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ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʆ ʈɸʅ 

 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ ç30è ʥʦʷʙʨʷ 2017 ʛʦʜʘ ʚ 16
00

 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 002.062.01 ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ 

ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʧʦ 

ʘʜʨʝʩʫ: 450075, ʛ. ʋʬʘ, ʧʨʦʩʧʝʢʪ ʆʢʪʷʙʨʷ, 141. ʊʝʣ./ʬʘʢʩ: (347)2842750. E-mail: 

ink@anrb.ru, ʚʝʙ-ʩʘʡʪ: http://ipc-ras/defeance.html  
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ʠ ʢʘʪʘʣʠʟʘ ʈɸʅ ʠ http://ipc-ras.ru, c ʘʚʪʦʨʝʬʝʨʘʪʦʤ - ʥʘ ʩʘʡʪʝ ɺɸʂ ʄʠʥʠʩʪʝʨʩʪʚʘ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ.
*
 ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʭʠʤʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʚʠʚʘʝʪʩʷ ʫʩʢʦʨʝʥʥʳʤʠ ʪʝʤʧʘʤʠ, ʷʚʣʷʷʩʴ ʦʙʰʠʨʥʳʤ 

ʨʘʟʜʝʣʦʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʯʠʩʣʷʝʪʩʷ ʪʝʧʝʨʴ ʪʳʩʷʯʘʤʠ. ɼʘʥʥʳʡ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʚ 

ʭʠʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʩʪʦʷʱʠʡ ʧʨʦʨʳʚ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʦʰʝʣ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʘʥʪʠʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʝʨʦʢʩʠʜʦʚ. ʋʩʧʝʭʠ ʚ ʭʠʤʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʧʝʨʦʢʩʠʜʦʚ ʩʪʠʤʫʣʠʨʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʩʠʥʪʝʟʫ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʤʘʩʩʠʚʘ ʛʝʪʝʨʦʘʪʦʤʩʦʜʝʨʞʘʱʠʭ ʧʝʨʦʢʩʠʜʦʚ. ɼʦ ʩʠʭ ʧʦʨ, 

ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ N-ʩʦʜʝʨʞʘʱʠʝ ʮʠʢʣʠʯʝʩʢʠʝ ʧʝʨʦʢʩʠʜʳ ʠʟ-ʟʘ 

ʪʨʫʜʥʦʩʪʝʡ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʜʦʚ ʠʭ ʩʠʥʪʝʟʘ. ʅʘʣʠʯʠʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʝʛʦ ʧʝʨʦʢʩʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ -N-CH2-O-O- ʚ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʭ 

ʧʨʝʧʘʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, verruculogen ʠʣʠ dioxetanone, 

ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ N-

ʧʝʨʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʭ ʩʨʝʜʩʪʚ. 

ʉ ʫʯʝʪʦʤ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʳʙʨʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚʩʝ ʙʦʣʴʰʠʤ ʨʘʩʰʠʨʝʥʠʝʤ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʦʢʩʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʤʧʣʝʢʩʦʤ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʣʘʩʩʦʚ N-

ʩʦʜʝʨʞʘʱʠʭ ʜʠʧʝʨʦʢʩʠʮʠʢʣʘʥʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʅʀʈ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʝʭʠʤʠʠ ʠ ʢʘʪʘʣʠʟʘ 

ʈɸʅ ʧʦ ʪʝʤʝ: çʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʘʣʠʟ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡè 

(ˉ 01201168016), ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʌʌʀ: çʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ 

ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦ-ʤʝʟʦʧʦʨʠʩʪʳʭ ʠ ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʝʪʘʣʣʦʩʠʣʠʢʘʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ 

ʩʠʥʪʝʟʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʛʝʪʝʨʦʢʘʨʙʦʮʠʢʣʦʚ - ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʝ, 

ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʝ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʧʨʝʧʘʨʘʪʳè ˉ 16-

29-10687 ʦʬʠ_ʤ ʠ çʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ ʘʤʠʥʦʚ, ʘʤʠʜʦʚ ʠ ʛʠʜʨʘʟʠʜʦʚ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ Ŭ,ɤ-ʜʠʪʠʦʣʘʤʠ ʠ ʘʣʴʜʝʛʠʜʘʤʠ ï ʥʦʚʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʠʥʪʝʟʘ 

ʥʘʩʳʱʝʥʥʳʭ ʘʟʦʪ- ʠ ʩʝʨʘʩʦʜʝʨʞʘʱʠʭ  ʛʝʪʝʨʦʮʠʢʣʦʚè ̄14-03-00240-ʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʣʘʩʩʦʚ N-ʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʢʘʨʙʦʮʠʢʣʦʚ ʧʝʨʦʢʩʠʜʥʦʛʦ ʨʷʜʘ, 

                                                           
*
 ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʯʣʝʥʫ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɼʞʝʤʠʣʝʚʫ ʋ.ʄ. ʟʘ ʚʳʙʦʨ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪʳ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʩʦʮʠʘʣʴʥʦ 

ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʈʘʨʘʙʦʪʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ 

ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʨʝʘʢʮʠʝʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 

1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʘʣʢʘʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ. 

ʉʠʥʪʝʟ, ʚʳʜʝʣʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ N-ʘʨʠʟʘʤʝʱʝʥʥʳʭ 

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʪʝʪʨʘʦʢʩʘʟʘʢʘʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʨʝʮʠʢʣʠʟʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ) 

ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʘʣʢʘʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʠ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ʉʠʥʪʝʟ ʘʜʘʤʘʥʪʘʥʩʦʜʝʨʞʘʱʠʭ ʘʟʘʜʠʧʝʨʦʢʩʠʜʦʚ. 

ʀʟʫʯʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ Ad-ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʚ 

ʨʘʩʪʚʦʨʝ ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʢʨʠʩʪʘʣʣʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ.  

ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ 

ʨʝʘʢʮʠʝʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 1,1-

ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʘʣʢʘʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʩ ʫʯʘʩʪʠʝʤ ʣʘʥʪʘʥʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʦʨʛʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʘʨʠʟʘʤʝʱʝʥʥʳʭ 

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʪʝʪʨʘʦʢʩʘʟʘʢʘʥʦʚ ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ 

ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʨʠʣʘʤʠʥʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Sm(NO3)3Ŀ6H2O. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʨʝʮʠʢʣʠʟʘʮʠʠ ʠʤʝʝʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʮʠʢʣʠʯʝʩʢʠʝ ʘʤʥʦʧʝʨʦʢʩʠʜ.r 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 1,1-

ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Sm(NO3)3 Ŀ 6H2O ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʠʣʴʥʦʤ ʢʦʣʴʮʝ ʠʩʭʦʜʥʳʭ ʘʨʠʣʘʤʠʥʦʚ.  

ʈʘʟʨʘʙʦʪʘʥ ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-

(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ)} ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-

ʧʝʥʪʘʦʢʩʘʢʘʥʘ)}  ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ  Sm(NO3)3Ŀ6H2O.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʳʡ ʮʠʢʣ, ʚ 7ǋ-R-

ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʘʭ)}, ʛʜʝ R = p-FC6H4, p-

ClC6H4, p-CH3OC6H4, o-CH3OC6H4 ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʪʚʠʩʪ-ʢʨʝʩʣʦ ʩ N-

ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʅʘʡʜʝʥʘ ʥʝʨʘʚʥʦʟʥʘʯʥʦʩʪʴ ʜʣʠʥ 

ʆïʆ ʩʚʷʟʝʡ ʚ ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʢʦʥʬʦʨʤʘʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʮʠʢʣʘ: ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʜʝʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʦʥʬʦʨʤʝʨ ʢʨʝʩʣʦ-ʢʨʝʩʣʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʢʦʥʬʦʨʤʝʨʳ ʪʚʠʩʪ-ʢʨʝʩʣʦ ʠ ʚʘʥʥʘ-ʢʨʝʩʣʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʟʘʩʝʣʝʥʥʦʩʪʝʡ 1:1. ʇʨʝʜʣʦʞʝʥʳ ʢʨʠʪʝʨʠʠ ʗʄʈ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʦʪʥʝʩʝʥʠʡ ʩʠʛʥʘʣʦʚ ʜʣʷ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʳʭ)} ʩʠʩʪʝʤ. 

ʅʘʡʜʝʥʦ, ʯʪʦ Ad-ʟʘʤʝʱʝʥʥʳʝ N-ʘʨʠʣ-ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʳ ʷʚʣʷʶʪʩʷ 

ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ  N-

ʘʨʠʣ-ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ, N-ʘʨʠʣ-ʪʝʪʨʘʦʢʩʘʟʘʢʘʥʦʚ, 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-

[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ)}, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʢʮʠʠ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʝʡ 

Sm. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ, ʥʦ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʄʘʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ I ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ (ʄʦʩʢʚʘ, 

2016), XXVI ʈʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 120-ʣʝʪʠʶ 

ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ʉʝʤʝʥʦʚʘ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), XX ʄʝʥʜʝʣʝʝʚʩʢʦʤ 

ʩʲʝʟʜʝ ʧʦ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ɽʢʘʪʝʨʠʥʙʫʨʛ, 2016), ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʠ ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʢʠʩʣʦʨʦʜ- ʠ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡè, (ʋʬʘ, 2016), VII ʄʦʣʦʜʝʞʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʀʆʍ ʈɸʅ (ʄʦʩʢʚʘ, 2017). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 2 ʩʪʘʪʴʠ, 4 ʪʝʟʠʩʘ 

ʜʦʢʣʘʜʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʦʣʫʯʝʥʦ 2 ʨʝʰʝʥʠʷ ʢ 

ʚʳʜʘʯʝ ʧʘʪʝʥʪʘ ʈʌ ʠ 4 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʚʳʜʘʯʫ ʧʘʪʝʥʪʦʚ ʈʌ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 114 ʩʪʨʘʥʠʮʘʭ, 

ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʥʘ ʪʝʤʫ çʉʠʥʪʝʟ ʮʠʢʣʠʯʝʩʢʠʭ ʠ 

ʘʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚè, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʯʘʩʪʴ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ (ʥʘʠʤʝʥʦʚʘʥʠʷ), ʩʦʜʝʨʞʠʪ 10 ʩʭʝʤ, 8 ʪʘʙʣʠʮ, 12 

ʨʠʩʫʥʢʦʚ. 
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2.1. ʉʠʥʪʝʟ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ʣʘʥʪʘʥʠʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʀʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʘʤ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʩʴʤʠʯʣʝʥʥʳʭ 

