


ʆʛʣʘʚʣʝʥʠʝ 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ........................................................................... 4 

1. ɺʚʝʜʝʥʠʝ ......................................................................................................................................... 6 

2. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ .................................................................................................................. 10 

ʉʠʥʪʝʟ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ......................................... 10 

2.1 ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ................................................................ 10 

2.1.1 ʆʢʠʩʣʝʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ...................................................................................... 10 

2.1.2 ɸʤʠʥʦʬʫʨʦʢʩʘʥʳ ʚ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ........................................................................ 14 

2.1.3 ʅʠʪʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ .................................................................................. 15 

2.1.4 ɼʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʠ ʨʝʘʢʮʠʠ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ ..... 17 

2.1.5 ɸʮʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʠ ʘʟʦʣ-ʘʟʦʣʴʥʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ...................... 22 

2.1.6 ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ............................................................................. 29 

2.2 ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ ............................................... 30 

2.2.1 ɸʮʠʣʠʨʦʚʘʥʠʝ ............................................................................................................... 31 

2.2.2 ɸʣʢʠʣʠʨʦʚʘʥʠʝ, ʘʨʠʣʠʨʦʚʘʥʠʝ..................................................................................... 37 

2.2.3 ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ........................................................................................................... 40 

2.2.4 ɼʠʘʟʦʪʠʨʦʚʘʥʠʝ ........................................................................................................... 43 

2.2.5 ʎʠʢʣʠʟʘʮʠʠ ................................................................................................................... 46 

2.2.6 ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ ............................................................. 50 

2.3 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-N-ʦʢʩʠʜʦʚ .. 52 

3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ........................................................................................................... 60 

3.1 ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ .................................................................. 60 

3.2 ʂʦʥʜʝʥʩʘʮʠʷ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʩ DMF DMA .................................................... 74 

3.3 ʉʠʥʪʝʟ N-(1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʛʠʜʨʘʟʦʥʦʚ ...................................................................... 81 

3.4 ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 6-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 1,5-ʜʠʦʢʩʠʜʘ ...................................... 90 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ...................................................................................................... 103 

4.1 ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ................................................................ 104 

4.2 ʂʦʥʜʝʥʩʘʮʠʷ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʩ DMF DMA .................................................. 117 



4.3 ʉʠʥʪʝʟ N-(1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʛʠʜʨʘʟʦʥʦʚ .................................................................... 120 

4.4 ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 6-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 1,5-ʜʠʦʢʩʠʜʘ .................................... 126 

5. ɺʳʚʦʜʳ ....................................................................................................................................... 131 

6. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ................................................................................................................. 132 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ ............................................................................................................................... 147 

ʇʨʠʣʦʞʝʥʠʝ ................................................................................................................................... 148 

 



4 

 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 
 

Ac ʘʮʝʪʠʣ 

Am ʘʤʠʣ (ʠʟʦʧʝʥʪʠʣ) 

Ar ʘʨʠʣ 

BINAP 2,2'-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-1,1'-ʙʠʥʘʬʪʠʣ 

bmim 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ 

bmpyrr 1-ʙʫʪʠʣ-1-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʠʡ 

Bn ʙʝʥʟʠʣ 

Boc ʪʨʝʪ-ʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ 

Bz ʙʝʥʟʦʠʣ 

Cat ʢʘʪʠʦʥ 

Cy ʮʠʢʣʦʛʝʢʩʠʣ 

DIPEA ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ 

DMAD ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪ 

DMAP 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥ 

DMDO ʜʠʤʝʪʠʣʜʠʦʢʩʠʨʘʥ 

DMF DMA ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ 

EDC 1- ʪɻʠʣ-3-(3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜ 

emim 1-ʵʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ 

ESI ʵʣʝʢʪʨʦʨʘʩʧʳʣʠʪʝʣʴʥʘʷ ʠʦʥʠʟʘʮʠʷ (Electrospray Ionization) 

HATU ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ 1-[ʙʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ]-1ʅ-1,2,3-ʪʨʠʘʟʦʣʦ[4,5-

b]ʧʠʨʠʜʠʥʠʡ 3-ʦʢʩʠʜʘ 

HFIP ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣ 

HOBT 1-ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣ 

HRMS ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (High-Resolution Mass Spectrometry) 

IL  ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ (Ionic Liquid) 

mCPBA ʤ-ʭʣʦʨʧʝʨʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ 

MS ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʪʘ (Molecular Sieves) 

MW ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ (Molecular Weight) 

NCS N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜ 

Pic 2-ʧʠʨʠʜʠʣʢʘʨʙʦʢʩʠʣʘʪ 

PTFA ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

Py ʧʠʨʠʜʠʥ 

RDX ʛʝʢʩʦʛʝʥ (ʮʠʢʣʦʪʨʠʤʝʪʠʣʝʥʪʨʠʥʠʪʨʘʤʠʥ) 
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TBAF ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡ ʬʪʦʨʠʜ 

TBS ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣ 

Tf ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʠʣ 

TFA ʪʨʠʬʪʦʨʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

TFAA ʪʨʠʬʪʦʨʫʢʩʫʩʥʳʡ ʘʥʛʠʜʨʠʜ 

TMS ʪʨʠʤʝʪʠʣʩʠʣʠʣ 

TNE 2,2,2-ʪʨʠʥʠʪʨʦʵʪʘʥʦʣ 

TNM ʪʨʠʥʠʪʨʦʤʝʪʘʥ 

Ts ʪʦʟʠʣ 

ɺɺ ʚʟʨʳʚʯʘʪʦʝ ʚʝʱʝʩʪʚʦ 

ɼʄʉʆ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʉʂ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 

ʠʟʙ. ʠʟʙʳʪʦʢ 

ʀʂ ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʢʘʪ. ʢʘʪʘʣʠʟʘʪʦʨ 

ʢ.ʪ. ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʇʊʉʂ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ 

ʈʉɸ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʊɻʌ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʊʉʍ ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʊʕɹɸʍ ʙʝʥʟʠʣʪʨʠʵʪʠʣʘʤʤʦʥʠʡ ʭʣʦʨʠʜ 

ʗʄʈ ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ. ɺ ʨʷʜʫ ʛʝʪʝʨʦʮʠʢʣʦʚ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʦʣʠʘʟʦʪʢʠʩʣʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʮʝʥʥʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʦʙʣʘʩʪʷʭ, 

ʚʢʣʶʯʘʷ ʤʝʜʠʮʠʥʫ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪ.ʜ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʘʟʦʪʢʠʩʣʦʨʦʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʪʦʥʢʘʷ ʧʦʜʩʪʨʦʡʢʘ ʠʭ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɿʘʯʘʩʪʫʶ ʚʚʝʜʝʥʠʝ N-ʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʮʝʣʝʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʩʪʨʘʪʝʛʠʶ 

ʢʨʘʡʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ. ɺ ʩʣʫʯʘʝ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ, ʚʚʝʜʝʥʠʝ N-ʦʢʩʠʜʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʧʦʩʢʦʣʴʢʫ ʘʤʠʥʦʛʨʫʧʧʘ ʩʣʫʞʠʪ ʵʬʬʝʢʪʠʚʥʳʤ ʜʦʥʦʨʦʤ, ʘ N-ʦʢʩʠʜʥʳʡ 

ʬʨʘʛʤʝʥʪ ï ʘʢʮʝʧʪʦʨʦʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʘʡʥʝ 

ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ, ʧʦʩʢʦʣʴʢʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ 

ʧʦʟʚʦʣʷʶʪ ʣʝʢʘʨʩʪʚʝʥʥʦʤʫ ʧʨʝʧʘʨʘʪʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʝʮʝʧʪʦʨʦʤ-

ʤʠʰʝʥʴʶ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʨʝʧʘʨʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʵʥʝʨʛʦʝʤʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

ʇʨʠʤʝʨʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ N-ʦʢʩʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʛʝʪʘʨʝʥʦʚ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʝ ʵʥʝʨʛʦʝʤʢʠʝ ʩʦʝʜʠʥʝʥʠʷ LAX -112 ʠ LLM -105, ʘ ʪʘʢʞʝ 

ʧʨʝʧʘʨʘʪ ʄʠʥʦʢʩʠʜʠʣÊ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʝʯʝʥʠʠ ʘʣʦʧʝʮʠʠ (ʨʠʩʫʥʦʢ 1). ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʚʦʡʩʪʚʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʘʤʠʥʦʛʝʪʘʨʝʥ-

N-ʦʢʩʠʜʦʚ ʤʘʣʦ ʠʟʫʯʝʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ. 
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ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ, 

ʧʨʦʩʪʳʭ, ʫʜʦʙʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʤʠʥʦʛʝʪʘʨʝʥ-

N-ʦʢʩʠʜʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠ ʵʥʝʨʛʦʝʤʢʠʭ ʩʪʨʫʢʪʫʨ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʥʦʨʦʜʥʳʭ ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ 

ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʉ1-ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ N-(1,2,5-

ʦʢʩʘʜʠʘʟʦʣʠʣ)ʛʠʜʨʘʟʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʡ (1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʜʠʘʟʦʥʠʝʚʳʭ 

ʩʦʣʝʡ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 3-ʘʤʠʥʦʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʥʳʡ ʠ 

ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʠ 

ʦʮʝʥʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʝʣʝʢʪʠʚʥʳʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ 

ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʦʚʘʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʬʫʨʦʢʩʘʥʠʣʠʤʠʥʦʵʬʠʨʦʚ ʚ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʳ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʮʠʘʥʠʜ-ʘʥʠʦʥʦʤ ʠ ʧʨʦʭʦʜʷʱʘʷ ʩ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʘʤʠʥʦʘʟʠʥ-N-ʦʢʩʠʜʦʚ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʚ ʦʜʥʦʨʝʘʢʪʦʨʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ. 

ʈʝʘʣʠʟʦʚʘʥ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ N-(1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʛʠʜʨʘʟʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʘʩʢʘʜ ʨʝʘʢʮʠʡ 

ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʘʤʠʥʦ-1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʠʜʨʘʟʠʥʦʚ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʩʦʣʝʡ ʜʠʦʢʩʠʜʘ 5-(6-

ʘʤʠʥʦʪʝʪʨʘʟʠʥ-3-ʠʣ)-1-ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ 3-

ʘʤʠʥʦ-6-ʮʠʘʥʦʪʝʪʨʘʟʠʥʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʙʳʣ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥ ʥʦʚʳʡ 

ʤʘʣʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ ʜʦʩʪʫʧʥʦʛʦ 3,6-ʙʠʩ(3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-ʠʣ)-1,2,4,5-

ʪʝʪʨʘʟʠʥʘ. 
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʆʩʫʱʝʩʪʚʣʝʥ ʥʦʚʳʡ, ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʥʛʠʙʠʪʦʨʘ ʩʠʛʥʘʣʴʥʦʛʦ ʙʝʣʢʘ 

STAT3 (signal transducer and activator of transcription) ʠʟ ʢʣʘʩʩʘ ʫʨʝʠʜʦʬʫʨʘʟʘʥʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʡ ʩʪʘʜʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʬʫʨʦʢʩʘʥʠʣʠʤʠʥʦʵʬʠʨʦʚ ʚ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʳ.  

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ ʚ 

ʱʝʣʦʯʥʳʭ ʠ ʩʣʘʙʦʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʘʤʠʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʣʫʯʘʝ ʦʙʰʠʨʥʦʛʦ ʨʷʜʘ Ŭ-

ʘʤʠʥʦʘʟʠʥ-N-ʦʢʩʠʜʦʚ. 

ʆʧʨʝʜʝʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʩʦʣʝʡ ʜʠʦʢʩʠʜʘ 5-(6-ʘʤʠʥʦʪʝʪʨʘʟʠʥ-3-ʠʣ)-1-

ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʥʝʨʛʦʝʤʢʠʭ ʩʦʩʪʘʚʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ  

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ Ŭ-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʉ1-ʵʣʝʢʪʨʦʬʠʣʘʤʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ N-

(1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʛʠʜʨʘʟʦʥʘʤʠ. 

3. ʉʠʥʪʝʟ ʵʥʝʨʛʦʝʤʢʠʭ ʩʦʣʝʡ 6-ʘʤʠʥʦ-3-(1-ʛʠʜʨʦʢʩʠ-1H-ʪʝʪʨʘʟʦʣ-5-ʠʣ)-1,2,4,5-ʪʝʪʨʘʟʠʥ 

1,5-ʜʠʦʢʩʠʜʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʢʣʶʯʝʚʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʧʦʣʫʯʝʥʠʝ ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ. ʉʦʩʪʘʚ ʠ 

ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 
1
ʅ, 

13
ʉ,

 14
N, 

15
N, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ), ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ  ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠè ɸʇʆʍ-2018 (ʄʦʩʢʚʘ, 2018), The Fifth International Scientific Conference çAdvances in 

Synthesis and Complexingè (Moscow, 2019), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʟʘʠʤʦʩʚʷʟʴ 

ʠʦʥʥʳʭ ʠ ʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʜʠʟʘʡʥʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè CHEMSCI-2019 (ʄʦʩʢʚʘ, 2019), 21st European Symposium on Organic 

Chemistry (ESOC-2019) (Vienna, Austria, 2019), XII International Conference on Chemistry for 

Young Scientists ñMENDELEEV 2021ò (Saint-Petersburg, Russia, 2021), ɺʩʝʨʦʩʩʠʡʩʢʦʤ 

ʢʦʥʛʨʝʩʩʝ ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ çKost-2021è (ʉʦʯʠ, 2021). 
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ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʚʝʜʫʱʠʭ ʟʘʨʫʙʝʞʥʳʭ 

ʞʫʨʥʘʣʘʭ ʠ 6 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 19-03-00069), ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ 

ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʄʦʩʢʚʳ (ʛʨʘʥʪʳ 19-33-70001, 21-33-70056). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ, 

ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʚʳʚʦʜʦʚ, ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʄʘʪʝʨʠʘʣ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥ 

ʥʘ 148 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 21 ʨʠʩʫʥʦʢ, 135 ʩʭʝʤ, 9 ʪʘʙʣʠʮ ʠ 2 

ʩʪʨʘʥʠʮ rʧʨʠʣʦʞʝʥʠʷ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 156 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʦʠʩʢʝ, ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʠ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʘʤ ʩʠʥʪʝʟʘ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʠ ʠʭ ʨʝʘʢʮʠʷʤ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʵʣʝʢʪʨʦʥʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ Reaxys (Elsevier), SciFinder (Chemical Abstracts Service) ʠ Web of Science (Clarivate 

Analytics), ʘ ʪʘʢʞʝ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʩʪʘʪʝʡ, ʤʦʥʦʛʨʘʬʠʡ ʠ ʢʥʠʛ. 

ʉʦʠʩʢʘʪʝʣʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʣ ʦʧʠʩʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʭʠʤʠʯʝʩʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣ ʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʡ. ɼʠʩʩʝʨʪʘʥʪ ʫʩʪʘʥʘʚʣʠʚʘʣ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʣ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ 

ʣʠʯʥʦ ʩʦʠʩʢʘʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʃʘʙʦʨʘʪʦʨʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ˉ30 ʌɻɹʋʅ ʀʆʍ ʈɸʅ ɽ. ɼ. ɼʘʝʚʦʡ ʠ ɸ. ʅ. ʌʘʭʨʫʪʜʠʥʦʚʳʤ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʚ ʌɻɹʋʅ 

ʀʅʕʆʉ ʈɸʅ (ʢ.ʭ.ʥ. ʀ. ɺ. ɸʥʘʥʴʝʚ, ʢ.ʭ.ʥ. ɸ. ʆ. ɼʤʠʪʨʠʝʥʢʦ), ʘ ʪʘʢʞʝ ʚ ʆʪʜʝʣʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʌɻɹʋʅ ʀʆʍ ʈɸʅ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʷʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʣʣʝʢʪʠʚʦʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ ʈɸʅ. ʉʦʠʩʢʘʪʝʣʴ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʣ ʘʧʨʦʙʘʮʠʶ ʨʘʙʦʪ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ 

ʠ ʧʦʜʛʦʪʦʚʢʫ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 
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2. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʉʠʥʪʝʟ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ 

2.1 ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 

ɸʤʠʥʦʬʫʨʦʢʩʘʥʳ ʚʩʪʫʧʘʶʪ ʚ ʰʠʨʦʢʠʡ ʨʷʜ ʨʝʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʢʦʣʴʮʘ 

ʘʤʠʥʦʛʨʫʧʧʘ ʦʙʣʘʜʘʝʪ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʦʩʥʦʚʥʦʩʪʴʶ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʨʘʟʨʘʙʦʪʘʥ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 3-, ʪʘʢ ʠ 

4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʘʢʮʠʷʤʠ ʦʢʠʩʣʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧʳ ʜʦ ʥʠʪʨʦ- ʠ 

ʘʟʦʧʨʦʜʫʢʪʦʚ, ʨʝʘʢʮʠʝʡ ʄʘʥʥʠʭʘ, ʢʨʦʤʝ ʪʦʛʦ ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʨʝʘʢʮʠʠ 

ʥʠʪʨʦʚʘʥʠʷ ʠ ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ. ʆʪʜʝʣʴʥʳʤ ʢʣʘʩʩʦʤ ʧʨʝʚʨʘʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʮʠʣʠʨʦʚʘʥʠʝ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʨʘʟʣʠʯʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʱʠʝʩʷ ʘʮʠʣʟʘʤʝʱʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʦʜʚʝʨʞʝʥʳ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʘʟʦʣ-ʘʟʦʣʴʥʳʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤ. 

2.1.1 ʆʢʠʩʣʝʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 

ʆʢʠʩʣʝʥʠʝʤ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʮʝʣʳʡ ʨʷʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ [1-5]. ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʘʡʥʝ ʘʢʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ, ʧʨʠʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ ʚ ʬʫʨʦʢʩʘʥʦʚʦʤ 

ʮʠʢʣʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʊʘʢ, ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʨʷʜʘ ʩʫʙʩʪʨʘʪʦʚ ʩ 

ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (4-6) ʠʩʧʦʣʴʟʫʝʪʩʷ 80-90% ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦʣʴʬʨʘʤʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʆʢʠʩʣʝʥʠʝ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 4-ʥʠʪʨʦʬʫʨʦʢʩʘʥʦʚ. 

 

ʉʫʙʩʪʨʘʪ R ʋʩʣʦʚʠʷ ʇʨʦʜʫʢʪ ɺʳʭʦʜ (%) 

1 Ph a 10a 50 

2 Ac a 10b 55 

3 C(O)CH2Br a 10c 48 
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4 C(O)NH2 b 10d 46 

5 C(O)N3 b 10e 48 

6 CO2Et b 10f 75 

7 CH2OH b 10g 81 

8 CH(OH)Me b 10h 41 

9 ʪʝʪʨʘʟʦʣ-5-ʠʣ c 10i 45 

ʆʩʥʦʚʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʬʫʨʦʢʩʘʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʤʠʥʦʛʨʫʧʧʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʢʩʧʣʦʟʦʬʦʨʥʳʝ ʥʠʪʨʦ- ʠʣʠ ʘʟʦ- 

ʛʨʫʧʧʳ. ʊʘʢ, ʦʢʠʩʣʝʥʠʝʤ 4,4ô-ʜʠʘʤʠʥʦ-3,3ô-ʘʟʦʬʫʨʦʢʩʘʥʘ 11 ʙʳʣ ʧʦʣʫʯʝʥ 4,4ô-ʜʠʥʠʪʨʦ-3,3ô-

ʘʟʦʬʫʨʦʢʩʘʥ 12, ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʟʚʝʩʪʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʢʦʨʦʩʪʴ ʝʛʦ ʜʝʪʦʥʘʮʠʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʨʝʢʦʨʜʥʳʤ 10 ʢʤ/ʩ. 

ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʪʨʝʙʫʝʪ ʦʩʦʙʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʠʟ-ʟʘ ʢʨʘʡʥʝ ʩʠʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʘʟʦʬʫʨʦʢʩʘʥʦʚʦʡ ʩʠʩʪʝʤʳ (ʩʭʝʤʘ 1) [6]. 

 

ʉʭʝʤʘ 1 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʜʠʥʠʪʨʦʜʠʬʫʨʦʢʩʘʥʠʣʘ 14. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʥʠ ʦʜʥʘ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ. 

ʃʠʰʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʦʢʩʦʜʠʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʛʝʥʝʨʠʨʫʝʤʦʡ in situ, ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 

ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʜʫʢʪʘ, ʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʛʦ 

ʩʪʨʦʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʧʳʪʢʠ ʦʢʠʩʣʝʥʠʷ ʠʟʦʤʝʨʥʦʛʦ 3,3ô-

ʜʠʘʤʠʥʦʜʠʬʫʨʦʢʩʘʥʠʣʘ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ [7]. ʆʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʥʦʚʳʝ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ  ʦʢʠʩʣʝʥʠʷ 4,4ô-ʜʠʘʤʠʥʦʜʠʬʫʨʦʢʩʘʥʠʣʘ 13 [8]. ɺ 

ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 93% ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʚ 

ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʢʘʪʘʣʠʟʝ ʚʦʣʴʬʨʘʤʘʪʦʤ ʥʘʪʨʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ ʧʦʚʳʩʠʣʘʩʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʯʪʦ 

ʚʤʝʩʪʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ 

ʚʳʭʦʜʘ (ʩʭʝʤʘ 2). 
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ʉʭʝʤʘ 2 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʨʫʛʠʭ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʮʠʢʣʝ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʷ 15 ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʧʦʣʫʯʝʥ 3-(1-ʤʝʪʠʣ-1-ʥʠʪʨʦʵʪʠʣ-1-ONN-ʘʟʦʢʩʠ)-4-

ʥʠʪʨʦʬʫʨʦʢʩʘʥ 16 ʩ ʚʳʭʦʜʦʤ 46%. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʦʢʠʩʣʝʥʠʝ ʘʤʠʥʘ 

ʜʦ ʘʟʦʧʨʦʜʫʢʪʘ 17 ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

(ʩʭʝʤʘ 3) [9]. 

 

ʉʭʝʤʘ 3 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʫʣʴʬʠʣʠʤʠʥʳ 19a,b. ʆʢʠʩʣʝʥʠʝʤ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʠʟʚʝʩʪʥʳʝ ʥʠʪʨʦʬʫʨʦʢʩʘʥʳ 10a ʠ 20, 

ʪʘʢ ʠ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ 3-ʥʠʪʨʦʟʦʬʫʨʦʢʩʘʥʳ 21a,b (ʩʭʝʤʘ 4). ʆʜʥʘʢʦ ʚʳʭʦʜʳ ʩʘʤʠʭ 

ʩʫʣʴʬʠʣʠʤʠʥʦʚ ʥʝʚʳʩʦʢʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʘʙʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʘʤʠʥʦʛʨʫʧʧʳ 

[10].  

 

ʉʭʝʤʘ 4 
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ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʩʫʣʴʬʠʣʠʤʠʥʘʤʠ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʨʷʜʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʩʬʠʥʠʤʠʥʳ 22a,b. ʆʢʠʩʣʝʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘ-

ʭʣʦʨʧʝʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʟʦʢʩʠʬʫʨʦʢʩʘʥʦʚ 23a,b ʩ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 5) [11]. 

 

ʉʭʝʤʘ 5 

ʎʝʣʳʡ ʨʷʜ ʘʟʦʬʫʨʦʢʩʘʥʦʚ 27a-o ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʚ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʘʮʝʪʦʥʘ. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʢʘʢ 3- (ʩʭʝʤʘ 6a), ʪʘʢ ʠ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ (ʩʭʝʤʘ 

6b), ʧʨʠʯʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʚʪʦʨʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʬʫʨʦʢʩʘʥʦʚʦʤ ʮʠʢʣʝ [6, 12-14]. ʂʨʦʤʝ ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʠʙʨʦʤʠʟʦʮʠʘʥʫʨʘʪ [15]. 

 

ʉʭʝʤʘ 6 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʜʠʘʤʠʥʦʬʫʨʘʟʘʥʠʣʬʫʨʦʢʩʘʥʘ 30 ʧʝʨʚʦʡ 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʘʤʠʥʦʛʨʫʧʧʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʫ ʉ3 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ, 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ (ʩʭʝʤʘ 7) [16].  
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ʉʭʝʤʘ 7 

2.1.2 ɸʤʠʥʦʬʫʨʦʢʩʘʥʳ ʚ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʤʠʥʦʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ʄʘʥʥʠʭʘ. ʅʠʟʢʘʷ ʦʩʥʦʚʥʦʩʪʴ ʘʤʠʥʦʛʨʫʧʧʳ ʬʫʨʦʢʩʘʥʘ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʶʪ ʪʦʣʴʢʦ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ [17], ʧʨʠʯʝʤ 

ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʣʠʰʴ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦʩʪʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʤʠʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ 33. ʊʘʢ, ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʤʝʪʠʣʝʥʙʠʩ(ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ) 34a-g ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʩʭʦʜʥʳʭ 4-

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʚ 10-12% ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ 20 ÁC ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

(ʩʭʝʤʘ 8) [9, 17]. 

 

ʉʭʝʤʘ 8 

ʂʘʢ ʠʩʭʦʜʥʳʝ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ 1, 2, 18, 32, ʪʘʢ ʠ ʤʝʪʠʣʝʥʙʠʩ(ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ) 

34a,b,d,f,g ʩʧʦʩʦʙʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʪʨʠʥʠʪʨʦʵʪʘʥʦʣʦʤ ʚ ʩʨʝʜʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ (2,2,2-ʪʨʠʥʠʪʨʦʵʪʠʣʘʤʠʥʦ)ʬʫʨʦʢʩʘʥʦʚ 35a-e (ʩʭʝʤʘ 9) [18]. 
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ʉʭʝʤʘ 9 

ʂ ʩʦʞʘʣʝʥʠʶ, 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʤʘʣʦʜʦʩʪʫʧʥʳ, 

ʘ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʦʛʨʘʥʠʯʝʥʘ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʄʘʥʥʠʭʘ ʩ ʫʯʘʩʪʠʝʤ 

ʜʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ.  

