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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ: ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʻ ʩʠʥʪʝʟ ʤʦʣʝʢʫʣ ʙʣʠʟʴʢʠʭ ʟʘ 

ʩʪʨʫʢʪʫʨʦʶ ʜʦ ʪʠʭ ʧʨʠʨʦʜʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʝʚʥʠʭ 

ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʎʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʽʟ ʷʜʨʦʤ ʧʽʨʠʤʽʜʠʥʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʪʝ, ʱʦ ʭʽʤʽʶ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʧʽʨʠʤʽʜʠʥʽʚ ʚʠʚʯʘʶʪʴ ʙʘʛʘʪʦ ʨʦʢʽʚ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʦʤʠʭ ʪʘ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʥʦʚʠʭ ʩʧʦʣʫʢ ʮʴʦʛʦ ʢʣʘʩʫ ʣʠʰʝ ʟʨʦʩʪʘʻ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʽʨʠʤʽʜʠʥʽʚ, ʘʥʝʣʴʦʚʘʥʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ. ʉʝʨʝʜ ʥʠʭ 

ʦʩʦʙʣʠʚʦ ʚʠʜʽʣʷʶʪʴʩʷ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ ʷʢ ʚʠʭʽʜʥʽ ʩʧʦʣʫʢʠ ʜʣʷ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ ʙʽʙʣʽʦʪʝʢ ʨʝʯʦʚʠʥ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʘ ʫʯʘʩʪʶ  

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʚʽʜʦʤʦ ʙʘʛʘʪʦ ʨʝʘʢʮʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʠʥʪʝʟʫʚʘʪʠ ʨʝʯʦʚʠʥʠ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʜʣʷ ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʭʽʤʽʾ 

ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʚʘʨʽʘʮʽʾ. ɹʘʛʘʪʦ ʽʟ ʩʠʥʪʝʟʦʚʘʥʠʭ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ɸʣʝ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ, ʱʦ ʥʝ ʚʩʽ ʩʠʥʪʝʪʠʯʥʽ ʤʝʪʦʜʠʢʠ ʻ ʘʜʘʧʪʦʚʘʥʠʤʠ ʜʦ 

ʧʦʪʨʝʙ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʩʠʥʪʝʟʫ.  ʊʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ, ʷʢʽ 

ʙ ʜʦʟʚʦʣʷʣʠ ʟʘʣʫʯʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʫʙʩʪʨʘʪʠ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʭʘʨʘʢʪʝʨʫ 

ʟʘʤʽʩʥʠʢʽʚ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʡ, ʧʨʦʚʦʜʠʪʠ ʨʝʘʢʮʽʾ ʫ ʤôʷʢʠʭ ʫʤʦʚʘʭ ʟʘ 

ʢʦʨʦʪʢʠʡ ʯʘʩ ʟ ʚʠʩʦʢʠʤ ʚʠʭʦʜʦʤ ʽ ʙʘʞʘʥʦ ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʧʨʦʤʽʞʥʠʭ 

ʽʥʪʝʨʤʝʜʽʘʪʽʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʽ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʠʤʽʩʪʴ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ, 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʾʭ ʩʠʥʪʝʟʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʨʝʘʢʮʽʡ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʝʣʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʻʶ ʟ ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, 

ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʫʯʘʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ.  

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ: ʈʦʙʦʪʘ 

ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʟʛʽʜʥʦ ʧʣʘʥʽʚ 
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ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʟʘ ʜʝʨʞʙʶʜʞʝʪʥʦʶ ʪʝʤʦʶ  ñʅʦʚʽ 

ʩʠʥʪʝʪʠʯʥʽ ʤʝʪʦʜʠ ʜʠʟʘʡʥʫ ʥʽʪʨʦʛʝʥ- ʪʘ ʩʫʣʴʬʫʨʚʤʽʩʥʠʭ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ 

ʩʧʦʣʫʢò (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U003159). 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʘʥʝʣʴʦʚʘʥʠʭ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʟǋʷʩʫʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʟʘʚʜʘʥʥʷ: 

-  ʨʦʟʨʦʙʠʪʠ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʪʽʦ(ʩʝʣʝʥʦ)ʧʦʭʽʜʥʠʭ  

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥʽʚ, ʤʦʜʠʬʽʢʫʚʘʪʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʾ 

ʘʣʢʽʣʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʩʪʠ ʧʦʰʫʢ ʦʙʣʘʩʪʝʡ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ;  

-  ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʘʣʢʽʣʫʚʘʥʥʷ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-

4(3H)-ʦʥʽʚ ʪʘ ʾʭ ʩʫʣʴʬʫʨ- ʽ ʩʝʣʝʥʧʦʭʽʜʥʠʭ, ʦʙˇʨʫʥʪʫʚʘʪʠ ʾʭ; 

-  ʜʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʜʽʶ ʧʦʭʽʜʥʠʭ 4-ʭʣʦʨʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʟ 

ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ ʪʘ ʛ̔ʜʨʘʟʠʥʦʛʜ̔ʨʦ[1]ʙʝʥʟʦʪʽʥ̒ʦ[2,3-d]ʧ̔ʨʠʤ̔ʜʠʥ̔ʚ ʟ 

ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ (2,4-ʜʠʢʝʪʦʝʩʪʝʨʘʤʠ, 

ʝʪʠʣʧʽʨʫʚʘʪʦʤ,ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʠʤ ʝʩʪʝʨʦʤ ʽ ʽʥʰʠʤʠ ʨʝʘʛʝʥʪʘʤʠ); 

-  ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʟʘʤʽʩʥʠʢʽʚ ʫ ʤʦʣʝʢʫʣʘʭ 2,4-ʜʽʦʢʩʦʙʫʪʘʥʦʘʪʽʚ ʥʘ 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʨʝʮʠʢʣʽʟʘʮʽʾ; 

-  ʚʩʪʘʥʦʚʠʪʠ ʙʫʜʦʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ, ʘʥʝʣʴʦʚʘʥʽ 

ʧʦʭʽʜʥʽ 1.2,4-ʪʨʠʘʟʠʥʽʚ, ʨʝʮʠʢʣʽʟʘʮʽʾ, ʧʦʜʽʙʥʽ ʧʝʨʝʛʨʫʧʫʚʘʥʥʶ ɼʽʤʨʦʪʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʨʝʘʢʮʽʾ ʩʠʥʪʝʟʫ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʘʥʝʣʴʦʚʘʥʠʭ ʥʽʪʨʦʛʝʥʚʤʽʩʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʾʭ ʧʦʜʘʣʴʰʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʭʽʤʽʯʥʠʡ ʩʠʥʪʝʟ, ʪʦʥʢʦʰʘʨʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ, 

ʝʣʝʤʝʥʪʥʠʡ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ, ɯʏ-, ʗʄʈ-
1
ʅ, 

13
ʉ, ʤʘʩ-
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ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʪʘ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ (ʤʝʪʦʜ DFT ʚ ʙʘʟʠʩʥʦʤʫ 

ʥʘʙʦʨʽ ʘʪʦʤʥʠʭ ʬʫʥʢʮʽʡ def2-TZVPP ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

PC GAMESS 7.0) 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʜʠʩʝʨʪʘʮʽʾ ʚʧʝʨʰʝ: 

-  ʦʜʝʨʞʘʥʦ ʥʠʟʢʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ: 

ʪʽʻʥʦ[2',3':4,5]ʧʽʨʠʤʽʜʦ[1,6-b][1,2,4]ʪʨʠʘʟʠʥʽʚ, ʙʝʥʟʦʪʽʻʥʦ[3,2-

e][1,2,4]ʪʨʠʘʟʦʣʦ[1,5-c]ʧʽʨʠʤʽʜʠʥʽʚ, ʙʝʥʟʦʪʽʻʥʦ[2,3:4,5]ʧʽʨʠʤʽʜʦ[6,1-

b]ʭʽʥʘʟʦʣʽʥʽʚ. 

-  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʣʢʽʣʫʚʘʥʥʷ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥʽʚ 

ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʘʪʦʤʫ N
3
 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʩʧʦʣʫʢ, ʪʦʜʽ ʷʢ ʚʽʜʧʦʚʽʜʥʠʭ 4(3ʅ)-ʪʽʦʥʽʚ 

ʪʘ 4(3ʅ)-ʩʝʣʝʥʦʥʽʚ ï ʧʦ ʥʘʡʙʽʣʴʰ ʥʫʢʣʝʦʬʽʣʴʥʠʤ ʘʪʦʤʘʤ ʉʫʣʴʬʫʨʫ ʯʠ 

ʉʝʣʝʥʫ;  

-  ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʝʣʝʢʪʠʚʥʦʾ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʾ 

ʛ̔ʜʨʘʟʠʥʦʛʜ̔ʨʦ[1]ʙʝʥʟʦʪʽʥ̒ʦ[2,3-d]ʧ̔ʨʠʤ̔ʜʠʥ̔ʚ ʟʘʤʽʱʝʥʠʤʠ 2,4-

ʜʽʦʢʩʦʙʫʪʘʥʦʘʪʘʤʠ ʦʪʨʠʤʘʥʦ 

ʮʠʢʣʦʧʝʥʪʘ(ʛʝʢʩʘ)[4,5]ʪʽʻʥʦ[2,3:4,5]ʧʽʨʠʤʽʜʦ[1,6-b][1,2,4]ʪʨʠʘʟʠʥʠ. ʇʦʢʘʟʘʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʟ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʟʘʤʽʩʥʠʢʽʚ ʪʘ 

ʥʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʪʠʣʦʚʠʭ ʝʩʪʝʨʽʚ ʘʮʠʣʧʽʨʦʚʠʥʦʛʨʘʜʥʠʭ ʢʠʩʣʦʪ ʚ 

ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ; 

-  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ  ʛ̔ʜʨʘʟʠʥʦʛʜ̔ʨʦ[1]ʙʝʥʟʦʪʽʥ̒ʦ[2,3-

d]ʧ̔ʨʠʤ̔ʜʠʥ̔ʚ ʟ ʘʥʛʽʜʨʠʜʘʤʠ ʜʠʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʮʠʢʣʫ. ɺ ʨʝʘʢʮʽʾ ʟ ʤʘʣʝʾʥʦʚʠʤ ʘʥʛʽʜʨʠʜʦʤ ʦʜʝʨʞʘʥʦ ʧʦʭʽʜʥʽ 

2-(3-ʦʢʩʦ-3,4,9,10,11,12-ʛʝʢʩʘʛʽʜʨʦ-2H-ʙʝʥʟʦ[4',5']ʪʽʻʥʦ[2',3':4,5]ʧʽʨʠʤʽʜʦ[6,1-

c][1,2,4]ʪʨʠʘʟʠʥ-4-ʽʣ)ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ, ʘ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʧʦʭʽʜʥʠʤʠ ʬʪʘʣʝʚʦʛʦ 

ʘʥʛʽʜʨʠʜʫ ī 2-(5,6,7,8-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[3,2-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣʘʤʽʥʦ)-1H-

ʽʟʦʽʥʜʦʣ-1,3(2H)-ʜʽʦʥʠ; 

-  ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʩʠʥʪʝʟʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,2,4-ʪʨʠʘʟʠʥʽʚ ʪʘ 1,2,4-ʪʨʠʘʟʦʣʽʚ ʟ ʚʠʭʽʜʥʠʭ 
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ʛʽʜʨʘʟʠʥʦʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʋ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʢʣʶʯʦʚʦʶ ʩʪʘʜʽʻʶ ʻ ʨʦʟʢʨʠʪʪʷ ʧʨʦʪʦʥʦʚʘʥʦʛʦ 

ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ nN
1
Ÿ ů* C-N(3), ʷʢʽʡ ʩʧʨʠʷʻ ʷʢ 

ʧʘʨʘʣʝʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʘʪʦʤʘ N
1
 ʽ ů-ʟʚǋʷʟʢʫ C-

N
3
, ʪʘʢ ʽ ʚʠʩʦʢʘ ʥʫʢʣʝʦʬʽʣʴʥʽʩʪʴ ʘʪʦʤʘ N

1
; 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

-  ʨʦʟʨʦʙʣʝʥʦ ʧʨʝʧʘʨʘʪʠʚʥʽ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʨʷʜʫ ʧʨʘʢʪʠʯʥʦ 

ʢʦʨʠʩʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʧʽʨʘʟʦʣʴʥʠʡ, 

ʪʨʠʘʟʦʣʴʥʠʡ ʘʙʦ ʪʨʠʘʟʠʥʦʚʠʡ ʬʨʘʛʤʝʥʪʠ ʨʘʟʦʤ ʟ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʦʚʠʤ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʡʜʝʥʦ ʩʧʦʣʫʢʠ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴ 

ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʠ Escherichia coli, Staphylococcus aureus ʽ  

Mycobacterium Luteum ʽ ʬʫʥʛʽʩʪʘʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ Aspergillus Nige. 

ʉʝʨʝʜ ʦʜʝʨʞʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʽʜʽʙʨʘʥʦ ʩʧʦʣʫʢʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʢʣʽʪʠʥʘʭ.  

ʆʩʦʙʠʩʪʠʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ, ʘʥʘʣʽʟʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʩʠʥʪʝʟʫ ʙʽʣʴʰʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʪʘ ʮʽʣʴʦʚʠʭ ʩʧʦʣʫʢ, ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ ʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʫʤʦʚ ʚʟʘʻʤʦʜʽʡ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ, ʫʯʘʩʪʽ ʚ 

ʦʙʛʦʚʦʨʝʥʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʧʠʩʘʥʥʽ ʧʫʙʣʽʢʘʮʽʡ, 

ʜʠʩʝʨʪʘʮʽʾ ʽ ʘʚʪʦʨʝʬʝʨʘʪʫ. 

ʇʦʩʪʘʚʣʝʥʥʷ ʮʽʣʝʡ, ʦʙʛʦʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʾʭ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ ʽ 

ʚʠʩʥʦʚʢʽʚ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʬ., ʜ.ʭ.ʥ. ʄʘʨʢʦʚʠʤ 

ɺ. ɯ.  

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʧʦʜʷʢʫ ʢ. ʬʘʨʤ. ʥ., ʜʦʮʝʥʪʫ ɸʩʪʘʭʽʥʽʡ ɺ. ʆ. ʪʘ 

ʢ.ʭ.ʥ., ʘʩʠʩʪʝʥʪʫ ɺʘʨʝʥʠʯʝʥʢʦ ʉ. ɸ. ʟʘ ʜʦʧʦʤʦʛʫ ʫ ʧʨʦʚʝʜʝʥʥʽ ʦʢʨʝʤʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʦʙʛʦʚʦʨʝʥʥʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʜ. ʬʘʨʤ. ʥ., ʧʨʦʬʝʩʦʨʫ 

ʂʦʚʘʣʝʥʢʦ ʉ. ɯ. (ɿʘʧʦʨʽʟʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. 

ɿʘʧʦʨʽʞʞʷ) ʟʘ ʥʘʜʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʢ.ʭ.ʥ., ʘʩʠʩʪʝʥʪʦʤ ʂʫʮʠʢ-ʉʘʚʯʝʥʢʦ ʅ. ɺ., ʤʘʩ-



9 
 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʢ.ʭ.ʥ. ʄʘʟʝʧʦʶ ʆ. ɺ. (ʌʽʟʠʢʦ-

ʭʽʤʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɸ. ɺ. ɹʦʛʘʪʩʴʢʦʛʦ ʅɸʅʋ, ʤ. ʆʜʝʩʘ). 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʦ ʢ.ʭ.ʥ. ʐʠʰʢʽʥʦʶ ʉ. ɺ. (çɯʥʩʪʠʪʫʪ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚè ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ).   

ɸʧʨʦʙʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: XXI  Journees Jeunes Chercheurs 

(Montpellier, 2014); 22
nd

 Young Research Fellows Meeting (Paris, 2015); VII  

International Conference: Chemistry of Nitrogen Containing Heterocycles 

(Kharkov, 2015); ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʩʪʫʜʝʥʪʩʴʢʽʡ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2015); Vɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʩʴʦʛʦʜʝʥʥʷè (ɺʽʥʥʠʮʷ, 2016); XIV  ɺʩʝʫʢʨʘʾʥʩʴʢʠʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ ʟ ʘʢʪʫʘʣʴʥʠʭ ʧʠʪʘʥʴ ʩʫʯʘʩʥʦʾ ʭʽʤʽʾ (ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 

2016); XXIV ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ (ʇʦʣʪʘʚʘ, 2016);  

ʇʫʙʣʽʢʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 12 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ 2 ʩʪʘʪʪʷʭ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ 

ʜʘʥʠʭ, ʫ 3 ʩʪʘʪʪʷʭ ʫ ʞʫʨʥʘʣʘʭ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʽ 7 ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 

ʪʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ (86 

ʥʘʡʤʝʥʫʚʘʥʴ), ʤʽʩʪʠʪʴ 15 ʪʘʙʣʠʮʴ ʪʘ 13 ʨʠʩʫʥʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ 

ʩʢʣʘʜʘʻ 136 ʩʪʦʨʽʥʦʢ. 
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ʈʆɿɼɯʃ 1 

ʉʀʅʊɽɿ ʊɸ ʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʊɯɭʅʆʇɯʈʀʄɯɼʀʅɯɺ 

(ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ) 

 

ɺʉʊʋʇ 

 

ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʜʦʤʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʙʽʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ 

ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʪʽʦʬʝʥʠ, ʢʦʥʜʝʥʩʦʚʘʥʽ ʟ ʧʽʨʠʤʽʜʠʥʦʚʠʤ ʪʘ 

ʪʽʘʟʠʥʦʚʠʤ ʮʠʢʣʘʤʠ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ  ʘʥʘʣʦʛʘʤʠ ʩʧʦʣʫʢ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʧʫʨʠʥʦʚʦʛʦ ʨʷʜʫ. ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤ ʢʣʘʩʦʤ ʻ 

ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʠ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʤʘʶʪʴ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʪʨʠʮʠʢʣʽʯʥʽ ʢʦʥʜʝʥʩʦʚʘʥʽ ʧʦʭʽʜʥʽ, ʚ ʷʢʠʭ ʧʨʠʩʫʪʥʽ 

ʜʚʘ ʘʪʦʤʠ ʉʫʣʴʬʫʨʫ ʪʘ ʜʚʘ ʘʪʦʤʠ ʅʽʪʨʦʛʝʥʫ ʪʽʘʟʦʣʦʪʽʻʥʦʧʽʨʠʤʽʜʠʥʠ, ʷʢʽ 

ʪʘʢʦʞ ʻ ʦʙôʻʢʪʘʤʠ ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [1-6].  

ʋ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʘʭ ʢʦʞʝʥ ʟ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʟʜʘʪʥʠʡ ʜʦ 

ʭʽʤʽʯʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʘʞʣʠʚʠʭ 

ʧʦʣʽʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʧʽʨʠʤʽʜʠʥʫ. ʄʘʶʯʠ 

ʜʚʘ ʘʪʦʤʠ ʅʽʪʨʦʛʝʥʫ ʚ ʧʽʨʠʤʽʜʠʥʦʚʦʤʫ ʢʽʣʴʮʽ, ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 1,3-ʙʝʥʟʦʜʽʘʟʠʥʦʚʦʾ ʮʠʢʣʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʇʨʠʪʘʤʘʥʥʘ ʪʘʢʠʤ 

ʩʠʩʪʝʤʘʤ ˊ-ʝʣʝʢʪʨʦʥʥʘ ʜʝʬʽʮʠʪʥʽʩʪʴ ʽ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɻʣʠʙʦʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʧʦʯʘʣʦʩʴ ʙʣʠʟʴʢʦ 40 ʨʦʢʽʚ 

ʪʦʤʫ. ʊʦʜʽ ʡ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʩʪʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʚʠʭʽʜʥʠʭ ʩʫʙʩʪʨʘʪʽʚ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʽʩʥʫʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʩʪʚʦʨʝʥʥʷ, ʭʽʤʽʯʥʽ ʡ ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʩʪʝʤʠ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʫ ʪʘ ʾʾ ʽʟʦʤʝʨʥʠʭ ʘʥʘʣʦʛʽʚ [7-12]. 

ʄʝʪʦʜʠ ʩʠʥʪʝʟʫ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ 

ʄʝʪʦʜʠ ʩʠʥʪʝʟʫ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ 

ʛʨʫʧʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʭʽʜʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ: 

1. ɺʠʭʽʜʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʻ ʧʦʭʽʜʥʽ ʪʽʦʬʝʥʫ. 

2. ɺʠʭʽʜʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʻ ʩʧʦʣʫʢʠ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʨʷʜʫ.  
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1.1 ʉʠʥʪʝʟ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʦʥʽʚ ʮʠʢʣʽʟʘʮʽʻʶ 2-[N-R-(ʪʽʦ)ʫʨʝʾʜʦ]-3-

ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 

 

1.1.1 ʉʠʥʪʝʟ 2-[N-R-(ʪʽʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 

 

ʅʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 2-[N-R-(ʪʽʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 

1.2, 1.3 ʻ ʧʦʭʽʜʥʽ 2-ʘʤʽʥʦʪʽʦʬʝʥʫ 1.1. ʆʩʪʘʥʥʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʘ ʢʣʘʩʠʯʥʦʶ 

ʨʝʘʢʮʽʻʶ ɻʝʚʘʣʴʜʘ [13-15, 16], ʚʠʭʦʜʷʯʠ ʟ ʢʘʨʙʦʥʽʣʴʥʠʭ ʩʧʦʣʫʢ, ʝʪʠʣʦʚʦʛʦ 

ʝʩʪʝʨʫ ʤʘʣʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʝʣʝʤʝʥʪʘʨʥʦʾ ʩʽʨʢʠ ʚ ʫʤʦʚʘʭ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʽʟʫ 

(ʩʭʝʤʘ 1.1).  
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2-ɸʤʽʥʦʪʽʦʬʝʥʠ 1.1 ʦʜʝʨʞʫʚʘʣʠ ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʦʨʬʦʣʽʥ, ʧʽʧʝʨʠʜʠʥ ʯʠ ʜʽʝʪʠʣʘʤʽʥ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ [7, 17] (ʩʭʝʤʘ 1.1). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʦʩʥʦʚ ʟʘʤʽʩʪʴ ʦʧʠʩʘʥʠʭ [13] ʧʽʧʝʨʘʟʠʥʫ ʪʘ ʪʨʠʝʪʠʣʘʤʽʥʫ 

ʜʦʟʚʦʣʠʣʦ:  ʧʦ-ʧʝʨʰʝ, ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ (ʘ ʩʘʤʝ: ʧʨʦʚʦʜʠʪʠ 

ʨʝʘʢʮʽʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʪʠʤ ʩʘʤʠʤ ʫʥʠʢʥʫʪʠ ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʘʥʥʷ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ (70-80Áʉ [13]), ʷʢʠʡ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʩʤʦʣʝʥʥʷʤ); 

ʧʦ-ʜʨʫʛʝ, ʧʽʜʚʠʱʠʪʠ ʥʘ 15-20% ʚʠʭʽʜ ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1.  

ɺ ʣʽʪʝʨʘʪʫʨʽ [15, 18] ʰʠʨʦʢʦ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ ʨʝʘʢʮʽʾ 

ɻʝʚʘʣʴʜʘ; ʪʘʢʦʞ ʦʧʠʩʘʥʦ ʾʾ ʩʫʯʘʩʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʟʦʢʨʝʤʘ, ʚʽʜʟʥʘʯʝʥʦ [19], ʱʦ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʪʝʪʨʘʬʣʫʦʨʦʙʦʨʘʪʽʚ                                 

N,N-ʜʽʘʣʢʽʣʽʤʽʜʘʟʦʣʫ ʪʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʽʘʮʝʪʘʪʫ ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʚ ʷʢʦʩʪʽ 
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ʢʘʪʘʣʽʟʘʪʦʨʘ ʫʤʦʚʠ ʨʝʘʢʮʽʾ ɻʝʚʘʣʴʜʘ ʟʥʘʯʥʦ ʧʦʤôʷʢʰʫʶʪʴʩʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʷʛʥʫʪʠ ʚʠʩʦʢʠʭ ʚʠʭʦʜʽʚ ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʢʪʠʚʥʠʭ 

ʢʘʨʙʦʥʽʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʘʣʽʬʘʪʠʯʥʠʭ ʘʣʴʜʝʛʽʜʽʚ, ʘʮʝʪʦʥʫ, ʪʦʱʦ).  

ʅʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʘʤʽʥʦʪʽʦʬʝʥʠ 1.1 ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ ʟ 

ʽʟʦʪʽʦʮʽʘʥʘʪʘʤʠ ʯʠ ʽʟʦʮʽʘʥʘʪʘʤʠ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʮʽʣʴʦʚʠʭ 2-[N-

(ʪʽʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.2, 1.3 (ʩʭʝʤʘ 1.2).  
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R
3
 = CH2=CH-CH2, C6H5, CH3, 2-CH3C6H4, 4-CH3C6H4. 

 

ʊʘʢ, ʪʽʦʫʨʝʾʜʥʽ ʧʦʭʽʜʥʽ 1.2 ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1 ʽʟ ʘʨʠʣ(ʘʣʢʽʣ)ʽʟʦʪʽʦʮʽʘʥʘʪʘʤʠ ʚ ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ [20, 

21, 22, 23, 24] (ʩʭʝʤʘ 1.2). ʉʧʨʦʙʘ ʟʜʽʡʩʥʠʪʠ ʨʝʘʢʮʽʶ ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1 ʽʟ 

ʬʝʥʽʣʽʟʦʮʽʘʥʘʪʦʤ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʚʠʱʝʦʧʠʩʘʥʠʤ ʜʣʷ ʽʟʦʪʽʦʮʽʘʥʘʪʽʚ ʫʤʦʚʘʭ ʥʝ 

ʧʨʠʚʝʣʘ ʜʦ ʦʯʽʢʫʚʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʇʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʩʠʥʪʝʟʫ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʨʦʟʯʠʥʥʠʢ) ʚʜʘʣʦʩʴ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʥʘʡʢʨʘʱʠʡ ʚʠʭʽʜ ʜʣʷ ʩʧʦʣʫʢ 1.3 (80-90%) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʠʧôʷʪʽʥʥʽ ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1 ʟ ʬʝʥʽʣʽʟʦʮʽʘʥʘʪʦʤ ʚ 

ʘʙʩʦʣʶʪʥʦʤʫ ʙʝʥʟʝʥʽ ʯʠ ʪʦʣʫʝʥʽ [25, 26]. ʉʧʦʣʫʢʠ 1.2, 1.3 ʻ ʢʨʠʩʪʘʣʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʯʽʪʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ; ʾʭ ʙʫʜʦʚʘ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʜʘʥʠʤʠ ɯʏ, ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʩʧʝʢʪʨʽʚ ʗʄʈ 
1
ʅ ʪʘ ʝʣʝʤʝʥʪʥʠʤ ʘʥʘʣʽʟʦʤ.  
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1.1.2 ʉʠʥʪʝʟ N
3
-ʟʘʤʽʱʝʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʦʥʽʚ 

 

ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʨʫʯʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 2-ʪʽʦ-3-R-ʪʽʻʥʦ[2,3-

d]ʧ̔ʨʠʤʽʜʠʥʽʚ 1.4, ʚʠʭʦʜʷʯʠ ʟ ʚʽʜʧʦʚʽʜʥʠʭ (ʪʽʦ)ʩʝʯʦʚʠʥ 1.2, 1.3.  

ʊʘʢ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʘʢʮʽʶ ʮʠʢʣʽʟʘʮʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ɼʄʉʆ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʜʦ 130Áʉ ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ (ʩʭʝʤʘ 1.3). 
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ɺʠʭʽʜ 2-ʪʽʦ-3-R-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ 1.4, ʦʪʨʠʤʘʥʠʭ ʟʘ ʩʭʝʤʦʶ 1.3, 

ʩʢʣʘʜʘʚ ʙʣʠʟʴʢʦ 16%. ɹ̔ ʣʴʰ ʟʨʫʯʥʠʤ ʫ ʚʠʢʦʥʘʥʥʽ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ 2-ʪʽʦ-3-R-

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ 1.4 ʻ ʮʠʢʣʽʟʘʮʽʷ (ʪʽʦ)ʩʝʯʦʚʠʥ 1.2, 1.3 ʫ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ (ʩʭʝʤʘ 1.4). ɼʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʚʠʭʦʜʠ ʮʽʣʴʦʚʠʭ 

ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ 1.4 ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʧʨʦʤʽʞʥʽʡ ʩʪʘʜʽʾ ʦʪʨʠʤʫʚʘʪʠ 

ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʽ ʩʦʣʽ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʫ 1.5 [27-32]. ʊʘʢ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʨʠ ʜʽʾ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʽʶ (ʥʘʪʨʽʶ) ʫ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʩʧʦʣʫʢʠ 

1.2, 1.3 ʫʪʚʦʨʶʶʪʴʩʷ ʩʦʣʽ 2-[N-(ʪʽʦ)ʫʨʝʾʜʦ]-3-ʤʝʨʢʘʧʪʦ-3-R-ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ 1.5 ʟ ʚʠʭʦʜʦʤ ʙʣʠʟʴʢʦ 80%, ʷʢʽ ʢʽʣʴʢʽʩʥʦ ʤʦʞʥʘ ʧʝʨʝʚʝʩʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʽ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʠ 1.4 ʜʽʻʶ ʦʮʪʦʚʦʾ ʯʠ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ (ʩʭʝʤʘ 1.4).  
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R
3
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ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʮʠʢʣʽʟʘʮʽʾ 2-[N-(ʪʽʦ)ʫʨʝʾʜʦ]-3-

ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.2, 1.3, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʦʜʝʨʞʫʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʦ ʯʠʩʪʽ 

ʚʟʽʨʮʽ ʢʘʣʽʻʚʠʭ ʪʘ ʥʘʪʨʽʻʚʠʭ ʩʦʣʝʡ 2-ʤʝʨʢʘʧʪʦ-3-R-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.5 

ʟ ʧʨʘʢʪʠʯʥʦ ʢʽʣʴʢʽʩʥʠʤʠ ʚʠʭʦʜʘʤʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʦ ʫʤʦʚʠ 

ʮʠʢʣʽʟʘʮʽʾ, ʟʦʢʨʝʤʘ, ʚʧʣʠʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ, ʚ ʷʢʠʭ ʧʨʦʜʫʢʪʠ 

ʮʠʢʣʽʟʘʮʽʾ (ʩʦʣʽ 1.5) ʥʝʨʦʟʯʠʥʥʽ ʘʙʦ ʤʘʣʦʨʦʟʯʠʥʥʽ [20, 27]. ʊʘʢ, ʙʫʣʦ ʚʠʚʯʝʥʦ 

ʚʧʣʠʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ: ʜʽʦʢʩʘʥ, ʙʝʥʟʝʥ, ʝʪʠʣʘʮʝʪʘʪ, ʪʦʣʫʝʥ, 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʽʦʢʩʘʥʫ. ʎʠʢʣʽʟʘʮʽʶ 2-[N-(ʪʽʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.2, 1.3 (ʩʭʝʤʘ 

1.5) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʧʨʠ ʜʽʾ ʩʠʣʴʥʦʾ 

ʦʩʥʦʚʠ (ʛʽʜʨʦʢʩʠʜ ʢʘʣʽʶ ʯʠ ʥʘʪʨʽʶ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʽʤʽʥʫʚʘʥʥʷ (ʪʽʦ)ʫʨʝʾʜʥʦʛʦ 

ʘʪʦʤʫ ɻʽʜʨʦʛʝʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʥʽʦʥʫ (ɸ). ʇʦʪʽʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʴʦ-

ʤʦʣʝʢʫʣʷʨʥʘ ʘʪʘʢʘ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʝʩʪʝʨʥʦʛʦ ʂʘʨʙʦʥʫ ʥʝʛʘʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʠʤ ʘʪʦʤʦʤ ʅʽʪʨʦʛʝʥʫ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ 

ʢʽʣʴʮʷ (ɺ). ʅʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʝʬʝʢʪʽʚ ʝʣʽʤʽʥʫʻʪʴʩʷ 

ʝʪʦʢʩʠʣʴʥʘ ʛʨʫʧʘ ʽ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʶʻʪʴʩʷ (ʪʽ)ʦʣʷʪ-ʘʥʽʦʥ (ʉ) ʫ 



15 
 

ʚʠʛʣʷʜʽ ʩʦʣʝʡ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ 1.5, ʷʢʠʤ ʭʘʨʘʢʪʝʨʥʘ (ʪʽ)ʦʣʴʥʘ ʩʪʨʫʢʪʫʨʘ(ʩʭʝʤʘ 

1.5). 
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1.2; 1.3
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B

C1.51.4

(1.5) 

R
1
 + R

2
 = (CH2)4, (CH2)3; R

1
, R

2
 = CH3, Ar.  M = Na, K. 

R
3
 = CH2=CH-CH2, C6H5, CH3, 2-CH3C6H4, 4-CH3C6H4, X = S. 

R
3
 = C6H5, Ar, CH2COOC2H5. X = O. 

 

ɼʽʻʶ ʥʘ ʩʦʣʽ 1.5 ʦʮʪʦʚʦʾ ʯʠ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪ ʦʪʨʠʤʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ 2-ʪʽʦ-

3-R-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 1.4 (ʩʭʝʤʘ 1.6), ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʘ (ʪʽ)ʦʥʘ ʙʫʜʦʚʘ. 

ɹʫʜʦʚʫ ʩʧʦʣʫʢ 1.4, 1.5 ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ ɯʏ ʪʘ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ 

ʩʧʝʢʪʨʘʤʠ ʗʄʈ 
1
ʅ.  
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1
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2
 = CH3; 
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3
 = CH2=CH-CH2, C6H5, 2-CH3C6H4, 4-CH3C6H4. 

R
4
 = Alk. 
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ʅʘ ʦʩʥʦʚʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʫ ʪʽʦʧʦʭʽʜʥʠʭ3-R-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 

1.6 ʰʣʷʭʦʤ ʘʣʢʽʣʫʚʘʥʥʷ 2-[N-(ʪʽʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.2, 

ʦʤʠʥʘʶʯʠ ʩʪʘʜʽʶ ʫʪʚʦʨʝʥʥʷ ʩʦʣʝʡ 1.5 (ʩʭʝʤʘ 1.6) [33]. 

 

1.2 ʉʠʥʪʝʟ ʪʽʻʥʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥ-4-ʪʽʦ(ʩʝʣʝʥʦ)ʥʽʚ ʮʠʢʣʽʟʘʮʽʻʶ 2-[N-

ʘʮʠʣʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 

 

1.2.1 ʉʠʥʪʝʟ 2-[N-ʘʮʠʣʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 

 

ʇʦʢʘʟʘʥʦ, ʱʦ 2-[N-ʘʮʠʣʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʠ 1.7 

ʣʝʛʢʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1 ʟ 

ʙʝʥʟʦʾʣʽʟʦʪʽʦ(ʩʝʣʝʥʦ)ʮʽʘʥʘʪʘʤʠ ʪʘ ʟ ʮʠʥʥʘʤʦʾʣʽʟʦʪʽʦ(ʩʝʣʝʥʦ)ʮʽʘʥʘʪʘʤʠ (ʩʭʝʤʘ 

1.7). ɺ ʷʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʮʝʪʦʥ ʯʠ ʘʙʩʦʣʶʪʥʠʡ ʙʝʥʟʝʥ [34-

41]. 
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(1.7) 

R
1
 + R

2
 = (CH2)4, (CH2)3; R

1
, R

2
 = CH3; 

R
3
 = C6H5CH=CH, C6H5; X = S, Se. 

 

ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʘʭ ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ 

ʛʦʜʠʥʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.1 ʟ 

ʘʮʠʣʽʟʦʪʽʦʮʽʘʥʘʪʘʤʠ ʧʨʦʭʦʜʠʪʴ ʚ ʙʽʣʴʰ ʤôʷʢʠʭ ʫʤʦʚʘʭ ʪʘ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ 

ʚʠʭʦʜʘʤʠ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ (78-94%) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʢʮʽʻʶ ʽʟ 

ʘʮʠʣʽʟʦʩʝʣʝʥʦʮʽʘʥʘʪʘʤʠ (ʚʠʭʽʜ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 50%). 
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1.2.2 ʉʠʥʪʝʟ N
3
-H-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʪʽʦ(ʩʝʣʝʥʦ)ʥʽʚ 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʢʣʽʟʘʮʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ 2-[N-

ʘʮʠʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʫ 1.7 [34-41]. ʊʘʢ, ʥʘʛʨʽʚʘʥʥʷ 

ʩʧʦʣʫʢ 1.7 ʟ 2-ʦʭ ʢʨʘʪʥʦʶ ʢʽʣʴʢʽʩʪʶ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʽʶ (ʥʘʪʨʽʶ) ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʛʦʜʠʥ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʘʣʽʻʚʠʭ 

ʩʦʣʝʡ N
3
-H-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʪʽʦ(ʩʝʣʝʥʦ)ʥʽʚ 1.8 (ʩʭʝʤʘ 1.8). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʝʧʘʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʥʝʟʘʤʽʱʝʥʠʭ ʚ ʪʨʝʪʴʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ 1.8. 
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 = CH3. 

