) ʠ ʛʝʢʩʝʥ-1 (EPA = 199 ʢʢʘʣ 

ʤʦʣʴ-1). ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʘʣʢʝʥʳ ʩ EPA ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʪʠʨʦʣʘ, ʩ ʙʦʣʴʰʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʭʦʜʷʱʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʚ ʥʘʰʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʞʝ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʠ ʟʘʤʝʥʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

C5ʩ ʥʘ ʢʦʤʧʣʝʢʩ ʩ ʙʦʣʝʝ ʘʢʮʝʧʪʦʨʥʳʤ ʜʠʝʥʦʤ (ʥʘʧʨʠʤʝʨ, ʘʨʠʣʟʘʤʝʱʝʥʥʳʤ) ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ 

ʦʙʱʫʶ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʥʘʙʦʨ ʘʣʢʝʥʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ. 

2.6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ  

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʚ ʩʚʷʟʠ E-H ʤʝʪʦʜʦʤ DFT 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʚ ʥʝʧʦʣʷʨʥʳʝ (B-H, Si-H), ʪʘʢ ʠ ʚ ʧʦʣʷʨʥʳʝ (N-H, O-H) ʩʚʷʟʠ E-H ʠ 

ʩʦʩʪʘʚʠʣʠ ʦʙʱʠʡ ʤʝʭʘʥʠʟʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʉʭʝʤʝ 19. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʜʠʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ R,R-C5c ʥʘ ʤʦʥʦʤʝʨʥʳʝ ʬʦʨʤʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʥʝʥʘʩʳʱʝʥʥʦʛʦ 14e ʬʨʘʛʤʝʥʪʘ (TFB)RhCl. ɼʘʥʥʳʡ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪ, ʨʝʘʛʠʨʫʷ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝʤ, ʩʧʦʩʦʙʝʥ ʥʝʦʙʨʘʪʠʤʦ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʘʨʙʝʥ-

ʨʦʜʠʝʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ IM 1. ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʘʶʱʠʡʩʷ ʢʘʨʙʝʥ ʠʤʝʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʫʶ ʧʨʠʨʦʜʫ, 

ʜʘʣʴʥʝʡʰʘʷ ʨʝʘʢʮʠʷ IM 1 ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʩʚʷʟʴ B-H ʠʣʠ Si-H, ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʛʠʜʨʠʜʘ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʝ (ʥʦ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʘʩʠʥʭʨʦʥʥʦʝ) ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ C-B ʠʣʠ C-Si.  
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ʉʭʝʤʘ 19. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʘʢʮʠʷ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ N-H ʩʚʷʟʴ, ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʧʦ ʵʣʝʪʨʦʬʠʣʴʥʦʤʫ ʫʛʣʝʨʦʜʫ IM 1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʚʠʪʪʝʨʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ IM 2. ʇʦʩʣʝʜʫʶʱʠʡ ʚʥʫʪʨʠ- ʠʣʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ 

ʧʨʦʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʵʥʘʥʪʠʦʤʝʨʘ ʧʨʦʜʫʢʪʘ ʚʥʝʜʨʝʥʠʷ, ʯʪʦ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʝʨʝʥʦʩ 

ʧʨʦʪʦʥʘ ʟʘʪʨʫʜʥʝʥ, ʠʥʪʝʨʤʝʜʠʘʪ IM 2 ʩʧʦʩʦʙʝʥ ʧʨʝʪʝʨʧʝʚʘʪʴ ʜʠʩʩʦʮʠʘʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʝʥʦʣʴʥʳʡ ʬʦʨʤʳ. ʇʨʠ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ, ʦʜʥʘʢʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʠ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʨʘʮʝʤʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʚʥʝʜʨʝʥʠʷ. ɺʝʨʦʷʪʥʦ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʦʙʘʚʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʨʦʪʦʥʦʚ (tBuOH) ʩʧʦʩʦʙʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʧʦ ʧʫʪʠ, 

ʚʝʜʫʱʝʤʫ ʢ ʭʠʨʘʣʴʥʦʤʫ ʧʨʦʜʫʢʪʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. 

ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʦʯʠʭ (ʧʦʤʠʤʦ tBuOH) ʜʦʙʘʚʦʢ ʥʘ ʨʝʘʢʮʠʶ 

ʚʥʝʜʨʝʥʠʷ 1a ʚ N-H ʩʚʷʟʴ ʢʘʨʙʘʟʦʣʘ (ʉʭʝʤʘ 20), ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 7. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʟ ʠʤʝʶʱʠʭʩʷ 

ʜʘʥʥʳʭ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʜʠʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʘʞʥʫʶ ʨʦʣʴ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ 

X-ʣʠʛʘʥʜ (ʚ ʩʣʫʯʘʝ R,R-C5c ï Cl), ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʟʘʤʝʥʘ ʩʧʦʩʦʙʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʨʝʘʢʮʠʠ ʠ/ʠʣʠ ʩʥʠʞʝʥʠʶ ʝʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʧʦʪʝʨʠ. 
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ʉʭʝʤʘ 20. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ 1a ʚ N-H ʩʚʷʟʴ ʢʘʨʙʘʟʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4c. 

ʊʘʙʣʠʮʘ 7. ʉʢʨʠʥʠʥʛ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ 1a ʚ 

ʢʘʨʙʘʟʦʣ. 

# ʜʦʙʘʚʢʘa ʚʳʭʦʜ, %ʙ ee, %ʚ 

1 - 48 42 

2 tBuOH (0.1 ʤʣ)ʛ 49 72 

3 tBuOH (0.5 ʤʣ)ʛ 46 72 

4 tBuOH (0.9 ʤʣ)ʛ 40 71 

5 NBu4Br (20 ʤʦʣ.%) 15e ʨʘʮʝʤʘʪ 

6 NBu4I (20 ʤʦʣ.%) 34 ʨʘʮʝʤʘʪ 

7 (S)-CSA (10 ʤʦʣ.%) 24 40 

8 (-)-ʤʝʥʪʦʣ 30 32 

9 ʱʘʚʝʣʝʚʘʷ ʢ-ʪʘ (10 ʤʦʣ.%) 16 18 

10 ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (10 ʤʦʣ.%) 23 44 

11 ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (10 ʤʦʣ.%) < 5e ND 

12 ʘʜʘʤʘʥʪʘʥ-1-ʢʘʨʙʦʥʦʚʘʷ ʢ-ʪʘ (10 ʤʦʣ.%) < 5e ND 

13 AgPF6 (5 ʤʦʣ.%) < 5e ND 

14 CF3CO2Ag (2 ʤʦʣ.%) 45 ʨʘʮʝʤʘʪ 

15 CH3CO2Tl (2 ʤʦʣ.%) 56 ʨʘʮʝʤʘʪ 

16 PhCO2Tl (2 ʤʦʣ.%) 20 ʨʘʮʝʤʘʪ 

17 tBuOK (5 ʤʦʣ.%) 14e ND 

18 MeCN (10 ʤʦʣ.%) < 5e ND 
ʘɺʩʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʘʟʘʥʥʦʡ ʜʦʙʘʚʢʠ. ʙɺʳʭʦʜʳ 

ʧʦʩʣʝ ʦʯʠʩʪʢʠ. ʚʇʦ ʜʘʥʥʳʤ ʭʠʨʘʣʴʥʦʡ ɺʕɾʍ ʛʂʦʣʠʯʝʩʪʚʦ DCE ʙʳʣʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 1a = 0.1M. eʇʦ ʜʘʥʥʳʤ 1H ʗʄʈ. 

