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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʌʫʨʘʥ-2(3ʅ)-ʦʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʭr ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʙʠʦʘʢʪʠʚʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʌʫʨʘʥ-2(3ʅ)-ʦʥʦʚʳʡ ʮʠʢʣ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʢʝʣʝʪʘ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʦʝʜʠʥʝʥʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʤʝʪʦʜʠʢ ʩʦʟʜʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʢ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʂ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ ʠʭ ʪʠʦʘʥʘʣʦʛʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʨʘʞʝʥʥʦʤʫ ʧʫ-hʧʫʣʴʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʤʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʥʝʡ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʵʪʠ 

ʝʥʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʝʨʠʯʝʩʢʠ ʩʚʦʙʦʜʥʦʝ ɓ-ʧʦʣʦʞʝʥʠʝ ʩʚʷʟʠ ʉ=ʉ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳʭ ʦ ʩʠʥʪʝʟʝ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ(ʪʠʦʥʦʚ), 

ʤʝʭʘʥʠʟʤʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʥʥʳʭ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʚ ʚʠʜʝ ʪʠʦʣʘʢʪʦʥʥʦʡ ʛʨʫʧʧʳ 

ʦʧʨʝʜʝʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚ ʠ ʠʭ ʪʠʦʘʥʘʣʦʛʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.   

ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʣʘʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ 

ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ ʉɻʋ ʠʤ. ʅ.ɻ. 
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ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʛʨʘʥʪʘ ʈʅʌ 22-23-00171 "ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ 

ʙʠʙʣʠʦʪʝʢ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʛʝʪʝʨʦʮʠʢʣʦʚ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ". 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʤʘʣʦʩʪʘʜʠʡʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ 3-(ʛʝʪ)ʘʨʠʣ- ʠ 3-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ ʠ ʠʭ ʪʠʦʘʥʘʣʦʛʦʚ; ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʝʥʘʤʠʥʦʚʦʤ 

ʬʨʘʛʤʝʥʪʝ ʠ ʜʨʫʛʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ; ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ; ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ; ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ- ʠ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ɽ-, Z-ʠʟʦʤʝʨʦʚ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ; 

3. ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʪʠʦʥʠʨʦʚʘʥʠʷ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʩʝʣʝʢʪʠʚʥʳʤ ʨʝʘʛʝʥʪʦʤ 

ʃʘʚʝʩʩʦʥʘ;  

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 3-(ʛʝʪ)ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-

2(3ʅ)-ʪʠʦʥʦʚ ʨʝʘʢʮʠʝʡ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-

2(3ʅ)-ʪʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʠʥʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʠ; 

5. ʄʦʜʠʬʠʢʘʮʠʷ 3-(ʛʝʪ)ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʨʝʘʢʮʠʡ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʦʪʝʢʘʥʠʷ; 

6. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʀʂ-, ʋʌ-, ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʚ ʦʜʥʦʤʝʨʥʳʭ ʚʘʨʠʘʥʪʘʭ 1ʅ, NOESY 1D, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʜʚʫʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ HSQC, HMBC ʠ NOESY 2D), ʘ 

ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ;  

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʩʝʨʠʠ ʚʧʝʨʚʳʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʨʷʜʘ ʥʦʚʳʭ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʩʢʘʜʥʦʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ, ʦʨʪʦʵʬʠʨʘ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʡ ʨʘʟʤʝʨ ʮʠʢʣʘ ʠ ʥʘʙʦʨ 

ʛʝʪʝʨʦʘʪʦʤʦʚ. ʉʦʚʦʢʫʧʥʦʩʪʴʶ ʜʘʥʥʳʭ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʚʠʜʝ ʩʤʝʩʠ E-, 

Z-ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʠʟʦʤʝʨʦʚ, ʚ ʢʨʠʩʪʘʣʣʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ.  

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʝʥʘʤʠʥʠʨʦʚʘʥʠʷ 5-

ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʜʠʤʝʪʠʣʘʮʝʪʘʣʷ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ 

(ɼʄʌɸ-ɼʄɸ), ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʪʠʧʘ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʚʨʝʤʷ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʚʳʭʦʜ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʪʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ ʝʥʘʤʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʠʭ ʪʠʦʘʥʘʣʦʛʠ.  

ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʝ 3-

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʨʝʘʢʮʠʝʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʝʥʘʤʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 3-

(ʛʝʪ)ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʨʝʘʢʮʠʝʡ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 
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ʘʣʢʠʣʠʨʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ S-ʤʝʪʠʣʠʨʦʚʘʥʠʷ ï ɼʄʌɸ-

ɼʄɸ ʠ ʩʠʩʪʝʤʳ çʂʆʅ-ʠʦʜʤʝʪʘʥè. ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʳ ʩʧʦʩʦʙʥʳ ʢ ʨʝʘʢʮʠʷʤ ʘʣʢʠʣʠʨʦʚʘʥʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʘʪʦʤʫ ʩʝʨʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʝʥʘʤʠʥʦʚʫʶ ʛʨʫʧʧʫ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ S-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ.  

ʉʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚʳʷʚʣʝʥʳ ʩʦʝʜʠʥʝʥʠ,̫ ʧʨʦʷʚʣʷʶʱʠʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʰʠʨʦʢʦʛʦ 

ʨʷʜʘ 3-(ʛʝʪ)ʘʨʠʣ- ʠ 3-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ(ʪʠʦʥʦʚ). ʅʘʣʠʯʠʝ 

ʷʚʣʝʥʠʷ E-, Z-ʠʟʦʤʝʨʠʠ ʚ ʨʷʜʫ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 3-(ʛʝʪ)ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʨʘʩʰʠʨʷʝʪ ʛʨʘʥʠʮʳ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ S-ʘʣʢʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚʘʞʥʳʡ ʢʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʩʫʣʴʬʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʬʫʨʘʥʦʚʳʤ 

ʮʠʢʣʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʫ ʤʥʦʛʠʭ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ.  

ɺ ʭʦʜʝ ʧʝʨʚʠʯʥʦʛʦ ʩʢʨʠʥʠʥʛʘ in vitro ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʪʘʢʦʚʫʶ ʚ ʦʪʥʦʰʝʥʠʠ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʙʘʢʪʝʨʠʡ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟ 

ʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʦʚ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʥʘʰʠʤ ʩʪʨʫʢʪʫʨʘʤ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠ ̫ʠ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʗʄʈ-, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʪʨʦʝʥʠʝ ʨʷʜʘ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
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ʜʦʢʘʟʘʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʟʫʯʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʋʌ-ʦʙʣʘʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ɺɸʂ 1.4.3 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʧʦ ʦʪʨʘʩʣʠ ʥʘʫʢ ï çʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠè ʚ ʧ.1 çɺʳʜʝʣʝʥʠʝ ʠ 

ʦʯʠʩʪʢʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè, ʧ.3 çʈʘʟʚʠʪʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ 

ʤʦʣʝʢʫʣè ʠ ʧ.7 çɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʠʧʘ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦèè. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 3-ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-5-ʘʨʠʣʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠ ̫ʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ     

Z-, E-ʠʟʦʤʝʨʦʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ; 

2. ʉʠʥʪʝʟ 3-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʠʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ, ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ; 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 3-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-

2(3ʅ)-ʪʠʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʤʠʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ; 

4. ʉʪʨʘʪʝʛʠʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ 3-(ʛʝʪ)ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-

2(3ʅ)-ʪʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʡ S-ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʘʢʮʠʦʥʥr ʭ ʮʝʥʪʨʦʚ; 

5. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʘ ʪʘʢʞʝ 

ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʡ S-

ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ (ʩ ʦʧʫʙʣʠʢʦʚʘʥʠʝʤ 

ʪʝʟʠʩʦʚ) ʥʘ ʩʣʝʜʫʶʱʠʭ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XXVIII 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ 

çʃʦʤʦʥʦʩʦʚ-2021è (ʛ. ʄʦʩʢʚʘ, 2021 ʛ.), ɺʝʩʝʥʥʷʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʍʠʤʈʘʨ ʧʦ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ çʄʝʜʍʠʤʈʘʨ-2021è (ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʛ. ʍʠʤʢʠ, 2021 ʛ.), 
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ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʂʦʥʛʨʝʩʩ çKOST-2021è ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʛ. ʉʦʯʠ, 2021), XV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) 

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠè (ʛ. ʉʘʨʘʪʦʚ, 2021 ʛ.), VII , VI II , XI  ɺʩʝʨʦʩʩʠʡʩʢʠʭ 

(ʟʘʦʯʥʳʭ) ʤʦʣʦʜʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çɼʦʩʪʠʞʝʥʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʭʠʤʠʯʝʩʢʠʝ 

ʥʘʫʢʠè (ʛ. ʋʬʘ, 2022, 2023 ʠ 2024 ʛʛ.), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: 

çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷ: ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʦʪ ʄʘʨʢʦʚʥʠʢʦʚʘ ʜʦ ʥʘʰʠʭ ʜʥʝʡè 

(ʃʦʦ, ʛ. ʉʦʯʠ, 2022 ʛ.), XXIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ 

ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-2022è (ʛ. ʄʦʩʢʚʘ, 2022 ʛ.),  VII  ɺʩʝʨʦʩʩʠʡʩʢʘ ̫

ʤʦʣʦʜʝʞʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʙʣʝʤʳ ʠ ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʢʠʩʣʦʨʦʜ- ʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʛ. ʋʬʘ, 2023 ʛ.), 27th 

International Electronic Conference on Synthetic Organic Chemistry (ʀʩʧʘʥʠʷ, 2023 ʛ.).  

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʪʨʫʢʪʫʨʘ ʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʀʂ-, ʗʄʈ- ʠ ʋʌ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 16 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʢʦʪʦʨʳʭ 5 ʩʪʘʪʝʡ ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, 11 ʪʝʟʠʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɸʚʪʦʨ ʦʩʫʱʝʩʪʚʣʷʣʘ ʩʙʦʨ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʠ 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʷʣʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʙʦʪʢʝ 

ʠ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʠʣʘ ʧʫʙʣʠʢʘʮʠʠ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 161 ʩʪʨʘʥʠʮʝ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ ʚʚʝʜʝʥʠʝ, ʯʝʪʳʨʝ ʛʣʘʚʳ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 90 ʥʘʠʤʝʥʦʚʘʥʠʡ, 10 ʪʘʙʣʠʮ, 35 ʨʠʩʫʥʢʦʚ. 
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ɻʃɸɺɸ 1. ʉʀʅʊɽɿ ʀ ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɽʅɸʄʀʅʆɺ 

(ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

1.1 ɸʮʠʢʣʠʯʝʩʢʠʝ ʝʥʘʤʠʥʳ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ 

ɼʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 1,3-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʛʝʥʪʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ɓ-

ʧʦʣʦʞʝʥʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ - ʥʘʠʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʮʝʥʪʨʫ, ʧʨʦʪʝʢʘʶʱʘʷ 

ʢʘʢ ʨʝʘʢʮʠʷ ʄʠʭʘʵʣʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʭʦʨʦʰʦ ʫʭʦʜʷʱʝʡ 

ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ [1]. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʠʥʪʝʛʨʘʟʳ ɺʀʏ: ʜʦʣʫʪʝʛʨʘʚʠʨʘ, 

ʙʠʢʪʝʛʨʘʚʠʨʘ ʠ ʢʘʙʦʪʝʛʨʘʚʠʨʘ [2,3], ʘ ʪʘʢʞʝ ʘʥʪʠʙʠʦʪʠʢʦʚ ʭʠʥʦʣʦʥʦʚʦʛʦ ʨʷʜʘ [4]. 

ɺʚʝʜʝʥʠʝ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʢʝʣʝʪ 1,3-

ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ 

ʝʥʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʤʝʪʠʣʘʮʝʪʘʣʷ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (ɼʄʌɸ-

ɼʄɸ) [5-8]. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ 1,3-ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ 1a-e ʩ ɼʄʌɸ-ɼʄɸ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ɼʄʌɸ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ 2a-e, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʧʨʝʚʨʘʱʝʥʠʷʭ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ [9].  
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ʊʘʢ, ʨʝʘʢʮʠʷ ʩ ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ, ʛʜʝ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʤʝʪʠʣʝʥʘʢʪʠʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʤʝʥʷʣʠ ʦʩʥʦʚʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ NaH, ʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʄʌɸ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʜʦʥʘ 3, ʘ ʥʝ 

ʧʨʦʠʟʚʦʜʥʦʝ ʧʝʥʪʘʟʘʤʝʱʝʥʥʦʛʦ ʙʝʥʟʦʣʘ 4. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʝʘʢʮʠʷ ʝʥʘʤʠʥʘ 2a ʩ 

ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ, ʧʠʧʝʨʠʜʠʥʦʤ ʚ ʵʪʘʥʦʣʝ ʜʘʝʪ ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʘʥʘ 5, ʥʦ ʥʝ 

ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʜʦʥʘ 6 ʠʣʠ ʧʨʦʠʟʚʦʜʥʦʝ ʪʝʪʨʘʟʘʤʝʱʝʥʥʦʛʦ ʙʝʥʟʦʣʘ 7 [9,10]. 

 

ɼʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2a-c ʚʩʪʫʧʘʶʪ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʣʦʥʘʤʠʜʦʤ ʚ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaH ʢʘʢ ʦʩʥʦʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʦʪʝʢʘʶʱʝʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʢʦʪʠʥʘʤʠʜʦʚ 

8a-c [11].  

 

ʉʦʝʜʠʥʝʥʠʷ 2ʘ-ʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ ʠ 

ʮʠʘʥʦʪʠʦʘʮʝʪʘʤʠʜʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʘʥʘʣʦʛʠʯʥʳʤ ʚʳʰʝʦʧʠʩʘʥʥʳʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʘ ʧʫʪʠ ʮʠʢʣʠʟʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 2,3,4,5-ʠ 2,3,5,6-ʪʝʪʨʘʟʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 9,10a-h.  ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʘʪʘʢʘ ʢʘʨʙʘʥʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʘʪʦʤʫ 

ʫʛʣʝʨʦʜʘ ʧʦ ʄʠʭʘʵʣʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʘʤʠʥʘ 
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ʧʨʠʚʦʜʠʪ ʢ 2,3,4,5-ʪʝʪʨʘʟʘʤʝʱʝʥʥʦʤʫ ʠʟʦʤʝʨʫ 9a-h. ʊʦʛʜʘ ʢʘʢ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠ/̫ʦʪʱʝʧʣʝʥʠ ̫ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʜʦ ʠʟʦʤʝʨʘ 10a-h. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʣʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 9a-h [12]. 

 

ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ ʝʥʘʤʠʥʦʚ 2a-d ʩ 1,1,3-ʪʨʠʮʠʘʥʦ-2-ʘʤʠʥʦ-

1-ʧʨʦʧʝʥʦʤ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʠʣʠʩʴ 3-ʮʠʘʥʦ-6-R-

ʧʠʨʠʜʠʥ-2(1H)-ʠʣʠʜʝʥ)ʤʘʣʦʥʦʥʠʪʨʠʣʳ 11a-d [12]. 

 

ɽʥʘʤʠʥʦʢʝʪʦʵʬʠʨ 13, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ in situ ʤʦʥʦʝʥʘʤʠʥʠʨʦʚʘʥʠʝʤ 

ʜʠɻʬʠʨʘ ɓ-ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 12 ʩ ʧʦʤʦʱʴʶ ɼʄʌɸ-ɼʄɸ ʚ ʤʝʪʘʥʦʣʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ [13], ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 1,5-

ʙʠʵʣʝʢʪʨʦʬʠʣ ʚ ʨʝʘʢʮʠʠ ʩ ʘʤʠʥʘʤʠ ʢʘʢ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʨʷʜʦʚ. ɼʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ɸ, 

ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʮʠʢʣʠʟʘʮʠʠ ʜʦ 2-ʧʠʨʠʜʦʥʦʚ 

14a-p ʩ ʚʳʭʦʜʘʤʠ 40ï80% [14]. 
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ʀʟʫʯʝʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʜʠʵʬʠʨʘ ɓ-ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪʳ 12, 

5-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ ʠ ɼʄʌɸ-ɼʄɸ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1,2,4-ʪʨʠʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥ-6-ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 15-17a-d. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʩʚʷʟʘʥʘ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 5-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ ʚ ʜʚʫʭ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤʘʭ 1ʅ-

1,2,4-ʪʨʠʘʟʦʣ-5-ʘʤʠʥʘ ʠ 4ʅ-1,2,4-ʪʨʠʘʟʦʣ-3-ʘʤʠʥʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʤ ʚ ʜʘʥʥʦʤ ʧʨʝʚʨʘʱʝʥʠʠ ʷʚʣʷʝʪʩʷ ʝʥʘʤʠʥʦʥ 13, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʵʬʠʨʘ ɓ-ʢʝʪʦʛʣʫʪʘʨʦʚʦʡ ʢʠʩʣʦʪ r 12 ʠ ɼʄʌɸ-

ɼʄɸ. ʈʝʘʢʮʠʠ ʩ ʘʤʠʥʦʪʨʠʘʟʦʣʦʤ ʚ 1ʅ-ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʝ ʩ ʝʥʘʤʠʥʦʥʦʤ 12 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʛʠʦʠʟʦʤʝʨʦʚ 1,2,4-ʪʨʠʘʟʦʣʦ[1,5-ʘ]ʧʠʨʠʤʠʜʠʥʘ 

15a-d ʠʣʠ 16a-d, ʪʦʛʜʘ ʢʘʢ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ 4H-ʪʘʫʪʦʤʝʨʘ ʜʘʶʪ ʧʨʦʠʟʚʦʜʥʳʝ 1,2,4-

ʪʨʠʘʟʦʣʦ[4,3-a]ʧʠʨʠʤʠʜʠʥʘ 17a-d ʠʣʠ 18a-d [15]. ɸʚʪʦʨʘʤʠ ʦʮʝʥʝʥʦ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʜʠ ʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʢʠʩʣʳʭ ʭʣʦʨʠʜʥʳʭ ʩʨʝʜʘʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʧʦʣʝʚʳʭ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʥʛʠʙʠʨʫʶʪ ʢʦʨʨʦʟʠʶ ʤʝʜʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʠ 

ʢʠʩʣʳʭ ʭʣʦʨʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ [16].  
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ɓ-ʕʥʘʤʠʥʦʜʠʢʝʪʦʥ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʧʦʣʠʘʟʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʮʝʥʪʨʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʪʘʢʦʚʘʥʳ ʥʫʢʣʝʦʬʠʣʘʤʠ. ʉʠʥʪʝʟ 

ʨʷʜʘ 1-ʘʨʠʣ-4-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʝʥʧʠʨʨʦʣʠʜʠʥ-2,3,5-ʪʨʠʦʥʦʚ 20a-j  

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʚʨʘʱʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʝʥʘʤʠʥʦʜʠʢʝʪʦʥʘ 19 ʩ 3- 

ʠʣʠ 4-ʟʘʤʝʱʝʥʥʳʤʠ ʘʥʠʣʠʥʘʤʠ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʧʨʠ 50  ʚ ʩʨʝʜʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʘʭ. 

ɺʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ ʘʥʠʣʠʥʦʚ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʜʫʢʪʘʤ ʩ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ [17]. 

 

ɸʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʜʠʥʫʢʣʝʦʬʠʣʳ (2-

ʘʤʠʥʦʧʠʨʠʜʠʥ, 2-ʘʤʠʥʦʪʠʘʟʦʣ ʠ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣ) ʚ ʨʝʘʢʮʠʠ ʩ ɓ-

ʵʥʘʤʠʥʦʜʠʢʝʪʦʥʦʤ 19, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʝʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʝʘʢʮʠʠ, 

ʜʘʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʨʝʘʢʮʠʶ ʤʝʞʜʫ ɓ-

ʵʥʘʤʠʥʦʜʠʢʝʪʦʥʦʤ 19 ʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ ʪʝʩʪʠʨʦʚʘʣʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ 25 ÁC. 

ʇʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʯʝʨʝʟ 3 ʯ, ʠ ʧʨʦʜʫʢʪ 21a ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 
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74%. ʇʨʠ ʧʦʚʪʦʨʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʚʨʝʤʷ ʧʨʝʚʨʘʱʝʥʠʷ 

ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 30 ʤʠʥ, ʠ ʧʨʦʜʫʢʪ 21ʘ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʚʳʭʦʜʦʤ 80 %. ɼʨʫʛʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʪʘʢʠʝ, ʢʘʢ ʵʪʘʥʦʣ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ, ʘʮʝʪʦʥ ʠʣʠ ʵʪʠʣʘʮʝʪʘʪ, ʪʘʢʞʝ 

ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ, ʥʦ ʦʥʠ ʥʝ ʙʳʣʠ ʩʪʦʣʴ ʵʬʬʝʢʪʠʚʥʳ, ʢʘʢ 

ʘʮʝʪʦʥʠʪʨʠʣ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʠʧʷʯʝʥʠʝ ʝʥʘʤʠʥʦʜʠʢʝʪʦʥʘ 19 ʩ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʦʤ ʚ 

ʣʶʙʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʙʦʚʘʣʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʨʝʘʢʮʠʠ (0.5, 3, 1 ʠ 1 ʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʵʪʘʥʦʣʘ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ, ʘʮʝʪʦʥʘ ʠ 

ʵʪʠʣʘʮʝʪʘʪʘ), ʘ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʭʦʜʳ 21ʘ (54, 74, 77 ʠ 75% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [18]. 

 

ɺ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ɓ-ʵʥʘʤʠʥʦʜʠʢʝʪʦʥ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ ʨʝʘʢʮʠʠ 

ʩ ʜʨʫʛʠʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ï 2-ʘʤʠʥʦʪʠʘʟʦʣʦʤ ʠ 2-

ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʦʤ. ɺ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʩ 2-ʘʤʠʥʦʪʠʘʟʦʣʦʤ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 

21b ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 86% ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʧʨʦʜʫʢʪ 21c ʩ ʚʳʭʦʜʦʤ ʪʦʣʴʢʦ 

56% ʧʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ (1 ʯ) ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʚʘʥʪʦʚʳʭ 

ʨʘʩʯʝʪʦʚ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʚʝʨʦʷʪʥʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʜʜʫʢʪʘ A ʟʘʩʯʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʤʠʥʦ 

ʛʨʫʧʧʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʥʘ ɓ-ʫʛʣʝʨʦʜ ʩʦʝʜʠʥʝʥʠʷ 19. ɺʪʦʨʘʷ ʩʪʘʜʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʘʤʠʥʘ ʦʪ ʠʥʪʝʨʤʝʜʠʘʪʘ A ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʪʠʣ 5,5,5-ʪʨʠʭʣʦʨ-2,4-ʜʠʦʢʩʦ-3-((ʧʠʨʠʜʠʥ-2-

ʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)ʧʝʥʪʦʥʦʘʪʘ B. ʇʦʩʣʝʜʫʶʱʘʷ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ, ʢʦʪʦʨʦʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʪʦʤ ʘʟʦʪʘ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʥʘ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʠʣʘ, 

ʩʦʩʝʜʥʠʡ ʩ ʟʘʤʝʩʪʠʪʝʣʝʤ CCl3, ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʨʤʝʜʠʘʪʫ ʉ, ʟʘʪʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ˊ-

ʩʚʷʟʠ ʚʳʟʳʚʘʝʪ ʦʪʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣʳ CʅCl3, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʨʦʤʘʪʠʟʘʮʠʝʡ ʜʦ 

ʧʨʦʜʫʢʪʘ 21ʘ. ʊʨʠʭʣʦʨʤʝʪʠʣʴʥʳʡ (CCl3)  ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ 
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ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʛʜʝ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʚʳʩʪʫʧʘʣʠ ʝʥʘʤʠʥʦʚʳʝ ʩʠʩʪʝʤʳ [19,20].  

 

ʇʠʨʘʟʦʣʳ 23 ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʩʭʦʜʷ ʠʟ ɓ-ʵʥʘʤʠʥʦʜʠʢʝʪʦʥʘ 22 ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʥʦʛʠʜʨʘʪʦʤ ʛʠʜʨʘʟʠʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʵʪʘʥʦʣʝ 

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʙʩʪʨʘʪʘ ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʚ ʵʪʘʥʦʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʧʠʨʘʟʦʣʦ[3,4-d]ʧʠʨʠʜʘʟʠʥ-7-ʦʥʘʤ 24a,b. ɼʘʥʥʳʡ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʭʦʜʷ ʠʟ ʧʠʨʘʟʦʣʦʚ [21-23].  