R
3
 = C6H5CH=CH, C6H5, Ar. X = S, Se. M = Na, K. 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʠʢʣʽʟʘʮʽʷ ʘʮʠʣʩʝʣʝʥʦʫʨʝʾʜʽʚ 1.7 ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ 1.8 ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʙʽʣʴʰ ʤôʷʢʠʭ ʫʤʦʚʘʭ (70Áʉ, 15-30 ʭʚ) ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʽʦ-ʘʥʘʣʦʛʘʤʠ (78Áʉ, 2 ʛʦʜ.). ʃʦʛʽʯʥʠʤ ʙʫʣʦ ʙ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʠʩʘʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʘʮʠʣʧʦʭʽʜʥʠʭ 1.7 (ʩʭʝʤʘ 1.9) 

ʫʪʚʦʨʶʚʘʪʠʤʫʪʴʩʷ 3-N-ʘʮʠʣʧʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ, ʷʢʽ ʚ ʫʤʦʚʘʭ 

ʥʘʜʣʠʰʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ ʣʫʛʫ ʛʽʜʨʦʣʽʟʫʶʪʴ ʟ ʝʣʽʤʽʥʫʚʘʥʥʷʤ ʘʮʠʣʴʥʦʾ ʛʨʫʧʠ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʮʠʢʣʽʟʘʮʽʶ ʘʮʠʣʧʦʭʽʜʥʠʭ 

1.7 ʟ ʥʘʜʣʠʰʢʦʚʦʶ ʪʘ ʟ ʝʢʚʽʤʦʣʷʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʣʫʛʫ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ 

ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʫʪʚʦʨʝʥʥʷ ʩʦʣʝʡ 1.8, ʘ ʚ ʜʨʫʛʦʤʫ ï ʩʫʤʽʰ, ʟ ʷʢʦʾ ʙʫʣʦ 

ʚʠʜʽʣʝʥʦ ʮʠʢʣʽʯʥʽ ʧʨʦʜʫʢʪʠ 1.8 (38%) ʪʘ ʚʠʭʽʜʥʽ 2-[N-ʘʮʠʣʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʦ]-

3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʠ 1.7 (42%) [35, 37, 40]. ʊʦʙʪʦ, ʫʪʚʦʨʝʥʥʷ 3-N-
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ʘʮʠʣʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ ʚ ʞʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʣʫʞʥʠʡ ʛʽʜʨʦʣʽʟ ʘʮʠʣʴʥʦʾ ʛʨʫʧʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜ ʩʪʘʜʽʻʶ 

ʮʠʢʣʽʟʘʮʽʾ. 
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ʃʝʛʢʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽʾ 2-[N-

ʘʮʠʣʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.7 ʟ ʝʣʽʤʽʥʫʚʘʥʥʷʤ ʘʮʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʧʨʠ ʜʽʾ ʣʫʛʫ, ʽʤʦʚʽʨʥʦ, ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʪʽʦ(ʩʝʣʝʥʦ)ʫʨʝʾʜʥʠʡ 

ʘʪʦʤ ʅʽʪʨʦʛʝʥʫ ʥʘʙʫʚʘʻ çʢʠʩʣʦʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡè ʧʽʜ ʚʧʣʠʚʦʤ ʜʚʦʭ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʟʘʤʽʩʥʠʢʽʚ (ʪʽʦ(ʩʝʣʝʥʦ)ʘʤʽʜʥʦʾ ʪʘ ʘʮʠʣʴʥʦʾ ʛʨʫʧ) 

ʪʦ̔(ʩʝʣʝʥʦ)ʫʨʝʾʜʥʦʛʦ ʬʨʘʛʤʝʥʪʫ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʧʨʠ ʜʽʾ ʣʫʛʫ ʣʝʛʢʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʽʜʨʦʣʽʟ ʘʮʠʣʴʥʦʾ ʛʨʫʧʠ ʪʘ ʝʣʽʤʽʥʫʚʘʥʥʷ ʘʪʦʤʫ ɻʽʜʨʦʛʝʥʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ çʘʥʽʦʥʥʦʛʦè ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʮʝʥʪʨʫ ʥʘ ʘʪʦʤʽ ʅʽʪʨʦʛʝʥʫ (ʘʥʽʦʥ 

(ɽ)) (ʩʭʝʤʘ 1.9), ʷʢʠʡ ʧʦʪʽʤ ʟʘʟʥʘʻ ʧʝʨʝʪʚʦʨʝʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʶʪʴʩʷ N
3
-H-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʦʥʠ 1.8. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʨʘʥʽʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ [42] ʤʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʥʝʟʘʤʽʱʝʥʠʭ ʚ 

ʪʨʝʪʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʻ ʩʢʣʘʜʥʠʤʠ ʫ ʚʠʢʦʥʘʥʥʽ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʚʠʭʦʜʘʤʠ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 1.8 ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʚʠʱʝ ʦʧʠʩʘʥʠʤʠ. 



19 
 

1.2.3. ʎʠʢʣʽʟʘʮʽʷ 2-[N-ʘʮʠʣ(ʘʨʠʣ)ʪʽʦʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ ʚ 

ʢʠʩʣʦʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ  

 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʪʽʻʥʦ[2,3-d]-[1,3]ʪʽʘʟʠʥʽʚ ʻ 

ʮʠʢʣʽʟʘʮʽʷ 2-[N-ʘʮʠʣ(ʘʨʠʣ)ʪʽʦʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.2, 1.7 ʚ ʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ [42, 43, 44, 45]. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʮʠʢʣʽʟʘʮʽʾ 

ʘʮʠʣʧʦʭʽʜʥʠʭ 1.7 ʚ ʩʝʨʝʜʦʚʠʱʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʧʦʭʽʜʥʽ 2-ʘʤʽʥʦ-4H-ʪʽʻʥʦ[2,3-d][1,3]ʪʽʘʟʠʥ-4-ʦʥʫ 1.9-1.11 (ʩʭʝʤʘ 

1.10).  
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(1.10) 

R
1
 + R

2
 = (CH2)4, (CH2)3; R

1
, R

2
 = CH3. 

R
3
 = C6H5CH=CH, C6H5, Ar. 

 

ɺʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʮʠʢʣʽʟʘʮʽʾ ʩʧʦʣʫʢ 1.7 ʤʘʻ ʧʨʠʨʦʜʘ 

ʘʮʠʣʴʥʦʾ ʛʨʫʧʠ. ʊʘʢ, ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʽ ʟʘʤʽʩʥʠʢʠ ʚ ʧ-ʧʦʣʦʞʝʥʥʽ 

ʙʝʥʟʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʟʙʽʣʴʰʫʶʪʴ ʚʠʭʽʜ ʪʽʻʥʦʪʽʘʟʠʥʽʚ 1.10, ʘ 

ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʽ ʟʘʤʽʩʥʠʢʠ, ʥʘʚʧʘʢʠ ʟʤʝʥʰʫʶʪʴ. ɿʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ 2-N-

ʘʮʠʣʘʤʽʥʦ-4H-ʪʽʻʥʦ[2,3-d][1,3]ʪʽʘʟʠʥ-4-ʦʥʽʚ 1.10 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ 

ʘʮʠʣʴʥʦʛʦ ʟʘʤʽʩʥʠʢʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʨʷʜʦʤ:  

R
3
 = 4-O2NC6H4 >C6H5>C6H5CH2 Ó 4-CH3OC6H4 Ó CH3 
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ɸʥʘʣʦʛʽʯʥʦ ʧʦʚʦʜʷʪʴʩʷ ʧʨʠ ʮʠʢʣʽʟʘʮʽʾ ʚ ʢʠʩʣʦʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ                

2-[N-(ʪ̔ʦ)ʫʨʝʾʜʦ]-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʠ 1.2. ʊʘʢ, ʧʨʠ ʜʽʾ ʥʘ 

ʘʨʠʣʪʽʦʫʨʝʾʜʦʧʦʭʽʜʥʽ 1.2 ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʩʫʣʴʬʘʪʥʦʶ ʯʠ ʬʦʩʬʘʪʥʦʶ 

ʢʠʩʣʦʪʘʤʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʽʻʥʦ[2,3-d][1,3]ʪʽʘʟʠʥ-4-ʦʥʠ 1.12 ʟ ʚʠʭʦʜʘʤʠ 61-

90% (ʩʭʝʤʘ 1.11).  
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(1.11) 

R
1
 + R

2
 = (CH2)4, (CH2)3; R

1
, R

2
 = CH3; R

3
 = C6H5Ar. 

 

ʊʽʻʥʦʧʽʨʠʤʽʜʠʥʠ 1.12 ʧʨʠ ʜʽʾ ʝʪʠʣʘʪʫ ʥʘʪʨʽʶ ʟʜʘʪʥʽ ʽʟʦʤʝʨʠʟʫʚʘʪʠʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʽ 2-ʪʽʦ-3-R-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 1.4, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʥʦʩʥʫ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʪʽʻʥʦ[2,3-d][1,3]ʪʽʘʟʠʥ-4-ʦʥʽʚ 1.12 ʧʨʠ ʜʽʾ ʦʩʥʦʚʥʠʭ ʨʝʘʛʝʥʪʽʚ. 

 

1.2.4 ɯʥʰʽ ʤʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʦʭʽʜʥʠʭ 2-ʘʤʽʥʦʪʽʦʬʝʥʫ 

 

ʇʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʦʥʫ 1.13 ʪʘʢʦʞ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ 2-ʘʤʽʥʦ-3-ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.1 ʽʟ ʟʘʤʽʱʝʥʠʤʠ ʘʤʽʥʦʥʽʪʨʠʣʘʤʠ 

(ʩʭʝʤʘ 1.12) [46]. ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ. ɺʠʭʦʜʠ ʮʽʣʴʦʚʠʭ 

ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ 1.13 ʩʪʘʥʦʚʣʷʪʴ 60-85%. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʪʘʜʽʾ 

ʮʠʢʣʽʟʘʮʽʾ ʘʜʫʢʪʫ (F) ʚ ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ (3-7%) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʟ̔ʦʤʝʨʥʠʭ ʘʤʽʥʦʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ 1.14. 
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(1.12) 

R
1
 + R

2
 = (CH2)4, (CH2)3; R

1
, R

2
 = CH3. R

3
 = C6H5, Ar.  

 

2-ʄʝʪʠʣʤʝʨʢʘʧʪʦʧʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.15 ʫʪʚʦʨʶʶʪʴʩʷ ʟ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ (40-80%) ʧʨʠ ʚʟʘʻʤʦʜʽʾ 2-ʘʤʽʥʦ-3-

ʢʘʨʙʝʪʦʢʩʠʪʽʦʬʝʥʽʚ 1.1 ʟ N-ʟʘʤʽʱʝʥʠʤʠ N-[ʙʽʩ(ʤʝʪʠʣʪʽʦ)ʤʝʪʠʣʝʥ]ʘʤʽʥʘʤʠ 

[47] (ʩʭʝʤʘ 1.13).  
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(1.13) 

R
1
 + R

2
 = (CH2)4, (CH2)3; R

1
, R

2
 = CH3. R

3
 = C6H5, Ar. 
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ʎʠʢʣʽʟʘʮʽʷ (ʩʭʝʤʘ 1.13) ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʧʨʦʪʷʛʦʤ 1-2 ʛʦʜʠʥ. ʇʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.17, 

1.18 ʪʘʢʦʞ ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ 2-ʤʦʥʦʟʘʤʽʱʝʥʠʭ ʪʽʦʬʝʥʽʚ 1.16 

(ʩʭʝʤʘ 1.14). ʊʘʢ, ʚʟʘʻʤʦʜʽʷ N-(ʪʽʻʥʽʣ-2)-ʭʣʦʨʦʬʦʨʤʘʣʴʜʘʤʽʥʫ 1.16 ʟ 

ʘʤʽʥʦʥʽʪʨʠʣʦʤ ʯʠ ʟ ʛʝʪʝʨʦʮʽʘʥʽʜʘʤʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʦʭʽʜʥʠʭ    ʘʤʽʥʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.17 ʯʠ ʧʦʭʽʜʥʠʭ 4-ʦʢʩʦ(ʪʽʦ-, ʩʝʣʝʥʦ-

)ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.18 (ʩʭʝʤʘ 1.14). 
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(1.14) 

R = C6H5, Ar; X = O, S, Se 

 

ɺʽʜʤʽʯʝʥʦ, ʱʦ 4-ʽʤʽʥʦ-2-ʦʢʩʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ 1.21 ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʨʠ ʣʫʞʥʽʡ ʮʠʢʣʽʟʘʮʽʾ ʩʝʯʦʚʠʥʠ 1.20, ʷʢʘ ʧʦʧʝʨʝʜʥʴʦ ʤʦʞʝ ʙʫʪʠ 

ʩʠʥʪʝʟʦʚʘʥʘ ʚʟʘʻʤʦʜʽʻʶ ʜʦʙʫʪʠʤ ʽʟ ʤʘʣʦʥʦʜʠʥʽʪʨʠʣʫ ʟʘ ʨʝʘʢʮʽʻʶ ɻʝʚʘʣʴʜʘ 2-

ʘʤʽʥʦ-3-ʮʽʘʥʦʪʽʦʬʝʥʦʤ 1.19 ʪʘ ʬʝʥʽʣʽʟʦʮʽʘʥʘʪʦʤ (ʩʭʝʤʘ 1.15).  
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(1.15) 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʙʝʥʟʝʥʫ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 2-ʘʤʽʥʦ-

3-ʮʽʘʥʦʪʽʦʬʝʥʦʤ 1.19 ʪʘ ʬʝʥʽʣʽʟʦʮʽʘʥʘʪʦʤ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ (ʚʠʜʽʣʝʥʦ ʚʠʭʽʜʥʠʡ 

ʪʽʦʬʝʥ 1.19), ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʩʝʯʦʚʠʥʠ 

1.20, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʧʦʣʷʨʥʦʛʦ ʚʠʩʦʢʦʢʠʧʣʷʯʦʛʦ ʨʦʟʯʠʥʥʠʢʘ 

(ʪʦʣʫʝʥ ʯʠ ʩʫʤʽʰ ʽʟʦʤʝʨʽʚ ʢʩʠʣʝʥʫ). ʎʽʣʴʦʚʠʡ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ 1.21 

ʧʦʪʽʤ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʝʯʦʚʠʥʠ 1.20 ʚ ʩʝʨʝʜʦʚʠʱʽ 90%-ʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʝʪʘʥʦʣʫ ʧʨʠ ʜʽʾ ʜʚʦʭʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʣʫʛʫ ʟ ʥʘʩʪʫʧʥʦʶ 

ʥʝʡʪʨʘʣʽʟʘʮʽʻʶ ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʦʶ. 
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(1.16) 

 

ʊʘʢʦʞ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʜʣʷ 4-ʽʤʽʥʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.21 ʥʝ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʩʪʨʫʢʪʫʨʥʝ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ɼʽʤʨʦʪʘ (ʩʭʝʤʘ 1.16), ʘ ʩʘʤʝ: 

ʤʽʛʨʘʮʽʷ ʬʝʥʽʣʴʥʦʛʦ ʟʘʤʽʩʥʠʢʘ ʚ ʪʨʝʪʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

1.21 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʱʠʭ ʾʾ ʪʦʯʢʠ ʪʦʧʣʝʥʥʷ, ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʘʥʘʣʦʛʽʚ ʬʫʨʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʪʘʢʦʞ ʦʧʠʩʘʥʠʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.23, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 
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ʮʠʢʣʽʟʘʮʽʶ ʘʮʠʣʧʦʭʽʜʥʠʭ ʘʤʽʥʦʪʽʦʬʝʥʫ 1.22 ʧʽʜ ʜʽʻʶ ʛʽʜʨʘʟʠʥʫ (ʩʭʝʤʘ 1.17) 

[48]. 
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(1.17) 

R = Ph, CH2Ph, CHPh2, Ar. 

 

ɸʚʪʦʨʘʤʠ [49] ʦʧʠʩʘʥʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʠʥʪʝʟ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʽʟʦʤʝʨʥʽ ʩʧʽʨʦʧʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.24 ʽʟ N-(1-

ʮʠʢʣʦʘʣʢʝʥʽʣ)ʤʦʨʬʦʣʽʥʽʚ ʪʘ ʮʽʘʥʦʪʽʦʘʮʝʪʘʤʽʜʫ ʰʣʷʭʦʤ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚ ʝʪʘʥʦʣʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʩʭʝʤʘ 1.18).  
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1.24  

(1.18) 

n = 1, 2. 
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ʉʧʽʨʦʧʦʭʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.24 ʪʘʢʦʞ ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʽʟ 

ʘʤʽʥʦʪʽʦʬʝʥʽʚ 1.26, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʜʽʾ ʛʽʜʨʦʛʝʥʩʫʣʴʬʽʜʫ ʥʘ ʮʠʢʣʽʯʥʽ 

ʘʣʢʝʥʠ 1.25 ( ʩʭʝʤʘ 1.19).  

 

R

S

NH
2NC

SH
2(   )n S

NH
2

S

NH
2

R

(   )n

NH

N
H

S

R

S

(   )n
O

R

S

NH
2NC

(   )n

NH

N
H

S

R

S

(   )n

OCH
3

(   )n

NH

N
H

S

R

SCH
3

(   )n
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1.24
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1.24  
(1.19) 

R = H, Ph. 

n = 1, 2. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟʫʶʯʠ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʪʽʦʬʝʥʫ ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʦʭʽʜʥʠʭ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ, ʪʘʢ ʽ ʜʣʷ ʩʧʦʣʫʢ, ʷʢʽ ʤʘʶʪʴ ʟʘʤʽʩʥʠʢʠ ʫ 

ʪʽʦʬʝʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʽ. 
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1.2.5 ʉʠʥʪʝʟ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʟ ʧʦʭʽʜʥʠʭ ʧʽʨʠʤʽʜʠʥʫ 

 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʦʤʦ ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ 

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʨʷʜʫ, ʭʦʯʘ ʜʣʷ ʙʽʣʴʰ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ ʮʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʟ ʫʩʧʽʭʦʤ 

ʟʘʩʪʦʩʦʚʘʥʠʡ. ɺ ʙʽʣʴʰʦʩʪʽ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʨʠʤʽʜʠʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʭʣʦʨʦ- ʘʙʦ ʤʝʨʢʘʧʪʦʛʨʫʧʫ ʚ 

ʯʝʪʚʝʨʪʦʤʫ ʘʙʦ ʚ ʰʦʩʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ. ɺ ʷʢʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʘ ʮʠʢʣʽʟʘʮʽʾ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Ŭ-ʛʘʣʦʛʝʥʢʘʨʙʦʥʽʣʴʥʽ ʩʧʦʣʫʢʠ 

(ʩʭʝʤʘ 1.20) [15]. 
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(1.20) 

R
1
, R

2
 = Alk, C6H5, Ar; X = OH, NH2; Hal = Cl, Br. 

 

ʊʘʢ, ʩʠʥʪʝʟ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ 1.32 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʤʝʨʢʘʧʪʦʛʨʫʧʠ ʚ ʰʦʩʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ 

ʢʽʣʴʮʷ, ʷʢʘ ʚʟʘʻʤʦʜʽʻ ʟ Ŭ-ʛʘʣʦʛʝʥʦʢʝʪʦʥʘʤʠ (ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʪʽʦʩʪʝʨʫ 1.31 ʥʘ ʧʨʦʤʽʞʥʽʡ ʩʪʘʜʽʾ) ʪʘ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʘʪʦʤʫ ɻʽʜʨʦʛʝʥʫ 

ʧʨʠ ʘʪʦʤʽ ʂʘʨʙʦʥʫ ʚ ʧôʷʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ (ʮʠʢʣʽʟʘʮʽʷ 

ʪ̔ ʦʝʪʝʨʫ 1.31*) ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʶʪʴ 4-(ʘʤʽʥʦ-)-ʛʽʜʨʦʢʩʠʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʠ 1.32 (ʩʭʝʤʘ 1.20). 
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ʊʘʢʦʞ ʦʧʠʩʘʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 2,4-ʜʠʤʝʪʠʣ-6-ʙʨʦʤʦʤʝʪʠʣ-5,6ʅ-

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.34 ʰʣʷʭʦʤ ʙʨʦʤʫʚʘʥʥʷ 5-ʘʣʽʣ-2,6-ʜʠʤʝʪʠʣ-4-

ʤʝʨʢʘʧʪʦʧʽʨʠʤʽʜʠʥʫ 1.33 ʚ ʩʝʨʝʜʦʚʠʱʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (ʩʭʝʤʘ 1.21) [50]. 

ʆʪʨʠʤʘʥʽ ʙʨʦʤʦʚʤʽʩʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 1.34 ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʩʠʥʪʝʟʫ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ 1.35, 1.36. 
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(1.21) 

ʇʨʦʜʫʢʪʠ ʘʣʢʽʣʫʚʘʥʥʷ 5-ʮʽʘʥʦ-6-ʤʝʨʢʘʧʪʦʧʽʨʠʤʽʜʠʥʽʚ 1.37 ʧʦ 

ʝʢʟʦʮʠʢʣʽʯʥʦʤʫ ʘʪʦʤʫ ʉʫʣʴʬʫʨʫ 1.38 ʟʜʘʪʥʽ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ ʚ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ 5-ʘʤʽʥʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 1.39 (ʩʭʝʤʘ 1.22).  

 

N

N

R2

R1 SH

CN

1.37

+ R
3
CH

2
Hal

N

N

R2

R1 S

CN

R3

1.38

OH

N

N

R2

R1 S

NH
2

R3

1.39

HHal-

-

 
(1.22) 

R
1
 , R

2
 , R

3
 = Alk, C6H5, Ar; Hal = Cl, Br. 
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ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʜʝʨʞʘʥʥʷ ʭʣʦʨʘʥʛʽʜʨʽʜʽʚ 4-ʭʣʦʨʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-6-ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ 1.43, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʦʜʝʨʞʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ N-ʟʘʤʽʱʝʥʠʭ ʘʤʽʜʽʚ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʩʭʝʤʘ 1.23). 

ʉʧʦʣʫʢʘ 1.40 ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʟʘʻʤʦʜʽʻ ʟ ʜʚʦʤʘ ʤʦʣʷʤʠ ʝʩʪʝʨʫ 

ʤʝʨʢʘʧʪʦʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʫ 1.41, ʷʢʠʡ ʧʦʪʽʤ 

ʧʽʜʜʘʶʪʴ ʣʫʞʥʦʤʫ ʛʽʜʨʦʣʽʟʫ.  
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(1.23) 

R = Alk . 

ʋʪʚʦʨʝʥʫ ʢʠʩʣʦʪʫ 1.42 ʦʙʨʦʙʣʷʶʪʴ ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ ʽ ʦʪʨʠʤʫʶʪʴ 

ʢʽʥʮʝʚʠʡ ʭʣʦʨʘʥʛʽʜʨʠʜ 1.43 (1.23). ɺʟʘʻʤʦʜʽʷ 4-ʭʣʦʨʦ-5-ʮʽʘʥʦʧʽʨʠʤʽʜʠʥʽʚ 1.44 

ʽʟ ʚʪʦʨʠʥʥʠʤʠ ʪʽʦʩʧʠʨʪʘʤʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʽʦʝʪʝʨʽʚ 1.38, ʷʢʽ ʚ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʣʝʛʢʦ ʮʠʢʣʽʟʫʶʪʴʩʷ ï ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʶʪʴ ʮʽʣʴʦʚʽ 5-

ʘʤʽʥʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 1.39 (ʩʭʝʤʘ 1.24) [51].  
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(1.24) 

R
1
 , R

3
 = Alk, R

2
 = Alk, C6H5, Ar. 

 

ʆʧʠʩʘʥʦ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʥʽʪʨʦʟʘʤʽʱʝʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 1.47 ʽʟ               

4,6-ʜʠʭʣʦʨʦʧʽʨʠʤʽʜʠʥ-5-ʢʘʨʙʘʣʴʜʝʛʽʜʫ 1.40 (ʩʭʝʤʘ 1.25). 
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(1.25) 

R
1
 = H, SCH3; R

2
 = N(CH3)2, N(C2H5)2, N(CH2)5. 

 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʤʽʥʽ ʦʜʥʦʛʦ ʟ ʘʪʦʤʽʚ ʭʣʦʨʫ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ 

ʥʘ ʜʽʘʣʢʽʣʘʤʽʥʦʛʨʫʧʫ ʽ ʥʘʩʪʫʧʥʽʡ ʚʟʘʻʤʦʜʽʾ ʦʪʨʠʤʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʤʽʱʝʥʥʷ 

1.45 ʽʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ ʤʦʞʥʘ ʜʦʙʫʪʠ ʧʽʨʠʤʽʜʠʥʽʣʪʽʦʮʽʘʥʘʪ 1.46, ʷʢʠʡ 



30 
 

ʟʜʘʪʥʠʡ ʮʠʢʣʽʟʫʚʘʪʠʩʴ ʧʨʠ ʦʙʨʦʙʮʽ ʥʽʪʨʦʤʝʪʘʥʦʤ ʫ ʚʽʜʧʦʚʽʜʥʠʡ 

ʥʽʪʨʦʟʘʤʽʱʝʥʠʡ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ 1.47 (ʩʭʝʤʘ 1.25). 

ʆʨʠʛʽʥʘʣʴʥʠʡ ʤʝʪʦʜ ʘʥʝʣʶʚʘʥʥʷ ʪʽʦʬʝʥʦʚʦʛʦ ʢʽʣʴʮʷ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʚ ʨʦʙʦʪʽ [52]: ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʚ 3-ʤʝʪʠʣ-6-

ʭʣʦʨʦʧʽʨʠʤʽʜʠʥ-2,4-ʜʽʦʥʽ 1.48 ʘʣʢʽʣʫʚʘʥʥʷʤ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʦʪʘʰʫ 

ʟʘʭʠʱʘʶʪʴ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʠʡ ʘʪʦʤ ʅʽʪʨʦʛʝʥʫ ʚ ʧʝʨʰʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʷʜʨʘ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʽʨʠʤʽʜʠʥʫ 1.49, ʷʢʠʡ ʧʽʜ ʜʽʻʶ ʝʪʠʣʦʚʦʛʦ 

ʝʩʪʝʨʫ 3-ʙʨʦʤʦ-2-ʦʢʩʦʧʨʦʧʽʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʝʢʚʽʤʦʣʷʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʪʨʽʡ ʛʽʜʨʦʛʝʥʩʫʣʴʬʽʜʫ ʪʘ ʪʝʪʨʘʭʣʦʨʠʜʫ 

ʪʽʪʘʥʫ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ ʢʽʣʴʢʽʩʥʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ 1.50 (ʩʭʝʤʘ 1.26). 
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(1.26) 

ɿ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʠʥʪʝʟ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ ʽʟ ʧʦʭʽʜʥʠʭ ʧʽʨʠʤʽʜʠʥʫ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʧʘʜʢʫ ʦʜʝʨʞʘʥʥʷ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʦ 

ʟʘʤʽʱʝʥʠʭ ʧʦ ʪʽʦʬʝʥʦʚʦʤʫ ʮʠʢʣʫ. 

 

1.3 ʍʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʻʥʦ[2,3-d]ʧ̔ ʨʠʤʽʜʠʥʽʚ 

 

1.3.1 ʈʝʘʢʮʽʾ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧ̔ ʨʠʤʽʜʠʥʫ ʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ  

ɸ) ʈʝʘʢʮʽʾ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʪʽʻʥʦ[2,3-d]ʧ̔ʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ 

ʉʝʨʝʜ ʦʧʠʩʘʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ ʨʝʘʢʮʽʡ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʚ 

ʪʽʻʥʦ[2,3-d]ʧ̔ʨʠʤʽʜʠʥʦʚʦʤʫ ʮʠʢʣʽ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ ʻ ʨʝʘʢʮʽʷ ʟʘʤʽʱʝʥʥʷ 

ʝʢʟʦʮʠʢʣʽʯʥʦʾ ʛʨʫʧʠ S-R (R=H, Alk ) [53] (ʩʭʝʤʘ 1.27). ɺʠʭʦʜʠ ʧʨʦʜʫʢʪʽʚ 
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ʨʝʘʢʮʽʾ 1.52, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʨʝʘʛʝʥʪʽʚ, ʩʢʣʘʜʘʶʪʴ 44-83%. ʈʝʘʢʮʽʶ 

ʧʨʦʚʦʜʷʪʴ ʚ ʩʝʨʝʜʦʚʠʱʽ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʨʝʘʛʝʥʪʫ ʧʨʠ ʪʨʠʚʘʣʦʤʫ (2-24 

ʛʦʜʠʥʠ) ʥʘʛʨʽʚʘʥʥʽ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʩʦʢʦʢʠʧʣʷʯʽ ʨʦʟʯʠʥʥʠʢʠ (ʙʫʪʘʥʦʣ, 

ʽʟʦʧʝʥʪʘʥʦʣ, ɼʄʌɸ).  
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1.51
1.52

 

(1.27) 

R
1
 + R

2
 = (CH2)4, CH2N(CH3)CH2CH2, CH2SC(CH3)2CH2; 

R
1
 = R

2
 = CH3; R

3
 = H, CH3, NH2; R

4
 = H, Alk, R

5
 = NHNH2, NHCH2CH2OH, 

NHAr, NHCH2C6H5, N(CH2)5, ʤʦʨʬʦʣʽʥ. 

 

ʆʧʠʩʘʥʦ ʪʘʢʦʞ ʜʝʷʢʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʜʨʘʟʠʥʦ ʟʘʤʽʱʝʥʠʭ 

ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ 1.52 (ʩʭʝʤʘ 1.28)[54, 55, 56]. 
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(1.28) 

R
1
 + R

2
 = (CH2)4; R

1
 = R

2
 = CH3; R

3
 = H; R

4
 = 4-CH3OC6H4; 

R
3
 = CH3; R

4
 = CH2COOC2H5, COOH; R

5
 = CH2CH=CH2, C6H5. 

 

ʊʘʢ, ʟʦʢʨʝʤʘ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʧʦʣʫʢʠ 1.52 ʣʝʛʢʦ ʢʦʥʜʝʥʩʫʶʪʴʩʷ ʟ 

ʦʢʩʦʩʧʦʣʫʢʘʤʠ ʪʘ ʽʟʦʪʽʦʮʽʘʥʘʪʘʤʠ, ʜʘʶʯʠ ʧʦʭʽʜʥʽ 1.55, 1.56, ʷʢʽ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʴʥʠʭ ʦʙôʻʢʪʘʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʡ (ʩʭʝʤʘ 1.28). ʇʦʢʘʟʘʥʦ, ʱʦ 

ʦʢʩʦʛʨʫʧʘ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠ ʜʽʾ POCl3 ʟʜʘʪʥʘ ʟʘʤʽʱʫʚʘʪʠʩʴ ʥʘ ʘʪʦʤ 

ʭʣʦʨʫ (ʩʭʝʤʘ 1.29). ʈʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʧʨʦʪʷʛʦʤ 18 ʛʦʜʠʥ 
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ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʫ 1.52 ʟ POCl3. ɺʠʭʦʜʠ ʮʽʣʴʦʚʠʭ ʭʣʦʨʦʧʦʭʽʜʥʠʭ ʘʥʘʣʦʛʽʚ 1.60 

ʩʪʘʥʦʚʣʷʪʴ 48-61%.  
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(1.29) 

R
1
 + R

2
 = (CH2)4; R

1
 = R

2
 = CH3. 

 

ɹ) ʈʝʘʢʮʽʾ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷʤ ʪʽʻʥʦ[2,3-d]ʧ̔ʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ 

 

ɺ ʨʷʜʫ ʧʽʨʠʤʽʜʠʥʫ ʦʧʠʩʘʥʦ ʨʝʘʢʮʽʶ ʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʷʢʘ 

ʧʨʦʭʦʜʠʪʴ ʧʦ ʘʪʦʤʫ ʂʘʨʙʦʥʫ ʚ ʜʨʫʛʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʦʟʢʨʠʪʪʷʤ ʮʠʢʣʫ ʘʙʦ ʨʝʮʠʢʣʽʟʘʮʽʻʶ. 
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(1.30) 
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1.4 ʈʝʘʢʮʽʾ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧ̔ ʨʠʤʽʜʠʥʫ ʟ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ 

 

ʈʝʘʢʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʚ 2-ʦʢʩʦ(ʪʽʦ)ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-

4-ʦʥʘʭ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʧʦ ʪʨʴʦʭ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʘʭ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ 

ʮʠʢʣʫ: ʘ ʩʘʤʝ, ʧʦ ʘʪʦʤʘʤ ʅʽʪʨʦʛʝʥʫ N
1
, N

3
 ʪʘ ʧʦ ʝʢʟʦʮʠʢʣʽʯʥʦʤʫ ʘʪʦʤʫ 

ʭʘʣʴʢʦʛʝʥʫ ʚ ʜʨʫʛʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʻ ʪʘʢʦʞ ʨʝʘʢʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʚ ʪʽʦʬʝʥʦʚʦʤʫ 

ʷʜʨʽ ʪʘ ʧʨʠʻʜʥʘʥʥʷ ʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʧʦ ʢʨʘʪʥʦʤʫ ʂʘʨʙʦʥ-

ʂʘʨʙʦʥʦʚʦʤʫ ʟʚôʷʟʢʫ, ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʟʘʤʽʩʥʠʢʘʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ.  

ɸ) ʈʝʘʢʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʚ ʧʽʨʠʤʽʜʠʥʦʚʦʤʫ ʷʜʨʽ 

ɽʣʝʢʪʨʦʬʽʣʴʥʝ ʟʘʤʽʱʝʥʥʷ ʧʦ ʝʢʟʦʮʠʢʣʽʯʥʦʤʫ ʘʪʦʤʫ ʭʘʣʴʢʦʛʝʥʫ 

ʧʨʦʚʦʜʠʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʣʽʻʚʠʭ  (ʥʘʪʨʽʻʚʠʭ) ʩʦʣʝʡ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʫ 1.4, 1.5 ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʣʫʛʽʚ ʯʠ ʢʘʨʙʦʥʘʪʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʘʙʦ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʧʽʨʠʜʠʥʫ 

(ʩʭʝʤʘ 1.31).  
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(1.31) 

R
1
 + R

2
 = (CH2)n (n = 3,4); R

1
 = R

2
 = H, Alk ; R

3
 = H, NH2, Ph, Allyl , Alk ; R

4
 = H, 

K, Na; R
5
 = Alk (15), COPh, COAlk (67); R

6
 = Cl, Br, I, C2H5SO4, CH3SO4;  

 

ʈʝʘʢʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʧʦ ʝʢʟʦʮʠʢʣʽʯʥʦʤʫ ʘʪʦʤʫ ʉʫʣʴʬʫʨʫ 

ʧʨʦʭʦʜʷʪʴ ʚ ʙʽʣʴʰ ʤôʷʢʠʭ ʫʤʦʚʘʭ ʪʘ ʟ ʚʠʱʠʤʠ ʚʠʭʦʜʘʤʠ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʙʽʣʴʰʦʶ ʝʣʝʢʪʨʦʬʽʣʴʥʽʩʪʶ ʘʪʦʤʫ ʉʫʣʴʬʫʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʘʪʦʤʦʤ 

ʆʢʩʠʛʝʥʫ. ʋ ʚʠʧʘʜʢʫ ʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʛʽʜʨʠʜʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʚ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʯʠ ʛʽʜʨʦʢʩʠʜʽʚ 

(ʢʘʨʙʦʥʘʪʽʚ) ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʽ ʘʙʦ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ 
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ʧʨʠ ʘʣʢʽʣʫʚʘʥʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4-ʜʽʦʥʽʚ 1.4b ʘʚʪʦʨʘʤ [57, 58] 

ʚʜʘʣʦʩʴ ʩʝʣʝʢʪʠʚʥʦ ʦʪʨʠʤʘʪʠ ʽʟʦʤʝʨʥʽ ʧʨʦʜʫʢʪʠ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ 

ʧʦ ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ ʚ ʧʝʨʰʦʤʫ ʧʦʣʦʞʝʥʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ 

1.68 (ʩʭʝʤʘ 1.32). 
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(1.32) 

R
1
 + R

2
 = (CH2)n (n= 3,4); R

1
 = R

2
 = H, CH3, C2H5; 

R
3
 = Ph, Ar, CH2Ar. 

 

ɸʥʝʣʶʚʘʥʥʷ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʽʦʥʥʠʭ ʜʦʤʽʥʦ-ʨʝʘʢʮʽʡ 

 

ʉʝʨʝʜ ʤʦʞʣʠʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʩʦʣʝʡ ʜʽʘʟʦʥʽʶ ʫʚʘʛʫ ʘʚʪʦʨʽʚ [59] 

ʧʨʠʚʝʨʥʫʣʠ ʨʝʘʢʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʦʜʝʨʞʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 1,3-ʜʠʧʦʣʽ, ʪʘʢʽ ʷʢ 

ʘʟʠʜʠ ʪʘ ʭʣʦʨʛʽʜʨʘʟʦʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʘʤʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʦ 

ʩʧʦʩʽʙ ʩʠʥʪʝʟʫ ʪʘ ʦʜʝʨʞʘʥʥʷ ʥʠʟʢʠ 2-ʘʟʠʜʦʪʽʦʬʝʥʽʚ, ʷʢʽ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚ 

ʨʝʘʢʮʽʷʭ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʘʢʪʠʚʦʚʘʥʠʤʠ ʘʮʝʪʦʥʽʪʨʠʣʘʤʠ.(ʩʭʝʤʘ 1.33). 
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ɿ ʤʝʪʦʶ ʨʦʟʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʘʚʪʦʨʘʤʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʭʽʜʥʽ ʪʽʦʬʝʥʫ ʟ ʮʽʘʥʦ-, ʢʘʨʙʘʤʽʜʥʦʶ ʪʘ ʢʝʪʦʛʨʫʧʘʤʠ. ɺ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʝʨʞʘʪʠ ʘʟʠʜ 1.69 ʜʽʘʟʦʪʫʚʘʥʥʷʤ 

ʩʧʦʣʫʢʠ 3d ʥʝʤʦʞʣʠʚʦ ʫ ʞʦʜʥʠʭ ʟ ʚʠʙʨʘʥʠʭ ʫʤʦʚ ʜʽʘʟʦʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʚʥʘʩʣʽʜʦʢ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʜʽʘʟʦʩʦʣʽ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ 

ʨʝʘʢʮʽʾ ʙʫʚ 1,2,3-ʪʨʠʘʟʝʥʦʥ 1.70 (ʩʭʝʤʘ 1.34). 
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1.70                                                                                                            1.69  
(1.34) 

ɸʚʪʦʨʘʤ ʚʜʘʣʦʩʴ ʦʜʝʨʞʘʪʠ ʘʟʠʜʠ ʟ ʮʽʘʥʦ- ʪʘ ʢʝʪʦʛʨʫʧʘʤʠ 1.69b,c. ɺʦʥʠ 

ʻ ʜʦʚʦʣʽ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʷʢʽ ʰʚʠʜʢʦ ʨʦʟʢʣʘʜʘʶʪʴʩʷ, ʪʦʤʫ ʾʭ 

ʚʽʜʨʘʟʫ ʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʚ ʦʜʥʦʨʝʘʢʪʦʨʥʽʡ ʘʥʽʦʥʥʽʡ ʜʦʤʽʥʦ-ʨʝʘʢʮʽʾ ʟ ʟʘʤʽʱʝʥʠʤʠ 

ʘʮʝʪʦʥʽʪʨʠʣʘʤʠ (ʩʭʝʤʘ 1.35). 

