
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ 

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ 

 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

 

ʃʷʧʫʩʪʠʥ ɼʘʥʠʠʣ ʅʠʢʦʣʘʝʚʠʯ 

 

 

6-ʅʀʊʈʆ-4,7-ɼʀɻʀɼʈʆɸɿʆʃʆ[1,5-a]ʇʀʈʀʄʀɼʀʅʓ. ʅʆɺʓɽ ʇʋʊʀ 

ʉʀʅʊɽɿɸ, ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ, ɹʀʆʃʆɻʀʏɽʉʂɸʗ 

ɸʂʊʀɺʅʆʉʊʔ 

 

 

 

 

1.4.3. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʋʣʦʤʩʢʠʡ ɽʚʛʝʥʠʡ ʅʘʨʮʠʩʩʦʚʠʯ 

 

 

 

ɽʢʘʪʝʨʠʥʙʫʨʛ ï 2023  
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ɺʚʝʜʝʥʠʝ 

 ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʘʢ ʠ ʚ ʣʶʙʦʡ ʜʨʫʛʦʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ 

ʟʥʘʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ ʠ ʤʘʪʝʨʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʢʣʘʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʨʝʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʫʤʘʥʠʪʘʨʥʳʭ ʧʨʦʙʣʝʤ ʠ ʪ. ʜ. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪ ʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ, 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ʀʩʩʣʝʜʫʷ ʨʳʥʦʢ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʢʘʨʩʪʚ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʮʠʢʣʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʤʥʦʞʝʩʪʚʦ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʧʨʠʤʝʨ, ʧʫʨʠʥʳ ʠ 

ʧʠʨʠʤʠʜʠʥʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʤʝʨʦʚ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʠ ʙʠʦʩʠʥʪʝʟʝ ʈʅʂ ʠ ɼʅʂ, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʦʛʦ ʚʳʩʦʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʫʨʠʥʦʚ ʜʣʷ ʦʨʛʘʥʠʟʤʘ, ʜʣʷ ʧʦʠʩʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʥʝʨʝʜʢʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʦʩʪʝʨʳ ʧʫʨʠʥʦʚ ï ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ, ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʠʯʥʫʶ 

ʠʥʜʝʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʪʝʤ ʞʝ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʙʦʨʦʤ ʛʝʪʝʨʦʘʪʦʤʦʚ. ʉʦʝʜʠʥʝʥʠʷ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʧʨʦʷʚʣʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ 

ʧʨʦʜʘʶʪʩʷ ʚ ʘʧʪʝʢʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʪʘʢʠʭ ʤʦʣʝʢʫʣ 

ʷʚʣʷʶʪʩʷ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ. ɸʨʩʝʥʘʣ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ 

ʧʦʣʫʯʝʥʠʶ ʩ ʥʘʯʘʣʘ ʚʝʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʧʦʣʥʠʣʩʷ ʥʦʚʳʤʠ ʧʨʠʤʝʨʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 

ʠʤʝʶʱʠʝʩʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʧʨʠʤʝʥʝʥʠʷ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʨʘʟʣʠʯʥʳʭ ʚʠʨʫʩʦʚ, ʩʝʧʩʠʩʘ ʠ ʦʧʫʭʦʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʘʟʦʣʦʧʠʨʠʤʠʜʠʥʦʚ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ, ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

× ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʩʧʦʩʦʙʘʤ ʧʦʣʫʯʝʥʠʷ 6-

ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ; 
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× ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ (NSE); 

× ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ; 

× ʀʩʩʣʝʜʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

× ʈʘʩʩʤʦʪʨʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

× ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 6-ʥʠʪʨʦ-4,7-

ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʧʫʪʠ 

ʧʨʦʮʝʩʩʘ; 

× ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ; 

× ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʦʚʝʨʛʥʫʪʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʧʦʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʦʤʘʪʠʟʘʮʠʠ ʪʘʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ; 

× ʀʩʩʣʝʜʦʚʘʥʳ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʘ/ʘʢʪʠʚʥʦʩʪʴ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

× ʇʦʣʫʯʝʥ ʨʷʜ ʥʦʚʳʭ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʜʣʷ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʩʠʥʪʝʟʘ 

ʥʠʪʨʦʛʝʪʝʨʦʮʠʢʣʦʚ; 

× ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ N-ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʘʟʨʘʙʦʪʢʫ ʙʘʟʦʚʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʧʨʠʨʦʜʥʳʭ ʥʫʢʣʝʦʟʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

× ʀʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ; 

× ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʥʝ 

ʪʦʣʴʢʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʨʷʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʜʣʷ ʧʦʠʩʢʘ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠ ʥʠʟʢʦʪʦʢʩʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʥʦ ʠ ʫʢʘʟʳʚʘʝʪ 
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ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʠ 

ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ, ʚʳʜʝʣʝʥʠʷ 

ʠ ʦʯʠʩʪʢʠ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʯʠʩʪʦʪʳ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʵʣʝʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ), ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ (ʗʄʈ, ʀʂ) ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʊʘʢʞʝ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʈʉɸ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

× ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʨʝʘʢʮʠʠ; 

× ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ; 

× ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ; 

× ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʧʦʠʩʢʝ, ʘʥʘʣʠʟʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʠʥʪʝʟʘ. 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʨʝʰʝʥʠʠ ʚʦʟʥʠʢʘʶʱʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʧʨʝʜʣʦʞʝʥʠʠ 

ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʘ ʪʘʢʞʝ ʚ ʥʘʧʠʩʘʥʠʠ ʧʫʙʣʠʢʘʮʠʡ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʮʝʥʪʨʘʭ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʋʨʌʋ ʠ ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʝʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ: ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʂʨʘʩʥʦʚʠʜʦʚʦ, 2019 ʛ.); ʍʍI ʄʝʥʜʝʣʝʝʚʩʢʠʡ 

ʩʲʝʟʜ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019 ʛ.); IV  Conference çModern 

Synthetic Methodologies for Creating Drugs and Functional Materialsè (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2020 ʛ.); 

ʇʝʨʚʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʐʢʦʣʘ ʧʦ ʄʝʜʠʮʠʥʩʢʦʡ ʍʠʤʠʠ ʜʣʷ ʄʦʣʦʜʳʭ ʋʯʝʥʳʭ 

"MedChemSchool 2021" (ʅʦʚʦʩʠʙʠʨʩʢ, 2021 ʛ.); 5-ʷ ʈʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʝʜʍʠʤ-

ʈʦʩʩʠʷ 2021 (ɺʦʣʛʦʛʨʘʜ, 2022 ʛ.). 
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ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʞʝʥʦ ʚ 4 

ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤʠ ʙʘʟʘʤʠ Scopus ʠ Web of Science, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ɺɸʂ ʈʌ, ʘ ʪʘʢʞʝ ʚ 5 ʪʝʟʠʩʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʠ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʫ ʢʘʬʝʜʨʳ 

ʆʨʛʘʥʠʯʝʩʢʦʡ ʠ ɹʠʦʤʦʣʝʢʫʣʷʨʥʦʡ ʍʠʤʠʠ ʍʊʀ ʋʨʌʋ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ, ʧʨʦʬ. ɽ.ʅ. ʋʣʦʤʩʢʦʤʫ, ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʃ. ʈʫʩʠʥʦʚʫ, ʘʢʘʜʝʤʠʢʫ ʈɸʅ 

ʆ.ʅ. ʏʫʧʘʭʠʥʫ, ʟʘ ʥʘʫʯʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʠ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʨʘʙʦʪʳ, ʢ.ʭ.ʥ. ʉ.ʂ. ʂʦʪʦʚʩʢʦʡ ʟʘ ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʠ ʢ.ʭ.ʥ. ɺ.ɺ. 

ʌʝʜʦʪʦʚʫ ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʠʩʢʝ ʥʦʚʳʭ ʠʜʝʡ ʠ 

ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ; ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʎʂʇ ʋʨʌʋ (ʟʘʚ. ʣʘʙ. ʢ.ʭ.ʥ. ʆ.ʉ. 

ɽʣʴʮʦʚ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʗʄʈ, ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʀʆʉ ʋʨʆ ʈɸʅ ɸ.ɺ. ʑʝʧʦʯʢʠʥʫ ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʣʘʜʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ 

ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʩʧʣʘʚʦʚ ʀʥʩʪʠʪʫʪʘ ʄʝʪʘʣʣʫʨʛʠʠ ʋʨʆ ʈɸʅ ʀ.ɸ. ɹʘʣʷʢʠʥʫ ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʩʦʪʨʫʜʥʠʢʘʤ ʌɻɹʆʋ ɺʆ çɺʦʣʛʦʛʨʘʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʈɸʅ, ʜ.ʤ.ʥ., 

ʧʨʦʬ. ɸ.ɸ. ʉʧʘʩʦʚʘ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ 

ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ. ʅ. ɽʣʴʮʠʥʘè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʤ.ʥ., ʜʦʮ. ɺ.ɺ. ʄʝʣʝʭʠʥʘ ʟʘ 

ʧʨʦʚʝʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʛʨʫʧʧʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʀʆʉ 

ʠʤ. ʀ.ʗ. ʇʦʩʪʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʋʨʆ ʈɸʅ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʘʥʘʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè (ʨʫʢʦʚʦʜʠʪʝʣʴ ʛʨʫʧʧʳ ʢ.ʭ.ʥ. ʇ.ɸ. 

ʉʣʝʧʫʭʠʥ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

****  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ˉ FEUZ-2023-0021 

(ʅ687/42ɹ.325/23). 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1 6-ʅʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʛʝʪʝʨʦʮʠʢʣʳ, ʧʦʞʘʣʫʡ, 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ. ʆʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʬʘʥʪʘʟʠʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʝʥʳʭ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ, ʚ ʧʨʠʨʦʜʝ 

ʧʦʚʩʝʤʝʩʪʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʞʠʟʥʠ ʤʥʦʞʝʩʪʚʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺʘʞʥʳʤ ʢʣʘʩʩʦʤ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʧʨʠʨʦʜʥʳʝ ʧʫʨʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ ʈʅʂ ʠ ɼʅʂ ʠ ʷʚʣʷʶʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʫʨʠʥʦʚ ʠ 

ʥʫʢʣʝʦʟʠʜʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʰʠʨʦʢʠʡ 

ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ ʠʤʝʶʪ ʪʘʢʞʝ ʠ ʠʟʦʩʪʝʨʳ ʧʫʨʠʥʦʚ ï ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ.  

ʉʨʝʜʠ ʥʠʭ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ[1ï4], ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ[5ï7], ʘ ʪʘʢʞʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʢʣʠʥʠʯʝʩʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʳ ʚ ʦʪʥʦʰʝʥʠʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ[8ï10], ʚʠʨʫʩʦʚ[11ï13], 

ʙʘʢʪʝʨʠʡ[14,15], ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ[16,17] ʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ[18ï23], ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ[24ï26] ʠ ʜʨ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʙʦʣʝʝ ʫʟʢʦʡ ʛʨʫʧʧʦʡ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 6-

ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ[27]. ɺ ʦʪʣʠʯʠʠ ʦʪ ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ, ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʥʝʝ ʰʠʨʦʢʦ. ʆʜʥʘʢʦ, 

ʙʣʘʛʦʜʘʨʷ ʥʠʪʨʦʛʨʫʧʧʝ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʭ ʩʚʦʡʩʪʚ ʥʠʯʫʪʴ ʥʝ ʤʝʥʴʰʝ. ʊʘʢ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ[28,29] ʠ 

ʧʨʦʪʠʚʦʩʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ[30,31], ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ[32,33] ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ[34] 

ʘʢʪʠʚʥʦʩʪʴ, ʘʥʪʠʛʣʠʢʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ[35], ʘ ʩ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧʘ 

ʩʣʫʞʠʪ ʥʝ ʪʦʣʴʢʦ ʢʨʠʧʪʦ-ʬʦʨʤʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʟʦʣʦʘʥʝʣʣʠʨʦʚʘʥʥʳʭ 

ʧʫʨʠʥʦʚ[36ï38], ʥʦ ʠ, ʥʘʧʨʠʤʝʨ, ʦʪʢʨʳʚʘʝʪ ʧʫʪʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣʳ ʨʘʟʣʠʯʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʘʤʠ[39,40].  

 ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʜʦʚʦʣʴʥʦ ʩʢʫʜʥʦ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʧʦʩʪʨʦʝʥʠʶ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ʧʦʜʭʦʜʦʚ ʚʩʝʛʦ ʜʚʘ ï 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʠʥʦʘʟʦʣʦʚ ʩ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʠ 

ʥʠʪʨʦʚʘʥʠʝ ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚʦʡ ʤʘʪʨʠʮʳ.  

 ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʠʪʨʦʤʘʣʦʥʦʚʳʡ 

ʜʠʘʣʴʜʝʛʠʜ ʃ2. ɺ ʩʚʦʠʭ ʨʘʙʦʪʘʭ Rusinov ʠ ʢʦʣʣʝʛʠ ʚ 1986 ʛ, ʘ ʟʘʪʝʤ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ, ʧʦʢʘʟʘʣʠ[41ï44], ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʤʠʥʦʘʟʦʣʦʚ ʃ1 ʩ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ ʃ2 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʙʘʚʣʝʥʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ 
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ʦʙʨʘʟʦʚʘʥʠʶ ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʃ3 (ʉʭʝʤʘ ʃ1). ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʧʨʦʚʝʜʝʥʠʷ 

ʩʘʤʦʡ ʨʝʘʢʮʠʠ, ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ ʃ2, ʪʘʢ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʣʠʰʴ ʚ ʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. 

 

ʉʭʝʤʘ ʃ1 

 ʊʘ ʞʝ ʛʨʫʧʧʘ ʘʚʪʦʨʦʚ ʦʩʫʱʝʩʪʚʠʣʘ ʩʠʥʪʝʟ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7-ʦʥʦʚ ʃ6. 

ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʧʦ ʩʭʦʞʝʡ ʤʦʜʝʣʠ ʧʦ ʪʠʧʫ [3 + 3] ʢʦʥʜʝʥʩʘʮʠʠ 1,3-ʜʠʵʣʝʢʪʨʦʬʠʣʘ ʠ 1,3-

ʜʠʥʫʢʣʝʦʬʠʣʘ ʤʝʞʜʫ ʘʤʠʥʦʘʟʦʣʘʤʠ ʃ1, ʥʦ ʩ ʫʯʘʩʪʠʝʤ ʫʞʝ ʜʨʫʛʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ ï ʵʪʦʢʩʠʤʝʪʠʣʝʥʥʠʪʨʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ ʃ4 (ʉʭʝʤʘ ʃ2)[45]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʩʧʣʘʚʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʘʟʦʣʠʣʘʢʨʠʣʘʪ ʃ5, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʩʧʦʩʦʙʝʥ ʮʠʢʣʠʟʦʚʘʪʴʩʷ 

ʚ ʠʩʢʦʤʳʡ ʛʝʪʝʨʦʮʠʢʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ[31]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʟʘʤʝʩʪʠʪʝʣʴ ʪʦʣʴʢʦ ʚ ʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ʇʦʟʜʥʝʝ 

ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʠʨʠʜʠʥʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ ʃ2)[46]. 

 

ʉʭʝʤʘ ʃ2 

 ɺ 2020 ʛʦʜʫ ʚ ʨʘʙʦʪʘʭ Safari ʠ Korami ʙʳʣ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʝʱʝ ʦʜʠʥ 

ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ï 1-ʤʝʪʠʣʘʤʠʥʦ-1-ʤʝʪʠʣʪʠʦ-2-ʥʠʪʨʦʵʪʠʣʝʥ 

ʃ9. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʞʜʫ ʘʤʠʥʦʪʨʠʘʟʦʣʦʤ ʃ1, ʘʣʴʜʝʛʠʜʘʤʠ ʃ8 ʠ ʩʫʙʩʪʨʘʪʦʤ ʃ9 ʚ 

ʚʦʜʥʦʤ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʘʪʘʣʠʟʝ ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (ʉʭʝʤʘ ʃ9)[34,47]. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚ ʧʨʦʜʫʢʪʝ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʟʘʤʝʩʪʠʪʝʣʠ ʚʦ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʣʦʞʝʥʠʷʭ, 

ʦʜʥʘʢʦ ʘʚʪʦʨʳ ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. 
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ʉʭʝʤʘ ʃ3 

 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʧʨʠʤʝʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʣʫʯʝʥʠʝ 6-

ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʩʠʥʪʦʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʨʷʤʦʛʦ ʥʠʪʨʦʚʘʥʠʷ, ʪʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ 5-ʤʝʪʠʣʪʨʠʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7-ʦʥʳ ʃ11 ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʠʪʨʦʚʘʥʠʶ ʚ 

ʩʤʝʩʠ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ 10 oC (ʉʭʝʤʘ 

ʃ4)[31,35,46,48]. ʉʝʨʴʝʟʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʠʪʨʦʚʘʥʠʝ 

ʩʧʦʩʦʙʥʦ ʟʘʪʨʘʛʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʠʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ. ɼʣʷ ʧʨʦʠʟʚʦʜʥʳʭ 7-

ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʃ12 ʦʧʠʩʘʥʦ ʥʠʪʨʦʚʘʥʠʝ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʩʤʝʩʠ 

ʢʠʩʣʦʪ, ʦʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 80 oC (ʉʭʝʤʘ ʃ4)[38].  

 

ʉʭʝʤʘ ʃ4 

 ʂʘʢ ʤʳ ʚʠʜʠʤ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʥʝʩʦʠʟʤʝʨʠʤʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʡ. ʊʘʢʞʝ ʚʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʠʤʝʥʥʦ ʩʠʥʪʦʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʳʚʘʶʱʠʡʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʷʤʦʝ ʥʠʪʨʦʚʘʥʠʝ ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʚʨʷʜ ʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ: ʚʦ-ʧʝʨʚʳʭ, ʪʘʢʘʷ ʨʘʙʦʪʘ 
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ʧʨʦʚʦʜʠʣʘʩʴ ʥʝʜʘʚʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʟʦʨʘʭ[49ï51], ʘ ʚʦ-ʚʪʦʨʳʭ,  ʚʚʝʜʝʥʠʝ 

ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʫ ʥʝʨʝʜʢʦ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʪʜʝʣʴʥʦ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʣʦʛʠʯʥʳʤ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʪʨʦʘʣʢʝʥʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʩʠʥʪʝʟʝ ʠʩʢʦʤʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʝʱʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʳʪ.  

1.2. Ŭ-ɸʤʠʥʦ-ʥʠʪʨʦʘʣʢʝʥʳ (ANE) 

 ʆʜʥʠʤʠ ʠʟ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʭ, ʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ NSE 

ʷʚʣʷʶʪʩʷ ʧʫʰ-ʧʫʣʴʥʳʝ Ŭ-ʘʤʠʥʦʥʠʪʨʦʘʣʢʝʥʳ. ʇʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ANE ʷʚʣʷʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ Ŭ-ʥʠʪʨʦʢʝʪʦʥʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʪʘʢʠʝ ʠʭ ʨʝʘʢʮʠʠ, ʢʘʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʠ ʵʣʝʢʪʨʦʬʠʣʘʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʧʦʤʠʥʘʥʠʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʩʚʷʟʘʥʦ ʩ 

ʥʝʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ 

ʤʦʜʠʬʠʢʘʮʠʠ ANE ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ ʃ1. 