ʦʢʩʦʜʠʧʝʨʦʢʩʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʷʚʣʷʶʪʩʷ 

ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʘʢʮʠʷ Ŭ-ʘʣʢʦʢcʠʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ 

ʘʣʴʜʝʛʠʜʘʤʠ, ʘʮʠʜʦʣʠʟ ʦʟʦʥʠʜʦʚ ʘʨʠʣ(ʘʣʢʠʣ)ʮʠʢʣʦʘʣʢʝʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʭʣʦʨʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʠʩ-ʩʠʣʠʣʠʜʘ ʠʟʦʭʨʦʤʘʥʘ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʝ (5%) ʠʣʠ ʫʤʝʨʝʥʥʳʝ (34%) ʚʳʭʦʜ,r ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʝʥʠʝ ʮʝʣʝʚʳʭ ʧʝʨʦʢʩʠʜʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʤ ʦʜʥʦʡ ʠʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʧʠʨʦʩʦʯʣʝʥʝʥʥʳʭ 

ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ 1 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. ʇʨʠʩʪʫʧʘʷ ʢ ʨʝʰʝʥʠʶ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʳ ʠʩʭʦʜʠʣʠ ʠʟ ʧʨʝʜʧʦʩʳʣʢʠ, ʯʪʦ ʝʩʣʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ Ŭ,ɤ-

SH-ʢʠʩʣʦʪ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʢʩʦʜʠʪʠʘʮʠʢʣʦʘʣʢʘʥʘʤ, ʪʦ 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʷ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ 2 (Ŭ,ɤ-ʆH-ʢʠʩʣʦʪʳ) ʩ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ 2 ʩ 

CH2O ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ 

1, ʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ 2 ʩ ʘʣʴʜʝʛʠʜʘʤʠ ʩ 

ʫʯʘʩʪʠʝʤ ʪʘʢʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʢʘʢ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʠʣʠ BF3 Ŀ 

Et2O ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ 1,2,4,5-ʪʝʪʨʘʦʢʩʘʥʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ 1,1-

ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʛʝʢʩʘʥʘ 2b ʩ CH2O ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ c ʫʯʘʩʪʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3Ŀ6H2O (5 ʤʦʣ. %) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 20
ʦ
ʉ ʟʘ 6 ʯ ʚ THF 

ʦʙʨʘʟʫʝʪʩʷ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥ 1b ʩ ʚʳʭʦʜʦʤ 95% (ʩʭʝʤʘ 1).  

ʉʭʝʤʘ 1 

 
ɺʳʙʦʨ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3Ŀ6H2O ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʫʩʧʝʰʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʨʘʥʝʝ 

ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ Nʅ-ʢʠʩʣʦʪ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ Ŭ,ɤ-
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ʜʠʦʣʘʤʠ ʠʣʠ Ŭ,ɤ-ʜʠʪʠʦʣʘʤʠ  ʩ ʧʦʣʫʯʝʥʠʝʤ 1,5,3-ʜʠʦʢʩʘʟʝʧʘʥʦʚ ʠʣʠ 1,5,3-

ʜʠʪʠʘʟʘʮʠʢʣʦʘʣʢʘʥʦʚ. 

ʉʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʝʜʠʥʝʥʠʝ 1b ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ 

7,8,10,12,13-ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥ ʧʦ ʥʘʣʠʯʠʶ ʩʠʛʥʘʣʦʚ ʚ ʦʙʣʘʩʪʠ 109.98, 

ʪʠʧʠʯʥʳʭ ʜʣʷ sp
3
-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʥʝʩʫʱʝʛʦ ʜʚʝ ʢʠʩʣʦʨʦʜʥʳʝ 

ʬʫʥʢʮʠʠ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʫ 92.38 ʤ.ʜ., ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʩʠʩʪʝʤʝ -

CH2-O-CH2-. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
13

C ʤʫʣʴʪʠʧʣʝʪʳ ʧʨʠ ŭ 1.76, 1.54 ʠ 1.43 ʤ.ʜ. ʦʪʥʦʩʷʪʩʷ ʢ 

ʮʠʢʣʦʛʝʢʩʘʥʦʚʦʤʫ ʢʦʣʴʮʫ 1b. ʉʪʨʫʢʪʫʨʘ 7,8,10,12,13-ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 

1b ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ MALDI -TOF/TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʥʘ ʤʘʪʨʠʮʝ 

HCCA. ɺ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʘ m/z 212.387 [M+Na-H]
+
 (55%)  

ʠ m/z 250.318 [M+Na+K-2H]
+
 (19%), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ 1b.  

ʇʦʩʣʝʜʫʶʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (5 

ʤʦʣ. % Sm(NO3)3
.
6H2O, 20Áʉ, 6 ʯ) ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʝʨʦʢʩʠʜʘ 1b ʩʥʠʞʘʝʪʩʷ ʚ ʨʷʜʫ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ: ʊɻʌ (95%) > CH2Cl2 (85%) > Et2O (79%) > C6H12 (15%) > EtOAc (10%) 

> C2H5OH (7%).  

ʅʘʨʷʜʫ ʩ Sm(NO3)3Ŀ6H2O ʤʳ ʠʩʧʳʪʘʣʠ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʷʜ ʜʨʫʛʠʭ ʩʦʣʝʡ ʣʘʥʪʘʥʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 

Ho, Tb, Dy, Nd, La. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 20
ʦ
ʉ  ʚ THF c ʫʯʘʩʪʠʝʤ 5 

ʤʦʣ. % ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʙʣʶʜʘʣʠ ʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 7,8,10,12,13-

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 1b ʩ ʚʳʭʦʜʘʤʠ 84% (Ho(NO3)3Ā5H2O) > 72% 

(TbCl3Ā6H2O) > 67% (DyCl3Ā6H2O) > 61% (NdCl3) > 58% (La(NO3)3) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʩʠʥʪʝʟʘ 7,8,10,12,13-

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 1b (5 ʤʦʣ. %  Sm(NO3)3
.
6H2O, ʊɻʌ, 20Áʉ, 6 ʯ) 

ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠ ̫ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ 2ʘ,ʩ-ʝ ʩ CH2O ʩʝʣʝʢʪʠʚʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʘʤ 1ʘ,ʩ-ʝ ʩ ʚʳʭʦʜʘʤʠ 90% (1a) > 85% (1c) > 71% (1d) 

> 69% (1e). 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʥʪʝʟʫ 

ʘʣʠʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʥʘ ʨʷʜʝ ʧʨʠʤʝʨʦʚ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʳʭ ʙʠʩ-ʛʠʜʨʦʧʝʨʦʢʩʠʜʦʚ ʥʘ ʠʭ ʨʝʘʢʮʠʶ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʨʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʝʥʪʦʦʢʩʘʢʘʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ 1ʘ-ʝ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʛʠʜʨʦʧʝʨʦʢʩʠʘʣʢʘʥʦʚ 3-6 ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

1,2,4,5,7-ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ 7-10 ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 2,2-

ʜʠʛʠʜʨʦʧʝʨʦʢʩʠʧʨʦʧʘʥʘ 3 (98%) ʢ 5,5-ʜʠʛʠʜʨʦʧʝʨʦʢʩʠʥʦʥʘʥʫ 5 (63%) ʠ 2,2-

ʜʠʛʠʜʨʦʢʩʠʘʜʘʤʘʥʪʘʥʫ 6 (53%). ʉʘʤʦʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʝʘʢʮʠʠ (10ʯ) ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚ ʩʠʥʪʝʟʝ 3-(ʘʜʘʤʘʥʪʠʣ-2-ʠʣ)-1,2,4,5,7-ʧʝʥʪʘʦʢʩʘʢʘʥʘ 10. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʨʝʘʢʮʠʝʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 1,1-
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ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʘʣʢʘʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʩ 

ʫʯʘʩʪʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3
.
6H2O. 

 

2.2. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ 

ʘʟʘʜʠʧʝʨʦʢʩʠʢʘʨʙʦʮʠʢʣʦʚ 

2.2.1. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ N-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ 
 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʝ ʧʝʥʪʘʦʢʩʘʢʘʥʳ ʧʦʟʚʦʣʠʣʠ ʥʘʤ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʮʠʢʣʦʧʝʨʦʢʩʠʜʦʚ ʨʝʘʢʮʠʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ ʧʝʥʪʘʦʢʩʘʛʝʪʝʨʦʮʠʢʣʦʚ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ 1,2,4,5-ʪʝʪʨʘʦʢʩʘʥʦʚ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚʥʝ ʪʝʪʨʘʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʛʨʘʥʠʯʝʥʳ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʜʠʧʝʨʦʢʩʠʜʥʦʤ 

ʮʠʢʣʝ ʘʪʦʤ ʘʟʦʪʘ, ʥʘ ʤʦʤʝʥʪ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʠ.  

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʭʠʤʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ 

ʦʙʫʩʣʦʚʣʝʥ ʦʙʥʘʨʫʞʝʥʥʦʡ ʫ ʥʠʭ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʢʘʟʘʣʦ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʨʘʧʠʠ ʤʘʣʷʨʠʠ ʧʨʠʨʦʜʥʦʛʦ ʧʝʨʦʢʩʠʜʘ ï ʘʨʪʝʤʠʟʠʥʠʥʘ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʝʪʨʘʦʢʩʘʥʳ, ʦʟʦʥʠʜʳ ʠ ʪʨʠʦʢʩʘʥʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʠʣʠ ʧʨʝʚʦʩʭʦʜʷʱʝʡ 

ʘʢʪʠʚʥʦʩʪʴ ʘʨʪʝʤʠʟʠʥʠʥʘ. ɺʳʩʦʢʫʶ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʘʨʪʝʤʠʟʠʥʠʥʘ ï ʠʥʪʝʨʦʣʘʥ ʠ ʝʛʦ ʢʦʥʴʶʛʘʪ ʩ 4-ʘʤʠʥʦ-7-ʭʣʦʨʭʠʥʦʣʠʥʦʤ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 1,2,4,5- ʪʝʪʨʘʦʢʩʘʥʦʚ ʩ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚʥʝ ʪʝʪʨʘʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʡ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ ʪʝʪʨʘʦʢʩʘʟʘʮʠʢʣʦʘʣʢʘʥʦʚ, ʥʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥ ʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ 

ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ ʚ ʜʠʧʝʨʦʢʩʠʜʥʦʤ ʮʠʢʣʝ. ʄʳ ʠʩʭʦʜʠʣʠ ʠʟ ʧʨʝʜʧʦʩʳʣʢʠ, ʯʪʦ ʝʩʣʠ 

ʨʝʘʢʮʠʷ ʢʝʪʘʣʝʡ ʩ ʛʝʤ-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʤʠ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʵʬʠʨʘʪʘ ʪʨʝʭʬʪʦʨʠʩʪʦʛʦ ʙʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʧʝʨʦʢʩʠʜʥʳʝ 

