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ʩ - ʩʠʥʛʣʝʪ 
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ʉʆʊʥʂ - ʩʣʠʟʦʚʘ ʦʙʦʣʦʥʢʘ ʪʦʥʢʦʛʦ ʢʠʰʢʽʚʥʠʢʘ 

ʪ - ʪʨʠʧʣʝʪ  

ʊʧʣ. - ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ 

ʊʐʍ - ʪʦʥʢʦʰʘʨʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ 

ʊɹʂ - ʪʽʦʙʘʨʙʽʪʫʨʦʚʘ ʢʠʩʣʦʪʘ 

ʋʌ - ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʡ 

ʫʰ.ʩ. - ʫʰʠʨʝʥʠʡ ʩʠʥʛʣʝʪ 

ʗʄʈ - ʷʜʝʨʥʠʡ ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ 

Alk  - ʘʣʢʽʣʴʥʘ ʛʨʫʧʘ 

Ar - ʘʨʦʤʘʪʠʯʥʠʡ ʨʘʜʠʢʘʣ 

DMF - ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜ 

DMSO - ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

DTA - ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ 

DTG - ʜʠʬʝʨʝʥʮʽʡʥʽ ʪʝʨʤʦʛʨʘʬʽʯʥʽ ʢʨʠʚʽ 

Hal - ʛʘʣʦʛʝʥ 

E - ʝʣʝʢʪʨʦʬʽʣʴʥʽʩʪʴ 

Et - ʝʪʠʣʴʥʘ ʛʨʫʧʘ 

in silico - ʟʨʦʙʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʤʫʣʷʮʽʾ 

in vitro - 
ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʯʠ ʽʥʰʠʭ ʤʘʥʽʧʫʣʷʮʽʡ ʫ 

ʧʨʦʙʽʨʮʽ 

in vivo - ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʜ ʞʠʚʠʤ ʦʨʛʘʥʽʟʤʦʤ 

iNOS - ʽʥʜʫʮʠʙʝʣʴʥʘ NO-ʩʠʥʪʘʟʘ  

Me - ʤʝʪʠʣʴʥʘ ʛʨʫʧʘ 

Met - ʤʝʪʘʣ 

ʊ - ʪʝʤʧʝʨʘʪʫʨʘ 

TG - ʪʝʨʤʦʛʨʘʬʽʯʥʽ ʢʨʠʚʽ 

ʈʘ - ʡʤʦʚʽʨʥʘ ʙʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

PASS - Prediction of Activity Spectra for Substances 

ʈ ̔ - ʡʤʦʚʽʨʥʘ ʙʽʦʣʦʛʽʯʥʘ ʥʝʘʢʪʠʚʥʽʩʪʴ 

Ph - ʬʝʥʽʣʴʥʘ ʛʨʫʧʘ 

ʈʫ - ʧʽʨʠʜʠʥ  

 

https://uk.wikipedia.org/wiki/%D0%95%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D1%82
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D1%96%D1%80%D0%BA%D0%B0
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ɿʨʦʩʪʘʥʥʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʦ 

ʽʩʥʫʶʯʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʜʦ ʚʧʣʠʚʫ ʧʦʰʢʦʜʞʫʶʯʠʭ 

ʬʘʢʪʦʨʽʚ ʚʠʤʘʛʘʶʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʙ ʪʘʢʦʞ ʤʘʣʠ 

ʥʠʟʴʢʫ ʪʦʢʩʠʯʥʽʩʪʴ ʽ ʥʝ ʚʠʢʣʠʢʘʣʠ ʟʚʠʢʘʥʥʷ ʘʙʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ. ʊʘʢʫ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʶʪʴ ʜʝʷʢʽ ʧʦʭʽʜʥʽ ʧʨʠʨʦʜʥʠʭ ʨʝʯʦʚʠʥ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʝʨʝʜ 

ʢʦʪʨʠʭ ʧʨʠʚʝʨʪʘʶʪʴ ʥʘʬʪʦʭʽʥʦʥʠ, ʚʽʜʦʤʽ ʷʢ ʩʧʦʣʫʢʠ, ʱʦ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ, ʚʢʣʶʯʘʶʯʠ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ, ʬʫʥʛʽʮʠʜʥʫ, ʧʨʦʪʠʚʽʨʫʩʥʫ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ, ʘʥʪʠʧʨʦʪʦʟʦʡʥʫ, ʧʨʦʪʠʤʘʣʷʨʽʡʥʫ, ʧʨʦʪʠʧʫʭʣʠʥʥʫ, ʧʨʦʪʠ-

ʟʘʧʘʣʴʥʫ ʜʽʾ. ɸʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʥʘʬʪʦʭʽʥʦʥʽʚ ʯʘʩʪʦ ʦʙʤʝʞʫʻʪʴʩʷ ʾʭ 

ʥʘʜʤʽʨʥʦʶ ʪʦʢʩʠʯʥʽʩʪʶ. ɺʽʜʧʦʚʽʜʥʦ, ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʭʠʱʘʪʠ ʘʙʦ ʞ ʧʨʦʚʦʢʫʚʘʪʠ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ, ʘʣʝ ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʭʽʥʦʥʘ ʽ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ.  

ʄʝʭʘʥʽʟʤ ʜʽʾ 1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʻ 

ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʽ ʩʢʣʘʜʥʠʤ: ʚʦʥʠ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ɼʅʂ, ʧʨʠʛʥʽʯʫʶʪʴ ʧʨʦʮʝʩʠ 

ʨʝʧʣʽʢʘʮʽʾ, ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʬʝʨʤʝʥʪʥʠʤʠ ʙʽʣʢʘʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʽʶʪʴ ʥʘ ʢʣʽʪʠʥʠ 

ʪʘ ʤʝʤʙʨʘʥʠ ʤʽʪʦʭʦʥʜʨʽʡ, ʪʠʤ ʩʘʤʠʤ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʧʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʜʠʭʘʣʴʥʦʤʫ ʣʘʥʮʶʛʫ. ʊʘʢʠʡ ʢʦʤʧʣʝʢʩ ʫʥʽʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʙʠʪʴ 1,4-

ʥʘʬʪʦʭʽʥʦʥʠ ʮʽʢʘʚʠʤʠ ʦʙôʻʢʪʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʨʘʧʝʚʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ ʙʘʛʘʪʦʧʣʘʥʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʉʝʨʝʜ ʯʠʩʣʘ ʩʠʥʪʝʪʠʯʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ 

ʧʦʩʽʜʘʶʪʴ ʘʤʽʥʦʧʦʭʽʜʥʽ, ʷʢʽ ʟʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ in vitro ʪʘ in 

vivo ʻ ʤʝʥʰ ʪʦʢʩʠʯʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʧʦʭʽʜʥʠʤʠ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʫ ʙʽʦʣʦʛʽʯʥʫ ʨʦʣʴ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʘʤʽʥʽʚ ʚ ʧʨʦʮʝʩʘʭ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, ʮʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʚʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʥʦʚʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʽ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʜʣʷ ʩʠʥʪʝʟʫ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʽʟ ʙʘʢʪʝʨʠʮʠʜʥʠʤʠ, ʬʫʥʛʽʮʠʜʥʠʤʠ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʽʟ 

ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ. ɸʥʘʣʽʟ ʚʟʘʻʤʦʟʚ`ʷʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʢʦʥôʶʛʦʚʘʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟ ʾʭ ʩʪʨʫʢʪʫʨʦʶ ʜʦʟʚʦʣʠʚ ʥʘʤ ʪʘʢʦʞ 
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ʚʠʩʫʥʫʪʠ ʛʽʧʦʪʝʟʫ, ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʬʨʘʛʤʝʥʪʫ 

ʝʢʨʘʥʦʚʘʥʦʚʘʥʦʛʦ ʬʝʥʦʣʫ ʚ ʩʪʨʫʢʪʫʨʽ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. ʉʠʥʪʝʟʦʚʘʥʽ 

ʩʪʨʫʢʪʫʨʠ ʧʽʜʪʚʝʨʜʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʤʘʣʦʪʦʢʩʠʯʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʟ ʟʘʜʘʥʠʤʠ 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʊʝʤʘ 

ʜʠʩʝʨʪʘʮʽ ʾ ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʦʤʫ ʥʘʧʨʷʤʫ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ, ʬʘʨʤʘʮʽʾ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʤʝʞʘʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʜʝʨʞ. ʙʶʜʞʝʪʥʠʭ ʪʝʤ: çʈʦʟʨʦʙʢʘ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʽʡ ʦʜʝʨʞʘʥʥʷ 

ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʩʫʣʴʬʫʨʦ- ʽ ʥʽʪʨʦʛʝʥʦʚʤʽʩʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢè 

(ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U001214), çʈʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʥʽʪʨʦʛʝʥʦ- ʪʘ ʩʫʣʴʬʫʨʦʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ï ʧʦʪʝʥʮʽʡʥʠʭ ʩʫʙʩʪʘʥʮʽʡ ʨʽʟʥʦʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾè (ˉ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0113U003187). ɸʚʪʦʨ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʦʜʥʠʤ ʽʟ ʚʠʢʦʥʘʚʮʽʚ ʪʝʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʎʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʩʠʥʪʝʟ ʩʧʦʣʫʢ ʽʟ ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʪʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʝʨʝʜ ʥʝ ʦʧʠʩʘʥʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʝʨʝʜʙʘʯʘʣʦʩʴ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ 

ʟʘʚʜʘʥʴ: 

¶ ʧʦʰʫʢ ʢʦʨʝʣʷʪʠʚʥʦʛʦ ʟʚ`ʷʟʢʫ ʤʽʞ ʭʽʤʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ ʙʽʦʣʦʛʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷʤ ʢʦʤʧ`ʶʪʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʛʥʦʟʫ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘʧʣʘʥʦʚʘʥʠʭ ʜʣʷ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʩʧʦʣʫʢ; 

¶ ʩʠʥʪʝʟ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ: ʘʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; ʭʣʦʨʘʥʛʽʜʨʠʜʠ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; ʣʘʢʪʘʤʥʽ, ʘʤʽʥʦ-, ʘʤʽʜʥʽ, ʢʘʨʙʘʤʽʜʥʽ 

ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 

¶ ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʚʚʝʜʝʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚ ʤʦʣʝʢʫʣʠ 

2,3-ʜʠʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʪʘ 2-R-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 
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¶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 

¶ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʍʣʦʨʫ ʚ 2-R-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʘʭ; 

¶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʦʮʽʥʢʘ ʥʘʷʚʥʦʩʪʽ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʭ, ʬʫʥʛʽʮʠʜʥʠʭ ʪʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʧʦʤʽʞ ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʪʦʢʩʠʯʥʦʾ ʜʽʾ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠ ʩʠʥʪʝʟʫ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ, ʣʘʢʪʘʤʥʠʭ, ʘʤʽʜʥʠʭ, 

ʢʘʨʙʘʤʽʜʥʠʭ, ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ ʪʘ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, ʨʝʘʢʮʽʾ 

ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʍʣʦʨʫ ʚ 2-R-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʘʭ, ʚʠʟʥʘʯʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ. ɸʤʽʥʦʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, 2-R-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʠ ʪʘ ʧʨʦʜʫʢʪʠ ʾʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ 

ʦʨʛʘʥʽʯʥʠʡ ʩʠʥʪʝʟ, ʪʦʥʢʦʰʘʨʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ (ʊʐʍ), ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ (ɯʏ, 

ʋʌ, 
1
ʅ ʗʄʈ), ʝʣʝʤʝʥʪʥʠʡ ʪʘ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʽ 

ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟʠ, ʢʦʤʧ`ʶʪʝʨʥʠʡ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʙʽʦʣʦʛʽʯʥʠʡ ʩʢʨʠʥʽʥʛ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ:  

¶ ʟʘʩʪʦʩʦʚʘʥʦ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʪʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʧʦʣʫʢ ʩʝʨʝʜ ʥʝ ʦʧʠʩʘʥʠʭ ʚ ʣʽʪʝʨʘʪʫʨʽ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʥʘ ʧʽʜʩʪʘʚʽ in silico, in vitro ʪʘ in vivo ʜʦʩʣʽʜʞʝʥʴ; 

¶ ʚʠʚʯʝʥʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ3
 ʜʝʷʢʠʭ 2-R-

3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ, ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 

¶ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʟʨʫʯʥʠʡ ʤʝʪʦʜ ʦʜʝʨʞʘʥʥʷ 2-ʘʤʽʥʦ-

ʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʘʢʪʠʚʘʮʽʾ 

ʘʤʽʥʦʢʠʩʣʦʪ, ʷʢ ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʭʽʤʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ; 

https://uk.wikipedia.org/w/index.php?title=%D0%94%D0%B8%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D0%B9%D0%BD%D0%BE-%D1%82%D0%B5%D1%80%D0%BC%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D1%96%D0%B7&action=edit&redlink=1
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¶ ʚʧʝʨʰʝ ʦʜʝʨʞʘʥʦ Ŭ- ʪʘ Ὕ-ʣʘʢʪʘʤʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʰʣʷʭʦʤ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʚʟʘʻʤʦʜʽʾ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 

¶ ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, ʘ ʩʘʤʝ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ 

ʫʤʦʚʠ ʭʣʦʨʫʚʘʥʥʷ 2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ; 

¶ ʚʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʍʣʦʨʫ 

ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʽʟ ʦʜʝʨʞʘʥʥʷʤ 

ʘʤʽʜʥʠʭ, ʢʘʨʙʘʤʽʜʥʠʭ ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 

¶ ʩʪʚʦʨʝʥʦ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʘʤʽʥʦʧʦʭʽʜʥʠʭ ʥʘ ʦʩʥʦʚʽ 2-ʟʘʤʽʱʝʥʠʭ-3-

ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʦ ʮʽʣʽ ʨʷʜʠ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ ʥʘ ʦʩʥʦʚʽ 2-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-

ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ, 2-(9H-ʢʘʨʙʘ-ʟʦʣʽʣ-9)-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʪʘ 2-(2-ʦʢʩʦʧʽʨʦʣʽʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ; 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʥʦʚʽ, ʟʨʫʯʥʽ 

ʧʨʝʧʘʨʘʪʠʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ 2-

ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʪʘ Ŭ- ʽ ɔ- ʣʘʢʪʘʤʥʠʭ ʧʦʭʽʜʥʠʭ 

1,4-ʥʘʬʪʦʭʽʥʦʥʫ. ɺʜʦʩʢʦʥʘʣʝʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʦʪʨʠʤʘʥʥʷ ʘʤʽʥʦ-, 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ, ʘʤʽʜʥʠʭ, ʢʘʨʙʘʤʽʜʥʠʭ ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ ʥʘ ʦʩʥʦʚʽ 2-

ʟʘʤʽʱʝʥʦʛʦ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʙʽʦʣʦʛʽʯʥʠʤ ʩʢʨʠʥʽʥʛʦʤ ʚʠʷʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʦʚʽ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʶ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ 

ʘʢʪʠʚʥʦʩʪʷʤʠ. 

ʌʨʘʛʤʝʥʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʪʘ ʥʘʫʢʦʚʽ ʧʨʦʮʝʩʠ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ɯʥʩʪʠʪʫʪʫ ʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ), ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ, ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

ʘ ʪʘʢʦʞ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ ʊʟʆɺ çʊʝʭʥʦʣʘʙè (ʘʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜ 

http://lnu.edu.ua/
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ʚʽʜʧʦʚʽʜʥʦ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʧʦʰʫʢʫ 

ʪʘ ʦʛʣʷʜʫ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ, ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʙʫʜʦʚʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ, ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʨʪʫʘʣʴʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫʟʘʛʘʣʴʥʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʧʠʩʘʥʥʽ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ, ʧʣʘʥʫʚʘʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʨʘʟʦʤ ʟ 

ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʜ.ʭ.ʥ., ʧʨʦʬ. ɺ.ʇ. ʅʦʚʽʢʦʚʠʤ ʪʘ ʢ.ʭ.ʥ. ʉ.ɺ. ʍʦʤ`ʷʢʦʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ 

ʚʠʚʯʘʣʦʩʴ ʩʫʤʽʩʥʦ ʽʟ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʩʧʦʣʫʢ, ʬʘʨʤʘʮʽʾ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʢ.ʭ.ʥ., ʜʦʮ. ʆ.ɿ. ʂʦʤʘʨʦʚʩʴʢʦʾ-ʇʦʨʦʭʥʷʚʝʮʴ ʪʘ 

ʢ.ʙ.ʥ., ʘʩ. ʆ.ʉ. ʗʨʝʤʢʝʚʠʯ, ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʜ.ʪ.ʥ., ʧʨʦʬ. ɺ.ɭ. ʃʝʚʠʮʴʢʠʤ ʢʘʬʝʜʨʠ 

ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʧʣʘʩʪʤʘʩ, ʜ.ʤ.ʥ., ʧʨʦʬ. ʆ.ʗ ʉʢʣʷʨʦʚʠʤ 

ʃʴʚʽʚʩʴʢʦʛʦ  ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ ʪʘ 

ʜ.ʙ.ʥ., ʧʨʦʬ. ɼ.ɯ. ʉʘʥʘʛʫʨʩʴʢʠʤ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ɯʚʘʥʘ ʌʨʘʥʢʘ. ʊʝʨʤʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ., ʜʦʮ. 

ɺ.ɺ. ʂʦʯʫʙʝʡ ʢʘʬʝʜʨʠ ʬʽʟʠʯʥʦʾ ʪʘ ʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ. ɿʘʚʜʷʢʠ ʥʘʜʘʥʦʤʫ ɯʥʩʪʠʪʫʪʦʤ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʦʩʦʙʽ  ʜ.ʭ.ʥ., ʧʨʦʬ.   ʆ.ɺ. ʐʠʰʢʽʥʘ  ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʧʦʪʫʞʥʦʩʪʷʤ ʧʨʦʚʝʜʝʥʽ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʩʧʽʣʴʥʦ ʽʟ ʘʩ. ʢʘʬʝʜʨʠ ʊɹʉʌɹ ɸ.ɯ. ʂʘʨʭʫʪʦʤ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʥʘ XXII , XXIII  ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

(ʋʞʛʦʨʦʜ 2010, ʏʝʨʥʽʚʮʽ 2013); III , IV ʋʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʍʽʤʽʯʥʽ ʂʘʨʘʟʽʥʩʴʢʽ ʯʠʪʘʥʥʷè (ʍʘʨʢʽʚ 2011, 2012); 

Scientific Conference çChemistry and Chemical Technologyè (Lithuania, Kaunas, 

2011); ʍɯɯɯ, XV ʅʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷè (ʃʴʚʽʚ 2011, 

2015); 14
th
 Young Scientists Conference on Chemistry çJCF-Fruhjahrssymposiumè 

(Germany, Rostock, 2012); IV ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ 
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ʘʩʧʽʨʘʥʪʽʚ (ʍʘʨʢʽʚ, 2012); III  ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʙʽʦʣʦʛʽʾ, ʝʢʦʣʦʛʽʾ ʪʘ ʭʽʤʽʾè (ɿʘʧʦʨʽʞʞʷ 2012); Nathional 

Scientific-Thechnical Internet Conference with International Participation çActual 

problems of synthesis and creation of new biologicali active compounds and 

pharmaceutical drugsè (Lviv 2013); V ʅʘʫʢʦʚʽʡ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚè (ʊʝʨʥʦʧʽʣʴ 2013); IV ʅʘʫʢʦʚʽʡ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʙʽʦʪʝʭʥʦʣʦʛʽʾè (ʍʘʨʢʽʚ 2014); VI  ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɼʦʤʙʨʦʚʩʴʢʽ ʭʽʤʽʯʥʽ 

ʯʠʪʘʥʥʷè (ʏʝʨʥʽʚʮʽ 2015) ʪʘ ʥʘ International Scientific Congress çModern directions 

in chemistry, biology, pharmacy and biotechnologyè (ʃʴʚʽʚ 2015). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 10 ʩʪʘʪʝʡ, 

ʟ ʥʠʭ 8 ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟ ʷʢʠʭ 6 ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʪʘ 2 ʫ ʚʠʜʘʥʥʷʭ 

ʽʥʰʠʭ ʜʝʨʞʘʚ, 18 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʪʘ ʦʪʨʠʤʘʥʦ 1 ʧʘʪʝʥʪ 

ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʧʝʨʝʣʽʢʫ ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 143 ʩʪʦʨʽʥʢʘʭ (ʙʝʟ ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘ 

ʜʦʜʘʪʢʽʚ), ʤʽʩʪʠʪʴ 43 ʩʭʝʤʠ ʨʝʘʢʮʽʡ, 18 ʨʠʩʫʥʢʽʚ, 39 ʪʘʙʣʠʮʴ. ʉʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʥʘʨʘʭʦʚʫʻ 258 ʥʘʡʤʝʥʫʚʘʥʴ.  
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ʈʆɿɼɯʃ 1 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʀʅʊɽɿʋ ʅʆɺʀʍ ɹɯʆʃʆɻɯʏʅʆ ɸʂʊʀɺʅʀʍ 

ʇʆʍɯɼʅʀʍ 1,4-ʅɸʌʊʆʍɯʅʆʅʋ  

(ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ) 

 

ʅʘʬʪʦʭʽʥʦʥʠ - ʛʨʫʧʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʧʦʩʽʜʘʻ ʟʥʘʯʥʝ 

ʤʽʩʮʝ ʩʝʨʝʜ ʧʨʠʨʦʜʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʩʠʥʪʝʪʠʯʥʠʭ ʧʦʭʽʜʥʠʭ, ʢʦʪʨʽ ʚʦʣʦʜʽʶʪʴ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʘ ʩʘʤʝ: ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ [1, 2], 

ʧʨʦʪʠʛʨʠʙʢʦʚʦʶ [3, 4], ʧʨʦʪʠʚʽʨʫʩʥʦʶ [5, 6], ʧʨʦʪʠʧʫʭʣʠʥʥʦʶ [7-9] ʽ 

ʧʨʦʪʠʤʘʣʷʨʽʡʥʦʶ [10, 11]. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ 2-

ʛʽʜʨʦʢʩʠ-3-ʟʘʤʽʱʝʥʠʭ -1,4-ʥʘʬʪʦʭʽʥʦʥʦʥʫ ʽʟ -Cl ʪʘ -NO2 ʟʘʤʽʩʥʠʢʘʤʠ 

ʧʨʦʷʚʠʣʷʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʩʥʦ Staphylococcus aureus ʟʘ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

(32 ʤʛ/ʤʣ) [12]. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʪʠʯʥʽ ʧʦʭʽʜʥʽ 2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʝʬʝʢʪʠʚʥʽ ʧʨʦʪʠ ʨʘʢʦʧʦʜʽʙʥʠʭ, ʘ ʩʘʤʝ, ʘʨʪʝʤʽʾ Artemia salina ʽ ʧʨʦʪʠ ʤʦʣʶʩʢʘ 

Biomphalaria glabrata, ʷʢ ̔ʻ ʦʩʥʦʚʥʠʤ ʚʝʢʪʦʨʦʤ ʧʝʨʝʜʘʯʽ ʰʠʩʪʦʦʩʦʤʦʟʫ [13]. 

ɯʥʰʽ ʮʽʢʘʚʽ ʩʠʥʪʝʪʠʯʥʦ ʦʪʨʠʤʘʥʽ ʥʘʬʪʦʭʽʥʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʨʫʧʦʶ - ʬʝʨʨʦʮʝʥʽʣ 

ʘʤʽʥʦʛʽʜʨʦʢʩʠʥʘʬʪʦʭʽʥʦʥʽʚ, ʷʢʽ ʧʦʢʘʟʘʣʠ ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʫ ʘʢʪʠʚʥʽʩʪ ɹʚʽʜʥʦʩʥʦ 

ʪʦʢʩʦʧʣʘʟʤʠ Toxoplasma gondii [14]. ʋ 2010 ʨʦʮʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ in vitro 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ. ʎʽ 

ʩʧʦʣʫʢʠ ʪʝʩʪʫʚʘʣʠ ʽ ʦʮʽʥʶʚʘʣʠ ʟʘ ʟʜʘʪʥʽʩʪʶ ʢʽʣʴʢʽʩʥʦ ʧʦʛʣʠʥʘʪʠ ʚʽʣʴʥʽ 

ʨʘʜʠʢʘʣʠ. ʋʩʽ ʩʠʥʪʝʟʦʚʘʥ ̔ʩʪʨʫʢʪʫʨʠ ʧʨʦʷʚʠʣʠ ʧʦʤʽʨʥʫ ʨʘʜʠʢʘʣ-ʧʦʛʣʠʥʘʶʯʫ 

ʘʢʪʠʚʥʽʩʪ,ɹ ʚʽʜʥʦʩʥʦ 2,2-ʜʠʬʝʥʽʣʧʽʢʨʠʣʛʽʜʨʘʟʠʣʫ (ɼʌʇɻ) ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʧʦʣʫʢʠ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʦʶ ʣʽʧʦʧʝʨʦʢʩʠʜʘʪʠʚʥʦʶ ʘʢʪʠʚʥʽʩʪʶ [15]. ɿ ʮʠʭ 

ʧʨʠʯʠʥ, ʧʨʠʨʦʜʥʽ ʥʘʬʪʦʭʽʥʦʥʠ ʪʘ ʾʭ ʩʠʥʪʝʪʠʯʥʽ ʧʦʭʽʜʥʽ ʻ ʮʽʢʘʚʠʤʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʷʢ: ʦʨʛʘʥʽʯʥʠʡ ʩʠʥʪʝʟ, ʬʘʨʤʘʢʦʣʦʛʽʷ, 

ʪʦʢʩʠʢʦʣʦʛʽʷ ʪʘ ʬʘʨʤʘʮʝʚʪʠʢʘ. 

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʽ ʙʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʦʧʠʩʘʥʘ, ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʟʥʘʯʝʥʦʶ 

ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʙ ʤʘʣʠ ʟʘʜʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʷʚʣʷʻʪʴʩʷ ʨʝʩʠʥʪʝʟ ʧʨʠʨʦʜʥʠʭ ʧʦʭʽʜʥʠʭ, ʜʣʷ ʷʢʠʭ ʝʢʩʪʨʘʢʮʽʷ ʟ 
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ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʦʯʠʩʪʢʘ ʻ ʟʘʥʘʜʪʦ ʜʦʨʦʛʠʤʠ. ɼʨʫʛʠʡ ʰʣʷʭ ʮʝ ʩʠʥʪʝʟ ʥʦʚʠʭ 

ʱʝ ʥʝ ʚʠʷʚʣʝʥʠʭ ʚ ʧʨʠʨʦʜʽ ʩʧʦʣʫʢ.  

ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  ̔ ʩʠʥʪʝʟʫ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʚʠʢʦʥʘʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʟʠ ʜʘʥʥʠʭ: PubMed, Wiley Online 

Library, Springer Link, Royal Society of Chemistry, Elsevier-Science direct, Annual 

Reviews  ̔Redalyc. 

 

1.1. ʇʨʝʜʩʪʘʚʥʠʢʠ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 

ʪʘ ʾʭ ʙʽʦʣʦʛʽʯʥʘ ʜʽʷ. 