                                    

ʉ ʮʝʣʴʶ ʧʨʦʜʦʣʞʝʥʠʷ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ [24] ʠʟʫʯʝʥʳ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʝʥʘʤʠʥʦʜʠʦʥʦʚ 25a-h, ʦʙʣʘʜʘʶʱʠʭ 

ʚʳʩʦʢʠʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʯʝʪʳʨʝʭ ʨʝʘʢʮʠʦʥʥʳʭ 

ʮʝʥʪʨʦʚ (ʘʢʪʠʚʠʨʦʚʘʥʥʘ ̫ ʜʚʦʡʥʘ ̫ʩʚʷʟʴ ʠ ʪʨʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʝ ʢʘʨʙʦʥʠʣʴʥʳʝ 
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ʛʨʫʧʧʳ). ʅʝʩʢʦʣʴʢʦ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʧʠʨʘʟʦʣʦʚ 26,27a-h ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʝʥʘʤʠʥʦʜʠʦʥʦʚ 25a-h ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʛʠʜʨʘʟʠʥʘʤʠ. ʇʝʨʚʠʯʥʘʷ 

ʘʪʘʢʘ ʘʤʠʥʦʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-4 ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 

ʉ=ʉ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ A, ʜʘʣʝʝ 

ʮʠʢʣʠʟʫʶʱʠʡʩʷ ʚ ʧʠʨʘʟʦʣʳ 26 ʠ 27a-h. ɸʚʪʦʨʘʤʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʛʠʜʨʘʟʠʥʘ ɸ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜ rʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï 

ʩʤʝʩʴ EtOHïH2O ʥʘʧʨʘʚʣʷʝʪ ʮʠʢʣʠʟʘʮʠʶ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-2 ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʦ 

ʠʟʦʤʝʨʘ 26a-h. ʇʦʣʫʯʝʥʠʝ ʩʤʝʩʠ ʠʟʦʤʝʨʦʚ 26 ʠ 27a-h ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï MeCN, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʘ 

ʮʠʢʣʠʟʘʮʠ ̫ʧʦ ʦʙʝʠʤ ʢʘʨʙʦʥʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʅʘʣʠʯʠʝ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ 

ʧʨʠ ʦʜʥʦʡ ʠʟ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʝʥʘʤʠʥʦʜʠʦʥʘʭ ʥʘʧʨʘʚʣʷʝʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʧʦ ʵʪʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʧʠʨʘʟʦʣʦʚ 27ʘ ʩ ʚʳʭʦʜʘʤʠ 50ï56%. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʢʘʨʙʦʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-2 ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʘʨʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʝʝ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʠʨʘʟʦʣʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʘʟʘ-ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʪʠʧʘ ʄʠʭʘʵʣʷ ʥʝʟʘʤʝʱʝʥʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ 

ʧʦ ɓ-ʫʛʣʝʨʦʜʫ ʝʥʘʤʠʥʦʜʠʢʝʪʦʥʦʚ [25].  

 

5-ɿʘʤʝʱʝʥʥʳʝ 2-ʬʝʥʠʣʧʠʨʠʤʠʜʠʥ-4-ʢʘʨʙʦʢʩʠʣʘʪʳ 30 ʠ 30ôa-j  

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʝʘʢʮʠʝʡ ʝʥʘʤʠʥʜʠʢʝʪʦʥʘ 29a-j  ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʙʝʥʟʘʤʠʜʠʥʘ. 

ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ ʥʝ ʫʜʘʣʦʩʴ. ɿʘʤʝʥʘ ʱʝʣʦʯʠ ʥʘ 
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ʢʘʨʙʦʥʘʪ ʢʘʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ 

ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʛʠʦʠʟʦʤʝʨʥʦʡ ʩʤʝʩʠ ʧʠʨʠʤʠʜʠʥʦʚ 26 ʠ 26ôa-j  [26].  

 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 30 ʠ 30ôa-j  ʦʧʨʝʜʝʣʷʣʦʩʴ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ ʟʘʤʝʩʪʠʪʝʣʷ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ 

ʟʘʤʝʩʪʠʪʝʣʷ (R) ʜʦʣʷ ʧʨʦʜʫʢʪʦʚ 30ôa-j  ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ 

ʤʘʢʩʠʤʘʣʴʥʳʤ, ʢʦʛʜʘ R = CF3, ʛʜʝ ʥʝʦʞʠʜʘʥʥʦ ʧʨʦʠʟʦʰʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʤʝʨʘ 

30ôj  ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʵʬʬʝʢʪʦʤ ʪʨʠʬʪʦʨʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʡ 

ʫʚʝʣʠʯʠʚʘʝʪ ʥʝʜʦʩʪʘʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʘʨʙʦʥʠʣʴʥʦʤ ʫʛʣʝʨʦʜʝ, ʩʚʷʟʘʥʥʦʤ ʩ ʵʪʦʡ 

ʛʨʫʧʧʦʡ, ʜʝʣʘʷ ʵʪʦʪ ʮʝʥʪʨ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ, ʯʝʤ ʩʦʩʝʜʥʠʡ ʢʘʨʙʦʥʠʣʴʥʳʡ 

ʫʛʣʝʨʦʜ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ.  

ʈʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʤʝʞʜʫ ʝʥʘʤʠʥʦʜʠʢʝʪʦʥʘʤʠ ʠ ʥʫʢʣʝʦʬʠʣʘʤʠ 

ʪʠʧʘ NïCïN ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʝʥʘʤʠʥʦʜʠʢʝʪʦʥʘ 29a-j  ʩ ʤʦʥʦʛʠʜʨʦʭʣʦʨʠʜʦʤ 1H-ʧʠʨʘʟʦʣ-1-ʢʘʨʙʦʢʩʘʤʠʜʠʥʘ. ɺ 

ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝ ʞʝ ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʠʨʠʤʠʜʠʥ-

4-ʢʘʨʙʦʢʩʠʣʘʪʦʚ 30 ʠ 30ôa-j. ʆʜʥʘʢʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʚ ʦʜʠʥ ʯʘʩ ʙʳʣʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʚ ʧʨʦʜʫʢʪ. ʋʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ ʜʚʫʭ ʯʘʩʦʚ ʧʨʠʚʝʣʦ ʢ ʧʠʨʠʤʠʜʠʥ-4-ʢʘʨʙʦʢʩʠʣʘʪʘʤ 31a-j  [26].  
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɓ-ʢʝʪʦʵʬʠʨʦʚ 32a-h ʩ ɼʄʌɸ-ɼʄɸ (1-3 ʵʢʚ.) ʚ ʙʝʟʚʦʜʥʦʤ 

ʪʦʣʫʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʝ ɓ-

ʢʝʪʦʵʬʠʨʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʘʤʠʥʦʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 33a-h [27] ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ in situ ʚ ʢʦʥʝʯʥʳʝ 4-ʛʠʜʨʦʢʩʠʧʠʨʨʦʣ-3-ʢʘʨʙʦʢʩʠʣʘʪʳ 

34a-h, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ 4-ʦʢʩʦʧʠʨʨʦʣ-3-ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʪʘʫʪʦʤʝʨʘʤʠ 34ôa-h [28].  

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʝʥʘʤʠʥʦʥʦʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 33a-h ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʙʳʩʪʨʦʝ ʚʳʜʝʣʝʥʠʝ (ʢʦʣʦʥʦʯʥʘʷ ʬʣʵʰ-ʭʨʦʤʘʪʦʛʨʘʬʠʷ), ʢʦʛʜʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʩʭʦʜʥʳʭ ɓ-ʢʝʪʦʵʬʠʨʦʚ 32a-h ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʝʥʘʤʠʥʦʥʦʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪ r 33a-h 

ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ ʧʠʨʨʦʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 34a-h/34ôa-h. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʝʥʘʤʠʥʦʥʘ 33 ʚʳʩʪʫʧʘʶʪ ʧʦʣʝʟʥʳʤʠ ʩʠʥʪʦʥʘʤʠ 

ʚ ʩʠʥʪʝʟʝ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  ɽʥʘʤʠʥʦʚʳʝ ʠʥʪʝʨʤʝʜʠʘʪʳ 33i-l, 

ʩʥʘʯʘʣʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ in situ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɓ-ʢʝʪʦʵʬʠʨʦʚ 33i-l ʠ 

ɼʄʌA-ɼʄɸ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ, ʘ ʟʘʪʝʤ ʚʚʝʜʝʥʳ ʚ ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ ʤʝʪʘʥʦʣʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʠʥʫʢʣʝʦʬʠʣʘʤʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʮʠʢʣʠʟʫʶʪʩʷ ʚ ʪʘʫʪʦʤʝʨʥʳʝ 

ʧʠʨʨʦʣʳ 34/34ô. ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʝʥʠʣʛʠʜʨʘʟʠʥʦʤ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʚ 

ʩʨʝʜʝ ʤʝʪʘʥʦʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʘ 35i-l. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʷ ʝʥʘʤʠʥʦʥʘ 33k ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ 

ʙʝʥʟʘʤʠʜʠʥʘ, 3-ʘʤʠʥʦ-1H-ʧʠʨʘʟʦʣ-4-ʢʘʨʙʦʢʩʠʣʘʪʦʤ ʠ 5-(ʤʝʪʠʣʪʠʦ)-1H-1,2,4-

ʪʨʠʘʟʦʣ-3-ʘʤʠʥʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʠʨʠʤʠʜʠʥʘ 36k, 

ʧʠʨʘʟʦʣʦʧʠʨʠʤʠʜʠʥʘ 37k ʠ ʪʨʠʘʟʦʣʦʧʠʨʠʤʠʜʠʥʘ 38k ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʩʝ ʵʪʠ 

ʨʝʘʢʮʠʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʘʯʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ ʥʘ ʙʦʣʝʝ 

ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʯʘʩʪʴ ʜʠʥʫʢʣʝʦʬʠʣʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [28]. 
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ʆʧʠʩʘʥ ʩʠʥʪʝʟ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʩʭʦʜʥʳʭ 1-(N-R-ʬʝʥʠʣ)-2-(N-

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʥʦ)-3-ʦʢʩʦʙʫʪʘʥʘʤʠʜʦʚ 40a-h ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ 

ʢʝʪʦʘʥʠʣʠʜʦʚ 39a-h ʠ ɼʄʌɸ-ɼʄɸ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʘʙʩʦʣʶʪʠʟʠʨʦʚʘʥʥʦʤ ʢʩʠʣʦʣʝ 

[29].  

 

ɼʘʥʥʳʡ ʩʫʙʩʪʨʘʪ - 3-ʦʢʩʦ-N-ʬʝʥʠʣʙʫʪʘʥʘʤʠʜ 40ʘ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʛʦ ʨʝʘʢʮʠʠ ʩ ʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʦʩʥʦʚʘʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʮʠʠ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʣʢʦʛʦʣʷʪʘ ʥʘʪʨʠʷ, 

ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠʣʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ. ʉʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ 1,1 

ʵʢʚ. 2-ʮʠʘʥʦʪʠʦʘʮʝʪʘʤʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ 2,0 ʵʢʚ. ʚ ɼʄʌɸ ʧʨʠ 80 

ÁC ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʧʠʨʠʜʠʥ-

2(1ʅ)-ʪʠʦʥʘ 41ʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ 90%. ɺ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ 
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ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʨʝʘʢʮʠʡ ʝʥʘʤʠʥʦʥʦʚ 40bïh ʠ 2-ʮʠʘʥʦʪʠʦʘʮʝʪʘʤʠʜʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥ-2(1H)-ʪʠʦʥʦʚ 41bïh [30]. 

 

ʂʦʥʜʝʥʩʘʮʠʷ 1-(N-4-ʭʣʦʨʬʝʥʠʣ)-2-(N-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʥʦ)-3-ʦʢʩʦʙʫʪʘʥʘ-

ʤʠʜʘ 40b ʩ ʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʦʢʩʠʜʘ ʥʘʪʨʠʷ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʠʨʠʜʠʥʦʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ 42b [31]. 

 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ 

ʧʦʣʠʟʘʤʝʱʝʥʥʳʭ ʧʠʨʠʜʠʥ-2(1H)-ʦʥʦʚ 43a-d,f-j  ʠʟ 1-(N-R-ʬʝʥʠʣ)-2-(N-

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʥʦ)-3-ʦʢʩʦʙʫʪʘʥʘʤʠʜʦʚ 40a-d,f-j  ʠ ʩʦʣʠ ʙʨʦʤʠʜʘ 

ʮʠʘʥʦʤʝʪʠʣʩʫʣʴʬʦʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠ ̫ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠ ʥʘʠʙʦʣʝʝ 

ʙʦʣʴʰʝʛʦ ʚʳʭʦʜʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚʳʙʨʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʦʩʥʦʚʘʥʠ ̫ Cs2CO3 3 ʵʢʚ., ɼʄʉʆ ʢʘʢ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 100. ʄʝʭʘʥʠʟʤ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ [4+2]-ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʝʥʘʤʠʥʦʥʦʚ ʩ ʙʨʦʤʠʜʥʦʡ ʩʦʣʴʶ 

ʮʠʘʥʦʤʝʪʠʣʩʫʣʴʬʦʥʠʷ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ 

ʟʘʤʝʱʝʥʠʝ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʠ ʨʝʘʢʮʠʠ 

ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʷ [32]. 
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1.2 ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ ʝʥʘʤʠʥʦʚ 

ɽʥʘʤʠʥʦʥʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ 

ʩʠʥʪʝʟʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʛʨʦʭʠʤʠʢʘʪʦʚ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ 

ʢʨʘʩʠʣʴʥʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʠʤʠ ʝʥʘʤʠʥʦʥʘʤʠ ʷʚʣʷʶʪʩʷ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 45a,b ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ 

44a ʠ 5,5-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ 44b, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʘʚʪʦʨʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɼʄʌA-ɼʄɸ ʚ ʢʠʧʷʱʝʤ ʢʩʠʣʦʣʝ [33,34]. 

 

ʈʝʘʢʮʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ 45a ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʛʠʜʨʘʟʠʥʘʤʠ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʤʝʭʘʥʠʟʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʷ-ʦʪʱʝʧʣʝʥʠʷ/ʮʠʢʣʦʜʝʛʠʜʨʘʪʘʮʠʠ ʜʦ ʧʨʦʠʟʚʦʜʥʭr 

ʧʠʨʘʟʦʣʘ 46a-i [35]. ɸʚʪʦʨʘʤʠ ʨʘʩʰʠʨʝʥ ʨʷʜ ʠʩʧʦʣʴʟʫʝʤʳʭ ʛʠʜʨʘʟʠʥʦʚ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʜʙʦʨ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʅ2ʆ, 

ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʚʳʜʝʣʝʥʠʝ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʠ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220  ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ɸʩʆʅ 2,6 ʵʢʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦʟʤʦʞʥʦ ʠ ʧʨʠ ʦʜʥʦʨʝʘʢʪʦʨʥʦʤ ʩʤʝʰʝʥʠʠ ʠʩʭʦʜʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ [36].  

 

2-((ɼʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)-5,5-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥ 45b ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʤʠʥʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ 

1,2-ʜʠʘʤʠʥʦʵʪʘʥ ʠ 1,3-ʜʠʘʤʠʥʦʧʨʦʧʘʥ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1,5 ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 100, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʝʥʘʤʠʥʦʚʳʝ ʩʠʩʪʝʤʳ 47 ʠ 48 [37]. 

 

ɸʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 5,5-ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ  

ʩʠʥʪʝʟʠʨʦʚʘʥʳ 49a-e ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2-((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)-5,5-

ʜʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩʘʥ-1,3-ʜʠʦʥʘ 45b ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʷʜʦʚ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʤʦʱʥʦʩʪʴʶ 300W [37]. 
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ɽʥʘʤʠʥʦʥʳ 45a,b ʚʩʪʫʧʘʶʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ ʚ ʢʠʧʷʱʝʡ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʘʤʤʦʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 

ʢʦʥʜʝʥʩʘʮʠʠ. ʊʘʢ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʯʘʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ 

ʤʘʣʦʥʦʥʠʪʨʠʣʘ ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʦʝ ʜʘʝʪ ʠʥʪʝʨʤʝʜʠʘʪ 50a,b, 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʚ 51a,b ʠ ʠʟʦʤʝʨʠʟʘʮʠʝʡ ʚ 2,5-ʜʠʦʢʩʦ-1,2,5,6,7,8-

ʛʝʢʩʘʛʠʜʨʦʭʠʥʦʣʠʥ-3-ʢʘʨʙʦʥʠʪʨʠʣʳ 52a,b. ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʢʦʥʜʝʥʩʘʮʠʷ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 45a,b ʩ ʘʢʪʠʚʥʳʤ ʤʝʪʠʣʝʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʘʣʦʥʦʥʠʪʨʠʣʘ 

ʜʘʝʪ 2-(2-((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)-3-ʦʢʩʦʮʠʢʣʦʛʝʢʩʠʣʠʜʝʥ)ʤʘʣʦʥʦʥʠʪʨʠʣʳ 

53a,b, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʤʦʞʝʪ ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʚ 3,8-ʜʠʦʢʩʦ-2,3,5,6,7,8-

ʛʝʢʩʘʛʠʜʨʦʠʟʦʭʠʥʦʣʠʥ-4-ʢʘʨʙʦʥʠʪʨʠʣ r 54a,b [34].  

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʩʠʩʪʝʤʳ 45a,b 

ʨʝʘʛʠʨʫʶʪ ʩ 3-ʘʤʠʥʦʢʫʤʘʨʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ Z- ʠ ɽ-2-(((2-

ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʝʥ)ʮʠʢʣʦʛʝʢʩʘ-1,3-ʜʠʦʥʦʚ 55a,b. ʇʨʝʦʙʣʘʜʘʥʠʝ 

Z-ʬʦʨʤʳ ʜʣʷ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ [34].  
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ɸʚʪʦʨʘʤʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 2-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-3-

(ʬʝʥʠʣʛʠʜʨʘʟʦʥʦ)ʠʥʜʘʥ-1-ʦʥʘ 57 ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʠʥʜʘʥ-

1-ʦʥʘ 56 ʩ ɼʄʌA-ɼʄɸ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʢʩʠʣʦʣʝ, ʢʘʢ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣ-ʤʠʰʝʥʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  2-ɼʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-3-

(ʬʝʥʠʣʛʠʜʨʘʟʦʥʦ)ʠʥʜʘʥ-1-ʦʥ 57 ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 

ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʠʥʜʝʥʦʧʠʨʘʟʦʣʘ 58 [38]. ʊʘʢʞʝ 

ʝʥʘʤʠʥʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ 57 5-

ʘʤʠʥʦ-3-ʬʝʥʘʟʦʥʠʣ-1ʅ-ʧʠʨʘʟʦʣʦʤ ʚ ʢʠʧʷʱʝʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʦʪʝʢʘʝʪ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ ʠʥʜʝʥʦʬʣʫʦʨʝʥʘ 59. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʄʠʭʘʵʣʶ NH2-

ʛʨʫʧʧʳ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ 57 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣ ʜʠʤʝʪʠʣʘʤʠʥʘ 

ʠ ʚʦʜʳ ʜʦ  ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 58 ʠ 59 [39]. 

 

ɸʚʪʦʨʘʤʠ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 2-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-

3-(ʬʝʥʠʣʛʠʜʨʘʟʦʥʦ)ʠʥʜʘʥ-1-ʦʥʘ 57 ʚ ʨʝʘʢʮʠʷʭ ʩ ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʊʘʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʥʘʤʠʥʦʥʘ 57 ʩ ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ2-ʦʢʩʦ-5-(2-ʬʝʥʠʣʛʠʜʨʘʟʦʥʦ)-2,5-ʜʠʛʠʜʨo-1H-ʠʥʜʝʥʦ[1,2-

b]ʧʠʨʠʜʠʥ-3-ʢʘʨʙʦʥʠʪʨʠʣʘ 60. ɺ ʦʪʣʠʯʠʝ ʦʪ ʝʛʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ 

ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 57 ʩ ʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 



27 

 

ʧʨʠʚʦʜʠʪ ʢ ʠʥʜʝʥʦʧʠʨʠʜʠʥʫ 61. ɽʥʘʤʠʥʦʥ 57 ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʤʝʨʦʤ 

ʤʘʣʦʥʦʥʠʪʨʠʣʘ ʚ ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʴʥʦʤ ʵʪʠʣʘʪʝ ʥʘʪʨʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʨʠʥʠʪʨʠʣʘ 62 

[39]. 

 

ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ 1-ʤʦʨʬʦʣʠʥʦ-2-ʬʝʥʠʣʵʪʘʥʪʠʦʥʘ 

63a-e ʠ ɼʄʌɸ-ɼʄɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80ï85Áʉ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ 3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)-1-ʤʦʨʬʦʣʠʥʦ-2-ʬʝʥʠʣʧʨʦʧ-2-ʝʥ-

1-ʪʠʦʥʘ 64a-e. ʕʪʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 64a-e ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʧ-ʭʣʦʨʬʝʥʘʮʠʣʙʨʦʤʠʜʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʪʨʠʟʘʤʝʱʝʥʥʦʛʦ ʪʠʦʬʝʥʘ 65a-m [40]. ʇʨʝʚʨʘʱʝʥʠʝ 3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)-

1-ʤʦʨʬʦʣʠʥʦ-2-ʬʝʥʠʣʧʨʦʧ-2-ʝʥ-1-ʪʠʦʥʘ 64a-e ʩ ʵʪʠʣʙʨʦʤʘʮʝʪʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 0ÁC ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʪʠʣ-5-ʤʦʨʬʦʣʠʥʦ-4-ʬʝʥʠʣʪʠʦʬʝʥ-2-ʢʘʨʙʦʢʩʠʣʘʪʦʚ 

66aïe [41]. ʆʜʥʘʢʦ ʵʪʠʣ-5-ʤʦʨʬʦʣʠʥʦ-4-ʬʝʥʠʣʪʠʦʬʝʥ-2-ʢʘʨʙʦʢʩʠʣʘʪ r63aïe ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʚ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʩ ʤʝʪʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʠʣʠ ʚ 

ɼʄʌɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʩʬʦʨʠʣʭʣʦʨʠʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʦʢʩʠʜʘ ʥʘʪʨʠʷ [42].  
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ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʨʬʦʣʠʥʦ-3-ʘʨʠʣ-5-aʨʦʠʣ ʪʠʦʬʝʥʦʚ 

65a-m ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 64a-e ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʫʙʩʪʨʘʪʘ 63a-e ʩ ɼʄʌɸ-ɼʄɸ. ɼʘʥʥʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ 

ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʮʝʥʪʨ (C=S) ʠ ʦʜʠʥ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ (C-NMe2) ʮʝʥʪʨ.  

