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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ 

ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʥʝʮʠʢʣʠʯʝʩʢʠʭ, ʢʘʨʙʦ- ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʦʣʝʟʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ ʩʠʥʪʝʟʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ çʢʦʥʩʪʨʫʠʨʦʚʘʪʴè ʤʦʣʝʢʫʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʫʞʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

ʚ ʟʘʜʘʥʥʳʭ ʧʦʣʦʞʝʥʠʷʭ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʛʝʪʝʨʦʘʪʦʤʳ ʚ ʮʠʢʣʝ, ʩʧʠʨʦʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʢʣʘʩʩʠʯʝʩʢʘʷ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʨʝʘʢʮʠʷ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʚ ʭʦʜʝ ʢʘʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ, ʪʘʢ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʨʝʘʢʮʠʡ, ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩ ̫ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ, ʫʜʦʙʥʳʡ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ [1-5]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʩʫʙʩʪʨʘʪʦʚ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʪʝʢʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʮʠʢʣʠʟʘʮʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ 

ʩʠʥʪʝʟʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʠʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʉʧʠʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʜʚʘ ʢʦʣʴʮʘ, ʩʦʝʜʠʥʝʥʥʳʝ 

ʯʝʨʝʟ ʦʜʠʥ sp
3
-ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ (ʩʧʠʨʦʘʪʦʤ), ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʝʩʪʢʫʶ ʪʨʝʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʦʙʥʫʶ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ 

ʧʦʣʦʩʪʠ ʙʝʣʢʦʚ ʠ ʬʝʨʤʝʥʪʦʚ, ʫʩʠʣʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ[6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ ʠʣʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ 

ʫʛʣʝʨʦʜ-ʘʟʦʪ, ʥʦ ʥʝ ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʩʧʦʩʦʙʥʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʭʦʜ ʨʝʘʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʬʝʥʦʣʴʥʳʝ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʠʣʠ ʚʪʦʨʘʷ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʜʚʦʡʥʘʷ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʘʷ ʠʣʠ ʫʛʣʝʨʦʜ-ʘʟʦʪʥʘʷ ʩʚʷʟʴ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʩʫʙʩʪʨʘʪʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʠ 

ʜʚʦʡʥʫʶ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʫʯʝʥʦ, ʠʤʝʶʪʩʷ ʣʠʰʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʨʷʜʘ ʠʤʠʥʦʚ 

ʢʦʨʠʯʥʦʛʦ ʘʣʴʜʝʛʠʜʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʀʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʠʣʠ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ, ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ 

ʜʘʥʥʳʭ ʨʝʘʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʳ 

ʨʝʘʛʝʥʪʘ ʠ ʩʫʙʩʪʨʘʪʘ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʣʝʜʫʶʱʠʝ ʬʨʘʛʤʝʥʪʳ: 

a) ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʠ ʬʝʥʦʣʴʥʫʶ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ,  

b) ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ ʠ 

ʬʝʥʦʣʴʥʫʶ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, 

c) ʜʚʝ ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

d) ʜʚʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʜʚʦʡʥʳʝ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ ʩʚʷʟʠ, 

e) ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʠ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ, ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. 
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¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ. 

¶ ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʫʙʩʪʨʘʪʦʚ, ʚʝʣʠʯʠʥʳ ʮʠʢʣʘ ʚ 

ʩʦʩʪʘʚʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʡ. 

¶ ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ (ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ) ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

¶ ʅʘʡʜʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʪʩʚʠʠ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʠʤʠʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʝʥʦʣʴʥʫʶ 

ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʦʘʟʝʪʠʜʠʥ-2-ʦʥʳ, 

ʧʨʠ ʵʪʦʤ ʮʠʢʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʬʝʥʦʣʷʪʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʧʠʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

¶ ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʟʠʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʣʴʜʝʛʠʜʦʚ ʩ ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʨʤʘʪʩʢʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʦʘʟʝʪʠʜʠʥ-2-ʦʥʦʚ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʩʪʘʜʠʡ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ , 

ʢʦʪʦʨʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʦ ʦʜʥʦʡ ʩʚʷʟʠ C=N ʘʟʠʥʘ. 

¶ ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʭʘʣʢʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʣʠʮʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʩʧʠʨʦʭʨʦʤʘʥ-2-ʦʥʦʚ, ʘ ʥʝ ʩʧʠʨʦ-

3,4-ʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʭʘʣʢʦʥʦʚ ʥʝ ʠʤʝʶʱʠʭ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. 

¶ ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʣʠʮʠʣʢʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʭʘʣʢʦʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʟʦʬʪʘʣʝʚʦʛʦ ʠ ʪʝʨʝʬʪʘʣʝʚʦʛʦ 

ʘʣʴʜʝʛʠʜʦʚ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʠʩ(ʩʧʠʨʦ-3,4-ʜʠʛʠʜʨʦʧʠʨʘʥ-

2-ʦʥʳ). 
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¶ ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʢʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʘʤʠʜʘʤʠ 

2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, 

ʦʙʲʝʤʘ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ 

ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʘʤʠʜʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʘʜʜʫʢʪʘ. 

¶ ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢ ʘʨʠʣʤʝʪʠʣʠʜʝʥʛʠʜʨʘʟʠʜʘʤ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʚʷʟʴʶ ʫʛʣʝʨʦʜ-ʘʟʦʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʦʙʲʝʤʥʦʛʦ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ 

ʧʨʠʩʫʪʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʛʨʫʧʧ ʚ ʘʨʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʧʨʠ 

ʘʤʠʜʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. 

ɺʳʧʦʣʥʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʰʠʨʠʣʦ ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʨʝʘʢʮʠʠ ʩ ʠʤʠʥʘʤʠ ʠ ʭʘʣʢʦʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ 

ʩʦʩʪʘʚʝ ʬʝʥʦʣʴʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʠʤʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʠʥʦʚ, 

ʭʘʣʢʦʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʠʟʦʬʪʘʣʝʚʦʛʦ ʠ ʪʝʨʝʬʪʘʣʝʚʦʛʦ ʘʣʴʜʝʛʠʜʦʚ, ʨʷʜʦʤ 

ʘʤʠʜʦʚ ʠ ʘʨʠʣʤʝʪʠʣʠʜʝʥʛʠʜʨʘʟʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʚʳʭ ʢʠʩʣʦʪ. ʕʪʠ 

ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʩʧʠʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʧʠʨʦ- ʠ ʙʠʩ(ʩʧʠʨʦʘʟʝʪʠʜʠʥ-2-ʦʥ)r, ʙʠʩ(ʩʧʠʨʦ-3,4-

ʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʳ), ʩʧʠʨʦʭʨʦʤʘʥ-2-ʦʥ,r ʩʧʠʨʦʭʨʦʤʝʥʦ[3,4-c]ʧʠʨʠʜʠʥ-

2,4,5-ʪʨʠʦʥʳ, ʘ ʪʘʢʞʝ 2-ʦʢʩʦʭʨʦʤʘʥ-4-ʠʣʢʘʨʙʦʢʩʠʣʘʪ.r 

ɺʳʷʚʣʝʥʳ ʥʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʮʠʢʣʠʟʘʮʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʩʫʙʩʪʨʘʪʘʤ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʩʫʪʩʪʚʝʤ ʚ ʤʦʣʝʢʫʣʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʫʙʩʪʨʘʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʚʫʭ ʩʚʷʟʝʡ C=C ʠʣʠ C=N ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʬʝʥʦʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 
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ʛʨʫʧʧʳ ʩʦʚʤʝʩʪʥʦ ʩ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʩʚʷʟʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʉ
3
 1,3-ʜʠʘʨʠʣʧʨʦʧ-2-ʝʥ-1-ʦʥʦʚ (ʭʘʣʢʦʥʦʚ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʦʭʨʦʤʘʥ-2-ʦʥʦʚ ʚʤʝʩʪʦ ʩʧʠʨʦ-3,4-

ʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʩ ʭʘʣʢʦʥʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ 

ʪʘʢʠʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʦ-

ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʘʪʦʤʝ ʢʘʢ ʫʛʣʝʨʦʜʘ, ʪʘʢ ʠ ʘʟʦʪʘ ʩʚʷʟʠ C=N 

ʠʤʠʥʦʚ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ 

ʘʜʜʫʢʪʘ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʘʷ ʩʚʷʟʴ, ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ 

ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʢʪʠʚʘʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʯʝʤ ʩʚʷʟʴ C=N. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʨʘʥʝʝ ʥʝʦʧʠʩʘʥʥʳʭ 

2,3-ʜʠʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ ʠ 2,3-ʜʠʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-

1-ʦʥʦʚ, ʠʤʝʶʱʠʭ ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʦʜʥʦʤ ʠʟ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ; 

3,3'-ʜʠʘʨʠʣ-2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.4]ʦʢʪʘʥ]-1,1'-ʜʠʦʥʦʚ, 3,3'-ʜʠʘʨʠʣ-

2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.5]ʥʦʥʘʥ]-1,1'-ʜʠʦʥʦʚ, 2-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)-3-

ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ, 2-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)-3-ʘʨʠʣ-2-ʘʟʘʩʧʠ-

ʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ, 2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-

1-ʦʥʦʚ), 2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ), 

2,2'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ), 2,2'-(1,4-ʬʝʥʠ-

ʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ), 2,2'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-

ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ), 2,2'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-

ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ), 1,1'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-

ʜʠʠʣ)ʙʠʩ(3,3-ʜʠʤʝʪʠʣ-4-ʘʨʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʦʚ), 4-(2-ʘʨʠʣ-2-ʦʢʩʦʵʪʠʣ)-6-R-

ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1Ë-ʮʠʢʣʦʘʣʢʘʥ]-2-ʦʥʦʚ, 5,5'-(1,4-(ʠ 1,3-)ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-

2-ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-3-ʝʥ-1-ʦʥʦʚ), 10,10'-(1,4-(ʠ 1,3-)ʬʝʥʠʣʝʥ)ʙʠʩ(8-ʘʨʠʣ-7-

ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʮ-8-ʝʥ-6-ʦʥʦʚ), 3-R-4a,10b-ʜʠʛʠʜʨʦ-2H,5H-ʩʧʠʨʦʭʨʦʤʝʥʦ-

[3,4-c]ʧʠʨʠʜʠʥ-1,1ǋ-ʮʠʢʣʦʘʣʢʘʥ-2,4,5(3H)-ʪʨʠʦʥʦʚ, ʤʝʪʠʣ ɽ-1-{ 3-

[(R)ʢʘʨʙʘʤʦʠʣ]-6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʘʥ-4-ʠʣ}ʮʠʢʣʦʘʣʢʘʥʢʘʨʙʦʢʩʠʣʘʪʦʚ, ʤʝʪʠʣ 
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1-[3-(2-ʘʨʠʣʤʝʪʠʣʠʜʝʥʛʠʜʨʘʟʠʥ-1-ʢʘʨʙʦʥʠʣ)-2-ʦʢʩʦʭʨʦʤʘʥ-4-ʠʣ]ʮʠʢʣʦʘʣʢʘʥ-

1-ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʠ 1-{ 3-[(3-ʘʨʠʣ-1-ʦʢʩʦ-2-ʘʟʘʩʧʠʨʦ-[3.5]ʥʦʥʘʥ-2-

ʠʣ)ʢʘʨʙʘʤʦʠʣ]-6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʘʥ-4-ʠʣ}ʮʠʢʣʦʛʝʢʩʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪʦʚ. 

ɼʘʥʥʳʝ ʨʷʜʳ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ 

ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʉʨʝʜʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʳ ʚʝʱʝʩʪʚʘ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʚʳʰʘʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʝʧʘʨʘʪʦʚ ʩʨʘʚʥʝʥʠʷ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ 

ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʝʜʝʥ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ 

ʩʠʥʪʝʟʘ ʠ ʚʨʝʤʝʥʠ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʉʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʦʢʘʟʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ: ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʀʂ, ʗʄʈ 
1
ʅ, ʗʄʈ 

13
ʉ, ʵʣʝʤʝʥʪʥʦʛʦ, ʘ 

ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʭʦʜʳ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʚʳʜʝʣʝʥʥʳʤ 

ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʡ. ʏʠʩʪʦʪʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʜʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ɺʕɾʍ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʗʄʈ 
1
H 

ʩʧʝʢʪʨʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

¶ ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ 

ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʠʤʠʥʘʤʠ ʠ ʭʘʣʢʦʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʬʝʥʦʣʴʥʳʝ 

ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩ ʘʟʠʥʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ, ʜʠʠʤʠʥʘʤʠ, 

ʙʠʩ(ʭʘʣʢʦʥʘʤʠ) ʠ ʩ ʨʷʜʦʤ ʘʤʠʜʦʚ ʠ ʘʨʠʣʤʝʪʠʣʠʜʝʥʛʠʜʨʘʟʠʜʦʚ ʢʫʤʘʨʠʥ-3-

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ; ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʩʧʠʨʦʩʠʩʪʝʤ, 

ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʮʠʢʣʦʘʣʢʘʥʦʚʳʝ ʠ ʘʟʝʪʠʜʠʥ-2-ʦʥʦʚʳʝ, 
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3,4-ʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚʳʝ, ʭʨʦʤʘʥ-2-ʦʥʦʚʳʝ, ʧʠʧʝʨʠʜʠʥ-2,6-ʜʠʦʥʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ. 

¶ ɸʥʘʣʠʟ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʘ ʠ ʯʠʩʪʦʪʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʀʂ, ʗʄʈ 
1
ʅ, ʗʄʈ 

13
ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʚʳʧʦʣʥʝʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʝ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʠʩʩʝʨʪʘʥʪ ʦʩʫʱʝʩʪʚʣʷʣ 

ʘʧʨʦʙʘʮʠʶ ʨʘʙʦʪ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʚʳʧʦʣʥʷʣ ʧʦʜʛʦʪʦʚʢʫ ʧʫʙʣʠʢʘʮʠʡ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠ, ʦʙʱʝʡ 

ʢʦʥʮʝʧʮʠʠ ʠ ʜʠʟʘʡʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʦʤ ʢʘʬʝʜʨʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʇɻʅʀʋ ʅʠʢʦʣʘʝʤ ʌʝʜʦʨʦʚʠʯʝʤ ʂʠʨʠʣʣʦʚʳʤ, ʠ 

ʥʘʫʯʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʢ.ʭ.ʥ., ʜʦʮʝʥʪʦʤ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʇɻʅʀʋ ɽʣʝʥʦʡ ɸʣʝʢʩʘʥʜʨʦʚʥʦʡ ʅʠʢʠʬʦʨʦʚʦʡ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 12 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʈʌ ʠ  ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ WoS ʠ Scopus, 5 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʈʀʅʎ 

ʠ 28 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ XV ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʋʬʘ, 2012), 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çʍʠʤʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 
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ʚʝʱʝʩʪʚè ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʍʠʤɹʠʦɸʢʪʠʚ-2012è (ʉʘʨʘʪʦʚ, 2012), III  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷè (ʄʦʩʢʚʘ, 2014), I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ çʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷè (ʄʦʩʢʚʘ, 

2016), XIX  ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʰʢʦʣʝ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʚ 

ʢʣʘʩʪʝʨʝ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ çʆʨʛʍʠʤ-2016è (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2016), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 100-

ʣʝʪʠʶ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʇɻʅʀʋ çʆʪ ʩʠʥʪʝʟʘ ʧʦʣʠʵʪʠʣʝʥʘ ʜʦ 

ʩʪʝʨʝʦʜʠʚʝʨʛʝʥʪʥʦʩʪʠ: ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʟʘ 100 ʣʝʪè (ʇʝʨʤʴ, 2018), ʧʷʪʦʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʋʩʧʝʭʠ ʩʠʥʪʝʟʘ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ = Advances in synthesis and complexingè (ʄʦʩʢʚʘ, 

2019), ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʇʦʣʠʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷè, ʧʦʩʚʷʱʝʥʥʦʡ 85-ʣʝʪʠʶ ʖ. ʉ. 

ɸʥʜʨʝʡʯʠʢʦʚʘ (ʇʝʨʤʴ, 2018), VI ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʝʭʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. ʆʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʢʝè, 

ʧʦʩʚʷʱʝʥʥʦʡ 85-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʖ.ʉ. ʂʣʷʯʢʠʥʘ (1934 

ï 2000) (ʇʝʨʤʴ, 2019), VII ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʘʩʧʝʢʪʳ ʭʠʤʠʠè (ʇʝʨʤʴ, 2020), ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʜʣʷ ʘʛʨʦʧʨʦʤʘ ʠ ʤʝʜʠʮʠʥʳè 

(ʇʝʨʤʴ, 2020), ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʠʥʪʝʟ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚè (ʇʝʨʤʴ, 2020), ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠè (ɽʢʘʪʝʨʠʥʙʫʨʛ 2020), ʄʅʉʂ-2021 (ʅʦʚʦʩʠʙʠʨʩʢ, 2021), VIII 

ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʘʩʧʝʢʪʳ ʭʠʤʠʠè (ʇʝʨʤʴ, 

2021), ʦʪʢʨʳʪʦʤ ʢʦʥʢʫʨʩʝ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ 

ʭʠʤʠʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʠʤʝʨʦʚ çʀʅʕʆʉ OPEN 

SELECTè (ʄʦʩʢʚʘ 2021), IX ʤʦʣʦʜʝʞʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʘʩʧʝʢʪʳ ʭʠʤʠʠè (ʇʝʨʤʴ, 2022). 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʥʘʫʯʥʦʛʦ ʦʪʯʝʪʘ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ (ʛʣʘʚʘ 1), ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʣʘʚʘ 2), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ (ʛʣʘʚʘ 3), ʟʘʢʣʶʯʝʥʠʷ, 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʜʘʥʥʳʝ ʦʙ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʠʙʣʠʦʛʨʘʬʠʷ ʥʘʩʯʠʪʳʚʘʝʪ 221 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʨʘʙʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ 

ʥʘ 179 ʩʪʨʘʥʠʮʘʭ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 16 ʪʘʙʣʠʮ, 28 ʩʭʝʤ ʠ 14 ʨʠʩʫʥʢʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʩʧʠʨʘʥʪʫ ʢʘʬʝʜʨʳ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɿʚʝʨʝʚʫ ɼ.ʇ. ʟʘ ʧʦʤʦʱʴ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʜʦʮʝʥʪʫ ɼʤʠʪʨʠʝʚʫ ʄ.ɺ. (ʇɻʅʀʋ, ʛ. ʇʝʨʤʴ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʥʞʝʥʝʨʫ ɻʘʣʝʝʚʫ ɸ.ʈ. (ʇɻʅʀʋ, ʛ. 

ʇʝʨʤʴ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ, ʩʪʘʨʰʝʤʫ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʐʘʚʨʠʥʦʡ ʊ.ɺ. ʟʘ ʟʘʧʠʩʴ ʀʂ ʩʧʝʢʪʨʦʚ, ʢ.ʭ.ʥ., ʜʦʮʝʥʪʫ 

ɺʘʩʷʥʠʥʫ ɸ.ʅ. (ʇɻʅʀʋ, ʛ. ʇʝʨʤʴ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʕɾʍ, ʢʘʥʜ. 

ʬʘʨʤ. ʥʘʫʢ, ʟʘʚ. ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ çɹʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘè ʄʘʭʤʫʜʦʚʫ ʈ.ʈ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʩʢʨʠʥʠʥʛʘ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʇɻʅʀʋ, ʛ. ʇʝʨʤʴ).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 20-33-90037 (ʢʦʥʢʫʨʩ 

çɸʩʧʠʨʘʥʪʳè)). 
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ɻʣʘʚʘ 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ  

ʩ ʘʟʦʤʝʪʠʥʘʤʠ ʠ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ (ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ) 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ 1887 ʛ. ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʴʬʘ-ʛʘʣʦʛʝʥʵʬʠʨʦʚ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ɓ-ʦʢʩʠʵʬʠʨʦʚ. 

ɿʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʥʦʞʝʩʪʚʘ ʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʘʢʮʠʷ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʬʠʨʦʚ, ʘʤʠʜʦʚ ʠʣʠ 

ʥʠʪʨʠʣʦʚ Ŭ-ʛʘʣʦʛʝʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ Ŭ-ʛʘʣʦʛʝʥʢʝʪʦʥʦʚ ʠ ʠʭ 

ʚʠʥʠʣʦʛʦʚ, ʩ ʤʝʪʘʣʣʦʤ ʠ ʜʘʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʩʫʙʩʪʨʘʪʦʤ. ʇʦʤʠʤʦ ʮʠʥʢʘ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʙʘʣʴʪ, ʠʥʜʠʡ, ʞʝʣʝʟʦ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ, ʘ 

ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʧʦʤʠʤʦ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʦʡʥʫʶ ʠʣʠ ʪʨʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-

ʘʟʦʪ, ʘ ʪʘʢʞʝ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ, ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ [1-5]. 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʘʟʦʤʝʪʠʥʘʤʠ (ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ) ʠ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤʠ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɼʘʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ 

ʢ ʧʨʦʜʫʢʪʘʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʜʚʦʡʥʳʤ ʩʚʷʟʷʤ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ ʠʣʠ 

ʫʛʣʝʨʦʜ-ʛʝʪʝʨʦʘʪʦʤ, ʪʘʢ ʠ ʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʮʠʢʣʠʟʘʮʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

1.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʟʦʤʝʪʠʥʘʤʠ 

ʧʨʠʚʦʜʠʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʟʝʪʠʜʠʥ-2-ʦʥʦʚ (ɓ-ʣʘʢʪʘʤʦʚ) [1, 

2]. ɺʧʝʨʚʳʝ ɓ-ʣʘʢʪʘʤʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ɻʝʨʤʘʥʦʤ ʐʪʘʫʜʠʥʛʝʨʦʤ [2+2] 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʰʠʬʬʦʚʘ ʦʩʥʦʚʘʥʠʷ ʘʥʠʣʠʥʘ ʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ 

ʜʠʬʝʥʠʣʢʝʪʝʥʦʤ [7]: 
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ʕʪʦʪ ʤʝʪʦʜ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ 

ʘʟʝʪʠʜʠʥʦʥʦʚ. ɓ-ʃʘʢʪʘʤʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 

ɓ-ʘʤʠʥʦʢʠʩʣʦʪʳ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, ʘʮʝʪʠʣ ʭʣʦʨʠʜʘ, ʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ, 

ʪʠʦʥʠʣʭʣʦʨʠʜʘ, ʩʫʣʴʬʦʥʠʣʭʣʦʨʠʜʘ [8]; ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ [9-12]. 

ʉʠʥʪʝʟʳ ɓ-ʣʘʢʪʘʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʪʘʢʞʝ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʤʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [13-15]. 

ʀʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ɓ-ʣʘʢʪʘʤʦʚ ʥʘ ʦʩʥʦʚʝ ʵʬʠʨʦʚ 

ɓ-ʘʤʠʥʦʢʠʩʣʦʪ, ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʨʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥʦʤ, 

ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʠ ʨʝʘʢʪʠʚʘʤʠ ɻʨʠʥʴʷʨʘ [13]. 

 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ b-ʣʘʢʪʘʤʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ. 

1.1.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʤ ʩʠʥʪʝʟʝ Ŭ,Ŭ-ʜʠʬʪʦʨ- ʠ Ŭ-ʙʨʦʤ-Ŭ-

ʬʪʦʨ-ɓ-ʣʘʢʪʘʤʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʠʟʫʯʝʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʷʚʣʷʶʱʝʡʩʷ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʩʫʪʩʪʚʠʶ ʘʪʦʤʦʚ ʬʪʦʨʘ ʚ ʠʭ ʤʦʣʝʢʫʣʘʭ [16]: 
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ʈʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʙʨʦʤʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʨʝʘʛʠʨʫʝʪ ʩ ʦʩʥʦʚʘʥʠʝʤ ʐʠʬʬʘ, ʦʙʨʘʟʫʷ ʧʨʦʜʫʢʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʜʘʝʪ 

ʟʘʤʝʱʝʥʥʳʡ b-ʘʤʠʥʦʵʬʠʨ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʞʝ ʦʙʨʘʟʫʝʪʩʷ ʟʘʤʝʱʝʥʥʳʡ b-

ʣʘʢʪʘʤ ʚʩʣʝʜʩʪʚʠʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ 

ʫʛʣʝʨʦʜʘ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʮʠʥʢʙʨʦʤʵʪʠʣʘʪʘ [17]. 

 

ɺʦʧʨʦʩʘʤ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ ʨʘʜʠʢʘʣʦʚ ʵʬʠʨʦʚ a-ʙʨʦʤʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʥʘ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

ʙʝʥʟʘʣʴʘʥʠʣʠʥʦʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [18-24]. 

 

ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʩʪʝʨʝʦʠʟʦʤʝʨʘ 1,2-ʜʠʬʝʥʠʣ-3-R-

1-ʘʟʘʮʠʢʣʦʙʫʪʘʥ-4-ʦʥʘ, ʚ ʢʦʪʦʨʳʭ ʬʝʥʠʣʴʥʘʷ ʛʨʫʧʧʘ ʠ ʟʘʤʝʩʪʠʪʝʣʴ R 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʨʘʥʩ- ʠʣʠ ʮʠʩ- ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʮʠʢʣʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʪʨʘʥʩ-ʬʦʨʤʳ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ R, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ R ʠ ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʨʨʦʮʝʥʢʘʨʙʘʣʴʜʝʛʠʜʘ ʚ ʘʟʦʤʝʪʠʥʘʭ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʘʟʝʪʠʜʠʥʦʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʜʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʮʠʥʢʦʤ ʠ 

ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʧʨʠʚʦʜʠʪ ʢ b-ʣʘʢʪʘʤʘʤ ʩ ʘʪʦʤʘʤʠ ʬʪʦʨʘ [25]. 

 

ʅʠʪʨʠʣʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʦʙʨʘʟʫʶʪ 

ʢʝʪʦʵʬʠʨʳ [1 ], ʩ 18]. ʆʜʥʘʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʙʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʘ ʢ 

ʩʚʷʟʠ ʉ=N ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ N-ʮʠʥʢʙʨʦʤ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

b-ʣʘʢʪʘʤ-ʵʬʠʨʘʤ [26, 27]: 

 

ʎʠʥʥʘʤʠʣʠʜʝʥʘʤʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʵʪʠʣ a-ʙʨʦʤʠʟʦʙʫʪʠʨʘʪʦʤ ʠ 

ʮʠʥʢʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʢʘʢ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ (ɸ ʠ B), ʪʘʢ ʠ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʉ ʠ D), ʧʨʠʯʝʤ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʠʨʦʜʳ R ʠ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ [28]. b- ʀ ŭ-ʣʘʢʪʘʤʳ ɸ ʠ ʉ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʘʜʜʫʢʪʦʚ: 
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ˉ R 

ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ 

ʆʙʱʠʡ 

ʚʳʭʦʜ, 

% 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ  

1,2- ʠ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

A B C D 

1 Ph 4 ʯ, 10ÁC 97 100 ð ð ð 

2 Me 2 ʯ, 20ÁC 95 100 ð ð ð 

3 Me 3 ʯ, -40ÁC 50 30 70 ð ð 

4 Me 2CH 1 ʯ, 20ÁC 94 54 ð 46 ð 

5 Me2CH 42 ʯ, -10ÁC 88 55 ð 45 ð 

6 Me2CH 5 ʯ, -30ÁC 67 23 ð 26 51 

7 Me 2CH 1 ʯ, 110ÁC 78 18 ð 82 ð 

8 Me 3C 2 ʯ, 20ÁC 70 28 ð 37 35 

9 Me 3C 50 ʯ, -50ÁC 58 14 28 ð 58 

a,b-ʅʝʧʨʝʜʝʣʴʥʳʝ ʘʟʦʤʝʪʠʥʳ ʩ ʵʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʟʘʤʝʱʝʥʥʳʭ 

ʙʨʦʤʫʢʩʫʩʥʳʭ ʢʠʩʣʦʪ ʠ ʮʠʥʢʦʤ ʦʙʨʘʟʫʶʪ b-ʣʘʢʪʘʤʳ ʩ ʥʝʧʨʝʜʝʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʘ ʠʤʝʥʥʦ 1-R-3a-R1-4-(1-ʤʝʪʠʣ-2-ʬʝʥʠʣʧʨʦʧʝʥʠʣ)ʘʟʝʪʠʜʠʥ-

2-ʦʥʳ, ʠʟ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʚʳʜʝʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʨʙʘʧʝʥʝʤʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ [29]. 

 

ʉ ʢʘʨʙʦʜʠʠʤʠʥʘʤʠ ʨʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʵʪʠʣ 

a-ʙʨʦʤʠʟʦʙʫʪʠʨʘʪʘ, ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤ ʩʫʙʩʪʨʘʪʝ. ɼʣʷ 

ʜʠʮʠʢʣʦʛʝʢʩʠʣ-, ʙʠʩ(ʧ-ʪʦʣʠʣ)-, ʠʟʦʧʨʦʧʠʣʬʝʥʠʣ-, ʙʫʪʠʣʬʝʥʠʣ- ʠ 

ʪʨʝʪ.-ʙʫʪʠʣʬʝʥʠʣʢʘʨʙʦʜʠʠʤʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʦʜʥʘ ʠʟ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʠ 

ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ b-ʣʘʢʪʘʤʦʚ; ʩ 

ʙʠʩ(ʧ-ʥʠʪʨʦʬʝʥʠʣ)ʢʘʨʙʦʜʠʠʤʠʜʦʤ ʨʝʘʢʮʠʷ ʥʝ ʠʜʝʪ [30]. 
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ɺ ʩʣʫʯʘʝ ʙʠʩ(ʧ-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʢʘʨʙʦʜʠʠʤʠʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʟʘʤʝʱʝʥʥʦʛʦ ʧʠʧʝʨʠʜʠʥ-3,5-ʜʠʦʥʘ [30]. 

 

ʆʧʠʩʘʥ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ɓ-ʣʘʢʪʘʤʦʚ ʨʝʘʢʮʠʝʡ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʘʟʦʤʝʪʠʥʦʚ ʩ ʟʘʤʝʱʝʥʥʳʤ ʘʤʠʜʦʤ Ŭ-ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʠʣʠ ʙʣʠʟʢʠʤ ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʤʠʜʦʤ ʥʘ ʧʦʣʠʤʝʨʥʦʤ ʥʦʩʠʪʝʣʝ ʠ ʮʠʥʢʦʤ [16]: 

 

 

1.1.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [31, 32] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʪʠʚʳ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

1-ʙʨʦʤʮʠʢʣʦʘʣʢʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʮʠʥʢʘ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʧʦ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʘʟʦʪʥʦʡ ʩʚʷʟʠ ʘʟʦʤʝʪʠʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʫʶʪʩʷ, ʜʘʚʘʷ ʩʧʠʨʦ-

b-ʣʘʢʪʘʤʳ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 1-ʙʨʦʤʮʠʢʣʦʙʫʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, c 

4-ʙʨʦʤʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʦʤ, ʧʦʤʠʤʦ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʙʳʣ ʧʦʣʫʯʝʥ 
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ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 1-[(4-ʙʨʦʤʬʝʥʠʣ)(ʬʝʥʠʣʘʤʠʥʦ)ʤʝʪʠʣ]ʮʠʢʣʦʙʫʪʘʥʢʘʨʙʦʥʦ-

ʚʦʡ ʢʠʩʣʦʪʳ [32]. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʬʝʥʠʣ- ʠʣʠ 

ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʦ-ɓ-ʣʘʢʪʘʤʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʝʪʨʘʤʝʪʠʣʝʥʦʚʳʝ ʠ ʧʝʥʪʘʤʝʪʠʣʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʪʨʝʪʴʝʤ 

ʧʦʣʦʞʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʘ [33]. 

 

ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʷʭ ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʤ 

ʬʫʨʬʫʨʦʣʘ ʚʳʜʝʣʝʥ 2-ʬʝʥʠʣ-4-ʬʫʨʠʣ-2,3-ʜʠʘʟʘʩʧʠʨʦ[4,5]ʜʝʢʘʥ-1-ʦʥ[33]. 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʘʢʞʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 1-ʘʨʠʣ-2-ʘʨʠʣʠʤʠʥʦʵʪʘʥʦʥʘʤʠ, 

ʛʜʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 4-ʘʨʠʣ-3,3,6,6-ʙʠʩ-(ʪʨʠʤʝʪʠʣʝʥ)-6ʘ-ʘʨʠʣʪʝʪʨʘʛʠʜʨʦ-2H-

ʬʫʨʦ[3,2-b]ʧʠʨʨʦʣ-2,5(3H)-ʜʠʦʥʳ [34]. 
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ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʘʟʠʥʘʤʠ 

ʙʝʥʟʦʡʥʦʛʦ ʠ 4-ʙʨʦʤʙʝʥʟʦʡʥʦʛʦ ʘʣʴʜʝʛʠʜʦʚ ʚʳʜʝʣʝʥʳ ʟʘʤʝʱʝʥʥʳʝ 

ʙʠʩʧʠʨʦʘʟʝʪʠʜʠʥʦʥʳ [31]. 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥ- ʠ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʮʠʥʢʘ, ʩ ʙʠʩ(N-ʘʨʠʣʤʝʪʠʣʠʜʝʥʛʠʜʨʘʟʠʜʘʤʠ) ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʜʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢ 

ʠʩʭʦʜʥʳʤ ʘʨʠʣʤʝʪʠʣʠʜʝʥʛʠʜʨʘʟʠʜʘʤ ʧʦ ʩʚʷʟʠ C=N ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʫʶʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʙʨʦʤʮʠʥʢʤʝʪʠʣʘʪʘ, ʘ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʘ 

ʩʧʠʨʦʘʟʝʪʠʜʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ [35]: 

 



22 

 

1.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ 

ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʴʶ 

ʄʥʦʛʠʤ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʝʘʢʪʠʚʘʤ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʩʚʦʡʩʪʚʝʥʥʘ ʥʝ ʪʦʣʴʢʦ ʨʝʘʢʮʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʥʦ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʴʶ. 

ʈʝʘʢʮʠʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʩ ʥʝʧʨʝʜʝʣʴʥʳʤʠ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʢʝʪʦʥʘʤʠ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʠ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʤʘʛʥʠʷ, ʮʠʥʢʘ, ʤʝʜʠ, ʢʘʜʤʠʷ, ʘʣʶʤʠʥʠʷ ʠ ʜʨʫʛʠʭ 

ʤʝʪʘʣʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ ʷʚʣʷʶʪʩʷ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʜʚʦʡʥʘʷ C=C ʩʚʷʟʴ ʩʦʧʨʷʞʝʥʘ ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ: 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʶʪ ʜʚʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʨʝʘʢʮʠʠ: 

1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʝ (ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʧʠʨʪʦʚ) [36]: 

 

ʠ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝ (ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʢʝʪʦʥʦʚ): 
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ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʙʳ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

R
2
ZnX ʢ ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ 1,2- ʠ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʘ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʦʣʴʰʠʭ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʨʝʘʢʮʠʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʜʣʷ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʦʜʷʪ ʢ 

ʧʨʦʜʫʢʪʘʤ 1,2 ʧʨʠʩʦʝʜʠʥʝʥʠʷ [37].  

