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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ 

1Ü, 2Ü, 3Ü ï ʧʝʨʚʠʯʥʳʝ, ʚʪʦʨʠʯʥʳʝ, ʪʨʝʪʠʯʥʳʝ ʉ-ʅ ʛʨʫʧʧʳ; 

bpma ï N-ʤʝʪʠʣ-N,N-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ; 

bpy ï 2,2-ʙʠʧʠʨʠʜʠʥ; 

CAN ïʥʠʪʨʘʪ ʘʤʤʦʥʠʷ-ʮʝʨʠʷ (IV); 

CMD ï ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʤʝʪʘʣʣʠʨʦʚʘʥʠʝ-ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ; 

m-CPBA ï ʤʝʪʘ-ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ; 

2,6-Cl2PyNO ï 2,6-ʜʠʭʣʦʨʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ; 

DCM ï ʜʠʭʣʦʨʤʝʪʘʥ; 

DFE ï 2,2-ʜʠʬʪʦʨʵʪʘʥʦʣ; 

DIPEA ï ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ (ʦʩʥʦʚʘʥʠʝ ʍʫʥʠʛʘ); 

ee ï ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ; 

d.r. ï ʜʠʘʩʪʝʨʝʦʤʝʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (ʦʪʥʦʰʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʚ ʩʤʝʩʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʤʫ); 

Mes ï ʤʝʟʠʪʠʣ (2,4,6-ʪʨʠʤʝʪʠʣʬʝʥʠʣ); 

HAT ï ʦʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ; 

HRMS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ; 

HFIP ï 1,1,1,3,3,3-ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣ; 

NMO ï N-ʦʢʩʠʜ N-ʤʝʪʠʣʤʦʨʬʦʣʠʥʘ; 

OTfï ï ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪ ʘʥʠʦʥ (ʪʨʠʬʣʘʪ); 

pba ï N-ʙʝʥʟʠʣ-N,N-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ; 

PDP ï N,Nô-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)-2,2ô-ʙʠʧʠʨʨʦʣʠʜʠʥ; 

PCC ï ʭʣʦʨʦʭʨʦʤʘʪ ʧʠʨʠʜʠʥʠʷ; 

tBu-PyBOX ï 2,6-ʙʠʩ[(S)-4-ʪʨʝʪ-ʙʫʪʠʣ-4,5-ʜʠʛʠʜʨʦʦʢʩʘʟʦʣ-2-ʠʣ]ʧʠʨʠʜʠʥ; 

r.t. ï ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (25 Áʉ); 

TBHP ï ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ;  

Tf ï ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣ; 

TFA ï ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪa; 

TFE ï 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣ; 

THF, ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ; 

TMS ï ʪʨʠʤʝʪʠʣʩʠʣʠʣ; 

TOF ï ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ (turnover frequency); 

TON ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ (turnover number); 

TPA ï ʪʨʠʩ-(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥ; 
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ɺʕɾʍ ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ; 

ɻʍ-ʄʉ ï ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ/ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ; 

ʂʀʕ ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ; 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ; 

ʊʉʍ ï ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ; 

ʗʄʈ ï ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ. 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦʚʣʝʯʝʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʩʝʣʝʢʪʠʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʜʭʦʜʦʤ 

ʢ ʧʦʣʫʯʝʥʠʶ ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʠʩʭʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. ʅʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʷʤʦʝ ʦʢʠʩʣʝʥʠʝ C-H ʛʨʫʧʧ, ʧʦʟʚʦʣʷʶʱʝʝ (ʚ 

ʪʝʦʨʠʠ) ʩʝʣʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʢ ʧʨʦʩʪʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʘʢ ʠ ʩʣʦʞʥʳʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʳ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ C-H ʛʨʫʧʧ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʢʩʠʯʥʳʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʠ ʠ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʘʪʦʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ɸʢʪʫʘʣʴʥʳʤʠ 

ʟʘʜʘʯʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʣʦʪʦʢʩʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʜʨ. 

ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʨʦʜʥʳʝ ʬʝʨʤʝʥʪʳ-ʦʢʩʠʛʝʥʘʟʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʦʡ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʝʪ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʜʘʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ C(sp3)-H ʛʨʫʧʧ 

ʚ C=O/C(sp3)-OH ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʴʰʠʝ ʫʩʧʝʭʠ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ 

ʩ ʙʠʩ-ʘʤʠʥʦ-ʙʠʩ-ʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʞʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʨʛʘʥʮʘ. 

ɺʝʜʝʪʩʷ ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ 

ʪʘʢʞʝ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʪʘʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ 

ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʥʳʝ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ 

ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʨʘʡʥʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʢʦʨʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ï ʧʫʪʸʤ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ (Late Stage 

Functionalization). ʇʦʤʠʤʦ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 
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ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʚʝʜʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʠ ʘʣʢʦʢʩʠʛʨʫʧʧ ʚ 

ʭʦʜʝ C-H ʦʢʠʩʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʨʘʩʰʠʨʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʉʦʝʜʠʥʝʥʠʷ ʧʘʣʣʘʜʠʷ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦ 

ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʫʥʠʢʘʣʴʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʘʢʪʠʚʘʮʠʠ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ ʚ ʩʫʙʩʪʨʘʪʝ ʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʦʨʛʘʥʦʧʘʣʣʘʜʠʝʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʧʨʷʤʦʛʦ (ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ) ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ C-H 

ʦʢʠʩʣʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʘʣʣʘʜʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʩ N4-ʜʦʥʦʨʥʳʤʠ 

ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ 

ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʣʘʜʠʷ ʜʣʷ ʨʝʘʢʮʠʡ ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʦʜʭʦʜʦʚ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʠ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʮʝʣʦʤ ʧʦʟʚʦʣʠʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʟʘʡʥ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ 

ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II). 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʨʷʜ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ(II) c N4-ʜʦʥʦʨʥʳʤʠ 

ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ; 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʢʠʩʣʝʥʠʠ 

ʙʝʥʟʠʣʴʥʳʭ ʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʫʙʩʪʨʘʪʦʚ ʧʝʨʦʢʩʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ; 

3. ʀʟʫʯʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʩʝʣʝʢʪʠʚʥʦʡ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 
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4. ʀʩʩʣʝʜʦʚʘʪʴ ʧʨʠʨʦʜʫ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠʟʫʯʘʝʤʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʥʦʚʳʭ ʘʤʠʥʦ-ʪʨʠʩ-

ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II), ʦʙʣʘʜʘʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʝʨʦʢʩʠʢʠʩʣʦʪʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʟʘʤʝʱʝʥʥʳʭ 

ʘʨʠʣʘʣʢʘʥʦʚ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʠʤʝʶʱʝʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ (21 %) ʠ ʜʘʶʱʝʡ ʥʝʪʦʢʩʠʯʥʳʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ (ʫʢʩʫʩʥʫʶ 

ʢʠʩʣʦʪʫ), ʩ ʚʳʭʦʜʘʤʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ (ʜʦ 100%). 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ ʧʨʦʮʝʩʩʦʚ C-H ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʥʘʜʢʠʩʣʦʪʘʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ɓ-

ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʤ ʩʧʠʨʪʘʤ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ C-H ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦ ʪʨʝʪʠʯʥʳʤ C-H ʧʦʣʦʞʝʥʠʷʤ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʧʦ ʪʨʝʪʠʯʥʳʤ ʙʝʥʟʠʣʴʥʳʤ C-H ʧʦʣʦʞʝʥʠʷʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʘʪʴ ʧʨʦʩʪʳʝ ʵʬʠʨʳ ʩ ʚʳʭʦʜʦʤ ʜʦ 95%. ʇʦʣʫʯʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʨʷʜ ʥʦʚʳʭ 2,2,2-

ʪʨʠʬʪʦʨʵʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ. ʅʘ ʧʨʠʤʝʨʝ ʵʪʠʣʙʝʥʟʦʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ɓ-ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʘʭ 

ʤʦʛʫʪ ʙʳʪʴ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʢʝʪʦʥʠʟʘʮʠʠ, ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ, 

ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠʣʠ 2,2,2-ʪʨʠʬʪʦʨʵʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

(ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ) ʨʷʜʘ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʪʝʨʧʝʥʦʠʜʥʦʡ ʠ 

ʩʪʝʨʦʠʜʥʦʡ ʧʨʠʨʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤʠ 

ʚʳʭʦʜʘʤʠ, ʘ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ - ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʙʝʥʟʠʣʴʥʦʛʦ ʉ-ʅ ʦʢʠʩʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʚʝʜʫʪ ʣʠʰʴ 

ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠ 2-ʧʠʨʠʜʠʣʤʝʪʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ, ʩʧʦʩʦʙʥʳʭ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢ ʘʪʦʤʫ ʧʘʣʣʘʜʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʠ ʧʨʠʨʦʜʳ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʧʦʤʦʱʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ. ɼʣʷ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦ-ʪʨʠʩ-ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ 
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ʤʝʭʘʥʠʟʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʦʢʩʠʣʴʥʳʭ ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʠʛʘʥʜʦʚ ʠ ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ɼʣʷ 

ʢʦʥʪʨʦʣʷ ʛʣʫʙʠʥʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʩʦʩʪʘʚʘ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ɻʍ-ʄʉ, ɺʕɾʍ ʠ 1H ʗʄʈ. ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʤʝʪʦʜʘʤʠ ʵʢʩʪʨʘʢʮʠʠ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʣʦʥʦʯʥʦʡ ʠ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʪʦʥʢʦʩʣʦʡʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʯʠʩʪʦʪʳ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ: ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʥʘ ʷʜʨʘʭ 1H, 13C, 19F, ʚ 

ʪʦʤ ʯʠʩʣʝ ʛʦʤʦʷʜʝʨʥʘ ̫(1H,1H COSY, NOESY) ʠ ʛʝʪʝʨʦʷʜʝʨʥʘʷ (1H,13C) ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʦʚ (kH/kD), ʤʝʯʝʥʳʭ ʘʪʦʤʦʚ (18O), ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʦʥʠʟʘʮʠʝʡ 

ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʧʦʩʪʨʦʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT).  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʳ C-H ʦʢʠʩʣʝʥʠʷ ʘʨʠʣʘʣʢʘʥʦʚ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʥʦ-

ʪʨʠʩ-ʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ; 

2. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʩʫʙʩʪʨʘʪʦʚ ʩ 2Á ʠ 3Á C-H ʛʨʫʧʧʘʤʠ ʧʝʨʦʢʩʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ; 

3. ʄʝʪʦʜʳ 2,2,2-ʪʨʠʬʪʦʨʵʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩ 

ʙʝʥʟʠʣʴʥʳʤʠ 3Á C-H ʛʨʫʧʧʘʤʠ ʚ ɓ-ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʘʭ; 

4. ʇʦʜʭʦʜʳ ʢ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʪʝʨʦʠʜʥʦʡ ʠ ʪʝʨʧʝʥʦʠʜʥʦʡ ʧʨʠʨʦʜʳ; 

5. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ 

ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʝʥʠʷ, ʛʠʧʦʪʝʟʘ ʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʦʢʩʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʪʱʘʪʝʣʴʥʦʩʪʴʶ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ 

1ʅ ʠ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɼʣʷ 

ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ; ʧʦʣʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ Cambridge Crystallographic Data Center (CCDC). ɼʦʩʪʦʚʝʨʥʦʩʪʴ 



10 
 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʡ ʵʢʩʧʝʨʪʠʟʦʡ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠ ʘʧʨʦʙʘʮʠʝʡ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 207 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 73 ʩʭʝʤʳ, 26 

ʨʠʩʫʥʢʦʚ ʠ 18 ʪʘʙʣʠʮ. ʊʝʢʩʪ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʚʚʝʜʝʥʠʝ, 

ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʝ (ʩʪʨ. 206-207). ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʥʘʩʯʠʪʳʚʘʝʪ 226 

ʠʩʪʦʯʥʠʢʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XI International Conference 

"Mechanisms of Catalytic Reactions" (ʉʦʯʠ, 2019); XII International Conference "Mechanisms 

of Catalytic Reactions" (ɺʣʘʜʠʤʠʨ, 2024); IV ʈʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʧʦ ʢʘʪʘʣʠʟʫ çʈʦʩʢʘʪʘʣʠʟè 

(ʂʘʟʘʥʴ, 2021); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʥʘʫʯʥʳʡ ʬʦʨʫʤ çʃʦʤʦʥʦʩʦʚ-2020è (ʄʦʩʢʚʘ, 

2020); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʠ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʘʷ 

ʭʠʤʠʷ: ʦʪ ʄʘʨʢʦʚʥʠʢʦʚʘ ʜʦ ʥʘʰʠʭ ʜʥʝʡè (WSOC-2022; ʉʦʯʠ, 2022); X ʄʦʣʦʜʝʞʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ, 2023). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 6 ʩʦʦʙʱʝʥʠʡ ʚ ʚʠʜʝ ʪʝʟʠʩʦʚ ʚ ʩʙʦʨʥʠʢʘʭ ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʉʦʠʩʢʘʪʝʣʝʤ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʠʩʢ, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʞʝ 

ʩʦʠʩʢʘʪʝʣʝʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʢ ʧʝʯʘʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʜʦʢʣʘʜʦʚ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ., 

ʧʨʦʬ. ʈɸʅ ɹʨʳʣʷʢʦʚʫ ʂʦʥʩʪʘʥʪʠʥʫ ʇʝʪʨʦʚʠʯʫ ʟʘ ʦʢʘʟʳʚʘʝʤʦʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ʥʘʩʪʘʚʥʠʯʝʩʪʚʦ, ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʚʳʢʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ ʅʊʂ ʤʝʭʘʥʠʟʤʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ 

ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʜʨʫʞʝʩʢʫʶ ʘʪʤʦʩʬʝʨʫ, 

ʦʩʦʙʝʥʥʦ ʢ.ʭ.ʥ. ʆʪʪʝʥʙʘʭʝʨʫ ʈʦʤʘʥʫ ɺʠʢʪʦʨʦʚʠʯʫ ʠ ʢ.ʭ.ʥ. ʃʷʢʠʥʫ ʆʣʝʛʫ ʖʨʴʝʚʠʯʫ ʟʘ 

ʧʦʤʦʱʴ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʂʫʨʛʘʥʩʢʦʤʫ ɺʣʘʜʠʤʠʨʫ 

ʀʚʘʥʦʚʠʯʫ ʟʘ ʧʦʣʝʟʥʳʝ ʜʠʩʢʫʩʩʠʠ ʠ ʠʥʪʝʨʝʩ ʢ ʨʘʙʦʪʝ. ʆʪʜʝʣʴʥʳʝ ʩʣʦʚʘ ʙʣʘʛʦʜʘʨʥʦʩʪʠ 
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ʢ.ʭ.ʥ. ʀʚʘʥʦʚʫ ʂʦʥʩʪʘʥʪʠʥʫ ʉʝʨʛʝʝʚʠʯʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ, ʧʣʦʜʦʪʚʦʨʥʳʝ 

ʥʘʫʯʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʜʨʫʞʝʩʢʦʝ ʫʯʘʩʪʠʝ. 

ʊʘʢʞʝ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʢ.ʭ.ʥ. ʉʘʤʩʦʥʝʥʢʦ ɼʝʥʠʩʘ ɻʝʥʥʘʜʴʝʚʠʯʘ (ʀʅʍ ʉʆ ʈɸʅ) ʟʘ 

ʚʳʧʦʣʥʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢ.ʭ.ʥ. ʐʘʰʢʦʚʘ 

ʄʠʭʘʠʣʘ ɺʘʜʠʤʦʚʠʯʘ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʤʝʪʦʜʦʤ ɻʍ-ʄʉ, ʢ.ʬ.-

ʤ.ʥ. ʐʝʚʝʥʷ ɼʤʠʪʨʠʷ ɻʨʠʛʦʨʴʝʚʠʯʘ (ʀʅʍ ʉʆ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢ.ʭ.ʥ. ɹʨʳʣʷʢʦʚʫ ɸʥʥʫ ɸʣʝʢʩʘʥʜʨʦʚʥʫ ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʢ.ʭ.ʥ. ʅʝʬʝʜʦʚʘ ɸʥʜʨʝʷ ɸʣʝʢʩʝʝʚʠʯʘ (ʅʀʆʍ ʉʆ ʈɸʅ) ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ɻʣʘʚʘ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

1.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʨʝʘʢʮʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-O ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʣʝʢʪʠʚʥʦʡ C-H 

ʘʢʪʠʚʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʉʝʣʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʩʚʷʟʝʡ, ʪʦ ʝʩʪʴ ʥʘʜʝʞʥʦʝ, 

ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠʭ ʚ C-C, C-N, ʉ-O ʠ ʜʨʫʛʠʝ ʉ-X ʩʚʷʟʠ, 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʝʨʝʚʦʨʘʯʠʚʘʝʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʚʦʚʣʝʢʘʪʴ ʨʘʥʝʝ 

ʩʯʠʪʘʚhʠʝʩʷ çʠʥʝʨʪʥʳʤʠè C-H ʛʨʫʧʧʳ ʚ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ çʥʘ ʦʙʱʠʭ 

ʦʩʥʦʚʘʥʠʷʭè. ʆʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ, ʥʝ ʪʨʝʙʫʶʱʝʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʟʘʯʘʩʪʫʶ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ ʩʣʦʞʥʳʭ ʚ ʩʠʥʪʝʟʝ ʨʝʘʛʝʥʪʦʚ. ʆʯʝʚʠʜʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʩʪʘʜʠʡʥʦʩʪʠ ʩʠʥʪʝʟʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʢʨʘʱʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʧʦʟʚʦʣʷʝʪ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʩʪʦʚʦʚ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʙʠʙʣʠʦʪʝʢ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ. ʊʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʙʳʣʘ ʥʘʟʚʘʥʘ ʩʝʣʝʢʪʠʚʥʦʡ 

çʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘè (late-stage functionalization) [1]. ɺʩʝ ʵʪʦ 

ʦʙʲʷʩʥʷʝʪ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢ ʩʝʣʝʢʪʠʚʥʦʡ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʄʥʦʞʝʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʜʝʨʞʘʪ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ; ʢʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʠʝ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʝʣʝʢʪʠʚʥʦ ʧʨʝʚʨʘʱʝʥʳ ʚ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʩ ʧʦʤʦʱʴʶ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʮʝʩʩʦʚ 

ʩʝʣʝʢʪʠʚʥʦʡ C-H ʘʢʪʠʚʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʟʘʪʨʫʜʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ C-H ʩʚʷʟʝʡ, ʥʘʣʠʯʠʝʤ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ) ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʉ-ʅ ʛʨʫʧʧ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦ 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʧʦ ʩʚʦʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ [2]. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪʩʷ 

ʪʱʘʪʝʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʘʢʪʦʨʦʚ, 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ C-H ʛʨʫʧʧ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ [3ï5]. 

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ - ʨʘʟʨʳʚ ʩʚʷʟʠ C-H - ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʘʤ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʠʥʪʝʨʤʝʜʠʘʪʘʤ [2]. ʊʘʢ, ʚ 

ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʨʳʚ ʩʚʷʟʠ C(sp3)-H ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʥʭʨʦʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʥʪʝʨʤʝʜʠʘʪʘ (ʉʭʝʤʘ 1A). 

ʏʘʩʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠ ʫʧʦʤʠʥʘʥʠʠ C-H ʘʢʪʠʚʘʮʠʠ ʚ ʫʟʢʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ 
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ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʠʤʝʥʥʦ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʧʨʦʪʝʢʘʶʪ ʧʦ ʤʘʨʰʨʫʪʫ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ-ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (CMD), ʭʦʪʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳ 

ʠ ʜʨʫʛʠʝ (ů-ʤʝʪʘʪʝʟʠʩ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʠʣʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʘʢʪʠʚʘʮʠʠ ʧʨʦʩʪʳʭ ʤʦʣʝʢʫʣ). ʇʨʠ ʵʪʦʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʠʣʠ ʜʨʫʛʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ 

ʩʫʙʩʪʨʘʪʘ [6].  

 

ʉʭʝʤʘ 1. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ C(sp3)-H ʦʢʩʠ- ʠ ʛʝʪʝʨʦʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʫʪʠ 

ʨʘʟʨʳʚʘ ʩʚʷʟʠ C-H. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʘʢʮʠʠ, ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʦʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ (HAT, Hydrogen Atom Transfer) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ (ʉʭʝʤʘ 1B). ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩʘʤʠ 

ʧʨʷʤʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ (direct C-H functionalization), ʧʦʜʯʸʨʢʠʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 
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ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʭʝʤʦ-, ʨʝʛʠʦ- 

ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʠʤʝʥʥʦ ʧʦ ʪʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʦʙʨʘʟʦʚʘʥʥʦʡ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʮʝʩʩʳ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦ ʮʝʧʥʦʤʫ ʨʘʜʠʢʘʣʴʥʦʤʫ, ʥʝʮʝʧʥʦʤʫ ʨʘʜʠʢʘʣʴʥʦ-

ʵʩʪʘʬʝʪʥʦʤʫ ʠʣʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʧʫʪʠ. ʂʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʟʥʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ. 

ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʘ ʧʦ 

ʩʚʷʟʠ C-H. ʊʘʢʦʡ ʧʫʪʴ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʢʘʨʙʝʥʦʚ ʠ ʥʠʪʨʝʥʦʚ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʝʡ C-C ʠ 

ʉ-N, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [7]), ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʜʠʦʢʩʠʨʘʥʦʚ. ʊʘʢʞʝ ʧʝʨʝʥʦʩ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ (çsinglet oxene transferè) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʪʨʸʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ, ʦʜʥʘʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʵʪʦʤʫ ʥʘʡʜʝʥʦ 

ʥʝ ʙʳʣʦ [8]. 

ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʳʚʘ C-H ʩʚʷʟʠ [2]. ɼʣʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʙʫʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ 

ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʧʦ ʘʨʠʣʴʥʦʤʫ ʉ-H ʧʦʣʦʞʝʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʢʠʣʴʥʳʤʠ. ʉʨʝʜʠ C(sp3)-

H ʩʚʷʟʝʡ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʙʫʜʝʪ ʧʝʨʚʠʯʥʳʝ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʪʦʨʠʯʥʳʝ, ʘ 

ʧʨʠʤʝʨʳ ʘʢʪʠʚʘʮʠʠ ʪʨʝʪʠʯʥʳʭ C-H ʛʨʫʧʧ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ. ɺ ʮʝʣʦʤ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʜʠʢʪʫʝʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʦʙʨʘʟʫʝʤʦʡ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʦʩʪʠ 

ʠʩʭʦʜʥʦʡ C-H ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʘʢʞʝ ʥʫʞʥʦ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ 

ʧʨʠ CMD ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʠʤʝʝʪ ʯʘʩʪʠʯʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, 

ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʨʘʟʨʳʚʘ ʩʚʷʟʘʥʘ ʩ ʢʠʩʣʦʪʥʦʩʪʴʶ C-H ʩʚʷʟʠ.  

ɺ ʩʣʫʯʘʝ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚ ʮʝʣʦʤ, ʙʫʜʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, ʪʘʢ ʢʘʢ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʶʪ 

ʵʣʝʢʪʨʦʥʥʳʝ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʨʘʜʠʢʘʣʘ (ʪʨʝʪʠʯʥʳʡ > 

ʚʪʦʨʠʯʥʳʡ >> ʧʝʨʚʠʯʥʳʡ). ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ, 

ʵʬʬʝʢʪʳ ʩʦʧʨʷʞʝʥʠʷ ʠ ʛʠʧʝʨʢʦʥʲʶʛʘʮʠʠ, ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ (strain release) ʧʨʠ 1,3-

ʜʠʘʢʩʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ ʜʨ., ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʜʠʟʘʡʥʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [3]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʮʝʩʩʦʚ C-H ʘʢʪʠʚʘʮʠʠ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ ʩʫʙʩʪʨʘʪʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʦʙʣʘʜʘʶʱʠʭ ʣʴʶʠʩʦʚʦʡ ʦʩʥʦʚʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʚʷʟʴ 

ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʇʦʩʣʝ ʪʘʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʙʣʠʞʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʚ ʤʦʣʝʢʫʣʝ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
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ʧʨʝʪʝʨʧʝʚʘʶʪ ʨʘʟʨʳʚ ʩʚʷʟʠ C-H ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ (ʉʭʝʤʘ 2a). ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʥʘʟʳʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ (directred). ɺʘʨʴʠʨʫʷ ʥʘʧʨʘʚʣʷʶʱʠʝ ʛʨʫʧʧʳ 

(directing groups), ʫʜʘʝʪʩʷ ʫʧʨʘʚʣʷʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ʦʩʪʦʚ ʤʦʣʝʢʫʣʳ 

ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʠ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ (ʠ 

ʦʙʨʘʪʠʤʦʤʫ) ʩʚʷʟʳʚʘʥʠʶ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʜʘʣʝʥʠʷ [9].  

ʉʨʝʜʠ ʨʝʘʢʮʠʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ; ʢ ʵʪʦʤʫ ʞʝ ʪʠʧʫ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʠ ʣʘʢʪʦʥʠʟʘʮʠʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʝʛʝʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Fe ʠ Mn, ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ. ɹʣʠʟʢʦʡ ʩʪʨʘʪʝʛʠʝʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʪ.ʝ. ʩʚʷʟʳʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʩʫʙʩʪʨʘʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʘʙʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʦʜʦʨʦʜʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʠ ʜʨ.) [10]. 

 

ʉʭʝʤʘ 2. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʝʣʝʢʪʠʚʥʦʡ C(sp3)-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

 ɹʦʣʝʝ ʩʣʦʞʥʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʝʣʝʢʪʠʚʥʘʷ ʥʝʥʘʧʨʘʚʣʝʥʥʘʷ (nondirected) 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʙʝʟ ʧʨʦʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʧʝʨʝʜ ʨʘʟʨʳʚʦʤ C-H ʩʚʷʟʠ (ʉʭʝʤʘ 2b). ʏʘʱʝ ʚʩʝʛʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʷʤʳʤ ʦʙʨʘʟʦʤ - ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ C-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʢʠʩʣʝʥʠʷ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ, ʣʠʰʴ ʦʧʠʨʘʷʩʴ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʩʫʙʩʪʨʘʪʘ, ʩʪʨʦʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʬʘʢʪʦʨʳ ʩʨʝʜʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʧʦʟʚʦʣʷʶʪ ʜʝʣʘʪʴ ʵʪʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [11]. 

ʇʨʦʮʝʩʩʳ ʧʨʷʤʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 

ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʫʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʦ ʘʥʘʣʦʛʠʯʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 
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ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤʠ ʦʢʩʠʛʝʥʘʟʘʤʠ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ [12]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʧʨʠʨʦʜʥʳʭ ʦʢʩʠʛʝʥʘʟ, 

ʥʘʟʳʚʘʶʪ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʤʠ (ʙʠʦʤʦʜʝʣʠʨʫʶʱʠʤʠ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʦʪʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉ-ʅ ʦʢʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʤʧʣʝʢʩʦʚ Fe, Mn ʠ Ru. ʆʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʤʠ ʦʢʩʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ Mn+=O. ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʢʦʤʙʠʥʘʮʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪ M(n-1)+-OH ʩ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʤ ʘʣʢʠʣʴʥʳʤ 

ʨʘʜʠʢʘʣʦʤ ʚ ʢʣʝʪʢʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺʧʝʨʚʳʝ ʙʠʦʤʠʤʝʪʠʯʝʩʢʦʝ ʉ-H ʦʢʠʩʣʝʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ɼʞ. 

ɻʨʦʚʩʫ (J. Groves) ʠ ʩʦʪʨ. ʚ 1979 ʛʦʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ Fe(TPP)Cl ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ PhIO ʢʘʢ ʦʢʠʩʣʠʪʝʣʷ [12; 13]. 

ʄʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʘʧʦʤʠʥʘʝʪ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʮʠʪʦʭʨʦʤʦʚ P450, 

ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ [14; 15]. ʅʘ ʠʭ ʦʩʥʦʚʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʳ, 

ʩʧʦʩʦʙʥʳʝ ʚʳʧʦʣʥʷʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ [16]. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʝʛʝʤʦʚʳʤ (ʥʝʧʦʨʬʠʨʠʥʦʚʳʤ) 

ʢʘʪʘʣʠʟʘʪʦʨʘʤ, ʦʩʦʙʝʥʥʦ ʩ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩʝʤʝʡʩʪʚ PDP (ʧʨʦʠʟʚʦʜʥʳʝ 

N,Nǋ-ʙʠʩ(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)-2,2ǋ-ʙʠʧʠʨʨʦʣʠʜʠʥʘ) ʠ TPA (ʧʨʦʠʟʚʦʜʥʳʝ ʪʨʠʩ(2-

ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥʘ)) [17].  

 

ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʢʦʤʧʣʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʙʠʦʤʠʤʝʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 

C-H ʛʨʫʧʧ. 

ɺ 2007 ʛʦʜʫ ʏʝʥ (M. Chen) ʠ ʋʘʡʪ (C. White) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʛʝʤʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ [(PDP)Fe(CH3CN)2](SbF6)2 ʚʦʟʤʦʞʥʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʦʢʠʩʣʷʪʴ 

ʩʣʦʞʥʳʝ ʩʫʙʩʪʨʘʪʳ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ (ʉʭʝʤʘ 3) [18]. ʕʪʘ ʧʠʦʥʝʨʩʢʘʷ ʨʘʙʦʪʘ ʦʢʘʟʘʣʘ 

ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʠʩʢʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ 

ʧʨʷʤʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʉ-ʅ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʠ ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʙʦʪ 

ʧʦ C-H ʦʢʠʩʣʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ.  
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ʉʭʝʤʘ 3. a) ɹʠʦʤʠʤʝʪʠʯʝʩʢʦʝ C-H ʦʢʠʩʣʝʥʠʝ (+)-ʘʨʪʝʤʠʟʠʥʠʥʘ H2O2, ʚʳʧʦʣʥʝʥʥʦʝ ʏʝʥʦʤ 

ʠ ʋʘʡʪ; b) ʃʘʢʪʦʥʠʟʘʮʠʷ ʪʘʢʩʘʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʢʦʤʧʣʝʢʩʦʤ Fe(PDP). 

ʇʦʟʜʥʝʝ ʤʝʪʦʜʳ C-H ʦʢʠʩʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʚʪʦʨʠʯʥʳʝ CïH ʩʚʷʟʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʢʦʥʪʨʦʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʣʠ ʦʙʨʘʪʠʤʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (ʩ HBF4 ʠʣʠ BF3 ʜʣʷ ʘʤʠʥʦʚ, 

MeOTf ʜʣʷ ʘʤʠʜʦʚ), ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʞʝ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʥʦʚʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ [19].  

 

ʉʭʝʤʘ 4. a) ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʣʠʬʪʦʨʦʚʘʥʥʳʝ ʩʧʠʨʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ; b) ʉʭʝʤʘʪʠʯʝʩʢʘ ̫ʠʣʣʶʩʪʨʘʮʠʷ ʜʝʟʘʢʪʠʚʘʮʠʠ ʩʧʠʨʪʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʢʠʩʣʝʥʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (ʥʘʧʨʠʤʝʨ, HFIP). 

ɼʨʫʛʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ ʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʚ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ 

ʧʦʣʠ-ɓ-ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʤʝʩʪʦ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʉʭʝʤʘ 4a) 

[20]. ʊʘʢʠʝ ʩʧʠʨʪʳ, ʢʘʢ 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣ (TFE), 1,1,1,3,3,3-ʛʝʢʩʘʬʪʦʨ-2-ʧʨʦʧʘʥʦʣ (HFIP) 

ʠ ʥʦʥʘʬʪʦʨ-ʪʨʝʪ-ʙʫʪʘʥʦʣ (NFTB) ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʤʠ ʜʦʥʦʨʘʤʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 
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(HBD) ʠ ʧʦʵʪʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʣʷʨʥʳʤʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʚ ʩʫʙʩʪʨʘʪʝ. ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʷʚʣʝʥʠʶ ʯʘʩʪʠʯʥʦʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʠʚʦʜʠʪ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ C-H ʩʚʷʟʝʡ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʪʝʨʦʘʪʦʤʘ (ʦʙʳʯʥʦ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʘʟʦʪʘ) (ʉʭʝʤʘ 4b). 

ɻʦʚʦʨʷʪ, ʯʪʦ ɓ-ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʝ ʩʧʠʨʪʳ ʧʨʠʚʦʜʷʪ ʢ çʦʙʨʘʱʝʥʠʶ ʧʦʣʷʨʥʦʩʪʠè, ʠʤʝʷ ʚ 

ʚʠʜʫ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, Ŭ-C-H ʛʨʫʧʧʳ ʦʙʳʯʥʦ ʥʘʠʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ HAT ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʩʚʝʨʭʩʦʧʨʷʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ ʵʪʫ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʘʚʣʷʝʪ, ʪʝʤ 

ʩʘʤʳʤ ʧʝʨʝʢʣʶʯʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʥʘ ʜʨʫʛʠʝ ʪʠʧʳ ʠʤʝʶʱʠʭʩʷ ʚ ʤʦʣʝʢʫʣʝ C-H 

ʩʚʷʟʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʦʣʫʯʘʪʴ ʚʪʦʨʠʯʥʳʝ ʠ ʜʘʞʝ ʧʝʨʚʠʯʥʳʝ ʩʧʠʨʪʳ ʙʝʟ ʦʢʠʩʣʝʥʠʷ ʜʦ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʟ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ [21; 22]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʩʝʣʝʢʪʠʚʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʩʚʦʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʠʭ ʟʘʥʠʤʘʶʪ 

ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. 

