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ɼʀʉɽʈʊɸʎɯʗ 

çʌʋʅʂʎɯʆʅɸʃɯɿʆɺɸʅɯ ʎʀʂʃɯʏʅɯ ʉʋʃʔʌʆʅɸʊʀè 

161 ï ʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ 

16 ï ʍʽʤʽʯʥʘ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ 
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ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

 

ʂʀɰɺ ï 2026 



н 
 

ɸʅʆʊɸʎɯʗ 

 

ʇʦʣʶʜʦʚ ɸ.ʆ. ʌʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ʮʠʢʣʽʯʥʽ ʩʫʣʴʬʦʥʘʪʠ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 

161 ʍʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʞʝʥʝʨʽʷ (ʛʘʣʫʟʴ ʟʥʘʥʴ 16 ʍʽʤʽʯʥʘ ʪʘ ʙʽʦʽʥʞʝʥʝʨʽʷ). ï 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦè ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʂʠʾʚ ï 2026. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʮʠʢʣʽʯʥʠʭ 

ʩʫʣʴʬʦʥʘʪʽʚ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ, ʜʦʩʣʽʜʞʝʥʥʶ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ ʚʠʭʽʜʥʠʭ ɓ-ʢʝʪʦ-

ɔ-ʩʫʣʴʪʦʥʽʚ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ. ɿʘ ʦʩʥʦʚʫ ʙʫʣʦ ʦʙʨʘʥʦ 

ʨʝʘʢʮʽʾ ʢʘʨʙʘʥʽʦʥʥʫ ʩʫʣʴʬʦʥʘʪ-ʩʫʣʴʪʦʥʘʤʽʜ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʫ ʮʠʢʣʽʟʘʮʽʶ 

(CSIC - ʨʝʘʢʮʽʶ) ʛʽʜʨʦʢʩʠʝʩʪʝʨʽʚ. 

ʆʙʨʘʥʦ ʙʽʦʽʟʦʩʪʝʨʥʽ ʧʦʭʽʜʥʽ ʜʣʷ ʢʝʪʦʣʘʢʪʦʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʧʨʠʨʦʜʥʠʭ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʧʨʝʜʤʝʪ 

ʥʘʷʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʝʧʘʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ ʰʣʷʭʦʤ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʨʝʪ-

ʙʫʪʠʣʘʪ ʢʘʣʽʶ (ʘʙʦ ʛʽʜʨʠʜ ʥʘʪʨʽʶ) ʚ ʩʝʨʝʜʦʚʠʱʽ ʊɻʌ (ɼʄʌ). ʆʪʨʠʤʘʥʦ ʨʷʜ 

ʩʫʣʴʪʦʥʽʚ ʟ 2-6 ʩʧʽʨʦʮʠʢʣʽʯʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ ʪʘ ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʠʡ ʩʫʣʴʪʦʥ ʟ 

ʚʠʭʦʜʘʤʠ 28-74%. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʝʧʘʨʘʪʠʚʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʫʣʴʪʦʥʽʚ ʟ 0,5 ʢʛ 

ʚʠʭʽʜʥʠʭ ʝʩʪʝʨʽʚ ʛʽʜʨʦʢʩʠʢʠʩʣʦʪ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ 

ʦʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʩʫʣʴʪʦʥʽʚ 1a,c, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʚʦʝʪʘʧʥʦʤʫ 

ʧʨʦʮʝʩʽ O-ʤʝʟʠʣʶʚʘʥʥʷ ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ ʟ ʥʘʩʪʫʧʥʦʶ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʶ 

ʢʦʥʜʝʥʩʘʮʽʻʶ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ. ʈʦʟʨʦʙʣʝʥʝ ʘʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʘʣʴʦʚʘʥʠʭ ʨʝʘʢʪʦʨʽʚ ʽʟ ʩʦʨʦʯʢʘʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 



о 
 

ʩʪʘʙʽʣʴʥʝ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʜʦ -15ÁC ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʠʭ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʩʪʘʜʽʡ ʜʦʟʫʚʘʥʥʷ ʤʝʟʠʣʭʣʦʨʠʜʫ ʪʘ ʪʨʝʪ-ʙʫʪʠʣʘʪʫ ʢʘʣʽʶ. 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ ʽʥʝʨʪʠʟʘʮʽʾ ʘʟʦʪʦʤ (0,4 ʄʇʘ), ʚʘʢʫʫʤʥʫ 

ʬʽʣʴʪʨʘʮʽʶ (0,02 ʄʇʘ) ʪʘ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʚʽʜʚʝʜʝʥʥʷ ʘʙʛʘʟʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʩʧʽʰʥʦ ʤʘʩʰʪʘʙʫʚʘʪʠ ʧʨʦʮʝʩ ʜʦ ʧʨʝʧʘʨʘʪʠʚʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ (ʚʽʜ 0,5 ʢʛ) ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (98,5%) ʪʘ ʩʫʤʘʨʥʠʤ ʚʠʭʦʜʦʤ ʥʘ 

ʨʽʚʥʽ 75-82%. 

ɼʦʩʣʽʜʞʝʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʨʦʬʽʣʴ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ ʩʫʣʴʪʦʥʽʚ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ, ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʚʘʣʝʥʪʥʽ ʢʫʪʠ) ʪʘ ʝʥʝʨʛʽʾ HOMO ʪʘ 

LUMO, ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʪʘʫʪʦʤʝʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʤʝʪʦʜʠ ʷʢ, ʜʦʩʣʽʜʞʝʥʥʷ 

PCM  ʤʦʜʝʣʽ ʩʦʣʴʚʘʪʘʮʽʾ; ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʣʠʯʠʥ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ 

ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ; ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʮʠʬʽʯʥʦʾ ʩʦʣʴʚʘʪʘʮʽʾ; ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʥʘʧʨʫʞʝʥʦʩʪʽ; ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʽʩʪʠʥʥʦʾ ʨʽʚʥʦʚʘʛʠ; ʜʦʩʣʽʜʞʝʥʥʷ ʟʩʫʚʫ 

ʨʽʚʥʦʚʘʛʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ɼʄʉʆ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ɼʄʉʆ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ 

ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ. ʇʨʠʧʫʱʝʥʦ, ʱʦ ʧʨʦʮʝʩ 

ʝʥʦʣʽʟʘʮʽʾ ʧʨʦʪʽʢʘʻ ʟʘ ʫʯʘʩʪʶ ʤʦʣʝʢʫʣʠ ʨʦʟʯʠʥʥʠʢʘ (ɼʄʉʆ) ʷʢ ʙʽʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʢʘʪʘʣʽʟʘʪʦʨʘ, ʱʦ ʚʠʢʦʥʫʻ ʨʦʣʴ çʧʨʦʪʦʥʥʦʛʦ ʤʽʩʪʢʘè. ʄʝʭʘʥʽʟʤ ʚʢʣʶʯʘʻ ʩʪʘʜʽʶ 

ʬʦʨʤʫʚʘʥʥʷ ʅ-ʟʚôʷʟʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʉ5-ʮʝʥʪʨʘ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʨʦʟʜʽʣʝʥʦʾ ʽʦʥʥʦʾ ʧʘʨʠ ʪʘ ʧʦʜʘʣʴʰʫ ʨʝʛʝʥʝʨʘʮʽʶ ʨʦʟʯʠʥʥʠʢʘ ʟ ʬʽʢʩʘʮʽʻʶ ʝʥʦʣʴʥʦʾ 

ʬʦʨʤʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʩʧʝʮʠʬʽʯʥʘ ʩʦʣʴʚʘʪʘʮʽʷ ʤʦʣʝʢʫʣʘʤʠ ɼʄʉʆ ʟʥʠʞʫʻ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʪʘʫʪʦʤʝʨʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʶ ʝʥʦʣʽʚ ʫ ʨʦʟʯʠʥʽ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʘʤʽʩʥʠʢʘ ʫ 3-ʤʫ ʧʦʣʦʞʝʥʥʽ ʥʘ ʟʜʘʪʥʽʩʪʴ ʩʧʦʣʫʢ ʜʦ 

ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʦʚʝʜʝʥʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʧʨʫʞʝʥʥʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ï ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʟʤʽʱʫʻʪʴʩʷ ʫ 

ʙʽʢ ʢʝʪʦʥʥʦʾ ʬʦʨʤʠ ʩʫʣʴʪʦʥʫ. 

ʇʨʦʚʝʜʝʥʦ ʙʽʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʨʦʪʠʧʫʭʣʠʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʦʪʨʠʤʘʥʠʭ ʩʫʣʴʪʦʥʽʚ in vitro ʪʘ in silico ʤʝʪʦʜʘʤʠ. ʅʘ ʢʣʽʪʠʥʘʭ ʣʽʥʽʾ 

MDA-MB-231 ʪʨʠʯʽ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʪʘ ʥʝʟʣʦʷʢʽʩʥʽ ʝʥʜʦʪʝʣʽʘʣʴʥʽ 



п 
 

ʢʣʽʪʠʥʠ ʘʦʨʪʠ ʤʠʰʽ (MAEC). ɹʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʩʧʦʣʫʢʠ ʧʨʦʷʚʣʷʶʪʴ 

ʘʥʪʠʢʘʨʮʝʥʦʛʝʥʥʫ ʘʢʪʠʚʥʽʩʪʴ (ʚʽʜʩʦʪʦʢ ʛʠʙʝʣʽ ʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

50%), ʱʦ ʙʫʣʦ ʪʘʢʦʞ ʜʦʚʝʜʝʥʦ ʧʨʦʚʝʜʝʥʠʤ ʤʦʣʝʢʫʣʷʨʧʠʤ ʜʦʢʽʥʛʦʤ. ʗʢ ʙʽʦʣʦʛʽʯʥʽ 

ʤʽʰʝʥʽ ʙʫʣʦ ʦʙʨʘʥʦ ʥʘʙʽʨ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʠʭ ʦʥʢʦʛʝʥʥʠʭ ʨʝʮʝʧʪʦʨʽʚ, ʘ ʩʘʤʝ: 4AQ3 

(Bcl-2-like protein 1); 4YC6 (Cyclin dependent kinase 1, CDK 1); 3UG2 (Epidermal 

growth factor receptor, EGFR); 4GL7 (Aromatase (estrogen synthetase), CYP19A1); 

1X7R  (Estrogen receptor alpha, NR3A1); 3KRR (Janus kinase 2, JAK2); 4ASD 

(Vascular endothelial growth factor, VEGFR-2). ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ 

ʘʬʽʥʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʫʣʴʪʦʥʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʨʝʮʝʧʪʦʨʽʚ. 

ʇʨʦʚʝʜʝʥʽ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʩʫʣʴʬʦʥʘʪʽʚ ʟ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʪʘ 

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʩʫʣʴʪʦʥʫ ʥʘ ʭʽʤʽʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʦʣʫʢ ʚ ʨʝʘʢʮʽʷʭ. 

ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʩʫʣʴʪʦʥʽʚ ʟ ʨʝʘʛʝʥʪʦʤ ɺʽʪʪʽʛʘ ʜʣʷ ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʦʛʦ ʩʫʣʴʪʦʥʫ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ 2 ʧʨʦʜʫʢʪʠ ï ɺʽʪʪʽʛʘ ʪʘ ʘʮʠʣʫʚʘʥʥʷ, ʷʢʠʡ ʻ ʥʝʩʧʝʮʠʬʽʯʥʠʤ ʜʣʷ ʜʘʥʦʾ 

ʚʟʘʻʤʦʜʽʾ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ, ʮʠʢʣʦʧʨʦʧʽʣʟʘʤʽʱʝʥʠʡ ʩʫʣʴʪʦʥ ʫʪʚʦʨʶʻ 

ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʦʜʫʢʪ ï ʧʨʦʜʫʢʪ ɺʽʪʪʽʛʘ. ʊʘʢʘ ʨʽʟʥʠʮʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʩʪʝʨʝʦʭʽʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʟʘʤʽʩʥʠʢʘ ʚ ʧʦʣʦʞʝʥʥʽ "5". 

ɺʠʚʯʘʶʯʠ ʚʟʘʻʤʦʜʽʶ ʩʧʦʣʫʢ ʟ ʘʥʽʣʽʥʦʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʦʣʫʝʥʫ ʧʨʠ ʢʠʧôʷʪʽʥʥʽ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʫʪʚʦʨʝʥʥʷ ʬʝʥʽʣʝʥʘʤʽʥʦʚʝ ʧʦʭʽʜʥʝ ʩʫʣʴʪʦʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʢʘʨʙʦ- ʪʘ 

ʛʝʪʝʨʦʝʣʝʢʪʨʦʬʽʣʠ ʣʝʛʢʦ ʨʝʘʛʫʶʪʴ ʟ ʤʝʪʠʣʝʥʦʚʠʤ ʬʨʘʛʤʝʥʪʦʤ ʢʝʪʦʩʫʣʴʪʦʥʽʚ, 

ʘʢʪʠʚʦʚʘʥʠʤ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʶ ʛʨʫʧʦʶ (EWG), ʫʪʚʦʨʶʶʯʠ ʚʽʜʧʦʚʽʜʥʽ 

ʧʨʦʜʫʢʪʠ ʟ ʧʦʤʽʨʥʠʤ ʘʙʦ ʭʦʨʦʰʠʤ ʚʠʭʦʜʦʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ʽʟ ʬʝʥʽʣʽʟʦʮʽʘʥʘʪʦʤ 

(PhNCO) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 1,8-ʜʽʘʟʘʙʽʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-̒ ʥʫ (DBU) ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ C-ʘʮʠʣʶʚʘʥʥʷ - ʚʽʜʧʦʚʽʜʥʠʭ ʘʥʽʣʽʜʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʬʫʥʢʮʽʦʥʘʣʽʟʫʚʘʪʠ 

ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ, ʚʚʦʜʷʯʠ ʬʘʨʤʘʢʦʬʦʨʥʽ ʘʤʽʜʥʽ ʬʨʘʛʤʝʥʪʠ ʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʢʦʥʜʝʥʩʘʮʽʷ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ ʽʟ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ (DMF-DMA) ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʫ ʤʝʪʘʥʦʣʽ 

ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʦʭʽʜʥʠʭ (ʜʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʽʜʝʥʫ. ɼʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 



р 
 

ʜʦʟʚʦʣʷʻ ʤʦʜʠʬʽʢʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʝʢʟʦʮʠʢʣʽʯʥʦʛʦ ʝʥʘʤʽʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʠʟʘʡʥʫ 

ʧʦʣʽʢʦʥʜʝʥʩʦʚʘʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʩʫʣʴʪʦʥʦʚʦʛʦ ʷʜʨʘ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʙʨʦʤʫʚʘʥʥʷ ʩʫʣʴʪʦʥʽʚ N-ʙʨʦʤʩʫʢʮʠʥʽʤʽʜʦʤ (NBS) ʫ 

ʢʠʧʣʷʯʦʤʫ CCl4 ʧʨʦʭʦʜʠʣʦ ʣʝʛʢʦ ʪʘ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʠʙʨʦʤʽʜʽʚ. ʉʧʨʦʙʠ 

ʚʠʜʽʣʠʪʠ ʤʦʥʦʙʨʦʤʽʜʠ ʥʝ ʜʘʣʠ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ: ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʝʢʚʽʚʘʣʝʥʪʠ 

ʨʝʘʛʝʥʪʽʚ ʩʧʨʠʯʠʥʠʣʠ ʫʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ ʜʠʙʨʦʤʽʜʫ, ʚʠʭʽʜʥʦʛʦ ʢʝʪʦʩʫʣʴʪʦʥʫ ʪʘ 

ʩʣʽʜʽʚ ʥʝʩʪʘʙʽʣʴʥʦʛʦ ʤʦʥʦʙʨʦʤʽʜʫ.  

ʂʝʪʦʩʫʣʴʪʦʥʠ ʣʝʛʢʦ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ ʘʟʦʩʧʦʣʫʯʝʥʥʽ ʟ in situ ʫʪʚʦʨʝʥʠʤ ʧ-

ʪʦʣʽʣʜʽʘʟʦʥʽʡ ʘʮʝʪʘʪʦʤ, ʫʪʚʦʨʶʶʯʠ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ E-

ʢʝʪʦʛʽʜʨʘʟʦʥʽʚ. 

ʐʣʷʭʦʤ ʨʝʘʢʮʽʾ ʪʨʘʥʩʘʤʽʥʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦ ʩʝʨʽʶ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 20a-d, 

ʩʪʨʫʢʪʫʨʘ ̫ ʢʠʭ ʧʦʻʜʥʫʻ ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ ʽʟ ʟʘʣʠʰʢʘʤʠ ʧʝʨʚʠʥʥʠʭ ʪʘ ʚʪʦʨʠʥʥʠʭ 

ʘʤʽʥʽʚ. ɼʠʟʘʡʥ ʮʽʣʴʦʚʠʭ ʩʪʨʫʢʪʫʨ ʙʘʟʫʚʘʚʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʩʪʚʦʨʝʥʥʷ ʥʝʟʚʦʨʦʪʥʠʭ 

ʢʦʚʘʣʝʥʪʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʦ ʯʝʨʝʟ ʚʚʝʜʝʥʥʷ ʫ ʤʦʣʝʢʫʣʫ ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ 

ʙʝʥʟʠʣʬʣʫʦʨʦʩʫʣʴʬʦʥʽʣʴʥʦʾ ʛʨʫʧʠ. ɼʘʥʠʡ ʬʨʘʛʤʝʥʪ, ʟʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʪʨʝʥʜʘʤʠ 

ʨʦʟʨʦʙʢʠ ʙʽʦʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ, ʟʜʘʪʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʧʝʮʠʬʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʟ 

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʘʤʽʥʦʢʠʩʣʦʪ ʫ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʬʝʨʤʝʥʪʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʩʢʨʠʥʽʥʛʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ in vitro ʪʘ in silico. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʩʫʣʴʪʦʥʠ ʚʠʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ ʘʥʪʠʢʘʥʮʝʨʦʛʝʥʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʱʦʜʦ ʣʽʥʽʾ 

ʢʣʽʪʠʥ MDA-MB-231 (ʪʨʠʯʽ ʥʝʛʘʪʠʚʥʠʡ ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ), ʜʝʤʦʥʩʪʨʫʶʯʠ ʨʽʚʝʥʴ 

ʽʥʛʽʙʫʚʘʥʥʷ ʧʨʦʣʽʬʝʨʘʮʽʾ ʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ ʥʘ ʨʽʚʥʽ 50%. ʇʨʠ ʮʴʦʤʫ, ʥʘ ʤʦʜʝʣʽ 

ʥʝʟʣʦʷʢʽʩʥʠʭ ʝʥʜʦʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ ʘʦʨʪʠ ʤʠʰʽ (MAEC), ʩʧʦʣʫʢʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʨʠʡʥʷʪʥʠʡ ʧʨʦʬʽʣʴ ʙʝʟʧʝʢʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʭʥʶ ʩʝʣʝʢʪʠʚʥʽʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʘʤʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʜʦʚʝʜʝʥʦ 

ʚʠʩʦʢʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʢʽʥʘʟʦʶ 6FYV (CDC-

like kinase 4), ʱʦ ʧʦʷʩʥʶʻ ʤʝʭʘʥʽʟʤ ʾʭʥʴʦʾ ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʜʽʾ. ɼʦʜʘʪʢʦʚʦ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ in silico ʘʥʘʣʽʟʫ, ʨʦʟʰʠʨʝʥʦ ʤʝʞʽ ʧʦʪʝʥʮʽʡʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ 



с 
 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ɿʦʢʨʝʤʘ, ʚʠʷʚʣʝʥʦ ʚʠʩʦʢʫ ʘʬʽʥʥʽʩʪʴ ʩʫʣʴʪʦʥʽʚ 

ʜʦ ʙʽʦʤʽʰʝʥʝʡ ʥʝʡʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ: 2XFU (ʤʦʥʦʘʤʽʥʦʢʩʠʜʘʟʘ B) ʪʘ 8ORA 

(ʜʝʢʘʨʙʦʢʩʠʣʘʟʘ L-ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ). ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠ ʩʠʥʪʝʟʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʫʣʴʪʠʪʘʨʛʝʪʥʽ ʘʛʝʥʪʠ ʟ 

ʧʦʪʝʥʮʽʡʥʦʶ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʶ ʪʘ ʥʝʡʨʦʤʦʜʫʣʷʮʽʡʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʱʦ ʚʽʜʢʨʠʚʘʻ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʽʾ. 

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʪʘ ʚʧʨʦʚʘʜʞʝʥʦ ʢʦʤʧʣʝʢʩʥʫ ʣʘʙʦʨʘʪʦʨʥʫ ʤʝʪʦʜʠʢʫ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʧʦʪʝʥʮʽʡʥʠʭ "ʭʽʪʽʚ" (ñhitsò) ʥʘ ʦʩʥʦʚʽ 

ʢʝʪʦʩʫʣʴʪʦʥʽʚ ʜʣʷ ʧʦʪʨʝʙ ʩʫʯʘʩʥʦʾ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ. ʄʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʩʪʨʘʪʝʛʽʾ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʰʣʷʭʦʤ ʙʽʦʽʟʦʩʪʝʨʥʦʾ ʟʘʤʽʥʠ ʩʪʨʫʢʪʫʨʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʚʽʜʦʤʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʽʟ ʩʫʣʴʪʦʥʦʚʠʤ ʮʠʢʣʦʤ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʣʽʧʦʬʽʣʴʥʽʩʪʴ, ʨʦʟʯʠʥʥʽʩʪʴ ʪʘ ʤʝʪʘʙʦʣʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʙôʻʢʪʽʚ. ʂʣʶʯʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʠʢʠ ʻ ʩʠʥʝʨʛʽʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ (1H, 13C ʗʄʈ, ɯʏ ʪʘ ʈʉɼ) ʽʟ 

ʧʨʝʮʠʟʽʡʥʠʤʠ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʝʨʠʬʽʢʘʮʽʶ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʚʽʜʩʦʪʢʦʚʦʛʦ ʚʤʽʩʪʫ ʦʢʨʝʤʠʭ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ ʫ 

ʨʦʟʯʠʥʘʭ ʨʽʟʥʦʾ ʧʦʣʷʨʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʢʨʠʥʽʥʛʫ (ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ) ʜʣʷ ʢʦʞʥʦʾ ʟ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ ʽʟ ʧʦʜʘʣʴʰʦʶ ʢʦʨʝʣʷʮʽʻʶ ʨʝʟʫʣʴʪʘʪʽʚ in silico 

ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ in vitro ʥʘ ʤʦʜʝʣʴʥʠʭ ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʷʭ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʩʪʨʘʪʝʛʽʾ ʧʽʜʪʚʝʨʜʞʝʥʦ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʩʧʦʣʫʢ ʽʟ ʤʽʥʽʤʘʣʴʥʦʶ ʝʥʝʨʛʽʻʶ ʟʚôʷʟʫʚʘʥʥʷ 

ʟ ʨʝʮʝʧʪʦʨʘʤʠ, ʱʦ ʜʦʚʦʜʠʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʪʦʩʫʣʴʪʦʥʽʚ ʷʢ ʩʪʨʫʢʪʫʨʥʠʭ ʰʘʙʣʦʥʽʚ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 
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National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", 

Kyiv, 2026. 

The comprehensive dissertation research presented herein is fundamentally 

dedicated to the systematic development and optimization of advanced synthetic 

methodologies for the production of a diverse array of functionalized cyclic sulfonates 

and their related derivatives. A substantial and critical portion of this scholarly work is 

directed toward the foundational investigation of the intricate keto-enol tautomeric 

equilibria observed within the precursor ɓ-keto ɔ-sultone systems. This is paralleled by 

an exhaustive and rigorous evaluation of the broad-spectrum biological activities and 

therapeutic potential characterizing the newly synthesized chemical entities. The 

overarching synthetic strategy was strategically anchored upon the sophisticated 

application of the carbanionic sulfonate-sulfonamide intramolecular cyclization (widely 

recognized as the CSIC reaction) utilizing hydroxy ester substrates. The fundamental 

logic governing the research design involved the purposeful selection of bioisostere 

derivatives of ketolactones ï structural motifs that are ubiquitously identified as core 

components of numerous naturally occurring and biologically potent substances ï to 

serve as a primary scaffold for medicinal chemistry endeavors and innovative drug 

discovery processes. 

A highly efficient and robust preparative-scale methodology for the synthesis of ɓ-

keto ɔ-sultones was successfully established and refined through the detailed optimization 

of the intramolecular sulfa-Dieckmann condensation protocol. The experimental 

procedures were meticulously executed using potent organic and inorganic bases, such as 

potassium tert-butoxide and sodium hydride, within the controlled environment of 

anhydrous aprotic solvents, including tetrahydrofuran (THF) and dimethylformamide 
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(DMF). This methodological framework facilitated the successful acquisition of an 

extensive and structurally diverse library of sultones, featuring substituents ranging from 

2- to 6-membered spirocyclic moieties to dimethyl-substituted analogues, with isolated 

chemical yields spanning the interval of 28% to 74%. The industrial relevance, 

technological feasibility, and inherent scalability of the developed chemical protocol were 

unequivocally confirmed through the successful performance of large-scale preparative 

syntheses, starting from a significant initial quantity of 0.5 kilograms of the precursor 

hydroxy acid esters. 

A principal technological scheme for the production of functionalized sultones 1a,c 

has been proposed and scientifically substantiated, based on a two-stage process 

involving the O-mesylation of hydroxyesters followed by intramolecular sulfa-

Dieckmann condensation. The developed instrumentation layout involves the use of 

glass-lined (enameled) reactors equipped with cooling jackets, ensuring stable 

maintenance of low-temperature conditions down to -15ÁC during the intensive 

exothermic stages of methanesulfonyl chloride and potassium tert-butoxide addition. The 

technological solution incorporates a nitrogen inertization system (0.4 MPa), vacuum 

filtration (0.02 MPa), and differentiated off-gas removal, enabling successful process 

scale-up to preparative batches (from 0.5 kg) while maintaining high purity of the target 

products (98,5%) and a cumulative yield of 75-82%. 

The complex thermodynamic landscape governing the tautomeric transformations 

of the studied sultones was thoroughly and systematically examined. This comprehensive 

analysis included the precise determination of Gibbs free energy values, a detailed 

structural evaluation of geometric parameters such as interatomic distances and valence 

bond angles, and the calculation of fundamental electronic characteristics, most notably 

the HOMO and LUMO energy levels. The computational component of this investigation 

involved the rigorous application of the Polarizable Continuum Model (PCM) to account 

for various solvation effects, alongside a detailed exploration of dipole moments, 

molecular polarizability, and specific solvent-solute interaction phenomena. 

Experimental validation of the theoretical models was achieved through the execution of 
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true equilibrium studies and the precise monitoring of tautomeric shifts within dimethyl 

sulfoxide (DMSO-d6) media. 

A sophisticated and detailed molecular mechanism for the DMSO-mediated 

tautomerization of the investigated ɓ-keto ɔ-sultones has been formally proposed and 

theoretically substantiated. It was explicitly postulated that the enolization process is 

dramatically facilitated by the presence of the solvent molecule, which functions as a 

versatile bifunctional catalyst, effectively serving the critical role of a "proton shuttle" 

within the reaction environment. This multi-stage mechanistic pathway encompasses the 

initial formation of a stable hydrogen-bonded molecular complex, followed by the 

coordinated deprotonation of the C5-active methylene center to generate a solvent-

separated ion pair, and ultimately concludes with the formal regeneration of the solvent 

molecule while simultaneously fixing the resulting enol form. It was scientifically 

demonstrated that the specific solvation provided by DMSO molecules significantly 

reduces the activation energy barrier associated with deprotonation, thereby ensuring the 

rapid attainment of a stable tautomeric equilibrium and providing superior stabilization 

of the enol forms in the liquid phase. Furthermore, a direct correlation between the 

inherent steric strain of the C3-substituent and the tautomeric equilibrium preference was 

established, proving that an increase in substituent-induced strain promotes a definitive 

shift of the equilibrium toward the ketonic form of the sultone. 

The biological evaluation segment of the research program involved a multi-

faceted and comprehensive screening of the antitumor and pharmacological properties of 

the synthesized sultones, utilizing a synergetic combination of in vitro experimental 

assays and in silico computational methodologies. The cytotoxic potential was rigorously 

evaluated against the highly aggressive MDA-MB-231 triple-negative breast cancer cell 

line and subsequently compared with the metabolic response of non-malignant mouse 

aortic endothelial cells (MAEC). The empirical results confirmed that the synthesized 

compounds possess a distinct and significant anticarcinogenic capacity, achieving a 

cancer cell lethality rate of approximately 50%, while maintaining a highly acceptable 

safety profile and low toxicity toward healthy cellular structures. These experimental 

findings were further validated and corroborated through extensive molecular docking 
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simulations performed against a comprehensive panel of well-characterized oncogenic 

targets, including but not limited to: 4AQ3 (Bcl-2-like protein 1), 4YC6 (Cyclin-

dependent kinase 1, CDK1), 3UG2 (Epidermal growth factor receptor, EGFR), 4GL7 

(Aromatase / CYP19A1), 1X7R (Estrogen receptor alpha), 3KRR (Janus kinase 2, JAK2), 

and 4ASD (Vascular endothelial growth factor receptor 2, VEGFR-2). 

The broader chemical reactivity and diverse functionalization potential of the 

synthesized sultones were further explored through systematic reactions with a wide 

variety of electrophilic and nucleophilic reagents. It was observed that the outcome of 

interactions with Wittig reagents is highly contingent upon the steric and electronic nature 

of the C5-substituent: while dimethyl-substituted sultones yielded a complex mixture of 

Wittig-type and non-specific acylation products, the more strained cyclopropyl-

substituted analogues afforded the desired Wittig product with high exclusivity. Reactions 

conducted with aniline under reflux conditions in toluene led to the successful formation 

of various phenylenamine derivatives. Furthermore, the strategic activation of the 

methylene fragment by the neighboring electron-withdrawing group (EWG) allowed for 

the smooth and efficient execution of reactions with various carbo- and 

heteroelectrophiles, providing the corresponding products in moderate to excellent 

chemical yields. 

Advanced and site-specific functionalization was further achieved through the 

reaction with phenyl isocyanate (PhNCO) under the catalytic influence of 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU), which afforded C-acylated anilide derivatives 

with remarkable regioselectivity.  

Additionally, condensation with dimethylformamide dimethyl acetal (DMF-DMA) 

provided highly reactive (dimethylamino)methylidene derivatives, which serve as 

exceptionally versatile intermediates for the subsequent design and construction of 

complex polycondensed heterocyclic systems built upon the sultone core.  

The investigation also meticulously covered bromination processes utilizing N-

bromosuccinimide (NBS) in boiling carbon tetrachloride (CCl4), which was found to 

selectively produce stable dibromides, as well as azo-coupling reactions with in situ 
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generated p-tolyl diazonium acetate, resulting in the formation of stabilized E-

ketohydrazones. 

Structural modification via transamination yielded derivatives 20a-d, designed as 

irreversible covalent inhibitors featuring a benzylfluorosulfonyl moiety. Docking 

simulations confirmed high thermodynamic affinity for CLK4 (6FYV), MAO-B (2XFU), 

and AADC (8ORA) receptors. These functionalized sultones represent promising multi-

target candidates for the treatment of both oncological and neurodegenerative disorders. 

A comprehensive laboratory methodology for the identification and investigation 

of new potential "hits" based on ketosultones has been scientifically substantiated and 

implemented for medicinal chemistry applications. The methodological approach is based 

on a rational design strategy through the bioisosteric replacement of structural fragments 

of known biologically active compounds with a sultone ring, enabling purposeful 

modification of lipophilicity, solubility, and metabolic stability. A key feature of the 

methodology is the synergy of experimental physicochemical methods (1H, 13C NMR, IR, 

and X-ray) with precision quantum-chemical calculations (DFT), ensuring the 

verification of the energy profile and the percentage content of individual tautomeric 

forms in solvents of varying polarity. The proposed algorithm involves parallel virtual 

screening (molecular docking) for each identified tautomeric form, followed by the 

correlation of in silico results with in vitro biological assays on model cell lines. The 

effectiveness of the strategy has been validated by selecting compounds with minimal 

receptor binding energy, proving the adequacy of the chosen theoretical model and the 

potential of ketosultones as a platform for drug discovery. 

 

Keywords: sultones, sulfonates, oncogenicity, receptor, molecular docking, DFT, 

synthesis, biological activity, reactivity, tautomerism, X-ray. 
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ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʇʦʣʶʜʦʚ ɸ., ɻʘʚʨʠʰʢʦ ɼ., ɼʦʙʨʠʜʥʻʚ ʆ., ʆʤʝʣʴʷʥ ʊ., ɺʦʣʦʚʝʥʢʦ, ʖ. 

ʉʠʥʪʝʟ ʽ ʪʘʫʪʦʤʝʨʽʷ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ. ɼʦʧʦʚʽʜʽ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 2023, 5, 57ï65. 
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ɺʥʝʩʦʢ ʘʚʪʦʨʽʚ ʧʫʙʣʽʢʘʮʽʾ: 

ʇʦʣʶʜʦʚ ɸ. ð ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʩʠʥʪʝʟ ʩʧʦʣʫʢ, ʧʽʜʛʦʪʦʚʢʘ 

ʧʝʨʚʠʥʥʦʛʦ ʪʝʢʩʪʫ ʩʪʘʪʪʽ, ʘʥʘʣʽʟ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɻʘʚʨʠʰʢʦ ɼ. ð ʩʠʥʪʝʟ ʩʧʦʣʫʢ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʠʤʘʥʠʭ 

ʨʝʯʦʚʠʥ. 

ɼʦʙʨʠʜʥʻʚ ʆ. ð ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, 

ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ, ʢʨʠʪʠʯʥʠʡ ʦʛʣʷʜ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ. 

ʆʤʝʣʴʷʥ ʊ. ð ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ 

ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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3. Poliudov A.O., Havryshko D.Y., Sorokin M.D., Yatsymyrskyi A.V., Virych 

P.A., Shishkina S.V., Fokin A.A., Omelian ʊ.V., Kysil A.I., Milokhov D.S., Dobrydnev 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ADMET absorption, distribution, metabolism, excretion, and toxicity; 

ʘʙʩʦʨʙʮʽʷ, ʨʦʟʧʦʜʽʣ, ʤʝʪʘʙʦʣʽʟʤ, ʚʠʚʝʜʝʥʥʷ ʪʘ ʪʦʢʩʠʯʥʽʩʪʴ 

ALDH1A1 ʘʣʴʜʝʛʽʜʜʝʛʽʜʨʦʛʝʥʘʟʘ 1 ʯʣʝʥ ʨʦʜʠʥʠ A1 

Ar ʘʨʠʣʴʥʠʡ ʟʘʤʽʩʥʠʢ 

Bn ʙʝʥʟʠʣ 

Boc ʪʨʝʪ-ʙʫʪʦʢʩʠʢʘʨʙʦʥʽʣ 

CAN ɸʤʦʥʽʡ ʮʝʨʽʡ (IV) ʥʽʪʨʘʪ 

CSIC Carbon mediated Sulfonamide (Sulfonate) Intermolecular 

(Intramolecular) Coupling; 

ɺʥʫʪʨʽʰʥʴʦ- ʘʙʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʡ ʢʘʧʣʽʥʛ ʟʘ ʫʯʘʩʪʽ 

ʢʘʨʙʘʥʽʦʥʽʚ, ʫʪʚʦʨʝʥʠʭ ʽʟ ʩʫʣʴʬʘʤʽʜʽʚ ʘʙʦ ʩʫʣʴʬʦʥʘʪʽʚ 

DBI 1,3-ʜʠʙʨʦʤʦ-1,3,5-ʪʨʠʘʟʠʥ-2,4,6-ʪʨʽʦʥ 

de ʜʽʘʩʪʝʨʝʦʤʝʨʥʠʡ ʥʘʜʣʠʰʦʢ 

DFT (ʪʘʢʦʞ ʊʌɻ) ʪʝʦʨʽʷ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ 

dr ʜʽʘʩʪʝʨʝʦʤʝʨʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ee ʝʥʘʥʪʽʦʤʝʨʥʠʡ ʥʘʜʣʠʰʦʢ 

Et ʝʪʠʣ 

EWG ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʘ ʛʨʫʧʘ 

HOMO (ʪʘʢʦʞ ɺɿʄʆ) highest occupied molecular orbital 

HCMV Human cytomegalovirus (ʮʠʪʦʤʝʛʘʣʦʚʽʨʫʩ ʣʶʜʠʥʠ) 

iBRB ʚʥʫʪʨʽʰʥʽʡ ʛʝʤʘʪʦ-ʨʝʪʠʥʘʣʴʥʠʡ ʙʘʨôʻʨ 

i-Pr ʽʟʦʧʨʦʧʽʣ 
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J ʢʦʥʩʪʘʥʪʘ ʩʧʽʥ-ʩʧʽʥʦʚʦʾ ʚʟʘʻʤʦʜʽʾ, ɻʮ 

LED light-emitting diode 

LiHMDS ʃʽʪʽʡ ʙʽʩ(ʪʨʠʤʝʪʠʣʩʠʣʽʣ)ʘʤʽʜ  

m-CPBA ʤ-ʭʣʦʨʦʧʝʨʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ 

Me ʤʝʪʠʣ 

NBS N-ʙʨʦʤʩʫʢʮʠʥʽʤʽʜ 

n-Bu ʥ-ʙʫʪʠʣ 

n-Pr ʥ-ʧʨʦʧʽʣ 

p-, ʧ- ʧʘʨʘ- 

Ph ʬʝʥʽʣ 

PIDA ʜʽʘʮʝʪʦʢʩʠʡʦʜʦʙʝʥʟʦʣ 

PPO ʬʪʘʣʦʾʣʧʝʨʦʢʩʠʜ 

SEM 2-(ʊʨʠʤʝʪʠʣʩʽʣʽʣ)ʝʪʦʢʩʠʤʝʪʠʣ 

t-Bu ʪʨʝʪ-ʙʫʪʠʣ 

TMS ʪʨʠʤʝʪʠʣʩʠʣʽʣ 

Tol ʪʦʣʽʣ 

VZV Varicella zoster virus (ʚʽʨʫʩ ʚʽʪʨʷʥʦʾ ʚʽʩʧʠ) 

ŭ ʭʽʤʽʯʥʠʡ ʟʩʫʚ, ʤ.ʯ. (ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ) 

ɜ ʯʘʩʪʦʪʘ, ʩʤ-1 (ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ) 

ɺɽʈʍ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ 

ɺɿʄʆ ʚʠʱʘ ʟʘʡʥʷʪʘ ʤʦʣʝʢʫʣʷʨʥʘ ʦʨʙʽʪʘʣʴ 

ʚʦʜʥ. ʚʦʜʥʠʡ 

ʛ ʛʝʢʩʝʪ 
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ʜ ʜʫʙʣʝʪ 

ɼɹʋ 1,8-ʜʽʘʟʘʙʽʮʽʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ 

ɼɯʇɽɸ N,N-ʜʠʽʟʦʧʨʦʧʽʣʝʪʠʣʘʤʽʥ 

ʜʢʚ ʜʫʙʣʝʪ ʢʚʘʨʪʝʪʽʚ 

ɼʄʉʆ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʉʆ-d6 ʜʝʡʪʝʨʦʚʘʥʠʡ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜ 

ɼʄʌ-ɼʄɸ ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʫ 

ʜʧ ʜʫʙʣʝʪ ʧʝʥʪʝʪʽʚ 

ʜʪ ʜʫʙʣʝʪ ʪʨʠʧʣʝʪʽʚ 

ɯʏ ʽʥʬʨʘʯʝʨʚʦʥʠʡ 

ʢʚ ʢʚʘʨʪʝʪ 

ʤ ʤʫʣʴʪʠʧʣʝʪ 

ʤ- ʤʝʪʘ- 

ʤ.ʯ. ʤʽʣʴʡʦʥʥʘ ʯʘʩʪʢʘ 

ʄʆ ʤʦʣʝʢʫʣʷʨʥʘ ʦʨʙʽʪʘʣʴ 

ʅɺʄʆ ʥʘʡʥʠʞʯʘ ʚʘʢʘʥʪʥʘ ʤʦʣʝʢʫʣʷʨʥʘ ʦʨʙʽʪʘʣʴ 

ʦ- ʦʨʪʦ- 

ʈʉɸ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʈʍʄʉ ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ ʟ ʪʘʥʜʝʤʥʦʶ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʻʶ 

ʩ ʩʠʥʛʣʝʪ 

ʪ ʪʨʠʧʣʝʪ 

ʊɻʌ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ 
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ʊɽɸ, Et3N ʪʨʠʝʪʠʣʘʤʽʥ 

ʊʪʦʧʣ. ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʝʥʥʷ 

ʊʐʍ ʪʦʥʢʦʰʘʨʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ 

ʫʰ. ʩ ʫʰʠʨʝʥʠʡ ʩʠʥʛʣʝʪ 

ʗʄʈ ʷʜʝʨʥʠʡ ʤʘʛʥʽʪʥʠʡ ʨʝʟʦʥʘʥʩ 
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ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʝʤʠ 

ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʫʯʘʩʥʦʾ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʪʘ ʤʝʜʠʯʥʦʾ 

ʭʽʤʽʾ ʻ ʟʘʤʽʥʘ ʥʘ ʙʽʦʽʟʦʩʪʝʨʥʠʡ ʬʨʘʛʤʝʥʪ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ, ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʪʘ ʤʝʪʘʙʦʣʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʘ 

ʪʘʢʦʞ ʧʦʢʨʘʱʠʪʠ ʾʭ ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʽ ʪʘ ʬʘʨʤʘʢʦʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʮʠʢʣʽʯʥʠʭ ʩʫʣʴʬʦʥʘʪʽʚ 

(ʩʫʣʴʪʦʥʽʚ) ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʽʨʢʦʚʤʽʩʥʽ ʘʥʘʣʦʛʠ-ʙʽʦʽʟʦʩʪʝʨʠ ʪʝʪʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ 

(ʦʢʩʦʣʘʥ-2,4-ʜʽʦʥʫ). ʇʦʭʽʜʥʽ ʪʝʪʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʧʨʠʨʦʜʽ ʪʘ ʤʘʶʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ: ʧʦʪʫʞʥʫ ʘʥʪʠʙʽʦʪʠʯʥʫ ʜʽʶ, ʧʨʦʪʠʚʽʨʫʩʥʽ 

ʪʘ ʘʥʪʠʚʠʨʘʟʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʮʠʪʦʪʦʢʩʠʯʥʫ ʪʘ ʬʫʥʛʽʮʠʜʥʫ ʘʢʪʠʚʥʦʩʪʽ, ʩʪʨʠʤʫʶʪʴ 

ʨʽʩʪ ʧʫʭʣʠʥ ʪʦʱʦ. 

ɹʽʣʴʰʽʩʪʴ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʣʽʢʽʚ, ʤʘʶʪʴ ʞʦʨʩʪʢʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʟʥʠʞʫʶʪʴ ʚʪʨʘʪʠ ʝʥʪʨʦʧʽʾ ʧʨʠ ʟʚ'ʷʟʫʚʘʥʥʽ ʟ 

ʤʽʰʝʥʥʶ. ɾʦʨʩʪʢʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʚʢʣʶʯʘʶʪʴ, ʩʝʨʝʜ ʽʥʰʦʛʦ, ʤʘʣʽ ʮʠʢʣʠ ʪʘ 

ʩʧʽʨʦʮʠʢʣʽʯʥʽ ʩʠʩʪʝʤʠ. ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʫʤʦʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʙʩʪʘʥʮʽʡ ʫ 

ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ï ʩʪʽʡʢʽʩʪʴ ʜʦ ʤʝʪʘʙʦʣʽʟʤʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʧʽʨʦʩʧʦʣʫʢʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʯʝʪʚʝʨʪʠʥʥʽ ʘʪʦʤʠ ʚʫʛʣʝʮʶ, ʩʪʽʡʢʽ ʜʦ ʤʝʪʘʙʦʣʽʯʥʦʾ ʘʪʘʢʠ, ʧʨʠʚʝʨʥʫʣʠ 

ʟʥʘʯʥʫ ʫʚʘʛʫ.  

ʅʘ ʩʴʦʛʦʜʥʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʦʧʣʘʥʦʚʫ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʩʠʥʪʝʪʠʯʥʠʡ 

ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʠ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ ʪʘ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ 1,2ɚ6-

ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ, ʾʭ ʧʦʜʘʣʴʰʘ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʯʝʨʝʟ ʚʚʝʜʝʥʥʷ 

ʬʘʨʤʘʢʦʬʦʨʥʠʭ ʛʨʫʧ ʪʘ ʟʘʤʽʩʥʠʢʽʚ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʰʫʢʫ ʥʦʚʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ʇʨʝʜʤʝʪ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʠʥʪʝʟ 5,5-ʜʠʘʣʢʽʣ- ʪʘ 5,5-ʩʧʽʨʦʟʘʤʽʱʝʥʠʭ 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ ʟʘ 

ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ; ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ h ʣʷʭʦʤ 
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ʚʚʝʜʝʥʥʷ ʫ ʚʟʘʻʤʦʜʽʶ ʟ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʪʘ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ; ʙʽʦʣʦʛʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ; ʧʨʦʚʝʜʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʦʣʫʢ ʟ ʦʙʨʘʥʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʫʣʴʪʦʥʠ, ʧʦʭʽʜʥ ̔ʩʫʣʴʪʦʥʽʚ, ʪʘʫʪʦʤʝʨʠʟʘʮʽʷ, ʩʠʥʪʝʟ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʚʧʣʠʚ ʟʘʤʽʩʥʠʢʘ ʉ3 ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʧʨʝʧʘʨʘʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 5,5-ʜʠʘʣʢʽʣ- ʪʘ 

5,5-ʩʧʽʨʦʟʘʤʽʱʝʥʠʭ 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ, ʚʠʚʯʝʥʥʶ ʾʭ ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʟʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ: ʘʢʪʠʚʦʚʘʥʦʾ 

ʤʝʪʠʣʝʥʦʚʦʾ ʣʘʥʢʠ ʪʘ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʘʤʽʩʥʠʢʘ ʫ 3-ʤʫ 

ʧʦʣʦʞʝʥʥʽ ʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʣʴʪʦʥʽʚ ʜʦ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʝʪʦʜʘʤʠ ʗʄʈ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʩʫʣʴʪʦʥʽʚ ʪʘ ʾʭ ʧʦʭʽʜʥʠʭ in vitro ʪʘ in silico ʤʝʪʦʜʘʤʠ.. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʈʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʝʩʪʝʨʽʚ 

ʮʠʢʣʽʯʥʠʭ Ŭ-ʦʢʩʠʢʠʩʣʦʪ ʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʘʤʠ. 

2. ʈʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 5,5-ʜʠʘʣʢʽʣ- ʪʘ 5,5-

ʩʧʽʨʦʟʘʤʽʱʝʥʠʭ 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʝʩʪʝʨʽʚ 

ʩʫʣʴʬʦʥʽʣʴʦʚʘʥʠʭ Ŭ-ʦʢʩʠʢʠʩʣʦʪ. 

3. ɼʦʩʣʽʜʠʪʠ ʚʟʘʻʤʦʜʽʶ ʢʝʪʦʤʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-

ʪʨʠʦʥʽʚ ʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ. 

4. ɼʦʩʣʽʜʠʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʦʶ ʩʫʣʴʪʦʥʫ ʪʘ ʟʜʘʪʥʽʩʪʶ ʟʘʤʽʩʥʠʢʘ ʫ 3-ʤʫ 

ʧʦʣʦʞʝʥʥʽ ʚʧʣʠʚʘʪʠ ʥʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʨʦʮʝʩ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ. 

5. ɼʦʩʣʽʜʠʪʠ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ in silico ʪʘ in vitro 

ʤʝʪʦʜʘʤʠ. 

6. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʘʢʪʠʚʥʦʩʪʽ ʢʝʪʦʩʫʣʴʪʦʥ-

ʧʦʜʽʙʥʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʣʽʢʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ. 



нс 
 

7. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ 0,5 ʢʛ ʩʫʣʴʪʦʥʽʚ 1a,c ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʭʝʤʫ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʗʄʈ, ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʊʌɻ, ʭʨʦʤʘʪʦʤʘʩ 

ʩʧʝʢʪʨʦʤʝʪʨʽʷ, ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ, in vitro ʜʦʩʣʽʜʞʝʥʥʷ, ɯʏ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

¶ ʋʜʦʩʢʦʥʘʣʝʥʦ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʦ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʦʛʦ 

1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʫ. 

¶ ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʩʧʽʨʦʮʠʢʣʽʯʥʽ (ʮʠʢʣʦʧʨʦʧʽʣ, ʮʠʢʣʦʙʫʪʠʣ, 

ʮʠʢʣʦʧʝʥʪʠʣ ʪʘ ʮʠʢʣʦʛʝʩʢʠʣ) 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ ʟ ʢʘʨʙʦʮʠʢʣʽʯʥʠʤʠ  

ʘʪʦʤʽ ʉ(3). 

¶ ɺʧʝʨʰʝ ʜʦʩʣʜ̔ʞʝʥʦ ʚʟʘʻʤʦʜʽ ʁ1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ ʟ C- ʪʘ N-

ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ. ʆʪʨʠʤʘʥʦ ʧʨʦʜʫʢʪʽʚ ʘʣʢʽʣʫʚʘʥʥʷ, ʘʮʠʣʶʚʘʥʥʷ, 

ʥʽʪʨʦʟʫʚʘʥʥʷ ʪʘ ʘʟʦʩʧʦʣʫʯʝʥʥʷ. 

¶ ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʚʟʘʻʤʦʜʽʾ 1,2ɚ6-ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ ʟ N- ʪʘ ʉ-

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ. ʆʜʝʨʞʘʥʦ ʚʽʜʧʦʚʽʜʥ ̔ʝʥʘʤʽʥʠ, ʛʽʜʨʘʟʦʥʠ, ʧʨʦʜʫʢʪʠ 

ʨʝʘʢʮʽʾ ɺʽʪʪʽʛʘ.  

¶ ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʘʤʽʩʥʠʢʘ ʫ 3-ʤʫ ʧʦʣʦʞʝʥʥʽ ʩʫʣʴʪʦʥʽʚ ʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

¶ ɺʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ in silico 

ʪʘ in vitro ʤʝʪʦʜʘʤʠ. 

¶ ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʣʘʙʦʨʘʪʦʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʭʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʢʝʪʦʩʫʣʴʪʦʥʽʚ ʫ ʨʦʟʨʦʙʮʽ 

ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

¶ ɺʧʝʨʰʝ ʤʘʩʰʪʘʙʦʚʘʥʦ ʩʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ 1a,c ʜʦ 0,5 ʢʛ. 

¶ ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʦʪʨʠʤʘʥʥʷ 

ʩʫʣʴʪʦʥʽʚ 1a,c 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 



нт 
 

¶ ʉʪʚʦʨʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʦʪʨʠʤʘʥʥʷ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ 1,2-ɚ6-

ʦʢʩʘʪʽʦʣʘʥ-2,2,4-ʪʨʠʦʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʘʩʰʪʘʙʫʚʘʪʠ ʩʠʥʪʝʟ ʮʠʭ ʩʧʦʣʫʢ ʜʦ 

ʧʨʝʧʘʨʘʪʠʚʥʠʭ ʢʽʣʴʢʦʩʪʝʡ (ʜʦ 0,5 ʢʛ), ʟʘʙʝʟʧʝʯʫʶʯʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʾʭ 

ʧʦʜʘʣʴʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ.  

¶ ɺʠʚʯʝʥʽ ʨʝʘʢʮʽʾ ʟ C-, N-ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʪʘ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʨʷʤʦʚʘʥʫ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʶ ʩʫʣʴʪʦʥʦʚʦʛʦ ʷʜʨʘ, ʱʦ 

ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʩʠʥʪʝʟʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ (ʝʥʘʤʽʥʽʚ, ʛʽʜʨʘʟʦʥʽʚ, 

ʘʥʽʣʽʜʽʚ ʪʦʱʦ) ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

¶ ɺʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʟʘʤʽʩʥʠʢʘ ʫ 3-ʤʫ ʧʦʣʦʞʝʥʥʽ ʥʘ 

ʪʘʫʪʦʤʝʨʥʫ ʨʽʚʥʦʚʘʛʫ ʪʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʩʫʣʴʪʦʥʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʙʽʦʽʟʦʩʪʝʨʽʚ ʪʝʪʨʦʥʦʚʦʾ 

ʢʠʩʣʦʪʠ.  

¶ ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ in silico ʪʘ in vitro ̔ ʜʝʥʪʠʬʽʢʫʚʘʣʠ 

ʩʠʥʪʝʟʦʚʘʥʽ ʩʧʦʣʫʢʠ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʫʣʴʪʠʪʘʨʛʝʪʥʽ ʘʛʝʥʪʠ ʟ ʧʨʦʪʠʧʫʭʣʠʥʥʦʶ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦʶ ʥʝʡʨʦʤʦʜʫʣʷʮʽʡʥʦʶ ʘʢʪʠʚʥʽʩʪʶ (ʽʥʛʽʙʽʪʦʨʠ CLK4, MAO B), ʱʦ ʻ 

ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ.  

¶ ʈʦʟʨʦʙʣʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʤʝʪʦʜʠʢʘ ʧʦʰʫʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ 

çʭʽʪʽʚè ʥʘ ʦʩʥʦʚʽ ʢʝʪʦʩʫʣʴʪʦʥʽʚ ʧʨʦʧʦʥʫʻ ʛʦʪʦʚʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʫʩʪʘʥʦʚ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʢʦʤʧʘʥʽʡ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ʆʩʥʦʚʥʠʡ ʦʙʩʷʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʨʦʙʦʪʠ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʧʨʦʚʝʜʝʥʥʷ, ʘʥʘʣʽʟ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ, in silico ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʙʽʦʣʦʛʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʟʜʽʡʩʥʝʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. 

ʇʦʩʪʘʥʦʚʢʫ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙʛʦʚʦʨʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʦʬʦʨʤʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ, ʜ.ʭ.ʥ., ʧʨʦʬ. ʌʦʢʽʥʠʤ ɸ.ɸ., ʪʘ 

ʢ.ʭ.ʥ. ɼʦʙʨʠʜʥʻʚʠʤ ʆ.ɺ. ʅʘʧʠʩʘʥʥʷ ʩʪʘʪʝʡ ʧʨʦʚʝʜʝʥʦ ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ. ɼʦʙʨʠʜʥʻʚʠʤ 

ʆ.ɺ. ʪʘ ʜ.ʭ.ʥ., ʧʨʦʬ. ʌʦʢʽʥʠʤ ɸ.ɸ. ʉʠʥʪʝʟ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʫʜʦʚʠ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ ʧʨʦʚʝʜʝʥʦ 
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ʨʘʟʦʤ ʽʟ ɻʘʚʨʠʰʢʦʤ ɼ.ʖ.,  ʢ.ʭ.ʥ., ʜʦʮ. ʄʽʣʦʭʦʚʠʤ ɼ.ʉ., ʢ.ʭ.ʥ. ɼʦʙʨʠʜʥʻʚʠʤ ʆ.ɺ. 

ɼʦʢʽʥʛ-ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʉʦʨʦʢʽʥʠʤ ʄ.ɼ. In vitro ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢ ʧʨʦʚʝʜʝʥʦ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʢ.ʙ.ʥ. ɺʽʨʠʯʝʤ ʇ.ɸ.  ʗʄʈ-

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʜʝʥʽ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʜ.ʭ.ʥ., ʧʨʦʬ. ʌʦʢʽʥʠʤ ɸ.ɸ. ʪʘ ʢ.ʭ.ʥ., ʜʦʮ. 

ʄʽʣʦʭʦʚʠʤ ɼ.ʉ. DFT-ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʽ ʩʧʽʣʴʥʦ ʟ ʜ.ʭ.ʥ., ʧʨʦʬ. ʌʦʢʽʥʠʤ ɸ.ɸ., 

ʢ.ʭ.ʥ. ɼʦʙʨʠʜʥʻʚʠʤ ʆ.ɺ. ʪʘ ʢ.ʭ.ʥ., ʜʦʮ. ʗʮʠʤʠʨʩʴʢʠʤ ɸ.ɺ.  ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ʜ.ʭ.ʥ. ʐʠʰʢʽʥʦʶ ʉ.ɺ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʜʦʧʦʚʽʜʷʭ ʚ ʨʘʤʢʘʭ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ: 

III ʄʽʞʥʘʨ. ʥʘʫʢʦʚʦ-ʪʝʦʨʝʪʠʯʥʘ ʢʦʥʬ. çADVANCED DISCOVERIES OF MODERN 

SCIENCE: EXPERIENCE, APROACHES AND INNOVATIOSè (ɸʤʩʪʝʨʜʘʤ, 

ʅʽʜʝʨʣʘʥʜʠ) 2023; XXIV ʄʽʞʥʘʨ. ʢʦʥʬ. ʩʪʫʜ., ʘʩʧʽʨ. ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʉʫʯʘʩʥʽ 

ʧʨʦʙʣʝʤʠ ʭʽʤʽʾè (ʂʠʾʚ, ʋʢʨʘʾʥʘ) 2023; ʍɯX ʅʘʫʢ. ʢʦʥʬ. çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 

2023è (ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) 2023; XXII ʅʘʫʢ. ʤʦʣʦʜʽʞʥʘ ʢʦʥʬ. çʇʨʦʙʣʝʤʠ ʪʘ ʜʦʩʷʛʥʝʥʥʷ 

ʩʫʯʘʩʥʦʾ ʭʽʤʽʾè (ʆʜʝʩʘ, ʋʢʨʘʾʥʘ) 2023; ʄʽʞʥʘʨ. ʢʦʥʬ. ʟ ʭʽʤʽʾ, ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʝʢʦʣʦʛʽʾ (ʂʠʾʚ, ʋʢʨʘʾʥʘ) 2023; ʍɯ ʄʽʞʥʘʨ. ʥʘʫʢʦʚʦ-ʧʨʘʢʪ. ʽʥʪʝʨʥʝʪ-ʢʦʥʬ. çʍʽʤʽʷ ʽ 

ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè (ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ) 2023; Vɯɯɯ ɺʩʝʫʢʨ. ʥʘʫʢ. ʢʦʥʬ. çɸʢʪʫʘʣʴʥʽ 

ʟʘʜʘʯʽ ʭʽʤʽʾ: ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠè (ɾʠʪʦʤʠʨ, ʋʢʨʘʾʥʘ) 2024; XXV ʄʽʞʥʘʨ. 

ʢʦʥʬ. ʩʪʫʜ., ʘʩʧʽʨ. ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʭʽʤʽʾè (ʂʠʾʚ, ʋʢʨʘʾʥʘ) 

2024; ʍʍVI ʋʢʨ. ʢʦʥʬ. ʟ ʦʨʛʘʥʽʯʥʦʾ ʪʘ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ (ʋʞʛʦʨʦʜ, ʋʢʨʘʾʥʘ) 2024. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʦʨʛʘʥʯ̔ʥʠʭ ʨʝʯʦʚʠʥ, ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ, ʅʊʋʋ "ʂʇɯ ʽʤ. 

ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ".  

ʇʫʙʣʽʢʘʮʽʾ 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʣʘʜʝʥʦ ʫ ʪʨʠʥʘʜʮʷʪʠ ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ, ʩʝʨʝʜ ʷʢʠʭ: ʪʨʠ ʩʪʘʪʪ ̔ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, ̫ʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus ʪʘ Web of Science, ʦʜʥʘ ʩʪʘʪʪ ̫ʫ 
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ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ ʢʘʪʝʛʦʨʽʾ ɹ, ʘ ʪʘʢʦʞ ʫ ʜʝʚôʷʪʠ ʪʝʟʘʭ ʜʦʧʦʚʽʜʝʡ 

ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʩʪʘʥʦʚʠʪʴ 287 ʩʪʦʨʽʥʦʢ, ʚʢʣʶʯʥʦ ʟ  151 ʨʠʩʫʥʢʘʤʠ, 37 ʩʭʝʤʘʤʠ, 4 ʪʘʙʣʠʮʷʤʠ ʪʘ 7 

ʜʦʜʘʪʢʘʤʠ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʩʪʘʥʦʚʠʪʴ 145 ʩʪʦʨʽʥʦʢ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 132 ʥʘʡʤʝʥʫʚʘʥʴ, ʟ ʥʠʭ 1 ʫʢʨʘʾʥʩʴʢʦʶ ʤʦʚʦʶ, 128 ʘʥʛʣʽʡʩʴʢʦʶ 

ʤʦʚʦʶ, 4 ʥʽʤʝʮʴʢʦʶ ʤʦʚʦʶ. 
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ʈʆɿɼɯʃ 1 ʄɽʊʆɼʀ ʉʀʅʊɽɿʋ, ɹɯʆʃʆɻɯʏʅɸ ɸʂʊʀɺʅɯʉʊʔ ʊɸ 

ʇʈʀʂʃɸɼʅʀʁ ʇʆʊɽʅʎɯɸʃ ʎʀʂʃɯʏʅʀʍ ʉʋʃʔʌʆʅɸʊɯɺ 

 

ʆʜʥʠʤ ʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʩʫʯʘʩʥʦʾ ʤʝʜʠʯʥʦʾ ʪʘ 

ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʭʽʤʽʾ ʻ ʙʽʦʽʟʦʩʪʝʨʥʘ ʟʘʤʽʥʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʘʢʪʠʚʥʽʩʪʴ, 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʪʘ ʤʝʪʘʙʦʣʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ, ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʠʪʠ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʽʩʥʫʶʯʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʠʤʠ ʪʘ ʬʘʨʤʘʢʦʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘʡʙʣʠʞʯʠʤ 

ʙʽʦʽʟʦʩʪʝʨʦʤ ʢʘʨʙʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʻ ʩʫʣʴʬʦʛʨʫʧʘ ʽ ʷʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʟʘʤʽʥʠ 

ʻ ʩʫʣʴʬʘʥʽʣʘʤʽʜʥʽ ʧʨʝʧʘʨʘʪʠ ï ʧʝʨʰʽ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʽ ʟʘʩʦʙʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʽʾ.  

ʊʝʪʨʦʥʦʚʘ ʢʠʩʣʦʪʘ (ʬʫʨʘʥ-2,4(3ʅ,5ʅ)-ʜʽʦʥ) ʻ ʚʘʞʣʠʚʠʤ ʩʪʨʫʢʪʫʨʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ (ʥʘʧʨʠʢʣʘʜ, 

ʧʝʥʽʮʠʣʽʥʦʚʘ ʢʠʩʣʦʪʘ, ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ (ʚʽʪʘʤʽʥ ʉ), ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʩʪʠʮʠʜʽʚ 

(ʩʧʽʨʦʜʽʢʣʦʬʝʥ, ʩʧʽʨʦʤʝʟʠʬʝʥ) ʪʦʱʦ.  

ʉʣʽʜʫʶʯʠ ʦʩʥʦʚʥʠʤ ʧʨʠʥʮʠʧʘʤ ʙʽʦʽʟʦʩʪʝʨʥʦʾ ʟʘʤʽʥʠ, 1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʷʤʠʤ ʙʽʦʽʟʦʩʪʝʨʦʤ ʪʝʪʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ ʷʢ ʩʫʣʴʬʦʥʘʪʥʠʡ 

ʘʥʘʣʦʛ. ɼʘʥʘ ʩʧʦʣʫʢʘ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʮʠʢʣʽʯʥʠʭ ʩʫʣʴʬʦʥʘʪʽʚ, ʙʽʣʴʰ ʚʽʜʦʤʠʭ ʷʢ 

ʩʫʣʴʪʦʥʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʩʪʝʨʠʯʥʦ ʫʪʨʫʜʥʝʥʠʭ ʙʽʣʜʠʥʛ-ʙʣʦʢʽʚ ʫ ʤʝʜʠʯʥʽʡ 

ʭʽʤʽʾ ʪʘ ʨʦʟʨʦʙʮʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʥʘʤʠ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ 5,5-

ʜʠʟʘʤʽʱʝʥʥʠʭ ʪʘ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ 1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʘʭ. 