2.1.3 ʅʠʪʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʥʠʪʨʦʚʘʥʳ. ʂʘʢ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʊʘʢ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʥʠʪʨʫʶʱʝʡ 

ʩʠʩʪʝʤʦʡ ʦʢʘʟʘʣʘʩʴ ʩʤʝʩʴ 100%-ʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ. ʀʟ-ʟʘ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʷ ʠʜʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʘ 34a, ʥʘʙʣʶʜʘʣʦʩʴ ʥʠʪʨʦʚʘʥʠʝ ʢʘʢ NH-ʛʨʫʧʧʳ, ʪʘʢ ʠ ʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

(ʩʭʝʤʘ 10) [9, 17]. 

 

ʉʭʝʤʘ 10 

ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ 35a-d, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠʥʠʪʨʦʤʝʪʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʪʘʢʞʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʠʪʨʦʚʘʥʠʶ, ʦʜʥʘʢʦ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 11) [18]. 

 

ʉʭʝʤʘ 11 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [19] ʦʧʠʩʘʥʦ ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʥʠʪʨʦʚʘʥʠʝ 4-ʜʠʤʝʪʠʣʘʤʠʥʦ-3-

ʤʝʪʠʣʬʫʨʦʢʩʘʥʘ 38 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʨʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ 
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(ʩʭʝʤʘ 12). ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʫʯʝʥʥʳʝ ʥʠʪʨʘʤʠʥʳ ʦʢʘʟʘʣʠʩʴ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʥʝʩʪʦʡʢʠʤʠ, 

ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʨʘʟʨʫʰʘʶʪʩʷ ʫʞʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ. 

 

ʉʭʝʤʘ 12 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʥʠʪʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ, ʥʝ ʟʘʤʝʱʝʥʥʳʭ ʧʦ 

ʘʤʠʥʦʛʨʫʧʧʝ. ʊʘʢ, ʥʠʪʨʦʚʘʥʠʝʤ 4-ʘʤʠʥʦ-3-ʬʝʥʠʣʬʫʨʦʢʩʘʥʘ 1 ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʥʠʪʨʘʤʠʥ 40, ʢʦʪʦʨʳʡ ʥʝ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠʟ-ʟʘ ʝʛʦ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥ ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦʡ ʥʘʪʨʠʝʚʦʡ 

ʩʦʣʠ 41. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʤʝʩʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʩʘʤ ʥʠʪʨʘʤʠʥ 40, ʪʘʢ ʠ ʝʛʦ ʥʘʪʨʠʝʚʘʷ ʩʦʣʴ 41 ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʫʶ ʮʠʥʥʦʣʠʥ-N-ʦʢʩʠʜʥʫʶ ʩʠʩʪʝʤʫ 42 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʦʜʠʘʟʦʥʠʝʚʦʛʦ ʢʘʪʠʦʥʘ 43 

(ʩʭʝʤʘ 13) [20]. 

 

ʉʭʝʤʘ 13 

ɺ ʨʘʙʦʪʝ [21] ʥʠʪʨʦʚʘʥʠʶ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʠʟʦʤʝʨʥʳʝ 3,3ô-ʜʠʘʤʠʥʦʜʠʬʫʨʦʢʩʘʥʠʣ 

44, ʠ 4,4ô-ʜʠʘʤʠʥʦʜʠʬʫʨʦʢʩʘʥʠʣ 13. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʩʚʦʙʦʜʥʳʝ ʥʠʪʨʘʤʠʥʳ 

ʦʢʘʟʘʣʠʩʴ ʤʘʣʦʫʩʪʦʡʯʠʚʳʤʠ. ʎʝʣʘʷ ʩʝʨʠʷ ʵʥʝʨʛʦʝʤʢʠʭ ʩʦʣʝʡ 46a-c, 48a-c ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 45 ʠ 46 ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ (ʩʭʝʤʘ 

14). ʇʦʜʦʙʥʳʝ ʩʦʣʠ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢʣʘʩʩʠʯʝʩʢʠʤ ʠʥʠʮʠʠʨʫʶʱʠʤ 

ʚʝʱʝʩʪʚʘʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʩʪʫʧʘʶʪ ʠʤ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʩʦʜʝʨʞʘʪ ʚ 

ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 
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ʉʭʝʤʘ 14 

2.1.4 ɼʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʠ ʨʝʘʢʮʠʠ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ 

ɸʤʠʥʦʬʫʨʦʢʩʘʥʳ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʩʣʘʙʦʦʩʥʦʚʥʳʤʠ ʘʤʠʥʘʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ 

ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʦʢʠʩʣʳʭ ʩʨʝʜ. ʊʘʢ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ 4-

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 1, 5 ʠ 18 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʨʠʨʫʝʤʦʡ in situ 

ʥʠʪʨʦʟʠʣʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʤʝʩʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʝʨʥʦʡ ʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ 3-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʠʩʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʨʝʘʢʮʠʦʥʥʘʷ ʤʘʩʩʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʦʭʣʘʞʜʝʥʠʶ, ʘ ʩʤʝʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪ ʦʯʝʥʴ 

ʘʛʨʝʩʩʠʚʥʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʨʫʛ ʧʨʝʚʨʘʱʝʥʠʡ ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʠʘʟʦʥʠʝʚʳʭ 

ʩʦʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʠʜʨʦʩʫʣʴʬʘʪʳ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʷ 49a-c ʥʝʩʪʘʙʠʣʴʥʳ 

ʜʘʞʝ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʧʦʧʳʪʢʠ ʚʳʜʝʣʠʪʴ ʠʭ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʘʥʥʳʝ ʩʦʣʠ ʚʩʪʫʧʘʶʪ ʚ ʨʷʜ ʧʨʝʚʨʘʱʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ. ʊʘʢ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ 

ʧʠʨʠʜʠʥʦʤ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ ʘʥʠʟʦʣʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʟʠʜʘ 

ʥʘʪʨʠʷ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʟʠʜʳ 50a-c ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʘ ʢ ʨʘʩʪʚʦʨʫ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ 49b ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʨʠʘʟʝʥ 51b (ʩʭʝʤʘ 15) [22].  
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ʉʭʝʤʘ 15 

ʆʜʥʘʢʦ ʣʶʙʳʝ ʧʦʧʳʪʢʠ ʚʚʝʩʪʠ ʜʘʥʥʳʝ ʩʦʣʠ ʚ ʨʝʘʢʮʠʶ ɿʘʥʜʤʝʡʝʨʘ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ 

ʠʣʠ ʥʠʪʨʠʪʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʤʝʜʠ ʧʨʠʚʦʜʷʪ ʢ ʠʭ ʧʦʣʥʦʤʫ 

ʨʘʟʣʦʞʝʥʠʶ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʬʫʨʦʢʩʘʥʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʘ ʟʘʤʝʥʘ 

ʜʠʘʟʦʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʥʠʪʨʦʛʨʫʧʧʫ [23]. ʀʩʭʦʜʥʳʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ 1, 18 

ʜʠʘʟʦʪʠʨʦʚʘʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ ʩʤʝʩʠ ɼʄʌɸ ʠ ʚʦʜʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. 

ɼʣʷ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ NaNO2, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʩʢʦʨʝʥʠʶ 

ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʧʨʝʚʨʘʱʝʥʠʝ ʫʜʘʣʦʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʩʦʣʝʡ 53a,b, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ ʩ ʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (CO2Et, C(O)N3, C(O)NH2) ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʣʠʩʴ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʝʩʪʴ ʩ ʨʝʘʢʮʠʝʡ 

ɿʘʥʜʤʝʡʝʨʘ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʠʥʘʯʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ 

ʘʟʦʩʦʯʝʪʘʥʠʝ ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ 53a,b ʩ ʥʠʪʨʠʪ-ʘʥʠʦʥʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʝ SNAr-ʧʦʜʦʙʥʦʝ 

ʟʘʤʝʱʝʥʠʝ (ʩʭʝʤʘ 16).  
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ʉʭʝʤʘ 16 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʠʘʟʝʥʘ 54 ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ 53a,b ʦʙʨʘʟʫʶʪʩʷ ʜʘʞʝ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʠ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʳ.  

ʅʝʜʘʚʥʦ ʚ ʥʘʰʝʡ ʛʨʫʧʧʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ, ʥʦ ʠ ʚʳʜʝʣʷʪʴ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʳ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʷ 59a-f ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ [24]. ʎʝʣʝʚʳʝ 

ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ 59a-f ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 1, 18, 

55-58 ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʦʤ ʥʠʪʨʦʟʠʣʘ ʚ ʩʨʝʜʝ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʭʦʨʦʰʠʤʠ ʠ 

ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 17). 

 

ʉʭʝʤʘ 17 

ʂʨʦʤʝ ʪʦʛʦ, ʥʠʪʨʦʟʠʨʫʶʱʠʡ ʘʛʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʥʘ ʥʠʪʨʠʪ ʥʘʪʨʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟ ʧʘʜʝʥʠʷ ʚʳʭʦʜʘ (ʦʮʝʥʢʘ ʧʦ ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ ʤʝʟʠʪʠʣʝʥʦʤ), ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʜʠʘʟʦʥʠʝʚʫʶ ʩʦʣʴ ʥʝʣʴʟʷ ʚʳʜʝʣʠʪʴ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ. ɼʣʷ ʦʙʨʘʟʫʶʱʝʡʩʷ ʜʠʘʟʦʥʠʝʚʦʡ 

ʩʦʣʠ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʝʪʘʪʝʟʠʩ ʘʥʠʦʥʦʚ. ʊʘʢ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 1, 60 

ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 

ʧʝʨʭʣʦʨʘʪʘ ʣʠʪʠʷ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʝʨʭʣʦʨʘʪʳ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʷ 

61a,b, ʢʦʪʦʨʳʝ ʚʳʧʘʜʘʣʠ ʚ ʦʩʘʜʦʢ (ʩʭʝʤʘ 18). ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 61a ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʨʠʩʫʥʦʢ 2). 
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ʉʭʝʤʘ 18 

 

ʈʠʩʫʥʦʢ 2. ʆʙʱʠʡ ʚʠʜ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 61a. 

ʂʘʢ ʠ ʣʶʙʳʝ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ, ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʳ 

ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʷ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ ʢʘʢ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ 

ʘʨʝʥʘʤʠ, ʪʘʢ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ CH-ʢʠʩʣʦʪʘʤʠ. ʊʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 18, 32 ʩ ʤʝʟʠʪʠʣʝʥʦʤ 62 ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʘʟʦʩʦʝʜʠʥʝʥʠʷ 63a,b ʩ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 19) [24].  

 

ʉʭʝʤʘ 19 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʩʠʥʪʝʟʘ ʩʝʨʠʠ ʘʟʦʧʨʦʜʫʢʪʦʚ 52, 63a-

k. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʘʢʪʠʚʠʨʫʝʤʳʭ NO-ʜʦʥʦʨʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʜʚʦʡʥʘʷ ʩʚʷʟʴ N=N ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʚʝʪʦʤ ʩʧʦʩʦʙʥʘ ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʠʟ E-

ʬʦʨʤʳ ʚ Z-ʬʦʨʤʫ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ Z-ʬʦʨʤʘ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 

NO-ʜʦʥʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʝʤ ʠʩʭʦʜʥʘʷ E-ʬʦʨʤʘ (ʩʭʝʤʘ 20) [25]. 
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ʉʭʝʤʘ 20 

ʂʨʦʤʝ ʪʦʛʦ, ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ 59a,b ʫʜʘʣʦʩʴ ʚʚʝʩʪʠ ʚ ʘʟʦʩʦʯʝʪʘʥʠʝ ʩ 

ʮʠʢʣʠʯʝʩʢʠʤʠ b-ʜʠʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 67a,b ʚ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ. ʎʝʣʝʚʳʝ ʛʠʜʨʘʟʦʥʳ 68a-d ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 21) [24]. 

 

ʉʭʝʤʘ 21 

ɼʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ 59a,b ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʚʚʝʩʪʠ ʚ ʨʝʘʢʮʠʶ ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ ʜʨʫʛʦʡ CH-

ʢʠʩʣʦʪʦʡ ï 2-ʥʠʪʨʦʧʨʦʧʘʥʦʤ 69 ʚ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ. 2-ʅʠʪʨʦʧʨʦʧʘʥ ï ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʩʣʘʙʘʷ CH-ʢʠʩʣʦʪʘ (pKa 7.68), ʯʝʤ ʜʠʤʝʜʦʥ (pKa 5.2) ʠʣʠ ʢʠʩʣʦʪʘ ʄʝʣʴʜʨʫʤʘ (pKa 4.97). 

ʇʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 2-ʥʠʪʨʦʧʨʦʧʘʥ 69 ʩʥʘʯʘʣʘ ʙʳʣ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ 69ô. ʇʨʦʜʫʢʪʳ ʘʟʦʩʦʯʝʪʘʥʠʷ 70a,b 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 22) [24]. 
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ʉʭʝʤʘ 22 

ʇʦʩʢʦʣʴʢʫ ʜʠʘʟʦʥʠʝʚʫʶ ʩʦʣʴ 71 ʥʝ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ b-ʜʠʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 67a,b ʠ 2-ʥʠʪʨʦʧʨʦʧʘʥʦʤ 

69 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʦʜʥʦʨʝʘʢʪʦʨʥʦʤ ʚʘʨʠʘʥʪʝ. ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʘʟʦʥʳ 72a,b, ʢʦʥʜʝʥʩʘʮʠʷ ʩ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ 2-ʥʠʪʨʦʧʨʦʧʘʥʘ ʧʨʦʪʝʢʘʣʘ 

ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 23) [24].  

 

ʉʭʝʤʘ 23 

2.1.5 ɸʮʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʠ ʘʟʦʣ-ʘʟʦʣʴʥʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʐʠʨʦʢʠʡ ʨʷʜ 4-(N-ʘʮʝʪʠʣʘʤʠʥʦ)ʬʫʨʦʢʩʘʥʦʚ 75a-j  ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4-

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʧʨʠ ʢʘʪʘʣʠʟʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʘʮʝʪʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʚʪʦʨʦʤ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʧʨʠʯʝʤ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʭʝʤʘ 24) [26].  
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ʉʭʝʤʘ 24 

ɹʦʣʝʝ ʪʦʛʦ, 4-ʘʤʠʥʦ-3-ʬʝʥʠʣʬʫʨʦʢʩʘʥ 1 ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʬʦʨʤʠʣʠʨʫʝʪʩʷ ʚ ʩʤʝʩʠ 

ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ (ʩʭʝʤʘ 25). ʆʜʥʘʢʦ ʠʟʦʤʝʨʥʳʡ 3-ʘʤʠʥʦ-4-

ʬʝʥʠʣʬʫʨʦʢʩʘʥ 29 ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ [27].  

 

ʉʭʝʤʘ 25 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʦʧʠʩʘʥ ʣʠʰʴ ʦʜʠʥ ʧʨʠʤʝʨ ʘʮʠʣʠʨʦʚʘʥʠʷ 3-ʘʤʠʥʦʬʫʨʦʢʩʘʥʘ 

[28]. ʊʘʢ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʧʦʣʫʯʝʥ 3-(N-ʘʮʝʪʠʣʘʤʠʥʦ)-4-

(ʪʨʝʪ-ʙʫʪʠʣ-NNO-ʘʟʦʢʩʠ)ʬʫʨʦʢʩʘʥ 78 ʩ ʚʳʭʦʜʦʤ 90% (ʩʭʝʤʘ 26). 

 

ʉʭʝʤʘ 26 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 1,2,5-ʦʢʩʘʜʠʘʟʦʣ-2-ʦʢʩʠʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ 

ʘʨʦʤʘʪʠʯʥʦʩʪʴʶ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʣʘʙʦʡ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ O(1)-N(2) ʩʚʷʟʠ. ʇʦ ʵʪʠʤ 

ʧʨʠʯʠʥʘʤ ʬʫʨʦʢʩʘʥʳ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʘʟʦʣ-ʘʟʦʣʴʥʳʝ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʙʳʣʠ 

ʦʛʨʘʥʠʯʝʥʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ɹʦʫʣʪʦʥʘ-ʂʘʪʨʠʮʢʦʛʦ, ʚ ʢʦʪʦʨʫʶ ʚʩʪʫʧʘʶʪ ʥʝʢʦʪʦʨʳʝ 

ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʬʫʨʦʢʩʘʥʳ [29]. ʉ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʠ ʠʭ 

ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʘʟʦʣ-ʘʟʦʣʴʥʳʝ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʠ ʜʣʷ ʨʷʜʘ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʠʮʠʠʨʦʚʘʥʳ ʪʝʨʤʠʯʝʩʢʠ, ʬʦʪʦʭʠʤʠʯʝʩʢʠ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ. ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʘʟʦʣ-ʘʟʦʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ ʘʟʦʣʘ 

ʪʨʸʭʘʪʦʤʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 
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ʩ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʜʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦ ʦʜʥʦʤʫ ʠʟ ʘʪʦʤʦʚ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʩʦʩʝʜʥʝʡ N-O ʩʚʷʟʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʘʟʦʣʘ (ʩʭʝʤʘ 27). 

 

ʉʭʝʤʘ 27 

ʊʘʢ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʨʦʪʝʢʘʝʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 

3-ʘʨʠʣʘʟʦ-4-(N-ʘʮʝʪʠʣʘʤʠʥʦ)ʬʫʨʦʢʩʘʥʦʚ 75g-i [26]. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʘʩʢʘʜʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʘʤʠʜʘʭ 79a-c ʘʪʘʢʫʝʪ ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ñʩʢʨʳʪʦʡò 

ʥʠʪʨʦʛʨʫʧʧʳ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʘʥʠʦʥʳ ʥʠʪʨʦʛʠʜʨʘʟʦʥʦʚ 80a-c ʧʦʚʪʦʨʥʦ ʚʩʪʫʧʘʶʪ ʚ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʘʨʠʣ-4-ʘʮʝʪʠʣʘʤʠʥʦ-5-ʥʠʪʨʦ-2H-1,2,3-ʪʨʠʘʟʦʣʦʚ 81a-c 

(ʩʭʝʤʘ 28). 

 

ʉʭʝʤʘ 28 

ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʝʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʜʫʢʪʘ ʘʮʠʣʠʨʦʚʘʥʠʷ 4,4ô-ʜʠʘʤʠʥʦ-

3,3ô-ʘʟʦʬʫʨʦʢʩʘʥʘ 11 ʠ ʝʛʦ ʜʠ-N,Nô-ʟʘʤʝʱʝʥʥʦʛʦ ʘʥʘʣʦʛʘ 82. ɼʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʦʩʥʦʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʨʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʘʮʝʪʠʣʘʤʠʥʦʧʨʦʠʟʦʜʥʳʭ 83a,b ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠʣʠ ʵʪʠʣʘʮʝʪʘʪʝ (ʩʭʝʤʘ 29) [30]. 
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ʉʭʝʤʘ 29 

ʊʝʨʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 3-(N-

ʘʮʝʪʠʣʘʤʠʥʦ)-4-(ʪʨʝʪ-ʙʫʪʠʣ-NNO-ʘʟʦʢʩʠ)ʬʫʨʦʢʩʘʥʘ 78 [28]. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʦʤʝʨʠʟʘʮʠʷ ʠʩʭʦʜʥʦʛʦ 3-(N-ʘʮʝʪʠʣʘʤʠʥʦ)ʬʫʨʦʢʩʘʥʘ 78. ʆʙʨʘʟʫʶʱʠʡʩʷ 4-(N-

ʘʮʝʪʠʣʘʤʠʥʦ)-3-(ʪʨʝʪ-ʙʫʪʠʣ-NNO-ʘʟʦʢʩʠ)ʬʫʨʦʢʩʘʥ 85 ʚʩʪʫʧʘʝʪ ʚ ʢʘʩʢʘʜ ʠʟ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʘʟʦʣ-ʘʟʦʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ, ʧʨʠʚʦʜʷʱʠʭ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ 

ʥʠʪʨʦʪʨʠʘʟʦʣ-N-ʦʢʩʠʜʫ 87, ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 30). 

 

ʉʭʝʤʘ 30 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʟʦʣ-ʘʟʦʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʚ ʨʷʜʫ 

ʬʫʨʦʢʩʘʥʘ, ʥʝʢʦʪʦʨʳʝ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʨʝʠʜʦ-ʧʨʦʠʟʚʦʜʥʳʝ 89a-g ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ 

ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʠʟʦʮʠʘʥʘʪʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʩʨʝʜʝ ʵʪʠʣʘʮʝʪʘʪʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ 

ʘʨʠʣʠʟʦʮʠʘʥʘʪʳ ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʤʠʥʦʛʨʫʧʧʳ ʬʫʨʦʢʩʘʥʘ (ʩʭʝʤʘ 31) [31, 32]. 



26 

 

 

ʉʭʝʤʘ 31 

ʀʟ ʚʩʝʛʦ ʨʷʜʘ ʧʦʣʫʯʝʥʥʳʭ ʫʨʝʠʜʦʚ ʪʦʣʴʢʦ 3-ʘʨʠʣʘʟʦ-4-(3-

ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʫʨʝʠʜʦ)ʬʫʨʦʢʩʘʥʳ 89e-g ʚʩʪʫʧʘʶʪ ʚ ʘʟʦʣ-ʘʟʦʣʴʥʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ. 

ʈʝʘʢʮʠʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 4-(N-ʘʮʝʪʠʣʘʤʠʥʦ)-3-ʘʨʠʣʘʟʦʬʫʨʦʢʩʘʥʦʚ, ʚʢʣʶʯʘʝʪ ʢʘʩʢʘʜ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ, ʦʜʥʘʢʦ ʜʣʷ ʝʝ ʧʨʦʚʝʜʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ, ʧʦʩʢʦʣʴʢʫ ʫʨʝʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʪʝʨʤʠʯʝʩʢʦʝ (ʫʩʣʦʚʠʷ a), ʪʘʢ ʠ ʦʩʥʦʚʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ (ʫʩʣʦʚʠʷ b) 

ʠʥʠʮʠʠʨʦʚʘʥʠʝ. ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʣʘʙʠʣʴʥʦʛʦ ʫʨʝʠʜʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʘʨʠʣ-4-ʘʤʠʥʦ-5-ʥʠʪʨʦ-1,2,3-ʪʨʠʘʟʦʣʦʚ 90a-c (ʪʘʙʣʠʮʘ 2) [31, 

32]. 

ʊʘʙʣʠʮʘ 2. ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 3-ʘʨʠʣʘʟʦ-4-(3-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʫʨʝʠʜʦ)ʬʫʨʦʢʩʘʥʦʚ. 

 

ʉʦʝʜʠʥʝʥʠʝ 90 Ar 
ɺʳʭʦʜ (%) 

ʫʩʣʦʚʠʷ ʘ ʫʩʣʦʚʠʷ b 

a 4-EtOC6H4 65 - 

b 4-MeOC6H4 50 32 

c 2,4,6-Me3C6H2 45 65 
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ʕʪʦʢʩʠʢʘʨʙʦʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʘʢʪʠʚʝʥ, ʯʝʤ ʝʛʦ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʡ ʘʥʘʣʦʛ, ʠ ʥʝ ʪʘʢ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʘʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝ ʚ ʵʪʠʣʘʮʝʪʘʪʝ. ʇʨʦʚʝʜʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʠ ʪʠʦʫʨʝʠʜʦʚ 91a-d. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʩʣʝʜʫʶʱʫʶ ʘʟʦʣ-

ʘʟʦʣʴʥʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʟʘʤʝʱʝʥʥʳʝ 1,2,4-ʪʠʘʜʠʘʟʦʣʳ 92a-d. ʃʶʙʦʧʳʪʥʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ 4-ʘʤʠʥʦ-3-ʘʮʝʪʠʣʬʫʨʦʢʩʘʥʘ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʝʪ ʛʠʜʨʦʣʠʟ 

ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʪʨʦʤʝʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 92d (ʩʭʝʤʘ 32) [33]. 

 

ʉʭʝʤʘ 32 

ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʪʠʦʫʨʝʠʜʳ 92e,f ʙʫʜʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʫʨʝʠʜʘʤʠ 89e-g. ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʘʨʠʣʛʠʜʨʘʟʦʥʳ 1,2,4-

ʪʠʘʜʠʘʟʦʣʠʣʥʠʪʨʦʬʦʨʤʘʣʴʜʝʛʠʜʘ 93a,b ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ (ʩʭʝʤʘ 33) 

[33]. 

 

ʉʭʝʤʘ 33 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʩʫʙʩʪʨʘʪʦʚ, ʚʩʪʫʧʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦ-ʠʥʜʫʮʠʨʫʝʤʫʶ ʘʟʦʣ-ʘʟʦʣʴʥʫʶ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ, ʷʚʣʷʶʪʩʷ ʘʤʠʜʠʥʳ 95a-f. ɼʣʷ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʭʦʜʥʳʝ 4-

ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʩ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʠʣʠ ʪʨʠʵʪʠʣʦʨʪʦʘʮʝʪʘʪʦʤ. ɺ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʠʤʠʥʦʵʬʠʨʘʭ 94a-d ʵʪʦʢʩʠ-ʛʨʫʧʧʘ ʣʝʛʢʦ ʟʘʤʝʱʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
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ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʘʤʠʜʠʥʦʚ 95a-f (ʩʭʝʤʘ 34) 

[31, 34]. 