 

1.2 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʛʠʦ- ʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʝʛʢʠʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʙʠʦʤʠʤʝʪʠʯʝʩʢʦʤ C-H ʦʢʠʩʣʝʥʠʠ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ, ʷʚʣʷʶʱʠʝʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʧʨʠʨʦʜʥʳʭ 

ʦʢʩʠʛʝʥʘʟ, ʠ ʩʪʨʫʢʪʫʨʥʦ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ. ʉʦʝʜʠʥʝʥʠʷ ʧʝʨʚʦʡ ʪʨʠʘʜʳ 

ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (Ru, Rh, Pd) ʚ ʩʦʩʪʘʚʝ ʧʨʠʨʦʜʥʳʭ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ (ʥʘʧʨʠʤʝʨ, ʚ ʥʘʧʨʘʚʣʝʥʥʦʡ C-H ʘʢʪʠʚʘʮʠʠ) ʷʚʣʷʷʩʴ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ. 

ɺ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʳ ʛʦʤʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʨʦʜʠʷ ʠ ʧʘʣʣʘʜʠʷ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʠʥʪʝʨʝʩʥʳʝ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʳ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʚ 

ʭʦʜʝ ʧʦʣʥʦʛʦ ʩʠʥʪʝʟʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ.  
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1.2.1 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʉʦʝʜʠʥʝʥʠʷ ʨʫʪʝʥʠʷ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4 ʠ ʚʳʰʝ (ʜʦ +8) ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ 

ʦʢʠʩʣʠʪʝʣʷʤʠ ʠ ʧʦʵʪʦʤʫ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʥʘʯʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ 

ʪʝʪʨʘʦʢʩʠʜʘ ʨʫʪʝʥʠʷ RuO4, ʢʦʪʦʨʳʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʘʢʪʠʚʥʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, ʘ ʟʘʪʝʤ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (ʛʝʥʝʨʠʨʫʝʤʳʡ in situ ʠʟ ʥʠʟʢʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

RuCl3 ʠʣʠ RuO2). ɺ ʩʠʣʫ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʩʦʯʘʩʪʠʮʳ ʨʫʪʝʥʠʷ 

(VIII ) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩ ʧʨʠʝʤʣʝʤʳʤ ʫʨʦʚʥʝʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ [23]. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʩʠʩʪʝʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 1981 ʛʦʜʫ K. ɹ. 

ʐʘʨʧʣʝʩʩʦʤ (K. B. Sharpless) ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ [24]. ʊʨʠʭʣʦʨʠʜ ʨʫʪʝʥʠʷ RuCl3 ʦʢʠʩʣʷʝʪʩʷ 

ʧʝʨʠʦʜʘʪʦʤ (IO4 ) ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ (ʩʤʝʩʴ ʚʦʜʳ, ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ CCl4) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʢʪʠʚʥʦʛʦ RuO4, ʨʝʘʛʠʨʫʶʱʝʛʦ ʩ C-H ʛʨʫʧʧʘʤʠ ʘʣʢʘʥʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ CCl4/H2O, ʚʝʨʦʷʪʥʦ, ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʚʨʘʱʝʥʠʶ ʤʝʪʘʣʣʘ ʚ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʮʠʢʣ [24].  

 

ʉʭʝʤʘ 5. ʇʨʠʤʝʨʳ ʦʢʠʩʣʝʥʠʷ Ŭ-ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ RuO4, ʛʝʥʝʨʠʨʫʝʤʳʤ in situ. 

ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʪʨʘʦʢʩʠʜ ʨʫʪʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʦʢʠʩʣʝʥʠʷ C-H ʛʨʫʧʧ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʢ ʛʝʪʝʨʦʘʪʦʤʫ ʚ ʧʨʦʩʪʳʭ ʵʬʠʨʘʭ ʠ 

ʘʤʠʜʘʭ (ʉʭʝʤʘ 5). ʉʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ Ŭ-ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʙʝʥʟʠʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ 

ʩʧʠʨʪʦʚ ʚ ʙʝʥʟʦʠʣʴʥʫʶ, ʘ ʪʘʢʞʝ ʩʥʷʪʠʷ ʤʝʪʦʢʩʠʤʝʪʠʣʴʥʦʡ (MOM) ʛʨʫʧʧʳ ʯʝʨʝʟ ʦʢʠʩʣʝʥʠʝ 

ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʱʝʣʦʯʥʦʡ ʛʠʜʨʦʣʠʟ [25]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʪʨʝʪʠʯʥʳʭ ʠ ʢʝʪʦʥʠʟʘʮʠʷ ʤʝʪʠʣʝʥʦʚʳʭ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ C-H ʛʨʫʧʧ ʢʘʢ ʚ ʧʨʦʩʪʳʭ ʩʫʙʩʪʨʘʪʘʭ, ʪʘʢ ʠ ʚ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

(ʊʘʙʣʠʮʘ 1) [26ï28]. 
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ʊʘʙʣʠʮʘ 1. ʆʢʠʩʣʝʥʠʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ C-H ʧʦʣʦʞʝʥʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʪʝʪʨʘʦʢʩʠʜʦʤ 

ʨʫʪʝʥʠʷ. 

 

 ̄ ʉʫʙʩʪʨʘʪ ɺʨʝʤʷ, ʯ T, ÁC ʇʨʦʜʫʢʪ 
ɺʳʭʦʜ, 

%[a] 

1 
 

26 40 
 

81 

2 

 

48 40 

 

85 

3 
 

96 40 
 

60 

4 

 

20 55 

 

68 (90)[b] 

5 

 

30 25 

 

69 

6 

 

24 55 

 

53 

7 
 

18 rt 
 

41 

8[b] 

 

24 rt 

 

75 

[a] ɺʳʭʦʜʳ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ; [b] ʵʢʟʦ-ʠʟʦʤʝʨ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ; ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥ ʚʳʭʦʜ 

ʚ ʨʘʩʯʝʪʝ ʥʘ ʵʥʜʦ-ʠʟʦʤʝʨ; [c] ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 3 ʵʢʚ. NaIO4 ʠ 20 ʤʦʣʴʥ. % RuCl3Ŀ3H2O. 

ɺ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʪʝʪʨʘʦʢʩʠʜʦʤ ʨʫʪʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʙʠʦʤʠʤʝʪʠʯʝʩʢʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ 

(HAT). ʊʘʢ, ʩʨʝʜʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʪʠʯʥʳʝ C-H 

ʩʚʷʟʠ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, ʯʝʤ ʚʪʦʨʠʯʥʳʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʠʯʥʳʝ ʩʦʚʩʝʤ ʥʝ 

ʨʝʘʛʠʨʫʶʪ (ʊʘʙʣʠʮʘ 1, ˉ1-2). ʍʝʤʦʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʳʭ C-H 

ʧʦʣʦʞʝʥʠʡ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʧʨʠʤʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʠʣʝʥʦʚʳʝ C-

H ʛʨʫʧʧʳ ʦʢʠʩʣʷʣʠʩʴ ʚ ʢʘʨʙʦʥʠʣʴʥʳʝ (ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʠʨʪʘ). 
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ʊʨʝʪʠʯʥʳʝ C-H ʩʚʷʟʠ ʚ ʤʦʩʪʠʢʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʥʝ ʟʘʪʨʘʛʠʚʘʣʠʩʴ (ʊʘʙʣʠʮʘ 

1, ˉ3). 

ʉʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʷ. ʈʝʘʢʮʠʠ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʘʣʢʘʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʥʜʦ/ʵʢʟʦ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚ ʧʦʣʴʟʫ ʵʥʜʦ-

ʠʟʦʤʝʨʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ 

ʠʟ-ʟʘ ʘʢʩʠʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʊʘʙʣʠʮʘ 1, ˉ4). ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʤʦʞʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣ ʮʝʜʨʘʥʦʚʦʛʦ ʩʢʝʣʝʪʘ. 

ʅʘʧʨʠʤʝʨ, ʮʝʜʨʘʥ ʩʝʣʝʢʪʠʚʥʦ ʛʠʜʨʦʢʩʠʣʠʨʫʝʪʩʷ ʧʦ ʪʨʝʪʠʯʥʳʤ ʧʦʣʦʞʝʥʠʷʤ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʢʠʩʣʝʥʠʷ), ʧʨʠʯʝʤ ʦʢʠʩʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘʠʤʝʥʝʝ 

ʟʘʪʨʫʜʥʝʥʥʳʡ ʪʨʝʪʠʯʥʳʡ ʉ8-ʘʪʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʧʠʮʝʜʨʦʣʫ ʩ ʚʳʭʦʜʦʤ 69%. ɽʩʣʠ ʵʪʦ 

ʧʦʣʦʞʝʥʠʝ ʟʘʙʣʦʢʠʨʦʚʘʥʦ ʜʣʷ ʦʢʠʩʣʝʥʠʷ, ʪʦ ʦʢʠʩʣʷʝʪʩʷ ʦʩʪʘʚʰʠʡʩʷ ʪʨʝʪʠʯʥʳʡ ʉ2-ʮʝʥʪʨ 

(ʊʘʙʣʠʮʘ 1, ˉ5-6). ɺʣʠʷʥʠʝ ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ C-H ʦʢʠʩʣʝʥʠʷ 

ʟʘʤʝʪʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ: ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ Ŭ-ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʜʘʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 3Á ʫʛʣʝʨʦʜʥʳʭ ʮʝʥʪʨʦʚ 

(ʊʘʙʣʠʮʘ 1, ˉ7-8) [29; 30]. 

 

ʉʭʝʤʘ 6. ʆʢʠʩʣʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʪʨʝʪʠʯʥʦʡ C-H ʛʨʫʧʧʳ ʩʪʝʨʦʠʜʦʚ: a) ʦʙʱʘʷ ʩʭʝʤʘ; 

b) ʧʨʝʧʘʨʘʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩ ʟʘʛʨʫʟʢʦʡ 100 ʛ. 

ʆʢʠʩʣʝʥʠʝ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʦ ʣʘʢʪʦʥʘ ʦʢʩʠʜʦʤ ʨʫʪʝʥʠʷ (VIII ) 

ʥʘʰʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʣʥʦʤ ʩʠʥʪʝʟʝ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠʥʪʝʨʝʩʥʫʶ ʨʘʙʦʪʫ 

ʧʦ ʩʝʣʝʢʪʠʚʥʦʤʫ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʶ ʩʪʝʨʦʠʜʥʳʭ ʵʬʠʨʦʚ, ʚ ʢʦʪʦʨʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʠ 100-ʛʨʘʤʤʦʚʦʡ ʟʘʛʨʫʟʢʝ (ʉʭʝʤʘ 6). ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʝʨʠʦʜʘʪ ʥʘʪʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ 

ʙʨʦʤʘʪʦʤ ʥʘʪʨʠʷ [31]. 
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ɺ 2010 ʛʦʜʫ ɼʶʙʫʘ (Du Bois) ʠ ʩʦʪʨ. ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʶ ʪʨʝʪʠʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ RuO4 (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤʦʡ ʐʘʨʧʣʝʩʩʘ) [32]. ʆʙʨʘʟʦʚʘʥʠʝ 

ʪʝʪʨʘʦʢʩʠʜʘ ʨʫʪʝʥʠʷ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ in situ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ RuCl3 (5 ʤʦʣ. 

%) ʠ KBrO3 (3 ʵʢʚʠʚ.) ʚ ʩʤʝʩʠ CH3CN/H2O ʚ ʧʨʠʩʫʪʩʪʚʠʠ 10 ʤʦʣʴʥ. % ʧʠʨʠʜʠʥʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʧʠʨʠʜʠʥʘ ʦʯʝʥʴ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ (ʠʤʠʜʘʟʦʣ, ʭʠʥʫʢʣʠʜʠʥ, 2,2-ʙʠʧʠʨʠʜʠʥ, ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ, 

ʧʠʨʠʜʘʟʠʥ) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʩʧʦʩʦʙ 

ʦʢʘʟʘʣʩʷ ʧʨʠʤʝʥʠʤ ʢ ʨʘʟʣʠʯʥʳʤ ʩʫʙʩʪʨʘʪʘʤ ʩ ʧʦʣʷʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (ʧʨʦʩʪʳʝ ʵʬʠʨʳ, 

ʵʧʦʢʩʠʜʳ, ʦʢʩʘʟʠʣʠʜʠʥʦʥʳ ʠ ʜʨ.), ʧʦʟʚʦʣʷʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ ʚʳʭʦʜʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 50% (ʉʭʝʤʘ 7), ʠ ʧʦʟʚʦʣʷʷ ʚʚʦʜʠʪʴ 

ʠʟʦʪʦʧʥʫʶ ʤʝʪʢʫ ʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ 18O-ʤʝʯʝʥʦʡ ʚʦʜʳ. 

 

ʉʭʝʤʘ 7. ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʩʠʩʪʝʤʦʡ RuCl3/KBrO3/Py ʚ CH3CN/H2O. 

ɹʝʥʟʠʣʴʥʳʝ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 1Ü C-H ʛʨʫʧʧ) ʤʦʛʫʪ 

ʙʳʪʴ ʦʢʠʩʣʝʥʳ ʪʝʪʨʘʦʢʩʠʜʦʤ ʨʫʪʝʥʠʷ ʜʦ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʉʭʝʤʘ 8A) [33]. ʆʢʠʩʣʝʥʠʝ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ ï ʯʝʪʚʝʨʪʠʯʥʦʡ ʘʤʤʦʥʠʡʥʦʡ ʩʦʣʠ NBu4Br. ʉʝʣʝʢʪʠʚʥʦ ʦʢʠʩʣʝʥʠʝ 

ʫʜʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʪʦʣʴʢʦ ʜʣʷ ʪʦʣʫʦʣʘ ʠ ʜʝʟʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʤʝʪʠʣʙʝʥʟʦʣʦʚ, ʚ 

ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʭʣʦʨʠʨʦʚʘʥʠʷ ʠ ʜʝʩʪʨʫʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʪʝʪʨʘʦʢʩʠʜʘ ʨʫʪʝʥʠʷ ʦʢʠʩʣʷʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ 

ʦʙʱʝʡ ʧʨʦʙʣʝʤʦʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʢʮʠʷʭ 

ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ.  
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ʉʭʝʤʘ 8. a) ʆʢʠʩʣʝʥʠʝ ʙʝʥʟʠʣʴʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʠʩʪʝʤʦʡ RuCl3/NaOCl; b) ʆʢʠʩʣʝʥʠʝ 

ʤʝʪʘʙʦʣʠʪʘ ʧʠʥʦʢʩʘʜʝʥʘ (Pinoxaden). 

ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʩʠʜʘ ʨʫʪʝʥʠʷ (VIII ) ʟʘʪʨʫʜʥʷʝʪ ʩʝʣʝʢʪʠʚʥʦʝ 

ʦʢʠʩʣʝʥʠʝ ʙʝʥʟʠʣʴʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʠʣʴʥʳʭ. ʊʘʢ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʤʝʪʘʙʦʣʠʪʘ ʛʝʨʙʠʮʠʜʘ ʧʠʥʦʢʩʘʜʝʥʘ (Pinoxaden) ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʢʝʪʦʥʘ ʠ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (ʉʭʝʤʘ 8B) [34]. 

ʆʢʠʩʣʝʥʠʝ ʘʣʢʘʥʦʚ RuO4 ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʛʨʫʧʧʘʤʠ ɺʝʛʝʣʷ (Waegell) ʠ ɹʘʢʢʝ 

(Bakke) ʚ 80-ʭ-90-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʠ ʧʦʤʦʱʠ ʨʷʜʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʠʟʫʯʝʥʠʝ 

ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠʟʤʝʨʝʥʠʝ ʂʀʕ, ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʡ), ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʦʣʠʛʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [27; 

35]. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʢʘʪʠʦʥʦʚ) ʙʳʣ 

ʦʪʚʝʨʛʥʫʪ ʚ ʧʦʣʴʟʫ ʤʝʭʘʥʠʟʤʘ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʉʭʝʤʘ 9), 

ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ ʜʣʷ ʧʨʦʮʝʩʩʦʚ C-H ʦʢʠʩʣʝʥʠʷ 

ʪʝʪʨʘʦʢʩʠʜʦʤ ʨʫʪʝʥʠʷ [36]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤʫ ʦʢʠʩʣʝʥʠʷ 

ʮʠʪʦʭʨʦʤʦʤ P-450, ʚʢʣʶʯʘʶʱʠʡ ʨʘʜʠʢʘʣʴʥʳʡ ʦʪʨʳʚ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʨʘʜʠʢʘʣʦʚ, ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʛʦ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʘʥʦʚ ʮʠʩ-ʜʠʦʢʩʦʯʘʩʪʠʮʘʤʠ ʨʫʪʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʚ ʨʘʤʢʘʭ ʨʘʜʠʢʘʣʴʥʦʛʦ ʧʫʪʠ ʨʘʟʨʳʚʘ C-H ʩʚʷʟʠ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʨʝʢʦʤʙʠʥʘʮʠʷ ʨʘʜʠʢʘʣʴʥʦʡ ʧʘʨʳ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ (ʙʳʩʪʨʝʝ 10-8 ʩ) 

[23]. 
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ʉʭʝʤʘ 9. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ C-H ʦʢʠʩʣʝʥʠʷ ʪʝʪʨʘʦʢʩʠʜʦʤ ʨʫʪʝʥʠʷ RuO4 ʠ 

ʜʨʫʛʠʤʠ ʮʠʩ-ʜʠʦʢʩʦʯʘʩʪʠʮʘʤʠ Ru. 

ʍʦʪʷ ʚ ʮʝʣʦʤ RuO4 ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʭʝʤʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ) ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ RuO4 ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴ ʧʝʨʚʠʯʥʳʝ ʩʧʠʨʪʳ, ʘʣʢʝʥʳ, 

ʘʨʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʜʦ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ RuO4 ʚ ʧʦʣʥʳʭ ʩʠʥʪʝʟʘʭ (ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʐʘʨʧʣʝʩʩʘ), 

ʦʙʳʯʥʦ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʧʦʚʳʰʝʥʥʳʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʜʦ 50 ʤʦʣʴʥ.% RuCl3), 

ʯʪʦ ʩʥʠʞʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʙʝʟʣʠʛʘʥʜʥʳʭ ʧʦʜʭʦʜʦʚ.  

 

ʇʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʢʩʦʨʫʪʝʥʠʝʚʳʭ ʯʘʩʪʠʮ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʢʩʦʯʘʩʪʠʮ ʨʫʪʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ. ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʦʢʩʦʢʦʤʧʣʝʢʩʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʠ ʦʧʨʦʙʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʘʣʢʘʥʦʚ [37]. 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʡ ʩʝʣʝʢʪʠʚʥʦʛʦ C-H 

ʦʢʠʩʣʝʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʥʘʧʦʤʠʥʘʝʪ ʛʝʤʦʚʳʡ ʮʝʥʪʨ ʮʠʪʦʭʨʦʤʘ P450 [38; 39]. ɺʧʝʨʚʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ 

ʘʣʢʘʥʦʚ ʩʦʦʙʱʠʣʠ ʍʠʨʦʙʝ (M. Hirobe) ʠ ʩʦʪʨ. ʚ 1992 ʛʦʜʫ [40]. ɼʦ ʵʪʦʛʦ ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʰʴ 

ʝʜʠʥʠʯʥʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦʙ ʦʢʠʩʣʝʥʠʠ ʠʦʜʦʟʦʙʝʥʟʦʣʦʤ ʠʣʠ ʢʠʩʣʦʨʦʜʦʤ ʘʜʘʤʘʥʪʘʥʘ, 

ʮʠʢʣʦʛʝʢʩʘʥʘ ʠʣʠ ʪʨʠʬʝʥʠʣʤʝʪʘʥʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 2. ʇʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ C-H 

ʦʢʠʩʣʝʥʠʷ. 

ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʘʨʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʷʭ (ʢʦʤʧʣʝʢʩʳ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 2,6-

ʜʠʭʣʦʨʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʤ (ʪʝʨʤʠʥʘʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ) ʩʧʦʩʦʙʥʳ ʵʧʦʢʩʠʜʠʨʦʚʘʪʴ 

ʘʣʢʝʥʳ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʷʪʴ ʩʫʣʴʬʠʜʳ ʠ ʬʦʩʬʠʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʢʘʥʳ ʥʝ ʚʩʪʫʧʘʣʠ ʚ 

ʨʝʘʢʮʠʶ. ʆʜʥʘʢʦ ʜʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʪʦʥʥʳʭ ʢʠʩʣʦʪ, ʪʘʢʠʭ ʢʘʢ HBr ʠ 

HCl, ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʦʤʫ, ʯʪʦ ʨʫʪʝʥʠʝʚʳʝ ʧʦʨʬʠʨʠʥʳ ʵʬʬʝʢʪʠʚʥʦ ʛʠʜʨʦʢʩʠʣʠʨʫʶʪ 3Á C-H 

ʧʦʣʦʞʝʥʠʷ ʘʜʘʤʘʥʪʘʥʘ ʠ ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ, ʘ ʪʘʢʞʝ ʦʢʠʩʣʷʶʪ ʵʪʠʣʙʝʥʟʦʣ ʜʦ ʘʮʝʪʦʬʝʥʦʥʘ 

(ʉʭʝʤʘ 10A).  

ʇʨʠʤʝʥʝʥʠʝ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʥʪʘʬʪʦʨʬʝʥʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ C-H ʦʢʠʩʣʝʥʠʝ ʙʝʟ ʜʦʙʘʚʦʢ ʢʠʩʣʦʪʳ. ɺ 1996 ʛʦʜʫ ɻʨʦʚʩ 

(J. Groves) ʠ ʩʦʪʨ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩ [Ru(TPFPP)CO] (Ru-7) ʩʧʦʩʦʙʝʥ ʙʳʩʪʨʦ ʠ 

ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ ʦʢʠʩʣʷʪʴ ʚʪʦʨʠʯʥʳʝ ʠ ʪʨʝʪʠʯʥʳʝ C-H ʛʨʫʧʧʳ 2,6-ʜʠʭʣʦʨʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜʦʤ (ʉʭʝʤʘ 10B) [41]. ʅʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ Ru(III )/Ru(V), ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʉ-ʅ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ [42]. ʇʨʠ ʧʦʤʦʱʠ ʕʇʈ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ EtOH ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʦʤʙʠʯʝʩʢʠ ʘʥʠʟʦʪʨʦʧʥʳʡ ʩʠʛʥʘʣ g1 = 2.53, g2 = 2.12, g3 = 1.89, ʭʘʨʘʢʪʝʨʥʳʡ 

ʜʣʷ ʯʘʩʪʠʮʳ Ru(III). ɸʢʪʠʚʥʘʷ ʯʘʩʪʠʮʘ Ru(V)=O ʠʤʝʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʫʶ ʧʨʠʨʦʜʫ (ʧʘʨʘʤʝʪʨ 
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ɻʘʤʤʝʪʘ ɟ+ = 2.0 ʜʣʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʟʘʤʝʱʸʥʥʳʭ ʪʦʣʫʦʣʦʚ) ʠ ʩʧʦʩʦʙʥʘ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʢʠʩʣʦʨʦʜʦʤ ʩ H2
18O ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʡ ʦʢʩʦ-ʛʠʜʨʦʢʩʦ ʪʘʫʪʦʤʝʨʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʥʝʜʨʝʥʠʶ ʠʟʦʪʦʧʥʦʡ ʤʝʪʢʠ ʚ ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʝ ʂʀʕ ʜʣʷ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʢʘʥʦʚ ʩʦʩʪʘʚʠʣʦ kH/kD = 4.2 6.4, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʜʨʫʛʠʭ ʯʘʩʪʠʮ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʢʠʩʣʝʥʠʝ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩ ʦʪʨʳʚʦʤ 

ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʧʦʜʦʙʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ 

ʩʝʤʝʡʩʪʚʘ ʮʠʪʦʭʨʦʤʘ P450.  

 

ʉʭʝʤʘ 10. a) ʈʘʥʥʠʝ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ C-H ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ru; b) ʆʢʠʩʣʝʥʠʝ ʩʠʩʪʝʤʦʡ [Ru(TPFPP)CO] (Ru-7)/2,6-Cl2PyNO. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʢʩʦʨʫʪʝʥʠʝʚʳʭ(V) ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʟʘʪʨʫʜʥʝʥʦ ʠʭ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʢʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʏʝ (Ch.-M. Che) ʠ ʩʦʪʨ. ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ů-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ 

ʚ ʘʢʩʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʦʢʩʦʢʦʤʧʣʝʢʩ [RuV(Por)(O)(X)], ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʝʛʦ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʠʪʴ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [43]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʘʨʠʣʨʫʪʝʥʠʷ (III ) 

ʦʢʘʟʘʣʠʩʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʢʘʢ 

ʙʝʥʟʠʣʴʥʳʭ, ʪʘʢ ʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʪʨʝʪʠʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʢ ʪʦʤʫ ʞʝ ʩʧʦʩʦʙʥʳʤʠ ʚʝʩʪʠ 

ʦʢʠʩʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ m-CPBA ʠʣʠ [nBu4N]IO4 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 11). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʘʤʠ ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ 

ʘʢʪʠʚʥʫʶ ʯʘʩʪʠʮʫ ʧʨʠ ʧʦʤʦʱʠ ʨʷʜʘ ʤʝʪʦʜʦʚ (UV-Vis, ESI-MS ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʕʇʈ, 
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ʨʝʟʦʥʘʥʩʥʘʷ ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʚʥʝʜʨʝʥʠʝ 18O-ʤʝʪʢʠ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ DFT).  

 

ʉʭʝʤʘ 11. ʈʝʘʢʮʠʠ C-H ʦʢʠʩʣʝʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʦʨʬʠʨʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʘʨʠʣʨʫʪʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ m-CPBA ʠʣʠ [nBu4N]IO4 ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʠʥʘʣʴʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʷ. 

 ʈʘʟʣʠʯʥʳʝ ʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʩʣʦʞʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʩʪʝʨʦʠʜʥʦʡ ʧʨʠʨʦʜʳ. ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʉʭʝʤʝ 12. ɺ ʩʣʫʯʘʝ 

ʧʨʦʯʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʩʚʷʟʝʡ ʥʘʧʨʘʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʘʢ, 5ɓ-ʩʪʝʨʦʠʜʳ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ ʛʠʜʨʦʢʩʠʣʠʨʫʶʪʩʷ ʧʦ ʮʠʩ-

ʜʝʢʘʣʠʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 5ɓ-ʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ [44]. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ 5Ŭ-ʩʪʝʨʦʠʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʜʰʠʝ ʚʳʭʦʜʳ (ʜʣʷ 5ɓ-ʭʦʣʝʩʪʘʥʘ 

ʚʳʭʦʜ 64% ʧʨʦʪʠʚ 14% ʜʣʷ 5Ŭ-ʠʟʦʤʝʨʘ), ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ. ʅʘʣʠʯʠʝ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʢʘʟʳʚʘʝʪ ʜʝʟʘʢʪʠʚʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ, ʧʨʠʚʦʜʷ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ. 

ɼʣʷ 5ɓ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʚʳʭʦʜ 5ɓ-ʛʠʜʨʦʢʩʠ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 42%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʢʠʩʣʝʥʠʝ 5Ŭ-ʭʦʣʝʩʪʘʥ-3-ʦʥʘ ʧʨʦʪʝʢʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʉ25 ʧʦʣʦʞʝʥʠʶ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʩʦʯʝʪʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʉʭʝʤʘ 12).  



28 
 

 

ʉʭʝʤʘ 12. ʆʢʠʩʣʝʥʠʝ ʩʪʝʨʦʠʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ. 

ʆʢʠʩʣʝʥʠʝ ʭʦʣʝʩʪ-4-ʝʥ-3-ʦʥʘ ʩʠʩʪʝʤʦʡ [RuIV(TDCPP)Cl2] (Ru-8)/2,6-Cl2PyNO 

ʧʨʠʚʦʜʠʣʦ ʢ ʧʨʦʜʫʢʪʫ ʘʣʣʠʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ȹ4-ʭʦʣʝʩʪʝʥ-3,6-ʜʠʦʥʫ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ 

(92%), ʪʦʛʜʘ ʢʘʢ ʜʨʫʛʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʘʚʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʫʢʪʳ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ [45; 46]. ʆʢʠʩʣʝʥʠʝ 3-ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʵʩʪʨʦʥʘ ʧʨʝʜʩʢʘʟʫʝʤʦ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʙʝʥʟʠʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ, ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʣʫʯʘʷʭ 

ʙʳʣ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʉ9-ʢʝʪʦʥ (ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ), ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʩʠʩʪʝʤ ʫʜʘʣʦʩʴ ʜʦʚʝʩʪʠ ʜʦ 87% [43].  

 ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦʣʠʤʝʨʦʚ. ɺ 2021 ʛʦʜʫ ʩʠʩʪʝʤʘ [Ru(TPFPP)(CO)] (Ru-7)/2,6-Cl2PyNO 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʚʝʜʝʥʠʷ ʢʝʪʦʛʨʫʧʧ ʧʦ ʤʝʪʠʣʝʥʦʚʳʤ ʧʦʣʦʞʝʥʠʷʤ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʘ 
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ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʘ [47]. ʋʢʘʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ, ʭʣʦʨʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʟʨʳʚʘ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 0.2 ʤʦʣʴʥ. 

% ʚ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʦʣʠʤʝʨʝ 1.4% ʟʚʝʥʴʝʚ ʩʦʜʝʨʞʘʣʠ ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ. 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʠʤʝʨ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʝʥ, ʦʙʣʘʜʘʝʪ ʫʣʫʯʰʝʥʥʳʤʠ ʩʤʘʯʠʚʘʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʪʫʧʘʪʴ ʚ ʜʘʣʴʥʝʡʰʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ. 

 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ C-H ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ. ɺ 1999 ʛʦʜʫ ʏʝ ʠ ʩʦʪʨ. ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ ʭʠʨʘʣʴʥʳʤ ʧʦʨʬʠʨʠʥʦʤ ʍʘʣʪʝʨʤʘʥʘ [Ru(D4-

Por*)(CO)(MeOH)] (Ru-13) ʜʣʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʙʝʥʟʠʣʴʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ [48; 49]. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʜʦʩʪʠʛʘʣʘ 76 % ee, ʦʜʥʘʢʦ 

ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʙʳʣʘ ʥʝʚʝʣʠʢʘ (5-54 %) ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʦʢʠʩʣʝʥʠʝ ʜʦ ʢʝʪʦʥʘ (ʉʭʝʤʘ 13a).  

 

ʉʭʝʤʘ 13. ʇʨʠʤʝʨʳ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ: a) ʩʠʩʪʝʤʘ Che-Halterman-

Hirobe; b) ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʪʨʝʪʠʯʥʳʭ ʙʝʥʟʠʣʴʥʳʭ C-H ʛʨʫʧʧ. 

ɸʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʪʨʝʪʠʯʥʳʭ C-H ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʝʱʝ ʙʦʣʝʝ 

ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʦʡ ʟʘʜʘʯʝʡ, ʯʝʤ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ, ʚ ʩʠʣʫ 

ʩʢʣʦʥʥʦʩʪʠ ʪʨʝʪʠʯʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢ ʙʳʩʪʨʦʡ ʨʘʮʝʤʠʟʘʮʠʠ. ɻʨʦʩʩ (Z. Gross) ʠ ʩʦʪʨ. 

ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʨʘʮʝʤʠʯʝʩʢʠʭ 2-

ʬʝʥʠʣʙʫʪʘʥʘ ʠ 2-ʬʝʥʠʣʛʝʢʩʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʭʠʨʘʣʴʥʳʡ D2-ʩʠʤʤʝʪʨʠʯʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 
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[Ru(D2-Por*)(CO)] (Ru-14) (ʉʭʝʤʘ 13b) [50]. ʇʦʣʫʯʝʥʥʳʝ ʪʨʝʪʠʯʥʳʝ ʩʧʠʨʪʳ ʠʤʝʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ 16-38 % ee, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʵʥʘʥʪʠʦʤʝʨʥʦʝ ʦʙʦʛʘʱʝʥʠʝ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩʫʙʩʪʨʘʪʘ (8 % ee ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʘ ʩ ʚʳʭʦʜʦʤ 35 %). 

 ʄʝʪʘʣʣʦʧʦʨʬʠʨʠʥʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʠʥʮʠʧʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʠʚʠʡ (ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʢʘʪʠʦʥ- ,́ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʠʦ- 

ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ. ɺ 2015 ʛʦʜʫ T. Bach ʠ ʩʦʪʨ. ʧʨʝʜʣʦʞʠʣʠ ʤʝʪʦʜ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʢʩʠʥʜʦʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʭʠʨʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʫʪʝʥʠʷ Ru-15, ʩʦʜʝʨʞʘʱʝʛʦ ʣʘʢʪʘʤʥʳʡ ʬʨʘʛʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʩʫʙʩʪʨʘʪʦʤ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʉʭʝʤʘ 14) [51]. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʶʱʝʡʩʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ PCC (ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʢʝʪʦʥʦʚ ʦʢʠʩʣʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦ 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʩʧʠʨʪʦʚ) ʧʦʣʫʯʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʩ ʥʝʧʣʦʭʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʡ ʵʥʘʥʪʠʦʤʝʨʦʚ (e.r.).  

 

ʉʭʝʤʘ 14. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʦʢʩʦʠʥʜʦʣʦʚ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʦʤʣʝʢʩʦʤ Ru-15 ʟʘ ʩʯʝʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ.  

