
 
 

1 
 

ʅɸʎʀʆʅɸʃʔʅɸʗ ɸʂɸɼɽʄʀʗ ʅɸʋʂ ʈɽʉʇʋɹʃʀʂʀ ɸʈʄɽʅʀʗ 

ʅɸʋʏʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ  ʎɽʅʊʈ 

ʆʈɻɸʅʀʏɽʉʂʆʁ ʀ ʌɸʈʄɸʎɽɺʊʀʏɽʉʂʆʁ ʍʀʄʀʀ 

ʀʅʉʊʀʊʋʊ ʊʆʅʂʆʁ ʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ 

 

 

 

 

 

 

 

ɸʈʋʊʖʅʗʅ ɸʈʊʋʈ ɸʈʄɽʅʆɺʀʏ 

 

 

ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ʉʀʅʊɽɿɸ ʇʀʈʀʄʀɼʀʅʆɺ 

ʀ ʇʆʃʀʎʀʂʃʀʏɽʉʂʀʍ ɸɿɸɻɽʊɽʈʆʎʀʂʃʆɺ 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʅʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ 

02.00.03 
_
 ñʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷò 

02.00.10  
_
 ñɹʠʦʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷò 

 

 

 

 

               

 

 

 

ɽʈɽɺɸʅ 
_
 2017 

 



 
 

2 
 

                                                                 ʉʆɼɽʈɾɸʅʀɽ 

 

ɺɺɽɼɽʅʀɽééééééééééééééééééééééééééééééééé..4  

ɻʃɸɺɸ I. ʉʀʅʊɽɿʓ ʀ ʅɽʂʆʊʆʈʓɽ ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ   

ʇʀʈʀʄʀɼʀʅʆɺ ʀ ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ  ʇʀʈʀʄʀɼʀʅʆɺ 

(ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ).éééééééééééééééééééééééééé...10 

I .1. ʆɹʑʀɽ ʇʈʀʅʎʀʇʓ ʉʊʈʆɽʅʀʗ, ʈɽɸʂʎʀʆʅʅʆʁ ʉʇʆʉʆɹʅʆʉʊʀ ʀ  

       ʉʀʅʊɽɿʓ ʇʀʈʀʄʀɼʀʅʆɺ. ʅɽʂʆʊʆʈʓɽ ɹʀʆʃʆɻʀʏɽʉʂʀɽ  

       ʉɺʆʁʉʊɺɸ ʇʀʈʀʄʀɼʀʅʆɺéééééééééééééééééééééé10 

       I.1.1.ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘéééééééééééééééééééééééé..10 

       I.1.2. ʉʠʥʪʝʟʳ ʧʠʨʠʤʠʜʠʥʦʚéééééééééééééééééééééééé11 

       I.1. 3.ʅʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʠʨʠʤʠʜʠʥʦʚéééééééééééé.13 

I.2. ʇʆʃʀʎʀʂʃʀʏɽʉʂʀɽ ɸɿɸɻɽʊɽʈʆʎʀʂʃʓ ʅɸ ʆʉʅʆɺɽ  

       ʇʀʈʀʄʀɼʀʅʆɺ, ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ʉ ʇʀʈʀɼʀʅʆʄ,  

       ɹɽʅɿʀʄʀɼɸɿʆʃʆʄ ʀ ɼʈʋɻʀʄʀ ɻɽʊɽʈʆʎʀʂʃɸʄʀ  

       ʀ ʀʍ ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ éééééééééééééééééé17 

     I.2.1. ʇʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʳééééééééééééééééééééé......17 

     I.2.2. ʇʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳéééééééééééééééééééééé..19 

     I.2.3. ɹʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥʳéééééééééééééééé..24 

     I.2.4. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠʤʠʜʠʥʳéééééééééééééééééé26 

     I.2.5. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ 
_
 ʧʠʨʠʤʠʜʠʥʦʚ, 

          ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠéééé...............................34 

     I.2.5.1. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳééééééééééééééééé...34 

     I.2.5.2. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥʳéééééééééééééééé.......44 

     I.2.5.3. ʇʠʨʠʤʠʜʦ
_
ʧʠʨʠʜʦ

_
ʙʝʥʟʠʤʠʜʘʟʦʣʳ ʠ ʧʠʨʠʜʦ

_
ʧʠʨʠʤʠʜʦ

_
ʙʝʥʟʠʤʠʜʘʟʦʣʳé.......46 

     I.2.5.4. ʇʠʨʠʤʠʜʦ
_
ʙʝʥʟʠʤʠʜʘʟʦʣʳ, ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠé.........48 

     I.2.5.5. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳééééééééééééééééééé....51 

ɻʃɸɺɸ II. ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ʉʀʅʊɽɿɸ ʇʀʈʀʄʀɼʀʅʆɺ  

ʀ ʇʆʃʀʎʀʂʃʀʏɽʉʂʀʍ ɸɿɸɻɽʊɽʈʆʎʀʂʃʆɺ  

(ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ)..........................................................................................60 

     II .1. ʇʨʦʠʟʚʦʜʥʳʝ ʠ ʘʥʘʣʦʛʠ ʧʠʨʠʤʠʜʠʥʦʚééééééééééééééééé.....61 

     II .1.1. 2-ʉʪʠʨʠʣʧʠʨʠʤʠʜʠʥʳ 
_
 ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʩʪʠʣʴʙʝʥʦʚéééééé..62 

     II .1.2. 2,4,5,6-ʊʝʪʨʘʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ - ʘʥʘʣʦʛʠ ʧʨʝʧʘʨʘʪʘ Bayer DG-428é.....71 

     II .1.3. 2,4,6-ʊʨʠʟʘʤʝʱʝʥʥʳʝ 5-(2-ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ)ʵʪʠʣʧʠʨʠʤʠʜʠʥʳéééééé......73 



 
 

3 
 

       II .1.4. N-ɸʣʢʠʣʠʨʦʚʘʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ  ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʘʟʦʪʠʩʪʳʝ  

        ʛʝʪʝʨʦʮʠʢʣʳ éééééééééééééééééééééééééééééé75 

       II.1.5. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʪʨʠʘʨʠʣʤʝʪʘʥʦʚééééééééééééé...81 

       II.1.6. ʇʠʨʠʤʠʜʠʥʦʚʳʝ ʢʦʥʴʶʛʘʪʳ ʩ ʧʷʪʠʯʣʝʥʥʳʤʠ  ʛʝʪʝʨʦʮʠʢʣʘʤʠéééééé..82 

       II.1.7. ʂʘʨʙʦʢʩʠ-, ʢʘʨʙʦʢʩʠʘʣʢʠʣʧʠʨʠʤʠʜʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ 
_
 ʘʥʘʣʦʛʠ 

       ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʫʢʣʝʦʟʠʜʦʚ. ʅʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʧʠʨʠʤʠʜʠʥʳééééééééé....85 

       II .1.8. N-ɸʣʢʠʣʠʨʦʚʘʥʥʳʝ 2,3,5-ʪʨʠ-ʆ-ʘʮʠʣ-ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʠʣ ʠ 2,3,4,6-ʪʝʪʨʘ- 

       ʆ-ʘʮʝʪʠʣ-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣ-ʘʟʘʫʨʘʮʠʣʳééééééééééééééééé.91 

       II .2. 5,6,7,8-ʊʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ, ʙʝʥʟʦʪʠʘʟʦʣʦ[2,3-d]-    

       ʧʠʨʠʤʠʜʠʥʳééééééééééééééééééééééééééééé....93 

       II .2.1.5,6,7,8-ʊʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳéééééééééééééé93 

       II .2.2. ɹʝʥʟʦʪʠʘʟʦʣʦ[2,3d]ʧʠʨʠʤʠʜʠʥʳééééééééééééééééééé100 

       II .3. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʟʘʛʝʪʝʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ  

       ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ  ʠ ʧʠʨʠʤʠʜʠʥʦʚ.      ééééééééééééééééééé104 

       II .3.1 ɹʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳéééééééé....104 

       II .3.2. ʀʤʠʜʘʟʦ-  ʠ ʥʘʬʪʦ[1",2":4,5 ]ʠʤʠʜʘʟʦ[2ô,1ô:6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ.....111 

       II .3.3. ɹʝʥʟʠʤʠʜʘʟʦ[1,2-c]ʧʠʨʠʜʦ[5,4-e]ʧʠʨʠʤʠʜʠʥʳéééééééééééé.....120 

       II .3.4. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳééééééééééééééééé121 

       II .3.5. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʳ, ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b]- 

       ʭʠʥʘʟʦʣʠʥʳééééééééééééééééééééééééééééé.....122 

       II.4 . ʇʝʥʪʘ- ʠ ʛʝʢʩʘʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ  

        ʛʨʫʧʧʘʤééééééééééééééééééééééééééééééé..127 

       II.4.1. ʇʠʨʠʜʦ[1,2-a]ʧʠʨʠʜʦ[1ò,2ò:1ô.2ô]ʧʠʨʠʤʠʜʦ[5ô,4ô:5,6]ʧʠʨʘʥʦ- 

       [2,3-d]ʧʠʨʠʤʠʜʠʥérééééééééééééééééééééééééé.....127 

       II.4.2. ʇʝʥʪʘ- ʠ ʛʝʢʩʘʮʠʢʣʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʙʝʥʟʠʤʠʜʘʟʦʣʳéééé.é...128   

       II .5.   ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡéééééé...é..130  

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ éééééééééééééééééééé. ..140 

ɺʓɺʆɼʓ ééééééééééééééééééééééééééééééé.....214 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ éééééééééééééééééééééé............216 

ʇʈʀʃʆɾɽʅʀɽééééééééééééééééééééééééééééé...248 

 

 

 

 



 
 

4 
 

ɺɺɽɼɽʅʀɽ 

 

       

      ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ.  ʇʨʦʮʝʩʩ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʠʥʪʝʥʩʠʚʥʦ ʥʘʯʘʚʰʠʡʩʷ ʦʢʦʣʦ ʯʝʪʚʝʨʪʠ 

ʚʝʢʘ ʥʘʟʘʜ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʥʝʧʨʝʨʳʚʥʳʤ  ʫʭʫʜʰʝʥʠʝʤ ʙʠʦʩʬʝʨʳ ʠ ʤʘʩʩʦʚʳʤʠ 

ʤʠʛʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠʚʝʣ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʯʝʣʦʚʝʢʘ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ 

ʩʪʨʝʩʩʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʣʝʢʣʦ  ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦ ʚʩʝʤ ʥʦʟʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ: ʦʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʜʦ 

ʧʩʠʭʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ ʠ ʤʘʩʰʪʘʙʥʳʭ ʵʧʠʜʝʤʠʡ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ, ʠʟʙʠʨʘʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʤʘʣʦʪʦʢʩʠʯʥʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʧʨʠʨʦʜʥʦʛʦ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʣʷ 

ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ ʠ ʭʠʤʠʢʦ-ʣʘʙʦʨʘʪʦʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ  ʠʟʚʝʩʪʥʳʭ  ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʠʭ 

ʧʦʣʫʯʝʥʠʷ.  

     ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 90% ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʷʚʣʷʶʪʩʷ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʨʠʯʝʤ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʷʪʴ ʪʦʥʢʠʝ ʤʝʭʘʥʠʟʤʳ ʢʦʥʢʨʝʪʥʳʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʝʡ ʛʝʪʝʨʦʮʠʢʣʦʚ ʠ 

ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʝʡ ʠ ʙʠʦʭʠʤʠʝʡ ʚʟʘʠʤʦʥʘʧʨʘʚʣʝʥʥʦʡ. ɺ ʧʦʩʣʝʜʥʠʝ 10-15 ʣʝʪ 

ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ (HTS) ʠ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʭʠʤʠʠ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʬʠʨʤʘʤʠ ʩʨʝʜʠ  ʤʦʥʦ- ʠ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʪʨʫʢʪʫʨʳ ï ʣʠʜʝʨʳ, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʙʳʣ ʚʚʝʜʝʥ ʨʷʜ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

     ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʧʠʨʠʤʠʜʠʥʦʚ, 

ʧʠʨʠʜʠʥʦʚ, ʧʫʨʠʥʦʚ, ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʠ ʜʨ.) ʠ ʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʦʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʨʘʟʜʝʣʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ.  

     ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ  ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʤʝʨʦʤ ʮʠʢʣʦʚ ʠ ʯʠʩʣʦʤ 

ʛʝʪʝʨʦʘʪʦʤʦʚ, ʧʠʨʠʤʠʜʠʥʳ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ (ʧʫʨʠʥʳ) ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ, ʷʚʣʷʷʩʴ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʡ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʦʬʝʨʤʝʥʪʦʚ, ʤʝʜʠʘʪʦʨʦʚ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʥʘʢʦʧʠʪʝʣʝʡ ʠ ʧʝʨʝʥʦʩʯʠʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʦʩʬʘʪʦʚ ʠ ʜʨ.  
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     ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ  ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʠʨʠʤʠʜʠʥʳ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ 

ʧʠʨʠʤʠʜʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ  ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝʩʷ  ʢʘʢ ʧʨʠʚʠʣʝʛʠʨʦ-ʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʩʠʥʪʝʟʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʤʝʱʝʥʥʳʝ 

ʙʝʥʟʠʤʠʜʘʟʦʣʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʦ ʩʫʪʠ ʠʟʦʩʪʝʨʘʤʠ ʧʨʠʨʦʜʥʳʭ ʧʫʨʠʥʦʚ (ʜʠʜʝʘʟʘʧʫʨʠʥʳ), 

ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʬʦʢʫʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʠʩʢʫ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

     ɹʦʣʝʝ ʪʦʛʦ, ʘʥʥʝʣʠʨʦʚʘʥʠʝ  ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ  ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʠʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩ ʧʣʘʥʘʨʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʫʥʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʢʦʥʪʫʨʦʤ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʢʦ-

ʬʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʦʪ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʦʚʳʭ ʠʥʪʝʨʝʩʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʭ ʠʩʭʦʜʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ 

ʩʠʩʪʝʤʘʤ. 

     ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʙʦʙʱʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ  ʩʠʥʪʝʟʫ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ  ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʘʥʘʣʦʛʦʚ ʧʠʨʠʤʠʜʠʥʦʚ, 

ʥʝʢʦʪʦʨʳʭ ʤʦʥʦ- ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʤʠʜʠʥʘ, ʧʠʨʠʜʠʥʘ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʜʨʫʛʠʭ. 

     ʎʝʣʴ ʨʘʙʦʪʳ.  ʇʦʠʩʢ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʷʜʫ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ 

ʧʠʨʠʤʠʜʠʥʦʚ, 1,2,4-ʪʨʠʘʟʠʥʦʚ, ʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʠʟʘʪʠʥʘ  ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʘʛʝʪʝʨʦʮʠʢ-

ʣʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʢʦʣʴʮʝʚʳʝ ʩʠʩʪʝʤʳ ʧʠʨʠʤʠʜʠʥʘ, ʧʠʨʠʜʠʥʘ, ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ:  

1. ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʠʟʚʝʩʪʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʢʘʬʬʦʣʜʦʚ; 

2. ʘʜʘʧʪʘʮʠʷ ʠʟʚʝʩʪʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʠ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ  

ʙʠ-, ʪʨʠ-, ʪʝʪʨʘ-, ʧʝʥʪʘ- ʠ ʛʝʢʩʘʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʘʪʦʤʘʤʠ ʆ, S, N; 

3. ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʘʢʪʠʚʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ; 

4. ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʩʥʝʥʠʝ 

ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
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     ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ  ʨʘʥʝʝ  ʥʝʠʟʚʝʩʪʥʳʝ  5-(ʘʣʢʠʣ, ʘʨʠʣʤʝʪʠʣ)-4-ʤʝʪʠʣ-2-

[(ɽ)-2-(4-ʘʨʠʣ(ʛʝʪʘʨʠʣ))-1-ʵʪʝʥʠʣ]1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʳ, 2,4,6-ʪʨʠʟʘʤʝʱʝʥʥʳʝ 5-(2-

ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ)ʵʪʠʣʧʠʨʠʤʠʜʠʥʳ, ʥʦʚʳʝ ʘʥʘʣʦʛʠ ʠʟʚʝʩʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ Bayer 428, ʧʠʨʠʤʠ-

ʜʠʥʦʚʳʝ ʢʦʥʴʶʛʘʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ (ʦʢʩʘʜʠʘʟʦʣ, ʪʨʠʘʟʦʣ, ʬʫʨʘʥ, ʧʠʨʠʤʠʜʠʥ, 

ʙʝʥʟʠʤʠʜʘʟʦʣ, ʧʫʨʠʥ),  ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʛʝʪʝʨʠʣʜʠʘʨʠʣʤʝʪʘʥʳ ʩ ʦʩʪʘʪʢʘʤʠ ʫʨʘʮʠʣʦʚ, ʭʠʥʦ-

ʣʠʥʦʚ ʠ ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʘ, ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥ-5-ʘʣʢʘʥʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ,  ʘ  

ʪʘʢʞʝ  ʦʩʫʱʝʩʪʚʣʝʥʦ  N-ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʫʨʘʮʠʣʘ, 5-ʛʘʣʦʛʝʥʫʨʘʮʠʣʦʚ, ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʠʟʘ-

ʪʠʥʘ ʠ ʧʝʨʘʮʠʣʠʨʦʚʘʥʥʳʭ ɓ-D-ʨʠʙʦ-ʬʫʨʘʥʦʟʠʣʴʥʳʭ ʠ Ŭ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜ-

ʥʳʭ 6-ʘʟʘʫʨʘʮʠʣʘ. 

     ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  3-(4-ʤʝʪʠʣ-2-ʬʝʥʠʣ-6-ʭʣʦʨ-5-ʧʠʨʠʤʠʜʠʥʠʣ)ʧʨʦʧʘʥʦʚʦʡ- ʠ 2-ʤʝʪʠʣʧʨʦ-

ʧʘʥʦʚʦʡ ʢʠʩʣʦʪ ʩ ʘʨʠʣʘʤʠʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  4-ʘʨʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʝ, 

ʪʝʨʤʠʯʝʩʢʦʡ    ʮʠʢʣʠʟʘʮʠʝʡ    ʢʦʪʦʨʳʭ    ʚ    ʇʌʂ   ʧʦʣʫʯʝʥʳ      ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʟʘʤʝʱʝʥʥʳʝ  

5,6,7,8-ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ. ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ 2-ʬʝʥʠʣ-6-ʤʝʪʠʣ-3,4-ʜʠʛʠʜ-

ʨʦ-4-ʦʢʩʦʧʠʨʠʤʠʜʠʥ-5-ʠʣʧʨʦʧʘʥʦʚʦʡ  ʠ 2-ʤʝʪʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 

(2-ʘʤʠʥʦʧʠʨʠʜʠʥ, ʧ-ʪʦʣʫʠʜʠʥ ʠ 2-ʘʤʠʥʦʬʝʥʦʣ) ʚ ʇʌʂ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʨʝʘʢʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʮʠʢʣʠʯʝʩʢʠʤ  ʧʨʦʜʫʢʪʘʤ ʠʣʠ ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʦʩʪʠ ʘʤʠʥʘ ʠ  ʧʨʠʩʫʪʩʪʚʠʷ 2-ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʩʪʘʪʢʝ ʧʨʦʧʘʥʦʚʦʡ 

ʢʠʩʣʦʪʳ.         

     ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 2-ʘʤʠʥʦ-6-ʤʝʪʦʢʩʠ-1,3-ʙʝʥʟʦʪʠʘʟʦʣʘ ʩ ʤʘʣʦʥʦʚʳʤʠ ʵʬʠʨʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 3-ʟʘʤʝʱʝʥʥʳʝ 8-ʤʝʪʦʢʩʠ-4ʅ-ʙʝʥʟʦ[4,5]ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʳ, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ  ʢʘʢ 2-ʛʠʜʨʦʢʩʠ-4-ʦʢʩʦʪʘʫʪʦʤʝʨʦʚ ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʘʥʦ.  

     ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʥʪʝʟʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʘʛʝʪʝʨʦ-

ʮʠʢʣʦʚ ʣʝʛʢʦʜʦʩʪʫʧʥʳʝ 2-ʬʝʥʠʣ- ʠ  (4-ʤʝʪʠʣʬʝʥʠʣ)-6-ʤʝʪʠʣ-3,4-ʜʠʛʠʜʨʦ-4-ʦʢ-ʩʦʧʠʨʠʤʠʜʠʥ-

5-ʠʣʧʨʦʧʘʥʦʚʘʷ ʠ  2-ʤʝʪʠʣʧʨʦʧʘʥʦʚʘʷ-,  ʘ ʪʘʢʞʝ 3-(6-ʤʝʪʠʣ-4-ʦʢʩʦ-2-ʪʠʦʢʩʦ-1,2,3,4-ʪʝʪʨʘʛʠʜ-

ʨʦ-5-ʧʠʨʠʤʠʜʠʥʠʣ)ʧʨʦʧʘʥʦʚʘʷ-  ʠ   2-ʤʝʪʠʣʧʨʦʧʘʥʦʚʘʷ  ʢʠʩʣʦʪʳ.    

     ʈʝʘʢʮʠʝʡ ʟʘʤʝʱʝʥʥʳʭ 2-ʘʨʠʣʧʠʨʠʤʠʜʠʥ-5-ʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 1,2-ʜʠʘʤʠʥʘʤʠ ʚ 

ʧʦʣʠʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ (ʇʌʂ), ʘ ʪʘʢʞʝ ʟʘʤʝʱʝʥʥʳʭ 2-ʪʠʦʢʩʦʧʠʨʠʤʠʜʠʥ-5-ʠʣʧʨʦʧʘʥʦʚʳʭ 

ʢʠʩʣʦʪ 
_ 
ʚ ʧʨʠʩʫʪʩʪʚʠʠ  ʥʦʚʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʇʌʂ / ZnCl2, ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ  

ʪʨʠ-, ʪʝʪʨʘ- ʠ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
_
 ʠʤʠʜʘʟʦ-,  ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ- ʠ 

ʥʘʬʪʦ[1'',2'':4,5]ʠʤʠʜʘʟʦ[2',1':6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ.  

     ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʭʠʤʠʟʤʘ ʦʙʥʘʨʫʞʝʥʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ  5-ʧʠʨʠʤʠʜʠ-

ʥʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 1,2-ʜʠʘʤʠʥʘʤʠ ʚ ʇʌʂ ʠʣʠ  ʚ ʩʤʝʩʠ ʇʌʂ / ʭʣʦʨʠʩʪʳʡ ʮʠʥʢ ʜʣʷ 

ʥʝʘʢʪʠʚʥʳʭ ʩʠʥʪʦʥʦʚ ʣʝʞʠʪ  ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ  ʪʘʥʜʝʤʥʳʡ ʧʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ 1,2-

ʜʠʘʤʠʥʦʚ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʦʠʟʚʦʜʥʳʭ  ʧʠʨʠʤʠʜʠʥ-5-ʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ  ʠ  
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ʧʨʷʤʦʛʦ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ  ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ  

ʘʟʦʪʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ.  

      ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ  ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʦʙʥʘʨʫʞʝʥʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, ʘ ʚ ʩʣʫʯʘʝ 1,2-ʜʠʘʤʠʥʦʥʘʬʪʘʣʠʥʘ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʜʦʢʘʟʘʥʘ  ʝʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ.  

     ʆʩʫʱʝʩʪʚʣʝʥʘ ʫʩʧʝʰʥʘʷ ʘʜʘʧʪʘʮʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ  ʅʠʤʝʥʪʦʚʩʢʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ ʠʟ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 1,2-ʜʠʘʤʠʥʦ-

ʙʝʥʟʦʣʘ ʢ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʦʚʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
_
 ʙʝʥʟʠʤʠʜʘʟʦ[1,2-c]ʧʠ-

ʨʠʤʠʜʦ[5,4-e]ʧʠʨʠʤʠʜʠʥʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 2-ʬʝʥʠʣ-

3,4-ʜʠʛʠʜʨʦ-4-ʦʢʩʦʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 
_
 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ  ʛʝʪʝʨʦʘʥʘʣʦʛʘ   

ʘʥʪʨʘʥʠʣʦʚʦʡ  ʢʠʩʣʦʪʳ,   ʘ  ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ  6-ʩʫʣʴʬʘʥʠʣʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦ[4,5]ʠʤʠ-

ʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ.     

     ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʥʜʝʥʩʘʮʠʷ 2-(ʮʠʘʥʦʤʝʪʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʚ ʢʘʯʝʩʪʚʝ C,N-ʙʠʥʫʢʣʝʦʬʠʣʘ  ʩ 

ʟʘʤʝʱʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʦ-ʭʣʦʨʢʘʨʙʘʣʴʜʝʛʠʜʘʤʠ  ʚ ɼʄʌɸ ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʠʧʫ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʪʘʥʜʝʤʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  ʥʦʚʳʝ ʧʝʥʪʘ- ʠ 

ʛʝʢʩʘʮʠʢʣʠʯʝʩʢʠʝ  ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

     ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʛʠʜʨʦʢʩʠ-4ʅ-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-4-ʦʥʘ ʩ 4-ʥʠʪ-

ʨʦʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠ 2-ʭʣʦʨ-3-ʭʠʥʦʣʠʥʢʘʨʙʘʣʴʜʝʛʠʜʦʤ ʚ ʉʅ3ʉʆʆʅ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2SO4,  ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʦʡ ʛʝʪʝʨʦʮʠʢʣʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʜʦ[1ò,2ò:1ô,2ô]ʧʠʨʠʤʠʜʦ-[5ô,4ô:5,6]ʧʠʨʘʥʦ[2,3-d]ʧʠʨʠʤʠ-

ʜʠʥʘ. 

     ʈʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʡ ʠ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʨʠ- ʠ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʘ ʠ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ   1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʘ   ʩ ʟʘʤʝʱʝʥʥʳʤʠ   2-ʘʣʢʠʣʩʫʣʴʬʘʥʠʣʧʠʨʠʤʠʜʠʥʘʤʠ  ʠ  

2-ʘʣʢʠʣʩʫʣʴʬʘʥʠʣʭʠʥʘʟʦʣʠʥʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʦʤʷʥʫʪʳʤ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʥʦʚʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ  ʩʪʨʘʪʝʛʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ  ʢʘʩʢʘʜʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ 
_
 ʘʥʥʝʣʠʨʦʚʘʥʠʝʤ  ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʢ ʟʘʤʝʱʝʥʥʦʤʫ  

ʧʠʨʠʤʠʜʠʥʦʚʦʤʫ  ʠ ʭʠʥʘʟʦʣʠʥʦʚʦʤʫ ʢʦʣʴʮʘʤ,  ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʠʚʣʝʯʝʥ  ʤʝʭʘʥʠʟʤ 

ANRORC.   

     ʇʦʢʘʟʘʥʳ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʦʙʥʘʨʫʞʝʥʥʦʡ ANRORC-ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠ-

ʤʠʜʠʥʘ. 
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     ʉʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʬʠʟʠʢʦʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʚʢʣʶʯʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ, ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ (ʗʄʈ 
1
ʅ ʠ 
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ʉ, ʤʝʪʦʜʳ 

ʜʚʦʡʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, DEPT, HMQC, NOESY).  ɺ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ   ʩʪʨʦʝʥʠʝ   

ʮʝʣʝʚʳʭ   ʩʦʝʜʠʥʝʥʠʡ  ʦʜʥʦʟʥʘʯʥʦ   ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ  ʈʉɸ.      

     ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ.  ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ  ʥʦʚʳʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠ-

ʤʠʜʠʥʦʚ ʠ ʠʭ  ʘʟʘʘʥʘʣʦʛʦʚ, ʭʠʥʦʣʠʥʦʚ, ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ,  ʘ ʪʘʢʞʝ ʢʦʥʴʶʛʘʪʦʚ ʧʠʨʠʤʠʜʠʥʦʚ ʩ 

ʪʨʠʘʟʦʣʦʤ, ʬʫʨʘʥʦʤ, ʦʢʩʘʜʠʘʟʦʣʦʤ, ʧʠʨʠʤʠʜʠʥʦʤ, ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ, ʧʫʨʠʥʦʤ, ʯʪʦ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʟʫʯʝʥʠʝʤ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʝʪ ʨʘʮʠʦʥʘʣʴʥʫʶ ʙʘʟʫ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʠʩʢʘ ʘʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.   

     ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ   2-ʬʝʥʠʣ-5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]-

ʧʠʨʠʤʠʜʠʥʦʚ ʠ 3-ʟʘʤʝʱʝʥʥʳʭ-2-ʛʠʜʨʦʢʩʠ-8-ʤʝʪʦʢʩʠ-4ʅ-ʙʝʥʟʦ[4,5]ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠ-

ʜʠʥ-4-ʦʥʦʚ.  

     ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ ʢʦʥʜʝʥʩʘʮʠʝʡ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʟʘʤʝʱʝʥʥʳʭ 5-ʧʠ-

ʨʠʤʠʜʠʥʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 1,2-ʜʠʘʤʠʥʘʤʠ  ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩʦʟʜʘʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʪʨʠ-, 

ʪʝʪʨʘ- ʠ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ  ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʩʰʠʨʝʥ ʢʨʫʛ ʨʝʘʢʮʠʡ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʨʝʜʝ ʇʌʂ ʠ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʇʌʂ / ZnCl2, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʘʣʠʟʦʚʘʪʴ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʶ ʚ ʩʣʫʯʘʝ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʩʠʥʪʦʥʦʚ. 

     ʆʙʥʘʨʫʞʝʥʥʘʷ ANRORC-ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʟʘʤʝʱʝʥʥʳʭ 2-ʘʣʢʠʣʩʫʣʴʬʘʥʠʣʧʠʨʠʤʠʜʠʥʦʚ ʚ  

ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʳ ʠ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥʳ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩ-

ʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʫʯʝʥʠʷ ʠʥʪʝʨʝʩʥʳʭ ʢʣʘʩʩʦʚ ʪʨʠ- ʠ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ. 

     ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʧʦʟʚʦʣʠʣʦ ʚʳʚʝʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʤʝʪʠʪʴ ʧʫʪʠ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

      ɺʳʷʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ʚʳʨʘʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ: 

      4-ʤʝʪʠʣ-2-ʬʝʥʠʣ-5-[2-(4-ʬʝʥʠʣ-5-ʩʫʣʴʬʘʥʠʣ-4ʅ-1,2,4-ʪʨʠʘʟʦʣ-3-ʠʣ)ʧʨʦʧʠʣ]-1,6-ʜʠʛʠʜʨʦ-

6-ʧʠʨʠʤʠʜʠʥʦʥ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʨʘʞʝʥʥʳʤ ʠʥʛʠʙʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ; 



 
 

9 
 

     5-{ʙʠʩ[4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʬʝʥʠʣ]ʤʝʪʠʣ}ʧʠʨʠʤʠʜʠʥ-2,4(1H,3H)-ʜʠʦʥ, 4-ʤʝʪʠʣ-2-ʬʝʥʠʣ-

5,6,8,9-ʪʝʪʨʘʛʠʜʨʦʠʤʠʜʘʟʦ[2ô,1ô:6,1]ʧʠʨʠʜʦ[2,3-d]-ʧʠʨʠʤʠʜʠʥ, 6-ʤʝʪʠʣ-2-ʬʝʥʠʣ-5,6-ʜʠʛʠʜ-

ʨʦʙʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô:6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ-4-ʦʣ ʠ 4-ʤʝʪʠʣ-2-ʬʝʥʠʣʙʝʥʟʦ[4',5']-

ʠʤʠʜʘʟʦ[1',2':1,6]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ;   

      2-ʛʠʜʨʦʢʩʠ-3-(2-ʮʠʢʣʦʧʝʥʪʠʣʩʫʣʴʬʘʥʠʣʵʪʠʣ)-4ʅ-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-4-ʦʥ ʠ  2-ʛʠʜ-

ʨʦʢʩʠ-3-(2-ʠʟʦʙʫʪʠʣʩʫʣʴʬʘʥʠʣʵʪʠʣ)-4ʅ-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-4-ʦʥ,  ʦʙʣʘʜʘʶʱʠʝ   ʚʳʩʦ-

ʢʠʤʠ   ʠʥʛʠʙʠʨʫʶʱʠʤʠ  ʩʚʦʡʩʪʚʘʤʠ  ʚ   ʦʪʥʦʰʝʥʠʠ ʤʦʥʦʘʤʠʥʦʦʢʩʠʜʘʟʳ (ʄɸʆ), ʧʨʠʯʝʤ 

ʚʪʦʨʦʝ   ʩʦʝʜʠʥʝʥʠʝ, ʙʫʜʫʯʠ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦ ʩʠʣʝ ʠʥʜʦʧʘʥʫ, ʧʦʯʪʠ ʚ 6 ʨʘʟ ʤʝʥʝʝ ʪʦʢʩʠʯʥʦ. 

     ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʦ ʚ 29 ʩʪʘʪʴʷʭ, 8 ʪʝʟʠʩʘʭ 

ʜʦʢʣʘʜʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

     ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘ-ʣʠʩʴ  ʥʘ:  

ʂʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 60-ʣʝʪʠʶ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʎʝʥʪʨʘ ʆʥʢʦʣʦʛʠʠ ñʉʦʚʨʝʤʝʥʥʳʝ 

ʘʩʧʝʢʪʳ ʦʥʢʦʣʦʛʠʠò  (ɽʨʝʚʘʥ, 2006); ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦʜ ʵʛʠʜʦʡ ʖʅɽʉʂʆ '' 

ʇʨʦʙʣʝʤʳ ʙʠʦʭʠʤʠʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ'' (ɽʨʝʚʘʥ, 2007) ; V 

ʉʲʝʟʜʝ ʦʥʢʦʣʦʛʦʚ ʠ ʨʘʜʠʦʣʦʛʦʚ ʉʅɻ  (ʊʘʰʢʝʥʪ, 2008); II ʄʝʞʜʫʥʘʨʦʜʥʦʡ  ʢʦʥʬʝʨʝʥʮʠʠ '' 

Advances  in Heterocyclic Chemistry'' (ʊʙʠʣʠʩʠ, 2011).       

     ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 247 ʩʪʨʘʥʠʮʘʭ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʥʘʙʦʨʘ, ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʦʙʩʫʞʜʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ (389 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ) ʠ ʧʨʠʣʦʞʝʥʠʷ. ʉʦʜʝʨʞʠʪ 14 ʪʘʙʣʠʮ, 22 ʨʠʩʫʥʢʘ. 

 

 

  

 

 

 

 

 

 

 

 

 



 
 

10 
 

ɻʃɸɺɸ I.  ʉʀʅʊɽɿʓ ʀ ʅɽʂʆʊʆʈʓɽ ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʇʀʈʀʄʀɼʀʅʆɺ ʀ ʇʆʃʀʎʀʂʃʀʏɽʉʂʀʍ ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ 

ʇʀʈʀʄʀɼʀʅʆɺ 

(ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ) 

 

 

I.1. ʆɹʑʀɽ ʇʈʀʅʎʀʇʓ ʉʊʈʆɽʅʀʗ, ʈɽɸʂʎʀʆʅʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʀ  ʀ ʉʀʅʊɽɿʓ ʇʀʈʀʄʀɼʀʅʆɺ ʀ ʀʍ  

ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

 

       ʍʠʤʠʷ ʧʠʨʠʤʠʜʠʥʘ ʥʘʩʯʠʪʳʚʘʝʪ ʧʦʯʪʠ 200 ʣʝʪ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ  ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʧʠʨʠʤʠ-

ʜʠʥʦʚ,  ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʠʭ ʧʨʠ-

ʢʣʘʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʦ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʚʷʱʝʥʘ ʦʙʰʠʨʥʘʷ  

ʣʠʪʝʨʘʪʫʨʘ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ ʦʙʟʦʨʳ ʠ ʮʝʣʳʡ ʨʷʜ ʚʝʣʠʢʦʣʝʧʥʳʭ ʤʦʥʦʛʨʘʬʠʡ, ʥʘʧʠʩʘʥʥʳʭ 

ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [1-4].   

     ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʤʝʩʪʥʳʤ ʣʠʰʴ 

ʢʨʘʪʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ  ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʩʪʨʦʝʥʠʷ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʠʥʪʝʟʘ ʧʠ-

ʨʠʤʠʜʠʥʦʚ  [5-15],  ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʦʙʩʫʞʜʘʝʤʳʤʠ 

ʜʘʣʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

     ʂʨʘʪʢʠʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʦʙʟʦʨʳ ʚ ʦʪʥʦʰʝʥʠʠ  ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʢʨʝʪʥʳʭ ʨʷʜʦʚ ʧʠʨʠʤʠʜʠʥʦʚ, 

ʚʢʣʶʯʘʷ ʠʭ ʧʦʣʫʯʝʥʠʝ  ʠ ʩʚʦʡʩʪʚʘ,  ʧʨʝʜʚʘʨʷʶʪ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʙʦʪ 

ʚ ʢʦʥʪʝʢʩʪʝ  ʦʙʦʩʥʦʚʘʥʠʷ  ʨʘʮʠʦʥʘʣʴʥʦʛʦ  ʜʠʟʘʡʥʘ, ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʳʭ  ʧʠʨʠʤʠʜʠʥʦʚ. 

