
ʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ  

ʠʤʝʥʠ ʄ.ɺ. ʃʆʄʆʅʆʉʆɺɸ 

ʍʀʄʀʏɽʉʂʀʁ ʌɸʂʋʃʔʊɽʊ 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ʐʠʙʘʥʦʚ ɼʤʠʪʨʠʡ ɽʚʛʝʥʴʝʚʠʯ 

 

[4+2]-ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘʤ ʚ ʩʠʥʪʝʟʝ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

 

1.4.3 ï ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ  

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ  

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣ ɹ

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɹʝʣʦʛʣʘʟʢʠʥʘ ɽ.ʂ. 

 

 

 

 

ʄʦʩʢʚʘ ï 2023 



2 

 

ʆʛʣʘʚʣʝʥʠʝ 

 

ʆʛʣʘʚʣʝʥʠʝ ..................................................................................................................................... 2 

1. ɺʚʝʜʝʥʠʝ ..................................................................................................................................... 4 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ....................................................................................................................... 8 

2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ...................................................................................................................... 9 

ʅʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʮʠʢʣʦʘʣʢʝʥʳ ʩ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ .............................. 10 

ʇʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʘ .............. 13 

ʇʨʦʠʟʚʦʜʥʳʝ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ ............................................................................................... 17 

ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʮʝʪʘʣʝʡ ʢʝʪʝʥʘ ......................................................................... 22 

ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ ................................................................. 26 

ʎʠʢʣʠʯʝʩʢʠʝ 2-ʤʝʪʠʣʠʜʝʥ-1,3-ʜʠʢʝʪʦʥʳ .............................................................................. 31 

ʎʠʢʣʠʯʝʩʢʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʘʣʢʝʥʳ......................................................................... 34 

ʀʟʘʪʠʥʠʣʠʜʝʥʳ ........................................................................................................................ 38 

Ŭ,ɓ-ʅʝʧʨʝʜʝʣʴʥʳʝ ʠʤʠʥʠʝʚʳʝ ʠʦʥʳ ...................................................................................... 40 

3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ........................................................................................................ 49 

3.1. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʜʠʝʥʦʬʠʣʦʚ ......................................................................................... 50 

3.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-29 ʩ ʜʠʝʥʘʤʠ ............................................................ 58 

3.2.1. ʈʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-16, 19, 22-29 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ................................ 58 

3.2.2. ʈʝʘʢʮʠʠ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12, 13, 15,16 ʠ 18-20 ʩ 1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ

 ............................................................................................................................................... 63 

3.2.3. ʈʝʘʢʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5-7 ʠ 11-21 ʩ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ ....... 65 

3.2.4. ʈʝʘʢʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12, 14-16, 18 ʠ 19 ʩ ʠʟʦʧʨʝʥʦʤ ................ 66 

3.2.5. ʈʝʘʢʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 6, 12 ʠ 25 ʩ ʧʷʪʠʯʣʝʥʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ (ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʨʘʥʘ ʠ ʪʠʦʬʝʥʘ) ........................................................ 68 

3.2.6. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʘʮʠʣʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 64a, 71a, 

79a, 80a, 80b, 91 ................................................................................................................... 71 

3.2.7. ɸʪʨʦʧʦʠʟʦʤʝʨʠʷ ʦʨʪʦ-ʟʘʤʝʱʸʥʥʳʭ 3-ʘʨʠʣʠʤʠʜʘʟʦʣʦʥʦʚ .................................... 73 

3.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 1,3-ʜʠʧʦʣʷʤʠ ..... 74 

3.3.1. ʈʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ .............................. 75 

3.3.2. ʈʝʘʢʮʠʠ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʘʟʠʜʘʤʠ ................................................................... 90 

3.3.3. ʈʝʘʢʮʠʠ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʘ 64a ʩ ʘʟʦʤʝʪʠʣʠʤʠʥʘʤʠ, ʘʟʦʤʝʪʠʣʠʣʠʜʘʤʠ ʠ 

ʥʠʪʨʠʣʠʣʠʜʘʤʠ .................................................................................................................... 94 

3.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʧʝʨʦʢʩʦʧʨʦʠʟʚʦʜʥʳʤʠ ........... 95 

3.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʜʘʥʪʦʠʥʦʚ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ..... 97 

3.5.1. ɹʨʦʤʠʨʦʚʘʥʠʝ N(1)-ʥʝʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ 79a ........................ 97 

3.5.2. ʈʝʘʢʮʠʠ N(1)-ʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 66, 68a, 70, 89 ʠ 90 ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ........................................................................................ 101 

3.6. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ..................................... 106 

3.6.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ........................................................................... 106 



3 

 

3.6.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.................................................. 108 

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ................................................................................................. 110 

4.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ .......................................................................................................... 110 

4.2. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʜʠʝʥʦʬʠʣʦʚ ................................................................................... 110 

4.3. ɼʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ ..................................................... 119 

4.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʜʠʝʥʘʤʠ ............................................................... 120 

4.5. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʘʮʠʣʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ................. 145 

4.6. ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ

 148 

4.7. ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ......................................... 167 

4.8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʧʝʨʦʢʩʦʧʨʦʠʟʚʦʜʥʳʤʠ............................. 170 

4.9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ ʩ ʵʣʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ ........................ 172 

5. ɺʳʚʦʜʳ ................................................................................................................................... 177 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ .................................................................................................................... 178 

 

 

 

  



4 

 

1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʄʘʣʳʝ ʤʦʣʝʢʫʣʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʤʝʨʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʛʨʘʜʘʮʠʠ ʠ ʤʝʪʘʙʦʣʠʟʤʫ ʚ ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʟʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʳ ʩ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ.  

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʜʠʝʥʦʬʠʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ. 

ʇʦʣʫʯʘʝʤʳʝ ʪʘʢʠʤ ʧʫʪʸʤ ʩʧʠʨʦʘʜʜʫʢʪʳ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩʧʠʨʦʮʠʢʣʘ ʚ 

ʧʦʣʦʞʝʥʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʣʝʚʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʜʜʫʢʪʳ ʨʝʘʢʮʠʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʜʚʝʨʛʥʫʪʳ ʜʘʣʴʥʝʡʰʠʤ 

ʤʦʜʠʬʠʢʘʮʠʷʤ ʧʦ ʦʙʨʘʟʫʶʱʝʡʩʷ ʢʨʘʪʥʦʡ C=C ʩʚʷʟʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʧʦʣʫʯʘʝʤʳʭ 

ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʥʝʩʢʦʣʴʢʦ ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʠʤʝʶʪ ʞʸʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʦʯʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʠʰʝʥʷʤʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʘʥʪʦʠʥʘ ʠ 

ʪʠʦʛʠʜʘʥʪʦʠʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʜʚʘ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʭ ʧʷʪʠʯʣʝʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʘ, ʠʟʚʝʩʪʥʳ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-

MDM2. ʆʜʥʘʢʦ ʦʙʱʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠʤʠʜʘʟʦʣʦʥʦʚ, ʩʧʠʨʦʩʦʯʣʝʥʥyʥʳʭ ʩ 6-ʯʣʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ, ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʥʝ 

ʙʳʣʠ, ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʘʩʴ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʥʦʚʳʤ ʢʣʘʩʩʘʤ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʘʥʪʦʠʥʘ ʠ ʪʠʦʛʠʜʘʥʪʠʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ, ʘ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɿʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ: 1) ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʜʭʦʜʦʚ ʢ 

ʧʦʣʫʯʝʥʠʶ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʣʘʩʩʦʚ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʝʘʢʮʠʡ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʝʥʘʤʠ, 

ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,3-ʙʫʪʘʜʠʝʥʘ; 2) ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʡ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ, ʥʠʪʨʠʣʠʤʠʥʦʚ, ʘʟʠʜʦʚ, ʘʟʦʤʝʪʠʣʠʤʠʥʦʚ, 
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ʘʟʦʤʝʪʠʣʠʣʠʜʦʚ ʠ ʥʠʪʨʠʣʠʣʠʜʦʚ ʢ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʤ ʛʠʜʘʥʪʦʠʥʘ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʘ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ; 3) ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ 

ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʦʢʩʠʨʘʥʦʚʳʤ ʠʣʠ ʘʟʠʨʠʜʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ; 4) ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʫ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ ʨʝʘʢʮʠʷʤʠ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ; 5) ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʜʘʥʪʦʠʥʦʚ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ in vitro ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ 

ʢʫʣʴʪʫʨʘʭ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ 

ʨʝʘʢʮʠʷʤʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʜʦ-/ʵʢʟʦ-ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʨʝʘʢʮʠʷʤʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 1) ʚʧʝʨʚʳʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 2-

ʭʘʣʴʢʦʛʝʥ-ʠʤʠʜʘʟʦʣʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʝ ʩ 

ʠʤʠʜʘʟʦʣʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ 6-ʯʣʝʥʥʳʝ ʘʣʠʮʠʢʣʳ; 2) ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ 

ʧʦʣʫʯʝʥʠʶ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʝʩʪʢʠʭ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʘʥʪʦʠʥʦʚ ʠ 

ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʟʦʢʩʘʟʦʣʠʥʦʚʳʝ, ʧʠʨʘʟʦʣʠʥʦʚʳʝ, ʪʨʠʘʟʦʣʠʥʦʚʳʝ, 

ʦʢʩʠʨʘʥʦʚʳʝ ʠ ʘʟʠʨʠʜʠʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ; 3) ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʫʜʦʙʥʳʡ, ʧʨʦʩʪʦʡ ʚ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʤʝʪʦʜ ʛʝʥʝʨʘʮʠʠ 1,3-ʜʠʧʦʣʝʡ ʧʫʪʤy ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

ʭʣʦʨʦʢʩʠʤʦʚ ʠ ʭʣʦʨʛʠʜʨʘʟʦʥʦʚ ʩ ʧʘʨʘʤʠ ʪʨʠʵʪʠʣʘʤʠʥʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ 

ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʸʪ ʧʦʜʘʚʣʝʥʠʷ ʜʠʤʝʨʠʟʘʮʠʠ 

ʜʠʧʦʣʝʡ; 4) ʨʘʟʨʘʙʦʪʘʥ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʛʠʜʘʥʪʦʠʥʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ; 5) ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 1) ʨʘʟʨʘʙʦʪʘʥʳ 

ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʝʪʠʣʠʜʝʥ- ʠ 

ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʧʨʦʩʪʳʤʠ ʜʠʝʥʘʤʠ (ʮʠʢʣʦʧʝʥʪʘʜʠʝʥ, 

1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ, 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥ, ʠʟʦʧʨʝʥ); 2) ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʭ ʛʠʜʘʥʪʦʠʥʦʚ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʨʝʘʢʮʠʷʤʠ ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ, 

ʥʠʪʨʠʣʠʤʠʥʘʤʠ, ʘʟʠʜʘʤʠ ʠ ʧʝʨʦʢʩʦʢʠʩʣʦʪʘʤʠ; 3) ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

ʨʝʘʛʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʜʘʚʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʜʠʤʝʨʠʟʘʮʠʠ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʭ 1,3-ʜʠʧʦʣʝʡ; 4) ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠ ̫
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ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ; 5) ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʛʠʜʘʥʪʦʠʥʦʚ 

ʨʝʘʢʮʠʷʤʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ N(1)-ʟʘʤʝʱʸʥʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ (Br2, I2, PhSCl, PhSeBr). 

ʄʝʪʦʜʦʣʦʛʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ ʘʟʘ-ɺʠʪʪʠʛʘ, ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ, 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʢʦʥʜʝʥʩʘʮʠʠ, ʘʣʢʠʣʠʨʦʚʘʥʠʷ, ʘʮʠʣʠʨʦʚʘʥʠʷ, ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʆʯʠʩʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʘʤʠ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʧʝʨʝʛʦʥʢʠ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʵʢʩʪʨʘʢʮʠʠ. ʉʪʨʫʢʪʫʨʘ, 

ʩʦʩʪʘʚ ʠ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʘʤʠ ʗʄʈ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʠʢ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʊʉʍ), ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ/ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɾʍʄʉ), ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1) ʈʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʩʠʥʪʝʟʘ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʠʟ 5-ʤʝʪʠʣʠʜʝʥ-ʟʘʤʝʱʸʥʥʳʭ 

2-ʭʘʣʴʢʦʛʝʥʠʤʠʜʘʟʦʣʦʥʦʚ. 

2) ʅʦʚʳʝ ʢʣʘʩʩʳ ʢʘʨʢʘʩʥʳʭ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʘʥʪʦʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʯʝʪʳʨʝ 

ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘ, ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʢʪʦʚ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ, 

ʥʠʪʨʠʣʠʤʠʥʘʤʠ, ʘʟʠʜʘʤʠ ʠ ʧʝʨʦʢʩʦʢʠʩʣʦʪʘʤʠ. 

3) ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʙʠʥʘʮʠʶ ʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʠ 

ʦʢʩʘʟʠʥʘʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ. 

4) ʄʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʭʣʦʨʦʢʩʠʤʦʚ ʠ ʭʣʦʨʛʠʜʨʘʟʦʥʦʚ ʩ ʧʘʨʘʤʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʜʦʙʠʪʴʩʷ 

ʚʳʩʦʢʦʛʦ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʟʘ ʩʯʸʪ ʧʦʜʘʚʣʝʥʠʷ ʜʠʤʝʨʠʟʘʮʠʠ ʜʠʧʦʣʝʡ. 

5) ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ ʠ 

ʩʧʠʨʦʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 4-15 ʤʢʄ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʩʙʦʨʝ ʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʪʝʤʘʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʚʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʸʥ ʩʠʥʪʝʟ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ. 
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ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʫʙʣʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ, 

ʧʨʠʯʸʤ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʙʳʣ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ.  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 8 

ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ: 4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (Web of Science, Scopus) ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ 

ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3 - ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, 4 ʪʝʟʠʩʘ 

ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʥyʳʭ çʃʦʤʦʥʦʩʦʚ-2020», 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʢʦʥʛʨʝʩʩ ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ çʂOST-2021», «VI 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè (2022 ʛ.), çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ 

ʯʪʝʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ: ʦʪ ʄʘʨʢʦʚʥʠʢʦʚʘ ʜʦ ʥʘʰʠʭ ʜʥʝʡè (WSOC-2022). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʨʘʟʜʝʣʦʚ: ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʪʝʤʫ çʎʠʢʣʠʯʝʩʢʠʝ ʤʝʪʠʣʠʜʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ɼʠʣʴʩʘ-

ɸʣʴʜʝʨʘè, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 193 ʣʠʩʪʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 

118 ʩʭʝʤ, 17 ʨʠʩʫʥʢʦʚ, 39 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 201 

ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

Cbz = COOCH2Ph; 

Cod = 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ; 

 

MEM = CH2OCH2CH2OCH3; 

NaBArF = Na[B(3,5-(CF3)2C6H3)4]; 

NaHMDS = NaN(SiMe3)2; 

 

PMB = 4-MeOC6H4CH2; 

 

TBS = t-BuSiMe2; 

Teoc = COOCH2CH2SiMe3; 

TMS = SiMe3; 

ʌɺʊ = ʬʣʵʰ-ʚʘʢʫʫʤʥʳʡ ʪʝʨʤʦʣʠʟ 



9 

 

2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʎʀʂʃʀʏɽʉʂʀɽ ʄɽʊʀʃʀɼɽʅʆɺʓɽ ʉʆɽɼʀʅɽʅʀʗ ɺ ʈɽɸʂʎʀʗʍ 

ɼʀʃʔʉɸ-ɸʃʔɼɽʈɸ 

ʅʘʩʪʦʷʱʠʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʸʥ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ =CH2 ʚ ʢʘʯʝʩʪʚʝ ʜʠʝʥʦʬʠʣʦʚ ʚ ʨʝʘʢʮʠʷʭ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʢ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ 

ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʘʪʦʤ-ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʜʠʝʥʦʬʠʣʦʚ ʩ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ 

ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʚ ʤʦʣʝʢʫʣʫ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʥʬʦʨʤʘʮʠʦʥʥʫ  ʁ ʧʦʜʚʠʞʥʦʩʪ ɹ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 

ʜʠʝʥʦʬʠʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥrʭ ʥʘ ʉʭʝʤʝ 1. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ 

ʜʠʝʥʦʬʠʣʘ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʝʛʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʩʪʴ, ʥʦ ʠ ʥʘ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʠʝʥʘʤʠ. 

ʉʭʝʤʘ 1. 

 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʪʴʩʷ ʚ ʨʘʩʪʚʦʨʝ ʠʣʠ ʧʨʠ 

ʭʨʘʥʝʥʠʠ, ʧʦʵʪʦʤʫ ʨʝʘʢʮʠʠ ʩ ʥʠʤʠ ʠʟʫʯʝʥʳ ʭʫʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʪʨʠ- 

ʠ ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʤʠ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʘʥʘʣʦʛʘʤʠ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʠʣʠʜʝʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʨʝʘʢʮʠʷʭ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʝʣʘʝʪ ʠʭ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʩʠʥʪʝʟʠʨʫʝʤʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʅʝʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʮʠʢʣʦʘʣʢʝʥʳ ʩ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ 

ʀʟʫʯʝʥʠʝ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 1,1-ʜʠʟʘʤʝʱʸʥʥʳʭ ʘʣʢʝʥʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʵʪʠ ʩʫʙʩʪʨʘʪʳ ʷʚʣʷʶʪʩʷ ʤʘʣʦʘʢʪʠʚʥʳʤʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʜʠʝʥʘʤʠ. ʀʟ-ʟʘ ʙʣʠʟʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ C=C 

ʩʚʷʟʝʡ ʜʠʝʥʘ ʠ ʜʠʝʥʦʬʠʣʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʩʣʦʞʥʝʥʦ 

ʧʨʦʪʝʢʘʥʠʝʤ ʨʷʜʘ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʜʠʤʝʨʠʟʘʮʠʠ ʜʠʝʥʦʚ [1ï3]. 

ɽʩʣʠ ʚ ʨʦʣʠ ʜʠʝʥʘ ʠ ʜʠʝʥʦʬʠʣʘ ʚʳʩʪʫʧʘʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʫʙʩʪʨʘʪ, ʪʦ ʮʝʣʝʚʳʝ 

ʜʠʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 2). ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʠʝʥʘ 1 ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʠʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʨʝʘʢʮʠʠ [4]. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ 2 ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʤʠʥʦʨʥʳʡ 

ʧʨʦʜʫʢʪ ʬʦʨʤʘʣʴʥʦʛʦ [4+4]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ZnCl2ĀEt2O ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʜʜʫʢʪ 2 ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʭʦʜʦʤ 62%. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ 

ʬʦʨʤʳ ʩʦʝʜʠʥʝʥʠʷ 1 ʢʦ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʝ ʜʠʝʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ [4]. 

ʉʭʝʤʘ 2. 

 

ɺ ʨʘʙʦʪʝ [5] ʧʨʦʜʫʢʪ ʜʠʤʝʨʠʟʘʮʠʠ 7a ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʩʝʤʠʯʣʝʥʥʳʡ ʜʠʝʥ 5a ʠʟ ʙʠʩ-ʘʣʣʝʥʘ 4a ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ (I). 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʩʧʠʨʦʙʠʮʠʢʣʠʯʝʩʢʠʝ ʘʜʜʫʢʪʳ 7b-h 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 3) [6]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 1.5 

ʵʢʚʠʚʘʣʝʥʪʦʚ TEMPO ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 7a 

ʩ 89 ʜʦ 44%, ʘ ʨʝʛʠʩʪʨʘʮʠʷ ʤʝʪʦʜʦʤ ʕʉʀ-ʄʉ ʘʜʜʫʢʪʦʚ 6a ʩ TEMPO ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʙʠʨʘʜʠʢʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʜʠʤʝʨʠʟʘʮʠʠ 5 [6]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠ ʜʠʝʥʘ 5 ʩ 

ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʤʠ ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʦʠʟʦʤʝʨʠʟʘʮʠʠ ʙʠʩ-ʘʣʣʝʥʦʚ [7,8]. 
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ʉʭʝʤʘ 3. 

 
ʈʘʟʣʠʯʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ C=C ʩʚʷʟʝʡ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʢʝʥʘ ʠ 

ʜʠʝʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʙʦʣʝʝ 

ʠʟʙʠʨʘʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʝʥʦʬʠʣʦʚ 8, 9 ʩ ʥʘʧʨʷʞʸʥʥʳʤʠ 

ʮʠʢʣʘʤʠ ʠ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʛʦ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʧʨʠ ʩʠʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʮʝʣʝʚʳʝ 

ʩʧʠʨʦʥʦʨʙʦʨʥʝʥʳ 11 ʠ 12 ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ 55 ʠ 17%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 4) 

[9,10]. ʅʠʟʢʠʡ ʚʳʭʦʜ ʩʦʝʜʠʥʝʥʠʷ 12 ʩʚʷʟʘʥ ʩ ʪʨʫʜʥʦʩʪʴʶ ʦʪʯʠʩʪʢʠ ʧʨʦʜʫʢʪʘ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʡ ʪʝʨʷʝʪʩʷ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʩʧʠʨʦʥʦʨʙʦʨʥʝʥʘ 12 [10]. 

ʉʭʝʤʘ 4. 

 

ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʝʪʝʨʦʜʠʝʥʦʚ ʨʝʘʢʮʠʠ ʩ ʧʨʦʩʪʳʤʠ ʘʣʢʝʥʘʤʠ 

ʧʨʦʪʝʢʘʪʁ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʘʙʦʪʝ [11] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʪʠʣʠʜʝʥʮʠʢʣʦʧʝʥʪʘʥʘ 13 ʩ 0.4 ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʜʠʝʥʘ 15 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʦʦʢʩʠʤʘ 16 ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ (ʉʭʝʤʘ 5) [11]. 

ʉʭʝʤʘ 5. 
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ʇʨʠʤʝʨ rʢʦʥʢʫʨʠʨʫʶʱʠʭ ʨʝʘʢʮʠʡ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʫʯʘʩʪʠʝʤ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ 

ʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [12]. ʀʩʭʦʜʥʳʝ ʩʫʙʩʪʨʘʪʳ 17, 

18 ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʚ ʨʦʣʠ ʜʠʝʥʘ, ʪʘʢ ʠ ʚ ʨʦʣʠ ʜʠʝʥʦʬʠʣʘ, ʧʦʵʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ ʘʜʜʫʢʪʦʚ (ʉʭʝʤʘ 6). ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʮʚʠʪʪʝʨ-ʠʦʥʘ 19 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ 

ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʷ 21 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ 20 ʙʝʟ ʧʨʠʤʝʩʝʡ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 17 ʠ 18. 

ʉʭʝʤʘ 6. 

 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʘʣʢʝʥʘʤ ʚ ʩʠʥʪʝʟʝ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦʥʘ ʉʭʝʤʘʭ 7 ʠ 8. ʅʘ ʉʭʝʤʝ 7 ʧʦʢʘʟʘʥ ʩʠʥʪʝʟ 

ʧʨʦʠʟʚʦʜʥʦʛʦ (-)-ʩʧʠʨʦʭʠʥʘʟʦʣʠʥʘ 24 ʠʟ 9-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʠʥʜʦʣʦʥʘ 22 ʠ ʛʝʪʝʨʦʜʠʝʥʘ 

23. ʇʦʤʠʤʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 24 ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʠʟʦʤʝʨʥʳʭ ʘʜʜʫʢʪʦʚ 25 ʠ 26. ɺʚʝʜʝʥʠʝ ʭʠʨʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʚʪʦʨʦʝ ʧʦʣʦʞʝʥʠʝ 

ʠʤʠʜʘʟʦʣʦʥʦʚʦʛʦ ʮʠʢʣʘ ʜʠʝʥʦʬʠʣʘ 22 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ [13]. 

ʉʭʝʤʘ 7. 

 

ɺ ʨʘʙʦʪʘʭ [14,15] ʚ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ ʘʣʢʘʣʦʠʜʘ ʮʠʢʣʦʢʣʘʚʠʥʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʝʨʤʠʯʝʩʢʘʷ ʮʠʢʣʠʟʘʮʠʷ ʤʝʪʠʣʠʜʝʥʮʠʢʣʦʧʨʦʧʘʥʦʚ 28, 32 (ʉʭʝʤʘ 8). ʀʟ-ʟʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦʜʭʦʜʘ ʜʠʝʥʘ ʢ ʜʠʝʥʦʬʠʣʫ ʚʥʫʪʨʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ 

ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʭʦʨʦʰʝʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʙʦʣʝʝ ʧʦʜʚʠʞʥʦʛʦ ʪʨʠʝʥʘ 32 ʩʧʠʨʦʙʠʮʠʢʣʠʯʝʩʢʠʡ ʘʜʜʫʢʪ 33 

ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 85% ʙʝʟ ʧʨʠʤʝʩʝʡ ʜʨʫʛʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ [15]. 
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ʉʭʝʤʘ 8. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʥʝʨʪʥʦʩʪʴ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʜʚʦʡʥʳʭ 

ʉ=ʉʅ2 ʩʚʷʟʝʡ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʘʣʢʝʥʦʚ, ʵʪʠ ʩʫʙʩʪʨʘʪʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ 

ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʇʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʘ 

ʆʩʥʦʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʘʙʦʪʳ ʩ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʤ 34a ʠ 

2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʦʤ 34b ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʸʛʢʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʝ ʝʥʵʬʠʨʳ 35 ʩ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ 

ʩʚʷʟʴʶ (ʉʭʝʤʘ 9). 

ʉʭʝʤʘ 9. 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠʟʦʤʝʨʳ 35 ʩ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʠʝʥʘʤʠ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʬʦʨʤʳ ʝʥʵʬʠʨʘ 

34 ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɽʩʣʠ 

ʫʜʘʸʪʩʷ ʧʦʜʦʙʨʘʪʴ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʝʥʵʬʠʨʳ 35 ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ, 

ʪʦ ʦʙʨʘʪʠʤʦʩʪʴ ʠʟʦʤʝʨʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʘʜʜʫʢʪʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʝʥʦʚ ʢ ʦʙʝʠʤ ʬʦʨʤʘʤ ʝʥʵʬʠʨʦʚ [16,17]. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʝʘʢʮʠʡ ʥʘ 

ʉʭʝʤʝ 10 ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʜʠʝʥʘ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʛʦ ʦʨʪʦ-ʭʠʥʦʥʤʝʪʠʜʘ 

ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʤʫ ʠʟʦʤʝʨʫ 35ʩ [16], ʘ ʚ ʩʣʫʯʘʝ 

ʜʠʝʥʘ 39 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʘʜʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʦʤʫ, ʥʦ 

ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʤʫ ʝʥʵʬʠʨʫ 34a [17]. 
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ʉʭʝʤʘ 10. 

 

ɺ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʦʤʝʨʠʟʘʮʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ 34 ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ, 

2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʳ ʠ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʳ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʩ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʝʥʘʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʩʠʥʪʝʟʘ ʩʧʠʨʦʢʝʪʘʣʝʡ [18,19]. ɺ ʨʷʜʝ ʨʘʙʦʪ [20ï22] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʠʨʦʢʝʪʘʣʠ 42 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʩʤʝʰʝʥʠʠ ʝʥʵʬʠʨʦʚ 34 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʢʨʦʣʝʠʥʘ (ʉʭʝʤʘ 11, ʊʘʙʣʠʮʘ 1). ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠʟʦʤʝʨʠʟʘʮʠʠ 34, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʢʠʩʣʦʪ, ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʶʪ ʙʝʟʚʦʜʥʳʡ K2CO3 [23ï25]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʥʵʬʠʨʦʚ 34 ʩ 

ʛʝʪʝʨʦʜʠʝʥʘʤʠ ʣʫʯʰʝ ʚʩʝʛʦ ʧʨʦʪʝʢʘʝʪ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [25,26], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ. 

ʉʭʝʤʘ 11. 

 

 ʊʘʙʣʠʮʘ 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʥʵʬʠʨʦʚ 34 ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʢʨʦʣʝʠʥʘ. 

ʧʨʦʜʫʢʪ ʫʩʣʦʚʠʷ ʚʳʭʦʜ, % ʩʩʳʣʢʘ 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, r.t. 82 [20] 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, r.t. 77 [21] 
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ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, r.t. 72 [20] 

 

PhMe, 0Ÿ20 77 [22] 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ,  

K2CO3 (1 ʵʢʚ.), 100  
64 [23] 

 

PhMe, K2CO3 (0.25 ʵʢʚ.), 

110  
14 

[25] 
PhMe, K2CO3 (0.50 ʵʢʚ.), 

110 
38 

 

PhMe, K2CO3 (1 ɻ ʢʚ.), 110 11 [25] 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ,  

K2CO3 (1 ʵʢʚ.), 110  
26 [24,25] 

 

ɺ ʩʣʫʯʘʝ ʤʘʣʦʘʢʪʠʚʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʛʝʪʝʨʦ-ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ 

2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘʤʠ ʠ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʪʘʣʠʟ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [26] ʠʩʧʦʣʴʟʦʚʘʥʠʝ ZnCl2 ʚ 

ʢʦʣʠʯʝʩʪʚʝ 0.1-0.2 ʵʢʚ. ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ ʩʧʠʨʦʢʝʪʘʣʠ 45 ʩ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 12, ʊʘʙʣʠʮʘ 2). 

ʉʭʝʤʘ 12. 

 

 

ʊʘʙʣʠʮʘ 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʥʵʬʠʨʦʚ 43 ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʢʨʦʣʝʠʥʘ. 

R1 R2 R3 ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ 45, % 

Me H H PhH, r.t. 84 

Me H ʊɻʌ, r.t. 50 

H Me ʊɻʌ, r.t. 63 

H H H PhH, r.t. 55 
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ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʠʟʦʤʝʨʠʟʘʮʠʷ ʠʩʭʦʜʥʳʭ 

ʝʥʵʬʠʨʦʚ 43 ʥʝʚʦʟʤʦʞʥʘ (R1 = Me, ʊʘʙʣʠʮʘ 2) ʠʣʠ ʟʘʪʨʫʜʥʝʥʘ (R1 = H, ʊʘʙʣʠʮʘ 2) ʠʟ-ʟʘ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʤʦʣʝʢʫʣʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʧʦʢʩʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʦʢʘʟʳʚʘʝʪ ʩʪʝʨʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʜʭʦʜ ʛʝʪʝʨʦʜʠʝʥʘ ʢ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʜʠʝʥʦʬʠʣʘ, ʧʦʵʪʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʠʝʥʘ ʠʜʸʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʩʦ ʩʪʦʨʦʥʳ 

ʟʘʤʝʩʪʠʪʝʣʷ R1 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 45. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Eu(fod)3 ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʛʝʪʝʨʦ-

ʨʝʘʢʮʠʶ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʝʥʵʬʠʨʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʦʤʝʨʠʟʘʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ [25,27,28]. ɺ ʩʣʫʯʘʝ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʘ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ 48a ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʛʝʢʩʘʥʝ ʧʨʠ 0  ʩ ʚʳʭʦʜʦʤ 86%, ʥʦ ʨʝʘʢʮʠʷ ʩ ʜʠʝʥʦʬʠʣʦʤ 46 

ʧʨʦʪʝʢʘʣʘ ʭʫʞʝ ʩ ʧʦʙʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʝʥʦʚʦʡ ʨʝʘʢʮʠʠ 49b (ʉʭʝʤʘ 13, 

ʊʘʙʣʠʮʘ 3). 

ʉʭʝʤʘ 13. 

 

ʊʘʙʣʠʮʘ 3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʦʚ ʩ ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʤ 47 

ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

R1 R2 ʫʩʣʦʚʠʷ ʦʙʱʠʡ 

ʚʳʭʦʜ, % 

48 : 49 

H H 
Eu(fod)3 (0.05 ɻ ʢʚ.), PhMe, 0 32 ʪʦʣʴʢʦ 48a 

Eu(fod)3 (0.05 ɻ ʢʚ.), ʛʝʢʩʘʥ, 0 86 ʪʦʣʴʢʦ 48a 

(CH2)2OTBS Me 

Eu(fod)3 (0.15 ɻ ʢʚ.), MeCN, 0 35 1 : 1.3 

Eu(fod)3 (0.15 ɻ ʢʚ.),  

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 0 
59 2 : 1 

 

ʇʦʤʠʤʦ ZnCl2 ʠ Eu(fod)3 ʚ ʛʝʪʝʨʦ-ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʤʝʜʠ (II) ʩ ʭʠʨʘʣʴʥʳʤ ʙʠʩʦʢʩʘʟʦʣʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʦʨʦʰʝʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

[29]. 

ʉʧʠʨʦʢʝʪʘʣʠ ʩ ʢʦʥʜʝʨʩʠʨʦʚʘʥʥʳʤʠ ʙʝʥʟʦʣʴʥʳʤʠ ʷʜʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ ʝʥʵʬʠʨʦʚ ʩ ʦʨʪʦ-ʭʠʥʦʥʤʝʪʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ in 

situ. ɺ ʨʘʙʦʪʝ [30] ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʣʠʯʥʳʭ 

2-ʤʝʪʠʣʠʜʝʥʭʨʦʤʘʥʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 
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ʦʨʪʦ-ʭʠʥʦʥʤʝʪʠʜʘʤʠ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 110 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ɺʳʭʦʜʳ 

ʫʜʘʸʪʩʷ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ TiCl4 (ʉʭʝʤʘ 14). 

ʉʭʝʤʘ 14. 

 

ɺ ʨʘʙʦʪʝ [31] ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʠʥʪʝʟʝ ʩʪʨʫʢʪʫʨ r ʩʝʤʝʡʩʪʚʘ 

ʨʫʙʨʦʤʠʮʠʥʦʚ. 

ʇʨʦʠʟʚʦʜʥʳʝ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ 

ʀʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ (ʈʠʩ. 1) ʚ ʨʝʘʢʮʠʷʭ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 

ʜʝʤʦʥʩʪʨʠʨʫʪʁ, ʯʪʦ ʜʠʝʥ ʤʦʞʝʪ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʥʝʤʫ ʢʘʢ ʧʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ 

C(5)=C, ʪʘʢ ʠ ʧʦ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ C(3)=C(4) 

[32,33]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʝʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ (ʉʭʝʤʘ 15, 

ʊʘʙʣʠʮʘ 4). ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [32,34ï37], 

ʧʨʦʪʦʘʥʝʤʦʥʠʥ 54a ʨʝʘʛʠʨʫʝʪ ʩ ʧʨʦʩʪʳʤʠ ʜʠʝʥʘʤʠ 

ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʩʚʷʟʠ C(5)=CH2. ɽʩʣʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʜʠʝʥʦʬʠʣʘ ʩʦʜʝʨʞʘʪʩʷ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʩʚʷʟʠ C(5)=CHAlk, C(5)=CHAryl, ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʩʚʷʟʠ C(3)=C(4). ɺ ʩʣʫʯʘʝ 3- ʠ 

4-ʟʘʤʝʱʸʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʘʜʜʫʢʪʳ I, ʘ ʚ ʩʣʫʯʘʝ 

ʥʝʟʘʤʝʱʸʥʥʳʭ ʘʥʘʣʦʛʦʚ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ 

C(3)H=C(4)H ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʦʚ II . 

ʉʭʝʤʘ 15. 

 

ʈʠʩ. 1. ʇʨʦʪʦʘʥʝʤʦʥʠʥ, 

ʪʦʢʩʠʥ ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ 

ʣʶʪʠʢʦʚʳʭ (Ranunculaceae) 
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ʊʘʙʣʠʮʘ 4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʥʳʭ  ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ 54 ʩ ʜʠʝʥʘʤʠ 10, 55-57. 

ʜʠʝʥʦʬʠʣ ʨʝʟʫʣʴʪʘʪ ʩʩʳʣʢʘ 

 

ʦʙʨʘʟʫʝʪʩʷ I, ʚ ʩʣʫʯʘʝ 

ʚʳʩʦʢʦʘʢʪʠʚʥʦʛʦ ʜʠʝʥʘ 57 ʪʘʢʞʝ 

ʦʙʨʘʟʫʝʪʩʷ ʤʠʥʦʨʥʳʡ ʧʨʦʜʫʢʪ II  

[32,33,35ï37] 

 

R4 = Br, OMe, OAc 

ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ I  [32,36] 

 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʠʤʠ 

ʚʳʭʦʜʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʙʨʘʟʫʝʪʩʷ I  

[32] 

 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʠʤʠ 

ʚʳʭʦʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ I  

[32] 

 

R1 = ʘʣʢʠʣ-, ʘʨʠʣ-,CHO 

ʚ ʩʣʫʯʘʝ ʜʠʝʥʘ 57 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

II  

[33] 

 

R1 = ʘʣʢʠʣ- 

ʨʝʘʢʮʠʷ ʥʝ ʠʜʸʪ [33] 

 

R1 = ʘʣʢʠʣ-, ʘʨʠʣ- 

ʚ ʩʣʫʯʘʝ ʜʠʝʥʘ 57 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

I  

[33] 

 

ɺ ʨʘʙʦʪʝ [37] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʝʥ r (ʮʠʢʣʦʧʝʥʪʘʜʠʝʥ, 

ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ) ʨʝʘʛʠʨʫʶʪ ʩ ʧʨʦʪʦʘʥʝʤʦʥʠʥʦʤ ʧʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ C=Cʩʚʷʟʠ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ 58 ʠ 60, ʚ ʢʦʪʦʨʳʭ ʩʣʦʞʥʦʵʬʠʨʥʘʷ 

ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʚ ʵʥʜʦ-ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ (CH2)n ʤʦʩʪʠʢʘ (ʉʭʝʤʘ 16, ʊʘʙʣʠʮʘ 5). 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ ʩʝʣʝʢʪʠʚʥʦ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʝʤʠ 

ʞʝ ʩʫʤʤʘʨʥʳʤʠ ʚʳʭʦʜʘʤʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʝʦʞʠʜʘʥʥʳʡ ʨʦʩʪ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ 

ʨʝʘʢʮʠʠ ʩ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʧʨʠ 160 ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʙʦʯʥʦ ʧʨʦʪʝʢʘʶʱʠʤ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʚʪʦʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʜʠʝʥʘ ʢ ʵʥʜʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʛʝʪʝʨʦʮʠʢʣʘ, 

ʯʪʦ ʜʝʣʘʝʪ ʥʝʢʦʨʨʝʢʪʥʳʤ ʘʥʘʣʠʟ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 60 ʠ 61 ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 
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ʉʭʝʤʘ 16. 