 

1.1 ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʟʘ ʨʝʘʢʮʽʻʶ CSIC-ʨʝʘʢʮʽʻʶ (ʨʝʘʢʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʪʘ 

ʩʫʣʴʬʘ-ʊʦʨʧʘ) 

 

ʆʜʥʠʤ ʽʟ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʮʠʢʣʽʯʥʠʭ ʩʫʣʴʬʦʥʘʪʽʚ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ CSIC ʨʝʘʢʮʽʶ. ʋ ʤʽʥʽ-ʦʛʣʷʜʽ, ʦʧʫʙʣʽʢʦʚʘʥʦʤʫ ʚ ʫ 2003 ʨʦʮʽ[1], ʄʘʨʢʦ 

ʂʦʥʪʝʣʣʝʩ ʪʘ ʽʥʰ ̔ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʘʟʚʫ ʨʝʘʢʮʽʾ CSIC (CSICr)[2ï6] ̫ ʢ ʧʨʦʩʪʫ ʬʦʨʤʫ 

ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʦʙʨʝ ʚʽʜʦʤʠʭ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʪʘʢʠʭ ʷʢ çéʢʘʨʙʘʥʽʦʥ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʽ ʩʫʣʴʬʦʥʘʪʥʽ (ʘʙʦ ʩʫʣʴʪʦʥʘʤʽʜʥʽ) 



ом 
 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʪʘ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽ ʮʠʢʣʽʟʘʮʽʾéè[1], ʭʘʨʘʢʪʝʨʠʟʫʚʘʥʥʷ ̫ʢʠʭ 

ʷʢ ʘʣʴʜʦʧʦʜʽʙʥʠʭ ʨʝʘʢʮʽʡ,[7] ʚʚʘʞʘʣʘʩʷ ʟʘʥʘʜʪʦ ʩʧʨʦʱʝʥʦʶ ʪʘ ʧʦ ʩʫʪʽ 

ʥʝʧʨʘʚʠʣʴʥʦʶ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʘʞʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ CSICr, ʪʘ ʟʥʘʯʝʥʥ ̔

ʮʠʢʣʽʯʥʠʭ (ʩʫʣʴʪʘʤʠ/ʩʫʣʴʪʦʥʘʤʠ) ʘʙʦ ʘʮʠʢʣʽʯʥʠʭ ʘʣʢʘʥ(ʩʫʣʴʪʦʥʘʤʽʜ)ʩʫʣʴʬʦʥʘʪʽʚ 

ʷʢ ʧʨʦʜʫʢʪʽʚ CSICr ʚ ʦʨʛʘʥʽʯʥʽʡ ʪʘ ʤʝʜʠʯʥʽʡ ʭʽʤʽʾ, ʚʚʘʞʘʣʦʩʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʦʾ ʥʘʟʚʠ ʨʝʘʢʮʽʾ ʻ ʜʦʨʝʯʥʠʤ ʪʘ ʜʦʮʽʣʴʥʠʤ. ʗʢ ʟʘʟʥʘʯʠʣʠ ʘʚʪʦʨʠ ʦʛʣʷʜʫ[1] , ʩʪʘʥʦʤ 

ʥʘ 2020 ʨʽʢ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʱʦ ʮʠʪʫʶʪʴ ʜʘʥʫ ʨʦʙʦʪʫ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʨʤʽʥ çʨʝʘʢʮʽʷ CSICè, ʟʘʣʠʰʘʣʘʩʷ ʥʝʟʥʘʯʥʦʶ. ʆʜʥʘʢ, ʰʫʢʘʶʯʠ ʦʛʣʷʜʠ ʟʘ ʟʘʧʠʪʦʤ 

çʩʫʣʴʪʦʥʠè, ʪʠʧʦʚʽ ʧʨʦʜʫʢʪʠ CSICr, ʘʚʪʦʨʠ ʟʽʪʢʥʫʣʠʩʷ ʟ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʜʝʷʢʽ 

ʘʚʪʦʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘ ʦʧʠʩʫʶʪʴ CSICr, ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ 

ʥʘʟʚʫ ʨʝʘʢʮʽʷ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ɻʘʫʥʝʨʩʜʦʨʬʝʨʘ ʪʘ ɺʘʟʝʨʘ[8], ʫ ʦʛʣʷʜʽ, ʱʦ ʦʧʠʩʫʻ 

ʧʨʦʛʨʝʩ ʫ ʩʠʥʪʝʟʽ ŭ-ʩʫʣʴʪʦʥʽʚ, ʢʦʣʠ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ çCSICrè ʙʫʣʦ ʥʘʧʠʩʘʥʦ: 

çéʫ ʤʠʥʫʣʦʤʫ ʧʦʚʽʜʦʤʣʷʣʦʩʷ ʧʨʦ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʝʥʦʣʘʪʥʦʛʦ 

ʪʠʧʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʣʴʪʦʥʽʚ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʢʽʣʴʮʷ, ʘʙʦ ʰʣʷʭʦʤ 

ʮʠʢʣʽʟʘʮʽʾ/ʜʦʜʘʚʘʥʥʷ ʢʘʨʙʘʥʽʦʥʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʣʴʬʦʥʘʪʽʚ ʜʦ ʩʫʩʽʜʥʴʦʛʦ 

ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʝʩʪʝʨʫ ʘʙʦ ʘʣʴʜʝʛʽʜʫ)éè.[8] ʆʜʥʘʢ, ʉʶʡ ʪʘ 

ʡʦʛʦ ʢʦʣʝʛʠ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘ ʮʠʪʫʚʘʣʠ CSICr ʫ ʩʚʦʾʭ ʧʫʙʣʽʢʘʮʽʷʭ.[9] 

 

1.1.1 ʉʠʥʪʝʟ ʩʫʣʴʬʦʥʘʪʽʚ ʟʘ CSIC-ʨʝʘʢʮʽʻʶ ʟ ʘʣʢʘʥʩʫʣʴʬʦʥʘʪʽʚ  

 

ʇʝʨʰʠʡ ʧʨʠʢʣʘʜ ʤʽʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʙʘʥʽʦʥ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ 

ʩʫʣʴʬʦʥʘʪʽʚ (ʨʝʘʢʮʽʷ CSIC), ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 1966 ʨʦʮʽ ʂʦʨʽ ʪʘ ɼʝʨʩʪʦʤ[10], ʜʝ 

ʦʧʠʩʫʚʘʣʘʩʴ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʜʽʘʥʽʦʥʽʚ ʤʝʪʘʥʩʫʣʴʬʽʥʘʥʽʣʽʜʽʚ, ʽ ʟʘʟʥʘʯʘʣʦʩʴ, ʱʦ 

çŬ-ʣʽʪʽʡ ʧʦʭʽʜʥʘ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʫ (LiCH2-SO2OCH3) ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʚʠʩʦʢʦʶ 

ʯʠʩʪʦʪʦ ʁʟ ʥ-ʙʫʪʠʣʣʽʪʽʻʤ ʫ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʽ ʧʨʠ -78 ÁC, ̫ʢ ʧʦʢʘʟʘʥʦ ʚʠʜʽʣʝʥʥʷʤ 

ʘʜʜʫʢʪʽʚ ʟ ʙʝʥʟʦʬʝʥʦʥʦʤ (91%) ʪʘ ʮʠʢʣʦʛʝʢʩʘʥʦʥʦʤ (76%)è. 

ʆʜʥʘʢ ʧʨʠʢʣʘʜʽʚ ʪʘ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʮʴʦʛʦ 

ʢʦʨʠʩʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʉʭʝʤʘ 1.1) ʥʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ.[11] 

 



он 
 

ɸ. ɯʥʪʝʨʤʦʣʝʢʫʣʷʨʥʘ ʚʝʨʩʽʷ 

 

ɹ. ɯʥʪʨʘʤʦʣʝʢʫʣʷʨʥʘ ʚʝʨʩʽʷ 

                                                                                                       

X= C(R5, R6); n=1 (ʩʫʣʴʬʦʢʩʠʜʠ), n=2 (ʩʫʣʴʪʦʥʠ)            

X=O, n=2 (ʩʫʣʴʬʦʥʘʪʠ) 

X=NR7, n=2 (ʩʫʣʴʪʦʥʘʤʽʜʠ) 

Y=CN, COOR8, Ar, (RR)C=N(R`) ʪʦʱʦ 

R1= H, ʘʣʢʽʣ, ʘʨʠʣ 

ʉʭʝʤʘ 1.1 ï ɯʥʪʝʨʤʦʣʝʢʫʣʷʨʥʘ (ɸ) ʪʘ ʽʥʪʨʘʤʦʣʝʢʫʣʷʨʥʘ (ɹ) ʚʟʘʻʤʦʜʽʷ ʩʫʣʴʬʦ 

ʧʦʭʽʜʥʠʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ[10, 11] 

 

ʆʜʥʘʢ ʪʘʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 1969 ʨʦʮʽ ʊʨʶʩʦʤ ʽ 

ɺʨʝʥʢʫʨʦʤ.[12ï19] ʅʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʦʧʠʩʘʣʠ Ŭ-ʘʣʢʽʣʫʚʘʥʥʷ ʜʝʷʢʠʭ ʥʝʦʧʝʥʪʠʣʦʚʠʭ 

ʘʣʢʘʥʩʫʣʴʬʦʥʘʪʽʚ[12] ʨʽʟʥʠʤʠ ʘʣʢʽʣʡʦʜʠʜʘʤʠ ʪʘ ʙʨʦʤʽʜʘʤʠ ʟ KH ̫ʢ ʦʩʥʦʚʦʶ (ʘʙʦ, 

ʢʨʘʱʝ, ʥ-ʙʫʪʠʣʽʪʽʡ ʦʢʨʝʤʦ ʘʙʦ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʊʄɽɼɸ ʚ ʊɻʌ ʧʨʠ 65 ÁC) ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʦʯʽʢʫʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʚʠʭʦʜʘʤʠ ʚʽʜ 40 ʜʦ 80%. 

ʏʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢʽʚ ʧʽʩʣʷ ʮʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ɺʽʜʣʘʥʩʴʢʠʡ[20ï25] ʧʦʚʽʜʦʤʠʚ ʧʨʦ Ŭ-

ʘʣʢʽʣʫʚʘʥʥʷ ʽʟʦʧʨʦʧʽʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪʫ ʧʝʨʚʠʥʥʠʤʠ ʚʫʛʣʝʚʦʜʥʠʤʠ ʡʦʜʠʜʘʤʠ, 

ʧʦʢʘʟʘʚʰʠ, ʱʦ ʘʣʢʽʣʫʚʘʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʘ ʨʘʥʽʰʝ ʦʧʠʩʘʥʠʭ ʫʤʦʚ.[12] ʎʷ 

ʩʠʪʫʘʮʽʷ ʨʽʟʢʦ ʟʤʽʥʠʣʘʩʷ, ʢʦʣʠ ʜʦ ʨʝʘʢʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʦ ʜʦʜʘʥʦ ɼʄʇʉ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʘʣʢʽʣʴʦʚʘʥʽ ʧʨʦʜʫʢʪʠ ʟ ʧʦʤʽʨʥʠʤʠ ʚʠʭʦʜʘʤʠ (ʉʭʝʤʘ 1.2). [20, 21] 

ʊʘʢʠʡ ʭʽʤʽʟʤ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦ ʧʝʨʚʠʥʥʠʭ ʩʪʝʨʦʾʜʥʠʭ ʡʦʜʠʜʽʚ ʜʣʷ ʩʠʥʪʝʟʫ 

ʩʪʝʨʦʾʜʥʠʭ ʩʫʣʴʬʦʥʘʪʽʚ.[22] 

ʦʩʥʦʚʘ 



оо 
 

 

ʉʭʝʤʘ 1.2 ï Ŭ-C-ʛʣʽʢʦʟʠʣʫʚʘʥʥʷ ʘʣʢʘʥʩʫʣʴʬʦʥʘʪʽʚ 

 

1.1.2 ʉʫʣʴʬʦʥʘʪʠ ʘʙʦ ʛʘʣʦʛʝʥʽʜʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʨʝʯʦʚʠʥʠ 

 

ʇʝʨʰʠʡ ʧʨʠʢʣʘʜ ʨʝʘʢʮʽʾ CSIC ʙʫʚ ʦʧʠʩʘʥʠʡ ʫ 1970 ʨʦʮʽ ɼʝʨʩʪʦʤ ʽ ʊʽʥʦʤ,[26] 

ʧʽʩʣʷ ʥʦʚʘʪʦʨʩʴʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʘʢʮʽʡ ʤʽʞ Ŭ-ʤʝʪʘʣʴʦʚʘʥʠʤʠ 

ʩʧʦʣʫʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʘʣʢʘʥʩʫʣʴʬʦʥʘʪʽʚ ʘʙʦ ʘʣʢʘʥʩʫʣʴʪʦʥʘʤʽʜʽʚ, ʪʘ 

ʝʣʝʢʪʨʦʬʽʣʘʤʠ, ʦʧʠʩʘʥʠʭ ʂʦʨʽ[10] ʪʘ ʊʨʶʩʦʤ[13, 14, 18]. ɼʝʨʩʪ ʽ ʊʽʥ ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ 

ʩʠʥʪʝʟ ʧ'ʷʪʠ- ʪʘ ʰʝʩʪʠʯʣʝʥʥʠʭ ʢʽʣʴʮʝʚʠʭ ʩʫʣʴʪʦʥʽʚ ʯʝʨʝʟ ʨʝʘʢʮʽʾ CSIC ʟ 1,2-ʝʪʘʥʜʽʾʣ 

ʘʙʦ 1,3-ʧʨʦʧʘʥʜʽʾʣʙʽʩ(ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʘʤʠ), ʘʢʪʠʚʦʚʘʥʠʤ ʥ-ʙʫʪʠʣʣʽʪʽʻʤ, ʧʨʠ 78 ÁC ʟ 

ʧʦʜʘʣʴʰʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ 0 ÁC ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ ʫ ʊɻʌ ̫ ʢ ʨʦʟʯʠʥʥʠʢʫ (ʉʭʝʤʘ 

14).[26] ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʣʦ ʤʦʜʠʬʽʢʘʮʽʶ ʩʪʨʫʢʪʫʨʠ 

ʧʦʧʝʨʝʜʥʠʢʘ, ʱʦ ʜʘʣʦ ʦʯʽʢʫʚʘʥʽ ʩʫʣʴʪʦʥʠ ʟ ʚʠʭʦʜʘʤʠ ʚʽʜ 47 ʜʦ 74%. ʆʜʥʘʢ ʩʧʨʦʙʠ 

ʧʦʰʠʨʠʪʠ ʮʽ ʨʝʘʢʮʽʾ ʥʘ ʩʠʥʪʝʟ ʩʝʤʠ- ʘʙʦ ʚʦʩʴʤʠʯʣʝʥʥʠʭ ʢʽʣʴʮʝʚʠʭ ʩʫʣʴʪʦʥʽʚ 

ʚʠʷʚʠʣʠʩʷ ʥʝʚʜʘʣʠʤʠ. ɸʚʪʦʨʠ ʪʘʢʦʞ ʦʧʠʩʘʣʠ ʨʝʘʢʮʽʾ CSIC ʩʧʦʨʽʜʥʝʥʠʭ ʭʣʦʨ- ʘʙʦ 

ʙʨʦʤʤʝʟʠʣʘʪʽʚ. ɺʠʭʦʜʠ ʜʣʷ ʮʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʣʠ ʥʠʟʴʢʠʤʠ (ʙʣʠʟʴʢʦ 30%) ʽ ʟʘʚʞʜʠ 

ʥʠʞʯʠʤʠ, ʥʽʞ ʪʽ, ʱʦ ʦʪʨʠʤʘʥʽ ʟ ʚʠʭʽʜʥʠʤʠ ʜʠʩʫʣʴʬʦʥʘʪʘʤʠ. ɼʫʞʝ ʮʽʢʘʚʦ, ʱʦ ʚ 

ʞʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʨʦʜʫʢʪʽʚ ʝʣʽʤʽʥʫʚʘʥʥʷ. ʉʫʣʴʪʦʥʠ ʻ ʮʽʢʘʚʠʤʠ 

ʧʨʦʤʽʞʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʣʴʪʦʥʦʚʠʭ ʢʠʩʣʦʪ, ʧʦʚʦʜʷʪʴʩʷ ʷʢ 

ʩʫʣʴʬʦʘʣʢʽʣʫʶʯʽ ʘʛʝʥʪʠ, ʽ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʪʘ ʙʽʦʣʦʛʽʯʥʠʡ ʽʥʪʝʨʝʩ.[27] 

 

 

ʉʭʝʤʘ 1.3 ï CSIC ʨʝʘʢʮʽʾ ʟ ʙʽʩ(ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʘʤʠ) 

 



оп 
 

ʂʦʙʘʷʰʽ ʪʘ ʡʦʛʦ ʢʦʣʝʛʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʝʘʢʮʽʾ CSIC N-(2-ʙʨʦʤʘʣʢʽʣ)-N-

ʤʝʪʠʣʘʣʢʘʥʩʫʣʴʪʦʥʘʤʽʜʽʚ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʥ-ʙʫʪʠʣʣʽʪʽʻʤ ̫ ʢ ʦʩʥʦʚʠ ʧʨʠ 70 ÁC ʜʘʣʠ 

ʚʽʜʧʦʚʽʜʥʽ ʩʫʣʴʪʘʤʠ ʟ ʧʦʤʽʨʥʠʤ ʚʠʭʦʜʦʤ.[28] ʊʘʢʽ ʩʫʣʴʪʘʤʠ ʪʘʢʦʞ ʙʫʣʠ ʘʣʢʽʣʴʦʚʘʥʽ. 

ʇʨʠʢʣʘʜʠ, ʱʦ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʧʦʯʠʥʘʶʪʴʩʷ ʟ 2,1-ʙʝʥʟʦʽʟʦʪʽʘʟʦʣʽʥ-2,2-

ʜʽʦʢʩʠʜʽʚ ʪʘ ʡʦʛʦ ʦʙʨʦʙʢʠ 4-ʬʪʦʨʥʽʪʨʦʙʝʥʟʦʣʦʤ ʫ NaOH/ɼʄʉʆ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 3-

ʘʨʠʣ-2,1-ʙʝʥʟʦʽʟʦʪʽʘʟʦʣʽʥ-2,2-ʜʽʦʢʩʠʜʽʚ ʟ ʧʦʤʽʨʥʠʤʠ ʚʠʭʦʜʘʤʠ.[29] ʇʦʚʽʜʦʤʣʷʣʦʩʷ 

ʧʨʦ ʦʪʨʠʤʘʥʥʷ ʪʘ ʘʣʢʽʣʫʚʘʥʥʷ ʤʦʥʦ- ʪʘ ʜʽʘʥʽʦʥʽʚ ɓ-ʩʫʣʴʪʘʤʫ.[30] 

ʂʽʣʴʢʘ ʨʦʢʽʚ ʧʦʪʦʤʫ, ʫ 1977 ʨʦʮʽ, ʇʽʣʽʭʦʚʩʴʢʠʡ ʪʘ ʃʦʤʤ ʧʦʚʽʜʦʤʠʣʠ[31] ʧʨʦ 

ʩʠʥʪʝʟ ʤʽʩʪʢʦʚʦʛʦ ʩʫʣʴʪʦʥʫ ʟ ʪʨʘʥʩʮʠʢʣʦʧʝʥʪʘʥ-1,3-ʜʠʽʣ-ʙʽʩ(ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʫ) 

(ʉʭʝʤʘ 15), ʟʘ ʪʠʭ ʩʘʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚ. ʎʝʡ ʧʨʦʜʫʢʪ ʙʫʚ ʚʠʜʽʣʝʥʠʡ ʟ 

ʥʠʟʴʢʠʤ ʚʠʭʦʜʦʤ ʟʽ ʩʢʣʘʜʥʦʾ, ʥʝʧʦʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʝʥʦʾ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ʉʧʨʦʙʠ 

ʧʦʢʨʘʱʠʪʠ ʮʝʡ ʨʝʟʫʣʴʪʘʪ ʟʘ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚ (ʦʩʥʦʚʘ, ʨʦʟʯʠʥʥʠʢ, 

ʪʝʤʧʝʨʘʪʫʨʘ) ʚʠʷʚʠʣʠʩʷ ʙʝʟʨʝʟʫʣʴʪʘʪʥʠʤʠ. 

 

 

ʉʭʝʤʘ 1.4 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʪʨʘʥʩ-ʮʠʢʣʦʧʝʥʪʘʥ-1,3-ʜʠʽʣʙʽʩ(ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʦʤ) 

 

ʋ 1981 ʨʦʮʽ ʌʨʝʡʟʝʨ-ʈʽʜ [32] ʪʘʢʦʞ ʧʦʚʽʜʦʤʠʚ ʧʨʦ ʩʠʥʪʝʟ ʜʝʷʢʠʭ ʰʝʩʪʠ- ʪʘ 

ʩʝʤʠʯʣʝʥʥʠʭ ʩʫʣʴʪʦʥʽʚ, ʘʥʥʝʣʴʦʚʘʥʠʭ ʥʘ ʬʫʨʘʥʦʟʥʠʭ ʘʙʦ ʧʽʨʘʥʦʟʥʠʭ ʰʘʙʣʦʥʘʭ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮʽʷ CSIC ʟʤʽʰʘʥʠʭ ʜʠʩʫʣʴʬʦʥʘʪʽʚ ʟ O-ʤʝʪʠʣʩʫʣʴʬʦʥʽʣʴʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʥʘ ʚʪʦʨʠʥʥʦʤʫ ʘʪʦʤʽ ʚʫʛʣʝʮʶ ʪʘ O-ʧ-ʪʦʣʽʣʩʫʣʴʬʦʥʽʣʴʥʦʶ ʛʨʫʧʦʶ ʥʘ 

ʧʝʨʚʠʥʥʦʤʫ ʘʪʦʤʽ ʚʫʛʣʝʮʶ, ʦʪʨʠʤʘʥʠʭ ʟ ʚʫʛʣʝʚʦʜʽʚ, ʘʢʪʠʚʦʚʘʥʠʭ ʧʦ-ʨʽʟʥʦʤʫ 

ʢʦʤʧʣʝʢʩʦʤ ʘʮʝʪʠʣʽʜʫ ʣʽʪʽʶ/ʝʪʠʣʝʥʜʽʘʤʽʥʫ ʚ ʩʫʭʦʤʫ ɼʄʉʆ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʛʽʜʨʠʜʦʤ ʥʘʪʨʽʶ ʘʙʦ ʜʽʘʥʽʦʥʦʤ ʝʪʠʣʘʮʝʪʦʘʮʝʪʘʪʫ, ʜʘʣʘ ʚʽʜʧʦʚʽʜʥʽ 

ʩʫʣʴʪʦʥʠ ʟ ʭʦʨʦʰʠʤʠ ʪʘ ʚʽʜʤʽʥʥʠʤʠ ʚʠʭʦʜʘʤʠ (ʉʭʝʤʘ 1.5). ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ 

ʧʨʠʢʣʘʜʘʭ, ʤʝʟʠʣʘʪ ʙʫʚ ʜʝʧʨʦʪʦʥʦʚʘʥʠʡ, ʘ ʦʪʨʠʤʘʥʠʡ ʢʘʨʙʘʥʽʦʥ ʚʠʪʽʩʥʠʚ ʪʦʟʠʣʘʪ, 

ʫʪʚʦʨʶʶʯʠ ʙʘʞʘʥʠʡ ʩʫʣʴʪʦʥ. 



ор 
 

 

 

ʉʭʝʤʘ 1.5 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʩʫʤʽʰʰʶ ʜʠʩʫʣʴʬʦʥʘʪʽʚ ʥʘ ʚʫʛʣʝʚʦʜʥʽʡ ʤʘʪʨʠʮʽ 

 

ʇʽʟʥʽʰʝ ʂʨʫʢʩ ʪʘ ʈʝʡʥʦʣʴʜʩ[33] ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʧʦʜʽʙʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʪʠʭ 

ʩʘʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚ, ʘʣʝ ʟ ʥʫʢʣʝʦʟʠʜʥʠʤ ʧʦʧʝʨʝʜʥʠʢʦʤ, ʱʦ ʤʘʻ ʙʽʩ-

(ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʥʫ) ʘʙʦ ʟʤʽʰʘʥʫ ʙʽʩ(ʩʫʣʴʬʦʥʘʪʥʫ) ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʛʨʫʧʫ, 

ʨʦʟʪʘʰʦʚʘʥʫ ʫ ʟʨʫʯʥʦʤʫ ʧʦʣʦʞʝʥʥʽ (ʉʭʝʤʘ 17). ʗʢ ʩʧʦʩʪʝʨʽʛʘʣʠ ɼʝʨʩʪ ʪʘ ʊʽʥ,[26] 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʣʠʰʝ ʩʫʣʴʪʦʥ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʢʘʨʙʘʥʽʦʥʘ 3-

O-ʤʝʟʠʣʴʥʦʾ ʛʨʫʧʠ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʟʘʤʽʱʝʥʥʷ 5-O-ʤʝʟʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʘ ʥʝ 

ʩʧʦʣʫʢʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʪʘʢʠ ʢʘʨʙʘʥʽʦʥʘ 5-O-ʤʝʟʠʣʴʥʦʾ ʛʨʫʧʠ ʥʘ 

ʚʪʦʨʠʥʥʦʤʫ 3-ʤʝʟʠʣʘʪʽ. ʗʢ ʨʘʥʽʰʝ ʧʦʚʽʜʦʤʣʷʚ ʌʨʝʡʟʝʨ-ʈʽʜ,[32] ʟʤʽʰʘʥʠʡ 

ʜʠʩʫʣʴʬʦʥʘʪʥʠʡ ʧʨʝʢʫʨʩʦʨ ʧʨʠʟʚʦʜʠʚ ʜʦ ʦʪʨʠʤʘʥʥʷ ʩʧʦʣʫʢ ʟ ʢʨʘʠɦʤʠ ʚʠʭʦʜʘʤʠ ʚ 

ʨʝʘʢʮʽʾ CSIC ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜ 40 ʜʦ 66%. 

 

 

ʉʭʝʤʘ 1.6 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʩʫʤʽʰʰʶ ʜʠʩʫʣʴʬʦʥʘʪʽʚ ʥʘ ʥʫʢʣʝʦʟʠʜʥʽʡ ʤʘʪʨʠʮʽ 

 

1.1.3 ʂʘʨʙʦʥʽʣʴʥʽ ʛʨʫʧʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʘʛʝʥʪʠ 

 

ɸʣʴʜʝʛʽʜʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʬʨʘʛʤʝʥʪʠ. 

ɺʽʜʦʤʦ, ʱʦ ʦʜʥʽ ʟ ʥʝʙʘʛʘʪʴʦʭ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʧʨʠʢʣʘʜʠ ʟ ʘʣʴʜʝʛʽʜʥʦʶ ʛʨʫʧʦʶ 

ʷʢ ʢʽʥʮʝʚʦʶ ʪʦʯʢʦʶ ʨʝʘʢʮʽʾ CSIC ʙʫʣʠ ʦʧʠʩʘʥʽ ʚ 1972 ʨʦʮʽ.[34] ʊʘʢʽ ʨʝʘʢʮʽʾ ʚʢʣʶʯʘʣʠ 



ос 
 

(ʘʣʢʽʣʩʫʣʴʬʦʥʽʣ)ʩʘʣʽʮʠʣʘʣʴʜʝʛʽʜʠ ʪʘ ʜʘʣʠ ʦʯʽʢʫʚʘʥʽ ʩʫʣʴʪʦʥʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʧʦʧʝʨʝʜʥʠʢʠ ʜʣʷ ʥʠʟʢʠ ʨʽʟʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʩʭʝʤʽ 1.7. 

 

ʉʭʝʤʘ 1.7 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʘʣʴʜʝʛʽʜʘʤʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʘʤʠ 

 

ʂʝʪʦʥʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʬʨʘʛʤʝʥʪʠ 

ɺʽʜʦʤʦ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʝʪʦʥʽʚ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ [35] ʘʮʝʪʠʣʬʝʥʽʣ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪ ʪʘ 

ʘʮʝʪʠʣʬʝʥʽʣʬʝʥʽʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪ ʧʽʜʜʘʚʘʣʠ ʫʤʦʚʘʤ ʨʝʘʢʮʽʾ CSIC ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʽʶ ʚ ʧʽʨʠʜʠʥʽ, ʱʦ ʜʘʚʘʣʦ ʚʽʜʧʦʚʽʜʥʽ ʩʫʣʴʪʦʥʠ (ʚʠʭʽʜ ʥʝ 

ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʨʽʟʥʠʭ ʧʦʜʘʣʴʰʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʉʭʝʤʘ 1.8). 

 

 

ʉʭʝʤʘ 1.8 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʢʝʪʦʥʘʤʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʘʤʠ 

 

ɼʨʫʛʠʡ ʣʽʪʝʨʘʪʫʨʥʠʡ ʧʨʠʢʣʘʜ ʨʝʘʢʮʽʾ CSIC ʟʘ ʫʯʘʩʪʶ ʦʢʩʦʛʨʫʧʠ ʷʢ 

ʝʣʝʢʪʨʦʬʽʣʫ ʙʫʚ ʦʧʠʩʘʥʠʡ ʌʨʝʡʟʝʨ-ʈʽʜʦʤ[36] ʫ 1978 ʨʦʮʽ; ʦʢʩʦʛʨʫʧʘ ʙʫʣʘ ʯʘʩʪʠʥʦʶ 

ʤʦʣʝʢʫʣʠ ʚʫʛʣʝʚʦʜʫ. ʆʙʨʦʙʢʘ Ŭ-ʛʽʜʨʦʢʩʠʢʝʪʦʥʫ ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʦʤ ʪʘ 



от 
 

ʪʨʠʝʪʠʣʘʤʽʥʦʤ ʫ ʜʠʭʣʦʨʤʝʪʘʥʽ ʜʘʣʘ ʦʯʽʢʫʚʘʥʠʡ ʤʝʟʠʣʘʪ ʪʘ ʘʥʥʝʣʴʦʚʘʥʠʡ ʧʽʨʘʥʦ-

1,2-ʦʢʩʘʪʽʦʣ S,S-ʜʽʦʢʩʠʜ. ɺʠʭʦʜʠ ʙʫʣʠ ʟʤʽʥʥʠʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʪʘ 

ʢʦʣʠʚʘʣʠʩʷ ʚʽʜ 0% (ʧʨʠ 75 ÁC) ʜʦ 30-35% (ʧʨʠ 40 ÁC) (ʉʭʝʤʘ 1.9). ɹʫʣʦ ʧʦʤʽʯʝʥʦ, 

ʱʦ ʩʧʦʣʫʢʘ ʟʘ ʪʠʭ ʩʘʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚ ʥʝ ʜʘʚʘʣʘ ʧʨʦʜʫʢʪʫ, ʱʦ ʚʠʢʣʶʯʘʻ 

ʤʝʭʘʥʽʟʤ ʪʠʧʫ CSIC (ʉʭʝʤʘ 1.1). ʇʦʷʩʥʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʘʚʪʦʨʘʤʠ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ, ʚʢʣʶʯʘʣʦ ʤʽʞʤʦʣʝʢʫʣʷʨʥʫ ʨʝʘʢʮʽʶ ʘʣʴʜʦʣʴʥʦʛʦ ʪʠʧʫ Ŭ-

ʤʝʪʘʣʴʦʚʘʥʦʾ ʩʦʣʽ ʤʝʪʘʥʩʫʣʴʬʦʥʘʪʫ ʚ ʪʨʠʝʪʠʣʘʤʽʥʽ ʟ ʢʝʪʦʥʦʤ, ʘ ʧʦʪʽʤ O-

ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʚʽʣʴʥʦʾ ʚʽʮʠʥʘʣʴʥʦʾ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ ʪʘ, ʥʘʨʝʰʪʽ, 

ʜʝʛʽʜʨʘʪʘʮʽʶ. ʇʦʜʘʣʴʰʠʭ ʧʨʠʢʣʘʜʽʚ ʮʽʻʾ ʮʽʢʘʚʦʾ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʧʦʚʽʜʦʤʣʷʣʦʩʷ. 

 

ʉʭʝʤʘ 1.9 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʦʢʩʦʩʫʣʴʬʦʥʘʪʘʤʠ ʥʘ ʚʫʛʣʝʚʦʜʥʽʡ ʤʘʪʨʠʮʽ 

 

1.1.4 ʂʘʨʙʦʢʩʠʣʴʥʽ ʝʩʪʝʨʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʬʨʘʛʤʝʥʪʠ 

 

ʋ 1976 ʨʦʮʽ [37] ʪʘ ʚ 1985 ʨʦʮʽ [38], ʐʪʘʭʝʣʴ ʪʘ ɼʨʘʰ ʦʧʠʩʘʣʠ ʧʝʨʰʽ ʧʨʠʢʣʘʜʠ 

ʨʝʘʢʮʽʾ CSIC ʟʘ ʫʯʘʩʪʶ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʝʩʪʝʨʽʚ ʷʢ ʝʣʝʢʪʨʦʬʽʣʽʚ. ɸʚʪʦʨʠ ʩʠʥʪʝʟʫʚʘʣʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʦʟʘʤʽʱʝʥʠʭ (ʤʝʪʘʥ, ʬʝʥʽʣʤʝʪʘʥ ʪʘ ʝʪʦʢʩʠʢʘʨʙʦʥʽʣʤʝʪʘʥ) 

ʩʫʣʴʬʦʥʘʪʽʚ ʟ (ʥʝʟʘʤʽʱʝʥʠʭ, Ŭ-ʤʦʥʦ- ʪʘ Ŭ,Ŭ-ʜʽʘʣʢʽʣʴʦʚʘʥʠʭ) Ŭ-ʛʽʜʨʦʢʩʠ- ʪʘ Ŭ-(N-

ʤʝʪʠʣ)ʘʤʽʥʦ ʝʩʪʝʨʽʚ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʢʩʠʜʫ ʥʘʪʨʽʶ ʷʢ ʦʩʥʦʚʠ ʚ ʩʫʭʦʤʫ ʝʪʘʥʦʣʽ 

ʷʢ ʨʦʟʯʠʥʥʠʢʫ, ʚʽʜʧʦʚʽʜʥʽ ʩʫʣʴʪʦʥʠ (1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʠ) ʘʙʦ ʩʫʣʴʪʘʤʠ 



оу 
 

(ʽʟʦʪʽʘʟʦʣʽʜʠʥ-4-ʦʥ 1,1-ʜʽʦʢʩʠʜʠ) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʧʦʤʽʨʥʠʤʠ ʚʠʭʦʜʘʤʠ (ʚʽʜ 30 ʜʦ 

60%) (ʉʭʝʤʘ 1.10). 

 

 

ʉʭʝʤʘ 1.10 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʝʩʪʝʨʘʤʠ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪʘ ʷʢ ʝʣʝʢʪʨʦʬʽʣʘʤʠ 

 

ɺʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ pKa ʮʠʢʣʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʢʘʟʘʣʦ, ʱʦ ʚʦʥʠ ʽʩʥʫʶʪʴ 

ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ ʝʥʦʣʴʥʠʭ ʬʦʨʤ. ɯʥʰʽ ʘʚʪʦʨʠ ʪʘʢʦʞ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ 

ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʮʠʭ ʩʫʙʩʪʨʘʪʽʚ ʟ ʘʣʴʜʝʛʽʜʘʤʠ ʚ ʘʣʴʜʦʣʴʥʦʧʦʜʽʙʥʠʭ ʨʝʘʢʮʽʷʭ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʪʠʧʫ ʂʥʝʚʝʥʘʛʝʣʷ.[37] ʅʘʨʝʰʪʽ, ʮʽʢʘʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʜʽʙʥʫ 

ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʙʫʣʦ ʦʧʠʩʘʥʦ ʐʪʘʭʝʣʝʤ ʜʣ ̫ʘʥʘʣʦʛʽʯʥʠʭ ʝʩʪʝʨʽʚ, ʪʘʢʠʭ ʷʢ O- 

ʪʘ N-ʤʝʪʠʣʬʦʩʬʦʥʘʪʠ, ʟ ʫʪʚʦʨʝʥʥʷʤ 1,2-ʦʢʩʘʬʦʩʬʦʣʘʥ-4-ʦʥʽʚ ʪʘ 1,2-

ʘʟʘʬʦʩʬʦʣʽʜʠʥ-4-ʦʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ.[39] 

ʊʘʢʦʞ ʩʪʘʣʦ ʚʽʜʦʤʦ ʧʨʦ ʨʝʘʢʮʽʾ CSIC ʟ ɔ-ʘʣʢʽʣʩʫʣʴʬʦʥʽʣʦʢʩʠ Ŭ,ɓ-

ʥʝʥʘʩʠʯʝʥʠʤʠ ʢʘʨʙʦʥʦʚʠʤʠ ʝʩʪʝʨʘʤʠ.[40] ʇʽʩʣʷ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʃɼɸ/CuCN ʘʙʦ ʃɼɸ/AgCN ʻ ʥʘʡʢʨʘʱʠʤ ʚʠʙʦʨʦʤ ʦʩʥʦʚʠ ʜʣʷ ʨʝʘʢʮʽʡ 

ʮʠʢʣʽʟʘʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʩʫʣʴʪʦʥʽʚ ʟʽ ʟʥʘʯʥʠʤʠ ʚʠʭʦʜʘʤʠ (ʉʭʝʤʘ 

1.11). ʋ ʨʝʘʢʮʽʷʭ, ʚ ʷʢʠʭ ʫʪʚʦʨʶʚʘʣʠʩʷ ʥʦʚʽ ʩʪʝʨʝʦʮʝʥʪʨʠ (ɓ, ɔ, ɔ2), ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ 

ʥʠʟʴʢʘ ʪʘ ʟʤʽʥʥʘ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʽʩʪʴ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʽʟʦʤʝʨʽʚ. 

 

 



оф 
 

 

ʉʭʝʤʘ 1.11 ï CSIC-ʨʝʘʢʮʽʷ ʟ ɔ-ʘʣʢʽʣʩʫʣʴʪʦʥʠʣʴʦʢʩʠ Ŭ,ɓ-ʥʝʟʘʤʽʱʝʥʠʤʠ ʝʩʪʝʨʘʤʠ 

ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ 

 

1.1.5 ʅʽʪʨʠʣʠ ʷʢ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʬʨʘʛʤʝʥʪʠ 

 

ʈʝʘʢʮʽʶ CSIC ʩʧʦʩʪʝʨʽʛʘʣʠ, ʢʦʣʠ ɼɹʋ ʦʙʨʦʙʣʷʣʠ ʮʽʘʥʦʤʝʟʠʣʘʪʦʤ (ʉʭʝʤʘ 

1.12), ʱʦ ʜʘʣʦ ʥʝʦʯʽʢʫʚʘʥʠʡ ʧʨʦʜʫʢʪ ʟ ʚʠʭʦʜʦʤ 89% ʪʘ ʻʜʠʥʠʡ ʽʟʦʣʴʦʚʘʥʠʡ 

ʧʨʦʜʫʢʪ.[41] ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʤʽʞʥʠʡ ʧʨʦʜʫʢʪ, ʟʘ ʫʤʦʚ ʤ'ʷʢʦʛʦ ʛʽʜʨʦʣʽʟʫ, ʜʘʚ 

ʽʤʽʥʦʛʨʫʧʫ, ʷʢʘ ʪʘʫʪʦʤʝʨʠʟʫʚʘʣʘʩʴ ʜʦ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʾ ʝʥʘʤʽʥʦʚʦʾ ʬʫʥʢʮʽʾ, 

ʟʘʣʠʰʘʶʯʠ ʝʥʜʦ-ʘʣʢʝʥ, ʢʦʥ'ʶʛʦʚʘʥʠʡ ʟ S,S-ʜʽʦʢʩʠʜʥʠʤ ʬʨʘʛʤʝʥʪʦʤ. ɯʥʰʽ ʦʩʥʦʚʠ ʪʘ 

ʨʦʟʯʠʥʥʠʢʠ, ʪʘʢʽ ʷʢ NaOH ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ ʘʙʦ NaH ʚ ʜʠʤʝʪʦʢʩʠʝʪʘʥʽ, ʚʠʷʚʠʣʠʩʷ 

ʦʜʥʘʢʦʚʦ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʨʝʘʢʮʽʾ CSIC. ʋ ʧʦʚʥʽʡ ʩʪʘʪʪʽ ʪʨʠ ʨʦʢʠ ʧʦʪʦʤʫ ʦʙʩʷʛ 

ʨʝʘʢʮʽʾ ʙʫʚ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʰʣʷʭʦʤ ʦʪʨʠʤʘʥʥʷ ʽʥʰʠʭ ʮʽʘʥʦʤʝʟʠʣʘʪʽʚ ʫ ʮʫʢʨʽ 

(ʬʫʨʘʥʦʟʽ ʘʙʦ ʧʽʨʘʥʦʟʽ)[42] ʪʘ ʥʫʢʣʝʦʟʠʜʥʠʭ ʰʘʙʣʦʥʘʭ.[43] ʃʠʰʝ ʟʨʽʜʢʘ 

ʥʝʚʫʛʣʝʚʦʜʥʠʡ ʩʫʙʩʪʨʘʪ (ʘʜʘʤʘʥʪʘʥʦʥ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʢʝʪʦʥʚʤʽʩʥʠʡ ʚʠʭʽʜʥʠʡ 

ʤʘʪʝʨʽʘʣ ʜʣʷ ʨʝʘʢʮʽʾ CSIC.[44] ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʝʪʦʜʦʣʦʛʽʾ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʥʠʟʢʫ ʝʥʘʥʪʽʦʤʝʨʥʦ ʯʠʩʪʠʭ 4-ʘʤʽʥʦ-1,2-ʦʢʩʘʪʽʦʣʦʚʠʭ S,S-ʜʽʦʢʩʠʜʽʚ ʟ 

ʭʦʨʦʰʠʤʠ ʚʠʭʦʜʘʤʠ ʟʽ ʩʢʣʘʜʥʠʭ ʪʘ ʚʠʩʦʢʦʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ. 

 

 

ʉʭʝʤʘ 1.12 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʮʽʘʥʦʤʝʟʠʣʘʪʘʤʠ ʥʘ ʚʫʛʣʝʚʦʜʥʠʭ ʤʘʪʨʠʮʷʭ 

 



пл 
 

ʋ 1994 ʨʦʮʽ ʃʶʪʤʘʥ ʦʧʠʩʘʚ ʨʝʘʢʮʽʶ CSIC ʟ ʮʽʘʥʦʤʝʟʠʣʴʦʚʘʥʠʤ 

ʭʽʥʫʢʣʽʜʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʘʤʽʘʢʫ ʷʢ ʧʨʦʤʦʪʠʨʫʶʯʫ ʦʩʥʦʚʫ. 

ʉʧʽʨʦʧʦʭʽʜʥʫ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʟ ʚʠʭʦʜʦʤ 82% (ʉʭʝʤʘ 1.13).[45] 

 

ʉʭʝʤʘ 1.13 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʮʽʘʥʦʤʝʟʠʣʘʪʘʤʠ ʥʘ ʭʽʥʫʢʣʽʜʠʥʦʚʠʭ ʩʫʙʩʪʨʘʪʘʭ 

 

ʋ 1997 ʨʦʮʽ ʉʽʤʽʛ[46] ʪʘ ʄʘʨʢʦ[47, 48] ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʦʧʠʩʘʣʠ ʨʝʘʢʮʽʾ 

CSIC ʟ ʧʨʦʩʪʠʤʠ, ʣʝʛʢʦʜʦʩʪʫʧʥʠʤʠ ʘʣʢʘʥʩʫʣʴʬʦʥʘʪʘʤʠ ʪʘ ʥʽʪʨʠʣʘʤʠ ʷʢ 

ʝʣʝʢʪʨʦʬʽʣʘʤʠ. ʎʷ ʦʯʝʚʠʜʥʘ ʪʘ ʢʦʨʠʩʥʘ ʭʽʤʽʷ ʥʝ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʪʘ ʽʥʰʠʤʠ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʚ ʮʽʡ ʛʘʣʫʟʽ ʨʘʥʽʰʝ. ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʣʠ ʫʟʘʛʘʣʴʥʝʥʥʶ ʪʘ 

ʨʦʟʰʠʨʝʥʥʶ ʽʥʪʝʨʝʩʫ ʜʦ ʮʠʭ ʪʠʧʽʚ ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʜʝʤʦʥʩʪʨʫʶʯʠ, ʱʦ 

ʨʝʘʢʮʽʾ CSIC ʟ ʥʽʪʨʠʣʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʩʪʠʭ 

ʢʝʪʦʥʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʪʘ ʚʝʣʠʢʠʡ ʤʘʩʠʚ ʟʘʤʽʱʝʥʠʭ 1,2-ʦʢʩʘʪʽʦʣ S,S-

ʜʽʦʢʩʠʜʽʚ. 

ʉʽʤʽʛ[46] ʧʨʠʛʦʪʫʚʘʚ ʩʝʨʽʶ ʮʽʘʥʦʤʝʟʠʣʘʪʽʚ ʪʘ ʧʽʜʜʘʚ ʾʭ ʫʤʦʚʘʤ CSIC ʟ ʛʽʜʨʠʜʦʤ 

ʥʘʪʨʽʶ ʚ ʊɻʌ, ʱʦʙ ʦʪʨʠʤʘʪʠ 4-ʘʤʽʥʦ-5H-1,2-ʦʢʩʘʪʽʦʣ S,S-ʜʽʦʢʩʠʜʠ ʟ ʭʦʨʦʰʠʤʠ 

ʚʠʭʦʜʘʤʠ (ʉʭʝʤʘ 1.14). ʎʽ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ ʙʫʣʠ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ ɓ-ʘʤʽʥʦ ʪʘ ɓ-

ʦʢʩʦʩʫʣʴʪʦʥʦʚʽ ʢʠʩʣʦʪʠ. 

 

 

ʉʭʝʤʘ 1.14 ï CSIC-ʨʝʘʢʮʽʷ ʟ ʮʽʘʥʦʤʝʟʠʣʘʪʘʤʠ 



пм 
 

ɸʥʘʣʦʛʽʯʥʦ, ʄʘʨʢʦ[47, 48] ʧʨʠʛʦʪʫʚʘʚ ʩʝʨʽʶ ʮʽʘʥʦʘʣʢʘʥʩʫʣʴʬʦʥʘʪʽʚ (R=H, Me, 

Ph) ʪʘ ʚʠʢʦʨʠʩʪʘʚ ʾʭ ʫ CSIC ʨʝʘʢʮʽʷʭ ʟʘ ʫʯʘʩʪʶ ʛʽʜʨʠʜʫ ʥʘʪʨʽʶ ʚ ʊɻʌ ʘʙʦ ɼɹʋ ʚ 

ʘʮʝʪʦʥʽʪʨʠʣʽ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʽʟʥʦʟʘʤʽʱʝʥʽ 4-ʘʤʽʥʦ-5H-1,2-ʦʢʩʘʪʽʦʣ S,S-ʜʽʦʢʩʠʜʠ 

(ʉʭʝʤʘ 1.15). ʎʽ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ ʪʘʢʦʞ ʙʫʣʠ ʧʽʜʜʘʥʽ ʨʝʘʢʮʽʷʤ ʢʠʩʣʦʪʥʦʛʦ 

ʛʽʜʨʦʣʽʟʫ, ʪʨʘʥʩʘʤʽʥʫʚʘʥʥʷ ʪʘ N-ʘʮʠʣʶʚʘʥʥʷ. ʋ ʥʘʩʪʫʧʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʨʝʘʢʮʽʶ CSIC 

ʙʫʣʦ ʚʠʚʯʝʥʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʰʣʷʭʦʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʫʙʩʪʨʘʪʽʚ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʨʝʘʢʮʽʷ ʙʫʣʘ ʥʝʚʜʘʣʦʶ, ʪʘ ʰʣʷʭʦʤ ʜʝʤʦʥʩʪʨʘʮʽʾ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ 

ʮʽʘʥʦʘʣʢʘʥʩʫʣʴʬʦʥʘʪʥʠʭ ʬʨʘʛʤʝʥʪʽʚ N-ʙʝʥʟʠʣ(ʘʙʦ ʝʪʦʢʩʠʢʘʨʙʦʥʽʣ)ʧʽʧʝʨʠʜʦʥʽʚ.[49] 

ɺʘʞʣʠʚʦʶ ʪʘ ʘʙʩʦʣʶʪʥʦ ʙʝʟʧʨʝʮʝʜʝʥʪʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʷʢʘ ʱʝ ʥʝ ʨʦʟʢʨʠʪʘ, ʙʫʣʘ 

ʧʦʪʝʥʮʽʡʥʘ ʨʝʘʢʮʽʷ CSIC ʟʽ ʟʨʫʯʥʦ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʤʠ ʮʽʘʥʦʘʣʢʘʥʩʫʣʴʬʦʥʘʪʘʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟ ʘʣʴʜʝʛʽʜʽʚ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʽ ʧʦʭʽʜʥʽ ʙʝʥʟʘʣʴʜʝʛʽʜʽʚ ʥʝ 

ʜʘʣʠ ʦʯʽʢʫʚʘʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘʣʝ, ʥʘʚʧʘʢʠ, ʨʝʘʢʮʽʷ CSIC ʙʫʣʘ ʫʩʧʽʰʥʦʶ ʫ ʚʠʧʘʜʢʫ 

ʮʽʘʥʦʘʣʢʘʥʩʫʣʴʬʦʥʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʘʣʢʽʣʴʥʠʭ ʘʣʴʜʝʛʽʜʽʚ.[50, 51] 

 

 

ʉʭʝʤʘ 1.15 ï CSIC ʨʝʘʢʮʽʷ ʟ ʮʽʘʥʦʤʝʟʠʣʘʪʘʤʠ 

 

ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ɼʦʙʨʠʜʥʻʚ ʪʘ ʩʧʽʚʘʚʪʦʨʠ[52, 53] ʤʦʜʝʨʥʽʟʫʚʘʣʠ 

ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ɿʦʢʨʝʤʘ, 

ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʣʝʛʢʦʜʦʩʪʫʧʥʠʭ ʮʽʘʥʦʛʽʜʨʠʥʽʚ ʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʩʠʣʴʥʽ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʽ ʛʨʫʧʠ (EWG) (ʘ ʩʘʤʝ CO2Me, CN ʘʙʦ p-C6H4CO2Me) ʚ 

Ŭ-ʧʦʣʦʞʝʥʥʽ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʚʽʜʧʦʚʽʜʥʽ Ŭ-ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ ɓ-ʝʥʘʤʽʥʦ-ɔ-

ʩʫʣʴʪʦʥʠ ʚ ʨʝʞʠʤʽ çone-potè. ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ 



пн 
 

ʬʝʥʽʣʤʝʪʘʥʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʫ ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ ʨʝʘʢʮʽʾ ʧʨʠʟʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʤʽʞʥʦʛʦ ʩʫʣʴʬʦʥʘʪʫ. ʆʩʪʘʥʥʽʡ ʚʩʪʫʧʘʚ ʫ ʨʝʘʢʮʽʶ ʩʫʣʴʬʘ-ʊʦʨʧʘ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

t-BuOK, ʱʦ ʜʘʣʦ ʮʽʣʴʦʚʠʡ Ŭ-ʬʝʥʽʣ-ɓ-ʝʥʘʤʽʥʦ-ɔ-ʩʫʣʴʪʦʥ (ʉʭʝʤʘ 1.16). 

 

 

ʉʭʝʤʘ 1.16 ï ʄʦʜʠʬʽʢʦʚʘʥʠʡ ʦʜʥʦʨʝʢʘʪʦʨʥʠʡ ʤʝʪʦʜ ʪʘ ʜʚʦʢʨʦʚʘ ʧʨʦʮʝʜʫʨʘ 

ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ʊʦʨʧʘ 

 

1.2 ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʤʝʪʦʜʦʤ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ 

 

ɯʥʰʠʤ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʝʘʢʮʽʶ 

ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʧʨʠ ʦʙʛʦʚʦʨʝʥʥʽ ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʟʘ ʢʣʘʩʠʯʥʠʤʠ ʘʙʦ ʦʥʦʚʣʝʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ. ʊʘʢ, ɯ. ʉʫʜʘʨʤʘ ʪʘ 

ʩʧʽʚʘʚʪʦʨʠ ʧʨʦʚʝʣʠ ʨʝʘʢʮʽʶ ʝʚʛʝʥʽʣʘʮʝʪʘʪʫ ʟ ʭʣʦʨʩʫʣʴʪʦʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʙʝʥʟʦʘʥʝʣʴʦʚʘʥʠʡ ŭ-ʩʫʣʴʪʦʥ ʟ ʧʦʢʘʟʦʚʠʤ ʚʠʭʦʜʦʤ. ɸʚʪʦʨʠ 

ʧʨʠʧʫʩʪʠʣʠ, ʱʦ ʨʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʧʦʯʘʪʢʦʚʝ ʧʨʠʻʜʥʘʥʥʷ ClSO3H ʜʦ 

ʝʢʟʦʮʠʢʣʽʯʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ C=C (ʟʛʽʜʥʦ ʟ ʧʨʘʚʠʣʦʤ ʄʘʨʢʦʚʥʠʢʦʚʘ) ʟ 

ʧʦʜʘʣʴʰʠʤ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʤ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷʤ ʪʘ ʥʘʩʪʫʧʥʠʤ ʢʠʩʣʦʪʥʦ-

ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʤ ʨʦʟʱʝʧʣʝʥʥʷʤ ʝʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʽʜ ʜʽʻʶ HCl, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ[54, 55] (ʉʭʝʤʘ 1.17). 

 

 



по 
 

 

ʉʭʝʤʘ 1.17 ï ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʦʥʽʣʶʚʘʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʭʣʦʨʦʩʫʣʴʪʦʥʦʚʦʾ ʢʠʩʣʦʪʠ 

 

ɸ. ɹʫʜʽʥʩʴʢʘ ʪʘ ʍ. ɺʝʥʥʝʤʝʨʩ ʚʠʚʝʣʠ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ, 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚʰʠ ʩʠʥʪʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʭʽʨʘʣʴʥʠʭ ʪʨʠʬʣʫʦʨʦʤʝʪʠʣʩʫʣʴʪʦʥʽʚ 

(ʪʨʠʬʣʦʥʽʚ). ɿʦʢʨʝʤʘ, ʩʧʠʨʪ ʙʫʣʦ ʧʝʨʝʪʚʦʨʝʥʦ ʥʘ ʭʽʨʘʣʴʥʠʡ ŭ-ʩʫʣʴʪʦʥ ʰʣʷʭʦʤ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʛʨʫʧʠ CF3 ʚ ʫʤʦʚʘʭ, ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʭ Cs2CO3 

[55, 56] (ʉʭʝʤʘ 1.18). 

 

 

ʉʭʝʤʘ 1.18 ï ʉʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʩʧʠʨʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʨʘʣʴʥʠʭ ʪʨʠʬʣʦʥʽʚ 

 

ʂ. ʄʽʮʫʜʦ ʪʘ ʉ. ʐʫʛʘ ʨʦʟʨʦʙʠʣʠ ʤʝʪʦʜ ʩʠʥʪʝʟʫ ʧʦʣʽʘʥʝʣʴʦʚʘʥʠʭ ŭ-ʩʫʣʴʪʦʥʽʚ 

ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʜʝʛʽʜʨʦʛʝʥʽʟʘʮʽʡʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʟʚôʷʟʢʫ CïO. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʫ ʮʠʢʣʽʟʘʮʽʶ ʩʫʣʴʬʦʭʣʦʨʠʜʘ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʽ ʧʦʩʪʽʡʥʦʾ ʩʠʣʠ 

ʩʪʨʫʤʫ (CC) ʫ ʩʝʨʝʜʦʚʠʱʽ MeCN ï H2O ʥʘ ʧʣʘʪʠʥʦʚʠʭ ʝʣʝʢʪʨʦʜʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

K2CO3 ̫ ʢ ʦʩʥʦʚʫ ʪʘ LiClO4 ̫ ʢ ʜʦʙʘʚʢʫ. ʄʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʰʠʨʦʢʝ ʢʦʣʦ 

ʩʫʙʩʪʨʘʪʽʚ ʪʘ ʭʦʨʦʰʽ ʚʠʭʦʜʠ ʮʽʣʴʦʚʠʭ ʩʫʣʴʪʦʥʽʚ (ʉʭʝʤʘ 1.19).[55, 57] 

 

 

ʉʭʝʤʘ 1.19 ï ʉʫʣʴʬʦʥʽʣʶʚʘʥʥʷ hʣʷʭʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʮʠʢʣʽʟʘʮʽʾ 

 



пп 
 

ʂ. ʃʽʥ ʪʘ ʩʧʽʚʘʚʪʦʨʠ ʨʦʟʨʦʙʠʣʠ ʫʥʽʢʘʣʴʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 5- ʪʘ 6-ʯʣʝʥʥʠʭ 

ʛʽʜʨʘʟʦʥʽʣʩʫʣʴʪʦʥʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʪʨʘʪʝʛʽʾ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ 

ʩʫʣʴʬʦʥʽʣʶʚʘʣʴʥʦʛʦ ʩʧʦʣʫʯʝʥʥʷ. ɿʦʢʨʝʤʘ, ʋʌ-ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʭʽʜʥʠʭ 

ʩʫʣʴʬʦʢʠʩʣʦʪ ʩʧʨʠʯʠʥʷʻ ʬʦʪʦʽʥʜʫʢʦʚʘʥʠʡ ʨʦʟʢʣʘʜ ʪʝʪʨʘʟʦʣ-5-̔ ʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʽʥʪʝʨʤʝʜʽʘʪʫ ð 

ʥʽʪʨʠʣʽʤʽʥʫ. ʆʩʪʘʥʥʽʡ ʤʠʪʪʻʚʦ ʟʘʟʥʘʻ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ, 

ʱʦ ʟʨʝʰʪʦʶ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʮʽʣʴʦʚʽ ʛʽʜʨʘʟʦʥʽʣ-ɔ- ʪʘ ŭ-ʩʫʣʴʪʦʥʠ (ʉʭʝʤʘ 1.20).[55, 

58, 59] 

 

 

ʉʭʝʤʘ 1.20 ï ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʰʣʷʭʦʤ ʬʦʪʦʽʥʜʫʢʦʚʘʥʦʛʦ ʩʫʣʴʬʦʥʽʣʴʦʚʘʥʦʛʦ 

ʩʧʦʣʫʯʝʥʥʷ 

 

1.3 ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʰʣʷʭʦʤ ʨʘʜʠʢʘʣʴʥʦʾ ʽʥʪʨʘʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽʾ 

 

ɸ. ʐʪʫʜʝʨ ʪʘ ʩʧʽʚʘʚʪ. ʨʦʟʨʦʙʠʣʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʩʠʥʪʝʟʫ ɔ-

ʩʫʣʴʪʦʥʽʚ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʘʨʠʥʽʚ ʟ ʥʽʪʨʦʢʩʠʣʘʤʠ. ɿʦʢʨʝʤʘ, Ŭ,ɓ-ʥʝʥʘʩʠʯʝʥʠʡ 

ʩʫʣʴʬʦʥʘʪʥʠʡ ʝʩʪʝʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʧʨʝʢʫʨʩʦʨ ʜʣʷ ʛʝʥʝʨʦʚʘʥʦʛʦ in situ ʘʨʠʥʫ, 

ʷʢʠʡ ʚʽʜʽʛʨʘʚʘʚ ʨʦʣʴ ʨʘʜʠʢʘʣʴʥʦʛʦ ʘʢʮʝʧʪʦʨʘ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʊɽʄʇʆ (2,2,6,6-

ʪʝʪʨʘʤʝʪʠʣʧʽʧʝʨʠʜʠʥ-1-ʦʢʩʠʣʦʤ). ʎʝ ʽʥʽʮʽʶʚʘʣʦ ʰʚʠʜʢʫ 5-ʝʢʟʦ-ʮʠʢʣʽʟʘʮʽʶ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʮʠʢʣʽʟʦʚʘʥʦʛʦ ʘʣʢʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ, ʷʢʠʡ ʟʛʦʜʦʤ ʙʫʚ 



пр 
 

ʧʝʨʝʭʦʧʣʝʥʠʡ ʜʨʫʛʠʤ ʝʢʚʽʚʘʣʝʥʪʦʤ ʊɽʄʇʆ, ʱʦ ʟʨʝʰʪʦʶ ʧʨʠʟʚʝʣʦ ʜʦ ʦʪʨʠʤʘʥʥʷ 

ʙʝʥʟʦʘʥʝʣʴʦʚʘʥʦʛʦ ʩʫʣʴʪʦʥʫ (ʉʭʝʤʘ 1.21).[55, 60] 

 

 

 

ʉʭʝʤʘ 1.21 ï ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʟʘ ʊɽʄʇʆ ï ̔ʥʜʫʢʦʚʘʥʽʡ ʮʠʢʣʽʟʘʮʽʾ 

 

ʑʝ ʦʜʠʥ ʮʽʢʘʚʠʡ ʧʨʠʢʣʘʜ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʎ. ʐʝʥʴ ʪʘ ʩʧʽʚʘʚʪ., ʷʢʽ ʧʨʦʚʝʣʠ 

ʨʝʘʢʮʽʶ ʘʣʽʣʪʦʟʠʣʘʪʫ ʽʟ ʪʨʠʬʣʫʦʨʦʤʝʪʠʣʶʚʘʣʴʥʠʤ ʨʝʘʛʝʥʪʦʤ ʥʘ ʦʩʥʦʚʽ ʽʣʽʜʫ 

ʩʝʣʝʥʫ. ʆʧʨʦʤʽʥʝʥʥʷ ʩʠʥʽʤ ʩʚʽʪʣʦʜʽʦʜʦʤ (LED) ʚ ʫʤʦʚʘʭ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʢʘʪʘʣʽʟʫ 

ʢʠʩʣʦʪʦʶ ʃʴʶʾʩʘ ʪʘ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʽʟʫ ʽʥʽʮʽʶʚʘʣʦ ʢʘʩʢʘʜ ʨʘʜʠʢʘʣʴʥʦʛʦ 

ʧʨʠʻʜʥʘʥʥʷïʮʠʢʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʪʨʠʬʣʫʦʨʦʝʪʠʣʟʘʤʽʱʝʥʠʡ 

ʙʝʥʟʦʩʫʣʴʪʦʥ (ʉʭʝʤʘ 1.22).[55, 61] 

 

 

ʉʭʝʤʘ 1.22 ï ʂʘʪʘʣʽʪʠʯʥʠʡ ʩʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʣʽʜʫ ʩʝʣʝʥʫ ʧʽʜ ʜʽʻʶ 

LED 

 

ɿʨʝʰʪʦʶ, ʌ. ʈʦʜʨʽʛʝʩ ʪʘ ʩʧʽʚʘʚʪʦʨʠ ʦʧʠʩʘʣʠ ʫʥʽʢʘʣʴʥʫ ʨʘʜʠʢʘʣʴʥʫ 

ʮʠʢʣʽʟʘʮʽʶ ʘʣʢʽʥʚʤʽʩʥʠʭ ʭʣʦʨʦʩʫʣʴʬʘʪʽʚ, ʦʧʦʩʝʨʝʜʢʦʚʘʥʫ TMS3SiH (ʊʄʉʉ), ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 6ï10-ʯʣʝʥʥʽ ʩʫʣʴʪʦʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʩʧʽʨʦʮʠʢʣʽʯʥʠʡ ʬʨʘʛʤʝʥʪ. 

ʈʝʘʢʮʽʷ ʧʨʦʪʽʢʘʣʘ ʯʝʨʝʟ ʩʪʘʜʽʶ ʬʦʨʤʫʚʘʥʥʷ ʘʣʢʦʢʩʠʩʫʣʴʬʦʥʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ ʟ ʡʦʛʦ 

ʧʦʜʘʣʴʰʦʶ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟ ʘʣʢʽʥʥʠʤ ʬʨʘʛʤʝʥʪʦʤ (ʉʭʝʤʘ 

1.23).[55, 62] 



пс 
 

 

ʉʭʝʤʘ 1.23 ï ʊʄʉʉ ï ʦʧʦʩʝʨʝʜʢʦʚʘʥʘ ʮʠʢʣʽʟʘʮʽʷ ʫ ʩʫʣʴʪʦʥʠ 

 

1.4 ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʰʣʷʭʦʤ ʤʝʪʘʪʝʟʠʩʫ ʽʟ ʟʘʤʠʢʘʥʥʷʤ ʮʠʢʣʫ 

 

ʃʽʥʽʡʥʽ ʩʫʣʴʬʦʥʘʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʪʝʨʤʽʥʘʣʴʥʽ ʘʣʢʝʥʦʚʽ ʛʨʫʧʠ ʥʘ ʦʙʦʭ ʢʽʥʮʷʭ 

ʣʘʥʮʶʛʘ, ʻ ʧʨʠʜʘʪʥʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ ʨʝʘʢʮʽʾ ʤʝʪʘʪʝʟʠʩʫ ʽʟ ʟʘʤʠʢʘʥʥʷʤ ʮʠʢʣʫ. 

ʎʷ ʨʝʘʢʮʽʷ ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʨʫʪʝʥʽʻʚʠʤʠ ʢʘʨʙʝʥʦʚʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ 

ɻʨʘʙʙʩʘ 1-ʛʦ ʪʘ 2-ʛʦ ʧʦʢʦʣʽʥʴ), ʥʘʟʚʘʥʠʤʠ ʥʘ ʯʝʩʪʴ ʣʘʫʨʝʘʪʘ ʅʦʙʝʣʽʚʩʴʢʦʾ ʧʨʝʤʽʾ 

ʈʦʙʝʨʪʘ ɻʨʘʙʙʩʘ (2005 ʨ.). ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ ʙʫʣʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʂ. ɸʣʽ 

ʪʘ ʇ. ʄʝʪʮʦʤ, ʷʢʽ ʧʝʨʝʪʚʦʨʠʣʠ ʥʝʥʘʩʠʯʝʥʽ ʩʫʣʴʬʦʥʘʪʠ ʥʘ ʥʝʥʘʩʠʯʝʥʽ ʩʫʣʴʪʦʥʠ ʪʘ 

ʣʝʪʢʠʡ ʝʪʠʣʝʥ (ʉʭʝʤʘ 1.24).[55, 63] 

 

 

ʉʭʝʤʘ 1.24 ï ʉʠʥʪʝʟ ʩʫʣʴʪʦʥʽʚ ʟʘ ʨʝʘʢʮʽʻʶ ʤʝʪʘʪʝʟʠʩʫ 

 

1.5 ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʮʠʢʣʽʯʥʠʭ ʩʫʣʴʬʦʥʘʪʽʚ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʄ. ʍ. ʂʘʤʘʨʘʩʠ ʪʘ ʩʧʽʚʘʚʪ.[64ï66] ʧʨʠʩʚʷʯʝʥʝ ʨʦʟʨʦʙʮʽ ʪʘ 

ʚʠʚʯʝʥʥʶ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʘʣʴʜʦʧʝʥʪʦʟʦ-ʧʦʭʽʜʥʠʭ ʩʫʣʴʪʦʥʽʚ ʷʢ ʩʧʝʮʠʬʽʯʥʠʭ 

ʥʝʥʫʢʣʝʦʟʠʜʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʪʘʟʠ ʚʽʨʫʩʫ ɺɯʃ-1. ɸʚʪʦʨʘʤʠ 



пт 
 

ʦʧʠʩʘʥʦ ʩʠʥʪʝʟ ʩʝʨʽʾ ʩʧʦʣʫʢ, ʩʪʨʫʢʪʫʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ ʘʥʥʝʣʶʚʘʥʥʷ Ŭ,ɓ-

ʥʝʥʘʩʠʯʝʥʦʛʦ ɔ-ʩʫʣʴʪʦʥʦʚʦʛʦ ʮʠʢʣʫ (1,2-ʦʢʩʘʪʽʦʣ-2,2-ʜʽʦʢʩʠʜʫ) ʜʦ D-ʨʠʙʦ- ʘʙʦ D-

ʢʩʠʣʦʬʫʨʘʥʦʟʥʦʛʦ ʢʘʨʢʘʩʫ ʯʝʨʝʟ ʧʦʣʦʞʝʥʥʷ ʉ3 ʪʘ ʉ5. 

ʋ ʭʦʜʽ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʮʠʢʣʽʯʥʽ 

ʩʫʣʴʬʦʥʘʪʠ ʚʠʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʝʧʣʽʢʘʮʽʶ ɺɯʃ-1 ʫ 

ʢʫʣʴʪʫʨʘʭ ʢʣʽʪʠʥ MT-4. ʄʝʭʘʥʽʟʤ ʜʽʾ ʮʠʭ ʩʧʦʣʫʢ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʩʝʣʝʢʪʠʚʥʠʤ 

ʽʥʛʽʙʫʚʘʥʥʷʤ ʈʅʂ-ʟʘʣʝʞʥʦʾ ɼʅʂ-ʧʦʣʽʤʝʨʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʚʦʨʦʪʥʦʾ ʪʨʘʥʩʢʨʠʧʪʘʟʠ 

ɺɯʃ-1 ʟʘ ʘʣʦʩʪʝʨʠʯʥʠʤ ʪʠʧʦʤ. ʋ ʨʦʙʦʪʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʫʢʣʝʦʟʠʜʥʠʭ 

ʘʥʘʣʦʛʽʚ, ʜʘʥʽ ʩʫʣʴʪʦʥʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʤʝʪʘʙʦʣʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ (ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ) ʽ 

ʜʽʶʪʴ ʰʣʷʭʦʤ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚôʷʟʫʚʘʥʥʷ ʫ ʛʽʜʨʦʬʦʙʥʽʡ ʢʠʰʝʥʽ ʬʝʨʤʝʥʪʫ. 