 

 

ʈʠʩʫʥʦʢ ʃ1. ɺʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ ʃ15 

 ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ANE, ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʠʥʦ-ʝʥʘʤʠʥʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʧʨʠ R1 = H. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʉ-ʘʪʦʤ ʩʤʝʞʥʳʡ ʩ 

ʥʠʪʨʦʛʨʫʧʧʦʡ ʠ NH-ʛʨʫʧʧʘ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʢʪʨʦʬʠʣʘʤʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʉ-ʘʪʦʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʢʘʪʘʣʠʟʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠʣʠ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

1.2.1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʢʪʨʦʬʠʣʘʤʠ 

 ɺ 2020 ʛʦʜʫ Pilipecz ʠ ʢʦʣʣʝʛʠ[52] ʧʨʦʚʝʣʠ ʥʠʪʨʦʟʠʨʦʚʘʥʠʝ 

ʥʠʪʨʦʤʝʪʠʣʝʥʧʠʨʨʦʣʠʜʠʥ-2-ʠʣʘ ʃ15 ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 2-ʥʠʪʨʦ-2-

ʥʠʪʨʦʟʦʤʝʪʠʣʝʥʧʠʨʨʦʣʠʜʠʥʘ ʃ16 (ʉʭʝʤʘ ʃ5). ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʚʩʝʛʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, 

ʘ ʪʘʢʞʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʦʜʫʢʪ ʃ16 ʨʘʟʣʘʛʘʝʪʩʷ ʟʘ ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʆʜʥʘʢʦ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʚʝʱʝʩʪʚʦ ʩʧʦʩʦʙʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʙʦʣʴʰʝ ʥʝʜʝʣʠ. 
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ʉʭʝʤʘ ʃ5 

 ɼʣʷ ʵʪʦʛʦ ʞʝ NSE ʃ15 ʛʨʫʧʧʦʡ Alekszi-Kasz§s ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʄʘʥʥʠʭʘ 

ʩ ʉ-ʵʣʝʢʪʨʦʬʠʣʘʤʠ[53]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʦʡʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʨʤʘʣʴʜʝʛʠʜʘ (35% 

ʬʦʨʤʘʣʠʥ) ʠ ʧʝʨʚʠʯʥʦʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 4-ʥʠʪʨʦ-

1,2,3,5,6,7-ʛʝʢʩʘʛʠʜʨʦʧʠʨʨʦʣʦ[1,2-c]ʧʠʨʠʤʠʜʠʥʦʚ ʃ18 (ʉʭʝʤʘ ʃ6). ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʘʪʘʢʝ 

ʵʣʝʢʪʨʦʬʠʣʦʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʤʝʥʥʦ ʉ-ʘʪʦʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʪʨʦʛʨʫʧʧʦʡ, ʯʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NSE ʃ15 ʩ ʘʣʢʠʣʠʨʦʚʘʥʥʳʤ 

ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ. 

 

ʉʭʝʤʘ ʃ6 

 ɻʨʫʧʧʦʡ Zhang ʚ 2020 ʛʦʜʫ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ[54], ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ANE ʃ1 ʚ 

ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠʟʘʪʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʤʫ ʜʣʷ 

ʜʘʥʥʦʡ ʛʨʫʧʧʳ NSE ʨʘʟʨʳʚʫ ʦʙʝʠʭ CïN ʩʚʷʟʝʡ (ʉʭʝʤʘ ʃ7). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʠʤʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ANE ʢ ʠʟʘʪʠʥʫ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʩʫʣʴʬʘʤʠʥʦʚʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʘ ʃ22. ɼʘʣʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʪʳ ʢ ʠʤʠʥʥʦʤʫ 

ʬʨʘʛʤʝʥʪʫ ʘʜʜʫʢʪʘ ʃ23 ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ. ɿʘʪʝʤ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ ʃ24 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 1,2-ʤʠʛʨʘʮʠʷ ʘʤʠʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʃ25. ʅʘʢʦʥʝʮ, ʩʪʨʫʢʪʫʨʘ ʃ29 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠ ʜʝʛʠʜʨʘʪʘʮʠʶ, ʜʘʚʘʷ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʃ20. 
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ʉʭʝʤʘ ʃ7 

 ɺ 2017 ʛʦʜʫ Siddaraju ʙʳʣ ʦʧʠʩʘʥ[55] ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʨʝʘʢʮʠʠ 1-

ʜʠʤʝʪʠʣʘʤʠʥʦ-2-ʥʠʪʨʦʘʣʢʝʥʘ ʃ15ʙ ʩ ʛʝʥʝʨʠʨʫʝʤʦʡ in situ ʯʘʩʪʠʮʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʩʚʷʟʴ S-I. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ANE ʃ15 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ c 1-ʬʝʥʠʣʪʝʪʨʘʟʦʣ-5-ʪʠʦʣʦʤ ʃ26 ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ DMSO ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʡʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʠʜʘ ʃ27 (ʉʭʝʤʘ ʃ8).  
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ʉʭʝʤʘ ʃ8 

 ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

1-ʬʝʥʠʣʪʝʪʨʘʟʦʣ-5-ʪʠʦʣ ʃ26 ʨʝʘʛʠʨʫʝʪ ʩ ʡʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʘ ʃ28 ʠ HI. 

ʇʦʣʫʯʝʥʥʳʡ ʜʠʤʝʨ ʃ28 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʡʦʜʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʃ29, ʩʦʜʝʨʞʘʱʝʛʦ S-I-ʩʚʷʟʴ. ʅʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʜʠʜʘ ʝʥʘʤʠʥʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʜʫʢʪʘ ʃ27. ɺ ʜʘʣʴʥʝʡʰʝʤ ʡʦʜ ʨʝʛʝʥʝʨʠʨʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

HI ʩ DMSO ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

1.2.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ 

 ʆʜʥʦʡ ʠʟ ʨʝʘʢʮʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʝ ANE ʠ NK, ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ANE ʩʦ ʱʝʣʦʯʘʤʠ. Rusinov ʠ ʢʦʣʣʝʛʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ 1-ʤʦʨʬʦʣʠʥʦ-

2-ʥʠʪʨʦʘʣʢʝʥʦʚ ʃ15 ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʚ ʩʧʠʨʪʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʪʨʠʝʚʳʭ ʩʦʣʝʡ Ŭ-ʥʠʪʨʦʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʃ30 

(ʉʭʝʤʘ ʃ9). ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʢʝʪʦʥʦʚ, ʦʜʥʘʢʦ, 

ʦʧʠʩʳʚʘʝʤʳʡ ʩʠʥʪʝʟ ʠʟ ANE ʧʦʷʚʠʣʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ[56]. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ 

ʬʦʨʤʳ ʥʠʪʨʦʫʢʩʫʩʥʦʛʦ ʘʣʴʜʝʛʠʜʘ, ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ANE ʃ15. 
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ʉʭʝʤʘ ʃ9 

 ʕʣʝʢʪʨʦʬʠʣʴʥʳʡ ʮʝʥʪʨ ʚ ANE ʧʨʦʭʠʨʘʣʝʥ, ʠ ʜʣʷ ʨʝʘʢʮʠʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʥʫʢʣʝʦʬʠʣʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʦʛʦ ʭʠʨʘʣʴʥʦʛʦ 

ʮʝʥʪʨʘ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʦʙʥʳʤ ʪʠʧʦʤ ʨʝʘʢʮʠʡ, ʥʝʨʝʜʢʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʨʘʟʨʘʙʦʪʢʫ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ. Osawara ʠ Hayashi[57], ʥʘʧʨʠʤʝʨ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʧʨʝʧʘʨʘʪʘ TamifluÈ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ. ʅʘ 

ʉʭʝʤʝ ʃ10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʧʝʨʚʘʷ ʨʝʘʢʮʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ ʜʘʥʥʦʛʦ 

ʦʙʟʦʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʩʠʥʪʝʟʳ ʚ ʦʧʠʩʘʥʥʦʡ ʩʭʝʤʝ ʧʨʦʭʦʜʷʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʝʟ 

ʚʳʜʝʣʝʥʠʷ ʧʦʣʫʧʨʦʜʫʢʪʦʚ, ʘʚʪʦʨʳ ʚʩʸ ʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʢʘʞʜʫʶ ʨʝʘʢʮʠʶ ʦʪʜʝʣʴʥʦ ʠ 

ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Hayashi-Jßrgensen 

ʂ1 ʠ 1,3-ʙʠʩ(3,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʬʝʥʠʣ)ʪʠʦʤʦʯʝʚʠʥʳ ʂ2 ʵʥʘʥʪʠʦʤʝʨʥʳʡ ʠʟʙʳʪʦʢ N-

((2R,3S)-1-ʥʠʪʨʦ-4-ʦʢʩʦ-3-(ʧʝʥʪʘʥ-3-ʠʣʦʢʩʠ)ʙʫʪʘʥ-2-ʠʣ)ʘʮʝʪʘʤʠʜʘ ʃ32 ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 97%. 

 

ʉʭʝʤʘ ʃ10 

 ʈʝʘʢʮʠʷ ʄʠʭʘʵʣʷ ʩ Ŭ-ʉʅ-ʢʠʩʣʦʪʥʳʤ ʘʪʦʤʦʤ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʧʨʝʜʤʝʪ ʧʦʣʫʯʝʥʠʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʭ ʘʜʜʫʢʪʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʧʨʝʜʳʜʫʱʝʤʫ ʧʨʠʤʝʨʫ ʧʠʨʨʦʣʠʜʠʥʦʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʂ4 (ʄʝʪʦʜ ɹ, ʉʭʝʤʘ ʃ11)[58] ʠ 
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ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʪʠʦʤʦʯʝʚʠʥʦʡ ʂ3 (ʄʝʪʦʜ ɸ, ʉʭʝʤʘ ʃ11)[59]. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2-

(2-ʥʠʪʨʦʚʠʥʠʣ)ʠʟʦʠʥʜʦʣʠʥ-1,3-ʜʠʦʥʘ ʃ15ʛ ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʢʝʪʦʥʘʤʠ ʃ34 ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʝʨʝʦʠʟʦʤʝʨʳ. 

 

ʉʭʝʤʘ ʃ11 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪʩʷ[60] ʨʝʘʢʮʠʷ ANE ʃ37 ʩ ʨʝʘʢʪʠʚʦʤ ɻʨʠʥʴʷʨʘ, ʚ 

ʢʦʪʦʨʦʡ ʘʤʠʥʦʛʨʫʧʧʘ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʟʘʤʝʱʘʝʪʩʷ ʉ-ʥʫʢʣʝʦʬʠʣʦʤ ʚ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ (ʉʭʝʤʘ ʃ12). 

 

ʉʭʝʤʘ ʃ12 

 ʆʜʥʦ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ANE ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʥʠʪʨʦʚʠʥʠʣʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚ ʠʥʜʦʣʳ ʃ39 ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [61ï

64]. ʇʨʦʮʝʜʫʨʫ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʷʪ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ TFA ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʤʠʥʦʥʠʪʨʦʘʣʢʝʥʘ ʃ15b (ʉʭʝʤʘ ʃ13).  

 

ʉʭʝʤʘ ʃ13 
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ʈʦʣʴ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʚ 

ʘʢʪʠʚʘʮʠʠ ANE. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʨʫʛʠʭ ʢʠʩʣʦʪ ʚ ʧʦʜʦʙʥʦʡ ʨʝʘʢʮʠʠ ʠʣʠ 

ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ. 

1.2.3. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 

 ɻʠʜʨʠʨʦʚʘʥʠʝ ANE ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʢʘʢ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʫʢʣʝʦʬʠʣʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʘʢ R- ʠ S-ʠʟʦʤʝʨʳ, ʪʘʢ ʠ ʨʘʮʝʤʘʪ, ʝʩʣʠ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʣʫʯʝʥʠʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʘʢ, Brenna ʠ ʢʦʣʣʝʛʠ ʚ 2017[65] 

ʚʧʝʨʚʳʝ ʦʧʠʩʘʣʠ ʙʠʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ANE ʧʨʠ ʧʦʤʦʱʠ ʬʝʨʤʝʥʪʘ (ʨʝʜʫʢʪʘʟʳ) ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ (ʜʦ 88%) ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʦʩʪʴʶ (ʜʦ 99%). ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

Old Yellow Enzymes 3 (OYE3) ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ R-ʠʟʦʤʝʨ (ʉʭʝʤʘ ʃ14). 

ʇʦʣʫʯʝʥʠʶ S-ʠʟʦʤʝʨʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʧʦʩʚʷʱʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʫʙʣʠʢʘʮʠʡ. ʅʘʧʨʠʤʝʨ, 

Gao ʠ ʢʦʣʣʝʛʠ ʧʨʦʚʝʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʥʠʢʝʣʷ ʠ (S)-

ʙʠʥʘʧʠʥʘ (ʉʭʝʤʘ ʃ14)[66]. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʜʝʣʷʝʪʩʷ ʦʪʣʠʯʥʦʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ 

ʢʦʥʚʝʨʩʠʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ANE ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʪʠʦʤʦʯʝʚʠʥʳ ʠ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ 

Pirolla ʠ ʢʦʣʣʝʛʘʤʠ[67]. ɸʚʪʦʨʳ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʣʠ ʜʘʣʴʥʝʡʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʚ ʫʩʣʦʚʠʷʭ ʪʦʛʦ ʞʝ ʧʨʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʋʧʦʤʠʥʘʝʪʩʷ ʪʘʢʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʝʥʘʤʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘ ʠ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʦʛʦ ʦʨʛʘʥʦʢʘʪʘʣʠʟʘʪʦʨʘ ʛʨʫʧʧʦʡ Zhang[68]. ɸʚʪʦʨʳ ʦʮʝʥʠʚʘʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʥʘʥʪʠʦʤʝʨʥʦʡ ʯʠʩʪʦʪʳ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʉʭʝʤʘ ʃ14). 

 

ʉʭʝʤʘ ʃ14 
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1.2.4. ʈʝʘʢʮʠʠ ʮʠʢʣʦʦʙʨʘʟʦʚʘʥʠʷ 

 Chalyk ʠ ʢʦʣʣʝʛʠ ʚ 2018 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʣʠ[69] ʨʘʙʦʪʫ ʧʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʶ 

ANE ʃ15b ʢ ʛʘʣʦʛʝʥʦʢʩʠʤʫ ʃ43 ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 4-ʥʠʪʨʦʠʟʦʢʩʘʟʦʣʦʚ ʃ44 (ʉʭʝʤʘ ʃ15). 

ʄʝʭʘʥʠʟʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʣʦʛʝʥʦʢʩʠʤʘ ʃ43 

ʙʠʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʠʪʨʠʣʦʢʩʠʜʘ ʃ45. ɼʘʣʝʝ ʠʥʪʝʨʤʝʜʠʘʪ ʃ45 ʚʩʪʫʧʘʝʪ ʚ 

ʧʝʨʠʮʠʢʣʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ 1-ʜʠʤʝʪʠʣʘʤʠʥʦ-2-ʥʠʪʨʦʘʣʢʝʥʦʤ, ʟʘʚʝʨʰʘʶʱʫʶʩʷ 

ʘʨʦʤʘʪʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ. 

  

ʉʭʝʤʘ ʃ15  

 ʎʝʣʘʷ ʩʝʨʠʷ ʨʘʙʦʪ ʛʨʫʧʧʳ B. Trost ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ 1-ʥʠʪʨʦ-2-

ʘʤʠʥʦʮʠʢʣʦʧʝʥʪʘʥʦʚ (ʊʘʙʣʠʮʘ ʃ1,  ̄1-6) ʠ 1-ʥʠʪʨʦ-2-ʘʤʠʥʦʮʠʢʣʦʛʝʢʩʘʥʦʚ (ʊʘʙʣʠʮʘ ʃ1, 

 ̄7-9). ɺ ʦʩʥʦʚʥʦʤ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʩʫʙʩʪʨʘʪʦʚ ʠ ʚʣʠʷʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʘʣʣʘʜʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʠ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ. 
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ʊʘʙʣʠʮʘ ʃ1. ʉʠʥʪʝʟ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʧʝʥʪʘʥʦʚ ʠ ʮʠʢʣʦʛʝʢʩʘʥʦʚ ʥʘ ʦʩʥʦʚʝ ANE ʃ15 
ˉ ʉʫʙʩʪʨʘʪ ANE ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜʳ ʃʠʛʘʥʜʥʘʷ ʩʠʩʪʝʤʘ ʇʨʦʜʫʢʪ 

1 

 
 

ʊʦʣʫʦʣ, Ar 

Pd2(dba)3 (2.5 ʤʦʣ%) 

ʂ10 (10 ʤʦʣ%) 

4 oC, 4 ʯ[70] 

(ʜʦ 95% ʚʳʭʦʜ 

dr > 20:1, ʜʦ 92% ee) 
 

 

2 

  

1,4-ɼʠʦʢʩʘʥ 

ʂ11 (5 ʤʤʦʣ%) 

ʂ12 (6 ʤʤʦʣ%) 

50 oC, 12 ʯ[71] 

(73% ʚʳʭʦʜ 

dr > 20:1, 94% ee)   

3 
  

1,4-ɼʠʦʢʩʘʥ 

Pd2(dba)3ÅCHCl3 (2.5 ʤʦʣ%) 

ʂ12 (6 ʤʦʣ%) 

50 oC, 12 ʯ[72] 

(ʜʦ 94% ʚʳʭʦʜ 

dr > 15:1, ʜʦ 99% ee)   

4 

  

1,4-ɼʠʦʢʩʘʥ 

[Pd(cinnamyl)Cp] (2 ʤʦʣ%) 

ʂ12 (3 ʤʦʣ%), B(OEt)3 (15 ʤʦʣ%) 

Et2BOMe (15 ʤʦʣ%) 

60 oC, 1 ʯ[73] 

(95% ʚʳʭʦʜ, dr 13:1, 88% ee)   

5 

  

ʊʦʣʫʦʣ 

[CpPd(ɖ3-C3H5)] (5 ʤʦʣ%) 

ʂ12 (6 ʤʦʣ%) 

23 oC, 20 ʯ[74]  

(ʜʦ 90% ʚʳʭʦʜ 

ʦʪ 3.7:1 ʜʦ 20:1 dr, ʜʦ 99% ee)  
 

6 
  

ʊʦʣʫʦʣ 

Pd2(dba)3 (2.5 ʤʦʣ%) 

ʂ13 (12 ʤʤʦʣ%) 

ʊʢʦʤʥ, 24 ʯ[75]  

(ʜʦ 80% ʚʳʭʦʜ 

dr > 15:1, ʜʦ 91% ee) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ʃ1 

7 

  

ʊʦʣʫʦʣ 

Pd2(dba)3 (1.0-2.5 ʤʦʣ%) 

ʂ13 (12 ʤʤʦʣ%) ʠʣʠ ʂ14 (4 ʤʤʦʣ%) 

4 oC, 24 ʯ[75] 

(ʜʦ 94% ʚʳʭʦʜ 

ʦʪ 2.0:1 ʜʦ 15:1 dr, ʜʦ 95% ee) 

 

 

8 

 
 

ʊʦʣʫʦʣ 

Pd2(dba)3 (2.5 ʤʦʣ%) 

X = O, ʂ12 (6 ʤʦʣ%) 

X = NR1, ʂ15 (6 ʤʦʣ%) 

ʊʢʦʤʥ, 24 ʯ[75] 

(ʜʦ 81% ʚʳʭʦʜ 

ʦʪ 2.3:1 ʜʦ 15:1 dr, ʜʦ 93% ee)  

 

 

9 

 
 

ʊʦʣʫʦʣ  

Pd2(dba)3 (2.5 ʤʤʦʣʴ%)  

ʂ16 (12 ʤʤʦʣ%) 

4 oC, 24 ʯ[75] 

(ʜʦ 92% ʚʳʭʦʜ 

ʦʪ 1.2:1 ʜʦ 15:1 dr, ʜʦ 95% ee) 
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 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʠʥʜʦʣʦʚ ʃ49 ʚ ʨʘʙʦʪʝ Du ʧʨʠʤʝʥʷʣʩʷ[76] ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʪʠʦʤʦʯʝʚʠʥʳ (ʉʭʝʤʘ ʃ16). ʕʥʘʥʪʠʦʤʝʨʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩʠʣʴʥʦ ʨʘʟʥʠʣʘʩʴ. ʅʘʧʨʦʪʠʚ, 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʨʦʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

 

ʉʭʝʤʘ ʃ16 

 ɺ 2019 ʛʦʜʫ ʧʦʷʚʠʣʦʩʴ ʜʚʝ ʧʫʙʣʠʢʘʮʠʠ Shuvalov[77,78] ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ANE ʩ 1,3-

ʜʠʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 3-ʥʠʪʨʦʧʠʨʠʜʠʥʦʚ ʃ50,ʃ51. ɺ 

ʧʝʨʚʦʡ ʨʘʙʦʪʝ[77] ʦʧʠʩʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʨʝʘʢʮʠʷ ʥʠʪʨʦʝʥʘʤʠʥʦʚ ʃ15 ʩ 

ʛʠʜʨʦʢʩʠʤʝʪʠʣʝʥʮʠʢʣʦʛʝʢʩʘʥʦʥʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʚʦ ʚʪʦʨʦʡ[78] ʙʳʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥ ʨʷʜ ʠʩʭʦʜʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʫʞʝ ʚ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ (ʉʭʝʤʘ ʃ17). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʚʪʦʨʳ 

ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ANE ʩ Ŭ,ɔ-ʜʠʢʝʪʦʢʘʨʙʦʢʩʠʣʘʪʦʤ ʪʘʢʞʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. 