1.2.1 ʈʝʘʢʮʠʷ ʩ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʘʣʴʜʝʛʠʜʘʤʠ 

ʅʝʥʘʩʳʱʝʥʥʳʝ ʘʣʴʜʝʛʠʜʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʧʦ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʝ, ʦʙʨʘʟʫʶʪ ʚʪʦʨʠʯʥʳʝ ʩʧʠʨʪʳ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʢʨʦʣʝʠʥʘ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪʩʷ ʵʪʠʣʦʚʳʡ ʵʬʠʨ 3-ʛʠʜʨʦʢʩʠ-2,2-

ʜʠʤʝʪʠʣʧʨʦʧ-4-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [1], ʩ 55]: 

 

ʆʧʠʩʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʨʦʪʦʥʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʩ ʨʝʘʢʪʠʚʘʤʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ [38-45]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʙʨʦʤʫʢʩʫʩʥʦʡ, a-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ, a-ʙʨʦʤʤʘʩʣʷʥʦʡ ʠ a-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʧʨʝʜʝʣʴʥʳʝ b-ʦʢʩʠʵʬʠʨʳ: 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʨʫʛʠʝ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʝ ʘʣʴʜʝʛʠʜʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ 

ʩ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʨʦʜʫʢʪʳ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [1, 38, 40, 46-59], 
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ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʩʦʜʝʨʞʘʪ ʟʘʤʝʩʪʠʪʝʣʠ ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

4-(2,2,6-ʪʨʠʤʝʪʠʣʮʠʣʦʛʝʢʩ-6-ʝʥ-1-ʠʣ)-2-ʤʝʪʠʣʢʨʦʪʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ [60] ʠʣʠ 

ʮʠʢʣʦʧʝʥʪ-1-ʝʥʢʘʨʙʘʣʴʜʝʛʠʜ [61]: 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʜʫʢʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʢʪʠʚʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʶʪʩʷ ɓ-ʦʢʩʠʵʬʠʨʳ, ʠʥʦʛʜʘ 

ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ Ŭ,ɓ- ʠʣʠ ɓ,ɔ-ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʞʝ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ ʧʝʨʝʛʦʥʢʝ ʠʣʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʜʦʦʪʥʠʤʘʶʱʠʭ ʩʨʝʜʩʪʚ. ʊʘʢʞʝ ʢʘʪʘʣʠʟʘʪʦʨʦʤ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʦʜ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ ʘʢʪʠʚʠʨʦʚʘʥʠʷ 

ʮʠʥʢʘ [1], ʩ. 40]. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ ʚʳʜʝʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʨʝʘʢʮʠʠ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ [1, 39, 40, 

54, 62-71]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [66] ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʝʥʪʝʥ-

2-ʘʣʷ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʩ ʛʠʜʨʦʩʫʣʴʬʘʪʦʤ ʢʘʣʠʷ ʚʳʜʝʣʝʥ ʵʪʠʣʦʚʳʡ ʵʬʠʨ 

2-ʤʝʪʠʣʛʝʧʪʘ-2,4-ʜʠʝʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʚʳʭʦʜʦʤ 47,6 %: 

 

ɻʠʜʨʦʢʩʠʛʨʫʧʧʘ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʤʦʞʝʪ ʫʞʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʚʩʪʫʧʘʪʴ ʚ ʜʨʫʛʠʝ ʨʝʘʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʫʯʘʩʪʚʦʚʘʪʴ 

ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʣʘʢʪʦʥʘ. ʃʘʢʪʦʥʠʟʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ, ʪʘʢ 
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ʠ ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʠʣʠ ʨʘʩʪʚʦʨʦʤ 

ʙʨʦʤʦʚʦʜʦʨʦʜʘ ʚ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ [1], ʩ. 41]. ʊʘʢ, ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʧʦʣʫʯʝʥʠʠ ŭ-ʣʘʢʪʦʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2,6,6-ʪʨʠʤʝʪʠʣʮʠʢʣʦʛʝʢʩ-1-

ʝʥʢʘʨʙʘʣʴʜʝʛʠʜʘ (ɓ-ʮʠʢʣʦʮʠʪʨʘʣʷ) ʩ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ɔ-ʙʨʦʤ-ɓ-

ʤʝʪʠʣʢʨʦʪʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤ ʵʬʠʨʦʤ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʣʠ ʧʨʠ ʧʝʨʝʛʦʥʢʝ ʧʨʦʜʫʢʪʘ [72]: 

 

ʃʘʢʪʦʥʠʟʘʮʠʷ ʠ ʜʨʫʛʠʝ ʨʝʘʢʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʙʫʩʣʦʚʣʝʥʳ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʩʫʙʩʪʨʘʪʘ. 

ʈʝʘʢʮʠʡ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʜʣʷ ʘʣʴʜʝʛʠʜʦʚ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʥʘʡʜʝʥʦ. ɺʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʨʠʯʝʩʢʦʡ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʘʣʴʜʝʛʠʜʳ ʩʧʦʩʦʙʥʳ ʪʦʣʴʢʦ ʢ ʨʝʘʢʮʠʠ 

1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

1.2.2 ʈʝʘʢʮʠʷ ʩ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤʠ ʢʝʪʦʥʘʤʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʴʜʝʛʠʜʦʚ, Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʝ ʢʝʪʦʥʳ ʩʧʦʩʦʙʥʳ 

ʧʨʠʩʦʝʜʠʥʷʪʴ ʨʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢʘʢ ʚ ʧʦʣʦʞʝʥʠ ̫ 1,2, ʪʘʢ ʠ 1,4 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʢʝʪʦʥʘ ʠ ʙʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʘ. ʆʜʥʘʢʦ, ʧʨʦʩʪʝʡʰʠʝ 

Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʝʪʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦ ʤʝʭʘʥʠʟʤʫ 

1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʅʝʥʘʩʳʱʝʥʥʳʝ ʢʝʪʦʥʳ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ 

1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʫʶʪ ʟʘʤʝʱʝʥʥʳʝ 

ʪʨʝʪʠʯʥʳʭ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʧʠʨʪʦʚ. 
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ʊʘʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʫʪ-3-ʝʥ-2-ʦʥʘ ʩ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 3-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣʧʝʥʪ-

4-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [73]: 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʣʠʜʝʥʘʮʝʪʦʥʘ ʩ ʵʬʠʨʘʤʠ ʙʨʦʤʫʢʩʫʩʥʦʡ, 

Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ ʠ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ ʪʘʢʞʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [1], ʩ. 87, 70, 71]: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʥʟʘʣʴʘʮʝʪʦʥʘ ʩ ʮʠʥʢ-ʝʥʦʣʷʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʚʦʜʠʪ ʢ ʵʪʠʣʦʚʦʤʫ ʵʬʠʨʫ 

3-ʛʠʜʨʦʢʩʠ-3-ʤʝʪʠʣ-5-ʬʝʥʠʣʧʝʥʪ-4-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [63]: 

 

ɸʥʘʣʦʛʠʯʥʦ ʵʪʠʣʠʜʝʥʘʮʝʪʦʬʝʥʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʤʝʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʜʘʚʘʷ ʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 3-ʛʠʜʨʦʢʩʠ-

3-ʬʝʥʠʣʛʝʢʩ-4-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [63]: 

 

ɼʣʷ ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʘ (ʭʘʣʢʦʥʘ) ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʢʘʢ 1,2- ʪʘʢ ʠ 

1,4-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʝʘʢʮʠʷ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʘ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [40]: 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʩ ʤʝʪʠʣʦʚʳʤ 

ʵʬʠʨʦʤ ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [36, 63].  
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ʇʦ ʤʝʭʘʥʠʟʤʫ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʠ ʜʨʫʛʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʝʪʦʥʦʚ ʩ ʵʬʠʨʘʤʠ ʙʨʦʤʫʢʩʫʩʥʦʡ [63, 74-89] ʠ 

ʠʦʜʫʢʩʫʩʥʦʡ [1], ʩ. 280] ʢʠʩʣʦʪ. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ Ŭ,ɓ- ʠʣʠ ɓ,ɔ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʥʝʧʨʝʜʝʣʴʥʳʤ ʢʝʪʦʥʘʤ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʵʬʠʨʦʚ ʙʨʦʤʫʢʩʫʩʥʦʡ [1, 40, 49, 72, 75, 78, 79, 

81, 82, 90-109] ʠ ʙʨʦʤʪʠʦʣʫʢʩʫʩʥʦʡ [1], ʩ. 66, 358, 441] ʢʠʩʣʦʪ. ʉ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʘʣʦ ʩʪʝʨʠʯʝʩʢʠ ʟʘʛʨʫʞʝʥʥʦʡ ɔ-ʙʨʦʤʢʨʦʪʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʥʢʘ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʝʪʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [110], ʢʦʪʦʨʳʝ ʪʦʞʝ ʤʦʛʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʝʛʠʜʨʘʪʘʮʠʠ [1, 86, 110-112]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʪʦʣʴʢʦ 

ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʢʝʪʦʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ [113-117]. 

ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [118] ʩʦʦʙʱʘʶʪ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʪʨʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʦʥʘʪʘ (ʪʨʠʤʝʪʠʣʩʠʣʠʣʪʨʠʬʣʘʪʘ, TMSOTf) 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟ ʵʪʠʣʦʚʦʛʦ ʠʣʠ 

ʪʨʝʪ-ʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʙʨʦʤʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʢ ʮʠʢʣʦʘʣʢ-2-ʝʥ-

1-ʦʥʘʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʦʞʝʥʠ ̫1,4: 

 

ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 4-ʛʝʢʩʝʥ-3-ʦʥʘ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ 1,2- ʠ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [118]: 
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ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʮʠʢʣʦʘʣʢ-2-ʝʥ-1-ʦʥʦʚ, 4-ʛʝʢʩʝʥ-3-ʦʥʘ ʠ 3-ʙʫʪʝʥ-2-ʦʥʘ ʩ 

ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʘ ʠ ʮʠʥʢʘ, ʚ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ ʘʚʪʦʨʘʤʠ [119] ʚʳʜʝʣʝʥʳ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ 1,4-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʝʪʦʥʦʚ ʩ ʵʬʠʨʘʤʠ Ŭ-ʙʨʦʤʧʨʦ-

ʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʯʘʩʪʦ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʦʚ 1,2-ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʷ [48, 76, 78, 80]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʣʠʜʝʥʘʮʝʪʦʥʘ ʩ 

ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʵʪʠʣʦʚʦʤʫ ʵʬʠʨʫ 3-ʛʠʜʨʦʢʩʠ-2,3-ʜʠʤʝʪʠʣʛʝʢʩ-4-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [1], ʩ. 87]: 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʘʢʮʠʷ ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʘ ʩ ʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʠ ʚ ʩʨʝʜʝ ʙʝʥʟʦʣʘ 

ʜʘʸʪ ʧʨʦʜʫʢʪʳ ʢʘʢ 1,2-, ʪʘʢ ʠ 1,4-ʧʨʠʩʦʝʜʥʠʝʥʠʷ, ʧʨʠʯʝʤ ʧʨʦʜʫʢʪ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ŭ-ʣʘʢʪʦʥʘ 

[63]: 

 

ʉ ʵʬʠʨʘʤʠ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʨʦʩʪʝʡʰʠʝ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʝ 

ʢʝʪʦʥʳ ʪʘʢʞʝ ʤʦʛʫʪ ʜʘʚʘʪʴ ʧʨʦʜʫʢʪʳ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʣʠʜʝʥʘʮʝʪʦʥʘ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ ʚʝʜʝʪ ʢ ʵʪʠʣʦʚʦʤʫ ʵʬʠʨʫ 2-ʛʠʜʨʦʢʩʠ-2,2,3-ʪʨʠʤʝʪʠʣʛʝʢʩ-

4-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [1], ʩ. 87]: 
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ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ [120] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʝʘʢʪʠʚʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪʳ, ʢ 1-ʬʝʥʠʣʧʝʥʪ-1-ʝʥ-3-ʦʥʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʝʥ ʧʨʦʜʫʢʪ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ: 

 

ɼʣʷ ʵʪʠʣʠʜʝʥʘʮʝʪʦʬʝʥʦʥʘ ʠ ʛʝʧʪ-2-ʝʥ-4-ʦʥʘ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [120] 

ʚʳʜʝʣʝʥʳ ʥʝʧʨʝʜʝʣʴʥʳʝ ŭ-ʣʘʢʪʦʥʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʮʠʢʣʠʟʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ 1,4-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʘ ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ ʪʦʣʴʢʦ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [36]: 

 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʭʦʜʠʪ ʨʝʘʢʮʠʷ ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʘ ʠ 

4,4'-ʜʠʤʝʪʦʢʩʠʧʨʦʧ-2-ʝʥ-1-ʦʥʘ, ʩ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ I2 ʚ ʩʨʝʜʝ ʊɻʌ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [120]. ʇʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʜʢʠʩʣʝʥʠʷ ʚʳʜʝʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʠʩʣʦʪʳ: 
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ʇʨʦʜʫʢʪʳ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʠʟ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ 

ʘʚʪʦʨʘʤʠ [120] ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʝʪʦʥʦʚ, ʧʨʠʯʝʤ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʳ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʘʢʪʦʥʠʟʘʮʠʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʥʝʧʨʝʜʝʣʴʥʳʝ ʣʘʢʪʦʥʳ ʚʳʜʝʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ ʩ 

2-ʙʝʥʟʠʣʠʜʝʥʮʠʢʣʦʛʝʢʩʘʥʦʥʦʤ, 2,6-ʙʠʩ(ʙʝʥʟʠʣʠʜʝʥ)ʮʠʢʣʦʛʝʢʩʘʥʦʥʦʤ, 

6-ʤʝʪʦʢʩʠ-2-ʧʨʦʧʠʣʠʜʝʥ-3,4-ʜʠʛʠʜʨʦʥʘʬʪʘʣʠʥ-1(2ʅ)-ʦʥʦʤ ʠ 2-ʙʝʥʟʠʣʠʜʝʥ-

6-ʤʝʪʦʢʩʠ-3,4-ʜʠʛʠʜʨʦʥʘʬʪʘʣʠʥ-1(2ʅ)-ʦʥʦʤ: 

 
ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [36] ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 

1,2 ʠʣʠ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʪ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʨʝʘʢʮʠʷʭ ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʜʦʣʷ 

ʧʨʦʜʫʢʪʘ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʦʣʴʰʝ ʜʣʷ ʙʦʣʝʝ ʦʙʲʝʤʥʳʭ Ŭ-ʙʨʦʤʵʬʠʨʦʚ: 

ʀʩʧʦʣʴʟʫʝʤʳʡ 

Ŭ-ʙʨʦʤʵʬʠʨ 

ɼʦʣʷ ʧʨʦʜʫʢʪʘ 

1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, % 

ɼʦʣʷ ʧʨʦʜʫʢʪʘ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, % 

BrCH2COOMe 100 0 

BrCH(CH3)COOMe 55 45 

BrCH(C2H5)COOMe 50 50 

BrC(CH3)2COOMe 0 100 

BrCH(COOMe)2 0 100 
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ɸʥʘʣʦʛʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʦʤ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ 

Ŭ-ʙʨʦʤʥʠʪʨʠʣʦʚ ʠ ʮʠʥʢʘ. ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʭʘʣʢʦʥʘ ʩ ʥʠʪʨʠʣʦʤ 

Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʩ 

ʥʠʪʨʠʣʦʤ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ï 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [58]: 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʥʟʘʣʴʘʮʝʪʦʬʝʥʦʥʘ ʠ ʝʛʦ ʟʘʤʝʱʸʥʥʳʭ ʩ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʠʟ ʤʝʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ 1-ʙʨʦʤʮʠʢʣʦʙʫʪʘʥ-, 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥ-, 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥ- ʠ 

1-ʙʨʦʤʮʠʢʣʦʛʝʧʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ ʠ ʮʠʥʢʘ, ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ 

1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝ [121-123]: 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʟʘʤʝʱʸʥʥʳʝ ʩʧʠʨʦʣʘʢʪʦʥʳ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 1-ʙʨʦʤʮʠʢʣʦʘʣʢʘʥʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʥʢʘ ʩ 1,5-ʜʠʘʨʠʣʧʝʥʪʘ-1,4-ʜʠʝʥ-3-ʦʥʘʤʠ ʪʘʢʞʝ ʜʘʸʪ 

ʪʦʣʴʢʦ ʧʨʦʜʫʢʪʳ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʮʠʢʣʠʟʫʶʪʩʷ [124]: 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

2-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-1,3-ʜʠʬʝʥʠʣʧʨʦʧʘʥ-1,3-ʜʠʦʥʘʤʠ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ 
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1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ï ʟʘʤʝʱʝʥʥʳʝ ʩʧʠʨʦʜʠʛʠʜʨʦʧʠʨʘʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʙʝʥʟʦʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʷʪʦʤ ʧʦʣʦʞʝʥʠʠ ʛʝʪʝʨʦʮʠʢʣʘ [125, 126]: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 5-ʘʨʠʣ-3-ʦʢʩʦ-

2,2-ʜʠʵʪʠʣʧʝʥʪ-4-ʝʥʦʘʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʝʱʝʥʥʳʭ 

ʩʧʠʨʦʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʘʨʙʵʪʦʢʩʠʘʣʢʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ [127]: 

 

ʈʝʘʢʪʠʚʳ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 

1-ʙʨʦʤʮʠʢʣʦʘʣʢʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʮʠʥʢʘ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ 

2,6-ʙʠʩ(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)ʮʠʢʣʦʛʝʢʩʘʥʦʥʘʤ ʚ ʧʦʣʦʞʝʥʠ ̫ 1,4 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʮʠʢʣʠʟʫʶʪʩʷ 

[128]: 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 2,5-ʙʠʩ(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)ʮʠʢʣʦʧʝʥʪʘʥʦʥʘʤʠ [129]: 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʩ 

2-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-2,3-ʜʠʛʠʜʨʦ-1ʅ-ʠʥʜʝʥ-1-ʦʥʘʤʠ ʠ 2-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-

3,4-ʜʠʛʠʜʨʦʥʘʬʪʘʣʠʥ-1(2ʅ)-ʦʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʦʞʝʥʠ ̫ 1,4 ʬʨʘʛʤʝʥʪʘ 

ʉ=ʉ-ʉ=O ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ 

ʵʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʮʠʢʣʠʟʫʶʪʩʷ [130]: 

 

 
ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʝ ʨʝʘʢʪʠʚʳ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ 2-ʘʨʠʣʤʝʪʠʣʠʜʝʥʠʥʜʘʥ-1,3-ʜʠʦʥʘʤ ʚ 

ʧʦʣʦʞʝʥʠʷ 1,4 ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʣʠ ʧʨʦʜʫʢʪʳ ʮʠʢʣʠʟʘʮʠʠ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ 4-ʘʨʠʣ-2ʅ-ʩʧʠʨʦ[ʠʥʜʝʥʦ[1,2-b]ʧʠʨʘʥ-3,1
ǋ
-ʮʠʢʣʦʘʣʢʘʥ]-

2,5(4ʅ)-ʜʠʦʥʳ ʠʣʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʠʣ-1-[ʘʨʠʣ-(1,3-ʜʠʦʢʩʦ-2,3-ʜʠʛʠʜʨʦ-1ʅ-ʠʥʜʝʥ-2-

ʠʣ)ʤʝʪʠʣ]ʮʠʢʣʦʘʣʢʘʥʢʘʨʙʦʢʩʠʣʘʪʳ [131]: 
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ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ, ʩ 

Ŭ,Ŭ-ʜʠʙʨʦʤʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠʣʠ ʘʣʢʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 

ʜʠʙʨʦʤʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʧʨʦʜʫʢʪʘʤ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʧʦ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ, ʥʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʧʦ ʵʪʦʡ ʩʚʷʟʠ ʨʝʘʢʪʠʚʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ. 

ʊʘʢ, 2-ʘʨʠʣʤʝʪʠʣʠʜʝʥʠʥʜʘʥ-1,3-ʜʠʦʥʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʮʠʥʢʦʤ ʠ 

Ŭ,Ŭ-ʜʠʙʨʦʤʢʝʪʦʥʘʤʠ ʠʣʠ ʘʣʢʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʜʠʙʨʦʤʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʜʘʚʘʷ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [132, 133]: 
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ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʪʝʢʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 2-[4-(1,3-ʜʠʦʢʩʦʠʥʜʘʥ-2-

ʠʜʠʜʝʥʤʝʪʠʣ)ʬʝʥʠʣ]ʤʝʪʠʣʝʥʠʥʜʘʥ-1,3-ʜʠʦʥʘ ʩ ʘʣʢʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 

ʜʠʙʨʦʤʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ [132].  

ʊʘʢʞʝ ʦʧʠʩʘʥʦ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢ 

Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʤ ʢʘʨʙʦʥʠʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʤʝʪʠʣʩʠʣʠʣʦʚʦʛʦ ʵʬʠʨʘ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ [134]. 

1.2.3 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

2-ʦʢʩʦʭʨʦʤʝʥʘ, 3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥʘ, 1H-ʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-3-ʦʥʘ 

2-ʆʢʩʦʭʨʦʤʝʥʳ (ʢʫʤʘʨʠʥʳ), ʢʘʢ ʠ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʝʪʦʥʳ, ʩʦʜʝʨʞʘʪ 

ʩʦʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʫ. ɼʚʦʡʥʘʷ ʩʚʷʟʴ ʉ
3
-ʉ

4
 ʧʠʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʩʦʧʨʷʞʝʥʘ ʩ 

ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ; ʕʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʪʦʤʘ C
4
 

ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʝ: 

 

ɸʢʪʠʚʠʨʦʚʘʥʥʘʷ ʜʚʦʡʥʘʷ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʘʷ ʩʚʷʟʴ ʧʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʥʳʤ 2-ʦʢʩʦʭʨʦʤʝʥʘ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʨʝʘʢʪʠʚʘʤʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ. 

1.2.3.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʮʠʣʴʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ 2-ʦʢʩʦʭʨʦʤʝʥʘ, 

3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥʘ, 1H-ʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-3-ʦʥʘ 

3-ɸʮʝʪʠʣ-, 3-ʙʝʥʟʦʠʣ-ʭʨʦʤʝʥ-2-ʦʥʳ ʠ 2-ʙʝʥʟʦʠʣʙʝʥʟʦ[f]ʭʨʦʤʝʥ-3-ʦʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 1-ʘʨʠʣ-

2-ʙʨʦʤʘʣʢʘʥʦʥʦʚ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ï 3-ʘʮʝʪʠʣ- 

ʠʣʠ 3-ʙʝʥʟʦʠʣ-4-(2-ʘʨʠʣ-2-ʦʢʩʦ-1-R-ʵʪʠʣ)ʭʨʦʤʘʥ-2-ʦʥʦʚ [135, 136]: 
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ʈʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ 3-ʘʮʠʣ-

6-ʙʨʦʤʭʨʦʤʝʥ-2-ʦʥʘʤ ʚ ʧʦʣʦʞʝʥʠ ̫1,4 [137]: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ Ŭ,Ŭ-ʜʠʙʨʦʤʢʝʪʦʥʦʚ ʠʣʠ 

Ŭ,Ŭ-ʜʠʙʨʦʤʵʬʠʨʦʚ ʠ ʮʠʥʢʘ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʠʢʣʦʧʨʦʧʨʦʧʘʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʤʝʭʘʥʠʟʤʫ. 

ʊʘʢ, ʨʝʘʢʮʠʷ ʙʨʦʤʮʠʥʢʝʥʦʣʷʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 1-ʘʨʠʣ-

2,2-ʜʠʙʨʦʤʘʣʢʘʥʦʥʦʚ, ʩ 3-ʘʮʝʪʠʣ-6-ʙʨʦʤʭʨʦʤʝʥ-2-ʦʥʦʤ ʠ 

3-(3-ʬʝʥʠʣʘʢʨʠʣʦʠʣ)ʭʨʦʤʝʥ-2-ʦʥʦʤ ʚʝʜʝʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʘʤ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠ̫ [138, 139]: 
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ʇʦʜʦʙʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʨʘʟʫʶʪʩʷ ʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-3-ʦʥʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʪʝʨʠʯʝʩʢʠʝ ʧʨʝʧʷʪʩʪʚʠʷ, 

ʩʦʟʜʘʚʘʝʤʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ [139, 140]: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 1,1-ʜʠʙʨʦʤ-

3,3-ʜʠʤʝʪʠʣʙʫʪʘʥʦʥʘ, 1-ʘʨʠʣ-2,2-ʜʠʙʨʦʤʢʝʪʦʥʦʚ, ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

4,4-ʜʠʙʨʦʤ-2,2-ʜʠʤʝʪʠʣ-3-ʦʢʩʦʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

4,4-ʜʠʙʨʦʤ-2,2-ʜʠʵʪʠʣ-3-ʦʢʩʦʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʮʠʥʢʘ, ʩ 

3-(2-ʦʢʩʦ-4a,8a-ʜʠʛʠʜʨʦ-2H-ʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʠʣ)-ʭʨʦʤʝʥ-2-ʦʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʤʦʥʦ- ʠʣʠ ʜʠʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʤʫ ʧʨʦʜʫʢʪʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʨʝʘʢʮʠʠ [141, 142]. ʈʝʘʢʮʠʷ ʮʠʥʢ-ʝʥʦʣʷʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 2,2-ʜʠʙʨʦʤ-

1-ʧʝʨʬʪʦʨʬʝʥʠʣʧʨʦʧʘʥʦʥʘ, ʩ ʪʝʤ ʞʝ ʩʫʙʩʪʨʘʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ 

ʤʦʥʦʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ. ʇʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʥʴʰʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʉ-ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ [141]. ʇʨʦʜʫʢʪ 

ʤʦʥʦʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʩ ʮʠʥʢ-ʝʥʦʣʷʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

2,2-ʜʠʙʨʦʤʠʥʜʘʥʦʥʘ ʠ ʮʠʥʢʘ, ʜʘʝʪ ʧʨʦʜʫʢʪ ʩʤʝʰʘʥʥʦʛʦ 

ʜʠʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [141]: 
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ʇʨʦʠʟʚʦʜʥʳʝ 1H-ʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-3-ʦʥʘ, ʧʦʜʦʙʥʦ ʧʨʦʠʟʚʦʜʥʳʤ 

2-ʦʢʩʦʭʨʦʤʝʥʘ, ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʦʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʫ ʉ=ʉïʉ=ʆ, ʘ 

ʟʥʘʯʠʪ ʩʧʦʩʦʙʥʳ ʢ ʨʝʘʢʮʠʷʤ ʩ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ 1-

ʘʨʠʣ-2,2-ʜʠʙʨʦʤʘʣʢʘʥʦʥʦʚ ʠ ʮʠʥʢʘ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 4-

ʘʨʦʠʣ-1H-ʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-3-ʦʥʦʚ, ʧʦʩʣʝ ʮʠʢʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ [143]: 

 

1.2.3.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʙʦʥʦʚʳʤʠ ʠ 3-ʦʢʩʦ-1,3-

ʜʠʛʠʜʨʦʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-4-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ɹʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʜʠʙʨʦʤʢʝʪʦʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʳʝ ʧʨʦʜʫʢʪʳ [144]: 

 

ʀʟʫʯʝʥʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ 

1-ʘʨʠʣ-2,2-ʜʠʙʨʦʤʘʣʢʘʥʦʥʦʚ ʠ ʮʠʥʢʘ, ʢ ʭʣʦʨʘʥʛʠʜʨʠʜʫ 2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-

3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʎʠʥʢ-ʝʥʦʣʷʪʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʚʦʠʤ 
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ʉ-ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ ʩ ʘʪʦʤʦʤ ʉ
4
 ʩʫʙʩʪʨʘʪʘ, ʘ ʆ-ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ 

ʩ ʘʪʦʤʦʤ ʫʛʣʝʨʦʜʘ ʭʣʦʨʘʥʛʠʜʨʠʜʥʦʡ ʛʨʫʧʧʳ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ [145]: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʣʢʠʣʦʚʳʤʠ ʠ ʘʨʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-

ʢʘʨʙʦʥʦʚʳʭ, 3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʠ 3-ʦʢʩʦ-1,3-

ʜʠʛʠʜʨʦʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-4-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʙʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 1-ʘʨʠʣ-2-ʙʨʦʤ-

ʘʣʢʘʥʦʥʦʚ ʠʣʠ 2-ʙʨʦʤʠʥʜʘʥʦʥʘ ʩ ʤʝʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ ʟʘʤʝʱʝʥʥʳʭ 2-ʦʢʩʦ-

ʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [146, 147]: 

 

ɸʥʘʣʦʛʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʠʟ ʘʣʢʠʣʦʚʳʭ ʵʬʠʨʦʚ Ŭ-ʙʨʦʤʫʢʩʫʩʥʦʡ, Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ, Ŭ-ʙʨʦʤʤʘʩʣʷʥʦʡ, 

Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪ ʠʣʠ 3-ʙʨʦʤʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ-2-ʦʥʘ ʠ ʮʠʥʢʘ, ʩ 

ʘʣʢʠʣʦʚʤʠ ʵʬʠʨʘʤʠ 6,8-ʜʠʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʝʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ 

3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʧʦʣʦʞʝʥʠ ̫1,4 ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ [148-150]: 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʙʨʦʤʮʠʥʢ-ʝʥʦʣʷʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

Ŭ,Ŭ-ʜʠʙʨʦʤʧʠʥʘʢʦʣʠʥʘ ʠʣʠ 1-ʘʨʠʣ-2,2-ʜʠʙʨʦʤʙʫʪʘʥʦʥʦʚ ʠ ʮʠʥʢʘ, ʩ 

ʘʣʢʠʣʦʚʳʤʠ ʠ ʘʨʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪ r

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [145, 151-153]. ʈʝʘʢʪʠʚʳ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ 2,2-ʜʠʙʨʦʤʠʥʜʘʥ-1-ʦʥʘ ʠʣʠ 2,2,-ʜʠʙʨʦʤ-1-ʪʝʪʨʘʣʦʥʘ ʠ 

ʮʠʥʢʘ, ʩ ʘʣʢʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ 

ʜʘʶʪ ʧʦʜʦʙʥʳʝ ʧʨʦʜʫʢʪʳ [154].  

 

ɸʥʘʣʦʛʠʯʥʦ ʘʣʢʠʣʦʚʳʝ ʵʬʠʨʳ 3-ʦʢʩʦ-1,3-ʜʠʛʠʜʨʦʙʝʥʟʦ[c]ʦʢʩʝʧʠʥ-

4-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 1-ʘʨʠʣ-2,2-ʜʠʙʨʦʤʘʣʢʘʥʦʥʦʚ ʠ ʮʠʥʢʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [155]: 
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ʎʠʥʢʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 1-

ʙʨʦʤʮʠʢʣʦʙʫʪʘʥ-, 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥ- ʠ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʠ ʮʠʥʢʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʤʝʪʠʣʦʚʳʤ ʠ ʵʪʠʣʦʚʳʤ ʵʬʠʨʘʤ 2-

ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʜʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʢʠʣ 4-(1-

ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʮʠʢʣʦʘʣʢʠʣ)-2-ʦʢʩʦʭʨʦʤʘʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʳ [156, 157]: 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʈʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 3-ʙʨʦʤʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ-2-ʦʥʘ 

ʠ ʮʠʥʢʘ, ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʦʡʥʦʡ ʫʛʣʝʛʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ N-ʙʝʥʟʠʣʘʤʠʜʘ 3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-

2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʜʘʚʘʷ N-ʙʝʥʟʠʣʘʤʠʜ 3-ʦʢʩʦ-1-(2-ʦʢʩʦʪʝʪʨʘʛʠʜʨʦ-

ʬʫʨʘʥ-3-ʠʣ)-3H-ʙʝʥʟʦ[f]ʭʨʦʤʘʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [150]: 

 

ʈʝʘʢʮʠʷ ʙʨʦʤʮʠʥʢʝʥʦʣʷʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟ Ŭ,Ŭ-ʜʠʙʨʦʤʧʠʥʘʢʦʣʠʥʘ ʠ 

ʮʠʥʢʘ, ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

(4-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʜʦʤ 3-ʦʢʩʦʙʝʥʟʦ[f]ʭʨʦʤʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʘʤ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [158]: 
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ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʜʦʚ 2-ʦʢʩʦʭʨʦʤʝʥ- ʠ 

6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʮʠʥʢʝʥʦʣʷʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʠʟ 1-ʘʨʠʣ-2,2-ʜʠʙʨʦʤʘʣʢʘʥʦʥʦʚ ʠ ʮʠʥʢʘ ʚʳʜʝʣʝʥʳ ʠʟʦʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʮʠʢʣʠʯʝʩʢʠʡ ʠʟʦʤʝʨ ʮʠʩ-ʬʦʨʤʳ [159, 160]: 

 

ɺ ʩʨʝʜʝ ʵʬʠʨ-ʊɻʌ-ɻʄʌʊɸ ʧʨʠ 45-55ÁC ʨʝʘʢʮʠʷ ʘʣʢʠʣʦʚʳʭ ʵʬʠʨʦʚ 

ʜʠʙʨʦʤʤʘʣʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ N-ʬʝʥʠʣʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʘʤ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ (A), ʜʦʙʘʚʣʝʥʠʝ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʪʦʣʫʦʣʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 85-90ÁC ʚʝʜʝʪ ʢ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʷ (B) [161]. ɺ ʩʨʝʜʝ 

ʵʬʠʨ-ʵʪʠʣʘʮʝʪʘʪ-ʊɻʌ-ɻʄʌʊɸ 7:10:2:2,5, ʮʠʥʢʝʥʦʣʷʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ 

ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 2,2-ʜʠʘʣʢʠʣ-4,4-ʜʠʙʨʦʤ-3-ʦʢʩʦʘʣʢʘʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʜʘʚʘʷ 

ʧʨʦʜʫʢʪʳ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ-ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ (B) [161] ʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ (A) [162] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʠ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʮʠʥʢʝʥʦʣʷʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʫ ʉ-ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ ʘʣʢʠʣʴʥʫʶ ʛʨʫʧʧʫ R
1
 

ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʩʨʝʜʝ ʵʬʠʨ-

ʵʪʠʣʘʮʝʪʘʪ ʠʜʝʪ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ (ɸ), ʦʜʥʘʢʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚ ʊɻʌ ʠ ɻʄʌʊɸ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʠ ʤʝʥʷʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ (B) [162]. 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 2,2-ʜʠʙʨʦʤ-1-ʪʝʪʨʘʣʦʥʘ ʩ ʮʠʥʢʦʤ ʠ ʙʝʥʟʠʣʘʤʠʜʦʤ 

2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʧʦʣʫʯʝʥ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʳʡ 

ʧʨʦʜʫʢʪ [154]: 

 

ʄʦʨʬʦʣʠʜ 6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʣʝʛʢʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

4,4-ʜʠʙʨʦʤʜʠʵʪʠʣʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ ʠ ʮʠʥʢʘ, ʜʘʚʘʷ ʧʨʦʜʫʢʪ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [162]. ɸʥʘʣʦʛʠʯʥʦ 6-ʙʨʦʤ-3-(ʧʠʧʝʨʠʜʠʥ-1-ʢʘʨʙʦʥʠʣ)-

2H-ʭʨʦʤʝʥ-2-ʦʥ ʠ ʤʦʨʬʦʣʠʜʳ 6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʠ 

3-ʦʢʩʦʙʝʥʟʦ[f]ʭʨʦʤʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʝʘʢʪʠʚʘʤʠ 
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ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʠʟ 1-ʘʨʠʣ-2,2-ʜʠʙʨʦʤʘʣʢʘʥʦʥʦʚ ʠ ʮʠʥʢʘ, ʠ 

ʦʙʨʘʟʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ [140, 163]: 

 

 
ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [154] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʙʨʦʤʮʠʥʢʝʥʦʣʷʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 2,2-ʜʠʙʨʦʤʠʥʜʘʥ-1-ʦʥʘ ʠ ʮʠʥʢʘ, ʩ 

ʚʪʦʨʠʯʥʳʤʠ ʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʦʜʫʢʪʳ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ: 

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ 

ʵʬʠʨʦʚ Ŭ-ʙʨʦʤʟʘʤʝʱʝʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʩ ʘʤʠʜʘʤʠ 2-ʦʢʩʦʭʨʦʤʝʥ-3-

ʢʘʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʤʝʶʱʠʤʠ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʤʠʜʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ, 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ï ʟʘʤʝʱʝʥʥʳʭ ʧʠʧʝʨʠʜʠʥ 

1,3-ʜʠʦʥʦʚ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʠʤʠ N-ʙʝʥʟʠʣ-, N-(ʧ-ʪʦʣʠʣ)-, 

N-(ʧ-ʘʥʠʟʠʣ)ʘʤʠʜʦʚ 6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʘʣʢʠʣʦʚʳʭ ʵʬʠʨʦʚ Ŭ-

ʙʨʦʤʫʢʩʫʩʥʦʡ, Ŭ-ʙʨʦʤʧʨʦʧʠʦʥʦʚʦʡ, Ŭ-ʙʨʦʤʤʘʩʣʷʥʦʡ, Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ 

ʢʠʩʣʦʪ ʠ ʮʠʥʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʪʠʚʳ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʨʝʛʠʦʩʧʝʮʠʬʠʯʥʦ 

ʘʪʘʢʫʶʪ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʉ
4
 ʩʫʙʩʪʨʘʪʘ, ʦʙʨʘʟʫʷ 
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ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (A). ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ ʵʬʠʨ-ʙʝʥʟʦʣ-

ɻʄʌʊɸ 2:2:1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

N-ʙʝʥʟʠʣʘʤʠʜʦʚ 6-ʙʨʦʤ-4-(1-ʘʣʢʦʢʩʠʢʘʨʙʦʥʠʣʘʣʢʠʣ)-2-ʦʢʩʦʭʨʦʤʝʥ-

3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (B), ʜʦʙʘʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʊɻʌ ʠ ʢʠʧʷʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ ʚʝʜʝʪ ʢ 

ʮʠʢʣʠʟʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʘ (A) ʠ ʜʘʝʪ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ 3-R
1
-1-R

2
-1-R

3
-9-ʙʨʦʤ-

4a,10b-ʜʠʛʠʜʨʦ-1H-ʭʨʦʤʝʥʦ[3,4-c]ʧʠʨʠʜʠʥ-2,4,5-ʪʨʠʦʥʳ (D) [164-166]: 

 

ʈʝʘʢʮʠʷ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ Ŭ-ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ ʩ 

ʙʝʥʟʠʣʘʤʠʜʦʤ 3-ʦʢʩʦ-3H-ʙʝʥʟʦ[f]ʭʨʦʤʝʥ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʪʝʢʘʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʫʢʪʘ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʷ [149]: 

 

ɺ ʩʨʝʜʝ ʙʝʥʟʦʣ ï ʵʪʠʣʘʮʝʪʘʪ ï ɻʄʌʊɸ 20:20:1 ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʝ 

ʨʝʘʛʝʥʪʳ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥ- ʠ 

1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʮʠʥʢʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ 

ʤʦʨʬʦʣʠʜʘʤ ʠ ʧʠʧʝʨʠʜʠʜʘʤ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 
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ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʜʘʶʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʜʫʢʪʳ [156]: 

 

ɺ ʩʨʝʜʝ ʙʝʥʟʦʣ-ʵʪʠʣʘʮʝʪʘʪ-ɻʄʌʊɸ 10:5:1 ʨʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʤʝʪʠʣ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʢʩʠʣʘʪʘ ʠ ʮʠʥʢʘ, ʧʨʠʩʦʝʜʠ-

ʥʝ̫ʪʩʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ N-ʘʨʠʣʘʤʠʜʦʚ 2-ʦʢʩʦʭʨʦʤʝʥ- ʠ 6-ʙʨʦʤ-2-ʦʢʩʦ-

ʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʦʙʨʘʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ 1,4-ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʷ (A) [167]. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 100ÁC (ʪʦʣʫʦʣ-ʵʪʠʣʘʮʝʪʘʪ-

ɻʄʌʊɸ, 10:5:1) ʧʨʠʚʦʜʠʪ ʢ ʮʠʢʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ (B) [167]. 

ʈʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1-ʙʨʦʤʮʠʢʣʦ-

ʧʝʥʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ N-ʘʨʠʣʘʤʠʜʘʤʠ 2-

ʦʢʩʦʭʨʦʤʝʥ- ʠ 6-ʙʨʦʤ-2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʫʞʝ ʚ ʩʨʝʜʝ 

ʙʝʥʟʦʣ-ʵʬʠʨ-ɻʄʌʊɸ, ʜʘʝʪ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʧʨʠʩʦʝʜʠʥʝʥʠʷ (B) [168]: 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ N-ʮʠʢʣʦʛʝʢʩʠʣ- ʠ 

6-ʙʨʦʤ-N-ʮʠʢʣʦʛʝʢʩʠʣ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʢʘʨʙʦʢʩʘʤʠʜʘʤʠ ʧʨʦʪʝʢʘʝʪ ʪʘʢʞʝ 

ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʧʦ ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ 

ʦʙʲʝʤʦʤ ʮʠʢʣʦʛʝʢʩʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ, ʮʠʢʣʠʟʘʮʠʷ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʚ ʩʨʝʜʝ ʙʝʥʟʦʣ-ɻʄʌʊɸ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʨʝʘʢʪʠʚʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʩʦʜʝʨʞʘʰʝʛʦ ʮʠʢʣʦʙʫʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʮʠʢʣʦʙʫʪʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠʭ 

ʧʨʝʧʷʪʩʪʚʠʡ ʮʠʢʣʠʟʘʮʠʠ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ 

(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʤʝʩʠ ʪʦʣʫʦʣ ï ɻʄʌʊɸ 30:1) 

ʮʠʢʣʠʟʘʮʠʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʨʦʪʝʢʘʝʪ ʪʘʢʞʝ ʜʣʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. ɼʣʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ 

ʮʠʢʣʠʟʘʮʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ ʢʩʠʣʦʣ-ɻʄʌʊɸ [169]: 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʮʠʢʣʠʟʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢ ʘʤʠʜʘʤ 2-ʦʢʩʦʭʨʦʤʝʥ-

3-ʢʘʨʙʦʥʚʳʭ ʢʠʩʣʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤʦʤ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ, 

ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʫʩʣʦʚʠʷʤʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ. 
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ɻʣʘʚʘ II. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʠʣʠ ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ ʜʚʦʡʥʫʶ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʀʩʭʦʜʥʳʝ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ 1-ʙʨʦʤʮʠʢʣʦʘʣʢʘʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ Ŭ-

ʙʨʦʤʤʘʩʣʷʥʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [170, 171], ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ ʩ 

ʪʠʦʥʠʣʭʣʦʨʠʜʦʤ, ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 

ʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ ʤʝʪʘʥʦʣʦʤ. ʂʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ ʚʟʷʪʳ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʮʠʢʣʦʛʝʢʩʘʥʦʥʘ 

ʧʫʪʝʤ ʝʛʦ ʭʣʦʨʠʨʦʚʘʥʠʷ [172] ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʌʘʚʦʨʩʢʦʛʦ 

[173]. 

ʈʝʘʢʪʠʚʳ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I -III , ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ in situ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʮʠʥʢʘ ʩ ʤʝʪʠʣ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥ- 

ʠʣʠ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʢʩʠʣʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʪʠʣ 2-ʙʨʦʤ-

2-ʤʝʪʠʣʧʨʦʧʘʥʦʘʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʉʭʝʤʘ 2.1. ʆʙʨʘʟʦʚʘʥʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʈʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʘʢʮʠʡ ʨʘʩʩʤʘʪʠʚʘʝʪʩʷ ʢʘʢ 

ʉ-ʤʝʪʘʣʣʠʨʦʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʢʘʨʙʝʥʠʘʪʥʦʛʦ ʪʠʧʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ 
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ʥʘ ʘʥʘʣʦʛʠʠ ʩʚʦʡʩʪʚ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ɻʨʠʥʴʷʨʘ, ʘ ʪʘʢʞʝ ʥʘ ʜʘʥʥʳʭ 

ʗʄʈ ʩʧʝʢʪʨʦʚ [135, 136, 174-176]. 

ʆʜʥʘʢʦ ʨʷʜ ʩʚʦʡʩʪʚ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʨʝʘʢʪʚʘ ʚ ʝʥʦʣʷʪʥʦʡ 

ʬʦʨʤʝ (ʆ-ʤʝʪʘʣʣʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ): ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʢʘʨʙʦʥʠʣʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 1700 ʩʤ
-1
 ʚ ʀʂ ʩʧʝʢʪʨʝ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʠ ʪ. ʜ. [138-142].  

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʘʣʣ 

ʝʥʦʣʷʪʦʚ ʢʘʢ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʷʪʩʷ ʚ ʚʠʜʝ 

ʆ-ʩʚʷʟʘʥʥʳʭ ʪʘʫʪʦʤʝʨʦʚ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʚʷʟʴ ʢʠʩʣʦʨʦʜ-ʤʝʪʘʣʣ ʠ 

ʜʚʦʡʥʫ  ʁʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫ ʁʩʚʷʟʴ [4, 5, 16, 135, 136, 174-177]. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʨʝʘʢʪʠʚʳ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʉ-ʤʝʪʘʣʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ 

(IV), ʘ ʥʝ ʦʙʨʘʟʫʶʪ ʆ-ʤʝʪʘʣʣʠʨʦʚʘʥʥʳʡ ʪʘʫʪʦʤʝʨ (V). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʙʳʣʘ 

ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ ʨʝʘʢʪʠʚʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ. ʇʦʣʫʯʝʥʥʳʡ ʠʟ ʪʨʝʪ.-ʙʫʪʠʣʙʨʦʤʘʮʝʪʘʪʘ ʚ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ, ʦʥ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʡ ʊɻʌ ʜʠʤʝʨ VI. ʛʜʝ ʉ-

ʩʚʷʟʘʥʥʳʡ ʘʪʦʤ ʮʠʥʢʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʩ ʢʘʨʙʦʥʠʣʦʤ ʢʠʩʣʦʨʦʜʘ ʚʪʦʨʦʡ 

ʤʦʣʝʢʫʣʳ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ (ʨʠʩ. 1). [178-180]. 

 

ʈʠʩʫʥʦʢ 1. ɺʦʟʤʦʞʥʳʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

ʉʚʷʟʴ ʫʛʣʝʨʦʜ-ʤʝʪʘʣʣ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʚ 
1
H ʗʄʈ ʩʧʝʢʪʨʘʭ. ɺ ʩʠʣʴʥʦʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʜʠʤʝʨ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘ ʤʦʥʦʤʝʨʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʚʩʝ ʝʱʝ 

ʠʤʝʶʪ ʫʛʣʝʨʦʜʥʦ-ʮʠʥʢʦʚʫʶ ʩʚʷʟʴ (VII , ʨʠʩ. 1) [178, 179, 181-184].  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʳ 

ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʤʝʪʦʜʦʤ ʄNDO [183], ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 
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ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʜʠʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʜʠʩʩʦʮʠʠʨʫʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʨʙʦʥʠʣʩʦʜʝʨʞʘʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʩʚʦʡʩʪʚ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʨʝʘʢʪʠʚʘ ʚ 

ʝʥʦʣʷʪʥʦʡ ʬʦʨʤʝ (ʆ-ʤʝʪʘʣʣʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, RR-ʆ): ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʚ ʦʙʣʘʩʪʠ 1700 ʩʤ
-1
 ʚ ʀʂ 

ʩʧʝʢʪʨʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ [185-189]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʜʚʫʩʤʳʩʣʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʩʪʫʪʩʪʚʠʷ ʫʛʣʝʨʦʜ-

ʮʠʥʢʦʚʦʡ ʩʚʷʟʠ ʚ ʩʦʩʪʘʚʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʘ 

ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ, ʦʩʦʙʝʥʥʦ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʆ-ʩʚʷʟʘʥʥʳʝ ʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ ʥʘ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʨʦʜ-

ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ɼʴʶʘʨʦʤ ʠ ʄʝʨʮʝʤ [183]. ʄʝʭʘʥʠʟʤ, 

ʧʦʩʪʫʣʠʨʫʝʤʳʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ [183], ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʠʤʝʨʘ 

VII I , ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦʩʷ ʩ ʘʣʴʜʝʛʠʜʦʤ. ʇʦʩʣʝʜʫʶʱʘʷ 

ʜʠʩʩʦʮʠʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʤʦʥʦʤʝʨʥʦʤʫ ʠʥʪʝʨʤʝʜʠʘʪʫ IX. ʕʪʦʪ ʧʦʩʣʝʜʥʠʡ 

ʪʘʫʪʦʤʝʨ, ʩʚʷʟʘʥʥʳʡ ʩ ʉ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʙʨʘʪʠʤʳʡ 1,3-ʩʜʚʠʛ ʢ ʆ-

ʩʚʷʟʘʥʥʦʤʫ ʝʥʦʣʷʪʫ X. 

ɺ ʦʙʦʠʭ ʠʥʪʝʨʤʝʜʠʘʪʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʪʘʣʣʘ ʧʦ 

ʢʘʨʙʦʥʠʣʴʥʦʤʫ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʘʣʴʜʝʛʠʜʘ. ɿʘʪʝʤ ʩʚʷʟʴ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ 

ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʝʟ ʰʝʩʪʠʯʣʝʥʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ XI  ʚ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ 

ʚʢʣʶʯʘʝʪ [3,3]-ʩʠʛʤʘʪʨʦʧʥʳʡ ʩʜʚʠʛ ʠʣʠ ʤʝʪʘʣʣʦ-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʂʣʷʡʟʝʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʘʣʢʦʢʩʠʜ ʮʠʥʢʘ XII, ʢʦʪʦʨʳʡ ʧʨʠ ʚʦʜʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʜʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ɓ-ʛʠʜʨʦʢʩʠʵʬʠʨ XI II  (ʩʭʝʤʘ 2.2). ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʘʢʮʠʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʦʙʩʫʞʜʘʣʠʩʴ ʢʘʢ 

ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʘ, ʪʘʢ ʠ ʢʦʥʬʦʨʤʘʮʠʠ ʪʚʠʩʪ-ʚʘʥʥʳ. ɼʣʷ ʠʤʠʥʦ-ʨʝʘʢʮʠʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʦʩʪʫʣʠʨʦʚʘʣʠʩʴ ʤʦʜʝʣʠ, ʘʥʘʣʦʛʠʯʥʳʝ 14 [190]. 
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ʉʭʝʤʘ 2.2 ʄʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʩʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 

2.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʚʷʟʴ C=N 

ʥʘʨʷʜʫ ʩ ʬʝʥʦʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠʣʠ ʚʪʦʨʦʡ C=N ʩʚʷʟʴʶ 

2.1.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʟʦʤʝʪʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ  

ʛʠʜʨʦʢʩʠʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ 

2.1.1.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʥʘ ʦʩʥʦʚʝ 

ʩʘʣʠʮʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ 

ʀʩʭʦʜʥʳʝ 2-[(ʘʨʠʣʠʤʠʥʦ)ʤʝʪʠʣ]ʬʝʥʦʣʳ 1, 2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [191], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʠ 

5-ʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʘʤʠʥʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʦʤʝʪʠʥʦʚ 1 ʠ 2a-c ʩ ʨʝʘʢʪʠʚʘʤʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  (ʤʝʪʦʜʠʢʠ 1, 2). ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʘʢʪʠʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʘʟʦʤʝʪʠʥʦʚ 1, 

2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Int 1-3. ʇʦʩʣʝʜʥʠʝ ʩʧʦʩʦʙʥʳ 

ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ (ʩʭʝʤʘ 2.3): 

1) ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʯʝʨʝʟ ʠʥʪʝʨʤʝʜʠʘʪʳ Int 4-6 ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʤʝʱʝʥʥʳʭ ʘʟʝʪʠʜʠʥ-2-ʦʥʦʚ, ʘ ʠʤʝʥʥʦ 2-ʘʨʠʣ-3-(5-ʙʨʦʤ-2-
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ʛʠʜʨʦʢʩʠʬʝʥʠʣ)- ʠʣʠ 2-ʘʨʠʣ-3-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-

ʦʥʦʚ 3, 4 ʠʣʠ 2-(4-ʙʨʦʤʬʝʥʠʣ)-3-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-

ʦʥʘ 5; 

2) ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʬʝʥʦʣʷʪʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʯʝʨʝʟ ʠʥʪʝʨʤʝʜʠʘʪʳ 

(Int5, Int6) ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʤʝʱʝʥʥʳʭ ʩʧʠʨʦʭʨʦʤʘʥ-2-ʦʥʦʚ, ʘ 

ʠʤʝʥʥʦ 4-(ʘʨʠʣʘʤʠʥʦ)- ʠʣʠ 4-(ʘʨʠʣʘʤʠʥʦ)-6-ʙʨʦʤʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1'-

ʮʠʢʣʦʘʣʢʘʥ]-2-ʦʥʦʚ 3A-5A [192, 193]: 

 

ʉʭʝʤʘ 2.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʦʛʦ I , II  ʩ ʠʤʠʥʘʤʠ ʩʘʣʠʮʠʣʦʚʳʭ 

ʘʣʴʜʝʛʠʜʦʚ (1, 2) 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʟʘʧʠʩʘʥʳ ʠʭ ʀʂ ʠ ʗʄʈ 
1
H ʩʧʝʢʪʨʳ (ʪʘʙʣʠʮʘ 1). ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ 
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ʧʨʦʜʫʢʪʦʚ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1724-1705 ʩʤ
-1
, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ɓ-ʣʘʢʪʘʤʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʇʦʣʦʩʘ ʞʝ 

ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʭʨʦʤʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ > 1750 ʩʤ
-1
 [192, 193]. 

ɺ ʗʄʈ 
1
H ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʥʛʣʝʪʳ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 

4.98-5.26 ʤ.ʜ. ʠ 7.78-9.84 ʤ.ʜ., ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʦʪʦʥʘʤ ʛʨʫʧʧ ʉʅ ʠ 

ʆʅ ʩʪʨʫʢʪʫʨ 3-5. 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʚʳʨʘʱʝʥ ʢʨʠʩʪʘʣʣ ʩʦʝʜʠʥʝʥʠʷ 4a ʠ ʧʨʦʚʝʜʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ
1
, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʜʠʣʦ ʚʳʚʦʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩ. 2). 

 

  
ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 4a ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% ʚʝʨʦʷʪʥʦʩʪʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

2-ʘʨʠʣ-3-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʳ 3, 4a-c ʠ 2-(4-

ʙʨʦʤʬʝʥʠʣ)-3-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥ 5. ʆʙʨʘʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ 

ʘʪʦʤʘ ʘʟʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʥʦʣʷʪʥʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ. 

ʉ ʮʝʣʴʶ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʥʝʨʛʠʡ 

(ɽ) ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT) 

ʩ ʛʠʙʨʠʜʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ B3LYP ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ TZVP ʥʘ ʧʨʠʤʝʨʝ 

                                         

1 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʠʩʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʜʦʮʝʥʪʦʤ 

ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʢ.ʭ.ʥ. ɼʤʠʪʨʠʝʚʳʤ ʄ.ɺ. 
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ʤʦʜʝʣʴʥʦʛʦ ʧ-ʪʦʣʠʣʠʤʠʥʘ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ
2
. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʧʠʨʦ-ɓ-ʣʘʢʪʘʤʦʚ 3-5, ʚʝʨʦʷʪʥʦ, ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ 2.4: 

 

ʉʭʝʤʘ 2.4. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʩ ʤʦʜʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʦʛʣʘʩʥʦ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 

ʈʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʨʝʘʛʠʨʫʝʪ ʩ ʧ-ʪʦʣʠʣʠʤʠʥʦʤ ʩʘʣʠʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʠʜʘ ʢʘʢ ʩ ʩʦʝʜʠʥʝʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ çʘʢʪʠʚʥʳʡè ʚʦʜʦʨʦʜ, ʜʘʚʘʷ 

ʆ-ʮʠʥʢʧʨʦʠʟʚʦʜʥʦʝ. ɽʩʣʠ ʚ ʠʩʭʦʜʥʦʤ ʠʤʠʥʝ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʳ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʪʠʧʘ ïʆïʅĿĿĿN=, ʪʦ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘ ʦʩʪʘʪʦʢ 

                                         

2 ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʥʘ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʝ ʇɻʋ-ʂʝʧʣʝʨ ʎʝʥʪʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʇɻʅʀʋ. ʧʨʦʬʝʩʩʦʨʦʤ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʜ.ʭ.ʥ. ʐʫʨʦʚʳʤ ʉ.ʅ.  
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ZnBr ʜʝʣʘʝʪ ʧʦʜʦʙʥʳʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʠʟʦʤʝʨ ʀ1 ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤ (ʥʘ 

13.1 ʢɼʞ/ʤʦʣʴ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʤʝʨʦʤ ʀ1ɸ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʠ 

ʘʟʦʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʫʜʘʣʝʥʳ. ʀʥʪʝʨʤʝʜʠʘʪ ʀ1ɸ ʟʘʪʝʤ ʧʨʠʩʦʝʜʠʥʷʝʪ 

ʨʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I. ɺ ʭʦʜʝ ʩʙʣʠʞʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ 

ʛʨʫʧʧʳ ZnBr ʦʪ ʢʠʩʣʦʨʦʜʘ ʢ ʘʪʦʤʫ ʘʟʦʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʩʙʣʠʞʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʀ2 ʠ ʀ2ɸ. ɺ ʧʝʨʚʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʘʪʦʤʘ ʮʠʥʢʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʟʦʪʦʤ, ʠ ʢʠʩʣʦʨʦʜʦʤ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ. ɺ ʠʥʪʝʨʤʝʜʠʘʪʝ 

ʀ2ɸ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʩ ʘʪʦʤʦʤ ʮʠʥʢʘ 

ʬʨʘʛʤʝʥʪʘ BrZnO. ʌʦʨʤʘʣʴʥʦ ʵʥʝʨʛʠʷ ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ2 ʥʘ 3.7 ʢɼʞ/ʤʦʣʴ 

ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʠʥʪʨʝʤʝʜʠʘʪʘ ʀ2ɸ ʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. ɺʦʟʤʦʞʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʛʜʝ 

ʠʤʝʶʪ ʤʝʩʪʦ ʩʦʣʴʚʘʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʨʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʷʭ ʵʪʠʭ ʯʘʩʪʠʮ 

ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ɼʘʣʝʝ ʠʥʪʝʨʤʝʜʠʘʪ ʀ2 ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʪʝʨʤʝʜʠʘʪ 

ʀ3 ʟʘ ʩʯʝʪ ʘʪʘʢʠ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʡ 

ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ. ɻʠʜʨʦʣʠʟ ʧʦʩʣʝʜʥʝʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʝʪ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʨʘʟʥʠʮʘ ʚ ʧʦʣʥʳʭ 

ʵʥʝʨʛʠʷʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʀ3 ʠ ʀ3ɸ ʩʦʩʪʘʚʣʷʝʪ 5.3 ʢɼʞ/ʤʦʣʴ, ʘ ʩʧʠʨʦ-ɓ-

ʣʘʢʪʘʤʘ ʠ ʭʨʦʤʝʥʘ - 4.7 ʢɼʞ/ʤʦʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʠʥʪʝʨʤʝʜʠʘʪʳ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ ʧʫʪʠ ɹ, ʣʝʞʘʪ 

ʚʳʰʝ ʧʦ ʰʢʘʣʝ ʵʥʝʨʛʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʡ ʧʫʪʴ ɹ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʀ2ɸ Ÿ ʀ3ɸ Ÿ ʭʨʦʤʘʥʦʥ 3A ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ. 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ
3
 ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 4ʩ, 5 ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ, 

ʧʨʝʚʳʰʘʶʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ï ʤʝʪʘʤʠʟʦʣʘ ʥʘʪʨʠʷ 

(ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣʠʮʘ 16). 

                                         

3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʢ. ʬʘʨʤ. ʥʘʫʢ, ʜʦʮʝʥʪʦʤ, 

ʟʘʚʝʜʫʶʱʠʤ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʇɻʅʀʋ ʄʘʭʤʫʜʦʚʳʤ ʈ.ʈ. 
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ʊʘʙʣʠʮʘ 1 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 2-ʘʨʠʣ-3-

ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (2, 3) ʠ 2-(4-ʙʨʦʤʬʝʥʠʣ)-3-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.4]ʥʦʥʘʥ-1-ʦʥʘ (5) 

 

ˉ n X Ar 
ɺʳʭʦʜ, 

% 
ʊ. ʧʣ., Áʉ 

ʅʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ
-1
 

ʉ ʅ N ʉ ʅ N OH CO 

3 

2 

H 4-BrC6H4 55 223-224 62.01 5.32 3.57 C20H20BrNO2 62.19 5.22 3.63 3391 1720 

4a 

Br 

 

Ph 57 218-219 62.33 5.39 3.51 C20H20BrNO2 62.19 5.22 3.63 3166 1705 

4b 4-MeC6H4 61 216-217 63.15 5.63 3.41 C21H22BrNO2 63.01 5.54 3.50 3181 1710 

4c 4-BrC6H4 58 224-225 51. 41 4.03 3.12 C20H19Br2NO2 51. 64 4.12 3.01 3224 1713 

5 1 4-BrC6H4 63 225-226 61. 20 4.98 3.85 C19H18BrNO2 61. 30 4.87 3.76 3360 1724 
 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

ʮʠʢʣʦʘʣʢʠʣ 3H, CH3 1ʅ, CH 1H, ʆH NïAr CHïAr 

3 1.17-2.01 ʤ [10H, (CH2)5] ï 5.11 ʩ 9.19 ʩ 7.17 ʜ, 7.32 ʜ (J 9.0 ɻʮ, 4H, 4-BrC6H4) 6.71 ʪ, 6.90 ʜ, 7.09 ʪ (J 7.5 ɻʮ, 4H, 2-OHC6H3) 

4a 1.18-2.02 ʤ [10H, (CH2)5] ï 5.16 ʩ 7.78 ʩ 6.85-7.33 ʤ (7H, Ar) 

4b
4
 1.12-2.02 ʤ [10H, (CH2)5] 2.29 c 4.98 ʩ 9.84 ʩ 7.06 ʜ, 7.10 ʜ (J 8.0 ɻʮ, 4H, 4-MeC6H4) 6.84 ʜ, 6.92 ʩ, 7.17 ʜ (3H, 5-Br-2-HOC6H3 J 8.4 ɻʮ) 

4c 1.10-2.30 ʤ [10H, (CH2)5] ï 5.07 ʩ 7.10 ʩ 7.17 ʜ, 7.38 ʜ (4ʅ, 4-BrC6H4, J 8.7 ɻʮ) 6.29 ʩ, 6.78 ʜ, 7.27 ʜ (3ʅ, 5-Br-2-HOC6H3, J 8.7 ɻʮ) 

5
5
 1.08-2.21 ʤ [8H, (CH2)4] ï 5.26 ʩ 9.75 ʩ 7.17 ʜ, 7.49 ʜ (4ʅ, 4-BrC6H4, J 8.8 ɻʮ) 6.74 ʪ, 6.82 ʜ, 6.90 ʜ, 7.13 ʪ (4ʅ, 2-HOC6H4, J 8.0 ɻʮ) 

                                         

4ʗʄʈ ʩʧʝʢʪʨ ʟʘʧʠʩʘʥ ʚ ɼʄʉʆ-d6 

5 ʗʄʈ ʩʧʝʢʪʨ ʟʘʧʠʩʘʥ ʚ ɼʄʉʆ-d6 
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2.1.1.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʥʘ ʦʩʥʦʚʝ 3- ʠ 4-

ʛʠʜʨʦʢʩʙʝʥʟʦʡʥʳʭ ʘʣʴʜʝʛʠʜʦʚ 

ʀʩʭʦʜʥʳʝ 4- ʠ 3-[(ʘʨʠʣʠʤʠʥʦ)ʤʝʪʠʣ]ʬʝʥʦʣ r 6, 7 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [191], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4- ʠ 3-ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʳʭ 

ʘʣʴʜʝʛʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  ʩ ʘʟʦʤʝʪʠʥʘʤʠ 

6a,b ʠ 7b,d ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʦ ʧʨʦʪʝʢʘʝʪ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʚ 

ʨʘʟʜʝʣʝ 2.1.1.1 ʜʣʷ ʘʟʦʤʝʪʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʩʘʣʠʮʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ, ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 2-ʘʨʠʣ-3-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʳ 8a,b, 2-ʘʨʠʣ-3-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʳ 9a-c ʠ 2-ʘʨʠʣ-3-(3-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥr 10b,d (ʤʝʪʦʜʠʢʠ 3, 4, 5) (ʩʭʝʤʘ 2.5). 

 

ʉʭʝʤʘ 2.5. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʘʟʦʤʝʪʠʥʘʤʠ 6a-c, 7b,d 

ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 8, 9 ʠ 10 ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ ʠ ʗʄʈ 
1
H 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣʠʮʘ 2). ɺ ʀʂ ʩʧʝʢʪʨʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʣʦʩʳ 
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ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʘʟʝʪʠʜʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʦʙʣʘʩʪʠ ʦʪ 1724-

1699 ʩʤ
-1
 ʠ ʩʚʷʟʠ ʆʅ ʧʨʠ 3278 ʠ 3329 ʜʣʷ 10d ʠ 10b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
H ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʮʠʢʣʦʘʣʢʘʥʦʚʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 1.00 2.09 ʤ.ʜ., ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʧʨʦʪʦʥʘʤ ʜʣʷ ʩʦʝʜʠʝʥʠʡ 8, 10 ʠ ʚ ʦʙʣʘʩʪʠ 1.17ï2.31 ʩ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 8 ʧʨʦʪʦʥʘʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

9. ʊʘʢʞʝ ʪʘʤ ʠʤʝʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ 

ʦʙʣʘʩʪʠ 6.51 7.36 ʤ.ʜ., ʘ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʠʥʛʣʝʪʳ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 4.60ï4.76 ʤ.ʜ. ʠ ʰʠʨʦʢʠʝ ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ 4.90ï5.69 ʤ.ʜ. 
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ʊʘʙʣʠʮʘ 2 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

2-ʘʨʠʣ-3-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (8), 2-ʘʨʠʣ-3-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ (9)  

ʠ 2-ʘʨʠʣ-3-(3-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (10) 

ˉ n Ar Ar
1
 

ɺʳʭʦʜ, 

% 

ʊ. ʧʣ.,  

Áʉ 

ʅʘʡʜʝʥʦ, % ɹʨʫʪʪʦ-

ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ
-1
 

ʉ ʅ N ʉ ʅ N OH CO 

8a 
2 

4-HOC6H4 

4-BrC6H4 59 231-232 62.31 5.29 3.54 C20H20BrNO2 62.19 5.22 3.63 3402 1724 

8b 4-MeOC6H4 89 167-168 74.84 6.94 4.03 C21H23NO3 74.75 6.87 4.15 3368 1715 

9ʘ 

1 

4-BrC6H4 89 183-184 61.41 4.93 3.65 C19H18BrNO2 61.30 4.87 3.76 3467 1721 

9b 4-MeOC6H4 68 223-224 74.30 6.64 4.25 C20H21NO3 74.28 6.55 4.33 3272 1699 

9c Ph 68 201-202 77.88 6.61 4.66 C19H19NO2 77.79 6.53 4.77 3305 1711 

10b 
2 3-HOC6H4 

3-MeOC6H4 54 139-141 74.84 6.95 4.04 C21H23NO3 74.75 6.87 4.15 3329 1717 

10d 3-ClC6H4 50 175-176 69.73 5.60 4.20 C19H18ClNO2 69.62 5.53 4.27 3278 1717 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

ʮʠʢʣʦʘʣʢʠʣ 
3ʅ, 

ʄʝʆ 

1ʅ, 

CH 

1H, ʆH, 

ʫʰʠʨ. ʩʠʛʥ. 

4ʅ, 4-HOC6H4, 

J 8.7 ɻʮ 
Ar 

8a 0.94-2.06 ʤ [10H, (CH2)5] ï 4.68 ʩ 4.98  6.77 ʜ, 7.10 ʜ 7.15 ʜ, 7.33 ʜ (4ʅ, 4-BrC6H4, J 8.4 ɻʮ) 

8b 1.17-2.26 ʤ [10H, (CH2)5] 3.73 ʩ 4.68 ʩ 5.33  6.77 ʜ, 7.11 ʜ 6.81 ʜ, 7.22 ʜ (4ʅ, 4-ʄʝʆC6H4, J 8.4 ɻʮ) 

9ʘ 1.18-2.27 ʤ [8H, (CH2)4] ï 4.78 ʩ 5.48 6.82 ʜ, 7.16 ʜ 7.04 ʜ, 7.33 ʜ (4ʅ, 4-BrC6H4, J 8.4 ɻʮ) 

9b 1.17-2.26 ʤ [8H, (CH2)4] 3.74 ʩ 4.77 ʩ 5.31 6.77 ʜ, 7.08 ʜ 6.81 ʜ, 7.23 ʜ (4ʅ, 4-ʄʝʆC6H4, J 8.4 ɻʮ) 

9c 1.18-2.31 ʤ [8H, (CH2)4] ï 4.80 ʩ 5.17 6.81 ʜ, 7.07 ʜ 7.01 ʪ, 7.22 ʪ, 7.28 ʜ (5ʅ, Ph, J 7.8 ɻʮ) 

10b
6
 1.00 2.00 ʤ [10H, (CH2)5] 3.64 ʩ 4.60 ʩ 4.90 ï 

6.51 ʜ.ʜ (2H, J 8,0 ɻʮ, 2,4 ɻʮ), 6.62 6.66 ʤ (2H), 6.72 ʜ.ʜ (1H, J 8,0 ɻʮ, 2,4 

ɻʮ), 6.77 ʜ (1H, J 8,0 ɻʮ), 6.95 ʪ (1H, J 2,4 ɻʮ), 7.24 ʪ (1H, J 8,0 ɻʮ), 7.15 ʪ 

(1H, J 8,0 ɻʮ) (3-HOC6H4, 3-ClC6H4). 

10d
7
 1.06 2.09 ʤ [10H, (CH2)5] ï 4.68 ʩ 5.69 ï 

6.72 ʪ (1H, J 1,6 ɻʮ), 6.82 ʜ.ʜ (2H, J 7,6 ɻʮ, 1,6 ɻʮ), 7.00 ʜ.ʪ (1H, J 8,0 ɻʮ, 2,0 

ɻʮ), 7.08 ʜ.ʪ (1H, J 8,0 ɻʮ, 2,0 ɻʮ), 7.13 ʪ (1H, J 7,6 ɻʮ), 7.24 ʪ (1H, J 7,6 ɻʮ), 

7.36 ʪ (1H, J 2,0 ɻʮ) (3-HOC6H4, 3-ClC6H4). 

                                         

6
 ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ, ŭ, ʤ.ʜ.: 22.1, 23.4, 25.1, 27.4, 33,5 (CH2

ʮʠʢʣʦʧʝʥʪʘʥ
); 60.6 (ʩʧʠʨʦʘʪʦʤ); 66.6 (ʉʅ); 113.8, 115.2, 115.6, 117.5, 119.5, 123.8, 

130.0, 130.1, 134.8, 136.5, 138.8, 156.3 (C
Ar
); 171.8 (ʉʆ). 

7
 ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ, ŭ, ʤ.ʜ.: 22.3, 23.6, 25.4, 27.7, 33,7 (CH2

ʮʠʢʣʦʧʝʥʪʘʥ
); 55.4 (CH3O), 59.9 (ʩʧʠʨʦʘʪʦʤ); 66.7 (ʉʅ); 103.3, 109.6, 110.0, 114.0, 

115.5, 119.8, 129. 9, 130.0, 137.3, 139.1, 156.2, 160.4 (C
Ar
); 171.8 (ʉʆ). 
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2.1.1.3 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʥʘ ʦʩʥʦʚʝ  

ʦ- ʠ ʧ-ʘʤʠʥʦʬʝʥʦʣʦʚ 

ʀʩʭʦʜʥʳʝ 2- ʠ 4-[(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)ʘʤʠʥʦ]ʬʝʥʦʣ r11, 12 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [191], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʦ- ʠ ʧ-ʘʤʠʥʦʬʝʥʦʣʦʚ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʘʢʪʠʚ r ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʘʟʦʪʥʦʡ ʩʚʷʟʠ 2- ʠ 4- [(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)-

ʘʤʠʥʦ]ʬʝʥʦʣʦʚ 11a-f, 12a-d ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ 

ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ 

ʮʠʢʣʠʟʫʶʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʙʨʦʤʮʠʥʢʤʝʪʠʣʘʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʘʶʱʠʭ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʩʧʠʨʦʘʟʝʪʠʜʠʥʦʥʳ ʩ 

2- ʠ 4-ʛʠʜʨʦʢʩʠʬʝʥʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʘ ʠʤʝʥʥʦ 3-ʘʨʠʣ-2-(2-ʛʠʜʨʦ-

ʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʳ 13a-f, 3-ʘʨʠʣ-2-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥr 15a-d ʠ 3-ʘʨʠʣ-2-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-

ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥr 14a,b (ʩʭʝʤʘ 2.6, ʤʝʪʦʜʠʢʘ 6, 7) [194]: 

 

ʉʭʝʤʘ 2.6. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  ʩ ʘʟʦʤʝʪʠʥʘʤʠ 11, 12 
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ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʜʫʢʪʦʚ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ 

ʀʂ ʠ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣʠʮʘ 3). ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1711ï1698 ʩʤ
-1
, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʘʨʙʦʥʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʘʟʝʪʠʜʠʥʦʥʦʚʳʭ ʮʠʢʣʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʦʙʣʘʩʪʠ 3394ï3155 ʩʤ
-1
, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦ-ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ. 

ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʘʤʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʛʨʫʧʧ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʦʡ ʜʣʷ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʭ ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʩʦʝʜʠʥʝʥʠʡ (3ï5, 8ï10) ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ ʬʝʥʦʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʛʣʝʪʳ ʧʨʦʪʦʥʦʚ ʘʟʝʪʠʜʠʦʥʦʚʳʭ ʮʠʢʣʦʚ ʚ ʦʙʣʘʩʪʠ 

4.99ï4.66 ʤ.ʜ. ʧʨʦʪʦʥʦʚ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 2-ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʦʙʣʘʩʪʠ 9.87ï10.08 ʤ.ʜ., ʠ ʰʠʨʦʢʠʝ ʩʠʥʛʣʝʪʳ ʚ ʦʙʣʘʩʪʠ 5.25-5.76 

ʤ.ʜ., ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʨʦʪʦʥʘʤ ʛʨʫʧʧ ʆʅ 4-ʛʠʜʨʦʢʩʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 

13ʘ, 14a ʠ 15a, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʰʠ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 3-5). ɻʠʜʨʦʢʩʠʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 

ʩʦʝʜʠʥʝʥʠʠ 13ʘ ʨʘʟʚʝʨʥʫʪ ʧʦʜ ʫʛʣʦʤ 8.9Á ʢ ʘʟʝʪʠʜʠʥʦʥʦʚʦʤʫ ʮʠʢʣʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʯʥʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (ɺɺʉ). 

 

 
ʈʠʩʫʥʦʢ 3. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 13a ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% 

ʚʝʨʦʷʪʥʦʩʪʠ. 
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ɸʥʘʣʦʛʠʯʥʦ ʈʉɸ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ɓ-ʣʘʢʪʘʤʥʦʛʦ ʮʠʢʣʘ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ, ʩʦʝʜʠʥʝʥʠʷ 

14ʘ (ʨʠʩ. 4). 

 

 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 14a ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% 

ʚʝʨʦʷʪʥʦʩʪʠ.  

ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʩʦʝʜʠʥʝʥʠʠ 15ʘ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʝʡ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɺɺʉ ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ. ʇʨʠ ʵʪʦʤ ʚ ʢʨʠʩʪʘʣʣʝ ʚʦʟʥʠʢʘʶʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʩ ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ. 

 

 
ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 15a ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% 

ʚʝʨʦʷʪʥʦʩʪʠ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 13a, 14b ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥb ʧʨʦʷʚʣʷʪʁ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʵʪʘʣʦʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 

ʘʥʘʣʴʛʠʥʘ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣʠʮʘ 16). 
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ʊʘʙʣʠʮʘ 3 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

3-ʘʨʠʣ-2-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (13), 

3-ʘʨʠʣ-2-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ (14) ʠ  

3-ʘʨʠʣ-2-(4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (15) 

 

ˉ n Ar
1
 Ar 

ɺʳʭʦʜ, % ʊ. ʧʣ., Áʉ ʅʘʡʜʝʥʦ, % ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ
-1
 

ʉ ʅ N ʉ ʅ N OH CO 

13a 

2 

 

 2-HOC6H4 

Ph 79 167-168  78.02 6.95 4.64 C20H21NO2. 78.15 6.89 4.56 3391 1699 

13b 4-FC6H4 64 127-128 73.95 6.32 4.21 C20H20FNO2 73.83 6.20 4.30 3381 1698 

13c 3-ClC6H4 79 149-150 70.43 5.78 4.05 C20H20ClNO2 70.27 5.90 4.10 3195 1705 

13d 3-BrC6H4 74 168-170 62.28 5.28 3.70 C20H20BrNO2 62.19 5.22 3.63 3155 1707 

13e 4-Me2NC6H4 59 131-132 75.52 7.41 8.06 C22H26N2O2 75.40 7.48 7.99 3379 1710 

13f 3,4-(OCH2O)C6H3 80 171-172 71.63 5.94 4.07 C21H21NO4 71.78 6.02 3.99 3383 1698 

14a 
1 

Ph 81 174-175 77.86 6.63 4.71 C19H19NO2 77.79 6.53 4.77 3383 1698 

14b 4-MeOC6H4 75 117-118 74.12 6.47 4.45 C20H21NO3 74.28 6.55 4.33 3388 1698 

15a 

2 4-HOC6H4 

4-FC6H4 65 214-215 73.67 6.29 4.41 C20H20FNO2 73.83 6.20 4.30 3312 1707 

15b 3-ClC6H4 70 173-174 70.41 5.77 3.98 C20H20ClNO2 70.27 5.90 4.10 3333 1711 

15c 4-BrC6H4 54 174-175 62.05 5.11 3.56 C20H20BrNO2 62.19 5.22 3.63 3394 1711 

15d 3,4-(MeO)2C6H3 55 171-172 71.78 6.77 3.78 C22H25NO4 71.91 6.86 3.81 3182 1699 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 
 

ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ. (ʉDCl3) 

ʮʠʢʣʦʘʣʢʠʣ 
1ʅ, 

CH 
1H, ʆH Ar Ar

1
 

Me, MeO, OCH2O ʚ 

Ar 

13a 1.10-2.12 ʤ [10H, (CH2)5] 4.86 ʩ 9.98 ʩ 6.43-7.38 ʤ (9H, Ar) ï 

13b 1.08-2.12 ʤ [10H, (CH2)5] 4.85 ʩ 9.92 ʩ 7.00ï7.02 ʤ (2H, 2-HOC6H4) 

7.05 ʪ (J 8.4 ɻʮ), 7.23 ʜ.ʜ (J 

8.4 ɻʮ, 5.2 ɻʮ) (4H, 4-

FC6H4) 

ï 

13c 1.14-2.14 ʤ [10H, (CH2)5] 4.80 ʩ 9.88 ʩ 

6.41 ʜ (1H, 2-HOC6H4, J 8.8 ɻʮ), 6.61-6.66 ʤ (1H, Ar), 7.00-7.03 ʤ 

(2H, Ar), 7.11 ʜ (1H, Ar, J 6.8 ɻʮ), 7.24-7.27 ʤ (1H, Ar), 7.30ï7.33 

ʤ (2H, Ar) 

ï 

13d 1.14-2.12 ʤ [10H, (CH2)5] 4.79 ʩ 9.87 ʩ 
6.41 ʜ (1H, J 8.4 ɻʮ), 6.60ï6.66 ʤ 

(1H), 6.99ï7.05 ʤ (2H), (2-HOC6H4) 

7.15 ʜ, 7.22 ʪ, 7.40 ʩ, 7.46 ʜ 

(4H, J 7.6 ɻʮ, 3-BrC6H4) 
ï 

13e 1.08-2.08 ʤ [10H, (CH2)5] 4.78 ʩ 10.08 ʩ 
6.49 ʜ (1H, J 8.4 ɻʮ), 6.57ï6.64 ʤ 

(1H), 6.97ï7.01 ʤ (2H), (2-HOC6H4) 

6.70 ʜ, 7.10 ʜ (4H, J 8.8 ɻʮ,  

4-Me2NC6H4) 
2.95 ʩ (6H, Me2N) 

13f 1.13-2.09 ʤ [10H, (CH2)5] 4.76 ʩ 9.94 ʩ 
6.62ï6.66 ʤ (1H), 6.73 ʜ.ʜ (1H, J 8.0, 

1.6 ɻʮ), 6.98-7.03 ʤ (2H), (2-HOC6H4) 

6.47 ʜ, 6.70 ʩ, 6.72 ʜ (3H, J 

8.0 ɻʮ, 3,4-(ʆʉʅ2OC6H3) 

5.95 ʜ.ʜ (2H, ʆʉʅ2O, 

J 5.6, 1.6 ɻʮ) 

14a 1.20-2.31 ʤ [8H, (CH2)4] 4.99 ʩ 10.02 ʩ 

6.47 ʜ.ʪ (1H, J 8.0 ɻʮ, 1.2 ɻʮ) 6.48ï

6.65 ʤ (1H) 6.99ï7.02 ʤ (2H)  

(2-HOC6H4) 

7.19ï7.22 ʤ (2H), 7.31ï7.39 

ʤ (3H), (Ph) 
ï 

14b 1.24-2.28 ʤ [8H, (CH2)4] 4.93 ʩ 10.02 ʩ 
6.47 ʜ, 6.58ï6.65 ʤ, 6.98ï7.02 ʤ 

(4H, 2-HOC6H4, J 8.0 ɻʮ) 

6.89 ʜ, 7.12 ʜ (4H, J 8.8 ɻʮ,  

4-MeOC6H4) 
3.79 ʩ (3ʅ, ʆʄʝ) 

15a 1.00-2.09 ʤ [10H, (CH2)5] 4.70 ʩ 
5.66 ʰʠʨ. 

ʩʠʛʥ. 

6.73 ʜ, 7.16 ʜ (4H, J 8.8 ɻʮ, 

4-HOC6H4) 

7.04 ʪ (J 8.4 ɻʮ), 7.22 ʜʜ (J 8.4 

ɻʮ, J 5.2 ɻʮ) (4H, 4-FC6H4) 
ï 

15b 1.00-2.10 ʤ [10H, (CH2)5] 4.68 ʩ 
5.25 ʰʠʨ. 

ʩʠʛʥ. 

6.76 ʜ, 7.14 ʜ (4H, J 8.8 ɻʮ, 

4-HOC6H4) 

7.14 ʜ, 7.26 ʜ, 7.27 ʪ, 7.29 ʩ 

(4H, J 8.8 ɻʮ, 3-ClC6H4) 
ï 

15c 0.98-2.09 ʤ [10H, (CH2)5] 4.68 ʩ 
5.66 ʰʠʨ. 

ʩʠʛʥ. 

6.75 ʜ, 7.13 ʜ (4H, J 9.2 ɻʮ,  

4-HOC6H4) 

7.12 ʜ, 7.48 ʜ (4H, J 8.4 ɻʮ, 

4-BrC6H4) 
ï 

15d 1.00-2.05 ʤ [10H, (CH2)5] 4.66 ʩ 
5.76 h ʠʨ. 

ʩʠʛʥ. 

6.73 ʜ, 7.16 ʜ (4H, J 8.8 ɻʮ,  

4-HOC6H4) 

6.72 ʩ, 6.81 ʜ, 6.84 ʜ (3H, J 

8.4 ɻʮ, 3,4-(ʄʝʆ)2C6H3) 

3.77 ʩ (3ʅ, ʄʝʆ), 

3.85 ʩ (3ʅ, ʄʝʆ) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3 

 

ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (ʉDCl3) 

C
ʮʠʢʣʦʛʝʢʩʘʥ

 ʉʅ C
Ar

 ʉʆ 
Me, MeO, 

OCH2O ʚ Ar 

13a 22.2, 23.5, 25.3, 27.8, 33.7, 56.7 66.6 118.1, 119.1, 119.6, 125.6, 126.5, 127.3, 128.6, 128.9, 134.3, 148.1 173.0 ï 

13b 22.2, 23.4, 25.2, 27.8, 33.5, 56.8 65.8 
115.8, 116.1, 118.0, 119.2, 119.7, 125.3, 126.6, 128.9, 129.0, 130.0 (2 

ʩʠʛʥʘʣʘ), 148.1, 161.6, 164.1 
172.8 ï 

13c 22.3, 23.4, 25.2, 27.9, 33.7, 57.0 65.9 117.9, 119.3, 119.8, 125.3, 126.7, 127.4, 130.2, 135.0, 136.6, 148.1 172.7 ï 

13d 22.3, 23.4, 25.2, 27.9, 57.0 65.8 
117.9, 119.3, 119.8, 123.1, 125.3, 125.8, 126.8, 130.3, 130.5, 131.9, 136.9, 

148.1 
172.7 ï 

13e 22.2, 23.4, 25.3, 27.7, 33.5, 56.6 66.5 112.6, 118.4, 118.9, 119.6, 125.7, 126.3, 128.2, 148.1, 150.4 173.3 40.6 (Me) 

13f 22.3, 23.4, 25.3, 27.6, 33.6, 56.8 66.4 
107.5, 108.6, 118.1, 119.1, 119.6, 120.9, 125.5, 126.5, 128.0, 148.0, 148.1, 

148.3 
173.0 

101.5 

(OCH2O) 

14a 25.1, 25.5, 28.9, 34.8, 63.0 67.3 118.2, 119.0, 119.6, 125.5, 126.5, 126.8, 128.6, 129.1, 135.1, 148.0 173.2  

14b 25.3, 25.6, 29.0, 34.9, 63.0 67.1 114.6, 118.3, 119.0, 119.6 125.5, 126.4, 126.9, 128.1, 148.1, 159.9 173.3 55.4 (MeO) 

15a 22.3, 23.6, 25.4, 27.7, 33.6, 59.9 66.1 
115.7, 115.9, 116.0, 118.8, 128.9, 129.0, 131.3, 131.4, 131.6, 152.1, 161.5, 

163.9 
170.9  

15b 22.3, 23.6, 25.3, 27.7, 33.5, 60.0 66.2 116.1, 118.8, 125.5, 127.4, 128.5, 130.0, 130.9, 134.8, 137.8, 152.7 171.1  

15c 22.3, 23.6, 25.3, 27.7, 33.5, 59.9 66.2 116.1, 118.8, 122.2, 129.0, 131.0, 131.9, 134.6, 152.6 171.1  

15d 22.3, 23.6, 25.3, 27.5, 33.5, 59.7 66.7 110.6, 111.5, 115.9, 118.9, 120.1, 127.9, 131.1, 149.1, 149.2, 152.7 171.5 
56.0, 56.2 

(2 MeO) 
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2.1.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʟʠʥʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 

ʀʩʭʦʜʥʳʝ ʘʟʠʥʳ (1,2-ʙʠʩ(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)ʛʠʜʨʘʟʠʥʳ) 16 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [191], ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʣʴʜʝʛʠʜʦʚ ʩ ʛʠʜʨʘʟʠʥʦʤ.  

1,2-ɹʠʩ(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)ʛʠʜʨʘʟʠʥʳ ʩʦʜʝʨʞʘʪ ʜʚʝ ʘʟʦʪ-ʫʛʣʝʨʦʜʥʳʝ 

ʜʚʦʡʥʳʝ ʩʚʷʟʠ ʠ ʤʦʛʫʪ ʧʨʠʩʦʝʜʠʥʷʪʴ ʜʚʝ ʤʦʣʝʢʫʣʳ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʦʙʨʘʟʫʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʤʝʜʠʘʪʳ Int 19, Int 20. ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ 

ʮʠʢʣʠʟʦʚʘʪʴʩʷ ʜʚʫʤʷ ʧʫʪʷʤʠ: ɸ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʩ-ʘʟʝʪʠʜʠʥʦʥʦʚ ï 

3,3'-ʜʠʘʨʠʣ-2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.4]ʦʢʪʘʥ]-1,1'-ʜʠʦʥʦʚ 17 ʠʣʠ 3,3'-ʜʠʘʨʠʣ-

2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.5]ʥʦʥʘʥ]-1,1'-ʜʠʦʥʦʚ 18; ɹ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʷʪʠʯʣʝʥʥʳʭ ʩʧʠʨʦʛʝʪʝʨʦʮʠʢʣʦʚ ï 3',7'-ʜʠʬʝʥʠʣ-1'H,3'H,5'H,7'H-ʜʠʩʧʠʨʦ-

[ʮʠʢʣʦʘʣʢʘʥ-1,2'-ʧʠʨʘʟʦʣʦ[1,2-ʘ]ʧʠʨʘʟʦʣ-6',1''-ʮʠʢʣʦʘʣʢʘʥ]-1',5'-ʜʠʦʥʦʚ 19, 20 

(ʩʭʝʤʘ 2.7, ʤʝʪʦʜʠʢʠ 8, 9). 

 

ʉʭʝʤʘ 2.7. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,2-ʙʠʩ(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)ʛʠʜʨʘʟʠʥʦʚ 16 ʩ ʨʝʘʢʪʠʚʘʤʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ I, II  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʪʳʨʝʭʯʣʝʥʥʳʤʠ 
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ʮʠʢʣʘʤʠ, ʨʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʟʠʥʦʚ 

ʙʝʥʟʘʣʴʜʝʛʠʜʘ ʠ 4-ʙʨʦʤʙʝʥʟʘʣʴʜʝʛʠʜʘ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʠʟ ʤʝʪʠʣ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʢʩʠʣʘʪʘ ʠ ʮʠʥʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʩ(ʘʟʝʪʠʪʠʜʠʥʦʥʦʚ) 18 [31]. ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʬʝʥʠʣ- ʠ ʙʝʥʟʦʠʣʛʠʜʨʘʟʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 21 ʩ 

ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (ʩʭʝʤʘ 2.8) ʚʳʜʝʣʝʥʳ 

ʟʘʤʝʱʝʥʥʳʝ ʩʧʠʨʦʘʟʝʪʠʜʠʥʦʥʳ (3-ʘʨʠʣ-2-ʬʝʥʠʣʘʤʠʥʦʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʳ 

22), ʘ ʥʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʠʨʘʟʦʣʦʥʘ [33], ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʝʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʘʪʦʤʘ ʘʟʦʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʣʢʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʷʟʘʥʥʳʤ ʩ ʬʝʥʠʣʴʥʳʤ ʠʣʠ ʙʝʥʟʦʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ. 

 

ʉʭʝʤʘ 2.8. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʨʝʘʢʪʠʚʦʤ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ (II ) 

ʆʜʥʘʢʦ ʠʟʚʝʩʪʥ r ʠ ʩʣʫʯʘʠ ʦʙʨʘʟʦʚʘʥʠ ̫ ʚ ʨʝʘʢʮʠʷʭ ʈʝʬʦʨʤʘʪʩʢʦʛʦ 

ʧʷʪʠʯʣʝʥʥʳʭ ʮʠʢʣʦʚ. ʊʘʢ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʤ 

ʬʫʨʬʫʨʦʣʘ 23 ʚʳʜʝʣʝʥ 2-ʬʝʥʠʣ-4-ʬʫʨʠʣ-2,3-ʜʠʘʟʘʩʧʠʨʦ[4,5]ʜʝʢʘʥ-1-ʦʥ 24 

[33]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʮʠʥʢʘ ʠ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ (ʩʭʝʤʘ 

2.9):  
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ʉʭʝʤʘ 2.9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʝʥʠʣʛʠʜʨʘʟʦʥʘ ʬʫʨʬʫʨʦʣʘ ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (II ) 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʘʢʞʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 1-ʘʨʠʣ-2-ʘʨʠʣʠʤʠʥʦʵʪʘʥʦʥʘʤʠ 25, 

ʛʜʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 4-ʘʨʠʣ-3,3,6,6-ʙʠʩ-(ʪʨʠʤʝʪʠʣʝʥ)-6ʘ-ʘʨʠʣʪʝʪʨʘʛʠʜʨʦ-2H-

ʬʫʨʦ[3,2-b]ʧʠʨʨʦʣ-2,5(3H)-ʜʠʦʥʳ 26 [34] (ʩʭʝʤʘ 2.10).  

 

ʉʭʝʤʘ 2.10. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʘʨʠʣ-2-ʘʨʠʣʠʤʠʥʦʵʪʘʥʦʥʦʚ 25 ʩ ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʤʝʪʠʣ-1-ʙʨʦʤʮʠʣʦʙʫʪʘʥʢʘʨʙʦʢʩʠʣʘʪʘ ʠ ʮʠʥʢʘ 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʧʝʨʚʦʡ ʤʦʣʝʢʫʣʳ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʢ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʢʠʩʣʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ. 

ʆʜʥʘʢʦ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ Int 25 ʥʝ ʩʧʦʩʦʙʝʥ ʢ 
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ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ɓ-ʣʘʢʪʦʥʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ 

ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʥʪʝʨʤʝʜʠʘʪ Int 26 ʮʠʢʣʠʟʫʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦʛʦ ʜʠʩʧʠʨʦʬʫʨʦʧʠʨʨʦʣʜʠʦʥʘ 26. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʠ II, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥ- 

ʠ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʨʷʜʦʤ ʘʟʠʥʦʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʛʨʝʚʘʥʠʝ 

ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʟʘʤʝʱʸʥʥʳʤʠ 1,2-ʙʠʩ(ʙʝʥʟʠʣʠʜʝʥ)ʛʠʜʨʘʟʠʥʘʤʠ 16 

ʚ ʩʨʝʜʝ ʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɻʄʌʊɸ ʚ ʪʝʯʝʥʠʝ 2 ʠʣʠ 4 ʯʘʩʦʚ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 27, 28. ʇʨʠ ʵʪʦʤ 

ʨʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʜʚʦʡʥʦʡ ʩʚʟ̫ʠ ʫʛʣʝʨʦʜ ï ʘʟʦʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Int 29, Int 30), ʢʦʪʦʨʳʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʘʪʘʢʠ ʘʪʦʤʘ ʘʟʦʪʘ ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 2-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)-3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ 

27 ʠ 2-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)-3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ 28 (ʩʭʝʤʘ 

2.10, ʤʝʪʦʜʠʢʠ 10, 11). 

 

ʉʭʝʤʘ 2.11. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I, II  ʩ ʘʟʠʥʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʣʴʜʝʛʠʜʦʚ 27 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʀʂ ʠ ʗʄʈ 

1
ʅ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣʠʮʘ 4). ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 27a-c, 28a,b 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʘʟʝʪʠʜʠʥʦʥʦʚʦʛʦ 
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ʬʨʘʛʤʝʥʪʘ ʧʨʠ 1755ï1732 ʩʤ
-1
. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1
ʅ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʪʦʥʳ 

ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʦʙʣʘʩʪʠ 1.16ï2.35 ʤ.ʜ. (8H, 27a-c), 

ʮʠʢʣʦʛʝʢʩʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ ʦʙʣʘʩʪʠ 1.02ï2.10 ʤ.ʜ. (10H, 28a,b), ʩʠʥʛʣʝʪʳ 

ʧʨʦʪʦʥʦʚ ʤʝʪʠʥʦʚʳʭ ʛʨʫʧʧ ʘʟʝʪʠʜʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ 4.21ï

4.98 ʤ.ʜ. ʠ ʩʠʥʛʣʝʪʳ ʧʨʦʪʦʥʦʚ ʧʨʠ ʩʚʟʷʟʠ CH=N ʚ ʦʙʣʘʩʪʠ 7.61ï9.12 ʤ.ʜ. 

ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʷ 27a. 

 

 

ʈʠʩʫʥʦʢ 6. ʉʪʨʫʢʪʫʨʘ (ɽ)-2-(ʙʝʥʟʠʣʠʜʝʥʘʤʠʥʦ)-3-ʬʝʥʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʘ (27a) 

ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% ʚʝʨʦʷʪʥʦʩʪʠ 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 1,2-ʙʠʩ(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)-

ʛʠʜʨʘʟʠʥʘʤʠ 16 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ 17d,e, 

18a,c,d,f-h, ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʘʟʝʪʠʜʠʥʦʥʦʚ ʧʨʠ 1797ï1778 ʠ 1760ï1745 ʩʤ
-1
. ɺ 

ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʘ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʛʣʝʪʳ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 4.56ï4.97 ʤ.ʜ., ʘ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʦʥʦʚ ʮʠʢʣʦʧʝʥʪʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʦʙʣʘʩʪʠ 0.80ï2.20 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 16 ʧʨʦʪʦʥʘʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 17 ʠ 20 

ʧʨʦʪʦʥʘʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 18 (ʪʘʙʣʠʮʘ 4). 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʠʥʦʚ 16 ʩ ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, 

ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʯʝʨʝʟ ʠʥʪʝʨʤʝʜʠʘʪʳ Int 19, Int 20 (ʩʭʝʤʘ 2.7), ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʠʟʥʘʯʘʣʴʥʦ, ʘ ʧʦ ʩʭʝʤʝ 2.11. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʝʪ 
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ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʠʣʠ II  ʩʥʘʯʘʣʘ ʢ ʦʜʥʦʡ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʝʡ 

ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ Int 29, Int 30 ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 28 ʠ 29, ʘ 

ʟʘʪʝʤ ʘʥʘʣʦʛʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʨʝʘʛʝʥʪʘ ʩʦ ʚʪʦʨʦʡ ʩʚʷʟʴʶ C=N ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ 28, 29 ʟʘ ʢʦʪʦʨʳʤ 

ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Int 31, Int 32 ʩ 

ʟʘʤʳʢʘʥʠʝʤ ʚʪʦʨʦʛʦ ʩʧʠʨʦʘʟʝʪʠʜʠʥ-2-ʦʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

3,3'-ʜʠʘʨʠʣ-2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.4]ʦʢʪʘʥ]-1,1'-ʜʠʦʥʦʚ 17, ʠ 3,3'-ʜʠʘʨʠʣ-

2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.5]ʥʦʥʘʥ]-1,1'-ʜʠʦʥʦʚ 18. 

 

ʉʭʝʤʘ 2.12. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I ʠ II  ʩ ʘʟʠʥʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʣʴʜʝʛʠʜʦʚ (16) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ ʪʦʣʫʦʣʘ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʢʪʠʚʘ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ II  : ʘʟʠʥ 16a 1:1 ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ (ɽ)-2-(ʙʝʥʟʠʣʠʜʝʥʘʤʠʥʦ)-3-

ʬʝʥʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥ (27a). 
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ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʷ 18d, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʦ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʘ ʦʜʥʦʛʦ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ C7 ï S*, C10 ï R* (ʨʠʩ. 7). 

 

 

ʈʠʩʫʥʦʢ 7. ʉʪʨʫʢʪʫʨʘ 3,3'-ʙʠʩ(4-ʭʣʦʨʬʝʥʠʣ)-2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.5]ʥʦʥʘʥ]-1,1'-ʜʠʦʥʘ 

(18d) ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% ʚʝʨʦʷʪʥʦʩʪʠ 

ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʨʝʜʝ ʙʝʥʟʦʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʟʠʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ ʩ ʨʝʘʢʪʠʚʘʤʠ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʤʠʤʦ 

ʙʠʩ(ʘʟʝʪʠʜʠʥʦʥʦʚ) ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʘʟʦʪʥʦʡ ʩʚʷʟʠ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʜʚʫʤʷ ʘʟʝʪʠʜʠʦʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʙʝʥʟʦʣʘ ʥʘ ʪʦʣʫʦʣ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʢʠʧʷʯʝʥʠʷ (ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʠʣʦ 4 ʯʘʩʘ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʩʢʣʶʯʠʪʴ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ 17, 18. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʦʩʤʦʣʝʥʠʶ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ, ʯʪʦ ʟʘʪʨʫʜʥʠʣʦ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

27a, 28a,b, 17d, 18c ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 

ʵʪʘʣʦʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʘʥʘʣʴʛʠʥʘ, ʘ ʩʦʝʜʠʥʝʥʠʝ 17d ï ʘʢʪʠʚʥʦʩʪʴ, 

ʧʨʝʚʳʰʘʶʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣʠʮʘ 16). 
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ʊʘʙʣʠʮʘ 4 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

2-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)-3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ (27), 3,3' ʜʠʘʨʠʣ-2,2'-ʜʠʘʟʘ[2,2'-ʙʠʩʧʠʨʦ[3.4]ʦʢʪʘʥ]-

1,1'-ʜʠʦʥʦʚ (17), 2-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)-3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (28) ʠ 3,3'-ʙʠʩ(ʘʨʠʣ)-2,2'-ʜʠʘʟʘ-

[2,2'-ʙʠʩʧʠʨʦ[3.5]ʥʦʥʘʥ]-1,1'-ʜʠʦʥʦʚ (18) 

 

ˉ

ˉ 
 Ar 

ɺʳʭʦʜ, 

% 

ʊ. ʧʣ., Áʉ ʅʘʡʜʝʥʦ, % ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, 

ʩʤ
-1

 

ʉ ʅ N ʉ ʅ N CO 

27a 

1 

Ph 45 160-161 79.08 6.51 9.28 C20H20N2O 78.92 6.62 9.20 1755 

27b 3,4-(CH3O)2C6H3 38 110-112 68.06 6.73 6.49 C24H28N2O5 67.91 6.65 6.60 1732 

27c 3,4-(OCH2O)C6H3 73 160-161 67.18 5.22 7.35 C22H20N2O5 67.34 5.14 7.14 1744 

17d 4-ClC6H4 42 213-214 66.40 5.69 6.13 C26H26Cl2N2O2 66.53 5.58 5.97 1797, 1755 

17e 3-BrC6H4 45 160-161 56.12 4.51 4.94 C26H26Br2N2O2 55.93 4.69 5.02 1755 

28a 

2 

Ph 45 104-106 79.05 6.77 8.92 C21H22N2O 79.21 6.96 8.80 1747 

28b 3,4-(CH3O)2C6H3 44 135-136 68.64 6.78 6.47 C25H30N2O5 68.47  6.90 6.39 1745 

18a Ph 38 153-154 78.55 7.64 6.49 C28H32N2O2 78.47 7.53 6.54 1782, 1750 

18c 3,4-(OCH2O)C6H3 69 216-218 69.58 6.39 5.57 C30H32N2O6 69.75 6.24 5.42 1786, 1749 

18d 4-ClC6H4 37 213-215 67.44 5.97 5.71 C28H30Cl2N2O2 67.61 6.08 5.63 1795, 1754 

18f 4-CH3OC6H4 34 160-161 73.59 7.32 5.86 C30H36N2O4 73.74 7.43 5.73 1778, 1747 

18g 4-FC6H4 52 163-164 72.62 6.44 5.90 C28H30F2N2O2 72.39 6.51 6.03 1796, 1754 

18h 2,4-Cl2C6H3 85 191-192 59.52 5.08 5.07 C28H28Cl4N2O2 59.38 4.98 4.95 1796, 1760 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

ʮʠʢʣʦʘʣʢʠʣ ʉʅ Ar 1ʅ, ʉʅ= MeO, OCH2O 

27a 
1.16-2.30 ʤ 

[8H, (CH2)4] 

4.98 ʩ 

(1ʅ) 

7.20-7.42 ʤ, 7.57-7.62 ʤ  

(10ʅ, 2 Ph) 
7.76 ʩ ï 

25.33, 25.72, 28.64, 34.83, 63.84 (C
ʮʠʢʣʦʧʝʥʪʘʥ

); 71.05 (ʉʅ); 

126.78, 127.61, 128.52, 128.70, 129.13, 130.44, 133.97, 

135.15, (C
Ar
); 146.05 (ʉʅ=), 170.40 (ʉʆ). 

27b 
1.40-2.35 ʤ 

[8ʅ, (ʉʅ2)4] 

4.21 ʩ 

(1ʅ) 

6.72 ʜ (J 2.0 ɻʮ), 6.77 ʜʜ (J 8.4 

ɻʮ, J 2.0 ɻʮ), 6.86 ʜ (J 8.4 ɻʮ), 

6.88 ʜ (J 8.4 ɻʮ), 7.19 ʜʜ (J 2.0 

ɻʮ, 8.4 ɻʮ), 7.33 ʜ (J 2.0 ɻʮ) 

[6ʅ, 2 (3,4-( ʉʅ3ʆ)2C6H3)] 

9.12 ʩ 

3.87 ʩ, 3.88 ʩ, 

3.91 ʩ, 3.92 ʩ 

(12ʅ, 4 ʄʝʆ) 

24.54, 24.71, 30.15, 35.90, 74.67 (C
ʮʠʢʣʦʧʝʥʪʘʥ

); 56.09 (ʄʝʆ), 

56.10 (ʄʝʆ), 56.13 (ʄʝʆ), 56.22 (ʄʝʆ), 64.06 (ʉʅ); 108.45, 

111.10, 111.77, 112.17, 121.47, 122.17, 126.90, 128.02, 

148.88, 149.42, 149.59, 151.53 (C
Ar
); 152.16 (ʉʅ=), 164.35 

(ʉʆ). 

27c 
1.20-2.25 ʤ 

[8ʅ, (ʉʅ2)4] 

4.84 ʩ 

(1ʅ) 

6.67 ʩ, 6.68 ʜʜ, 6.72 ʜ (J 8.0 ɻʮ, 

1.6 ɻʮ) 6.80 ʜ, 6.91ʜʜ, 7.27 ʜ  

(J 8.0 ɻʮ, 1.6 ɻʮ) [6ʅ,  

2 3,4-(ʆʉʅ2ʆ)C6H3] 

7.71 ʩ 

5.95 ʩ (2ʅ), 

5.96 ʜʜ (2ʅ, J 

4.0 ɻʮ, 1.6 ɻʮ) 

(2 ʆʉʅ2ʆ) 

25.41, 25.71, 28.52, 34.72, 63.76 (C
ʮʠʢʣʦʧʝʥʪʘʥ

); 70.87 (ʉʅ); 

101.44 (ʆʉʅ2ʆ), 101.56 (ʆʉʅ2ʆ), 106.00, 106.95, 108.18, 

108.80, 120.33, 123.89, 128.53, 129.04, 147.85, 148.43, 

148.48, 149.85 (C
Ar
); 145.85 (ʉʅ=), 170.19 (ʉʆ). 

17d 
1.07-2.20 ʤ 

[16H, 2 (CH2)4] 

4.74 ʩ 

(2ʅ) 

7.06 ʜ, 7.17 ʜ [8H,  

2 (4-ClC6H4), J 8.4 ɻʮ] 
ï ï 

25.15, 25.42, 28.92, 34.77, 64.23 (C
ʮʠʢʣʦʧʝʥʪʘʥ

); 72.20 (ʉʅ); 

128.73, 128.85, 133.87, 134.57 (C
Ar
); 174.11 (ʉʆ). 

17e 
1.20-2.15 ʤ 

[16H, 2 (CH2)4] 

4.97 ʩ 

(2ʅ) 

7.22 ʜ, 7.28 ʪ, 7.44 ʩ, 7.51 ʜ  

[8H, 2 (3-BrC6H4), J 8.0 ɻʮ] 
ï ï 

24.52, 24.56, 30.39, 38.84, 60.96 (C
ʮʠʢʣʦʧʝʥʪʘʥ

); 66.04 (ʉʅ); 122.64, 

125.17, 129.46, 129.99, 131.43, 137.55 (C
Ar
); 169.38 (ʉʆ). 

28a 
1.02-2.10 ʤ 

[10H, (CH2)5] 

4.86 ʩ 

(1ʅ) 

7.25-7.41 ʤ, 7.57-7.61 ʤ (10H,  

2 Ph) 
7.76 ʩ ï 

22.30, 23.64, 25.33, 27.63, 33.50, 57.67 (C
ʮʠʢʣʦʛʝʢʩʘʥ

); 70.17 

(ʉʅ); 127.24, 127.61, 128.42, 128.70, 128.85, 130.41, 134.01, 

134.36, (C
Ar
); 146.02 (ʉʅ=), 169.94 (ʉʆ). 

28b 
1.05-2.07 ʤ 

[10H, (CH2)5] 

4.80 ʩ 

(1ʅ) 

6.74 ʜ (J 1.6 ɻʮ), 6.77 ʜ (J 8.4 

ɻʮ), 6.84ʜʜ (J 8.4 ɻʮ, J 2.0 ɻʮ), 

6.88 ʜ (J 8.0 ɻʮ), 6.91ʜʜ (J 8.0 

ɻʮ, J 2.0 ɻʮ), 7.35 ʜ (J 1.6 ɻʮ) 

[6H, 2 (3,4-ʄʝʆC6H3)] 

7.61 ʩ 

3.84 ʩ, 3.86 ʩ, 

3.88 ʩ, 3.89 ʩ 

(12ʅ, 4 ʄʝʆ) 

22.33, 23.58, 25.26, 27.46, 33.36, 57.35 (C
ʮʠʢʣʦʛʝʢʩʘʥ

); 55.96 

(ʄʝʆ), 55.98 (ʄʝʆ), 56.11 (ʄʝʆ), 56.18 (ʄʝʆ), 69.87 (ʉʅ); 

108.28, 110.20, 110.70, 111.53, 119.79, 122.67, 126.65, 

126.91, 149.15, 149.39, 149.54, 151.41 (C
Ar
); 145.50 (ʉʅ=), 

169.80 (ʉʆ). 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

ʮʠʢʣʦʘʣʢʠʣ ʉʅ Ar 1ʅ, ʉʅ= MeO, OCH2O 

18a 
0.80-2.00 ʤ 

[20ʅ, 2 (ʉʅ2)5] 

4.62 ʩ 

(2ʅ) 
7.35 ʩ, (10H, 2 Ph) ï ï 

22.1, 23.4, 25.2, 27.6, 33.4, 58.7 (C
ʮʠʢʣʦʛʝʢʩʘʥ

); 71.9 (ʉʅ); 

127.4, 128.5, 128.6, 135.2 (C
Ar

); 173.4 (ʉʆ). 