ɺʳʩʦʢʦʧʦʣʷʨʥʘʷ ʩʚʷʟʴ C-Br ʬʝʥʘʮʠʣʙʨʦʤʠʜʘ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʘʪʘʢʝ ʧʦ ʩʝʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 67a-m. ɼʚʦʡʥʘʷ ʩʚʷʟʴ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʝʪʦ-ʝʥʦʣʴʥʦʡ ʪʘʫʪʦʤʝʨʠʠ, ʘʪʘʢʫʝʪ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʡ ʠʤʠʥʥʳʡ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 68a-m, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʟʘʩʯʝʪ ʦʪʱʝʧʣʝʥʠʷ ʜʠʤʝʪʠʣʘʤʠʥʘ ʠ ʙʨʦʤʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ rʪʨʠʟʘʤʝʱʝʥʥʳʭ ʪʠʦʬʝʥʦʚ 65a-m [40]. 
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ɸʚʪʦʨʘʤʠ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʙʠʩ(7-ʘʤʠʥʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘ). ʇʝʨʚʳʡ ʧʫʪʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʜʠʶ 

ʦʙʨʘʙʦʪʢʠ ʙʠʩ[(ʪʠʘʟʦʣ-2-ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣʘ] 69 ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ɼʄʌɸ-ɼʄɸ  

ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

120  ʧʨʠ ʤʦʱʥʦʩʪʠ 300W ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

ʙʠʩ(3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʘʢʨʠʣʦʥʠʪʨʠʣʘ) 70. ʇʦʩʣʝʜʫʶʱʝʝ ʜʦʙʘʚʣʝʥʠʝ ʢ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʚʫʭʢʨʘʪʥʦʛʦ ʠʟʙʳʪʢʘ 3-ʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-5-ʘʤʠʥʘ 71a ʠ 

ʧʠʨʠʜʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʠʚʦʜʠʪ 

ʢ ʙʠʩ(7-ʘʤʠʥʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʫ) 72ʘ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʫʪʝʤ ʩʠʥʪʝʟʘ 

ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʣʫʞʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ (E)-N,N-ʜʠʤʝʪʠʣ-N'-(3-

ʬʝʥʠʣ-1H-ʧʠʨʘʟʦʣ-5-ʠʣ)ʬʦʨʤʠʤʠʜʘʤʠʜʘ 73ʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-

ʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-5-ʘʤʠʥʘ 71ʘ ʩ ɼʄʌɸ-ɼʄɸ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʫʩʣʦʚʠʷʭ [43,44]. ɿʘʪʝʤ 1 ʵʢʚʠʚʘʣʝʥʪ ʙʠʩ[(ʪʠʘʟʦʣ-2-ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣʘ] 69  

ʨʘʩʪʚʦʨʷʣʠ ʚ ʧʠʨʠʜʠʥʝ ʠ ʜʦʙʘʚʣʷʣʠ ʚ ʨʝʘʢʮʠʶ. ʈʝʘʢʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʘʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤʫ ʦʙʣʫʯʝʥʠʶ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʠʩ(7-

ʘʤʠʥʦʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘ) 72ʘ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʘʛʘʪʴ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʩʫʙʩʪʨʘʪ ʦʙʨʘʙʘʪʳʚʘʣʠ 69 ɻ ʢʚʠʚʘʣʝʥʪʘʤʠ 
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3-ʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-5-ʘʤʠʥʘ 71ʘ ʠ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ɼʄʌɸ-ɼʄɸ ʚ ʧʠʨʠʜʠʥʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʧʦ ʚʩʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʜʝʥʪʠʯʝʥ ʩʦʝʜʠʥʝʥʠ ʁ72ʘ [45]. 

 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʨʠʤʝʨʝ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʧʨʠʤʝʥʷʣʠʩʴ ʘʚʪʦʨʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʛʦ one-pot 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʩ[(ʪʠʘʟʦʣ-2-ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣʘ] 69, ɼʄʌɸ-ɼʄɸ ʠ ʘʤʠʥʦʚ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʨʷʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʛʝʪʝʨʦʘʪʦʤʦʚ 71b-d (1H-

[1,2,4]ʪʨʠʘʟʦʣ-5-ʘʤʠʥ, 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣ, 2ï2-(1H-ʙʝʥʟʠʤʠʜʘʟʦʣ-2-

ʠʣ)ʘʮʝʪʦʥʠʪʨʠʣ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʙʠʩ(ʘʤʠʥʦʘʟʦʣʦ[1,5-ʘ]ʧʠʨʠʤʠʜʠʥʦʚ) ʠ 

ʙʠʩ(ʘʤʠʥʦʘʟʠʥʦ[1,2-ʘ]ʙʝʥʟʠʤʠʜʘʟʦʣʦʚ) 72b-d. 
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ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ 2-(2-ʜʠʤʝʪʠʣʘʤʠʥʦ)ʚʠʥʠʣ)-4-ʧʠʨʦʥʦʚ 75a-h, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʝʥʘʤʠʥʠʨʦʚʘʥʠʠ 2-ʤʝʪʠʣ-4-ʧʠʨʦʥʦʚ 74a-h ɼʄʌA-ɼʄɸ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ N -ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ ʧʨʠ 100-120  ʚ 

ʘʚʪʦʢʣʘʚʝ. ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʠʩ(ʝʥʘʤʠʥʦ)ʟʘʤʝʱʝʥʥʳʭ 4-

ʧʠʨʦʥʦʚ 76 ʟʘʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 2,6-ʜʠʤʝʪʠʣ-4-ʧʠʨʦʥʘ 74h ʩ ʧʷʪʠʢʨʘʪʥʳʤ 

ʠʟʙʳʪʢʦʤ ɼʄʌA-ɼʄɸ ʠ 0,5 ʵʢʚ. N -ʤʝʪʠʣʠʤʠʜʘʟʦʣʘ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 130  [46].  

 

ɼʘʥʥʳʝ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 4-ʧʠʨʦʥʘ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʨʝʘʢʮʠʷʤ 1,6-ʢʦʥʲʶʛʠʨʦʚʘʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠ/̫ʦʪʱʝʧʣʝʥʠʷ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ 

ʨʝʘʛʝʥʪʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʤʝʱʝʥʠʝʤ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ ʙʝʟ ʨʘʩʢʨʳʪʠʷ 

ʮʠʢʣʘ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʘʥʠʣʠʥʦʤ, ʜʠʬʝʥʠʣʘʤʠʥʦʤ, ʙʝʥʟʠʣʘʤʠʥʦʤ ʠ ʧ-

ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʥʘʤʠʥʦʚʳʝ ʩʠʩʪʝʤʳ 77-80.  
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ɺ ʢʘʯʝʩʪʚʝ ʉ-ʥʫʢʣʝʦʬʠʣʘ ʚ ʨʝʘʢʮʠʠ ʩ ʝʥʘʤʠʥʟʘʤʝʱʝʥʥʳʤ 4-ʧʠʨʦʥʦʤ 75g 

ʠʩʧʦʣʴʟʦʚʘʣʠ 2-ʤʝʪʠʣʠʥʜʦʣ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ AcOH ʚ ʪʝʯʝʥʠʝ 7ï10 ʯ, ʢʦʪʦʨʘʷ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʜʦʣʠʣʟʘʤʝʱʝʥʥʦʛʦ 4-ʧʠʨʦʥʘ 81. ʇʨʝʚʨʘʱʝʥʠʝ 

ʙʠʩʝʥʘʤʠʥʘ 76 ʩ 2-ʤʝʪʠʣʠʥʜʦʣʦʤ ʚʢʣʶʯʘʣʦ ʟʘʤʝʱʝʥʠʝ ʜʚʫʭ ʝʥʘʤʠʥʦʬʨʘʛʤʝʥʪʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʙʠʩ(ʠʥʜʦʣʠʣʚʠʥʠʣ)-4-ʧʠʨʦʥʫ 82 ʩ ʚʳʭʦʜʦʤ 52%.  

 

ɼʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʪʠʘʟʦʣʦʥʳ 84a-c ʨʝʘʛʠʨʫʶʪ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʘʤʠʥʦʚʳʭ ʩʠʩʪʝʤ 85a-g. ɸʥʘʣʦʛʠʯʥʦ ʦʙʨʘʟʫʝʪʩʷ ʝʥʘʤʠʥʳ 86c 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 84c ʩ ʧʠʧʝʨʠʜʠʥʦʤ [47]. 
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Bʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣʘʤʠʥʦ)ʪʠʘʟʦʣ-4(5H)-ʦʥa 83ʩ ʩ 

ʜʚʫʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ɼʄʌɸ-ɼʄɸ ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʧʦ ʤʝʪʠʣʝʥʘʢʪʠʚʥʦʤʫ ʟʚʝʥʫ, 

ʪʘʢ ʠ ʤʝʪʠʣʠʨʫʝʪʩʷ ʧʦ ʛʝʪʝʨʦʘʪʦʤʫ ʘʟʦʪʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 2-(ʙʝʥʟʦ[d]ʪʠʘʟʦʣ-2-

ʠʣʠʤʠʥʦ)-5-((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)-3-ʤʝʪʠʣʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʘ 87, ʢʦʪʦʨʳʝ ʜʘʣʝʝ 

ʨʝʘʛʠʨʫʝʪ ʩ ʤʦʨʬʦʣʠʥʦʤ ʠ ʧʠʧʝʨʠʜʠʥʦʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʪʘʥʦʣʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 2-

(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣʠʤʠʥʦ)-3-ʤʝʪʠʣ-5-ʤʦʨʬʦʣʠʥʦʤʝʪʠʣʝʥʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʘ 88 ʠ 2-

(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣʠʤʠʥʦ)-3-ʤʝʪʠʣ-5-ʧʠʧʝʨʠʜʠʥʦʤʝʪʠʣʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʘ 89, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [47].  
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2-(ʇʠʨʠʜʠʥ-2-ʠʣʘʤʠʥʦ)-5-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-3-ʤʝʪʠʣʪʠʘʟʦʣʠʜʠʥ-4-

ʦʥ 90 ʣʝʛʢʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ʜʠʘʟʦʪʠʨʦʚʘʥʥʳʤ ʤʝʪʠʣʘʥʪʨʘʥʠʣʘʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʪʠʣ 2-(2-[3-ʤʝʪʠʣ-4-ʦʢʩʦ-2-(ʧʠʨʠʜʠʥ-2-ʠʣʠʤʠʥʦ)ʪʠʘʟʦʣʠʜʠʥ-5-

ʠʣʠʜʝʥ]ʛʠʜʨʘʟʠʥʠʣ)ʙʝʥʟʦʘʪʘ 92, ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʨʘʩʱʝʧʣʝʥʠʷ ɼʞʝʧʧʘ ï 

ʂʣʠʥʛʝʤʘʥʘ [48] ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 91 [49]. 

 

5-[(ɼʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-2-{[3,4-ʜʠʛʠʜʨʦʥʘʬʪʘʣʠʥ-1(2H)-ʠʣʠʜʝʥ]ʛʠʜ-

ʨʘʟʦʥʦ}-3-ʤʝʪʠʣʪʠʘʟʦʣʠʜʠʥʳ 94a,b ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʨʝʘʢʮʠʝʡ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʪʠʘʟʦʣʠʜʠʥʦʥ r93a,b ʥʘʛʨʝʚʘʣʠ ʚ ʪʦʣʫʦʣʝ ʩ ʩʝʣʝʢʪʠʚʥʳʤ 

ʪʠʦʥʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ, ʘ ʟʘʪʝʤ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ɼʄʌɸ-ɼʄɸ ʠ ʧʨʦʜʦʣʞʘʣʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ.  ʈʝʘʢʮʠʷ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 4-ʪʠʘʟʦʣʠʜʠʥʪʠʦʥʦʚ 94a,b ʩ 

ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʳʤʠ ʩʦʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʘʟʠʥʦʚ ʚ ʵʪʘʥʦʣʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝʤ ʧʠʨʘʟʦʣʦ[3,4-d]ʪʠʘʟʦʣʦʚ 95a-f [50]. 

 

5-[(ɼʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-2,3-ʜʠʬʝʥʠʣʪʠʘʟʦʣʠʜʠʥ-4-ʪʠʦʥ r 96a-i ʪʘʢʞʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʪʠʘʟʦʣʠʜʠʥ-4-ʦʥʘ ʨʝʘʢʪʠʚʦʤ 
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ʃʘʚʝʩʩʦʥʘ ʠ ɼʄʌA-ɼʄɸ ʚ ʪʦʣʫʦʣʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʣʘʢʪʘʤʥʦʡ ʬʫʥʢʮʠʠ. ʈʝʘʢʮʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʪʠʘʟʦʣʠʜʠʥʪʠʦʥʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʘʟʠʥʦʚ ʚ 

ɼʄʌɸ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʯʝʨʝʟ ʛʠʜʨʘʟʦʥ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʨʝʛʠʦʠʟʦʤʝʨʦʚ 97a-i (ʧʫʪʴ ʘ) ʠ 98a-i (ʧʫʪʴ b). ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ 

ʝʜʠʥʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 2H-ʧʠʨʘʟʦʣʦ[3,4-d]ʪʠʘʟʦʣʳ 97a-i [51].  

 

ʈʝʘʢʮʠʷ ʝʥʘʤʠʥʦʥʘ ʥʘ ʦʩʥʦʚʝ 4-ʪʠʘʟʦʣʠʜʠʥʦʥʘ 99 ʩ ʵʢʚʠʤʦʣʷʨʥʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʘ ʠʤʝʥʥʦ 3-ʘʤʠʥʦ-1,2,4-

ʪʨʠʘʟʦʣʘ, 3-ʬʝʥʠʣ-1ʅ-ʧʠʨʘʟʦʣ-5-ʘʤʠʥʘ, 5-ʘʤʠʥʦ-N-(2-ʭʣʦʨ-5-ʥʠʪʨʦʬʝʥʠʣ)-1H-

ʧʠʨʘʟʦʣ-4-ʢʘʨʙʦʢʩʘʤʠʜʘ, 5-ʘʤʠʥʦ-N-(4,6-ʜʠʤʝʪʠʣʧʠʨʠʤʠʜʠʥ-2-ʠʣ)-1H-ʧʠʨʘʟʦʣ-4-

ʢʘʨʙʦʢʩʘʤʠʜʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʧʠʨʠʜʠʥʝ ʜʘʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

1,2,4-ʪʨʠʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘ 101, ʠ ʧʠʨʘʟʦʣʦ[1,5-a]ʧʠʨʠʤʠʜʠʥʘ 100,102,104 ʠ 

4-ʬʝʥʠʣʪʠʦʬʝʥ-3-ʢʘʨʙʦʥʠʪʨʠʣʘ 103. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ 

ʝʥʘʤʠʥʦʥ 99 ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʩ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʦʤ ʚ ʪʝʭ ʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʦʛʦ 

ʙʝʥʟʠʤʠʜʘʟʦ[1,2- a ]ʧʠʨʠʤʠʜʠʥʘ 105 [52].  
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ʇʨʠ ʧʦʧʳʪʢʘʭ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʘʟʦʣʦʘʟʠʥʪʠʘʟʦʣʠʜʠʥʦʥʘ 108 ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠ ̫ʝʥʘʤʠʥʘ 106 ʩ 3-ʘʤʠʥʦ-

1,2,4-ʪʨʠʘʟʦʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʥʘ, ʥʦ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʧʨʦʜʫʢʪ ʦʢʘʟʘʣʩʷ ʘʮʠʢʣʠʯʝʩʢʠʤ 107, ʘ ʥʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤ 108. 

 

ʀʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ N-(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣ)-2-ʮʠʘʥʦ-3-

(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʘʢʨʠʣʘʤʠʜ 110, ʧʦʣʫʯʘʣʠ ʦʙʨʘʙʦʪʢʦʡ ʩʦʝʜʠʥʝʥʠʷ 109 ɼʄʌɸ-

ɼʄɸ ʚ ʩʫʭʦʤ ʜʠʦʢʩʘʥʝ [53].  
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ɸʚʪʦʨʘʤʠ ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘ ̫ ʩʧʦʩʦʙʥʦʩʪʴ ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʥʫʢʣʝʦʬʠʣʘʤ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩ ʘʤʤʠʘʢʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʪʨʘʥʩʘʤʠʥʠʨʦʚʘʥʠʷ 111.  ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʫʢʣʝʦʬʠʣʦʚ ʟʘʤʝʱʝʥʥʳʭ ʛʠʜʨʘʟʠʥʦʚ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʦʣʫʯʝʥʳ ʘʜʜʫʢʪʳ 112a,b, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʮʠʢʣʠʟʫʶʪʩʷ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʚ ʧʠʨʠʜʠʥʝ ʜʦ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʘʟʦʣʘ 113a,b.  ʊʦʯʥʦ ʪʘʢ ʞʝ 

ʝʥʘʤʠʥʦʥʠʪʨʠʣ 110 ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʚ ʢʠʧʷʱʝʤ 

ʧʠʨʠʜʠʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 5-ʘʤʠʥʦ-N-(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣ)ʠʟʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʢʩʘʤʠʜʘ 

114. ʆʙʨʘʙʦʪʢʘ ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʥʠʪʨʘʪʦʤ ʛʫʘʥʠʜʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʦʢʩʠʜʘ 

ʥʘʪʨʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ 

2,4-ʜʠʘʤʠʥʦ-N-(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣ)ʧʠʨʠʤʠʜʠʥ-5-ʢʘʨʙʦʢʩʘʤʠʜ 115. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 111, 113a,b-115 ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ N-

ʥʫʢʣʝʦʬʠʣʦʚ ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʉ=ʉ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʢʣʠʟʘʮʠʝʡ ʠ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʘʤʠʥʘ.  

 

ɸʚʪʦʨʘʤʠ ʵʪʦʡ ʞʝ ʩʪʘʪʴʠ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʘʤʠʥʘʤ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤ 



38 

 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʨʝʘʢʮʠʷ ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʩ 

ʵʢʚʠʤʦʣʷʨʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʘ ʠʤʝʥʥʦ 2-

ʘʤʠʥʦʪʠʘʟʦʣʘ, 5-ʘʤʠʥʦʪʝʪʨʘʟʦʣʘ ʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ, ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʵʪʘʥʦʣʝ, 

ʩʦʜʝʨʞʘʱʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʧʝʨʠʜʠʥʘ, ʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʪʠʘʟʦʣʦ[3,2-ʘ]ʧʠʨʠʤʠʜʠʥ 116, ʧʨʦʠʟʚʦʜʥʳʝ ʪʝʪʨʘʟʦʣʦ[1,5-ʘ]ʧʠʨʠʤʠʜʠʥʘ 117 ʠ 

ʧʠʨʠʜʦ[1,2-ʘ]ʧʠʨʠʤʠʜʠʥʘ 119. ʇʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʤʠʜʦ[1,2-a]ʙʝʥʟʠʤʠʜʘʟʦʣʘ 120 

ʧʦʣʫʯʝʥʦ ʨʝʘʢʮʠʝʡ ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʩ 2-ʘʤʠʥʦʙʝʥʟʠʤʠʜʘʟʦʣʦʤ ʚ ʢʠʧʷʱʝʤ 

ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʠʧʝʨʠʜʠʥʘ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʷ 

ʝʥʘʤʠʥʦʥʠʪʨʠʣʘ 110 ʩ 3-ʘʤʠʥʦ-4,6-ʜʠʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣʦ[3,4-b]ʧʠʨʠʜʠʥʦʤ ʚ ʪʝʭ 

ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʝʪ 4-ʘʤʠʥʦ-N-(ʙʝʥʟʦʪʠʘʟʦʣ-2-ʠʣ)-8,10-

ʜʠʤʝʪʠʣʧʠʨʠʜʦ[20,30:3,4]ʧʠʨʘʟʦʣʦ[1,5-ʘ]ʧʠʨʠʤʠʜʠʥ-3-ʢʘʨʙʦʢʩʘʤʠʜ 118. 

 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ 2-(ʙʝʥʟʦ]d[ʪʠʘʟʦʣ-2-ʠʣ)-4-

((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ)-3-ʦʢʩʦʧʝʥʪʘʥʜʠʥʠʪʨʠʣʘ) 122, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ 2-(ʙʝʥʟʦ[d]ʪʠʘʟʦʣ-2-ʠʣ)-3-ʦʢʩʦʧʝʥʪʘʥʜʠʥʠʪʨʠʣ 121 ʠ ʚʚʦʜʠʣʠ ʝʛʦ ʚ 

ʨʝʘʢʮʠʶ ʩ ɼʄʌA-ɼʄɸ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʘʙʩʦʣʶʪʠʟʠʨʦʚʘʥʥʦʤ ʢʩʠʣʦʣʝ [54]. 
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ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 2-(ʙʝʥʟʦ]d[ʪʠʘʟʦʣ-2-ʠʣ)-4-((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)-3-

ʦʢʩʦʧʝʥʪʘʥʜʠʥʠʪʨʠʣ) 122 ʨʝʘʛʠʨʫʝʪ ʩ ʪʘʢʠʤʠ ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, 

ʢʘʢ ʙʘʨʙʠʪʫʨʦʚʦʡ ʠ ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʘʤʠ ʚ ʢʠʧʷʱʝʡ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2-(ʙʝʥʟʦ]d[ʪʠʘʟʦʣ-2-ʠʣ)-3-(2,3,4,7-

ʪʝʪʨʘʛʠʜʨʦ-2,4,7-ʪʨʠʦʢʩʦ-1H-ʧʠʨʘʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ-6-ʠʣ)-3-ʦʢʩʦʧʨʦʧʘʥ-

ʥʠʪʨʠʣʘ 123 ʠ 2-(ʙʝʥʟʦ]d[ʪʠʘʟʦʣ-2-ʠʣ)-3-(2,3,4,7-ʪʝʪʨʘʛʠʜʨʦ-4,7-ʜʠʦʢʩʦ-2-ʪʠʦʢʩʦ-

1ʅ-ʧʠʨʘʥʦ[2,3-d]ʧʠʨʠʤʠʜʠʥ-6-ʠʣ)-3-ʦʢʩʦʧʨʦʧʘʥʥʠʪʨʠʣʘ 124. ɺʝʨʦʷʪʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʪʠʧʫ ʄʠʭʘʵʣʷ ʛʨʫʧʧʳ ʉʅ2 ʉ-

ʥʫʢʣʝʦʬʠʣʘ ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʩʚʷʟʠ ʉ=ʉ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ 

ʜʠʤʝʪʠʣʘʤʠʥʘ ʠ ʮʠʢʣʠʟʘʮʠʝʡ.  ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 122 ʧʦʜʚʝʨʛʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 1,3-

ʠʥʜʘʥʜʠʦʥʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʠʥʜʝʥʦʧʠʨʘʥʘ 125.  

 

ʊʘʢʞʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʝʚʨʘʱʝʥʠʷ ʩʫʙʩʪʨʘʪʘ 122 ʩ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʥʠʪʨʠʣʘʤʠ (ʤʘʣʦʥʦʥʠʪʨʠʣ, (ʪʠʦ)ʮʠʘʥʦʘʮʝʪʘʤʠʜ, (2-

ʮʠʘʥʦʤʝʪʠʣ)ʙʝʥʟʦʪʠʘʟʦʣ, ʵʪʠʣʮʠʘʥʦʘʮʝʪʘʪ), ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʨʦʠʟʚʦʜʥʳʤ 

ʙʝʥʟʦʪʠʘʟʦʣʦʘʟʝʧʠʥʘ ʠ (ʙʝʥʟʦʪʠʘʟʦʣʠʣ)ʧʠʨʠʜʠʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʤʘʣʦʥʦʥʠʪʨʠʣʦʤ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʠʧʝʨʠʜʠʥʘ, ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 2-aʤʠʥʦ-5-ʦʢʩʦ-5H-

ʙʥʟʦ[4,5]ʪʠʘʟʦʣʦ[3,2-a][1,8]ʥʘʬʪʠʧʠʨʠʜʠʥʘ-3,6-ʜʠʢʘʨʙʦʥʠʪʨʠʣʘ 126. ɺ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʣʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʩ ʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ. ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʦʮʠʘʥʦʘʮʝʪʘʤʠʜʘ ʧʨʝʚʨʘʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʨʝʜʝ ɼʄʌɸ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʠʵʪʠʣʘʤʠʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ 128.  ʇʦ 

ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ, ʩʭʦʜʥʦʤʫ ʩ ʨʝʘʢʮʠʝʡ ʩʦʝʜʠʥʝʥʠʡ 122 c ʪʠʦʮʠʘʥʦʘʮʝʪʘʤʠʜʦʤ, 



40 

 

ʩʦʝʜʠʥʝʥʠʝ 122 ʧʦʜʚʝʨʛʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʵʪʠʣʮʠʘʥʦʘʮʝʪʘʪʦʤ ʚ ʢʠʧʷʱʝʤ 

ʵʪʘʥʦʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʧʝʨʠʜʠʥʘ, ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʵʪʠʣ 2-ʘʤʠʥʦ-6-ʮʠʘʥʦ-5-ʦʢʩʦ-5H-ʙʝʥʟʦ[4,5]ʪʠʘʟʦʣʦ[3,2-

a][1,8]ʥʘʬʪʠʧʠʨʠʜʠʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʫ 130. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 2-(ʙʝʥʟʦ]d[ʪʠʘʟʦʣ-2-

ʠʣ)-4-((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʝʥ)-3-ʦʢʩʦʧʝʥʪʘʥʜʠʥʠʪʨʠʣ) 122 ʨʝʘʛʠʨʦʚʘʣ ʩ (2-

ʮʠʘʥʦʤʝʪʠʣ)ʙʝʥʟʦʪʠʘʟʦʣʦʤ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʙʝʥʟʦʪʠʘʟʦʣʦʧʠʨʠʜʠʥʘ 129.  