 

I.1.1. ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

       

       ɺ 1818 ʛ.  ɹʨʫʛʥʘʪʝʣʣʠ ʧʦʣʫʯʠʣ ʧʝʨʚʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʠʨʠʤʠʜʠʥ ï ʘʣʣʦʢʩʘʥ I, ʧʫʪʝʤ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ  ʜʝʩʪʨʫʢʮʠʠ ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʚ 1848 ʛ. ʌʨʘʥʢʣʘʥʜ ʠ 

ʂʦʣʴʙʝ   ʥʘʛʨʝʚʘʥʠʝʤ   ʧʨʦʧʠʦʥʠʪʨʠʣʘ  ʩ  ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʣʠ 2,6-ʜʠʤʝʪʠʣ- 

5-ʤʝʪʠʣ-4-ʧʠʨʠʤʠʜʠʥʘʤʠʥ II. ʆʜʥʘʢʦ,  ʧʝʨʚʳʡ ʦʙʱʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʠʨʠʤʠʜʠʥʦʚ ʙʳʣ ʧʨʝʜ-

ʣʦʞʝʥ ɻʨʠʤʦ ʚ 1878 ʛ., ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʙʘʨʙʠʪʫʨʦʚʫʶ ʢʠʩʣʦʪʫ III  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʘʣʦ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʦʯʝʚʠʥʦʡ.  ʕʪʦʪ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ʇʠʥʥʝʨʘ, 

ʢʦʪʦʨʳʡ ʧʝʨʚʳʤ ʠ ʫʩʪʘʥʦʚʠʣ ʩʪʨʦʝʥʠʝ ʧʠʨʠʤʠʜʠʥʘ [16,17]. 
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        ʇʠʨʠʤʠʜʠʥ ï ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʙʝʥʟʦʣʘ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ  - ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʣʘʩʩʫ -ʜʝʬʠʮʠʪʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚʚʠʜʫ ʵʣʝʢʪʨʦʥʦʦʪʪ̫ ʛʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʘ ʜʚʫʭ ʘʪʦʤʦʚ N, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʤ-ʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʠʭ ʨʘʟʜʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʬʘʢ-

ʪʠʯʝʩʢʠ ʫʩʠʣʠʚʘʶʪʩʷ. ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤʘʭ N
1
 ʠ N

3
, 

ʧʦʣʦʞʝʥʠʷ 2,4 ʠ 6 ʢʦʣʴʮʘ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤʠ (ʦʪʤʝʯʝʥʳ * ʥʘ ʬʦʨʤʫʣʝ IV), ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʞʝʥʠʝ 5 ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ. ɿʥʘʯʝʥʠʷ ʧʘʨ-

ʮʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʧʦʣʦʞʝʥʠʡ 2,4 ʠ 5 ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ 

ʢʦʣʴʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0.776,  0.825 ʠ 1.103. ʀʟ ʪʘʢʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʳʪʝ-

ʢʘʶʪ ʚʘʞʥʳʝ ʩʣʝʜʩʪʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʨʘʟʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʊʘʢ, ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ  ʚ ʧʦʣʦʞʝʥʠʷʭ 2,4,6-ʢʦʣʴʮʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʙʫʜʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧ-

ʧʳ ʚ ʵʪʠʭ ʧʦʣʦʞʝʥʠʷʭ ʣʝʛʢʦ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʪʴʩʷ, ʘ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʪʴ ʧʦʚʳ-

ʰʝʥʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʝ.  ɺ ʪʦ ʞʝ ʚʨʝʤ,̫  ʪʘʢʠʝ  ʞʝ ʟʘʤʝʩʪʠ-

ʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʢʦʣʴʮʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʝʨʪʥʳ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʨʝʘʢʮʠʷʭ, ʦʜʥʘʢʦ ʵʣʝʢ-

ʪʨʦʬʠʣʴʥʳʝ ʨʝʘʛʝʥʪʳ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʪ ʧʦ ʥʝʟʘʤʝʱʝʥʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 5, ʦʩʦ-

ʙʝʥʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʢʦʣʴʮʘ. ɺ ʟʘʢʣʶʯʝ-

ʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʝ ʦʙʱʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʠ ʜʘʞʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʧʨʠʤʝʥʝʥʦ ʥʘʤʠ  ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

I .1.2. ʉʠʥʪʝʟʳ ʧʠʨʠʤʠʜʠʥʦʚ 

 

     ʉʫʱʝʩʪʚʫʶʱʠʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ  ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦ-

ʚʘʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʨʦʜʦʡ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʤʙʠʥʘ-

ʮʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʳʢʘʥʠʶ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ [18]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʯʠʪʳʚʘʷ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʛʤʘʪʠʯ-

ʥʦʩʪʴʶ ʠʟʣʦʞʝʥʠʷ, ʫʤʝʩʪʥʦ ʟʜʝʩʴ ʨʘʩʩʤʦʪʨʝʪʴ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʠ  ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ 
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ʩʠʥʪʝʟʫ ʧʠʨʠʤʠʜʠʥʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʪʘʢʞʝ ʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʱʝʥʥʳʭ 

ʧʠʨʠʤʠʜʠʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʉ-ʉ-ʉ + N-C-N, ʪʦ ʝʩʪʴ ʢʦʥʜʝʥʩʘʮʠʠ 

1,3-ʜʠʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʪʨʝʭʫʛʣʝʨʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ 1,3-ʜʠʥʫʢʣʝʦʬʠʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. 

     ɿʥʘʯʠʪʝʣʴʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ  ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʠʤ ʚʳʙʦʨʦʤ ʨʘʟ-

ʣʠʯʥʳʭ 1,3-ʜʠʟʘʤʝʱʝʥʥʳʭ ʪʨʝʭʫʛʣʝʨʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʘ ʠʣʠ ʦʙʝ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʤʦʛʫʪ ʙʳʪʴ  ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠʣʠ ʥʠʪʨʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ N,N-ʙʠʥʫʢʣʝʦʬʠʣʦʚ  ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ  ʤʦʯʝʚʠʥʳ, ʪʠʦʤʦʯʝʚʠʥʳ, 

ʘʤʠʜʠʥʳ, ʛʫʘʥʠʜʠʥʳ, ʢʘʢ ʥʘ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʦʙʱʝʡ ʩʭʝʤʝ ʩʠʥʪʝʟʘ ʧʠʨʠʤʠʜʠʥʦʚ Vʘ-ʛ: 

 

 

        

       ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʠ ʥʦʚʳʝ  

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ,  ʦʩʥʦʚʘʥʥʳʝ  ʥʘ   ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʷʭ   

ʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʝʥʘʤʠʥʦʚ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʉ-ʢʠʩʣʦʪ, ʙʠʜʝʥ- 
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ʪʘʪʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʰʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ, ʠʦʥʥʳʝ ʞʠʜ-

ʢʦʩʪʠ, ʢʘʪʘʣʠʟ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ), ʘ ʪʘʢʞʝ ʯʘʩʪʦ ʚ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʘʪʘʣʠ-

ʟʘʪʦʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝ-

ʟʠʨʫʶʪʩʷ ʙʠʙʣʠʦʪʝʢʠ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ [19-26]. 

 

I.1.3.  ʅʝʢʦʪʦʨʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʠʨʠʤʠʜʠʥʦʚ 

 

       ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʤʠʜʠʥʘ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʳʝ ʧʠʨʠʤʠʜʠʥʳ ʟʘʥʠʤʘʶʪ ʫʥʠʢʘʣʴʥʦʝ ʠ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʙʠʦ-

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʚʩʝʤʝʩʪʥʳʤ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʛʜʝ ʠʭ ʤʥʦʛʠʝ  ʧʨʦʠʟʚʦʜʥʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʭʨʘʥʝʥʠʝʤ ʠ ʧʝʨʝʜʘʯʝʡ ʛʝʥʝʪʠʯʝʩ-

ʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʦʩʠʥʪʝʟʦʤ ʙʝʣʢʦʚ, ʙʠʦʛʝʥʝʟʦʤ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʦʩʬʘʪʦʚ, ʚʥʫʪʨʠ-

ʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʝʡ  ʠ ʜʨʫʛʠʭ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ, ʠʤʝʶʱʠʝ 

ʥʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʢʣʝʪʦʯʥʳʤʠ ʬʝʨʤʝʥʪʘʤʠ ʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʠʟʤʝʥʷʷ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ, ʚʣʠʷʷ  ʥʘ ʧʨʦʮʝʩʩʳ ʤʝʪʘ-

ʙʦʣʠʟʤʘ,  ʧʨʦʷʚʣʷʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

       ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʧʠʨʠʤʠʜʠʥʳ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘ-

ʤʠ, ʥʘʧʨʠʤʝʨ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ,  ʘʥʪʠʧʨʦʪʦ-

ʟʦʡʥʳʤʠ, ʘʥʪʠʛʠʩʪʘʤʠʥʥʳʤʠ, ʘʥʪʠʛʠʧʝʨʪʝʥʟʠʚʥʳʤʠ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ, ʥʝʡʨʦʪʨʦʧ-

ʥʳʤʠ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ ʫʞʝ ʧʦʯʪʠ 7 ʜʝʩʷʪʠʣʝʪʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ  ʚʘʞʥʳʝ ʩʢʘʬʬʦʣʜʳ ʚ ʧʦʠʩʢʝ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ, ʩʠʥʪʝʟʫ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ, ʥʘʧʨʠʤʝʨ,  ʘʥʘʣʦʛʦʚ ʧʨʠʨʦʜʥʳʭ ʤʝʪʘʙʦ-

ʣʠʪʦʚ, ʧʠʨʠʤʠʜʠʥʦʚ ʩ ʥʦʚʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠʣʠ ʥʦʚʳʭ ʤʦʜʠʬʠʢʘ-

ʮʠʡ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʠʨʠʤʠʜʠʥʦʚ ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʯʠʩ-

ʣʦ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ  ʥʝʚʦʟʤʦʞʥʦ ʦʭʚʘʪʠʪʴ ʜʘʞʝ ʚ ʢʨʘʪʢʦʤ ʦʙʟʦʨʝ.   

       ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʥʝʢʦʪʦʨʳʭ ʧʠʨʠʤʠʜʠʥʦʚ, ʧʨʦʷʚ-

ʣʷʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʳʭ ʠ ʠʟʫʯʝʥʥʳʭ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʟʳʩʢʘʥʠʡ ʥʦʚʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʚ 

ʨʷʜʫ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ.   

       ɸʢʪʠʚʥʳʤʠ  ʧʨʦʪʠʚʦʦʣʝʡʢʦʟʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ï ʠʥʛʠʙʠʪʦʨʘʤʠ ʪʠʨʦʟʠʥʢʠʥʘʟʳ 
_
 ʷʚʣʷ-

ʶʪʩʷ ʠʤʘʪʠʥʠʙ VI  ʠ ʬʦʩʪʘʤʘʪʠʥʠʙ VII  ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ [27-31], ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʠʩʭʦʜʥʳʭ ʬʝʥʠʣʘʤʠʥʦʧʠʨʠʤʠʜʠʥʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
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ʙʳʣʠ ʩʣʫʯʘʡʥʦ ʚʳʷʚʣʝʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʦʝʜʠʥʝʥʠʡ 
_
 ʣʠʜʝʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʢʨʠʥʠʥʛʘ.  

 

       ʇʨʦʪʠʚʦʨʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʢʣʝʪʢʠ DU-

145)     in  vitro ʧʨʦʷʚʠʣʠ   2-ʘʤʠʥʦ-4-(2,5-ʜʠʤʝʪʠʣ-3-ʬʫʨʠʣ)-6-ʘʨʠʣʧʠʨʠʤʠʜʠʥʳ  VIII   [32], ʘ  

4-(3,5-ʜʠʬʝʥʠʣ)-1ʅ-1,2,4-ʪʨʠʘʟʦʣ-1-ʠʣ-6-ʘʨʠʣ-2-ʧʠʨʠʤʠʜʠʥʪʠʦʣʳ IX  ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳʤʠ 

ʥʘ ʤʦʜʝʣʠ  ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ (ʣʠʥʠʷ SNB-75) [33]. ɺʳʩʦʢʘʷ ʘʥʪʠʥʝʦʧʣʘʩʪʠ-

ʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʪʘʢʞʝ ʚ ʨʷʜʫ 2-ʦʢʩʦ(ʪʠʦʢʩʦ)-4-ʘʤʠʥʦ-6-ʘʨʠʣ-5-ʧʠʨʠʤʠʜʠʥʢʘʨ-

ʙʦʥʠʪʨʠʣʦʚ X [34,35].  

 

 

       ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ   ʨʘʟʣʠʯʥʳʭ ʰʪʘʤʤʦʚ ʛʨʘʤ-

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʦʷʚʣʷʶʪ ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ ʩ 

ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ XI -XV  [36-38]. 
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     ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʪʝʨʘʧʠʠ ɺʀʏ-ʠʥʬʝʢʮʠʠ ʯʝʣʦʚʝʢʘ ʧʨʝʜʣʦʞʝʥ 

ʧʨʝʧʘʨʘʪ ʨʘʣʪʝʛʨʘʚʠʨ XVI ʘ (R= H), ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ʈʘʣʪʝʛʨʘʚʠʨ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʪʠʧʦʤ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ï ʠʥʛʠʙʠʪʦʨʦʚ ʠʥʪʝʛʨʘʟʳ. ʄʦʜʠʬʠʢʘʮʠʷ ʧʨʝʧʘʨʘʪʘ ʧʨʠʚʝʣʘ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʫʩʠ-

ʣʝʥʠʶ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʳʭ ʩʚʦʡʩʪʚ ʚ ʦʪʥʦʰʝʥʠʠ ʚʠʨʫʩʘ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ HIV-1 

(ʩʦʝʜʠʥʝʥʠʝ XVI ʙ, R = OBz) [39,40]. ɿʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʪʠʚʦʚʠʨʫʩʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ 

ʫ ʟʘʤʝʱʝʥʥʦʛʦ 5-ʥʠʪʨʦʧʠʨʠʤʠʜʠʥʘ XVII  [41] ʠ 2,4-ʜʠʘʤʠʥʦʧʠʨʠʤʠʜʠʥʘ  XVIII  [42]. 
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     ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʧʠʨʠʤʠʜʠʥʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʧʨʦʪʠʚʦʪʫ-

ʙʝʨʢʫʣʝʟʥʳʝ (XIX  [43]), ʘʥʪʠʤʘʣʷʨʠʡʥʳʝ (XX  [44], ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ (XXI  [45]) ʠ ʘʥʪʠ-

ʘʤʝʙʥʳʝ (XXII  [46]) ʩʚʦʡʩʪʚʘ.  
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1.2. ʇʆʃʀʎʀʂʃʀʏɽʉʂʀɽ ɸɿɸɻɽʊɽʈʆʎʀʂʃʓ ʅɸ ʆʉʅʆɺɽ ʇʀʈʀʄʀɼʀʅʆɺ, 

ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ʉ ʇʀʈʀɼʀʅʆʄ, ɹɽʅɿʀʄʀɼɸɿʆʃʆʄ ʀ ɼʈʋɻʀʄʀ 

ɻɽʊɽʈʆʎʀʂʃɸʄʀ ʀ ʀʍ ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

 

 

     ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ ʧʦʣʠ-

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ ʧʣʘʥʘʨʥʦʤʫ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʦʤʫ ʬʨʘʛʤʝʥʪʫ ʩʧʦʩʦʙʥʳ ʠʥʪʝʨʢʘʣʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʧʘʨʘʤʠ ʦʩʥʦʚʘʥʠʡ ʚ 

ɼʅʂ, ʥʘʨʫʰʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʡ ʠ ʷʚʣʷʷʩʴ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ɼʅʂ-ʥʘʮʝʣʝʥʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ  ʦʙʦʙʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦ ʩʠʥʪʝʟʫ   ʧʦʣʠ-

ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʤʦʣʝʢʫʣʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʢʦʬʦʨʦʚ: 

ʧʠʨʠʤʠʜʠʥʘ, ʧʠʨʠʜʠʥʘ, ʭʠʥʦʣʠʥʘ, ʙʝʥʟʠʤʠʜʘʟʦʣʘ (ʠʟʦʩʪʝʨʘ ʧʫʨʠʥʘ) ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʠ 

ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʝʧʝʥʴʶ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʚʝʜʝʥ-

ʥʳʤʠ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

   

I.2.1. ʇʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʳ 

 

     2-ɻʠʜʨʦʢʩʠ-4ʅ-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-4-ʦʥ ï ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʩʘ ʙʠʮʠʢʣʠʯʝʩʢʦʡ 

ʜʠʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ  ʩʠʩʪʝʤʳ ʩ ʦʜʥʠʤ ʫʟʣʦʚʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ. ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ  

ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʘ ʦʙʩʫʞʜʘʝʤʦʛʦ ʪʠʧʘ XXIII  ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʏʠʯʠʙʘʙʠʥʳʤ 

ɸ.ɽ. ʥʘʛʨʝʚʘʥʠʝʤ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʩ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʦʤʫ ʦʥ 

ʧʨʠʧʠʩʘʣ ʩʪʨʦʝʥʠʝ  2,4-ʜʠʦʢʩʦʠʟʦʤʝʨʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʀʂ, ʋʌ, ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʦʝʥʠʝ 2-ʛʠʜʨʦʢʩʠ-4ʅ-ʧʠʨʠʜʦ[1,2-a]ʧʠ-

ʨʠʤʠʜʠʥ-4-ʦʥʘ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʧʨʠʯʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ XXIII  ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʚʥʦʚʝ-

ʩʠʠ ʩ  ʤʝʟʦʤʝʨʥʳʤ ʙʝʪʘʠʥʦʤ XXIIIa  [47]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩ ʫʯʝʪʦʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʦʙʩʫʞʜʘʝʤʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʘʜ ʜʨʫʛʠʭ ʤʝʟʦʤʝʨʥʳʭ ʬʦʨʤ ʪʘʢʞʝ ʥʝʣʴʟʷ 

ʠʩʢʣʶʯʠʪʴ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʘʷ  ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʧʦʣʦʞʝʥʠʷ   ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʠʨʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ.   ʊʘʢ, 2-ʘʤʠʥʦ- 

-3-ʥʠʪʨʦʧʠʨʠʜʠʥ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʫʢʘʟʘʥʥʫʶ ʨʝʘʢʮʠʶ, 5-ʥʠʪʨʦʠʟʦʤʝʨ ʠ 2-ʘʤʠʥʦ-4,6-ʜʠʤʝʪʠʣ-

ʧʠʨʠʜʠʥ ʦʙʨʘʟʫʶʪ ʥʝʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦ-6-ʤʝʪʠʣʧʠʨʠʜʠʥʘ ʩ  

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ 1,8-ʥʘʬʪʠʨʠʜʠʥʫ XXIV  ʚʚʠʜʫ ʩʪʝʨʠʯʝʩ-

ʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʮʠʢʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ  ʘʪʦʤʘ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʉ
3
 ʧʠʨʠʜʠʥʘ. 
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     ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʟʜʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  2-ʘʤʠʥʦ-6-ʤʝ-

ʪʠʣ- ʠ 2,6-ʜʠʘʤʠʥʦʧʠʨʠʜʠʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʣʦʞʥʳʤʠ ʵʬʠʨʘʤʠ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʙʠʩ(2,4,6-ʪʨʠʭʣʦʨʬʝʥʠʣʦ-

ʚʳʡ) ʠʣʠ ʙʠʩ(ʧʝʥʪʘʭʣʦʨʬʝʥʠʣʦʚʳʡ)ʵʬʠʨʳ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʝʘʛʠʨʫʶʪ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳ-

ʤʠ ʧʠʨʠʜʠʥʘʤʠ ʚ ʘʮʝʪʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3-ʟʘʤʝʱʝʥʥʳʭ 6-ʤʝʪʠʣ(ʘʤʠʥʦ)ʧʠʨʠ-

ʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʦʚ XXIII  ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ [48]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʘ XXV -XXVIII , ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʟ 2-ʘʤʠ-

ʥʦ-4- ʠ 5-ʤʝʪʠʣʧʠʨʠʜʠʥʦʚ ʠ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʮʠʘ-

ʥʦ-3,3-ʙʠʩ(ʤʝʪʠʣʪʠʦ)ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ  ʵʪʠʣʦʚʳʡ ʵʬʠʨ 2-ʛʠʜʨʦʢʩʠ-8-ʤʝʪʠʣ-4-ʦʢ-

ʩʦ-4H-ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ XXVII  ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʩʠʥʪʝʟʘ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʦʚ  ʠ 4H-4-ʦʢʩʦ-2-ʭʣʦʨʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ 

ʙʣʦʢ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ [49-51]: 
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      ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʦʚ ʧʨʦʷʚʣʷʶʪ  ʚʳʨʘ-

ʞʝʥʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ [52], ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ 

[53], ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ [54], ʥʝʡʨʦʪʨʦʧʥʫʶ [55] ʠ ʨʷʜ ʜʨʫʛʠʭ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʧʨʦʜʦʣʞʝʥʠʷ ʠʟʳʩʢʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ  ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ  ʧʨʝʧʘʨʘʪʦʚ. 

 

 

I.2.2. ʇʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ 

 

     ʇʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ ï ʚʘʞʥʳʡ ʠ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʡ ʢʣʘʩʩ ʙʠʮʠʢʣʠʯʝʩʢʠʭ ʢʦʥ-

ʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ, ʠʥʪʝʨʝʩ ʢ ʢʦʪʦʨʦʤʫ ʦʙʫʩʣʦʚʣʝʥ ʰʠʨʦʪʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʩʨʝʜʠ ʤʥʦʛʠʭ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ, ʥʘʧʨʠʤʝʨ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ [56], 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ [57], ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ [58], ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ [59] ʠ ʜʨʫʛʠʭ. 

     ɺ ʦʩʥʦʚʝ ʩʠʥʪʝʟʦʚ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʣʝʞʘʪ ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʠʨʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʥʘ  ʟʘʤʝʱʝʥ-

ʥʦʤ ʧʠʨʠʤʠʜʠʥʦʚʦʤ ʮʠʢʣʝ ʠʣʠ ʥʘʦʙʦʨʦʪ, ʧʨʠʯʝʤ ʦʙʝ ʩʪʨʘʪʝʛʠʠ  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ.  

     ɺ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʧʝʨʚʦʤ  ʧʦʜʭʦʜʝ ʢʣʶʯʝʚʳʤ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝ-

ʱʝʥʥʳʡ 4-ʘʤʠʥʦʫʨʘʮʠʣ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʩ 1,3-ʜʠʵʣʝʢʪʨʦʬʠʣʘʤʠ (ʵʪʦʢʩʠʤʝʪʠʣʝʥʤʘ-

ʣʦʥʦʚʳʤ- ʠʣʠ ʮʠʘʥʫʢʩʫʩʥʳʤ ʵʬʠʨʘʤʠ, ʘʨʠʣʠʜʝʥʤʘʣʦʥʦʥʠʪʨʠʣʦʤ, 2-ʮʠʘʥ-3,4-ʙʠʩ(ʤʝʪʠʣʪʠʦ)-

ʘʢʨʠʣʦʥʠʪʨʠʣʦʤ ʠʣʠ ʵʪʠʣʘʢʨʠʣʘʪʦʤ, ʜʠʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ) ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ɺ ʥʝʩ-

ʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʵʪʦʡ ʮʝʣʠ ʩʣʫʞʘʪ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 4-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʠʣ-5-ʘʢʨʠʣʦʚʳʝ 

ʵʬʠʨʳ ʠʣʠ 4-ʘʤʠʥʦ(ʟʘʤʝʱʝʥʥʳʝʘʤʠʥʦ)-5-ʘʮʝʪʠʣʧʠʨʠʤʠʜʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʧʦʣʫʯʘʶʪʩʷ ʢʘʢ ʚ ʨʘʤʢʘʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʜʚʫʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʪʘʢ ʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ  ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʜʥʦʩʪʘʜʠʡʥʳʭ ʠ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʥʠʞʝʩʣʝʜʫʶ-

ʱʠʭ ʩʭʝʤʘʭ [60-63]:  
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     ʂʦʥʜʝʥʩʘʮʠʝʡ ʧʠʨʠʜʦʥʘ (ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʘʢʨʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʤʘʣʦʥʦʥʠʪʨʠʣʘ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʤʝʪʠʣʘʪʘ ʥʘʪʨʠʷ ʚ ʤʝʪʘʥʦʣʝ) ʩ ʘʨʠʣʛʫʘʥʠʜʠʥʦʤ ʩʠʥʪʝʟʠʨʫʶʪ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ, 

ʢʦʪʦʨʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ɼʠʤʨʦʪʘ ʦʙʨʘʟʫʝʪ 2-ʘʨʠʣʘʤʠʥʦ-4-ʘʤʠʥʦʧʠʨʠʜʦ-

[2,3d]ʧʠʨʠʤʠʜʠʥʳ  XXIX. ʇʦʩʣʝʜʥʠʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʪʘʢʞʝ ʦʜʥʦʨʝʘʢʪʦʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝʤ ʛʫʘʥʠʜʠʥʦʚ ʩ ʘʢʨʠʣʘʪʘʤʠ ʠ ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ ʠʣʠ ʮʠʘʥʫʢʩʫʩʥʳʤ ʵʬʠʨʦʤ.  

 

     ɿʘʤʝʱʝʥʥʳʝ 6-ʢʘʨʙʦʢʩʠʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ ʩʠʥʪʝʟʠʨʫʶʪ, ʠʩʭʦʜʷ ʠʟ ʮʠʘʥʫʢʩʫʩʥʦ-

ʛʦ ʵʬʠʨʘ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦ ʩʤʝʩʴʶ CS2 / KOH/ʜʠʤʝʪʠʣʩʫʣʴʬʘʪ ʧʨʝʚʨʘʱʘʶʪ ʚ 

ʵʪʠʣʦʚʳʡ ʵʬʠʨ 3,4-ʙʠʩ(ʤʝʪʠʣʪʠʦ)-2-ʮʠʘʥʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʢʣʠʟʫʶʪ ʢʦʥʜʝʥʩʘʮʠʝʡ ʩ 

ʘʤʠʜʠʥʘʤʠ ʚ 2-ʟʘʤʝʱʝʥʥʳʝ 4-ʤʝʪʠʣʪʠʦ-6-ʦʢʩʦ-1,6-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʥʠʪʨʠʣʳ.  

     ʇʦʩʣʝʜʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʘʥʠʣʠʥʘʤʠ ʠ ʩ ʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʧʨʝʚʨʘʱʝʥʳ ʚ ʢʦʥʝʯʥʳʝ  6-ʢʘʨʙʦʢʩʠʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ XXX   [64] , ʧʦ ʩʭʝʤʝ: 
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     ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟ-

ʦʧʘʩʥʳʭ (ñʟʝʣʝʥʳʭò) ʩʠʥʪʝʟʦʚ  ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ XXXI   ʙʝʟ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʤʫʣʴʪʠʢʦʤʧʦʦʥʝʥʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ [65-67]. ʋʢʘʟʘʥʥʳʝ ʩʠʥʪʝʟʳ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, 

ʮʠʘʥʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ ʠʣʠ ʤʘʣʦʥʦʥʠʪʨʠʣʘ ʠ ʟʘʤʝʱʝʥʥʳʭ 4-ʘʤʠʥʦʫʨʘʮʠʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʘʪʘ-

ʣʠʟʘ, ʥʘʧʨʠʤʝʨ, ʠʦʥʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ, ʛʠʜʨʦʬʦʩʬʘʪʦʤ ʘʤʤʦʥʠʷ (NH4)2HPO4 ʠʣʠ ʧʨʦʠʟ-

ʚʦʜʥʳʤʠ ʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʩʠʣʠʢʘʛʝʣʝ, ʧʦ ʦʙʱʝʡ ʩʭʝʤʝ:  
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      ʀʥʪʝʨʝʩ  ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʦʥʠ ʠʟʦʩʪʝʨʥʳ ʚʘʞʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ
 _

 ʘʥʪʠʣʝʡʢʝʤʠ-

ʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ ʘʤʠʥʦʧʪʝʨʠʥʫ ʠ ʤʝʪʦʪʨʝʢʩʘʪʫ (XXXII  ʠ XXXIII ) ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʤʫ 

ʧʨʝʧʘʨʘʪʫ ï ʥʘʣʠʜʠʢʩʦʚʦʡ ʢʠʩʣʦʪʝ XXXIV .  

 

 

     ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʜʝʘʟʘʘʥʘʣʦʛʠ ʧʝʨʚʳʭ ʜʚʫʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʠʭ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦ-

ʧʨʦʠʟʚʦʜʥʳʝ (5-ʜʝʘʟʘ, 5,10-ʜʠʜʝʘʟʘ, 8,10-ʜʠʜʝʘʟʘ ʠ 5,8,10-ʪʨʠʜʝʘʟʘʧʨʦʠʟʚʦʜʥʳʝ), ʘ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʣʠʝʚʳʝ ʢʠʩʣʦʪʳ,
 
ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʠʙʠʪʦʨʦʚ ʜʠʛʠʜʨʦʬʦʣʘʪʨʝ-

ʜʫʢʪʘʟʳ ʠ ʦʙʣʘʜʘʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʜʝʡʩʪʚʠʝʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʤʝʱʝʥʥʳʝ 5,6,7,8-

ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 6-ʘʟʘ-

ʘʥʘʣʦʛʠ ʥʘʣʠʜʠʢʩʦʚʦʡ ʢʠʩʣʦʪʳ ʠ  ʧʨʝʧʘʨʘʪʳ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ aʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ.  
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     ɸʤʝʨʠʢʘʥʩʢʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ ʧʦ ʩʠʥʪʝʟʫ ʘʥʘʣʦʛʦʚ ʪʝʪʨʘʛʠʜʨʦʬʦʣʠʝʚʦʡ ʢʠʩʣʦʪʳ  

ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʣʘʢʪʘʤʳ XXXVʘ,ʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʠʪʨʠʣʘ 2-ʘʤʠʥʦ-

4-ʭʣʦʨ-5-ʧʠʨʠʤʠʜʠʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʤʠʘʢʦʤ ʠ ʤʝʪʠʣʘʤʠʥʦʤ ʚ ʘʚʪʦʢʣʘʚʝ [68]: 

 

 

     ʇʦʟʜʥʝʝ, ʩʭʦʜʥʘʷ ʩʪʨʘʪʝʛʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʩʠʥʪʝʟʝ 5,6,7,8-ʪʝʪʨʘ-

ʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ XXXVʘ-ʛ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 2,6-R,R
1
-4- 

ʭʣʦʨ-5-ʧʠʨʠʤʠʜʠʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ ʚ ʘʚʪʦʢʣʘʚʝ [69]: 

 

     ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʩʫʞʜʘʝʤʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ XXX VIʘ-ʛ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-

ʣʫʯʝʥʳ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʩ ʥʝʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʫʘʥʠʜʠʥʘ ʠʣʠ ʙʝʥʟʘʤʠʜʠ-

ʥʘ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ  ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ 
_
 ʜʠʵʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 2-ʮʠʘʥʦʧʝʥʪʘʜʠʦʚʦʡ ʠ  

2-ʮʠʘʥʦ-4-ʤʝʪʠʣʧʝʥʪʘʜʠʦʚʦʡ ʢʠʩʣʦʪ ʠʣʠ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 4,4-ʜʠʮʠʘʥʦʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 

[70]: 

 

 

     ʉʭʦʜʥʳʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ XXX VI (R
4
, R

5
 = H, Me, Ph) ʙʳʣ ʧʦʣʫʯʝʥ  ʧʦʟʜʥʝʝ ʚʩʪʨʝʯʥʳʤ  

ʩʠʥʪʝʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥʦʚ [71]. 
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     ɿʘʧʘʪʝʥʪʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 4(3ʅ)-ʦʢʩʦ-5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ  

XXX VII  ʚ  ʢʘʯʝʩʪʚʝ ʘʥʪʠʥʝʦʧʣʘʩʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ [72]:  

 

      

     ɿʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 5-ʦʢʩʦ-8-ʘʣʢʠʣ-5,6-ʜʠʛʠʜʨʦ- ʠ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠ-

ʤʠʜʠʥʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʦʚ ʥʘʣʠʜʠʢʩʦʚʦʡ ʢʠʩʣʦʪʳ XXXIV , ʠʩʭʦʜʷ ʠʟ ʵʪʠ-

ʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʟʘʤʝʱʝʥʥʦʡ 4-ʭʣʦʨʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʧʦʩʣʝʜʥʝʡ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 2-(ʘʣʢʠʣʘʤʠʥʦ)ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ, ʢʦʪʦʨʳʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʂʣʘʡʟʝʥʘ ʮʠʢʣʠʟʦʚʘʥ ʚ 

ʵʪʠʣʦʚʳʡ ʵʬʠʨ ʟʘʤʝʱʝʥʥʦʛʦ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ XXXVIII . ʇʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʙʨʦʤʠʨʦʚʘʥʠʷ 
_
 ʜʝʛʠʜʨʦʙʨʦʤʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ 5,6-ʜʠʛʠʜʨʦʧʨʦ-

ʠʟʚʦʜʥʳʝ XXXIX  [73].  ʉʭʦʜʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ ʨʷʜʘ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ XL  [74]: 
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I.2.3. ɹʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥʳ 

 

     ʊʨʠʮʠʢʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʙʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥʘ ʠʟʫʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʮʠʢʣʠʯʝʩʢʠʤʠ ʧʠʨʠʜʦʧʠʨʠʤʠʜʠʥʘʤʠ, ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞ-

ʥʳʤ ʬʘʨʤʘʢʦʬʦʨʦʤ, ʧʨʦʠʟʚʦʜʥʳʝ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʥʘʧʨʠʤʝʨ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ [75,76], ʘʥʪʠʘʣʣʝʨʛʠʯʝʩʢʠʝ [77], ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʠ ʧʨʦʪʠʚʦ-

ʦʧʫʭʦʣʝʚʳʝ [78], ʥʝʡʨʦʪʨʦʧʥʳʝ [79], ʬʫʥʛʠʮʠʜʥʳʝ [80] ʠ ʜʨʫʛʠʝ.      

     ʋʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʙʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠ-

ʨʠʤʠʜʠʥʦʚ ʷʚʣʷʶʪʩʷ ʟʘʤʝʱʝʥʥʳʝ 2-ʘʤʠʥʦ-1,3-ʙʝʥʟʦʪʠʘʟʦʣʳ XLI, ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ ʢʦʪʦ-

ʨʳʭ  ʩ 1,3-ʜʠʵʣʝʢʪʨʦʬʠʣʘʤʠ, ʥʘʧʨʠʤʝʨ ʵʪʦʢʩʠʤʝʪʠʣʝʥʤʘʣʦʥʦʚʳʤ ʵʬʠʨʦʤ XLII  (ʩʦʚʤʝʩʪʥʳʤ 

ʥʘʛʨʝʚʘʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʠʣʠ ʚ ʩʨʝʜʝ ʜʘʫʪʝʨʤʘ ɸ) [81-83], ʤʝʪʘʥʪʨʠʢʘʨʙʦʢʩʠʣʘʪʘʤʠ XLIII  (ʥʘ-

ʛʨʝʚʘʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʚ ʙʨʦʤʙʝʥʟʦʣʝ) [83], ʜʠʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʘʤʠʥʦʬʫʤʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 

XLIV  (ʩʦʚʤʝʩʪʥʳʤ ʥʘʛʨʝʚʘʥʠʝʤ) [84], ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʳʢʘʥʠʷ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʧʨʠ-

ʚʦʜʠʪ ʢ ʮʝʣʝʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ XLV -XLVII , ʧʦ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ: 
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     ɺ ʦʩʥʦʚʝ ʜʨʫʛʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ [85,86] ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦ-1,3-

ʙʝʥʟʦʪʠʘʟʦʣʦʚ XLI  ʩ ʙʠʩ(ʤʝʪʠʣʪʠʦ)ʤʝʪʠʣʝʥʤʘʣʦʥʦʥʠʪʨʠʣʦʤ XLVIII  ʚ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʂ2ʉʆ3 ʩ ʧʦʣʫʯʝʥʠʝʤ 4-ʠʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ XLIX , ʧʦ ʩʭʝʤʝ: 

 

 

    

     ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦ[4,5][1,3]ʪʠʘ-

ʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥʦʚ L , LI, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʫ 2-ʘʤʠʥʦ-1,3-ʙʝʥʟʦʪʠʘʟʦʣʘʤʠ XLI , ɓ-ʢʝʪʦʵʬʠʨʘʤʠ ʠ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʧʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ  ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚ-

ʥʦʛʦ ʠʣʠ ʢʠʩʣʦʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʳ N,N-ʜʠʭʣʦʨʙʠʩ(2,4,6-ʪʨʠ-ʭʣʦʨʬʝʥʠʣ)ʤʦʯʝʚʠ-

ʥʘ [87], ʛʠʜʨʦʪʘʣʮʠʪ [88], AlCl3 [89], FeF3 [90], Zn(ClO4)
.
6H2O [91], ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʡʛʠʜ-

ʨʦʩʫʣʴʬʘʪ [92], ʢʘʦʣʠʥ [93] ʠ ʜʨʫʛʠʝ, ʘ ʪʘʢʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ [94], ʧʦ ʦʙʱʠʤ 

ʩʭʝʤʘʤ: 

 

     ʅʘʢʦʥʝʮ, ʥʝʜʘʚʥʦ ʦʧʠʩʘʥʘ ʥʦʚʘʷ ʜʦʤʠʥʦ-ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʧʠʨʦʢʘʪʝʭʠʥʘʤʠ LII  ʠ 6-ʟʘʤʝ-

ʱʝʥʥʳʤʠ 1,2,3,4-ʪʝʪʨʘʛʠʜʨʦ-4-ʦʢʩʦ-2-ʪʠʦʢʩʦ-5-ʧʠʨʠʤʠʜʠʥʢʘʨʙʦʥʠʪʨʠʣʘʤʠ LIII , ʢʘʪʘʣʠ-
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ʟʠʨʫʝʤʘʷ ʬʝʨʤʝʥʪʦʤ ʣʘʢʢʘʟʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʚʳʜʝʣʝʥʳ ʠʟʦ-

ʤʝʨʥʳʝ  ʟʘʤʝʱʝʥʥʳʝ 3-ʮʠʘʥʦ-7,8-ʜʠʘʮʝʪʠʣʦʢʩʠʧʠʨʠʤʠʜʦ[2,1-b]ʙʝʥʟʦʪʠʘʟʦʣʦʥʳ LIV -LVII  ʚ 

ʚʠʜʝ ʜʠʘʮʝʪʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʧʦ ʩʭʝʤʝ [95]: 

 

 

 

 

I.2.4. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠʤʠʜʠʥʳ 

 

     ʇʨʦʠʟʚʦʜʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-ʘ]ʧʠʨʠʤʠʜʠʥʘ ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʢʘʬʬʦʣʜʳ ʚ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʦʪʠʚʦ-

ʦʧʫʭʦʣʝʚʳʤ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʤ [96-98] ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʜʝʡʩʪʚʠʝʤ [99].  

     ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʩʫʞʜʘʝʤʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2-ʘʤʠʥʦ-1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣʦʚ LVIII  ʩ 1,3-ʜʠʵʣʝʢʪʨʦʬʠ-

ʣʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʥʘʧʨʠʤʝʨ  ʟʘʤʝʱʝʥʥʳʤʠ ʘʮʝʪʦʫʢʩʫʩʥʳʤʠ, ʮʠʘʥʫʢʩʫʩʥʳʤʠ ʠ ʤʘʣʦʥʦ-

ʚʳʤʠ ʵʬʠʨʘʤʠ, ʵʪʦʢʩʠʤʝʪʠʣʝʥʤʘʣʦʥʦʚʳʤ ʠ ʘʮʝʪʦʫʢʩʫʩʥʳʤ ʵʬʠʨʘʤʠ, ʘʤʠʥʦʢʨʦʪʦʥʦʚʳʤ 

ʵʬʠʨʦʤ, ɓ-ʜʠʢʝʪʦʥʘʤʠ, ɓ-ʮʠʘʥʦʝʥʘʤʠʥʘʤʠ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʵʢʚʠʚʘʣʝʥʪʘʤʠ (ʩʦʝʜʠʥʝ-

ʥʠL̫IX -LXI). ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʵʪʘʥʦʣʝ, ɸʩʆʅ, ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘ-
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ʣʠʟʘʪʦʨʦʚ ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʢʠʩʣʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʧʨʠʤʝʨ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ, ʧ-ʊʉʂ ʠʣʠ ʇʌʂ, ʘ 

ʪʘʢʞʝ ʯʘʩʪʦ ʫʩʧʝʰʥʦ ʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʜʝʥʩʘʮʠʠ 

ʩ ʵʬʠʨʘʤʠ ʘʮʝʪʠʣʝʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʤʝʪʠʣ- ʠ ʵʪʠʣʧʨʦʧʠʦʣʘʪʘʤʠ, ʵʪʠʣʬʝʥʠʣʧʨʦʧʠʦʣʘʪʦʤ 

ʠʣʠ ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪʦʤ) ʦʙʨʘʟʫʶʪʩʷ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2ʘ]ʧʠʨʠʤʠʜʠʥ-2-

ʦʥʳ LXII . ʅʝʢʦʪʦʨʳʝ ʪʠʧʠʯʥʳʝ ʩʠʥʪʝʟʳ ʩʦʝʜʠʥʝʥʠʡ LIX -LXII  ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ [100-103]: 
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     ɼʨʫʛʠʤʠ  ʵʬʬʝʢʪʠʚʥʳʤʠ  ʩʠʥʪʦʥʘʤʠ  ʜʣʷ  ʧʦʣʫʯʝʥʠʷ  ʧʨʦʠʟʚʦʜʥʳʭ  ʦʙʩʫʞʜʘʝʤʦʡ ʛʝʪʝʨʦ- 

ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʘʨʠʣʠʜʝʥʤʘʣʦʥʦʥʠʪʨʠʣʳ, ʘʨʠʣʠʜʝʥʮʠʘʥʫʢʩʫʩʥʳʝ ʠ ʤʘʣʦ-

ʥʦʚʳʝ ʵʬʠʨʳ [104-106], Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʝ ʢʝʪʦʥʳ (ʭʘʣʢʦʥʳ) [107], ʘʨʦʠʣʘʮʝʪʦʥʠʪʨʠʣʳ ʠ 

ʵʬʠʨʳ 3-ʘʨʠʣʧʨʦʧʝʥʦʚʳʭ ʢʠʩʣʦʪ [108], ʵʬʠʨʳ ʟʘʤʝʱʝʥʥʳʭ ʢʦʨʠʯʥʳʭ ʢʠʩʣʦʪ [109,110], 

ʧʨʠʯʝʤ ʘʨʠʣʠʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʤʦʞʝʪ ʚʭʦʜʠʪʴ  ʚ ʩʦʩʪʘʚ ʛʝʪʝʨʦʮʠʢʣʘ [111], ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ  ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ LXIII -LXVI .   
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     ɺ ʨʷʜʝ ʨʘʙʦʪ ʚ ʢʘʯʝʩʪʚʝ ʜʠʵʣʝʢʪʨʦʬʠʣʦʚ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʨʠʣ(ʛʝʪʘʨʠʣ) ʢʝʪʦʥʳ 

(ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʦʚ LXVII  [112], LXVIII  [113]), ʠʣʠ ʧʦʣʫʯʘʝʤʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ  ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ 1-ʘʨʠʣ(ʛʝʪʝʨʠʣ)-3-ʜʠʤʝʪʠʣʘʤʠʥʦ- (ʣʠʙʦ 3-ʛʠʜʨʦʢʩʠ)-2-ʧʨʦʧʝʥ-1-ʦʥʳ ʠʟ ʘʮʝ-

ʪʦʬʝʥʦʥʦʚ, ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʝʪʦʥʦʚ (ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʦʚ LXIX  [114], 

LXX  [115], LXXI  [116]). ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʙʝʥʟʠʤʠʜʘʟʦʧʠʨʠʤʠʜʠʥʳ LXVII  ʧʨʦʷʚ-

ʣʷʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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     ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ  ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʠʥʪʦʥʦʚ ʩ ʘʤʠʥʦʤ LVIII a ʧʨʦʪʝ-

ʢʘʝʪ ʧʦ ʪʘʥʜʝʤʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʚʢʣʶʯʘʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ  ʄʠʭʘʵʣʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ  ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 
_
 ʘʥʥʝʣʠʨʦʚʘʥʠʝʤ  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʮʝʣʝ-

ʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

       ɼʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ-

[1,2-ʘ]ʧʠʨʠʤʠʜʠʥʘ ʩʚʷʟʘʥ ʩ ʚʥʝʜʨʝʥʠʝʤ ʦʜʥʦʨʝʘʢʪʦʨʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ  ʨʝʘʢʮʠʡ ʩ ʫʯʘʩ-

ʪʠʝʤ 1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʘʤʠʥʘ LVIII ʘ, ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴ-

ʜʝʛʠʜʘ ʠ 1,3-ʜʠʵʣʝʢʪʨʦʬʠʣʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʥʘʧʨʠʤʝʨ ʤʘʣʦʥʦʥʠʪʨʠʣʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʘʮʝ-

ʪʦʘʮʝʪʘʤʠʜʘ, ʢʠʩʣʦʪʳ ʄʝʣʴʜʨʫʤʘ (ʩʦʝʜʠʥʝʥʠʷ LXXII -LXXIV  [117-120]) ʠ ʪ.ʜ. [121-128]. 

ʉʦʝʜʠʥʝʥʠʷ LXXII  ʠʥʛʠʙʠʨʫʶʪ Ŭ-ʛʣʶʢʦʟʠʜʘʟʫ ʪʠʧʦʚ I ʠ II ʠ ʧʨʦʷʚʣʷʶʪ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʫʶ, 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɼʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ  ʠʟ ʨʘʟʥʳʭ 

ʛʨʫʧʧ ʧʨʦʷʚʣʷʶʪ  ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ,  ʧʨʦʪʠʚʦʚʠʨʫʩʥʫʶ ʠ ʛʠʧʦʪʝʥʟʠʚʥʫʶ  ʘʢʪʠʚʥʦʩʪʴ.  
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     ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʘʤʠʥʦ-1-ʙʫʪʠʣ-1ʅ-ʙʝʥʟʦ[4.5]-

ʠʤʠʜʘʟʦ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʘ ʧʦ ʨʝʘʢʮʠʠ ʇʦʚʘʨʦʚʘ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʧʠʧʝʨʠʜʠʥʦʤ, ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʠʛʤʘʪʨʦʧʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ 4-ʬʝʥʠʣʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʠʤʠʜʘʟʦʧʠʨʠʤʠʜʠʥʘ [129]: 

 

 

 

 

 

     ʋʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʮʝʥʪʨʦʚ ʚ ʧʨʦʠʟʚʦʜʥʳʭ 2-ʘʤʠ-

ʥʦʙʝʥʟʠʤʠʜʘʟʦʣʘ  ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʵʪʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʠʟʦʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ 

LXXVIa  ʠ LXXVI ʙ, ʨʘʟʨʘʙʦʪʘʥ  ʧʦʜʭʦʜ  ʢ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʢʦʥʜʝʥʩʘ-

ʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ   ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘ-

ʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ, ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʫʜʘʣʷʝʤʦʛʦ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ [130]. 
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     ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʘʤ, ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦ[4,5]-

ʠʤʠʜʘʟʦ[1,2ʘ]ʧʠʨʠʤʠʜʠʥʳ ʤʦʛʫʪ  ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘ-

ʧʨʠʤʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʤʠʥʘ LVI I Iʘ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʵʧʦʢʩʠʙʨʦʤʠʜʘʤʠ (ʩʦʝʜʠʥʝʥʠʷ 

LXXV IIʘ) [131] ʠʣʠ 2-ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣ-2-ʮʠʘʥʦ-3-ʘʨʠʣʦʢʩʠʨʘʥʘʤʠ (ʩʦʝʜʠʥʝʥʠʷ LXXV I Iʙ) 

[132], ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʝʡ N-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʠʤʠʥʦʵʬʠʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ  ʘʣʢʦʛʦʣʷʪʦʚ (ʩʦʝ-

ʜʠʥʝʥʠʷ LXXVII ʚ) [133].  ʈʘʟʨʘʙʦʪʘʥʳ ʪʘʢʞʝ  ʦʜʥʦʨʝʘʢʪʦʨʥʘʷ  ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʪʠʣʙʝʥʟʠʤʠ-

ʜʘʟʦʣ-2-ʠʣ ʢʘʨʙʘʤʘʪʦʚ ʩ ʜʠʘʣʢʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ PPh3 [134] ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʘʤʠʥʘ LVIII ʘ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 

ʠ ʘʣʢʠʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ LXXVIII  [135]. ʆʙʩʫʞʜʘʝʤʳʝ ʩʠʥʪʝʟʳ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʦʙʱʝʡ ʩʭʝʤʝ:   
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     ɺ ʧʦʩʣʝʜʥʝʤ ʧʨʠʤʝʨʝ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʘʢʪʠʚʠʨʦʚʘʥʠʝ N
_
H-ʩʚʷʟʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ 

ʧʨʦʧʘʨʛʠʣʘʤʠʥʝ LXXVIIIa  ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ  N
_
C-ʩʚʷʟʠ ʚ ʫʩʣʦʚʠʷʭ ʙʠʤʝʪʘʣʣʠ-

ʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ CuI
_
Ag2CO3 ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʤʝʭʘʥʠʟʤʫ 6-ʵʥʜʦ-ʜʠʛ-ʮʠʢʣʠʟʘʮʠʠ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʳʢʘʥʠʶ 6-ʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʥʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 5-ʯʣʝʥʥʦʛʦ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ  

5-ʵʢʟʦ-ʜʠʛ-ʮʠʢʣʠʟʘʮʠʠ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ, ʘ ʚ ʦʪʩʫʪʩʪ-

ʚʠʝ ʩʦʣʠ ʩʝʨʝʙʨʘ ʨʝʘʢʮʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʦʛʦ ʧʨʦʧʘʨʛʠʣ-

ʘʤʠʥʘ LXXVIIIa . 
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I.2.5.  ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ 
_
 ʧʠʨʠʤʠʜʠʥʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

 

       ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʦʙʩʫʞʜʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ  ʥʘ 

ʦʩʥʦʚʝ ʧʠʨʠʤʠʜʠʥʦʚ ï ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʭ ʩʠʩʪʝʤ, ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ.   

       ʆʪʤʝʪʠʤ, ʯʪʦ  ʠʤʝʶʱʠʝʩʷ ʦʙʟʦʨʳ  ʧʦ  ʦʙʩʫʞʜʘʝʤʦʡ ʪʝʤʝ ʣʠʙʦ ʫʞʝ ʫʩʪʘʨʝʣʠ [136],  ʣʠʙʦ 

ʥʦʩʷʪ ʥʝʩʢʦʣʴʢʦ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ  [137-139]. 

 

 

I .2.5.1. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ 

 

 

 

 

 

a) ʉʠʥʪʝʟʳ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ 

 

       ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʥʪʝʟʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʩʫʞʜʘʝʤʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩ-

ʢʦʡ ʩʠʩʪʝʤʳ ʣʝʞʠʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʅʠʤʝʥʪʦʚʩʢʦʛʦ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʠ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʘ LXXIX  ʩ 2-ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘ-

ʣʠʟʘ [140], ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚ  ʇʌʂ [141] ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʣʶʯʝʚʦʛʦ 2-(2-ʘʤʠʥʦʬʝ-

ʥʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʘ LXXX. ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʠʘʤʠʥʘ 

LXXIX  ʩ 2-ʥʠʪʨʦʙʝʥʟʘʣʴʜʝʛʠʜʦʤ  ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 2-(2-ʥʠʪʨʦʬʝʥʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʘ 

LXXXII , ʣʠʙʦ ʘʮʠʣʠʨʦʚʘʥʠʝʤ  2-ʥʠʪʨʦʘʥʠʣʠʥʘ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ 2-ʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʜʠʥʠʪʨʦʧʨʦʠʟʚʦʜʥʦʛʦ ʜʦ ʘʤʠʥʦʘʤʠʜʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʦ-

ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʚ ʙʝʥʟʠʤʠʜʘʟʦʣ LXXX. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʘʤʠʥʘ LXXX  ʩ  ʦʜʥʦʫʛʣʝʨʦʜʥʳʤʠ 

ʩʠʥʪʦʥʘʤʠ ʪʠʧʘ CS2, ʪʠʦʤʦʯʝʚʠʥʳ, ʤʦʯʝʚʠʥʳ, ʘʣʴʜʝʛʠʜʦʚ,  ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ,  ʦʨʪʦ-

ʵʬʠʨʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʳʢʘʥʠʶ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʩʠʥʪʝʟʫ ʟʘʤʝ-

ʱʝʥʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ LXXX I  [142-159].   

       ʆʙʩʫʞʜʘʝʤʳʝ ʧʦʜʭʦʜʳ ʦʙʦʙʱʝʥʳ ʥʘ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʦʙʱʝʡ ʩʭʝʤʝ: 

 



 
 

35 
 

 

 

     ʅʝʜʘʚʥʦ ʦʧʠʩʘʥʘ ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ  Pd(OAc)2 ʘʵʨʦʙʥʘʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ  ʜʠʘʤʠ-

ʥʘ LXXX  ʩ ʪʨʝʪ-ʙʫʪʠʣʠʟʦʮʠʘʥʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N6-

(ʪʨʝʪ-ʙʫʪʠʣʩʫʣʴʬʘʥʠʣ)ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʘ LXXX I  (X = ʪʨʝʪ-BuNH)[160]. 

     ɼʣʷ ʩʠʥʪʝʟʘ 6-ʩʫʣʴʬʘʥʠʣʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ LXXXI  (X= SH), ʜʠʘʤʠʥ 

LXXX  ʚʚʦʜʷʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ CS2 ʠ ʂʆʅ ʚ ʤʝʪʘʥʦʣʝ [145, 152], 6-ʘʣʢʠʣ-, ʘʨʠʣʧʨʦʠʟʚʦʜ-

ʥʳʝ LXXXI  (X= Alk , Ar) ʧʦʣʫʯʘʶʪʩʷ  ʢʠʧʷʯʝʥʠʝʤ ʜʠʘʤʠʥʘ LXXX  ʩ ʦʨʪʦʵʬʠʨʘʤʠ ʚ ʵʪʘʥʦʣʝ 

[143] ʠʣʠ  ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ [144], ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ P2S5 ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (X=1,3-ʙʝʥʟʦʢʩʘʟʦʣ-2-ʠʣ ʠ 1,3-ʙʝʥʟʪʠʘʟʦʣ-2-ʠʣ, [147]). ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʵʪʫ ʨʝʘʢ-

ʮʠʶ  ʘʣʴʜʝʛʠʜʦʚ ʠʣʠ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʢʠʩʣʦʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʤʷʛʢʠʤ ʥʘʛʨʝ-

ʚʘʥʠʝʤ   ʨʝʘʛʝʥʪʦʚ   ʚ  ʣʝʜ̫ʥʦʡ  ɸʩʆʅ  [161,148,154,138].  ʆʨʠʛʠʥʘʣʴʥʳʡ  ʧʦʜʭʦʜ  ʢ  ʩʠʥʪʝʟʫ  

6-ʩʫʣʴʬʘʥʠʣʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ LXXXI ʘ,ʙ  ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʠ ʟʘʤʝʱʝʥʥʳʭ 2-ʢʘʨʙʦʢʩʠʤʝʪʠʣʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʚ ʩ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʦʤ [162]:  
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      ʇʨʝʜʣʦʞʝʥ  ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ LXXXI ʚ ʨʝʘʢʮʠʝʡ ʟʘʤʝ-

ʱʝʥʥʳʭ 2-ʘʨʠʣʙʝʥʟʦʢʩʘʟʠʥ -4(3ʅ)ʦʥʦʚ LXXXIII  (ʧʦʣʫʯʘʝʤʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʘʥʪʨʘʥʠʣʦʚʳʭ ʢʠʩʣʦʪ ʠ ʘʨʦʠʣʭʣʦʨʠʜʦʚ) ʩ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʦʤ, ʧʦ ʩʭʝʤʝ [163-169]:  

 

 

       

     ʇʦ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʇʝʩʩʦʘ-ʄʦʭʘʥʘ ʩ ʩʦʪʨ. [170], 2-(2-ʥʠʪʨʦʬʝʥʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣ 

LXXXII  ʘʮʠʣʠʨʫʶʪ ʘʨʦʠʣʭʣʦʨʠʜʘʤʠ ArCOCl (Ar = Ph, 4-(Cl, F, MeO, NO2)C6H4), ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʤʠʜʦʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʞʝʣʝʟʦʤ ʚ ʩʤʝʩʠ ɸʩʆʅ
_
ʅ2ʆ

_
ʵʪʘʥʦʣ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-(2-ʘʨʠʣʢʘʨʙʦʢʩʘʤʠʜʦ)ʬʝʥʠʣʙʝʥʟʠʤʠʜaʟʦʣʦʚ. 

ʇʦʩʣʝʜʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʥʘ ʪʚʝʨʜʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʦʤ ʥʦʩʠʪʝʣʝ 

(SiO2-MnO2) ʦʙʨʘʟʫʶʪ ʮʝʣʝʚʳʝ  ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ LXXXI  (X= Ar) ʩʦ 

ʩʨʝʜʥʠʤʠ ʚʳʭʦʜʘʤʠ.   

     ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘ-

ʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʠʞʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 2-ʙʝʥʟʠʣʘʤʠʥʦ-3-(2-ʥʠʪʨʦʬʝʥʠʣ)-3,4-ʜʠʛʠʜʨʦ- 

4-ʭʠʥʘʟʦʣʠʥʦʥʘ LXXXIV  ʧʦʣʫʯʝʥ 3-(2-ʘʤʠʥʦʬʝʥʠʣ)ʭʠʥʘʟʦʣʠʥʦʥ  LXXXV , ʢʦʪʦʨʳʡ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ PCl5 ʚ ʢʠʧʷʱʝʤ ʪʦʣʫʦʣʝ ʧʨʝʚʨʘʱʘʝʪʩʷ  ʚ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘ-

ʟʦʣʠʥ-6-ʘʤʠʥ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʪʱʝʧʣʝʥʠʝʤ ʙʝʥʟʠʣʴʥʦʡ ʛʨʫʧʧʳ [171]. 
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     ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʢʘʩʢʘʜʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ- 

[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ ʨʝʘʢʮʠʝʡ 2-(2-ʙʨʦʤ-, ʭʣʦʨ)ʬʝʥʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʚ LXXXVI  ʩ ʘʤʠʜʠʥʘʤʠ  

ʠʣʠ ʛʫʘʥʠʜʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ CuI / K3PO4 ʚ ɼʄʉʆ [172]: 

 

      

     ʂ ʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ ʧʨʠʤʳʢʘʶʪ ʜʚʘ ʜʨʫʛʠʭ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʦʢʠʩʣʠʪʝʣʴ-

ʥʦʤ  ʉ-ʅ-ʘʤʠʥʠʨʦʚʘʥʠʠ ʧʦʣʫʯʘʝʤʳʭ ʠʟ 2-(2-ʙʨʦʤ-, ʠʦʜʬʝʥʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʧʦ ʨʝʘʢʮʠʠ 

ʋʣʴʤʘʥʘ 2-ʘʨʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ Cu(Oɸc)2 / K2CO3 ʚ ɼʄʉʆ [173] 

ʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʵʨʦʙʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ 2-(2-ʛʘʣʦʬʝʥʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ 

LXXXVI  (R =H), ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʠ NaN3 ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʪʦʤʘ ʘʟʦʪʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʨʦʰʢʘ ʤʝʜʠ, L-ʧʨʦʣʠʥʘ ʠ Cs2CO3 [174]:  

 

 

     ʅʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ 6-CN-

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʘ LXXXI ʜ ʯʝʨʝʟ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʦʢʠʩ-
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ʣʠʪʝʣʴʥʦʝ ʠ ʥʝʦʢʠʩʣʠʪʝʣʴʥʦʝ C-N-ʩʦʯʝʪʘʥʠʝ 4-ʘʥʠʣʠʥʦʭʠʥʘʟʦʣʠʥ- ʠ 3-ʘʨʠʣ-4-ʠʤʠʥʦ-3,4-ʜʠ-

ʛʠʜʨʦʭʠʥʘʟʦʣʠʥ-2-ʢʘʨʙʦʥʠʪʨʠʣʦʚ [139], ʧʦ ʩʭʝʤʘʤ:  

 

 

 

 

     

     ɺ ʩʣʫʯʘʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʟʘʤʝʱʝʥʥʳʭ 4-ʘʥʠʣʠʥʦʭʠʥʘʟʦʣʠʥʦʚ LXXXVII  ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ 

ʠʟʦʤʝʨʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ, ʦʪʨʘʞʘʶʱʝʤ ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʨʝʘʢʮʠʠ C-N-ʩʦʯʝʪʘʥʠʷ.   

     ʆʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʮʠʢʣʠʟʘʮʠʠ 4-ʘʥʠʣʠʥʦʭʠʥʘʟʦʣʠʥʦʚ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʝʥʠʣʠʦʜʦʥʠʷ ʜʠʘʮʝʪʘʪʘ (PIDA) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʦʢʠʩʣʠʪʝʣʷ ʪʨʠʬʣʘʪʘ ʤʝʜʠ 

CuO(Tf)2 ʚ ʩʤʝʩʠ ɸʩʆʅ/ɸʩ2ʆ ʠʣʠ ʬʝʥʠʣʠʦʜʦʥʠʷ ʙʠʩ(ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ, PIFA) ʚ ʪʨʠʬʪʦʨʫʢʩʫʩ-

ʥʦʡ ʢʠʩʣʦʪʝ. 
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     ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʚʳʩʪʫʧʘʝʪ 4-(2-ʙʨʦʤʘʥʠʣʠʥʦ)-2-ʭʠʥʘʟʦʣʠʥʢʘʨʙʦʥʠʪʨʠʣ 

LXXXVIII , ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʠʩʣʠʪʝʣʝʡ ʠ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʪʠʧʫ 

ʥʝʦʢʠʩʣʠʪʝʣʴʥʦʛʦ C-N-ʩʦʯʝʪʘʥʠʷ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘʤʠ. 

 

N

N

HN

Br

CN

LXXXVIII

Pd(OAc)2 (10ΠΣΟα%)

BINAP (10ΠΣΟα%) / K2CO3 (1βΞΖ), MePh

K2CO3 (1βΞΖ), MeCN

CuI (10ΠΣΟα%)

LXXXI (R = CN)

ΜΟΜ

1,10-ΩΙΡΔΡΧΥΣΟΜΡ /

 

       

     ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʦʙʩʫʞʜʘʝʤʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʷʚʣʷʶʪʩʷ Pd (II) ʘʮʝʪʘʪ, BINAP 

[2,2ô-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-1,1ô-ʙʠʥʘʬʪʠʣ] ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠ ʂ2ʉʆ3 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ 

ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ (ʚʳʭʦʜ 85%), ʣʠʙʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, CuI, 1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʠ ʂ2ʉʆ3 ʚ ʩʨʝʜʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ (ʚʳʭʦʜ 93%). 

     ʇʦʧʳʪʢʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ C-N-ʩʦʯʝʪʘʥʠʷ 3-ʘʨʠʣ-4-ʠʤʠʥʦ-3,4-ʜʠʛʠʜʨʦʭʠʥʘʟʦʣʠʥ 2-ʢʘʨ-

ʙʦʥʠʪʨʠʣʦʚ LXXXIX a ʚ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ  ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ LXXXI  ʠʟ 

4-ʘʥʠʣʠʥʦʧʨʦʠʟʚʦʜʥʳʭ LXXXVII  ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʘʨʠʘʥʪ ʥʝʦʢʠʩʣʠ-

ʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ 4-ʠʤʠʥʦʭʠʥʘʟʦʣʠʥʘ LXXXIX b ʚ ʧʨʠʩʫʪʩʪʚʠʠ Pd, PPh3 ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥ-

ʜʘ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ ʧʨʦʜʫʢʪʳ ʩ ʚʳʭʦʜʘʤʠ 90-97%.  

 

N
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CN
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R

MePh

LXXXIX

LXXXI

Pd, PAr3,BINAP, K2CO3

(X = CN)ˇ

,˅ .̂

R
1
 = H ( )˅, Br ( )̂.LXXXIX ,˅ :̂  

         

     ʇʦ ʩʭʦʜʥʦʡ ʩʭʝʤʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 2-ʘʤʠʥʦʙʝʥʟʦʥʠʪʨʠʣʘ ʩ ʪʨʠʬʣʘʪʦʤ ʜʠ-(2-ʙʨʦʤʬʝ-

ʥʠʣ)ʠʦʜʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʣʘʪʘ ʤʝʜʠ ʦʙʨʘʟʫʝʪʩʷ ʟʘʤʝʱʝʥʥʳʡ 3-(2-ʙʨʦʤʬʝʥʠʣ)-4-ʠʤʠ-

ʥʦʭʠʥʘʟʦʣʠʥ XC, ʢʦʪʦʨʳʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʋʣʴʤʘʥʘ (Cu, K2CO3) ʛʣʘʜʢʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʟʘʤʝʱʝʥʥʳʡ 6-(2-ʘʤʠʥʦʬʝʥʠʣ)ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥ XCI  [175]:  
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     ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʝʜʘʚʥʦ ʢʠʪʘʡʩʢʠʤʠ ʘʚʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʟʘʤʝʱʝʥʥʳʭ 2,3-ʙʠʩ-

(2-ʤʝʪʦʢʩʠʵʪʦʢʩʠ)ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ  XCII    ʦʢʠʩʣʠʪʝʣʴʥʦʡ  ʮʠʢʣʠʟʘʮʠʝʡ  

 4-ʘʨʠʣʘʤʠʥʦʭʠʥʘʟʦʣʠʥʦʚ LXXXVII  ʩ ʧʦʤʦʱʴʶ PIDA ʚ ʩʨʝʜʝ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ [176]. 

 

 

 

       

     ʅʘʢʦʥʝʮ,  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʠʟʘʤʝʱʝʥʥʳʭ 2-(2-ʘʤʠʥʦʬʝʥʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ XCIII  ʩ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 6,6-ʜʠʟʘʤʝʱʝʥʥʳʝ ʙʝʥ-

ʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ XCIVʘ-ʛ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟ-

ʠʤʠʜʘʟʦʣʦʚ XCIII ʙ, ʚ  ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʫʜʥʦʨʘʟʜʝʣʠʤʦʡ ʩʤʝʩʠ ʜʚʫʭ ʚʦʟ-

ʤʦʞʥʳʭ ʠʟʦʤʝʨʦʚ [177]:   
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b) ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ 

 

     ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʣʦʩʢʦʡ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʤʫ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʥʝʙʦʣʴʰʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʦʪ ʧʣʘʥʘʨʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʢʦʣʝʮ ʚʩʝʛʦ ʥʘ 10,3-11,6
ʦ
), ʷʚʠʣʠʩʴ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʩʠʥ-

ʪʝʟʘ ʠ ʠʟʫʯʝʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ XCIII ʘ-ʛ ʚ ʢʘʯʝʩʪʚʝ ʠʥ-

ʪʝʨʢʘʣʠʨʫʶʱʠʭ ʚ ɼʅʂ ʤʦʣʝʢʫʣ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[178,179,152,153,138].   

 

 



 
 

42 
 

     ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ  XCIII ʘ (R=H, R
1
=NH(CH2)2N(CH2)5)  [177,178]  ʠ XCIII ʙ 

(R=H) [138] ʦʙʣʘʜʘʶʪ ʘʬʬʠʥʠʪʝʪʦʤ ʢ ɼʅʂ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʥʝʡ ʧʦ ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʘ ʧʝʨʚʦʝ ʠʟ ʥʠʭ ʠ XCIII ʚ (X=NH(CH2)3, Y=NMe)  ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʫʤʝʨʝʥʥʦʡ ʮʠ-

ʪʦʪʦʢʩʠʯʥʦʩʪʴʶ in vitro ʥʘ ʢʣʝʪʢʘʭ ʨʘʢʘ ʪʦʣʩʪʦʡ ʢʠʰʢʠ HT-29, ʭʦʪʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʤʦ-

ʜʝʣʷʭ ʤʝʣʘʥʦʤʳ ʯʝʣʦʚʝʢʘ LOX ʠ ʦʧʫʭʦʣʠ MX-1 in vivo ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳʤʠ. ɸʬʬʠ-

ʥʠʪʝʪ ʢ ʈʅʂ ʠ ɼʅʂ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ XCIIIa  (R=3NO2, R
1
=NH(CH2)3N(CH2)5), ʘ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ in vitro ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ ʣʝʡʢʝʤʠʠ L-1210, ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʘʨ-

ʮʠʥʦʤʳ HT-29 ʠ CX-1, ʩʘʨʢʦʤʳ MG-63 - ʫ ʩʦʝʜʠʥʝʥʠʷ  XCIIIa  (R=H, R
1
=NH(CH2)3N(CH2)5)  

[152].  ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ XCIII ʙ ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʫʶ ʧʨʦʪʠʚʦʚʠʨʫʩ-

ʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʦʯʝʚʠʜʥʦ, ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʨʦʥ ïʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ [138].   

     ɺ ʨʷʜʫ 6-ʘʨʠʣ-5,6-ʜʠʛʠʜʨʦʙʝʥʟʦ[4,5-c]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ XCIV  ʧʨʦʷʚʠʣʠ ʬʫʥ-

ʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ  ʚ ʦʪʥʦʰʝʥʠʠ ʜʝʨʤʘʪʦʬʠʪʦʚ T. rubrum ʠ E. floccosum ʪʦʣʴʢʦ ʩʦʝʜʠʥʝ-

ʥʠʷ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʧʨʠ ʵʪʦʤ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʚ ʬʨʘʛʤʝʥʪʝ ʭʠʥʘʟʦʣʠʥʘ ʦʢʘʟʳʚʘʣʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ [148].   

     ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʈʦʭʠʥʠ ʠ ʩʦʪʨ. [154] ʤʦʥʦ- ʠ ʙʠʩ-6-ʘʨʠʣʙʝʥʟʦ[4,5-c]ʠʤʠʜʘʟʦ[1,2-c]-

ʭʠʥʘʟʦʣʠʥʳ LXXXI  (X =Ar), XCV ʧʨʦʷʚʣʷʶʪ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʷʜʘ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʧʨʝʧʘ-

ʨʘʪʳ ʩʨʘʚʥʝʥʠʷ ʘʤʧʠʮʠʣʣʠʥ ʠ ʢʝʪʦʢʦʥʘʟʦʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʩʨʝʜʠ ʙʠʩ  

ʧʨʦʠʟʚʦʜʥʳʭ  ʧʠʨʠʜʠʥʘ ʠ ʪʠʦʬʝʥʘ. 
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     ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʞʝ ʘʚʪʦʨʳ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʠ ʬʫʥʛʠʮʠʜʥʳʭ 

ʩʚʦʡʩʪʚ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʦʚʳʡ ʨʷʜ 6-Ar-ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ LXXXI  ʩ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʨʠʯʝʤ ʫʧʦʤʷʥʫʪʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷ-

ʚʠʣʠ  4-ʥʠʪʨʦʬʝʥʠʣ-, 3-ʧʠʨʠʜʠʥʠʣ- ʠ 1-ʠʟʦʭʠʥʦʣʠʣʧʨʦʠʟʚʦʜʥʳʝ [155]. ʋ ʩʭʦʜʥʦʛʦ ʨʷʜʘ   

6-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ LXXXI  ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʘʥʪʠʙʘʢʪʝ-

ʨʠʘʣʴʥʳʭ ʠ ʬʫʥʛʠʮʠʜʥʳʭ ʩʚʦʡʩʪʚ ʦʙʥʘʨʫʞʝʥʘ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʦʣʴʢʦ ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʰʪʘʤʤʘ A. niger, ʦʜʥʘʢʦ, ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʦʪʨʠʤʘʟʦʣʦʤ [159].     

     ʉʝʨʠʷ N
5
- ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5,6-ʜʠʛʠʜʨʦʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥ-6-

ʪʠʦʥʘ XCVII ,XCVII  ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʈʦʭʠʥʠ  ʠ ʩʦʪʨ. [156] ʧʦ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʠʩʭʦʜ-

ʥʦʛʦ  ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʘ LXXXI  (X=SH) ʚ ʪʘʫʪʦʤʝʨʥʦʡ ʪʠʦʥ-ʬʦʨʤʝ ʩ ʚʪʦ-

ʨʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʠ ʢʝʪʦʥʘʤʠ.  

 

        

     ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ XCVI ,XCVII   ʧʨʦʷʚʠʣʠ ʥʝʢʦʪʦʨʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʰʪʘʤʤʦʚ ʙʘʢʪʝʨʠʡ S. aureus E. fecalis, P.aeruginosa ʠ E. coli, ʫʩʪʫʧʘʷ, ʦʜʥʘʢʦ,  

ʢʦʥʪʨʦʣʴʥʦʤʫ ʧʨʝʧʘʨʘʪʫ ʘʤʧʠʮʠʣʣʠʥʫ. 

     ʀʟʫʯʝʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠ ʬʫʥʛʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 3-[ʙʝʥʟʠʤʠʜʘʟʦ(1,2-c)ʭʠʥʘʟʦ-

ʣʠʥ-5-ʠʣ]-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʦʚ XCVIII  ʧʦʢʘʟʘʣʦ, ʯʪʦ 6,8-ʜʠʭʣʦʨʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦ-
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ʢʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʨʷʜʘ ʰʪʘʤʤʦʚ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤ-

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 6-ʙʨʦʤ ʠ 6,8-ʜʠʙʨʦʤʧʨʦʠʟʚʦʜʥʳʝ ï ʚʳʩʦʢʫʶ ʬʫʥʛʠ-

ʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʨʷʜʘ ʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʦʚ [165].  

     ʅʝʜʘʚʥʦ ʠʥʜʠʡʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʠ ʠʩʧʳʪʘʥʘ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠ-

ʘʣɹʥʫʶ ʠ ʬʫʥʛʠʮʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʠ ʥʝʙʦʣʴʰʘʷ ʙʠʙʣʠʦʪʝʢʘ  6-ʘʨʠʣʜʠʛʠʜʨʦʙʝʥʟʦ[4,5]ʠʤʠʜʘ-

ʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦʚ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʭʠʥʘʟʦʣʠʥʦʚʦʤ ʮʠʢʣʝ XCIXa  [169]. 

 

 

 

          

     ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʆʅ- ʠ ʆʄʝ-ʛʨʫʧ-

ʧʘʤʠ  ʧʨʦʷʚʣʷʶʪ ʥʘʠʙʦʣʴʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ  ʤʠʢʨʦʙʥʳʭ ʰʪʘʤʤʦʚ St. aureus ʠ E. 

coli ʠ ʛʨʠʙʢʦʚ Candida albicans in vitro.  6-ɸʨʠʣʜʠʛʠʜʨʦʙʝʥʟʦ-[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ 

XCIXʙ ʧʨʦʷʚʣʷʶʪ ʥʝʢʦʪʦʨʳʝ ʙʨʦʥʭʦʜʠʣʘʪʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ, ʫʩʪʫʧʘʷ, ʦʜʥʘʢʦ, ʚ ʵʪʦʤ ʦʪʥʦ-

ʰʝʥʠʠ ʘʤʠʥʦʬʠʣʣʠʥʫ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʦʢʘʟʘʣʩʷ 10-ʠʦʜ-6-(ʥ-ʧʨʦʧʠʣ)ʙʝʥʟʠʤʠ-

ʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥ [163,180]. 

 

I .2.5.2. ɹʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥʳ 

 

    ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥʘ C, ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʠʞʝ [181,182]: 
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     ʋʢʘʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 2-ʙʨʦʤʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ 

ʝʝ ʛʘʣʦʛʝʥʘʥʛʠʜʨʠʜʘ CI  ʩ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʦʤ LVIII ʘ, ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ 

3-ʦʢʩʦ-2-ʬʝʥʠʣ-2,3-ʜʠʛʠʜʨʦ-1ʅ-ʠʥʜʘʟʦʣ-1-ʢʘʨʙʦʥʠʪʨʠʣʘ CII, ʢʦʥʜʝʥʩʘʮʠʝʡ ʠʟʘʪʦʝʚʦʛʦ ʘʥʛʠ-

ʜʨʠʜʘ CIII  ʩ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  2-ʟʘʤʝʱʝʥʥʦʛʦ ʙʝʥʟʠʤʠʜʘʟʦʣʘ CIV  ʩ 

ʧʦʜʭʦʜʷʱʝʡ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʦʡ ʩ ʘʥʪʨʘʥʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʝʝ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ. 

     ʆʧʠʩʘʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʠʦʬʦʩʛʝʥʠʨʦʚʘʥʠʠ ʟʘʤʝʱʝʥʥʦʛʦ ʤʝʪʠʣʘʥʪʨʘʥʠʣʘʪʘ CVI  , 

ʧʦʩʣʝ  ʯʝʛʦ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʘʨʠʣʠʟʦʪʠʦʮʠʘʥʘʪ CVII   ʨʝʘʛʠʨʫʝʪ ʩ ʟʘʤʝʱʝʥʥʳʤʠ 1,2-ʜʠʘʤʠʥʦ-

ʙʝʥʟʦʣʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1,3-ʜʠʠʟʦʧʨʦʧʠʣʢʘʨʙʦʜʠʠʤʠʜʘ (DIC) ʠ ɺʘ(ʆʅ)2 ʧʦʜ ʤʠʢʨʦʚʦʣʥʦ-

ʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥ12(5ʅ)-ʦʥʦʚ 

CVIII  [181]: 

 

     ʉ ʮʝʣʴʶ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʩʠʥʪʝʟʘ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥ-1-ʦʥʦʚ CIX  

ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, 2-ʘʤʠʥʦʙʝʥʟ-

ʠʤʠʜʘʟʦʣʘ VIII ʘ ʠ ʜʠʤʝʜʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʣʠ ʙʝʟ ʥʠʭ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ [183-188]: 
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     ɼʨʫʛʠʤ ʠʥʪʝʨʝʩʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʦʙʩʫʞʜʘʝʤʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʠʥʦʬʦʩʬʦʨʘʥʦʚ CX ʧʦ ʘʟʘ-ʨʝʘʢʮʠʠ ɺʠʪʪʠʛʘ ʩ ʙʝʥʟʠʣʮʠʘʥʘʪʦʤ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʟʘʤʳʢʘʥʠʝʤ ʮʠʢʣʘ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ N-ʙʝʥʟʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʤ 

CXI  ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʋʣʴʤʘʥʘ [189]: 

 

 

       ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ  ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ, ʥʘʧʨʠʤʝʨ ʢʘʪʘ-

ʣʠʟʠʨʫʝʤʳʡ ʤʝʜʴʶ ʩʠʥʪʝʟ  ʙʝʥʟʦʠʤʠʜʘʟʦ[2,1-b]ʭʠʥʘʟʦʣʠʥ-12(6ʅ)-ʦʥʦʚ ʨʝʘʢʮʠʝʡ ʣʝʛʢʦʜʦʩ-

ʪʫʧʥʳʭ ʟʘʤʝʱʝʥʥʳʭ 2-ʙʨʦʤ-N-(2-ʛʘʣʦʛʝʥʬʝʥʠʣ)ʙʝʥʟʘʤʠʜʦʚ ʩ ʮʠʘʥʘʤʠʜʦʤ [190] ʠ ʢʘʪʘʣʠʟʠ-

ʨʫʝʤʳʡ ʤʝʜʴʶ, ʘʵʨʦʙʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʠʥʪʝʟ ʙʝʥʟʠʤʠʜʘʟʦʭʠʥʘʟʦʣʠʥʦʥʦʚ ʯʝʨʝʟ ʧʨʷʤʦʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ C-H ʘʤʠʥʠʨʦʚʘʥʠʝ (1H-ʠʤʠʜʘʟʦʣ-1-ʠʣ)[2(ʘʣʢʠʣʘʤʠʥʦ)ʬʝʥʠʣ]ʤʝʪʘʥʦʥʦʚ 

[191]. 

 

I .2.5.3. ʇʠʨʠʤʠʜʦ-ʧʠʨʠʜʦ-ʙʝʥʟʠʤʠʜʘʟʦʣʳ ʠ ʧʠʨʠʜʦ-ʧʠʨʠʤʠʜʦ-ʙʝʥʟʠʤʠʜʘʟʦʣʳ 

 

       ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʨʘʟʥʳʭ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʦ-ʧʠʨʠ-

ʜʦ-ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʮʠʘʥʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʚ CXII ʘ,ʙ  ʩ ʧʨʦʠʟ-

ʚʦʜʥʳʤʠ 2-ʤʝʪʠʣʩʫʣʴʬʘʥʠʣʧʠʨʠʤʠʜʠʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʊʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ 

CXII ʘ,ʙ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 2-ʤʝʪʠʣʩʫʣʴʬʘʥʠʣ-4-ʭʣʦʨʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ɼʄʌɸ ʠ ʧʨʠʩʫʪʩʪʚʠʠ K2CO3 ʧʨʠʚʦʜʠʪ ʢ 3-ʤʝʪʠʣʩʫʣʴʬʘʥʠʣ-5-ʮʠʘʥʦ-12-ʦʢʩʦʧʠʨʠʤʠʜʦ-

[4',5':4,5]ʧʠʨʠʜʦ[1,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘʤ  CXIII ʘ,ʙ [192], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʥʟ-

ʠʤʠʜʘʟʦʣʘ CXII ʚ ʩ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ 5-ʙʨʦʤ-2-ʤʝʪʠʣʩʫʣʴʬʘʥʠʣʧʠʨʠʤʠʜʠʥ-4-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ N,N-ʜʠʤʝʪʠʣʙʝʥʟʠʣʘʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʠʟ-
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ʚʦʜʥʦʛʦ ʜʨʫʛʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
_
 7-ʤʝʪʠʣ-3-(ʤʝʪʠʣʪʠʦ)-5-ʦʢʩʦ-6-ʮʠʘʥʦʧʠʨʠʤʠ-

ʜʦ[4',5':5,6]ʧʠʨʠʜʦ[1,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣʫ CXIV  [193], ʧʦ ʩʭʝʤʝ: 

 

 

     2-ɸʤʠʥʦʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʘʨʦʠʣʭʣʦʨʠʜʘʤʠ ʚ ʧʠʨʠʜʠʥʝ ʧʨʝʚʨʘ-

ʝɦʥʘ ʚ 2-ʘʨʠʣʧʠʨʠʜʦ[2,3-d][1,3]ʦʢʩʘʟʠʥ-4-ʦʥʳ,  ʢʦʥʜʝʥʩʘʮʠʷ ʢʦʪʦʨʳʭ ʩ 1,2-ʜʠʘʤʠʥʦʙʝʥ- 

ʟʦʣʦʤ ʚ ɸʩʆʅ ʧʨʠʚʦʜʠʪ ʢ 6-ʘʨʠʣʧʠʨʠʜʦ[2',3':4,5]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘʤ CXV , 

ʧʦʣʫʯʝʥ-ʥʳʤ ʪʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʫʪʝʤ, ʠʩʭʦʜʷ ʠʟ 2-(2-ʘʤʠʥʦ-3 ʧʠʨʠʜʠʣ)ʙʝʥʟʠʤʠʜʘʟʦʣʘ 

[194,195]: 

 

     ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ , ʯʪʦ ʜʝʪʘʣʴʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦ ʩʠʥʪʝʟʫ ʠ ʩʚʦʡʩʪʚʘʤ ʥʝ- 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʠʨʠʤʠʜʦ[4',5':5,6]ʧʠʨʠʜʦ[1,2-a]- 
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ʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʠʟʦʤʝʨʥʦʡ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʤ  ʠ ʠʤʝʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʠʚʝʜʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʘʚʝ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ.  

 

I .2.5.4. ʇʠʨʠʤʠʜʦ
 _
 ʙʝʥʟʠʤʠʜʘʟʦʣʳ, ʘʥʥʝʣʠʨʦʚʘʥʥʳʝ ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

   

      ʀʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʪʠʝʥʦ-

[2`,3`:3,4]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʧʦʩʣʫʞʠʣ 1-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-2-ʮʠʘʥʤʝʪʠʣʙʝʥʟʠʤʠ-

ʜʘʟʦʣ, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʤ ʙʳʣ ʧʨʝʚʨʘʱʝʥ ʚ 4-ʮʠʘʥ-3-ʤʝʨʢʘʧ-

ʪʦʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣ ʠ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʘʮʝʪʦʥʘ ʚ ʩʠʩʪʝʤʝ ɼʄʌɸ / ʂʆʅ
 _

 ʚ 2-ʘʮʝ-

ʪʠʣ-3-ʘʤʠʥʦ-10-ʦʢʩʦ-11-ʬʝʥʠʣʪʠʝʥʦ[2`,3`:4,5]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣ CXVI  [196]: 

 

 

     ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʧʨʠʤʝʨʘ ʩʠʥʪʝʟʘ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʥʜʝʥ-

ʩʠʨʦʚʘʥʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʘ-ʧʠʨʠʤʠʜʠʥʘ-ʪʠʘʟʦʣʘ. ʀʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʉʅ2-ʛʨʫʧʧʳ 2-ʮʠʘʥʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʘ CXII a, ʧʦʩʣʝʜʥʠʡ  ʚʚʝʜʝʥ ʚʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʩ ʘʨʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘʤʠ ʠ ʩʝʨʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ɼʄʌɸ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʟʘʤʝʱʝʥʥʳʡ ʪʠʘʟʦʣʠʣʙʝʥʟʠʤʠʜʘʟʦʣ ʮʠʢʣʠʟʦʚʘʥ ʜʝʡʩʪʚʠʝʤ ʩʤʝʩʠ CS2  
_
 

ʪʨʠʵʪʠʣʘʤʠʥ ʠ ʘʣʢʠʣʠʨʦʚʘʥ ʧʦ ʘʪʦʤʫ ʩʝʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʟʦʣʦ[4',5':4,5]-

ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣ-2(3H)-ʪʠʦʥʦʚ CXVII   [197,198]: 
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     3-ɸʤʠʥʦʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[2,1-b][1,3]ʪʠʘʟʦʣ-2-ʠʣʮʠʘʥʠʜʳ ʠ ʘʤʠʜʳ CXVIII ʘ,ʙ  ʷʚʣʷʶʪʩʷ 

ʮʝʥʥʳʤʠ ʩʠʥʪʦʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʦ[4`,5`:4,5]ʪʠʘʟʦʣʦ[2,3-a]ʙʝʥʟʠʤʠ-

ʜʘʟʦʣʦʚ CXIX -CXXII ,  ʨʝʘʛʠʨʫʷ  ʩ ʬʦʨʤʘʤʠʜʦʤ, ʘʮʝʪʘʥʛʠʜʨʠʜʦʤ, CS2 ʠʣʠ ʙʝʥʟʦʡʥʳʤʠ ʢʠʩ-

ʣʦʪʘʤʠ ʠʣʠ ʠʭ ʭʣʦʨʘʥʛʠʜʨʠʜʘʤʠ, ʧʦ ʩʭʝʤʝ [199-202]: 

 

     ʉʠʥʪʝʟʳ  ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ, ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩ ʧʠʨʘʟʦʣʦʤ ʠ ʦʢʩʘʜʠʘʟʦ-

ʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. ʂʠʧʷʯʝʥʠʝ 4-(2-ʙʝʥʟʠʤʠʜʘʟʦʣʠʣ)-1-ʤʝʪʠʣ-5-ʘʤʠʥʦʧʠʨʘʟʦʣʘ ʩ ʪʨʠʵ-

ʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ, 1,1,1-ʪʨʠʵʪʦʢʩʠʵʪʘʥʦʤ ʠʣʠ 1,1,1-ʪʨʠʵʪʦʢʩʠʧʨʦʧʘʥʦʤ  ʚ ʙʫʪʘʥʦʣʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʟʘʤʳʢʘʥʠʶ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣʦ[3',4':4,5]ʧʠ-

ʨʠʤʠʜʦ[1,6-a]-ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ CXXIII   [203]: 
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     ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʛʠʜʨʘʟʠʜʦʚ [2-(1ʅ-ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʠʣ)-1-ʤʝʪʠʣʵʪʠʣʠʜʝʥ]ʙʝʥʟʦʡʥʳʭ ʠʣʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ  ʢʠʩʣʦʪ ʩ ʪʨʠʬʪʦʨʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 2-ʘʨʠʣ(ʛʝʪ-

ʘʨʠʣ)ʟʘʤʝʱʝʥʥʳʝ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʦ[2',3':2,3]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣʳ CXXIV  [204]: 

 

 

      

     ɹʝʥʟʠʤʠʜʘʟʦʣ CXII a ʨʝʘʛʠʨʫʝʪ ʩ ʘʨʠʣʛʠʜʨʘʟʦʥʘʤʠ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʙʝʥʟʠʤʠʜʘʟʦʣʠʣʧʠʨʠʜʘʟʠʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʠʣʠ ʘʥʛʠʜʨʠ-

ʜʦʚ ʢʠʩʣʦʪ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 4,6-ʜʠʟʘʤʝʱʝʥʥʳʝʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʪʠʣ-1,4-ʜʠʛʠʜʨʦʙʝʥʟʦ[4,5]-

ʠʤʠʜʘʟʦ[2ô,1ô:6,1]ʧʠʨʠʤʠʜʦ[4,5-c]ʧʠʨʠʜʘʟʠʥʳ CXXV  [205], ʧʦ ʩʭʝʤʝ:  

 

 

      

     ɺ ʟʘʚʝʨʰʝʥʠʝ ʨʘʟʜʝʣʘ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʦʪʤʝʪʠʤ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʠʤʠʜʘʟʦ[2',1':2,3][1,3]ʪʠʘʟʠʥʦ[6,5-d]ʧʠʨʠʤʠʜʠʥʘ CXXVI  [206] ʧʦ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʫ 4,6-ʜʠʭʣʦʨ-2-ʤʝʪʠʣʩʫʣʴʬʘʥʠʣʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ ʠ 1ʅ- 

ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʪʠʦʣʦʤ: 
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            ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʠʨʠʤʠʜʦ-ʧʠʨʠʤʠʜʦ-

ʙʝʥʟʠʤʠʜʘʟʦʣʘʭ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʛʣʘʚʝ II. 

 

I .2.5.5. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʛʝʪʝʨʦʮʠʢʣʳ 

      

      6-ʄʝʨʢʘʧʪʦʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥ LXXXI  (X=SH)  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʛʠʜʨʘ-

ʟʠʥʛʠʜʨʘʪʦʤ ʠ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʧʨʝʚʨʘʱʝʥ ʚ ʙʝʥʟʠʤʠʜʘʟʦ[1,2-c]-1,2,4-ʪʨʠʘʟʦʣʦ[4,3-a]-

ʭʠʥʘʟʦʣʠʥ CXXVII  [162], ʘ ʤʝʪʠʣʩʫʣʴʬʘʥʠʣʧʨʦʠʟʚʦʜʥʦʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʦ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ 

ʛʨʘʬʠʪ ʘʥʪʨʘʥʠʣʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜ-

ʥʳʭ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʦ[3,2-a]ʭʠʥʘʟʦʣʠʥʘ CXXVIII  [149], ʧʦ ʩʭʝʤʝ:  

 

 



 
 

52 
 

     ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʥʥʝʣʠʨʦʚʘʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʥʜʘʥʘ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʩʣʫ-

ʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʨʠʣʤʝʪʠʣʝʥ-1,3-ʠʥʜʘʥʜʠʦʥʘ CXXIX ʘ ʠ 2-ʮʠʘʥʦ-3-(1,3-ʜʠʦʢʩʦ-2-ʠʥ-

ʜʝʥʠʣʠʜʝʥ)ʙʝʥʟʠʤʠʜʘʟʦʣʘ CXXIX ʙ ͫ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʦʤ LVIIIa , ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ CXXXʘ ʠ  CXXXʙ  [207,208]:   

 

 

 

     2-ʎʠʘʥʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣ  CXII a ʛʣʘʜʢʦ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʩ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 2-ʪʠʦʢ-

ʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʘʤʠʥʦ-3-(1ʅ-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣ)-4ʅ-4-ʪʠʦʭʨʦ-

ʤʝʥʦʥʘ, ʢʦʪʦʨʳʡ ʚ ʫʩʣʦʚʠʷʭ ʘʮʠʣʠʨʦʚʘʥʠʷ ʘʮʠʣʭʣʦʨʠʜʘʤʠ ʦʙʨʘʟʫʝʪ 7-ʟʘʤʝʱʝʥʥʳʝ 14ʅ-

ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʪʠʦʭʨʦʤʝʥʦ[3,2-e]ʧʠʨʠʤʠʜʠʥ-4-ʦʥʳ [205,209]:  

 

 



 
 

53 
 

     ɺʳʰʝʦʧʠʩʘʥʥʳʡ   ʧʦʜʭʦʜ   ʫʩʧʝʰʥʦ   ʠʩʧʦʣʴʟʦʚʘʥ  ʚ ʩʠʥʪʝʟʝ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦ[4,5]ʬʫʨʦ- 

[3,2-e]ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʧʠʨʠʤʠʜʠʥʦʚ CXXXI   ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  2,3,5-ʪʨʠʤʝʪʠʣʙʝʥ-

ʟʦʭʠʥʦʥʘ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ CXII a  ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 2-ʘʤʠʥʦ-

3-(2-ʙʝʥʟʠʤʠʜʘʟʦʣʠʣ)ʙʝʥʟʦʬʫʨʘʥʘ [210]:   

 

 

 

       

        1-ɼʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-3,4-ʜʠʛʠʜʨʦ-2ʅ-ʪʠʦʧʠʨʘʥʦ[2,3-b]ʧʠʨʠʜʠʥ-4-ʦʥ ʢʦʥʜʝʥʩʠʨʫ-

ʝʪʩʷ ʩ ʙʝʥʟʠʤʠʜʘʟʦʣʦʤ LVIIIa  ʚ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʧʝʨʠʜʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 6ʅ-ʙʝʥ-

ʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʜʦ[3ô,2ô:5,6]ʪʠʦʧʠʨʘʥʦ[4,3-d]ʧʠʨʠʤʠʜʠʥʘ CXXXII  [211]: 

 

 

 

        

     ʅʘʛʨʝʚʘʥʠʝʤ 2-ʘʤʠʥʦ-3-(2-ʙʝʥʟʠʤʠʜʘʟʦʣʠʣ)-1,8-ʥʘʬʪʠʨʠʜʠʥʘ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠ-

ʜʘʤʠ  ʠ  ʧʦʩʣʝʜʫʶʱʠʤ  ʦʢʠʩʣʝʥʠʝʤ  ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ  ʜʠʛʠʜʨʦʧʨʦʠʟʚʦʜʥʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  

7-ʘʨʠʣʙʝʥʟʠʤʠʜʘʟʦ[1',2':1,6]ʧʠʨʠʤʠʜʦ[4,5-b][1,8]ʥʘʬʪʠʨʠʜʠʥʳ CXXXIII  [212]: 
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     ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʩʠʥʪʝʪʠʯʝʩʢʦʡ  ʩʪʨʘʪʝʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʟʘʤʳʢʘʥʠʠ ʧʠʨʠʤʠʜʠʥʦ-

ʚʦʛʦ ʮʠʢʣʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʦʜʥʦʫʛʣʝʨʦʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʣʶʯʝʚʦʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʷʚʣʷʝʪʩʷ  ʩʠʥʪʝʟ  ʟʘʤʝʱʝʥʥʳʭ  ʧʠʨʠʜʦ[3'',2'':4',5']ʪʠʝʥʦ[3',2':4,5]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦ- 

ʣͦ  ͍CXXXV .  ʀʩʭʦʜʥʳʡ ʧʠʨʠʜʠʥʪʠʦʥ CXXXIV  ʨʝʘʛʠʨʫʝʪ ʩ  2-ʭʣʦʨʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʦʤ,  

ʧʦʩʣʝ ʯʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ 2-(ʙʝʥʟʠʤʠʜʘʟʦʣʠʣ-2-ʠʣ)ʪʠʝʥʦ[2,3-b]ʧʠʨʠʜʠʥ  ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ ʩ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ, ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ, 4-ʭʣʦʨʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʠʣʠ CS2 

ʟʘʤʳʢʘʝʪ ʧʠʨʠʤʠʜʠʥʦʚʳʡ ʮʠʢʣ  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʠʜʦ[3'',2'':4',5']ʪʠʝʥʦ[3',2':4,5]ʧʠʨʠʤʠʜʦ-

[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣͦ ͍CXXXV  [213]: 

 

 

     3-ʄʝʪʠʣʩʫʣʴʬʘʥʠʣ-4-ʮʠʘʥʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣ ʜʝʡʩʪʚʠʝʤ  ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʘ ʮʠʢ-

ʣʠʟʫʝʪʩʷ  ʚ   ʧʠʨʘʟʦʣʦ[3ô,4ô:4,5]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣ, ʢʦʪʦʨʳʡ  ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʘʢ-

ʪʠʚʥʦʡ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʦʡ ʦʙʨʘʟʫʝʪ ʟʘʤʝʱʝʥʥʳʝ   ʧʠʨʠʤʠʜʦ[2'',1'':5',6']ʧʠʨʘʟʦʣʦ[3',4':4,5]-

ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜaʟʦʣʳ  CXXXVI ʘ  ʠ  ʪʨʠʘʟʠʥʦ[2'',1'':5',6']ʧʠʨʘʟʦʣʦ[3',4':4,5]ʧʠʨʠʤʠ-

ʜʦ[1,6-a]-ʙʝʥʟʠʤʠʜʘʟʦʣʳ CXXXVI ʙ [214]:   
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     ʉʘʨʭʘʥ A.A.O. ʠʩʧʦʣʴʟʦʚʘʣ ʧʦʣʫʯʝʥʥʳʡ ʠʤ  ʨʘʥʝʝ ʟʘʤʝʱʝʥʥʳʡ ʙʝʥʟʠʤʠʜʘʟʦʣ-4-ʦʥ  CXX  

ʜʣʷ    ʩʠʥʪʝʟʘ    5-ʤʝʪʠʣʧʨʦʠʟʚʦʜʥʦʛʦ    ʥʦʚʦʡ    ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ    ʩʠʩʪʝʤʳ 1,2,4-ʪʨʠʘʟʦʣʦ-

[4'',3'':3',4']ʧʠʨʠʤʠʜʠʥʦ[5',6':5,4]ʪʠʘʟʦʣʦ[3,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘ CXXXVII  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʨʝʘʢʮʠʷʤʠ    ʭʣʦʨʠʨʦʚʘʥʠʷ,    ʧʨʝʚʨʘʱʝʥʠʷ   ʚ    ʛʠʜʨʘʟʠʥʦʧʨʦʠʟʚʦʜʥʦʝ   ʠ   ʟʘʤʳʢʘʥʠʷ  ʮʠʢʣʘ  

1,2,4-ʪʨʠʘʟʦʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ, ʧʦ ʩʭʝʤʝ [215]:   

 

 

      

     ɺʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʝʡ ʜʠʘʟʦʥʠʷ ʚ ʨʝʘʢʮʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʘʟʦʥʠʝʚʳʭ ʩʦʣʝʡ ʠʟ ʧʠʨʘ-

ʟʦʣʘ ʠʣʠ ʪʨʠʘʟʦʣʘ ʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʮʠʘʥʤʝʪʠʣ-1ʅ-ʙʝʥʟʠʤʠʜʘʟʦʣ-1-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ   ʘʟʦʣʦ[5'',1'':3',4'][1,2,4]ʪʨʠʘʟʠʥʦ[5',6':4,5]ʧʠʨʠʤʠʜʦ[1,6-a]ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ  

CXXXVIII  [216]: 
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      ʈʷʜ ʪʝʪʨʘ- ʠ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʩʫʞʜʘʝʤʦʛʦ ʪʠʧʘ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʩʭʦʜʥʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ  ʩʭʝʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʘ LVIII a ʩ 2-ʙʨʦʤʙʝʥʟʦʡʥʦʡ 

ʠʣʠ 2-ʭʣʦʨʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʋʣʴʤʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʠʤʠ-

ʜʘʟʦ[1,2-a]ʭʠʥʘʟʦʣʠʥ-5(7ʅ)-ʦʥʘ CXXXIX ʘ  ʠʣʠ 5,7-ʜʠʛʠʜʨʦ-5-ʦʢʩʦʧʠʨʠʜʦ[3ô,2ô:5,6]ʧʠʨʠ-

ʤʠʜʦ-[1,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘ CXXXI Xʙ. ʇʦʩʣʝʜʥʠʝ  ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʪʠʦʣʘʢʪʘʤʳ ʠ ʨʝʘʢ-

ʮʠʠ  ʩ ʛʠʜʨʘʟʠʥʦʤ ʠ NaNO2 ʠʣʠ ʘʮʝʪʦʛʠʜʨʘʟʠʜʦʤ  ʮʠʢʣʠʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʥʪʘʮʠʢʣʠ-

ʯʝʩʢʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ CXLʘ,ʙ-CXLII ʘ,ʙ [217], ʧʦ ʩʭʝʤʝ: 

 

 

     ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʘʜʜʫʢʪʘ 2-ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ 3-ʜʠʮʠʘʥʦʤʝʪʠ-

ʣʠʜʝʥ-1-ʵʪʠʣ-2-ʦʢʩʦʠʥʜʦʣʠʥʘ CXLIII ,  ʕʣ-ɿʦʭʨʠ ʩ ʩʦʪʨ. ʦʩʫʱʝʩʪʚʠʣʠ ʵʣʝʛʘʥʪʥʳʡ ʩʠʥʪʝʟ 

ʩʧʠʨʦʧʦʣʠʛʝʪʝʨʦʮʠʢʣʘ 
_ 

6,7-ʜʠʛʠʜʨʦ-1-ʵʪʠʣʩʧʠʨʦ{ʙʝʥʟʠʤʠʜʘʟʦ[1',2':1,6]ʧʠʨʠʜʦ[2,3-d]ʙʝʥʟ-

ʠʤʠʜʘʟʦ[2'',1''-f]ʧʠʨʠʤʠʜʠʥ-6,3'-ʠʥʜʦʣʠʥ} -2'-ʦʥʘ CXLIV , ʧʦ ʩʭʝʤʝ [218]:  



 
 

57 
 

 

 

     ʀʥʪʝʨʝʩʥʳʤ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʦʛʦ ʘʥʜʨʦ-

ʩʪʘʥʦ[3,2-b]ʧʠʨʠʤʠʜʦ[1,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘ CXLV[219,220] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 2-ʛʠʜʨʦʢʩʠ-

ʤʝʪʠʣʝʥ-3-ʘʥʜʨʦʩʪʘʥʦʥʘ ʩ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʦʤ LVIII a: 

 

 

 

     ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʧʦ ʢʘʩʢʘʜʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʚ ʦʜʥʫ ʩʪʘʜʠʶ ʩʣʦʞʥʳʝ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʃʠʥ  ʠ ʩʦʪʨ. ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʚʦʜʝ 

ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 2,5-ʜʠʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʤʠʜʦ[4,5-d]ʧʠʨʠʤʠʜʠʥ-4(1H)-ʦʥʘ CXLVI  ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʜʝʛʠʜʘ, 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʘ LXXIX  ʠ ʮʠʘ-

ʥʦʘʮʝʪʘʤʠʜʘ [221]: 
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     ʂʠʪʘʡʩʢʠʤʠ ʘʚʪʦʨʘʤʠ ʦʧʠʩʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ  31 ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ  

ʩʠʩʪʝʤ    ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʧʠʨʨʦʣʦ[1,2-a]ʭʠʥʘʟʦʣʠʥʘ    CXLVII   ʠ  ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ- 

[1,2-c]ʧʠʨʠʜʦ[1,2-a]ʭʠʥʘʟʦʣʠʥʘ CXLVIII   ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʨʝʘʢʪʦʨʥʦʡ ʢʘʩʢʘʜʥʦʡ ʢʦʥʜʝʥʩʘ-

ʮʠʠ 2-(1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣ)ʘʥʠʣʠʥʦʚ ʩ 4-ʧʝʥʪʠʥʦʝʚʦʡ ʠʣʠ 4-ʛʝʢʩʠʥʦʝʚʦʡ ʢʠʩʣʦʪʘʤʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʩʦʣʷʤʠ Au(I) ʠ Ag(I) [222]: 

 

        

      

     ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, 1-ʥʘʬ-

ʪʦʣʘ ʠ ʤʦʯʝʚʠʥʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  1-ʘʨʠʣ(ʛʝʪʝʨʠʣ)-1,2-ʜʠʛʠʜʨʦʥʘʬʪʦ[1,2-e]-

[1,3]ʦʢʩʘʟʠʥ-3-ʦʥʳ,   ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ   ʢʦʪʦʨʳʭ  ʩ 1,2-ʜʠʘʤʠʥʦʤ LXXIX  ʧʦʣʫʯʝʥʳ ʮʝʣʝʚʳʝ  

7-ʘʨʠʣ/ʛʝʪʝʨʠʣ-7,8-ʜʠʛʠʜʨʦʙʝʥʟʠʤʠʜʘʟʦ[1,2-a]ʙʝʥʟʦ[h]ʭʠʥʘʟʦʣʠʥʳ CXLIX  [223]: 
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     ʅʝʜʘʚʥʦ ʦʧʠʩʘʥʳ ʩʠʥʪʝʟʳ  ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʠʤʠʜʘʟʦ[1,2-a]ʭʠʥʘʟʦʣʠʥʘ CL , ʙʝʥ-

ʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c][1,2,4]ʪʨʠʘʟʦʣʦ[1,5-a]ʭʠʥʘʟʦʣʠʥʘ CLI  ʠ ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʙʝʥ-

ʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʘ CLII  ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ    ʧʦ    ʨʝʘʢʮʠʠ    ʋʣʴʤʘʥʘ    2-(2-ʙʨʦʤʬʝʥʠʣ)-1H-ʙʝʥʟʠʤʠʜʘʟʦʣʘ   ʠ  1H-ʠʤʠʜʘʟʦʣʘ,  

1H-1,2,4-ʪʨʠʘʟʦʣʘ ʠ1H-ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʚ ʫʩʣʦʚʠʷʭ ʩʦʢʘʪʘʣʠʟʘ Pd/Cu[224]: 
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ɻʃɸɺɸ II  

 

ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ʉʀʅʊɽɿɸ ʇʀʈʀʄʀɼʀʅʆɺ ʀ 

ʇʆʃʀʎʀʂʃʀʏɽʉʂʀʍ ɸɿɸɻɽʊɽʈʆʎʀʂʃʆɺ 

(ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ) 

 

     ʄʦʥʦʮʠʢʣʠʯʝʩʢʠʝ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ï ʦʩʥʦʚʥʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ ʧʣʘʪʬʦʨʤʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ  ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʟʥʘʯʝʥʠʷ.    

     ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʛʝʦʤʝʪʨʠʝʡ ʠ ʵʣʝʢ-

ʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ  ʠ ʚʳʪʝʢʘʶʱʝʡ  ʠʟ ʵʪʦʛʦ ʪʝʥʜʝʥʮʠʝʡ  ʢ ʦʙʨʘʟʦʚʘʥʠʶ  ʢʦʚʘʣʝʥʪʥʳʭ ʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʢ  ʛʠʜʨʦʬʦʙʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ, ʜʝʣʘʶʪ ʠʭ ʦʩʦʙʝʥʥʦ ʮʝʥʥʳʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ  

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʠʟʳʩʢʘʥʠʶ ʨʘʟʣʠʯʥʳʭ  ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ 

ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʚʠʜʫ  ʧʦʚʩʝʤʝʩʪʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʧʨʦʷʚʣʷʝʤʦʡ ʠʤʠ 

ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ, ʚʦʟʤʦʞʥʦʩʪʴʶ  

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʭ  ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ  ʧʠʨʠʤʠʜʠʥʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʦʣʠʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨ-

ʥʳʤʠ ʤʦʪʠʚʘʤʠ ʜʨʫʛʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ (ʧʠʨʠʜʠʥʘ, ʙʝʥʟʦʪʠʘʟʦʣʘ, 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʭʠʥʘʟʦʣʠʥʘ, ʭʠʥʦʣʠʥʘ), ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ  ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳ ʢʘʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ  ʠ ʧʦʠʩʢʘ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.    

     ʅʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ  ʠ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ  

ʥʦʚʳʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ, ʥʘ ʙʘʟʝ ʢʦʪʦʨrʭ  ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ  

ʘʟʘʛʝʪʝʨʦʮʠʢʣʳ ʩ ʯʠʩʣʦʤ ʢʦʣʝʮ ʦʪ ʜʚʫʭ ʜʦ ʰʝʩʪʠ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ  ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʫʯʝʥʠʶ 

ʠʭ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.   

      ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦʡ ʠʟʣʦʞʝʥʠʷ, ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʯʠʥʘʷ ʦʪ ʩʠʥʪʝʟʘ ʧʠʨʠʤʠʜʠʥʦʚ  ʠ ʜʘʣʝʝ ʧʦ ʩʪʝʧʝʥʠ ʘʥʥʝʣʠʨʦʚʘʥʠʷ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ 

ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʠʟ ʤʦʥʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʙʠʮʠʢʣʠʯʝʩʢʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 
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II .1. ʇʈʆʀɿɺʆɼʅʓɽ ʀ ɸʅɸʃʆɻʀ ʇʀʈʀʄʀɼʀʅʆɺ 

 

     

     ʇʦʩʣʝ ʚʳʷʩʥʝʥʠʷ ʚʘʞʥʦʡ ʨʦʣʠ ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʥʘʯʘʣʠʩʴ ʧʣʘʥʦ-

ʤʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʘʥʘʣʦʛʦʚ ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʢʘʯʝʩʪ-

ʚʝ ʘʥʘʣʦʛʦʚ  ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʟʫʯʝʥʠʶ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʦ ʥʘʩʪʦʷʱʝ-

ʛʦ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʠʨʠʤʠʜʠʥʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ  ʧʦ ʚʩʝʤ 

ʧʦʣʦʞʝʥʠʷʤ ʢʦʣʴʮʘ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʫʶ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚ-

ʥʦʩʪʴ.  

     ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ  ʚʘʨʴʠʨʦʚʘʥʠʝ ʯʠʩʣʦʤ ʠ ʧʦʣʦʞʝʥʠʝʤ  ʟʘʤʝʩʪʠʪʝ-

ʣʝʡ ʚ ʧʠʨʠʤʠʜʠʥʦʚʦʤ ʢʦʣʴʮʝ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʠ ʩʪʝʨʝʦʭʠʤʠʝʡ, ʤʥʦʛʠʝ ʧʠʨʠʤʠʜʠʥʳ 

ʯʘʩʪʦ ʦʙʲʝʜʠʥʷʶʪ ʚ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ (ʩʢʘʬʬʦʣʜʳ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʱʠʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʵʪʠʤ ʩʭʦʜʥʦʛʦ ʩʧʝʢʪʨʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢ, ʚ ʪʝʯʝ-

ʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 5-ʤʦʥʦ- ʠ ʜʠʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟ-

ʚʦʜʥʳʝ ʛʝʢʩʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2,4,6-ʪʨʠʦʥʘ (ʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʳ) ʚ ʢʘʯʝʩʪʚʝ ʩʝʜʘʪʠʚʥʳʭ, 

ʩʥʦʪʚʦʨʥʳʭ ʠ ʧʨʦʪʠʚʦʩʫʜʦʨʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʧʨʦʠʟʚʦʜʥʳʝ 2-ʪʠʦʫʨʘʮʠʣʘ ʩ ʘʥʪʠʪʠʨʝʦʠʜ-

ʥʳʤ ʜʝʡʩʪʚʠʝʤ; 2,4-ʜʠʘʤʠʥʦʧʠʨʠʤʠʜʠʥʳ, ʢʘʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʠʥʛʠʙʠʪʦʨʳ 

ʬʝʨʤʝʥʪʘ ʜʠʛʠʜʨʦʬʦʣʘʪʨʝʜʫʢʪʘʟʳ; ʧʠʨʠʤʠʜʠʥʳ ʩ ʩʫʣʴʬʦʥʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʜʝʡʩʪʚʠʝ; 5-ʛʘʣʦʛʝʥʫʨʘʮʠʣʳ ʠ ʠʭ ʥʫʢʣʝʦʟʠʜʳ ʢʘʢ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʠ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʜʨʫʛʠʝ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʘʟʘʘʥʘʣʦʛʠ ʧʨʠʨʦʜʥʳʭ ʧʠʨʠ-

ʤʠʜʠʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʢʦʣʴʮʝʚʘʷ ʉʅ-ʛʨʫʧʧʘ ʟʘʤʝʥʝʥʘ ʥʘ ʘʪʦʤ ʘʟʦʪʘ (5- ʠ 6-ʘʟʘʫʨʘʮʠʣʳ ʠ ʠʭ 

ʥʫʢʣʝʦʟʠʜʳ), ʧʨʦʷʚʣʷʶʱʠʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʢ 

ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ  ʩʦʯʝʪʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʠʟʫʯʝʥʠʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʪʨʦʝʥʠʝʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʤʘʣʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʩʢʘʬʬʦʣʜʦʚ 

ʧʠʨʠʤʠʜʠʥʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʭʠʤʠʯʝʩʢʦʡ  ʤʦʜʠʬʠʢʘʮʠʠ  ʠʟʚʝʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʠʨʠʤʠʜʠʥʘ ʠ ʝʛʦ ʘʟʘʘʥʘʣʦʛʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ  ʨʘʟʨʘʙʦʪʢʠ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʠʨʠʤʠʜʠʥʦʚ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʨʫʛʠʝ. ʀʤʝʥʥʦ ʚ ʨʘʤʢʘʭ ʪʘʢʦʛʦ  ʧʦʜʭʦʜʘ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʩʠʥʪʝʟʳ  ʟʘʤʝʱʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ  ʧʦʣʦʞʝʥʠʷʤ ʢʦʣʴʮʘ  ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʥʫʢʣʝʦʟʠʜʦʚ 6-

ʘʟʘʫʨʘʮʠʣʘ, ʦʙʦʙʱʝʥʥʳʝ  ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʥʘ ʦʙʱʝʡ  ʩʭʝʤʝ:  
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II .1.1. 2-ʉʪʠʨʠʣʧʠʨʠʤʠʜʠʥʳ 
_
 ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʩʪʠʣʴʙʝʥʦʚ 

 

     ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ 1,2-ʜʠʬʝʥʠʣʵʪʝʥʘ(ʩʪʠʣʴʙʝʥʘ) ʠ ʟʘʤʝʱʝʥʥʳʝ ʪʨʠʬʝʥʠʣʵʪʠʣʝ-

ʥʳ ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥr ʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʥʢʫʨʠʨʦ-

ʚʘʪʴ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʵʩʪʨʦʛʝʥʦʚ ʥʘ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʝ ʠ, ʪʝʤ ʩʘʤʳʤ, ʙʣʦʢʠʨʦʚʘʪʴ ʨʦʩʪ 

ʵʩʪʨʦʛʝʥʟʘʚʠʩʠʤʳʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [225,226].     

     ʉʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʤʠʜʠʥʦʚ, ʷʚʣʷʶʱʠʝʩʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʩʪʠʣʴʙʝ-

ʥʦʚ, ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝ-

ʚʫʶ [227-231], ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ [232], ʠʥʛʠʙʠʨʫʶʪ ʬʝʨʤʝʥʪʳ ʭʦʣʠʥʘʮʝʪʠʣʪʨʘʥʩʬʝʨʘʟʫ 

[233] ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʫʙʲʝʜʠʥʠʮʫ ʤʝʪʠʦʥʠʥ S-ʘʜʝʥʦʟʠʣʪʨʘʥʩʬʝʨʘʟʳ [234] ʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [235,236].    

     ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʦʧʪʠʢʦ-

ʘʙʩʦʨʙʮʠʦʥʥʳʭ, ʵʤʠʩʩʠʦʥʥʳʭ, ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ, ʣʶʤʠʥʠʩʮʝʥʪʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʩʪʠ-

ʨʠʣʧʠʨʠʤʠʜʠʥʦʚ [237-240]. ʉʠʥʪʝʟʳ  ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ  ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʠʣʧʠʨʠʤʠʜʠʥʦʚ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ (ZnCl2, ʘʥʠʣʠʥ, ʧʠʧʝʨʠʜʠʥ, HCl, Ac2O), ʪʘʢ ʠ ʙʝʟ ʥʠʭ.  

     ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʧʠʨʠʤʠʜʠʥʦʚʦʤ ʷʜʨʝ ʜʚʫʭ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʛʨʫʧʧ ʧʨʝʧʷʪ-

ʩʪʚʫʝʪ ʧʨʦʪʝʢʘʥʠʶ ʢʦʥʜʝʥʩʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʩʫʪʩʪʚʠʝ ʦʜʥʦʡ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʛʨʫʧ-

ʧʳ ʠʣʠ ʚʚʝʜʝʥʠʝ ʚ ʷʜʨʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʥʠʪʨʦʛʨʫʧʧʳ ʜʝʣʘʝʪ ʢʦʥʜʝʥʩʘʮʠʶ ʂʣʘʡʟʝʥʘ 

ʚʦʟʤʦʞʥʦʡ. 
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     ɺ ʥʘʯʘʣʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʙʳʣʦ ʠʟʫʯʝʥʦ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  6-ʤʝʪʠʣʫʨʘʮʠʣ-5-ʢʘʨʙ-

ʘʣʴʜʝʛʠʜʘ 1 ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ, ʦ ʯʝʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʡ ʥʝ ʠʤʝʣʦʩʴ.    

     ʇʦʩʢʦʣʴʢʫ ʚ ʩʘʤʦʤ ʘʣʴʜʝʛʠʜʝ 1 ʠʤʝʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʝ ʛʨʫʧʧʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʫʶ ʘʢʪʠʚʥʦʩʪʴ
 _ 
ʵʣʝʢʪʨʦʬʠʣʴʥʘʷ ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʤʝʪʠʣʴʥʘʷ, 

ʥʝʣʴʟʷ ʙʳʣʦ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ ʘʣʴʜʝʛʠʜʘ. ʇʦʵʪʦʤʫ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝ-

ʥʠʷ ʦʙʩʫʞʜʘʝʤʦʡ ʨʝʘʢʮʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤ ʧʦʜʘʚʣʝʥʠʝʤ  ʩʘʤʦʢʦʥʜʝʥʩʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 5-ʢʘʨʙʘʣʴʜʝʛʠʜʘ 1 ʩ 

ʜʚʫʭʢʨʘʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ  ʚ  ʩʧʠʨʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩ-

ʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʠʧʝʨʠʜʠʥʘ.  ɺ  ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  6-[(ɽ)-2- 

ʘʨʠʣ-1-ʵʪʝʥʠʣ]-2,4-ʜʠʦʢʩʦ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦ-5-ʧʠʨʠʤʠʜʠʥ-ʢʘʨʙʘʣʴʜʝʛʠʜʳ 2  (ʩʭʝʤʘ 1).  

                                                                                                                                           

                                                                                                                                              ʉʭʝʤʘ 1 

 

 

     

     ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ 2,4-ʜʠʦʢʩʦ-6-ʤʝ-

ʪʠʣ-5-ʬʦʨʤʠʣʧʠʨʠʤʠʜʠʥʝ 1, ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʚʠʮʠʥʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʬʦʨʤʠʣʴ-

ʥʦʡ ʛʨʫʧʧʦʡ, ʣʝʛʢʦ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʨʷʜʦʤ ʘʣʴʜʝʛʠʜʦʚ (ʥʦ ʥʝ ʩ ʙʝʥʟʦʬʝ-

ʥʦʥʦʤ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɽ-ʠʟʦʤʝʨʦʚ 6-ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʳʭ-5-ʬʦʨʤʠʣʫʨʘʮʠʣʘ 2. ʉʪʠʨʠʣʧʨʦʠʟ-

ʚʦʜʥʦʝ 2a ʚʦʩʩʪʘʥʦʚʣʝʥʦ NaBH4 ʚ ʚʦʜʥʦʤ ʤʝʪʘʥʦʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 5-ʦʢʩʠʤʝʪʠʣʴʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʥʦʛʦ 3.  

     ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʧʠʨʠʤʠʜʠʥʦʚ ʩ ʜʚʫʤʷ ʘʢʪʠʚʥʳʤʠ 

ʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʢʪʠʚʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ [244,245].    

     ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʘʮʝʪʦʫʢʩʫʩʥʳʭ ʵʬʠʨʦʚ 4ʙ-ʥ ʩ ʘʮʝʪʘʤʠʜʠʥʦʤ 5 (ʚ ʩʣʫʯʘʝ 

ʧʨʦʠʟʚʦʜʥoʛʦ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪ rʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ) ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʥʳʝ  5-ʟʘʤʝʱʝʥʥʳʝ 2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʳ 6ʙ-o ʩ 

ʜʚʫʤʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʢʦʣʴʮʝ ʉʅ3-ʛʨʫʧʧʘʤʠ (ʩʭʝʤʘ 2).   
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                                                                                                                                            ʉʭʝʤʘ 2 
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     ʇʨʝʞʜʝ  ʯʝʤ  ʧʝʨʝʡʪʠ  ʢ ʦʙʩʫʞʜʝʥʠʶ ʜʘʣʴʥʝʡʰʠʭ  ʨʝʘʢʮʠʡ  ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ  2,4-ʜʠʟʘʤʝ- 

ʱʝʥʥʳʭ  ʧʠʨʠʤʠʜʠʥʦʥʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ   ʦʩʪʘʥʦʚʠʪʴʩʷ  ʥʘ ʚʦʧʨʦʩʝ  ʠʭ ʪʘʫʪʦʤʝʨʥʦʛʦ ʩʪʨʦʝ- 

ʥʠʷ.  ʈʝʘʢʮʠʦʥʥʘʷ   ʩʧʦʩʦʙʥʦʩʪʴ ʪʘʫʪʦʤʝʨʥʳʭ ʧʠʨʠʤʠʜʠʥʦʥʦʚ  ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ  

ʠʭ  ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʛʠʜʨʦʢʩʠʬʦʨʤʳ ʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʜʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʩʣʝʜʥʝʡ 

ʬʦʨʤr. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʗʄʈ, ʋʌ ʠ ʀʂ ʩʧʝʢʪʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʠʣʴ-

ʥʳʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉ=O-ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 1600-1700 ʩʤ
-1 
ʚ ʀʂ ʩʧʝʢʪʨʘʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ 2,4,5-ʪʨʠʟʘʤʝʱʝʥʥʳʤ 1,6-ʜʠʛʠʜ-

ʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘʤ, ʪʦ ʝʩʪʴ ʧʨʷʤʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠʭ ʪʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʥʘʤ ʫʜʘʣʦʩʴ oʩʫʱʝʩʪʚʠʪʴ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʤʠʜʠ-

ʥʦʚ ʦʙʩʫʞʜʘʝʤʦʛʦ ʪʠʧʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʩʪʨʦʝʥʠʝ. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩ-

ʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 5-ʙʫʪʠʣ-2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (6ʚ) ʠ ʝʛʦ ʜʠʤʝʨʘ ʠ 

2,4-ʜʠʤʝʪʠʣ-5-(2-ʤʝʪʘʣʣʠʣ)-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (6ʜ) ʠ ʝʛʦ ʜʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʠʩ. 1,2 ʠ 3,4, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʳʚʘʶʪ ʠʭ ʩʪʨʦʝʥʠʝ ʢʘʢ ʮʠʢʣʠ-

ʯʝʩʢʠʭ ʣʘʢʪʘʤʦʚ.   

 

 

 

                   ʈʠʩ. 1. 5-ɹʫʪʠʣ-2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥ (6ʚ). 

 

 

 

 

ʈʠʩ. 2. ɼʠʤʝʨ 5-ʙʫʪʠʣ-2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (6ʚ). 
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ʈʠʩ. 3. 2,4-ɼʠʤʝʪʠʣ-5-(2-ʤʝʪʘʣʣʠʣ)-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥ (6ʜ). 

 

 

    ʈʠʩ. 4. ɼʠʤʝʨ 2,4-ʜʠʤʝʪʠʣ-5-(2-ʤʝʪʘʣʣʠʣ)-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (6ʜ). 

      

     ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʠʨʠʤʠʜʠʥʘʭ (6ʚ) ʠ (6ʜ) ʢʦʣʴʮʘ ʠʤʝ-

ʪʁ ʧʣʦʩʢʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʦʪʢʣʦʥʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʫʩʨʝʜʥʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 

0.0091(3) ¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ (6ʚ) ʠ 0.0051(2) ¡ 
_
 ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ (6ʜ).  ɸʥʘʣʠʟʦʤ ʫʧʘʢʦʚʢʠ 

ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʷʟʳ-

ʚʘʷʩʴ ʩ ʧʦʤʦʱʴʶ ʧʘʨ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʭr ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ N1-H1
éé.

O 

(ʜʣʠʥʘ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ ʚ ʩʦʝʜʠʥʝʥʠʠ (6ʚ) 2.804(2) ¡ ʠ ʚ ʩʦʝʜʠʥʝʥʠʠ (6ʜ) 
_ 

2.7906(15) ¡), ʦʙʨʘʟʫʶʪ ʜʠʤʝʨ.r  

     ʅʝʢʦʪʦʨʳʝ 5-ʟʘʤʝʱʝʥʥʳʝ 2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʳ ʜʘʣʝʝ ʚʚʝʜʝʥʳ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʟʘʪʠʥʦʤ, ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ 6-ʤʝʪʦʢʩʠ-2-ʭʣʦʨʭʠʥʦʣʠʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ. ʇʦʩʢʦʣʴʢʫ ʚ 5-ʟʘʤʝʱʝʥʥʳʭ 2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘʭ 

ʠʤʝʶʪʩʷ ʜʚʝ ʉʅ3-ʛʨʫʧʧʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʳʝ ʢ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʩʦʝʜʠʥʝ-

ʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ   ʚʦʟʤʦʞʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʠʟʦʤʝʨʘ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ  ʢʦʩ-

ʚʝʥʥʳʝ ʫʢʘʟʘʥʠʷ ʢʘʢ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 2-ʩʪʠʨʠʣʧʨʦʠʟʚʦʜʥʦʛʦ  ʚ ʨʝʘʢʮʠʠ  ʢʦʥʜʝʥʩʘʮʠʠ 2,4-ʜʠ-

ʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ 6a ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʩʥʦ-
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ʚʘʥʥʳʝ ʥʘ ʩʨʘʚʥʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 4(6) ʢʦʣʴʮʘ 

ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʪʠʣʛʠʜʨʦʢʩʠʧʠʨʠʤʠʜʠʥʦʚ, 2,4-ʜʠʤʝʪʠʣ-6-ʛʠʜʨʦʢʩʠʧʠʨʠʤʠʜʠʥʘ  ʠ 2-ʩʪʠ-

ʨʠʣʧʨʦʠʟʚʦʜʥʦʛʦ, ʪʘʢ ʠ ʥʘ ʙʦʣʴʫh  ʁʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 4(6)-ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2-ʤʝʪʠʣʴʥʦʡ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ,  ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʢʘʢ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʥʜʝʥʩʘʮʠʠ 5-ʟʘʤʝʱʝʥʥʳʭ 2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʦʚ ʩ ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʢʝʪʦʥʘʤʠ, ʪʘʢ ʠ ʧʨʷʤʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʪʨʦʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʠʟʦʤʝʨʦʚ.  

     ʉ ʮʝʣʴʶ   ʚʥʝʩʝʥʠʷ   ̫ ʩʥʦʩʪʠ ʚ ʦʙʩʫʞʜʘʝʤʫʶ ʧʨʦʙʣʝʤʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 5-ʟʘʤʝʱʝʥʥʳʭ  

2,4-ʜʠʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʦʚ 6ʙ-ʦ ʩ 1-ʤʝʪʠʣʠʟʘʪʠʥʦʤ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ aʣ-ɹ

ʜʝʛʠʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ZnCl2 ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʤʝʩʪʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ  ʨʘʩʪʚʦʨʠ-

ʪʝʣʝʡ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 7ʘ,ʙ, 8ʘ-ʨ (ʩʭʝʤʘ 2).  

     ʆʪʤʝʪʠʤ, ʯʪʦ ʢʦʥʜʝʥʩʘʮʠʷ   6-ʤʝʪʦʢʩʠ-2-ʭʣʦʨ-3-ʭʠʥʦʣʠʥʢʘʨʙʘʣʴʜʝʛʠʜʘ  ʩ ʧʠʨʠʤʠʜʠʥʦ-

ʥʦʤ 6ʙ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʤ ʟʘʤʝʱʝʥʠʝʤ ʘʪʦʤʘ ʭʣʦʨʘ ʚ ʧʦʣʦʞʝʥʠʠ 2-ʢʦʣʴʮʘ 

ʭʠʥʦʣʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʭʠʥʦʣʠʥʦʣʘ 8ʨ. ɺʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʬʫʢʮʠʦ-

ʥʘʣʠʟʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ 5-(2,4-ʜʠʤʝʪʠʣ-

ʙʝʥʟʠʣ)ʧʨʦʠʟʚʦʜʥʦʛʦ 8ʦ, ʢʦʪʦʨʦʝ ʭʣʦʨʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ POCl3  ʧʝʨʝʚʝʜʝʥʦ ʚ 4-ʭʣʦʨ-

ʧʨʦʠʟʚʦʜʥʦʝ 9ʘ ʠ ʘʤʠʥʦʣʠʟʦʤ - ʚ 4-ʬʝʥʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʝ 9ʙ. 

     ʇʨʠ  ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʩʦʝʜʠʥʝʥʠʡ 7a,ʙ (ʧʨʦʛʨʘʤ-

ʤʥʳʡ ʧʨʦʜʫʢʪ Cambridge Soft Corporation Chem. 3D 5.0) ʥʝ ʚʳʷʚʣʝʥʦ ʦʜʥʦʟʥʘʯʥʳʭ ʫʢʘʟʘʥʠʡ 

ʚ ʧʦʣʴʟʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʨʝʛʠʦʠʟʦʤʝʨʦʚ (2 ʠʣʠ 4-ʩʪʠʨʠʣʟʘʤʝ-

ʱʝʥʥʦʛʦ ʧʠʨʠʤʠʜʠʥʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʪʘʢʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʫʢʘʟʘʥʠʷ ʧʦʣʫʯʝʥʳ. ʊʘʢ, ʫ ʪʨʘʥʩ-ʠʟʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 7a,ʙ ʚʳʷʚʣʝʥʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʩʪʝʨʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʤʝʞʜʫ ʘʪʦʤaʤʠ ʚʦʜʦʨʦʜʘ H
4
 ʙʝʥʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʠʟʘʪʠʥʘ ʠ  

ʅN
1
- ʧʠʨʠʤʠʜʠʥʘ ʧʨʠ ʢʦʧʣʘʥʘʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʠʟʘʪʠʥʦʚʦʛʦ ʮʠʢʣʦʚ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʮʠʩ-ʠʟʦʤʝʨʦʚ ʪʘʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳ (ʨʠʩ. 5).  
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     ʇʦʩʢʦʣʴʢʫ ʥʘʨʫʰʝʥʠʝ ʢʦʧʣʘʥʘʨʥʦʩʪʠ ʮʠʢʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʜʠʥʘʨʥʦʡ 

ʩʚʷʟʠ ʧʨʠʚʝʣʦ ʙʳ  ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʩʦʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ 

ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʵʪʠʣʝʥʦʚʦʡ ʩʚʷʟʠ ʠ ʮʠʢʣʘ ʠʟʘʪʠʥʘ (ʵʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠʥʛʠ-

ʙʠʨʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʘ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
_ 
ʢ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʝ, ʤʳ  ʦʞʠʜʘʣʠ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʮʠʩ (Z)-ʠʟʦʤʝʨʦʚ 7a,ʙ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʧʨʷʞʝʥʠʝʤ ʩʠʩʪʝʤʳ ʜʚʦʡ-

ʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʚ 
1
ʅ ʗʄʈ. ɼʘʣʝʝ, ʩʨʘʚʥʝʥʠʝ   ʨʝʘʢ-

ʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 2- ʠ 4-ʉʅ3-ʛʨʫʧʧ 1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ 6ʘ ʚ ʨʝʘʢʮʠʷʭ ʩ ʢʘʨʙʦ-

ʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʩ ʯʘʩʪʠʯʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʙ·ʣʴʰʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

2-ʉʅ3-ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʬʦʨʤʫʣ  ʠʟʦʤʝʨʥʳʭ ʘʥʠʦʥʦʚ (ʩʭʝʤʘ 3): 

                                                                                                                                              

                                                                                                                                               ʉʭʝʤʘ 3  

 

 

      ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʝʟʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʘʨʙʘʥʠʦʥ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 4-ʉʅ3-

ʛʨʫʧʧʳ 6ɸ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʧʨʷʞʝʥʠʠ ʪʦʣʴʢʦ ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ (ʛʨʘʥʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ 

6B), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʠʟʦʤʝʨʥʦʤ ʢʘʨʙʘʥʠʦʥʝ 6ʉ, ʧʦʣʫʯʝʥʥʳʤ ʟʘ ʩʯʝʪ 2-ʉʅ3-ʛʨʫʧʧ ,r 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʢʦʣʴʮʘ 

ʧʠʨʠʤʠʜʠʥʘ, ʪʦ-ʝʩʪʴ ʜʝʣʦʢʘʣʠʟʫʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʣʝʛʯʝ ʦʙʨʘʟʫʝʪʩʷ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʚʝʣʠʯʠʥʳ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠʟʦʤʝʨʥʳʭ ʟʘʤʝʱʝʥʥʳʭ 

ʧʠʨʠʤʠʜʠʥʦʥʦʚ
 _

 2-ʤʝʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (2.90 ʤ.ʜ.) ʠ 4-ʤʝʪʠʣ-1,2-ʜʠʛʠʜʨʦ-2-

ʧʠʨʠʤʠʜʠʥʦʥʘ (2.85 ʤ.ʜ.).    

     ʅʘʤʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʩʫʞʜʘʝʤʘʷ ʨʝʘʢʮʠʷ ʧʠʨʠʤʠʜʠʥʦʥʦʚ 6ʚ,ʛ ʩ 1-ʤʝ-

ʪʠʣʠʟʘʪʠʥʦʤ ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʉʅ3-ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʠʨʠʤʠ-

ʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʧʨʠʚʦʜʷ ʢ  ʦʙʨʘʟʦʚʘʥʠʶ 2-ʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 7a,ʙ ʠ, ʧʨʝʠʤʫ-
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ʱʝʩʪʚʝʥʥʦ, ʦʜʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʦʤʝʨʘ ʩ Z-ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ 

ʩʧʝʢʪʨ rʗʄʈ 
1
ʅ ʠ NOESY 5-ʙʫʪʠʣʧʨʦʠʟʚʦʜʥʦʛʦ7a (ʨʠʩ.6).      

                                                        

 

ʈʠʩ. 6. ʉʧʝʢʪʨ rʗʄʈ 
1
ʅ ʠ NOESY 5-ʙʫʪʠʣʧʨʦʠʟʚʦʜʥʦʛʦ 7a. 

 

     ɺ ʩʧʝʢʪʨʝ NOESY ʦʙʩʫʞʜʘʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʦʩʩ-ʧʠʢʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʧʨʦʪʦʥʘʤʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʙʫʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʜʝʥʩʘʮʠʠ 2-ʉʅ3-ʛʨʫʧʧʳ ʢʦʣʴʮʘ. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʦʩʥʦʚʥʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʦʤʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʗʕʆ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʵʪʠʣʝʥʦʚʦʡ 

ʛʨʫʧʧʳ ʠ ʅ
4
 ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʬʨʘʛʤʝʥʪʘ ʠʟʘʪʠʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ (Z)-ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʘ ʢʦʥʜʝʥʩʘʮʠʠ 1-ʤʝʪʠʣʠʟʘʪʠʥʘ ʩ 5-ʙʫʪʠʣʧʠʨʠʤʠʜʠʥʦʤ 6ʚ 

ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ. 

     ɺ ʩʚʝʪʝ ʵʪʠʭ ʜʘʥʥʳʭ, ʩʪʨʦʝʥʠʝ  5-ʟʘʤʝʱʝʥʥʳʭ 2-[(E)-2-ʘʨʠʣ-1-ʵʪʝʥʠʣ)]-4-ʤʝʪʠʣ-1,6-ʜʠʛʠʜ-

ʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʦʚ 8a-ʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ 8ʛ ʚ ʚʠʜʝ 2-ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʧʨʝʜʣʦ-

ʞʝʥʦ ʥʘʤʠ  ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ ʩʪʨʦʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ  7a ʠ ʦʙʦʩʥʦʚʘʥʦ  ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢ-

ʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ  ʧʠʢʨʘʪʘ 2-[(ɽ)-2-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ)-1-ʵʪʝʥʠʣ]-4-ʤʝʪʠʣ-5-ʧʝʥʪʠʣ-1,6-

ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (8ʧ) (ʨʠʩ. 7) ʠ ʝʛʦ ʜʠʤʝʨʘ (ʨʠʩ. 8). 
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ʈʠʩ.7.  ʉʪʨʦʝʥʠʝ  ʧʠʢʨʘʪʘ 2-[(ɽ)-2-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ)-1-ʵʪʝʥʠʣ]-4-ʤʝʪʠʣ-5-ʧʝʥʪʠʣ-1,6-

ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (8ʧ). 

 

 

 

ʈʠʩ.8.  ʉʪʨʦʝʥʠʝ  ʧʠʢʨʘʪʘ 2-[(ɽ)-2-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ)-1-ʵʪʝʥʠʣ]-4-ʤʝʪʠʣ- 

5-ʧʝʥʪʠʣ-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠʜʠʥʦʥʘ (8ʧ) ʠ ʝʛʦ ʜʠʤʝʨʘ ʧʦ ʜʘʥʥʳʤ ʈʉɸ. 

      

      ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ   ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠʩʩʣʝʜʫʝ- 

ʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʠʤʝʝʪʩʷ ʤʦʣʝʢʫʣʘ 2,4,6-ʪʨʠʥʠʪʨʦʬʝʥʦ-

ʣ̫ʪʘ. ʆʩʥʦʚʥʘʷ ʤʦʣʝʢʫʣʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ E-ʢʦʥʬʠʛʫʨʘʮʠʶ. ʄʦʣʝʢʫʣ r

ʧʠʢʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʚʷʟʘʥ rʩ ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʠʤʠʜʠʥʘ 8ʧ ʩ ʧʦʤʦʱʴʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ N1H1
éé.

O7p (ʜʣʠʥʘ  ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ 

2.616(7) ¡). ɺʩʝ ʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʣʦʩʢʠʝ, ʦʪʢʣʦʥʝʥʠ ̫ʘʪʦʤʦʚ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʣʦʩʢʦʩʪʝʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 0.0114(3) ¡ ʚ ʬʝʥʠʣʥɹʦʤ ʢʦʣʴʮʝ, 0.0070(3) ¡ ʚ ʧʠʨʠʤʠʜʠʥʦʚʦʤ 

ʢʦʣʴʮʝ ʠ 0.0107(3) ¡ ʚ ʢʦʣʴʮʝ ʧʠʢʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɼʠʵʜʨʘʣʥɹʳʡ ʫʛʦʣ ʤʝʞʜʫ ʬʝʥʠʣʴʥʦʡ 
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ʛʨʫʧʧʦʡ ʠ ʧʠʨʠʤʠʜʠʥʦʚʤr ʢʦʣʴʮʦʤ ʩʦʩʪʘʚʣʷʝʪ 6.807(6)
ʦ
. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʧʘʨʘ 

ʤʦʣʝʢʫʣ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʚʷʟʳʚʘʷʩʴ ʜʚʫʤʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʤrʠ 

ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ N3-H3
éé.
O7 (ʜʣʠʥʘ ʜʦʥʦʨʥʦ- ʘʢʮʝʧʪʦʨʥʦʡ ʩʚʷʟʠ 2.808(8) ¡), ʦʙʨʘ-

ʟʫʝʪ ʜʠʤʝʨ. 

 

 

II .1.2. 2,4,5- ʠ 2,4,6-ʊʨʠʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ - ʘʥʘʣʦʛʠ ʧʨʝʧʘʨʘʪʘ Bayer DG-428 

       

     ʉ ʮʝʣʴʶ ʠʟʳʩʢʘʥʠʷ ʥʦʚʳʭ ʘʥʪʠʤʝʪʘʙʦʣʠʪʦʚ ʧʠʨʠʤʠʜʠʥʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʨʘʢʦʚ-r

ʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʥʘʣʦʛʠ ʠʟʚʝʩʪ-

ʥʳʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʨʠʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ ï 4-ʜʠʤʝʪʠʣʘʤʠʥʦ-6- ʠ  

5-ʤʝʪʠʣ-2-(2-ʭʣʦʨʙʝʥʟʠʣʩʫʣʴʬʘʥʠʣ)ʧʠʨʠʤʠʜʠʥʳ 10ʘ ʠ 10ʙ [246].    

 

 

 

     ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʦʝʜʠʥʝʥʠʝ 10a ʦʙʣʘʜʘʝʪ ʩʝʣʝʢʪʠʚʥʳʤ, ʥʦ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʳʤ ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ 10ʙ (Bayer DG 428), 

ʚ ʢʦʪʦʨʦʤ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ ʥʘʭʦʜʠʪʩʷ ʚ ñʪʠʤʠʥʦʚʦʤò ʧʦʣʦʞʝʥʠʠ 5 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ 

[246]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ 5-ʤʝʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 10ʙ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʩʦʦʙʱʝʥʠʷ ï ʦʪ ʫʢʘʟʘʥʠʡ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ [247,248] ʜʦ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʦʚʦʡ [249]. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʝ ʨʘʥʝʝ ʘʥʘʣʦʛʠ ʧʨʝʧʘʨʘʪʦʚ 10a,ʙ ʦʢʘʟʘʣʠʩʴ ʪʦʢʩʠʯʥʳʤʠ ʠ ʥʝʘʢʪʠʚʥʳʤʠ [250], ʥʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 5- ʠ 6-ʤʝʪʠʣ-2,4-ʜʠʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ  ʚ ʧʦʣʦʞʝ-

ʥʠʠ 2 ʧʠʨʠʤʠʜʠʥʘ  ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʫʶ ʥʠʪʨʦʬʝʥʠʣʴʥʫʶ ʠʣʠ ʬʪʦʨʬʝʥʠʣʴʥʫʶ ʛʨʫʧʧʳ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʯʠʩʣʘ ʤʝʪʠʣʝʥʦʚʳʭ ʟʚʝʥʴʝʚ ʤʝʞʜʫ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ 

ʘʪʦʤʦʤ ʩʝʨʳ, ʘ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʠʤʝʝʪʩʷ ʨʷʜ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʛʨʫʧʧ 

[251]. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ʤʦʣʝʢʫʣʫ ʥʠʪʨʦʛʨʫʧʧʳ ʦʙʦʩʥʦʚʘʥʘ ʜʘʥʥʳʤʠ ʦ ʪʦʤ, ʯʪʦ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʟʙʠʨaʪʝʣʴʥʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʧʫʭʦ-

ʣʝʚʳʭ ʢʣʝʪʦʢ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʝʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ [252]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦ ʧʨʦʪʠʚʦʨʘʢʦʚʦʡ ʠ ʘʥʪʠʨʝʪʨʦʚʠʨʫʩʥʦʡ (HIV-1) ʘʢʪʠʚʥʦʩʪʠ 
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4,6-ʜʠʟʘʤʝʱʝʥʥʳʭ-2-ʘʣʢʠʣʪʠʦ- ʠ 2-ʙʝʥʟʠʣʪʠʦʧʠʨʠʤʠʜʠʥʦʚ [253-257]. ʉʠʥʪʝʟ ʮʝʣʝʚʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘʤʠ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʤʝʪʦʜʫ [250], ʧʦ ʩʭʝʤʝ 4:                                                                                                                                  

                                                                                                                                       ʉʭʝʤʘ 4 

 

 
 
 

 
 
 

      ɸʣʢʠʣʠʨʦʚʘʥʠʝʤ ʚ ʩʧʠʨʪʝ ʠʩʭʦʜʥʳʭ 2-ʤʝʨʢʘʧʪʦʧʠʨʠʤʠʜʠʥʦʚ 11a,ʙ ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ 

12a-ʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ NaOH ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ S-ʘʣʢʠʣ-

ʧʨʦʠʟʚʦʜʥʳʝ 13a-ʜ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʝʤ ʭʣʦʨʦʢʠʩʠ ʬʦʩʬʦʨʘ ʧʝʨʝʚʝʜʝʥʳ ʚ 4-ʭʣʦʨʧʨʦʠʟʚʦʜ-

ʥʳʝ 14a-ʜ.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʩʣʝʜʥʠʭ (ʚ ʩʣʫʯʘʝ 14a,ʚ ʙʝʟ ʦʯʠʩʪʢʠ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʮʝʣʝʚʳʝ ʧʠʨʠʤʠʜʠʥʳ 15a-ʞ, 16a-ʛ. ɸʤʠʥʳ 15ʝ,ʞ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʧʠʢʨʘʪʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ 4-ʤʝʪʦʢʩʠʛʨʫʧʧʘ ʚ 5-ʤʝʪʠʣ-2-(4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦʙʝʥʟʠʣ)ʩʫʣʴʬʘʥʠʣ-4-ʭʣʦʨʧʠ-

ʨʠʤʠʜʠʥʝ 14ʙ, ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʥʠʪʨʦʛʨʫʧʧʦʡ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʠ ʩ ʤʝʪʠʣʘʤʠʥʦʤ ʚ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ 120-130 
ʦ
ʉ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʪʦʤʦʤ 
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ʭʣʦʨʘ ʚ ʧʦʣʦʞʝʥʠʠ 4 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʣʝʛʢʦ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʩʤʝʪʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ ʧʠʨʠʤʠʜʠʥʘ 15ʜ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʦʪʷ 

ʩʭʦʜʥʦʝ  ʟʘʤʝʱʝʥʠʝ ʤʝʪʦʢʩʠʛʨʫʧʧʳ ʥʘ  ʘʤʠʥʦʛʨʫʧʧʫ  ʫʞʝ  ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʨʷʜʫ 2-ʥʠʪʨʦ-

ʘʥʠʟʦʣʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʤʤʠʘʢʦʤ ʠ 1,2-ʜʠʘʤʠʥʦʵʪʘʥʦʤ [258], ʧʦʩʣʝʜʥʠʝ 

ʜʚʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʚ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʥʘʛʨʝʚʘʥʠʝ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

180-200 
ʦ
ʉ).  

     ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨa ʗʄʈ ʧʠʢʨʘʪʘ 4-ʘʥʠʣʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ 15ʝ ʧʦʢʘʟʘʣʦ,  ʯʪʦ ʤʦʣʝʢʫʣʘ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʩʪʘʙʠʣʴʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ ʠʟ-ʟʘ ʟʘʪʦʨʤʦʞʝʥʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʉ-N- 

ʩʚʷʟʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ N=C-N. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʠʩʭʦʜʥʳʭ 4-ʦʢʩʦʧʠʨʠʤʠʜʠʥʦʚ 13a-ʜ  ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʠʥʪʝʨʚʘʣʝ 1639-1697 ʩʤ
-1
, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ 

[259]. ɺ ʩʧʝʢʪʨʘʭ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 15ʙ,ʜ,ʝ,ʞ, 16a,ʚ,ʛ ʠʤʝʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙ-

ʣʘʩʪʠ 3200-3500 ʩʤ
-1
, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʤ̫ʠ NH-ʛʨʫʧʧʳ, ʘ ʚ ʩʦʝʜʠʥʝʥʠʠ 

15ʛ ï ʪʨʠ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 3160-3460 ʩʤ
-1

, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ  

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ NH2-ʛʨʫʧʧʳ ʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ.   

 

II .1.3. 2,4,6-ʊʨʠʟʘʤʝʱʝʥʥʳʝ 5-(2-ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ)ʵʪʠʣʧʠʨʠʤʠʜʠʥʳ 

 

      ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʪʠʦʧʠʨʠʤʠʜʠʥʳ, ʷʚʣʷʷʩʴ ʘʥʪʠʤʝʪʘʙʦʣʠʪʘʤʠ ʥʫʢʣʝʠʥʦʚʦʛʦ 

ʦʙʤʝʥʘ, ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ, ʧʨʦʪʠʚʦʚʠʨʫʩ-

ʥʳʤʠ, ʘʥʪʠʧʨʦʪʦʟʦʡʥʳʤʠ, ʘʥʪʠʪʠʨʝʦʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʧʠʩʘʥʥʦʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʠʦʧʠʨʠʤʠʜʠʥʦʚ ʩʦʜʝʨʞʘʪ ʘʪʦʤ ʩʝʨʳ, ʩʚʷʟʘʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʩ ʧʠʨʠʤʠʜʠʥʦʚʳʤ ʢʦʣʴʮʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʠʨʠʤʠʜʠʥʳ ʩ ʘʪʦʤʦʤ ʩʝʨʳ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ 

ʚʝʩʴʤʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʘ ʩʚʝʜʝʥʠʷ ʦ (2-ʘʣʢʠʣʩʫʣʴʬʘʥʠʣ)ʵʪʠʣʧʠʨʠʤʠʜʠʥʘʭ ʚʦʚʩʝ 

ʦʪʩʫʪʩʪʚʫʶʪ.   

     ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʝʡʰʠʭ ʘʮʠʢʣʠʯʝʩʢʠʭ 

ʪʠʦʘʥʘʣʦʛʦʚ ʥʫʢʣʝʦʟʠʜʦʚ [260] ʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʭʠʤʠʦʪʝʨʘʧʝʚ-

ʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ 

ʧʠʨʠʤʠʜʠʥʦʚ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʩʫʣʴʬʦʢʩʠʜʥʦʡ ʛʨʫʧʧʳ, ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩ-

ʣʝʜʥʷʷ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʦʚʘʣʝʥʪʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʩ ʢʣʝʪʦʯʥʳʤʠ ʤʠʰʝʥʷʤʠ ʧʦ ʨʝʘʢʮʠʠ 

ʇʫʤʤʝʨʝʨʘ. ʀʤʝʥʥʦ ʪʘʢʦʡ  ʤʝʭʘʥʠʟʤ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʧʠʨʠʤʠʜʠʥʩʦʜʝʨʞʘʱʝʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʩʧʘʨʩʦʤʠʮʠʥʘ, ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʘʥʘʣʦʛʠ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʩʫʣʴʬʦʢʩʠʜʥʘʷ ʛʨʫʧʧʘ ï ʥʝʘʢʪʠʚʥʳ [261,262].  ɺ ʩʚʷʟʠ ʩ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 2,4,6-ʪʨʠʟʘʤʝʱʝʥʥʳʭ 5-(2-ʘʣʢʠʣ-
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ʩʫʣʴʬʘʥʠʣ)ʵʪʠʣʧʠʨʠʤʠʜʠʥʦʚ [263,264] ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ 4a 1-(2-ʭʣʦʨ-

ʵʪʠʣʩʫʣʴʬʘʥʠʣ)ʘʣʢʘʥʘʤʠ 17a-e ʠ ʮʠʢʣʠʟʘʮʠʝʡ ʟʘʤʝʱʝʥʥʳʭ  ʘʮʝʪʦʫʢʩʫʩʥʳʭ ʵʬʠʨʦʚ 18a-e ʩ 

ʘʮʝʪʘʤʠʜʠʥʦʤ 5, ʙʝʥʟʘʤʠʜʠʥʦʤ 19a, ʬʝʥʠʣʘʮʝʪʘʤʠʜʠʥʦʤ 19ʙ ʠ ʪʠʦʤʦʯʝʚʠʥʦʡ 20 ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ  ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 21, 22 ʧʦ ʩʭʝʤʝ 5:  

                                                                                                                                             ʉʭʝʤʘ 5 

 

 

 

       

     ʆʢʠʩʣʝʥʠʝʤ ʩʫʣʴʬʠʜʘ 21ʛ ʚ ʚʦʜʥʦ-ʜʠʦʢʩʘʥʦʚʦʤ  ʨʘʩʪʚʦʨʝ ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʩʫʣʴʬʦʢʩʠʜ 23 ʚ ʚʠʜʝ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ.  
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     ʉ ʮʝʣʴʶ ʩʠʥʪʝʟʘ 2-ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ 2-ʪʠʦʢʩʦʧʠʨʠʤʠʜʠʥ 22a  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʚʨʘ-

ʱʝʥ ʚ ʪʠʦʵʬʠʨ 24, ʩʧʣʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩ 4-ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠʚʝʣʦ ʢ ʮʝʣʝʚʦʤʫ  

2-(ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʫ 25 (ʩʭʝʤʘ 6):  

                                                                                                                                               

                                                                                                                                              ʉʭʝʤʘ 6 

 

 

 

 

 

II .1.4. N-ɸʣʢʠʣʠʨʦʚʘʥʥʳʝ ʧʠʨʠʤʠʜʠʥʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʘʟʦʪʠʩʪʳʝ ʛʝʪʝʨʦʮʠʢʣʳ 

 

     N-ɸʣʢʠʣʠʨʦʚʘʥʠʝ  ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ï ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʧʫʪʝʡ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ  ʤʦʣʝʢʫʣ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʧʦʠʩʢʫ  ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʠ ʧʨʦʷʚʣʷʝʤʦʡ  ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʫʢʘʟʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʠ ʠʟʫʯʝʥʠʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 5-ʛʘʣʦʛʝʥʧʠʨʠʤʠʜʠʥʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 5-ʬʪʦʨʫʨʘʮʠʣ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʭʠʤʠʦʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ  

5-ʙʨʦʤ ʠ 5-ʠʦʜʫʨʘʮʠʣʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ  ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʠʟʳʩʢʘʥʠʠ ʥʦʚʳʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʩʨʝʜʩʪʚ.  ʂʨʦʤʝ ʵʪʦʛʦ, ʠʤʝʶʪʩʷ ʩʦʦʙʱʝʥʠʷ ʦ ʩʧʦʩʦʙʥʦʩʪʠ N-ʙʝʥʟʠʣʟʘʤʝ-

ʱʝʥʥʳʭ 5-ʤʝʪʠʣ- ʠ 5-ʛʘʣʦʛʝʥʦʫʨʘʮʠʣʦʚ ʠʥʛʠʙʠʨʦʚʘʪʴ ʪʠʤʠʜʠʥ ʤʦʥʦʬʦʩʬʘʪʢʠʥʘʟʫ M. tuber-

culosis ʠ M. bovis [265]. ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʫʨʘʮʠʣʦʚ 26a-ʛ ʩ ʙʝʥ-

ʟʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʚ ʩʠʩʪʝʤʝ ɼʄʉʆ / ʂ2ʉʆ3 ʧʨʠ 90-100 
ʦ
ʉ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ N-ʤʦʥʦ ʠ  

N
1
,N

3
-ʙʠʩʟʘʤʝʱʝʥʥʳʝ ʫʨʘʮʠʣʳ ʠ 5-ʛʘʣʦʛʝʥʫʨʘʮʠʣʳ 27-30, ʨʘʟʜʝʣʷʝʤʳʝ ʦʙʨʘʙʦʪʢʦʡ 5% ʂʆʅ 

(ʩʭʝʤʘ 7) [266-269]. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ, ʚ ʬʝʥʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚʚʝʜʝʥʳ ʟʘʤʝʩʪʠʪʝʣʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ: ʜʚʝ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʨʘʟʣʠʯʥʳʤ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝʤ (2,4 ʠ 2,5) ʩ + I, + ʄ-

ʵʬʬʝʢʪʘʤʠ ʠ ʘʪʦʤ ʭʣʦʨʘ ʚ ʠʟʦʤʝʨʥʳʭ ʧʦʣʦʞʝʥʠʷʭ (2 ʠ 4) ʩ  
_ 
I, + ʄ-ʵʬʬʝʢʪʘʤʠ.  
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                                                                                                                                                ʉʭʝʤʘ 7   

 

 

 

     ʇʦʣʦʞʝʥʠʝ ʙʝʥʟʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʡ 

27a  ʠ 28ʚ ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ NOESY ʩʧʝʢʪʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʛʨʫʧʧʘ ʉʅ2 ʠ 

ʅ-6 ʘʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ N
1
-ʟʘʤʝʱʝʥʠʠ ʚ ʢʦʣʴʮʝ ʫʨʘʮʠʣʘ.       

     ʉʧʝʢʪʨ rNOESY ʩʦʝʜʠʥʝʥʠʡ 27a ʠ 28ʚ  ʧʨʠʚʝʜʝʥ rʥʘ ʨʠʩ. 9 ʠ 10: 

                                                         

 

ʈʠʩ. 9.  ʉʧʝʢʪʨ NOESY 1-(2,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)ʧʠʨʠʤʠʜʠʥ-2,4-(1H,3H)-ʜʠʦʥʘ (27a). 
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ʈʠʩ. 10. ʉʧʝʢʪʨ NOESY  1-(2,5-ʜʠʤʝʪʠʣʙʝʥʟʠʣ)-5-ʬʪʦʨʧʠʨʠʤʠʜʠʥ-2,4-(1H,3H)-ʜʠʦʥ (28ʚ). 

    

     ʆʪʤʝʪʠʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 5-ʬʪʦʨʫʨʘʮʠʣʘ ʩ 4-ʵʪʦʢʩʠʙʝʥʟʠʣʭʣʦʨʠʜʦʤ ʚ ʘʥʘʣʦʛʠʯʥʳʭ  

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʞʠʜʘʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʪʨʫʢʮʠʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʟʘʤʝʱʝʥʥʦʡ ʤʦʯʝʚʠʥʳ 31 ʧʦ ʩʭʝʤʝ 8:   

                                                                                                                                               ʉʭʝʤʘ 8 

 

 

      

     ʅʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʪʘʢʞʝ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʫʨʘʮʠʣʘ 26a 4-ʭʣʦʨʧʠʨʠʤʠʜʠʥʦʤ 14ʛ ʚ ʩʠʩ-

ʪʝʤʝ ʂ2ʉʆ3 / ɼʄʌɸ ʩ ʧʦʣʫʯʝʥʠʝʤ 1-[2-(4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦʙʝʥʟʠʣʩʫʣʴʬʘʥʠʣ)-6-ʤʝʪʠʣ-4-ʧʠ-

ʨʠʤʠʜʠʥʠʣ]ʫʨʘʮʠʣʘ (32) ï ʧʨʝʜʩʪʘʚʠʪʝʣʷ  ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʩʢʘʬʬʦʣʜʘ N-ʧʠʨʠʤʠʜʠʥʠʣʧʠʨʠ-

ʤʠʜʠʥʦʚ (ʩʭʝʤʘ 9).  
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                                                                                                                                               ʉʭʝʤʘ 9 

 

 
 

      ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʨʷʜʘ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢ-

ʣʦʚ 4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦʙʝʥʟʠʣʭʣʦʨʠʜʦʤ 12ʙ  ʢʦʪʦʨʳʡ ʧʨʝʞʜʝ ʨʝʜʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ  ʜʣʷ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ  ʚ ʩʠʥʪʝʟʝ  ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ N-1-(4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦ)ʙʝʥʟʠʣ-5-ʬʪʦʨʫʨʘʮʠʣʘ  ʠʣʠ  ʥʦʚʳʭ 2-S-ʟʘʤʝʱʝʥʥʳʭ  

5- ʠ 6-ʤʝʪʠʣʫʨʘʮʠʣʦʚ 15ʚ,ʛ,ʞ,16ʙ,ʛ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʯʠʪʳʚʘʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʬʘʨʤʘʢʦ-

ʬʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦʙʝʥʟʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʩ ʜʨʫʛʦʡ - ʢʨʘʡʥʝ ʤʘʣʦʝ ʯʠʩʣʦ 

ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ, ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ  ʚ ʩʠʩʪʝʤʝ ʂ2ʉʆ3 /ɼʄʌɸ ʨʷʜʘ ʛʝʪʝʨʦʮʠʢʣʦʚ 
_
 5-ʬʪʦʨ-

ʫʨʘʮʠʣʘ  26ʙ, ʠʟʘʪʠʥʘ 33, 5-ʥʠʪʨʦ-1ʅ-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣʘ 34, 1ʅ-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣʤʝ-

ʪʠʣʩʫʣʴʬʠʜʘ 35 4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦʙʝʥʟʠʣʭʣʦʨʠʜʦʤ 12ʙ,   ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʝ N-(4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦ)ʙʝʥʟʠʣʧʨʦʠʟʚʦʜʥʳʝ 36-39, ʧʦ ʩʭʝʤʝ 10 [270]:   

                                                                                                                                           ʉʭʝʤʘ 10 
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     ɸʣʢʠʣʠʨʦʚʘʥʠʝ 5-ʬʪʦʨʫʨʘʮʠʣʘ 26ʙ, ʠʟʘʪʠʥʘ 33 ʠ 2-ʤʝʪʠʣʩʫʣʴʬʠʜʘ 35 ʧʨʦʪʝʢʘʝʪ ʦʙʳʯ-

ʥʳʤ ʧʫʪʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʠʟʚʦʜʥʳʭ 36,37 ʠ 38. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʣʢʠʣʠʨʦ-

ʚʘʥʠʝ 5(6)-NO2- ʙʝʥʟʠʤʠʜʘʟʦʣʘ 34 ʦʩʣʦʞʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʠʭ ʠʟʦʤʝʨʦʚ 39 ʠ 42  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʘʪʘʢʠ ʧʦ ʪʦʤʫ ʠʣʠ ʜʨʫ-

ʛʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʣʢʠʣʠʨʦʚʘʥʠʷ  ʫʢʘʟʘʥʥʦʛʦ ʥʠʪʨʦʙʝʥʟʠʤʠ-

ʜʘʟʦʣʘ 4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦʙʝʥʟʠʣʭʣʦʨʠʜʦʤ ʧʦʣʫʯʝʥʦ ʦʜʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɽʩʣʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʨʝʘʢʮʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʠʤʠʜʘʟʦʣʘʪʘ ʢʘ-

ʣʠ,̫ ʪʦ ʨʝʰʘʶʱʠʤ ʩʪʘʥʦʚʠʪʩʷ ʬʘʢʪʦʨ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʟʦ-

ʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ N
1 
ʠ N

3
-ʘʥʠʦʥʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤ, ʪʦ ʝʩʪʴ ʙʦʣʝʝ ʥʫʢʣʝʦ-

ʬʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʘʪʦʤ  N
1
, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʤ-ʧʦʣʦʞʝʥʠʠ ʢ ʥʠʪʨʦʛʨʫʧʧʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʝʣʦʢʘʣʠʟʦʚʘʥ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ  
_
 ɽ-ʵʬʬʝʢʪʘ 

NO2- ʛʨʫʧʧʳ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ʇʨʝʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ  ʤʝʥʝʝ  ʙʣʘʛʦʧʨʠʷʪʥʳ ʠ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ ʚʢʣʘʜ ʚ 

ʨʝʟʦʥʘʥʩʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʘʥʠʦʥʘ. ʊʘʢʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʯʝʨʝʟ ʘʪʦʤ N
3
, ʢʦ-

ʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧ-ʧʦʣʦʞʝʥʠʠ ʢ NO2- ʛʨʫʧʧʝ (ʙʝʥʟʠʤʠʜʘʟʦʣʘʪ 34ɸ), ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʘʥʠʦʥ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ, ʪʦ ʝʩʪʴ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ  (ʩʭʝʤʘ 11): 
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     ʆʢʦʥʯʘʪʝʣʴʥʦ    ʧʦʢʘʟʘʥʦ,    ʯʪʦ  ʘʣʢʠʣʠʨʦʚʘʥʠʝ   5(6)-NO2- ʙʝʥʟʠʤʠʜʘʟʦʣʘ  34  4-ʤʝʪʦʢʩʠ- 

3-ʥʠʪʨʦʙʝʥʟʠʣʭʣʦʨʠʜʦʤ  32 ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʤʝʨʘ 39, ʩʪʨʦʝ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʢʘʟʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘ NOESY 2D (ʨʠʩ. 11), ʯʪʦ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʢʘʯʝʩʪʚʝʥʥʳʤ  ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʦʧʨʦʩʘ. 
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ʈʠʩ. 11. ʉʧʝʢʪʨ NOESY ʩʦʝʜʠʥʝʥʠʷ 39 (ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʧʨʦʠʟʚʦʣʴʥʘʷ). 

   

     ɺ ʩʧʝʢʪʨʝ NOESY ʩʦʝʜʠʥʝʥʠʷ 39 ʜʣʷ NʉH2-ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʶʪʩʷ  ʯʝʪʳʨʝ NOE ʧʠʢʘ ʦʪ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʦʪʦʥʦʚ: ʜʚʫʭ ʧʨʦʪʦʥʦʚ ʅ
2
,ʅ

6
 ʚ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʝ  

ʉ6ʅ3ʉʅ2, ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʦʚ ʅ
2
 ʠ ʅ

7
. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ NOE ʤʝʞʜʫ ʛʨʫʧʧʦʡ ʉʅ2 ʠ 

ʧʨʦʪʦʥʦʤ ʅ
4
 ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ N

1
-ʙʝʥʟʠʣ-6-NO2-ʠʟʦʤʝʨʘ  39.   

     ʉʦʝʜʠʥʝʥʠʷ 36 ʠ 38  ʜʘʣʝʝ ʚʚʝʜʝʥʳ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ  ʤʝʪʠʣʘʤʠʥʦʤ  ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʝʜʠʥʝʥʠʡ 40 ʠ 41. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ N,N-ʙʠʩʧʨʦʠʟʚʦʜʥʦʛʦ 5-ʬʪʦʨ-

ʫʨʘʮʠʣʘ 36  ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʝʪʠʣʘʤʠʥʘ ʚ ʘʚʪʦʢʣʘʚʝ ʚ ʪʝʯʝʥʠʝ 6 ʯ ʧʨʠ 120-130 
ʦ
ʉ ʦʙʨʘʪ-

ʥʦ ʙʳʣ ʚʳʜʝʣʝʥ ʠʩʭʦʜʥʳʡ ʧʠʨʠʤʠʜʠʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʧʦʚʳʰʝʥʠʝʤ  ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 160-

170 
ʦ
ʉ ʠʤʝʣʦ ʤʝʩʪʦ ʟʘʤʝʱʝʥʠʝ ʦʙʝʠʭ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ, ʩʦʧʨʦʚʦʞ-

ʜʘʶʱʝʝʩʷ  ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʝʡ  ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʤʤʝʪʨʠʯ-

ʥʦʡ N,N
1
-ʜʠʟʘʤʝʱʝʥʥʦʡ ʤʦʯʝʚʠʥʳ 40.  ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʠʟʚʦʜʥʦʛʦ 5-ʬʪʦʨʫʨʘʮʠʣʘ, ʙʝʥʟʠʤʠ-

ʜʘʟʦʣ 38 ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʤʝʪʠʣʘʤʠʥʘ  ʚ ʪʝʯʝʥʠʝ 6 ʯ ʧʨʠ 130-140 
ʦ
ʉ 

ʛʣʘʜʢʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 4-ʤʝʪʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʝ 41 (ʩʭʝʤʘ 10). ɿʜʝʩʴ, ʢʘʢ ʠ ʧʨʠ  ʧʦʣʫʯʝʥʠʠ 

ʙʠʩʤʝʪʠʣʘʤʠʥʦʧʨʦʠʟʚʦʜʥʦʛʦ 15ʜ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʰʝʥʠʝ ʤʝʪʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʥʘʭʦʜʷʰʝʡʩʷ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʥʠʪʨʦʛʨʫʧʧʦʡ, 

ʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʦʡ. 
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II .1.5. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʪʨʠʘʨʠʣʤʝʪʘʥʦʚ 

 

     ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʪʨʠʬʝʥʠʣʤʝʪʘʥʳ, ʷʚʣʷʶʱʠʝʩʷ ʣʝʡʢʦʦʩʥʦʚʘʥʠʷʤʠ ʦʜʥʦʠʤʝʥ-

ʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ [271-276], ʘ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ -́ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʝ [276]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʘʨʠʣʴʥʳʝ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʪʨʠʬʝʥʠʣʤʝʪʘʥʘ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʠ ʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ [277-280], ʘ ʪʘʢʞʝ ʝʜʠ-

ʥʠʯʥr ʝ ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʘʥʘʣʦʛʠ ʪʨʠʬʝʥʠʣʤʝʪʘʥʘ ʠ ʪʨʠʬʝʥʠʣʢʘʨʙʠʥʦʣʘ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦ-

ʨʳʭ ʧʨʦʷʚʠʣʠ ʩʚʦʡʩʪʚʘ ʘʥʪʠʵʩʪʨʦʛʝʥʦʚ, ʠʥʛʠʙʠʨʫʷ ʬʝʨʤʝʥʪ ʘʨʦʤʘʪʘʟʫ [281,282]. ɺ ʩʚʷʟʠ ʩ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʠʥʪʝʟ ʠ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʝʪʝʨʠʣʜʠʘʨʠʣʤʝʪʘʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚr ʩʪʫʧʘʶʪ 

ʘʟʦʪʠʩʪʳʝ ʛʝʪʝʨʦʮʠʢʣʳ.    

     ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʠʥʪʝʟʝ ʪʨʠʘʨʠʣʤʝʪʘʥʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʢʠʩʣʦʪ, ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 43a-ʝ  ʩ  

N,N-ʜʠʘʣʢʠʣʘʥʠʣʠʥʘʤʠ 44a-ʛ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʘʢ H2SO4, ʧʦʣʠʬʦʩʬʦʨ-

ʥʘʷ ʢʠʩʣʦʪʘ, HCl, ZnCl2. ʅʘʡʜʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʠ ʩʫʩʧʝʥʟʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʘʥʠʣʠʥʘʤʠ ʚ HCl, ʧʨʠʚʦʜʷʱʝʤ ʢ ʮʝʣʝʚʳʤ 

ʛʝʪʝʨʠʣʜʠʘʨʠʣʤʝʪʘʥʘʤ  45-49  ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 12) [283,284]:     
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     ʇʦʢʘʟʘʥʦ,  ʯʪʦ  ʚ  ʘʥʘʣʦʛʠʯʥʳʭ  ʫʩʣʦʚʠʷʭ  6-ʩʪʠʨʠʣ-5-ʬʦʨʤʠʣʫʨʘʮʠʣ  2a  ʥʝ  ʨʝʘʛʠʨʫʝʪ  ʩ  

N,N-ʜʠʤʝʪʠʣ- ʠ N,N-ʜʠʵʪʠʣʘʥʠʣʠʥʘʤʠ, ʘ  6-ʤʝʪʠʣ-5-ʬʦʨʤʠʣʫʨʘʮʠʣ (43ʛ-CHO) 
_
 ʩ N,N-ʜʠ-

ʙʝʥʟʠʣʘʥʠʣʠʥʦʤ,   ʯʪʦ  ʦʙʲʷʩʥʷʝʪʩʷ,  ʧʦ-ʚʠʜʠʤʦʤʫ,  ʧʣʦʭʦʡ  ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ  ʫʨʘʮʠʣʘ  2ʘ  ʠ  

N,N-ʜʠʙʝʥʟʠʣʘʥʠʣʠʥʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ.  

 

II .1.6. ʇʠʨʠʤʠʜʠʥʦʚʳʝ ʢʦʥʴʶʛʘʪʳ ʩ ʧʷʪʠʯʣʝʥʥʳʤʠ  ʛʝʪʝʨʦʮʠʢʣʘʤʠ 

 

     ʀʥʪʝʨʝʩʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʧʦʠʩʢʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʦʣʝʢʫʣ-ʛʠʙʨʠʜʦʚ, ʪʦ-ʝʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʘʨʤʘʢʦʬʦʨʳ, ʦʜʠʥ ʠʟ ʢʦ-

ʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ [285,286]. 

     ʋʧʦʤʷʥʫʪʘʷ   ʢʦʥʮʝʧʮʠʷ,   ʦʧʠʨʘʶʱʘʷʩʷ   ʥʘ  ʜʘʥʥʳʝ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ  ʜʦʢʠʨʦʚʘʥʠʶ  

in silico, ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ ʧʦʣʝʟʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʜʠʟʘʡʥʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ, ʘʥʪʠʙʘʢʪʝ-

ʨʠʘʣʴʥʳʭ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʛʠʙʨʠʜʦʚ ʧʠʨʠʤʠʜʠʥʦʚ ʩ ʨʘʟ-

ʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʙʝʥʟʦʪʠʘʟʦʣʘʤʠ, ʙʝʥʟʠʤʠʜʘʟʦʣʘʤʠ, ʭʨʦʤʦʥʦʤ, ʠʥʜʦ-

ʣʦʤ [287-289]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʟʚʦʜʥʳʝ 1,2,4-ʪʨʠʘʟʦʣʘ, 1,2,4-ʦʢʩʘʜʠʘʟʦʣʘ, ʬʫʨʘʥʘ ʪʘʢ-

ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩ-

ʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [290-292]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʢʦʥʮʝʧʮʠʠ, ʦʙʦʩʥʦʚʘʥ-

ʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʯʝʪʘʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚʳ  

ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 
_
 ʧʠʨʠʤʠʜʠʥʘ ʠ 1,2,4-ʪʨʠʘʟʦʣʘ,  

1,2,4-ʦʢʩʘʜʠʘʟʦʣʘ, ʬʫʨʘʥʘ.  ʀʩʭʦʜʷ  ʠʟ  ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʟʘʤʝʱʝʥʥʳʝ  

5-[2-(4-ʬʝʥʠʣ(ʤʝʪʘʣʣʠʣ)-5-ʩʫʣʴʬʘʥʠʣ-4ʅ-1,2,4-ʪʨʠʘʟʦʣ-3-ʠʣ)ʧʨʦʧʠʣ]-1,6-ʜʠʛʠʜʨʦ-6-ʧʠʨʠʤʠ-

ʜʠʥʦʥʳ,  ʢʦʥʴʶʛʘʪʳ  ʧʠʨʠʤʠʜʠʥʘ ʩ 1,3,4-ʦʢʩʘʜʠʘʟʦʣʦʤ ʠ ʬʫʨʘʥʦʤ, ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [293].  

     ʀʟ ʚʦʟʤʦʞʥʳʭ ʨʝʪʨʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ  ʮʝʣʝʚʳʤ ʧʠʨʠʤʠʜʠʥʠʣ-1,2,4-ʪʨʠʘʟʦʣʘʤ-  

ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʘʤ  ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘʤʝʱʝʥʥʦʡ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥʘ ʢʦʪʦʨʦʡ ʢʦʥʩʪʨʫʠʨʫʪʁʩʷ  

ʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤ r1,2,4-ʪʨʠʘʟʦʣʘ ʠ 1,2,4-ʦʢʩʘʜʠʘʟʦʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʩʠʥʪʝʟʝ ʧʠʨʠʤʠ-
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ʜʠʥʠʣ 
_
1,2,4-ʪʨʠʘʟʦʣʦʚ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘ-

ʜʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʚ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʳʭ N-1-ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʚ. ʇʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʘʟʠʜʘ ʟʘʤʝʱʝʥʥʦʡ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʨʷʜʦʤ ʠʟʦʪʠʦʮʠʘ-

ʥʘʪʦʚ.  ʋʢʘʟʘʥʥʳʝ ʩʠʥʪʝʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 13: 

                                                                                                                                             

                                                                                                                                         ʉʭʝʤʘ 13 
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     ʕʪʝʨʠʬʠʢʘʮʠʝʡ  ʟʘʤʝʱʝʥʥʦʡ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 51ʙ ʵʪʘʥʦʣʦʤ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ H2Sʆ4 ʧʦʣʫʯʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʠʣʦʚʳʡ ʵʬʠʨ 52, ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʚ ʵʪʠʣʮʝʣʣʦʟʦʣʴʚʝ ʧʝʨʝʚʝʜʝʥ ʚ ʛʠʜʨʘʟʠʜ 53. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ 

ʤʥʦʛʦʯʘʩʦʚʦʛʦ ʢʠʧʷʯʝʥʠʷ ʵʬʠʨʘ 52 ʩ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʚ ʵʪʘʥʦʣʝ ʠʩʭʦʜʥʳʡ ʵʬʠʨ ʙʳʣ ʚʳʜʝ-

ʣʝʥ ʦʙʨʘʪʥʦ. ʅʘʛʨʝʚʘʥʠʝʤ ʛʠʜʨʘʟʠʜʘ 53 ʩ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʤ ʚ ʠʟʦʙʫʪʘʥʦʣʝ ʧʦʣʫʯʝʥ ʪʠʦ-

ʩʝʤʠʢʘʨʙʘʟʠʜ 54, ʢʦʪʦʨʳʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʂʆʅ ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʮʝʣʝʚʦʡ ʪʨʠʘʟʦʣʠʣʧʠʨʠʤʠ-

ʜʠʥ 55a. ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʩ ʤʝʪʘʣʣʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʤ ʧʨʦʚʝʜʝʥʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʟʘʤʝʱʝʥʥʦʛʦ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʘ, ʢʦʪʦʨʳʡ ʩʨʘʟʫ ʮʠʢʣʠʟʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 55ʙ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʠʦʣʘ 55a ʩ ʙʝʥʟʠʣʭʣʦʨʠʜʘʤʠ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaOH ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 56a-ʚ.   

     ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʩʠʥʪʝʟʝ ʟʘʤʝʱʝʥʥʳʭ 5-(2-(5-ʢʘʨʙʦʢʩʠ)ʬʫʨʠʣʤʝʪʠʣ)ʧʠʨʠʤʠʜʠʥʦʥʦʚ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʪʨʘʪʝʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʣʢʠʣʠʨʦʚʘʥʠʠ ʤʘʣʦʥʦʚʦʛʦ ʵʬʠʨʘ 58 ʠ ʘʮʝʪʦʫʢʩʫʥʦʛʦ 

ʵʬʠʨʘ 4a ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 5-ʭʣʦʨʤʝʪʠʣʬʫʨʘʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 59 ʠ ʢʦʥʜʝʥʩʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʤʘʣʦʥʦʚʦʛʦ ʠ ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʦʚ ʩ ʙʝʥʟʘʤʠʜʠʥʦʤ 19a ʠ ʬʝʥʠʣ-

ʘʮʝʪʘʤʠʜʠʥʦʤ 19ʙ ʚ ʨʘʩʪʚʦʨʝ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʵʪʘʥʦʣʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝ-

ʥʠʡ  60,61, ʧʦ ʩʭʝʤʝ 14:   

                                                                                                                                          ʉʭʝʤʘ 14 

 

 

     

     ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 60,61, ʢʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʧʠʨʠʤʠʜʠʥʢʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ, ʦ ʢʦʪʦʨʳʭ ʨʝʯʴ ʧʦʡʜʝʪ ʥʠʞʝ, ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʦʩʪʝʡʰʠʝ ʥʝʛʣʠʢʦʟʠʜ-

ʥʳʝ ʘʥʘʣʦʛʠ ʧʠʨʠʤʠʜʠʥʦʚʳʭ C-ʥʫʢʣʝʦʟʠʜʦʚ.  
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II .1.7. ʂʘʨʙʦʢʩʠ-, ʢʘʨʙʦʢʩʠʘʣʢʠʣʧʠʨʠʤʠʜʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ 
_
 ʘʥʘʣʦʛʠ 

ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʫʢʣʝʦʟʠʜʦʚ. ʅʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʧʠʨʠʤʠʜʠʥʳ 

  

     ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʩʥʦʚʘʥʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʠ ʠʭ ʥʫʢʣʝʦʟʠʜʳ ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ ʘʥʪʠʤʝʪʘʙʦʣʠʪʦʚ ʥʫʢʣʝʠʥʦʚʦʛʦ ʦʙʤʝʥʘ ʠ ʦʢʘʟʳʚʘʶʪ 

ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ ʦʧʫʭʦʣʝʡ, ʧʨʦʩʪʝʡʰʠʭ, ʙʘʢʪʝʨʠʡ, ʛʨʠʙʢʦʚ, ʘ ʘʮʠʢʣʠʯʝʩʢʠʝ 

ʥʫʢʣʝʦʟʠʜʳ ʠ ʠʭ ʘʥʘʣʦʛʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ  ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʝʧʘ-

ʨʘʪʦʚ ʩ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ ʜʝʡʩʪʚʠʝʤ [294,295]. ʇʦʩʣʝʜʥʠʝ  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʘʥʪʠʤʝʪʘ-

ʙʦʣʠʪʳ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʩʪʘʪʢʠ ʧʨʠʨʦʜʥʳʭ ʬʫʨʘʥʦʟ ʟʘʤʝʱʝʥʳ ʛʠʜʨʦʢʩʠʘʣ-

ʢʠʣʴʥʳʤʠ, ʛʠʜʨʦʢʩʠʵʪʦʢʩʠʤʝʪʠʣʴʥʳʤʠ  ʠ ʬʦʩʬʦʥʦʤʝʪʦʢʩʠʛʨʫʧʧʘʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʪʘʢʠʭ 

ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʢʘʢ ʘʮʠʢʣʦʚʠʨ, ʛʘʥʮʠʢʣʦʚʠʨ, ʧʝʥʮʠʢʣʦʚʠʨ, ʮʠʜʦʬʦʚʠʨ ʠ ʜʨ., 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʦʙʱʝʡ ʬʦʨʤʫʣʳ 62.  

 

 

     

     ʆʯʝʚʠʜʥʦ, ʯʪʦ  ʘʣʢʠʣʴʥʳʝ ʠ ʵʬʠʨʥʳʝ ʛʨʫʧʧʳ ʚ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʫʢʣʝʦʟʠʜʘʭ ʵʬʬʝʢʪʠʚʥʦ 

ʠʤʠʪʠʨʫʶʪ ʦʩʪʘʪʦʢ ʨʠʙʦʬʫʨʘʥʦʟ ʠ ʦʢʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʡ ʵʬʬʝʢʪ ʧʫʪʝʤ ʙʣʦʢʠʨʦʚʢʠ 

ʨʝʧʣʠʢʘʮʠʠ  ʚʠʨʫʩʦʚ,  ʚ ʩʚʷʟʠ  ʩ  ʯʝʤ  ʚʳʩʢʘʟʘʥʳ  ʧʨʝʜʧʦʣʦʞʝʥʠʷ   ʦ ʩʚʷʟʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʡ 

 ʘʢʪʠʚʥʦʩʪʠ ʥʘʟʚʘʥʥʳʭ ʥʫʢʣʝʦʟʠʜʦʚ ʩ ʤʝʞʘʪʦʤʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʚ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʠʭ ʘʥʘʣʦʛʦʚ ʠ ʘʪʦʤʘʤʠ N
1
ʠ N

9
 ʧʠʨʠʤʠʜʠʥʦʚ ʠ ʧʫʨʠʥʦʚ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

     ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʢʘʨʙʦʥʦʚʳʝ- ʠ ʘʣʢʘʥʢʘʨʙʦʥʦʚr ʝ  

ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʦʚʳʡ ʪʠʧ ʘʮʠʢʣʠʯʝʩʢʠʭ ʉ-ʥʫʢʣʝʦʟʠʜʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʚʤʝʩʪʦ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʠʤʝʶʪʩʷ  ʢʘʨʙʦʥʠʣʴʥʳʝ 

ʛʨʫʧʧʳ (ʬʦʨʤʫʣʳ 63a ʠ 63ʙ).    

     ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʩʠʥʪʝʟʳ ʨʘʟʣʠʯʥʳʭ ʧʠʨʠʤʠʜʠʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜ- 
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ʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʠʥʪʦʥʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ  ʬʫʥʢʮʠʦ- 

ʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ [296], ʥʝʦʙʭʦʜʠʤʳʭ  ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʥʪʝʟʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʠ  

ʠʭ  ʘʥʘʣʦʛʦʚ, ʥʘʧʨʠʤʝʨ  ʩʧʘʨʩʦʤʠʮʠʥʘ   [297-300]. ʈʘʥʝʝ ʥʘʤʠ  ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  ʘʤʠʜʳ  

6-ʤʝʪʠʣʫʨʘʮʠʣ-5-ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ N-ʥʫʢʣʝʦʟʠʜʳ 
_
 ʘʥʘʣʦʛʠ ʘʥʪʠʙʠʦʪʠʢʘ ʩʧʘʨʩʦʤʠ-

ʮʠʥʘ  ʠ ʘʤʠʜʳ 5-ʛʘʣʦʛʝʥʫʨʘʮʠʣ-1-ɓ-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ  ʠʟʫʯʝʥʳ ʠʭ ʘʥʪʠʙʘʢʪʝʨʠ-

ʘʣʴʥʳʝ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʩʚʦʡʩʪʚʘ [301-303]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʧʠʨʠʤʠʜʠʥʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʤʠʜʠʥʢʘʨʙʦʥʦʚʦʡ, ʫʢʩʫʩʥʦʡ ʠ,  

ʨʝʞʝ, ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʧʠʨʠʤʠʜʠʥʘʭ ʩ  ʢʘʨ-

ʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʫ ʚʪʦʨʠʯʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʟʤʦʞʥʳʭ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʫʢʣʝʦʟʠʜʦʚ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  ʟʘʤʝʱʝʥʥʳʝ  ʧʠʨʠʤʠʜʠ-

ʥʠʣ-5-ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʦ ʩʭʝʤʘʤ 15-17 [304-306].  

                                                                                                                                           ʉʭʝʤʘ 15 
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     ɸʣʢʠʣʠʨʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ  2-ʪʠʦʢʩʦ-5-ʧʠʨʠʤʠʜʠʥʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ 64a,ʙ ʙʨʦʤʠʩ-

ʪʳʤ ʧʨʦʧʠʣʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ  ʧʦʣʫʯʝʥʳ 2-ʧʨʦʧʠʣʩʫʣʴʬʘʥʠʣʧʨʦʠʟʚʦʜʥʳʝ 65a,ʙ, ʢʦʪʦʨʳʝ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩ 5-ʤʝʪʠʣ-2-ʧʠʨʠʜʠʥʘʤʠʥʦʤ 66 ʦʙʨʘʟʫʶʪ ʧʠʨʠʜʠʣ-2-ʧʨʦʧʘʥʘʤʠʜʳ 67a,ʙ, ʘ ʩ 

ʧ-ʪʦʣʫʠʜʠʥʦʤ (68) 
_
 2-(4-ʪʦʣʫʠʜʠʥʦ)ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʫʶ ʢʠʩʣʦʪʫ 69.  

     ʆʧʠʩʳʚʘʝʤʘʷ ʨʝʘʢʮʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʚ ʠʜʝʥʪʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  ʘʤʠʥʳ 66 ʠ 68 ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ.  

     ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʠʩʣʦʪʘʭ 65a,ʙ ʠʤʝʶʪʩʷ ʪʨʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ  ʮʝʥʪʨʘ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ 

ʠʤʝʪʴ ʤʝʩʪʦ ʘʪʘʢʘ ʘʤʠʥʦʛʨʫʧʧʳ: ʧʦ ʧʦʣʦʞʝʥʠʷʤ 2 ʠ 4 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʢʘʨʙʦʢʩʠʣʴ-

ʥʦʡ ʛʨʫʧʧʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪ 65a,ʙ ʩ 5-ʤʝʪʠʣ-2-ʧʠʨʠʜʠʥʘʤʠʥʦʤ 66 ʧʨʦʪʝʢʘʝʪ ʭʝʤʦʩʝ-

ʣʝʢʪʠʚʥʦ ʧʦ ʢʘʨʙʦʢʩʠʣʴʥʦʡ  ʛʨʫʧʧʝ, ʧʨʠʚʦʜʷ  ʢ  ʦʙʨʘʟʦʚʘʥʠʶ ʘʤʠʜʦʚ 67a,ʙ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ  

ʧ-ʪʦʣʫʠʜʠʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʜʫʢʪ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʨʦʧʠʣʩʫʣʴʬʘʥʠʣʴʥʦʡ ʛʨʫʧ-

ʧ  r
_ 
ʩʦʝʜʠʥʝʥʠʝ 69. 

 

     ɸʤʠʜʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʦʚʳʭ  ʢʠʩʣʦʪ 65a,ʙ 5-ʤʝʪʠʣ-2-ʧʠʨʠʜʠʥʘʤʠʥʦʤ  66 ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʘʤ ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ  ʚʥʫʪʨʝʥʥʠʝ ʩʦʣʠ ʩ  70a,ʙ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʧʦʣʫ-

ʯʘʶʪʩʷ  ʩʦʝʜʠʥʝʥʠʷ 67a,ʙ ʧʦ ʩʭʝʤʝ 16.  

                                                                                                                                         ʉʭʝʤʘ 16 

 

 

     ɺ ʩʣʫʯʘʝ ʞʝ ʧ-ʪʦʣʫʠʜʠʥʘ  ʨʝʘʣʠʟʫʝʪʩʷ ʜʨʫʛʦʝ  ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ,  ʦ ʢʦʪʦʨʦʤ ʫʧʦʤʠ-

ʥʘʣʦʩʴ ʚʳʰʝ.  ʍʣʦʨʠʨʦʚʘʥʠʝʤ  ʢʠʩʣʦʪ  51a,ʙ  ʩ ʧʦʤʦʱʴʶ  POCl3 ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  

4-ʭʣʦʨʧʠʨʠʤʠʜʠʥ-5-ʧʨʦʧʘʥʦʚʳʝ ʢʠʩʣʦʪʳ 71a,ʙ [307], ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʠʟʙʳʪʢʦʤ ʚʪʦʨ-ʙʫʪʠʣʘʤʠʥʘ ʦʙʨʘʟʫʝʪ ʟʘʤʝʱʝʥʥʫʶ 4-ʚʪʦʨ-ʙʫʪʠʣʘʤʠʥʦʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦ-

ʧʘʥʦʚʫ  ʁʢʠʩʣʦʪʫ 72. 

     ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʧʠʣʩʫʣʴʬʘʥʠʣʧʨʦʠʟʚʦʜʥʦʝ ʢʠʩʣʦʪʳ 65a  ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʚʫʭ-

ʢʨʘʪʥʳʤ ʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 4-ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʙʝʟ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷ ʥʝʦʞʠʜʘʥʥʦ ʦʙʨʘʟʫʝʪ ʜʠʟʘʤʝʱʝʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 
_
 2-(4-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʘʥʠʣʠʥʦ)ʢʘʨ-

ʙʦʢʩʘʤʠʜ 73, ʧʦ ʩʭʝʤʝ 17:  
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                                                                                                                                             ʉʭʝʤʘ 17 

 

 

 

 

     ʆʜʥʘ ʤʦʣʝʢʫʣʘ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 4-ʘʤʠʥʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʩ ʠʩʭʦʜʥʦʡ ʢʠʩʣʦʪʦʡ 65a ʧʫʪʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʧʦ ʧʦʣʦʞʝʥʠʶ 2 ʢʦʣʴʮʘ ʠ ʟʘʤʝʱʝʥʠʝʤ  

ʧʨʦʧʠʣʩʫʣʴʬʘʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ ʚʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʨʝʘʛʝʥʪʘ 
_
 ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 5-ʧʠ-

ʨʠʤʠʜʠʥʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʣʝʛʢʦʩʪʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʳ 65a ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ   

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʣʘʢʪʦʥʘ [68,69], ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʘʪʘ-ʢʫʝʪʩʷ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ ʘʤʠʥʘ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 68, ʧʦ ʩʭʝʤʝ 18: 

                                                                   

                                                                                                                                          ʉʭʝʤʘ 18 

 

 

 
 

      

     ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʥʳʭ 
_
 1,3-ʜʠʢʘʨʙʦʥʠʣʴ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 74  ʠ ʨʝʘʛʝʥʪʦʚ 75 ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʧʦʣʫʯʝʥʳ ʟʘʤʝʱʝʥʥʳʝ 

ʧʠʨʠʤʠʜʠʥʠʣ-5-ʢʘʨʙʦʥʦʚʳʝ, ʫʢʩʫʩʥʳʝ ʢʠʩʣʦʪʳ, 2-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥʠʣ-5-ʙʫʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 76a-ʜ, 77a-ʤ (ʩʤ. ʵʢʩʧ. ʯʘʩʪʴ), ʘ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ 2-

ʪʠʦʢʩʦʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ  64ʙ 
_ 

S-ʘʣʢʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 78a-ʛ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʭʝʤʝ 19:                                                                                                                                                                                                                                

                                                                                                                                          



 
 

89 
 

                                                                                                                                           ʉʭʝʤʘ 19 

 

 

 
 

 

       ʇʦʢʘʟʘʥʦ,  ʯʪʦ 2-ʬʝʥʠʣ-4-ʭʣʦʨ-5-ʧʠʨʠʤʠʜʠʥʢʘʨʙʦʥʦʚʘʷ  ʢʠʩʣʦʪʘ  76ʙ  ʧʨʠ  ʢʠʧʷʯʝʥʠʠ  ʩ  

ʧ-ʪʦʣʫʠʜʠʥʦʤ 68 ʚ ʜʠʦʢʩʘʥʝ ʣʝʛʢʦ ʦʙʨʘʟʫʝʪ 4-ʤʝʪʠʣʬʝʥʠʣʘʤʠʜ 2-ʬʝʥʠʣ-4-ʧ-ʪʦʣʫʠʜʠʥʦʧʠʨʠ-

ʤʠʜʠʥ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 76ʚ. ʅʘʛʨʝʚʘʥʠʝʤ 6-ʤʝʪʠʣ-5-ʛʠʜʨʦʢʩʠʤʝʪʠʣʫʨʘʮʠʣʘ ʩ 2-ʧʨʦ-

ʧʠʣʩʫʣʴʬʘʥʠʣ-1-ʵʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ HCl ʧʦʣʫʯʝʥʦ 2-ʧʨʦ-

ʧʠʣʩʫʣʴʬʘʥʠʣʵʪʦʢʩʠʤʝʪʠʣʧʨʦʠʟʚʦʜʥʦʝ 6-ʤʝʪʠʣʫʨʘʮʠʣʘ 76ʜ.  

       ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʟʘʤʝʱʝʥʥʘʷ 5-ʧʠʨʠʤʠʜʠʥʠʣʫʢʩʫʩʥʘʷ  ʢʠʩʣʦʪʘ 77ʙ ʠ ʝʝ  ʙʫʪʠʣʦʚʳʡ 

ʵʬʠʨ 77ʚ, 2-ʧʨʦʧʠʣʩʫʣʴʬʘʥʠʣ-5-ʧʠʨʠʤʠʜʠʥʠʣʫʢʩʫʩʥʘʷ  ʢʠʩʣʦʪʘ 77ʜ, ʢʦʪʦʨʘʷ ʥʘʛʨʝʚʘʥʠʝʤ ʩ  

2-ʘʤʠʥʦʵʪʘʥʦʣʦʤ ʧʝʨʝʚʝʜʝʥʘ ʚ   2-(2-ʛʠʜʨʦʢʩʠʵʪʠʣʘʤʠʥʦ)-5-ʧʠʨʠʤʠʜʠʥʠʣʫʢʩʫʩʥʫ  ʁ ʢʠʩʣʦʪʫ  
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77ʝ. ʎʠʢʣʠʟʘʮʠʝʡ ʪʨʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1,1,4-ʙʫʪʘʥʪʨʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʙʝʥʟʘʤʠʜʠʥʦʤ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʵʪʠʣʦʚʳʡ ʵʬʠʨ 4-(5-ʧʠʨʠʤʠʜʠʥʠʣ)ʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 77ʣ, ʢʦʪʦʨʳʡ ʱʝʣʦʯʥʳʤ 

ʛʠʜʨʦʣʠʟʦʤ ʧʝʨʝʚʝʜʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʢʠʩʣʦʪʫ 77ʤ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʤ 

ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʦʚ.  ɺ ʟʘʢʣʶʯʝʥʠʝ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʧʨʠʚʝʜʝʤ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʫʣʳ ʥʝʩʢʦʣʴʢʠʭ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚʳʭ ʩʢʘʬʬʦʣʜʦʚ 79a-ʜ, 80, 

82, 83, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʣʠʙʦ ʢʨʘʡʥʝ ʤʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʣʠʙʦ ʩʦʚʝʨʰʝʥʥʦ 

ʦʪʩʫʪʩʪʚʫʶʪ.  

 

 

 

 

 

     1,3-ɹʠʩʧʠʨʠʤʠʜʠʥ 80 ʧʦʣʫʯʝʥ ʢʦʥʜʝʥʩʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʠʜʠʥʘ ʩ 2,4-ʜʠʤʝʪʠʣ-

ʙʝʥʟʠʣʘʮʝʪʦʫʢʩʫʩʥʳʤ ʵʬʠʨʦʤ. ʀʩʭʦʜʥʳʡ ʥʠʪʨʠʣ 81a  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʚʨʘʱʝʥ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʤʠʥʦʵʬʠʨ ʠ ʘʤʠʜʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʚʚʝʜʝʥ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩ ʟʘʤʝʱʝʥʥʳʤʠ  ʘʮʝʪʦʫʢʩʫʩʥʳʤʠ ʵʬʠʨʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʧʠʨʠʤʠʜʠʥʦʚ 82, 83. 

     ɺ  ʭʦʜʝ  ʨʝʘʢʮʠʠ  ʚ  ʥʝʩʢʦʣʴʢʠʭ  ʩʣʫʯʘʷʭ ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ  

ʧʨʦʜʫʢʪʘ ʛʠʜʨʦʣʠʟʘ ʥʠʪʨʠʣʘ 81a 
_
 ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ  ʢʠʩʣʦʪʘ 81ʙ 

_
 (ʩʤ. ʵʢʩʧ. ʯʘʩʪʴ).  
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II .1.8. N-ɸʣʢʠʣʠʨʦʚʘʥʥʳʝ 2,3,5-ʪʨʠ-ʆ-ʘʮʠʣ-ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʠʣ ʠ 2,3,4,6-ʪʝʪʨʘ-ʆ-

ʘʮʝʪʠʣ-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʣ-6-ʘʟʘʫʨʘʮʠʣʳ 

 

     6-ɸʟʘʫʨʘʮʠʣ, ʝʛʦ ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʠʜ ʠ ʪʨʠʘʮʝʪʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 
_
 ʘʢʪʠʚʥʳʝ ʧʨʦʪʠʚʦ-

ʦʧʫʭʦʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝ  ʪʘʢʞʝ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ, ʠʤʤʫʥʦʜʝʧʨʝʩʩʠʚʥʳʝ  

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ  ʩʧʦʩʦʙʥʦʩʪʴ  ʠʥʛʠʙʠʨʦʚʘʪʴ ʙʠʦʩʠʥʪʝʟ ʈʅʂ ʠ ʤʦʜʫʣʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ 

ʠʟʚʝʩʪʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ  [308,309]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʦ-

ʠʟʚʦʜʥʳʝ 6-ʘʟʘʫʨʘʮʠʣʘ, ʠʭ ʥʫʢʣʝʦʟʠʜʳ ʠ ʘʥʘʣʦʛʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʥʫʢʣʝʦʟʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩ-

ʧʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʭ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ, ʘʥʪʠʬʝʨʤʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [310,311]. 

ʍʦʪʷ  6-ʘʟʘʫʨʘʮʠʣ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ 1,2,4-ʪʨʠʘʟʠʥʦʚ, ʚ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩ-

ʢʦʡ ʭʠʤʠʠ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʢ 6-ʘʟʘʘʥʘʣʦʛ ʫʨʘʮʠʣʘ, ʧʨʦʷʚʣʷʶʱʠʡ ʩʚʦʡʩʪʚʘ 

ʘʥʪʠʤʝʪʘʙʦʣʠʪʘ  ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʦʙʤʝʥʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʠʥʪʝʟ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 6-ʘʟʘʫʨʘ-

ʮʠʣʘ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʧʨʦʜʦʣʞʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʥʫʢʣʝʦʟʠʜʦʚ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ, ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝʤ 3,5ʜʠ-

(ʪʨʠʤʝʪʠʣʩʠʣʠʣʦʢʩʠ)-1,2,4-ʪʨʠʘʟʠʥʘ 84 ʧʝʨʘʮʠʣʠʨʦʚʘʥʥʳʤʠ ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʦʡ 85, 86 ʠ 

2,3,4,6-ʪʝʪʨʘ-ʆ-ʘʮʝʪʠʣ-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʦʡ 87 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝʠʩʭʦʜʥʳʝ: 

N
2
-ʪʨʠ-ʆ-ʘʮʠʣ-ɓ-D- ʨʠʙʦʬʫʨʘʥʦʟʠʜʳ- ʠ N

2
-ʪʝʪʨʘ-ʆ-ʘʮʝʪʠʣ-ɓ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʠʜ-2,3,4,5-ʪʝʪ-

ʨʘʛʠʜʨʦ-1,2,4-ʪʨʠʘʟʠʥ-3,5-ʜʠʦʥʘ 88-90 [312].    

     ɸʣʢʠʣʠʨʦʚʘʥʠʝʤ ʥʫʢʣʝʦʟʠʜʦʚ 88-90  ʘʣʢʠʣʛʘʣʦʛʝʥʠʜʘʤʠ ʚ ʩʠʩʪʝʤʝ ʂ2ʉʆ3 / ɼʄʌɸ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʳ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ N
4
-ʘʣʢʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 91a-ʛ, 92a-ʚ. [313].  ʆʪʤʝ-

ʪʠʤ, ʯʪʦ ʚ ʮʠʪʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʝ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʠʥʪʝʟ ʥʫʢʣʝʦʟʠʜʦʚ 6-ʘʟʘʫʨʘʮʠʣʘ,  ʦʪʩʫʪʩʪ-

ʚʫʶʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʪʨʦʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʝʨʘʮʠʣʠʨʦʚʘʥʥʳʭ ʛʣʠʢʦʟʠʜʦʚ ʢʘʢ N
2
-ʨʝ-

ʛʠʦʠʟʦʤʝʨʦʚ, a ʧʨʠʧʠʩʳʚʘʝʤʦʝ ʠʤ ʩʪʨʦʝʥʠʝ ʦʙʦʩʥʦʚʘʥʦ ʣʠʰʴ ʭʠʤʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ ʠ ʩʨʘʚʥʝ-

ʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ  ʧʦʣʫʯʝʥʥʦʛʦ ʪʨʠʘʮʝʪʘʪʘ  ʩ ʠʟʚʝʩʪʥʳʤ  N
2
-ʪʨʠ-ʆ-ʘʮʝʪʠʣ-ɓ-D- 

ʨʠʙʦʬʫʨʘʥʦʟʠʣ-2,3,4,5-ʪʝʪʨʘʛʠʜʨʦ-1,2,4-ʪʨʠʘʟʠʥ-3,5-ʜʠʦʥʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ,  ʠʟ ʘʮʠʢʣʠʯʝʩʢʠʭ ʠʩʭʦʜʥʳʭ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʩʪʘʪʦʢ ʨʠʙʦʬʫʨʘʥʦʟʳ ʥʘʭʦʜʠʪʩʷ 

ʟʘʚʝʜʦʤʦ ʚ ʧʦʣʦʞʝʥʠʠ N
2
-ʪʨʠʘʟʠʥʘ.  ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ N

4
-ʙʝʥʟʠʣʧʨʦʠʟ-

ʚʦʜʥʦʛʦ 91ʚ (ʨʠʩ. 12) ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʝ 3,5-ʜʠ-(ʪʨʠ-

ʤʝʪʠʣʩʠʣʠʣʦʢʩʠ)-1,2,4-ʪʨʠʘʟʠʥʘ 84  2,3,5-ʪʨʠ-ʆ-ʘʮʝʪʠʣ-ɓ-D-ʨʠʙʦʬʫʨʘʥʦʟʦʡ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢ-

ʮʠʠ  ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  SnCl4 ʧʨʠʚʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ N
2
-ʨʝʛʠʦʠʟʦ-

ʤʝʨʫ  88 ʩ ɓ-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʫʛʣʝʚʦʜʥʦʛʦ ʮʝʥʪʨʘ. ʆʙʩʫʞʜʘʝʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʚʝʜʝʥʳ 

ʥʠʞʝ ʥʘ ʩʭʝʤʝ 20:   
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  ʈʠʩ. 12. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ rN
4
-ʙʝʥʟʠʣ-N

2
-ʪʨʠ-ʆ-ʘʮʝʪʠʣ-ɓ-D- ʨʠʙʦʬʫʨʘʥʦʟʠʣ- 

2,3,4,5-ʪʝʪʨʘʛʠʜʨʦ-1,2,4-ʪʨʠʘʟʠʥ-3,5-ʜʠʦʥʘ (91ʚ). 
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     ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʝʦʟʠʜʘ 91ʚ ʧʦʢʘʟʘʣ, ʯʪʦ  ʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥ-

ʪʳ ʤʦʣʝʢʫʣʳ 
_
 ʬʝʥʠʣʴʥɆɥ ɉɖəɕɕɆ  ʠ ʮʠʢʣ  ʪʨʠʘʟʠʥʜʠʦʥʘ  ʠʤʝʶʪ ʧʦʯʪʠ ʧʣʦʩʢʫʶ ʢʦʥʬʦʨʤʘ-

ʮʠʶ ʠ ʦʪʢʣʦʥʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʫʩʨʝʜʥʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 0.0082(1)¡ ʠ 

0.0138(2)¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʪʦʢ  D-ʨʠʙʦʬʫʨʘʥʦʟʳ ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ ʢʦʥʚʝʨʪʘ, ʘʪʦʤʳ 

C16, C17, C19 ʠ O20 ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 0.0199(1)¡), ʘ ʘʪʦʤ C18 

ʦʪʢʣʦʥʝʥ  ʦʪ ʧʣʦʩʢʦʩʪʠ ʢʦʥʚʝʨʪʘ ʥʘ 0.5157(1)¡. ɼʠʵʜʨʘʣʴʥʳʝ ʫʛʣʳ ʤʝʞʜʫ ʮʠʢʣʠʯʝʩʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʩʪʘʚʣʷʶʪ: ʤʝʞʜʫ ʨʠʙʦʟʦʡ ʠ ʪʨʠʘʟʠʥʜʠʦʥʦʤ 83.128(2)
ʦ
 ʠ ʤʝʞʜʫ ʨʠʙʦʟʦʡ ʠ 

ʬʝʥʠʣʦʤ 
_
 69.323(2)

ʦ
. 

 

 

II .2. 5,6,7,8-ʊʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ, ʙʝʥʟʦʪʠʘʟʦʣʦ[2,3d]ʧʠʨʠʤʠʜʠʥʳ 

    

II .2.1.  5,6,7,8-ʊʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ 

 

       ʈʝʪʨʦʩʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ ʚʳʷʚʣʷʝʪ 

ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ  ʧʦʜʭʦʜʘ A ʠ B (ʩʭʝʤʘ 21) ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ, ʠʩʭʦ-

ʜʷʱʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟ ʟʘʤʝʱʝʥʥʳʭ 3-(5-ʧʠʨʠʤʠʜʠʥʠʣ)ʧʨʦʧʘʥʘʤʠʜʦʚ  ʠʣʠ ʟʘʤʝʱʝʥ-

ʥʳʭ 3-(4-ʘʤʠʥʦ-5-ʧʠʨʠʤʠʜʠʥʠʣ)ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʧʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ
 _

 ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʬʫʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 5-ʧʠʨʠʤʠʜʠʥʠʣʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ.    
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       ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʥʳʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʙʨʘʥʳ ʜʦʩʪʫʧʥʳʝ ʟʘʤʝ-

ʱʝʥʥʳʝ 3-(4-ʤʝʪʠʣ-6-ʦʢʩʦ-2-ʬʝʥʠʣ-1,6-ʜʠʛʠʜʨʦ-5-ʧʠʨʠʤʠʜʠʥʠʣ)ʧʨʦʧʘʥʦʚʳʝ ʢʠʩʣʦʪʳ.  
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     ɺ ʦʩʥʦʚʝ  ʩʠʥʪʝʟʘ ʧʦ ʧʫʪʠ A ʣʝʞʠʪ ʮʠʢʣʠʟʘʮʠʷ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠ-

ʜʠʥʘ   ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ  ʧʦʣʫʯʝʥʥʳʭ  ʧʝʨʚʠʯʥʳʭ  ʘʤʠʜʦʚ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  ʧʠʨʠʤʠʜʠʥʠʣ- 

5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʘʤʠʜʠʨʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ 

ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ, ʦʧʠʩʘʥʥʦʝ  ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ, ʚʳʷʚʠʣʦ ʩʫʱʝʩʪ-

ʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ  ʤʝʪʦʜʦʚ ʚ ʫʢʘʟʘʥʥʦʡ ʨʝʘʢʮʠʠ, ʯʪʦ, ʚ ʠʪʦʛʝ, 

ʧʨʠʚʦʜʠʣʦ ʢ ʥʠʟʢʠʤ ʚʳʭʦʜʘʤ ʮʝʣʝʚʳʭ ʘʤʠʜʦʚ [68]. ʉ ʘʥʘʣʦʛʠʯʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʩʪʦʣʢ-

ʥʫʣʩʷ ʠ ʘʚʪʦʨ  ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʠʥʪʝʟʫ ʘʤʠʜʦʚ ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʠʣ-

5-ʘʢʨʠʣʦʚʳʭ ʢʠʩʣʦʪ [263]. ʇʦʵʪʦʤʫ  ʫʩʠʣʠʷ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʨʝʪʨʦʩʠʥʪʝ-

ʪʠʯʝʩʢʦʛʦ  ʧʦʜʭʦʜʘ B ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʱʝʡ ʜʦʩʪʫʧʥʦʩʪʴʶ 4-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʦʚ, 

ʧʦ ʩʭʝʤʝ 22: 
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       ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ  4-ʭʣʦʨʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ 71a,ʙ ʩ ʜʚʫʭʢʨʘʪʥʳʤ ʤʦʣʴ-

ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʥʠʣʠʥʦʚ ʚ ʜʠʦʢʩʘʥʝ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ  4-ʘʥʠʣʠʥʦʧʠ-

ʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʝ ʢʠʩʣʦʪʳ 93a-ʢ, ʘ ʩʦ ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ 
_
 4-ʘʤʠʥʦʧʨʦ-

ʠʟʚʦʜʥʦʝ 93ʣ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʩʣʝʜʥʝʡ ʨʝʘʢʮʠʠ ʚ ɼʄʌɸ, ʥʘʨʷʜʫ ʩ ʮʝʣʝʚʳʤʠ ʘʤʠʥʘʤʠ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʙʨʘʟʫʶʪʩʷ ʟʘʤʝʪʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʠʯʝʩʢʠʭ ʣʘʢʪʘʤʦʚ.   

       ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ  ʥʝʢʦʪʦʨʳʭ 4-ʘʥʠʣʠʥʦʧʨʦʠʟʚʦʜʥʳʭ 93 ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʥʘʛʨʝʚʘʥʠʝʤ ʧʦʩʣʝʜʥʠʭ ʚ ʩʨʝʜʝ ʇʌʂ ʧʨʠ 160-170 
ʦ
ʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠ-

ʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚ 94a-ʝ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʤ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʧʦʣʫʯʝʥʳ ʚ 
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ʚʠʜʝ ʨʘʮʝʤʘʪʦʚ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʠʩʣʦʪʳ 51a. 

ʊʘʢ, ʩʧʣʘʚʣʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʢʠʩʣʦʪʳ ʩ ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʚ ʇʌʂ ʧʦʣʫʯʝʥ ʝʝ ʘʤʠʜ  95, 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʩ 5,6-ʜʠʘʤʠʥʦ-1,3-ʜʠʤʝʪʠʣ-1,2,3,4-ʪʝʪʨʘʛʠʜʨʦ-2,4-ʧʠʨʠʤʠʜʠʥʜʠʦʥʦʤ ʚ ʇʌʂ 

ʚʳʜʝʣʝʥ ʧʫʨʠʥ 
_
 ʧʠʨʠʤʠʜʠʥʦʚʳʡ ʢʦʥʴʶʛʘʪ 96, ʘ ʥʠʪʨʦʚʘʥʠʝ  ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ  

KNO3  ʚ H2SO4 ʧʨʠʚʦʜʠʪ ʢ ʤ-ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʦʤʫ 97, ʧʦ ʩʭʝʤʝ 23:                                                                                                                                   

                                                                                                                                              ʉʭʝʤʘ 23 

 

 

     ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʩʣʝʜʥʝʡ ʨʝʘʢʮʠʠ ʤ-ʠʟʦʤʝʨʘ 97 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ -́ʜʝʬʠʮʠʪʥʳʡ 

ʧʠʨʠʤʠʜʠʥʦʚʳʡ  ʮʠʢʣ  ʚʳʩʪʫʧʘʝʪ  ʧʦ  ʦʪʥʦʰʝʥʠʶ  ʢ 2-ʬʝʥʠʣʴʥʦʤʫ  ʟʘʤʝʩʪʠʪʝʣʶ ʚ ʢʘʯʝʩʪʚʝ  

ʤ-ʦʨʠʝʥʪʘʥʪʘ, ʪʦ ʝʩʪʴ ʦʙʝ ʮʠʢʣʘ ʢʦʧʣʘʥʘʨʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʣʠʷʥʠʝ 

(ʩʦʧʨʷʞʝʥʠʝ) -́ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ [314].  

     ɼʘʣʝʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ  ʩʠʥʪʝʟʘ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠ-

ʜʠʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ 

51a,ʙ  ʩ   ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ  ʤʦʥʦʘʤʠʥʘʤʠ,  ʚ  ʯʘʩʪʥʦʩʪʠ  2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ, ʧ-ʪʦʣʫʠʜʠʥʦʤ ʠ  

2-ʘʤʠʥʦʬʝʥʦʣʦʤ ʚ ʇʌʂ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ [315]. ʂʦʥʜʝʥʩʘʮʠʷ ʫʢʘ-

ʟʘʥʥʳʭ ʢʠʩʣʦʪ ʩ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ (ʩʭʝʤʘ 24) ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʦʚ 

98a,ʙ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʝʥʠʶ ʘʤʠʜʦʚ 67ʘ,ʙ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʡ 

ʦʩʥʦʚʥʦʩʪʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ  (ʨʂʘ 6.86) ʠ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʥʝʩʧʘʨʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ 

ʘʤʠʜʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʤʝʞʜʫ ʥʠʤ ʠ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʢʦʣʴʮʘ ʧʠʨʠʜʠʥʘ, 

ʦʩʣʘʙʣʷʶʱʠʤ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʘʤʠʜʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ. ʅʫʢʣʝʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʩʣʝʜʥʝʛʦ ʚ 2-ʧʠʨʠʜʠʣʘʤʠʜʘʭ 98a,ʙ ʝʱʝ ʙʦʣʝʝ ʧʦʜʘʚʣʷʶʪʩʷ ʚ ʇʌʂ ʚʚʠʜʫ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʢʦʣʴʮʝʚʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʧʠʨʠʜʠʥʘ.                               
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      ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʞʝ ʢʠʩʣʦʪ ʩ ʧ-ʪʦʣʫʠʜʠʥʦʤ (ʨʂʘ 8.83) ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦ-

ʪʝʢʘʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ 2-ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʩʪʘʪʢʝ ʧʠʨʠʤʠʜʠ-

ʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʅʝʟʘʤʝʱʝʥʥʘʷ ʢʠʩʣʦʪʘ 51a ʦʙʨʘʟʫʝʪ ʧ-ʪʦʣʠʣʘʤʠʜ ʢʠʩʣʦʪʳ 99, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ 2-ʤʝʪʠʣʟʘʤʝʱʝʥʥʘʷ ʢʠʩʣʦʪʘ 51ʙ ʨʝʘʛʠʨʫʝʪ ʩ ʧ-ʪʦʣʫʠʜʠʥʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʜʚʝ 

ʩʪʘʜʠʠ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʘʤʠʜ ʢʠʩʣʦʪʳ ʜʘʣʝʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫ-

ʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʧʫʪʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʦ-

ʚʦʛʦ ʢʦʣʴʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 8-(4-ʤʝʪʠʣʬʝʥʠʣʧʨʦʠʟʚʦʜʥʦʛʦ 5,6,7,8-ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]-

ʧʠʨʠʤʠʜʠʥʘ 100 (ʩʭʝʤʘ 24). ʅʘʢʦʥʝʮ, ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 51a ʢʦʥʜʝʥʩʠʨʫ-

ʝʪʩʷ ʩ 2-ʘʤʠʥʦʬʝʥʦʣʦʤ (ʨʂʘ 9.7) ʦʞʠʜʘʝʤʳʤ ʦʙʨʘʟʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʦʢʩʘʟʦʣʘ 101. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʘʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ 2-ʤʝʪʠʣʟʘʤʝʱʝʥʥʦʡ ʢʠʩʣʦʪʳ 51ʙ ʩ 2-ʘʤʠʥʦʬʝʥʦʣʦʤ ʧʨʦʪʝ-

ʢʘʝʪ ʯʝʨʝʟ ʩʪʘʜʠʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʮʠʢʣʠʟʘʮʠʠ ʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʦʛʦ 

7,8-ʜʠʛʠʜʨʦʧʠʨʠʜʦ[2,3-d]-ʧʠʨʠʤʠʜʠʥʘ 102, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢ-

ʪʨʦʚ ʗʄʈ 
1
ʅ, 

13
ʉ ʠ NOESY (ʨʠʩ. 13) ʠ ʜʘʥʥʳʤʠ ʈʉɸ (ʨʠʩ.14,15). ʇʦʣʫʯʝʥʦ ʪʘʢʞʝ ʝʛʦ ʆ-

ʘʮʝʪʠʣʴʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ  103.  ʆʙʩʫʞʜʘʝʤʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʭʝʤʝ 25:                                                                                                                                                                                                                                                                                            
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       ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʦʢʩʘʟʦʣʘ 101 ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʢ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʩ 

m/z 331ʄ
+
 (63 %). ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʧʘʜ ʧʦʩʣʝʜʥʝʛʦ ʧʨʦʪʝʢʘʝʪ ʠʟ ʘʤʠʜʥʦʡ NH-ʬʦʨʤʳ ʠ ʩʚʷʟʘʥ 

ʩ ʚʳʙʨʦʩʦʤ  ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʦʥʘ m/z 104 (C6H5CſNH)
+
 ʠ ʤʦʣʝʢʫʣʳ CO ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ  ʧʠʢʘ ʠʦʥʘ ʩ m/z 199, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʨʦʠʟʚʦʜʥʦʤʫ ʘʟʠʨʝ-

ʥʠʣʘ. ʆʩʪʘʣʴʥʳʝ ʦʩʢʦʣʦʯʥʳʝ ʧʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ  ʜʝʩʪʨʫʢʮʠʶ ʤʦʣʝʢʫʣʳ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦ-

ʢʠʭ ʩʪʘʜʠʷʭ, ʠʤʝʶʪ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʫʪʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 

101 ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ:  

 

 

      ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
1
ʅ ʩʦʝʜʠʥʝʥʠʷ 102 ʚ ʦʙʣʘʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʩʠʛʥʘʣʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʥʦʚ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʚʘʜʨʫʧʣʝʪ ʩ J 1.2 ɻʮ, ʢʦʪʦʨʳʡ ʦʪʥʝʩʝʥ ʢ ʅ
5
. ɺ ʩʧʝʢʪʨʝ  NOESY ʥʘ-

ʙʣʶʜʘʝʪʩʷ  ʗʕʆ ʤʝʞʜʫ ʅ
5
 ʠ ʤʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 4 ʠ 6, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ  

ʦʙ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʠ ʦ ʮʠʢʣʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ (ʨʠʩ. 13). 
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ʈʠʩ. 13.  ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ 8-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-4,6-ʜʠʤʝʪʠʣ-2-ʬʝʥʠʣʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ-

7(8H)-ʦʥʘ (102). 