S
NH

2

CN NaNO
2

H
2
SO

4

NaN
3

S

CN

N
3

19a

CNCH
2
CN

MeONa
MeOH S

N

N

N N

NH
2

CN

1.71a

MeONa

MeOH

BthCH
2
CN

1.70b

NN

N

S

N

S
NH

2

CN

+

S

N

N

N N

NH
2

S

N

1.72b

1.69b

1.72a

73%
17%  

(1.35) 

ʋ ʩʠʥʪʝʪʠʯʥʽʡ ʩʭʝʤʽ ʘʚʪʦʨʘʤʠ [60, 61] ʙʫʣʦ ʚʠʧʨʦʙʫʚʘʥʦ 3-

ʘʤʽʥʦʪʽʦʬʝʥʠ. ɹʫʣʠ ʦʜʝʨʞʘʥʥʽ ʘʟʠʜʠ 1.73ʘ-ʩ ʪʘ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʾʭ ʚʟʘʻʤʦʜʽʷ 

ʟ ʘʢʪʠʚʦʚʘʥʠʤʠ ʥʽʪʨʠʣʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʥʦʚʥʠʡ ʢʘʪʘʣʽʟ. ɿôʷʩʦʚʘʥʦ, ʱʦ 
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ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ ʟʘʤʽʱʝʥʽ ʪʽʻʥʦ[2,3-

ʝ][1,2,3]ʪʨʠʘʟʦʣʦ[1,5-ʘ]ʧʽʨʠʤʽʜʠʥʦʥʠ 1.74 (ʩʭʝʤʘ 1.36) ʽ ʪʘʢʘ ʨʝʘʢʮʽʷ ʻ 

ʟʨʫʯʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʮʽʻʾ ʛʝʪʝʨʦʮʠʢʣʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʜʦʩʪʫʧʥʠʭ ʨʝʘʛʝʥʪʽʚ ʫ ʤôʷʢʠʭ ʫʤʦʚʘʭ [62].  
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(1.36) 

a: R
1
, R

2
 = H, R = Me; b: R

1
, R

2
 = -(CH2)2-, R = Et; c: R

1
 = Ph, R

2
 = H, R = Et; 

1.70= CN; 1.70
3
 = C(O)NH2; 1.75ʘ: R

1
, R

2
 = H, R =Me, R

3
 = CN; 

1.75b: R
1
, R

2
 = H, R = Me, R

3
 = Bth; 1.75c: R

1
, R

2
 = H, R = Me, R

3
 = C(O)NH2; 

1.75d: R
1
, R

2
 = H, R =Me, R

3
 = C(O)-1-Methylpyrrol-2-yl; 

1.75e: R
1
 + R

2 
= -(CH2)4-, R = Et, R

3
 = CN; 

1.75f: R
1
 + R

2 
= -(CH2)4-, R = Et, R

3
 = C(O)NH2; 

1.75g: R
1
 = Ph, R

2
 = H, R = Et, R

3
 = C(NH)OCH3; 

1.75h: R
1
 = Ph, R

2
 = H, R = Et, R

3
 = C(O)NH2; 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʭʣʦʨʛʽʜʨʘʟʦʥ 1.76 ʨʝʘʛʫʻ ʟ ʤʝʪʠʣʝʥʘʢʪʠʚʥʠʤʠ 

ʥʽʪʨʠʣʘʤʠ 19 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʝʢʚʽʚʘʣʝʥʪʽʚ 

ʤʝʪʠʣʘʪʫ ʥʘʪʨʽʶ, ʫʪʚʦʨʶʶʯʠ ʪʽʻʥʦ[3,2-ʝ]ʧʽʨʘʟʦʣʦ[1,5-ʘ]ʧʽʨʠʤʽʜʠʥ-5(4ʅ)-ʦʥʠ 

1.77. ʉʧʦʣʫʢʫ 1.77ʩ ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʛʽʜʨʦʣʽʟʫʚʘʣʠ ʜʦ ʜʠʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ 

1.78 (ʩʭʝʤʘ 1.37). 
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(1.37) 

 R = CN (a), Bth (b), COOEt (c) 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʤʽʥʦ-ʨʝʘʢʮʽʡ ʜʦʟʚʦʣʷʶʪʴ 

ʦʜʝʨʞʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʥʜʝʥʩʦʚʘʥʽ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʠ, ʟʦʢʨʝʤʘ ʧʦʭʽʜʥʽ 

ʥʦʚʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʘʞʢʦ ʩʠʥʪʝʟʫʚʘʪʠ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ 

ʨʦʙʠʪʴ ʾʭ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʜʠʟʘʡʥʽ 

ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʜʝʤʦʥʩʪʨʫʻ ʧʦʪʫʞʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ ʫ ʩʠʥʪʝʟʽ ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ. ʇʽʜʢʨʝʩʣʠʤʦ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦ ʧʦʯʘʪʢʫ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʦʚʥʦ ʚʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʽ  ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʮʠʢʣʽʟʘʮʽʡ 

ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ 

ʘʛʝʥʪʘʤʠ.  
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ʈʆɿɼɯʃ 2 

2.1 ʇʆʍɯɼʅɯ ʊɯɭʅʆ[2,3-d]ʇɯʈʀʄɯɼʀʅɯɺ 

 

 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʘʤʽʥʦʪʽʦʬʝʥ-3-ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʫ ʩʠʥʪʝʟʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ [63, 64]. ɿʘ 

ʫʤʦʚʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʣʶʯʦʚʦʛʦ ʩʫʙʩʪʨʘʪʫ ʽʟ ʚʠʩʦʢʠʤʠ 

ʚʠʭʦʜʘʤʠ ʫ ʤôʷʢʠʭ ʫʤʦʚʘʭ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʜʣʷ ʙʘʛʘʪʴʦʭ ʟ ʷʢʠʭ ʚʽʜʦʤʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

[65-67]. ʅʘʷʚʥʽʩʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʭʽʜʥʠʭ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʘʤʽʥʦʪʽʦʬʝʥ-3-

ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʜʝʢʽʣʴʢʦʭ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʡ  ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ 

ʙʽʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ. ʊʦʤʫ ʜʝʪʘʣʴʥʝ 

ʚʠʚʯʝʥʥʷ ʜʘʥʠʭ ʦʙôʻʢʪʽʚ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʩʧʦʣʫʢ ʥʘ ʾʭ 

ʦʩʥʦʚʽ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ  

ʩʫʯʘʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ.  

ʅʘ ʙʘʟʽ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʘʤʽʥʦʪʽʦʬʝʥ-3-ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʟʘ 

ʢʣʘʩʠʯʥʦʶ, ʦʧʠʩʘʥʦʶ ʚ ʣʽʪʝʨʘʪʫʨʽ [68], ʨʝʘʢʮʽʻʶ ɻʝʚʘʣʴʜʘ ʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 2.2a-c. ʊʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ ʤʘʶʪʴ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʛʘʣʫʟʽ ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʾʭ 

ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ, ʘ ʩʘʤʝ ʧʨʦʪʠʚʽʨʫʩʥʦʾ ʽ ʧʨʦʪʠʟʘʧʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ  

ʧʝʨʝʰʢʦʜʞʘʥʥʽ  ʘʛʨʝʛʘʮʽʾ ʪʨʦʤʙʦʮʠʪʽʚ. ɿʦʢʨʝʤʘ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʜʦʢʽʥʛʫ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ ʧʨʦʷʚʣʷʶʪʴ ʧʽʜʚʠʱʝʥʫ  

ʘʢʪʠʚʥʽʩʪʴ ʷʢ ʽʥʛʽʙʽʪʦʨʠ PARP-1 (poly(ADP-ribose)-polymerase-1) [69]. ʍʦʯʘ 

ʩʠʥʪʝʟʫ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʧʨʠʜʽʣʝʥʦ ʯʠʤʘʣʦ ʫʚʘʛʠ ʚ ʦʨʛʘʥʽʯʥʦʤʫ 

ʩʠʥʪʝʟʽ, ʚʽʜʦʤʽ ʣʠʰʝ ʪʽʣʴʢʠ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ  ʦʪʨʠʤʘʥʥʷ  ʙʝʥʟʦʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʘʢʪʠʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʚʠʢʣʠʢʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ. ʇʨʠʩʫʪʥʽʩʪ ɹʨʽʟʥʠʭ 

ʛʝʪʝʨʦʘʪʦʤʽʚ, ʥʘʧʨʠʢʣʘʜ O, S, Se ʚ 4-ʤʫ ʧʦʣʦʞʝʥʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ 

ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. 
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ʇʦʭʽʜʥʽ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʘʤʽʥʦʪʽʦʬʝʥ-3-ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ 

ʦʪʨʠʤʫʶʪʴ ʚʟʘʻʤʦʜʽʻʶ ʚʽʜʧʦʚʽʜʥʠʭ ʢʝʪʦʥʽʚ ʽʟ ʮʽʘʥʦʮʪʦʚʠʤ ʝʩʪʝʨʦʤ, 

ʝʣʝʤʝʥʪʘʨʥʦʶ ʩʽʨʢʦʶ ʪʘ ʜʽʝʪʠʣʘʤʽʥʦʤ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 50-70Áʉ ʥʘ ʧʨʦʪʷʟʽ 2-ʭ 

ʛʦʜʠʥ (ʩʭʝʤʘ 2.1).  

 

R' CH
2
-R' '

O

+ S + 

CN

CO
2
Et

(C
2
H

5
)
2
NH

S

R'

R' ' NH
2

CO
2
Et

2.1a-c  

(2.1) 

ʜʝ: a - R',-R''= (CH2)4; b - R'-R''= (CH2)3; c - R'=R'' = CH3 

ʇʦʜʘʣʴʰʝ ʢʠʧôʷʪʽʥʥʷ ʝʩʪʝʨʽʚ 2.1ʘ-ʩ ʫ ʬʦʨʤʘʤʽʜʽ ʚʧʨʦʜʦʚʞ 5-ʪʠ ʛʦʜʠʥ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 180Áʉ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ 2.2a-c (ʉʭʝʤʘ 2.2). 

S

R'

R' ' NH
2

CO
2
Et

2.1a-c

NH
2

O+

S

R'

R' ' N
1 2

NH
3

4

O

2.2a-c  

(2.2) 

ʜʝ: a - R'.-R''= (CH2)4; b - R',-R''= (CH2)3; c - R'=R''= CH3 

ʇʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʤʽʥʠ ʘʪʦʤʘ ʆʢʩʠʛʝʥʫ ʫ 4-ʤʫ ʧʦʣʦʞʝʥʥʽ 

ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʥʘ ʘʪʦʤʠ ʉʫʣʴʬʫʨʫ ʘʙʦ ʉʝʣʝʥʫ, ʦʩʢʽʣʴʢʠ 

ʩʫʣʴʬʫʨ(ʩʝʣʝʥʦ)ʚʤʽʩʥʽ ʧʽʨʠʤʽʜʠʥʠ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʩʧʦʥʫʢʘʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʩʠʥʪʝʟʫ ʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʪʘʢʠʭ ʩʧʦʣʫʢ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʪʽʦ(ʩʝʣʝʥʦ)ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʾ ʘʣʢʽʣʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ 

ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʩʧʦʣʫʢ 2.2a-c ʽʟ ʭʣʦʨʦʢʠʩʦʤ ʬʦʩʬʦʨʫ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʜʠʝʪʠʣʘʤʽʥʫ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʫ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ                    

4-ʭʣʦʨʪʽʻʥʦ[2.3-d]ʧʽʨʠʤʽʜʠʥʠ 2.3a-c (ʉʭʝʤʘ 2.3). 

 

S

R'

R' ' N

N

O

2.2a-c

POCl
3

S

R'

R' ' N

N

Cl

2.3a-c  

(2.3) 

ʜʝ: a - R',-R''= (CH2)4; b - R',-R''= (CH2)3; c - R'=R'' = CH3 

ɺʠʩʦʢʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʘʪʦʤʘ ʍʣʦʨʘ ʫ ʽʥʪʝʨʤʝʜʽʘʪʘʭ -                             

4-ʭʣʦʨʪʽʻʥʦ[2.3-d]ʧʽʨʠʤʽʜʠʥʘʭ 2.3ʘ-ʩ - ʜʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʥʫʢʣʝʦʬʽʣʴʥʝ 

ʟʘʤʽʱʝʥʥʷ ʟ ʪʘʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʷʢ NaHS (NaHSe) (ʤʝʪʦʜ ɸ) ʘʙʦ ʟ ʨʝʘʢʪʠʚʦʤ 

ʃʦʫʩʩʝʥʘ (ʤʝʪʦʜ ɹ). ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʪʽʦʥʠ 2.4a-c (ʉʭʝʤʘ 2.4) ʘʙʦ 

ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʩʝʣʝʥʦʥʠ 2.5a-c (ʉʭʝʤʘ 2.5). 

 

S

R'

R' ' N

NH

S

2.4a-c

NaSH

S

R'

R' ' N

N

Cl

2.3a-c

or LR

 

(2.4) 

ʜʝ: a - R',-R''= (CH2)4; b - R',-R''= (CH2)3; c - R'=R'' = CH3 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜ ɸ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʘ 

ʤʝʥʰʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʦʪʨʠʤʘʥʦ ʧʨʦʜʫʢʪʠ 2.4a-c ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ 

ʚʠʭʦʜʘʤʠ, ʪʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʘʤʝ ʡʦʛʦ.  
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S

R'

R' ' N

N

Se

2.5a-c

NaSeH

S

R'

R' ' N

N

Cl

2.3a-c  

(2.5) 

ʜʝ: a - R',-R''= (CH2)4; b - R',-R''= (CH2)3; c - R'=R' '= CH3 

ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʡ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʷʢʦʩʪʽ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʥʪʦʥʽʚ, 

ʥʘʤʠ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʤʦʜʝʣʴʥʽ ʩʧʦʣʫʢʠ 2.6ʘ-ʩ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ                        

4-ʭʣʦʨʪʽʻʥʦ[2.3-d]ʧʽʨʠʤʽʜʠʥʽʚ 2.3ʘ-ʩ ʟ ʛʽʜʨʘʟʠʥ ʛʽʜʨʘʪʦʤ (ʩʭʝʤʘ 2.6).  
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(2.6) 

ʜʝ: a - R',-R''= (CH2)4; b - R',-R''= (CH2)3; c - R'=R'' = CH3 

ʉʧʦʣʫʢʘ 2.6ʘ ʚʽʜʦʤʘ ʟ ʣʽʪʝʨʘʪʫʨʠ [70], ʦʜʥʘʢ ʥʘʚʝʜʝʥʥʽ ʜʘʥʽ ʾʾ ʗʄʈ 
1
ʅ 

ʩʧʝʢʪʨʫ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʥʝ ʟʤʦʛʣʠ ʧʽʜʪʚʝʨʜʠʪʠ ʯʠ ʩʧʨʦʩʪʫʚʘʪʠ, ʫ ʷʢʽʡ 

ʪʘʫʪʦʤʝʨʥʽʡ ʬʦʨʤʽ ï ʛʽʜʨʘʟʦʥʥʽʡ ʯʠ ʝʥʛʽʜʨʘʟʠʥʥʽʡ ʬʦʨʤʽ - ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ. 

ʈʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʩʧʦʣʫʢʠ 2.6ʘ (ʨʠʩ. 2.1) ʜʦʟʚʦʣʠʚ ʚʧʝʨʰʝ  

ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʚʦʥʘ, ʷʢ ʽ ʩʧʦʣʫʢʠ 2.6b-ʩ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ 4-

ʛ̔ʜʨʘʟʠʥʦʮʠʢʣʦʧʝʥʪʘ(ʛʝʢʩʘ)-[4,5]ʪʽʥ̒ʦ[2,3-d]ʧ̔ʨʠʤʠʜʠʥʠ . 

 

ʈʠʩ. 2.1. ʄʦʣʝʢʫʣʷʨʥʘ ʙʫʜʦʚʘ ʩʧʦʣʫʢʠ 2.6ʘ ʟʘ ʜʘʥʠʤʠ ʈʉɸ 
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ʊʘʙʣʠʮʷ 2.1 ɼʘʥʥʽ ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʣʫʢʠ 2.6ʘ 

 

ɿʚôʷʟʦʢ 
ɼʦʚʞʠʥʘ ʟʚôʷʟʢʫ, 

Å  
ɿʚôʷʟʦʢ 

ɼʦʚʞʠʥʘ ʟʚôʷʟʢʫ, 

Å  

S1-C8 

S1-C22 

1.7296(17) 

1.7506 

C1-C2A 

C9-C11 

1.545(4) 

1.5384 

S1-C5 

S1-C19 

1.7370(18) 

1.758 

C2A-C3A 

C11-C14 

1.545(4) 

1.532 

N1-C9 

N2-C23 

1.322(2) 

1.3251 

C3A-C4 

C14-C17 

1.515(3) 

1.5365 

N1-C8 

N2-C22 

1.355(2) 

1.338 

C4-C5 

C17-C19 

1.502(2) 

1.503 

N2-C9 

N3-C23 

1.340(2) 

1.3402 

C5-C6 

C19-C20 

1.356(2) 

1.3646 

N2-C10 

N3-C25 

1.345(2) 

1.3371 

C6-C7 

C20-C21 

1.448(2) 

1.4485 

N3-C10 

N4-C25 

1.346(2) 

1.3697 

C7-C8 

C21-C22 

1.396(2) 

1.405 

N3-N4 

N4-N5 

1.4200(18) 

1.0046 

C7-C10 

C21-C25 

1.422(2) 

1.4251 

C1-C6 

C9-C20 

1.504(2) 

1.5136 
  

ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, ° ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, ° 

ʉ8-S1-ʉ5 

C22-S1-C19 

91.10(9) 

90.8641 

C5-C6-C1 

C19-C20-C9 

121.54(15) 

121.2774 

C9-N1-C8 

C23-N2-C22 

112.26(15) 

113.6978 

C7-C6-C1 

C21-C20-C9 

126.79(15) 

126.7576 
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ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, ° ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, ° 

C9-N2-C10 

C23-N3-C25 

117.24(15) 

118.0866 

C8-C7-C10 

C22-C21-C25 

114.18(15) 

113.7689 

C10-N3-N4 

C25-N4-N5 

121.90(14) 

119.7793 

C8-C7-C6 

C22-C21-C20 

112.20(15) 

112.619 

C6-C1-C2A 

C20-C9-C11 

111.62(17) 

112.2578 

C10-C7-C6 

C25-C21-C20 

133.56(15) 

133.6041 

C3A-C2A-C1 

C14-C11-C9 

111.4(2) 

111.7432 

N1-C8-C7 

N2-C22-C21 

126.49(16) 

126.1273 

C4-C3A-C2A 

C17-C14-C11 

108.9(2) 

110.673 

N1-C8-S1 

N2-C22-S1 

121.85(13) 

122.5291 

C5-C4-C3A 

C19-C17-C14 

109.96(16) 

110.3315 

C7-C8-S1 

C21-C22-S1 

111.64(13) 

111.3426 

C6-C5-C4 

C20-C19-C17 

125.56(16) 

125.7199 

N1-C9-N2 

N2-C23-N3 

128.96(17) 

127.4005 

C6-C5-S1 

C20-C19-S1 

113.47(13) 

113.1961 

N2-C10-C7 

N3-C25-N4 

116.68(15) 

116.7987 

C4-C5-S1 

C17-C19-S1 

120.89(13) 

121.0834 

N2-C10-C7 

N3-C25-C21 

120.84(15) 

120.8898 

C5-C6-C7 

C19-C20-C21 

111.59(15) 

111.965 

N3-C10-C7 

N4-C25-C21 

122.48(15) 

122.2996 

ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, ° ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, ° 

C6-C1-C2A-C3A 

C20-C9-C11-C14 

43.2(3) 

43.3203 

C9-N1-C8-S1 

C23-N2-C22-S1 

-176.39(13) 

-179.4376 

C1-C2A-C3A-C4 

C9-C11-C14-C17 

-64.5(3) 

-62.0414 

C10-C7-C8-N1 

C25-C21-C22-N2 

-1.0(3) 

-1.5011 

C2A-C3A-C4-C5 

C11-C14-C17-C19 

50.4(3) 

46.3446 

C6-C7-C8-N1 

C20-C21-C22-N2 

-178.53(16) 

179.389 
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ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, ° ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, ° 

C3A-C4-C5-C6 

C14-C17-C19-C20 

-20.1(3) 

-16.1145 

C10-C7-C8-S1 

C25-C21-C22-N2 

177.48(12) 

178.1661 

C3A-C4-C5-S1 

C14-C17-C19-S1 

156.42(16) 

163.5771 

C6-C7-C8-S1 

C20-C21-C22-S1 

-0.06(19) 

-0.9438 

C8-S1-C5-C6 

C22-S1-C19-C20 

0.16(15) 

0.4238 

C5-S1-C8-N1 

C19-S1-C22-N2 

178.50(15) 

179.9967 

C8-S1-C5-C4 

C22-S1-C19-C17 

-176.80(15) 

-179.3039 

C5-S1-C8-C7 

C19-S1-C22-C21 

-0.05(14) 

0.3156 

C4-C5-C6-C7 

C17-C19-C20-C21 

176.57(16) 

178.6855 

C8-N1-C9-N2 

C22-N2-C23-N3 

-1.2(3) 

0.8471 

S1-C5-C6-C7 

S1-C19-C20-C21 

-0.22(19) 

-1.0272 

C10-N2-C9-N1 

C25-N3-C23-N2 

-0.4(3) 

-0.3694 

C4-C5-C6-C1 

C17-C19-C20-C9 

-0.2(3) 

-1.3109 

C9-N2-C10-N3 

C23-N3-C25-N4 

-179.50(15) 

177.6266 

S1-C5-C6-C1 

S1-C19-C20-C9 

-177.00(13) 

178.9764 

C9-N2-C10-C7 

C23-N3-C25-C21 

1.5(2) 

-1.1455 

C2A-C1-C6-C5 

C11-C9-C20-C19 

-11.5(3) 

-12.2773 

N4-N3-C10-N2 

N5-N4-C25-N3 

2.5(2) 

167.6048 

C2A-C1-C6-C7 

C11-C9-C20-C21 

172.27(19) 

167.7269 

N4-N3-C10-C7 

N5-N4-C25-C21 

-178.49(15) 

-13.6419 

C5-C6-C7-C8 

C19-C20-C21-C22 

0.2(2) 

1.2732 

C8-C7-C10-N2 

C22-C21-C25-N3 

-0.8(2) 

1.9426 

C1-C6-C7-C8 

C9-C20-C21-C22 

176.76(16) 

-178.7306 

C6-C7-C10-N2 

C20-C21-C25-N3 

176.01(17) 

-179.1922 

C5-C6-C7-C10 

C19-C20-C21-C25 

-176.72(18) 

-177.6017 

C8-C7-C10-N3 

C22-C21-C25-N4 

-179.80(15) 

-176.7608 

 

 

 

 

 

 

 

 



45 
 

ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, ° ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, ° 

C1-C6-C7-C10 

C9-C20-C21-C25 

-0.1(3) 

2.3944 

C6-C7-C10-N3 

C20-C21-C25-N4 

-2.9(3) 

2.1045 

C9-N1-C8-C7 

C23-N2-C22-C21 

1.9(3) 

0.1947 
  

 

ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʽ ʙʫʜʦʚʘ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ (ɯʏ, ʤʘʩ, 
13
ʉ, 1ʅ). 

 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʟʘʧʠʩʘʥʦ ʥʘ ʧʨʠʙʦʨ̔ Varian VXR 200 (200 ʄɻʮ) ʚ 

ɼʄʉʆ-d6, ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥʜʘʨʪ ʊʄʉ. ʉʧʝʢʪʨʠ 
13
ʉ ʥʘ ʧʨʠʙʦʨ ̔Bruker Avance 

II  400 (100,62 ʄɻʮ) ʫ ɼʄʉʆ-d6/CCl4 ʘʙʦ ʫ ɼʄʉʆ-d6, ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥʜʘʨʪ 

ʊʄʉ. ʄʘʩ-ʩʧʝʢʪʨʠ ʦʪʨʠʤʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔ʄʍ1321 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ 

ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʥ ̫ʟʨʘʟʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔ʢʘʤʝʨʠ ʦ̔ʥ̔ʟʘʮ̔ʾ 200Áʉ  ̔ʝʥʝʨʛʽʾ 

ʦ̔ʥ̔ʟʫʁʯʠʭ ʝʣʝʢʪʨʦʥʚ̔ 70 ʝɺ ʘʙʦ ʥʘ ʧʨʠʙʦʨ ̔Varian 1200L ̔ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤʠ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʥʷ ʟʨʘʟʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔ʢʘʤʝʨʠ ʦ̔ʥ̔ʟʘʮ̔ʾ 250Áʉ  ̔

ʝʥʝʨʛʽʾ ʦ̔ʥ̔ʟʫʁʯʠʭ ʝʣʝʢʪʨʦʥʚ̔ 70 ʝɺ. ʉʧʝʢʪʨʠ FAB ʨʝʩ̒ʪʨʫʚʘʣʠʩʷ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨ ̔ VG7070. ɼʝʩʦʨʙʮʽ̫  ̔ʦʥ̔ʚ ̔ʟ ʨʦʟʯʠʥʫ ʟʨʘʟʢʽʚ ʫ ʤ-

ʥ̔ʪʨʦʙʝʥʟʠʣʦʚʦʤʫ ʩʧʠʨʪ ̔ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʫʯʢʦʤ ʘʪʦʤʚ̔ ʘʨʛʦʥʫ ʽʟ ʝʥʝʨʛʽʻʶ 8 

ʂʝɺ. ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʟ̔ ʚʠʢʦʥʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔LECO CHNS-900. ʊʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʥʽ ʥʘ ʧʨʠʙʦʨ ̔ʊ̔ʣʝ.  

 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ  5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥʫ 2.2c. 

ɼʦ ʥʘʛʨʽʪʦʾ ʜʦ 60Áʉ ʩʫʤʽʰʽ 150 ʤʣ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ, 16 ʛ (0,5 ʤʦʣʴ) 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʾ ʩʽʨʢʠ, 36 ʛ (0,5 ʤʦʣʴ) ʤʝʪʠʣʝʪʠʣʢʝʪʦʥʫ ʪʘ 56 ʛ (0,5 ʤʦʣʴ) 

ʮʽʘʥʦʮʪʦʚʦʛʦ ʝʩʪʝʨʫ ʜʦʜʘʶʪʴ ʦʙʝʨʝʞʥʦ ʧʦ ʢʨʘʧʣʷʭ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʚʧʨʦʜʦʚʞ 30 ʭʚ 0,3 ʤʣ ʜʠʝʪʠʣʘʤʽʥʫ.  ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʚʠʪʨʠʤʫʶʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 50-70Üʉ ʚʧʨʦʜʦʚʞ 1.5 ʛʦʜ  ʪʘ ʟʘʣʠʰʘʶʪʴ ʥʘ 2 ʛʦʜ. ʆʩʘʜ, ʱʦ 
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ʫʪʚʦʨʠʚʩʷ, ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ, ʧʨʦʤʠʚʘʶʪ ɹʭʦʣʦʜʥʠʤ ʤʝʪʘʥʦʣʦʤ,  ʨʦʟʯʠʥʷʶʪʴ 

ʫ ʬʦʨʤʘʤʽʜʽ ʽ ʥʘʛʨʽʚʘʶʪʴ ʚʧʨʦʜʦʚʞ 5 ʛʦʜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 180Üʉ. ʇʨʠ 

ʦʭʦʣʦʜʞʝʥʽ ʚʠʧʘʜʘʻ ʦʩʘʜ, ʷʢʠʡ ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʶʪʴ ʟ 

ʚʦʜʥʦʛʦ ʤʝʪʘʥʦʣʫ. ʆʪʨʠʤʘʥʦ 20 ʛ (90%) 2.2c (ʪʘʙʣ. 2.2) ʫ ʚʠʛʣʷʜʽ ʢʨʠʩʪʘʣʽʚ 

ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ,  ʊ.ʧʣ. 268Üʉ, ʗʄʈ
1
ʅ: 12.3 (1H, ʫʰ.ʩ., N-H). 8.0 (1H, ʩ,  =C-H), 

2.31 (3H, ʩ, CH3), 2.34 (3H, ʩ, CH3). 

ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʥʦ ʮʠʢʣʦʛʝʢʩʘʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥ 2.2ʘ ʪʘ 

ʮʠʢʣʦʧʝʥʪʘʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥ 2.2b  (ʪʘʙʣ.2.2)  

 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ 4-ʭʣʦʨʮʠʢʣʦʛʝʢʩʘʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-

ʦʥʫ 2.3ʘ. 12 ʛ (0.058 ʤʦʣʴ) ʩʧʦʣʫʢʠ 2.2a ʨʦʟʯʠʥʷʶʪʴ ʫ 100 ʤʣ ʈʆʉɯ3, 

ʧʨʠʢʘʧʫʶʪʴ  ʥʘ ʧʨʦʪʷʟʽ 30 ʭʚ 14 ʤʣ ʜʠʤʝʪʠʣʘʥʽʣʥ̔ʫ ʽ ʢʠʧôʷʪʷʪʴ ʚʧʨʦʜʦʚʞ 4 

ʛʦʜ, ʥʘʜʣʠʰʦʢ ʈʆʉɯ3 ʚʠʜʘʣʷʶʪʴ ʥʘ ʨʦʪʦʨʥʦʤʫ ʚʠʧʘʨʶʚʘʯʽ, ʤʘʩʣʷʥʠʩʪʠʡ 

ʢʦʨʠʯʥʝʚʠʡ ʟʘʣʠʰʦʢ ʥʝʡʪʨʘʣʟ̔ʫʶʪʴ 5%-ʥʠʤ ʚʦʜʥʠʤ  ʨʦʟʯʠʥʦʤ Na2CO3.  ʆʩʘʜ 

ʚʽʜʬ̔ʣʴʪʨʦʚʫʶʪʴ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʶʪʴ ʟ ʪʦʣʫʝʥʘ. ʆʪʨʠʤʘʥʦ 9 ʛ (70 %) 

(ʪʘʙʣ.2.2, 2.3). 

ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʥʦ 4-ʭʣʦʨʮʠʢʣʦʧʝʥʪʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥ 

2.3b ʪʘ 4-ʭʣʦʨʮʠʢʣʦʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʦʥ 2.3ʩ (ʪʘʙʣ. 2.2, 

2.3). 

ʄʝʪʦʜʠʢʠ  ʩʠʥʪʝʟʫ  5,6,7,8-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-

4(3H)-ʪʽʦʥʘ (2.4a). 

ʄʝʪʦʜ ɸ: ɼʦ ʨʦʟʯʠʥʫ 2 ʛ (0,0084 ʤʦʣʴ)  ʩʧʦʣʫʢʠ 2.3a ʫ 10 ʤʣ ɼʄʌɸ 

ʜʦʜʘʶʪʴ ʨʦʟʯʠʥ 1 ʛ (0,0179 ʤʦʣʴ) ʛ̔ʜʨʦʩʫʣʴʬʽʪʫ ʥʘʪʨʽ ʁʫ 15 ʤʣ ɼʄʌɸ, 

ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʶʪʴ ʚʧʨʦʜʦʚʞ 24 ʛʦʜ ʟʘ ʢʽʤʥʘʪʥʦ ʾʪʝʤʧʝʨʘʪʫʨʠ, 

ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʜʦ ʨʅ ~7.0 ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ NaOH. ʆʩʘʜ (ʙʣ̔ ̔ʢʨʠʩʪʘʣʠ)  

ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʶʪʴ ʟ ʘʮʝʪʦʥʽʪʨʠʣʫ. ʆʪʨʠʤʘʥʦ 1,97 ʛ 

(75%) 2.4ʘ (ʪʘʙʣ. 2.2, 2.3). 

ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʥʦ 3,5,6,7-ʪʝʪʨʘʛʽʜʨʦ-4H-ʮʠʢʣʦʧʝʥʪʘ[4,5]ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-4-ʪʽʦʥ (2.4b) ʪʘ  5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʪʽʦʥ 

(2.4c) (ʪʘʙʣ. 2.2, 2.3). 
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ʄʝʪʦʜ ɹ: ʉʫʩʧʝʥʟʽʶ 2 ʛ (0,0084 ʤʦʣʴ)  ʩʧʦʣʫʢʠ 2.3a ʪʘ 0.8 ʛ (0,0084 

ʤʦʣʴ)  ʨʝʘʢʪʠʚʫ ʃʦʫʩʩʝʥʘ ʫ 15 ʤʣ ʜʽʦʢʩʘʥʫ ʢʠʧô̫ʪʷʪɹ  ʧʨʦʪʷʛʦʤ 6 ʛʦʜ ʪʘ 

ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʛʘʨʷʯʠʤ. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʶʪɹ ʟ 

ʘʮʝʪʦʥʽʪʨʠʣʫ.  ʆʪʨʠʤʘʥʦ 1,97 ʛ (75%) 2.4ʘ. 

 

ʊʘʙʣʠʮʷ 2.2. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʽʚ 2.2ʘ-ʩ ī 2.6ʘ-b 

 

ʉʧʦʣʫʢʘ

 ̄

ɺʠ-

ʭʽʜ 

%, 

ʊ.ʧʣ

, 
0
C 

ɿʥʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ- 

ʬʦʨʤʫʣʘ  

ɺʠʨʘʭʫʚʘʥʦ, % 

C H N C H N 

2.2c 90 268 53.33 4.47 15.54 C8H8N2OS 53.31 4.47 15.54 

2.3ʘ 82 98 53.50 4.00 12.54 C10H9ClN2S 53.45 4.04 12.47 

2.3b 79 118 51.26 3.34 13.38 C9H7ClN2S 51.31 3.35 13.30 

2.3c 80 134 48.41 3.50 14.16 C8H7ClN2S 48.36 3.55 14.10 

2.4a 75 213 54.05 4.52 12.60 C10H10N2S2 54.02 4.53 12.60 

2.4b 60 224 51.91 3.87 13.45 C9H8N2S2 51.90 3.87 13.45 

2.4c 62 240 48.95 4.11 14.25 C8H8N2S2 48.95 4.11 14.27 

2.5a 65 190 44.62 3.76 10.42 C10H10N2SSe 44.61 3.74 10.41 

2.5c 55 200 39.51 3.34 11.54 C8H8N2SSe 39.51 3.32 11.52 

2.6a 58 185 54.48 5.43 25.52 C10H12N4S 54.52 5.49 25.43 

2.6b 89 237 52.35 4.91 27.25 C9H10N4S 52.41 4.89 27.16 

 

 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ 5,6,7,8-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-

4(3H)-ʩʝʣʝʥʦʥʘ (2.5a).  ʋ 50 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʦʙʝʨʝʞʥʦ ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʪʘ ̔ʥʪʝʥʩʠʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʜʦʜʘʶʪʴ 1 ʛ (0.0012 ʤʦʣʴ) 

ʩʝʣʝʥʫ,  ʦʙʝʨʝʞʥʦ ʚʧʨʦʜʦʚʞ 15 ʭʚ ʜʦʜʘʶʪʴ 0.33 ʛ (0.0032 ʤʦʣʴ) ʥʘʪʨʽʶ 

ʛʽʜʨʦʙʦʨʘʪʫ. ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʶʪʴ 1.5 ʛʦʜ ʜʦ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʩʝʣʝʥʫ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʧʨʠʢʘʧʫʶʪʴ ʜʦ ʨʦʟʯʠʥʫ ʛ ( ʤʦʣʴ) ʩʧʦʣʫʢʠ 2.3a ʚ 



48 
 

100 ʤʣ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. ʉʫʤʽʰ ʧʝʨʝʤʽʰʫʶʪʴ ʫ ʘʪʤʦʩʬʝʨʽ ʘʟʦʪʫ ʚʧʨʦʜʦʚʞ 3 

ʛʦʜ, ʚʠʣʠʚʘʶʪ ɹʚ ʩʫʤʽh 100 ʤʣ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 50 ʛ ʣʦɹʜʫ. ʆʩʘʜ 

ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʶʪʴ ʟ ʚʦʜʥʦʛʦ ʤʝʪʘʥʦʣʫ. ʆʪʨʠʤʘʥʦ ʛ( %) 

2.5ʘ (ʪʘʙʣ. 2.2, 2.3). 

ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʥʦ 5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3H)-ʩʝʣʝʥʦʥ 

2.5c (ʪʘʙʣ. 2.2, 2.3) 

 

ʊʘʙʣʠʮʷ 2.3. ɼʘʥ̔ ʗʄʈ 
1
H, 

13
C ʪʘ ʤʘʩ-ʩʧʝʢʪʨʽʚ ʩʧʦʣʫʢ 2.3-2.6 

 

ʉʧʦ

ʣʫ-

ʢʘ, 

 ̄

ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ, J (ɻʮ) 

m/z 
ʗʄʈ 

 13
C, 

ŭ, ʤ.ʜ NH CH 
ɸʣʽʬʘʪʠʯʥʽ 

ʧʨʦʪʦʥʠ 

2.3a  8.6  (1H, 

ʩ,CH) 

2.9-3.1 

(2H,ʤ,CH2); 2.6-

2.8 (2H, ʤ, CH2); 

1.6-1.9 

(4H,ʤ,2CH2);  

  

2.3b  8.5 

(1H,ʩ,CH) 

2.9-3.1 

(2H,ʤ,CH2); 2.2-

2.8 (4H, ʤ, 2CH2);  

  

2.3c  8.3 

(1H,ʩ,CH) 

1.5-1.6 

(6H,ʩ,2CH3);  

  

2.4a 13.5 (1H, 

ʫʰ.ʩ., 

NH) 

8.0 (1H, 

ʫʰ.ʩ., CH) 

2.8-2.9 (4H, ʤ, 

2CH2), 1.6-1.9 

(4H, ʤ, 2CH2) 

m/z (I,%) - 

222
 

(96%) 

[M]
+
 

 

2.4b 12.6 (1H, 

ʫʰ.ʩ., N-

H) 

7.9 (1H, 

ʫʰ.ʩ., C-H) 

2.9-3.0 (2H, ʤ, 

CH2), 2.0-2.2 (4H, 

ʤ, 2CH2) 

m/z (I,%) - 

208
 

(77%) 

[M]
+
 

 

2.4c 13.0 (1H, 

ʫʰ.ʩ., 

NH) 

8.4 (1H, 

ʫʰ.ʩ., CH) 

2.1 (3H, ʩ, CH3), 

2.4 (3H, ʩ, CH3) 

m/z (I,%) - 

208
 

(77%) 

[M]
+
 

 

2.5a 12.9 (1H, 

ʩ, NH) 

8.1 (1H, ʩ, 

CH) 

4.6 (2H, ʩ, CH2); 

2.8-3.0 (4H, ʤ, 

2CH2).  

  

2.5c 13.1 (1H, 

ʩ, NH); 

8.0 (1H, ʩ, 

CH); 

2.9 (3H, ʩ, CH3); 

2.2 (3H, ʩ, CH3) 

m/z (I,%) -

243(85%) 

[M]
+
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ʉʧʦ

ʣʫ-

ʢʘ, 

 ̄

ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ, J (ɻʮ) 

m/z 
ʗʄʈ 

 13
C, 

ŭ, ʤ.ʜ NH CH 
ɸʣʽʬʘʪʠʯʥʽ 

ʧʨʦʪʦʥʠ 

2.6a 7.9 (1H, 

ʩ, NH); 

4.5 (2H, 

c, NH2) 

8.5 (1H, ʩ, 

CH); 

2.7-2.9 (2ʅ, ʤ, 

ʉʅ2); 2.6-2.8 (2ʅ, 

ʤ, ʉʅ2); 1.7-2.0 

(4ʅ, ʤ, 2ʉʅ2); 

  

2.6b 8.10 (1ʅ, 

ʫʰ.ʩ. 

NH); 

4.82 (2ʅ, 

ʫʰ.ʩ., 

NH2); 

8.29 (1ʅ, ʩ, 

2-ʉʅ); 

3.01-3.03 (2ʅ, ʤ, 

7-ʉʅ2); 2.89-2.90 

(2ʅ, ʤ, 5-ʉʅ2); 

2.35-2.37 (2ʅ, ʤ, 

6-ʉʅ2); 

 161.4, 156.9, 

150.5, 147.9, 

138.8, 121.5, 

118.7, 113.1, 

31.53, 30.71, 

30.27. 

2.6ʩ 8.06 (1ʅ, 

ʫʰ.ʩ. 

NH); 

4.56 (2ʅ, 

ʫʰ.ʩ., 

NH2); 

8.2 (1ʅ, ʩ, 

2-ʉʅ); 

2.41-2.43 (6ʅ, ʩ, 

2ʉʅ3); 

  

 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ 4-ʛ̔ʜʨʘʟʠʥʦ-5,6,7,8-ʪʝʪʨʘʛ̔ʜʨʦ[1]ʙʝʥʟʦʪ̔ ʥ̒ʦ[2,3-

d]ʧ̔ʨʠʤ̔ʜʠʥʫ (2.6). ʉʫʤʽʰ ʩʧʦʣʫʢʠ 2.3ʘ 22 ʛ (0,097 ʤʦʣʴ) ʪʘ 3ʭ ʢʨʘʪʥʠʡ 

ʥʘʜʣʠʰʦʢ ʛʽʜʨʘʟʠʥ ʛʽʜʨʘʪʫ ʫ 100 ʤʣ ʽʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʥʘʛʨʽʚʘʶʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 80
0
ʉ ʧʨʦʪʷʛʦʤ 4ʭ ʛʦʜ. ʇʽʩʣʷ ʦʭʦʣʦʞʥʥʷ ʚʠʣʠʚʘʶʪʴ ʫ ʚʦʜʫ, ʦʩʘʜ 

ʬʽʣʴʪʨʫʶʪʴ. ʂʨʠʩʪʘʣʽʟʫʶʪʴ ʟ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. ʆʪʨʠʤʘʥʦ ʛ ( %) 2.6ʘ (ʪʘʙʣ. 

2.2, 2.3). 

ɸʥʘʣʦʛʽʯʥʦ ʦʪʨʠʤʘʥʦ 4-ʛʽʜʨʘʟʠʥʦ-6,7-ʜʠʛʽʜʨʦ-5ʅ-

ʮʠʢʣʦʧʝʥʪʘ[4,5]ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ 2.6b  ʪʘ 4-ʛʽʜʨʘʟʠʥʦ-5,6-ʜʠʤʝʪʠʣ 

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 2.6ʩ.  
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2.2 ɸʃʂɯʃ(ɻɽʊɽʈʀʃ)ɿɸʄɯʑɽʅɯ ʊɯɭʅʆ[2,3-

d]ʇɯʈʀʄɯɼʀʅ4(3ʅ)-ʆʅɯɺ ʊɸ 4(3ʅ)-ʊɯʆ-(ʉɽʃɽʅ)ʆʅɯɺ ʊɸ ɰʍ 

ɹɯʆʃʆɻɯʏʅɸ ɸʂʊʀɺʅɯʉʊʔ 

 

 

ɹʽʦʣʦʛʽʯʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʽʚ 

ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʩʠʥʪʝʟʫ ʾʭ ʧʦʭʽʜʥʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʘʢʪʠʚʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ. ɸʣʝ ʚʚʝʜʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʠʰʢʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʩʠʥʪʝʪʠʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʟʫʤʦʚʣʝʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʷʚʥʽʩʪʶ ʜʝʢʽʣʴʢʦʭ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʫ ʤʦʣʝʢʫʣʽ ʧʦʭʽʜʥʦʛʦ ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʘʣʢʽʣʫʶʯʦʛʦ ʘʛʝʥʪʫ, ʫʪʚʦʨʝʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʘʞʢʦ ʨʦʟʜʽʣʷʶʪʴʩʷ, ʪʦʱʦ. ʉʠʥʪʝʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʣʝʢʪʠʚʥʠʭ 

ʤʝʪʦʜʠʢ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʦʣʽʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʽ ʧʽʨʠʤʽʜʠʥʫ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ.  

ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ (ʚʚʝʜʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ) ʻ ʘʣʢʽʣʫʚʘʥʥʷ. ɺ ʚʠʧʘʜʢʫ 

ʧʦʭʽʜʥʠʭ  ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʘʣʢʽʣʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ ʪʨʴʦʤʘ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽʤʠ ʮʝʥʪʨʘʤʠ ï ʜʚʦʤ ʘʪʦʤʘʤ ʅʽʪʨʦʛʝʥʫ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ 

ʪʘ ʝʢʟʦʮʠʢʣʽʯʥʦʤʫ ʘʪʦʤʫ ʆʢʩʠʛʝʥʫ (ʉʫʣʴʬʫʨʫ, ʉʝʣʝʥʫ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʘʣʢʽʣʫʶʯʦʛʦ ʘʛʝʥʪʫ. 

ɿ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʷʤʢʫ ʘʣʢʽʣʫʚʘʥʥʷ ʛʘʣʦʾʜʥʠʤʠ 

ʘʣʢʽʣʘʤʠ  ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ ʪʘ ʡʦʛʦ ʩʫʣʴʬʫʨ- ʪʘ ʩʝʣʝʥʧʦʭʽʜʥʠʭ 

ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʘʤʠ ʧʦʧʝʨʝʜʥʴʦ ʟʜʽʡʩʥʝʥʽ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʧʦʚʽʜʥʠʭ ʘʥʽʦʥʽʚ (ʪʘʙʣ. 2.4). ʎʽ ʽ ʥʘʩʪʫʧʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʨʦʚʝʜʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʘ DFT ʚ ʙʘʟʠʩʥʦʤʫ ʥʘʙʦʨʽ ʘʪʦʤʥʠʭ ʬʫʥʢʮʽʡ 

def2-TZVPP [71] ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ PC GAMESS 7.0 [72]. 

ʆʧʪʠʤʽʟʘʮʽʷ ʛʝʦʤʝʪʨʽʾ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʚʩʽʭ ʘʥʽʦʥʽʚ. ʅʘʣʝʞʥʽʩʪʴ ʟʥʘʡʜʝʥʠʭ 

ʪʦʯʦʢ ʤʽʥʽʤʫʤʽʚ ʽ ʩʽʜʣʦʚʠʤ ʪʦʯʢʘʤ ʧʦʚʝʨʭʦʥʴ ʧʦʪʝʥʮʽʡʥʠʭ ʝʥʝʨʛʽʡ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʜʨʫʛʠʭ ʧʦʭʽʜʥʠʭ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʆʪʨʠʤʘʥʽ 
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ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ NBO [73, 74]. ʉʭʝʤʘ NPA 

ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʴ ʘʪʦʤʥʠʭ ʟʘʩʝʣʝʥʦʩʪʝʡ ʪʘ ʟʘʨʷʜʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʠʭ ʟʘʨʷʜʽʚ ʥʘ ʘʪʦʤʘʭ N
1
 ʪʘ N

3
 

ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʪʘ ʛʝʪʝʨʦʘʪʦʤʘʭ O, S, ʪʘ Se ʧʨʠ ʟʘʨʷʜʦʚʦʤʫ ʢʦʥʪʨʦʣʶ 

ʘʣʢʽʣʫʚʘʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ SN1 ʧʦʚʠʥʝʥ ʙʠ ʚʽʜʙʫʚʘʪʠʩʷ ʟ ʜʝʱʦ ʙʽʣʴʰʦʶ 

ʚʽʨʦʛʽʜʥʽʩʪʶ ʧʦ ʘʪʦʤʫ ʆʢʩʠʛʝʥʫ ʘʥʽʦʥʫ ʧʽʨʠʤʽʜʠʥ-4-ʦʥʫ ʪʘ ʧʦ ʘʪʦʤʘʤ 

ʅʽʪʨʦʛʝʥʫ ʚ ʚʠʧʘʜʢʫ ʉʫʣʴʬʫʨ- ʪʘ ʉʝʣʝʥʧʦʭʽʜʥʠʭ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʙʽʣʴʰʽ 

ʟʥʘʯʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʟʘʨʷʜʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʘʪʦʤʘʭ. 

 

ʊʘʙʣ.2.4  ɺʝʣʠʯʠʥʠ ʟʘʨʷʜʽʚ ʥʘ ʛʝʪʝʨʦʘʪʦʤʘʭ ʽ ʝʥʝʨʛʽʾ ʧʘʨ ʥʝʧʦʜʽʣʝʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ (ʅɽʇ) ʛʝʪʝʨʦʘʪʦʤʽʚ ʚʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʤʦʜʝʣʴʥʠʭ ʩʧʦʣʫʢ. 

 

  

S N
1

N
3

O
4

 S N
1

N
3

S
4

 S N
1

N
3

Se
4

 

ɿʘʨʷʜ ʥʘ 

ʘʪʦʤʽ, ʝ 

N
1
 -0.566 -0.533 -0.521 

N
3
 -0.568 -0.513 -0.513 

O
4
(S,Se) -0.676 -0.368 -0.391 

ɽʥʝʨʛʽʷ ʅɽʇ, 

ʢɼʞ/ʤʦʣʴ 

N
1
 -82.86 -591.87 -609.93 

N
3
 -483.98 -494.83 -505.30 

O
4
(S,Se) -181.8 -79.74 -73.7 

 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʦʨʙʽʪʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʽ ʘʣʢʽʣʫʚʘʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

SN2 ʨʝʘʢʮʽʷ ʚ ʚʠʧʘʜʢʫ ʘʥʽʦʥʫ ʧʽʨʠʤʽʜʠʥ-4-ʦʥʫ ʧʝʨʝʚʘʞʥʦ ʚʽʜʙʫʚʘʣʘʩʴ ʙ ʧʦ 

ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ N
1
, ʪʦʜʽ ʷʢ ʚ ʩʫʣʴʬʫʨ- ʪʘ ʩʝʣʝʥʧʦʭʽʜʥʠʭ ï ʚʽʜʧʦʚʽʜʥʦ ʧʦ 

ʘʪʦʤʘʤ ʉʫʣʴʬʫʨʫ ʪʘ ʉʝʣʝʥʫ, ʥʘ ʱʦ ʚʢʘʟʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ 

ʚʽʜʧʦʚʽʜʥʠʭ ʅɽʇ ʮʠʭ ʘʪʦʤʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʘʪʦʤʘʤʠ ʅʽʪʨʦʛʝʥʫ N
1
 ʪʘ N

3
. 

ʆʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʚʠʧʘʜʢʫ ʘʣʢʽʣʫʚʘʥʥʷ ʧʦʭʽʜʥʠʭ ʧʽʨʠʤʽʜʠʥ-4-ʦʥʽʚ 

ʩʫʧʝʨʝʯʘʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʥʠʤ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʪʘʢ ʷʢ ʚʽʜʦʤʦ, ʱʦ ʦʩʪʘʥʽ ʚʠʢʣʶʯʥʦ ʘʣʢʽʣʫʶʪʴʩʷ ʧʦ ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ N
3
. 
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ɿ ʤʝʪʦʶ ʟǋʷʩʫʚʘʥʥʷ ʧʨʠʯʠʥ ʮʴʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʥʘʤʠ ʜʦʜʘʪʢʦʚʦ 

ʨʦʟʨʘʭʦʚʘʥʥʽ ʟʘʛʘʣʴʥʽ ʚʥʫʪʨʽʰʥʽ ʝʥʝʨʛʽʾ N
1
-, N

3
- ʪʘ ʆ

4
-ʤʝʪʠʣʴʦʚʘʥʥʠʭ 

ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʣʷʪʴ -

853,486705, -853,5021712 ʪʘ -853,4842991 ʘ.ʦ. ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʩʣʽʜʫʻ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʚʠʛʽʜʥʦʶ ʩʧʦʣʫʢʦʶ ʻ ʧʨʦʜʫʢʪ ʤʝʪʠʣʫʚʘʥʥʷ ʧʦ 

ʘʪʦʤʫ N
3
, ʝʥʝʨʛʽʷ ʷʢʦʛʦ ʥʘ 56.4 ʢɼʞ/ʤʦʣʴ ʤʝʥʰʘ ʚʽʜ ʝʥʝʨʛʽʾ ʆ-ʤʝʪʠʣʴʦʚʘʥʦʛʦ 

ʧʦʭʽʜʥʦʛʦ ʪʘ ʥʘ 46.9  ʢɼʞ/ʤʦʣʴ ï ʚʽʜ ʝʥʝʨʛʽʾ N
4
-ʤʝʪʠʣʴʦʚʘʥʦʛʦ ʧʦʭʽʜʥʦʛʦ. 

ɺʽʨʦʛʽʜʥʦ, ʧʨʦʮʝʩ ʘʣʢʽʣʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʨʝʘʢʮʽʾ, ʱʦ ʽ ʟʫʤʦʚʣʶʻ ʚʠʢʣʶʯʥʝ ʫʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʦʾ ʩʧʦʣʫʢʠ ï 3-ʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʨʦʙʣʝʥʦʛʦ ʚʠʩʥʦʚʢʫ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʡʦʛʦ 

ʧʝʨʝʚʽʨʢʠ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʘʣʢʽʣʫʚʘʥʥʷ  5,6,7,8-ʪʝʪʨʘʛʽʜʨʦʙʝʥʟʦ[4,5]ʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ ʤʝʪʠʣʡʦʜʠʜʦʤ ʪʘ ʭʣʦʨʠʩʪʠʤ ʙʝʥʟʠʣʦʤ (ʉʭʝʤʘ 2.7).  
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(ʉʭʝʤʘ 2.7) 

ɺʠʙʽʨ ʘʣʢʽʣʫʶʯʠʭ ʘʛʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ: 

ʤʝʪʠʣʡʦʜʠʜ ʤʦʞʥʦ ʚʚʘʞʘʪʠ çʩʪʘʥʜʘʨʪʦʤè ʜʣʷ ʨʝʘʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ SN2, ʪʦʜʽ ʷʢ ʭʣʦʨʠʩʪʠʡ ʙʝʥʟʠʣ ï ʜʣʷ ʨʝʘʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ SN1. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘʤʠ ʦʪʨʠʤʘʥʽ ʣʠʰʝ ʧʨʦʜʫʢʪʠ ʘʣʢʽʣʫʚʘʥʥʷ 

ʧʦ ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ N
3
, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʠʩʫʪʥʽʩʪʴ ʚ ɯʏ ʩʧʝʢʪʨʘʭ ʮʠʭ 

ʩʧʦʣʫʢ ʧʦʣʦʩ ʧʦʛʣʠʥʘʥʥʷ ʘʤʽʜʥʦʾ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʧʨʠ 1681 ʩʤ
-1
[75]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʘʣʢʽʣʫʶʯʦʛʦ 

ʨʝʘʛʝʥʪʫ ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ (ʥʘʛʨʽʚʘʥʥʷ ʚ ʨʦʟʯʠʥʽ NaOH ʚ ʝʪʘʥʦʣʽ) ʟʘʚʞʜʠ 

ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʽʡʢʠʡ ʧʨʦʜʫʢʪ. 

ɿ ʤʝʪʦʶ ʚʚʝʜʝʥʥʷ ʚ ʤʦʣʝʢʫʣʠ ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-

ʦʥʽʚ 2.2a-c, 2.4a-c ʪʘ 2.5ʘ-ʩ, ʱʦ ʤʽʩʪʷʪʴ ʘʪʦʤʠ ʆʢʩʠʛʝʥʫ, ʉʫʣʴʬʫʨʫ ʘʙʦ 

ʉʝʣʝʥʫ ʚ 4-ʤʫ ʧʦʣʦʞʝʥʥʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʠʰʢʽʚ, ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʾʭ 

ʘʣʢʽʣʫʚʘʥʥʷ, ʷʢʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 50-70°C ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʣʫʛʽʚ. 

ʂʠʩʣʦʪʥʽʩʪʴ ʘʤʽʜʥʦʾ ʛʨʫʧʠ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʽʡ ʘʥʽʦʥ, ʢ̫ʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʣʝʛʢʦ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ 

ʘʣʢʽʣʫʚʘʥʥʷ.  

ɺ ʚʠʧʘʜʢʫ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʽʚ 2.2a-c ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʜʘʥʠʤʠ  ʥʘʤʠ ʟʘʬʽʢʩʦʚʘʥʦ ʚʠʢʣʶʯʥʝ ʘʣʢʽʣʫʚʘʥʥʷ ʟʘ ʘʪʦʤʦʤ 

ʅʽʪʨʦʛʝʥʫ N
3
 (ʉʭʝʤʘ 2.8). 
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ʜʝ: a - R'=R''= -(CH2)4-; b - R'=R''= -(CH2)3-; c - R'=R''=CH3; 

2.9 - R'''= -CH2-CO-OC2H5; 2.10 - R'''= -CH2-CO-NH-SO2-C6H4-Cl;                

2.11 - R'''= (5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)-2-ʦʢʩʦʝʪʠʣ; 2.12 - R'''= -CH2-NH-

CO-Ph;  

ɼʣʷ ʩʫʣʴʬʫʨ- (2.4ʘ-ʩ) ʪʘ ʩʝʣʝʥʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-

ʦʥʽʚ 2.5ʘ-ʩ  ʤʦʞʣʠʚʦ ʽʩʥʫʚʘʥʥʷ ʷʢ ʪʽʦʣʦʚʦʾ, ʪʘʢ  ̔ʪʽʦʥʦʚʦʾ ʬʦʨʤ (ʉʭʝʤʘ 2.9), 

ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʥʦ ʙʫʣʦ ʙ ʦʯʢ̔ʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʷʢ S-, ʪʘʢ ʽ  N-ʧʦʭʽʜʥʠʭ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʨʝʘʢʮʽʾ . ʇʨʦʚʝʜʝʥʽ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʠ ʪʘʢʦʞ ʚʢʘʟʫʶʪʴ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ S-ʘʣʢʽʣʫʚʘʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ SN2 ʪʘ N-ʘʣʢʽʣʫʚʘʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

SN1. ʆʜʥʘʢ ʜʣʷ  ʚʠʙʨʘʥʠʭ ʥʘʤʠ ʘʣʢʽʣʫʶʯʠʭ ʨʝʘʛʝʥʪʽʚ, ʚʠʭʦʜʷʯʠ ʟ ʾʭ ʙʫʜʦʚʠ, 
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ʥʝʤʦʞʣʠʚʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʤʽʞʥʠʭ ʢʘʨʙʦʥʽʻʚʠʭ ʢʘʪʽʦʥʽʚ  ʽ 

ʘʣʢʽʣʫʚʘʥʥʷ ʧʦʚʠʥʥʦ ʚʽʜʙʫʚʘʪʠʩʴ ʚʠʢʣʶʯʥʦ ʧʦ ʘʪʦʤʫ ʉʫʣʴʬʫʨʫ ʟʘ 

ʤʝʭʘʥʽʟʤʦʤ SN2. 
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(2.9) 

 

ɼʽʡʩʥʦ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʽʚ 2.4a-c ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʘʣʢʽʣʫʶʯʠʤ ʨʝʘʛʝʥʪʦʤ ʫ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ NaOH  

ʥʘʤʠ ʦʪʨʠʤʘʥʥʽ ʣʠʰʝ ʧʨʦʜʫʢʪʠ S-ʘʣʢʽʣʫʚʘʥʥʷ 2.13ʘ-ʩ-2.16a-b (ʩʭʝʤʘ 2.10) ʪʘ 

2.17c ï 2.18ʩ (ʩʭʝʤʘ 2.11). ɿʘʩʪʦʩʫʚʘʥʥʷ NaHCO3 ʪʘ ɼʄʌɸ ʫ ʷʢʦʩʪʽ 

ʨʦʟʯʠʥʥʠʢʘ, ʪʘʢʦʞ ʥʝ ʧʨʠʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ N-ʧʦʭʽʜʥʠʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʘʣʢʽʣʫʚʘʥʥʷ ʜʘʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʧʦ ʙʽʣʴʰ ʥʫʢʣʝʦʬʽʣʴʥʦʤʫ ʘʪʦʤʫ 

ʉʫʣʴʬʫʨʫ. 

ɸʣʢʽʣʫʚʘʥʥʷ ʩʝʣʝʥʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʽʚ 2.5a-c ʟ 

ʘʥʘʣʦʛʽʯʥʠʭ ʤʽʨʢʫʚʘʥʴ ʪʘʢʦʞ ʧʦʚʠʥʥʦ ʧʨʦʭʦʜʠʪʠ ʚʠʢʣʶʯʥʦ ʧʦ ʙʽʣʴʰ 

ʥʫʢʣʝʦʬʽʣʴʥʦʤʫ ʘʪʦʤʫ ʉʝʣʝʥʫ, ʱʦ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʽʡʩʥʦʩʪʽ. 

 

S

R'

R' ' N

NH

X

R'' 'Cl

S

R'

R' ' N

N

X
R'' '

NaOH, EtOH

K
2
CO

3
, DMF

2.4a-c - 2.5ʘ-ʩ2.13a-c - 2.16ʘ-b 

(2.10) 



55 
 

ʜʝ: 2.4a - R'=R''= -(CH2)4-, X=S; 2.4b - R'=R''= -(CH2)3-, X=S; 2.4c - 

R'=R''=CH3, X=S; 2.5a -  R'=R''= -(CH2)4-, X=Se; 2.5c - R'=R''=CH3, X=Se; 2.13a 

- R'=R''= -(CH2)4-, R'''= -CH2-CO-OC2H5, X=S; 2.13b - R'=R''= -(CH2)3-, R'''= -

CH2-CO-OC2H5, X=S; 2.13c - R'=R''=CH3, -CH2-CO-OC2H5, X=S; 2.14a - 

R'=R''= -(CH2)4-, R'''= -CH2-CO-NH-SO2-C6H4-Cl, X=S; 2.15a - R'=R''= -(CH2)4-, 

R'''=(5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)-2-ʦʢʩʦʝʪʠʣ, X=S; 2.15b - R'=R''= -(CH2)3-

, R'''=(5-ʽʟʦʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)-2-ʦʢʩʦʝʪʠʣ, X=S; 2.15c - R'=R''=CH3, 

R'''=(5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)-2-ʦʢʩʦʝʪʠʣ, X=S; 2.16a - R'=R''= -(CH2)4-

, X=Se; R'''= -CH2-CO-NH-SO2-C6H4-Cl; 2.16b - R'=R''= -(CH2)4-, X=Se, R'''=(5-

ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)-2-ʦʢʩʦʝʪʠʣ. 

 

ʉʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʗʄʈ 

1
ʅ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʽʚ ʽ  ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʤʦʜʝʣʴʥʠʭ 3-ʙʝʥʟʠʣ-5,6,7,8- 

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ 2.7ʘ ʪʘ 3-ʤʝʪʠʣ-5,6,7,8-

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ 2.8ʘ ʭʽʤʽʯʥʠʡ ʟʩʫʚ 

ʧʨʦʪʦʥʫ ʤʝʪʠʥʦʚʦʾ ʛʨʫʧʠ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 8.28 ʪʘ 

8.51 ʤ.ʜ., ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʧʦʭʽʜʥʠʭ 2.7ʘ-ʩ ï 2.12-ʘ,b ʭʽʤʽʯʥʠʡ 

ʟʩʫʚ ʮʠʭ ʧʨʦʪʦʥʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʠʭ ʤʝʞʘʭ; ʧʨʠ ʮʴʦʤʫ ʚʽʥ  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʘʤʽʩʥʠʢʽʚ ʚ ʪʽʦʬʝʥʦʚʦʤʫ ʢʽʣʴʮʽ. ʎʝ ʚʢʘʟʫʻ ʥʘ ʦʜʥʘʢʦʚʫ ʙʫʜʦʚʫ ʩʧʦʣʫʢ 2.9ʘ-

2.9-ʩ, 2.10ʘ-2.10ʩ, 2.11ʘ-2.11ʩ ʪʘ 2.12ʘ, 2.12b  ʽ, ʚʦʜʥʦʯʘʩ, ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ 

ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ ʧʨʠ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʘʪʦʤʽ. ʈʽʟʥʠʮʷ ʚ ʭʽʤʽʯʥʠʭ ʟʩʫʚʘʭ 

ʤʝʪʠʥʦʚʠʭ ʧʨʦʪʦʥʽʚ ʜʣʷ ʩʧʦʣʫʢ 2.9ʘ-ʩ, 2.10ʘ-ʩ, 2.11ʘ-ʩ ʪʘ 2.12ʘ, 2.12b 

ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʦʶ ʧʨʠʨʦʜʦʶ ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ. ɸʥʘʣʦʛʽʯʥʦ, ʧʨʘʢʪʠʯʥʦ 

ʦʜʠʥʘʢʦʚʽ ʭʽʤʽʯʥʽ ʟʩʫʚʠ ʩʠʛʥʘʣʽʚ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʚʚʝʜʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ  ʛʨʫʧ  ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʷ ʦʜʥʦʛʦ ʡ 

ʪʦʛʦ ʞ ʘʪʦʤʘ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ɯʏ ʩʧʝʢʪʨʘʭ ʩʧʦʣʫʢ 2.7ʘ ʪʘ 2.8ʘ ʧʨʠʩʫʪʥʷ 

ʢʘʨʙʦʥʽʣʴʥʘ ʛʨʫʧʘ, ʘʣʢʽʣʴʥʘ ʛʨʫʧʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʣʠʰʝ ʧʨʠ ʘʪʦʤʽ 

ʅʽʪʨʦʛʝʥʫ N
3
.  
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ʈʠʩ. 2.2 ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSʆ-d6, 400 ʄɻʮ) 3-ʙʝʥʟʠʣ-5,6,7,8- 

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ 2.7ʘ 

 

ɺ ʦʪʨʠʤʘʥʠʭ ʧʦʭʽʜʥʠʭ 2.13ʘ-ʩ ï 2.16ʘ-b ʭʽʤʽʯʥʠʡ ʟʩʫʚ ʮʠʭ ʧʨʦʪʦʥʽʚ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 8.67-8.37 ʤ.ʜ.; ʧʨʠ ʮʴʦʤʫ ʚʽʥ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʘʤʽʩʥʠʢʽʚ ʚ ʪʽʦʬʝʥʦʚʦʤʫ ʢʽʣʴʮʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʜʥʘʢʦʚʫ ʙʫʜʦʚʫ ʩʧʦʣʫʢ 

2.13ʘ-ʩ-2.16ʘ-b, ʽ, ʚʦʜʥʦʯʘʩ, ʥʘ ʟʥʘʭʦʜʞʝʥʥʷ ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ ʧʨʠ ʦʜʥʦʤʫ ʽ 

ʪʦʤʫ ʞ ʘʪʦʤʽ. ʈʽʟʥʠʮʷ ʚ ʭʽʤʽʯʥʠʭ ʟʩʫʚʘʭ ʤʝʪʠʥʦʚʠʭ ʧʨʦʪʦʥʽʚ ʜʣʷ ʩʧʦʣʫʢ 

2.13ʘ-ʩ, 2.14b, 2.15ʘ-ʩ ʪʘ 2.16ʘ,b ʚʠʢʣʠʢʘʥʘ ʨʽʟʥʦʶ ʧʨʠʨʦʜʦʶ ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ. 

ʇʨʠ ʮʴʦʤʫ ʟʤʽʱʝʥʥʷ ʭʽʤʽʯʥʠʭ ʟʩʫʚʽʚ ʥʘ 0.2-0.37 ʤ.ʜ. ʚ ʙʽʢ ʩʣʘʙʢʦʛʦ ʧʦʣʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʢʩʠʛʝʥʚʤʽʩʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʠʢʣʠʢʘʥʦ, ʥʘ ʥʘʰʫ 

ʜʫʤʢʫ, ʟʙʽʣʴʰʝʥʥʷʤ ʘʨʦʤʘʪʠʯʥʦʩʪʽ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ (ʟʨʦʩʪʘʥʥʷʤ 

ʢʽʣʴʮʝʚʦʛʦ ʪʦʢʫ ʝʣʝʢʪʨʦʥʽʚ ʧʦ ʥʴʦʤʫ). ʎʝʡ ʬʘʢʪ ʜʦʜʘʪʢʦʚʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʫ ʙʫʜʦʚʫ ʩʧʦʣʫʢ 2.9ʘ-ʩï2.12ʘ,ʩ ʪʘ 2.13ʘ-bï2.16ʘ,b - 

ʧʽʨʠʤʽʜʠʥʦʚʝ ʢʽʣʴʮʝ ʤʝʥʰ ʘʨʦʤʘʪʠʯʥʝ ʚ ʦʢʩʠʛʝʥʚʤʽʩʥʠʭ N-ʘʣʢʽʣʦʚʘʥʥʠʭ 

ʧʦʭʽʜʥʠʭ ʪʘ ʙʽʣʴʰ ʘʨʦʤʘʪʠʯʥʝ ʚ S-(Se)-ʘʣʢʽʣʦʚʘʥʥʠʭ ʩʧʦʣʫʢʘʭ. ɸʥʘʣʦʛʽʯʥʦ, 

ʧʨʘʢʪʠʯʥʦ ʦʜʠʥʘʢʦʚʽ ʭʽʤʽʯʥʽ ʟʩʫʚʠ ʩʠʛʥʘʣʽʚ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ ʜʣʷ 

ʢʦʞʥʦʾ ʟ ʚʚʝʜʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ  ʛʨʫʧ  ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʷ 
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ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʘʪʦʤʘ. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʥʠʡ ʟʩʫʚ ʩʠʛʥʘʣʽʚ ʧʨʦʪʦʥʽʚ 

ʤʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ ʚ ʙʽʢ ʩʠʣʴʥʦʛʦ ʧʦʣʷ (ʥʘ ~ 0.6 ʤ.ʜ.) ʧʦʨʽʚʥʷʥʦ ʟ 

ʦʢʩʠʛʝʥʚʤʽʩʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʚʢʘʟʫʻ, ʱʦ ʤʝʪʠʣʝʥʦʚʘ ʛʨʫʧʘ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ 

ʤʝʥʰ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʛʦ ʘʪʦʤʘ (ʘʪʦʤʠ S ʪʘ Se ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʘʪʦʤʦʤ N).  

ɺ ʮʽʣʦʤʫ ʥʘʚʝʜʝʥʽ ʜʘʥʽ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʩʚʽʜʯʘʪʴ, ʱʦ ʘʣʢʽʣʫʚʘʥʥʷ 

ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʽʚ 2.2a-c ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ N
3
, 

ʪʦʜʽ ʷʢ ʪʽʦ-(ʩʝʣʝʥ)-ʧʦʭʽʜʥʠʭ 2.4a-c ʪʘ 2.5ʘ ï ʧʦ ʘʪʦʤʫ ʉʫʣʴʬʫʨʫ(ʉʝʣʝʥʫ). 
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ʈʠʩ. 2.3 ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSʆ-d6, 400 ʄɻʮ) 3-ʤʝʪʠʣ-5,6,7,8-

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ 2.8ʘ 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʤʦʜʝʣʴʥʠʭ 4-(ʙʝʥʟʠʣʪʽʦ)-5,6,7,8- 

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 2.17ʩ ʪʘ 3-ʤʝʪʠʣ-5,6,7,8-

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʪʽʦʥ 2.18ʩ ʭʽʤ̔ʯʥʠʡ ʟʩʫʚ 

ʧʨʦʪʦʥʫ ʤʝʪʠʥʦʚʦʾ ʛʨʫʧʠ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 8.71 ʪʘ 

8.72 ʤ.ʜ., ʚʽʜʧʦʚʽʜʥʦ.  
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(2.11) 

ʋ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʽ ʩʧʦʣʫʢʠ 2.17c ʫ ʦʙʣʘʩʪʽ ʩʣʘʙʦʛʦ ʧʦʣʷ (7.24-7.48 ʤ.ʜ.) 

ʟʥʘʭʦʜʷʪʴʩʷ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʽʣʴʮʷ ʫ ʚʠʛʣʷʜʽ ʤʫʣʴʪʠʧʣʝʪʽʚ. 

ʉʠʛʥʘʣ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ (ʉʅ2) ʫ ʚʠʛʣʷʜʽ ʩʠʥʛʣʝʪʫ ʚʽʜʧʦʚʽʜʘʻ 

ʭʽʤʽʯʥʦʤʫ ʟʩʫʚʫ 4.58 ʤ.ʜ. ʋ ʦʙʣʘʩʪʽ ʩʠʣʴʥʦʛʦ ʧʦʣʷ (2.41-2.44 ʤ.ʜ.) 

ʟʥʘʭʦʜʷʪʴʩʷ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ.  
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ʈʠʩ. 2.4 ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSʆ-d6, 400 ʄɻʮ) 4-(ʙʝʥʟʠʣʪʽʦ)-5,6-

ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 2.17c 
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ʈʠʩ. 2.5 ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (DMSʆ-d6, 400 ʄɻʮ) 5,6-ʜʠʤʝʪʠʣ-4-

(ʤʝʪʠʣʪʽʦ)ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 2.18ʩ 

 

ʋ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʽ ʩʧʦʣʫʢʠ 2.18ʩ ʚ ʦʙʣʘʩʪʽ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʟʥʘʭʦʜʷʪʴʩʷ 

ʭʘʨʘʢʪʝʨʥʽ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ (2.44 ʤ.ʜ.) ʫ ʚʠʛʣʷʜʽ ʩʠʥʛʣʝʪʫ ʪʘ 

ʩʠʛʥʘʣ ʧʨʦʪʦʥʽʚ ʛʨʫʧʠ ïS-CH3- ʫ ʚʠʛʣʷʜʽ ʩʠʥʛʣʝʪʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ 2.61 

ʤ.ʜ.  

ʄʘʩ-ʩʧʝʢʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ.  

ɿʨʘʟʦʢ ʨʦʟʯʠʥʷʣʠ ʫ ʥʽʪʨʦʙʝʥʟʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʪʘ ʧʽʜʜʘʚʘʣʠ 

ʙʦʤʙʘʨʜʫʚʘʥʥʶ  ʧʫʯʢʦʤ ʧʨʠʩʢʦʨʝʥʠʭ ʘʪʦʤʽʚ ɸʨʛʦʥʫ. ʋ ʤʘʩ-ʩʧʝʢʪʨʘʭ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʢʽ ʽʦʥʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʪʦʥʦʚʘʥʠʤ ʤʦʣʝʢʫʣʘʤ ʟʨʘʟʢʫ.  