18c 
0.90-1.90 ʤ 

[20ʅ, 2 (ʉʅ2)5] 

4.52 ʩ 

(2ʅ) 

6.78 ʜ, 7.81 ʜ , 8.82 ʩ [6ʅ,  

2 (3,4-ʆʉʅ2ʆʉ6ʅ3), J 8.4 ɻʮ] 
ï 

5.97 ʜʜ (4ʅ, 2 

OCH2ʆ, J 4.4 

ɻʮ, J 1.2 ɻʮ) 

22.2, 23.4, 25.2, 27.5, 33.4, 58.7 (C
ʮʠʢʣʦʛʝʢʩʘʥ

); 71.7 (ʉʅ); 

101.4 (ʆʉʅ2ʆ), 107.7, 108.5, 121.0, 128.9, 147.9, 148.1 

(C
Ar
); 173.3 (ʉʆ). 

18d 0.90-2.03 ʤ 

[20H, 2 (CH2)5] 

4.56 ʩ 

(2ʅ) 

7.26 ʜ, 7.34 ʜ (8ʅ,  

\2 (4-ClC6H4), J 8.4 ɻʮ) 

ï ï ï 

18f 0.91-2.00 ʤ 

[20ʅ, 2 (ʉʅ2)5] 

4.58 ʩ 

(2ʅ) 

6.91 ʜ, 7.28 ʜ [8ʅ,  

2 (4-ʄʝʆʉ6ʅ4), J 8.4 ɻʮ] 

ï 3.85 ʩ (6ʅ, 2 

ʄʝʆ) 

21.5, 22.8, 24.6, 26.9, 32.7, 57.9 (C
ʮʠʢʣʦʛʝʢʩʘʥ

); 71.0 (ʉʅ); 

113.5, 126.4, 121.0, 128.1, 159.2 (C
Ar
); 172.8 (ʉʆ). 

18g 0.90-1.99 ʤ 

[20H, 2 (CH2)5] 

4.57 ʩ 

(2ʅ) 

7.06 ʪ, 7.26-7.34 ʤ [8ʅ,  

2 (4-Fʉ6ʅ4), J 8.4 ɻʮ] 

ï ï ï 

18h 0.95-2.13 ʤ 

[20ʅ, 2 (ʉʅ2)5] 

4.97 ʩ 

(2ʅ) 

7.29 ʜʜ (J 8.4 ɻʮ, J 2.4 ɻʮ), 

7.29 ʜ (J 2.4 ɻʮ), 7.48 (J 2.4 ɻʮ) 

[6ʅ, 2 (2,4-Cl2ʉ6ʅ4)] 

ï ï 22.9, 23.4, 25.3, 28.0, 33.4, 59.7 (C
ʮʠʢʣʦʛʝʢʩʘʥ

); 68. 1 (ʉʅ); 

127.7, 129.2, 130.0, 131.8, 134.1,135.0 (C
Ar
); 173.4 (ʉʆ). 
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2.1.3 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʘʪʩʢʦʛʦ ʩ 

ʘʟʦʤʝʪʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʘʤʠʥʦʚ 

ʀʩʭʦʜʥʳʝ ʘʟʦʤʝʪʠʥʳ 29, 36, 41, 42 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʤʝʪʦʜʠʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʪʠʣʝʥʜʠʘʤʠʥʘ, ʧ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ, ʙʝʥʟʠʜʠʥʘ ʠ 

ʪʦʣʠʜʠʥʘ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʚ ʩʧʠʨʪʦʚʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʜʣʷ 

ʵʪʠʣʝʥʜʠʘʤʠʥʘ) ʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʩ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ [191]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  ʩ ʘʟʦʤʝʪʠʥʘʤʠ 29a-l (ʩʭʝʤʘ 2.13) [195] ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʩʥʘʯʘʣʘ ʢ ʦʜʥʦʡ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʘʟʦʪʥʦʡ ʩʚʷʟʠ ʙʠʩ-ʘʟʦʤʝʪʠʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ Int 33, Int 35. ʇʦʩʣʝʜʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʫʶʪʩʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʙʨʦʤʮʠʥʢʤʝʪʠʣʘʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2-(2-

(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)ʵʪʠʣ)-3-ʬʝʥʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ 30, 32. 

ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʩʣʝʜʥʠʭ ʩʦ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ 

ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ, ʯʪʦ, ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Int 34, 

Int 36, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-

ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ) 31a-c (ʤʝʪʦʜʠʢʘ 12) ʠ 2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(3-

ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ) 33b-l (ʤʝʪʦʜʠʢʘ 13) (ʩʭʝʤʘ 2.13). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (N,Nǋ-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(1-

(ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣ-5-ʠʣ)ʤʝʪʘʥʠʤʠʥʘ) 29b ʩ ʤʦʜʝʣʴʥʳʤ, ʤʝʥʝʝ ʦʙʲʝʤʥʳʤ, 

ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ III , ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʠʟ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ Ŭ-

ʙʨʦʤʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, ʧʨʠʚʦʜʷ ʢ 1,1'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(4-(ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣ-5-

ʠʣ)-3,3-ʜʠʤʝʪʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʫ 35b (ʤʝʪʦʜʠʢʘ 14). ɺʳʭʦʜ ʜʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʠʤʠʥʘ 29b ʩ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ 

ʥʝʧʦʣʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʮʠʢʣʠʟʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ. 
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ʉʭʝʤʘ 2.13 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (I , I I , III )  

ʩ N,Nǋ-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(1-ʘʨʠʣʤʝʪʘʥʠʤʠʥʘʤʠ) 29 

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N,Nǋ-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(1-ʘʨʠʣ-

ʤʝʪʘʥʠʤʠʥʦʚ) 36 ʩ ʤʝʪʠʣʦʚʳʤʠ ʵʬʠʨʘʤʠ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥ- ʠ 

1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʝʘʢʪʠʚ r ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʩʥʘʯʘʣʘ ʢ ʦʜʥʦʡ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʘʟʦʪʥʦʡ ʩʚʷʟʠ ʙʠʩ(ʘʟʦʤʝʪʠʥʦʚ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ Int 39, Int  41. ʇʦʩʣʝʜʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʮʠʢʣʠʟʫʶʪʩʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʙʨʦʤʮʠʥʢʤʝʪʠʣʘʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʦ-ɓ-

ʣʘʢʪʘʤʦʚ 37, 39. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ 37, 39 ʩʦ 

ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ, ʯʪʦ, ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ Int 40, Int 42, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 2,2'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-

ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ) 38h,i ʠ 2,2'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-

ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ) 40a-k (ʤʝʪʦʜʠʢʠ 15, 16) [195-198]: 



78 

 

 

ʉʭʝʤʘ 2.14 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II   

ʩ N,Nǋ-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(1-ʘʨʠʣʤʝʪʘʥʠʤʠʥʘʤʠ) 36 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʪʘʜʠʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , I I  ʩ 

ʟʘʤʝʱʸʥʥʳʤʠ 1,2-ʙʠʩ(ʙʝʥʟʠʣʠʜʝʥ)ʛʠʜʨʘʟʠʥʘʤʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ ɓ-ʣʘʢʪʘʤʥʳʡ 

ʬʨʘʛʤʝʥʪ (ʨʘʟʜʝʣ 2.1.2, ʩʭʝʤʘ 2.12). ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʟʦʤʝʪʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ 36i,j  ʩ 

ʨʝʘʢʪʠʚʦʤ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

2-[4-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)ʬʝʥʠʣ]-3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥr 39i,j . 

(ʩʭʝʤʘ 2.14, ʤʝʪʦʜʠʢʘ 16). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʟʘʧʠʩʘʥʳ ʠʭ ʀʂ, ʗʄʈ 
1
H ʠ 

13
ʉ ʩʧʝʢʪʨʳ (ʪʘʙʣʠʮʳ 5-9). ɺ ʀʂ ʩʧʝʢʪʨʘʭ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 33b-l, 31a-c, 35b ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ɓ-ʣʘʢʪʘʤʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ 1756-

1727 ʩʤ
-1
. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 38h,i, 40a-k ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1746ï1700 ʩʤ
-1
. 
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ɺ ʤʦʣʝʢʫʣʘʭ ʩʦʝʜʠʥʝʥʠʡ 31, 33, 35, 38, 40 ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʜʚʫʭ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ï ʪʨʝʦ-ʬʦʨʤʳ (S,S- ʠʣʠ R,R-ʜʠʘʩʪʝʨʝʦʤʝʨ) ʠ ʵʨʠʪʨʦ-ʬʦʨʤʳ 

(R,S-ʜʠʘʩʪʝʨʝʦʤʝʨ, ʤʝʟʦʬʦʨʤʘ). ʗʄʈ ʩʧʝʢʪʨʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʟʚʦʣʷʶʪ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ R,S-ʜʠʘʩʪʝʨʝʦʤʝʨʘ 

(ʵʨʠʪʨʦ-ʬʦʨʤʘ) ʠʣʠ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ R,R- ʠ S,S-ʠʟʦʤʝʨʦʚ (ʪʨʝʦ-ʬʦʨʤʘ), 

ʜʨʫʛʠʝ ï ʚ ʚʠʜʝ ʩʤʝʩʠ ʚʩʝʭ ʪʨʸʭ ʚʦʟʤʦʞʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ. ɺ ʗʄʈ 
1
H 

ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 31, 33, 35 ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʤʫʣʴʪʠʧʣʝʪʳ (ʠʟʦʤʝʨ ɸ) ʠʣʠ ʜʚʦʡʥʳʝ ʪʨʠʧʣʝʪʳ (ʠʟʦʤʝʨ ɹ) ʥʝʨʘʚʥʦʮʝʥʥʳʭ 

ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ 2.70ï3.81 ʤ.ʜ. ʠ ʩʠʥʛʣʝʪʳ ʤʝʪʠʥʦʚʳʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʣʘʢʪʘʤʥʦʤ ʮʠʢʣʝ ʚ ʦʙʣʘʩʪʠ 4.34ï5.02 ʤ.ʜ. (ʪʘʙʣʠʮʳ 5, 7) 

ʆʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʷ 31c ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʦʥʦ ʚʳʜʝʣʝʥʦ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʜʠʘʩʪʝʨʝʦʤʝʨʘ (ʠʟʦʤʝʨ ɹ). ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʳʜʝʣʝʥʥʦʛʦ ʠʟʦʤʝʨʘ ʧʨʦʚʝʜʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩʫʥʦʢ 8), ʢʦʪʦʨʦʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʮʝʤʠʯʝʩʢʫʶ ʩʤʝʩʴ S,S- ʠ 

R,R-ʠʟʦʤʝʨʦʚ (ʪʨʝʦ-ʬʦʨʤʘ). 

 

 
ʈʠʩʫʥʦʢ 8. ʉʪʨʫʢʪʫʨʘ 2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ[3-(4ʤʝʪʦʢʩʠʬʝʥʠʣ)-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-

1-ʦʥʘ] (31c) ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% ʚʝʨʦʷʪʥʦʩʪʠ 

ʕʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʢʘʢ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 

ʭʦʜʝ ʨʝʘʢʮʠʠ, ʪʘʢ ʠ ʤʝʥʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʨʠʪʨʦ-

ʬʦʨʤʦʡ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʫʯʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʟ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʠʟʦʤʝʨ ɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʨʠʪʨʦ-ʬʦʨʤʝ, ɹ ï ʪʨʝʦ. 
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ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʝʢʦʪʦʨʳʝ 

ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝʩʷ ʚ ʠʭ ʗʄʈ 
1
H ʩʧʝʢʪʨʘʭ ʠ ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʟʦʤʝʨʳ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 

ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʚʳʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (31, 33, 35) 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʗʄʈ 
1
H ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ˉ R Ar 
ʉʦʦʪʥʦʰʝʥʠʝ 

ʵʨʠʪʨʦ:ʪʨʝʦ, % 

ɼʘʥʥʳʝ ʗʄʈ 
1
ʅ, ŭ, ʤ. ʜ. 

ʕʨʠʪʨʦ-ʬʦʨʤʘ ʊʨʝʦ-ʬʦʨʤʘ 

4H, (CH2)2 1H, CHïAr 4H, (CH2)2 1H, CHïAr 

31a 

R+R = 

(CH2)4 

 

4-Et2NC6H4 
ʪʨʝʦ-ʬʦʨʤʘ 

(>95%) 
ï ï 

2.71 ʜʪ, 

3.73 ʜʪ 
4.65 ʩ 

31b 3,4-(OCH2O)C6H3  10:90 
2.98-3.06 ʤ 

3.53-3.61 ʤ 
4.44 ʩ 

2.73 ʜʪ, 

3.76 ʜʪ 
4.68 ʩ 

31c 4-MeOC6H4 
ʪʨʝʦ-ʬʦʨʤʘ 

(>95%) 
ï ï 

2.72 ʜʪ, 

3.76 ʜʪ 
4.72 ʩ 

33b 

R+R = 

(CH2)5 

 

3,4-(OCH2O)C6H3  10:90 
2.96-3.04 ʤ, 

3.53-3.61 ʤ 
4.34 ʩ 

2.73 ʜʪ, 

3.74 ʜʪ 
4.57 ʩ 

33c 4-OMeC6H4 
ʵʨʠʪʨʦ-ʬʦʨʤʘ 

(>95%)  

2.96-3.04 ʤ, 

3.53-3.61 ʤ 
4.38 ʩ ï ï 

33e 4-Me2NC6H4 

ʵʨʠʪʨʦ-ʬʦʨʤʘ 

(>95%) 

2.95-3.03 ʤ, 

3.51-3.59 ʤ 
4.35 ï ï 

ʪʨʝʦ-ʬʦʨʤʘ 

(>95%) 
ï ï 

2.71 ʜʪ, 

3.72 ʜʪ 
4.59 ʩ 

33f 4-MeC6H4 15:85 
2.95-3.03 ʤ, 

3.56-3.64 ʤ 
4.37 ʩ 

2.72 ʜʪ, 

3.75 ʜʪ 
4.64 ʩ 

33g 2,4-Cl2C6H3 
ʪʨʝʦ-ʬʦʨʤʘ 

(>95%) 
ï ï 

2.77 ʜʪ, 

3.81 ʜʪ 
5.02 ʩ 

33h 3-ClC6H4 
ʪʨʝʦ-ʬʦʨʤʘ 

(>95%) 
ï ï 

2.75 ʜʪ, 

3.78 ʜʪ 
4.63 ʩ 

33i 3-BrC6H4 
ʪʨʝʦ-ʬʦʨʤʘ 

(>95%) 
ï ï 

2.74 ʜʪ, 

3.78 ʜʪ 
4.62 ʩ 

33j  4-ClC6H4 0:10 
2.97-3.05 ʤ 

3.52-3.59 ʤ 
4.41 ʩ 

2.70 ʜʪ, 

3.75 ʜʪ 
4.64 ʩ 

33k 4-BrC6H4 45:55 
2.97-3.05 ʤ 

3.51-3.59 ʤ 
4.39 ʩ 

2.70 ʜʪ, 

3.74 ʜʪ 
4.61 ʩ 

35b CH3 3,4-(OCH2O)C6H3 45:55 
3.05-3.12 ʤ 

3.59-3.67 ʤ 
4.40 ʩ 

2.80 ʜʪ, 

3.78 ʜʪ 
4.64 ʩ 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
13

C ɻ ʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ 36.4ï39.0 ʤ.ʜ., 
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ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʛʨʫʧʧ CH ʚ ʦʙʣʘʩʪʠ 61.5ï68.1 ʤ.ʜ. ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʦʙʣʘʩʪʠ 174.3ï175.3 ʤ.ʜ. (ʪʘʙʣʠʮʘ 7). 

ɺ ʗʄʈ
1
ʅ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 38, 40 ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʘʟʝʪʠʜʠʥʦʥʦʚʳʭ ʮʠʢʣʦʚ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʦʙʣʘʩʪʠ 4.57ï5.04 ʤ.ʜ., ʠ ʩʠʥʛʣʝʪʳ ʧʨʦʪʦʥʦʚ 

ʧ-ʬʝʥʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ 7.12ï7.18 ʤ.ʜ., ʘ ʚ ʗʄʈ 
13
ʉ ʩʧʝʢʪʨʘʭ ï 

ʩʠʛʥʘʣʳ ʤʝʪʠʥʦʚʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʘʟʝʪʠʜʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 62.6ï

67.0 ʤ.ʜ. ʩʠʛʥʘʣʳ ʩʧʠʨʦʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠ 66.4ï66.5 ʤ.ʜ. (ʩʦʝʜʠʥʝʥʠʷ 

38) ʠʣʠ ʧʨʠ 58.6ï60.7 ʤ.ʜ. (ʩʦʝʜʠʥʝʥʠʷ 40) ʠ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ 

ʦʙʣʘʩʪʠ 170.3ï175.3 ʤ.ʜ. (ʪʘʙʣʠʮʳ 6, 8). 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
H ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ 38 ʠ 40 ʜʚʫʭ 

ʥʘʙʦʨʦʚ ʩʠʛʥʘʣʦʚ ʛʦʚʦʨʠʪ ʦ ʚʳʜʝʣʝʥʠʠ ʠʭ ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʚʫʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 

ï ʵʨʠʪʨʦ-ʬʦʨʤʳ ʠ ʪʨʝʦ-ʬʦʨʤʳ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 40d ʫʜʘʣʦʩʴ ʨʘʟʜʝʣʠʪʴ ʵʪʠ 

ʜʠʘʩʪʝʨʝʦʤʝʨʳ. ʉʪʨʦʝʥʠʝ ʪʨʝʦ-ʠʟʦʤʝʨʘ, ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʉɸ), ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 
ʈʠʩʫʥʦʢ 9. ʉʪʨʫʢʪʫʨʘ 2,2'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-( ʙʝʥʟʦ[d][1,3]ʜʠʦʢʩʦʣ-5-ʠʣ)-2-ʘʟʘʩʧʠʨʦ-

[3.5]ʥʦʥʘʥ-1-ʦʥʘ) 40d ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% ʚʝʨʦʷʪʥʦʩʪʠ 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ, (R*,R*)-ʜʠʘʩʪʝʨʝʦʤʝʨ (ʪʨʝʦ-ʬʦʨʤʘ) ʩʦʝʜʠʥʝʥʠʷ 40d 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʚ ʚʠʜʝ ʨʘʮʝʤʘʪʘ. ʄʦʣʝʢʫʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʯʘʩʪʥʦʤ 

ʧʦʣʦʞʝʥʠʠ: ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʥʘʭʦʜʠʪʩʷ ʝʝ 

ʧʦʣʦʚʠʥʘ. ɺʪʦʨʘʷ ʧʦʣʦʚʠʥʘ (ʥʘ ʨʠʩʫʥʢʝ ʝʝ ʘʪʦʤʳ ʠʤʝʶʪ ʪʫ ʞʝ ʥʫʤʝʨʘʮʠʶ) 
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ʧʦʣʫʯʝʥʘ ʜʝʡʩʪʚʠʝʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʦʝ ʬʝʥʠʣʝʥʦʚʦʝ ʢʦʣʴʮʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʛʦ ʧʣʦʩʢʦʩʪʠ. 

ʎʠʢʣʦʛʝʢʩʘʥʦʚʦʝ ʢʦʣʴʮʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ. ʏʝʪʳʨʝʭʯʣʝʥʥʳʡ 

ʮʠʢʣ ï ʧʣʦʩʢʠʡ ʚ ʧʨʝʜʝʣʘʭ 0.02 ¡, ʜʠʵʜʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʥʠʤ ʠ 

ʮʝʥʪʨʘʣʴʥʳʤ ʙʝʥʟʦʣʴʥʳʤ ʮʠʢʣʦʤ ʨʘʚʝʥ 7.9Á. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʢʦʨʦʯʝʥʥʳʝ 

ʢʦʥʪʘʢʪʳ ʚ ʢʨʠʩʪʘʣʣʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʝʢʦʪʦʨʳʝ 

ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝʩʷ ʚ ʠʭ ʗʄʈ 
1
H ʩʧʝʢʪʨʘʭ ʠ ʧʦʟʚʦʣʷʶʱʠʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠʟʦʤʝʨʳ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 

ʊʘʙʣʠʮʘ 6 

ʉʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʚʳʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (38, 40), ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʗʄʈ 
1
H ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ˉ n Ar 
ʉʦʦʪʥʦʰʝʥʠʝ 

ʵʨʠʪʨʦ:ʪʨʝʦ, % 

ɼʘʥʥʳʝ ʗʄʈ 1ʅ, ŭ, ʤ. ʜ. 

ʕʨʠʪʨʦ-ʬʦʨʤʘ ʊʨʝʦ-ʬʦʨʤʘ 

2H,  

CHïAr 

4H, 

1,4-C6H4 

2H,  

CHïAr 

4H, 

1,4-C6H4 

38h 
1 

4-BrC6H4 55:45 4.75 ʩ 7.15 ʩ 4.78 ʩ 7.16 ʩ 

38i 4-FC6H4 45:55 4.78 ʩ 7.16 ʩ 4.81 ʩ 7.17 ʩ 

40d 

2 

3,4-(OCH2O)C6H3 25:75 4.59 ʩ 7.17 ʩ 4.62 ʩ 7.18 ʩ 

40e 4-MeNC6H4 90:10 4.57 ʩ 7.15 ʩ 4.61 ʩ 7.18 ʩ 

40f 4-EtNC6H4 75:25 4.76 ʩ 7.12 ʩ 4.77 ʩ 7.12 ʩ 

40h 4-BrC6H4 75:25 4.62 ʩ 7.12 ʩ 4.65 ʩ 7.14 ʩ 

40j  2,4-Cl2C6H3 50:50 5.02 ʩ 7.15 ʩ 5.04 ʩ 7.16 ʩ 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ (40a, 40b, 40g, 40i, 40k), ʚʳʜʝʣʠʚʰʠʭʩʷ ʚ ʚʠʜʝ ʦʜʥʦʛʦ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʠʟʦʤʝʨʘ ʧʦ ʗʄʈ ʩʧʝʢʪʨʘʤ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʚ ʩʚʷʟʠ ʩ ʙʣʠʟʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 

ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ CH-ʛʨʫʧʧʳ ʠ 1,4-ʬʝʥʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʨʘʟʥʳʭ 

ʠʟʦʤʝʨʦʚ ʚ ʩʧʝʢʪʨʘʭ ʇʄʈ ʠ ʦʪʩʫʪʩʪʚʠʷ ʨʘʟʣʠʯʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʵʪʠʭ 

ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʙʣʠʟʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʟʦʤʝʨʦʚ ʚ ʩʧʝʢʪʨʘʭ 
13
ʉ ʗʄʈ. ɼʣʷ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʠʟʦʤʝʨʦʚ ʪʨʝʙʫʝʪʩʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 
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ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 39, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʠʥ 

ʩʧʠʨʦʣʘʢʪʘʤʥʳʡ ʬʨʘʛʤʝʥʪ ʠ ʦʜʥʫ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʫʶ ʩʚʷʟʴ CH=N, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʠ C=O ʧʨʠ 1727 ʠ 1744 ʩʤ
-1
 ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 39i ʠ 39j , ʩʦʦʪʚʪʩʪʚʝʥʥʦ. ɺ ʗʄʈ
1
H ʩʧʝʢʪʨʘʭ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʛʨʫʧʧ CH ʣʘʢʪʘʤʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʨʠ 4.69 ʠ 5.05 ʤ.ʜ. ʠ CH= ʧʨʠ 8.48 ʠ 10.42 ʤ.ʜ., ʘ ʚ ʗʄʈ 
13
ʉ 

ʩʧʝʢʪʨʘʭ ï ʩʠʛʥʘʣʳ ʩʧʠʨʦʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʧʨʠ 60.1 ʠ 60.7 ʤ.ʜ., ʤʝʪʠʥʦʚʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʘʟʝʪʠʜʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 66.1 ʠ 62. ʤ.ʜ., 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʨʠ 171.0 ʠ 170.0 ʤ.ʜ. ʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʨʠ 

ʜʚʦʡʥʦʡ ʩʚʷʠ CH=N ʧʨʠ 158.2 ʠ 188.5 ʤ.ʜ. (ʪʘʙʣʠʮʘ 9) ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 39i ʠ 

39j , ʩʦʦʪʚʪʩʪʚʝʥʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ IïI II  ʩ 

ʘʟʦʤʝʪʠʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʜʠʥʘ 41, ʠ ʦ-ʪʦʣʠʜʠʥʘ 42 ʪʘʢʞʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʙʠʩ(ʘʟʝʪʠʜʠʥ-2-ʦʥʳ), ʘ ʠʤʝʥʥʦ 2,2'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-

ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʳ) 43a-k, 2,2'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-

ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʳ) 44a-i, 1,1'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)-

ʙʠʩ(3,3-ʜʠʤʝʪʠʣ-4-ʘʨʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʳ) 45a-c,e,g-j  ʠ 2,2'-(3,3'-ʜʠʤʝʪʠʣ-[1,1'-

ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʳ) 46a-d ʠ 1,1'-(3,3'-

ʜʠʤʝʪʠʣ-[1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3,3-ʜʠʤʝʪʠʣ-4-ʘʨʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʳ) 

47a-d [199-202]. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʭʝʤʝ 

2.14, ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʜʣʷ ʙʠʩ(ʘʟʦʤʝʪʠʥʦʚ) ʥʘ ʦʩʥʦʚʝ 

ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʠ ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ (ʤʝʪʦʜʠʢʠ 17ï22). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ 42 ʚ 

ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʩ 

ʦʩʥʦʚʘʥʠʷʤʠ ʐʠʬʬʘ ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʜʠʥʘ 41, ʘ ʠʤʝʥʥʦ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʚ ʪʝʯʝʥʠʝ 4 ʯ, ʢʨʦʤʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʠʩʭʦʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʩʪʝʨʠʯʝʩʢʠʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʢ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʘʟʦʪ ʘʟʦʤʝʪʠʥʦʚ 51a-d, ʩʦʟʜʘʚʘʝʤʳʤʠ ʤʝʪʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʦ-ʪʦʣʠʜʠʥʘ. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʨʝʤʷ ʢʠʧʷʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʠʥʪʝʟʦʚ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʜʦ 8 ʯ. ʇʨʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ 

ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʩʤʦʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʴʥʦʛʦ, ʤʝʥʝʝ ʩʪʝʨʠʯʝʩʢʠ 

ʟʘʛʨʫʞʝʥʥʦʛʦ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛ III  ʥʝ ʧʨʠʚʝʣʦ ʚ ʮʝʣʦʤ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ 45 ʠ 47 

ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʥʝʞʝʣʠ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʭ ʞʝ ʠʤʠʥʦʚ ʩ 

ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʠ II . ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʦʢʘʟʳʚʘʝʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ 

ʘʟʦʪʘ ʠʤʠʥʘ, ʥʝʞʝʣʠ ʘʣʢʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ 

ʟʘʧʠʩʘʥʳ ʠʭ ʀʂ ʠ ʗʄʈ 
1
H ʠ 

13
ʉ ʩʧʝʢʪʨʳ (ʪʘʙʣʠʮʳ 10, 11). ɺ ʀʂ ʩʧʝʢʪʨʘʭ 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1763ï1729 

ʩʤ
-1
, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ɓ-ʣʘʢʪʘʤʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʊʘʢʞʝ ʠʩʯʝʟʘʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʠ ʉ=N. 

ɺ ʗʄʈ 
1
Hïʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪʩʷ ʦʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʛʣʝʪʳ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ 

ʣʘʢʪʘʤʥʦʤ ʮʠʢʣʝ ʚ ʦʙʣʘʩʪʠ 4.68ï5.31 ʤ.ʜ. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
13

C ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʠʥʦʚʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʙʣʘʩʪʠ 63.5ï68.4 ʤ.ʜ., ʢʘʨʙʦʥʠʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʦʙʣʘʩʪʠ 170.8ï172.1 ʤ.ʜ. ʊʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ 

ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʘʟʝʪʠʜʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 45 

ʠ 47 ʧʨʠ 54.3ï56.3 ʤ.ʜ., ʩʧʠʨʦʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʩʦʩʪʘʚʝ ʮʠʢʣʦʧʝʥʪʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 44 ʧʨʠ 63.2ï67.7 ʤ.ʜ. ʠ ʚ ʩʦʩʪʘʚʝ ʮʠʢʣʦʛʝʢʩʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 43, 46 ʧʨʠ 59.4ï60.7 ʤ.ʜ. 
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ʉʭʝʤʘ 2.15 ɺʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I, II , IV  

 ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʠʜʠʥʘ ʠ ʪʦʣʠʜʠʥʘ (41a-k, 42a, ʩ-e, i, j) 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʷʜʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ 

ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʵʪʘʣʦʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʘʥʘʣʴʛʠʥʘ ʠʣʠ 

ʧʨʝʚʳʰʘʶʱʫʶ ʝʝ, ʘ ʥʘʠʣʫʯʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣʠ ʩʦʝʜʠʥʝʥʠʷ 40c, 43c, 

43d (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣʠʮʘ 16). 
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ʊʘʙʣʠʮʘ 7 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ) (31),  

2,2'-(ʵʪʘʥ-1,2-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ) (33)  

ʠ 1,1'-(ʵʪʘʥ-1,2-ʜʠʠʣ)âʙʠʩ(4 (ʙʝʥʟʦâ[d][1,3]ʜʠʦʢʩʦʣ-5-ʠʣ)-3,3-ʜʠʤʝʪʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʘ (35b) 

 

ˉ R Ar 
ɺʳʭʦʜ, 

% 
ʊ. ʧʣ., Áʉ 

ʅʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % 
ʀʂ ʩʧʝʢʪʨ, ɜ, 

ʩʤ
-1

 

ʉ ʅ N ʉ ʅ N CO 

31a 
R+R = 

(CH2)4 

4-Et2NC6H4 56 155,5-157 75.84 8.92 9.76 C36H50N4O2 75.75 8.83 9.82 1744 

31b 3,4-(OCH2O)C6H3 65 186,5-187 63.26 6.03 4.54 C32H36N2O10 63.15 5.96 4.60 1756, 1727 

31c 4-MeOC6H4 54 164-165,5 73.86 7.51 5.68 C30H36N2O4 73.74 7.43 5.73 1749 

33b 

R+R = 

(CH2)5 

3,4-(OCH2O)C6H3 53 185,6-187,4 64.27 6.44 4.38 C34H40N2O10 64.14 6.33 4.40 1743 

33c 4-MeOC6H4 57 186,2-187,5 74.48 7.89 5.35 C32H40N2O4 74.39 7.80 5.42 1745 

33d 4-ʄe2NC6H4 60 225,4-227,2 75.36 8.61 10.24 C34H46N4O2 75.24 8.54 10.32 1721 

33e 4-MeC6H4 53 155,5-157 79.41 8.43 5.70 C32H40N2O2 79.30 8.32 5.78 1744 

33f 2,4-Cl2C6H3 49 233,8-235,4 60.76 5.55 4.65 C30H32Cl4N2O2 60.62 5.43 4.71 1742 

33g 3-ClC6H4 88 201,3-202,6 68.68 6.64 5.24 C30H34Cl2N2O2 68.57 6.52 5.33 1745 

33h 3-BrC6H4 71 206,3-208,7 58.77 5.70 4.48 C30H34Br2N2O2 58.65 5.58 4.56 1745 

33i 4-ClC6H4 51 156-157 68.71 6.63 5.29 C30H34Cl2N2O2 68.57 6.52 5.33 1736 

33j  4-BrC6H4 53 160,4-162,5 58.79 5.71 4.44 C30H34Br2N2O2 58.65 5.58 4.56; 1734 

35b Me 3,4-(OCH2O)C6H3 34 201,5-203 67.10 6.60 5.91 C26H30N2O6 66.94 6.48 6.00 1744 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7 
 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

ʠʟʦʤʝʨ ʮʠʢʣʦʘʣʢʠʣ 4H, (CH2)2 2ʅ, CH Me, Et, MeO, OCH2O Ar 

31a ʪʨʝʦ- 
1.24-2.16 ʤ 
(16H) 

2.71 ʜʪ, 3.73 ʜʪ (J 10.8 ɻʮ, 9.6 ɻʮ, 3.2 ɻʮ) 4.65 ʩ 
1.17 ʪ (J 6.8 ɻʮ, 12H,  
4 CH3), 3.35 ʢ (J 6.8 ɻʮ, 
8H, 4 CH3CH2) 

6.65 ʜ (J 7.6 ɻʮ, 4H), 7.02 ʜ (J 7.6 ɻʮ, 4H)  
(2 4-Et2NC6H4) 

31b 
ʵʨʠʪʨʦ- 1.16-2.16 ʤ 

(16H) 

2.98-3.06 ʤ, 3.53-3.61 ʤ 4.44 ʩ 
5.96-5.99 ʤ (4H, 2OCH2O) 

6.73 ʜʪ (J 5.2 ɻʮ, 4.8 ɻʮ, 2H), 6.76 ʜ (J 1.6 ɻʮ, 
2H), 6.81 ʜʜ (J 8.0 ɻʮ, 1.2 ɻʮ, 2H)  
[2 (3,4-(OCH2O)C6H3)] ʪʨʝʦ- 2.73 ʜʪ, 3.76 ʜʪ, (J 10.8 ɻʮ, 9.6 ɻʮ, 4.0 ɻʮ) 4.68 ʩ 

31c ʪʨʝʦ- 
1.17-2.18 ʤ 
(16H) 

2.72 ʜʪ, 3.76 ʜʪ (J 10.8 ɻʮ, 8.8 ɻʮ, 4.0 ɻʮ) 4.72 ʩ 3.81 ʩ (6H, 2 OCH3) 
6. 91 ʜʪ, 7.12 ʜʪ (J 8.8 ɻʮ, 2.8 ɻʮ, 2.0 ɻʮ, 8H, 2 
4-MeOC6H4) 

33b 
ʵʨʠʪʨʦ- 0.99-1.98 ʤ 

(20H) 
2.96-3.04 ʤ, 3.53-3.61 ʤ 4.34 ʩ 

5.97 ʩ (4H 2 OCH2O) 
6.69-6.74 ʤ (4H), 6.81 ʜ (2H, J = 8.0 ɻʮ)  
[2 (3,4-(OCH2O)C6H3)] ʪʨʝʦ- 2.73 ʜʪ, 3.74 ʜʪ (J 11.2 ɻʮ, 9.6 ɻʮ, 3.6 ɻʮ) 4.57 ʩ 

33c ʵʨʠʪʨʦ- 
0.81-1.81 ʤ 
(20H) 

2.96-3.04 ʤ, 3.53-3.61 ʤ 4.38 ʩ 3.82 ʩ (6H, 2 OCH3) 
6.91 ʜʪ, 7.16 ʜʪ (8H, J = 8.8 ɻʮ, 2.8 ɻʮ, 2.0 ɻʮ, 2 
4-MeOC6H4).  

33d ʵʨʠʪʨʦ- 
0.90-1.89 ʤ 
(20H) 

2.95-3.03 ʤ, 3.51-3.59 ʤ 4.35 ʩ 2.98 ʩ [12H, 2 (CH3)2N] 
6.82 h ʠʨ. ʩ (4H), 7.13 ʜ (4H, J 8.0 ɻʮ)  
(2 4-Me2NC6H4) 

33e 
ʵʨʠʪʨʦ- 0.94-2.01 ʤ 

(20H) 
2.95-3.03 ʤ, 3.56-3.64 ʤ 4.37 ʩ 

2.36 ʩ (6H, 2 CH3) 7.13 ʜ, 7.18 ʜ (8H, J 8.0 ɻʮ, 2 4-MeC6H4) ʪʨʝʦ- 2.72 ʜʪ, 3.75 ʜʪ (J 11.2 ɻʮ, 9.6 ɻʮ, 3.6 ɻʮ) 4.64 ʩ 

33f ʪʨʝʦ- 
0.97-2.20 ʤ 
(20H) 

2.77 ʜʪ, 3.81 ʜʪ (J 11.6 ɻʮ, 8.8 ɻʮ, 4.0 ɻʮ) 5.02 ʩ  7.08 ʜ (2H, J 8.4 ɻʮ), 7.25 ʜʜ (2H, J 8.4 ɻʮ, 2.4 
ɻʮ, 2H), 7.44 ʜ (2H, J 2.4 ɻʮ) (2 2,4-Cl2C6H3) 

33g ʪʨʝʦ- 
1.01-2.04 ʤ 
(20H) 

2.75 ʜʪ, 3.78 ʜʪ, (J 11.2 ɻʮ, 9.6 ɻʮ, 3.6 ɻʮ) 4.63 ʩ  7.10-7.15 ʤ (2H), 7.22-7.23 ʤ (2H), 7.29-7.34 ʤ 
(4H) (2 3-ClC6H4). 