ɸʥʘʣʽʟ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ çʩʪʨʫʢʪʫʨʘ ð ʘʢʪʠʚʥʽʩʪʴè ʧʦʢʘʟʘʚ, ʱʦ ʨʽʚʝʥʴ 

ʧʨʦʪʠʚʽʨʫʩʥʦʾ ʜʽʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʽʚ ʫ ʧʦʣʦʞʝʥʥʷʭ C1 ʪʘ C2 

ʬʫʨʘʥʦʟʥʦʛʦ ʢʽʣʴʮʷ. ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʽ ʧʦʭʽʜʥʽ ʤʽʩʪʠʣʠ ʣʽʧʦʬʽʣʴʥʽ ʙʝʥʟʠʣʴʥʽ ʘʙʦ 

ʪʨʠʪʠʣʴʥʽ ʛʨʫʧʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʟʥʘʯʝʥʥʷ IC50 ʥʘ ʨʽʚʥʽ ʤʽʢʨʦʤʦʣʷʨʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʘʚʪʦʨʠ ʧʨʠʜʽʣʠʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʽ: ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʩʫʣʴʪʦʥʠ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʠʢʣʶʯʥʦ ʱʦʜʦ ɺɯʃ-1 ʽ 

ʥʝ ʽʥʛʽʙʫʶʪʴ ʟʚʦʨʦʪʥʫ ʪʨʘʥʩʢʨʠʧʪʘʟʫ ɺɯʃ-2, ʘ ʪʘʢʦʞ ʝʫʢʘʨʽʦʪʠʯʥʽ ɼʅʂ-ʧʦʣʽʤʝʨʘʟʠ 

Ŭ,ɓ ʪʘ ɔ ʥʘʚʽʪʴ ʫ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʦʥʘʜ 200 ʤʢʛ/ʤʣ. ʂʨʽʤ ʪʦʛʦ, ʩʧʦʣʫʢʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʠʟʴʢʫ ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʧʦʟʠʮʽʦʥʫʚʘʪʠ 

ʘʣʴʜʦʧʝʥʪʦʟʦ-ʧʦʭʽʜʥʽ ʩʫʣʴʪʦʥʠ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʢʣʘʩ ʩʝʣʝʢʪʠʚʥʠʭ ʘʥʪʠʚʽʨʫʩʥʠʭ 

ʘʛʝʥʪʽʚ ʽʟ ʚʠʩʦʢʠʤ ʪʝʨʘʧʝʚʪʠʯʥʠʤ ʽʥʜʝʢʩʦʤ. 

ʋ ʧʨʘʮʽ ʉ. ɼʝʂʘʩʪʨʦ ʪʘ ʩʧʽʚʘʚʪʦʨʘʤʠ [67] ʦʧʠʩʘʥʦ ʨʦʟʨʦʙʢʫ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʦʚʦʛʦ ʩʽʤʝʡʩʪʚʘ ʥʝʥʫʢʣʝʦʟʠʜʥʠʭ ̔ ʥʛʽʙʽʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ 4-

ʙʝʥʟʠʣʦʢʩʠ-ɔ-ʩʫʣʴʪʦʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ 

ʟʘʩʦʙʽʚ ʧʨʦʪʠ ʮʠʪʦʤʝʛʘʣʦʚʽʨʫʩʫ ʣʶʜʠʥʠ (HCMV) ʪʘ ʚʽʨʫʩʫ ʚʽʪʨʷʥʦʾ ʚʽʩʧʠ (VZV). 

ɸʚʪʦʨʘʤʠ ʩʠʥʪʝʟʦʚʘʥʦ ʩʝʨʽʶ ʧʦʭʽʜʥʠʭ 1,2-ʦʢʩʘʪʽʦʣʘʥ-2,2-ʜʽʦʢʩʠʜʫ, 

ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʫ ʯʝʪʚʝʨʪʦʤʫ ʧʦʣʦʞʝʥʥʽ ʩʫʣʴʪʦʥʦʚʦʛʦ ʮʠʢʣʫ ʨʽʟʥʠʤʠ 

ʙʝʥʟʠʣʦʢʩʠ-ʟʘʤʽʩʥʠʢʘʤʠ. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʽʨʫʩʦʣʦʛʽʯʥʦʛʦ ʩʢʨʠʥʽʥʛʫ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʘʥʽ 

ʩʧʦʣʫʢʠ ʚʠʷʚʣʷʶʪʴ ʩʝʣʝʢʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʱʦʜʦ HCMV ʪʘ VZV ʫ ʤʽʢʨʦʤʦʣʷʨʥʦʤʫ 



пу 
 

ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ EC50 ʚʽʜ 2.4 ʜʦ 15 ʤʢʄ). ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʩʫʣʴʪʦʥʽʚ ʻ ʾʭʥʷ ʚʠʨʘʞʝʥʘ ʩʧʝʮʠʬʽʯʥʽʩʪʴ: ʩʧʦʣʫʢʠ ʚʠʷʚʠʣʠʩʷ 

ʥʝʘʢʪʠʚʥʠʤʠ ʱʦʜʦ ʚʽʨʫʩʽʚ ʧʨʦʩʪʦʛʦ ʛʝʨʧʝʩʫ 1-ʛʦ ʪʘ 2-ʛʦ ʪʠʧʽʚ (HSV-1, HSV-2). 

ʄʝʭʘʥʽʟʤ ʘʥʪʠʚʽʨʫʩʥʦʾ ʜʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʷʤʦʤʫ 

ʽʥʛʽʙʫʚʘʥʥʽ ʚʽʨʫʩʥʦʾ ʨʝʧʣʽʢʘʮʽʾ ʙʝʟ ʧʦʪʨʝʙʠ ʫ ʧʦʧʝʨʝʜʥʽʡ ʤʝʪʘʙʦʣʽʯʥʽʡ ʘʢʪʠʚʘʮʽʾ 

(ʬʦʩʬʦʨʠʣʶʚʘʥʥʽ) ʢʣʽʪʠʥʥʠʤʠ ʢʽʥʘʟʘʤʠ, ʱʦ ʟʘʟʚʠʯʘʡ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʢʣʘʩʠʯʥʠʭ 

ʥʫʢʣʝʦʟʠʜʥʠʭ ʘʥʘʣʦʛʽʚ (ʥʘʧʨʠʢʣʘʜ, ʘʮʠʢʣʦʚʽʨʫ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʽʩʪʴè (SAR) ʚʠʷʚʠʣʦ, ʱʦ 

ʢʣʶʯʦʚʠʤ ʬʘʨʤʘʢʦʬʦʨʦʤ ʻ ɔ-ʩʫʣʴʪʦʥʦʚʠʡ ʬʨʘʛʤʝʥʪ, ʘ ʥʘʷʚʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨ 

ʟʘʤʽʱʝʥʥʷ ʫ ʙʝʥʟʠʣʦʚʦʤʫ ʢʽʣʴʮʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʣʫ ʧʨʦʪʠʚʽʨʫʩʥʦʾ 

ʚʽʜʧʦʚʽʜʽ. ʅʘʡʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʦʭʽʜʥʽ, ʱʦ ʤʽʩʪʷʪʴ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʽ ʟʘʤʽʩʥʠʢʠ (ʥʘʧʨʠʢʣʘʜ, ʘʪʦʤʠ ʛʘʣʦʛʝʥʽʚ) ʫ ʧʘʨʘ-ʧʦʣʦʞʝʥʥʽ 

ʙʝʥʟʠʣʦʢʩʠʛʨʫʧʠ. ʂʨʽʤ ʪʦʛʦ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʤʽʱʝʥʥʷ ʫ ʧʦʣʦʞʝʥʥʽ 3 ʩʘʤʦʛʦ 

ʩʫʣʴʪʦʥʦʚʦʛʦ ʢʽʣʴʮʷ ʦʙôʻʤʥʠʤʠ ʘʣʢʽʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ 

ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʫʚʦʨʽ ʩʪʝʨʠʯʥʽ ʦʙʤʝʞʝʥʥʷ ʫ ʟʚôʷʟʫʚʘʣʴʥʦʤʫ ʮʝʥʪʨʽ 

ʙʽʦʣʦʛʽʯʥʦʾ ʤʽʰʝʥʽ. 

ʆʢʨʝʤʦ ʚʽʜʟʥʘʯʝʥʦ ʥʠʟʴʢʫ ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʜʘʥʦʛʦ ʢʣʘʩʫ ʮʠʢʣʽʯʥʠʭ 

ʩʫʣʴʬʦʥʘʪʽʚ CC50>100 ʤʢʄ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʽʥʜʝʢʩ ʩʝʣʝʢʪʠʚʥʦʩʪʽ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ɼʝʂʘʩʪʨʦ ʪʘ ʩʧʽʚʘʚʪ. ʧʽʜʪʚʝʨʜʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 4-ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ɔ-ʩʫʣʴʪʦʥʽʚ ʷʢ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʪʦʪʠʧʽʚ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʦʪʠʚʽʨʫʩʥʠʭ ʟʘʩʦʙʽʚ, ʟʜʘʪʥʠʭ ʜʦʣʘʪʠ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʚʽʨʫʩʽʚ ʜʦ 

ʩʪʘʥʜʘʨʪʥʦʾ ʥʫʢʣʝʦʟʠʜʥʦʾ ʪʝʨʘʧʽʾ. 

ʋ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʦʛʣʷʜʽ ʇʘʪʘʥʽ ʪʘ ʃʘɺʫ (1996) [68] ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ 

ʧʨʠʥʮʠʧʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʜʝ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʢʦʥʮʝʧʮʽʾ ʙʽʦʽʟʦʩʪʝʨʠʟʤʫ. ɸʚʪʦʨʠ ʚʠʟʥʘʯʘʶʪʴ ʩʫʣʴʪʦʥʠ (ʮʠʢʣʽʯʥʽ ʩʫʣʴʬʦʥʘʪʠ) ʷʢ 

ʝʬʝʢʪʠʚʥʽ ʥʝʢʣʘʩʠʯʥʽ ʙʽʦʽʟʦʩʪʝʨʠ ʣʘʢʪʦʥʽʚ (ʮʠʢʣʽʯʥʠʭ ʝʩʪʝʨʽʚ). ʊʘʢʘ ʟʘʤʽʥʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʪʘ ʝʣʝʢʪʨʦʥʥʽʡ ʘʥʘʣʦʛʽʾ ʤʽʞ ʣʘʢʪʦʥʥʠʤ ʪʘ ʩʫʣʴʪʦʥʦʚʠʤ 

ʬʨʘʛʤʝʥʪʘʤʠ, ʧʨʦʪʝ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʡ 

ʧʨʦʬʽʣʴ ʩʧʦʣʫʢ. 



пф 
 

ɿʛʽʜʥʦ ʟ ʚʠʢʣʘʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ ʧʦʣʦʞʝʥʥʷʤʠ, ʧʝʨʝʭʽʜ ʚʽʜ ʣʘʢʪʦʥʘ ʜʦ ʩʫʣʴʪʦʥʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʘʤʽʥʦʶ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ (C=O) ʥʘ ʩʫʣʴʬʦʥʽʣʴʥʫ (SO2), ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ ʟ ʧʣʦʩʢʦʾ ʪʨʠʛʦʥʘʣʴʥʦʾ (sp2-ʛʽʙʨʠʜʠʟʘʮʽʷ 

ʚʫʛʣʝʮʶ) ʥʘ ʪʝʪʨʘʝʜʨʠʯʥʫ (sp3-ʧʦʜʽʙʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʘʪʦʤʘ ʩʽʨʢʠ). ʎʝ ʜʦʟʚʦʣʷʻ 

ʩʫʣʴʪʦʥʦʚʦʤʫ ʢʽʣʴʮʶ ʽʤʽʪʫʚʘʪʠ ʧʝʨʝʭʽʜʥʠʡ ʩʪʘʥ ʛʽʜʨʦʣʽʟʫ ʝʩʪʝʨʽʚ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʛʽʙʽʪʦʨʽʚ ʬʝʨʤʝʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʘʪʦʤʠ ʢʠʩʥʶ 

ʩʫʣʴʬʦʛʨʫʧʠ ʚʠʩʪʫʧʘʶʪʴ ʧʦʪʫʞʥʽʰʠʤʠ ʘʢʮʝʧʪʦʨʘʤʠ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʘʨʙʦʥʽʣʴʥʠʤ ʢʠʩʥʝʤ, ʱʦ ʧʦʩʠʣʶʻ ʘʬʽʥʥʽʩʪʴ ʣʽʛʘʥʜʘ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʟʘʣʠʰʢʽʚ ʫ ʨʝʮʝʧʪʦʨʽ. 

ʋ ʧʨʘʮʽ ʥʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʣʴʪʦʥʽʚ ʷʢ ʙʽʦʽʟʦʩʪʝʨʽʚ ʣʘʢʪʦʥʽʚ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʤʝʪʘʙʦʣʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʦʣʝʢʫʣ. ʎʠʢʣʽʯʥʽ 

ʩʫʣʴʬʦʥʘʪʠ ʻ ʩʪʽʡʢʽʰʠʤʠ ʜʦ ʜʽʾ ʝʩʪʝʨʘʟ ʪʘ ʛʽʜʨʦʣʽʪʠʯʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʚ ʫʤʦʚʘʭ in 

vivo, ɦʦ ʧʦʜʦʚʞʫʻ ʯʘʩ ʥʘʧʽʚʚʠʚʝʜʝʥʥʷ ʧʨʝʧʘʨʘʪʫ ʪʘ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ. 

ʆʢʨʽʤ ʮʴʦʛʦ, ʟʘʤʽʥʘ ʢʘʨʙʦʥʽʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʩʫʣʴʬʦʥʽʣʴʥʠʡ ʚʧʣʠʚʘʻ ʥʘ 

ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʪʘ ʣʽʧʦʬʽʣʴʥʽʩʪʴ (logP) ʤʦʣʝʢʫʣʷʨʥʦʛʦ h ʘʙʣʦʥʫ, ʱʦ 

ʜʘʻ ʟʤʦʛʫ ʪʦʥʢʦ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʩʧʦʣʫʢʠ ʧʨʦʥʠʢʘʪʠ ʢʨʽʟʴ ʙʽʦʣʦʛʽʯʥʽ 

ʤʝʤʙʨʘʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʇʘʪʘʥʽ ʪʘ ʃʘɺʫ ʧʦʟʠʮʽʦʥʫʶʪʴ ʩʫʣʴʪʦʥʠ ʷʢ ʩʪʘʙʽʣʴʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʙʘʛʘʪʽ ʝʢʚʽʚʘʣʝʥʪʠ ʣʘʢʪʦʥʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʬʘʨʤʘʢʦʢʽʥʝʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 

1.6 SuFEx-ʬʨʘʛʤʝʥʪʠ ʷʢ ʢʦʚʘʣʝʥʪʥʽ ʽʥʛʽʙʽʪʦʨʠ 

 

ʋ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ ʨʦʙʦʪʽ ɼʞ. ɼʦʥʛ, ʂ. ʐʘʨʧʣʝʩʩʘ ʪʘ ʩʧʽʚʘʚʪ. (2014) [69] 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʨʝʘʢʮʽʾ ʦʙʤʽʥʫ ʬʣʫʦʨʫ ʧʨʠ ʩʽʨʮʽ (VI) (SuFEx), ʷʢʫ ʘʚʪʦʨʠ 

ʧʦʟʠʮʽʦʥʫʶʪʴ ʷʢ ʥʦʚʠʡ ʥʘʧʨʷʤ ʢʣʽʢ-ʭʽʤʽʾ. ʆʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʫ ʧʨʘʮʽ ʟʨʦʙʣʝʥʦ ʥʘ 

ʫʥʽʢʘʣʴʥʽʡ ʨʝʘʢʮʽʡʥʽʡ ʟʜʘʪʥʦʩʪʽ ʩʧʦʣʫʢ, ʱʦ ʤʽʩʪʷʪʴ ʟʚôʷʟʦʢ S(VI)ïF (ʟʦʢʨʝʤʘ 

ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ SO2F ʪʘ ʬʣʫʦʨʦʩʫʣʴʬʘʪʽʚ OSO2F, ʪʘ ʾʭʥʴʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʷʢ 

ʧʨʝʚʽʣʝʡʦʚʘʥʠʭ çʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʙʦʻʛʦʣʦʚʦʢè (warheads) ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʽʥʛʽʙʫʚʘʥʥʷ ʙʽʦʤʘʢʨʦʤʦʣʝʢʫʣ. 



рл 
 

ɸʚʪʦʨʘʤʠ ʜʝʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʝʨʝʚʘʛʠ S(VI)ïF ʟʚôʷʟʢʫ ʥʘʜ ʪʨʘʜʠʮʽʡʥʠʤʠ 

ʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʘʤʠ: ʚʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʥʷʪʢʦʚʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʢʽʥʝʪʠʯʥʦʶ ʽʥʝʨʪʥʽʩʪʶ ʜʦ ʛʽʜʨʦʣʽʟʫ ʪʘ ʥʝʩʧʝʮʠʬʽʯʥʦʛʦ 

ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʋ ʢʦʥʪʝʢʩʪʽ 

ʢʦʚʘʣʝʥʪʥʦʛʦ ʽʥʛʽʙʫʚʘʥʥʷ ʚʚʝʜʝʥʦ ʪʝʨʤʽʥ çʩʧʣʷʯʽ ʝʣʝʢʪʨʦʬʽʣʠè (sleeping 

electrophiles). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʘʢʪʠʚʥʠʤʠ ʜʦ ʤʦʤʝʥʪʫ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʘʢʪʠʚʥʠʡ ʘʙʦ ʘʣʦʩʪʝʨʠʯʥʠʡ 

ʮʝʥʪʨ ʙʽʣʢʘ, ʜʝ ʟʘʚʜʷʢʠ ʝʬʝʢʪʫ ʥʘʙʣʠʞʝʥʥʷ (proximity-induced reactivity) ʪʘ 

ʩʧʝʮʠʬʽʯʥʦʤʫ ʤʽʢʨʦʦʪʦʯʝʥʥʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘʮʽʷ ʟʚôʷʟʢʫ SïF ʟ ʧʦʜʘʣʴʰʦʶ 

ʢʦʚʘʣʝʥʪʥʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʟʘʣʠʰʢʽʚ ʪʠʨʦʟʠʥʫ, ʩʝʨʠʥʫ, ʣʽʟʠʥʫ ʘʙʦ ʪʨʝʦʥʽʥʫ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ SuFEx-ʘʢʪʠʚʥʠʭ ʛʨʫʧ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʽʥʛʽʙʽʪʦʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʟʚʦʨʦʪʥʝ ʟʚ'ʷʟʫʚʘʥʥʷ ʟ ʤʽʰʝʥʥʶ ʟ 

ʚʠʩʦʢʦʶ ʭʝʤʦ- ʪʘ ʨʝʛʽʦʩʝʣʝʢʪʠʚʥʽʩʪʶ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʚʠʩʦʢʦʶ ʝʥʝʨʛʽʻʶ ʟʚôʷʟʢʫ SïF, 

ʷʢʘ ʚʠʤʘʛʘʻ ʩʧʝʮʠʬʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʘʥʫ ʚ ʢʠʰʝʥʽ ʬʝʨʤʝʥʪʫ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʨʝʘʢʮʽʾ ʟʘʤʽʱʝʥʥʷ. ʆʧʠʩʘʥʠʡ ʧʽʜʭʽʜ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʭʽʤʽʯʥʦʾ ʙʽʦʣʦʛʽʾ ʪʘ ʜʠʟʘʡʥʫ ʣʽʢʽʚ, ʜʝ ʢʦʚʘʣʝʥʪʥʝ ʽʥʛʽʙʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ 

ʪʨʠʚʘʣʦʛʦ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʝʬʝʢʪʫ ʪʘ ʜʦʣʘʪʠ ʧʨʦʙʣʝʤʫ ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ. ɸʚʪʦʨʠ 

ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʬʣʫʦʨʦʩʫʣʴʬʦʥʘʪʥʠʭ ʪʘ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʫ ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ, ʟʦʢʨʝʤʘ ʩʫʣʴʪʦʥʽʚ ʪʘ ʾʭʥʽʭ ʘʥʘʣʦʛʽʚ, ʻ 

ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʢʦʚʘʣʝʥʪʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʪʝʦʤʫ. 

ʋ ʥʝʱʦʜʘʚʥʽʡ ʨʦʙʦʪʽ ʉ. ɼʫ, ʇ. ɼʞʘʥʘ ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ (2024) [70] ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ ʝʚʦʣʶʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

çʤʽʢʨʦʢʦʩʤè ʛʣʠʙʦʢʦʾ ʽʥʪʝʛʨʘʮʽʾ ʩʠʥʪʝʪʠʯʥʦʾ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʙʽʦʣʦʛʽʾ. ɸʚʪʦʨʠ 

ʥʘʛʦʣʦʰʫʶʪʴ, ʱʦ ʨʦʣʴ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʚʠʡʰʣʘ ʜʘʣʝʢʦ ʟʘ ʤʝʞʽ 

ʢʣʘʩʠʯʥʦʾ SuFEx-ʢʣʽʢ-ʭʽʤʽʾ, ʧʝʨʝʪʚʦʨʠʚʰʠʩʴ ʥʘ ʧʨʝʚʽʣʝʡʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʧʨʝʮʠʟʽʡʥʦʛʦ ʜʠʟʘʡʥʫ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 

ɿʛʽʜʥʦ ʟ ʚʠʩʥʦʚʢʘʤʠ ʜʦʩʣʽʜʥʠʢʽʚ, ʫʥʽʢʘʣʴʥʽʩʪʴ ʟʚôʷʟʢʫ S(VI)ïF ʧʦʣʷʛʘʻ ʫ ʡʦʛʦ 

ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʢʽʥʝʪʠʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʢʝʨʦʚʘʥʦʶ 

ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ. 



рм 
 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʝʣʝʢʪʨʦʬʽʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʘʢʮʝʧʪʦʨʽʚ ʄʽʭʘʝʣʷ), 

ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʠʟʴʢʫ ʙʘʟʦʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʧʨʦʪʝ ʤʠʪʪʻʚʦ 

ʘʢʪʠʚʫʶʪʴʩʷ ʚ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʙʽʣʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʝʬʝʢʪʫ ʥʘʙʣʠʞʝʥʥʷ (proximity-

induced reactivity). ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʢʦʚʘʣʝʥʪʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʥʝ 

ʣʠʰʝ ʘʢʪʠʚʦʚʘʥʠʭ ʟʘʣʠʰʢʽʚ ʩʝʨʠʥʫ ʯʠ ʪʨʝʦʥʽʥʫ, ʘ ʡ çʚʘʞʢʦʜʦʩʪʫʧʥʠʭè ʟʘʣʠʰʢʽʚ 

ʪʠʨʦʟʠʥʫ ʪʘ ʣʽʟʠʥʫ, ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʧʨʦʩʪʽʨ ʧʦʪʝʥʮʽʡʥʠʭ ʤʽʰʝʥʝʡ ʫ ʧʨʦʪʝʦʤʽ. 

ɸʚʪʦʨʠ ʦʧʠʩʫʶʪʴ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ SuFEx-ʢʝʨʦʚʘʥʠʭ 

ʜʝʛʨʘʜʘʪʦʨʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʦʾ çʙʦʻʛʦʣʦʚʢʠè ʫ ʩʪʨʫʢʪʫʨʫ 

PROTAC-ʤʦʣʝʢʫʣ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʥʝʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ ʟ ʙʽʣʢʦʤ-ʤʽʰʝʥʥʶ, 

ʱʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʫʯʝʥʥʷ E3-ʫʙʽʢʚʽʪʠʥʣʽʛʘʟ ʪʘ ʧʨʠʰʚʠʜʰʫʻ 

ʢʘʩʢʘʜ ʧʨʦʪʝʦʩʦʤʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʦʥʢʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʩʪʽʡʢʦʩʪʽ ʜʦ ʛʽʜʨʦʣʽʟʫ, ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʠ ʽʜʝʘʣʴʥʦ 

ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʟʦʥʜʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʢʣʘʜʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ in 

vivo. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʫʦʨʦʛʝʥʥʠʭ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ, 

ʷʢʽ ʘʢʪʠʚʫʶʪʴ ʩʚʽʡ ʬʣʫʦʨʝʩʮʝʥʪʥʠʡ ʩʠʛʥʘʣ ʣʠʰʝ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʚʘʣʝʥʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʟ ʤʽʰʝʥʥʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ 

ʬʦʥʦʚʠʡ ʰʫʤ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʩʠʥʝʨʛʽʾ SuFEx-ʨʝʘʢʮʽʡ ʽʟ ʤʝʪʦʜʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʢʨʠʥʽʥʛʫ. ɸʚʪʦʨʠ ʜʦʚʦʜʷʪʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ 

ʘʥʘʣʽʟʦʤ ʢʨʠʩʪʘʣʽʚ ʙʽʣʢʘ (fragment-based drug discovery) ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʥʦʚʽ ʘʣʦʩʪʝʨʠʯʥʽ ʮʝʥʪʨʠ, ʷʢʽ ʨʘʥʽʰʝ ʚʚʘʞʘʣʠʩʷ çʥʝʧʽʜʜʘʪʣʠʚʠʤʠ ʜʦ ʣʽʢʫʚʘʥʥʷè 

(undruggable). 

ʆʢʨʝʤʦʾ ʫʚʘʛʠ ʫ ʢʦʥʪʝʢʩʪʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʩʣʫʛʦʚʫʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʧʨʘʮʷ ʎ. ʎʟʝʥʷ, ʂ. ɹ. ʐʘʨʧʣʝʩʩʘ ʪʘ ʩʧʽʚʘʚʪʦʨʽʚ[71], 

ʦʧʫʙʣʽʢʦʚʘʥʘ ʫ ʞʫʨʥʘʣʽ Proceedings of the National Academy of Sciences ʫ 2019 ʨʦʮʽ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʘʛʥʦʩʪʠʯʥʦʤʫ ʧʦʰʫʢʫ ʢʦʚʘʣʝʥʪʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ 

ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʣʶʜʠʥʠ (HNE) ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʦʣʦʛʽʾ SuFEx, ʱʦ ʩʪʘʣʦ 

ʚʘʞʣʠʚʦʶ ʚʽʭʦʶ ʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ. ɸʚʪʦʨʠ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʫʦʨʦʩʫʣʴʬʘʪʽʚ ʪʘ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 



рн 
 

ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʣʽʛʘʥʜʠ ʥʘʚʽʪʴ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ 

ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʤʽʰʝʥʽ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ çʚʠʞʠʚʘʥʥʷ ʥʘʡʩʠʣʴʥʽʰʦʛʦè 

ʝʣʝʢʪʨʦʬʽʣʘ ʫ ʩʧʝʮʠʬʽʯʥʦʤʫ ʙʽʦʣʦʛʽʯʥʦʤʫ ʤʽʢʨʦʦʪʦʯʝʥʥʽ. 

ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʬʣʫʦʨʦʩʫʣʴʬʘʪʥʘ ʛʨʫʧʘ ʚʠʷʚʣʷʻ 

ʫʥʽʢʘʣʴʥʠʡ ʧʦʻʜʥʘʥʥʷ ʚʠʩʦʢʦʾ ʢʽʥʝʪʠʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʟʥʘʯʝʥʴ pH ʪʘ ʚʠʥʷʪʢʦʚʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʢʦʚʘʣʝʥʪʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʠʭ 

ʟʘʣʠʰʢʽʚ ʘʤʽʥʦʢʠʩʣʦʪ, ʪʘʢʠʭ ʷʢ ʩʝʨʠʥ, ʪʠʨʦʟʠʥ ʯʠ ʣʽʟʠʥ, ʟʘ ʫʤʦʚʠ ʾʭʥʴʦʛʦ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʚ ʢʠʰʝʥʽ ʟʚôʷʟʫʚʘʥʥʷ ʬʝʨʤʝʥʪʫ. ʎʝʡ ʝʬʝʢʪ, ʚʽʜʦʤʠʡ ʷʢ 

ʧʨʦʢʩʠʤʽʪʽ-̔ ʥʜʫʢʦʚʘʥʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ, ʜʦʟʚʦʣʷʻ SuFEx-ʘʢʪʠʚʥʠʤ ʩʧʦʣʫʢʘʤ 

ʜʽʷʪʠ ʷʢ çʩʧʣʷʯʽ ʝʣʝʢʪʨʦʬʽʣʠè, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʽʥʝʨʪʥʠʤʠ ʚ ʩʠʩʪʝʤʥʦʤʫ ʢʨʦʚʦʪʦʮʽ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʥʝʩʧʝʮʠʬʽʯʥʝ ʘʣʢʽʣʶʚʘʥʥʷ ʙʽʣʢʽʚ ʧʣʘʟʤʠ, ʘʣʝ ʤʠʪʪʻʚʦ ʘʢʪʠʚʫʶʪʴʩʷ 

ʧʨʠ ʧʦʪʨʘʧʣʷʥʥʽ ʚ ʢʘʪʘʣʽʪʠʯʥʠʡ ʮʝʥʪʨ ʝʣʘʩʪʘʟʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ 

ʘʚʪʦʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʧʽʜʪʚʝʨʜʠʣʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʥʝʟʚʦʨʦʪʥʦʛʦ ʘʜʜʫʢʪʫ ʽʟ ʟʘʣʠʰʢʦʤ Ser195, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʪʨʠʚʘʣʠʡ ʽʥʛʽʙʫʶʯʠʡ ʝʬʝʢʪ ʧʨʠ ʥʘʥʦʤʦʣʷʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. 

ɼʣʷ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʨʝʟʫʣʴʪʘʪʠ ʛʨʫʧʠ ʐʘʨʧʣʝʩʩʘ ʤʘʶʪʴ ʢʨʠʪʠʯʥʝ 

ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʣʝʛʽʪʠʤʽʟʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʷʢ çʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʙʦʻʛʦʣʦʚʦʢè ʫ ʩʪʨʫʢʪʫʨʽ 5,5-

ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ. ɺʩʪʘʥʦʚʣʝʥʘ ʎʟʝʥʝʤ ʚʠʥʷʪʢʦʚʘ 

ʭʝʤʦʩʝʣʝʢʪʠʚʥʽʩʪʴ SuFEx-ʛʨʫʧ ʱʦʜʦ ʩʝʨʠʥʦʚʠʭ ʧʨʦʪʝʘʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʨʝʣʶʻ ʟ 

ʥʘʰʦʶ ʩʪʨʘʪʝʛʽʻʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʦʚʠʭ ʩʫʣʴʪʦʥʽʚ 20c,d ʷʢ 

ʧʦʪʝʥʮʽʡʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʦʥʢʦʛʝʥʥʠʭ ʢʽʥʘʟ ʪʘ ʨʝʮʝʧʪʦʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʻʜʥʘʥʥʷ 

ʞʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʧʣʘʪʬʦʨʤʠ ʩʫʣʴʪʦʥʦʚʦʛʦ ʮʠʢʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʘʬʽʥʥʽʩʪʴ ʜʦ 

ʤʽʰʝʥʽ, ʪʘ SuFEx-ʘʢʪʠʚʥʦʾ ʛʨʫʧʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʘʢʪ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚ'ʷʟʫʚʘʥʥʷ, ʻ 

ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ 

ʟʘʩʦʙʽʚ ʪʝʨʘʧʽʾ, ʟʜʘʪʥʦʾ ʜʦʣʘʪʠ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʟʚʦʨʦʪʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʪʝʦʤʫ. 

ʂʨʽʤ ʪʦʛʦ, ʫʩʧʽʰʥʘ ʘʧʨʦʙʘʮʽʷ ʘʛʥʦʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʧʨʠʢʣʘʜʽ ʝʣʘʩʪʘʟʠ 

ʥʝʡʪʨʦʬʽʣʽʚ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʤʠ ʙʽʙʣʽʦʪʝʢ ʩʧʦʣʫʢ ʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʩʢʨʠʥʽʥʛʫ ʧʨʦʪʠ ʰʠʨʦʢʦʛʦ 



ро 
 

ʩʧʝʢʪʨʘ ʙʽʦʣʦʛʽʯʥʠʭ ʤʽʰʝʥʝʡ, ʜʝ ʩʫʣʴʪʦʥʦʚʠʡ ʤʦʣʝʢʫʣʷʨʥʠʡ ʰʘʙʣʦʥ ʤʦʞʝ 

ʚʠʩʪʫʧʘʪʠ ʫ ʨʦʣʽ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʪʘ ʩʪʘʙʽʣʴʥʦʛʦ ʥʦʩʽʷ ʜʣʷ SuFEx-ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ 

ʮʝʥʪʨʽʚ. ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʥʪʝʟʫ ʜʦ ʧʨʝʧʘʨʪʠʚʥʠʭ ʢʽʣʴʢʦʩʪʝʡ, ʦʩʢʽʣʴʢʠ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʠʭ 

ʦʙʩʷʛʽʚ ʯʠʩʪʦʾ ʨʝʯʦʚʠʥʠ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʭ 

ʚʽʨʫʩʦʣʦʛʽʯʥʠʭ ʪʘ ʦʥʢʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʰʫʢ ʥʦʚʠʭ 

ʭʝʤʦʪʠʧʽʚ ʽʟ ʚʠʩʦʢʠʤ ʽʥʜʝʢʩʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʽ. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 1 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʦʜʠʯʥʝ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʨʦʙʦʪʠ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʜʽʡʪʠ ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ: 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʙʽʦʽʟʦʩʪʝʨʥʦʾ ʟʘʤʽʥʠ ʬʨʘʛʤʝʥʪʘ ʪʝʪʨʦʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʥʘ ʩʫʣʴʬʦʥʘʪʥʠʡ ʘʥʘʣʦʛ ð 1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʜʦ ʩʫʣʴʬʦʥʽʣʴʥʦʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʦʶ 

ʛʝʦʤʝʪʨʽʾ ʤʦʣʝʢʫʣʠ ʟ ʧʣʦʩʢʦʾ ʪʨʠʛʦʥʘʣʴʥʦʾ ʥʘ ʪʝʪʨʘʝʜʨʠʯʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʣʴʪʦʥʘʤ 

ʝʬʝʢʪʠʚʥʦ ʽʤʽʪʫʚʘʪʠ ʧʝʨʝʭʽʜʥʠʡ ʩʪʘʥ ʛʽʜʨʦʣʽʟʫ ʝʩʪʝʨʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʫ 

ʤʝʪʘʙʦʣʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ. 

2. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʩʫʣʴʪʦʥʦʚʦʛʦ ʮʠʢʣʫ, 

ʩʝʨʝʜ ʷʢʠʭ ʢʣʶʯʦʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʢʘʨʙʘʥʽʦʥ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʘ ʩʫʣʴʬʦʥʘʪʥʘ 

ʮʠʢʣʽʟʘʮʽʷ (ʨʝʘʢʮʽʷ CSIC). ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʧʽʜʪʚʝʨʜʠʚ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʨʝʘʢʮʽʡ 

ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʪʘ ʩʫʣʴʬʘ-ɿʽʛʣʝʨʘ-ʊʦʨʧʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ ʽʟ 

ʚʠʩʦʢʦʶ ʨʝʛʽʦʩʝʣʝʢʪʠʚʥʽʩʪʶ, ʱʦ ʻ ʙʘʟʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʧʨʝʧʘʨʪʠʚʥʠʭ 

ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʫ. 

3. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʪʨʘʪʝʛʽʾ ʧʦʙʫʜʦʚʠ ʮʠʢʣʽʯʥʠʭ 

ʩʫʣʴʬʦʥʘʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʝʪʦʜʠ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ, 

ʨʘʜʠʢʘʣʴʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʪʘ ʤʝʪʘʪʝʟʠʩʫ ʽʟ ʟʘʤʠʢʘʥʥʷʤ ʮʠʢʣʫ (RCM). ʇʦʢʘʟʘʥʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʘʜʠʢʘʣʴʥʠʭ ʽʥʽʮʽʘʪʦʨʽʚ ʘʙʦ ʬʦʪʦʨʝʜʦʢʩ-ʢʘʪʘʣʽʟʫ ʜʦʟʚʦʣʷʻ 



рп 
 

ʦʪʨʠʤʫʚʘʪʠ ʥʘʧʨʫʞʝʥʽ ʪʘ ʤʽʩʪʢʦʚʽ ʩʫʣʴʪʦʥʦʚʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʻ ʚʘʞʢʦʜʦʩʪʫʧʥʠʤʠ ʚ 

ʫʤʦʚʘʭ ʢʣʘʩʠʯʥʦʛʦ ʽʦʥʥʦʛʦ ʩʠʥʪʝʟʫ. 

4. ʆʮʽʥʝʥʦ ʧʨʠʢʣʘʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʮʠʢʣʽʯʥʠʭ ʩʫʣʴʬʦʥʘʪʽʚ ʷʢ ʩʝʣʝʢʪʠʚʥʠʭ 

ʥʝʥʫʢʣʝʦʟʠʜʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʚʽʨʫʩʥʠʭ ʬʝʨʤʝʥʪʽʚ (ɺɯʃ-1, HCMV, VZV). ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ɔ-ʩʫʣʴʪʦʥʦʚʠʡ ʬʨʘʛʤʝʥʪ ʚʠʩʪʫʧʘʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʬʘʨʤʘʢʦʬʦʨʦʤ, ʟʜʘʪʥʠʤ 

ʜʦ ʘʣʦʩʪʝʨʠʯʥʦʛʦ ʟʚôʷʟʫʚʘʥʥʷ ʫ ʛʽʜʨʦʬʦʙʥʠʭ ʢʠʰʝʥʷʭ ʙʽʣʢʽʚ-ʤʽʰʝʥʝʡ ʙʝʟ ʧʦʪʨʝʙʠ 

ʫ ʧʦʧʝʨʝʜʥʽʡ ʤʝʪʘʙʦʣʽʯʥʽʡ ʘʢʪʠʚʘʮʽʾ. 

5. ɺʠʟʥʘʯʝʥʦ ʨʦʣʴ SuFEx-ʘʢʪʠʚʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʫ ʜʠʟʘʡʥʽ ʢʦʚʘʣʝʥʪʥʠʭ 

ʽʥʛʽʙʽʪʦʨʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ɼʦʚʝʜʝʥʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʠʭ 

ʛʨʫʧ SO2F ʫ ʩʪʨʫʢʪʫʨʫ ʩʫʣʴʪʦʥʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ h ʘʙʣʦʥʘ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ 

ʧʨʝʮʠʟʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʦʪʝʦʤʫ, ʜʝ ʟʚ'ʷʟʦʢ S-F ʚʠʩʪʫʧʘʻ ʷʢ çʩʧʣʷʯʠʡ 

ʝʣʝʢʪʨʦʬʽʣè, ʱʦ ʘʢʪʠʚʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚ ʤʽʢʨʦʦʪʦʯʝʥʥʽ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʙʽʣʢʘ. 

  



рр 
 

ʈʆɿɼɯʃ 2. ʉʀʅʊɽɿ, ɼʆʉʃɯɼɾɽʅʅʗ ɹʋɼʆɺʀ ʊɸ ɹɯʆʃʆɻɯʏʅʆɰ 

ɸʂʊʀɺʅʆʉʊɯ 5,5-ɼʀɿɸʄɯʑɽʅʀʍ-1,2-ʆʂʉʆʊɯʆʃɸʅ-4-ʆʅ 2,2-

ɼɯʆʂʉʀɼɯɺ 

 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʦʭʦʧʣʶʻ ʧʦʚʥʠʡ ʮʠʢʣ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʚʯʝʥʥʷ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 

2,2-ʜʽʦʢʩʠʜʽʚ (ʙʝʪʘ-ʢʝʪʦ ʛʘʤʤʘ-ʩʫʣʴʪʦʥʽʚ). ɺʠʢʣʘʜ ʤʘʪʝʨʽʘʣʫ ʧʦʙʫʜʦʚʘʥʦ ʟʘ 

ʣʦʛʽʯʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ: ʚʽʜ ʨʦʟʨʦʙʢʠ ʩʠʥʪʝʪʠʯʥʠʭ ʩʪʨʘʪʝʛʽʡ ʪʘ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʦʜʝʨʞʘʥʥʷ ʮʽʣʴʦʚʠʭ ʩʧʦʣʫʢ ʜʦ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʾʭʥʴʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʙʫʜʦʚʠ, ʪʘʫʪʦʤʝʨʥʦʛʦ ʩʪʘʥʫ, ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ.[72, 73] 

ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʨʦʟʜʽʣʫ ʧʨʠʩʚʷʯʝʥʘ ʤʝʪʦʜʠʯʥʠʤ ʘʩʧʝʢʪʘʤ ʬʦʨʤʫʚʘʥʥʷ 

ʩʫʣʴʪʦʥʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʙʣʦʥʘ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʢʮʽʡ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʟʘ ʪʠʧʦʤ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʪʘ ʩʫʣʴʬʘ-ʎʠʛʣʝʨʘ-

ʊʦʨʧʘ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʤʝʟʠʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʘʣʴʬʘ-

ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ ʪʘ ʮʽʘʥʦʛʽʜʨʠʥʽʚ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʜʦʩʷʛʪʠ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʠʭ ʚʠʭʦʜʽʚ 

ʧʨʝʢʫʨʩʦʨʽʚ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʤʽʢʨʦʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚ ʜʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʆʧʠʩʘʥʦ ʫʤʦʚʠ ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ ʢʣʶʯʦʚʠʭ 

ʩʧʦʣʫʢ ʫ ʤʘʩʰʪʘʙʽ 0,5 ʢʽʣʦʛʨʘʤʘ, ʱʦ ʧʦʪʨʝʙʫʚʘʣʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʱʦʜʦ 

ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʨʝʘʢʪʦʨʘʭ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʦʨʠʛʽʥʘʣʴʥʠʭ ʙʝʟʝʢʩʪʨʘʢʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʜʽʣʝʥʥʷ ʥʘʧʨʫʞʝʥʠʭ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ 

ʩʫʣʴʪʦʥʽʚ. 

ɼʨʫʛʠʡ ʙʣʦʢ ʨʦʟʜʽʣʫ ʧʨʠʩʚʷʯʝʥʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ 

ʚʠʚʯʝʥʥʶ ʷʚʠʱʘ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʙʘʛʘʪʦʷʜʝʨʥʦʾ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʝʪʝʨʦʮʠʢʣʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʽʚ ʫ 

ʧʦʣʦʞʝʥʥʽ "5" ʪʘ ʚʧʣʠʚ ʨʦʟʯʠʥʥʠʢʘ (ʟʦʢʨʝʤʘ ɼʄʉʆ) ʥʘ ʪʘʫʪʦʤʝʨʥʫ ʨʽʚʥʦʚʘʛʫ. 

ɺʠʢʣʘʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʝʥʦʣʽʟʘʮʽʾ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʝʪʦʜʘʭ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ (DFT) ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ 



рс 
 

ʧʝʨʝʭʦʜʫ ʧʨʦʪʦʥʘ, ʜʝ ʜʦʚʝʜʝʥʦ ʨʦʣʴ ʩʧʝʮʠʬʽʯʥʦʾ ʩʦʣʴʚʘʪʘʮʽʾ ʫ ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʥʦʣʴʥʠʭ 

ʬʦʨʤ. 

ʋ ʪʨʝʪʽʡ ʯʘʩʪʠʥʽ ʨʦʟʜʽʣʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʽʩʪʴ 

(SAR) ʚ ʨʷʜʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʢʽʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʝʡʪʝʨʦʦʙʤʽʥʫ ʪʘ ʨʦʟʨʘʭʫʥʢʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (MEP), 

ʱʦ ʜʦʟʚʦʣʠʣʠ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʝʘʢʮʽʡʥʽ ʮʝʥʪʨʠ ʜʣʷ ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʪʘ 

ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ ʘʪʘʢʠ. 

ɿʘʚʝʨʰʘʣʴʥʠʡ ʧʽʜʨʦʟʜʽʣ ʤʽʩʪʠʪʴ ʜʘʥʽ ʱʦʜʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʦʬʽʣʶ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʫʙʩʪʨʘʪʽʚ. ɺʠʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʩʢʨʠʥʽʥʛʫ 

ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ in vitro ʱʦʜʦ ʣʽʥʽʾ ʢʣʽʪʠʥ ʧʦʪʨʽʡʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ 

ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ MDA-MB-231 ʪʘ ʦʮʽʥʢʫ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʚʽʜʥʦʩʥʦ ʥʝʟʣʦʷʢʽʩʥʠʭ 

ʢʣʽʪʠʥ MAEC. ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʝʬʝʢʪʽʚ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʢʣʶʯʦʚʽ ʪʠʧʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʢʦʥʪʘʢʪʽʚ ʫ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʘʭ ʦʥʢʦʛʝʥʥʠʭ ʨʝʮʝʧʪʦʨʽʚ ʪʘ ʢʽʥʘʟ. 

 

2.1 ʉʠʥʪʝʟ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʦʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ 

 

5,5-ʜʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1a) ʙʫʣʦ ʦʙʨʘʥʦ ʷʢ ʤʦʜʝʣʴʥʫ 

ʩʧʦʣʫʢʫ. ʈʘʥʽʰʝ ʚʦʥʘ ʙʫʣʘ ʩʠʥʪʝʟʦʚʘʥʘ ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ (ʈʦʟʜʽʣ 1). 

ʆʜʥʘʢ, ʜʣʷ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢ ʟ ʥʘʧʨʫʞʝʥʠʤʠ ʩʧʽʨʦʮʠʢʣʘʤʠ 1b-e ʜʘʥʠʡ ʤʝʪʦʜ ʚʠʷʚʠʚʩʷ 

ʥʝʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ, ʟʘ ʤʝʪʫ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʩʠʥʪʝʟʫʚʘʪʠ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʠ ʟʘ 

ʥʦʚʠʤ ʨʦʟʨʦʙʣʝʥʠʤ ʤʝʪʦʜʦʤ. ɼʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʜʦʟʚʦʣʠʣʘ ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʠʪʠ 

ʚʠʭʽʜ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢʠ 1a, ʜʦʜʘʪʢʦʚʦ ʜʦ ʩʠʥʪʝʟʫ ʩʧʦʣʫʢ 1b-e. 

ɼʣʷ ʩʧʦʣʫʢ 1a-e ̫ ʢ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʽ 

ʛʽʜʨʦʢʩʠʝʩʪʝʨʠ 2a-e. ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʩʠʥʪʝʟʫ ʙʫʣʦ ʩʫʣʴʬʦʥʽʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʛʽʜʨʦʢʩʠʝʩʪʝʨʽʚ 2a-e ʤʝʟʠʣʭʣʦʨʠʜʦʤ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ (0 Áʉ) ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʤʝʪʠʣʝʥʭʣʦʨʠʜʫ ʪʘ ʪʨʠʝʪʠʣʘʤʽʥʫ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʠ. ɺʠʭʦʜʠ ʜʣʷ ʮʽʣʴʦʚʠʭ ʤʝʟʠʣʘʪʽʚ 

3a-e ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 92 ʜʦ 98% ʚʽʜʧʦʚʽʜʥʦ (ʉʭʝʤʘ 2.1).[72ï74] 

 



рт 
 

 

ʉʭʝʤʘ 2.1 - ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʤʝʟʠʣʘʪʽʚ ʛʽʜʨʦʢʩʠʝʩʪʝʨʽʚ 3a-e 

 

ʉʧʝʢʪʨʦʩʢʦʧʽʷ ʗʄʈ ʙʫʣʘ ʦʙʨʘʥʘ ʷʢ ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ 

ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. 

ɺʠʟʥʘʯʘʣʴʥʠʤ ʩʠʛʥʘʣʦʤ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʤʝʟʠʣʘʪʽʚ 3a-e ʻ 

ʪʨʠʧʨʦʪʦʥʥʠʡ ʩʠʥʛʣʝʪ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʭʽʤʽʯʥʦʛʦ ʟʩʫʚʫ 3,04-3,14 ʤ.ʯ., ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʤʝʪʠʣʩʫʣʴʬʦʢʩʠʣʴʥʽʡ ʛʨʫʧʽ. ʗʢ ʧʦʢʘʟʦʚʫ ʤʦʣʝʢʫʣʫ ʙʫʣʦ ʦʙʨʘʥʦ ʩʧʽʨʦʙʫʪʠʣʴʥʠʡ 

ʤʝʟʠʣʘʪ 3c (ʈʠʩʫʥʦʢ 2.1). 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʧʝʢʪʨ 1H ʗʄʈ ʤʝʟʠʣʘʪʫ 3c ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ CDCl3 

 



ру 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤʠ ʜʣʷ ʩʧʝʢʪʨʫ 13ʉ ʗʄʈ ʻ ʩʠʛʥʘʣʠ ʢʘʨʙʦʥʘ ʢʘʨʙʦʢʩʠʣʴʥʦʾ 

ʛʨʫʧʠ ʝʩʪʝʨʫ ʟ ʭʽʤʽʯʥʠʤ ʟʩʫʚʦʤ 170,22-172,58 ʤ.ʯ. ʪʘ ʩʠʛʥʘʣʠ ʢʘʨʙʦʥʘ 

ʤʝʟʠʣʴʩʫʣʴʬʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʤʝʟʠʣʴʦʚʘʥʠʭ ʛʽʜʨʦʢʩʠʝʩʪʝʨʽʚ 3a-e ̔ʟ ʭʽʤʽʯʥʠʤ ʟʩʫʚʦʤ 

39,47-40,99 ʤ.ʯ. ʉʧʝʢʪʨ 13ʉ ʗʄʈ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʤʝʟʠʣʘʪʫ 3c (ʈʠʩʫʥʦʢ 2.2). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʧʝʢʪʨ 13ʉ ʗʄʈ ʤʝʟʠʣʘʪʫ 3c ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ CDCl3 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʢʦʥʜʝʥʩʘʮʽʷ ʩʧʦʣʫʢ 3a-e ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʝʪ-ʙʫʪʠʣʘʪʫ ʢʘʣʽʶ (ʘʙʦ ʛʽʜʨʠʜʫ ʥʘʪʨʽʶ) ʷʢ ʦʩʥʦʚʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʫ (ʊɻʌ), ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʝʥʦʣʷʪʽʚ, ʦʙʨʦʙʢʘ ʷʢʠʭ 

ʪʨʠʬʣʫʦʨʦʦʮʪʦʚʦʶ ʘʙʦ ʦʮʪʦʚʦʶ ʢʠʩʣʦʪʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʪʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʦʯʠʩʪʢʠ, ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʫʣʴʪʦʥʫ 1a ̔ ʟ ʚʠʭʦʜʦʤ 74%. ʆʜʥʘʢ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʧʦʣʫʢ 1b-e ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʙʝʟʝʢʩʪʨʘʢʮʽʡʥʝ ʚʠʜʽʣʝʥʥʷ, ʯʝʨʝʟ ʾʭ ʚʽʜôʻʤʥʝ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʦʜʽʣʫ log P. ɼʣʷ ʮʴʦʛʦ ʦʪʨʠʤʘʥʽ ʝʥʦʣʠ ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ 

ʚʽʜ ʨʦʟʯʠʥʥʠʢʘ ʩʫʩʧʝʥʟʫʚʘʣʠ ʫ ʜʠʭʣʦʨʦʤʝʪʘʥ, ʧʽʩʣʷ ʯʦʛʦ ʾʭ ʦʙʨʦʙʣʷʣʠ 

ʚʽʜʥʦʚʽʜʥʠʤʠ ʢʠʩʣʦʪʘʤʠ (ʪʨʠʬʣʫʦʨʦʦʮʪʦʚʘ ʘʙʦ ʦʮʪʦʚʘ ʢʠʩʣʦʪʠ), ʧʽʩʣʷ ʯʦʛʦ ʥʦʚʠʡ 



рф 
 

ʦʪʨʠʤʘʥʠʡ ʦʩʘʜ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʪʘ ʦʪʨʠʤʫʚʘʣʠ ʮʽʣʴʦʚʽ ʩʫʣʴʪʦʥʠ 1b-e ̔ ʟ ʚʠʭʦʜʘʤʠ 

28 ʜʦ 62% (ʉʭʝʤʘ 2.2). 

 

 

ʉʭʝʤʘ 2.2 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʢʦʥʜʝʥʩʘʮʽʾ ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʴʥʠʭ ʧʦʭʽʜʥʠʭ 

ʛʽʜʨʦʢʩʠʝʩʪʝʨʽʚ 3a-e ʫ ʩʫʣʴʪʦʥʠ 1a-e ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ 

 

ʅʘ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʫ CDCl3 ʭʘʨʘʢʪʝʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʽʟ ʭʽʤʽʯʥʠʤ ʟʩʫʚʦʤ 

3,84-3,96 ʤ.ʯ. ʙʫʚ ʜʚʦʭʧʨʦʪʦʥʥʠʡ ʩʠʥʛʣʝʪ ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ ʦʪʨʠʤʘʥʦʛʦ ʩʫʣʴʪʦʥʫ. 

ʂʨʽʤ ʪʦʛʦ, ʟʥʠʢʣʠ ʩʠʛʥʘʣʠ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ 

ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʚʠʭʽʜʥʦʛʦ ʤʝʟʠʣʘʪʫ (ʈʠʩʫʥʦʢ 2.3). 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʧʝʢʪʨ 1H ʗʄʈ ʩʫʣʴʪʦʥʫ 1c ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ CDCl3 



сл 
 

ɸʥʘʣʦʛʽʯʥʦ, ʥʘ ʩʧʝʢʪʨʽ 13ʉ ʗʄʈ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʩʠʛʥʘʣʠ ʘʪʦʤʘ ʂʘʨʙʦʥʫ 

ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ ʩʫʣʴʪʦʥʫ, ʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʩʫʚʫ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 51,74-53,64 

ʤ.ʯ. ʂʨʽʤ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʥʘ ʟʤʽʥʘ ʟʥʘʯʝʥʴ ʭʽʤʽʯʥʦʛʦ ʟʩʫʚʫ ʜʣʷ ʘʪʦʤʘ ʂʘʨʙʦʥʫ 

ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʜʦ ʟʥʘʯʝʥʴ 197,49-201,36 ʤ.ʯ. (ʈʠʩʫʥʦʢ 2.4). 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ʉʧʝʢʪʨ 13ʉ ʗʄʈ ʩʫʣʴʪʦʥʫ 1d ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ CDCl3 

 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʝʥʩʘʮʽʾ 

ʩʫʣʴʬʘ-ʎʠʛʣʝʨʘ-ʊʦʨʧʘ ʷʢ ʢʣʶʯʦʚʦʾ ʨʝʘʢʮʽʾ. ɼʘʥʠʡ ʤʝʪʦʜ ʙʫʚ ʦʧʨʘʮʴʦʚʘʥʠʡ ʜʣʷ 

ʩʫʣʴʪʦʥʽʚ 1a ʪʘ 1b, ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ ʙʫʣʠ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʤʠ 

ʨʝʘʢʪʠʚʘʤʠ ʪʘ ʷʢ ʩʧʦʣʫʢ ʽʟ ʥʘʡʙʽʣʴʰ ʪʘ ʥʘʡʤʝʥʰ ʥʘʧʨʫʞʝʥʠʤ ʮʠʢʣʘʤʠ. 

ʋ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʮʽʘʥʛʽʜʨʠʥʠ 4a-b. ɸʥʘʣʦʛʽʯʥʦ 

ʜʦ ʢʦʥʜʝʥʩʘʥʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ, ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʤʝʟʠʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ 

ʩʧʦʣʫʢ 4a-b ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʠʭʣʦʨʦʤʝʪʘʥʫ ʧʨʠ ʦʭʦʣʦʜʞʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʟʠʣʭʣʦʨʠʜʫ ʪʘ ʪʨʠʝʪʠʣʘʤʽʥʫ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʴʥʠʭ ʧʦʭʽʜʥʠʭ ʮʽʘʥʛʽʜʨʠʜʥʽʚ 5a-b (ʉʭʝʤʘ 2.3). 



см 
 

 

ʉʭʝʤʘ 2.3 ï ʉʭʝʤʘ ʩʠʥʪʝʟʫ ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʴʥʠʭ ʧʦʭʽʜʥʠʭ 5a-b ʟ ʮʽʘʥʦʛʽʜʨʠʥʽʚ 4a-

b 

 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʘ ʢʦʥʜʝʥʩʘʮʽʷ ʮʽʘʥʦʛʽʜʨʠʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5a-b ʟʘ 

ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ʎʠʛʣʝʨʘ-ʊʦʨʧʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʠʤʝʪʠʣʠʬʦʨʤʘʤʽʜʫ (DMF) ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʝʪ-ʙʫʪʠʣʘʪʫ ʢʘʣʽʶ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʝʥʘʤʽʥʽʚ 6a-b. 

ʇʽʩʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʛʽʜʨʦʣʽʟʫ ʝʥʘʤʽʥʽʚ 6a-b ʚ ʢʠʩʣʠʭ ʫʤʦʚʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʠʬʣʫʦʨʦʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʜʠʭʣʦʨʦʤʝʪʘʥʫ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʫʪʚʦʨʶʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʽ ʩʫʣʴʪʦʥʠ. 

ʆʜʥʘʢ, ʜʘʥʘ ʨʝʘʢʮʽʷ ʤʘʣʘ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ. ɺ ʦʧʠʩʘʥʠʭ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ, ʜʘʥʘ 

ʢʦʥʜʝʥʩʘʮʽʷ ʜʦʟʚʦʣʷʣʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʠʡ ʩʫʣʴʪʦʥ 1a, ʘ ʜʣʷ 

ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣ ʟʘʤʽʱʝʥʦʛʦ ʩʫʣʴʪʦʥʫ 1b ʢʦʥʜʝʥʩʘʮʽʷ ʥʝ ʚʽʜʙʫʚʘʣʘʩʴ, ʘ 

ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ (ʉʭʝʤʘ 2.4). 

 

 

ʉʭʝʤʘ 2.4 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʢʦʥʜʝʥʩʘʮʽʾ ʤʝʟʠʣʘʪʽʚ 5a-b ʟ ʫʪʚʦʨʝʥʥʷʤ ʝʥʘʤʽʥʽʚ 6a-b 

ʟʘ ʢʦʥʜʝʥʩʘʮʽʻʶ ʩʫʣʴʬʘ-ʎʠʛʣʝʨʘ-ʊʦʨʧʘ ʟ ʧʦʜʘʣʴʰʠʤ ʢʠʩʣʦʪʥʠʤ ʛʽʜʨʦʣʽʟʦʤ ʽ 

ʦʪʨʠʤʘʥʥʷʤ ʮʽʣʴʦʚʠʭ ʩʫʣʴʪʦʥʽʚ 1a-b 

 



сн 
 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʧʦʣʫʢ, ʱʦ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽʾ ʩʫʣʴʬʘ-ʎʠʛʣʝʨʘ-ʊʦʨʧʘ 

ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʩʧʦʣʫʢ ʜʣʷ ʨʝʘʢʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʗʄʈ. 

ɼʣʷ ʤʝʟʠʣʘʪʫ (ʥʘʧʨ., ʩʧʦʣʫʢʘ 5a, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʧʝʢʪʨʽ), ʦʪʨʠʤʘʥʦʛʦ ʥʘ 

ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʥʘ ʩʧʝʢʪʨʽ 1ʅ ʗʄʈ ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ ʻ ʭʘʨʘʢʪʝʨʥʦʶ ʧʦʷʚʘ 

ʩʠʥʛʣʝʪʫ ʟʽ ʟʥʘʯʝʥʥʷʤ 3,0-3,3 ʤ.ʯ., ʱʦ ʚʽʜʧʦʚʽʜʻ ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʴʥʽʡ ʛʨʫʧʽ (ʈʠʩʫʥʦʢ 

2.5). 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʧʝʢʪʨ 1H ʗʄʈ ʤʝʟʠʣʘʪʫ 5a ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ CDCl3 

 

ʂʨʽʤ ʪʦʛʦ, ʟʽ ʩʧʝʢʪʨʫ 13ʉ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʩʠʛʥʘʣʠ: ʘʪʦʤʘ ʢʘʨʙʦʥʫ 

ʥʽʪʨʠʣʴʥʦʾ ʛʨʫʧʠ ʟ ʭʽʤʽʯʥʠʤ ʟʩʫʚʦʤ 104,5-105,7 ʤ.ʯ. ʪʘ ʩʠʛʥʘʣʠ ʢʘʨʙʦʥʘ 

ʤʝʟʠʣʩʫʣʴʬʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʤʝʟʠʣʴʦʚʘʥʠʭ ʮʽʘʥʛʽʜʨʠʥʽʚ 5a-b ̔ʟ ʭʽʤʽʯʥʠʤ ʟʩʫʚʦʤ 39,8-

41,2 ʤ.ʯ. ʉʧʝʢʪʨ 13ʉ ʗʄʈ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʤʝʟʠʣʘʪʫ 5a (ʈʠʩʫʥʦʢ 2.6). 

 



со 
 

 

ʈʠʩʫʥʦʢ 2.6 ï ʉʧʝʢʪʨ 13ʉ ʗʄʈ ʤʝʟʠʣʘʪʫ 5a ʫ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʽ CDCl3 

 

ɼʣʷ ʝʥʘʤʽʥʽʚ 6a-b  ʫ ʩʧʝʢʪʨʽ 1H ʗʄʈ (ʨʦʟʯʠʥʥʠʢ ï ɼʄʉʆ) ʭʘʨʘʢʪʝʨʥʠʤ ʻ 

ʥʘʷʚʥʽʩʪʴ ʰʠʨʦʢʠʭ ʩʠʛʥʘʣʽʚ ʚ ʤʝʞʘʭ 6,5-7 ʤ.ʯ., ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʦʪʦʥʽʚ ʘʤʽʥʦ 

ʛʨʫʧʠ ʝʥʘʤʽʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ. ʂʨʽʤ ʪʦʛʦ, ʩʠʛʥʘʣ ʚ ʤʝʞʘʭ 1,4-1,6 ʤ.ʯ. ʚʽʜʧʦʚʽʜʘʻ 

ʧʨʦʪʦʥʘʤ ʜʚʦʭ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ. ʅʘʷʚʥʽʩʪʴ ʩʠʛʥʘʣʫ ʚ ʤʝʞʘʭ ʚʽʜ 5,25-5,4 ʤ.ʯ. ʚʢʘʟʫʻ 

ʥʘ ʥʘʷʚʥʽʚʩʪʴ ʫ ʩʪʨʫʢʪʫʨʽ ʤʦʣʝʢʫʣʠ ʘʣʢʝʥʦʚʦʛʦ ʧʨʦʪʦʥʘ, ʱʦ ʥʘʣʝʞʠʪʴ ʝʥʘʤʽʥʦʚʦʤʫ 

ʬʨʘʛʤʝʥʪʫ (ʈʠʩʫʥʦʢ 2.7). 



сп 
 

 

ʈʠʩʫʥʦʢ 2.7 ï ʉʧʝʢʪʨ 1H ʗʄʈ ʝʥʘʤʽʥʫ 6a ʫ ʜʝʡʪʝʨʦʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ 

 

ɼʣʷ ʮʠʭ ʞʝ ʩʧʦʣʫʢ ʟʽ ʩʧʝʢʪʨʫ 13C ʗʄʈ ʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ 

ʢʦʨʝʣʶʶʪʴ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʝʥʘʤʽʥʫ, ʘ ʩʘʤʝ: ʩʠʛʥʘʣ ʚ ʤʝʞʘʭ 22-27 ʤ.ʯ. ʭʘʨʘʢʪʝʨʥʠʡ 

ʜʣʷ ʜʚʦʭ ʤʝʪʠʣʦʚʠʭ ʛʨʫʧ; ʩʠʛʥʘʣ ʚ ʤʝʞʘʭ 80-85 ʤ.ʯ. ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʘʪʦʤʘ 

ʂʘʨʙʦʥʫ, ʥʘʡʙʣʠʞʯʦʤʫ ʜʦ ʘʪʦʤʫ ʉʽʨʢʠ ʩʫʣʴʬʦʥʘʪʥʦʾ ʛʨʫʧʠ ʩʫʣʴʪʦʥʫ; ʩʠʛʥʘʣ ʚ 

ʤʝʞʘʭ 85-90 ʤ.ʯ. ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʘʪʦʤʘ ʂʘʨʙʦʥʫ, ʟôʻʜʥʘʥʦʛʦ ʟ ʜʚʦʤʘ ʤʝʪʠʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ; ʩʠʛʥʘʣ ʙʽʣʷ 160-165 ʤ.ʯ. ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʘʪʦʤʘ ʂʘʨʙʦʥʫ, ʟôʻʜʥʘʥʦʛʦ ʟ 

ʘʤʽʥʦʛʨʫʧʦʶ (ʈʠʩʫʥʦʢ 2.2.8.). 



ср 
 

 

ʈʠʩʫʥʦʢ 2.8 ï ʉʧʝʢʪʨ 13ʉ ʗʄʈ ʝʥʘʤʽʥʫ 6a ʫ ʜʝʡʪʝʨʦʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ 

 

ʉʧʝʢʪʨʠ ʩʫʣʴʪʦʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ-ʎʠʛʣʝʨʘ-ʊʦʨʧʘ ʻ 

ʽʜʝʥʪʠʯʥʠʤʠ ʜʦ ʩʧʝʢʪʨʽʚ ʩʫʣʴʪʦʥʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʝʘʢʮʽʻʶ ʩʫʣʴʬʘ- 

ɼʽʢʤʘʥʘ, ʽ ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ. 

ɯʥʰʽ ʩʧʝʢʪʨʠ ʗʄʈ ʪʘ ɯʏ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ɼʦʜʘʪʢʫ ɼ. 

 

2.2 ʈʦʟʨʦʙʢʘ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʩʠʥʪʝʟʫ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ ʜʦ ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʨʽʚʥʷ (0,5 ʢʛ) 

 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʞʘʭ ʨʦʙʦʪʠ ʻ ʧʝʨʝʭʽʜ ʚʽʜ 

ʤʽʢʨʦʣʘʙʦʨʘʪʦʨʥʠʭ ʤʝʪʦʜʠʢ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦ ʨʝʣʝʚʘʥʪʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʢʣʶʯʦʚʽ ʙʽʣʜʠʥʛ-ʙʣʦʢʠ ʫ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. 

ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʥʪʝʟʫ ʤʦʜʝʣʴʥʠʭ ʩʫʣʴʪʦʥʽʚ 1a,ʩ ʜʦ ʨʽʚʥʷ 0,5 

ʢʛ, ʱʦ ʚʠʤʘʛʘʣʦ ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʧʣʦʤʘʩʦʦʙʤʽʥʫ ʚ ʨʝʘʢʪʦʨʘʭ ʚʝʣʠʢʦʛʦ 

ʦʙôʻʤʫ. 



сс 
 

2.2.1 ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ O-ʤʝʟʠʣʴʦʚʘʥʠʭ Ŭ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ 

(3a,ʩ) 

 

ʇʝʨʰʘ ʩʪʘʜʽʷ ʩʠʥʪʝʪʠʯʥʦʾ ʩʭʝʤʠ ð ʘʢʪʠʚʘʮʽʷ Ŭ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ 2a,ʩ h ʣʷʭʦʤ 

ʤʝʟʠʣʶʚʘʥʥʷ ð ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʽ ʫ 4 ʤʦʣʴ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʪʝʧʣʦʚʠʤʠ 

ʝʬʝʢʪʘʤʠ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 20-ʣʽʪʨʦʚʠʡ 

ʩʢʣʷʥʠʡ ʨʝʘʢʪʦʨ, ʦʙʣʘʜʥʘʥʠʡ ʩʦʨʦʯʢʦʶ, ʤʝʭʘʥʽʯʥʦʶ ʤʽʰʘʣʢʦʶ ʚʝʨʭʥʴʦʛʦ ʪʠʧʫ ʪʘ 

ʭʣʦʨʢʘʣʴʮʽʻʚʦʶ ʪʨʫʙʢʦʶ. 

ɺʠʙʽʨ ʝʪʠʣʘʮʝʪʘʪʫ ʷʢ ʩʝʨʝʜʦʚʠʱʘ ʦʙʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʟʜʘʪʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʛʦʤʦʛʝʥʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʨʝʘʛʝʥʪʽʚ (7 ʣ ʨʦʟʯʠʥʥʠʢʘ ʥʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʭʦʜʫ ʧʨʦʜʫʢʪʫ ʻ 

ʧʦʨʷʜʦʢ ʜʦʜʘʚʘʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʫ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 0 ÁC ʜʦʜʘʚʘʥʥʷ ʨʝʘʛʝʥʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʱʦ 

ʥʝ ʜʦʟʚʦʣʷʣʘ ʨʝʘʢʮʽʡʥʽʡ ʤʘʩʽ ʧʨʦʛʨʽʚʘʪʠʩʷ ʚʠʱʝ 5 ÁC. ʊʘʢʠʡ ʞʦʨʩʪʢʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʦʣʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʮʽʣʴʦʚʦʤʫ ʛʽʜʨʦʣʽʟʫ 

ʤʝʟʠʣʘʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʝʣʽʤʽʥʫʚʘʥʥʷ. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʩʪʘʜʽʾ ʩʠʥʪʝʟʫ ʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʤʠʚʘʥʥʷ 1 ʄ ʨʦʟʯʠʥʦʤ 

ʛʽʜʨʦʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ (3 ʣ), ʤʠ ʚʧʨʦʚʘʜʠʣʠ ʝʪʘʧ ʚʘʢʫʫʤʥʦʛʦ ʩʫʰʽʥʥʷ ʟʘʣʠʰʢʫ ʧʨʠ 

50 ÁC (0,1 ʊʦʨʨ) ʧʨʦʪʷʛʦʤ 5 ʛʦʜʠʥ. ʎʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʧʦʚʥʽʩʪʶ 

ʚʠʜʘʣʠʪʠ ʟʘʣʠʰʢʦʚʽ ʢʽʣʴʢʦʩʪʽ ʝʪʠʣʘʮʝʪʘʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ O-ʤʝʟʠʣʘʪʽʚ 3a,ʩ ʥʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ 

ʚʘʢʫʫʤʥʦʾ ʧʝʨʝʛʦʥʢʠ, ʟʙʝʨʽʛʘʶʯʠ ʚʠʩʦʢʽ ʚʠʭʦʜʠ (88ï90%). 

ʈʝʟʫʣʴʪʘʪʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʽʥʪʝʨʤʝʜʽʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭʥʶ 

ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ. ɿʦʢʨʝʤʘ, ʜʣʷ ʩʧʦʣʫʢʠ 2a ʫ ʩʧʝʢʪʨʽ 1H ʗʄʈ ʟʘʬʽʢʩʦʚʘʥʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʽʚ ʤʝʟʠʣʴʥʦʾ ʛʨʫʧʠ ʧʨʠ 3,12 ʤ.ʯ. ʪʘ ʩʠʛʥʘʣʠ 

ʝʩʪʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʱʦ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʦʯʽʢʫʚʘʥʥʷʤʠ. 

ɼʣʷ ʮʠʢʣʽʯʥʦʛʦ ʘʥʘʣʦʛʘ 2ʩ ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʤʫʣʴʪʠʧʣʝʪʠ ʮʠʢʣʦʙʫʪʠʣʴʥʦʛʦ 

ʢʽʣʴʮʷ ʫ ʜʽʘʧʘʟʦʥʽ 1,89ï2,59 ʤ.ʯ.[75] 

 



ст 
 

2.2.2 ɸʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʟʘ ʩʫʣʴʬʘ-

ɼʽʢʤʘʥʦʤ 

 

ʂʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʧʦʙʫʜʦʚʠ ʩʫʣʴʪʦʥʦʚʦʛʦ ʢʘʨʢʘʩʘ ʻ ʮʠʢʣʽʟʘʮʽʷ ʤʝʟʠʣʘʪʽʚ 3a,ʩ 

ʧʽʜ ʜʽʻʶ ʪʨʝʪ-ʙʫʪʠʣʘʪʫ ʢʘʣʽʶ. ʇʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ (3,5 ʤʦʣʴ 

ʩʫʙʩʪʨʘʪʫ) ʫ ʊɻʌ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʫʩʧʝʥʟʽʾ ʦʩʥʦʚʠ, ʱʦ ʧʦʪʨʝʙʫʻ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚ ʦʙôʻʤʽ 10 ʣ. 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʠʢʣʽʟʘʮʽʷ ʧʨʦʪʽʢʘʻ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʚ ʤʝʞʘʭ 0ï5 ÁC ̒ ʚʠʟʥʘʯʘʣʴʥʠʤ ʜʣʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʫʪʚʦʨʝʥʦʛʦ 

ʝʥʦʣʷʪ-ʘʥʽʦʥʫ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʘʜʽʾ ʚʠʜʽʣʝʥʥʷ ʩʪʘʣʘ ʟʘʤʽʥʘ 

ʪʨʘʜʠʮʽʡʥʦʾ ʙʘʛʘʪʦʢʨʘʪʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʥʘ ʤʝʪʦʜ ʦʩʘʜʞʝʥʥʷ ʩʦʣʝʡ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʧʨʦʤʠʚʘʥʥʷ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ. ɼʦʜʘʚʘʥʥʷ ʣʴʦʜʷʥʦʾ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ (4,2 ʤʦʣʴ) 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʝʩʪʠ ʝʥʦʣʷʪ ʫ ʮʽʣʴʦʚʫ ʢʝʪʦ-ʬʦʨʤʫ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʨʦʟʯʠʥʥʠʢʽʚ ʛʝʢʩʘʥïʝʪʠʣʘʮʝʪʘʪ (3:1) ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʜʘʣʝʥʥʷ ʩʤʦʣʠʩʪʠʭ 

ʜʦʤ̔h ʦʢ. 

ʆʪʨʠʤʘʥʽ ʩʫʣʴʪʦʥʠ 1a (ʚʠʭʽʜ 67%) ʪʘ 1ʩ (ʚʠʭʽʜ 54%) ʽʩʥʫʶʪʴ ʫ ʨʦʟʯʠʥʘʭ ʷʢ 

ʩʫʤʽʰ ʢʝʪʦ- ʪʘ ʝʥʦʣʴʥʠʭ ʪʘʫʪʦʤʝʨʽʚ. ɼʣʷ ʜʠʤʝʪʠʣʴʥʦʛʦ ʩʫʣʴʪʦʥʫ 1a ʟʘʬʽʢʩʦʚʘʥʦ 

ʩʠʛʥʘʣʠ ʢʝʪʦ-ʬʦʨʤʠ (ʩʠʥʛʣʝʪ CH2 ʧʨʠ 4,82 ʤ.ʯ.) ʪʘ ʝʥʦʣʫ 7a (OH ʧʨʠ 12,68 ʤ.ʯ., CH 

ʧʨʠ 6.01 ʤ.ʯ.). ʉʧʽʨʦʮʠʢʣʽʯʥʠʡ ʘʥʘʣʦʛ 1c ʜʝʤʦʥʩʪʨʫʻ ʘʥʘʣʦʛʽʯʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʝʥʦʣʽʟʘʮʽʾ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʷʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʩʠʥʛʣʝʪʫ ʚʽʥʽʣʴʥʦʛʦ 

ʧʨʦʪʦʥʘ ʧʨʠ 6,03 ʤ.ʯ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʮʠʢʣ ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʴʥʦ 

ʦʪʨʠʤʫʚʘʪʠ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʠ ʫ ʤʘʩʰʪʘʙʽ 330ï380 ʛ ʟʘ ʦʜʠʥ ʮʠʢʣ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ 

ʩʪʚʦʨʶʻ ʥʘʜʽʡʥʫ ʙʘʟʫ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʘ ʩʠʥʪʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 

ʤʝʞʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

 

 

 

 



су 
 

2.2.3 ʊʝʭʥʦʣʦʛʽʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʥʪʝʟʫ ʜʦ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʩʰʪʘʙʫ ʪʘ 

ʦʧʠʩ ʧʨʠʥʮʠʧʦʚʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʦʪʨʠʤʘʥʥʷ ʩʫʣʴʪʦʥʽʚ 1a,c 

 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ (ʈʠʩʫʥʦʢ 2.9, ɼʦʜʘʪʦʢ ɾ 

(ʟʙʽʣʴʰʝʥʘ)) ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʜʽʡ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ ʩʫʣʴʪʦʥʽʚ ʫ 

ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʘʢʪʦʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʥʘʧʽʚʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʣʴʪʦʥʽʚ 

1a,c 

 

ɿ ʤʽʨʥʠʢʘ ʧʦʟ. 1 ʫ ʨʝʘʢʪʦʨ ʧʦʟ. 7 ʩʘʤʦʧʣʠʥʦʤ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʝʪʠʣʘʮʝʪʘʪ, 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʪʨʠʝʪʠʣʘʤʽʥ ʟ ʤʽʨʥʠʢʘ ʧʦʟ. 1 ʪʘ 

ʛʽʜʨʦʢʩʠʝʩʪʝʨ ʟ ʤʽʨʥʠʢʘ ʧʦʟ. 2. ʇʦʜʘʯʝʶ ʨʦʟʩʦʣʫ ʚ ʦʙʦʣʦʥʢʫ ʨʝʘʢʪʦʨʘ ʨʝʘʢʮʽʡʥʘ 

ʩʫʤʽʰ ʦʭʦʣʦʜʞʫʻʪʩʴʷ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʤʽʰʽ 5 ʛʨʘʜʫʩʽʚ 



сф 
 

ʧʦʯʠʥʘʻʪʩʴʷ ʧʦʚʽʣʴʥʝ ʜʦʜʘʚʘʥʥʷ ʤʝʟʠʣʭʣʦʨʠʜʫ ʟ ʤʽʨʥʠʢʘ ʧʦʟ. 3, ʟ ʪʘʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʱʦʙ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 7 ʛʨʘʜʫʩʽʚ. 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʤʝʟʠʣʭʣʦʨʠʜʫ ʨʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʚʠʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ  

ʪʝʤʧʝʨʘʪʫʨʽ, ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʽ ʩʫʤʽʰ ʯʝʨʝʟ ʥʠʞʥʽʡ ʩʧʫʩʢ ʨʝʘʢʪʦʨʘ ʚʠʚʘʥʪʘʞʫʻʪʩɹʷ ʥʘ ʥʫʪʯ-ʬʽʣʴʪʨ 

ʧʦʟ. 16 

ʇʽʩʣʷ ʬʽʣʴʪʨʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚʽʜ ʫʪʚʦʨʝʥʦʛʦ ʪʨʠʝʪʠʣʘʤʦʥʽʶ 

ʭʣʦʨʠʜʫ ʤʘʪʦʯʥʠʢ ʧʨʦʤʠʚʘʶʪ ɹʨʦʟʯʠʥʦʤ ʛʽʜʨʦʩʫʣʴʬʘʪʫ, ʧʽʩʣʷ ʯʦʛʦ ʩʫʰʘʪ ɹʪʘ 

ʧʦʩʪʫʧʦʚʦ ʪʘ ʧʦʚʽʣʴʥʦ ʟʘʚʘʥʪʘʞʫʶʪ ɹʫ ʨʝʘʢʪʦʨ ʧʦʟ. 8, ʧʦʧʝʨʝʜʥʴʦ ʟʘʧʦʚʥʝʥʠʡ ʊɻʌ 

ʟ ʤʽʨʥʠʢʘ ʧʦʟ. 4 ʪʘ ʨʦʟʯʠʥʦʤ ʪʨʝʪ-ʙʫʪʠʣʘʪʫ ʢʘʣʽʶ ʫ ʊɻʌ ʟ ʤʽʨʥʠʢʘ ʧʦʟ. 6, 

ʦʭʦʣʦʜʞʝʥʠʡ ʜʦ 0-5 ʛʨʘʜʫʩʽʚ ʎʝʣʴʩʽʷ ʰʣʷʭʦʤ ʧʦʜʘʚʘʥʥʷ ʭʦʣʦʜʥʦʛʦ ʨʦʟʩʦʣʫ ʫ 

ʦʙʦʣʦʥʢʫ ʨʝʘʢʪʦʨʘ.  

ʈʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʚʠʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ  ʪʝʤʧʝʨʘʪʫʨʽ, ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʦ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʜʦʜʘʻʪʴʩʷ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ ʟ 

ʤʽʨʥʠʢʘ ʧʦʟ. 5. ʇʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʫʪʚʦʨʝʥʘ ʩʫʤʽʰ ʯʝʨʝʟ ʥʠʞʥʽʡ 

ʩʧʫʩʢ ʨʝʘʢʪʦʨʘ ʚʠʚʘʥʪʘʞʫʻʪʩɹʷ ʥʘ ʥʫʪʯ-ʬʽʣʴʪʨ ʧʦʟ. 25.  

ʇʽʩʣʷ ʮʴʦʛʦ ʤʘʪʦʯʥʠʢ ʦʯʠʱʘʶʪ ɹʰʣʷʭʦʤ ʫʧʘʨʶʚʘʥʥʷ, ʨʦʟʙʘʚʣʝʥʥʷ, 

ʝʢʩʪʨʘʢʮʽʾ, ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ ʩʫʰʽʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʦʪʨʠʤʘʥʥʷʤ ʯʠʩʪʠʭ ʮʽʣʴʦʚʠʭ 

ʢʝʪʦʩʫʣʴʪʦʥʽʚ 1a,c. 

 

2.2.3.1 ʇʽʜʛʦʪʦʚʢʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ 

 

ɺʭʽʜʥʽ ʨʝʘʛʝʥʪʠ ʪʘ ʨʦʟʯʠʥʥʠʢʠ (ʝʪʠʣʘʮʝʪʘʪ, ʪʨʠʝʪʠʣʘʤʽʥ, ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥ 

(ʊɻʌ), ʤʝʟʠʣʭʣʦʨʠʜ, ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ) ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ 

ʥʦʨʤʘʪʠʚʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʦʯʠʩʪʢʠ. ʇʝʨʝʜ 

ʧʦʯʘʪʢʦʤ ʨʦʙʽʪ ʦʙʣʘʜʥʘʥʥʷ ʧʨʦʤʠʚʘʻʪʴʩʷ ʝʪʠʣʘʮʝʪʘʪʦʤ ʪʘ ʩʫʰʠʪʴʩʷ. ɼʣʷ ʚʠʜʘʣʝʥʥʷ 

ʢʠʩʥʶ ʪʘ ʚʦʣʦʛʠ ʩʠʩʪʝʤʘ ʧʨʦʜʫʚʘʻʪʴʩʷ ʩʫʭʠʤ ʘʟʦʪʦʤ ʧʽʜ ʪʠʩʢʦʤ 0,4 ʄʇʘ 

(ʤʘʛʽʩʪʨʘʣʴ çɸʟʦʪ 0,4 ʄʇʘè). ʋʩʽ ʛʘʟʠ ʧʽʜ ʯʘʩ ʦʧʝʨʘʮʽʡ ʚʽʜʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ 

ʣʽʥʽʾ çɸʙʛʘʟʠè (ʦʩʥʦʚʥʽ, ʢʠʩʣʦʪʥʽ ʘʙʦ ʦʨʛʘʥʽʯʥʽ) ʥʘ ʚʫʟʦʣ ʩʘʥʽʪʘʨʥʦʾ ʦʯʠʩʪʢʠ.  

 



тл 
 

2.2.3.2 ɺʫʟʦʣ ʩʠʥʪʝʟʫ O-ʤʝʟʠʣʴʦʚʘʥʠʭ ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ (ʉʪʘʜʽʷ 1) 

 

ʇʨʦʮʝʩ ʤʝʟʠʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʝʘʢʪʦʨʽ ʧʦʟ. 7, ʦʙʣʘʜʥʘʥʦʤʫ ʷʢʽʨʥʦʶ 

ʤʽʰʘʣʢʦʶ ʪʘ ʩʦʨʦʯʢʦʶ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʫ. 

ɽʪʠʣʘʮʝʪʘʪ ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 10 ʪʘ ʪʨʠʝʪʠʣʘʤʽʥ ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 11 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʩʦʩʘ ʧʦʟ. 9 ʧʦʜʘʶʪʴʩʷ ʫ ʤʽʨʥʠʢ ʧʦʟ. 1, ʟʚʽʜʢʠ ʩʘʤʦʧʣʠʚʦʤ 

ʥʘʜʭʦʜʷʪʴ ʫ ʨʝʘʢʪʦʨ ʧʦʟ. 7.  

ʈʦʟʯʠʥ ʛʽʜʨʦʢʩʽʝʩʪʝʨʫ ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 13 ʥʘʩʦʩʦʤ ʧʦʟ. 12 ʧʝʨʝʢʘʯʫʻʪʴʩʷ ʫ 

ʤʽʨʥʠʢ ʧʦʟ. 2. ʄʝʟʠʣʭʣʦʨʠʜ ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 14 ʥʘʩʦʩʦʤ ʧʦʟ. 15 ʧʦʜʘʻʪʴʩʷ ʫ ʤʽʨʥʠʢ 

ʧʦʟ. 3. 

ʆʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ ʝʢʟʦʪʝʨʤʽʯʥʘ, ʫ ʩʦʨʦʯʢʫ ʨʝʘʢʪʦʨʘ ʧʦʟ. 7 ʧʦʜʘʻʪʴʩʷ ʨʦʟʩʽʣ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ï15Áʉ (ʣʽʥʽʷ çʈʦʟʩʽʣ ʧʨʷʤʠʡè), ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʤʘʛʽʩʪʨʘʣʴ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ï5Áʉ. 

ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʚʠʪʨʠʤʢʠ ʨʝʘʢʮʽʡʥʘ ʤʘʩʘ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʯʝʨʝʟ ʥʠʞʥʽʡ ʩʧʫʩʢ 

ʥʘ ʥʫʪʯ-ʬʽʣʴʪʨ (ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʣʽʥʽʾ ʧʝʨʝʜ ʧʦʟ. 16), ʜʝ ʧʽʜ ʚʘʢʫʫʤʦʤ 0,02 ʄʇʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʦʩʘʜʫ ʩʦʣʝʡ. ʆʯʠʱʝʥʠʡ ʨʦʟʯʠʥ ʤʝʟʠʣʘʪʫ ʟʙʠʨʘʻʪʴʩʷ ʫ 

ʧʨʦʤʽʞʥʦʤʫ ʟʙʽʨʥʠʢʫ ʧʦʟ. 16. 

 

2.2.3.3 ɺʫʟʦʣ ʢʦʥʜʝʥʩʘʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ (ʉʪʘʜʽʷ 2) 

 

ʉʠʥʪʝʟ ʮʠʢʣʽʯʥʠʭ ʩʫʣʴʪʦʥʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʨʝʘʢʪʦʨʽ ʧʦʟ. 8. 

ʊɻʌ ʟʽ ʟʙʽʨʥʠʢʽʚ ʧʦʟ. 17 ʪʘ 20 ʥʘʩʦʩʘʤʠ ʧʦʟ. 18 ʪʘ 19 ʚʽʜʧʦʚʽʜʥʦ ʧʦʜʘʻʪʴʩʷ ʫ 

ʤʽʨʥʠʢ ʧʦʟ. 4. 

ɼʦ ʨʝʘʢʪʦʨʘ ʧʦʟ. 8 ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʨʦʟʯʠʥ ʤʝʟʠʣʘʪʫ ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 16. ɿ 

ʤʽʨʥʠʢʘ ʧʦʟ. 6 (ʢʫʜʠ ʥʘʩʦʩʦʤ ʧʦʟ. 23 ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 24 ʧʦʜʘʻʪʴʩʷ ʨʦʟʯʠʥ ʪʨʝʪ-

ʙʫʪʠʣʘʪʫ ʢʘʣʽʶ ʚ ʊɻʌ) ʧʦʩʪʫʧʦʚʦ ʜʦʟʫʻʪʴʩʷ ʦʩʥʦʚʘ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

ʨʦʟʩʦʣʦʤ ï15Áʉ. 

ɼʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʩʫʤʽʰʽ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʝʘʢʮʽʾ ʟ ʤʽʨʥʠʢʘ ʧʦʟ. 5 

(ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʥʘʩʦʩʦʤ ʧʦʟ. 21 ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 22) ʜʦʜʘʻʪʴʩʷ ʦʮʪʦʚʘ ʢʠʩʣʦʪʘ ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ pH. 



тм 
 

2.2.3.4 ɺʫʟʦʣ ʧʨʦʤʠʚʢʠ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʬʘʟ 

 

ʈʝʘʢʮʽʡʥʘ ʤʘʩʘ ʟ ʨʝʘʢʪʦʨʘ ʧʦʟ. 8 ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʚʫʟʦʣ ʝʢʩʪʨʘʢʮʽʾ ʪʘ 

ʨʦʟʜʽʣʝʥʥʷ (ʟʛʽʜʥʦ ʟʽ ʩʪʨʽʣʢʦʶ ʥʘ ʩʭʝʤʽ). ɺ ʘʧʘʨʘʪʘʭ ʚʫʟʣʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ 

ʚʦʜʥʦʛʦ ʰʘʨʫ, ʘ ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ ʧʨʦʤʠʚʘʻʪʴʩʷ ʚʦʜʦʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʟʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 

25. ʌʽʥʘʣʴʥʠʡ ʨʦʟʯʠʥ ʧʨʦʜʫʢʪʫ ʟʙʠʨʘʻʪʴʩʷ ʫ ʟʙʽʨʥʠʢʫ ʧʦʟ. 26. 

 

2.2.3.5 ɺʫʟʦʣ ʦʯʠʩʪʢʠ ʪʘ ʩʫʰʢʠ ʧʨʦʜʫʢʪʫ 

 

ɿʽ ʟʙʽʨʥʠʢʘ ʧʦʟ. 26 ʨʦʟʯʠʥ ʩʫʣʴʪʦʥʫ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʚʫʟʦʣ ʦʯʠʩʪʢʠ (ʟʛʽʜʥʦ ʟ 

ʧʨʠʤʽʪʢʦʶ ʥʘ ʩʭʝʤʽ). ʇʨʦʚʦʜʠʪʴʩʷ ʚʽʜʛʦʥʢʘ ʨʦʟʯʠʥʥʠʢʽʚ ʧʽʜ ʚʘʢʫʫʤʦʤ 0,02 ʄʇʘ ʪʘ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʧʨʦʜʫʢʪʫ. ɺʦʣʦʛʠʡ ʦʩʘʜ ʟ ʥʫʪʯ-ʬʽʣʴʪʨʘ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ 

ʩʫʰʠʣʴʥʦʾ ʰʘʬʠ, ʜʝ ʩʫʰʠʪʴʩʷ ʧʨʦʪʷʛʦʤ 4ï6 ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 40ï50 ÁC ʜʦ 

ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ.  

 

2.2.3.6 ɺʠʭʽʜ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 

 

ʆʪʨʠʤʫʶʪʴ ʮʽʣʴʦʚʠʡ ʩʫʣʴʪʦʥ 1a,c ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʾ ʨʝʯʦʚʠʥʠ ʥʝ ʤʝʥʰʝ 

98,5%. ʉʫʤʘʨʥʠʡ ʚʠʭʽʜ ʟʘ ʜʚʦʤʘ ʩʪʘʜʽʷʤʠ (ʤʝʟʠʣʶʚʘʥʥʷ ʪʘ ʢʦʥʜʝʥʩʘʮʽʷ) ʩʪʘʥʦʚʠʪʴ 

75ï82%. 

 

2.3 ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʜʦʚʠ ʪʘ ʪʘʫʪʦʤʝʨʽʾ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʦʪʽʦʣʘʥ-4-ʦʥ 

2,2-ʜʽʦʢʩʠʜʽʚ 

 

ɼʣʷ ʩʫʣʴʪʦʥʽʚ (1a-e) ̫ ʢ ʽ ʜʣʷ ʤʦʣʝʢʫʣʠ, ʦʙʨʘʥʦʾ ʷʢ ʧʦʯʘʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʥʦ ʷʚʠʱʝ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʦʙʫʤʦʚʣʶʻ ʙʽʦʣʦʛʽʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʩʧʦʣʫʢ. 

 



тн 
 

 

ʉʭʝʤʘ 2.5 ï ʂʝʪʦ-ʝʥʦʣʴʥʘ ʪʘʫʪʦʤʝʨʽʷ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ  1a-e, ʚʠʙʨʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ (ʚʘʣʝʥʪʥʽ ʢʫʪʠ Ŭ᷁, ɓ᷁ ʪʘ ɔ᷁) ʤʦʣʝʢʫʣ ʪʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ (ȹG) ʨʝʘʢʮʽʾ ʧʝʨʝʭʦʜʫ ʤʽʞ ʢʝʪʦʥʥʦʶ ʪʘ ʝʥʦʣʴʥʦʶ ʬʦʨʤʘʤʠ 

 

ʉʫʣʴʪʦʥʠ 1a-e ʚ ʩʝʨʝʜʦʚʠʱʽ ʭʣʦʨʦʬʦʨʤʫ (ʪʘ ʜʝʡʪʝʨʦʭʣʦʨʦʬʦʨʤʫ) 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʫ ʢʝʪʦ-ʬʦʨʤʽ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ (ʪʘ 

ʜʝʡʪʝʨʦʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ (ɼʄʉʆ), ʫ ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʝʥʦʣʴʥʘ ʬʦʨʤʘ 7a-e ʩʫʣʴʪʦʥʽʚ 1a-e. ʉʠʛʥʘʣ, ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʢʝʪʦ ʬʦʨʤʠ 

ʩʫʣʴʪʦʥʽʚ 1a-e, ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 4,64ï4,88 ʤ.ʯ. ʫ ʩʧʝʢʪʨʽ 1H ʗʄʈ, ʻ 

ʜʚʦʧʨʦʪʦʥʥʠʤ ʩʠʥʛʣʝʪʦʤ. ɼʣʷ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ 7a-e ʫ ʪʦʡ ʞʝ ʯʘʩ ʭʘʨʘʢʪʝʨʥʠʤʠ ʻ 

ʩʠʛʥʘʣ ʚ ʤʝʞʘʭ 6,03ï6,22 ʤ.ʯ., ɦ ʦ ʚʽʜʧʦʚʽʜʘʻ ʘʣʢʝʥʦʚʦʤʫ ʧʨʦʪʦʥʫ CH-ʛʨʫʧʠ ʪʘ 

ʫʰʠʨʝʥʠʡ ʩʠʥʛʣʝʪʥʠʡ ʩʠʛʥʘʣ ʚ ʤʝʞʘʭ 12,68ï12,88 ʤ.ʯ., ʱʦ ʚʽʜʧʦʚʽʜʘʻ OH-ʛʨʫʧʽ 

ʝʥʦʣʫ.  

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ ʟʥʷʪʪʷ ʩʧʝʢʪʨʽʚ ʗʄʈ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ 

5,5-ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʠʡ ʩʫʣʪɹʦʥ 1a ʧʝʨʝʚʘʞʥʦ ʧʝʨʝʙʫʚʘʻ ʫ ʬʦʨʤʽ ʟ ʚʤʽʩʪʦʤ ʝʥʦʣʴʥʦʾ 

ʬʦʨʤʠ 61%. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʠʤ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ 5,5-

ʮʠʢʣʦʧʨʦʧʽʣʟʘʤʽʱʝʥʠʡ ʩʫʣʴʪʦʥ 1b, ʟ ʚʤʽʩʪʦʤ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ 12%. ʇʨʦʤʽʞʥʫ 

ʢʽʣʴʢʽʩʪʴ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ ʤʘʶʪʴ ʩʧʦʣʫʢʠ ʟ 5-ʮʠʢʣʦʙʫʪʠʣ, 5-ʮʠʢʣʦʧʝʥʪʠʣ ʪʘ 5-

ʮʠʢʣʦʛʝʢʩʠʣʴʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ, ʚʤʽʩʪ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ ʫ ʷʢʠʭ ʩʢʣʘʜʘʶʪʴ 45, 50 ʪʘ 

57% ʚʽʜʧʦʚʽʜʥʦ. 

ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠʯʠʥʘ ʜʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʝʪʦ-

ʝʥʦʣʴʥʠʭ ʬʦʨʤ ʧʦʣʷʛʘʻ ʫ ʛʝʦʤʝʪʨʽʾ ʩʧʦʣʫʢ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʈʉɸ ʪʘ 

ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʩʪʨʫʢʪʫʨʠ (ʈʠʩʫʥʦʢ 2.10). [76] 



то 
 

 

ʈʠʩʫʥʦʢ 2.10 ï ʄʦʣʝʢʫʣʷʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʧʦʣʫʢ 1a-c, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʈʉɸ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʨʘʞʝʥʠʡ ʚʧʣʠʚ ʧʨʠʨʦʜʠ ʨʦʟʯʠʥʥʠʢʘ, ʟʦʢʨʝʤʘ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʫ, ʥʘ ʟʤʽʱʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ ʙʽʢ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ, ʥʘʤʠ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦʛʣʠʙʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ɼʄʉʆ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ[75, 77] ʢʝʪʦ-

ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ. ʉʧʦʯʘʪʢʫ ʧʨʠʧʫʩʢʘʣʦʩʷ, ʱʦ ʥʘʷʚʥʽʩʪʴ 

ʤʽʢʨʦʜʦʤʽʰʦʢ ʚʦʜʠ ʫ ʨʦʟʯʠʥʥʠʢʫ ʤʦʞʝ ʢʘʪʘʣʽʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ. ʆʜʥʘʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʪʫʯʥʝ ʜʦʜʘʚʘʥʥʷ ʚʦʜʠ ʜʦ ʨʦʟʯʠʥʽʚ ʩʫʣʴʪʦʥʽʚ ʫ 

ɼʄʉʆ ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ ʚʧʣʠʚʘʣʦ ʥʘ ʢʽʥʮʝʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʘʫʪʦʤʝʨʽʚ. ʂʨʽʤ 

ʪʦʛʦ, ʨʦʟʨʘʭʫʥʢʠ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʜʣʷ ʧʨʦʮʝʩʫ ʛʽʜʨʘʪʘʮʽʾ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ 

ʛʽʜʨʘʪʦʚʘʥʽ ʢʝʪʦʥʥʽ ʬʦʨʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʠʤʠ, ʥʽʞ ʚʽʜʧʦʚʽʜʥʽ 

ʛʽʜʨʘʪʠ ʝʥʦʣʽʚ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʦʜʥʦʟʥʘʯʥʠʡ ʚʠʩʥʦʚʦʢ: ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ, 

ʱʦ ʩʧʨʠʷʻ ʪʘ ʢʝʨʫʻ ʝʥʦʣʽʟʘʮʽʻʶ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ, ʻ ʩʧʝʮʠʬʽʯʥʘ ʩʦʣʴʚʘʪʘʮʽʷ ʩʫʙʩʪʨʘʪʽʚ 

ʚʠʢʣʶʯʥʦ ʤʦʣʝʢʫʣʘʤʠ ɼʄʉʆ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʘʪʦʤ ʢʠʩʥʶ ʚ ʤʦʣʝʢʫʣʽ ɼʄʉʆ ʚʠʩʪʫʧʘʻ ʷʢ ʞʦʨʩʪʢʘ ʦʩʥʦʚʘ 

ʃʴʶʾʩʘ, ʚʽʥ ʟʜʘʪʥʠʡ ʫʪʚʦʨʶʚʘʪʠ ʟʥʘʯʥʦ ʤʽʮʥʽʰʽ ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʘʤʠ ʤʝʭʘʥʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʫ 

ʧʦʣʷʨʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʦʙʠʜʚʽ ʪʘʫʪʦʤʝʨʥʽ ʬʦʨʤʠ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʪʽʡʢʠʭ 

ʩʦʣʴʚʘʪʽʚ ʽʟ ɼʄʉʆ. ʂʝʪʦ-ʬʦʨʤʠ ʫʪʚʦʨʶʶʪʴ ʪʘʢʽ ʩʦʣʴʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʩʣʘʙʢʦʛʦ 

ʚʦʜʥʝʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʠʩʣʠʤʠ ʧʨʦʪʦʥʘʤʠ ʉʅ2-ʛʨʫʧʠ ʛʝʪʝʨʦʮʠʢʣʫ ʪʘ ʘʪʦʤʦʤ ʢʠʩʥʶ 

ɼʄʉʆ. ʅʘʪʦʤʽʩʪʴ ʝʥʦʣʴʥʽ ʪʘʫʪʦʤʝʨʠ ʜʦʜʘʪʢʦʚʦ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ 



тп 
 

ʟʥʘʯʥʦ ʤʽʮʥʽʰʦʛʦ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʦʛʦ ʚʦʜʥʝʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʥʦʚʦʫʪʚʦʨʝʥʦʶ ʛʽʜʨʦʢʩʠʣʴʥʦʶ ʆʅ-ʛʨʫʧʦʶ ʪʘ ʘʪʦʤʦʤ ʢʠʩʥʶ ʤʦʣʝʢʫʣʠ ʨʦʟʯʠʥʥʠʢʘ. 

ʉʘʤ ʧʨʦʮʝʩ ɼʄʉʆ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ ʝʥʦʣʽʟʘʮʽʾ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ ʧʨʦʪʽʢʘʻ ʷʢ 

ʧʦʩʣʽʜʦʚʥʝ ʚʥʫʪʨʽʰʥʴʦʩʦʣʴʚʘʪʥʝ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʦʪʦʥʘ. ʈʝʘʢʮʽʷ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʩʪʘʥʫ, ʚ ʷʢʦʤʫ ʧʨʦʪʦʥ ʚʽʜ ʉ ʅ ʟʚ'ʷʟʢʫ ʩʫʣʴʪʦʥʫ ʤʽʛʨʫʻ ʜʦ 

ʤʦʣʝʢʫʣʠ ɼʄʉʆ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʥʟʽʻʥʪʥʦʛʦ ʽʦʥ-ʧʘʨʥʦʛʦ 

ʽʥʪʝʨʤʝʜʽʘʪʫ (ʜʝ ʧʨʦʪʦʥʦʚʘʥʠʡ ɼʄʉʆ ʚʠʩʪʫʧʘʻ ʢʘʪʽʦʥʦʤ, ʘ ʝʥʦʣʷʪ-ʘʥʽʦʥ ʩʫʣʴʪʦʥʫ 

ð ʧʨʦʪʠʽʦʥʦʤ). ʇʽʩʣʷ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʧʦʚʝʨʥʝʥʥʷ ʧʨʦʪʦʥʘ, ʘʣʝ ʚʞʝ ʥʘ 

ʘʪʦʤ ʢʠʩʥʶ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ, ʱʦ ʟʘʚʝʨʰʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷʤ ʩʪʘʙʽʣʴʥʦʛʦ 

ʩʦʣʴʚʘʪʦʚʘʥʦʛʦ ʝʥʦʣʫ (ʉʭʝʤʘ 2.6).[72, 75] 

 

 

ʉʭʝʤʘ 2.6 ï ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ɼʄʉʆ-

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ 

 

ɼʣʷ ʜʝʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʪʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʽʻʾ ʤʝʭʘʥʽʩʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʡʥʦʾ 

ʝʥʝʨʛʽʾ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʘ ʛʫʩʪʠʥʠ (ʊʌɻ) ʥʘ ʨʽʚʥʽ 

PBE0/QZVP[78ï80] ̔ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʦʜʝʣʽ ʩʦʣʴʚʘʪʘʮʽʾ SMD[81ï83] 

(ɼʄʉʆ). ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨ'ʻʨ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʦʪʦʥʘ 

ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʠʡ ʩʪʘʥ ʻ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʠʤ ʽ ʩʪʘʥʦʚʠʪʴ 13ï14 ʢʢʘʣ/ʤʦʣʴ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʽʦʥʥʘ ʧʘʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʣʝʞʠʪʴ ʣʠʰʝ ʥʝʟʥʘʯʥʦ 

ʚʠʱʝ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ. ʇʝʨʝʥʝʩʝʥʥʷ ʧʨʦʪʦʥʘ ʚʩʝʨʝʜʠʥʽ ʮʽʻʾ ʽʦʥʥʦʾ 

ʧʘʨʠ ʚʠʷʚʠʣʦʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʚʠʛʽʜʥʠʤ (ʝʢʟʝʨʛʦʥʽʯʥʠʤ) ʧʨʦʮʝʩʦʤ, ʷʢʠʡ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʝʥʦʣʴʥʠʭ ʩʦʣʴʚʘʪʽʚ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʫʪʚʦʨʝʥʽ 



тр 
 

ʩʦʣʴʚʘʪʠ ʝʥʦʣʽʚ ʥʘ 1ï3 ʢʢʘʣ/ʤʦʣʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʽʰʽ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭʥʽʤʠ 

ʚʠʭʽʜʥʠʤʠ ʢʝʪʦ-ʘʥʘʣʦʛʘʤʠ. ʎʷ ʨʽʟʥʠʮʷ ʚ ʝʥʝʨʛʽʷʭ ʧʦʚʥʽʩʪʶ ʨʘʮʽʦʥʘʣʽʟʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʗʄʈ ʪʘ ʧʦʷʩʥʶʻ ʨʫʰʽʡʥʫ ʩʠʣʫ ʟʩʫʚʫ ʪʘʫʪʦʤʝʨʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ɼʄʉʆ (ʈʠʩʫʥʦʢ 2.11, 2.12).[75] 

ɼʝʪʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ɼʦʜʘʪʢʫ ɹ.[84ï86] 

 

 

ʈʠʩʫʥʦʢ 2.11 ï ʇʦʪʝʥʮʽʘʣʴʥʘ ʧʦʚʝʭʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ɼʄʉʆ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ 

ʝʥʦʣʽʟʘʮʽʾ ʩʧʦʣʫʢʠ 1a, ʨʦʟʨʘʭʦʚʘʥʽʡ ʤʝʪʦʜʦʤ PBE0/QZVP ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʦʣʴʚʘʪʘʮʽʡʥʫ ʤʦʜʝʣʴ SMD 

 

 

ʈʠʩʫʥʦʢ 2.12 ï ʇʦʪʝʥʮʽʘʣʴʥʘ ʧʦʚʝʭʥʷ ʝʥʝʨʛʽʾ ʜʣʷ ɼʄʉʆ-ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ 

ʝʥʦʣʽʟʘʮʽʾ ʩʧʦʣʫʢʠ 1c, ʨʦʟʨʘʭʦʚʘʥʽʡ ʤʝʪʦʜʦʤ PBE0/QZVP ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʦʣʴʚʘʪʘʮʽʡʥʫ ʤʦʜʝʣʴ SMD 



тс 
 

2.4 ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʩʪʨʫʢʪʫʨʘʘʢʪʠʚʥʽʩʪʴ ʚ ʨʷʜʫ 5,5-

ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʦʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ 

 

ɼʣʷ ʛʣʠʙʦʢʦʛʦ ʨʦʟʫʤʽʥʥʷ ʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɓ-

ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ 

ʟʘʤʽʩʥʠʢʽʚ ʫ ɔ-ʧʦʣʦʞʝʥʥʽ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʪʘʫʪʦʤʝʨʥʠʡ ʩʪʘʥ ʤʦʣʝʢʫʣ. 

ʆʩʥʦʚʥʠʤʠ ʤʦʜʝʣʴʥʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚʠʩʪʫʧʠʣʠ 5,5-ʜʠʤʝʪʠʣ-ʟʘʤʽʱʝʥʠʡ ʩʫʣʴʪʦʥ 

(1a) ʪʘ ʡʦʛʦ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʘʥʘʣʦʛ (1b).  

 

2.4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʢʽʥʝʪʠʢʠ 

ʜʝʡʪʝʨʫʚʘʥʥʷ 

 

ʇʝʨʚʠʥʥʫ ʦʮʽʥʢʫ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ ʅ/D-ʦʙʤʽʥʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʮʝʪʦʥʫ-d6 ʧʨʠ ʜʦʜʘʚʘʥʥʽ D2O. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʜʝʡʪʝʨʫʚʘʥʥʷ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʠʢʣʫ 

ʚ ɔ -ʧʦʣʦʞʝʥʥʽ:  

¶ ɼʠʤʝʪʠʣʟʘʤʽʱʝʥʘ ʩʧʦʣʫʢʘ 1a ʜʦʩʷʛʘʻ ~70% ʢʦʥʚʝʨʩʽʾ ʧʨʦʪʷʛʦʤ ʣʠʰʝ 1 

ʛʦʜʠʥʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ.  

¶ ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ ʢʦʥʚʝʨʩʽʾ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʦʛʦ ʘʥʘʣʦʛʘ 

1b ʟʥʘʜʦʙʠʣʦʩʷ 24 ʛʦʜʠʥʠ.  

ʆʩʢʽʣʴʢʠ ʅ/D-ʦʙʤʽʥ ʫ ʢʝʪʦʥʘʭ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʝʥʦʣʴʥʠʭ 

ʽʥʪʝʨʤʝʜʽʘʪʽʚ, ʪʘʢʠʡ ʨʦʟʨʠʚ ʫ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ (ʥʘ ʧʦʨʷʜʦʢ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʢʘʟʫʻ 

ʥʘ ʪʝ, ʱʦ ʝʥʦʣʽʟʘʮʽʷ ʩʧʦʣʫʢʠ 1b ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʝʥʘ ʯʝʨʝʟ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʚʠʛʽʜʥʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʝʥʜʦʮʠʢʣʽʯʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ, ʩʫʤʽʞʥʦʛʦ ʟ ʥʘʧʨʫʞʝʥʠʤ 

ʮʠʢʣʦʧʨʦʧʽʣʦʚʠʤ ʢʽʣʴʮʝʤ (ʈʠʩʫʥʦʢ 2.13).[74] 

 



тт 
 

 

ʉʭʝʤʘ 2.7 ï ɺʟʘʻʤʦʜʽʷ ʩʫʣʴʪʦʥʽʚ 1a-b ʟ ʜʝʡʪʝʨʦʚʦʜʦʶ 

 

ʎʽʢʘʚʠʤ ʬʘʢʪʦʤ ʩʪʘʚ ʥʝʫʩʧʽʰʥʠʡ ʩʠʥʪʝʟ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʝʥʘʤʽʥʦʩʫʣʴʪʦʥʫ ʟʘ 

ʩʪʨʘʪʝʛʽʻʶ ʩʫʣʴʬʘ-ʊʦʨʧʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʠʤʝʪʠʣʴʥʦʛʦ ʤʝʟʠʣʘʪʫ ʮʽʘʥʦʛʽʜʨʠʥʫ, ʷʢʠʡ 

ʣʝʛʢʦ ʮʠʢʣʽʟʫʻʪʴʩʷ ʚ ʝʥʘʤʽʥ, ʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʘʥʘʣʦʛ ʫ ʧʦʜʽʙʥʠʭ ʫʤʦʚʘʭ ʫʪʚʦʨʶʻ 

ʩʫʤʽʰ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤ ʚʧʣʠʚʦʤ ʩʧʽʨʦ-ʟʘʤʽʩʥʠʢʘ, 

ʷʢʠʡ ʟʥʠʞʫʻ ʧʦʣʷʨʠʟʘʮʽʶ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʪʘ ʟʤʽʥʶʻ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ 

ʛʫʩʪʠʥʠ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʢʣʘʩʠʯʥʦʤʫ ʧʝʨʝʙʽʛʫ ʮʠʢʣʽʟʘʮʽʾ. [74] 

 

2.4.2 ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦʚʝʜʝʥʦ DFT 

ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ PBE0/QZVP. ɺʩʪʘʥʦʚʣʝʥʦ ʯʽʪʢʫ ʢʦʨʝʣʷʮʽʶ ʤʽʞ 

ʚʝʣʠʯʠʥʦʶ ʚʘʣʝʥʪʥʦʛʦ ʢʫʪʘ C(4)ïC(1)ïC(5) (ʟʛʽʜʥʦ ʟ ʘʪʦʤʥʦʶ ʥʫʤʝʨʘʮʽʻʶ ɔ-ʚʫʟʣʘ) 

ʪʘ ʚʤʽʩʪʦʤ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ ʚ ʨʦʟʯʠʥʽ ɼʄʉʆ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʘ 1a ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ( ᷁= 113.6Á) ʽ 

ʥʘʡʚʠʱʠʡ ʚʤʽʩʪ ʝʥʦʣʫ (62%), ʪʦʜʽ ʷʢ ʜʣʷ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʦʛʦ ʘʥʘʣʦʛʘ 1b 

ʭʘʨʘʢʪʝʨʥʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ( ᷁= 60.4Á) ʪʘ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʝʥʦʣʽʟʘʮʽʾ 

(12%). ʊʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʽʟʦʜʝʩʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʽʜʪʚʝʨʜʠʚ, ʱʦ ʝʥʦʣʴʥʠʡ 

ʪʘʫʪʦʤʝʨ ʩʧʦʣʫʢʠ 1b ʚʦʣʦʜʽʻ ʥʘʡʚʠʱʦʶ ʝʥʝʨʛʽʻʶ ʥʘʧʨʫʞʝʥʥʷ ʚ ʨʷʜʫ (ȹG = +1.73 

ʢʢʘʣ/ʤʦʣʴ), ʱʦ ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʝʥʦʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʩʧʨʠʷʪʣʠʚʠʤ. [72] 

 

 



ту 
 

2.4.3 ɸʥʘʣʽʟ ʛʨʘʥʠʯʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʙʽʪʘʣʝʡ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ 

 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʝʥʪʨʽʚ ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʪʘ ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ ʘʪʘʢʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʚʝʨʭʥʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (MEP)[87] ʪʘ 

ʛʨʘʥʠʯʥʽ ʤʦʣʝʢʫʣʷʨʥʽ ʦʨʙʽʪʘʣʽ (FMO)[88].  

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ LUMO ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ, ʱʦ ʣʦʢʘʣʽʟʘʮʽʷ ʯʘʩʪʦʢ LUMO 

ʧʝʨʝʚʘʞʥʦ ʥʘ ʘʪʦʤʽ ʚʫʛʣʝʮʶ C(2) ʧʽʜʪʚʝʨʜʞʫʻ, ɦʦ ʢʘʨʙʦʥʽʣʴʥʘ ʛʨʫʧʘ ̒ ʦʩʥʦʚʥʠʤ 

ʮʝʥʪʨʦʤ ʜʣ ̫ʘʪʘʢʠ ʥʫʢʣʝʦʬʽʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʝʥʘʤʽʥʽʚ), ʪʦʜʽ ̫ ʢ 

ʩʫʣʴʬʦʥʘʪʥʠʡ ʬʨʘʛʤʝʥʪ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʘʢʪʠʚʥʠʤ, ɦʦ ʟʘʧʦʙʽʛʘʻ ʨʦʟʢʨʠʪʪʶ ʮʠʢʣʫ. 

ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ ʚʫʛʣʝʮʽ C(2) ʫ ʩʧʦʣʫʢʠ 1a 

(+0.14 a.u.) ʚʠʱʠʡ, ʥʽʞ ʫ 1b (+0.07 a.u.), ʱʦ ʧʦʷʩʥʶʻ ʚʠʱʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʜʠʤʝʪʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ ʱʦʜʦ ʥʫʢʣʝʦʬʽʣʽʚ.  

ɸʥʘʣʽʟ HOMO ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʚʠʱʘ ʝʣʝʢʪʨʦʥʥʘ ʛʫʩʪʠʥʘ ʚ ʝʥʦʣʴʥʠʭ ʬʦʨʤʘʭ 

ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʬʨʘʛʤʝʥʪʽ C(2)=C(3), ʱʦ ʚʢʘʟʫʻ ʥʘ ʮʝʡ ʮʝʥʪʨ ʷʢ ʥʘ ʤʽʰʝʥʴ ʜʣʷ 

ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ ʘʪʘʢʠ (ʛʘʣʦʛʝʥʫʚʘʥʥʷ, ʘʟʦʩʧʦʣʫʯʝʥʥʷ). ʉʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʦʚʠʡ 

ʟʘʤʽʩʥʠʢ ʜʝʱʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʽʶ HOMO ʝʥʦʣʫ (-7.54 eV ʧʨʦʪʠ -7.79 eV ʫ 

ʜʠʤʝʪʠʣʴʥʦʛʦ ʘʥʘʣʦʛʘ), ʱʦ ʬʦʨʤʘʣʴʥʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʝʥʦʣʴʥʦʾ 

ʬʦʨʤʠ ʩʧʦʣʫʢʠ 1b, ʧʨʦʪʝ ʮʷ ʘʢʪʠʚʥʽʩʪʴ ʥʽʚʝʣʶʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ 

ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ.  

ɺʝʣʠʯʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʠʥʠ (ȹE) ʜʣʷ ʦʙʦʭ ʪʘʫʪʦʤʝʨʽʚ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

6.5ï7.1 eV, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʮʽ ʩʧʦʣʫʢʠ ʷʢ ʢʽʥʝʪʠʯʥʦ ʩʪʘʙʽʣʴʥʽ ʤʦʣʝʢʫʣʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʮʽʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʢʽʥʝʪʠʢʫ ʅ/D-

ʦʙʤʽʥʫ[89] ʪʘ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ FMO ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʬʨʘʛʤʝʥʪ ʚʠʩʪʫʧʘʻ ʧʦʪʫʞʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ, ʟʤʽʱʫʶʯʠ ʨʽʚʥʦʚʘʛʫ ʚ ʙʽʢ ʩʪʘʙʽʣʴʥʦʾ 

ʢʝʪʦ-ʬʦʨʤʠ ʪʘ ʟʥʠʞʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʯʝʨʝʟ ʝʥʦʣʴʥʽ 

ʽʥʪʝʨʤʝʜʽʘʪʠ.  

 

 



тф 
 

2.5 ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ 

 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʩʪʨʫʢʪʫʨʥʽ ʘʥʘʣʦʛʠ 

ʪʘ ʧʦʪʝʥʮʽʡʥʽ ʙʽʦʽʟʦʩʪʝʨʠ ʧʨʠʨʦʜʥʦʾ ʪʝʪʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʾʭʥʴʦʛʦ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʨʦʙʦʪʠ. ɺ ʤʝʞʘʭ ʜʘʥʦʛʦ 

ʨʦʟʜʽʣʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ in 

vitro ʪʘ ʜʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʾʭʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʙʽʦʤʽʰʝʥʷʤʠ ʤʝʪʦʜʘʤʠ 

in silico.  

 

2.5.1 ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ in vitro 

 

ʇʝʨʚʠʥʥʠʡ ʩʢʨʠʥʽʥʛ ʧʨʦʪʠʧʫʭʣʠʥʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʝʨʽʾ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ 

ʩʫʣʴʪʦʥʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʣʽʥʽʾ ʢʣʽʪʠʥ MDA-MB-231[90ï92] (ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ 

ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʣʶʜʠʥʠ ʟ ʧʦʪʨʽʡʥʠʤ ʥʝʛʘʪʠʚʥʠʤ ʬʝʥʦʪʠʧʦʤ). ɼʣʷ ʦʮʽʥʢʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʪʘ ʧʨʦʬʽʣʶ ʙʝʟʧʝʢʠ ʩʧʦʣʫʢ ʷʢ ʢʦʥʪʨʦʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʥʝʟʣʦʷʢʽʩʥʽ ʝʥʜʦʪʝʣʽʘʣʴʥʽ ʢʣʽʪʠʥʠ ʘʦʨʪʠ ʤʠʰʽ (MAEC)[93, 94].  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʩʫʣʴʪʦʥʠ ʚʠʷʚʣʷʶʪʴ 

ʧʦʤʽʨʥʫ, ʘʣʝ ʯʽʪʢʦ ʚʠʨʘʞʝʥʫ ʘʥʪʠʧʨʦʣʽʬʝʨʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʧʦʣʫʢʠ 1a (ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʘ) ʪʘ 1c (ʩʧʽʨʦʮʠʢʣʦʙʫʪʠʣʟʘʤʽʱʝʥʘ) ʟʜʘʪʥʽ ʽʥʛʽʙʫʚʘʪʠ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ ʣʽʥʽʾ MDA-MB-231 ʥʘ ʨʽʚʥʽ ʧʨʠʙʣʠʟʥʦ 50%. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʚʠʷʚʣʝʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʻ ʾʾ ʩʝʣʝʢʪʠʚʥʽʩʪʴ: ʧʨʠ ʽʜʝʥʪʠʯʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʫʙʩʪʨʘʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ 

ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʢʣʽʪʠʥ MAEC, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʠʟʴʢʫ ʩʠʩʪʝʤʥʫ 

ʪʦʢʩʠʯʥʽʩʪʴ ʜʘʥʦʛʦ ʢʣʘʩʫ ʛʝʪʝʨʦʮʠʢʣʽʚ.  

 

2.5.2 ʄʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ʪʘ ʘʥʘʣʽʟ ʘʬʽʥʥʦʩʪʽ ʜʦ ʦʥʢʦʛʝʥʥʠʭ ʨʝʮʝʧʪʦʨʽʚ 

 

ɼʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʦʞʣʠʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʜʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ. ʗʢ ʧʦʪʝʥʮʽʡʥʽ ʙʽʦʤʽʰʝʥʽ ʙʫʣʦ ʦʙʨʘʥʦ 



ул 
 

ʥʘʙʽʨ ʧʨʦʪʝʾʥʽʚ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʚʠʞʠʚʘʥʥʽ, ʧʨʦʣʽʬʝʨʘʮʽʾ ʪʘ 

ʤʝʪʘʩʪʘʟʫʚʘʥʥʽ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ:  

¶ Bcl-2 (PDB ID: 4AQ3)[95] ð ʨʝʛʫʣʷʪʦʨ ʘʧʦʧʪʦʟʫ; 

¶ CDK1 (PDB ID: 4YC6)[96] ð ʮʠʢʣʽʥ-ʟʘʣʝʞʥʘ ʢʽʥʘʟʘ, ʢʦʥʪʨʦʣʝʨ ʢʣʽʪʠʥʥʦʛʦ 

ʮʠʢʣʫ; 

¶ EGFR (PDB ID: 3UG2)[97] ð ʨʝʮʝʧʪʦʨ ʝʧʽʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʫ; 

¶ Aromatase (PDB ID: 4GL7)[98] ð ʬʝʨʤʝʥʪ ʩʠʥʪʝʟʫ ʝʩʪʨʦʛʝʥʽʚ; 

¶ ER-alpha (PDB ID: 1X7R)[99] ð ʝʩʪʨʦʛʝʥʦʚʠʡ ʨʝʮʝʧʪʦʨ; 

¶ JAK2 (PDB ID: 3KRR)[100] ð ʗʥʫʩ-ʢʽʥʘʟʘ 2, ʫʯʘʩʥʠʢ ʩʠʛʥʘʣʴʥʠʭ ʰʣʷʭʽʚ; 

¶ VEGFR-2 (PDB ID: 4ASD)[101] ð ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨʘ ʨʦʩʪʫ ʝʥʜʦʪʝʣʽʶ ʩʫʜʠʥ.  

ɼʝʪʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʢʽʥʛ-ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʠʩʘʥʘ ʫ ɼʦʜʘʪʢʫ ɻ.[84, 

102, 103] 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ (ʊʘʙʣʠʮʷ 2.1) ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ ʪʝʦʨʝʪʠʯʥʫ 

ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʫʣʴʪʦʥʽʚ ʜʦ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʙʽʣʴʰʦʩʪʽ ʦʙʨʘʥʠʭ 

ʧʨʦʪʝʾʥʽʚ.  

 

ʊʘʙʣʠʮʷ 2.1 ï ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʫʚʘʥʥʷ (ȹG, ʢʢʘʣ/ʤʦʣʴ) ʜʣʷ 

ʤʦʜʝʣʴʥʠʭ ʩʫʣʴʪʦʥʽʚ ʟ ʦʥʢʦʛʝʥʥʠʤʠ ʤʽʰʝʥʷʤʠ. 

ʄʽʰʝʥʴ ʈʝʮʝʧʪʦʨ (PDB ID) ʉʧʦʣʫʢʘ 1a ʉʧʦʣʫʢʘ 1b ʉʧʦʣʫʢʘ 1e 

Bcl-2 4AQ3 -5.4 -5.7 -6.3 

CDK1 4YC6 -5.2 -5.5 -5.9 

EGFR 3UG2 -5.8 -6.1 -6.5 

Aromatase 4GL7 -6.2 -6.4 -6.9 

ER-alpha 1X7R -5.9 -6.2 -6.6 

JAK2 3KRR -5.5 -5.8 -6.2 

VEGFR-2 4ASD -6.1 -6.3 -7.1 

 



ум 
 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʜʯʠʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙ'ʻʤʫ ʟʘʤʽʩʥʠʢʘ ʫ 

5-ʤʫ ʧʦʣʦʞʝʥʥʽ ʩʫʣʴʪʦʥʦʚʦʛʦ ʢʽʣʴʮʷ (ʧʝʨʝʭʽʜ ʚʽʜ ʜʠʤʝʪʠʣʴʥʦʾ ʛʨʫʧʠ ʜʦ 

ʩʧʽʨʦʮʠʢʣʦʛʝʢʩʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ) ʩʧʨʠʷʻ ʧʦʩʠʣʝʥʥʶ ʛʽʜʨʦʬʦʙʥʠʭ ʚʟʘʻʤʦʜʽʡ ʫ 

ʢʠʰʝʥʽ ʨʝʮʝʧʪʦʨʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʤʽʰʝʥʥʶ ʜʣʷ ʜʘʥʦʛʦ ʢʣʘʩʫ ʩʧʦʣʫʢ ʚʠʷʚʠʚʩʷ ʨʝʮʝʧʪʦʨ VEGFR-2, ʜʝ 

ʜʣʷ ʩʧʦʣʫʢʠ 1e ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʡʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʫʚʘʥʥʷ (-7.1 ʢʢʘʣ/ʤʦʣʴ) 

(ɼʦʜʘʪʦʢ ɹ). 

 

2.5.3 ɸʥʘʣʽʟ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʢʦʥʪʘʢʪʽʚ 

 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʢʦʤʧʣʝʢʩʽʚ[104, 105] "ʣʽʛʘʥʜ-ʨʝʮʝʧʪʦʨ" ʜʦʟʚʦʣʠʚ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʣʶʯʦʚʽ ʪʠʧʠ ʚʟʘʻʤʦʜʽʡ, ʱʦ ʩʪʘʙʽʣʽʟʫʶʪʴ ʩʫʣʴʪʦʥʠ ʚ ʘʢʪʠʚʥʠʭ 

ʮʝʥʪʨʘʭ ʬʝʨʤʝʥʪʽʚ:  

1. ɺʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ: ʢʠʩʥʝʚʽ ʘʪʦʤʠ ʩʫʣʴʬʦʥʘʪʥʦʾ ʛʨʫʧʠ (SO2) ʪʘ ʢʘʨʙʦʥʽʣʴʥʠʡ 

ʢʠʩʝʥʴ ʚʠʩʪʫʧʘʶʪʴ ʘʢʮʝʧʪʦʨʘʤʠ ʧʨʦʪʦʥʽʚ, ʬʦʨʤʫʶʯʠ ʩʪʘʙʽʣʴʥʽ ʢʦʥʪʘʢʪʠ ʟ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʤʠ ʟʘʣʠʰʢʘʤʠ (ʥʘʧʨʠʢʣʘʜ, Thr, Ser, Lys).  

2. ɻʽʜʨʦʬʦʙʥʽ ʚʟʘʻʤʦʜʽʾ: ʩʧʽʨʦʮʠʢʣʽʯʥʽ ʟʘʤʽʩʥʠʢʠ ʚ ʧʦʣʦʞʝʥʥʽ 5 ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʝʬʝʢʪʠʚʥʝ ʟʘʧʦʚʥʝʥʥʷ ʛʽʜʨʦʬʦʙʥʠʭ ʢʠʰʝʥʴ ʨʝʮʝʧʪʦʨʽʚ ʯʝʨʝʟ Alkyl ʪʘ -́Alkyl 

ʢʦʥʪʘʢʪʠ (ʥʘʧʨʠʢʣʘʜ, ʟ Leu, Val, Phe).  

3. ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʚʟʘʻʤʦʜʽʾ: ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ 

ʧʦʣʷʨʠʟʦʚʘʥʦʩʪʽ ʪʘ ʩʧʝʮʠʬʽʯʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʙʝʨʝ ʫʯʘʩʪʴ 

ʫ ʬʦʨʤʫʚʘʥʥʽ Pi-Sulfur[106] ʪʘ Pi-Cation[107, 108] ʢʦʥʪʘʢʪʽʚ, ʱʦ ʜʦʜʘʻ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʟʚ'ʷʟʫʚʘʥʥʶ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ in vitro, ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʚʠʩʦʢʫ ʙʽʦʣʦʛʽʯʥʫ ʮʽʥʥʽʩʪʴ ɓ-

ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ̫ ʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʬʘʨʤʘʢʦʬʦʨʥʦʛʦ ʰʘʙʣʦʥʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʨʦʪʠʧʫʭʣʠʥʥʠʭ ʘʛʝʥʪʽʚ ʽʟ ʩʝʣʝʢʪʠʚʥʦʶ ʜʽʻʶ. 

 

 

 



ун 
 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 2 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʩʝʨʽʾ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ ʟʨʦʙʣʝʥʦ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʦʩʪʫʧʫ ʜʦ ʤʦʜʝʣʴʥʠʭ ʪʘ ʥʘʧʨʫʞʝʥʠʭ 

ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ ʩʫʣʴʪʦʥʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʥʜʝʥʩʘʮʽʷ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʻ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʥʘʧʨʫʞʝʥʠʭ 

ʩʧʽʨʦʮʠʢʣʽʚ 1bïe, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜôʻʤʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ logP, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʝʟʝʢʩʪʨʘʢʮʽʡʥʫ ʤʝʪʦʜʠʢʫ ʯʝʨʝʟ ʩʫʩʧʝʥʜʫʚʘʥʥʷ ʝʥʦʣʷʪʽʚ ʫ 

ʜʠʭʣʦʨʦʤʝʪʘʥʽ ʟ ʥʘʩʪʫʧʥʦʶ ʢʠʩʣʦʪʥʦʶ ʦʙʨʦʙʢʦʶ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʭʦʜʠ ʮʽʣʴʦʚʠʭ 

ʩʪʨʫʢʪʫʨ ʚʽʜ 27 ʜʦ 64%. 

2. ʆʧʪʠʤʽʟʦʚʘʥʦ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʦ ʧʨʝʧʘʨʪʠʚʥʠʡ ʩʠʥʪʝʟ. ʄʝʪʦʜʠʢʫ 

ʦʪʨʠʤʘʥʥʷ ʙʘʟʦʚʠʭ ʩʫʣʴʪʦʥʽʚ ʙʫʣʦ ʫʩʧʽʰʥʦ ʤʘʩʰʪʘʙʦʚʘʥʦ ʜʦ ʟʘʚʘʥʪʘʞʝʥʴ ʫ 0,5 

ʢʽʣʦʛʨʘʤʘ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʧʨʠʜʘʪʥʽʩʪʴ 

ʨʦʟʨʦʙʣʝʥʠʭ ʧʽʜʭʦʜʽʚ ʜʣʷ ʥʘʧʨʘʮʶʚʘʥʥʷ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʢʣʶʯʦʚʠʭ ʙʽʣʜʽʥʛ-

ʙʣʦʢʽʚ. 

3. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ 1a,c, ̫ʢʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʧʨʦʮʝʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʤʘʣʴʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʯʽʪʢʝ ʜʦʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʫ (-15ÁC) ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʴʥʦ ʦʪʨʠʤʫʚʘʪʠ ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ ʟ ʚʠʭʦʜʦʤ ʧʦʥʘʜ 

75%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ. 

4. ɼʦʩʣʽʜʞʝʥʦ ʷʚʠʱʝ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ ʪʘ ʚʧʣʠʚ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʮʠʢʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʩʝʨʝʜʦʚʠʱʽ CDCl3 ʩʧʦʣʫʢʠ ʽʩʥʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʫ ʢʝʪʦ-

ʬʦʨʤʽ, ʪʦʜʽ ʷʢ ʫ ɼʄʉʆ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʚʤʽʩʪ ʝʥʦʣʴʥʦʛʦ ʪʘʫʪʦʤʝʨʘ. 

ɺʠʷʚʣʝʥʦ ʟʚʦʨʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʞʝʥʽʩʪʶ ʩʧʽʨʦʮʠʢʣʫ ʚ ɔ-ʧʦʣʦʞʝʥʥʽ ʪʘ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʝʥʦʣʽʟʘʮʽʾ: ʚʤʽʩʪ ʝʥʦʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 61% ʜʣʷ ʜʠʤʝʪʠʣʴʥʦʛʦ 

ʩʫʣʴʪʦʥʫ 1a ʜʦ 12% ʜʣʷ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʦʛʦ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʦʛʦ ʘʥʘʣʦʛʘ 1b. 