 

ʉʠʥʪʝʟ 3-(ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ)-4-ʪʠʦʭʨʦʤʘʥʦʥʘ 132 ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʙʝʥʟʦʪʠʦʧʠʨʘʥʘ 131 ʩ ɼʄʌɸ-ɼʄɸ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ 

[55].  

  

ɼʘʣʝʝ 1,3-ʙʠʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʝʥʢʝʪʦʥ 132 ʚʚʦʜʠʣʠ ʚ 

ʧʨʝʚʨʘʱʝʥʠʝ ʩ ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤ ʢʨʝʘʪʠʥʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩ ʧʦʣʫʯʝʥʠʝʤ N-

ʤʝʪʠʣ-N-(5H-ʪʠʦʭʨʦʤʝʥʦ[4,3-d]ʧʠʨʠʤʠʜʠʥ-2-ʠʣ)ʛʣʠʮʠʥʘ 133.  
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ʈʝʘʢʮʠʷ ʝʥʘʤʠʥʦʥʘ 132 ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʠʜʨʘʟʠʥʘ ʠʣʠ ʛʠʜʨʦʢʩʠʣʘʤʠʥʦʤ 

ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʥʘʛʨʝʚʝ ʧʨʠ 150Áʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʦʭʨʦʤʝʥʦ[4,3-c]ʧʠʨʘʟʦʣʘ 134a,b ʠ ʪʠʦʭʨʦʤʝʥʦ[4,3-c]ʠʟʦʢʩʘʟʦʣʘ 

135, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [56]. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʜʨʫʛʦʛʦ ʤʝʪʦʜʘ [57].  

 

ʇʦʣʠʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 136-139 ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ 

ʝʥʘʤʠʥʦʥʘ 132 ʩ ʘʢʪʠʚʥʳʤʠ ʤʝʪʠʣʝʥʦʚʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ 

ʘʤʤʦʥʠʷ [56].  
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ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 3-(3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʘʢʨʠʣʦʠʣ)-2H-

ʭʨʦʤʝʥ-2-ʦʥʘ 140, ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʩʪʘʪʴʷʭ [58-60] ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʝʢʦʪʦʨʳʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʨʝʘʛʝʥʪʘʤ. ʊʘʢ, ʝʥʘʤʠʥʦʥ 136 ʨʝʘʛʠʨʫʝʪ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʧʝʨʚʠʯʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʚ AcOH ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʮʠʢʣʠʯʝʩʢʠʭ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ 141aïd [60].  

 

ʀʟʫʯʝʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʮʝʥʪʨʦʚ 3-(3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʘʢʨʠʣʦʠʣ)-2H-ʭʨʦʤʝʥ-

2-ʦʥʘ 140 ʚ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʘʤʙʠʜʝʥʪʥʳʭ ʥʫʢʣʝʦʬʠʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʥʘʤʠʥʦʥ 140, ʦʙʨʘʙʦʪʘʥʥʳʡ 

ʪʠʦʤʦʯʝʚʠʥʦʡ ʚ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʜʘʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʧʨʦʜʫʢʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʳ ʪʨʠ ʠʟʦʤʝʨʥʳʭ ʮʠʢʣʦʘʜʜʫʢʪʘ 142, 143 ʠ 144. 
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ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 142 ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʜʥʦʡ 

ʠʟ ʛʨʫʧʧ NH2 ʪʠʦʤʦʯʝʚʠʥʳ ʢ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ 

ʝʥʘʤʠʥʦʥʝ 140, ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʘʤʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 142 ʟʘ ʩʯʝʪ ʧʦʪʝʨʠ 

ʤʦʣʝʢʫʣʳ H2O [61].  

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʥʘʤʠʥʦʥʘ 140 ʩ ʫʯʘʩʪʠʝʤ ʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧ r 2-

ʥʘʬʪʦʣʘ, 2-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ, 1-ʥʘʬʪʦʣʘ ʠ ʨʝʟʦʨʮʠʥʘ ʚ ʫʩʣʦʚʠʷʭ AcOH 

ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʢʫʤʘʨʠʥʘ 145-148 [61]. 
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ʆʧʠʩʘʥʦ ʚʚʝʜʝʥʠʝ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʤʦʣʝʢʫʣ r4-

ʬʝʥʠʣʙʝʥʟʦʜʠʘʟʝʧʠʥ-2-ʦʥʘ 149a ʠ 1-ʙʝʥʟʠʣ-4-ʬʝʥʠʣʙʝʥʟʦʜʠʘʟʝʧʠʥ-2-ʦʥʘ 149b, ʛʜʝ 

ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ɼʄʌA-ɼʄɸ. 

ʇʨʝʚʨʘʱʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 110Áʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠ ̫

150a, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʝ C-

3 ʩʝʤʠʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ, ʢʦʛʜʘ ʘʟʦʪ ʚ 

ʧʦʣʦʞʝʥʠʠ C-1 ʜʠʘʟʝʧʠʥʦʚʦʡ ʛʨʫʧʧʳ ʥʝʩʝʪ ʙʝʥʟʠʣʴʥʫʶ ʛʨʫʧʧʫ. ʊʘʢ, ʢʦʥʜʝʥʩʘʮʠʷ 

ɼʄʌɸ-ɼʄɸ c 1-ʙʝʥʟʠʣ-4-ʬʝʥʠʣʙʝʥʟʦʜʠʘʟʝʧʠʥ-2-ʦʥʦʤ 149b ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʟʘʪʨʘʛʠʚʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ ʚ ʧʦʣʦʞʝʥʠʠ C-3 ʙʠʮʠʢʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷ ʢ 2-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-4-ʬʝʥʠʣ-1,5-ʙʝʥʟʦʜʠʟʝʧʠʥ-2-ʦʥʫ 

150b [62]. 

 

  ʆʙʨʘʙʦʪʢʘ ʩʦʝʜʠʥʝʥʠʡ 150a,b ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʦʤ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʠʣʠ 

ʠʟʙʳʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ 

ʧʠʨʘʟʦʣʠʣʘʮʝʪʘʤʠʜʳ 151a ʠ 151b. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʛʨʝʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 151b ʚ 

ʢʠʧʷʱʝʤ ʥ-ʙʫʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʠʨʘʟʦʣʠʣʙʝʥʟʠʤʠʜʘʟʦʣʫ 152 

[62].  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ. 

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʛʠʜʨʘʟʠʥʛʠʜʨʘʪʘ ʥʘ 

ʚʠʥʠʣʦʚʳʡ ʫʛʣʝʨʦʜ ʜʠʘʤʠʥʦʘʣʢʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʫʙʩʪʨʘʪʘ 150a,b, ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ A. ʇʦʩʣʝʜʥʠʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʘʤʠʥʦʛʨʫʧʧʳ ʛʠʜʨʘʟʠʥʦʛʨʫʧʧʳ ʠ 

ʠʤʠʥʦʚʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʦʞʝʥʠʠ C-4 ʜʠʘʟʝʧʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʪʨʠʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ B ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʨʘʩʢʨʳʪʠʷ 

ʩʝʤʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʜʦ ʩʦʝʜʠʥʝʥʠʡ 151a,b. ʇʦʩʣʝʜʫʶʱʝʝ ʥʘʛʨʝʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 

151b ʚ ʥ-ʙʫʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʧʦʩʣʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʢ 2-ʧʠʨʘʟʦʣ-4-

ʠʣʙʝʥʟʠʤʠʜʘʟʦʣʫ 152.  

      

ʈʦʜʩʪʚʝʥʥʳʡ ʘʥʘʣʦʛ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʩʫʙʩʪʨʘʪʫ ï 4-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-1,3,4,5-ʪʝʪʨʘʛʠʜʨʦ-2ʅ-1-ʙʝʥʟʘʟʝʧʠʥ-2,5-ʜʠʦʥ 153 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʮʝʪʘʤʠʜʠʥ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʤʝʪʘʥʦʣʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʤʝʪʠʣ-5,7-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʦ[5,4-

d][1]-ʙʝʥʟʘʟʝʧʠʥ-6(6ʅ)-ʦʥʘ 154 [63].  
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ʉʠʥʪʝʟ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʝʥʘʤʠʥʦʥʦʥʦʚ 153a,b ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʘʥʠʣʠʥʘʤʠ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʩʝ ʧʨʦʜʫʢʪʳ 155, ʚ ʢʦʪʦʨʳʭ ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ ʠʤʝʝʪ 

ʵʣʝʢʪʨʦʥʦʜʦʨʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ C-2 (155d,e,h,I ,k,l-n), ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ 

ʦʜʠʥʦʯʥʳʭ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʦʚ ʚ Z-ʢʦʥʬʠʛʫʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ ʤʝʞʜʫ ʢʘʨʙʦʥʠʣʴʥʳʤ ʢʠʩʣʦʨʦʜʦʤ 

ʝʥʘʤʠʥʦʥʘ ʠ ʘʟʦʪʦʤ ʝʥʘʤʠʥʘ [64]. ɺʩʝ ʥʝʟʘʤʝʱʝʥʥʳʝ ʧʦ ʧʦʣʦʞʝʥʠʶ 2 ʬʝʥʠʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʧʨʦʠʟʚʦʜʥʳʝ 155 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ E/Z-ʩʤʝʩʝʡ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ Z-

ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ [65].  

 

ʇʨʝʚʨʘʱʝʥʠʝ 4-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-1,3,4,5-ʪʝʪʨʘʛʠʜʨʦ-2ʅ-1-

ʙʝʥʟʘʟʝʧʠʥ-2,5-ʜʠʦʥʘ 153ʘ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ ʧʨʠ 70Áʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʘʢ 1-ʘʨʠʣ-4,6-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[4,3-d][1]ʙʝʥʟʘʟʝʧʠʥ-

5(1H)-ʦʥʦʚ 156a-o, ʪʘʢ ʠ ʠʟʦʤʝʨʥʳʭ 2-ʘʨʠʣ-2,6-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[4,3-

d][1]ʙʝʥʟʘʟʝʧʠʥ-5(4H)-ʦʥʦʚ 157a-o. ʉʦʛʣʘʩʥʦ, ʧʨʠʤʝʨʘʤ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [36, 66-68] 

ʦʞʠʜʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 157a-o. ʆʜʥʘʢʦ, ʩ ʧʦʤʦʱʴʶ 
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ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ 

ʷʚʣʷʶʪʩʷ 4,6-ʜʠʛʠʜʨʦʧʠʨʘʟʦʣʦ[4,3-d][1]ʙʝʥʟʘʟʝʧʠʥ-5(1H)-ʦʥr 156a-o [69]. 

 

ɺʚʝʜʝʥʠʝ ʚ ʤʦʣʝʢʫʣʫ 4-ʤʝʪʠʣ-7-ʥʠʪʨʦ-4,5-ʜʠʛʠʜʨʦ-1,4-ʙʝʥʟʦʪʠʘʟʝʧʠʥ-3(2ʅ)-

ʦʥʘ 158 ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ɼʄʌA-ɼʄɸ ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʫʣʴʬʦʥʘ 158 

ʜʚʫʭʢʨʘʪʥʳʤ ʠʟʙʳʪʢʦʤ ɼʄʌA-ɼʄɸ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪ 160 ʢʘʢ ʘʣʢʠʣʠʨʦʚʘʥʠ ̫ ʧʦ NH-ʛʨʫʧʧʝ, ʪʘʢ ʠ ʚʚʝʩʪʠ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [70]. 

 

ʆʧʠʩʘʥʦ ʧʨʝʚʨʘʱʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ 2-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-4-ʤʝʪʠʣ-7-

ʥʠʪʨʦ-4,5-ʜʠʛʠʜʨʦ-1,4-ʙʝʥʟʦʪʠʘʟʝʧʠʥ-3(2H)-ʦʥ 1,1-ʜʠʦʢʩʠʜʘ 160 ʠ 

ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʘʤʠʥʦʚ 161a-l, ʛʜʝ ʚ  ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠʤʝʥʝʥʠʝ EtOH, i-PrOH, n-BuOH, CH3CN ʠ 1,4-

ʜʠʦʢʩʘʥ. ɼʠʦʢʩʘʥ ʦʢʘʟʘʣʩʷ ʣʫʯʰʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʘʢʮʠʡ 
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ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʚʦʨʷʪʴ ʨʝʘʛʝʥʪʳ ʠ 

ʧʨʦʜʫʢʪʳ. ɺ ʨʦʣʠ ʘʤʠʥʦʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ 

(ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʘʤʤʠʘʢʘ ʠ ʤʝʪʠʣʘʤʠʥʘ) ʠ ʛʠʜʨʦʭʣʦʨʠʜʳ ʵʬʠʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ. 

ʈʝʘʢʮʠʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ 10-20% ʠʟʙʳʪʢʦʤ ʘʤʠʥʘ. ɺ ʩʣʫʯʘʝ ʛʠʜʨʦʭʣʦʨʠʜʦʚ 

ʵʬʠʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ [71]. 

 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʵʪʦʡ ʨʝʘʢʮʠʠ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʘʤʠʥʘʤʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ɓ-ʫʛʣʝʨʦʜʘ 

ʩʦʝʜʠʥʝʥʠʷ 160 ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ A. ɼʘʣʝʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʨʦʪʦʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ ʄʠʭʘʵʣʷ B. ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ B ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʥʠʦʥʘ C ʟʘ ʩʯʝʪ ʦʪʱʝʧʣʝʥʠʷ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ ʜʘʝʪ ʝʥʘʤʠʥ r

161a-l. ʀʥʪʝʨʤʝʜʠʘʪʳ B ʠ C ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʅ-ʩʚʷʟʴʶ ʠ ʚʣʠʷʶʪ ʥʘ 

ʜʠʘʩʪʝʨʝʦʢʦʥʪʨʦʣʴ ʨʝʘʢʮʠʠ. 
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ɺ ʨʘʙʦʪʝ [72] ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʝʥʘʤʠʥʦʥʦʚ 163a-c ʥʘ ʦʩʥʦʚʝ 3-ʘʮʝʪʠʣ-4-

ʘʨʠʣʭʠʥʦʣʠʥʘ 162a-c, ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʪʘʢʠʭ, ʢʘʢ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ, ʢʩʠʣʦʣ, ʪʦʣʫʦʣ, ʘʮʝʪʦʥʠʪʨʠʣ ʠ 

ʜʠʦʢʩʘʥ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʫʦʣʘ. ʊʘʢʞʝ ʜʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʠ ʧʨʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠʟʣʫʯʝʥʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʤʠʢʨʦʚʦʣʥ 

ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩ ʣʫʯʰʠʤ ʚʳʭʦʜʦʤ ʧʨʠ 

ʤʝʥʴʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʠ.  

 

3-(ɼʠʤʝʪʠʣʘʤʠʥʦ)-1-(R-4-ʬʝʥʠʣʭʠʥʦʣʠʥ-3-ʠʣ)ʧʨʦʧ-2-ʝʥ-1-ʦʥʳ 163a-c ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʪʘʢʠʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʢʘʢ ʛʠʜʨʘʟʠʥ, ʛʠʜʨʦʭʣʦʨʠʜ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ, ʛʠʜʨʦʭʣʦʨʠʜ ʛʫʘʥʠʜʠʥʘ ʩʧʦʩʦʙʥʳ ʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

4-ʬʝʥʠʣʭʠʥʦʣʠʥʘ 164-166a-c. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʜʨʘʟʠʥʘ ʠ ʛʠʜʨʦʢʩʠʣʘʤʠʥ 

ʛʠʜʨʦʭʣʦʨʠʜʘ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ. ɺ ʩʣʫʯʘʝ 

ʛʫʘʥʠʜʠʥ ʛʠʜʨʦʭʣʦʨʠʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ɼʄʌɸ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
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ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ. ʈʝʘʢʮʠʷ ʩ ʵʪʠʣ ʘʮʝʪʦʘʮʝʪʘʪʦʤ ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʮʝʪʘʪʘ 

ʘʤʤʦʥʠʷ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʝʥʘʤʠʥʦʚʳʭ ʩʠʩʪʝʤ 168,169a-c 

ʜʦʩʪʠʛʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3-(ʜʠʤʝʪʠʣʘʤʠʥʦ)-1-(R-4-ʬʝʥʠʣʭʠʥʦʣʠʥ-3-

ʠʣ)ʧʨʦʧ-2-ʝʥ-1-ʦʥʦʚ 163a-c ʩ ʘʥʠʣʠʥʦʤ ʠ 2-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ɼʄʌɸ [72]. 

 
 

ɸʥʘʣʦʛʠ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ - 2-

((ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ)-3,4-ʜʠʛʠʜʨʦ-9-ʘʨʠʣʘʢʨʠʜʠʥ-1(2H)-ʦʥʳ 170ʘ-ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʝʥʘʤʠʥʳ 170ʘ-ʩ ʚʚʦʜʠʣʠ ʚ 

ʨʝʘʢʮʠʶ ʩ ʛʠʜʨʘʟʠʥ ʛʠʜʨʘʪʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʵʪʘʥʦʣʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 4,5-

ʜʠʛʠʜʨʦ-11-ʘʨʠʣ-2H-ʧʠʨʘʟʦʣʦ[3,4-a]ʘʢʨʠʜʠʥʦʚ 171ʘ-ʩ. 4,5-ɼʠʛʠʜʨʦ-11-

ʬʝʥʠʣʠʟʦʦʢʩʘʟʦʣʦ[5,4-a]-ʘʢʨʠʜʠʥʳ 172ʘ-ʩ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩ ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜʦʤ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
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ʘʤʠʥʦʢʦʤʧʦʥʝʥʪʳ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 4,5-ʜʠʛʠʜʨʦ-1,11-ʜʠʘʨʠʣ-1H-

ʧʠʨʘʟʦʣʦ[3,4-a]ʘʢʨʠʜʠʥʦʚ 173ʘ-ʩ [73]. 

 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʨʝʘʛʝʥʪʘ - ɼʄʌɸ-ɼʄɸ, 

ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ ʨʝʘʢʮʠʷʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ. 
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ɻʃɸɺɸ 2. ʉʀʅʊɽɿ ɸʄʀʅʆʄɽʊʀʃʀɼɽʅʌʋʈɸʅ-2(3ʅ)-ʆʅʆɺ(ʊʀʆʅʆɺ), 

ʉʊʈʆɽʅʀɽ ʀ ʈɽɸʂʎʀʀ ɸʃʂʀʃʀʈʆɺɸʅʀʗ (ʆɹʉʋɾɼɽʅʀɽ 

ʈɽɿʋʃʔʊɸʊʆɺ) 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʝʥʘʤʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʝ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʧʦʟʚʦʣʠʪ ʚʳʩʪʫʧʘʪʴ ʵʪʠʤ 

ʩʦʝʜʠʥʝʥʠʷʤ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ çʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚè ʧʨʠ ʩʠʥʪʝʟʝ 

ʩʣʦʞʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɹʣʘʛʦʜʘʨʷ 

ʚʳʨʘʞʝʥʥʦʤʫ ʧʫ-hʧʫʣʴʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ [74,75], 

ʦʙʝʩʧʝʯʠʚʘʝʤʦʤʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʥʝʡ ʘʤʠʥʦʛʨʫʧʧʦʡ, ʵʪʠ 

ʝʥʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʝʨʠʯʝʩʢʠ ʩʚʦʙʦʜʥʦʝ ɓ-ʧʦʣʦʞʝʥʠʝ ʩʚʷʟʠ ʉ=ʉ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʛʝʪʝʨʦʘʪʦʤʦʚ.  

2.1 ʉʠʥʪʝʟ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʚʝʜʝʥʠʷ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʦʜʥʦʫʛʣʝʨʦʜʥʦʛʦ ʩʠʥʪʦʥʘ ï ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ 

ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʤʠ ʠ ʘʤʠʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʤʝʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ʊʘʢ, ʨʘʥʝʝ ʥʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉɻʋ ʠʤ. ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʩʣʦʚʠʡ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ, ʦʨʪʦʵʬʠʨʘ ʠ ʘʤʠʥʦʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ one-pot ʨʝʘʢʮʠʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʩʨʝʜʝ ʙʝʥʟʦʣʘ ʧʨʠʚʦʜʠʪ ʢ 3-

[((ʘʨʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘʤ [76,77]. 
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ʉʭʝʤʘ 1 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 3-[((ʛʝʪ)ʘʨʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʦʚ 6a-f, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 1c ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣ ̫ 5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʦʥʦʚ, 

ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ 2 ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 5aïf (2-ʘʤʠʥʦʧʠʨʠʜʠʥ, 2-

ʘʤʠʥʦ-3-ʛʠʜʨʦʢʩʠʧʠʨʠʜʠʥ, 4-ʘʤʠʥʦʘʥʪʠʧʠʨʠʥ, 3-ʘʤʠʥʦ-1ʅ-1,2,4-ʪʨʠʘʟʦʣ, 2-

ʘʤʠʥʦʪʠʘʟʦʣ ʠ 1,2-ʜʠʘʤʠʥʦ-4-ʬʝʥʠʣʠʤʠʜʘʟʦʣ). 

ɼʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 3-ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʦʥʦʚ 6 ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʤʦʜʝʣʴʥʫʶ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ one-pot ʨʝʘʢʮʠʶ 5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 1c ʩ 

ʠʟʙʳʪʢʦʤ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ 2 ʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 5ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʥʘ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ 

ʚʨʝʤʷ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʣʷʨʥʳʝ ʧʨʦʪʦʥʥʳʝ (ʘʙʩʦʣʶʪʥʳʝ ʵʪʘʥʦʣ ʠ ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ), 

ʤʘʣʦʧʦʣʷʨʥʳʝ ʘʧʨʦʪʦʥʥʳʝ (1,4-ʜʠʦʢʩʘʥ) ʠ ʥʝʧʦʣʷʨʥʳʝ (ʘʙʩʦʣʶʪʥʳʝ ʙʝʥʟʦʣ ʠ 

ʪʦʣʫʦʣ) (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʇʦʜʙʦʨ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-

ʦʥʘ 1ʩ, ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ 2 ʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 5ʘ. 
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ʆʧʳʪ ʈʘʩʪʚʦʨʠʪʝʣʴ 
ʄʝʪʦʜ 

ʥʘʛʨʝʚʘ 
ɺʨʝʤʷ (ʤʠʥ.) ɺʳʭʦʜ (Z : E), % 

1 EtOH ʂʠʧʷʯʝʥʠʝ 30 67 

2 i-PrOH ʂʠʧʷʯʝʥʠʝ 25 75 
3 1,4-ɼʠʦʢʩʘʥ ʂʠʧʷʯʝʥʠʝ 32 70 

4 ʊʦʣʫʦʣ ʂʠʧʷʯʝʥʠʝ 35 65 

5 ɹʝʥʟʦʣ ʂʠʧʷʯʝʥʠʝ 40 60 
 

ɺ ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʷʨʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʙʝʟʚʦʜʥʦʛʦ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʦʚʡr 3-[((ʧʠʨʠʜʠʥ-2-

ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ 6a. ɺʨʝʤʷ ʨʝʘʢʮʠʠ 

ʩʦʩʪʘʚʠʣʦ 25 ʤʠʥ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʝʚʨʘʱʝʥʠʝ 

ʧʨʦʪʝʢʘʣʦ ʩ ʚʳʭʦʜʘʤʠ 60ï70%. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʤʦʣʝʢʫʣʫ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ï ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ 3-[((3-ʛʠʜʨʦʢʩʠʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ 6b, ʘ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 5 ʤʠʥ. ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʤʠʥʦʛʨʫʧʧʳ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ.  