ʮʠʢʣʳ, ʪʦ ʧʨʠ ʟʘʤʝʥʝ ʢʝʪʘʣʝʡ ʥʘ N,N-ʙʠʩ(ʤʝʪʦʢʩʠʤʝʪʠʣ)-N-ʘʨʠʣʘʤʠʥʳ ʚ ʨʝʘʢʮʠʠ ʩ 

ʛʝʤ-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʤʠ) ʥʘʤ ʫʜʘʩʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ N-ʘʨʠʣ-

ʪʝʪʨʘʦʢʩʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ. ʆʜʥʘʢʦ, ʵʪʘ ʧʦʧʳʪʢʘ ʦʢʘʟʘʣʘʩʴ ʙʝʟʫʩʧʝʰʥʦʡ, ʚʝʨʦʷʪʥʦ,
 
ʠʟ-

ʟʘ ʨʘʩʧʘʜʘ ʧʝʨʦʢʩʠʜʥʦʡ ʛʨʫʧʧʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪʠʯʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʘʢʮʠʶ 

ʨʝʮʠʢʣʠʟʘʮʠʠ ʧʝʥʪʘʦʢʩʘʛʝʪʝʨʦʮʠʢʣʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Sm-

ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʨʘʥʝʝ ʦʩʫʱʝʩʪʚʣʝʥʥʦʡ ʥʘʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ 1,3,6-ʦʢʩʘʜʠʪʠʘʮʠʢʣʦʛʝʧʪʘʥʦʚ ʩ ʘʨʠʣʘʤʠʥʘʤʠ 

ʩ ʧʦʣʫʯʝʥʠʝʤ N-ʘʨʠʣ-1,5,3-ʜʠʪʠʘʟʝʧʘʥʦʚ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʨʝʮʠʢʣʠʟʘʮʠʷ 7,8,10,12,13-

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 1b ʩ ʘʥʠʣʠʥʦʤ 11ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ Sm(NO3)3Ŀ6H2O ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘ 6 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʊɻʌ 

ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ 12ʘ ʩ ʚʳʭʦʜʦʤ 98%. ɺ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ 
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ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 12ʘ (ʪʘʙʣ.1). ɼʘʥʥʳʝ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
ʅ ʠ 

13
ʉ ʩʦʝʜʠʥʝʥʠʷ 12ʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʛʦ ʩʪʨʦʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, AB ʩʠʩʪʝʤʘ ʧʨʦʪʦʥʦʚ ʩ 

ʮʝʥʪʨʦʤ ʧʨʠ ŭ 5.20 ʤ.ʜ. (10.0 ɻʮ), ʘ ʪʘʢʞʝ ʩʠʛʥʘʣ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ŭ 87.99 ʤ.ʜ., 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ïN-CH2-O-. ʄʫʣʴʪʠʧʣʝʪʳ ʚ 

ʦʙʣʘʩʪʠ ʩʠʣʴʥʦʛʦ ʧʨʠ ŭ 1.41-1.44, 1.54-1.69  ʠ ʩʣʘʙʦʛʦ ʧʨʠ ŭ 6.99-7.33 ʧʦʣʝʡ ʦʪʥʦʩʷʪʩʷ 

ʢ ʮʠʢʣʦʛʝʢʩʘʥʦʚʦʤʫ ʠ ʬʝʥʠʣʴʥʦʤʫ ʢʦʣʴʮʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 10-ʬʝʥʠʣ-7,8,12,13-

ʪʝʪʨʘʦʢʩʘ-10-ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 12ʘ. ɸ sp
3
-ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ, 

ʥʝʩʫʱʠʡ ʜʚʝ ʢʠʩʣʦʨʦʜʥʳʝ ʬʫʥʢʮʠʠ ʧʨʦʷʚʠʣʩʷ ʚ ʦʙʣʘʩʪʠ 109.00. ɺ ʤʘʩʩ-ʩʧʝʢʪʨʝ  

MALDI -TOF 12ʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʢ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ m/z 264.175 [M-H]
+
 (55%). 

ʉʭʝʤʘ 2 

 
 

ʊʘʙʣʠʮʘ 1. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʚʳʭʦʜ 12ʘ (5 ʤʦʣ.% [M] , 20
ʦ
ʉ, 

6ʯ, ʨ-ʣʴ) 

[M]  ʈ-ʣ ɹ ɺʳʭʦʜ 

12ʘ, % 

[M]  ʈ-ʣ ɹ ɺʳʭʦʜ 

12ʘ, % 

Sm(NO3)3Ŀ6H2O THF 98 DyCl3Ŀ6H2O  THF 68 

-//- CHCl3  32 TbCl3Ŀ6H2O THF 63 

-//- CH2Cl2 30 NdCl3Ŀ6H2O  THF 60 

-//- CH3CN 25 CoCl2  THF 57 

-//- CH3COCH3 25 CuCl  THF 53 

-//- C6H6 14 NiCl2 THF 50 

-//- EtOAc 12 FeCl3Ŀ6H2O THF 48 

-//- C6H12 11 AlCl 3 THF 45 

Ho(NO3)3Ŀ6H2O  THF 70 - THF 0 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 5 ʤʦʣ.% Sm(NO3)3
.
6H2O (~20

ʦ
ʉ, 6ʯ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʊɻʌ) ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ 7,8,10,12,13-

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5,7]ʪʨʠʜʝʢʘʥʘ 1b (ʢʦʥʪʨʦʣʴ ʤʝʪʦʜʦʤ ʊʉʍ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 10-ʬʝʥʠʣ-

7,8,12,13-ʪʝʪʨʘʦʢʩʘ-10-ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 12ʘ ʩ ʚʳʭʦʜʦʤ 98%. ʇʨʠ ʤʝʥʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ  ʢʘʪʘʣʠʟʘʪʦʨʘ (1 ʤʦʣ.%) ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 12ʘ ʥʝ ʧʨʝʚʳʰʘʣ 20%. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ N-

ʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʤʳ ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ 
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ʧʝʨʚʠʯʥʦʛʦ ʘʤʠʥʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʨʝʮʠʢʣʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʤʠʥʦʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʢʠʣ-, ʘʨʠʣ- ʠ ʛʝʪʘʨʠʣʘʤʠʥʳ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʘʣʢʠʣ(ʤʝʪʠʣ-, ʪʨʝʪ-ʙʫʪʠʣ)ʘʤʠʥʳ ʚ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (5 ʤʦʣ.% Sm(NO3)3
.
6H2O, 

20
ʦ
ʉ, 6ʯ, ʊɻʌ) ʥʝ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʨʝʮʠʢʣʠʟʘʮʠʠ ʩ 7,8,10,12,13-

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʤ 1b. ɸʨʠʣ- 11a-l ʠ ʛʝʪʘʨʠʣʘʤʠʥʳ 11m-o ʚʦʚʣʝʢʘʶʪʩʷ ʚ 

ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʨʝʘʢʮʠʶ ʨʝʮʠʢʣʠʟʘʮʠʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 10-ʘʨʠʣ-7,8,12,13-

ʪʝʪʨʘʦʢʩʘ-10-ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 70 ï 99% (ʪʘʙʣ.2). ʇʨʠ ʥʘʣʠʯʠʠ 

ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ o,m,p-F,Cl,Br ʚ ʘʨʠʣʘʤʠʥʘʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʚʳʭʦʜ ʮʝʣʝʚʳʭ 10-ʘʨʠʣ-7,8,12,13-ʪʝʪʨʘʦʢʩʘ-10-

ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʚ (12b-j) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 12h-j  < 12e-g < 12b-d (ʪʘʙʣ.2). 
 

ʊʘʙʣʠʮʘ 2. ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʠʣʘʤʠʥʘʭ ʥʘ ʚʳʭʦʜ 10-ʘʨʠʣ-7,8,12,13-

ʪʝʪʨʘʦʢʩʘ-10-ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʚ 12 (5 ʤʦʣ.% Sm(NO3)3
.
6H2O, 20

ʦ
ʉ, 6ʯ, ʊɻʌ) 

ʇʨʦʜʫʢʪ Ar ɺʳʭʦʜ, % ʇʨʦʜʫʢʪ Ar ɺʳʭʦʜ, % 

12b ʦ-FC6H4 94 12i m-BrC6H4 73 

12c m-FC6H4 96 12j p-BrC6H4 76 

12d p-FC6H4 99 12k o-MeC6H4 82 

12e o-ClC6H4 89 12l m-MeC6H4 79 

12f m-ClC6H4 87 12m 2-Py 87 

12g p-ClC6H4 88 12n 3-Py 80 

12h o-BrC6H4 70 12o 4-Py 78 
 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ N-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ 

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʳʪʠʷ ʧʝʥʪʘʦʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʩʣʝʜʫʶʱʝʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʘʤʠʥʘ 

ʢ ʢʘʨʙʦʢʘʪʠʦʥʫ ʧʨʠʚʦʜʠʪ ʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʦʣʝʢʫʣʳ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ 12 (ʩʭʝʤʘ 3). ɺʦʟʤʦʞʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʘʣʢʠʣʘʤʠʥʳ ʢʘʢ ʩʠʣʴʥʳʝ ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ ʦʙʨʘʟʫʶʪ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ Sm
3+

 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʧʝʥʪʘʢʩʘʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉʭʝʤʘ 3 

 
ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʜʨʫʛʠʭ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʚ ʨʝʘʢʮʠʶ ʩ ʘʥʠʣʠʥʦʤ 11ʘ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ 

ʚʦʚʣʝʯʝʥʳ 8,9,11,13,14-ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[6.7]ʪʝʪʨʘʜʝʢʘʥ 1d ʠ 1,2,4,6,7-
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ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[7.7]ʧʝʥʪʘʜʝʢʘʥ 1e. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Sm(NO3)3
.
6H2O ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 11-ʬʝʥʠʣ-8,9,13,14-ʪʝʪʨʘʦʢʩʘ-11-

ʘʟʘʩʧʠʨʦ[6.7]ʪʝʪʨʘʜʝʢʘʥ 13ʘ ʠ 4-ʬʝʥʠʣ-1,2,6,7-ʪʝʪʨʘʦʢʩʘ-4-ʘʟʘʩʧʠʨʦ[7.7]ʧʝʥʪʘʜʝʢʘʥ 

15ʘ ʩ ʚʳʭʦʜʘʤʠ 75 ʠ 79% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

(5 ʤʦʣ.% Sm(NO3)3
.
6H2O, 20

ʦ
ʉ, 6ʯ, ʊɻʌ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,2,4,6,7-

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[6.7]ʪʝʪʨʘʜʝʢʘʥʘ 1d, 1,2,4,6,7-ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[7.7]ʧʝʥʪʘʜʝʢʘʥʘ 1e ʠ 

1,2,4,6,7-ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[7.10]ʦʢʪʘʜʝʢʘʥʘ 16 ʩ p-ʬʪʦʨʘʥʠʣʠʥʦʤ 11d ʩʝʣʝʢʪʠʚʥʦ 

ʧʨʦʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʜʠʧʝʨʦʢʩʠʜʦʚ 14d, 17d ʠ 18d c 

ʚʳʭʦʜʘʤʠ 75, 80 ʠ 86% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʙʳʣʘ ʥʘʜʝʞʥʦ ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʝʪʦʜʦʤ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʪʨʫʢʪʫʨʘ 14d ʠ 17d ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥ r

ʤʝʪʦʜʦʤ ʈʉɸ.
À
 

 
ʈʠʩ.1. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 11-(4-ʬʪʦʨʬʝʥʠʣ)-

8,9,13,14-ʪʝʪʨʘʦʢʩʘ-11-ʘʟʘʩʧʠʨʦ[6.7]ʪʝʪʨʘʜʝʢʘʥʘ 

14d. ɸʪʦʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʚʳʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ 

ʢʦʣʝʙʘʥʠʡ (50%).  