 

ʇʦʤʠʤʦ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʩ ʪʘʢʞʝ ʠʥʪʝʨʝʩʦʚʘʣʦ, ʤʦʛʫʪ ʣʠ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠ ʢʦʨʨʝʢʪʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ 1a (ʢʘʢ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʷʭ) ʚ ʩʚʷʟʴ B-H, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ 

ʤʝʪʦʜʦʤ DFT ʥʘ ʫʨʦʚʥʝ M06L/TZVP (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʘʤʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʯʘʩʪʠʮʘ (R,R-TFB)RhCl, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝʤ, ʦʙʨʘʪʠʤʦ ʦʙʨʘʟʫʝʪ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʘʜʜʫʢʪʘ ï R-I  ʠ S-I  (ʈʠʩ. 12). ɼʘʣʴʥʝʡʰʝʝ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʥʝʦʙʨʘʪʠʤʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʝʥʘ R-II  ʠ S-II , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʩʢʦʨʦʩʪʴ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʚʝʨʦʷʪʥʦ, ʨʘʟʣʠʯʥʘ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʠʮʝʡ ʚ ʵʥʝʨʛʠʷʭ ʜʚʫʭ ʧʝʨʝʭʦʜʥʳʭ 
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ʩʦʩʪʦʷʥʠʡ ï R-TS1 ʠ S-TS1. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ R-II, ʧʨʠʚʦʜʷʱʝʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʢ R-ʵʥʘʥʪʠʦʤʝʨʫ ʧʨʦʜʫʢʪʘ ʚʥʝʜʨʝʥʠʷ, ʥʘ 1.8 ʢʢʘʣ ʤʦʣʴ-1 ʥʠʞʝ, ʯʝʤ ʜʣʷ ʚʪʦʨʦʛʦ ʢʘʨʙʝʥʘ S-II , ʯʪʦ 

ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦʙʲʷʩʥʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ R-2 ʙʦʨʘʥʦʚ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʪʝʦʨʠʝʡ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʫʨʘʚʥʝʥʠʝʤ ʕʡʨʠʥʛʘ, ʨʘʟʥʠʮʘ ʚ 1.8 ʢʢʘʣ ʤʦʣʴ-1 ʦʪʚʝʯʘʝʪ ʩʦʦʪʥʦʰʝʥʠʶ R-II :S-II  å 95:5, ʯʪʦ 

ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ee > 90%, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ. 

ʈʘʟʥʠʮʘ ʚ ʙʘʨʴʝʨʘʭ ʘʢʪʠʚʘʮʠʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠ ̫

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʪʝʨʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ -iPr ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʣʠʛʘʥʜʘ ʠ ʦʙʲʝʤʥʦʡ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʦʡ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʚ ʩʣʫʯʘʝ S-TS1. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʪʨʘʢʪʦʚʢʘ 

ʧʨʠʯʠʥʳ ʨʘʟʥʠʮʳ ʚ ʵʥʝʨʛʠʷʭ ʘʢʪʠʚʘʮʠʠ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠ ʁʨʦʣʠ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

 

ʈʠʩ. 12. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʦʨʜʠʥʘʪʳ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʜʠʟʦʩʦʝʜʠʥʝʥʠʷ 1a ʚ B-H ʩʚʷʟʴ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʝʡ [(R,R-iPr2-TFB)RhCl]. NR3 = N-ʤʝʪʠʣʧʠʨʦʣʣʠʜʠʥ.  



85 
 

ʊʘʢʞʝ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ N-H ʩʚʷʟʠ 

ʥʘ ʧʨʠʤʝʨʝ ʙʝʥʟʘʤʠʜʘ ʠʩʭʦʜʷ ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ R-II . ɽʩʣʠ ʙ  rʤʝʭʘʥʠʟʤ ɻ ʪʦʡ ʨʝʘʢʮʠʠ 

ʙʳʣ ʘʥʘʣʦʛʠʯʝʥ ʚʥʝʜʨʝʥʠʶ ʙʦʨʘʥʦʚ ʠ ʩʠʣʘʥʦʚ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʘʥʘʣʦʛʠʯʥʳʭ ʠʣʠ ʩʭʦʞʠʭ 