 

ʉʭʝʤʘ 2 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʢʘʯʝʩʪʚʝ ʘʤʠʥʦʢʦʤʧʦʥʝʥʪʳ ʚ ʨʝʘʢʮʠʶ ʚʚʝʜʝʥ 4-

ʘʤʠʥʦʘʥʪʠʧʠʨʠʥ ʢʘʢ ʬʘʨʤʘʢʦʬʦʨʥʳʡ ʬʨʘʛʤʝʥʪ. ɺʨʝʤʷ ʧʨʝʚʨʘʱʝʥʠ ̫ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 15 

ʤʠʥʫʪ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʉʅ3-

ʛʨʫʧʧʘ) ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʢʦʣʴʮʝ.  
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Cʭʝʤʘ 3 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʘ ʚʝʨʦʷʪʥʘʷ ʩʭʝʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʇʦ ʧʫʪʠ ɸ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ in situ ʵʪʦʢʩʠʠʤʠʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 7 ʧʫʪʝʤ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʤʠʥʦʚ 5aïc,f ʢ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʫ 2, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ EtOH. ɼʘʣʝʝ 5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ 1c, ʥʘʭʦʜʷʩʴ ʚ ʛʠʜʨʦʢʩʠʬʫʨʘʥʦʚʦʡ ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʝ 

1ʩô ʨʝʘʛʠʨʫʝʪ ʩ ʠʤʠʥʦʤ 7 ʧʦ ʤʝʭʘʥʠʟʤʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʜʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ 9, ʧʦʩʣʝ ʯʝʛʦ ʦʪʱʝʧʣʷʝʪʩʷ ʝʱʝ ʦʜʥʘ ʤʦʣʝʢʫʣʘ EtOH ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ 6aïc,f.  

ɸʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʭʝʤʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʫʪʴ ɹ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʘʢʮʠʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2-ʦʣʘ 1ʩô ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʨʠʵʪʠʣʦʨʪʦʬʦʨʤʠʘʪʘ 2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʪʦʢʩʠʤʝʪʠʣʝʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 8, ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʤʠʥʦʢʦʤʧʦʥʝʥʪʘʤʠ 5aïc,f ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 9 ʚ 3-[((ʛʝʪ)ʘʨʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-

2(3H)-ʦʥʳ 6aïc,f. 

      

 

ʉʭʝʤʘ 4 
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ɺʩʝ ʚʳʜʝʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʧʦʣʥʦʩʪʴʶ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘʙʦʨʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʧʦʜʨʦʙʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʘʤʠ ʀʂ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 6ʘ, ʟʘʧʠʩʘʥʥʦʤ ʚ ʤʘʪʨʠʮʝ KBr, ʚ ʦʙʣʘʩʪʠ 3265ï

3223 ʩʤ-1 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʘʤʠʥʦʛʨʫʧʧʳ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʨʠ 1725 ʩʤ-1, ʘ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʧʨʷʞʝʥʥʦʡ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 

ʉ=ʉ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 1638 ʩʤ-1. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 6aï

f ʚ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ ʬʦʨʤʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

6ʘ ʚ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ ʬʦʨʤʝ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʚʘ 

ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 6a,c,f. ʧʦʟʚʦʣʷʶʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʭ ʢʘʢ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʤʝʩʠ E- ʠ Z-ʬʦʨʤ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʷʚʣʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʫ-hʧʫʣʴʥʦʡ ʧʨʠʨʦʜʦʡ ʝʥʘʤʠʥʦʚ, ʚ ʢʦʪʦʨʦʤ ʬʫʨʘʥ-2(3H)-

ʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʘʢʮʝʧʪʦʨʥʘʷ ʛʨʫʧʧʘ [76,77]. ɼʫʙʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 1ʅ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ɼʄʉʆ-d6, ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʠʛʥʘʣʦʚ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ, ʩʠʥʛʣʝʪʦʚ ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 

ʉ-4 ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʜʫʙʣʝʪʦʚ NH-ʧʨʦʪʦʥʦʚ ʜʣʷ E- ʠ Z-ʠʟʦʤʝʨʦʚ 

(ʨʠʩ. 1). 

 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʗʄʈ 1ʅ ʩʧʝʢʪʨʘ 3-[((ʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 6a, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʩʠʛʥʘʣʳ Z- ʠ E-ʬʦʨʤ. 
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ʉ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ NOESY 2D ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʩʦʝʜʠʥʝʥʠʡ 6aïf, ʠʩʧʦʣʴʟʫʷ 3-[((ʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ 6a ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ. ʊʘʢʞʝ ʫʜʘʣʦʩʴ ʦʪʥʝʩʪʠ ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ ʜʣʷ E- ʠ Z-ʠʟʦʤʝʨʦʚ. ɺ ʩʧʝʢʪʨʘʭ NOESY 2D ʥʘʣʠʯʠʝ ʢʨʦʩʩ-ʧʠʢʦʚ ʧʨʦʪʦʥʘ 

NH ʛʨʫʧʧʳ ʠ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2(3H)-ʦʥʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ 7.10/10.85 

ʤ.ʜ., ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʪʝʨʠʯʝʩʢʦʡ ʙʣʠʟʦʩʪʴʶ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ E-ʢʦʥʬʠʛʫʨʘʮʠʠ. 

Z-ʀʟʦʤʝʨʫ ʦʪʚʝʯʘʪʁ ʢʨʦʩʩ-ʧʠʢʠ ʧʨʠ 6.96/8.50 ʤ.ʜ., ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʦʪʦʥʫ ʧʨʠ C-

4 ʠ ʧʨʦʪʦʥʫ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ C=C (ʨʠʩ. 2). ɽʥʘʤʠʥʦʚʳʝ ʩʠʩʪʝʤʳ 6aïf 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ push-pull ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʬʫʨʘʥʦʥʦʚʦʝ ʢʦʣʴʮʦ 

ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʘ, ʘ ʘʤʠʥʥʳʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ ʚʳʩʪʫʧʘʝʪ ʚ 

ʨʦʣʠ ʜʦʥʦʨʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʦʥʦʨʥʦʡ ʩʠʣʳ ʘʤʠʥʥʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ E-/Z-ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʩʤʦʪʨʠʤ ʥʘʙʦʨ ʝʥʘʤʠʥʦʚ 

ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʦʡ. ʅʘ ʩʦʦʪʥʦʰʝʥʠʝ E-/Z-ʠʟʦʤʝʨʦʚ ʚʣʠʷʶʪ ʜʚʘ 

ʬʘʢʪʦʨʘ: ʜʦʥʦʨʥʘʷ ʩʠʣʘ ʠ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʅ-ʩʚʷʟʴ, 

ʩʪʝʨʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʘʪʦʤʦʚ ʅ). ɺ ʩʣʫʯʘʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ (ʪ.ʝ. ʚʳʩʦʢʦʡ ʜʦʥʦʨʥʦʡ ʩʠʣʳ ʠ ʦʪʩʫʪʩʪʚʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ) ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʫ-hʧʫʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʠʟʦʤʝʨʦʚ ʧʨʠʤʝʨʥʦ 1:1. ʆʪʥʝʩʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ NH-ʛʨʫʧʧʳ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʤʝʨʦʚ ʚ ʩʤʝʩʷʭ: Z-ʠʟʦʤʝʨʘ - ʧʦ ʩʠʛʥʘʣʫ ʧʨʠ 10.36 

ʤ.ʜ. (0.13H), ʘ E-ʠʟʦʤʝʨʘ - ʧʦ ʩʠʛʥʘʣʫ ʧʨʠ 10.85 ʤ.ʜ. (0.87H) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 6a.  

 

ʈʠʩʫʥʦʢ 2. ʂʣʶʯʝʚʳʝ NOE-ʢʦʥʪʘʢʪʳ ʜʣʷ (Z)- ʠ (E)-3-[((ʧʠʨʠʜʠʥ-2-

ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 6a. 

https://www.mdpi.com/1420-3049/28/3/963#fig_body_display_molecules-28-00963-f003
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ʅʘʣʠʯʠʝ ʆʅ-ʛʨʫʧʧʳ ʚ ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3 

(ʩʦʝʜʠʥʝʥʠʝ 6b) ʧʨʠʚʦʜʠʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʦʣʴʢʦ Z-ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ-

d6, ʘ ʥʘʣʠʯʠʝ E-ʠʟʦʤʝʨʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 6ʘ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ 

ʧʨʦʪʦʥʦʤ ʆʅ-ʛʨʫʧʧʳ, ʧʨʦʪʦʥʦʤ NH-ʛʨʫʧʧʳ ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʬʫʨʘʥʦʥʦʚʦʛʦ 

ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʘʙʠʣʴʥʦʩʪʴ Z-ʠʟʦʤʝʨʘ. ʉʦʦʪʥʦʰʝʥʠʝ Z- ʠ ɽ-ʬʦʨʤ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʉʦʦʪʥʦʰʝʥʠʝ ɽ- ʠ Z-ʠʟʦʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 6ʘ-ʩ, ʚ ʨʘʩʪʚʦʨʝ 

ɼʄʉʆ-d6 

ˉ 

ʉʦʝʜ. 

ʉʦʦʪʥʦʰʝʥʠʝ 

ɽ- Z- 

6a 0.87 0.13 

6b 0 1 

6c 0.85 0.15 

 

ʉʤʝʱʝʥʠʝ E-/Z-ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʩʪʦʨʦʥʫ E-ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ 

Z-ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ ʚ ɼʄʉʆ-d6, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ɼʄʉʆ-d6 ʘʢʮʝʧʪʠʨʦʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ [78,79]. ʆʜʥʘʢʦ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ 

ʥʝʧʦʣʷʨʥʳʭ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʙʝʥʟʦʣ-d6, ʘʮʝʪʦʥ-d6, ʭʣʦʨʦʬʦʨʤ-d) 

ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ (Z)- ʠ (E)-[((ʛʝʪ)ʘʨʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʦʥʦʚ 

ʚʳʷʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ ʠʟ-ʟʘ ʠʭ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʛʠʩʪʨʘʮʠ ̫

ʩʧʝʢʪʨʦʚ ʗʄʈ ʚ ʘʮʝʪʦʥʝ-d6 ʩʪʨʫʢʪʫʨʥʦ ʙʣʠʟʢʠʭ ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3H)-

ʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ Z-ʢʦʥʬʠʛʫʨʘʮʠʠ. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʘʮʝʪʦʥ ʥʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʩʠʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʘ, 

ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ Z-ʠʟʦʤʝʨʦʚ [77]. 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʠʣʠ 

ʥʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʷʪʠʯʣʝʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ 5dïf. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʚʳʙʨʘʥʳ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʳ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʇʦʧʳʪʢʠ ʧʨʦʚʝʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚ 

https://www.mdpi.com/1420-3049/28/3/963#B30-molecules-28-00963
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one-pot ʫʩʣʦʚʠʷʭ ʚ ʩʣʫʯʘʝ 3-ʘʤʠʥʦ-1ʅ-1,2,4-ʪʨʠʘʟʦʣʘ ʠ 2-ʘʤʠʥʦʪʠʘʟʦʣʘ ʥʝ 

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ʉʠʥʪʝʟ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʦʩʪʠʛʘʣʩʷ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʤʝʰʝʥʠʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʵʪʦʢʩʠʤʝʪʠʣʝʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʬʫʨʘʥ-2(3H)-ʦʥʘ 

8 (ʧʫʪʴ ɹ, ʩʭʝʤʘ 4), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʨʝʘʛʠʨʫʝʪ ʩ ʘʤʠʥʥʳʤ ʨʝʘʛʝʥʪʦʤ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʝʛʦ ʜʦʙʘʚʣʝʥʠʠ. ʇʨʝʚʨʘʱʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ 2-ʘʤʠʥʦʪʠʘʟʦʣʘ 5e 

ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ. 

 

ʉʭʝʤʘ 5 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 6d,e ʠʤʝʶʪ E-ʢʦʥʬʠʛʫʨʘʮʠʶ, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝʤ ʙʘʨʴʝʨʘ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʷʟʠ C=C. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʙʣʶʜʘʝʤʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʘʤʠʥʦʚ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʚʨʘʱʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ Z-ʘʜʜʫʢʪʘ (ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʨʝʘʢʮʠʠ) ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ɽ-ʠʟʦʤʝʨ [80]. 

ɺ ʩʣʫʯʘʝ ʜʠʘʤʠʥʦʛʝʪʝʨʦʮʠʢʣʘ 1,2-ʜʠʘʤʠʥʦ-4-ʬʝʥʠʣʠʤʠʜʘʟʦʣʘ, ʚ ʩʪʨʫʢʪʫʨʫ 

ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʜʚʝ ʘʤʠʥʦʛʨʫʧʧʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʜʦʥʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʘʢʮʠʠ. ʄʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʫʯʘʩʪʠʝʤ çʛʠʜʨʘʟʠʥʦʚʦʡè ʘʤʠʥʦʛʨʫʧʧʳ (ʧʫʪʴ ɸ) ʠ ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ (ʧʫʪʴ 

ɹ). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ one-pot ʫʩʣʦʚʠʷʭ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 6f ʦʙʨʘʟʫʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ 

ʧʝʨʚʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ çʛʠʜʨʘʟʠʥʦʚʫʶè ʘʤʠʥʦʛʨʫʧʧʫ, ʯʪʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʠʩʭʦʜʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʩʣʫʞʠʪ ʝʱʝ 

ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʦʛʦ ʦʙʨʘʪʥʦʛʦ Ŭ-ʵʬʬʝʢʪʘ [81]. 

https://www.mdpi.com/1420-3049/28/3/963#B32-molecules-28-00963
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ʉʭʝʤʘ 6 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ 3-[((1-ʘʤʠʥʦ-4-ʬʝʥʠʣ-1H-ʠʤʠʜʘʟʦʣ-2-

ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ 6f ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ 

ɼʄʉʆ-d6 ʚ ʚʠʜʝ ʩʤʝʩʠ E- ʠ Z-ʠʟʦʤʝʨʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ 1:1, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʚʳʩʦʢʠʤʠ ʜʦʥʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʤʠʥʦʛʨʫʧʧʳ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʅʘʤʠ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʵʥʝʨʛʠʡ E- ʠ Z-ʠʟʦʤʝʨʦʚ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʫʶ ʬʦʨʤʫ ʢʘʞʜʦʛʦ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʝʥʘʤʠʥʘ 6aïf ʢʘʢ ʚ ʚʘʢʫʫʤʝ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ. ɺʝʣʠʯʠʥʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʡ E-/Z-ʠʟʦʤʝʨʠʟʘʮʠʠ. ɿʥʘʯʝʥʠʷ ʙʘʨʴʝʨʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 6aïe ʥʘʭʦʜʠʣʠʩʴ 

ʚ ʧʨʝʜʝʣʘʭ 44.48ï55.00 ʢʢʘʣ/ʤʦʣʴ ʚ ʚʘʢʫʫʤʝ ʠ ʚ ʧʨʝʜʝʣʘʭ 28.92ï39.50 ʢʢʘʣ/ʤʦʣʴ ʚ 

ɼʄʉʆ ʩ ʤʠʥʠʤʫʤʦʤ ʜʣʷ 6c. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʥʘʤʠʥʳ 6d ʠ 6e, ʧʦʣʥʦʩʪʴʶ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ E-ʬʦʨʤʝ, ʠʤʝʶʪ ʙʘʨʴʝʨ ʧʝʨʝʭʦʜʘ ʥʘ 6.1 ʠ 10.5% ʚʳʰʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʝʥʘʤʠʥʦʚ 6aïf (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ (ʢʢʘʣ/ʤʦʣʴ) E-, Z-ʬʦʨʤ ʠ 

ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ (TS) ʝʥʘʤʠʥʦʚ 6aïf ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ B3LYP/6-311++G(d). 

ʕʥʝʨʛʠʠ Z-ʠʟʦʤʝʨʦʚ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳʤʠ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʫʢʘʟʘʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ Z-ʠʟʦʤʝʨʦʚ. 

ʉʦʝʜʠʥʝʥʠʝ 
E-ʠʟʦʤʝʨ 

(ʚʘʢʫʫʤ/DMSO) 

TS 

(ʚʘʢʫʫʤ/DMSO) 

Z-ʠʟʦʤʝʨ 

(ʚʘʢʫʫʤ/DMSO) 

6a 5.60/1.60 52.80/36.54 0.00/0.00 

6b 3.96/1.48 51.48/36.20 0.00/0.00 

6c 0.65/1.21 44.48/28.92 0.00/0.00 

6d 4.21/1.49 52.52/37.90 0.00/0.00 
6e 5.59/1.79 55.00/39.50 0.00/0.00 

6f 4.77/1.52 50.68/35.39 0.00/0.00 

https://www.mdpi.com/1420-3049/28/3/963#table_body_display_molecules-28-00963-t002
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ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ E-/Z-ʠʟʦʤʝʨʦʚ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚʨʷʜ ʣʠ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ.  

ʇʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ E-ʠʟʦʤʝʨʦʚ, ʤʳ 

ʧʨʝʜʣʘʛʘʝʤ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ E-ʬʦʨʤʳ. ɹʦʣʝʝ ʩʪʘʙʠʣʴʥʘʷ E-ʬʦʨʤʘ ʵʪʠʣ-N-(ʛʝʪʘʨʠʣ-2-

ʠʣ)ʬʦʨʤʠʤʠʜʘʪʘ 7 ʩʦʜʝʨʞʠʪ ʜʠʘʩʪʝʨʝʦʪʦʧʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʘʪʘʢʦʚʘʥʘ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʝʥʦʣʷʪʦʤ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ.  

ɸʪʘʢʘ ʩʦ ʩʪʦʨʦʥʳ ʤʝʥʝʝ ʩʪʝʨʠʯʝʩʢʠ ʦʙʲʝʤʥʦʛʦ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-[ʵʪʦʢʩʠ(ʛʝʪʘʨʠʣ-2-ʠʣʘʤʠʥʦ)ʤʝʪʠʣ]-

5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 9. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʱʝʧʣʝʥʠʷ ʵʪʘʥʦʣʘ ʠʟ 

ʘʥʪʠʧʝʨʠʧʣʘʥʘʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʚʷʟʠ ʉïʉ) ʧʦʷʚʣʷʝʪʩʷ ɽ-

ʝʥʘʤʠʥ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʘʪʘʢʘ ʥʫʢʣʝʦʬʠʣʘ ʠʟ ʤʝʩʪʘ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʙʦʣʝʝ ʦʙʲʝʤʥʘʷ 

ʵʪʦʢʩʠʛʨʫʧʧʘ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʟʦʤʝʨʥʳʭ 3-[ʵʪʦʢʩʠ(ʛʝʪ-2-

ʠʣʘʤʠʥʦ)ʤʝʪʠʣ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʦʚ 9ô. ɺʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʧʨʦʩʪʦʡ 

ʩʚʷʟʠ CïN ʚ ʵʪʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʬʦʨʤʫ 9' ʟʘ ʩʯʝʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɸʥʪʠʧʝʨʠʧʣʘʥʘʨʥʦʝ ʦʪʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʵʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Z-ʬʦʨʤʳ ʝʥʘʤʠʥʦʚ 6aïf. 

 

ʉʭʝʤʘ 7 
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ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʝʨʝʦʭʠʤʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʝʯʥʳʭ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʵʪʦʢʩʠʤʝʪʠʣʝʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʘʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʵʪʦʢʩʠʠʤʠʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 7, ʘʪʘʢʘ ʥʫʢʣʝʦʬʠʣʘ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʩʦ ʩʪʦʨʦʥʳ ʤʝʥʝʝ ʦʙʲʝʤʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙʨʘʟʦʚʘʥʠʝ ɽ-ʬʦʨʤʳ ʝʥʘʤʠʥʦʚ 6aïf 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Z-ʠʟʦʤʝʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʜʝʨʞʘʥʠʝ Z-

ʠʟʦʤʝʨʦʚ ʚ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʪʘʢʠʭ, ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʠ ʩʪʝʨʠʯʝʩʢʠʡ ʦʙʲʝʤ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʠ ʘʤʠʥʘ.  

ʉ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʜʘʣʦʩʴ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʦʢʘʟʘʪʴ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʥʘ ʧʨʠʤʝʨʝ 3-[((ʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 6a. ʉʦʜʝʨʞʘʥʠʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʷʯʝʡʢʠ 

ʚʤʝʩʪʝ ʩʦ ʩʭʝʤʦʡ ʤʘʨʢʠʨʦʚʢʠ ʘʪʦʤʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3A. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʈʉɸ, ʩʦʝʜʠʥʝʥʠʝ 6ʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P21/n ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɼʘʥʥʘʷ 

ʤʦʣʝʢʫʣʘ ʩʦʩʪʦʠʪ ʠʟ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʮʠʢʣʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʧʨʠ ʉ-5 4-

ʭʣʦʨʬʝʥʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ, ʠ ʧʠʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ 

ʝʥʘʤʠʥʦʚʳʤ ʤʦʩʪʠʢʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 3-[((ʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ 6a ʧʦ ʧʦʣʦʞʝʥʠʶ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʉ(2)-ʉ(11) ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ɽ-ʬʦʨʤʝ. 4-ʍʣʦʨʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ 

ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʘ ʟʥʘʯʝʥʠʝ 

ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ   ʉ(10)-ʉ(5)-ʉ(4)-ʆ(1) ʩʦʩʪʘʚʣʷʝʪ -6.2(4)Á. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʝʥʠʝ 

ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʉ(3)-ʉ(2)-ʉ(11)-N(1) -2.8(6)Á ʧʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʝʥʘʤʠʥʦʚʦʛʦ ʤʦʩʪʠʢʘ. ʇʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʫʶ ʧʣʘʥʘʨʥʦʩʪʴ ʟʥʘʯʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʉ(11)-N(1)-C(12)-N(2) ʨʘʚʥʦ 

-3.1Á. ʌʫʨʘʥʦʥʦʚʦʝ ʢʦʣʴʮʦ ʙʦʣʝʝ ʧʣʦʩʢʦʝ, ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʣʦʩʢʦʩʪʠ ʢʦʣʴʮʘ ʘʪʦʤʦʚ 

ʤʠʥʠʤʘʣʴʥʳ, ʘ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ 
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ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 1Á. ʅʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ ʉ(3)-ʉ(2)-ʉ(11) 

131.9(2)Á ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ 120Á. 

 

 

 

 

 

 

                              ɸ                                                                          ɹ 

ʈʠʩʫʥʦʢ 3. ʆʙʱʠʡ ʚʠʜ ʩʦʝʜʠʥʝʥʠʷ 6a ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʪʝʧʣʦʚʳʤʠ 

ʵʣʣʠʧʩʦʠʜʘʤʠ (p = 50%) (ɸ), ʫʧʘʢʦʚʢʘ ʧʦʢʘʟʳʚʘʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ NHéO ʚ ʚʠʜʝ ʢʨʘʩʥʳʭ ʧʫʥʢʪʠʨʥʳʭ ʣʠʥʠʡ (ɹ) 

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʆ(2)éʉ(11)ʅ 

ʩʦʩʪʘʚʣʷʪʁ 2.753(2) ¡ ʠ ʙʣʠʟʢʠ ʢ ʩʫʤʤʝ ʨʘʜʠʫʩʦʚ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ (2.72 ¡), ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʂʦʥʪʘʢʪʳ C(3)Hé 

N(1)H ʨʘʚʥʳ 2.47(3) ¡, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ ʩʫʤʤʳ ʨʘʜʠʫʩʦʚ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ 

(2.65 ¡), ʫʢʘʟʳʚʘʶʱʝʝ ʥʘ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʧʣʘʥʘʨʥʦʩʪʠ ʤʦʣʝʢʫʣʳ. 

ɺ ʢʨʠʩʪʘʣʣʝ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ N(1)ïH(1)éO(2), ʩʦʟʜʘʚʘʷ ʰʠʨʦʢʫʶ ʩʝʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʛʜʝ ʢʘʞʜʘʷ 

ʥʝʟʘʚʠʩʠʤʘʷ ʤʦʣʝʢʫʣʘ ʦʙʨʘʟʫʝʪ ʩʣʦʠ ʩʦ ʩʚʦʠʤʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʘʥʘʣʦʛʘʤʠ (ʨʠʩ. 

3ɹ, ʪʘʙʣ. 4). 