 
ʈʠʩ.2. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 4-(4-

ʬʪʦʨʬʝʥʠʣ)-1,2,6,7-ʪʝʪʨʘʦʢʩʘ-4-

ʘʟʘʩʧʠʨʦ[7.7]ʧʝʥʪʘʜʝʢʘʥʘ 17d. ɸʪʦʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʚʳʤʠ 

ʵʣʣʠʧʩʦʠʜʘʤʠ ʢʦʣʝʙʘʥʠʡ (50%).  

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 14d (ʨʠʩ.1) ʦʪʥʝʩʝʥʳ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Cc). ʊʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʝ ʢʦʣʴʮʦ ʧʨʠʥʠʤʘʝʪ ʢʦʥʬʦʨʤʘʮʠʶ 

çʪʚʠʩʪ-ʚʘʥʥʘ-ʢʨʝʩʣʦè. ʉʦʛʣʘʩʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚ ʩʦʝʜʠʥʝʥʠʠ 14d 

ʬʪʦʨʙʝʥʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʫ ʘʪʦʤʘ N(6) ʷʚʣʷʝʪʩʷ ʘʢʩʠʘʣʴʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʤʫ ʢʦʣʴʮʫ. ʉʝʤʠʯʣʝʥʥʦʝ ʢʦʣʴʮʦ ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ çʢʨʝʩʣʦè, ʚ 

ʢʦʪʦʨʦʡ ʘʪʦʤʳ C(10) ʠ C(13) ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ 

C(14)C(5)C(11)C(7)C(1) ʥʘ 0.828(4) ¡ ʠ 0.762(4) ¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʦʢʩʠʜʥʳʝ 

ʩʚʷʟʠ  ʩʦʩʪʘʚʣʷʶʪ 1.475(2) ʠ 1.450(2)¡. 

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 17d ʠʤʝʶʪ ʤʦʥʦʢʣʠʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. 

ʎʠʢʣʦʦʢʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʢʦʥʬʦʨʤʘʮʠʶ çʚʘʥʥʘ-ʢʨʝʩʣʦè, ʪʦʛʜʘ ʢʘʢ 

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʳʡ ï çʪʚʠʩʪ-ʚʘʥʥʘ-ʢʨʝʩʣʦè. ʌʪʦʨ-ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ 

ʘʟʦʪʘ ʟʘʥʠʤʘʝʪ ʘʢʩʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ 

                                                           
À
 ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘʚʝʜʫʶʱʝʤʫ ʣʘʙʦʨʘʪʦʨʠʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ ʜ.ʭ.ʥ., ʧʨʦʬ. ʍʘʣʠʣʦʚʫ ʃ.ʄ. ʠ 

ʘʩʧʠʨʘʥʪʫ ʄʝʱʝʨʷʢʦʚʦʡ ɽ.ʉ. ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʈʉɸ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  
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ʚʦʩʴʤʠʯʣʝʥʥʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ. ʆïʆ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 1.469(11) 

ʠ 1.454(14) ¡. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʥʠʪʨʘʪʦʤ ʩʘʤʘʨʠʷ ʨʝʘʢʮʠʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʩ 

ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʭʦʜ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʤʘʣʦ ʟʘʚʠʩʠʪ 

ʦʪ ʩʪʨʦʝʥʠʷ ʠʩʭʦʜʥʳʭ ʤʦʥʦʤʝʨʦʚ ʠ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʨʝʟʫʣʴʪʘʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʨʫʛʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʙʣʠʟʢʠʤ ʧʦ 

ʩʪʨʫʢʪʫʨʝ. ʊʘʢ, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3,3-ʜʠʘʣʢʠʣ-7-(ʦ,m,p-ʛʘʣʦʛʝʥʬʝʥʠʣ)-1,2,4,5,7-

ʪʝʪʨʘʟʦʢʘʥʳ 21b-d, 22i-g, 23b,f,g  ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ 75-90% (ʩʭʝʤʘ 4).  

ʉʭʝʤʘ 4 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪ ɹʥʦʚʳʡ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ N-ʘʨʠʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ ʨʝʘʢʮʠʝʡ 

ʨʝʮʠʢʣʠʟʘʮʠʠ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʨʠʣʘʤʠʥʘʤʠ 

ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3Ŀ6H2O.  

 

2.2.2. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʚ ʩʠʥʪʝʟʝ ʘʮʠʢʣʠʯʝʩʢʠʭ ʠ 

ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ 

ʀʟʚʝʩʪʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʥʪʠʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʤʦʣʝʢʫʣʳ, ʚʘʞʥʘʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʭ ʘʛʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ 

ʘʢʪʠʚʥʳ ʪʦʣʴʢʦ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʧʝʨʦʢʩʠʜʳ; ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʨʦʢʩʠʜʦʚ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, 

ʩʦʟʜʘʥʠʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʘʨʘʟʠʪʦʚ. ɿʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʥʝ 

ʦʣʠʛʦʤʝʨʥʳʭ, ʘ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʥʝ 

ʚʩʝʛʜʘ ʨʘʟʨʝʰʠʤʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʮʠʢʣʠʯʝʩʢʠʭ ʧʝʨʦʢʩʠʜʦʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʶʪʩʷ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʝʨʦʢʩʠʛʨʫʧʧʳ (ʆ-ʆ) ʢ 

ʜʝʡʩʪʚʠʶ ʤʥʦʛʠʭ ʨʝʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʈʘʟʨʘʙʦʪʘʚ ʤʝʪʦʜ 

ʩʠʥʪʝʟʘ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʨʝʮʠʢʣʠʟʘʮʠʝʡ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ, ʤʳ 

ʧʦʧʳʪʘʣʠʩʴ ʠʩʢʣʶʯʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʩʪʘʜʠʶ ʧʦʣʫʯʝʥʠʷ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʧʨʷʤʦʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʝʡ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʩ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Sm(NO3)3Ŀ6H2O. ʆʧʳʪʳ 



13 

 

 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15-20
ʦ
ʉ ʚ ʊɻʌ, ʧʨʠʙʘʚʣʷʷ ʟʘ 2-3 ʤʠʥʫʪʳ ʨʘʩʪʚʦʨ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʤʠʥʘ ʢ ʨʘʩʪʚʦʨʫ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ Sm(NO3)3Ŀ6H2O. 

ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ 

ʚ ʘʨʠʣʴʥʦʤ ʢʦʣʴʮʝ ʠʩʭʦʜʥʳʭ ʘʨʠʣʘʤʠʥʦʚ 11b-g. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʪʦ-

ʘʨʠʣ(ʭʣʦʨʬʝʥʠʣ, ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦʚ 11b,i ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ 1,1-

ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʘʤʠ 1a, 1b, 1d ʦʙʨʘʟʫʶʪʩʷ ʘʮʠʢʣʠʯʝʩʢʠʝ 1,1-ʙʠʩ-[N-

(ʧʝʨʦʢʩʠʤʝʪʠʣ)-N-ʘʨʠʣʘʤʠʥʦ]ʮʠʢʣʦʘʣʢʘʥʳ 26-28b,i ʩ ʚʳʭʦʜʦʤ 63-75%. ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʘʨʘ-ʘʨʠʣ(ʭʣʦʨʬʝʥʠʣ, ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦʚ 11d,g ʦʩʥʦʚʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʳ 12d,g, 24 d,g, 14d ʠ 25g ʩ 

ʚʳʭʦʜʘʤʠ 75-87%. ʉ ʫʯʘʩʪʠʝʤ ʤʝʪʘ-ʘʨʠʣ(ʭʣʦʨʬʝʥʠʣ, ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦʚ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʘʮʠʢʣʠʯʝʩʢʠʭ 29-31c,f ʠ 

ʮʠʢʣʠʯʝʩʢʠʭ 12c,f, 32 c,f ʠ 33c,f ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 (ʩʭʝʤʘ 5). 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʘʨʷʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʠʥʪʝʟʘʭ ʢʦʥʢʫʨʝʥʪʥʦ ʧʨʦʭʦʜʠʣʘ ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ 

ʙʠʩʛʠʜʨʦʧʝʨʦʢʩʠʜʦʤ ʩʣʘʙʦʦʩʥʦʚʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʘʨʠʣʘʤʠʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ ʪʨʠʘʟʠʥʘʤ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʨʪʦ-

ʘʨʠʣ(ʭʣʦʨʬʝʥʠʣ, ʬʪʦʨʬʝʥʠʣ)ʘʤʠʥʦʚ 11b,i ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʙʠʩ-ʛʠʜʨʦʧʝʨʦʢʩʠʜʘʤʠ 

1a, 1b, 1d ʥʘʨʷʜʫ ʩ ʪʨʠʘʟʠʥʘʤʠ 35b,i ʦʙʨʘʟʫʶʪʩʷ ʘʮʠʢʣʠʯʝʩʢʠʝ 1,1-ʙʠʩ-[N-

(ʧʝʨʦʢʩʠʤʝʪʠʣ)-N-ʘʨʠʣʘʤʠʥʦ]ʮʠʢʣʦʘʣʢʘʥʳ 26-28b,i ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 (ʩʭʝʤʘ 6). ʇʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʘʨʘ-ʘʥʠʣʠʥʦʚ 11d,g ʤʠʥʦʨʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ 

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʳ 12d,g, 24d,g, 14d ʠ 25g. ʉ ʫʯʘʩʪʠʝʤ ʤʝʪʘ-ʘʥʠʣʠʥʦʚ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʪʨʠʘʟʠʥʘ 36c,f, ʘʮʠʢʣʠʯʝʩʢʠʭ 

29-31c,f ʠ ʮʠʢʣʠʯʝʩʢʠʭ 12c,f, 32 c,f ʠ 33c,f ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ. 
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ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 

31f, 30f, 30c ʠ 12d. ʉʙʦʨ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(200ʂ). 