33h ʪʨʝʦ- 
1.00-2.04 ʤ 
(20H) 

2.74 ʜʪ, 3.78 ʜʪ (J 11.6 ɻʮ, 9.6 ɻʮ, 3.6 ɻʮ) 4.62 ʩ 
 7.17 ʜʪ (2H, J 7.6 ɻʮ, 1.2 ɻʮ), 7.25 ʪ (2H, J 8.0 

ɻʮ, 7.6 ɻʮ), 7.39 ʪ (2H, J 2.0 ɻʮ, 1.2 ɻʮ), 7.46 ʜʢ 
(2H, J 8.0 ɻʮ, 2.0 ɻʮ, 1.2 ɻʮ) (2 3-BrC6H4) 

33i 
ʵʨʠʪʨʦ- 0.87-2.03 ʤ 

(20H) 
2.97-3.05 ʤ, 3.52-3.59 ʤ 4.41 ʩ  7.16-7.22 ʤ (4H), 7.34-7.38 ʤ (4H) (2 4-ClC6H4) ʪʨʝʦ- 2.70 ʜʪ, 3.75 ʜʪ (J 11.2 ɻʮ, 9.6 ɻʮ, 4.0 ɻʮ) 4.64 ʩ 

33j  
ʵʨʠʪʨʦ- 0.92-2.02 ʤ 

(20H) 
2.97-3.05 ʤ, 3.51-3.59 ʤ,  4.39 ʩ 

 7.10-7.16 ʤ, 7.49-7.54 ʤ (4H, 2 4-BrC6H4) ʪʨʝʦ- 2.71 ʜʪ, 3.75 ʜʪ (J 11.6 ɻʮ, 9.6 ɻʮ, 3.6 ɻʮ) 4.62 ʩ 

35b 
ʵʨʠʪʨʦ-  3.59-3.67 ʤ 4.40 ʩ 

0.83 ʩ, 1.36 ʩ 
(6H, 2 CH3)  

5.96-5.99 ʤ 
(4H, 2 
OCH2O) 

6.65-6.71 ʤ (4H), 6.82 ʜʜ (2H, J = 8.0 ɻʮ,  
0.8 ɻʮ) [2 (3,4-(OCH2O)C6H3)] ʪʨʝʦ-  2.80 ʜʪ, 3.78 ʜʪ (J 11.2 ɻʮ, 9.2 ɻʮ, 4.0 ɻʮ) 4.64 ʩ 

0.85 ʩ, 1.43 ʩ 
(6H, 2 CH3) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 7 
 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

CH2
ʮʠʢʣʦʛʝʢʩʠʣ

 NïCH2 ʩʧʠʨʦʘʪʦʤ CH C
Ar

 C=O Me, Et, MeO, OCH2O 

31a 25.3, 25.6, 25.6, 28.6, 33.8 36.5 66.7 66.5 111.8, 122.5, 128.6, 147.9 175.3 
12.8 ((CH3CH2)2N) 

44.4 ((CH3CH2)2N) 

31b 
25.2, 25.4, 25.5, 25.6, 28.7, 28.7, 33.7, 

34.1 

36.7, 

38.9 
67.0, 67.1 

66.4, 

68.1 

107.4, 107.6, 108.7, 108.7, 121.0, 121.0, 

130.4, 130.5, 147.7, 147.8, 148.4, 148.4 
174.7, 175.0 

101.4, 101.4 

(OCH2O) 

31c 25.1, 25.5, 28.6, 33.7 36.6 67.0 66.2 114.4, 128.4, 128.6, 159.8 175.2 55.3 (OCH3) 

33b 22.5, 23.6, 25.5, 27.7, 32.0 36.4 60.9 65.2 107.7, 108.5, 121.1, 129.6, 147.7, 148.2 
174.8 

 
101.4 (OCH2O) 

33c 22.2, 23.7, 25.4, 27.4, 32.8 38.7 60.7 66.7 114.2, 127.7, 128.9, 159.8 174.5 55.5 (OCH3) 

33d 22.2, 23.7, 25.5, 27.4, 32.7 38.6 60.6 66.8 113.0, 113.2, 120.1, 128.7 174.7 43.8 (CH3) 

33e 
22.3, 22.4, 23.6, 23.7, 25.3, 25.4, 27.5, 

27.9, 31.9, 32.8 

36.4, 

39.0 
61.1, 61.2 

64.8, 

66.7 

122.2, 122.3, 129.2, 129.3, 132.0, 132.0, 

134.9, 135.0 
174.3, 174.7 ï 

33f 23.0, 23.4, 25.5, 28.4, 31.9 37.1 61.9 61.5 127.2, 128.6, 130.2, 132.7, 134.3, 134.7 174.7 ï 

33g 22.5, 23.6, 25.4, 28.0, 31.9 36.5 61.3 64.8 125.7, 127.5, 128.5, 130.0, 134.9, 138.1 174.7 ï 

33h 22.5, 23.6, 25.4, 28.0, 32.0 36.5 61.4 64.8 123.1, 126.2, 130.3, 130.4, 131.4, 138.4 174.6 ï 

33i 
22.2, 22.4, 23.6, 23.7, 25.3, 25.4, 27.5, 

27.8, 31.9, 32.8 

36.4, 

39.0 
61.1, 61.2 

64.8, 

66.6 
128.9, 129.0, 129.0, 134.3, 134.2, 134.3, 134.4 174.3, 174.7 ï 

33j  
22.3, 22.4, 23.6, 23.7, 25.3, 25.4, 27.5, 

27.9, 31.9, 32.8 

36.4, 

39.0 
61.1, 61.2 

64.8, 

66.7 

122.2, 122.3, 129.2, 129.3, 132.0, 132.0, 

134.9, 135.0 
174.3, 174.7 ï 

 

ˉ ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. 

CH3 NïCH2 ʉ
3
 CH OCH2O C

Ar
 C=O 

35b 
17.7, 18.0, 21.5, 22.2 36.8, 39.0 56.5 65.6, 67.4 101.4, 101.4 107.3, 107.4, 108.7, 108.7, 120.7, 120.7, 134.9, 135.0, 

129.8, 129.9, 147.7, 148. 3 

174.6, 175.0 
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ʊʘʙʣʠʮʘ 8 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

2,2'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ) (38) 

ʠ 2,2'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ) (40) 

 
 

ˉ

ˉ 
n Ar 

ɺʳʭʦʜ, 

% 

ʊ. ʧʣ., 

Áʉ 

ʅʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % 
ʀʂ ʩʧʝʢʪʨ, ɜ, 

ʩʤ
-1

 

ʉ ʅ N ʉ ʅ N CO 

38h 1 4-BrC6H4 69 258-259 60.70 4.85 4.38 C32H30Br2N2O2 60.58 4.77 4.42 1731 

38i 1 4-FC6H4 69 265-266 75.07 5.99 5.41 C32H30F2N2O2 74.98 5.90 5.47 1741, 1731 

40a 2 Ph 73 269-270 81.04 7.11 5.67 C34H36N2O2 80.92 7.19 5.55 1728, 1700 

40b 2 4-MeOC6H4 79 244-46 76.76  7.04 5.08 C36H40N2O4 76.57 7.14 4.96 1738, 1723 

40c 2 3,4-MeOC6H3 82 276-278 73.05 7.10 4.48 C38H44N2O6 76.57 7.14 4.96 1728 

40d 2 3,4-(OCH2O)C6H3 67 238-240 73.18 6.04 4.91 C36H36N2O6 72.95 6.12 4.73 1724 

40e 2 4-Me2NC6H4 78 248-250 77.09 7.96 9.62 C38H46N4O2 77.25 7.85 9.48 1726 

40f 2 4-Et2NC6H4 58 220-222 77.79 8.53 8.84 C42H54N4O2 77.98 8.41 8.66 1725 

40g 2 4-ClC6H4 78 280-281 71.34 5.93 4.79 C34H34Cl2N2O2 71.20 5.98 4.88 1737, 1729 

40h 2 4-BrC6H4 81 253-255 61.39 5.04 4.17 C34H34Br2N2O2 61.64 5.17 4.23 1739, 1728 

40i 2 4-FC6H4 69 269-271 75.62 6.41 5.07 C34H34F2N2O2 75.53 6.34 5.18 1726 

40j  2 2,4-Cl2C6H3 73 278-280 63.79 4.92 4.22 C34H32Cl4N2O2 63.57 5.02 4.36 1746, 1733 

40k 2 3-ClC6H4 64 227-229 70.00 4.92 4.22 C34H34Cl2N2O2 71.20 5.98 4.88 1728 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8 
 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

16ʅ, 2 (ʉʅ2)4 2ʅ, ʉʅ 4ʅ, 1,4-ʬʝʥʠʣʝʥ Ar 

38h 1.13-2.25 ʤ 4.75 ʩ, 4.78 ʩ 7.15 ʩ, 7.16 ʩ 7.05 ʜ (4ʅ, J 8.4 ɻʮ), 7.47 ʜ (4ʅ, J 8.4 ɻʮ) (2,4-Brʉ6ʅ4) 

38i 0.84-2.25 ʤ 4.78 ʩ, 4.81 ʩ 7.16 ʩ, 7.17 ʩ 7.04 ʪ (4ʅ, J 8.4 ɻʮ), 7.13-7.22 ʤ (4ʅ) (2 4-Fʉ6ʅ4) 

 

ˉ ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

A:B 20ʅ, 2 

(ʉʅ2)5 
2ʅ, ʉʅ, 4ʅ, 1,4-ʬʝʥʠʣʝʥ Ar Me, Et, MeO, OCH2O 

40a ï 1.00-2.06 ʤ 4.70 ʩ 7.17 ʩ 7.22 ʜ.ʜ, 7.28-7.35 ʤ (10ʅ, 2 Ph, J 7.6, 2,0 ɻʮ) ï 

40b ï 0.98-2.04 ʤ 4.66 ʩ 7.16 ʩ 6.85 ʜ, 7.13 ʜ [8ʅ, 2 (4-ʄʝʆʉ6ʅ4), J 8.8 ɻʮ] 3.79 ʩ (6ʅ, 2 ʄʝʆ) 

40c ï 1.03-2.13 ʤ 4.65 ʩ 7.18 ʩ 
6.69 ʩ, 6.78 ʜ, 6.82 ʜ [6ʅ, 2 (3,4-(ʄʝʆ)2ʉ6ʅ3), 

J 8.0 ɻʮ] 
3.78 ʩ, 3.86 ʩ (12ʅ, 4 ʄʝʆ) 

40d 1:3 1.06-2.04 ʤ 4.59 ʩ, 4.61 ʩ  7.17 ʩ, 7.18 c 
6.68 ʜ (J 1.6 ɻʮ), 6.72 ʜ.ʜ (J 8.0, 1.6 ɻʮ), 6.76 ʜ  

(J 8.0 ɻʮ) [6ʅ, 2 (3,4-ʆʉʅ2ʆʉ6ʅ3)] 
5.94 ʜ.ʜ [4H, 2 (OCH2O), J 6.0, 1.6 ɻʮ] 

40e 9:1 1.00-2.04 ʤ 4.57 ʩ, 4.61 c  7.15 ʩ, 7.18 c 6.65 ʜ, 7.05 ʜ [8ʅ, 2 (4-ʄʝ2Nʉ6ʅ4) 2.93 ʩ (12ʅ, 2 ʄʝ2N) 

40f
8
 3:1 0.92-1.87 ʤ 4.76 c, 4.77 ʩ  7.12 ʩ 6.61 ʜ, 7.01 ʜ [8ʅ, 2 (4-Et2Nʉ6ʅ4), J 8.4 ɻʮ] 

2.93 ʪ (12ʅ, 2 (CH3CH2)2N,  

J 6.8 ɻʮ), 3.29 ʢ (8ʅ, J 6.8 ɻʮ,  

2 (CH3CH2)2N) 

40g ï 1.06-2.06 ʤ 4.67 ʩ 7.15 ʩ 7.16 ʜ, 7.34 ʜ [8ʅ, 2 (4-Clʉ6ʅ4), J 8.4 ɻʮ] ï 

40h 3:1 1.00-2.06 ʤ 4.62 ʩ, 4.65 ʩ 7.12 ʩ, 7.14 c 7.08 ʜ, 7.45 ʜ [8ʅ, 2 (4-Brʉ6ʅ4), J 8.4 ɻʮ] ï 

40i ï 1.00-2.08 ʤ 4.69 ʩ 7.16 ʩ 
7.02 ʜ.ʜ (J 8.8, 8.4 ɻʮ), 7.34 ʜ.ʜ (J 8.4, 5.2 ɻʮ)  

[8ʅ, 2 (4-Fʉ6ʅ4)] 
ï 

40j  1:1 1.04-2.19 ʤ 5.02 ʩ, 5.04 ʩ 7.15 c, 7,16 ʩ 7.03ï7.46 ʤ [6ʅ, 2 (2,4-Cl2ʉ6ʅ3)] ï 

40k ï 1.06-2.08 ʤ 4.66 ʩ 7.16 ʩ 7.09ï7.28 ʤ [8ʅ, 2 (3-Clʉ6ʅ4)] ï 

                                         

8ʗʄʈ ʩʧʝʢʪʨ ʟʘʧʠʩʘʥ ʚ ɼʄʉʆ-d6 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

CH2
ʮʠʢʣʦʧʝʥʪʠʣ

 ʩʧʠʨʦʘʪʦʤ CH C
Ar

 ʉʆ 

38h 25.3, 25.6, 28.9, 29.0, 34.9 66.4, 66.5 66.9 118.0, 122.4, 128.5, 128.5, 132.2, 132.3, 133.7, 133.7, 135.3 171.1, 171.2 

38i 
25.3, 25.6, 28.9, 29.0, 29.8, 34.9, 

34.9 
66.4, 66.4 66.9 

115.9, 116.0, 116.2, 116.2, 118.0, 118.0, 128.4, 128.5, 128.5, 128.6, 

131.9, 133.8, 161.5, 164.0 
171.3, 171.3 

 

ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

C
ʮʠʢʣʦʛʝʢʩʘʥ

 ʉ
3
 C

Ar
 ʉʆ 

Me, Et, MeO, 

OCH2O 

40a 22.3, 23.6, 25.4, 27.8, 33.7, 60.0 66.7 118.0, 127.3, 128.3, 128.7, 133.9, 135.4 171.2 ï 

40b 22.3, 23.6, 25.4, 27.7, 33.5, 59.9 66.3 114.2, 118.0, 127.2, 128.4, 133.9, 159.6 171.3 55.4 (ʄʝʆ) 

40c 22.4, 23.6, 25.4, 27.7, 33.6, 60.0 66.6 110.5, 111.5, 118.0, 119.9, 127.8, 134.0, 149.2, 149.4 175.3 56.1, 56.2 (2 ʄʝʆ) 

40d 22.3, 23.5, 25.4, 27.6, 33.5, 60.0 66.5 107.5, 108.5, 117.9, 120.8, 129.2, 133.9, 147.7, 148.1 171.1 101.4 ʆʉʅ2ʆ 

40e 22.3, 23.6, 25.4, 27.6, 33.5, 59.70 66.6 112.3, 117.9, 128.2, 133.9, 150.3 171.5 40.5 ʄʝ2N 

40f
9
 21.5, 22.8, 24.7, 26.9, 34.5, 58.6 64.9 111.0, 117.5, 120.5, 128.0, 133.1, 147.1 170.3 

12.3 (CH3CH2)2N 

43.4 (CH3CH2)2N 

40g 22.3, 23.6, 25.3, 27.8, 33.6, 60.2 66.01 118.0, 128.6, 129.0, 133.8, 134.0, 134.2 170.9 ï 

40h 22.3, 23.5, 25.3, 27.7, 33.5, 60.0 66.0 
117.9, 122.2, 128.9, 131.9, 133.7, 134.5 

[117.9, 122.2, 128.8, 131.9, 133.7, 134.4] 

170.7 

[170.8] 
ï 

40i 21.6, 22.9, 24.7, 27.1, 32.9, 59.4 65.4 
115.0, 115.2, 117.3, 128.1, 128.2, 130.4, 130.4, 133.1, 160.8, 

163.3 
170.3 ï 

40j  22.8, 23.5, 25.4, 28.2, 33.6, 60.7 
62.5 

[62.6] 

118.0, 127.4, 129.3, 130.0, 131.9, 133.7, 133.9, 134.6 

[118.0, 127.5, 129.3, 130.0, 131.9, 133.7, 133.9, 134.6] 

170.9 

[170.9] 
ï 

40k 22.4, 23.6, 25.3, 27.9, 33.7, 60.3 66.1 118.0, 125.4, 127.3, 128.6, 130.1, 133.9, 134.9, 137.7 170.8 ï 

                                         

9ʗʄʈ ʩʧʝʢʪʨ ʟʘʧʠʩʘʥ ʚ ɼʄʉʆ-d6 
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ʊʘʙʣʠʮʘ 9 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

2-[4-(ʘʨʠʣʤʝʪʠʣʠʜʝʥʘʤʠʥʦ)ʬʝʥʠʣ]-3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ (39) 

 

ˉ

ˉ 
Ar 

ɺʳʭʦʜ, 

% 

ʊ. ʧʣ., 

Áʉ 

ʅʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % 
ʀʂ ʩʧʝʢʪʨ, ɜ, 

ʩʤ
-1

 

ʉ ʅ N ʉ ʅ N CO 

39i 4-FC6H4 52 233-235 75.24 5.68 6.43 C27H24F2N2O 75.33 5.62 6.51 1727 

39j 2,4-Cl2C6H3 63 248-250 61.07 4.12 5.43 C27H22Cl4N2O 60.93 4.17 5.26 1744 

 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

10ʅ, (ʉʅ2)5 1ʅ, ʉʅ Ar 1H, CH=). 

39i 1.04-2.06 ʤ 4.69 ʩ 7.03 ʪ (2H, J 8.8 ɻʮ), 7.14ï7.27 ʤ (8ʅ), 7.92 ʜ.ʜ (2ʅ, J 8.8, 5.6 ɻʮ) 8.48 c 

39j 
1.03-2.16 ʤ 5.05 ʩ 7.15-7.18 ʤ (4ʅ, 1,4-ʬʝʥʠʣʝʥ), 7.03ï7.06 ʤ (2H), 7.38 ʜ.ʜ.ʜ (1H, J 8.4, 1.6, 0.8 ɻʮ), 

7.46 ʜ (1H, J 1.6 ɻʮ), 7.49 ʜ (1H, J 1.6 ɻʮ), 7.87 ʜ (1H, J 8.4 ɻʮ) (2 2,4-ClC6H3) 

10.42 ʜ (J 0.8 ɻʮ) 

 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

CH2
ʮʠʢʣʦʧʝʥʪʠʣ

 ʩʧʠʨʦʘʪʦʤ CH C
Ar

 CH=, ʉʆ 

39i 22.3, 23.6, 25.3, 27.8, 33.6 60.1 66.1 
115.7, 115.9, 116.0, 116.2, 118.0, 122.0, 122.5, 128.8, 128.9, 130.9, 130.9, 131.1 

(2 ʩʠʛʥʘʣʘ), 132.9 (2 ʩʠʛʥʘʣʘ), 133.8, 150.0, 161.5, 164.0, 166.2 

158.2 (CH=); 

171.0 (ʉʆ) 

39j 22.9, 23.5, 25.5, 28.2, 33.6 60.7 62.6 
118.0, 127.4, 127.5, 128.1, 128.4, 129.2, 129.3, 130.0, 130.5, 130.7, 131.3, 132.0, 

133.8, 133.9, 134.6 

171.0 (ʉʆ), 

188.5 (CH=) 
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ʊʘʙʣʠʮʘ 10 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

2,2'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ) (43)  

ʠ 2,2'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.4]ʦʢʪʘʥ-1-ʦʥʦʚ) (44) 

 
ˉ

ˉ 
n Ar 

ɺʳʭʦʜ, 

% 

ʊ. ʧʣ., 

Áʉ 

ʅʘʡʜʝʥʦ, % ɹʨʫʪʪʦ-

ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ
-1
 

ʉ ʅ N ʉ ʅ N CO 

43a 

2 

Ph 75 312-314 82.61 7.08 4.63 C40H40N2O2 82.72 6.94 4.82 1730 

43b 4-MeC6H4 84 316-319 82.59 7.17 4.69 C42H44N2O2 82.86 7.28 4.60 1732 

43c 4-MeOC6H4 81 306-308 78.86 7.04 4.22 C42H44N2O4 78.72 6.92 4.37 1729 

43d 3,4-(MeO)2C6H3 76 234-236 75.66 7.01 4.18 C44H48N2O6 75.40 6.90 4.00 1729 

43f 4-FC6H4 73 284-286 78.14 6.40 4.68 C40H38F2N2O2 77.90 6.21 4.54 1729 

43g 4-ClC6H4 72 318-320 74.11 5.79 4.18 C40H38Cl2N2O2 73.95 5.90 4.31 1743 

43h 2,4-Cl2C6H3 82 291-293 66.98 4.89 4.02 C40H36Cl4N2O2 66.86 5.05 3.90 1742 

43i 4-Me2NC6H4 78 273-276 79.48 7.42 8.29 C44H50N4O2 79.24 7.56 8.40 1729 

43j  3,4-(OCH2O)C6H3 77 257-260 75.70 5.96 4.31 C42H40N2O6 75.43 6.03 4.19 1729 

43k 3-BrC6H4 69 340 (ʨʘʟʣ.) 65.22 5.02 3.66 C40H38Br2N2O2 65.05 5.19 3.79 1745 

43l 4-BrC6H4 76 322-325 65.30 5.24 3.88 C40H38Br2N2O2 65.05 5.19 3.79 1744 

44a 

1 

3-Ph 68 296-299 82.40 6.67 4.99 C38H36N2O2 82.58 6.57 5.07 1729 

44b 4-MeC6H4 84 234-236 82.89 7.03 4.73 C40H40N2O2 82.72 6.94 4.82 1737 

44c 4-MeOC6H4 59 284-286 78.48 6.42 4.65 C40H40N2O4 78.40 6.58 4.57 1737 

44d 3,4-(MeO)2C6H3 67 248-250 75.23 6.42 4.31 C42H44N2O4 74.98 6.59 4.16 1733 

44f 4-FC6H4 59 298-300 77.71 5.92 4.59 C38H34F2N2O2 77.53 5.82 4.76 1740 

44g 4-ClC6H4 54 274-276 73.21 5.34 4.33 C38H34Cl2N2O2 73.43 5.51 4.51 1746 

44h 2,4-Cl2C6H3 67 264-267 66.23 4.83 4.01 C38H32Cl4N2O2 66.10 4.67 4.06 1743 

44i 4-Me2NC6H4 79 265-268 79.17 7.39 8.58 C42H46N4O2 78.96 7.26 8.77 1738 

44j  3,4-(OCH2O)C6H3 63 289-292 75.14 5.48 4.31 C40H36N2O6 74.98 5.66 4.37 1732 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10 
 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

 (20ʅ), 2 (ʉʅ2)5 2ʅ, ʉʅ Ar 8ʅ, ʙʠʬʝʥʠʣ Me, MeO, OCH2O 

43a 1.08-2.15 ʤ (20ʅ) 4.79 ʩ 7.28-7.35 ʤ (10ʅ, 2 Ph) 7.37 ʜ, 7.42 ʜ (J 8.2 ɻʮ)  

43b 1.02-2.15 ʤ (20ʅ) 4.74 ʩ 7.49 ʩ [8ʅ, 2 (4-ʄʝʉ6ʅ4)] 7.31 ʜ, 7.39 ʜ (J 8.4 ɻʮ) 2.35 ʩ (6ʅ, 2 ʄʝ) 

43c 1.00-2.10 ʤ (20ʅ) 4.73 ʩ 6.89 ʜ, 7.20 ʜ [8ʅ, 2 (4-ʄʝʆʉ6ʅ4), J 8.4 ɻʮ] 7.32 ʜ, 7.39 ʜ (J 8.2 ɻʮ) 3.80 ʩ (6ʅ, 2 ʄʝʆ) 

43d 1.02-2.11 ʤ (20ʅ) 4.69 ʩ 6.82 ʜ, 6.83 ʜ [6ʅ, J 8.4 ɻʮ, 2 (3,4-(ʄʝʆ)2ʉ6ʅ3)] 7.30 ʜ, 7.37 ʜ (J 8.4 ɻʮ) 3.78 ʩ, 3.85 ʩ (12ʅ, 4 ʄʝʆ) 

43f 1.02-2.12 ʤ (20ʅ) 4.76 ʩ 7.03-7.08 ʤ, 7,22-7.27 ʤ [8ʅ, 2 (4-Fʉ6ʅ4)] 7.29 ʜ, 7.40 ʜ (J 8.6 ɻʮ) ï 

43g 1.03-2.13 ʤ (20ʅ) 4.74 ʩ 7.22 ʜ, 7.29 ʜ [8ʅ, J 8.8 ɻʮ, 2 (4-Clʉ6ʅ4)] 7.34 ʜ, 7.40 ʜ (J 8.8 ɻʮ) ï 

43h 1.08-2.23 ʤ (20ʅ) 5.12 ʩ 7.12 ʜ, 7.19 ʜʜ, 7.49 ʜ [8ʅ, J 8.4 ɻʮ, 2.0 ɻʮ, 2 (2,4-Cl2ʉ6ʅ4)] 7.30 ʜ, 7.45 ʜ (J 8.8 ɻʮ) ï 

43i 1.10-2.04 ʤ (20ʅ) 4.69 ʩ 6.69 ʜ, 7.13 ʜ [8ʅ, J 8.8 ɻʮ, 2 (4-Me2Nʉ6ʅ4)] 7.33 ʜ, 7.38 ʜ (J 8.8 ɻʮ) 2.95 ʩ (12ʅ, 2 ʄʝ2N) 

43j  1.09-2.10 ʤ (20ʅ) 4.68 ʩ 6.74 ʩ, 6.76 ʜ, 6.80 ʜ [6ʅ, J 8.4 ɻʮ, 2 (3,4-ʆʉʅ2ʆʉ6ʅ4)] 7.32 ʜ, 7.41 ʜ (J 8.8 ɻʮ) 5.97 ʩ (4ʅ, 2 ʆʉʅ2ʆ) 

43k 1.05-2.03 ʤ (20ʅ) 5.16 ʩ 7.38 ʩ, 7.42 ʪ, 7.49 ʜ, 7.60 ʜ [8ʅ, J 8.4 ɻʮ, 2 (3-Brʉ6ʅ4)] 7.32 ʜ, 7.63 ʜ (J 8.8 ɻʮ) ï 

43l 1.05-2.11 ʤ (20ʅ) 4.72 ʩ 7.15 ʜ, 7.28 ʜ [8ʅ, J 8.4 ɻʮ, 2 (4-Brʉ6ʅ4)] 7.40 ʜ, 7.49 ʜ (J 8.8 ɻʮ) ï 

44a 1.20-2.29 ʤ (16ʅ) 4.89 ʩ 7.22-7.37 ʤ (10ʅ, 2 Ph) 7.33 ʜ, 7.40 ʜ (J 8.8 ɻʮ) ï 

44b 1.21-2.28 ʤ (16ʅ) 4.86 ʩ 7.11 ʜ, 7.17 ʜ [8ʅ, J 8.0 ɻʮ, 2 (4-MeC6H4)] 7.34 ʜ, 7.39 ʜ (J 8.8 ɻʮ) 2.36 ʩ (6ʅ, 2 ʄʝ) 

44c 1.19-2.26 ʤ (16ʅ) 4.84 ʩ 6.90 ʜ, 7.15 ʜ [8ʅ, J 8.8 ɻʮ, 2 (4-ʄʝʆʉ6ʅ4)] 7.33 ʜ, 7.40 ʜ (J 8.8 ɻʮ) 3.80 ʩ (6ʅ, 2 ʄʝʆ) 

44d 1.24-2.26 ʤ (16ʅ) 4.82 ʩ 
6.70 ʜ (J 2.0 ɻʮ), 6.79 ʜʜ (J 8.4 ɻʮ, J 2.0 ɻʮ), 6.86 ʜ (J 8.4 ɻʮ) 

[6ʅ, 2 (3,4-ʄʝʆ)2ʉ6ʅ3)] 
7.33 ʜ, 7.40 ʜ (J 8.4 ɻʮ) 3.80 ʩ, 3.87 ʩ (12H, 4 MeO) 

44e 1.25-2.30 ʤ (16ʅ) 4.80 ʩ 6.69 ʜ, 6.71 ʜʜ, 6.80 ʜ [6H, 2 (3,4-OCH2OC6H3), J 8.0 ɻʮ, 1.6 ɻʮ] 7.33 ʜ, 7.41 ʜ (J 8.8 ɻʮ) 
5.96 ʜʜ (4H, 2 OCH2O,  

J 4.4 ɻʮ, 1.6 ɻʮ) 

44f 1.16-2.28 ʤ (16ʅ) 4.88 ʩ 7.07 ʪ, 7.21 ʪ [8ʅ, J 8.4 ɻʮ, 2 (4-Fʉ6ʅ4)] 7.31 ʜ, 7.41 ʜ (J 8.8 ɻʮ) ï 

44g 1.17-2.30 ʤ (16ʅ) 4.87 ʩ 7.17 ʜ, 7.30 ʜ [8ʅ, J 8.8 ɻʮ, 2 (4-Clʉ6ʅ4)] 7,35 ʜ, 7.41 ʜ (J 8.8 ɻʮ) ï 

44h 1.11-2.35 ʤ (16ʅ) 5.31 ʩ 
7.10 ʜ (J 8.4 ɻʮ), 7.21 ʜʜ (J 8.4 ɻʮ, J 2.0 ɻʮ), 7.49 ʜ (J 2.0 ɻʮ) 

[6ʅ, 2 (2,4-Cl2ʉ6ʅ3)] 
7,30 ʜ, 7.44 ʜ (J 8.8 ɻʮ) ï 

44i 1.25-2.25 ʤ (16ʅ) 4.81 ʩ 6.79 ʫʰ.ʩʠʛʥ., 7.10 ʜ [8ʅ, J 8.4 ɻʮ, 2 (4-Me2Nʉ6ʅ4)] 7.33 ʜ, 7.38 ʜ (J 8.8 ɻʮ) 2.97 ʩ (12ʅ, 2 ʄʝ2N) 

44j  1.25-2.30 ʤ (16ʅ) 4.80 ʩ 6.69 ʜ, 6.71 ʜʜ, 6.80 ʜ, J 8.0 ɻʮ, 1.6 ɻʮ, 2 (3,4-ʆʉʅ2ʆʉ6ʅ4) 7,33 ʜ, 7.41 ʜ 
5.96 ʜʜ (4ʅ, 2 ʆʉʅ2ʆ,  

J 4.4 ɻʮ, J 1.6 ɻʮ) 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 10 
 

ˉ ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

ʉ
ʮʠʢʣʦʘʣʢʠʣ

 ʉʅ ʉ
Ar

 ʉʆ  

43a 22.0, 22.3, 25.1, 27.5, 33.4, 59.7 66.4 117.4, 127.0, 127.1, 128.0, 128.4, 135.2, 135.6, 136.8 171.2  

43b 22.0, 23.3, 25,1, 27.5, 33.4, 59.6 66.3 117.4, 126.9, 127.0, 129.1, 132.0, 135.5, 136.9, 137.7 171.3 21.0 (ʄʝ) 

43c 22.0, 23.3, 25,1, 27.4, 33.3, 59.7 66.1 113.9, 125.6, 127.0, 128.2, 129.4, 135.5, 136.9, 159.4 171.3 55.1 (ʄʝʆ) 

43d 22.4, 23.6, 25.4, 27.7, 33.6, 60.0 66.6 111.5, 117.7, 119.9, 127.2, 127.8, 129.0, 135.8, 137.2, 149.1, 149.3 171.6 56.0, 56.2 (ʄʝʆ) 

43f 22.0, 23.3, 25.0, 27.5, 33.3, 59.9 65.8 117.4, 127.1, 128.3, 128.7, 133.8, 133.9, 135.7, 136.6 170.8  

43g 22.9, 23.5, 25.5, 28.2, 33.6, 60.7 62.6 117.6, 127.5, 127.6, 129.4, 130.0, 132.1, 133.9, 134.5, 136.1, 136.8 171.2  

43h 22.3, 23.6, 25.5, 27.7, 33.6, 59.9 66.7 112.4, 117.8, 122.6, 127.3, 128.2, 135.8, 137.4, 150.4 171.9 40.5 (ʄʝ) 

43i 22.4, 23.6, 25.4, 27.7, 33.6, 60.0 66.6 107.1, 108.9, 117.8, 120.5, 127.5, 130.2, 136.0, 137.2, 147.7, 148.4 171.8 101.5 (ʆʉʅ2ʆ) 

43j  22.0, 23.3, 25.0, 27.5, 33.3, 59.8 65.8 
115.4, 115.6, 117.4, 127.1, 127.1, 128.6, 128.6, 135.6, 135.7, 136.7, 161.2, 

163.6 
171.0 ï 

43k 22.4, 23.6, 25.4, 27.9, 33.7, 60.2 66.1 117.7, 122.3, 127.5, 129.0, 132.0, 134.6, 136.0, 136.9 171.2 ï 

44a 25.3, 25.7, 29,0, 35.0, 66.4 67.6 117.8, 126.9, 127.4, 127.8, 128.4, 134.8, 136.3, 137.1 171.8 ï 

44b 25.3, 25.7, 28,9, 35.0, 66.3 67.5 117.7, 126.8, 127.3, 129.2, 129.7, 133.2, 137.1, 138.1 171.8 21.3 (ʄʝ) 

44c 25.4, 25.7, 28,7, 35.0, 67.4 66.4 117.8, 127.4, 128.1, 129.1, 134.8, 135.9, 137.1, 159.7 171.9 55.4 (ʄʝʆ) 

44d 25.5, 25.7, 29,0, 35.0, 67.6 66.4 110.0, 111.7, 117.8, 119.5, 127.3, 128.7, 135.8, 137.1, 149.2, 149.6 172.0 56.1 (ʄʝʆ) 

44f 25.3, 25.7, 29.0, 35.0, 66.5 66.9 
116.0, 116.2, 117.7, 127.4, 127.5, 128.5, 129.1, 136.0, 136.0, 136.9, 161.5, 

164.0 
171.6 ï 

44g 25.3, 25.6, 29.0, 35.0, 66.5 66.9 117.7, 127.5, 128.2, 129.3, 134.3, 134.9, 136.0, 136.8 171.5 ï 

44h 25.9, 26.1, 29.6, 34.4, 66.2 63.2 117.6, 127.6, 127.8, 128.8, 129.9, 132.8, 134.0, 134.6, 136.1, 136.7 171.9 ï 

44i 25.4, 25.7, 28,9, 35.0, 67.5 66.5 107.1, 108.8, 117.7, 120.4, 127.4, 130.2, 135.9, 137.0, 147.8, 148.4 171.8 101.4 (ʆʉʅ2ʆ) 

44j  25.4, 25.7, 29.0, 35.0, 66.4 67.6 113.6, 117.8, 127.3, 128.0, 135.8, 137.2 172.1 41.0, 41.2 (ʄʝ) 
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ʊʘʙʣʠʮʘ 11 

ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

1,1'-([1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3,3-ʜʠʤʝʪʠʣ-4-ʘʨʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʦʚ) (45), 

2,2'-(3,3'-ʜʠʤʝʪʠʣ-[1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3-ʘʨʠʣ-2-ʘʟʘʩʧʠʨʦ[3.5]ʥʦʥʘʥ-1-ʦʥʦʚ) (46) 

ʠ 1,1'-(3,3'-ʜʠʤʝʪʠʣ-[1,1'-ʙʠʬʝʥʠʣ]-4,4'-ʜʠʠʣ)ʙʠʩ(3,3-ʜʠʤʝʪʠʣ-4-ʘʨʠʣʘʟʝʪʠʜʠʥ-2-ʦʥʦʚ) (47) 

 