 

ɺʧʨʦʜʦʚʞ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʥʘʬʪʦʭʽʥʦʥʠ ʧʨʠʚʝʨʪʘʣʠ ʜʦ ʩʝʙʝ ʟʥʘʯʥʠʡ 

ʽʥʪʝʨʝʩ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʙʘʨʚʥʠʢʽʚ. ɺ ʜʘʥʠʡ ʯʘʩ, 

ʽʥʪʝʨʝʩ ʜʦ ʮʴʦʛʦ ʢʣʘʩʫ ʩʧʦʣʫʢ ʟʥʦʚʫ ʟʨʽʩ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʮʽʣʘ ʛʨʫʧʘ ʭʽʥʦʥʽʚ ʚʽʜʽʛʨʘʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ 

ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʽʚ ʚ ʜʠʭʘʣʴʥʠʭ ʽ ʬʦʪʦʭʽʤʽʯʥʠʭ ʣʘʥʮʶʛʘʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʍʽʥʦʥʠ, ʟʦʢʨʝʤʘ ʧʦʭʽʜʥʽ ʙʝʥʟʦʭʽʥʦʥʫ ʪʘ ʥʘʬʪʦʭʽʥʦʥʫ, ʙʫʣʠ ʟʥʘʡʜʝʥʠʤʠ ʪʘ 

ʚʠʜʽʣʝʥʠʤʠ ʽʟ ʚʠʱʠʭ ʪʘ ʥʠʞʯʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ ʽ ʪʘʢʦʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʦʨʛʘʥʽʟʤʘʭ 

ʪʚʘʨʠʥ ʪʘ ʣʶʜʝʡ. ɺʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʛʨʫʧʫ ʢʦʬʝʨʤʝʥʪʽʚ Q, ʷʢʽ ʽ 

ʟʜʽʡʩʥʶʶʪʴ ʪʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʦʥʽʚ ʚ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʘʭ ʢʣʽʪʠʥ, ʘ, ʦʪʞʝ, 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʦʣʝʢʫʣʷʨʥʽ ʤʝʭʘʥʽʟʤʠ ʦʙʤʽʥʫ ʢʠʩʥʶ [16, 17]. 

1,4-ʅʘʬʪʦʭʽʥʦʥʠ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʧʨʠʨʦʜʽ, ʦʩʦʙʣʠʚʦ ʚ ʜʝʷʢʠʭ 

ʩʽʤʝʡʩʪʚʘʭ ʚʠʱʠʭ ʨʦʩʣʠʥ (Plumbaginaceae, Juglandaceae, Ebenaceae, 

Boraginaceae, Dioncophyllaceae, Ancistrocladaceae, Iridaceae, Verbenaceae, 

Scrophulariaceae, Avicenniaceae, Balsaminceae, Bignoniaceae, Gentianaceae, 

Droseraceae, Nepenthaceae, Lythraceae, Euphorbiaceae) ʫ ʚʦʜʦʨʦʩʪ̫ ʭ, ʛʨʠʙʘʭ ʽ ʚ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʤʝʪʘʙʦʣʽʟʤʫ ʜʝʷʢʠʭ ʙʘʢʪʝʨʽʡ [18, 19].  

ʅʘʬʪʦʭʽʥʦʥʠ ʻ ʚʪʦʨʠʥʥʠʤʠ ʤʝʪʘʙʦʣʽʪʘʤʠ ʨʦʩʣʠʥ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɺʦʥʠ 

ʚʩʪʫʧʘʶʪʴ ʚ ʦʢʠʩʥʽ ʧʨʦʮʝʩʠ, ʪʠʤ ʩʘʤʠʤ, ʟʜʽʡʩʥʶʶʯʠ ʭʽʤʽʯʥʠʡ ʟʘʭʠʩʪ ʨʦʩʣʠʥʠʭ 

ʪʢʘʥʠʥ. ʃʘʧʘʭʦʣ, ʣʦʫʩʦʥ, ʶʛʣʦʥ ʽ ʧʣʫʤʙʘʛʽʥ - ʧʨʠʢʣʘʜʠ ʧʨʠʨʦʜʥʠʭ 

ʥʘʬʪʦʭʽʥʦʥʚ̔, ̫ʢ̔ ʩʪʦʣʽʪʪʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʨʘʜʠʮʽʡʥʽʡ ʽʥʜʽʡʩʴʢʽʡ 
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ʤʝʜʠʮʠʥ ̔ [20-25]. ɻ̔ ʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʠ ʪʘ ʾʭ ʧʦʭʽʜʥʽ, ʦʢʨʽʤ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʨʚʥʠʢʘ, ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ: ʧʨʦʪʠʤʘʣʷʨʽʡʥʫ, ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ, 

ʧʨʦʪʠʛʨʠʙʢʦʚʫ ʪʘ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʚʣʘʩʪʠʚʦʩʪʽ.  

O

O

OH

O

O

OH O

O

OH

O

O

OH

O

OOH

OH O

O

OH

OH

OH

OH

O

O

OH

OH OH

O

O

OH

OH

1.1                                    1.2                                    1.3                                                 1.4

1.5                                 1.6                               1.7                                                   1.8  

ɼʦ ʯʠʩʣʘ ʧʨʠʨʦʜʥʠʭ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʠʭ ʥʘʬʪʦʭʽʥʦʥʽʚ ʚʭʦʜʷʪʴ: ʣʦʫʩʦʥ (1.1), 

ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʣʠʩʪʽ ʽ ʩʪʝʙʝʣʽ ʭʥʠ (Lawsonia inermis L.) [20, 21]; ʧʣʫʤʙʘʛʽʥ 

(1.2), ʷʢʠʡ ʝʢʩʪʨʘʛʫʶʪʴ ʽʟ ʢʦʨʝʥʝʚʠʱ Plumbago scandens L., ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʧʨʦʢʘʟʠ ʪʘ ʪʫʙʝʨʢʫʣʴʦʟʫ [21, 23]; ʣʘʧʘʭʦʣ (1.3), ʤʽʩʪʠʪʴʩʷ ʚ 

ʨʦʩʣʠʥʘʭ ʨʦʜʫ Tabebuia spp., Tecoma spp. ʪʘ Tecomella undulata [26]; ʶʛʣʦʥ (1.4), 

ʦʪʨʠʤʫʶʪʴ ʟ ʢʦʨʝʥʷ, ʣʠʩʪʷ, ʧʣʦʜʽʚ, ʢʦʨʠ ʽ ʜʝʨʝʚʠʥʠ ʯʦʨʥʦʛʦ ʛʦʨʽʭʘ (Juglans 

nigra), ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʛʦʨʽʭʘ (Juglans regia) ʽ ɸʤʝʨʠʢʘʥʩʴʢʦʛʦ ʙʽʣʦʛʦ ʛʦʨʽʭʘ 

(Juglans cinerea) [25]; ʥʘʬʪʘʟʘʨʠʥ (1.5), ʷʢʠʡ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚ 

ʢʦʨʽ ʜʝʨʝʚʘ Lomatia obliqua ʪʘ Alkana species [25, 27]; ʤʦʤʧʘʾʥ (1.6), ʚʠʜʽʣʝʥʠʡ ʽʟ 

ʛʨʠʙʽʚ Helicobasidium mompa [10]; ʰʠʢʦʥʽʥ (1.7), ʷʢʠʡ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʯʝʨʚʦʥʠʭ ʝʢʩʪʨʘʢʪʽʚ ʟ ʢʦʨʽʥʥʷ ʨʦʩʣʠʥʠ Lithospermum erythrorhizon; ʽ ʘʨʙʝʥʽʥ 

(1.8), ʚʠʜʽʣʝʥʠʡ ʟ ʪʨʘʚʠ Arnebia densiflora [28]. 

ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʫ ʙʝʥʟʝʥʦʚʦʤʫ ʢʽʣʴʮʽ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (ʥʘʧʨʠʢʣʘʜ ʶʛʣʦʥ ʪʘ ʰʠʢʦʥʽʥ), ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ 

ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʚʝʜʝ ʜʦ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ ʫ ʪʢʘʥʠʥʘʭ, ʘ ʦʩʴ 

ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʛʽʜʨʦʢʩʠʣʚʤʽʩʥʽ ʟʘʤʽʩʥʠʢʠ ʙʽʣʷ ʭʽʥʦʾʜʥʦʛʦ ʢʽʣʴʮʷ 

(ʥʘʧʨʠʢʣʘʜ ʣʘʫʩʦʥ ʪʘ ʣʘʧʘʭʦʣ) ʥʝ ʧʨʦʚʦʢʫʶʪʴ ʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʣʽʪʠʥʘʭ. 

ʇʨʦʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʝʷʢʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʧʦʚ`ʷʟʫʶʪʴ ʽʟ 
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ʥʘʷʚʥʽʩʪʶ ʪʦʢʩʠʯʥʦʩʪʽ ʮʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʥʘʟʠʚʘʶʪʴ ʚʽʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʦ ʟʘʣʝʞʥʦʶ 

ʪʦʢʩʠʯʥʽʩʪʶ [29, 30]. 

 

1.1.1. ʈʦʣʴ ʭʽʥʦʾʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ɺʠʥʷʪʢʦʚʘ ʙʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ, ʷʢʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʪʠ ʦʜʠʥ ʘʙʦ 

ʜʚʘ ʝʣʝʢʪʨʦʥʠ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʘʥʽʦʥ- (ʩʝʤʽʭʽʥʦʥʽʚ) ʽ ʜʽʘʥʽʦʥ-ʨʘʜʠʢʘʣʽʚ 

(ʛʽʜʨʦʭʽʥʦʥʽʚ) ʚ ʨʝʟʫʣʴʪʘʪʽ. ʎʽ ʘʥʽʦʥʠ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʨʝʘʢʮʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʩʭʝʤʽ 1.1, 2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥ (1.9) ʤʦʞʝ 

ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʠʡ ʜʦ ʩʝʤʽʭʽʥʦʥʫ (1.10) ʽ ʥʘʜʘʣʽ ʜʦ ʛʽʜʨʦʭʽʥʦʥʫ (1.11) 

ʧʦʩʣʽʜʦʚʥʠʤ ʧʨʠʻʜʥʘʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ. ʊʘʢʘ ʮʠʢʣʽʯʥʽʩʪʴ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʝʜʝ ʜʦ ʛʝʥʝʨʘʮʽʾ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ (ɸʌʂ), ʪʘʢʠʭ ʷʢ: 

ʩʫʧʝʨʦʢʩʠʜ ʨʘʜʠʢʘʣ, ʛʽʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ ʽ ʛʽʜʨʦʛʝʥ ʧʝʨʦʢʩʠʜ [17, 19]. 

ʉʫʧʝʨʦʢʩʠʜʥʠʡ ʨʘʜʠʢʘʣ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ, ʱʦ ʟʫʤʦʚʣʶʻ ʡʦʛʦ ʚʠʩʦʢʫ ʨʝʘʢʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʮʝ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʛʝʥ ʧʝʨʦʢʩʠʜʫ. ɯ ʭʦʯʘ ʮʝ ʥʝ ʨʘʜʠʢʘʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ ʜʣʷ ʢʣʽʪʠʥ, ʦʩʢʽʣʴʢʠ 

ʤʦʞʝ ʜʠʬʫʥʜʫʚʘʪʠ ʢʨʽʟʴ ʤʝʤʙʨʘʥʠ. ɸʌʂ ʻ ʧʦʪʫʞʥʠʤʠ ʦʢʠʩʥʁ ʚʘʯʘʤʠ ʽ, 

ʡʤʦʚʽʨʥʦ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʷʢ ɼʅʂ, ʙʽʣʢʠ 

ʽ ʣʽʧʽʜʠ, ʱʦ ʚʝʜʝ ʜʦ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ ʪʘ ʘʧʦʧʪʦʟʫ ʚ ʢʣʽʪʠʥʘʭ [17, 19, 31, 

32]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʘʢʝ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʬʪʦʭʽʥʦʥʽʚ ʩʧʨʠʯʠʥʝʥʝ ʾʭ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ̔ ʜʧʦʚʽʜʥʦ, ʟʜʘʪʥʽʩʪʴ ʮʠʭ ʩʧʦʣʫʢ ʧʨʠʡʤʘʪʠ 

ʝʣʝʢʪʨʦʥʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ, ʧʨʠʻʜʥʘʥʥʷʤ 

ʟʘʤʽʩʥʠʢʽʚ ʜʦ ʥʘʬʪʦʭʽʥʦʥʦʚʦʛʦ ʮʠʢʣʫ, ʷʢʽ ʜʽʶʪʴ ʷʢ ʘʢʮʝʧʪʦʨʠ ʘʙʦ ʜʦʥʦʨʠ 

ʝʣʝʢʪʨʦʥʽʚ [33]. ʂʨʽʤ ʪʦʛʦ, ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʡʦʛʦ ʬʘʨʤʘʢʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʽ ʧʦʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ [34].  
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ʉʭʝʤʘ 1.1 
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1.9                                            1.10                                           1.11  

ʋ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ 1,4-ʥʘʬʪʦʭʽʥʦʥ (1.12) ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʠʡ ʜʦ 

ʩʝʤʽʭʽʥʦʥʫ (1.13), ʚʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ, ʘ ʧʦʪʽʤ ʜʦ ʛʽʜʨʦʭʽʥʦʥʫ (1.14) ʜʽʻʶ 

ʬʝʨʤʝʥʪʫ ʮʠʪʦʭʨʦʤ P450 ʨʝʜʫʢʪʘʟʠ ʪʘ ʽʥʰʠʭ ʬʣʘʚʦʧʨʦʪʝʾʜʥʠʭ ʬʝʨʤʝʥʪʽʚ. ʂʨʽʤ 

ʪʦʛʦ, ɼʊ-ʜʽʘʬʦʨʘʟʘ (ʅɸɼ(ʌ)ʅ ʭʽʥʦʥ-ʨʝʜʫʢʪʘʟʘ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʥʦʚʣʶʻ 

ʥʘʬʪʦʭʽʥʦʥ ʜʦ ʛʽʜʨʦʭʽʥʦʥʫ. 

ʉʭʝʤʘ 1.2 

O

O

OH

O

O

O
O2O2

1/2 ʅɸɼ(ʌ)ʅ 1/2 ʅɸɼʌ

O2O2

ɼʊ-ɼ̔ʘʬʦʨʘʟʘ ʅɸɼ(ʌ)ʅ

1.12                                           1.13                                                 1.14

1/2 ʅɸɼ(ʌ)ʅ 1/2 ʅɸɼʌ

 

ʅʘʬʪʦʭʽʥʦʥʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʩʪʫʧʘʪʠ ʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʬʽʣʽʚ, ʚʟʘʻʤʦʜʽʶʯʠ 

ʟ ʥʫʢʣʝʦʬʽʣʘʤʠ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣʘʭ ʫ ʨʝʘʢʮʽʷʭ ʘʨʠʣʶʚʘʥʥʷ. ʂʦʣʠ 

ʥʫʢʣʝʦʬʣ̔ʦʤ ʻ ʪʽʦʣʴʥʘ ʛʨʫʧʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʪʽʦʝʪʝʨ (1.15), 

ʷʢʠʡ, ʟʘʛʘʣʦʤ, ʻ ʩʪʘʙʽʣʴʥʦʶ ʩʪʨʫʪʫʨʦʶ. 1,4-ʅʘʬʪʦʭʽʥʦʥʠ ʻ ʘʢʮʝʧʪʦʨʘʤʠ 

ʄʽʭʘʝʣʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ ʝʣʝʢʪʨʦʬʽʣʴʥʽʩʪʶ Ŭ, ɓ-ʥʝʥʘʩʠʯʝʥʦʾ 

ʢʘʨʙʦʥʽʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʚʥʘʩʣʽʜʦʢ ʾʭ ʟʜʘʪʥʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ ʢʦʚʘʣʝʥʪʥʽ ʟʚ'ʷʟʢʠ ʟ 

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣʘʭ [17]. 

ʉʭʝʤʘ 1.3 

 

1.12                                                                                       1.15 
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ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʬʪʦʭʽʥʦʥʠ, ʷʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʩʠʥʪʝʪʠʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʛʨʫʧʦʶ ʩʧʦʣʫʢ. ʏʝʨʝʟ ʾʭ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʫ 

ʭʽʥʦʾʜʥʫ ʩʪʨʫʢʪʫʨʫ, ʚʦʥʠ ʥʘʜʽʣʝʥʽ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

 

1.1.2. ʈʦʣʴ ʟʘʤʽʩʥʠʢʽʚ ʚ ʧʦʣʦʞʝʥʥʷʭ C2
, C

3
 ʽ C

5
 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ɺʽʪʘʤʽʥ K (ʘʥʪʠʢʦʘʛʫʣʷʥʪ) ʩʧʨʠʷʶʯʠ ҫ-ʢʘʨʙʦʢʩʠʣʶʚʘʥʥ ʁʛʣʶʪʘʤʽʥʦʚʦʛʦ 

ʟʘʣʠʰʢʫ ʙʽʣʢʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʫʯʘʩʪʴ ʫ ʟʛʦʨʪʘʥʥʽ ʢʨʦʚʽ, ʛʝʥʝʨʘʮʽʻʶ ʭʝʣʘʪʽʚ 

ʢʘʣʴʮʽʶ. ɺ̔ ʪʘʤʽʥʫ ʂ ʤʘʻ ʨʽʟʥʽ ʬʦʨʤʠ (ʚʽʪʘʤʝʨʠ): ʧʦʭʽʜʥʽ 2-ʤʝʪʠʣ-1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (ʤʝʥʘʜʦ̔ʥ, ʪʘʢ ʟʚʘʥʠʡ ɺʽʪʘʤʽʥ ʂ3), ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʟ ʷʢʠʭ ʻ 

ʬʽʣʦʭʽʥʦʥ, ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʚʽʪʘʤʽʥ ʂ1, ʟ ʙʽʯʥʠʤ ʣʘʥʮʶʛʦʤ ʫ ʧʦʣʦʞʝʥʥʽ 

ʉ
3
, "R3" ʈʠʩ. 1), ʽ ʤʝʥʘʭʽʥʦʥʠ (ʚʽʪʘʤʽʥ ʂ2, ʟ ʧʦʣʽʽʟʦʧʨʝʥʦʚʠʤ ʙʽʯʥʠʤ ʣʘʥʮʶʛʦʤ ʚ 

ʧʦʣʦʞʝʥʥʽ ʉ
3
) ʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʧʨʦʜʫʢʫʻʪʴʩʷ ʢʠʰʢʦʚʦ  ʁ

ʤʽʢʨʦʬʣʦʨʦʶ) [35]. ʎʠʢʣʽʯʥʽʩʪʴ ʤʽʞ ʦʢʠʩʣʝʥʦ ʁ  ̔ʚʽʜʥʦʚʣʝʥʦʶ ʬʦʨʤʘʤʠ ʭʽʥʦʥʫ 

ʚʽʪʘʤʽʥʫ ʂ ʻ ʚʠʨʽʰʘʣʴʥʦʶ ʜʣʷ ʡʦʛʦ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [33]. ʎʝʡ 

ʭ̔ʥʦʥ/ʛ̔ ʜʨʦʭʽʥʦʥ ʦʙʤʽʥ ʻ ʦʩʥʦʚʦʶ ʥʘʷʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫʩʽʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ.  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʠ ʥʘʬʪʦʭʽʥʦʥʽʚ. (A) ʄʝʥʘʜʽʦʥ (2-ʤʝʪʠʣ-1,4-ʥʘʬʪʦʭʽʥʦʥ), 

ʮʝ Ŭ, ɓ-ʥʝʥʘʩʠʯʝʥʠʡ ʢʘʨʙʦʥʽʣʴʥʠʡ ʟʘʣʠʰʦʢ (ʩʽʨʠʡ) ʽ ʤʽʩʮʝ ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʘʪʘʢʠ ʚ 

ʧʨʠʻʜʥʘʥʥʽ ʟʘ ʄʽʭʘʝʣʝʤ (ʩʪʨʽʣʢʘ); (ɹ) ʽʥʰʽ ʥʘʬʪʦʭʽʥʦʥʠ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. 

 

ɺ ʪʢʘʥʠʥʘʭ ʥʘʬʪʦʭʽʥʦʥʠ ʩʧʨʠʯʠʥʷʶʪʴ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʡ ʮʠʢʣʽʯʥʠʡ 

ʧʨʦʮʝʩ, ʱʦ ʚʝʜʝ ʜʦ ʛʝʥʝʨʘʮʽʾ ɸʌʂ [36]. ɺ ʢʣʽʪʠʥʘʭ ʩʩʘʚʮʽʚ ʚʽʜʥʦʚʣʝʥʥʷ 1,4-

ʥʘʬʪʦʭ̔ ʥʦʥʽʚ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʅɸɼH ʘʙʦ ʅɸɼ(ʌ)H, ʱʦ 

ʢʘʪʘʣʽʟʫʶʪʴʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦ. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʮʠʪʦʭʨʦʤ P450 ʨʝʜʫʢʪʘʟʘ ʢʘʪʘʣʽʟʫʻ 

ʨʝʘʢʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʭʽʥʦʥʫ ʜʦ ʩʝʤʽʭʽʥʦʥʫ [37], ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʚʦʨʦʪʥʦɹ 
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ʦʢʠʩʥʝʥʠʤ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ, ʱʦ ʧʨʠʚʝʜʝ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ɸʌʂ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʚʽʜʥʦʚʣʝʥʥʷ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʜʦ 1,4-ʛʽʜʨʦʭʽʥʦʥʫ, ʟʘ ʫʯʘʩʪʽ 

ʜʚʦʭ ʝʣʝʪʨʦʥʽʚ, ʱʦ ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʅɸɼ(ʌ)ʅ: ʭʽʥʦʥ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ-1 (ʅʍʆ-1, 

ɼʊ-ʜʽʘʬʦʨʘʟʘ) [38]. ʊʦʜʽ ʫʪʚʦʨʝʥʠʡ ʛʽʜʨʦʭʽʥʦʥ ʤʦʞʝ ʚʩʪʫʧʠʪʠ ʚ II  ʬʘʟʫ 

ʤʝʪʘʙʦʣʽʟʤʫ ʢʩʝʥʦʙʽʦʪʠʢʽʚ [39] (ʢʦʥ`ʶʛʘʮʽʷ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʟʘʣʠʰʢʽʚ ʟ 

ʚʦʜʦʨʦʟʯʠʥʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʚʠʚʝʜʝʥʥʷ ʟ ʦʨʛʘʥʽʟʤʫ), ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʩʪʘʙʽʣʴʥʠʤʠ ʽ ʙʫʪʠ ʦʢʠʩʥʝʥʠʤʠ ʢʠʩʥʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʩʝʤʽʭʽʥʦʥʽʚ ʽ ʩʫʧʝʨʦʢʩʠʜʫ [39].  

ʅʘʬʪʦʭʽʥʦʥʠ, ʷʢ̔ ʥʝ ʤʽʩʪʷʪʴ ʦʜʥʦʛʦ ʟʘʤʽʩʥʠʢʘ ʚ ʭʽʥʦʾʜʥʦʤʫ ʮʠʢʣʽ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ C
3
 ʚ ʤʝʥʘʜʽʦʥʽ, ʤʦʞʫʪʴ ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʶ ʧʨʠʻʜʥʘʥʥʷ ʟʘ ʄʽʭʘʝʣʝʤ 

ʟ ʥʫʢʣʝʦʬʣ̔ʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʤʝʨʢʘʧʪʘʥʠ ʘʙʦ ʘʤʽʥʠ, ʽ ʫʪʚʦʨʶʚʘʪʠ ʘʜʜʫʢʪʠ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘʤʽʩʥʠʢ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
2
 ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʬʽʣʴʥʽʩʪʴ 

ʘʪʦʤʫ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
3
, ʪʘ ʡʦʛʦ ʜʦʩʪʫʧʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ ʣʦʫʩʦʥ (2-

ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥ) ʻ ʧʦʨʽʚʥʷʥʦ ʩʣʘʙʢʠʤ ʘʣʢʽʣʫʶʯʠʤ ʘʛʝʥʪʦʤ [40, 41].  

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʣʘʫʩʦʥ (1.1) ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʧʨʠʻʜʥʘʥʥʷ ʟʘ ʄʽʭʘʝʣʝʤ ʽʟ 

ʢʝʨʘʪʠʥʦʤ ʰʢʽʨʠ ʪʘ ʚʦʣʦʩʩʷ ʫʪʚʦʨʶʶʯʠ ʩʪʘʙʽʣʴʥʫ ʟʘʙʘʨʚʣʝʥʫ ʩʪʨʫʢʪʫʨʫ [42]. 

ʐʣʷʭʦʤ ʦʢʠʩʥʝʥʥʷ ʽ ʘʣʢʽʣʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʦʤʦʣʝʢʫʣ ʢʣʽʪʠʥ 

ʤʝʥʘʜʽʦʥʦʤ ʘʙʦ ʽʥʰʠʤʠ ʥʘʬʪʦʭʽʥʦʥʘʤʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʭ ʮʠʪʦʪʦʢʩʠʯʥʠʡ 

ʚʧʣʠʚ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʤʝʥʘʜʽʦʥ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʷʢ 

ʧʨʦʪʠʧʫʭʣʠʥʥʽ ʧʨʝʧʘʨʘʪʠ (ʘʙʦ ʧʨʦʣʽʢʠ, ʘ ʩʝʤʽʭʽʥʦʥ-ʨʘʜʠʢʘʣ, ʫʪʚʦʨʝʥʠʡ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʤʝʥʘʜʽʦʥʫ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʘʢʪʠʚʥʫ ʬʦʨʤʫ) [43]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʙʘʛʘʪʦ ʙʽʦʣʦʛʽʯʥʠʭ ʝʬʝʢʪʽʚ 1,4-ʥʘʬʪʦʭʽʥʦʥ̔ ʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʷʩʥʝʥʽ ʾʭ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʤʠ ʪʘ ʘʣʢʽʣʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [18].  

ʆʪʞʝ ʥʘʬʪʦʭʽʥʦʥʠ ʜʽʶʪʴ ʟʘ ʜʚʦʤʘ ʪʠʧʘʤʠ ʨʝʘʢʮʽʡ: ʷʢ ʦʢʩʠʜʘʥʪ, 

ʟʤʽʥʶʶʯʠ ʯʠʩʝʣʴʥʽʩʪʴ ɸʌʂ; ʽ, ʷʢ ʝʣʝʢʪʨʦʬʽʣ, ʫʪʚʦʨʶʶʯʠ ʢʦʚʘʣʝʥʪʥʽ ʟʚ'ʷʟʢʠ ʟ 

ʥʫʢʣʝʦʬʽʣʘʤʠ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʫ ʟʫʤʦʚʣʝʥʘ ʟʘʤʽʩʥʠʢʘʤʠ ʘʨʦʤʘʪʠʯʥʦʛʦ ʪʘ ʭʽʥʦʾʜʥʦʛʦ 

ʷʜʝʨ. 
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1.1.3. ʌʘʨʤʘʢʦʬʦʨʥʽ ʬʨʘʛʤʝʥʪʠ ʚ ʩʠʥʪʝʟ ̔ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ʂʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʧʦʰʫʢʫ ʥʦʚʠʭ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʻ 

ʩʪʚʦʨʝʥʥʷ ʤʘʣʦʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʽʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʊʦʤʫ ʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʚʩʝ ʱʝ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʽ 

ʻ ʘʢʪʫʘʣʴʥʦʶ. ɺʚʝʜʝʥʷ ʚ ʤʦʣʝʢʫʣʫ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʘʤʽʥʦ- ʪʘ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʥʪʠʤʽʢʨʦʙʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʩʪʘʙʽʣʴʥʽʩʪʴ, ʙʽʦʣʦʛʽʯʥʫ ʩʫʤʽʩʥʽʩʪʴ ʩʪʨʫʢʪʫʨ ʽ ʥʠʟʴʢʫ ʪʦʢʩʠʯʥʽʩʪʴ.  

ɺʽʜʦʤʦ, ʱʦ ʘʤʽʥʦʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ 

ʪʦʢʩʠʯʥʽʩʪʶ, ʜʝʷʢʽ ʽʟ ʾʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʨʦʡʰʣʠ ʪʝʩʪʫʚʘʥʥʷ in vitro  ̔ ʟʘ 

ʦʜʝʨʞʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʽ ʩʧʦʣʫʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʣʦʪʦʢʩʠʯʥʠʭ ʽ ʥʝ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ [44]. ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʟ ʘʤʽʥʥʦʶ ʣʘʥʢʦʶ ʚʭʦʜʷʪʴ ʜʦ ʯʠʩʣʘ ʬʫʥʛʽʮʠʜʥʠʭ ʪʘ ʙʘʢʪʝʨʠʮʠʜʥʠʭ 

ʩʧʦʣʫʢ [45]. 