 

 

ʈʠʩ. 14. ʉʪʨʦʝʥʠʝ  8-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-4,6-ʜʠʤʝʪʠʣ-2-ʬʝʥʠʣʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ- 

7(8ʅ)-ʦʥʘ (102) ʧʦ ʜʘʥʥʳʤ ʈʉɸ. ʕʣʣʠʧʩʦʠʜʳ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʦʙʨʘ- 

ʞʝʥʳ ʩ 50 %-ʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 
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ʈʠʩ. 15. ɹʝʩʢʦʥʝʯʥʘʷ ʮʝʧʴ ʤʦʣʝʢʫʣ 8-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-4,6-ʜʠʤʝʪʠʣ-2-ʬʝʥʠʣʧʠʨʠʜʦ- 

[2,3-d]ʧʠʨʠʤʠʜʠʥ-7-ʦʥʘ (102) ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ [0 0 1], i = x, 0.5-y, 0.5 +z, ii = x, 0.5 ïy, 0.5 + z. 

      

     ʇʠʨʠʜʦʧʠʨʠʤʠʜʠʥ 102 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʬʦʨʤʝ ʜʚʦʡʥʠʢʦʚʦʛʦ 

ʩʨʦʩʪʢʘ. ɼʚʦʡʥʠʢʦʚʳʝ ʠʥʜʠʚʠʜʫʤʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʩʴʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ (1 0 0) ʠʣʠ ʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʚ ʧʣʦʩʢʦʩʪʠ (1 0 0). ʇʨʠ ʪʘʢʦʤ ʜʚʦʡ-

ʥʠʢʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʦʣʴʢʦ ʨʝʬʣʝʢʩʳ ʪʠʧʘ 0kl ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʨʝʬʣʝʢʩʦʚ 

ʦʪ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʦʩʪʘʣʴʥʳʝ ʨʝʬʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʣʠʙʦ 

ʩ ʦʜʥʦʛʦ ʣʠʙʦ ʩ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʚʦʡʥʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʠ ̫ʩʪʨʫʢʪʫʨʳ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ʢʦʤʧʦʥʝʥʪ ʜʚʦʡʥʠʢʘ ʢʘʢ 1:4.  

     ʀʩʩʣʝʜʦʚʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ: ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴ-ʮʘ, 

ʛʠʜʨʦʢʩʠʬʝʥʠʣʴʥʦʛʦ ʢʦʣɹʮʘ ʠ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʙʠʮʠʢʣʘ. ɺʩʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʬʨʘʛʤʝʥʪʳ ʠʤʝʶʪ ʧʣʦʩʢʫʶ ʢʦʥʬʦʨʤʘʮʠʶ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʘʪʦʤʦʚ ʦʪ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʭ ʩʨʝʜʥʝʫʩʨʝʜʥʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 0.0104(2)¡ ʚ  ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ,  

0.0034(2)¡ 
_
 ʚ ʛʠʜʨʦʢʩʠʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ ʠ 0.0528(3)¡ 

_
 ʚ ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʦʚʦʤ 

ʙʠʮʠʢʣʝ. ɺ ʪʨʝʭʤʝʨʥʦʡ ʫʧʘʢʦʚʢʝ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʣʘʩʩʠ-

ʯʝʩʢʘʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ O26-H26
é..

O11 (D-H=1.05(5)¡, H
é..
A=1.67(5)¡, 

D
é..
A=2.720(3)¡, D-H-A=172(3). ʕʪʘ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʩʚʷʟʳʚʘʝʪ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʙʝʩʢʦʥʝʯʥʫʶ ʮʝʧʦʯʢʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [0 0 1] (ʨʠʩ. 15). 

     ɿʘʚʝʨʰʘʷ   ʛʣʘʚʫ   ʧʦ  ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘʤ,   ʤ  r ʩʦʯʣʠ  ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ  ʧʨʠʚʝʩʪʠ  

ʟʜʝʩʴ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʠʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʠʨʠʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʘ, ʦʩʫʱʝʩʪʚʣʝʥ-

ʥʦʛʦ ʧʦ ʩʭʝʤʝ 26:                                                        
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       ɸʣʢʠʣʠʨʦʚʘʥʠʝʤ ʤʘʣʦʥʦʚʦʛʦ ʵʬʠʨʘ 58 1-ʭʣʦʨ-2-ʮʠʢʣʦʧʝʥʪʠʣ- ʠʣʠ ʠʟʦʙʫʪʠʣʩʫʣʴʬʘʥʠʣ-

ʵʪʘʥʘʤʠ  ʚ ʘʙʩʦʣʶʪʥʦʤ ʩʧʠʨʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʟʘʤʝʱʝʥʥʳʝ 

ʤʘʣʦʥʦʚʳʝ ʵʬʠʨʳ 104a,ʙ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʩ 2-ʧʠʨʠʜʠʥʘʤʠʥʦʤ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʏʠʯʠʙʘʙʠʥʘ    ʧʨʠʚʝʣʦ    ʢ   ʮʝʣʝʚʦʤʫ    2-ʛʠʜʨʦʢʩʠ-3-(2-ʠʟʦʙʫʪʠʣʩʫʣʴʬʘʥʠʣʵʪʠʣ)-4ʅ-ʧʠʨʠʜʦ- 

[1,2-a]ʧʠʨʠʤʠʜʠʥ-4-ʦʥʫ 105a,ʙ. ɹʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʠʨʠ-

ʜʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʳ 105a,ʙ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʪʦʨʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʙʫʜʫʯʠ ʤʘʣʦʪʦʢʩʠʯʥʳʤ, 

ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤ ʘʥʪʠʤʦʥʦʘʤʠʥʦʢʩʠʜʘʟʥʳʤ ʜʝʡʩʪʚʠʝʤ (ʩʤ. ʙʠʦʣ. ʯʘʩʪʴ).  

 

II .2.2. ɹʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʳ 

       

     ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ  ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ [316],  ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ  ʪʨʠʮʠʢʣʠʯʝʩʢʦʡ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʘ ʧʦ ʩʭʝʤʝ 27:  
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     ʉʦʚʤʝʩʪʥʳʤ ʥʘʛʨʝʚʘʥʠʝʤ 2-ʘʤʠʥʦ-6-ʤʝʪʦʢʩʠ-1,3-ʙʝʥʟʦʪʠʘʟʦʣʘ 106 ʩ  ʤʘʣʦʥʦʚʳʤʠ ʵʬʠ-

ʨʘʤʠ 107a-ʞ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 3-ʟʘʤʝʱʝʥʥʳʝ 2-ʛʠʜʨʦʢʩʠ-8-ʤʝʪʦʢʩʠ-4ʅ-ʙʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ-

[3,2-ʘ]ʧʠʨʠʤʠʜʠʥ-4-ʦʥʳ 108a-ʞ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ 108ʛ,ʜ ʤʝʪʠʣʠʨʦʚʘʥʳ MeI ʚ ʨʘʩʪʚʦʨʝ NaOH 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʆ-ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 109a,ʙ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ  ʩʭʝʤʳ ʩʠʥʪʝʟʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ  ʧʨʦʠʟʚʦʜʥʦʛʦ 2-ʘʤʠʥʦ-1,3-ʙʝʥʟʦʪʠʘʟʦʣʘ 106 ʩ ʟʘʤʝʱʝʥʥʳʤʠ 

ʤʘʣʦʥʦʚʳʤʠ ʵʬʠʨʘʤʠ 107a-ʞ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʢʝʪʦ ï 

ʝʥʦʣʴʥʳʭ ʪʘʫʪʦʤʝʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ
 _
 2-ʛʠʜʨʦʢʩʠ-4-ʦʢʩʦ- (A) ʠ 

4-ʛʠʜʨʦʢʩʠ- 2-ʦʢʩʦ- (B), ʘ ʪʘʢʞʝ  2,4-ʜʠʦʢʩʦʧʨʦʠʟʚʦʜʥʦʝ (C) , ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 

ʩʭʝʤʝ 28:                                           
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     ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ  ʩʦʦʙʱʝʥʠʷʭ ʧʦ ʩʠʥʪʝʟʫ 2,4-(ʦʢʩʦ, ʛʠʜʨʦʢ-

ʩʠ)ʟʘʤʝʱʝʥʥʳʭ  ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʦ[4,5][1,3]ʪʠʘʟʦʣʦ[3,2-a]ʧʠʨʠʤʠʜʠʥʘ  

[317-319] ʠ ʝʝ ʙʝʥʟʦʘʥʝʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 9,11-(ʦʢʩʦ, ʛʠʜʨʦʢʩʠ)ʥʘʬʪʦ[1ô,2ô:4,5]-

[1,3]ʪʠaʟʦʣʦ-[3,2-ʘ]ʧʠʨʠʤʠʜʠʥʘ [320], ʘʚʪʦʨʳ ʥʝ ʧʨʠʚʦʜʷʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʪʨʦʝʥʠʷ  ʩʦʝʜʠʥʝ-

ʥʠʡ ʚ ʧʦʣʴʟʫ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʪʘʫʪʦʤʝʨʦʚ ɸ, ɺ ʠʣʠ C.  

     ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʡ 108a-ʞ  ʧʨʠʩʫʪʩʪʚʫʶʪ  ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʚʦʟʤʦʞʥʦʛʦ ʪʘʫʪʦʤʝʨʘ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʉ) ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʘ 

ʠʟ-ʟʘ  ʦʪʩʫʪʩʪʚʠʷ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
1
ʅ ʩʠʛʥʘʣʘ ʉʅ2 ïʛʨʫʧʧʳ  ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 108a  

ʠ CH-ʛʨʫʧʧʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 108ʙ-ʞ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʫʰʠʨʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ŭ> 11 ʤ.ʜ., 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʆʅ-ʛʨʫʧʧʳ. ʆ-ʄʝʪʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ (ɸ) ʥʝ ʤʦʛʫʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʧʨʦʪʦʥʘ ʅ-6, ʧʦʩʢʦʣʴʢʫ ʚ ʝʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʟʥʘʯʠ-

ʪʝʣʝʥ  ʜʝʟʵʢʨʘʥʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 4-ʦʢʩʦʛʨʫʧʧʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʆ-ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟ-

ʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ (ɺ) ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʧʨʦʪʦʥʘ 

H
6
 ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʞʠʜʘʪʴ ʥʘʣʠʯʠʝ ʗʕʆ ʤʝʞʜʫ ʵʪʠʤ ʧʨʦʪʦʥʦʤ ʠ 4-ʆʉʅ3 

ʛʨʫʧʧʦʡ. ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʧʨʦʪʦʥʦʚ ʅ
6
 ʩʦʝʜʠʥʝʥʠʡ 108ʛ ï 109a  ʠ  108ʝï109ʙ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʜʚʠʛʘ  (  ͯ0.03 ʤ.ʜ.); ʙʦʣʝʝ ʪʦʛʦ, ʚ ʩʧʝʢʪʨʝ NOESY ʥʝ ʦʙʥʘʨʫʞʝʥ ʭʦʪʷ ʙʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʗʕʆ (ʨʠʩ.16). 
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ʈʠʩ. 16. ʉʧʝʢʪʨ  NOESY ʩʦʝʜʠʥʝʥʠʷ 109a 

 

     ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩʪʨʫʢ-

ʪʫʨʘ (ɸ).  ɹʦʣʝʝ ʪʦʛʦ, ʥʘʤʠ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʨʝʘʢʮʠʠ ɺʠʣʴʩʤʘʡʝʨʘ (ʨʝʘʛʝʥʪʳ ɼʄʌɸ, POCl3) 

ʟʘʤʝʱʝʥʥʳʡ 4-ʦʢʩʦ-2-ʭʣʦʨ-3-ʢʘʨʙʘʣʴʜʝʛʠʜ 110 ʦʙʩʫʞʜʘʝʤʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʦʢʘʟʘʥʦ ʈʉɸ [321-322].    

     ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 110  

ʚ ʢʨʠʩʪʘʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠʤʝʝʪʩʷ ʤʦʣʝʢʫʣʘ ʜʠʦʢʩʘʥʘ (ʨʠʩ. 17). ʈʘʩʯʝʪʳ ʢʦʥʬʦʨʤʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ 110 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʧʦʯʪʠ ʧʣʦʩʢʘʷ ʠ ʧʘʨʘʣʣʝʣʴʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩ-

ʢʦʡ ʧʣʦʩʢʦʩʪʠ (1 0 -1). ʆʪʢʣʦʥʝʥʠʝ ʘʪʦʤʦʚ ʦʪ ʩʨʝʜʥʝ-ʫʩʨʝʜʥʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʨʝʚʳ-

ʰʘʶʪ 0.1348(3) ¡. ʄʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ 110, ʩʚʷʟʳʚʘʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦ ʥʝʢʣʘʩʩʠʯʝʩ-

ʢʠʤ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʘʤ C7-H7
é

Cl14 (ʪʘʙʣ.1) ʦʙʨʘʟʫʶʪ ʮʝʧʦʯʢʫ ʧʘʨʘʣʣʝʣʴʥʦ[0 1 0], ʘ ʧʘʨʘ 

ʪʘʢʠʭ ʮʝʧʦʯʝʢ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʝʜʠʥʷʝʪʩʷ ʯʝʨʝʟ ʤʦʣʝʢʫʣʫ ʜʠʦʢʩʘʥʘ ʧʦ ʥʝʢʣʘʩʩʠʯʝʩʢʠʤ 

ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ C10-H10
éé..

O1A  (ʨʠʩ.18). ʂʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣʳ ʜʠʦʢʩʘʥʘ ʠʤʝʝʪ 

ʬʦʨʤʫ çʢʨʝʩʣʘè, ʦʪʢʣʦʥʝʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʦʪ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ ʘʪʦʤʘʤ 

ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ  Ñ0.6024(5)¡. 
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ʈʠʩ. 17. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 110 ʩ ʤʦʣʝʢʫʣʦʡ ʜʠʦʢʩʘʥʘ. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʧʨʦʠʟʚʦʣʴ-

ʥʘʷ. ʕʣʣʠʧʩʦʠʜʳ ʘʥʠʟʦʪʨʦʧʥʳʭ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʦʙʨʘʞʝʥʳ ʩ 50%-ʥʦʡ ʚʝʨʦʷʪ-

ʥʦʩʪʴʶ. ʂʦʜ ʩʠʤʤʝʪʨʠʠ: i (1-x, 1-y, 2-z). 

 

 

ʈʠʩ. 18. ʇʘʨʘ ʮʝʧʦʯʝʢ ʤʦʣʝʢʫʣ ʩʦʝʜʠʥʝʥʠʷ 110, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʣʝʢʫʣʘʤʠ 

ʜʠʦʢʩʘʥʘ. 

                                                                                                                                        ʊʘʙʣʠʮʘ 1 

 

ɻʝʦʤʝʪʨʠʷ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 4-ʦʢʩʦ-2-ʭʣʦʨ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ  110, 

ʢʦʜ ʩʠʤʤʝʪʨʠʠ: i(x; -1+y; z). 

 

D-H
é.

A D-H(¡) H
é.
A(¡) D

é.
A(¡) D-H

é.
A(ʛʨʘʜ.) 

C7-H7
é.

Cl14
i
 0.92(3) 2.86(2) 3.722(3) 156 (3) 

C10-H10
é.

O1A 0.93(2) 2.44(2) 3.318(3) 159(2) 
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II .3. ʇʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʟʘʛʝʪʝʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʘʥʥʝʣʠʨʦʚʘʥʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ ʠ 

ʧʠʨʠʤʠʜʠʥʦʚ 

 

II .3.1. ɹʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ 

 

     ʇʨʝʞʜʝ  ʯʝʤ  ʧʝʨʝʡʪʠ  ʢ  ʦʙʩʫʞʜʝʥʠʶ   ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʤʝʩʪʥʦ ʢʨʘʪʢʦ ʦʩʪʘʥʦ- 

ʚʠʪʴʩʷ ʥʘ ʥʘʟʚʘʥʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʟʘʛʣʘʚʠʠ ʨʘʟʜʝʣʘ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʛʝʪʝʨʦʮʠʢʣʠ-

ʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ  ʠʩʪʦʯʥʠʢʦʚ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʚʘʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʥʦʤʝʥ-

ʢʣʘʪʫʨʥʳʝ ʧʨʘʚʠʣʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ  IUPAC ʢʘʢ ʛʣʘʚʥʳʡ ʠʩʪʦʯʥʠʢ,  Index of Ring Systems 

Chemical Abstracts Service, ʜʘʶʱʠʡ ʢʣʶʯ ʢ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʝ  Subject Index  CAS, ʩʪʘʨʝʡ-

ʰʠʡ ʩʧʨʘʚʦʯʥʠʢ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɹʝʡʣʴʰʪʝʡʥʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʴʶʪʝʨʥʳʝ  ʥʦʤʝʥʢʣʘ-

ʪʫʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʥʘʟʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦ ʝʛʦ 

ʬʦʨʤʫʣʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʥʦʤʝʥʢʣʘʪʫʨʥʳʤʠ ʧʨʘʚʠʣʘʤʠ.   ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ  ʥʘʟʚʘʥʠʷ  ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 111 ʧʦ ʫʢʘʟʘʪʝʣʶ Index of Ring 

Systems CAS, ʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʥʦʤʝʥʢʣʘʪʫʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ACD/Name ʠ CS ChemDraw 

Std 5.0:    

 

 

     ʇʨʠʥʠʤʘʷ  ʚʦ  ʚʥʠʤʘʥʠʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʦʙʩʫʞʜʘʝʤʳʝ ʜʘʣʝʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠ- 

ʥʝʥʠʷ ʥʘʟʚʘʥʳ ʥʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ IUPAC, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʧʠʨʘʶʱʝʡʩʷ  ʥʘ ʥʠʭ  ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ACD/Name ʧʘʢʝʪ ACD/Labs. 

     ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʙʝʥʟʦ[4ô,5ô]-

ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ ʢʨʘʡʥʝ ʥʝʚʝʣʠʢʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦ ʠʟʣʦʞʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʘʪʢʦ ʦʙʦʙʱʠʪʴ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

     ʇʝʨʚʳʝ ʩʠʥʪʝʟʳ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʦ[4ô,5ô]ʠʤʠ-

ʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ 112, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʥʘʛʨʝʚʘʥʠʠ  5-ʢʘʨ-

ʙʘʣʴʜʝʛʠʜʘ ʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ 2,4,6-ʪʨʠʭʣʦʨʧʠʨʠʤʠʜʠʥʠʣ-5-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʩ ʙʠʩ-
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(ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʠʣ)ʤʝʪʘʥʦʤ ʚ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ, ʧʦʷʚʠʣʠʩʴ ʚ ʥʝʤʝʮʢʦʤ ʧʘʪʝʥʪʝ ʚ 1985ʛ., 

ʚ ʢʦʪʦʨʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ  ʩʦʝʜʠʥʝʥʠʷ ʧʘʪʝʥʪʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʤʘʪʝʨʠʘʣʦʚ  ʠ ʬʣʫʦ- 

ʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ [323]. 

 

 

       ʇʦ ʜʨʫʛʦʤʫ ʤʝʪʦʜʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʧʦʣʴʩʢʠʤʠ ʘʚʪʦʨʘʤʠ, 1ʅ-ʙʝʥʟʠʤʠʜʘʟʦʣ-2-ʘʮʝʪʦʥʠʪ-

ʨʠʣ ʢʦʥʜʝʥʩʠʨʫʶʪ  ʩ ʘʨʠʣʠʜʝʥʤʘʣʦʥʦʥʠʪʨʠʣʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʘʜʜʫʢʪ ʢʠʧʷʯʝʥʠʝʤ ʚ MeCN ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʧʝʨʠʜʠʥʘ ʟʘʤʳʢʘʝʪʩʷ ʚ ʰʝʩʪʠ-

ʯʣʝʥʥʳʡ ʮʠʢʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʱʝʡ ʘʨʦʤʘʪʠʟʘʮʠʠ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ 1-ʘʤʠʥʦ-3-ʘʨʠʣʧʠʨʠʜʦ[1,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣ-2,4-ʜʠʢʘʨʙʦʥʠʪʨʠʣ rʢʠʧʷʯʝʥʠʝʤ ʩ ʬʦʨ-

ʤʘʤʠʜʦʤ ʧʝʨʝʚʦʜʷʪʩ ̫ʚ ʮʝʣʝʚʳʝ ʪʝʪʨʘʮʠʢʣʳ 116, ʧʦ ʩʭʝʤʝ 29 [324]: 

 

                                                                                                                                   ʉʭʝʤʘ  29 
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     ɸʤʠʥʦʥʠʪʨʠʣ 115 ̫ ʚʠʣʩʷ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʪʘʢʞʝ ʚ   ʩʠʥʪʝʟʝ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʩʫʞ-

ʜʘʝʤʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦ ʩʭʝʤʝ 30 [325]:                                                                                                  

                                                                                                                                           ʉʭʝʤʘ 30 

 

 

 

       ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʤʠʥʦʥʠʪʨʠʣʘ 115 ʩ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʦʤ ʠʣʠ ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʧʦʣʫʯʘʶʪ ʠʤʠʥʳ 117, ʢʦʪʦʨʳʝ ʩ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʦʙʨʘʟʫʶʪ 3-ʘʤʠʥʦ-4-

ʠʤʠʥʦʟʘʤʝʱʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ 118. 

       ʅʘʢʦʥʝʮ,   ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ    1-ʘʤʠʥʦ-2-ʮʠʘʥʦ-3,4-ʜʠʛʠʜʨʦ-10-ʵʪʠʣʩʧʠʨʦ{ʙʝʥʟʠʤʠʜʘʟʦ- 

[1,2-a]ʧʠʨʠʜʠʥ-3,3ô-ʠʥʜʦʣʠʥ}-2ô-ʦʥa 119, ʧʦʣʫʯʘʝʤʦʛʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟ 2-ʤʝʪʠʣʙʝʥʟʠʤʠ-

ʜʘʟʦʣʘ ʠ 3-ʜʠʮʠʘʥʦʤʝʪʠʣʠʜʝʥ-1-ʵʪʠʣ-2-ʦʢʩʦʠʥʜʦʣʠʥʘ, ʩ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʬʦʨʤʘ-

ʤʠʜʦʤ ʩʠʥʪʝʟʠʨʫʶʪ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʡ ʛʝʪʝʨʦʮʠʢʣ 120 ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʦʙʩʫʞ-

ʜʘʝʤʦʡ  ʩʠʩʪʝʤʳ [326].  
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     ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʧʦʤʷʥʫʪʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʪʝʪʨʘʮʠʢʣʠʯʝʩʢʠʝ ʘʟʘʛʝʪʝʨʦʮʠʢʣʳ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-c]ʭʠʥʘʟʦʣʠʥʳ, ʠʤʝʶʱʠʝ ʧʣʘʥʘʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ-

ʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʝʪʨʘʮʠʢ-

ʣʠʯʝʩʢʠʝ ʙʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʳ, ʠʤʝʶʱʠʝ ʦʙʱʝʝ ʩʪʨʫʢʪʫʨ-

ʥʦʝ ʩʭʦʜʩʪʚʦ ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʢʣʘʩʩʦʤ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʢʘʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ 

ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ  ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠ-

ʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ 
_
 2-ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʠʣ-

5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ.  ʀʩʭʦʜʥʳʝ 2-ʅ-, ʤʝʪʠʣ-, ʘʨʠʣ, NH2-, SH-, OH-ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠ-

ʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʝ- ʠ 2-ʤʝʪʠʣʧʨʦʧʘʥʦʚʳʝ ʢʠʩʣʦʪʳ 51a,ʙ, 64a,ʙ, 124-129 ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ 

ʦʩʥʦʚʝ ʦʙʱʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʠʨʠʤʠʜʠʥʦʚ ʢʦʥʜʝʥʩʘʮʠʝʡ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 1,3-ʜʠʘʤʠʥʦ-

ʢʦʤʧʦʥʝʥʪʦʚ 5, 19a,ʙ, 20,121a,ʙ ʩ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 2-ʘʮʝʪʠʣʧʝʥʪʘʥʜʠʦʚʦʡ ʢʠʩʣʦʪʳ 91a, 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 2-ʘʮʝʪʠʣ-4-ʤʝʪʠʣʧʝʥʪʘʥʜʠʦʚʦʡ ʢʠʩʣʦʪʳ 91ʙ, 1,1,3-ʪʨʠɻʪʦʢʩʠʢʘʨʙʦʥʠʣ-

ʧʨʦʧʘʥʦʤ 122 ʠ 1,1-ʜʠʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-3-ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʙʫʪʘʥʦʤ 123 ʚ ʨʘʩʪʚʦʨʝ ʵʪʠʣʘʪʘ 

ʥʘʪʨʠʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʤʳʣʝʥʠʝʤ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ, 

ʧʦ ʩʭʝʤʝ 31: 

                                                                                                                                           

                                                                                                                                             ʉʭʝʤʘ 31 
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     4-ʆʢʩʦ-6-ʤʝʪʠʣʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 130 ʧʦʣʫʯʝʥʘ ʜʝʩʫʣʴʬʫʨʠʨʦʚʘʥʠʝʤ 

ʢʠʩʣʦʪʳ 64a ʥʠʢʝʣʝʤ ʈʝʥʝʷ ʚ ʨʘʟʙʘʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ NH4OH ʠ ʙʝʟ ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʢʮʠʠ.   

     ɺ  ʭʦʜʝ  ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦ  ʩʠʥʪʝʟʫ  ʥʦʚʳʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ   

ʥʘʤʠ  ʦʩʫʱʝʩʪʚʣʝʥʦ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  2-ʘʨʠʣ-6-ʤʝʪʠʣ-3,4-ʜʠʛʠʜʨʦ-4-ʦʢʩʦ- 

ʧʠʨʠʤʠʜʠʥ-5-ʠʣʧʨʦʧʘʥʦʚʦʡ ʠ 2-ʤʝʪʠʣʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪ 51a, 51ʙ, 127, 128 ʩ 1,2-ʜʠʘʤʠʥʦ-

ʙʝʥʟʦʣʦʤ 131 ʚ ʧʦʣʠʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʝ (ʇʌʂ) [327-329], ʧʨʠʚʝʜʰʝʝ, ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ, ʢ 4-ʤʝʪʠʣ-, 4,6-ʜʠʤʝʪʠʣ- ʠ 4-ʛʠʜʨʦʢʩʠ-6-ʤʝʪʠʣ-5,6-ʜʠʛʠʜʨʦ-2-ʘʨʠʣ-

ʧʨʦʠʟʚʦʜʥʳʤ  ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʙʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ-[2,3-d]ʧʠʨʠ-

ʤʠʜʠʥʘ 132a,ʙ, 133, 134 (ʚ ʚʠʜʝ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ) ʠ 135, ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʚʠʜʝ N-(4-ʤʝʪʦʢ-

ʩʠ-3-ʥʠʪʨʦ)ʙʝʥʟʠʣʧʨʦʠʟʚʦʜʥʦʛʦ. ʈʝʘʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʪʝʢʘʶʱʝʡ ʧʦ ʥʠʞʝʩʣʝʜʫʶʱʝʡ 

ʩʭʝʤʝ 33, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʘ ʩ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʦʤ ʧʨʦʠʟʚʦʜʥʦʝ 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ 132ɸ-134ɸ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʜʘʣʝʝ ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷ 132a,ʙ - 134, 

ʧʦ ʩʭʝʤʝ 32: 

                                                                                                                                    ʉʭʝʤʘ 32 
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     ɺʝʩʴʤʘ ʧʦʢʘʟʘʪʝʣʴʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ  ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʦʡ 2-ʬʝʥʠʣʟʘ-

ʤʝʱʝʥʥʦʡ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 51a ʠ   ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʡ ʪʝʪʨʘʮʠʢʣʠʯʝʩ-

ʢʦʛʦ ʧʨʦʜʫʢʪʘ 132a.  ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʠʩʣʦʪʳ 51a ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʝ 

ʚʳʩʪʫʧʦʚ ʧʨʠ 3200 ʩʤ
-1

, 3140 ʩʤ
-1

 ʠ 3070 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ NH- 

ʠ OH-ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʜʠʬʬʫʟʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 3000 
_
 2500 ʩʤ

-1
, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʠʤʝʨʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʂʨʦʤʝ ʪʦʛʦ ʚ ʦʙʣʘʩʪʠ 

1698 ʩʤ
-1

 ʠ 1645 ʩʤ
-1

 ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʣʴʥʳʝ ʧʦʣʦʩʳ  ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʉʆ-ʛʨʫʧʧ ʦʩʪʘʪ-

ʢʘ ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʢʦʣʴʮʘ ʧʠʨʠʤʠʜʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʦ, ʘ ʚ ʦʙʣʘʩʪʠ 1621 ʩʤ
-1

-1557 ʩʤ
-1 

- ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ C=C ʠ C=N-ʩʚʷʟʝʡ ʛʝʪʝʨʦʮʠʢʣʘ.  ɺ ʟʘʤʝʱʝʥʥʦʤ ʙʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ-

[2ô,1ô,6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʝ 132a ʦʪʩʫʪʩʪʚʫʶʪ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʣʦʩʳ ʧʦʛ-

ʣʦʱʝʥʠʷ NH- ,OH- ʠ ʉʆ-ʛʨʫʧʧ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ 1621 ʩʤ
-1 _

1554 ʩʤ
-1
, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʭ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ C=C ʠ C=N-ʩʚʷʟʝʡ ʛʝʪʝʨʦʮʠʢʣʘ.  

     ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʪʝʪʨʘʮʠʢʣʘ 132a ʤʘʢʩʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʠʢ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ m/z 312, 

ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʧʠʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. ɼʠʩʩʦʮʠʘʪʠʚʥʘʷ ʠʦʥʠʟʘʮʠʷ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʚʳʙʨʦʩʦʤ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʟʘ ʩʯʝʪ 4-CH3-

ʛʨʫʧʧʳ ʢʦʣʴʮʘ ʠ ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʚ  ʧʨʦʠʟʚʦʜʥʦʝ ʘʟʝʪʦ[3,2-e]ʙʝʥʟʦ[4,5]ʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠ-

ʜʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʢʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʯʥʦʛʦ ʠʦʥʘ m/z 270 ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ:  

 

     

     ʊʝʪʨʘʮʠʢʣ 135a, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʩʨʘʟʫ ʧʝʨʝʚʝʜʝʥ ʚ N-(4-ʤʝʪʦʢʩʠ-3-ʥʠʪʨʦ)ʙʝʥʟʠʣʧʨʦʠʟʚʦʜʥʦʝ 135ʙ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ 1-ʤʝ-

ʪʦʢʩʠ-2-ʥʠʪʨʦ-4-ʭʣʦʨʤʝʪʠʣʙʝʥʟʦʣʦʤ ʚ ʩʠʩʪʝʤʝ ʂ2ʉʆ3 / ɼʄʌɸ.  

     ʆʩʫʱʝʩʪʚʣʝʥʘ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʨʦʤʘʪʠʟʘʮʠʷ 5,6-ʜʠʛʠʜʨʦʧʨʦʠʟʚʦʜʥʦʛʦ 132a ʭʣʦʨʘʥʠʣʦʤ ʚ 

ʢʠʧʷʱʝʤ  ʙʫʪʠʣʘʮʝʪʘʪʝ  ʩ  ʦʙʨʘʟʦʚʘʥʠʝʤ  ʟʘʤʝʱʝʥʥʦʛʦ ʙʝʥʟʦ[4ô,5ô]ʠʤʠʜʘʟʦ[2ô,1ô,6,1]ʧʠʨʠʜʦ-

[2,3d]ʧʠʨʠʤʠʜʠʥʘ 136 ʩ 16ˊ-ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʥʪʫʨʦʤ [330]. 

     ɺ   ʦʪʣʠʯʠʝ   ʦʪ   ɻ ʪʦʛʦ,   ʟʘʤʝʱʝʥʥʳʝ 2-ʬʝʥʠʣ- ʠ 2-ʦʢʩʦʧʠʨʠʤʠʜʠʥʠʣ-5-ʫʢʩʫʩʥʳʝ ʢʠʩʣʦʪʳ  

77ʞ,ʟ  ʠ 2-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥʠʣ-5-ʙʫʪʘʥʦʚʘʷ ʢʠʩʣʦʪʘ 77ʠ ʩ 1,2-ʜʠʘʤʠʥʦʙʝʥʟʦʣʦʤ ʚ ʪʝʭ ʞʝ ʫʩ-

ʣʦʚʠʷʭ ʦʙʨʘʟʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʠʤʠʜʘʟʦʣʘ 137-139, ʧʦ ʩʭʝʤʝ 33: 
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                                                                                                                                          ʉʭʝʤʘ 33 

 

 

 

     ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʚ 137 ʤʘʢʩʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʠʢ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʩ m/z ʄ
+
 

316 (100%)  ʠ m/z ʄ
+1

 317 (67 %). ʍʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʠʦʥ m/z 104 (82 %) (C6H5CſNH
+
), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʤʠʜʥʦʡ NH-ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʝ. ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʧʘʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʠʦʥʘ ʩʚʷʟʘʥ ʩ ʜʝʩʪʨʫʢʮʠʝʡ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʙʨʦʩʘ ʠʦʥʦʚ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʙʝʥʟʦʥʠʪʨʠʣʘ (C6H5C NH
+
)  ʠ ʠʤʠʥʦʤʝʪʘʥʦʥʘ  N=C=O M

+
 42 

 (22 %) ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʦʩʢʦʣʦʯʥʦʛʦ ʠʦʥʘ m/z 170 (15%). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʜʨʫʛʠʭ 2-ʬʝʥʠʣʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʦʚ, 

ʧʠʢ ʠʦʥʘ (ʄ- HCN) ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (m/z 289 (5 %) [331].     

     ʆʙʩʫʞʜʘʝʤʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʧʘʜ ʩʦʝʜʠʥʝʥʠʷ 137 ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ:  
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     ʇʦʣʫʯʝʥʥʳʝ  ʨʝʟʫʣʴʪʘʪʳ  ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ  

ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʷʪʠ- ʠ ʩʝʤʠʯʣʝʥʥʳʤʠ [332]. 

     ɼʘʣʴʥʝʡʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʤʝʱʝʥʥʳʭ 

ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ ʩ 1,2-ʙʝʥʟʦʣʜʠʘʤʠʥʦʤ ʚ ʇʌʂ ʧʨʦʪʝʢʘʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

2-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʭ ʢʠʩʣʦʪ, 2-SH-, 2-NH2- 2-Me ʠ 2-OH-

ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʳʝ ʢʠʩʣʦʪʳ 64a, 125, 126, 129, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʥʝʟʘʤʝʱʝʥʥʘʷ ʢʠʩʣʦʪʘ 130 ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʩ 1,2-ʙʝʥʟʦʣʜʠʘʤʠʥʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, 

ʦʙʨʘʟʫʷ ʪʦʣʴʢʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʠʤʠʜʘʟʦʣʘ 140-144, ʧʦ ʩʭʝʤʝ 34: 
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     ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʘ 137-144 ʚ ʦʙʣʘʩʪʠ 3300-3500 ʩʤ
-1 
ʧʨʦʷʚʣʷʝʪʩʷ 

ʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ NH-ʛʨʫʧʧʳ, ʘ 

ʪʘʢʞʝ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ.  

 

 

II .3.2. ʀʤʠʜʘʟʦ- ʠ ʥʘʬʪʦ[1",2":4,5 ]ʠʤʠʜʘʟʦ[2ô,1ô:6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ r

 

    ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʦʡ ʨʝʘʢʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ, 

ʥʘʤʠ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʥʦʡ 2-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥʠʣ-5-ʧʨʦʧʘʥʦʚʦʡ ʢʠʩʣʦʪʳ 51a ʩ 

ʜʠʘʤʠʥʘʤʠ 
_
 1,2-ʜʠʘʤʠʥʦʵʪʘʥoʤ ʠ 1,2-ʜʠʘʤʠʥʦʥʘʬʪʘʣʠʥʦʤ [330,333]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʢʘʟʘʥʥʘʷ ʢʠʩʣʦʪʘ ʛʣʘʜʢʦ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʩ 1,2-ʜʠʘʤʠʥʦʵʪʘʥʦʤ  ʚ ʇʌʂ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʪʨʠʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʤʠʜʘʟʦ[2ô,1ô:6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ 145 ʧʦ 

ʩʭʝʤʝ 35: 
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      ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʩʣʦʪʳ 51a ʩ 1,2-ʜʠʘʤʠʥʦʥʘʬʪʘʣʠʥʦʤ ʚ ʇʌʂ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʦʚʦʡ ʧʝʥʪʘʮʠʢʣʠʯʝʩʢʦʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʬʪʦ[1",2":4,5]ʠʤʠʜʘ-

ʟʦ[2ô,1ô:6,1]ʧʠʨʠʜʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ 146.  ɺ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʣʝʞʘʪ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʜʥʫ ʩʪʘ-

ʜʠʶ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʠʣ-5-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʧʦ ʩʭʝʤʝ 36:    
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