 

ʊʘʙʣʠʮʘ 5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʠ 

ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ. 

 

ʜʠʝʥ t  58a : 59a ʜʠʝʥ t  58b : 59b 

 

60 2.60: 1 

 

60 1.49: 1 

85 2.55: 1 85 1.48: 1 

100 2.46: 1 100 1.47: 1 

135 2.26: 1 135 1.46: 1 

160 2.22: 1 160 0.19: 1 

 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʝʨʝʦʠʟʦʤʝʨʘ 58 ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

3-ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ [32,36]. ɻʝʪʝʨʦʮʠʢʣʳ 54b,c, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʛʨʫʧʧʳ Br ʠ OAc, ʨʝʘʛʠʨʫʶʪ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʢʘʢ ʠ ʧʨʦʪʦʘʥʝʤʦʥʠʥ 54a. ʅʘʧʨʦʪʠʚ, 

ʤʝʪʦʢʩʠʧʨʦʠʟʚʦʜʥʦʝ 54d ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʝʥʦʤ ʤʝʥʝʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʉʭʝʤʘ 17). 

ʉʭʝʤʘ 17. 

 

ʅʝʮʠʢʣʠʯʝʩʢʠʝ 1,3-ʙʫʪʘʜʠʝʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʦʪʦʘʥʝʤʦʥʠʥʦʤ 

[34,35]. ɺ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʜʠʝʥʦʚ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 140-

170  ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ, ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʜʠʝʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʨʪʦ- ʠ ʧʘʨʘ-ʘʜʜʫʢʪʦʚ 

(ʉʭʝʤʘ 18). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝ ʤʦʛʫʪ 
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ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʝʥʦʚ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ (Ac, 

COOEt) [34]. 

ʉʭʝʤʘ 18. 

 

ʈʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʧʨʦʪʦʘʥʝʤʦʥʠʥʦʤ ʙʳʣʘ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʧʨʝʥʘ (ʉʭʝʤʘ 19, ʊʘʙʣʠʮʘ 6) [35]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʘʨʘ- ʠ ʤʝʪʘ-ʘʜʜʫʢʪʦʚ 66 ʠ 67 ʫʤʝʥʴʰʘʝʪʩʷ ʩ 26:1 ʜʦ 6:1 ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 155 . ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚ AlCl 3 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʛʠʦʠʟʦʤʝʨʦʚ. 

ʉʭʝʤʘ 19. 

 

ʊʘʙʣʠʮʘ 6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ 54a ʩ ʠʟʦʧʨʝʥʦʤ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʪʝʤʧʝʨʘʪʫʨʘ,  ʚʨʝʤʷ, ʯ. AlCl 3, ɻ ʢʚ. ʚʳʭʦʜ, % 66 : 67 

25 21 0.33 38 26.0 : 1 

25 21 1 38 24.6 : 1 

25 140 0.33 39 24.0 : 1 

63 120 - 24 20.7 : 1 
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95 48 - 52 12.2 : 1 

108 3 - 69 9.8 : 1 

118 1 - 64 8.9 : 1 

130 0.75 - 68 8.2 : 1 

140 0.4 - 58 7.5 : 1 

155 4 - 77 5.6 : 1 

 

 ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʦʪʦʘʥʝʤʦʥʠʥʦʤ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʚ ʨʘʙʦʪʘʭ [36,38ï40]. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʷʜʘ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ 

ʜʠʝʥʦʚ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʝʥʦʬʠʣʘʤʠ [41], ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-

ɸʣʴʜʝʨʘ ʩ ʛʝʪʝʨʦʮʠʢʣʦʤ 54 ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʨʘʜʠʢʘʣʴʥʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ I  (ʉʭʝʤʘ 20, ʊʘʙʣʠʮʘ 7). ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʜʜʫʢʪʦʚ [2+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ I I  ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʩ 1,3-ʙʫʪʘʜʠʝʥʦʤ [36,40], ʧʨʠʯʸʤ ʚʳʭʦʜʳ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ I I  ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʉʭʝʤʘ 20. 

 

 ʊʘʙʣʠʮʘ 7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ 54 ʩ ʠʟʦʧʨʝʥʦʤ. 

X ʫʩʣʦʚʠʷʨʝʘʢʮʠʠ ʆʙʱʠʡ ʚʳʭʦʜ, % I I  : II I  

H 

150 , 45 ʤʠʥʫʪ 77 2 : 3 

150 , 90 ʤʠʥʫʪ 80 2 : 1 

150 , 135 ʤʠʥʫʪ 90 15 : 1 

Br 

150 , 10 ʤʠʥʫʪ 44 2 : 1 

150 , 20 ʤʠʥʫʪ 69 5 : 1 

150 , 40 ʤʠʥʫʪ 84 15 : 1 

OMe 

155 , 4 ʯʘʩʘ 54 1 : 1 

155 , 8 ʯʘʩʘ 65 2 : 1 

155 , 20 ʯʘʩʘ 85 8 : 1 
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ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʘʩʠʥʭʨʦʥʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʙʫʪʘʜʠʝʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ I I  ʚ ʠʟʙʳʪʢʝ ʠʟʦʧʨʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ II I  [36]. ɽʩʣʠ ʙʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʧʨʦʪʝʢʘʣʘ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʝʥʦʬʠʣʘ 54, ʪʦ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʝʦʙʣʘʜʘʣʠ ʙʳ 

ʘʜʜʫʢʪʳ ʩ ʠʟʦʧʨʝʥʦʤ IV  ʠ V (ʉʭʝʤʘ 21). 

ʉʭʝʤʘ 21. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʁʩʷ ʚ ʩʠʥʪʝʟʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʩ ʭʠʨʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ [42ï45]. 

ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʮʝʪʘʣʝʡ ʢʝʪʝʥʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 1,1-ʜʠʟʘʤʝʱʸʥʥʳʭ ʘʣʢʝʥʦʚ ʩ ʣʝʛʢʦ 

ʫʭʦʜʷʱʠʤʠ ʛʨʫʧʧʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʦʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʬʦʨʤʘʣʴʥʳʝ ʘʜʜʫʢʪʳ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʝʥʦʚ ʢ ʢʝʪʝʥʫ CH2=C=O ʧʦ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ 

(ʉʭʝʤʘ 22) [46ï48]. 

ʉʭʝʤʘ 22. 

 

ʅʘʣʠʯʠʝ ʛʨʫʧʧ OR, SR, NR2 ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 1,1-ʜʠʟʘʤʝʱʸʥʥʦʛʦ ʘʣʢʝʥʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʫʪʘʜʠʝʥʘ. ʈʝʘʢʮʠʠ ʩ ʪʘʢʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʝʢʘʪʁ ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ [49]. 

ʅʘʧʨʦʪʠʚ, ʘʣʢʝʥ rʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ S(=O)R, SO2R ʨʝʘʛʠʨʫʶʪ ʩ 

ʙʫʪʘʜʠʝʥʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [50,51]. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʰʸʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ 

ʭʠʨʘʣʴʥʳʭ ʢʝʪʦʥʦʚ [52]. ɺ ʊʘʙʣʠʮʝ 8 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʠʤʝʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

1,3-ʜʠʦʢʩʠʜʘ 2-ʤʝʪʠʣʠʜʝʥ-1,3-ʜʠʪʠʘʥʘ 68 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ, 1-ʤʝʪʦʢʩʠ-1,3-ʙʫʪʘʜʠʝʥʦʤ, 

ʬʫʨʘʥʦʤ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʫʣʴʬʦʢʩʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 68 ʩ ʜʠʝʥʘʤʠ ʥʝ ʪʨʝʙʫʝʪ ʢʘʪʘʣʠʟʘ ʠ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʦʡ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʫʜʘʸʪʩʷ ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʚ 
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ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ BF3ĀEt2O, SnCl4 ʠʣʠ Et2AlCl, ʦʜʥʘʢʦ 

ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘʤʠ ʤʦʛʫʪ 

ʧʦʙʦʯʥʦ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʦʜʫʢʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʄʠʭʘʵʣʶ [52]. ɺ ʩʣʫʯʘʝ ʤʝʥʝʝ 

ʨʝʘʢʮʠʦʥʥʦʛʦ 2H-ʧʠʨʘʥ-2-ʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʠʝʥʦʬʠʣʦʤ 68 ʧʨʦʪʝʢʘʝʪ ʚ ʙʦʣʝʝ 

ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. 

ʉʭʝʤʘ 23. 

 

 ʊʘʙʣʠʮʘ 8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,3-ʜʠʦʢʩʠʜʘ 2-ʤʝʪʠʣʠʜʝʥ-1,3-ʜʠʪʠʘʥʘ 68 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʝʥʘʤʠ. 

ʧʨʦʜʫʢʪ r ʫʩʣʦʚʠʷ ʦʙʱʠʡ ʚʳʭʦʜ, % a : b 

 

CH2Cl2, r.t. 96 90 : 10 

BF3ĀEt2O, EtCN, -78 74 >97 : 3 

 

EtCN, r.t. 83 >97 : 3 

 

EtCN, r.t. 64 76 : 24 

BF3ĀEt2O, EtCN, -78 53 85 : 15 

SnCl4, EtCN, -78 65 >97 : 3 

 

CH2Cl2, 40  60 73 : 27 

BF3ĀEt2O, CH2Cl2, -78 96 (41 : 59)*  68 : 32 

 

BF3ĀEt2O, CH2Cl2, -35  60 90 : 10 

Et2AlCl , ʛʝʢʩʘʥ, -78 62 74 : 26 
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EtCN, 97  77 59 : 41 

BF3ĀEt2O, CH2Cl2, -78 21 80 : 20 

Et2AlCl , ʛʝʢʩʘʥ-CH2Cl2, 

-78 
95 (55: 45)*  >97 : 3 

 

PhMe, 111  33 94 : 6 

* - ʫʢʘʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʠʣʠʜʝʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʩʫʣʴʬʦʢʩʠʜʦʚ ʠ ʩʫʣʴʬʦʥʦʚ, ʠʭ 

ʪʨʠʟʘʤʝʱʸʥʥʳʝ ʘʥʘʣʦʛʠ ʨʝʘʛʠʨʫʶʪ ʩ ʜʠʝʥʘʤʠ ʚ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʯʘʩʪʦ ʪʨʝʙʫʪʁ 

ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʢʘʪʘʣʠʟʘʪʦʨʘ [53]. 

ʈʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʝʪʝʥʘ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʦʚ ʠ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʦʚ (ʩʤ. ʨʘʟʜʝʣ 

ʇʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ ʠ 2-ʤʝʪʠʣʠʜʝʥʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʘ), ʚ 

ʦʩʥʦʚʥʦʤ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʘʭ ʘʢʮʝʧʪʦʨʥʳʭ ʛʝʪʝʨʦʜʠʝʥʦʚ. ɺ ʨʘʙʦʪʘʭ [54,55] ʙr ʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʢʝʪʝʥʘ 77 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʨʝʘʛʠʨʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʘʢʨʦʣʝʠʥʘʤʠ ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʉʭʝʤʘ 24, ʊʘʙʣʠʮʘ 9). 

ʉʭʝʤʘ 24. 

 

ʊʘʙʣʠʮʘ 9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʮʝʪʘʣʝʡ ʢʝʪʝʥʘ 77 ʩ ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʘʤʠ. 

ʧʨʦʜʫʢʪ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % ʩʩʳʣʢʘ 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, MW, 

450 W, 120  
49 [54] 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, MW, 

780 W, 110  
73 [55] 
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ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, MW, 

780 W, 100 
79 

[55] 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, MW, 

780 W, 155 ,  
91 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, MW, 

780 W, 120 
92 

 

ʅʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʝʪʝʥʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʭʠʨʘʣʴʥʳʭ ʜʠʦʣʦʚ, ʚ 

ʨʘʙʦʪʝ [56] ʙr ʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʵʥʘʥʪʠʦʤʝʨʥʳʭ 2-ʤʝʪʠʣʭʨʦʤʘʥ-4-ʦʥʦʚ. 

ɺʚʝʜʝʥʠʝ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʫ ʜʠʝʥʦʬʠʣʘ ʧʦʟʚʦʣʠʣʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʝʡ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʊʘʙʣʠʮʝ 10, ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʨʫʧʧ R ʚ ʠʩʭʦʜʥʦʤ ʘʮʝʪʘʣʝ. ʅʘʠʙʦʣʴʰʘʷ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ 

2-ʙʨʦʤʬʝʥʠʣʴʥʦʛʦ ʠ  2,6-ʜʠʤʝʪʠʣʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʉʭʝʤʘ 25. 

 

 ʊʘʙʣʠʮʘ 10. ʉʠʥʪʝʟ 2-ʤʝʪʠʣʭʨʦʤʘʥ-4-ʦʥʦʚ 82 ʠ 83 ʠʟ ʘʮʝʪʘʣʝʡ ʢʝʪʝʥʘ ʨʝʘʢʮʠʝʡ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ. 

R ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʚʳʭʦʜ 82 + 83, % d.e., % 

Ph -78Ÿ20 61 40 

2,6-Me2C6H3 -28  54 78 

2-MeC6H4 -28  70 69 

2-BrC6H4 -28  79 78 

2-ʥʘʬʪʠʣ 0  58 35 
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 ɼʣʷ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠ ̫ 89 ʚʤʝʩʪʦ ʭʠʨʘʣʴʥʳʭ ʘʮʝʪʘʣʝʡ 

ʢʝʪʝʥʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʠʨʘʣʴʥʳʝ ʘʤʠʥʘʣʠ. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [57] ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʢʝʪʦʥʘ 89 ʠʟ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ 2-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʠʜʠʥʦʚ ʧʦ 

ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʧʨʦʜʫʢʪʦʚ (ʉʭʝʤʘ 26). ɽʩʣʠ 

ʠʩʭʦʜʥʳʡ ʜʠʝʥʦʬʠʣ ʥʝ ʩʦʜʝʨʞʘʣ ʘʨʠʣʴʥʳʡ ʠʣʠ ʨʘʟʚʝʪʚʣʸʥʥʳʡ ʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʫ 

ʘʪʦʤʘ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ (R1, R2, ʉʭʝʤʘ 26), ʪʦ ʨʝʘʢʮʠʷ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʧʨʦʪʝʢʘʣʘ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʧʠʨʦʘʤʠʥʘʣʝʡ 86, ʢʦʪʦʨʳʝ ʧʨʠ ʩʪʦʷʥʠʠ 

ʤʝʜʣʝʥʥʦ ʧʝʨʝʛʨʫʧʧʠʨʦʚʳʚʘʣʠʩʴ ʚ ʪʘʫʪʦʤʝʨʳ 87 ʠ 88. ʅʠʟʢʠʡ ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ 

ʢʝʪʦʥʘ 89, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 86 ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʢʠʩʣʦʪʳ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʠʟʢʫʶ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʝʥʦʚ ʢ 

2-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʠʜʠʥʘʤ. 

ʉʭʝʤʘ 26. 

 

ɺ ʮʝʣʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʝʪʦʥʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʮʠʢʣʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʝʮʠʢʣʠʯʝʩʢʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʳ ʢʝʪʝʥʘ. ʆʜʥʘʢʦ 

ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʭʠʨʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʩʠʥʪʝʟʘ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ ʢʝʪʦʥʦʚ. 

ʎʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ 2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʦʩʣʦʞʥʝʥʦ ʪʝʤ, ʯʪʦ 

ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʢʣʦʥʥʳ ʢ ʜʠʤʝʨʠʟʘʮʠʠ [58] ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ [59,60] ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 27). ʅʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣʠʜʝʥʮʠʢʣʦʛʝʢʩʘʥʦʥʘ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʜʠʤʝʨʠʟʫʶʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʧʦʵʪʦʤʫ ʠʭ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʫʯʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʝʘʢʮʠʠ [61]. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʢʝʪʦʥʘ 90 2-ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʳ ʠ 2-ʤʝʪʠʣʠʜʝʥʣʘʢʪʘʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ, ʠ ʜʣʷ ʠʭ ʠʟʦʤʝʨʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʞʸʩʪʢʠʝ ʫʩʣʦʚʠʷ [62]. 
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ʉʭʝʤʘ 27. 

 

 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʳ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʢʟʦ-

ʧʨʦʜʫʢʪʦʚ 95 (ʉʭʝʤʘ 28, ʊʘʙʣʠʮʘ 11). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʢʠʩʣʦʪ 

ʃʴʶʠʩʘ (ZnCl2, AlCl 3, TiCl4, Eu(fod)3) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʢ ʜʠʝʥʦʬʠʣʫ 

[63]. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʝʩʣʠ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ 

ʩʦʜʝʨʞʠʪ ʭʠʨʘʣʴʥʳʝ  ʣʠʛʘʥʜʳ [61,64,65]. 

ʉʭʝʤʘ 28. 

 

ʊʘʙʣʠʮʘ 11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ 94ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ. 

X Y ʫʩʣʦʚʠʷʨʝʘʢʮʠʠ ʚʳʭʦʜ 95 : 96 ʩʩʳʣʢʘ 

CH2 CH2 ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 125 47 91 : 9 [66] 

O CH2 
PhMe, æ 97 88 : 12 

[63] 
TiCl4 (0.1 ɻ ʢʚ.), CH2Cl2, -30 40 90 : 10 

NH CH2 
PhMe, æ 85 93 : 7 

[67] 
AlCl 3 (0.1 ɻ ʢʚ.), CH2Cl2, -10 70 92 : 8 

O CO PhH, r.t. ʚʳʩʦʢʠʡ 100 : 0 [68,69] 

 

ʅʘʣʠʯʠʝ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʢʦʣʦ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ 2-ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʦʚ 

ʥʘʣʘʛʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʜʭʦʜ ʜʠʝʥʦʚ ʢ ʩʫʙʩʪʨʘʪʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ. ɺ ʨʘʙʦʪʝ [70] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʠʣʠʜʝʥʦʢʩʝʪʘʥʦʥ 

97, ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʧʨʦʧʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʛʝʪʝʨʦʮʠʢʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ, ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʠ ʬʫʨʘʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 
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ʠʟ ʯʝʪʳʨʸʭ ʚʦʟʤʦʞʥʳʭ, ʘ ʚ ʩʣʫʯʘʝ ʠʟʦʧʨʝʥʘ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘ-ʠʟʦʤʝʨ 

101a (ʉʭʝʤʘ 29, ʊʘʙʣʠʮʘ 12). 

ʉʭʝʤʘ 29. 

 

 ʊʘʙʣʠʮʘ 12. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʘ 97 ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʝʥʘʤʠ. 

ʧʨʦʜʫʢʪ ʫʩʣʦʚʠʷ ʚʳʭʦʜ, % a : b 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 50 , 

ʛʠʜʨʦʭʠʥʦʥ (ʢʘʪ.) 
94 71 : 29 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 70 , 

ʛʠʜʨʦʭʠʥʦʥ (ʢʘʪ.) 
52 70 : 30 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 130 , 

ʛʠʜʨʦʭʠʥʦʥ (ʢʘʪ.) 
73 80 : 20 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 130 , 

ʛʠʜʨʦʭʠʥʦʥ (ʢʘʪ.) 
52 > 95 : 5 

 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 130 , 

ʛʠʜʨʦʭʠʥʦʥ (ʢʘʪ.) 
66 - 

 

 ɼʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʦʬʠʣʘ 103 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 

ʙʳʣ ʧʦʣʫʯʝʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʢʟʦ-ʠʟʦʤʝʨ 104 ʩ ʚʳʭʦʜʦʤ 91% (ʉʭʝʤʘ 30) [71]. 
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ʉʭʝʤʘ 30. 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʨʳ ʵʥʜʦ-ʩʝʣʝʢʪʠʚʥʳʭ ʨʝʘʢʮʠʡ 

2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʝʥʘʤʠ. ɺ ʨʘʙʦʪʝ [72] ʩʧʠʨʦʘʜʜʫʢʪ 106a ʙʳʣ 

ʧʦʣʫʯʝʥ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʘ ʧʨʠ ʫʤʝʨʝʥʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʩ 2-ʧʠʨʦʥʦʤ 105 (ʉʭʝʤʘ 31). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʵʥʜʦ-ʘʜʜʫʢʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 2H-ʧʠʨʘʥ-2-ʦʥʘʤʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʥʝʮʠʢʣʠʯʝʩʢʠʭ ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ [73ï75]. 

ʉʭʝʤʘ 31. 

 

ʆʙʨʘʪʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʠʥʪʝʟʘ 

2-ʤʝʪʠʣʠʜʝʥʙʫʪʠʨʦʣʘʢʪʦʥʦʚ [76,77]. ʉʧʠʨʦʣʘʢʪʦʥʳ 108-111, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ 

ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 107, ʚ ʫʩʣʦʚʠʷʭ ʬʣʵʰ-ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʣʠʟʘ (ʌɺʊ) ʵʣʠʤʠʥʠʨʫʶʪ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥ, ʠ ʚ ʩʣʫʯʘʝ 5-ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 108, 109 ʮʝʣʝʚʳʝ 

ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʳ 112 ʠ 113 ʦʙʨʘʟʫʶʪʩʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 32). ɺ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ ʩʦʝʜʠʥʝʥʠʝ 110 ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥ, ʢʦʪʦʨʳʡ 

ʠʟʦʤʝʨʠʟʫʝʪʩʷ ʚ 114 ʧʨʠ ʧʦʧʳʪʢʝ ʚʳʜʝʣʠʪʴ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʩʣʫʯʘʝ ʣʘʢʪʦʥʘ 111, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʧʘʨʘ-ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ, ʠʟʦʤʝʨʠʟʘʮʠʷ ʧʨʦʜʫʢʪʘ ʧʨʦʪʝʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ [77]. 

ʉʭʝʤʘ 32. 
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ɺ ʨʷʜʝ ʨʘʙʦʪ [78ï81] ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘ ̫ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʢʪʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪ ɹʜʚʘ ʥʦʚʳʭ ʮʠʢʣʘ ʚ ʤʦʣʝʢʫʣʝ 

ʟʘ ʦʜʥʫ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ. ʈʘʟʤʝʨ ʦʜʥʦʛʦ ʠʟ ʮʠʢʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʣʠʥʢʝʨʘ X 

ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ ʜʠʝʥʘ ʠ ʜʠʝʥʦʬʠʣʘ (ʩʤ. ʊʘʙʣʠʮʫ 13), ʢʦʪʦʨʘʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʨʝʘʢʮʠʠ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ 5- ʠʣʠ 

6-ʯʣʝʥʥʳʤʠ ʮʠʢʣʘʤʠ 119a-d ʠ 120a-d ʥʝʦʙʭʦʜʠʤʦ ʢʠʧʷʯʝʥʠʝ ʚ ʪʦʣʫʦʣʝ (~110 ) ʚ ʪʝʯʝʥʠʝ 

2-3 ʜʥʝʡ, ʘ ʚ ʩʣʫʯʘʝ ʮʠʢʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʪʨʠʝʥʘ ʚ 7-ʯʣʝʥʥʝr ʣʘʢʪʦʥ r 119e, 120e 

ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʦʨʪʦ-ʜʠʭʣʦʨʙʝʥʟʦʣʝ 

(~180 ) ʩ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. 

ʉʭʝʤʘ 33. 

 

 ʊʘʙʣʠʮʘ 13. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 2-ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʦʚ 118a-f. 

ʥʦʤʝʨʘ 

ʩʦʝʜʠʥʝʥʠʡ 
X R 

ʚr ʭʦʜ 119 + 

120, % 
119 : 120 ʩʩʳʣʢʘ 

119a + 120a -CMe2- CH2OMEM 61 97 : 3 [80] 

119b + 120b -CH2CH2- H 74 86 : 14 [81] 

119c + 120c -CH2CMe2- H 78 95 : 5 [80] 

119d + 120d -CH2CMe2- CH2OMEM 61 86 : 14 [80] 

119e + 120e -CH2CH2CH2- CH2OMEM 76 53 : 47 [80] 

119f + 120f 

 

H 0 - [80] 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʪʨʫʢʪʫʨʳ ʩ 8-ʯʣʝʥʥʳʤ ʮʠʢʣʦʤ. ʇʦʧʳʪʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠ ̫ 119f ʠ 120f ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʠʝʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

160  ʠʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Et2AlCl  ʧʨʠ -78  ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳ. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʥʝ 

ʧʨʦʪʝʢʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʤʝʪʠʣʠʜʝʥʣʘʢʪʦʥʦʚ (ʜʠʝʥʦʬʠʣ), ʩʦʜʝʨʞʘʱʠʡ 

ʬʫʨʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ (ʜʠʝʥ) [80]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 2-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʘ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠ 
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ʭʦʨʦʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʚ ʩʠʥʪʝʟʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [82ï

84]. 

ʎʠʢʣʠʯʝʩʢʠʝ 2-ʤʝʪʠʣʠʜʝʥ-1,3-ʜʠʢʝʪʦʥʳ 

 ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʘ, ʤʝʪʠʣʠʜʝʥʜʠʢʝʪʦʥʳ ʷʚʣʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʥʝʨʠʨʫʶʪʩʷ in situ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1,3-ʜʠʢʝʪʦʥʦʚ. ɺʚʠʜʫ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʠʣʠʜʝʥʜʠʢʝʪʦʥʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʷʭ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʢʘʢ ʚ ʨʦʣʠ 

ʜʠʝʥʦʬʠʣʘ, ʪʘʢ ʠ ʨʦʣʝ ʛʝʪʝʨʦʜʠʝʥʘ. 

 ɺ ʨʘʙʦʪʝ [85] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʠʢʝʪʦʥʘ 122 ʩ ʧʨʦʩʪʳʤʠ 

ʜʠʝʥʘʤʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʜʠʦʢʩʘʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʠʨʘʥʦʭʠʥʦʥʦʚ 128 ʠ 129, ʘ 

ʥʝ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʡ (ʉʭʝʤʘ 34). ʈʝʘʢʮʠʷ ʩʝʣʝʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʧʦ ʦʜʥʦʡ ʠʟ ʜʚʦʡʥʳʭ 

ʩʚʷʟʝʡ ʙʫʪʘʜʠʝʥʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʤʝʨʦʚ 128, ʚ ʢʦʪʦʨʳʭ 

ʜʠʛʠʜʨʦʧʠʨʘʥʦʚʳʡ ʮʠʢʣ ʦʙʨʘʟʫʝʪ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ C=O ʛʨʫʧʧʘ 

ʤʝʪʠʣʠʜʝʥʪʨʠʢʝʪʦʥʘ [85]. 

ʉʭʝʤʘ 34. 

 

 ɺ ʩʣʫʯʘʝ ʤʝʪʠʣʠʜʝʥʤʘʣʦʥʘʪʘ 134 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʠʝʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʞʠʜʘʝʤʳʤ ʩʧʠʨʦʘʜʜʫʢʪʘʤ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʈʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 134 ʩ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ, ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʠ 1,3-ʙʫʪʘʜʠʝʥʘʤʠ ʧʨʦʪʝʢʘʶʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [86ï88], ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 138a-f ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʠʜʝʥʤʘʣʦʥʘʪʘ 134 (ʉʭʝʤʘ 35). ʅʘʠʙʦʣʴʰʠʭ ʚʳʭʦʜʦʚ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʠʨʠʜʠʥʘ 133 [87]. 
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ʉʭʝʤʘ 35. 

 

 

ʇʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʜʠʝʥʦʬʠʣʘ 134 [89], 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [90] 

ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 140 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʤʝʩʪʝ ʩ ʧʨʠʤʝʩʴʶ ʜʠʩʧʠʨʦʣʘʢʪʦʥʘ 141 - ʧʨʦʜʫʢʪʘ 

ʬʦʨʤʘʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʙʫʪʘʜʠʝʥʫ 139 ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʤʝʪʠʣʠʜʝʥʤʘʣʦʥʘʪʘ ʠ 

ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʬʦʨʤʘʣʴʜʝʛʠʜʘ (ʉʭʝʤʘ 36). 

ʉʭʝʤʘ 36. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ C=O ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʳʭʩʦʝʜʠʥʝʥʠʡ I, ʥʦ ʠ ʦʪ ʩʪʝʨʠʯʝʩʢʦʡ 

ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʩʚʷʟʠ C=C. ʉʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 1,3-ʜʠʢʝʪʦʥʦʚ ʩ ʜʠ- ʠ 

ʪʨʠʟʘʤʝʱʸʥʥʦʡ C=C ʩʚʷʟʴʶ ʧʨʠʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʝ 14. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʠʭ ʪʨʠʟʘʤʝʱʸʥʥʳʝ ʘʥʘʣʦʛʠ ʚ ʨʝʘʢʮʠʷʭ ʩ ʙʫʪʘʜʠʝʥʘʤʠ ʚʩʝʛʜʘ ʦʙʨʘʟʫʶʪ 
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ʩʧʠʨʦʘʜʜʫʢʪʳ III , ʘ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʛʝʪʝʨʦ-ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʭ ʜʠʝʥʦʬʠʣʦʚ ʚʨʦʜʝ ʵʬʠʨʦʚ ʝʥʦʣʦʚ. 

ʉʭʝʤʘ 37. 

 
ʊʘʙʣʠʮʘ 14. ɺʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 2-ʤʝʪʠʣʠʜʝʥ-

1,3-ʜʠʢʝʪʦʥʦʚ. 

ʧʨʦʠʟʚʦʜʥʳʝ 

2-ʤʝʪʠʣʠʜʝʥ-1,3-ʜʠʢʝʪʦʥʘ 
ʚ ʨʦʣʠ ʛʝʪʝʨʦʜʠʝʥʘ ʚ ʨʦʣʠ ʜʠʝʥʦʬʠʣʘ 

 

ʨʝʘʛʠʨʫʶʪ ʩ ʘʣʢʝʥʘʤʠ 

[85,91,92] ʠ ʜʠʝʥʘʤʠ [85] 

ʧʨʠ 100-110 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʦʪʩʫʪʩʪʚʫʶʪ 

 

ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʦʪʩʫʪʩʪʚʫʶʪ 

ʨʝʘʛʠʨʫʝʪ ʩ ʜʠʝʥʘʤʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [86ï88] 

 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʵʬʠʨʘʤʠ ʝʥʦʣʦʚ ʧʨʠ 50  

[93] 

ʨʝʘʛʠʨʫʶʪ ʩ ʙʫʪʘ-1,3-ʜʠʝʥ-

2-ʘʤʠʥʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʫʤʝʨʝʥʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ [94] 

 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʵʬʠʨʘʤʠ ʝʥʦʣʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ 

ʫʤʝʨʝʥʥʦʤ ʥʘʛʨʝʚʘʥʠʠ 

[93,95,96] 

ʨʝʘʛʠʨʫʶʪ ʩ ʙʫʪʘʜʠʝʥʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 65-100  [94,97] 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʝʪʠʣʠʜʝʥʜʠʢʝʪʦʥʦʚ, ʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 3-ʠʤʠʥʦ-1-

ʢʝʪʦʥʘ ʷʚʣʷʶʪʩʷ ʤʘʣʦʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ 

ʯʠʩʪʦʤ ʚʠʜʝ. ɺ ʨʘʙʦʪʝ [98] ʦʢʩʘʟʦʣʦʥ 144 ʧʦʣʫʯʘʣʠ in situ ʠʟ ʙʝʥʟʦʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʘʣʘʥʠʥʘ 142 ʧʦʜ ʜʝʡʩʪʚʠʝʤ N,Nô-ʜʠʠʟʦʧʨʦʧʠʣʢʘʨʙʦʜʠʠʤʠʜʘ. ɺʨʝʤʷ ʞʠʟʥʠ ʠʥʪʝʨʤʝʜʠʘʪʘ 

144 ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʠ ʚ ʙʦʣʝʝ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʢʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 144 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʜʜʫʢʪʳ 145a ʠ 145b ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʦʜʠʥʘʢʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

(ʉʭʝʤʘ 38). 
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ʉʭʝʤʘ 38. 

 

ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʘʢʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʟʦʣʦʥʦʚ 144 ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʜʠʝʥʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʠʥʪʝʟʝ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ [99]. 

ʎʠʢʣʠʯʝʩʢʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʘʣʢʝʥʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʣʢʦʢʩʠ ʠ 2-ʘʤʠʜʦʘʢʨʠʣʘʪʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʜʠʝʥʦʬʠʣʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʩʫʙʩʪʨʘʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʜʠʝʥʘʤʠ. ʅʘʧʨʠʤʝʨ, ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥ rʠ ʛʠʜʘʥʪʦʠʥ rʩ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ C=C ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 60-

100 , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʝ ʩʪʝʨʝʦʠʟʦʤʝʨ r

149a, 150a (ʉʭʝʤʘ 39, ʊʘʙʣʠʮʘ 15). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʦʨʠʜʦʚ ʜʠʘʣʢʠʣʘʣʶʤʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟʦʤʝʨʦʚ 151a ʠ 151b ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʦʪ Me2AlCl  ʢ Et2AlCl, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʘʣʢʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʝ ʜʠʝʥʦʬʠʣ-ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ ʥʘ ʧʦʜʭʦʜ ʜʠʝʥʘ. 

ʉʭʝʤʘ 39. 

 

 ʊʘʙʣʠʮʘ 15. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʝʥʦʬʠʣʦʚ 146-148 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ. 

ʜʠʝʥʦʬʠʣ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % a : b ʩʩʳʣʢʘ 

X = O; R = Ph ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 60 73 ʪʦʣʴʢʦ 149a [100] 

X = NBn, R = Bn 
PhMe, 100 95 ʪʦʣʴʢʦ 150a 

[101] 
Et2AlCl  (1 ɻ ʢʚ.), CH2Cl2, r.t. 98 75 : 25 

X = N(CHMePh), 

R = CHMePh 

Me2AlCl  (1.2 ʵʢʚ.), CH2Cl2,  

-70Ÿ0 
93 83 : 17 

[102] 
Et2AlCl  (1.2 ʵʢʚ.), CH2Cl2,  

-70Ÿ0 
84 97 : 3 
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ɺ ʨʘʙʦʪʝ [103] ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʩ ʤʝʪʠʣʠʜʝʥ- ʠ 

ʭʣʦʨʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘʤʠ 147, 152-160. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ 

ʭʦʨʦʰʝʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 150, 161-169 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʝʥʦʬʠʣʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʪʠʦʛʠʜʘʥʪʦʠʥʳ 153, 154, 159 ʠ 160 ʙʦʣʝʝ ʘʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʠʝʥʦʬʠʣʦʚ, ʯʝʤ ʛʠʜʘʥʪʦʠʥʳ 

147, 152, 155-158, ʘ ʭʣʦʨʠʨʦʚʘʥʥʳʝ ʩʫʙʩʪʨʘʪʳ 155-160 ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʟʥʘʯʠʪʝʣʴʥʦ 

ʭʫʞʝ ʤʝʪʠʣʠʜʝʥʦʚʳʭ ʘʥʘʣʦʛʦʚ 147, 152-154. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʜʜʫʢʪʳ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʤʝʪʦʜʦʤ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʦʪ ʧʨʠʤʝʩʝʡ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ 

ʜʠʝʥʦʬʠʣʦʚ (ʉʭʝʤʘ 40, ʊʘʙʣʠʮʘ 16). 

ʉʭʝʤʘ 40. 

 

 ʊʘʙʣʠʮʘ 16. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʘ ʠ ʛʠʜʘʥʪʦʠʥʘ ʩ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ. 

ʥʦʤʝʨʘ 

ʠʩʭʦʜʥʳʭ 

ʜʠʝʥʦʬʠʣʦʚ 

ʥʦʤʝʨʘ 

ʧʨʦʜʫʢʪʦʚ Y X R1 R2 t  
ʢʦʥʚʝʨʩʠʷ* 

(ʚʳʭʦʜ), % 
a : b 

147 150a + 150b 
H O 

Bn Bn 110 53 87 : 13 

152 161a + 161b Bn H 23 27 79 : 21 

153 162a + 162b 
H S 

Bn H 23 100 (100) 87 : 13 

154 163a + 163b Bn Bn 23 33 (27) 93 : 7 

155 164a + 164b 

Cl O 

H H 110 6 (6) 85 : 15 

156 165a + 165b Bn Bn 150 0 - 

157 166a + 166b Boc H 90 57 89 : 11 

158 167a + 167b Boc Boc 90 53 76 : 24 

159 168a + 168b 
Cl S 

Bn H 40 76 (73) 87 : 13 

160 169a + 169b Bn Cbz 40 40 80 : 20 

* - ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 1H ʗʄʈ ʩʧʝʢʪʨʘʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʂʘʢ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʜʠʝʥʳ, ʙʫʪʘʜʠʝʥʳ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʤʝʪʠʣʠʜʝʥʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʦʚ ʠ ʛʠʜʘʥʪʦʠʥʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘ, ʦʜʥʘʢʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʠʣʴʥʦʤ 
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ʥʘʛʨʝʚʘʥʠʠ (ʩʤ. ʊʘʙʣʠʮʫ 17). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʠʝʥʘʤʠ ʤʦʞʝʪ ʠʜʪʠ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ [101] ʠʣʠ 

ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʶ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [100]. 