1,4-ʅʘʬʪʦʭʽʥʦʥ ï ʬʘʨʤʘʢʦʬʦʨ, ʢʦʪʨʠʡ ʚʭʦʜʠʪʴ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʘʥʪʠʙʽʦʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʢʽʥʘʤʽʮʠʥʫ ɸ, ɺ, ʉ, D 

(ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʠʡ 2006 ʨʦʮʽ), ʨʠʬʘʤʧʽʮʠʥʫ, ʨʠʬʘʤʽʮʠʥʫ, ʪʦʱʦ [46].  
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ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʯʘʩʪʦ 

ʧʝʨʝʰʢʦʜʞʘʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʷʢʦʩʪʽ 

ʘʥʪʠʙʽʦʪʠʢʽʚ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. Kʽʥʘʤʽʮʠʥ ʚʦʣʦʜʽʶ ̒ ʧʨʦʪʠ-

ʧʫʭʣʠʥʥʦʶ ʜʽʻʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦ-ʨʠʩʪʦʚʫʚʘʪʠ 

ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʧʘʣʽʘʪʠʚʥʦʾ ʪʝʨʘʧʽʾ ʜʝʷʢʠʭ ʪʠʧʽʚ 

ʨʘʢʫ [47], ʘ ʪʨʠʚʘʣʠʡ ʧʨʠʡʦʤ ʨʠʬʘʤʽʮʠʥʫ, ʧʨʠ 
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ʙʦʨʦʪʴʙʽ ʽʟ ʪʫʙʝʨʢʫʣʴʦʟʦʤ, ʚʝʜʝ ʜʦ ʮʠʨʦʟʫ ʧʝʯʽʥʢʠ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ 

ʛʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪʽ [48, 49]. 

1,4-ʅʘʬʪʦʭʽʥʦʥ ʪʘ ʬʨʘʛʤʝʥʪ ʢʘʨʙʘʟʦʣʫ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʘʥʪʠʙʽʦʪʠʢʫ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʜʽʾ - ʙʝʥʟʦ[b]ʢʘʨʙʘʟʦʣʦʭʽʥʦʥ ʮʽʘʥʘʤʽʜʫ (ʢʽʥʘʤʽʮʠʥ D, KD), 

ʚʠʜʽʣʝʥʦʛʦ ʽʟ ʰʪʘʤʫ Streptomyces murayamaensis, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʦʨʦʪʴʙʽ 

ʽʟ ʪʫʙʝʨʢʫʣʴʦʟʥʦʶ ʧʘʣʠʯʢʦʶ ʪʘ ʽʥ. ʽʥʬʝʢʮʽʡʥʠʤʠ ʟʙʫʜʥʠʢʘʤʠ [50].  

ɺʽʜʦʤʦ, ʱʦ ʘʣʢʘʣʦʾʜʠ ʪʘ ʩʧʦʣʫʢʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢ̔ ʤʽʩʪʷʪʴ ʚ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʬʨʘʛʤʝʥʪ ʢʘʨʙʘʟʦʣʫ, ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʽʜʢʨʠʪʪʽ ʥʦʚʠʭ 

ʧʨʦʪʠʪʫʙʝʨʢʫʣʴʦʟʥʠʭ ʧʨʝʧʘʨʪʽʚ ʧʨʦʪʠ ʚʠʩʦʢʦʨʝʟʠʩʪʝʥʪʥʠʭ ʰʪʘʤʽʚ 

Mycobacterium tuberculosis [51], ʾʭ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʣʽʢʫʚʘʥʥʽ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʚʠʢʣʠʢʘʥʠʭ ʙʘʢʪʝʨʽʷʤʠ, ʛʨʠʙʢʘʤʠ ʪʘ ʥʘʡʧʨʦʩʪʽʰʠʤʠ [52-54]; 

ʭʚʦʨʦʙʠ Aʣʴʮʛʝʡʤʝʨʘ [55], ʨʘʢʫ, ʪʦʱʦ [56-60]. ɼʝʷʢʽ ʞ ʧʦʭʽʜʥʽ ʟʘʤʽʱʝʥʦʛʦ 

ʢʘʨʙʘʟʦʣʫ ʻ ʝʬʝʢʪʠʚʥʠʤ ɓ-ʙʣʦʢʘʪʦʨʘʤʠ [61]. 

ʊʘʢʦʞ ʢʘʨʙʘʟʦʣʴʥʠʡ ʬʨʘʛʤʝʥʪ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦ ʩʪʽʡʢʠʭ 

ʙʘʨʚʥʠʢʽʚ ʪʘ ʧʽʛʤʝʥʪʽʚ ʦʪʨʠʤʘʥʠʭ ʽʟ 2,3-

ʜʠʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ [62]. 

ɿ ʤʦʤʝʥʪʫ ʚʽʜʢʨʠʪʪʷ ʪʦʢʦʬʝʨʦʣʫ, ʚʽʪʘʤʽʥʫ ɽ (1.16), ʚʽʜʦʤʦʛʦ ʧʦʪʫʞʥʦʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʫ, ʝʥʦʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʩʪʘʥʦʚʣʷʪʴ ʦʩʦʙʣʠʚʝ ʟʘʮʽʢʘʚʣʝʥʥʷ ʚ 

ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ.  

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ï ʨʝʯʦʚʠʥʠ, ʢʦʪʨʽ ʛʘʣʴʤʫʶʪʴ ʨʦʟʚʠʪʦʢ ʚʽʣʴʥʦ-ʨʘʜʠʢʘʣʴʥʠʭ 

ʨʝʘʢʮʽʡ, ʧʦʧʝʨʝʜʞʘʶʯʠ ʫʪʚʦʨʝʥʥ ʁʧʝʨʦʢʩʠʜʽʚ, ʷʢʽ ʧʦʰʢʦʜʞʫʶʪʴ ʢʣʽʪʠʥʥʽ ʪʘ 

ʩʫʙʢʣʽʪʠʥʥʽ ʤʝʤʙʨʘʥʠ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʟʤʫ, ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʨʚʦʚʦʾ ʪʘ ʤ'ʷʟʦʚʦʾ ʩʠʩʪʝʤ [63-65]. 
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ɼʣʷ ʧʨʠʢʣʘʜʫ 2,6-ʜʠ-ʪʨʝʪ-4-ʤʝʪʠʣʬʝʥʦʣ, ʽʦʥʦʣ (1.17) - ʩʠʥʪʝʪʠʯʥʠʡ 

ʧʨʦʩʪʦʨʦʚʦ ʝʢʨʘʥʦʚʘʥʠʡ ʬʝʥʦʣ, ʧʦʭʽʜʥʝ 2,6-ʜʠ-ʪʨʝʪ-4-ʙʫʪʠʣʬʝʥʦʣʫ. ɿʘ 

ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽʦʥʦʣ ʻ ʩʠʥʪʝʪʠʯʥʠʤ ʘʥʘʣʦʛʦʤ ʚʽʪʘʤʽʥʫ E, ʪʘʢ ʷʢ 

ʟʜʘʪʥʠʡ ʧʨʠʛʥʽʯʫʚʘʪʠ ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʽ ʧʨʦʮʝʩʠ ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʥʷ [66]. 

ɯʦʥʦʣ ʚʠʩʪʫʧʘʻ ʜʦʥʦʨʦʤ ʘʪʦʤʘ ɻʽʜʨʦʛʝʥʫ ʟ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ, 

ʧʝʨʝʪʚʦʨʶʶʯʠ ʧʝʨʦʢʩʠʜʥʽ ʨʘʜʠʢʘʣʠ ʚ ʛʽʜʨʦʧʝʨʦʢʩʠʜʠ [67]. ʊʦʤʫ, ʟʘʚʜʷʢʠ 

ʡʦʛʦ ʟʜʘʪʥʦʩʪʽ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ ʽ ʧʝʨʝʨʠʚʘʪʠ ʣʘʥʮʶʛʦʚʽ ʨʝʘʢʮʽʾ 

ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʨʘʢʫ, ʧʨʦʤʝʥʝʚʠʭ ʽ 

ʪʨʦʬʽʯʥʠʭ ʫʨʘʞʝʥʴ ʰʢʽʨʠ ʽ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ, ʪʦʱʦ [68]. 

ʅʘʧʨʠʢʣʘʜ, 3-ʛʽʜʨʦʢʩʠ-2-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-

4-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-1,4-ʥʘʬʪʦʭʽʥʦʥ ʧʦʻʜʥʫʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʛʽʙʽʪʦʨʘ ʨʦʩʪʫ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ [69] ʽ 

ʩʠʣʴʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ [70]. ʅʘʷʚʥʽʩʪʴ 

ʝʢʨʘʥʦʚʘʥʦʛʦ ʬʝʥʦʣʫ ʚ ʜʘʥʦʤʫ ʧʦʭʽʜʥʦʤʫ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʚʽʜʧʦʚʽʜʘʻ ʟʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪ.ɹ 

ʅʘʜʤʽʨʥʘ ʪʦʢʩʠʯʥʽʩʪʴ ʜʝʷʢʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠ ʙʦʨʦʪʴʙʽ ʟ ʽʥʬʝʢʮʽʡʥʠʤʠ, ʟʘʧʘʣʴʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʪʦʱʦ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʧʦʰʫʢ ʙʽʣʴʰ ʩʠʣʴʥʦʜʽʶʯʠʭ ʽ ʤʝʥʰ ʪʦʢʩʠʯʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. ɸʤʽʥʦʧʦʭʽʜʥʽ 2-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-

ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʤʦʞʣʠʚʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʩʪʨʫʢʪʫʨ ʽʟ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʙʽʦʣʦʛʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ 

ʪʘ ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ [71], ʟʘʤʽʱʝʥʥʷʤ ʘʪʦʤʘ ʍʣʦʨʫ ʙʽʣʷ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʚ 

ʧʦʣʦʞʝʥʥʽ ʉ
3
 ʚ 2-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʤ ʬʨʘʛʤʝʥʪʦʤ ʻ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ 

ʤʝʪʠ. 

ʊʦʤʫ, ʚʚʝʜʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦ ʝʢʨʘʥʦʚʘʥʠʭ ʬʝʥʦʣʽʚ ʚ ʤʦʣʝʢʫʣʫ 

ʘʤʽʥʦʧʦʭʽʜʥʦʛʦ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʟʥʘʯʫʱʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʨʦʟʰʠʨʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʽʩʪʽ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ.  
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1.2. ʉʠʥʪʝʪʠʯʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

1.2.1. ɸʣʢʽʣʴʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ.  

 

ʉʝʨʝʜ ʩʠʥʪʝʪʠʯʥʠʭ ʘʥʘʣʦʛʽʚ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʻ 

ʘʣʢʽʣʴʥʽ ʧʦʭʽʜʥʽ. 

ɸʣʢʽʣʟʘʤʽʱʝʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʠ ʮʝ ʧʽʛʤʝʥʪʠ, ʘ ʪʘʢʦʞ ʩʧʦʣʫʢʠ ʽʟ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ. ɿʦʢʨʝʤʘ, ʧʦʭʽʜʥʽ 3-ʘʣʢʽʣ-2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʧʨʦʷʚʣʷʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ ʦʨʛʘʥʽʟʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʙʘʢʪʝʨʽ,ʾ ʛʨʠʙʠ, ʧʘʨʘʟʠʪʠ, 

ʥʘʡʧʨʦʩʪʽʰʽ, ʢʣʽʱʽ ʽ ʢʦʤʘʭʠ, ʘ ʪʘʢʦʞ ʧʫʭʣʠʥʥʽ ʢʣʽʪʠʥʠ [72, 73]. ʇʦʚʽʜʦʤʣʷʻʪʴʩʷ, 

ʦɦ 2-ʛʽʜʨʦʢʩʠ-3-ʤʝʪʠʣʘʤʽʥʦ ʽ 1,2,3-ʪʨʽʘʟʦʣ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʽʥʛʽʙʫʶʪʴ 

ʨʽʩʪ Trypanosoma cruzi h ʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʜʠʭʘʣʴʥʠʡ ʮʠʢʣ ʧʘʨʘʟʠʪʘ [72]. ʂʨʽʤ 

ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 2-ʛʽʜʨʦʢʩʠ-3-ʬʝʥʽʣʩʫʣʴʬʘʥʽʣʤʝʪʠʣ-1,4-

ʥʘʬʪʦʭʽʥʦʥʠ ʪʦʢʩʠʯʥʽ ʜʣʷ Plasmodium falciparum ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʽʟ ʜʠʭʘʣʴʥʠʤ 

ʣʘʥʮʶʛʦʤ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ ʧʘʨʘʟʠʪʘ [1].  

ɺʠʷʚʣʝʥʦ, ʱʦ ʘʪʦʚʘʢʚʦʥ (1.18), ʩʠʥʪʝʪʠʯʥʠʡ 2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥ, ʽ 

ʘʥʘʣʦʛ ʫʙʭ̔̔ʥʦʥʫ, ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʢʦʬʝʨʤʝʥʪʫ Q ʽ ʩʝʣʝʢʪʠʚʥʦ ʽʥʛʽʙʫʻ ʨʽʩʪ 

P. falciparum, ʚʧʣʠʚʘʶʯʠ ʥʘ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʠʡ ʣʘʥʮʶʛ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʧʘʨʘʟʠʪʘ [74-76].  
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1.18                                                           1.19                                           1.20  

ɸʪʦʚʘʢʚʦʥ-ʧʨʦʛʫʘʥʽʣ (ʄʘʣʘʨʦʥ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʽ 

ʣʽʢʫʚʘʥʥʷ ʪʨʦʧʽʯʥʦʾ ʤʘʣʷʨʽʾ [74-76]. ʇʘʨʚʘʢʚʦʥ (1.19) ʽ ʙʫʧʘʨʚʘʢʚʦʥ (1.20) 2-

ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʠ ʟʘʤʽʱʝʥʽ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
3
, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʧʥʝʚʤʦʥʽʾ, ʚʠʢʣʠʢʘʥʦʾ Pneumocystis pneumonia, 

ʪʦʢʩʦʧʣʘʟʤʦʟʫ, ʤʘʣʷʨʽʾ ʪʘ ʣʝʡʰʤʘʥʽʦʟʫ [77], ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʚʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ 

ʢʣʘʩʫ ʩʧʦʣʫʢ. 
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1.2.2. ɸʤʽʥʦʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ʆʢʨ̔ʤ ʘʣʢʽʣʧʦʧʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, ʽʥʰʦʶ ʛʨʫʧʦʶ ʮʽʢʘʚʠʭ ʩʪʨʫʢʪʫʨ ʻ 

ʘʤʽʥʦʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. ɸʤʽʥʦʥʘʬʪʦʭʽʥʦʥʠ ʚʚʘʞʘʶʪʴʩʷ ʧʦʪʝʥʮʽʡʥʠʤʠ 

ʧʨʦʪʠʛʨʠʙʢʦʚʠʤʠ ʟʘʩʦʙʘʤʠ ʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʨʽʟʥʠʤʠ ʨʦʩʣʠʥʘʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʩʽʤʝʡʩʪʚʘ ʛʚʦʟʜʠʢʦʮʚʽʪʥʠʭ Caryophyllales, ʫ ʪʦʤʫ ʯʠʩʣʽ Nepenthaceae, 

Droseraceae, Plumbaginaceae, Drosophyllaceae ʪʘ Ebenaceae [18]. ɺ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣʘʭ ʦʧʠʩʘʥʦ ʩʠʥʪʝʟ ʽ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʦʭʽʜʥʠʭ 2-ʘʤʽʥʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʘ [78]. 

ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʘʤʽʥʦʛʨʫʧ ʚ ʩʪʨʫʢʪʫʨʫ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʯʘʩʪʦ 

ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʧʨʦʪʠʧʫʭʣʠʥʥʦʾ, ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ, ʧʨʦʪʠʧʘʨʘʟʠʪʘʨʥʦʾ ʪʘ 

ʤʦʣʶʩʢʦʮʠʜʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [78-81]. 

ɺʠʜʽʣʝʥʦ ʥʦʚʠʡ ʢʣʘʩ ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʘʥʘʣʦʛʽʚ ʚʽʪʘʤʽʥʫ ʂ 

ï ʮʝ N-ʧʦʭʽʜʥʽ-2-ʤʝʪʠʣ-3-ʘʤʽʥʦʤʝʪʠʣ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ. ʇʨʠʧʫʩʢʘʶʪʴ, ʱʦ N-

ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚʽʪʘʤʽʥ ʂ, ʚʦʣʦʜʽʶʪʴ ʣʽʧʦʣʽʪʠʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ, ʘ ʩʘʤʝ ʟʜʘʪʥʽʩʪʶ ʽʥʛʽʙʫʚʘʪʠ ʧʨʦʮʝʩ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ 

ʣʽʧʽʜʽʚ. ʊʘʢʦʞ N-ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʤʽʨʥʦʶ 

ʪʦʢʩʠʯʥʽʩʪʶ [82-84]. 

2-ɸʤʽʥʦʢʠʩʣʦʪʦʟʘʤ̔ɦ ʝʥʽ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ: ʬʫʥʛʽʮʠʜʥʦ ,ʁ ʙʘʢʪʝʨʠʮʠʜʥʦ ,ʁ 

ʧʨʦʪʠʧʫʭʣʠʥʥʦ ,ʁ ʨʽʩʪʨʝʛʫʣʶʶʯʦ ,ʁ ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ, ʪʦʱʦ [85, 86]. ɺ ʣʽʪʝʨʘʪʫʨʽ 

ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʜʝʷʢʽ ʘʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʻ ʥʦʩʽʷʤʠ 

ʮʝʨʝʙʨʦʧʨʦʪʝʢʪʦʨʥʦʾ, ʧʨʦʪʠʽʰʝʤʽʯʥʦʾ, ʧʨʦʪʠʛʽʧʦʢʩʠʯʥʦʾ ʪʘ ʧʨʦʪʠʩʫʜʦʤʥʦʾ 

ʘʢʪʠʚʥʦʩʪʝʡ ʪʘ ʧʨʦʷʚʣʷʶʪʴ ʩʪʠʤʫʣʶʶʯʫ ʜʽʶ ʥʘ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʢʫ [86-89].  

ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʘʤʽʥʦʢʠʩʣʦʪʠ ʻ ʩʧʦʨʽʜʥʝʥʠʤʠ ʜʦ ʣʶʜʩʴʢʦʛʦ 

ʦʨʛʘʥʽʟʤʫ, ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʠʤ ʜʣʷ ʨʦʩʪʫ, ʚʽʜʥʦʚʣʝʥʥʷ, ʟʤʽʮʥʝʥʥʷ ʽ 

ʩʝʢʨʝʮʽʾ ʨʽʟʥʠʭ ʛʦʨʤʦʥʽʚ, ʘʥʪʠʪʽʣ ʽ ʬʝʨʤʝʥʪʽʚ, ʪʦʞ ʚʦʥʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʚʝʣʝʪʝʥʩʴʢʽʡ ʢʽʣʴʢʦʩʪʽ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʽʣʴʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ ʪʘ ʾʭ ʧʦʭʽʜʥʽ - 

ʢʣʘʩ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʨʠʨʦʜʥʠʭ ʩʧʦʣʫʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚ ʤʝʜʠʯʥʽʡ 
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ʧʨʘʢʪʠʮʽ ʻ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʙʘʛʘʪʴʦʭ ʟʘʭʚʦʨʶʚʘʥʴ ʽ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʱʦʜʘʚʥʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ in vivo ʫʩʽ ʪʝʩʪʦʚʘʥʽ 

ʘʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʴ 

[90], ʱʦ ʻ ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ ʫ ʟʜʽʡʩʥʝʥʽ ʧʦʰʫʢʫ ʥʦʚʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʩʧʦʣʫʢ ʧʦʜʽʙʥʦʾ ʙʫʜʦʚʠ. 

ʋ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʘʣʘʭ ʦʧʠʩʘʥʦ ʨʷʜʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ 

ʚʧʣʠʚʫ ʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʥʘ ʨʽʟʥʽ ʣʽʥʽʾ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ï KB (ʨʘʢ 

ʨʦʪʦʚʦʾ ʧʦʨʦʞʥʠʥʠ), NCI-H187 (ʜʨʽʙʥʦʢʣʽʪʠʥʥʠʡ ʨʘʢ ʣʝʛʝʥʴ), MCF-7 (ʨʘʢ 

ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ) ï ʪʘ ʥʦʨʤʘʣʴʥʫ ʢʣʽʪʠʥʥʫ ʣʽʥʽʶ Vero (ʝʧʽʪʝʣʽʡ ʥʠʨʢʠ) [91, 92]. 

ɿʛʽʜʥʦ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʤʽʜʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʟʜʘʪʥʽ ʟʫʧʠʥʷʪʠ 

ʨʦʟʚʠʪʦʢ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ʪʘ ʧʨʦʷʚʣʷʶʪʴ ʩʣʘʙʢʫ ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʚʽʜʥʦʩʥʦ 

ʢʣʽʪʠʥʥʦʾ ʣʽʥʽʾ Vero [93]. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʤʽʰʝʥʝʡ ʜʽʾ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʻ ʘʢʪʠʚʥʠʡ ʮʝʥʪʨ ʪʦʧʦʽʟʦʤʝʨʘʟʠ IIa, ʬʝʨʤʝʥʪʫ ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʪʦʧʦʣʦʛʽʶ 

ɼʅʂ [91, 94]. 

ɸʤʽʜʥʽ ʧʦʭʽʜʥʽ ʧʦʚ`ʷʟʫʶʪʴ ʽʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʧʨʦʪʠʪʫʙʝʨʢʫʣʴʦʟʥʦʶ [95, 96], ʧʨʦʪʠʩʫʜʦʤʥʦʶ, ʧʨʦʪʠʟʘʧʘʣʴʥʦʶ ʪʘ 

ʘʥʘʣʴʛʝʪʠʯʥʦʶ [97], ʧʨʦʪʠʛʨʠʙʢʦʚʦʶ [98] ʪʘ ʧʨʦʪʠʧʫʭʣʠʥʥʦʶ [99]. ʅʘʷʚʥʽʩʪʴ 

ʘʣʽʬʘʪʠʯʥʠʭ, ʘʨʦʤʘʪʠʯʥʠʭ ʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʘʤʽʜʥʠʭ 

ʩʪʨʫʢʪʫʨ ʟʘʙʝʟʧʝʯʫʻ ʨʽʟʥʽ ʪʠʧʠ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɼʣʷ ʧʨʠʢʣʘʜʫ, ʘʤʽʜʠ ʽʟ 

ʬʨʘʛʤʝʥʪʦʤ ʤʦʨʬʦʣʽʥʫ ʧʨʦʷʚʣʷʶʪʴ ʛʣʠʩʪʦʛʽʥʥʫ, ʙʘʢʪʝʨʠʮʠʜʥʫ ʽ ʽʥʩʝʢʪʠʮʠʜʥʫ 

ʜʽʶʾ [100]. ɺʦʥʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʨʦʤʽʞʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ 

ʩʠʥʪʝʟʽ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʘʛʝʥʪʽʚ [101]. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ: ʢʦʬʝʾʥ, ʧʝʥʽʮʠʣʽʥ, ʧeʧʝʨʠʥ (ʘʣʢʘʣʦʾʜ ʯʦʨʥʦʛʦ ʧʝʨʮʶ), 

ʘʥʘʥʜʘʤʽʜ (ʥʝʡʨʦʪʨʘʥʩʤʽʪʝʨ ʚʠʜʽʣʝʥʠʡ ʽʟ ʰʦʢʦʣʘʜʫ) ʤʽʩʪʷʪʴ ʘʤʽʜʥʠʡ ʬʨʘʛʤʝʥʪ. 

N-ɿʘʤʽʱʝʥʽ ʘʤʽʜʠ ʢʦʨʠʯʥʦʾ ʢʠʩʣʦʪʠ ʩʧʦʣʫʯʝʥʽ ʽʟ ʘʨʦʤʘʪʠʯʥʠʤʠ 

ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ (ʪʠʨʦʟʠʥ, ʬʝʥʽʣʘʣʘʥʽʥ, ʪʨʠʧʪʦʬʘʥ) ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʨʦʩʣʠʥʘʭ, 

ʘʣʝ ʤʘʣʦ, ʱʦ ʚʽʜʦʤʦ ʧʨʦ ʙʽʦʣʦʛʽʯʥʫ ʬʫʥʢʮʽʶ ʮʠʭ ʩʧʦʣʫʢ ʫ ʧʨʠʨʦʜʽ. ʎʽ ʘʤʽʜʠ 

ʬʦʨʤʫʶʪʴʩʷ ʷʢ ʟʘʭʠʩʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʩʣʠʥ ʧʽʩʣʷ ʚʽʨʫʩʥʦʾ ʽʥʬʝʢʮʽʾ, ʧʦʨʘʥʝʥʥʷ, 

ʧʦʪʨʘʧʣʷʥʥʷ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʚʧʣʠʚʫ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦʱʦ. ʊʦʤʫ 
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ʘʤʽʜʠ ʢʦʨʠʯʥʦʾ ʢʠʩʣʦʪʠ ʽʟ ʘʤʽʥʦʢʠʩʣʦʪʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʙʫʣʠ ʦʜʝʨʞʘʥʽ 

ʩʠʥʪʝʪʠʯʥʠʤ ʰʣʷʭʦʤ. ʎ ̔ʩʪʨʫʢʪʫʨʠ ʚʦʣʦʜʽʶʪʴ ʧʦʪʫʞʥʦʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ ʪʘ 

ʧʨʦʪʠʚʽʨʫʩʥʦʶ ʘʢʪʠʚʥʦʩʪʷʤʠ, ʪʘ ʙʘʢʪʝʨʠʮʠʜʥʦʶ ʜʽʻʶ ʚʽʜʥʦʩʥʦ Escherichia coli 

ʪʘ Bacillus subtilis [102]. 

ʃʘʢʪʘʤʠ - ʚʥʫʪʨʽʰʥʽ ʮʠʢʣʽʯʥʽ ʘʤʽʜʠ ʘʤʽʥʦʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʱʦ ʤʽʩʪʷʪʴ 

ʫʛʨʫʧʫʚʘʥʥʷ -CO-NH- ʚ ʢʽʣʴʮʽ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʙʽʦʣʦʛʽʯʥʦʶ 

ʘʢʪʠʚʥʽʩʪʶ; ʟʦʢʨʝʤʘ, 2-ʦʢʩʦʘʟʝʪʠʜʠʥʦʚʠʡ ʬʨʘʛʤʝʥʪ, ʢʦʪʨʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ɓ-

ʣʘʢʪʘʤʥʠʭ ʘʥʪʠʙʽʦʪʠʢʽʚ ʛʨʫʧʠ ʧʝʥʽʮʠʣʽʥʽʚ (1.21), ʮʝʬʘʣʦʩʧʦʨʠʥʽʚ, ʢʘʨʙʦʧʝʥʝʤʽʚ 

ʪʘ ʤʦʥʦʙʘʢʪʘʤʽʚ [103]. ɓ-ʃʘʢʪʘʤʠ ʛʘʣʴʤʫʶʪʴ ʪʨʘʥʩʧʝʧʪʠʜʘʟʠ ï ʬʝʨʤʝʥʪʠ ʢʦʪʨʽ 

ʢʘʪʘʣʽʟʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʧʝʧʪʠʜʦʛʣʽʢʘʥʫ ʢʣʽʪʠʥʥʦʾ ʩʪʽʥʢʠ ʛʨʘʤʧʦʟʠʪʠʚʥʠʭ 

ʙʘʢʪʝʨʽʡ, ʮʝ ʚʝʜʝ ʜʦ ʾʭ ʟʘʛʠʙʝʣʽ (ʘʚʪʦʣʽʟʫ) [104]. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ҫ-ʣʘʢʪʘʤ, ʘ ʩʘʤʝ 

ʧʽʨʨʦʣʽʜʦʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽʘʤʽʜʥʠʭ ʚʦʣʦʢʦʥ [105] 

ʪʘ ʥʦʦʪʨʦʧʥʠʭ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʝ-

ʧʘʨʘʪʽʚ, ʥʘʧʨʠʢʣʘʜ: ʧʽʨʘʮʝʪʘʤ (1.22), 

ʧʨʘʤʽʨʘʮʝʪʘʤ ʪʘ ʽʥ. [106].  