ʐʣʷʭʠ ʨʦʟʧʘʜʫ ʩʧʦʣʫʢ ʟʘ ʤʝʪʦʜʦʤ FAB ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ ʙʫʜʦʚʦʶ.   
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ʈʠʩ. 2.6 ʄʘʩ-ʩʧʝʢʪʨ ʩʧʦʣʫʢʠ 23-ʙʝʥʟʠʣ-5,6,7,8- ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-4(3ʅ)-ʦʥʫ 2.7ʘ 

 

ʊʘʢ, ʜʣʷ 3-ʙʝʥʟʠʣ-5,6,7,8-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-

4(3ʅ)-ʦʥʫ 2.7ʘ (m/z 296) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʧʘʜʫ 

(ʩʭʝʤʘ 2.12): 

ʘ) ɯʟ ʟʙʝʨʝʞʝʥʥʷʤ ʟʘʤʽʩʥʠʢʘ ʧʨʠ ʘʪʦʤʽ N, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʝʨʚʠʥʥʠʤ ʚʠʢʠʜʦʤ ʤʦʣʝʢʫʣʠ ʉ=ʆ (m/z 268) ʪʘ ʥʘʩʪʫʧʥʠʤ ʤʦʣʝʢʫʣʠ HCN ʟ 

ʫʪʚʦʨʝʥʥʷʤ  ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʫ ʟ m/z 241;  

ʙ) ɹʝʟ ʟʙʝʨʝʞʝʥʥʷ ʟʘʤʽʩʥʠʢʘ ʧʨʠ ʘʪʦʤʽ N, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʦʧʝʨʝʜʥʽʤ ʧʨʦʪʦʥʫʚʘʥʥʷʤ ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʢʠʜʦʤ ʙʝʥʟʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ ʟ m/z 206.  
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(2.12) 

 

ʆʩʪʘʥʥʽʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʪʨʴʦʤʘ ʰʣʷʭʘʤʠ ï ʟ ʚʠʢʠʜʦʤ 

ʬʨʘʛʤʝʥʪʫ NCO ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʫ ʟ m/z 154 ʘʙʦ ʛʨʫʧʠ OH ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʬʨʘʛʤʝʥʪʫ ʟ m/z 189, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʠʜʘʻ ʱʝ ʦʜʥʫ 

ʤʦʣʝʢʫʣʫ HCN ʟ ʫʪʚʦʨʝʥʥʷʤ ʬʨʘʛʤʝʥʪʫ ʟ m/z 162; ʪʨʝʪʽʡ ʥʘʧʨʷʤʦʢ ʨʦʟʢʣʘʜʫ 

ʧʦʣʷʛʘʻ ʚ  ʧʦʩʣʽʜʦʚʥʦʤʫ ʚʠʢʠʜʽ ʤʦʣʝʢʫʣʠ HCN (m/z 179) ʽ  ʛʨʫʧʠ OH ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʪʘʢʦʞ ʬʨʘʛʤʝʥʪʫ ʟ m/z 162. 

ʈʦʟʧʘʜ 4-(ʤʝʪʠʣʪʽʦ)-5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʘ 2.18ʩ (ʩʭʝʤʘ 

2.13) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʩʭʝʤʦʶ, ʚ ʷʢʽʡ ʤʦʞʣʠʚʦ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʜʚʘ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʨʦʟʧʘʜʫ: 

ʘ) ʇʨʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʦʪʦʥʫʚʘʥʥʽ ʚʠʭʽʜʥʦʾ ʤʦʣʝʢʫʣʠ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʚʠʥʥʠʤ ʚʠʢʠʜʦʤ ʟʘʤʽʩʥʠʢʘ ʧʨʠ ʘʪʦʤʽ ʉʫʣʴʬʫʨʫ (m/z  

211) ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʜʝʩʫʣʴʬʫʚʘʥʥʷʤ ʪʘ ʚʠʢʠʜʦʤ ʤʦʣʝʢʫʣʠ HCN  (m/z 137);  
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ʈʠʩ. 2.7 ʄʘʩ-ʩʧʝʢʪʨ 4-(ʤʝʪʠʣʪʽʦ)-5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʘ 2.18ʩ 

 

ʙ) ɹʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʪʦʥʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʤʦʣʝʢʫʣʠ, ʱʦ ʪʘʢʦʞ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʢʠʜʦʤ ʤʝʪʘʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥ-

ʨʘʜʠʢʘʣʫ ʟ m/z 195.  ʆʩʪʘʥʥʽʡ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʢʠʜʦʤ ʤʦʣʝʢʫʣʠ HCN ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʬʨʘʛʤʝʥʪʫ ʟ m/z 136.  
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(2.13) 
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ʈʦʟʢʣʘʜ 5,6-ʜʠʤʝʪʠʣ-4-(ʙʝʥʟʠʣʪʽʦ)ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 2.17ʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 
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ʈʠʩ. 2.8 ʄʘʩ-ʩʧʝʢʪʨ ʩʧʦʣʫʢʠ ʝʪʠʣ-[(5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-

ʽʣ)ʪʽʦ]ʘʮʝʪʘʪ 2.13ʩ 

 

ɽʪʠʣ-[(5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣ)ʪʽʦ]ʘʮʝʪʘʪ 2.13ʩ ʚ ʫʤʦʚʘʭ 

ʦʪʨʠʤʘʥʥʷ ʤʘʩ-ʩʧʝʢʪʨʫ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟʘ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ, ʷʢʽ ʧʦʯʠʥʘʶʪʴʩʷ 

ʟ ʨʦʟʧʘʜʫ ʝʩʪʝʨʥʦʾ ʛʨʫʧʠ: 

ʘ) ʟ ʚʠʢʠʜʦʤ ʝʪʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʟ ʫʪʚʦʨʝʥʥʷʤ  ʢʘʪʽʦʥʫ ʟ m/z 237, ʧʦʪʽʤ 

ʢʘʨʙʦʥʽʣʫ ʽ ʪʽʦʬʦʨʤʘʣʴʜʝʛʽʜʫ; 

ʙ) ʧʦʩʣʽʜʦʚʥʠʤ ʚʽʜʱʝʧʣʝʥʥʷʤ ʝʪʠʣʝʥʫ ʽ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥʫ ʟ m/z 238, ʧʦʪʽʤ  ʢʘʨʙʦʥʽʣʫ ʪʘ ʪʽʦʤʝʪʠʣʴʥʦʾ  ʛʨʫʧʠ. ɺ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ, ʷʢ ʽ ʨʘʥʽʰʝ, ʫʪʚʦʨʶʻʪʴʩʷ ʢʘʪʽʦʥ ʟ m/z 163, ʷʢʠʡ ʚʽʜʱʝʧʣʶʻ 

ʤʦʣʝʢʫʣʫ HCN.  

ɽʪʠʣ(5,6,7,8-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣʪʽʦ)ʘʮʝʪʘʪ 

2.13ʘ ʪʘ ʝʪʠʣ(6,7-ʜʠʛʽʜʨʦ-5ʅ-ʮʠʢʣʦʧʝʥʪʦ[4,5]ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-

ʠʣʪʽʦ)ʘʮʝʪʘʪ 2.13b ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ. 
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m/z 283
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m/z 210
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m/z 209

m/z 163

m/z 136  (2.14) 

 

ʌʘʢʪʠʯʥʦ ʟʘ ʮʽʻʶ ʞ ʩʭʝʤʦʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʨʦʟʢʣʘʜ 2-[(5,6-

ʜʠʤʝʪʠʣʪʽʻʥʦ[2.3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣ)ʪʽʦ]-N-(5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-

ʽʣ)ʘʮʝʪʘʤʽʜʘ 2.15ʩ (ʨʠʩ. 2.9) ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʠʭ - N-(5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʦʜʽʘʟʦʣ-

2-ʽʣ)-2-(5,6,7,8-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣʪʽʦ)ʘʮʝʪʘʤʽʜ 

2.15ʘ ʽ        2-(6,7-ʜʽʛʽʜʨʦ-5ʅ-ʮʠʢʣʦʧʝʥʪʘ[4,5]ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣʪʽʦ)-

N-(5-ʽʟʦʧʨʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)ʘʮʝʪʘʤʽʜʘ 2.15b. ɭʜʠʥʘ ʚʽʜʤʽʥʘ ʧʦʣʷʛʘʻ ʚ 

ʧʝʨʚʠʥʦʤʫ ʚʠʢʠʜʽ ʛʨʫʧʠ 2-ʘʤʽʥʦ-5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʨʙʦʥʽʣʚʤʽʩʥʦʛʦ ʨʘʜʠʢʘʣʫ ʯʠ ʢʘʪʽʦʥʫ ʟ m/z 237, 238. 

ʘ) ʇʨʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʦʪʦʥʫʚʘʥʥʽ ʚʠʭʽʜʥʦʾ ʤʦʣʝʢʫʣʠ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʢʘʪʽʦʥʫ ʟ m/z 380, ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʢʠʜʦʤ ʛʨʫʧʠ 2-ʘʤʽʥʦ-5-ʽʟʦʧʨʦʧʽʣ-1,3,4-

ʪʽʘʜʽʘʟʦʣʫ ʽ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʨʙʦʥʽʣʚʤʽʩʥʦʛʦ ʨʘʜʠʢʘʣʫ ʟ m/z 238; 

ʙ) ɹʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʪʦʥʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʤʦʣʝʢʫʣʠ ʟ ʧʝʨʚʠʥʥʠʤ 

ʚʠʢʠʜʦʤ ʛʨʫʧʠ 2-ʘʤʽʥʦ-5-ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣʫ ʽ ʫʪʚʦʨʝʥʥʷʤ 
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ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʘʨʙʦʥʽʣʚʤʽʩʥʦʛʦ ʢʘʪʽʦʥʫ ʟ m/z 237. ʷʢʠʡ ʤʦʞʝ ʚʽʜʨʘʟʫ 

ʚʽʜʱʝʧʣʶʚʘʪʠ ʤʦʣʝʢʫʣʫ HCN. ɸʙʦ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʽʜʱʝʧʣʝʥʥʷʤ 

ʢʘʨʙʦʥʽʣʴʥʦʾ ʪʘ ʪʽʦʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʘʪʽʦʥʫ ʟ m/z 163, ʷʢʠʡ 

ʚʽʜʱʝʧʣʶʻ ʤʦʣʝʢʫʣʫ HCN.  
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ʈʠʩ. 2.9 ʄʘʩ-ʩʧʝʢʪʨ 2-[(5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2.3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣ)ʪʽʦ]-N-(5-

ʽʟʦʧʨʦʧʽʣ-1,3,4-ʪʽʘʜʽʘʟʦʣ-2-ʽʣ)ʘʮʝʪʘʤʽʜʘ 2.15ʩ 

 

ʋʩʽ ʩʠʥʪʝʟʦʚʘʥʽ ʧʨʦʜʫʢʪʠ ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʽ ʬʫʥʛʽʮʠʜʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [76]. ʈʝʟʫʣʴʪʘʪʠ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ 

ʩʢʨʠʥʽʥʛʫ ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʾ ʩʧʦʣʫʢʠ ʫ ʘʛʘʨ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 2.5. 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʽ ʬʫʥʛʽʮʠʜʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʦʤ ʩʝʨʽʡʥʠʭ 

ʨʦʟʚʝʜʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 2.6 ʽ 2.7. ʉʧʦʣʫʢʠ, ʷʢʽ ʥʝ ʧʨʦʷʚʠʣʠ 

ʘʥʪʠʤʽʢʨʦʙʥʫ ʽ ʬʫʥʛʽʮʠʜʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʥʝ ʚʢʣʶʯʝʥʦ ʜʦ ʪʘʙʣʠʮʴ.  
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m/z 211

(2.15) 

 

ɸʥʪʠʤ̔ʢʨʦʙʥʘ ʪʘ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʘ ʘʢʪʠʚʥʽʩʪʴ 

1) ʄʝʪʦʜ ʜʠʬʫʟʽʾ ʩʧʦʣʫʢʠ ʚ ʘʛʘʨ. ɸʥʪʠʤʽʢʨʦʙʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʾ ʩʧʦʣʫʢʠ ʚ ʘʛʘʨ. ɺ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʪʝʩʪ-ʢʫʣʴʪʫʨʠ: E. coli, S. aureus, 

M. luteum, C. tenuis and A. niger. ʄʽʢʨʦʙʥʘ ʥʘʛʨʫʟʢʘ 10
9
 ʢʣ̔ʪʠʥ (ʩʧʦʨ) ʥʘ 1 ʤʣ. 

ʊʨʠʚʘʣʽʩʪʴ ʽʥʢʫʙʘʮʽʾ ʙʘʢʪʝʨʽʡ 24 ʛʦʜ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ35 ÁC, ʛʨʠʙʽʚ ï 48-72 

ʛʦʜ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 28-30 ÁC. ɸʥʪʠʙʽʦʪʠʢʠ ʚʘʢʦʤʽʮʠʥ, ʦʢʩʘʮʠʣʽʥ ʠ ʥʩ̔ʪʘʪʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʢ ʩʪʘʥʜʘʨʪʠ. ʂʫʣʴʪʫʨʠ ʙʘʢʪʝʨʽʡ, ʩʪʘʥʜʘʨʪʠ ʪʘ ʦʪʨʠʤʘʥʽ 

ʩʧʦʣʫʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 5 ʤʛ/ʤʣ, ʧʽʩʣʷ ʯʦʛʦ ʥʘʥʦʩʠʣʠʩ ̫
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ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʾ ʥʘ ʞʠʚʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɸʥʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ 

ʩʪʫʧʽʥʴ ʘʢʪʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʦʮʽʥʶʚʘʣʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟʦʥ 

ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʪʝʩʪ-ʢʫʣʴʪʫʨ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʤʘʣʦʯʫʪʣʠʚʠʡ: 11-15 ʤʤ; 

ʯʫʪʣʠʚʠʡ: 16-25 ʤʤ; ʚʠʩʦʢʦʯʫʪʣʠʚʠʡ>25 ʤʤ). ɺʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʚʪʦʨʶʚʘʣʠ 

3 ʨʘʟʠ. 

 

ʊʘʙʣʠʮʷ 2.5. ɸʥʪʠʤʽʢʨʦʙʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ (ʤʝʪʦʜ 

ʜʠʬʫʟʽʾ ʩʧʦʣʫʢʠ ʚ ʘʛʘʨ) 

 

ʉʧʦʣʫʢʘ 

a)
 

ʂʦʥʮʝʥʪʨʘʮʽʷ 

% 

ɼʽʘʤʝʪʨ ʟʦʥ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

(ʤʤ) 

E.coli S.aureus M.luteum A.niger 

2.2c 0.5 ï ï  7.0 

2.3c 0.5 ï ï  8.0 

2.5a 0.5 14.0 (ʙ/ʩ) ï  22.0 (ʬ/ʩ) 

0.1 ï ï ï 12.0 (ʬ/ʩ) 

2.5c 0.5 14.7 ï ï ï 

0.1 10.0 ï ï ï 

2.13ʩ 0.5 ï ï ï ï 

2.14a 0.5 ï 12.0 17.0 ï 

 

ʙ/ʩ ï ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʘ ʜ̔ ʷ;  

ʬ/ʩ ï ʬʫʥʛʩ̔ʪʘʪʠʯʥʘ ʜ̔ ʷ;  

ï ʥʝ ʚʠʷʚʣʝʥʦ
 

a) 
ɼʣʷ ʩʧʦʣʫʢ 2.2a, 2.5b, 2.9a-2.12b, 2.13a-2.16b ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 0.5 ʪʘ 1.0 

% ʙʽʦʮʠʜʥʦʛʦ ʵʬʝʢʪʫ ʥʝ ʚʠʷʚʣʝʥʦ. 

ɿʘ ʜʦʧʦʤʦʛʦ  ʁʤʝʪʦʜʫ ʜʠʬʫʟʽʾ ʩʧʦʣʫʢʠ ʚ ʘʛʘʨ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʜʫʢʪʠ 

2.5a ʪʘ 2.5c ʧʨʦʷʚʣʷʶʪ ɹʙʘʢʪʝʨʽʮʠʜʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ ʢʫʣʴʪʫʨ E. coli, S. 

aureus., M. luteum ʯʫʪʣʠʚʘ ʪʽʣʴʢʠ ʜʦ ʩʧʦʣʫʢʠ 2.14a. 
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2) ʄʝʪʦʜ ʩʝʨʡ̔ʥʠʭ ʨʦʟʚʝʜʝʥʴ. ʄʽʥʽʤʘʣʴʥʘ ʙʘʢʪʝʨʠʮʠʜʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ (ʄɹʮʂ) ʚʠʷʚʣʝʥʘ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʨʦʟʯʠʥʝʥʽ ʫ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ʋ 

ʞʠʚʠʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥ̔ʦʢʫʣʶʚʘʣʠ ʧʦʩʽʚʥʠʡ ʤʘʪʝʨʽʘʣ ʙʘʢʪʝʨʽʡ ʪʘ ʛʨʠʙʽʚ 

(ʤô̫ ʩʦ-ʧʝʧʪʦʥʥʠʡ ʙʫʣʴʡʦʥ ʜʣʷ ʙʘʢʪʝʨʽʡ (pH 7.0) ʘʙʦ ʥʝ ʦʭʤʝʣʝʥʝ ʧʠʚʥʝ ʩʫʩʣʦ 

ʜʣ̫ ʛʨʠʙʽʚ). ʄʽʢʨʦʙʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻ 10
9
 ʢʣ̔ʪʠʥ (ʩʧʦʨ) ʥʘ 1 ʤʣ. 

ɿʘʩʽʷʥʥ̔  ʧʨʦʙʨ̔ʢʠ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʽ ʚʽʜ 24 ʛʦʜ ʜʦ 72 ʛʦʜ ʧʨʠ ʧʝʚʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ (ʚʽʜ 37 °C ʜʣʷ ʙʘʢʪʝʨʽʡ ʪʘ ʜʦ 30 ÁC ʜʣʷ ʛʨʠʙʽʚ). ʈʝʟʫʣʴʪʘʪʠ 

ʦʮ̔ʥʶʚʘʣʠ ʟʘ ʥʘʷʚʥʽʩʪʶ ʯʠ ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʩʪʫ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʟʘ ʩʪʫʧʝʥʝʤ 

ʤʽʢʨʦʙʥʦʾ ʤʫʪʥʦʩʪʽ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ). ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʦʜʠʣʠ 

ʥʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʟ ʧʨʦʙʽʨʦʢ, ʚ ʢʦʪʨʠʭ ʨʦʟʯʠʥʠ ʩʝʨʝʜʦʚʠʱʘ ʚʠʷʚʠʣʠʩʷ 

ʚʽʟʫʘʣʴʥʦ ʧʨʦʟʦʨʠʤʠ ʚʽʜʙʠʨʘʣʠ ʧʦ 0,02 ʤʣ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʘʥʦʩʠʣʠ ʥʘ ʤʷʩʦ-

ʧʝʥʪʦʥʠʡ ʙʫʣʴʡʦʥ ʜʣʷ ʙʘʢʪʝʨʽʡ ʘʙʦ ʩʫʩʣʦ-ʘʛʘʨ ʜʣʷ ʛʨʠʙʽʚ ʚ ʩʪʝʨʠʣʴʥʠʭ ʯʘʰʘʭ 

ʇʝʪʨʽ, ʷʢʽ ʽʥʢʫʙʫʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʽ. 

ʆʮʽʥʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʪʝʩʪ-ʙʘʢʪʝʨʽʡ ʯʝʨʝʟ 24 ʛʦʜ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 35 ÁC, ʜʣʷ ʪʝʩʪ-ʛʨʠʙʽʚ ï 48-72 ʛʦʜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 28-30 ÁC. ɿʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʩʪʫ ʢʦʣʦʥ̔ʡ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʥ̔ʢʫʙʦʚʘʥʠʭ ʯʘʘhʭ ʇʝʪʨʽ, 

ʚʠʟʥʘʯʘʣʠ ʤʽʥʽʤʘʣʴʥʫ ʙʘʢʪʝʨʽʮʠʜʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ (ʄɹʮʂ) ʘʙʦ ʤʽʥʽʤʘʣʴʥʫ 

ʬʫʥʛʽʮʠʜʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ. ɺʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʧʦʚʪʦʨʶʚʘʣʠ 3 ʨʘʟʠ. 

ʅʘʡʢʨʘʱ ̔ʬʫʥʛʽʩʪʘʪʠʯʥ ̔ʧʦʢʘʟʥʠʢʠ ʧʨʦʪʠ ʮʚʽʣʴʦʚʦʛʦ ʛʨʠʙʫ A. Niger 

ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ ʧʨʦʜʫʢʪʽʚ 2.5ʘ ʪʘ 2.13ʘ. ɼʽʘʤʝʪʨ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʢʫʣʴʪʫʨ ʜʣʷ 

ʧʨʦʜʫʢʪʫ 2.5ʘ ʩʪʘʥʦʚʠʪʴ 22.0 ʪʘ 12.0 ʤʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 0.5 ʪʘ 0.1 %, 

ʚʽʜʧʦʚʽʜʥʦ. MIʂ ʜʣʷ ʧʨʦʜʫʢʪʽʚ 2.5a ʪʘ 2.13a ʩʪʘʥʦʚʠʪʴ 31.2 ʤʛ/ʤʣ. 

ɿʛʽʜʥʦ ʤʝʪʦʜʫ ʩʝʨʽʡʥʠʭ ʨʦʟʙʘʚʣʝʥ ɹʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ S. aureus ʥʘʡʙʽʣʴʰ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʧʦʣʫʢ 2.14a ʪʘ 2.15a ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 31.2 ʤʛ/ʤʣ. E. Coli 

ʚʠʷʚʠʣʘʩʴ ʧʨʘʢʪʠʯʥʦ ʥʝʯʫʪʣʠʚʦʶ ʜʦ ʤʘʡʞʝ ʚʩ̔ʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. ʆʢʨʽʤ 

ʩʧʦʣʫʢʠ 2.5c E. coli.  (MIC = 500.0 ʤʛ/ʤʣ). ʉʧʦʣʫʢʠ 2.13ʩ ʪʘ 2.14a ʧʨʦʷʚʠʣʠ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠʚ M. luteum (MIʂ = 31.2 ʤʛ/ʤʣ). 
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ʊʘʙʣʠʮʷ 2.6. ʇʦʢʘʟʥʠʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʙʘʢʪʝʨʽʮʠʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

(ʄɹʮʂ) ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʄɹʩʂ) ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʩʧʦʣʫʢ (ʤʝʪʦʜ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ) 

 

ʉʧʦʣʫʢʘ
a)
 Escherichia coli Staphylococcus 

aureus 

Mycobacterium 

luteum 

ʄɹʩʂ 

(ʤʢʛ/ʤʣ) 

ʄɹʮʂ 

(ʤʢʛ/ʤʣ) 

ʄɹʩʂ 

(ʤʢʛ/ʤʣ) 

ʄɹʮʂ 

(ʤʢʛ/ʤʣ) 

ʄɹʩʂ 

(ʤʢʛ/ʤʣ) 

ʄɹʮʂ 

(ʤʢʛ/ʤʣ) 

2.2ʩ + + + + 250.0 500.0 

2.5c 500.0 *  + + + + 

2.10ʩ + + + + 500.0 *  

2.11ʩ + + + + 500.0 *  

2.12ʩ + + + + 31.2 125.0 

2.15a + + 31.2 125.0 31.2 125.0 

2.16a + + 31.2 62.5 + + 

 

a) 
ʉʧʦʣʫʢʠ  2.2a-b, 2.4a-2.5b, 2.9a-c, 2.10a-b, 2.11a-b, 2.12a-b, 2.13a-ʩ, 

2.14a-c, 2.15b-c, 2.16b ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦ ʾ

ʘʢʪʠʚʥʦʩʪʽ ʥʝ ʧʨʦʷʚʠʣʠ.  

b)
  + ɸʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʝ 

ʚʠʷʚʣʝʥʘ.  

c)
 * ɸʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʝ 

ʚʠʷʚʣʝʥʘ.  
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ʊʘʙʣʠʮʷ 2.7. ʇʦʢʘʟʥʠʢʠ ʤʽʥʽʤʘʣʴʥʦʾ ʬʫʥʛʽʮʠʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʄʌʮʂ) 

ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ ʬʫʥʛʽʩʪʘʪʠʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʄʌʩʂ) ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ 

(ʤʝʪʦʜ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ) 

 

ʉʧʦʣʫʢʘ 
a)
 Candida tenuis Aspergillus niger 

ʄʌʩʂ 

(ʤʢʛ/ʤʣ) 

ʄʌʮʂ 

(ʤʢʛ/ʤʣ) 

ʄʌʩʂ 

 (ʤʢʛ/ʤʣ) 

ʄʌʮʂ 

(ʤʢʛ/ʤʣ) 

2.2c 125.0 250.0 125.0 *  

2.4c + + 62.5 250.0 

2.5a + + 31.2 *  

2.10b + + 250.0 500.0 

2.10ʩ + + 500.0 *  

2.11ʩ 125.0 *  500.0 *  

2.13ʘ 250.0 *  500.0 *  

2.14a + + 31.2 *  
 

a) 
ʉʧʦʣʫʢʠ 2.2a-b, 2.3a-2.4b, 2.5b-c, 2.9a-c, 2.10a, 2.11a-b, 2.13b-c, 2.14b-

c, 2.15a-2.16b ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʙʽʦʮʠʜʥʦʛʦ ʵʬʝʢʪʫ ʥʝ ʚʠʷʚʠʣʠ 

(ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʩʪ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ). 

b)
 * ʌʫʥʛʽʮʠʜʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʝ ʚʠʷʚʣʝʥʘ.. 

c)
 + ʌʫʥʛʽʮʠʜʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʝ ʚʠ̫ ʚʣʝʥʘ ʚ ʜʦʩʣʽʜʞʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʜʠʬʫʟʽʾ ʚ ʘʛʘʨ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʧʦʣʫʢʘ 2.14ʘ ʧʨʦʷʚʠʣʠ ʙʘʢʪʝʨʠʮʠʜʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʛʨʘʤ-ʧʦʟʠʪʠʚʥʽ ʢʫʣʴʪʫʨʠ 

ʙʘʢʪʝʨʽʡ S. Aureus ʪʘ M. Luteum ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,5%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʤʝʪʦʜʦʤ ʩʝʨʽʡʥʠʭ (ʄɹʩʂ = 31,2 ʤʢʛ/ʤʣ; ʄɹʮʂ = 125 

ʤʢʛ/ʤʣ). ɻʨʘʤ-ʥʝʛʘʪʠʚʥʘ ʙʘʢʪʝʨʽʷ E. Coli ʚʠʷʚʠʣʘʩʴ ʯʫʪʣʠʚʦʶ ʜʦ ʜʽʾ ʩʧʦʣʫʢʠ 

2.5ʩ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,1 ʽ 0,5%, ʧʨʠ ʮʴʦʤʫ ʄɹʩʂ ʩʪʘʥʦʚʠʣʦ 500 ʤʢʛ/ʤʣ. 

ʈʝʯʦʚʠʥʠ 2.5ʘ ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʥʫ ʙʘʢʪʝʨʽʦʩʪʘʪʠʯʥʫ ʜʽʶ, ʱʦʜʦ E. Coli ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 0,5%, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʜʽʘʤʝʪʨ ʟʦʥʠ ʟʘʪʨʠʤʢʠ ʨʦʩʪʫ ʢʫʣʴʪʫʨʠ ï 

14,0 ʽ 19,0 ʤʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ ʪʘʢʦʞ ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʢʘʟʥʠʢʠ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢ 2.2ʩ, 2.10ʩ, 2.11ʩ, ʷʢʽ ʚ ʤʝʞʘʭ 62,5-

500 ʤʢʛ/ʤʣ ʧʨʠʛʥʽʯʫʚʘʣʠ ʨʽʩʪ ʙʘʢʪʝʨʽʡ M. Luteum. ʅʘʡʢʨʘʱʽ ʬʫʥʛʽʩʪʘʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʚʠʷʚʣʝʥʽ ʜʣʷ ʩʧʦʣʫʢ 2.5ʘ, 2.14ʘ ʥʘ ʮʽʣʴʦʚʦʤʫ ʛʨʠʙʽ A. Niger 
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(ʄʌʩʂ = 31,2 ʤʢʛ/ʤʣ), ʧʨʦʪʝ ʩʧʦʣʫʢʘ 2.2ʩ ʽʥʛʽʙʫʻ ʨʽʩʪ ʷʢ ʜʨʽʞʜʞʦʚʦʛʦ ʛʨʠʙʘ 

C. Tenuis, ʪʘʢ ʽ ʮʚʽʣʝʡ A. Niger ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 125,0 ʤʢʛ/ʤʣ.  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʟʘʧʠʩʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔Varian VXR 200 (200 ʄɻʮ) ʚ 

ɼʄʉʆ-d6, ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥʜʘʨʪ ʊʄʉ. ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʩʧʦʣʫʢ 2.7ʘ, 2.8ʘ, 

2.17ʩ ʪʘ 2.18ʩ ʟʘʧʠʩʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔Bruker Avance II 400 (400 ʄɻʮ) ʫ ʨʦʟʯʠʥʽ 

ɼʄʉʆ-d6/CCl4, ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥʜʘʨʪ ʊʄʉ. ʄʘʩ-ʩʧʝʢʪʨʠ ʦʪʨʠʤʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔

ʄʍ1321 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʥʷ ʟʨʘʟʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔

ʢʘʤʝʨʠ ʦ̔ʥ̔ʟʘʮ̔ʾ 200Áʉ  ̔ʝʥʝʨʛʽʾ ʦ̔ʥ̔ʟʫʁʯʠʭ ʝʣʝʢʪʨʦʥ̔ʚ 70 ʝɺ ʘʙʦ ʥʘ ʧʨʠʙʦʨ ̔

Varian 1200L ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʥʷ ʟʨʘʟʢʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨ ̔ʢʘʤʝʨʠ ʦ̔ʥ̔ʟʘʮ̔ʾ 250Áʉ  ̔ʝʥʝʨʛʽʾ ʦ̔ʥ̔ʟʫʁʯʠʭ ʝʣʝʢʪʨʦʥʚ̔ 70 ʝɺ. 

ʉʧʝʢʪʨʠ FAB ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨ ̔VG7070. ɼʝʩʦʨʙʮʽ̫  ʡʦʥ̔ʚ ̔ʟ 

ʨʦʟʯʠʥʫ ʟʨʘʟʢʽʚ ʫ ʤ-ʥ̔ʪʨʦʙʝʥʟʠʣʦʚʦʤʫ ʩʧʠʨʪ ̔ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʫʯʢʦʤ ʘʪʦʤʚ̔ 

ʘʨʛʦʥʫ ʽʟ ʝʥʝʨʛʽʻʶ 8 ʂʝɺ. ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʟ̔ ʚʠʢʦʥʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔ LECO 

CHNS-900. ʊʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʥʽ ʥʘ ʧʨʠʙʦʨ ̔ʊ̔ʣʝ.  

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʘʣʢʣ̔ʫʚʘʥʥʷ ʩʧʦʣʫʢ 2.2a-c: ɼʦ ʩʫʩʧʝʥʟʽʾ ʩʧʦʣʫʢʠ 

2.2a-c (0.0044 ʤʦʣʴ) ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ (5 ʤʣ) ʜʦʜʘʶʪʴ ʛʽʜʨʦʢʩʠʜ ʥʘʪʨʽʶ 

(0.0044 ʤʦʣʴ) ʪʘ ʥʘʛʨʽʚʘʶʪ ɹ10 ʭʚ. ʇʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʜʦʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʢʽʣʫʶʯʠʡ  ʘʛʝʥʪ (0.0044 ʤʦʣʴ) ʪʘ ʥʘʛʨ̔ʚʘʁʪʴ ʟʘ  

ʪʝʤʧʝʨʘʪʫʨʠ 70Áʉ ʚʧʨʦʜʦʚʞ 30-40 ʭʚ. ʆʩʘʜ ʬ̔ʣʴʪʨʫʶʪʴ ʪʘ ʦʯʠʱʘʶʪʴ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʚʦʜʥʦʛʦ ʤʝʪʘʥʦʣʫ. 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʘʣʢʽʣʫʚʘʥʥʷ ʩʧʦʣʫʢ 2.4a-c - ʤʝʪʦʜ A: ɼʦ ʩʫʤʽʰʽ 

ʩʧʦʣʫʢʠ 2.4a-c (0.0044 ʤʦʣʴ) ʜʦʜʘʁʪɹ ʢʘʣʽʡ ʢʘʨʙʦʥʘʪ (0.0061 ʤʦʣʴ) ʫ ɼʄʌɸ 

(5 ʤʣ) ʪʘ ʥʘʛʨʽʚʘʶʪ ɹʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 40°C ʧʨʦʪʷʛʦʤ 5 ʭʚ. ɼʘʣ ̔ʜʦʜʘʶʪʴ 

ʚ̔ ʜʧʦʚʽʜʥʠʡ ʘʣʢʽʣʛʘʣʦʛʝʥʽʜ (0.0044 ʤʦʣʴ). ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʶʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 40°C ʧʨʦʪʷʛʦʤ 24 ʛʦʜ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʣʠʚʘʶʪ ɹʫ ʚʦʜʫ. ʆʩʘʜ 

ʬʽʣʴʪʨʫʶʪ ɹʪʘ ʦʯʠʱʘʶʪ ɹʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. 
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ʄʝʪʦʜ ɹ: ɼʦ ʨʦʟʯʠʥʫ ʩʧʦʣʫʢ 2.4a-c (0.0044 ʤʦʣʴ) ʫ 5 ʤʣ ʝʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʫ ʜʦʜʘʶʪʴ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʨʦʟʯʠʥ ʥʘʪʨʽʡ ʛʽʜʨʦʢʩʠʜʘ (0.0057 ʤʦʣʴ) ʫ 

ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ (3 ʤʣ). ʇʽʩʣʷ ʯʦʛʦ ʜʦʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʢʽʣʛʘʣʦʛʝʥʽʜ 

(0.0044 ʤʦʣʴ) ʪʘ ʥʘʛʨʚ̔ʘʁʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 70Áʉ ʥʘ ʧʨʦʪʷʟʽ 30 ʭʚ. ʈʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ ʦʭʦʣʦʜʞʫʶʪʴ, ʦʩʘʜ ʬʽʣʴʪʨʫʶʪ ɹ ʪʘ ʦʯʠʱʘʶʪ ɹ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ 

ʘʮʝʪʦʥʽʪʨʠʣʫ. 

 

ʊʘʙʣʠʮʷ 2.8. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʘʣʢʽʣʫʚʘʥʥʷ 2.7a-

2.18ʘ-b 
 

ʉʧʦʣ

ʫʢʘ 

ɺʠ

ʭʽʜ 

%, 

ʊ.ʧ

ʣ. 

0
C 

ɿʥʘʡʜʝʥʦ, % 

ʄʦʣ. ʬʦʨʤʫʣʘ  

ɺʠʨʘʭʫʚʘʥʦ, % 

C H N C H N 

2.7ʘ 89 240 68.96 5.40 9.53 C17H16N2OS 68.89 5.44 9.45 

2.8ʘ 60 236 60.09 5.56 12.65 C11H12N2OS 59.98 5.49 12.72 

2.9a 77 276 57.52 5.56 9.58 C14H16N2O3S 57.52 5.52 9.58 

2.9b 87 236 56.12 5.10 10.09 C13H14N2O3S 56.10 5.07 10.06 

2.9c 83 281 54.12 5.27 10.50 C12H14N2O3S 54.12 5.30 10.52 

2.10a 81 297 49.36 3.66 9.58 C18H16ClN3O4S 49.37 3.68 9.60 

2.10b 59 251 49.71 3.69 6.82 C17H14ClN3O4S 49.69 3.68 6.82 

2.10c 79 312 48.21 3.36 9.89 C14H16ClN3O4S 48.17 3.33 9.91 

2.11a 71 307 55.68 5.19 14.43 C18H20N4O2S2 55.65 5.19 14.42 

2.11b 67 257 54.52 4.85 14.96 C17H18N4O2S2 54.53 4.84 14.96 

2.11c 86 327 53.05 5.02 15.47 C16H18N4O2S2 53.02 5.01 15.46 

2.12a 68 286 63.74 5.07 12.41 C18H17N3O2S 63.70 5.05 12.38 

2.12b 92 298 61.36 4.85 13.41 C16H15N3O2S 61.32 4.82 13.41 

2.13ʘ 57 231 54.57 5.23 9.11 C14H16N2O2S2 54.52 5.23 9.08 

2.13b 72 245 63.74 5.07 12.41 C13H14N2O2S2 63.70 5.05 12.38 

2.13ʩ 65 261 51.09 5.07 9.93 C12H14N2O2S2 51.04 5.00 9.92 

2.14ʘ 77 279 46.43 3.14 9.59 C17H14ʉlN3O3S3 46.41 3.21 9.55 
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ʉʧʦʣ

ʫʢʘ 

ɺʠ

ʭʽʜ 

%, 

ʊ.ʧ

ʣ. 

0
C 

ɿʥʘʡʜʝʥʦ, % 
ʄʦʣ. ʬʦʨʤʫʣʘ 

M.w 

ɺʠʨʘʭʫʚʘʥʦ, % 

C H N C H N 

2.15ʘ 69 277 53.20 5.48 13.80 C18H22N4OS3 53.17 5.45 13.78 

2.15b 83 289 52.04 5.14 14.30 C17H20N4OS3 52.01 5.14 14.27 

2.15ʩ 75 269 50.55 5.34 14.75 C16H20N4OS3 50.50 5.30 14.72 

2.16ʘ 68 286 60.82 4.82 11.82 C18H16ClN3O3S2Se 60.82 4.82 11.82 

2.16b 52 256 47.94 4.45 12.38 C18H20ClN4OS2Se 47.89 4.47 12.41 

2.17c 90 230 65.30 5.23 8.90 C17H16N2S2 65.35 5.16 8.97 

2.18c 45 247 55.98 5.15 11.79 C11H12N2S2 55.90 5.12 11.85 

 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʘʣʢʽʣʫʚʘʥʥʷ ʩʧʦʣʫʢ 2.5a-b: ɼʦ ʨʦʟʯʠʥʫ ʩʧʦʣʫʢʠ 

2.5a-b (0.0044 ʤʦʣʴ) ʫ 5 ʤʣ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʜʦʜʘʶʪʴ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʨʦʟʯʠʥ ʥʘʪʨʽʡ ʛʜ̔ʨʦʢʩʠʜʫ (0.0057 ʤʦʣʴ) ʫ 3 ʤʣ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. ʇʽʩʣʷ ʯʦʛʦ 

ʜʦʜʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʢʽʣʛʘʣʦʛʝʥʽʜ (0.0044 ʤʦʣʴ) ʪʘ ʥʘʛʨʚ̔ʘʁʪʴ ʟʘ  

ʪʝʤʧʝʨʘʪʫʨʠ 70Áʉ ʚʧʨʦʜʦʚʞ 30 ʭʚ. ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʦʭʦʣʦʜʞʫʶʪʴ, ʦʩʘʜ 

ʬʽʣʴʪʨʫʶʪ ɹʪʘ ʦʯʠʱʘʶʪ ɹʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʘʮʝʪʦʥʽʪʨʠʣʫ. 