ɺ ʩʣʫʯʘʝ 2-(ʪʨʠʤʝʪʠʣʩʠʣʦʢʩʠ)-1,3-ʙʫʪʘʜʠʝʥʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʝʪʦʜʦʤ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʛʠʜʨʦʣʠʟʘ 173, ʘ ʚ ʩʣʫʯʘʝ 

ʠʟʦʧʨʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ ʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ 

ʨʝʛʠʦʠʟʦʤʝʨʦʚ 171, 172. 

ʉʭʝʤʘ 41. 

 

 ʊʘʙʣʠʮʘ 17. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʘ ʠ ʛʠʜʘʥʪʦʠʥʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʝʥʘʤʠ. 

ʜʠʝʥ ʧʨʦʜʫʢʪ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % ʩʩʳʣʢʘ 

 

 

ʢʩʠʣʦʣ, 190 ʠʣʠ 

ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

65 

89-97 [100] 

 

 

ʢʩʠʣʦʣ, 160  53 [100] 

 

 

ZnI2 (0.5 ʵʢʚ.), 

PhMe, 80  
91 [101] 

 

ɽʩʣʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʠʨʘʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʪʦ 

ʨʝʘʢʮʠʷ ʩ ʜʠʝʥʘʤʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʩ ʚʳʩʦʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ 

[104,105] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʝʥʦʬʠʣʦʚ 175, 176 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʠ 

ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 



37 

 

ʵʥʘʥʪʠʦʤʝʨʦʚ 177a-179a ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 42). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʩʣʦʪ 

ʃʴʶʠʩʘ (LiClO4, Et2AlCl , TiCl2(i-PrO)2) ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʘʜʝʥʠʝ ʵʥʘʥʪʠʦ- ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ. 

ʉʭʝʤʘ 42. 

 

ʄʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩ R-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʛʦ ʠ 

ʮʠʢʣʦʛʝʢʩʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʪʘʢʞʝ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʝʥʘʤʠ [106,107]. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ (R)-ʬʝʥʠʣʦʢʩʘʟʦʣʠʜʠʥʦʥʘ 180 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ ʠʟʙʠʨʘʪʝʣʴʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ 

ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʦʚ 181a ʠ 181c (ʉʭʝʤʘ 43) [108]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʵʧʠʤʝʨʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʮʚʠʪʪʝʨ-ʠʦʥ 181b, 

ʚ ʢʦʪʦʨʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʦʡ ʘʤʠʜʥʦʛʦ ʘʟʦʪʘ ʠ 

ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. ɺʳʜʝʨʞʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ 181a ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

100 ʠʣʠ 130 ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ 181a ʠ 181c ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 55 : 45, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ. 

ʉʭʝʤʘ 43. 

 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʘ 180 ʩ 1-ʟʘʤʝʱʸʥʥʳʤʠ 

1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦ, ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʜʫʢʪʳ 182a, 183a ʥʝ 

ʠʟʦʤʝʨʠʟʫʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 , ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʚʳʛʦʜʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 182b, 183b ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ R ʠ PhCO. ɺ ʩʣʫʯʘʝ 2-ʪʨʠʤʝʪʠʣʩʠʣʠʣʦʢʩʠ-1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘ ʨʝʘʢʮʠʷ ʩ 

ʜʠʝʥʦʬʠʣʦʤ 180 ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʦʣʠʟ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʡ ʩʤʝʩʠ ʨʝʛʠʦ- ʠ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ [108]. 
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Cʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʥʘ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ ɹ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʜʜʫʢʪʦʚ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʘ 184 ʪʦʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʦʮʝʩʩʳ 

ʵʧʠʤʝʨʠʟʘʮʠʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʊʘʙʣʠʮʝ 18, ʵʧʠʤʝʨʠʟʘʮʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʸʪ ʧʨʠ ʥʘʛʨʝʚʝ ʨʝʘʢʮʠʠ ʜʦ 60 , ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130  ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʩʦʝʜʠʥʝʥʠʷ 184 ʦʙʨʘʟʫʶʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ [108]. 

ʉʭʝʤʘ 44. 

 

ʊʘʙʣʠʮʘ 18. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʠʣʠʜʝʥʦʢʩʘʟʦʣʠʜʠʥʦʥʘ 180 ʩ 

2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʫʩʣʦʚʠʷ ʚʳʭʦʜ 184a + 184b, % 184a : 184b 

60 , 9 ʯʘʩʦʚ 81 93 : 7 

80 , 2 ʯʘʩʘ 59 91 : 9 

100 , 1 ʯʘʩ 52 86 : 14 

130 , 1 ʯʘʩ ʥʝ ʠʟʤʝʨʷʣʩʷ 50 : 50 

 

ʋʤʝʨʝʥʥʳʡ ʥʘʛʨʝʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʭʠʨʘʣʴʥʦʛʦ ʜʠʝʥʦʬʠʣʘ 180 ʩ ʜʠʝʥʘʤʠ 

ʦʢʘʟʘʣʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 1-ʤʝʪʠʣ, 1-ʤʝʪʦʢʩʠ ʠʣʠ 2-ʤʝʪʠʣ-1,3-ʙʫʪʘʜʠʝʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʩʦʢʦʡ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʨʝʛʠʦʠʟʦʤʝʨʦʚ [108]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʣʢʦʢʩʠ 

ʠ 2-ʘʤʠʜʦʘʢʨʠʣʘʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʝʥʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʵʥʘʥʪʠʦʤʝʨʥʳʝ ʘʜʜʫʢʪʳ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʠʥʪʝʟʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [109]. 

ʀʟʘʪʠʥʠʣʠʜʝʥʳ 

 ʈʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʜʠ-, ʪʨʠ- ʠ ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʭ ʠʟʘʪʠʥʠʣʠʜʝʥʦʚ ʩ ʜʠʝʥʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʩʦ ʩʧʠʨʦʠʥʜʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [110,111]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ 

3-ʤʝʪʠʣʠʜʝʥʦʢʩʠʥʜʦʣʦʚ [112ï114], ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʣʦ ʠʟʫʯʝʥʘ ʠʟ-ʟʘ 

ʩʢʣʦʥʥʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [114]. ʅʘʧʨʦʪʠʚ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʪʨʠ- ʠ 

ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʝ ʠʟʘʪʠʥʠʣʠʜʝʥʳ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʢʘʢ ʠ ʩ ʧʨʦʩʪʳʤʠ [115ï

119], ʪʘʢ ʠ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʜʠʝʥʘʤʠ [120ï122]. 
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 ɽʜʠʥʩʪʚʝʥʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ 3-ʤʝʪʠʣʠʜʝʥʦʢʩʠʥʜʦʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʝʥʦʬʠʣʦʚ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʠʥʪʝʟʫ ʭʠʥʘʟʦʣʠʥʦʥʩʦʜʝʨʞʘʱʠʭ ʘʣʢʘʣʦʠʜʦʚ [123ï

127]. ɺ ʨʘʙʦʪʝ [126] ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʷ ʠʟʘʪʠʥʠʣʠʜʝʥʘ 185 ʩ ʘʟʘʜʠʝʥʦʤ 23 ʚ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 45, ʊʘʙʣʠʮʘ 19). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʦʚ ʵʢʟʦ-ʘʜʜʫʢʪʦʚ 186a. ɼʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʢʠʩʣʦʪ ʃʴʶʠʩʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Y(OTf)3 ʠ Eu(fod)3) ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʵʢʟʦ-ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 45. 

 

ʊʘʙʣʠʮʘ 19. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 3-ʤʝʪʠʣʠʜʝʥʦʢʩʠʥʜʦʣʘ 185 ʩ ʭʠʥʘʟʦʣʠʥʦʥʦʤ 23 ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ t  186a : 186b 

CHCl3 - 25 37 : 63 

MeCN - 25 68 : 32 

CHCl3 Cu(OTf)2 (1 ʵʢʚ.) -78 79 : 21 

CHCl3 TfOH (0.2 ʵʢʚ.) -20 > 98 : 2 (68*) 

CHCl3 Eu(fod)3 (1 ʵʢʚ.) -20 < 2 : 98 (73*) 

*  - ʫʢʘʟʘʥ ʚʳʭʦʜ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʤʝʪʠʣʠʜʝʥʦʢʩʠʥʜʦʣʘ 185, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʝʥʦʬʠʣʘ. 

ʉʦʛʣʘʩʥʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ TfOH ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʝʭʦʜʥʦʤ ʵʢʟʦ-ʩʦʩʪʦʷʥʠʠ ʦʙʨʘʟʫʝʪʩʷ 

ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ CO-ʛʨʫʧʧʦʡ ʜʠʝʥʦʬʠʣʘ ʠ ʵʪʦʢʩʠʛʨʫʧʧʦʡ 

ʘʟʘʜʠʝʥʘ [126]. 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʜʠʝʥʘ ʚ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʝʸ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [127], ʫʤʝʥʴʰʝʥʠʝ ʠʟʙʳʪʢʘ ʜʠʝʥʘ 23 ʩ ʧʷʪʠ ʜʦ 

ʧʦʣʫʪʦʨʘ ʵʢʚʠʚʘʣʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʠʟʦʤʝʨʘ 186b 

(ʉʭʝʤʘ 46, ʊʘʙʣʠʮʘ 20). ɺ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦ, ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʵʥʜʦ-ʧʨʦʜʫʢʪ 186b 

ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 46%. 
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ʉʭʝʤʘ 46. 

 

ʊʘʙʣʠʮʘ 20. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʘʪʠʥʠʣʠʜʝʥʦʚ 185, 187, 188 ʩ ʭʠʥʘʟʦʣʠʥʦʥʘʤʠ 23, 

189-193. 

ʜʠʝʥʦʬʠʣ ʜʠʝʥ 
t  ʚʳʭʦʜ a ʚʳʭʦʜ b a : b ʩʩʳʣʢʘ 

X ʵʢʚ. R2 R3 

H 

5.0 H Me r.t. 52 18 2.9 : 1 

[127] 

1.5 H Me r.t. 34 43 1 : 1.3 

1.5 H Me ʢʠʧʷʯʝʥʠʝ 23 46 1 : 2 

5.0 Cl Me r.t. 34 25 1.4 : 1 

1.5 F Me r.t. 40 59 1 : 1.5 

1.5 H Bn r.t. 67*  1 : 1.9 

1.5 H i-Pr 40 ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ* 1 : 2.5 

1.5 H i-Bu r.t. 26 38 1 : 1.5 

COOMe 2.0 H Me r.t. 66 24 3.14 : 1 
[124] 

COOt-Bu 3.0 H Me r.t. 65 15 4.3 : 1 

*  - ʦʙʨʘʟʫʝʪʩʷ ʥʝʨʘʟʜʝʣʠʤʘʷ ʩʤʝʩʴ ʠʟʦʤʝʨʦʚ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʊʘʙʣʠʮʝ 20 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʠʟʘʤʝʱʸʥʥʳʭ 

ʠʟʘʪʠʥʠʣʠʜʝʥʦʚ ʩ ʘʟʘʜʠʝʥʦʤ 23. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧ ʥʘ 

ʧʦʜʭʦʜ ʜʠʝʥʘ ʢ ʩʚʷʟʠ C=C ʜʠʝʥʦʬʠʣʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʘʪʠʥʠʣʠʜʝʥʦʚ ʩ ʘʟʘʜʠʝʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 Ŭ,ɓ-ʅʝʧʨʝʜʝʣʴʥʳʝ ʠʤʠʥʠʝʚʳʝ ʠʦʥʳ 

ʈʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠʤʠʥʠʝʚʳʭ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ 

ʩʚʷʟʴ C=CH2, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʥʦʚ - ʚʘʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʤʦʨʩʢʠʭ ʪʦʢʩʠʥʦʚ [128]. ɺ ʨʘʙʦʪʝ [129] ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 6- ʠ 7-ʯʣʝʥʥʳʭ ʠʤʠʥʠʝʚʳʭ ʩʦʣʝʡ 199, 206 ʩ ʨʘʟʣʠʯʥʳʤʠ 

1,3-ʙʫʪʘʜʠʝʥʘʤʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʠʚʦʠʦʥʘ X-

(ʩʤ. ʉʭʝʤʫ 47) ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ X-= SbF6
- ~ ClO4

- > TfO- > CF3COO- ~ (PhO)2PO2
-> 

TsO- > Cl-(ʚ CD3CN ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ). ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʭʦʨʦʰʦ ʧʨʦʪʝʢʘʝʪ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (MeCN, MeOH, i-PrOH), ʪʦʛʜʘ ʢʘʢ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠ 

ʭʣʦʨʦʬʦʨʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʜʠʝʥʘ, ʘ ʚ ʩʣʫʯʘʝ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ 

ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʠʝʥʦʬʠʣʘ [129]. 

ʉʭʝʤʘ 47. 

 

 ɺ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 1,3-ʙʫʪʘʜʠʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʠʤʠʥʠʝʚʳʤʠ 

ʠʦʥʘʤʠ 199, 206 ʩ ʚʳʭʦʜʘʤʠ 91-98% ʠ ʚʳʩʦʢʦʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʉʭʝʤʘ 47). 

ɹʦʣʝʝ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 207-210 ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʝʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 6-ʯʣʝʥʥʦʛʦ ʜʠʝʥʦʬʠʣʘ 206 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7-ʯʣʝʥʥʳʤ ʠʤʠʥʦʤ 

199. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ 206 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-ʤʝʪʠʣʧʝʥʪʘʜʠʝʥʘ 125 ʩ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʴʶ ʠʤʠʥʦʚ 199 ʠ 206, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʜʫʢʪ 207 ʦʙʨʘʟʫʝʪʩʷ ʚ 11-ʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʦʜʫʢʪʫ 202 (ʩʤ. ʉʭʝʤʫ 48, ʚʝʨʭʥʷʷ ʨʝʘʢʮʠʷ). 

ʉʭʝʤʘ 48. 
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ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ NH-ʠʤʠʥʠʝʚʦʡ ʩʦʣʴʶ 199 ʝʸ N-ʙʝʥʟʠʣʧʨʦʠʟʚʦʜʥʦʝ 211 ʨʝʘʛʠʨʫʝʪ ʩ 

ʜʠʝʥʦʤ ʚ 20 ʨʘʟ ʤʝʜʣʝʥʥʝʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʠʤʠʥʠʝʚʦʛʦ ʠʦʥʘ 

211ʟʘ ʩʯʸʪ ʛʠʧʝʨʢʦʥʲʶʛʘʮʠʠ (ʩʤ. ʉʭʝʤʫ 48, ʥʠʞʥʷʷ ʨʝʘʢʮʠʷ) [129]. 

ɽʩʣʠ ʠʩʭʦʜʥʳʡ ʠʤʠʥʠʝʚʳʡ ʠʦʥ ʩʦʜʝʨʞʠʪ ʭʠʨʘʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʪʦ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟʙʳʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ. ʅʘ 

ʉʭʝʤʝ 49 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʫ ʜʠʝʥʦʬʠʣʘ 213 ʦʢʘʟʘʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ 214a ʩ ʭʦʨʦʰʝʡ ʦʧʪʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ. ɺ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʷ 215 ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʠʟ-ʟʘ ʩʣʘʙʦʛʦ ʚʣʠʷʥʠʷ ʭʠʨʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʧʦʜʭʦʜ ʜʠʝʥʘ ʢ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʜʠʝʥʦʬʠʣʘ [129]. 

ʉʭʝʤʘ 49. 

 

 ɺʚʠʜʫ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʨʘʙʦʪʳ ʩ ʠʤʠʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠʭ in situ ʠʟ ʘʣʢʦʢʩʠʢʘʨʙʘʤʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ ʃʴʶʠʩʘ (ʩʤ. 

ʉʭʝʤʫ 50). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ʩ 

2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ [130]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʘ ʨʝʘʢʮʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 220, ʢʦʪʦʨʦʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ 

ʩʧʠʨʦʠʤʠʥʠʝʚʦʛʦ ʠʦʥʘ 219. ɺ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ɼʄʌɸ, ɼʄʉʆ, ʊɻʌ, ʪʦʣʫʦʣ) 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ ʛʠʜʨʦʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʜʠʝʥʦʬʠʣʘ 222. ɺ ʭʦʜʝ 

ʜʘʣʴʥʝʡʰʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʝ 220 ʫʜʘʸʪʩʷ ʧʨʝʚʨʘʪʠʪʴ ʚ ʩʧʠʨʦʠʤʠʥ 221 ʩ 

ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ [130]. 
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ʉʭʝʤʘ 50. 

 
 ɺ ʨʘʙʦʪʝ [131] ʤʝʪʦʜʠʢʘ ʛʝʥʝʨʘʮʠʠ in situ ʠʤʠʥʠʝʚʳʭ ʠʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘ 

ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʣʦ 

ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʩʧʠʨʦʝʥʘʤʠʥʘ 226 (ʉʭʝʤʘ 51). ɺ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥ ʥʝ ʦʙʨʘʟʫʝʪ ʮʝʣʝʚʳʝ ʘʜʜʫʢʪʳ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʝ ʜʠʝʥʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʣʦʚʫʰʝʢ ʜʣʷ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʠʤʠʝʚʳʭ ʠʦʥʦʚ. 

ʉʭʝʤʘ 51. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭʠʤʠʥʠʝʚʳʭ ʩʦʣʝʡ ʩ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʜʠʝʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʠʟʚʦʜʥʳʭ ʩʧʠʨʦʠʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʘʜʜʫʢʪʦʚ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ II, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʛʨʫʧʧ r ïOPMB ʠïOH, 

ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘ ̫ʮʠʢʣʠʟʘʮʠ ̫ʚ N,O-ʘʮʝʪʘʣʠ 231-234 (ʉʭʝʤʘ 52, ʊʘʙʣʠʮʘ 

21) [132]. 

ʉʭʝʤʘ 52. 
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ʊʘʙʣʠʮʘ 21. ʉʠʥʪʝʟ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ N,O-ʘʮʝʪʘʣʝʡ ʨʝʘʢʮʠʝʡ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ. 

ʜʠʝʥʦʬʠʣ ʜʠʝʥ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʧʨʦʜʫʢʪ ʚʳʭʦʜ, % 

  

BF3ĀEt2O, -78 Ÿr.t. 

 

78 

  

BF3ĀEt2O, -78 Ÿr.t. 

 

53 

  

Sc(OTf)3, CH2Cl2, 0 

 

41 

BF3ĀEt2O, -78 Ÿr.t. 68 

  

Sc(OTf)3, CH2Cl2, 0 

 

60 

 

 ʍʦʨʦʰʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 231-234 ʩʚʷʟʘʥʳ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ II  ʩ ʩʠʥ-ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʨʫʧʧ r ïCH2OR ʠ ʠʤʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʝʡ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ 

ʩʣʫʯʘʝ ʘʣʢʦʢʩʠʢʘʨʙʘʤʘʪʘ 217 ʠ ʙʫʪʘʜʠʝʥʦʚ 235-237, ʩʦʜʝʨʞʘʱʠʭ ʦʙʲʸʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʜʠʘʩʪʝʨʝʦʤʝʨ ʩ ʘʥʪʠ-ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʨʫʧʧ ïCH2OR ʠ -C=N+ 

(ʩʦʝʜʠʥʝʥʠʷ 238-241, ʊʘʙʣʠʮʘ 22) [130]. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ 238-241 ʘʚʪʦʨʳ ʨʘʙʦʪʳ [130] ʧʨʝʜʣʘʛʘʶʪ ʜʦʙʘʚʣʷʪʴ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʪʨʠʵʪʠʣʘʤʠʥ ʯʝʨʝʟ ʯʘʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʦʚ 

ʩʧʠʨʦʝʥʘʤʠʥʦʚ 243, 244. 

ʉʭʝʤʘ 53. 
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ʊʘʙʣʠʮʘ 22. ʉʠʥʪʝʟ ʩʧʠʨʦʠʤʠʥʦʚ 242-244  ʨʝʘʢʮʠʝʡ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ. 

ʥʦʤʝʨʘ 

ʧʨʦʜʫʢʪʦʚ 
R1 R2 ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % 

242 Bn H BF3ĀEt2O, CH2Cl2, -78 3 

243 Bn Me 
BF3ĀEt2O, CH2Cl2, -78 ; 

ʯʝʨʝʟ 1 ʯʘʩ NEt3 
34 

244 Bz Me 
BF3ĀEt2O, CH2Cl2, -78 ; 

ʯʝʨʝʟ 1 ʯʘʩ NEt3 
76 

 

 ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʜʜʫʢʪʳ 242, 243 ʩ ʘʣʢʦʢʩʠʙʝʥʟʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʦʙʨʘʟʫʶʪʩʷ ʩ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʙʝʥʟʦʠʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 244, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʨʝʘʢʮʠʡ ʛʨʫʧʧ OBn ʧʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʮʝʥʪʨʫ ʠʤʠʥʠʝʚʦʛʦ ʠʦʥʘ. 

 ʇʦʤʠʤʦ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ IV, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ 

ʙʫʪʘʜʠʝʥʦʚ ʩ ʠʤʠʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʝʥʦʥ r V ʠ ʧʨʦʜʫʢʪ r

ʜʝʩʠʣʠʣʠʨʦʚʘʥʠʷ VII  (ʉʭʝʤʘ 54, ʊʘʙʣʠʮʘ 23). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʠʝʥ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 

ʠʤʠʥʠʝʚʦʤʫ ʠʦʥʫ ʧʦ ʩʪʫʧʝʥʯʘʪʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʙʦʢʘʪʠʦʥʘ II, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʵʣʠʤʠʥʠʨʫʝʪ ʪʨʠʘʣʢʠʣʩʠʣʠʣʴʥʳʡ ʢʘʪʠʦʥ ʠʣʠ ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʶ ʮʠʢʣʠʟʘʮʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Sc(OTf)3 ʧʨʠ -20 ʧʨʦʜʫʢʪ 

ʜʝʩʠʣʠʣʠʨʦʚʘʥʠʷ V ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ, ʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʦʥ ʧʨʝʪʝʨʧʝʚʘʝʪ ʮʠʢʣʠʟʘʮʠʶ ʚ ʩʧʠʨʦʝʥʘʤʠʥ VII  [131]. 

ʉʭʝʤʘ 54. 
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ʊʘʙʣʠʮʘ 23. ʈʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʠʤʠʥʠʝʚʳʭ ʠʦʥʦʚ I  ʩ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤ ʙʫʪʘʜʠʝʥʦʤ. 

R ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚr ʭʦʜ IV , % ʚr ʭʦʜ V, % ʚr ʭʦʜ VII , % 

Boc 
BF3ĀEt2O, CH2Cl2, -78; 

ʯʝʨʝʟ 2 ʯʘʩʘ NEt3 
4 - - 

Cbz 
Sc(OTf)3, MeCN,  

-20;ʯʝʨʝʟ 2 ʯʘʩʘ NEt3 
20 - - 

Ts 
Sc(OTf)3, MeCN, -20; 

ʯʝʨʝʟ 2 ʯʘʩʘ NEt3 
5 64 - 

Ts 
ZnCl2, MeCN, r.t.; ʯʝʨʝʟ 

2 ʯʘʩʘ NEt3 
5 62 - 

Ts 
Sc(OTf)3, MeCN, r.t.; 

ʯʝʨʝʟ 2 ʯʘʩʘ NEt3 
5 - 44 

 

 ʀʤʠʥʠʝʚʳʝ ʩʦʣʠ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʜʠʝʥʘʤʠ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪ rʘʣʢʠʣʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ 

(ʉʭʝʤʘ 55). ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʬʫʨʘʥʦʚ ʠ ʠʥʜʦʣʦʚ ʠʤʠʥʠʝʚʳʤʠ ʩʦʣʷʤʠ 

ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʘ ʚ ʩʣʫʯʘʝ ʠʥʜʦʣʘ ʩ ʛʨʫʧʧʦʡ COOEt ʚ 

ʧʦʣʦʞʝʥʠʠ N(1) ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 251 ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʩ ʚʳʭʦʜʦʤ 13% [133]. 

ʉʭʝʤʘ 55. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʣʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʠʤʠʥʘʤʠ, ʨʝʘʢʮʠʠ 

ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʵʪʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʅʘ ʉʭʝʤʝ 56 (ʚʝʨʭʥʷʷ ʨʝʘʢʮʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ 

ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʷʜʨʘ ʛʠʤʥʦʜʠʤʠʥʘ 253a [134]. ʎʠʢʣʠʟʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʠʤʠʥʘ 252 

ʧʨʦʪʝʢʘʝʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʢʟʦ- ʠ ʵʥʜʦ-ʘʜʜʫʢʪʦʚ ʧʨʠʤʝʨʥʦ ʚ 

ʦʜʠʥʘʢʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʯʘʩʪʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʨʝʛʝʥʝʨʘʮʠʠ ʩʧʠʨʦʠʤʠʥʦʚ 253 ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʶʪ ʥʘʜ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʩʠʪʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ. 
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ʉʭʝʤʘ 56. 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʉʭʝʤʝ 56 ʧʨʠʚʝʜʝʥʘ ʚʥʫʪʨʝʥʥʷʷ ʮʠʢʣʠʟʘʮʠʷ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ Ŭ-ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʘ 254. ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʵʪʘ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʚ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʝʨʝʦʠʟʦʤʝʨʘʩ 

ʥʫʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʜʠʝʥʘʤʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʟʜʘʥʠʷ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʡ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʜʠʝʥʦʚ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʜʦʥʦʨʥʳʤʠ (ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʪʦʘʥʝʤʦʥʠʥʘ), 

ʘʢʮʝʧʪʦʨʥʳʤʠ (ʤʝʪʠʣʠʜʝʥʢʝʪʦʥʳ) ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʤʠ ʜʠʝʥʦʬʠʣʘʤʠ 

(ʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʢʩʘʟʦʣʠʜʠʥʜʠʦʥʦʚ ʠ ʛʠʜʘʥʪʦʠʥʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ; ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʨʘʣʴʥʳʭ ʜʠʝʥʦʬʠʣʦʚ 

ʚʦʟʤʦʞʝʥ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʘʜʜʫʢʪʦʚ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʘ ʜʣʷ ʚ ʩʣʫʯʘʝ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 1,3-ʙʫʪʘʜʠʝʥʦʚ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʝʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʮʝʣʦʤ, 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʫʙʩʪʨʘʪʦʚ ʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ ʧʦʟʚʦʣʷʶʪ ʪʦʥʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʩʪʝʨʠʯʝʩʢʠʝ ʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʤʦʣʝʢʫʣʝ, ʜʘʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʨʝʘʢʮʠʠ ʜʠʝʥʦʚʦʛʦ ʩʠʥʪʝʟʘ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʤʝʪʠʣʠʜʝʥʦʚʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʩʠʥʪʝʟʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʘʥʘʣʦʛʦʚ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʠ- ʠ ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʤʠ ʧʨʠ ʉ=ʉ ʩʚʷʟʠ ʦʣʝʬʠʥʘʤʠ, ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ C=CH2 ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʚ ʨʝʘʢʮʠʷʭ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʸʪ ʩʪʝʨʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʧʠʨʦʮʠʢʣʦʚ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʥʝʢʦʪʦʨʳʭ 1,1-ʜʠʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʪʨʫʜʥʦʩʪʷʤ 
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ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʠʝʥʦʬʠʣʦʚ ʠ ʤʦʞʝʪ ʥʘʣʘʛʘʪ ɹ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʘʢʮʠʡ ʩ ʜʠʝʥʘʤʠ. 
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3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 1 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʜʠʝʥʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʚ ʤʦʣʝʢʫʣʫ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʠʡ ʣʠʧʦʬʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ [135ï138]. ʇʨʠ ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʠʝʥʘ ʧʦʟʚʦʣʷʝʪ ʪʦʥʢʦ 

ʥʘʩʪʨʘʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ [139ï141], ʘ ʥʘʣʠʯʠʝ 

ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʚ ʘʜʜʫʢʪʝ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʧʦʣʫʯʘʝʤʳʭ ʤʦʣʝʢʫʣ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʠʨʦ-

2-ʭʘʣɹʢʦʛʝʥʠʤʠʜʘʟʦʣʦʥʳ ʩ ʜʚʫʤʷ ʩʧʠʨʦʩʦʯʣʝʥʥyʥʳʤʠ 5-ʯʣʝʥʥʳʤʠ ʮʠʢʣʘʤʠ, ʧʦʣʫʯʘʝʤʳʝ 

ʨʝʘʢʮʠʷʤʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 1,3-ʜʠʧʦʣʝʡ ʢ 5-ʤʝʪʠʣʠʜʝʥ-ʟʘʤʝʱʸʥʥʳʤ ʛʠʜʘʥʪʦʠʥʘʤ, ʘ 

ʪʘʢʞʝ 2-ʪʠʦ- ʠ 2-ʩʝʣʝʥʦʠʤʠʜʘʟʦʣʦʥʘʤ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ p53-MDM2 [142ï

144]. ʆʜʥʘʢʦ ʧʨʦʠʟʚʦʜʥʳʝ ʠʤʠʜʘʟʦʣʦʥʘ, ʠʤʝʶʱʠʝ ʚ ʩʦʩʪʘʚʝ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʝ 6-ʯʣʝʥʥʳʝ 

ʮʠʢʣʳ, ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʥʝʝ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ I  ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 1, 1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ 2, 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ 3 

ʠ ʠʟʦʧʨʝʥʦʤ 4, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʭ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ II  (ʉʭʝʤʘ 1). ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʠʝʥʦʬʠʣʘʭ I  ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʣʫʯʘʝ ʜʠʝʥʦʚ 1, 2 ʠ 4. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʠʡ ʬʨʘʛʤʝʥʪ ʠʤʠʜʘʟʦʣʦʥʦʚ II  ʨʝʘʢʮʠʷʤʠ ʩ 1,3-ʜʠʧʦʣʷʤʠ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ (ʉʭʝʤʘ 1). 

                                                 
1 ɺ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʫʤʝʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʩʭʝʤ ʠ ʨʠʩʫʥʢʦʚ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ 

ʥʫʤʝʨʘʮʠʠ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ. 
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ʉʭʝʤʘ 1. 

 

ɼʣʷ ʨʷʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

3.1. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʜʠʝʥʦʬʠʣʦʚ 

ʄʳ ʥʘʯʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʩʠʥʪʝʟʘ ʩʝʨʠʠ ʠʩʭʦʜʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-29, 

ʩʦʜʝʨʞʘʱʠʭ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(5) (ʉʭʝʤʘ 2), ʧʦʩʢʦʣʴʢʫ 

ʥʘʣʠʯʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʠ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠʤʠʜʘʟʦʣʦʥʘ ʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʝʥʦʬʠʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʢʦʨʦʩʪʴʶ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ. ɺ ʠʤʠʜʘʟʦʣʦʥʘʭ 5-11 ʚʘʨʴʠʨʦʚʘʣʩʷ ʟʘʤʝʩʪʠʪʝʣʴ 

ʚ ʧʝʨʚʦʤ ʧʦʣʦʞʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʘ, ʩʦʝʜʠʥʝʥʠʷ 12-21 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

3-ʘʨʠʣʟʘʤʝʱʸʥʥʳʝ ʪʠʦʛʠʜʘʥʪʦʠʥʳ, ʠʤʠʜʘʟʦʣʦʥʳ 22-27 ʩʦʜʝʨʞʘʪ ʪʨʠ- ʠ ʪʝʪʨʘʟʘʤʝʱʸʥʥʫʶ 

C=C ʩʚʷʟʴ, ʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 28, 29 ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʢʟʦʮʠʢʣʠʯʝʩʢʘʷ ʩʚʷʟʴ C=N. 
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ʉʭʝʤʘ 2. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʰʠʨʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʣʠʯʥʳʤ ʠʤʠʜʘʟʦʣʦʥʘʤ, ʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʛʠʜʘʥʪʦʠʥʘ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʘ ʷʚʣʷʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ ʠʟ-ʟʘ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʩʠʥʪʝʟʘ; ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʥʘʙʦʨʘ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʩʤ. ʧʦʣʫʯʝʥʠʝ N(3)-ʙʝʥʟʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ [145] ʠ 1-ʘʨʠʣ-3-

ʤʝʪʠʣ-5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ [146]). ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʚ ʠʩʭʦʜʥʳʭ 

ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘʭ ʠ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘʭ ʩʪʝʨʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʡ C=C ʧʦʟʚʦʣʷʝʪ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʠʤʠʜʘʟʦʣʦʥʦʚ, ʧʦʵʪʦʤʫ ʚ ʥʘʯʘʣʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʣʦʩʴ 

ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ ʠ 

5-ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ. 

ʀʩʭʦʜʥʳʡ 5-ʤʝʪʠʣʠʜʝʥ-3-ʬʝʥʠʣʛʠʜʘʥʪʦʠʥ 5 ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʝ (ʉʭʝʤʘ 3) [147]. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʠʵʪʠʣʤʘʣʦʥʘʪ 30 ʥʠʪʨʦʟʠʨʦʚʘʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʨʝʘʢʮʠʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʘʝʤʳʡ ʧʨʦʜʫʢʪ 31 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʄʘʥʥʠʭʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʛʠʜʨʦʣʠʟʦʤ ʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʘʝʤʦʛʦ ɓ-ʤʦʨʬʦʣʠʥʦʘʣʘʥʠʥʘ 

32 ʬʝʥʠʣʠʟʦʮʠʘʥʘʪʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʙʳʣ ʧʦʣʫʯʝʥ ʛʠʜʘʥʪʦʠʥ 5. 

ʉʭʝʤʘ 3. 
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ʅʘʰʠ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥ 12 ʠʟ 

ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ 32 ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳ ʠ 

ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʜʠʤʝʨʠʟʘʮʠʠ ʠ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɓ-ʤʦʨʬʦʣʠʥʦʘʣʘʥʠʥʘ 32 ʠ ʬʝʥʠʣʠʟʦʪʠʦʮʠʦʥʘʪʘ ʚ ʩʤʝʩʠ ʧʠʨʠʜʠʥ-ʚʦʜʘ-

NaOH, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʠ ʪʦʣʫʦʣʦʤ (ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ 

ʠ ʧʠʨʠʜʠʥʘ) ʠ ʧʦʜʢʠʩʣʝʥʠʝ ʚʦʜʥʦʡ ʬʘʟʳ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ ʨʅ 2-3 ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʢʠʧʷʯʝʥʠʝʤ 1 ʯʘʩ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥ 12 

ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. 

ɺ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʷ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʩʤʝʩʠ ɓ-ʤʦʨʬʦʣʠʥʦʘʣʘʥʠʥʘ 32 ʠ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʩʤʝʩʠ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʚ ʪʝʯʝʥʠʝ 50-60 

ʤʠʥʫʪ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1ʅ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ 

ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʦʜʫʢʪʘʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʠʦʤʦʯʝʚʠʥʳ. ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʦ 25 

ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʪʠʦʛʠʜʘʥʪʦʠʥʘ 12 ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʠʤʝʩʝʡ, ʣʠʙʦ ʚʦʚʩʝ ʙʝʟ ʧʨʠʤʝʩʝʡ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺʨʝʤʷ 

ʢʠʧʷʯʝʥʠʷ ʚ ʩʦʣʷʥʦʢʠʩʣʦʤ ʨʘʩʪʚʦʨʝ ʪʘʢʞʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʠʧʷʯʝʥʠʷ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʩ 1 ʜʦ 10 ʯʘʩʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʯʘʩʪʠʯʥʦʝ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʝ, ʪʘʢ ʠ ʜʠʤʝʨʠʟʘʮʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʪʠʦʛʠʜʘʥʪʦʠʥʘ 12. 

ɼʣʷ ʦʮʝʥʢʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʦʜʠʢʠ ʥʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ɓ-ʘʤʠʥʦʘʣʘʥʠʥʳ 33 ʠ 34, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʧʦʜʦʙʨʘʥʥʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɓ-ʤʦʨʬʦʣʠʥʦʘʣʘʥʠʥʘ 32 ʩ PhNCS [148]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʮʝʣʝʚʦʡ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥ 12 ʩ 

ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʠʟ ʧʨʦʠʟʚʦʜʥʦʛʦ ʤʦʨʬʦʣʠʥʘ 32, ʘ ʜʣʷ 33 ʠ 

34 ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʥʘ ʩʪʘʜʠʠ ʦʪʱʝʧʣʝʥʠʷ ʘʤʠʥʦʛʨʫʧʧʳ ʦʪ 

ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 39, 40, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʦʜʫʢʪʳ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʷ ʠ 

ʜʠʤʝʨʠʟʘʮʠʠ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʦʡ ʦʩʥʦʚʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʤʠʥʦʚ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʦʩʪʴ ʤʦʨʬʦʣʠʥʘ ʥʘ ~2 ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʫ 

ʧʠʨʨʦʣʠʜʠʥʘ ʠ ʧʠʧʝʨʠʜʠʥʘ, ʦʧʨʦʙʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 5-ʤʝʪʠʣʠʜʝʥ-3-ʬʝʥʠʣ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʉʭʝʤʝ 4. 
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ʉʭʝʤʘ 4. 