 

ʉʭʝʤʘ ʃ17 
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 Lukashenko ʠ ʢʦʣʣʝʛʠ ʦʧʠʩʘʣʠ[79] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ANE ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʜʠʝʥʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʃ54, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 1-

((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣ)ʥʘʬʪʘʣʠʥ-2-ʦʣʦʚ ʃ52. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʫʪʠ [4 + 2] ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘʢʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʮʠʢʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʃ55 ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ ʃ53 (ʉʭʝʤʘ 

ʃ18).  

 

ʉʭʝʤʘ ʃ18 

 ɺ 2021 ʛʦʜʫ Lindsday ʠ ʢʦʣʣʝʛʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ[80], ʯʪʦ N-ɸʨʠʣ-ʟʘʤʝʱʝʥʥʳʝ 

ANE ʃ15ʜ ʩʢʣʦʥʥʳ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʚʪʦʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʠʟ ʘʨʠʣʘʤʠʥʦ-

ʥʠʪʨʦʵʪʠʣʝʥʦʚ ʃ15ʜ ʦʙʨʘʟʫʶʪʩʷ 3-ʥʠʪʨʦʠʥʜʦʣʳ ʃ57 ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʧʨʠ 

ʢʘʪʘʣʠʟʝ KI (ʉʭʝʤʘ ʃ19). ʅʘ ʧʨʠʤʝʨʝ 13-ʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ ʠʥʠʮʠʠʨʫʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ 

ʦʪ ʥʠʪʨʦʝʥʘʤʠʥʘ ʃ15ʜ ʢ ʘʪʦʤʫ ʡʦʜʘ ʥʘ ʘʥʦʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʃ58. ɼʘʣʝʝ 

ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʉ-ʉ ʩʚʷʟʠ ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʃ59 ʨʘʜʠʢʘʣʴʥʳʡ 

ʠʥʪʝʨʤʝʜʠʘʪ ʃ60 ʥʘ ʢʘʪʦʜʝ ʧʝʨʝʭʦʜʠʪ ʚ ʘʥʠʦʥʥʫʶ ʬʦʨʤʫ ʃ61, ʢʦʪʦʨʘʷ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 2,3-ʜʠʛʠʜʨʦ-3-ʥʠʪʨʦ-2-ʬʝʥʠʣʠʥʜʦʣʘ ʃ62. ɺ ʫʩʣʦʚʠʷʭ ʷʯʝʡʢʠ ʧʦʣʫʧʨʦʜʫʢʪ 

ʃ62 ʧʨʝʪʝʨʧʝʚʘʝʪ ʘʚʪʦʘʨʦʤʘʪʠʟʘʮʠʶ, ʜʘʚʘʷ ʧʨʦʜʫʢʪ ʃ57. 
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ʉʭʝʤʘ ʃ19 

1.2.5. ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ 

 ʂ ʜʘʥʥʦʤʫ ʨʘʟʜʝʣʫ ʦʪʥʝʩʝʥʳ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʥʝ ʧʦʜʭʦʜʷʪ ʢ ʦʧʠʩʘʥʥʳʤ 

ʨʘʥʝʝ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ, ʠ ʠʭ ʥʝʣʴʟʷ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʚʩʣʝʜʩʪʚʠʝ ʨʝʜʢʦʛʦ 

ʫʧʦʤʠʥʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʅʘʧʨʠʤʝʨ, ʛʨʫʧʧʘ Cheng ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ[81] ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ANE ʃ15b ʩ 1,3-ʜʠʬʝʥʠʣ-ʧʨʦʧ-1-ʝʥʦʤ ʃ63 ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ 

(ʉʭʝʤʘ ʃ20). ɸʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ EWG-ʘʣʢʝʥʦʚ, ʦʜʥʘʢʦ, ʪʦʣʴʢʦ ʚ 

ʩʣʫʯʘʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ANE ʃ15b ʘʤʠʥʦʛʨʫʧʧʘ ʛʠʜʨʦʣʠʟʦʚʘʣʘʩʴ ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʦʢʠʩʣʷʣʘʩʴ ʜʦ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʜʘʣʴʥʝʡʰʠʤ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ.  

 

ʉʭʝʤʘ ʃ20 

ʄʦʥʦʟʘʤʝʱʝʥʥʳʝ ʧʦ ʘʤʠʥʦʛʨʫʧʧʝ ANE ʃ15 ʚʦʟʤʦʞʥʦ ʘʨʠʣʠʨʦʚʘʪʴ ʚ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2 ʵʢʚʠʚʘʣʝʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 

ʭʣʦʨʠʜʘ ʤʝʜʠ (I). ɺ ʨʘʙʦʪʝ Aradi[82] ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ANE ʃ15 ʩ 



24 

ʪʨʠʬʣʘʪʦʤ ʜʠʘʨʠʣʡʦʜʘ ʃ65, ʢʦʪʦʨʫʶ ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʤʠʥʠʨʦʚʘʥʠʝ 

ʡʦʜʩʦʜʝʨʞʘʱʠʭ (ʛʝʪʝʨʦ)ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʭʝʤʘ ʃ21). ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʨʝʘʢʮʠʦʥʥʳʡ ʧʫʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʩ- ʠ ʪʨʘʥʩ- ʠʟʦʤʝʨʦʚ ʚ 

ʥʝʩʪʝʭʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ.  

 

ʉʭʝʤʘ ʃ21 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʝʘʢʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʣʠʯʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ANE ʚ ʩʠʥʪʝʟʝ ʧʷʪʠ- ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

ʉʦʝʜʠʥʝʥʠʷ ʵʪʦʡ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʩʢʦʤʳʭ 

ʘʟʦʣʦʘʟʠʥʦʚ. 
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1.3. 1-ʅʠʪʨʦ-2,2-ʜʠʟʘʤʝʱʝʥʥʳʡ ʵʪʠʣʝʥ 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ ʪʠʦ- ʠ 

ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʤʠ ʥʠʪʨʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ (ʈʠʩʫʥʦʢ 2).  

ʍʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʘʨʩʝʥʘʣ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʘʢʮʠʡ ʫ DiSAlk ʚ ʮʝʣʦʤ ʩʭʦʞʠ ʩ 

ʧʨʝʜʳʜʫʱʠʤ NSE. ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ NSE ʃ9,ʃ69,ʃ70 

ʛʦʨʘʟʜʦ ʯʘʱʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʠ ʩ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʥʠʪʨʦʛʨʫʧʧʳ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʟʦʚʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʨʝʘʢʮʠʷʭ 

ʮʠʢʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʘʢʞʝ NSE ʃ9,70 ʥʝʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ ʟʘ ʩʯʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʠʪʨʦʛʨʫʧʧʳ. ʄʝʞʜʫ ʩʦʙʦʡ NSE ʃ15 

ʠ ʃ9,ʃ69,ʃ70 ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ ï ʧʦʩʢʦʣʴʢʫ ʜʣʷ DiSAlk ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʤʠʥ-ʝʥʘʤʠʥʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʥʝʚʦʟʤʦʞʥʘ, ʪʦ ʠ ʩ ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʉ-ʘʪʦʤʘ, ʩʤʝʞʥʦʛʦ ʩ ʥʠʪʨʦʛʨʫʧʧʦʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʯʪʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʨʘʟʜʝʣʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢ DiSAlk ʃ69 ʜʦʙʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʧʝʨʚʠʯʥʳʝ ʘʤʠʥʳ, ʯʪʦʙʳ 

ʵʣʝʢʪʨʦʬʠʣ ʫʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʦʙʨʘʟʫʶʱʠʤʩʷ in situ SMeNH. ʇʦʜʦʙʥʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʧʨʦʭʦʜʷʱʠʝ ʟʘ ʩʯʝʪ ʪʘʫʪʦʤʝʨʠʠ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʥʝʝ ʫ ANE. 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʧʨʠʤʝʨʦʚ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ SMeNH, ʚʢʣʶʯʘʚʰʝʛʦ ʙʳ ʚ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʝʡ SAlk ʠ 

ʚʪʦʨʠʯʥʳʡ ʘʤʠʥ.  

 

 

ʈʠʩʫʥʦʢ ʃ2. ɺʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʡ ʩʦʝʜʠʥʝʥʠʡ ʃ9,69,70 

1.3.1. ʈʝʘʢʮʠʠ ʮʠʢʣʦʦʙʨʘʟʦʚʘʥʠʷ 

 ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʚʨʘʱʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʜʣʷ ʜʘʥʥʳʭ NSE, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩʳ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ 3-

ʥʠʪʨʦʧʠʨʠʜʠʥʦʚ (ʊʘʙʣʠʮʘ ʃ2,  ̄ 1-31), 3-ʥʠʪʨʦʧʠʨʘʥʦʚ (ʊʘʙʣʠʮʘ ʃ2,  ̄ 32-45) ʠʣʠ 5-
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ʥʠʪʨʦʧʠʨʠʤʠʜʠʥʦʚ (ʊʘʙʣʠʮʘ ʃ2,  ̄46,47). ɼʣʷ ʩʠʥʪʝʟʘ ʥʠʪʨʦʧʠʨʠʜʠʥʦʚ (ʊʘʙʣʠʮʘ ʃ2,   ̄

1-31) ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʮʠʢʣʠʟʘʮʠʠ ʧʦ ʪʠʧʫ [3 + 3] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NSE ʠ ʜʠ-ʉ-

ʵʣʝʢʪʨʦʬʠʣʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʪʠʧʫ [3 + 2 + 1] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NSE, ʉ-ʵʣʝʢʪʨʦʬʠʣʦʚ ʠ 

ʨʘʟʣʠʯʥʳʭ 1,2-ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2,2-ʜʠʤʝʪʠʣʪʠʦ-1-

ʥʠʪʨʦʵʪʠʣʝʥʘ ʃ69 ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʜʦʙʘʚʣʷʶʪʩʷ ʤʦʥʦ- ʠʣʠ ʜʠʘʤʠʥʳ, ʢʦʪʦʨʳʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ in situ ʛʝʥʝʨʠʨʫʶʪ ʤʦʥʦ- ʠʣʠ ʜʠʘʤʠʥʦ-1-ʥʠʪʨʦʵʪʠʣʝʥʳ ʃ9,70 ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʮʠʢʣʠʟʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʧʠʨʘʥʦʚ (ʊʘʙʣʠʮʘ ʃ2,  ̄32-45) ʜʣʷ 

ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ NSE, ʉ-ʵʣʝʢʪʨʦʬʠʣʳ ʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ O-, ʉ-

ʥʫʢʣʝʦʬʠʣʳ ʩʦ ʩʧʦʩʦʙʦʤ ʮʠʢʣʠʟʘʮʠʠ [3 + 2 + 1], ʣʠʙʦ NSE ʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ 

(ʆ-ʥʫʢʣʝʦʬʠʣ, ʉ-ʵʣʝʢʪʨʦʬʠʣ) ʧʦ ʩʧʦʩʦʙʫ [4 + 2]. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʤʝʪʠʣʪʠʦʛʨʫʧʧʘ 

ʟʘʤʝʱʘʝʪʩʷ ʆ-ʥʫʢʣʝʦʬʠʣʦʤ, ʘ ʚʣʠʷʥʠʝ NH-ʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪʤʝʯʘʝʪʩʷ ʣʠʰʴ ʚ 

ʪʘʫʪʦʤʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʘʢʮʠʡ. ʅʠʪʨʦʧʠʨʠʤʠʜʠʥʳ (ʊʘʙʣʠʮʘ ʃ2,  ̄

46,47) ʦʧʠʩʳʚʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʤʠʥʦʘʟʦʣʦʚ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʠ 2-

ʤʝʪʠʣʪʠʦ-2-ʘʣʢʠʣʘʤʠʥʦ-1-ʥʠʪʨʦʵʪʠʣʝʥʦʚ ʧʦ ʪʠʧʫ [3 + 2 + 1]. ɼʣʷ ʚʩʝʭ ʦʪʤʝʯʝʥʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʧʦʣʥʦʮʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʧʨʝʜʧʦʯʠʪʘʝʤʳʭ ʨʝʘʢʮʠʦʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʝ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʚʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʢʠʩʣʦʪ ʠʣʠ ʦʩʥʦʚʘʥʠʡ, 

ʣʠʙʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʝʞʝ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʡ ʪʘʢʠʭ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʣʘʚʣʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʣʠʟʘ. ɼʘʥʥʳʝ ʧʦ 

ʨʝʘʢʮʠʷʤ ʮʠʢʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ ʃ2,.   

ɸʚʪʦʨʳ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʥʝʨʝʜʢʦ ʦʪʤʝʯʘʶʪ ʧʦʣʝʟʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ 

ʩʪʨʫʢʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʩʢʘʬʬʦʣʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʟʦʨʝ Saigal[83], ʥʘʧʠʩʘʥʥʦʤ ʚ 2019 ʛʦʜʫ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʝʘʢʮʠʷʤ 1-ʥʠʪʨʦ-2-ʘʣʢʠʣʪʠʦ-2-R-ʘʤʠʥʦʘʣʢʝʥʦʚ. ʆʜʥʘʢʦ, ʚ 

ʥʘʩʪʦʷʱʝʤ ʦʙʟʦʨʝ ʤʳ ʨʝʰʠʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʦʡ ʛʨʫʧʧʳ NSE ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ.  
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ʊʘʙʣʠʮʘ ʃ2. ʉʠʥʪʝʟ ʰʝʩʪʠʯʣʝʥʥʳʭ ʥʠʪʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʃ9,ʃ69,ʃ70 
ˉ ʅʠʪʨʦʘʣʢʝʥ ʕʣʝʢʪʨʦʬʠʣ ʅʫʢʣʝʦʬʠʣ ɼʨʫʛʠʝ ʨʝʘʛʝʥʪʳ ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʇʨʦʜʫʢʪ 

1 

 
  

 

a) EtOH/H2O, ʊʢʠʧ, 4-7 ʯ[84]  

(ʜʦ 90% ʚʳʭʦʜ)  

b) EtOH, ʊʢʠʧ[85]  

(ʜʦ 90% ʚʳʭʦʜ) 

c) EtOH/H2O, ʊʢʠʧ, 10-60 ʤʠʥ[86]  

(ʜʦ 91% ʚʳʭʦʜ) 

d) EtOH, Et3N, 8-10 ʯ, 

ʊʢʦʤʥŸʊʢʠʧ[87]  

(ʜʦ 95% ʚʳʭʦʜ) 

e) EtOH/AcOH, ʊʢʠʧ, 8-12 ʯ[88]  

(ʜʦ 87% ʚʳʭʦʜ) 

 

2 

 

 

 
 

a) EtOH, ʊʢʠʧ, 7-9 ʯ[89]  

(ʜʦ 94% ʚʳʭʦʜ) 

b) H2O/EtOH 3/1, ʊʢʠʧ[90]  

(ʜʦ 87% ʚʳʭʦʜ) 

c) EtOH, 80 oC, 1-3 ʯ[91]  

(ʜʦ 95% ʚʳʭʦʜ)  

3 

  

  

EtOH, ʊʢʠʧ, 3 ʯ[92,93]  

(ʜʦ 90% ʚʳʭʦʜ) 

 

4 

 
 

 
 

EtOH, ʊʢʠʧ, 3 ʯ[94]  

(ʜʦ 89% ʚʳʭʦʜ) 

 

5 

 
  

 

EtOH, KAl(SO4)2Å12H2O 

ʊʢʠʧ, 7-8.5 ʯ[95]  

(ʜʦ 98% ʚʳʭʦʜ) 
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6 

  

 
 

EtOH, ʊʢʠʧ, 3 ʯ[96]  

(ʜʦ 93% ʚʳʭʦʜ) 

 

7 

 

 

 

 

EtOH, ʇʠʧʝʨʠʜʠʥ (5 ʤʦʣ %), 

ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 80 oC,  

5 ʤʠʥ[97]  

(ʜʦ 94% ʚʳʭʦʜ) 

 

8 

 
 

 

 

EtOH, 80 oC, 1-8 ʯ[98]  

(ʜʦ 95% ʚʳʭʦʜ) 

 

9 

  

 
 

ROH, ʊʢʠʧŸʊʢʦʤʥ, 3 ʯ[99]  

(ʜʦ 76% ʚʳʭʦʜ) 

 

10 

 
   

EtOH, ʊʢʠʧ, 5 ʯ 

ʟʘʪʝʤ 

AcOH(70%), 70 oC, 0.2-12 ʯ[100]  

(ʜʦ 95% ʚʳʭʦʜ) 

 

11 

 
 

 

 
EtOH, 80 oC, 10-15 ʤʠʥ[101]  

(ʜʦ 89% ʚʳʭʦʜ) 
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12 

 

 

  

EtOH, ʇʠʧʝʨʠʜʠʥ (10 ʤʦʣ%) 

ʊʢʠʧ, 20 ʯ[102]  

(70% ʚʳʭʦʜ) 

 

13 

 

  
 

EtOH, ʊʢʠʧ, 7-10 ʯ[103]  

(ʜʦ 90% ʚʳʭʦʜ) 

 

14 

 

 
  

a) ʇʠʧʝʨʠʜʠʥ (11 ʤʦʣ%) 

EtOH, ʊʢʦʤʥ, 3-4 ʯ[104]  

(ʜʦ 90% ʚʳʭʦʜ) 

b) H2O, ʊʢʠʧ, 4 ʯ[105]  

(ʜʦ 90% ʚʳʭʦʜ) 

 

15 

 
 

 

 

a) n-PrOH, NaBr (50 ʤʦʣ%) 

80-120 ʤʠʥ, I = 0.5 A[106]  

(ʜʦ 96% ʚʳʭʦʜ) 

b) H2O, p-TsOH, ʊʢʠʧ, 5 ʯ[107]  