ʟʥʘʯʝʥʠʡ ee. ʆʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʝʘʢʮʠʷʭ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1 

c ʘʤʠʥʘʤʠ ʠ ʘʤʠʜʘʤʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʚʧʣʦʪʴ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʢʘʪʘʣʠʟʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʤʝʨʦʚ ʩ B-H ʠ Si-H ï ʵʥʘʥʪʠʦʤʝʨ ʧʨʦʜʫʢʪʘ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʢʦʩʚʝʥʥʦ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʥʦʡ ʤʝʭʘʥʠʟʤ ʚʥʝʜʨʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʦʣʷʨʥʳʭ ʩʚʷʟʝʡ E-H (E = N, O, S).  

ʊʘʢ, ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʘʪʦʤʦʤ ʘʟʦʪʘ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ R-II  ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʚʠʪʪʝʨ-ʠʦʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ R-IV , ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʚʫʤʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ N-H--Cl 

ʠ N-HðCO2tBu (ʈʠʩ. 13). ʆʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ ʯʘʩʪʠʮʳ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ R-

TS3, ʠʤʝʶʱʝʝ ʙʘʨʴʝʨ 18.6 ʢʢʘʣ ʤʦʣʴ-1 ʦʪʥʦʩʠʪʝʣʴʥʦ R-II , ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʷʛʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʇʦʩʣʝʜʫʶʱʠʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʩ ʘʟʦʪʘ ʥʘ 

ʢʠʩʣʦʨʦʜ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ R-TS4 ʩ ʙʘʨʴʝʨʦʤ 16.3 ʢʢʘʣ ʤʦʣʴ-1 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ R-

V ï ʢʦʤʧʣʝʢʩʘ ʩʦ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ. ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʩʦ ʩʪʦʨʦʥʳ, ʥʝ ʟʘʥʷʪʦʡ ʜʠʝʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʯʪʦ 

ʠ ʜʦʣʞʥʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ S-ʵʥʘʥʪʠʦʤʝʨʘ 4a, ʦʜʥʘʢʦ, ʢʘʢ ʤ  r

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʧʨʦʮʝʩʩ ʜʠʩʩʦʮʠʘʮʠʠ R-V ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ. ɼʝʢʦʦʨʜʠʥʘʮʠʷ 

ʝʥʦʣʴʥʦʡ ʬʦʨʤʳ ʧʨʦʜʫʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ (TFB)RhCl 

ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʮʝʤʠʯʝʩʢʦʡ ʬʦʨʤʳ 4a, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

ʈʠʩ. 13. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʦʨʜʠʥʘʪʳ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʢʘʨʙʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ R-II  ʚ N-H ʩʚʷʟʴ 

ʢʘʨʙʘʟʦʣʘ. 
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ʀʥʘʯʝ ʦʙʩʪʦʠʪ ʩʠʪʫʘʮʠʷ ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ 1, ʠ ʘʣʢʝʥʳ ʷʚʣʷʶʪʩʷ ʧʨʦʭʠʨʘʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʠʟ-ʟʘ ʯʝʛʦ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 1ʘ ʩ ʚʠʥʠʣʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʦʜʫʢʪʳ R,S-6a, R,R-6a, S,R-6a ʠ S,S-6a, ʦʜʥʘʢʦ ʜʣʷ ʥʘʰʝʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʡ ʠʟ ʩʧʠʩʢʘ (96% ee, d.r. > 

20:1). ʈʘʥʝʝ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ R,R-ʉ5c ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ R-II  ʠ S-II  ʚ ʩʦʦʪʥʦʰʝʥʠʠ ~ 99:1. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʝʘʢʮʠʷʤ ʪʨʝʪ-ʙʫʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 1 ʩ ʘʜʜʫʢʪʘʤʠ 

ʙʦʨʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2a-h ʩ 97-98% ee, ʩʤ. ʉʭʝʤʫ 12. ʇʦʩʢʦʣʴʢʫ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʨʝʘʢʮʠʡ ʚʥʝʜʨʝʥʠʷ B-H ʚ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷ ʩʪʝʨʝʦʦʧʨʝʜʝʣʷʶʱʝʡ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʩʪʘʜʠʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ R-II  ʠ S-II  ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʧʨʦʜʫʢʪʦʚ 2a-h, ʘ ʟʥʘʯʝʥʠʷ ee = 98% ʢʘʢ ʨʘʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʦʪʥʦʰʝʥʠʶ R/S ʵʥʘʥʪʠʦʤʝʨʦʚ = 99:1. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ 

ʚʪʦʨʘʷ ʩʪʘʜʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ï ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ ʘʣʢʝʥʦʤ ï ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ 4 ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʷ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʚʝʜʝʪ ʢ ʦʜʥʦʤʫ ʠʟ 

ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʧʨʦʜʫʢʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʣʷ ʫʯʝʪʘ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʫʞʥʦ ʩʫʤʤʘʨʥʦ ʨʘʩʩʯʠʪʘʪʴ 8 ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ï ʧʦ 4 ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʤʝʪʘʣʣʦʢʘʨʙʝʥʦʚ. ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʥʝʦʩʥʦʚʥʦʡ ʢʘʨʙʝʥ ʚʥʦʩʠʪ ʧʦʨʷʜʢʘ 1% 

ʩʫʤʤʘʨʥʦʛʦ ʚʢʣʘʜʘ ʚʦ ʚʪʦʨʫʶ ʩʪʘʜʠʶ, ʝʛʦ ʜʘʣʴʥʝʡʰʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʭʦʜʘ ʭʠʨʘʣʴʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʧʨʠ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʮ-C5ʩ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʘʩʪʝʨʝʦʤʝʨʘ C3ʩ ʠ ʵʥʘʥʪʠʦʤʝʨʘ 

S,S-C5c, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʜʠʩʩʦʮʠʠʨʦʚʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʥʦʡ ʯʘʩʪʠʮʳ (S,S-TFB)RhCl, 

ʢʦʪʦʨʘʷ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʥʝʜʨʝʥʠʷ ʚ ʩʚʷʟʠ E-H ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʝʤ 1a ʦʙʨʘʟʫʶʪʩʷ ʤʝʪʘʣʣʦʢʘʨʙʝʥ rK1 (ʦʩʥʦʚʥʦʡ) ʠ K2 

(ʧʦʙʦʯʥʳʡ), ʩʧʦʩʦʙʥʳʝ ʚʩʪʫʧʘʪʴ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʝʚʨʘʱʝʥʠ ̫(ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ K1). 

ʎʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ, ʢʘʢ ʠ ʚʥʝʜʨʝʥʠʝ ʥʝʧʦʣʷʨʥʳʭ ʩʚʷʟʝʡ E-H, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʘʩʠʥʭʨʦʥʥʘʷ ʘʪʘʢʘ ʘʣʢʝʥʦʤ ʯʝʨʝʟ ʦʜʥʦ ʠʟ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʝ ʊS5-8. ʀʟ-ʟʘ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʪʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʵʪʦʢʩʠ-ʛʨʫʧʧʦʡ ʧʨʠʭʦʜʷʱʝʛʦ ʘʣʢʝʥʘ ʠ -

CO2tBu ʠʣʠ -Cl ʛʨʫʧʧʘʤʠ K1 ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ ʧʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ TS6-8 ʤʝʥʝʝ ʚʳʛʦʜʥʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʫʪʴ 1 (TS5) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ R,S-6a ʚ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʪʝʨʝʦʠʟʦʤʝʨʘ, ʯʪʦ 

ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

(ʈʠʩ. 14). 
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ʈʠʩ. 14. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʦʨʜʠʥʘʪʳ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʚʠʥʠʣʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

2.7. ʈʦʣʴ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ  

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ R,R-C5c ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (non-covalent interactions, NCI) ʩ ʧʨʠʤʝʥʝʥʠʝʤ Multiwfn 3.8 [173]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʫʜʦʙʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʥʝʢʦʚʘʣʝʥʪʥʦʡ ʧʨʠʨʦʜʳ ï ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʪʝʨʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ 