 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʦʜʭʦʜ ʙʳʣ ʜʘʣʝʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʸʥ ʜʣʷ ʩʠʥʪʝʟʘ ʩʝʨʠʠ 

3-ʘʨʠʣ-5-ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 12-21 ʠ 41 (ʉʭʝʤʘ 5). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʠʟʦʪʠʦʮʠʘʥʘʪʦʚ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʮʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

4-ʥʠʪʨʦʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ ʜʦ 26%. ʇʦʧʳʪʢʘ 

ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʘʢʮʠʶ ʩ ʮʠʢʣʦʛʝʢʩʠʣʠʟʦʪʠʦʮʠʦʥʘʪʦʤ ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ 42 ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 5. 

 

* - ʯʠʩʪʦʪʘ ʩʦʝʜʠʥʝʥʠʷ ʦʢʦʣʦ 60% (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ). 

 

ʇʦʣʫʯʝʥʥʳʝ N(1)-ʥʝʟʘʤʝʱʥyʥʳʝ ʠʤʠʜʘʟʦʣʦʥʳ 5 ʠ 12 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʩʦʝʜʠʥʝʥʠʝ 5 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʮʠʣʠʨʫʶʱʠʤʠ ʠ ʪʦʟʠʣʠʨʫʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 6-11 ʩ ʚʳʭʦʜʘʤʠ 80-95% (ʉʭʝʤʘ 6, 

ʊʘʙʣ. 1). ɻʠʜʘʥʪʦʠʥ 10 ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʧʦ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ. ʈʝʘʢʮʠʷ 

ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 ʩ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ PhNCO ʪʘʢʞʝ ʧʨʦʪʝʢʘʣʘ ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ (70%), ʢʦʪʦʨʳʡ ʫʜʘʣʦʩʴ ʝʱʝ ʧʦʚʳʩʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1.5-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ 

ʠʟʦʮʠʘʥʘʪʘ (ʊʘʙʣ. 1). ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ PhNCS ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ 43 ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʜʘʞʝ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʦ ʜʘʥʥʳʤ ʊʉʍ ʠ 1ʅ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ). ɺ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʢʠʧʷʯʝʥʠʝ ʩ ʠʟʙʳʪʢʦʤ ʠʟʦʪʠʦʮʠʘʥʘʪʘ) ʚ 

ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʧʨʦʜʫʢʪʘ 43 ʠ, ʧʦʤʠʤʦ ʵʪʦʛʦ, 
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ʠʩʯʝʟʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ =CH2-ʬʨʘʛʤʝʥʪʘ ʛʠʜʘʥʪʦʠʥʘ 5 ʚ ʦʙʣʘʩʪʠ 5.0-6.0 ʤ.ʜ., 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 

ʠ/ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʦʩʥʦʚʥʦʡ ʩʨʝʜʝ. 

ʉʭʝʤʘ 6. 

 

ʊʘʙʣʠʮʘ 1. ʇʦʣʫʯʝʥʠʝ N-ʟʘʤʝʱʸʥʥʳʭ 5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ. 

ʧʨʦʜʫʢʪ R ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚr ʭʦʜ, % 

6 Ac 
Ac2O (1 ɻ ʢʚ.), NEt3 (1 ɻ ʢʚ.), DMAP (ʢʘʪ.), 

CHCl3, r.t. 
95 

7 COOEt 
ClCOOEt (1 ɻ ʢʚ.), NEt3(1 ɻ ʢʚ.), DMAP (ʢʘʪ.), 

CHCl3, r.t. 
88 

8 Ts 
TsCl (1 ɻ ʢʚ.), NEt3(1 ɻ ʢʚ.), DMAP (ʢʘʪ.), 

CHCl3, r.t. 
80 

9 Boc 
Boc2O (1 ɻ ʢʚ.), NEt3(1 ɻ ʢʚ.), DMAP (ʢʘʪ.), 

CHCl3, r.t. 
94 

10 Bn BnCl (1 ɻ ʢʚ.), K2CO3 (3 ɻ ʢʚ.), MeCN, r.t. 95 

11 CONHPh 
PhNCO (1.5 ʵʢʚ.), NEt3(1 ɻ ʢʚ.), DMAP (ʢʘʪ.), 

CHCl3, r.t. 
94 

43 CSNHPh 
PhNCS (3 ɻ ʢʚ.), NEt3(1 ɻ ʢʚ.), DMAP (ʢʘʪ.), 

CHCl3, æ 
0 

ʇʦʧʳʪʢʠ ʚʚʝʩʪʠ ʪʠʦʛʠʜʘʥʪʦʠʥ 12 ʚ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʮʠʣ- ʠ ʘʣʢʠʣʠʤʠʜʘʟʦʣʦʥʦʚ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ (NEt3, K2CO3) ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʳ ʙʳʩʪʨʦ 

ʨʘʟʣʘʛʘʶʪʩʷ. ʆʪʩʫʪʩʪʚʠʝ ʚ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʛʥʘʣʦʚ 

=CH2-ʬʨʘʛʤʝʥʪʘ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʄʠʭʘʵʣʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤ ʩʦʝʜʠʥʝʥʠʷ 12 ʩ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠʤʠʜʘʟʦʣʦʥʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ 12 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʉʭʝʤʝ 7. 
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ʉʭʝʤʘ 7. 

 

 ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʦʛʠʜʘʥʪʦʠʥʦʤ 12 ʛʠʜʘʥʪʦʠʥ 5 ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʜʝʡʩʪʚʠʶ 

ʦʩʥʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʪʦʷʥʠʠ ʨʘʩʪʚʦʨʘ ʩʦʝʜʠʥʝʥʠʷ 5 ʠ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ NEt3 ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʤʦʣʝʢʫʣ 5 (ʧʦ ʜʘʥʥʳʤ 

1ʅ ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʷʭ 

ʨʘʟʣʦʞʝʥʠʷ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʪʠʦʛʠʜʘʥʪʦʠʥʘ 12 ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʡ S-ʥʫʢʣʝʦʬʠʣ, ʢʦʪʦʨʳʡ ʣʝʛʯʝ ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ. 

 ʇʦʤʠʤʦ ʤʦʜʠʬʠʢʘʮʠʡ ʠʤʠʜʘʟʦʣʦʥʦʚ ʧʦ ʧʦʣʦʞʝʥʠʶ N(1) ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ C=C ʩʚʷʟʠ ʚ ʩʪʨʫʢʪʫʨʘʭ 5 ʠ 12. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʠʜʘʥʪʦʠʥʘ 5 ʩ ʛʘʣʦʛʝʥʘʤʠ (Br2, I2) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʣʝʛʢʦ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʳ 22, 23 (ʉʭʝʤʘ 8). ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ 22 ʠ 23 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʂʉʉɺ ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ (ʩʤ. ʨʘʟʜʝʣ 3.2.1). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʤʠʜʘʟʦʣʦʥʘ 5 ʩ 

ʛʘʣʦʛʝʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʛʘʣʦʛʝʥʠʜʦʚ 44, 45. ɺ ʩʣʫʯʘʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʠʜʘʥʪʦʠʥʘ 5 ʩ ʙʨʦʤʦʤ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ ʥʝʫʩʪʦʡʯʠʚʳʡ ʜʠʙʨʦʤʠʜ 

44 ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʯʪʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 44 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʪʦʜʦʤ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʥʘʣʠʯʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʭ ʜʫʙʣʝʪʦʚ ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʭ ʧʨʦʪʦʥʦʚ CH2Br ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 4.18 ʠ 

3.92 ʤ.ʜ. 

ʉʭʝʤʘ 8. 

 

ʅʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 44, 45 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ 

ʧʦʜʚʠʞʥʦʛʦ ʧʨʦʪʦʥʘ ʚ CONH-ʬʨʘʛʤʝʥʪʝ ʛʝʪʝʨʦʮʠʢʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʥʪʘʥʥʦʤʫ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʙʨʦʤʠʜʦʤ 44 ʝʛʦ N(1)-ʟʘʤʝʱʸʥʥʳʝ 



56 

 

ʘʥʘʣʦʛʠ 48 ʠ 49 ʫʩʪʦʡʯʠʚʳ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʩ ʠʟʙʳʪʢʦʤ ʪʨʠʵʪʠʣʘʤʠʥʘ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ 6, 7 ʠ ʙʨʦʤʘ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʉʭʝʤʘ 9). 

ʉʭʝʤʘ 9. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʘ ʠ N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʘʣʦʛʝʥʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʠ ʩ ʠʤʠʜʘʟʦʣʦʥʦʤ 5 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ 

ʩʦʧʨʷʞʸʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 52 ʠ 53, ʘ ʥʝ ʢ ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʦʚʳʤ ʧʨʦʠʟʚʦʜʥʳʤ 

(ʉʭʝʤʘ 10). ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʫ 5 ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʪʠʯʥʳʭ ʢʘʪʠʦʥʦʚ 50 ʠ 51, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʧʦʜʝʣʸʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ ʘʟʦʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ 52 ʠ 53 ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ 

ʚʝʣʠʯʠʥʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʛʨʫʧʧ CH2Hal. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 52 ʵʪʦʡ ʛʨʫʧʧʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʛʥʘʣ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ ʦʢʦʣʦ 44.7 ʤ.ʜ., ʪʦʛʜʘ ʢʘʢ ʚ ʩʧʝʢʪʨʝ ʙʨʦʤʠʜʘ 

53 ʩʠʛʥʘʣ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 32.6 ʤ.ʜ. 

ʉʭʝʤʘ 10. 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʠʜʘʥʪʦʠʥʘ 5, ʪʠʦʛʠʜʘʥʪʦʠʥ 12 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʙʨʦʤʦʤ ʧʨʠ 0  

ʦʙʨʘʟʫʝʪ ʧʨʦʜʫʢʪ 54 ʣʠʰʴ ʩ ʚʳʭʦʜʦʤ 9% (ʉʭʝʤʘ 11). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʠʟʢʠʡ ʚʳʭʦʜ 

ʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʪʠʦʛʠʜʘʥʪʦʠʥʘ ʩʚʷʟʘʥ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ CSNH-

ʬʨʘʛʤʝʥʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 11. 
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ʇʦʤʠʤʦ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʤʠ ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

22 ʠ 23 ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ ʥʘ ʭʦʜ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʤʝʪʦʜʠʢʘʤ [149,150] ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʘʨʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 24, 25 ʠʟ ʧʨʦʠʟʚʦʜʥʳʭ ʤʦʯʝʚʠʥ ʨʝʘʢʮʠʷʤʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ (ʉʭʝʤʘ 12). 

ʉʭʝʤʘ 12. 

 

ɻʠʜʘʥʪʦʠʥʳ ʩ ʪʝʪʨʘʟʘʤʝʱʸʥʥʦʡ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʴʶ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʜʠ- ʠ 

ʪʨʠʟʘʤʝʱʸʥʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 5 ʠ 24, ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʢʠʧʷʯʝʥʠʝ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 ʩ ʠʟʙʳʪʢʦʤ ʙʨʦʤʘ ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʭʣʦʨʦʬʦʨʤʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ 26 ʩ ʚʳʭʦʜʦʤ 73% (ʉʭʝʤʘ 13). ʇʨʠ ʙʨʦʤʠʨʦʚʘʥʠʠ 

ʠʦʜʧʨʦʠʟʚʦʜʥʦʛʦ 23 ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʩʦʝʜʠʥʝʥʠʝ, ʜʘʥʥʳʝ ʗʄʈ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʪʦʨʦʛʦ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʜʠʙʨʦʤʠʜʦʤ 26. 

ʉʭʝʤʘ 13. 

 

ɺ ʩʣʫʯʘʝ ʪʨʠʟʘʤʝʱʸʥʥʦʛʦ ʠʤʠʜʘʟʦʣʦʥʘ 24 ʨʝʘʢʮʠʷ ʩ ʙʨʦʤʦʤ ʚ ʢʠʧʷʱʝʤ 

ʭʣʦʨʦʬʦʨʤʝ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʙʨʦʤʠʨʦʚʘʥʠʷ 27 (ʉʭʝʤʘ 14), 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʢʦʨʨʝʣʷʮʠʷʤ ʚ ʩʧʝʢʪʨʝ ʗʄʈ NOESY1D 

ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ ʧʘʨʘ-ʬʪʦʨ-ʟʘʤʝʱʝʥʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʠ NH-ʬʨʘʛʤʝʥʪʦʤ 

ʛʝʪʝʨʦʮʠʢʣʘ. 
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ʉʭʝʤʘ 14. 

 

ʀʤʠʜʘʟʦʣʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ C=N ʩʚʷʟʴ ʚ ʧʦʣʦʞʝʥʠʠ ʉ(5) 

ʛʝʪʝʨʦʮʠʢʣʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʉʭʝʤʝ 15. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 58, 59 ʢʠʧʷʪʠʣʠ ʩ ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ. ɼʘʣʝʝ 

ʧʦʣʫʯʝʥʥʳʝ ʠʤʠʜʘʟʦʣʦʥʳ 60, 61 ʚʚʦʜʠʣʠ ʚ ʘʟʘ-ʨʝʘʢʮʠʶ ɺʠʪʪʠʛʘ ʩ ʬʦʩʬʘʥʠʤʠʥʘʤʠ, 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ in situ ʠʟ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʟʠʜʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʠʤʠʥʳ 62 ʠ 63 ʦʪʯʠʱʘʣʠ ʦʪ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʘ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʘʥʦʣʘ. 

ʉʭʝʤʘ 15. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʝʥʦʬʠʣʳ 5-29, 

ʩʦʜʝʨʞʘʱʠʝ N(1)-ʟʘʤʝʱʸʥʥʳʝ ʠ N(1)-ʥʝʟʘʤʝʱʸʥʥʳʝ ʠʤʠʜʘʟʦʣʦʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʩ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʠ-, ʪʨʠ- ʠ ʪʝʪʨʘʟʘʤʝʱʸʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʝʥʘʤʠ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 5, 24 ʠ 25, 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʠʜʘʥʪʦʠʥʳ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. 

3.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-29 ʩ ʜʠʝʥʘʤʠ 

3.2.1. ʈʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-16, 19, 22-29 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʝʪʠʣʠʜʝʥ-ʠʤʠʜʘʟʦʣʦʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5. 

ɺʘʨʴʠʨʦʚʘʣʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ. ʆʧʪʠʤʘʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 8-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʜʠʝʥʘ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʭʣʦʨʦʬʦʨʤʝ, ʙʝʥʟʦʣʝ, ʤʝʪʘʥʦʣʝ ʠʣʠ ʵʪʘʥʦʣʝ; ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʘʮʝʪʦʥʝ ʠʣʠ ʵʪʠʣʘʮʝʪʘʪʝ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʜʸʪ. 
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ɺ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʚ ʭʣʦʨʦʬʦʨʤʝ, ʜʘʣʝʝ ʚ ʨʝʘʢʮʠʶ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʳ 6-16 ʠ 19. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʷ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʢʘʣʘ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʘ ʩ ʵʢʟʦ-ʧʦʣʦʞʝʥʠʝʤ ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ C(4)=O 

ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. 

ʉʭʝʤʘ 16. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-16 ʠ 19ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 

ʧʨʦʜʫʢʪ X R1 R2 ʵʢʟʦ:ʵʥʜʦa ʚr ʭʦʜ, % 

64a + 64b O Ph H 91 : 9 81 + 9b 

65a + 65b O Ph Ac 77 : 23 73(78 : 22)c 

66a +66b O Ph COOEt 79 : 21 83(83 : 17)c 

67a +67b O Ph Ts 87 : 13 91(89 : 11)c 

68a + 68b O Ph Boc 85 : 15 73(85 : 15)c 

69a + 69b O Ph CH2Ph 100 : 0 10d 

70a + 70b O Ph CONHPh 80 :20 85(80 : 20)c 

71a + 71b S Ph H 91 : 9 79 + 8b 

72a + 72b S 2-FC6H4 H 91 : 9 71 + 7b 

73a + 73b S 2-ClC6H4 H 91 : 9 68 + 0b 

74a + 74b S 3-MeC6H4 H 91 : 9 80 + 8b 

75a + 75b S 3-MeOC6H4 H 91 : 9 81 + 9b 

76a + 76b S 4-MeOC6H4 H 91 : 9 78 + 8b 

a ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. bʚʳʭʦʜ ʚʳʜʝʣʝʥʥʳʭ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʚʠʜʝ ʦʩʥʦʚʥʦʛʦ ʠ ʤʠʥʦʨʥʦʛʦ ʧʨʦʜʫʢʪʦʚ. c ʚʳʭʦʜ ʜʣʷ ʚʳʜʝʣʝʥʥʦʡ ʩʤʝʩʠ ʦʩʥʦʚʥʦʛʦ ʠ ʤʠʥʦʨʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ. dʚʳʭʦʜ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ 

ʩʧʝʢʪʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ N(1)-ʟʘʤʝʱʸʥʥʳʭ ʵʢʟʦ- ʠ ɻʥʜʦ-ʧʨʦʜʫʢʪʦʚ 65-68 ʠ 

70, N(1)-ʥʝʟʘʤʝʱʸʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 64a, 71a-76a ʠ 64b, 71b-76b ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ 

ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʘʞʥʦʡ ʨʦʣʴʶ 
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ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ CONH- ʠ CSNH-ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʥʦʨʙʦʨʥʝʥʦʚʦʤ ʢʘʨʢʘʩʝ ʩʦʝʜʠʥʝʥʠʡ 

64, 71-76, ʚʣʠʷʶʱʝʡ ʥʘ ʧʨʦʮʝʩʩʳ ʘʜʩʦʨʙʮʠʠ ʠʟʦʤʝʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʷ. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ 64-76 ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʜʘʥʥʳʤ 1ʅ ʠ 

13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 64a ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʝʪʦʜʦʤ ʈʉɸ (ʈʠʩ. 1). 

 

ʈʠʩ. 1. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 64a. 

 

ʇʦ ʜʘʥʥʳʤ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʢʟʦ- ʠ ɻʥʜʦ-ʧʨʦʜʫʢʪʳ a, b ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʘʤ ʧʨʦʪʦʥʦʚ ʅʉ=ʉʅ ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʢʘʨʢʘʩʘ: ʭʘʨʘʢʪʝʨʥʳʝ ʜʫʙʣʝʪʳ 

ʜʫʙʣʝʪʦʚ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʘ ʩʤʝʱʝʥʳ ʚ ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ (6.20ï6.60 ʤ.ʜ.) ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʛʥʘʣʘʤ ʤʠʥʦʨʥʳʭ ʧʨʦʜʫʢʪʦʚ (6.15ï6.45 ʤ.ʜ.) (ʈʠʩ. 2), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [101,103,151]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 64 ʠ 71-76 ʭʘʨʘʢʪʝʨʥʦ 

ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʵʢʨʘʥʠʨʦʚʘʥʠʠ NH ʧʨʦʪʦʥʦʚ ʵʢʟʦ- ʠ ɻʥʜʦ-ʠʟʦʤʝʨʦʚ 

(ʨʘʟʣʠʯʠʷ ʚ ʭʠʤ. ʩʜʚʠʛʘʭ > 1 ʤ.ʜ. ʚ CDCl3), ʯʪʦ ʦʙʲʷʩʥʠʤʦ ʚʣʠʷʥʠʝʤ ʘʥʠʟʦʪʨʦʧʠʠ C=C 

ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʟʢʦ ʢ ʘʤʠʜʥʦʤʫ ʧʨʦʪʦʥʫ ʚ ʠʟʦʤʝʨʝ ʘ. 

 

ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʜʫʙʣʝʪʳ ʜʫʙʣʝʪʦʚ ʧʨʦʪʦʥʦʚ ʅʉ=CH ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʢʘʨʢʘʩʘ 

ʩʦʝʜʠʥʝʥʠʡ 74a (ʚʝʨʭʥʝʝ ʠʟʦʙʨʘʞʝʥʠʝ) ʠ 74b (ʥʠʞʥʝʝ ʠʟʦʙʨʘʞʝʥʠʝ). 

 

ʂʨʠʪʝʨʠʝʤ ʦʪʥʝʩʝʥʠʷ ʵʢʟʦ- ʠ ɻʥʜʦ-ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 64 ʠ 71-76, ʧʦʤʠʤʦ 

ʚʝʣʠʯʠʥ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʚʠʥʠʣʴʥʳʭ ʠ NH ʧʨʦʪʦʥʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʩʧʝʢʪʨʳ NOESY, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʘʭ 3 ʠ 4. ɺ ʩʧʝʢʪʨʝ 1H-1H NOESY ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʦʛʦ 72a 

ʧʨʦʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ NH ʧʨʦʪʦʥʘ ʩ ʧʨʦʪʦʥʦʤ CH=CH ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʪʦʥʦʤ 

ʦʩʥʦʚʥʦʡ 

ʠʟʦʤʝʨ 74a 

ʤʠʥʦʨʥʳʡ 

ʠʟʦʤʝʨ 74b 
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ʙʣʠʞʘʡʰʝʡ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ ʙʠʮʠʢʣʘ, ʠ ʥʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NH ʧʨʦʪʦʥʘ ʩ ʧʨʦʪʦʥʦʤ 

ʧʨʠ ʘʪʦʤʝ ʉ(7) ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʢʘʨʢʘʩʘ. 

 

ʈʠʩ. 3. NOESY 1H-1H ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 72a. 

 

ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ ʠʟʦʤʝʨʘ 72b ʧʨʠ ʦʙʣʫʯʝʥʠʠ NH ʧʨʦʪʦʥʘ ʵʬʬʝʢʪ ʆʚʝʨʭʘʫʟʝʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʨʦʪʦʥʘ ʧʨʠ ʘʪʦʤʝ ʉ(7) ʥʦʨʙʦʨʥʝʥʘ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʜʣʷ ʧʨʦʪʦʥʘ ʧʨʠ 

ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ. 

 

ʈʠʩ. 4. 1H NOESY 1D ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 72b. 

 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʧʨʠʨʦʜʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʧʦʣʦʞʝʥʠʠ N(1) ʠʤʠʜʘʟʦʣʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ 
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ʧʨʝʧʷʪʩʪʚʠʡ ʦʢʦʣʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʜʠʝʥʦʬʠʣʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʩ ʛʠʜʘʥʪʦʠʥʘʤʠ 6-9 ʠ 11, ʩʦʜʝʨʞʘʱʠʤʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ Ac, COOEt, Ts, Boc, CONHPh, ʧʨʦʪʝʢʘʣʦ ʤʝʥʝʝ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

N(1)-ʥʝʟʘʤʝʱʸʥʥʳʤ ʛʠʜʘʥʪʦʠʥʦʤ 5. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ 

ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʬʘʢʪʦʨʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʠʣʴʥʝʝ ʚʣʠʷʶʪ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʝʥʦʬʠʣʘ, ʯʝʤ ʩʪʝʨʠʯʝʩʢʠʝ. ɺʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ N(1) 

ʛʝʪʝʨʦʮʠʢʣʘ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʠʤʠʜʘʟʦʣʦʥʘ 10 ʩ ʜʦʥʦʨʥʳʤ ʙʝʥʟʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʧʨʠ N(1) ʚʳʭʦʜʳ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʘʜʘʶʪ, ʠ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʦʜʠʥ ʠʟ ʠʟʦʤʝʨʦʚ 69a (ʩʤ. ʊʘʙʣʠʮʫ 2). 

ʇʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʚ 

ʧʦʣʦʞʝʥʠʠ C(2) (O ʠʣʠ S) ʨʝʘʢʮʠʷ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʧʨʦʪʝʢʘʝʪ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʊʘʙʣʠʮʘ 2, ʩʤ. ʜʘʥʥʳʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 64 ʠ 71). ʊʘʢʘʷ 

ʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 72-76 ʩ 

ʨʘʟʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʠ N(3). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʷʭ C(2) ʠ N(3) ʛʝʪʝʨʦʮʠʢʣʘ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʝʥʦʬʠʣʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʧʨʠ C=C ʩʚʷʟʠ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 

ʜʦʣʞʥʦ ʟʘʪʨʫʜʥʷʪʴ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʳ 22, 23 ʨʝʘʛʠʨʫʶʪ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ ʣʠʰʴ ʚ ʙʦʣʝʝ 

ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 6-16 ʠ 19. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʡ ʩʦʝʜʠʥʝʥʠʡ 

22, 23 c 20-ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʜʠʝʥʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʦʨʪʦ-ʢʩʠʣʦʣʝ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʵʢʟʦ-ʠʟʦʤʝʨʳ 77, 78 ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 17). ɺ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 

77, 78 ʜʫʙʣʝʪ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 4.7 ʤ.ʜ. ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʂʉʉɺ å 3.3 ɻʮ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʫʧʧ CHBr ʠ CHI ʚ ʥʦʨʙʦʨʥʝʥʦʚʦʤ ʢʘʨʢʘʩʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʳʭ ʚʠʥʠʣʛʘʣʦʛʝʥʠʜʦʚ 22 ʠ 23. 

ʉʭʝʤʘ 17. 

 

ʀʤʠʜʘʟʦʣʦʥʳ 24, 25,28, 29 ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

ʧʨʠ ʜʚʦʡʥʳʭ ʉ=ʉ ʠ C=N ʩʚʷʟʷʭ, ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠ ʮʝʣʝʚʳʝ 

ʧʨʦʜʫʢʪʳ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʘʞʝ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ). ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥ ʥʝ ʨʝʘʛʠʨʦʚʘʣ ʩ 

ʛʠʜʘʥʪʦʠʥʘʤʠ 26, 27 ʩ ʪʝʪʨʘʟʘʤʝʱʸʥʥʳʤʠ ʜʚʦʡʥʳʤʠ ʉ=ʉ ʩʚʷʟʷʤʠ (ʉʭʝʤʘ 18). 

ʉʭʝʤʘ 18. 

 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

3.2.2. ʈʝʘʢʮʠʠ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12, 13, 15,16 ʠ 18-20 ʩ 

1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ, ʨʝʘʢʮʠʠ 

5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʤʝʥʝʝ ʘʢʪʠʚʥʳʤʠ ʜʠʝʥʘʤʠ 2-4 ʥʝ ʧʨʦʪʝʢʘʶʪ ʜʘʞʝ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ʩ 20-ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʜʠʝʥʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ ʚ ʙʝʥʟʦʣʝ ʜʦ 140  ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 ʩ ʠʟʙʳʪʢʦʤ 

1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʘ 2 ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʣʠʰʴ ʚ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BF3ĀEt2O, 

AlCl 3 ʠ ZnI2 ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ, ʩʧʦʩʦʙʥʳʭ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʶ ɼʠʣʴʩʘ-

ɸʣʴʜʝʨʘ ʩʦʝʜʠʥʝʥʠʡ 5, 12, 13, 15, 16 ʠ 18-20 ʩ ʜʠʝʥʦʤ 2. 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BF3ĀEt2O ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ 2 ʙʳʩʪʨʦ 

ʨʘʟʣʘʛʘʝʪʩʷ, ʠ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

AlCl 3 ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʣʦʞʝʥʠʝ ʜʠʝʥʘ, ʢʦʪʦʨʦʝ ʫʩʢʦʨʷʣʦʩʴ ʧʨʠ ʥʘʛʨʝʚʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ, ʦʜʥʘʢʦ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 79a ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ, ʝʩʣʠ ʜʠʝʥ 2 ʜʦʙʘʚʣʷʪʴ ʚ 

ʢʠʧʷʱʠʡ ʨʘʩʪʚʦʨ ʜʠʝʥʦʬʠʣʘ 5 ʠ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ZnI2 

ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ ʥʝ ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ ʩ 5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʤ 5 ʜʘʞʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, 

ʥʦ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 12, 13, 15, 16 ʠ 18-20 ʚʟʘʠʤʦʜʝʡʩʪʚʠʚʘʣʠ ʩ ʵʪʠʤ 

ʜʠʝʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ 80a-86a ʠ 80b-86b ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ~3:1 (ʉʭʝʤʘ 19), ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʠ N(3) ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 12, 13, 15, 16 ʠ 18-20, ʘ ʪʘʢʞʝ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ZnI2. ɺ ʧʨʠʩʫʪʩʪʚʠʝ ʠʟʙʳʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʠʩʴ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʠʟ-ʟʘ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 
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ʨʘʟʣʦʞʝʥʠʷ ʜʠʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ, ʘ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ZnI2 ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʫʤʝʥʴʰʘʣʘʩʴ. ʆʧʪʠʤʘʣʴʥʳʤ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ZnI2 ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʝʥʦʬʠʣʫ. 

ʈʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʢʮʠʠ ʜʠʝʥʘ 2 ʩ ʛʠʜʘʥʪʦʠʥʦʤ 5 ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ 12, 13, 

15, 16, 18-20 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ZnI2 ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ZnI2 ʢʘʢ ʙʦʣʝʝ ʤʷʛʢʘʷ 

ʢʠcʣʦʪʘ ʃʴʶʠʩʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʧʦ ʘʪʦʤʫ ʩʝʨʳ 2-ʪʠʦʠʤʠʜʘʟʦʣʦʥʘ, ʠ 

ʚʘʨʴʠʨʦʚʘʥʠʝ ʭʘʣʴʢʦʛʝʥʘ (O ʠʣʠ S) ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 

ʜʠʝʥʦʬʠʣʘ ʩ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ. 

ʉʭʝʤʘ 19. 

 

ʊʘʙʣʠʮʘ 3. ʈʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12, 13, 15, 16 ʠ 

18-20 ʩ 1,3-ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ 

ʧʨʦʜʫʢʪ X Ar ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ ʚʳʭʦʜ a, % ʚʳʭʦʜ b, % 

79a + 79b O Ph 
AlCl 3 16 0 

ZnI2 0 0 

80a +80b S Ph ZnI2 54 19 

81a +81b S 2-FC6H4 ZnI2 44 15 

82a + 82b S 3-MeC6H4 ZnI2 60 25 

83a + 83b S 3-MeOC6H4 ZnI2 51 21 

84a + 84b S 4-ClC6H4 ZnI2 55 20 

85a + 85b S 4-MeOC6H4 ZnI2 50 19 

86a + 86b S 2,6-Me2C6H3 ZnI2 44 15 

 

ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ 86a ʤʝʪʦʜʦʤ ʈʉɸ. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʈʠʩ. 5, ʚʢʣʶʯʘʝʪ 

ʜʚʝ ʤʦʣʝʢʫʣʳ ʩʧʠʨʦ-ʘʜʜʫʢʪʘ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʪʠʦʘʤʠʜʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ 8-ʯʣʝʥʥʳʡ ʮʠʢʣ. 
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ʈʠʩ. 5. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 86a. 

 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʘʜʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 64-76 (ʉʭʝʤʘ 16), 

ʠʟʦʤʝʨʥʳʝ ʵʢʟʦ- ʠ ɻʥʜʦ-ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʡ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʪʦʠʥʦʚ 12, 

13, 15, 16 ʠ 18-20 ʩ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʧʦ ʟʥʘʯʝʥʠʷʤ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 

ʧʨʦʪʦʥʦʚ CH=CH ʛʨʫʧʧʳ: ʜʣʷ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʵʪʠ ʧʨʦʪʦʥʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 

6.34-6.62 ʤ.ʜ.(ʚ CDCl3) ʚ ʚʠʜʝ ʜʚʫʭ ʤʫʣʴʪʠʧʣʝʪʦʚ, ʘ ʜʣʷ ʤʠʥʦʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʠʛʥʘʣʳ 

ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 6.30-6.48 ʤ.ʜ. (ʚ CDCl3). 

3.2.3. ʈʝʘʢʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5-7 ʠ 11-21 ʩ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʜʘʟʦʣʦʥʦʚ 5-7 ʠ 11-21 ʩ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ ʪʘʢʞʝ ʪʨʝʙʫʝʪ 

ʢʘʪʘʣʠʟʘ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ AlCl 3 ʠʣʠ ZnI2 

(ʉʭʝʤʘ 20, ʊʘʙʣʠʮʘ 4). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ AlCl 3 ʨʝʘʢʮʠʷ ʜʠʝʥʘ 3 ʩ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ 5-7 ʠ 11 ʧʨʦʪʝʢʘʝʪ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 87-

90. 

ʉʭʝʤʘ 20. 
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ʊʘʙʣʠʮʘ 4. ʈʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ 

2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ 

ʧʨʦʜʫʢʪ X Ar R ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ ʚʳʭʦʜ, % 

87 O Ph H 
AlCl 3 47 

ZnI2 0 

88 O Ph Ac AlCl 3 44 

89 O Ph COOEt AlCl 3 33*  

90 O Ph CONHPh AlCl 3 29*  

91 S Ph H 
AlCl 3 45 

ZnI2 92 

92 S 2-FC6H4 H ZnI2 84 

93 S 2-ClC6H4 H ZnI2 71 

94 S 3-MeC6H4 H ZnI2 85 

95 S 3-MeOC6H4 H ZnI2 79 

96 S 4-FC6H4 H ZnI2 74 

97 S 4-ClC6H4 H ZnI2 82 

98 S 4-MeOC6H4 H ZnI2 88 

99 S 2,6-Me2C6H3 H ZnI2 68 

100 S 3-Cl,4-FC6H3 H ZnI2 81 

*  ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʥʝʨʘʟʜʝʣʠʤʦʡ ʩʤʝʩʠ ʩ ʠʩʭʦʜʥʳʤ ʜʠʝʥʦʬʠʣʦʤ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺʳʭʦʜ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ ʩʤʝʩʠ ʧʨʦʜʫʢʪʘ ʠ ʠʩʭʦʜʥʦʛʦ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ. 

 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʮʠʢʣʦʛʝʢʩʘʜʠʝʥ, 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ZnI2 ʣʝʛʢʦ 

ʨʝʘʛʠʨʫʝʪ ʩ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ 12-21 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 91-100 ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʥʦ ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʩʝʣʝʢʪʠʚʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʧʦ C=S ʩʚʷʟʠ ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʪʠʦʛʠʜʘʥʪʦʠʥʘ 91 ʧʨʠ ʟʘʤʝʥʝ AlCl3 ʥʘ ʙʦʣʝʝ ʤʷʛʢʠʡ ZnI2 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ ʜʠʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ 

ʃʴʶʠʩʘ. 

3.2.4. ʈʝʘʢʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12, 14-16, 18 ʠ 19 ʩ ʠʟʦʧʨʝʥʦʤ 

ʅʘ ʧʨʠʤʝʨʝ ʠʟʦʧʨʝʥʘ 4 ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 

ʩ ʠʤʠʜʘʟʦʣʦʥʘʤʠ 5, 12, 14-16, 18 ʠ 19. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʠʧʷʯʝʥʠʝ ʛʠʜʘʥʪʦʠʥʘ 5 ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʩ 10-ʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ʜʠʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʧʨʠʚʦʜʠʪ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 101a ʩ ʚʳʭʦʜʦʤ 70% ʠ ʩʣʝʜʦʚʳʤ ʢʦʣʠʯʝʩʪʚʘʤ ʤʠʥʦʨʥʦʛʦ 

ʨʝʛʠʦʠʟʦʤʝʨʘ 101b. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 12, 14-16, 18 ʠ 19 ʩ 

ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʦʙʨʘʟʫʶʪ ʥʝʨʘʟʜʝʣʠʤʫʶ ʩʤʝʩʴ ʨʝʛʠʦʠʟʦʤʝʨʦʚ 102a-107a ʠ 102b-

107b ʚ ʩʦʦʪʥʦʰʝʥʠʠ 87:13 (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ) (ʉʭʝʤʘ 

21, ʊʘʙʣʠʮʘ 5). 

ʉʭʝʤʘ 21. 

 

ʊʘʙʣʠʮʘ 5. ʈʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12, 14-16, 18 ʠ 

19ʩ ʠʟʦʧʨʝʥʦʤ 

ʧʨʦʜʫʢʪ X Ar ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ ʧʘʨʘ:ʤʝʪʘa ʚʳʭʦʜb, % 

101a + 101b O Ph AlCl 3 > 95:5 70 (>95:5) 

102a + 102b S Ph ZnI2 87:13 82 (87:13) 

103a + 103b S 2-ClC6H4 ZnI2 87:13 61 (94:6) 

104a + 104b S 3-MeC6H4 ZnI2 87:13 64 (89:11) 

105a + 105b S 3-MeOC6H4 ZnI2 87:13 76 (90:10) 

106a + 106b S 4-ClC6H4 ZnI2 87:13 68 (87:13) 

107a + 107b S 4-MeOC6H4 ZnI2 87:13 71 (80:20) 
a ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. b ʚʳʭʦʜ ʜʣʷ ʚʳʜʝʣʝʥʥʦʡ ʩʤʝʩʠ ʦʩʥʦʚʥʦʛʦ 

ʠ ʤʠʥʦʨʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ. 