 

ʊʘʙʣʠʮʘ 2.9. ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʧʨʦʜʫʢʪʽʚ ʘʣʢʽʣʫʚʘʥʥʷ 2.7a ī 2.18c (ŭ, 

ʤ.ʜ., J ɻʮ) 

 

ʉʧʦ-

ʣʫʢʘ 
NH 

CH 

ʧʽʨʠʤʽʜʠ-

ʥʦʚʦʛʦ 

ʮʠʢʣʫ 

ɸʣʽʬʘʪʠʯʥʽ ʪʘ ʘʨʦʤʘʪʠʯʥʽ 

ʧʨʦʪʦʥʠ 

2.7ʘ  85.1 (1H, ʩ, 

CH) 

7.30-7.32 (5ʅ, ʤ, ʉ6ʅ5); 5.15 (2H, ʩ, CH2); 

2.80-2.84 (2H, ʤ, CH2); 2.68-2.70 (2H, ʤ, 

CH2);  171-1.73 (4H, ʤ, 2CH2) 

2.8ʘ  8.28 (1H, ʩ, 

CH) 

3.43 (3H, ʩ, CH3); 2.83-2.85 (2H, ʤ, CH2); 

2.69-2.71 (2H, ʤ, CH2);  1.74-1.76 (4H, ʤ, 

2CH2) 

2.9a  8.3  (1H, ʩ, 

CH) 

4.77 (2H, ʩ, CH2); 4.16 (2H,  ʢʚ, J=7,0 ɻʮ, 

CH2); 2.9-2.65 (4H, ʤ, 2CH2); 1.85-1.65 

(4H, ʤ, 2CH2); 1.21 (3H, ʪ, J=7,0 ɻʮ, CH3) 
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ʉʧʦ-

ʣʫʢʘ 
NH 

CH 

ʧʽʨʠʤʽʜʠ-

ʥʦʚʦʛʦ 

ʮʠʢʣʫ 

ɸʣʽʬʘʪʠʯʥʽ ʪʘ ʘʨʦʤʘʪʠʯʥʽ 

ʧʨʦʪʦʥʠ 

2.9b  8,3 (1H, ʩ, 

CH) 

4,7 (2H, ʩ, CH2); 4,16 (2H, ʢʚ, J=7,0 ɻʮ,  

CH2); 2,9-2,8 (4H, ʤ, 2CH2); 2,5-2,3 (2H, 

ʤ, CH2); 1,21 (3H, ʪ, J=7,0 ɻʮ, CH3) 

2.9c  8,3 (1H, ʩ, 

CH) 

4,7 (2H, ʩ, CH2); 4,16 (2H, ʢʚ, J=7,0 ɻʮ, 

CH2); 2,36 (6H, ʩ, 2CH3); 1,21 (3H, ʪ, J=7.0 

ɻʮ, CH3); 

2.10a 12,7 (1H, 

ʩ, NH) 

8,17 (1H, ʩ, 

CH) 

7,91 (2H, ʜ, J=8,7 ɻʮ, C6H4); 7,70 (2H, ʜ, 

J=8,7 ɻʮ, C6H4); 4,7 (2H, ʩ, CH2); 2,75-2,68 

(4H, ʤ, 2CH2); 1,74-1,66 (4H, ʤ, 2CH2) 

2.10b 12,7 (1H, 

ʩ, NH) 

8,17 (1H, ʩ, 

CH) 

7,91 (2H, ʜ,  J=8,7 ɻʮ, C6H4 ); 7,7 (2H, ʜ,  

J=8,7 ɻʮ, C6H4); 4,7 (2H, c, CH2); 2,90-2,75 

(4H, ʤ, 2CH2); 2,40-2,30 (2H, ʤ, CH2) 

2.10c 12,7 (1H, 

ʩ, NH) 

8,17 (1H, ʩ, 

CH) 

7,91 (2H, ʜ, J=8,7 ɻʮ, C6H4); 7,7 (2H, ʜ, 

J=8,7 ɻʮ, C6H4); 4,7 (2H, ʩ, CH2); 2,33 (3H, 

ʩ, CH3); 2,31 (3H, c, CH3) 

2.11a 12,95 

(1H, ʩ, 

NH) 

8,3 (1H, ʩ, 

CH) 

4,94 (2H, ʩ, CH2); 2,82-2,75 (5H, ʤ, 2CH2, 

1ʅ); 1,76-1,64 (4H, ʤ, 2CH2); 1,31 (3H, ʜ, 

J=6,4 ɻʮ C6H4, 2CH3) 

2.11b 12,96 

(1H, ʩ, 

NH) 

8,3 (1H, ʩ, 

CH) 

4,96 (2H, ʩ, CH2); 2,88-2,72 (5H, ʤ, 2CH2, 

1H); 2,4-2,35 (2H, ʤ, CH2); 1,31 (6H, ʜ, 

J=6.4 ɻʮ, 2CH3) 

2.11c 12,94 

(1H, ʩ, 

NH) 

8,3 (1H, ʩ, 

CH) 

4,94 (2H, ʩ, CH2); 2,35 (6H, ʩ, 2CH3); 1,31 

(6H, ʜ, J=6,4 ɻʮ, 2CH3). 

2.12a 9,60 (1H, 

ʤ, NH) 

8,48 (1H, ʩ, 

CH) 

7,95-7,80 (2H, ʤ, C6H4); 7,60-7,40 (3H, ʤ, 

C6H4); 5,4 (2H, ʜ, J=6.0 ɻʮ, CH2); 2,88-

2,72 (4H, ʤ, 2CH2); 1,83-1,70 (4H, ʤ, 

2CH2) 

2.12c 9,39 (1H, 

ʫʰ.ʩ., 

NH) 

7,98 (1H, ʩ, 

CH) 

7,95-7,8 (2H, ʤ, C6H4); 7,60-7,40 (3H, ʤ, 

C6H4); 4,83 (2H, ʜ, J=6.0 ɻʮ, CH2); 2,34 

(6H, ʩ, 2CH3) 

2.13a  8,64 (1H, ʩ, 

CH) 

4,16 (2H, c, CH2); 4,12 (2H,  ʢʚ, J=7.0 ɻʮ, 

CH2); 3,05-2,75 (4H, ʤ, 2CH2); 1,87-1,75 

(4H, ʤ, 2CH2); 1,17 (3H, ʪ, J=7.0 ɻʮ, CH3) 
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ʉʧʦ-

ʣʫʢʘ 
NH 

CH 

ʧʽʨʠʤʽʜʠ-

ʥʦʚʦʛʦ 

ʮʠʢʣʫ 

ɸʣʽʬʘʪʠʯʥʽ ʪʘ ʘʨʦʤʘʪʠʯʥʽ 

ʧʨʦʪʦʥʠ 

2.13b  8,67 (1H, ʩ, 

CH); 

4,13 (2H, ʩ, CH2); 4,12 (2H, ʢʚ, J=7.0 ɻʮ, 

CH2); 3,11-2,82 (4H, ʤ, 2CH2); 2,44-2,27 

(2H, ʤ, CH2); 1,17 (3H, ʪ, J=7.0 ɻʮ, CH3) 

2.13c  8,63 (1H, ʩ, 

CH) 

4,13 (2H, ʩ, CH2); 4,10 (2H, ʢʚ, J=7.0 ɻʮ, 

CH2); 2,38 (6H, ʩ, 2CH3); 1,14 (3H, ʪ, J=7.0 

ɻʮ, CH3) 

2.14a 12,3 (1H, 

ʩ, NH) 

8,37 (1H, ʩ, 

CH) 

7,90 (2H, ʜ, J=8,7  C6H4); 7,65 (2H, ʜ, 

J=8,7  C6H4); 4,11 (2H, ʩ, CH2); 3,12-2,80 

(4H, ʤ, 2CH2); 2,50-2,30 (2H, ʤ, 2CH2) 

2.15ʘ 12,6 (1H, 

ʩ, NH) 

8,62 (1H, ʩ, 

CH) 

4,30 (2H, ʩ, CH2); 3,25 (1H,  ʩʝʤʠʧʣʝʪ 

J=7.0 ɻʮ, CH); 3,07-2,77 (4H, ʤ, 2CH2); 

1,28 (6H, ʜ, J=7,0 ɻʮ, 2CH3) 

2.15b 12,9 (1H, 

ʩ, NH) 

8,65 (1H, ʩ, 

CH) 

4,39 (2H, ʩ, CH2); 3,15 (1H, ʩʝʤʠʧʣʝʪ, 

J=7,0, CH); 3,10-2,80 (4H, ʤ, 2CH2); 2,45-

2,30 (2H, ʤ, CH2) 1,29 (6H, ʜ, J=7,0 ɻʮ, 

2CH3) 

2.15ʩ 12,8 (1H, 

ʩ., NH) 

8,62 (1H, ʩ, 

CH) 

4,37 (2H, ʩ, CH2); 2,55 (6H, ʩ, 2CH3); 2,42 

(6H, ʩ, 2CH3); 1,29 (6H, ʜ, J=7,0 ɻʮ, 2 

CH3) 

2.16ʘ 12,5 (1H, 

ʩ, NH) 

8,42 (1H, ʩ, 

CH) 

7,92 (2H, ʜ, J=8.7 ɻʮ, C6H4); 7,66 (2H, ʜ, 

J=8.7 ɻʮ, C6H4); 4,07 (2H, ʩ, CH2); 3,00-

2,75 (4H, ʤ, 2CH2); 1,90-1,75 (4H, ʤ, 

2CH2) 

2.16b 12,75 

(1H, ʩ, 

NH) 

8,66 (1H, ʩ, 

CH) 

4,36 (2H, ʩ, CH2); 3,00-2,85 (4H, ʤ, 2CH2); 

2,00-1,85 (4H, ʤ, 2CH2); 3,50 (1H,  

ʩʝʤʠʧʣʝʪ J=7,0 ɻʮ, CH);  1,30 (6H, ʜ, 

J=7,0 ɻʮ, 2CH3) 

 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʘʣʢʣ̔ʫʚʘʥʥʷ ʩʧʦʣʫʢ 2.7a-2.8ʘ: ɼʦ ʩʫʩʧʝʥʟʽʾ 

ʩʧʦʣʫʢʠ 2.2a (0.0044 ʤʦʣʴ) ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ (5 ʤʣ) ʜʦʜʘʶʪʴ ʛʽʜʨʦʢʩʠʜ 

ʥʘʪʨʽʶ (0.0044 ʤʦʣʴ) ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʢʽʣʫʶʯʠʡ ʘʛʝʥʪ (0.0044 ʤʦʣʴ). ʉʫʤʽʰ 

ʥʘʛʨʽʚʘʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 65-70Áʉ ʚʧʨʦʜʦʚʞ 30-40 ʭʚ. ʆʩʘʜ ʬʽʣʴʪʨʫʶʪʴ ʪʘ 

ʦʯʠʱʘʶʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʚʦʜʥʦʛʦ ʤʝʪʘʥʦʣʫ. 
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ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʘʣʢʣ̔ʫʚʘʥʥʷ ʩʧʦʣʫʢ 2.17ʩ-2.18ʩ: ɼʦ ʩʫʤʽʰʽ 

ʩʧʦʣʫʢʠ 2.4c (0.0044 ʤʦʣʴ) ʜʦʜʘʁʪɹ ʢʘʣ̔ʡ ʢʘʨʙʦʥʘʪ (0.0061 ʤʦʣʴ) ʫ ɼʄʌɸ (5 

ʤʣ) ʪʘ ʥʘʛʨʽʚʘʶʪ ɹ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 40°C ʧʨʦʪʷʛʦʤ 5 ʭʚ. ɼʘʣ ̔ ʜʦʜʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʠʡ ʘʣʢʽʣʛʘʣʦʛʝʥʽʜ (0.0044 ʤʦʣʴ). ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʶʪʴ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 40°C 24 ʛ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʣʠʚʘʶʪ ɹʫ ʚʦʜʫ. ʆʩʘʜ ʬʽʣʴʪʨʫʶʪ ɹʪʘ 

ʦʯʠʱʘʶʪ ɹ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ. ɺʠʭʦʜʠ, ʊ.ʧʣ ʪʘ ʜʘʥʽ 

ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʪʘʙʣ. 2.8.  

4-(ɹʝʥʟʠʣʪʽʦ)-5,6-ʜʠʤʝʪʠʣʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ (2.17c): ʗʄʈ 
1
ʅ, ŭ, 

ʤ.ʜ. 8,72 (1H, ʩ, CH), 7.44-7.46 (2ʅ, ʤ, ʉ6ʅ5); 7.24-7.30 (3ʅ, ʤ, ʉ6ʅ5); 4,58 (2H, 

ʩ, CH2); 2,41 (6H, ʩ, 2CH3). 

5,6-ɼʠʤʝʪʠʣ-4-(ʤʝʪʠʣʪʽʦ)ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ (2.18ʩ): 8,71 (1H, ʩ, 

CH), 2,61 (3H, ʩ, S-CH3)2,44 (6H, ʩ, 2CH3) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʣʢʽʣʫʚʘʥʥʷ ʦʢʩʦ-ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʪʘ ʘʣʢʽʣʫʶʯʠʭ ʘʛʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʧʦ 

ʘʪʦʤʫ ʅʽʪʨʦʛʝʥʫ N
3
 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʘʣʢʽʣʫʚʘʥʥʷ ʪʽʦ-

(ʩʝʣʝʥʦ-) ʧʦʭʽʜʥʠʭ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʽʚ - ʚʠʢʣʶʯʥʦ ʧʦ ʘʪʦʤʘʭ ʉʫʣʴʬʫʨʫ 

ʪʘ ʉʝʣʝʥʫ. ɹʽʣʴʰʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠʷʚʣʷʶʪʴ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 
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ʈʆɿɼɯʃ 3 

3.1  ʇɽʈɽɻʈʋʇʋɺɸʅʅʗ ɼɯʄʈʆʊʋ ʋ ʉʀʅʊɽɿɯ ɿɸʄɯʑɽʅʀʍ 

ʎʀʂʃʆʇɽʅʊɸ-(ɻɽʂʉɸ-)-[4,5] [2,3:4,5]ʇɯʈʀʄɯɼʆ[1,6-

b][1,2,4]ʊʈʀɸɿʀʅɯɺ 

 

 

4-ɻʽʜʨʘʟʠʥʦʮʠʢʣʦʧʝʥʪʘ(ʛʝʢʩʘ)-[4,5]-ʪʽʝʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ 2.6a-b 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʫʥʽʢʘʣʴʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʩʠʥʪʝʟʫ ʨʽʟʥʠʭ 

ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʚ ʫ ʭʦʜʽ ʨʝʘʢʮʽʡ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ. ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʤʦʜʠʬʢ̔ʘʮ̔ʾ ʫ ʨʷʜʫ ʧʨ̔ʠʤ̔ʜʠʥ̔ʚ ī ̔ʟʦʤʝʨʠʟʘʮʽʡʥʽ ʥʫʢʣʝʦʬʣ̔ʴʥ̔ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʘʟʠʥʚ̔, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʩʪʘʜʽʶ ʾʭ ʨʝʮʠʢʣʽʟʘʮʽʾ  

ʆʜʥʠʤ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʙʘʛʘʪʴʦʭ ʢʦʥʜʝʥʩʦʚʘʥʠʭ 

ʩʧʦʣʫʢ ʻ ʧʨʠʡʦʤ [4+2] ʮʠʢʣʽʟʘʮʽʾ, ʢʦʣʠ ʜʦ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʦʾ ʮʠʢʣʽʯʥʦʾ 

ʤʦʣʝʢʫʣʠ ʜʦʙʫʜʦʚʫʶʪʴ ʜʦʜʘʪʢʦʚʽ ʘʪʦʤʠ ʂʘʨʙʦʥʫ ʟʘ ʩʭʝʤʦʶ NNCN + CC. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʻ ʚʟʘʻʤʦʜʽʷ 4-ʛ̔ʜʨʘʟʠʥʦʛʜ̔ʨʦ[1]ʙʝʥʟʦʪʽʥ̒ʦ[2,3-d]-

ʧ̔ʨʠʤ̔ʜʠʥ̔ʚ 2.6ʘ-b ʟ ʥʘʪʨʽʻʚʠʤʠ ʩʦʣʷʤʠ ʻʥʦʣʴʥʠʭ  ʬʦʨʤ  2,4ïʜʠʢʝʪʦʝʩʪʝʨʽʚ ʚ 

ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ (ʩʭʝʤʘ 3.1). ɺ ʮʽʡ ʨʝʘʢʮʽʾ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤ ʚʠʭʦʜʘʤʠ (56-

95%) ʫʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ ʧʦʭʽʜʥʽ ʧʽʨʠʤʽʜʦʪʨʠʘʟʠʥʽʚ 3.1ʘ-l ʪʘ 3.2a-d (ʩʭʝʤʘ 

3.2). ɺ ʪʦʡ ʞʝ ʯʘʩ,  ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʘʧʨʽʦʨʽ ʤʦʞʥʦ ʙʫʣʦ ʙ ʦʯʽʢʫʚʘʪʠ 

ʷʢ ʬʦʨʤʫʚʘʥʥʷ ʧʽʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ (3.3), ʪʘʢ ʽ ʢʦʥʜʝʥʩʦʚʘʥʦʛʦ ʪʨʠʘʟʠʥʦʚʦʛʦ 

ʮʠʢʣʫ (3.4).  
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(3.1) 

3.1: n = 2; aï R = 4-ClC6H4 (89%); b ï R = 4-BrC6H4 (85%); cï 2,4-F2C6H3 

(91%); d ï C6H4OCH3 (56%); eï R = 2-ʬʫʨʠʣ  (86%); f ï R = ʈʫ (83%); g ï R = 

4-CNC6H4 (78%); hï R = 4-CF3C6H4 (70%); i ï R = 2,3-ʜʠʛʽʜʨʦ-1H-ʽʥʜʝʥ-2-ʽʣ 

(95%); j  ï R = 2-ʪʽʻʥʽʣ  (93%); kï R = 4-FC6H4 (76%); l ï R = 4-OCH3 (80%); 

3.2: n = 1; a ï R = 4-CNC6H4 (67%); b ï R = 4- CH3C6H4 (73%); c - R = 

ʙʝʥʟʦʪʽʻʥ-2-ʽʣ (94%); d - R = 4- NO2C6H4 (65%);  

 

ɺ ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʚʠʥʥʠʤ ʘʢʪʦʤ ʨʝʘʢʮʽʾ ʻ ʢʦʥʜʝʥʩʘʮʽʷ ʛʽʜʨʘʟʠʥ 

ʧʦʭʽʜʥʠʭ ʧʽʨʠʤʽʜʠʥʽʚ 2.6a-b ʟ 2,4-ʜʠʢʝʪʦʝʩʪʝʨʘʤʠ ʧʦ ʘʢʪʠʚʦʚʘʥʥʽʡ 2-

ʢʝʪʦʛʨʫʧʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʛʽʜʨʘʟʦʥʽʚ ɸ. ɻʽʜʨʘʟʦʥʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ, 

ʪʝʦʨʝʪʠʯʥʦ ʤʦʛʣʠ ʙ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʛʽʜʨʘʟʦʥʥʦʾ ʘʤʽʥʦʛʨʫʧʠ ʟ 

ʢʝʪʦʢʘʨʙʦʥʽʣʴʥʦʶ ʛʨʫʧʦʶ  ʧʨʠʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 

ʧʽʨʘʟʦʣʽʚ 3.3 , ʪʦʜʽ ʷʢ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽ ʾʟʘ ʨʘʭʫʥʦʢ ʝʩʪʝʨʥʦʾ ʛʨʫʧʠ - ʜʦ ʧʦʭʽʜʥʠʭ 

ʪʨʠʘʟʠʥʫ 3.4. 
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,
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ʆʜʥʘʢ ʫʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʪʠʧʫ ʧʽʨʘʟʦʣʘ 3.3 ʻ ʤʘʣʦ 

ʽʤʦʚʽʨʥʠʤ ʚʥʘʩʣʽʜʦʢ ʜʝʟʘʢʪʠʚʘʮʽʾ ʘʤʽʥʦʛʦ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʘ ʛʽʜʨʘʟʦʥʦʾ ʛʨʫʧʠ 

ʟʘʚʜʷʢʠ ʝʬʝʢʪʠʚʥʦʤʫ ʩʫʧʨʷʞʝʥʥʶ ʟ ʝʩʪʝʨʥʦʶ ʛʨʫʧʦʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʥʘ  ʮʴʦʤʫ ʘʪʦʤʽ ʅʽʪʨʦʛʝʥʫ ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʽ ʚʽʥ ʩʪʘʻ ʥʝ ʟʜʘʪʥʠʤ ʜʣʷ 

ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʘʪʘʢʠ ʢʝʪʦʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ (ʉʭʝʤʘ 3.3) 
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(3.3)  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʨʦʟʛʣʷʥʫʪʝ ʚʠʱʝ ʩʫʧʨʷʞʝʥʥʷ ʫʥʝʤʦʞʣʠʚʣʶʻ ʽ ʫʪʚʦʨʝʥʥʷ 

ʩʧʦʣʫʢ ʪʠʧʫ 3.4, ʪʘʢ ʷʢ ʜʝʟʘʢʪʠʚʦʚʘʥʘ ʝʩʪʝʨʥʘ ʛʨʫʧʘ ʩʪʘʻ ʥʝʟʜʘʪʥʦʶ ʜʦ 

ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʘʪʦʤʦʤ ʅʽʪʨʦʛʝʥʘ N
3
 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ. ʊʘʢʘ ʚʟʘʻʤʥʘ 

ʜʝʟʘʢʪʠʚʘʮʽʷ ʘʤʽʥʦ- ʪʘ ʝʩʪʝʨʥʠʭ ʛʨʫʧ ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʘ ʥʘ ʧʨʠʢʣʘʜʽ  

ʝʩʪʝʨʽʚ 1-ʘʤʽʥʦʝʪʠʣʝʥ-1,2-ʜʠʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ (ʝʩʪʝʨʽʚ ʧʦʭʽʜʥʠʭ 

ʘʤʽʥʦʬʫʤʘʨʦʚʦʾ ʪʘ ʘʤʽʥʦʤʘʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪ) [77]. ɺ ʮʠʭ ʚʠʧʘʜʢʘʭ ɓ-ʝʩʪʝʨʥʘ 

ʛʨʫʧʘ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʴʦʶ ï ʚ ʨʝʘʢʮʽʷʭ ʟ ʘʤʽʥʘʤʠ ʽ ʥʘʚʽʪʴ ʟʽ 

ʩʧʠʨʪʦʚʠʤʠ ʨʦʟʯʠʥʘʤʠ ʣʫʛʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʛʽʦʩʝʣʝʢʪʠʚʥʝ ʘʤʽʜʫʚʘʥʥʷ ʘʙʦ 

ʦʤʠʣʝʥʥʷ ʣʠʰʝ  ʧʦ ʥʝ ʩʫʧʨʷʞʝʥʽʡ Ŭ-ʝʩʪʝʨʥʽʡ ʛʨʫʧʽ. ʆʢʨʝʤʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʫʪʚʦʨʝʥʥ ̫ʩʧʦʣʫʢ ʪʠʧʫ ʪʨʠʘʟʠʥʘ 3.4 ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʦʜʘʣʴʰʦʾ 

ʨʝʮʠʢʣʽʟʘʮʽʾ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ
 
[78] ʚ ʦʪʨʠʤʘʥʥʽ ʥʘʤʠ ʧʦʭʽʜʥʽ [4,5]-

ʪʽʻʥʦ[2,3:4,5]-ʧʽʨʠʤʽʜʦ-[1,6-b]-1,2,4-ʪʨʠʘʟʠʥʽʚ 3.1a-l ʪʘ 3.2a-d. 

ʗʢʠʤ ʞʝ ʯʠʥʦʤ ʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʫʪʚʦʨʝʥʥʷ ʮʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʻ ʻʜʠʥʠʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʽʾ? ɿ ʮʽʻʶ ʤʝʪʦʶ ʥʘʤʠ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʜʝʢʽʣʴʢʘ ʩʭʝʤ, ʟʘ 

ʷʢʠʤʠ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʩʧʦʣʫʢ. 

ɿʛʽʜʥʦ ʧʝʨʰʦʛʦ ʰʣʷʭʫ (ʉʭʝʤʘ 3.2) ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ  

ʫʪʚʦʨʶʻʪʴʩʷ  ʛʽʜʨʘʟʦʥ (ɸ), ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʠʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟ 

ʻʥʛʽʜʨʘʟʠʥʠʤ ʪʘʫʪʦʤʝʨʦʤ (ʉ). ʇʦʜʘʣʴʰʝ ʧʨʠ̒ʜʥʘʥʥʷ ʜʦ ʥʴʦʛʦ ʦʮʪʦʚʦʾ 

ʢʠʩʣʦʪʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʩʪʽʡʢʦʾ ʧʨʦʤʽʞʥʦʾ ʩʧʦʣʫʢʠ (D), ʷʢʘ 
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ʚʥʘʩʣʽʜʦʢ ʨʦʟʢʨʠʪʪʷ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʟʘ ʟʚôʷʟʢʦʤ ʉ
2
-N

3
 ʫʪʚʦʨʶʻ  

ʽʥʪʝʨʤʝʜʽʘʪ (ɽ). ʆʩʪʘʥʥʽʡ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʣʴʥʦʛʦ ʦʙʝʨʪʘʥʥʷ çʘʤʽʜʠʥʦʚʦʛʦè 

ʬʨʘʛʤʝʥʪʫ ʥʘʚʢʦʣʦ ʟʚôʷʟʢʫ ʉ-ʉ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʨʦʪʘʤʝʨʫ (F). 

ʅʘʩʪʫʧʥʽ ʢʨʦʢʠ - ʝʣʽʤʽʥʫʚʘʥʥʷ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʢʦʥʜʝʥʩʘʮʽʷ ʽʤʽʥʦʾ ʪʘ 

ʝʩʪʝʨʥʦʾ ʛʨʫʧ - ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʩʧʦʣʫʢ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ 

3.1a-l ʪʘ 3.2a-d.  

ɸʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʟʦʚʩʽʤ ʟʨʦʟʫʤʽʣʽ ʨʫʰʽʡʥʽ ʩʠʣʠ ʧʨʦʮʝʩʫ. 

ɭʜʠʥʦʶ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʨʦʟʢʨʠʪʪʷ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʚ ʽʥʪʝʨʤʝʜʽʘʪʽ (D) 

ʻ ʚʽʜʦʤʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʛʝʤʽʥʘʣʴʥʠʭ ʜʠʘʤʽʥʽʚ ʽ, ʪʠʤ ʙʽʣʴʰʝ, ʛʝʤʽʥʘʣʴʥʠʭ 

ʘʮʠʣʦʢʩʠʜʠʘʤʽʥʽʚ. ɸʣʝ ʧʝʨʝʚʘʞʥʠʤ ʧʨʦʮʝʩʦʤ ʧʨʠ ʮʴʦʤʫ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʟʚʦʨʦʪʥʽʡ ʚʠʢʠʜ ʘʮʠʣʦʢʩʠʛʨʫʧʠ ʚʥʘʩʣʽʜʦʢ ʙʽʣʴʰ ʝʥʝʨʛʽʪʠʯʥʦ ʚʠʛʽʜʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʥʝʧʦʜʽʣʝʥʠʭ ʝʣʝʢʪʨʦʥʠʭ ʧʘʨ (ʅɽʇ) ʘʪʦʤʽʚ ʅʽʪʨʦʛʝʥʘ 

ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ ʟ ů
*
-ʨʦʟʧʫʰʫʶʯʦʶ ʦʨʙʽʪʘʣʶ ʟʚôʷʟʢʫ C-OAc(nNŸ ů * C-

OAc), ʘ ʥʝ ʅɽʇ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʘ N
4
 ʟ ů *-ʨʦʟʧʫʰʫʶʯʦʶ ʦʨʙʽʪʘʣʶ ʟʚôʷʟʢʫ C-N

2
 

(nN
4
Ÿ ů * C-N(2)). ʇʽʜʩʪʘʚʘʤʠ ʜʣʷ ʪʘʢʦʛʦ ʪʚʝʨʜʞʝʥʥʷ ʻ: ʘ) ʧʨʘʢʪʠʯʥʦ 

ʦʨʪʦʛʦʥʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʅɽʇ N
4
 ʪʘ ů -ʟʚô̫ʟʢʫ C-N

2
, ʦʩʢʽʣʴʢʠ ʘʪʦʤʠ 

ʫʛʨʫʧʫʚʘʥʥʷ N
2
-C

3
-N

4
  ʘʧʨʽʦʨʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʽ ʧʝʨʝʢʨʠʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʙʽʪʘʣʝʡ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ, ʧʦʚʠʥʥʦ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ; ʙ) 

ʙʽʣʴʰʘ ʝʥʝʨʛʽʷ ʅɽʇ ʘʪʦʤʽʚ ʅʽʪʨʦʛʝʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʅɽʇ ʘʪʦʤʫ ʆʢʩʠʛʝʥʫ ʪʘ  

ʤʝʥʰʘ ʝʥʝʨʛʽʷ ʨʦʟʧʫʰʫʶʯʦʾ ʦʨʙʽʪʘʣʽ ů * C-O  ʧʦʨʽʚʥʷʥʦ ʟ ů *C-N, ʱʦ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʟʥʘʯʥʦ ʙʽʣʴʰʦʾ ʨʽʟʥʠʮʽ ʚ ʝʥʝʨʛʽʷʭ ʦʨʙʽʪʘʣʝʡ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ, ʫ ʚʠʧʘʜʢʫ 

ʚʟʘʻʤʦʜʽʾ nN
4
Ÿ ů * C-N(2), ʽ ʚʽʜʧʦʚʽʜʥʦ, ʤʽʥʽʤʽʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʦʩʪʘʥʴʦʾ ʚʟʘʻʤʦʜʽʾ.   

ɿʛʽʜʥʦ ʜʨʫʛʦʛʦ ʰʣʷʭʫ, ʚʥʘʩʣʽʜʦʢ ʻʥʛʽʜʨʘʟʠʥ-ʛʽʜʨʘʟʦʥʥʦ ʾ ʪʘʫʪʦʤʝʨʽʾ ʚ 

ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ ʧʨʠʩʫʪʥʽʡ ʪʘʫʪʦʤʝʨ (B), ʚʟʘʻʤʦʜʽʷ ʷʢʦʛʦ ʟ 2,4-

ʜʠʢʝʪʦʝʩʪʝʨʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʘʫʪʦʤʝʨʫ (ʉ), ʷʢʠʡ 

ʜʘʣʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʜʫʢʪ ʨʝʘʢʮʽʾ ʟʘ ʚʠʱʝ ʥʘʜʘʥʦʶ ʩʭʝʤʦʶ. ʆʜʥʘʢ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʜʦ ʚʠʱʝ ʚʢʘʟʘʥʦʛʦ ʥʝʜʦʣʽʢʫ ʪʘʢʦʾ ʩʭʝʤʠ ʜʦʜʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦ ʤʝʥʴʰ ʚʠʛʽʜʥʦʛʦ ʪʘʫʪʦʤʝʨʫ (B) ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ 

ʘʨʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʷʢʘ ʽʩʥʫʻ ʚ ʚʠʭʽʜʥʦʤʫ 
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ʻʥʛʽʜʨʘʟʠʥʽ ʽ ʜʦʚʝʜʝʥʘ ʜʘʥʠʤʠ ʈʉɸ [79]. 

ʅʘʡʙʽʣʴʰ ʚʠʨʦʛʽʜʥʠʡ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʨʘʥʽʰʝ ʥʝʚʽʜʦʤʠʭ ʪʨʠʘʟʠʥʽʚ 

3.1a-l, 3.2a-d ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʩʭʝʤʽ 3.4. ʉʭʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʧʝʨʝʜʥʻ 

ʧʨʦʪʦʥʫʚʘʥʥʷ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ N
2
, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ 

ʪʨʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʫ ʟ ʥʘʩʪʫʧʥʠʤ ʡʦʛʦ ʨʦʟʢʨʠʪʪʷʤ ʽ ʧʦʜʘʣʴʰʦʶ 

ʨʝʮʠʢʣʽʟʘʮʽʻʶ ʜʦ ʧʨʦʜʫʢʪʽʚ, ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʦʜʫʢʪʘʤ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ɼʽʤʨʦʪʘ.  

ʅʘ ʢʦʨʠʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʩʭʝʤʠ ʚʢʘʟʫʶʪʴ ʥʘʩʪʫʧʥʽ ʬʘʢʪʠ:  

1) ɼʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ ʦʩʥʦʚʥʽʩʪʴ ʘʪʦʤʽʚ ʅʽʪʨʦʛʝʥʫ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʷʢʘ 

ʧʽʜʩʠʣʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʩʫʧʨʷʞʝʥʥʷ ʟ ʥʠʤ ʘʤʽʥʥʦʛʦ ʘʪʦʤʘ ʅʽʪʨʦʛʝʥʫ 

ʛʽʜʨʘʟʦʥʦʚʦʾ ʛʨʫʧʠ, ʱʦ ʟʘʧʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʪʦʥʫʚʘʥʥʷ ʘʪʦʤʽʚ 

ʅʽʪʨʦʛʝʥʫ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʢʽʣʴʮʷ. 

2) ʅʘʷʚʥʽʩʪʴ ʨʫʰʽʡʥʦʾ ʩʠʣʠ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʧʨʦʪʦʥʦʚʘʥʦʛʦ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ 

ʢʽʣʴʮʷ ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ nN
4
Ÿ ů* C-N(2), ʯʦʤʫ ʩʧʨʠʷʻ ʷʢ 

ʧʘʨʘʣʝʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʘʪʦʤʘ N
1
 ʽ ů -

ʟʚôʷʟʢʫ ʉʅ-N
2
, ʱʦ ʟʘʙʝʩʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʝ ʧʝʨʝʢʨʠʚʘʥʥʷ ʚʟʘʻʤʦʜʽʶʯʠʢ 

ʦʨʙʽʪʘʣʝʡ, ʪʘʢ ʽ ʚʠʩʦʢʘ ʥʫʢʣʝʦʬʽʣʴʥʽʩʪʴ ʘʪʦʤʫ N
4
 (ʝʥʝʨʛʽʷ  ʅɽʇ ʮʴʦʛʦ 

ʘʪʦʤʫ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʝʥʝʨʛʽʶ ʚ ʧʽʨʠʤʽʜʠʥʦʚʦʤʫ ʢʽʣʴʮʽ). 
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3) ɺ ʧʨʦʤʽʞʥʦʤʫ ʢʘʪʽʦʥʽ H ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʘʪʘʢʠ 

ʚʠʩʦʢʦʝʣʝʢʪʨʦʬʽʣʴʥʦʾ ʛʨʫʧʠ ïN
+
ſC ʘʤʽʥʥʠʤ ʘʪʦʤʦʤ ʛʽʜʨʘʟʦʥʫ ʧʽʩʣʷ 

ʧʨʦʚʦʨʦʪʫ çʘʤʽʜʠʥʦʚʦʛʦè ʬʨʘʛʤʝʥʪʫ ʥʘ 180Á ʛʨʘʜʫʩʽʚ ʥʘʚʢʦʣʦ ʟʚôʷʟʢʫ ʉ-ʉ. 

4) ɸʣʴʪʝʨʥʘʪʠʚʥʝ ʧʨʦʪʦʥʫʚʘʥʥʷ ʘʪʦʤʘ N
4
 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʢʨʠʪʪʶ ʦʩʪʘʥʴʦʛʦ, ʘʣʝ ʥʝ ʟʘ ʟʚôʷʟʢʦʤ N
2
-C

3
, ʘ ʟʘ ʟʚôʷʟʢʦʤ N

4
-

CH (ʩʭʝʤʘ 3.5). ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʜʚʘ ʦʩʥʦʚʥʽ ʰʣʷʭʠ ï ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ 

ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ J, ʷʢʦʤʫ ʩʧʨʠʷʻ ʩʫʧʨʷʞʝʥʥʷ ʘʤʽʥʥʦʾ ʛʨʫʧʠ ʛʽʜʨʘʟʦʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʟ ʧʽʨʠʤʽʜʠʥʦʚʠʤ ʮʠʢʣʦʤ ʽ ʟʙʝʨʝʞʝʥʥʷ ʘʨʦʤʘʪʠʯʥʦʩʪʽ ʪʽʦʬʝʥʦʚʦʛʦ 

ʢʽʣʴʮʷ (ʰʣʷʭ 1) ʽ ʯʝʨʝʟ ʧʨʦʤʽʞʥʝ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ K, ʷʢʦʤʫ ʩʧʨʠʷʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʾ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ ʽ 

ʟʘʚʘʞʘʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʩʫʧʨʷʞʝʥʥʷ ʪʽʦʬʝʥʦʚʦʛʦ ʢʽʣʴʮʷ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʧʽʨʠʤʽʜʠʥʦʚʝ ʢʽʣʴʮʝ ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ nN
2
Ÿ ů* N(4)-C ʽ 

ʧʦʚʠʥʥʦ ʫʪʚʦʨʶʚʘʪʠʩʴ ʧʦʭʽʜʥʝ 1,2,4-ʪʨʠʘʟʦʣʫ L, ʯʦʛʦ ʚ ʜʽʡʩʥʦʩʪʽ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ.  