ʄʦʣʝʢʫʣʳ ʩʦʝʜʠʥʝʥʠʷ 31f (ʨʠʩ.3) ʬʦʨʤʠʨʫʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʤʦʥʦʢʣʠʥʥʳʤ ʪʠʧʦʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʎʠʢʣʦʛʝʧʪʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʪʚʠʩʪ-

ʢʦʥʬʦʨʤʘʮʠʶ. ɼʣʠʥʳ ʆïʆ ʩʚʷʟʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ 1.365(7)¡.  

ʇʦʣʫʯʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 30f (ʨʠʩ. 4) ʠʤʝʶʪ ʧʨʠʟʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ʎʠʢʣʦʛʝʢʩʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʨʠʥʠʤʘʝʪ 

ʢʦʥʬʦʨʤʘʮʠʶ çʢʨʝʩʣʘè, ʉ(5) ʠ ʉ(22) ʘʪʦʤʳ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʧʣʦʩʢʦʩʪʠ ʮʠʢʣʘ ʥʘ -

0.621(5) ʠ 0.654(7)¡. ʆïʆ ʩʚʷʟʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 1.471(4) ʠ 1.472(4)¡. 

ʉʦʝʜʠʥʝʥʠʝ 30c (ʨʠʩ.5) ʬʦʨʤʠʨʫʝʪ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʪ̫ʩʷ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʎʠʢʣʦʛʝʢʩʘʥʦʚʦʝ 

ʢʦʣʴʮʦ ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ çʢʨʝʩʣʦè, ʛʜʝ ʘʪʦʤʳ ʉ(8) ʠ ʉ(1F) ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʮʠʢʣʘ ʥʘ 0.600(5) ʠ -0.649(6)¡. ʂʦʚʘʣʝʥʪʥʳʝ ʆïʆ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʶʪ 

1.472(3) ʠ 1.480(3)¡. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 12d (ʨʠʩ. 6) ʭʘʨʘʢʪʝʨʥʳ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ 

ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʛʝʢʩʘʥʘ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʤʫ ʪʠʧʫ. 

ʌʪʦʨ-ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʥʠʤʘʝʪ ʘʢʩʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʛʦ ʮʠʢʣʘ. ʂʦʥʬʦʨʤʘʮʠʷ ʮʠʢʣʦʛʝʢʩʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ çʢʨʝʩʣʦè, ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʉ(1) ʠ ʉ(28) ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ 

ʧʣʦʩʢʦʩʪʠ ʉ(22)ʉ(23)ʉ(29)ʉ(24) ʥʘ -0.633(3) ʠ 0.651(6)¡, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʝ ʢʦʣʴʮʦ ʧʨʠʥʠʤʘʝʪ ʢʦʥʬʦʨʤʘʮʠʶ çʪʚʠʩʪ-ʚʘʥʥʘ-ʢʨʝʩʣʦè. ɼʣʠʥʳ 

ʆïʆ ʩʚʷʟʝʡ ʩʦʩʪʘʚʣʷʶʪ 1.469(5) ʠ 1.392(5)¡.  

 

 
ʈʠʩ. 3. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 1,1-ʙʠʩ-[N-

(ʧʝʨʦʢʩʠʤʝʪʠʣ)-N-ʤ-

ʭʣʦʨʬʝʥʠʣʘʤʠʥʦ]ʮʠʢʣʦʛʝʧʪʘʥʘ 31f.  

 
ʈʠʩ. 4. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 1,1-ʙʠʩ-[N-

(ʧʝʨʦʢʩʠʤʝʪʠʣ)-N-ʤ-

ʭʣʦʨʬʝʥʠʣʘʤʠʥʦ]ʮʠʢʣʦʛʝʢʩʘʥʘ 30f.  

 
ʈʠʩ. 5. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 1,1-ʙʠʩ-[N-

(ʧʝʨʦʢʩʠʤʝʪʠʣ)-N-ʤ-

ʬʪʦʨʬʝʥʠʣʘʤʠʥʦ]ʮʠʢʣʦʛʝʢʩʘʥʘ 30c.  

 

 
 

ʈʠʩ. 6. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 10-(4-

ʬʪʦʨʬʝʥʠʣ)-7,8,12,13-ʪʝʪʨʘʦʢʩʘ-10-

ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʘ 12d.  

 

ɸʪʦʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʚʳʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ ʢʦʣʝʙʘʥʠʡ (50%). 

 

2.2.3. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠ ʩʪʝʨʝʦʭʠʤʠʷ Ad-ʟʘʤʝʱʝʥʥʳʭ N-ʘʨʠʣ-

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʨʘʟʜʝʣʝ 2.2.1 ʦʙʩʫʞʜʘʝʪʩʷ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥʥʳʡ ʥʘʤʠ 

ʩʠʥʪʝʟ N-ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʨʝʮʠʢʣʠʟʘʮʠʝʡ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʩ ʘʨʠʣʘʤʠʥʘʤʠ. ɺ ʨʘʟʚʠʪʠʝ ʧʨʦʚʦʜʠʤʳʭ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ Ad-ʟʘʤʝʱʝʥʥʳʭ N-ʘʨʠʣ-ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʥʘʤʠ ʠʟʫʯʝʥʘ 

ʨʝʘʢʮʠʷ ʨʝʮʠʢʣʠʟʘʮʠʠ Ad-ʟʘʤʝʱʝʥʥʦʛʦ ʧʝʥʪʘʦʢʩʘʟʦʢʘʥʘ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʨʠʣʘʤʠʥʘʤʠ 

ʩ ʫʯʘʩʪʠʝʤ Sm(NO3)3Ŀ6H2O ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʘʥʝʝ ʦʩʫʱʝʩʪʚʣʝʥʥʦʤ ʥʘʤʠ ʩʠʥʪʝʟʝ N-ʘʨʠʣ-

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʨʝʘʢʮʠʷ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʧʝʨʚʠʯʥʳʤʠ ʘʤʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 
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Sm(NO3)3Ŀ6H2O ʧʦʟʚʦʣʠʣʘ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʩʝʣʝʢʪʠʚʥʦʛʦ ʩʠʥʪʝʟʘ 

ʘʜʘʤʘʥʪʠʣʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʦʘʤʠʥʦʜʠʧʝʨʦʢʩʠʜʦʚ. 

ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥʘ)} 10 ʩ 

ʦ-ʬʪʦʨʘʥʠʣʠʥʦʤ 11b ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ c ʫʯʘʩʪʠʝʤ Sm(NO3)3Ŀ6H2O (5 ʤʦʣ. %) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ~ 20
ʦ
ʉ ʟʘ 6 ʯ ʚ THF ʦʙʨʘʟʫʝʪʩʷ 7ǋ-(ʦ-ʬʪʦʨʬʝʥʠʣ)ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-

(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥ)}  37b ʩ ʚʳʭʦʜʦʤ 95%. ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (5 ʤʦʣ.% 

Sm(NO3)3
.
6H2O, 20

ʦ
ʉ, 6ʯ, ʊɻʌ) ʘʨʠʣ(m,p-ʬʪʦʨʬʝʥʠʣ, o,m,p-ʭʣʦʨʬʝʥʠʣ, o,m,p-

ʤʝʪʦʢʩʠʤʝʪʠʣ, o,m,p-ʤʝʪʠʣʬʝʥʠʣ)ʘʤʠʥʳ 11d,f,g,k,l,p,q,s ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ 

ʨʝʮʠʢʣʠʟʘʮʠʠ ʩʦ ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥʦʤ)} 10 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʘ)} 

37d,f,g,k,l,p,q,s ʩ ʚʳʭʦʜʘʤʠ 80 ï 99% (ʩʭʝʤʘ 7). 

ʉʭʝʤʘ 7 

 
 

ʉʪʨʫʢʪʫʨʳ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ)}  37b-

s ʥʘʜʝʞʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʈʉɸ. 
 

37q 37d 

37p 
37g 

ʈʠʩ.7. ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 37q, 37d, 37p ʠ 37g ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɸʪʦʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʣʠʧʩʦʠʜʘʤʠ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

(ʨ=50%). 
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ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʩʦʝʜʠʥʝʥʠʷ 37q, 37d, 37p ʠ 37g ʠʤʝʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʦʙʱʝʛʦ 

ʬʨʘʛʤʝʥʪʘ ï ʩʧʠʨʦ[ʘʜʘʤʘʥʪʘʥ-2,2'-[1,3,4,8,6]ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʘ], ʚ ʢʦʪʦʨʦʤ 

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ çʪʚʠʩʪ-ʚʘʥʥʘ-

ʢʨʝʩʣʦè. ʄʝʞʜʫ ʪʝʤ N-ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʟʘʥʠʤʘʶʪ ʘʢʩʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʪʝʪʝʨʘʦʢʩʘʟʦʢʘʥʦʚʦʛʦ ʮʠʢʣʘ. ɼʣʠʥʘ ʆïʆ ʩʚʷʟʠ ʚ 

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.445 ʜʦ 1.475 ¡. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʟʥʘʯʥʦʩʪʴ ʧʝʨʦʢʩʠʜʥʳʭ ʩʚʷʟʝʡ ʚ ʧʨʝʜʝʣʘʭ 

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʦʛʦ ʮʠʢʣʘ. ʅʘ ʧʨʠʤʝʨʝ ʜʣʠʥ CïN ʠ ʉïʆ ʩʚʷʟʝʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 37d, 

37p ʠ 37g  ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ (ʪʘʙʣʠʮʘ 3). 

ʅʘʣʠʯʠʝ ʩʠʣʴʥʳʭ ʘʢʮʝʧʪʦʨʦʚ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉïN ʩʚʷʟʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʵʥʜʦʮʠʢʣʠʯʝʩʢʠʭ 

(ʛʨʘʬʠʢ 1). ɼʣʠʥʳ ʉïʆ ʩʚʷʟʝʡ ʧʨʠʥʠʤʘʶʪ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ (ʪʘʙʣʠʮʘ 3, 

ʛʨʘʬʠʢ 1). ʅʘʙʣʶʜʘʝʤʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʉïʆ ʠ ʉïN ʩʚʷʟʝʡ ʚ 

ʘʟʘʢʘʨʙʦʧʝʨʦʢʩʠʜʘʭ 37d, 37p ʠ 37g ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʤʝʱʝʥʠʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʳʟʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʘʨʘ-

ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

 

ʊʘʙʣʠʮʘ 5. ɼʣʠʥʳ ʥʝʢʦʪʦʨʳʭ ʩʚʷʟʝʡ, ¡. 