 

ʉʭʝʤʘ 34 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ ʧʨʝʪʝʨʧʝʚʘʣʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ, 

ʧʨʠʯʝʤ ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʤʠʜʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʦʧʨʝʜʝʣʷʣʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʊʘʢ, ʘʨʠʣʘʤʠʜʠʥʳ 95a-d ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʪʦʢʩʠʜʘ ʢʘʣʠʷ ʚ ʤʝʪʘʥʦʣʝ ʫʞʝ 

ʧʨʠ 20 ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʘʣʢʠʣʘʤʠʜʠʥʦʚ 95e-f ʪʨʝʙʦʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʝʪ-ʙʫʪʦʢʩʠʜʘ ʢʘʣʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 3-

(1-ʥʠʪʨʦʘʣʢʠʣ)-1,2,4-ʪʨʠʘʟʦʣʦʚ 96a-f ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 35). 

 

ʉʭʝʤʘ 35 

ɼʣʷ ʘʤʠʜʠʥʦʚ 95b,f ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-ʙʝʥʟʦʠʣ-1,2,4-ʪʨʠʘʟʦʣʦʚ 97a,b. ʇʦ-ʚʠʜʠʤʦʤʫ, 

3-(1-ʥʠʪʨʦʘʣʢʠʣ)-1,2,4-ʪʨʠʘʟʦʣʳ 96b,f, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ, ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ 

ʅʝʬʘ, ʛʠʜʨʦʣʠʟʫʷʩʴ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʦʥʦʚ (ʩʭʝʤʘ 36) [31, 34].  

 

ʉʭʝʤʘ 36 
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2.1.6 ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 

ɸʤʠʥʦʬʫʨʦʢʩʘʥʳ 2 ʠ 32 ʚʩʪʫʧʘʶʪ ʚ ʢʦʥʜʝʥʩʘʮʠʶ ʂʣʘʫʩʦʥʘ-ʂʘʘʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (N-

ʧʠʨʨʦʣʠʣ)ʬʫʨʦʢʩʘʥʦʚ 98a,b ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 37) [35]. 

 

ʉʭʝʤʘ 37 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʠʘʟʦʢʝʪʦʥʦʚ 99a,b ʨʷʜ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ (1,2,3-

ʪʨʠʘʟʦʣ-1-ʠʣ)ʬʫʨʦʢʩʘʥʳ 100a-g. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʩʣʫʞʠʪ ʵʬʠʨʘʪ ʪʨʝʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ (ʩʭʝʤʘ 38) [36].  

 

ʉʭʝʤʘ 38 

ʅʝʢʦʪʦʨʳʝ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʫʜʘʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʤʠʥʦʬʫʨʘʟʘʥʦʚ 101a,b. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʣʦʨʠʜ ʦʣʦʚʘ ʚ ʩʤʝʩʠ ʩʦʣʷʥʦʡ ʠ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 3 ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ N-ʦʢʩʠʜʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʨʘʱʝʥʠʝ ʙʨʦʤʘʮʝʪʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʘʮʝʪʠʣʴʥʳʡ (ʩʭʝʤʘ 39) 

[37]. 

 

ʉʭʝʤʘ 39 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʜʦʩʪʘʪʦʯʥʦ ʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ 

ʩ (4-ʘʤʠʥʦʬʫʨʦʢʩʘʥ-3-ʠʣ)ʘʤʠʜʦʢʩʠʤʦʤ 102. ɺ ʢʦʥʜʝʥʩʘʮʠʶ ʚʩʪʫʧʘʝʪ ʘʤʠʥʦʛʨʫʧʧʘ 

ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʘʤʠʜʦʢʩʠʤʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪʩʷ (ʩʭʝʤʘ 

40) [38]. 
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ʉʭʝʤʘ 40 

ɺ ʨʝʘʢʮʠʠ ʬʝʥʠʣʘʤʠʥʦʬʫʨʦʢʩʘʥʘ ʩ ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʦʙʨʘʟʫʝʪʩʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʬʫʨʦʢʩʘʥʦʧʠʨʠʤʠʜʠʥʘ 104 (ʩʭʝʤʘ 

41) [39]. ɼʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʩʠʥʪʝʟʘ ʙʠʮʠʢʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ ʘʥʥʝʣʠʨʦʚʘʥ ʧʦ C=N ʩʚʷʟʠ ʮʠʢʣʘ. 

 

ʉʭʝʤʘ 41 

ɺ ʭʦʜʝ ʥʝʦʙʳʯʥʦʡ ʨʝʘʢʮʠʠ ʘʤʠʥʦʥʠʪʨʦʬʫʨʦʢʩʘʥʘ 105 ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʝʨʚʠʯʥʳʤʠ 

ʘʤʠʥʘʤʠ ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 4-ʘʤʠʥʦ-5-ʥʠʪʨʦʪʨʠʘʟʦʣ-1-ʦʢʩʠʜʳ 106a-c 

(ʩʭʝʤʘ 42) [40, 41]. 

 

ʉʭʝʤʘ 42 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʢ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʥʠʟʢʘʷ ʦʩʥʦʚʥʦʩʪʴ ʘʤʠʥʦʛʨʫʧʧʳ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʘʢʮʝʧʪʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʘ ʪʘʢʞʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ ʢ ʜʝʡʩʪʚʠʶ ʩʠʣʴʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ ʠ ʦʩʥʦʚʘʥʠʡ. 

2.2 ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ N-ʦʢʩʠʜʦʚ, ʰʝʩʪʠʯʣʝʥʥʳʝ ʘʟʠʥ-N-

ʦʢʩʠʜʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ. N-ʆʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʫʢʣʝʦʬʠʣʝʥ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʜʦʩʪʫʧʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. ɺ ʩʣʫʯʘʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʘʤʙʠʜʝʥʪʥʦʩʪʴʶ - ʦʥʠ ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʢʘʢ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ N-ʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʪʘʢ ʠ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ. 



31 

 

2.2.1 ɸʮʠʣʠʨʦʚʘʥʠʝ 

2-ɸʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʛʨʫʧʧʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ CH-ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʝʛʦ ʚʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ.  

ʆʛʨʦʤʥʳʡ ʨʷʜ ʘʤʠʜʦʚ 109a-p ʙʳʣ ʧʦʣʫʯʝʥ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 

107 ʟʘʤʝʱʝʥʥʳʤʠ ʙʝʥʟʦʡʥʳʤʠ ʢʠʩʣʦʪʘʤʠ 108a-p ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʠʟʙʳʪʢʘ 1-ʵʪʠʣ-

3-(3-ʜʠʤʝʪʠʣʘʤʠʥʦʧʨʦʧʠʣ)ʢʘʨʙʦʜʠʠʤʠʜʘ (EDC) ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 4-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ ʚ ʩʨʝʜʝ ʜʠʭʣʦʨʤʝʪʘʥʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʩʫʙʩʪʨʘʪʦʚ, ʮʝʣʝʚʳʝ ʘʤʠʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʠ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ [42]. ɺ 

ʨʘʙʦʪʝ [43] ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʘʤʠʜʦʚ 109q-t, ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʫʤʝʨʝʥʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʘʢʮʠʶ ʙʳʣʘ ʫʩʧʝʰʥʦ ʚʚʝʜʝʥʘ ʢʠʩʣʦʪʘ 

108u [44], ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʡ ʢʨʫʛ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʥʝʧʨʝʜʝʣʴʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʠʩʣʦʪ 108v-ag, ʘ ʮʝʣʝʚʳʝ ʘʤʠʜʳ 109u-ag ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʭʦʨʦʰʠʤʠ ʠ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 43) [45]. 

 

ʉʭʝʤʘ 43 

ʊʘʢʞʝ ʠhʨʦʢʘʷ ʩʝʨʠʷ ʘʤʠʜʦʚ 111a-l ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-

N-ʦʢʩʠʜʘ 107. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʜʦʚ 111a,b ʘʤʠʥ 107 ʘʮʠʣʠʨʦʚʘʣʠ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ 110a,b ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʩʨʝʜʝ 

ʜʠʭʣʦʨʤʝʪʘʥʘ. ɺ ʩʣʫʯʘʝ ʘʤʠʜʦʚ 111c-i ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʘʤʠʥʘ 107 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʢʠʩʣʦʪʦʡ 110c-i ʚ ʧʨʠʩʫʪʩʪʚʠʠ EDC ʠ 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ (ʩʭʝʤʘ 44) [46]. 
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ʉʭʝʤʘ 44 

2-ɸʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 112 ʙʳʣ ʘʮʠʣʠʨʦʚʘʥ 4-ʜʠʤʝʪʠʣʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 

113 ʚ ʧʨʠʩʫʪʩʪʚʠʠ EDC, 1-ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣʘ ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʮʝʣʝʚʦʡ ʘʤʠʜ 114 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 

45) [47]. 

 

ʉʭʝʤʘ 45 

ʄʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʘʮʠʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʘʪʘʢʫ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ ʧʦ ʵʬʠʨʫ 115, ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʛʠʜʨʦʢʩʠʙʝʥʟʦʪʨʠʘʟʦʣʴʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ. ʆʙʨʘʟʫʶʱʠʡʩʷ N-ʘʮʝʪʠʣʦʢʩʠ-2-ʘʤʠʥʦʧʠʨʠʜʠʥ 116 ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʮʝʣʝʚʦʡ ʘʤʠʜ (ʩʭʝʤʘ 46). 

 

ʉʭʝʤʘ 46 
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2-ɸʤʠʥʦ-5-ʙʨʦʤʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 117 ʙʳʣ ʚʚʝʜʝʥ ʚ ʨʝʘʢʮʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʢʠʩʣʦʪʦʡ 

118 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʪʠʚʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (HATU) ʠ ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥʘ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʧʝʧʪʠʜʥʦʤ ʩʠʥʪʝʟʝ. ʎʝʣʝʚʦʡ 

ʘʤʠʜ 119 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 47) [48]. 

 

ʉʭʝʤʘ 47 

2-ɸʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 107 ʙʳʣ ʘʮʠʣʠʨʦʚʘʥ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ 

ʤʝʪʘʣʣʦʮʝʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʛʝʥʝʨʠʨʫʝʤʳʤʠ in situ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ 120a,b ʠ 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 16 ʯʘʩʦʚ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʳʭ ʘʤʠʜʦʚ 121a,b (ʩʭʝʤʘ 48) [49]. 

 

ʉʭʝʤʘ 48 

2-ɸʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 107 ʙʳʣ ʘʮʠʣʠʨʦʚʘʥ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ ʟʘʤʝʱʝʥʥʦʡ 

ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 122 ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʎʝʣʝʚʦʡ ʘʤʠʜ 123 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 49). ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʚ ʩʠʥʪʝʟʝ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʠʪʪʝʨʙʠʷ [50]. 
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ʉʭʝʤʘ 49 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʠʩ-ʭʣʦʨʘʥʛʠʜʨʠʜ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

124 ʨʝʘʛʠʨʦʚʘʣ ʩ ʠʟʙʳʪʢʦʤ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʤʠʜʘ 125 

(ʩʭʝʤʘ 50). ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʚ ʩʠʥʪʝʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [51]. 

 

ʉʭʝʤʘ 50 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʝʥʟʦʠʣʭʣʦʨʠʜʘ ʩ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʤ 107 ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʧʫʪʷʤʠ. ʊʘʢ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʝʟ ʦʩʥʦʚʘʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ ʙʳʣ ʧʦʣʫʯʝʥ O-ʙʝʥʟʦʠʣʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ 

126. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʧʠʨʠʜʠʥʝ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ ʙʳʣ ʧʦʣʫʯʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʤʠʜ 109a. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 3,5-ʜʠʥʠʪʨʦʙʝʥʟʦʠʣʭʣʦʨʠʜʘ, 

ʚʳʭʦʜ ʨʝʘʢʮʠʠ ʦʢʘʟʘʣʩʷ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʝʘʢʮʠʠ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʮʝʪʘʤʠʜ 128 (ʩʭʝʤʘ 51) [52].  
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ʉʭʝʤʘ 51 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʩ ʬʝʥʠʣʠʟʦʮʠʘʥʘʪʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʯʝʚʠʥʳ 129, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʩ 

ʜʠʵʪʠʣʦʢʩʘʣʘʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʜʠʘʤʠʜʫ 130 ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 52) [52]. 

 

ʉʭʝʤʘ 52 

ʅʘʛʨʝʚʘʥʠʝ 2H-[1,2,4]ʦʢʩʘʜʠʘʟʦʣʦ[2,3-a]ʧʠʨʠʜʠʥ-2-ʪʠʦʥʘ 131a ʠʣʠ ʝʛʦ 

ʧʠʨʠʜʘʟʠʥʦʚʦʛʦ ʘʥʘʣʦʛʘ 131b ʩ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʤ 107 ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ 

ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1,3-ʜʠʟʘʤʝʱʝʥʳʭ ʤʦʯʝʚʠʥ 132a,b ʩ ʥʠʟʢʠʤʠ 

ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 53) [53]. 

 

ʉʭʝʤʘ 53 

ʈʷʜ ʤʝʪʠʣʟʘʤʝʱʝʥʥʳʭ 2H-[1,2,4]ʦʢʩʘʜʠʘʟʦʣʦ[2,3-a]ʧʠʨʠʜʠʥ-2-ʪʠʦʥʦʚ 138a-f ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ 2-ʘʤʠʥʦʧʠʢʦʣʠʥ-N-ʦʢʩʠʜʦʚ 107, 133-137 ʩ ʪʠʦʬʦʩʛʝʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ (ʩʭʝʤʘ 54). ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʭʦʪʷ ʜʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʪʘʙʠʣʴʥʳ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʥʠ ʨʘʟʣʘʛʘʶʪʩʷ ʩʦ 

ʚʟʨʳʚʦʤ [54]. 
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ʉʭʝʤʘ 54 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʘ 139 ʩ ʨʷʜʦʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʟʦʮʠʘʥʘʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʠʤʝʥ̫ʝʤʦʛʦ ʦʩʥʦӢʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʚʘ ʪʠʧʘ ʧʨʦʜʫʢʪʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʠʟʦʮʠʘʥʘʪʘ ʢʘʢ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ, ʪʘʢ ʠ ʧʦ N-ʦʢʩʠʜʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 140a,b. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ (KOH) ʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʜʫʢʪʘ 140, ʘ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ N,Nô-ʜʠʬʝʥʠʣʤʦʯʝʚʠʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʘʜʠʘʟʦʣʦʥʘ 141 

ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 55) [55].  

 

ʉʭʝʤʘ 55 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʝʡʩʪʚʠʝʤ ʠʟʙʳʪʢʘ ʤʝʪʠʣʠʟʦʮʠʘʥʘʪʘ ʥʘ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜ 142 ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʩʘʜʠʘʟʦʣʦʥ 143 ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʪʦʣʫʦʣʝ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʩʭʝʤʘ 56) [55]. 

 

ʉʭʝʤʘ 56 
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ɺ ʨʘʙʦʪʝ [56] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʩ 

ʜʠʢʝʪʝʥʦʤ. ʇʨʠ ʢʠʧʷʯʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ 107 ʩ ʵʢʚʠʤʦʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʢʝʪʝʥʘ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʘʤʠʜ 144. ɺ ʩʣʫʯʘʝ ʠʟʙʳʪʢʘ ʜʠʢʝʪʝʥʘ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʦʤʫ ʘʚʪʦʨʳ ʧʨʠʧʠʩʘʣʠ 

ʩʪʨʫʢʪʫʨʫ 145 (ʩʭʝʤʘ 57). 

 

ʉʭʝʤʘ 57 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʘʮʠʣʠʨʦʚʘʥʠʷ. ʊʘʢ, 

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 107 ʙʳʣ ʚʚʝʜʝʥ ʚ ʧʘʣʣʘʜʠʡ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʘʮʠʣʠʨʦʚʘʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʥʠʣʠʦʜʠʜʘ 146 ʚ ʘʪʤʦʩʬʝʨʝ ʫʛʘʨʥʦʛʦ ʛʘʟʘ (ʩʭʝʤʘ 58). ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʨʝʘʢʮʠʠ ɹʫʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʤʦʣʝʢʫʣʳ CO ʩʥʘʯʘʣʘ ʧʦ ʩʚʷʟʠ C-Pd, ʘ ʟʘʪʝʤ NH-Pd. ɺʳʭʦʜ 

ʮʝʣʝʚʦʛʦ ʘʤʠʜʘ 109a ʦʢʘʟʘʣʩʷ ʥʝʚʳʩʦʢʠʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, N-ʦʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʪʘʢʞʝ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʧʘʣʣʘʜʠʝʤ, ʟʘʪʨʫʜʥʷʷ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʜʨʫʛʠʤʠ ʮʝʥʪʨʘʤʠ [57].  

 

ʉʭʝʤʘ 58 

2.2.2 ɸʣʢʠʣʠʨʦʚʘʥʠʝ, ʘʨʠʣʠʨʦʚʘʥʠʝ 

2-ɸʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ ʷʚʣʷʝʪʩʷ ʘʤʙʠʜʝʥʪʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʠ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ N-ʦʢʩʠʜʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʪʘʢ ʠ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ. ʄʝʪʠʣʠʨʦʚʘʥʠʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʠʟʙʳʪʢʦʤ 

ʤʝʪʠʣʪʦʟʠʣʘʪʘ 147 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʆ-

ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 148 (ʩʭʝʤʘ 59) [52]. 
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ʉʭʝʤʘ 59 

ɺ ʨʘʙʦʪʝ [58] ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 107, 134-136 ʩ 5-

ʥʠʪʨʦ-2-ʭʣʦʨʧʠʨʠʜʠʥʦʤ 148. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʫʭʦʤ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʠʦʜʠʜʘ ʢʘʣʠʷ. ʈʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʣʘ ʩ ʭʦʨʦʰʠʤʠ ʠ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 149a-c. 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 2-ʘʤʠʥʦ-6-ʤʝʪʠʣʧʠʨʠʜʠʥʦʢʩʠʜʘ ʨʝʘʢʮʠʷ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚʪʦʨʠʯʥʦʛʦ ʘʤʠʥʘ. ʇʨʦʪʝʢʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʨʠʧʠʨʠʜʠʣʘʤʠʥ-N-ʦʢʩʠʜʘ 150 ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʦʥʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʩʭʝʤʘ 60). 

 

ʉʭʝʤʘ 60 

ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʳ ʠʟʫʯʠʣʠ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. ʉ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʱʠʡ ʟʘʨʷʜ ʥʘ N-ʦʢʩʠʜʥʦʤ ʘʪʦʤʝ 

ʢʠʩʣʦʨʦʜʘ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʱʠʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʘʤʠʥʦʛʨʫʧʧʳ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʦʯʪʠ ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʤʠʥʦʛʨʫʧʧʳ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʵʪʦʡ ʨʝʘʢʮʠʠ ʘʤʠʥʦʛʨʫʧʧʘ ʠʩʭʦʜʥʦʛʦ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʙʳʣʘ 

ʟʘʱʠʱʝʥʘ ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 151 ʩ ʦʪʣʠʯʥʳʤ 

ʚʳʭʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʡ ʬʦʨʤʘʤʠʜʠʥ 151 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ 5-ʥʠʪʨʦ-2-ʭʣʦʨʧʠʨʠʜʠʥʘʤʠ 

152a,b ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʠʜʠʥʠʝʚʳʭ ʩʦʣʝʡ 153a,b ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʆʙʨʘʙʦʪʢʘ 

ʚʦʜʥʳʤ ʘʤʤʠʘʢʦʤ ʧʨʠʚʦʜʠʣʘ ʢ ʩʥʷʪʠʶ ʬʦʨʤʘʤʠʜʠʥʦʚʦʡ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʘʪʘʢʦʡ ʠʤʠʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦ ʉ2-ʧʦʣʦʞʝʥʠʶ ʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 
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154 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 155a,b, ʯʪʦ ʷʚʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʤʝʭʘʥʠʟʤʘ 

ʩ ʠʟʥʘʯʘʣʴʥʦʡ ʘʪʘʢʦʡ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (ʩʭʝʤʘ 61).  

 

ʉʭʝʤʘ 61 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ 2-ʭʣʦʨ-3-ʮʠʘʥʦ-5-ʥʠʪʨʦʧʠʨʠʜʠʥʘ 152b ʩ ʤʝʪʠʣʟʘʤʝʱʝʥʥʳʤʠ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-1-ʦʢʩʠʜʘʤʠ 107, 134-136 ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʜʠʧʠʨʠʜʠʣʘʤʠʥʦʚ 155b, 156a-c ʩ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 62) [59]. 

 

ʉʭʝʤʘ 62 

2-ɸʤʠʥʦ-5-(4-(ʪʨʝʪ-ʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ)ʧʠʧʝʨʘʟʠʥ-1-ʠʣ)ʧʠʨʠʜʠʥ-1-ʦʢʩʠʜ 157 ʙʳʣ 

ʚʚʝʜʝʥ ʚ ʨʝʘʢʮʠʶ ɹʫʭʚʘʣʴʜʘ-ʍʘʨʪʚʠʛʘ ʩ ʟʘʤʝʱʝʥʥʳʤ 2-ʭʣʦʨʧʠʨʨʦʣʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʤ 158 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ (II), ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʘʥʠʷ, ʨʦʣʴ ʣʠʛʘʥʜʘ ʚʳʧʦʣʥʷʣ BINAP. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʠʦʢʩʘʥʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʨʦʜʫʢʪ 159 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 63) [60]. 
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ʉʭʝʤʘ 63 

ʅʝʦʙʳʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ 5,6-

ʜʠʬʝʥʠʣ-3-ʭʣʦʨ-1,2,4-ʪʨʠʘʟʠʥʘ 161 ʩ ʟʘʤʝʱʝʥʥʳʤʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘʤʠ 160a,b. 

ɺʤʝʩʪʦ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʤʦʥʦʟʘʤʝʱʝʥʠʷ, ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʳ 162a,b. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʢʠʧʷʱʝʤ ʜʠʦʢʩʘʥʝ ʩ ʠʟʙʳʪʢʦʤ 

ʧʦʪʘʰʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ (ʩʭʝʤʘ 64) [61]. 

 

ʉʭʝʤʘ 64 

2.2.3 ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʏʘʩʪʦ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ ʚʳʩʪʫʧʘʶʪ ʧʨʝʢʫʨʩʦʨʘʤʠ ʚ ʩʠʥʪʝʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ. ɼʣʷ ʜʘʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʮʝʣʳʡ ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʛʘʣʦʛʝʥʠʜʳ 

ʬʦʩʬʦʨʘ (III ). ʊʘʢ, 2-ʘʤʠʥʦ-4-ʙʨʦʤʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 163 ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʙʦʣʴʰʠʤ 

ʠʟʙʳʪʢʦʤ ʪʨʠʙʨʦʤʠʜʘ ʬʦʩʬʦʨʘ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʮʝʣʝʚʦʡ ʘʤʠʥʦʧʠʨʠʜʠʥ 164 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 65) [62]. 

 

ʉʭʝʤʘ 65 
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ɿʘʤʝʱʝʥʥʳʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ 165a,b ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʠʟʙʳʪʢʦʤ 

ʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ 166a,b ʩ 

ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ [63]. 2-ɸʤʠʥʦ-3,4,5,6-ʪʝʪʨʘʭʣʦʨʧʠʨʠʜʠʥ 166c ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ N-ʦʢʩʠʜʘ 165c ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʙʳʪʢʘ 

ʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ ʚ ʢʠʧʷʱʝʤ ʭʣʦʨʦʬʦʨʤʝ (ʩʭʝʤʘ 66) [64]. 

 

ʉʭʝʤʘ 66 

ɿʘʯʘʩʪʫʶ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʩʝʣʝʢʪʠʚʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʞʝʣʝʟʦ ʠʣʠ ʮʠʥʢ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʊʘʢ, ʜʚʝ ʨʘʟʣʠʯʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʳ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʤʝʱʝʥʥʦʛʦ 2-ʘʤʠʥʦʭʠʥʦʣʠʥ-N-ʦʢʩʠʜʘ 167 ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 2-ʘʤʠʥʦʭʠʥʦʣʠʥ 168 (ʩʭʝʤʘ 67). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʞʝʣʝʟʘ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

ʚʳʰʝ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ ʠ ʠʩʢʣʶʯʘʝʪ ʨʘʙʦʪʫ ʩ ʪʦʢʩʠʯʥʳʤ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ 

ʥʝʩʪʦʡʢʠʤ ʪʨʠʭʣʦʨʠʜʦʤ ʬʦʩʬʦʨʘ [55]. 

 

ʉʭʝʤʘ 67 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 2,6-ʜʠʘʤʠʥʦ-4-ʙʨʦʤʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 169a ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʞʝʣʝʟʘ ʚ 

ʢʠʧʷʱʝʡ 50% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2,6-ʜʠʘʤʠʥʦ-4-ʙʨʦʤʧʠʨʠʜʠʥʘ 170a ʩ 

ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ [65]. ɸʥʘʣʦʛʠʯʥʦ, 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 169b ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ 

ʞʝʣʝʟʥʳʤ ʧʦʨʦʰʢʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʮʝʣʝʚʦʡ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ 170b ʙʳʣ 

ʧʦʣʫʯʝʥ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 68) [66]. 
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ʉʭʝʤʘ 68 

ɿʘʤʝʱʝʥʥʳʡ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 171 ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʚ 

ʛʦʨʷʯʝʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 172 (ʩʭʝʤʘ 69) 

[67]. 