(ʜʦ 90% ʚʳʭʦʜ) 

c) EtOH, p-TsOH, 80 oC, 0.15 ʯ[108] 

(ʜʦ 87% ʚʳʭʦʜ) 

d) EtOH, ʊʢʠʧ, 3 ʯ[93] 

(67% ʚʳʭʦʜ) 
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16 

 

  
 

a) EtOH/H2O, Et3N, ʊʢʠʧ, 1-5 ʯ[109]  

(ʜʦ 93% ʚʳʭʦʜ) 

b) EtOH, ʊʢʠʧ, 2-5 ʯ[110]  

(ʜʦ 93% ʚʳʭʦʜ) 

 

17 

  

  
EtOH, In(OTf)3 , ʊʢʠʧ, 1 ʯ[111]  

(ʜʦ 88% ʚʳʭʦʜ) 

 

18 

 

 

 

 

p-TsOH, CH3CN, 80 oC, 5-9 ʯ[112]  

(ʜʦ 91% ʚʳʭʦʜ) 

 

 

19 

 
 

  

a) ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʩʧʣʘʚʣʝʥʠʝ, 110 oC, 10-15 ʤʠʥ[113]  

(ʜʦ 94% ʚʳʭʦʜ) 

b) p-TsOH (10 ʤʦʣ%), H2O, ʊʢʦʤʥ, 

15 ʤʠʥ[114]  

(ʜʦ 98% ʚʳʭʦʜ) 

 

20 

 
 

  

MeCN, Et3N (50 ʤʦʣ%), ʊʢʠʧ, 3 

ʯ[115]  

(ʜʦ 53% ʚʳʭʦʜ) 

 

21 

  

  
CH3CN, Cs2CO3, ʊʢʠʧ, 8 ʯ[116] 

(ʜʦ 97% ʚʳʭʦʜ) 
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22 

  

  

R2-OH ʠʣʠ ʘʮʝʪʦʥ, HClO4, 50 oC, 

24 ʯ[117] 

(ʜʦ 92% ʚʳʭʦʜ) 

 

23 

  

  

EtOH/H2O 1/2, NH2SO3H (10 ʤʦʣ%) 

ʊʢʠʧ, 24 ʯ[118] 

(ʜʦ 96% ʚʳʭʦʜ) 

 

24 

  

  

a) EtOH, In(OTf)3, ʊʢʠʧ, 1 ʯ[111]  

(ʜʦ 95% ʚʳʭʦʜ) 

b) EtOH, ʊʢʠʧ, 20 ʤʠʥ[119]  

(ʜʦ 98% ʚʳʭʦʜ) 
 

25 

  

  

K2CO3, PEG-400, ʊʢʦʤʥ, 9-13 ʯ[120]  

(ʜʦ 77% ʚʳʭʦʜ) 

 

26 

  

 

 

PEG-400, 130 oC, 10-14 ʯ[121]  

(ʜʦ 81% ʚʳʭʦʜ) 

 

 

27 

  

 

  
EtOH, Cs2CO3, ʊʢʦʤʥ, 12 ʯ[122]  

(ʜʦ 93% ʚʳʭʦʜ) 

 

28 

 
 

  

1,4-ɼʠʦʢʩʘʥ, Cs2CO3, 130 oC, 9 

ʯ[123]  

(ʜʦ 95% ʚʳʭʦʜ) 
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29 

 
 

 

 

a) NEt3, EtOH, ʊʢʠʧ[124] 

(ʜʦ 56% ʚʳʭʦʜ) 

b) ʕʣʝʢʪʨʦʣʠʟ 

i-PrOH/DMSO 95/5 NaBr (0.5 

ʤʦʣ)[125]  

(ʜʦ 96% ʚʳʭʦʜ) 
 

30 

 
  

 

Et3N (1 ɻ ʢʚ), ʩʧʣʘʚʣʝʥʠʝ, 110 oC, 

18 ʯ[126] 

(ʜʦ 55% ʚʳʭʦʜ) 
 

31 

 
 

  
DABCO (20 ʤʦʣ%), CH2Cl2, 2 ʯ[127]  

(ʜʦ 87% ʚʳʭʦʜ, ʦʪ 10:1 ʜʦ 19:1 dr) 

 

32 

 
 

 

 
EtOH, ʊʢʠʧ, 3.5-8.5 ʯ[128]  

(ʜʦ 95% ʚʳʭʦʜ) 

 

33 

 
 

 

 
MeCN, ʊʢʦʤʥ, 6-7 ʯ[129]  

(ʜʦ 90% ʚʳʭʦʜ) 

 

34 

 
 

 

 
EtOH/H2O (85/15), 89 oC, 6 ʯ[130]  

(ʜʦ 91% ʚʳʭʦʜ) 
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35 

 

 
 

 

a) EtOH, RT ʠʣʠ H2O, ʊʢʠʧ[131]  

(ʜʦ 86% ʚʳʭʦʜ) 

b) H2O, ʊʢʠʧ, 7-10 ʯ[132]  

(ʜʦ 81% ʚʳʭʦʜ) 

c) EtOH, ʊʢʠʧ, 10-12 ʯ[133]  

(ʜʦ 84% ʚʳʭʦʜ) 

 

36 

 

 

 

 

ɼʠʤʝʪʠʣʤʦʯʝʚʠʥʘ + L-ʚʠʥʥʘʷ 

ʢʠʩʣʦʪʘ (2+1 ʦʙ.) 

80 oC, 30-45 ʤʠʥ  

ʠʣʠ 

H2O, 80 oC, 30-60 ʤʠʥ[134]  

(ʜʦ 95% ʚʳʭʦʜ) 

 

 

37 

 
 

 

 
ʉʧʣʘʚʣʝʥʠʝ, 110 oC[135]  

(ʜʦ 94% ʚʳʭʦʜ) 
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38 

 
 

 

 
ʉʧʣʘʚʣʝʥʠʝ, 110 oC, 20-55 ʤʠʥ[136]  

(ʜʦ 92% ʚʳʭʦʜ) 

 

39 

 
 

 

 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 150 oC,  

5 ʤʠʥ[137,138]  

(ʜʦ 89% ʚʳʭʦʜ) 

 

40 

 
 

 

 

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʩʧʣʘʚʣʝʥʠʝ, 150 oC, 10-15 ʤʠʥ[139]  

(ʜʦ 94% ʚʳʭʦʜ) 

 

41 

 
  

 

ZnCl2 (30 ʤʦʣ%) 

ʩʧʣʘʚʣʝʥʠʝ, 120 oC, 30-50 ʤʠʥ[140]  

(ʜʦ 70% ʚʳʭʦʜ) 

 

42 

 
 

 

 
Et3N, [bmim][BF4], 80 oC, 7-10 ʯ[141]  

(ʜʦ 89% ʚʳʭʦʜ) 
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43 

 
 

 

 

a) NH4OAc, EtOH, ʤʠʢʨʦʚʦʣʥʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ, 80oC, 5 ʤʠʥ[142]  

(ʜʦ 81% ʚʳʭʦʜ) 

b) ʇʠʧʝʨʠʜʠʥ, EtOH, 

ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

90 oC, 15-20 ʤʠʥ[143]  

(ʜʦ 93% ʚʳʭʦʜ)  

44 

  

  
MeCN, 80oC, 8 ʯ[144]  

(ʜʦ 72% ʚʳʭʦʜ) 

 

45 

 
 

  

ɻʠʜʨʦʭʣʦʨʠʜ ʭʦʣʠʥʘ (10 mol%) 

H2O, ʊʢʦʤʥ, 5-6 ʯ[145]  

(ʜʦ 96% ʚʳʭʦʜ) 

 

46 

 
 

 

 

a) n-BuOH, [bmim][BF4], ʊʢʠʧ, 3 

ʯ[146]  

(ʜʦ 73% ʚʳʭʦʜ) 

b) PEGMA-g-TEGBDIM 

ʩʧʣʘʚʣʝʥʠʝ, 80 oC, 20-25 ʤʠʥ[147]  

(ʜʦ 96% ʚʳʭʦʜ) 

c) p-TsOH, EtOH, 80 oC, 3-4 ʯ[148]  

(ʜʦ 91% ʚʳʭʦʜ) 

d) FeF3, ʩʧʣʘʚʣʝʥʠʝ, 80 oC, 1-1.5 

ʯ[149]  

(ʜʦ 98% ʚʳʭʦʜ) 

 

47 

 
  

 

MeCN ʠʣʠ H2O 

CCl3CO2H (20 mol%), 18-24 ʯ[34]  

(ʜʦ 90% ʚʳʭʦʜ) 
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ʊʘʙʣʠʮʘ ʃ3. ʇʨʠʤʝʨʳ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 3-ʥʠʪʨʦʧʠʨʨʦʣʦʚ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʃ9,ʃ69,ʃ70 

ˉ ʅʠʪʨʦʘʣʢʝʥ ʕʣʝʢʪʨʦʬʠʣ ʅʫʢʣʝʦʬʠʣ 
ɼʨʫʛʠʝ 

ʨʝʘʛʝʥʪʳ 
ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ʇʨʦʜʫʢʪ 

1 

  

 

 

a) EtOH, ʊʢʠʧ, 6 ʯ[93,150] 

(ʜʦ 90% ʚʳʭʦʜ) 

 

2 

  
 

 

H2O/EtOH 3/1, 60 oC, 5-60 ʤʠʥ[151] 

(ʜʦ 98% ʚʳʭʦʜ) 

 

3 

    

PEG-400 (10 ʤʦʣ%) 

H2O, ʊʢʠʧ, 40 ʤʠʥ ʠʣʠ ʩʧʣʘʚʣʝʥʠʝ, 

80 oC, 1 ʯ[152] 

(ʜʦ 95% ʚʳʭʦʜ) 

 

4 

  
 

 
EtOH, I2 (10 ʤʦʣ%), ʊʢʦʤʥ, 3-8 ʯ[153] 

(ʜʦ 87% ʚʳʭʦʜ) 

 

5 

    

 
H2O, 60 oC, 20-30 ʤʠʥ[154] 

(ʜʦ 93% ʚʳʭʦʜ) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ ʃ3 

6 

 
 

 

 

a) EtOH, RT, 1-3 ʯ[155] 

(ʜʦ 85% ʚʳʭʦʜ) 

b) BSA, Si@Fe2O3, 20-30 ʤʠʥ[156] 

(ʜʦ 94% ʚʳʭʦʜ) 
 

7 

 

  

 

EtOH, ʊʢʠʧ, 6 ʯ ʠʣʠ  

1,4-ɼʠʦʢʩʘʥ, ʊʢʠʧ, 10 ʯ[157] 

(ʜʦ 94% ʚʳʭʦʜ) 

 

8 

 
 

  
EtOH, ʊʢʠʧ, 12 ʯ[122] 

(ʜʦ 96% ʚʳʭʦʜ) 

 

9 

 
 

  
1,4 ɼʠʦʢʩʘʥ, DBU, 40 oC, 10 ʤʠʥ[158] 

(ʜʦ 90% ʚʳʭʦʜ) 

 

10 

 

 

  
DMF, ʊʢʦʤʥ, 24 ʯ[159] 

(ʜʦ 86% ʚʳʭʦʜ) 

 

11 

 
 

  

1,4-ɼʠʦʢʩʘʥ/K2CO3, 80 oC, 2 ʯ ʟʘʪʝʤ  

1,4-ɼʠʦʢʩʘʥ/Cs2CO3, ʊʢʠʧ, 3 ʯ[160] 

(ʜʦ 95% ʚʳʭʦʜ) 

 

12 

  

  
DMF, K2CO3, 80 oC, 50-220 ʤʠʥ[161] 

(ʜʦ 88% ʚʳʭʦʜ) 
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ʅʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʜʚʫʭ-, ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʣʠʟʘʤʝʱʝʥʥʳʤ 3-ʥʠʪʨʦʧʠʨʨʦʣʘʤ (ʊʘʙʣʠʮʘ ʃ3). ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʝʘʢʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʦʘʣʢʝʥʘ ʃ9, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʭʦʪʷ ʙʳ ʦʜʥʘ 

ʥʝʟʘʤʝʱʝʥʥʘʷ NH-ʛʨʫʧʧʘ, ʠ 1,2-ʜʠʵʣʝʢʪʨʦʬʠʣʘ. ʇʦʩʣʝʜʥʝʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʥʘʯʘʣʴʥʦ ʚ ʛʦʪʦʚʦʤ ʚʠʜʝ. ɺ 

ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʰʝʩʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ, ʚʳʜʝʣʠʪʴ ʦʙʱʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦ ʨʝʘʢʮʠʦʥʥʳʤ ʫʩʣʦʚʠʷʭ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ.

 ʉʧʦʩʦʙʥʦʩʪʴ DiSAlk ʢ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʠʪʨʦʝʥʘʤʠʥʦʚ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʘʢ 5-6-

ʯʣʝʥʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʪʘʢ ʠ 7- ʠ 8-ʯʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʘʧʨʠʤʝʨ, Hasaninejad ʠ ʢʦʣʣʝʛʠ 

ʧʨʦʚʝʣʠ[162] ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ ʤʝʞʜʫ NSE 2, ʛʠʜʨʘʟʠʥʦʤ 

ʃ71 ʠ ʘʣʴʜʝʛʠʜʘʤʠ ʃ8 ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 2,3-ʜʠʛʠʜʨʦ-4-

ʥʠʪʨʦʧʠʨʘʟʦʣʦʚ ʃ72 ʩ ʚʳʭʦʜʘʤʠ ʙʣʠʟʢʠʤʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ (ʉʭʝʤʘ ʃ22). ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʤʝʪʠʣʪʠʦʛʨʫʧʧʳ ʟʘʤʝʱʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʛʠʜʨʘʟʠʥʘ, ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 

ʮʠʢʣʠʟʫʝʪʩʷ ʩ ʤʦʣʝʢʫʣʦʡ ʘʣʴʜʝʛʠʜʘ ʃ8 ʚ ʧʨʦʜʫʢʪ ʃ72 ʧʦ ʪʠʧʫ [4 + 1].   

 

ʉʭʝʤʘ ʃ22 

 ʈʘʥʝʝ ʚ ʦʙʟʦʨʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ DiNHR ʃ70 ʩ 1-EWG-1-EWGǋ-

2,2-ʜʠʤʝʪʠʣʪʠʦʵʪʠʣʝʥʦʤ ʃ73 ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ 

ʮʝʟʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʦʧʠʨʠʤʠʜʠʥʦʚ (ʉʭʝʤʘ ʃ23,  ̄21). 

ʆʜʥʘʢʦ, ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ[116], ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʪʘ ʞʝ ʩʘʤʘʷ ʨʝʘʢʮʠʷ, ʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NSE ʃ70, ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʧʦ ʦʜʥʦʡ ʘʤʠʥʦʛʨʫʧʧʝ, ʠ 1-EWG-1-

ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-2,2-ʜʠʤʝʪʠʣʪʠʦʵʪʠʣʝʥʦʚ ʃ73 ʜʘʸʪ ʧʨʦʜʫʢʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ï 2-ʥʠʪʨʦʤʝʪʠʣ-5-EWG-6-ʤʝʪʠʣʪʠʦʧʠʨʠʤʠʜʠʥ-4-ʦʥʳ ʃ74 (ʉʭʝʤʘ ʃ23). 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʶʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʥʝʟʘʤʝʱʝʥʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ. 
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 ʉʭʝʤʘ ʃ23 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʪʨʫʢʪʫʨ ʃ80, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ 3-ʥʠʪʨʦʘʟʝʧʠʥʦʚʦʝ ʷʜʨʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ[163] ʨʝʘʢʮʠʷ ʥʠʪʨʦʘʤʠʥʦʘʣʢʝʥʦʚ ʃ9,70 ʩ ʩʫʢʮʠʥʘʣʴʜʝʛʠʜʦʤ ʃ79 ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʘʤʠʥʦʤ ʃ78 (ʉʭʝʤʘ ʃ24). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʨʝʘʢʮʠʷ ʦʩʪʘʥʦʚʠʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʘʟʝʧʠʥʘ ʩ ʤʦʩʪʠʢʦʚʳʤ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 2,5-ʜʠʤʝʪʠʣʘʥʠʣʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʘʟʘ-ʧʨʦʠʟʚʦʜʥʦʝ 

ʃ80. 

 

ʉʭʝʤʘ ʃ24 

 ɺ 2021 ʛʦʜʫ Zhang ʠ ʩʦʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʨʘ ʨʝʘʢʮʠʠ 

DiNH ʃ70 ʩ ʛʣʫʪʘʨʦʚʳʤ ʘʣʴʜʝʛʠʜʦʤ ʃ81 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

(ʉʭʝʤʘ ʃ25). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʉʭʝʤʘ ʃ25, ʇʫʪʴ ɸ) ʦʙʨʘʟʦʚʳʚʘʣʩʷ 10-ʥʠʪʨʦ-1,2,3,4,5,6,7,8-

ʦʢʩʘʛʠʜʨʦ-5,9-ʵʧʦʢʩʠʠʤʠʜʘʟʦ[1,2-a]ʘʟʦʮʠʥ ʃ82, ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʤʦʩʪʠʢʦʚʳʡ 

ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ[164] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʠʩʣʦʪʦʡ ɹʨʝʥʜʩʪʝʜʘ 

(HCl), ʠ, ʧʦ ʩʫʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʥʫʢʣʝʦʬʠʣʘ ʠ ʜʠʵʣʝʢʪʨʦʬʠʣʘ. 
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ʇʨʠ ʢʘʪʘʣʠʟʝ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ (B(OH)3) ʦʙʨʘʟʦʚʳʚʘʣʩʷ[165] ʥʝʦʞʠʜʘʥʥʳʡ 8,10-ʜʠʥʠʪʨʦ-

1,2,3,5,6,7-ʛʝʢʩʘʛʠʜʨʦʠʤʠʜʘʟʦ[1,2-a]ʘʟʦʮʠʥ-5-ʦʣ ʃ83 (ʇʫʪʴ ɹ). ʄʘʣʳʡ ʚʳʭʦʜ ʨʝʘʢʮʠʠ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʪʦʨʘʷ ʥʠʪʨʦʛʨʫʧʧʘ ʦʢʘʟʳʚʘʣʘʩʴ ʚ ʧʨʦʜʫʢʪʝ ʃ83 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʠʩʭʦʜʥʦʛʦ NSE ʃ4. ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ.  

 

ʉʭʝʤʘ ʃ25 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʘʮʠʥʦʚʦʛʦ ʷʜʨʘ ʛʨʫʧʧʦʡ Ma ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ[166] ʠ ʜʨʫʛʠʝ 

ʜʠʵʣʝʢʪʨʦʬʠʣʳ ʃ84 ʥʘ ʦʩʥʦʚʝ ʭʠʥʦʥʦʚ. ʊʘʢ, ʨʝʘʢʮʠʷ DiNH ʃ15 ʠ ʢʝʪʦʥʘ ʃ84 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ 10-ʥʠʪʨʦ-2,3,5,6,8,9-ʛʝʢʩʘʛʠʜʨʦ-5,9-ʤʝʪʘʥʦʠʤʠʜʘʟʦ[1,2-a]ʘʟʦʮʠʥ-7-ʦʥʦʚ ʠ 11-

ʥʠʪʨʦ-1,2,3,4,6,7,9,10-ʦʢʩʘʛʠʜʨʦ-6,10-ʤʝʪʘʥʦʧʠʨʠʤʠʜʦ[1,2-a]ʘʟʦʮʠʥ-8-ʦʥʦʚ ʃ85 ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ ʃ26). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʧʦʜʦʙʥʳʭ 

ʧʨʠʤʝʨʦʚ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʚʦʜʝ ʙʝʟ ʫʯʘʩʪʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʯʪʦ ʧʨʠʜʘʝʪ ʤʝʪʦʜʠʢʝ 

çʟʝʣʸʥʳʡè ʭʘʨʘʢʪʝʨ.  