 

ʉʪʨʦʝʥʠʝ ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʦʤ 1H-13C HMBC ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʠʤʝʨʝ ʩʪʨʫʢʪʫʨ 104a ʠ 104b (ʈʠʩ. 6). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʞʝʥʠʝ 

ʤʝʪʠʥʦʚʦʛʦ ʧʨʦʪʦʥʘ ʚ ʰʝʩʪʠʯʣʝʥʥʦʤ ʢʦʣʴʮʝ ʩʦʝʜʠʥʝʥʠʷ 104ʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʢʨʦʩʩ-ʧʠʢʘ ʚ ʩʧʝʢʪʨʝ HMBC, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʚʠʮʠʥʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ 

ʧʨʦʪʦʥʘ ʩ ʯʝʪʚʝʨʪʠʯʥʳʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʚ ʩʧʠʨʦʮʠʢʣʝ. 
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ʈʠʩ. 6. 1H-13C HMBC ʗʄʈ ʩʧʝʢʪʨ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ 104a ʠ 104b. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ AlCl 3 ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʦʘʢʪʠʚʥʳʭ ʜʠʝʥʦʚ ʩ ʣʶʙʳʤʠ 

ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘʤʠ, ʘ ZnI2 ï ʪʦʣʴʢʦ ʩ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʭʦʨʦʰʠʤʠ 

ʚʳʭʦʜʘʤʠ ʧʦʣʫʯʠʪʴ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠʤʠʜʘʟʦʣʦʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʧʦʬʠʣʴʥʳʤʠ 

ʢʘʨʢʘʩʘʤʠ. 

3.2.5. ʈʝʘʢʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5, 6, 12 ʠ 25 ʩ ʧʷʪʠʯʣʝʥʥʳʤʠ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ (ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʨʘʥʘ ʠ ʪʠʦʬʝʥʘ) 

ʅʘ ʧʨʠʤʝʨʝ ʬʫʨʘʥʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʩ ʤʝʪʠʣʠʜʝʥʦʚʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠʤʠʜʘʟʦʣʦʥʦʚ 5, 6, 12 ʠ 25. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʜʠʝʥʦʚ 2-4, ʬʫʨʘʥ ʥʝ ʨʝʘʛʠʨʦʚʘʣ ʩ ʵʪʠʤʠ ʠʤʠʜʘʟʦʣʦʥʘʤʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʩʣʦʪ ʃʴʶʠʩʘ (BF3ĀEt2O, AlCl3, ZnI2) ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʤʝʰʠʚʘʥʠʠ ʨʝʘʛʝʥʪʦʚ ʚ CH2Cl2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ 

ʧʨʠʚʦʜʠʣʦ ʪʦʣʴʢʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʘ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʩʤʝʩʠ ʩ ʠʩʭʦʜʥʳʤ 

ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʤ, ʦʜʥʘʢʦ ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʩʤʝʩʠ ʬʫʨʘʥ-

AlCl 3 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʛʠʜʘʥʪʦʠʥʘ 5 ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʘʜʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

109a. ɼʘʣʴʥʝʡʰʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʊʘʙʣʠʮʝ 6, 

ʧʨʝʜʧʦʣʘʛʘʣʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʤʝʩʠ 

ʬʫʨʘʥʘ ʩ AlCl 3 ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʜʦ ʚʚʝʜʝʥʠʷ ʚ ʨʝʘʢʮʠʶ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5 ʵʢʚʠʚʘʣʝʥʪʦʚ ʬʫʨʘʥʘ ʠ 1.5 ʵʢʚʠʚʘʣʝʥʪʦʚ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʥʘʤ ʫʜʘʣʦʩʴ 

ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 109a ʜʦ 51%. 
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ʉʭʝʤʘ 22. 

 

ʊʘʙʣʠʮʘ 6. ʈʝʘʢʮʠʷ 5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 ʩ ʬʫʨʘʥʦʤ. 

ʬʫʨʘʥ, ʵʢʚ. AlCl 3, ʵʢʚ. 
ʚʨʝʤʷ ʚʳʜʝʨʞʠʚʘʥʠʷ  

ʩʤʝʩʠ ʬʫʨʘʥ-AlCl 3, ʩ. 
ʚʳʭʦʜ 109aa, % 

30 1.0 0 24 

35 2.0 0 20 

35 3.0 10 18 

35 2.0 30 41 

10 1.5 10 49 

5 1.5 30 51 

5 1.5 60 40 

5 1.5 240 32 
a ʚʳʭʦʜ ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʷ. 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ŭ-ʘʤʠʜʦʘʢʨʠʣʘʪʦʚ ʩ ʧʷʪʠʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ [152]. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʝʥʘʤʠʥ-ʠʤʠʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʠʤʠʥʥʦʡ ʬʦʨʤʳ 110 (ʉʭʝʤʘ 23), ʢʦʪʦʨʘʷ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ 

ʜʝʡʩʪʚʠʝʤ AlCl 3 ʬʫʨʘʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ Ŭ-ʘʤʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʷ 109a. ɺ 1H 

ʗʄʈ ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 109a ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʥʛʣʝʪ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1.90 ʤ.ʜ., ʘ 

ʪʘʢʞʝ ʜʚʘ ʜʫʙʣʝʪʘ ʠ ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ a-ʟʘʤʝʱʝʥʥʦʛʦ ʬʫʨʘʥʘ. ɺ ʗʄʈ ʩʧʝʢʪʨʘʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʪʘʢʞʝ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 

ʄʠʭʘʵʣʷ 109b, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʝʥʘʤʠʥʥʦʡ 

ʬʦʨʤʳ ʛʠʜʘʥʪʦʠʥʘ ʩ ʢʦʤʧʣʝʢʩʦʤ ʬʫʨʘʥ-AlCl 3. ʀʟʦʤʝʨ 109b ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʧʦ 

ʭʘʨʘʢʪʝʨʥʳʤ ʩʠʛʥʘʣʘʤ ABX ʩʠʩʪʝʤʳ ʚ ʦʙʣʘʩʪʠ 3.0ï4.5 ʤ.ʜ. 

ʉʭʝʤʘ 23. 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʘʤʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʢʮʠʶ ʩ 

ʬʫʨʘʥʦʤ ʙʳʣ ʚʚʝʜʸʥ N-ʘʮʠʣʠʨʦʚʘʥʥʳʡ ʛʠʜʘʥʪʦʠʥ 6, ʥʝʩʧʦʩʦʙʥʳʡ ʢ ʠʤʠʥ-ʝʥʘʤʠʥʥʦʡ 

ʪʘʫʪʦʤʝʨʠʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʧʨʦʪʦʥʘ ʧʨʠ ʝʥʘʤʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ ʘʜʜʫʢʪ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ 111 ʚ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ) (ʉʭʝʤʘ 24). 

ʉʭʝʤʘ 24. 

 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʷ ʩ ʬʫʨʘʥʦʤ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 12 

ʠ 25. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʨʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥ 25 ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ ʵʪʠʤ ʛʝʪʝʨʦʮʠʢʣʦʤ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʧʦʚʳʰʝʥʥʳʤʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʦʢʦʣʦ ʩʚʷʟʠ C=C 

ʩʦʝʜʠʥʝʥʠʷ 25, ʘ ʚ ʩʣʫʯʘʝ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ 12 ʧʨʦʜʫʢʪ ʘʤʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʷ 115a 

ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 25% (ʊʘʙʣʠʮʘ 7). ɹʦʣʝʝ ʥʠʟʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 115a ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤ ʘʥʘʣʦʛʦʤ 108a ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʙʦʣʝʝ ʩʣʘʙʳʤʠ 

ʘʢʮʝʧʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ CSNH-ʛʨʫʧʧʳ ʠʩʭʦʜʥʦʛʦ ʠʤʠʜʘʟʦʣʦʥʘ 12. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʦʚ 

ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʪʝʢʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʬʫʨʘʥʘ, 

2-ʤʝʪʠʣʪʠʦʬʝʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ AlCl 3 ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʘʥʪʦʠʥʦʤ 5 ʩ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʘʤʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʷ 116a. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʙʦʣʝʝ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʡ 2-ʤʝʪʠʣʬʫʨʘʥ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪ 

ʘʜʜʫʢʪ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ 117b, ʘ 2-ʬʫʨʦʥʠʪʨʠʣ 114 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʥʝ 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʤ 5, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ 

ʠʩʭʦʜʥʦʤ ʛʝʪʝʨʦʮʠʢʣʝ ʩʠʣʴʥʦʡ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ (ʊʘʙʣʠʮʘ 7). 

ʊʘʙʣʠʮʘ 7. ʈʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʦʥʦʚ 5, 12 ʠ 25ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʨʘʥʘ ʠ ʪʠʦʬʝʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ AlCl3. 

ʠʤʠʜʘʟʦʣʦʥ ʛʝʪʝʨʦʮʠʢʣ ʧʨʦʜʫʢʪʳ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʨʘʥʘ ʠ 

ʪʠʦʬʝʥʘ ʧʨʦʪʝʢʘʝʪ ʥʝ ʢʘʢ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʘ ʢʘʢ Ŭ-ʘʤʠʜʦʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʄʠʭʘʵʣʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʘʩʠʥʭʨʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ 

ʠʟ-ʟʘʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʦʚ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʟʘʨʷʜ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦ ʦʙʨʘʟʫʶʱʝʤʩʷ ʮʚʠʪʪʝʨ-ʠʦʥʝ. 

3.2.6. ɸʣʢʠʣʠʨʦʚʘʥʠʝ ʠ ʘʮʠʣʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 64a, 

71a, 79a, 80a, 80b, 91  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʮʠʡ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘʤʠ 5-12 ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ N(1)-ʥʝʟʘʤʝʱʸʥʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 12 ʦʙʨʘʟʫʶʱʘʷʩʷ 

ʜʠʘʩʪʝʨʝʦʤʝʨʥʘʷ ʧʘʨʘ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʟʦʤʝʨʳ, ʪʦʛʜʘ ʢʘʢ N(1)-ʟʘʤʝʱʸʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʘʥʪʦʠʥʘ 
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ʦʙʨʘʟʫʶʪʩʷ ʣʠʙʦ ʚ ʚʠʜʝ ʥʝʨʘʟʜʝʣʠʤʦʡ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʣʠʙʦ ʩ ʢʨʘʡʥʝ ʥʠʟʢʠʤ 

ʚʳʭʦʜʦʤ (ʩʤ. ʉʭʝʤʫ 16, ʊʘʙʣʠʮʫ 2), ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʧʦʣʫʯʝʥʠʝ ʩ 

ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪ-ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦ ʘʪʦʤʫ ʘʟʦʪʘ N(1)-ʥʝʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ 64a, 71a, 79a, 80a, 80b ʠ 91, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʛʠʜʘʥʪʦʠʥʳ 64a, 79a ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʘʣʢʠʣʠʨʦʚʘʥʳ ʠʣʠ ʧʨʦʘʮʠʣʠʨʦʚʘʥʳ ʜʝʡʩʪʚʠʝʤ PhCH2Cl ʠʣʠ Boc2O ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʠʣʠ ʘʮʝʪʦʥʠʪʨʠʣʝ (ʉʭʝʤʘ 25). ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ 68a ʠ 69a ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦʩʥʦʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ 9, 10 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ. 

ʉʭʝʤʘ 25. 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ 79a, ʪʠʦʛʠʜʘʥʪʦʠʥʳ 71a, 80a, 80b ʠ 91 

ʘʣʢʠʣʠʨʫʶʪʩʷ MeI ʠ PhCH2Cl ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3, ʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʘʪʦʤʫ ʩʝʨʳ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʝʡ S-CH2Ph ʠ S-Me ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 13C ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʚʝʣʠʯʠʥʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ sp3-ʛʠʙʨʠʜʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤʠʜʘʟʦʣʦʥʘʭ 

118-121. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ 119, 120 ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʛʥʘʣ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ ʦʢʦʣʦ 34.0 ʤ.ʜ., ʘ ʚ ʩʧʝʢʪʨʘʭ ʧʨʦʜʫʢʪʦʚ 118 ʠ 121 ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 12.5 ʤ.ʜ. 

ʂʠʧʷʯʝʥʠʝ S-ʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ ʘʜʜʫʢʪʘ 118 ʚ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʝ [143] ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ 
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ʛʠʜʘʥʪʦʠʥʘ 64a ʜʘʞʝ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʉʭʝʤʘ 26). ɺ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʚ ʦʙʣʘʩʪʠ 6.0-6.5 ʤ.ʜ. ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ 

CH=CH ʧʨʦʪʦʥʦʚ ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʢʘʨʢʘʩʘ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʦʮʝʩʩʳ 

ʢʘʨʙʦʢʘʪʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 26. 

 

ɼʨʫʛʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ ʠʟ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʥʢʫʨʝʥʪʥʦ ʧʨʦʪʝʢʘʪʴ ʧʦ C=S ʠ C=C ʩʚʷʟʷʤ. 

ʊʘʢʠʝ ʨʝʘʢʮʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʘʣʝʝ ʚ ʨʘʟʜʝʣʘʭ 3.3.1.3 ʠ 3.4. 

3.2.7. ɸʪʨʦʧʦʠʟʦʤʝʨʠʷ ʦʨʪʦ-ʟʘʤʝʱʸʥʥʳʭ 3-ʘʨʠʣʠʤʠʜʘʟʦʣʦʥʦʚ 

ʀʩʩʣʝʜʫʷ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 72, 73, 81, 92, 93 ʠ 103, ʩʦʜʝʨʞʘʱʠʝ 

ʦʨʪʦ-ʬʪʦʨ- ʠ ʦʨʪʦ-ʭʣʦʨʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʠ N(3) ʛʝʪʝʨʦʮʠʢʣʘ, ʤʝʪʦʜʦʤ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ ʩʧʝʢʪʨʘʭ, ʘ ʚ ʩʣʫʯʘʝ 2,6-ʜʠʤʝʪʠʣʬʝʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 86 ʠ 

99 ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʟʘʪʨʫʜʥʸʥʥʳʤ ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʉ(Ar)-N(ʠʤʠʜʘʟʦʣʦʥ) 

ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʘʞʜʦʝ ʦʨʪʦ-ʬʝʥʠʣʟʘʤʝʱʸʥʥʦʝ 

ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʚʫʭ ʘʪʨʦʧʦʠʟʦʤʝʨʦʚ (ʘʢʩʠʘʣʴʥʦ-ʭʠʨʘʣʴʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʙʠʘʨʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʘʥʘʣʦʛʠʯʥʦʝ ʷʚʣʝʥʠʝ ʦʧʠʩʘʥʦ ʜʣʷ 

ʜʨʫʛʠʭ ʦʨʪʦ-ʟʘʤʝʱʸʥʥʳʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ [153ï155]). 

ɼʘʥʥʳʝ ʗʄʈ ʩʧʝʢʪʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 72, 73, 81, 92, 93 ʠ 103 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʙʘʨʴʝʨʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ. ɺ 19F ʗʄʈ 

ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 72a ʩʣʘʙʦʝ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʳʰʝ 80Áʉ (ʈʠʩ. 7); ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʙʘʨʴʝʨ ʚʨʘʱʝʥʠʷʩʚʷʟʠ ʉ(Ar)-N(ʠʤʠʜʘʟʦʣʦʥ) 

ʙʦʣʴʰʝ 20 ʢʢʘʣ/ʤʦʣʴ.  
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ʈʠʩ. 7. 19F ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 72a ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

3.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

1,3-ʜʠʧʦʣʷʤʠ 

ʊʨʝʪʴʷ ʯʘʩʪʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʷʤ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 64-121, ʢʦʪʦʨʳʝ ʙʳ ʧʨʠʚʦʜʠʣʠ ʢ ʚʚʝʜʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʮʝʣʝʚʳʝ ʤʦʣʝʢʫʣʳ. ʊʘʢ, ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʢʨʘʪʥʳʤ ʩʚʷʟʷʤ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ 64a, 64b, 71a, 73a, 74a, 

76a, 80a, 80b, 91, 95, 97, 100 ʠ 118. ɺ ʢʘʯʝʩʪʚʝ 1,3-ʜʠʧʦʣʝʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʠʪʨʠʣʦʢʩʠʜʳ, 

ʥʠʪʨʠʣʠʤʠʥʳ, ʘʟʠʜʳ, ʘʟʦʤʝʪʠʣʠʤʠʥʳ, ʘʟʦʤʝʪʠʣʠʣʠʜʳ ʠ ʥʠʪʨʠʣʠʣʠʜʳ. ʇʦʣʫʯʘʝʤʳʝ ʪʘʢʠʤ 

ʧʫʪʸʤ ʘʜʜʫʢʪʳ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʪ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʷʪʠʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʯʪʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʠʭ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ. 

ɺ ʨʦʣʠ ʜʠʧʦʣʷʨʦʬʠʣʘ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʠ ʘʜʜʫʢʪʳ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 

64-76, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʮʠʢʣʘ ʩʦʜʝʨʞʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʝʘʢʮʠʦʥʥʫʶ ʜʚʦʡʥʫʶ C=C ʩʚʷʟʴ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʝʡ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʥʦʨʙʦʨʥʝʥʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʢʟʦ-ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

[156ï158], ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʚ ʭʦʜʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʢʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ 

1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʩʦʝʜʠʥʝʥʠʷʤ 64a, 64b, 71a, 76a ʠ 118 (ʉʭʝʤʘ 27, 

ʩʤ. ʪʘʢʞʝ ʜʘʣʝʝ ʨʘʟʜʝʣʳ 3.3.1.2, 3.3.1.3 ʠ 3.3.2) ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʥʩʪʘʥʪ 

ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CH-ʛʨʫʧʧ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʩʦʩʝʜʥʠʭ 

ʧʨʦʪʦʥʦʚ ʥʦʨʙʦʨʥʘʥʦʚʦʛʦ ʦʩʪʦʚʘ [159]. 
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ʉʭʝʤʘ 27. 

 

ɺ ʩʣʫʯʘʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʜʠʧʦʣʠ (ʥʠʪʨʠʣʦʢʩʠʜʳ, ʥʠʪʨʠʣʠʤʠʥʳ) ʩʧʦʩʦʙʥʳ ʢʦʥʢʫʨʝʥʪʥʦ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʧʦ ʩʚʷʟʠ 

C=S ʠʩʭʦʜʥʦʛʦ ʜʠʧʦʣʷʨʦʬʠʣʘ (ʉʭʝʤʘ 28). ʉʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʝʡ 

C=C ʠ ʉ=S ʩʧʠʨʦ-ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʠʤʠʜʘʟʦʣʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʪʘʢʠʤʠ ʜʠʧʦʣʷʤʠ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʘʜʜʫʢʪʦʚ ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ 71a, 73a, 74a, ʮʠʢʣʦʛʝʢʩʘʜʠʝʥʦʤ 80a, 

80b, 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʦʤ 91, 95, 97, 100 ʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʟʜʝʣʝ 3.3.1.3. 

ʉʭʝʤʘ 28.  

 

ʅʘ ʧʨʠʤʝʨʝ ʘʟʠʜʦʚ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʪʘʢ ʠ ʘʜʜʫʢʪʦʚ ʬʦʨʤʘʣʴʥʦʛʦ 

[2+1]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʦʪ ʪʠʧʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʠʩʭʦʜʥʦʤ ʘʟʠʜʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʟʜʝʣʝ 3.3.2. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 1,3-ʜʠʧʦʣʝʡ 

ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʘʤʠ ʧʦʜʙʠʨʘʣʠʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʠʧʦʣʷ. 

3.3.1. ʈʝʘʢʮʠʠ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ 

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ 1,3-ʜʠʧʦʣʝʡ ʥʠʪʨʠʣʦʢʩʠʜʳ ʠ ʥʠʪʨʠʣʠʤʠʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʩʠʥʪʝʟʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ [160ï162]. 

ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʵʪʠʭ ʜʠʧʦʣʝʡ ʢ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ [163,164] ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʡ ʢʘʢ ʧʨʦʩʪʳʭ ʘʣʢʝʥʦʚ [165ï

169], ʪʘʢ ʠ ʩʣʦʞʥʳʭ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ [170]. 

ʋʜʦʙʥʳʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ 

ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ N-ʛʠʜʨʦʢʩʠʤʦʠʣ- ʠ ʛʠʜʨʘʟʦʥʠʣʛʘʣʦʛʝʥʠʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʉʭʝʤʳ 29, 30). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʠʧʦʣʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʨʠʣ-, ʘʣʢʠʣ- ʠ ʙʨʦʤʧʨʦʠʟʚʦʜʥʳʝ 126, 
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127, 130 ʧʦ ʨʝʘʢʮʠʠ ʦʢʩʠʤʦʚ 124, 125, 129 ʩ ʛʘʣʦʛʝʥʠʨʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ (ʉʭʝʤʘ 29) [171ï

173]. 

ʉʭʝʤʘ 29. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʠʪʨʠʣʠʤʠʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʘʟʦʥʠʣʭʣʦʨʠʜʳ 

135 ʠ 136 ʜʝʡʩʪʚʠʝʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ CCl4 ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʠʜʨʘʟʠʜʳ (ʉʭʝʤʘ 30) 

[174,175]. 

ʉʭʝʤʘ 30. 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ 126, 127, 130, 135 ʠ 136 ʦʩʥʦʚʘʥʠʝʤ 

ʦʙʨʘʟʫʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʝ ʥʠʪʨʠʣʦʢʩʠʜʳ ʠ ʥʠʪʨʠʣʠʤʠʥʳ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʜʠʧʦʣʷʨʦʬʠʣʘʤʠ. 

3.3.1.1. ʄʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ 

ʆʩʥʦʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʨʝʘʢʮʠʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ in situ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ 126, 127, 130, 135 ʠ 136, ʩʚʷʟʘʥʦ ʩʦ ʩʢʣʦʥʥʦʩʪʴʶ ʵʪʠʭ ʜʠʧʦʣʝʡ ʢ 

ʜʠʤʝʨʠʟʘʮʠʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʨʠʯʝʩʢʠʭ (ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ) ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʥʠʪʨʠʣʦʢʩʠʜʘʭ ʠ ʥʠʪʨʠʣʠʤʠʥʘʭ (ʉʭʝʤʘ 

31). ɹʳʩʪʨʘʷ ʜʠʤʝʨʠʟʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʨʫʛ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ ʩ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ 

ʚʳʭʦʜʘʤʠ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʜʠʧʦʣʝʡ [176ï179]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʘʢʮʠʠ ʩ ʪʝʤʠ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ 

ʥʠʪʨʠʣʠʤʠʥʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʙʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʜʠʤʝʨʠʟʘʮʠʠ ʧʨʦʪʝʢʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʦ [170,177,179]. 
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ʉʭʝʤʘ 31.  

 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʛʝʥʝʨʘʮʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʜʠʧʦʣʝʡ ʦʧʠʩʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʨʝʘʢʮʠʷʤ ʩ ʧʨʦʩʪʳʤʠ ʘʣʢʝʥʘʤʠ [180ï186] ʠ 

ʥʘʣʘʛʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʙʦʨ ʩʫʙʩʪʨʘʪʘ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʝʛʠʜʨʘʪʠʨʫʶʱʠʭ ʠ ʦʢʠʩʣʷʶʱʠʭ ʘʛʝʥʪʦʚ [182ï184,186], ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ 

[181,184] ʠ ʧʨʦʪʝʢʘʶʱʠʭ ʢʘʨʙʦʢʘʪʠʦʥʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ [180,185]. 

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʜʠʧʦʣʝʡ ʚ ʨʝʘʢʮʠʷʭ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʠʤʠʥʦʚ ʠ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʠʭ ʛʝʥʝʨʘʮʠʠ ʧʫʪʝʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʤʝʰʠʚʘʥʠʷ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ ʩ N-ʛʠʜʨʦʢʩʠʤʦʠʣ- ʠ ʛʠʜʨʘʟʦʥʠʣʘʣʦʛʝʥʠʜʘʤʠ. ʇʨʠʙʦʨ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʤʝʰʝʥʠʝ ʘʛʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʫ  ʁ

ʚʠʘʣʫ, ʧʦʤʝʱʸʥʥʳʡ ʚʥʫʪʨʴ ʚʠʘʣ rʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʈʠʩ. 8). ɺʦ ʚʥʫʪʨʝʥʥʶ  ʁʚʠʘʣʫ ʩ 

ʤʘʛʥʠʪʥʳʤ ʷʢʦʨʝʤ ʟʘʛʨʫʞʘʝʪʩʷ ʩʤʝʩʴ ʠʩʭʦʜʥʦʛʦ ʘʣʢʝʥʘ ʠ ʛʠʜʨʦʢʩʠʤʦʠʣʛʘʣʦʛʝʥʠʜʘ ʠʣʠ 

ʠʤʠʜʦʠʣʭʣʦʨʠʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʨʝʘʢʮʠʠ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯʥʳʭ ʨʝʘʢʪʦʨʦʚ. ɺʥʝʰʥʷʷ 

ʸʤʢʦʩʪʴ ʩʦʜʝʨʞʠʪ 100-200 ʢʨʘʪʥʳʡ ʠʟʙʳʪʦʢ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ (NEt3, ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ NMe3 ʠʣʠ i-PrNEt2), ʢʦʪʦʨʳʡ ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʝʪʩʷ ʠ ʧʦʧʘʜʘʝʪ ʚʦ 

ʚʥʫʪʨʝʥʥʶ  ʁʚʠʘʣʫ ʩ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʴʶ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʚ 

ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʨʘʩʰʠʨʝʥʘ ʥʘ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʯʝʨʝʟ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ. 
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ʈʠʩ. 8. ʇʨʠʙʦʨ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ. 

 

ɺʘʞʥʝʡʰʠʤ ʨʘʟʣʠʯʠʝʤ ʤʝʞʜʫ ʜʠʬʬʫʟʠʦʥʥʳʤ ʩʤʝʰʝʥʠʝʤ ʘʤʠʥʘ ʠ ʧʦʩʪʝʧʝʥʥʳʤ 

ʧʨʠʢʘʧʳʚʘʥʠʝʤ ʝʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʠʬʬʫʟʠʠ ʟʘ 

ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʨʝʘʢʮʠʶ ʚʚʦʜʠʪʩʷ ʦʯʝʥʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʜʠʧʦʣʷ, ʢʦʪʦʨʳʡ ʤʛʥʦʚʝʥʥʦ 

ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʘʣʢʝʥʦʤ. ɺ ʩʣʫʯʘʝ ʧʨʠʢʘʧʳʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʘʤʠʥʘ ʠʟʤʝʥʷʝʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʦʣʝʢʫʣ ʜʠʧʦʣʷ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʠ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʩʤ. ʉʭʝʤʫ 31). 

ɺʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʥʘʤʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʘʭ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ 

ʥʠʪʨʠʣʠʤʠʥʦʚ ʢ ʜʠʧʦʣʷʨʦʬʠʣʘʤ 5, 137-139 (ʉʭʝʤʘ 32; ʨʘʩʪʚʦʨʠʪʝʣʴ - ʭʣʦʨʦʬʦʨʤ, 

ʪʨʝʪʠʯʥʳʡ ʘʤʠʥ - NEt3). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʣʝʬʠʥʳ 137-139 ʥʝ ʩʦʜʝʨʞʘʪ ʩʠʣʴʥʳʭ 

ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʜʣʝʥʥʦ ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʠʢʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʘʣʢʝʥʘʤ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 5 ʩ ʙʳʩʪʨʦ 

ʜʠʤʝʨʠʟʫʶʱʠʤʠʩʷ 1,3-ʜʠʧʦʣʷʤʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʘʤ ʧʨʦʜʫʢʪʦʚ [176], ʘ ʥʘʣʠʯʠʝ ʧʦʜʚʠʞʥʦʛʦ 

ʧʨʦʪʦʥʘ ʚ ʛʠʜʘʥʪʦʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʤʦʣʝʢʫʣʳ 5 ʥʘʣʘʛʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʤʝʪʦʜʠʢʠ ʛʝʥʝʨʘʮʠʠ ʜʠʧʦʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʘʭ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 140b,c,e - 

143b,c,e ʤʝʪʦʜʠʢʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʘʣʢʝʥʦʚ ʩʦ ʩʢʣʦʥʥʳʤʠ ʢ ʙʳʩʪʨʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʜʠʧʦʣʷʤʠ. 

ʉʨʘʚʥʝʥʠʝ ʚʳʭʦʜʦʚ ʛʝʪʝʨʦʮʠʢʣʦʚ 140-144, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʤʝʠhʚʘʥʠʷ ʠ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʢʘʟʘʥʦ ʥʘ ʉʭʝʤʝ 32. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʥʦʛʜʘ ʪʨʫʜʥʦ ʩʦʧʦʩʪʘʚʠʤʳ ʤʝʞʜʫ ʩʦʙʦʡ, 
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ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʜʠʧʦʣʷ ʠ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʘʣʢʝʥʘ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ in situ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ. ʅʘʧʨʦʪʠʚ, 

ʚʩʝ ʨʝʘʢʮʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʨʠʤʝʨʘʭ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʢʮʠʡ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ, 

ʠʣʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʥʠʟʢʠʤʠ ʚʳʭʦʜʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʤʝʪʦʜʠʢʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʝʤ ʞʝ ʛʝʪʝʨʦʮʠʢʣʘʤ ʩ 

ʧʨʝʧʘʨʘʪʠʚʥʳʤʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. 

ʉʭʝʤʘ 32. 

 
a ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʡ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʠʤʦʚ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ ʩ ʬʝʥʠʣʥʠʪʨʠʣʦʢʩʠʜʦʤ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ in situ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʴʜʦʢʩʠʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NaBrO2. b ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʡ 

ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʠʤʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ 

ʩ ʵʪʠʣʥʠʪʨʠʣʦʢʩʠʜʦʤ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪʩʷ in situ ʜʝʛʠʜʨʘʪʘʮʠʝʡ 1-ʥʠʪʨʦʧʨʦʧʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

PhNCO ʠ NEt3 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. c ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʝ 

ʙʨʦʤʦʢʩʠʤʘ 130 ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NaHCO3. d ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʡ 



80 

 

ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʘʟʦʥʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ 

ʨʝʘʢʮʠʠ ʩ ʜʠʧʦʣʝʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

1-(1-ʥʠʪʨʦʵʪʠʣʠʜʝʥ)-2-ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ. e ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʡ 

ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʠʤʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ 

ʩ ʤʝʪʠʣʥʠʪʨʠʣʦʢʩʠʜʦʤ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ in situ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 1-ʥʠʪʨʦʧʨʦʧʘʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ɺʦʩ2ʆ ʠ DMP. f ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʡ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʷ ʵʪʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʩʠʤʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʡ 1-ʘʨʠʣ-3-ʤʝʪʠʣ-5-

ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ ʩ ʬʝʥʠʣʥʠʪʨʠʣʦʢʩʠʜʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ in situ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʣʴʜʦʢʩʠʤʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NaClO. 

 

ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʟʘʛʨʫʟʦʢ ʚʝʱʝʩʪʚʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʩʪʦʚʳʭ ʨʝʘʢʮʠʡ ʤʳ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʟʘʛʨʫʟʦʢ 

ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ 124, 125, 129, 135 ʠ 136 0.27 ʤʤʦʣʴ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.089 ʄ; ʚ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʳʜʝʨʞʠʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ ʦʢʘʟʳʚʘʣʦʩʴ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʝʨʝʥʦʩʘ ʦʜʥʦʛʦ ʠ ʙʦʣʝʝ ʵʢʚʠʚʘʣʝʥʪʦʚ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ 

ʩʦʩʫʜ (ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʥʝʩʸʥʥʦʛʦ ʪʨʠʵʪʠʣʘʤʠʥʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣʦʚ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʦʜʫʢʪʦʚ ʠ ʘʤʠʥʘ ʚ 1H ʗʄʈ ʩʧʝʢʪʨʘʭ ʘʣʠʢʚʦʪ, ʦʪʙʠʨʘʝʤʳʭ ʠʟ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ). 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʩʦ 

ʩʪʠʨʦʣʦʤ 137 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʢʝʥʘ 137 ʩ ʥʠʪʨʠʣʦʢʩʠʣʘʤʠ ʠ 

ʥʠʪʨʠʣʠʤʠʥʘʤʠ ʧʦ ʤʝʪʦʜʫ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 

ʚʳʭʦʜʘʤʠ ʠ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʘʣʢʝʥ 137 ʣʝʛʢʦ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʠ 

1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʢ ʩʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ, ʪʘʢ ʠ ʩ 

ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʜʠʧʦʣʷʤʠ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟʦʢʩʘʟʦʣʠʥʘ 140a ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʗʄʈ ʤʝʪʦʜʦʚ HSQC ʠ HMBC, ʘ ʚ ʩʣʫʯʘʝ 

ʧʠʨʘʟʦʣʠʥʦʚ 140d,e ʠʭ ʗʄʈ ʩʧʝʢʪʨʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [168,187]. 

ɺ ʩʣʫʯʘʝ ʣʝʪʫʯʠʭ ʦʣʝʬʠʥʦʚ 138 ʠ 139 ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʣʘ ʢʘʢ ʜʠʬʬʫʟʠʷ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʪʘʢ ʠ ʦʙʨʘʪʥʘʷ ʜʠʬʬʫʟʠʷ ʥʦʨʙʦʨʥʝʥʘ 138 ʠʣʠ 

ʥʦʨʙʦʨʥʘʜʠʝʥʘ 139 ʚʦ ʚʥʝʰʥʶʶ ʸʤʢʦʩʪʴ ʩ ʘʤʠʥʦʤ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3-ʢʨʘʪʥʦʛʦ 

ʠʟʙʳʪʢʘ ʘʣʢʝʥʦʚ ʜʠʧʦʣʴ ʫʩʧʝʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ ʩ ʦʣʝʬʠʥʦʤ, ʠ ʮʝʣʝʚʳʝ 

ʛʝʪʝʨʦʮʠʢʣʳ 141 ʠ 142 ʦʙʨʘʟʫʶʪʩʷ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 141-143 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ 

1H ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CH-ʛʨʫʧʧ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʩʦʩʝʜʥʠʭ ʧʨʦʪʦʥʦʚ ʥʦʨʙʦʨʥʘʥʦʚʦʛʦ ʦʩʪʦʚʘ [159]. ʄʳ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʠʪʨʠʣʦʢʩʠʜʳ 124, 125, 129 ʠ ʥʠʪʨʠʣʠʤʠʥʳ 135, 136 ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 
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ʥʦʨʙʦʨʥʝʥʦʤ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʢʟʦ-ʧʨʦʜʫʢʪʦʚ 141a-d, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [169,188]. ɺ ʩʣʫʯʘʝ ʜʠʝʥʘ 139 ʨʘʥʝʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʦ ʦʜʥʦʡ ʠʣʠ ʧʦ ʜʚʫʤ ʢʨʘʪʥʳʤ ʩʚʷʟʷʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʵʢʟʦ- ʠ 

ʵʥʜʦ-ʧʨʦʜʫʢʪʦʚ [189]. ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʧʨʠ 4-ʢʨʘʪʥʦʤ 

ʠʟʙʳʪʢʝ ʥʦʨʙʦʨʥʘʜʠʝʥʘ ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤʠ ɻ ʢʟʦ-ʧʨʦʜʫʢʪʘʤʠ 142 ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ 

ʤʠʥʦʨʥʳʝ ʵʥʜʦ-ʧʨʦʜʫʢʪʳ 143. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 142 ʠ 143 ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʧʦʣʷ ï ʨʝʘʢʮʠʷ ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʧʨʦʪʝʢʘʝʪ ʤʝʥʝʝ 

ʩʝʣʝʢʪʠʚʥʦ, ʯʝʤ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ. 

ʇʦʤʠʤʦ ʨʝʘʢʮʠʡ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʘʣʢʝʥʘʤʠ 137-139 ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʠʢʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 

5, ʩʦʜʝʨʞʘʱʝʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ ʉ=ʉ ʩʚʷʟʴ. ʀʩʭʦʜʥʳʡ ʦʣʝʬʠʥ 5 ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʥʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʢ ʩʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ, ʪʘʢ ʠ ʩ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ 

ʧʨʠʚʦʜʠʣʦ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʮʠʢʣʦʚ 144 ʩ ʚʳʭʦʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 84-

96%. ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 144a-c ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʦʜʫʢʪʘʤʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘʤ [146], ʩʪʨʦʝʥʠʝ 

ʧʠʨʘʟʦʣʦʥʘ 144e ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʤʝʪʦʜʠʢ ʗʄʈ HSQC ʠ 

HMBC. 

ɺʦʟʤʦʞʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʠ ʘʤʠʥʦʚ ʚʦ ʚʥʝʰʥʝʡ ʸʤʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 8. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʤʝʪʦʜʠʢʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʦʜʥʘʢʦ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 144a, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʜʠʤʝʨʠʟʘʮʠʝʡ ʨʝʘʢʮʠʦʥʥʦʛʦ 1,3-ʜʠʧʦʣʷ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʧʘʨʦʚ ʘʤʠʥʘ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʠ 

ʤʦʛʫʪ ʠʩʧʘʨʷʪʴʩʷ, ʧʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʣʝʛʢʦʢʠʧʷʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚʨʦʜʝ ʜʠʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʦʯʝʥʴ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʦʙʲʸʤʦʤ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʣʥʦʝ ʠʩʧʘʨʝʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʩʪʘʥʦʚʢʝ ʨʝʘʢʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

ʉʭʝʤʘ 33. 