 

ʉʭʝʤʘ 69 

ʂʨʦʤʝ ʪʦʛʦ, ʜʨʫʛʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ, ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴ ʠ ʚ ʩʣʫʯʘʝ ʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜʦʚ. ʅʘʧʨʠʤʝʨ, 2-ʘʤʠʥʦ-6-ʤʝʪʠʣʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 134 ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʜʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 173 ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʠʟʢʦʚʘʣʝʥʪʥʳʡ ʭʣʦʨʠʜ ʪʠʪʘʥʘ, 

ʛʝʥʝʨʠʨʫʝʤʳʡ in situ ʠʟ ʭʣʦʨʠʜʘ ʪʠʪʘʥʘ (IV) ʠ ʭʣʦʨʠʜʘ ʦʣʦʚʘ (II) (ʩʭʝʤʘ 70). ɸʚʪʦʨʳ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʯʪʠ ʣʶʙʦʡ ʘʧʨʦʪʦʥʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ, ʚʢʣʶʯʘʷ ʵʬʠʨ, ʘʮʝʪʦʥʠʪʨʠʣ, ʙʝʥʟʦʣ ʠʣʠ ʛʣʠʤ [68].  

 

ʉʭʝʤʘ 70 

2-ɸʤʠʥʦ-3-ʥʠʪʨʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ 174a,b ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʨʘʩʪʚʦʨʦʤ 

ʧʦʣʠʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ, ʛʝʥʝʨʠʨʫʝʤʦʤ in situ ʠʟ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʚʦʜʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ 175a,b 

[69]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ: ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ N-ʦʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ, ʪʘʢ ʠ 

ʥʠʪʨʦʛʨʫʧʧʘ (ʩʭʝʤʘ 71). ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʜʣʷ ʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 174b ʚʳʭʦʜ 
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ʦʢʘʟʘʣʩʷ ʚʳʰʝ, ʢʨʦʤʝ ʪʦʛʦ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʢʨʘʪʠʣʦʩʴ ʚ 2 ʨʘʟʘ (8 ʠ 16 ʯʘʩʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʘʢʮʝʧʪʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʘʪʦʤʘ ʭʣʦʨʘ. 

 

ʉʭʝʤʘ 71 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʊʘʢ, ʙʠʮʠʢʣʠʯʝʩʢʠʡ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 176 ʙʳʣ ʚʦʩʩʪʘʥʦʚʣʝʥ ʚʦʜʦʨʦʜʦʤ ʥʘ ʧʘʣʣʘʜʠʠ ʚ ʵʪʘʥʦʣʝ. ʈʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʢʨʳʪʦʤ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʮʝʣʝʚʦʡ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ 177 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 72) [70]. 

 

ʉʭʝʤʘ 72 

ʄʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʝʦʞʠʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 

ʬʦʨʤʠʘʪʦʤ ʘʤʤʦʥʠʷ ʧʨʠ ʢʘʪʘʣʠʟʝ ʧʘʣʣʘʜʠʝʤ ʥʘ ʫʛʣʝ ʙʳʣ ʧʦʣʫʯʝʥ ʘʤʠʜʦʢʩʠʤ 178, 

ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʚʦʨʦʤ HCl ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʛʠʜʨʦʭʣʦʨʠʜʘ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 73) [71]. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʦʢʩʠʤʥʳʡ ʬʨʘʛʤʝʥʪ ʥʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

 

ʉʭʝʤʘ 73 

2.2.4 ɼʠʘʟʦʪʠʨʦʚʘʥʠʝ 

ʂʘʢ ʠ ʜʨʫʛʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ ʩ ʣʝʛʢʦʩʪʴʶ 

ʨʝʘʛʠʨʫʶʪ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʠʘʟʦʪʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ. 

ɺ ʮʝʣʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʧʠʨʠʜʠʥ-2-ʜʠʘʟʦʥʠʡ N-ʦʢʩʠʜʦʚ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 

ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ 179-181. ɼʣʷ ʵʪʦʛʦ ʠʩʭʦʜʥʳʝ N-ʦʢʩʠʜʳ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 107, 2-

ʘʤʠʥʦʭʠʥʦʣʠʥʘ 182, ʘ ʪʘʢʞʝ 1-ʘʤʠʥʦʠʟʦʭʠʥʦʣʠʥʘ 183 ʜʠʘʟʦʪʠʨʦʚʘʣʠ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ 
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ʩʨʝʜʝ ʚʦʜʥʦʡ HBF4, ʮʝʣʝʚʳʝ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ ʚ 

ʪʚʝʨʜʦʤ ʚʠʜʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 179-181 (ʩʭʝʤʘ 74) [72]. 

 

ʉʭʝʤʘ 74 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ 2-ʘʤʠʥʦ-5-ʥʠʪʨʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 184 

ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʩʨʝʜʝ HBF4 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʟʦʥʠʝʚʘʷ ʩʦʣʴ 185 (ʩʭʝʤʘ 

75) [73]. ʇʦʩʢʦʣʴʢʫ ʩʫʩʧʝʥʟʠʶ ʧʦʣʫʯʝʥʥʦʡ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʟʦʩʦʯʝʪʘʥʠʷ ʙʝʟ ʚʳʜʝʣʝʥʠʷ, ʪʦʯʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʥʝʠʟʚʝʩʪʝʥ.  

 

ʉʭʝʤʘ 75 

ʇʠʨʠʜʠʥ-2-ʜʠʘʟʦʥʠʡ-N-ʦʢʩʠʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʦʚ ʩ ʣʝʛʢʦʩʪʴʶ ʦʙʨʘʟʫʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 2-ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʘʟʦʪʘ. ʊʘʢ, ʰʠʨʦʢʠʡ ʨʷʜ 

2-ʘʟʠʜʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 189a-h ʙʳʣ ʧʦʣʫʯʝʥ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 107, 134-138, 186-188 ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʨʘʟʙʘʚʣʝʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʘʟʠʜʘ ʥʘʪʨʠʷ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 189h (ʚʳʭʦʜ 

ʩʦʩʪʘʚʠʣ 25%), ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ [74]. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ 2-ʘʟʠʜʦ-6-ʭʣʦʨʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 189i ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 76% [75] (ʩʭʝʤʘ 76). 



45 

 

 

ʉʭʝʤʘ 76 

ɿʘʤʝʱʝʥʥʳʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ 107, 117, 134, 184, 186 ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʜʠʘʟʦʪʠʨʦʚʘʥʠʶ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʟʘʤʝʱʝʥʠʝʤ ʜʠʘʟʦʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʠʦʜ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʳʭ ʪʦʟʠʣʩʫʣʴʬʦʥʘʪʦʚ ʧʠʨʠʜʠʣ-2-ʜʠʘʟʦʥʠʡ-N-ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʩ 

ʣʝʛʢʦʩʪʴʶ ʠʦʜʠʨʫʶʪʩʷ ʚ ʦʜʥʦʨʝʘʢʪʦʨʥʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʜʠʜʘ ʢʘʣʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ 2-ʠʦʜʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 190a-e ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 77) 

[76].  

 

ʉʭʝʤʘ 77 

ʇʠʨʠʜʠʥ-2-ʜʠʘʟʦʥʠʡ-N-ʦʢʩʠʜʳ ʜʦʩʪʘʪʦʯʥʦ ʵʣʝʢʪʨʦʬʠʣʴʥʳ, ʠ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʠ ʘʟʦʩʦʯʝʪʘʥʠʷ ʩ CH-ʢʠʩʣʦʪʘʤʠ. ʊʘʢ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 

ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʦʯʝʪʘʥʠʝ ʦʙʨʘʟʫʶʱʝʡʩʷ ʜʠʘʟʦʥʠʝʚʦʡ 

ʩʦʣʠ ʩ ʮʠʘʥʦʘʮʝʪʠʣʢʘʨʙʘʤʘʪʦʤ (191a), ʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ (191b), ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ (191c) ʠʣʠ 

2-ʙʝʥʟʠʤʠʜʘʟʦʣʠʣʘʮʝʪʦʥʠʪʨʠʣʦʤ (191d) ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʘʟʦʥʦʚ 192a-d ʩ 

ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 78) [77]. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ 

ʨʝʘʢʮʠʡ ʘʟʦʩʦʯʝʪʘʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʨʠʜʠʥ-2-ʜʠʘʟʦʥʠʡ-N-ʦʢʩʠʜʘ 107 ʩ 

ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʦʪʝʢʘʝʪ ʚ ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ. 
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ʉʭʝʤʘ 78 

ʇʩʝʚʜʦ-ʨʝʘʢʮʠʷ ɻʦʤʙʝʨʛʘ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 193a-c ʠ ʘʤʠʣʥʠʪʨʠʪʦʤ ʚ ʩʨʝʜʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [78]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

ʧʠʨʠʜʠʣ-N-ʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɺʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 194-197 ʦʢʘʟʘʣʠʩʴ 

ʥʠʟʢʠʤʠ, ʚ ʩʣʫʯʘʝ ʪʠʦʬʝʥʘ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ 

(ʩʭʝʤʘ 79).  

 

ʉʭʝʤʘ 79 

2.2.5 ʎʠʢʣʠʟʘʮʠʠ 

2-ɸʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʥʪʝʟʝ ʨʷʜʘ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʰʠʨʦʢʠʡ ʨʷʜ ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ 200a-r  ʙʳʣ ʧʦʣʫʯʝʥ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʦʣʦʪʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ 107, 134, 137, 184, 198 

ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ 199a-n ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

(ʩʭʝʤʘ 80). ʈʝʘʢʮʠʷ ʪʦʣʝʨʘʥʪʥʘ ʢ ʩʘʤʳʤ ʨʘʟʥʳʤ ʟʘʤʝʩʪʠʪʝʣʷʤ, ʚʢʣʶʯʘʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ, 

ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʘʣʢʠʣʴʥʳʝ ʠ ʪ.ʜ. ɺʳʭʦʜ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʨʦʜʳ ʘʣʢʠʥʘ: ʪʘʢ, ʚ ʩʣʫʯʘʝ 3-ʧʠʨʠʜʠʣ ʠ 3-ʭʠʥʦʣʠʣʟʘʤʝʱʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 199f,h ʚʳʭʦʜʳ 

ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤʠ (13-32%). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 
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ʘʣʢʠʥʦʚ ʩ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘʤʠ ʧʨʠʚʦʜʠʣʦ ʢ ʭʦʨʦʰʠʤ ʚʳʭʦʜʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʦʚ.  

 

ʉʭʝʤʘ 80 

ʄʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʘʪʘʢʫ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʦ ʘʣʢʠʥʫ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʟʦʣʦʪʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʘʤʠʥʦʧʠʨʠʜʠʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʟʦʣʦʪʦʡ ʢʘʨʙʝʥʦʠʜ. ʇʦʩʣʝʜʫʶʱʘʷ ʘʪʘʢʘ ʧʠʨʠʜʠʥʘ ʧʦ ʢʘʨʙʝʥʦʠʜʥʦʤʫ ʮʝʥʪʨʫ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʜʠʘʪʘ 201, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʮʠʢʣʠʟʫʝʪʩʷ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʚʦʜʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥʘ (ʩʭʝʤʘ 81) [79]. 
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ʉʭʝʤʘ 81 

ɻʠʜʨʦʙʨʦʤʠʜʳ 2-ʘʨʠʣʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥ-3-ʦʣʦʚ 202a-e ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʠʧʷʯʝʥʠʝʤ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 107, 117, 184 ʩ ʬʝʥʘʮʠʣʙʨʦʤʠʜʘʤʠ 203a-c ʚ ʵʪʘʥʦʣʝ 

ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 82). ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʴʜʝʛʠʜʘ 204, ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ 2-ʤʝʪʠʣʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜ ʦʢʠʩʣʷʝʪ ʬʝʥʘʮʠʣʙʨʦʤʠʜ ʜʦ ʬʝʥʠʣʛʣʠʦʢʩʘʣʷ [80]. 

 

ʉʭʝʤʘ 82 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 107, 

117 ʩ ʘʨʠʣ- ʠ ʛʝʪʘʨʠʣʘʮʠʣʙʨʦʤʠʜʘʤʠ 204a-g ʙʳʣ ʧʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʨʷʜ ʛʠʜʨʦʙʨʦʤʠʜʦʚ 2-

ʘʨʠʣ- ʠ 2-ʛʝʪʘʨʠʣʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʠʥ-3-ʦʣʦʚ 205a-g ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 83). 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 4-ʧʠʨʠʜʠʣʟʘʤʝʱʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 204d ʚʳʭʦʜ ʦʢʘʟʘʣʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʠ ʩʦʩʪʘʚʠʣ 83% [81]. 

 

ʉʭʝʤʘ 83 

ɺ ʨʘʙʦʪʝ [82] ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʩ 

ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʤ 206. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ 0 Áʉ, ʘʜʜʫʢʪ 

207 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʤʝʩʴ E/Z-ʠʟʦʤʝʨʦʚ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʤʝʨʥʦ 1:10. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʢʠʧʷʯʝʥʠʠ ʜʘʥʥʦʡ ʩʤʝʩʠ ʚ ʦ-ʢʩʠʣʦʣʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʪʝʢʘʣʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʠ ʮʠʢʣʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 3-ʛʠʜʨʦʢʩʠ-4-ʦʢʩʦ-4H-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

208 (ʩʭʝʤʘ 84). 
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ɺ ʩʣʫʯʘʝ ʟʘʤʝʱʝʥʥʦʛʦ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 209, ʘʜʜʫʢʪ ʩ DMAD 206 ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ 8 ʯʘʩʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʢʠʧʷʯʝʥʠʝ ʚ ʢʩʠʣʦʣʝ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʙʝʥʟʦʠʣʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 210 ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 

22%. ʂʨʦʤʝ ʪʦʛʦ, 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 211 ʫʜʘʣʦʩʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ 212 ʚ ʦʜʥʫ ʩʪʘʜʠʶ, ʭʦʪʷ ʠ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 85) [82]. 
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2.2.6 ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 

ʇʨʠ ʢʠʧʷʯʝʥʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 213 ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʦʪʝʢʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʂʘʪʘʜʳ. ʇʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ 

ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʮʝʣʝʚʦʛʦ ʧʠʨʠʜʦʥʘ 214 ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 86) [83]. 
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ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʠʨʠʜʦʥ 215 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʂʘʪʘʜʳ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʭʦʜʥʳʡ 2-ʘʤʠʥʦ-3-ʥʠʪʨʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜ 174a 

ʢʠʧʷʪʠʣʠ ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʩ ʜʦʙʘʚʢʦʡ ʘʮʝʪʘʪʘ ʢʘʣʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʜʫʢʪ ʦʪʜʝʣʷʣʠ ʦʪ 

ʩʤʦʣʳ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ (ʩʭʝʤʘ 87). ɸʚʪʦʨʘʤ ʥʝ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ 

ʚʳʭʦʜʘ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ [84]. 
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ʇʨʠ ʘʮʠʣʠʨʦʚʘʥʠʠ 2-ʘʤʠʥʦ-5-ʙʝʥʟʠʣ-3-ʙʨʦʤʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 216 ʚ ʠʟʙʳʪʢʝ 

ʢʠʧʷʱʝʛʦ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʦʙʨʘʟʫʝʪʩʷ 6-ʘʮʝʪʦʢʩʠʧʠʨʠʜʠʥ 217, ʩʦʜʝʨʞʘʱʠʡ ʩʨʘʟʫ 3 

ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧʳ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʠʷ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ 

ʢ ʛʠʜʨʦʣʠʟʫ ʜʚʫʭ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʠʜʦʥʘ 218 (ʩʭʝʤʘ 88) [85].  

 

ʉʭʝʤʘ 88 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʘʮʠʣʠʨʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʩ ʤʠʛʨʘʮʠʝʡ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ 

ʢʠʩʣʦʨʦʜʘ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [86]. ʂʠʧʷʯʝʥʠʝ ʛʠʜʨʦʭʣʦʨʠʜʦʚ ʠʦʜʟʘʤʝʱʝʥʥʳʭ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 219a,b ʚ ʜʠʦʢʩʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʭʣʦʨʤʝʪʠʣʧʠʨʠʜʠʥʦʚ 220a,b (ʩʭʝʤʘ 89). ʇʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʪʝʢʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ɹʸʢʝʣʴʭʘʡʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʦʢʩʠ-ʛʨʫʧʧʳ 

ʭʣʦʨʠʜ-ʘʥʠʦʥʦʤ. 
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ʌʦʩʬʘʟʝʥ 221 ʙʳʣ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 107 ʩ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ ʠ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʤ ʫʛʣʝʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʪʨʠʵʪʠʣʘʤʠʥʘ ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 90) [87]. ɺ ʜʘʥʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʘʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʘʮʠʢʣʠʯʝʩʢʦʡ ʬʦʨʤʝ (ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʮʠʢʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ 221ô).  
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ʂʘʢ ʠ ʜʨʫʛʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ, 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʢʠʩʣʝʥʳ ʥʘʜʢʠʩʣʦʪʘʤʠ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ. ʉʝʨʠʷ 2-ʥʠʪʨʦʧʠʢʦʣʠʥ-N-

ʦʢʩʠʜʦʚ 222a-f ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʢʠʩʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-ʘʤʠʥʦʧʠʢʦʣʠʥ-N-ʦʢʩʠʜʦʚ 

107, 134-138 ʩʤʝʩʴʶ 30% ʦʣʝʫʤʘ ʠ 27% ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩʦʩʪʘʚʠʣʠ 40-57% (ʩʭʝʤʘ 91) [88]. 
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2.3 ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-N-ʦʢʩʠʜʦʚ 

ɸʤʠʥʦʪʝʪʨʘʟʠʥ-N-ʦʢʩʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʡ ʢʣʘʩʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʥʠ ʚʝʩʴʤʘ 

ʧʦʭʦʞʠ ʥʘ ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʤ ʧʨʠʩʫʱʠ ʯʝʨʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʥʠʞʝʥʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʤʠʥʦʛʨʫʧʧʳ, 

ʷʚʣʷʶʱʘʷʩʷ ʩʣʝʜʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʘʢ ʠ ʬʫʨʦʢʩʘʥʳ, ʪʝʪʨʘʟʠʥʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʉ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʩ ʜʨʫʛʦʡ ï ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʠ ʚ ʩʠʥʪʝʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɸʤʠʥʦʪʝʪʨʘʟʠʥ-N-ʦʢʩʠʜʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʚʘʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʪʝʥʮʠʘʣ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ɺʦ-ʧʝʨʚʳʭ, N-ʦʢʩʠʜʥʳʡ 

ʬʨʘʛʤʝʥʪ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ ʵʥʝʨʛʦʝʤʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʝʪʨʘʟʠʥʦʚ ʢ ʠʭ N-ʦʢʩʠʜʘʤ 

ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩʪʨʦʝʥʠʝ ˊ-ʩʠʩʪʝʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʣʝʢʫʣ, ʠʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʠ ʵʤʠʩʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʜʦʥʦʨʥʳʭ ʠ 

ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ. ɺ-ʪʨʝʪʴʠʭ, ʠʟʤʝʥʷʝʪʩʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʝʨʝʜʦʚʘʥʠʝ N-ʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʘʤʠʥʦʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʣʫʯʰʝʥʠʶ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʤʠʥʦ-1,2,4,5-

ʪʝʪʨʘʟʠʥ-N-ʦʢʩʠʜʦʚ ʦʩʥʦʚʘʥ ʥʘ ʦʢʠʩʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʤʠʥʦʪʝʪʨʘʟʠʥʦʚ 

ʥʘʜʢʠʩʣʦʪʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʦʙʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʭʠʤʠʯʝʩʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳ, ʦʥʠ ʦʙʘ ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʦʚ. ʀʥʦʛʜʘ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦ-N-ʦʢʩʠʜʦʚ, ʦʜʥʘʢʦ ʵʪʦ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

3,6-ɼʠʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 1,4-ʜʠʦʢʩʠʜ 224, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ LAX -112, ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʦʢʠʩʣʝʥʠʝʤ 3,6-ʜʠʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 223 84% ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ 

ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 6 

ʯʘʩʦʚ, ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʩ 50% ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 92) [89]. 

 

ʉʭʝʤʘ 92 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʳ, ʘʚʪʦʨʳ ʩʪʘʪʴʠ [90] ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 224, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʢʠʩʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʜʠʘʤʠʥʘ 

223 ʥʘʜʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʩʝʣʝʢʪʠʚʥʦ ʠ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ 

3,6-ʜʠʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 1,4-ʜʠʦʢʩʠʜʘ 224, ʦʜʥʘʢʦ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʦʯʝʥʴ ʩʣʦʞʥʘ ʠ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʥʘʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʆʢʠʩʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʆʢʩʦʥʘÊ (2KHSO5ĿKHSO4ĿK2SO4) ʣʫʯʰʝ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ, ʦʜʥʘʢʦ 

ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʛʨʷʟʥʝʥ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʥʦ-N-ʦʢʩʠʜʘ 225. ʇʦʩʣʝ 

ʪʨʫʜʦʝʤʢʦʡ ʦʯʠʩʪʢʠ ʩʦʝʜʠʥʝʥʠʝ 224 ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩ 37% ʚʳʭʦʜʦʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʥʘʙʣʶʜʘʣʘʩʴ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʘʷ ʢʘʨʪʠʥʘ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʢʘʟʘʣʩʷ ʤʦʥʦ-N-ʦʢʩʠʜ 225, ʢʦʪʦʨʳʡ ʙʳʣ 

ʧʦʣʫʯʝʥ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

6-ʘʤʠʥʦ-3-ʥʠʪʨʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-1,5-ʜʠʦʢʩʠʜʘ 226, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʠ 

ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʦʡʢʠʤ. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʧʦʧʳʪʢʘ ʦʢʠʩʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 225 ʜʦ ʜʠʦʢʩʠʜʘ 226 

ʥʝ ʫʚʝʥʯʘʣʘʩʴ ʫʩʧʝʭʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 226 

(ʩʭʝʤʘ 93). 
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ʉʭʝʤʘ 93 

ʆʢʠʩʣʝʥʠʝ 3,6-ʜʠʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 223 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʷ ï ʬʪʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʳ (HOF) [91] ï ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʜʚʫʭ 

ʠʟʦʤʝʨʥʳʭ 6-ʘʤʠʥʦ-3-ʥʠʪʨʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʦʚ 226 ʠ 227 [92]. ʕʪʦʪ 

ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ ʨʝʘʛʝʥʪ ʙʳʣ ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 10% ʬʪʦʨʘ ʚ ʛʝʣʠʠ ʩ 10% ʨʘʩʪʚʦʨʦʤ 

ʚʦʜʳ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʩʭʝʤʘ 94). 

 

ʉʭʝʤʘ 94 

ʊʝ ʞʝ ʩʘʤʳʝ ʧʨʦʜʫʢʪʳ 226 ʠ 227, ʥʦ ʚ ʜʨʫʛʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʘʥʘʣʦʛʠʯʥʦʤ ʦʢʠʩʣʝʥʠʠ ʤʦʥʦ-N-ʦʢʩʠʜʘ 225 ʬʪʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʦʡ (ʩʭʝʤʘ 92) [92]. 

 

ʉʭʝʤʘ 95 

3-ɸʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʳ 228a,b ʙʳʣʠ ʦʢʠʩʣʝʥʳ ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʛʝʥʝʨʠʨʫʝʤʦʡ in situ ʠʟ 90% ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ. ʎʝʣʝʚʳʝ 6-

ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-1,5-ʜʠʦʢʩʠʜʳ 229a,b ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 

96) [92].  
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ʉʭʝʤʘ 96 

ɹʦʣʝʝ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʤʠʥʦʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʘ 229b ʙʣr ʧʨʝʜʣʦʞʝʥ ʚ 

ʨʘʙʦʪʝ [93]. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʥʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ (50%) ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, 

ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩ ʯʫʪʴ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ. ɼʘʥʥʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʙʳʣʘ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʝʥʘ ʠ ʚ ʩʠʥʪʝʟʝ 6-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʦʚ. ʊʘʢ, 

ʰʠʨʦʢʠʡ ʨʷʜ 6-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-1,5-ʜʠʦʢʩʠʜʦʚ 228c-k ʙʳʣ ʧʦʣʫʯʝʥ ʦʢʠʩʣʝʥʠʝʤ 

ʠʩʭʦʜʥʳʭ 3-ʘʤʠʥʦʪʝʪʨʘʟʠʥʦʚ 229c-k ʚ ʩʤʝʩʠ 50% ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ, ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʠ ʜʠʭʣʦʨʤʝʪʘʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʭʝʤʘ 97) [94].  

 

ʉʭʝʤʘ 97 

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʜʣʷ ʨʷʜʘ 3-ʘʤʠʥʦʪʝʪʨʘʟʠʥʦʚ ʨʝʘʢʮʠʷ ʦʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʦʥʦ-N-ʦʢʩʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʊʘʢ, 3-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʳ 1a-c ʚ ʘʥʘʣʦʛʠʯʥʦʡ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʙʳʣʠ ʦʢʠʩʣʝʥʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1-ʦʢʩʠʜʦʚ 2a-c ʩ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ [94]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʥʥʳʝ ʩʫʙʩʪʨʘʪʳ ʜʦʩʪʘʪʦʯʥʦ ʦʩʥʦʚʥʳ, ʠ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʥʦ-N-ʦʢʩʠʜʘ ʧʨʦʪʦʥʠʨʫʶʪʩʷ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ 

ʦʢʠʩʣʝʥʠʶ. 
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ʉʭʝʤʘ 98 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʩʠʥʪʝʟʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 6-ʘʤʠʥʦʪʝʪʨʘʟʦʣʦ[1,5-b]-1,2,4,5-ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜʘ 233, ʧʨʦʜʫʢʪ ʙʳʣ 

ʧʦʣʫʯʝʥ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʀʂ-ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 

223 ʯʘʩʪʦʪʳ 2100 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʘʟʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, 

ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʘ (ʩʭʝʤʘ 99). ʊʘʢʞʝ ʚʘʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 223 ʜʦʩʪʠʛʘʝʪ 1.87 ʛ/ʩʤ
3
, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʧʣʦʪʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ 3-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 232 (1.68 ʛ/ʩʤ
3
). ʇʦ-

ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʦʡ ʠ N-ʦʢʩʠʜʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ [95]. 