ˉ R R
1
 Ar 

ɺʳʭʦʜ, 

% 

ʊ. ʧʣ., 

Áʉ 

ʅʘʡʜʝʥʦ, % 
ɹʨʫʪʪʦ-

ʬʦʨʤʫʣʘ 

ɺʳʯʠʩʣʝʥʦ, % ʀʂ 

ʩʧʝʢʪʨ, 

ɜ, ʩʤ
-1
 

C H N C H N 

45a 

Me H 

Ph 84 250-253 81.78 6.35 5.79 C34H32N2O2 81.57 6.44 5.60 1732 

45b 4-MeC6H4 69 271-273 81.88 6.70 5.48 C36H36N2O2 81.79 6.86 5.30 1743 

45c 4-MeOC6H4 57 251-253 80.98 6.35 5.13 C36H36N2O4 81.12 6.47 5.00 1738 

45e 3,4-(OCH2O)C6H3 64 255-257 73.57 5.37 4.70 C36H32N2O6  73.45 5.48 4.76 1738 

45g 4-ClC6H4 89 290-293 71.93 5.44 5.03 C34H30Cl2N2O2 71.70 5.31 4.92 1738 

45h 2,4-Cl2C6H3 44 272-273 64.11 4.48 4.55 C34H28Cl4N2O2 63.97 4.42 4.39 1763 

45i 4-Me2NC6H4 86 267-269 77.58 7.34 9.69 C38H42N4O2 77.78 7.21 9.55 1739 

45j  3-BrC6H4 46 250-252 61.90 4.67 4.21 C34H30Br2N2O2 62.02 4.59 4.25 1742 

46a 

R+R = 

(CH2)5 

Me 

Ph 54 280-282 82.63 7.13 4.71 C42H44N2O2 82.86 7.28 4.60 1733 

46c 4-MeOC6H4 54 174-176 78.84 7.36 4.43 C44H48N2O4 79.01 7.23 4.19 1745 

46d 3,4-(MeO)2C6H3 52 222-224 75.61 7.28 3.96 C46H52N2O6 75.80 7.19 3.84 1745 

46g 4-ClC6H4 61 266-268 74.25 6.17 4.02 C42H42Cl2N2O2 74.44 6.25 4.13 1739 

47c 

Me 

4-MeOC6H4 51 259-261 77.84 6.69 4.59 C38H40N2O4 77.52 6.85 4.76 1738 

47e 3,4-(OCH2O)C6H3 47 252-254 73.84 5.97 4.70 C38H36N2O6 74.01 5.88 4.54 1745 

47g 4-ClC6H4 53 188-190 72.78 5.85 4.49 C36H34Cl2N2O2 72.36 5.74 4.69 1745 

47i 4-Me2NC6H4 26 256-258 78.45 7.67 9.32 C40H46N4O2 78.14 7.54 9.11 1739 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 11 
 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
H, ŭ, ʤ.ʜ. (CDCl3) 

12H, 4 ʄʝ  
(ɓ-ʣʘʢʪʘʤ) 

6H, 2 ʄʝ  
(ʪʦʣʠʜʠʥ) 

2ʅ, ʉʅ Ar ʙʠʬʝʥʠʣ Me, MeO, OCH2O (Ar) 

45a 0.87 ʩ, 1.55 ʩ ï 4.83 ʩ 7.21-7.39 ʤ (10ʅ, 2 Ph) 7.36 ʜ, 7.43 ʜ (8H, J 8.8 ɻʮ) ï 
45b 0.87 ʩ, 1.52 ʩ ï 4.78 ʩ 7.10 ʜ, 7.17 ʜ [8ʅ, J 8.0 ɻʮ, 2 (4-ʄʝʉ6ʅ4)] 7.35 ʜ, 7.42 ʜ (8H, J 8.8 ɻʮ) 2.35 ʩ (6ʅ, 2 ʄʝ) 

45c 0.88 ʩ, 1.52 ʩ ï 4.77 ʩ 6.89 ʜ, 7.14 ʜ [8ʅ, J 8.8 ɻʮ, 2 (4-ʄʝʆʉ6ʅ4)] 7.35 ʜ, 7.42 ʜ (8H, J 8.8 ɻʮ) 3.80 ʩ (6ʅ, 2 ʄʝʆ) 

45e 0.94 ʩ, 1.53 ʩ ï 4.74 ʩ 
6.71 ʜ (J 2.0 ɻʮ), 6.72 ʜʜ (J 8.0 ɻʮ, 2.0 ɻʮ), 6.82 ʜ  

(J 8.0 ɻʮ) [6ʅ, 2 (3,4-(OCH2O)ʉ6ʅ3)] 
7.38 ʜ, 7.46 ʜ (8H, J 8.8 ɻʮ) 

5.98 ʜ, 5.99 ʜ (4H,  

J 1.6 ɻʮ, OCH2O) 
45g 0.87 ʩ, 1.53 ʩ ï 4.79 ʩ 7.16 ʜ, 7.32 ʜ [8ʅ, J 8.4 ɻʮ, 2 (4-Clʉ6ʅ4)] 7.35 ʜ, 7.43 ʜ (8H, J 8.4 ɻʮ) ï 

45h 0.91 ʩ, 1.65 ʩ ï 5.16 ʩ 
7.08 ʜ (J 8.4 ɻʮ), 7.32 ʜʜ (J 8.4 ɻʮ, J 2.0 ɻʮ), 7.49 ʜ  

(J 2.0 ɻʮ) [6ʅ, 2 (2,4-Cl2ʉ6ʅ3) 
7.33 ʜ, 7.45 ʜ (8H, J 8.8 ɻʮ) ï 

45i 0.87 ʩ, 1.50 ʩ ï 4.73 ʩ 6.70 ʜ, 7.08 ʜ [8ʅ, J 8.8 ɻʮ, 2 (4-ʄʝ2Nʉ6ʅ4)] 7.38 ʜ, 7.41 ʜ (8H, J 8.8 ɻʮ) 2.95 ʩ (12ʅ, 2 ʄʝ2N) 

45j  0.90 ʩ, 1.54 ʩ ï 4.77 ʩ 
7.16 ʪ (J 8.4 ɻʮ), 7.26 ʜʜ (J 8.4 ɻʮ, 2.0 ɻʮ), 7.40 ʪ (J 2.0 

ɻʮ), 7.47 ʜʜ (J 8.4 ɻʮ, 2.0 ɻʮ) [8 ʅ, 2 (3-Brʉ6ʅ4)] 

7.34 ʜʜ, 7.45 ʜʜ (8H, J 8.8 

ɻʮ, 2.4 ɻʮ) 
ï 

47c 0.93 ʩ, 1.54 ʩ 2.48 ʩ 5.01 ʩ 6.85 ʜ, 7.09 ʜ [8ʅ, 2 (4-CH3OC6H4), J 8.8 ɻʮ] 7.28-7.42 ʤ (6H) 3,76 ʩ (6H, 2 CH3O) 

47e 0.97 ʩ, 1.52 ʩ 2,48 ʩ 4.98 ʩ 6.62-6.76 ʤ [6ʅ, 2 (3,4-ʆʉʅ2ʆʉ6ʅ3)] 7.26-7.35 ʤ (6ʅ) 
5.91 ʜʜ (4ʅ, 2 ʆʉʅ2ʆ, 

J 4.4 ɻʮ, 1.6 ɻʮ) 
47g 0.93 ʩ, 1.55 ʩ 2.49 ʩ 5.05 ʩ 7.10 ʜ, 7.09 ʜ [8ʅ, 2 (4-ClC6H4), J 8.4 ɻʮ] 7.28-7.42 ʤ (6H) ï 

47i 0.99 ʩ, 1.55 ʩ 2.52 ʩ 5.01 ʩ 6.69 ʜ, 7.08 ʜ [8ʅ, 2 (4-(CH3)2NC6H4), J 8.8 ɻʮ] 
6.98 ʜ, 7.37 ʜ, 7.42 c (6ʅ, J 
8,0 ɻʮ) 

2.94 ʩ (12H, 2 
(CH3)2N) 

ˉ 
 ʉʧʝʢʪʨ ʗʄʈ 

1
H, ŭ, ʤ.ʜ. (CDCl3) 

20H, 
ʮʠʢʣʦʛʝʢʩʠʣ  

6H, 2 ʄʝ  
(ʪʦʣʠʜʠʥ) 

2ʅ, ʉʅ Ar ʙʠʬʝʥʠʣ Me, MeO, OCH2O (Ar) 

46a 1.02-2.16 ʤ 2.47 ʩ 5.01 ʩ 7.23-7.33 ʤ (16ʅ, 2 Ph, ʙʠʬʝʥʠʣ) ï 

46c 1.02-2.17 ʤ 2.46 ʩ  4.99 ʩ 6.84 ʜ, 6.86 ʜ [8ʅ, 2 (4-CH3OC6H4), J 6.8 ɻʮ] 7.24-7.29 ʤ (6ʅ) 3.78 ʩ (6H, 2 CH3O) 

46d 1.00-2.17 ʤ 2.44 ʩ 5.00 ʩ 6.76-6.85 ʤ, 7.22-7.29 ʤ [12ʅ, 2 (3,4-(CH3O)2C6H3), ʙʠʬʝʥʠʣ] 3.82 ʩ, 3.87 ʩ (12H, 4 CH3O) 

46g 1.03-2.18 ʤ 2.46 ʩ 4.98 ʩ 7.17 ʜ, 7.31 ʜ [8ʅ, 2 (4-ClC6H4), J 8.4 ɻʮ] 7.24-7.35 ʤ (6ʅ) ï 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 11 
 

ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

2 ʄʝ 

(ɓ-ʣʘʢʪʘʤ) 

2 ʄʝ  

(ʪʦʣʠʜʠʥ) 

ʉ
4
 ʉ

3
H ʉ

Ar
 ʉʆ Me, MeO, 

OCH2O (Ar) 

45a 18.1, 23.0  55.8 66.9 117.8, 126.8, 127.4, 128.2, 128.9, 135.7, 136.0, 137.2 171.5 ï 

45b 18.1, 21.3  55.7 66.8 117.8, 126.7, 127.4, 129.6, 132.7, 136.0, 137.2, 138.0 171.7 23.0 (ʄʝ) 

45c 18.1, 23.0  55.4 66.6 114.4, 117.9, 127.4, 128.0, 129.2, 136.0, 137.2, 159.7 171.7 55.7 (ʄʝʆ) 

45e 18.0, 23.0  55.9 66.8 107.1, 108.7, 117.8, 120.3, 127.5, 129.6, 136.1, 137.1, 147.7, 148.3 171.6 101.4 (OCH
2
O) 

45g 18.1, 23.0  55.9 66.2 117.8, 127.5, 128.1, 129.2, 134.3, 136.2, 137.0, 138.0 171.2 ï 

45h 17.5, 22.9  56.3 63.5 117.7, 127.7, 129.0, 129.9, 132.6, 133.8, 134.5, 136.3, 136.3, 136.9 171.3 ï 

45i 18.1, 22.9  55.7 66.9 112.5, 117.9, 122.9, 127.3, 127.8, 135.9, 137.4, 150.4 172.0 40.5 (ʄʝ2N) 

45j  18.1, 22.9  56.0 66.1 117.7, 123.1, 125.3, 127.5, 128.3, 129.8, 130.5, 131.5, 136.9, 138.3 171.1 ï 

47c 18.6, 22.9 19.9 54.9 68.2 114.3, 114.5, 122.6, 125.1, 128.0, 128.3, 129.1, 131.9, 132.1, 134.5 172.0 55.4 (ʉʅ3O) 

47e 17.8, 22.2 19.3 54.3 67.6 
106.4, 108.0, 119.6, 121.7, 124.5, 129.6, 129.6, 131.2, 133.8, 137.5, 146.9, 

147.5 
171.2 100.7 (ʆʉʅ2ʆ) 

47g 18.6, 19.9  55.0 67.6 122.2, 125.1, 128.0, 129.0, 130.3, 132.7, 134.0, 134.9, 135.1, 138.1 171.5 ï 

 

ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

2 ʄʝ  

(ʪʦʣʠʜʠʥ) 
ʮʠʢʣʦʛʝʢʩʠʣ ʉ

4
 ʉ

3
H ʉ

Ar
 ʉʆ 

46a 20.0 22.3, 23.6, 25.4, 28.2, 33.8 59.4 68.4  122.6, 125.0, 127.4, 128.1, 128.6, 130.2, 131.9, 134.5, 136.2, 138.1 171.8 

46g 20.0 22.3, 23.6, 25.4, 28.2, 33.6 59.5 67.7  122.4, 125.1, 128.7, 128.9, 130.3, 131.8, 134.1, 134.2, 134.7, 138.1 171.4 
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2.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ 

ʥʦʚʳʤʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʩʦʧʨʷʞʝʥʥʫʶ ʩʠʩʪʝʤʫ C=C-C=O ʩʦʚʤʝʩʪʥʦ ʩ ʬʝʥʦʣʴʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ, ʩʚʷʟʴʶ C=N ʠʣʠ ʚʪʦʨʦʡ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ C=ʉ ʩʚʷʟʴʶ 

2.2.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʢʝʪʦʥʘʤʠ 

2.2.1.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 1-ʘʨʠʣ-3-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧ-2-ʝʥ-1-

ʦʥʘʤʠ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʮʠʢʣʠʯʝʩʢʠʭ 

ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ ʩ ʭʘʣʢʦʥʘʤʠ ʦʙʨʘʟʫʶʪʩʷ 4,6-ʜʠʘʨʠʣ-3,4-ʜʠʛʠʜʨʦ-2H-

ʩʧʠʨʦ[ʧʠʨʘʥ-3,1'-ʮʠʢʣʦʘʣʢʘʥ]-2-ʦʥʳ, ʧʨʦʷʚʣʷʶʱʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ [121-123]. ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ 

ʧʦʩʪʫʣʠʨʫʶʪʩʷ 1,3-ʜʠʘʨʠʣ-4,4-ʪʨʠ-/ʪʝʪʨʘʤʝʪʠʣʝʥ-5-ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʧʝʥʪ-1-ʝʥ-

1-ʦʢʩʠʮʠʥʢʙʨʦʤʠʜʳ Int58, ʢʦʪʦʨʳʝ ʮʠʢʣʠʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʘʪʘʢʠ ʝʥʦʣʷʪʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʘʤʝʱʝʥʥʳʭ ʩʧʠʨʦʜʠʛʠʜʨʦʧʠʨʘʥ-2-ʦʥʦʚ. 

 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʘʣʢʦʥʦʚ, 

ʠʤʝʶʱʠʭ ʦ-ʛʠʜʨʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʚ ʘʨʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ʧʨʠ ʜʚʦʡʥʦʡ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʘʣʠʮʠʢʣʠʯʝʩʢʠʤʠ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , 

II . ʀʩʭʦʜʥʳʝ ʭʘʣʢʦʥʳ 48 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [203], 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʘʣʠʮʠʣʦʚʦʛʦ ʠ 5-ʙʨʦʤʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʘʮʝʪʦʬʝʥʦʥʘʤʠ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʭʝʤʝ 2.16: 

ʨʝʘʢʪʠʚ r ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  ʧʨʠʩʦʝʜʠʥʷʪʁʩʷ ʢ ʬʨʘʛʤʝʥʪʫ (ʉ=ʉïʉ=ʆ) 

ʭʘʣʢʦʥʦʚ 48 ʚ ʧʦʣʦʞʝʥʠ ̫1 ï 4, ʦʙʨʘʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Int 59, 

Int 60. ɼʘʣʝʝ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʘʢʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʘʪʘʢʘ 
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ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʙʨʦʤʮʠʥʢʬʝʥʦʣʷʪʘ ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʨʝʟ ʠʥʪʝʨʤʝʜʠʘʪʳ Int 61, Int 62 

ʟʘʤʝʱʝʥʥʳʭ ʩʧʠʨʦʭʨʦʤʘʥ-2-ʦʥʦʚ, ʘ ʠʤʝʥʥʦ 4-(2-ʘʨʠʣ-2-

ʦʢʩʦʵʪʠʣ)ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1Ë-ʮʠʢʣʦʛʝʢʩʘʥ]-2-ʦʥʦʚ 49b-d,f,h-j ,l,m [204-208] ʠ 

4-(2-ʘʨʠʣ-2-ʦʢʩʦʵʪʠʣ)ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1'-ʮʠʢʣʦʧʝʥʪʘʥ]-2-ʦʥʦʚ 50aïm [199, 

200, 206-209] (ʤʝʪʦʜʠʢʠ 23, 24): 

 
ʉʭʝʤʘ 2.16 ʆʙʨʘʟʦʚʘʥʠʝ 4-(2-ʘʨʠʣ-2-ʦʢʩʦʵʪʠʣ)ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1Ë-ʮʠʢʣʦʛʝʢʩʘʥ]-2-ʦʥʦʚ (49b-d, f, 

h-j, l, m) ʠ 4-(2-ʘʨʠʣ-2-ʦʢʩʦʵʪʠʣ)ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1'-ʮʠʢʣʦʧʝʥʪʘʥ]-2-ʦʥʦʚ (50a-m) 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 49, 50 ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʜʘʥʥʳʤʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʀʂ ʠ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʪʘʙʣʠʮʘ 12). ɺ 

ʀʂ-ʩʧʝʢʪʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1768ï1750 ʩʤ
-1
, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʣʘʢʪʦʥʥʳʭ ʢʘʨʙʦʥʠʣʦʚ ʉ
2
=ʆ ʠ 

ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 1691ï1661 ʩʤ
-1
, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʝʪʦʥʥʳʤ ʢʘʨʙʦʥʠʣʘʤ 

ʬʨʘʛʤʝʥʪʦʚ ArC=O. ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 51 ʠ 52. 
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ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʩʦʝʜʠʥʝʥʠʡ 49b-d,f,h-j ,l,m ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʝ ʜʫʙʣʝʪʳ ʧʨʦʪʦʥʦʚ ʭʨʦʤʘʥʦʚʳʭ ʮʠʢʣʦʚ ʉ
4
ïʅ ʚ ʦʙʣʘʩʪʠ 

3.66ï3.72 ʤ.ʜ. ʠ ʜʚʦʡʥʳʝ ʜʫʙʣʝʪʳ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ 

ʉ
4
ʅïʉʅ2ïʉʆ ʚ ʦʙʣʘʩʪʷʭ 2.91ï3.01 ʤ.ʜ. ʠ 3.17ï3.23 ʤ.ʜ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1
ʅ 

ʩʦʝʜʠʥʝʥʠʡ 50aïl ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʝ ʜʫʙʣʝʪʳ (ʠʣʠ 

ʪʨʠʧʣʝʪʳ) ʧʨʦʪʦʥʦʚ ʭʨʦʤʘʥʦʚʳʭ ʮʠʢʣʦʚ ʉ
4
-ʅ ʚ ʦʙʣʘʩʪʠ 3.48ï3.54 ʤ.ʜ. ʠ 

ʜʚʦʡʥʳʝ ʜʫʙʣʝʪʳ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʉ
4
ʅïʉʅ2ïʉʆ ʩ 

ʙʣʠʟʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʚ ʦʙʣʘʩʪʠ 3.09ï3.16 ʤ.ʜ., ʧʨʠʯʝʤ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʪʦʥʳ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʦʢʘʟʳʚʘʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʳʤʠ 

ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
1
H ʚ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʜʫʙʣʝʪʦʚ ʩ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 2 ʧʨʦʪʦʥʘʤ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʜʣ̫ ʩʦʝʜʠʥʝʥʠʡ 49, ʩʦʜʝʨʞʘʱʠʭ ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1Ë-ʮʠʢʣʦʛʝʢʩʘʥʦʚʳʡ] 

ʬʨʘʛʤʝʥʪ, ʧʨʦʪʦʥʳ ʵʪʦʡ ʤʝʪʠʣʝʥʦʚʦʡ ʛʨʫʧʧʳ ʦʙʣʘʜʘʶʪ ʥʝ ʥʘʩʪʦʣʴʢʦ 

ʙʣʠʟʢʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ (ʪʘʙʣ. 12). 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 49, 50 ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʟʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

Int 59, Int 60 ʧʦʩʨʝʜʩʪʚʦʤ ʘʪʘʢʠ ʬʝʥʦʣʷʪʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ 

ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʝʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʬʝʥʦʣʷʪʥʦʛʦ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʥʦʣʷʪʥʳʤ. 

ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʦʝʜʠʥʝʥʠʡ 49ʩ ʠ 50a 

(ʨʠʩʫʥʢʠ 10, 11). 

 
 

ʈʠʩʫʥʦʢ 10. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 49ʩ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 30% 

ʚʝʨʦʷʪʥʦʩʪʠ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʠʟʦʰʣʦ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ 
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ʨʘʟʜʝʣʝʥʠʝ ʨʘʮʝʤʘʪʘ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʩʦʩʪʦʠʪ ʠʟ ʤʦʣʝʢʫʣ ʦʜʥʦʛʦ 

ʵʥʘʥʪʠʦʤʝʨʘ ʩ S-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ. 

 
 

ʈʠʩʫʥʦʢ 11. ʉʪʨʫʢʪʫʨʘ ʧʨʦʜʫʢʪʘ 50a ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 50% 

ʚʝʨʦʷʪʥʦʩʪʠ 

ɺʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 49, 50, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʥʘ 

ʧʨʠʤʝʨʝ ʩʧʠʨʦʭʨʦʤʘʥʦʥʘ 50a, ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. ʆʥʘ ʚʢʣʶʯʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I I  ʩ ʭʘʣʢʦʥʦʤ 48a, ʢʘʢ ʩ 

ʩʦʝʜʠʥʝʥʠʝʤ, ʩʦʜʝʨʞʘʱʠʤ çʘʢʪʠʚʥʳʡ ʚʦʜʦʨʦʜè, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʪʝʨʤʝʜʠʘʪʫ ʀ4. ɼʘʣʝʝ ʢ ʵʪʦʤʫ ʠʥʪʝʨʤʝʜʠʘʪʫ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʝʱʝ ʦʜʥʘ 

ʤʦʣʝʢʫʣʘ ʨʝʘʢʪʠʚʘ I I, ʯʪʦ ʤʦʞʝʪ ʜʘʪʴ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ʀ5. ɽʛʦ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʤʠʛʨʘʮʠʝʡ ʛʨʫʧʧʳ ZnBr ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʇʨʦʜʫʢʪ ʤʠʛʨʘʮʠʠ ʩʦʜʝʨʞʠʪ ʜʚʘ ʬʨʘʛʤʝʥʪʘ OZnBr, 

ʘʪʦʤʳ ʮʠʥʢʘ ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʆ=ʉ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ (ʠʥʪʝʨʤʝʜʠʘʪʳ ʀ6 ʠ ʀ6ɸ). ʆʪʱʝʧʣʝʥʠʝ ʤʦʣʝʢʫʣʳ 

ʙʨʦʤʮʠʥʢʤʝʪʠʣʘʪʘ ʦʪ ʵʪʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʨʤʝʜʠʘʪʘʤ ʀ7 ʠ 

ʀ7ɸ, ʩʦʜʝʨʞʘʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʨʘʛʤʝʥʪʳ ʭʨʦʤʘʥʘ ʠ ʧʠʨʘʥʘ. ɻʠʜʨʦʣʠʟ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ7 ʯʝʨʝʟ ʝʥʦʣ ʀ8 ʧʨʠʚʦʜʠʪ ʢ 4-(2-ʦʢʩʦ-2-ʬʝʥʠʣʩʧʠʨʦ[ʭʨʦʤʘʥ-

3,1'-ʮʠʢʣʦʧʝʥʪʘʥ]-2-ʦʥʫ 50a. ɻʠʜʨʦʣʠʟ ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ7ɸ ʤʦʛ ʙʳ ʜʘʪʴ 4-(2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-6-ʬʝʥʠʣ-3,4-ʜʠʛʠʜʨʦ-2H-ʩʧʠʨʦ[ʧʠʨʘʥ-3,1'-ʮʠʢʣʦʧʝʥʪʘʥ]-2-

ʦʥ 52, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʚʳʧʦʣʥʝʥʳ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʨʦʷʪʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʬʫʥʢʮʠʦʥʘʣ B3LYP) ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ TZVP c 
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ʦʧʪʠʤʠʟʘʮʠʝʡ ʚʩʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʭʝʤʘ 2.17). ʇʦʣʥʳʝ ʵʥʝʨʛʠʠ 

ʚʦʟʤʦʞʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Etot. ʚ ʝʜʠʥʠʮʘʭ ʭʘʨʪʨʠ ʧʨʠʚʝʜʝʥʳ ʧʦʜ ʬʦʨʤʫʣʘʤʠ. 

 
ʉʭʝʤʘ 2.17. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ 55a ʩʦʛʣʘʩʥʦ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ 

ʆʙʨʘʟʦʚʘʥʠʝ ʆ-ZnBr ʧʨʦʠʟʚʦʜʥʦʛʦ ʭʘʣʢʦʥʘ 48a (ʠʥʪʝʨʤʝʜʠʘʪ ʀ4) ʠ 

ʚʳʜʝʣʝʥʠʝ ʤʝʪʠʣ ʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʢʩʠʣʘʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. ɼʘʣʝʝ ʢ ʘʪʦʤʫ ʉ
3
 ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ4 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʨʝʘʢʪʠʚʘ 
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ʈʝʬʦʨʤʘʪʩʢʦʛʦ II, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʠʥʪʝʨʤʝʜʠʘʪʫ ʀ5. ʆʜʥʘʢʦ 

çʟʘʬʠʢʩʠʨʦʚʘʪʴè ʝʛʦ ʚ ʨʘʩʯʝʪʝ ʥʝ ʫʜʘʣʦʩʴ, ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʠʰʴ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ. ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʯʘʩʪʠʮ ʀ4 ʠ II  ʚ ʭʦʜʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʣʘ ʤʠʛʨʘʮʠʷ ʛʨʫʧʧʳ ZnBr ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ 

ʢʝʪʦʥʥʦʡ ʛʨʫʧʧʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɸʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʉʅ3ʆïʉ=ʆ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʩʣʦʞʥʦʵʬʠʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʜʘʣʝʝ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʘʪʦʤʦʤ ʮʠʥʢʘ ʣʶʙʦʡ ʠʟ OZnBr 

ʛʨʫʧʧ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʠʥʪʝʨʤʝʜʠʘʪ ʀ6 ʥʘ 0.035 ʭʘʨʪʨʠ (91.9 ʢɼʞ/ʤʦʣʴ) 

ʩʪʘʙʠʣʴʥʝʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ6ɸ, ʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʝʜʫʝʪ 

ʩʯʠʪʘʪʴ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. ʆʪʱʝʧʣʝʥʠʝ ʤʝʪʦʢʩʠʮʠʥʢʙʨʦʤʠʜʘ ʦʪ ʵʪʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʜʘʝʪ ʮʠʥʢ-ʝʥʦʣʷʪ (ʀ7), ʛʠʜʨʦʣʠʟ ʢʦʪʦʨʦʛʦ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʝʥʦʣʫ (ʀ8). ʇʨʝʚʨʘʱʝʥʠʝ ʝʥʦʣʘ ʀ8 ʚ ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ 50a ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʠʛʨʳʰʝʤ ʵʥʝʨʛʠʠ, ʨʘʚʥʳʤ 0.020 ʭʘʨʪʨʠ (53.0 

ʢɼʞ/ʤʦʣʴ). ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʵʥʝʨʛʠʷ ʭʨʦʤʦʥʦʥʘ 50a ʥʘ 0.024 ʭʘʨʪʨʠ (63.0 

ʢɼʞ/ʤʦʣʴ) ʥʠʞʝ ʨʝʛʠʦʠʟʦʤʝʨʥʦʛʦ ʧʠʨʘʥʘ 52. ɹʦʣʝʝ ʥʠʟʢʘʷ ʵʥʝʨʛʠʷ ʢʣʶʯʝʚʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ6 ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʪʝʯʝʥʠʝ ʨʝʘʢʮʠʠ ʧʦ ʧʫʪʠ ɸ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠʥʪʝʨʤʝʜʠʘʪ ʀ7ɸ ʥʝʩʢʦʣʴʢʦ ʩʪʘʙʠʣʴʥʝʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ʀ7. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʯʝʪʦʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʩʭʝʤʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʭʨʦʤʦʥʘ 60a, ʷʚʣʷʝʪʩʷ ʧʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ: 

48a Ÿ ʀ4 Ÿ ʀ5 Ÿ ʀ6 Ÿ ʀ7 Ÿ ʀ8 Ÿ 50a 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʭʨʦʤʦʥʳ 49b-d,f,h-j ,l,m ʠ 50bïl ʦʙʨʘʟʫʶʪʩʷ ʧʦ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ. 

ʇʨʦʜʫʢʪʳ ʮʠʢʣʠʟʘʮʠʠ ʧʦ ʚʪʦʨʦʤʫ ʧʫʪʠ ʧʨʦʜʫʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʭʘʣʢʦʥʦʚ 48 ʩ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (I , II ) ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 49d, l, 50f-h, k, l ʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʠʪ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʘʥʘʣʴʛʝʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʵʪʘʣʦʥʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʘʥʘʣʴʛʠʥʘ ʠʣʠ ʧʨʝʚʳʰʘʶʱʫʶ ʝʝ, ʘ ʥʘʠʣʫʯʰʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʷ 49l ʠ 50f, h (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣʠʮʘ 16). 
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ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 4-(2-ʘʨʠʣ-2-ʦʢʩʦʵʪʠʣ)ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1Ë-ʮʠʢʣʦʛʝʢʩʘʥ]-2-ʦʥʦʚ (49)  

ʠ 4-(2-ʘʨʠʣ-2-ʦʢʩʦʵʪʠʣ)ʩʧʠʨʦ[ʭʨʦʤʘʥ-3,1'-ʮʠʢʣʦʧʝʥʪʘʥ]-2-ʦʥʦʚ (50) 

ˉ

ˉ 
n X Ar ɺʳʭʦʜ, % ʊ. ʧʣ., Áʉ 

ʅʘʡʜʝʥʦ, % ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ
-1
 

ʉ ʅ ʉ ʅ CO 

49b 

2 

H 4-BrC6H4 65 117-118 64.06 5.19 C22H21BrO3 63.93 5.12 1750, 1688 

49c 4-ClC6H4 69 119-120 71.80 5.83 C22H21ClO3 71.64 5.74 1760, 1689 

49d 4-MeOC6H4 65 108-109 75.94 6.58 C23H24O4 75.80 6.64 1759, 1676 

49f Br 4-MeC6H4 68 153-154 64.76 5.29 C23H23BrO3 64.65 5.43 1761, 1674 

49h 2,5-Me2C6H4 51 134-135 65.54 5.77 C24H25BrO3 65.31 5.71 1765, 1677 

49i 4-BrC6H4 56 170-171 53.37 4.19 C22H20Br2O3 53.69 4.10 1757, 1682 

49j  4-ClC6H4 64 141-142 58.87 4.57 C22H20BrClO3 59.02 4.50 1761, 1680 

49l 4-EtOC6H4 58 184-185 63.12 5.58 C24H25BrO4 63.03 5.51 1761, 1669 

49m 3,4-(MeO)2C6H3 59 142-143 60.82 5.40 C24H25BrO5 60.90 5.32 1766, 1753, 1671, 1661 

50a 

1 

H 

Ph 61 114-115 78.87 6.21 C21H20O3 78.73 6.29 1750, 1681 

50b 4-BrC6H4 72 132-133 62.96 4.91 C21H19BrO3 63.17 4.80 1756, 1691 

50c 4-ClC6H4 59 110-111 70.91 5.47 C21H19ClO3 71.09 5.40 1760, 1689 

50d 4-MeOC6H4 54 88-89 75.29 6.47 C22H22O4 75.41 6.33 1758, 1674 

50e 

Br 

Ph 66 145-146 63.28 4.73 C21H19BrO3 63.17 4.80 1755, 1683 

50f 4-MeC6H4 48 110-111 64.11 4.98 C22H21BrO3 63.93 5.12 1764, 1673 

50g 2,4-Me2C6H4 56 97-98 64.11 4.98 C22H21BrO3 63.93 5.12 1764, 1673 

50h 2,5-Me2C6H4 51 135-136 64.42 5.32 C23H23BrO3 64.64 5.42 1764, 1672 

50i 4-BrC6H4 53 147-149 52.93 3.70 C21H18Br2O3 52.75 3.79 1764, 1678 

50j  4-ClC6H4 49 123-124 57.92 4.25 C21H18BrClO3 58.15 4.18 1765, 1678 

50k 4-MeOC6H4 61 137-138 61.70 5.07 C22H21BrO4 61.55 4.93 1760, 1664 

50l 4-EtOC6H4 78 159-160 62.27 5.41 C23H23BrO4 62.31 5.23 1763, 1669 
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ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

10H, (CH2)5 CH2CO 1H, C
4
Hʭʨʦʤʘʥ H

Ar
, ʭʨʦʤʘʥ Ar Me, MeO, EtO ʚ Ar 

49b 1.30-2.21 ʤ 
3.00 ʜ.ʜ (1H, J 9.3, 16.5 ɻʮ), 

3.19 ʜ.ʜ (1H, J 4.2, 16.5 ɻʮ) 

3.69 ʜ.ʜ (J 4.2, 

9.3 ɻʮ) 
6.97 ʪ, 6.98 ʜ, 7.19 ʪ, 7.20 ʜ (4ʅ, J 7.5 ɻʮ) 

7.50 ʜ, 7.63 ʜ (4ʅ,  

J 8.7 ɻʮ, 4-BrC6H4) 
ï 

49c 1.23-2.20 ʤ 
3.01 ʜ.ʜ (1H, J 9.3, 16.5 ɻʮ), 

3.19 ʜ.ʜ (1H, J 4.5, 16.5 ɻʮ) 

3.70 ʜ.ʜ (J 4.5, 

9.3 ɻʮ) 
6.94-7.23 ʤ (4ʅ) 

7.34 ʜ, 7.71 ʜ (4ʅ,  

4-ClC6H4, J 8.4 ɻʮ) 
ï 

49d 1.30-2.20 ʤ 
2.98 ʜ.ʜ (1H, J 9.0, 16.5 ɻʮ), 

3.17 ʜ.ʜ (1H, J 4.2, 16.5 ɻʮ) 

3.72 ʜ.ʜ (J 4.2, 

9.0 ɻʮ) 
6.97 ʪ, 6.98 ʜ, 7.17 ʪ, 7.23 ʜ (4ʅ, J 7.8 ɻʮ) 

6.84 ʜ, 7.77 ʜ (4ʅ,  

4-MeOC6H4, J 9.0 ɻʮ) 
3.72 c (3H, MeO) 

49f 1.32-2.17 ʤ 
2.91 ʜ.ʜ (1H, J 9.0, 17.1 ɻʮ), 

3.23 ʜ.ʜ (1H, J 3.9, 17.1 ɻʮ) 

3.69 ʜ.ʜ (J 3.9, 

9.0 ɻʮ) 

6.85 ʜ (1ʅ, C
8
, J 8.4 ɻʮ), 7.28 ʜ.ʜ (1ʅ, C

7
, 

J 8.4, 2.4 ɻʮ.), 7.41 ʜ (1ʅ, C
5
, J 2.4 ɻʮ.) 

7.19 ʜ, 7.71 ʜ (4ʅ,  

4-MeC6H4, J 7.8 ɻʮ) 
2.37 c (3H, Me) 

49h 1.34-2.20 ʤ 
2.91 ʜ.ʜ (1H, J 9.0, 17.1 ɻʮ), 

3.18 ʜ.ʜ (1H, J 4.2, 17.1 ɻʮ) 

3.69 ʜ.ʜ (J 4.2, 

9.0 ɻʮ) 

6.86 ʜ (1ʅ, C
8
, J 9.0 ɻʮ) 7.31 ʜ.ʜ (1ʅ, C

7
, 

J 9.0, 2.4 ɻʮ.) 7.41 ʜ (1ʅ, C
5
, J 2.4 ɻʮ.) 

7.07 ʜ (J 7.8 ɻʮ), 7.14 

ʜ (J 7.8 ɻʮ), 7.16 ʩ 

(3ʅ, 2,5-Me2C6H3) 

2.30 c (3H, Me), 

2.36 c (3H, Me) 

49i 1.30-2.18 ʤ 
2.97 ʜ.ʜ (1H, J 9.0, 17.1 ɻʮ), 

3.20 ʜ.ʜ (1H, J 3.9, 17.1 ɻʮ) 

3.66 ʜ.ʜ (J 3.9, 

9.0 ɻʮ) 

6.85 ʜ (1ʅ, C
8
, J 9.0 ɻʮ), 7.30 ʜ.ʜ (1ʅ, C

7
, 

J 9.0, 1.8 ɻʮ.), 7.39 ʜ (1ʅ, C
5
, J 1.8 ɻʮ.) 

7.53 ʜ, 7.67 ʜ (4ʅ,  

4-BrC6H4, J 8.4 ɻʮ) 
ï 

49j  1.33-2.18 ʤ 
2.97 ʜ.ʜ (1H, J 9.0, 17.1 ɻʮ), 

3.22 ʜ.ʜ (1H, J 4.2, 17.1 ɻʮ) 

3.67 ʜ.ʜ (J 4.2, 

9.0 ɻʮ) 

6.85 ʜ (1ʅ, C
8
H, J 9.0 ɻʮ) 7.30 ʜ.ʜ (1ʅ, 

C
7
, J 9.0, 2.1 ɻʮ.) 7.39 ʜ (1ʅ, C

5
, J 2.1 

ɻʮ.) 