 
 
 



82 

 

ʊʘʙʣʠʮʘ 8. ʈʝʘʢʮʠʷ ʜʠʧʦʣʷʨʦʬʠʣʘ 5 ʩ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʤ 126 ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭa. 

ʩʦʜʝʨʞʠʤʦʝ ʚʥʝʰʥʝʡ 

ʚʠʘʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʚʠʘʣʝ 
ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ  ʚr ʭʦʜ 144ab, % 

NEt3 CHCl3 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
100 

NEt3 CHCl3 
20, 1 ʜʝʥʴ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
95 

NEt3 MeOH 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
100 

NEt3 PhH 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
91 

NEt3 Et2O 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
83 

NEt3/Et2O (1 : 5) Et2O 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
88 

NMe3H
+Cl-, NaOH, 

H2O
c 

CHCl3 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
91 

NEt3H
+Cl-, NaOH, 

H2O
c 

CHCl3 
20, 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
98 

i-Pr2NEt CHCl3 
-18, 3 ʜʥʷ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ 
96 

i-Pr2NEt CHCl3 
20, 1 ʜʝʥʴ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
95 

i-Pr2NEt ɼʄʉʆd6 
20 , 1 ʜʝʥʴ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
97 

i-Pr2NEt ʦʨʪʦ-ʢʩʠʣʦʣ 
80 , 1 ʜʝʥʴ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
94 

a ʉʪʘʨʪʦʚʳʝ ʟʘʛʨʫʟʢʠ: 20 ʤʛ (0.106 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʷ 5 ʠ 20 ʤʛ (0.106 ʤʤʦʣʴ) 

ʩʦʝʜʠʥʝʥʠʷ 126 ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʚʠʘʣʝ; 35.85 ʤʤʦʣʴ ʘʤʠʥʘ ʚʦ ʚʥʝʰʥʝʡ ʚʠʘʣʝ. b ʇʦ ʜʘʥʥʳʤ 

1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. c ʈʘʩʪʚʦʨ ʚʦ ʚʥʝʰʥʝʡ ʚʠʘʣʝ ʙʳʣ ʧʦʣʫʯʝʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʝʘʢʮʠʠ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʘʤʠʥʦʚ ʚ ʤʝʪʦʜʠʢʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ 

NMe3 (Tʢʠʧ.å3 ), NEt3 (Tʢʠʧ.å89 ) ʠ i-Pr2NEt (Tʢʠʧ.å127 ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʢʘʟʘʣʦʩʴ, 

ʯʪʦ ʣʝʪʫʯʠʡ NMe3 ʙʳʩʪʨʦ ʧʦʛʣʦʱʘʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ ʜʠʧʦʣʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʜʠʤʝʨʠʟʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ i-Pr2NEt, ʤʝʥʝʝ ʣʝʪʫʯʝʛʦ, ʯʝʤ NEt3, ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʧʨʦʮʝʩʩʳ ʜʠʤʝʨʠʟʘʮʠʠ, ʥʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴʩʷ ʠʟ-ʟʘ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʘʤʠʥʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʧʦʣʝʡ, 
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ʦʙʨʘʟʫʶʱʠʭʩʷ in situ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (-18 ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʜʠʬʬʫʟʠʠ ʘʤʠʥʘ ʠ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʜʠʧʦʣʷ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʠ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʨʝʘʢʮʠʷ (80) ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 126 ʚ ʧʨʠʩʫʪʩʪʚʠʠ i-Pr2NEt 

ʧʨʠʚʝʣʘ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ 144ʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʡ ʞʝ ʨʝʘʢʮʠʝʡ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ 

ʩʤʝʰʠʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʜʠʬʬʫʟʠʝʡ ʧʘʨʦʚ ʣʝʪʫʯʝʛʦ ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʳʡ 

ʨʘʩʪʚʦʨ ʜʣʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ. ʄʝʪʦʜ 

ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʩʪ ʚ 

ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʮʝʣʝʚʳʝ ʠʟʦʢʩʘʟʦʣʳ ʠ ʧʠʨʘʟʦʣʦʥʳ ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʠʤʝʨʠʟʘʮʠʠ 1,3-ʜʠʧʦʣʝʡ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ in situ ʧʨʠ ʜʝʛʠʜʨʦʛʘʣʦʛʝʥʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ. 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʚ ʩʣʫʯʘʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʦʘʢʪʠʚʥʳʭ ʦʣʝʬʠʥʦʚ ʩ ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʤʠ 1,3-ʜʠʧʦʣʷʤʠ, ʢʦʛʜʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʨʠʢʘʧʳʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʘʤʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ 

ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ. 

3.3.1.2. ʈʝʘʢʮʠʠ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ 64b ʩ ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ 

ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜʠʢʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʘʢʮʠʷʭ ʩ ʤʦʜʝʣʴʥʳʤʠ ʜʠʧʦʣʷʨʦʬʠʣʘʤʠ 5, 137-139, ʤʳ ʠʟʫʯʠʣʠ ʝʸ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʫ 64a. ɺʘʨʴʠʨʦʚʘʥʠʝ 

ʪʨʝʪʠʯʥʦʛʦ ʘʤʠʥʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ ʛʠʜʘʥʪʦʠʥʘ 64a ʩ 

ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʤ 136 (ʊʘʙʣʠʮʘ 9) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʜʘʥʥʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʝʡ ʠʩʭʦʜʥʦʛʦ 

ʜʠʧʦʣʷʨʦʬʠʣʘ 64a. 

ʉʭʝʤʘ 34. 
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ʊʘʙʣʠʮʘ 9. ʈʝʘʢʮʠʷ ʜʠʧʦʣʷʨʦʬʠʣʘ 64a ʩ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʤ 136 ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭa. 

136, ʵʢʚ. 
ʩʦʜʝʨʞʠʤʦʝ 

ʚʥʝʰʥʝʡ ʚʠʘʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʚʠʘʣʝ 
ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ 

ʦʙʱʠʡ ʚʳʭʦʜ 

145a + 146ab, % 

1 NEt3 CHCl3 

r.t., 1 ʜʝʥʴ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʩʤʝʩʠ 

68 

1 NEt3 CHCl3 
r.t, 1 ʜʝʥʴ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
53 

2.1 NEt3 CHCl3 

r.t, 2 ʜʥʷ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʩʤʝʩʠ 

89 

3 NEt3 CHCl3 

r.t, 3 ʜʥʷ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ʩʤʝʩʠ 

100 

1 i-Pr2NEt ɼʄʉʆd6 
r.t, 2 ʜʥʷ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
52 

1.4 i-Pr2NEt CHCl3 
r.t, 2 ʜʥʷ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
100 

1.4 i-Pr2NEt CHCl3 
-18 , 3 ʜʥʷ ʙʝʟ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
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a ʉʪʘʨʪʦʚʳʝ ʟʘʛʨʫʟʢʠ: 25 ʤʛ (0.098 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʷ 64a ʠʩʦʝʜʠʥʝʥʠʝ 136 ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʫʢʘʟʘʥʥʦʤ ʚ ʪʘʙʣʠʮʝ, ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʚʠʘʣʝ; 35.85 ʤʤʦʣʴ ʘʤʠʥʘ ʚʦ ʚʥʝʰʥʝʡ ʚʠʘʣʝ. b ʇʦ ʜʘʥʥʳʤ 1H 

ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʨʦʜʫʢʪʳ 145a ʠ 146a ʚʩʝʛʜʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

52:48. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʧʨʦʜʫʢʪʳ 145a ʠ 146a 

ʚʩʝʛʜʘ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 52:48 (ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ). ʉʪʨʦʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʠ ʤʠʥʦʨʥʦʛʦ ʠʟʦʤʝʨʦʚ 145a, 146a ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʤʝʪʦʜʠʢ ʗʄʈ HSQC ʠ HMBC (ʈʠʩ. 9).  
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ʈʠʩ. 9. 1H-13C HMBC ʗʄʈ ʩʧʝʢʪʨ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ 145a ʠ 146a. 

ɺ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ 126, 127, 130, 135 ʠ 136 

ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʫ 

64a ʧʦ ʤʝʪʦʜʫ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʩ ʪʨʠʵʪʠʣʘʤʠʥʦʤ (ʉʭʝʤʘ 35). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʮʝʣʝʚʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʥʝʨʘʟʜʝʣʠʤʳʭ ʩʤʝʩʝʡ ʠʟʦʤʝʨʦʚ 145 ʠ 146 ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʠʤʝʨʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʜʠʧʦʣʝʡ. 

ʉʭʝʤʘ 35. 
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ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 145c ʠ 146c ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ gHSQC ʠ gHMBC 

(ʈʠʩ. 10). ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʛʠʦʠʟʦʤʝʨʘ 145c ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʝʘʢʮʠʡ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʥʦʨʙʦʨʥʝʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ [190]. 

 

ʈʠʩ. 10. 1H-13C HMBC ʗʄʈ ʩʧʝʢʪʨ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ 145c ʠ 146c. 

 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʘ ʚ ʨʝʘʢʮʠʠ ʩ 

4-ʭʣʦʨʬʝʥʠʣʥʠʪʨʠʣʦʢʩʠʜʦʤ ʙʳʣ ʠʟʫʯʝʥ ʵʥʜʦ-ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 64b 

(ʉʭʝʤʘ 36). ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʪʠʤ ʜʠʧʦʣʝʤ ʮʝʣʝʚʳʝ 

ʛʝʪʝʨʦʮʠʢʣʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 52:48 (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʦʩʥʦʚʥʦʡ ʵʢʟʦ-ʠʟʦʤʝʨ 64a 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 57:43). 

ʉʭʝʤʘ 36. 
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ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʘʞʥʦʡ ʨʦʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʥʦʨʙʦʨʥʝʥʦʚʦʤ ʢʘʨʢʘʩʝ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʥʜʦ-

ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʚ 

ʩʧʠʨʦʮʠʢʣʝ 64b, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʤʝʥʝʝ ʚʳʛʦʜʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 64b 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʦ ʢʘʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʡ ʧʨʦʜʫʢʪ ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʠʟʦʤʝʨ 64a ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ (ʩʤ. ʨʘʟʜʝʣ 

3.2.1). 

3.3.1.3. ʈʝʘʢʮʠʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 71a, 73a, 74a, 80a, 80b, 91, 95, 97, 100 ʠ 118ʩ 

ʥʠʪʨʠʣʦʢʩʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʤʠʥʘʤʠ 

ʈʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʙʳʣʘ ʪʘʢʞʝ ʠʟʫʯʝʥʘ 

ʥʘ ʧʨʠʤʝʨʝ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 61, 71a, 73a, 74a, 80a, 91, 95 ʠ 100. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ 

ʠʤʠʜʘʟʦʣʦʥʦʚ ʚ ʩʤʝʩʠ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ N-ʛʠʜʨʦʢʩʠʤʦʠʣʭʣʦʨʠʜʘ 126 ʚ 

ʫʩʣʦʚʠʷʭ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʛʠʜʘʥʪʦʠʥʳ 60, 64a, 79a, 87 ʠ 149-152 (ʉʭʝʤʘ 37). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʚʷʟʠ ʉ=S ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʦʢʩʘʪʨʠʘʟʦʣʘ II, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ [191]. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʨʘʟʣʦʞʝʥʠʷ ʦʢʩʘʪʨʠʘʟʦʣʘ ʥʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʠʧʷʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʭʣʦʨʦʬʦʨʤʝ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ.  

ʉʭʝʤʘ 37. 

 
a ʆʙʨʘʟʫʝʪʩʷ ʚ ʩʤʝʩʠ ʩ ʥʝʦʪʜʝʣʠʤʦʡ ʧʨʠʤʝʩʴʶ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʧʦʣʷ ʧʦ C=C 

ʩʚʷʟʠ (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ).  



88 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʩ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ 61, 71a, 73a, 74a, 91, 95 ʠ 100 

ʧʨʦʪʝʢʘʝʪ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦ ʧʦ ʩʚʷʟʠ C=S, ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 79a ʦʙʨʘʟʫʝʪʩʷ 

ʦʢʦʣʦ 10% ʧʨʠʤʝʩʠ ʘʜʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʚʷʟʠ C=C. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʷ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʩʠʥʪʝʟʘ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 64a, 79a, 87, 149-152 (ʉʭʝʤʘ 

37); ʪʘʢʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʩʧʦʩʦʙʫ ʠʭ ʧʦʣʫʯʝʥʠʷ ʧʦ ʨʝʘʢʮʠʷʤ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʠʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ (ʨʘʟʜʝʣʳ 

3.2.1-3.2.4). ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 149, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʨʪʦ-ʬʝʥʠʣʟʘʤʝʱʸʥʥʳʭ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 

72, 73, 81, 92, 93 ʠ 103, ʚ ʗʄʈ ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʜʚʦʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʟʘʪʨʫʜʥʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ ʉ(Ar)-N(ʛʠʜʘʥʪʦʠʥ) (ʩʤ. ʨʘʟʜʝʣ 3.2.7). 

ʅʠʪʨʠʣʠʤʠʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʠʟʙʠʨʘʪʝʣʴʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩʦ ʩʧʠʨʦʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ ʧʦ 

ʩʚʷʟʠ C=S, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʘʜʜʫʢʪʳ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ (ʉʭʝʤʘ 38). 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʪʝʨʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ C=C ʩʚʷʟʷʤ 

ʠʤʠʜʘʟʦʣʦʥʦʚ 71a ʠ 74a ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ, 

ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫʶ ʦʙʣʘʩʪʴ 

CH=CH ʧʨʦʪʦʥʦʚ ʢʘʨʢʘʩʘ ʮʝʣʝʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʧʨʠ 6.0-6.5 ʤ.ʜ. 

ʉʭʝʤʘ 38. 

 

ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʪʨʠʣʠʤʠʥʦʚ ʩ ʠʤʠʜʘʟʦʣʦʥʘʤʠ 71a, 74a, 80a ʠ 80b ʦʜʠʥ 

ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ ʩʧʝʢʪʨʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʧʦʣʷ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ NOESY 1H-1H ʗʄʈ ʩʧʝʢʪʨʘ ʩʦʝʜʠʥʝʥʠʷ 

156 (ʈʠʩ. 11), ʥʠʪʨʠʣʠʤʠʥʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʵʢʟʦ-ʠʟʦʤʝʨʘʤ 71a, 74a ʠ 80a ʩʦ ʩʪʦʨʦʥʳ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ (CH2)n ʤʦʩʪʠʢʫ ʢʘʨʢʘʩʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʨʦʜʫʢʪʘ 157 ʥʝ 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʤʝʪʦʜʘʤʠ ʜʚʫʤʝʨʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 



89 

 

ʯʪʦ ʵʥʜʦ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʙʠʮʠʢʣʠʯʝʩʢʦʤ ʢʘʨʢʘʩʝ ʦʢʘʟʳʚʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʜʭʦʜ ʜʠʧʦʣʷ ʢ ʩʫʙʩʪʨʘʪʫ. 

 
ʈʠʩ. 11. NOESY 1H-1H ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 156. 

ɺ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨ 158, 159 ʠʭ ʪʦʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʘʢʞʝ ʥʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ, 

ʢʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ 13C ʗʄʈ ʩʧʝʢʪʨʘ 4-ʭʣʦʨʬʝʥʠʣʟʘʤʝʱʸʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 159 ʦʩʣʦʞʥʸʥ 

ʫʰʠʨʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʬʦʨʤʘʤʠ ʧʨʦʜʫʢʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʥʠʪʨʠʣʦʢʩʠʜʦʚ ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ ʩ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ 71a, 73a, 74a, 80a, 80b, 91, 95, 97 ʠ 

100 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʧʦ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ C=S ʩʚʷʟʠ, ʘ ʥʝ ʧʦ ʩʚʷʟʠ 

ʉ=ʉ. ʆʜʥʘʢʦ ʧʨʦʜʫʢʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ C=C ʩʚʷʟʠ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ, ʝʩʣʠ ʚ ʨʝʘʢʮʠʶ ʚʚʦʜʠʪʴ S-ʘʣʢʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ 

ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʫ 118 ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʮʝʣʝʚʳʭ 

ʠʟʦʢʩʘʟʦʣʠʥʦʚ 160 ʠ 161 ʩ ʦʙʱʠʤ ʚʳʭʦʜʦʤ 97% (ʉʭʝʤʘ 39). 

ʉʭʝʤʘ 39. 
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ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʩʚʷʟʠ C=N (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ) ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʸ ʩʣʘʙʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʩʦʧʨʷʞʸʥʥʦʡ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʛʨʫʧʧʳ SBn. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʘ 

ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʜʜʫʢʪʦʚ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʠʪʨʠʣʦʢʩʠʜʦʚ 

ʠ ʥʠʪʨʠʣʠʤʠʥʦʚ ʧʦ ʩʚʷʟʷʤ C=C ʠ C=S ʨʘʟʣʠʯʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ. ɺ ʩʣʫʯʘʝ 

ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ 71a, 74a, 80a ʠ 80b ʩʪʝʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʧʨʦʮʝʩʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

3.3.2. ʈʝʘʢʮʠʠ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʘʟʠʜʘʤʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ 1,3-ʜʠʧʦʣʝʡ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʘʟʠʜʳ ʷʚʣʷʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʟʠʜʳ 167-171, 173 ʠ 175 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʪʨʝʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʉʭʝʤʝ 40. ɸʟʠʜʳ 167-171 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʟ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʘʥʠʣʠʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ NaNO2 ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʦʙʨʘʟʫʶʪ ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ ʠ ʟʘʪʝʤ ʨʝʘʛʠʨʫʶʪ ʩ NaN3 ʩ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ 

ʘʟʦʪʘ. ʉʦʝʜʠʥʝʥʠʝ 173 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʥʠʪʨʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʦʟʠʣʘʟʠʜ 175 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠʟ ʪʦʟʠʣʭʣʦʨʠʜʘ ʧʦ ʨʝʘʢʮʠʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ.  

ʉʭʝʤʘ 40. 

 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʠʜʦʚ ʢ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʘʤ ʙʳʣʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʛʠʜʘʥʪʦʠʥʘ 64a (ʊʘʙʣʠʮʘ 10). ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʪʝʢʘʥʠʝ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʥʳʭ 

ʪʨʠʘʟʦʣʠʥʦʚ 176. ɺ ʩʣʫʯʘʝ ʢʠʧʷʯʝʥʠʷ ʚ ʦʨʪʦ-ʢʩʠʣʦʣʝ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, 
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ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠʟ-ʟʘ ʨʘʟʣʦʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʘʟʠʜʘ ʠ/ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 41. 

 

ʊʘʙʣʠʮʘ 10. ʇʨʠʩʦʝʜʠʥʝʥʠʝ 4-ʥʠʪʨʦʬʝʥʠʣʘʟʠʜʘ ʢ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʫ 64a ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚr ʭʦʜ 176a+176b, % 176a : 176b 

ʙʝʥʟʦʣ, r.t., 30 ʜʥʝʡ 65 68 : 32 

ʙʝʥʟʦʣ, æ, 36 ʯʘʩʦʚ 86 63 : 37 

ʪʦʣʫʦʣ, æ, 36 ʯʘʩʦʚ 83 57 : 43 

ʦʨʪʦ-ʢʩʠʣʦʣ, æ, 36 ʯʘʩʦʚ 0 - 

 

ɺ ʫʩʣʦʚʠʷʭ 36-ʯʘʩʦʚʦʛʦ ʢʠʧʷʯʝʥʠʷ ʚ ʪʦʣʫʦʣʝ ʚ ʨʝʘʢʮʠʷʭ ʩ 4-ʥʠʪʨʦʬʝʥʠʣʘʟʠʜʦʤ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 71a, 74a ʠ 80a. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʤʠʜʘʟʦʣʦʥʦʚ 71a ʠ 

74a, ʩʦʜʝʨʞʘʱʠʭ ʥʦʨʙʦʨʥʝʥʦʚʳʡ ʢʘʨʢʘʩ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʟʠʜʦʤ 167 ʧʨʦʪʝʢʘʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʟʜʝʣʠʤʦʡ ʩʤʝʩʠ ʨʝʛʠʦʠʟʦʤʝʨʦʚ a ʠ b ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 42). 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʷ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 80a ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ 

ʜʘʞʝ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ). ɺ ʩʣʫʯʘʝ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ʩʤʝʩʠ ʜʠʧʦʣʷʨʦʬʠʣʘ 80a ʠ ʘʟʠʜʘ 167 ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʪʝʯʝʥʠʝ 183 ʜʥʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʨʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʠʜʦʚ ʩ ʪʠʦʛʠʜʘʥʪʦʠʥʘʤʠ 71a, 74a ʠ 

80a ʩʚʷʟʘʥʳ ʩ ʨʘʟʥʦʡ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ ʵʪʠʭ ʜʠʧʦʣʷʨʦʬʠʣʦʚ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ C=C ʩʚʷʟʠ. 

ʉʭʝʤʘ 42. 
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ʉʪʨʫʢʪʫʨʘ ʪʨʠʘʟʦʣʠʥʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʩʤʝʩʠ ʨʝʛʠʦʠʟʦʤʝʨʦʚ 178 

ʤʝʪʦʜʘʤʠ ʜʚʫʤʝʨʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʢʦʨʨʝʣʷʮʠʷʤ ʤʝʞʜʫ CH-ʬʨʘʛʤʝʥʪʦʤ 

ʪʨʠʘʟʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʚ ʫʟʣʝ ʩʧʠʨʦʮʠʢʣʘ (ʈʠʩ. 12). 

 

ʈʠʩ. 12. 1H-13C HMBC ʗʄʈ ʩʧʝʢʪʨ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ 178a ʠ 178b. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-ʙʨʦʤʬʝʥʠʣʘʟʠʜʘ ʩ ʛʠʜʘʥʪʦʠʥʦʤ 64a ʚ ʢʠʧʷʱʝʤ ʚ ʙʝʥʟʦʣʝ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʪʨʠʘʟʦʣʠʥʦʚ (ʉʭʝʤʘ 43). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

4-ʥʠʪʨʦʬʝʥʠʣʘʟʠʜʦʤ ʘʜʜʫʢʪʳ ʩ ʘʟʠʜʦʤ 168 ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦ ʩ ʫʤʝʨʝʥʥʳʤ 

ʚʳʭʦʜʦʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 1,3-ʜʠʧʦʣʷ 168 ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʩʠʣʴʥʳʭ ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ. 

ʉʭʝʤʘ 43. 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ 4-ʥʠʪʨʦʬʝʥʠʣʘʟʠʜʘ ʠ 4-ʙʨʦʤʬʝʥʠʣʘʟʠʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʠʜʦʚ 169, 

170, 173 ʠ 175 ʩʦ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʤ 64a ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʟʠʨʠʜʠʥʦʚ 181-184 
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(ʉʭʝʤʘ 44, ʊʘʙʣʠʮʘ 11), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʪʦʜʦʤ HRMS. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ ʪʠʧʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʠʩʭʦʜʥʦʤ ʘʟʠʜʝ, 

ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʨʠʘʟʦʣʠʥʦʚʳʡ ʮʠʢʣ, ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʘʥʘʣʠʟʘ. 

ʉʭʝʤʘ 44. 

 

ʊʘʙʣʠʮʘ 11. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʠʜʦʚ 169, 170, 173 ʠ 175 ʢ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʫ 64a. 

ʧʨʦʜʫʢʪ R ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % 

181 2-NO2C6H4 
ʪʦʣʫʦʣ, æ, 36 ʯʘʩʦʚ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʙʝʥʟʦʣ, r.t., 183 ʜʥʷ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

182 2-BrC6H4 ʙʝʥʟʦʣ, r.t., 183 ʜʥʷ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

183 Ph ʪʦʣʫʦʣ, æ, 36 ʯʘʩʦʚ 32 

184 Ts 
ʪʦʣʫʦʣ, æ, 36 ʯʘʩʦʚ 23 

ʙʝʥʟʦʣ, r.t., 150 ʜʥʷ 25 

185 2-Py 
ʪʦʣʫʦʣ, æ, 36 ʯʘʩʦʚ 0 

ʙʝʥʟʦʣ, r.t., 183 ʜʥʷ 0 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʘ-ʥʠʪʨʦʬʝʥʠʣ- ʠ ʧʘʨʘ-ʙʨʦʤʬʝʥʠʣʟʘʤʝʱʸʥʥʳʭ 

ʪʨʠʘʟʦʣʠʥʦʚ 177 ʠ 180, ʪʨʠʘʟʦʣʠʥʳ I ̫ ʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʝʩʪʘʙʠʣʴʥʳʤʠ, ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʦʥʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʘ (ʉʭʝʤʘ 45) [192,193]. ʅʠʟʢʠʝ ʚʳʭʦʜʳ ʘʟʠʨʠʜʠʥʦʚ 181-184 ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, 

ʯʪʦ ʠʥʪʝʨʤʝʜʠʘʪʳ III ʩʢʣʦʥʥʳ ʢ ʩʢʝʣʝʪʥʳʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ 

ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʢʘʣʴʥʳʝ ʨʝʘʢʮʠʠ. 

ʉʭʝʤʘ 45. 
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ɺ ʩʣʫʯʘʝ ʘʟʠʜʦʚ ʩ ʩʠʣʴʥʳʤʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ 169 ʠ 171 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʜʠʧʦʣʷʨʦʬʠʣʦʤ 64a ʟʘʪʨʫʜʥʝʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ 1,3-ʜʠʧʦʣʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʉʭʝʤʝ 46, ʢʦʪʦʨʘʷ ʜʣʷ ʦʨʪʦ-ʥʠʪʨʦʬʝʥʠʣʘʟʠʜʘ ʠʤʝʝʪ ʥʝʦʙʨʘʪʠʤʳʡ 

ʭʘʨʘʢʪʝʨ. 

ʉʭʝʤʘ 46. 

 

ɺ ʮʝʣʦʤ, ʨʝʘʢʮʠʷ ʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 71a, 74a ʩ ʘʟʠʜʘʤʠ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʪʝʟʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʠʟ-ʟʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʠʜʦʚ ʠ ʠʩʭʦʜʥʳʭ 

ʜʠʧʦʣʷʨʦʬʠʣʦʚ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

3.3.3. ʈʝʘʢʮʠʠ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʘ 64a ʩ ʘʟʦʤʝʪʠʣʠʤʠʥʘʤʠ, ʘʟʦʤʝʪʠʣʠʣʠʜʘʤʠ ʠ 

ʥʠʪʨʠʣʠʣʠʜʘʤʠ 

ʂʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 1,3-ʜʠʧʦʣʠ, ʘʟʦʤʝʪʠʣʠʤʠʥ,r ʘʟʦʤʝʪʠʣʠʣʠʜ rʠ ʥʠʪʨʠʣʠʣʠʜʳ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʚ ʩʠʥʪʝʟʝ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ʅʘ 

ʧʨʠʤʝʨʘʭ ʜʠʧʦʣʝʡ 188-191 ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʵʪʠʭ ʜʠʧʦʣʝʡ ʢ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʫ 64a. 

ʉʪʘʙʠʣʴʥʳʡ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʘʟʦʤʝʪʠʣʠʤʠʥ 188 ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ 

ʤʝʪʦʜʠʢʝ [194], ʘ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʜʠʧʦʣʠ 189-191 ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ in situ [142,144,195]. ɺ 

ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ LCMS ʘʥʘʣʠʟʘ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʠʩʭʦʜʥʳʡ ʛʠʜʘʥʪʦʠʥ 64a ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʪʠʤʠ ʜʠʧʦʣʷʤʠ 

(ʉʭʝʤʘ 47, ʊʘʙʣʠʮʘ 12). 

ʉʭʝʤʘ 47. 
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ʊʘʙʣʠʮʘ 12. ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʡ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʘ 64a ʩ ʘʟʦʤʝʪʠʣʠʤʠʥʘʤʠ, 

ʘʟʦʤʝʪʠʣʠʣʠʜʘʤʠ ʠ ʥʠʪʨʠʣʠʣʠʜʘʤʠ. 

 
ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ 

 

ʩʦʝʜʠʥʝʥʠʝ 188, NEt3, CHCl3, æ 

 

ʧʘʨʘʬʦʨʤ, ʩʘʨʢʦʟʠʥ, EtOH, æ 

 

ʠʟʘʪʠʥ, ʩʘʨʢʦʟʠʥ, EtOH, æ 

 

PhCH=N-CClPh, NEt3, PhH, r.t. 

 

ɺʝʨʦʷʪʥʦ, ʜʚʦʡʥʘʷ ʩʚʷʟʴ ʚ ʩʪʨʫʢʪʫʨʝ ʜʠʧʦʣʷʨʦʬʠʣʘ 64a ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʘ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʟʦʤʝʪʠʣʠʤʠʥʦʚ, ʘʟʦʤʝʪʠʣʠʣʠʜʦʚ ʠ ʥʠʪʨʠʣʠʣʠʜʦʚ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʥʦʨʙʦʨʥʝʥʘ. 

3.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʧʝʨʦʢʩʦʧʨʦʠʟʚʦʜʥʳʤʠ 

ɽʱʸ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʘʜʜʫʢʪʦʚ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ. ɼʘʥʥʘʷ ʨʝʘʢʮʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 64a. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 3-ʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ ʤʝʪʘ-

ʭʣʦʨʧʝʨʦʢʩʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʩʦʝʜʠʥʝʥʠʝʤ 64a ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʵʢʟʦ- ʠ ɻʥʜʦ-

ʧʨʦʜʫʢʪʦʚ 192 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 93:7 (ʉʭʝʤʘ 48). 

ʉʭʝʤʘ 48. 
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ʀʟʦʤʝʨʳ 192a ʠ 192b ʥʝ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, 

ʦʜʥʘʢʦ ʠʭ ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʚ ʩʤʝʩʠ ʤʝʪʦʜʦʤ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʂʉʉɺ ï ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʵʢʟʦ-ʧʨʦʜʫʢʪʘ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʵʧʦʢʩʠʜʥʦʛʦ ʮʠʢʣʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʜʚʫʭ 

ʜʫʙʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 3.2-3.5 ʤ.ʜ. ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3.3 ɻʮ. ɼʣʷ 

ʤʠʥʦʨʥʦʛʦ ʵʥʜʦ-ʧʨʦʜʫʢʪʘ ʚ ʦʙʣʘʩʪʠ 3.8-3.9 ʤ.ʜ. ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʧʩʝʚʜʦʪʨʠʧʣʝʪʘ ʩ 

ʢʦʥʩʪʘʥʪʦʡ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3.7 ɻʮ. 

ʈʝʘʢʮʠʷ MCPBA c ʪʠʦʛʠʜʘʥʪʦʠʥʦʤ 71a ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʫʣʴʬʦʥʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 193 (ʉʭʝʤʘ 49), ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ 1ʅ ʗʄʈ ʩʧʝʢʪʨʦʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʜʘʞʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʵʧʦʢʩʠʜʘ. ʅʘʣʠʯʠʝ 

CH=CH ʩʚʷʟʠ ʚ ʧʨʦʜʫʢʪʝ 193 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʵʪʠʭ 

ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ 6.2-6.6 ʤ.ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ 13ʉ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʤʝʱʝʥʠʝ 

ʩʠʛʥʘʣʘ C(2)=SO2 ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʦʣʝ (~151 ʤ.ʜ.) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʠʜʘʥʪʦʠʥʦʚʳʭ ʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʳʭ ʘʥʘʣʦʛʦʚ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʘʪʦʤʘ N(1) ʥʘ ʘʢʮʝʧʪʦʨʥʫʶ ʩʫʣʴʬʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʜʠʦʢʩʠʜ ʪʠʦʛʠʜʘʥʪʦʠʥʘ 193 ʷʚʣʷʝʪʩʷ ʤʘʣʦʩʪʘʙʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʫʜʘʸʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʝʪʦʜʘʤʠ LCMS ʠ 

HRMS. 

ʉʭʝʤʘ 49. 

 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʣʴʬʦʥʠʣʴʥʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ 193 ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʩʤʝʩʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʛʠʜʘʥʪʦʠʥʦʤ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʭʦʜʥʦʛʦ ʪʠʦʛʠʜʘʥʪʦʠʥʘ 71a ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

H2O2 (ʉʭʝʤʘ 50). ɺʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 64a ʠ 193 ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʥʘ 

ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʙʳʣʘ ʥʘʛʨʝʪʘ ʜʦ 60  ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 193. ɼʘʥʥʳʡ ʧʦʜʭʦʜ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʷ 64a ʠ 71a, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ (ʩʤ. ʨʘʟʜʝʣʳ 3.2.1 ʠ 3.2.2). 

ʉʭʝʤʘ 50. 
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ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 64a ʠ 71a (60-65%) ʧʦ ʉʭʝʤʝ 50, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʤʝʩʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ 193, 194 (<70%), ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʪʦ, ʯʪʦ ʜʠʦʢʩʠʜʳ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 193, 194 ʥʝ ̫ʚʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ 

ʩʠʥʪʝʟʝ ʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ 71a. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʠʦʢʩʠʜʳ 193 ʠ 194 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʘ ʩʦʝʜʠʥʝʥʠʷ 64a ʠ 71a ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʦʣʝʢʫʣʳ H2O2 ʢ ʪʠʦʛʠʜʘʥʪʦʠʥʫ (ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʘʢʮʠʠ 

ʦʧʠʩʘʥʳ ʜʣʷ ʛʠʜʨʘʟʠʥʘ [196]) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʦʣʠʟʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʥʪʝʨʤʝʜʠʘʪʘ. 

3.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʠʜʘʥʪʦʠʥʦʚ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ 

ʘʛʝʥʪʘʤʠ 

3.5.1. ɹʨʦʤʠʨʦʚʘʥʠʝ N(1)-ʥʝʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ 79a 

ʇʦʤʠʤʦ ʩʠʥʪʝʟʘ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 3- ʠ 

5-ʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥ rʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ 

ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ ʘʜʜʫʢʪʦʚ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʳ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʞʸʩʪʢʦʛʦ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʝʛʦ 

ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʩʪʝʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ. 

ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʥʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʘ 64a ʩ ʙʨʦʤʦʤ ʚ ʭʣʦʨʦʬʦʨʤʝ. 

ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʦʙʨʘʟʫʝʪʩʷ ʜʠʙʨʦʤʠʜ 

196a, ʚʳʜʝʣʝʥʥʳʡ ʩ ʚʳʭʦʜʦʤ 71% (ʉʭʝʤʘ 51). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʛʘʣʦʛʝʥ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʩ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʩʪʦʨʦʥʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʨʦʤʦʥʠʝʚʳʡ ʠʦʥ 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʫʢʣʝʦʬʠʣʘ, ʘʪʘʢʫʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʝʥʥʳʡ ʦʪ ʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʉʭʝʤʘ 51. 
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ʉʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʘ 196a ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʤʝʪʦʜʘʤʠ ʜʚʫʤʝʨʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

HMBC (ʈʠʩ. 13) ʧʦ ʥʘʣʠʯʠʶ ʢʨʦʩʩ-ʧʠʢʦʚ ʤʝʞʜʫ CHBr ʛʨʫʧʧʦʡ ʠ ʯʝʪʚʝʨʪʠʯʥʳʤ ʘʪʦʤʦʤ 

ʫʛʣʝʨʦʜʘ ʚ ʩʧʠʨʦʮʠʢʣʝ. 

 
ʈʠʩ. 13. 1H-13C HMBC ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ 196a. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʦʡ ʞʝ ʨʝʘʢʮʠʠ ʤʝʪʦʜʦʤ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 

3.3.1.1) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʝʨʘʟʜʝʣʠʤʘʷ ʩʤʝʩʴ ʠʟʦʤʝʨʥʳʭ ʜʠʙʨʦʤʠʜʦʚ 196a-c, ʧʨʠʯʸʤ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʦʢʘʟʘʣʩʷ ʧʨʦʜʫʢʪ ʢʘʨʙʦʢʘʪʠʦʥʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 196b 

(ʉʭʝʤʘ 52). ʈʘʟʣʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʘʢʮʠʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʨʦʤʘ ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠʣʠ ʚ 

ʭʦʜʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ 

ʙʨʦʤʠʜ-ʘʥʠʦʥʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ. ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʚ ʨʝʘʢʮʠʶ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʣʦʛʝʥʘ, ʙʨʦʤʦʥʠʝʚʳʡ ʠʦʥ 195 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Br-, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʢʨʳʪʠʷ 

ʠʥʪʝʨʤʝʜʠʘʪʘ 195 ʥʫʢʣʝʦʬʠʣʦʤ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʝʛʦ ʞʠʟʥʠ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʩʢʝʣʝʪʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ. 

ʉʭʝʤʘ 52. 

 

ɺ 1H ʗʄʈ ʩʧʝʢʪʨʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʠʙʨʦʤʠʜ 196a ʠ ʧʨʦʜʫʢʪʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

196b,c ʤʦʞʥʦ ʨʘʟʣʠʯʠʪʴ ʧʦ ʩʠʛʥʘʣʘʤ CHBr-ʛʨʫʧʧ ï ʚ ʩʦʝʜʠʥʝʥʠʠ 196a ʵʪʠʤ ʛʨʫʧʧʘʤ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʤʫʣʴʪʠʧʣʝʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 4.3-4.7 ʤ.ʜ., ʘ ʩʠʥʛʣʝʪ ʠ ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ ʚ 

ʙʦʣʝʝ ʩʠʣʴʥʦʤ ʧʦʣʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʘʤCHBr ʘʜʜʫʢʪʦʚ 196b ʠ 196c (ʈʠʩ. 14). 