 

ʉʭʝʤʘ 99 

ɼʣʷ ʦʢʠʩʣʝʥʠʷ 3-ʘʤʠʥʦ-6-ʘʟʠʜʦʪʝʪʨʘʟʠʥʘ 232 ʜʦ 6-ʘʤʠʥʦʪʝʪʨʘʟʦʣʦ[1,5-b]-1,2,4,5-

ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜʘ 233 ʘʚʪʦʨʳ ʨʘʙʦʪʳ [96] ʧʨʠʤʝʥʠʣʠ ʨʘʩʪʚʦʨ ʬʪʦʨʥʦʚʘʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ. ɼʦʙʘʚʣʝʥʠʝ ʝʱʝ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ HOF ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 

ʦʢʠʩʣʝʥʠʶ ʙʠʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠ-N-ʦʢʩʠʜʘ 234 ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦ- ʠ ʜʠ-N-ʦʢʩʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 234 (1,93 ʛ/ʩʤ
3
) ʚʳʰʝ ʧʣʦʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 233 

(1.87 ʛ/ʩʤ
3
), ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʷʜʫ ʘʤʠʥʦʪʝʪʨʘʟʠʥʦʚ 232-233-234 ʧʣʦʪʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʟʘ 

ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ N-ʦʢʩʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʩʭʝʤʘ 100). 
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ʉʭʝʤʘ 100 

ɸʤʤʦʥʠʝʚʘʷ ʩʦʣʴ 235 ʙʳʣʘ ʦʢʠʩʣʝʥʘ ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ 

ʠʟ 90% ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

6-ʘʤʠʥʦʪʝʪʨʘʟʠʥ-ʜʠ-N-ʦʢʩʠʜʘ 236 ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ. ʅʘʨʷʜʫ ʩ ʦʢʠʩʣʝʥʠʝʤ ʪʝʪʨʘʟʠʥʦʚʦʛʦ 

ʮʠʢʣʘ ʧʨʦʪʝʢʘʣʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʧʠʨʘʟʠʥʦʚʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ (ʩʭʝʤʘ 101) [97]. 

 

ʉʭʝʤʘ 101 

ʅʝʦʞʠʜʘʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʣʦ ʦʢʠʩʣʝʥʠʝ 3,3ô-ʘʟʦʙʠʩ(6-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ) 

237. ʈʝʘʢʮʠʷ 237 ʩ ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʦʡ ʩʤʝʩʠ N-

ʦʢʩʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʤ ʙʳʣʘ ʧʨʝʜʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ 238. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʦʩʪʘʚʠʣʦ ʧʨʠʤʝʨʥʦ 3.5 ʘʪʦʤʘ 

ʥʘ ʤʦʣʝʢʫʣʫ. ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʨʘʟʜʝʣʠʪʴ ʜʘʥʥʫʶ ʩʤʝʩʴ, ʦʜʥʘʢʦ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʧʨʦʜʫʢʪʦʤ, ʢʦʪʦʨʳʡ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ, ʦʢʘʟʘʣʩʷ 3,3ô-ʘʟʦʙʠʩ(6-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-5-

ʦʢʩʠʜ) 239 (ʩʭʝʤʘ 102) [98]. 

 

ʉʭʝʤʘ 102 

ɺ ʨʘʙʦʪʝ [99] ʠʩʩʣʝʜʦʚʘʥʦ ʦʢʠʩʣʝʥʠʝ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ 3,6-ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-

b]ʪʝʪʨʘʟʠʥʘ 240. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ 
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ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʆʢʠʩʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 240 ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ in situ, ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3,6-ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-b]-1,2,4,5-

ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜʘ 241 ʚ ʩʤʝʩʠ ʩ ʝʛʦ ʥʠʪʨʘʪʦʤ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʘʟʦʪʥʘʷ 

ʢʠʩʣʦʪʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʭʦʜʝ ʦʢʠʩʣʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ. ɸʤʠʥ 241 ʠ ʝʛʦ ʥʠʪʨʘʪ 

ʤʦʛʫʪ ʙʳʪʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʜʨʫʛ ʚ ʜʨʫʛʘ ʦʙʨʘʙʦʪʢʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʛʠʜʨʦʢʩʠʜʦʤ 

ʥʘʪʨʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʜʠʘʤʠʥʘ 240 50% ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ ʩ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ 6-ʘʤʠʥʦ-3-ʥʠʪʨʦ-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-b]-1,2,4,5-

ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜ 242. ʇʦʧʳʪʢʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʜʫʢʪʘ 241 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 242 ʥʝ 

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ (ʩʭʝʤʘ 103). 

 

ʉʭʝʤʘ 103 

ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 3-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ-N-ʦʢʩʠʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʥʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʜʣʷ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʥʠʪʨʦʚʘʥʠʝ. ʊʘʢ, ʥʠʪʨʦʚʘʥʠʝ 3,6-ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-

b]-1,2,4,5-ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜʘ 241 ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3,6-ʜʠ(ʥʠʪʨʘʤʠʥʦ)-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-b]-1,2,4,5-ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜʘ 

243 ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ. ɼʠʥʠʪʨʘʤʠʥ 243 ʤʦʞʥʦ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

in situ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʠʩʝʨʝʙʨʷʥʫʶ ʩʦʣʴ 244 ʦʙʨʘʙʦʪʢʦʡ ʨʘʩʪʚʦʨʦʤ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. 

ʈʝʘʢʮʠʷ ʜʘʥʥʦʡ ʩʦʣʠ ʩ ʭʣʦʨʠʜʘʤʠ ʘʤʤʦʥʠʷ ʠ ʜʠʘʤʠʥʦʛʫʘʥʠʜʠʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ 245a,b ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 104) [100]. 
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ʉʭʝʤʘ 104 

ɸʥʘʣʦʛʠʯʥʦʝ ʥʠʪʨʦʚʘʥʠʝ 3,6-ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-b]-1,2,4,5-ʪʝʪʨʘʟʠʥ-7-ʦʢʩʠʜʘ 

241 ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʥʠʪʨʦʚʘʥʠʶ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʘʤʠʥʦʛʨʫʧʧ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʦʥʠʞʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʤʠʥʦʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦ ʩʦʩʝʜʩʪʚʫ ʩ 

N-ʦʢʩʠʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ. 6-ɸʤʠʥʦ-3-ʥʠʪʨʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-b]-1,2,4,5-ʪʝʪʨʘʟʠʥ-7-

ʦʢʩʠʜ 246 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʫʤʝʨʝʥʥʳʤ ʚʳʭʦʜʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ 247a-c (ʩʭʝʤʘ 105) 

[101].  

 

ʉʭʝʤʘ 105 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʷʛʢʠʭ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ. 
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1
ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʥʫʤʝʨʘʮʠʷ ʩʭʝʤ, ʩʦʝʜʠʥʝʥʠʡ, ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ 

1
 3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʦʙʦʙʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʘʤʠʥʦʛʝʪʘʨʝʥ-

N-ʦʢʩʠʜʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʥʦʛʠʝʭ ʨʝʘʢʮʠʠ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʢʨʘʡʥʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ, ʥʝʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʨʫʛʫ ʚʦʚʣʝʢʘʝʤʳʭ 

ʩʫʙʩʪʨʘʪʦʚ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʵʪʠ ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʠʤʠ ʦʩʥʦʚʥʦʩʪʴʶ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʘ 

ʪʘʢʞʝ ʜʚʦʡʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʤʠʥʦʘʟʠʥ-N-ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʨʝʘʛʠʨʦʚʘʪʴ ʢʘʢ ʧʦ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ N-ʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʪʘʢ ʠ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ. ʇʦʵʪʦʤʫ 

ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʩʝʣʝʢʪʠʚʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʬʠʣʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʠʟʚʦʜʥʳʝ 5- ʠ 6-ʯʣʝʥʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

3.1 ʇʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ 

ʀʥʪʝʨʝʩʳ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 

ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ. ʂʨʘʡʥʝ ʠʥʪʝʨʝʩʥʦʡ ʠ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʣ ʧʦʠʩʢ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩ ʫʯʘʩʪʠʝʤ N-ʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʬʫʨʦʢʩʘʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʦ ʩʠʭ ʧʦʨ 

ʨʝʘʢʮʠʠ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʝ ʙʳʣʠ ʦʧʠʩʘʥʳ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʚ ʭʠʤʠʠ ʘʟʠʥʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʠ N-ʦʢʩʠʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʩ ʜʘʣʴʥʝʡʰʝʡ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ 

ɹʸʢʝʣʴʭʘʡʜʘ, ʧʨʦʪʝʢʘʶʱʘʷ ʩ ʬʦʨʤʘʣʴʥʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʨʝʥʦʩʦʤ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

(ʩʭʝʤʘ 1) [102]. 

 

ʉʭʝʤʘ 1 

ʆʜʥʘʢʦ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ 5-ʯʣʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ 6-ʯʣʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. ɺ 

cʚʷʟʠ ʩ ʵʪʠʤ ʤʝʪʦʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʘʟʠʥ-N-ʦʢʩʠʜʦʚ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʟʦʣ-N-ʦʢʩʠʜʦʚ. 

ʂʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ 

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʩʢʣʦʥʥʳ ʚʩʪʫʧʘʪʴ ʚ ʨʘʟʣʠʯʥʳʝ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
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ʤʝʪʦʜʘ ʧʝʨʝʥʦʩʘ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʩʪʨʘʪʝʛʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʝʛʦ ʢʨʘʡʥʝ ʥʠʟʢʫʶ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʦʚʘʣʦʩʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʝ 3-ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ 1 ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʚʳʩʦʢʦʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʩʚʷʟʘʥ ʩ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʯʪʦ ʜʦʣʞʥʦ ʦʙʣʝʛʯʠʪʴ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʘʪʘʢʫ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ (ʩʭʝʤʘ 2). ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʘ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ 

ʜʦʣʞʥʘ ʧʨʦʪʝʢʘʪʴ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʠʟʦʤʝʨʠʟʘʮʠʶ 3-ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 1 ʚ 4-ʘʤʠʥʦ ʠʟʦʤʝʨʳ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ 80 
ʦ
ʉ [27]. 

 

ʉʭʝʤʘ 2 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʜʝʥʩʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ 1 ʩ 

ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʜʣʷ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ [31, 34]. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ 

ʘʢʪʠʚʥʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʧʦʟʚʦʣʠʪ ʧʝʨʝʥʝʩʪʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʙʦʣʝʝ ʣʘʙʠʣʴʥʳʝ 3-

ʘʤʠʥʦʬʫʨʦʢʩʘʥʳ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʦ-ʚʪʦʨʳʭ, ʘʪʦʤ ʫʛʣʝʨʦʜʘ C=N ʩʚʷʟʠ 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʠʤʠʥʦʵʬʠʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʦʣʞʝʥ ʚʳʩʪʫʧʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ ʠʟ-ʟʘ ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʣʠʷʥʠʷ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʠʩʣʦʪ 

ɹʨʸʥʩʪʝʜʘ ʠʣʠ ʃʴʶʠʩʘ. ʀ, ʥʘʢʦʥʝʮ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʦ 

ʠʤʠʥʦʵʬʠʨʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ʜʦʣʞʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʫʩʪʦʡʯʠʚʘʷ ʙʠʮʠʢʣʠʯʝʩʢʘʷ 5H-1,2,5-

ʦʢʩʘʜʠʘʟʦʣʦ[2,3-b]-1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʘʷ ʩʠʩʪʝʤʘ A. ɼʘʣʴʥʝʡʰʠʡ ʨʘʟʨʳʚ ʩʣʘʙʦʡ N-O ʩʚʷʟʠ ʚ 

1,2,4-ʦʢʩʘʜʠʘʟʦʣʠʥʦʚʦʤ ʮʠʢʣʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʝʥ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʱʠʡʩʷ ʬʫʨʘʟʘʥ 3 

ʙʦʣʝʝ ʘʨʦʤʘʪʠʯʝʥ, ʯʝʤ ʠʩʭʦʜʥʳʡ ʬʫʨʦʢʩʘʥ (ʩʭʝʤʘ 3). ʇʦʵʪʦʤʫ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʶ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. 

 

ʉʭʝʤʘ 3 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʬʫʨʦʢʩʘʥʦʚʳʭ 

ʩʠʩʪʝʤʘʭ, 3-ʘʤʠʥʦ-4-ʬʝʥʠʣʬʫʨʦʢʩʘʥ 1a ʙʳʣ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʠʤʠʥʦʵʬʠʨ 2ʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʪʨʠʬʣʘʪʦʤ ʩʢʘʥʜʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 



62 

 

ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ (ʩʭʝʤʘ 4). 

 

ʉʭʝʤʘ 4 

ʉʦʝʜʠʥʝʥʠʝ 2ʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʢʠʩʣʦʪ 

ʃʴʶʠʩʘ, ʢʘʢ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʨʘʟʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ 20-40 ÁC ʦʢʘʟʘʣʠʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ (ʪʘʙʣʠʮʘ 1, ʦʧʳʪʳ 1-9). ʕʪʦʪ ʬʘʢʪ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ. 

ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʥʦʩ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

ʤʦʞʥʦ ʫʩʢʦʨʠʪʴ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʥʫʢʣʝʦʬʠʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʧʦ 

C=N ʩʚʷʟʠ ʠʤʠʥʦʵʬʠʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʦʙʣʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʜʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʵʪʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʘʥʠʜ-

ʘʥʠʦʥ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʩʦʝʜʠʥʷʷʩʴ ʢ ʠʤʠʥʥʦʤʫ 

ʬʨʘʛʤʝʥʪʫ ʚ ʦ-ʘʤʠʥʦʬʝʥʦʣʴʥʳʭ ʦʩʥʦʚʘʥʠʷʭ ʐʠʬʬʘ ʫʩʢʦʨʷʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ 

ʮʠʢʣʠʟʘʮʠʶ [103]. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ ʬʘʢʪʘ ʥʘʤ ʫʜʘʣʦʩʴ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʬʫʨʦʢʩʘʥʠʣʠʤʠʥʦʵʬʠʨ 2ʘ ʚ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪ 3ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

TMSCN ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ (NH4F, KF, CsF, TBAF), ʚʳʩʪʫʧʘʶʱʠʭ 

ʠʩʪʦʯʥʠʢʘʤʠ ʬʪʦʨʠʜ-ʘʥʠʦʥʘ (ʦʧʳʪʳ 10-13), ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʪʦʨʠʜʘ ʘʤʤʦʥʠʷ (ʦʧʳʪ 10). ʂʨʦʤʝ ʪʦʛʦ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʫʩʧʝʰʥʦ 

ʧʨʦʪʝʢʘʝʪ ʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ KCN ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʮʠʘʥʠʜ-ʘʥʠʦʥʘ (ʦʧʳʪ 14), ʘ 

ʣʫʯʰʠʡ ʚʳʭʦʜ ʢʘʨʙʘʤʘʪʘ 3ʘ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 50 ʤʦʣʴʥʳʭ ʧʨʦʮʝʥʪʦʚ 

ʮʠʘʥʠʜʘ ʢʘʣʠʷ (ʦʧʳʪ 15). ʇʨʠʤʝʥʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʬʘʟʦʚʦʛʦ ʧʝʨʝʥʦʩʘ (ʦʧʳʪʳ 16 ʠ 17), ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʦʧʳʪʳ 17-20) ʧʨʠʚʝʣʠ ʢ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ; ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ KCN ʪʘʢʞʝ ʩʥʠʟʠʣʦ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʢʘʨʙʘʤʘʪʘ 3a 

(ʦʧʳʪʳ 21 ʠ 22) (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʬʫʨʦʢʩʘʥʠʣʠʤʠʥʦʵʬʠʨʘ 2ʘ
[a]
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ʆʧʳʪ 
ʂʘʪʘʣʠʟʘʪʦʨ 

(ʤʦʣʴʥ.%) 

ɼʦʙʘʚʢʘ 

(ʤʦʣʴʥ.%) 
T (ÁC) ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜ 3a (%)

[a]
 

1 BF3ĿEt2O (20) - 20 CHCl3 -
[b]

 

2 BF3ĿEt2O (20) - 20 MeCN -
[b]

 

3 BF3ĿEt2O (20) - 40 MeCN -
[b]

 

4 BF3ĿEt2O (20) - 40 MeCN -
[c]

 

5 Sc(OTf)3 (5) - 20 MeCN -
[b]

 

6 Y(OTf)3 (5) - 20 MeCN -
[b]

 

7 Yb(OTf)3 (5) - 20 MeCN -
[c]

 

8 GaCl3 (5) - 20 MeCN -
[b]

 

9 NH4Cl (100) - 20 MeCN -
[b]

 

10 TMSCN (100) NH4F (100) 20 MeCN 42 

11 TMSCN (100) KF (100) 20 MeCN 36 

12 TMSCN (100) CsF(100) 20 MeCN 21 

13 TMSCN (100) TBAF (100) 20 MeCN 23 

14 KCN (20) - 20 MeCN 33 

15 KCN (50) - 20 MeCN 70 

16 KCN (20) 18-ʢʨʘʫʥ-6 (5) 20 MeCN 35 

17 KCN (50) ʊʕɹɸʍ (20) 20 EtOAcïH2O -
[b]

 

18 KCN (50) - 20 MeCNï[bmim]BF4 (1:1) 13 

19 KCN (50) - 20 ɼʄʌɸ 21 

20 KCN (50) - 20 ɼʄʉʆ 15 

21 KCN (100) - 20 MeCN 55 

22 KCN (150) - 20 MeCN 57 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 2a (1 ʤʤʦʣʴ), ʢʘʪʘʣʠʟʘʪʦʨ, ʜʦʙʘʚʢʘ, ʨʘʩʪʚʦʨʠʪʝʣʴ (2 ʤʣ), 12 ʯ. 
[a]
ɺʳʭʦʜʳ 

ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
[b]
ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

[c]
ʅʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 2a. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʦʚ 3 ʠ 

ʠʟʫʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʠʩʭʦʜʥʳʭ 3-

ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ 1b-j. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤʠʥʦʵʬʠʨʳ 2b-j  ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʩʠʥʪʝʟʘ ʠʤʠʥʦʵʬʠʨʘ 2a (ʩʭʝʤʘ 5). 
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ʉʭʝʤʘ 5 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʠ ʩʠʥʪʝʟʘ ʩʝʨʠʠ ʠʩʭʦʜʥʳʭ 

ʠʤʠʥʦʵʬʠʨʦʚ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʝʨʠʠ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʦʚ 3 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ 1,2,5-ʦʢʩʘʜʠʘʟʦʣʴʥʦʤ ʮʠʢʣʝ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʩʝ ʮʝʣʝʚʳʝ 

ʬʫʨʘʟʘʥʳ 3a-j  ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (20 ÁC) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 50 ʤʦʣʴʥʳʭ ʧʨʦʮʝʥʪʦʚ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ. ɼʣʷ ʠʤʠʥʦʵʬʠʨʦʚ 

2b-d, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ NO2 ʛʨʫʧʧʫ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʟʘʤʝʩʪʠʪʝʣʝ, 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ (ʟʘ 10 ʯʘʩʦʚ), ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʠʤʠʥʦʵʬʠʨʦʚ (ʟʘ 14 ʯʘʩʦʚ). 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʷ ʫʩʧʝʰʥʦ ʧʨʦʭʦʜʠʪ ʚ ʩʣʫʯʘʝ 6-ʥʠʪʨʦʧʠʧʝʨʦʥʠʣ-ʟʘʤʝʱʝʥʥʦʛʦ 

ʠʤʠʥʦʵʬʠʨʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʘʢ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʫʶ (1,3-ʜʠʦʢʩʦʣʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ), ʪʘʢ 

ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ (NO2) ʛʨʫʧʧʳ. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʛʣʘʜʢʦ ʠ ʚ ʩʣʫʯʘʝ ʠʤʠʥʦʵʬʠʨʘ 2j , 

ʩʦʜʝʨʞʘʱʝʛʦ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ (ʩʭʝʤʘ 6). 
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ʉʭʝʤʘ 6 

ʇʨʦʚʝʜʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʥʘ ʨʷʜʝ ʟʘʤʝʱʝʥʥʳʭ ʬʫʨʦʢʩʘʥʦʚ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ 

ʘʟʠʥ-N-ʦʢʩʠʜʳ ʪʘʢʞʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʜʘʥʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʩʰʠʨʝʥʠʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʥʘ 6-ʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ N-ʦʢʩʠʜʳ, ʦʢʠʩʣʝʥʠʝʤ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʩ ʧʦʤʦʱʴʶ mCPBA ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 4. 

ʇʦʧʳʪʢʠ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʤʠʥʦʵʬʠʨʘ 5a ʢʦʥʜʝʥʩʘʮʠʝʡ N-ʦʢʩʠʜʘ 4a ʩ 

ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BF3
.
Et2O ʠʣʠ Sc(OTf)3 ʧʨʠ 20 ÁC ʥʝ ʫʚʝʥʯʘʣʠʩʴ 

ʫʩʧʝʭʦʤ (ʩʭʝʤʘ 7).  
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ʉʭʝʤʘ 7 

ʊʨʠʬʣʘʪ ʩʢʘʥʜʠʷ ʦʢʘʟʘʣʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (40-100 

ÁC), ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʆʜʥʘʢʦ 

ʢʠʧʷʯʝʥʠʝ N-ʦʢʩʠʜʘ 4a ʩ ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BF3
.
Et2O ʧʨʠʚʝʣʦ ʢ one-pot 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʨʠʜʠʣʢʘʨʙʘʤʘʪʘ 6a ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. ɺʩʝ ʠʩʭʦʜʥʳʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜʳ, ʚʢʣʶʯʘʷ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʜʠʥʳ 4b ʠ 4c, ʘ ʪʘʢʞʝ ʠʟʦʤʝʨʥʳʝ ʧʠʢʦʣʠʥʳ 4d-f 

ʫʩʧʝʰʥʦ ʚʩʪʫʧʘʶʪ ʚ ʪʘʥʜʝʤ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ/ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ. ʇʦʣʠʟʘʤʝʱʝʥʥʳʝ 2-

ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʳ 4g-i ʪʘʢʞʝ ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʨʙʘʤʘʪʳ 

ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ 

4-ʘʤʠʥʦ-6-ʭʣʦʨʧʠʨʠʤʠʜʠʥʘ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥ-N-ʦʢʩʠʜʘ 4j. ɼʘʥʥʳʡ 

ʩʫʙʩʪʨʘʪ ʪʘʢʞʝ ʙʳʣ ʚʚʝʜʝʥ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ/ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʦʛʦ ʢʘʨʙʘʤʘʪʘ 6j, ʦʜʥʘʢʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʦʢʘʟʘʣʩʷ ʥʠʟʢʠʤ (ʩʭʝʤʘ 8). 
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ʉʭʝʤʘ 8 

ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 
1
H ʠ 

13
C, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 3a ʠ 6e ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʌʝʥʠʣʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪ 3a ʠ ʧʠʨʠʜʠʣʢʘʨʙʘʤʘʪ 6e ʢʨʠʩʪʘʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʫʧʧʳ C2/c ʠ P21/n, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩʫʥʦʢ 1). 
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3a                                                                     6e 

ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ ʤʦʣʝʢʫʣ 3a ʠ 6e. 

ɺʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʠʧʠʯʥʳʤʠ. ʌʝʥʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʠ ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ ʚ ʩʪʨʫʢʪʫʨʝ 3a ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʤʧʣʘʥʘʨʥʳ (ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ 

C(10)-C(5)C(1)-N(1) ʨʘʚʝʥ 19.95Á), ʯʪʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʬʝʥʠʣʟʘʤʝʱʝʥʥʳʭ 

ʬʫʨʦʢʩʘʥʦʚ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʧʨʷʞʝʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʮʠʢʣʘʤʠ [104]. ʂʘʨʙʘʤʘʪʥʳʡ ʬʨʘʛʤʝʥʪ 

ʠ ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʣʷʨʥʦ (ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ C(1)-C(2)-

N(3)-C(3) = 57.60Á), ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ -́ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʦʣʝʢʫʣʘ 6e ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʦʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ 

ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ C(2)-C(1)-N(2)-C(6) = 1.01Á). 

ʉʠʣʴʥʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ N-HĿĿĿO ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʨʙʘʤʘʪʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ (ʨʘʩʩʪʦʷʥʠʝ N(3)ĿĿĿO(2) ʨʘʚʥʦ 2.844 ¡), ʘ ʪʘʢʞʝ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʬʝʥʠʣʴʥʳʤ ʠ ʬʫʨʦʢʩʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʘʤʠ (ʨʘʩʩʪʦʷʥʠʷ C(1)ĿĿĿC(9) ʠ C(2)ĿĿĿC(10) ʨʘʚʥʳ 3.342 

ʠ 3.379 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʬʦʨʤʠʨʫʶʪ ʧʨʦʪʷʞʝʥʥʳʝ ʮʝʧʠ ʤʦʣʝʢʫʣ 3a, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʜʦʣʴ ʦʩʠ b (ʨʠʩʫʥʦʢ 2).  

 

ʈʠʩʫʥʦʢ 2. ʌʨʘʛʤʝʥʪ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʠ ʤʦʣʝʢʫʣ 3a. 

ʊʨʝʭʤʝʨʥʘʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʩʦʝʜʠʥʝʥʠʷ 3a ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ 

ʩʯʝʪ ʩʣʘʙʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ C-HĿĿĿO ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʠ 
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ʬʫʨʦʢʩʘʥʦʚʳʤ ʮʠʢʣʦʤ (ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʣʠʥ C-H-ʩʚʷʟʝʡ, ʨʘʩʩʪʦʷʥʠʝ O(1)ĿĿĿH(7) 

ʨʘʚʥʦ 2.592 ¡, ʫʛʦʣ C(7)-H(7)-O(1) ʨʘʚʝʥ 126.57Á), ʘ ʪʘʢʞʝ ʩʣʘʙʳʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, HĿĿĿH ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ɿʘ ʩʯʝʪ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʳʭ ʢʦʥʪʘʢʪʦʚ N-HĿĿĿN ʤʝʞʜʫ ʢʘʨʙʘʤʘʪʥʳʤ ʠ ʧʠʨʠʜʠʥʦʚʳʤ 

ʬʨʘʛʤʝʥʪʘʤʠ (ʨʘʩʩʪʦʷʥʠʝ N(1)ĿĿĿN(2) ʨʘʚʥʦ 2.989 ¡), ʘ ʪʘʢʞʝ ʩʣʘʙʳʭ ʢʦʥʪʘʢʪʦʚ C-HĿĿĿO 

ʤʝʞʜʫ ʧʠʨʠʜʠʥʦʚʳʤ ʠ ʢʘʨʙʘʤʘʪʥʳʤ ʬʨʘʛʤʝʥʪʘʤʠ (ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʣʠʥ C-H-

ʩʚʷʟʝʡ, ʨʘʩʩʪʦʷʥʠʝ H(5A)ĿĿĿO(2) ʨʘʚʥʦ 2.469 ¡, ʫʛʦʣ C(5)-H(5A)-O(2) ʨʘʚʝʥ 132.34Á), 

ʤʦʣʝʢʫʣʳ 6e ʦʙʨʘʟʫʶʪ ʜʠʤʝʨʳ (ʨʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3. ʆʙʱʠʡ ʚʠʜ ʜʠʤʝʨʦʚ ʤʦʣʝʢʫʣ 6e. 

ɼʘʥʥʳʝ ʜʠʤʝʨʳ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʪʝʪʨʘʤʝʨʳ ʟʘ ʩʯʝʪ -́ʩʪʝʢʠʥʛʘ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʝʨʝʢʨʳʚʘʥʠʝʤ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʨʘʚʥʦ 3.392 ¡, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʬʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʨʘʚʥʦ 5.009 ¡). ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ ʢʦʥʪʘʢʪʦʚ C-HĿĿĿO ʤʝʞʜʫ ʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ 

ʢʘʨʙʘʤʘʪʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʩ ʫʯʝʪʦʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʜʣʠʥ C-H-ʩʚʷʟʝʡ, ʨʘʩʩʪʦʷʥʠʷ 

O(1)ĿĿĿH(3AA) ʠ O(2)ĿĿĿH(7A) ʨʘʚʥʳ 2.421 ʠ 2.412 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʘʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʤʝʞʜʫ ʩʚʷʟʳʚʘʶʱʝʡ ʦʨʙʠʪʘʣʴʶ 

ʩʚʷʟʠ O(2)-C(7) ʠ ́*-ʦʨʙʠʪʘʣʴʶ ʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (ʨʘʩʩʪʦʷʥʠʝ C(7)ĿĿĿC(5) ʨʘʚʥʦ 3.368 ¡) 

(ʨʠʩʫʥʦʢ 4). 
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ʈʠʩʫʥʦʢ 4. ʌʨʘʛʤʝʥʪ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ 6e. 

ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʤʳ ʧʨʦʚʝʣʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʫʨʦʢʩʘʥʠʣʠʤʠʥʦʵʬʠʨʘ 2a ʠ ʧʦʣʠʟʘʤʝʱʝʥʥʦʛʦ ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ 4i ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʛʨʘʤʤʦʚʦʤ ʤʘʩʰʪʘʙʝ. ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʣʠ ʤʷʛʢʦ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʠ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ ʬʫʨʘʟʘʥ 3a ʠ ʧʠʨʠʜʠʥ 6i ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ 

(ʩʭʝʤʘ 9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʟ ʧʦʪʝʨʴ ʚ ʚʳʭʦʜʝ. 

 

ʉʭʝʤʘ 9 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʠʥʛʠʙʠʪʦʨʘ 

ʩʠʛʥʘʣʴʥʦʛʦ ʙʝʣʢʘ STAT3 (signal transducer and activator of transcription) 7 [105]. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ STAT3-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʘʢʪʠʚʘʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʙʝʣʦʢ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʪʝʨʘʧʠʠ 
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ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [106]. ʇʨʦʠʟʚʦʜʥʳʝ ʫʨʝʠʜʦʬʫʨʘʟʘʥʦʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʩʝʤʝʡʩʪʚʦʤ 

STAT3-ʠʥʛʠʙʠʪʦʨʦʚ ʩ ʜʦʢʘʟʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ 

[107]. ʉʨʝʜʠ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʝʠʜʦʬʫʨʘʟʘʥ 7 ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʚʳʨʘʞʝʥʥʦʡ STAT3-ʠʥʛʠʙʠʪʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [105]. ʅʘʤ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ 

ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʘ 3a ʩ ʘʥʠʣʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 7 ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (ʩʭʝʤʘ 10). 

 

ʉʭʝʤʘ 10 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʢʦʥʪʨʦʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢ, ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʦʤʝʨʥʳʡ ʠʤʠʥʦʵʬʠʨ 2aô ʥʝ ʚʩʪʫʧʘʝʪ ʚ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ (ʩʭʝʤʘ 11).  

 

ʉʭʝʤʘ 11 

3-ʂʘʨʙʘʤʦʠʣʧʠʨʠʜʠʥ ʪʘʢʞʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʠʟ 3-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BF3
.
Et2O (ʩʭʝʤʘ 12). 

 

ʉʭʝʤʘ 12 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʦʮʝʩʩ ʚ ʢʦʥʢʫʨʝʥʪʥʦ-ʧʝʨʝʢʨʝʩʪʥʦʤ ʚʘʨʠʘʥʪʝ ʜʣʷ ʜʚʫʭ 

ʬʫʨʦʢʩʘʥʠʣʠʤʠʥʦʵʬʠʨʦʚ 2a ʠ 2d, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʜʚʘ ʚʘʞʥʳʭ ʚʳʚʦʜʘ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ 

ʩʫʙʩʪʨʘʪʘ 2d, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʘʨʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ NO2-ʛʨʫʧʧʫ, 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 2a. ɺʦ-ʚʪʦʨʳʭ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ ï 

ʢʘʨʙʘʤʦʠʣʬʫʨʦʢʩʘʥʦʚ 3aô ʠ 3dô (ʩʭʝʤʘ 13).  
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ʉʭʝʤʘ 13 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʠʤʠʥʦʵʬʠʨʘ 2b ʨʝʘʢʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʯʝʥʦʡ ʚʦʜʳ 

(ʩʭʝʤʘ 14), ʦʜʥʘʢʦ ʧʦ ʜʘʥʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʷ 
18

O-ʤʝʯʝʥʦʛʦ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʘ. 

 

ʉʭʝʤʘ 14 

ɺʩʝ ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʨʙʘʤʘʪʥʦʡ ʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʩʘʤʘ 

ʨʝʘʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ 2-

ʘʤʠʥʦʘʟʠʥ-N-ʦʢʩʠʜʦʚ 4 ʪʘʥʜʝʤ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʨʦʪʝʢʘʝʪ ʚ 

ʦʜʥʦʨʝʘʢʪʦʨʥʦʤ ʨʝʞʠʤʝ, ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʧʦʣʫʯʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ Ŭïʠʤʠʥʦʵʬʠʨ ʧʠʨʠʜʠʥ-

N-ʦʢʩʠʜʘ 5a ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ. ʆʜʥʘʢʦ ʧʦʧʳʪʢʠ ʦʢʠʩʣʝʥʠʷ ʧʠʨʠʜʠʥʦʚʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʚ 

ʠʤʠʥʦʵʬʠʨʝ 5ôa [108] ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ (mCPBA, 50% H2O2 ʠʣʠ ʜʠʤʝʪʠʣʜʠʦʢʩʠʨʘʥ) 

ʥʝ ʧʨʠʚʝʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 5a ʜʘʞʝ ʚ ʜʦʚʦʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʣʦʞʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 5ôa (ʩʭʝʤʘ 15). 
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ʉʭʝʤʘ 15 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [103, 109-111], ʘ ʪʘʢʞʝ ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʥʪʨʦʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʩʧʝʮʠʬʠʢʫ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʩ ʨʘʟʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʤʳ ʧʨʝʜʣʦʞʠʣʠ 

ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ. ʊʘʢ, ʚ ʩʣʫʯʘʝ 

ʬʫʨʦʢʩʘʥʦʚ, ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʮʠʘʥʠʜ-ʘʥʠʦʥʘ ʢ 

sp
2
-ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʠʤʠʥʦʵʬʠʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʦʩʣʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʠʥʪʝʨʤʝʜʠʘʪ 8ô 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʮʠʘʥʠʜ-ʘʥʠʦʥʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 9. ɼʘʥʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʘʚʠʣʘʤʠ 

ɹʦʣʜʫʠʥʘ (5-ʵʢʟʦ-ʪʝʪ) ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʠ [112, 113]. ʇʦʩʣʝʜʫʶʱʝʝ ʦʩʥʦʚʥʦ-

ʧʨʦʤʦʪʠʨʦʚʘʥʥʦʝ ʨʘʩʢʨʳʪʠʝ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʝʣʝʚʦʛʦ ʬʫʨʘʟʘʥʠʣʢʘʨʙʘʤʘʪʘ 3 (ʩʭʝʤʘ 16). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʛʨʘʜʘʮʠʷ ʘʥʥʝʣʠʨʦʚʘʥʥʦʛʦ 

2,5-ʜʠʛʠʜʨʦ-1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ ï ʠʟʚʝʩʪʥʳʡ ʧʨʦʮʝʩʩ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [109, 110]. 

 

ʉʭʝʤʘ 16 

ɺ ʩʣʫʯʘʝ 2-ʘʤʠʥʦʘʟʠʥʦʚ ʤʝʭʘʥʠʟʤ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʚʝʨʦʷʪʥʦ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ. 

2-ɸʤʠʥʦʘʟʠʥ-N-ʦʢʩʠʜʳ ʷʚʣʷʶʪʩʷ ʘʤʙʠʜʝʥʪʥʳʤʠ ʥʫʢʣʝʦʬʠʣʘʤʠ, ʩʢʣʦʥʥʳʤʠ ʢ ʧʨʦʪʦʪʨʦʧʥʦʡ 

ʪʘʫʪʦʤʝʨʠʠ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʦʡ ʠ N-ʦʢʩʠʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʧʨʠʯʝʤ ʪʘʫʪʦʤʝʨ 4ô 

ʧʨʝʦʙʣʘʜʘʝʪ [114]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʥʜʝʥʩʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ʩ ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ (ʧʫʪʴ a), ʪʘʢ ʠ ʧʦ ʪʘʫʪʦʤʝʨʥʦʤʫ N-ʛʠʜʨʦʢʩʠ-ʬʨʘʛʤʝʥʪʫ (ʧʫʪʴ 

b). ʆʜʥʘʢʦ ʧʫʪʴ a ʢʘʞʝʪʩʷ ʤʝʥʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʠʤʠʥʦʵʬʠʨʘ 5 ʩ ʧʦʩʣʝʜʫʶʱʝʡ 5-ʵʥʜʦ-ʪʨʠʛ ʮʠʢʣʠʟʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 
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ʥʝʚrʛʦʜʥʦʡ ʧʦ ʧʨʘʚʠʣʘʤ ɹʦʣʜʫʠʥʘ [112]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʫʪʴ b ʚʢʣʶʯʘʝʪ ʢʦʥʜʝʥʩʘʮʠʶ N-

ʛʠʜʨʦʢʩʠ-ʪʘʫʪʦʤʝʨʘ 4ô ʩ ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʠ ʜʘʣʴʥʝʡʰʫʶ ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʢʠʩʣʦʪʦʡ 

ʃʴʶʠʩʘ 5-ʵʢʟʦ-ʪʝʪ ʮʠʢʣʠʟʘʮʠʶ ʠʥʪʝʨʤʝʜʠʘʪʘ 10, ʧʨʠʚʦʜʷʱʫʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʮʠʢʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ 11. ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ (ʩʪʨ. 39, ʩʭʝʤʘ 61) ʝʩʪʴ ʧʨʠʤʝʨʳ ʧʦʜʦʙʥʦʡ ʨʝʘʢʮ ɦ

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʛʜʘ ʩʥʘʯʘʣʘ ʧʨʦʪʝʢʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ N-ʦʢʩʠʜʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʘʪʘʢʘ ʠʤʠʥʠʝʚʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ. ʂʦʥʝʯʥʳʡ ʧʠʨʠʜʠʣʢʘʨʙʘʤʘʪ 6 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʢʨʳʪʠʷ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ 

ʠʥʪʝʨʤʝʜʠʘʪʝ 12 (ʩʭʝʤʘ 17). ʊʝʨʤʠʯʝʩʢʘʷ ʜʝʛʨʘʜʘʮʠʷ ʘʥʥʝʣʠʨʦʚʘʥʥʦʡ 2,5-ʜʠʛʠʜʨʦ-1,2,4-

ʦʢʩʘʜʠʘʟʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʠʤʝʝʪ ʣʠʪʝʨʘʪʫʨʥʳʡ ʧʨʝʮʝʜʝʥʪ [109, 111]. 

 

ʉʭʝʤʘ 17 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʤʝʭʘʥʠʟʤʘ ʦʙʥʘʨʫʞʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 5- ʠ 6-ʯʣʝʥʥʳʭ 

ʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʚʢʣʶʯʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʥʝʣʠʨʦʚʘʥʥʦʡ 2,5-ʜʠʛʠʜʨʦ-

1,2,4-ʦʢʩʘʜʠʘʟʦʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʲʝʜʠʥʷʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ N-ʦʢʩʠʜʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ.  

3.2 ʂʦʥʜʝʥʩʘʮʠʷ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʩ DMF DMA  

ɺ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ ʩ ʜʨʫʛʠʤ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʨʝʘʛʝʥʪʦʤ 

ï ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (DMF DMA), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʠʤ 

ʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʦʛʦʤ ʪʨʠʤʝʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ. ʆʜʥʘʢʦ ʥʘʤʠ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ, ʨʝʘʢʮʠʷ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-

N-ʦʢʩʠʜʘ ʩ ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʧʨʦʪʝʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʩʭʦʞʝʩʪʴ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʚ ʩʣʫʯʘʝ DMF DMA ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʨʤʘʤʠʜʠʥ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʠʚʣʝʢ ʥʘʰʝ ʚʥʠʤʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʬʦʨʤʘʤʠʜʠʥʦʚʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʘ 
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ʨʝʘʢʮʠʷ ʦʧʠʩʘʥʘ ʣʠʰʴ ʥʘ ʦʜʥʦʤ ʧʨʠʤʝʨʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʥʘ [58], ʢʨʦʤʝ ʪʦʛʦ, ʦʥʘ 

ʧʨʦʪʝʢʘʝʪ ʩ ʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ DMF DMA. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʯʘʩʪʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʚʚʝʜʝʥʠʷ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʨʷʜʫ 

ʰʝʩʪʠʯʣʝʥʥʳʭ 2-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ. ɼʣʷ ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ ʧʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ 

ʠʟʚʝʩʪʥʳ [31, 34], ʧʦʵʪʦʤʫ ʥʘ ʜʘʥʥʳʭ ʩʫʙʩʪʨʘʪʘʭ ʨʝʘʢʮʠʷ ʥʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʯʘʪʳ ʩ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʢʦʥʜʝʥʩʘʮʠʠ 2-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-

ʦʢʩʠʜʦʚ ʩ ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʥʘ ʧʨʠʤʝʨʝ 2-ʘʤʠʥʦ-3,5-ʜʠʙʨʦʤʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜʘ 4g (ʪʘʙʣʠʮʘ 2). ʅʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʣʘ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʦ ʜʘʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ DMF DMA 

(ʦʧʳʪʳ 1,2). ɼʦʙʘʚʣʝʥʠʝ 20 ʤʦʣʴʥ.% ZnCl2 ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʦ 

ʚʳʭʦʜ ʩʦʝʜʠʥʝʥʠʷ 13a ʜʦ 42-67%, ʧʨʠʯʝʤ ʚ ʜʠʦʢʩʘʥʝ ʚʳʭʦʜ ʙʳʣ ʥʘʠʙʦʣʴʰʠʤ (ʦʧʳʪʳ 3-5). 

ɿʘʤʝʥʘ ZnCl2 ʥʘ Sc(OTf)3 ʠʣʠ BF3ĿEt2O ʧʨʠʚʝʣʘ ʢ ʝʱʝ ʙʦʣʴʰʠʤ ʚʳʭʦʜʘʤ N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʘ 13a (ʦʧʳʪʳ 6-11), ʦʜʥʘʢʦ ʫʤʝʥʴʰʝʥʠʝ ʠʟʙʳʪʢʘ DMF DMA ʧʨʠʚʦʜʠʣʦ 

ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ (ʦʧʳʪʳ 10, 11). ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ 

ʢʠʧʷʯʝʥʠʝ ʩʫʙʩʪʨʘʪʘ 4g ʩ ʪʨʸʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ DMF DMA ʚ ʜʠʦʢʩʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 15 

ʤʦʣʴʥ.% BF3ĿEt2O (ʦʧʳʪ 10). ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠʭ ʢʦʦʨʜʠʥʘʮʠʝʡ ʧʦ ʛʝʪʝʨʦʘʪʦʤʘʤ DMF DMA, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ DMF DMA ʠ ʦʙʱʝʤʫ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ. 

ʊʘʙʣʠʮʘ 2. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʘ 13a. 

 

ʆʧʳʪ 
DMF DMA, 

ʵʢʚ. 

ʂʘʪʘʣʠʟʘʪʦʨ 

(ʤʦʣʴʥ.%) 
ʈʘʩʪʚʦʨʠʪʝʣʴ ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 

ɺʳʭʦʜ 13a, 

% 

1 1 - ɼʄʌɸ 20 -
[a]

 

2 3 - ɼʄʌɸ 70 16 

3 3 ZnCl2 (20) ɼʄʌɸ 50 42 

4 3 ZnCl2 (20) MeCN 80 65 

5 3 ZnCl2 (20) ʜʠʦʢʩʘʥ 100 67 

6 3 Sc(OTf)3 (3) MeCN 80 90 

7 3 Sc(OTf)3 (4) MeCN 80 89 

8 3 Sc(OTf)3 (3) ʜʠʦʢʩʘʥ 100 82 



76 

 

9 3 BF3ĿEt2O (20) MeCN 80 87 

10 3 BF3ĿEt2O (15) ʜʠʦʢʩʘʥ 100 95 

11 2 BF3ĿEt2O (15) ʜʠʦʢʩʘʥ 100 83 

[a]
ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʘʢʮʠʶ ʩ DMF DMA ʙʳʣʠ ʚʚʝʜʝʥʳ ʜʨʫʛʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 2-

ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ (ʩʭʝʤʘ 18). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʥʜʝʥʩʘʮʠʷ ʫʩʧʝʰʥʦ ʧʨʦʪʝʢʘʝʪ 

ʚ ʩʣʫʯʘʝ ʜʠ-, ʪʨʠ- ʠ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʢʘʢ ʜʦʥʦʨʥʳʝ, ʪʘʢ ʠ 

ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʛʝʪʝʨʦʮʠʢʣʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʠʥʪʝʟʫ ʬʦʨʤʘʤʠʜʠʥʦʚ 13b-d ʩ 

ʚʳʭʦʜʘʤʠ, ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ. ɺ ʭʦʜʝ ʢʦʥʜʝʥʩʘʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ 4h,i, 

ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ 6-ʦʤ ʧʦʣʦʞʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʘ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʤʝʪʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʭʦʪʷ ʪʘʢʦʛʦ ʨʦʜʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʢʦʣʠʥʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʠʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʨʝʘʢʮʠʠ ʩ DMF DMA ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ [115, 116]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘʡʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʪʘʢʞʝ ʜʣʷ ʜʨʫʛʠʭ ʰʝʩʪʠʯʣʝʥʥʳʭ 

2-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʤʠʜʠʥ- ʠ ʧʠʨʘʟʠʥ-

N-ʦʢʩʠʜʦʚ 4j  ʠ 14b-d. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʘʣʦʩʴ ʚʚʝʩʪʠ ʚ ʨʝʘʢʮʠʶ ʤʦʥʦ- 

ʠ ʜʠ-N-ʦʢʩʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʟʠʥʘ 14e-h, ʧʨʠʯʝʤ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ 14g,h, 

ʩʦʜʝʨʞʘʱʠʭ ʜʚʝ ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʪʝʪʨʘʟʠʥʦʚʦʤ ʮʠʢʣʝ, ʢʦʥʜʝʥʩʘʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʦ ʦʙʦʠʤ 

ʨʝʘʢʮʠʦʥʥʳʤ ʮʝʥʪʨʘʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʩ-ʧʨʦʜʫʢʪʦʚ 13k,l. ʋʯʠʪʳʚʘʷ 

ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʟʠʥʦʚ, ʜʘʥʥʳʡ ʘʩʧʝʢʪ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʥʦ- ʠ ʜʠ-N-ʦʢʩʠʜʦʚ 2-ʘʤʠʥʦʪʝʪʨʘʟʠʥʦʚ ʤʦʞʝʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʉʭʝʤʘ 18 

ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʀʂ ʠ 

ʗʄʈ 
1
ʅ ʠ 

13
ʉ, ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʘ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 13i ʙʳʣʘ ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʂʝʤʙʨʠʜʞʩʢʦʤ ɹʘʥʢʝ ʉʪʨʫʢʪʫʨʥʳʭ ɼʘʥʥʳʭ [117] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 13i ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʜʠʦʢʩʦʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʟʠʥʘ. 

ʉʦʝʜʠʥʝʥʠʝ 13i ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pca21 ʩ 

ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʨʠʩʫʥʦʢ 5).  

 

ʈʠʩʫʥʦʢ 5. ʆʙʱʠʡ ʚʠʜ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʠʷ 13i. 
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ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 13i ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʞʠʜʘʝʤʦ ʧʣʦʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʘ 

(ʧʠʨʘʟʦʣʴʥʳʡ ʠ ʪʝʪʨʘʟʠʥʦʚʳʡ ʮʠʢʣʳ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʫʶ ʬʫʥʢʮʠʶ) ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʜʣʷ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ: ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠ ʥʘʠʣʫʯʰʝʤ ʥʘʣʦʞʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0.13 ¡ 

(ʨʠʩʫʥʦʢ 6). ʆʙʝ ʤʦʣʝʢʫʣʳ ʬʘʢʪʠʯʝʩʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʦʩʢʦʡ ʢʦʥʬʦʨʤʘʮʠʠ, ʭʦʪʷ ʦʜʥʘ ʠʟ ʥʠʭ 

ʠ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʫʧʣʦʱʝʥʥʦʡ. ʊʘʢ, ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ N(3)-C(2)-N(7)-N(8) ʠ N(4)-

C(1)-N(5)-C(3), ʦʧʠʩʳʚʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʚʦʨʦʪ ʧʣʦʩʢʦʩʪʝʡ ʧʠʨʘʟʦʣʴʥʦʛʦ ʠ 

ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʮʠʢʣʦʚ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʩʦʩʪʘʚʣʷʶʪ 3.3Á ʠ 13.1Á ʚ 

ʤʦʣʝʢʫʣʝ ɸ ʠ 12.5Á ʠ 21.2Á ʚ ʤʦʣʝʢʫʣʝ B, ʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ, ʚ ʩʨʝʜʥʝʤ, ʩʦʩʪʘʚʣʷʝʪ 0.135 ʠ 0.170 ¡ ʜʣʷ ʤʦʣʝʢʫʣ ɸ 

ʠ B, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʥʬʦʨʤʘʮʠʡ 

ʤʦʣʝʢʫʣʳ 13i ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ˊ-ʩʦʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

(ʙʦʣʴʰʝʝ ʤʝʞʜʫ ʧʠʨʘʟʦʣʴʥʳʤ ʠ ʪʝʪʨʘʟʠʥʦʚʳʤ ʮʠʢʣʘʤʠ ʠ ʤʝʥʴʰʝʝ ʤʝʞʜʫ ʪʝʪʨʘʟʠʥʦʚʳʤ 

ʮʠʢʣʦʤ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʡ ʛʨʫʧʧʦʡ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ H-ʩʚʷʟʠ 

ʉ(3)-HĿĿĿO(2) (ʩ ʫʯʝʪʦʤ ʥʦʨʤʠʨʦʚʢʠ ʜʣʠʥʳ ʩʚʷʟʠ C-H ʥʘ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ HéO ʩʦʩʪʘʚʣʷʶʪ 2.061 ʠ 2.074 ¡, ʫʛʣʳ CHO ï 117.5Á ʠ 115.9Á ʚ ʤʦʣʝʢʫʣʘʭ A ʠ B, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 13, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʦʤʝʨʘ (ʦʪʩʫʪʩʪʚʫʶʪ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ). 

 

ʈʠʩʫʥʦʢ 6. ʅʘʠʣʫʯʰʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʥʘʣʦʞʝʥʠʝ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ ʜʚʫʭ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ 13i. 

ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ 13i ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʭ ˊ-ˊ 

ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʫʧʘʢʦʚʢʫ ʯʝʨʝʜʫʶʱʠʭʩʷ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ ʚ 

ʢʦʣʦʥʥʳ (ʨʠʩʫʥʦʢ 7, ʢʨʘʪʯʘʡʰʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ N(2A)ĿĿĿO(1B) ʠ 

N(3A)ĿĿĿN(3B) ʩʦʩʪʘʚʣʷʶʪ 2.953 ʠ 3.077 ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʜʦʙʥʳʝ 

ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʠʚʦʜʷʪ ʢ ʫʧʣʦʱʝʥʠʶ ʧʠʨʘʟʦʣʠʣʪʝʪʨʘʟʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʢʨʠʩʪʘʣʣ.  
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ʈʠʩʫʥʦʢ 7. ʌʨʘʛʤʝʥʪ ʙʝʩʢʦʥʝʯʥʦʡ ʢʦʣʦʥʥʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 2i. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʦʚʣʝʯʝʥʳ ʚ ʙʠʬʫʨʢʘʪʥʳʝ C-HéO ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʤʦʣʝʢʫʣ ʠʟ ʩʦʩʝʜʥʠʭ ʩʪʝʢʠʥʛ-ʢʦʣʦʥʥ (ʨʠʩʫʥʦʢ 8). ʕʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʯʥʳʤʠ (ʨʘʩʩʪʦʷʥʠʷ HĿĿĿO ʩʦʩʪʘʚʣʷʶʪ 2.333-2.568 ¡) ʠ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʬʘʢʪʦʨʘ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ ʥʘʨʫʰʝʥʠʝ ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʪʝʪʨʘʟʠʥʦʚʳʤ ʢʦʣʴʮʦʤ ʠ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʡ ʛʨʫʧʧʦʡ. 

 

ʈʠʩʫʥʦʢ 8. ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʙʠʬʫʨʢʘʪʥʳʝ C-HĿĿĿO ʩʚʷʟʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 13i. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʮʠʢʣʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘʤʠ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʥʢʫʨʝʥʪʥʦ-ʧʝʨʝʢʨʝʩʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʨʠʤʝʨʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-

ʦʢʩʠʜʦʚ 4i ʠ 14a, ʩʦʜʝʨʞʘʱʠʭ ʜʦʥʦʨʥʳʝ ʠ ʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʚ ʛʝʪʝʨʦʮʠʢʣʝ. ʂʠʧʷʯʝʥʠʝ 

ʩʤʝʩʠ ʦʙʦʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩ DMF DMA ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ (ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ) ʧʨʠʚʝʣʦ ʢ ʧʦʯʪʠ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚ 13c ʠ 13d ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
ʅ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

(ʩʭʝʤʘ 19).  
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ʉʭʝʤʘ 19 

ʊʘʢʞʝ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 13ʩ ʥʘʤʠ ʙʳʣʘ ʦʮʝʥʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ N,N-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ. ʉʦʝʜʠʥʝʥʠʝ 13ʩ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʣʦ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʩʥʦʚʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʨʝʜʘʭ (Et3N, MeCN, 50 ÁC, 8 ʯ 

ʠʣʠ NaOH, MeOH, 20 ÁC, 8 ʯ), ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 50 Áʉ ʚ AcOH ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ. 

ʇʨʠ ʵʪʦʤ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʘʷ ʟʘʱʠʪʥʘʷ ʛʨʫʧʧʘ ʚ ʩʪʨʫʢʪʫʨʝ 13ʩ ʣʝʛʢʦ ʩʥʠʤʘʣʘʩʴ 

ʧʨʠ ʜʝʡʩʪʚʠʠ 10% HCl ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 20 Áʉ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʘʤʠʥʘ 4i 

(ʩʭʝʤʘ 20). 

 

ʉʭʝʤʘ 20 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʚʝʜʝʥʠʷ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʦʡ 

ʛʨʫʧʧʳ ʚ ʨʷʜʫ ʰʝʩʪʠʯʣʝʥʥʳʭ 2-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʫʩʧʝʰʥʦ 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʠʥʦʚ (ʧʠʨʠʜʠʥʘʭ, ʧʠʨʠʤʠʜʠʥʘʭ, ʧʠʨʘʟʠʥʘʭ ʠ 

ʪʝʪʨʘʟʠʥʘʭ) ʠ ʪʦʣʝʨʘʥʪʝʥ ʢ ʰʠʨʦʢʦʤʫ ʥʘʙʦʨʫ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʛʝʪʝʨʦʮʠʢʣʝ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ 

ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʦʨʦʰʠʤʠ ʠ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʢʨʦʩʩ-ʦʚʝʨ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʦʥʜʝʥʩʘʮʠʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-N-ʦʢʩʠʜʦʚ ʩ DMF DMA. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, 

ʯʪʦ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʘʷ ʟʘʱʠʪʘ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʘ ʚ ʱʝʣʦʯʥʳʭ ʠ ʩʣʘʙʦʢʠʩʣʳʭ 



81 

 

ʩʨʝʜʘʭ, ʥʦ ʣʝʛʢʦ ʩʥʠʤʘʝʪʩʷ ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʧʨʠʚʦʜʷ ʢ ʠʩʭʦʜʥʳʤ 2-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-

ʦʢʩʠʜʘʤ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʇʦʵʪʦʤʫ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʠʥʦʚʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ ʟʘʱʠʪʥʘʷ ʛʨʫʧʧʘ ʜʣʷ 2-ʘʤʠʥʦʛʝʪʘʨʝʥ-N-ʦʢʩʠʜʦʚ, ʯʪʦ 

ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʠʣʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

3.3 ʉʠʥʪʝʟ N-(1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʛʠʜʨʘʟʦʥʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ (ʬʫʨʘʟʘʥʦʚ ʠ 

ʬʫʨʦʢʩʘʥʦʚ), ʤʝʪʦʜʳ ʠʭ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʳ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʷʤʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ C-C 

ʩʚʷʟʠ ʩ ʬʫʨʦʢʩʘʥʦʚʳʤ ʮʠʢʣʦʤ [118-121]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʪʦʜʳ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʤʙʠʥʘʮʠʠ 1,2,5-ʦʢʩʘʜʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʯʝʨʝʟ ʛʝʪʝʨʦʘʪʦʤʥʳʝ ʣʠʥʢʝʨʳ, 

ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʨʷʤʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʭʦʜʷʱʠʭ ʛʨʫʧʧ ʧʨʠ 

1,2,5-ʦʢʩʘʜʠʘʟʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʦʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʨʝʘʢʮʠʷʤʠ, 

ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʨʘʩʢʨʳʪʠʶ ʮʠʢʣʘ [122].  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʘʤʠʥʦ-1,2,5-ʦʢʩʘʜʠʘʟʦʣʳ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳ, ʧʦʵʪʦʤʫ ʧʦʜʦʙʥʳʝ 

ʛʝʪʝʨʦʘʪʦʤʥʳʝ ʣʠʥʢʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʧʫʪʝʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʘʤʠʥʦʛʨʫʧʧʳ ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ 3-ʘʤʠʥʦʬʫʨʦʢʩʘʥʦʚ, 4-ʘʤʠʥʦ ʠʟʦʤʝʨʳ 

ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʅʝʜʘʚʥʦ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʜʠʘʟʦʪʠʨʦʚʘʥʠʷ ʘʤʠʥʦ-1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʠʥʪʝʟʝ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ [24]. ʄʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚ 

ʩʠʥʪʝʟʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʛʠʜʨʘʟʠʥʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʨʦʢʩʘʥʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʛʠʜʨʘʟʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, 

ʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ 

1,2,5-ʦʢʩʘʜʠʘʟʦʣʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʠʜʨʘʟʠʥʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʩʭʝʤʘ 21).  
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ʉʭʝʤʘ 21 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʣ ʙʳ ʜʦʩʪʫʧ ʢ ʠʟʦʩʪʝʨʥʳʤ ʘʥʘʣʦʛʘʤ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʬʫʨʦʢʩʘʥʦʚ, 

ʵʬʬʝʢʪʠʚʥʳʭ ʚ ʪʝʨʘʧʠʠ ʪʨʦʧʠʯʝʩʢʠʭ ʠʥʬʝʢʮʠʡ: ʣʝʡʰʤʘʥʠʦʟʘ, ʰʠʩʪʦʩʦʤʦʟʘ ʠ ʣʠʭʦʨʘʜʢʠ 

ʐʘʛʘʩʘ (ʨʠʩʫʥʦʢ 9) [123-127]. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʦʠʟʚʦʜʥʳʝ ʬʫʨʦʢʩʘʥʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ 

ʚ ʣʝʯʝʥʠʠ ʪ.ʥ. çʟʘʙʳʪʳʭè ʙʦʣʝʟʥʝʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ N-ʦʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʬʫʨʦʢʩʘʥʦʚʦʤ ʮʠʢʣʝ ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʭʣʦʨʠʜ ʦʣʦʚʘ (II) ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ, ʧʨʠ ʵʪʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʙʦʣʝʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, ʥʠʪʨʦʛʨʫʧʧʫ) [128]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʣʦʨʠʜ ʦʣʦʚʘ 

(II) ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʭʦʜʷʱʝʛʦ ʨʝʘʛʝʥʪʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ 16a ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʠʜʨʘʟʠʥʘ 17a. ʀʟ-ʟʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ (ʬʫʨʦʢʩʘʥʠʣ)ʛʠʜʨʘʟʠʥʘ 17a ʦʥ 

ʧʝʨʝʭʚʘʪʳʚʘʣʩʷ 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʦʤ in situ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʛʠʜʨʘʟʦʥʘ 18a.  

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʢʦʣʠʯʝʩʪʚʦ ʭʣʦʨʠʜʘ ʦʣʦʚʘ, 

ʧʦʨʷʜʦʢ ʝʛʦ ʜʦʙʘʚʣʝʥʠʷ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʈʘʩʪʚʦʨ 3-ʬʝʥʠʣʬʫʨʦʢʩʘʥ-4-

ʠʣʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʦʢʨʘʰʝʥ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʢʨʘʰʠʚʘʥʠʷ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʜʦʙʘʚʣʷʣʠ 1 ʵʢʚʠʚʘʣʝʥʪ ʧ-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʜʣʷ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʦʙʨʘʟʫʶʱʠʤʩʷ ʛʠʜʨʘʟʠʥʦʤ. 

ɼʦʙʘʚʣʝʥʠʝ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠʣʠ ʧʦ ʯʘʩʪʷʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʨʘʩʪʚʦʨʫ 

ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʦʢʘʟʘʣʦʩʴ ʢʨʘʡʥʝ ʥʝʵʬʬʝʢʪʠʚʥʳʤ (ʪʘʙʣʠʮʘ 3, ʦʧʳʪʳ 1, 2), ʧʦʵʪʦʤʫ ʙʳʣʦ 

ʨʝʰʝʥʦ ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ ʜʦʙʘʚʣʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʫʞʝ ʚ ʧʝʨʚʳʭ ʦʧʳʪʘʭ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ. ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʨʘʩʪʚʦʨ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ ʠʣʠ ʩʫʩʧʝʥʟʠʠ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʮʝʩʩ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʣʩʷ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʢ ʜʝʡʩʪʚʠʶ ʚʦʜʳ 

ʚʳʭʦʜ ʦʢʘʟʘʣʩʷ ʥʠʟʢʠʤ (ʦʧʳʪʳ 3, 4). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʤʝʩʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʝʱʝ ʙʦʣʴʰʝ ʫʩʢʦʨʠʣʦ ʧʨʦʮʝʩʩ, ʧʦʚʳʩʠʚ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 18ʘ, ʧʦʵʪʦʤʫ ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʥʝ ʦʭʣʘʞʜʘʣʠ. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 40 ÁC ʫʭʫʜʰʘʝʪ ʨʝʟʫʣʴʪʘʪ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʧʦʙʦʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ. ʈʝʘʢʮʠʷ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʥʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʙʳʩʪʨʦʝ ʨʘʟʣʦʞʝʥʠʝ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʦʧʳʪʳ 5, 6). ʇʦʵʪʦʤʫ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʢʘʟʘʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, 

ʚ ʢʦʪʦʨʦʡ ʜʠʘʟʦʥʠʝʚʘʷ ʩʦʣʴ ʩʪʘʙʠʣʴʥʘ (ʦʧʳʪʳ 7-9). ʆʜʥʘʢʦ ʥʘʨʷʜʫ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʦʪʝʢʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʨʢʦ 

ʦʢʨʘʰʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʙʳʩʪʨʦʝ ʧʨʠʢʘʧʳʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ 

ʧʨʦʤʦʪʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 

ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʙʘʚʣʝʥʥʘʷ ʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʦʣʴ 

ʯʘʩʪʠʯʥʦ ʨʘʩʧʘʜʘʣʘʩʴ, ʥʝ ʫʩʧʝʚʘʷ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʙʦʚʘʣʦʩʴ ʫʚʝʣʠʯʠʪʴ 

ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʊʘʙʣʠʮʘ 3. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ: ʩʢʨʠʥʠʥʛ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʢʦʣʠʯʝʩʪʚʘ SnCl2
[a]

. 

 

ʆʧʳʪ ʂʦʣʠʯʝʩʪʚʦ SnCl2 (ʵʢʚ.) ʈʘʩʪʚʦʨʠʪʝʣʴ T (ÁC) ɺʳʭʦʜ 18a (%)
[b]

 

1 4 ʵʢʚ. -
[c]

 -5-0 9 

2 4 ʵʢʚ. -
[c]

 -5-0 13 

3 10 ʵʢʚ. ʢʦʥʮ. HCl
[d]

 5 21 

4 10 ʵʢʚ. ʢʦʥʮ. HCl
[d]

 ʢ.ʪ. 37 
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5 4 ʵʢʚ. MeOH
[d]

 ʢ.ʪ. 7 

6 4 ʵʢʚ. AcOH
[d]

 ʢ.ʪ. 29 

7 4 ʵʢʚ. TFA
[d]

 ʢ.ʪ. 50 

8 7 ʵʢʚ. TFA
[d]

 ʢ.ʪ. 53 

9 10 ʵʢʚ. TFA
[d]

 ʢ.ʪ. 44 

[a]
ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 15a (0.5 ʤʤʦʣʴ), NOBF4 (0.51 ʤʤʦʣʴ), TFA (3 ʤʣ), 0-5 ÁC, 1 ʯ., ʟʘʪʝʤ 

SnCl2 ʚ ʩʦʦʪʚ. ʨʘʩʪʚʦʨʠʪʝʣʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ 1-3 ʯ. ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʪʝʤ ï 4-

ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ (0.5 ʤʤʦʣʴ) ʚ AcOH (1 ʤʣ), 1 ʯ., 25 ÁC. 
[b]
ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

[c]
SnCl2 ʜʦʙʘʚʣʷʣʠ ʢ ʨʘʩʪʚʦʨʫ 16a ʚ TFA. 

[d]
ʈʘʩʪʚʦʨ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʜʦʙʘʚʣʷʣʠ ʢ ʩʫʩʧʝʥʟʠʠ 

ʠʣʠ ʨʘʩʪʚʦʨʫ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʚ ʩʦʦʪʚ. ʨʘʩʪʚʦʨʠʪʝʣʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʘʣʦ ʜʘʥʥʳʭ ʦ ʤʝʭʘʥʠʟʤʝ 

ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ ʜʦ ʛʠʜʨʘʟʠʥʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʭʣʦʨʠʜʦʤ ʦʣʦʚʘ ʚ ʚʦʜʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠʮʝʡ ʩʣʫʞʠʪ ʥʝ ʩʘʤ 

ʭʣʦʨʠʜ ʦʣʦʚʘ, ʘ ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʠʮʘ [SnCl3]
-
, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ [129]. ɼʣʷ 

ʛʝʥʝʨʘʮʠʠ ʜʘʥʥʦʡ ʯʘʩʪʠʮʳ ʩ ʮʝʣʴʶ ʧʝʨʝʚʝʩʪʠ ʯʘʩʪʴ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʚ ʨʘʩʪʚʦʨ, ʯʪʦ, 

ʥʝʩʦʤʥʝʥʥʦ, ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʜʦʙʘʚʠʪʴ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʭʣʦʨʠʜ-ʠʦʥʘ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʥʳʭ ʥʘʤʠ ʜʣʷ ʵʪʦʡ 

ʨʝʘʢʮʠʠ ʭʣʦʨʠʜʦʚ ʘʤʤʦʥʠʷ ʠ ʪʝʪʨʘʘʣʢʠʣʘʤʤʦʥʠʷ, ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ ʊʕɹɸʍ 

(ʪʘʙʣʠʮʘ 4). ʕʪʦ ʣʝʛʢʦ ʦʙʲʷʩʥʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʝʞʬʘʟʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʭʣʦʨʠʜʘ ʦʣʦʚʘ ʚ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ. ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʜʘʣʦʩʴ ʩʠʣʴʥʦ ʫʩʢʦʨʠʪʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʚʳʭʦʜʘ, 

ʦʜʥʘʢʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʩʸ ʝʱʝ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʣʦ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. 

ʊʘʙʣʠʮʘ 4. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ: ʩʢʨʠʥʠʥʛ ʠʩʪʦʯʥʠʢʘ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ
[a]

. 

 

ʆʧʳʪ ɼʦʙʘʚʢʘ ʂʦʣʠʯʝʩʪʚʦ (ʵʢʚ.) ɺʳʭʦʜ 18a
[b]

 (%) 

1 NH4Cl 1 46 
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2 
n
Bu4NCl 1 51 

3 ʊʕɹɸʍ 1 58 

4 ʊʕɹɸʍ 4 63 

5 ʊʕɹɸʍ 7 60 

[a]
ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 15a (0.5 ʤʤʦʣʴ), NOBF4 (0.51 ʤʤʦʣʴ), TFA (3 ʤʣ), 0-5 ÁC, 1 ʯ., ʟʘʪʝʤ 

SnCl2 ʠ ʠʩʪʦʯʥʠʢ ʭʣʦʨʠʜ-ʘʥʠʦʥʘ ʚ ʩʦʦʪʚ. ʨʘʩʪʚʦʨʠʪʝʣʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ 1.5 ʯ. ʧʨʠ 25 ÁC, 

ʟʘʪʝʤ ï 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ (0.5 ʤʤʦʣʴ) ʚ AcOH (1 ʤʣ), 1 ʯ., 25 ÁC. 
[b]
ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ.  

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʳ ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʧʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥ ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʩʣʫʯʘʡ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʬʝʥʠʣʪʝʪʨʘʟʠʥʘ, ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʢʦʪʦʨʦʤ ʚʳʩʪʫʧʘʣ 

ʪʨʠʬʣʘʪ ʩʢʘʥʜʠʷ, ʧʨʠʯʝʤ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʣʘ ʩʦʚʩʝʤ [130]. ɸʚʪʦʨʳ ʩʪʘʪʴʠ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ ʙʣʘʛʦʜʘʨʷ ʧʨʦʷʚʣʷʝʤʳʤ ʩʚʦʡʩʪʚʘʤ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ, ʩʥʠʞʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʨʝʘʢʮʠʠ, ʪʦ 

ʝʩʪʴ ʚʳʩʪʫʧʘʝʪ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ (ʩʭʝʤʘ 22) [131].  

 

ʉʭʝʤʘ 22 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʥʘʤʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ ʚʳʭʦʜ ʛʠʜʨʘʟʦʥʘ 18ʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʧʦʜʘʚʠʪʴ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʫʧʨʦʩʪʠʣʦ ʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʫ ʧʨʦʜʫʢʪʘ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʦʢʘʟʘʣʩʷ ʪʨʠʬʣʘʪ ʩʢʘʥʜʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʦʣʴʥʳʭ ʧʨʦʮʝʥʪʦʚ 

(ʪʘʙʣʠʮʘ 5, ʦʧʳʪʳ 1, 2). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʠʩʣʦʪ 

ʃʴʶʠʩʘ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʜʝʥʩʘʮʠʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʨʠʬʣʘʪ ʩʢʘʥʜʠʷ 

ʧʨʦʤʦʪʠʨʦʚʘʣ ʠʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ 16a, ʧʨʝʧʷʪʩʪʚʫʷ ʝʝ ʜʝʛʨʘʜʘʮʠʠ. 

ɼʨʫʛʠʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʚʝʨʦʷʪʥʦ ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ 

ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʧʨʦʤʦʪʠʨʦʚʘʚʰʠʭ ʨʘʟʣʦʞʝʥʠʝ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ 16a 

(ʦʧʳʪʳ 3-6). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʘʮʠʷ ʠʟʙʳʪʢʘ ʙʝʟʚʦʜʥʦʛʦ SnCl2 (7 ʵʢʚ.) ʠ ʊʕɹɸʍʘ (4 
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ʵʢʚ.), ʘ ʪʘʢʞʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ Sc(OTf)3 (10 ʤʦʣʴʥ.%) ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʛʠʜʨʘʟʦʥ 

18a ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ.  

ʊʘʙʣʠʮʘ 5. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ: ʩʢʨʠʥʠʥʛ ʢʘʪʘʣʠʟʘʪʦʨʦʚ
[a]

. 

 

 ̄ ɼʦʙʘʚʢʘ ʂʦʣʠʯʝʩʪʚʦ (ʤʦʣʴʥ.%) ɺʳʭʦʜ 18a
[b]

 (%) 

1 Sc(OTf)3 5 67 

2 Sc(OTf )3 10 75 

3 Ni(ClO4)2Ŀ6H2O 1 66 

4 Ni(ClO4)2Ŀ6H2O 5 71 

5 Ni(ClO4)2Ŀ6H2O 10 65 

6 Ni(NO3)2Ŀ6H2O 10 58 

7 ZnCl2 10 69 

[a]
ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 15a (0.5 ʤʤʦʣʴ), NOBF4 (0.51 ʤʤʦʣʴ), TFA (3 ʤʣ), 0-5 ÁC, 1 ʯ., ʟʘʪʝʤ 

SnCl2, ʊʕɹɸʍ (2 ʤʤʦʣʴ) ʠ ʢʘʪʘʣʠʟʘʪʦʨ ʚ TFA (3 ʤʣ), ʧʝʨʝʤʝʰʠʚʘʥʠʝ 1.5 ʯ. ʧʨʠ 25 ÁC, ʟʘʪʝʤ 

ï 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ (0.5 ʤʤʦʣʴ) ʚ AcOH (1 ʤʣ), 1 ʯ., 25 ÁC. 
[b]
ɺʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ N-

(ʬʫʨʦʢʩʘʥʠʣ)ʛʠʜʨʘʟʦʥʦʚ (ʩʭʝʤʘ 23). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 4-ʘʤʠʥʦ-3-ʬʝʥʠʣʬʫʨʦʢʩʘʥ 15a 

ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʢʘʩʢʘʜʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʩ 4-ʤʝʪʦʢʩʠ- ʠ 4-ʙʨʦʤʙʝʥʟʘʣʴʜʝʛʠʜʦʤ, ʘ ʪʘʢʞʝ ʩ 

5-ʙʨʦʤʪʠʦʬʝʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʘʟʦʥʦʚ 18a-c ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ 

ʩʣʫʯʘʝ 4-ʘʤʠʥʦ-3-ʙʫʪʠʣʬʫʨʦʢʩʘʥʘ 15b ʨʝʘʢʮʠʷ ʪʘʢʞʝ ʧʨʦʪʝʢʘʣʘ ʛʣʘʜʢʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʠʜʨʘʟʦʥʦʚ 18d-f. ɺʚʝʜʝʥʠʝ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 4-ʘʤʠʥʦʬʫʨʦʢʩʘʥ-3-

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 15c ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʢʘʩʢʘʜʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʛʠʜʨʘʟʦʥʦʚ 18g-i, ʭʦʪʷ ʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʕʪʦʪ ʬʘʢʪ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʫʨʦʢʩʘʥʠʣʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ 

ʚʚʠʜʫ ʧʨʠʩʫʪʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʩʣʦʞʥʦʵʬʠʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʣʦʞʥʦʵʬʠʨʥʘʷ ʛʨʫʧʧʘ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʘʟʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, 
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ʦʙʨʘʟʫʶʱʠʤʩʷ in situ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʘ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤ 

ʫʩʧʝʰʥʦ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʢʦʥʜʝʥʩʘʮʠʶ ʩ ʚʳʩʦʢʦʵʣʝʢʪʨʦʬʠʣʴʥʳʤ 3-ʘʮʝʪʠʣ-4-

ʤʝʪʠʣʬʫʨʘʟʘʥʦʤ, ʭʦʪʷ ʧʨʦʜʫʢʪ 18j  ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʮʝʪʦʬʝʥʦʥʘ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. ʆʯʝʚʠʜʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʬʫʨʦʢʩʘʥʠʣʛʠʜʨʘʟʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʘʣʴʜʝʛʠʜʘʤʠ ʧʨʦʚʝʩʪʠ ʢʦʥʜʝʥʩʘʮʠʶ ʥʝ ʫʜʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʚ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʦʞʝʥʠʶ ʛʠʜʨʘʟʠʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ, ʯʪʦ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ: ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧ-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʢ ʨʝʘʢʮʠʦʥʥʦʡ 

ʤʘʩʩʝ ʧʦʩʣʝ ʜʚʫʭʯʘʩʦʚʦʡ ʚʳʜʝʨʞʢʠ ʧʨʠ 50 ÁC ʦʙʨʘʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʠʜʨʘʟʦʥ 18a ʙʝʟ 

ʧʦʪʝʨʠ ʚ ʚʳʭʦʜʝ.  