уо 
 

5. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʝʥʦʣʽʟʘʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʢʚʘʥʪʦʚʦʾ ʭʽʤʽʾ (DFT, PBE0/QZVP) ʜʦʚʝʜʝʥʦ, ʱʦ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʪʘʫʪʦʤʝʨʠʟʘʮʽʾ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ɼʄʉʆ ʻ ʩʧʝʮʠʬʽʯʥʘ ʩʦʣʴʚʘʪʘʮʽʷ. ʈʦʟʨʘʭʫʥʢʠ ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ 

ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʠʭ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ OH-ʛʨʫʧʦʶ ʝʥʦʣʫ ʪʘ ʤʦʣʝʢʫʣʘʤʠ 

ʨʦʟʯʠʥʥʠʢʘ ʩʪʘʙʽʣʽʟʫʻ ʝʥʦʣʴʥʫ ʬʦʨʤʫ ʥʘ 1ï3 ʢʢʘʣ/ʤʦʣʴ ʧʦʨʽʚʥʷʥʦ ʟ ʢʝʪʦ-ʬʦʨʤʦʶ. 

6. ɺʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ (SAR). ʐʣʷʭʦʤ 

ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ H/D-ʦʙʤʽʥʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʬʨʘʛʤʝʥʪ 

ʫʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʝʥʦʣʽʟʘʮʽʾ ʫ 24 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʜʠʤʝʪʠʣʴʥʠʤ ʘʥʘʣʦʛʦʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (MEP) ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ 

ʢʘʨʙʦʥʽʣʴʥʠʡ ʘʪʦʤ C(2) ʻ ʛʦʣʦʚʥʦʶ ʤʽʰʝʥʥʶ ʜʣʷ ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʘʪʘʢʠ, ʧʨʠʯʦʤʫ 

ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ ʥʴʦʤʫ ʚʠʱʠʡ ʫ ʥʝʥʘʧʨʫʞʝʥʠʭ ʩʪʨʫʢʪʫʨʘʭ (+0.14 a.u. 

ʧʨʦʪʠ +0.07 a.u.). 

7. ʆʮʽʥʝʥʦ ʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʜʽʾ. In vitro ʩʢʨʠʥʽʥʛ ʥʘ 

ʣʽʥʽʾ MDA-MB-231 ʧʦʢʘʟʘʚ, ʱʦ ʩʫʣʴʪʦʥʠ 1a ʪʘ 1c ʟʜʘʪʥʽ ʽʥʛʽʙʫʚʘʪʠ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ 

ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ʥʘ ʨʽʚʥʽ 50%. ɺʘʞʣʠʚʦʶ ʟʥʘʭʽʜʢʦʶ ʻ ʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ: 

ʟʘ ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʦʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ 

ʝʥʜʦʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ MAEC, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʥʠʟʴʢʫ ʩʠʩʪʝʤʥʫ ʪʦʢʩʠʯʥʽʩʪʴ. 

8. ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ ʧʦʪʝʥʮʽʡʥʽ ʙʽʦʤʽʰʝʥʽ ʤʝʪʦʜʦʤ ʜʦʢʽʥʛʫ. ʈʝʟʫʣʴʪʘʪʠ in 

silico ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʚʠʩʦʢʫ ʘʬʽʥʥʽʩʪʴ ʩʫʣʴʪʦʥʽʚ ʜʦ ʦʥʢʦʛʝʥʥʠʭ 

ʨʝʮʝʧʪʦʨʽʚ, ʟʦʢʨʝʤʘ ʜʦ VEGFR-2 (ʝʥʝʨʛʽʷ ʟʚôʷʟʫʚʘʥʥʷ ʜʦ -7.1 ʢʢʘʣ/ʤʦʣʴ). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʘʙʽʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʽʟ ʩʫʣʴʬʦʥʘʪʥʦʶ ʛʨʫʧʦʶ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ pi-Sulfur ʢʦʥʪʘʢʪʽʚ. 

9. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ 1a,c, ̫ʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʧʨʦʮʝʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʤʘʣʴʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʯʽʪʢʝ ʜʦʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ (-15ÁC) 

ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʴʥʦ ʦʪʨʠʤʫʚʘʪʠ ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ ʟ ʚʠʭʦʜʦʤ ʧʦʥʘʜ 75%, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ. 

 

  



уп 
 

ʈʆɿɼɯʃ 3 ʉʀʅʊɽɿ ʊɸ ʇʆʈɯɺʅʗʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ 

ʈɽɸʂʎɯʁʅʆɰ ɿɼɸʊʅʆʉʊɯ 5,5-ɼʀɿɸʄɯʑɽʅʀʍ 1,2-ʆʂʉɸʊɯʆʃɸʅ-4-ʆʅ 

2,2-ɼɯʆʂʉʀɼɯɺ ʊɸ ɰʍʅɯʍ ʉʇɯʈʆʎʀʂʃʆʇʈʆʇɯʃʔʅʀʍ ɸʅɸʃʆɻɯɺ 

 

ɼʘʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʠʚʯʝʥʥʶ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɓ-

ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ (1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ) ð ʩʧʝʮʠʬʽʯʥʦʛʦ ʢʣʘʩʫ ʩʧʦʣʫʢ, 

ʱʦ ʻ ʩʫʣʴʬʫʨʦʚʤʽʩʥʠʤʠ ʙʽʦʽʟʦʩʪʝʨʘʤʠ ʧʨʠʨʦʜʥʠʭ ʣʘʢʪʦʥʽʚ. ʗʢ ʤʦʜʝʣʴʥʽ ʦʙôʻʢʪʠ 

ʙʫʣʦ ʦʙʨʘʥʦ 5,5-ʜʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1a) ʪʘ 4-ʦʢʩʘ-5-

ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-ʜʽʦʢʩʠʜ (1b). ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ 

ʪʨʴʦʭ ʢʣʶʯʦʚʠʭ ʮʝʥʪʨʽʚ ʩʫʣʴʪʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ: ʘʢʪʠʚʦʚʘʥʦʾ ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ, 

ʢʘʨʙʦʥʽʣʴʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʪʨʝʪʠʥʥʦʛʦ ɔ-ʘʪʦʤʘ ʢʘʨʙʦʥʫ. 

 

3.1 ʉʠʥʪʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘʫʪʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʩʫʣʴʪʦʥʽʚ 

 

ɼʣʷ ʜʦʩʪʫʧʫ ʜʦ ʮʽʣʴʦʚʠʭ ʩʪʨʫʢʪʫʨ ʙʫʣʦ ʘʧʨʦʙʦʚʘʥʦ ʜʚʽ ʩʠʥʪʝʪʠʯʥʽ ʩʪʨʘʪʝʛʽʾ, 

ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽʡ ʮʠʢʣʽʟʘʮʽʾ ʩʫʣʴʬʦʥʘʪʽʚ ʟʘ ʫʯʘʩʪʶ 

ʢʘʨʙʘʥʽʦʥʽʚ (ʨʝʘʢʮʽʷ CSIC). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ ʩʫʣʴʬʘ-ʊʦʨʧʘ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʮʠʢʣʽʟʘʮʽʶ O-ʤʝʟʠʣʴʦʚʘʥʠʭ ʮʽʘʥʦʛʽʜʨʠʥʽʚ (5a-b), ʻ ʝʬʝʢʪʠʚʥʦʶ ʣʠʰʝ ʜʣʷ 

ʜʠʤʝʪʠʣʴʥʦʛʦ ʧʦʭʽʜʥʦʛʦ 1a. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʤʽʞʥʠʡ ɓ-ʝʥʘʤʽʥʦʩʫʣʴʪʦʥ 6a 

ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʚʠʭʦʜʦʤ 72%, ʘ ʡʦʛʦ ʧʦʜʘʣʴʰʠʡ ʢʠʩʣʦʪʥʠʡ ʛʽʜʨʦʣʽʟ ʩʫʤʽʰʰʶ 

CF3CO2H/H2O ʜʘʻ ʩʫʣʴʪʦʥ 1a ʟ ʚʠʭʦʜʦʤ 92%. ʇʨʦʪʝ ʜʣʷ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʦʛʦ 

ʘʥʘʣʦʛʘ ʮʝʡ ʰʣʷʭ ʚʠʷʚʠʚʩʷ ʥʝʧʨʠʜʘʪʥʠʤ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʦʾ ʩʫʤʽʰʽ ʧʦʙʽʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʨʦʟʢʨʠʪʪʷ ʮʠʢʣʫ. ʋʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʦʙʦʭ ʩʧʦʣʫʢ ʩʪʘʣʘ 

ʢʦʥʜʝʥʩʘʮʽʷ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ O-ʤʝʟʠʣʴʦʚʘʥʠʭ Ŭ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ (3a-b). ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʝʨʝʟ ʚʠʩʦʢʫ ʨʦʟʯʠʥʥʽʩʪʴ ʩʫʣʴʪʦʥʫ 1b ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʡʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʚʠʤʘʛʘʣʦ ʩʧʝʮʠʬʽʯʥʦʾ ʦʙʨʦʙʢʠ ʢʘʣʽʡʥʦʛʦ ʝʥʦʣʷʪʫ ʪʨʠʬʣʫʦʨʦʦʮʪʦʚʦʶ 

ʢʠʩʣʦʪʦʶ ʚ ʙʝʟʚʦʜʥʦʤʫ CH2Cl2, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʚʠʭʽʜ ʥʘ ʨʽʚʥʽ 34%.[74] 

ʉʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ ʩʫʣʴʪʦʥʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ ʗʄʈ 1H. ɼʣʷ 

ʩʧʦʣʫʢʠ 1a ʚ ʘʮʝʪʦʥʽ-d6 ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʝʥʦʚʠʭ ʛʨʫʧ ʧʨʠ 4.30 



ур 
 

ʤ.ʯ. ʪʘ ʩʠʥʛʣʝʪ ʰʝʩʪʠ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʴʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʧʨʠ 1.72 ʤ.ʯ.. ʉʧʝʢʪʨ ʩʧʦʣʫʢʠ 

1b ʤʽʩʪʠʪʴ ʘʥʘʣʦʛʽʯʥʠʡ ʩʠʥʛʣʝʪ CH2-ʛʨʫʧʠ ʧʨʠ 4.34 ʤ.ʯ., ʘ ʪʘʢʦʞ ʜʚʘ ʭʘʨʘʢʪʝʨʥʽ 

ʤʫʣʴʪʠʧʣʝʪʠ ʥʘʧʨʫʞʝʥʦʛʦ ʪʨʠʯʣʝʥʥʦʛʦ ʮʠʢʣʫ ʚ ʦʙʣʘʩʪʷʭ 1.55ï1.75 ʪʘ 1.75ï1.91 

ʤ.ʯ.. 

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʩʫʣʴʪʦʥʽʚ 1a-b ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭʥʴʦʶ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ. ʇʨʦʚʝʜʝʥʝ ʢʽʥʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʝʡʪʝʨʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʮʝʪʦʥʫ-d6 ʧʽʜ ʜʽʻʶ D2O ʧʦʢʘʟʘʣʦ ʩʫʪʪʻʚʫ 

ʜʝʩʪʘʙʽʣʽʟʘʮʽʶ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ ʥʘʧʨʫʞʝʥʠʤ ʩʧʽʨʦʮʠʢʣʦʤ. ɼʠʤʝʪʠʣʴʥʠʡ ʩʫʣʴʪʦʥ 1a 

ʜʦʩʷʛʘʻ 70% ʢʦʥʚʝʨʩʽʾ ʚ 1a-d6 ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ, ʪʦʜʽ ʷʢ ʜʣʷ ʩʧʦʣʫʢʠ 1b ʮʝʡ ʯʘʩ 

ʩʪʘʥʦʚʠʪʴ 24 ʛʦʜʠʥʠ. ʊʘʢʘ ʨʽʟʥʠʮʷ ʫ ʰʚʠʜʢʦʩʪʽ ʝʥʦʣʽʟʘʮʽʾ ʥʘ ʧʦʨʷʜʦʢ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʘʯʥʽ ʩʪʝʨʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʧʝʨʝʰʢʦʜʠ, ʷʢʽ ʚʥʦʩʠʪʴ ʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʬʨʘʛʤʝʥʪ ʫ 

ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʚʩʝʨʝʜʠʥʽ ʧôʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʫ. 

 

3.2 ʍʽʤʽʯʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʟʘ ʢʘʨʙʦʥʽʣʴʥʦʶ ʛʨʫʧʦʶ ʪʘ ʤʝʪʠʣʝʥʦʚʠʤ ʮʝʥʪʨʦʤ 

 

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʾʭʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʢʽʣʴʢʦʭ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʮʝʥʪʨʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, 

ʢʣʶʯʦʚʠʤʠ ʨʝʘʢʮʽʡʥʠʤʠ ʮʝʥʪʨʘʤʠ ʻ ʢʘʨʙʦʥʽʣʴʥʘ ʬʫʥʢʮʽʷ ʪʘ ʘʢʪʠʚʦʚʘʥʘ 

ʤʝʪʠʣʝʥʦʚʘ ʣʘʥʢʘ. ɿ ʤʝʪʦʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʚʯʝʥʥʷ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʴʦʛʦ 

ʢʣʘʩʫ ʩʧʦʣʫʢ ʪʘ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʦʩʪʽ ʮʠʢʣʫ ʥʘ ʾʭʥʶ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ, ʷʢ 

ʤʦʜʝʣʴʥʽ ʩʫʙʩʪʨʘʪʠ ʙʫʣʦ ʦʙʨʘʥʦ 5,5-ʜʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1a) 

ʪʘ ʡʦʛʦ ʞʦʨʩʪʢʠʡ ʩʧʽʨʦʮʠʢʣʽʯʥʠʡ ʘʥʘʣʦʛ ð 4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-

ʜʽʦʢʩʠʜ (1b). 

 

3.2.1 ɺʟʘʻʤʦʜʽʷ ʟ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʟʘ ʢʘʨʙʦʥʽʣʴʥʠʤ ʮʝʥʪʨʦʤ 

 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʚʠʚʯʝʥʥʷ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʫʣʴʪʦʥʽʚ 1a-b ʩʪʘʣʘ ʾʭʥʷ 

ʚʟʘʻʤʦʜʽʷ ʟ N-ʥʫʢʣʝʦʬʽʣʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʠʧôʷʪʽʥʥʽ ʩʫʣʴʪʦʥʽʚ ʟ ʘʥʽʣʽʥʦʤ 

ʫ ʩʝʨʝʜʦʚʠʱʽ ʙʝʥʟʝʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʩʪʢʠ ɼʽʥʘ-ʉʪʘʨʢʘ ʧʨʦʪʷʛʦʤ 6 ʛʦʜʠʥ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ N-ʬʝʥʽʣʝʥʘʤʽʥʦʚʽ ʧʦʭʽʜʥʽ 8a (ʚʠʭʽʜ 55%) ʪʘ 8b (ʚʠʭʽʜ 40%). 



ус 
 

 

ʉʭʝʤʘ 3.1 ï ʈʝʘʢʮʽʷ ʩʫʣʪɹʦʥʽʚ 1a,b ʟ ʘʥʽʣʽʥʦʤ 

 

ʈʝʘʢʮʽʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʫʢʣʝʦʬʽʣʴʥʦʶ ʘʪʘʢʦʶ ʘʤʽʥʦʛʨʫʧʠ ʘʥʽʣʽʥʫ ʥʘ 

ʢʘʨʙʦʥʽʣʴʥʠʡ ʘʪʦʤ ʂʘʨʙʦʥʫ C(2) ʟ ʧʦʜʘʣʴʰʦʶ ʜʝʛʽʜʨʘʪʘʮʽʻʶ. ʋ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H 

ʦʪʨʠʤʘʥʠʭ ʝʥʘʤʽʥʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʢʥʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʦʪʦʥʽʚ ʤʝʪʠʣʝʥʦʚʠʭ 

ʛʨʫʧ ʚʠʭʽʜʥʠʭ ʩʫʣʴʪʦʥʽʚ (4.30ï4.34 ʤ.ʯ.) ʪʘ ʧʦʷʚʘ ʭʘʨʘʢʪʝʨʥʠʭ ʩʠʥʛʣʝʪʽʚ ʚʽʥʽʣʴʥʠʭ 

ʧʨʦʪʦʥʽʚ ʫ ʩʣʘʙʢʦʤʫ ʧʦʣʽ: ŭ = 6.22 ʤ.ʯ. ʜʣʷ 8a ʪʘ ŭ = 6.29 ʤ.ʯ. ʜʣʷ 8b. ʅʘʷʚʥʽʩʪʴ 

ʝʥʘʤʽʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʠʤʠ ʩʠʥʛʣʝʪʘʤʠ NH-ʛʨʫʧ 

ʫ ʜʽʘʧʘʟʦʥʽ 8.12ï8.75 ʤ.ʯ. (ʈʠʩʫʥʦʢ 3.1). 

ʇʦʜʘʣʴʰʘ ʥʫʢʣʝʦʬʽʣʴʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ ʩʪʨʘʪʝʛʽʶ 

ʪʨʘʥʩʘʤʽʥʫʚʘʥʥʷ (ʜʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʽʜʝʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 10a,b ʙʝʥʟʠʣʘʤʽʥʘʤʠ 

19a,b. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʩʝʨʽʶ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʽʚ 20a-d, ʱʦ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

ʩʫʤʽʰʽ E/Z-̔ ʟʦʤʝʨʽʚ.  

 



ут 
 

 

ʈʠʩʫʥʦʢ 3.1 ï ʉʧʝʢʪʨ 1H ʗʄʈ ʩʧʦʣʫʢʠ 8b 

 

 

 

ʉʭʝʤʘ 3.2 ï ʈʝʘʢʮʽʷ ʧʝʨʝʘʤʽʥʫʚʘʥʥʷ ʩʧʦʣʫʢ 10a,b ʫ ʩʧʦʣʫʢʠ 20a-d 



уу 
 

ʋ ʩʧʝʢʪʨʘʭ ʗʄʈ 1H ʮʠʭ ʩʧʦʣʫʢ ʧʨʦʪʦʥ NH-ʛʨʫʧʠ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʜʫʙʣʝʪʘ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 20a J =14.4 ɻʮ ʧʨʠ ŭ = 10.41 ʤ.ʯ.), ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ 

ʩʧʨʷʞʝʥʥʷ ʟ ʤʝʪʠʣʽʜʝʥʦʚʠʤ ʟʚôʷʟʢʦʤ (ʈʠʩʫʥʦʢ 3.2). 

 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʧʦʣʫʢʠ 20a,b ʫ E/Z-ʬʦʨʤʘʭ 

 

3.2.2 ɺʟʘʻʤʦʜʽʷ ʟ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʟʘ ʘʢʪʠʚʦʚʘʥʠʤ ʤʝʪʠʣʝʥʦʚʠʤ 

ʮʝʥʪʨʦʤ 

 

ɿʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʜʦ ʝʥʦʣʽʟʘʮʽʾ, ʩʫʣʴʪʦʥʠ 1a,b ʣʝʛʢʦ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʾ ʟ 

ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʟʘ ʧʦʣʦʞʝʥʥʷʤ C(3). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʝʥʦʣʽʟʘʮʽʾ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʽʚ ʫ ʧʦʣʦʞʝʥʥʽ 5: 

ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʩʫʣʴʪʦʥ 1b ʝʥʦʣʽʟʫʻʪʴʩʷ ʫ 24 ʨʘʟʠ ʧʦʚʽʣʴʥʽʰʝ ʟʘ 

ʜʠʤʝʪʠʣʴʥʠʡ ʘʥʘʣʦʛ 1a. 



уф 
 

ʈʝʘʢʮʽʾ ʉ-ʘʮʠʣʶʚʘʥʥʷ. ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʩʪʘʣʘ ʚʟʘʻʤʦʜʽʷ ʩʫʙʩʪʨʘʪʽʚ 1a,b ̔ ʟ ʬʝʥʽʣʽʟʦʮʽʘʥʘʪʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʢʘʪʘʣʽʪʠʯʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʩʠʣʴʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʦʩʥʦʚʠ ð 1,8-

ʜʽʘʟʘʙʽʮʠʢʣʦ[5.4.0]ʫʥʜʝʢ-7-ʝʥʫ (ɼɹʋ), ʷʢʠʡ ʩʧʨʠʷʻ ʛʝʥʝʨʫʚʘʥʥʶ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʛʦ 

ʝʥʦʣʷʪ-ʘʥʽʦʥʫ, ʨʝʘʢʮʽʷ ʧʨʦʪʽʢʘʻ ʷʢ ʩʝʣʝʢʪʠʚʥʝ C-ʘʮʠʣʶʚʘʥʥʷ ʤʝʪʠʣʝʥʦʚʦʾ ʛʨʫʧʠ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʘʥʽʣʽʜʠ 9a,b ̔ ʟ ʚʠʭʦʜʘʤʠ 43% ʪʘ 58% 

ʚʽʜʧʦʚʽʜʥʦ. ɺʘʞʣʠʚʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʘʜʫʢʪʽʚ ʻ ʾʭʥʻ 

ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʚ ʝʥʦʣʴʥʽʡ ʬʦʨʤʽ, ʩʪʘʙʽʣʽʟʦʚʘʥʽʡ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʠʤ 

ʚʦʜʥʝʚʠʤ ʟʚ'ʷʟʢʦʤ. ɼʘʥʠʡ ʬʘʢʪ ʦʜʥʦʟʥʘʯʥʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ 1H ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʜʝ ʚ ʩʣʘʙʢʦʤʫ ʧʦʣʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʥʽ ʚʫʟʴʢʽ ʩʠʥʛʣʝʪʠ OH-

ʛʨʫʧ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʝ ʟʤʽʱʝʥʥʷ ʪʘʫʪʦʤʝʨʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʙʽʢ ʝʥʦʣʫ. 

ʂʦʥʜʝʥʩʘʮʽʷ ʟ ʉ-ʝʣʝʢʪʨʦʬʽʣʘʤʠ. ɼʣʷ ʚʚʝʜʝʥʥʷ ʤʝʪʠʣʽʜʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʘʢʮʽʶ ʩʫʣʴʪʦʥʽʚ ʽʟ ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜ ʜʠʤʝʪʠʣʘʮʝʪʘʣʝʤ (DMF-

DMA). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʨʝʘʛʝʥʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʙʝʟʚʦʜʥʦʛʦ 

ʤʝʪʘʥʦʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʜʝʥʩʘʮʽʷ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

(ʜʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʽʜʝʥʦʚʠʭ ʩʫʣʴʪʦʥʽʚ 10a,b. ɼʘʥʽ ʩʧʦʣʫʢʠ ʻ ʮʽʥʥʠʤʠ 

ʧʨʦʤʽʞʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ (çpush-pullè ʩʠʩʪʝʤʘʤʠ) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ. ʇʝʨʝʙʽʛ ʨʝʘʢʮʽʾ ʪʘ ʟʤʽʥʫ ʛʽʙʨʠʜʠʟʘʮʽʾ ʨʝʘʢʮʽʡʥʦʛʦ ʮʝʥʪʨʫ 

ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʗʄʈ: ʟʦʢʨʝʤʘ, ʫ ʩʧʝʢʪʨʽ 13C ʩʧʦʣʫʢʠ 10a ʩʠʛʥʘʣ 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʘʪʦʤʘ ʂʘʨʙʦʥʫ C(3) ʧʨʝʪʝʨʧʽʚʘʻ ʟʥʘʯʥʠʡ ʜʽʘʤʘʛʥʽʪʥʠʡ ʟʩʫʚ ʜʦ 97.8 

ʤ.ʯ., ʱʦ ʻ ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʦʟʥʘʢʦʶ ʬʦʨʤʫʚʘʥʥʷ ʝʢʟʦʮʠʢʣʽʯʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ɻʘʣʦʛʝʥʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʱʦʜʦ ʛʘʣʦʛʝʥʫʶʯʠʭ 

ʘʛʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ N-ʙʨʦʤʩʫʢʮʠʥʽʤʽʜʫ (NBS) ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʢʠʧʣʷʯʦʛʦ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ (CC4). ɺʠʷʚʣʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʪʘ ʚʘʞʢʦʢʝʨʦʚʘʥʽʩʪʶ ʥʘ ʩʪʘʜʽʾ 

ʤʦʥʦʟʘʤʽʱʝʥʥʷ. ʋ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʘʤ ʚʜʘʣʦʩʷ ʚʠʜʽʣʠʪʠ ʚʠʢʣʶʯʥʦ 

ʜʠʙʨʦʤʧʦʭʽʜʥʽ 11a,b. ʉʧʨʦʙʠ ʽʟʦʣʷʮʽʾ ʤʦʥʦʙʨʦʤʩʫʣʴʪʦʥʽʚ ʚʠʷʚʠʣʠʩʷ ʥʝʚʜʘʣʠʤʠ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʦʶ CH-ʢʠʩʣʦʪʥʽʩʪʶ ʤʦʥʦʙʨʦʤʟʘʤʽʱʝʥʦʛʦ ʽʥʪʝʨʤʝʜʽʘʪʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʠʤ ʩʫʣʴʪʦʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʤʠʪʪʻʚʦʾ ʧʦʜʘʣʴʰʦʾ 

ʙʨʦʤʘʮʽʾ ʟʘ ʧʦʣʦʞʝʥʥʷʤ C(3). 



фл 
 

ɸʟʦʩʧʦʣʫʯʝʥʥʷ. ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʬʽʣʴʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʩʪʘʣʘ ʚʟʘʻʤʦʜʽʷ ʩʫʣʴʪʦʥʽʚ ʽʟ ʩʦʣʷʤʠ ʜʽʘʟʦʥʽʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ p-ʪʦʣʽʣʜʽʘʟʦʥʽʶ ʘʮʝʪʘʪʫ, ʛʝʥʝʨʦʚʘʥʦʛʦ in situ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʘʟʦʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ E-ʢʝʪʦ-

ʛʽʜʨʘʟʦʥʽʚ 12a,b (ʉʭʝʤʘ 3.3). ɸʥʘʣʽʟ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʘʥʠʭ ʚʢʘʟʫʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʘʤʝ 

E-̔ ʟʦʤʝʨʽʚ, ʷʢʽ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʽʰʠʤʠ. ʆʪʨʠʤʘʥʽ ʛʽʜʨʘʟʦʥʠ ʨʦʟʰʠʨʶʶʪʴ 

ʨʷʜ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʧʦʭʽʜʥʠʭ ʩʫʣʴʪʦʥʽʚ, ʧʦʻʜʥʫʶʯʠ ʚ ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ 

ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ ʪʘ ʘʟʦʪʦʚʤʽʩʥʫ ʬʘʨʤʘʢʦʬʦʨʥʫ ʛʨʫʧʫ. 

 

 

ʉʭʝʤʘ 3.3 ï ɺʟʘʻʤʦʜʽʷ ʩʫʣʴʪʦʥʽʚ 1a,b ʟ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʘʛʝʥʪʘʤʠ 

 

ɺʽʜʤʽʥʥʽʩʪʴ ʫ ʭʽʤʽʯʥʽʡ ʧʦʚʝʜʽʥʮʽ ʩʫʣʴʪʦʥʽʚ 1a ʪʘ 1b ̫ ʩʢʨʘʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʨʝʘʢʮʽʷʭ 

ɺ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ɺʽʣʴʩʤʝʡʻʨʘ-ʍʘʘʢʘ ʜʠʤʝʪʠʣʴʥʠʡ ʩʫʣʴʪʦʥ 1a ʣʝʛʢʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʮʽʣʴʦʚʠʡ ʭʣʦʨʘʣʴʜʝʛʽʜ 13a. ʅʘʪʦʤʽʩʪʴ ʩʧʨʦʙʘ ʟʘʩʪʦʩʫʚʘʪʠ ʮʶ 

ʧʨʦʮʝʜʫʨʫ ʜʦ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʩʫʣʴʪʦʥʫ 1b ʧʨʠʟʚʝʣʘ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʫ 14 ʚʥʘʩʣʽʜʦʢ ʥʝʪʠʧʦʚʦʛʦ ʨʦʟʢʨʠʪʪʷ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʽʣʴʮʷ, ʱʦ ʻ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʮʠʢʣʦʧʨʦʧʽʣʝʪʘʥʦʥʽʚ ʫ ʮʠʭ ʫʤʦʚʘʭ. [109, 110] 

 



фм 
 

 

ʉʭʝʤʘ 3.4 ï ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʫʣʴʪʦʥʽʚ 1a,b ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ɺʣ̔ʴʩʤʝʡʻʨʘ-

ʍʘʘʢʘ 

 

ʋ ʨʝʘʢʮʽʾ ɺʽʪʪʽʛʘ ʟ ʤʝʪʠʣ-2-(ʪʨʠʬʝʥʽʣʬʦʩʬʦʨʘʥʽʣʽʜʝʥ)ʘʮʝʪʘʪʦʤ: ʨʝʘʢʮʽʷ 

ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʢʝʪʦʩʫʣʴʪʦʥʫ 1b ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʢʣʘʩʠʯʥʠʤ ʤʘʨʰʨʫʪʦʤ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʩʫʤʽʰʽ ʘʣʢʝʥʽʚ 16b ʪʘ 17b (ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 4.5:1), ʱʦ ʤʘʶʪʴ ʝʢʟʦ- ʪʘ 

ʝʥʜʦʮʠʢʣʽʯʥʠʡ ʧʦʜʚʽʡʥʽ ʟʚ'ʷʟʢʠ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʪʝ ʜʣʷ ʥʝʥʘʧʨʫʞʝʥʦʛʦ ʩʫʣʴʪʦʥʫ 1a, 

ʦʢʨʽʤ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʣʝʬʽʥʫʚʘʥʥʷ 16a/17a (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1.3:1), 

ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢʦʞ ʘʪʠʧʦʚʠʡ ʧʨʦʜʫʢʪ ʘʮʠʣʶʚʘʥʥʷ ð ʬʦʩʬʦʥʽʻʚʠʡ ʙʝʪʘʾʥ 18. 

ʇʨʠʯʠʥʦʶ ʪʘʢʦʾ ʨʦʟʙʽʞʥʦʩʪʽ ʻ ʟʜʘʪʥʽʩʪʴ ʢʝʪʦʩʫʣʴʪʦʥʽʚ ʜʦ ʝʥʦʣʽʟʘʮʽʾ. ʂʝʪʦʥʥʘ ʬʦʨʤʘ 

ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʢʣʘʩʠʯʥʽʡ ʨʝʘʢʮʽʾ ɺʽʪʪʽʛʘ, ʪʦʜʽ ʷʢ ʝʥʦʣʴʥʠʡ ʪʘʫʪʦʤʝʨ (ʷʢʠʡ ʣʝʛʢʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʜʣʷ 1a ʧʽʜ ʜʽʻʶ ʢʘʪʘʣʽʟʘʪʦʨʘ) ʤʦʞʝ ʚʩʪʫʧʘʪʠ ʫ ʧʦʙʽʯʥʫ ʨʝʘʢʮʽʶ 

ʘʮʠʣʶʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʝʥʦʣʽʟʘʮʽʷ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ 1b ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʝʥʘ, ʧʨʦʜʫʢʪ 

ʘʮʠʣʶʚʘʥʥʷ ʜʣʷ ʥʴʦʛʦ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ.  

 

 

ʉʭʝʤʘ 3.5 ï ɺʟʘʻʤʦʜʽʷ ʩʫʣʴʪʦʥʽʚ 1a,b ʟ ʽʣʽʜʦʤ ʬʦʩʬʦʨʫ 

 ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ ɺʽʪʪʽʛʘ 



фн 
 

ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʘʭʫʥʢʠ DFT ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʩʦʣʴʚʘʪʘʮʽʾ SMD 

ʜʦʟʚʦʣʠʣʠ ʦʙˇʨʫʥʪʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʧʝʨʝʚʘʛʫ ʪʘ ʧʝʨʝʚʘʞʘʥʥʷ ʚ ʨʝʘʢʮʽʡʥʽʡ ʩʫʤʽʰʽ 

ʧʨʦʜʫʢʪʽʚ ɺʽʪʪʽʛʘ 16a,b ʥʘʜ 17a,b. ʇʨʦʜʫʢʪʠ 16a,b ʟ ʝʢʟʦʮʠʢʣʽʯʥʠʤ ʧʦʜʚʽʡʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʚʠʷʚʠʣʠʩʷ ʥʘ 7.19 ʪʘ 7.43 ʢʢʘʣ/ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦ ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʠʤʠ, 

ʥʽʞ ʾʭʥʽ ʽʟʦʤʝʨʠ 17a,b ʟ ʝʥʜʦʮʠʢʣʽʯʥʠʤ ʟʚ'ʷʟʢʦʤ.  

 

3.2.3 ɺʟʘʻʤʦʜʽʷ ʟʘ ʪʨʝʪʠʥʥʠʤ ɔ-ʘʪʦʤʦʤ ʂʘʨʙʦʥʫ (ʢʘʪʘʣʽʪʠʯʥʝ ʛʽʜʨʫʚʘʥʥʷ) 

 

ʊʨʝʪʽʤ ʚʘʞʣʠʚʠʤ ʨʝʘʢʮʽʡʥʠʤ ʮʝʥʪʨʦʤ ʢʘʨʢʘʩʫ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ ʻ ʪʨʝʪʠʥʥʠʡ 

ʘʪʦʤ ʂʘʨʙʦʥʫ ʫ ɔ-ʧʦʣʦʞʝʥʥʽ. ʁʦʛʦ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʚʯʘʣʘʩʴ ʫ ʨʝʘʢʮʽʾ ʧʘʣʘʜʽʡ-

ʢʘʪʘʣʽʟʦʚʘʥʦʛʦ ʛʽʜʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʨʝʛʽʦʩʧʝʮʠʬʽʯʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʮʴʦʛʦ ʮʝʥʪʨʫ ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʽʥʰʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ.[111]  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʽʾ ʚʦʜʥʶ (1 ʙʘʨ) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 5% Pd/C ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʤʝʪʘʥʦʣʫ ʥʝʥʘʧʨʫʞʝʥʠʡ ʩʫʣʴʪʦʥ 1a ʩʝʣʝʢʪʠʚʥʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʥʘ 

ɓ-ʢʝʪʦʩʫʣʴʬʦʢʠʩʣʦʪʫ 15a. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʡʦʛʦ ʩʧʽʨʦʮʠʢʣʽʯʥʠʡ ʘʥʘʣʦʛ 1b ʟʘʟʥʘʻ 

ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʥʦʚʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʮʠʢʣʽʚ, ʷʢʝ ʟʘʯʽʧʘʻ ʷʢ ʮʠʢʣʦʧʨʦʧʘʥʦʚʠʡ, ʪʘʢ ʽ 

ʩʫʣʴʪʦʥʦʚʠʡ ʬʨʘʛʤʝʥʪʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ ɓ-ʢʝʪʦʩʫʣʴʬʦʢʠʩʣʦʪ 

15a ʪʘ 15b, ʜʝ ʩʧʦʣʫʢʘ 15b (ʧʨʦʜʫʢʪ ʨʦʟʢʨʠʪʪʷ ʮʠʢʣʦʧʨʦʧʘʥʫ) ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ 

(ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠʙʣʠʟʥʦ 1:7.5 ʚʽʜʧʦʚʽʜʥʦ).  

 

 

ʉʭʝʤʘ 3.6 ï Pd-ʢʘʪʘʣʽʟʦʚʘʥʝ ʛʽʜʨʫʚʘʥʥʷ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ 1a,b 

 

 

 



фо 
 

3.2.4 ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ʊʌɻ 

 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʘʥʘʣʽʟ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (MEP) ʪʘ ʬʨʦʥʪʘʣʴʥʠʭ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʙʽʪʘʣʝʡ (FMO) ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ PBE0 QZVP. 

ʆʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ MEP ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʢʘʨʙʦʥʽʣʴʥʠʡ ʘʪʦʤ ʂʘʨʙʦʥʫ C(2) 

ʫ ʜʠʤʝʪʠʣʴʥʦʤʫ ʩʫʣʴʪʦʥʽ 1a ʤʘʻ ʟʥʘʯʥʦ ʚʠʱʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ (+0.14 a.u.) 

ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʤ ʘʥʘʣʦʛʦʤ 1b (+0.07 a.u.). ʎʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʷʩʥʶʻ ʚʠʱʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʩʧʦʣʫʢʠ 1a ʜʦ ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʘʪʘʢʠ. ɺʦʜʥʦʯʘʩ 

ʘʥʘʣʽʟ ʜʽʘʛʨʘʤ LUMO ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʩʘʤʝ ʢʘʨʙʦʥʽʣʴʥʠʡ ʮʝʥʪʨ, ʘ ʥʝ ʩʫʣʴʬʦʥʘʪʥʠʡ 

ʬʨʘʛʤʝʥʪ, ʻ ʧʝʨʝʚʘʞʥʦʶ ʤʽʰʝʥʥʶ ʜʣʷ ʥʫʢʣʝʦʬʽʣʽʚ, ʱʦ ʧʦʷʩʥʶʻ ʟʙʝʨʝʞʝʥʥʷ 

ʮʽʣʽʩʥʦʩʪʽ ʮʠʢʣʫ ʚ ʨʝʘʢʮʽʷʭ ʟ ʘʤʽʥʘʤʠ. 

ʈʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚ ʝʣʝʢʪʨʦʬʽʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʙʫʣʘ ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʘʥʘʣʽʟʦʤ HOMO ʝʥʦʣʴʥʠʭ ʪʘʫʪʦʤʝʨʽʚ 7a,b. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʝʣʝʢʪʨʦʥʥʘ 

ʛʫʩʪʠʥʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʬʨʘʛʤʝʥʪʽ C(2)=C(3) ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʥʘ ʘʪʦʤʽ ʂʘʨʙʦʥʫ 

C(3). ʉʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʡ ʝʥʦʣ 7b ʚʦʣʦʜʽʻ ʥʘʡʚʠʱʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ HOMO 

(E(HOMO) = -7.54 eV), ʱʦ ʬʦʨʤʘʣʴʥʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʚʠʱʫ ʘʢʪʠʚʥʽʩʪʴ ʜʦ 

ʝʣʝʢʪʨʦʬʽʣʽʚ, ʧʨʦʪʝ ʮʷ ʘʢʪʠʚʥʽʩʪʴ ʥʽʚʝʣʶʻʪʴʩʷ ʫʪʨʫʜʥʝʥʠʤ ʧʨʦʮʝʩʦʤ ʡʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʟ ʢʝʪʦ-ʬʦʨʤʠ. 

ʆʩʦʙʣʠʚʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʘʫʪʦʤʝʨʽʾ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʨʝʘʢʮʽʾ ɺʽʪʪʽʛʘ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʩʫʣʴʪʦʥʫ 1a ʟʜʘʪʥʽʩʪʴ ʜʦ ʣʝʛʢʦʾ ʝʥʦʣʽʟʘʮʽʾ ʧʽʜ ʜʽʻʶ ʙʝʥʟʦʡʥʦʾ 

ʢʠʩʣʦʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʘʪʠʧʦʚʦʛʦ ʧʨʦʜʫʢʪʫ C-ʘʮʠʣʶʚʘʥʥʷ ð 

ʬʦʩʬʦʥʽʻʚʦʛʦ ʙʝʪʘʾʥʫ 18 (ʚʠʭʽʜ 20%), ʱʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʣʷ ʩʧʦʣʫʢʠ 1b. 

ʉʪʨʫʢʪʫʨʘ ʙʝʪʘʾʥʫ ʧʽʜʪʚʝʨʜʞʝʥʘ ʜʘʥʠʤʠ ʗʄʈ 31P (ŭ = 23.2 ʤ.ʯ.) ʪʘ ʢʦʥʩʪʘʥʪʦʶ J(P-

H) = 14.5 ɻʮ ʜʣʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʽʩʪʢʘ. 

 

 

 

 



фп 
 

3.2.5 ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

 

ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʝʪʦʜʦʤ DFT (ʨʽʚʝʥʴ PBE0 QZVP) ʜʦʟʚʦʣʠʣʠ 

ʛʣʠʙʰʝ ʟʨʦʟʫʤʽʪʠ ʧʨʠʨʦʜʫ ʚʠʷʚʣʝʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ. ɸʥʘʣʽʟ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ (MEP) ʧʦʢʘʟʘʚ, ʱʦ ʧʦʟʠʪʠʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʥʘ 

ʢʘʨʙʦʥʽʣʴʥʦʤʫ ʘʪʦʤʽ ʂʘʨʙʦʥʫ C(2) ʫ ʩʧʦʣʫʮʽ 1a ʩʪʘʥʦʚʠʪʴ +0.14 a.u., ʪʦʜʽ ʷʢ ʫ 1b ʚʽʥ 

ʟʥʠʞʝʥʠʡ ʜʦ +0.07 a.u.. ʎʝ ʧʦʷʩʥʶʻ ʚʠʱʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʠʤʝʪʠʣʴʥʦʛʦ 

ʩʫʣʴʪʦʥʫ ʱʦʜʦ ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ. ʈʦʟʨʘʭʫʥʢʠ ʬʨʦʥʪʘʣʴʥʠʭ ʦʨʙʽʪʘʣʝʡ 

HOMO ʪʘ LUMO ʚʢʘʟʘʣʠ ʥʘ ʪʝ, ʱʦ ʢʘʨʙʦʥʽʣʴʥʘ ʛʨʫʧʘ ʻ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦʶ 

ʤʽʝhʥʥʶ ʜʣʷ ʥʫʢʣʝʦʬʽʣʴʥʦʾ ʘʪʘʢʠ, ʘ ʩʫʣʴʬʦʥʘʪʥʠʡ ʬʨʘʛʤʝʥʪ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʙʽʣʴʥʠʤ . 

 

3.3 ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʤʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ 

 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʘ ʦʮʽʥʢʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 20aïd. ɺʠʙʽʨ ʮʠʭ ʩʧʦʣʫʢ ʙʫʚ 

ʟʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʚ ʾʭʥʽʡ ʩʪʨʫʢʪʫʨʽ ʬʘʨʤʘʢʦʬʦʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ 

ʚʚʝʜʝʥʥʷʤ ʫ ʩʧʦʣʫʢʠ 20c,d ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ʆʩʪʘʥʥʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʩʫʯʘʩʥʽʡ ʤʝʜʠʯʥʽʡ ʭʽʤʽʾ ʷʢ çʝʣʝʢʪʨʦʬʽʣʴʥʘ ʙʦʻʛʦʣʦʚʢʘè 

(electrophilic warhead) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʚʘʣʝʥʪʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʪʘ ʻ ʢʣʶʯʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʢʣʽʢ-ʭʽʤʽʾ ʟʘ ʪʠʧʦʤ SuFEx (ʦʙʤʽʥ ʩʫʣʴʬʫʨʫ(VI) ʟ ʬʣʫʦʨʦʤ).[69, 71] 

 

3.3.1 In vitro ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

 

ʂʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʦʮʽʥʢʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʦʚʦʩʠʥʪʝʟʦʚʘʥʠʭ 

ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʦʚʠʭ ʧʦʭʽʜʥʠʭ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ 20aïe ʩʪʘʣʦ ʚʠʚʯʝʥʥʷ ʾʭʥʴʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʢʣʽʪʠʥʥʠʭ ʢʫʣʴʪʫʨ. ɺʨʘʭʦʚʫʶʯʠ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʜʘʥʠʭ ʩʧʦʣʫʢ, ʟʦʢʨʝʤʘ ʥʘʷʚʥʽʩʪʴ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʫ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ 20c ʪʘ 20d, ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʚʩʪʘʥʦʚʣʝʥʥʶ ʢʦʨʝʣʷʮʽʾ 

ʤʽʞ ʥʘʷʚʥʽʩʪʶ ʝʣʝʢʪʨʦʬʽʣʴʥʦʛʦ ʮʝʥʪʨʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʮʠʪʦʪʦʢʩʠʯʥʦʛʦ ʝʬʝʢʪʫ. 



фр 
 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʣʽʥʽʶ ʢʣʽʪʠʥ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʠ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʣʶʜʠʥʠ MDA-MB-231, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʦʪʨʽʡʥʠʤ ʥʝʛʘʪʠʚʥʠʤ ʬʝʥʦʪʠʧʦʤ. ɺʠʙʽʨ ʜʘʥʦʾ ʤʦʜʝʣʽ ʦʙʫʤʦʚʣʝʥʠʡ ʚʠʩʦʢʦʶ 

ʘʛʨʝʩʠʚʥʽʩʪʶ ʪʘ ʨʝʟʠʩʪʝʥʪʥʽʩʪʶ ʪʘʢʠʭ ʧʫʭʣʠʥ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ ʪʝʨʘʧʽʾ, ʱʦ ʩʪʚʦʨʶʻ 

ʟʘʧʠʪ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʽʟ ʤʝʭʘʥʽʟʤʦʤ ʢʦʚʘʣʝʥʪʥʦʛʦ ʽʥʛʽʙʫʚʘʥʥʷ. ɼʣʷ 

ʚʝʨʠʬʽʢʘʮʽʾ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʙʝʟʧʝʢʠ ʩʧʦʣʫʢ ʧʘʨʘʣʝʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʟʣʦʷʢʽʩʥʽ ʝʥʜʦʪʝʣʽʘʣʴʥʽ ʢʣʽʪʠʥʠ ʘʦʨʪʠ ʤʠʰʽ (MAEC). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʜʦ 0.5 ʤʄ), ʱʦ ʜʘʣʦ 

ʟʤʦʛʫ ʟʘʬʽʢʩʫʚʘʪʠ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʜʦʟʦʟʘʣʝʞʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠʛʥʽʯʝʥʥʷ 

ʧʨʦʣʽʬʝʨʘʮʽʾ. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʩʫʪʪʻʚʫ ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ 

ʙʽʦʣʦʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʟʘʣʝʞʥʦ ʚʽʜ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʽʚ. ʅʘʡʚʠʱʫ 

ʘʥʪʠʧʨʦʣʽʬʝʨʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʨʘʢʦʚʦʾ ʣʽʥʽʾ MDA-MB-231 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʩʧʦʣʫʢʠ 20c ʪʘ 20d. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʙʩʪʨʘʪʫ 0.5 

ʤʄ ʨʽʚʝʥʴ ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ ʩʪʘʥʦʚʠʚ ʧʨʠʙʣʠʟʥʦ 50% ʪʘ 60% ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʪʚʝʨʜʞʫʻ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, ʱʦ ʚʚʝʜʝʥʥʷ 

ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ SO2F ʫ ʩʪʨʫʢʪʫʨʠ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʽʚ ʢʘʨʜʠʥʘʣʴʥʦ 

ʟʤʽʥʶʻ ʾʭʥʽʡ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʡ ʧʨʦʬʽʣʴ. ʋ ʜʘʥʦʤʫ ʢʦʥʪʝʢʩʪʽ SO2F ʛʨʫʧʘ ʚʽʜʽʛʨʘʻ 

ʨʦʣʴ çʩʧʣʷʯʦʛʦè ʝʣʝʢʪʨʦʬʽʣʫ, ʟʜʘʪʥʦʛʦ ʜʦ ʘʢʪʠʚʘʮʽʾ ʚʠʢʣʶʯʥʦ ʫ ʩʧʝʮʠʬʽʯʥʦʤʫ 

ʤʽʢʨʦʦʪʦʯʝʥʥʽ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ ʙʽʣʢʘ-ʤʽʰʝʥʽ. ɺʠʱʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢʠ 20d 

ʧʦʨʽʚʥʷʥʦ ʟ 20c ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ ʦʙʫʤʦʚʣʝʥʘ ʚʧʣʠʚʦʤ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʥʘ ʣʽʧʦʬʽʣʴʥʽʩʪʴ ʤʦʣʝʢʫʣʠ ʪʘ ʾʾ ʟʜʘʪʥʽʩʪʴ ʧʨʦʥʠʢʘʪʠ ʢʨʽʟʴ ʢʣʽʪʠʥʥʽ 

ʤʝʤʙʨʘʥʠ. 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʮʴʦʤʫ, ʩʧʦʣʫʢʠ 20a ʪʘ 20b, ̫ ʢʽ ʧʦʟʙʘʚʣʝʥʽ 

ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʦʛʦ ʚʘʨʭʝʜʘ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʠʟʴʢʫ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ʈʽʚʝʥʴ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʣʽʪʠʥ ʜʣʷ ʮʠʭ ʩʫʙʩʪʨʘʪʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 30%, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʥʝʜʦʩʪʘʪʥʶ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʙʘʟʦʚʦʛʦ ʩʫʣʴʪʦʥʦʚʦʛʦ ʢʘʨʢʘʩʘ ʜʦ ʧʨʷʤʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʦʪʝʦʤʦʤ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʘʢʪʠʚʘʮʽʾ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʪʫʧʘʻ 



фс 
 

ʷʢ ʩʪʘʙʽʣʴʥʠʡ ʙʽʦʽʟʦʩʪʝʨʥʠʡ ʤʦʣʝʢʫʣʷʨʥʠʡ ʰʘʙʣʦʥ, ʘ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ 

ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʘʤʝ SuFEx-ʘʢʪʠʚʥʦʶ ʛʨʫʧʦʶ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʜʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʽ ʧʦʭʽʜʥʽ 20c ʪʘ 20d ʚʠʷʚʣʷʶʪʴ ʧʝʚʥʫ ʪʦʢʩʠʯʥʽʩʪʴ 

ʽ ʱʦʜʦ ʥʦʨʤʘʣʴʥʠʭ ʢʣʽʪʠʥ MAEC (ʨʽʚʝʥʴ ʟʘʛʠʙʝʣʽ ʩʢʣʘʚ 50% ʪʘ 40% ʚʽʜʧʦʚʽʜʥʦ). 

ʊʘʢʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʨʘʞʝʥʦʾ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʚʠʩʦʢʦʾ ʟʘʛʘʣʴʥʦʾ 

ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʦʩʪʽ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ ʱʦʜʦ ʥʫʢʣʝʦʬʽʣʴʥʠʭ ʟʘʣʠʰʢʽʚ ʪʠʨʦʟʠʥʫ 

ʘʙʦ ʣʽʟʠʥʫ, ʧʨʠʩʫʪʥʽʭ ʫ ʙʘʛʘʪʴʦʭ ʢʣʽʪʠʥʥʠʭ ʙʽʣʢʘʭ. ɺʦʜʥʦʯʘʩ ʩʧʦʣʫʢʠ ʢʦʥʪʨʦʣʴʥʦʾ 

ʛʨʫʧʠ 20a,b ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʢʣʽʪʠʥ MAEC, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʥʠʟʴʢʫ ʩʠʩʪʝʤʥʫ ʪʦʢʩʠʯʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʚʦʨʶʶʪʴ 

ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭʥʴʦʾ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʦʥʢʦʛʝʥʥʠʭ ʤʽʰʝʥʝʡ, ʪʘʢʠʭ ʷʢ 

ʢʽʥʘʟʘ CLK4, ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ ʥʝʮʽʣʴʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

 

 

 

ʈʠʩʫʥʦʢ 3.3 - ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 20aïe ɦ ʦʜʦ ʣʽʥʽʾ 

ʢʣʽʪʠʥ ʧʦʪʨʽʡʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ MDA-MB-231 (ɸ) ʪʘ 

ʥʝʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥ MAEC (ɹ) (MÑSD) 
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3.3.2 ʄʦʣʝʢʫʣʷʨʥʠʡ ʜʦʢʽʥʛ ʪʘ ʘʥʘʣʽʟ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

 

ʑʦʙ ʧʦʷʩʥʠʪʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʫ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ 

ʧʦʪʝʥʮʽʡʥʫ, ʤʠ ʟʚʝʨʥʫʣʠʩʷ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ. ʂʣʽʪʠʥʥʘ ʣʽʥʽʷ 

MDA-MB-231 ʝʢʩʧʨʝʩʫʻ ʯʠʩʣʝʥʥʽ ʙʽʣʢʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʘʛʨʝʩʠʚʥʦʩʪʽ, 

ʚʢʣʶʯʘʶʯʠ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ, ʨʝʮʝʧʪʦʨ ʮʠʢʣʽʥ-ʟʘʣʝʞʥʦʾ ʢʽʥʘʟʠ 4 (CDK4; PDB 

ID: 6FYV)[112]. ʎʝʡ ʙʽʣʦʢ ʚʽʜʽʛʨʘʻ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʫ ʦʧʦʩʝʨʝʜʢʫʚʘʥʥʽ ʢʣʽʪʠʥʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʛʨʝʩʫʚʘʥʥʷʤ ʧʫʭʣʠʥʠ, ʽʥʚʘʟʽʻʶ ʪʘ ʤʝʪʘʩʪʘʟʫʚʘʥʥʷʤ. ʊʦʤʫ 

ʡʦʛʦ ʙʫʣʦ ʦʙʨʘʥʦ ʷʢ ʤʽʰʝʥʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʢʽʥʛʫ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʘʬʽʥʥʦʩʪʽ ʟʚ'ʷʟʫʚʘʥʥʷ ʜʦʢʦʚʘʥʠʭ ʩʧʦʣʫʢ ʟ ʮʽʣʴʦʚʠʤ ʙʽʣʢʦʤ 

ʪʘ ʨʦʟʨʘʭʦʚʘʥʘ ʽʥʛʽʙʫʶʯʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʟʚʦʣʠʣʠ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʩʧʦʣʫʢʠ 20a-d ʚʚʘʞʘʶʪʴʩʷ ʽʥʛʽʙʽʪʦʨʘʤʠ CLK4 ʟ ʚʠʩʦʢʦʶ ʘʬʽʥʥʽʩʪʶ ʟʚ'ʷʟʫʚʘʥʥʷ 

(ʊʘʙʣʠʮʷ 3.1 ʪʘ ʈʠʩʫʥʦʢ 3.4). 

ɹʽʣʴʰʝ ʪʦʛʦ, ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ in silico ʧʝʨʝʜʙʘʯʠʣʠ ʧʦʪʝʥʮʽʡʥʫ 

ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 20c ̫ ʢ ʽʥʛʽʙʽʪʦʨʘ ʤʦʥʦʘʤʽʥʦʢʩʠʜʘʟʠ B (MAO B; PDB ID: 

2XFU) [113ï116] ʪʘ ʘʨʦʤʘʪʠʯʥʦʾ L-ʘʤʽʥʦʢʠʩʣʦʪʥʦʾ ʜʝʢʘʨʙʦʢʩʠʣʘʟʠ (AAAD; PDB ID: 

8ORA) [117ï119]. ɼʽʷ ʥʘ ʮʽ ʨʝʮʝʧʪʦʨʠ ʚʧʣʠʚʘʻ ʥʘ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ ʇʘʨʢʽʥʩʦʥʘ ʪʘ 

ɸʣʴʮʛʝʡʤʝʨʘ, ʘ ʪʘʢʦʞ ʥʘ ʢʦʨʝʢʮʽʶ ʜʝʧʨʝʩʽʾ ʪʘ ʝʤʦʮʽʡʥʠʭ ʟʤʽʥ. 

 

ʊʘʙʣʠʮʷ 3.1 ï ʅʘʡʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʟʚôʷʟʫʚʘʥʴ ʪʘ ʢʦʥʩʪʘʥʪ ʽʥʛʽʙʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ï ʣʽʛʘʥʜʽʚ 20a-d ʜʦ ʦʙʨʘʥʠʭ ʮʽʣʴʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ 

 

 ̄ ʈʝʯʦʚʠʥʘ CLK4 

(6FYV) 

MAO B 

(2XFU) 

AAAD 

(8ORA) 

ɽʥʝʨʛʽʷ 

ʟʚôʷʟʫʚʘʥʥʷ 

(ʢʢʘʣ/ʤʦʣʴ) 

ʂʦʥʩʪʘʥʪʘ 

ʽʥʛʽʙʫʚʘʥʥʷ 

(ʤʢʤʦʣʴ) 

ɽʥʝʨʛʽʷ 

ʟʚôʷʟʫʚʘʥʥʷ 

(ʢʢʘʣ/ʤʦʣʴ) 

ʂʦʥʩʪʘʥʪʘ 

ʽʥʛʽʙʫʚʘʥʥʷ 

(ʤʢʤʦʣʴ) 

ɽʥʝʨʛʽʷ 

ʟʚôʷʟʫʚʘʥʥʷ 

(ʢʢʘʣ/ʤʦʣʴ) 

ʂʦʥʩʪʘʥʪʘ 

ʽʥʛʽʙʫʚʘʥʥʷ 

(ʤʢʤʦʣʴ) 

1 20a 8.36 0.75     

2 20b 8.54 0.55     

3 20c 9.24 0.17 7.61 2.62 8.83 0.33 

4 20d 8.89 0.3     

 



фу 
 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ CLK4 (PDB: 6FYV) ʟʽ ʩʧʦʣʫʢʘʤʠ 20a (A), 20b (B), 20c (C) ʪʘ 20d (D). 



фф 
 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʪʨʫʢʪʫʨ ʜʦ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʫ CLK4: 

¶ ʅʘʡʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʬʽʢʩʦʚʘʥʦ ʜʣʷ ʩʧʦʣʫʢʠ 20c (-

9.24 ʢʢʘʣ/ʤʦʣʴ) ʟ ʽʥʛʽʙʽʪʦʨʥʦʶ ʢʦʥʩʪʘʥʪʦʶ Ki = 0.17 ʤʢʄ. 

¶ ɼʣʷ ʩʧʦʣʫʢ 20a, 20b ʪʘ 20d ʝʥʝʨʛʽʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʩʢʣʘʣʘ -8.36, -8.54 ʪʘ -

8.89 ʢʢʘʣ/ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʚʟʘʻʤʦʜʽʡ ʩʧʦʣʫʢʠ 20c ʫ ʢʠʰʝʥʽ ʟʚ'ʷʟʫʚʘʥʥʷ CLK4 ʚʠʷʚʠʚ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʤʝʨʝʞʽ ʢʦʥʪʘʢʪʽʚ: 

¶ ɺʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ: ʟʘʬʽʢʩʦʚʘʥʦ ʢʦʥʚʝʥʮʽʡʥʽ ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ ʟ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʤʠ ʟʘʣʠʰʢʘʤʠ Thr201 ʪʘ Thr202. 

¶ -́ʚʟʘʻʤʦʜʽʾ: ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ ʬʦʨʤʫʻ ʩʧʝʮʠʬʽʯʥʠʡ -́Sulfur ʢʦʥʪʘʢʪ ʽʟ 

ʟʘʣʠʰʢʦʤ Phe168. 

¶ ɻʽʜʨʦʬʦʙʥʽ ʢʦʥʪʘʢʪʠ: ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ -́Alkyl ʪʘ Alkyl 

ʚʟʘʻʤʦʜʽʾ ʟ Leu164, Pro104, Val175 ʪʘ ʽʥʰʠʤʠ ʟʘʣʠʰʢʘʤʠ. 

 

3.3.3 ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

 

ɺʨʘʭʦʚʫʶʯʠ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʜʘʪʢʦʚʠʡ in silico ʩʢʨʠʥʽʥʛ ʱʦʜʦ ʤʽʰʝʥʝʡ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʘ 20c ʚʠʷʚʣʷʻ 

ʧʦʪʝʥʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʷʢ ʽʥʛʽʙʽʪʦʨ ʤʦʥʦʘʤʽʥʦʢʩʠʜʘʟʠ B (MAO B, PDB ID: 2XFU) 

ʪʘ ʜʝʢʘʨʙʦʢʩʠʣʘʟʠ ʘʨʦʤʘʪʠʯʥʠʭ L-ʘʤʽʥʦʢʠʩʣʦʪ (AAAD, PDB ID: 8ORA): 

¶ ɼʣʷ MAO B ʝʥʝʨʛʽʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʩʢʣʘʣʘ -7.61 ʢʢʘʣ/ʤʦʣʴ (Ki = 2.62 ʤʢʄ). 

¶ ɼʣʷ AAAD ʝʥʝʨʛʽʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ -8.83 ʢʢʘʣ/ʤʦʣʴ (Ki = 0.33 

ʤʢʄ). 

ʎʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʜʘʥʦʛʦ ʢʣʘʩʫ 

ʩʧʦʣʫʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ ʣʽʢʫʚʘʥʥʷ ʭʚʦʨʦʙ ʇʘʨʢʽʥʩʦʥʘ, ɸʣʴʮʛʝʡʤʝʨʘ ʪʘ 

ʢʦʨʝʢʮʽʾ ʜʝʧʨʝʩʠʚʥʠʭ ʩʪʘʥʽʚ.[114ï116, 118, 119] 

 



млл 
 

3.4 ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʧʨʠʢʣʘʜʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʣʫʢ-ʭʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ɓ-ʢʝʪʦ ɔ-

ʩʫʣʴʪʦʥʽʚ 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʮʠʢʣʽʚ ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʘʧʨʦʙʘʮʽʾ ʤʝʪʦʜʠʢ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʮʽʣʽʩʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʪʨʘʪʝʛʽʶ ʧʦʰʫʢʫ ʪʘ 

ʚʘʣʽʜʘʮʽʾ ʧʦʪʝʥʮʽʡʥʠʭ ʘʢʪʠʚʥʠʭ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ (ɸʌɯ). ɼʘʥʘ 

ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʨʠʢʣʘʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʣʘʙʦʨʘʪʦʨʽʡ ʪʦʥʢʦʛʦ 

ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʚʽʜʜʽʣʽʚ ʨʦʟʨʦʙʢʠ (R&D) ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʽʥʪʝʛʨʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ 

ʫ ʻʜʠʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʣʘʥʮʶʛ. 

 

3.4.1 ʊʝʭʥʦʣʦʛʽʯʥʘ ʬʘʟʘ 1. ʇʨʠʢʣʘʜʥʠʡ ʜʠʟʘʡʥ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʜʣʷ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

 

ɺʠʭʽʜʥʠʤ ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʨʘʮʽʦʥʘʣʴʥʠʡ ʚʠʙʽʨ 

ʩʪʨʫʢʪʫʨʥʠʭ ʰʘʙʣʦʥʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʨʠʢʣʘʜʥʠʡ ʧʦʪʝʥʮʽʘʣ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʬʘʟʘ 1 ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

I. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʙʘʟʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʰʘʙʣʦʥʫ 

ɿʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʽʩʥʫʶʯʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʘʙʦ ʙʽʣʜʠʥʛ-ʙʣʦʢʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʪʝʪʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ), ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʤʝʨʮʽʡʥʠʭ ʧʝʩʪʠʮʠʜʽʚ ʘʙʦ 

ʣʽʢʽʚ. 

II. ʃʘʙʦʨʘʪʦʨʥʠʡ ʘʥʘʣʽʟ ʙʽʦʽʟʦʩʪʝʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ  

ʇʨʦʚʦʜʠʪʴʩʷ ʢʨʠʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʨʝʜʤʝʪ ʥʘʷʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʛʨʫʧ, ʟʘʤʽʥʘ ʷʢʠʭ ʥʘ ʩʫʣʴʪʦʥʦʚʠʡ ʮʠʢʣ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ: ʣʽʧʦʬʽʣʴʥʽʩʪʴ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʚʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʤʝʪʘʙʦʣʽʯʥʫ ʩʪʽʡʢʽʩʪʴ. 

III. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʇɿ  



млм 
 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʟʘʤʽʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ çʧʦʨʦʞʥʽʭè ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʠʥʪʝʟʽʚ ʽ 

ʟʦʩʝʨʝʜʠʪʠ ʨʝʩʫʨʩʠ ʥʘ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

IV. ɺʘʨʽʘʪʠʚʥʽʩʪʴ ʟʘʤʽʩʥʠʢʽʚ  

ʈʦʟʨʦʙʣʷʻʪʴʩʷ ʨʷʜ ʩʧʦʣʫʢ ʽʟ ʨʽʟʥʦʶ ʛʝʦʤʝʪʨʽʻʶ, ʜʝ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʚʝʜʝʥʥʶ ʥʘʧʨʫʞʝʥʠʭ ʮʠʢʣʽʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʾʭʥʷ ʥʘʷʚʥʽʩʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʢʣʘʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʬʽʣʴ 

ʪʘʫʪʦʤʝʨʽʚ. 

 

3.4.2 ʊʝʭʥʦʣʦʛʽʯʥʘ ʬʘʟʘ 2. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʦʪʦʢʦʣʫ 

 

ɼʘʥʘ ʬʘʟʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜˇʨʫʥʪʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʬʘʟʘ 2 ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

I. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʗʄʈ-ʤʦʥʽʪʦʨʠʥʛʫ 

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʻ ʟʥʷʪʪʷ ʩʧʝʢʪʨʽʚ 1H, 13C ʫ 

ʧʦʣʷʨʥʠʭ ʪʘ ʥʝʧʦʣʷʨʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ (ʟʦʢʨʝʤʘ, CDCl3 ʪʘ DMSO-d6). ʎʝ ʜʦʟʚʦʣʷʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʬʽʢʩʫʚʘʪʠ ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ɸʌɯ ʚ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. 

II. ʄʝʪʨʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʈʉɼ) 

ʇʨʦʚʦʜʠʪʴʩʷ ʦʙʦʚôʷʟʢʦʚʝ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʧʨʝʮʠʟʽʡʥʽ ʜʘʥʽ ʧʨʦ ʩʪʨʫʢʪʫʨʫ 

ʨʝʯʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʝʪʘʣʦʥ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

III. ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʘ ʘʧʨʦʙʘʮʽʷ ʤʦʜʝʣʝʡ 

ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʈʉɼ ʽʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʊʌɻ 

(DFT). ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʽʜʙʦʨʫ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ ʙʘʟʠʩʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ, 

ʱʝ ʥʝ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ. 



млн 
 

IV. ʂʦʤʧʣʝʢʩʥʘ ʚʝʨʠʬʽʢʘʮʽʷ 

ɿʽʩʪʘʚʣʝʥʥʷ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ ʫ ɯʏ-ʩʧʝʢʪʨʘʭ ʪʘ ʭʽʤʽʯʥʠʭ ʟʩʫʚʽʚ ʫ ʗʄʈ-ʩʧʝʢʪʨʘʭ 

ʜʦʟʚʦʣʷʻ ʦʩʪʘʪʦʯʥʦ ʧʽʜʪʚʝʨʜʠʪʠ ʘʜʝʢʚʘʪʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʧʣʘʪʬʦʨʤʠ. 

 

3.4.3 ʊʝʭʥʦʣʦʛʽʯʥʘ ʬʘʟʘ 3. ʇʨʠʢʣʘʜʥʠʡ ʩʢʨʠʥʽʥʛ ʪʘ ʦʮʽʥʢʘ ʧʨʦʤʠʩʣʦʚʦʾ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ 

 

ʅʘ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʩʧʦʣʫʢ, ʱʦ ʧʨʦʡʰʣʠ 

ʧʦʧʝʨʝʜʥʽ ʩʪʘʜʽʾ ʚʽʜʙʦʨʫ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʬʘʟʘ 3 ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

I. ɺʠʙʽʨ ʤʦʜʝʣʴʥʠʭ çʧʦʣʶʩʥʠʭè ʩʪʨʫʢʪʫʨ 

ɼʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʙʠʨʘʶʪʴʩʷ ʜʚʽ ʩʧʦʣʫʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʥʪʨʘʩʪʥʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ, ʱʦ ʟʫʤʦʚʣʝʥʘ ʨʽʟʥʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ 

ʮʠʢʣʽʚ. 

II. ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ in vitro  

ʇʨʦʚʦʜʠʪʴʩʷ ʧʨʷʤʝ ʪʝʩʪʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ʩʧʝʮʠʬʽʯʥʠʭ 

ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʷʭ, ʱʦ ʽʤʽʪʫʶʪʴ ʙʽʦʣʦʛʽʯʥʽ ʤʽʰʝʥʽ. 

III. ɺʽʨʪʫʘʣʴʥʠʡ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʡ ʩʢʨʠʥʽʥʛ 

ʇʘʨʘʣʝʣʴʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʪʦʢʦʣ ʜʦʢʽʥʛʫ ʜʣʷ ʦʙʦʭ ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ (ʢʝʪʦ- 

ʪʘ ʝʥʦʣʫ), ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʧʨʠʨʦʜʫ ʤʦʣʝʢʫʣ ʫ ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ. 

IV. ɸʥʘʣʽʟ ʢʦʨʝʣʷʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʂʣʶʯʦʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʫʩʧʽʰʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʩʪʨʘʪʝʛʽʾ ʻ ʟʙʽʛ ʨʝʟʫʣʴʪʘʪʽʚ in 

silico ʪʘ in vitro. ʋ ʨʘʟʽ ʚʠʩʦʢʦʾ ʢʦʨʝʣʷʮʽʾ (ʤʽʥʽʤʘʣʴʥʘ ʝʥʝʨʛʽʷ ʟʚ'ʷʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʽʡ ʘʢʪʠʚʥʦʩʪʽ), ʤʝʪʦʜʠʢʫ ʚʚʘʞʘʶʪʴ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʦʶ ʽ ʚʦʥʘ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

 

 

 



мло 
 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 3 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʥʪʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ (1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜʽʚ) ʪʘ ʾʭʥʽʭ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʭ ʘʥʘʣʦʛʽʚ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʤʦʜʝʣʴʥʠʭ ʩʫʣʴʪʦʥʽʚ 1a ʪʘ 

2a ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʪʨʘʪʝʛʽʷ ʩʫʣʴʬʘ-ʊʦʨʧʘ ʻ ʝʬʝʢʪʠʚʥʦʶ ʣʠʰʝ ʜʣʷ 

ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʦʛʦ ʧʦʭʽʜʥʦʛʦ (ʚʠʭʽʜ 92%), ʪʦʜʽ ʷʢ ʜʣʷ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʘʥʘʣʦʛʘ 

ʚʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʩʪʨʫʢʮʽʾ ʮʠʢʣʫ. ʋʥʽʚʝʨʩʘʣʴʥʠʤ ʧʽʜʭʦʜʦʤ ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʜʝʥʩʘʮʽʶ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʦʙʠʜʚʘ ʩʫʙʩʪʨʘʪʠ, ʧʨʠ ʮʴʦʤʫ 

ʚʠʜʽʣʝʥʥʷ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʩʫʣʴʪʦʥʫ ʧʦʪʨʝʙʫʚʘʣʦ ʨʦʟʨʦʙʢʠ ʩʧʝʮʠʬʽʯʥʦʛʦ 

ʧʨʦʪʦʢʦʣʫ ʦʙʨʦʙʢʠ ʢʘʣʽʡʥʦʛʦ ʝʥʦʣʷʪʫ ʚ ʙʝʟʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

2. ɺʠʷʚʣʝʥʦ ʢʨʠʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʥʘ ʢʽʥʝʪʠʢʫ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ. ʐʣʷʭʦʤ ʗʄʈ-ʜʦʩʣʽʜʞʝʥʴ 

ʜʝʡʪʝʨʦʦʙʤʽʥʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʧʽʨʦʮʠʢʣʫ ʜʝʩʪʘʙʽʣʽʟʫʻ ʝʥʦʣʴʥʫ 

ʬʦʨʤʫ ʪʘ ʩʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʝʥʦʣʽʟʘʮʽʾ ʫ 24 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʜʠʤʝʪʠʣʴʥʠʤ 

ʘʥʘʣʦʛʦʤ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʟʥʘʯʥʠʤʠ ʩʪʝʨʠʯʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʧôʷʪʠʯʣʝʥʥʦʤʫ ʮʠʢʣʽ. 

3. ɼʦʩʣʽʜʞʝʥʦ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʟʘ ʢʘʨʙʦʥʽʣʴʥʠʤ ʮʝʥʪʨʦʤ C(2). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʟ N-ʥʫʢʣʝʦʬʽʣʘʤʠ (ʘʥʽʣʽʥʦʤ, ʙʝʥʟʠʣʘʤʽʥʘʤʠ) ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʘʤʽʥʦʚʠʭ ʧʦʭʽʜʥʠʭ. ɺʠʱʘ ʘʢʪʠʚʥʽʩʪʴ ʜʠʤʝʪʠʣʴʥʦʛʦ 

ʩʫʣʴʪʦʥʫ ʚ ʮʠʭ ʨʝʘʢʮʽʷʭ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʝʪʦʜʘʤʠ DFT: ʧʦʟʠʪʠʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʥʘ ʘʪʦʤʽ C(2) ʜʣʷ ʥʴʦʛʦ ʻ ʚʜʚʽʯʽ ʚʠʱʠʤ (+0.14 a.u.), ʥʽʞ ʜʣʷ 

ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʘʥʘʣʦʛʘ (+0.07 a.u.). 

4. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʝʣʝʢʪʨʦʬʽʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʤʝʪʠʣʝʥʦʚʠʤ ʮʝʥʪʨʦʤ 

C(3). ʆʙʠʜʚʘ ʩʫʣʴʪʦʥʠ ʫʩʧʽʰʥʦ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʾ C-ʘʮʠʣʶʚʘʥʥʷ, ʛʘʣʦʛʝʥʫʚʘʥʥʷ, 

ʘʟʦʩʧʦʣʫʯʝʥʥʷ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʟ DMF-DMA. ʇʨʦʪʝ ʚʠʷʚʣʝʥʦ ʘʪʠʧʦʚʫ ʧʦʚʝʜʽʥʢʫ ʚ 

ʨʝʘʢʮʽʾ ɺʽʪʪʽʛʘ: ʜʣʷ ʜʠʤʝʪʠʣʴʥʦʛʦ ʩʫʣʴʪʦʥʫ, ʟʘʚʜʷʢʠ ʡʦʛʦ ʣʝʛʢʽʡ ʝʥʦʣʽʟʘʮʽʾ, 

ʟʘʬʽʢʩʦʚʘʥʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ C-ʘʮʠʣʶʚʘʥʥʷ (ʬʦʩʬʦʥʽʻʚʦʛʦ ʙʝʪʘʾʥʫ), ʱʦ ʥʝ 



млп 
 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʧʽʨʦʮʠʢʣʽʯʥʦʛʦ ʘʥʘʣʦʛʘ. ʋ ʨʝʘʢʮʽʾ ɺʽʣʴʩʤʝʡʻʨʘ-ʍʘʘʢʘ 

ʩʧʽʨʦʮʠʢʣʽʯʥʠʡ ʩʫʣʴʪʦʥ ʟʘʟʥʘʻ ʥʝʪʠʧʦʚʦʛʦ ʨʦʟʢʨʠʪʪʷ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʢʽʣʴʮʷ. 

5. ɺʩʪʘʥʦʚʣʝʥʦ ʨʝʛʽʦʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ ʪʨʝʪʠʥʥʠʤ ɔ-ʘʪʦʤʦʤ 

ʢʘʨʙʦʥʫ. Pd-ʢʘʪʘʣʽʟʦʚʘʥʝ ʛʽʜʨʫʚʘʥʥʷ ʜʠʤʝʪʠʣʴʥʦʛʦ ʩʫʣʴʪʦʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʩʫʣʴʪʦʥʦʚʦʛʦ ʮʠʢʣʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ɓ-ʢʝʪʦʩʫʣʴʬʦʢʠʩʣʦʪʠ. 

ʅʘʪʦʤʽʩʪʴ ʩʧʽʨʦʮʠʢʣʽʯʥʠʡ ʘʥʘʣʦʛ ʟʘʟʥʘʻ ʧʦʜʚʽʡʥʦʛʦ ʚʽʜʥʦʚʥʦʛʦ ʨʦʟʢʨʠʪʪʷ (ʽ 

ʩʫʣʴʪʦʥʦʚʦʛʦ, ʽ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʽʚ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʣʘʙʽʣʴʥʽʩʪʴ 

ʥʘʧʨʫʞʝʥʦʛʦ ʢʘʨʢʘʩʫ ʚ ʫʤʦʚʘʭ ʛʽʜʨʦʛʝʥʦʣʽʟʫ. 

6. ʆʮʽʥʝʥʦ ʙʽʦʣʦʛʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. In vitro ʩʢʨʠʥʽʥʛ 

ʥʘ ʣʽʥʽʾ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ MDA-MB-231 ʚʠʷʚʠʚ ʚʠʩʦʢʫ ʮʠʪʦʪʦʢʩʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʦʚʠʭ ʧʦʭʽʜʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʫ ʛʨʫʧʫ 

(SuFEx-ʚʘʨʭʝʜʠ), ʽʟ ʨʽʚʥʝʤ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʣʽʪʠʥ ʜʦ 60%. 

7. ʐʣʷʭʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʧʦʪʝʥʮʽʡʥʽ ʙʽʦʤʽʰʝʥʽ. 

ɼʦʚʝʜʝʥʦ ʚʠʩʦʢʫ ʘʬʽʥʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʜʦ ʢʽʥʘʟʠ CLK4 (Ki = 0.17 ʤʢʄ ʜʣʷ 

ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʛʦ ʣʽʛʘʥʜʘ). ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʥʦʟʦʚʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ 

ʢʣʘʩʫ ʩʧʦʣʫʢ ʷʢ ʽʥʛʽʙʽʪʦʨʽʚ MAO B ʪʘ AAAD, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʨʦʟʨʦʙʢʠ ʥʘ 

ʾʭʥʽʡ ʦʩʥʦʚʽ ʟʘʩʦʙʽʚ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ (ʭʚʦʨʦʙ 

ʇʘʨʢʽʥʩʦʥʘ ʪʘ ɸʣʴʮʛʝʡʤʝʨʘ). 

8. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʪʨʘʪʝʛʽʶ ʪʘ ʧʨʠʢʣʘʜʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʨʝʛʣʘʤʝʥʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ-ʭʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ h ʘʙʣʦʥʫ 1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʤʝʪʦʜʽʚ ʙʽʦʽʟʦʩʪʝʨʥʦʾ 

ʟʘʤʽʥʠ, ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʥʪʝʟʫ (0,5 ʢʛ) ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʪʘʫʪʦʤʝʨʥʦʛʦ 

ʩʪʘʥʫ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʘʥʠʭ (ʗʄʈ, ʈʉɼ) ʽʟ ʢʚʘʥʪʦʚʦ-

ʭʽʤʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʝʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ in silico ʪʘ in vitro 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʪʝʥʮʽʡʥʠʭ ɸʌɯ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ 

ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ.  



млр 
 

ʈʆɿɼɯʃ 4 ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸ ʏɸʉʊʀʅɸ 

 

ɼʘʥʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʦʧʠʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ 5,5-

ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ ʪʘ ʾʭʥʽʭ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ ʘʥʘʣʦʛʽʚ. 

ʅʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥʽ ʤʝʪʦʜʠʢʠ ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ, ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʷʥʠʭ ʨʝʘʢʪʦʨʘʭ ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ. ʆʧʠʩʘʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʧʦʣʫʢ (ʗʄʈ- ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ, 

ʈʉɸ). ɺʠʢʣʘʜʝʥʦ ʤʝʪʦʜʠʢʫ ʩʢʨʠʥʽʥʛʫ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʦʮʽʥʢʠ 

ʮʠʪʦʪʦʢʩʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ. 

 

4.1 ɿʘʛʘʣʴʥʽ ʤʝʪʦʜʠ 

ʋʩʽ ʚʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʽʜ Enamine Ltd. ʪʘ UORSY. ʊʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʢʠ ʧʣʘʚʣʝʥʥʷ 

MPA100 OptiMelt. ɸʥʘʣʽʪʠʯʥʫ ʪʦʥʢʦʰʘʨʦʚʫ ʭʨʦʤʘʪʦʛʨʘʬʽʶ ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʩʪʠʥ Polychrom SI F254. ʉʧʝʢʪʨʠ 1H ʪʘ 13C{1H} ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʽ Bruker 170 Avance 500 (ʧʨʠ 500 ʄɻʮ ʜʣʷ 1H ʪʘ 126 ʄɻʮ ʜʣʷ 13C) ʘʙʦ 

ʩʧʝʢʪʨʦʤʝʪʨʽ Varian Unity Plus 400 (ʧʨʠ 400 ʄɻʮ ʜʣʷ 1H ʪʘ 101 ʄɻʮ ʜʣʷ 13C). 

ʍʽʤʽʯʥʽ ʟʩʫʚʠ ʥʘʚʝʜʝʥʦ ʚ ʤ.ʯ. ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʢʫ ʟʘʣʠʰʢʦʚʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʷʢ 

ʚʪʦʨʠʥʥʦʛʦ ʩʪʘʥʜʘʨʪʫ.[120, 121] ɯʏ-ʩʧʝʢʪʨʠ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ Perkin Elmer 

BX II ʫ ʪʘʙʣʝʪʢʘʭ KBr ʪʘ ʥʘʚʝʜʝʥʦ ʚ ʩʤ-1.[122] ʄʘʩ-ʩʧʝʢʪʨʠ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ 

Agilent 1100 LCMSD SL (ʭʽʤʽʯʥʘ ʽʦʥʽʟʘʮʽʷ (APCI)).[123ï126] ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ Vario MICRO Cube ʥʘ ʦʩʥʦʚʽ CHNOS.[127, 

128] 

 

4.2 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠʢʠ ʪʘ ʭʘʨʘʢʪʝʨʥʽ ʜʘʥʽ 

 

ɿʘʛʘʣʴʥʘ  ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ Ŭ,Ŭ-ʜʠʟʘʤʽʱʝʥʠʭ ʘʣʢʽʣ-2 

((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʘʮʝʪʘʪʽʚ 3a-e.  



млс 
 

ʈʦʟʯʠʥ MeSO2Cl (11,7 ʛ, 7,91 ʤʣ, 102 ʤʤʦʣʴ) ʫ CH2Cl2 (20 ʤʣ) ʜʦʜʘʚʘʣʠ ʧʦ 

ʢʨʘʧʣʷʭ ʜʦ ʧʝʨʝʤʽʰʫʚʘʥʦʛʦ ʢʨʠʞʘʥʦʛʦ ʨʦʟʯʠʥʫ ʛʽʜʨʦʢʩʠʝʩʪʝʨʫ 2a-e (85 ʤʤʦʣʴ) ʪʘ 

Et3N (13 ʛ, 17,7 ʤʣ, 128 ʤʤʦʣʴ) ʫ CH2Cl2 (150 ʤʣ), ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 0-5 ÁC. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʜʘʚʘʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʧʠʥʷʣʠ, ʘ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ 

ʟʘʣʠʰʘʣʠ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʥʘ ʥʽʯ. ʇʦʪʽʤ ʾʾ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, 

ʨʦʟʙʘʚʣʷʣʠ EtOAc (100 ʤʣ) ʪʘ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ (3 Ĭ 25 ʤʣ). ʆʨʛʘʥʽʯʥʠʡ ʰʘʨ 

ʩʫʰʠʣʠ (Na2SO4) ʪʘ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʦʪʨʠʤʫʶʯʠ ʚʽʜʧʦʚʽʜʥʫ 

ʩʧʦʣʫʢʫ 3a-e. 

ɽʪʠʣ 2-ʤʝʪʠʣ-2-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʧʨʦʧʘʥʦʘʪ) (3a)  ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 

1a (11.2 ʛ). ɺʠʭʽʜ 16,4 ʛ (78,2 ʤʤʦʣʴ, 92 %); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; ʪ.ʧʣ. 28ï29 ǓC. 1H 

ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 4.26 (ʢ, J = 7.1 ɻʮ, 2H), 3.12 (ʩ, 3H), 1.71 (ʩ, 6H), 1.32 (ʪ, 

J = 7.1 ɻʮ, 3H) ʤ.ʯ. 13C{1H} NMR (101 ʄɻʮ, CDCl3): ŭ = 171,7, 86,5, 62,2, 40,7, 26,3, 

14,1 ʤ.ʯ. ʄʉ (ʍɯ): m/ z = 211 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ: C7H14O5S: C, 39.99; 

H, 6.71; O, 38.05; S, 15.25. ɿʥʘʡʜʝʥʦ: C, 39.91; H, 6.55; O, 37.67; S, 15.58. 

ʄʝʪʠʣ 1-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʮʠʢʣʦʧʨʦʧʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ (3b) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1b (9,87 ʛ). ɺʠʭʽʜ 15,9 ʛ (81,6 ʤʤʦʣʴ, 96%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; ʪ. ʧʣ. 

59ï60 ǓC. 1H ʗʄʈ (500 ʄɻʮ, CDCl3): ŭ = 3,75 (ʩ, 3H), 3,24 (ʩ, 3H), 1,56 (ʩ, 4H) ʤ.ʯ. 

13C{1H} ʗʄʈ (126 ʄɻʮ, CDCl3): ŭ = 170,8, 60,8, 52,9, 40,1, 16,4 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 

195 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ: C6H10O5S: C, 37,11; H, 5,19; O, 41,19; S, 16,51. 

ɿʥʘʡʜʝʥʦ: C, 36,72; H, 5,52; O, 40,82; S, 16,78. 

ʄʝʪʠʣ 1-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʮʠʢʣʦʙʫʪʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ (3c) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1c (11,1 ʛ). ɺʠʭʽʜ 16,6 ʛ (79,9 ʤʤʦʣʴ, 94%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. 1H ʗʄʈ (400 

ʄɻʮ, CDCl3): ŭ = 3,78 (ʩ, 3H), 3,09 (ʩ, 3H), 2,59 (ʢʚ.ʜ., J = 13,1, 9,2 ɻʮ, 7H), 2,03ï

1,89 (ʤ, 4H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 171,2, 83,9, 52,8, 40,2, 33,3, 

14,3 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 209 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ: C7H12O5S: C, 40,38; 

H, 5,81; O, 38,42; S, 15,40. ɿʥʘʡʜʝʥʦ: C, 40,54; H, 6,15; O, 38,19; S, 15,12. 

ʄʝʪʠʣ 1-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʮʠʢʣʦʧʝʥʪʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ (3d) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1d (12,3 ʛ). ɺʠʭʽʜ 18,1 ʛ (81,6 ʤʤʦʣʴ, 96%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. 1H ʗʄʈ 

(400 ʄɻʮ, CDCl3): ŭ = 3,77 (ʩ, 3H), 3,11 (ʩ, 3H), 2,32ï2,12 (ʤ, 4H), 1,94ï1,70 (ʤ, 4H) 

ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 171,9, 95,2, 52,8, 40,5, 38,3, 24,0 ʤ.ʯ. ʄʉ 
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(ʍɯ): m/z = 223 [M+H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ: C8H14O5S: C, 43,23; H, 6,35; O, 

35,99; S, 14,42. ɿʥʘʡʜʝʥʦ: C, 43,01; H, 6,28; O, 36,09; S, 14,26. 

ʄʝʪʠʣ 1-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʮʠʢʣʦʛʝʢʩʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ (3e) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1e (13,4 ʛ). ɺʠʭʽʜ 19,7 ʛ (83,3 ʤʤʦʣʴ, 98%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. 1H ʗʄʈ (500 

ʄɻʮ, CDCl3): ŭ = 3,77 (ʩ, 3H), 3,12 (ʩ, 3H), 2,19 (ʜ, J = 14,3 ɻʮ, 2H), 1,90ï1,82 (ʤ, 

2H), 1,72ï1,62 (ʤ, 5H), 1,32ï1,24 (ʤ, 1H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, CDCl3): ŭ = 

172,6, 89,4, 53,1, 40,9, 34,4, 25,1, 21,5 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 237 [M + H]+. ɸʥʘʣʽʟ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C9H16O5S: C, 45,75; H, 6,83; O, 33,86; S, 13,57. ɿʥʘʡʜʝʥʦ: C, 46,06; 

H, 6,54; O, 33,79; S, 13,68. 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʘʣʢʽʣ-2-

((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʢʘʨʙʦʢʩʠʣʘʪʽʚ 3a,b ʫ ʤʘʩʰʪʘʙʽ 0,5 ʢʛ. ɸʣʴʬʘ-

ʛʽʜʨʦʢʩʽʝʩʪʝʨ 2a,b (4 ʤʦʣʴ, 1 ʝʢʚ.) ʨʦʟʯʠʥʷʣʠ ʚ ʝʪʠʣʘʮʝʪʘʪʽ (7 ʣ), ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʚ 

20-ʣʽʪʨʦʚʠʡ ʨʝʘʢʪʦʨ, ʦʙʣʘʜʥʘʥʠʡ ʤʝʭʘʥʽʯʥʦʶ ʤʽʰʘʣʢʦʶ ʪʘ ʭʣʦʨʢʘʣʴʮʽʻʚʦʶ 

ʪʨʫʙʢʦʶ. ʇʦʪʽʤ ʜʦʜʘʚʘʣʠ ʪʨʠʝʪʠʣʘʤʽʥ (526 ʛ, 721 ʤʣ, 5,2 ʤʦʣʴ, 1,3 ʝʢʚ.) ʦʜʥʽʻʶ 

ʧʦʨʮʽʻʶ, ʘ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʦʭʦʣʦʜʞʫʚʘʣʠ ʣʴʦʜʷʥʦʶ ʚʦʜʦʶ. ʂʦʣʠ ʚʥʫʪʨʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʚʘʣʘʩʷ ʜʦ 0 ʉ, ʰʚʠʜʢʦ ʧʦ ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ 

ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜ (504 ʛ, 341 ʤʣ, 4,4 ʤʦʣʴ, 1,1 ʝʢʚ.), ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʩʝʨʝʜʠʥʽ ʥʠʞʯʝ 5 ʉ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʜʘʚʘʥʥʷ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʟʘʣʠʰʘʣʠ 

ʚʠʛʨʽʚʘʪʠʩʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ. ʇʦʪʽʤ 

ʜʦʜʘʚʘʣʠ 1 ʄ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʛʽʜʨʦʩʫʣʴʬʘʪʫ ʥʘʪʨʽʶ (3 ʣ) ʦʜʥʽʻʶ ʧʦʨʮʽʻʶ ʽ ʦʪʨʠʤʘʥʫ 

ʜʚʦʬʘʟʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ 10 ʭʚ. ɺʝʨʭʥʽʡ ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ, 

ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʠʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʽʶ (300 ʛ) ʽ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ 

ʪʠʩʢʫ. ʆʪʨʠʤʘʥʠʡ ʟʘʣʠʰʦʢ ʜʦʜʘʪʢʦʚʦ ʩʫʰʠʣʠ ʫ ʚʘʢʫʫʤʽ (0.1 ʊʦʨʨ) ʧʨʠ 50 ʉ 

ʧʨʦʪʷʛʦʤ 5 ʛʦʜ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʝʪʠʣʘʮʝʪʘʪʫ. ʆʪʨʠʤʘʥʽ O-ʤʝʟʠʣʴʦʚʘʥʽ 

ʘʣʴʬʘ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʠ 2a,b ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʯʠʱʝʥʥʷ. 

ɽʪʠʣ-2-ʤʝʪʠʣ-2-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʧʨʦʧʘʥʦʘʪ (3a). ʆʪʨʠʤʘʥʠʡ ʟ 

ʝʪʠʣ-2-ʛʽʜʨʦʢʩʽ-2-ʤʝʪʠʣʧʨʦʧʘʥʦʘʪʫ (2a, 530 ʛ). ɺʠʭʽʜ 740 ʛ (3.52 ʤʦʣʴ, 88%). ɹʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ, ʪ.ʧʣ. 28ï29 ʉ. ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): d = 4.26 (ʢʚ, J = 

7.1 ɻʮ, 2H), 3.12 (ʩ, 3H), 1.71 (ʩ, 6H), 1.32 (ʪ, J = 7.1 ɻʮ, 3H) ʤ.ʯ. ʉʧʝʢʪʨ 13C ʗʄʈ 
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(101 ʄɻʮ, CDCl3): d = 171.7, 86.5, 62.2, 40.7, 26.3, 14.1 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 211 [M 

+ H]+. 

ʄʝʪʠʣ-1-((ʤʝʪʠʣʩʫʣʴʬʦʥʽʣ)ʦʢʩʠ)ʮʠʢʣʦʙʫʪʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪ (3ʩ). 

ʆʪʨʠʤʘʥʠʡ ʟ ʤʝʪʠʣ-1-ʛʽʜʨʦʢʩʽʮʠʢʣʦʙʫʪʘʥ-1-ʢʘʨʙʦʢʩʠʣʘʪʫ (2ʩ, 520 ʛ). ɺʠʭʽʜ 750 ʛ 

(3.6 ʤʦʣʴ, 90%). ɹʝʟʙʘʨʚʥʘ ʦʣʽʷ. ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, CDCl3): d = 3.78 (ʩ, 3H), 

3.09 (ʩ, 3H), 2.59 (ʢʚ.ʜ, J = 13.1, 9.2 ɻʮ, 4H), 2.03ï1.89 (ʤ, 2H) ʤ.ʯ. ʉʧʝʢʪʨ 13C ʗʄʈ 

(101 ʄɻʮ, CDCl3): d = 171.2, 83.9, 52.8, 40.2, 33.3, 14.3 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 209 [M 

+ H]+. 

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ 1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ (ʩʫʣʴʪʦʥʽʚ) 

1a,b. ʊʨʝʪ-ʙʫʪʠʣʘʪ ʢʘʣʽʶ (471 ʛ, 4.2 ʤʦʣʴ, 1.2 ʝʢʚ.) ʜʠʩʧʝʨʛʫʚʘʣʠ ʚ ʊɻʌ (7 ʣ), 

ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʚ 20-ʣʽʪʨʦʚʠʡ ʨʝʘʢʪʦʨ, ʦʙʣʘʜʥʘʥʠʡ ʤʝʭʘʥʽʯʥʦʶ ʤʽʰʘʣʢʦʶ ʪʘ 

ʭʣʦʨʢʘʣʴʮʽʻʚʦʶ ʪʨʫʙʢʦʶ. ʉʫʤʽʰ ʦʭʦʣʦʜʞʫʚʘʣʠ ʥʘ ʣʴʦʜʷʥʽʡ ʙʘʥʽ, ʽ ʢʦʣʠ ʚʥʫʪʨʽʰʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʠʞʫʚʘʣʘʩʷ ʜʦ 0 Áʉ, ʰʚʠʜʢʦ ʧʦ ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ O-

ʤʝʟʠʣʴʦʚʘʥʦʛʦ ʘʣʴʬʘ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʫ 3a,ʩ (3.5 ʤʦʣʴ, 1 ʝʢʚ.) ʫ ʊɻʌ (3 ʣ), 

ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʯʝ 5 Áʉ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʜʘʚʘʥʥʷ ʨʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ ʟʘʣʠʰʘʣʠ ʚʠʛʨʽʚʘʪʠʩʷ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 

24 ʛʦʜ. ʇʦʪʽʤ ʰʚʠʜʢʦ ʧʦ ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ ʣʴʦʜʷʥʫ ʦʮʪʦʚʫ ʢʠʩʣʦʪʫ (252 ʛ, 240 ʤʣ, 

4.2 ʤʦʣʴ, 1.2 ʝʢʚ.), ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ 10 ʭʚ ʽ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ 

ʜʦʩʫʭʘ. ɼʦʜʘʚʘʣʠ ʚʦʜʫ (180 ʤʣ) ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʘʮʝʪʘʪʫ ʢʘʣʽʶ, ʘ 

ʦʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ ʨʦʟʙʘʚʣʷʣʠ ʝʪʠʣʘʮʝʪʘʪʦʤ (4 ʣ). ʆʨʛʘʥʽʯʥʠʡ ʰʘʨ 

ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ, ʩʫʰʠʣʠ ʥʘʜ ʙʝʟʚʦʜʥʠʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʽʶ (400 ʛ) ʽ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ 

ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ. ɿʘʣʠʰʦʢ ʧʨʦʤʠʚʘʣʠ ʩʫʤʽʰʰʶ ʛʝʢʩʘʥïʝʪʠʣʘʮʝʪʘʪ (3:1 ʟʘ ʦʙ'ʻʤʦʤ, 

2 ʭ 50 ʤʣ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʪʠʭ ʙʝʪʘ-ʢʝʪʦ ʛʘʤʤʘ-ʩʫʣʴʪʦʥʽʚ 1a,ʩ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʟ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʟʦʧʨʦʧʘʥʦʣʫ. 

5,5-ɼʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1a). ʆʪʨʠʤʘʥʠʡ ʟ O-

ʤʝʟʠʣʴʦʚʘʥʦʛʦ ʘʣʴʬʘ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʫ 3a (736 ʛ). ɺʠʭʽʜ 385 ʛ (2.35 ʤʦʣʴ, 67%). ɹʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ, ʪ.ʧʣ. 61ï62 ʉ. ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, DMSO-d6): d = 4.82 (ʩ, 

2H), 1.53 (ʩ, 6H) ʤ.ʯ. ʉʧʝʢʪʨ 13C ʗʄʈ (101 ʄɻʮ, DMSO-d6): d = 202.1, 95.1, 52.3, 

24.7 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 163 [M - H]-. ɼʘʥʽ ʩʧʝʢʪʨʽʚ ʜʣʷ 4-ʛʽʜʨʦʢʩʽ-5,5-ʜʠʤʝʪʠʣ-5H-

1,2-ʦʢʩʘʪʽʦʣ 2,2-ʜʽʦʢʩʠʜʫ (4a, ʝʥʦʣʴʥʘ ʬʦʨʤʘ ʩʧʦʣʫʢʠ 3a). ʉʧʝʢʪʨ 1H ʗʄʈ (400 
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ʄɻʮ, DMSO-d6): d = 12.68 (ʩ, 1H), 6.01 (ʩ, 1H), 1.53 (ʩ, 6H) ʤ.ʯ. ʉʧʝʢʪʨ 13C ʗʄʈ 

(101 ʄɻʮ, DMSO-d6): d = 169.2, 92.2, 87.8, 23.6 ʤ.ʯ. 

5-ʆʢʩʘ-6-ʪʽʘʩʧʽʨʦ[3.4]ʦʢʪʘʥ-8-ʦʥ 6,6-ʜʽʦʢʩʠʜ (1b). ʆʪʨʠʤʘʥʠʡ ʟ O-

ʤʝʟʠʣʴʦʚʘʥʦʛʦ ʘʣʴʬʘ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʫ 3b (729 ʛ). ɺʠʭʽʜ 333 ʛ (1.89 ʤʦʣʴ, 54%). ɹʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ, ʪ. ʧʣ. 97ï98 ʉ. ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, DMSO-d6): d = 4.65 (ʩ, 

2H), 2.54 (ʪ, J = 8.8 ɻʮ, 4H), 1.85ï2.00 (ʤ, 1H), 1.79 (ʢʚ, J = 8.8 ɻʮ, 1H) ʤ.ʯ. ʉʧʝʢʪʨ 

13C ʗʄʈ (101 ʄɻʮ, DMSO-d6): d = 200.0, 92.9, 52.5, 33.1, 13.5 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 

175 [M - H]-. ɼʘʥʽ ʩʧʝʢʪʨʽʚ ʜʣʷ 8-ʛʽʜʨʦʢʩʽ-5-ʦʢʩʘ-6-ʪʽʘʩʧʽʨʦ[3.4]ʦʢʪ-7-ʝʥ 6,6-

ʜʽʦʢʩʠʜʫ (4b, ʝʥʦʣʴʥʘ ʬʦʨʤʘ ʩʧʦʣʫʢʠ 3b). ʉʧʝʢʪʨ 1H ʗʄʈ (400 ʄɻʮ, DMSO-d6): d 

= 12.86 (ʩ, 1H), 6.03 (ʩ, 1H), 2.54 (ʪ, J = 8.3 ɻʮ, 4H), 1.70ï2.01 (ʤ, 2H) ʤ.ʯ. ʉʧʝʢʪʨ 

13C ʗʄʈ (101 ʄɻʮ, DMSO-d6): d = 167.0, 91.9, 86.7, 32.6, 12.7 ʤ.ʯ. 

5,5-ɼʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1a). ʈʦʟʯʠʥ ʤʝʟʠʣʴʦʚʘʥʦʛʦ 

ʛʽʜʨʦʢʩʠʝʩʪʝʨʫ 3a (4,86 ʛ, 25 ʤʤʦʣʴ) ʫ ʊɻʌ (25 ʤʣ) ʜʦʜʘʚʘʣʠ ʧʦ ʢʨʘʧʣʷʭ ʜʦ 

ʧʝʨʝʤʽʰʫʚʘʥʦʛʦ ʢʨʠʞʘʥʦʛʦ ʨʦʟʯʠʥʫ t-BuOK (3,37 ʛ, 30 ʤʤʦʣʴ) ʫ ʊɻʌ (60 ʤʣ), 

ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 0-5 ÁC. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʜʘʚʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʫ 

ʙʘʥʶ ʧʨʠʙʠʨʘʣʠ, ʘ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʟʘʣʠʰʘʣʠ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʥʘ ʥʽʯ. ʇʦʪʽʤ 

ʜʦʜʘʚʘʣʠ HOAc (1,98 ʛ, 1,89 ʤʣ, 33 ʤʤʦʣʴ) ʽ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ 

ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ. ɿʘʣʠʰʦʢ ʨʦʟʪʠʨʘʣʠ ʟ ʚʦʜʦʶ (7 ʤʣ) ʪʘ ʝʢʩʪʨʘʛʫʚʘʣʠ CH2Cl2 (3 Ĭ 25 

ʤʣ). ʆʨʛʘʥʽʯʥʠʡ ʰʘʨ ʩʫʰʠʣʠ (Na2SO4) ʪʘ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, 

ʦʪʨʠʤʫʶʯʠ ʮʽʣʴʦʚʫ ʩʧʦʣʫʢʫ 1a. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʜʫʢʪ ʤʦʞʥʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʪʠ 

ʟ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ i-PrOH. ɺʠʭʽʜ 2,79 ʛ (17 ʤʤʦʣʴ, 68%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; 

ʪ. ʧʣ. 61ï62 ÁC (ʣʽʪ. [35,37] ʪ. ʧʣ. 58ï59 ÁC, ʟ ʛʝʢʩʘʥʫ  PhMe (2:1)). 1H ʗʄʈ (400 

ʄɻʮ, CDCl3): ŭ = 3,97 (ʩ, 2H), 1,64 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 

201,0, 95,6, 51,9, 24,2 ʤ.ʯ. 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 4,82 (ʩ, 2H), 1,53 (ʩ, 

6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 202,1, 95,1, 52,3, 24,7 ʤ.ʯ. ɯʏ 

(KBr): n = 3024, 2932, 1761, 1378, 1228, 1136, 937, 836 ʩʤï1. ʄʉ (ʍɯ): m/z = 163 [M 

H] . ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C5H8O4S: C, 36,58; H, 4,91; O, 38,98; S, 19,53. 

ɿʥʘʡʜʝʥʦ: C, 36,64; H, 4,69; O, 38,62; S, 19,74. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 5,5-ʩʧʽʨʦʟʘʤʽʱʝʥʠʭ 1,2- ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜʽʚ (1b-e). ʈʦʟʯʠʥ ʤʝʟʠʣʴʦʚʘʥʦʛʦ ʛʽʜʨʦʢʩʠ ʝʩʪʝʨʫ 3b-e (25 ʤʤʦʣʴ) ʫ ʊɻʌ (25 
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ʤʣ) ʜʦʜʘʚʘʣʠ ʧʦ ʢʨʘʧʣʷʭ ʜʦ ʢʨʠʞʘʥʦʛʦ ʨʦʟʯʠʥʫ t-BuOK (3,37 ʛ, 30 ʤʤʦʣʴ) ʫ ʊɻʌ 

(60 ʤʣ) ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 0-5 ǓC. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʜʦʜʘʚʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʫ ʙʘʥʶ ʧʨʠʙʠʨʘʣʠ, ʘ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʟʘʣʠʰʘʣʠ 

ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʥʘ ʥʽʯ. ʋʪʚʦʨʝʥʠʡ ʦʩʘʜ ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʦʚʪʦʨʥʦ ʜʠʩʧʝʨʛʫʚʘʣʠ ʫ 

CH2Cl2 (50 ʤʣ), ʘ ʧʦʪʽʤ ʧʦ ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ CF3CO2H (3,65 ʛ, 2,45 ʤʣ, 32 

ʤʤʦʣʴ) ʫ CH2Cl2 (25 ʤʣ). ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ ʪʘ ʬʽʣʴʪʨʫʚʘʣʠ. ʇʨʦʟʦʨʠʡ ʬʽʣʴʪʨʘʪ ʚʠʧʘʨʶʚʘʣʠ ʟʘ ʟʥʠʞʝʥʦʛʦ 

ʪʠʩʢʫ, ʦʪʨʠʤʫʶʯʠ ʩʧʦʣʫʢʫ 3b-e. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʜʫʢʪ ʤʦʞʥʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʪʠ 

ʟ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ i-PrOH. 

4-ʆʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-ʜʽʦʢʩʠʜ (1b) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 3b (4,86 

ʛ). ɺʠʭʽʜ 1,38 ʛ (8,5 ʤʤʦʣʴ, 34%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; ʪ.ʧʣ. 102ï103 ǓC. 1H ʗʄʈ 

(400 ʄɻʮ, CDCl3): ŭ = 4,03 (ʩ, 2H), 1,77ï1,61 (ʤ, 4H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, 

CDCl3): ŭ = 198,1, 74,5, 54,2, 17,2 ʤ.ʯ. ɯʏ (KBr): n = 3015, 2949, 1761, 1378, 1204, 

1165, 1095, 823 ʩʤï1. ʄʉ (ʍɯ): m/z = 161 [M  H] . ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C5H6O4S: 

C 37,03; H 3,73; O 39,46; S 19,77. ɿʥʘʡʜʝʥʦ: C 37,25; H 3,76; O 39,22; S 19,88. 

5-ʆʢʩʘ-6-ʪʽʘʩʧʽʨʦ[3.4]ʦʢʪʘʥ-8-ʦʥ 6,6-ʜʽʦʢʩʠʜ (1c) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 3c (5,21 

ʛ). ɺʠʭʽʜ 2,16 ʛ (12,3 ʤʤʦʣʴ, 49%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; ʪ. ʧʣ. 97ï98 ÁC. 1H ʗʄʈ 

(500 ʄɻʮ, CDCl3): ŭ = 3,88 (ʩ, 2H), 2,71ï2,57 (ʤ, 4H), 2,10ï1,92 (ʤ, 2H) ʤ.ʯ. 13C{1H} 

ʗʄʈ (126 ʄɻʮ, CDCl3): ŭ = 200,0, 92,9, 52,5, 33,1, 13,5 ʤ.ʯ. ɯʏ (KBr): n = 3015, 1770, 

1369, 1224, 1165, 1047, 838 ʩʤï1. ʄʉ (ʍɯ): m/z = 175 [M H]-. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ 

C6H8O4S: C, 40,90; H, 4,58; O, 36,32; S, 18,20. ɿʥʘʡʜʝʥʦ: C, 40,99; H, 4,31; O, 36,48; 

S, 18,56. 

1-ʆʢʩʘ-2-ʪʽʘʩʧʽʨʦ[4.4]ʥʦʥʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1d) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 3d (5,56 

ʛ). ɺʠʭʽʜ 3,09 ʛ (16,3 ʤʤʦʣʴ, 65%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; ʪ. ʧʣ. 72ï73ÁC. 1H ʗʄʈ 

(500 ʄɻʮ, CDCl3): ŭ = 3,93 (ʩ, 2H), 2,32ï2,24 (ʤ, 2H), 2,20ï2,12 (ʤ, 2H), 1,97ï1,79 

(ʤ, 4H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, CDCl3): ŭ = 202,0, 104,8, 53,1, 38,3, 25,3 ʤ.ʯ. ɯʏ 

(KBr): n = 2949, 1761, 1369, 1224, 1163, 965, 832 ʩʤï1. ʄʉ (ʍɯ): m/z = 189 [M H] . 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C7H10O4S: C, 44,20; H, 5,30; O, 33,64; S, 16,85. ɿʥʘʡʜʝʥʦ: C, 

44,16; H, 5,37; O, 33,44; S, 16,69. 
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1-ʆʢʩʘ-2-ʪʽʘʩʧʽʨʦ[4.5]ʜʝʢʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1e) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 3e (5,91 

ʛ). ɺʠʭʽʜ 3,98 ʛ (19,5 ʤʤʦʣʴ, 78%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ; ʪ.ʧʣ. 88ï89ÁC (ʣʽʪ. [36] ʪ.ʧʣ. 

82ï83ÁC, ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ i-PrOH). 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 3,94 (ʩ, 2H), 

2,09 (ʜ, J = 12,4 ɻʮ, 2H), 1,83ï1,62 (ʤ, 7H), 1,35 (ʢʜ, J = 12,4, 4,4 ɻʮ, 1H) ʤ.ʯ. 13C{1H} 

ʗʄʈ (126 ʄɻʮ, CDCl3): ŭ = 200,6, 98,5, 52,4, 32,3, 24,3, 21,0 ʤ.ʯ. ɯʏ (KBr): n = 2949, 

1761, 1360, 1220, 1165, 1027, 919, 840 ʩʤï1. ʄʉ (ʍɯ): m/z = 203 [MïH] . ɸʥʘʣʽʟ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C8H12O4S: C, 47,05; H, 5,92; O, 31,33; S, 15,70. ɿʥʘʡʜʝʥʦ: C, 46,73; 

H, 5,57; O, 31,58; S, 15,89.  

4-ɻʽʜʨʦʢʩʠ-5,5-ʜʠʤʝʪʠʣ 5H-1,2-ʦʢʩʘʪʽʦʣ-2,2-ʜʽʦʢʩʠʜ (7a). 1H ʗʄʈ (400 

ʄɻʮ, ɼʄʉʆd6): ŭ = 12,68 (ʩ, 1H), 6,01 (ʩ, 1H), 1,53 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 

ʄɻʮ, ɼʄʉʆd6): ŭ = 169,2, 92,2, 87,8, 23,6 ʤ.ʯ.  

7-ɻʽʜʨʦʢʩʠ-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪ 6-ʝʥ-5,5-ʜʽʦʢʩʠʜ (7b). 1H ʗʄʈ (400 

ʄɻʮ, ɼʄʉʆd6): ŭ = 12,87 (ʩ, 1H), 6,22 (ʩ, 1H), 1,51ï1,40 (ʤ, 2H), 1,35ï1,16 (ʤ, 2H) 

ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 165,8, 93,4, 91,0, 10,2 ʤ.ʯ. 

8-ɻʽʜʨʦʢʩʠ-5-ʦʢʩʘ-6-ʪʽʘʩʧʽʨʦ[3.4]ʦʢʪ 7-ʝʥ 6,6-ʜʽʦʢʩʠʜ (7c). 1H ʗʄʈ (400 

ʄɻʮ, ɼʄʉʆd6): ŭ = 12,86 (ʩ, 1H), 6,03 (ʩ, 1H), 2,54 (ʪ, J = 8,3 ɻʮ, 4H), 2,01ï1,70 (ʤ, 

2H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 167,0, 91,9, 86,7, 32,6, 12,7 ʤ.ʯ. 

4-ɻʽʜʨʦʢʩʠ-1-ʦʢʩʘ-2-ʪʽʘʩʧʽʨʦ[4.4]ʥʦʥ-3-ʝʥ-2,2-ʜʽʦʢʩʠʜ (7d). 1H ʗʄʈ (400 

ʄɻʮ, ɼʄʉʆd6): ŭ = 12,70 (ʩ, 1H), 6,07 (ʩ, 1H), 2,21ï2,02 (ʤ, 3H), 2,00ï1,84 (ʤ, 1H), 

1,83ï1,63 (ʤ, 4H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 167,0, 97,0, 93,6, 36,3, 

24,5 ʤ.ʯ. 

4-ɻʽʜʨʦʢʩʠ-1-ʦʢʩʘ-2-ʪʽʘʩʧʽʨʦ[4.5]ʜʝʮ 3-ʝʥ 2,2-ʜʽʦʢʩʠʜ (7e). 1H ʗʄʈ (400 

ʄɻʮ, ɼʄʉʆd6): ŭ = 12,66 (ʩ, 1H), 5,98 (ʩ, 1H), 1,98ï1,62 (ʤ, 7H), 1,48 (ʢʚ, J = 13,5 

ɻʮ, 2H), 1,36ï1,17 (ʤ, 1H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 169,1, 92,2, 

89,5, 31,6, 23,6, 21,0 ʤ.ʯ. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 2-ʮʽʘʥʦʘʣʢʽʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪʽʚ (5a,b). 

MeSO2Cl (12,6 ʛ, 8,51 ʤʣ, 110 ʤʤʦʣʴ, 1,1 ʝʢʚ.) ʜʦʜʘʚʘʣʠ ʧʦ ʢʨʘʧʣʷʭ ʜʦ 

ʧʝʨʝʤʽʰʫʚʘʥʦʛʦ ʢʨʠʞʘʥʦʛʦ ʨʦʟʯʠʥʫ ʮʽʘʥʦʛʽʜʨʠʥʫ 4a,b (100 ʤʤʦʣʴ, 1 ʝʢʚ.) ʪʘ Et3N 

(12,1 ʛ, 16,6 ʤʣ, 120 ʤʤʦʣʴ, 1,2 ʝʢʚ.) ʫ CH2Cl2 (200 ʤʣ), ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ 

0ï5 ÁC. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʝʘʢʮʽʾ ʦʭʦʣʦʜʞʫʚʘʣʴʥʫ ʙʘʥʶ ʧʨʠʙʠʨʘʣʠ, ʘ ʨʝʘʢʮʽʡʥʫ 



ммн 
 

ʩʫʤʽʰ ʟʘʣʠʰʘʣʠ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʧʨʦʪʷʛʦʤ ʥʦʯʽ. ʇʦʪʽʤ ʾʾ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ 

ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʨʦʟʙʘʚʣʷʣʠ EtOAc (100 ʤʣ) ʪʘ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ (3 Ĭ 25 ʤʣ). 

ʆʨʛʘʥʽʯʥʠʡ ʰʘʨ ʩʫʰʠʣʠ (Na2SO4) ʪʘ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʦʪʨʠʤʫʶʯʠ 

ʟʘʟʥʘʯʝʥʫ ʩʧʦʣʫʢʫ.  

 2-ʎʽʘʥʦʧʨʦʧʘʥ-2-̔ ʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪ (5a) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 2a (8,51 ʛ). ɺʠʭʽʜ 

12,2 ʛ (75 ʤʤʦʣʴ, 75%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. ɸʥʘʣʽʪʠʯʥʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʙʫʣʠ 

ʽʜʝʥʪʠʯʥʠʤʠ ʪʠʤ, ʱʦ ʙʫʣʠ ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ. 

1-ʎʽʘʥʦʮʠʢʣʦʧʨʦʧʽʣʤʝʪʘʥʩʫʣʴʬʦʥʘʪ (5b) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟ 2b (8,31 ʛ). 

ɺʠʭʽʜ 12,3 ʛ (76 ʤʤʦʣʴ, 76%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. 1H ʗʄʈ (500 ʄɻʮ, CDCl3): ŭ = 3,16 

(ʩ, 3H), 1,66 (ʜʜ, J = 5,7, 3,8 ɻʮ, 2H), 1,51 (ʜʜ, J = 5,7, 3,8 ɻʮ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ 

(126 ʄɻʮ, CDCl3): ŭ = 117,3, 48,0, 39,3, 15,3 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 162 [M +H]+. ɸʥʘʣʽʟ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C5H7NO3S: C, 37,26; H, 4,38; N, 8,69; S, 19,89. ɿʥʘʡʜʝʥʦ: C, 37,46; 

H, 4,33; N, 8,62; S, 19,77. 

4-ɸʤʽʥʦ-5,5-ʜʠʤʝʪʠʣ-5H-1,2-ʦʢʩʘʪʽʦʣ 2,2-ʜʽʦʢʩʠʜ (6a). ʈʦʟʯʠʥ 

ʤʝʟʠʣʴʦʚʘʥʦʛʦ ʮʽʘʥʦʛʽʜʨʠʥʫ 5a (11,4 ʛ, 70 ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ ɼʄʌ (30 ʤʣ) ʜʦʜʘʚʘʣʠ 

ʧʦ ʢʨʘʧʣʷʭ ʜʦ ʧʝʨʝʤʽʰʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ t-BuOK (15,7 ʛ, 140 ʤʤʦʣʴ, 2 ʝʢʚ.) ʫ ɼʄʌ 

(70 ʤʣ) ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʽ ʦʪʨʠʤʘʥʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʥʘʛʨʽʚʘʣʠ ʧʨʠ 60 ǓC 

ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. ʇʦʪʽʤ ʾʾ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʨʦʟʪʠʨʘʣʠ ʟ ʚʦʜʦʶ 

(25 ʤʣ) ʪʘ ʬʽʣʴʪʨʫʚʘʣʠ, ʦʪʨʠʤʫʶʯʠ ʩʧʦʣʫʢʫ 6a. ɺʠʭʽʜ 8,23 ʛ (50,4 ʤʤʦʣʴ, 72%); ʙʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. ɸʥʘʣʽʪʠʯʥʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʙʫʣʠ ʽʜʝʥʪʠʯʥʠʤʠ ʪʠʤ, ʱʦ ʙʫʣʠ 

ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ. 

5,5-ɼʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (1a). ɓ-ɽʥʘʤʽʥʦ-ɔ-ʩʫʣʴʪʦʥ 6a 

(3,92 ʛ, 24 ʤʤʦʣʴ, 1 ʝʢʚ) ʜʠʩʧʝʨʛʫʚʘʣʠ ʚ CH2Cl2 (60 ʤʣ), ʘ ʧʦʪʽʤ ʜʦʜʘʣʠ ʨʦʟʯʠʥ ʚʦʜʠ 

(522 ʤʛ, 522 ʤʢʣ, 29 ʤʤʦʣʴ, 1,2 ʝʢʚ.) ʫ ʊʌɸ (8,21 ʛ, 5,51 ʤʣ, 72 ʤʤʦʣʴ, 3 ʝʢʚ.) ʦʜʥʽʻʶ 

ʧʦʨʮʽʻʶ. ʈʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʛʦʤʦʛʝʥʽʟʫʚʘʣʘʩʷ ʪʘ ʦʜʨʘʟʫ ʞ ʩʪʘʚʘʣʘ ʢʘʣʘʤʫʪʥʦʶ. ʇʦʪʽʤ 

ʾʾ ʟʘʣʠʰʘʣʠ ʧʝʨʝʤʽʰʫʚʘʪʠʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 40 ʭʚʠʣʠʥ ʪʘ 

ʬʽʣʴʪʨʫʚʘʣʠ. ʌʽʣʴʪʨʘʪ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ (1 Ĭ 10 ʤʣ), ʩʫʰʠʣʠ (Na2SO4) ʪʘ 

ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʦʪʨʠʤʫʶʯʠ ʟʘʟʥʘʯʝʥʫ ʚ ʟʘʛʦʣʦʚʢʫ ʩʧʦʣʫʢʫ. ɺʠʭʽʜ 

3,61 ʛ (22 ʤʤʦʣʴ, 92%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. ɸʥʘʣʽʪʠʯʥʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʙʫʣʠ 

ʽʜʝʥʪʠʯʥʠʤʠ ʪʠʤ, ʱʦ ʙʫʣʠ ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ.  



ммо 
 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ 1a,b ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʜʝʥʩʘʮʽʷ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʙʫʣʘ ʦʧʠʩʘʥʘ ʨʘʥʽʰʝ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 1a: 1H ʗʄʈ 

(400 ʄɻʮ, ʘʮʝʪʦʥ-d6): ŭ = 4,30 (ʩ, 2H), 1,72 (ʩ, 6H) ʤ.ʯ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 1b: 1H 

ʗʄʈ (400 ʄɻʮ, ʘʮʝʪʦʥ-d6): ŭ = 4,34 (ʩ, 2H), 1,91ï1,75 (ʤ, 2H), 1,75ï1,55 (ʤ, 2H) ʤ.ʯ. 

ɼʝʡʪʝʨʫʚʘʥʥʷ ʢʝʪʦʩʫʣʴʪʦʥʽʚ 1a,b ʟʘ ʜʦʧʦʤʦʛʦʶ D2O (ʗʄʈ-ʝʢʩʧʝʨʠʤʝʥʪ). 

ɓ-ʂʝʪʦ-ɔ-ʩʫʣʴʪʦʥ 1a (16,4 ʤʛ, 100 ʤʢʤʦʣʴ, 1 ʝʢʚ.) ʪʘ 1b (16,2 ʤʛ, 100 ʤʢʤʦʣʴ, 1 ʝʢʚ.) 

ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʚ ʗʄʈ-ʧʨʦʙʽʨʢʠ ʪʘ ʨʦʟʯʠʥʷʣʠ ʚ ʘʮʝʪʦʥʽ-d6 (0,5 ʤʣ). ʇʽʩʣʷ ʟʘʧʠʩʫ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʜʦʜʘʚʘʣʠ D2O (4 ʤʛ, 3,6 ʤʢʣ, 200 ʤʢʤʦʣʴ, 2 ʝʢʚ.), ʘ ʧʦʪʽʤ 

ʩʪʨʫʰʫʚʘʣʠ ʟʘʧʘʷʥʫ ʧʨʦʙʽʨʢʫ. ʍʽʜ ʨʝʘʢʮʽʾ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 1H ʗʄʈ-

ʩʧʝʢʪʨʫ. 1a ʪʘ 1b ʜʦʩʷʛʣʠ ʧʨʠʙʣʠʟʥʦ 70% ʢʦʥʚʝʨʩʽʾ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ ʪʘ 24 ʛʦʜʠʥ 

ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-4-(ʬʝʥʽʣʘʤʽʥʦ)-5H-1,2-

ʦʢʩʘʪʽʦʣ-2,2-ʜʽʦʢʩʠʜʽʚ (8a,b). ɓ-ʂʝʪʦ-ɔ-ʩʫʣʴʪʦʥ 1a,b (1,5 ʤʤʦʣʴ, 1 ʝʢʚ.) ʜʦʜʘʣʠ ʜʦ 

ʨʦʟʯʠʥʫ PhNH2 (280 ʤʛ, 275 ʤʢʣ, 3 ʤʤʦʣʴ, 2 ʝʢʚ.) ʫ PhH (8 ʤʣ) ʪʘ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ 

ʢʠʧ'ʷʪʠʣʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʫ ɼʽʥʘ-ʉʪʘʨʢʘ ʧʨʦʪʷʛʦʤ 

6 ʛʦʜʠʥ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʚʠʧʘʨʶʚʘʣʠ ʫ ʚʘʢʫʫʤʽ, ʘ 

ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ i-PrOH, ʦʪʨʠʤʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʩʧʦʣʫʢʠ. 

5,5-ɼʠʤʝʪʠʣ-4-(ʬʝʥʽʣʘʤʽʥʦ)-5H-1,2-ʦʢʩʘʪʽʦʣ-2,2-ʜʽʦʢʩʠʜ (8a) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1a (246 ʤʛ). ɺʠʭʽʜ 197 ʤʛ (0,83 ʤʤʦʣʴ, 55%); ʙʝʞʝʚʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 

1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 8,75 (ʩ, 1H), 7,39 (ʪ, J = 7,7 ɻʮ, 2H), 7,24 (ʜ, J = 

7,7 ɻʮ, 2H), 7,13 (ʪ, J = 7,7 ɻʮ, 1H), 6,22 (ʩ, 1H), 1,69 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 

ʄɻʮ, ɼʄʉʆd6): ŭ = 155,2, 139,9, 129,3, 124,0, 120,5, 87,7, 87,4, 25,8 ʤ.ʯ. ʄʉ (ʍɯ): 

m/z = 240 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C11H13NO3S: C, 55,21; H, 5,48; N, 5,85; 

S, 13,40. ɿʥʘʡʜʝʥʦ: C, 55,35; H, 5,33; N, 5,97; S, 13,28. 

7-(ʬʝʥʽʣʘʤʽʥʦ)-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2,4]ʛʝʧʪ-6-ʝʥ-5,5-ʜʽʦʢʩʠʜ (8b) ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʟ 1b (243 ʤʛ). ɺʠʭʽʜ 142 ʤʛ (0,6 ʤʤʦʣʴ, 40%); ʙʝʞʝʚʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 1H 

ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 8,12 (ʩ, 1H), 7,39 (ʪ, J = 7,7 ɻʮ, 2H), 7,25 (ʜ, J = 7,7 

ɻʮ, 2H), 7,14 (ʪ, J = 7,7 ɻʮ, 1H), 6,29 (ʩ, 1H), 1,58 (ʪ, J = 2,6 ɻʮ, 2H), 1,56 (ʪ, J = 2,6 

ɻʮ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, ɼʄʉʆd6): ŭ = 152,4, 139,5, 129,3, 124,3, 121,2, 

89,2, 67,1, 11,4 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 238 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ 
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C11H11NO3S: C, 55,68; H, 4,67; N, 5,90; S, 13,51. ɿʥʘʡʜʝʥʦ: C, 55,80; H, 4,78; N, 5,98; 

S, 13,37. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 5,5-ʜʠʟʘʤʽʱʝʥʦʛʦ-4-ʛʽʜʨʦʢʩʠ-N-ʬʝʥʽʣ-5H-

1,2-ʦʢʩʘʪʽʦʣ-3-ʢʘʨʙʦʢʩʘʤʽʜʫ 2,2-ʜʽʦʢʩʠʜʫ (9a,b). ʈʦʟʯʠʥ DBU (228 ʤʛ, 224 ʤʢʣ, 1,5 

ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ ɼʄʌ (1,5 ʤʣ) ʜʦʜʘʣʠ ʜʦ ʧʝʨʝʤʽʰʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 

1a,b (1,5 ʤʤʦʣʴ, 1 ʝʢʚ.) ʪʘ PhNCO (179 ʤʛ, 164 ʤʢʣ, 1,5 ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ ɼʄʌ (3 ʤʣ) 

ʪʘ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʟʘʣʠʰʠʣʠ ʚʟʘʻʤʦʜʽʷʪʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 16 ʛʦʜʠʥ. 

ʇʦʪʽʤ ʜʦʜʘʣʠ 3 M ʚʦʜʥʠʡ ʨʦʟʯʠʥ HCl (12 ʤʣ, 36 ʤʤʦʣʴ, 24 ʝʢʚ.), ʫʪʚʦʨʝʥʠʡ ʦʩʘʜ 

ʚʽʜʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ t-BuOMe-EtOAc (2:1) ʟ ʦʪʨʠʤʘʥʥʷʤ 

ʟʘʟʥʘʯʝʥʠʭ ʫ ʟʘʛʦʣʦʚʢʫ ʩʧʦʣʫʢ. 

4-ɻʽʜʨʦʢʩʠ-5,5-ʜʠʤʝʪʠʣ-N-ʬʝʥʽʣ-5H-1,2-ʦʢʩʘʪʽʦʣ-3-ʢʘʨʙʦʢʩʘʤʽʜ 2,2-

ʜʽʦʢʩʠʜ (9a) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1a (246 ʤʛ). ɺʠʭʽʜ 183 ʤʛ (0,65 ʤʤʦʣʴ, 43%); ʙʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,48 (ʩ, 1H), 7,51 (ʜ, J = 7,5 ɻʮ, 

2H), 7,25 (ʪ, J = 7,5 ɻʮ, 2H), 6,94 (ʪ, J = 7,5 ɻʮ, 1H), 1,39 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ 

(126 ʄɻʮ, ɼʄʉʆd6): ŭ = 182,9, 160,8, 139,8, 128,8, 121,8, 118,4, 93,3, 87,6, 24,9 ʤ.ʯ. 

ʄʉ (ʍɯ): m/z = 284 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C12H13NO5S: C, 50,88; H, 4,63; 

N, 4,94; S, 11,32. ɿʥʘʡʜʝʥʦ: C, 50,81; H, 4,68; N, 5,02; S, 11,46.  

7-ɻʽʜʨʦʢʩʠ-N-ʬʝʥʽʣ-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪ-6-ʝʥ-6-ʢʘʨʙʦʢʩʘʤʽʜ 5,5-

ʜʽʦʢʩʠʜ (9b) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1b (243 ʤʛ). ɺʠʭʽʜ 245 ʤʛ (0,87 ʤʤʦʣʴ, 58%); ʙʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,38 (ʩ, 1H), 7,51 (ʜ, J = 7,6 ɻʮ, 

2H), 7,26 (ʪ, J = 7,6 ɻʮ, 2H), 6,95 (ʪ, J = 7,6 ɻʮ, 1H), 1,21 (ʢʚ, J = 5,2 ɻʮ, 2H), 1,14 (ʢʚ, 

J = 5,2 ɻʮ, 2H) ʤ.ʯ. 13C {1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 179,1, 160,2, 139,8, 

128,8, 121,9, 118,5, 96,0, 68,2, 10,4 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 282 [M +H]+. ɸʥʘʣʽʟ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C12H11NO5S: C, 51,24; H, 3,94; N, 4,98; S, 11,40. ɿʥʘʡʜʝʥʦ: C, 51,18; 

H, 3,89; N, 5,05; S, 11,47. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-(Z)-3-

((ʜʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ (10a,b). ɼʄʌɸ-

ɼʄɸ (720 ʤʛ, 800 ʤʢʣ, 3 ʤʤʦʣʴ, 1 ʝʢʚ.) ʜʦʜʘʣʠ ʜʦ ʨʦʟʯʠʥʫ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 1a,b (3 

ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ MeOH (8 ʤʣ) ʪʘ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʢʠʧ'ʷʪʠʣʠ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ 
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ʚʠʧʘʨʶʚʘʣʠ ʫ ʚʘʢʫʫʤʽ, ʘ ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ i-PrOH, ʦʪʨʠʤʫʶʯʠ 

ʟʘʟʥʘʯʝʥʽ ʩʧʦʣʫʢʠ. 

(Z)-3-((ʜʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-5,5-ʜʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜ (10a) ʦʪʨʠʤʘʣʠ ʟ 1a (492 ʤʛ). ɺʠʭʽʜ 513 ʤʛ (2,34 ʤʤʦʣʴ, 78%); ɹʽʣʘ ʪʚʝʨʜʘ 

ʨʝʯʦʚʠʥʘ. 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 7,49 (ʩ, 1H), 3,54 (ʩ, 3H), 3,39 (ʩ, 3H), 1,60 

(ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 191,4, 152,6, 97,8, 93,9, 48,6, 41,5, 

24,7 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 220 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C8H13NO4S: C, 43,82; 

H, 5,98; N, 6,39; S, 14,62. ɿʥʘʡʜʝʥʦ: C, 44,01; H, 5,07; N, 6,30; S, 14,47.  

(Z)-6-((ɼʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧ ʪʘʥ-7-ʦʥ 5,5-

ʜʽʦʢʩʠʜ (10b) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1b (486 ʤʛ). ɺʠʭʽʜ 463 ʤʛ (2,13 ʤʤʦʣʴ, 71%); ʙʽʣʘ 

ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 7,54 (ʩ, 1H), 3,52 (ʩ, 3H), 3,39 (ʩ, 

3H), 1,48 (ʢʜ, J = 3,1, 1,5 ɻʮ, 4H) ʤ.ʯ. 13C {1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 186,2, 

151,9, 98,3, 72,0, 47,8, 41,1, 12,6 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 218 [M + H]+. ɸʥʘʣʽʟ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C8H11NO4S: C, 44,23; H, 5,10; N, 6,45; S, 14,76. ɿʥʘʡʜʝʥʦ: C, 44,39; 

H, 5,21; N, 6,68; S, 14,61. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 5,5-ʜʠʟʘʤʽʱʝʥʦʛʦ-3,3-ʜʠʙʨʦʤ-1,2-

ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʫ (11a,b). NBS (548 ʤʛ, 3,08 ʤʤʦʣʴ, 2,05 ʝʢʚ.) ʜʦʜʘʣʠ ʜʦ 

ʜʠʩʧʝʨʩʽʾ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 1a,b (1,5 ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ CCl4 (10 ʤʣ) ʪʘ ʦʪʨʠʤʘʥʫ 

ʩʫʤʽʰ ʢʠʧ'ʷʪʠʣʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʧʨʦʪʷʛʦʤ 16 ʛʦʜʠʥ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʯʘʩʫ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʚʠʧʘʨʶʚʘʣʠ ʫ ʚʘʢʫʫʤʽ, ʪʚʝʨʜʠʡ ʟʘʣʠʰʦʢ 

ʨʦʟʪʠʨʘʣʠ ʟ ʚʦʜʦʶ (5 ʤʣ) ʪʘ ʬʽʣʴʪʨʫʚʘʣʠ, ʦʪʨʠʤʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʚ ʟʘʛʦʣʦʚʢʫ ʩʧʦʣʫʢʠ. 

3,3-ɼʠʙʨʦʤ-5,5-ʜʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ (11a) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1a (246 ʤʛ). ɺʠʭʽʜ 362 ʤʛ (1,13 ʤʤʦʣʴ, 75%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 1H 

ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 1,85 (ʩ, 6H) ʤ.ʯ. 13C {1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 

193,8, 94,7, 52,8, 26,7 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 241/243 [M  Br]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ 

C5H6Br2O4S: C, 18,65; H, 1,88; S, 9,96. ɿʥʘʡʜʝʥʦ: C, 18,86; H, 2,05; S, 9,72. 