 

 

ʈʠʩ. 14. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ CHBr-ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ 196a-c. 

 

ʂʘʨʙʦʢʘʪʠʦʥʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʙʨʦʤʠʨʦʚʘʥʠʠ ʛʠʜʘʥʪʦʠʥʘ 

64a ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʜʦʙʘʚʣʝʥʠʷ ʙʨʦʤʘ (ʜʦʙʘʚʣʝʥʠʝ 

ʦʜʥʦʡ ʧʦʨʮʠʝʡ ʠʣʠ ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʤʝʰʠʚʘʥʠʝ); ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʩʦʧʨʷʞʸʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 197 ʠ 198 (ʉʭʝʤʘ 

53, ʊʘʙʣʠʮʘ 13). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ ʚ ʤʝʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʮʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ 

197, 198 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ, ʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʩʤʝʰʠʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ 

ʧʨʠʢʘʧʳʚʘʥʠʷ. 

ʉʭʝʤʘ 53. 

 

ʊʘʙʣʠʮʘ 13. ʈʝʟʫʣʴʪʘʪʳ ʙʨʦʤʠʨʦʚʘʥʠʷ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʘ 64a ʚ ʨʘʟʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

ʧʨʦʜʫʢʪ X ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % 

197 OMe 

Br2, MeOH 41 (61*)  

Br2(ʧʘʨʳ)/MeOH, ʜʠʬʬ. 

ʩʤʝʠhʚʘʥʠʝ 
69* 

198 MeCONH 

1) Br2, MeCN 

2) H2O 
71* 

1) Br2(ʧʘʨʳ)/MeCN, 

ʜʠʬʬ. ʩʤʝʰʠʚʘʥʠʝ 

2) H2O 

55 (86*) 

* - ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

 

196b 

196a 

196a 

196b 196c 
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ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʢʝʣʝʪʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ 

ʜʚʫʤʝʨʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ COSY, HSQC ʠ HMBC ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 197 ʧʦ 

ʢʦʨʨʝʣʷʮʠʷʤ ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ CHOMe-ʛʨʫʧʧʳ ʠ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʥʦʨʙʦʨʥʘʥʘ ʚ HMBC ʗʄʈ ʩʧʝʢʪʨʝ (ʈʠʩ. 15). 

 

ʈʠʩ. 15. 1H-13C HMBC ʗʄʈ ʩʧʝʢʪʨ ʩʦʝʜʠʥʝʥʠʷ197. 

 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʉʭʝʤʝ 54. ʅʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʙʨʦʤ ʘʪʘʢʫʝʪ C=C ʩʚʷʟʴ ʥʦʨʙʦʨʥʝʥʘ 64a ʩʦ ʩʪʦʨʦʥʳ ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʤʠʛʨʘʮʠʷ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʚ ʢʘʨʙʦʢʘʪʠʦʥʝ I  ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʘʪʠʦʥʘ II, ʢ ʢʦʪʦʨʦʤʫ ʟʘʪʝʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʚʥʝʰʥʠʡ ʥʫʢʣʝʦʬʠʣ ʩ ʵʢʟʦ-ʩʪʦʨʦʥʳ. 

ʉʭʝʤʘ 54. 

 

ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʠʟʫʯʝʥʦ ʙʨʦʤʠʨʦʚʘʥʠʝ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʘ 79a, 

ʠʤʝʶʱʝʛʦ ʚ ʩʦʩʪʘʚʝ ʙʠʮʠʢʣʦ[2.2.2]ʦʢʪʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚʤʝʩʪʦ 

ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʝʥʦʚʦʛʦ. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʧʦ ʜʘʥʥʳʤ ʊʉʍ ʠ ʗʄʈ ʘʥʘʣʠʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ) (ʉʭʝʤʘ 55). ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 79a ʩ ʙʨʦʤʦʤ ʧʨʦʪʝʢʘʝʪ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, 
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ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʩʝʣʝʢʪʠʚʥʦʡ ʘʪʘʢʦʡ ʛʘʣʦʛʝʥʘ ʧʦ C=C ʩʚʷʟʠ ʙʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʢʘʨʢʘʩʘ ʩ ʵʢʟʦ- ʠ ɻʥʜʦ-ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʧʨʦʪʝʢʘʶʱʠʤʠ ʩʢʝʣʝʪʥʳʤʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘʤʠ. 

ʉʭʝʤʘ 55. 

 

ɺ ʮʝʣʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 64a ʠ 79a ʩ ʙʨʦʤʦʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʭʦʜʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ. 

3.5.2. ʈʝʘʢʮʠʠ N(1)-ʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 66, 68a, 70, 89 ʠ 90 ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʨʦʤʘ ʢ 

ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʫ 64a, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʛʠʜʘʥʪʦʠʥʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ 

[4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ N(1)-ʟʘʤʝʱʸʥʥʦʤʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʫ ʠ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʧʦ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 

ʢʘʨʢʘʩʥʦʛʦ ʦʣʝʬʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʪʘʢʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʫʨʝʪʘʥʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ 

ʤʦʣʝʢʫʣʳ ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʥʫʢʣʝʦʬʠʣʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʨʦʤʘ ʩʦ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʤ 68a. ʄʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʡ ʦʢʩʘʟʠʥʘʥʦʥ (ʉʭʝʤʘ 56), ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʚʳʜʝʣʝʥ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʉʭʝʤʘ 56. 

 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 199 ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ 1ʅ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʚʝʣʠʯʠʥʘʤ ʂʉʉɺ HCO ʠ HCBr ʧʨʦʪʦʥʦʚ ʥʦʨʙʦʨʥʘʥʦʚʦʛʦ ʦʩʪʦʚʘ ï ʚ 

ʩʧʝʢʪʨʝ 199 ʚ ʦʙʣʘʩʪʠ 5.2 ʤ.ʜ. ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʫʙʣʝʪ ʩ ʂʉʉɺ 5.0 ɻʮ, ʘ ʧʨʠ 4.5 ʤ.ʜ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʥʛʣʝʪ. 
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ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ 199 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʉʭʝʤʝ 57. ʅʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʙʨʦʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʥʦʨʙʦʨʥʝʥʦʚʦʛʦ ʢʘʨʢʘʩʘ ʩ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʜʦʩʪʫʧʥʦʡ ʩʪʦʨʦʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʨʦʤʦʥʠʝʚʦʛʦ ʠʦʥʘ I. ɿʘʪʝʤ 

ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ, ʦʙʣʘʜʘʶʱʠʡ ʩʣʘʙʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʘʪʘʢʫʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʙʨʦʤʦʥʠʝʚʳʡ ʠʦʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʘʨʙʦʢʘʪʠʦʥʘ 

II, ʢʦʪʦʨʳʡ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʦʢʩʘʟʠʥʘʥʦʥ 199. 

ʉʭʝʤʘ 57. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʨʦʤʦʤʧʨʦʠʟʚʦʜʥʳʤ ʛʠʜʘʥʪʦʠʥʘ 66a, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʨʫʧʧʫ 

COOEt ʚ ʧʦʣʦʞʝʥʠʠ N(1) ʛʝʪʝʨʦʮʠʢʣʘ, ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʮʠʢʣʠʯʝʩʢʦʛʦ 

ʧʨʦʜʫʢʪʘ 199. ʇʦʤʠʤʦ ʙʨʦʤʘ, ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʠ ʩ 

ʩʦʝʜʠʥʝʥʠʝʤ 66a ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ I2, PhSCl ʠʣʠ PhSeBr. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʵʪʠʭ ʨʝʘʛʝʥʪʦʚ ʩ ʛʠʜʘʥʪʦʠʥʦʤ 66a ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʦʢʩʘʟʠʥʘʥʦʥʳ 200-202 (ʉʭʝʤʘ 58, ʊʘʙʣʠʮʘ 14). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʝʘʢʮʠʷʭ ʠʩʭʦʜʥʳʡ 

ʵʢʟʦ-ʧʨʦʜʫʢʪ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ 66a ʚʚʦʜʠʣʩʷ ʚ ʨʝʘʢʮʠʶ ʚ ʩʤʝʩʠ ʩ ʵʥʜʦ-ʧʨʦʜʫʢʪʦʤ 66b, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʠʟʦʤʝʨʳ ʥʝ ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʩʤ. 

ʨʘʟʜʝʣ 3.2.1). ʉʦʝʜʠʥʝʥʠʝ 66b ʪʘʢʞʝ ʨʝʘʛʠʨʫʝʪ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʛʝʥʪʘʤʠ, ʥʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʦ ʜʘʥʥʳʤ ʗʄʈ ʩʧʝʢʪʨʦʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʙʨʘʟʫʶʪʩʷ ʦʞʠʜʘʝʤʳʝ ʧʨʦʜʫʢʪʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ (ʜʠʙʨʦʤʠʜʳ, ʭʣʦʨʩʫʣʴʬʠʜʳ, ʙʨʦʤʩʝʣʝʥʠʜʳ), 

ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʳʭ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʦʚ 66a ʠ 66b, ʤʦʛʫʪ ʙʳʪʴ ʦʪʜʝʣʝʥʳ ʦʪ 

ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ʉʭʝʤʘ 58. 
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ʊʘʙʣʠʮʘ 14. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʘʥʪʦʠʥʦʚ 66 ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ 

ʘʛʝʥʪʘʤʠ 

ʧʨʦʜʫʢʪ Y ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʚʳʭʦʜ, % 

199 Br Br2 (1 ɻ ʢʚ.), CHCl3, 0  73 

200 I I2 (1 ɻ ʢʚ.), CHCl3, 0  76 

201 SPh PhSCl (1 ɻ ʢʚ.), CHCl3, 0  70 

202 SePh PhSeBr (1 ɻ ʢʚ.), CHCl3, 0  73 

 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʠʟʫʯʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ 

ʘʛʝʥʪʦʚ Br2, I2 ʠ PhSCl ʩ ʛʠʜʘʥʪʦʠʥʦʤ 89, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʪʥʫʶ 

ʪʝʪʨʘʟʘʤʝʱʸʥʥʫʶ ʜʚʦʡʥʫʶ ʉ=ʉ ʩʚʷʟʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 89 ʩ ʙʨʦʤʦʤ ʙʳʣ ʚʳʜʝʣʝʥ 

ʦʢʩʘʟʠʥʘʥʦʥ 207 ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (ʉʭʝʤʘ 59). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʘʞʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʜʠʙʨʦʤʠʜʘ 

(ʦʞʠʜʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʨʦʤʘ ʢ ʪʝʪʨʘʟʘʤʝʱʸʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ). ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʨʦʤʦʥʠʝʚʦʛʦ ʠʦʥʘ, ʘ ʥʝ ʯʝʨʝʟ ʜʠʙʨʦʤʠʜ (ʩʤ. ʉʭʝʤʫ 57). ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʧʨʠʤʝʨʦʚ ʨʝʘʢʮʠʡ ʮʠʢʣʠʟʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʩʪʝʨʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ. 

ɺ ʗʄʈ ʩʧʝʢʪʨʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʨʦʤʘ ʩ 

ʩʦʝʜʠʥʝʥʠʝʤ 89, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʩʠʛʥʘʣʳ ʧʨʦʜʫʢʪʘ ʙʨʦʤʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʛʠʜʘʥʪʦʠʥʘ 49, ʦʪ ʢʦʪʦʨʦʛʦ, ʥʘʧʦʤʥʠʤ, ʥʝ ʫʜʘʸʪʩʷ ʦʪʯʠʩʪʠʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ 

ʘʜʜʫʢʪʘ 89 (ʨʘʟʜʝʣ 3.2.3). ʆʜʥʘʢʦ ʦʢʩʘʟʠʥʘʥʦʥ 207 ʣʝʛʢʦ ʦʪʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʦʪ ʜʠʙʨʦʤʠʜʘ 49 ʠ ʜʨʫʛʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʉʭʝʤʘ 59. 

 

ɺ ʩʧʝʢʪʨʝ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 207 ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʜʚʫʭ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ 1.59 ʤ.ʜ. ʠ 1.85 ʤ.ʜ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 207 ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʠʩ. 16). 
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ʈʠʩ. 16. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 207. 

 

ɺ ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʢʮʠʠ ʙʨʦʤʠʨʦʚʘʥʠʷ ʩʧʠʨʦʛʠʜʘʥʪʦʠʥʘ 89, ʚ ʨʝʘʢʮʠʶ ʩ 

ʩʦʝʜʠʥʝʥʠʝʤ 89 ʙʳʣʠ ʚʚʝʜʝʥʳ I2 ʠ PhSCl. ʆʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ ʊʉʍ ʠ 1ʅ ʗʄʈ ʘʥʘʣʠʟʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʵʪʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʘʛʝʥʪʳ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʛʠʜʘʥʪʦʠʥʦʤ 89 

ʜʘʞʝ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʭʣʦʨʦʬʦʨʤʝ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, I+ ʠ PhS+ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʘʙʳʤʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʯʝʤ Br+, ʠ ʧʦʵʪʦʤʫ ʥʝ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʪʝʪʨʘʟʘʤʝʱʸʥʥʦʡ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ. 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ 70 ʠ 90. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩ ʙʨʦʤʦʤ ʠ ʠʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʝʜʠʥʝʥʠʷ 208, 209 ʠ 212, ʩʦʜʝʨʞʘʱʠʝ ʦʢʩʘʟʠʥʘʥʠʤʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 1ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ ʧʨʦʪʦʥʦʚ HCO 

ʛʨʫʧʧʳ (ʦʙʣʘʩʪʴ 5.2-5.6 ʤ.ʜ.) (ʉʭʝʤʘ 60). 

ʉʭʝʤʘ 60.  

 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʦʚ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʨʙʦʢʘʪʠʦʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʘʩʢʨʳʪʠʷ 

ʙʨʦʤʦʥʠʝʚʦʛʦ ʠʦʥʘ CO-ʛʨʫʧʧʦʡ ʚ ʟʘʤʝʩʪʠʪʝʣʝ ʛʠʜʘʥʪʦʠʥʘ (ʉʭʝʤʘ 61). ɺ ʩʣʫʯʘʝ 

ʮʠʢʣʠʟʘʮʠʠ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʜʦʣʞʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʝʫʩʪʦʡʯʠʚʘʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ 

ʬʦʨʤʘ ʘʤʠʜʘ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʜʝʨʞʠʪ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. 
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ʉʭʝʤʘ 61. 

 

ɺʳʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 208, 209 ʠ 212 ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʩʣʦʞʥʝʥʦ ʠʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʣʘʛʝ ʚʦʟʜʫʭʘ ʠ ʢ ʧʨʠʤʝʩʷʤ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʵʣʶʝʥʪʘʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʚʦʜʳ ʚ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʤʛʥʦʚʝʥʥʦ ʨʘʟʣʘʛʘʪʴʩʷ. ʅʘ ʧʨʠʤʝʨʝ ʦʢʩʘʟʠʥʘʥʠʤʠʥʦʚ 209 ʠ 212 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʭ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʚʦʜʥʦ-ʘʮʝʪʦʥʦʚʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʦ ʧʨʦʜʫʢʪʦʚ 200 ʠ 207 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʉʭʝʤʘ 62). 

ʉʭʝʤʘ 62. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 207, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 

ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʩʦʝʜʠʥʝʥʠʷ 212, ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʫʪʤy ʙʨʦʤʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ 89 (ʩʤ. ʉʭʝʤʫ 59). 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʫʙʩʪʨʘʪ 212 ʦʙʣʘʜʘʝʪ ʪʘʢʦʡ ʞʝ ʩʪʝʨʝʦʭʠʤʠʝʡ, ʢʘʢ 

ʠ ʩʦʝʜʠʥʝʥʠʝ 207 (ʩʤ. ʜʘʥʥʳʝ ʈʉɸ ʦʢʩʘʟʠʥʘʥʦʥʘ 207 ʥʘ ʈʠʩ. 16). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 

ʜʠʟʘʤʝʱʝʥʥʦʡ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ ʘʜʜʫʢʪʦʚ ʨʝʘʢʮʠʡ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 66, 68a ʠ 

70 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʛʝʥʪʦʚ (Br2, I2, PhSCl ʠ PhSeBr) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʘʟʠʥʘʥʦʥʦʚ 199-202 ʠ 207 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ 

ʠʥʝʨʪʥʦʡ ʪʝʪʨʘʟʘʤʝʱʝʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʧʨʦʠʟʚʦʜʥʳʭ 89 ʠ 90 ʮʠʢʣʠʟʘʮʠʷ ʧʦʜ 
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ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʯʘʩʪʠʮʳ Br+. 

3.6. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

3.6.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʤʠʜʘʟʦʣʦʥʦʚ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ 

ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʄʊʊ-ʪʝʩʪʘ [197]. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʦʮʝʥʠʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ: ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ MCF7, ʢʘʨʮʠʥʦʤʳ ʣʝʛʢʦʛʦ ʯʝʣʦʚʝʢʘ A549, ʥʝʨʘʢʦʚʦʡ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʧʦʯʢʠ ʯʝʣʦʚʝʢʘ HEK293T ʠ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʥʝʨʘʢʦʚʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʣʝʛʢʦʛʦ VA13. ʈʘʢ ʣʛyʢʠʭ ʠ ʨʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ 

ʧʨʠʯʠʥ ʦʧʫʭʦʣʝʚʳʭ ʧʦʨʘʞʝʥʠʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʩʤʝʨʪʝʡ ʚ ʤʠʨʝ [198], ʥʝʨʘʢʦʚʳʝ 

ʢʣʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʥʳ ʚ ʊʘʙʣʠʮʝ 15. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʩʪʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʣʠ ʥʠʟʢʫʶ ʠʣʠ 

ʫʤʝʨʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤ ʪʝʩʪʠʨʫʝʤʳʤ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ; ʠʭ 

ʟʥʘʯʝʥʠʷ IC50abs (IC50abs ð ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʜʚʫʢʨʘʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ 

ʢʣʝʪʦʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʢʣʝʪʢʘʤʠ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ 

A549 ʠ MCF7 ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 100 ʤʢM. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʝʩʪʠʨʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʥʝʙʦʣʴʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʦ ʚʩʝʤ ʪʝʩʪʠʨʫʝʤʳʤ 

ʢʣʝʪʦʯʥʳʤ ʣʠʥʠʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 93 ʠ 99 ʚ 

ʦʪʥʦʰʝʥʠʠ A549 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ VA13, ʠʭ ʟʥʘʯʝʥʠʷ IC50 (IC50 ð ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʣʦʚʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ) ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠ 

(ʊʘʙʣʠʮʘ 15). ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʠʨʦʠʤʠʜʘʟʦʣʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʛʘʣʦʛʝʥʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ N(3) ʛʝʪʝʨʦʮʠʢʣʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʡ. ɺ ɻ ʪʦʤ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʩʨʘʚʥʠʚ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 100, 

ʥʘʠʙʦʣʝʝ ʮʠʪʦʪʦʢʩʠʯʥʦʛʦ ʠʟ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʤʝʶʱʝʛʦ 

ʜʠʛʘʣʦʛʝʥʠʨʦʚʘʥʥʦʝ ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ, ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 84ʘ, 92, 

96 ʠ 97, ʠʤʝʶʱʠʭ ʤʦʥʦʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʝ ʬʝʥʠʣʴʥʳʝ ʢʦʣʴʮʘ, ʠ ʥʝʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 64, 71. ʉʦʝʜʠʥʝʥʠʷ ʩ ʆʄʝ- ʠʣʠ ʄʝ-ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ ʫ ʘʪʦʤʘ 

N(3) ʠʤʠʜʘʟʦʣʦʥʘ ʥʝ ʦʙʣʘʜʘʣʠ ʟʥʘʯʠʤʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ (ʊʘʙʣʠʮʘ 15, ʩʦʝʜʠʥʝʥʠʷ 74-

76, 83, 85, 94, 95, 98, 104). 

ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʩ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʁ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HEK293T ʧʦʢʘʟʘʣʠ ʘʜʜʫʢʪʳ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 2,3-ʜʠʤʝʪʠʣʙʫʪʘʜʠʝʥʘ 93, 97 ʠ 99. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʤʝʩʠ 
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ʧʠʨʘʟʦʣʠʥʦʚ 145a + 146a ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʣʠʧʦʬʠʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʘʜʜʫʢʪʘ 64a ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʳʤ ʠ ʥʝʨʘʢʦʚʳʤ ʢʣʝʪʢʘʤ. 

ɺ ʩʣʫʯʘʝ ʦʢʩʘʟʠʥʘʥʦʥʦʚ 200, 202 ʠ 207 ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʣʦ 

ʩʦʝʜʠʥʝʥʠʝ 202, ʩʦʜʝʨʞʘʱʝʝ ʛʨʫʧʧʫ PhSe, ʘ ʜʣʷ ʩʪʨʫʢʪʫʨ 200 ʠ 207 ʥʘʙʣʶʜʘʣʘʩʴ ʥʠʟʢʘʷ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤ ʪʠʧʘʤ ʢʣʝʪʦʢ. 

ʊʘʙʣʠʮʘ 15. ʎʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʘʢ 

IC50abs (IC50abs ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʟʳʚʘʶʱʘʷ 50% ʛʠʙʝʣʴ ʢʣʝʪʦʢ, ʤʢʄ) ʧʨʠ 

65-ʯʘʩʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʄʊʊ-ʪʝʩʪʘ. 

ʩʦʝʜʠʥʝʥʠʝ 
ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ 

Cmax 
HEK293T MCF7 VA13 A549 

64a >>100 >>100 >>100 >>100 100 

64b >>100 >>100 >>100 >>100 100 

70a + 70b 146±26* >>100 >>100 >>100 100 

71a 83,0±3,7 >>100 >>100 >>100 100 

72b 87,4±9,9 >>100 >>100 >>100 100 

74a >>100 >>100 >>100 >>100 100 

74b 115±17* >>100 >>100 >>100 100 

75a 111±9* >>100 >>100 >>100 100 

75b 112±8* >>100 >>100 >>100 100 

76b 120±13* >>100 >>100 >>100 100 

77 56,4±2,5 >>100 >>100 >>100 100 

78 69,1±4,8 >>100 >>100 >>100 100 

80a 21,3±2,3 141±28* >>100 85,2±10,1 100 

83a 98,0±9,7 >>100 >>100 >>100 100 

83b 108±12* >>100 >>100 >>100 100 

84a 6,7±0,7 37,8±6,1 30,9±3,4 16,9±1,9 100 

85a 41,9±3,8 >>100 >>100 >>100 100 

85b 109±12* >>100 >>100 >>100 100 

88a >>100 >>100 >>100 >>100 100 

86b 87,5±7,2 104±11* >>100 140±21* 100 

92 29,6±3 122±29* >>100 49,5±5 100 
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93 ~5 ~100 >>100 ~10 100 

94 22,0±8,0 102±17* 98,7±17,6 >>100 100 

95 18,3±1,7 50,6±5,2 80,8±13,7 35,4±4,8 100 

96 13,7±2,3 59,0±13,3 45,0±7,5 23,2±3,5 100 

97 4,4±0,6 76,6±16 52,6±7,8 26,2±3,9 100 

98 10,2±1,3 98,3±19,8 75,3±17 52,2±5,7 100 

99 ~4 ~100 ʅ/ɼ ~10 100 

100 6,8±0,3 11,1±0,6 9,8±0,4 7,9±0,4 100 

104a + 104b 44,6±4,9 146±22* 110±13* 144±36* 100 

119 60,1±3,4 >>100 >>100 >>100 100 

145a + 146a 5,9±0,3 6,3±0,3 10,7±1,1 9,4±0,5 100 

149 99,0±11,1 >>100 >>100 >>100 100 

150 48,6±2,4 86,4±7,3 132±17* 135±14* 100 

200 114±15* >>100 >>100 >>100 100 

202 13,2±0,5 17,4±1 14,8+±0,9 9,3±0,6 100 

207 >>100 >>100 >>100 >>100 100 

Cmax ð ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʠʟʫʯʝʥʥʘʷ ʚ ʪʝʩʪʝ. 

>>100 ð ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ ʥʝʙʦʣʴʰʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠʣʠ ʥʝ ʧʨʦʷʚʣʷʝʪ ʥʠʢʘʢʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ IC50abs ʨʘʩʩʯʠʪʘʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

* ð ʟʥʘʯʝʥʠʝ IC50abs, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʘʥʥʳʭ, ʧʨʝʚʳʰʘʝʪ Cmax. 

ʅ/ɼ ð ʥʝʪ ʜʘʥʥʳʭ. 

3.6.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʪʘʢʞʝ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʊʝʩʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʰʪʘʤʤʝ E.coli 

BW25113 DTC-pDualrep2 ʩ ʥʦʨʤʘʣʴʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʦʡ ʠ ʥʘ ʰʪʘʤʤʝ E.coli BW25113 

LPTD-pDualrep2 ʩ ʧʦʚʨʝʞʜʝʥʥʦʡ ʢʣʝʪʦʯʥʦʡ ʩʪʝʥʢʦʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʣʠ ʟʘʤʝʪʥʳʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʚ ʦʪʥʦʰʝʥʠʠ E.coli BW25113 

DTC-pDualrep2, ʥʦ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ E. coli BW25113 LPTD-

pDualrep2. ɺʩʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʤʝʭʘʥʠʟʤ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʝʧʦʨʪʝʨʥʦʡ ʩʠʩʪʝʤʳ pDualrep2 [199], 

ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʷʚʣʷʪʴ ʠʥʛʠʙʠʪʦʨʳ ʪʨʘʥʩʣʷʮʠʠ ʠ ʠʥʜʫʢʪʦʨʳ SOS-ʦʪʚʝʪʘ, ʥʦ ʥʠ ʦʜʠʥ ʠʟ 

ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʢʘʟʘʣʩʷ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥ. ɿʘʪʝʤ ʠʟʤʝʨʷʣʠ ʤʠʥʠʤʘʣʴʥʫʶ ʠʥʛʠʙʠʨʫʶʱʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ (ʄʀʂ) ʜʣʷ E. coli BW25113 DTC ʠ E. coli K-12 (WT) ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʙʘʢʪʝʨʠʦʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʀʂ ʩʦʝʜʠʥʝʥʠʷ 150 ʚ ʦʪʥʦʰʝʥʠʠ E. coli BW25113 DTC 
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ʩʦʩʪʘʚʣʷʝʪ 125 ʤʢʄ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʩʦʝʜʠʥʝʥʠʷ ʣʠʙʦ ʧʦʢʘʟʳʚʘʶʪ ʄʀʂ ~ 500 ʤʢʄ, 

1 ʤʄ, ʣʠʙʦ ʥʝʘʢʪʠʚʥʳ ʚ ʵʪʦʤ ʪʝʩʪʝ (ʊʘʙʣʠʮʘ 16). 

ʊʘʙʣʠʮʘ 16. ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʢʘʟʘʥʥʳʝ ʢʘʢ 

ʄʀʂ (ʤʢʄ) ʜʣʷ E.coli BW25113 DTC ʠ E.coli K-12. 

ʰʪʘʤʤ 64a 64b 72b 77 78 86a 

E. coli DTC >1000 >1000 1000 1000 1000 >1000 

E. coli K-12 >1000 >1000 >1000 >1000 >1000 >1000 

ʰʪʘʤʤ 92 97 99 119 159 150 

E. coli DTC >1000 >1000 1000 500 500 125 

E. coli K-12 >1000 >1000 >1000 >1000 >1000 >1000 

>1000 ð ʩʦʝʜʠʥʝʥʠʝ ʚ ʵʪʦʤ ʪʝʩʪʝ ʥʝʘʢʪʠʚʥʦ.  

 

ɺʩʝ ʠʩʧʳʪʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʥʝʘʢʪʠʚʥʳ ʚ ʦʪʥʦʰʝʥʠʠ E. coli ʂ-12 ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 1 ʤʄ ʠ ʥʠʞʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʪʦʢʩʠʯʥʳ ʜʣʷ E. coli, ʥʦ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʷʶʪʩʷ ʠʟ ʢʣʝʪʢʠ ʵʬʬʣʶʢʩ-ʩʠʩʪʝʤʘʤʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʜʝʡʩʪʚʫʶʪ ʥʘ E. Coli ʜʠʢʦʛʦ ʪʠʧʘ. 
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4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

4.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʙʳʣʠ ʦʯʠʱʝʥʳ ʠ ʦʙʝʟʚʦʞʝʥʳ ʧʦ ʤʝʪʦʜʠʢʘʤ, 

ʦʧʠʩʘʥʥʳʤ ʚ [200]. ʀʩʭʦʜʥʳʝ ʨʝʘʛʝʥʪʳ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

(Sigma-Aldrich, ABCR, AKSci). ʂʦʥʪʨʦʣʴ ʟʘ ʭʦʜʦʤ ʨʝʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʊʉʍ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʥ ʩ ʩʠʣʠʢʘʛʝʣʝʤ ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ (254 ʥʤ) ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʋʌ-ʣʘʤʧʳ. ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ, 13ʉ ʠ 19F ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘʭ BrukerAvance ʠ Agilent 400-MR (400 ʄɻʮ ʜʣʷ 1ʅ, 101 ʄɻʮ ʜʣʷ 13ʉ, 

376 ʄɻʮ ʜʣʷ 19F) ʚ ɼʄʉʆ-d6 ʠ CDCl3. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʧʨʠʚʝʜʝʥʳ ʚ ʤ.ʜ. ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʊʄʉ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ 

ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʨʝʞʠʤʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʦʤ 

ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ TripleTOF 5600+ (ABSciex, Concord, ʂʘʥʘʜʘ), 

ʦʩʥʘʱʝʥʥʦʤ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʦʚ DuoSpray. ʇʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʄʉ: 

ʢʘʧʠʣʣʷʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 5,5 ʢɺ; ʜʘʚʣʝʥʠʝ ʨʘʩʧʳʣʷʶʱʝʛʦ ʛʘʟʘ ʠ ʛʘʟʦʚʦʡ ʟʘʚʝʩʳ ï 15 ʠ 25 

psi ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʠʦʥʦʚ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ; ʜʠʘʧʘʟʦʥ m/z 100ï

1200. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʦʙʥʘʨʫʞʝʥʥʳʭ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʳʭ ʤʘʩʩ ʠ 

ʠʟʦʪʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Formula Finder 

(ABSciex, Concord, ʂʘʥʘʜʘ). ɼʘʥʥʳʝ ʈʉɸ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ STOE Pilatus100K, CuKŬ (1,54086 ¡). ʉʪʨʫʢʪʫʨʳ ʙʳʣʠ 

ʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELXT ʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ SHELX. ʇʦʣʦʞʝʥʠʝ ʥʝʚʦʜʦʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʫʪʦʯʥʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʦʣʥʦʤʘʪʨʠʯʥʦʡ ʧʨʦʮʝʜʫʨʳ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

4.2. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʜʠʝʥʦʬʠʣʦʚ 

ʀʩʭʦʜʥʳʡ 3-ʬʝʥʠʣ-5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥ 5 ʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 

ɓ-ʤʦʨʬʦʣʠʥʦʘʣʘʥʠʥ 32 ʧʦʣʫʯʝʥʳ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ [147]. ɸʨʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʳ 

24, 25 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʤʝʪʦʜʠʢʘʤ [149,150]. ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʠʤʠʥʦʚ 60, 61 ʧʦʣʫʯʝʥʳ 

ʧʦ ʤʝʪʦʜʠʢʝ [201]. 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ 6-11. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (0.27 ʤʤʦʣʴ) ʠ ʘʮʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (0.30 

ʤʤʦʣʴ) ʚ ʭʣʦʨʦʬʦʨʤʝ (30 ʤʣ) ʜʦʙʘʚʣʷʣʠ ʪʨʠʵʪʠʣʘʤʠʥ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ DMAP (3 ʤʛ, 

0.02 ʤʤʦʣʴ); ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʜʥʷ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ 1ʄ 

ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ HCl (2Ĭ15 ʤʣ). ʆʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ Na2SO4 ʠ 

ʬʠʣʴʪʨʦʚʘʣʠ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, ʧʨʦʜʫʢʪ 

ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. 
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1-ɸʮʝʪʠʣ-5-ʤʝʪʠʣʠʜʝʥ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (6) (ʵʣʶʝʥʪ - 

ʭʣʦʨʦʬʦʨʤ). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), ɸʩ2ʆ (31 ʤʛ, 

0.30 ʤʤʦʣʴ), ʪʨʠʵʪʠʣʘʤʠʥʘ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ DMAP (3 ʤʛ, 0.02 ʤʤʦʣʴ) 

ʩʦʝʜʠʥʝʥʠʝ 6 (59 ʤʛ, 95%) ʧʦʣʫʯʠʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.52-7.39 (ʤ, 5H), 6.58 (ʜ, J=0.7 ɻʮ, 1H), 6.09 

(ʜ, J=0.7 ɻʮ, 1H), 2.68 (ʩ, 3H). 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 169.3, 160.0, 151.5, 131.5, 

130.2, 129.2, 128.9, 126.2, 108.5, 26.5. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C15H15N2O2S, 

M+H): 230.0691, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (ʄ+ʅ): 271.0897. 

ʕʪʠʣ 5-ʤʝʪʠʣʠʜʝʥ-2,4-ʜʠʦʢʩʦ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ (7) 

(ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), 

ClCOOEt (33 ʤʛ, 0.30 ʤʤʦʣʴ), ʪʨʠʵʪʠʣʘʤʠʥʘ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ DMAP 

(3 ʤʛ, 0.02 ʤʤʦʣʴ), ʩʦʝʜʠʥʝʥʠʝ 7 (62 ʤʛ, 88%) ʧʦʣʫʯʠʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʤʘʩʣʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.53ï7.44 (ʤ, 2H), 7.43ï7.38 (ʤ, 3H), 6.23 (ʜ, J = 1.2 

ɻʮ, 1H), 6.03 (ʜ, J = 1.2 ɻʮ, 1H), 4,47 (ʢʚ, J = 7.1 ɻʮ, 2H), 1,42 (ʜ, J = 7.1 ɻʮ, 3H). ʉʧʝʢʪʨ 

13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 160.1, 149.8, 149.3, 131.6, 130.5, 129.3, 129.0, 126.4, 106.6, 

64.3, 14.2. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C13H13N2O4, ʄ+ʅ): 261.0870, ʤʘʩʩʘ 

ʥʘʡʜʝʥʥʘʷ: (ʄ+ʅ): 261.0867. 

5-ʄʝʪʠʣʠʜʝʥ-3-ʬʝʥʠʣ-1-ʪʦʟʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (8) (ʵʣʶʝʥʪ - 

ʭʣʦʨʦʬʦʨʤ). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), TsCl (57 ʤʛ, 

0.30 ʤʤʦʣʴ), ʪʨʠʵʪʠʣʘʤʠʥʘ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ DMAP (3 ʤʛ, 0.02 ʤʤʦʣʴ) 

ʩʦʝʜʠʥʝʥʠʝ 8 (74 ʤʛ, 80%) ʧʦʣʫʯʠʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 8.02-7.97 (ʤ, 1ʅ), 7.49-7.32 (ʤ, 7ʅ), 6.23 (ʜ, J = 1.0 

ɻʮ, 1ʅ), 5.96 (ʜ, J = 1.0 ɻʮ, 1ʅ), 2.46 (ʩ, 3ʅ). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 159.7, 

149.8, 146.7, 134.5, 131.6, 130.2, 129.3, 129.0, 128.5, 126.0, 104.7, 21.9. HRMS (ESI+) m/z 

ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C17H15N2O4S, ʄ+ʅ): 343.0747, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (ʄ+ʅ): 343.0750. 

 

ʊʨʝʪ-ʙʫʪʠʣ 5-ʤʝʪʠʣʠʜʝʥ-2,4-ʜʠʦʢʩʦ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ 

(9) (ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), 

Boc2O (65 ʤʛ, 0.30 ʤʤʦʣʴ), ʪʨʠʵʪʠʣʘʤʠʥʘ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ DMAP (3 

ʤʛ, 0.02 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 9 (73 ʤʛ, 94%) ʧʦʣʫʯʠʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʤʘʩʣʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.49ï7.45 (ʤ, 3ʅ), 7.41ï7.38 (ʤ, 2ʅ), 6.14 (ʩ, J = 1.0 

ɻʮ, 1ʅ), 5.98 (ʜ, J = 1.0 ɻʮ, 1ʅ), 1.61 (ʩ, 9ʅ). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 160.1, 

149.4, 147.9, 131.8, 130.5, 129.2, 128.8, 126.4, 105.9, 85.6, 28.0. HRMS (ESI+) m/z ʤʘʩʩʘ 

ʨʘʩʩʯʠʪʘʥʥʘʷ (C15H17N2O4, ʄ+ʅ): 289,1183, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (ʄ+ʅ) : 289.1183. 
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ʉʠʥʪʝʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 10. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (0.27 ʤʤʦʣʴ) ʠ K2CO3 (0.54 ʤʤʦʣʴ) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (30 ʤʣ) ʜʦʙʘʚʣʷʣʠ PhCH2Cl (0.27 ʤʤʦʣʴ) ʠ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

ʥʦʯʠ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 

ʭʣʦʨʦʬʦʨʤʝ (20 ʤʣ), ʥʝʨʘʩʪʚʦʨʠʤʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʠ ʨʘʩʪʚʦʨ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʣʫʯʘʷ ʮʝʣʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

 

1-ɹʝʥʟʠʣ-5-ʤʝʪʠʣʝʥ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (10). ʀʟ 

ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), K2CO3 (75 ʤʛ, 0.54 ʤʤʦʣʴ) ʠ 

PhCH2Cl (34 ʤʛ, 0.27 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 10 (71 ʤʛ, 95%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ 

ʙʝʩʮʚʝʪʥʦʛʦ ʤʘʩʣʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.52-7.49 (ʤ, 4ʅ), 7.37-7.31 (ʤ, 6ʅ), 5.49 (ʜ, J = 2.4 

ɻʮ, 1ʅ), 4.89 (ʩ, 2ʅ), 4.82 (ʜ, J = 2.4 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 161.4, 

153.4, 135.2, 135.0, 131.5, 129.2, 129.0, 128.3, 128.2, 127.6, 126.0, 96.2, 44.5. HRMS (ESI+) 

m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C17H15N2O2, ʄ+ʅ): 279.1128, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (ʄ+ʅ ) : 279.1121. 