5) ʋ ʤʘʩ-ʩʧʝʢʪʨʘʭ ʨʦʟʢʣʘʜʫ ʦʢʩʠʛʝʥ- ʪʘ ʩʫʣʴʬʫʨʚʤʽʩʥʠʭ 

ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʦʤʽʞʥʝ ʫʪʚʦʨʝʥʥʷ ʢʘʪʽʦʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʫʛʨʫʧʫʚʘʥʥʷ ʪʠʧʫ H (ʩʭʝʤʘ 3.4). 

6)  ɺʥʘʩʣʽʜʦʢ ʨʝʘʢʮʽʾ ʤʦʞʣʠʚʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʘʨʦʤʘʪʠʯʥʦʾ 

ʤʦʣʝʢʫʣʠ çʪʝʪʨʘʘʟʦʥʘʬʪʦʣʫè M, ʧʨʦ ʱʦ ʯʘʩʪʢʦʚʦ ʩʚʽʜʯʠʪʴ ʧʦʜʦʚʞʝʥʥʷ 

ʟʚôʷʟʢʫ ʉ=ʆ (1,229 ɸ) ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʪʘʥʜʘʨʪʥʠʤ ʟʥʘʯʝʥʥʷʤ 1,21 ɸ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʫʤʦʚʠ ʩʝʣʝʢʪʠʚʥʦʾ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʾ 

4-ʛʽʜʨʘʟʠʥʦʮʠʢʣʦʧʝʥʪʘ(ʛʝʢʩʘ)-[4,5]-ʪʽʝʥʦ-[2,3-d]-ʧʽʨʠʤʽʜʠʥʽʚ 2.6a-b ʚ ʨʝʘʢʮʽʾ 

ʟ ʥʘʪʨʽʻʚʠʤʠ ʩʦʣʷʤʠ 2,4-ʜʠʢʝʪʦʝʩʪʝʨʽʚ ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʙʫʣʦ 

ʩʠʥʪʝʟʦʚʘʥʦ ʨʷʜ ʧʦʪʝʥʮʽʘʣʴʥʦ ʢʦʨʠʩʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʪʨʠʘʟʠʥʦʚʠʡ, ʪʨʠʘʟʦʣʦʚʠʡ ʘʙʦ ʧʽʨʘʟʦʣʴʥʠʡ ʮʠʢʣ 

ʨʘʟʦʤ ʟ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʦʚʠʤ. 

ɹʫʜʦʚʘ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʢʦʤʧʣʝʢʩʦʤ ʜʘʥʠʭ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. ɿʛʽʜʥʦ ʜʘʥʠʭ ʩʧʝʢʪʨʽʚ 
1
ʅ ʽ 

13
ʉ ʗʄʈ ʩʧʦʣʫʢ 

3.1a-l  ̔3.2a-c ʩʠʥʛʣʝʪʥʠʡ ʩʠʛʥʘʣ ʧʨʦʪʦʥʫ ʅ-6 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʨʝʟʦʥʫʻ 

ʚ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʥʴʦʛʦ ʽʥʪʝʨʚʘʣʽ ʭʽʤʽʯʥʠʭ ʟʩʫʚʽʚ ʚ ʦʙʣʘʩʪʽ 8.97-9,34 ʤ.ʜ., ʘ 

ʩʠʥʛʣʝʪʥʽ ʧʨʦʪʦʥʠ ʉʅ2ʉʆ-ʛʨʫʧʠ ï ʚ ʤʝʞʘʭ 4.53-5,02 ʤ.ʜ. ʂʨʽʤ ʪʦʛʦ, ʜʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʩʠʛʥʘʣʠ ʂʘʨʙʦʥʫ ʩʧʦʣʫʢ 3.1a-l  ̔3.2a-d, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʩʣʘʙʦʧʦʣʴʥʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʫ 
13
ʉ,  ʥʘʣʝʞʘʪʴ ʜʦ ʘʮʠʣʴʥʦʾ ʛʨʫʧʠ ʽ ʢʘʨʙʦʥʽʣʴʥʦʾ 

ʛʨʫʧʠ  ʛʝʪʝʨʦʮʠʢʣʫ - ʨʝʟʦʥʫʶʪʴ ʚ ʤʝʞʘʭ 199,2-173,7 ʽ 175,0-158,0 ʤ.ʜ., 

ʚʽʜʧʦʚʽʜʥʦ.  

ɺʘʞʣʠʚʦ, ʱʦ ʯʝʨʝʟ ʥʝʟʥʘʯʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʩʧʦʣʫʢ 3.1d-g, 3.1i-k  ̔3.2a-ʩ,    

ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʠ ʦʪʨʠʤʘʥʽ ʫ ʨʦʟʯʠʥʽ  ʪʨʠʬʪʦʨʦʮʪʦʚʦʾ  ʢʠʩʣʦʪʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʉʅ2-ʛʨʫʧ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʝʨʝʟ ʜʝʡʪʝʨʦʦʙʤʽʥ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ʨʦʟʯʠʥʥʠʢʘ. 
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ʈʠʩ. 3.1 ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ʊʌʆ-d6, 400 ʄɻʮ) 3-[2-(4-ʬʪʦʨʦʬʝʥʣ̔)-2-

ʦʢʩʦʝʪʠʣ]-9,10,11,12-ʪʝʪʨʘʛʜ̔ʨʦ-2ʅ-[1]ʙʝʥʟʦʪʽʥ̒ʦ[2',3':4,5]ʧʨ̔ʠʤ̔ʜʦ-[1,6-

b][1,2,4]ʪʨʠʘʟʠʥ-2-ʦʥʫ 3.1k 

 

ɸʨʛʫʤʝʥʪʦʤ ʥʘ ʢʦʨʠʩʪʴ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ 3.1a-j   ̔3.2a-c ʻ ʩʧʝʮʠʬʽʯʥʘ 

ʬʨʘʛʤʝʥʪʘʮʽʷ ʾʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʡʦʥʽʚ ʫ ʤʘʩ-ʩʧʝʢʪʨʘʭ. ʗʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ 

ʘʨʠʣʛʝʪʝʨʠʣʢʝʪʦʥʽʚ, ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʟʚôʷʟʢʫ Ŭ-ʉ-ʉ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʽʦʥʽʚ [ʄ - ArCſO]
+¶
. ʇʨʠ 

ʮʴʦʤʫ ʟʘʨʷʜ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʙʽʣʴʥʦʩʪʽ ʬʨʘʛʤʝʥʪʘʨʥʦʛʦ ʽʦʥʫ ʣʦʢʘʣʽʟʫʻʪʴʩʷ 

ʥʘ ʬʨʘʛʤʝʥʪʽ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʘʨʠʣʴʥʫ ʛʨʫʧʫ ʘʙʦ ʛʝʪʝʨʦʮʠʢʣ. ɼʨʫʛʠʡ ʚʘʞʣʠʚʠʡ 

ʥʘʧʨʷʤʦʢ ʬʨʘʛʤʝʥʪʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʽʦʥʫ ʫ ʩʧʝʢʪʨʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʪʨʠʘʟʠʥʦʧʽʨʠʤʽʜʠʥʠ, ʮʝ ʨʦʟʨʠʚ ʟʚôʷʟʢʽʚ ʉ
2
-ʉ

3
 ʽ N

4
-N

5
 ʪʘ ʫʪʚʦʨʝʥʥʷ ʽʦʥʫ ʟ m/z 

232 ʜʣʷ ʧʨʦʜʫʢʪʽʚ 3.1a- l m/z 217 ʜʣʷ 3.2a-d, ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 3.2 ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ʊʌʆ-d6, 100 ʄɻʮ) 3-[2-(4-ʬʪʦʨʦʬʝʥʣ̔)-2-ʦʢʩʦʝʪʠʣ]-

9,10,11,12-ʪʝʪʨʘʛʜ̔ʨʦ-2ʅ-[1]ʙʝʥʟʦʪʽʥ̒ʦ[2',3':4,5]ʧʨ̔ʠʤ̔ʜʦ-[1,6-

b][1,2,4]ʪʨʠʘʟʠʥ-2-ʦʥʫ 3.1k 

 

ʎʽʢʘʚʠʤ ʘʩʧʝʢʪʦʤ ʙʫʜʦʚʠ ʩʧʦʣʫʢ 3.1a-l ʽ 3.2a-d ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʽʩʥʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʢʦʭ ʪʘʫʪʦʤʝʨʽʚ: ʢʝʪʦʽʤʽʥʫ I, ʻʥʘʤʽʥʦʥʫ II  ʽ ʻʥʦʣʫ III  

(ʉʭʝʤʘ 3.6). ɿʛʽʜʥʦ ʜʘʥʠʭ ʩʧʝʢʪʨʽʚ 
1
H ʗʄʈ ʚ ɼʄʉʆ-d6 ʢʝʪʦʽʤʽʥʘ ʬʦʨʤʘ I  ʻ 

ʧʝʨʝʚʘʞʥʦʶ. ɸʣʝ ʚ ʩʧʝʢʪʨʘʭ 
1
H ʗʄʈ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʝʟʥʘʯʥʽ 

ʢʽʣʴʢʦʩʪʽ ʽʥʰʦʾ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ, ʥʘ ʱʦ ʚʢʘʟʫʻ ʧʦʜʚʦʻʥʥʷ ʫʩʽʭ ʩʠʛʥʘʣʽʚ 

ʧʨʦʪʦʥʽʚ ʽ ʧʦʷʚʘ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʦʪʦʥʽʚ ʆʅ- ʽ ʉʅ-ʛʨʫʧ ʧʨʠ 9.4-9.9 ʤ.ʜ. ʽ 5.08-

5.83 ʤ.ʜ., ʚʽʜʧʦʚʽʜʥʦ. ʎʽ ʩʠʛʥʘʣʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʻʥʦʣʴʥʦʾ  ʬʦʨʤʠ ʉ, 

ʚʤʽʩʪ ʷʢʦʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʜʘʥʠʭ ʩʢʣʘʜʘʻ 2,5-5%.  
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ʇʨʠ ʚʠʚʯʝʥʥʽ ʚʟʘʻʤʦʜʽʾ ʪʨʠʘʟʠʥʫ 3.1l ʟ ʥʘʜʣʠʰʢʦʤ ʛʽʜʨʘʟʠʥ ʛʽʜʨʘʪʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʢʨʠʪʪʷ ʪʨʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ 3.7.  
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(3.7) 

ʊʨʠʘʟʠʥ 3.1l ʤʽʩʪʠʪʴ ʜʚʘ ʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʮʝʥʪʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʨʝʘʛʫʚʘʪʠ 

ʟ ʛʽʜʨʘʟʠʥ-ʛʽʜʨʘʪʦʤ ï ʮʝ ʘʪʦʤ ʂʘʨʙʦʥʫ ʝʢʟʦʮʠʢʣʽʯʥʦʾ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʪʘ 

ʘʪʦʤ ʂʘʨʙʦʥʫ ʉ-6 ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ. ʆʩʢʽʣʴʢʠ ʧʨʦʤʽʞʥʽ ʽʥʪʝʨʤʝʜʽʘʪʠ 

ʥʘʤʠ ʥʝ ʙʫʣʦ ʚʠʜʽʣʝʥʦ, ʧʨʠʚʦʜʠʤʦ ʜʚʘ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ. ɿʘ 

ʥʘʧʨʷʤʢʦʤ 1 ʧʝʨʰʦʶ ʩʪʘʜʽʻʶ ʨʝʘʢʮʽʾ ʻ ʘʪʘʢʘ ʥʫʢʣʝʦʬʽʣʴʥʠʤ ʘʛʝʥʪʦʤ ʘʪʦʤʫ 

ʂʘʨʙʦʥʫ ʝʢʟʦʮʠʢʣʽʯʥʦʾ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʟ ʥʘʩʪʫʧʥʦʶ ʮʠʢʣʽʟʘʮʽʻʶ ʜʦ 

ʩʧʽʨʦʮʠʢʣʫ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʧʨʠʻʜʥʘʥʥʷ ʥʘʜʣʠʰʢʫ ʛʽʜʨʘʟʠʥʫ ʧʦ 

ʧʦʜʚʽʡʥʦʤʫ ʟʚôʷʟʢʫ, ʱʦ ʚʠʢʣʠʢʘʻ ʨʦʟʢʨʠʪʪʷ ʮʠʢʣʫ ʪʘ ʫʪʚʦʨʝʥʥʷ ʘʤʽʥʦʛʨʫʧʠ.  

ɿʛʽʜʥʦ ʥʘʧʨʷʤʢʫ 2 ʧʝʨʰʦʶ ʩʪʘʜʽʻʶ ʻ ʧʨʠʻʜʥʘʥʥʷ ʟʘ ʄʽʭʘʻʣʝʤ 

ʥʫʢʣʝʦʬʽʣʫ ʧʦ ʘʢʪʠʚʦʚʘʥʦʤʫ ʧʦʜʚʽʡʥʦʤʫ ʟʚôʷʟʢʫ ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ, ʱʦ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʨʠʚʫ ʟʚôʷʟʢʫ ʉ
2
-N

3
. ɼʘʣʽ ʥʘʜʣʠʰʦʢ ʛʽʜʨʘʟʠʥ-ʛʽʜʨʘʪʫ ʘʪʘʢʫʻ 

ʘʪʦʤ ʂʘʨʙʦʥʫ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʟ ʥʘʩʪʫʧʥʦʶ ʮʠʢʣʽʟʘʮʽʻʶ ʛʽʜʨʘʟʠʥʦʛʦ 
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ʟʘʣʠʰʢʫ ʚʟʘʻʤʦʜʽʻʶ ʟ ʘʪʦʤʦʤ ʂʘʨʙʦʥʫ ʟʚôʷʟʢʫ ʉ=N, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʧʽʨʦʩʧʦʣʫʢʘ 3.5, ʙʫʜʦʚʘ ʷʢʦʾ ʘʥʘʣʦʛʽʯʥʘ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʠʤ 

ʩʧʦʣʫʢʘʤ [80] ï ʧʦʭʽʜʥʠʤ ʩʧʽʨʦ[ʧʽʨʘʟʦʣʽʥ-5,6(1ʅ)-1,2,4-ʪʨʠʘʟʠʥʽʚ]. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʠ 

13
C ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔Bruker Avance II 400 

(400 ʄɻʮ  ̔100 ʄɻʮ ʜʣʷ 
1
ʅ ʽ 

13
C, ʚʽʜʧʦʚʽʜʥʦ) ʫ ʨʦʟʯʠʥʽ ɼʄʉʆ-d6/CCl4 ʘʙʦ ʫ 

ʨʦʟʯʠʥʽ CF3CO2D, ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥʜʘʨʪ TMʉ. ʉʧʝʢʪʨʠ FAB ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʽ VG7070. ɼʝʩʦʨʙʮʽ̫  ̔ʦʥ̔ʚ ̔ʟ ʨʦʟʯʠʥʫ ʫ ʤʝʪʘ-ʥ̔ʪʨʦʙʝʥʟʠʣʦʚʦʤʫ 

ʩʧʠʨʪ ̔ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʧʫʯʢʦʤ ʘʪʦʤʚ̔ ʘʨʛʦʥʫ ʟ ʝʥʝʨʛʽʻʶ 8 ʢʝɺ. ɽʣʝʤʝʥʪʥʠʡ 

ʘʥʘʣʟ̔ ʚʠʢʦʥʘʥʦ ʥʘ ʧʨʠʙʦʨ ̔ LECO CHNS-900. ʊʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ 

ʚʠʟʥʘʯʝʥʽ ʥʘ ʧʨʠʙʦʨ ̔ʊ̔ʣʝ.  

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʩʧʦʣʫʢ 3.1a-l ʽ 3.2a-d: ɼʦ ʨʦʟʯʠʥʫ 10 

ʤʤʦʣʴ ʩʧʦʣʫʢʠ 2.6ʘ,b ʚ 30 ʤʣ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦʙʘʚʣʷʶʪʴ (11 ʤʤʦʣʴ) 

(ʛʝʪʝʨʦ)ʘʨʠʣ ʟʘʤʽʱʝʥʦʛʦ 2,4-ʜʠʢʝʪʦʝʩʪʝʨʘ. ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʥʘʛʨʽʚʘʶʪʴ 

ʧʨʦʪʷʛʦʤ 4-8 ʛʦʜ., ʦʭʦʣʦʜʞʫʶʪʴ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʠʣʠʚʘʶʪʴ ʫ ʚʦʜʫ 

ʪʘ ʟʘʣʠʰʘʶʪʴ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ ʥʘ 12 ʛʦʜ. ʆʩʘʜ ʬʽʣʴʪʨʫʶʪʴ ʪʘ ʦʯʠʱʘʶʪʴ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ɼʄʌɸ (ɼʄʉʆ). ɺʠʭʦʜʠ, ʊ.ʧʣ. ʽ ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʚʢʘʟʘʥʽ ʫ 

ʪʘʙʣ. 2.7 ʽ 2.8.  
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ʊʘʙʣʠʮʷ 3.1.  ɼʘʥʥʽ ʩʧʝʢʪʨʽʚ ʗʄʈ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʽʚ ʧʨʦʜʫʢʪʽʚ 3.1a-l ī 3.2a-d 

ʉʧʦ-

ʣʫʢʘ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ɼʄʉʆ-

d6/CCl4 ʘʙʦ ʊʌO-d, 100 

ʄɻʮ) 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ɼʄʉʆ-d6/CCl4 ʘʙʦ ʊʌO-d, 400 

ʄɻʮ) 

ʄʘʩ-ʩʧʝʢʪʨ (ɹʐɸ), 

m/z (I, %) 

3.1a 

193.7 (ʉʆ); 158.8 (ʉʆ), 157.8 

(ʉ-2), 154.7, 149.1, 143.2, 

137.7, 134.8, 131.6, 130.1, 

127.7, 120.6, 26.22, 22.1, 21.6 

8.98 (1ʅ, ʩ, 6-ʉʅ); 7.99-8.01 (2ʅ, ʜ, J = 8.3, ʅ-

3,5 Ar); 7.79-7.81 (2ʅ, ʜ, J = 8.3, ʅ-2,6 Ar); 4.53 

(2ʅ, ʩ, ʉʅ2); 3.05-3.07 (2ʅ, ʤ, 9-ʉʅ2); 2.87-2.89 

(2ʅ, ʤ, 12-ʉʅ2); 1.81-1.83 (4ʅ, ʤ, 10,11-ʉʅ2) 

411 [M+ʅ]
+
 (32), 

355 (7), 329 (9), 

301 (56), 273 (14), 

217 (24), 176 (48), 

149 (92), 91 (36) 

3.1b 

193.8 (ʉʆ); 159.2 (ʉʆ), 158.2 

(ʉ-2), 155.1, 149.5, 143.5, 

139.0, 138.1, 134.8, 130.4, 

129.0, 128.1, 121.1, 27.1, 

25.4, 22.5, 22.0 

8.96 (1ʅ, ʩ, 6-ʉʅ); 8.06-8.08 (2ʅ, ʜ, J = 8.3, ʅ-

3,5 Ar); 7.63-7.65 (2ʅ, ʜ, J = 7.8, ʅ-2,6 Ar); 4.52 

(2ʅ, ʩ, ʉʅ2); 3.04-3.06 (2ʅ, ʤ, 9-ʉʅ2); 2.85-2.88 

(2ʅ, ʤ, 12-ʉʅ2); 1.79-1.82 (4ʅ, ʤ, 10,11-ʉʅ2) 

457 [M+ʅ]
+
 (60), 

439 (4), 367 (4), 329 

(10), 307 (34), 232 

(24), 183 (24), 137 

(100), 76 (89) 

3.1c 

195.6, 172.7, 162.0, 158.9, 

154.3, 145.6, 142.2, 135.8, 

132.2, 122.7, 120.7, 114.2, 

112,5, 109.5, 101.9, 86.5, 

44.9, 30.7, 26.2, 25.0, 22.1 

8.93 (1ʅ, ʩ, 6-ʉʅ); 7.99 (2ʅ, ʤ, ʅ- Ar); 7.44 (2ʅ, 

ʤ, ʅ- Ar); 7.26 (2ʅ, ʤ, ʅ- Ar); 4.40 (2ʅ, ʩ, ʉʅ2); 

3.00-3.02 (2ʅ, ʤ, 9-ʉʅ2); 2.72-2.85 (2ʅ, ʤ, 12-

ʉʅ2); 1.77-1.82 (4ʅ, ʤ, 10,11-ʉʅ2) 

413 [M+ʅ]
+
 (87), 

367 (5), 307 (14), 

289 (9), 231 (10), 

203 (7), 154 (100), 

107 (24), 76 (16) 
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ʉʧʦ-

ʣʫʢʘ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ɼʄʉʆ-

d6/CCl4 ʘʙʦ ʊʌO-d, 100 

ʄɻʮ) 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ɼʄʉʆ-d6/CCl4 ʘʙʦ ʊʌO-d, 400 

ʄɻʮ) 

ʄʘʩ-ʩʧʝʢʪʨ (ɹʐɸ), 

m/z (I, %) 

3.1d   

421 [M-ʅ]
+
 (87), 

389 (46), 334 (7), 

307 (8), 279 (6), 227 

(16), 189 (16), 134 

(100), 107 (32), 76 

(50) 

3.1e 

187.2, 169.6 159.2, 154.4, 

153.4, 150.3, 144.8, 132.3, 

126.1, 121.5, 118.7, 113.1, 

39.5, 28.3, 24.0, 23.7 

9.50 (1ʅ, ʩ, 6-ʉʅ); 8.13 (1ʅ, ʩ, ʉʅ-ʬʫʨʠʣ); 7.98 

(1ʅ, ʩ, ʉʅ-ʬʫʨʠʣ); 7.06 ʩ, ʉʅ-ʬʫʨʠʣ); 5.08 (1ʅ, 

ʩ, ʉʅ2 ʩʠʛʥʘʣ ʛʨʫʧʠ ʉʅ2  ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʜʝʡʪʝʨʦʦʙʤʽʥʽ ʟ ʩʠʛʥʘʣʦʤ ʨʦʟʯʠʥʠʢʘ); 3.50-3.52 

(2ʅ, ʤ, 9-ʉʅ2); 3.36-3.38 (2ʅ, ʤ, 12-ʉʅ2); 2.35-

2.37 (4ʅ, ʤ, 10,11-ʉʅ2) 

367 [M+ʅ]
+
 (96), 

349 (10), 299 (12), 

289 (8), 231 (24), 

189 (12), 154 (100), 

136 (88) 

3.1f 

199.1, 169.3, 159.7, 154.5, 

150.1, 144.5, 139.7, 132.2, 

131.6, 128.7, 121.4, 118.6, 

112.6, 27.9, 27.6, 23.6, 23.3 

9.25 (1ʅ, ʩ, 6-ʉʅ); 8.75-8.77 (2ʅ, ʤ, ʅ-3,5 Ar); 

8.40-8.42 (2ʅ, ʤ, ʅ-2,6 Ar); 3.01-3.02 (2ʅ, ʤ, 9-

ʉʅ2); 2.85-2.87 (2ʅ, ʤ, 12-ʉʅ2); 1.85-1.86 (4ʅ, 

ʤ, 10,11-ʉʅ2) 

378 [M+ʅ]
+
 (97), 

313 (4), 307 (9), 272 

(6), 232 (8), 189 (6), 

154 (96), 107 (17) 



93 
 

ʉʧʦ-

ʣʫʢʘ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ɼʄʉʆ-

d6/CCl4 ʘʙʦ ʊʌO-d, 100 

ʄɻʮ) 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ɼʄʉʆ-d6/CCl4 ʘʙʦ ʊʌO-d, 400 

ʄɻʮ) 

ʄʘʩ-ʩʧʝʢʪʨ (ɹʐɸ), 

m/z (I, %) 

3.1g 

197.8 (ʉʆ), 169.2 (ʉʆ), 159.2 

(ʉ-2), 154.1, 150.0, 144.2, 

140.7, 135.5, 131.4, 129.9, 

121.1, 118.2, 112.6, 27.9, 

27.6, 23.6, 23.3 

9.36 (1ʅ, ʩ, 6-ʉʅ); 8.39-8.41 (2ʅ, ʤ, ʅ-3,5 Ar); 

8.12-8.14 (2ʅ, ʤ, ʅ-2,6 Ar); 3.50-3.52 (2ʅ, ʤ, 9-

ʉʅ2); 3.39-3.40 (2ʅ, ʤ, 12-ʉʅ2); 2.24-2.26 (4ʅ, 

ʤ, 10,11-ʉʅ2) 

402 [M+ʅ]
+
 (10), 

380 (5), 329 (5), 307 

(31), 273 (6), 232 

(9), 176 (7), 154 

(100), 107 (48), 78 

(66) 

3.1h 

199.1 (ʉʆ), 169.3 (ʉʆ), 159.7 

(ʉ-6), 154.5, 150.1, 139.7, 

132.3, 131.6, 128.7, 121.4 

(CN), 118.6, 112.9, 42.2, 28.2, 

23.9, 23.6 

8.91 (1ʅ, ʩ, 6-ʉʅ); 8.25-8.22 (2ʅ, ʜ, J = 8.3, ʅ-

3,5 Ar); 7.92-7.89 (2ʅ, ʜ, J = 8.3, ʅ-2,6 Ar); 4.57 

(2ʅ, ʩ, ʉʅ2); 2.98-3.01 (2ʅ, ʤ, 9-ʉʅ2); 2.81-2.84 

(2ʅ, ʤ, 12-ʉʅ2); 1.79-1.80 (4ʅ, ʤ, 10,11-ʉʅ2) 

445 [M+ʅ]
+
 (54), 

429 (4), 369 (4), 329 

(4), 307 (12), 232 

(8), 203 (6), 154 

(100), 136 (95), 68 

(24) 

3.1i 

189.0 (ʉʆ), 168.8 (ʉʆ), 159.5 

(ʉ-6), 158.6, 154.3, 152.0, 

149.7, 144.1, 133.2, 128.9, 

127.2, 126.2, 120.9, 118.1, 

112.4, 27.8, 27.5, 23.5, 23.2 

9.34 (1ʅ, ʩ, 6-ʉʅ); 8.10-8.11 (1ʅ, ʤ, ʉʅ); 7.94-

7.92 (1ʅ, ʪ, ʅ-2 Ar); 7.73-7.75 (1ʅ, ʤ, ʅ-5 Ar); 

7.54-7.57 (1ʅ, ʜ, ʅ-2 Ar); 3.03-3.07 (2ʅ, ʤ, 9-

ʉʅ2); 2.84-2.88 (2ʅ, ʤ, 12-ʉʅ2); 1.84-1.90 (4ʅ, 

ʤ, 10,11-ʉʅ2) 

417 [M+ʅ]
+
 (30), 

385 (4), 367 (4), 307 

(90), 289 (58), 232 

(40), 176 (14), 138 

(100), 107 (96) 
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ʉʧʦ-

ʣʫʢʘ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ɼʄʉʆ-

d6/CCl4 ʘʙʦ ʊʌO-d, 100 

ʄɻʮ) 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ɼʄʉʆ-d6/CCl4 ʘʙʦ ʊʌO-d, 400 

ʄɻʮ) 

ʄʘʩ-ʩʧʝʢʪʨ (ɹʐɸ), 

m/z (I, %) 

3.1j  191.7 (ʉʆ), 169.4 (ʉʆ), 159.2 

(ʉ-6), 154.0, 144.3, 141.1, 

139.1, 132.1, 131.7, 121.2, 

112.7, 28.0, 27.7, 23.7, 23.4 

9.56 (1ʅ, ʩ, 6-ʉʅ); 8.48 (1ʅ, ʩ, ʉʅ-ʪ̔ ʥ̒̔ʣ), 8.34 

(1ʅ, ʩ, ʉʅ-ʪ̔ ʥ̒̔ʣ); 7.68 (1ʅ, ʩ, ʉʅ-ʪ̔ ʥ̒̔ʣ); 3.56-

3.59 (2ʅ, ʤ, 9-ʉʅ2); 3.44-3.45 (2ʅ, ʤ, 12-ʉʅ2); 

2.41-2.44 (4ʅ, ʤ, 10,11-ʉʅ2) 

383 [M+ʅ]
+
 (72), 

339 (4), 307 (16), 

272 (8), 232 (8), 165 

(8), 154 (100), 107 

(24), 76 (24) 

3.1k 
198.9 (ʉʆ), 171.9 (ʉʆ), 169.5 

(ʉ-6), 160.0, 154.5, 150.2, 

146.4, 144.7, 134.6, 132.9, 

121.5, 113.1, 39.5, ʥ28.3, 

28.0, 24.0, 23.7 

9.46 (1ʅ, ʩ, 6-ʉʅ); 8.38-8.40 (2ʅ, ʤ, ʅ-3,5 Ar); 

7.48-7.51 (2ʅ, ʤ, ʅ-2,6 Ar); 3.49-3.50 (2ʅ, ʤ, 9-

ʉʅ2); 3.20-3.22 (2ʅ, ʤ, 12-ʉʅ2); 2.30-2.32 (4ʅ, 

ʤ, 10,11-ʉʅ2) 

395 [M+ʅ]
+
 (42), 

380 (4), 325 (4), 307 

(32), 273 (6), 232 

(6), 165 (8), 154 

(100), 89 (32), 76 

(25) 

3.1l 173.7 (ʉʆ), 169.8 (ʉʆ), 158.2 

(ʉ-6), 155.1 150.6, 146.9, 

145.0, 132.8, 121.9, 120.5, 

113.4, 67.6, 56.8, 39.6, 28.6, 

28.4, 24.4, 24.0 

 

9.47 (1ʅ, ʩ, 6-ʉʅ) 

4.53 (2ʅ, ʩ, ʉʅ2); 4.23 (3ʅ, ʩ, ʉʅ3); 3.50-3.52 

(2ʅ, ʤ, 9-ʉʅ2); 3.37-3.38 (2ʅ, ʤ, 12-ʉʅ2); 2.35-

2.37 (4ʅ, ʤ, 10,11-ʉʅ2) 
331 [M+ʅ]

+
 (98%) 
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ʉʧʦ-

ʣʫʢʘ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ɼʄʉʆ-

d6/CCl4 ʘʙʦ ʊʌO-d, 100 

ʄɻʮ) 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ɼʄʉʆ-d6/CCl4 ʘʙʦ ʊʌO-d, 400 

ʄɻʮ) 

ʄʘʩ-ʩʧʝʢʪʨ (ɹʐɸ), 

m/z (I, %) 

3.2a 

198.2; 175.0, 156.7, 153.8, 

145.9, 144.4, 140.4, 136.3, 

132.2, 130.8, 122.0, 119.2, 

113.6, 39.9, 32.7, 30.8 

9.41 (1ʅ, ʩ, 6-ʉʅ); 8.50-8.52 (2ʅ, ʤ, ʅ-3,5 Ar); 

8.25-8.23 (2ʅ, ʤ, ʅ-2,6 Ar); 3.64-3.66 (2ʅ, ʤ, 9-

ʉʅ2); 3.52-3.54 (2ʅ, ʤ, 11-ʉʅ2); 2.28-2.30 (2ʅ, 

ʤ, 11-ʉʅ2) 

388 [M+ʅ]
+
 (24), 

360 (4), 307 (33), 

289 (26), 258 (8), 

217 (9), 155 (72), 

137 (100), 106 (58), 

76 (48) 

3.2b 

174.0, 166.7, 155.7, 152.9, 

149.3, 148.0, 144.7, 140.1, 

132.4, 130.8, 127.9, 126.1, 

121.4, 118.6, 113.4, 112.9, 

56.0, 32.5, 31.6, 30.1, 22.3 

9.38 (1ʅ, ʩ, 6-ʉʅ); 7.55-7.56 (2ʅ, ʤ, ʅ-3,5 Ar); 

7.40-7.42 (2ʅ, ʤ, ʅ-2,6 Ar); 4.39 (2ʅ, ʩ, ʉʅ2); 

3.47-3.49 (2ʅ, ʤ, 9-ʉʅ2); 3.14-3.16 (2ʅ, ʤ, 11-

ʉʅ2); 2.87-2.89 (2ʅ, ʤ, 11-ʉʅ2); 2.58 (3ʅ, ʩ, 

ʉʅ3) 

377 [M+ʅ]
+
 (7), 375 

(3), 365 (2), 359 

(40), 331 (12), 304 

(6), 277 (4), 231 (3), 

217 (4), 154 (22), 

136 (15), 88 (8) 

3.2c 

193.3, 174.4, 160.6, 156.3, 

146.6, 145.4, 143.8, 141.4, 

139.9, 136.9, 132.1, 129.4, 

125.2, 121.5, 118.7, 113.0, 

39.5, 32.1, 30.9, 30.3 

9.87 (1ʅ, ʩ, 6-ʉʅ); 8.66 (1ʅ, ʩ, ʉʅ 

ʙʝʥʟʦʪʠʝʥʠʣ); 8.19-8.32 (2ʅ, ʤ, ʅ Ar); 7.83-7.89 

(2ʅ, ʤ, ʅ Ar); 3.72-3.74 (2ʅ, ʤ, 9-ʉʅ2); 3.61-3.63 

(2ʅ, ʤ, 11-ʉʅ2); 3.10-3.12 (2ʅ, ʤ, 11-ʉʅ2) 

419 [M+ʅ]
+
 (24), 

359 (14), 330 (8), 

307 (98), 273 (18), 

216 (14), 165 (32), 

138 (100), 88 (96) 
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ʉʧʦ-

ʣʫʢʘ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ (ɼʄʉʆ-

d6/CCl4 ʘʙʦ ʊʌO-d, 100 

ʄɻʮ) 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ɼʄʉʆ-d6/CCl4 ʘʙʦ ʊʌO-d, 400 

ʄɻʮ) 

ʄʘʩ-ʩʧʝʢʪʨ (ɹʐɸ), 

m/z (I, %) 

3.2d 

197.9, 175.0, 161.1, 156.8, 

154.1, 153.4, 145.5, 144.1, 

142.4, 140.1, 132.8, 131.1, 

127.1, 121.6, 118.8, 113.2, 

39.7, 32.5, 31.1, 30.6 

9.41 (1ʅ, ʩ, 6-ʉʅ); 8.70-8.72 (2ʅ, ʤ, ʅ-3,5 Ar); 

8.54-8.56 (2ʅ, ʤ, ʅ-2,6 Ar); 3.64-3.66 (2ʅ, ʤ, 9-

ʉʅ2); 3.52-3.54 (2ʅ, ʤ, 11-ʉʅ2); 3.00-3.02 (2ʅ, 

ʤ, 11-ʉʅ2) 

408 [M+ʅ]
+
 (8), 362 

(4), 308 (8), 307 

(32), 242 (4), 217 

(3), 166 (7), 137 

(100), 107 (33), 89 

(33) 
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8-(2-ʘʤʽʥʦ-4,5,6,7-ʪʝʪʨʘʛʽʜʨʦ-1-ʙʝʥʟʦʪʽʻʥ-3-ʽʣ)-3-ʤʝʪʦʢʩʠ-1,2,6,7,9-

ʧʝʥʪʘʘʟʘʩʧʽʨʦ[4.5]ʜʝʢʘ-2,7-ʜʽʻʥ-10-ʦʥ 3.5: ɼʦ ʨʦʟʯʠʥʫ ʪʨʠʘʟʠʥʫ 3.1 (10 

ʤʤʦʣʴ) ʫ 15 ʤʣ ɯʇʉ ʜʦʜʘʶʪʴ 2 ʤʣ ʛʽʜʨʘʟʠʥ-ʛʽʜʨʘʪʫ ʪʘ ʢʠʧôʷʪʷʪʴ ʚʧʨʦʜʦʚʞ 6 

ʛʦʜ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʦʩʘʜ ʬʽʣʴʪʨʫʶʪʴ ʪʘ ʦʯʠʱʘʶʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ 

ʄʝʆʅ. ɺʠʭʽʜ 67% . ʊʧʣ. 245-247. ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ.: 10.82 (1ʅ, ʩ, NH-CO), 8.26 

(1ʅ, ʩ, NH); 8.12 (1ʅ, ʩ, NH); 3.73 (3ʅ, ʩ, ʉʅ3); 3.40-3.42 (2ʅ, ʩ, ʉʅ2); 3.05-

3.07 (2ʅ, ʤ, 9-ʉʅ2); 2.87-2.89 (2ʅ, ʤ, 12-ʉʅ2); 1.81-1.83 (4ʅ, ʤ, 10,11-ʉʅ2). 

MS (FAB), m/z (Iʦʪʥ, %): 335 [M+ʅ]
+
 (30). 