 

ʉʭʝʤʘ ʃ26 

1.3.2. ʉʠʥʪʝʟ ʠʟʦʢʩʘʟʦʣʦʚ 

ɿʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʦʢʩʘʟʦʣʘ ʥʘ ʦʩʥʦʚʝ NSE ʃ9. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ Pan ʠ ʢʦʣʣʝʛʠ ʚ 2020 ʛʦʜʫ 

ʦʩʫʱʝʩʪʚʠʣʠ[167] ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʤʝʪʠʣʪʠʦ-2-R-ʘʤʠʥʦ-1-ʥʠʪʨʦʵʪʠʣʝʥʘ ʃ9 ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʦʣʝʬʠʥʘʤʠ ʃ86 ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʤʝʜʠ (I) (ʉʭʝʤʘ 

ʃ27). ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ NSE ʃ9 ʦʙʨʘʟʫʝʪ ʦʢʩʘʟʝʪʥʳʡ 

ʮʠʢʣ ʃ90, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʚʝʨʛʘʝʪʩʷ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʦʣʝʬʠʥʘʤ ʃ86. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʠʟʦʢʩʘʟʦʣʠʜʠʥʦʢʩʘʟʝʪʥʳʡ ʙʠʮʠʢʣ ʃ92 ʜʘʣʝʝ ʨʘʩʢʨʳʚʘʝʪʩʷ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4,5-ʜʠʛʠʜʨʦ-3,5-ʟʘʤʝʱʝʥʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ ʃ87. ʇʨʦʩʪʦʪʘ ʧʨʦʚʝʜʝʥʠʷ 
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ʧʨʦʮʝʩʩʘ, ʜʦʩʪʫʧʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚʳʩʦʢʘʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ NSE ʃ9 ʢʘʢ ʫʜʦʙʥʳʡ ʩʫʙʩʪʨʘʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. 

 

ʉʭʝʤʘ ʃ27 

 ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʨʘʥʝʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

3,4,5-ʟʘʤʝʱʝʥʥʳʭ ʠʟʦʢʩʘʟʦʣʦʚ ʃ94. ɻʨʫʧʧʘ Lei ʧʨʦʚʝʣʘ[168,169] ʨʝʘʢʮʠʶ 2,2-R-ʘʤʠʥʦ-1-

ʥʠʪʨʦʘʣʢʝʥʦʚ ʃ70 ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʃ8 ʚ ʩʧʠʨʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʠʷ ʠ L-ʧʨʦʣʠʥʘ (ʉʭʝʤʘ ʃ28). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʚʝ ʤʦʣʝʢʫʣʳ NSE ʃ70 çʩʰʠʚʘʶʪʩʷè ʩ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʘʣʴʜʝʛʠʜʘ ʃ8 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ ʃ95, ʢʦʪʦʨʳʡ ʜʘʣʝʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ, 

ʟʘʚʝʨʰʘʶʱʝʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠʟʘʢʩʦʟʘʣʠʥ-N-ʦʢʩʠʜʘ ʃ96. ʇʦʩʣʝʜʫʶʱʠʝ 

ʪʘʫʪʦʤʝʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʠʟʘʤʝʱʝʥʥʳʤ ʠʟʦʢʩʘʟʦʣʘʤ ʃ94. 
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ʉʭʝʤʘ ʃ28 

1.3.3. ʉʠʥʪʝʟʳ ʩ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʥʠʪʨʦʛʨʫʧʧʳ 

 ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʠʪʨʦʛʨʫʧʧʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʮʠʢʣʦʦʙʨʘʟʦʚʘʥʠʠ. ʃʘʙʠʣʴʥʦʩʪʴ ʥʠʪʨʦʛʨʫʧʧʳ ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʠʜʝ ʥʠʪʨʠʪ-ʠʦʥʘ ʠʣʠ 

çʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳè. ʊʘʢ, ʥʝʢʦʪʦʨʳʝ ʤʫʣʴʪʠʢʦʤʧʦʥʝʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʪʨʦʧʠʨʠʜʠʥʦʚ, ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚ ʊʘʙʣʠʮʝ ʃ2, ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʨʝʘʢʮʠʦʥʥʦʤʫ ʧʫʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Du 2019 ʛʦʜʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-ʘʤʠʥʦ-2-R1-ʘʤʠʥʦ-1-ʥʠʪʨʦʘʣʢʝʥʦʚ ʃ70, 

ʪʨʠʬʪʦʨʘʮʝʪʦʘʮʝʪʘʪʦʚ ʃ98 ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʃ8 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ[126] 

(ʊʘʙʣʠʮʘ ʃ2,  ̄ 30; ʉʭʝʤʘ ʃ29). ʇʨʠ ʩʧʣʘʚʣʝʥʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʠʵʪʠʣʘʤʠʥʘ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʥʠʪʨʦʧʠʨʠʤʠʜʠʥʘ (ʊʘʙʣʠʮʘ ʃ2,  ̄ 30) ʠ 

ʧʠʨʠʤʠʜʠʥʘ ʃ99 (ʉʭʝʤʘ ʃ29). ʇʨʦʚʝʜʝʥʠʝ ʞʝ ʨʝʘʢʮʠʠ ʚ ʧʨʦʧʠʣʝʥʢʘʨʙʦʥʘʪʝ ʩ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʠʧʝʨʠʜʠʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʠʨʠʜʠʥʳ ʃ99 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʨʦʤʘʪʠʟʘʮʠʶ 

ʜʠʛʠʜʨʦʥʠʪʨʦʧʠʨʠʜʠʥʘ ʃ103 ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ (ʊʘʙʣʠʮʘ 

ʃ2,  ̄30), ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʱʝʧʣʝʥʠʷ ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ (ʉʭʝʤʘ ʃ29). Luo ʠ 

ʢʦʣʣʝʛʠ ʚ ʪʦʤ ʞʝ ʛʦʜʫ ʧʨʦʚʝʣʠ ʩʭʦʞʠʡ ʧʨʦʮʝʩʩ ʩ Ŭ,ɓ-ʥʝʟʘʤʝʱʝʥʥʳʤʠ ʢʝʪʦʥʘʤʠ[123]. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʚ ʧʫʙʣʠʢʘʮʠʠ ʤʝʭʘʥʠʟʤ ʘʥʘʣʦʛʠʯʝʥ ʦʧʠʩʘʥʥʦʤʫ ʥʘ ʵʪʦʡ ʞʝ ʩʭʝʤʝ, ʦʜʥʘʢʦ 
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ʘʚʪʦʨʳ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʜʫʢʪʘ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʚʘʨʴʠʨʫʷ ʫʩʣʦʚʠʷ 

ʨʝʘʢʮʠʠ. ʂʠʧʷʯʝʥʠʝ 2-ʘʤʠʥʦ-2-R1-ʘʤʠʥʦ-1-ʥʠʪʨʦʘʣʢʝʥʦʚ ʃ70 ʩ ʭʘʣʴʢʦʥʘʤʠ ʃ104 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠ ̫ (Cs2CO3) ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʨʦʤʘʪʠʟʘʮʠʠ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ (ʊʘʙʣʠʮʘ ʃ2, ˉ 28). ʅʘʧʨʦʪʠʚ, ʢʠʧʷʯʝʥʠʝ ʩ ʪʝʤ ʞʝ ʧʠʧʝʨʠʜʠʥʦʤ 

ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʪʨʫʟʠʠ ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ (ʉʭʝʤʘ ʃ29). ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ 

Sagiri[170], ʜʦʧʦʣʥʷʝʪ ʵʪʠ ʧʨʠʤʝʨʳ (ʉʭʝʤʘ ʃ29).  

 

ʉʭʝʤʘ ʃ29 



44 

ʅʝʭʘʨʘʢʪʝʨʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ DiSAlk 2 c 

ʦʙʨʘʟʫʶʱʝʡʩʷ in situ ʜʠʝʥʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʃ52 (ʉʭʝʤʘ ʃ30). Lukashenko ʠ ʢʦʣʣʝʛʠ ʧʨʦʚʝʣʠ 

ʩʠʥʪʝʟ, ʚ ʢʦʪʦʨʦʤ NSE ʃ69 ʷʚʣʷʣʩʷ ʜʦʥʦʨʦʤ çʘʮʝʪʠʣʝʥʦʚʦʛʦè ʬʨʘʛʤʝʥʪʘ[144]. 1-

((ɼʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣ)ʥʘʬʪʘʣʠʥ-2-ʦʣ ʃ52 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣ 1-ʤʝʪʠʣʝʥ-

ʥʘʬʪʘʣʠʥ-2-ʦʥ 58, ʜʚʘʞʜʳ ʚʩʪʫʧʘʶʱʠʡ ʚ ʩʚʦʝʦʙʨʘʟʥʫʶ ʨʝʘʢʮʠʶ ɼʠʣʴʩʘ-ɸʣʴʜʝʨʘ ʩ DiSAlk 

ʃ69 ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʪʠʦʤʝʪʘʥʦʣʘ. ʉʠʤʤʝʪʨʠʯʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʃ110 ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʦʜʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʜʘʣʝʝ ʧʨʝʪʝʨʧʝʚʘʣ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ, ʟʘʤʝʱʝʥʠʝ 

ʤʝʪʠʣʪʠʦʛʨʫʧʧʳ ʥʘ ʛʠʜʨʦʢʩʠʣ ʠ ʘʨʦʤʘʪʠʟʘʮʠʶ, ʩʦʧʨʦʚʦʞʜʘʶʱʫʶʩʷ ʚʳʜʝʣʝʥʠʝʤ 

ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʦʡ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʃ108.  

 

ʉʭʝʤʘ ʃ30 

1.3.4. ʈʝʘʢʮʠʠ ʧʦ ʉʅ-ʩʚʷʟʠ 

 ʄʦʜʠʬʠʢʘʮʠʷ ʉʅ-ʩʚʷʟʠ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ NSE ʥʝʨʝʜʢʦ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʵʣʝʢʪʨʦʬʠʣʘʤʠ. ʆʜʥʘʢʦ, ʪʘʢʠʝ ʨʝʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʦʢʘʥʯʠʚʘʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʅʘʧʨʠʤʝʨ, ʨʝʘʢʮʠʷ 2,2-ʜʠʘʤʠʥʦ-1-ʥʠʪʨʦʵʪʠʣʝʥʘ ʃ70 

ʩ ʧ-ʭʠʥʦʥʤʝʪʠʜʦʤ ʃ119 ʚ ʘʮʝʪʦʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʧʨʦʪʝʢʘʝʪ[171] ʧʦ ʧʫʪʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ NSE ʢ ʉ-ʵʣʝʢʪʨʦʬʠʣʫ. ʇʦʩʣʝʜʫʶʱʝʝ ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʩʦʧʨʷʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʃ120 (ʉʭʝʤʘ ʃ31). ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʚʦ ʚʩʝʭ 

ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʥʘʤʠʥ-ʠʤʠʥʥʦʡ 
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ʪʘʫʪʦʤʝʨʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʜʘʣʴʥʝʡʰʠʤ ʨʝʘʢʮʠʷʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɻʨʫʧʧʳ ʫʯʝʥʳʭ 

Bayat[92,93] ʠ Peytam[172] ʧʨʦʚʦʜʠʣʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʢʣʶʯʝʚʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʪʘʢʞʝ ʙʳʣʠ 2,2-ʜʠʘʤʠʥʦ-1-

ʥʠʪʨʦʵʪʠʣʝʥʳ ʃ70 ʠ ʉ-ʵʣʝʢʪʨʦʬʠʣʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʪʘʥʦʣʝ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʦʮʝʩʩʳ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʝʨʰʘʣʠʩʴ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʧʨʷʞʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʉʭʝʤʘ ʃ31).  

 

ʉʭʝʤʘ ʃ31 
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 ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ DiSAlk ʃ69 ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ. ʇʦʩʢʦʣʴʢʫ ʪʘʫʪʦʤʝʨʠʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʶʱʘʷ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʤʝʞʥʦʛʦ ʩ ʥʠʪʨʦʛʨʫʧʧʦʡ ʉ-ʘʪʦʤʘ, ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʝʚʦʟʤʦʞʥʘ, ʨʝʘʢʮʠʷ ʩ 

ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʜʣʷ ʜʘʥʥʦʛʦ NSE ʥʝ ʭʘʨʘʢʪʝʨʥʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ 2021 ʛʦʜʫ Li ʠ ʢʦʣʣʝʛʠ 

ʨʘʟʨʘʙʦʪʘʣʠ[173] ʤʝʪʦʜʠʢʫ ʩ ʘʢʪʠʚʠʨʦʚʘʥʠʝʤ ʉʅ ʩʚʷʟʠ ʩʫʙʩʪʨʘʪʘ ʃ69 ʜʝʡʩʪʚʠʝʤ ʘʮʝʪʘʪʘ 

ʧʘʣʣʘʜʠʷ (II) (ʉʭʝʤʘ ʃ32).  

 

ʉʭʝʤʘ ʃ32 
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ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʚʝʨʛʝʥʪʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʤʦʣʝʢʫʣʳ ʦʣʝʬʠʥʘ 

ʃ86 ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʃ125 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ ʃ123 ʠ ʃ124. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʘ ʧʨʘʢʪʠʢʝ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʢʣʦʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʦʤʝʨʦʚ ʥʦʨʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʃ123.  

 1.3.5. ɼʨʫʛʠʝ ʨʝʘʢʮʠʠ 

 ɽʩʣʠ ʟʘʤʝʥʘ ʘʣʢʠʣʪʠʦʛʨʫʧʧʳ ʚ DiSAlk ʃ69 ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʝʨʚʠʯʥʳʝ ʘʤʠʥʳ ʥʝ 

ʷʚʣʷʝʪʩʷ ʯʝʤ-ʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʧʦʰʘʛʦʚʦ, ʪʘʢ ʠ ʚ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʷʭ, ʪʦ ʟʘʤʝʥʘ ʥʘ ʉ-ʥʫʢʣʝʦʬʠʣʳ ʚʩʪʨʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. Rogacki ʠ 

ʢʦʣʣʝʛʠ ʚ 2018 ʛʦʜʫ ʨʘʟʨʘʙʦʪʘʣʠ[174] ʤʥʦʛʦʩʪʘʜʠʡʥʫʶ ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʘʯʠʥʘʶʱʫʶʩʷ ʩʦ ʩʪʘʜʠʠ ʢʦʥʜʝʥʩʘʮʠʠ 

DiSAlk ʃ69a ʩ ʉʅ-ʢʠʩʣʦʪʥʳʤ ʧ-ʙʨʦʤʬʝʥʠʣʘʮʝʪʦʥʠʪʨʠʣʦʤ ʃ128 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ (ʉʭʝʤʘ ʃ33). ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʫʰ-ʧʫʣʴʥʳʡ ʘʣʢʝʥ ʃ130 ʥʝ 

ʚʳʜʝʣʷʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʩʧʦʣʴʟʫʶʪ ʜʘʣʝʝ ʚ ʨʝʘʢʮʠʠ ʅʝʬʘ. 

 

ʉʭʝʤʘ ʃ33 

  ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ANE, DiNH ʃ70, ʩʦʜʝʨʞʘʱʠʡ ʚʪʦʨʠʯʥʳʡ ʘʤʠʥ, ʧʦʜʚʝʨʞʝʥ 

ʘʣʢʠʣʠʨʦʚʘʥʠʶ. ʆʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʨʠʤʝʨʘ ʥʘ ʉʭʝʤʝ ʃ21, ʛʨʫʧʧʘ Chen ʚ 2021 ʛʦʜʫ 

ʧʨʦʚʦʜʠʣʘ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʡ 

ʫʩʣʦʚʠʷʭ[163]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʢʠʣʭʣʦʨʠʜʦʚ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʢʠʣʙʨʦʤʠʜʦʚ ʧʨʠʤʝʥʷʣʩʷ ʢʘʨʙʦʥʘʪ ʮʝʟʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ (ʉʭʝʤʘ ʃ34).  
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ʉʭʝʤʘ ʃ34 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʨʫʧʧʝ NSE ʃ9,69,70, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʃ15, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʰʠʨʦʢʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʤʘʣʳʭ 

ʤʦʣʝʢʫʣ ʚ ʩʠʥʪʝʟʝ ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʩʦʝʜʠʥʝʥʠʷ ʃ9 ʫʞʝ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ, ʧʨʠʯʝʤ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤ ʮʠʢʣʠʟʘʮʠʠ, ʢʘʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ 6-ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʙʝʥʟʠʤʠʜʘʟʦ[1,2-a]ʧʠʨʠʤʠʜʠʥʦʚ, 

ʩʭʦʞʠʭ ʧʦ ʩʚʦʝʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʦʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ANE. 
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ɻʣʘʚʘ 2. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ ʚ ʦʙʟʦʨʝ, ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʝ ʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ 

ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʠʤʝʥʷʝʤʳʝ ʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʦʷʚʣʷʝʤʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʦ, ʘ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʣʩʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥ rʙʦʣʝʝ 40 ʣʝʪ 

ʥʘʟʘʜ, ʥʦ ʜʦ ʩʠʭ ʧʦʨ ʩʨʝʜʠ ʥʠʭ ʤʝʪʦʜʘʤʠ in vitro ʠ in vivo ʥʘʭʦʜʷʪ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʢ ʩʠʥʪʝʟʫ 6-

ʥʠʪʨʦʘʟʦʣʦʧʠʨʠʤʠʜʠʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʥʠʪʨʦʩʦʜʝʨʞʘʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ.  

 ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʩ ʧʦʠʩʢʦʤ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠ̫ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʤ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʫʪʸʤ ʥʘ ʦʩʥʦʚʝ 

ʚʳʙʨʘʥʥʦʛʦ ʜʚʫʭʫʛʣʝʨʦʜʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ï 1-R-1-ʤʦʨʬʦʣʠʥʦ-2-

ʥʠʪʨʦʵʪʠʣʝʥʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪ ɹʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ.  