 

ʉʠʥʪʝʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 11. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (0.27 ʤʤʦʣʴ) ʠ ʬʝʥʠʣʠʟʦʮʠʘʥʘʪʘ (0.41 ʤʤʦʣʴ) ʚ 

ʭʣʦʨʦʬʦʨʤʝ (30 ʤʣ) ʜʦʙʘʚʣʷʣʠ ʪʨʠʵʪʠʣʘʤʠʥ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ DMAP (3 ʤʛ, 0.02 

ʤʤʦʣʴ); ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʜʥʷ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʦʤʳʚʘʣʠ 2% ʚʦʜʥʳʤ 

ʨʘʩʪʚʦʨʦʤ HCl (2Ĭ15 ʤʣ). ʆʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʳʤ Na2SO4 ʠ 

ʬʠʣʴʪʨʦʚʘʣʠ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, ʧʨʦʜʫʢʪ 

ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. 

 

5-ʄʝʪʠʣʠʜʝʥ-2,4-ʜʠʦʢʩʦ-N,3-ʜʠʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-1-ʢʘʨʙʦʢʩʘʤʠʜ (11) 

(ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), 

PhNCO (43 ʤʛ, 0.41 ʤʤʦʣʴ) ʠ PhCH2Cl (34 ʤʛ, 0.27 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 11 

(75 ʤʛ, 94%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʸʣʪʦʛʦ ʤʘʩʣʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 10.19 (ʫʰ. ʩ, 1H), 7.58ï7.34 (ʤ, 9H), 7.17 (ʤ, 1H), 

6.65 (ʜ, J = 0.9 ɻʮ, 1H), 6.12 (ʜ, J = 1.0 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 153.8, 

147.9, 136.6, 131.4, 130.1, 129.5, 129.3, 129.3, 126.4, 124.9, 120.5, 108.9. HRMS (ESI+) m/z 

ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C17H14N3O3, M+H): 308.1030, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ : (ʄ+ʅ): 308.1026. 
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ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 12-21, 41. 

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ, ʧʦʤʝʱʝʥʥʫʶ ʚ ʨʘʟʦʛʨʝʪʫʶ ʜʦ 40 0ʉ ʚʦʜʷʥʫʶ ʙʘʥʶ, 

ʜʦʙʘʚʣʷʣʠ ʩʤʝʩʴ ʧʠʨʠʜʠʥ:ʚʦʜʘ (1:1) ʠ ʜʠʛʠʜʨʦʭʣʦʨʠʜ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 32 (1.0 ʵʢʚ.), ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (3N) ʜʦʚʦʜʠʣʠ ʟʥʘʯʝʥʠʝ ʨʅ 

ʩʨʝʜʳ ʜʦ 9. ɿʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʨʠʣʠʟʦʪʠʦʮʠʘʥʘʪ 

(1.0 ʵʢʚ.) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʚʘ ʨʘʟʘ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʙʝʥʟʦʣʦʤ, ʦʩʪʘʚʣʷʷ ʚʦʜʥʫʶ ʬʘʟʫ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦʚʦʜʠʣʠ 

ʟʥʘʯʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʘ ʜʦ 1-2, ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ. ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʠ ʜʦʚʦʜʠʣʠ ʜʦ ʢʠʧʝʥʠʷ. ʇʦʩʣʝ 1 ʯʘʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 3 ʨʘʟʘ ʚʦʜʦʡ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

5-ʄʝʪʠʣʠʜʝʥ-3-ʬʝʥʠʣ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (12). ʀʟ ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 

2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10.0 ʤʤʦʣʴ) ʠ 

ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.56 ʛ, 10.0 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 12 (1.04 ʛ, 51%) 

ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.49 (ʫʰ. ʩ, 1H), 7.44-7.51 (ʤ, 3H), 7.37-7.21 (ʤ, 

2H), 5.34 (ʜ, J = 1.7 ɻʮ, 1H), 5.17 (ʜ, J = 1.8 ɻʮ). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 

178.2, 162.5, 135.4, 133.1, 128.9, 128.8, 128.7, 97.8. HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ 

(C10H7N2OS, M-H): 203.0285, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 203.0289. 

 

3-(2-ʌʪʦʨʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (13). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 2-ʬʪʦʨʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.53 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 13 (1.65 ʛ, 

73%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.72 (ʩ, 1H), 7.56 (ʤ, 1H), 7.52-7.48 (ʪʜ, J1 = 1.7 

ɻʮ, J2 = 7.7 ɻʮ, 1H), 7.43 (ʤ, 1H), 7.36 (ʪʜ, J1 = 1.7 ɻʮ, J2 = 7.7 ɻʮ, 1H), 5.42 (ʜ, J = 2.0 ɻʮ, 

1H), 5.25 (ʜ, J = 2.0 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 177.3 (ʩ), 162.0 (ʩ), 

157.6 (ʜ, J = 250.1 ɻʮ), 135.2 (ʩ), 131.8 (ʜ, J = 8.1 ɻʮ), 131.6 (ʩ), 125.0 (ʜ, J = 3.7 ɻʮ), 120.5 (ʜ, 

J = 12.7 ɻʮ), 116.3 (ʜ, J = 19.4 ɻʮ), 99.0 (ʩ). HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ 

(C10H6FN2OS, M-H): 221.0190, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 221.0190. 

 

3-(2-ʍʣʦʨʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (14). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 2-ʭʣʦʨʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.70 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 14 (1.56 ʛ, 

66%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.68 (ʩ, 1H), 7.65 (ʜʜ, J1 = 1.3 ɻʮ, J2 = 7.8 ɻʮ, 

1H), 7.54-7.46 (ʤ, 3H), 5.40 (ʜ, J = 1.9 ɻʮ, 1H), 5.23 (ʜ, J = 1.9 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ 

(101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 177.3, 161.8, 135.2, 132.2, 131.9, 131.1, 130.8, 129.9, 128.1, 98.7. 

HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H6ClN2OS, M-H): 236.9895, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: 

(M-H): 236.9901. 

3-(3-ʄʝʪʠʣʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (15). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 3-ʤʝʪʠʣʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.49 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 15 (1.49 

ʛ, 68%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.50 (ʫ .h ʩ, 1H), 7.38 (ʪ, J = 7.6 ɻʮ, 1H), 7.27 (ʜ, 

J = 7.5 ɻʮ, 1H), 7.17-7.09 (ʤ, 2H), 5.35 (ʜ, J = 1.4 ɻʮ, 1H), 5.17 (ʜ, J = 1.4 ɻʮ, 1H), 2.34 (ʩ, 

3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 178.2, 162.5, 138.4, 135.3, 133.0, 129.5, 

129.1, 128.7, 125.9, 97.8, 20.8. HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C11H9N2OS, M-H): 

217.0441, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 217.0438. 

3-(3-ʄʝʪʦʢʩʠʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (16). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 3-ʤʝʪʦʢʩʠʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (2.34 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 16 

(1.61 ʛ, 69%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ.  

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.47 (ʩ, 1H), 7.39 (ʪ, J = 8.1 ɻʮ, 1H), 7.02 (ʜʜ, J1 

= 2.1 ɻʮ, J2 = 8.3 ɻʮ, 1H), 6.94 (ʪ, J = 2.1 ɻʮ, 1H), 6.90 (ʤ, 1H), 5.33 (ʜ, J = 1.6 ɻʮ, 1H), 5.14 

(ʜ, J = 1.6 ɻʮ, 1H), 3.75 (ʩ, 3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 178.1, 162.4, 

159.5, 135.3, 134.1, 129.6, 121.0, 114.7, 114.5, 97.8, 55.4. HRMS (ESI-) m/z ʤʘʩʩʘ 

ʨʘʩʩʯʠʪʘʥʥʘʷ (C11H9N2O2S, M-H): 233.0390, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 233.0387. 

3-(4-ʌʪʦʨʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (17). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 4-ʬʪʦʨʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.53 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 17 (1.51 ʛ, 

68%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.51 (ʫ .h ʩ, 1H), 7.45-7.39 (ʤ, 2H), 

7.37-7.31 (ʤ, 2H), 5.35 (ʜ, J = 1.8 ɻʮ, 1H), 5.16 (ʜ, J = 1.8 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 

ʄɻʮ, ɼʄʉʆ-d6): ŭ 178.2 (ʩ), 162.5 (ʩ), 161.9 (ʜ, J = 245.8 ɻʮ), 135.3 (ʩ), 131.1 (ʜ, J = 9.0 ɻʮ), 

129.3 (ʜ, J = 3.0 ɻʮ), 115.8 (J = 22.9 ɻʮ), 97.9 (ʩ). HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ 

(C10H6FN2OS, M-H): 221.0190, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 221.0189. 
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3-(4-ʍʣʦʨʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (18). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 4-ʭʣʦʨʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.70 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 18 (1.42 ʛ, 

60%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.54 (ʫ .h ʩ, 1H), 7.58 (ʜ, J = 8.6 ɻʮ, 

2H), 7.41 (ʜ, J = 8.6 ɻʮ, 2H), 5.36 (ʜ, J = 1.8 ɻʮ, 1H), 5.17 (ʜ, J = 1.8 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ 

ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 177.9, 162.3, 135.3, 133.5, 131.9, 130.7, 128.9, 98.0. HRMS 

(ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H6ClN2OS, M-H): 236.9895, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 

236.9890. 

3-(4-ʄʝʪʦʢʩʠʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (19). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 4-ʤʝʪʦʢʩʠʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (2.34 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 19 

(2.11 ʛ, 90%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ.  

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.50 (ʫ .h ʩ, 1H), 7.24 (ʜ, J = 8.8 ɻʮ, 2H), 7.01 (ʜ, 

J = 8.9 ɻʮ, 2H), 5.32 (ʜ, J = 1.5 ɻʮ, 1H), 5.16 (ʜ, J = 1.5 ɻʮ, 1H), 3.78 (ʩ, 3H). ʉʧʝʢʪʨ 13ʉ 

ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 178.5, 162.7, 159.3, 142.9, 135.4, 130.0, 126.8, 125.6, 114.1, 

97.7, 55.4. HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C11H9N2O2S, M-H): 233.0390, ʤʘʩʩʘ 

ʥʘʡʜʝʥʥʘʷ: (M-H): 233.0394.  

3-(2,6-ʜʠʤʝʪʠʣʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (20). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 2,6-ʜʠʤʝʪʠʣʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.47 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 20 

(1.97 ʛ, 51%2) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.50 (ʩ, 1H), 7.38-7.09 (ʤ, 3H), 5.34 (ʩ, 1H), 5.19 

(ʩ, 1H), 2.36 (ʩ, 3H), 2.34 (ʩ, 3H). 

 

3-(3-ʍʣʦʨ-4-ʬʪʦʨʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (21). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 3-ʭʣʦʨ-4-ʬʪʦʨʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.88 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 21 

(1.43 ʛ, 56%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.59 (ʫ .h ʩ, 1H), 7.73 (ʜʜ, 

J1 = 2.4 ɻʮ, J2 = 6.8 ɻʮ, 1H), 7.57 (ʪ, J = 9.0 ɻʮ, 1H), 7.44 (ʤ, 1H), 5.37 (ʜ, J = 1.7 ɻʮ, 1H), 

                                                 
2 ʉʦʝʜʠʥʝʥʠʝ 20 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʚʠʜʝ ʥʝʨʘʟʜʝʣʠʤʦʡ ʩʤʝʩʠ ʩ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʠʤʝʨʠʟʘʮʠʠ ʵʪʦʛʦ 

ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ, ʠ ʚ ʪʘʢʦʤ ʞʝ ʚʠʜʝ ʚʚʦʜʠʣʦʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʨʝʘʢʮʠʠ [4+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʜʘʥʥʳʤ 1H ʗʄʈ ʩʧʝʢʪʨʘ.  
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5.19 (ʜ, J = 1.7 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 177.8 (ʩ), 162.2 (ʩ), 157.2 

(ʜ, J = 248.6 ɻʮ), 135.3 (ʩ), 131.3 (ʩ), 130.1 (ʜ, J = 7.7 ɻʮ), 125.4 (ʩ), 119.4 (ʜ, J = 18.8 ɻʮ), 

117.1 (ʜ, J = 22.3 ɻʮ), 98.1 (ʩ). HRMS (ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H5ClFN2OS, M-H): 

254.9801, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 254.9807. 

 

3-(4-ʅʠʪʨʦʬʝʥʠʣ)-5-ʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (41). ʀʟ 

ʜʠʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦ-3-ʤʦʨʬʦʣʠʥʦʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 32 (2.45 ʛ, 10 

ʤʤʦʣʴ) ʠ 4-ʥʠʪʨʦʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ (1.80 ʛ, 10 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 41 (0.71 ʛ, 

26%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʠʣʠ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.67 (ʫ .h ʩ, 1H), 8.36 (ʜ, J = 9.0 ɻʮ, 

2H), 7.72 (ʜ, J = 9.0 ɻʮ, 2H), 5.40 (ʜ, J = 1.9 ɻʮ, 1H), 5.21 (ʜ, J = 2.0 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ 

ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 177.2, 162.0, 147.2, 138.7, 135.3, 130.2, 124.0, 98.4. HRMS 

(ESI-) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H6N3O3S, M-H): 248.0135, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M-H): 

248.0141. 

 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 5-ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ 22, 23. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (0.27 ʤʤʦʣʴ) ʠ ʛʘʣʦʛʝʥʘ (0.30 ʤʤʦʣʴ) ʚ 

ʭʣʦʨʦʬʦʨʤʝ (30 ʤʣ) ʜʦʙʘʚʣʷʣʠ ʪʨʠʵʪʠʣʘʤʠʥ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, ʦʩʪʘʪʦʢ 

ʦʯʠʱʘʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. 

 

(Z)-5-(ɹʨʦʤʤʝʪʠʣʠʜʝʥ)-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (22) (ʵʣʶʝʥʪ - 

ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (1:200)). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 

ʤʤʦʣʴ), Br2 (48 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ (30 ʤʛ, 0.30 ʤʤʦʣʴ) 

ʩʦʝʜʠʥʝʥʠʝ 22 (71 ʤʛ, 98%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 11.16 (ʫʰ. ʩ, 1H), 7.52ï7.44 (ʤ, 2H), 7.44ï7.37 (ʤ, 

3H), 6.81 (ʩ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 160.1, 153.1, 133.6, 131.5, 

128.8, 128.2, 127.0, 92.1. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H8BrN2O2, ʄ+ʅ): 

266.9763, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ : (ʄ+ʅ): 266.9760. 

 

(Z)-5-(ʀʦʜʤʝʪʠʣʝʥ)-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (23) (ʵʣʶʝʥʪ - 

ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (1:200)). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 5 (51 ʤʛ, 0.27 

ʤʤʦʣʴ), I2 (76 ʤʛ, 0.30 ʤʤʦʣʴ) ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ (30 ʤʛ, 0.30 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 

23 (79 ʤʛ, 93%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 10.94 (ʫʰ. ʩ, 1H), 7.52-7.45 (ʤ, 2H), 7.45-7.37 (ʤ, 

3H), 6.77 (ʩ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 159.3, 153.2, 138.3, 131.7, 

128.8, 128.1, 126.9, 64.3. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H8IN2O2, ʄ+ʅ): 

314.9625, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (ʄ+ʅ): 314.9628. 

 

ʉʠʥʪʝʟ 5-ʛʘʣʦʛʝʥʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ 54. 

ʂ ʨʘʩʪʚʦʨʫ 0.98 ʤʤʦʣʴ ʤʝʪʠʣʠʜʝʥʪʠʦʛʠʜʘʥʪʦʠʥʘ 12 ʚ 30 ʤʣ ʭʣʦʨʦʬʦʨʤʘ ʧʨʠ 0Áʉ ʧʦ 

ʢʘʧʣʷʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 157 ʤʛ (0.98 ʤʤʦʣʴ) Br2 ʚ 20 ʤʣ ʭʣʦʨʦʬʦʨʤʘ, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɿʘʪʝʤ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʜʘʣʷʣʠ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ 

ʥʘʩʦʩʘ, ʦʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. 

 

(Z)-5-(ɹʨʦʤʤʝʪʠʣʝʥ)-3-ʬʝʥʠʣ-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (54) (ʵʣʶʝʥʪ - 

ʭʣʦʨʦʬʦʨʤ). ʀʟ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ 12 (200 ʤʛ, 0.98 ʤʤʦʣʴ) ʠ Br2 (157 

ʤʛ, 0.98 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 54 (25 ʤʛ, 9%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 12.71 (ʫʰ. ʩ, 1H), 7.51-7.42 (ʤ, 3H), 7.36-7.32 (ʤ, 

3H), 6.95 (ʩ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 178.7, 160.8, 133.9, 133.0, 

129.0, 128.9, 94.9. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H8BrN2OS, ʄ+ʅ): 282.9535, 

ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ : (ʄ+ʅ): 282.9530. 

 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʛʠʜʘʥʪʦʠʥʦʚ 26, 27. 

ʈʘʩʪʚʦʨ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ (0.27 ʤʤʦʣʴ), ʙʨʦʤʘ (0.81 ʤʤʦʣʴ) ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ 

(0.81 ʤʤʦʣʴ) ʚ ʭʣʦʨʦʬʦʨʤʝ (30 ʤʣ) ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ɺʳʧʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 

ʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʩʪʝʢʣʷʥʥʦʤ ʧʦʨʠʩʪʦʤ ʬʠʣʴʪʨʝ, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʣʠ ʥʝʙʦʣʴʰʠʤʠ 

ʧʦʨʮʠʷʤʠ ʭʣʦʨʦʬʦʨʤʘ ʠ ʩʫʰʠʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

 

5-(ɼʠʙʨʦʤʤʝʪʠʣʠʜʝʥ)-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʦʥ (26). ʀʟ 

ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (51 ʤʛ, 0.27 ʤʤʦʣʴ), Br2 (130 ʤʛ, 0.81 ʤʤʦʣʴ) ʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ (82 ʤʛ, 0.81 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 26 (68 ʤʛ, 73%) ʧʦʣʫʯʘʣʠ ʚ 

ʚʠʜʝ ʙʣʝʜʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 11.13 (ʫʰ. ʩ, 1H), 7.50-7.43 (ʤ, 2H), 7.42-7.35 (ʤ, 

3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 159.4, 151.9, 132.0, 131.2, 129.2, 128.7, 

127.6, 77.6. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H7Br2N2O2, M+H): 344.8869, ʤʘʩʩʘ 

ʥʘʡʜʝʥʥʘʷ: (M+H): 344.8853. 
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(E)-5-(ɹʨʦʤ(4-ʬʪʦʨʬʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ)ʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʦʥ (27). ʀʟ 

ʘʨʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 24 (56 ʤʛ, 0.27 ʤʤʦʣʴ), Br2 (130 ʤʛ, 0.81 ʤʤʦʣʴ) ʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ (82 ʤʛ, 0.81 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 27 (41 ʤʛ, 53%) ʧʦʣʫʯʘʣʠ ʚ 

ʚʠʜʝ ʙʣʝʜʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆ-d6): ŭ 11.24 (ʫʰ. ʩ, 1H), 10.41 (ʫʰ. ʩ, 1H), 

7.49-7.45 (ʤ, 2H), 7.18-7.14 (ʤ, 2H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, ɼʄʉʆ-d6): ŭ 162.8 (ʜ, J = 

247.4 ɻʮ), 161.2 (ʩ), 154.4 (ʩ), 133.2 (ʜ, J = 3.1 ɻʮ), 132.8 (ʜ, J = 8.6 ɻʮ), 130.8 (ʩ), 115.3 (ʜ, J 

= 22.2 ɻʮ), 107.8 (ʩ). HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C10H7BrFN2O2, M+H): 

284.9673, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M+H): 284.9669. 

 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʠʤʠʥʦʚ 62, 63. 

ʊʨʠʬʝʥʠʣʬʦʩʬʠʥ (0.5 ʤʤʦʣʴ) ʠ ʘʨʠʣʘʟʠʜ (0.5 ʤʤʦʣʴ) ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʦʨʪʦ-ʢʩʠʣʦʣʝ (30 ʤʣ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ. ɿʘʪʝʤ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʜʦʙʘʚʣʷʣʠ ʧʨʦʠʟʚʦʜʥʦʝ ʛʠʜʘʥʪʦʠʥʘ ʠʣʠ ʪʠʦʛʠʜʘʥʪʦʠʥʘ (0.5 ʤʤʦʣʴ) ʠ ʢʠʧʷʪʠʣʠ ʚ 

ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ, ʧʨʦʜʫʢʪ ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʵʪʘʥʦʣʘ. 

 

(E)-5-((4-ɹʨʦʤʬʝʥʠʣ)ʠʤʠʥʦ)-1,3-ʜʠʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (62) 

(ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ). ʀʟ ʛʠʜʘʥʪʦʠʥʘ 60 (133 ʤʛ, 0.5 ʤʤʦʣʴ), PPh3 

(131 ʤʛ, 0.5 ʤʤʦʣʴ) ʠ 4-ʙʨʦʤʬʝʥʠʣʘʟʠʜʘ (99 ʤʛ, 0.5 ʤʤʦʣʴ) 

ʩʦʝʜʠʥʝʥʠʝ 62 (160 ʤʛ, 76%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʞʸʣʪʦʛʦ ʪʚʸʨʜʦʛʦ 

ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.61-7.52 (ʤ, 4H), 7.51-7.40 (ʤ, 8H), 6.89 (ʜ, J = 8.1 

ɻʮ, 2H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 152.8, 151.6, 144.7, 139.5, 131.2, 130.9, 

129.7, 128.9, 128.8, 128.4, 128.3, 126.7, 125.5, 121.4, 117.6. HRMS (ESI+) m/z ʤʘʩʩʘ 

ʨʘʩʩʯʠʪʘʥʥʘʷ (C21H15BrN3O2, M+H): 420.0342, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M+H): 420.0345. 

 

(E)-1,3-ɼʠʬʝʥʠʣ-5-(ʬʝʥʠʣʠʤʠʥʦ)-2-ʪʠʦʢʩʦʠʤʠʜʘʟʦʣʠʜʠʥ-4-ʦʥ (63) 

(ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ). ʀʟ ʛʠʜʘʥʪʦʠʥʘ 61 (141 ʤʛ, 0.5 ʤʤʦʣʴ), PPh3 (131 

ʤʛ, 0.5 ʤʤʦʣʴ) ʠ ʬʝʥʠʣʘʟʠʜʘ (60 ʤʛ, 0.5 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 63 (125 ʤʛ, 

70%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʞʸʣʪʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.62-7.48 (ʤ, 4H), 7.43-7.40 (ʤ, 3H), 7.36-7.30 (ʤ, 3H), 

7.18-7.15 (ʤ, 3H), 7.08-7.04 (ʤ, 2H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 178.9, 145.0, 

139.9, 133.4, 131.7, 129.2, 129.1, 129.0, 128.9, 128.8, 128.5, 128.2, 127.8, 125.0, 119.9. HRMS 
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(ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C21H16N3O2, M+H): 342.1237, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: (M+H): 

342.1240. 

 

4.3. ɼʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 5-ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʦʚ 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʛʠʜʘʥʪʦʠʥʦʚ 48, 49. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ (0.27 ʤʤʦʣʴ) ʚ ʭʣʦʨʦʬʦʨʤʝ (20 ʤʣ) ʜʦʙʘʚʠʣʠ 

ʝʜʠʥʦʡ ʧʦʨʮʠʝʡ ʙʨʦʤ (0.27 ʤʤʦʣʴ) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 

ʯʘʩʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʣʠ. 

 

1-ɸʮʝʪʠʣ-5-ʙʨʦʤ-5-(ʙʨʦʤʤʝʪʠʣ)-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (48). ʀʟ 

ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 6 (62 ʤʛ, 0.27 ʤʤʦʣʴ) ʠ Br2 (43 ʤʛ, 0.27 ʤʤʦʣʴ) 

ʩʦʝʜʠʥʝʥʠʝ 48 (100 ʤʛ, 95%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʤʘʩʣʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.56ï7.45 (ʤ, 3H), 7.44ï7.39 (ʤ, 2H), 4.86 (ʜ, J = 10.4 

ɻʮ, 1H), 4.26 (ʜ, J = 10.4 ɻʮ, 1H), 2.68 (ʩ, 3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 168.4, 

165.5, 151.0, 129.6, 129.5, 129.2, 126.4, 63.7, 32.1, 26.1. HRMS (ESI+) m/z ʤʘʩʩʘ 

ʨʘʩʩʯʠʪʘʥʥʘʷ (C12H10Br2N2O3Na, M+Na): 410.8950, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ (M+ Na): 410.8946. 

 

ʕʪʠʣ-5-ʙʨʦʤ-5-(ʙʨʦʤʤʝʪʠʣ)-2,4-ʜʠʦʢʩʦ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-1-

ʢʘʨʙʦʢʩʠʣʘʪ (49). ʀʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 7 (70 ʤʛ, 0.27 ʤʤʦʣʴ) ʠ Br2 

(43 ʤʛ, 0.27 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 49 (109 ʤʛ, 96%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ 

ʙʣʝʜʥʦ-ʦʨʘʥʞʝʚʦʛʦ ʤʘʩʣʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.55ï7.44 (ʤ, 3H), 7.44ï7.39 (ʤ, 2H), 4.76 (ʜ, J = 10.5 

ɻʮ, 1H), 4.50 (ʢʚ, J1 = 7.1 ɻʮ, J2 = 14.4 ɻʮ, 2H), 4.30 (ʜ, J = 10.5 ɻʮ, 1H), 1.46 (ʪ, J = 6.5 ɻʮ, 

3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 164.8, 148.3, 148.2, 129.55 129.1, 129.0, 125.9, 

64.4, 64.4, 32.0, 13.6. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C13H13Br2N2O4, M+H): 

418.9237, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ (M+H): 418.9234. 

 

ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ ʛʠʜʘʥʪʦʠʥʦʚ 52, 53. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (0.27 ʤʤʦʣʴ) ʚ ʤʝʪʘʥʦʣʝ (20 ʤʣ) ʧʨʠ 0  

ʜʦʙʘʚʣʷʣʠ N-ʭʣʦʨ- ʠʣʠ N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜ (0.27 ʤʤʦʣʴ), ʦʜʥʫ ʢʘʧʣʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʩʪʘʚʣʷʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʜʥʷ. ɿʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʨʘʟʙʘʚʠʣʠ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ K2CO3 (ʜʦ pH ~ 7), ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʭʣʦʨʦʬʦʨʤʦʤ (2Ĭ15 ʤʣ) ʠ ʚʳʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʠʢʘʛʝʣʝ. 
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5-(ʍʣʦʨʦʤʝʪʠʣ)-5-ʤʝʪʦʢʩʠ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (52) (ʵʣʶʝʥʪ - 

ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (1:100)). ʀʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (51 ʤʛ, 0.27 

ʤʤʦʣʴ) ʠ N-ʭʣʦʨʩʫʢʮʠʥʠʤʠʜʘ (36 ʤʛ, 0.27 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 52 (47 ʤʛ, 

69%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.52ï7.47 (ʤ, 2H), 7.44ï7.38 (ʤ, 3H), 6.58 (ʫʰ. ʩ, 1H), 

4.95 (ʜ, J = 11.6 ɻʮ, 1H), 4.75 (ʜ, J = 11.6 ɻʮ, 1H), 3.41 (ʩ, 3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, 

CDCl3): ŭ 168.2, 154.8, 130.2, 128.9, 128.4, 125.7, 88.4, 51.7, 44.7. HRMS (ESI+) m/z ʤʘʩʩʘ 

ʨʘʩʩʯʠʪʘʥʥʘʷ (C11H12ClN2O3, M+H): 255.0531, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ (M+ H): 255.0528. 

 

5-(ɹʨʦʤʤʝʪʠʣ)-5-ʤʝʪʦʢʩʠ-3-ʬʝʥʠʣʠʤʠʜʘʟʦʣʠʜʠʥ-2,4-ʜʠʦʥ (53) (ʵʣʶʝʥʪ - 

ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (1:100)). ʀʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (51 ʤʛ, 0.27 

ʤʤʦʣʴ) ʠ N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʘ (48 ʤʛ, 0.27 ʤʤʦʣʴ) ʩʦʝʜʠʥʝʥʠʝ 53 (60 ʤʛ, 

74%) ʧʦʣʫʯʘʣʠ ʚ ʚʠʜʝ ʙʝʣʦʛʦ ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.52ï7.47 (ʤ, 2H), 7.44ï7.40 (ʤ, 3H), 6.47 (ʫʰ. ʩ, 1H), 

4.80 (ʜ, J = 10.9 ɻʮ, 1H), 4.68 (ʜ, J = 10.9 ɻʮ, 1H), 3.42 (ʩ, 3H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, 

CDCl3): ŭ 168.1, 154.6, 130.2, 128.9, 128.5, 125.7, 87.7, 52.1, 32.6. HRMS (ESI+) m/z ʤʘʩʩʘ 

ʨʘʩʩʯʠʪʘʥʥʘʷ (C11H12BrN2O3, M+H): 299.0026, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ (M+ H): 299.0025. 

 

4.4.ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʜʘʟʦʣʦʥʦʚ ʩ ʜʠʝʥʘʤʠ 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʨʝʘʢʮʠʠ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʦʚ 5-16, 19, 

22-29 ʩ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ. 

ʂ ʨʘʩʪʚʦʨʫ ʤʝʪʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ (1 ʵʢʚ.) ʚ ʭʣʦʨʦʬʦʨʤʝ (30 ʤʣ) ʜʦʙʘʚʣʷʣʠ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥ (8 ʵʢʚ.) ʠ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʠ ʚ 

ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ. ʆʩʪʘʪʦʢ ʦʯʠʱʘʣʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ 

ʩʠʣʠʢʘʛʝʣʝ. 

 

(1S*,2S*,4S*)-1'-ʌʝʥʠʣʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-

2,4'-ʠʤʠʜʘʟʦʣʠʜʠʥ]-5-ʝʥ-2',5'-ʜʠʦʥ (64a) (ʵʣʶʝʥʪ - 

ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (1:800)) ʠ (1S*,2R*,4S*)-1'-

ʬʝʥʠʣʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-2,4'-

ʠʤʠʜʘʟʦʣʠʜʠʥ]-5-ʝʥ-2',5'-ʜʠʦʥ (64b) (ʵʣʶʝʥʪ - 

ʤʝʪʘʥʦʣ/ʭʣʦʨʦʬʦʨʤ (1:400)). ʀʟ ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 5 (184 ʤʛ, 0.98 ʤʤʦʣʴ) ʠ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ (201 ʤʛ, 3.04 ʤʤʦʣʴ) ʧʦʣʫʯʘʣʠ ʩʦʝʜʠʥʝʥʠʝ 64ʘ (202 ʤʛ, 81%) ʠ 

ʩʦʝʜʠʥʝʥʠʝ 64b (22 ʤʛ, 9%) ʚ ʚʠʜʝ ʙʝʣʳʭ ʠʣʠ ʙʣʝʜʥʦ-ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 
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(1S*,2S*,4S*)-1'-ʌʝʥʠʣʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-2,4'-ʠʤʠʜʘʟʦʣʠʜʠʥ]-5-ʝʥ-2',5'-

ʜʠʦʥ (64a): ʩʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): 7.49ï7.43 (ʤ, 4H), 7.39ï7.35 (ʤ, 1H), 6.56 

(ʜʜ, J1 = 3.1 ɻʮ, J2 = 5.6 ɻʮ, 1H), 6.23 (ʜʜ, J1 = 3.0 ɻʮ, J2 = 5.6 ɻʮ, 1H), 5.83 (ʫʰ. ʩ, 1H), 3,09 

(ʩ, 1H), 3.06 (ʩ, 1H), 2.46 (ʜʜ, J1 = 3.5 ɻʮ, J2 = 12.3 ɻʮ, 1H), 2.30 (ʜ, J = 9.1 ɻʮ, 1H), 1.58-1.55 

(ʤ, 1H), 1.38 (ʜʜ, J1 = 3.5 ɻʮ, J2 = 12.3 ɻʮ, 1H). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): 176.0, 

155.0, 142.2, 132.8, 131.4, 128.6, 127.6, 125.8, 66.3, 51.9, 47.3, 42.2, 41.0. HRMS (ESI+) m/z 

ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C15H15N2O2, ʄ+ʅ): 255.1128, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ (ʄ+ʅ) : 255.1131. 

(1S*,2R*,4S*)-1'-ʌʝʥʠʣʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-2,4'-ʠʤʠʜʘʟʦʣʠʜʠʥ]-5-ʝʥ-2',5'-

ʜʠʦʥ (64b): ʩʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): 7.46-7.39 (ʤ, 4H), 7.36-7.32 (ʤ, 1H), 6.40 

(ʜʜ, J1 = 3.1 ɻʮ, J2 = 5.5 ɻʮ, 1H), 6.17 (ʜʜ, J1 = 3.1 ɻʮ, J2 = 5.7 ɻʮ, 1H), 6.09 (ʫʰ. ʩ, 1H), 3.10-

3.09 (ʤ, 1H), 2.96-2.95 (ʤ, 1H), 1.96-1.94 (ʤ, 2H), 1.78-1.75 (ʤ, 1H), 1.58-1.56 (ʤ, 1ʅ). 

ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): 174.7, 155.5, 139.7, 132.1, 131.8, 128.9, 128.0, 126.0, 

66.4, 54.1, 49.4, 42.6, 42.0. HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C15H15N2O2, ʄ+ʅ): 

255.1128, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ (ʄ+ʅ): 255.1131. 

 

(1S*,2S*,4S*)-3'-ɸʮʝʪʠʣ-1'-

ʬʝʥʠʣʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-2,4'-ʠʤʠʜʘʟʦʣʠʜʠʥ]-

5-ʝʥ-2',5'-ʜʠʦʥ (65a) ʠ (1S*,2R*,4S*)-3'-ʘʮʝʪʠʣ-1'-

ʬʝʥʠʣʩʧʠʨʦ[ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪʘʥ-2,4'-ʠʤʠʜʘʟʦʣʠʜʠʥ]-

5-ʝʥ-2',5' -ʜʠʦʥ (65b) (ʵʣʶʝʥʪ - ʭʣʦʨʦʬʦʨʤ). ʀʟ 

ʤʝʪʠʣʠʜʝʥʛʠʜʘʥʪʦʠʥʘ 6 (87 ʤʛ, 0.38 ʤʤʦʣʴ) ʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ (201 ʤʛ, 3.04 ʤʤʦʣʴ) ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ 65a ʠ 65b ʚ ʩʦʦʪʥʦʰʝʥʠʠ 78/22 (82 ʤʛ, 73%) ʚ ʚʠʜʝ ʙʣʝʜʥʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʤʘʩʣʘ. 

ʆʩʥʦʚʥʦʡ ʠʟʦʤʝʨ 65ʘ: ʩʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.52-7.34 (ʤ, 5ʅ), 6.52 (ʜʜ, J1 

= 3.1 ɻʮ, J2 = 5,4 ɻʮ, 1ʅ), 6.02 (ʜʜ, J1 = 2.8 ɻʮ, J2 = 5.4 ɻʮ, 1ʅ), 3.22-3.11 (ʤ, 2ʅ), 2.92-2.86 

(ʤ, 1ʅ), 2.52 (ʩ, 3ʅ), 2.34-2.27 (ʤ, 2ʅ), 1.40-1.35 (ʤ, 1ʅ). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, 

CDCl3): ŭ 174.4, 170.8, 154.3, 144.0, 133.1, 131.3, 129.3, 128.9, 126.7, 73.0, 57.0, 46.9, 44.1, 

33.1, 28.5. 

ʄʠʥʦʨʥʳʡ ʠʟʦʤʝʨ 65b: ʩʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ 7.52-7.34 (ʤ, 5ʅ), 6.53-6.48 

(ʤ, 1ʅ), 6.05-6.01 (ʤ, 1ʅ), 3.22-3.11 (ʤ, 2ʅ), 3.01 (ʩ, 1ʅ), 2.76 (ʜ, J = 8.5 ɻʮ, 1ʅ), 2.64 (ʩ, 

3ʅ), 1.72-1.67 (ʤ, 1ʅ), 1.52 (ʜ, J = 8.5 ɻʮ, 1ʅ). ʉʧʝʢʪʨ 13ʉ ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ 172.7, 

171.2, 154.3, 141.9, 133.1, 131.2, 129.2, 128.8, 126.5, 73.2, 57.0, 46.9, 44.3, 32.5, 28.4. 

HRMS (ESI+) m/z ʤʘʩʩʘ ʨʘʩʩʯʠʪʘʥʥʘʷ (C17H17N2O3, ʄ+ʅ): 297.1239, ʤʘʩʩʘ ʥʘʡʜʝʥʥʘʷ: 

(ʄ+ʅ) : 397.1240. 

 




















































































