 

ʊʘʙʣʠʮʷ 3.2. ɼʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʣʫʢ 3.1a-l ī 3.2a-d 

 

ʉʧʦʣʫ-

ʢʘ 

ɺʠ-

ʭʽʜ 

%, 

ʊ.ʧʣ. 
0
C 

ɿʥʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-

ʬʦʨʤʫʣʘ M.w 

ɺʠʨʘʭʫʚʘʥʦ, % 

C H N C H N 

3.1a 89 312-

315 

58.57 3.73 13.69 C20H15ClN4O2S 58.46 3.68 13.64 

3.1b 85 334-

336 

52.76 3.36 12.35 C20H15BrN4O2S 52.76 3.32 12.30 

3.1c 91 298-

300 

58.19 3.46 13.53 C20H14F2N4O2S 58.25 3.42 13.58 

3.1d 89 235-

237 

62.06 4.47 13.70 C21H18N4O3S 62.06 4.46 13.78 

3.1e 86 300-

303 

59.08 3.90 15.24 C18H14N4O3S 59.01 3.85 15.29 

3.1f 83 309-

311 

60.51 4.02 18.50 C19H15N5O2S 60.47 4.01 18.56 

3.1g 78 315-

317 

62.80 3.82 17.54 C21H15N5O2S 62.83 3.77 17.45 

3.1h 70 323-

326 

56.70 3.35 12.67 C21H15N5O2S 56.75 3.40 12.61 

3.1i 95 >350 66.40 4.87 13.50 C23H20N4O2S 66.33 4.84 13.45 

3.1j 93 >350 56.47 3.74 14.60 C20H15FN4O2S 56.53 3.69 14.65 

3.1k 76 
289-

290 
60.96 3.85 14.17 C20H15FN4O2S 60.90 3.83 14.20 
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ʉʧʦʣʫ-

ʢʘ 

ɺʠ-

ʭʽʜ 

%, 

ʊ.ʧʣ. 
0
C 

ɿʥʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-

ʬʦʨʤʫʣʘ M.w 

ɺʠʨʘʭʫʚʘʥʦ, % 

C H N   C 

3.1l 80 281-

283 

54.54 4.22 16.97 C15H14N4O3S 54.54 4.27 16.96 

3.2a 67 234-

236 

61.59 3.38 18.07 C20H13N5O2S 62.01 3.38 18.08 

3.2b 73 229-

231 

63.83 4.28 14.85 C20H13N5O2S 63.81 4.28 14.88 

3.2c 94 278-

280 

60.30 3.34 13.44 C21H14N4O2S2 60.27 3.37 13.39 

3.2d 65 267-

269 

56.05 3.27 17.21 C19H13N5O4S 56.02 3.22 17.19 

 

 

3.2 ʆɼʅʆʉʊɸɼɯʁʅʀʁ ʄɽʊʆɼ ʉʀʅʊɽɿʋ ʇʆʍɯɼʅʀʍ ʊʈʀɸɿʀʅɯɺ ɺ 

ʈɽɸʂʎɯɰ ɿ ɽʃɽʂʊʈʆʌɯʃʔʅʀʄʀ ʈɽɸɻɽʅʊɸʄʀ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʮʠʢʣʽʟʘʮʽʾ ʛʽʜʨʘʟʠʥʧʦʭʽʜʥʦʛʦ 2.6ʘ-b ʽʟ 

ʘʮʝʪʠʣʘʮʝʪʦʥʦʤ ʻ ʫʪʚʦʨʝʥʥʷ ʧʦʭʽʜʥʠʭ ʧʽʨʘʟʦʣʽʚ 3.6ʘ-b (ʩʭʝʤʘ 3.8). 

S

N

N

NH

NH
2

CH
2

2.6a-b

S N

N

N
N

CH
3

CH
3

CH
2

O

CH
3

O

CH
3

3.6a-b

EtOH
(        )n

(        )n

 

(3.8) 

ʋ ʭʦʜʽ ʘʮʠʣʫʚʘʥʥʷ ʩʧʦʣʫʢ 2.6ʘ-b ʦʪʨʠʤʘʥʽ ʧʨʦʤʽʞʥʽ N'-(5,6,7,8-

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-4-ʽʣ)ʙʝʥʟʦʛʽʜʨʘʟʠʜʠ 3.7ʘ-b, ʷʢʽ ʫ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʶʶʪʴ ʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ ï 2-ʬʝʥʽʣ-8,9,10,11-

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[3,2-ʝ][1,2,4]ʪʨʠʘʟʦʣʦ[1,5-c]ʧʽʨʠʤʽʜʠʥʠ 3.8ʘ-b (ʩʭʝʤʘ 

3.8). 
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ClO

S

N

N

N

NCH
2

S

N

N

NH

NH

O

CH
2

AcOH

3.7a-b 3.8a-b

(        )n

(        )n
S

N

N

NH

NH
2

CH
2

2.6a-b

(        )n

(3.9) 

ʇʽʨʘʟʦʣ 3.6ʘ ʽ ʛʽʜʨʘʟʠʜ 3.7ʘ ʚʽʜʦʤʽ ʨʘʥʽʰʝ, ʘʣʝ ʾʭ ʩʪʨʫʢʪʫʨʠ ʥʝ ʙʫʣʠ 

ʩʪʨʦʛʦ ʜʦʚʝʜʝʥʽ, ʫ ʣʽʪʝʨʘʪʫʨʽ ʥʘʚʦʜʠʣʠʩʴ ʣʠʰʝ ʜʘʥʽ ʤʘʩ-ʩʧʝʢʪʨʽʚ ʽ 

ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ [81, 82]. ɿ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭ ʩʪʨʫʢʪʫʨʠ ʥʘʤʠ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ ʗʄʈ 
1
ʅ, 

13
ʉ, ʘ ʜʣʷ ʧʨʦʜʫʢʪʫ ʧʦʜʘʣʴʰʦʾ ʮʠʢʣʽʟʘʮʽʾ 

ʛʽʜʨʘʟʠʜʫ 3.8ʘ ï 2-ʬʝʥʽʣ-8,9,10,11-ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[3,2-

e][1,2,4]ʪʨʠʘʟʦʣʦ[1,5-c]ʧʽʨʠʤʽʜʠʥʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ 

ʘʥʘʣʽʟ (ʨʠʩ. 3.3).  

 
ʈʠʩ. 3.3 ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ 3.8ʘ ʟʘ ʜʘʥʠʤʠ ʈʉɸ 
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ʊʘʙʣʠʮʷ 3.3 ɼʘʥʽ ʨʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʣʫʢʪ 3.28ʘ 

 

ɿʚôʷʟʦʢ 
ɼʦʚʞʠʥʘ ʟʚôʷʟʢʫ, 

Å 
ɿʚôʷʟʦʢ 

ɼʦʚʞʠʥʘ ʟʚôʷʟʢʫ, 

Å 

S1-C8 

S1-C21 

1.7279(15) 

1.7475 

C3-C4 

C12-C15 

1.538(2) 

1.539 

S1-C5 

S1-C18 

1.7390(15) 

1.7561 

C4-C5 

C15-C18 

1.500(2) 

1.5028 

N1-C9 

N2-C22 

1.3008(19) 

1.3001 

C5-C6 

C18-C19 

1.364(2) 

1.3676 

N1-C8 

N2-C21 

1.3651(19) 

1.3543 

C6-C7 

C19-C20 

1.430(2) 

1.4342 

N2-N4 

N3-N5 

1.3687(16) 

1.3582 

C7-C8 

C20-C21 

1.396(2) 

1.4017 

N2-C9 

N3-C22 

1.3722(19) 

1.3686 

C7-C10 

C20-C24 

1.420(2) 

1.4186 

N2-C10 

N3-C24 

1.3829(18) 

1.3927 

C11-C12 

C25-C26 

1.4701(19) 

1.4691 

N3-C10 

N4-C24 

1.3288(18) 

1.3236 

C12-C13 

C26-C27 

1.394(2) 

1.4005 

N3-C11 

N4-C25 

1.3698(18) 

1.3677 

C12-C17 

C26-C35 

1.397(2) 

1.4019 

N4-C11 

N5-C25 

1.3328(19) 

1.3339 

C13-C14 

C27-C29 

1.389(2) 

1.3919 

C1-C6 

C6-C19 

1.508(2) 

1.5085 

C14-C15 

C29-C31 

1.388(2) 

1.3943 

C1-C2 

C6-C9 

1.538(2) 

1.5368 

C15-C16 

C31-C33 

1.382(2) 

1.3955 

C2-C3 

C9-C12 

1.523(2) 

1.5344 

C16-C17 

C33-C35 

1.384(2) 

1.3906 
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ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, Á ɿʚ'ʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, Á 

C8-S1-C5 

C21-S1-C18 

91.32(7) 

90.899 

C10-C7-C6 

C24-C20-C19 

131.31(13) 

131.3645 

C9-N1-C8 

C22-N2-C21 

115.88(12) 

116.8443 

N1-C8-C7 

N2-C21-C20 

127.25(13) 

126.6359 

N4-N2-C9 

N5-N3-C22 

125.58(12) 

126.6529 

N1-C8-S1 

N2-C21-S1 

121.85(11) 

122.4438 

N4-N2-C10 

N5-N3-C24 

109.84(11) 

109.6961 

C7-C8-S1 

C20-C21-S1 

110.88(11) 

110.9203 

C9-N2-C10 

C22-N3-C24 

124.58(12) 

123.651 

N1-C9-N2 

N2-C22-N3 

121.43(14) 

121.5615 

C10-N3-C11 

C24-N4-C25 

102.70(12) 

103.6379 

N3-C10-N2 

N4-C24-N3 

109.63(12) 

108.985 

C11-N4-N2 

C25-N5-N3 

101.66(11) 

102.4731 

N3-C10-C7 

N4-C24-C20 

134.80(13) 

134.9342 

C6-C1-C2 

C19-C6-C9 

111.71(12) 

111.396 

N2-C10-C7 

N3-C24-C20 

115.57(12) 

116.0807 

C3-C2-C1 

C12-C9-C6 

111.36(14) 

111.5976 

N4-C11-N3 

N5-C25-N4 

116.17(12) 

115.2079 

C2-C3-C4 

C9-C12-C15 

111.64(14) 

111.3063 

N4-C11-C12 

N5-C25-C26 

121.48(13) 

122.1044 

C5-C4-C3 

C18-C15-C12 

109.18(12) 

110.3477 

N3-C11-C12 

N4-C26-C26 

122.34(13) 

122.6877 

C6-C5-C4 

C19-C18-C15 

125.14(14) 

125.0591 

C13-C12-C17 

C27-C26-C35 

119.28(13) 

119.3579 

C6-C5-S1 

C19-C18-S1 

113.12(11) 

113.0749 

C13-C12-C11 

C27-C26-C25 

119.74(13) 

119.9148 

C4-C5-S1 

C15-C18-S1 

121.70(11) 

121.8636 

C17-C12-C11 

C35-C26-C25 

120.97(13) 

120.7273 

C5-C6-C7 111.28(13) C14-C13-C12 120.15(14) 
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ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, Á ɿʚ'ʷʟʦʢ ɺʘʣʝʥʪʥʠʡ ʢʫʪ, Á 

C18-C19-C20 

C5-C6-C1 

C18-C19-C6 

C7-C6-C1 

C20-C19-C6 

C8-C7-C10 

C21-C20-C24 

C7-C6-C1 

C20-C19-C6 

111.6969 

122.59(13) 

122.4353 

126.06(13) 

125.8667 

113.39(13) 

115.29(13) 

115.2265 

113.4082 

C29-C27-C26 

C15-C14-C13 

C31-C29-C27 

C16-C15-C14 

C33-C31-C29 

C15-C16-C17 

C31-C33-C35 

C16-C17-C12 

C33-C35-C26 

120.217 

120.16(14) 

120.219 

119.79(14) 

119.7721 

120.53(14) 

120.2501 

120.07(14) 

120.184 

ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, Á ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, Á 

C9-N2-N4-C11 

C22-N3-N5-C25 

-179.51(13) 

-179.965 

N4-N2-C9-N1 

N5-N3-C22-N2 

179.04(13) 

179.8951 

C10-N2-N4-C11 

C24-N3-N5-N25 

-0.03(14) 

-0.0016 

C10-N2-C9-N1 

C24-N3-C22-N2 

-0.4(2) 

-0.0635 

C6-C1-C2-C3 

C19-C6-C9-C12 

-42.01(19) 

-44.8277 

C11-N3-C10-N2 

C25-N4-C24-N3 

-0.14(14) 

-0.0359 

C1-C2-C3-C4 

C6-C9-C12-C15 

62.68(19) 

61.956 

C11-N3-C10-C7 

C25-N4-C25-C20 

179.88(15) 

179.9006 

C2-C3-C4-C5 

C9-C12-C15-C18 

-47.96(18) 

-45.1153 

N4-N2-C10-N3 

N5-N3-C24-N4 

0.11(15) 

0.0251 

C3-C4-C5-C6 

C12-C15-C18-C19 

17.3(2) 

15.7745 

C9-N2-C10-N3 

C22-N3-C24-N4 

179.60(13) 

179.9898 

C3-C4-C5-S1 

C12-C15-C18-S1 

-160.09(11) 

-164.8163 

N4-N2-C10-C7 

N5-N3-C24-C20 

-179.90(11) 

-179.9249 

C8-S1-C5-C6 

C21-S1-C18-C19 

-1.03(12) 

-0.116 

C9-N2-C10-C7 

C22-N3-C24-C20 

-0.4(2) 

0.0398 

C8-S1-C5-C4 

C21-S1-C18-C15 

176.64(12) 

-179.5903 

C8-C7-C10-N3 

C21-C20-C24-N4 

-179.24(15) 

-179.8997 

C4-C5-C6-C7 -176.40(13) C6-C7-C10-N3 1.8(3) 
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ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, Á ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, Á 

C15-C18-C19-C20 

S1-C5-C6-C7 

S1-C18-C19-C20 

C4-C5-C6-C1 

C15-C18-C19-C6 

S1-C5-C6-C1 

S1-C18-C19-C6 

179.7046 

1.18(16) 

0.25 

0.9(2) 

-0.6511 

178.50(11) 

179.8943 

C19-C20-C24-N4 

C8-C7-C10-N2 

C21-C20-C24-N3 

C6-C7-C10-N2 

C19-C20-C24-N3 

N2-N4-C11-N3 

N3-N5-C25-N4 

-0.2513 

0.77(18) 

0.0334 

-178.17(14) 

179.6818 

-0.06(16) 

-0.0225 

C2-C1-C6-C5 

C9-C6-C19-C18 

11.4(2) 

15.1206 

N2-N4-C11-C12 

N3-N5-C25-C26 

178.86(12) 

180.0182 

C2-C1-C6-C7 

C9-C6-C19-C20 

-171.74(13) 

-165.2872 

C10-N3-C11-N4 

C24-N4-C25-N5 

0.13(16) 

0.0379 

C5-C6-C7-C8 

C18-C19-C20-C21 

-0.74(17) 

-0.2945 

C10-N3-C11-C12 

C24-N4-C25-C26 

-178.78(12) 

-180.0031 

C1-C6-C7-C8 

C6-C19-C20-C21 

-177.95(13) 

-179.924 

N4-C11-C12-C13 

N5-C25-C26-C27 

-179.11(13) 

179.7462 

C5-C6-C7-C10 

C18-C19-C20-C24 

178.21(14) 

-179.9479 

N3-C11-C12-C13 

N4-C25-C26-C27 

-0.3(2) 

-0.2099 

C1-C6-C7-C10 

C6-C19-C20-C24 

1.02(2) 

0.4226 

N4-C11-C12-C17 

N5-C25-C26-C35 

0.3(2) 

-0.243 

C9-N1-C8-C7 

C22-N2-C21-C20 

-0.2(2) 

0.077 

N3-C11-C12-C17 

N4-C25-C26-C35 

179.19(13) 

179.8008 

C9-N1-C8-S1 

C22-N2-C21-S1 

178.28(11) 

-179.9378 

C17-C12-C13-C14 

C35-C26-C27-C29 

-0.7(2) 

-0.0087 

C10-C7-C8-N1 

C24-C20-C21-N2 

-0.5(2) 

-0.096 

C11-C12-C13-C14 

C25-C26-C27-C29 

178.71(13) 

-179.9981 

C6-C7-C8-N1 

C19-C20-C21-N2 

178.63(13) 

-179.8084 

C12-C13-C14-C15 

C26-C27-C29-C31 

0.3(2) 

0.0007 

C10-C7-C8-S1 

C24-C20-C21-S1 

-179.16(10) 

179.9174 

C13-C14-C15-C16 

C27-C29-C31-C33 

0.7(2) 

0.0043 
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ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, Á ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ ʢʫʪ, Á 

C6-C7-C8-S1 

C19-C20-C21-S1 

C5-S1-C8-N1 

C18-S1-C21-N2 

-0.03(15) 

0.2049 

-178.17(12) 

179.9592 

C14-C15-C16-C17 

C29-C31-C33-C35 

C15-C16-C17-C12 

C31-C33-C35-C26 

-1.2(2) 

-0.0012 

0.7(2) 

-0.0069 

C5-S1-C8-C7 

C18-S1-C21-C20 

0.58(11) 

-0.0536 

C13-C12-C17-C16 

C27-C26-C35-C33 

0.3(2) 

0.0118 

C8-N1-C9-N2 

C21-N2-C22-N3 

0.7(2) 

0.0057 

C11-C12-C17-C16 

C25-C26-C35-C33 

-179.20(13) 

180.0011 

 

ʈʘʥ̔h ʝ ʫ ʣ̔ʪʝʨʘʪʫʨ ̔ [81] ʙʫʣʘ ʦʧʠʩʘʥʘ ʨʝʘʢʮʽʷ 4-ʛʽʜʨʘʟʠʥʦ-5,6,7,8-

ʪʝʪʨʘʛʽʜʨʦ[1]ʙʝʥʟʦʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 2.6ʘ ʟ ʝʪʠʣʧʽʨʫʚʘʪʦʤ, ʘʣʝ ʧʨʦʜʫʢʪʫ 

ʨʝʘʢʮʽʾ ʧʦʤʠʣʢʦʚʦ ʙʫʣʦ ʧʨʠʧʠʩʘʥʦ ʙʫʜʦʚʫ [6,1-ʩ] ʪʨʠʘʟʠʥʫ ï 6ô-ʤʝʪʠʣ-5ô-

ʦʢʩʦ-1ô,2ô,4ôʪʨʠʘʟʽʥʦ[1ô,6ô-ʩ]-5,6,7,8-ʪʝʪʨʘʛʽʜʨʦʪʽʘʥʘʬʪʝʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʠ. 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟʦʤʝʨʠʟʘʮʽʷ ʫ 

[1,6-b] ʧʦʭʽʜʥʝ ʪʨʠʘʟʠʥʫ ʟʘ ʤʝʭʘʥʟ̔ʤʦʤ, ʘʥʘʣʦʛʯ̔ʥʠʤ ʧʝʨʝʛʨʫʧʫʚʘʥʥʶ 

ɼ̔ʤʨʦʪʘ (ʩʭʝʤʘ 3.10). ɹʫʜʦʚʘ ʪʨʠʘʟʠʥʫ 3.9ʘ ʚʩʪʘʥʦʚʣʝʥʘ ʟʛʽʜʥʦ ʜʘʥʠʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʥʦʛʦ ʘʥʘʣʟ̔ʫ (ʈʠʩ. 3.4).   
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(3.10) 
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ʈʠʩ. 3.4 ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ 3.9ʘ ʟʘ ʜʘʥʠʤʠ ʈʉɸ 

 

ʈʦʟʰʠʨʝʥʥʷ ʟʥʘʡʜʝʥʦʛʦ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʚʟʘʻʤʦʜʽʾ 

ʛʽʜʨʘʟʠʥʽʚ 2.6ʘ-b ʟ ʪʘʢʠʤ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤ ʨʝʘʛʝʥʪʦʤ, ʷʢ ʭʣʦʨʘʥʛʽʜʨʠʜ 

ʤʦʥʦʭʣʦʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʧʨʠʚʝʣʦ ʜʦ ʦʯʽʢʫʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ [1,6-b]-ʩʝʨ̔ʾ , ʷʢʽ 

ʤʽʩʪʷʪʴ ʢʦʥʜʝʥʩʦʚʘʥʽ ʪʨʠʘʟʠʥʦʚʠʡ ʽ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʦʚʠʡ ʮʠʢʣʠ. ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ 10,11-ʜʠʛʽʜʨʦ-2ʅ,9ʅ-ʮʠʢʣʦʧʝʥʪʘ[4',5']ʪʽʻʥʦ[2',3'-:4,5]ʧʽʨʠʤʽʜʦ[6,1-

b][1,2,4]ʪʨʠʘʟʠʥ-3(4ʅ)-ʦʥʫ 3.10ʘ ʪʘ 9,10,11,12-ʪʝʪʨʘʛʽʜʨʦ-2H-

[1]ʙʝʥʟʦʪʽʻʥʦ[2ô,3ô:4,5]ʧʽʨʠʤʽʜʦ[1,6-b][1,2,4]ʪʨʠʘʟʠʥ-3(4H)-ʦʥʫ 3.10b, ʷʢʽ 

ʤʽʩʪʷʪʴ ʢʦʥʜʝʥʩʦʚʘʥʽ ʪʨʠʘʟʠʥʦʚʠʡ ʽ ʪʽʻʥʦʧʽʨʠʤʽʜʠʥʦʚʠʡ ʮʠʢʣʠ  

 

ʊʘʙʣʠʮʷ 3.4 ɼʘʥʽ ʨʝʥʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʣʫʢʠ 3.9ʘ 

 

ɿʚôʷʟʦʢ ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ, ¡  

ɿʚôʷʟʦʢ ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ, ¡ 

S11-C18 

S1-C20 

S11-C15 

S1-C17 

011-C21 

1.712(2) 

1.7372 

1.736(2) 

1.7559 

1.219(3) 

C11-C12A 

C7-C9 

C11-C16 

C7-C18 

C12A-C13A 

1.501(4) 

1.5364 

1.506(3) 

1.5099 

1.529(6) 
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ɿʚôʷʟʦʢ ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ, ¡  

ɿʚôʷʟʦʢ ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ, ¡ 

O2-C24 

N11-C19 

N3-C21 

N11-C18 

N3-C20 

N12-C19 

N4-C21 

N12-N14 

N4-N6 

N12-C20 

N4-C23 

N13-C20 

N5-C23 

N13-C21 

N5-C24 

N14-C22 

N6-C25 

S31-C38 

S31-C35 

O31-C41 

N31-C39 

N31-C38 

N32-C39 

N32-N34 

N32-C40 

N33-C40 

N33-C41 

N34-C42 

1.2203 

1.288(3) 

1.2903 

1.371(3) 

1.3593 

1.379(3) 

1.3821 

1.383(2) 

1.3757 

1.387(3) 

1.4009 

1.315(3) 

1.3072 

1.378(3) 

1.3772 

1.293(3) 

1.2905 

1.719(2) 

1.737(3) 

1.221(3) 

1.290(3) 

1.364(3) 

1.375(3) 

1.386(2) 

1.388(3) 

1.314(3) 

1.375(3) 

1.288(3) 

C9-C12 

C13A-C14 

C12-C15 

C14-C15 

C15-C17 

C15-C16 

C17-C18 

C16-C17 

C18-C19 

C17-C18 

C19-C20 

C17-C20 

C19-C23 

C21-C22 

C24-C25 

C22-C23 

C25-C26 

C31-C32 

C31-C36 

C32-C33 

C33-C34 

C34-C35 

C35-C36 

C36-C37 

C37-C38 

C37-C40 

C41-C42 

C42-C43 

1.5333 

1.573(5) 

1.5384 

1.501(3) 

1.5027 

1.364(3) 

1.3689 

1.435(3) 

1.4393 

1.388(3) 

1.395 

1.429(3) 

1.4368 

1.484(3) 

1.5012 

1.481(13) 

1.4927 

1.509(3) 

1.505(3) 

1.438(4) 

1.491(4) 

1.501(3) 

1.365(3) 

1.441(3) 

1.387(3) 

1.434(3) 

1.485(3) 

1.484(3) 
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ɿʚôʷʟʦʢ ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ, ¡ 

ɿʚôʷʟʦʢ ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ, ¡ 

C18-S11-C15 

C20-S1-C17 

C19-N11-C18 

C21-N3-C20 

C19-N12-N14 

91.21(11) 

90.8131 

114.3(2) 

115.5691 

114.39(17) 

C18-C17-C20 

C20-C19-C23 

C18-C17-C16 

C20-C19-C18 

C20-C17-C16 

118.1(2) 

117.5433 

112.6(2) 

113.1076 

129.3(2) 

ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ 

ʢʫʪ, Á    

ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ 

ʢʫʪ, Á    

C21-N4-N6 

C19-N12-C20 

C21-N4-C23 

N14-N12-C20 

N6-N4-C23 

C20-N13-C21 

C23-N5-C24 

C22-N14-N12 

C25-N6-N4 

C12A-C11-C16 

C9-C7-C18 

C11-C12A-C13A 

C7-C9-C12 

C12A-C13A-C14 

C9-C12-C15 

C15-C14-C13A 

C17-C15-C12 

C16-C15-C14 

C18-C17-C15 

C16-C15-S11 

C18-C17-S1 

115.0606 

123.36(19) 

122.9492 

122.24(18) 

121.9898 

118.16(19) 

119.2648 

116.06(19) 

116.6936 

113.2(2) 

109.7851 

111.2(4) 

111.8487 

110.4(3) 

110.9852 

107.9(2) 

110.295 

125.6(2) 

125.504 

112.95(17) 

113.0455 

C23-C19-C18 

N11-C18-C17 

N3-C20-C19 

N11-C18-S11 

N3-C20-S1 

C17-C18-S11 

C19-C20-S1 

N11-C19-N12 

N3-C21-N4 

N13-C20-N12 

N5-C23-N4 

N13-C20-C17 

N5-C23-C19 

N12-C20-C17 

N4-C23-C19 

O11-C21-N13 

O2-C24-N5 

O11-C21-C22 

O2-C24-C25 

N13-C21-C22 

N5-C24-C25 

129.3491 

126.2(2) 

126.1236 

121.89(17) 

122.2969 

111.92(17) 

111.5794 

124.5(2) 

123.9249 

122.7(2) 

122.2721 

123.8(2) 

123.8385 

113.6(2) 

113.8892 

122.4(2) 

123.4288 

120.0(2) 

119.895 

117.60(19) 

116.6761 
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ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ 

ʢʫʪ, °    

ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ 

ʢʫʪ, Á    

C14-C15-S11 

C15-C17-S1 

C15-C16-C17 

C17-C18-C19 

C15-C16-C11 

121.47(16) 

121.4501 

111.3(2) 

111.4518 

121.65(19) 

N14-C22-C23 

N6-C25-C26 

N14-C22-C21 

N6-C25-C24 

C23-C22-C21 

117.9(2) 

118.2872 

123.2(2) 

123.103 

118.8(2) 

C17-C18-C7 

C17-C16-C11 

C19-C18-C7 

121.8316 

127.05(19) 

126.7159 

C26-C25-C24 118.6098 

C38-S31-C35 

C39-N31-C38 

C39-N32-N34 

C39-N32-C40 

N34-N32-C40 

C40-N33-C41 

C42-N34-N32 

C36-C31-C32 

C33-C32-C31 

C32-C33-C34 

C33-C43-C35 

C36-C35-C34 

C36-C35-S31 

91.09(11) 

114.27(19) 

114.07(17) 

123.69(19) 

122.23(18) 

118.11(19) 

116.10(18) 

110.9(2) 

117.0(3) 

116.8(3) 

110.2(2) 

126.2(2) 

113.21(17) 

C38-C37-C40 

C38-C37-C36 

C40-C37-C36 

N31-C38-C37 

N31-C38-S31 

C37-C38-S31 

N31-C39-N32 

N33-C40-N32 

N33-C40-C37 

N32-C40-C37 

O31-C41-N33 

O31-C41-C42 

N33-C41-C42 

117.5(2) 

112.7(2) 

129.8(2) 

126.8(2) 

121.29(17) 

111.92(17) 

124.3(2) 

122.5(2) 

124.04(19) 

113.41(19) 

122.6(2) 

119.6(2) 

117.9(2) 

C34-C35-S31 

C35-C36-C37 

C35-C36-C31 

C37-C36-C31 

C19-N12-N14-C22 

C21-N4-N6-C25 

120.64(17) 

111.1(2) 

121.2(2) 

127.7(2) 

-178.85(19) 

-179.8458 

N34-C42-C43 

N34-C42-C41 

C43-C42-C41 

 

C16-C17-C18-S11 

C18-C19-C20-S1 

118.4(2) 

123.1(2) 

118.5(2) 

 

-0.6(2) 

-0.3652 
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ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ 

ʢʫʪ, Á    

ɿʚôʷʟʦʢ ɺʘʣʝʥʪʥʠʡ 

ʢʫʪ, Á    

C20-N12-N14-C22 -0.2(3) C15-S11-C18-N11 179.28(19) 

ɿʚô̫ʟʦʢ ɼʚʦʛʨʘʥʥʠʡ 

ʢʫʪ, Á 

ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ 

ʢʫʪ, Á 

C23-N4-N6-C25 

C16-C11-C12A-C13A 

C18-C7-C9-C12 

-0.2(3) 

43.0(4) 

44.6434 

C15-S11-C18-N11 

C15-S11-C18-C17 

C17-S1-C20-C19 

179.28(19) 

0.58(17) 

0.0763 

C11-C12A-C13A-C14 

C7-C9-C12-C15 

-63.7(5) 

-62.0824 

C18-N11-C19-N12 

C20-N3-C21-N4 

1.2(3) 

0.0694 

C12A-C13A-C14-C15 

C9-C12-C15-C17 

49.7(4) 

45.276 

N14-N12-C19-N11 

N6-N4-C21-N3 

177.4(2) 

179.7571 

C13A-C14-C15-C16 

C12-C15-C17-C18 

-20.3(3) 

-15.7477 

C20-N12-C19-N11 

C23-N4-C21-N3 

-1.2(3) 

-0.0382 

C13A-C14-C15-S11 

C12-C15-C17-S1 

159.5(2) 

164.5043 

C21-N13-C20-N12 

C24-N5-C23-N4 

-1.1(3) 

0.2078 

C18-S11-C15-C16 

C20-S1-C17-C18 

-0.12(17) 

0.2439 

C21-N13-C20-C17 

C24-N5-C23-C19 

177.9(2) 

-179.9206 

C18-S11-C15-C14 

C20-S1-C17-C15 

179.75(18) 

-179.979 

C19-N12-C20-N13 

C21-N4-C23-N5 

179.10(19) 

179.7469 

C14-C15-C16-C17 

C15-C17-C18-C19 

180.0(2) 

179.7467 

N14-N12-C20-N13 

N6-N4-C23-N5 

0.6(3) 

-0.0345 

S11-C15-C16-C17 

S1-C17-C18-C19 

0.1(2) 

-0.4869 

C19-N12-C20-C17 

C21-N4-C23-C19 

0.1(3) 

-0.1365 

C14-C15-C16-C11 

C15-C17-C18-C7 

1.5(3) 

0.0448 

N14-N12-C20-C17 

N6-N4-C23-C19 

-178.42(17) 

-179.9179 

S11-C15-C16-C11 

S1-C17-C18-C7 

-178.31(16) 

179.8112 

C18-C17-C20-N13 

C20-C19-C23-N5 

-178.1(2) 

-179.6155 

C12A-C11-C16-C15 

C9-C7-C18-C17 

-12.4(3) 

-14.3781 

C16-C17-C20-N13 

C18-C19-C23-N5 

-0.2(4) 

0.3624 
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ɿʚô̫ʟʦʢ ɼʚʦʛʨʘʥʥʠʡ 

ʢʫʪ, Á 

ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ 

ʢʫʪ, Á 

C12A-C11-C16-C17 

C9-C7-C18-C19 

C15-C16-C17-C18 

C17-C18-C19-C20 

169.4(3) 

165.968 

0.3(3) 

0.5496 

C18-C17-C20-N12 

C20-C19-C23-N4 

C16-C17-C20-N12 

C18-C19-C23-N4 

0.9(3) 

0.2658 

178.9(2) 

-179.7563 

C11-C16-C17-C18 

C7-C18-C19-C20 

178.7(2) 

-179.7663 

C20-N13-C21-O11 

C23-N5-C24-O2 

-178.0(2) 

179.7573 

C15-C16-C17-C20 

C17-C18-C19-C23 

-177.7(2) 

-179.4291 

C20-N13-C21-C22 

C23-N5-C24-C25 

1.1(3) 

-0.2788 

C11-C16-C17-C20 

C7-C18-C19-C23 

0.6(4) 

0.255 

N12-N14-C22-C23 

N4-N6-C25-C26 

179.66(18) 

179.9648 

C19-N11-C18-C17 

C21-N3-C20-C19 

-0.1(3) 

0.0763 

N12-N14-C22-C21 

N4-N6-C25-C24 

0.4(3) 

-0.0408 

C19-N11-C18-S11 

C21-N3-C20-S1 

-178.63(16) 

-179.7811 

O11-C21-C22-N14 

O2-C24-C25-N6 

178.3(2) 

-179.8298 

C20-C17-C18-N11 

C23-C19-C20-N3 

-1.0(3) 

-0.2654 

N13-C21-C22-N14 

N5-C24-C25-N6 

-0.8(3) 

0.205 

C16-C17-C18-N11 

C18-C19-C20-N3 

-179.2(2) 

179.7532 

O11-C21-C22-C23 

O2-C24-C25-C26 

-1.0(3) 

0.1646 

C20-C17-C18-S11 

C23-C19-C20-S1 

177.67(15) 

179.6162 

N13-C21-C22-C23 

N5-C24-C25-C26 

179.87(19) 

-179.8007 

C39-N32-N34-C42 179.44(18) C36-C37-C38-S31 0.4(2) 

C40-N32-N34-C42 0.6(3) C35-S31-C38-N31 179.36(18) 

C36-C31-C32-C33 38.9(4) C35-S31-C38-C37 -0.23(16) 

C31-C32-C33-C34 -51.9(4) C38-N31-C39-N32 -0.6(3) 

C32-C33-C34-C35 34.5(4) N34-N32-C39-N31 -178.18(19) 

C33-C34-C35-C36 -10.1(3) C40-N32-C39-N31 0.7(3) 

C33-C34-C35-S31 170.5(2) C41-N33-C40-N32 0.7(3) 
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ɿʚô̫ʟʦʢ ɼʚʦʛʨʘʥʥʠʡ 

ʢʫʪ, Á 

ɿʚôʷʟʦʢ ɼʚʦʛʨʘʥʥʠʡ 

ʢʫʪ, Á 

C38-S31-C35-C34 

C34-C35-C36-C37 

S31-C35-C36-C37 

179.49(19) 

-179.2(2) 

0.3(2) 

C39-N32-C40-N33 

N34-N32-C40-N33 

C39-N32-C40-C37 

-178.67(19) 

0.1(3) 

1.0(3) 

C34-C35-C36-C31 1.0(3) N34-N32-C29-C37 179.72(17) 

S31-C35-C36-C31 -179.52(16) C38-C37-C40-N33 177.1(2) 

C32-C31-C36-C35 -14.1(3) C36-C37-C40-N33 -0.4(4) 

C32-C31-C36-C37 166.2(2) C38-C37-C40-N32 -2.5(3) 

C35-C36-C37-C38 -0.5(3) C36-C37-C40-N32 180.0(2) 

C31-C36-C37-C38 179.3(2) C40-N33-C41-O31 177.1(2) 

C35-C36-C37-C40 177.2(2) C40-N33-C41-C42 -2.0(3) 

C31-C36-C37-C40 -3.0(4) N32-N34-C42-C43 179.25(19) 

C39-N31-C38-C37 -1.3(3) N32-N34-C42-C41 -2.0(3) 

C39-N31-C38-S31 179.17(15) O31-C41-C42-N34 -176.4(2) 

C40-C37-C38-N31 2.9(3) N33-C41-C42-N34 2.8(3) 

C6-C7-C38-N31 -179.1(2) O31-C41-C42-C43 2.4(3) 

C40-C37-C38-S31 -177.51(15) N33-C41-C42-C43 -178.4(2) 

 

ʈʝʘʢʮʽʶ ʟ ʜʠʤʝʪʠʣʦʚʠʤ ʝʩʪʝʨʦʤ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ 

(ɼʄɸɼ) ʧʨʦʚʦʜʠʣʠ ʫ ʜʚʽ ʩʪʘʜʽʾ. ʉʧʦʯʘʪʢʫ ʛʽʜʨʘʟʠʥ 2.6ʘ ʥʘʛʨʽʚʘʣʠ ʟ ɼʄɸɼ ʫ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʽ, ʧʝʨʰʦʶ ʩʪʘʜʽʻʶ ʨʝʘʢʮʽʾ ʚʥʘʩʣʽʜʦʢ ʧʨʠʻʜʥʘʥʥʷ 

ʘʤʽʥʦʛʨʫʧʠ ʧʦ ʧʦʪʨʽʡʥʦʤʫ ʟʚôʷʟʢʫ ʙʫʣʦ ʫʪʚʦʨʝʥʥʷ ʻʥʘʤʽʥʫ ɸ, ʷʢʠʡ 

ʪʘʫʪʦʤʝʨʠʟʫʻʪʴʩʷ ʫ ʙʽʣʴʰ ʩʪʽʡʢʠʡ ʽʤʽʥ 3.11, ʟʘʚʜʷʢʠ ʯʦʤʫ ʡʦʛʦ ʙʫʣʦ 

ʚʠʜʽʣʝʥʦ. ʇʦʜʘʣʴʰʝ ʥʘʛʨʽʚʘʥʥʷ ʽʤʽʥʫ 3.11 ʚ ʦʮʪʦʚʽʡ ʢʠʩʣʦʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʦʯʽʢʫʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ  ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʧʦʭʽʜʥʦʛʦ ʪʨʠʘʟʠʥʫ 3.12.  
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(3.11) 

ʉʪʨʫʢʪʫʨʘ ʧʦʭʽʜʥʦʛʦ ʪʨʠʘʟʠʥʫ 3.12 ʜʦʚʝʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʠʩ. 3.5).  

 
ʈʠʩ. 3.5 ʉʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ 3.12 ʟʘ ʜʘʥʠʤʠ ʈʉɸ 

ʏʘʩʪʢʦʚʦ ʥʘʩʠʯʝʥʠʡ ʮʠʢʣ ʉ(7)éʉ(12) ʨʦʟʧʦʨʷʜʢʦʚʘʥʦ ʧʦ ʜʚʦʭ 

ʩʠʤʝʪʨʠʯʥʠʤ ʢʦʥʬʦʨʤʘʮʽʷʤ ʥʘʧʽʚʢʨʽʩʣʘ (ɸ ʪʘ ɺ) ʟ ʚʽʜʥʦʩʥʦʶ ʟʘʩʝʣʝʥʽʩʪʶ 

30:70 % (ʧʘʨʘʤʝʪʨʠ ʩʢʣʘʜʯʘʪʦʩʪʽ: S = 0.78, ɗ = 34.4Ü, ű = 26.9Ü ʜʣʷ 