ɼʝʷʢʽ ʣʘʢʪʘʤʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʧʽʨʦʣʽʜʦʥʫ ʟʥʘʡʜʝʥʦ ʚ ʨʦʩʣʠʥʘʭ, ʜʣʷ 

ʧʨʠʢʣʘʜʫ: ʢʦʪʠʥʽʥ - ʘʣʢʘʣʦʾʜ ʚʠʷʚʣʝʥʠʡ ʚ ʪʶʪʶʥʽ, ʚʽʥ ʟʚ'ʷʟʫʻʪʴʩʷ, ʘʢʪʠʚʫʻ, ʽ 

ʟʥʠʞʫʻ ʯʫʪʣʠʚʽʩʪʴ ʥʽʢʦʪʠʥʦʚʠʭ ʘʮʝʪʠʣʭʦʣʽʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ ʥʝʡʨʦʥʽʚ [107], 

ʧʨʦʷʚʣʷʶʯʠ ʥʦʦʪʨʦʧʥʠʡ ʽ ʧʩʠʭʦʪʨʦʧʥʠʡ ʝʬʝʢʪ [108].  

ɼʠʢʝʪʦʧʽʧʝʨʘʟʠʥʠ ʻ ʥʘʡʧʨʦʩʪʽʰʠʤ 

ʧʨʠʢʣʘʜʦʤ ʮʠʢʣʽʯʥʠʭ ʧʝʧʪʠʜʽʚ, ʚʧʝʨʰʝ ʙʫʣʠ 

ʦʜʝʨʞʘʥʽ ʛʽʜʨʦʣʽʟʦʤ ʜʝʷʢʠʭ ʙʽʣʢʽʚ. ɺʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʜʠʢʝʪʦʧʽʧʝʨʘʟʠʥʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ 

ʨʦʟʫʤʽʥʽ ʩʪʨʫʢʪʫʨʠ ʙʽʣʢʘ, ʪʘʢ ʷʢ ʜʝʷʢʽ ʧʨʠʨʦʜʥʽ 

ʧʦʣʽʧʝʧʪʠʜʠ ʪʘ ʙʽʣʢʠ ʤʘʶʪʴ ʮʠʢʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 

(ʪʠʨʦʮʠʜʠʥ, ʛʨʘʤʽʮʠʜʠʥ ʉ, ʷʻʯʥʠʡ ʘʣʴʙʫʤʽʥ, 

ʙʽʣʢʠ ʤ'ʷʟʽʚ) [109]. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʥʝ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ 

ʦʜʝʨʞʘʥʥʷ ʧʨʠʨʦʜʥʽʭ ʯʠ ʩʠʥʪʝʪʠʯʥʠʭ ʣʘʢʪʘʤʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʭʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʩʪʘʥʦʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʩʧʦʣʫʢ ʟ ʚʠʩʦʢʦʁ  ʙʽʦʣʦʛʽʯʥʦ ʁ

ʘʢʪʠʚʥʽʩʪʶ. 

ʎʽʢʘʚʠʤ ʻ ʦʜʝʨʞʘʥʥʷ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʽʟ ʢʘʨʙʘʤʽʜʥʠʤ ʪʘ 

ʪʽʦʢʘʨʙʘʤʽʜʥʠʤ ʬʨʘʛʤʝʥʪʘʤʠ, ʪʘʢ ʷʢ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʫʶʪʴ ʧʨʦ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ N-ʟʘʤʽʱʝʥʠʭ ʪʘ N, N'-ʜʠʟʘʤʽʱʝʥʠʭ ʩʝʯʦʚʠʥ ʪʘ ʪʽʦcʝʯʦʚʠʥ.  

ʋ ʬʘʨʤʘʮʽʾ ʟʘʤʽʱʝʥʽ ʪʽʦʩʝʯʦʚʠʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʘʥʪʠʙʽʦʪʠʢʽʚ 

ʘʢʪʠʚʥʠʭ ʧʨʦʪʠ: Helicobacter pylori (ʷʢ ʧʨʦʪʠʚʠʨʘʟʢʦʚʠʡ ʘʛʝʥʪ); 

Mycobacterium species i.e., M. tuberculosis, M. Avium, M. ʽntracellulare (ʷʢ 

ʧʨʦʪʠ-ʪʫʙʝʨʢʫʣʴʦʟʥʠʡ ʧʨʝʧʘʨʘʪ) [110], Aspergillus, Penicillium, Trichodermʘ, 

Candida [111, 112], ʤʘʣʷʨʽʡʥʦʛʦ ʧʣʘʟʤʦʜʽʶ [113] ʪʘ ʥʘʚʽʪʴ ʨʝʪʨʦʚʽʨʫʩʘ ɺɯʃ 

[114], ʢʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʠʭʽʜʥʽ ʩʧʦʣʫʢʠ ʜʣʷ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʦʪʨʠʤʘʥʥʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ  ̔ʢʦʩʤʝʪʠʯʥʠʭ 

ʟʘʩʦʙʽʚ [115-118], ʪʦɦʦ [119-122].  

ʇʦʧʨʠ ʩʪʨʫʢʪʫʨʥʫ ʧʦʜʽʙʥʽʩʪʴ, ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʘʨʙʘʤʽʜʽʚ  ̔ ʪʽʦʢʘʨʙʘʤʽʜʽʚ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʝʣʝʢʪʨʦ-

ʥʝʛʘʪʠʚʥʦʩʪʽ ʤʽʞ Cʫʣʴʬʦʨʦʤ ʽ Oʢʩʠʛʝʥʦʤ [123].  

ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʥʠʟʴʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʧʦʭʽʜʥʠʭ ʩʝʯʦʚʠʥʠ ʟʫʤʦʚʠʣʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʛʝʨʙʽʮʠʜʽʚ ʪʘ ʽʥ. 

[124, 125].  

 

1.3. ʉʠʥʪʝʟ N-ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

1.3.1. ʉʠʥʪʝʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 1,4-ʧʨʠʻʜʥʘʥʥʷ ʟʘ ʄʽʭʘʝʣʝʤ, ʨʝʘʢʮʽʡ 

ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʪʘ ʨʝʘʢʮʽ ʾʄʘʥʥʽʭʘ. 

 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʠʥʪʝʟ 2-ʘʤʽʥʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʧʦʩʽʜʘʻ ʟʥʘʯʥʝ ʤʽʩʮʝ 

ʩʝʨʝʜ ʯʠʩʣʘ ʜʦʩʣʽʜʞʝʥʴ, ʯʝʨʝʟ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʾʭ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ 
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ʘʢʪʠʚʥʦʩʪʽ, ʫ ʪʦʤʫ ʯʠʩʣʽ: ʧʨʦʪʠʧʫʭʣʠʥʥʘ, ʧʨʦʪʠʤʘʣʷʨʽʡʥʘ, ʧʨʦʪʠʛʨʠʙʢʦʚʘ, 

ʪʨʠʧʘʥʦʮʠʜʥʘ ʪʘ ʽʥ. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʦʧʠʩʘʥʦ ʜʚʘ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʧʦʭʽʜʥʠʭ 

ʘʤʽʥʦʥʘʬʪʦʭʽʥʦʥʽʚ. ʇʝʨʰʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʝʘʢʮʽʶ 1,4-ʧʨʠʻʜʥʘʥʥʷ ʟʘ 

ʄʽʭʘʝʣʝʤ ʤʽʞ ʭʽʥʦʾʜʥʠʤ ʢʽʣʴʮʝʤ ʪʘ ʘʤʽʥʦʩʧʦʣʫʢʦʶ (1.23), ʽʟ ʫʪʚʦʨʝʥʥʷʤ 2-

ʘʤʽʥʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (1.24). 
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ɼʨʫʛʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʥʦ- ʘʙʦ ʜʠ-ʛʘʣʦʛʝʥ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (1.25) [79, 

126]. 
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ɓ-ɸʤʽʥʦ(ʢʘʨʙʦʥʽʣ) ʧʦʭʽʜʥʽ 2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʙʫʣʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʚʧʝʨʰʝ ʚ 1948 ʨʦʮʽ ʃʝʬʬʣʝʨʦʤ ʪʘ ʽʥ. ɺʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʝʷʢʽ 

ʩʧʦʣʫʢʠ ʟ ʯʠʩʣʘ 3-ʘʣʢʽʣ-2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʚʦʣʦʜʽʶʪʴ 

ʧʨʦʪʠʤʘʣʷʨʽʡʥʦʶ ʘʢʪʠʚʥʽʩʪʶ [1]. ʈʝʘʢʮʽʷ ʄʘʥʥʽʭʘ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʭ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʢʘʨʙʦʥ-ʢʘʨʙʦʥʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ. ɿʘ 

ʮʽʻʶ ʨʝʘʢʮʽʻʶ ɓ-ʘʤʽʥʦ(ʢʘʨʙʦʥʽʣʴʥʽ) ʩʧʦʣʫʢʠ ʦʪʨʠʤʫʶʪʴ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

ʘʤʽʥʫ, ʘʣʴʜʝʛʽʜʫ ʽ ʢʝʪʦʥʫ. ɓ-ɸʤʽʥʦ(ʢʘʨʙʦʥʽʣʴʥʽ) ʩʧʦʣʫʢʠ, ʚʽʜʦʤ ̔ʷʢ ʦʩʥʦʚʠ 

ʄʘʥʥʽʭʘ, ʻ ʚʘʞʣʠʚʠʤʠ ʧʨʦʤʽʞʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʣʷ ʩʠʥʪʝʟʫ ʙʘʛʘʪʴʦʭ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʅʽʪʨʦʛʝʥ ʫ ʩʚʦʾʡ 

ʩʪʨʫʢʪʫʨ ̔[127-130].  
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ʋ 2009 ʨʦʮʽ ʅʝʚʽʩ ʽʥ. ʦʧʠʩʘʣʠ ʧʨʦʩʪʠʡ ʩʠʥʪʝʟ ʟʘ ʄʘʥʥʽʭʦʤ ʥʦʚʠʭ ɓ-

ʘʤʽʥʦ(ʢʘʨʙʦʥʽʣʴʥʠʭ) ʩʧʦʣʫʢ (1.29). ʎʽ ʩʪʨʫʢʪʫʨʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʽʟ ʚʠʭʦʜʘʤʠ 53-

93% ʨʝʘʢʮʽʻʶ ʤʽʞ 2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʦʤ (1.27), ʧʝʨʚʠʥʥʠʤʠ ʘʤʽʥʘʤʠ 

(1.23) ʽ ʧʦʭʽʜʥʠʤʠ ʙʝʥʟʘʣʴʜʝʛʽʜʫ (1.28). ʉʠʥʪʝʟ ʮʠʭ ʩʧʦʣʫʢ ʻ ʧʦʨʽʚʥʷʥʦ ʣʝʛʢʠʤ ʽ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ, ʽʥʛʽʙʫʶʪʴ 

ʨʽʩʪ ʢʠʰʢʦʚʦʾ ʧʘʣʠʯʢʠ ʽ ʟʦʣʦʪʠʩʪʦʛʦ ʩʪʘʬʽʣʦʢʦʢʘ [131]. 

ʈʝʘʢʮʽʷ ʄʘʥʥʽʭʘ ʤʽʞ 2-ʛʽʜʨʦʢʩʠ-1,4-ʥʘʬʪʦʭʽʥʦʥʦʤ (1.27), ʘʤʽʥʘʤʠ (1.23) ʪʘ 

ʟʘʤʽʱʝʥʠʤ ʙʝʥʟʘʣʴʜʝʛʽʜʦʤ ʻ ʛʘʨʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʜʣʷ ʩʠʥʪʝʟʫ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 

1,4-ʥʘʬʪʦʭʽʥʦʥʫ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʤʝʪʦʜ ʜʦʚʽʚ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʯʥʽʩʪʴ ʽ 

ʣʝʛʢʽʩʪʴ ʫ ʚʠʢʦʥʘʥʥʽ [127-134]. ʂʨʽʤ ʪʦʛʦ, ʩʠʥʪʝʟʦʚʘʥʽ ʩʧʦʣʫʢʠ ʚʦʣʦʜʽʶʪʴ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʶ [131], ʘʥʪʠʧʘʨʘʟʠʪʘʨʥʦʶ [14] ʽ ʤʦʣʣʶʩʢʦʮʠʜʥʦʶ 

ʘʢʪʠʚʥʦʩʪʷʤʠ [13].  

 

1.3.2. ʉʠʥʪʝʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ. 

 

ɺʠʭʦʜʷʯʠ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦ-

ʭʽʥʦʥʫ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʩʠʥʪʝʪʠʯʥʠʤʠ ʦʙ̀̒ ʢʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʾʭ ʭʣʦʨʘʥʛʽʜʨʠʜʠ. 

ʍʣʦʨʘʥʛʽʜʨʠʜʠ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʽʟʦʪʽʦʮʽʘʥʘʪʠ ʻ ʦʩʦʙʣʠʚʦ ʨʝʘʢʮʽʡʥʦ 

ʟʜʘʪʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʦʥʠ ʻ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʚ 

ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʩʠʥʪʝʟʫ ʯʠʩʣʘ ʧʨʦʜʫʢʪʽʚ. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʨʝʘʢʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ ʭʣʦʨʘʥʛʽʜʨʠʜʠ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʜʣʷ ʚʚʝʜʝʥʥʷ ʚ ʤʦʣʝʢʫʣʫ ʟʘʣʠʰʢʫ 

ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʪʘ ʬʘʨʤʘʢʦʬʦʨʽʚ.  
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ʅʘʷʚʥʽʩʪʴ ʘʪʦʤʽʚ ʍʣʦʨʫ ʪʘ ʆʢʩʠʛʝʥʫ, ʜʚʦʭ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʽʚ, ʙʽʣʷ 

ʦʜʥʦʛʦ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʩʪʚʦʨʶʻ ʚʝʣʠʢʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ ʥʘ ʥʴʦʤʫ, ʯʝʨʝʟ ʱʦ 

ʚʽʥ ʣʝʛʢʦ ʧʽʜʜʘʻʪʴʩʷ ʘʪʘʮʽ ʥʫʢʣʝʦʬʽʣʽʚ, ʪʘʢʠʭ ʷʢ -OH, -OR̀  ʪʘ -NH2 [135]. ʈʝʘʢʮʽʾ 

ʟ ʭʣʦʨʘʥʛʽʜʨʠʜʘʤʠ ʰʚʠʜʢʽ ʽ ʥʝʟʚʦʨʦʪʥʽ, ʘ ʾʭ ʩʠʥʪʝʟ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ, ʱʦ ʟʫʤʦʚʠʣʦ 

ʾʭ ʯʘʩʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ.  

ɻʽʜʨʦʣʽʟ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ, ʟʘʟʚʠʯʘʡ, ʧʨʦʭʦʜʠʪʴ ʰʚʠʜʢʦ ʽʟ ʫʪʚʦʨʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʦʾ ʢʘʨʙʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʛʽʜʨʦʭʣʦʨʠʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʽʟ 

ʩʧʠʨʪʘʤʠ ʦʜʝʨʞʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʝʩʪʝʨʠ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ (1.31).  

ɸʥʘʣʦʛʽʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʽʟ ʪʽʦʣʘʤʠ, ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʽʦʢʘʨʙʦʥʦʚʠʭ 

ʢʠʩʣʦʪ (1.32). 

ʈʝʘʢʮʽʷ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ (1.30) ʟ ʘʤʽʘʢʦʤ, ʧʝʨʚʠʥʥʠʤʠ ʽ ʚʪʦʨʠʥʥʠʤʠ 

ʘʤʽʥʘʤʠ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʤʽʜʽʚ (1.33). ʋ ʜʘʥʠʭ ʨʝʘʢʮʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʦʟʯʠʥʠ ʣʫʛʽʚ, ʧʽʨʠʜʠʥʫ ʘʙʦ ʞ ʥʘʜʣʠʰʦʢ ʘʤʽʥʫ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ 

ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ (ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ) [136]. 
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ɺʟʘʻʤʦʜʽʻʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ (1.30) ʟ ʥʝʦʨʛʘʥʽʯʥʠʤʠ 

ʪʽʦʮʽʘʥʘʪʘʤʠ ʘʤʦʥʽʶ, ʧʣʶʤʙʫʤʫ, ʢʘʣʽʶ ʪʘ ʥʘʪʨʽʶ ʦʪʨʠʤʫʶʪʴ ʘʮʠʣʽʟʦʪʽʦʮʽʘʥʘʪʠ 

(1.34) [136-138]. ʈʝʘʢʮʽʶ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʦʚʦʜʷʪʴ ʥʘʛʨʽʚʘʶʯʠ ʘʮʠʣ- ʪʘ 

ʘʣʢʽʣʛʘʣʦʛʝʥʽʜʠ ʽʟ ʩʦʣʷʤʠ ʪʽʦʮʽʘʥʘʪʫ [136, 141]. 
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ʋ ʟʚ'ʷʟʢʫ ʟ ʘʤʙʽʜʝʥʪʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʪʽʦʮʽʘʥʘʪ ʘʥʽʦʥʘ, ʷʢ ʥʫʢʣʝʦʬʽʣʘ, 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʩʫʤʽʰ ʦʨʛʘʥʽʯʥʠʭ ʪʽʦʮʽʘʥʘʪʫ (1.36) ʪʘ ʽʟʦʪʽʦʮʽʘʥʘʪʫ 

(1.37) [139, 140]. ʈʝʘʢʮʽʷ ʫʪʚʦʨʝʥʥʷ ʽʟʦʪʽʦʮʽʘʥʘʪʫ (1.37)  ̒ʰʚʠʜʰʦʶ, ʦʩʪʽʣʴʢʠ ʥʘ 

ʘʪʦʤʽ ɸʟʦʪʫ ʟʦʩʝʨʝʜʞʝʥʠʡ ʙʽʣʴʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʥʽʞ ʥʘ ʘʪʦʤʽ ʉʽʨʢʠ [136]. 

ʊʘʢʦʞ ʪʽʦʮʽʘʥʘʪʠ (1.36) ʟʜʘʪʥʽ ʪʝʨʤʽʯʥʦ ʧʝʨʝʛʨʫʧʦʚʫʚʘʪʠʩʴ ʚ ʽʟʦʤʝʨʥʽ 

ʽʟʦʪʽʦʮʽʘʥʘʪʠ (1.37), ʯʠʤ ʢʦʨʠʩʪʫʶʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʦʩʪʘʥʥʽʭ [141].  
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RHal     
MetSCN

MetHal
RSCN RNCS

1.35                                1.36                           1.37  

ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʟʦʪʽʦʮʽʘʥʘʪʽʚ ʚ ʦʨʛʘʥʽʯʥʽʡ ʭʽʤʽʾ ʻ ʾʭ 

ʤʦʜʠʬʽʢʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʽʟ ʦʪʨʠʤʘʥʥʷʤ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ 

ʩʧʦʣʫʢ. ʉʠʥʪʝʪʠʯʥʽ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʝʣʝʢʪʨʦʬʽʣʴʥʠʭ 

ʽʟʦʪʽʦʮʽʘʥʘʪʽʚ ʦʙʫʤʦʚʠʣʠ ʾʭ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʤʫ 

ʩʠʥʪʝʟʽ ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʪʘ ʾʭ ʧʦʧʝʨʝʜʥʠʢʽʚ [142]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʽʟʦʪʽʦʮʽʘʥʘʪʽʚ (1.37) ʽʟ ʩʧʠʨʪʘʤʠ ʘʙʦ ʬʝʥʦʣʘʤʠ 

ʫʪʚʦʨʶʶʪʴʩʷ N-ʤʦʥʦʟʘʤʽʱʝʥʽ ʪʽʦʢʘʨʙʘʤʘʪʠ (1.38), ʫ ʨʝʘʢʮʽʷʭ ʟ ʪʽʦʣʘʤʠ ʽ 

ʪʽʦʬʝʥʦʣʘʤʠ ï ʜʠʪʽʦʢʘʨʙʘʤʘʪʠ (1.39), ʘ ʚ ʨʝʘʢʮʽʷʭ ʟ ʘʤʽʘʢʦʤ ʽ ʘʤʽʥʘʤʠ ï 

ʧʦʭʽʜʥʽ ʪʽʦʢʘʨʙʘʤʽʜʫ (1.40) [136, 143-145]: 

ʉʭʝʤʘ 1.10 

R= H, Alk, Ar.
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ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʘʮʠʣʛʘʣʦʛʝʥʽʜʽʚ ʢʘʨʙʦʥʦʚʠʭ 

ʢʠʩʣʦʪ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʨʝʘʛʝʥʪʫ ʪʘ ʧʽʜʙʦʨʫ ʫʤʦʚ ʩʠʥʪʝʟʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʢʪʘʥʪʫ (ʩʫʙʩʪʨʘʪʫ). 
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ɸʮʠʣʛʘʣʦʛʝʥʽʜʠ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʥʘʡʙʽʣʴʰ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʽ ʩʪʨʫʢʪʫʨʠ 

ʩʝʨʝʜ ʽʥʰʠʭ ʧʦʭʽʜʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʚʦʥʠ ʥʘʡʣʝʛʰʝ ʧʽʜʜʘʶʪʴʩʷ ʙʘʛʘʪʴʦʤ 

ʩʠʥʪʝʪʠʯʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ [136]. ʍʣʦʨʘʥʛʽʜʨʠʜʠ ʻ ʥʘʡʯʘʩʪʽʰʝ ʦʪʨʠʤʫʚʘʥʠʤʠ 

ʛʘʣʦʛʝʥ ʘʥʛʽʜʨʠʜʘʤʠ ʥʘ ʦʩʥʦʚʽ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ [146]. 

ʏʠʩʣʝʥʥʽ ʨʝʘʛʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʭʣʦʨʘʥʛʽʜʨʠʜʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʟʘʤʽʱʝʥʥʷ -ʆʅ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʥʘ -Cl, ʘʣʝ ʪʽʦʥʽʣʭʣʦʨʠʜ 

ʽ ʦʢʩʘʣʽʣ ʭʣʦʨʠʜ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʦʩʢʽʣʴʢʠ: (ʘ) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʥʘʜʣʠʰʢʫ; 

(ʙ) ʨʝʘʛʝʥʪʠ ʣʝʪʢʽ ʪʘ ʣʝʛʢʦ ʚʠʚʦʜʷʪʴʩʷ ʟ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ; (ʚ) ʧʦʙʽʯʥʽ ʧʨʦʜʫʢʪʠ 

ʣʠʰʝ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ, ʚʠʜʽʣʝʥʥʷ ʢʦʪʨʠʭ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʦ ʟʘʢʽʥʯʝʥʽ 

ʨʝʘʢʮʽʾ. [147]. 

ɯʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʽʦʥʽʣʭʣʦʨʠʜʫ ʜʣʷ ʢʦʥʚʝʨʩʽʾ 

ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʫ ʭʣʦʨʘʥʛʽʜʨʠʜʠ. ʗʢ ʧʨʘʚʠʣʦ, ʨʝʘʢʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʜʣʠʰʢʫ ʪʽʦʥʽʣʭʣʦʨʠʜʫ, ʢʠʧ'ʷʪʽʥʥʷʤ ʚ ̔ʥʝʨʪʥʦʤʫ ʨʦʟʯʠʥʥʠʢʫ 

ʚʧʨʦʜʦʚʞ 2-3 ʛʦʜ, ʱʦ ʜʘʻ ʚʠʩʦʢʽ ʚʠʭʦʜʠ ʭʣʦʨʘʥʛʽʜʨʠʜʫ. ʆʜʠʥ ʟ ʥʝʜʘʚʥʽʭ 

ʧʨʠʢʣʘʜʽʚ ʧʦʢʘʟʘʥʦ ʚ ʨʽʚʥʷʥʥʽ, ʚ ʷʢʦʤʫ ʪʨʠ ʘʨʦʤʘʪʠʯʥʽ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ 

ʦʜʥʦʯʘʩʥʦ ʪʨʘʥʩʬʦʨʤʫʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʪʨʠʘʮʠʣʭʣʦʨʠʜʫ (1.12) ʟ ʚʠʭʦʜʦʤ 87% 

[146].  

ʉʭʝʤʘ 1.11 
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1.41                                                                                                      1.42  

ɺ 2004 ʨʦʮʽ ʦʧʠʩʘʥʦ ʩʠʥʪʝʟ ʭʣʦʨʘʥʛʽʜʨʠʜʫ ɓ-N-(2-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʣ-

3) ʘʤʽʥʦʧʨʦʧʽʦʥʦʚʦʾ ʢʠʩʣʦʪʠ (1.45). ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʚʧʨʦʜʦʚʞ 5 ʛʦʜ ʚ 

ʙʝʟʚʦʜʥʦʤʫ ʜʽʦʢʩʘʥʽ ʟ ʭʣʦʨʠʩʪʠʤʪʽʦʥʽʣʦʤ (1.44), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜ (ɼʄʌɸ), ʜʣʷ ʢʘʪʘʣʽʟʫ [85].  
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ʉʭʝʤʘ 1.12 
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ʊʽʦʥʽʣʭʣʦʨʠʜ (1.44) ʪʘ ʦʢʩʘʣʽʣ ʭʣʦʨʠʜ, ʷʢ ʧʨʘʚʠʣʦ, ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ 

ʟ ʢʘʨʙʦʥʦʚʠʤʠ ʢʠʩʣʦʪʘʤʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ɸʣʝ ʽʥʦʜʽ ʥʝʦʙʭʽʜʥʽ 

ʢʘʪʘʣʽʟʘʪʦʨʠ, ʪʘʢʽ ʷʢ ʚʪʦʨʠʥʥʽ (ʜʠʮʠʢʣʦʛʝʢʩʠʣʘʤʽʥ), ʪʨʝʪʠʥʥʽ ʘʤʽʥʠ 

(ʪʨʠʝʪʠʣʘʤʽʥ, ʧʽʨʠʜʠʥ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜ) ʯʠ ʭʣʦʨʠʜʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ʎʝ 

ʚʘʞʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʴʥʠʭ ʢʠʩʣʦʪ ʽ ʜʝʷʢʠʭ ʧʨʦʩʪʦʨʦʚʦ-

ʝʢʨʘʥʦʚʘʥʠʭ ʢʠʩʣʦʪ, ʷʢʽ ʨʝʘʛʫʶʪʴ ʧʦʚʽʣʴʥʦ. ʅʘʡʯʘʩʪʽʰʝ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʨʠʜʠʥ ʘʙʦ ɼʄʌɸ ʜʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʝʘʢʮʽʾ ʘʙʦ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [148]. 

ɭʜʠʥʠʤ ʥʝʜʦʣʽʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʽʦʥʽʣʭʣʦʨʠʜʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟ ʩʧʦʣʫʢʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʠʩʣʦʪʦʯʫʪʣʠʚʽ ʛʨʫʧʠ, ʪʦʤʫ ʱʦ 

ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʨʝʘʢʮʽʷ ʟ ʡʦʛʦ ʧʦʙʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ HCl  ̔ SO2. ʄʦʞʣʠʚʽ 

ʣhʷʭʠ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʢʣʶʯʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ 

ʥʘʜʣʠʰʢʫ ʦʩʥʦʚʠ [147]. 

ʆʪʨʠʤʘʪʠ ʭʣʦʨʘʥʛʽʜʨʠʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʦʥʽʣʭʣʦʨʠʜ ʤʦʞʥʘ ʥʝ ʣʠʰʝ 

ʽʟ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʘ ʽʟ ʩʦʣʝʡ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʦʞ ʽʟ ʚʦʜʥʠʭ ʢʠʩʣʦʪ. 

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʭʣʦʨʫʶʯʠʡ ʘʛʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʜʣʠʰʢʫ, ʱʦʙ 

ʚʠʜʘʣʠʪʠ ʚʦʜʫ [137]. 