ɺ 2019 ʛʦʜʫ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʣʠʥʝʡʥʫʶ ʧʦʣʠ(ʤʝʪʠʣʝʥʦʚʫʶ) ʮʝʧʴ, ʧʦʨʬʠʨʠʥʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʨʫʪʝʥʠʷ ʟʘ ʩʯʝʪ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʦʨʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ (ʉʭʝʤʘ 

15). ʉ5-C7 ʧʦʣʦʞʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʳ ʜʣʷ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʭʦʜʦʚ 

ʢʝʪʦʥʦʚ C7/(ʉ5+ʉ6)=0.81), ʦʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru-16, ʠʤʝʶʱʝʛʦ ʛʨʫʧʧʳ ʜʣʷ 

ʚʦʜʦʨʦʜʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʉ7-ʢʝʪʦʥʘ (ʚʳʭʦʜ 

ʉ7-ʢʝʪʦʥʘ ʦʢʦʣʦ 43%, ʩʝʣʝʢʪʠʚʥʦʩʪʴ C7/(ʉ5+ʉ6) = 2.85) [52].  
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ʉʭʝʤʘ 15. ʉʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʟʘ ʩʯʝʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʘʢʦʡ ʢʘʪʘʣʠʟʘʪʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʥʝ ʠʤʝʶʱʠʤ 6-ʘʮʠʣʘʤʠʥʦʧʠʨʠʜʠʣ-2-ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʬʦʨʤʘʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʦʥʪʨʧʨʠʤʝʨ ʥʘʨʫʰʝʥʠʷ ʧʨʠʥʮʠʧʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ-ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʯʘʩʪʠʮʳ ʦʙʳʯʥʦ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ [52]. 

 ɺ ʮʝʣʦʤ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ C-H ʦʢʠʩʣʝʥʠʷ. ɿʘ ʩʯʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʡ ʧʦʨʬʠʨʠʥʦʚ ʭʠʨʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʧʨʦʭʠʨʘʣʴʥʳʭ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ, ʭʦʪʷ ʠ ʩ ʥʝʚʳʩʦʢʠʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʚʝʨʩʠʠ ʠ 

ʵʥʘʥʪʠʦʤʝʨʥʦʛʦ ʠʟʙʳʪʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ N-ʦʢʩʠʜ 2,-6-

ʜʠʭʣʦʨʧʠʨʠʜʠʥʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ 

 

ɹʠʦʤʠʤʝʪʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʥʝʛʝʤʦʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʝʪʘʣʣʦʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʜʠʟʘʡʥʘ ʠ ʩʠʥʪʝʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ ʠ ʭʠʨʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ 

ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʤʦʜʫʣʷʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʘʨʴʠʨʦʚʘʥʠʶ 

ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʪʨʫʜʥʸʥʥʦʩʪʠ ʚʙʣʠʟʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ ʥʘ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʧʦʣʠ-N-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʥʳʝ ʦʩʪʦʚʳ, 
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ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

 ʇʦʣʠʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦʡ ʭʝʣʘʪʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʥʝʦʙʳʯʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ 

[53]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʣʠʛʘʥʜ 1,4,7-ʪʨʠʤʝʪʠʣ-1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ (Me3tacn), ʧʦʟʚʦʣʷʶʱʠʡ 

ʩʦʟʜʘʚʘʪʴ ʜʚʘ ʠ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣ-ʢʠʩʣʦʨʦʜʥʳʭ ʩʘʡʪʘ ʚ ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʫʩʪʦʡʯʠʚʳʡ ʢ ʦʢʠʩʣʝʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣ ʥʘ ʨʘʟʚʠʪʠʝ ʙʠʦʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʢʘʪʘʣʠʟʘ. ʂʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ (ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʙʠʷʜʝʨʥʳʝ) 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʝʡ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʭ ʥʝʛʝʤʦʚʳʭ ʬʝʨʤʝʥʪʦʚ 

(ʧʩʝʚʜʦʢʘʪʘʣʘʟʘ, ʛʝʤʵʨʠʪʨʠʥ, ʤʝʪʘʥʤʦʥʦʦʢʩʠʛʝʥʘʟʳ ʠ ʜʨ.). ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʠʟʫʯʘʣʠʩʴ 

ʨʫʪʝʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʢʨʘʪʥʳʝ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ (ʦʢʩʦ 

M=O ʠ ʠʤʠʜʦ M=NR). ɺ 1992 ʛʦʜʫ ʏʝ ʠ ʩʦʪʨ. ʧʦʣʫʯʠʣʠ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩʳ 

ʦʢʩʦʨʫʪʝʥʠʷ (IV) [RuIVO(Me3tacn)(bpy)]2+ (Ru-17) ʠ ʜʠʦʢʩʦʨʫʪʝʥʠʷ (VI) ʮʠʩ-

[RuVIO2(Me3tacn)(CF3CO2)]+ (Ru-18), ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʝʨʝʥʦʩʫ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʷʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʜʘʞʝ C-H ʦʢʠʩʣʝʥʠʷ [54]. ʇʦʟʜʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ [RuIII (Me3tacn)(OH2)(CF3CO2)2]+ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʦʢʠʩʣʝʥʠʷ 

ʮʠʢʣʦʛʝʢʩʘʥʘ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʩ TON ʜʦ 78 [55].  

 

ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʩ ʣʠʛʘʥʜʦʤ Me3tacn. 

ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʠ ʨʘʙʦʪʳ ʧʦʣʫʯʠʣʠ ʣʠʰʴ ʩʧʫʩʪʷ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ, 

ʢʦʛʜʘ ɼʶʙʫʘ (J. Du Bois) ʠ ʩʦʪʨ. ʧʨʝʜʣʦʞʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ Ru(Me3tacn)Cl3 (Ru-

19)/AgClO4/CAN ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʪʨʝʪʠʯʥʳʭ ʠ ʙʝʥʟʠʣʴʥʳʭ C-H ʛʨʫʧʧ (ʉʭʝʤʘ 16) [56]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʦʪʨʳʚ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ, ʷʚʣʷʶʪʩʷ ʮʠʩ-ʜʠʦʢʩʦʨʫʪʝʥʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

DESI-MS. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʢʠʩʣʝʥʠʷ ʦʢʘʟʘʣʩʷ ʩʦʚʤʝʩʪʠʤ ʩ ʨʷʜʦʤ ʧʦʣʷʨʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʩ ʬʨʘʛʤʝʥʪʦʤ ʧʠʨʠʜʠʥʘ ʚ ʤʦʣʝʢʫʣʝ (ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ). ʇʦʩʣʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʪʘʢ ʢʘʢ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʫʙʩʪʨʘʪʳ ʩ ʪʨʫʜʦʤ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 
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ʄʝʪʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɼʶʙʫʘ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʊʘʢ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ C-H ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʦʩʪʦʚʘ ʪʝʨʧʝʥʘ ʮʠʘʥʪʠʚʠʛʠʥʘ (Cyanthiwigin) ʩʨʝʜʠ ʨʷʜʘ ʦʧʨʦʙʦʚʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘʢʠʭ, 

ʢʘʢ ʦʢʠʩʣʝʥʠʝ RuO4, ʛʝʥʝʨʠʨʫʝʤʳʤ in situ ʚ ʩʠʩʪʝʤʝ RuCl3/KBrO3/Py, ʦʢʠʩʣʝʥʠʝ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ White-Chen (Fe(PDP)), ʘ ʪʘʢʞʝ ʦʢʠʩʣʝʥʠʷ 

DMDO (ʉʭʝʤʘ 17). ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ ʧʦʣʫʯʠʪʴ ʉ-12 ʩʧʠʨʪ ʩ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤ ʚʳʭʦʜʦʤ 67% [57]. 

 

ʉʭʝʤʘ 16. C-H ʦʢʠʩʣʝʥʠʝ ʙʝʥʟʠʣʴʥʳʭ ʠ ʪʨʝʪʠʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʢʦʤʧʣʝʢʩʦʤ [Ru(Me3tacn)Cl3] (Ru-19). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘ (Me3tacn)RuCl3/AgClO4/CAN ʚʩʝ ʝʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʠʣʫ 

ʩʚʦʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʥʦ ʦʥʘ ʠʤʝʝʪ ʨʷʜ ʦʯʝʚʠʜʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʂ ʪʘʢʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʵʢʦʣʦʛʠʯʥʦʛʦ ʠ ʠʤʝʶʱʝʛʦ ʥʠʟʢʫʶ ʘʪʦʤʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʩʦʣʠ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 

(ʥʠʪʨʘʪʘ ʘʤʤʦʥʠʷ-ʮʝʨʠʷ(IV)), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʢʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ. Cʪʨʦʝʥʠʝ ʣʠʛʘʥʜʘ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʩʪʝʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʦʨʛʘʥʠʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ. 
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ʉʭʝʤʘ 17. ʉʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʪʨʠʮʠʢʣʠʯʝʩʢʦʛʦ ʦʩʪʦʚʘ 

ʮʠʘʥʪʠʚʠʛʠʥʘ (cyanthiwigin). 

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ 2,2-ʙʠʧʠʨʠʜʠʥʦʤ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʞʠʤʠ 

ʜʠʘʤʠʥʘʤʠ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʣʝʛʢʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʢʩʦʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʩ ʵʪʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʪʠʧʦʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʏʝ ʠ ʩʦʪʨ. ʚ 1988 ʛʦʜʫ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʮʠʢʦʛʝʢʩʘʥ ʠ ʣʠʥʝʡʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

(ʧʝʥʪʘʥ, ʛʝʢʩʘʥ) ʤʦʛʫʪ ʙʳʪʴ ʦʢʠʩʣʝʥʳ ʜʦ ʩʤʝʩʠ ʢʝʪʦʥʦʚ ʠ ʩʧʠʨʪʦʚ ʜʝʡʩʪʚʠʝʤ TBHP ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʩ-[Ru(6,6ô-bpy)2(H2O)2](OTf)2 ʠʣʠ ʮʠʩ-[Ru(phen(OH2)2](ClO4)2 (6,6ô-bpy = 

6,6ô-ʜʠʭʣʦʨ-2,2ô-ʙʠʧʠʨʠʜʠʥ, phen = 1,10-ʬʝʥʘʥʪʨʦʣʠʥ) [58]. ʇʦʟʜʥʝʝ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʠ 

ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʞʠʝ ʢʦʤʧʣʝʢʩʳ (ʈʠʩʫʥʦʢ 4), ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʘʣʝʢʠ ʦʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ. ɹʠʧʠʨʠʜʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʮʠʩ-ʪʦʧʦʣʦʛʠʠ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʥʩ-ʢʦʤʧʣʝʢʩʘʤʠ. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʢʦʤʧʣʝʢʩ ʩ 2,9-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʮʠʩ-[Ru(dmp)2(L)2] ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʦʢʠʩʣʝʥʠʝ ʧʨʦʩʪʳʭ ʘʣʢʘʥʦʚ (ʤʝʪʘʥʘ, ʵʪʘʥʘ, ʧʨʦʧʘʥʘ) 30% ʚʦʜʥʳʤ H2O2 ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (4 ʙʘʨ); ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʪʘʥʘ ʟʥʘʯʝʥʠʝ TON 125 (ʚʳʭʦʜ 1.7% ʩʤʝʩʠ 

ʤʝʪʘʥʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:1) ʚ ʚʦʜʝ ʧʦʩʣʝ 24 ʯ ʧʨʠ 75Áʉ [59].  

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩ [(pymox-Me2)2RuCl2]BF4 (Ru-24) ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ 

ʦʢʠʩʣʝʥʠʷ ʘʨʠʣʘʣʢʘʥʦʚ TBHP (3 ʵʢʚ.) ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (20 ÁC, H2O, 1 ʤʦʣʴʥ. % 

ʢʘʪʘʣʠʟʘʪʦʨʘ) c ʚʳʭʦʜʘʤʠ 72 88% [60]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʪʝʢʘʥʠʝ 

ʦʢʠʩʣʝʥʠʷ Ru(IV)-ʦʢʩʦʯʘʩʪʠʮʘʤʠ ʧʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚ ʢʣʝʪʢʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʍʦʪʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʨʦʙʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʭʦʨʦʰʘʷ 

ʢʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜʳ ʢʝʪʦʥʦʚ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ (ʜʘʞʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʧʨʦʯʥʦʩʪʠ C-H ʩʚʷʟʝʡ, 

ʥʘʧʨʠʤʝʨ, 1Á ʠ 2Á ʛʨʫʧʧʳ) ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʚʪʦʨ-ʙʫʪʠʣʙʝʥʟʦʣʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʚʳʭʦʜʦʤ 41%, ʪ.ʝ. ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ C-C ʩʚʷʟʠ. 
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ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ ʩʫʙʩʪʨʘʪʦʚ.  

 

ʈʠʩʫʥʦʢ 4. ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ 2,2-ʙʠʧʠʨʠʜʠʥʦʚʳʤʠ ʠ ʩʭʦʜʥʳʤʠ ʧʦ ʩʪʨʦʝʥʠʶ 

ʣʠʛʘʥʜʘʤʠ. 

ʀʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʙʠʩ-ʙʠʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʩʝʣʝʢʪʠʚʥʦʛʦ C-H ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ɼʶʙʫʘ (J. Du Bois), ʉʠʛʤʘʥʘ 

(M. Sigman) ʠ ʩʦʪʨ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʮʠʩ-[Ru(dtbpy)2Cl2] (Ru-25) ʚ ʢʠʩʣʦʡ 

ʚʦʜʥʦʡ ʩʨʝʜʝ (AcOH/H2O) ʚ ʧʨʠʩʫʪʩʪʚʠʠ CF3SO3H ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ 

ʩʝʣʝʢʪʠʚʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʭ N-

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʪʳ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʦ 

ʪʨʝʪʠʯʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ [61]. ɼʦʙʘʚʢʘ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʘʚʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ N-ʦʢʩʠʜʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 2 ʵʢʚʠʚʘʣʝʥʪʘ ʧʝʨʠʦʜʘʪʘ H5IO6 (ʣʠʙʦ 3 ʵʢʚ. 

CAN) ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. ɻʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ ʠ 

ʧʦʟʚʦʣʷʝʪ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʞʥʳʝ ʩʫʙʩʪʨʘʪʳ. ʇʨʠ ʧʦʤʦʱʠ ʢʦʤʧʣʝʢʩʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʦʩʦʙʝʥʥʦ in situ ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʵʣʝʢʪʨʦʩʧʨʝʡ-

ʠʦʥʠʟʘʮʠʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ (PSI-ESI-MS)) ʘʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʘʢʪʠʚʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʢʩʦʯʘʩʪʠʮʳ Ru(VI) ʠ Ru(V) [62]. ʉʧʦʩʦʙʥʦʩʪʴ 

ʙʠʧʠʨʠʜʠʣʦʚʦʛʦ ʣʠʛʘʥʜʘ ʢ ʜʠʩʩʦʮʠʘʮʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʥʠʞʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʣʠʛʘʥʜ ʦʢʠʩʣʷʝʪʩʷ ʜʦ N-ʦʢʩʠʜʘ ʠ 
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ʦʪʨʘʚʣʷʝʪ ʢʘʪʘʣʠʟʘʪʦʨ ʟʘ ʩʯʝʪ ʩʚʷʟʳʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʪʨʠʩ-

(ʙʠʧʠʨʠʜʠʣʴʥʦʛʦ) ʢʦʤʧʣʝʢʩʘ. ʇʦʟʜʥʝʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ 

ʨʝʘʢʮʠʠ, ʧʦʟʚʦʣʠʚʰʠʡ ʠʟʙʝʞʘʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʠʦʜʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ [63].  

 

ʉʭʝʤʘ 18. C-H ʦʢʠʩʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʩ-[Ru(dtbpy)2Cl2] (Ru-25) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʠʣʠ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʙʠʩ-(ʙʠʧʠʨʠʜʠʣʴʥʳʝ) ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʣʫʯʠʣʠ ʚ ʨʘʙʦʪʘʭ ʧʦ 

ʦʢʠʩʣʝʥʠʶ ʤʝʪʠʣʝʥʦʚʳʭ C-H ʛʨʫʧʧ, ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

(remote C-H oxidation) [64]. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʜʠʟʘʡʥʫ ʣʠʛʘʥʜʦʚ ʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʮʠʩ-[4,4ǋ-MeO-bpyRu(II)CO3] (Ru-26) ʩ ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ CAN ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʩ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʪʳ ʥʝʦʙʭʦʜʠʤʦ 
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ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʩʫʙʩʪʨʘʪʦʤ), ʧʨʠ 

ʵʪʦʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʴʰʠʭ ʚʳʭʦʜʦʚ ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ 

ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʚʳʙʦʨʘ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ (ʩʠʣʘ ʢʠʩʣʦʪʳ, ʨʘʩʪʚʦʨʠʪʝʣʴ). 

 

ʉʭʝʤʘ 19. ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʧʦʣʦʞʝʥʠʡ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ Ru-26. 

ɼʨʫʛʠʝ N-ʜʦʥʦʨʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʪʘʢʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʩʧʳʪʳʚʘʣʠʩʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʈʠʩʫʥʦʢ 5), ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ [Ru(Me3tacn)Cl2] ʠʣʠ [(pymox-

Me2)2RuCl2]BF4) ʦʥʠ ʥʝ ʠʤʝʶʪ. ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʨʫʪʝʥʠʝʚʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ. 

ʂʦʤʧʣʝʢʩʳ ʩ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʘʨʙʝʥʘʤʠ Ru-28 ʠ Ru-29 ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʦʢʠʩʣʝʥʠʝ ʘʨʠʣʘʣʢʘʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ NaIO4 (10 ʵʢʚ.) ʠ TBHP (3 ʵʢʚ.) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [65; 66]. ɺ ʩʣʫʯʘʝ Ru-28 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ Ru(IV)-ʜʠʦʢʩʦʯʘʩʪʠʮʳ (ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ESI-MS ʠ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʢʘʪʘʣʠʟʘ Ru-29 

ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʜʠʢʘʣ t-BuOĿ ʠ ʢʘʪʠʦʥ L-Ru(III )-OH, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʩʚʷʟʠ O O ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʯʘʩʪʠʮʝ 

LīRu(II)ītBuO2H [66]. ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʝ Ru-28 ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ 

ʦʢʠʩʣʠʪʝʣʷ ʠ ʟʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 3 ʤʦʣʴʥ. %. ʂʦʤʧʣʝʢʩ Ru-29 ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʘʚʪʦʨʳ ʪʘʢʞʝ ʟʘʷʚʣʷʶʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ TOF ʧʨʠ ʦʢʠʩʣʝʥʠʠ 
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ʜʠʬʝʥʠʣʤʝʪʘʥʘ (114 ʯ-1, ʥʘʠʙʦʣʴʰʠʡ ʜʣʷ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ). ʂʦʤʧʣʝʢʩ Ru-30 ʩ 

ʣʘʙʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʮʠʤʦʣʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʠʰʴ ʫʤʝʨʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʦʢʠʩʣʝʥʠʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʘʨʠʣʘʣʢʘʥʦʚ ʜʦ ʢʝʪʦʥʘ (61-80%), ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʟʘʤʝʱʝʥʥʳʭ ʪʦʣʫʦʣʦʚ ʜʦ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʚʳʭʦʜʳ ʚʳʰʝ (65-95%) [67]. 

 

ʈʠʩʫʥʦʢ 5. ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ: a) ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʤʠ 

NHC-ʢʘʨʙʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ; b) ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʠ N,P-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʇʦʤʠʤʦ ʧʦʣʠʘʟʘʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʙʠʧʠʨʠʜʠʥʦʚʳʭ, ʘ ʪʘʢʞʝ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ), ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʪʘʢʞʝ ʥʝʛʝʤʦʚʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʦʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʥʠ ʥʝ ʧʦʣʫʯʠʣʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ɛ3-ʦʢʩʦ ʪʨʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ 

(ʈʠʩʫʥʦʢ 5), ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʠʩʣʦʨʦʜ (75Áʉ, 3 ʘʪʤ ʚ ʩʣʫʯʘʝ Ru-31) ʠʣʠ TBHP (ʢʦʤʧʣʝʢʩ Ru-32) ʜʣʷ ʦʢʠʩʣʝʥʠʷ, ʦʜʥʘʢʦ 

ʩ ʚʝʩʴʤʘ ʩʢʨʦʤʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [68; 69]. ɼʣʷ [Ru3(ɛ3-

O)(OAc)6(Py)2L] (Ru-32) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʦʢʦʤʧʣʝʢʩʘ Ru=O ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ. ʀʟ ʜʨʫʛʠʭ ʪʠʧʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʢʦʤʧʣʝʢʩ 
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ʨʫʪʝʥʠʷ ʩ ʕɼʊɸ (Ru-33) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʩʢʦʨʙʘʪʘ ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ [70], ʨʷʜ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ TBHP ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʘʣʢʘʥʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʢʦʤʧʣʝʢʩʳ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ (ʩʨʝʜʠ ʧʨʦʯʠʭ Ru-34 ʠ Ru-35) [71ï73], ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ 

ʢʦʤʧʣʝʢʩ ʩ 2,6-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (Ru-36) [74], ʧʨʦʩʪʳʝ ʢʦʤʧʣʝʢʩʳ 

RuCl2(PPh3)3, RuH2(PPh3)4 [75; 76], ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ c ʪʝʪʨʘʜʝʥʪʘʪʥʳʤ N,P-ʜʦʥʦʨʥʳʤ 

ʣʠʛʘʥʜʦʤ (Ru-37) [77]. 

 

ʈʠʩʫʥʦʢ 6. ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ N4-ʜʦʥʦʨʥʳʤʠ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʤʠ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʩʭʦʞʠʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʂʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ ʩ ʪʨʠʧʦʜʘʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʪʨʠʩ-(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥʦʚʦʛʦ 

(TPA) ʨʷʜʘ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ C-H ʦʢʠʩʣʝʥʠʷ. ɹʳʣ ʧʦʣʫʯʝʥ 

ʰʠʨʦʢʠʡ ʨʷʜ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ (ʈʠʩʫʥʦʢ 6a), ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 4,5 ʠ 6 

ʧʦʣʦʞʝʥʠʷʭ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [78ï83]. ʊʘʢʞʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʦ 

ʙʣʠʟʢʠʝ ʪʨʠʧʦʜʘʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ (ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ) 

ʟʘʤʝʱʝʥ ʥʘ ʜʨʫʛʦʡ ʛʝʪʝʨʦʮʠʢʣ (ʭʠʥʦʣʠʥ, ʙʝʥʟʠʤʠʜʘʟʦʣ, ʪʨʠʘʟʦʣ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [Ru(L)Cl2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

ʩ ʧʨʦʩʪʳʤ ʥʝʟʘʤʝʱʝʥʥʳʤ ʣʠʛʘʥʜʦʤ TPA ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ 
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ʦʢʠʩʣʝʥʠʠ ʘʜʘʤʘʥʪʘʥʘ, ʘ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ m-

CPBA ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ (ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ Cʭʝʤʝ 20) [80]. 

ʉʠʥʪʝʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʉ-ʅ ʦʢʠʩʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ TPA ʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ, ʦʜʥʘʢʦ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʦʢʩʦʯʘʩʪʠʮ ʨʫʪʝʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʦʢʠʩʣʝʥʠʷ ʩ ʠʭ ʫʯʘʩʪʠʝʤ [37; 84].  

 

ʉʭʝʤʘ 20. ʆʢʠʩʣʝʥʠʝ ʘʜʘʤʘʥʪʘʥʘ ʥʝʢʦʪʦʨʳʤʠ ʨʫʪʝʥʠʝʚʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ TPA-ʨʷʜʘ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʵʬʬʝʢʪʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʪʨʠʩ-

ʧʠʨʠʜʠʣʤʝʪʠʣʘʤʠʥʦʚʳʭ ʨʫʪʝʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ m-CPBA. ʕʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʨʫʪʝʥʠʝʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʚ ʙʦʣʝʝ ʥʠʟʢʠʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ, 

ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʢʠʩʣʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʮʠʢʣʦʛʝʢʩʘʥʘ m-CPBA, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʦʤʧʣʝʢʩʦʤ [Ru((5-

MeO2C)2TPA)Cl2]PF6 (Ru-44), ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

[Ru(TPA)Cl2]PF6 (Ru-39) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʥʝʜʨʝʥʠʷ ʤʝʪʢʠ 18O ʚ ʩʧʠʨʪ ʠʟ ʤʝʯʝʥʦʡ ʚʦʜʳ 

H2
18O (100% ʚʥʝʜʨʝʥʠʝ ʜʣʷ 5-MeO2C-ʟʘʤʝʱʝʥʥʦʛʦ ʠ ʣʠʰʴ 9% ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʩ 

ʥʝʟʘʤʝʱʝʥʥʳʤ TPA), ʟʥʘʯʝʥʠʷʤ ʂʀʕ ʠ ʧʨʦʬʠʣʷʤ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ (ʦʜʥʦʚʨʝʤʝʥʥʦʝ, 

ʧʘʨʘʣʣʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʠʨʪʘ ʠ ʢʝʪʦʥʘ ʚ ʩʣʫʯʘʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ). ɼʘʥʥʳʝ 

ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Ru-44/m-CPBA 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ RuIV=O, ʩʧʦʩʦʙʥʳʭ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩ H2
18O ʠ ʧʝʨʝʥʦʩʠʪʴ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʩʫʙʩʪʨʘʪ ʧʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [81]. ɺ ʩʣʫʯʘʝ ʞʝ Ru-39/m-CPBA ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʫʯʘʩʪʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʦʪʨʳʚʝ ʘʪʦʤʘ H ʦʪ ʮʠʢʣʦʛʝʢʩʘʥʘ; 

ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ɻʘʙʝʨʘ-ɺʘʡʩʘ. ʈʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ 

RuII/RuIII  ʜʣʷ ʢʦʤʧʣʝʢʩʘ Ru-39 ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ TPA-ʣʠʛʘʥʜʦʤ ʥʠʞʝ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ 

ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʢʘʣʦʚ ArCO2Ŀ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 
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ʩʠʩʪʝʤʝ [Ru(TPA)(OH2)2](PF6)2 (Ru-40)/CAN ʚ ʚʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʦ-

ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʥʦʩʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ [85].  

ʂʦʤʧʣʝʢʩ ʨʫʪʝʥʠʷ ʮʠʩ-[Ru(PDP)(H2O)2](OTs)2 (Ru-50) ʩ N4-ʜʦʥʦʨʥʳʤ ʙʠʩ-ʘʤʠʥʦ-

ʙʠʩ-ʧʠʨʠʜʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʢʠʩʣʝʥʠʠ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ C-H ʛʨʫʧʧ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAN ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʠʪʝʣʷ ʚ ʚʦʜʥʦʤ ʪʨʝʪ-ʙʫʪʘʥʦʣʝ [86]. ʆʜʥʘʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʦʥ ʥʝ 

ʧʦʢʘʟʘʣ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʯʘʩʪʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʣʠ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 

ʦʜʥʘʢʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʵʪʘʥʘ ʠ ʧʨʦʧʘʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʜʫʢʪʳ 

ʦʢʠʩʣʝʥʠʷ (ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ c TON = 3 ʠ ʘʮʝʪʦʥ ʩ TON = 8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʟʘʛʨʫʟʢʘ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 2 ʤʦʣʴʥ. %, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 3 ʯʘʩʘ).  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʫʩʧʝʭ ʚ ʧʨʠʤʝʥʝʥʠʠ ʥʝʛʝʤʦʚʳʭ ʣʠʛʘʥʜʦʚ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʦʛʦ ʪʠʧʘ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ C-H ʦʢʠʩʣʝʥʠʷ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʚ 2020 ʛʦʜʫ, 

ʢʦʛʜʘ ʋʪʠʜʘ (T.Uchida) ʠ ʩʦʪʨ. ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʡ ʢʣʘʩʩ TPA-ʧʦʜʦʙʥʳʭ ʥʝʛʝʤʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʜʦʥʦʨʥʳʡ ʛʣʠʮʠʥʘʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ 

[87; 88]. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Ru(II )(BPGA)Cl (Ru-51) ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ 

ʦʢʠʩʣʷʪʴ ʙʝʥʟʠʣʴʥʳʝ ʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ 3Á C-H ʛʨʫʧʧʳ ʠʦʜʦʟʦʙʝʥʟʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

TFA ʩ ʩʠʥʪʝʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 21). ʇʦʤʠʤʦ ʦʢʠʩʣʝʥʠʷ ʧʨʦʩʪʳʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʚʦʟʤʦʞʥʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʮʝʜʨʦʣ, 

ʧʨʦʠʟʚʦʜʥʳʝ ʩʪʝʨʦʠʜʦʚ, ʵʩʪʨʦʥʘ ʠ ʜʨ.). 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʘ ʉ-ʅ ʦʢʠʩʣʝʥʠʷ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʠʩʣʦʪʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʦʣʠʤʝʨʥʦʛʦ PhIO ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʦʢʩʦʨʫʪʝʥʠʷ(IV), ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ 

ʧʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ [88]. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʟʘʚʠʩʝʣʠ ʦʪ pKa ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʘʶʱʠʝʩʷ ʯʘʩʪʠʮʳ PhI(O2CR)2 

ʩʧʦʩʦʙʥʳ ʢ ʦʙʨʘʪʠʤʦʤʫ ʛʠʜʨʦʣʠʟʫ ʠ ʦʙʤʝʥʫ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʩ ʚʦʜʦʡ. ʕʪʦʪ ʬʘʢʪ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ C-H ʦʢʠʩʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ Ru(II )(BPGA), PhI(OAc)2 ʠ 

ʢʠʩʣʦʪʳ RCO2H, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʢʠʩʣʦʨʦʜʘ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ 17O/18O-ʠʟʦʪʦʧʥʦ-ʤʝʯʝʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [89]. 

ʀʟ ʦʧʨʦʙʦʚʘʥʥʳʭ ʢʠʩʣʦʪ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʭʦʜʘʤ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ F5-BzOH. 
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ʉʭʝʤʘ 21. C-H ʦʢʠʩʣʝʥʠʝ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʢʦʤʧʣʝʢʩʦʤ Ru(II )(BPGA)Cl (Ru-51). 

ʇʦʩʢʦʣʴʢʫ ʢʘʨʙʦʢʩʠʣʘʪʥʳʡ ʬʨʘʛʤʝʥʪ ʚ PhI(O2CR)2 ʩʧʦʩʦʙʝʥ ʢ ʦʙʤʝʥʫ ʚ ʨʘʩʪʚʦʨʝ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ PhI(OAc)2/ F5-BzOH, ʪʘʢ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ 

PhI(OBz-F5). ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦ ʚʥʝʜʨʷʪʴ ʠʟʦʪʦʧʥʫʶ ʤʝʪʢʫ (ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ >90% 

17O/18O) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ H2
18O (1.5-3 ʵʢʚ.), ʥʦ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ 

ʧʨʦʜʫʢʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ Ru(II )(BPGA)/PhIO/TFA. 

ʇʦʪʝʥʮʠʘʣ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʭʦʜʝ ʧʦʣʥʦʛʦ ʩʠʥʪʝʟʘ 

ʜʠʪʝʨʧʝʥʦʠʜʘ ʮʝʬʘʥʦʣʠʜʘ C (cephanolide C), ʛʜʝ ʦʥ ʧʦʢʘʟʘʣ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʧʨʦʙʦʚʘʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʙʝʥʟʠʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ (ʉʭʝʤʘ 22) [90].  

 

ʉʭʝʤʘ 22. ʇʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ ʮʝʬʘʥʦʣʠʜʘ C, ʚʳʧʦʣʥʝʥʥʦʛʦ ʏʞʘʝʤ (Zhai) ʠ ʩʦʪʨ. 
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Ru(II )(BPGA) ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʦʢʠʩʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ PhIO ʠʣʠ 

PhI(O2CR)2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ, ʦʜʥʘʢʦ ʩʦʝʜʠʥʝʥʠʷ ʚʳʩʦʢʦʚʘʣʝʥʪʥʦʛʦ ʠʦʜʘ ʥʝ ʦʯʝʥʴ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʪʦʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʟʘʤʝʥʘ 

ʝʛʦ ʥʘ ʧʝʨʦʢʩʠʜʳ (ʦʩʦʙʝʥʥʦ H2O2) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

2024 ʛʦʜʫ T. Uchida ʠ ʩʦʪʨ. ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʨʝʘʢʮʠʡ C-H ʦʢʠʩʣʝʥʠʷ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ Ru(II )(BPGA) ʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ 

ʧʦʚʳʰʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʠʩʣʦʪʥʦʡ ʘʢʪʠʚʘʮʠʠ [91]. ʈʘʥʝʝ, 

ʅʘʤ (W. Nam) ʠ ʌʫʢʫʜʟʫʤʠ (S. Fukuzumi) ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ʨʝʜʦʢʩ-

ʥʝʘʢʪʠʚʥʳʭ ʢʠʩʣʦʪ ʃʴʶʠʩʘ, ʪʘʢʠʭ ʢʘʢ Sc3+, ʩ ʦʢʩʦʯʘʩʪʠʮʘʤʠ Fe(IV) ʠ Mn(IV) ʫʚʝʣʠʯʠʚʘʝʪ 

ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʝʥʦʩʫ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (OAT) ʠ ʧʝʨʝʥʦʩʫ 

ʵʣʝʢʪʨʦʥʘ (ET) [92ï94]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ 

(HOTf) ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʢʩʦʯʘʩʪʠʮ ʨʫʪʝʥʠʷ [95]. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʜʘʥʥʳʭ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʫʪʝʥʠʝʚʳʡ 

ʢʦʤʧʣʝʢʩ ʩ H-ʜʠʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʣʠʛʘʥʜʦʤ, ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʘʮʠʷ Ru=O ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʘʢʠʝ ʣʠʛʘʥʜʳ, ʢʘʢ ʤʘʣʦʥʘʪ, 

ʦʢʩʘʣʘʪ, ʤʘʣʝʘʪ, ʧʦʚʳʰʘʣʠ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ C-H 

ʦʢʠʩʣʝʥʠʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʩʥʦʚʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʦʢʩʦʨʫʪʝʥʠʝʚʳʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ [91].  

 

ʈʠʩʫʥʦʢ 7. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʘʢʪʠʚʘʮʠʠ ʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʪʘʤʠ. 

ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʠʣ 

ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ C-H ʦʢʠʩʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʠ ʪʨʝʪʠʯʥʳʭ C-H ʛʨʫʧʧ 

ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ HFIP [91]. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ 

ʤʝʪʦʜʦʤ (Ru(BPGA)/PhIO) ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʟʘʛʨʫʟʢʫ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ 

çʟʝʣʝʥʦʤʫè ʦʢʠʩʣʠʪʝʣʶ H2O2. ʊʘʢʞʝ ʫʜʘʣʦʩʴ ʚʦʚʣʝʯʴ ʚ ʨʝʘʢʮʠʶ ʙʦʣʝʝ ʧʨʦʯʥʳʝ 

ʤʝʪʠʣʝʥʦʚʳʝ ʛʨʫʧʧʳ, ʠʩʧʦʣʴʟʫʷ ʧʦʨʮʠʦʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʷ (5Ĭ2 ʵʢʚ. H2O2), ʭʦʪʷ 
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ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʩʘʤʠ ʘʚʪʦʨʳ, ʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʢʝʪʦʥʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʘʪʦʤ ʘʟʦʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʦʢʠʩʣʝʥʳ ʧʦ ʘʣʠʬʘʪʠʯʝʩʢʠʤ C-H ʛʨʫʧʧʘʤ ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʦʡ HBF4. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʦʢʠʩʣʝʥʠʷ ʨʷʜʘ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʧʨʦʠʟʚʦʜʥʳʭ ʩʫʣʴʙʘʢʪʘʤʘ ʠ ʜʝʟʦʢʩʠʭʦʣʝʚʦʡ ʢʠʩʣʦʪʳ, (+)-

ʩʢʣʘʨʝʦʣʠʜʘ ʠ ʜʨ.) ʩ ʭʦʨʦʰʝʡ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʉʭʝʤʘ 23) [91]. 

 

ʉʭʝʤʘ 23. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʨʫʪʝʥʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

Ru(II )(BPGA)(H-maleate)2 (Ru-53) ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʠʩʣʦʪʥʦʡ ʘʢʪʠʚʘʮʠʝʡ. 

ʆʙʦʙʱʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʥʝʛʝʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʧʝʭʦʚ ʚ ʩʦʟʜʘʥʠʠ 

ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʢʠʩʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ; ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʝʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ çʟʝʣʝʥʳʝè ʦʢʠʩʣʠʪʝʣʠ ʠ ʜʘʞʝ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʚʘʨʠʘʥʪʝ. ʆʜʥʘʢʦ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ (ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʘʟʠʨʫʶʪʩʷ ʣʠʰʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʤʝʱʷʪʴ ʮʝʥʪʨʳ ʭʠʨʘʣʴʥʦʩʪʠ ʚʙʣʠʟʠ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʮʝʥʪʨʘ ï ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ), ʩʦʟʜʘʥʠʝ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ 
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ʦʢʠʩʣʝʥʠʷ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʩʰʠʨʝʥʠʝ ʢʨʫʛʘ ʚʦʚʣʝʢʘʝʤʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʠ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

1.2.2 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ 

 ʂʦʤʧʣʝʢʩʳ ʨʦʜʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ C-H ʘʢʪʠʚʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ C-

C ʠ C-N (ʦʩʦʙʝʥʥʦ ʢʘʨʙʝʥʦʚʳʝ ʠ ʥʠʪʨʝʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ) [96], ʦʜʥʘʢʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʷʟʠ C-O ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ. ʇʨʠʤʝʨʳ ʦʢʠʩʣʝʥʠʷ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʚʦʚʩʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʣʠʰʴ ʧʦ ʘʣʣʠʣʴʥʳʤ ʠ ʙʝʥʟʠʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ.  

ʅʘʯʘʪʴ ʦʙʩʫʞʜʝʥʠʝ ʩʪʦʠʪ ʩ ʧʨʠʤʝʥʝʥʠʷ ʜʠʨʦʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʦʢʠʩʣʝʥʠʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ C-H ʧʦʣʦʞʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʥʥʠʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʮʝʪʘʪ ʜʠʨʦʜʠʷ Rh2(OAc)4 ʜʣʷ ʘʣʣʠʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʣʢʝʥʦʚ ʜʦ ʝʥʦʥʦʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [97]. ɿʘʤʝʥʘ ʘʮʝʪʘʪʘ ʜʠʨʦʜʠʷ ʥʘ 

ʪʝʪʨʘʢʠʩ(ʢʘʧʨʦʣʘʢʪʘʤ) Rh2(cap)4 (Rh-1) (ʈʠʩʫʥʦʢ 8), ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ Rh2
4+/Rh2

5+, ʧʦʟʚʦʣʠʣʘ ɼʦʡʣʫ (M. Doyle) ʠ ʩʦʪʨ. ʨʘʟʨʘʙʦʪʘʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʘʪʴ ʮʠʢʣʠʯʝʩʢʠʝ Ŭ,ɓ-

ʥʝʥʘʩʳʱʝʥʥʳʝ ʝʥʦʥʳ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʷ TBHP ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ (ʉʭʝʤʘ 

24) [98]. ʇʦʟʜʥʝʝ ʢʨʫʛ ʩʫʙʩʪʨʘʪʦʚ ʙʳʣ ʨʘʩʰʠʨʝʥ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ Ŭ,ɓ-ʘʮʝʪʠʣʝʥʦʚʳʝ 

ʢʝʪʦʥʳ (Cʭʝʤʘ 24b) [99], ʘ ʪʘʢʞʝ ʦʢʠʩʣʷʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʝʥʘʤʠʜʳ (Cʭʝʤʘ 24c) [100]. 

 

ʈʠʩʫʥʦʢ 8. ɼʠʨʦʜʠʝʚʳʝ (II) ʢʘʪʘʣʠʟʘʪʦʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ C-H ʦʢʠʩʣʝʥʠʷ ʪʨʝʪ-

ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʪʘʢʞʝ ʦʧʨʦʙʦʚʘʥ ʜʣʷ ʘʣʣʠʣʴʥʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʨʷʜʘ ʩʪʝʨʦʠʜʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ (Cʭʝʤʘ 25) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ T-HYDRO (70% ʨʘʩʪʚʦʨ 

TBHP ʚ ʚʦʜʝ) [101]. ʊʘʢʦʡ ʤʝʪʦʜ ʦʢʠʩʣʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ 

(ʦʩʦʙʝʥʥʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʥʝʟʘʱʠʱʝʥʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ ʦʢʠʩʣʷʪʴʩʷ ʠ 

ʩʥʠʞʘʪʴ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ), ʧʦʟʚʦʣʷʷ ʦʢʠʩʣʷʪʴ æ5-ʩʪʝʨʦʠʜʳ ʚ 7-ʢʝʪʦ-æ5-ʩʪʝʨʦʠʜʳ 

ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʟʘʛʨʫʟʢʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʦʢʦʣʦ 0.1 1 ʤʦʣʴʥ. %). ʅʘʧʨʠʤʝʨ, ʠʟ 17-

ʘʮʝʪʠʣʪʝʩʪʦʩʪʝʨʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ 7-ʢʝʪʦʧʨʦʠʟʚʦʜʥʦʝ ʩ ʚʳʭʦʜʦʤ 68% ʧʨʠ 
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ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʚʦʜʝ ʩ 8 ʵʢʚ. T-HYDRO ʠ 1 ʤʦʣʴʥ. % ʢʘʪʘʣʠʟʘʪʦʨʘ Rh2(cap)4 (ʉʭʝʤʘ 

25b). 

 

Cʭʝʤʘ 24. ʇʨʠʤʝʨʳ ʘʣʣʠʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ Doyle ʠ ʩʦʪʨ. 

ʇʦʤʠʤʦ ʦʢʠʩʣʝʥʠʷ ʘʣʣʠʣʴʥʳʭ C-H ʛʨʫʧʧ, Rh2(cap)4 ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ ʙʝʥʟʠʣʴʥʦʤ C-

H ʦʢʠʩʣʝʥʠʠ ʘʨʠʣʘʣʢʘʥʦʚ [80]. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʨʦʙʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʙʳʣʠ 

ʜʦʩʪʠʛʥʫʪʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʚʝʨʩʠʠ (>95%) ʠ ʚʳʭʦʜʳ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʚʳʩʦʢʠʭ (ʉʭʝʤʘ 

26). ʆʜʥʘʢʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʘ ʩʫʙʩʪʨʘʪʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʩʠʣʴʥʳʭ 

ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʛʨʫʧʧ (ʧʠʨʠʜʠʥʳ, ʥʠʪʨʠʣʳ ʠ ʜʨ.) ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

 

ʉʭʝʤʘ 25. ɸʣʣʠʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʪʝʨʦʠʜʦʚ: a) ʭʦʣʝʩʪʝʨʠʥʘ ʠ ʭʦʣʝʩʪʝʨʠʣʘʮʝʪʘʪʘ; b) 

ʪʝʩʪʦʩʪʝʨʦʥʘ ʠ 17-ʘʮʝʪʠʣʪʝʩʪʦʩʪʝʨʦʥʘ. 
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ʉʭʝʤʘ 26. ɹʝʥʟʠʣʴʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Rh2(cap)4. 

ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʜʣʷ ʙʝʥʟʠʣʴʥʦʛʦ ʠ ʘʣʣʠʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʠʡ ʘʢʪʠʚʘʮʠʶ TBHP ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘ (Rh2
4+/Rh2

5+) [102]. ʂʘʪʘʣʠʟʘʪʦʨ Rh2(cap)4 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

TBHP c ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮʳ [Rh2(cap)4(OH)], ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʛʝʥʝʨʠʨʫʝʪ ʠʟ TBHP 

ʪʨʝʪ-ʙʫʪʠʣʧʝʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ t-BuOO, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʦʪʨʳʚʝ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʦʪ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ. ʈʝʢʦʤʙʠʥʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ t-BuOO ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʛʦ ʧʝʨʦʢʩʠʜʘ, ʨʘʩʱʝʧʣʷʶʱʝʛʦʩʷ ʜʦ ʢʝʪʦʥʘ ʠ ʪʨʝʪ-ʙʫʪʘʥʦʣʘ ʧʨʠ 

ʫʯʘʩʪʠʠ t-BuO (ʉʭʝʤʘ 27). ʊʘʢʞʝ ʚʦʟʤʦʞʝʥ ʧʫʪʴ ʩ ʟʘʭʚʘʪʦʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ 

ʘʣʣʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʜʘʣʴʥʝʡʰʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʠʜʨʦʧʝʨʦʢʩʠʜʘ (ʯʝʨʝʟ 

ʤʝʭʘʥʠʟʤ ʈʘʩʩʝʣʘ). ʉʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʨʝʘʢʮʠʠ ʠ ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʘ ʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ. 

ɼʨʫʛʠʝ ʢʦʤʧʣʝʢʩʳ ʜʠʨʦʜʠʷ (II) ʩ N,N- ʠ N,O-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʪʘʢʞʝ ʙʳʣʠ 

ʦʧʨʦʙʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ C-H ʧʦʣʦʞʝʥʠʡ, ʦʜʥʘʢʦ 

ʚ ʮʝʣʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʣʫʯʰʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ru2(cap)4 ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʣʦʩʴ. ʊʘʢ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ (2-ʩʫʣʴʬʦʥʠʣʠʤʠʥʦ)ʧʠʨʨʦʣʠʜʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʥʘʧʨʠʤʝʨ, 

Rh-2) ʧʦʟʚʦʣʷʝʪ ʦʢʠʩʣʷʪʴ ʩʫʙʩʪʨʘʪʳ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ [103], ʘ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Du Bois Rh-3 (ʢʦʤʧʣʝʢʩ ʜʠʨʦʜʠʷ (II) ʩ ʪʝʪʨʘʤʝʪʠʣʟʘʤʝʱʝʥʥʦʡ ʤ-

ʙʝʥʟʦʣʜʠʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ) ʫʤʝʥʴʰʘʝʪ ʟʘʛʨʫʟʢʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ 0.1 ʤʦʣʴʥ. %, ʦʜʥʘʢʦ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ [104].  
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ʉʭʝʤʘ 27. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ C-H ʦʢʠʩʣʝʥʠʷ ʩʠʩʪʝʤʦʡ TBHP/Ru2(cap)4. 

ʇʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʪʘʢʞʝ ʧʦʧʳʪʢʠ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɼʦʡʣʦʤ ʠ ʩʦʪʨ., ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ N-ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʦʚ (NHC) ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʨʦʜʠʷ [105]. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʢʠʩʣʠʪʝʣʷ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʬʣʫʦʨʝʥʘ 1 ʵʢʚ. TBHP ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Rh2(OAc)4(IPr)] (Rh-4) (IPr 

= 1,3-ʙʠʩ(2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ)ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥ)) ʚʳʭʦʜ ʬʣʫʦʨʝʥʦʥʘ ʩʦʩʪʘʚʠʣ 83%, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Rh-1 ï 43%. ʆʜʥʘʢʦ ʚʳʭʦʜʳ ʢʝʪʦʥʦʚ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Rh-4 ʠ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʚʝʣʠʢʠ: ʚ ʩʣʫʯʘʝ ʠʥʜʘʥʘ ʠ ʪʝʪʨʘʣʠʥʘ ʦʥʠ 

ʩʦʩʪʘʚʠʣʠ 47%, ʜʣʷ ʵʪʠʣʙʝʥʟʦʣʘ ï 31% (1 ʤʦʣʴʥ. % Rh-4, 1 ʵʢʚ. TBHP, K2CO3, DCM, 40 ÁC, 

ʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ, ʩʠʩʪʝʤʘ Ru2(cap)4/TBHP ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʧʦʣʥʦʤ ʩʠʥʪʝʟʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʊʠʪʮʝ (L.Tietze) ʠ ʩʦʪʨ. ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʝʝ ʥʘ ʧʦʩʣʝʜʥʠʭ ʩʪʘʜʠʷʭ ʩʠʥʪʝʟʘ ʭʨʦʤʘʥʦʥʦʚ Paecilin B ʠ Blennolide D, ʦʙʣʘʜʘʶʱʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʉʭʝʤʘ 28a) [106; 107]. ʊʘʢʞʝ ʵʪʦʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ 2020 ʛʦʜʫ ʐʠʥʜʣʝʨ (C. Schindler) ʠ ʩʦʘʚʪ. ʚ ʩʠʥʪʝʟʝ 

ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʦʛʦ ʤʝʨʦʪʝʨʧʝʥʦʠʜʘ (+)-ʣʠʥʛʞʠʦʣʘ ((+)-Lingzhiol), ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʛʨʠʙʘ 

Ganoderma lucidum. (ʉʭʝʤʘ 28b) [108]. 
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ʉʭʝʤʘ 28. ʘ) ʌʨʘʛʤʝʥʪ ʩʠʥʪʝʟʘ ʭʨʦʤʘʥʦʥʘ Blennolide D, ʚʳʧʦʣʥʝʥʥʦʛʦ ʊʠʪʮʝ ʠ ʩʦʘʚʪ.; b) 

ʬʨʘʛʤʝʥʪ ʩʠʥʪʝʟʘ (+)-Lingzhiol, ʚʳʧʦʣʥʝʥʥʦʛʦ ʐʠʥʜʣʝʨ ʠ ʩʦʘʚʪ; TPAP ï ʧʝʨʨʫʪʝʥʘʪ 

ʪʝʪʨʘʧʨʦʧʠʣʘʤʤʦʥʠʷ. 

ʈʝʜʢʠʡ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ (III) ʚ ʨʝʘʢʮʠʷʭ C-H 

ʦʢʠʩʣʝʥʠʷ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ɹʨʝʩʣʦʫ (R. Breslow) ʠ ʩʦʪʨ [109]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ (ʥʘ ʧʨʠʤʝʨʝ 

ʜʚʫʭ ʩʫʙʩʪʨʘʪʦʚ), ʯʪʦ ʢʦʤʧʣʝʢʩ Rh(TPFPP)I (Rh-5) ʢʘʪʘʣʠʟʠʨʫʝʪ ʦʢʠʩʣʝʥʠʝ ʘʮʝʪʘʪʘ 

ʵʢʚʠʣʝʥʠʥʘ PhIO ʧʦ ʙʝʥʟʠʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʩ TON = 570, ʜʘʚʘʷ C11-ʢʝʪʦʥ ʠ ʉ14-ʩʧʠʨʪ 

(ʉ11:ʉ14 = 43%/57%) ʩ ʩʫʤʤʘʨʥʳʤ ʚʳʭʦʜʦʤ 40% (ʉʭʝʤʘ 29). ʄʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʥʪʝʨʤʝʜʠʘʪʘ Rh=O, ʦʪʨʳʚʘʶʱʝʛʦ ʘʪʦʤ ʚʦʜʦʨʦʜʘ (HAT) ʩ ʜʘʣʴʥʝʡʰʝʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ, 

ʭʦʪʷ ʘʚʪʦʨʳ ʥʝ ʠʩʢʣʶʯʘʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʥʘʬʪʘʣʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʨʦʩʦʤ ʧʨʦʪʦʥʘ (ʩʪʫʧʝʥʯʘʪʳʡ PCET) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʦʜʠʷ (ʢʘʢ ʠ ʜʨʫʛʠʭ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ) ʜʣʷ ʧʨʦʮʝʩʩʦʚ C-H ʦʢʠʩʣʝʥʠʷ ʥʝ 

ʧʦʣʫʯʠʣʦ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʨʦʜʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʉ-

ʆ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʦʜʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ ʨʦʜʠʡ-ʫʛʣʝʨʦʜ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʪʨʫʜʦʤ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C(sp3)-H ʩʚʷʟʝʡ; ʩʣʦʞʥʦʩʪʠ 

ʪʘʢʞʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʦʜʠʝʚʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʉ-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 
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ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ. ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʚ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ 

ʫʜʘʝʪʩʷ ʚʦʚʣʝʯʴ ʪʦʣʴʢʦ ʧʝʨʚʠʯʥʳʝ C-H ʛʨʫʧʧʳ.  

 

ʉʭʝʤʘ 29. ʆʢʠʩʣʝʥʠʝ ʩʪʝʨʦʠʜʘ ʘʮʝʪʘʪʘ ʵʢʚʠʣʝʥʠʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʧʦʨʬʠʨʠʥʦʚʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʨʦʜʠʷ (III ). 

ʆʢʠʩʣʝʥʠʝ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʧʦʤʦʱʠ ʜʚʦʡʥʦʛʦ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʦʡ Rh2(OAc)4/F-TEDA ʚ 

ʩʨʝʜʝ CF3CO2H/(CF3CO)2O (ʉʭʝʤʘ 30a) [110]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʜʘʸʪʩʷ ʧʦʣʫʯʘʪʴ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʣʴʜʝʛʠʜʳ ʠʟ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʪʦʣʫʦʣʘ ʢʘʢ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ, ʪʘʢ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʭʦʪʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʤʝʪʦʜ ʙʳʣ ʦʧʨʦʙʦʚʘʥ 

ʠʤʝʥʥʦ ʥʘ ʩʫʙʩʪʨʘʪʘʭ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʙʝʥʟʦʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʟʘʤʝʱʝʥʥʳʭ 9-ʬʣʫʦʨʝʥʦʥʘʭ ʠ ʘʥʪʨʘʭʠʥʦʥʘʭ. ɼʨʫʛʠʝ ʦʢʠʩʣʠʪʝʣʠ (K2S2O8, PhI(OAc)2, NFSI) 

ʦʢʘʟʘʣʠʩʴ ʥʝʧʨʠʤʝʥʠʤʳʤʠ ʜʣʷ ʪʘʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʄʝʭʘʥʠʟʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʢʣʶʯʘʝʪ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ Rh2(tfa)4 ʠ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʜʦ ʢʦʤʧʣʝʢʩʘ ʜʠʨʦʜʠʷ(III), ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ ʪʦʣʫʦʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ʇʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʘʚʪʦʨʦʚ, ʜʘʣʴʥʝʡʰʝʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ ʜʠʘʮʠʣʦʢʩʠʣʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ 

ʩ ʫʯʘʩʪʠʝʤ ʬʪʦʨʠʜʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʢʘʨʙʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʨʦʜʠʷ. ʇʦʩʣʝʜʫʶʱʝʝ 

ʨʘʟʣʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʘʮʠʣʘʣʷ ArCH(OC(O)CF3)2 ʧʨʠʚʦʜʠʪ ʢ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ 

ʘʣʴʜʝʛʠʜʫ.  

ʅʘʣʠʯʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʪʝʢʘʥʠʝ C-H ʘʢʪʠʚʘʮʠʠ, 

ʭʦʪʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ (ʦʩʦʙʝʥʥʦ RhIIICp*) ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʦʨʪʦ-C(sp2)-H ʩʚʷʟʝʡ. ʃʠʰʴ ʥʝʜʘʚʥʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ 

ʥʘʧʨʘʚʣʝʥʥʦʝ C(sp3)-H ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ 8-ʤʝʪʠʣʭʠʥʦʣʠʥʦʚ ʜʝʡʩʪʚʠʝʤ PhI(OAc)2, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Cp*Rh(MeCN)3](SbF6)2 (Rh-6) (ʉʭʝʤʘ 30b) 

[111]. ʄʝʪʦʜ ʦʢʘʟʘʣʩʷ ʧʨʠʤʝʥʠʤ ʜʣʷ ʤʝʪʠʭʠʥʦʣʠʥʦʚ, ʥʝʩʫʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʚ ʉ5-ʉ7 ʧʦʣʦʞʝʥʠʷʭ (ʜʦʥʦʨʥʳʝ ʠʣʠ ʩʣʘʙʳʝ ʘʢʮʝʧʪʦʨʥʳʝ), ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤ ʠʦʜʘ, ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʩʪʴ 

ʜʣʷ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ 
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ʨʝʘʢʮʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʘʢʪʠʚʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʯʝʨʝʟ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ ʧʨʠ ʥʘʧʨʘʚʣʷʶʱʝʤ ʩʦʜʝʡʩʪʚʠʠ ʭʝʣʘʪʥʦʡ ʛʨʫʧʧʳ) ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʷʪʠʯʣʝʥʥʦʛʦ ʨʦʜʘʮʠʢʣʘ, ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʮʝʪʘʪʘ ʠʟ PhI(OAc)2 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ Rh(V) ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʠ Rh-OAc ʥʘ 

ʩʪʘʜʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ.  

 

ʉʭʝʤʘ 30. ʆʢʠʩʣʝʥʠʝ ʤʝʪʠʣʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʙʝʥʟʠʣʴʥʳʤ ʉ-ʅ ʧʦʣʦʞʝʥʠʷʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ Rh(II ). 

ɸʢʪʠʚʘʮʠʷ ʘʣʣʠʣʴʥʳʭ C-H ʩʚʷʟʝʡ ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ, ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ˊ-ʘʣʣʠʣʴʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʣʝʝ ʧʦ ʚʥʫʪʨʠʩʬʝʨʥʦʤʫ ʠʣʠ SN2-ʧʦʜʦʙʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩʧʦʩʦʙʥʳ 

ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ. ɼʣʷ ʘʣʣʠʣʴʥʦʡ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

(ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʣʘʢʪʦʥʠʟʘʮʠʠ, ʵʪʝʨʠʬʠʢʘʮʠʠ) ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Pd(II), ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʠʤʝʥʠʤʳ 

ʣʠʰʴ ʢ ʪʝʨʤʠʥʘʣʴʥʳʤ ʦʣʝʬʠʥʘʤ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ RhIIICp* ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠ ʵʪʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʦʚʦʜʠʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʫʶ ʘʣʣʠʣʴʥʫʶ ʵʪʝʨʠʬʠʢʘʮʠʶ ʠʥʪʝʨʥʘʣʴʥʳʭ 

ʪʨʘʥʩ-ʜʠʟʘʤʝʱʝʥʥʳʭ ʦʣʝʬʠʥʦʚ ʨʘʟʣʠʯʥʳʤʠ ʩʧʠʨʪʘʤʠ (ʉʭʝʤʘ 31) [112]. ʄʝʪʦʜ ʙʳʣ 

ʦʧʨʦʙʦʚʘʥ ʥʘ ʩʝʨʠʠ ʩʧʠʨʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʦʙʳʯʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5 ʵʢʚ. ʩʧʠʨʪʘ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʢʝʥʫ), ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ, ʠ ʧʦʢʘʟʘʣ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʝʪʠʯʥʦʛʦ ʩʧʠʨʪʘ (t-BuOH), ʦʞʠʜʘʝʤʦ, ʦʙʨʘʟʦʚʘʥʠʷ ʵʬʠʨʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʠʟʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ. ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʜʦʙʘʚʢʘ ʩʦʣʝʡ ʩʝʨʝʙʨʘ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠʟ ʨʦʜʠʝʚʦʛʦ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʘ. ʕʪʦ 
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ʠʥʪʝʨʝʩʥʳʡ ʧʨʠʤʝʨ ʘʣʣʠʣʴʥʦʡ ʵʪʝʨʝʬʠʢʘʮʠʠ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʮʝʪʘʪʘ ʩʝʨʝʙʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʫʢʘʟʘʪʴ 

ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʵʬʠʨʦʚ, ʦʜʥʘʢʦ, ʚʦʟʤʦʞʥʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ (ʠʣʠ ʣʠʛʘʥʜʦʚ) ʚ ʙʫʜʫʱʝʤ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʝ) ʤʝʪʦʜʳ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʨʦʜʠʷ. 

 

ʉʭʝʤʘ 31. ʄʝʞʤʦʣʝʢʫʣʷʨʥʘʷ Rh-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʘʣʣʠʣʴʥʘʷ C-H ʵʪʝʨʠʬʠʢʘʮʠʷ. 

ɼʘʥʥʳʝ ʠʟʦʪʦʧʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʂʀʕ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʯʝʨʝʟ ʥʝʦʙʨʘʪʠʤʳʡ ʨʘʟʨʳʚ C-H ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

-́ʘʣʣʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʭʦʞ ʩ ʪʝʤ, ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ Rh-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ (I ʧʦʢʦʣʝʥʠʷ) ʠ ʛʝʪʝʨʦʘʨʠʣʠʨʦʚʘʥʠʷ, ʪ.ʝ. 

ʯʝʨʝʟ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʘʣʣʠʣʘʮʝʪʘʪʘ ʠʟ ʢʦʤʧʣʝʢʩʘ Rh(IV)Cp*(ˊ-

ʘʣʣʠʣ)(OAc). ɼʘʣʴʥʝʡʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ C-O ʩʦ ʩʧʠʨʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ SN1.  

 

1.2.3 ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ 

ʉʦʚʨʝʤʝʥʥʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʭʠʤʠʶ ʪʨʫʜʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʧʘʣʣʘʜʠʡ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦ ʧʦʨʘʟʠʪʝʣʴʥʳʤ. ʕʪʦ 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ ʥʝʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ, ʠʟʦʤʝʨʠʟʘʮʠʠ, 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ ʠ ʛʝʪʝʨʦʘʪʦʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʧʨʦʮʝʩʩʳ C-H ʘʢʪʠʚʘʮʠʠ. ʀ ʝʩʣʠ ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-

C ʧʨʠ ʧʦʤʦʱʠ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ 
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ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ C-H ʛʨʫʧʧ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʵʪʦʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ 

ʨʝʘʢʮʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʩʚʷʟʝʡ C-O. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ 

C-O ʠʟ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C(sp3)-H ʩʚʷʟʝʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʴ ʧʘʣʣʘʜʠʡ-ʫʛʣʝʨʦʜ, ʯʘʩʪʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʣʣʘʜʘʮʠʢʣʦʚ ʠʣʠ ˊ-

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʦʪ Fe-, 

Mn- ʠ Ru-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʢʠʩʣʝʥʠʝ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʀʟ-ʟʘ ʵʪʦʛʦ ʨʘʟʣʠʯʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʝʪʦʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʩʧʦʩʦʙʥʳ ʜʦʧʦʣʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʠʭ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʠʣʠ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʢʘʪʘʣʠʟʝ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʘʣʣʘʜʠʷ 

ʩʫʙʩʪʨʘʪʳ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʦʨʜʠʥʘʮʠʠ. ʊʘʢ, ʘʣʢʝʥʳ ʘʢʪʠʚʥʦ 

ʚʩʪʫʧʘʶʪ ʚ ʨʘʟʣʠʯʥʳʝ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʩʚʷʟʠ 

C=C ʢ ʧʘʣʣʘʜʠʝʚʳʤ ʯʘʩʪʠʮʘʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʥʝʜʨʝʥʠʶ ʧʦ ʘʣʣʠʣʴʥʦʡ C-H ʩʚʷʟʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ɖ3-ʘʣʣʠʣʧʘʣʣʘʜʠʝʚʳʭ ʯʘʩʪʠʮ. ɼʘʣʴʥʝʡʰʝʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʤʝʞʜʫ 

ʪʘʢʠʤ ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʠ O-ʥʫʢʣʝʦʬʠʣʦʤ (ʩʧʠʨʪʦʤ ʠʣʠ ʢʠʩʣʦʪʦʡ) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʜʫʢʪʘ (ʉʭʝʤʘ 32).  

 

ʉʭʝʤʘ 32. ʉʭʝʤʘ ʘʣʣʠʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ Pd. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʨʘʭ ʘʣʣʠʣʴʥʦʡ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʦʬ. ʂʨʠʩʪʠʥʳ ʋʘʡʪ (C. White) ʚ 2005-2016 ʛʦʜʘʭ. ʆʥʠ 

ʩʳʛʨʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʧʨʷʤʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʨʝʘʢʮʠʠ ʎʫʜʞʠ-ʊʨʦʩʪʘ, ʪʨʝʙʫʶʱʝʡ ʥʘʣʠʯʠʷ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ ʚ ʘʣʣʠʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ. ʊʘʢ, ʋʘʡʪ ʩ ʩʦʘʚʪʦʨʘʤʠ ʥʘʰʣʠ, ʯʪʦ ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʷʜʘ 

ʬʝʥʠʣʩʫʣʴʬʠʜʦʚ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʘʣʣʠʣʴʥʳʭ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʩ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʜʦ 46:1) ʧʦ ʧʨʦʜʫʢʪʫ ʩ ʪʝʨʤʠʥʘʣʴʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ (ʉʭʝʤʘ 33a) [113].  
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ʉʭʝʤʘ 33. ʇʨʠʤʝʨʳ ʘʣʣʠʣʴʥʦʡ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʨʦʬ. ʂ. ʋʘʡʪ.  

ɼʘʣʝʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʘʪʘʣʠʟʘʪʦʨ Pd-1 ʥʘ ʦʩʥʦʚʝ Pd(OAc)2 ʠ ʧʨʦʩʪʦʛʦ 

ʬʝʥʠʣʜʠʩʫʣʴʬʦʢʩʠʜʥʦʛʦ ʣʠʛʘʥʜʘ (ʠʟʚʝʩʪʥʳʡ ʩʝʡʯʘʩ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ ʋʘʡʪ), ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʦʚʦʜʠʪʴ ʢʘʢ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʣʢʝʥʦʚ, ʪʘʢ ʠ ʤʘʢʨʦʣʘʢʪʦʥʠʟʘʮʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ 14-17-

ʯʣʝʥʥʳʭ ʤʘʢʨʦʣʠʜʦʚ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 33b) [113; 114]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʢʘʟʘʣ 

ʩʚʦʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʚ ʭʦʜʝ ʨʷʜʘ ʧʦʣʥʳʭ ʩʠʥʪʝʟʦʚ ʧʨʠʨʦʜʥʳʭ ʤʘʢʨʦʣʠʜʦʚ ʠ 

ʘʣʢʘʣʦʠʜʦʚ [115]. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-O. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʭʠʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ (ʪʘʢʦʡ, ʢʘʢ ʩʘʣʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʭʨʦʤʘ (III)) ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʤʫ ʘʣʣʠʣʴʥʦʤʫ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʶ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʣʢʝʥʦʚ ʩ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 63% ee (ʉʭʝʤʘ 33ʩ) [116]. ɽʱʝ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʜʦ 95% ee) ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟʦʭʨʦʤʘʥʦʚ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ (ʉʭʝʤʘ 33d) [117]. ɼʣʷ ʵʪʦʛʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 
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ʦʢʘʟʘʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʨʠʣʩʫʣʴʬʦʢʩʠʜ-ʦʢʩʘʟʦʣʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ (ArSOX), 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʙʝʥʟʠʣʴʥʳʤʠ C-H ʛʨʫʧʧʘʤʠ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʤʝʪʠʣʴʥʳʤʠ), ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ɖ1- ʠʣʠ 

ɖ3-ʙʝʥʟʠʣʧʘʣʣʘʜʠʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ (ʉʭʝʤʘ 34a). ʆʙʨʘʟʦʚʘʥʠʝ C-O ʩʚʷʟʠ ʧʨʦʪʝʢʘʝʪ ʣʠʙʦ 

ʯʝʨʝʟ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ (ʚʥʫʪʨʠʩʬʝʨʥʳʡ ʤʝʭʘʥʠʟʤ), ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʮʝʪʘʪ-ʘʥʠʦʥʦʤ (ʚʥʝʰʥʝʩʬʝʨʥʳʡ ʤʝʭʘʥʠʟʤ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʘʢʪʠʚʘʮʠʠ ʙʝʥʟʠʣʴʥʦʡ C-H ʘʢʪʠʚʘʮʠʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʙʝʥʟʠʣʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

(ʉʭʝʤʘ 34b). ʀ ʜʣʷ ʘʣʣʠʣʴʥʦʛʦ, ʠ ʜʣʷ ʙʝʥʟʠʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ Pd(II )/Pd(0).  