 

ʉʭʝʤʘ 23 

ɼʘʣʝʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʟʘʤʝʥʠʚ ʬʫʨʦʢʩʘʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ ʬʫʨʘʟʘʥʦʚʳʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʭʝʤʝ 24. ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 3-
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ʘʤʠʥʦ-4-ʬʝʥʠʣʬʫʨʘʟʘʥ 19a ʙʳʣ ʫʩʧʝʰʥʦ ʚʚʝʜʝʥ ʚ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʧʨʦʮʝʩʩ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʳʭ ʛʠʜʨʘʟʦʥʦʚ 

20a-c. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʠʘʤʠʥʦʬʫʨʘʟʘʥʘ 19c ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʘʤʠʥʦʛʨʫʧʧ. 

ɸʤʠʥʦʬʫʨʘʟʘʥ 19b, ʩʦʜʝʨʞʘʱʠʡ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʧʨʦʧʘʨʛʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʪʘʢʞʝ 

ʫʩʧʝʰʥʦ ʚʩʪʫʧʘʣ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʢʘʩʢʘʜʥʫʶ ʮʝʧʴ ʧʨʝʚʨʘʱʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʘʟʦʥʦʚ 

20d-f, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʙʦʣʴʰʦʤʫ ʥʘʙʦʨʫ ʩʫʙʩʪʨʘʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ 4-ʘʤʠʥʦ-3-ʬʝʥʠʣʬʫʨʘʟʘʥʘ 19a ʠ 4-

ʙʨʦʤʙʝʥʟʘʣʴʜʝʛʠʜʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʛʨʘʤʤʦʚʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʩʭʦʜʥʦʛʦ 

ʘʤʠʥʦʬʫʨʘʟʘʥʘ 19a. ʂ ʥʘʰʝʤʫ ʫʜʦʚʦʣʴʩʪʚʠʶ, ʧʨʦʮʝʩʩ ʦʢʘʟʘʣʩʷ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ, ʠ ʮʝʣʝʚʦʡ 

ʛʠʜʨʘʟʦʥ 20b ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 73%. 

 

ʉʭʝʤʘ 24 

ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʤʝʪʦʜʦʚ ʀʂ-ʩʧʝʪʨʦʩʢʦʧʠʠ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ ʷʜʨʘʭ 
1
H ʠ 

13
C, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʳʜʝʣʠʪʴ ʬʫʨʦʢʩʘʥʠʣʛʠʜʨʘʟʠʥ ʠʣʠ ʝʛʦ ʩʦʣʴ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʜʣʷ ʝʛʦ ʩʠʥʪʝʟʘ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʛʠʜʨʦʣʠʟʘ ʛʠʜʨʘʟʦʥʘ 
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18a. ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʚ 70% ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʚʥʦʛʦ ʦʙʲʝʤʘ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʩʭʝʤʘ 25).  

 

ʉʭʝʤʘ 25 

ʇʦʩʣʝ ʢʠʧʷʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ 

ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʚʳʜʝʣʝʥʠʝ ʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩʦʧʨʷʞʝʥʦ ʩ ʪʨʫʜʥʦʩʪʷʤʠ, ʙʳʣʦ ʨʝʰʝʥʦ ʦʩʪʘʚʠʪʴ ʢʦʣʙʫ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʦʡ 

ʦʪʢʨʳʪʦʡ ʜʣʷ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚʦʜʳ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʚ ʢʦʣʙʝ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʂ ʥʘʰʝʤʫ ʫʜʠʚʣʝʥʠʶ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʦʞʠʜʘʝʤʳʡ 

ʧʝʨʭʣʦʨʘʪ ʬʫʨʦʢʩʘʥʠʣʛʠʜʨʘʟʠʥʠʷ 21, ʘ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ C=N ʬʨʘʛʤʝʥʪʘ 

ʛʠʜʨʘʟʦʥ 22 (ʨʠʩʫʥʦʢ 10). 

 

ʈʠʩʫʥʦʢ 10. ʆʙʱʠʡ ʚʠʜ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʠʷ 22. 

ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʥʝ ʫʥʠʢʘʣʝʥ, ʭʦʪʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʦʢ: ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʣʠ ʜʠʥʠʪʨʦʬʝʥʠʣʛʠʜʨʘʟʦʥʦʚ [132]. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʭ ʧʦʚʳʰʝʥʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʩʠʣʴʥʳʤ ʘʢʮʝʧʪʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʬʫʨʦʢʩʘʥʦʚʦʛʦ ʠʣʠ 

ʜʠʥʠʪʨʦʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʧʨʠʯʠʥʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʢʘʪʠʦʥʦʚ ʢ 

ʛʠʜʨʦʣʠʟʫ ʥʝʠʟʚʝʩʪʥʳ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 
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ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 22 ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʬʦʤʘʮʠʷ 

ʢʘʪʠʦʥʘ ʚ ʢʨʠʩʪʘʣʣʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚʢʣʶʯʘʷ -́

ʩʦʧʨʷʞʝʥʠʝ ʤʝʞʜʫ C6H4-C=N ʠ ʬʝʥʠʣʬʫʨʦʢʩʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ 

ʩʪʝʨʝʦʵʣʝʢʪʨʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʤʝʞʜʫ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʦʡ ʘʪʦʤʘ N(3) ʠ 

*̀-ʦʨʙʠʪʘʣʴʶ ʩʚʷʟʠ N(4)-H. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ -́ʩʦʧʨʷʞʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʞʠʜʘʝʤʦʡ ʧʣʦʩʢʦʡ 

ʢʦʥʬʦʨʤʘʮʠʠ ʬʨʘʛʤʝʥʪʘ C6H4-C=N, ʩʪʝʨʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʦʝ [24] ʜʣʷ 

ʬʝʥʠʣʬʫʨʦʢʩʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʚʨʘʱʝʥʠʶ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʬʫʨʦʢʩʘʥʘ (ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʜʣʷ C(2)-C(1)-C(3)-C(8) ʨʘʚʝʥ 

32.3(2)Á). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʦʤʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʝ 

ʙʣʘʛʦʜʘʨʷ ʩʦʣʴʚʘʪʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʘʤ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʘʩʠʤʤʝʪʨʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʢʦʪʦʨʳʝ ʫʧʦʨʷʜʦʯʠʚʘʶʪ ʧʨʦʪʠʚʦʠʦʥʳ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ (ʨʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11. ʌʨʘʛʤʝʥʪ ʙʝʩʢʦʥʝʯʥʦʡ ʮʝʧʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʩʦʝʜʠʥʝʥʠʷ 22. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʥʘʤʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʤʷʛʢʠʝ 

ʫʩʣʦʚʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (1,2,5-ʦʢʩʘʜʠʘʟʦʣʠʣ)ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʠʜʘ 

ʦʣʦʚʘ ʩ ʜʦʙʘʚʢʘʤʠ ʪʨʠʬʣʘʪʘ ʩʢʘʥʜʠʷ ʠ ʊʕɹɸʍʘ ʚ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʛʠʜʨʘʟʠʥʦʚ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʰʠʨʦʢʘʷ ʩʝʨʠʷ ʢʘʢ N-ʬʫʨʦʢʩʘʥʠʣ-, ʪʘʢ ʠ N-ʬʫʨʘʟʘʥʠʣ-

ʟʘʤʝʱʝʥʥʳʭ ʛʠʜʨʘʟʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʧʝʨʚʳʝ ʙʳʣ ʚʳʜʝʣʝʥ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ (ʚ 

ʪʦʤ ʯʠʩʣʝ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ) ʧʝʨʭʣʦʨʘʪ 3-ʬʝʥʠʣʬʫʨʦʢʩʘʥ-4-

ʠʣʜʠʘʟʦʥʠʷ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ ʥʦʚʦʤʫ 

ʪʠʧʫ ʬʫʨʦʢʩʘʥʠʣʛʠʜʨʘʟʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʟʦʩʪʝʨʥʳʭ ʘʥʘʣʦʛʦʚ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʬʫʨʦʢʩʘʥʦʚ.  

3.4 ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 6-ʘʤʠʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 1,5-ʜʠʦʢʩʠʜʘ 

ʉʨʝʜʠ ʧʦʣʠʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, 1,2,4,5-ʪʝʪʨʘʟʠʥ ʠ ʪʝʪʨʘʟʦʣ ʟʘʥʠʤʘʶʪ 

ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʦʙʣʘʜʘʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʫʣʫʯʰʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 1,2,4,5-ʊʝʪʨʘʟʠʥʳ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [133, 134], 
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ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʙʠʦʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ [135, 136] ʠʣʠ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʩʠʥʪʝʟʘ 

ʨʘʟʣʠʯʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ [137-140]. ʊʝʪʨʘʟʦʣʳ ʷʚʣʷʶʪʩʷ ʙʠʦʠʟʦʩʪʝʨʘʤʠ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

ʪʝʪʨʘʟʦʣʴʥʳʡ ʮʠʢʣ ʪʘʢʞʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʷʜʘ ʢʣʠʥʠʯʝʩʢʠ ʦʜʦʙʨʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʨʠʩʫʥʦʢ 

12) [141-143]. 

 

ʈʠʩʫʥʦʢ 12. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʝʪʨʘʟʦʣʴʥʳʡ ʮʠʢʣ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʪʝʪʨʘʟʠʥʦʚʳʡ, ʪʘʢ ʠ ʪʝʪʨʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʥʦʚʳʭ ʵʥʝʨʛʦʝʤʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʥʝʨʛʦʝʤʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʟʠʥʘ ʠ ʪʝʪʨʘʟʦʣʘ ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ, ʭʦʨʦʰʫʶ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʨʠʝʤʣʝʤʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ 

[144, 145]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ 

ʵʥʝʨʛʦʝʤʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʠ C-C ʩʚʷʟʘʥʥʳʭ ʪʝʪʨʘʟʦʣʴʥʦʛʦ ʠ 

ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʮʠʢʣʦʚ (ʨʠʩʫʥʦʢ 13) [146]. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʣʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ, ʯʪʦ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ 

ʩʠʣʴʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʣʷ ʵʥʝʨʛʦʝʤʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʈʠʩʫʥʦʢ 13. ʀʟʚʝʩʪʥʳʝ ʵʥʝʨʛʦʝʤʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʙʠʥʘʮʠʶ ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʠ 

ʪʝʪʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʦʚ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʘʟʦʪ-ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ: ʧʦʣʠʥʠʪʨʦʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠʣʠ 

ʬʫʨʦʢʩʘʥʦʚʳʡ ʮʠʢʣ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʛʨʫʧʧ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʫʭʫʜʰʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʦʝʤʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʢʠʩʣʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʤʦʣʝʢʫʣʳ. 

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ N-ʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʥʝʨʛʦʝʤʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ [8, 146-149]. ʂʨʦʤʝ ʪʦʛʦ, N-

ʦʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʠʩʣʦʨʦʜʥʳʡ ʙʘʣʘʥʩ, ʥʦ ʠ ʫʣʫʯʰʘʝʪ ʧʣʦʪʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʝʪʦʥʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʪʝʪʨʘʟʠʥʦʚ ʠʟʚʝʩʪʥʝʥ ʮʝʣʳʡ ʨʷʜ ʤʦʥʦ- ʠ ʜʠ-N-ʦʢʩʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, 

ʦʙʣʘʜʘʶʱʠʭ ʭʦʨʦʰʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʣʷ ʪʝʪʨʘʟʦʣʦʚ ʪʘʢʞʝ ʠʟʚʝʩʪʥʘ 

ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ ï ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʳ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʠ ʪʝʪʨʘʟʦʣʳ, ʦʙʣʘʜʘʶʪ 

ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʵʥʝʨʛʦʝʤʢʠʝ ʩʦʣʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʙʲʝʜʠʥʝʥʠʝ ʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʥʦʛʦ ʠ ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʣʫʯʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʬʘʢʪʦʚ, ʤʳ ʨʝʰʠʣʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ C-C-

ʩʚʷʟʘʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 6-

ʘʤʠʥʦʪʝʪʨʘʟʠʥʜʠ-N-ʦʢʩʠʜʘ ʠ 1-ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʘʤʠʥʦʛʨʫʧʧʳ ʜʦʣʞʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʘʤʠʥʦʛʨʫʧʧʳ ʩ N-ʦʢʩʠʜʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ. 

ʄʳ ʥʘʯʘʣʠ ʩʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 3-ʘʤʠʥʦ-6-(3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-ʠʣ)-1,2,4,5-ʪʝʪʨʘʟʠʥʝ 

23. ɹʳʣʠ ʧʨʦʚʝʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʮʠʘʥʠʜ-ʘʥʠʦʥʘ, 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 
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ʊʘʙʣʠʮʘ 6. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 24
[a]

. 

 

 ̄ ʀʩʪʦʯʥʠʢ ʮʠʘʥʠʜʘ 
ʆʩʥʦʚʘʥʠʝ ʠʣʠ 

ʜʦʙʘʚʢʘ 
ʈʘʩʪʚʦʨʠʪʝʣʴ T, Áʉ 

ɺʳʭʦʜ 24,
[b]

 

% 

1 TMSCN (1 ɻ ʢʚ.) NH4F (1 ɻ ʢʚ.) MeCN 82 0 

2 
ɸʮʝʪʦʥ ʮʠʘʥʛʠʜʨʠʥ  

(1.5 ɻ ʢʚ.) 

NEt3 (1.5 ʵʢʚ.),  

3Ȕ MS 
MeCN 82 31 

3 
ɸʮʝʪʦʥ ʮʠʘʥʛʠʜʨʠʥ 

(2 ɻ ʢʚ.) 
KHCO3 (2 ɻ ʢʚ.) MeCN 82 48

c
 

4 
ɸʮʝʪʦʥ ʮʠʘʥʛʠʜʨʠʥ 

(4 ɻ ʢʚ.) 

NEt3 (4 ɻ ʢʚ.), 

3Ȕ MS 
ʩʫʭʦʡ ʜʠʦʢʩʘʥ 101 71 

5 KCN (2 ʵʢʚ.) 
18-ʢʨʘʫʥ-6 

(0.1 ʵʢʚ.) 
HFIP 58 0 

6 KCN (2 ʵʢʚ.) - MeCN 82 35
c
 

7 KCN (2 ɻ ʢʚ.) - ɼʄʌɸ 85 61 

8 KCN (1.2 ɻ ʢʚ.) - ɼʄʌɸ 85 54 

9 KCN (2 ʵʢʚ.) 3Ȕ MS, ʘʪʤ. Ar  ʩʫʭʦʡ ɼʄʌɸ 20 84 

10 KCN (2 ɻ ʢʚ.) 3Ȕ MS, ʘʪʤ. Ar ʩʫʭʦʡ ɼʄʌɸ 50 79 

[a]
ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: 23 (0.191 ʛ, 1 ʤʤʦʣʴ), ʠʩʪʦʯʥʠʢ ʮʠʘʥʠʜʘ, ʦʩʥʦʚʘʥʠʝ ʠʣʠ ʜʦʙʘʚʢʘ, 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʫʢʘʟʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 
[b]
ɺʳʭʦʜ 

ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
[c]
ʅʝʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ 23. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʘʥʠʜ-ʘʥʠʦʥʘ ʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʊʨʠʤʝʪʠʣʩʠʣʠʣʮʠʘʥʠʜ ʦʢʘʟʘʣʩʷ 

ʥʝʵʬʬʝʢʪʠʚʝʥ (ʦʧʳʪ 1), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʮʝʪʦʥ ʮʠʘʥʛʠʜʨʠʥ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ 3-

ʘʤʠʥʦ-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 24 ʩ ʚʳʭʦʜʘʤʠ 31-71% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʙʳʪʢʘ ʨʝʘʛʝʥʪʘ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʦʙʘʚʦʢ (ʦʧʳʪʳ 2-4). ʂʦʤʙʠʥʘʮʠʷ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʩ 

ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʦʤ (HFIP) ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 24, ʦʜʥʘʢʦ ʧʨʠ 

ʟʘʤʝʥʝ HFIP ʥʘ ʘʮʝʪʦʥʠʪʨʠʣ ʠʣʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʧʨʦʜʫʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʫʤʝʨʝʥʥʳʤʠ 

ʚʳʭʦʜʘʤʠ (ʦʧʳʪʳ 6-8). ʂʨʦʤʝ ʪʦʛʦ, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʦʢʘʟʘʣʦʩʴ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʜʣʷ ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ 3-ʘʤʠʥʦ-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 24, ʢʘʢ ʚʠʜʥʦ ʠʟ ʦʧʳʪʦʚ 9-10, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʣʫʯʰʠʡ ʚʳʭʦʜ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʭʦʛʦ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ 

ʜʦʙʘʚʢʦʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʪ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ (ʦʧʳʪ 10). ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʦʜʘ, 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʨʝʘʛʠʨʫʝʪ ʩ ʮʠʘʥʠʜʦʤ ʢʘʣʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʜ-ʘʥʠʦʥʘ, ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʣʝʛʢʦ ʟʘʤʝʱʘʝʪ ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣʴʥʳʡ 

ʬʨʘʛʤʝʥʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʥʦ ʠ 

ʠʥʜʫʮʠʨʫʝʪ ʛʠʜʨʦʣʠʟ ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʦʜʫʢʪʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟʙʳʪʦʢ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʛʠʜʨʦʣʠʟ ʧʨʦʜʫʢʪʘ ʥʘ ʩʪʘʜʠʠ ʚʦʜʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʚʳʣʠʚʘʣʠ ʚ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʩʣʘʙʦʢʠʩʣʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ.  

ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʥʘʰʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ 3,6-ʜʠʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 26 

ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʪʘʢʞʝ ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-ʘʤʠʥʦ-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 24. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʜʦ 90%), ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩ 5.5 ʜʦ 1.5 ʯʘʩʦʚ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʥʘʯʘʣʘ ʦʙʨʘʟʫʝʪʩʷ 3-

(3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-ʠʣ)-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥ 27. ʇʨʠ ʚʳʣʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ 

ʚ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ, ʠʟʙʳʪʦʢ ʮʠʘʥʠʜʘ ʢʘʣʠʷ ʥʝʡʪʨʘʣʠʟʫʝʪ ʢʘʪʠʦʥ ʘʤʤʦʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʘʤʤʠʘʢʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʙʳʩʪʨʦ ʟʘʤʝʱʘʝʪ 

ʚʪʦʨʦʡ ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3-ʘʤʠʥʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 24 (ʩʭʝʤʘ 

26). ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʙʩʪʨʘʪʘ 25 ʙʦʣʝʝ ʫʜʦʙʥʦ, ʧʦʩʢʦʣʴʢʫ 

3-ʘʤʠʥʦ-6-(3,5-ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-ʠʣ)-1,2,4,5-ʪʝʪʨʘʟʠʥ 23 ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʠʟ ʩʦʝʜʠʥʝʥʠʷ 25. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʷʤʦʡ ʩʠʥʪʝʟ 3-ʘʤʠʥʦ-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 24 ʠʟ ʙʠʩ(3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣ-1-ʠʣ)-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 25 ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʡ ʣʠʰʥʝʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʪʘʜʠʠ. 
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ʉʭʝʤʘ 26 

ʇʦʩʣʝ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 3-ʘʤʠʥʦ-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 24 ʤʳ ʧʨʦʚʝʣʠ 

ʝʛʦ ʧʦʩʪʘʜʠʡʥʫʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʶ ʜʣʷ ʩʙʦʨʢʠ ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʉʦʝʜʠʥʝʥʠʝ 24 ʫʩʧʝʰʥʦ ʚʚʝʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʚʦʜʥʳʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʤʠʜʦʢʩʠʤʘ 28 ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʘʷ ʧʦʧʳʪʢʘ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ 28 ʚ ʭʣʦʨʦʢʩʠʤ 29 ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʝ ʦʢʘʟʘʣʘʩʴ ʥʝʫʜʘʯʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʥʝʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ 

ʘʤʠʥʦʛʨʫʧʧʫ ʪʝʪʨʘʟʠʥʘ, ʪʘʢ ʠ ʘʤʠʜʦʢʩʠʤʥʳʡ ʬʨʘʛʤʝʥʪ. ʂ ʥʘʰʝʤʫ ʩʦʞʘʣʝʥʠʶ, ʧʦʧʳʪʢʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʢʮʠʶ ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʥʝ ʫʚʝʥʯʘʣʠʩʴ 

ʫʩʧʝʭʦʤ (ʩʭʝʤʘ 27). ʇʦʵʪʦʤʫ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʜʝʘʢʪʠʚʘʮʠʠ ʪʝʪʨʘʟʠʥʦʚʦʡ 

ʘʤʠʥʦʛʨʫʧʧʳ ʚʚʝʜʝʥʠʝʤ ʜʚʫʭ N-ʦʢʩʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʪʝʪʨʘʟʠʥʦʚʳʡ ʮʠʢʣ. 

 

ʉʭʝʤʘ 27 

ɼʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʝ 24 ʙʳʣʦ ʦʢʠʩʣʝʥʦ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠ-N-ʦʢʩʠʜʘ 30 ʩ 

ʠʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʬʪʦʨʥʘʜʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ in situ ʠʟ 85% H2O2 ʠ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ (TFAA). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ N-ʦʢʩʠʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɼʠ-N-ʦʢʩʠʜʥʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ 30 ʥʘʤʥʦʛʦ ʤʝʥʝʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦ ʠ ʨʘʟʨʫʰʘʝʪʩʷ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʠʣʠ 

ʧʨʠ ʧʨʦʤʳʚʢʝ ʨʘʟʙʘʚʣʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʞʥʠʣʦ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʨʝʘʢʮʠʷ ʜʠ-N-ʦʢʩʠʜʘ 30 ʩ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ ʧʨʦʪʝʢʘʣʘ ʤʦʤʝʥʪʘʣʴʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʘʤʠʜʦʢʩʠʤʘ 31 ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʇʦʩʣʝʜʥʠʡ 

ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ ʜʠʘʟʦʪʠʨʦʚʘʥʠʶ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
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ʭʣʦʨʦʢʩʠʤʘ 32 (ʩʭʝʤʘ 28). ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ HCl ʧʨʠʚʦʜʠʣʘ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʘʜʝʥʠʶ ʚʳʭʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʙʘʚʣʝʥʥʘʷ ʢʠʩʣʦʪʘ (ʦʢʦʣʦ 20%) 

ʦʙʝʩʧʝʯʠʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʚʳʭʦʜ. ɺʝʨʦʷʪʥʦ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʘʤʠʥʦʛʨʫʧʧʳ 

ʪʝʪʨʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚʩʝ ʝʱʝ ʧʨʦʪʝʢʘʝʪ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʠʩʣʦʪʝ. 

 

ʉʭʝʤʘ 28 

ɸʪʦʤ ʭʣʦʨʘ ʚ ʩʦʝʜʠʥʝʥʠʠ 32 ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʟʘʤʝʱʝʥ ʘʟʠʜ-ʘʥʠʦʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʟʠʜʦʢʩʠʤʘ 33 ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʝ ʩ ʜʚʫʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ 

ʘʟʠʜʘ ʥʘʪʨʠʷ. ʇʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʱʠʡʩʷ ʘʟʠʜʦʦʢʩʠʤ ʩʫʱʝʩʪʚʫʝʪ ʚ (Z)-ʬʦʨʤʝ, ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʮʠʢʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʠʣʴʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ 20% ʨʘʩʪʚʦʨ HCl ʚ ʜʠʦʢʩʘʥʝ (ʩʭʝʤʘ 29). ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʘ 34 ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ: ʦʢʦʣʦ 

74% ʟʘ 5 ʨʝʘʢʮʠʦʥʥʳʭ ʩʪʘʜʠʡ, ʥʘʯʠʥʘʷ ʩ ʠʩʭʦʜʥʦʛʦ 3-ʘʤʠʥʦ-6-ʮʠʘʥʦ-1,2,4,5-ʪʝʪʨʘʟʠʥʘ 24. 

 

ʉʭʝʤʘ 29 

ʉʦʣʠ 35a-c ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʡʪʨʘʣʠʟʘʮʠʝʡ ʛʠʜʨʦʢʩʠʪʝʪʨʘʟʦʣʘ 34 ʨʘʟʣʠʯʥʳʤʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ (ʩʭʝʤʘ 30). ɺʳʭʦʜʳ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʢʘʟʘʣʠʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ, ʦʜʥʘʢʦ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʠʜʨʘʟʠʥʠʝʚʫʶ ʩʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʣʦʩʴ ʝʝ ʨʘʟʣʦʞʝʥʠʝ. 
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ʉʭʝʤʘ 30 

ʉʪʨʫʢʪʫʨʳ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʝʪʦʜʘʤʠ ʀʂ-

ʩʧʝʪʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʘ 

ʘʤʠʥʦʪʨʠʘʟʦʣʠʝʚʦʡ ʩʦʣʠ 35c ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
15

N (ʨʠʩʫʥʦʢ 

15). 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʗʄʈ 
1
H ʠ 

13
C, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʥʘ ʷʜʨʘʭ 

15
N ʠʤʝʝʪ ʨʷʜ ʥʝʛʘʪʠʚʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʟʦʪʦʧʘ 
15

N ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0.36%, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ. ʉʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʠʟʢʠʤ 

ʛʠʨʦʤʘʛʥʠʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ (ɔ = -27.126 Ĭ 10
6
 ʊʣ

ī1
Ŀʩ
ī1
), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ~10% ʦʪ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 
1
H. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʜʣʷ ʷʜʨʘ 

15
N ʧʨʠʤʝʨʥʦ ʚ 

300 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ 
1
H ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [150]. ɺʩʝ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʚʝʱʝʩʪʚʘ (ʙʦʣʝʝ 100 ʤʛ), 

ʘ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠʣʠ ʜʘʞʝ ʜʥʝʡ. 

ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 35c ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʩʭʦʞʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩʫʥʦʢ 14). 










































































