ʉʭʝʤʘ 1.13 

RCO2H H2O  +  2 SOCl2   RCOCl  + 2 SO2  + 3 HCl          SOCl2 : C5H5N  (1 : 5)

RCO2Met  +  SOCl2   RCOCl  +  SO2  +  MetCl           SOCl2 : C5H5N  (1 : 1)

C5H5N  (1 : 2) RCOCl  +  SO2  +  HCl              SOCl2 : RCO2H  +  SOCl2  

 

ʆʢʩʘʣʽʣ ʭʣʦʨʠʜ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʽʦʥʽʣʭʣʦʨʠʜʫ. ʆʢʩʘʣʽʣ ʭʣʦʨʠʜ ʻ ʤʝʥʰ ʘʛʨʝʩʠʚʥʠʡ ʨʝʘʛʝʥʪ, ʥʽʞ 

ʪʽʦʥʽʣʭʣʦʨʠʜ. ʅʘʧʨʠʢʣʘʜ, ʫʪʚʦʨʝʥʥʷ ʭʣʦʨʘʥʛʽʜʨʠʜʫ 5-(1-ʽʤʽʜʘʟʦʣ) ʧʝʥʪʘʥʦʚʦʾ 

ʢʠʩʣʦʪʠ (1.47) ʜʦʩʷʛʥʫʪʦ ʥʘʛʨʽʚʘʥʥʷʤ ʭʣʦʨʚʦʜʥʝʚʦʾ ʩʦʣʽ 5-(1-ʽʤʽʜʘʟʦʣ) 
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ʧʝʥʪʘʥʦʚʦʾ ʢʠʩʣʦʪʠ (1.46) ʟ ʦʢʩʘʣʽʣ ʭʣʦʨʠʜʦʤ ʚ ʙʝʟʚʦʜʥʦʤʫ ʘʮʝʪʦʥʽʪʨʠʣʽ ʧʨʠ 

60
ʦ
ʉ ʚʧʨʦʜʦʚʞ 1 ʛʦʜ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʽʦʥʽʣʭʣʦʨʠʜʫ ʚ ʪʘʢʠʭ ʨʝʘʢʮʽʷʭ ʫʥʠʢʘʶʪʴ, 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʥʢʫʨʫʶʯʦʛʦ ʭʣʦʨʫʚʘʥʥʷ [149]. 

ʉʭʝʤʘ 1.14 
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ɼʫʞʝ ʩʠʣʴʥʠʤ ʭʣʦʨʫʶʯʠʤ ʘʛʝʥʪʦʤ ʻ ʧʝʥʪʘʭʣʦʨʠʜ ʬʦʩʬʦʨʫ (PCl5). 

ʇʦʙʽʯʥʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʽʾ ʭʣʦʨʫʚʘʥʥʷ ʻ ʬʦʩʬʦʨʠʣ ʭʣʦʨʠʜ (POCl3), ʷʢʠʡ 

ʟʜʘʪʥʠʡ ʟʘ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʨʝʘʢʮʽʾ, ʪʘʢ ʩʘʤʦ, ʟʜʽʡʩʥʶʚʘʪʠ ʭʣʦʨʫʚʘʥʥʷ 

ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ, ʱʦ ʨʦʙʠʪʴ ʧʝʥʪʘʭʣʦʨʠʜ ʬʦʩʬʦʨʫ ʥʘʜʟʚʠʯʘʡʥʦ ʘʛʨʝʩʠʚʥʠʤ 

ʨʝʘʛʝʥʪʦʤ [147].  

ʍʣʦʨʠʜʠ ʬʦʩʬʦʨʫ PCl3  ̔ POCl3 ï ʤʝʥʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʨʝʘʛʝʥʪʠ 

ʧʦʨʽʚʥʷʥʦ ʟ ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ ʘʙʦ ʧʝʥʪʘʭʣʦʨʠʜʦʤ ʬʦʩʬʦʨʫ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʥʠʟʴʢʦʶ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʫʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʾ ï ʬʦʩʬʦʨʠʩʪʦ ʾʯʠ ʦʨʪʦʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪ [150-152]. 

ʇʨʠ ʭʣʦʨʫʚʘʥʥʽ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ 

ʘʤʽʥʦʛʨʫʧʠ ʜʦ ʦʢʠʩʥʝʥʥʷ. ʊʦʤʫ ʽʥʢʦʣʠ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʦʜʷʪʴ ʟʘʭʠʩʪ ʘʤʽʥʦʛʨʫʧʠ 

ʘʮʠʣʫʚʘʥʥʷʤ, ʘʙʦ ʞ ʧʽʜ ʯʘʩ ʨʝʘʢʮʽʾ ʭʣʦʨʫʚʘʥʥʷ ʫʪʚʦʨʝʥʘ ʭʣʦʨʠʜʥʘ ʢʠʩʣʦʪʘ 

ʚʠʢʦʥʫʻ ʨʦʣʴ ʧʩʝʚʜʦʟʘʭʠʩʪʫ, ʯʠʤ ʯʘʩʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ [153]. 

 

1.3.3. ʉʠʥʪʝʟ ʟ ʫʪʚʦʨʝʥʥʷʤ ʣʘʢʪʘʤʽʚ.  

 

ʎʠʢʣʽʟʘʮʽʻʶ ʘʤʽʥʦʢʠʩʣʦʪ, ʘʙʦ ʾʭ ʧʦʭʽʜʥʠʭ, ʦʪʨʠʤʫʶʪʴ ʣʘʢʪʘʤʠ. ʇʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ŭ- ʪʘ ҫ-ʘʤʽʥʦʢʠʩʣʦʪʠ (1.48) ʧʽʜʜʘʶʪʴʩʷ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽʡ ʮʠʢʣʽʟʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʘʤʽʥʦ- ʪʘ 

ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧ [154, 155].  
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ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ Ŭ-ʘʤʽʥʦʢʠʩʣʦʪʠ (1.50) ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʦʚʽʜʥʽʤʘʶʯʠʭ 

ʘʛʝʥʪʽʚ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʙʽʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽ ʾʫʪʚʦʨʶʻʪʴʩʷ ʜʠʢʝʪʦʧʽʧʝʨʘʟʠʥʠ 

(1.51), ʷʢʽ ʚʽʜʦʤʽ ʷʢ ʜʽʦʢʩʦʧʽʧʝʨʘʟʠʥʠ ʯʠ ʧʽʧʝʨʘʟʠʥʜʽʦʥʠ, ʩʧʦʣʫʢʠ ʩʧʦʨʽʜʥʝʥʽ ʟʘ 

ʙʫʜʦʚʦʶ ʜʦ ʣʘʢʪʠʜʽʚ ʪʘ ʣʘʢʪʘʤʽʚ. ɸʥʘʣʦʛʽʯʥʘ ʨʝʘʢʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʟ ʝʩʪʝʨʘʤʠ Ŭ-

ʘʤʽʥʦʢʠʩʣʦʪ ʚ ʙʽʣʴʰ ʤ'ʷʢʠʭ ʫʤʦʚʘʭ [156]. 

ʉʭʝʤʘ 1.16 

N
H

N
H

O

O
NH

2
COOH

NH
2HOOC

H+, T

- 2 H2O

1.50                                                  1.51

+

 

ɼʣʷ Ŭ-ʘʤʽʥʦʢʠʩʣʦʪ ʨʘʜʠʢʘʣʠ ʧʨʠ ʛʨʫʧʽ -ʉʅ- ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠʤʠ, ʘ 

ʷʜʨʦ ʜʠʢʝʪʦʧʽʧʝʨʘʟʠʥʫ ʦʜʥʝ ʡ ʪʝ ʩʘʤʝ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʤʦʣʝʢʫʣ Ŭ-ʘʣʘʥʽʥʫ 

(1.50) ʫʪʚʦʨʶʻʪʴʩʷ 3,6-ʜʠʤʝʪʠ-2,5-ʜʠʢʝʪʦʧʽʧʝʨʘʟʠʥ (1.51) [157, 158]. 

ʇʨʠ ʚʟʘʻʤʦʜʽʾ ɓ-ʘʤʽʥʦʢʠʩʣʦʪ (1.52) ʟ ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʾʤʽʜʦʤ 

(ɼʎʂ) (1.53) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʯʦʪʠʨʠʯʣʝʥʥʦʛʦ ʮʠʢʣʽʯʥʦʛʦ ʘʤʽʜʫ - ɓ-

ʣʘʢʪʘʤʫ (1.54). ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʨʝʘʢʮʽʷ ɼʎʂ ʟ ʢʘʨʙʦʢʩʠʣʴʥʦʶ ʛʨʫʧʦʶ, ʷʢʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʱʝʧʣʝʥʥʷ ʛʨʫʧʠ -ʆʅ, ʽʟ ʧʦʜʘʣʴʰʠʤ ʚʥʫʪʨʽʰʥʴʦ-

ʤʦʣʝʢʫʣʷʨʥʠʤ ʘʮʠʣʶʚʘʥʥʷʤ [158]. 
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ʎʠʢʣʽʟʘʮʽʻʶ ʝʩʪʝʨʽʚ ɓ-ʘʤʽʥʦʢʠʩʣʦʪ ʟʘ ʧʨʠʩʫʪʥʦʩʪʽ ʤʝʪʘʣʦʦʨʛʘʥʽʯʥʠʭ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʙʫʣʦ ʦʜʝʨʞʘʥʦ ɓ-ʣʘʢʪʘʤʠ ʧʝʚʥʦʾ ʙʫʜʦʚʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ 1-ʝʪʠʣ-2-
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ʤʝʪʠʣʘʟʝʪʠʜʠʥʦʥ (1.60) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʟʘʻʤʦʜʽʻ  ʁ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ ɓ-

ʝʪʠʣʘʤʽʥʦʤʘʩʣʷʥʦʾ ʢʠʩʣʦʪʠ (1.56) ʟ ʙʨʦʤʠʩʪʠʤ ʝʪʠʣʤʘʛʥʽʻʤ (1.57) [159]. 
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ʆʯʝʚʠʜʥʦ, ʜʘʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʪʘʜʽʶ ʟʘʤʽʱʝʥʥʷ ʘʢʪʠʚʥʦʛʦ 

ɻʽʜʨʦʛʝʥʫ ʚʪʦʨʠʥʥʦʾ ʘʤʽʥʦʛʨʫʧʠ ʟʘʣʠʰʢʦʤ MgBr. ʇʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʮʠʢʣʽʟʘʮʽʷ ʧʨʦʤʽʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (1.34) ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʢʣʘʜʥʦ ʝʩʪʝʨʥʦʶ 

ʛʨʫʧʦʶ [159]. ɓ-ʃʘʢʪʘʤʠ ʚʝʣʴʤʠ ʥʝʩʪʽʡʢʽ ʩʧʦʣʫʢʠ ʽ ʣʝʛʢʦ ʛʽʜʨʦʣʽʟʫʶʪʴ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʠʭʽʜʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ [159]. 

 

1.3.4. ʉʠʥʪʝʟ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ ʪʘ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ. 

 

1,4-ʍʽʥʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʪʠʧʦʚʽ Ŭ, ɓ-ʥʝʥʘʩʠʯʝʥʽ ʢʝʪʦʥʠ, ʾʭ ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʚ ʾʭʥʽʡ ʩʪʨʫʢʪʫʨʽ ʢʨʘʪʥʠʭ ʟʚôʷʟʢʽʚ 

 ̔ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ. ɺʦʥʠ ʣʝʛʢʦ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʽ ʷʢ ʥʝʥʘʩʠʯʝʥʽ ʩʧʦʣʫʢʠ 

ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ ʧʨʠʻʜʥʘʥʥʷ ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʦ ʩʠʩʪʝʤʠ ʧʦʜʚʽʡʥʠʭ 

ʟʚôʷʟʢʽʚ ʘʙʦ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ. ɼʣʷ ʧʨʠʢʣʘʜʫ: ʧʨʠ ʚʟʘʻʤʦʜʽʾ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

(1.12) ʟ ʭʣʦʨʦʤ ʧʨʠ ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʴ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ 

ʭʽʥʦʾʜʥʦʾ ʩʪʨʫʢʪʫʨʠ [160]. 
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ʄʦʣʝʢʫʣʘ 2,3-ʜʠʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (ɼʍʅʍ) (1.62) ʻ ʩʠʤʝʪʨʠʯʥʦʶ. 

ɺʽʜʧʦʚʽʜʥʦ ʘʪʦʤʠ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
2
 ʽ ʉ

3
 ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʧʦʟʠʪʠʚʥʽ 

ʟʘʨʷʜʠ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʛʫʩʪʠʥʦʶ ʥʘ ʛʨʘʥʠʯʥʠʭ 

ʦʨʙʽʪʘʣʷʭ, ʪʦʤʫ ʾʤ ʚʣʘʩʪʠʚʘ ʦʜʥʘʢʦʚʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ. ʅʘʷʚʥʽʩʪʴ 

ʩʠʣʴʥʦʛʦ ʽʥʜʫʢʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʘʪʦʤʽ ʍʣʦʨʫ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʠʡ 

ʝʣʝʢʪʨʦʥʥʠʡ ʜʝʬʽʮʠʪ ʥʘ ʘʪʦʤʽ ʂʘʨʙʦʥʫ, ʟ ʷʢʠʤ ʚʽʥ ʟʚ`ʷʟʘʥʠʡ, ʟʙʽʣʴʰʫʶʯʠ 

ʪʠʤ ʩʘʤʠʤ ʡʦʛʦ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʫ ʨʝʘʢʮʽʷʭ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ 

[161].  

ɿʘʛʘʣʦʤ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʘ ʍʣʦʨʫ ʚ ɼʍʅʍ (1.62) 

ʥʘ ʘʤʽʥʥʫ ʣʘʥʢʫ ʚʠʚʯʝʥʽ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʽ ʰʠʨʦʢʦ ʦʧʠʩʘʥʽ [162-169]. 

ɸʤʽʥʦʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʦʜʝʨʞʫʚʘʣʠ ʷʢ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ, ʪʘʢ ʽʟ 

ʘʣʽʬʘʪʠʯʥʠʤʠ ʘʤʽʥʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʆʜʥʘʢ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ, ʷʢʽ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʘʤʽʥʽʚ, ʥʝ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʘʤʽʥʦʢʠʩʣʦʪ. ɸʤʽʥʦʢʠʩʣʦʪʠ 

ʤʽʩʪʷʪʴ ʦʜʥʦʯʘʩʥʦ ʜʚʽ ʧʨʦʪʠʣʝʞʥʽ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʛʨʫʧʠ ï ʦʩʥʦʚʥʫ (-NH2) ʽ 

ʢʠʩʣʦʪʥʫ (-COOH), ʱʦ ʟʫʤʦʚʣʶʻ ʜʝʷʢʫ ʩʧʝʮʠʬʽʢʫ ʩʠʥʪʝʟʫ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (ʫʪʚʦʨʝʥʥʷ ʮʚʽʪʪʝʨ-ʽʦʥʫ). 

ɸʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʧʨʦʜʫʢʪʠ ʜʣʷ ʩʠʥʪʝʟʫ ʥʦʚʽʪʥʽʭ ʩʧʦʣʫʢ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʮʽʢʘʚʠʤʠ ʽʟ ʩʠʥʪʝʪʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ. 

ʅʫʢʣʝʦʬʽʣʴʥʽ ʨʝʘʛʝʥʪʠ, ʪʘʢʽ ʷʢ ʘʣʽʬʘʪʠʯʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚʩʪʫʧʘʶʪʴ ʚ 

ʚʟʘʻʤʦʜʽʶ ʽʟ 2,3-ʜʠʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʤ (1.62), ʟʘʤʽʱʫʶʯʠ ʦʜʠʥ ʘʪʦʤ 

ʍʣʦʨʫ. ɽʣʝʢʪʨʦʥʥʝ ʟʙʘʛʘʯʝʥʥʷ ʭʽʥʦʥʥʦʾ ʩʠʩʪʝʤʠ ʟʘʤʽʩʥʠʢʦʤ ʚʧʣʠʚʘʻ ʥʘ 

ʜʨʫʛʠʡ ʘʪʦʤ ʍʣʦʨʫ, ʟʥʠʞʫʶʯʠ ʡʦʛʦ ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʜʦ ʥʫʢʣʝʦʬʽʣʽʚ 

[170].  

ʆʧʠʩʘʥʦ ʩʠʥʪʝʟ Ŭ-ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (1.64 ʘ-ʞ) 

ʥʘ ʦʩʥʦʚʽ ɼʍʅʍ (1.62). ɼʣʷ ʚʚʝʜʝʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʟʘʣʠʰʢʫ ʚ ʤʦʣʝʢʫʣʫ 

ɼʍʅʍ (1.62) ʚʠʢʦʨʠʩʪʘʥʦ ʢʘʣʽʻʚʽ ʩʦʣʽ ʘʣʽʬʘʪʠʯʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ (1.63 ʘ-ʞ) 

[88], ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʠʟʢɹʦʶ ʥʫʢʣʝʦʬʽʣʴʥʽʩʪʶ ʚʽʣʴʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ [171-

173]. 
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   1.62                                 1.63 ʘ-ʞ                                                   1.64 ʘ-ʞ

EtOH / H2O

R= -CH2C6H5 (ʘ), -ʉH(CH3)2 (ʙ), -ʉʅ2ʉʅ(ʉʅ3)2 (ʚ), -(ʉʅ2)3ʉʅ3 (ʛ), -(ʉʅ2)Sʉʅ3 (ʜ),

 -(ʉʅ2)2ʉʆʆʅ (ʝ), -ʉʅ3 ( )̒, -ʉʅ2ʉʆʆʅ (ʞ).  

ʅʘʪʨʽʻʚʽ ʪʘ ʢʘʣʽʻʚʽ ʩʦʣ̔ 2-N-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʦʛʦ-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (1.67 ʘ-ʛ) ʦʪʨʠʤʫʚʘʣʠ ʚʟʘʻʤʦʜʽʻʶ ɼʍʅʍ (1.62) ʽʟ ʝʪʘʥʦʣʴʥʦ-ʚʦʜʥʠʤ 

ʨʦʟʯʠʥʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʘʤʽʥʦʢʠʩʣʦʪʠ ʪʘ ʢʘʣʽʶ ʛʽʜʨʦʢʩʠʜʫ [85]. 

ʉʭʝʤʘ 1.21 
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R= -CH3 (ʘ), -ʉH2-CH2- (ʙ), -(ʉʅ2)Sʉʅ3 (ʚ), -ʉʅ2ʉʅ2-ʉʅ2-NH-C=NH(NH2) (ʛ).  

ɺ̔ ʜʦʤʦ, ʱʦ ʚ ʤʦʣʝʢʫʣʽ 2-ʘʤʽʥʦʟʘʤʽʱʝʥʦʛʦ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʤʝʥʰʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʪʦʤʘ ʍʣʦʨʫ ʚ 

ʧʦʣʦʞʝʥʥʽ ʉ
3
, ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚ ʩʧʨʷʞʝʥʽʡ ʩʠʩʪʝʤʽ ʟʚôʷʟʢʽʚ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ [83].  

 

ɸʮʠʣʶʚʘʥʥʷʤ ʤʝʪʠʣʦʚʠʭ ʝʩʪʝʨʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (1.69 ʘ- )̒ ʘʥʛʽʜʨʠʜʦʤ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʦʜʝʨʞʘʥʦ N-ʘʮʠʣʴʦʚʘʥʽ 

ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (1.68 ʘ-ʝ). ɺ ʩʪʨʫʢʪʫʨʘʭ (1.70 ʘ-ʻ) ʘʪʦʤ ʂʘʨʙʦʥʫ ʚ 

ʧʦʣʦʞʝʥʥʽ ʉ
3
 ʟʜʦʙʫʚʘ ̒ʜʝʷʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʚʚʝʩʪʠ ʚ ʾʭ ʩʪʨʫʢʪʫʨʫ ʤʦʨʬʦʣʽʥʦʚʠʡ ʮʠʢʣ (1.71 ʘ-ʝ) [88]. 
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  1.68 ʘ-ʝ                                                                       1.69 ʘ-ʝ                                                               1.70 ʘ-ʝ

 R = -CH3 (ʘ), -ʉH2CH(CH3)2 (ʙ), -CH2C6H5 (ʚ),

        -(ʉʅ2)3ʉʅ3 (ʛ), -(ʉʅ2)2SCH3 (ʜ), -ʉʅ2ʉʅ(ʉʅ3)2 (ʝ).

1.71 ʘ-ʝ

 

ɿʘʚʜʷʢʠ ʙʽʬʫʥʮʽʦʥʘʣʴʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ ʾʭ ʧʦʭʽʜʥʽ ʥʘ ʦʩʥʦʚʽ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʚʦʣʦʜʽʶʪʴ ʜʚʦʤʘ ʨʝʘʢʮʽʡʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʱʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ 

ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ. 

 

1.4. ɺʠʩʥʦʚʢʠ. 

 

ɯʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ 

ʧʨʠʩʚʷʯʝʥʘ ʩʠʥʪʝʟʫ ʪʘ ʚʠʚʯʝʥʥʶ ʙʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʠʤʠ ʬʘʨʤʘʢʦʬʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʭʽʥʦʾʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʪʘʢʦʞ ʧʦʰʠʨʝʥʽʩʪʶ ʥʘʬʪʦʭʽʥʦʥʫ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɯ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʦʧʠʩʘʥʦ ʧʦʭʽʜʥʽ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ, ʚʩʝ ʱʝ, ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʘ ʦʙʣʘʩʪʴ ʥʝʚʽʜʦʤʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʚʝʜʫʯʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʫ ʩʠʥʪʝʟʽ ʪʘ ʚʠʚʯʝʥʥʽ ʥʦʚʠʭ 

ʢʣʘʩʽʚ ʧʦʪʝʥʮʽʡʥʦ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ [174]. 
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ʈʆɿɼɯʃ 2 

ʇʃɸʅʋɺɸʅʅʗ ʉʀʅʊɽɿʋ ɸʄɯʅʆʇʆʍɯɼʅʀʍ 1,4-ʅɸʌʊʆʍɯʅʆʅʋ 

 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʦ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʟʫʤʦʚʣʝʥʠʡ ʾʭ 

ʧʦʰʠʨʝʥʽʩʪ ʁ ʚ ʧʨʦʜʫʢʪʘʭ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɹʽʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ ʥʘʬʪʦʭʽʥʦʥʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ 

ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʘ ʩʘʤʝ ʚʽʜ ʾʭ ʘʣʢʽʣʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟʜʘʪʥʦʩʪʽ 

ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ 

ʟʘʤʽʩʥʠʢʽʚ ʚ ʧʦʣʦʞʝʥʥʷʭ ʉ
2
, ʉ

3
, ʉ

5
, ʪʘ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʦʜʽ 

ʚʦʥʠ ʜʽʶʪʴ ʟʘ ʜʚʦʤʘ ʪʠʧʘʤʠ ʨʝʘʢʮʽʡ: ʷʢ ʦʢʩʠʜʘʥʪ, ʚʩʪʫʧʘʶʯʠ ʚ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʽ ʧʨʦʮʝʩʠ; ʽ ʷʢ ʝʣʝʢʪʨʦʬʽʣ, ʫʪʚʦʨʶʶʯʠ ʢʦʚʘʣʝʥʪʥʽ ʟʚ'ʷʟʢʠ ʟ 

ʥʫʢʣʝʦʬʽʣʘʤʠ ʪʢʘʥʠʥ. ɿʘʚʜʷʢʠ ʮʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʟʜʘʪʥʽ ʜʽʷʪʠ ʥʘ ʨʝʛʫʣʷʪʦʨʥʽ ʙʽʣʢʠ, ʪʠʤ ʩʘʤʠʤ ʚʧʣʠʚʘʶʯʠ ʥʘ ʨʽʟʥʽ ʩʠʛʥʘʣʴʥʽ 

ʰʣʷʭʠ ʢʣʽʪʠʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ [175]. ʊʦʤʫ 

ʮʷ ʩʪʨʫʢʪʫʨʘ ʻ ʜʫʞʝ ʮʽʥʥʠʤ ʦʙô̒ ʢʪʦʤ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʥʦʚʠʭ 

ʧʦʪʝʥʮʽʡʥʦ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ. 

 

2.1.  ʂʦʤʧ`ʶʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ɺ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʽ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʭ ʣʽʢʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʩʥʫʶʯʠʭ ʬʽʟʠʯʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ɹʽʙʣʽʦʪʝʢʠ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʟʨʘʟʢʠ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʪʘʢʦʞ ʟ ʮʽʻʶ ʮʽʣʣʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʣʝʢʫʣʠ ʛʝʥʝʨʦʚʘʥ ̔

in silico [176], ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʥʦʚʠʭ 

ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ. 

ʇʦʰʫʢ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ ʢʽʣʴʢʘ ʢʨʠʪʝʨʽʾʚ: ʦʢʨʽʤ ʧʝʚʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʨʝʯʦʚʠʥʘ 

ʧʦʚʠʥʥʘ ʚʦʣʦʜʽʪʠ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʪʦʢʩʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʧʝʚʥʠʤʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [177].  
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ʂʦʤʧ'ʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ PASS ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʠʡ ʪʠʧ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ (ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 

ʚʽʜ 50 ʜʦ 1250 ɼʘ) ʥʘ ʦʩʥʦʚʽ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʬʦʨʤʫʣ. ʆʮʽʥʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʘʥʘʣʽʟʽ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʽʩʪʴ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʫ ʣʽʢʘʨʩʴʢʠʭ ʨʝʯʦʚʠʥ, ʥʘ ʨʽʟʥʠʭ 

ʩʪʘʜʽʷʭ ʢʣʽʥʽʯʥʠʭ ʽ ʜʦʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʽ ʩʧʦʣʫʢ, ʪʦʢʩʠʯʥʽʩʪʴ ʢʦʪʨʠʭ ʻ 

ʚʽʜʦʤʦʶ [178]. ʂʦʤʧ'ʶʪʝʨʥʠʡ ʧʨʦʛʥʦʟ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʷʢ ʜʣʷ ʚʽʜʦʤʠʭ, ʪʘʢ ʽ ʜʣʷ ʥʦʚʠʭ ʩʧʦʣʫʢ, ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʪʠ ʙʝʟʧʝʨʩʧʝʢʪʠʚʥʽ ʩʧʦʣʫʢʠ ʥʘ ʧʝʨʚʠʥʥʠʭ ʝʪʘʧʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʛʥʦʟ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪ̔ ʤʦʣʝʢʫʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ PASS ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʥʦʚʦʾ ʩʧʦʣʫʢʠ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʚʽʜʦʤʦʛʦ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʦʛʦ ʦʙ`ʻʢʪʘ ʽʟ ʙʘʟʠ ʜʘʥʠʭ PASS, ʢʦʪʨʘ 

ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʻʪʴʩʷ. ʆʪʞʝ ʘʢʪʠʚʥʽʩʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʩʧʦʣʫʢ [179].  

ʇʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʛʥʦʟʫ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʽ 

ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ ʽ ʤʝʭʘʥʽʟʤʠ ʜʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʜʽʶ ʦʨʛʘʥʽʯʥʦʾ 

ʩʧʦʣʫʢʠ ʟ ʙʽʦʣʦʛʽʯʥʠʤ ʦʙ'ʻʢʪʦʤ (ʪʝʩʪ ʩʠʩʪʝʤʠ ʘʙʦ ʪʽʣʘ ʧʘʮʽʻʥʪʘ), ʘ ʦʮʽʥʢʘ 

ʧʦʙʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚ ʦʩʥʦʚʥʽʡ ʤʽʨʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʣʽʥʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ. 

ʆʪʞʝ, ʧʨʦʛʥʦʟ ʦʩʥʦʚʥʠʭ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ 

ʦʨʛʘʥʽʯʥʦʾ ʩʧʦʣʫʢʠ ʥʝ ʻ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ. 

ʇʨʦʛʥʦʟ PASS Online ʧʝʨʝʜʙʘʯʘʻ ʙʽʣʴʰʝ ʥʽʞ 4000 ʚʠʜʽʚ ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʩ̔ʪɹ ʟ ʩʝʨʝʜʥʴʦʶ ʪʦʯʥʽʩʪʶ 95%, ʱʦ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʜʣʷ ʽʥʰʠʭ ʚʝʙ-

ʨʝʩʫʨʩʽʚ, ʷʢʽ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʶʪʴ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ [180], ʟʦʢʨʝʤʘ, ChemSpider, 

SuperPred ʽ DRAR-CPI [178].  