ʩʠʣ ï ʠ ʦʩʥʦʚʘʥ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ NCI ʩʚʷʟʘʥʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʥʠʞʝʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (s(r ), reduced density gradient, RDG) ʧʨʠ ʥʠʟʢʠʭ 

ï ʙʣʠʟʢʠʭ ʢ ʥʫʣʶ ï ʟʥʘʯʝʥʠʷʭ ʩʘʤʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ɟ(r ). ʊʘʢ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ RDG, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʧʠʢʘ ʚʜʦʣʴ ʦʩʠ Y ʥʘ ʜʚʫʤʝʨʥʦʤ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ s(r ) ð ɟ(r ) (ʈʠʩ. 15). ʋʯʝʪ ʟʥʘʢʘ 

ʛʝʩʩʠʘʥʘ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʘʥʠʯʠʪʴ ʚʳʛʦʜʥʳʝ (ɚ > 0) ʠ 

ʥʝʚʳʛʦʜʥʳʝ (ɚ < 0) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ s(r ) ð (ʟʥʘʢɚ)ɟ(r ) ʢʘʢ ʚ 

ʜʚʫʤʝʨʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʦʡ ʠʟʦʧʦʚʝʨʭʥʦʩʪʠ (ʈʠʩ. 16). ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ RDG, 

ʣʝʞʘʱʠʝ ʩʣʝʚʘ ʦʪ ʮʝʥʪʨʘ (ɚ > 0, ɟ > 0) ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʣʴʥʳʤ ʚʳʛʦʜʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ 

(ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ) ï ʜʘʣʝʝ ʦʥʠ ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʚ; ʥʝʚʳʛʦʜʥʳʝ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʧʨʘʚʘ (ɚ < 0, ɟ > 0), ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʨʘʩʥʳʤ; ʟʥʘʯʝʥʠʷ ʚʙʣʠʟʠ ɟ = 

0 ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʘʙʳʤ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤ ʩʠʣʘʤ.  

 

ʈʠʩ. 15. ʇʨʠʤʝʨ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʟʥʘʯʝʥʠʷ RDG ʚʙʣʠʟʠ ɟ(r) = 0 ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʜʠʤʝʨʝ ʙʝʥʟʦʣʘ (-́ʩʪʵʢʠʥʛʘ) [174]. 

 

ʈʠʩ 16. ʇʨʠʤʝʨʳ ʩʠʣʴʥʳʭ ʚʳʛʦʜʥʳʭ (ʦʪʤʝʯʝʥʳ ʩʠʥʠʤ), ʩʠʣʴʥʳʭ ʥʝʚʳʛʦʜʥʳʭ (ʦʪʤʝʯʝʥʳ ʢʨʘʩʥʳʤ) ʠ ʩʣʘʙʳʭ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠ ʧʨʦʯʠʭ (ʦʪʤʝʯʝʥʳ ʟʝʣʝʥʳʤ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [174]. 

ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ R-II  ʠ S-II  ʧʨʦʪʝʢʘʝʪ, ʚʝʨʦʷʪʥʦ, 

ʥʝʦʙʨʘʪʠʤʦ ʧʦ ʧʨʠʯʠʥʝ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ N2 ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʠ ʚ ʚʠʜʫ ʩʠʣʴʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ȹG ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ (ʩʤ. ʈʠʩ. 22), ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʠʮʝʡ ʚ ʙʘʨʴʝʨʘʭ ʘʢʪʠʚʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ R-TS1 ʠ S-TS1. ʇʝʨʚʠʯʥʳʡ NCI ʘʥʘʣʠʟ ʚʩʝʡ ʩʠʩʪʝʤʳ 