2.1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʠʩʢ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʠʩʢʦʤʳʭ ʥʠʪʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ʣʦʛʠʯʥʝʝ ʚʩʝʛʦ ʥʘʯʘʪʴ ʩ ʧʦʩʪʨʦʝʥʠʷ ʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚʦʡ ʤʘʪʨʠʮʳ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʘʟʦʣʦʚ 1 ʠ ʜʚʫʭʫʛʣʝʨʦʜʥʳʭ NSE. ʊʘʢʞʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ NSE ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 1-ʤʦʨʬʦʣʠʥʦ-

2-ʥʠʪʨʦʘʣʢʝʥʳ 2. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʭʝʤ, ʥʘ ʈʠʩʫʥʢʝ 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʫʙʩʪʨʘʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʤʢʘʭ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ.  
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ʈʠʩʫʥʦʢ 1. ʆʩʥʦʚʥʳʝ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʠʥʪʝʟʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

 ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʙʦʪʝ Safari[34], ʤʳ ʨʝʰʠʣʠ ʧʦʣʫʯʠʪʴ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʠʤʠʥ 5 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 3-ʘʤʠʥʦ-4-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʧʠʨʘʟʦʣʘ 1c ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ 3g ʩ 

ʘʤʠʥʦʘʟʦʣʦʤ 1ʩ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʦʣʫʯʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʜʫʢʪ ʥʝ ʫʜʘʣʦʩʴ. 1-

ʅʠʪʨʦʙʫʪʘʥ-2-ʦʥ 4b ʠ ʢʘʣʠʝʚʘʷ ʩʦʣʴ ʥʠʪʨʦʫʢʩʫʩʥʦʛʦ ʘʣʴʜʝʛʠʜʘ 4a ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʘʢʞʝ ʥʝ ʧʨʦʷʚʠʣʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʉʭʝʤʘ 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʠʥʦʧʠʨʘʟʦʣ 1c 

ʦʢʘʟʘʣʩʷ ʘʥʦʤʘʣʴʥʦ ʠʥʝʨʪʝʥ ʚ ʨʝʘʢʮʠʠ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ  

 

ʉʭʝʤʘ 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-ʢʘʨʙʵʪʦʢʩʠ-3-ʘʤʠʥʦʧʠʨʘʟʦʣʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 

 ʂʠʧʷʯʝʥʠʝ ʘʤʠʥʦʧʠʨʘʟʦʣʘ 1ʩ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ 1-ʥʠʪʨʦ-2-ʤʦʨʬʦʣʠʥʦʵʪʠʣʝʥʦʤ 

2a ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ ʪʘʢʞʝ ʥʝ ʜʘʣʦ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʜʥʘʢʦ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʵʪʦʡ ʩʤʝʩʠ 1 

ʵʢʚʠʚʘʣʝʥʪʘ ʙʝʥʟʘʣʴʜʝʛʠʜʘ 3g ʫʞʝ ʯʝʨʝʟ ʯʘʩ ʤʝʪʦʜʦʤ ʊʉʍ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ 

ʤʘʩʩʳ ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠʩʢʦʤʳʡ 6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-3-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-4,7-
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NH 
ʜ, 5.5 ɻʮ 

H(7) 

H(5) 

ʜ, 5.5 ɻʮ H(2) 

 

ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ 6a ʩ ʚʳʭʦʜʦʤ 41% (ʉʭʝʤʘ 2). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʮʠʢʣʘ 6a ʧʨʠ ʫʯʘʩʪʠʠ ʥʠʪʨʦʝʥʘʤʠʥʦʚ 2, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʚʩʝʭ ʧʦʣʦʞʝʥʠʷʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠ ʩʦʚʨʝʤʝʥʥʳʤ 

ʘʪʦʤ ʵʢʦʥʦʤʠʯʥʳʤ ʤʝʪʦʜʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ çʟʝʣʝʥʦʡ ʭʠʤʠʠè.  

 

ʉʭʝʤʘ 2. ʇʦʣʫʯʝʥʠʝ 6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-3-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʘ 6a 

ɺ ʩʧʝʢʪʨʝ 1H ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 6a ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N(4)H ʠ C(5)ʅ ʚ ʚʠʜʝ 

ʜʫʙʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 10.90 ʤ.ʜ. J = 5.5 ɻʮ ʠ 8.26 ʤ.ʜ. J = 5.5 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 2). 

ɺ ʜʚʫʤʝʨʥʦʤ ʩʧʝʢʪʨʝ HMBC ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʉ(5)-ʘʪʦʤʘ ʩ 

ʧʨʦʪʦʥʘʤʠ ʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʳʚʘʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚʝʱʝʩʪʚʘ (ʈʠʩʫʥʦʢ 3).  

 

ʈʠʩʫʥʦʢ 2. ʉʧʝʢʪʨ 1H ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 6a 
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Ph 

C(7) 
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ʈʠʩʫʥʦʢ 3. ʂʣʶʯʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʧʝʢʪʨʝ 1H-13C HMBC ʩʦʝʜʠʥʝʥʠʷ 6a 

ɼʘʥʥʳʝ ʤʝʪʦʜʘ ʈʉɸ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʨʝʛʠʦʠʟʦʤʝʨʘ (ʈʠʩʫʥʦʢ 4). ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ 

ʩ ʵʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʚ ʧʦʣʦʞʝʥʠʠ C(5). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

 

ʈʠʩʫʥʦʢ 4. ɺʠʜ ʩʪʨʫʢʪʫʨʳ 6ʩ, ʧʨʠʚʝʜʝʥʥʳʡ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʤʝʱʝʥʠʷ ʵʣʠʧʩʦʠʜʘ ʠ 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ. ʅ-ɸʪʦʤʳ ʧʦʢʘʟʘʥʳ ʚ ʚʠʜʝ ʤʘʣʝʥʴʢʠʡ ʩʬʝʨ 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʘʜʠʫʩʦʚ. 
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 ʂ ʩʦʞʘʣʝʥʠʶ, ʚʳʭʦʜ ʩʦʝʜʠʥʝʥʠʷ 6a ʦʩʪʘʚʣʷʣ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ ʥʘ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ  

 
 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ ʂʘʪʘʣʠʟʘʪʦʨ ʊʝʤʧʝʨʘʪʫʨʘ, ʦʉ ɺʨʝʤʷ, ʯ ɺʳʭʦʜ, % 

1 AcOH - ʢʠʧʷʯʝʥʠʝ 10 41 

2 n-BuOH - ʢʠʧʷʯʝʥʠʝ 20 - 

3 CF3CH2OH - ʢʠʧʷʯʝʥʠʝ 10 - 

4 PhNO2 - 120 10 - 

5 MeSO3H - 120 10 - 

6 
AcOH/Py  

1/1 ʤʦʣ/ʤʦʣ 
- 130 10 55 

7 - - 110 3 - 

8 AcOH 
ʄʠʢʨʦʚʦʣʥʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ 
130 0.3 48 

9 AcOH CuI (20 ʤʦʣ%)[175] ʢʠʧʷʯʝʥʠʝ 3.5 - 

10 AcOH 
Cu(OAc)2  (20 

ʤʦʣ%)[176] 
ʢʠʧʷʯʝʥʠʝ 3.5 - 

11 AcOH ZnCl2 (10 ʤʦʣ%)[177] 60 1.5 - 

12 H2O ʥʘʥʦ CeO2[178] 80 5 - 

13 MeCNʩʫʭ I2[179] 80 10 - 

14 n-BuOH 2 ɻ ʢʚ TsOHĿH2O ʢʠʧʷʯʝʥʠʝ 4 56 

15 1,4-ɼʠʦʢʩʘʥ 2 ɻ ʢʚ TsOHĿH2O ʢʠʧʷʯʝʥʠʝ 10 - 

16 n-BuOH 2 ɻ ʢʚ MeSO3H ʢʠʧʷʯʝʥʠʝ 2 - 

17 n-BuOH ZnCl2 ʢʠʧʷʯʝʥʠʝ 2 - 

18 n-BuOH ZnCl2 25Ÿ80 - - 

19 n-BuOH 1.5 ɻ ʢʚ BF3ĿEt2O ʢʠʧʷʯʝʥʠʝ 2 69 

20 MeCNabs 1.5 ɻ ʢʚ BF3ĿEt2O ʢʠʧʷʯʝʥʠʝ 2 - 

21 1,4-ɼʠʦʢʩʘʥ 1.5 ɻ ʢʚ BF3ĿEt2O ʢʠʧʷʯʝʥʠʝ 10 - 

22 i-PrOH 1.5 ɻ ʢʚ BF3ĿEt2O 110 (ʘʚʪʦʢʣʘʚ) 3 67 

23 CHCl3 1.5 ɻ ʢʚ BBr3 25 - - 

24 n-BuOH 1.5 ɻ ʢʚ B(OH)3 ʢʠʧʷʯʝʥʠʝ 10 - 

25 n-BuOH 1.5 ɻ ʢʚ B(n-BuO)3  ʢʠʧʷʯʝʥʠʝ 1.5 - 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ (ʊʘʙʣʠʮʘ 1, ˉ 1), ʯʪʦ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ ʤʳ ʧʨʦʙʦʚʘʣʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʫʶ ʨʝʘʢʮʠʶ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ, ʦʜʥʘʢʦ ʟʘʤʝʥʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʤʝʥʝʝ ʠ ʙʦʣʝʝ ʢʠʩʣʦʪʥʳʝ (ʊʘʙʣʠʮʘ 1, ˉ 2, 3, 

5) ʨʘʩʪʚʦʨʠʪʝʣʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʨʦʪʦʥʥʦʛʦ ʥʝʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʊʘʙʣʠʮʘ 
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1, ˉ 4) ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʉʧʣʘʚʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 

ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ (ʊʘʙʣʠʮʘ 1, ˉ 7), ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʚʠʤʦʣʷʨʥʦʡ 

ʩʤʝʩʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʠʨʠʜʠʥʘ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 6a ʜʦ 55% 

(ʊʘʙʣʠʮʘ 1, ˉ 6). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠʟʣʫʯʝʥʠʠ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ, ʦʜʥʘʢʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 6a (ʊʘʙʣʠʮʘ 1, ˉ 8). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʣʦʚʠʡ 

ʜʣʷ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʳʭ ʨʝʘʢʮʠʡ, ʥʘʡʜʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʠʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝ 

ʧʦʚʣʠʷʣʦ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 1, ˉ 9-13). ʋʜʘʯʥʳʤ ʦʢʘʟʘʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ n-BuOH ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ TsOHĿH2O ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 1, ˉ 14). ʆʜʥʘʢʦ, ʟʘʤʝʥʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʘʧʨʦʪʦʥʥʳʡ 1,4-ʜʠʦʢʩʘʥ 

(ʊʘʙʣʠʮʘ 1, ˉ 15) ʠʣʠ ʟʘʤʝʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʙʦʣʝʝ ʩʠʣʴʥʫʶ, ʭʦʪʴ ʠ ʨʦʜʩʪʚʝʥʥʫʶ, 

ʤʝʪʘʥʩʫʣʴʬʦʢʠʩʣʦʪʫ (ʊʘʙʣʠʮʘ 1, ˉ 16) ʩʥʦʚʘ ʥʝ ʧʨʠʚʝʣʠ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɿʘʤʝʥʘ ʧʨʦʪʦʥʥʳʭ ʢʠʩʣʦʪ ʥʘ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʝʦʜʥʦʟʥʘʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʣʦʨʠʜʘ ʮʠʥʢʘ ʚ n-BuOH ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 

6a (ʊʘʙʣʠʮʘ 1, ˉ 17, 18), ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1.5 ʵʢʚ BF3ĿEt2O ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʜʦ 

69% (ʊʘʙʣʠʮʘ 1, ˉ 19). ɼʘʣʝʝ ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʨʦʪʦʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʘʞʝ ʧʨʠ ʢʘʪʘʣʠʟʝ BF3ĿEt2O ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 

6a (ʊʘʙʣʠʮʘ. 1, ˉ 20-21). ʊʘʢʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʘ 6a ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʠ ʟʝʣʝʥʦʡ 

ʭʠʤʠʠ) ʨʘʩʪʚʦʨʠʪʝʣʷ i-PrOH (ʊʘʙ. 1, ˉ 22) ʩ ʚʳʭʦʜʦʤ ʚʳʰʝ ʩʨʝʜʥʝʛʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʨʫʛʠʭ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ ʃʴʶʠʩʘ ʪʘʢʞʝ ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʦʪʝʢʘʥʠʶ ʨʝʘʢʮʠʠ 

(ʊʘʙʣʠʮʘ 1, ˉ 23-25). ɹʦʣʝʝ ʪʦʛʦ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʘʢʮʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʨʦʪʝʢʘʣʘ ʧʨʠ 

ʢʘʪʘʣʠʟʝ B(n-BuO)3, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ BF3ĿEt2O ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʚ ʙʫʪʘʥʦʣʝ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ, ʠ ʠʤʝʥʥʦ ʵʬʠʨʘʪ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʠʨʫʶʱʠʤ 

ʘʛʝʥʪʦʤ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʭʦʪʴ ʦʧʪʠʤʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʥʝ 

ʦʩʦʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʥʘʛʨʝʚʘʥʠʶ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʚʳʜʝʨʞʠʚʘʥʠʶ, ʦʥʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʦʙʨʘʚ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʤʳ 

ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʚʣʝʯʝʥʠʷ ʚ ʨʝʘʢʮʠʶ ʩʫʙʩʪʨʘʪʦʚ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʠʨʦʜʳ, ʠʟʤʝʥʷʷ ʦʜʠʥ ʠʟ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʜʚʫʭ ʥʝʠʟʤʝʥʥʳʭ. ʊʘʢ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ 1-ʥʠʪʨʦ-2-ʤʦʨʬʦʣʠʥʦʧʨʦʧʠʣʝʥʘ 2b, ʙʝʥʟʘʣʴʜʝʛʠʜʘ 3g ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 3-

ʘʤʠʥʦʘʟʦʣʦʚ 1a-i ʤʳ ʧʦʣʫʯʠʣʠ ʨʷʜ 4,7-ʜʠʛʠʜʨʦ-5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-ʬʝʥʠʣʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ 7 ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʭʦʨʦʰʠʭ (ʉʭʝʤʘ 3). 
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ʉʭʝʤʘ 3. ʇʦʣʫʯʝʥʠʝ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

ɼʘʣʝʝ ʤʳ ʚʘʨʴʠʨʦʚʘʣʠ ʢʦʤʧʦʥʝʥʪʫ 1-ʤʦʨʬʦʣʠʥʦ-2-ʥʠʪʨʦʘʣʢʝʥʦʚ 2. ʏʠʩʣʦ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʥʠʪʨʦʘʣʢʝʥʦʚ 2 ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ, ʥʦ ʚʩʝ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʚʧʦʣʥʝ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʠʛʠʜʨʦʥʠʪʨʦʧʨʦʠʟʚʦʜʥʳʭ 8 (ʉʭʝʤʘ 4). 

 

ʉʭʝʤʘ 4. ʇʦʣʫʯʝʥʠʝ 5-R-6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 8 

 ʅʘʢʦʥʝʮ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʚʣʠʷʥʠʝ ʩʪʨʦʝʥʠʷ ʪʨʝʪʴʝʡ ʢʦʤʧʦʥʝʥʪʳ ï ʘʣʴʜʝʛʠʜʦʚ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 9. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʧʠʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ 3a ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ 

ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʤʠ 3c,d ʠ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʤʠ 3b ʛʨʫʧʧʘʤʠ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʡ 

ʘʥʪʨʘʮʝʥʢʘʨʙʘʣʴʜʝʛʠʜ 3e ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʪʠʦʬʝʥʢʘʨʙʘʣʴʜʝʛʠʜ 3f. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 7-R-5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-4,7-

ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ 9 ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʭʦʨʦʰʠʭ (ʉʭʝʤʘ 5). 
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ʉʭʝʤʘ 5. ʉʠʥʪʝʟ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-R-4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʘʣʴʜʝʛʠʜʘʤ ʤʳ ʨʝʰʠʣʠ ʧʨʦʚʝʩʪʠ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʫʶ ʨʝʘʢʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʦʢʩʘʥʘ 10. ʅʘʤʠ ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 

2). ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 11b ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 5.  

ʊʘʙʣʠʮʘ 2.  ʇʘʨʘʤʝʪʨʳ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʩ ʪʨʠʦʢʩʘʥʦʤ 

 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ ʂʘʪʘʣʠʟʘʪʦʨ 
ɺʨʝʤʷ 

ʚʳʜʝʨʞʢʠ, ʯ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦʉ 

ɺʳʭʦʜ, % 

1 n-BuOH 1.5 ɻ ʢʚ BF3ĿEt2O  2 120 - 

2 AcOH - 2 120 - 

3 n-BuOH 1.5 ɻ ʢʚ TsOHĿH2O 2 120 21 

4 n-BuOH 1.5 ɻ ʢʚ ʅ2SO4(ʢ) 2 120 23* 

5 i-PrOH 1.5 ɻ ʢʚ ʅ2SO4(ʢ) 2 120 (ʘʚʪʦʢʣʘʚ) 51 

*ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʧʝʢʪʨʘ ʗʄʈ 1ʅ 
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CH2-7 

H-2 

NH 

 

ʈʠʩʫʥʦʢ 5. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 11b 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʠʨʘʪʘ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʢʦʥʚʝʨʩʠʠ ʪʨʠʦʢʩʘʥʘ 10 

(ʊʘʙʣʠʮʘ 2, ˉ 1), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʦʥʥʳʭ ʢʠʩʣʦʪ. 

ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʥʠʢʘʢ ʥʝ ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 2, ˉ 2), ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ TsOH ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ 11b ʩ ʤʘʣʳʤ ʚʳʭʦʜʦʤ (ʊʘʙʣʠʮʘ 2, ˉ 3). 

ʇʨʠʤʝʥʝʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʠʣʦ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʨʝʘʢʮʠʠ (ʊʘʙʣʠʮʘ 2, ˉ 

4), ʦʜʥʘʢʦ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-3-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʘ 11b ʦʙʨʘʟʦʚʳʚʘʣʩʷ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-3-ʙʫʪʦʢʩʠʢʘʨʙʦʥʠʣ-4,7-

ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʥʘ ʚʳʜʝʣʝʥʥʦʝ ʚʝʱʝʩʪʚʦ 1:2. 

ʇʦʵʪʦʤʫ ʤʳ ʧʦʧʨʦʙʦʚʘʣʠ ʧʨʦʚʝʩʪʠ ʨʝʘʢʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʠʟʦʧʨʦʧʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʤʝʩʪʦ ʥ-ʙʫʪʘʥʦʣʘ, ʠ ʧʦʣʫʯʠʣʠ 

ʛʝʪʝʨʦʮʠʢʣ 11b ʩ ʚʳʭʦʜʦʤ 51%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ 6-ʥʠʪʨʦ-3-

ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-5-R-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘ 11 ʩʦ ʩʨʝʜʥʠʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 

6).  

 

ʉʭʝʤʘ 6. ʇʦʣʫʯʝʥʠʝ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦ-5-R-3-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʧʠʨʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ 11 
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 ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʩʠʥʪʝʟʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʘʷ 

ʨʝʘʢʮʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʦʙʨʘʥʥʳʝ ʢ ʥʝʡ ʫʩʣʦʚʠʷ, ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʤʠʥʦʘʟʦʣʦʚ 1 ʠ ʘʣʴʜʝʛʠʜʦʚ 3, 10 ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ 6-

ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ. 