ʊʘʙʣʠʮʘ 4. ɻʝʦʤʝʪʨʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (¡, Ü) ʩʦʝʜʠʥʝʥʠʷ 6ʘ 

DðHĿĿĿA DðH HĿĿĿA DĿĿĿA DðHĿĿĿA 

N1ðH1ĿĿĿO2i 0.98 (4) 1.99 (4) 2.940 (3) 165 (3) 

ʂʦʜ ʩʠʤʤʝʪʨʠʠ: (i) x-1/2, -y+1/2, z-1/2. 
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ʋʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ 

ʩʪʵʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʊʘʢ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ 4-

ʭʣʦʨʬʝʥʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʫ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʚʭʦʜʷʱʠʭ ʚ ʘʩʠʤʤʝʪʨʠʯʝʩʢʫʶ ʯʘʩʪʴ ʷʯʝʡʢʠ, ʠ ʢʦʣʴʮʘ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʩʦʩʪʘʚʣʷʶʪ 3.536(2) ¡. ʊʘʢʞʝ ˊ-

ʩʪʵʢʠʥʛʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʧʠʨʠʜʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, 

ʛʜʝ ʨʘʩʩʪʦʷʥʠʝ ʮʝʥʪʨʦʠʜ-ʮʝʥʪʨʦʠʜ ʩʦʩʪʘʚʣʷʝʪ 3.513(2) ¡ (ʨʠʩ. 4). 

 

ʈʠʩʫʥʦʢ 4. ʅʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 4-ʭʣʦʨʬʝʥʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʧʠʨʠʜʠʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʫ 

ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʦʣʝʢʫʣ 6ʘ  

ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʍʠʨʰʬʝʣʜʘ ʫʜʘʣʦʩʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʙʣʠʟʢʠʝ ʢʦʥʪʘʢʪʳ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ 3-[((ʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 6a (ʨʠʩ.5). 

  

ʈʠʩʫʥʦʢ 5. ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʍʠʨʰʬʝʣʜʘ 3-[((ʧʠʨʠʜʠʥ-2-

ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 6a. ʂʨʘʩʥʳʤ ʧʦʢʘʟʘʥʳ 

ʙʣʠʟʢʠʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. 
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ʂʨʦʤʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʝ 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʘʪʦʤʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʚ ʙʣʠʟʢʦʤ ʢʦʥʪʘʢʪʝ ʩ ʘʪʦʤʘʤʠ 

ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ. ʊʘʢ, ʦʧʨʝʜʝʣʝʥʳ ʙʣʠʟʢʠʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 

ʆ2ĿĿĿʅ3, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2.509(2) ¡.   

ʀʟʫʯʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 6ʘ-ʝ, ʠʤʝʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʩʢʝʣʝʪʘ 5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥ ʠ ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʮʠʢʣʳ ʚ ʝʥʘʤʠʥʦʚʦʤ 

ʬʨʘʛʤʝʥʪʝ (ʨʠʩ. 6). ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ɼʄʉʆ, ʘ ʪʘʢʞʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʠ ʦʩʥʦʚʘʥʠʷ.  

 

ʈʠʩʫʥʦʢ 6. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-

ʛʝʪʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 6ʘ-ʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ɼʄʉʆ 

ɺ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʜʣʷ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʚʝʱʝʩʪʚ ʤʘʢʩʠʤʫʤ rʧʦʛʣʦʱʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 360-436 ʥʤ, ʦʪʚʝʯʘʶʱʠʝ n-ˊ*  ʧʝʨʝʭʦʜʘʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʧʨʷʞʝʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʛʠʧʝʨʭʨʦʤʥʳʡ ʵʬʬʝʢʪ n-ˊ*  ʧʝʨʝʭʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ 3-

[((1H-1,2,4-ʪʨʠʘʟʦʣ-3-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 6d ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 392 ʥʤ (ɸ = 0.625). ɿʘʤʝʥʘ ʪʨʠʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ ʥʘ 

ʪʠʘʟʦʣʴʥʳʡ ʧʨʠʚʦʜʠʪ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ (ɚ = 

417 ʥʤ), ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʧʦʭʨʦʤʥʳʤ ʵʬʬʝʢʪʦʤ. ʇʦʣʦʩʘ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ɚ = 412 ʥʤ, ɸ = 0.197), ʦʙʣʘʜʘʶʱʘʷ ʥʘʠʙʦʣʴʰʠʤ ʛʠʧʦʭʨʦʤʥʳʤ 

ʵʬʬʝʢʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 6ʩ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝʤ ʝʜʠʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʚ ʧʠʨʘʟʦʣʴʥʦʤ ʮʠʢʣʝ. 
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ɿʥʘʯʠʪʝʣʴʥʦʝ ʙʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʧʦʣʦʩʳ 428 ʥʤ ʦʪʚʝʯʘʝʪ 3-{[(3 -ʛʠʜʨʦʢʩʠʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ]ʤʝʪʠʣʠʜʝʥ}ʬʫʨʘʥ-

2(3H)-ʦʥʫ 6b, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʜʦʥʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʆʅ-

ʛʨʫʧʧʘ) ʠ ʚʦʚʣʝʯʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʦʧʨʷʞʝʥʠʝ ʩ ʧʠʨʠʜʠʥʦʚʳʤ 

ʢʦʣʴʮʦʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʠʷ. 

ʊʘʢʞʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʦʩʥʦʚʘʥʠʷ ʠ ʢʠʩʣʦʪʳ ʚ ʩʠʩʪʝʤʝ 

çʨʘʩʪʚʦʨʠʪʝʣʴ-ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝʱʝʩʪʚʦè ʥʘ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ 3-[((ʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥʘ 6a ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʢʠʩʣʦʪʳ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʡ 

n-ˊ*  ʧʝʨʝʭʦʜʫ (ʨʠʩ. 7). ʉʦʟʜʘʥʠʝ ʦʩʥʦʚʥʦʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʣʝʥʠʷ 

ʪʨʠʵʪʠʣʘʤʠʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʦʥʠʟʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ (ɚ = 463 ʥʤ). 

ɺʚʝʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʧʠʨʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ï 

ʆʅ-ʛʨʫʧʧʳ (ʩʦʝʜʠʥʝʥʠʝ 6b), ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʩʫʪʩʪʚʠʷ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʴʰʝʤʫ ʩʤʝʱʝʥʠʶ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (ɚ 

= 491 ʥʤ), ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʛʠʧʦʭʨʦʤʥʳʤ ʵʬʬʝʢʪʦʤ (ɸ = 0.329). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʧʦʣʦʩʳ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ɸ = 0.119) ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʪʢʠʭ 

ʜʣʠʥ ʚʦʣʥ (ɚ = 355 ʥʤ) (ʨʠʩ. 7). 

         

ʈʠʩʫʥʦʢ 7. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 6ʘ,b ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ 
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ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ 6ʩ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʥʝ 

ʤʝʥʷʝʪʩʷ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʝʨʭʨʦʤʥʳʡ ʵʬʬʝʢʪ (ɸ = 0.292). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʪʨʠʵʪʠʣʘʤʠʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʥʝ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ. 8), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʝʜʠʥʦʡ ʮʝʧʠ ʩʦʧʨʷʞʝʥʠʷ, ʧʦʣʦʩʳ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʛʨʘʥʠʮʫ ʧʨʦʧʫʩʢʘʥʠʷ ɼʄʉʆ. 

 

ʈʠʩʫʥʦʢ 8. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 6ʩ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʨʅ 

ʅʘ ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ 3-[((1H-1,2,4-ʪʨʠʘʟʦʣ-3-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 6d ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ 

ʪʨʠʵʪʠʣʘʤʠʥʘ. ʆʩʥʦʚʥʘʷ ʧʦʣʦʩʘ ʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ʠ ʙʘʪʦʭʨʦʤʥʦ ʩʤʝʱʘʝʪʩʷ (ɚ = 

432 ʠ 449 ʥʤ). ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-

2(3ʅ)-ʦʥ 6ʝ, ʩʦʜʝʨʞʘʱʠʡ ʪʠʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ (ʨʠʩ.9). 

       

ʈʠʩʫʥʦʢ 9. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 6d,e ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
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ʊʘʙʣʠʮʘ 5. ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 6ʘ-ʝ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷ ʨʅ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ɼʄʉʆ 

ˉ 

ʩʦʝʜ. 
ʉ, ʤʦʣʴ/ʣ 

ɚmax, ʥʤ (ɸ) 

ʨʅ = 7 ʨʅ < 7 ʨʅ > 7 

6ʘ 1.6*10-5 419 (0.543) 419 (0.512)) 463 (0.512) 

6b 1.5*10-5 428 (0.426) 428 (0.446) 355 (0.119) 

491 (0.329) 

6c 1.2*10-5 412 (0.197) 412 (0.292) 
 

6d 1.7*10-5 392 (0.625) 392 (0.662) 
432 (0.707) 

449 (0.707) 

6e 1.6*10-5 417 (0.475) 417 (0.426) 
472 (0.483) 

491 (0.438) 

 ʇʦʣʫʯʝʥʥʳʝ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ 

ʚʠʜʘ ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʝʥʘʤʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʥʘ ʭʘʨʘʢʪʝʨ ʧʦʛʣʦʱʝʥʠʷ.  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʨʝʘʢʮʠʠ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʦʚ ʚʳʩʪʫʧʘʶʪ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʭʦʨʦʰʦ ʫʭʦʜʷʱʫʶ ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʫ. 

ʀʟʚʝʩʪʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʨʝʘʛʝʥʪʦʤ ʚ ʛʝʥʝʨʘʮʠʠ ʝʥʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚʳʩʪʫʧʘʝʪ N,N-ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ (ɼʄʌɸ-ɼʄɸ), ʚʳʩʦʢʘʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʝʪʦʢʩʠ-ʛʨʫʧʧ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʯʘʩʪʠʯʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ. ɼʄʌɸ-ɼʄɸ 

ʤʦʞʝʪ ʣʝʛʢʦ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 

1a-f ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ ʝʥʘʤʠʥʠʨʦʚʘʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ çʧʦʩʪʘʚʱʠʢʘè 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʟʚʝʥʘ ï ɼʄʌɸ-ɼʄɸ. ʅʘʣʠʯʠʝ ʚ ʤʦʣʝʢʫʣʝ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 

ʧʦʜʚʠʞʥʦʛʦ ʧʨʦʪʦʥʘ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-3 ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʝʥʘʤʠʥʠʨʦʚʘʥʠʷ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʪʝʢʘʣʦ ʧʦ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʶ ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 1c ʠ 

ɼʄʌɸ-ɼʄɸ 10 ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʠʧʘ 

ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11c.  

 

ʆʧʳʪ ʈʘʩʪʚʦʨʠʪʝʣʴ ʊʝʤʧʝʨʘʪʫʨʘ, ʉ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʨʝʘʢʮʠʠ, ʤʠʥ. 
ɺʳʭʦʜ, % 

1 ʕʪʘʥʦʣ 78 180 50 

2 ʀʟʦʧʨʦʧʘʥʦʣ 82 178 50 

3 ɸʮʝʪʦʥʠʪʨʠʣ 81 150 50 

4 1,4-ɼʠʦʢʩʘʥ 101 160 61 

5 ɹʝʥʟʦʣ 80 173 57 

6 ʊʦʣʫʦʣ 110 110 70 

7 ʊʦʣʫʦʣ 120ʘ 25 75 

8 ʊʦʣʫʦʣ 130ʘ 6 90 

9 ʊʦʣʫʦʣ 150ʘ - -b 

10 Solvent-free 153ʘ  - -b 

    a ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ Monowave 

50 (Anton Paar).    b ʆʩʤʦʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

ʂʠʧʷʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ 

ʧʨʦʜʫʢʪʫ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʩ ʚʳʭʦʜʦʤ 50 % (ʦʧʳʪ 1), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ 

ʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʘʮʝʪʦʥʠʪʨʠʣʘ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 2,5 ʯʘʩʦʚ 
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(ʦʧʳʪ 3), ʦʜʥʘʢʦ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʥʝʧʦʣʷʨʥʳʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ï ʙʝʥʟʦʣ, ʪʦʣʫʦʣ (ʦʧʳʪʳ 5-9). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʫʦʣʘ. ɼʘʣʴʥʝʡʰʠʝ ʧʦʧʳʪʢʠ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʞʝʣʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʩʪʠʛʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʪʦʨʘ 

ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ Monowave 50 (Anton Paar). ʊʘʢ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʠ 120 Üʉ ʚ ʪʦʣʫʦʣʝ ʧʨʠʚʝʣʦ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 25 ʤʠʥʫʪ ʩ 

ʚʳʭʦʜʦʤ 75 % (ʦʧʳʪ 7), ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 130 Üʉ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ 

ʨʝʘʢʮʠʶ ʚ ʪʝʯʝʥʠʝ 6 ʤʠʥʫʪ ʩ ʚʳʭʦʜʦʤ 90% (ʦʧʳʪ 8). ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʝʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʜʘʚʘʣʦ ʥʫʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʩʤʦʣʝʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʦʧʳʪ 9). ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ solvent-free ʚ 

ʜʚʫʭʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ɼʄʌɸ-ɼʄɸ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ (ʦʧʳʪ 10).  

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʷʚʣʷʶʪʩʷ: 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʝʚʨʘʱʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʘ, 

ʤʠʥʠʤʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ 

ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʦʪʩʣʝʞʠʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʚʥʫʪʨʠ ʬʣʘʢʦʥʘ (ʨʠʩ. 10). 

 

ʈʠʩʫʥʦʢ 10. ʊʝʤʧʝʨʘʪʫʨʘ (1) ʠ ʜʘʚʣʝʥʠʝ (2) ʚʥʫʪʨʠ ʬʣʘʢʦʥʘ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ 11c, ʩʦʛʣʘʩʥʦ ʚʩʪʨʦʝʥʥʳʤ ʜʘʪʯʠʢʘʤ ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ 

ʩʦʩʫʜʦʚ. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʢʨʠʚʘʷ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 50 Üʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʮʝʩʩʫ ʨʘʩʪʚʦʨʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʨʝʟʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʜʦ 191 Üʉ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 
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11c. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʪʦʣʫʦʣʘ (130 

Üʉ ʧʨʦʪʠʚ 110 Üʉ), ʫʩʢʦʨʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʘʟʝʦʪʨʦʧʘ ʚʦʜʘ-ʪʦʣʫʦʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʚʣʝʥʠ ̫ʜʦ 10 ʙʘʨ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣ̫ 

ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʥʪʝʟʘ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥ-5-

ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ. 

 

ʉʭʝʤʘ 8 

ʅʘʤʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ 4-ʘʨʠʣ-4-ʦʢʩʦʙʫʪʘʥʦʚʳʭ ʢʠʩʣʦʪ 12, ʤʠʥʫʷ ʩʪʘʜʠʶ 

ʚʳʜʝʣʝʥʠʷ ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘ. ʆʩʫʱʝʩʪʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-ʘʨʠʣ-4-

ʦʢʩʦʙʫʪʘʥʦʚʳʭ ʢʠʩʣʦʪ 12, ʜʠʤʝʪʠʣʘʮʝʪʘʣʷ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ 10 ʠ ʧʨʦʧʠʦʥʦʚʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ 

ʛʨʫʧʧʳ ʧʨʦʠʟʦʡʜʝʪ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-2 4-ʦʢʩʦʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʨʦʧʠʦʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʮʠʢʣʠʟʘʮʠʠ ʜʦ ʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ 11ʘ-d. ɺ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʷ 11ʘ-d ʥʝ 

ʫʜʘʣʦʩʴ. ʆʪʤʝʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʫʜʥʦ ʨʘʟʜʝʣʠʤʦʡ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ. ʀʟʤʝʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʧʦʵʪʘʧʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʨʝʘʛʝʥʪʦʚ 

ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʪʠʣ 4-ʦʢʩʦ-4-ʤʝʪʠʣʬʝʥʠʣʙʫʪʘʥʦʘʪʘ 13b. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ [82]. 
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ʉʭʝʤʘ 9 

ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 

11a-f ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʀʂ, ʗʄʈ 1ʅ, 13ʉ, ʅʄɺʉ, ʅSQC, NOESY1D 

ʩʧʝʢʪʨʦʚ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʗʄʈ 1ʅ ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʡ 11ʘ-f, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʘʮʝʪʦʥʝ-d6, 

ʩʦʜʝʨʞʘʪ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ NMe2 ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʩʠʥʛʣʝʪʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 3.30-3.33 ʤ.ʜ. ʉʠʛʥʘʣʳ ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 6.83-7.09 ʤ.ʜ., ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 7.19-7.28 

ʤ.ʜ. (ʨʠʩ. 11). ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ɽ-ʠʟʦʤʝʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʤʝʨʥʦʛʦ ʚʘʨʠʘʥʪʘ NOESY1D ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ. ʇʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʚʠʥʠʣʴʥʳʤ ʧʨʦʪʦʥʦʤ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʧʨʦʪʦʥʦʤ ʧʨʠ ʩʚʷʟʠ ʉ=ʉ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʠ.                                    

 

ʈʠʩʫʥʦʢ 11. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 11a-f (ŭ ʚ 

ʤ.ʜ.) 
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ʀʟʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ, ʠʤʝʶʱʠʭ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-

ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11b ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (ʉ = 2.9*10-5 

ʤʦʣʴ/ʣ). ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʷʨʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï 

ʤʝʪʘʥʦʣʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʳʨʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ (ʨʠʩ. 12). ɺ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 11 ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦʜʦʤ ʠʟ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɸ ʚ ʩʠʩʪʝʤʫ ʩ 

çʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘè (ɺʇɿ) ɸô, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʤʝʱʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ. 

   

ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 205 ʥʤ (ɸ 

= 0.542) ʦʪʚʝʯʘʝʪ n-ů* ʧʝʨʝʭʦʜʫ -N-CH3 ʬʨʘʛʤʝʥʪʘ. ɺʳʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʚ ʦʪʜʝʣʴʥʫʶ ʧʦʣʦʩʫ ʩʚʷʟʘʥʦ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʦʧʨʷʞʝʥʠ ̫ʚ ʤʦʣʝʢʫʣʝ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ.  

 

ʈʠʩʫʥʦʢ 12. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11b ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

0

0,2

0,4

0,6

0,8

1

1,2

180 230 280 330 380 430 480

ʆ
ʧ
ʪ
ʠ
ʯ
ʝ
ʩ
ʢ
ʘ
ʷ
 
ʧ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
 

ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

ʍʣʦʨʦʬʦʨʤʄʝʪʘʥʦʣɸʮʝʪʦʥʠʪʨʠʣ



74 

 

ʇʦʣʦʩʘ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 238 ʥʤ (ɸ = 0.266) ʦʪʚʝʯʘʝʪ -́ˊ*  

ʧʝʨʝʭʦʜʘʤ. ʇʦʣʦʩʘ ʚ ʚʠʜʝ ʧʣʝʯʘ ʧʨʠ 301 ʥʤ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ 

ʚʢʣʘʜ ʧʝʨʝʭʦʜʘ ʩ ɺʇɿ ʩ ʫʯʘʩʪʠʝʤ ʨ-ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʘʟʦʪʘ. ʀʥʪʝʥʩʠʚʥʘ ̫ʧʦʣʦʩʘ 

ʧʨʠ 364 ʥʤ (A = 0.853) ʦʪʚʝʯʘʝʪ n-ˊ* ʧʝʨʝʭʦʜʘʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʠʷ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʚ ʘʧʨʦʪʦʥʥʦʤ ʧʦʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ï 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʨʦʬʠʣʴ. ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʘʷ n-ů* ʧʝʨʝʭʦʜʫ, ʦʙʣʘʜʘʝʪ ʛʠʧʝʨʭʨʦʤʥʳʤ ʵʬʬʝʢʪʦʤ ʠ 

ʛʠʧʩʦʭʨʦʤʥʳʤ ʩʜʚʠʛʦʤ ʤʘʢʩʠʤʫʤʘ (ɚ = 196 ʥʤ, ɸ = 1.087), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʦʡ 

ʧʦʛʣʦʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʤʝʪʘʥʦʣʝ. ʆʩʪʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ, ʦʙʲʷʩʥʷʶʱʝʝʩʷ ʵʬʬʝʢʪʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʅʘ ʨʠʩʫʥʢʝ 

12 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʩʥʷʪʳʡ ʚ ʭʣʦʨʦʬʦʨʤʝ, 

ʢʦʪʦʨʳʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʷʜ ʧʦʣʦʩ n-ů* ʧʝʨʝʭʦʜʦʚ ʠʟ-ʟʘ 

ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 195-210 ʥʤ. ʆʜʥʘʢʦ ʦʪʤʝʯʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ -́ˊ*  ʧʝʨʝʭʦʜʘ (ɚ = 249 ʥʤ, ɸ = 0.422).  

ɺʚʝʜʝʥʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ï 

ʘʪʦʤʘ ʭʣʦʨʘ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠ ʁ ʩ ʪʦʣʠʣʴʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ (ʉ = 2.6*10-5 ʤʦʣʴ/ʣ). 

ʆʪʤʝʯʘʝʪʩʷ ʛʠʧʦʭʨʦʤʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ n-ů*  ʧʝʨʝʭʦʜʘ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ (ɚ = 199 ʥʤ, ɸ = 0.789) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʢʪʨʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ 

ʤʝʪʘʥʦʣʝ (ʨʠʩ. 13).  

 

ʈʠʩʫʥʦʢ 13. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-

5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11ʩ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 
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ɺʝʨʦʷʪʥʦ, ʥʘʣʠʯʠʝ ʯʝʪʳʨʝʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʡ 11b,c 

ʦʪʨʘʞʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʨʘʚʥʦʚʝʩʠʠ ʨʝʟʦʥʘʥʩʥʳʭ ʬʦʨʤ ʩ 

ʥʝʦʜʠʥʘʢʦʚʳʤ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ.  

ʅʘʣʠʯʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʝʱʝʥʠʶ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʝʥʘʤʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʠʤʝʥʥʦ ʨ-ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʚ 

ʘʟʦʪʘ, ʯʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ɸ. ʏʪʦ, ʚʝʨʦʷʪʥʦ, ʦʧʨʝʜʝʣʷʝʪ 

ʠʥʝʨʪʥʦʩʪʴ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 

ɽʥʘʤʠʥʦʚʳʝ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʫʶ ʜʚʦʡʥʫʶ 

ʉ=ʉ ʩʚʷʟʴ, ʜʠʤʝʪʠʣʘʤʠʥʦ ʛʨʫʧʧʫ ʠ ʢʘʨʙʦʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ, ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪ (ʨʠʩ. 14) ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʮʝʥʪʨʘʤ, ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʠ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ [83].  

 

ʈʠʩʫʥʦʢ 14. ɺʝʨʦʷʪʥʳʝ ʩʘʡʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʝʥʘʤʠʥʠʨʦʚʘʥʥʳʭ ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ 

ʊʘʢ, ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 11b,c ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ɼʦʙʘʚʣʝʥʠʝ 

ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʠʩʪʝʤʫ çʤʝʪʘʥʦʣ-ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝʱʝʩʪʚʦè ʧʨʠʚʦʜʠʪ 

ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ n-ů*  ʧʝʨʝʭʦʜʘ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ 

ʠ çʙʣʦʢʠʨʦʚʢʝè ʩʚʦʙʦʜʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʟʦʪʝ. ɺʣʠʷʥʠʝ ʢʠʩʣʦʡ ʩʨʝʜʳ ʥʘ 

ʦʩʪʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ (ɚ = 196 ʥʤ, ɸ = 1.087) ʠʩʯʝʟʘʝʪ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. 

ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʠʩʣʦʡ ʩʨʝʜʳ ʥʘ ʩʠʩʪʝʤʫ çʭʣʦʨʦʬʦʨʤ-ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝʱʝʩʪʚʦè 

ʥʝ ʫʜʘʣʦʩʴ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʣʦʩʳ n-ů*  ʧʝʨʝʭʦʜʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʨʘʥʠʮʝʡ 
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ʧʨʦʧʫʩʢʘʥʠʷ ʭʣʦʨʦʬʦʨʤʘ. ɺʣʠʷʥʠʝ ʢʠʩʣʦʡ ʩʨʝʜʳ ʥʘ ʦʩʪʘʣʴʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ (ʨʠʩ. 15). 