(ʈʠʩ. 17, ʚʝʨʭʥʠʡ ʨʷʜ) ʧʦʢʘʟʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʴʥʦʝ ʚʳʛʦʜʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ ɟ = -
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0.02 a.u. ʚ ʩʣʫʯʘʝ R-TS1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʡ ʧʠʢ ʜʣʷ S-TS1 ʙʳʣ ʚʳʨʘʞʝʥ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ (ʈʠʩ. 17, ʩʨʝʜʥʠʡ ʨʷʜ). ʇʨʠ ʙʦʣʝʝ ʙʣʠʟʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ (ʈʠʩ. 17, ʥʠʞʥʠʡ ʨʷʜ) ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʜʚʫʤʝʨʥʦʛʦ ʛʨʘʬʠʢʘ ʦʪʚʝʯʘʝʪ ʜʚʫʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʥʝʢʦʚʘʣʝʥʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ: 1) ʤʝʞʜʫ ʜʠʘʟʦʛʨʫʧʧʦʡ ʠ ʭʣʦʨʠʜʥʳʤ ʣʠʛʘʥʜʦʤ (N71N72 ï Cl17) 

ʠ 2) ʤʝʞʜʫ ʜʠʘʟʦʛʨʫʧʧʦʡ ʠ ʢʠʩʣʦʨʦʜʦʤ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ (N71 ï O10). 

 

 

 

ʈʠʩ 17. ɺʝʨʭʥʠʡ ʨʷʜ: 3D ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ R-TS1 (ʩʣʝʚʘ) ʠ S-TS1 (ʩʧʨʘʚʘ). ʉʨʝʜʥʠʡ 

ʨʷʜ: ʮʚʝʪʥʳʝ 2D ʛʨʘʬʠʢʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ R-TS1 (ʩʣʝʚʘ) ʠ S-TS1 (ʩʧʨʘʚʘ). ʅʠʞʥʠʡ ʨʷʜ: ʦʙʣʘʩʪʴ 

ʦʩʥʦʚʥʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ R-TS1 (ʩʣʝʚʘ) ʠ S-TS1 (ʩʧʨʘʚʘ). 
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ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʳ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ R-TS1 ʠ S-

TS1 ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʣʝ ʥʝʢʦʚʘʣʝʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ N72N71 ʠ Cl17. ɺ 

ʩʣʫʯʘʝ R-TS1 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʜʠʘʟʦʛʨʫʧʧʦʡ 

ʩʫʙʩʪʨʘʪʘ ʠ ʭʣʦʨʠʜʥʳʤ ʣʠʛʘʥʜʦʤ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʪʨʫʢʪʫʨʝ S-TS1 ʜʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʳʨʘʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʠ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʫ ʧʨʠʨʦʜʫ (ʈʠʩ. 18). 

ʈʘʟʥʠʮʘ ʚ ʩʠʣʝ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʘʷ c ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ N72 ï Cl17 ʠ ʩ 

ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ Cl17ðRh18ðC9ðN72 (ʈʠʩ. 19), ʦʙʲʷʩʥʷʝʪ ʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ R-TS1 ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʥʴʰʠʡ ʙʘʨʴʝʨ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʢʘʨʙʝʥʘ R-II . 

 

 

ʈʠʩ 18. ɺʝʨʭʥʠʡ ʨʷʜ: 3D ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ Cl ʠ N2 ʚ R-TS1 

(ʩʣʝʚʘ) ʠ S-TS1 (ʩʧʨʘʚʘ). ʅʠʞʥʠʡ ʨʷʜ: ʮʚʝʪʥʳʝ 2D ʛʨʘʬʠʢʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ Cl ʠ N2 ʚ R-TS1 

(ʩʣʝʚʘ) ʠ S-TS1 (ʩʧʨʘʚʘ). 

 

ʈʠʩ 19 ɺʠʜ ʚ ʧʨʦʬʠʣʴ R-TS1 (ʩʣʝʚʘ) ʠ S-TS1 (ʩʧʨʘʚʘ). ɿʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ Cl17ïRh18ïC9ïN72 ʜʣʷ R-TS1: 

15.598o; ʜʣʷ S-TS1: 43.166o. 












































































































































