ʆʩʥʦʚʥʘ ʤʝʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʧʨʦʛʥʦʟʫ ʩʧʝʢʪʨʫ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʻ: ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʣʘʥʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʪʠʧʽʚ ʘʢʪʠʚʥʦʩʪʽ 

ʜʣʷ ʚʽʜʦʤʠʭ ʩʧʦʣʫʢ, ʽ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ ʽ ʨʠʟʠʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ. 
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ʄʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʛʨʘʤʫ PASS Online ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʥʫʚʘʥʥʷ 

ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

2.2.  ʌʘʨʤʘʢʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʧʝʨʝʜʙʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʨʝʩʫʨʩʫ PASS Online. 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʛʨʘʤʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ PASS ʦʪʨʠʤʫʶʪʴ ʜʚʘ 

ʧʦʢʘʟʥʠʢʠ: 

¶ ʈʘ (ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʾ ñʘʢʪʠʚʥʦʩʪʽò) ʦʮʽʥʶʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʣʝʞʠʪʴ ʜʦ ʧʽʜʢʣʘʩʫ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ 

(ʥʘʛʘʜʫʻ ʙʫʜʦʚʫ ʤʦʣʝʢʫʣ, ʢʦʪʨʽ ʚʭʦʜʷʪʴ ʜʦ ʛʨʫʧʠ "ʘʢʪʠʚʥʠʭ" ʚ ʙʘʟʽ ʜʘʥʥʠʭ 

PASS);  

¶ ʈ ̔ (ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʾ ñʥʝʘʢʪʠʚʥʦʩʪʽò) ʦʮʽʥʶʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʣʝʞʠʪʴ ʜʦ ʧʽʜʢʣʘʩʫ ʥʝʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ 

(ʥʘʛʘʜʫʻ ʙʫʜʦʚʫ ʤʦʣʝʢʫʣ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʛʨʫʧʠ "ʥʝʘʢʪʠʚʥʠʭ" ʚ ʙʘʟʽ ʜʘʥʥʠʭ 

PASS).  

ʏʠʤ ʙʽʣʴʰʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʥʘʯʝʥʥʷ ʈʘ ʽ ʯʠʤ ʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ ʈ,̔ ʪʠʤ ʙʽʣʴʰ ʡʤʦʚʽʨʥʝ ʚʠʷʚʣʝʥʥʷ ʜʘʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ [181]. ʇʦʢʘʟʥʠʢʠ ʈʘ ʚʚʘʞʘʶʪʴʩʷ ʚʠʩʦʢʦ ʜʦʩʪʦʚʽʨʥʠʤʠ ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʚʠʱʝ 70% [182]. 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʥʦʚʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʧʨʠʚʝʜʝʥ ̔ʚ 

ʪʘʙʣʠʮʽ 1. ɼʦ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʠ ʚʟʷʪʽ ʚʘʨʽʘʥʪʠ ʩʧʦʣʫʢ ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʟʘʤʽʩʥʠʢʽʚ ʚ ʧʦʣʦʞʝʥʥʷ ʉ
2
 ʽ ʉ

3
. ʊʘʢʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʙʫʣʠ: R1, R2 

ʪʘ X. 
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O
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R1X

O

O
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O

R2X
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ʊʘʙʣʠʮʷ 1 

 

ʍʽʤʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʧʨʦʛʨʘʤʦʶ PASS Online. 

 

 ̄ R1 R2 X 
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ʊʘʙʣʠʮʷ 2 

ɺʠʜʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʨʦʛʨʘʤʦʶ PASS. 

 

ʅʦʤʝʨʠ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ 

        ɸʥʘʣʝʧʪʠʢ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʡ 14ʘ                           

ɿʘʭʠʩʪ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ 2 3 13ʘ 13ʙ* 13ʚ* 13ʛ 13ʝ 13  ̒ 18ʛ 18ʜ         

ʃʽʢʫʚʘʥʥʷ ʟʘʧʘʣʝʥʥʷ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ 
6ʚ 6ʛ 8ʛ 9ʛ 13  ̒ 12ʻ 15ʘ 17ʛ 18ʛ           

ʃʽʢʫʚʘʥʥʷ ʦʙʣʠʩʽʥʥʷ 13ʛ                           

ʃʽʢʫʚʘʥʥʷ ʬʦʙʽʡ ʪʘ ʧʩʠʭʽʯʥʠʭ 

ʨʦʟʣʘʜʽʚ 
1* 2* 3* 4 6ʘ* 6ʜ 7ʘ* 7ʚ 7ʜ 8ʘ* 9ʘ 10ʘ 14ʘ 15ʘ 

ʇʽʜʢʠʩʣʶʚʘʯ  

(ʥʝ ʰʣʫʥʢʦʚʠʡ). 
13̒ *                           

ʇʦʜʨʘʟʥʝʥʥʷ ʦʯʝʡ. 

(ʥʝʘʢʪʠʚʥʠʡ) 
13ʚ                           

ʇʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 

ʤʝʤʙʨʘʥʠ 
13ʚ                           

ʇʨʦʪʠʧʫʭʣʠʥʥʘ ʜʽʷ 6ʜ 6 ̒ 10ʘ 10ʚ 14ʜ 15ʘ 15ʚ* 15ʜ* 17ʚ 17ʜ 18ʚ 18ʜ     

ʇʨʦʪʠʧʫʭʣʠʥʥʘ ʜʽʷ  

(ʨʘʢ ʢʦʣʦʨʝʢʪʘʣʴʥʠʡ) 
15ʚ                           

ʇʨʦʪʠʧʫʭʣʠʥʥʘ ʜʽʷ  

(ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ) 
15ʚ 17ʚ                         

ʇʨʦʪʠʩʠʙʦʨʝʡʥʘ 1 2 13ʝ                       

ʉʪʠʤʫʣʷʪʦʨ ʧʦʣʷʨʠʟʘʮʽʾ 16ʙ* 17ʘ* 17ʙ* 18ʘ 18ʙ*                   

ʉʪʠʤʫʣʷʪʦʨ ʬʫʥʢʮʽʾ ʥʠʨʦʢ  13̒  12ʻ                         
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ʉʧʝʢʪʨ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2 ʽ ʜʝʪʘʣʴʥʽ ʜʘʥʥʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2. 

 

ʈʠʩ. 2. ʉʧʝʢʪʨ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʜʽʾ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʧʨʦʛʨʘʤʦʶ PASS. 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 2, ʱʦ ʩʧʦʣʫʢʠ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2, ʤʦʞʫʪʴ ʤʘʪʠ 4 

ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʟʘʭʠʩʪ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ; ʣʽʢʫʚʘʥʥʷ 

ʟʘʧʘʣʝʥʥʷ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ; ʣʽʢʫʚʘʥʥʷ ʬʦʙʽʡ ʪʘ ʧʩʠʭʽʯʥʠʭ ʨʦʟʣʘʜʽʚ; 

ʧʨʦʪʠʧʫʭʣʠʥʥʘ ʜʽʷ. 

ɺʩʽ ʩʧʦʣʫʢʠ ʤʘʣʠ ʧʦʢʘʟʥʠʢ Pa>0.7, ʘ ʜʝʷʢʽ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʽ (ʧʦʟʥʘʯʝʥʽ ï *) 

ʤʘʣʠ ʧʦʢʘʟʥʠʢ Pa>0.8. ʊʘʢʽ ʩʧʦʣʫʢʠ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘʡʙʽʣʴʰʦʾ ʫʚʘʛʠ ʷʢ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʩʠʥʪʝʟʫ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ. 
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2.3. ʄʝʭʘʥʽʟʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʧʝʨʝʜʙʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʨʝʩʫʨʩʫ PASS Online. 

 

ʑʦʙ ʟʨʦʟʫʤʽʪʠ ʚʠʷʚʣʝʥʫ ʬʘʨʤʘʢʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ 

ʤʦʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ ʜʽʾ ʩʧʣʘʥʦʚʘʥʠʭ ʜʣʷ ʩʠʥʪʝʟʫ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

ʊʘʢʫ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʘʶʪʴ ʧʦʟʨʘʭʫʥʢʠ ʟʘ ʧʨʦʛʨʘʤʦʶ PASS.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 3-6 (ɼʠʚ. ʚ ʜʦʜʘʪʢʘʭ ɹ, ʩʪʦʨ. 

181-184). 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 3-5. 
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IgA-ʩʧʝʮʠʬʽʯʥʠʡ ʽʥʛʽʙʽʪʦʨ ʩʝʨʠʥ ʝʥʜʦʧʝʧʪʠʜʘʟʠ

ɿʘʭʠʩʪ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ

ɯʥʛʽʙʽʪʦʨ 3-ʛʽʜʨʦʢʩʠʙʝʥʟʦʘʪ 6-ʤʦʥʦʦʢʩʠʜʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʠ(ʘʢʮʝʧʪʦʨ)

ɯʥʛʽʙʽʪʦʨ ʢʽʥʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥʠ

ɯʥʛʽʙʽʪʦʨ ʪʝʪʨʘʛʽʜʨʦʢʩʠʥʘʬʪʘʣʝʥ ʨʝʜʫʢʪʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʭʣʦʨʜʝʢʦʥ ʨʝʜʫʢʪʘʟʠ

ʉʫʙʩʪʨʘʪ ʜʣʷ CYP2ʉ12

ʉʧʦʣʫʢʠ 1-10

1 2 3 4 5 6ʚ 6ʛ7ʚ 7ʛ8ʚ 8ʛ8ʞ 9ʚ 10ʘ10ʙ10ʚ10ʛ10ʜ

 

ʈʠʩ. 3. ʄʝʭʘʥʽʟʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʩʧʦʣʫʢ 1 ï 10. 
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IgA-ʩʧʝʮʠʬʽʯʥʠʡ ʽʥʛʽʙʽʪʦʨ ʩʝʨʠʥ ʝʥʜʦʧʝʧʪʠʜʘʟʠ

ɿʘʭʠʩʪ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ

ɯʥʛʽʙʽʪʦʨ 3-ʛʽʜʨʦʢʩʠʙʝʥʟʦʘʪ 6-ʤʦʥʦʦʢʩʠʜʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʠ(ʘʢʮʝʧʪʦʨ)

ɯʥʛʽʙʽʪʦʨ ʢʽʥʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥʠ

ɯʥʛʽʙʽʪʦʨ ʪʝʪʨʘʛʽʜʨʦʢʩʠʥʘʬʪʘʣʝʥ ʨʝʜʫʢʪʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʭʣʦʨʜʝʢʦʥ ʨʝʜʫʢʪʘʟʠ

ʉʫʙʩʪʨʘʪ ʜʣʷ CYP2ʉ12

ʉʧʦʣʫʢʠ 11-13

11ʘ11ʙ11ʚ11ʛ11ʜ11ʝ11 1̒2ʘ12ʙ12ʚ12ʛ12ʜ12ʝ12 1̒3ʘ13ʙ13ʚ13ʛ13ʜ13ʝ13ʻ

 

ʈʠʩ. 4. ʄʝʭʘʥʽʟʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʩʧʦʣʫʢ 11 ï 13.  
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IgA-ʩʧʝʮʠʬʽʯʥʠʡ ʽʥʛʽʙʽʪʦʨ ʩʝʨʠʥ ʝʥʜʦʧʝʧʪʠʜʘʟʠ

ɿʘʭʠʩʪ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ

ɯʥʛʽʙʽʪʦʨ 3-ʛʽʜʨʦʢʩʠʙʝʥʟʦʘʪ 6-ʤʦʥʦʦʢʩʠʜʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʠ(ʘʢʮʝʧʪʦʨ)

ɯʥʛʽʙʽʪʦʨ ʢʽʥʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥʠ

ɯʥʛʽʙʽʪʦʨ ʪʝʪʨʘʛʽʜʨʦʢʩʠʥʘʬʪʘʣʝʥ ʨʝʜʫʢʪʘʟʠ

ɯʥʛʽʙʽʪʦʨ ʭʣʦʨʜʝʢʦʥ ʨʝʜʫʢʪʘʟʠ

ʉʫʙʩʪʨʘʪ ʜʣʷ CYP2ʉ12

ʉʧʦʣʫʢʠ 14-18

14ʘ14ʙ14ʚ14ʛ14ʜ15ʙ15ʚ15ʛ15ʜ16ʘ16ʙ16ʚ17ʙ17ʚ18ʘ18ʙ18ʚ

 

ʈʠʩ. 5. ʄʝʭʘʥʽʟʤʠ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʩʧʦʣʫʢ 14 ï 18.  
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2.4. ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 2-N-R-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ. 

 

ɿʛʽʜʥʦ ʜʘʥʠʭ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ PASS 2-ʘʤʽʥʦ-

ʢʠʩʣʦʪʦʟʘʤʽʱʝʥʽ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʠ (1-3) ʚʦʣʦʜʽʶʪʴ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ 

ʽʥʛʽʙʽʪʦʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʬʝʨʤʝʥʪʽʚ, ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʧʨʦʷʚʣʷʪʠ ʧʩʠʭʦʪʨʦʧʥʫ ʜʽʶ ʪʘ ʽʥ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ PASS ʧʦʢʘʟʘʚ, ʱʦ ʘʤʽʜʠ ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʠ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (6-7 ʘ-ʞ) ʪʘ (9-10 ʘ-ʜ) ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʟʥʘʯʥʦ ʚʫʞʯʠʤ ʩʧʝʢʪʨʦʤ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʾʭ ʧʦʧʝʨʝʜʥʠʢʘʤʠ 2-

ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʤʠ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʘʤʠ (1-3), ʘʣʝ ʩʧʦʣʫʢʠ ʢʦʪʨʽ 

ʤʽʩʪʷʪʴ ʫ ʩʚʦʾʡ ʩʪʨʫʢʪʫʨʽ ʪʘʢʽ ʬʘʨʤʘʢʦʬʦʨʠ, ʷʢ ʤʦʨʬʦʣʽʥ, ʜʽʝʪʠʣʘʤʽʥ ʪʘ 

ʙʫʪʠʣʘʤʽʥ, ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʽ ʧʦʪʨʝʙʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʈʘ>0.7 ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ PASS ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚ ʪʘʙʣʠʮʷʭ 3, 4 (ɼʠʚ. ʜʦʜʘʪʦʢ ɹ, ʩʪʦʨ. 181, 182). 

 

2.5. ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 2-R-3-ʘʤʽʥʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ. 

 

ɿʛʽʜʥʦ ʜʘʥʠʭ PASS, ʧʨʦʛʥʦʟʦʚʘʥʘ ʙʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ ʽʟ 

ʬʨʘʛʤʝʥʪʦʤ ʝʢʨʘʥʦʚʘʥʦʛʦ ʬʝʥʦʣʫ (11 ʘ- )̒ ʪʘ (18 ʘ-ʜ) ʚʢʣʶʯʘʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʷʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʪʘʢʦʞ ʮʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʚʦʣʦʜʽʪʠ ʡ ʽʥʰʠʤʠ 

ʬʽʟʽʦʣʦʛʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʰʣʷʭʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʛʽʜʥʦ ʜʘʥʠʭ PASS ʫʩʽ ʩʧʦʣʫʢʠ ʨʷʜʫ 2-(9H-ʢʘʨʙʘʟʦʣʽʣ-9)-3-

ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (12 ʘ- )̒ ʪʘ 2-ʧʽʨʦʣʽʜʦʥ-3-ʘʤʽʥʦ-

ʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (13 ʘ- )̒, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʡ ʚʠʭʽʜʥʘ (5) ʽʟ 

ʡʤʦʚʽʨʥʽʩʪʶ 90-79% ʻ ʽʥʛʽʙʽʪʦʨʘʤʠ (ʘʢʪʝʧʪʦʨʘʤʠ) ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʠ.  

ɼʣʷ ʜʝʷʢʠʭ ʙʘʢʪʝʨʽʡ (ʥʘʧʨʠʢʣʘʜ: ʧʩʝʚʜʦʤʦʥʘʜʠ, ʢʣʦʩʪʨʠʜʽʾ ʪʦʱʦ) ʰʣʷʭ 

ʦʜʝʨʞʘʥʥʷ ʝʥʝʨʛʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʦʟʱʝʧʣʝʥʥʽ ʛʣʶʢʦʟʠ ʜʦ ʛʣʶʢʦʥʘʪʫ. ʇʽʜ ʜʽʻʶ 
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ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʠ ʛʣʶʢʦʥʘʪ ʦʢʠʩʥʁ ʻʪʴʩʷ ʜʦ 2-ʢʝʪʦʛʣʶʢʦʥʘʪʫ, ʷʢʠʡ 

ʢʘʪʘʙʦʣʽʟʫʻʪʴʩʷ ʜʘʣʽ ʟʘ ʰʣʷʭʦʤ ɽʥʪʝʨʘ-ɼʫʜʦʚʘ (ʈʠʩ. 6) [183].  

 

ʌʝʨʤʝʥʪʠ: 1 - ʅɸɼ(ʌ)-ʟʘʣʝʞʥʘ ʛʣʶʢʦʟʦʜʝʛʽʜʨʦʛʝʥʘʟʘ; 

2 ï ʛʣʶʢʦʥʦʢʽʥʘʟʘ; 

3 ï ʅɸɼ(ʌ)-ʟʘʣʝʞʥʘ ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʘ; 

4 ï 2-ʢʝʪʦʛʣʶʢʦʥʦʢʽʥʘʟʘ; 

5 ï 2-ʢʝʪʦ-6-ʬʦʩʬʦʛʣʶʢʦʥʘʪʨʝʜʫʢʪʘʟʘ. 

ʈʠʩ. 6. ʐʣʷʭ ʤʝʪʘʙʦʣʽʟʤʫ ʛʣʶʢʦʟʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ. 

 

ʎʝʡ ʰʣʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʚ ʧʨʠʨʦʜʽ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ ʛʨʘʤʧʦʟʠʪʠʚʥʠʭ ʽ ʛʨʘʤʥʝʛʘʪʠʚʥʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʪʘʢʦʞ ʜʝʷʢʠʤʠ 

ʘʨʭʝʷʤʠ ʽ ʥʘʚʽʪʴ ʜʝʷʢʠʤʠ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʝʫʢʘʨʽʦʪʘʤʠ [184]. ɺʽʜʧʦʚʽʜʥʦ, 

ʽʥʛʽʙʫʚʘʥʥʷ ʛʣʶʢʦʥʘʪ 2-ʜʝʛʽʜʨʦʛʝʥʘʟʠ ʤʘʻ ʟʛʫʙʥʠʡ ʚʧʣʠʚ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ [185]. ɸ, ʦʪʞʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʽʥʪʝʨʝʩ ʩʢʣʘʜʘʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

ʉʪʨʫʢʪʫʨʠ 2-ʧʨ̔ʦʣʽʜʦʥ-3-ʘʤʽʥʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʠ (14 ʘ-ʜ) ʪʘ (9H-

ʢʘʨʙʘʟʦʣʽʣ-9)-3-ʘʤʽʥʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʠ (15 ʘ-ʜ) ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʚʦʣʦʜʽʶʪʴ ʽʥʛʽʙʽʪʦʨʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʬʝʨʤʝʥʪʽʚ ʪʘ 

ʨʝʮʝʧʪʦʨʽʚ, ʘʥʪʠʤʽʢʨʦʙʥʦʶ ʪʘ ʧʨʦʪʠʨʘʢʦʚʦʶ ʘʢʪʠʚʥʦʩʪʷʤʠ. ɸ ʦʢʨʝʤʽ 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʜʘʥʦʾ ʛʨʫʧʠ ʩʧʦʣʫʢ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ ʘʥʘʣʝʧʪʠʯʥʫ ʜʽʶ 

(ʚʽʜʥʦʚʣʶʶʪʴ ʦʩʣʘʙʣʝʥʫ ʬʫʥʢʮʽʶ ʮʝʥʪʨʽʚ ʜʦʚʛʘʩʪʦʛʦ ʤʦʟʢʫ ʽ ʩʝʨʮʷ). 

ɹʽʦʣʦʛʽʯʥʠʡ ʝʬʝʢʪ ʪʽʦʩʝʯʦʚʠʥ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (16-18 ʘ-ʜ) ʟʛʽʜʥʦ ʜʘʥʥʠʭ 

PASS Online (ʊʘʙʣ. 5, 6, ʜʦʜʘʪʦʢ ɹ, ʩʪʦʨ. 183, 184) ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʽʥʛʽʙʫʚʘʥʥʷ 
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ʧʨʦʥʠʢʥʦʩʪʽ ʤʝʤʙʨʘʥ, ʧʨʦʪʠʨʘʢʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʠʤʫʣʷʮʽʶ ʧʦʣʷʨʠʟʘʮʽʾ ʚ 

ʢʣʽʪʠʥʘʭ, ʪʦʙʪʦ ʜʘʥʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʛʨʘʜʽʻʥʪʠ ʥʘ 

ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʢʣʽʪʠʥʠ [186]. 

 

2.6. ʈʦʟʨʘʭʫʥʦʢ ʤʦʣʝʢʫʣʷʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 2-ʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-

1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ. 

 

ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʭʽʤʽʷ - ʨʦʟʜʽʣ ʭʽʤʽʾ, ʚ ʷʢʦʤʫ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʦʣʝʢʫʣʷʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʤʦʣʝʢʫʣ, ʧʣʘʥʫʚʘʥʥʷ ʩʠʥʪʝʟʫ, ʧʦʰʫʢʫ ʚ ʙʘʟʘʭ ʜʘʥʠʭ ʪʘ ʦʙʨʦʙʢʠ 

ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʙʽʙʣʽʦʪʝʢ [187, 188]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ʤʦʜʝʣʶʚʘʥʥʷ) ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʭʽʤʽʾ, ʪʠʤ ʩʘʤʠʤ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʦʛʥʦʟ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʦʣʝʢʫʣʷʨʥʦʾ ʯʘʩʪʠʥʢʠ ʘʙʦ ʞ ʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ ʟʛʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʥʠʭ. 

ɺ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʭʽʤʽʾ ʬʫʥʢʮʽʷ ʌʫʢʫʾ ʘʙʦ ʬʫʥʢʮʽʷ ʛʨʘʥʠʯʥʠʭ ʦʨʙʽʪʘʣʝʡ ʻ 

ʬʫʥʢʮʽʻʶ, ʷʢʘ ʦʧʠʩʫʻ ʱʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʛʨʘʥʠʯʥʠʭ ʦʨʙʽʪʘʣʷʭ, ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʥʝʚʝʣʠʢʦʾ ʟʤʽʥʠ ʚ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ [189]. ʌʫʥʢʮʽʷ ʌʫʢʫʾ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʜʙʘʯʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʦʨʽʶ ʬʫʥʢʮʽʦʥʘʣʘ ʱʽʣʴʥʦʩʪʽ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʽ ʥʫʢʣʝʦʬʽʣʴʥʽ ʜʽʣʷʥʢʠ ʤʦʣʝʢʫʣʠ [190]. 

ʊʘʢ ʷʢ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʠʥʪʝʟʫ ʘʤʽʥʦʥʘʬʪʦʭʽʥʦʥʽʚ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʘʢʮʽʡ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ 1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ, ʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ, ʢʦʪʨʽ ʣʝʛʢʦ ʚʽʜʱʝʧʣʶʶʪʴʩʷ (-Cl, -OCH3 ʪʘ ʽʥ.), ʻ ʧʨʦʪʽʢʘʥʥʷ ʧʦʙʽʯʥʠʭ 

ʨʝʘʢʮʽʡ, ʟʫʤʦʚʣʝʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ (ʪʨʠʝʪʠʣʘʤʫ, ʧʽʨʠʜʠʥʫ, 

ʢʘʨʙʦʥʘʪʫ ʢʘʣʽʶ ʪʘ ʽʥ.). ʗʢ ʨʝʟʫʣʴʪʘʪ ʦʧʪʠʤʘʣʴʥʽ ʚʠʭʦʜʠ ʮʽʣʴʦʚʠʭ ʩʪʨʫʢʪʫʨ, 2-

ʘʤʽʥʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ, ʩʪʘʥʦʚʣʷʪʴ 30-60% [191]. 
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ʊʦʤʫ ʙʫʣʦ ʚʘʞʣʠʚʠʤ, ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʟʜʽʡʩʥʝʥʥʷ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢ̔ ʚ ʝʣʝʢʪʦʬʽʣʴʥʦʩʪʽ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʚ 

ʧʦʣʦʞʝʥʥʽ ʉ
3
 ʫ ʤʦʣʝʢʫʣʽ 2-ʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ. ʈʦʟʨʘʭʫʥʦʢ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʩʘʤʝ ʝʣʝʢʪʨʦʬʽʣʴʥʦʩʪʽ, ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʠ Schrºdinger ʥʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ, ʬʘʨʤʘʮʽʾ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè. 

ʆʩʥʦʚʥʠʤʠ ʦʙ`ʻʢʪʘʤʠ ʭʽʤʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʙʫʣʦ ʦʙʨʘʥʦ: [(3-ʭʣʦʨʦ-1,4-

ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ (2.1); 3-[(3-ʭʣʦʨʦ-1,4-

ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘʥʦʚʘ ʢʠʩʣʦʪʘ (2.2); 4-[(3-ʭʣʦʨʦ-1,4-

ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʙʫʪʘʥʦʚʘ ʢʠʩʣʦʪʘ (2.3); 1,4-ʙʽʩ(3-ʭʣʦʨʦ-

1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʧʽʧʝʨʘʟʠʥ-2,5-ʜʽʦʥ (2.4); 2-(2-ʦʢʩʦʧʽʨʦʣʽʜʠʥʽʣ-

1)-3-ʭʣʦʨʦ-ʥʘʬʪʘʣʝʥ-1,4-ʜʽʦʥ (2.5); 2-(9H-ʢʘʨʙʘʟʦʣʽʣ-9)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦ-

ʭʽʥʦʥʫ (2.6); 3-ʭʣʦʨʦ-2-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-1,4-ʥʘʬʪʦ-

ʭʽʥʦʥ (2.7). 
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ɿʛʽʜʥʦ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʾ 

ʘʤʽʥʦʛʨʫʧʠ ʙʽʣʷ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
2
 ʟʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʣʴʥʦʩʪʽ 

ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
3
, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʝʣʝʢʨʦʥʦ-ʜʦʥʦʨʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʝʘʮʠʣʴʦʚʘʥʦʾ ʘʤʽʥʦʛʨʫʧʠ.  
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ɼʣʷ ʧʨʠʢʣʘʜʫ: ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʾ 

ʘʤʽʥʦʛʨʫʧʠ ʙʽʣʷ ʧʦʣʦʞʝʥʥʷ ʉ
2
, ʚ ʩʧʦʣʫʢʘʭ (2.1-2.3) ʟʫʤʦʚʣʶʻ ʟʥʠʞʝʥʥʷ 

ʝʣʝʢʪʨʦʬʽʣʴʥʦʩʪʽ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
3
, ʘʣʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʘʮʠʣʴʦʚʘʥʦʾ 

ʘʤʽʥʦʛʨʫʧʠ (ʩʧʦʣʫʢʠ 1.70 ʘ, 2.4 ʪʘ 2.5) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʮʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 
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2.6                                                      2.7  

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʪʦʤʘ ʂʘʨʙʦʥʫ 

ʚ ʧʦʣʦʞʝʥʥʽ ʉ
3
 ʩʧʦʣʫʢ (2.1-2.3), (2.4), (2.5), (2.6) ʪʘ (2.7) ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 2-ʧʨ̔ʦʣʽʜʦʥ-3-

ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.5), 2-(9H-ʢʘʨʙʘʟʦʣʽʣ-9)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.6) 

ʪʘ 2-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʽʜʨʦʢʩʠʬʝʥʽʣ)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.7). 

 

2.7. ɺʠʩʥʦʚʢʠ. 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʝʙ-ʨʝʩʝʨʩʫ PASS Online 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʯʠʩʣʘ ʟʘʧʣʘʥʦʚʘʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʽʟ ʘʤʽʥʥʦʶ ʣʘʥʢʦʶ 

ʻ ʯʠʤʘʣʦ ʩʪʨʫʢʪʫʨ ʥʘʜʽʣʝʥʠʭ ʨʽʟʥʠʤʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɸ, 

ʚʽʜʧʦʚʽʜʥʦ ʮʝ ʚʢʘʟʫʻ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʘʤʽʥʦʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ ʜʘʥʦʛʦ ʪʠʧʫ ʟʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʨʦʙʦʪʠ. 

ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ 2-ʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-

1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ, ʟ ʭʦʨʦʰʠʤʠ ʚʠʭʦʜʘʤʠ 

ʙʘʞʘʥʠʭ ʩʪʨʫʢʪʫʨ ʟʛʽʜʥʦ ʧʦʙʫʜʦʚʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 
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ʈʆɿɼɯʃ 3 

ʉʀʅʊɽɿ 2-N-R-3-ʍʃʆʈʆ-1,4-ʅɸʌʊʆʍɯʅʆʅɯɺ 

 

3.1. ʉʠʥʪʝʟ 2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ. 

 

ɼʣʷ ʚʚʝʜʝʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʟʘʣʠʰʢʫ ʚ ʤʦʣʝʢʫʣʫ ɼʍʅʍ (1.62) ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʦʤʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ 2-N-ʢʘʨʙʦʢʩʠʘʣʢʽʣʘʤʽʥʦ-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʽʚ (2.1-2.3), ʟʛʽʜʥʦ ʷʢʦʾ, ʧʝʨʰʦʯʝʨʛʦʚʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʦʜʥʽ 

ʨʦʟʯʠʥʠ ʩʦʣʝʡ ʘʤʽʥʦʢʠʩʣʦʪ ʚʟʘʻʤʦʜʽʻʶ ʘʤʽʥʦʢʠʩʣʦʪ (3.1-3.3) ʽʟ ʢʘʨʙʦʥʘʪʦʤ 

ʢʘʣʽʶ, ʧʽʩʣʷ ʯʦʛʦ ʾʭ ʧʽʜʜʘʚʘʣʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ɼʍʅʍ (1.62) ʚ ʩʫʤʽʰʽ ʩʧʠʨʪʫ ʪʘ ʚʦʜʠ. 

ʂʘʣʽʻʚʽ ʩʦʣʽ 2-N-R-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʥʝʡʪʨʘʣʽʟʫʚʘʣʠ 10% ʨʦʟʯʠʥʦʤ 

ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʆʜʝʨʞʘʥʽ ʘʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) 

ʦʯʠʱʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʽʟ ʝʪʘʥʦʣʫ [88].  
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1.62                            3.1 - 3.3                                                                            2.1 - 2.3

5 ʛʦʜ, 70oC

1. EtOH/H2O, K2CO3; 2. 10% HCl
NH2-R-COOH

R = -CH2- (3.1; 2.1), -CH2-CH2- (3.2; 2.2), -CH2-CH2-CH2- (3.3; 2.3).  

ʊʝʨʤʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) ʧʨʦʚʝʜʝʥʦ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʽ Q-1500D ʩʠʩʪʝʤʠ çPaulik-

Paulik-Erdeyè ʟ ʨʝʻʩʪʨʘʮʽʻʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚʪʨʘʪʠ ʤʘʩʠ ʪʘ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʘ.  

ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʽ ʢʨʠʚʽ (TG), ʷʢʽ ʧʨʠʩʫʪʥʽ ʥʘ ʪʝʨʤʦʛʨʘʤʘʭ, 

ʧʦʢʘʟʫʶʪʴ ʚʪʨʘʪʫ ʤʘʩʠ ʟʨʘʟʢʽʚ ʧʨʠ ʥʘʛʨʽʚʘʥʥ;̔ ʜʠʬʝʨʝʥʮʽʡʥʽ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʽ ʢʨʠʚʽ (DTG) ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʚʪʨʘʪʠ 

ʤʘʩʠ ʟʨʘʟʢʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ; ʘ ʢʨʠʚʠʤ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

(DTA) ʚʽʜʧʦʚʽʜʘʻ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʟʨʘʟʢʦʤ ʽ 

ʝʪʘʣʦʥʦʤ (Al 2O3) ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 
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ʈʠʩ. 7. ʊʝʨʤʦʛʨʘʤʘ 3-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘ-

ʥʦʚʦʾ ʢʠʩʣʦʪʠ (2.2) ʦʪʨʠʤʘʥʦʾ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʚ ʩʭʝʤʽ 3.1. 

 

ʅʘ ʪʝʨʤʦʛʨʘʬʽʯʥʽʡ ʢʨʠʚʽʡ ʪʝʨʤʦʛʨʘʤʠ 3-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-

ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘʥʦʚʦʾ ʢʠʩʣʦʪʠ (2.2), ʦʜʝʨʞʘʥʦʾ ʟʘ ʤʝʪʦʜʠʢʦʶ 

ʦʧʠʩʘʥʦʶ ʚ ʩʭʝʤʽ 3.1, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʧʽʢʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʦʜʥʽʻʾ 

ʜʦʤʽʰʢʠ, ʢʨʽʤ ʦʩʥʦʚʥʦʾ ʩʧʦʣʫʢʠ (ʈʠʩ. 7). 

ɼʣʷ ʩʠʥʪʝʟʫ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʘʣʽʻʚʽ ʩʦʣʽ ʘʤʽʥʦʢʠʩʣʦʪ (ʉʭʝʤʘ 3.1). ʃʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʩʪʚʦʨʝʥʝ ʽʦʥʘʤʠ ʢʘʣʽʶ, ʡʤʦʚʽʨʥʦ, ʻ ʧʨʠʯʠʥʦʶ ʧʝʨʝʙʽʛʫ ʧʦʙʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʫʪʚʦʨʝʥʘ ʜʦʤʽʰʢʘ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʽʚ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʟʜʽʡʩʥʝʥʥʶ ʧʦʜʘʣʴʰʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʗʢ ʚʽʜʦʤʦ, ʬʦʨʤʘ ʽʩʥʫʚʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪ ʫ ʨʦʟʯʠʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʨʽʚʥʦʚʘʞʥʠʭ ʬʦʨʤ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ pH ʩʝʨʝʜʦʚʠʱʘ [157, 192]. 

ɸʤʽʥʦʢʠʩʣʦʪʠ - ʘʤʬʦʪʝʨʥʽ ʩʧʦʣʫʢʠ, ʦʩʢʽʣʴʢʠ ʜʦ ʩʢʣʘʜʫ ʾʭ ʤʦʣʝʢʫʣʠ ʚʭʦʜʠʪʴ, ʷʢ 

ʢʠʩʣʦʪʥʘ - ʢʘʨʙʦʢʩʠʣʴʥʘ ʛʨʫʧʘ, ʪʘʢ ʽ ʦʩʥʦʚʥʘ - ʘʤʽʥʦʛʨʫʧʘ. ʋ ʩʠʣʴʥʦʢʠʩʣʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʢʘʨʙʦʢʩʠʣʴʥʘ ʛʨʫʧʘ ʥʝ ʜʠʩʦʮʽʶʻ, ʘ ʘʤʽʥʦʛʨʫʧʘ ʻ ʧʨʦʪʦʥʦʚʘʥʘ. 

ʅʘʚʧʘʢʠ, ʚ ʩʠʣʴʥʦʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʘʤʽʥʦʛʨʫʧʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʦʾ 

ʦʩʥʦʚʠ, ʘ ʢʘʨʙʦʢʩʠʣʴʥʘ ʛʨʫʧʘ - ʫ ʚʠʛʣʷʜʽ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʽʦʥʫ. ʋ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʞ 
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ʩʪʘʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʮʚʽʪʪʝʨ-ʽʦʥʫ, ʜʝ ʧʨʦʪʦʥ ʟ ʢʘʨʙʦʢʩʠʣʴʥʦʾ 

ʛʨʫʧʠ ʧʝʨʝʥʝʩʝʥʦ ʥʘ ʘʤʽʥʦʛʨʫʧʫ [193]. 

ʉʭʝʤʘ 3.2 
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ɸʥʽʦʥʥʘ ʬʦʨʤʘ                    ʎʚʽʪʪʝʨ-ʽʦʥ                      ʂʘʪʽʦʥʥʘ ʬʦʨʤʘ 

 

ɺ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ, ʥʘʤʠ ʧʽʜʽʙʨʘʥʦ ʪʘʢʽ ʫʤʦʚʠ ʩʠʥʪʝʟʫ, ʜʝ 

ʧʝʨʝʙʽʛ ʩʪʦʨʦʥʥʽʭ ʨʝʘʢʮʽʡ ʟʚʝʜʝʥʦ ʜʦ ʤʽʥʽʤʫʤʫ, ʘ ʥʝʦʙʭʽʜʥʝ ʣʫʞʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʩʪʚʦʨʝʥʦ ʨʦʟʯʠʥʥʠʢʦʤ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʦʤ (ɼʄʉʆ). 

ɺʟʘʻʤʦʜʽʶ ɼʍʅʍ (1.62) ʟ ʘʤʽʥʦʢʠʩʣʦʪʘʤʠ (3.1-3.3) ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʽʚʽ 

(70
ʦ
ʉ) ʚ ʩʠʩʪʝʤʽ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ:ʚʦʜʘ (5:1). ɿʘ ʨʘʭʫʥʦʢ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʦʜʠ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʦʩʘʜʞʝʥʥʷ ɼʍʅʍ (1.62), ʱʦ 

ʟʘʙʝʟʧʝʯʠʣʦ ʛʦʤʦʛʝʥʥʽʩʪʴ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ. ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʨʝʘʢʮʽʡʥʠʡ 

ʯʘʩ ʙʫʣʦ ʩʢʦʨʦʯʝʥʦ ʜʦ 1 ʛʦʜ ʽ ʦʜʝʨʞʘʥʦ ʘʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

(2.1-2.3).  

ʉʭʝʤʘ 3.3 
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R= -CH2- (3.1; 2.1), -CH2-CH2- (3.2; 2.2), -CH2-CH2-CH2- (3.3; 2.3).

3.1 - 3.3                     3.4 2.1 - 2.3                                     3.5

DMSO/ʅ2ʆ
+

57% (2.1); 60% (2.2); 64% (2.3).

 

ɺ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʩʠʥʪʝʟʫ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.1-

2.3) ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʞʦʜʥʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʙʘʞʘʥʽ ʩʪʨʫʢʪʫʨʠ ʙʫʣʠ 

ʦʜʝʨʞʘʥ ̔ ʽʟ ʭʦʨʦʰʠʤʠ ʚʠʭʦʜʘʤʠ ʽ ʥʝ ʧʦʪʨʝʙʫʚʘʣʠ ʦʯʠʩʪʢʠ. ɺʽʜʦʤʦ, ʱʦ 

ʟʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ɼʄʉʆ (3.4) ʽʟ ʩʠʣʴʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʢʠʩʣʦʪʘʤʠ ʫʪʚʦʨʶʻ ʩʦʣʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʪʫʧʘʻ ʘʢʮʝʧʪʦʨʦʤ HCl 

ʚ ʜʘʥʦʤʫ ʩʠʥʪʝʟʽ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʥʘʛʨʽʚʽ ʜʘʥʘ ʩʽʣʴ (3.5) ʨʦʟʧʘʜʘʻʪʴʩʷ ʽʟ 

ʫʪʚʦʨʝʥʥʷʤ ʪʽʦʝʪʝʨʫ, ʚʦʜʠ ʪʘ ʭʣʦʨʫ [194].  
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ʈʠʩ. 8. ʊʝʨʤʦʛʨʘʤʘ 3-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘ-

ʥʦʚʦʾ ʢʠʩʣʦʪʠ (2.2) ʦʪʨʠʤʘʥʦʾ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʚ ʩʭʝʤʽ 3.3. 

 

ʊʝʨʤʦʛʨʘʤʠ 2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (2.1-2.3) 

ʤʽʩʪʠʣʠ ʣʠʰʝ ʧʦ ʦʜʥʦʤʫ ʧʽʢʫ, ʱʦ ʽ ʟʘʩʚʽʜʯʠʣʦ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʽʚ ʽ 

ʝʬʝʢʪʠʚ-ʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ (ʈʠʩ. 8).  

ɹʫʜʦʚʘ ʩʧʦʣʫʢ (2.1-2.3) ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ, 
1
ʅ ʗʄʈ- ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷʤʠ (ɼʠʚ. ʪʘʙʣ. 7 ʪʘ 8, ʩʪʦʨ. 77).  

ɺ ɯʏ ʩʧʝʢʪʨʘʭ 2-N-ʢʘʨʙʦʢʩʠʘʣʢʽʣʘʤʽʥʦ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (2.1-2.3) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʚʪʦʨʠʥʥʦʾ 

ʘʤʽʥʦʛʨʫʧʠ ʧʨʠ ʯʘʩʪʦʪʽ 3350-3280 ʩʤ
-1
 ʪʘ 1580-1475 ʩʤ

-1
. ʉʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚ 

ʦʙʣʘʩʪʽ 1690-1630 ʩʤ
-1 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʨʙʦʥʽʣʴʥʠʤ ʛʨʫʧʘʤ ʭʽʥʦʾʜʥʦʛʦ ʷʜʨʘ, ʘ ʚ 

ʜʽʣʷʥʮʽ 1730-1700 ʩʤ
-1 
ʧʨʦʷʚʣʷʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ C=O 

ʢʘʨʙʩʠʣʴʥʦʾ ʛʨʫʧʠ. ʏʠʩʣʦ ʩʤʫʛ (n) ʚ ʦʙʣʘʩʪʽ 1350-1180 ʩʤ
-1
 ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʦʚʞʠʥʫ ʚʫʛʣʝʮʝʚʦʛʦ ʣʘʥʮʶʛʘ (-CH2-)n  ʚ ʘʤʽʥʦʢʠʩʣʦʪʥʦʤʫ ʬʨʘʛʤʝʥʪʽ. 

ɯʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʧʨʠ ~720 ʩʤ
-1
 ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʶ ʛʨʫʧʠ =C-H ʙʝʥʟʝʥʦʚʦʛʦ 

ʢʽʣʴʮʷ, ʘ ʩʤʫʛʘ ʧʨʠ ~680 ʩʤ
-1
 ʚʽʜʧʦʚʽʜʘʻ C-Cl ʟʚôʷʟʢʫ. ɯʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ ʚ ʦʙʣʘʩʪʽ 

ʚʽʜ 1610 ʩʤ
-1 
ʜʦ 1560 ʩʤ

-1 
ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʩʧʨʷʞʝʥʠʭ ʉ=ʉ 

ʟʚôʷʟʢʽʚ [195].  
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ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʩʤ

-1
. 

ʈʠʩ. 9. ɯʏ ʩʧʝʢʪʨ 3-[3-ʭʣʦʨʦ-1,4-ʜʠʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘ-

ʥʦʚʦʾ ʢʠʩʣʦʪʠ (2.2). 

 

ɺ 
1
ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) 

ʦʜʝʨʞʘʥʠʭ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʚ ʩʭʝʤʽ 3.3, ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʙʝʥʟʝʥʦʚʦʛʦ 

ʢʽʣʴʮʷ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʤʝʞʘʭ 8.00-7.96 ʤ.ʯ. ʫ ʚʠʛʣʷʜʽ ʜʫʙʣʝʪʫ ʪʘ 

ʧʨʠ 7.83-7.72 ʤ.ʯ. ʫ ʚʠʛʣʷʜʽ ʤʫʣʴʪʠʧʣʝʪʫ. 

 

 

ʈʠʩ. 10. ʉʧʝʢʪʨ 
1
ʅ ʗʄʈ 3-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ] 

ʧʨʦʧʘʥʦʚʦʾ ʢʠʩʣʦʪʠ (2.2) ʚ DMSO-d6. 

 

ʇʨʦʪʦʥʠ ʚʪʦʨʠʥʥʦʾ ʘʤʽʥʦʛʨʫʧʠ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʜʽʣʷʥʮʽ 7.60-7.30 ʤ.ʯ. ʪʘ ʢʘʨʙʦʢʩʠʣʴʥʦʾ 
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ʛʨʫʧʠ ʚ ʦʙʣʘʩʪʽ 12.90-12.10 ʤ.ʯ., ʧʨʠʪʘʤʘʥʥʠʭ ʜʣʷ ʥʠʭ ʚ ɼʄʉʆ-d6. ʇʨʦʪʦʥʠ 

ʉʅ2 ʛʨʫʧ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʣʘʥʮʶʛʽʚ ʩʧʦʣʫʢ (2.1-2.3) ʚ ʩʧʝʢʪʨʘʭ ʇʄʈ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 4.41 ʜʦ 1.81 ʤ.ʯ. [196] (ɼʠʚ. ʜʦʜʘʪʦʢ ɻ, ʩʪʦʨ. 

186, 187). 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʠʥʪʝʟʫ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʦʪʨʠʤʫʚʘʣʠ ʢʘʣʽʻʚʽ ʩʦʣʽ 2-ʘʤʽʥʦʢʠʩʣʦʪʦ-

ʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (3.9-3.11) ʚʟʘʻʤʦʜʽʻʶ ʢʘʣʽʻʚʠʭ ʩʦʣʝʡ 

ʘʤʽʥʦʢʠʩʣʦʪ (3.6-3.8) ʽʟ ɼʍʅʍ (1.62) ʚ ʩʧʠʨʪʽ (ʉʭʝʤʘ 3.4) [85].  

ɺʠʭʦʜʠ ʩʦʣʝʡ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʥʝ ʧʝʨʝ-

ʚʠʱʫʚʘʣʠ 35 %. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʮʝ ʟʫʤʦʚʣʝʥʦ ʧʝʨʝʥʘʩʠʯʝʥʽʩʪʶ ʨʦʟʯʠʥʫ 

ɼʍʅʍ (1.62) ʚ ʩʧʠʨʪʽ, ʚ ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʘʻ ʤʽʩʮʝ ʛʝʪʝʨʦʬʘʟʥʘ ʨʝʘʢʮʽʷ. 

ɺ̔ ʜʧʦʚʽʜʥʦ, ʮʝ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦ ʾʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ ʘʙʦ ʞ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ 

ʨʦʟʯʠʥʥʠʢʘ. 

ʉʭʝʤʘ 3.4 
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R= -CH2- (3.6; 3.9), -CH2-CH2- (3.7; 3.10), -CH2-CH2-CH2- (3.8; 3.11).

1.62                      3.6 - 3.8                                            3.9 - 3.11

23% (3.9); 35% (3.10); 26% (3.11).

 

ɼʣʷ ʝʢʦʥʦʤʽʾ ʝʪʘʥʦʣʫ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʨʝʘʢʮʽʡʥʦʛʦ ʯʘʩʫ, ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʭʣʦʨʦʬʦʨʤ, ʷʢ ʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʠʡ ʨʦʟʯʠʥʥʠʢ ʜʣʷ ɼʍʅʍ (1.62). 

ʆʙʨʦʙʢʦʶ ʘʤʽʥʦʢʠʩʣʦʪ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʽʶ ʚ ʤʝʪʘʥʦʣʽ ʦʪʨʠʤʫʚʘʣʠ ʨʦʟʯʠʥʠ 

ʩʦʣʝʡ ʘʤʽʥʦʢʠʩʣʦʪ (3.6-3.8), ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʣʠ ʚʟʘʻʤʦʜʽʶ ʽʟ ɼʍʅʍ (1.62) 

ʨʦʟʯʠʥʝʥʠʤ ʚ ʭʣʦʨʦʬʦʨʤʽ. ʉʧʦʩʪʝʨʽʛʘʣʠ ʤʠʪʪʻʚʝ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʩʦʣʝʡ 

2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.9-3.11) ʦʨʘʥʞʝʚʦʛʦ 

ʘʙʦ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʽʚ.  

ʆʪʞʝ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʨʦʟʯʠʥʥʠʢʽʚ ʭʣʦʨʦʬʦʨʤʫ ʪʘ ʤʝʪʘʥʦʣʫ ʚ 

ʩʠʥʪʝʟ ̔ ʢʘʣʽʻʚʠʭ ʩʦʣʝʡ 2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ 
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(3.9-3.11) ʪʨʠʚʘʣʽʩʪʴ ʨʝʘʢʮʽʾ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 20 ʭʚ, ʘ ʮʽʣʴʦʚʽ ʩʪʨʫʢʪʫʨʠ 

ʦʪʨʠʤʫʚʘʣʠ ʽʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ (ʉʭʝʤʘ 3.5).  

ʉʭʝʤʘ 3.5 
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1.62                             3.6 - 3.8                                                      3.9 - 3.11

R= -CH2- (3.6; 3.9), -CH2-CH2- (3.7; 3.11), -CH2-CH2-CH2- (3.8; 3.11).

53% (3.9); 62% (3.10); 58% (3.11).

 

ɺ ɯʏ ʩʧʝʢʪʨʘʭ ʢʘʣʽʻʚʠʭ ʩʦʣʝʡ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

(3.9-3.11) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ ʚʘʣʝʥʪʥʠʭ 

ʢʦʣʠʚʘʥʥʷʭ NH ʛʨʫʧʠ ʧʨʠ 3400-3200 ʩʤ
-1
, ʘ ʚ ʦʙʣʘʩʪʽ 1600-1560 ʩʤ

-1 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ -ʉʆʆʂ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʬʨʘʛʤʝʥʪʽʚ [197].  

 

3.2. ʉʠʥʪʝʟ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ʍʣʦʨʘʥʛʽʜʨʠʜʠ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟ ̔ ʢ̫ ʚʠʩʦʢʦ ʨʝʘʢʮʽʡʥʽ ʽʥʪʝʨʤʝʜʽʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʦʜʝʨʞʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʊʨʫʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪ, 

ʧʦʣʷʛʘʶʪʴ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʫʩʫʥʝʥʥʽ ʫʤʦʚ ʜʣʷ ʪʠʭ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʚ ʷʢʽ 

ʚʩʪʫʧʘʶʪʴ ʘʮʠʜʦʬʽʣʴʥʽ ʛʨʫʧʠ ʧʨʠ ʭʣʦʨʫʚʘʥʥʽ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ [198, 199]. 

ʅʘ ʧʽʜʩʪʘʚʽ ʪʘʢʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʜʣʷ ʩʠʥʪʝʟʫ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʥʘʤʠ ʙʫʣʠ ʦʙʨʘʥʽ ʘʣʽʬʘʪʠʯʥʽ, ʙʝʟ 

ʙʽʯʥʠʭ ʣʘʥʮʶʛʽʚ, ʘʤʽʥʦʢʠʩʣʦʪʠ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʤʠ ʤʦʛʣʠ ʙ 

ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʾ 

ʢʽʣʴʢʦʩʪʽ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʚ ʤʦʣʝʢʫʣʽ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ ʧʦʭʽʜʥʦʛʦ.  
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ʇʝʨʝʙʛ̔ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʽ ʘʪʦʤʘ ʂʘʨʙʦʥʫ ʚ ʧʦʣʦʞʝʥʥʽ ʉ
3
 ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʘʤʽʥʦʢʠʩʣʦʪʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ ʩʧʦʣʫʢ (2.1-2.3) ʟʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʚʽʜʙʫʚʘʪʠʩʷ ʥʝ ʙʫʜʝ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʮʽʣʴʦʚʽ ʩʪʨʫʢʪʫʨʠ 

ʽʟ ʟʥʘʯʥʠʤʠ ʚʠʭʦʜʘʤʠ. 

ʇʝʨʰʦʯʝʨʛʦʚʦ ʘʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) 

ʧʽʜʜʘʚʘʣʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ (1.44) ʚ ʙʝʥʟʦʣʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʘʪʘʣʽʪʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʨʠʜʠʥʫ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʜʦ 5
ʦ
ʉ. ɸʣʝ ʜʘʥʘ ʚʟʘʻʤʦʜʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʤʣʷʚʽʩʪʶ ʽ ʥʠʟʴʢʠʤʠ ʚʠʭʦʜʘʤʠ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.12-3.14) (ʉʭʝʤʘ 3.6). ʑʦʙ 

ʟʙʣ̔ʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʭʣʦʨʫʚʘʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʟʤʽʥʠʣʠ; 

ʧʽʜʚʠʱʝʥʥ ̫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 40
ʦ
ʉ ʧʨʠʚʝʣʦ ʜʦ ʦʩʤʦʣʝʥʥʷ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʙʘʞʘʥʽ ʧʨʦʜʫʢʪʠ ʦʜʝʨʞʘʪʠ ʥʝ ʚʜʘʣʦʩʴ. 

ʉʭʝʤʘ 3.6 
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2.1 - 2.3                                  1.44                                             3.12 - 3.14  

+

R= -CH2- (2.1; 3.12), -CH2-CH2- (2.2; 3.13), -CH2-CH2-CH2- (2.3; 3.14).

5 ʛʦʜ, 5-40oC

 

ɺʽʜʧʦʚʽʜʥʦ, ʥʘʜʘʣʽ ʟʜʽʡʩʥʝʥʶʚʘʣʠ ʭʣʦʨʫʚʘʥʥʷ 2-ʘʤʽʥʦʢʠʩʣʦʪʦ-

ʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (2.1-2.3) ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ (1.44) ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʘ. ɼʘʥʠʡ ʤʝʪʦʜ ʥʝ ʚʠʷʚʠʚʩʷ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʪʘʢ ʷʢ 

ʧʨʠ ʭʣʦʨʫʚʘʥʥʽ 4-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʙʫʪʘ-

ʥʦʚʦʾ ʢʠʩʣʦʪʠ (2.3) ʯʝʨʝʟ ʚʠʩʦʢʫ ʢʠʩʣʦʪʥʽʩʪʴ, ʩʪʚʦʨʝʥʫ ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ, 

ʫʪʚʦʨʝʥʠʡ 4-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʙʫʪʘʥʦʾʣ 

ʭʣʦʨʠʜ (3.14) ʚʩʪʫʧʘʚ ʫ ʨʝʘʢʮʽʶ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʽʟ 

ʫʪʚʦʨʝʥʥʷʤ 2-(2-ʦʢʩʦʧʽʨʦʣʽʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.5), ʱʦ 

ʚʠʷʚʣʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʢʦʰʘʨʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (ʊʐʍ) ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʜʘʥʠʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ɯʏ ʩʧʝʢʪʨʽʚ ʪʘ ʩʧʝʢʪʨʽʚ ʧʨʦʪʦʥʥʦ-ʤʘʛʥʽʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ (ʇʄʈ).  



62 

ɼʣʷ ʧʦʥʠʞʝʥʥʷ ʨʽʚʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ, ʧʨʠ ʩʠʥʪʝʟʽ 

ʙʘʞʘʥʠʭ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ (3.12-3.14), ʟʜʽʡʩʥʶʚʘʣʠ ʭʣʦʨʫʚʘʥʥʷ ʢʘʣʽʻʚʠʭ ʩʦʣʝʡ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.9-3.11) ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ (1.44) ʚ 

ʤʝʪʠʣʝʥʽ ʭʣʦʨʠʩʪʦʤʫ. 

ʉʭʝʤʘ 3.7 
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R= -CH2- (3.9; 3.12), -CH2-CH2- (3.10; 3.13), -CH2-CH2-CH2- (3.11; 3.14).

+
CH2Cl2

1,5 ʛʦʜ, 40ʦʉ

3.9 - 3.11                                 1.44                                        3.12 - 3.14

3.12 (76%), 3.13 (84%), 3.14 (82%).

 

ɹ̔ ʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.12-3.14) ʚʠʷʚʠʣʘʩʴ ʚʟʘʻʤʦʜʽʷ 2-ʘʤʽʥʦʢʠʩʣʦʪʦ-

ʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (2.1-2.3) ʽʟ ʦʢʩʘʣʽʣ ʭʣʦʨʠʜʦʤ (3.15), ʷʢ 

ʚʽʜʦʤʦ, ʙʽʣʴʰ ʤôʷʢʠʤ ʪʘ ʩʝʣʝʢʪʠʚʥʠʤ ʭʣʦʨʫʶʯʠʤ ʘʛʝʥʪʦʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʽʦʥʽʣ-

ʭʣʦʨʠʜʦʤ (1.44) (ʉʭʝʤʘ 3.8) [200]. ʍʣʦʨʫʚʘʥʥʷʤ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) ʦʢʩʘʣʽʣ ʭʣʦʨʠʜʦʤ (3.15) ʮʽʣʴʦʚʽ ʭʣʦʨʘʥʛʽʜʨʠʜʠ (3.12-3.14) 

ʦʪʨʠʤʘʥʦ ʽʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ (ʉʭʝʤʘ 3.8), ʘ ʥʽʞ ʟʘ ʭʣʦʨʫʚʘʥʥʷ ʢʘʣʽʻʚʠʭ 

ʩʦʣʝʡ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.9-3.11) ʪʽʦʥʽʣʭʣʦʨʠʜʦʤ (1.44) 

(ʉʭʝʤʘ 3.7). 