7.37 ʜ, 7.75 ʜ (4ʅ,  

4-ClC6H4, J 8.7 ɻʮ) 
ï 

49l 1.34-2.19 ʤ 
2.96 ʜ.ʜ (1H, J 9.0, 17.1 ɻʮ), 

3.20 ʜ.ʜ (1H, J 4.2, 17.1 ɻʮ) 

3.69 ʜ.ʜ (J 4.2, 

9.0 ɻʮ) 

6.85 ʜ (1ʅ, C
8
, J 8.4 ɻʮ) 7.29 ʜ.ʜ (1ʅ, C

7
, 

J 8.4, 2.4 ɻʮ.) 7.41 ʜ (1ʅ, C
5
, J 2.4 ɻʮ) 

6.84 ʜ, 7.78 ʜ (4ʅ,  

4-EtOC6H4, J 9.0 ɻʮ) 

1.41 ʪ (3H, Me, J 

6.9 ɻʮ), 4.06 ʢ (2ʅ, 

ʆʉʅ2ʉʅ3, J 6.9 ɻʮ) 

49m
10

 1.34-2.17 ʤ 
2.97 ʜ.ʜ (1H, J 8.8, 16.8 ɻʮ), 

3.21 ʜ.ʜ (1H, J 4.4, 16.8 ɻʮ) 

3.67 ʜ.ʜ (J 4.4, 

8.8 ɻʮ) 

6.85 ʜ (1ʅ, C
8
, J 8.4 ɻʮ), 7.29 ʜ.ʜ (1ʅ, C

7
, J 8.4, 2.4 ɻʮ.),  

7.37-7.41 ʤ (3ʅ, C
5
H, 3,4-(MeO)2C6H3), 6.80 ʜ (1ʅ,  

3,4-(MeO)2C6H3, J 8.0 ɻʮ) 

3.90 ʩ (3H, MeO), 

3.91 ʩ (3H, MeO) 

                                         

10ʉʧʝʢʪʨ ʗʄʈ 13ʉ, ŭ, ʤ.ʜ. (CDCl3): 21,83, 21.91, 25.55, 30.22, 32,84, 43.87 (Cʮʠʢʣʦʛʝʢʩʘʥ); 39.24 (CH2CO), 40.12 (ʉ4), 56.21, 56.25 (2 ʄʝʆ), 110.28, 110.45, 116.92, 

117.83, 122.89, 128.39, 130.06, 131.52, 132.26, 149.40, 149.90, 153.92 (CAr); 171.95, 195.79 (ʉʆ). 
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ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

7H, 1ʅ 

(CH2)4 
CH2CO 1H, C

4
 1ʅ, C

7
 1ʅ, C

8
 1ʅ, C

6
 1ʅ, C

5
 Ar 

Me, MeO, EtO ʚ 

Ar 

50a 
1.48-1.97 ʤ, 

2.51 ʤ 
3.16 ʜ (2ʅ, ʉH2, J 6.9 ɻʮ) 

3.54 ʪ (J 6.9 

ɻʮ) 

6.98 ʪ (J 7.8 

ɻʮ) 

7.00 ʜ (J 

7.8 ɻʮ) 

7.18 ʪ (J 

7.8 ɻʮ) 

7.32 ʜ (J 

8.1 ɻʮ) 

7.37 ʪ, 7.50 ʪ, 7.80 ʜ (5ʅ, 

Ph, J 7.5 ɻʮ) 

ï 

50b 
1.47-1.97 ʤ, 

2.49 ʤ 

3.10 ʜʜ (1ʅ, ʉH2, J 6.0 ɻʮ, 15.0 ɻʮ), 

3.12 ʜʜ (1ʅ, ʉH2, J 7.5 ɻʮ, 15.0 ɻʮ) 

3.49 ʜʜ (J 6.0 

ɻʮ, 7.5 ɻʮ) 

6.98 ʪ (J 7.5 

ɻʮ) 

6.99 ʜ (J 

7.5 ɻʮ.) 

7.19 ʪ (J 

7.5 ɻʮ.) 

7.27 ʜ (J 

7.5 ɻʮ) 

7.51 ʜ, 7.64 ʜ (4ʅ.,  

4-BrC6H4, J 8.4 ɻʮ) 

ï 

50c 
1.48-1.98 ʤ, 

2.50 ʤ 
3.11 ʜ (2ʅ, ʉH2, J 6.6 ɻʮ) 

3.50 ʪ (J 6.6 

ɻʮ) 

6.98 ʪ (J 7.8 

ɻʮ) 

6.99 ʜ (J 

7.8 ɻʮ.) 

7.19 ʪ (J 

7.8 ɻʮ.) 

7.25 ʜ (J 

7.8 ɻʮ) 

7.35 ʜ, 7.71 ʜ (4ʅ,  

4-ClC6H4, J 8.4 ɻʮ) 

ï 

50d 
1.45-1.97 ʤ, 

2.50 ʤ 

3.10 ʜʜ (1ʅ, ʉH2, J 5.4 ɻʮ, 17.1 ɻʮ) 

3.11 ʜʜ (1ʅ, ʉH2, J 7.8 ɻʮ, 17.1 ɻʮ)  

3.53 ʜʜ (J 5.4 

ɻʮ, 7.8 ɻʮ) 

6.98 ʪ (J 7.5 

ɻʮ) 

6.99 ʜ (J 

7.5 ɻʮ.) 

7.18 ʪ (J 

7.5 ɻʮ.) 

7.29 ʜ (J 

7.5 ɻʮ) 

6.84 ʜ, 7.78 ʜ (4H,  

4-ʄʝOC6H4, J 9.0 ɻʮ) 

3.82 ʩ (3ʅ, 

ʆʉʅ3) 

50e 
1.46-1.96 ʤ, 

2.49 ʤ 

3.15 ʜʜ (1H, CH2, J 9.0 ɻʮ, 17.1 ɻʮ), 

3.16 ʜʜ (1H, CH2, J 4.5 ɻʮ, 17.1 ɻʮ) 

3.51 ʜʜ (J 4.5 

ɻʮ, 9.0 ɻʮ) 

7.30 ʜʜ (J 8.4 

ɻʮ, 2.1 ɻʮ.) 

6.87 ʜ (J 

8.4 ɻʮ) 

ï 7.49 ʜ (J 

2.1 ɻʮ) 

7.41 ʪ, 7.53 ʪ, 7.83 ʜ (5H, 

Ph, J 7.5 ɻʮ) 

ï 

50f 
1.49-1.97 ʤ, 

2.49 ʤ 

3.11 ʜʜ (1ʅ, ʉH2, J 8.4 ɻʮ, 17.7 ɻʮ), 

3.14 ʜʜ (1ʅ, ʉH2, J 4.8 ɻʮ, 17.7 ɻʮ) 

3.51 ʜʜ (J 4.8 

ɻʮ, 8.4 ɻʮ) 

7.30 ʜʜ (J 8.7 

ɻʮ, 2.4 ɻʮ.) 

6.88 ʜ (J 

8.7 ɻʮ.) 

ï 7.49 ʜ (J 

2.4 ɻʮ) 

7.21 ʜ, 7.73 ʜ (4H,  

4-MeC6H4, J 8.4 ɻʮ) 

2.37 ʩ (3H, Me) 

50g 
1.48-1.96 ʤ, 

2.48 ʤ 

3.01 ʜʜ (1ʅ, ʉH2, J 9.6 ɻʮ, 17.1 ɻʮ), 

3.10 ʜʜ (1ʅ, ʉH2, J 4.2 ɻʮ, 17.1 ɻʮ) 

3.48 ʜʜ (J 4.2 

ɻʮ. 9.6 ɻʮ) 

7.31 ʜʜ (J 8.4 

ɻʮ, 2.1 ɻʮ.) 

6.87 ʜ (J 

8.4 ɻʮ.) 

ï 7.43 ʜ (J 

2.1 ɻʮ) 

6.98 ʜ, 7.01 ʩ, 7.34 ʜ (3H, 

2,4-ʄʝ2C6H3, J 7.8 ɻʮ) 

2.30 ʩ (3ʅ, ʄʝ), 

2.42 ʩ (3ʅ, ʄʝ) 

50h 
1.49-1.97 ʤ, 

2.49 ʤ 

3.05 ʜʜ (1ʅ, ʉH2, J 9.0 ɻʮ, 17.1 ɻʮ), 

3.09 ʜʜ (1ʅ, ʉH2, J 4.2 ɻʮ, 17.1 ɻʮ) 

3.49 ʜʜ (J 4.2 

ɻʮ, 9.0 ɻʮ) 

7.32 ʜʜ (J 8.4 

ɻʮ, 2.4 ɻʮ.) 

6.88 ʜ (J 

8.4 ɻʮ.) 

ï 7.46 ʜ (J 

2.4 ɻʮ) 

7.07 ʜ, 7.14 ʜ, 7.18 ʩ (3H, 

2,5-Me2C6H3, J 7.8 ɻʮ) 

2.29 c (3H, Me), 

2.37 (3H, Me) 

50i 
1.45-1.96 ʤ, 

2.49 ʤ 

3.10 ʜʜ (1H, CH2, J 8.7 ɻʮ, 17.7 ɻʮ), 

3.12 ʜʜ (1H, CH2, J 4.5 ɻʮ, 17.7 ɻʮ) 

3.49 ʜʜ (J 4.5 

ɻʮ, 8.7 ɻʮ) 

7.31 ʜʜ (J 8.4 

ɻʮ, 2.4 ɻʮ.) 

6.88 ʜ (J 

8.4 ɻʮ) 

ï 7.48 ʜ (J 

2.4 ɻʮ.) 

7.55 ʜ, 7.69 ʜ (4ʅ,  

4-BrC6H4, J 8.4 ɻʮ) 

ï 

50j  
1.46-1.96 ʤ, 

2.49 ʤ 

3.09 ʜʜ (1ʅ, ʉH2, J 8.7 ɻʮ, 17.1 ɻʮ), 

3.14 ʜʜ (1ʅ, ʉH2, J 4.8 ɻʮ, 17.1 ɻʮ) 

3.49 ʜʜ (J 8.7 

ɻʮ, 4.8 ɻʮ) 

7.31 ʜʜ (J 8.7 

ɻʮ, 2.4 ɻʮ.) 

6.88 ʜ (J 

8.7 ɻʮ) 

ï 7.47 ʜ (J 

2.4 ɻʮ.) 

7.38 ʜ, 7.77 ʜ (4ʅ,  

4-ClC6H4, J 8.7 ɻʮ) 

ï 

50k 
1.46-1.95 ʤ, 

2.48 ʤ 

3.09 ʜʜ (1ʅ, ʉH2, J 8.1 ɻʮ, 17.1 ɻʮ), 

3.11 ʜʜ (1ʅ, ʉH2, J 4.8 ɻʮ, 17.1 ɻʮ) 

3.51 ʜʜ (J 4.8 

ɻʮ, 8.1 ɻʮ) 

7.30 ʜʜ (J 8.7 

ɻʮ, 2.4 ɻʮ.) 

6.87 ʜ (J 

8.7 ɻʮ.) 

ï 7.48 ʜ (J 

2.4 ɻʮ) 

6.87 ʜ, 7.81 ʜ (4H,  

4-ʄʝOC6H4, J 8.7 ɻʮ) 

3.83 ʩ (3ʅ, 

ʆʄʝ) 

50l 
1.46-1.95 ʤ, 

2.48 ʤ 

3.09 ʜʜ (1ʅ, ʉH2, J 7.8 ɻʮ, 17.4 ɻʮ), 

3.11 ʜʜ (1ʅ, ʉH2, J 5.1 ɻʮ, 17.4 ɻʮ) 

3.51 ʜʜ (J 5.1 

ɻʮ, 7.8 ɻʮ) 

7.30 ʜʜ (J 8.7 

ɻʮ, 2.1 ɻʮ.) 

6.87 ʜ (J 

8.7 ɻʮ.) 

ï 

7.48 ʜ (J 

2.1 ɻʮ) 

6.85 ʜ, 7.80 ʜ (4H,  

4-EtOC6H4, J 8.7 ɻʮ) 

1.41 ʪ (3ʅ, ʄʝ, 

J 7.2 ɻʮ), 4.06 ʢ 

(2ʅ, ʆʉʅ2ʉʅ3, 

J 7.2 ɻʮ) 
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2.2.1.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʭʘʣʢʦʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʝʨʝʬʪʘʣʝʚʦʛʦ ʠ 

ʠʟʦʬʪʘʣʝʚʦʛʦ ʘʣʴʜʝʛʠʜʦʚ 

ʀʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʝʨʝʬʪʘʣʝʚʦʛʦ ʠʣʠ ʠʟʦʬʪʘʣʝʚʦʛʦ ʘʣʴʜʝʛʠʜʦʚ ʩ 

ʟʘʤʝʱʝʥʥʳʤʠ ʘʮʝʪʦʬʝʥʦʥʘʤʠ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʱʝʣʦʯʠ [210]. 

ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʠ II, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʤʝʪʠʣ-1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥ- ʠ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʢʩʠʣʘʪʘ ʠ ʮʠʥʢʘ, ʠ 

3,3'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(1-(ʘʨʠʣ)ʧʨʦʧ-2-ʝʥ-1-ʦʥʦʚ) 53a-j . 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʭʘʣʢʦʥʘʤ 53 ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I  ʠʣʠ II, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʦʜʫʢʪʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 5,5'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-3-ʝʥ-1-

ʦʥʦʚ) 54 ʠ 10,10'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(8-ʘʨʠʣ-7-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʮ-8-ʝʥ-6-ʦʥʦʚ) 

55 (ʩʭʝʤʘ 2.18, ʤʝʪʦʜʠʢʠ 25, 26). [208, 211-213] 

 

ʉʭʝʤʘ 2.18. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I, II  ʩ ʭʘʣʢʦʥʘʤʠ 53 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 54, 55 ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʀʂ ʠ ʗʄʈ 
1
H ʠ ʗʄʈ 

13
C (ʪʘʙʣʠʮʘ 13) ʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ï ʚ 

ʦʙʣʘʩʪʠ 1764-1716 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʜʚʦʡʥʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ 

ʩʚʷʟʝʡ ʣʘʢʪʦʥʥʳʭ ʮʠʢʣʦʚ ʚ ʦʙʣʘʩʪʠ 1690ï1657 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʠʭ 
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ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
H ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʜʫʙʣʝʪʳ ʧʨʦʪʦʥʦʚ 

ʣʘʢʪʦʥʥʳʭ ʮʠʢʣʦʚ ʧʨʠ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ C
5
 ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 3.29ï

3.55 ʤ.ʜ. ʠ C
4
 ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 5.63ï5.88 ʤ.ʜ., ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʧʣʝʪ,r 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʨʦʪʦʥʘʤ ʮʠʢʣʦʘʣʢʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 0.99ï1.87 

ʤ.ʜ. ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 20 ʧʨʦʪʦʥʘʤ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 54 ʠ ʚ ʦʙʣʘʩʪʠ 1.27-2.03 ʤ.ʜ. ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 16 ʧʨʦʪʦʥʘʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 55. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
13

C 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩʧʠʨʦʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ 

ʦʙʣʘʩʪʠ 44.5ï44.8 ʤ.ʜ. ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 54 ʠ ʚ ʦʙʣʘʩʪʠ 52.7-53.0 ʤ.ʜ. ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 55, ʘ ʪʘʢʞʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ C
5
 ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 48.7ï

49.4 ʤ.ʜ. ʠ C
4
 ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 101.3ï108.4 ʤ.ʜ., ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʦʙʣʘʩʪʠ 172.3ï173.5 ʤ.ʜ. 

ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʦʚ 54, 55 ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩʦʝʜʠʥʝʥʠʷ 54ʘ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 5,5'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʬʝʥʠʣ-2-

ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-3-ʝʥ-1-ʦʥ) (ʨʠʩ.12). 

 

 

ʈʠʩʫʥʦʢ 12. ʆʙʱʠʡ ʚʠʜ ʤʦʣʝʢʫʣʳ 5,5'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʬʝʥʠʣ-2-ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-

3-ʝʥ-1-ʦʥʘ) (54a) ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʚ ʪʝʧʣʦʚʳʭ ʵʣʣʠʧʩʦʠʜʘʭ 30 % ʚʝʨʦʷʪʥʦʩʪʠ 

ʉʦʝʜʠʥʝʥʠʝ 54a ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ 

ʭʣʦʨʦʬʦʨʤʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 (ʤʦʣʝʢʫʣʳ ʭʣʦʨʦʬʦʨʤʘ ʥʘ ʨʠʩʫʥʢʝ ʥʝ 
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ʠʟʦʙʨʘʞʝʥʳ). ʄʦʣʝʢʫʣʘ 54a ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʘ: ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʚʠʥʘ ʤʦʣʝʢʫʣʳ. ʎʠʢʣʦʛʝʢʩʘʥʦʚʳʝ ʢʦʣʴʮʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʦ, ʧʠʨʘʥʦʚʳʝ ï ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʠʩʢʘʞʝʥʥʘʷ 

ʚʘʥʥʘ. ɸʪʦʤʳ O
1
C

4
C

5
C

1
 ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘʪʦʤʳ C

3
 ʠ C

2
 ʦʪʢʣʦʥʷʶʪʩʷ 

ʦʪ ʥʝʝ ʥʘ 0.15 ʠ 0.78 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 54, 55 ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʭʝʤʘ 2.19): 

 

ʉʭʝʤʘ 2.19. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ 54, 55 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 3,3'-(1,3-ʬʝʥʠʣʝʥ)ʙʠʩ(1-

ʘʨʠʣʧʨʦʧ-2-ʝʥ-1-ʦʥʦʚ) 56 ʩ ʨʝʘʢʪʠʚʘʤʠ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II , ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʳ 5,5'-(1,3-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-3-ʝʥ-

1-ʦʥr) 57a-c ʠ 10,10'-(1,3-ʬʝʥʠʣʝʥ)ʙʠʩ[8-(2,4-ʜʠʭʣʦʨʬʝʥʠʣ)-7-

ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʮ-3-ʝʥ-1-ʦʥ] 58a (ʩʭʝʤʘ 2.20, ʤʝʪʦʜʠʢʠ 27, 28) [213].  

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 57, 58 ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʀʂ ʠ ʗʄʈ 
1
H. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 57, 58 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʳʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ 

1759-1721 ʩʤ
-1
, ʠ ʜʚʦʡʥʳʭ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʣʘʢʪʦʥʥʳʭ ʮʠʢʣʦʚ ʚ 

ʦʙʣʘʩʪʠ 1693ï1666 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1
H ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʜʫʙʣʝʪʳ ʧʨʦʪʦʥʦʚ ʣʘʢʪʦʥʥʳʭ ʮʠʢʣʦʚ ʧʨʠ 

ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ C
5
 ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 3.32ï3.84 ʤ.ʜ. ʠ C

4
 ʩ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 5.71ï5.75 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʧʣʝʪ,r 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʨʦʪʦʥʘʤ ʮʠʢʣʦʘʣʢʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ 0.99ï2.31 

ʤ.ʜ. ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 20 ʧʨʦʪʦʥʘʤ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 54 ʠ ʚ ʦʙʣʘʩʪʠ 1.27-2.20 ʤ.ʜ. ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 16 ʧʨʦʪʦʥʘʤ ʜʣʷ ʧʨʦʜʫʢʪʘ 58a. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 
13

C 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩʧʠʨʦʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ 

ʦʙʣʘʩʪʠ 44.6 ʤ.ʜ. ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 57 ʠ ʧʨʠ 52.8 ʤ.ʜ. ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 58a, ʘ 

ʪʘʢʞʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ C
5
 ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 49.1ï55.4 ʤ.ʜ. ʠ C

4
 ʩ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ 101.0ï110.3 ʤ.ʜ., ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ 

ʦʙʣʘʩʪʠ 171.8ï172.6 ʤ.ʜ. 

 

ʉʭʝʤʘ 2.20. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (I , II) ʩ ʭʘʣʢʦʥʘʤʠ (56) 

ɺʝʨʦʷʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 57, 58 ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʦ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʝʜʠʥʝʥʠʡ 54, 55. 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʘʣʴʛʝʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

54a, 54e, 57b, 57c ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴ, 

ʧʨʝʚʳʰʘʶʱʫʶ ʪʘʢʦʚʫʶ ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ï ʤʝʪʘʤʠʟʦʣʘ ʥʘʪʨʠʷ 

(ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣʠʮʘ 16). 
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ɺʳʭʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

5,5'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-3-ʝʥ-1-ʦʥʦʚ) (54),  

10,10'-(1,4-ʬʝʥʠʣʝʥ)ʙʠʩ(8-ʘʨʠʣ-7-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʮ-8-ʝʥ-6-ʦʥʦʚ) (55),  

5,5'-(1,3-ʬʝʥʠʣʝʥ)ʙʠʩ(3-ʘʨʠʣ-2-ʦʢʩʘʩʧʠʨʦ[5.5]ʫʥʜʝʮ-3-ʝʥ-1-ʦʥʦʚ) (57) 

 ʠ 10,10'-(1,3-ʬʝʥʠʣʝʥ)ʙʠʩ[8-(2,4-ʜʠʭʣʦʨʬʝʥʠʣ)-7-ʦʢʩʘʩʧʠʨʦ[4.5]ʜʝʮ-3-ʝʥ-1-ʦʥʘ] (58a) 

 

ˉ n Ar 
ɺʳʭʦʜ, 

% 

ʊ. ʧʣ., Áʉ ʅʘʡʜʝʥʦ, % ɹʨʫʪʪʦ-ʬʦʨʤʫʣʘ ɺʳʯʠʩʣʝʥʦ, % ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ
-1
 

ʉ ʅ ʉ ʅ C=O ʉ=ʉ 

54a 

2 

Ph 53 293 ï 296 81.75 6.95 C38H38O4 81.69 6.86 1760, 1752 1670, 1657 

54b 4-FC6H4 48 255 ï 257 76.84 6.19 C38H36F2O4 76.75 6.10 1756, 1716 1670 

54c 3-BrC6H4 45 96 Áʉ (ʨʘʟʣ.) 63.81 5.12 C38H36Br2O4 63.70 5.06 1764, 1721 1690, 1657 

54d 4-MeOC6H4 54 205 ï 208 81.96 7.31 C40H42O4 81.88 7.22 1759 1669 

54e ʥʘʬʪ-1-ʠʣ 56 234 ð 235 83.93 6.52 C46H42O4 83.86 6.43 1756 1670 

55a 

1 

Ph 43 235 ï 238 81.55 6.55 C36H34O4 81.48 6.46 1756 1664 

55f 4-EtOC6H4 51 214 ï 216 81.99 7.34 C40H42O4 81.88 7.22 1759 1665 

55g 4-MeC6H4 55 232 ï 234 81.81 6.99 C38H38O4 81.69 6.86 1758 1664 

57a 

2 

2,4-Cl2C6H4 30 216ï217 64.81 4.60 C36H30Cl4O4 64.69 4.52 1744 1693 

57b  4-MeC6H4 25 110ï112 81.82 6.95 C38H38O4 81.69 6.86 1759, 1721 1681 

57c 4-MeOC6H4 28 118ï120 77.39 6.54 C38H38O6 77.27 6.48 1754 1666 

58a 1 2,4-Cl2C6H4 27 207ï209 65.62 4.98 C38H34Cl4O4 65.53 4.92 1752 1687 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 13 
 

ˉ 
ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ. (CDCl3) 

ʮʠʢʣʦʘʣʢʠʣ 2ʅ, ArïCH 2H, CH= Ar Me, MeO, EtO ʚ Ar 

54a 0.99-1.69 ʤ (20H) 
3.40 ʜ 
(J 6.4 ɻʮ) 

5.78 ʜ 
(J 6.4 ɻʮ) 

6.96 ʩ (4H, ʧ-ʬʝʥʠʣʝʥ), 7.24-7.31 ʤ, 7.58 ʜ.ʜ (4H, J 8.0 ɻʮ, 1.6 ɻʮ) (2 Ph) ï 

54b 1.00-1.67 ʤ (20H) 
3.41 ʜ 
(J 6.4 ɻʮ) 

5.71 ʜ 
(J 6.4 ɻʮ) 

6.97 ʩ (4H, ʧ-ʬʝʥʠʣʝʥ), 6.95-6.99 ʤ (4H), 7.55 ʜʜ (4H, J 8.4 ɻʮ, 5.6 ɻʮ) 
(2 4-FC6H4) 

ï 

54c 0.95-1.86 ʤ (20H) 
3.44 ʜ 
(J 6.8 ɻʮ) 

5.81 ʜ 
(J 6.8 ɻʮ) 

6.97 c (4H, ʧ-ʬʝʥʠʣʝʥ), 7.15 7.18 ʤ (4H), 7.40 ʜ, 7.75 ʪ (2H, J 7,2 ɻʮ,  
2 3-BrC6H4) 

ï 

54d 
1.00-1.07 ʤ (2H), 1.19-1.30 
(2H), 1.37-1.71 (16H)  

3.40 ʜ 
(J 6.4 ɻʮ) 

5,63 ʜ 
(J 6.4 ɻʮ) 

6.98 ʩ (4H, ʧ-ʬʝʥʠʣʝʥ),6.82 ʜ, 7.51 ʩ (8H, J 8.8, 2 4-MeOC6H4) 3,75 c (6H, 2 CH3), 

54e 1.11-1.87 ʤ (20H) 
3.55 ʜ 
(J 6.4 ɻʮ) 

5.63 ʜ 
(J 6.4 ɻʮ) 

7.19 ʩ (4H, ʧ-ʬʝʥʠʣʝʥ), 7.38-7.50 ʤ, 7.58 ʜ.ʜ (2H, J 7.2 ɻʮ, 0.8 ɻʮ),  
7.79-7.82 ʤ (4H), 8.13 ʜ (2H, J 8.0 ɻʮ) (2 ʥʘʬʪ-1-ʠʣ) ï 

55a 1.27-2.03 ʤ (16H) 
3.31 ʜ 
(J 6.4 ɻʮ) 

.88 ʜ 
(J 6.4 ɻʮ) 

7.00 ʩ (4H, ʧ-ʬʝʥʠʣʝʥ), 7.27-7.33 ʤ, 7.59-7.62 ʤ (4H) (2 Ph) ï 

55f 1.26-1.97 ʤ (16H) 
3.28 ʜ 
(J 6.4 ɻʮ) 

5,73 ʜ 
(J 6.4 ɻʮ) 

6.99 ʩ (4H, ʧ-ʬʝʥʠʣʝʥ), 6.81 ʜ, 7.51 ʜ (8H, 2 4-EtOC6H4, J 8.8 ɻʮ) 
1,34 ʪ (6H, J 6.8 ɻʮ), 

3.98 ʢ (4H, J 6.8 ɻʮ) 

(2 CH3CH2O) 

55g 1.27-1.98 ʤ (16H) 
3.29 ʜ 
(J 6.4 ɻʮ) 

5,82 ʜ 
(J 6.4 ɻʮ) 

6.99 c (4H, ʧ-ʬʝʥʠʣʝʥ), 7.11 ʜ, 7.49 ʩ (8H, 2 4-MeC6H4, J 8.4 ɻʮ) 2,29 c (6H, 2 CH3) 

57a 
1.10-1.17 ʤ (2H), 1.38-1.44 ʤ 
(2H), 1.49-1.65 (8H), 1.69-
1.81 ʤ, 2.26-2.31 (2H)  

3.54 ʜ 
(J 6.4 ɻʮ) 

5.73 ʜ 
(J 6.4 ɻʮ) 

7.04 ʩ (1H), 7.12 ʜ.ʜ (2H, J 7.6 ɻʮ, 1,2 ɻʮ), 7.27 ʜ (2H J 8.8 ɻʮ), 7.30 ʜ.ʜ 
(2H, J 8.4 ɻʮ, 2,0 ɻʮ), 7.45 ʜ (2H, J 2.0 ɻʮ), 7.54 ʜ (2H, J 8.4 ɻʮ)  
(ʤ-ʬʝʥʠʣʝʥ, 2 2,4-Cl2C6H3) 

ï 

57b  0.99 2.13 ʤ (20H) 
3.41 ʜ 
(J 6.4 ɻʮ) 

5.73 ʜ 
(J 6.4 ɻʮ) 

6.85 7.14 ʤ (8H), 7.44 7.49 ʤ (3H), 7.65 ʪ (2H, J 8.0 ɻʮ) (ʤ-ʬʝʥʠʣʝʥ,  
2 4-CH3C6H4) 

2.29 ʩ (6H, 2 CH3) 

57c 
1.10-1.16 ʤ (2H), 1.34-1.78 ʤ 
(16H), 2.02-2.10 (2H)  

3.84 ʜ 
(J 6.8 ɻʮ) 

5.75 ʜ 
(J 6.8 ɻʮ) 

6.89 6.94 ʤ (5H), 7.05 ʜ (2H, J 8.0 ɻʮ, 2,0 ɻʮ), 7.20 ʪ (1H, J 8.8 ɻʮ),  
7.61 ʪ (4H, J 8.8 ɻʮ) (ʤ-ʬʝʥʠʣʝʥ, 2 4-CH3C6H4) 

3.85 ʩ (6H, 2 CH3O) 

58a 
1.27-1.34 ʤ (2H), 1.59-1.77 ʤ 
(8H), 1.81-1.87 ʤ (2H), 1.92-
1.99 ʤ (2H), 2.14-2.20 (2H) 

3.32 ʜ 
(J 6.0 ɻʮ) 

5.71 ʜ 
(J 6.0 ɻʮ) 

6.97 ʩ (1H), 7.03 ʜ.ʜ (2H, J 7.6 ɻʮ, 1,2 ɻʮ), 7.08 7.21 ʤ (4H), 7.36 ʜ  
(1H, J 2,0 ɻʮ), 7.44 ʜ (2H, J 8.0 ɻʮ) (ʤ-ʬʝʥʠʣʝʥ, 2 2,4-Cl2C6H3) 

ï 
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ˉ 

ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ, ŭ, ʤ.ʜ. (CDCl3) 

ʮʠʢʣʦʘʣʢʠʣ ʩʧʠʨʦʘʪʦʤ ArïCH CH= ʉ
Ar

, ArïC= C=O 
Me, MeO, EtO ʚ 

Ar 

54a 22.2, 22.5, 25.8, 30.7, 34.7 44.7 48.9 103.2 124.8, 128.7, 129.0, 129.2, 132.3, 138.3, 149.1 172.6 ï 

54b 22.0, 22.3, 25.5, 30.5, 34.6 44.5 48.7 102.7 115.4, 115.6, 126.5, 126.6, 128.8, 138.1, 148.2, 162.0, 164.5 172.3 ï 

54d 22.3, 22.6, 25.8, 30.7, 34.8 44.8 48.9 101.3 114.1, 125.0, 126.3, 128.9, 138.6, 149.0, 160.5 172.9 55.5 (MeO) 

54e 22.1, 22.4, 25.7, 30.6, 34.8 44.8 49.3 108.4 
125.2, 125.4, 126.2, 127.4, 128.7, 129.1, 130.1, 131.1, 131.2, 134.0, 

138.5, 150.2 
172.7 ï 

55a 24.3, 25.3, 32.8, 38.7 52.7 49.3 104.3 124.6, 128.5, 128.6, 129.0, 132.3, 139.2, 149.6 173.1 ï 

55f 25.7, 25.4, 32.6, 38.9 53.0 49.4 102.5 114.7, 125.0, 126.2, 128.7, 139.6, 149.7, 159.9 173.5 14.9, 63.8 (EtO) 

55g 25.1, 25.5, 32.6, 38.8 53.0 49.4 103.6 124.7, 128.7, 129.4, 129,7, 139.3, 139.5, 149.9 173.5 21.4 (Me) 

57a 22.0, 22.3, 25.6, 30.5, 34.4 44.6 49.0 108.9 127.2, 128.0, 129.1, 130.0, 130.7, 131.6, 133.6, 135.5, 139.1, 147.1 171.8 ï 

57b  22.0, 22.2, 25,6, 30.3, 34.4 44.6 51.4 101.9 124.6, 128.1, 129.2, 129.4, 134.8, 139.0, 143.5, 149.1 171.8 21.19 (Me) 

57c 22.0, 22.3, 25,6, 30.4, 34.5 44.6 55.4 101.0 113.9, 124.9, 126.1, 129.2, 129.4, 139.7, 148.9, 160.4 172.6 48.74 (MeO) 

58a 24.9, 25.3, 32.4, 38.5 52.8 49.6 110.3 
125.3, 125.4, 127.2, 127.8, 128.2, 129.0, 129.2, 129.9, 130.9, 131.7, 

133.6, 135.6, 140.2, 147.8 
172.5 ï 
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2.2.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʜʘʤʠ ʠ ʛʠʜʨʘʟʠʜʘʤʠ 2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-

3-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

2.2.2.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʤʠʜʘʤʠ 2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 

ʀʩʭʦʜʥʳʡ ʘʤʠʜ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 59 ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʘʤʠʜʦʤ 

2-ʠʤʠʥʦʢʫʤʘʨʠʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [214], ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʳʤ ʠʟ 

ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʮʠʘʥʘʮʝʪʘʤʠʜʘ [214]. ɿʘʤʝʱʝʥʥʳʝ ʘʤʠʜʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʟ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʠ ʤʘʣʦʥʦʚʦʛʦ ʵʬʠʨʘ 

[148], ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʤʠʥʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I , II  ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 1-ʙʨʦʤʮʠʢʣʛʝʢʩʘʥ- ʠ 1-ʙʨʦʤʮʠʢʣʦʧʝʥʪʘʥʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪ rʠ ʮʠʥʢʘ, ʩ ʘʤʠʜʦʤ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 59 ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʚ ʩʨʝʜʝ ʙʝʥʟʦʣïɻʄʌʊɸ (30:1) ʮʠʥʢʦʨʛʘʥʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ 

ʢ ʩʫʙʩʪʨʘʪʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ Int 69, Int 70, ʜʘʣʴʥʝʡʰʘʷ 

ʮʠʢʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʮʠʢʣʘ ʚ ʨʝʘʢʪʠʚʝ 

ʈʝʬʦʨʤʘʪʩʢʦʛʦ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ (ʩʭʝʤʘ 2.21, ʤʝʪʦʜʠʢʠ 29, 30): 

 
ʉʭʝʤʘ 2.21. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʦʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (I , II ) ʩ ʘʤʠʜʦʤ  

2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (59) 
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ʇʦʩʣʝ ʛʠʜʨʦʣʠʟʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʳʜʝʣʝʥʳ (4aR*,10bR*)-4a,10b-ʜʠ-

ʛʠʜʨʦ-2H,5H-ʩʧʠʨʦʭʨʦʤʝʥʦ[3,4-c]ʧʠʨʠʜʠʥ-1,1ǋ-ʮʠʢʣʦʛʝʢʩʘʥ(ʠ ʮʠʢʣʦʧʝʥʪʘʥ)-

2,4,5(3H)-ʪʨʠʦʥʳ 60, 61. 

ɸʥʘʣʦʛʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʨʝʘʢʪʠʚ ʈʝʬʦʨʤʘʪʩʢʦʛʦ I, ʧʦʣʫʯʝʥʥʳʡ ʠʟ 

ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 1-ʙʨʦʤʮʠʢʣʦʛʝʢʩʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʮʠʥʢʘ, ʩ 

N-ʤʝʪʠʣʘʤʠʜʦʤ 2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 62 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʦʭʨʦʤʝʥʦʧʠʧʝʨʠʜʠʥʪʨʠʦʥʘ 63, ʪʘʢ ʢʘʢ ʤʝʪʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʪʘʢʞʝ ʥʝ ʩʦʟʜʘʝʪ ʩʪʝʨʠʯʝʩʢʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʮʠʢʣʠʟʘʮʠʠ [215] 

(ʩʭʝʤʘ 2.22, ʤʝʪʦʜʠʢʘ 31): 

 
ʉʭʝʤʘ 2.22. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚʘ ʈʝʬʦʨʤʘʪʩʢʦʛʦ (I ) ʩ ʤʝʪʠʣʘʤʠʜʦʤ  

2-ʦʢʩʦʭʨʦʤʝʥ-3-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 62) 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 60, 61, 63 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʢʝʪʦʥʥʳʭ ʛʨʫʧʧ ʠʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 1695-1671 ʠ 1725ï1723 ʩʤ
-1
, ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1773ï1750 ʩʤ
-1
, ʘ ʪʘʢʞʝ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʩʚʷʟʠ NïH ʧʨʠ 3192 ʠ 3406 ʩʤ
-1
 ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 60 ʠ 61, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʘʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ 3.28ï3.94 

ʤ.ʜ. (C
10b

H), ʠ 3.91ï4.36 ʤ.ʜ. (C
4a

H) (ʪʘʙʣʠʮʘ 14). 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 60, 

61, 63 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 63, ʢʦʪʦʨʦʝ 

ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ (4aR*,10bR*)-3-ʤʝʪʠʣ-4a,10b-ʜʠʛʠʜʨʦ-

2H,5H-ʩʧʠʨʦʭʨʦʤʝʥʦ[3,4-c]ʧʠʨʠʜʠʥ-1,1ǋ-ʮʠʢʣʦʛʝʢʩʘʥ-2,4,5(3H)-ʪʨʠʦʥ (ʨʠʩ. 13): 




























































































