 

ʉʭʝʤʘ 34. ʘ) ɺʦʟʤʦʞʥʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʧʨʠ ʙʝʥʟʠʣʴʥʦʡ C-H ʘʢʪʠʚʘʮʠʠ; ʙ) ʇʘʣʣʘʜʠʡ-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʙʝʥʟʠʣʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɺ ʩʣʫʯʘʝ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʦʢʠʩʣʝʥʠʶ ʧʦ Ŭ-ʧʦʣʦʞʝʥʠʶ, 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʮ ʩ ɖ2-ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʘʣʣʘʜʠʷ ʧʦ C=C ʩʚʷʟʠ ʝʥʦʣʘ ʠʣʠ ɖ3-

ʦʢʩʦʧʘʣʣʘʜʠʝʚʳʭ ʯʘʩʪʠʮ. ɼʣʷ ɓ-ʜʠʢʝʪʦʥʦʚ ʠ ʢʝʪʦʵʬʠʨʦʚ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ Ŭ-

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ) ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʭʝʣʘʪʥʳʭ 

ʧʘʣʣʘʜʠʝʚʳʭ ʝʥʦʣʷʪʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʶ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ ʤʝʪʘʣʣʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʥʦʩʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, 

ʜʘʣʝʝ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ. 

ɹʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩʝʡʯʘʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ C-H 

ʘʢʪʠʚʘʮʠʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ (ʚ ʦʪʩʫʪʩʪʚʠʝ -́ʢʦʦʨʜʠʥʘʮʠʠ). ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʛʨʫʧʧʳ ʩ ʛʝʪʝʨʦʘʪʦʤʘʤʠ (ʢʘʢ 
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ʧʨʘʚʠʣʦ, ʘʟʦʪ ʠ ʢʠʩʣʦʨʦʜ), ʩʧʦʩʦʙʥʳʝ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʤʝʪʘʣʣʦʤ. ʊʘʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʩʙʣʠʞʘʝʪ ʧʘʣʣʘʜʠʝʚʳʡ ʮʝʥʪʨ ʠ C-H ʛʨʫʧʧʫ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʉ-ʅ 

ʘʢʪʠʚʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʣʣʘʜʦʮʠʢʣʘ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ: ʯʘʱʝ ʚʩʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 5- (ʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ) ʠ 6-

ʯʣʝʥʥʳʝ ʮʠʢʣʳ, ʚ ʦʩʦʙʳʭ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ï ʯʝʪʳʨʝʭʯʣʝʥʥʳʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ɓ-

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʤʠʥʦʚ [118]), ʪʘʢ ʢʘʢ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʤʝʥʝʝ ʚʳʛʦʜʥʦ. ɺ ʘʢʪʠʚʘʮʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʚʣʝʢʘʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ C-

H ʩʚʷʟʠ, ʚʪʦʨʠʯʥʳʝ ʚʩʪʫʧʘʶʪ ʥʘʤʥʦʛʦ ʭʫʞʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʢʘʨʙʘʥʠʦʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʥʪʝʨʤʝʜʠʘʪʘ ʠ, ʚʦʟʤʦʞʥʦ, 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʜʦ ʩʠʭ 

ʧʦʨ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʚ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ (ʥʘʧʨʠʤʝʨ, ʞʝʩʪʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʫʧʥʳʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ).  

 

ʉʭʝʤʘ 35. a) ʇʝʨʚʳʝ ʧʨʠʤʝʨʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʉ(sp3)-H ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʚʷʟʠ C-O, ʚʳʧʦʣʥʝʥʥʳʝ ʛʨʫʧʧʦʡ ʉʵʥʬʦʨʜ; b) ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʉʵʥʬʦʨʜ ʚ ʧʦʣʥʦʤ 

ʩʠʥʪʝʟʝ ʩʪʝʨʦʠʜʥʳʭ ʘʣʢʘʣʦʠʦʜʦʚ. 

ʊʘʢʞʝ ʥʫʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ C(sp2)-H ʩʚʷʟʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʨʘʚʣʝʥʥʦʡ 

C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʣʣʘʜʦʮʠʢʣʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ 
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ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʙʝʥʟʠʣʴʥʳʭ C-H ʩʚʷʟʝʡ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʪʩʫʪʩʪʚʠʷ ʦʨʪʦ-C-H ʩʚʷʟʝʡ ʚ ʩʫʙʩʪʨʘʪʝ.  

ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʡ ʉ(sp3)-H 

ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʛʨʫʧʧʦʡ ʧʨʦʬ. ʄʝʣʘʥʠ ʉʵʥʬʦʨʜ (M. Sanford) ʚ 2004 

ʛʦʜʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ ʠ PhI(OAc)2 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ [119; 120]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʦʢʩʠʤʦʚ ʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʙʝʥʟʠʣʴʥʳʭ ʠ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ (ʉʭʝʤʘ 35a). ʈʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʝʩʪʢʦʛʦ ʧʘʣʣʘʜʘʮʠʢʣʘ, ʙʝʟ ʧʨʦʪʝʢʘʥʠʷ ɓ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ. ʕʪʦʪ 

ʧʠʦʥʝʨʩʢʠʡ ʧʦʜʭʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʭʦʜʝ ʧʦʣʥʳʭ ʩʠʥʪʝʟʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʪʝʨʦʠʜʥʳʭ ʘʣʢʘʣʦʠʜʦʚ ʧʘʩʧʘʣʠʥʘ ʠ ʦʨʠʜʘʤʠʮʠʥʘ (ʉʭʝʤʘ 35b) [121; 122], 

 

ʉʭʝʤʘ 36. ʆʙʱʠʝ ʩʭʝʤʳ ʚʦʟʤʦʞʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʫʪʝʡ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ. 

ʆʙʳʯʥʦ ʚ ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʧʘʣʣʘʜʠʷ ʧʨʦʮʝʩʩʘʭ ʥʘʧʨʘʚʣʝʥʥʦʡ C-H 

ʘʢʪʠʚʘʮʠʠ ʛʝʥʝʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ in situ ʠʟ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ (ʯʘʱʝ Pd(OAc)2, ʨʝʞʝ ʠʩʧʦʣʴʟʫʶʪ Pd(PhCN)2Cl2 ʠ ʜʨ.) ʠ ʣʠʛʘʥʜʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (80 140Áʉ), ʩ ʚʳʩʦʢʠʤʠ ʟʘʛʨʫʟʢʘʤʠ 

ʧʘʣʣʘʜʠʷ (10 ʤʦʣʴʥ. % ʠʣʠ ʚʳʰʝ) ʠ ʦʢʠʩʣʠʪʝʣʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʫʯʘʩʪʠʝ ʣʠʙʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ Pd(II)/Pd(0), ʣʠʙʦ 

Pd(II)/Pd(IV) (ʉʭʝʤʘ 36). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʢʠʩʣʠʪʝʣʴ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʛʝʥʝʨʘʮʠʠ ʘʢʪʠʚʥʦʡ 

ʯʘʩʪʠʮʳ Pd(II) ʠʟ ʠʥʪʝʨʤʝʜʠʘʪʘ LPd(0), ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʤʷʛʢʠʝ ʦʢʠʩʣʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ 

ʙʝʥʟʦʭʠʥʦʥ/O2, ʩʦʝʜʠʥʝʥʠʷ Ag(I), Cu(II) ʠ ʜʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʦʡ ʧʫʪʴ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ 
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ʚʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ 

ʵʥʝʨʛʠʷʭ ʤʝʞʜʫ ɺɿʄʆ ʩʚʷʟʠ Pd-O ʠ ʅʉʄʆ Pd-C. ʊʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʣʠʛʘʥʜʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʢʘʢ C-H ʘʢʪʠʚʘʮʠʶ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ Pd(II)/Pd(0) ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʙʝʥʟʦʣʘʢʪʦʥʦʚ ʠʟ ʦ-ʪʦʣʫʠʣʦʚʳʭ ʢʠʩʣʦʪ ʚ ʩʠʩʪʝʤʘʭ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʛʨʫʧʧʘʤʠ 

ʄʘʨʪʠʥʘ (R. Martin) ʠ ʖ (J.-Q. Yu) (ʉʭʝʤʘ 37) [123; 124]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʘʨʙʦʥʘʪ ʩʝʨʝʙʨʘ (I), ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʙʳʣʦ 

ʥʘʣʠʯʠʝ ʦʩʥʦʚʘʥʠʷ (K2HPO4) ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ (N-ʘʮʝʪʠʣ-L-ʣʝʡʮʠʥʘ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʣʘʢʪʦʥʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ. 

ʇʦʟʜʥʝʝ ʛʨʫʧʧʦʡ ʖ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʣʘʢʪʦʥʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʠʜʦʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠʤʝʥʷʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, ʜʘʞʝ ʚ 

ʚʠʜʝ 5% ʨʘʩʪʚʦʨʘ ʚ ʘʟʦʪʝ (ʥʠʞʝ ʥʠʞʥʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʣʘʤʝʥʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ) [124].  

 

ʉʭʝʤʘ 37. Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʣʘʢʪʦʥʠʟʘʮʠʷ ʦʨʪʦ-ʪʦʣʫʠʣʦʚʳʭ ʢʠʩʣʦʪ. 

ʆʜʥʘʢʦ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡ Pd(II )/Pd(IV) ʢʘʪʘʣʠʟʘ. 

ʆʢʠʩʣʠʪʝʣʴ ʚ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʯʘʩʪʠʮ Pd(II) (ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ 

C-H ʘʢʪʠʚʘʮʠʠ, ʪ.ʝ. ʫʞʝ ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʴ Pd-C) ʜʦ ʯʘʩʪʠʮ Pd(IV), ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ, ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʚʷʟʠ C-O ʚ ʧʨʦʜʫʢʪʝ. ʆʢʠʩʣʝʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʯʘʩʪʠʮ ʜʦ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ 

ʪʨʝʙʫʝʪ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʭ ʢʘʢ PhI(OAc)2, NBS (ʠ ʘʥʘʣʦʛʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ), Ce(IV), ʨʝʘʛʝʥʪʳ çF+è (ʪʘʢʠʝ ʢʘʢ F-TEDA), K2S2O8, ʦʢʩʦʥ, ʨʝʞʝ ʧʝʨʦʢʩʠʜʳ. 

ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ çʟʝʣʝʥʦʡè ʭʠʤʠʠ ʚ ʯʘʩʪʠ 

ʘʪʦʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʙʦʣʝʝ 
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ʙʝʟʦʧʘʩʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ.  

ʅʘʧʨʠʤʝʨ, ʧʨʠ ɓ-ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʠ ʦʢʩʘʟʦʣʠʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʩʪʫʧʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ, ʥʘʧʨʠʤʝʨ, AcOOtBu, ʧʦʣʫʯʘʝʤʳʡ ʠʟ 

TBHP ʨʝʘʢʮʠʝʡ ʩ Ac2O (ʉʭʝʤʘ 38a) [125]. ʇʨʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʉ(sp3)-H ʩʚʷʟʝʡ ʵʬʠʨʦʚ ʦʢʩʠʤʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ NaNO3/O2. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʠʪʨʘʪ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʛʝʥʝʨʠʨʫʷ NO2, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʦʢʠʩʣʷʪʴ ʯʘʩʪʠʮʳ Pd(II) ʚ Pd(IV) ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [126]. ʕʪʦʪ ʞʝ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ. ʊʘʢ, ʄʵʡ (T. Mei) ʠ ʩʦʪʨ. ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ɓ-ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʦʢʩʠʤʦʚ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 38b) [127]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʠ ʠʭ ʩʦʣʝʡ), ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʥʦ ʚʳʭʦʜʳ ʙʳʣʠ ʥʠʞʝ ʠʟ-ʟʘ ʧʨʦʪʝʢʘʥʠʷ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ.  

 

ʉʭʝʤʘ 38. a) ɓ-ɸʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʦʢʩʘʟʦʣʠʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʦʢʩʠʜʦʚ ʚ Ac2O; b) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ NaNO3/O2 ʩ) ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʟʘʤʝʱʝʥʥʳʭ ʦʢʩʠʤʦʚ. 

ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʘʢʪʠʚʘʮʠʠ ʠʤʝʶʪ 

ʩʚʦʡʩʪʚʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʦʩʦʙʥʳ ʩʣʫʞʠʪʴ ʣʠʛʘʥʜʘʤʠ ʚ 

ʦʙʨʘʟʫʶʱʝʤʩʷ ʢʦʤʧʣʝʢʩʝ ʩ ʧʝʨʝʭʦʜʥʳʤ ʤʝʪʘʣʣʦʤ, ʪ.ʝ. ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʣʴʶʠʩʦʚʩʢʦʡ 

ʦʩʥʦʚʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʚʚʝʜʝʥʠʝ ʪʘʢʠʭ ʛʨʫʧʧ 

ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʳ (ʟʘ ʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ), ʘ ʟʘʪʝʤ, ʧʦʩʣʝ C-H 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʠʭ ʫʜʘʣʝʥʠʝ (ʉʭʝʤʘ 40a). ʅʘ ʈʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʣʘʩʩʳ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ ʠ ʧʦʣʦʞʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

[128].  
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ʈʠʩʫʥʦʢ 9. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʳ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ ʠ ʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʘʜʠʡ ʜʣʷ ʚʚʝʜʝʥʠʷ ʠ 

ʫʜʘʣʝʥʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʠ ʠ 

ʛʝʥʝʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʥʠʞʘʶʪ ʦʙʱʫʶ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ çʚʨʝʤʝʥʥʦʡè ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʛʨʫʧʧʳ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʫʜʘʣʝʥʠʝʤ ʚ ʦʜʥʦʤ ʨʝʘʢʮʠʦʥʥʦʤ 

ʩʦʩʫʜʝ (ʉʭʝʤʘ 40b). ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

çʧʦʩʪʦʷʥʥʳʭè ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ ʦʯʝʚʠʜʥʳ, ʦʜʥʘʢʦ ʢʨʫʛ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʘʢʮʠʡ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ in situ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʤʠʥʦʚ ʠ ʝʥʘʤʠʥʦʚ. ʅʘʧʨʠʤʝʨ, 

ʧʨʦʬ. ʖ ʠ ʩʦʪʨ. ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 2-ʛʠʜʨʦʢʩʠʥʠʢʦʪʠʥʘʣʴʜʝʛʠʜ ʜʣʷ ɔ-

ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʝʟʘʱʠʱʝʥʥʳʭ ʘʤʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10 ʤʦʣʴʥ. % Pd(OAc)2 ʠ 

2 ʵʢʚ. N-ʬʪʦʨ-2,4,6-ʪʨʠʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʚ HFIP (ʉʭʝʤʘ 39ʘ) [129]. 

ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʚ ʤʦʣʝʢʫʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʚʳʩʪʫʧʘʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʠʭ (ʉʭʝʤʘ 40c). ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʧʦʣʝʟʥʳʝ ʛʨʫʧʧʳ ʦʙʣʘʜʘʶʪ ʣʠʙʦ 

ʩʣʘʙʦʡ ʢʦʦʨʜʠʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʢʩʠʣʴʥʘʷ ïCOOH), ʣʠʙʦ, 

ʥʘʧʨʦʪʠʚ, ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʠ ʩʢʣʦʥʥʳ ʢ Ŭ-ʦʢʠʩʣʝʥʠʶ (ʢʘʢ ʘʤʠʥʦʛʨʫʧʧʳ -NH2 ʠʣʠ -

NHR). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ, ʦʢʠʩʣʠʪʝʣʷ ʠ 

ʜʠʟʘʡʥ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʪʘʢʠʝ ʨʝʘʢʮʠʠ. 
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ʉʭʝʤʘ 39. a) ɔ-ʌʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʤʠʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʚʨʝʤʝʥʥʦʡè ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʛʨʫʧʧʳ; b) Pd(II)-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ɔ-CīH ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʤʠʥʦʚ H2O2. 

ɺ 2023 ʛʦʜʫ ʧʨʦʬ. ʖ ʠ ʩʦʪʨ. ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣʠ ʩʧʦʩʦʙ ɔ-CīH ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʥʝʟʘʱʠʱʝʥʥʳʭ ʘʤʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ Ŭ-ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʨʘʩʪʚʦʨʦʤ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ 

(ʉʭʝʤʘ 39b) [130]. ʂʣʶʯʝʚʳʤ ʷʚʣʷʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʢʘʨʙʦʢʩʠʧʠʨʠʜʦʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʝʨʪʥʳʭ 

ʙʠʩ(ʘʤʠʥʦ)ʧʘʣʣʘʜʠʝʚʳʭ ʯʘʩʪʠʮ, ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʳʚʝ C-H ʩʚʷʟʠ ʚ ʭʦʜʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʠʨʦʚʘʥʠʷ-ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʤʦʪʠʨʫʝʪ ʦʢʠʩʣʝʥʠʝ 

ʘʣʢʠʣʧʘʣʣʘʜʠʝʚʦʛʦ (II) ʠʥʪʝʨʤʝʜʠʘʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ H2O2 ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʰʘʛʦʤ ʚʧʝʨʝʜ, ʪʘʢ ʢʘʢ ʦʢʠʩʣʠʪʝʣʠ ʩ ʥʠʟʢʦʡ ʘʪʦʤʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ C-H 

ʘʢʪʠʚʘʮʠʠ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʝʪʠʣʝʥʦʚʳʝ ʛʨʫʧʧʳ ʥʝ ʨʝʘʛʠʨʫʶʪ ʠʣʠ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʥʘʤʥʦʛʦ ʤʝʥʴʰʠʤʠ 

ʚʳʭʦʜʘʤʠ, ʯʝʤ ʧʝʨʚʠʯʥʳʝ ʉ-ʅ ʛʨʫʧʧʳ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʞʝʩʪʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 

(ʥʘʧʨʠʤʝʨ, ʩ ʙʠʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ) ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʧʦ 2Á 

ʛʨʫʧʧʘʤ, ʦʜʥʘʢʦ ʜʘʞʝ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ. ɺ 

ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʩʧʝʭʠ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʨʝʘʢʮʠʠ ʣʘʢʪʦʥʠʟʘʮʠʠ) ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʘʢ, ɓ-

ʘʮʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʝ ʟʘʱʠʱʝʥʥʳʭ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʂʦʨʠ (E. Corey) ʠ ʩʦʪʨ. 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʘ ʚ ʩʦʩʪʘʚʝ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʛʨʫʧʧʳ (ʨʘʥʝʝ ʚʚʝʜʸʥʥʦʡ ʚ ʧʨʘʢʪʠʢʫ ɼʘʫʛʫʣʠʩʦʤ (O. Daugulis) ʩ ʩʦʪʨ.) [131; 132]. ɺ ʢʘʯʝʩʪʚʝ 
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ʦʢʠʩʣʠʪʝʣʷ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʠʩʪʝʤʘ ʦʢʩʦʥ/Mn(OAc)2; 

ʧʨʦʤʦʪʠʨʫʶʱʘʷ ʨʦʣʴ ʤʘʨʛʘʥʮʘ (ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʜʦ Mn3+), ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚ ʧʘʣʣʘʜʠʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʘʭ ʟʘ ʩʯʝʪ ʝʛʦ ʣʴʶʠʩʦʚʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʙʘʨʴʝʨ ʚʥʝʜʨʝʥʠʷ ʧʦ C-H ʩʚʷʟʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʣʣʘʜʘʮʠʢʣʘ 

(ʉʭʝʤʘ 41a).  

 

ʉʭʝʤʘ 40. ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʘʪʝʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ C(sp3)-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ. 

ʉʠʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝʩʷ ʙʠʜʝʥʪʘʪʥʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʛʨʫʧʧʳ 

(ʘʤʠʜʳ ʭʠʥʦʣʠʥʦʚ ʠ ʟʘʤʝʱʝʥʥʳʭ ʧʠʢʦʣʠʥʦʚ), ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʤʝʥʷʣʠʩʴ 

ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ C-H ʩʚʷʟʝʡ [133]. ɹʦʣʝʝ ʦʙʱʝʝ 

ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 1Á ʠ 2Á ʛʨʫʧʧ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʭʦʜʦʤ ʂʦʨʠ ʠ ʩʦʪʨ.) 

ʚ ɓ-ʧʦʣʦʞʝʥʠʠ ʘʤʠʜʦʚ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʠʦʜʘ(III), ʪʘʢʞʝ ʩ ʫʯʘʩʪʠʝʤ 8-ʘʤʠʥʦʭʠʥʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ [134]. ɼʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʢ ʘʢʪʠʚʘʮʠʠ ʤʝʪʠʣʝʥʦʚʳʭ C-H ʛʨʫʧʧ ʩʚʷʟʘʥʦ ʩ 2-(ʧʠʨʠʜʠʥ-2-

ʠʣ)ʠʟʦʧʨʦʧʠʣʘʤʠʥʦʚʦʡ ʛʨʫʧʧʦʡ (NHPIP), ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʐʠ (B.-F. Shi) ʠ ʩʦʪʨ. ʚ ʭʦʜʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʠʨʠʜʠʥʩʦʜʝʨʞʘʱʠʭ 
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ʛʨʫʧʧ [133]. ʀʤʠ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʛʝʤ-ʜʠʤʝʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʮʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʊʦʨʧʘ-ʎʠʛʣʝʨʘ (ʛʝʤ-

ʜʠʘʣʢʠʣʴʥʦʛʦ ʵʬʬʝʢʪʘ) [135]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʤʝʥʥʦ ʵʪʘ ʦʧʪʠʤʘʣʴʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ 

ʛʨʫʧʧʘ ʧʦʟʚʦʣʠʣʘ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʉʭʝʤʘ 

41c) [136]. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʫʜʘʣʝʥʠʷ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʈʝʜʯʘʡʰʠʡ ʧʨʠʤʝʨ ʚʦʚʣʝʯʝʥʠʷ ʪʨʝʪʠʯʥʳʭ C-H ʛʨʫʧʧ ʚ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ 

ʘʢʪʠʚʘʮʠʶ ʙʳʣ ʦʧʠʩʘʥ ɼʫʥʦʤ (G. Dong) ʠ ʩʦʪʨ. ʚ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ 1,2-ʜʠʦʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʟʦ-ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ (ʦʙʨʘʟʫʶʱʝʡ ʧʘʣʣʘʜʦʮʠʢʣ ʩ ʵʢʟʦ-ʜʚʦʡʥʦʡ 

ʩʚʷʟʴʶ) [137]. ʀʩʭʦʜʥʳʝ ʦʢʩʠʤʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʩʧʠʨʪʦʚ ʚ ʭʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʝʘʢʮʠʠ ʩ N-ʛʠʜʨʦʢʩʠʬʪʘʣʠʤʠʜʦʤ ʠ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ N-ʘʣʢʦʢʩʠʬʪʘʣʠʤʠʜʘ 

ʛʠʜʨʘʟʠʥʦʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2,6-ʜʠʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʤʠʤʦ ʧʝʨʚʠʯʥʳʭ 

ʠ ʚʪʦʨʠʯʥʳʭ ʛʨʫʧʧ ʚ ɓ-ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʪʨʝʪʠʯʥʳʝ ʛʨʫʧʧʳ ʚ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʊʘʢ, ʚ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʭ ʵʥʜʦ- ʠ ɻ ʢʟʦ-ʥʦʨʙʦʨʥʝʦʣʦʚ 

ʧʨʦʠʩʭʦʜʠʣʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʤʝʪʠʥʦʚʳʭ (CH) ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ ʚʤʝʩʪʦ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʭ ɓ-ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ (ʉʭʝʤʘ 41d).  

 

ʉʭʝʤʘ 41. ʇʨʠʤʝʨʳ Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ C(sp3)-H ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 2Á ʠ 3Á ʛʨʫʧʧ. 

 ʇʦʤʠʤʦ ʧʨʦʮʝʩʩʦʚ ʘʣʢʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ, 

ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-O, 
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ʥʘʧʨʠʤʝʨ, ʣʘʢʪʦʥʠʟʘʮʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ ʜʦʣʞʥʳ ʧʨʦʪʝʢʘʪʴ ʪʨʫʜʥʝʝ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʠ C-O ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʦʜʠʥ 

ʵʢʠʚʘʣʝʥʪ ʥʫʢʣʝʦʬʠʣʘ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʠʟ ʦʢʠʩʣʠʪʝʣʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʭʦʞʜʝʥʠʝ 

ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʦʙʣʝʛʯʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʠ ʟʘ ʩʯʝʪ 

ʵʥʪʨʦʧʠʡʥʦʛʦ ʬʘʢʪʦʨʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʥʘʧʨʘʚʣʷʶʱʘʷ NHPIP-ʛʨʫʧʧʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ 

ʪʘʢʞʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 5- ʠ 6-ʯʣʝʥʥʳʭ ʣʘʢʪʦʥʦʚ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʵʬʠʨʦʚ ʩ C-O ʩʚʷʟʴʶ ʚ ɓ-

ʧʦʣʦʞʝʥʠʠ ʦʪ ʘʤʠʜʥʦʡ ʛʨʫʧʧʳ (ʉʭʝʤʘ 42a,b) [138; 139].  

 

ʉʭʝʤʘ 42. ʅʘʧʨʘʚʣʝʥʥʘʷ ʣʘʢʪʦʥʠʟʘʮʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʤʝʪʠʣʝʥʦʚʳʤ ʧʦʣʦʞʝʥʠʷʤ. 

2-ʇʠʨʠʜʦʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʚʚʝʜʝʥʥʳʝ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʬ. ʖ ʠ ʩʦʪʨ., ʩʧʦʩʦʙʩʪʚʫʶʪ 

Pd(II)-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʘʢʪʠʚʘʮʠʠ CïH ʩʚʷʟʠ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʟʘʜʘʯ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ C-ʅ ʛʨʫʧʧ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʢ 

ʩʚʷʟʝʡ C-C, ʪʘʢ ʠ ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ [140]. ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ 2-ʧʠʨʠʜʦʥʳ ʚʳʩʪʫʧʘʶʪ ʣʠʛʘʥʜʘʤʠ X-ʪʠʧʘ (ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʚ ʚʠʜʝ 

ʘʥʠʦʥʘ), ʩʪʘʙʠʣʠʟʠʨʫʷ ʧʘʣʣʘʜʠʝʚʳʝ ʯʘʩʪʠʮʳ, ʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʦʩʥʦʚʘʥʠʷ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʳʚʘ ʩʚʷʟʠ CïH ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʂ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʠʭ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʩʪʦʚ ʜʣʷ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ.  
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ʊʘʢ, ʭʠʥʦʣʠʥ-ʧʠʨʠʤʠʜʦʥʦʚʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʣʘʢʪʦʥʠʟʘʮʠʠ ʟʘ ʩʯʝʪ C-H-ʘʢʪʠʚʘʮʠʠ ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʉʭʝʤʘ 42c) 

[141]. ʇʨʠ ʵʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʣʠʛʘʥʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʧʘʣʣʘʜʠʷ ʧʦ ɓ- 

ʠʣʠ ɔ-ʧʦʣʦʞʝʥʠʶ ʦʪ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ -COOH. ʇʦʩʣʝʜʫʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ ʩ 

ʦʩʪʘʚʰʝʡʩʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ŭ- ʠʣʠ ɔ-ʣʘʢʪʦʥʦʚ 

ʟʘʤʝʱʝʥʥʳʭ ʧʠʤʝʣʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʟ 1,7-ʜʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɺ ʦʙʱʝʡ 

ʧʨʦʮʝʜʫʨʝ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʙʦʥʘʪ ʩʝʨʝʙʨʘ (2 ʵʢʚ.), ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʘ ʜʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ (4 ʵʢʚ.). ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ 

ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʷʭ ʣʘʢʪʦʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ Fe- ʠ Mn-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʘʨʙʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʩʘʤʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʛʠʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʥʘʧʨʘʚʣʷʷ ʦʢʠʩʣʝʥʠʝ ʚ ɔ-ʧʦʣʦʞʝʥʠʝ), ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ C-O ʩʚʷʟʠ 

ʣʘʢʪʦʥʘ [18; 142]. 

ɾʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʯʘʩʪʦ ʟʘʪʨʫʜʥʷʶʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʫʶ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ, ʪʘʢʞʝ ʢʘʢ ʠ ʦʙʱʘʷ ʩʣʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ C-H 

ʘʢʪʠʚʘʮʠʶ. ʈʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʜʫʪʩʷ, ʦʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʪʨʝʯʘʶʪʩʷ 

ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʧʨʠʤʝʨʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʪʦʯʥʠʢʘʤʠ ʭʠʨʘʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʩʪʝʨʝʦʮʝʥʪʨʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʩʪʘʚʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ, ʩʣʫʞʘʱʝʡ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʭʠʨʘʣʴʥʳʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ. ʅʘʧʨʠʤʝʨ, ʝʱʝ ʚ 2005 ʛʦʜʫ ʧʨʦʬ. ʖ ʠ ʩʦʪʨ. ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʨʘʣʴʥʳʭ ʦʢʩʘʟʦʣʠʥʦʚ (ʉʭʝʤʘ 

38a), ʦʜʥʘʢʦ ʣʠʰʴ ʩ ʫʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ [125]. ɺ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʩʘʤ ʦʢʩʘʟʦʣʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʦʜʚʝʨʛʘʣʩʷ ʦʢʠʩʣʝʥʠʶ, ʧʦʵʪʦʤʫ ʪʨʝʙʦʚʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʪʘʢʦʡ ʢʘʢ ʙʝʥʟʦʠʣ- ʠʣʠ 

ʣʘʫʨʦʠʣʧʝʨʦʢʩʠʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʜʨʫʛʠʭ, ʩʪʝʨʝʦʮʝʥʪʨ ʚ ʧʨʦʜʫʢʪʝ 

ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʭ ʤʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ. ʃʠʰʴ 2018 ʛʦʜʫ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʩʪʝʨʝʦcʝʣʝʢʪʠʚʥʦʡ C(sp3)-H 

ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ (ʉʭʝʤʘ 43a) [143]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʨʘʣʴʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʝ ʧʠʢʦʣʠʣʘʤʠʥʘ ʚʦʟʤʦʞʥʦ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ C-O ʩʚʷʟʠ ʚ ɓ-ʧʦʣʦʞʝʥʠʠ ʦʪ ʘʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʭ ʦʢʩʘʩʧʠʨʦʮʠʢʣʦʚ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (d.r. ʜʦ 39:1). ʇʦʩʣʝ ʵʪʦʛʦ ʙʠʜʝʥʪʘʪʥʘʷ ʭʠʨʘʣʴʥʘʷ 

ʧʠʢʦʣʠʥʘʤʠʜʥʘʷ ʛʨʫʧʧʘ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʨʫʛʠʭ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʦʢʠʩʣʝʥʠʷ. ɺ 2020 ʛʦʜʫ ʧʨʦʬ. ɹʵʨʘʥ (Ph. Baran) ʠ ʩʦʪʨ. ʧʨʠʤʝʥʠʣʠ ʵʥʘʥʪʠʦʢʦʥʪʨʦʣʠʨʫʝʤʫʶ 

C-H ʘʢʪʠʚʘʮʠʶ ʜʣʷ ʜʝʩʠʤʤʝʪʨʠʟʘʮʠʠ ʩʫʙʩʪʨʘʪʘ ʚ ʭʦʜʝ ʧʦʣʥʦʛʦ ʩʠʥʪʝʟʘ (-)-ʤʘʢʩʠʤʠʩʮʠʥʘ 

(ʉʭʝʤʘ 43b) [144]. ʇʦʩʣʝ ʪʱʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʪʨʫʢʪʫʨʳ ʙʳʣʘ 
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ʧʦʜʦʙʨʘʥʘ ʭʠʨʘʣʴʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʧʠʨʠʜʠʣʤʝʪʠʣʘʤʠʥʦʚʘʷ ʛʨʫʧʧʘ, ʧʦʟʚʦʣʠʚʰʘʷ 

ʦʩʫʱʝʩʪʚʠʪʴ ʤʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʩ ʚʳʩʦʢʦʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (d.r. = 20:1).  

 

ʉʭʝʤʘ 43. ʇʨʠʤʝʨʳ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʣʠʬʘʪʠʯʝʩʢʦʡ C-H ʘʢʪʠʚʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ C-O. 

ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ ʧʨʦʬ. ʖ ʠ ʩʦʪʨ. [145]. ʀʤʠ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʢʘʯʝʩʪʚʝ çʚʨʝʤʝʥʥʦʡè ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʛʨʫʧʧʳ ʧʦʟʚʦʣʷʝʪ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʦʨʪʦ-ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʀʟ ʠʥʪʝʨʤʝʜʠʘʪʘ Pd(IV) 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ ʩʦ 

ʩʚʷʟʴʶ C-F, ʘ ʧʨʠ ʨʝʘʢʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ SN2 ï ʩʦ ʩʚʷʟʴʶ C-O (ʉʭʝʤʘ 44). ɺʘʨʴʠʨʫʷ 

ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʦʙʘʚʢʫ (ʩʣʫʞʘʱʫʶ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʦʡ), ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʢ ʬʪʦʨʠʨʦʚʘʥʠʶ). 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʣʫʯʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʦ ʩʚʷʟʴʶ C-F (ʯʪʦ 

ʫʜʘʝʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʜʦ 61% ʩ 99% ee), ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ 

ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ (ʚʳʭʦʜ 47% ʩ 88% ee ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (L)-ʪʨʝʪ-ʙʫʪʠʣʛʣʠʮʠʥʘ). 
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ʉʭʝʤʘ 44. ʇʨʠʤʝʨ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

çʚʨʝʤʝʥʥʦʡè ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʧʘʣʣʘʜʠʷ. 

 

1.3. ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʠʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ (Ru, Rh, 

Pd) ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ ʢ ʘʢʪʠʚʘʮʠʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʉ-ʅ ʩʚʷʟʝʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʢʠʩʣʦʨʦʜ. ʇʨʠ 

ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʢʘʪʘʣʠʟ ʩʦʝʜʠʥʝʥʠʷʤʠ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʦʚ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ 

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʳʩʦʢʦʚʘʣʝʥʪʥʳʭ ʦʢʩʦʨʫʪʝʥʠʝʚʳʭ 

ʯʘʩʪʠʮ, ʚʝʜʫʱʠʭ ʦʢʠʩʣʝʥʠʝ ʧʦ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʆʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʩ-ʙʠʧʠʨʠʜʠʥʦʚʳʭ ʠ 

ʙʠʩ(ʧʠʢʦʣʠʣʘʤʠʥ)ʛʣʠʮʠʥʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʨʬʠʨʠʥʦʚʳʝ 

ʦʢʩʦʢʦʤʧʣʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʭʠʨʘʣʴʥʳʭ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ, ʥʦ ʣʠʰʴ ʩ ʫʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʳʭʦʜʦʚ ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ɺ ʦʩʥʦʚʥʦʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʪʝʥʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ 3Á C-H ʛʨʫʧʧ ʠʣʠ ʢʦʥʚʝʨʩʠʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ ʢʝʪʦʥʥʳʝ. ʇʨʠʤʝʨʳ 

ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ C-O, ʙʫʜʴ ʪʦ ʧʦʣʫʯʝʥʠʝ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʠʣʠ 

ʘʮʝʪʦʢʩʠʣʠʨʦʚʘʥʠʝ C-H ʧʦʣʦʞʝʥʠʡ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ.  

ʈʦʜʠʝʚʳʝ ʢʦʤʧʣʝʢʩʳ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ C-H ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. ʄʦʞʥʦ 

ʫʧʦʤʷʥʫʪʴ ʦ ʩʠʩʪʝʤʝ Rh2(cap)4/TBHP, ʥʘʰʝʜʰʝʡ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʨʠʣʢʝʪʦʥʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʭʦʜʝ ʧʦʣʥʦʛʦ ʩʠʥʪʝʟʘ. ʇʨʠ ʵʪʦʤ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʟʘʪʨʫʜʥʷʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʨʦʜʠʝʚʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  
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ʄʝʪʦʜʳ ʉ-ʅ ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʝʮʠʬʠʯʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʫ ʠ ʪʨʝʙʫʶʪ 

ʥʘʣʠʯʠʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ. C-H ʘʢʪʠʚʘʮʠʷ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʜʘʣʴʥʝʡʰʝʛʦ ʦʢʠʩʣʝʥʠʷ. ʅʘʯʠʥʘʷ ʩ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪ ʉʵʥʬʦʨʜ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʉ-ʅ 

ʛʨʫʧʧʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʝʜʠʥʝʥʠʡ Pd. ʆʜʥʘʢʦ ʚʦʚʣʝʯʝʥʠʝ ʚʪʦʨʠʯʥʳʭ C-H ʛʨʫʧʧ ʚ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʫʜʥʫʶ, ʣʠʰʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʨʝʰʝʥʥʫʶ 

ʟʘʜʘʯʫ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 3Á C-H ʧʦʣʦʞʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʩʧʝʭʠ ʚ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʜʝʥʪʘʪʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʛʨʫʧʧ, ʚ ʯʘʩʪʥʦʩʪʠ, 2-(ʧʠʨʠʜʠʥ-2-

ʠʣ)ʠʟʦʧʨʦʧʠʣʘʤʠʥʦʚʦʡ, ʘ ʪʘʢʞʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 2-ʧʠʨʠʜʦʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, 

ʧʦʟʚʦʣʠʚʰʠʭ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʚʣʝʢʘʪʴ ʚ ʨʝʘʢʮʠʶ ʤʝʪʠʣʝʥʦʚʳʝ ʛʨʫʧʧʳ ʠ ʧʨʠʤʝʥʷʪʴ 

ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ çʟʝʣʸʥʦʛʦè ʦʢʠʩʣʠʪʝʣʷ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ, 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜʳ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʣʸʛʢʠʭ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʚʩʝ ʝʱʝ ʜʘʣʝʢʠ ʦʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʚr ʩʦʢʠʝ 

ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ C-H ʘʢʪʠʚʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʦʢʠʩʣʠʪʝʣʠ, ʦʙʨʘʟʫʶʱʠʝ 

ʪʦʢʩʠʯʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʠʤʝʶʱʠʝ ʥʠʟʢʫ  ʁʘʪʦʤʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʞʝʣʘʪʝʣʴʥʘ ʟʘʤʝʥʘ ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʙʦʣʝʝ çʟʝʣʝʥʳʝè, ʪʘʢʠʝ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ 

ʠʣʠ ʧʨʦʩʪʳʝ ʛʠʜʨʦʧʝʨʦʢʩʠʜʳ. ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. ɽʱʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠ 

ʘʤʙʠʮʠʦʟʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʡ C-H 

ʦʢʩʠʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ; ʨʝʰʝʥʠʝ ʝʸ ʤʦʛʣʦ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʪʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʘʨʩʝʥʘʣ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ɺ ʮʝʣʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʦʙʣʘʩʪʴ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʚʩʝ 

ʚʦʟʨʘʩʪʘʶʱʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʫʞʝʩʪʦʯʘʶʱʠʤʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʘʣʣʘʜʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʣʝʢʩʦʚ ʨʫʪʝʥʠʷ ʠ ʨʦʜʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʷʤʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʰʠʨʦʢʦ 
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ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʛʝʤʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ(II) ʚ ʨʝʘʢʮʠʷʭ ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʠ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ.  
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ɻʣʘʚʘ 2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

2.1 ʉʠʥʪʝʟ N-ʜʦʥʦʨʥʳʭ ʪʨʠʩ-ʧʠʨʠʜʠʣʤʝʪʠʣʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II ) 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʝ ʣʠʛʘʥʜʳ (ʩʝʤʝʡʩʪʚ TPA 

ʠ PDP) ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʤʠʤʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ, 

ʤʘʨʛʘʥʮʘ ʠ ʨʫʪʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ C-H ʦʢʠʩʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʧʘʣʣʘʜʠʷ (II) ʩʦ ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʞʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠ ʠʩʧʳʪʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʷʤʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʉ3-ʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʠʩ-

ʧʠʨʠʜʠʣʤʝʪʠʣʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʦ ʦʙʱʝʡ ʩʭʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-

ʭʣʦʨʤʝʪʠʣʧʠʨʠʜʠʥʦʚ ʠ 2-(ʘʤʠʥʦʤʝʪʠʣ)ʧʠʨʠʜʠʥʦʚ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ CH2Cl2/ʚʦʜʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ (ʉʭʝʤʘ 45). ʆʯʠʩʪʢʘ ʣʠʛʘʥʜʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʣʠʙʦ ʤʝʪʦʜʦʤ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʥʘ SiO2 ʠʣʠ Al 2O3), ʣʠʙʦ ʦʩʘʞʜʝʥʠʝʤ ʚ ʚʠʜʝ ʩʦʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʤʳʚʢʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʧʝʨʭʣʦʨʘʪʘ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺ ʚʠʜʝ ʧʝʨʭʣʦʨʘʪʥʳʭ ʩʦʣʝʡ ʣʠʛʘʥʜʳ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʧʨʠ ʭʨʘʥʝʥʠʠ, 

ʘ ʚʳʜʝʣʝʥʠʝ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʫʜʦʙʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʠʥʪʝʟʦʤ 

ʧʘʣʣʘʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 8 ʉ2-ʩʠʤʤʝʪʨʠʯʥʳʡ ʣʠʛʘʥʜ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʙʠʩ(2-

ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥʘ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ 2-(ʭʣʦʨʤʝʪʠʣ)ʭʠʥʦʣʠʥʘ. 

ʉʠʥʪʝʟ ʥʝʦʙʭʦʜʠʤʳʭ ʧʠʢʦʣʠʣʭʣʦʨʠʜʦʚ ʠ ʘʤʠʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʛʘʥʜʦʚ ʙʳʣ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʤ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʩʫʙʩʪʨʘʪʳ ʣʠʪʝʨʘʪʫʨʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ 

ʚ 6 ʧʦʣʦʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ (ʚ 5 ʠʣʠ 6 ʧʦʣʦʞʝʥʠʷʭ 

ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʉʭʝʤʝ 46. 
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ʉʭʝʤʘ 45. ʉʠʥʪʝʟ ʪʨʠʩ-ʧʠʨʠʜʠʣʤʝʪʠʣʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II) ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

ʆʙʨʘʙʦʪʢʘ ʪʠʦʥʠʣʭʣʦʨʠʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-ʧʠʨʠʜʠʣʤʝʪʘʥʦʣʦʚ (ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʭ ʠʣʠ ʧʦʣʫʯʝʥʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʣʴʜʝʛʠʜʦʚ) ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʠʥʪʝʟʘ ʣʠʛʘʥʜʦʚ ʘʣʢʠʣʭʣʦʨʠʜʳ. ɿʘʤʝʱʝʥʥʳʝ 2-

ʧʠʨʠʜʠʣʤʝʪʠʣʘʤʠʥʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʣʠʙʦ ʩʠʥʪʝʟʦʤ ɻʘʙʨʠʵʣʷ (ʯʝʨʝʟ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʬʪʘʣʠʤʠʜʘ ʢʘʣʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ), ʣʠʙʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʩʠʤʘ ʟʘʤʝʱʝʥʥʦʛʦ 2-

ʧʠʨʠʜʠʥʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ ʮʠʥʢʦʤ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʉʭʝʤʘ 46).  

ʇʦʣʫʯʝʥʥʳʝ ʣʠʛʘʥʜʳ ʜʘʣʝʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ [LPd(OAc)](PF6) (1 ʠ 2) ʠʣʠ [LPd(CH3CN)](OTf)2 (3-8), ʛʜʝ L ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ N4-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ ʨʷʜʘ TPA (ʈʠʩʫʥʦʢ 10). ʂʦʤʧʣʝʢʩʳ 1 ʠ 2, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʮʝʪʘʪ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʣʠʛʘʥʜʘ ʠ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ(II) ʚ ʤʝʪʘʥʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʚ ʚʠʜʝ 

ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪʘ c ʚʳʭʦʜʘʤʠ ʜʦ 78%. ɼʨʫʛʠʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩʣʫʞʠʣ 

ʪʨʠʬʣʘʪ ʪʝʪʨʘʢʠʩ(ʘʮʝʪʦʥʠʪʨʠʣ)ʧʘʣʣʘʜʠʷ(II), ʧʦʣʫʯʘʝʤʳʡ ʠʟ Pd(OAc)2 ʠ 

ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʳ. ʀʩʭʦʜʷ ʠʟ [Pd(CH3CN)4](OTf)2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ 3-

8, ʧʨʠʯʝʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʭʦʜʳ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ Pd(OAc)2 ʚ 

ʤʝʪʘʥʦʣʝ). ɺʩʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ 

ʷʜʨʘʭ 1H, 13C ʠ 19F. ʇʦʚʪʦʨʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʩʠʩʪʝʤʳ CH3CN/Et2O ʧʦʟʚʦʣʠʣʘ ʜʣʷ ʨʷʜʘ 
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ʢʦʤʧʣʝʢʩʦʚ ʚʳʨʘʩʪʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʦʤʦʱʠ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩʫʥʦʢ ʇ-1). 

 

ʉʭʝʤʘ 46. ʉʠʥʪʝʟ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʥʦ-ʪʨʠʩ-ʧʠʨʠʜʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1-4 ʩʦʜʝʨʞʘʪ ʢʘʪʠʦʥʳ 

ʤʝʪʘʣʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʣʘʜʠʷ (II) ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d8. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ 

ʧʠʨʠʜʠʣʴʥʳʤʠ ʠ ʦʜʥʠʤ ʘʤʠʥʥʳʤ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʘʤʠʥʦ-ʪʨʠʩ-ʧʠʨʠʜʠʥʦʚʦʛʦ 

ʣʠʛʘʥʜʘ, ʪ.ʝ. ʉ3-ʩʠʤʤʝʪʨʠʯʥʳʝ ʪʨʠʧʦʜʘʣʴʥʳʝ N4-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ ʚ ʢʦʤʧʣʝʢʩʘʭ 1-4 

ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʪʨʠʜʝʥʪʘʪʥʳʝ, ʘ ʦʜʠʥ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʧʠʨʠʜʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘʭ ʥʝ 

ʦʙʨʘʟʫʝʪ ʩʚʷʟʠ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ ʣʠʛʘʥʜʦʤ. ʕʪʘ ʩʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʘʥʝʝ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ(II) ʩ ʪʨʠʧʦʜʘʣʴʥʳʤʠ N4-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 
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[146]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʝʢʪʨʳ ʗʄʈ ʢʦʤʧʣʝʢʩʦʚ 1-7 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ-d3 ʧʨʠ 25Áʉ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʰʴ ʦʜʠʥ ʦʙʤʝʥʥʦ ʫʰʠʨʝʥʥʳʡ ʩʠʛʥʘʣ ʦʪ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ (ʚ ʦʙʣʘʩʪʠ ŭ 

4.6-5.6), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʥʘʣʠʯʠʠ ʚ ʨʘʩʪʚʦʨʝ ʦʙʤʝʥʘ ʤʝʞʜʫ ʧʠʨʠʜʠʥʦʚʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ.  

 ʇʦʤʠʤʦ ʪʨʠʩ-(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʘʢʞʝ 

ʢʦʤʧʣʝʢʩ ʧʘʣʣʘʜʠʷ (II) ʩ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤ C2-ʩʠʤʤʝʪʨʠʯʥʳʤ ʣʠʛʘʥʜʦʤ PDP ((S,S)-(ʙʠʩ(2-

ʧʠʨʠʜʠʣʤʝʪʠʣ)-2,2ô-ʙʠʧʠʨʨʦʣʠʜʠʥ)), ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ 

ʠ ʞʝʣʝʟʘ (ʩ ʣʠʛʘʥʜʘʤʠ PDP-ʨʷʜʘ) ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʘʢʮʠʷʭ C-H ʦʢʠʩʣʝʥʠʷ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ (S,S)-[Pd(PDP)](PF6)2 

(9) ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʘ 1-2. ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʩʪʨʦʝʥʠʝ 

(ʇʨʠʣʦʞʝʥʠʝ, ʈʠʩʫʥʦʢ ʇ-1); ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʧʘʣʣʘʜʠʷ ʚʩʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʥʳʝ ʤʝʩʪʘ ʟʘʥʷʪʳ PDP-ʣʠʛʘʥʜʦʤ ʠ ʦʪʩʫʪʩʪʚʫʶʪ ʣʘʙʠʣʴʥʳʝ ʣʠʛʘʥʜʳ (ʘʮʝʪʘʪ 

ʠʣʠ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ).  

ʂʨʦʤʝ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʘʢʞʝ (S,S)-[Pd(tBu-

PyBOX)](PF6)2 (10) ʩ N3-ʜʦʥʦʨʥʳʤ ʧʠʨʠʜʠʥ-ʙʠʩ-ʦʢʩʘʟʦʣʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ (ʈʠʩʫʥʦʢ 11). 

ʅʝʦʙʭʦʜʠʤʳʡ ʣʠʛʘʥʜ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 2,6-ʧʠʨʠʜʠʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ (S)-ʪʨʝʪ-

ʣʝʡʮʠʥʦʣʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʇʘʣʣʘʜʠʝʚʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʚʳʩʪʫʧʘʣ 

Pd(CH3CN)2Cl2; ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜ-ʠʦʥʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʠ 

ʧʦʤʦʱʠ AgPF6. ʂʦʤʧʣʝʢʩʳ 9-10 ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʦʝʥʠʶ ʦʪ 1-8, ʪʘʢ ʢʘʢ ʣʠʙʦ ʥʝ ʩʦʜʝʨʞʘʪ 

ʩʚʦʙʦʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪ (ʢʘʢ (S,S)-Pd(PDP)(PF6)2), ʣʠʙʦ ʦʙʨʘʟʦʚʘʥʳ 

ʪʨʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ (ʢʘʢ (S,S)-Pd(tBu-PyBOX)(PF6)2).  

 

ʈʠʩʫʥʦʢ 11. ʉʪʨʫʢʪʫʨʳ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II) ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʪʨʠʩ-(2-ʧʠʨʠʜʠʣʤʝʪʠʣ)ʘʤʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (II) ʥʘ ʠʭ ʦʩʥʦʚʝ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ N4-ʜʦʥʦʨʥʳʡ ʣʠʛʘʥʜ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʪʨʠʜʝʥʪʘʪʥʳʡ, ʘ ʦʜʠʥ ʠʟ ʧʠʨʠʜʠʣʤʝʪʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʣʠʛʘʥʜʘ ʦʩʪʘʝʪʩʷ 

ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ.  
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2.2. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʙʝʥʟʠʣʴʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

2.2.1 ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʙʝʥʟʠʣʴʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʩ ʤʝʪʠʣʝʥʦʚʳʤʠ 

ʛʨʫʧʧʘʤʠ 

 ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʨʝʘʢʮʠʷʭ C-H ʦʢʠʩʣʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʵʪʠʣʙʝʥʟʦʣ. 

ɼʣʷ ʥʘʯʘʣʘ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ Pd(TPA)(OAc)(PF6) 1 (ʊʘʙʣʠʮʘ 2). ɺ ʢʘʯʝʩʪʚʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʙʳʣ ʚʳʙʨʘʥ ʘʮʝʪʦʥʠʪʨʠʣ ï ʨʘʩʪʚʦʨʠʪʝʣʴ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʠ ʘʧʨʦʪʦʥʥʦʡ ʧʨʠʨʦʜʝ. ʆʢʠʩʣʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ +60Áʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 4 ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʢʠʩʣʠʪʝʣʷ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʵʪʠʣʙʝʥʟʦʣʫ).  

ʊʘʙʣʠʮʘ 2. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ Pd(TPA)(OAc)PF6
[a] 

 

 ̄ ʆʢʠʩʣʠʪʝʣʴ ʂʦʥʚʝʨʩʠʷ (%)[b] ɺʳʭʦʜ ʢʝʪʦʥʘ (%)[b] 

1 AcOOH 85 82 

2 m-CPBA 66 54 

3[c] TBHP 49 3[d] 

4[e] H2O2 (30% ʚʦʜʥ.ʨ-ʨ) - - 

5 PhIO 15 13 

6 PhI(OAc)2 19 18 

7[f]  
NaIO4 6 4 

[a] ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: +60 ÁC; ʩʫʙʩʪʨʘʪ (100 ʤʢʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (400 ʤʢʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (0.6 

ʤʢʤʦʣʴ), CH3CN (200 ʤʢʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʤʝʩʴ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 24 ʯ. [b] ɺʳʭʦʜ ʠ ʢʦʥʚʝʨʩʠʷ ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ; [c] 5.5 M TBHP ʚ 

ʜʝʢʘʥʝ; [d] ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ - ʛʠʜʨʦʧʝʨʦʢʩʠʜ (~40%); [e] 4 ʵʢʚ. H2O2 ʠ 10 ʤʢʣ AcOH; [f] ʚ ʩʤʝʩʠ 

CH3CN/H2O (250 ʤʢʣ/100 ʤʢʣ). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʝʨʦʢʩʠʢʠʩʣʦʪʳ (ʪʘʢʠʝ ʢʘʢ AcOOH ʠ m-CPBA) ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦ ʢʝʪʦʥʫ, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʘʮʝʪʘʪ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʠ 1-ʬʝʥʠʣʵʪʘʥʦʣ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ H2O2/AcOH ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʩʣʫʯʘʝ ʪʨʝʪ-ʙʫʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ TBHP ʦʩʥʦʚʥʳʤ ʥʘʙʣʶʜʘʝʤʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʣʩʷ 1-

ʬʝʥʠʣʵʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜ (ʊʘʙʣʠʮʘ 2). ʀʦʜʦʟʦʙʝʥʟʦʣ PhIO ʠ ʙʠʩ(ʘʮʝʪʦʢʩʠ)ʠʦʜʙʝʥʟʦʣ 
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PhI(OAc)2 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʝʪʦʥʫ, ʦʜʥʘʢʦ ʢʦʥʚʝʨʩʠʷ 

ʩʫʙʩʪʨʘʪʘ ʙʳʣʘ ʥʝʚʳʩʦʢʘ (15-19%). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʠʦʜʘʪʘ ʥʘʪʨʠʷ NaIO4 ʢʦʥʚʝʨʩʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ ʙʳʣʘ ʝʱʝ ʥʠʞʝ (ʊʘʙʣʠʮʘ 2, ˉ7). 

ɹʳʣʦ ʨʝʰʝʥʦ ʧʨʦʜʦʣʞʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ, ʧʦʢʘʟʘʚʰʝʛʦ ʥʘʠʣʫʯʰʫʶ ʢʦʥʚʝʨʩʠʶ (ʊʘʙʣʠʮʘ 3). ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʜʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʪʦʤʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʩʦʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 21 ʤʘʩʩ. 

%) ʠ ʜʘʸʪ ʥʝʪʦʢʩʠʯʥʳʡ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ - ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ.  

ʊʘʙʣʠʮʘ 3. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ AcOOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ 1-10.[a] 

 

 ̄ ʂʘʪʘʣʠʟʘʪʦʨ 
ʂʘʪʘʣʠʟʘʪʦʨ, 

ʤʦʣʴʥ. % 

AcOOH,  

ʵʢʚ. [b] 

ʂʦʥʚʝʨʩʠʷ, 

% [c] 

ɺr ʭʦʜ 

ʢʝʪʦʥʘ, % [c] 

1 1 0.6 3 70 68 

2 1 0.6 4 85 82 

3 1 0.6 5 87 85 

4 1 0.8 4 81 77 

5 1 [d] 0.6 4 49 47 

6 1 [e] 0.6 1 41 39 

7 2 0.6 4 61 60 

8 3 0.6 4 81 76 

9 1 [f]  0.6 4 80 77 

10 4 1 4 36 21 [g] 

11 5 0.6 4 19 3 [h] 

12 6 0.6 4 22 4 [i ] 

13 7 0.6 4 21 4 [h] 

14 8 0.6 4 62 52 [j] 

15 9 0.6 2 4 2 

16 10 1 2 0 0 

17 ī [k] ī 4 0 0 

18 Pd[(CH3CN)4](OTf)2 0.6 4 23 18 

19 Pd(OAc)2 0.6 4 23 17 
[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: +60 ÁC; ʵʪʠʣʙʝʥʟʦʣ (0.1 ʤʤʦʣʴ), AcOOH, ʢʘʪʘʣʠʟʘʪʦʨ, CH3CN (0.2 ʤʣ); 

ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 24 

ʯʘʩʦʚ; [b] ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʣʙʝʥʟʦʣʘ; [c] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ɺʕɾʍ; [d] T = 

+30ÁC. [e] ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ 2.5 ʯʘʩʘ; [f] ɺ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ; [g] ʆʩʥʦʚʥʦʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ï 1-

ʬʝʥʠʣʵʪʠʣ ʛʠʜʨʦʧʝʨʦʢʩʠʜ (ʜʦ 10 %); [h] ʆʩʥʦʚʥʦʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ï 1-ʬʝʥʠʣʵʪʠʣ ʛʠʜʨʦʧʝʨʦʢʩʠʜ 

(ʜʦ 10 %); [i] ʆʩʥʦʚʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ï 1-ʬʝʥʠʣʵʪʠʣ ʛʠʜʨʦʧʝʨʦʢʩʠʜ (ʜʦ 10 %), ʩʧʠʨʪ (2%), 

ʘʮʝʪʘʪ (2%); [j] ʆʩʥʦʚʥʦʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ï 1-ʬʝʥʠʣʵʪʠʣʘʮʝʪʘʪ (5%); [k] ɹʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 0.6 ʤʦʣʴʥʳʭ % 

ʢʘʪʘʣʠʟʘʪʦʨʘ 1, 4 ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʢʠʩʣʠʪʝʣʷ AcOOH, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʨʠ +60 ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (ʊʘʙʣʠʮʘ 3, ˉ2). ʋʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʦʢʠʩʣʠʪʝʣʷ (ʜʦ 5 ʵʢʚ.) ʧʨʠʚʦʜʠʣʦ 

ʣʠʰʴ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʥʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ (ʊʘʙʣʠʮʘ 3, ˉ3) ʋʚʝʣʠʯʝʥʠʝ ʟʘʛʨʫʟʢʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʘʢʞʝ 

ʧʦʯʪʠ ʥʝ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 3, ˉ4). ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 

+30Áʉ ʧʨʠʚʦʜʠʣʦ ʢ ʧʘʜʝʥʠʶ ʢʦʥʚʝʨʩʠʠ (ʜʦ 49%) ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ 

ʧʨʠ +60Áʉ (ʊʘʙʣʠʮʘ 3, ˉ5). 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ 

ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ 1 ʠ 3 (ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʦʪʠʚʦʠʦʥʘʤʠ ʠ ʥʘʣʠʯʠʝʤ ʘʮʝʪʘʪʘ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 1) ʦʢʘʟʘʣʠʩʴ ʩʘʤʳʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʨʘʚʥʠʤʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ. ɼʣʷ 1 ʢʦʥʚʝʨʩʠʷ ʵʪʠʣʙʝʥʟʦʣʘ ʜʦʩʪʠʛʘʝʪ 85% 

(ʟʥʘʯʝʥʠʝ TON > 140) ʩ ʚʳʭʦʜʦʤ ʘʮʝʪʦʬʝʥʦʥʘ 82% (ʪ.ʝ. ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʝʪʦʥʘ 

> 96%). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 2 ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʟʘʤʝʪʥʦ 

ʥʠʞʝ (ʊʘʙʣʠʮʘ 3, ˉ7). ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 4 ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 1-3 (ʢʦʥʚʝʨʩʠʷ ʣʠʰʴ 36%) ʜʘʞʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (1 

ʤʦʣʴʥ. %). ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 1-ʬʝʥʠʣʵʪʠʣʛʠʜʨʦʧʝʨʦʢʩʠʜʘ, ʯʪʦ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʚʢʣʘʜ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʧʫʪʠ ʚ ʩʣʫʯʘʝ ʦʢʠʩʣʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 4 ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺʝʨʦʷʪʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʚʳʟʚʘʥʥʦʝ ʥʘʣʠʯʠʝʤ ʤʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ C6-ʧʦʣʦʞʝʥʠʠ ʧʠʨʠʜʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʣʠʛʘʥʜʘ, ʟʘʪʨʫʜʥʷʝʪ ʧʦʜʭʦʜ ʨʝʘʛʝʥʪʦʚ ʢ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʘʪʦʤʫ, ʧʦʜʘʚʣʷʷ ʦʩʥʦʚʥʦʡ ʧʫʪʴ ʨʝʘʢʮʠʠ ʠ ʦʙʣʝʛʯʘʷ ʚʳʭʦʜ C-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʜʠʢʘʣʘ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ) ʠʟ ʢʣʝʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ 

ʩʣʫʯʘʝ ʝʱʝ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 5-7 (ʩʦʜʝʨʞʘʱʠʭ ʬʝʥʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ C5 ʠʣʠ ʉ6-ʧʦʣʦʞʝʥʠʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʣʠʛʘʥʜʘ ʠʣʠ ʭʠʥʦʣʠʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʚʤʝʩʪʦ ʧʠʨʠʜʠʥʦʚʳʭ) ʢʦʥʚʝʨʩʠʷ ʧʘʜʘʝʪ ʠ ʚʦʚʩʝ ʜʦ 22% ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʰʴ 4 

% ʘʮʝʪʦʬʝʥʦʥʘ (ʊʘʙʣʠʮʘ 3, ˉˉ11-13). ʂʘʪʘʣʠʟʘʪʦʨ 8 ʪʘʢʞʝ ʤʝʥʝʝ ʘʢʪʠʚʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ 

1, ʜʝʤʦʥʩʪʨʠʨʫʷ ʢʦʥʚʝʨʩʠʶ, ʩʨʘʚʥʠʤʫʶ ʩ 2, ʯʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʣʠʷʥʠʝʤ 

ʦʙʲʝʤʥʦʛʦ ʭʠʥʦʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʊʘʙʣʠʮʘ 3, ˉ14).  

ʂʦʤʧʣʝʢʩʳ 9 ʠ 10 ʥʝ ʧʨʦʷʚʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

ʵʪʠʣʙʝʥʟʦʣʘ AcOOH (ʊʘʙʣʠʮʘ 3, ˉˉ15-16). ɺʦʟʤʦʞʥʦ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ 9 ʩ ʣʠʛʘʥʜʦʤ 

PDP ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʦʙʦʜʥʳʭ ʤʝʩʪ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʧʘʣʣʘʜʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʢ ʘʪʦʤʫ ʧʘʣʣʘʜʠʷ.  
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ʍʦʣʦʩʪʦʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʘʣʣʘʜʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ) ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʩʦʝʜʠʥʝʥʠʡ ʧʘʣʣʘʜʠʷ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ɿʘʤʝʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 1 ʥʘ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʧʘʣʣʘʜʠʷ 

Pd(CH3CN)4(OTf)2 ʠʣʠ Pd(OAc)2 ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ 

(ʧʘʜʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʩ 85 ʜʦ 23%), ʯʪʦ ʦʪʨʘʞʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʘʣʣʘʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʊʘʙʣʠʮʘ 3, 

ˉ17-19). ɺʣʠʷʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʭʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʦʤʧʣʝʢʩʘ 1 ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ, ʪʘʢ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ 

ʥʝ ʦʢʘʟʘʣʦ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ (ʊʘʙʣʠʮʘ 3, ˉ9). 

ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʥʦ ʦʩʥʦʚʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʢʝʪʦʥ. ʊʘʢ, ʧʨʠ 0 Áʉ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ, ʧʨʠʯʝʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʢʝʪʦʥʘ ʠ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ ʦʪ ʚʨʝʤʝʥʠ ʠʤʝʝʪ S-ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ 

(ʈʠʩʫʥʦʢ 12). ʏʝʨʝʟ 49 ʯʘʩʦʚ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʷ ʚʳʭʦʜ ʢʝʪʦʥʘ ʩʦʩʪʘʚʠʣ ʣʠʰʴ 6%, 

ʘ ʧʦʩʣʝ 168 ʯʘʩʦʚ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 57% ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ.  

ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (+60Á, 

4 ʵʢʚ. AcOOH, CH3CN, 24 ʯʘʩʘ), ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʠʩʣʝʥʠʝ ʨʷʜʘ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʙʝʥʟʠʣʴʥʫʶ ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ (ʉʭʝʤʘ 47). ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦʥʦʚ ʩ ʚʳʭʦʜʘʤʠ ʦʪ 39% ʜʦ 100%. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʢʝʪʦʥʫ: ʪʘʢ, ʜʘʞʝ ʧʨʠ ʤʝʥʴʰʝʡ ʟʘʛʨʫʟʢʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʦʢʠʩʣʠʪʝʣʷ ʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʩʪʨʝʯʘʣʠʩʴ, ʚ 

ʦʩʥʦʚʥʦʤ, ʘʮʝʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʪʦʚ, ʨʝʞʝ ï ʟʘʤʝʱʝʥʥʳʝ N-(1-

ʬʝʥʠʣʵʪʠʣ)ʘʮʝʪʘʤʠʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴʩʷ ʧʦ ʨʝʘʢʮʠʠ ʈʠʪʪʝʨʘ ʚ ʫʩʣʦʚʠʷʭ 

ʦʢʠʩʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʵʬʠʨʳ ʟʘʤʝʱʝʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʬʝʥʦʣʘ, ʦʙʨʘʟʫʶʱʠʝʩʷ, 

ʚʝʨʦʷʪʥʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʢʝʪʦʥʘ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ. 

 

ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʘʮʝʪʦʬʝʥʦʥʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 0 ÁC. 
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ʆʢʠʩʣʝʥʠʝ ʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ ʵʪʠʣʙʝʥʟʦʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ 

ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ, ʭʦʪʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ CH3-ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ 

ʠʣʠ ʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʢʝʪʦʥʘ ʧʘʜʘʶʪ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ ʧʘʨʘ- ʢ ʦʨʪʦ-ʠʟʦʤʝʨʫ (ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʢʝʪʦʥʘ ʩ 76 ʜʦ 31%), ʪʘʢʞʝ ʧʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ.  

 

ʉʭʝʤʘ 47. ɹʝʥʟʠʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʨʠʣʘʣʢʘʥʦʚ AcOOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 1. ɺʳʭʦʜʳ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦ 1H ʗʄʈ. 

ʅʘʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (Cl, Br, NO2) ʚ ʘʨʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ 

ʩʫʙʩʪʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʠ ʚʳʭʦʜʘ ʢʝʪʦʥʘ (ʉʭʝʤʘ 47). 

ʆʜʥʘʢʦ, ʝʩʣʠ ʩʫʙʩʪʨʘʪ ʩʦʜʝʨʞʠʪ ʩʠʣʴʥʳʡ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʪʘʢʦʡ ʢʘʢ ʧʘʨʘ-

ʤʝʪʦʢʩʠʛʨʫʧʧʘ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʧʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ, ʪʘʢʠʝ ʢʘʢ ʟʘʤʝʱʝʥʥʳʝ ʛʠʜʨʦʭʠʥʦʥʳ (2-ʤʝʪʦʢcʠ-5-ʵʪʠʣʛʠʜʨʦʭʠʥʦʥ 

ʠ 2-ʵʪʠʣʛʠʜʨʦʭʠʥʦʥ, ʦʮʝʥʦʯʥʦ <18% (1:1) ʧʦ ʜʘʥʥʳʤ ɻʍ-ʄʉ). ɺʝʨʦʷʪʥʦ, ʥʠʟʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʫʙʩʪʨʘʪʘ; ʥʝʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ ʞʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ 

(ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʝʥʦʣʦʚ). ɺ ʩʣʫʯʘʝ ʠʟʦ-ʙʫʪʠʣʙʝʥʟʦʣʘ 
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ʦʙʨʘʟʦʚʘʥʠʝ ʢʝʪʦʥʘ (ʚʳʭʦʜ 52%) ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʥʦʨʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʢʠʩʣʝʥʠʷ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʪʨʝʪʠʯʥʦʡ C-H ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ,Ŭ-

ʜʠʤʝʪʠʣʬʝʥʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (<4%). ʆʢʠʩʣʝʥʠʝ ʠʥʜʘʥʘ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ 

2-ʠʥʜʘʥʦʥʘ (84%), ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʪʝʪʨʘʣʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ ʢʦʥʚʝʨʩʠʷ 

(ʉʭʝʤʘ 47). ʉʫʙʩʪʨʘʪʳ ʩ ʜʚʫʤʷ ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ 

(ʜʠʬʝʥʠʣʤʝʪʘʥ, ʬʣʫʦʨʝʥ, ʢʩʘʥʪʝʥ) ʣʝʛʢʦ ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ, ʜʘʚʘʷ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ 

ʢʝʪʦʥʦʚ (77-100%). ɺ ʩʣʫʯʘʝ ʬʪʘʣʘʥʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʬʪʘʣʠʜʘ 

(>99%); ʦʢʠʩʣʝʥʠʝ 9,10-ʜʠʛʠʜʨʦʘʥʪʨʘʮʝʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʜʠʢʝʪʦʥʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ(II) ʩ N4-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʩʝʨʠʠ TPA ʢʘʪʘʣʠʟʠʨʫʶʪ ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʜʦ ʘʮʝʪʦʬʝʥʦʥʘ 

ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʟʘʛʨʫʟʢʘʭ ʢʘʪʘʣʠʟʘʪʦʨʘ (< 

1 ʤʦʣʴʥ. %). ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (0.6 ʤʦʣʴʥ. % ʢʦʤʧʣʝʢʩʘ 1, +60Áʉ, 4 ʵʢʚ. ʦʢʠʩʣʠʪʝʣʷ) 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʠʩʣʝʥʠʝ ʨʷʜʘ ʩʫʙʩʪʨʘʪʦʚ ʩ ʚʳʭʦʜʘʤʠ ʢʝʪʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 33-100%.  