2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

2.2.1 ʄʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ 

 ʇʦʣʫʯʠʚ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʨʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʥʘʤʠ ʧʨʦʮʝʩʩʘ, ʤʳ ʨʝʰʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ. ʈʘʥʝʝ ʚ ʦʙʟʦʨʝ ʤʳ ʦʪʤʝʯʘʣʠ ʥʝʩʢʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʭʦʞʠʭ ʧʨʠʤʝʨʦʚ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ N-ʤʝʪʠʣ-1-ʤʝʪʠʣʪʠʦ-2-

ʥʠʪʨʦʝʪʝʥʘʤʠʥʘ 12. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ Reddy ʦʪʤʝʯʘʝʪʩʷ[147], ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʠʥʪʝʨʤʝʜʠʘʪ ʂʥʝʚʝʥʘʛʝʣʷ 14 ʤʝʞʜʫ ʩʫʙʩʪʨʘʪʦʤ 12 ʠ ʘʣʴʜʝʛʠʜʘʤʠ 3 ʩ 

ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʄʠʭʘʵʣʝʚʩʢʠʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢ ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʫ 13 (ʉʭʝʤʘ 7ʘ). ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, Safari ʠ ʢʦʣʣʝʛʠ ʚ ʩʚʦʝʡ ʧʫʙʣʠʢʘʮʠʠ ʦʧʠʩʳʚʘʶʪ[34] ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ in situ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʤʠʥʘ 18 ʤʝʞʜʫ 3-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ 1e ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ NSE 12 ʠ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʝʡ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʫʩʣʦʚʥʦ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ ʧʨʦʜʫʢʪʦʚ 21 (ʉʭʝʤʘ 7b). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʙʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʚʪʦʨʘʤʠ ʨʝʘʢʮʠʦʥʥʳʭ ʧʫʪʠ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʢʘʢʠʭ-ʣʠʙʦ ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʜʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʘʚʪʦʨʘʤʠ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. ʂ ʪʦʤʫ ʞʝ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʗʄʈ ʠʣʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʘʚʪʦʨʘʤʠ ʵʪʠʭ ʨʘʙʦʪ ʪʘʢʞʝ ʥʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʦ, ʯʪʦ ʥʝ ʜʘʸʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʙʝʜʠʪʴʩʷ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʠʧʠʩʳʚʘʝʤʳʭ 

ʩʪʨʫʢʪʫʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʛʦ ʧʫʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ 

ʨʝʘʢʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʝʥʟʘʣʴʜʝʛʠʜ 3g, ʘʤʠʥʦʘʟʦʣʳ 1c,h ʠ 1-ʥʠʪʨʦ-2-

ʤʦʨʬʦʣʠʥʦʧʨʦʧʠʣʝʥ 2b. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʨʝʘʛʝʥʪʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʧʦʧʘʨʥʦ ʥʝ ʨʝʘʛʠʨʫʶʪ, ʘ ʧʨʠ ʢʘʪʘʣʠʟʝ ʵʬʠʨʘʪʦʤ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʨʝʘʢʮʠʷ 

ʤʝʞʜʫ ʥʠʪʨʦʘʣʢʝʥʦʤ 2b ʠ ʘʤʠʥʦʘʟʦʣʘʤʠ 1c,h ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ N-ʥʠʪʨʦʧʨʦʧ-1-ʝʥ-2-ʠʣ-N-

ʘʟʦʣʠʣʘʤʠʥʦʚ 22a,b ʩ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʉʭʝʤʘ 7ʩ). ʆʙʨʘʟʫʶʱʠʝʩʷ ʘʟʦʣʠʣʝʥʘʤʠʥʳ 22 

ʜʘʣʝʝ ʩʧʦʩʦʙʥʳ ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʪʝʨʦʮʠʢʣʳ 7c,h ʧʨʠ 

ʢʘʪʘʣʠʟʝ BF3ĿEt2O. ʉʧʝʢʪʨʳ 
1ʅ ʠ HMBC ʩʦʝʜʠʥʝʥʠʷ 22a ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʘʭ 6 ʠ 7, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʉʭʝʤʘ 7. ʘ) ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʚ ʨʘʙʦʪʝ[147]; b) 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʚ ʨʘʙʦʪʝ[34]; c) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʘʤʠʥʦʘʟʦʣʦʚ 1c,h ʠ ʥʠʪʨʦʝʥʘʤʠʥʘ 2b ʚ ʧʨʠʩʫʪʩʪʚʠʠ BF3ĿEt2O ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
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C(1) 

 

ʈʠʩʫʥʦʢ 6. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 22a 

 

ʈʠʩʫʥʦʢ 7. ʉʧʝʢʪʨ HMBC ʩʦʝʜʠʥʝʥʠʷ 22a 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʵʬʠʨʘʪʦʤ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʨʝʘʛʠʨʫʝʪ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʨʬʦʣʠʥʦʥʠʪʨʦʧʨʦʧʠʣʝʥ 2b. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 1.3 ʵʢʚ BF3ĿEt2O ʢ 

ʩʫʩʧʝʥʟʠʠ ʤʦʨʬʦʣʠʥʦʥʠʪʨʦʧʨʦʧʠʣʝʥʘ 2b ʚ ʙʫʪʘʥʦʣʝ ʠʣʠ ʥʠʟʰʠʭ ʩʧʠʨʪʘʭ (ʉ1 · ʉ3) 

ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨ, ʘ ʩʘʤʦ ʠʩʭʦʜʥʦʝ ʚʝʱʝʩʪʚʦ 2b ʤʝʪʦʜʦʤ ʊʉʍ ʙʦʣʝʝ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʝʘʛʠʨʫʶʪ ʤʦʨʬʦʣʠʥʦʵʪʠʣʝʥʳ 2ʘ,ʩ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ï 3-



61 

ʤʦʨʬʦʣʠʥʦʘʢʨʠʣʦʥʠʪʨʠʣ ʠ ʵʪʠʣ-3-ʤʦʨʬʦʣʠʥʦʘʢʨʠʣʘʪ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ 

ʤʘʩʩʳ ʙʳʣ ʚʳʜʝʣʝʥ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʤʦʨʬʦʣʠʥʠʷ 25. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʜʣʷ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʝʥʘʤʠʥʘ 22 

ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʡ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʠʬʪʦʨʠʜʘ ʙʦʨʘ ʩ ʧʫʰ-

ʧʫʣʴʥʳʤ ʤʦʨʬʦʣʠʥʦʘʣʢʝʥʦʤ 2 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʣʢʠʥʘ 23 ʠ ʙʦʨʬʪʦʨʠʜʘ 

ʤʦʨʬʦʣʠʥʘ 24 (ʉʭʝʤʘ 8). ɼʘʣʝʝ ʢʦʤʧʣʝʢʩ 24 ʚ ʨʝʘʢʮʠʠ ʩ ʙʫʪʘʥʦʣʦʤ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʪʝʨʘʬʪʦʨʙʦʨʘʪ ʤʦʨʬʦʣʠʥʠʷ 88 ʠ ʪʨʠʙʫʪʠʣʙʦʨʘʪ. ʉʣʝʜʫʝʪ ʩʥʦʚʘ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ 

ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʭʣʦʨʦʬʦʨʤ, ʘʮʝʪʦʥʠʪʨʠʣ, ʊɻʌ) ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ. 

 

ʉʭʝʤʘ 8. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʨʬʦʣʠʥʦʘʣʢʝʥʦʚ 2 ʩ BF3ĿEt2O ʚ ʥ-

ʙʫʪʘʥʦʣʝ 

ʆʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʘʮʝʪʠʣʝʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ 23 ʢʨʘʡʥʝ ʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʩ ʘʤʠʥʦʘʟʦʣʘʤʠ 1. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʮʝʪʠʣʝʥʦʚʘʷ ʩʚʷʟʴ 

ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ[180], ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʘʟʦʣʠʣʝʥʘʤʠʥʦʚ. ʅʦ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʝʪʩʷ 

ʚʳʠʛʨʳʰ ʚ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʩʦʩʪʦʷʥʠʷ ʘʣʢʠʥʘ 23 ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʘʣʢʝʥʦʤ 2 (ʈʠʩʫʥʦʢ 8ʘ). ɹʦʣʝʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʩʠʣʴʥʦʡ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ ʨʝʟʢʦ 

ʠʟʤʝʥʷʝʪ ʧʦʣʷʨʥʦʩʪʴ ʤʦʣʝʢʫʣʳ, ʩʥʠʞʘʷ ʚʦʟʤʦʞʥʳʝ ʜʠʚʝʨʛʝʥʪʥʳʝ ʠʩʭʦʜʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

(ʈʠʩʫʥʦʢ 8ʙ).  
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ʈʠʩʫʥʦʢ 8. a) ʋʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʥʝʨʛʠʠ ʩʦʩʪʦʷʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʘ, ʙ) 

ʩʨʘʚʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʫʢʣʝʦʬʠʣʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʥʝ ʪʦʣʴʢʦ ʫʩʪʘʥʦʚʠʣʠ ʨʝʘʢʮʠʦʥʥʳʡ ʧʫʪʴ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ 

ʨʝʘʢʮʠʠ, ʥʦ ʠ ʧʦʣʫʯʠʣʠ ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ 25, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʚʠʥʫʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʘʷʩʷ 

ʤʦʣʝʢʫʣʘ ʥʠʪʨʦʘʣʢʠʥʘ 23.  

2.2.2 ʄʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʧʨʠ ʢʘʪʘʣʠʟʝ ʢʠʩʣʦʪʦʡ ɹʨʝʥʜʩʪʝʜʘ 

 ʋʩʪʘʥʦʚʠʚ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʝʪ ʠʩʩʣʝʜʫʝʤʘʷ ʨʝʘʢʮʠʷ ʧʨʠ ʢʘʪʘʣʠʟʝ BF3ĿEt2O, 

ʤʳ ʨʝʰʠʣʠ ʧʦʣʫʯʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʘʟʦʣʠʣʝʥʘʤʠʥʳ 22 ʧʨʠ ʢʘʪʘʣʠʟʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʂ ʥʘʰʝʤʫ ʫʜʠʚʣʝʥʠʶ, ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʘʤʠʥʦʘʟʦʣʘʤʠ 1ʩ,h ʠ ʥʠʪʨʦʘʣʢʝʥʘʤʠ 2a,b ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝ ʧʨʦʪʝʢʘʣʘ ʩʦʚʩʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʩʝʭ ʪʨʸʭ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣ ʫʜʘʯʥʦ ʨʝʘʣʠʟʦʚʘʥ ʠʤʝʥʥʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʉʭʝʤʘ 2). ɺ ʧʦʧʳʪʢʘʭ ʨʘʟʲʷʩʥʠʪʴ ʵʪʫ ʘʥʦʤʘʣʠʶ ʤʳ ʧʦʚʪʦʨʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪ, ʦʜʥʘʢʦ ʧʨʦʚʝʣʠ ʝʛʦ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʫʞʝ ʯʝʨʝʟ 30 ʤʠʥʫʪ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʚʳʧʘʜʘʣ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ 

ʚʳʜʝʣʝʥʠʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʥʘʤʠ ʢʘʢ 7-ʤʦʨʬʦʣʠʥʦ-6-ʥʠʪʨʦ-5-ʬʝʥʠʣ-3-

ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-4,5,6,7-ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ 26ʩ (ʉʭʝʤʘ 9, ʈʠʩʫʥʦʢ 9). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʥʝʙʦʣʴʰʦʡ ʨʷʜ ʥʦʚʳʭ ʥʝʦʞʠʜʘʥʥʳʭ 

ʪʝʪʨʘʛʠʜʨʦʟʘʤʝʱʝʥʳʭ ʘʟʦʣʦʧʠʨʠʤʠʜʠʥʦʚ 26.  
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ʉʭʝʤʘ 9. ʇʦʣʫʯʝʥʠʝ 6-ʥʠʪʨʦ-5-ʬʝʥʠʣ-7-R-7-R1-4,5,6,7-ʪʝʪʨʘʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ 26 

 

ʈʠʩʫʥʦʢ 9. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 26ʩ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 1-ʤʦʨʬʦʣʠʥʦ-2-

ʥʠʪʨʦʧʨʦʧʠʣʝʥʘ 2b ʦʙʨʘʟʫʪʁʩʷ 7-ʛʠʜʨʦʢʩʠ-7-ʤʝʪʠʣ-6-ʥʠʪʨʦ-5-ʬʝʥʠʣ-4,5,6,7-

ʪʝʪʨʘʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ r26b,d (ʉʭʝʤʘ 9). ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʤʝʥʝʝ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʝʥʥʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʤʦʨʬʦʣʠʥʦʚʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ. 

ɺ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʩʧʝʢʪʨʝ HMBC ʩʦʝʜʠʥʝʥʠʷ 26ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

N(4)H-ʛʨʫʧʧʳ ʩ ʉ(5) ʘʪʦʤʦʤ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʷʚʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʉʅ-

ʛʨʫʧʧʘʤʠ ʬʝʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɸʪʦʤ ʉ(6) ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʙʝʠʤʠ ʛʨʫʧʧʘʤʠ ʩʠʛʥʘʣʦʚ 

ʉ(5)ʅ ʠ ʉ(7)ʅ, ʘ ʘʪʦʤ ʉ(7) ʧʨʦʷʚʣʷʝʪ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʉʅ2-ʛʨʫʧʧʘʤʠ ʤʦʨʬʦʣʠʥʦʚʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ (ʈʠʩʫʥʦʢ 10). 
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ʈʠʩʫʥʦʢ 10. ʂʣʶʯʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʧʝʢʪʨʝ HMBC ʩʦʝʜʠʥʝʥʠʷ 26ʩ 

ʇʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚʩʝʭ ʪʨʸʭ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʪʝʢʘʝʪ 

ʦʙʨʘʪʠʤʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ NSE 2a ʢ ʧʠʨʠʜʠʥʦʚʦʤʫ N-ʘʪʦʤʫ ʘʟʦʣʘ 1c,h ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʜʜʫʢʪʘ 27. ɼʘʣʝʝ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʂʥʝʚʝʥʘʛʝʣʷ ʙʝʥʟʘʣʴʜʝʛʠʜʘ 3g ʩ ʘʮʠ-ʥʠʪʨʦʬʦʨʤʦʡ 

ʘʜʜʫʢʪʘ 27, ʟʘʚʝʨʰʘʶʱʘʷʩʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 7-ʤʦʨʬʦʣʠʥʦ-6-ʥʠʪʨʦ-5-

ʬʝʥʠʣ-4,5,6,7-ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘ 26a,c (ʉʭʝʤʘ 10). ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 1-ʤʦʨʬʦʣʠʥʦ-2-ʥʠʪʨʦʧʨʦʧʠʣʝʥʘ 2b, ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʝʪʝʨʦʮʠʢʣʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʤʦʨʬʦʣʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ 

ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ.  

 

ʉʭʝʤʘ 10. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 7-ʤʦʨʬʦʣʠʥʦ-6-ʥʠʪʨʦ-5-ʬʝʥʠʣ-4,5,6,7-

ʪʝʪʨʘʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 26a,c 
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ɼʘʣʝʝ ʤʳ ʧʨʦʙʦʚʘʣʠ ʥʘʛʨʝʚʘʪʴ ʛʝʪʝʨʦʮʠʢʣ 26c ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʂ ʥʘʰʝʤʫ 

ʫʜʠʚʣʝʥʠʶ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʦʣʫʯʝʥʥʳʡ ʨʘʥʝʝ 3-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ-6-ʥʠʪʨʦ-

4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ 6a (ʉʭʝʤʘ 11a). ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 6a ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʩʦʝʜʠʥʝʥʠʷ 26ʩ ʚ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʄʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʘʟʦʣʦʧʠʨʠʤʠʜʠʥ 26ʩ ʧʨʝʪʝʨʧʝʚʘʝʪ ʵʢʟʦ-ʨʘʟʨʳʚ ʚ ʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʪʘʫʪʦʤʝʨʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘ 30ᾳ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʮʠʢʣʠʟʫʝʪʩʷ ʚ ʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʡ ʘʟʦʣʦʧʠʨʠʤʠʜʠʥ 31.  

 

ʉʭʝʤʘ 11. a) ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʩʦʝʜʠʥʝʥʠʡ 26 ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ; 

b) ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 7-ʤʝʪʠʣ 3-ʵʪʠʣ 10-ʙʫʪʠʣ-2-ʬʝʥʠʣ-2,10-

ʜʠʛʠʜʨʦʙʝʥʟ[4,5]ʠʤʠʜʠʘʟʦ[1,2-a]ʧʠʨʠʤʠʜʠʥ-3,7-ʜʠʢʘʨʙʦʢʩʠʣʘʪʘ 32 ʚ ʨʘʙʦʪʝ[181] 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʩʭʦʞʝʛʦ ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʣʢʠʣʠʨʦʚʘʥʥʦʛʦ ʙʝʥʟʠʤʠʜʘʟʦ[1,2-

a]ʧʠʨʠʤʠʜʠʥʘ 32, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʨʝʘʢʮʠʠ ʇʦʚʘʨʦʚʘ ʠ ʩʦʜʝʨʞʘʱʝʛʦ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 3, ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʘʩʴ ʩʭʦʞʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ (ʉʭʝʤʘ 11b)[181]. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʣʦʩʴ [1,3]ʩʠʛʤʘʪʨʦʧʥʳʤ ʩʜʚʠʛʦʤ ʬʝʥʠʣʴʥʦʛʦ 
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ʬʨʘʛʤʝʥʪʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ 

ʪʝʪʨʘʛʠʜʨʦʧʠʨʠʤʠʜʠʥʘʤʠ 26 ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ, ʦʜʥʘʢʦ ʵʪʦ ʥʝ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʲʷʩʥʷʝʪ ʧʦʚʝʜʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 26b,d, ʩʦʜʝʨʞʘʱʠʭ ʚ ʧʦʣʦʞʝʥʠʠ 7 

ʤʝʪʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʤʠʜʠʥʦʚ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ ʢʘʪʘʣʠʟʝ ʜʚʫʤʷ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʢʠʩʣʦʪ ï ɹʨʝʥʜʩʪʝʜʘ ʠ ʃʴʶʠʩʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

NSE 2 ʩ BF3ĿEt2O ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʠʪʨʦʘʣʢʠʥʘ 23, ʢʦʪʦʨʳʡ 

ʜʘʣʝʝ ʙʳʩʪʨʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʘʤʠʥʦʘʟʦʣʫ 1 ʠ ʮʠʢʣʠʟʫʝʪʩʷ ʩ ʘʣʴʜʝʛʠʜʘʤʠ 3 ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʚʝʜʝʥʠʝ ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʝʪʨʘʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 26, 

ʧʨʝʪʝʨʧʝʚʘʶʱʠʭ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 6a. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʥʪʝʨʤʝʜʠʘʪʳ 22,26, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʝʘʢʮʠʦʥʥʳʝ ʧʫʪʠ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. 

2.3. ɸʣʢʠʣʠʨʦʚʘʥʠʝ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

ɼʘʣʝʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ. ʇʨʦʷʚʣʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʘʟʦʪʠʩʪʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʵʥʜʦʮʠʢʣʠʯʝʩʢʫʶ NH-ʛʨʫʧʧʫ, ʷʚʣʷʝʪʩʷ ʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ: ʚʦ-ʧʝʨʚʳʭ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʠʪʴ ʢ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪʳ, ʠʟʤʝʥʷʶʱʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʤʦʣʝʢʫʣʳ, ʚʦ-ʚʪʦʨʳʭ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʠ ʥʘ ʧʦʨʷʜʢʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʩʘʤʠʭ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʨʦʜʩʪʚʝʥʥʳʝ 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-7-ʦʥʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʣʠ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ[35], ʥʘʤʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʢʘʢ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʪʘʢ ʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʦʣʠ. 