     

ʈʠʩʫʥʦʢ 15. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-

(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11b ʚ ʤʝʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ɺ ʩʣʫʯʘʝ 4-ʭʣʦʨʟʘʤʝʱʝʥʥʦʛʦ ʝʥʘʤʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʫʨʘʥ-2(3ʅ)-

ʦʥʘ, ʜʦʙʘʚʣʝʥʠʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʢ ʩʠʩʪʝʤʝ çʨʘʩʪʚʦʨʠʪʝʣʴ-ʨʘʩʪʚʦʨʝʥʥʦʝ 

ʚʝʱʝʩʪʚʦè, ʦʢʘʟʳʚʘʝʪ ʘʥʘʣʦʛʠʯʥʦʝ ʚʣʠʷʥʠʝ ʢʘʢ, ʠ ʚ ʩʣʫʯʘʝ ʧ-ʪʦʣʠʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ (ʨʠʩ. 16).  

        

ʈʠʩʫʥʦʢ 16. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-

(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11ʩ ʚ ʤʝʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ ʥʘ ʭʘʨʘʢʪʝʨ ʧʦʛʣʦʱʝʥʠʷ. 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʪʨʦʝʥʠʷ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ ʩʜʝʣʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-

5-(4-(ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11c ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʈʉɸ ʚʳʙʨʘʥ ʢʨʠʩʪʘʣʣ ʨʘʟʤʝʨʦʤ 0.55Ĭ0.35Ĭ0.2 

ʤʤ3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 11c ʩ ʤʘʨʢʠʨʦʚʢʦʡ ʘʪʦʤʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 17ɸ. ʉʦʝʜʠʥʝʥʠʝ 11c ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/n ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ 

ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʦʛʘ ï 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʥʠʪʨʦʬʝʥʠʣ)ʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʘ 14 (ʨʠʩ. 17ɹ), 

ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [84]. 

                                                                   

                    

                             ɸ                                                                     ɹ 

ʈʠʩʫʥʦʢ 17. ʆʙʱʠʡ ʚʠʜ ʩʦʝʜʠʥʝʥʠʡ 11c (ɸ) ʠ 14 (ɹ) ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʪʦʤʦʚ 

ʪʝʧʣʦʚʳʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ (p = 50%). 
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ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)- 

ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11c ʥʝʧʣʦʩʢʘʷ, ʟʥʘʯʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʉ(10)-ʉ(5)-ʉ(4)-ʆ(1) 

ʩʦʩʪʘʚʣʷʝʪ 6.6Ü, ʧʦʢʘʟʳʚʘʶʱʝʝ ʯʪʦ 4-ʭʣʦʨʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʦʚʝʨʥʫʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʥʘ 6Ü. ɺʝʨʦʷʪʥʦ, ʥʘ 

ʦʪʢʣʦʥʝʥʠʝ ʜʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʪ ʢʦʤʧʣʘʥʘʨʥʦʩʪʠ ʚʣʠʷʝʪ ʩʙʣʠʞʝʥʠʝ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ 4-ʭʣʦʨʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ, ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2.8 ¡, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʩʣʘʙʳʭ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.  

ɺ ʦʪʣʠʯʠʠ ʦʪ ʵʪʦʛʦ ʚ ʨʦʜʩʪʚʝʥʥʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʦʛʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ-

3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʥʠʪʨʦʬʝʥʠʣ)ʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʝ 14 4-

ʥʠʪʨʦʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʣʝʞʠʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʦʚʳʤ 

ʢʦʣʴʮʦʤ. ʊʘʢʞʝ ʚ ʩʪʨʫʢʪʫʨʝ 11c ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 120Ü ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ 

ʉ(3)-ʉ(2)-ʉ(11) [136.97(17)Ü] ʬʫʨʘʥʦʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʦʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤʝ N ʠ ʘʪʦʤʦʤ ʉ(12). ɺ 

ʩʣʫʯʘʝ ʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʦʚʦʡ ʩʠʩʪʝʤʳ ʦʪʢʣʦʥʝʥʠʝ 120Ü ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ C(4)-C(2)-

N(1) 129.6(3)Ü ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʂʦʥʮʝʚʦʡ ʬʨʘʛʤʝʥʪ ï ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11c ʠ ʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʘ 14 ʠʤʝʝʪ 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʧʣʘʥʘʨʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ ʉ(3)-

ʉ(2)-ʉ(11)-N(1)/N(1)-C(2)-C(4)-N(2) ʨʘʚʥʳʤʠ 3.4Ü ʠ -3.9(6)Ü ʜʣʷ 11ʩ ʠ 14, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʉ(2)-ʉ(1) 11c/ʉ(2)-ʉ(13) 14 

1.439(3)/1.428(4) ¡ ʠ ʉ(11)-N(1) 11c/ʉ(4)-N(2) 14 1.323(2)/1.317(4) ¡, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʘʣʢʘʥʘʭ (ʦʙʳʯʥʦ ʦʢʦʣʦ 

1.541Ñ0.003 ¡) ʠ ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ 

ʦʣʝʬʠʥʦʚ  (ʦʢʦʣʦ 1.466Ñ0.005 ¡), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʯʘʩʪʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʉ(2)-ʉ(11) 11c/ʉ(2)-ʉ(4) 14 

1.371(3)/1.382(5) ¡ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʦʣʝʬʠʥʘʭ (ʦʢʦʣʦ 1.335Ñ0.002 ¡) ʠ ʦʥʠ ʠʤʝʶʪ 

ʯʘʩʪʠʯʥʦ ʦʜʥʦʩʚʷʟʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʢʨʠʩʪʘʣʣʝ ʤʦʣʝʢʫʣʳ 11c ʦʪʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ 
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ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ 

ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʩʪʵʢʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʫ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʥʠʪʨʦʬʝʥʠʣ)ʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʘ 14.  

2.2 ʉʠʥʪʝʟ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-

ʪʠʦʥʦʚ ʠ ʨʝʘʢʮʠʠ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʠʭ ʫʯʘʩʪʠʝʤ 

ʉ ʮʝʣʴʶ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚʢʣʶʯʘʶʱʠʭ ʬʫʨʘʥʦʚʳʡ ʮʠʢʣ, 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʳ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ 

ʪʠʦʘʥʘʣʦʛʠ, ʯʪʦ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʚ ʚʠʜʝ ʪʠʦʣʘʢʪʦʥʥʦʡ ʛʨʫʧʧʳ.   

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʪʠʦʘʥʘʣʦʛʦʚ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ, ʩ ʧʦʤʦʱʴʶ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʪʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 11ʘ-f. 

 

ʉʭʝʤʘ 10 

ʆʩʫʱʝʩʪʚʣʝʥ ʧʦʜʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʪʠʦʥʠʨʦʚʘʥʠʷ ʥʘ 

ʧʨʠʤʝʨʝ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-(ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11c. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʚʳʩʪʫʧʘʶʪ ʪʘʢʠʝ 

ʥʝʧʦʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʢʘʢ ʙʝʥʟʦʣ ʠ ʪʦʣʫʦʣ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʨʝʘʛʝʥʪʘ ʃʘʚʝʩʩʦʥʘ ʚ ʥʠʭ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ (ʪʘʙʣ. 7). ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ 

ʧʨʠ ʢʠʧʷʯʝʥʠʠ (110 ʉ) ʚ ʪʦʣʫʦʣʝ ʧʨʠʚʦʜʠʣʦ ʢ ʦʩʤʦʣʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ 
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ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 100 ʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 95 ʉ ʠ 90 ʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

(ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ 15c ʩ ʚrʭʦʜʘʤʠ 45 ʠ 50 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʢʠʧʷʯʝʥʠʷ ʚ ʩʨʝʜʝ ʙʝʥʟʦʣʘ, ʧʨʦʜʫʢʪ ʙʳʣ ʚʳʜʝʣʝʥ ʩ ʚʳʭʦʜʦʤ 84 %. 

ɼʘʥʥʳʝ ʫʩʣʦʚʠʷ ʚʳʙʨʘʥʳ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʚʨʘʱʝʥʠʡ ʜʨʫʛʠʭ 5-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ. 

ʊʘʙʣʠʮʘ 7. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ 15c ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʨʝʘʢʮʠʠ  

ʆʧʳʪ ʊʝʤʧʝʨʘʪʫʨʘ, ʉ ʈʘʩʪʚʦʨʠʪʝʣʴ ɺʳʭʦʜ, % 

1 110 ʊʦʣʫʦʣ -* 

2 105 ʊʦʣʫʦʣ -* 

3 100 ʊʦʣʫʦʣ -* 

4 95 ʊʦʣʫʦʣ 45 

5 90 ʊʦʣʫʦʣ 50 

6 80 ɹʝʥʟʦʣ 84 

-*ʥʘʙʣʶʜʘʣʦʩʴ ʦʩʤʦʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʉʧʝʢʪʨʳ ʗʄʈ 1ʅ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʟʘʤʝʱʝʥʥʳʭ 

ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ 15a-f ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʨʦʪʦʥʘʤ ʧʨʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ=ʉ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʤʝʪʠʣʴʥʳʤ ʠ ʬʫʨʘʥ-2(3ʅ)-

ʪʠʦʥʦʚʳʤ ʧʨʦʪʦʥʘʤ. ʇʦʢʘʟʘʥʦ ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʦʚ ʧʨʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ 

ʉ=ʉ ʩʚʷʟʠ ʚ ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ (8.05-8.09 ʤ.ʜ.) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘʤʠ 11ʘ-d (7.19-7.28 ʤ.ʜ.), ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʘʥʠʟʦʪʨʦʧʠʠ ʛʨʫʧʧʳ C=S 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ C=O, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʝʟʵʢʨʘʥʠʨʦʚʘʥʠʝ ʧʨʦʪʦʥʘ ʧʨʠ ʜʚʦʡʥʦʡ 

ʉ=ʉ ʩʚʷʟʠ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʚʳʰʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʜʠʤʝʪʠʣʘʤʠʥʦ ʬʨʘʛʤʝʥʪʝ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-
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ʪʠʦʥʦʚ 15ʘ-f, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʪʱʝʧʣʝʥʠʝ ʭʦʨʦʰʦ ʫʭʦʜʷʱʝʡ 

ʜʠʤʝʪʠʣʘʤʠʥʦʛʨʫʧʧʳ. 

ʉ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ NOESY 1D ʥʘ ʧʨʠʤʝʨʝ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠ-

ʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ 15c ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʦʩʩ-ʧʠʢ 7.27/3.49 ʤ.ʜ., 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʝʛʦ ʢʦʨʨʝʣʷʮʠʶ ʩ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʝʥʘʤʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ 

ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʦʪʦʥʘ ʧʨʠ ʉ=ʉ ʩʚʷʟʠ ʜʘʝʪ ʢʨʦʩʩ-ʧʠʢ 8.09/3.57 ʤ.ʜ., ʢʦʪʦʨʳʡ 

ʦʪʚʝʯʘʝʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦ ʚʪʦʨʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ɽ-

ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʚʦʡʥʦʡ ʩʚʷʟʠ (ʨʠʩ. 18). 

 

ʈʠʩʫʥʦʢ 18. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ (ʢʨʘʩʥʳʡ ʮʚʝʪ) 

ʩʦʝʜʠʥʝʥʠʡ 15a-f ʠ NOESY 1D ʩʠʛʥʘʣʳ (ʩʠʥʠʡ ʮʚʝʪ) ʥʘ ʧʨʠʤʝʨʝ 15c (ŭ ʚ ʤ.ʜ.) 

ʉʪʨʦʝʥʠʝ ʠ ʫʧʘʢʦʚʢʘ ʚ ʢʨʠʩʪʘʣʣʝ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-

ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ 15b ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʂʨʠʩʪʘʣʣ ʩʦʝʜʠʥʝʥʠʷ 15b ʙʳʣ ʚʳʨʘʱʝʥ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠʟ 

ʘʮʝʪʦʥʘ. ʅʘ ʨʠʩʫʥʢʝ 19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 15b ʩ 

ʤʘʨʢʠʨʦʚʢʦʡ ʘʪʦʤʦʚ. ʄʦʣʝʢʫʣʘ 15b ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʳʤ 

ʛʝʪʝʨʦʮʠʢʣʦʤ, ʠʤʝʶʱʠʤ ʪʦʣʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ, ʠ ʝʥʘʤʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʉɸ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥ 15b ʠʤʝʝʪ ɽ-

ʢʦʥʬʠʛʫʨʘʮʠʶ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ. 
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ʈʠʩʫʥʦʢ 19. ʆʙʱʠʡ ʚʠʜ ʩʦʝʜʠʥʝʥʠʡ 15b ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʪʝʧʣʦʚʳʤʠ 

ʵʣʣʠʧʩʦʠʜʘʤʠ (p = 50%).  

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʥʝʟʘʚʠʩʠʤʫʶ ʤʦʣʝʢʫʣʫ, ʦʙʨʘʟʫʶʱʫʶ 

ʩʦʣʴʚʘʪ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ - ʘʮʝʪʦʥʘ. ʄʦʣʝʢʫʣʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʜʨʫʛ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛʫ ʢʘʢ çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè (ʨʠʩ. 20). 

ʄʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʉ(6)-ʉ(5)-ʉ(4)-ʆ(1) 

ʩʦʩʪʘʚʣʷʝʪ -12.9(2)Ü, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʥʝʧʣʘʥʘʨʥʦʩʪʴ ʪʦʣʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʄʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʉ(2)-ʉ(12)-N(1)-

ʉ(14) ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ -4.5(3)Ü. ɽʥʘʤʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʤʦʣʝʢʫʣʳ 15b ʙʦʣʝʝ 

ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʢʦʤʧʣʘʥʘʨʥʦʩʪʠ, ʯʝʤ ʪʘʢʦʚʦʡ ʚ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʝ 11c, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʉ(3)-ʉ(2)-ʉ(12)-N(1) -8.2(3)Ü 15b/ ʉ(3)-ʉ(2)-

ʉ(11)-N(1)/ 3.9Ü ʜʣʷ 11c. 

 

ʈʠʩʫʥʦʢ 20. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ 15b 
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ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʤ 15b ʠ ʝʛʦ 

ʢʠʩʣʦʨʦʜʥʳʤ ʘʥʘʣʦʛʦʤ 11c ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʟʥʦʩʪʠ ʧʣʘʥʘʨʥʦʩʪʠ 

ʝʥʘʤʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʦ ʠ ʚ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʣʠʥʘʤʠ 

ʩʚʷʟʝʡ. ʊʘʢ, ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʉ(2)-ʉ(12) 15b ʩʦʩʪʘʚʣʷʝʪ 1.396(2) ¡, ʯʪʦ 

ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʩʚʷʟʠ ʉ(2)-ʉ(11) 1.371(3) ¡ ʜʣʷ 11c ʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʦʣʝʬʠʥʘʭ (ʦʢʦʣʦ 1.335Ñ0.002 ¡). ʄʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ 15b ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʯʘʩʪʠʯʥʦ ʦʜʥʦʩʚʷʟʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʯʝʤ ʚ ʤʦʣʝʢʫʣʝ 3-ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʘ 11c. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʣʠʥʳ ʩʚʷʟʝʡ ʉ(2)-ʉ(1) 11c/ʉ(2)-ʉ(1) 15b 1.439(3)/1.419(2) ¡ ʙʣʠʟʢʠ ʢ 

ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʦʣʝʬʠʥʦʚ  (ʦʢʦʣʦ 1.466Ñ0.005 

¡), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʯʘʩʪʠʯʥʦʤ ʭʘʨʘʢʪʝʨʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ. ɼʣʠʥʘ ʩʚʷʟʠ 

ʉ(1)-S(1) ʩʦʩʪʘʚʣʷʝʪ 1.6632(15) ¡, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ 

ʩʚʷʟʠ ʉ=S (1.55 ¡). ɸ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʉ(11)-N(1) 11c/ʉ(12)-N(1) 15b 

1.323(2)/1.321(2) ¡ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʩʚʷʟʠ C=N (1.34 ¡). ʇʦʣʫʯʝʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ ʜʚʦʝʩʚʷʟʘʥʥʦʩʪʠ ʩʚʷʟʠ ʉ-N ʚ 

ʝʥʘʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.  ɸʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʚ 3-

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʝ 11c ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ -́  ́ʩʪʵʢʠʥʛʘ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʪʠʦʘʥʘʣʦʛʦʚ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ 11b,ʩ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʙʨʘʥʳ 

ʝʥʘʤʠʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʬʨʘʛʤʝʥʪʝ 4-ʉʅ3 ʛʨʫʧʧʫ (ʉ = 2.7*10-5 

ʤʦʣʴ/ʣ) ʠ ʘʪʦʤ 4-Cl ʚ (ʉ = 2.5*10-5 ʤʦʣʴ/ʣ). ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʷʨʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʙʨʘʥ ï ʤʝʪʘʥʦʣ, ʧʦʣʷʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ ï ʘʮʝʪʦʥʠʪʨʠʣ, 

ʥʝʧʦʣʷʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ ï ʭʣʦʨʦʬʦʨʤ. ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʯʝʪʳʨʝʭ ʚʳʨʘʞʝʥʥʳʭ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 15b,c (ʨʠʩ. 21).  
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ʈʠʩʫʥʦʢ 21. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠ-

ʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ 15b,ʩ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ - ʘʮʝʪʦʥʠʪʨʠʣʘ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ 199 ʥʤ (ɸ = 1.003) ʜʣʷ 15b ʠ 199 

ʥʤ (ɸ = 1.178) 15ʩ, ʘʥʘʣʦʛʠʯʥʦ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʦʪʚʝʯʘʝʪ n-ů *- 

ʧʝʨʝʭʦʜʫ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʘʮʝʪʦʥʠʪʨʠʣʘ ʢ ʤʝʪʘʥʦʣʫ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 

ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ (ɚ = 204 ʥʤ 15b, ɚ = 204 ʥʤ 15ʩ), ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʛʠʧʦʭʨʦʤʥʳʤ ʵʬʬʝʢʪʦʤ.  

ɸʥʘʣʦʛʠʯʥʦ ʩʝʨʫʩʦʜʝʨʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʧʝʨʝʭʦʜ ʩ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ, ʦʪʨʘʞʘʶʱʠʡ ʩʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ. 

 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʢʠʩʣʦʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 238-270 ʥʤ ʠ 313-358 ʥʤ ʚ ʩʧʝʢʪʨʘʭ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 15b,c, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʩʪʨʫʢʪʫʨʳ 

ɺʇɿ ɸô. ʏʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʜʠʤʝʪʠʣʘʤʠʥʦ 
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ʬʨʘʛʤʝʥʪʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʈʉɸ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʩʪʨʫʢʪʫʨʳ ʩ ɺʇɿ ɸô. 

ʉʭʦʞʝʝ ʧʦʚʝʜʝʥʠʝ ʤʝʞʜʫ ʢʠʩʣʦʨʦʜʥʦʡ ʠ ʪʠʦʥʦʚʦʡ ʩʪʨʫʢʪʫʨʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠ ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʡ ʩʨʝʜʳ. ʊʘʢ, ʧʨʠʩʫʪʩʪʚʠʝ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʠʩʪʝʤʝ 

çʘʮʝʪʦʥʠʪʨʠʣ-ʩʦʝʜʠʥʝʥʠʝ 15bè ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ n-ů* ʧʝʨʝʭʦʜʫ (ʨʠʩ. 22). ʅʘ 

ʦʩʪʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʘʷ ʩʨʝʜʘ ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ. 

ʈʠʩʫʥʦʢ 22. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-

(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ 15b ʚ ʤʝʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʤʝʪʘʥʦʣʘ. ʊʝʥʜʝʥʮʠʷ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʣʷ 4-ʭʣʦʨʬʝʥʠʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ 15ʩ (ʨʠʩ. 23). 
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ʈʠʩʫʥʦʢ 23. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-

(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ 15ʩ ʚ ʤʝʪʘʥʦʣʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ɺʝʨʦʷʪʥʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ, ʯʪʦ ʚ ʠʪʦʛʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʡ n-ů* ʧʝʨʝʭʦʜʫ.  

 ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʦʟʚʦʣʠʣ 

ʦʙʲʷʩʥʠʪʴ ʠʥʝʨʪʥʦʩʪʴ ʝʥʘʤʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ 

ʚ ʫʩʣʦʚʠʷʭ ʢʠʩʣʦʡ ʩʨʝʜʳ.  

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 3-

[(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ. 

ʈʘʥʝʝ ʚʚʝʜʝʥʠʝ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʫ 5-ʘʨʠʣʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʫʛʣʝʨʦʜʥʦʛʦ 

ʩʠʥʪʦʥʘ ʚʳʩʪʫʧʘʣ ʦʨʪʦʵʬʠʨ, ʘ ʚ ʨʦʣʠ ʘʤʠʥʦʢʦʤʧʦʥʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʤʠʥʳ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. ʇʦʢʘʟʘʥʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ʨʝʘʢʮʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ ʩ ɻʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, 
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ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʮʠʡ 

ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ [76]. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʥʘʤʠ 

ʧʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʟʘʤʝʱʝʥʥʳʭ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-

ʪʠʦʥʦʚ 15a-f ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ 16, ʩʦʜʝʨʞʘʱʠʤʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ (2-ʘʤʠʥʦʬʝʥʦʣ, 2-ʘʤʠʥʦ-4-ʤʝʪʠʣʬʝʥʦʣ ʠ 1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥ). 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʠʧʷʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʢʘʟʘʣʦʩʴ ʧʦʜʭʦʜʷʱʠʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ. ɺʝʨʦʷʪʥʦ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʄʠʭʘʵʣʶ ʢʘʢ ʧʝʨʚʠʯʥʘʷ ʘʪʘʢʘ 

ʘʤʠʥʦʛʨʫʧʧʳ ʘʤʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ ʜʠʤʝʪʠʣʘʤʠʥʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 3-[((2-R-ʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʪʠʦʥʦʚ 17a-j  ʩ 

ʚʳʭʦʜʘʤʠ 58-78%. 

 

ʉʭʝʤʘ 11 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 3-[((2-R-ʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-

2(3H)-ʪʠʦʥʦʚ 17a-j  ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʀʂ- ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ɼʣʷ 3-[((2-R-ʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʪʠʦʥʦʚ 17a-j  ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʠʦʥ-ʪʠʦʣʴʥʦʡ 

ʪʘʫʪʦʤʝʨʠʠ. ɺ ʀʂ ʩʧʝʢʪʨʘʭ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʤʘʪʨʠʮʝ KBr, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1091-1100 ʩʤ-1, ʘ 

ʪʘʢʞʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ NH ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 3280-3473 

ʩʤ-1, ʠ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ ʧʨʠ 1635-1657 ʩʤ-1, ʯʪʦ ʦʪʚʝʯʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 17a-j  ʚ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ 

ʪʠʦʥʦʚʦʡ ʬʦʨʤʝ.  

ɺ ʗʄʈ 1ʅ ʩʧʝʢʪʨʝ 3-[((2-R-ʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-

ʪʠʦʥʦʚ 17a-j  ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ɼʄʉʆ-d6, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥʳ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʦʙʣʘʩʪʠ 6.87-6.94 ʤ.ʜ., ʧʨʦʪʦʥʳ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ=ʉ ʩʚʷʟʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 8.89-8.95 ʤ.ʜ. ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʩ 

ʂʉʉɺ J = 12.0-14.1 ɻʮ, ʧʨʦʪʦʥʳ NH-ʛʨʫʧʧʳ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ 

ʧʨʠ 13.16-13.24 ʤ.ʜ. ʩ ʂʉʉɺ J = 12.0-14.2 ɻʮ (ʨʠʩ. 24).  

ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 17a-j  ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ, ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʚ ʚʠʜʝ ʩʤʝʩʠ Z- ʠ ɽ-ʠʟʦʤʝʨʦʚ. 

ʇʝʨʝʘʤʠʥʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 17a-j  ʚ ʚʠʜʝ ʠʟʦʤʝʨʘ ʩ Z-

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʩʤʝʱʝʥʠʝʤ 

ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʘ NH-ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʴ ʩʣʘʙʳʭ ʧʦʣʝʡ (13.16-13.24 ʤ.ʜ.), ʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʅ-ʩʚʷʟʘʥʥʦʤ ʧʨʦʪʦʥʝ (J 

= 12.0-14.2 ɻʮ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 17a-j  ʚ 

ʮʠʩ-ʝʥʘʤʠʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ ʪʠʧʘ 

NHéS. ɼʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘ ʧʨʠʤʝʨʝ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʭʦʨʦʰʦ 

ʦʧʠʩʘʥʘ ʚ ʧʫʙʣʠʢʘʮʠʠ [85]. ɿʘʤʝʥʘ ʦʙʲʸʤʥʳʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʬʝʥʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʠ ʚʝʨʦʷʪʥʦʝ ʧʦʧʘʜʘʥʠʝ ʧʨʦʪʦʥʘ ʧʨʠ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ=ʉ ʩʚʷʟʠ ʚ 

ʦʙʣʘʩʪʴ ʝʛʦ ʜʝʟʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʥʘʣʠʯʠʝʤ ʢʦʣʴʮʝʚʳʭ ʪʦʢʦʚ, 

ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʜʘʥʥʦʛʦ ʧʨʦʪʦʥʘ ʚ ʙʦʣʝʝ ʩʣʘʙʳʝ ʧʦʣʷ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1ʅ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 15a-f.  
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ʈʠʩʫʥʦʢ 24. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ (ŭ ʚ ʤ.ʜ.) ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʥʘ 

ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 17b  

ʅʘ ʧʨʠʤʝʨʝ 3-[((2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-

2(3H)-ʪʠʦʥʘ 17b ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ NOESY 2D ʧʦʢʘʟʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʙʣʠʞʝʥʠʝ ʧʨʦʪʦʥʦʚ NH-ʛʨʫʧʧʳ ʠ ʆʅ-ʛʨʫʧʧʳ, ʢʦʪʦʨʦʤʫ ʦʪʚʝʯʘʝʪ ʢʨʦʩʩ-ʧʠʢ 

10.62/13.20 ʤ.ʜ., ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ ʬʫʨʘʥ-

2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʠ NH-ʛʨʫʧʧʳ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ Z-

ʠʟʦʤʝʨʘ (ʨʠʩ. 25). 

  

ʈʠʩʫʥʦʢ 25. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ NOESY 2D ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʢʨʦʩʩ-ʧʠʢʠ (ŭ 

ʚ ʤ.ʜ.) ʩʦʝʜʠʥʝʥʠʷ 17b 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʟʘʤʝʱʝʥʥʳʭ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ ʠ ʦʧʠʨʘʷʩʴ ʥʘ 
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ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 18, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ. ʇʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 2-

ʘʤʠʥʦ-, 2-ʘʤʠʥʦ-4-ʤʝʪʠʣʬʝʥʦʣʦʚ ʠ 1,2-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3-[((R-

ʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʪʠʦʥʦʚ 19a-h ʩ ʚʳʭʦʜʘʤʠ 67-78%.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ 

ʧʨʦʪʝʢʘʥʠʷ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ ʩ 40 ʤʠʥʫʪ ʜʦ 15 ʤʠʥʫʪ. 

 

ʉʭʝʤʘ 12 

ʉʪʨʫʢʪʫʨʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʀʂ ʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʗʄʈ 1ʅ ʩʧʝʢʪʨʝ ʩʦʜʝʨʞʠʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʩʠʛʥʘʣʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 3-[((R-ʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-

ʘʨʠʣʬʫʨʘʥ-2(3H)-ʪʠʦʥʦʚ 19a-h ʢʘʢ ʚ Z-, ʪʘʢ ʠ E-ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘ ʧʨʠʤʝʨʝ 3-[((4-
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ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 19f ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʚʘʨʠʘʥʪʝ - NOESY 1D ʫʜʘʣʦʩʴ ʩʦʦʪʥʝʩʪʠ 

ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ Z- ʠ ɽ-ʠʟʦʤʝʨʘʤʠ. ʊʘʢ, ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʧʨʦʪʦʥʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʧʨʠ 8.94 ʤ.ʜ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʠʢ ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʮʠʢʣʘ ʧʨʠ 7.03 ʤ.ʜ., ʯʪʦ 

ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʙʣʠʟʦʩʪʴ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ Z-ʠʟʦʤʝʨʘ, 

ʘ ʩʝʣʝʢʪʠʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʦʪʦʥʘ ʘʤʠʥʦʛʨʫʧʧʳ ʧʨʠ 11.44 ʤ.ʜ. ʥʘʭʦʜʠʪ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʧʨʦʪʦʥʦʤ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʘ ʧʨʠ 7.28 ʤ.ʜ., ʯʪʦ ʦʪʚʝʯʘʝʪ ɽ-ʠʟʦʤʝʨʫ 

(ʨʠʩ. 26). 

 

ʈʠʩʫʥʦʢ 26. ʂʣʶʯʝʚʳʝ NOE-ʢʦʥʪʘʢʪʳ ʜʣʷ (Z)- ʠ (ɽ)-3-[((4-

ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 19f 

ʊʘʢ, ʚ ʗʄʈ 1ʅ ʩʧʝʢʪʨʝ 3-[((4-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(4-

ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 19f, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ɼʄʉʆ-d6, ʧʨʦʪʦʥʳ 

ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 7.04 ʤ.ʜ. ʠ 7.28 ʤ.ʜ. 

ʜʣʷ Z- ʠ ɽ-ʠʟʦʤʝʨʘ (ʨʠʩ. 27). ʇʨʦʪʦʥ ʧʨʠ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʠ ʘʤʠʥʦ ʛʨʫʧʧʳ ʜʣʷ 

ɽ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʧʨʠ 8.26 ʤ.ʜ. ʠ 11.45 ʤ.ʜ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʛʥʘʣʳ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʧʨʠ 8.97 ʤ.ʜ. ʠ 13.35 

ʤ.ʜ. ʩ ʢʦʥʩʪʘʥʪʦʡ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʦʡ J = 13.6 ɻʮ ʦʪʚʝʯʘʶʪ 

ʧʨʦʪʦʥʘʤ ʧʨʠ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʠ ʘʤʠʥʦ ʛʨʫʧʧʝ ʜʣʷ Z-ʠʟʦʤʝʨʘ. ʉʤʝʱʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʜʘʥʥʳʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʩʣʘʙʳʭ ʧʦʣʝʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ Z-ʢʦʥʬʠʛʫʨʘʮʠʶ, ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ ʪʠʧʘ NHéS. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ 
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ʦʧʠʩʘʥʘ ʥʘʤʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʥʘʤʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʦʜʝʨʞʘʣ ʘʨʦʤʘʪʠʯʝʩʢʦʝ 

ʢʦʣʴʮʦ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ. 

 

 

 

 

 

ʈʠʩʫʥʦʢ 27. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ ʗʄʈ 1ʅ 3-[((4-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-

5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 19f, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʩʠʛʥʘʣʳ Z- ʠ ɽ-ʬʦʨʤ 

ʆʪʥʝʩʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ NH ʧʨʦʪʦʥʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ 1ʅ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʤʝʨʦʚ ʚ ʩʤʝʩʷʭ Z-

ʠʟʦʤʝʨʘ - ʧʦ ʩʠʛʥʘʣʫ ʧʨʠ 13.35 ʤ.ʜ. (0.52H), ʘ E-ʠʟʦʤʝʨʘ - ʧʦ ʩʠʛʥʘʣʫ ʧʨʠ 11.45 ʤ.ʜ. 

(0.48H) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 19f, ʦʪʤʝʯʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ Z-ʠʟʦʤʝʨʥʦʡ 

ʬʦʨʤʳ (ʨʠʩ. 27). ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʥʳʭ ʬʦʨʤ ʜʣʷ ʜʨʫʛʠʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʩʭʝʤʝ 12. ʆʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʤ 

ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʷʨʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʗʄʈ ʩʧʝʢʪʨʦʚ. ʆʜʥʘʢʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʨʫʛʠʭ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʝ ʫʜʘʣʦʩʴ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʘʣʦʛʦʚ ʩʦʝʜʠʥʝʥʠʡ 4a-d 

ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʝʥʘʤʠʥʦʚʦʡ ʯʘʩʪʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ɽ-ʬʦʨʤʳ, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʥʦʨʥʦʡ ʩʠʣʦʡ ʬʫʨʘʥ-2(3ʅ)-

ʪʠʦʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʳʤ ʛʝʪʝʨʦʮʠʢʣʦʤ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʚʫʭʪʘʢʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-

ʪʠʦʥʦʚ. 

ɿʘʤʝʥʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʚ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-

ʦʥʘ ʘʪʦʤʦʤ ʩʝʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʩʠʛʥʘʣʘ ʅ-ʩʚʷʟʘʥʥʦʛʦ ʧʨʦʪʦʥʘ (NH) 

 

Z- E 

 

Z- 
  
E
- 

0.52 0.48 0.52 0.48 
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ʚ ʙʦʣʝʝ ʩʣʘʙʳʝ ʧʦʣʷ ʧʨʠʤʝʨʥʦ ʥʘ 1.2-3.0 ʤ.ʜ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʢʦʤ 

ʩʪʨʦʝʥʠʠ ʵʪʠʭ ʩʠʩʪʝʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʛʦ ʮʠʢʣʘ ʩ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʚʳʨʘʚʥʝʥʥʦʩʪʴʶ ʩʚʷʟʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʢ 

ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʤʫ ʮʠʢʣʫ. ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʭʠʤʩʜʚʠʛʠ ŭ (ʉʅb) ʜʣʷ Z- ʠ ɽ-ʬʦʨʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʠʭ ʩʜʚʠʛʦʚ ȹŭ (ʉʅb) 

0.20-0.45 ʤ.ʜ. ʜʣʷ ʍ=ʆ ʠ 0.69-0.72 ʤ.ʜ. ʜʣʷ X=S, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʛʨʫʧʧ ʉ=ʆ ʠ ʉ=S (ʪʘʙʣ. 8).  

ʊʘʙʣʠʮʘ 8.  ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ, -ʪʠʦʥʦʚ 4a-d ʠ 19a-h 

 

ˉ 
ʩʦʝʜ. 

ʉʧʝʢʪʨʳ ʗʄʈ1ʅ ʚ ɼʄʉʆ-d6, ŭ, ʤ.ʜ.  ˉ 
ʩʦʝʜ. 

ʉʧʝʢʪʨʳ ʗʄʈ1ʅ ʚ ɼʄʉʆ-d6, ŭ, ʤ.ʜ.  

ʉʅʘ ʉʅb(JNH, CH) NH (JCH, NH) ʉʅʘ ʉʅb(JNH, CH) NH (JCH, NH) 

4a 
6.84 (Z) 

7.06 (E) 

7.92 (ɽ) 

8.23 (Z) 

10.23 (Z) 

10.54 (E) 
19c 

6.92 (Z) 
7.20-7.32 

(CH (E)+Ar) 

8.28 (E) 

9.00 (Z) 

11.39 (E) 

13.34 (Z) 

4b 
6.99 (Z) 
7.23 (E) 

8.25-8.34 
(CH (E)+Ar) 

8.50 (Z) 

10.45 (Z) 
10.93 (E) 

19d 
6.87 (Z) 
7.14 (E) 

8.21 (E) 
8.91 (Z) 

11.13 (E) 
13.38 (Z) 

4c 
6.86 (Z) 
6.94 (E) 

8.03 (E) 
8.36 (Z) 

11.60 (Z) 
12.26 (E) 

 
19e 

7.03 (Z) 
7.28(E) 

8.25 (E) 
8.96 (Z) 

11.45 (E) 
13.37 (Z) 

4d 

6.85 (Z) 
7.10-7.17 (CH 

(E)+Ar) 

7.75 (E) 
8.20 (Z) 

 

10.00 (Z) 
10.29 (E) 

 
19f 

7.04 (Z) 

7.28 (E) 

8.26 (E) 

8.97 (Z) 

11.45 (E) 

13.35 (Z) 

19a 
6.90 (Z) 
7.18 (E) 

8.22 (E) 
8.92 (Z) 

11.34 (E) 
13.33 (Z) 

19g 
7.03 (Z) 
7.30 (E) 

8.30 (E) 
9.02 (Z) 

(12.0) 

11.51 (E) 
13.36 (Z) 

(12.0) 

19b 
6.89 (Z) 
7.18 (E) 

8.22 (E) 
8.91 (Z) 

11.30 (E) 
13.31 (Z) 

19h 
7.00 (Z) 
7.24 (E) 

8.25 (E) 
8.97 (Z) 

11.27 (E) 
13.11 (Z) 

 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʪʨʦʝʥʠ ̫ ʩʜʝʣʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʧʨʠʤʝʨʝ 3-[((4-ʙʨʦʤʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-
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(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 19b. ʉʦʜʝʨʞʠʤʦʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚʤʝʩʪʝ 

ʩʦ ʩʭʝʤʦʡ ʤʘʨʢʠʨʦʚʢʠ ʘʪʦʤʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 28A. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʩ Z = 4 ʠ Z` = 2 ʚ ʪʨʠʢʣʠʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ 

ʈ1. ɺ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʝʜʠʥʠʮʝ ʦʙʥʘʨʫʞʝʥʳ ʜʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʬʦʨʤʳ.  

                                         A                                                                                                            ɹ 

ʈʠʩʫʥʦʢ 28. ɻʝʦʤʝʪʨʠʷ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʬʦʨʤ 19b ʚ 

ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʝʜʠʥʠʮʝ (A), ʵʣʠʧʩʦʠʜʳ ʩʤʝʱʝʥʠʷ ʥʘʨʠʩʦʚʘʥʳ ʥʘ ʫʨʦʚʥʝ 

ʚʝʨʦʷʪʥʦʩʪʠ 50%. ɼʠʘʛʨʘʤʤʘ ʥʘʣʦʞʝʥʠʷ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʬʦʨʤ ʚ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʝʜʠʥʠʮʝ (ɹ). ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʦʙʦʟʥʘʯʝʥʘ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʠʥʚʝʨʩʠʠ ʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʙʣʠʟʦʩʪʴ ʚ ʜʠʘʛʨʘʤʤʝ ʥʘʣʦʞʝʥʠʷ (ʨʠc.28ɹ), ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0.221 ¡. ʄʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʦʙʝ ʤʦʣʝʢʫʣʳ 

ʠʤʝʶʪ ʥʝʧʣʦʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʧ-ʪʦʣʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ 7Ü (ʟʥʘʯʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ 

ʆ(1)-ʉ(4)-ʉ(12)-ʉ(13) 7.3(6)Ü) ʜʣʷ ʤʦʣʝʢʫʣʳ 19b, ʚ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣʳ 19bô ʵʪʦ 

ʦʪʢʣʦʥʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠ ʟʥʘʯʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʩʦʩʪʘʚʣʷʝʪ ʆ(1ɸ)-

ʉ(4ɸ)-ʉ(12ɸ)-ʉ(13ɸ) 6.5(7)Ü. ʆʪʣʠʯʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʤʦʞʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʠʝʤ ʚ ʦʪʢʣʦʥʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

4-ʙʨʦʤʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʦʪ ʧʣʦʩʢʦʩʪʠ ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ, ʚ ʩʣʫʯʘʝ 19b ʉ(5)-N(1)-C(6)-C(11) -8.7(7)Ü, ʘ 
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ʚ ʩʣʫʯʘʝ 19bô ʉ(5ɸ)-N(1ɸ)-C(6ɸ)-C(11ɸ) -11.1(8)Ü. ɺ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 120Ü ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʉ(3)-ʉ(2)-ʉ(5) 

127.9(4)Ü 19b ʠ ʉ(3ɸ)-ʉ(2ɸ)-ʉ(5ɸ) 127.8(4)Ü 19bô. 

ʄʦʣʝʢʫʣʘ 19b ʩʪʨʫʢʪʫʨʥʦ ʨʦʜʩʪʚʝʥʥʘ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ ʥʘʰʝʡ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʦʡ 3-[((3,5-ʜʠʭʣʦʨʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʫ 4d (ʨʠʩ. 29). ʆʙʘ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʝʥʘʤʠʥʦʚʳʡ ʠ ʬʫʨʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ, ʠ ʨʘʟʣʠʯʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʴʮʘʭ [86].  

 

ʈʠʩʫʥʦʢ 29. ʆʙʱʠʡ ʚʠʜ ʤʦʣʝʢʫʣʳ 3-[((3,5-ʜʠʭʣʦʨʬʝʥʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ]-5-(ʧ-

ʪʦʣʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥa 4d. ɸʪʦʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʣʠʧʩʦʠʜʘʤʠ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ( P = 50%). ɺʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʦʙʦʟʥʘʯʝʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 

ʇʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʟʘʤʝʩʪʠʪʝʣʝʡ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ(5)-ʉ(2) ʤʦʣʝʢʫʣʳ 19bôʠ 

ʉ(4)-ʉ(7) ʤʦʣʝʢʫʣʳ 4d ʷʚʣʷʶʪʩʷ Z-ʠʟʦʤʝʨʘʤʠ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʪʠʧʘ NHéS ʚ ʩʪʨʫʢʪʫʨʝ 19b ̀  

ʠ ʪʠʧʘ NHéʆ ʚ ʩʪʨʫʢʪʫʨʝ 4d, ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʮʠʩ-ʝʥʘʤʠʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ. ʇʘʨʘʤʝʪʨʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 9. 

ʊʘʙʣʠʮʘ 9. ɻʝʦʤʝʪʨʠʷ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩʦʝʜʠʥʝʥʠʡ 19b, 4d, ¡. 

ˉ ʩʦʝʜ. DðHĿĿĿA DðH HĿĿĿA DĿĿĿA DðHĿĿĿA 

19bô N1AðH1AĿĿĿS1A 0.86 (6) 2.36 (6) 3.101 (5) 144 (5) 

19b N1ðH1ĿĿĿS1 0.78 (6) 2.48 (6) 3.095 (5) 137 (6) 

4d N8ðH8ĿĿĿO3 0.89 (2) 2.18 (2) 2.8553 (16) 132.2 (19) 

ɺ ʤʦʣʝʢʫʣʝ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʘ ʘʥʘʣʦʛʠʯʥʦ ʠʭ ʬʫʨʘʥ-2(3ʅ)-

ʪʠʦʥʦʚʦʤʫ ʘʥʘʣʦʛʫ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʢʘʢ 4-ʪʦʣʠʣʴʥʦʛʦ, ʪʘʢ ʠ 3,5-

ʜʠʭʣʦʨʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʪ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ ʉ(18)-ʉ(17)-ʉ(6)-ʆ(1) -9.68(16)Ü ʠ ʉ(7)-
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N(8)-ʉ(9)-ʉ(16) -9.52(19)Ü. ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʉ(5)-ʉ(2)19b/ʉ(5ɸ)-

ʉ(2ɸ)19bô/ʉ(4)-ʉ(7)4d ʨʘʚʥʳ 1.369(8)/1.383(7)/1.3670(18) ¡, ʯʪʦ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ (~1.34 ¡) ʠ 

ʠʤʝʝʪ ʯʘʩʪʠʯʥʦ ʦʜʥʦʩʚʷʟʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

N(1)-C(5)/N(1A)-C(5A)/C(7)-N(8) ʨʘʚʥʳ 1.327(7) 19b/1.330(6) 19bô/1.352(2) 4d ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʨʦʯʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʘʣʢʘʥʘʭ (~1.54 ¡) ʠ ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʡ ʜʣʠʥʝ ʦʜʠʥʘʨʥʦʡ ʩʚʷʟʠ ʩʦʧʨʷʞʝʥʥʳʭ 

ʦʣʝʬʠʥʦʚ (~1.47 ¡). ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ 

ʜʚʦʝʩʚʷʟʘʥʥʦʩʪʠ ʩʚʷʟʠ C-N ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ ʛʨʫʧʧʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʉ=ʆ ʢ 

C=S. ɺʝʨʦʷʪʥʦ, ʨʦʩʪ ʜʚʦʝʩʚʷʟʘʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʬʫʥʢʮʠʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʦʢʦʚʦʡ ʮʝʧʠ ʩ 5-ʍ-ʟʘʤʝʱʝʥʥʳʤ ʛʝʪʝʨʦʮʠʢʣʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʦʡ ʛʨʫʧʧʳ. ʅʘ ʨʠʩʫʥʢʝ 30ɸ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʩʰʠʨʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʫʧʘʢʦʚʢʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʧʘʢʦʚʢʘ ʤʦʣʝʢʫʣ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ -́ -́ʩʪʵʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʧ-

ʪʦʣʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʚ ʧʦʣʦʞʝʥʠʠ ʉ-5 ʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ 4-

ʙʨʦʤʬʝʥʠʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʝʥʘʤʠʥʦʚʦʡ ʯʘʩʪʠ ʢʘʢ ʜʣʷ ʤʦʣʝʢʫʣ r19b, ʪʘʢ ʠ ʜʣʷ 

19bô. ʄʝʞʮʝʥʪʨʦʠʜʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʢʦʣʴʮʘʤʠ ʨʘʟʣʠʯʥʳ, ʚ ʩʣʫʯʘʝ 

ʤʦʣʝʢʫʣʳ 19b ʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 3.949(5) ¡, ʜʣʷ 19bô ʦʥʦ ʨʘʚʥʦ 4.049(2) 

¡ (ʨʠʩ. 30ɹ).  

 ɸ                                                                                        ɹ 

ʈʠʩʫʥʦʢ 30. ʈʘʩʰʠʨʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʫʧʘʢʦʚʢʠ ʩʣʦʞʝʥʥʳʭ ʤʦʣʝʢʫʣ 19b ʠ 19bô, 

ʧʦʢʘʟʳʚʘʶʱʘʷ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ɸ) ʧʫʥʢʪʠʨʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ (ɹ), 
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ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʝʩʢʦʥʝʯʥʳʭ ʮʝʧʦʯʝʢ. ʆʜʥʘ ʤʦʣʝʢʫʣʘ (19b) ʦʪʤʝʯʝʥʘ 

ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʘ ʦʜʥʘ (19bô) ð ʩʠʥʠʤ. 

ʅʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʨʝʘʢʮʠʠ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ 15ʘ-ʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ï 3-ʘʤʠʥʦ-5-ʤʝʪʠʣʧʠʨʘʟʦʣʘ 20. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʚʳʙʨʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ 

ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. ʇʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ 

ʷʚʣʷʶʪʩʷ 3-(((5-ʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣ-3-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ)-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-

ʪʠʦʥʳ 21ʘ-ʩ ʩ ʚʳʭʦʜʘʤʠ 69-71%.  

 

ʉʭʝʤʘ 13 

ʉ ʧʦʤʦʱʴʶ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ɼʄʉʆ-d6, ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʩʤʝʩʠ Z- ʠ ɽ-ʠʟʦʤʝʨʦʚ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 1:1. ʅʘ ʨʠʩʫʥʢʝ 31 ʧʦʢʘʟʘʥʦ ʩʦʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Z- ʠ ɽ-ʬʦʨʤʝ ʠʟʦʤʝʨʦʚ, ʩʜʝʣʘʥʥʦʝ ʥʘ ʧʨʠʤʝʨʝ 3-(((5-ʤʝʪʠʣ-1H-

ʧʠʨʘʟʦʣ-3-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ)-5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 21ʩ. 
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ʈʠʩʫʥʦʢ 31. ʗʄʈ 1ʅ ʩʧʝʢʪʨ 3-(((5-ʤʝʪʠʣ-1H-ʧʠʨʘʟʦʣ-3-ʠʣ)ʘʤʠʥʦ)ʤʝʪʠʣʠʜʝʥ)-

5-(4-ʭʣʦʨʬʝʥʠʣ)ʬʫʨʘʥ-2(3H)-ʪʠʦʥʘ 21ʩ (ɼʄʉʆ-d6) 

ɺ ʨʝʘʢʮʠʶ ʚʚʝʜʝʥ ʚʪʦʨʠʯʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʘʤʠʥ-ʤʦʨʬʦʣʠʥ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʪʠʦʥʦʚ 15b,c ʩ 

ʤʦʨʬʦʣʠʥʦʤ 22 ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 3-(ʤʦʨʬʦʣʠʥʦʤʝʪʠʣʠʜʝʥ)-5-ʘʨʠʣʬʫʨʘʥ-2(3H)-ʪʠʦʥʦʚ 

23b,c. 

 

ʉʭʝʤʘ 14 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʘ ʨʝʘʢʮʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʤ 

ʃʘʚʝʩʩʦʥʘ ʝʥʘʤʠʥʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ. ʊʠʦʥʦʚʳʝ 

ʘʥʘʣʦʛʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʠʥʘʤʠ. ʇʨʦʚʝʜʝʥʠʝ 

ʧʝʨʝʘʤʠʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʥʦ ʠ ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ 






































































