 

2.2.2 ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʙʝʥʟʠʣʴʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʩ ʪʨʝʪʠʯʥʳʤʠ C-H 

ʛʨʫʧʧʘʤʠ 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ ʩ ʙʝʥʟʠʣʴʥʳʤʠ ʤʝʪʠʣʝʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʩʠʩʪʝʤʦʡ 

1/AcOH ʚ CH3CN ʥʝ ʫʜʘʝʪʩʷ ʥʘʙʣʶʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʚʪʦʨʠʯʥʦʛʦ 

ʩʧʠʨʪʘ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʦʣʫʯʘʶʱʠʡʩʷ ʩʧʠʨʪ ʩʦʜʝʨʞʠʪ ʤʝʥʝʝ 

ʧʨʦʯʥʫʶ C-H ʩʚʷʟʴ ʠ ʧʦʵʪʦʤʫ ʦʢʠʩʣʷʝʪʩʷ ʣʝʛʯʝ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ɺ ʩʣʫʯʘʝ ʞʝ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʨʝʪʠʯʥʳʤʠ C-H ʧʦʣʦʞʝʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʢʫʤʦʣʘ) ʚ ʢʘʯʝʩʪʚʝ ʦʞʠʜʘʝʤʦʛʦ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʦʣʞʝʥ ʧʦʣʫʯʘʪʴʩʷ ʧʨʦʜʫʢʪ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ ï ʪʨʝʪʠʯʥʳʡ ʩʧʠʨʪ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʨʝʰʝʥʦ ʠʟʫʯʠʪʴ ʦʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʫʩʣʦʚʠʷʭ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʥʘʡʜʝʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʵʪʠʣʙʝʥʟʦʣʘ (ʘʮʝʪʦʥʠʪʨʠʣ, +60Áʉ, 2 ʵʢʚʠʚʘʣʝʥʪʘ 

AcOOH), ʧʦʩʣʝ 6 ʯʘʩʦʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʯʝʤ ʥʝ 

ʪʦʣʴʢʦ ʦʢʠʩʣʝʥʠʷ ʩʚʷʟʠ C-H (Ŭ-ʤʝʪʠʣʩʪʠʨʦʣ ʠ ʢʫʤʠʣʦʚʳʡ ʩʧʠʨʪ), ʥʦ ʪʘʢʞʝ ʨʘʟʨʳʚʘ ʩʚʷʟʠ 

ʉ-ʉ (ʘʮʝʪʦʬʝʥʦʥ) (ʉʭʝʤʘ 48).  

 

ʉʭʝʤʘ 48. ʆʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ AcOOH ʧʨʠ 60ÁC ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 1. 
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ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʭʦʜʦʤ ʦʢʠʩʣʝʥʠʷ ʧʨʠ +60Áʉ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 13). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʝ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʘ ʢʦʥʚʝʨʩʠʷ ʢʫʤʦʣʘ ʜʦʩʪʠʛʘʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʣʥʦʤ ʨʘʩʭʦʜʦʚʘʥʠʠ ʦʢʠʩʣʠʪʝʣʷ. ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʯʘʩʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʧʠʨʪʘ ʥʘʯʠʥʘʝʪ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʪʴʩʷ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ. ʅʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʮʝʪʦʬʝʥʦʥʘ ʨʘʟʣʦʞʝʥʠʝ ʩʧʠʨʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʝʪʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʪʘ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ (ʈʠʩʫʥʦʢ 13). 

a) 

 

b) 

 

ʈʠʩʫʥʦʢ 13. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ AcOOH ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

60ÁC ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1: a) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ [ʢʫʤʦʣ] : [AcOOH] = 1:2; b) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

[ʢʫʤʦʣ] : [AcOOH] = 1:5. ʉʦʩʪʘʚ ʩʤʝʩʠ ʦʧʨʝʜʝʣʝʥ ʧʨʠ ʧʦʤʦʱʠ ɺʕɾʍ. 

ʆʙʨʘʟʦʚʘʥʠʝ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʲʷʩʥʠʪʴ 

ʧʨʦʩʪʦʡ ʢʠʩʣʦʪʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ (ʢʦʤʤʝʨʯʝʩʢʘʷ AcOOH ʧʦʩʪʘʚʣʷʝʪʩʷ 

ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ AcOH), ʦʜʥʘʢʦ ʢʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʵʪʦ 

ʦʧʨʦʚʝʨʛʘʶʪ. ʊʘʢ, ʚ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ 

ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʜʘʞʝ ʚ 80% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0.6 ʤʦʣʴʥʳʭ 

% 1) ʚʳʭʦʜ ʘʣʢʝʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 6%. ɺʝʨʦʷʪʥʦ, ʜʝʛʠʜʨʘʪʘʮʠʷ ʩʧʠʨʪʘ ʜʦ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ 

ʫʩʢʦʨʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʘʣʣʘʜʠʷ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʜʝʛʨʘʜʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʦʢʠʩʣʠʪʝʣʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ. 

ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʘʣʢʝʥʘ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʊʘʢ, ʫʞʝ ʧʨʠ 40 ÁC ʩʧʠʨʪ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʨʦʜʫʢʪʦʤ (33% ʧʨʠ 60%-ʥʦʡ ʢʦʥʚʝʨʩʠʠ), ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 20 ÁC 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʢʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʊʘʙʣʠʮʘ 4, ˉ2-4). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʦʢʠʩʣʠʪʝʣʷ (ʚʤʝʩʪʦ 2 ʵʢʚ.) ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ (ʊʘʙʣʠʮʘ 4, ˉ5-6).  

ʊʘʙʣʠʮʘ 4. ʆʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ AcOOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ 1-4.[a] 

 

 ̄ ʂʘʪʘʣʠʟʘʪʦʨ T, ÁC AcOOH, ʵʢʚ.[b] t, ʯ 
ʂʦʥʚʝʨʩʠʷ,

% [c] 

ɺr ʭʦʜ (A/K/S), 

%[c],[d] 

1 1 60 2 16 68 5/32/21 

2 1 40 2 16 60 33/15/6 

3 1 20 2 30 78 55/18/2 

4 1 0 2 120 81 62/15/0 

5 1 10 4 44 98 82/12/1 

6 1 0 4 120 99 85/12/0 

7 2 0 4 120 53 35/16/0 

8 3 0 4 120 99 84/15/0 

9 4 0 4 120 34 21/10/0 
[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: ʢʫʤʦʣ (0.1 ʤʤʦʣʴ), AcOOH (35 ʤʘʩʩ. % ʨʘʩʪʚʦʨ ʚ ʨʘʟʙ. AcOH), ʢʘʪʘʣʠʟʘʪʦʨ 

(0.6 ʤʦʣʴʥ. %), CH3CN (0.2 ʤʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ. ʆʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ: 

ʢʫʤʠʣʦʚʳʡ ʩʧʠʨʪ (A, 15a), ʘʮʝʪʦʬʝʥʦʥ (K, 12a), Ŭ-ʤʝʪʠʣʩʪʠʨʦʣ (S, 16). ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 2-ʬʝʥʠʣʧʨʦʧʘʥ-1,2-ʜʠʦʣʘ (17), 2-ʬʝʥʠʣʧʨʦʧʘʥʘʣʷ (18) (ʥʝ 

ʧʦʢʘʟʘʥʳ ʥʘ ʩʭʝʤʝ). [b] ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʙʩʪʨʘʪʘ (ʢʫʤʦʣʘ). [c] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ɺʕɾʍ. [d] ɺʳʭʦʜʳ ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ/ʘʮʝʪʦʬʝʥʦʥʘ/Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ. 

ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʩʧʠʨʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (0é10ÁC), ʧʨʠ 

ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʢʫʤʠʣʦʚʳʡ ʩʧʠʨʪ:ʘʮʝʪʦʬʝʥʦʥ ʜʦʩʪʠʛʘʝʪ 7:1. ʇʦʤʠʤʦ ʢʝʪʦʥʘ, ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʤʠʣʘʮʝʪʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

(ʚʳʭʦʜ 24%). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ (ʥʘʧʨʠʤʝʨ, 2-4) ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʘʢʞʝ ʷʚʣʷʣʠʩʴ ʩʧʠʨʪ ʠ 

ʘʮʝʪʦʬʝʥʦʥ. ʂʦʤʧʣʝʢʩ 4, ʢʘʢ ʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ, ʦʢʘʟʘʣʩʷ ʥʘʠʤʝʥʝʝ ʘʢʪʠʚʥʳʤ ʚ 

ʩʝʨʠʠ (ʩʨʝʜʠ 1-4), ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʘʠʤʝʥʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʧʠʨʪʫ 

(ʊʘʙʣʠʮʘ 3). 

ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʠʤʝʣ ʜʣʠʪʝʣʴʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ (ʦʢʦʣʦ 40 ʯ ʧʨʠ 0 ÁC), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʢʦʥʚʝʨʩʠʷ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ 

(ʈʠʩʫʥʦʢ 14a). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʣʠʙʦ ʩ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʝʘʢʮʠʠ, 

ʣʠʙʦ ʩ ʤʝʜʣʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʠʟ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 

ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʢʫʤʠʣʦʚʳʡ ʩʧʠʨʪ ʠʣʠ ʘʮʝʪʦʬʝʥʦʥ (ʧʦ 10 ʤʦʣʴʥ.%), ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʤʝʥʝʥʠʶ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 
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ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 1 ʠ AcOOH ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʧʨʠ 0 ÁC ʧʝʨʝʜ ʜʦʙʘʚʣʝʥʠʝʤ 

ʩʫʙʩʪʨʘʪʘ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʣʦ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʉʭʦʞʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ AcOOH ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ +60ÁC. 

ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ ʦ ʤʝʜʣʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʳ ʠʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

a) 

 

b) 

 
 

ʈʠʩʫʥʦʢ 14. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ AcOOH ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʦʪ ʚʨʝʤʝʥʠ 

ʚ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ: a) ʧʨʠ 0ÁC; b) ʧʨʠ 10ÁC. ɼʦʣʠ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ɺʕɾʍ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 (ʊʘʙʣʠʮʘ 4). ʊʘʢ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʠʥʝʨʪʥʦʡ, ʚʦʟʜʫʰʥʦʡ ʠʣʠ 

ʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ 0 Áʉ ʠʣʠ 10 Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ; ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʥʝ ʧʨʠʚʝʣʦ ʥʠ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ, ʥʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʠʩʢʣʶʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ ʩ 

ʫʯʘʩʪʠʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ.  

ʊʘʙʣʠʮʘ 4. ʆʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ ʚ ʨʘʟʣʠʯʥʦʡ ʘʪʤʦʩʬʝʨʝ[a] 

 ̄ ɸʪʤʦʩʬʝʨʘ T, ÁC t, ʯ ʂʦʥʚʝʨʩʠʷ (%)[b] 
ɺʳʭʦʜ 

(ʩʧʠʨʪ/ʢʝʪʦʥ), %[b] 

1 ʘʨʛʦʥ 10 48 98 82/13 

2 ʚʦʟʜʫʭ 10 48 96 76/16 

3 ʘʨʛʦʥ 0 120 98 83/12 

4 ʚʦʟʜʫʭ 0 120 98 84/12 

5 ʢʠʩʣʦʨʦʜ 0 120 97 84/12 
[a] ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʢʫʤʦʣ (0.1 ʤʤʦʣʴ), AcOOH (0.4 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ 1 (0.6 ʤʦʣʴʥ. %), CH3CN 

(0.2 ʤʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ; ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʢʦʣʙʝ ʐʣʝʥʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʪʤʦʩʬʝʨʝ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ɺʕɾʍ. 



83 
 

  

ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʦʤʧʣʝʢʩ 1, 0 Áʉ ʠʣʠ +10 Áʉ, 4 ʵʢʚ. ʦʢʠʩʣʠʪʝʣʷ) ʙʳʣ ʦʢʠʩʣʝʥ 

ʨʷʜ ʧʨʦʠʟʚʦʜʥʳʭ ʢʫʤʦʣʘ ʠ ʜʨʫʛʠʝ ʩʫʙʩʪʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʪʠʯʥʳʝ ʙʝʥʟʠʣʴʥʳʝ C-H 

ʛʨʫʧʧʳ (ʊʘʙʣʠʮʘ 5). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʢʦʥʚʝʨʩʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 96 

ʯʘʩʦʚ ʧʨʠ 0 Áʉ ʠʣʠ ʙʦʣʝʝ 48 ʯʘʩʦʚ ʧʨʠ +10 Áʉ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʣʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʠʨʪ ʩ ʚʳʭʦʜʘʤʠ ʦʪ 38 ʜʦ 85%. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʧʘʨʘ-ʙʨʦʤʦʢʫʤʦʣʘ ʚʳʭʦʜ 

ʩʧʠʨʪʘ ʜʦʩʪʠʛʘʝʪ 74% ʧʨʠ 97%-ʥʦʡ ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ (ʊʘʙʣʠʮʘ 5, ˉ2). ɺʣʠʷʥʠʝ 

ʥʠʪʨʦʛʨʫʧʧʳ, ʦʙʣʘʜʘʶʱʝʡ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʵʬʬʝʢʪʦʤ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʘʜʝʥʠʶ ʢʦʥʚʝʨʩʠʠ (ʜʦ 71%) ʠ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʘ 

(ʊʘʙʣʠʮʘ 5, ˉ3).  

ʊʘʙʣʠʮʘ 5. ʆʢʠʩʣʝʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʩ ʙʝʥʟʠʣʴʥʳʤʠ ʪʨʝʪʠʯʥʳʤʠ C-H ʧʦʣʦʞʝʥʠʷʤʠ[a] 

 

 ̄ ʉʫʙʩʪʨʘʪ T, ÁC t, ʯ ʂʦʥʚʝʨʩʠʷ, % [b] ɺr ʭʦʜ (A/K), % [c] 

1 

 

0 120 99 85/12 

2 

 

0 96 97 74/16 

3 

 

0 96 71 53/17 

4 

 

0 96 92 77/5 [d] 

5 

 

10 48 65 38/24 [e] 

6 

 

10 48 76 56/10 [f]  

[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: ʩʫʙʩʪʨʘʪ (0.1 ʤʤʦʣʴ), AcOOH (4 ʵʢʚ., 0.4 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (0.6 ʤʦʣʴʥ. 

%), CH3CN (0.2 ʤʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 1H ʗʄʈ 

ʠ ɻʍ-ʄʉ; [c] ɺʳʭʦʜʳ ʩʧʠʨʪʘ/ʢʝʪʦʥʘ; [d] ʆʩʥʦʚʥʳʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ: 4-ʘʮʝʪʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

(~3%) ʠ 4-ʠʟʦʧʨʦʧʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (~4%); [e] ʉʦʦʪʥʦʰʝʥʠʝ 2-ʬʝʥʠʣ-2-ʙʫʪʘʥʦʣʘ ʠ ʘʮʝʪʦʬʝʥʦʥʘ; 
[f] ʉʦʦʪʥʦʰʝʥʠʝ 1-ʬʝʥʠʣʮʠʢʣʦʛʝʢʩʘʥʦʣʘ ʠ 6-ʦʢʩʦ-6-ʬʝʥʠʣʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʆʩʥʦʚʥʳʤʠ 

ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʣʠʩʴ 2-, 3- ʠ 4-ʬʝʥʠʣʮʠʢʣʦʛʝʢʩʘʥʦʥʳ (~4%). 
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ɼʣʷ ʧʘʨʘ-ʮʠʤʦʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʪʨʝʪʠʯʥʳʭ C-H 

ʮʝʥʪʨʦʚ (ʚʳʭʦʜ ʩʧʠʨʪʘ 77% ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʮʠʤʦʣʘ 92%), ʚʳʭʦʜ ʤʠʥʦʨʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ ʧʦ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ ï 4-ʠʟʦʧʨʦʧʠʣ- ʠ 4-ʘʮʝʪʠʣʙʝʥʟʦʡʥʳʭ ʢʠʩʣʦʪ ï ʥʝ 

ʧʨʝʚʳʰʘʝʪ 7% (ʊʘʙʣʠʮʘ 5, ˉ4). ɺ ʩʣʫʯʘʝ ʚʪʦʨ-ʙʫʪʠʣʙʝʥʟʦʣʘ ʚʳʭʦʜ ʩʧʠʨʪʘ ʙʳʣ ʥʝʚʳʩʦʢ 

(38%), ʘ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʘʟʨʳʚʘ ʩʚʷʟʠ C-C ʙʳʣ ʘʮʝʪʦʬʝʥʦʥ 

(ʧʨʦʜʫʢʪ ʦʪʱʝʧʣʝʥʠʷ ʵʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ), ʘ ʥʝ ʧʨʦʧʠʦʬʝʥʦʥ (ʧʨʦʜʫʢʪ ʦʪʱʝʧʣʝʥʠʷ 

ʤʝʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ) (ʊʘʙʣʠʮʘ 5, ˉ5). ɼʣʷ ʬʝʥʠʣʮʠʢʣʦʛʝʢʩʘʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

1-ʬʝʥʠʣʮʠʢʣʦʛʝʢʩʘʥʦʣʘ ʠ 6-ʦʢʩʦ-6-ʬʝʥʠʣʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʤʠʥʦʨʥʳʝ ʧʨʦʜʫʢʪʳ 

ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ C-H ʦʢʠʩʣʝʥʠʷ ʮʠʢʣʦʛʝʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʊʘʙʣʠʮʘ 5, ˉ6).  

ʆʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʘʢʪʠʚʘʮʠʝʡ ʩʚʷʟʠ O-H ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ C-H 

ʦʢʠʩʣʝʥʠʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ɓ-ʨʘʩʱʝʧʣʝʥʠʝʤ (ɓ-scission) ʢʫʤʠʣʦʢʩʠʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

(Cʭʝʤʘ 49). ʉ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʢʪʠʚʘʮʠʷ O-H ʩʚʷʟʠ ʚʳʛʣʷʜʠʪ 

ʦʩʫʱʝʩʪʚʠʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʪʠʧʠʯʥʳʝ ʵʥʝʨʛʠʠ ʛʦʤʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ (BDE) ʩʚʷʟʠ OH ʚ 

1,1-ʜʠʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʠʣʦʚʳʭ ʩʧʠʨʪʘʭ (95-98 ʢʢʘʣ/ʤʦʣʴ) ʣʠʰʴ ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ BDE ʉ-

H ʚ ʮʠʩ-1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʝ (94 ʢʢʘʣ/ʤʦʣʴ) ï ʩʫʙʩʪʨʘʪʝ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʉ-ʅ 

ʦʢʠʩʣʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ [147].  

 

ʉʭʝʤʘ 49. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʫʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʬʝʥʦʥʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʫʤʦʣʘ ʩʠʩʪʝʤʦʡ 

1/AcOOH ʚ CH3CN.  

 ʆʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʮʝʪʦʬʝʥʦʥʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʫʤʦʣʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʨʘʥʝʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ [60; 

148ï152]. ɸʚʪʦʨʘʤʠ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʘʨʰʨʫʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʳʚʘ 

ʩʚʷʟʠ C-C, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʢʦʢʩʠʨʘʜʠʢʘʣʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʧʠʨʪʘ. ɼʨʫʛʦʡ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʫʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʝʪʦʥʘ (ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʫʤʦʣʘ [RuIV(bpy)2(py)(O)]2+) 

ʚʢʣʶʯʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʝʥʠʝʤ 

(ʉʭʝʤʘ 50, ʤʘʨʰʨʫʪ a) [152]. ɺ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʘʚʪʦʨʘʤʠ ʥʝ ʠʩʢʣʶʯʘʣʘʩʴ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʬʝʥʦʥʘ ʠʟ ʢʫʤʠʣʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʫʤʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʢʠʩʣʦʨʦʜʦʤ (ʉʭʝʤʘ 50, ʤʘʨʰʨʫʪ b).  
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ʉʭʝʤʘ 50. ɺʦʟʤʦʞʥʳʝ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʬʝʥʦʥʘ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʢʫʤʦʣʘ ʩ ʫʯʘʩʪʠʝʤ 

[RuIV(bpy)2(py)(O)]2+ ʧʨʠ +40Áʉ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʄʘʡʝʨʦʤ (J. Mayer) ʠ ʩʦʪʨ. 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʝʨʦʢʩʠʵʬʠʨʳ ʠʣʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʳ, ʪʦ ʦʥʠ ʤʦʛʣʠ ʙʳ ʚʩʪʫʧʘʪʴ ʚ ʢʠʩʣʦʪʥʦ-

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ (ʧʝʨʝʛʨʫʧʧʠʨʦʢʠ ʂʨʠʛʝ ʠ ʍʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [153]. 

ʆʜʥʘʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʠʩʭʦʜʷ ʠʟ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢ ʤʠʛʨʘʮʠʠ, ʫʙʳʚʘʶʱʝʡ ʚ ʨʷʜʫ 

tBu > Ph > Et > Me, ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʷʚʣʷʣʠʩʴ ʙʳ ʘʮʝʪʦʥ ʠ ʬʝʥʦʣ, 

ʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ ʙʳʣʦ ʙʳ ʧʦʙʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʯʪʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ.  

 

ʉʭʝʤʘ 51. ʆʢʠʩʣʝʥʠʝ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ (a) ʠ ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (b) ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1 ʧʨʠ 60ÁC. 

ʇʦʵʪʦʤʫ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʛʜʘ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ ɓ-ʨʘʩʱʝʧʣʝʥʠʝʤ ʢʫʤʠʣʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʪʘ, ʢʘʞʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ. ʆʜʥʘʢʦ ʧʨʠ +60ÁC ʥʝʣʴʟʷ 
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ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʳʡ ʚʢʣʘʜ ʦʢʠʩʣʝʥʠʷ Ŭ-ʤʝʪʠʣʩʪʠʨʦʣʘ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ. ʊʘʢ, ʚ 

ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ AcOOH/ 1 ʧʨʠ +60ÁC ʪʘʢʞʝ ʦʢʠʩʣʷʝʪ Ŭ-

ʤʝʪʠʣʩʪʠʨʦʣ ʠ ʢʫʤʠʣʦʚʳʡ ʩʧʠʨʪ ʜʦ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʘʮʝʪʦʬʝʥʦʥ (>50%) (ʉʭʝʤʘ 51).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ ʥʘʜʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 1-4 ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ 

ʨʝʘʢʮʠʷ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (+60Áʉ) ʚ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʧʨʝʦʙʣʘʜʘʝʪ 

ʘʮʝʪʦʬʝʥʦʥ, ʧʨʦʜʫʢʪ ʨʘʟʨʳʚʘ ʩʚʷʟʠ ʉ-ʉ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (0Áʉ ʠʣʠ 

+10Áʉ) ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʢʫʤʠʣʦʚʳʡ ʩʧʠʨʪ (ʩ ʭʦʨʦʰʝʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʚʳʭʦʜʦʤ ʜʦ 85%). ʆʢʠʩʣʝʥʠʝ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʦ ʠ ʠʤʝʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʫʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʮʝʪʦʬʝʥʦʥʘ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʨʘʟʨʳʚ ʩʚʷʟʠ O-H ʚ ʢʫʤʠʣʦʚʦʤ ʩʧʠʨʪʝ 

ʘʢʪʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʘʣʣʘʜʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ɓ-ʨʘʩʱʝʧʣʝʥʠʝʤ ʢʫʤʠʣʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

 

2.3. ʉʝʣʝʢʪʠʚʥʦʝ C-H ʦʢʠʩʣʝʥʠʝ ʚ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʘʭ 

2.3.1. ʆʢʠʩʣʝʥʠʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ C-H ʛʨʫʧʧ ʚ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʩʧʠʨʪʘʭ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 1 ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ C-H ʦʢʠʩʣʝʥʠʝ 

ʙʝʥʟʠʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʠʚʦʜʷ ʢ ʢʝʪʦʥʫ 

ʠʣʠ ʪʨʝʪʠʯʥʦʤʫ ʩʧʠʨʪʫ. ɹʝʥʟʠʣʴʥʳʝ C-H ʩʚʷʟʠ ʤʝʥʝʝ ʧʨʦʯʥʳʝ (ʵʥʝʨʛʠʷ ʛʦʤʦʣʠʪʠʯʝʩʢʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ ~80-90 ʢʢʘʣ/ʤʦʣʴ), ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʫʶʪʩʷ ʣʝʛʯʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

C(sp3)-H ʩʚʷʟʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 1/RCO3H ʥʘ ʩʫʙʩʪʨʘʪʳ ʩ 

ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʘʜʘʤʘʥʪʘʥʘ. 

ʊʘʢʦʡ ʩʫʙʩʪʨʘʪ ʩʦʜʝʨʞʠʪ ʚʩʝʛʦ ʜʚʘ ʪʠʧʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʉ-ʅ ʩʚʷʟʝʡ (ʪʨʝʪʠʯʥʳʝ C-H ʠ 

ʤʝʪʠʣʝʥʦʚʳʝ CH2), ʧʦʵʪʦʤʫ ʫʜʦʙʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʝʤʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʘʜʘʤʘʥʪʘʥʘ AcOOH ʚ ʩʤʝʩʠ CH3CN/CH2Cl2 (ʨʘʟʙʘʚʣʝʥʠʝ 

ʜʠʭʣʦʨʤʝʪʘʥʦʤ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʫʙʩʪʨʘʪʘ) ʧʨʠ 10 Áʉ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ 1-ʘʜʘʤʘʥʪʘʥʦʣʘ, ʦʜʥʘʢʦ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʙʳʣʘ ʥʝʚʝʣʠʢʘ (16% ʟʘ 44 

ʯʘʩʦʚ, ʊʘʙʣʠʮʘ 6, ˉ1). ɿʘʤʝʥʘ AcOOH ʥʘ m-CPBA ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʨʦʩʪʫ ʩʢʦʨʦʩʪʠ 

ʦʢʠʩʣʝʥʠʷ (ʢʦʥʚʝʨʩʠʷ 21% ʜʦʩʪʠʛʘʝʪʩʷ ʫʞʝ ʟʘ 20 ʯ, ʊʘʙʣʠʮʘ 6, ˉ2) ʠ ʧʦʚʳʰʝʥʠʶ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ (3Á/2Á = 100), ʦʜʥʘʢʦ ʪʨʝʙʦʚʘʣʠʩʴ ʜʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʫʯʘʝʤʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɓ-ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʩʧʠʨʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩʦʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʩʠʣʴʥʳʤʠ 

ʜʦʥʦʨʦʤʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʚʳʩʦʢʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʦʚʳʰʝʥʥʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʧʦʥʠʞʝʥʥʘʷ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʶ 

ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ [154; 155]. ʈʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 2,2,2-

ʪʨʠʬʪʦʨʵʪʘʥʦʣ (TFE) ʠ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣ (HFIP) ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ 

ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ C-H ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ[156; 157]. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʪʘʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʧʝʨʝʦʢʠʩʣʝʥʠʶ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚʪʦʨʠʯʥʳʭ ʩʧʠʨʪʦʚ ʜʦ ʢʝʪʦʥʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʉʭʝʤʘ 4), ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ 

ʩʣʦʞʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʨʝʰʝʥʦ ʦʧʨʦʙʦʚʘʪʴ C-H ʦʢʠʩʣʝʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 1/RCO3H ʚ ɓ-ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʘʭ.  

ʊʘʙʣʠʮʘ 6. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʘʜʘʤʘʥʪʘʥʘ.[a] 

 

 ̄
ʆʢʠʩʣʠʪʝʣʴ 

(ʯʠʩʣʦ ʵʢʚ.) 
ʈʘʩʪʚʦʨʠʪʝʣʴ T, ÁC 

ʂʦʥʚʝʨʩʠʷ, 

%[b] 

ɺʳʭʦʜ, %[b] 

 23:24:25:26:27,  
3Á/2Á[c] 

1[d] AcOOH (1.5) CH3CN/CH2Cl2 10 16 14/-/-/-/1[e] 44 

2 m-CPBA (1.5) CH3CN/CH2Cl2 10 21 20/-/-/0.3/-[f]  100 

3 m-CPBA (1.5) TFE/CH2Cl2 10 94 93[g]/-/1/-/- - 

4 m-CPBA(1.5) HFIP/CH2Cl2 10 92 66/21/3[h]/1/- 333 

5 AcOOH (2) TFE/CH2Cl2 10 98 80/14/0.6/1/2 109 

6 AcOOH (1.5) TFE/CH2Cl2 10 91 82/6/1/0.4/1.5 150 

7 AcOOH (2) TFE/CH2Cl2 0 74 69/3/0.5/-/0.8 283 

8[i ] AcOOH (2) TFE/CH2Cl2 10 0 - - 

9[i ] m-CPBA (1.5) TFE/CH2Cl2 10 1.1 0.8/-/-/0.3/- 8 

10[k]
 AcOOH (2) TFE/CH2Cl2 10 16 14/-/-/2/- 21 

[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: ʘʜʘʤʘʥʪʘʥ (0.2 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ, ʢʘʪʘʣʠʟʘʪʦʨ 1 (0.6 ʤʦʣʴʥ. %), 

ʨʘʩʪʚʦʨʠʪʝʣʴ (CH3CN, TFE ʠʣʠ HFIP, 600 ʤʢʣ) + CH2Cl2 (300 ʤʢʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ 

ʧʦʨʮʠʝʡ, ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 20 

ʯʘʩʦʚ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 1H ʗʄʈ ʠ ɻʍ/ʄʉ; [c] 3Á/2Á = 3Ĭ{[23]+ 

[25]+2Ĭ[24]}/{[ 26]+[27]}; [d] ɺʨʝʤʷ ʨʝʘʢʮʠʠ 44 ʯ; [e]
 0.8% N-(1-ʘʜʘʤʘʥʪʠʣ)ʘʮʝʪʘʤʠʜʘ; [f] 0.3% 

ʘʜʘʤʘʥʪʘʥʦʥʘ; [g] ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 82 % (ʧʨʠ ʟʘʛʨʫʟʢʝ 0.5 ʤʤʦʣʴ); [h] ʇʨʦʩʪʦʡ ʵʬʠʨ HFIP 

ʠ 1-ʘʜʘʤʘʥʪʘʥʦʣʘ; [i] ɹʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ; [k] 0.6 ʤʦʣʴʥ. % Pd(OAc)2 ʚʤʝʩʪʦ 1. 
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 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʘʤʝʥʘ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘ TFE ʠʣʠ HFIP ʧʨʠʚʦʜʠʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʘʜʘʤʘʥʪʘʥʘ (ʊʘʙʣʠʮʘ 6, ˉ2-4). ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʤʝʪʘ-

ʭʣʦʨʥʘʜʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʚ TFE ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 1-ʘʜʘʤʘʥʪʦʣʘ ʩ ʚʳʭʦʜʦʤ 93% 

ʠ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (>98%) ʧʨʠ 94% ʢʦʥʚʝʨʩʠʠ ʘʜʘʤʘʥʪʘʥʘ. ɺ HFIP ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1.5 ʵʢʚ. ʦʢʠʩʣʠʪʝʣʷ (m-CPBA) ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ ʩʝʣʝʢʪʠʚʥʦ: ʧʨʠ 

92%-ʥʦʡ ʢʦʥʚʝʨʩʠʠ ʥʘʨʷʜʫ ʩ 66% 1-ʘʜʘʤʘʥʪʦʣʘ ʦʙʨʘʟʫʝʪʩʷ 21% 1,3-ʘʜʘʤʘʥʪʘʥʜʠʦʣʘ 

(ʧʨʦʜʫʢʪ ʦʢʠʩʣʝʥʠʷ 1-ʘʜʘʤʘʥʪʘʥʦʣʘ) (ʊʘʙʣʠʮʘ 6, ˉ4). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʜʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (2 ʵʢʚ.) ʚʤʝʩʪʦ m-CPBA ʚ TFE ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʦʢʠʩʣʝʥʠʝ ʩ 

ʜʦ 1,3-ʘʜʘʤʘʥʪʘʥʜʠʦʣʘ, ʦʜʥʘʢʦ ʢʦʥʚʝʨʩʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦ ʪʨʝʪʠʯʥʳʤ C-H 

ʩʚʷʟʷʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʪʦʨʠʯʥʳʤ (3Á/2Á) ʦʩʪʘʶʪʩʷ ʚʳʩʦʢʠʤʠ. ɼʦʣʶ ʜʠʦʣʘ ʚ ʧʨʦʜʫʢʪʘʭ 

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʣʠʙʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʟʘʛʨʫʟʢʠ ʦʢʠʩʣʠʪʝʣʷ (ʜʦ 1.5 ʵʢʚ.), ʣʠʙʦ ʧʦʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 0 ÁC (ʊʘʙʣʠʮʘ 6, ˉ5-6). ɺ ʦʪʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 1,3-

ʘʜʘʤʘʥʪʘʥʜʠʦʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝʤ 1-ʘʜʘʤʘʥʪʘʥʦʣʘ ʜʝʡʩʪʚʠʝʤ 

AcOOH ʩ ʚʳʭʦʜʦʤ 86% (ʉʭʝʤʘ 52a). ɺ ʮʝʣʦʤ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʢʠʩʣʝʥʠʝ 

ʪʨʝʪʠʯʥʳʭ ʮʝʥʪʨʦʚ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ 3Á/2Á (ʜʦ 333), ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʚʳʩʦʢʠʭ, ʢʦʛʜʘ-ʣʠʙʦ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʘʜʘʤʘʥʪʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʂʦʥʪʨʦʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ (ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʣʠ ʧʨʠ ʟʘʤʝʥʝ 1 ʥʘ Pd(OAc)2) ʧʦʜʯʝʨʢʠʚʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʧʘʣʣʘʜʠʷ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʫʩʧʝʰʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 6, ˉ7-9). 