ɼʘʥʥʳʝ ʜʣʷ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3. ʇʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 

 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ ʆʩʥʦʚʘʥʠʝ 
ʄʝʪʠʣʠʨʫʶʱʠʡ 

ʘʛʝʥʪ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʦʉ 
ɺʳʭʦʜ, % 

1 DMF NEt3 Me2SO4 70 - 

2 DMF K2CO3 1.5 ʵʢʚ Me2SO4 55 58 

3 DMF K2CO3 1.5 ʵʢʚ MeI 55 (ʘʚʪʦʢʣʘʚ) 73 

4* 
1)EtOH 

2)DMF 
NaOH MeI 55 (ʘʚʪʦʢʣʘʚ) 65 

5* 
1)EtOH 

2)DMF 
NaOH Me2SO4 55 55 

6* 
1)THF 

2)DMF 
NaH MeI 55 (ʘʚʪʦʢʣʘʚ) 19 

* ʄʝʪʦʜʠʢʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʦʣʠ 17. ʇʝʨʚʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʠ, ʚʪʦʨʦʡ ʜʣʷ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ 3, ˉ 1) ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʦʩʪʴ ʪʨʠʵʪʠʣʘʤʠʥʘ ʦʢʘʟʘʣʘʩʴ 

ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʣʠ. ʄʝʪʠʣʠʨʦʚʘʥʠʝ ʙʝʟ ʚʳʜʝʣʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʦʣʠ (ʊʘʙʣʠʮʘ 3, ˉ 2,3) ʚ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣʦ 

ʥʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʊʘʙʣʠʮʘ 3, ˉ 4-6). ʉʨʝʜʠ 

ʧʨʠʤʝʨʦʚ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʦʣʠ ʜʣʷ ʦʧʪʠʤʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʥʘʠʤʝʥʝʝ ʫʜʘʯʥʳʤ ʦʢʘʟʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʩ ʜʘʣʴʥʝʡʰʠʤ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ 

ʤʝʪʠʣʠʦʜʠʜʦʤ (ʊʘʙʣʠʮʘ 3, ˉ 6). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʩʦʣʠ ʠʟ ʵʪʘʥʦʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʰʠʪʴ ʧʨʦʜʫʢʪ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʵʢʩʠʢʘʪʦʨʝ, ʧʦʩʢʦʣʴʢʫ ʙʝʟ 

ʵʪʦʛʦ ʩʦʣʴ ʤʦʞʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ 4-ʤʝʪʠʣ-6-ʥʠʪʨʦ-5-R-7-R1-4,7-

ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 36 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʠ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʭʦʨʦʰʠʭ (ʉʭʝʤʘ 12). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʦʡ: 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-4,7-

ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ 36d,f,h  ʣʠʙʦ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩʦʚʩʝʤ, ʣʠʙʦ 

ʥʘʙʣʶʜʘʣʠʩʴ ʣʠʰʴ ʠʭ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠʯʸʤ ʧʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦʚʪʦʨʷʣʘʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʠ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʜʠʤʝʪʠʣʩʫʣʴʬʘʪ, ʤʝʪʠʣʠʦʜʠʜ ʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ.  
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ʉʭʝʤʘ 12. ʇʦʣʫʯʝʥʠʝ 4-ʤʝʪʠʣ-6-ʥʠʪʨʦ-5-R-7-R1-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 36 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʳ ʧʦʧʨʦʙʦʚʘʣʠ ʧʨʦʚʝʩʪʠ ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʘʟʦʣʠʣʝʥʘʤʠʥʘ 22ʘ, 

ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʟʘʮʠʢʣʠʟʦʚʘʪʴ ʝʛʦ ʚ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ. ʆʜʥʘʢʦ, ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ 

ʣʶʙʦʧʳʪʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ï ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʙʨʘʥʥʦʡ ʨʘʥʝʝ ʘʣʢʠʣʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʥʘʤʠ ʙʳʣ ʧʦʣʫʯʝʥ 2-ʘʤʠʥʦ-(4-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ)-1ǋ-ʤʝʪʠʣʧʠʨʘʟʦʣʠʣ-1-ʥʠʪʨʦʧʨʦʧʠʣʝʥ 37 

(ʉʭʝʤʘ 13). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʣʢʠʣʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʩʷ ʦʜʥʦʟʥʘʯʥʦ ʤʝʥʝʝ ʢʠʩʣʦʪʥʳʡ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ N-ʘʪʦʤ. ʂ ʪʦʤʫ ʞʝ, ʚʩʣʝʜʩʪʚʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʘʣʢʠʣʠʨʦʚʘʣʩʷ 

N(1ǋ)-ʘʪʦʤ, ʘ ʥʝ N(2ǋ). ʉʧʝʢʪʨʳ 
1ʅ ʗʄʈ ʠ HMBC ʩʦʝʜʠʥʝʥʠʷ 37, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʧʨʝʜʧʠʩʳʚʘʝʤʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʘʭ 11 ʠ 12, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʷʚʣʷʪʁʩʷ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 4,5-

ʜʠʤʝʪʠʣ-6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 36d,f,h. 

 

ʉʭʝʤʘ 13. ɸʣʢʠʣʠʨʦʚʘʥʠʝ 2-ʘʤʠʥʦ-(4-ʵʪʦʢʩʠʢʘʨʙʦʥʠʣ)-ʧʠʨʘʟʦʣʠʣ-1-ʥʠʪʨʦʧʨʦʧʠʣʝʥʘ 22ʘ 
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C(2)-CH3 
N-CH3 

NH 

H(1) H(5ǋ) 

NH 

H(5ǋ) H(1) 

N-CH3 C(5)-CH3 

C(2) 

C(5ǋ) 

C(4ǋ) 

 

ʈʠʩʫʥʦʢ 11. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 37 

 

ʈʠʩʫʥʦʢ 12. ʂʣʶʯʝʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʧʝʢʪʨʝ HMBC ʩʦʝʜʠʥʝʥʠʷ 37 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ 

6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʣʠ ʩ ʥʝ ʩʘʤʳʤʠ 

ʩʠʣʴʥʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ. ʇʨʦʷʚʣʝʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʢʨʘʡʥʝ ʧʦʣʝʟʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʷʚʣʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʣʢʠʣʠʨʦʚʘʥʠʶ ʠ ʩʦʣʝʦʙʨʘʟʦʚʘʥʠʶ 
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ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢ ʧʦʣʫʯʝʥʠʶ ʢʘʢ ʙʦʣʝʝ ʙʠʦʜʦʩʪʫʧʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ. 

2.4. ʆʢʠʩʣʝʥʠʝ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-

4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʠʥʪʝʨʝʩʥʦ ʩ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ï ʚʦ-ʧʝʨʚʳʭ, ʠʟʤʝʥʷʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʤʦʣʝʢʫʣ, ʯʪʦ 

ʦʜʥʦʟʥʘʯʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʷʚʣʝʥʠʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, 

ʘʨʦʤʘʪʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʘʢʪʫʘʣʴʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, 6-ʥʠʪʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʳ 39 

ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʤʠʥʦʘʟʦʣʦʚ ʩ ʢʘʣʠʝʚʦʡ ʩʦʣʴʶ ʥʠʪʨʦʤʘʣʦʥʦʚʦʛʦ 

ʜʠʘʣʴʜʝʛʠʜʘ 38 ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 39 ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ 7 ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ -́ʠʟʙʳʪʦʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ, Ŭ-ʉʅ-ʢʠʩʣʦʪʳ ʠ ʧʦʣʠʬʝʥʦʣʳ 

(ʉʭʝʤʘ 14).  

 

ʉʭʝʤʘ 14. ʇʦʧʳʪʢʠ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʚ 

ʨʘʙʦʪʝ[182] 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 40 

ʧʦʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʅʘʧʨʠʤʝʨ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʚʦʟʤʦʞʥʳʭ ʧʦʟʠʮʠʡ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ, ʜʚʫʭʩʪʘʜʠʡʥʘʷ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʦʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʪʘʢʠʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ 40 ʙʳʣʘ ʧʦʩʪʫʣʠʨʦʚʘʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʨʦʤʘʪʠʟʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʧʳʪʢʠ 

ʦʢʠʩʣʝʥʠʷ ʧʨʠʚʦʜʠʣʠ ʣʠʙʦ ʢ ʥʝʫʜʘʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʣʠʙʦ ʢ ʩʤʝʩʠ ʥʝʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ[182]. ɼʣʷ ʦʢʠʩʣʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ çʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʘʚʪʦʘʨʦʤʘʪʠʟʘʮʠʠè, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧʳ ʧʨʦʪʝʢʘʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ 

ʘʨʦʤʘʪʠʟʘʮʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʉʭʝʤʘ 14).  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ 

ʨʝʟʫʣʴʪʘʪʘʭ, ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-4,7-

ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʠʪʨʦʛʨʫʧʧʳ. ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 
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7ʩ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʦʢʠʩʣʠʪʝʣʝʡ ʥʘ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʘ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʇʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 

 

 ̄ ʈʘʩʪʚʦʨʠʪʝʣʴ ʆʢʠʩʣʠʪʝʣʴ ʊʝʤʧʝʨʘʪʫʨʘ, ʦʉ ɺʨʝʤʷ ʨʝʘʢʮʠʠ, ʯ ɺʳʭʦʜ, % 

1 H2O KMnO4, NaOH 25 1 - 

2 TFA O2 25 10 - 

3 CH2Cl2 DDQ 25Ÿ40 5 - 

4 MeCN DDQ 25Ÿ80 5 - 

5 CH2Cl2 DMP 25 5 - 

6 AcOH PCC 50 5 49 

7 CH2Cl2 PIDA 25Ÿ40 5 - 

8 AcOH PIDA 100 1 81 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʦʝ ʚʝʱʝʩʪʚʦ 7ʩ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣʴʥʦʛʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʢʠʩʣʠʪʝʣʷ (ʊʘʙʣʠʮʘ 4, ˉ 1) ʠ ʥʝ ʦʢʠʩʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ ʚ ʢʠʩʣʳʭ 

ʫʩʣʦʚʠʷʭ (ʊʘʙʣʠʮʘ 4, ˉ 2), ʜʠʭʣʦʨʜʠʮʠʘʥʦʙʝʥʟʦʭʠʥʦʥʦʤ (ʊʘʙʣʠʮʘ 4, ˉ 3,4), ʨʝʘʢʪʠʚʦʤ 

ɼʝʩʩʘ-ʄʘʨʪʠʥʘ (ʊʘʙʣʠʮʘ 4, ˉ 5) ʠ ʬʝʥʠʣʡʦʜʜʠʘʮʝʪʘʪʦʤ (ʊʘʙʣʠʮʘ 4, ˉ 7). ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʠʨʠʜʠʥʭʣʦʨʭʨʦʤʘʪʘ (ʊʘʙʣʠʮʘ 4, ˉ 6) ʠ ʬʝʥʠʣʡʦʜʜʠʘʮʝʪʘʪʘ (ʊʘʙʣʠʮʘ 1, ˉ 

8) ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʪʝʨʦʮʠʢʣʘ 

42ʩ ʚʳʭʦʜʘʤʠ 49 ʠ 81%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʬʝʥʠʣʡʦʜʜʠʘʮʝʪʘʪʘ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʤʠ ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʷʜ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-ʬʝʥʠʣʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 42 ʩ 

ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʦʪʣʠʯʥʳʭ (ʉʭʝʤʘ 15).  
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ʉʭʝʤʘ 15. ʇʦʣʫʯʝʥʠʝ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-ʬʝʥʠʣʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 42 

ʆʢʠʩʣʝʥʠʝ ʪʨʠʘʟʦʣʦ- ʠ ʪʝʪʨʘʟʦʣʦʧʠʨʠʤʠʜʠʥʦʚ 7e-i ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʯʝʤ ʧʠʨʘʟʦʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 7a-d: ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʝʙʫʝʪʩʷ ʢʘʢ 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʘʢ ʠ ʙʦʣʴʰʝʝ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʧʦʚʳʰʝʥʠʝʤ ˊ-ʜʝʬʠʮʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ N-

ʘʪʦʤʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʞʝ ʪʝʪʨʘʟʦʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 42i ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 

ʘʟʠʜʦ-ʪʝʪʨʘʟʦʣʴʥʦʡ ʪʘʫʪʦʤʝʨʠʠ 2-ʘʟʠʜʦ-6-ʤʝʪʠʣ-5-ʥʠʪʨʦ-4-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥʘ 42ᾳ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩʤʦʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʤʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʘʨʦʤʘʪʠʟʘʮʠʷ 

ʜʠʛʠʜʨʦʥʠʪʨʦʧʠʨʠʤʠʜʠʥʦʚ ʪʠʧʘ 7, ʨʘʥʝʝ ʩʯʠʪʘʚʰʘʷʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ 

ʩʪʘʣʦ ʦʢʠʩʣʝʥʠʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦ-7-ʬʝʥʠʣ-5-R-ʧʠʨʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʦʚ 8. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʘʟʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʛʝʪʝʨʦʮʠʢʣʳ 8 ʙʳʣʠ ʫʩʧʝʰʥʦ ʜʝʛʠʜʨʠʨʦʚʘʥʳ (ʉʭʝʤʘ 16).  

 

ʉʭʝʤʘ 16. ʇʦʣʫʯʝʥʠʝ 6-ʥʠʪʨʦ-7-ʬʝʥʠʣ-5-R-ʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 43 

ʅʘʢʦʥʝʮ, ʥʘʤ ʪʨʝʙʦʚʘʣʦʩʴ ʦʢʠʩʣʠʪʴ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-R-4,7-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥ r 9 ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʨʦʜʳ ʚ ʧʦʣʦʞʝʥʠʠ 7, 

ʠʩʧʦʣʴʟʫʷ ʘʥʘʣʦʛʠʯʥʫʶ ʤʝʪʦʜʠʢʫ. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠ ̫ ʤʳ 
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ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʪʝʨʦʮʠʢʣʘ 9d ʩ ʬʝʥʠʣʡʦʜʜʠʘʮʝʪʘʪʦʤ ʜʘʞʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ ʦʩʤʦʣʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. ʆʢʠʩʣʝʥʠʝ 

ʛʝʪʝʨʦʮʠʢʣʦʚ 9c ʠ 9e ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʭʦʪʷ ʥʘʤ ʠ 

ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠʩʢʦʤʳʝ ʩʦʝʜʠʥʝʥʠʷ 44ʩ,e ʩ ʚʳʭʦʜʘʤʠ 24% ʠ 30%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʉʭʝʤʝ 17.  

 

ʉʭʝʤʘ 17. ʇʦʣʫʯʝʥʠʝ 5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-7-R-ʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ 44 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʧʨʦʚʝʨʛʘʶʪ ʟʘʷʚʣʝʥʥʫʶ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ 6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʦʚ[182]. 

ʆʢʠʩʣʝʥʠʝ ʦʩʣʦʞʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ 

ʧʦʣʦʞʝʥʠʠ 7.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʩʘʶʱʝʡʩʷ ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʝʥʠʷ, ʤʳ 

ʧʦʧʨʦʙʦʚʘʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. ʊʘʢ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʥʠʪʨʦʧʠʨʘʟʦʣʦʧʠʨʠʤʠʜʠʥʘ 9e ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ 44e ʤʝʪʦʜʦʤ ʬʣʝʰ-

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʘʢʞʝ 9-ʘʮʝʪʦʢʩʠ-10-ʦʢʩʦʘʥʪʨʘʮʝʥ 45 ʠ ʘʥʪʨʘʭʠʥʦʥ 46 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʠ (ʉʭʝʤʘ 18) (ʉʤʦʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʯʘʩʪʴ). 

 

ʉʭʝʤʘ 18. ʆʢʠʩʣʝʥʠʝ 7-(ʘʥʪʨʘʮʝʥ-9-ʠʣ)-5-ʤʝʪʠʣ-6-ʥʠʪʨʦ-4,7-ʜʠʛʠʜʨʦʘʟʦʣʦ[1,5-

a]ʧʠʨʠʤʠʜʠʥʘ 9e 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʳ ʧʨʦʚʝʣʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʩʦʝʜʠʥʝʥʠʡ 7a, 9a-e ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ɺɿʄʆ. ʅʘ ʈʠʩʫʥʢʝ 13 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 9b ʠ 9e, ʦʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʤʣʘʜʰʠʤ ʥʘʫʯʥʳʤ 

ʩʦʪʨʫʜʥʠʢʦʤ ʀʥʩʪʠʪʫʪʘ ʄʝʪʘʣʣʫʨʛʠʠ ʋʨʆ ʈɸʅ ʀ.ɸ. ɹʘʣʷʢʠʥʳʤ.  

  

 
 

ʈʠʩʫʥʦʢ 13. ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɺɿʄʆ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ PBE0 ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 9b ʠ 9e 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʥʥʳʝ ʨʘʩʯʝʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ 

ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʦʚʣʝʯʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʢʠʩʣʝʥʠʷ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʨʘʟʨʳʚʘʝʪʩʷ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ 

ʘʪʦʤʘ ʉ(7) ʠ ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 9 ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʝʥʠʷ ʫʢʘʟʳʚʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʈʠʩʫʥʦʢ 14). ʊʘʢ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 9b 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥ ʥʝʦʙʨʘʪʠʤʳʡ ʧʠʢ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʅʘʧʨʦʪʠʚ, ʩʦʝʜʠʥʝʥʠʝ 

9e ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʧʠʢʘʤʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ɼʘʥʥʳʝ ʜʣʷ 

ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʘʨʰʠʤ ʥʘʫʯʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ ʀʥʩʪʠʪʫʪʘ ʆʨʛʘʥʠʯʝʩʢʦʛʦ 

ʉʠʥʪʝʟʘ ʣʘʙʦʨʘʪʦʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ.ʭ.ʥ. ɸ.ɺ. ʑʝʧʦʯʢʠʥʳʤ. 
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ʈʠʩʫʥʦʢ 14. ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʩʦʝʜʠʥʝʥʠʡ 9b (ʩʠʥʷʷ) ʠ 9e 

(ʢʨʘʩʥʘʷ), C = 5*10-3 M ʚ CH3CN ʚ ʧʨʠʩʫʪʩʪʚʠʠ N(n-Bu)4PF6 0.1 M; ʩʢʦʨʦʩʪʴ ʩʲʝʤʢʠ 100 

ʤɺ/ʩ; ʩʪʝʢʣʷʥʥʳʡ ʛʨʘʬʠʪʦʚʳʡ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ, ʩʪʝʢʣʷʥʥʳʡ ʛʨʘʬʠʪʦʚʳʡ 

ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜ, Ag/AgNO3 (0.01 M) ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʚʳʰʝ ʠ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ[183ï

185], ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ 9b ʠ 9e ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʥʦʩ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʮʝʪʘʪ-ʘʥʠʦʥʘ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʢʘʪʠʦʥ-

ʨʘʜʠʢʘʣʘ 48. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʷʪ ʪʘʫʪʦʤʝʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 49 

ʠ ʩʜʚʠʛ ʨʘʜʠʢʘʣʘ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʴʥʦʡ ʯʘʩʪʠʮʳ 51. ɼʘʣʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ, ʦʢʠʩʣʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʣʠʙʦ ʩ ʧʝʨʝʥʦʩʦʤ ʝʱʝ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʣʝʢʪʨʦʥʘʢʮʝʧʪʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧʦʣʦʞʝʥʠʠ 7 (ʇʫʪʴ ɸ, ʉʭʝʤʘ 19), ʣʠʙʦ 

ʩ ʤʠʛʨʘʮʠʝʡ ʨʘʜʠʢʘʣʘ ʚ ʟʘʤʝʩʪʠʪʝʣʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʣʝʢʪʨʦʥʜʦʥʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ 

(ʇʫʪʴ ɹ, ʉʭʝʤʘ 19). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ 56 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʤʦʣʝʢʫʣʦʡ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 58. ɼʘʣʴʥʝʡʰʠʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʛʦʤʦʣʠʪʠʯʝʩʢʦʤʫ ʨʘʟʨʳʚʫ ʢʦʚʘʣʝʥʪʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʉ(7) ʘʪʦʤʦʤ ʠ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʩʪʨʫʢʪʫʨʝ 59. ɸʨʦʤʘʪʠʯʝʩʢʠʡ ʨʘʜʠʢʘʣ ʣʠʙʦ 

ʦʢʠʩʣʷʝʪʩʷ ʜʘʣʴʰʝ ʜʦ ʘʥʪʨʘʭʠʥʦʥʘ 46, ʣʠʙʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʘʪʘʢʝ ʘʮʝʪʦʢʩʠʣʴʥʳʤ 

ʨʘʜʠʢʘʣʦʤ ʠʟ ʬʝʥʠʣʡʦʜʘʮʝʪʘʪʘ 53. ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʨʘʜʠʢʘʣ 60, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʥʝʩʪʝʭʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʟʣʘʛʘʝʪʩʷ.  

 


























































