 ɼʣʠʥʘ ʩʚʷʟʠ 

ʉʦʝʜʠʥʝʥʠʝ (N)ʉïʆ ʉïN(ʵʥʜʦ) CïN(ʵʢʟʦ) 

37q 1.440(3)/1.448(4) 1.419(4)/1.419(4) 1.421(4) 

37d 1.435/1.444 1.425/1.417 1.416 

37p 1.428/1.429 1.417/1.419 1.427 

37g 1.448/1.430 1.420/1.426 1.405 
 

ɻʨʘʬʠʢ 1. ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥ ʵʢʟʦ- ʠ ɻʥʜʦʮʠʢʣʠʯʝʩʢʠʭ ʉïN ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʉïʆ ʩʚʷʟʝʡ. 

 



18 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʩʴʤʠʯʣʝʥʥʳʝ ʘʤʠʥʦʧʝʨʦʢʩʠʜ r ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʪʚʠʩʪ-ʢʨʝʩʣʦ ʢʦʥʬʦʨʤʘʮʠʠ ʮʠʢʣʘ. ʆʜʥʘʢʦ, ʤʳ ʥʘʰʣʠ, ʯʪʦ ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʢʦʥʬʦʨʤʘʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʮʠʢʣʘ.
ÿ
 ʊʘʢ, ʩʧʝʢʪʨʳ 

1
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13
C ʗʄʈ ʚʩʝʛʦ ʨʷʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʜʝʨʞʘʪ ʫʜʚʦʝʥʥʳʡ ʥʘʙʦʨ 

ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʜʣʷ ʚʩʝʡ ʤʦʣʝʢʫʣʳ. ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʚ ʢʘʞʜʦʡ ʧʘʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

1:2.5 ʩʦʛʣʘʩʥʦ ʩʧʝʢʪʨʘʤ 
1
H ʗʄʈ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʭ N-CH2 ʛʨʫʧʧ (ʨʠʩ. 8).  

 

ʈʠʩ.8. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ ʗʄʈ 
1
ʅ ʩʦʝʜʠʥʝʥʠʷ 37d ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʘ) 298 K b) 263 K c) 252 

K d) 238 K e) 208 K 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 8, ʜʣʷ ʜʘʥʥʳʭ ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʭ ʧʨʦʪʦʥʦʚ ʚ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʷ 37d ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʦʬʦʨʤʘ ʠ ʪʦʣʫʦʣʘ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʧʘʨʳ ʜʫʙʣʝʪʦʚ, ʘ 

ʠʤʝʥʥʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʧʦʣʴʥʳʝ ʜʫʙʣʝʪʥʳʝ ʩʠʛʥʘʣʳ ʧʨʠ 5.09 ʤ.ʜ. ʠ 5.17 ʤ.ʜ. ʩ 

ʛʝʤʠʥʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪʦʡ 14.5 ɻʮ, ʢʦʪʦʨʳʝ ʧʦ ʜʘʥʥʳʤ HSQC ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʚʷʟʘʥʳ ʩ 

ʉ- ʧʨʠ ŭ=88.9 ʤ.ʜ. ʤʠʥʦʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʫʙʣʝʪʳ ʧʨʠ 4.83 ʤ.ʜ. ʠ 4.96 ʤ.ʜ. 

ʩ 
2
J=10.0 ɻʮ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʧʨʠ 86.2 ʤ.ʜ. ʤʘʞʦʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʨʠʩ. 8ʘ). 

ʆʧʠʩʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦʩʣʝʜʥʝʡ ʧʘʨʳ ʜʫʙʣʝʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʤ ʫʰʠʨʝʥʠʝʤ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʦʙʤʝʥʝ ʠ ʫʩʨʝʜʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʚ ʗʄʈ ʚ ʰʢʘʣʝ ʚʨʝʤʝʥʠ ʗʄʈ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊ = 243 ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʜʘʥʥʳʭ ʜʫʙʣʝʪʦʚ 

ʥʘ ʜʚʘ ʜʫʙʣʝʪʘ ʜʫʙʣʝʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 208 ʂ ʦʪʜʝʣʴʥʦ 

ʪʨʠ ʢʦʥʬʦʨʤʝʨʘ (ʨʠʩ. 8ʝ).  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʥʬʦʨʤʝʨʦʚ, ʘ ʪʘʢʞʝ, ʫʯʠʪʳʚʘʷ 

ʦʪʩʫʪʩʪʚʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʢʦʥʬʦʨʤʘʮʠʦʥʦʤ ʧʦʚʝʜʝʥʠʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʦʝʜʠʥʝʥʠʷ 37d ʩ 

                                                           
ÿ
 ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩ.ʥ.ʩ. ʣʘʙʦʨʘʪʦʨʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ ʢ.ʭ.ʥ. ʊ.ɺ. ʊʶʤʢʠʥʦʡ ʟʘ ʧʦʤʦʱʴ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚʦʩʴʤʠʯʣʝʥʥʳʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ 

a 

b 

c 

d 

e 
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ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ B3LYP ʚ ʙʘʟʠʩʝ 6-31G(d,2p) ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

(ʧʨʦʛʨʘʤʤʘ Gausian 09). ʋʩʪʦʡʯʠʚʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʚʦʩʴʤʠʯʣʝʥʥʦʛʦ N,O- ʛʝʪʝʨʦʮʠʢʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʠʤʫʤʘʤ ʥʘ ʇʇʕ ʤʦʣʝʢʫʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʝʩʣʦ -ʢʨʝʩʣʦ ɸ, ʪʚʠʩʪ-ʢʨʝʩʣʦ ʠ ʚʘʥʥʘ-ʢʨʝʩʣʦ C, ʧʨʠʯʸʤ, ʜʣʷ ʪʚʠʩʪ ʬʦʨʤʳ 

ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ ʪʘʢʞʝ ʢʦʥʬʦʨʤʝʨ Bᾳ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʇʇʕ ʤʦʣʝʢʫʣʳ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ ʠ ʦʪʣʠʯʘʝʪʩʷ ʜʚʫʛʨʘʥʥʳʤʠ ʫʛʣʘʤʠ ʦʢʩʘʟʦʢʘʥʦʚʦʛʦ ʮʠʢʣʘ. 

(ʨʠʩ. 9) ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʣʠʟʢʠʝ ʧʦ ʵʥʝʨʛʠʠ 

ʢʦʥʬʦʨʤʝʨʳ ɸ ʠ B, ʧʦʩʣʝʜʥʠʡ ʠʟ ʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. 

 

 

 ɸ 0.0 ʢʢʘʣ/ʤʦʣʴ B 0.1 ʢʢʘʣ/ʤʦʣʴ 

 

 

Bᾳ 1.2 ʢʢʘʣ/ʤʦʣʴ ʉ 2.4 ʢʢʘʣ/ʤʦʣʴ 

ʈʠʩ. 9. ʋʩʪʦʡʯʠʚʳʝ ʢʦʥʬʦʨʤʘʮʠʠ ʮʠʢʣʘ ʩʦʝʜʠʥʝʥʠʷ 37d 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʢʦʥʬʦʨʤʝʨʦʚ ʘʜʘʤʘʥʪʘʥ ʧʝʨʦʢʩʠʜʘ 

ʥʝʙʦʣʴʰʠʝ, ʚ ʧʨʝʜʝʣʘʭ 1.2 ʢʢʘʣ/ʤʦʣʴ, ʦʜʥʘʢʦ, ʙʘʨʴʝʨʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʜʣʷ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ. ʊʘʢ, ʢʦʘʣʝʩʮʝʥʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʬʦʨʤʝʨʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 298 ʂ  340 ʂ, 

ʦʯʝʚʠʜʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ (æG
Í
ι17.0 ʢʢʘʣ/ʤʦʣʴ). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

1
H ʠ 
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C ʗʄʈ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩʤʝʩʠ ʢʦʥʬʦʨʤʝʨʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʠʛʥʘʣʦʚ 

ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʢʦʥʬʦʨʤʝʨʘ ʩʪʨʫʢʪʫʨʳ ɸ. 

ʊʘʢ, ʚ ʪʦʣʴʢʦ ʚ ʜʘʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʘ-ʢʨʝʩʣʘ 2-ʩʧʠʨʦʟʘʤʝʱʸʥʥʳʡ 

ʘʜʘʤʘʥʪʘʥʦʚʳʡ ʠ N-ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪʳ ʤʦʣʝʢʫʣʳ ʘʤʠʥʦʧʝʨʦʢʩʠʜʘ 37d 

ʩʙʣʠʞʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘʧʨʠʤʝʨ, ʨʘʩʯʸʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʜʥʠʤ ʠʟ ɓ-

ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʠ ʧʨʦʪʦʥʦʤ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩʦʩʪʘʚʣʷʝʪ 

d=2.8 ¡. ʇʦʜʦʙʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʮʠʢʣʘ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʷ NOE ʵʬʬʝʢʪʘ: ʚ 

NOESY ʩʧʝʢʪʨʝ ʚʳʷʚʣʝʥ ʢʨʦʩʩ ʧʠʢ ʤʝʞʜʫ ʩʠʛʥʘʣʦʤ ʧʨʠ 3.0 ʤ.ʜ. ʠ ʤʫʣʴʪʠʧʣʝʪʦʤ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʠ ʧʨʦʷʚʣʷʝʪʩʷ 
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ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʧʦʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʢʦʥʬʦʨʤʝʨʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʠʛʥʘʣʘ ɓsyn-ʧʨʦʪʦʥʘ ʚʳʟʚʘʥʦ ʜʝʟʵʢʨʘʥʠʨʫʶʱʠʤ ʚʣʠʷʥʠʝʤ p-ʟʘʤʝʱʸʥʥʦʛʦ 

ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ 

ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʧʨʠ ŭC 30.8 ʤ.ʜ. ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʝʝ ʩʠʣʴʥʦʤ ʧʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ɓanti-ʫʛʣʝʨʦʜʦʤ ʘʜʘʤʘʥʪʘʥʘ. 