ʆʢʠʩʣʝʥʠʝ ʮʠʢʣʦʛʝʢʩʘʥʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʝʪʠʯʥʳʭ C-H ʧʦʣʦʞʝʥʠʡ, ʧʨʦʪʝʢʘʣʦ ʩ 

ʥʠʟʢʦʡ ʢʦʥʚʝʨʩʠʝʡ. ʇʨʠʤʝʥʝʥʠʝ 1/AcOOH ʚ TFE ʧʨʠ 0ÁC ʧʨʠʚʦʜʠʣʦ ʣʠʰʴ ʢ 5%-ʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʢʝʪʦʥʘ ʠ ʩʧʠʨʪʘ (2.3:1). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ m-CPBA (2 

ʵʢʚ.) ʚ TFE ʧʨʠ 10ÁC ʢʦʥʚʝʨʩʠʷ ʮʠʢʣʦʛʝʢʩʘʥʘ ʩʦʩʪʘʚʠʣʘ 12.5%, ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʣʩʷ Ů-ʢʘʧʨʦʣʘʢʪʦʥ, ʦʙʨʘʟʫʶʱʠʡʩʷ, ʚʝʨʦʷʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʧʦ ɹʘʡʝʨʫ-ɺʠʣʣʠʛʝʨʫ ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ, ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ 52b). 
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ʉʭʝʤʘ 52. a) ʆʢʠʩʣʝʥʠʝ 1-ʘʜʘʤʘʥʪʘʥʦʣʘ AcOOH; b) ʆʢʠʩʣʝʥʠʝ ʮʠʢʣʦʛʝʢʩʘʥʘ ʚ TFE; 

ʚʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ɻʍ-ʄʉ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʨʝʘʢʮʠʠ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʦʢʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 2,6-ʜʠʤʝʪʠʣʦʢʪʘʥʘ, ʨʘʥʝʝ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ 

(ʊʘʙʣʠʮʘ 7) [18; 158; 159]. ʆʢʠʩʣʝʥʠʝ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 2,6-ʜʠʤʝʪʠʣʦʢʪʘʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʢʦʤʧʣʝʢʩʦʤ 1, ʧʨʠʚʦʜʠʣʦ ʢ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦ ʪʨʝʪʠʯʥʳʤ C-H ʧʦʣʦʞʝʥʠʷʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ å 1 : 1.7 (ʧʨʦʜʫʢʪʳ ʧʦ çʫʜʘʣʝʥʥʦʤʫè C7 ʠ çʙʣʠʞʥʝʤʫè C3 

ʮʝʥʪʨʘʤ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ m-CPBA ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʝʨʝʦʢʠʩʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʦ 1,6-ʜʠʦʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʩ 2,2,2-

ʪʨʠʬʪʦʨʵʪʘʥʦʣʦʤ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚʤʝʩʪʦ m-CPBA ʠ ʩʤʝʩʠ 

TFE/H2O ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʦʣʶ ʜʠʦʣʦʚ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʠ 

ʧʦʜʘʚʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʬʪʦʨʵʪʦʢʩʠʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ (-Br, -OAc) ʧʨʠʚʦʜʠʪ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ çʙʣʠʞʥʝʛʦè C-H ʧʦʣʦʞʝʥʠʷ, ʧʨʠʚʦʜʷ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʥʘʯʠʥʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ çʫʜʘʣʝʥʥʦʡè ʪʨʝʪʠʯʥʦʡ 

C-H ʛʨʫʧʧʝ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʦ çʫʜʘʣʝʥʥʦʤʫè/çʙʣʠʞʥʝʤʫè ʮʝʥʪʨʘʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 3,7-ʜʠʤʝʪʠʣʦʢʪʠʣʙʨʦʤʠʜʘ (å 32:1 ʚ ʩʣʫʯʘʝ AcOOH), ʯʪʦ ʩʭʦʞʝ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʶ ʘʣʢʘʥʦʚ ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʦʤʧʣʝʢʩʘʤʠ ʤʘʨʛʘʥʮʘ ʩ PDP-

ʣʠʛʘʥʜʘʤʠ [158]. ɼʣʷ 3,7-ʜʠʤʝʪʠʣʦʢʪʠʣʘʮʝʪʘʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʴʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦ ʮʝʥʪʨʘʤ C7/C3 (ʦʢʦʣʦ 6-8). 
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ʊʘʙʣʠʮʘ 7. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 2,6-ʜʠʤʝʪʠʣʦʢʪʘʥʘ 32a-32c[a], [b] 

 

 ̄ X ʆʢʠʩʣʠʪʝʣʴ T, ÁC t, ʯ 
ʂʦʥʚʝʨʩʠ

 ̫% 

ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ, %[c] 

ʫʜʘʣʸʥʥʳʡ 

(A:E) [d] 

ʙʣʠʞʥʠʡ 

(A:E) [d] 

3,7-ʜʠʦʣ 

(A:E) [e] 

1 H m-CPBA 10 44 92 18.5:6 18:18 21:11 

2 H AcOOH 10 44 98 27:3 42 (51)[f] :5 17 (10):2 

3[g] H AcOOH 10 24 99 31: - 56.5: - 12: - 

4 OAc m-CPBA 0 90 37 33:- 4:- - 

5 OAc m-CPBA 10 44 81 61:10 10: - - 

6 OAc m-CPBA 20 24 57 38:10 9:- - 

7 OAc AcOOH 10 44 32 28 (22): - 3.9: -  - 

9 Br m-CPBA 10 44 66 57:5 3.5: -  - 

10 Br AcOOH 0 20 8.1 7.8:- 0.3:- - 

11 Br AcOOH 10 44 47 45 (38): - 1.4: - - 

12 Br AcOOH 30 19 30 24:- 3:- - 
[a] ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʩʫʙʩʪʨʘʪ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (0.2 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ 1 (0.6 ʤʦʣʴʥ. %), TFE 

(300 ʤʢʣ + CH2Cl2 30 ʤʢʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ, ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 1H ʗʄʈ. 

ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʚʳʭʦʜʳ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʧʨʠ ʟʘʛʨʫʟʢʝ ʩʫʙʩʪʨʘʪʘ 0.3 ʤʤʦʣʴ); [c] ɺʳʭʦʜʳ 

ʩʧʠʨʪʘ ʠ 2,2,2-ʪʨʠʬʪʦʨʵʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ; [d] A:E = ʩʧʠʨʪ:ʧʨʦʩʪʦʡ ʵʬʠʨ; [e] A:E = 3,7-ʜʠʦʣ:ʤʦʥʦ-

ʛʠʜʨʦʢʩʠʪʨʠʬʪʦʨʵʪʠʣʦʚʳʡ ʵʬʠʨ; [f] ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʩʤʝʩʴ 1:1.4 ʫʜʘʣʝʥʥʳʡ:ʙʣʠʞʥʠʡ), 

ʟʘʛʨʫʟʢʘ 0.4 ʤʤʦʣʴ; [g] ʈʘʩʪʚʦʨʠʪʝʣʴ TFE/H2O (1:1 ʤʦʣʴʥ/ʤʦʣʴʥ).  

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʪʝʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ (-)-ʤʝʥʪʠʣʘʮʝʪʘʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʜʚʘ ʪʨʝʪʠʯʥʳʭ C-H ʧʦʣʦʞʝʥʠʷ, ʉ1 (ʚ ʮʠʢʣʝ) ʠ ʉ8 (ʚʥʝ ʮʠʢʣʘ, ʧʨʠ ʠʟʦʧʨʦʧʠʣʴʥʦʡ ʛʨʫʧʧʝ), 

ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ OAc, ʦʜʥʘʢʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. ʆʢʠʩʣʝʥʠʝ ʥʘʜʢʠʩʣʦʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʚ TFE 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʪʝʨʠʯʝʩʢʠ ʤʝʥʝʝ ʟʘʪʨʫʜʥʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ C1 

(ʊʘʙʣʠʮʘ 8). ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ C1-OH/C8-OH (37/38) ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 2.7-5.4, ʯʪʦ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ ʠ 

ʤʘʨʛʘʥʮʘ ʩ ʣʠʛʘʥʜʘʤʠ ʩʝʨʠʠ PDP, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʦʙʱʘʣʦʩʴ C1-OH/C8-OH = 7.7-57 [18; 158]. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 1 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʤʝʥʴʰʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʝʡ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ 

ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʣʠʛʘʥʜʘ TPA.  
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ʊʘʙʣʠʮʘ 8. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ (-)-ʤʝʥʪʠʣʘʮʝʪʘʪʘ[a] 

 

 ̄
ʆʢʠʩʣʠʪʝʣʴ 

(ʵʢʚ.) 

ʂʘʪʘʣʠʟʘʪʦʨ, 

ʤʦʣʴʥ. % 
t, ʯ  

ʂʦʥʚʝʨʩʠʷ, 

%[b] 

ɺʳʭʦʜʳ 

37/38/39, %[b] 
37/38 

1 m-CPBA (2) 0.6 44 16.4 12.5/2.8/1.0 4.5 

2 AcOOH (2) 0.6 44 23 18.5/3.4/1.0 5.4 

3 AcOOH (4) 2 23 22 15.5/3.5/1.9 4.4 

4 AcOOH (4) 2 76 63 41.4/15.1/5.9 2.7 
[a] ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʩʫʙʩʪʨʘʪ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ, ʢʘʪʘʣʠʟʘʪʦʨ 1, TFE (300 ʤʢʣ); ʦʢʠʩʣʠʪʝʣʴ 

ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ +10ÁC; [b] ʂʦʥʚʝʨʩʠʶ ʠ 

ʚʳʭʦʜ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ 1H ʗʄʈ ʠ ɻʍ-ʄʉ.  

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʮʠʩ-1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʝʪʩʷ ʪʨʘʥʩ-1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʦʣ, ʪʦ ʝʩʪʴ ʦʢʠʩʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʝʨʝʦʢʦʥʬʠʛʫʨʘʮʠʠ ʪʨʝʪʠʯʥʦʛʦ C-H ʮʝʥʪʨʘ 

(ʧʘʨʘʤʝʪʨ RC (retention of configuration) > 99%). ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʫʯʘʩʪʠʝ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʫʛʣʝʨʦʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʣʘ ʙʳ ʨʘʮʝʤʠʟʘʮʠʷ ʨʘʜʠʢʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʮʠʩ- ʠ ʪʨʘʥʩ-

ʩʧʠʨʪʦʚ [160; 161]. ʇʨʠ ʵʪʦʤ ʚ 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦӢʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ RC ʠ ʚʳʭʦʜʘ ʪʨʝʪʠʯʥʦʛʦ ʩʧʠʨʪʘ, ʯʝʤ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʊʘʙʣʠʮʘ 

9). 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʜʝʢʘʣʠʥʦʚ ʚ TFE, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʮʠʩ-1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ RC, ʜʦʩʪʠʛʘʶʱʠʝ > 99%. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʮʠʩ-ʜʝʢʘʣʠʥʘ 

ʥʘʙʣʶʜʘʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ RC, ʘ ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʪʨʝʪʠʯʥʳʤ ʮʝʥʪʨʘʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʤ. ʊʘʢ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʪʨʘʥʩ-ʜʝʢʘʣʠʥʘ m-CPBA ʚ TFE ʧʨʠ 

+10 Áʉ ʜʦʣʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦ ʤʝʪʠʣʝʥʦʚʳʤ ʛʨʫʧʧʘʤ ʧʨʝʚʳʰʘʝʪ 17%, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʮʠʩ-ʠʟʦʤʝʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʰʴ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʧʦ ʪʨʝʪʠʯʥʳʤ ʮʝʥʪʨʘʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʢʣʦʛʝʢʩʘʥʘ ʪʨʝʪʠʯʥʳʝ 

C-H ʛʨʫʧʧʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʦʢʠʩʣʝʥʠʶ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ ʦʪʨʳʚʝ ʘʪʦʤʘ H 

çʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷè (strain release), ʚʳʟʚʘʥʥʦʛʦ 1,3-ʜʠʘʢʩʠʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

(ʈʠʩʫʥʦʢ 15a) [162; 163]. ɺ ʩʣʫʯʘʝ ʘʢʩʠʘʣʴʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʩʢʦʨʦʩʪʴ-ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʘʜʠʠ (ʨʘʟʨʳʚʝ ʩʚʷʟʠ C-H) ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʈʠʩʫʥʦʢ 15b). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʪʨʘʥʩ-ʜʝʢʘʣʠʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪʩʷ ʦʢʠʩʣʝʥʠʝ 2Á ʉ-ʅ ʛʨʫʧʧ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ (ʘʢʩʠʘʣʴʥʳʤʠ) 3Á ʛʨʫʧʧʘʤʠ [163], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ 

3Á/2Á (ʉʭʝʤʘ 53b).  

ʊʘʙʣʠʮʘ 9. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʮʠʩ-1,2-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ [a] 

 

 ̄ ʆʢʠʩʣʠʪʝʣʴ ʂʦʥʚʝʨʩʠʷ, % [b] 
ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ, %, 

ʩʧʠʨʪʳ:ʢʝʪʦʥʳ:ʜʠʦʣʳ 
RC, % [c] 

1 AcOOH 92 87.3 (73)[d]:0.2:3.9 >99 

2 m-CPBA >99 89.2:0.2: ï >99 

3[e] m-CPBA 32 25.1:0.6: ï 95.3 
[a] ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: ʩʫʙʩʪʨʘʪ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (0.2 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (0.6 ʤʦʣʴʥ. %), 

TFE/CH2Cl2 (320 ʤʢʣ/80 ʤʢʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʠʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʧʨʠ 0ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ɻʍ-ʄʉ; [c] RC = 100% 

Ĭ [((1R,2R)-ʪʨʘʥʩ-41 + (1S,2S)-ʪʨʘʥʩ-41 ï ((1R,2S)-ʮʠʩ-41 + (1S,2R)-ʮʠʩ-41)] / [(1R,2R)-ʪʨʘʥʩ-

41 + (1S,2S)-ʪʨʘʥʩ-41 + (1R,2S)-ʮʠʩ-41 + (1S,2R)-ʮʠʩ-41]; [d] ʚʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʧʨʠ 

ʟʘʛʨʫʟʢʝ ʩʫʙʩʪʨʘʪʘ 1.5 ʤʤʦʣʴ); [e] ʚ CH3CN. 

 

 

ʈʠʩʫʥʦʢ 15. ɺʣʠʷʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʦʪʨʳʚʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ (ʘ) ʠʣʠ 

ʘʢʩʠʘʣʴʥʦʛʦ (ʙ) ʘʪʦʤʘ H ʚ ʜʝʢʘʣʠʥʦʚʳʭ ʩʠʩʪʝʤʘʭ. 
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ʉʭʝʤʘ 53. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʮʠʩ-ʜʝʢʘʣʠʥʘ (ʘ) ʠ ʪʨʘʥʩ-ʜʝʢʘʣʠʥʘ (b). ʋʩʣʦʚʠʷ 

ʧʨʦʚʝʜʝʥʠʷ: ʩʫʙʩʪʨʘʪ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (0.2 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (0.6 ʤʦʣʴʥ. %), TFE (300 

ʤʢʣ) ʠ CH2Cl2 (ʜʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʫʙʩʪʨʘʪʘ, ~50 ʤʢʣ); ʢʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜʳ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ɻʍ-ʄʉ. [a] ɺʳʭʦʜʳ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʧʨʠ ʟʘʛʨʫʟʢʝ ʩʫʙʩʪʨʘʪʘ 0.5 ʤʤʦʣʴ). 3Á/2Á = 

8Ĭ{[45]+[46]+2Ĭ[47]}/{[ 48]+[50]}.  

 

 ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥʘ m-CPBA ʚ TFE ʧʨʠ 0 Áʉ ʭʦʪʷ ʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʨʝʪʠʯʥʦʡ C-H ʛʨʫʧʧʝ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ 1-ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥʦʣʘ (52) ʠ 

ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ ʩ 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣʦʤ (53) ʚ ʩʦʦʪʥʦʰʝʥʠʠ å1:1 (ʉʭʝʤʘ 54a). ʆʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʩʪʳʭ ʵʬʠʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʨʘʥʝʝ, ʦʜʥʘʢʦ 

ʠʭ ʜʦʣʷ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (ʜʣʷ ʘʜʘʤʘʥʪʘʥʘ ʠʣʠ ʧʨʦʠʟʚʦʜʥʳʭ 2,6-

ʜʠʤʝʪʠʣʦʢʪʘʥʘ). ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʘʢʞʝ ʠ ʦʪ 

ʧʨʦʠʟʚʦʜʥʳʭ ʮʠʢʣʦʛʝʢʩʘʥʘ. ʆʜʥʘʢʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʧʠʨʪʫ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʤʝʩʴ TFE/H2O. ʇʨʠ ʵʪʦʤ ʢʦʥʚʝʨʩʠʷ ʦʩʪʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ, ʘ ʚʳʭʦʜ ʩʧʠʨʪʘ ʜʦʩʪʠʛʘʝʪ 89% (ʉʭʝʤʘ 54b). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦ-ʪʨʠʩ-ʧʠʨʠʜʠʣʤʝʪʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʣʘʜʠʷ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ 

ʧʝʨʦʢʩʠʢʠʩʣʦʪʘʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʪʨʝʪʠʯʥʳʤʠ C-H 

ʛʨʫʧʧʘʤʠ ʚ ʩʨʝʜʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ. ʆʢʠʩʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦ, 

ʧʨʠ ʵʪʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʦ 

ʪʨʝʪʠʯʥʳʤ C-H ʛʨʫʧʧʘʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʵʬʬʝʢʪʘʤ ʟʘʤʝʩʪʠʪʝʣʝʡ.  
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ʉʭʝʤʘ 54. ʆʢʠʩʣʝʥʠʝ ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʥʘ: a) ʚ TFE; b) ʚ ʩʤʝʩʠ TFE/H2O. ʂʦʥʚʝʨʩʠ ̫ʠ 

ʚʳʭʦʜ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ  ɻʍ-ʄʉ. 

 

2.3.2. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʘʭ 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ 

1/RCO3H ʚ ɓ-ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʘʭ, ʙʳʣʦ ʨʝʰʝʥʦ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʩ ʙʝʥʟʠʣʴʥʳʤʠ ʉ-ʅ ʧʦʣʦʞʝʥʠʷʤʠ. ɼʣʷ ʥʘʯʘʣʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʙʳʣ ʚʳʙʨʘʥ ʵʪʠʣʙʝʥʟʦʣ.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ 1/RCO3H ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(+60 ÁC) ʩʧʦʩʦʙʥʘ ʦʢʠʩʣʷʪʴ ʘʨʠʣʘʣʢʘʥʳ ʜʦ ʢʝʪʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʥʘʣʠʯʠʝ ʥʝʢʦʪʦʨʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʊʘʢ, ʚ ʫʩʣʦʚʠʷʭ, ʨʘʥʝʝ 

ʧʦʜʦʙʨʘʥʥʳʭ ʜʣʷ C-H ʦʢʠʩʣʝʥʠʷ ʢʫʤʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 1 ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ, 

ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (4 ʵʢʚ.) ʧʨʠ +10Áʉ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ, 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʣʠʰʴ 12 % ʢʦʥʚʝʨʩʠʠ ʟʘ 24 ʯ. (ʊʘʙʣʠʮʘ 10, ̄̄  1). ʇʨʠ ʟʘʤʝʥʝ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʥʘ 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʛʦ ʞʝ 

ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʘʮʝʪʦʬʝʥʦʥʘ - ʩ ʚʳʭʦʜʦʤ ʙʦʣʝʝ 90 %, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ 1-

ʬʝʥʠʣʵʪʘʥʦʣʘ ʠ 1-ʬʝʥʠʣʵʪʠʣʘʮʝʪʘʪʘ (ʊʘʙʣʠʮʘ 10, ̄̄  3, 4). ɿʘʛʨʫʟʢʫ ʦʢʠʩʣʠʪʝʣʷ ʤʦʞʥʦ 

ʩʥʠʟʠʪʴ ʜʦ 3 ʵʢʚʠʚʘʣʝʥʪʦʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʘʜʝʥʠʷ ʢʦʥʚʝʨʩʠʠ ʠ ʚʳʭʦʜʘ ʢʝʪʦʥʘ (ʊʘʙʣʠʮʘ 

10, ˉ4). ʇʨʠ +60 Áʉ ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʟʘ 4 ʯ (ʜʦ ʢʦʥʚʝʨʩʠʠ 98%), 

ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʦʣʦ 7 % 2,2,2,-ʪʨʠʬʪʦʨʵʪʠʣ 1-ʬʝʥʠʣʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ (ʊʘʙʣʠʮʘ 10, ̄5). 
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ʊʘʙʣʠʮʘ 10. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 1.[a] 

 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʆʢʠʩʣʠʪʝʣʴ 

(ʯʠʩʣʦ ʵʢʚ.) 
T, ÁC t, ʯ 

ʂʦʥʚʝʨʩʠʷ, 

%[b] 

ɺʳʭʦʜ[b], % 

(12a/13/54) 

1 CH3CN 4 10 24 12 6/0.5/3.5 

2 CH3CN 4 10 68 76 72/3/1 

3 TFE 4 10 24 >99 92/5/- 

4 TFE 3 10 24 >99 89/5/- 

5 TFE 4 60 4 98 84/3/0[c] 

6 HFIP 4 10 30 >99 91/8/0 

7[d] HFIP 1.5 10 36 72 9/52/10 

8[d] HFIP 1 10 36 46 2/38/4 
[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: ʵʪʠʣʙʝʥʟʦʣ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (AcOOH), ʢʘʪʘʣʠʟʘʪʦʨ (0.6 ʤʦʣʴʥ. %), 

ʨʘʩʪʚʦʨʠʪʝʣʴ (0.2 ʤʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʣʷʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ɺʕɾʍ ʠʣʠ ɻʍ/ʄʉ; [c] 7% 2,2,2-ʪʨʠʬʪʦʨʵʪʠʣ 1-ʬʝʥʠʣʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʛʦ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ; [d] ɺ ʧʨʠʩʫʪʩʪʚʠʠ 5 ʵʢʚ. AcOH (0.5 ʤʤʦʣʴ). 

ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʚ HFIP ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ, 

ʧʨʠ ʵʪʦʤ ʚʳʭʦʜ ʘʮʝʪʦʬʝʥʦʥʘ ʜʦʩʪʠʛʘʝʪ 91% (ʊʘʙʣʠʮʘ 10, ̄ 6). ʆʩʥʦʚʥʳʤ ʧʦʙʦʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ 1-ʬʝʥʠʣʵʪʠʣʘʮʝʪʘʪ, ʜʦʣʷ ʢʦʪʦʨʦʛʦ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʟʘʛʨʫʟʢʠ AcOOH (ʩ 8% ʧʨʠ 4 ʵʢʚ. AcOOH ʜʦ 86% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1 ʵʢʚ. 

AcOOH ʠ 5 ʵʢʚ. AcOH, ʊʘʙʣʠʮʘ 10, ̄̄ 6, 8). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1.5 ʵʢʚ. AcOOH 

c ʜʦʙʘʚʣʝʥʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (5 ʵʢʚ. ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʫ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 1-

ʬʝʥʠʣʵʪʠʣʘʮʝʪʘʪ ʫʞʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 72 % (ʚʳʭʦʜ ʘʮʝʪʘʪʘ 

52 % ʧʨʦʪʠʚ 10 % ʩʧʠʨʪʘ ʧʨʠ ʢʦʥʚʝʨʩʠʠ 72 %, ʊʘʙʣʠʮʘ 10, ̄7). 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʪʦʨʠʯʥʳʡ ʩʧʠʨʪ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʚ ʚʠʜʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʘʞʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʟʘʛʨʫʟʢʠ ʦʢʠʩʣʠʪʝʣʷ, ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ 

ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʦʢʠʩʣʝʥʠʶ ʚ ʢʝʪʦʥ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʦʤʦʛʘʝʪ 

ʟʘʤʝʜʣʠʪʴ ʩʪʘʜʠʶ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʘ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [20], ʧʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʚ TFE ʠ HFIP ʩ 

ʫʤʝʥʴʰʝʥʥʦʡ ʟʘʛʨʫʟʢʦʡ ʦʢʠʩʣʠʪʝʣʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ 1 

ʵʢʚʠʚʘʣʝʥʪʦʤ m-CPBA ʚ HFIP ʧʨʠ 0 Áʉ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 49% 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʧʨʠ 

75% ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ (ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 9% ʢʝʪʦʥʘ) (ʊʘʙʣʠʮʘ 
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11, ˉ1). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ HFIP c TFE ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʨʝʦʙʣʘʜʘʥʠʷ ʩʨʝʜʠ 

ʧʨʦʜʫʢʪʦʚ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʩ 2,2,2-ʪʨʠʬʪʦʨʵʪʘʥʦʣʦʤ. ʊʘʢ, ʦʢʠʩʣʝʥʠʝ 

ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 4 ʚ HFIP-TFE (1.5:1 ʤʦʣʴʥ/ʤʦʣʴʥ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 1-

(2,2,2-ʪʨʠʬʪʦʨʵʪʦʢʩʠ)ʵʪʠʣʙʝʥʟʦʣʘ ʩ ʚʳʭʦʜʦʤ 49% (ʧʨʠ 66% ʢʦʥʚʝʨʩʠʠ) (ʊʘʙʣʠʮʘ 11, ˉ4). 

ʊʘʙʣʠʮʘ 11. ʆʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʪʘ ʠʣʠ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ[a]  

 

 ̄
Pd ʢʘʪ-ʨ 

(ʤʦʣʴʥ. %) 
ʈʘʩʪʚʦʨʠʪʝʣʴ 

ʆʢʠʩʣʠʪʝʣʴ 

(ʯʠʩʣʦ ʵʢʚ.) 

T, 

ÁC 
t, ʯ 

ʂʦʥʚʝʨʩʠʷ, 

% 

ɺʳʭʦʜ, % 

(54/12a/55) 

1 1 (0.6 %) HFIP m-CPBA (1) 0 18 75[b] 49/9/-[b] 

2 1 (0.6 %) HFIP 
m-CPBA 

(1.5) 
0 18 85[b] 48/17/-[b] 

3 4 (1.0 %) 
HFIP-TFE 

(1.5:1) 

m-CPBA 

(1.5) 
10 20 87[c] 3/37/47[c] 

4 4 (1.0 %) 
HFIP-TFE 

(1.5:1) 

m-CPBA 

(1.2) 
10 20 66[c] 2/15/49[c] 

[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: ʵʪʠʣʙʝʥʟʦʣ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (m-CPBA), ʢʘʪʘʣʠʟʘʪʦʨ, ʨʘʩʪʚʦʨʠʪʝʣʴ 

(~0.2 ʤʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʣʷʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ɺʕɾʍ; [c] 

ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 1H ʗʄʈ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʝʥʠʝ ʵʪʠʣʙʝʥʟʦʣʘ ʚ ʩʨʝʜʝ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʚʝʨʩʠʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ. ɺ TFE ʠ HFIP ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʙʳʪʢʘ ʦʢʠʩʣʠʪʝʣʷ ʧʦʣʫʯʘʝʪʩʷ ʘʮʝʪʦʬʝʥʦʥ ʩ ʚʳʭʦʜʦʤ ʜʦ 91%, ʪʦʛʜʘ ʢʘʢ 

ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʦʙʘʚʣʝʥʠʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʘʮʝʪʘʪ 1-ʬʝʥʠʣʵʪʘʥʦʣʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ. ʇʦʤʠʤʦ 

ʵʪʦʛʦ, ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ 1-ʬʝʥʠʣʵʪʘʥʦʣ ʠʣʠ ʝʛʦ ʧʨʦʩʪʦʡ ʵʬʠʨ ʩ 2,2,2-

ʪʨʠʬʪʦʨʵʪʘʥʦʣʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʚʳʭʦʜʘʤʠ ʦʢʦʣʦ 50% ʚ ʩʨʝʜʝ HFIP ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʵʪʠʣʙʝʥʟʦʣʘ.  

 

2.3.3. ʊʨʠʬʪʦʨʵʪʦʢʩʠʣʠʨʦʚʘʥʠʝ ʢʫʤʦʣʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ 

ʆʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ ʚ TFE ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ 

ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʊʘʙʣʠʮʘ 12, ̄1-2), ʪʘʢ ʯʪʦ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 120 ʯʘʩʘʤʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ). ʊʘʢʦʝ ʫʩʢʦʨʝʥʠʝ ʨʝʘʢʮʠʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʦʤʦʪʠʨʫʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ ʧʦʣʠ-ɓ-ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ 
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ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ. ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʤʠʤʦ 

ʩʧʠʨʪʘ (47%) ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 2,2,2-ʪʨʠʬʪʦʨʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (43%). ɽʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ (52 %) ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʢʠʩʣʝʥʠʷ ʚ 2,2-ʜʠʬʪʦʨʵʪʘʥʦʣʝ (ʊʘʙʣʠʮʘ 12, ̄3). ʅʘʧʨʦʪʠʚ, 

ʟʘʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʥʝʬʪʦʨʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ - ɻ ʪʘʥʦʣ - ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʢʦʥʚʝʨʩʠʠ (ʚʩʝʛʦ 24 %), ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʩʧʠʨʪʫ (ʊʘʙʣʠʮʘ 12, ̄4). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ, ʢʘʢ HFIP ʠ NFTB, ʧʨʠ 0Áʉ ʥʘʙʣʶʜʘʣʘʩʴ 

ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʢʫʤʦʣʘ ʚ ʧʨʦʜʫʢʪʳ (ʊʘʙʣʠʮʘ 12, ̄̄ 5-7). ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 10 Áʉ ʚ HFIP ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʩʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦ ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ 

ʧʨʦʜʦʣʞʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ TFE ʠ ʜʦʙʠʪʴʩʷ ʧʦʣʫʯʝʥʠʷ ʣʠʙʦ ʧʨʦʩʪʦʛʦ ʵʬʠʨʘ, ʣʠʙʦ ʩʧʠʨʪʘ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ.  

ʊʘʙʣʠʮʘ 12. ʆʢʠʩʣʝʥʠʝ ʢʫʤʦʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ 1.[a]  

 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʆʢʠʩʣʠʪʝʣʴ 

(ʯʠʩʣʦ ʵʢʚ.) 

T, 

ÁC 
t, ʯ 

ʂʦʥʚʝʨʩʠʷ, [b] 

% 

ɺʳʭʦʜ, [b] % 

(ʩʧʠʨʪ/ʵʬʠʨ/ʢʝʪʦʥ) 

1 CH3CN AcOOH (4) 0 120 99 85/ī/12 

2 TFE AcOOH (4) 0 24 99 47/43/8 

3 DFE AcOOH (4) 0 24 94 36/52/4 

4 EtOH AcOOH (4) 0 24 24 17/1/1 

5 HFIP AcOOH (4) 0 24 <2 <2/-/- 

6 HFIP AcOOH (2) 10 48 33 -/-/5[c] 

7 NFTB AcOOH (4) 0 24 <1 <1/-/- 

8 TFE m-CPBA (2) 0 24 >99 6/85/6 

9 TFE m-CPBA (2) 10 5 >99 8/70/7 

10[d] TFE m-CPBA 0 44 >99 13/77/5 

11 DFE m-CPBA (2) 0 36 >99 8/82/5 

12 EtOH m-CPBA (2) 0 24 <4 <4/ī/ī 

13 MeOH m-CPBA (2) 0 24 20 12/6/ī 

14[e] TFE AcOOH (2) 0 24 ī ī/ī/ī 

15[e] TFE m-CPBA (2) 0 24 ī ī/ī/ī 
[a] ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ: ʢʫʤʦʣ (0.1 ʤʤʦʣʴ), ʦʢʠʩʣʠʪʝʣʴ (0.2 ʠʣʠ 0.4 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ (0.6 ʤʦʣʴʥ. 

%), ʨʘʩʪʚʦʨʠʪʝʣʴ (0.3 ʤʣ); ʦʢʠʩʣʠʪʝʣʴ ʜʦʙʘʚʣʷʣʠ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ; [b] ʂʦʥʚʝʨʩʠʷ ʠ ʚʳʭʦʜ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ɺʕɾʍ ʠʣʠ ɻʍ/ʄʉ; [c] ʅʝʩʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ ï ʘʮʝʪʘʪ ʢʫʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

(6%) ʠ ʛʠʜʨʦʭʠʥʦʥ (10%); [d] ɿʘʛʨʫʟʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 0.14 ʤʦʣʴʥ. %. [e] ʕʢʩʧʝʨʠʤʝʥʪ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. DFE ï 2,2-ʜʠʬʪʦʨʵʪʘʥʦʣ, NFTB ï ʧʝʨʬʪʦʨ-ʪʨʝʪ-ʙʫʪʘʥʦʣ.  




























































































































































































