ʉʭʝʤʘ 3.8 

O

O

N
H

Cl

R OH

O O

O

N
H

Cl

R Cl

O

(COCl)
2

CH
2
Cl

2

R= -CH2- (2.1; 3.12), -CH2-CH2- (2.2; 3.13), -CH2-CH2-CH2- (2.3; 3.14).

2.1 - 2.3                                   3.15                                            3.12 - 3.14

+
1 ʛʦʜ, 40ʦʉ

 (93-97%)

 

ʍʽʜ ʨʝʘʢʮʽʾ ʢʦʥʪʨʦʣʶʚʘʣʠ ʊʐʍ (ʝʣʶʝʥʪ: ʜʠʭʣʦʨʤʝʪʘʥ:ʪʦʣʫʦʣ 1,5:1). ʇʨʦ 

ʟʘʚʝʨʰʝʥʥʷ ʨʝʘʢʮʽʾ ʩʚʽʜʯʠʣʦ ʧʨʠʧʠʥʝʥʥʷ ʛʘʟʦʚʠʜʽʣʝʥʥʷ [147].  

ʅʘ ɯʏ ʩʧʝʢʪʨʘʭ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

(3.12-3.14) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫʰʠʨʝʥʽ ʩʤʫʛʠ, ʷʢ̔ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ 
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ʢʦʣʠʚʘʥʥʷʤ -NH- ʛʨʫʧʠ ʧʨʠ 3500-3330 ʩʤ
-1
. ʊʘʢʦʞ ʚ ʜʽʣʷʥʮʽ 1580-1475 ʩʤ

-1 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʽʢʠ ʚʪʦʨʠʥʥʦʾ ʘʤʽʥʦʛʨʫʧʠ. ʉʤʫʛʠ ʚ ʦʙʣʘʩʪʽ 1690-1630 ʩʤ
-1 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʛʣʠʥʘʥʥʶ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ ʭʽʥʦʾʜʥʦʛʦ ʷʜʨʘ, ʘ ʚ ʜʽʣʷʥʮʽ 1750-

1700 ʩʤ
-1 
ʥʘʷʚʥʽ ʩʤʫʛʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ C=O ʛʨʫʧʠ ʭʣʦʨʘʥʛʽʜʨʠʜʫ. ʇʽʢʠ ʚ ʦʙʣʘʩʪʽ 

ʚʽʜ 1610 ʩʤ
-1 
ʜʦ 1560 ʩʤ

-1 
ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʩʧʨʷʞʝʥʠʭ ʉ=ʉ 

ʟʚôʷʟʢʽʚ. ɯʥʪʝʥʩʠʚʥʠʡ ʧʽʢ ʧʨʠ 680 ʩʤ
-1
 ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʷʤ C-Cl ʟʚôʷʟʢʫ. 

 

 
ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʩʤ

-1
. 

ʈʠʩ. 11. ɯʏ ʩʧʝʢʪʨ 3-[3-ʭʣʦʨʦ-1,4-ʜʠʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘ-

ʥʦʾʣ ʭʣʦʨʠʜʫ (3.13). 

 

ɺ 
1
H ʗʄʈ ʩʧʝʢʪʨʽ [(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-

2)ʘʤʽʥʦ]ʘʮʝʪʠʣ ʭʣʦʨʠʜʫ (3.12) ʚ ʜʽʣʷʥʮʽ 13-12 ʤ.ʯ. ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʫ 

ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʚʽʜʩʫʪʥʽʡ (ɼʠʚ. ʜʦʜʘʪʦʢ ɻ, ʩʪʦʨ. 188).  

ʆʪʞʝ, ʧʽʜʽʙʨʘʚʰʠ ʫʤʦʚʠ ʩʠʥʪʝʟʫ, ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʤʝʪʦʜ ʦʜʝʨʞʘʥʥʷ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ 

(3.12-3.14) ʽʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ. 

 

3.3. ʉʠʥʪʝʟ ʣʘʢʪʘʤʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ɿʜʽʡʩʥʠʚʰʠ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ, ʥʘʤʠ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʞʦʜʥʦʛʦ ʚʠʧʘʜʢʫ 

ʦʪʨʠʤʘʥʥʷ ʣʘʢʪʘʤʽʚ ʰʣʷʭʦʤ ʟʜʽʡʩʥʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʘ 
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ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ N-ʘʮʠʣʶʚʘʥʥʷ ʯʝʨʝʟ ʩʪʘʜʽʶ ʩʠʥʪʝʟʫ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʧʦʭʽʜʥʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪ.  

ɺʽʜʧʦʚʽʜʥʦ, ʚʠʚʯʝʥʥʷ ʯʠʥʥʠʢʽʚ ʽʥʽʮʽʘʮʽ ʾʮʠʢʣʽʟʘʮʽʾ 4-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-

1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʙʫʪʘʥʦʾʣ ʭʣʦʨʠʜʫ (3.14) ʽʟ ʫʪʚʦʨʝʥʥʷʤ 2-(2-

ʦʢʩʦʧʽʨʦʣʽʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.5) ʚʠʢʣʠʢʘʣʦ ʟʘʮʽʢʘʚʣʝʥʥʷ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ, ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ N-ʘʮʠʣʶʚʘʥʥʷ ʙʫʣʦ ʟʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʧʨʠ 

ʭʣʦʨʫʚʘʥʥʽ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.1-2.3) ʚʪʦʨʠʥʥʘ 

ʘʤʽʥʦʛʨʫʧʘ ʥʝ ʫʪʚʦʨʶʚʘʣʘ ʭʣʦʨʚʦʜʥʝʚʦʾ ʩʦʣʽ, ʪʘʢ ʟʚʘʥʦʛʦ ʧʩʝʚʜʦʟʘʭʠʩʪʫ 

ʘʤʽʥʦʛʨʫʧʠ. 

ʊʦʤʫ, ʟʘ ʧʨʠʥʮʠʧʦʤ ʪʘʢʦʾ ʮʠʢʣʽʟʘʮʽʾ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ (3.12-3.14) 

ʟʘʧʣʘʥʦʚʘʥʦ ʦʪʨʠʤʘʥʥʷ ʣʘʢʪʘʤʟʘʤʽʱʝʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (3.16, 2.4 ʪʘ 2.5). 

ʇʦʧʝʨʝʜʥʴʦ ʦʜʝʨʞʫʚʘʣʠ ʭʣʦʨʘʥʛʽʜʨʠʜʠ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (3.12-3.14). ɺ ʜʘʥʦʤʫ ʩʠʥʪʝʟʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʽʦʥʽʣʭʣʦʨʠʜ (1.44), 

ʪʘʢ ʷʢ ʚʽʥ ʻ ʙʽʣʴʰ ʞʦʨʩʪʢʠʤ ʭʣʦʨʫʶʯʠʤ ʘʛʝʥʪʦʤ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʢʠʩʣʽ ʫʤʦʚʠ [148, 201], ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʢʮʽʾ N-ʘʮʠʣʶʚʘʥʥʷ.  
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 2.4                                                                              3.16                                         2.5  
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110oC 0,5 ʛʦʜ

5 ʛʦʜ

R= -CH2- (2.1; 3.12), 

      -CH2-CH2- (2.2; 3.13), 

      -CH2-CH2-CH2- (2.3; 3.14).

93%

42%
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2-(2-ʆʢʩʦʧʽʨʦʣʽʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥ (2.5) ʦʜʝʨʞʫʚʘʣʠ 

ʢʠʧ`ʷʪʽʥʥʷʤ 4-[3-ʭʣʦʨʦ-1,4-ʜʠʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʙʫʪʘʥʦʾʣ 

ʭʣʦʨʠʜʫ (3.14) ʚ ʭʣʦʨʦʬʦʨʤʽ, ʘ ʜʣʷ ʩʠʥʪʝʟʫ 1,4-ʙʽʩ(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-

ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʧʽʧʝʨʘʟʠʥ-2,5-ʜʽʦʥʫ (2.4) ʥʝʦʙʭʽʜʥʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʪʘʣʽʟʘʪʦʨʘ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ, 2-(2-

ʦʢʩʦʘʟʝʪʠʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-[1,4]-ʥʘʬʪʦʭʽʥʦʥ (3.16) ʦʪʨʠʤʘʪʠ ʥʝ ʚʜʘʣʦʩʴ. 

 

 
ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʩʤ

-1
. 

ʈʠʩ. 12. ɯʏ ʩʧʝʢʪʨ 2-(2-ʦʢʩʦʧʽʨʨʦʣʽʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.5). 

 

ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʩʠʛʥʘʣ C=O ʘʤʽʜʥʦʾ ʛʨʫʧʠ ʘʤʽʥʦ-

ʢʠʩʣʦʪʥʦʛʦ ʟʘʣʠʰʢʫ ʙʫʚ ʟʤʽʱʝʥʠʤ ʚ ʦʙʣʘʩʪʴ ʜʽʘʧʘʟʦʥʫ 1760-1700 ʩʤ
-1
, ʘ ʩʤʫʛʘ 

ʧʦʛʣʠʥʘʥʥʷ ʢʦʣʠʚʘʥʴ ʘʤʽʥʦʛʨʫʧʠ ʚ ʦʙʣʘʩʪʽ 3350-3250 ʩʤ
-1
 ʙʫʣʘ ʚʽʜʩʫʪʥʷ [195]. 

ʊʘʢʦʞ ʚ ʇʄʈ ʩʧʝʢʪʨʘʭ ʙʫʣʠ ʚʽʜʩʫʪʥʽ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʘʤʽʥʦ- ʪʘ 

ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧ ʚ ʜʽʣʷʥʢʘʭ 7.60-7.30 ʤ.ʯ. ʪʘ 12.90-12.10 ʤ.ʯ. ʧʨʠʪʘʤʘʥʥʠʭ ʜʣʷ 

ʥʠʭ ʚ ɼʄʉʆ-d6 [196] (ɼʠʚ. ʜʦʜʘʪʦʢ ɻ, ʩʪʦʨ. 189). 

ɼʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, 
1
ʅ ʗʄʈ ʪʘ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʡ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʩʧʦʣʫʢ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 9, 10, ʩʪʦʨʽʥʢʘ 78. 

 

3.4. ʉʠʥʪʝʟ ʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ʈʝʘʢʮʽʻʶ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʘ ʍʣʦʨʫ ʚ ʤʦʣʝʢʫʣʽ 

ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.12-3.14) ʘʤʽʥʘʤʠ 
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(3.17 ʘ-ʞ) ʦʜʝʨʞʫʚʘʣʠ ʘʤʽʜʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ (3.18-3.20 ʘ-ʞ) ʟʘ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: 

1) ʚʟʘʻʤʦʜʽʻʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 2-ʘʤʽʥʦʢʠʩʣʦʪʥʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʽʚ (3.12-3.14) ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʝʨʚʠʥʥʠʤʠ ʪʘ ʚʪʦʨʠʥʥʠʤʠ ʘʤʽʥʘʤʠ 

(3.17 ʘ-ʜ) ʦʪʨʠʤʫʚʘʣʠ ʧʨʦʜʫʢʪʠ (3.18-3.20 ʘ-ʜ). ʈʝʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʚ ʩʫʭʦʤʫ 

ʙʝʥʟʦʣʽ ʚʧʨʦʜʦʚʞ 20 ʭʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʘʤʽʥʫ (3.17 ʘ-ʜ) 

ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʫʪʚʦʨʝʥʦʾ ʭʣʦʨʚʦʜʥʝʚʦʾ ʢʠʩʣʦʪʠ (ʉʭʝʤʘ 3.10). 

ʉʭʝʤʘ 3.10 
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R= -CH2- (3.12; 3.18), -CH2-CH2- (3.13; 3.19), -CH2-CH2-CH2- (3.14; 3.20).

20 ʭʚ

53-73 %

 

2) ʭʣʦʨʘʥʛʽʜʨʠʜʠ 2-ʘʤʽʥʦʢʠʩʣʦʪʥʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʽʚ (3.12-

3.14) ʧʽʜʜʘʚʘʣʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʤʽʥʘʤʠ (3.17 ʝ-ʞ) ʚ ʩʫʭʦʤʫ ʘʮʝʪʦʥʽ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ (40-56
ʦ
ʉ) ʚʧʨʦʜʦʚʞ 2 ʛʦʜ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʨʠʜʠʥʫ, ʜʣʷ 

ʟʚʷʟʫʚʘʥʥʷ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ (ʉʭʝʤʘ 3.11).  

ʉʭʝʤʘ 3.11 
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R= -CH2- (3.12; 3.18),

      -CH2-CH2- (3.13; 3.19), 

      -CH2-CH2-CH2- (3.14; 3.20).

2 ʛʦʜ, 40-56oC

52-66%

 

ʍʽʜ ʨʝʘʢʮʽʾ ʢʦʥʪʨʦʣʶʚʘʣʠ ʊʐʍ (ʝʣʶʝʥʪ - ʪʦʣʫʦʣ:ʘʮʝʪʦʥ 3:1). ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʘʥʦ ʮʽʣʴʦʚʽ ʘʤʽʜʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.18-3.20 ʘ-ʞ) ʽʟ ʚʠʩʦʢʠʤʠ 

ʚʠʭʦʜʘʤʠ.  
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ɺ ɯʏ ʩʧʝʢʪʨʘʭ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ (3.18-3.20 ʘ-ʞ) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ -NH- ʛʨʫʧʠ ʚ ʦʙʣʘʩʪʽ 3350-3250 ʩʤ
-1
. ɯʥʪʝʥʩʠʚʥʽ 

ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 1690-1630 ʩʤ
-1 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʨʙʦʥʽʣʴʥʠʤ ʛʨʫʧʘʤ 

ʭʽʥʦʾʜʥʦʛʦ ʷʜʨʘ, ʘ ʚ ʜʽʣʷʥʮʽ 1700-1630 ʩʤ
-1 
ʥʘʷʚʥʽ ʩʤʫʛʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ C=O 

ʛʨʫʧʠ ʚʪʦʨʠʥʥʠʭ ʪʘ ʧʝʨʚʠʥʥʠʭ ʘʤʽʜʽʚ. ʉʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʽʜ 1610 

ʩʤ
-1 
ʜʦ 1560 ʩʤ

-1 
ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʩʧʨʷʞʝʥʠʭ ʉ=ʉ ʟʚôʷʟʢʽʚ. 

ɯʥʪʝʥʩʠʚʥʠʡ ʧʽʢ ʧʨʠ 680 ʩʤ
-1

 ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʷʤ C-Cl ʟʚôʷʟʢʫ. ɺ ɯʏ 

ʩʧʝʢʪʨʘʭ ʘʤʽʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.18-3.20 ʘ-ʞ) 

ʥʘʷʚʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʽʢʽʚ ʚ ʦʙʣʘʩʪʷʭ 2860-2885 ʩʤ
-1 
ʪʘ 2940-2915 ʩʤ

-1
, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ -ʉʅ3 ʪʘ -ʉʅ ʛʨʫʧʘʤ ʣʽʥʽʡʥʠʭ ʪʘ ʮʠʢʣʽʯʥʠʭ ʘʤʽʥʽʚ. ɸ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 701-690 ʩʤ
-1 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʣʠʚʘʥʥʷʤ =ʉʅ- ʛʨʫʧ 

ʧʦʭʽʜʥʠʭ ʙʝʥʟʦʣʫ [197]. 

 

 

 
ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʩʤ

-1
. 

ʈʠʩ. 13. ɯʏ ʩʧʝʢʪʨ 2-{[3 -ʦʢʩʦ-3-(ʧʽʧʝʨʠʜʠʥʽʣ)ʧʨʦʣʽʥ]ʘʤʽʥʦ}-3-ʭʣʦʨʦ-ʥʘʬʪʘʣʝʥ-

1,4-ʜʽʦʥʫ (3.19 ʙ). 

 

ɺ ʫʩʽʭ 
1
ʅ ʗʄʈ ʩʧʝʢʪʨʘʭ ʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.18-3.20 ʘ-ʞ) 

ʧʨʠʩʫʪʥʽ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʙʝʥʟʝʥʦʚʦʛʦ ʢʽʣʴʮʷ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʚ ʤʝʞʘʭ 8.00-

7.72 ʤ.ʯ. ʫ ʚʠʛʣʷʜʽ ʜʫʙʣʝʪʫ ʪʘ ʤʫʣʴʪʠʧʣʝʪʫ ʘʙʦ ʜʚʦʭ ʤʫʣʴʪʠʧʣʝʪʽʚ. ʇʨʦʪʦʥʠ 

ʚʪʦʨʠʥʥʦʾ ʘʤʽʥʦʛʨʫʧʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʜʽʣʷʥʮʽ 7.60-7.30 ʤ.ʯ., ʘ ʧʨʦʪʦʥʠ -ʉʅ 
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ʘʣʢʽʣʴʥʠʭ ʛʨʫʧ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʪʘ ʘʤʽʥʥʠʭ ʣʘʥʦʢ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

4.41 ʜʦ 0.80 ʤ.ʯ. [202] (ɼʠʚ. ʜʦʜʘʪʦʢ ɻ, ʩʪʦʨ. 190, 191).  

ɼʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, 
1
ʅ ʗʄʈ ʪʘ ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʡ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʩʧʦʣʫʢ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʷʭ 11-16, ʩʪʦʨ. 79-84. 

 

3.5. ʉʠʥʪʝʟ ʢʘʨʙʘʤʽʜʥʠʭ ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-

ʥʘʬʪʦʭʽʥʦʥʫ. 

 

ʂʘʨʙʘʤʽʜʥ ̔ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʽ ʧʦʭʽʜʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ ʩʠʥʪʝʟʫʚʘʣʠ ʣʠʰʝ ʥʘ 

ʦʩʥʦʚʽ [(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (2.1) 

ʪʘ 3-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʧʨʦʧʘʥʦʚʦʾ ʢʠʩʣʦʪʠ 

(2.2), ʪʦʤʫ ʱʦ ʢʠʧ`ʷʪʽʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ ʽʟ 4-[(3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦ-

ʥʘʬʪʘʣʝʥʽʣ-2)ʘʤʽʥʦ]ʙʫʪʘʥʦʾʣ ʭʣʦʨʠʜʦʤ (3.14) ʟʫʤʦʚʣʶʚʘʣʦ ʧʨʦʪʽʢʘʥʥʷ 

ʢʦʥʢʫʨʫʶʯʦʾ ʨʝʘʢʮʽʾ, ʚʥʫʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ N-ʘʮʠʣʶʚʘʥʥʷ, ʽʟ ʫʪʚʦʨʝʥʥʷʤ 2-

(2-ʦʢʩʦʧʽʨʨʦʣʽʜʠʥʽʣ-1)-3-ʭʣʦʨʦ-1,4-ʥʘʬʪʦʭʽʥʦʥʫ (2.5). 

ʈʝʘʢʮʽʻʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.12, 

3.13) ʽʟ ʩʝʯʦʚʠʥʦʶ ʦʜʝʨʞʘʥʦ ʙʽʩʩʝʯʦʚʠʥʠ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʧʦʭʽʜʥʠʭ 

1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.21, 3.22), ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʚʠʩʦʢʦʶ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʶ ʘʪʦʤʘ ʆʢʩʠʛʝʥʫ. ʉʠʥʪʝʟ ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʠ ʢʠʧ`ʷʪʽʥʥʽ ʚ 

ʩʫʭʦʤʫ ʘʮʝʪʦʥʽ, ʧʽʩʣʷ 2 ʛʦʜ ʚʟʘʻʤʦʜʽʾ ʧʨʦʜʫʢʪ (3.21, 3.22) ʚʠʧʘʜʘʚ ʚ ʦʩʘʜ.  
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3.12, 3.13

R= -CH2- (3,12; 3.21), -CH2-CH2- (3,13; 3.22).

3.21 , 3.22 

Me2CO,

0,5 ʝʢʚ. (NH2)2CO 

3.21 (60%), 3.22 (55%).

 

ɺʟʘʻʤʦʜʽʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʽʚ (3.12, 3.13) ʽʟ ʪʽʩʝʯʦʚʠʥʦʶ ʧʨʦʚʦʜʠʣʠ ʚ ʘʮʝʪʦʥʽ ʧʨʠ ʢʠʧ`ʷʪʽʥʥʽ 

ʚʧʨʦʜʦʚʞ 3 ʛʦʜ. ɼʣʷ ʢʘʪʘʣʽʟʫ ʮʽʻʾ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʨʠʜʠʥ ʚ 



69 

ʢʘʪʘʣʽʪʠʯʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʩʢʦʨʦʪʠʣʦ ʨʝʘʢʮʽʡʥʠʡ ʯʘʩ, ʧʦʢʨʘʱʠʚʰʠ ʨʦʟʯʠʥʥʽʩʪʴ 

ʪʽʦʩʝʯʦʚʠʥʠ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʠʩʪʝʤʽ [143]. ʍʽʜ ʨʝʘʢʮʽʾ ʢʦʥʪʨʦʣʶʚʘʣʠ ʊʐʍ (ʝʣʶʝʥʪ 

- ʪʦʣʫʦʣ:ʘʮʝʪʦʥ 3:1). ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʪʨʠʤʘʥʦ ʪʽʦʢʘʨʙʘʤʽʜʠ 

1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.23, 3.24) ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ. 

ʉʭʝʤʘ 3.13 
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3.12, 3.13

R= -CH2- (3.12; 3.23), -CH2-CH2- (3.13; 3.24).

3.23, 3.24 

     Me2CO2 ʝʢʚ. (NH2)2CS, Py,

3.23 (78%), 3.24 (71%)

 

ɿʘʤʽʱʝʥʽ ʪʽʦʢʘʨʙʘʤʽʜʥʽ ʧʦʭʽʜʽʥʽ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.28 ʘ-ʜ, 3.29 ʘ-ʜ) 

ʦʜʝʨʞʫʚʘʣʠ ʚʟʘʻʤʦʜʽʻʶ ʘʮʠʣʽʟʦʪʽʦʮʽʘʥʪʽʚ 2-ʘʤʽʥʦʢʠʩʣʦʪʦʟʘʤʽʱʝʥʠʭ-3-ʭʣʦʨʦ-1,4-

ʥʘʬʪʦʭʽʥʦʥʽʚ (3.26, 3.27) ʽʟ ʧʝʨʚʠʥʥʠʤʠ ʪʘ ʚʪʦʨʠʥʥʠʤʠ ʘʤʽʥʘʤʠ. ʅʘʷʚʥʽʩʪʴ 

ʟʥʘʯʥʦʛʦ ʜʝʬʽʮʠʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʥʘ ʘʪʦʤʽ ʂʘʨʙʦʥʫ ʽʟʦʪʽʦʮʽʘʥʘʪʥʦʾ ʛʨʫʧʠ 

ʨʦʙʠʪʴ ʽʟʦʪʽʦʮʽʘʥʘʪʠ ʦʩʦʙʣʠʚʦ ʟʜʘʪʥʠʤʠ ʜʦ ʨʝʘʢʮʽʡ ʽʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ 

ʨʝʘʛʝʥʪʘʤʠ [136]. 
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Me2CO
R = -CH2- (3.12; 3.26; 3.28), -CH2-CH2- (3.13; 3.27; 3.29)

45-63%

1 ʛʦʜ

(ʘ), (ʙ), (ʚ),

(ʛ), (ʜ).

  3.28 ʘ-ʜ, 3.29 ʘ-ʜ

Me2CO

 

ɸʮʠʣʽʟʦʪʽʦʮʽʘʥʘʪʠ (3.26, 3.27) ʦʪʨʠʤʫʚʘʣʠ ʨʝʘʢʮʽʻʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ 

(3.12, 3.13) ʽʟ ʨʦʜʘʥʽʜʦʤ ʢʘʣʽʶ (3.25) ʚ ʘʮʝʪʦʥʽ ʧʨʠ ʢʠʧ`ʷʪʽʥʥʽ [136]. 
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ʆʜʝʨʞʘʥʽ ʽʟʦʪʽʦʮʽʘʥʘʪʠ (3.26, 3.27) ʚʟʘʻʤʦʜʽʷʣʠ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʤʽʥʘʤʠ, ʷʢ 

ʨʝʟʫʣʴʪʘʪ ʦʜʝʨʞʘʥʦ ʟʘʤʽʱʝʥʽ ʪʽʦʢʘʨʙʘʤʽʜʠ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.28 ʘ-ʜ, 3.29 ʘ-

ʜ) ʽʟ ʚʠʭʦʜʘʤʠ 45-63%. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽʟʦʪʽʦʮʽʘʥʘʪʽʚ ʟʜʽʡʩʥʶʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɺ ɯʏ ʩʧʝʢʪʨʘʭ ʽʟʦʪʽʦʮʽʘʥʘʪʽʚ (3.26, 3.27) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʥʘ ʽʥʪʝʥʩʠʚʥʘ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 2100-2000 ʩʤ
-1 
, ʷʢʘ ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ -N=C=S ʛʨʫʧʠ [136].  

ʇʨʠ ʘʥʘʣʽʟʽ ɯʏ ʩʧʝʢʪʨʽʚ ʦʜʝʨʞʘʥʠʭ ʢʘʨʙʘʤʽʜʥʠʭ ʪʘ ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ 

ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.21, 3.22) ʪʘ (3.23, 3.24), (3.28 ʘ-ʜ, 3.29 ʘ-ʜ) 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ -NH- ʛʨʫʧʠ ʘʤʽʥʦ-

ʢʠʩʣʦʪʥʦʛʦ ʟʘʣʠʰʢʫ ʚ ʜʽʣʷʥʮʽ 3350-3280 ʩʤ
-1

. ɸʣʢʽʣʴʥʽ -ʉʅ ʛʫʨʧʠ ʣʽʥʽʡʥʠʭ 

ʪʘ ʮʠʢʣʽʯʥʠʭ ʘʤʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʤʝʞʘʭ 2930-2820 ʩʤ
-1
. ɺ 

ɯʏ ʩʧʝʢʪʨʘʭ ʪʽʦʢʘʨʙʘʤʽʜʥʠʭ ʧʦʭʽʜʥʠʭ 1,4-ʥʘʬʪʦʭʽʥʦʥʫ (3.23, 3.24), (3.28 ʘ-ʜ, 

3.29 ʘ-ʜ) ʛʨʫʧʘ N-C(S)-N ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʤʝʞʘʭ 1430-1130 ʩʤ
-1

 [195]. ɺ ɯʏ 

ʩʧʝʢʪʨʘʭ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʛʨʫʧ -ʉʅ3 ʪʘ -ʉʅ ʣʽʥʽʡʥʠʭ ʪʘ 

ʮʠʢʣʽʯʥʠʭ ʘʤʽʥʥʠʭ ʣʘʥʦʢ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ 2860-2885 ʩʤ
-1 
ʪʘ 2940-2915 ʩʤ

-1
, 

ʘ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʚ ʦʙʣʘʩʪʽ 701-690 ʩʤ
-1 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʣʠʚʘʥʥʷʤ =ʉʅ- 

ʛʨʫʧ ʧʦʭʽʜʥʠʭ ʙʝʥʟʝʥʫ [197]. 

 

 
ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʩʤ

-1
. 

ʈʠʩ. 14. ɯʏ ʩʧʝʢʪʨ (3-ʭʣʦʨʦ-1,4-ʜʽʦʢʩʦ-1,4-ʜʠʛʽʜʨʦʥʘʬʪʦʣʝʥʽʣ-2-ʘʤʽʥʦ)-ʘʮʝʪʠʣ 

ʽʟʦʪʽʦʮʽʘʥʘʪʫ (3.26). 