 

 
ʈʠʩ. 10. ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʗʄʈ ʢʦʥʬʦʨʤʝʨʘ ɸ ʧʦ ʜʘʥʥʳʤ NOESY ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʩʤʝʱʝʥʠʷʤ ʩʠʛʥʘʣʦʚ ʗʄʈ ɓanti-CH ɓsyn-

CH (æŭC = 4.0 ʤ.ʜ., æŭH = 1.0 ʤ.ʜ.) ʤʳ ʥʘʰʣʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʥʝʩʝʥʠʷ 

ʢʦʥʬʦʨʤʝʨʘ ɸ ʚ ʩʠʩʪʝʤʘʭ 7ǋ-(N-ʘʨʠʣ)ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʘ)} 37d. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 
13
ʉ ʗʄʈ ʩʧʝʢʪʨʘʭ 2-ʟʘʤʝʱʸʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʜʘʤʘʥʪʘʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʷʚʣʷʶʪʩʷ 

ʪʦʣʴʢʦ ŭanti ʠ ŭsyn ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʳ ʚʳʧʦʣʥʠʣʠ ʧʦʣʥʦʝ ʦʪʥʝʩʝʥʠʝ 

ʩʠʛʥʘʣʦʚ ʚ 
1
H ʠ 

13
ʉ ʗʄʈ ʩʧʝʢʪʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʬʦʨʤʝʨʫ ɸ, ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʩʠʛʥʘʣʳ ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʩʧʝʢʪʨʝ 
13
ʉ ʗʄʈ ʩʤʝʱʝʥʳ ʚ ʩʣʘʙʦʝ ʧʦʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʬʦʨʤʘʮʠʡ B ʠ C ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʧʨʠ 208 ʂ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʪʝʪʨʘʦʢʩʘʢʘʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ, ʩʦʦʪʥʦʩʷʪʩʷ ʩʦ 

ʩʜʝʣʘʥʥʳʤʠ ʥʘʤʠ ʦʪʥʝʩʝʥʠʷʤʠ (ʪʘʙʣʠʮʘ 4). 
 

ʊʘʙʣʠʮʘ 6. ʈʘʩʯʸʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʪʘʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 
13
ʉ ʗʄʈ ʢʦʥʬʦʨʤʝʨʦʚ 

ɸ, B ʠ C ʩʦʝʜʠʥʝʥʠʷ 37d. 

 ʉH2calc ʉH2ʵʢʩ Ccalc Cʵʢʩ 

ɸ 96.9 88.6 126.9 113.2 

ɺ 92.4 85.3 122.9 110.5 

ʉ 93.3 85.8 124.5 110.5 
 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 6, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʧʦʣʴʥʳʤ ʜʦʣʞʝʥ ʙʳʪʴ ʩʠʛʥʘʣ -N-

CH2-O ʮʠʢʣʘ ʚ ʪʚʠʩʪ-ʢʦʥʬʦʨʤʝʨʝ ɺ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʤʳ ʦʪʥʝʩʣʠ ʢ ʥʝʤʫ ʩʠʛʥʘʣ 

ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʧʨʠ 85.3 ʤ.ʜ., ʢʦʪʦʨʳʡ ʚ ʩʧʝʢʪʨʝ HSQC ʩʚʷʟʘʥ ʩ ʤʝʪʠʣʝʥʦʚʳʤʠ 

ʧʨʦʪʦʥʘʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ (æŭ = 1.10 ʤ.ʜ.) ʠ 

ʛʝʤʠʥʘʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 
2
JA = 9.5 ɻʮ. (ʨʠʩ 2ʝ) ɼʠʘʩʪʝʨʝʦʪʦʧʥʦʩʪʴ 

NOE 

δC 30.8 м.д. 

δH 3.0 м.д. 

δC 34.8 м.д. 

δH 2.0 м.д. 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʪʦʥʦʚ ʚ ʜʚʫʭ ʜʨʫʛʠʭ ʢʦʥʬʦʨʤʝʨʘʭ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʝʩʣʦ ʠ ʚʘʥʥʘ ʢʦʥʬʦʨʤʘʮʠʡ, ʚʳʨʘʞʝʥʘ 

ʤʝʥʴʰʝ (æŭ ~ 0.10 ʤ.ʜ.) ʠ ʛʝʤʠʥʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʦʙʦʠʭ ʪʘʢʞʝ ʙʣʠʟʢʠ (
2
JA = 14.5 

ɻʮ, 
2
JC = 14.1 ɻʮ). ʍʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʸʪʥʳʭ ʠ ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ, ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʞʝʩʪʢʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʵʪʦʤʫ ʤʳ 

ʪʘʢʞʝ ʧʨʦʚʝʣʠ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʘʜʘʤʘʥʪʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʪʨʸʭ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 37d. (ʨʠʩ. 11) 

  

ʈʠʩ. 11. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ ʗʄʈ 
13
ʉ ʩʦʝʜʠʥʝʥʠʷ 37d ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʘ) 298 K b) 

233 K c) 208 K 

ɺ ʨʘʩʪʚʦʨʝ ʠʥʪʝʨʢʦʥʚʝʨʩʠʷ ʚʦʩʴʤʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʞʜʫ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ A ʠ C ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪʘʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʮʠʢʣʘ 

ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʪʦʣʴʢʦ ʯʝʨʝʟ ʪʚʠʩʪ ʬʦʨʤʫ, ʧʨʠʯʝʤ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʧʝʨʝʭʦʜʘ 

A ź B ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ (æG
Í
 ι 17 ʢʢʘʣ/ʤʦʣʴ). ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ B ź 

ʉ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʢʘʢ ʙʘʨʴʝʨ, ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʧʦʣʥʦʡ ʬʦʨʤʦʡ ʣʠʥʠʠ ʚ ʩʧʝʢʪʨʘʭ 
13
ʉ ʗʄʈ 

(ʨʠc. 11b) ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 243 ʂ æG
Í
 = 12.2 (Ñ0.1) ʢʢʘʣ/ʤʦʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʚʦʩʴʤʠʯʣʝʥʥʳʭ 

ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʢʦʥʬʦʨʤʝʨʦʚ: 

ʢʨʝʩʣʦ-ʢʨʝʩʣʦ ʉ, ʚʘʥʥʘ-ʢʨʝʩʣʦ ɸ ʠ ʪʚʠʩʪ-ʚʘʥʥʘ ɺ, ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠ 208 K 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (0.8:1:1).  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ Ad-ʟʘʤʝʱʝʥʥʳʭ N-ʘʨʠʣ-

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʧʦ ʄʘʥʥʠʭʫ ʤʳ ʦʩʫʱʝʩʪʚʠʣʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ 

ʢʦʥʜʝʥʩʘʮʠʶ 2,2ǋ-ʜʠʛʠʜʨʦʧʝʨʦʢʩʠʘʜʘʤʘʥʪʘʥʘ 38 ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ. ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʠʟʚʝʩʪʥʦʡ ʨʝʘʢʮʠʠ ʄʘʥʥʠʭʘ 

[133] ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʳʭ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-

ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ)} 37b-s. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠʘʟʠʥʳ 34-

36 ʠ ((2-ʛʠʜʨʦʧʝʨʦʢʩʠʘʜʘʤʘʥʪʘʥ-2-ʠʣ)ʧʝʨʦʢʩʠ)ʤʝʪʘʥʦʣ 39 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 (ʩʭʝʤʘ 

8). ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 15-20
ʦ
ʉ ʚ ʊɻʌ, ʧʨʠʙʘʚʣʷʷ ʟʘ 2-3 ʤʠʥʫʪʳ 

ʨʘʩʪʚʦʨ ʘʤʠʥʘ ʢ ʨʘʩʪʚʦʨʫ 2,2ǋ-ʜʠʛʠʜʨʦʧʝʨʦʢʩʠʘʜʘʤʘʥʪʘʥʘ 38 ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. 

ɺʦʟʤʦʞʥʦ, 2,2ǋ-ʜʠʛʠʜʨʦʧʝʨʦʢʩʠʘʜʘʤʘʥʪʘʥ 38 ʢʘʢ ʩʣʘʙʦʝ ʦʩʥʦʚʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʚ 
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ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʠʘʟʠʥʦʚ 34-36 ʨʝʘʢʮʠʝʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʘʤʠʥʦʚ 11 b-s ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ.  

 

ʉʭʝʤʘ 8 

 
ʅʘʨʷʜʫ ʩ ʘʨʠʣʘʤʠʥʘʤʠ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʨʝʮʠʢʣʠʟʘʮʠʠ ʩʦ 

ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥʦʤ)} 10 ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʜʠʘʤʠʥʳ (o,m,p-ʬʝʥʠʣʝʥʜʠʘʤʠʥʳ). ɺ ʥʘʡʜʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (5 ʤʦʣ.% 

Sm(NO3)3
.
6H2O, 20

ʦ
ʉ, 6ʯ, ʊɻʌ) ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥ)} 10 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ 40 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʘʤʘʥʪʘʥʦʥʘ 42 ʠ 2H,5H-

1,6-(ʤʝʪʘʥʜʠʦʢʩʠʤʝʪʘʥʦ)ʙʝʥʟʦ[e][1,2,4,7]-ʜʠʦʢʩʘʟʦʮʠʥʘ 41 (ʩʭʝʤʘ 9). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʩ mïʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʥʝ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʩʘʜʦʢ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʪʦʨʦʛʦ ʟʘʪʨʫʜʥʝʥʘ. ʈʝʮʠʢʣʠʟʘʮʠʷ 

ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥʘ)} 10 p-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ 43 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Sm(NO3)3
.
6H2O ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʦʤʫ 4-ʩʧʠʨʦ[ʘʜʘʤʘʥʪʘʥ-2,3'-

[1,2,4,5,7]ʪʝʪʨʘʦʢʩʘʟʘʢʘʥ]-7'-ʠʣ)ʘʥʠʣʠʥʫ 44. 

ʉʭʝʤʘ 9 

 
ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ Ad-ʟʘʤʝʱʝʥʥʳʝ N-ʘʨʠʣ-ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʳ 37 b-s 

ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʦʪ 78 ʜʦ 

140
ʦ
ʉ. ʆʜʥʘʢʦ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 200

ʦ
ʉ, ʥʘʧʨʠʤʝʨ, 37s ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦ ʩʚʷʟʠ O-O ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 4-ʤʝʪʠʣʬʝʥʠʣʬʦʨʤʘʤʠʜʘ, 

ʘʜʘʤʘʥʪʘʥʦʥʘ ʠ 1,3-ʜʠʦʢʩʝʪʘʥʘ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ɻʍ-ʄʉ (ʩʭʝʤʘ 10). 

ʉʭʝʤʘ 10 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-

(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʳ)} ʨʝʘʢʮʠʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-
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(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥʘ)} ʩ ʘʨʠʣʘʤʠʥʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3Ŀ6H2O. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʧʠʨʦ-Ad ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʡ 

ʧʝʨʦʢʩʠʜʥʳʡ -N-CH2-O-O-ʬʨʘʛʤʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

 

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ 

ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ (65-95%) ʨʝʘʢʮʠʝʡ ʮʠʢʣʦʢʦʥʜʝʥʩʘʮʠʠ 1,1-

ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʠ 1,1-ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʘʣʢʘʥʦʚ (ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ 

ʩ ʫʯʘʩʪʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3
.
6H2O. 

2. ʈʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ N-ʘʨʠʣ-ʟʘʤʝʱʝʥʥʳʭ 

ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʪʝʪʨʘʦʢʩʘʟʘʢʘʥʦʚ ʨʝʘʢʮʠʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʨʠʣʘʤʠʥʘʤʠ ʩ ʫʯʘʩʪʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3Ŀ6H2O. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʨʠʣ- ʠ ʛʝʪʘʨʠʣʘʤʠʥʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʨʝʮʠʢʣʠʟʘʮʠʠ ʩ 

7,8,10,12,13-ʧʝʥʪʘʦʢʩʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 10-ʘʨʠʣ-7,8,12,13-

ʪʝʪʨʘʦʢʩʘ-10-ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʚ ʩ ʚʳʭʦʜʘʤʠ 70 ï 99%. ʇʨʠ ʥʘʣʠʯʠʠ 

ʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ o,ʤ,ʧ-F,Cl,Br ʚ ʘʨʠʣʘʤʠʥʘʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʚʳʭʦʜ ʮʝʣʝʚʳʭ 10-ʘʨʠʣ-7,8,12,13-ʪʝʪʨʘʦʢʩʘ-10-

ʘʟʘʩʧʠʨʦ[5.7]ʪʨʠʜʝʢʘʥʦʚ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ o,ʤ,ʧ-Br < o,ʤ,ʧ-Cl < o,ʤ,ʧ-F. ɺʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʳ N-ʘʨʠʣ-ʪʝʪʨʘʦʢʩʘʟʘʩʧʠʨʘʣʢʘʥʳ ʠ 3,3-ʜʠʘʣʢʠʣ-7-(ʦ,ʤ,ʧ-ʛʘʣʦʛʝʥʬʝʥʠʣ)-

1,2,4,5,7-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʳ ʩ ʚʳʭʦʜʘʤʠ 75-90% ʨʝʘʢʮʠʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ 

ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3
.
6H2O. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʝʤʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʛʝʪʝʨʦʮʠʢʣʠʟʘʮʠʠ 1,1-

ʙʠʩ(ʛʠʜʨʦʧʝʨʦʢʩʠ)ʮʠʢʣʦʘʣʢʘʥʦʚ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ ʠ ʧʝʨʚʠʯʥʳʤʠ ʘʨʠʣʘʤʠʥʘʤʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3
.
6H2O ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʘʨʠʣʴʥʦʤ ʢʦʣʴʮʝ ʠʩʭʦʜʥʳʭ ʘʥʠʣʠʥʦʚ. ʅʘʧʨʠʤʝʨ, ʦʨʪʦ-ʘʥʠʣʠʥʳ ʦʙʨʘʟʫʶʪ 

ʘʮʠʢʣʠʯʝʩʢʠʝ ʘʤʠʥʦʧʝʨʦʢʩʠʜ,r ʤʝʪʘ-ʟʘʤʝʱʝʥʥʳʝ ʘʥʠʣʠʥʳ ʜʘʶʪ ʩʤʝʩʴ 

ʘʮʠʢʣʠʯʝʩʢʠʭ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʧʝʨʦʢʩʠʜʦʚ, ʘ ʚ ʩʣʫʯʘʝ ʧʘʨʘ-ʘʥʠʣʠʥʦʚ ʨʝʘʢʮʠʷ 

ʧʨʦʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʘʟʘʜʠʧʝʨʦʢʩʠʜʦʚ.  

5. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ (ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʜʦ 200
ʦ
ʉ) 

7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʳ)} ʩ ʚʳʭʦʜʦʤ 80 ï 98% 

ʨʝʘʢʮʠʝʡ ʨʝʮʠʢʣʠʟʘʮʠʠ ʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ô]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʧʝʥʪʘʦʢʩʘʢʘʥʘ)} ʩ 

ʘʨʠʣʘʤʠʥʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ Sm(NO3)3Ŀ6H2O.  

6. ʅʘʡʜʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚʳʡ ʮʠʢʣ ʚ 7ǋ-R-

ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʘʭ)} ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ ʪʚʠʩʪ-ʢʨʝʩʣʦ ʩ N-ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 7ǋ-ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ)}  ʚ 

ʨʘʩʪʚʦʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʢʦʥʬʦʨʤʘʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ 



24 

 

 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ: ʢʨʝʩʣʦ-ʢʨʝʩʣʦ ʉ, ʚʘʥʥʘ-ʢʨʝʩʣʦ ɸ ʠ ʪʚʠʩʪ-ʚʘʥʥʘ ɺ, 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (0.8:1:1). 

 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʣʦʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ: 
 

1. Makhmudiyarova, N.N. The first example of catalytic synthesis of N-aryl-substituted 

Tetraoxazaspiroalkanes / N.N. Makhmudiyarova, G.M. Khatmullina, R.Sh. Rakhimov, E.S. 

Meshcheryakova, A.G. Ibragimov, U.M. Dzhemilev // Tetrahedron. - 2016. ï 72. - p. 3277-

3281.  

2. Makhmudiyarova, N.N. Synthesis of pentaoxaspiroalkanes and pentaoxocanes 

catalyzed by lanthanide compounds / N.N. Makhmudiyarova, G.M. Khatmullina, R.Sh. 

Rakhimov, A.G. Ibragimov, and U.M. Dzhemilev // Arkivoc. ï 2016. ï V. - p. 427-433. 

3. ɼʞʝʤʠʣʝʚ ʋ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʍʘʪʤʫʣʣʠʥʘ ɻ.ʄ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 10,14-ʙʠʩ-(ʦ,ʤ,ʧ-ʛʘʣʦʛʝʥʬʝʥʠʣ)-7,8,12,16,17-ʧʝʥʪʘʦʢʩʘ-10,14-

ʜʠʘʟʘʩʧʠʨʦ-[5.11]ʛʝʧʪʘʜʝʢʘʥʦʚ. ɿʘʷʚʢʘ ˉ2016123556 (ʧʦʣ. ʨʝʰ. ʥʘ ʚʳʜʘʯʫ ʧʘʪ. ʈʌ ʦʪ 

30.08.16). 

4. ɼʞʝʤʠʣʝʚ ʋ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʍʘʪʤʫʣʣʠʥʘ ɻ.ʄ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 10,14-ʙʠʩ-(ʦ,ʤ,ʧ-ʛʘʣʦʛʝʥʬʝʥʠʣ)-7,8,12,16,17-ʧʝʥʪʘʦʢʩʘ-10,14-

ʜʠʘʟʘʩʧʠʨʦ[5.11]ʛʝʧʪʘʜʝʢʘʥʦʚ. ɿʘʷʚʢʘ ˉ2016123556 (ʧʦʣ. ʨʝʰ. ʥʘ ʚʳʜʘʯʫ ʧʘʪ. ʈʌ ʦʪ 

29.06.17). 

5. ɼʞʝʤʠʣʝʚ ʋ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʂʠʷʤʫʪʜʥʦʚʘ ɻ.ʄ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 11-ʘʨʠʣ-8,9,13,14-ʪʝʪʨʘʦʢʩʘ-11-ʘʟʘʩʧʠʨʦ[6.7]ʪʝʪʨʘʜʝʢʘʥʦʚ. ɿʘʷʚʢʘ 

ˉ2017109787 (ʧʦʣ. ʨʝʰ. ʥʘ ʚʳʜʘʯʫ ʧʘʪ. ʈʌ ʦʪ 4.08.17). 

6. ɼʞʝʤʠʣʝʚ ʋ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʂʠʷʤʫʪʜʥʦʚʘ ɻ.ʄ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 3,3-ʜʠʘʣʢʠʣ-7-ʘʨʠʣ-1,2,4,5,7-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ. ɿʘʷʚʢʘ 

ˉ2017109786 (ʧʦʣ. ʨʝʰ. ʥʘ ʚʳʜʘʯʫ ʧʘʪ. ʈʌ ʦʪ 4.08.17). 

7. ɼʞʝʤʠʣʝʚ ʋ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʂʠʷʤʫʪʜʥʦʚʘ ɻ.ʄ. 

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 9-ʘʨʠʣ-6,7,11,12-ʪʝʪʨʘʦʢʩʘ-9-ʘʟʘʩʧʠʨʦ[4.7]ʜʦʜʝʢʘʥʦʚ. ɿʘʷʚʢʘ 

ˉ2017109782 (ʧʦʣ. ʨʝʰ. ʥʘ ʚʳʜʘʯʫ ʧʘʪ. ʈʌ ʦʪ 4.08.17). 

8. ɼʞʝʤʠʣʝʚ ʋ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʂʠʷʤʫʪʜʥʦʚʘ ɻ.ʄ. 7ǋ-R-

ʘʨʠʣʩʧʠʨʦ{ʘʜʘʤʘʥʪʘʥ-[2,3ǋ]-(1ǋ,2ǋ,4ǋ,5ǋ,7ǋ-ʪʝʪʨʘʦʢʩʘʟʦʢʘʥʦʚ)}. ɿʘʷʚʢʘ ˉ2017110981 

(ʧʦʣ. ʨʝʰ. ʥʘ ʚʳʜʘʯʫ ʧʘʪ. ʈʌ ʦʪ 4.08.17). 

9. ʄʘʭʤʫʜʠʷʨʦʚʘ ʅ.ʅ., ʂʠʷʤʫʪʜʠʥʦʚʘ ɻ.ʄ., ʀʙʨʘʛʠʤʦʚ ɸ.ɻ., ɼʞʝʤʠʣʝʚ ʋ.ʄ. 

ʉʠʥʪʝʟ ʧʝʥʪʘʦʢʩʘʢʘʥʦʚ ʠ ʧʝʥʪʘʦʢʩʘʩʧʠʨʦʘʣʢʘʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ʣʘʥʪʘʥʠʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠ. ʉʙʦʨʥʠʢ 

ʪʝʟʠʩʦʚ XXVI ʈʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ,ʧʦʩʚʷʱʝʥʥʦʡ 120-

ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ʉʝʤʝʥʦʚʘ. ɽʢʘʪʝʨʠʥʙʫʨʛ - 2016. ʉ. 475. 

10. Kiyamutdinova G.M., Makhmudiyarova N.N., Ibragimov A.G., Dzhemilev U.M. The 
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