6,6-ɼʠʙʨʦʤ-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-ʜʽʦʢʩʠʜ (11b) ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʟ 1b (243 ʤʛ). ɺʠʭʽʜ 394 ʤʛ (1,23 ʤʤʦʣʴ, 82%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. 1H 

ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 2,06 (ʩ, 2H), 1,87 (ʩ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, 

ɼʄʉʆd6): ŭ = 192,5, 72,5, 53,5, 18,5 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 239/241 [M  Br]+. ɸʥʘʣʽʟ 
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ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C5H4Br2O4S: C, 18,77; H, 1,26; S, 10,02. ɿʥʘʡʜʝʥʦ: C, 18,92; H, 1,14; 

S, 10,17. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-(E)-3-(2-(ʧ-

ʪʦʣʽʣ)ʛʽʜʨʘʟʠʥʽʣʽʜʝʥ)-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ (12a, b). ʈʦʟʯʠʥ NaNO2 

(73 ʤʛ, 1,05 ʤʤʦʣʴ, 1,05 ʝʢʚ.) ʫ ʚʦʜʽ (3 ʤʣ) ʜʦʜʘʚʘʣʠ ʧʦ ʢʨʘʧʣʷʭ ʜʦ ʭʦʣʦʜʥʦʛʦ (0 ÁC) 

ʧʝʨʝʤʽʰʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʧ-ʪʦʣʫʾʜʠʥʫ (113 ʤʛ, 1,05 ʤʤʦʣʴ, 1,05 ʝʢʚ.) ʫ 95% ʚʦʜʥʦʤʫ 

ʨʦʟʯʠʥʽ HOAc ʪʘ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 0 ÁC ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʦʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ 4-ʤʝʪʠʣʙʝʥʟʦʣʜʽʘʟʦʥʽʶ ʘʮʝʪʘʪʫ 

ʜʦʜʘʚʘʣʠ ʧʦ ʢʨʘʧʣʷʭ ʜʦ ʧʝʨʝʤʽʰʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 1a,b (1 ʤʤʦʣʴ, 

1 ʝʢʚ.) ʫ 95% ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ HOAc (5 ʤʣ). ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ, ʧʦʪʽʤ ʧʦʩʪʫʧʦʚʦ ʥʘʛʨʽʚʘʣʠ ʜʦ 50 ÁC ̔ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʫʪʚʦʨʝʥʠʡ 

ʦʩʘʜ ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʨʦʤʠʚʘʣʠ ʚʦʜʦʶ (3 Ĭ 3 ʤʣ), ʦʪʨʠʤʫʶʯʠ ʟʘʟʥʘʯʝʥʽ ʩʧʦʣʫʢʠ. 

(E)-5,5-ɼʠʤʝʪʠʣ-3-(2-(ʧ-ʪʦʣʽʣ)ʛʽʜʨʘʟʠʥʽʣʽʜʝʥ)-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜ (12a) ʦʪʨʠʤʘʣʠ ʟ 1a (164 ʤʛ). ɺʠʭʽʜ 226 ʤʛ (0,8 ʤʤʦʣʴ, 80%); ʧʦʤʘʨʘʥʯʝʚʽ 

ʢʨʠʩʪʘʣʠ. 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 7,56 (ʜ, J = 8,0 ɻʮ, 2H), 7,29 (ʜ, J = 8,0 

ɻʮ, 2H), 2,33 (ʩ, 3H), 1,62 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 185,7, 

139,2, 137,2, 130,1, 117,6, 91,7, 23,9, 20,6 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 283 [M +H]+. ɸʥʘʣʽʟ 

ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C12H14N2O4S: C, 51,05; H, 5,00; N, 9,92; S, 11,36. ɿʥʘʡʜʝʥʦ: C, 51,28; 

H, 5,15; N, 9,77; S, 11,57. 

(E)-6-(2-(ʧ-ʪʦʣʽʣ)ʛʽʜʨʘʟʠʥʽʣʽʜʝʥ)-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-

ʜʽʦʢʩʠʜ (12b) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1b (162 ʤʛ). ɺʠʭʽʜ 205 ʤʛ (0,73 ʤʤʦʣʴ, 73%); 

ʧʦʤʘʨʘʥʯʝʚʽ ʢʨʠʩʪʘʣʠ. 1H ʗʄʈ (500 ʄɻʮ, ɼʄʉʆd6): ŭ = 7,54 (ʜ, J = 8,0 ɻʮ, 2H), 

7,28 (ʜ, J = 8,0 ɻʮ, 2H), 2,32 (ʩ, 3H), 1,70 (ʢʚ, J = 5,7 ɻʮ, 2H), 1,53 (ʢʚ, J = 5,7 ɻʮ, 2H) 

ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, ɼʄʉʆd6): ŭ = 183,0, 139,3, 136,9, 130,0, 117,4, 71,7, 

20,6, 14,7 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 281 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C12H12N2O4S: C, 

51,42; H, 4,32; N, 9,99; S, 11,44. ɿʥʘʡʜʝʥʦ: C, 51,61; H, 4,16; N, 9,70; S, 11,37. 

(E)-5,5-ɼʠʤʝʪʠʣ-3-(2-(ʧ-ʪʦʣʽʣ)ʛʽʜʨʘʟʠʥʽʣʽʜʝʥ)-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜ (12a) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1a (164 ʤʛ). ɺʠʭʽʜ 226 ʤʛ (0,8 ʤʤʦʣʴ, 80%); 

ʧʦʤʘʨʘʥʯʝʚʽ ʢʨʠʩʪʘʣʠ. 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 7,56 (ʜ, J = 8,0 ɻʮ, 2H), 
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7,29 (ʜ, J = 8,0 ɻʮ, 2H), 2,33 (ʩ, 3H), 1,62 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, 

ɼʄʉʆd6): ŭ = 185,7, 139,2, 137,2, 130,1, 117,6, 91,7, 23,9, 20,6 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 

283 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C12H14N2O4S: C, 51,05; H, 5,00; N, 9,92; S, 

11,36. ɿʥʘʡʜʝʥʦ: C, 51,28; H, 5,15; N, 9,77; S, 11,57. 

(E)-6-(2-(ʧ-ʪʦʣʽʣ)ʛʽʜʨʘʟʠʥʽʣʽʜʝʥ)-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-

ʜʽʦʢʩʠʜ (12b) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1b (162 ʤʛ). ɺʠʭʽʜ 205 ʤʛ (0,73 ʤʤʦʣʴ, 73%); 

ʧʦʤʘʨʘʥʯʝʚʽ ʢʨʠʩʪʘʣʠ. 1H ʗʄʈ (500 ʄɻʮ, ɼʄʉʆd6): ŭ = 7,54 (ʜ, J = 8,0 ɻʮ, 2H), 

7,28 (ʜ, J = 8,0 ɻʮ, 2H), 2,32 (ʩ, 3H), 1,70 (ʢʚ, J = 5,7 ɻʮ, 2H), 1,53 (ʢʚ, J = 5,7 ɻʮ, 2H) 

ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, ɼʄʉʆd6): ŭ = 183,0, 139,3, 136,9, 130,0, 117,4, 71,7, 

20,6, 14,7 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 281 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C12H12N2O4S: C, 

51,42; H, 4,32; N, 9,99; S, 11,44. ɿʥʘʡʜʝʥʦ: C, 51,61; H, 4,16; N, 9,70; S, 11,37. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʨʝʘʢʮʽʾ ɺʽʣʴʩʤʝʡʻʨʘ-ʍʘʘʢʘ ʟ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʘʤʠ 

1a,b. ʈʦʟʯʠʥ ɼʄʌ (440 ʤʛ, 465 ʤʢʣ, 6 ʤʤʦʣʴ, 6 ʝʢʚ.) ʫ CH2Cl2 (3 ʤʣ) ʜʦʜʘʚʘʣʠ ʧʦ 

ʢʨʘʧʣʷʭ ʜʦ ʦʭʦʣʦʜʞʝʥʦʛʦ (0 ÁC) ʨʦʟʯʠʥʫ POCl3 (920 ʤʛ, 560 ʤʢʣ, 6 ʤʤʦʣʴ, 6 ʝʢʚ.) ʫ 

CH2Cl2 (4 ʤʣ) ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʧʽʜʪʨʠʤʫʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʠʞʯʝ 5 ÁC. ʇʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʜʦʜʘʚʘʥʥʷ ʢʨʠʞʘʥʫ ʙʘʥʶ ʧʨʠʙʠʨʘʣʠ, ʽ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ. ʇʦʪʽʤ ʾʾ ʟʥʦʚʫ ʦʭʦʣʦʜʞʫʚʘʣʠ ʥʘ 

ʢʨʠʞʘʥʽʡ ʙʘʥʽ, ʧʽʩʣʷ ʯʦʛʦ ʧʦ ʢʨʘʧʣʷʭ ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ ɓ-ʢʝʪʦ-ɔ-ʩʫʣɹʪʦʥʫ 1a,b (1 

ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ CH2Cl2 (4 ʤʣ). ʂʨʠʞʘʥʫ ʙʘʥʶ ʟʘʣʠʰʘʣʠ ʚʠʛʨʽʚʘʪʠʩʴ, ʽ ʦʪʨʠʤʘʥʫ 

ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ ʥʦʯʽ. ʇʦʪʽʤ ʩʫʤʽʰ ʚʠʣʠʣʠ 

ʚ ʩʫʤʽʰ ʟ ʣʴʦʜʦʤ ʪʘ ʚʦʜʦʶ (25 ʤʣ) ʪʘ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. ʆʨʛʘʥʽʯʥʠʡ 

ʰʘʨ ʚʽʜʦʢʨʝʤʠʣʠ, ʘ ʚʦʜʥʠʡ ʰʘʨ ʝʢʩʪʨʘʛʫʚʘʣʠ CH2Cl2 (3 Ĭ 5 ʤʣ). ʆʙ'ʻʜʥʘʥʠʡ 

ʦʨʛʘʥʽʯʥʠʡ ʰʘʨ ʚʠʩʫʰʠʣʠ (Na2SO4) ʪʘ ʚʠʧʘʨʠʣʠ ʫ ʚʘʢʫʫʤʽ, ʦʪʨʠʤʘʚʰʠ ʩʠʨʠʡ 

ʧʨʦʜʫʢʪ, ʷʢʠʡ ʦʙʨʦʙʠʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

4-ʍʣʦʨ-5,5-ʜʠʤʝʪʠʣ-5H-1,2-ʦʢʩʘʪʽʦʣ-3-ʢʘʨʙʘʣʴʜʝʛʽʜ 2,2-ʜʠʦʢʩʠʜ (13a) 

ʦʪʨʠʤʘʣʠ ʟ 1a (164 ʤʛ). ʉʠʨʠʡ ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ EtOAc-ʛʝʢʩʘʥʫ. ɺʠʭʽʜ 

143 ʤʛ (0,68 ʤʤʦʣʴ, 68%); ʞʦʚʪʫʚʘʪʽ ʢʨʠʩʪʘʣʠ. ɸʥʘʣʽʪʠʯʥʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʙʫʣʠ 

ʽʜʝʥʪʠʯʥʠʤʠ ʪʠʤ, ʱʦ ʙʫʣʠ ʦʧʠʩʘʥʽ ʨʘʥʽʰʝ. 

(Z)-4-ʍʣʦʨ-5-(2-ʭʣʦʨʝʪʠʣ)-3-((ʜʠʤʝʪʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-3H-1,2-ʦʢʩʘʪʽʦʣ-

2,2-ʜʽʦʢʩʠʜ (14) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 1b (162 ʤʛ) ʽ ʥʝ ʦʯʠʱʝʥʠʡ ʯʝʨʝʟ ʥʠʟʴʢʫ 



мму 
 

ʩʪʘʙʽʣʴʥʽʩʪʴ. ɺʠʭʽʜ ʥʝʦʯʠʱʝʥʦʛʦ ʧʨʦʜʫʢʪʫ 147 ʤʛ (ʧʨʠʙʣʠʟʥʦ 54%). 1H ʗʄʈ (500 

ʄɻʮ, CDCl3): ŭ = 6,60 (ʩ, 1H), 3,65 (ʪ, J = 5,6 ɻʮ, 2H), 3,23 (ʩ, 6H), 2,91 (ʪ, J = 5,6 ɻʮ, 

2H) ʤ.ʯ. ʄʉ (ʍɯ): m/z = 272/274 [M +H]+. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ Pd-ʢʘʪʘʣʽʟʦʚʘʥʦʛʦ ʛʽʜʨʫʚʘʥʥʷ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ 

1a,b. Pd/C (5 ʤʘʩ.%, 50 ʤʛ, 2,3 ʤʦʣ.%) ʜʦʜʘʣʠ ʜʦ ʨʦʟʯʠʥʫ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 1a,b (1,5 

ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ MeOH (15 ʤʣ). ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʟʘʛʝʨʤʝʪʠʟʫʚʘʣʠ ʩʝʧʪʦʶ, 

ʚʘʢʫʫʤʫʚʘʣʠ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʧʦʚʽʪʨʷ, ʪʘ ʛʽʜʨʫʚʘʣʠ ʧʽʜ ʪʠʩʢʦʤ 1 ʙʘʨ ʪʘ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 7 ʜʥʽʚ. ʇʦʪʽʤ ʾʾ ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʚʠʧʘʨʶʚʘʣʠ ʫ 

ʚʘʢʫʫʤʽ, ʦʪʨʠʤʫʶʯʠ ʧʨʦʜʫʢʪʠ ʚʽʜʥʦʚʣʝʥʥʷ 15a ʪʘ 15b. 

3-ʄʝʪʠʣ-2-ʦʢʩʦʙʫʪʘʥ-1-ʩʫʣʴʪʦʥʦʚʫ ʢʠʩʣʦʪʫ (15a) ʦʪʨʠʤʘʣʠ ʟ 1a (246 ʤʛ). 

ɺʠʭʽʜ 126 ʤʛ (1,14 ʤʤʦʣʴ, 76%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 

3,63 (ʩ, 2H), 3,20 (ʛʝʧʪ, J = 6,8 ɻʮ, 1H), 0,96 (ʜ, J = 6,8 ɻʮ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 

ʄɻʮ, ɼʄʉʆd6): ŭ = 206,9, 63,1, 38,2, 18,1 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 165 [M  H] . ʄʉ 

(ʍɯ): m/z = 165 [M  H] . ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C5H10O4S: C, 36,14; H, 6,07; S, 

19,29. ɿʥʘʡʜʝʥʦ: C, 36,02; H, 6,25; S, 19,14.  

ʉʫʤʽʰ 3-ʤʝʪʠʣ-2-ʦʢʩʦʙʫʪʘʥ-1-ʩʫʣʴʪʦʥʦʚʦʾ ʢʠʩʣʦʪʠ (15a) ʪʘ 2-ʦʢʩʦʧʝʥʪʘʥ-

1-ʩʫʣʴʪʦʥʦʚʦʾ ʢʠʩʣʦʪʠ (15b) (1:7,5) ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ 1b (243 ʤʛ). ɺʠʭʽʜ 118 ʤʛ 

(71%); ʙʝʟʙʘʨʚʥʘ ʦʣʽʷ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 15b: 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ 

= 3,54 (ʩ, 2H), 2,65 (ʪ, J = 7,4 ɻʮ, 2H), 1,44 (ʛ, J = 7,4 ɻʮ, 2H), 0,83 (ʪ, J = 7,4 ɻʮ, 3H) 

ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, ɼʄʉʆd6): ŭ = 203,3, 65,0, 43,3, 16,4, 13,6 ʤ.ʯ. ʄʉ 

(ʍɯ): m/z = 165 [M  H] . ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C5H10O4S: C, 36,14; H, 6,07; S, 

19,29. ɿʥʘʡʜʝʥʦ: C, 35,89; H, 6,27; S, 19,12. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʨʝʘʢʮʽʾ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʽʚ 1a,b ʟ 

ʪʨʠʬʝʥʽʣʢʘʨʙʤʝʪʦʢʩʠʤʝʪʠʣʝʥʬʦʩʬʦʨʘʥʦʤ. ʉʫʤʽʰ Ph3P-CHCO2Me (770 ʤʛ, 2,3 

ʤʤʦʣʴ, 1,15 ʝʢʚ.), ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 1a (328 ʤʛ, 2 ʤʤʦʣʴ, 1 ʝʢʚ.) ʘʙʦ 1b (324 ʤʛ, 2 

ʤʤʦʣʴ, 1 ʝʢʚ.) ʪʘ PhCO2H (12 ʤʛ, 0,1 ʤʤʦʣʴ, 5 ʤʦʣ. %) ʫ PhMe (10 ʤʣ) ʢʠʧ'ʷʪʠʣʠ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʧʨʦʪʷʛʦʤ 6 ʛʦʜʠʥ ʪʘ ʦʙʨʦʙʣʷʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʉʫʤʽʰ 

ʧʽʩʣʷ ʨʝʘʢʮʽʾ ʟ ʢʝʪʦʩʫʣʴʪʦʥʦʤ 1a ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʬʽʣʴʪʨʫʚʘʣʠ, ʦʪʨʠʤʫʶʯʠ ʥʝʦʯʠʱʝʥʠʡ ʬʦʩʬʦʥʽʡʙʝʪʘʾʥ 18ÅİPhMe. ʌʽʣʴʪʨʘʪ 

ʚʠʧʘʨʶʚʘʣʠ ʫ ʚʘʢʫʫʤʽ, ʘ ʟʘʣʠʰʦʢ ʧʽʜʜʘʚʘʣʠ ʢʦʣʦʥʢʦʚʽʡ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʥʘ ʩʠʣʽʢʘʛʝʣʽ 
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(t-BuOMe-ʛʝʢʩʘʥ, 1:1), ʦʪʨʠʤʫʶʯʠ ʩʫʤʽʰ ʝʩʪʝʨʽʚ 16a ʪʘ 17a (1,3:1). ʉʫʤʽʰ ʧʽʩʣʷ 

ʨʝʘʢʮʽʾ ʟ ʢʝʪʦʩʫʣʴʪʦʥʦʤ 1b ʚʠʧʘʨʶʚʘʣʠ ʫ ʚʘʢʫʫʤʽ, ʘ ʟʘʣʠʰʦʢ ʧʽʜʜʘʚʘʣʠ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʥʘ ʢʦʣʦʥʮʽ ʟ ʩʠʣʽʢʘʛʝʣʝʤ (t-BuOMe-ʛʝʢʩʘʥ, 1:1), ʱʦ ʜʘʣʦ ʩʫʤʽʰ 

ʝʩʪʝʨʽʚ 16b ʪʘ 17b (4,5:1). 

5,5-ɼʠʤʝʪʠʣ-3-(2-(ʪʨʠʬʝʥʽʣʬʦʩʬʦʥʽʦ)ʘʮʝʪʠʣ)-5H-1,2-ʦʢʩʘʪʽʦʣ-4-ʦʣʷʪ 2,2-

ʜʽʦʢʩʠʜ ʪʦʣʫʦʣʴʥʠʡ ʛʝʤʽʩʦʣʴʚʘʪ (18ÅİPhMe). ʅʝʦʯʠʱʝʥʠʡ ʧʨʦʜʫʢʪ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ PhMei-PrOH. ɺʠʭʽʜ 205 ʤʛ (0,4 ʤʤʦʣʴ, 20%); ʙʽʣʘ ʪʚʝʨʜʘ 

ʨʝʯʦʚʠʥʘ. 1H ʗʄʈ (500 ʄɻʮ, CDCl3): ŭ = 7,77 (ʪ, J = 7,5 ɻʮ, 3H), 7,74ï7,68 (ʤ, 4H ʪʘ 

1H, İ PhCH3), 7,67ï7,60 (ʤ, 4H ʪʘ 1,5H, İ PhCH3), 4,89 (ʜ, J = 14,5 ɻʮ, 2H), 1,67 (ʩ, 

1,5H, İ PhCH3), 1,35 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (126 ʄɻʮ, CDCl3): ŭ =191,1 (ʜ, J =10,1 

ɻʮ), 176,0, 138,0 (PhMe), 136,5 (ʜ, J =10,0 ɻʮ), 135,0, 134,2 (ʜ, J =10,5 ɻʮ), 130,2 (ʜ, 

J =12,4 ɻʮ), 129,6 (PhMe), 128,3 (PhMe), 125,7 (PhMe), 118,6 (ʜ, J = 86,9 ɻʮ), 89,9, 

33,2 (ʜ, J =50,9 ɻʮ), 24,8, 21,8 (PhMe) ʤ.ʯ. 31P{1H} ʗʄʈ (162 ʄɻʮ, CDCl3): ŭ =23,2 

ʤ.ʯ. ʄʉ (ʍɯ): m/z = 467 [M + H]+. 

ʉʫʤʽʰ ʤʝʪʠʣ (Z)-2-(5,5-ʜʠʤʝʪʠʣ-2,2-ʜʽʦʢʩʠʜʦ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-

ʽʣʽʜʝʥ)ʘʮʝʪʘʪʫ (16a) ʪʘ ʤʝʪʠʣ 2-(5,5-ʜʠʤʝʪʠʣ-2,2-ʜʽʦʢʩʠʜʦ-5H-1,2-ʦʢʩʘʪʽʦʣ-4-

ʽʣ)ʘʮʝʪʘʪʫ (17a) (1,3:1). ɺʠʭʽʜ 257 ʤʛ (59%); ʞʦʚʪʫʚʘʪʠʡ ʘʤʦʨʬʥʠʡ ʧʦʨʦʰʦʢ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 16a (ʦʩʥʦʚʥʠʡ ʽʟʦʤʝʨ): 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 5,99 (ʪ, 

J = 2,6 ɻʮ, 1H), 4,56 (ʜ, J = 2,6 ɻʮ, 2H), 3,79 (ʩ, 3H), 1,72 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ 

(101 ʄɻʮ, CDCl3): ŭ = 165,3, 154,5, 116,7, 90,8, 52,1, 50,2, 28,6 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 

221 [M +H]+. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 17a (ʤʽʥʦʨʥʠʡ ʽʟʦʤʝʨ): 1H ʗʄʈ (400 ʄɻʮ, 

CDCl3): ŭ = 6,82 (ʪ, J = 1,6 ɻʮ, 1H), 3,79 (ʩ, 3H), 3,27 (ʜ, J = 1,6 ɻʮ, 2H), 1,61 (ʩ, 6H) 

ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 167,7, 151,1, 121,4, 91,5, 52,9, 32,0, 25,7 ʤ.ʯ. 

ʄʉ (ʍɯ): m/z = 221 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C8H12O5S: C, 43,63; H, 5,49; 

S, 14,56. ɿʥʘʡʜʝʥʦ: C, 43,49; H, 5,38; S, 14,74. 

ʉʫʤʽʰ ʤʝʪʠʣ (Z)-2-(5,5-ʜʽʦʢʩʠʜʦ-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-

ʽʣʽʜʝʥ)ʘʮʝʪʘʪʫ (16b) ʪʘ ʤʝʪʠʣ 2-(5,5-ʜʽʦʢʩʠʜʦ-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪ-6-ʝʥ-7-

ʽʣ)ʘʮʝʪʘʪʫ (17b) (4.5:1). ɺʠʭʽʜ 305 ʤʛ (70%); ʞʦʚʪʫʚʘʪʠʡ ʘʤʦʨʬʥʠʡ ʧʦʨʦʰʦʢ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 16b (ʦʩʥʦʚʥʠʡ ʽʟʦʤʝʨ): 1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 5.50 (ʪ, 

J = 2.4 ɻʮ, 1H), 4.59 (ʜʜ, J = 2.4, 1.3 ɻʮ, 2H), 3.73 (ʩ, 4H), 1.76ï1.68 (ʤ, 2H), 1.28ï1.20 
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(ʤ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 165,2, 152,1, 110,6, 69,0, 52,0, 17,5, 

11,5 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 219 [M +H]+. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 17b (ʤʽʥʦʨʥʠʡ ʽʟʦʤʝʨ): 

1H ʗʄʈ (400 ʄɻʮ, CDCl3): ŭ = 6,88 (ʩ, 1H), 3,75 (ʩ, 3H), 2,96 (ʩ, 2H), 1,65ï1,59 (ʤ, 

2H), 1,28ï1,20 (ʤ, 2H) ʤ.ʯ. 13C {1H} ʗʄʈ (101 ʄɻʮ, CDCl3): ŭ = 167,5, 147,7, 121,4, 

71,0, 52,9, 30,9, 11,5 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 219 [M + H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ 

C8H10O5S: C, 44,03; H, 4,62; S, 14,69. ɿʥʘʡʜʝʥʦ: C, 43,86; H, 4,70; S, 14,78. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 3-((ʙʝʥʟʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-5,5-ʜʠʟʘʤʽʱʝʥʠʭ-

1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ-2,2-ʜʽʦʢʩʠʜʽʚ (20a,b). ɹʝʥʟʠʣʘʤʽʥ (19a) (113 ʤʛ, 115 ʤʢʣ, 1,05 

ʤʤʦʣʴ, 1,05 ʝʢʚ.) ʜʦʜʘʣʠ ʜʦ ʨʦʟʯʠʥʫ ʝʥʘʤʽʥʦʢʝʪʦʥʽʚ 10a,b (1 ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ MeOH 

(20 ʤʣ) ʪʘ ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 50 ǓC. ʈʝʘʢʮʽʶ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʊʐʍ (ʟʘʟʚʠʯʘʡ ʮʝ ʟʘʡʤʘʣʦ 3 ʛʦʜ). ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ 

ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʨʦʟʪʠʨʘʣʠ ʟ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ 

(20 ʤʣ), ʧʽʜʢʠʩʣʶʚʘʣʠ 1 M HCl ʜʦ pH 6 ʪʘ ʬʽʣʴʪʨʫʚʘʣʠ. ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ 

ʩʠʨʠʡ ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ EtOH, ʦʪʨʠʤʫʶʯʠ ʯʠʩʪʽ ʩʧʦʣʫʢʠ, ʟʘʟʥʘʯʝʥʽ ʚ 

ʟʘʛʦʣʦʚʢʫ 20a,b, ʫ ʚʠʛʣʷʜʽ ʥʝʨʦʟʜʽʣʴʥʦʾ ʩʫʤʽʰʽ E- ʪʘ Z-̔ ʟʦʤʝʨʽʚ. 

3-((ɹʝʥʟʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-5,5-ʜʠʤʝʪʠʣ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜ 

(20a) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 10a (219 ʤʛ) ʪʘ ʚʠʜʽʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʫʤʽʰʽ E- ʪʘ Z-̔ ʟʦʤʝʨʽʚ 

(2,3:1). ɺʠʭʽʜ 169 ʤʛ (0,6 ʤʤʦʣʴ, 60%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ E-̔ ʟʦʤʝʨʫ: 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,41 (ʜ, J = 14,4 ɻʮ, 1H), 

8,41 (ʜ, J = 14,4 ɻʮ, 1H), 7,46ï7,27 (ʤ, 5H), 4,65 (ʩ, 2H), 1,47 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ 

(101 ʄɻʮ, ɼʄʉʆd6): ŭ = 189,8, 153,7, 136,9, 128,8, 128,0, 97,8, 91,5, 53,0, 24,1 ʤ.ʯ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʤʽʥʦʨʥʦʛʦ Z-̔ ʟʦʤʝʨʫ: 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,22 

(ʜ, J = 15,7 ɻʮ, 1H), 8,09 (ʜ, J = 15,7 ɻʮ, 1H), 7,46ï7,27 (ʤ, 5H), 4,66 (ʩ, 2H), 1,47 (ʩ, 

6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 188,6, 151,6, 137,0, 128,7, 128,1, 

96,5, 92,9, 53,3, 24,1 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 282 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ 

C13H15NO4S: C, 55,50; H, 5,37; N, 4,98; S, 11,40. ɿʥʘʡʜʝʥʦ: C, 55,66; H, 5,49; N, 4,87; 

S, 11,48.  

6-((ɹʝʥʟʠʣʘʤʽʥʦ)ʤʝʪʠʣʝʥ)-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-7-ʦʥ 5,5-ʜʽʦʢʩʠʜ 

(20b) ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʟ 10b (217 ʤʛ) ʪʘ ʚʠʜʽʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʫʤʽʰʽ E- ʪʘ Z-̔ ʟʦʤʝʨʽʚ 

(2,3:1). ɺʠʭʽʜ 201 ʤʛ (0,72 ʤʤʦʣʴ, 72%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 
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ʦʩʥʦʚʥʦʛʦ E-̔ ʟʦʤʝʨʫ: 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,36 (ʜ, J = 14,5 ɻʮ, 1H), 

8,41 (ʜ, J = 14,5 ɻʮ, 1H), 7,48ï7,23 (ʤ, 5H), 4,66 (ʩ, 2H), 1,55ï1,41 (ʤ, 2H), 1,38ï1,23 

(ʤ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 186,4, 152,4, 137,1, 128,8, 128,0, 

100,2, 71,3, 53,1, 12,6 ʤ.ʯ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʤʽʥʦʨʥʦʛʦ Z-̔ ʟʦʤʝʨʫ: 1H ʗʄʈ (400 

ʄɻʮ, ɼʄʉʆd6): ŭ = 10,26 (ʩ, 1H), 8,17 (ʩ, 1H), 7,48ï7,23 (ʤ, 5H), 4,66 (ʩ, 2H), 1,55ï

1,41 (ʤ, 2H), 1,38ï1,23 (ʤ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 185,4, 

150,6, 137,1, 128,8, 127,9, 98,9, 72,4, 53,3, 12,6 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 280 [M +H]+. 

ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C13H13NO4S: C, 55,90; H, 4,69; N, 5,01; S, 11,48. ɿʥʘʡʜʝʥʦ: 

C, 56,05; H, 4,59; N, 5,13; S, 11,62. 

ɿʘʛʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʩʠʥʪʝʟʫ 4-((((5,5-ʜʠʟʘʤʽʱʝʥʠʭ-2,2-ʜʽʦʢʩʠʜʦ-4-ʦʢʩʦ-

1,2-ʦʢʩʘʪʽʦʣʘʥ-3-̔ ʣʽʜʝʥ)ʤʝʪʠʣ)ʘʤʽʥʦ)ʤʝʪʠʣ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʽʚ (20c,d). 

4-(ʘʤʽʥʦʤʝʪʠʣ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʫ ʛʽʜʨʦʭʣʦʨʠʜ (19b) (226 ʤʛ, 1,0 ʤʤʦʣʴ, 1 

ʝʢʚ.) ʜʦʜʘʣʠ ʜʦ ʨʦʟʯʠʥʫ ʝʥʘʤʽʥʦʢʝʪʦʥʽʚ 10a,b (1,0 ʤʤʦʣʴ, 1 ʝʢʚ.) ʫ MeOH (20 ʤʣ) ʪʘ 

ɼɯʇɽɸ (175 ʤʢʣ, 130 ʤʛ, 1,0 ʤʤʦʣʴ, 1 ʝʢʚ.). ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ 50 

ǓC ʧʨʦʪʷʛʦʤ 3 ʛʦʜʠʥ. ʇʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʭʽʜʥʠʭ ʩʧʦʣʫʢ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ 

ʚʠʧʘʨʶʚʘʣʠ ʧʨʠ ʟʥʠʞʝʥʦʤʫ ʪʠʩʢʫ, ʨʦʟʪʠʨʘʣʠ ʟ ʭʦʣʦʜʥʦʶ ʚʦʜʦʶ (20 ʤʣ), 

ʧʽʜʢʠʩʣʶʚʘʣʠ 1 ʄ HCl ʜʦ pH 6 ʪʘ ʬʽʣʴʪʨʫʚʘʣʠ. ʆʪʨʠʤʘʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ ʩʠʨʠʡ 

ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʠ ʟ i-PrOH, ʦʪʨʠʤʘʚʰʠ ʯʠʩʪʽ ʩʧʦʣʫʢʠ, ʟʘʟʥʘʯʝʥʽ ʚ 

ʟʘʛʦʣʦʚʢʫ 20c,d, ʫ ʚʠʛʣʷʜʽ ʥʝʨʦʟʜʽʣʴʥʦʾ ʩʫʤʽʰʽ E- ʪʘ Z-̔ ʟʦʤʝʨʽʚ. 

4-((((5,5-ɼʠʤʝʪʠʣ-2,2-ʜʽʦʢʩʠʜʦ-4-ʦʢʩʦ-1,2- 

ʦʢʩʘʪʽʦʣʘʥʽʣʽʜʝʥ)ʤʝʪʠʣ)ʘʤʽʥʦ)ʤʝʪʠʣ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜ (20c) ʦʪʨʠʤʘʣʠ 

ʟ 10a (219 ʤʛ) ʪʘ ʚʠʜʽʣʠʣʠ ʫ ʚʠʛʣʷʜʽ ʩʫʤʽʰʽ E- ʪʘ Z-̔ ʟʦʤʝʨʽʚ (3:1). ɺʠʭʽʜ 207 ʤʛ (0,57 

ʤʤʦʣʴ, 57%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʦʩʥʦʚʥʦʛʦ E-̔ ʟʦʤʝʨʫ: 1H 

ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,44 (ʩ, 1H), 8,43 (ʩ, 1H), 8,17 (ʜ, J = 8,1 ɻʮ, 2H), 

7,73 (ʜ, J = 8,1 ɻʮ, 2H), 4,79 (ʩ, 2H), 1,47 (ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, 

ɼʄʉʆd6): ŭ = 190,0, 154,2, 146,4, 130,8 (ʜ, J = 23,5 ɻʮ), 129,7 (ʜ, J = 10,8 ɻʮ), 128,9, 

98,3, 91,7, 52,6, 24,1 ʤ.ʯ. 19F{1H} ʗʄʈ (376 ʄɻʮ, ɼʄʉʆd6): ŭ = ï198,8 ʤ.ʯ. 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʤʽʥʦʨʥʦʛʦ Z-̔ ʟʦʤʝʨʫ: 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,20 

(ʩ, 1H), 8,18 (ʩ, 1H), 7,77 (ʜ, J = 8,1 ɻʮ, 2H), 7,59 (ʜ, J = 8,1 ɻʮ, 2H), 4,74 (ʩ, 2H), 1,47 

(ʩ, 6H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 188,8, 152,3, 142,3, 130,8 (ʜ, J = 
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23,5 ɻʮ), 128,8 (ʜ, J = 12,4 ɻʮ), 128,1, 97,0, 93,2, 52,6, 24,1 ʤ.ʯ. 19F{1H} ʗʄʈ (376 

ʄɻʮ, ɼʄʉʆd6): ŭ = -198,8 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 364 [M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ 

ʜʣʷ C13H14FNO6S2: C, 42,97; H, 3,88; N, 3,85; S, 17,65. ɿʥʘʡʜʝʥʦ: C, 42,84; H, 3,71; N, 

3,96; ʉ, 17,87. 

4-((((5,5-ɼʽʦʢʩʠʜʦ-7-ʦʢʩʦ-4-ʦʢʩʘ-5-ʪʽʘʩʧʽʨʦ[2.4]ʛʝʧʪʘʥ-6- 

ʽʣʽʜʝʥ)ʤʝʪʠʣ)ʘʤʽʥʦ)ʤʝʪʠʣ)ʙʝʥʟʦʣʩʫʣʴʬʦʥʽʣʬʪʦʨʠʜʠ (20d) (2:1) ʦʪʨʠʤʘʣʠ ʟ 10b 

(217 ʤʛ) ʪʘ ʚʠʜʽʣʠʣʠ ʫ ʚʠʛʣʷʜʽ ʩʫʤʽʰʽ E- ʪʘ Z-̔ ʟʦʤʝʨʽʚ (2:1). ɺʠʭʽʜ 199 ʤʛ (0,55 

ʤʤʦʣʴ, 55%); ʙʽʣʘ ʪʚʝʨʜʘ ʨʝʯʦʚʠʥʘ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʦʩʥʦʚʥʦʛʦ E-̔ ʟʦʤʝʨʫ: 1H 

ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): ŭ = 10,39 (ʩ, 1H), 8,42 (ʩ, 1H), 8,17 (ʜ, J = 7,7 ɻʮ, 2H), 

7,72 (ʜ, J = 7,7 ɻʮ, 2H), 4,80 (ʩ, 2H), 1,55ï1,42 (ʤ, 2H), 1,34ï1,29 (ʤ, 2H) ʤ.ʯ. 13C{1H} 

ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ = 186,6, 152,8, 146,5, 130,7 (ʜ, J = 23,9 ɻʮ), 129,6 (ʜ, J 

= 15,8 ɻʮ), 128,9, 100,8, 71,4, 52,5, 12,7 ʤ.ʯ. 19F{1H} ʗʄʈ (376 ʄɻʮ, ɼʄʉʆd6): ŭ = 

198,8 ʤ.ʯ. ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʤʽʥʦʨʥʦʛʦ Z-̔ ʟʦʤʝʨʫ: 1H ʗʄʈ (400 ʄɻʮ, ɼʄʉʆd6): 

ŭ = 10,21 (ʩ, 1H), 8,24 (ʩ, 1H), 7,77 (ʜ, J = 7,7 ɻʮ, 2H), 7,59 (ʜ, J = 7,7 ɻʮ, 2H), 4,74 (ʩ, 

2H), 1,55ï1,42 (ʤ, 2H), 1,28ï1,19 (ʤ, 2H) ʤ.ʯ. 13C{1H} ʗʄʈ (101 ʄɻʮ, ɼʄʉʆd6): ŭ 

= 185,6, 151,2, 142,4, 130,7 (ʜ, J = 23,9 ɻʮ), 128,7 (ʜ, J = 16,1 ɻʮ), 128,0, 100,6, 72,6, 

53,6, 12,7 ʤ.ʯ. 19F{1H} ʗʄʈ (376 ʄɻʮ, ɼʄʉʆd6): ŭ = 198,8 ʤ.ʯ. ʄʉ (ʍɯ): m/z = 362 

[M +H]+. ɸʥʘʣʽʟ ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ C13H12FNO6S2: C, 43,21; H, 3,35; N, 3,88; S, 17,74. 

ɿʥʘʡʜʝʥʦ: C, 43,45; H, 3,51; N, 4,02; S, 17.48. 

 

4.3 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɹʝʟʙʘʨʚʥʽ ʢʨʠʩʪʘʣʠ ʩʧʦʣʫʢʠ 1a (C5H8O4S) ʻ ʤʦʥʦʢʣʽʥʥʠʤʠ (ʈʠʩʫʥʦʢ 4.1). ʇʨʠ 

173 K a = 11,5606(8), b = 5,8440(4), c = 10,8117(7) ¡, ɓ = 102,547(4)Á, V = 713,00(8) 

¡3, Mr = 164,17, Z = 4, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P21/c, dʨʦʟʨ= 1,529 ʛ/ʩʤ3, *(MoKŬ) = 0,406 

ʤʤ-1, F(000) = 344. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 12819 ʚʽʜʙʠʪʪʽʚ (2082 ʥʝʟʘʣʝʞʥʠʭ, Rint=0,0381) 

ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ Bruker APEX II (ʛʨʘʬʽʪʦʚʝ ʤʦʥʦʭʨʦʤʘʪʠʯʥʝ MoKŬ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, CCD-ʜʝʪʝʢʪʦʨ, ű- ʪʘ ɤ-ʩʢʘʥʫʚʘʥʥʷ, 2Ūmax = 60)̄. ʉʪʨʫʢʪʫʨʫ ʙʫʣʦ 

ʨʦʟʚ'ʷʟʘʥʦ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ OLEX2[129] ʟ ʤʦʜʫʣʷʤʠ 

SHELXT[130] ʪʘ SHELXL[131]. ʇʦʣʦʞʝʥʥʷ ʘʪʦʤʽʚ ʚʦʜʥʶ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ ʢʘʨʪʘʤʠ 



мно 
 

ʨʽʟʥʠʮʽ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʪʘ ʫʪʦʯʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ çʾʟʜʠ ʚʝʨʭʠè ʟ Uiso = 

nUeq ʘʪʦʤʘ ʥʦʩʽʷ (n = 1,5 ʜʣʷ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʪʘ n = 1,2 ʜʣʷ ʽʥʰʠʭ ʘʪʦʤʽʚ ʚʦʜʥʶ). 

ʇʦʚʥʦʤʘʪʨʠʯʥʝ ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʚʽʜʥʦʩʥʦ F2 ʚ 

ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʥʝʚʦʜʥʝʚʠʭ ʘʪʦʤʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 2082 ʚʽʜʙʠʪʪʽʚ 

ʙʫʣʦ ʟʚʝʜʝʥʦ ʜʦ wR2 = 0,1062 (R1 = 0,0379 ʜʣʷ 1769 ʚʽʜʙʠʪʪʽʚ ʟ F>4ů(F), S = 1,098). 

ʆʩʪʘʪʦʯʥʽ ʘʪʦʤʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʜʣʷ ʩʧʦʣʫʢʠ 1a ʙʫʣʠ 

ʧʝʨʝʜʘʥʽ ʜʦ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʮʝʥʪʨʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʟʘ ʘʜʨʝʩʦʶ: 12 

Union Road, CB2 1EZ, ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ (ʬʘʢʩ: +44-1223-336033; ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ: 

deposit@ccdc.cam.ac.uk) ʪʘ ʜʦʩʪʫʧʥʽ ʟʘ ʟʘʧʠʪʦʤ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʘ ʜʝʧʦʥʫʚʘʥʥʷ 

CCDC 2386233. 

 

ʈʠʩʫʥʦʢ 4.1 - ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʩʫʣʴʪʦʥʫ 1a ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ɹʝʟʙʘʨʚʥʽ ʢʨʠʩʪʘʣʠ ʩʧʦʣʫʢʠ 1b (C5H6O4S) ̒ ʦʨʪʦʨʦʤʙʽʯʥʠʤʠ (ʈʠʩʫʥʦʢ 4.2). 

ʇʨʠ 173 K a = 7,6202(2), b = 8,9131(3), c = 9,9328(3) ¡, V = 674,63(4) ¡3, Mr = 162,16, 

Z = 4, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P212121, dcalc= 1,597 ʛ/ʩʤ3, *(MoKŬ) = 0,429 ʤʤ-1, F(000) = 

336. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 13051 ʚʽʜʙʠʪʪʷ (1979 ʥʝʟʘʣʝʞʥʠʭ, Rint=0,038) ʚʠʤʽʨʶʚʘʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ Bruker APEX II (ʛʨʘʬʽʪʦʚʝ ʤʦʥʦʭʨʦʤʘʪʠʯʥʝ MoKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

CCD-ʜʝʪʝʢʪʦʨ, ű- ʪʘ ɤ-ʩʢʘʥʫʚʘʥʥʷ, 2Ūmax = 60)̄. ʉʪʨʫʢʪʫʨʫ ʙʫʣʦ ʨʦʟʚ'ʷʟʘʥʦ 

ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ OLEX2 ʟ ʤʦʜʫʣʷʤʠ SHELXT ʪʘ SHELXL. 

ʇʦʣʦʞʝʥʥʷ ʘʪʦʤʽʚ ʚʦʜʥʶ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ ʢʘʨʪʘʤʠ ʨʽʟʥʠʮʽ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʪʘ 

ʫʪʦʯʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ çʾʟʜʠ ʚʝʨʭʠè ʟ Uiso = 1.2Ueq ʘʪʦʤʘ ʥʦʩʽʷ. 

ʇʦʚʥʦʤʘʪʨʠʯʥʝ ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʚʽʜʥʦʩʥʦ F2 ʚ 



мнп 
 

ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʥʝʚʦʜʥʝʚʠʭ ʘʪʦʤʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 1979 ʚʽʜʙʠʪʪʽʚ 

ʙʫʣʦ ʟʚʝʜʝʥʦ ʜʦ wR2 = 0.0851 (R1 = 0.032 ʜʣʷ 1784 ʚʽʜʙʠʪʪʽʚ ʟ F>4ů(F), S = 1.068). 

ʆʩʪʘʪʦʯʥʽ ʘʪʦʤʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʜʣʷ ʩʧʦʣʫʢʠ 1b ʙʫʣʠ 

ʧʝʨʝʜʘʥʽ ʜʦ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʮʝʥʪʨʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʟʘ ʘʜʨʝʩʦʶ: 12 

Union Road, CB2 1EZ, ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ (ʬʘʢʩ: +44-1223-336033; ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ: 

deposit@ccdc.cam.ac.uk) ʪʘ ʜʦʩʪʫʧʥʽ ʟʘ ʟʘʧʠʪʦʤ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʘ ʜʝʧʦʥʫʚʘʥʥʷ 

CCDC 2386234. 

 

ʈʠʩʫʥʦʢ 4.2 ï ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʩʫʣʴʪʦʥʫ 1b ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ɹʝʟʙʘʨʚʥʽ ʢʨʠʩʪʘʣʠ ʩʧʦʣʫʢʠ 1c (C6H8O4S) ̒ ʦʨʪʦʨʦʤʙʽʯʥʠʤʠ (ʈʠʩʫʥʦʢ 4.3). 

ʇʨʠ 173 K a = 8,5198(5), b = 8,7077(5), c = 10,0589(5) ¡, V = 746,25(7) ¡3, Mr = 

176,18, Z = 4, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P212121, dcalc= 1,568 ʛ/ʩʤ3, *(MoKŬ) = 0,395 ʤʤ-1, 

F(000) = 368. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 11410 ʚʽʜʙʠʪʪʽʚ (2175 ʥʝʟʘʣʝʞʥʠʭ, Rint=0,0354) 

ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ Bruker APEX II (ʛʨʘʬʽʪʦʚʝ ʤʦʥʦʭʨʦʤʘʪʠʯʥʝ MoKŬ-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, CCD-ʜʝʪʝʢʪʦʨ, ű- ʪʘ ɤ-ʩʢʘʥʫʚʘʥʥʷ, 2Ūmax = 60)̄. ʉʪʨʫʢʪʫʨʫ ʙʫʣʦ 

ʨʦʟʚ'ʷʟʘʥʦ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ OLEX2 ʟ ʤʦʜʫʣʷʤʠ SHELXT  

ʪʘ SHELXL. ʇʦʣʦʞʝʥʥʷ ʘʪʦʤʽʚ ʚʦʜʥʶ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ ʢʘʨʪʘʤʠ ʨʽʟʥʠʮʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʪʘ ʫʪʦʯʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ çʾʟʜʠ ʚʝʨʭʠè ʟ Uiso = 1.2Ueq 

ʘʪʦʤʘ ʥʦʩʽʷ. ʇʦʚʥʦʤʘʪʨʠʯʥʝ ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʚʽʜʥʦʩʥʦ F2 

ʚ ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʣʷ ʥʝʚʦʜʥʝʚʠʭ ʘʪʦʤʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 2175 ʚʽʜʙʠʪʪʽʚ 

ʙʫʣʦ ʟʚʝʜʝʥʦ ʜʦ wR2 = 0.0833 (R1 = 0.0306 ʜʣʷ 2047 ʚʽʜʙʠʪʪʽʚ ʟ F>4ů(F), S = 1.094). 

ʆʩʪʘʪʦʯʥʽ ʘʪʦʤʥʽ ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʜʣʷ ʩʧʦʣʫʢʠ 1c ʙʫʣʠ 



мнр 
 

ʧʝʨʝʜʘʥʽ ʜʦ ʂʝʤʙʨʠʜʞʩʴʢʦʛʦ ʮʝʥʪʨʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʟʘ ʘʜʨʝʩʦʶ: 12 

Union Road, CB2 1EZ, ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ (ʬʘʢʩ: +44-1223-336033; ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ: 

deposit@ccdc.cam.ac.uk) ʪʘ ʜʦʩʪʫʧʥʽ ʟʘ ʟʘʧʠʪʦʤ ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʥʦʤʝʨʘ ʜʝʧʦʥʫʚʘʥʥʷ 

CCDC 2386232. 

 

ʈʠʩʫʥʦʢ 4.3 - ʄʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ ʩʫʣʴʪʦʥʫ 1c ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

4.4 ɹʽʦʣʦʛʽʯʥʽ ʘʥʘʣʽʟʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʨʠʯʽ ʥʝʛʘʪʠʚʥʠʭ ʢʣʽʪʠʥʘʭ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ 

MDA-MB-231 ʪʘ ʥʝʟʣʦʷʢʽʩʥʠʭ ʢʣʽʪʠʥʘʭ MAEC. ʂʣʽʪʠʥʠ ʽʥʢʫʙʫʚʘʣʠ ʚ 

ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɼʫʣʴʙʝʢʢʦ (DMEM) ʟ L-ʛʣʫʪʘʤʽʥʦʤ (4 ʤʤʦʣʴ/ʣ; 

Biowest, Nuaill®, ʌʨʘʥʮʽʷ), 10% ʬʝʪʘʣʴʥʦʾ ʙʠʯʘʯʦʾ ʩʠʨʦʚʘʪʢʠ (Biowest) ʪʘ 

ʛʝʥʪʘʤʽʮʠʥʦʤ (40 ʤʢʛ/ʤʣ; Merck, ɼʘʨʤʰʪʘʜʪ, ʅʽʤʝʯʯʠʥʘ). ʂʣʽʪʠʥʠ ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 

37 ÁC ʚ ʘʪʤʦʩʬʝʨʽ 5% CO2. ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʧʦʣʫʢʠ ʨʦʟʯʠʥʷʣʠ ʚ ɼʄʉʆ ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 50 ʤʄ. ɸʣʽʢʚʦʪʫ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʚʘʣʠ ʤʝʪʦʜʦʤ ʜʚʦʢʨʘʪʥʦʛʦ 

ʨʦʟʚʝʜʝʥʥʷ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʽʥʢʫʙʘʮʽʾ ʢʣʽʪʠʥ. ɼʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʪʘʥʦʚʠʚ 0,5ï

0,0078125 ʤʄ. ɼʄʉʆ ʜʦʜʘʚʘʣʠ ʜʦ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʽʯʥʽ 

ʤʘʥʽʧʫʣʷʮʽʾ. ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʽʩʣʷ 

ʬʘʨʙʫʚʘʥʥʷ ʢʣʽʪʠʥ 0,5% ʢʨʠʩʪʘʣʽʯʥʠʤ ʬʽʦʣʝʪʦʚʠʤ ʫ 70% ʤʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ. 

ʌʘʨʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ. ɿʘʣʠʰʦʢ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ 

ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʆʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 540 ʥʤ ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ 



мнс 
 

ʧʣʘʥʰʝʪʥʦʤʫ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ (Labsystems Multiskan PLUS, ɺʘʥʪʘʘ, ʌʽʥʣʷʥʜʽʷ). 

ɿʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ (%) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ὅὈ ρ
Ὀ

Ὀ
ɆρππϷ 

ʜʝ CD ï ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ, %; Dsample ï ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 540 ʥʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ; Dcontrol ï ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 540 ʥʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʜʦʟʠ ʚʽʜ ʨʝʘʢʮʽʾ ʦʙʨʦʙʣʷʣʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ 

ʍʽʣʣʘ, ʷʢʱʦ ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʧʝʨʝʚʠʱʫʚʘʣʘ 85ï90% [132]. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʚʪʦʨʶʚʘʣʠ ʪʨʠʯʽ. 

 

ɺʀʉʅʆɺʂʀ ɼʆ ʈʆɿɼɯʃʋ 4 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʪʠ ʟʘʙʝʟʧʝʯʝʥʦ 

ʤʝʪʦʜʠʯʥʝ ʪʘ ʘʥʘʣʽʪʠʯʥʝ ʧʽʜˇʨʫʥʪʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʯʠʩʪʦʪʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ. ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʮʽʣʴʦʚʠʭ 

ʦʙôʻʢʪʽʚ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʫ ʤʝʪʦʜʽʚ: ʙʘʛʘʪʦʷʜʝʨʥʦʾ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ (1H, 13C, 19F, 31P), ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ (APCI), ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ 

ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. ʂʦʥʪʨʦʣʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ ʪʘ ʯʠʩʪʦʪʠ ʧʨʦʜʫʢʪʽʚ ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʊʐʍ ʪʘ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥʷ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ. 

2. ɺʽʜʧʨʘʮʴʦʚʘʥʦ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʢʣʶʯʦʚʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ð O-

ʤʝʟʠʣʴʦʚʘʥʠʭ Ŭ-ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ (2aïe) ʪʘ ʮʽʘʥʦʛʽʜʨʠʥʽʚ (4a,b). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʥʩʫʣʴʬʦʥʽʣʭʣʦʨʠʜʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʨʠʝʪʠʣʘʤʽʥʫ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽʟ ʚʠʩʦʢʠʤʠ ʚʠʭʦʜʘʤʠ (75ï98%). ʆʧʪʠʤʽʟʦʚʘʥʦ 

ʧʨʦʮʝʜʫʨʠ ʚʠʜʽʣʝʥʥʷ ʦʣʽʡʥʠʭ ʪʘ ʪʚʝʨʜʠʭ ʤʝʟʠʣʘʪʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʾ ʨʦʟʯʠʥʥʦʩʪʽ 

ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

3. ɿʜʽʡʩʥʝʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʥʪʝʟʫ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ (1a,b) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʢʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʦʙôʻʤʦʤ 20 ʣ. ɼʦʚʝʜʝʥʦ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 



мнт 
 

ʢʦʥʜʝʥʩʘʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ ʧʨʠ ʟʘʚʘʥʪʘʞʝʥʥʷʭ ʜʦ 0,5 ʢʛ ʚʠʭʽʜʥʦʛʦ ʛʽʜʨʦʢʩʽʝʩʪʝʨʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʢʦʣ ʦʯʠʩʪʢʠ ʧʨʦʜʫʢʪʽʚ ʰʣʷʭʦʤ ʧʨʦʤʠʚʘʥʥʷ ʩʫʤʽʰʘʤʠ 

ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʽʟʦʧʨʦʧʘʥʦʣʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʮʽʣʴʦʚʽ 

ʩʫʣʴʪʦʥʠ ʟ ʚʠʭʦʜʘʤʠ 54ï67%. 

4. ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʩʝʨʽʶ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ ʩʫʣʴʪʦʥʽʚ 

ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʢʘʨʙʦʥʽʣʴʥʦʛʦ ʪʘ ʘʢʪʠʚʦʚʘʥʦʛʦ ʤʝʪʠʣʝʥʦʚʦʛʦ ʮʝʥʪʨʽʚ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʝʮʠʟʽʡʥʽ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʡ ʘʤʽʥʫʚʘʥʥʷ, C-ʘʮʠʣʶʚʘʥʥʷ, 

ʘʟʦʩʧʦʣʫʯʝʥʥʷ, ʛʘʣʦʛʝʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʟʘ ɺʽʣʴʩʤʝʡʻʨʦʤ-

ʍʘʘʢʦʤ ʪʘ ɺʽʪʪʽʛʦʤ. ɼʣʷ ʩʧʦʣʫʢ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʩʫʤʽʰʝʡ E/Z-̔ ʟʦʤʝʨʽʚ ʘʙʦ 

ʪʘʫʪʦʤʝʨʥʠʭ ʬʦʨʤ, ʥʘʚʝʜʝʥʦ ʧʦʚʥʫ ʩʧʝʢʪʨʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʞʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. 

5. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʉɸ) ʦʜʥʦʟʥʘʯʥʦ ʜʦʚʝʜʝʥʦ 

ʧʨʦʩʪʦʨʦʚʫ ʙʫʜʦʚʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʫ ʫʧʘʢʦʚʢʫ ʤʦʜʝʣʴʥʠʭ ʩʫʣʴʪʦʥʽʚ 1a-c. ʆʪʨʠʤʘʥʽ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʤʦʥʦʢʣʽʥʥʘ ʪʘ ʦʨʪʦʨʦʤʙʽʯʥʘ ʩʠʥʛʦʥʽʾ, ʧʨʦʩʪʦʨʦʚʽ 

ʛʨʫʧʠ P21/c ʪʘ P212121) ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʠʢʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʫʣʴʬʦʥʘʪʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʪʘ ʥʘʷʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʠʭ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ ʟʯʣʝʥʫʚʘʥʴ. ɼʘʥʽ ʜʝʧʦʥʦʚʘʥʦ ʚ 

ʂʝʤʙʨʠʜʞʩʴʢʦʤʫ ʮʝʥʪʨʽ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ (CCDC 2386232ï2386234). 

6. ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʮʠʪʦʪʦʢʩʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ in vitro. ʆʮʽʥʢʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʨʙʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʤ ʬʽʦʣʝʪʦʚʠʤ ʥʘ 

ʣʽʥʽʷʭ ʢʣʽʪʠʥ MDA-MB-231 ʪʘ MAEC. ʈʦʟʨʘʭʫʥʦʢ ʜʦʟʦʟʘʣʝʞʥʦʛʦ ʝʬʝʢʪʫ (CD) ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ ʍʽʣʣʘ ʟʘʙʝʟʧʝʯʠʣʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʙʦʪʽ. 

  



мну 
 

ɺʀʉʅʆɺʂʀ 

 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʨʦʟʚôʷʟʘʥʥʷ 

ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ð ʨʦʟʨʦʙʢʠ ʮʽʣʽʩʥʦʛʦ ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʦ ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʩʠʥʪʝʟʫ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ (ɓ-ʢʝʪʦ ɔ-

ʩʫʣʴʪʦʥʽʚ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʰʠʨʠʪʠ ʩʠʥʪʝʪʠʯʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʩʫʯʘʩʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʪʘ ʤʝʜʠʯʥʦʾ ʭʽʤʽʾ ʥʦʚʠʤʠ ʢʣʘʩʘʤʠ 

ʩʫʣʴʬʫʨʦʚʤʽʩʥʠʭ ʙʽʦʽʟʦʩʪʝʨʽʚ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʤʝʪʦʜʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʪʨʘʪʝʛʽʾ ʩʠʥʪʝʟʫ ʤʦʜʝʣʴʥʠʭ ʪʘ 

ʥʘʧʨʫʞʝʥʠʭ ʩʧʽʨʦʮʠʢʣʽʯʥʠʭ ɓ-ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʢʦʥʜʝʥʩʘʮʽʾ ʩʫʣʴʬʘ-ɼʽʢʤʘʥʘ O-ʤʝʟʠʣʴʦʚʘʥʠʭ Ŭ-

ʛʽʜʨʦʢʩʽʝʩʪʝʨʽʚ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ ʩʪʨʫʢʪʫʨ ʽʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʯʠʩʪʦʪʠ ʪʘ ʚʠʭʦʜʘʤʠ ʜʦ 78%. 

ɺʩʪʘʥʦʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷ ʤʝʪʦʜʫ ʩʫʣʴʬʘ-ɿʽʛʣʝʨʘ-ʊʦʨʧʘ: ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʩʪʨʫʢʮʽʷ ʥʘʧʨʫʞʝʥʦʛʦ ʮʠʢʣʫ, 

ʱʦ ʟʫʤʦʚʣʶʻ ʚʠʙʽʨ ʝʩʪʝʨʥʦʾ ʩʪʨʘʪʝʛʽʾ ʷʢ ʧʨʽʦʨʠʪʝʪʥʦʾ ʜʣʷ ʩʠʥʪʝʟʫ ʥʘʧʨʫʞʝʥʠʭ 

ʩʠʩʪʝʤ. 

2. ɺʧʝʨʰʝ ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʛʣʘʤʝʥʪ ʩʠʥʪʝʟʫ ʙʘʟʦʚʠʭ 

ʩʫʣʴʪʦʥʽʚ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʜʦ 500 ʛʨʘʤʽʚ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʫʤʦʚʘʭ 20-ʣʽʪʨʦʚʠʭ 

ʩʢʣʷʥʠʭ ʨʝʘʢʪʦʨʽʚ. ʆʧʪʠʤʽʟʦʚʘʥʦ ʧʨʦʮʝʩʠ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʩʪʘʜʽʾ ʛʝʥʝʨʫʚʘʥʥʷ ʝʥʦʣʷʪʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʫ 

ʙʝʟʝʢʩʪʨʘʢʮʽʡʥʫ ʤʝʪʦʜʠʢʫ ʚʠʜʽʣʝʥʥʷ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʽʟʦʣʶʚʘʪʠ 

ʧʦʣʷʨʥʽ ʥʘʧʨʫʞʝʥʽ ʩʫʣʴʪʦʥʠ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʫ ʣʽʧʦʬʽʣʴʥʽʩʪʴ (logP <0) ʪʘ ʚʠʩʦʢʫ 

ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʥʠʭ ʬʘʟʘʭ. 

3. ɺʠʷʚʣʝʥʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʢʘʨʢʘʩʘ ʪʘ ʪʘʫʪʦʤʝʨʥʠʤ ʩʪʘʥʦʤ ʩʧʦʣʫʢ. ʐʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʫʪʦʚʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʫ ɔ-

ʧʦʣʦʞʝʥʥʽ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ. ʉʢʦʨʦʯʝʥʥʷ 



мнф 
 

ʚʘʣʝʥʪʥʦʛʦ ʢʫʪʘ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʜʠʤʝʪʠʣʴʥʠʭ ʜʦ ʩʧʽʨʦʮʠʢʣʦʧʨʦʧʽʣʴʥʠʭ ʟʘʤʽʩʥʠʢʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʾ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʝʥʦʣʴʥʦʾ ʬʦʨʤʠ, ʟʥʠʞʫʶʯʠ ʾʾ ʚʤʽʩʪ ʫ ʨʦʟʯʠʥʽ 

ɼʄʉʆ ʟ 61% ʜʦ 12%. ʎʝ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʦʟʨʘʭʫʥʢʘʤʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʽʟʦʜʝʩʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ PBE0/QZVP. 

4. ʊʝʦʨʝʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ɼʄʉʆ-

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʾ ʝʥʦʣʽʟʘʮʽʾ. ɼʦʚʝʜʝʥʦ, ʱʦ ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʟʩʫʚʫ ʪʘʫʪʦʤʝʨʥʦʾ 

ʨʽʚʥʦʚʘʛʠ ʻ ʩʧʝʮʠʬʽʯʥʘ ʩʦʣʴʚʘʪʘʮʽʷ, ʜʝ ʤʦʣʝʢʫʣʠ ɼʄʉʆ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʞʦʨʩʪʢʽ 

ʦʩʥʦʚʠ ʃʴʶʾʩʘ, ʩʪʘʙʽʣʽʟʫʶʯʠ OH-ʛʨʫʧʫ ʝʥʦʣʫ ʯʝʨʝʟ ʤʽʮʥʽ ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ. 

ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ (SMD ʤʦʜʝʣʴ) 

ʧʽʜʪʚʝʨʜʠʣʦ ʥʘʷʚʥʽʩʪʴ ʥʠʟʴʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨ'ʻʨʫ ʧʝʨʝʥʝʩʝʥʥʷ ʧʨʦʪʦʥʘ (13ï14 

ʢʢʘʣ/ʤʦʣʴ), ʱʦ ʧʦʷʩʥʶʻ ʰʚʠʜʢʫ ʚʩʪʘʥʦʚʣʶʚʘʥʽʩʪʴ ʨʽʚʥʦʚʘʛʠ. 

5. ɼʦʩʣʽʜʞʝʥʦ ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʩʫʣʴʪʦʥʦʚʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ h ʘʙʣʦʥʘ 

ʷʢ ʤʫʣʴʪʠʮʝʥʪʨʦʚʦʛʦ ʨʝʘʛʝʥʪʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʥʢʫʨʝʥʮʽʻʶ ʤʽʞ ʥʫʢʣʝʦʬʽʣʴʥʠʤ ʮʝʥʪʨʦʤ C(3) ʪʘ ʝʣʝʢʪʨʦʬʽʣʴʥʠʤ ʮʝʥʪʨʦʤ C(2). 

ʈʝʘʣʽʟʦʚʘʥʦ ʥʠʟʢʫ ʩʝʣʝʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ: C-ʘʮʠʣʶʚʘʥʥʷ, ʛʘʣʦʛʝʥʫʚʘʥʥʷ, 

ʘʟʦʩʧʦʣʫʯʝʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ çpush-pullè ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʦʚʠʭ ʩʠʩʪʝʤ. ɺʠʷʚʣʝʥʦ 

ʬʝʥʦʤʝʥ ʫʪʚʦʨʝʥʥʷ ʬʦʩʬʦʥʽʻʚʠʭ ʙʝʪʘʾʥʽʚ ʫ ʨʝʘʢʮʽʷʭ ɺʽʪʪʽʛʘ ʜʣʷ ʣʝʛʢʦ ʝʥʦʣʽʟʦʚʘʥʠʭ 

ʩʫʣʴʪʦʥʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ ʽʣʽʜʽʚ. 

6. ɯʜʝʥʪʠʬʽʢʦʚʘʥʦ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʧʨʦʪʠʧʫʭʣʠʥʥʽ ʘʛʝʥʪʠ ʩʝʨʝʜ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʭʽʜʥʠʭ. In vitro ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʣʽʥʽʾ MDA-MB-231 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʘʤʽʥʦʤʝʪʠʣʽʜʝʥʠ, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ 

ʩʫʣʴʬʦʥʽʣʬʣʫʦʨʠʜʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʚʠʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ 

(ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʜʦ 60% ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 0.5 ʤʄ). ɼʦʚʝʜʝʥʦ, ʱʦ ʩʫʣʴʪʦʥʦʚʠʡ 

ʮʠʢʣ ʚʠʢʦʥʫʻ ʨʦʣʴ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʢʦʨʝʢʪʥʫ 

ʦʨʽʻʥʪʘʮʽʶ çʝʣʝʢʪʨʦʬʽʣʴʥʦʾ ʙʦʻʛʦʣʦʚʢʠè SO2F ʫ ʘʢʪʠʚʥʦʤʫ ʮʝʥʪʨʽ ʙʽʣʢʘ. ʇʨʠ ʮʴʦʤʫ 

ʩʧʦʣʫʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʨʠʡʥʷʪʥʠʡ ʧʨʦʬʽʣʴ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʱʦʜʦ ʥʝʟʣʦʷʢʽʩʥʠʭ 

ʢʣʽʪʠʥ MAEC. 

7. ʅʘ ʦʩʥʦʚʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʽʥʛʽʙʫʚʘʥʥʷ 

ʦʥʢʦʛʝʥʥʠʭ ʢʽʥʘʟ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʩʦʢʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʣʽʛʘʥʜʽʚ ʜʦ ʢʽʥʘʟʠ CLK4 (Ki = 

0.17 ʤʢʄ) ʪʘ ʨʝʮʝʧʪʦʨʘ VEGFR-2. ʉʪʘʙʽʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 



мол 
 

ʫʥʽʢʘʣʴʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʢʦʥʚʝʥʮʽʡʥʠʭ ʚʦʜʥʝʚʠʭ ʟʚôʷʟʢʽʚ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ pi-Sulfur 

ʚʟʘʻʤʦʜʽʡ ʩʫʣʴʪʦʥʦʚʦʛʦ ʢʽʣʴʮʷ ʟ ʬʝʥʽʣʘʣʘʥʽʥʦʚʠʤʠ ʟʘʣʠʰʢʘʤʠ ʢʠʰʝʥʽ ʟʚôʷʟʫʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʢʣʘʜʘʶʪʴ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʜʠʟʘʡʥʫ ʥʦʚʠʭ SuFEx-

ʘʢʪʠʚʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʜʣʷ ʧʦʪʨʝʙ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʾ ʦʥʢʦʣʦʛʽʾ.  

8. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ 

ʩʪʨʘʪʝʛʽʶ ʪʘ ʧʨʠʢʣʘʜʥʠʡ ʣʘʙʦʨʘʪʦʨʥʠʡ ʨʝʛʣʘʤʝʥʪ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʽʦʣʦʛʽʯʥʦ 

ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ-ʭʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ h ʘʙʣʦʥʫ 1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-

ʜʽʦʢʩʠʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʤʝʪʦʜʽʚ ʙʽʦʽʟʦʩʪʝʨʥʦʾ 

ʟʘʤʽʥʠ, ʧʨʝʧʘʨʪʠʚʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʥʪʝʟʫ (ʜʦ 0,5 ʢʛ) ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ 

ʪʘʫʪʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʘʥʠʭ (ʗʄʈ, ʈʉɼ) 

ʽʟ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʨʝʣʷʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ in 

silico ʪʘ in vitro ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʷʢ 

ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʪʝʥʮʽʡʥʠʭ 

ɸʌɯ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 

9. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʥʮʠʧʦʚʫ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʩʠʥʪʝʟʫ ʩʫʣʴʪʦʥʽʚ 1a,c, ̫ʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʧʨʦʮʝʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʤʘʣʴʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʯʽʪʢʝ ʜʦʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ (-15ÁC) 

ʜʦʟʚʦʣʷʻ ʩʪʘʙʽʣʴʥʦ ʦʪʨʠʤʫʚʘʪʠ ʮʽʣʴʦʚʽ ʧʨʦʜʫʢʪʠ ʟ ʚʠʭʦʜʦʤ ʧʦʥʘʜ 75%, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ.  
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ɼʆɼɸʊʆʂ ɸ ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʇʦʣʶʜʦʚ ɸ., ɻʘʚʨʠʰʢʦ ɼ., ɼʦʙʨʠʜʥʻʚ ʆ., ʆʤʝʣʴʷʥ ʊ., ɺʦʣʦʚʝʥʢʦ, ʖ. 

ʉʠʥʪʝʟ ʽ ʪʘʫʪʦʤʝʨʽʷ 5,5-ʜʠʟʘʤʽʱʝʥʠʭ-1,2-ʦʢʩʘʪʽʦʣʘʥ-4-ʦʥ 2,2-ʜʽʦʢʩʠʜʽʚ. ɼʦʧʦʚʽʜʽ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ 2023, 5, 57ï65. 

https://doi.org/10.15407/dopovidi2023.05.057 

ɺʥʝʩʦʢ ʘʚʪʦʨʽʚ ʧʫʙʣʽʢʘʮʽʾ: 

ʇʦʣʶʜʦʚ ɸ. ð ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʩʠʥʪʝʟ ʩʧʦʣʫʢ, ʧʽʜʛʦʪʦʚʢʘ 

ʧʝʨʚʠʥʥʦʛʦ ʪʝʢʩʪʫ ʩʪʘʪʪʽ, ʘʥʘʣʽʟ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɻʘʚʨʠʰʢʦ ɼ. ð ʩʠʥʪʝʟ ʩʧʦʣʫʢ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʠʤʘʥʠʭ 

ʨʝʯʦʚʠʥ. 

ɼʦʙʨʠʜʥʻʚ ʆ. ð ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, 

ʥʘʧʠʩʘʥʥʷ ʩʪʘʪʪʽ, ʢʨʠʪʠʯʥʠʡ ʦʛʣʷʜ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ. 

ʆʤʝʣʴʷʥ ʊ. ðʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ 

ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʦʣʦʚʝʥʢʦ ʖ. ð ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ, ʟʘʪʚʝʨʜʞʝʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʚʝʨʩʽʾ 

ʩʪʘʪʪʽ ʜʣʷ ʧʫʙʣʽʢʘʮʽʾ. 

2. Poliudov A. O., Dobrydnev A. V. Contemporary approaches to the synthesis 

of cyclic sulfonates (microreview). Chem Heterocycl Comp., 2023, 59, 739ï741 

https://doi.org/10.1007/s10593-024-03265-8 (Scopus, Q4) 

ɺʥʝʩʦʢ ʘʚʪʦʨʽʚ ʧʫʙʣʽʢʘʮʽʾ: 

Poliudov A.O. ï ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʥʘʧʠʩʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ 

ʩʪʘʪʪʽ. 

Dobrydnev A.V. ï ʢʦʥʮʝʧʪʫʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ, ʥʘʧʠʩʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ 

ʩʪʘʪʪʽ, ʧʽʜʛʦʪʦʚʢʘ ʬʽʥʘʣʴʥʦʾ ʚʝʨʩʽʾ ʩʪʘʪʪʽ ʜʦ ʧʫʙʣʽʢʘʮʽʾ. 

3. Poliudov A.O., Havryshko D.Y., Sorokin M.D., Yatsymyrskyi A.V., Virych 

P.A., Shishkina S.V., Fokin A.A., Omelian ʊ.V., Kysil A.I., Milokhov D.S., Dobrydnev 

A.V. Synthesis, tautomerism, and anticancer activity of 5,5-disubstituted 1,2-oxathiolan-

https://doi.org/10.15407/dopovidi2023.05.057
https://doi.org/10.1007/s10593-024-03265-8
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4-one 2,2-dioxides. J. Mol. Struct. 2025, 1325, 140952. 

https://doi.org/10.1016/j.molstruc.2024.140952 (Scopus, Q2) 

ɺʥʝʩʦʢ ʘʚʪʦʨʽʚ ʧʫʙʣʽʢʘʮʽʾ: 

Poliudov A.O. ï ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ, ʩʠʥʪʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢʠ, in 

silico ʜʦʩʣʽʜʞʝʥʥʷ, ʦʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ 

ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʙʫʜʦʚʠ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ, ʘʥʘʣʽʟ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

Havryshko D.Y. ï ʩʠʥʪʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʫʜʦʚʠ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ. 

Sorokin M.D. - in silico ʜʦʩʣʽʜʞʝʥʥʷ, ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

Yatsymyrskyi A.V. ï ʧʨʦʚʝʜʝʥʥʷ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʝʪʦ-ʝʥʦʣʴʥʦʾ 

ʪʘʫʪʦʤʝʨʽʾ, ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

Virych P.A.  ï ʧʨʦʚʝʜʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ in vitro, ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ 
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ɼʆɼɸʊʆʂ ɹ ʂʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʝʪʦʜʦʤ ʊʌɻ ʚ ʨʘʤʢʘʭ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʊʌɻ ʨʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ORCA 5.0.3 ʪʘ ʧʨʦʛʨʘʤʠ Avogadro1.2.0 ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

 

 

 

ʈʠʩʫʥʦʢ ɹ.1 ï ʄʦʣʝʢʫʣʷʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʥʫʤʝʨʘʮʽʾ ʘʪʦʤʽʚ ʩʫʣʴʪʦʥʫ 

 

ʊʘʙʣʠʮʷ ɹ.1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʤʽʞʘʪʦʤʥʠʭ ʜʦʚʞʠʥ (¡) ʚ ʩʪʨʫʢʪʫʨʽ ɓ-ʢʝʪʦ-ɔ-ʩʫʣʴʪʦʥʫ 2.1 (ʥʫʤʝʨʘʮʽʷ ʘʪʦʤʽʚ ʥʘʚʝʜʝʥʘ 

ʥʠʞʯʝ). 

ˉ ɿʚôʷʟʦʢ ʈʉɸ 

ʈʽʚʝʥʴ ʪʝʦʨʽʾ 

PBE0 

QZVP 

CAM- 

B3LYP 

QZVP 

SCS- 

MP2 

TZVP 

M06-2X 

QZVP 

TPSSh 

QZVP 
cc-pV5Z 

 

1 C(1)ïO(1) 1,482 1,452 1,457 1,460 1,453 1,470 1,470 

2 C(1)ïC(2) 1,531 1,535 1,535 1,539 1,537 1,540 1,540 
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3 C(2)ïC(3) 1,512 1,518 1,518 1,527 1,522 1,526 1,525 

4 C(3)ïS(1) 1,762 1,775 1,778 1,804 1,776 1,790 1,790 

5 S(1)ïO(1) 1,583 1,592 1,590 1,651 1,590 1,608 1,609 

6 C(1)ïC(4) 1,516 1,517 1,518 1,524 1,518 1,526 1,525 

7 C(1)ïC(5) 1,514 1,516 1,516 1,523 1,519 1,525 1,525 

8 C(2)ïO(4) 1,195 1,194 1,193 1,209 1,192 1,202 1,202 

9 S(1)ïO(2) 1,427 1,425 1,423 1,461 1,424 1,435 1,435 

10 S(1)ïO(3) 1,420 1,418 1,416 1,453 1,416 1,427 1,428 

 

ʊʘʙʣʠʮʷ ɹ.2 ï ʈʦʟʨʘʭʦʚʘʥʽ ʝʥʝʨʛʽʾ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʚ ɻʘʨʪʨʽ) ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʤʝʪʦʜʦʤ PBE0 QZVP. 

 

ʉʧʦʣʫʢʘ 
ʇʦʚʥʘ 

ʝʥʪʘʣʴʧʽʷ 

ɽʣʝʢʪʨʦʥʥʘ 

ʝʥʝʨʛʽʷ 

ʇʦʚʥʘ 

ʪʝʧʣʦʚʘ 

ʝʥʝʨʛʽʷ 

ʌʽʥʘʣʴʥʘ 

ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ 

ɻʽʙʙʩʘ 

ʧʨʦʧʘʥ 118,92954820 119,03834903 118,93049241 118,96070542 

ʮʠʢʣʦʧʨʦʧʘʥ 117,71355105 117,79935825 117,71449526 117,74212669 

ʮʠʢʣʦʙʫʪʘʥ 156,96642491 157,08246538 156,96736912 156,99757792 
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ʮʠʢʣʦʧʝʥʪʘʥ 196,24858852 196,39461188 196,24953273 196,28090632 

ʮʠʢʣʦʛʝʢʩʘʥ 235,50750695 235,68450055 235,50845116 235,54292532 

3a 893,85418346 894,00057571 893,85512767 893,89933778 

3b 892,63773447 892,76106853 892,63867868 892,68082763 

3c 931,89431356 932,04802843 931,89525777 931,93957005 

3d 971,17171975 971,35639458 971,17266396 971,21945412 

3e 
1010,43290168 1010,64774690 1010,43384589 

1010,48183584 

4a 893,84130837 893,98844227 893,84225258 893,88643993 

4b 892,62188824 892,74585332 892,62283245 892,66510997 

4c 931,88097309 932,03532022 931,88191730 931,92630587 

4d 971,16122457 971,34633619 971,16216878 971,20895492 

4e 
1010,41982048 1010,63544436 1010,42076469 

1010,46901090 

3a (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

893,87665917 894,02256631 893,87760338 893,92195538 

3b (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

892,66051499 892,78352837 892,66145920 892,70357493 

3c (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

931,91718279 932,07053491 931,91812700 931,96249628 

3d (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

971,19496953 971,37919556 971,19591374 971,24329903 
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3e (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1010,45671514 1010,67089546 1010,45765934 

1010,50572986 

4a (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

893,86535470 894,01191474 893,86629891 893,91044948 

4b (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

892,64643404 892,76987755 892,64737825 892,68955498 

4c (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

931,90564205 932,05946303 931,90658626 931,95101411 

4d (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

971,18614000 971,37061643 971,18708421 971,23373266 

4e (SMD 

ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1010,44546822 1010,66024088 1010,44641243 

1010,49460600 

3aÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

970,24887413 970,42034011 970,24981834 970,29930744 

3bÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

969,03152445 969,18203865 969,03246866 969,08349288 

3cÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1008,28897046 1008,46879288 1008,28991466 

1008,34071859 
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3dÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1047,56955922 1047,78017566 1047,57050343 

1047,62329259 

3eÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1086,82739290 1087,06908492 1086,82833711 

1086,88482923 

4aÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

970,24387494 970,41782741 970,24481915 970,29671305 

4bÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 

969,02590943 969,17593008 969,02685364 969,07491628 

4cÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1008,28485004 1008,46517458 1008,28579425 

1008,33594186 

4dÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1047,56422259 1047,77632859 1047,56516680 

1047,61984258 

4eÅH2O  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1086,82372996 1087,06583464 1086,82467417 

1086,88129834 

3aÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1446,80002943 1447,03214474 1446,80097364 

1446,85813421 

3bÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1445,58322868 1445,79302780 1445,58417289 

1445,64231010 
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3cÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1484,83990603 1485,08018517 1484,84085024 

1484,89988703 

3dÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1524,11839506 1524,38842614 1524,11933927 

1524,17934545 

3eÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1563,37564457 1563,67770432 1563,37658878 

1563,44160650 

4aÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1446,80360402 1447,03653698 1446,80454823 

1446,86349807 

4bÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1445,58389878 1445,79488490 1445,58484299 

1445,64249024 

4cÅDMSO  

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1484,84203729 1485,08224990 1484,84298150 

1484,90152866 

4dÅDMSO 

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1524,12453599 1524,39476241 1524,12548020 

1524,18450626 

4eÅDMSO 

(SMD ʤʦʜʝʣʴ, 

ɼʄʉʆ) 
1563,38219424 1563,68436098 1563,38313845 

1563,44757033 
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ʊʘʙʣʠʮʷ ɹ.3 ï ʈʦʟʨʘʭʦʚʘʥʽ ʝʥʝʨʛʽʾ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʚ ɻʘʨʪʨʽ) ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʤʝʪʦʜʦʤ PBE0 QZVP. (SMD ʤʦʜʝʣʴ: ʪʦʣʫʝʥ) 

ʉʧʦʣʫʢʘ 
Total 

Enthalpy 

Electronic 

energy 

Total thermal 

energy 

Final Gibbs 

free energy 

16a 1085,61495087 1085,83305432 1085,61589508 1085,67042591 

17a 1085,60256380 1085,82073081 1085,60350801 1085,65897516 

16b 1084,39816459 1084,59324114 1084,39910880 1084,45161393 

17b 1084,38621164 1084,58130916 1084,38715585 1084,43978019 

 

 

 

ʈʠʩʫʥʦʢ ɹ.2 ð ʇʨʦʬʽʣʴ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʽ ʛʝʦʤʝʪʨʽʾ ̔ʟʦʤʝʨʽʚ 16a, 

17a (ɸ) ʪʘ 16b, 17a (ɹ) ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ PBE0/QZVP (ʤʦʜʝʣʴ SMD: ʪʦʣʫʦʣ) 
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ʈʠʩʫʥʦʢ ɹ.3 ð ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʬʨʦʥʪʘʣʴʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʦʨʙʽʪʘʣʝʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʠʥʠ HOMOïLUMO ʜʣʷ ɓ -ʢʝʪʦ ɔ -ʩʫʣʴʪʦʥʽʚ 1a,b ʪʘ ɓ -

ʝʥʦʣʦ ɔ -ʩʫʣʴʪʦʥʽʚ 7a,b ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ PBE0/QZVP. 
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ɼʝʢʘʨʪʦʚʽ ʢʦʦʨʜʠʥʘʪʠ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʪʘ 

ʩʦʣʴʚʘʪʽʚ, ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ PBE0/QZVP 

 

3a 

 

  C   1.00173270595451      0.03584803880282      0.35169317769787 

  C   2.50141870511968      0.00415088782855      0.13240936923534 

  O   3.00400932207239     -1.17385555153288      0.81691144358685 

  C   2.87526701578617     -0.02931246057894     -1.33761264373038 

  C   3.16042539543688      1.19891674538343      0.83628938873169 

  C   4.11253704055050      0.73347061322849      1.92225993311963 

  S   4.43605129980334     -0.95422451810241      1.47626182850919 

  O   4.51442193961886     -1.82993621076159      2.58872449361449 

  O   5.44594660344604     -0.96199227946475      0.47073059079493 

  O   2.93810688831796      2.33889736031577      0.55899204746242 

  H   0.54326398740861     -0.83245754607523     -0.12041243444671 

  H   0.59390189545789      0.94176697831302     -0.09477949613928 

  H   0.75659686907678      0.02481957995855      1.41359812355369 

  H   2.38981001698674     -0.88116769595552     -1.81349730844097 

  H   3.95230882826530     -0.12255276909169     -1.46612743674676 

  H   2.53592427080721      0.88793283997524     -1.81727278872719 

  H   3.60975736452177      0.74391587573768      2.89110239996590 

  H   5.02378985136933      1.32348011201944      1.95774931195928 
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3b 

 

  O   1.25474179324638      0.05605048557457     -0.27625886395397 

  S   2.66901318929547      0.14377613531496     -0.24552681390423 

  C   3.45519171107720     -1.25022400541181      0.53229406020823 

  C   4.58352411000329     -0.61202889038628      1.32954060072120 

  C   4.31734236510865      0.84585148768013      1.46862845546075 

  C   5.44186969513267      1.82743846573191      1.31448232525746 

  C   4.79690760518871      1.62808363840689      2.64374331880643 

  O   3.03609328923852      1.15210826039249      0.95196596838425 

  O   5.54189897114407     -1.18706075416307      1.75804231286960 

  O   3.41354544084819      0.49066271826391     -1.40742250794242 

  H   3.81934664794499     -1.95981224739239     -0.20521144496044 

  H   2.73642187135124     -1.72302615233541      1.20318282471983 

  H   5.19800410675620      2.72249647723411      0.75976007836147 

  H   6.42426022111216      1.40840106196238      1.14474736534937 

  H   4.12246189230297      2.39364792426512      3.00118123090854 

  H   5.32954709024926      1.06666539486251      3.39949108971391 
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3c 

 

  O   1.09821543799843      0.21616980027795     -0.25092659817259 

  S   2.49670833136919     -0.01865777193522     -0.26464195167100 

  C   3.43193121815902      1.20557613815264      0.61957869975319 

  C   4.47201350527697      0.38493424637169      1.36638089858935 

  C   4.12822162960031     -1.09540726553122      1.30460968671106 

  C   5.21559020366894     -1.94577285907523      0.61120849310588 

  C   5.71392009007553     -2.36180388180297      2.00762676940289 

  C   4.37622274537301     -1.87581229291876      2.60031239857295 

  O   2.78892547479642     -1.17140251108681      0.80332611748549 

  O   5.42726064787296      0.84043134279310      1.92200722128424 

  O   3.18163933171321     -0.31481713881395     -1.47781774049788 

  H   2.77259807323013      1.71021802668435      1.32693915283383 

  H   3.88557826296961      1.92448648401261     -0.05743093534652 

  H   5.90081835877402     -1.42780305849747     -0.05650842775996 

  H   4.73571824176230     -2.76296882249370      0.07410376153541 

  H   6.54862313747154     -1.74940455750909      2.34164609886247 

  H   5.95822187946715     -3.41241947770974      2.14731651472458 

  H   4.40082770716097     -1.29311197317276      3.51921191167179 

  H   3.64386572326026     -2.67706442774541      2.68795792891484 
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3d 

 

  O   0.79733011341591     -0.10881212589182     -0.42669742823473 

  S   2.12291423427177      0.10273846724327      0.05163884277474 

  C   2.74611181003659      1.59464847639039     -0.67939886206564 

  C   3.25341273030557      1.13489603006161     -2.03651965076428 

  C   3.39225402287356     -0.38496037076042     -2.08206414810383 

  C   2.46015983118220     -1.01396963676997     -3.12208831943593 

  C   3.22778487799435     -0.89638941767040     -4.43715014748100 

  C   4.72510345501061     -0.86198274173317     -4.05833385895405 

  C   4.78344988796576     -0.83385397403681     -2.52696059605895 

  O   3.14376996067589     -0.83745167518446     -0.73440713029924 

  O   3.51281246400061      1.86601638774663     -2.94657197385277 

  O   2.42647842160631     -0.02332330268350      1.43160448204369 

  H   3.57707298314054      1.95883703618259     -0.07330278206333 

  H   1.97351009453927      2.35382840370994     -0.76289042488016 

  H   1.47179158108002     -0.55704575172234     -3.14315437709455 

  H   2.33257950331756     -2.05696681671441     -2.82397906939114 

  H   2.95523466333498      0.02503708289302     -4.95023538269292 

  H   2.98613884644534     -1.72050548106738     -5.10779464444315 

  H   5.19765951185843      0.02505605801978     -4.47699560770629 

  H   5.26554855439593     -1.72548304687405     -4.44544638705865 

  H   5.57405318461927     -0.19447483769735     -2.13441368194358 

  H   4.93289926792945     -1.83317876344113     -2.11486885229421 
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3e 

 

  O   1.37022620026891      0.38379096247043      1.02142247052756 

  S   2.70109890652311      0.28633041753341      0.53961555584488 

  C   2.84561713046594     -0.66582649232685     -0.95208197135893 

  C   4.11562839158954     -1.46901476844145     -0.73560965059324 

  C   4.51030261501213     -1.49293332311376      0.74147219563044 

  C   5.85087916494631     -0.79433274725529      0.95750873849550 

  C   6.29304152307864     -0.87125599612285      2.41169199299469 

  C   6.33609397650294     -2.30857398638722      2.90926080414699 

  C   4.99053985248714     -2.99298690671543      2.71641133877924 

  C   4.53271293678144     -2.92391784653886      1.26636620443283 

  O   3.44059822409507     -0.79629363511114      1.43993902038170 

  O   4.73009538717816     -2.01993652159644     -1.59994194805153 

  O   3.51085802901490      1.45216648990744      0.41004559207011 

  H   2.90334561881803     -0.02940264990108     -1.83057261318165 

  H   1.98661538522692     -1.33549961695668     -1.01996551185816 

  H   5.77765727205486      0.24218391166219      0.62568049336205 

  H   6.57467736565270     -1.29665697168052      0.31003472270287 

  H   5.60275642763532     -0.28901346017199      3.02833568130306 

  H   7.27274563299407     -0.39960499186304      2.51018371571192 

  H   6.62307324417717     -2.33471564712376      3.96250154390139 

  H   7.10780512877741     -2.86035263655883      2.36078807104354 

  H   4.24139107849285     -2.51649315807358      3.35453673052464 
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  H   5.04318381668710     -4.03957435329372      3.02368060736682 

  H   3.54205773998498     -3.36853368252352      1.14787823153701 

  H   5.21796895155422     -3.48100238981745      0.62220798428624 

 

4a 

 

  C   0.98161228766776      0.25436639931468     -0.23368949973131 

  C   2.44058879124240      0.07528958326730      0.14243936398987 

  O   2.55085189835956     -1.15407970911787      0.88556945543955 

  C   3.35006244631732      0.00660858723517     -1.07430989823224 

  C   2.90680157474390      1.14449779989648      1.09997336621065 

  O   2.77290516888154      2.39856379672909      0.66255770834624 

  C   3.41092903894884      0.69526581973671      2.24332845652945 

  S   3.40406635879727     -1.03884764959665      2.23512217152082 

  O   2.63130881094900     -1.58792097913549      3.29624575925786 

  O   4.71737794965942     -1.54958689532172      2.01465697668572 

  H   0.66693795485929     -0.57114262089102     -0.87106924352673 

  H   0.85053720219951      1.18819083205812     -0.77933885459547 

  H   0.35313668311921      0.27054912937561      0.65573455296926 

  H   3.01135748464125     -0.78850583648642     -1.73771528219801 

  H   4.37524660335297     -0.20332929018438     -0.77118384010132 

  H   3.32363942156620      0.95160492366082     -1.61656264794677 

  H   3.12444926391653      3.01744508923633      1.30697650300335 

  H   3.83590106077791      1.23761102022323      3.07278495237903 
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4b 

 

  O   0.95531682409337     -0.18710399689325     -0.00639895417708 

  S   2.36651579117881     -0.06709008938526      0.13414397406912 

  C   2.99269531593512      1.26341585920473     -0.78261689663647 

  C   3.71890549976155      0.80360555985143     -1.80045114210544 

  O   4.37088493024053      1.46969989819900     -2.75504078736938 

  C   3.79460567607996     -0.66441130967945     -1.86020757331178 

  C   5.02110107157501     -1.39258940464489     -2.29933670167293 

  C   3.78546653175396     -1.41712058901930     -3.15032726593296 

  O   3.07012220830087     -1.19632427795263     -0.77891740714127 

  O   2.92966200923573     -0.13726983238510      1.43938195566076 

  H   2.76126485354942      2.27800405161777     -0.50190560639170 

  H   4.26138311589228      2.41593819937831     -2.63778179594565 

  H   5.25942078687687     -2.28208728967031     -1.73329236919636 

  H   5.86445126179422     -0.79971343259128     -2.62502011542115 

  H   3.19589057455179     -2.32306653400575     -3.15645220234952 

  H   3.77410354918048     -0.84046681202403     -4.06489711207817 
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4c 

 

  O   0.97998337465134      0.12085070809510     -0.62682563064293 

  S   2.19500948167426     -0.14239398450546      0.06766566353594 

  C   3.14704725362956     -1.33778385374255     -0.74940937147503 

  C   4.21669474452289     -0.76188125584932     -1.28788759736192 

  O   5.19823076896597     -1.30675401252553     -2.01174695610851 

  C   4.32458051528515      0.71181925780689     -1.05044819955354 

  C   5.69485567493643      1.21318178515520     -0.55539771548984 

  C   6.00042743108662      1.69963490117199     -1.98553507146873 

  C   4.50175106668185      1.57063802742129     -2.32052270024035 

  O   3.22370360695287      1.05569513652226     -0.22076259702564 

  O   2.14586401434969     -0.36554161458742      1.47274355234132 

  H   2.82609383819454     -2.36678825185083     -0.78023143004658 

  H   5.04251934141466     -2.24642402334209     -2.13180106793534 

  H   6.35655382457192      0.47722732378906     -0.10222917255700 

  H   5.53793142778685      2.03697489910075      0.13911390242688 

  H   6.60786271700139      0.98743543629882     -2.54003739201646 

  H   6.43812403335394      2.69084600247531     -2.08063446093236 

  H   4.21620830703201      1.11790966864925     -3.26844922543085 

  H   3.96304857790804      2.50801384991728     -2.19055453001905 
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4d 

 

  O   1.01704225137567     -0.09216076372914     -0.02795926341661 

  S   2.43676349763062      0.03480297878231      0.00796420816067 

  C   3.12985482990772     -0.32166047859757     -1.54085963213964 

  C   3.52949240922081      0.80710360615632     -2.11691142454057 

  O   4.07301683190968      0.99714187345853     -3.32179975099816 

  C   3.31761604979392      2.05096176479628     -1.30497911870338 

  C   2.29909136688638      3.02055613808313     -1.90967208733407 

  C   2.62902994560805      4.34058900841636     -1.22724309427070 

  C   4.15663671803303      4.36600551336060     -1.25003720326715 

  C   4.58414759928814      2.89878282700304     -1.07218317630687 

  O   2.83418032778294      1.58421279888766     -0.02945552370712 

  O   3.14543870414442     -0.57726488992275      1.08015257263496 

  H   3.14421825091522     -1.33174894459845     -1.91794139716141 

  H   4.14232996315243      0.16380020221421     -3.79322313625919 

  H   1.28087058108541      2.66353268846545     -1.76031145458577 

  H   2.48829624891017      3.09573153104746     -2.98398818839120 

  H   2.26072743706317      4.32409313406657     -0.19931712245738 

  H   2.18025933614184      5.19931106079127     -1.72633877771152 

  H   4.58032954602847      5.01370822941655     -0.48316068102053 

  H   4.50369380521503      4.74063386229313     -2.21544565830328 

  H   4.95007108132381      2.68783893918852     -0.06881346144451 

  H   5.36709321858304      2.61633892042051     -1.77498662877658 
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4e 

 

  O   1.06126328715109     -0.18738305209073      0.33912986483845 

  S   2.47885958471074     -0.04531530196796      0.32640488477285 

  C   3.06653961502993      0.36072376173707     -1.25256617081132 

  C   3.78189879308139     -0.64851287366430     -1.73680364083827 

  O   4.41128859554848     -0.75502458984647     -2.90954409816679 

  C   3.90910792880423     -1.83979191807899     -0.82767343310502 

  C   5.36142632758119     -2.06456534697892     -0.41077705036818 

  C   5.50320074049842     -3.27413638785470      0.50216136204279 

  C   4.90412106960933     -4.52312216775173     -0.12879766471616 

  C   3.44955284370451     -4.29649805332120     -0.51725910686311 

  C   3.29941271009986     -3.09645771675309     -1.44255413235711 

  O   3.14224040988250     -1.49881177715101      0.34462475521844 

  O   3.09019454342045      0.74491794084626      1.34206953134969 

  H   2.83351143195441      1.31551056997097     -1.69672947492219 

  H   4.28821828481874      0.04249213333325     -3.42976606237891 

  H   5.73044733609344     -1.15918926423285      0.07532392163432 

  H   5.94745444296517     -2.20973958445534     -1.32259324928066 

  H   5.00234104118568     -3.06567901363130      1.45114149352089 

  H   6.55960519730317     -3.42751658479882      0.73190094111713 

  H   4.98110988078511     -5.36568150442550      0.56153363146244 

  H   5.48100505196244     -4.79510459547930     -1.02021667896078 

  H   2.85112110845827     -4.13034990894757      0.38233753513175 
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  H   3.03948375830841     -5.18149869955035     -1.00788108519517 

  H   2.24872937609726     -2.90238422289337     -1.66722461304761 

  H   3.80999664094570     -3.28527184201406     -2.39085146007747 

 

3a (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  C   1.01323421654333      0.03289676464170      0.36540751403798 

  C   2.50624136730845      0.01663840732839      0.11814224921178 

  O   3.03007162591121     -1.17801452568464      0.78440263913921 

  C   2.85986859107953     -0.01526570216256     -1.35347633953557 

  C   3.17809337198939      1.19975547777837      0.82594816194991 

  C   4.10775228686173      0.72971004544483      1.92371112142108 

  S   4.42954103222519     -0.95207441419134      1.48610802510799 

  O   4.48318389353521     -1.84411112581041      2.59572601740726 

  O   5.47913995972337     -0.99513066967871      0.51653778681913 

  O   2.97642055175366      2.34519005123374      0.54480767661990 

  H   0.56058485319856     -0.85654578429718     -0.07297787978853 

  H   0.58001472714122      0.91239059664820     -0.10998239808445 

  H   0.78640335925786      0.06101788961920      1.43149600735385 

  H   2.39755671543810     -0.88702297088023     -1.81693293187719 

  H   3.93782229115654     -0.06240946997405     -1.50461798819728 

  H   2.47606155199731      0.88126231577176     -1.83896238324058 

  H   3.57218548328527      0.74419612944275      2.87701458673961 

  H   5.02109412159403      1.31521698477018      1.99466813491590 
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3b (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.24374440886406      0.06164647354762     -0.25301999249364 

  S   2.66546128850740      0.13068913362418     -0.24470225387944 

  C   3.45850804290571     -1.24892235031337      0.53348492117607 

  C   4.59494280941826     -0.60661479089799      1.30711921168875 

  C   4.33602645884751      0.84906527051431      1.45276002274330 

  C   5.46036798659855      1.83565187544802      1.33573001396425 

  C   4.78566008145264      1.62290236938537      2.64564665076762 

  O   3.05879732186118      1.16661746836126      0.90833144144207 

  O   5.55818155192192     -1.18657346865691      1.72582502235209 

  O   3.35750021935569      0.46115236593373     -1.44883701067930 

  H   3.79655371939189     -1.98033450611887     -0.19688217190217 

  H   2.75352981982556     -1.70625651357953      1.23292011643738 

  H   5.22741129957864      2.74003453764942      0.79000411470294 

  H   6.44745894144033      1.42115954260797      1.17892771751086 

  H   4.10131908731366      2.38624746172468      2.99101346916634 

  H   5.29470696271694      1.05656513077011      3.41431872700286 
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3c (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.07747517387868      0.20756626249018     -0.20932206328243 

  S   2.48585763396883     -0.00004098587307     -0.25767195746664 

  C   3.42730171103412      1.20621666573268      0.62720966634185 

  C   4.48561212481423      0.38218279452845      1.33388672486034 

  C   4.14965654701809     -1.09953614023499      1.28146150384396 

  C   5.24485640693073     -1.96204529261647      0.62082085213294 

  C   5.71324172864176     -2.36490262097035      2.03089336522641 

  C   4.36720691256248     -1.86579604372578      2.59075257452232 

  O   2.81247530209629     -1.18575048201975      0.74973033607876 

  O   5.45548502317137      0.84020946574440      1.86600555863403 

  O   3.10936599288831     -0.25535808675990     -1.51701994460439 

  H   2.78293600961283      1.68788492388658      1.36690664657136 

  H   3.85243685691995      1.95080400579016     -0.04253843731924 

  H   5.94445974976392     -1.45364352243165     -0.04006842236966 

  H   4.77568006858994     -2.79131595510167      0.09216472313338 

  H   6.55001672051062     -1.76048552368285      2.37503965795041 

  H   5.94067849812651     -3.41756584387820      2.18361771150169 

  H   4.36676062709685     -1.27421032351058      3.50436042120173 

  H   3.63539691237444     -2.66884329736717      2.66867108304319 
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3d (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.78498956814566     -0.11513507504696     -0.32053293942071 

  S   2.14238438092733      0.10507579214491      0.06996111757492 

  C   2.73617807497287      1.59268071775076     -0.67630333671008 

  C   3.23013646320026      1.13916849020438     -2.03594253641149 

  C   3.37824683710576     -0.37697796007393     -2.09888728598295 

  C   2.45541201431680     -0.99891049483708     -3.14988789106370 

  C   3.24563019834431     -0.90280445299503     -4.45353632066477 

  C   4.73631909433673     -0.87235367589282     -4.05340410055436 

  C   4.77520725817206     -0.82582171546018     -2.52266229810514 

  O   3.11091109033669     -0.84820058456892     -0.75034207318154 

  O   3.47645537514856      1.87954315821085     -2.94473107286576 

  O   2.49351096002953     -0.03760213953249      1.44410105880296 

  H   3.57973067251644      1.96717750731661     -0.09053863711474 

  H   1.95897906578870      2.35087137460569     -0.74007521534426 

  H   1.47698280290117     -0.52149915517115     -3.19712985437359 

  H   2.30901537815281     -2.03979581568678     -2.85414857647614 

  H   2.98275449249079      0.00935828598591     -4.98860134563948 

  H   3.00931010622589     -1.73907060167409     -5.11117248058873 

  H   5.22670434598771      0.00143337480390     -4.48055520950431 

  H   5.27261774529106     -1.74847215905288     -4.41738410321216 

  H   5.55784186533918     -0.18172227513026     -2.12180127783195 

  H   4.91875221026960     -1.82428259590045     -2.10645562133198 
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3e (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.35835932586164      0.34915450837184      1.03773080477845 

  S   2.69160834049801      0.27379195010520      0.53954906351976 

  C   2.85014466071509     -0.66281277083303     -0.95174025538075 

  C   4.11850471134787     -1.46091790336104     -0.73761203839580 

  C   4.52274829575869     -1.49210198469532      0.73515834165658 

  C   5.86581801113362     -0.80235463046181      0.95206172364366 

  C   6.30197088574964     -0.87328799809046      2.40802463199426 

  C   6.32949689465063     -2.30773169924313      2.91390293161758 

  C   4.98247684966459     -2.98730798981032      2.71674954510778 

  C   4.52872615373493     -2.91962430126664      1.26579245497864 

  O   3.45855761744752     -0.77413373753345      1.44218729414878 

  O   4.72899776299111     -2.01148836294365     -1.60821846118485 

  O   3.45103759613623      1.48002402159692      0.42772577689927 

  H   2.89356814986875     -0.02193641992281     -1.82958303324936 

  H   2.00070598935356     -1.34702091700539     -1.02695243012770 

  H   5.80892387936613      0.23103799956145      0.60623129462204 

  H   6.59044843272780     -1.31842094891809      0.31718646754751 

  H   5.61911707470997     -0.27897996428394      3.02239747203192 

  H   7.28792662641355     -0.41343641988636      2.50241651418563 

  H   6.60823322719746     -2.32790363764584      3.96993601742937 

  H   7.10018220937435     -2.86643454835008      2.37163533497652 

  H   4.23337589564585     -2.51328275006912      3.35752741091083 
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  H   5.03376113998959     -4.03531818187348      3.01979447704157 

  H   3.53711192563022     -3.35898945153725      1.13731916024263 

  H   5.21916834403303     -3.48197386190420      0.63216950100564 

 

4a (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  C   0.98989529490612      0.23671298521474     -0.21865589593715 

  C   2.45587895779881      0.08138066264829      0.12795402483570 

  O   2.60593688258195     -1.16389914696883      0.86659842460009 

  C   3.34024430387920      0.02822950984758     -1.10337903256676 

  C   2.92610153387678      1.14269921432781      1.09125943221337 

  O   2.80327986537449      2.39271614685382      0.66728607161163 

  C   3.42275217909190      0.69249524439159      2.24240676982112 

  S   3.38340508545065     -1.02658731734041      2.24566592282208 

  O   2.55876001282252     -1.56733346691923      3.28327162167828 

  O   4.69013521296592     -1.59888535474508      2.11215236950967 

  H   0.67339326183952     -0.59666432436172     -0.84601090661026 

  H   0.83934982892096      1.16044854460970     -0.77691699398404 

  H   0.37317675948630      0.26328792776751      0.67962814935669 

  H   3.01812843887202     -0.78734810196944     -1.75078914938201 

  H   4.38417788840716     -0.12390612977750     -0.82896934309085 

  H   3.25621611401279      0.96174222365609     -1.65963531443677 

  H   3.14730004128117      3.00786487504919      1.32707919683123 

  H   3.83957833843160      1.24362650771588      3.07257465272791 
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4b (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.95467725144122     -0.19002370547360      0.01748319064308 

  S   2.37563589305742     -0.05570048519632      0.12193949756194 

  C   2.98830262769799      1.26651970428606     -0.78723825158976 

  C   3.72019879164509      0.80271719522389     -1.80546918936898 

  O   4.36729868378268      1.47440532509176     -2.74590748490540 

  C   3.79811786598390     -0.66447444724739     -1.86793581659906 

  C   5.02172200134181     -1.39793785987463     -2.30066146637129 

  C   3.78961790926265     -1.42083346146659     -3.15401137586934 

  O   3.06157008834053     -1.19229738479609     -0.77809005446628 

  O   2.92827625926031     -0.13767176216049      1.43956732414774 

  H   2.75966676889832      2.28495269787672     -0.51145646968769 

  H   4.25364906276313      2.42481806547670     -2.62080904795130 

  H   5.25581189910153     -2.29134043783231     -1.73745715293635 

  H   5.86949815061209     -0.80626119268951     -2.61864818963372 

  H   3.20239294262587     -2.32917453047584     -3.16125355528590 

  H   3.77535380418542     -0.84427772074237     -4.06917195768766 
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4c (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.95050099033019      0.08656221294161     -0.55563420063599 

  S   2.21400929083875     -0.15576756754963      0.07165818481818 

  C   3.14464070532522     -1.33986020388114     -0.75502233965617 

  C   4.20908908749738     -0.75686437517010     -1.30673180104271 

  O   5.17438392340125     -1.30665545753031     -2.03046145341304 

  C   4.31989865953162      0.71742343174776     -1.07343910612063 

  C   5.67816449492702      1.21550384850061     -0.55004918731393 

  C   6.01181601449589      1.69718032813676     -1.97492341972277 

  C   4.51858123052977      1.57654848851011     -2.33574228788395 

  O   3.18904116608176      1.06122416427952     -0.26123254818519 

  O   2.19618410775830     -0.35230090468789      1.48971536760159 

  H   2.83628665260174     -2.37456595557092     -0.78311575015680 

  H   5.02019337216061     -2.25426878864000     -2.13266795042029 

  H   6.32585296941429      0.47847094297420     -0.07837332100704 

  H   5.51424029985612      2.04833423855071      0.13257896954277 

  H   6.62879956998294      0.98515936985120     -2.51916628833591 

  H   6.45003360422732      2.68919764159715     -2.05890213205580 

  H   4.24304017654147      1.12516014045961     -3.28741676310283 

  H   3.99173368449831      2.52217844548075     -2.21402397290947 

  



177 

 

4d (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.05337385573547     -0.19852923975197      0.03894668210598 

  S   2.46857375880540      0.02428898307155      0.00326502913741 

  C   3.13699708609930     -0.32442665798446     -1.54240959950593 

  C   3.50433022893479      0.81435928794204     -2.12938809535291 

  O   4.02947403600267      0.99679188333303     -3.33315558550866 

  C   3.28754874625343      2.05989623309886     -1.32231349263971 

  C   2.29630829637467      3.04983719453652     -1.93109323807196 

  C   2.63818179007633      4.35885133446877     -1.23408995915612 

  C   4.16482076453409      4.35668618806552     -1.24059420431873 

  C   4.56243105556052      2.88349394569119     -1.05444283659669 

  O   2.75554394378320      1.58627832735184     -0.05330227338772 

  O   3.22395742153300     -0.53001016120548      1.08621466475340 

  H   3.18041882511775     -1.33545232363110     -1.92001411237696 

  H   4.12275549777645      0.15257511793617     -3.79184986482378 

  H   1.26785110241111      2.71113078637099     -1.81051678499370 

  H   2.50740618483283      3.13374585427194     -3.00012420487801 

  H   2.25743481464306      4.34694283710482     -0.20974160541518 

  H   2.21005919326530      5.22574017186007     -1.73728345793251 

  H   4.59442125196934      4.99709584525155     -0.47049524738379 

  H   4.52569396663841      4.71806567919601     -2.20571738465996 

  H   4.90338162946522      2.66812374084863     -0.04277650798543 

  H   5.35923655018761      2.58682497217348     -1.73562792100902 

  



178 

 

4e (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.05856946172394     -0.17840868853870      0.34317725495549 

  S   2.48449488930878     -0.04282555516122      0.30907330164918 

  C   3.06826089066558      0.36520401931659     -1.25526941754885 

  C   3.78430260360816     -0.64942131886160     -1.73865628179973 

  O   4.40480119513611     -0.74561572144910     -2.90685217969952 

  C   3.91346476468702     -1.84246371080152     -0.83149775248308 

  C   5.36169009393296     -2.06781342182920     -0.40886669482538 

  C   5.50515392478709     -3.27757567866154      0.50308665417814 

  C   4.90389772861434     -4.52561079329585     -0.12622942202420 

  C   3.44994211441027     -4.29958734459801     -0.51541739134669 

  C   3.29887040601502     -3.09809167468857     -1.43826619963199 

  O   3.13817280156701     -1.48787210276076      0.34869047670315 

  O   3.06973949526779      0.75287927182467      1.34687104027459 

  H   2.83864468401239      1.32009647528329     -1.70573389151630 

  H   4.27706312009957      0.05963637261498     -3.42367473902177 

  H   5.73811255351043     -1.16156945925673      0.07019353138684 

  H   5.94544064322307     -2.22063049270949     -1.32036657980697 

  H   5.01292435881620     -3.07361327050980      1.45840132724516 

  H   6.56382710658589     -3.43032484822796      0.72329783199237 

  H   4.97982057646707     -5.36753844027406      0.56564529145193 

  H   5.47930792039372     -4.79503776915060     -1.01880253941852 

  H   2.84862639978430     -4.14442166339404      0.38507955113779 



179 

 

  H   3.04449955371735     -5.18221767273496     -1.01437550239001 

  H   2.24959902153280     -2.90446951137416     -1.67075269949792 

  H   3.81290369213303     -3.29109700076163     -2.38336496996369 

 

3aÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  C   0.97928677756352      0.18261154308313      0.30338881674111 

  C   2.45885934695426     -0.02500630072478      0.05927492795016 

  O   2.77224301136695     -1.37877008244716      0.51678017546382 

  C   2.84982512639863      0.14308927396885     -1.39432791536318 

  C   3.27943369110219      0.90406705167003      0.95492012459962 

  C   4.10827388133238      0.13388053687474      1.95171490742310 

  S   4.15905794712347     -1.49996355087202      1.27028754775115 

  O   4.01310231258597     -2.53326332210887      2.24010679193678 

  O   5.22728271721535     -1.58623241499265      0.32535009848410 

  O   3.24037268095926      2.10038531240267      0.86569609359282 

  H   0.40916285695120     -0.52891272681241     -0.29392933047399 

  H   0.70185475028619      1.19169512260054      0.00094909331570 

  H   0.72888019706965      0.04758745415772      1.35583497267414 

  H   2.28648537926473     -0.56374346386310     -2.00347441755016 

  H   3.91565283353699     -0.02624447677944     -1.54553712520191 

  H   2.60632565456294      1.15424389107954     -1.71894473387810 

  H   3.57430111736028      0.09682475159292      2.90584380445249 



180 

 

  H   5.10492360156266      0.54575693289854      2.09567902645466 

  O   4.14111421579633      4.41968579843151      2.38413457701242 

  H   4.85412138736929      4.81682726715105      1.88065199409442 

  H   3.89911051363726      3.63103140268911      1.88357057052069 

 

3bÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.15695144094672      0.43815728526499     -0.43457222589568 

  S   2.57575551517242      0.43158855063457     -0.32965577133474 

  C   3.23282099507399     -0.98013380177100      0.51854988752435 

  C   4.33514263715918     -0.39096988140541      1.37156107706051 

  C   4.16638061103769      1.07679107404947      1.46527852358113 

  C   5.36138869346038      1.98544217512036      1.38324284679228 

  C   4.60490404267258      1.86037516765773      2.65705143780623 

  O   2.94754984448371      1.45963710178396      0.83838124845128 

  O   5.22602604698916     -1.01656155767362      1.88807886941029 

  O   3.36794251563678      0.70533920411769     -1.48475668112696 

  H   3.58150176861409     -1.73830999975806     -0.17921554593250 

  H   2.45198493435255     -1.38937433989122      1.16525625443219 

  H   5.21518756872754      2.88019982518537      0.79316793974511 

  H   6.32612283177377      1.50407329327668      1.29379985348521 

  H   3.95197866579518      2.67462590507292      2.94130557808315 

  H   5.03361208468669      1.28673112385651      3.46810602337791 

  O   5.63267439683648     -3.88087860824224      1.62870522010178 



181 

 

  H   6.24575879632882     -3.99648034373098      0.90044940076052 

  H   5.50962661025208     -2.92451217354774      1.69588606367790 

 

3cÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.93832891809724      0.18964789021106     -0.11456217119568 

  S   2.30906063595300     -0.16546185836565     -0.26488944744424 

  C   3.44715486054236      1.06404373169251      0.30783617587848 

  C   4.51088938699303      0.25049368400629      1.00776845868831 

  C   4.03892970266087     -1.16708300408399      1.26803642648828 

  C   4.96347409028654     -2.25368782686441      0.68035929004493 

  C   5.55352568623522     -2.45102399451387      2.08860200300191 

  C   4.33793680962654     -1.70636576696758      2.67299627219777 

  O   2.64694001646535     -1.19780312795575      0.89684182010679 

  O   5.59293455472605      0.66754522909366      1.32361212075558 

  O   2.76524812456603     -0.67939743334086     -1.51725941745349 

  H   2.93951149749842      1.70100763511817      1.03716634684534 

  H   3.83807649352812      1.66614506894691     -0.51004825388578 

  H   5.62675057657946     -1.95524438627709     -0.12950114699807 

  H   4.35649948403637     -3.10194037708859      0.36557258061755 

  H   6.47951635242850     -1.89698379151304      2.22722914188919 

  H   5.69472134986982     -3.47884637016830      2.41513144333281 

  H   4.50196658852194     -0.96452298270853      3.45216126074598 



182 

 

  H   3.54526048196489     -2.39039948966779      2.97320407744357 

  O   6.61049722227284      3.34573362130185      0.81770015672028 

  H   6.28649879096116      2.44974359607789      0.97697204899940 

  H   7.51357837618609      3.22701995306712      0.51748081322104 

 

3dÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.83444043693737     -0.21546190395857     -0.65642370485324 

  S   2.16140106398230     -0.25177818690794     -0.12756617341637 

  C   2.91895315502935      1.32839343059349     -0.36349657984843 

  C   3.45754929826581      1.24602551263446     -1.77161416703655 

  C   3.50136139644867     -0.18810181679487     -2.27810234954843 

  C   2.55679189214214     -0.44195672539381     -3.47726186292473 

  C   3.44104915703983     -1.01902589339199     -4.58578365430620 

  C   4.61078346221287     -1.64847195630459     -3.84191098692825 

  C   4.88837495214939     -0.63062498961041     -2.74434425849492 

  O   3.12913106296256     -1.00753566893615     -1.12792122525799 

  O   3.81347037431836      2.19071858655711     -2.42331991943148 

  O   2.37850333581854     -0.81520368353649      1.16219204847896 

  H   3.75338027345326      1.42528826337137      0.33642043656907 

  H   2.21125903601271      2.14175701819124     -0.22003260813079 

  H   2.02611484810007      0.45997103470657     -3.78018926514844 

  H   1.81074300664785     -1.16638770486049     -3.15191819871633 



183 

 

  H   3.80459307352867     -0.21613045539616     -5.23121098847391 

  H   2.89444116469908     -1.72519736882522     -5.21102346261474 

  H   5.48188049087650     -1.82046627100638     -4.47426036510616 

  H   4.31772385627423     -2.60746665351309     -3.40657751182657 

  H   5.38819638899473      0.24167667223877     -3.17128721222721 

  H   5.48848787783992     -0.99295955965523     -1.91072692626247 

  O   4.01559772589065      4.93387274806989     -1.45808274102921 

  H   3.90324673205031      4.02305799731399     -1.76030953026056 

  H   3.31688593832463      5.06540757441451     -0.81458879320490 

 

3eÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.37721644619346      0.50424040937471      1.23613849625563 

  S   2.68428394445782      0.35578053697229      0.68906456585571 

  C   2.76417214594463     -0.73644949498128     -0.70029084741644 

  C   4.04660228405889     -1.49586413865208     -0.46897497524389 

  C   4.50677928635959     -1.40371677039108      0.98163837125714 

  C   5.87156075255550     -0.72863322652602      1.08531734187999 

  C   6.37319572263039     -0.69131108335993      2.52134082629428 

  C   6.39065733596289     -2.07875558031940      3.14506598685137 

  C   5.01995568847402     -2.73433891844530      3.06525461674573 

  C   4.50515756501414     -2.78120678910754      1.63426504165236 



184 

 

  O   3.48282751690855     -0.60473969614751      1.66010345708521 

  O   4.64259233285650     -2.11036572441976     -1.31241132611774 

  O   3.45153709848038      1.52796473531419      0.40515706472325 

  H   2.74454926812097     -0.19346513906250     -1.64240025106549 

  H   1.92117620484773     -1.43161325875032     -0.64642436220270 

  H   5.81927456856480      0.27424618973029      0.65870590545897 

  H   6.55740889589477     -1.31103112351183      0.46514171507130 

  H   5.73642693311742     -0.02793053983083      3.11397675671152 

  H   7.37372543224695     -0.25395440283082      2.53018440063989 

  H   6.71688316988381     -2.01815082965626      4.18574806386365 

  H   7.12200119959365     -2.70213348225332      2.61901925122764 

  H   4.31154374232169     -2.18672949036179      3.69356855624777 

  H   5.05924910329308     -3.75380824957474      3.45483540228458 

  H   3.49917514394183     -3.20313990418413      1.58638716568957 

  H   5.15559063096591     -3.41425943658521      1.02558223378581 

  O   4.03182655398184     -2.10708323361502     -4.17211191597142 

  H   4.23195259172204     -2.11434799717303     -3.22707642039504 

  H   4.72977844160646     -1.57746336165171     -4.56226512116864 

  



185 

 

4aÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  C   1.10181765627365      0.23325722727448     -0.14275951023662 

  C   2.58784379093274     -0.01113469923182      0.03211171452867 

  O   2.77181203044619     -1.37238395493023      0.51153864671767 

  C   3.35911317815075      0.13130322450965     -1.26372980025192 

  C   3.15903660377159      0.86361365093788      1.12255195812777 

  O   3.13431989682225      2.15611095639032      0.88557964064341 

  H   3.50332756759470      2.68085367130499      1.64056507417594 

  H   3.54846411773126      4.33048375791166      3.16702307873775 

  O   4.10798964828910      3.60753229790684      2.86735728891544 

  C   3.60916131860416      0.20347303081991      2.19505838958399 

  S   3.38994218952378     -1.48297696827236      1.97152503580322 

  O   2.40134483423163     -2.03775949017825      2.84974454233070 

  O   4.62970991268118     -2.19836376767793      1.89128224757314 

  H   0.69916769778637     -0.46138496658559     -0.87999108744086 

  H   0.93175855668194      1.24939232347761     -0.49797873907995 

  H   0.57133463308805      0.09960023571715      0.80036376657997 

  H   2.96480648433585     -0.56550144949752     -2.00353208076759 

  H   4.41932854478041     -0.07241712991944     -1.11189508458305 

  H   3.24804636288804      1.14326472774742     -1.65226464830628 

  H   4.97063481762008      4.00165880318377      2.70475009648048 

  H   4.04979015776623      0.58473851911144      3.10343947046809  



186 

 

4bÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.94222608714051     -0.13693887626701     -0.06450272905467 

  S   2.35620129310082     -0.11680459509751      0.16799060410882 

  C   3.12724202720815      1.24882784560974     -0.52320514894773 

  C   3.88155331713047      0.86337379970394     -1.56442740204992 

  O   4.61776661384565      1.58549178299447     -2.37736827400005 

  C   3.84688441842450     -0.59035601862377     -1.80486214792115 

  C   5.01793302588657     -1.35693898284838     -2.31477129895155 

  C   3.80642185881782     -1.17154252494806     -3.17874497725334 

  O   3.05050551353873     -1.19346928419928     -0.79892409388276 

  O   2.77984902853300     -0.39221588907359      1.50788376733321 

  H   2.95165873496589      2.23684460776015     -0.12719870004341 

  H   4.57217940706743      2.55060555587221     -2.15571391978962 

  H   5.17088802832965     -2.33312048074771     -1.87449271754989 

  H   5.91512111890490     -0.79769531651263     -2.54347464494764 

  H   3.15311958521322     -2.02341524599343     -3.31087169195216 

  H   3.85680880753353     -0.48110755447908     -4.01003794446366 

  O   4.50392700829890      4.15475804261129     -1.79794873809618 

  H   5.31103312419138      4.55328407457268     -1.45727660665545 

  H   4.20339100186883      4.74199905966598     -2.49821333588286 

  



187 

 

4cÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.93162811996492      0.31561756097881     -0.50298874668716 

  S   2.12510941296231      0.08028108492483      0.25594585904790 

  C   3.03275521239272     -1.24639839671247     -0.34091065385573 

  C   4.14474990398358     -0.79641425636565     -0.93562011683388 

  O   5.09338008508855     -1.47093497233267     -1.54571392153652 

  C   4.30524398834889      0.69449069921181     -0.90588825680814 

  C   5.68783015575899      1.21645294307933     -0.48194439599119 

  C   6.00752109227215      1.47751282444133     -1.96658199780686 

  C   4.50451747992189      1.35761063271061     -2.28242155621450 

  O   3.20810617595571      1.18839601405432     -0.12488729006541 

  O   1.97704816543710      0.07405830471945      1.68092140438555 

  H   2.66438133634510     -2.25558255876004     -0.24008901077950 

  H   4.91001887739424     -2.44452333631222     -1.55558412876323 

  H   6.32181743871412      0.53142061263285      0.07834908064847 

  H   5.56731516221059      2.14357767006093      0.07716997232439 

  H   6.58895544255160      0.67310951748391     -2.41209364120324 

  H   6.47566879130093      2.43150951532686     -2.19978796858877 

  H   4.19760926163544      0.78289019304173     -3.15489450460970 

  H   4.00951440924183      2.32792271354400     -2.29147122603672 

  O   4.64736828785398     -4.07425250857411     -1.59738233470350 

  H   5.22875086729747     -4.60503326005037     -1.04413435085952 



188 

 

  H   4.67026033336783     -4.48855099710321     -2.46548221506270 

 

4dÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.03010498761896      0.18977487962149      0.67457209383749 

  S   2.42429900239765      0.32219479735637      0.36505012231829 

  C   2.79307809644577     -0.16112099476517     -1.23859585764365 

  C   3.13731638083344      0.90847917165225     -1.96562335683997 

  O   3.47509988629210      0.97887832453097     -3.23427851047256 

  C   3.12558902446932      2.20936043208978     -1.21463895680021 

  C   2.14498634440199      3.25086886356733     -1.73941104211269 

  C   2.58515870021782      4.55723143009520     -1.07096222868274 

  C   4.07903202319802      4.37269536260048     -0.72159985203434 

  C   4.45017007280043      2.96055086696662     -1.18706340791678 

  O   2.75983119998952      1.86025493718456      0.14793595609988 

  O   3.33526013575906     -0.21080896651528      1.33545511918418 

  H   2.71292554434968     -1.19649680640627     -1.53221715252696 

  H   3.45312233063057      0.09417364188705     -3.67843004426705 

  H   1.11174687563309      2.97061272876208     -1.53605797033095 

  H   2.27241103345004      3.30669349112698     -2.82196643938650 

  H   2.00255752477115      4.73494562461301     -0.16668512649672 

  H   2.41743478535533      5.40879475986779     -1.72979016521932 

  H   4.23236971107595      4.47090418715894      0.35325326967712 
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  H   4.70964869791722      5.11972444124737     -1.20305127400043 

  H   5.18467914435284      2.46086743151051     -0.55624775373776 

  H   4.83760432004160      2.97832703134427     -2.20709867515906 

  O   3.43902745455277     -1.35410449986333     -4.49026634437983 

  H   4.27677509651413     -1.60757030267550     -4.88998356660631 

  H   2.78807162693150     -1.42443083295751     -5.19530883650313 

 

4eÅH2O (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.90519859570665     -0.19762871220410      0.45332352530911 

  S   2.32693504762755     -0.00848046998255      0.44775968802097 

  C   2.92096197800457      0.47808848780966     -1.08709697471949 

  C   3.65799929068475     -0.50467566055064     -1.61723654608893 

  O   4.27675338604087     -0.55314578662564     -2.77619762616357 

  C   3.79873263516921     -1.73032582183874     -0.75102866632065 

  C   5.25211714677445     -1.96335135551386     -0.35186273851495 

  C   5.42024122092766     -3.21494459879471      0.49731071193864 

  C   4.82450513673453     -4.43646075739479     -0.18714737585157 

  C   3.36269448328753     -4.20694312070770     -0.54301335799210 

  C   3.18660200670954     -2.96388445570816     -1.40411776825577 

  O   3.03416012649877     -1.42933400395265      0.45072197100665 

  O   2.85806738098734      0.76662012383604      1.53077106168861 
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  H   2.66807260216126      1.44632779482649     -1.49227884352156 

  H   4.15892164489476      0.27377820994298     -3.30807058814331 

  H   5.62587076401924     -1.07763817096305      0.16636274051260 

  H   5.82704264725323     -2.06590586748104     -1.27576896723187 

  H   4.93796718416081     -3.06575765987226      1.46786843448823 

  H   6.48330097327694     -3.36695245627339      0.69679361523048 

  H   4.92098354815481     -5.31283925037367      0.45792845795824 

  H   5.38977543556318     -4.65181363507240     -1.10087762004630 

  H   2.77534401154144     -4.10150564046181      0.37385123404178 

  H   2.95745811837691     -5.06893151453898     -1.07722261628678 

  H   2.13178124882953     -2.76993490901767     -1.61040975653696 

  H   3.68578058898510     -3.10669717557979     -2.36582806958815 

  O   4.03566707515610      1.60296711789147     -4.29086859632351 

  H   4.87023196024841      1.96467160447273     -4.60447792594773 

  H   3.49464376222482      1.48851768412828     -5.07819740266210 

 

3aÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   5.65371031728130      3.55320425418346      0.20601777548328 

  S   4.62818983974972      2.61339128359653      0.51829158553796 

  C   5.19071640607754      0.95048040478944      0.68190005410963 

  C   4.08411567451331      0.14965946029776      0.04343529659802 

  C   3.25810625131178      1.00783902894135     -0.92140027959848 
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  O   3.81569981156684      2.35748692254098     -0.81794110713950 

  O   3.87551149923034     -1.01392408888877      0.23622451568996 

  O   3.72785531440070      2.91667862971858      1.58773558156709 

  H   5.37156512904794      0.68689776833841      1.72127544051069 

  H   6.10851714942850      0.81608288880672      0.08513189646519 

  O   7.68442700623230      0.21825658981296     -1.04822493333919 

  S   8.96088603754667     -0.42023971232526     -0.59111391023289 

  C   10.29579831552830      0.48929339070892     -1.35056082918026 

  H   10.14142388321894      0.53689511591228     -2.42917864644912 

  H   11.23919064904483     -0.00569268642367     -1.11648305408177 

  H   10.29491186594706      1.49097786187489     -0.92170391663134 

  C   9.14177867177166     -1.92987171297034     -1.52504439919814 

  H   9.05332265421066     -1.71358012002081     -2.59037052383051 

  H   8.35012318522135     -2.60786694000475     -1.20774191975209 

  H   10.11267037690019     -2.37247768168896     -1.29907893635827 

  C   3.48378622078998      0.55135304390058     -2.34765007595836 

  H   4.54336698490461      0.56229374316922     -2.60429790014578 

  H   2.94441775019825      1.20652150657435     -3.03199854036400 

  H   3.10409645220738     -0.46318556967142     -2.46587034595570 

  C   1.79657387907554      1.01896663780911     -0.52948637615563 

  H   1.65787175255755      1.37822982278093      0.49010107173324 

  H   1.39423392778916      0.00893739481796     -0.60153948394786 

  H   1.24227299424265      1.66350276341935     -1.21203803937559 
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3bÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   5.78071471075158      3.35852008807812     -0.24004008822308 

  S   4.70970032849328      2.54788643300323      0.23124250390529 

  C   5.13107570409571      0.85148766251053      0.49689669092361 

  C   3.93032368805441      0.10200824155117     -0.04181973043271 

  C   3.09863294680170      1.01647584449033     -0.86826612274408 

  C   1.60370860960598      1.01267681529790     -0.72466622425067 

  C   2.23860571541890      0.54729357075767     -1.98909777188889 

  O   3.78087427887140      2.25217504765061     -1.03915219304708 

  O   3.68076402883670     -1.05161160716388      0.17943842865532 

  O   3.90737761052861      3.01853715972437      1.31525209576520 

  H   5.31049028671689      0.65373201034242      1.55166723209650 

  H   6.02773213335345      0.60473217641877     -0.09403247821331 

  H   1.13649583511221      1.98839951333566     -0.72305122291518 

  H   1.18624101979211      0.28095831491427     -0.04581576447738 

  H   2.19376381705029      1.20436899514860     -2.84735907578460 

  H   2.26911080801798     -0.51291124837342     -2.20204189482324 

  O   7.70689356021143      0.05688326560996     -1.10352649936555 

  S   8.90326314672193     -0.72471451941377     -0.65344244770347 

  C   10.33783596964468      0.28136611467564     -0.99536140507153 

  H   10.32273351212480      0.59839191455795     -2.03872828317929 

  H   11.23636682551266     -0.29843652880741     -0.78018833633311 
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  H   10.29718917381258      1.14705224538704     -0.33458272294793 

  C   9.19389181420716     -1.97514387732733     -1.89383177918326 

  H   9.26969067373184     -1.50591223952642     -2.87577170570611 

  H   8.35072881915387     -2.66475948175839     -1.86573484976701 

  H   10.11146498336982     -2.51246591108411     -1.65051635528739 

 

3cÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   6.06413215719646      2.50679800584648      0.98551959209334 

  S   4.78480385347404      1.88371251896484      0.90925964817858 

  C   4.83177609215030      0.12916042165258      0.75461642724513 

  C   3.69646227027278     -0.15291082609251     -0.19947318163316 

  C   3.35131806848956      1.08456584355315     -1.01416465587333 

  O   4.24383986502881      2.12508818164332     -0.56892427583463 

  O   3.14273591797009     -1.21004985402444     -0.31270686362560 

  O   3.78208799118810      2.25191819204300      1.86052737025052 

  H   4.72094369983598     -0.36620564037140      1.71617477849769 

  H   5.78484740711452     -0.15220957663248      0.27368363733499 

  O   7.39265492013256     -0.76788870581048     -0.76955982918502 

  S   8.74231826790616     -0.12204714459304     -0.67162099700851 

  C   9.15669675093655      0.45252881583531     -2.30927012992398 

  H   9.06337159429796     -0.36845773744778     -3.02117857241555 

  H   10.17494566255265      0.84343317360094     -2.30076929782947 

  H   8.46189079395017      1.25358740551139     -2.55990220489205 
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  C   9.94016255750964     -1.44047738527845     -0.57095030602764 

  H   9.79722466407475     -2.13293971568068     -1.40138322792156 

  H   9.78598598999036     -1.94991264013973      0.37995192940646 

  H   10.94189679446140     -1.00941102117394     -0.59374001020947 

  C   3.34841375578849      0.86277592827980     -2.53446660086413 

  C   1.84739325708449      1.40561048607139     -1.08267762087379 

  C   1.81393508546697      0.74366876436683     -2.47305482697722 

  H   1.48574576829116     -0.29254752046087     -2.42557822170993 

  H   1.25584829520650      1.26511904889465     -3.24759287553954 

  H   3.66598896471179      1.77825323445797     -3.03258190389719 

  H   1.21932930093991      0.99662786187227     -0.29331533875328 

  H   1.71203044394701      2.48499434526251     -1.14151716138306 

  H   3.92834981002993      0.02028553984934     -2.90720528062846 

 

3dÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   6.51953438682922      2.43748865547988      0.39093899784800 

  S   5.20662675619782      1.92578244252629      0.60671750594355 

  C   5.13240291535463      0.19008939895684      0.89986396746847 

  C   3.86300715828190     -0.20896885385222      0.18240850756803 

  C   3.48981032731338      0.80930475222865     -0.89216931567793 

  O   4.50749969583717      1.84468462272135     -0.81668474520515 

  O   3.22929341904145     -1.19898447784772      0.41821152824070 

  O   4.35222765729416      2.59816799064480      1.53634223970429 
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  H   5.10949316433546     -0.03982784351725      1.96260263091667 

  H   6.01005925233070     -0.27405120314437      0.42100140915030 

  O   7.73452037883090     -0.94542916709830     -0.54031388834691 

  S   9.07584592152832     -0.29769794782350     -0.38145613466065 

  C   9.24458287222502      0.87244682504604     -1.71781251226661 

  H   9.06723677326604      0.36714113700813     -2.66817218656401 

  H   10.24546268247166      1.30617310754932     -1.69049242111767 

  H   8.50314227380821      1.65498506171209     -1.55900834142935 

  C   10.28526377644535     -1.48018382604712     -0.95093572713994 

  H   10.01515278897194     -1.82957537884704     -1.94848613539426 

  H   10.29319939618302     -2.31135465356505     -0.24661912707506 

  H   11.26585056738986     -1.00236121143412     -0.96176236710839 

  C   3.49655063358658      0.19914464294529     -2.29264249105035 

  H   4.32386567959412     -0.49461563236126     -2.44648391225410 

  H   3.61375780839447      1.02879831949395     -2.99375638193856 

  C   2.11775671627962     -0.43626756783172     -2.42823263138760 

  C   2.06712093627231      1.35478942332277     -0.73173883675735 

  H   1.75852151518620      1.42632622211304      0.31033148231652 

  C   1.17262837197423      0.42746799774838     -1.56841915744289 

  H   2.07818801449382      2.36471621367519     -1.14386615268079 

  H   0.49733387232099      1.01860114382039     -2.18782836828301 

  H   0.55033301353962     -0.19981975130068     -0.93136180965117 

  H   2.13744861110493     -1.45795965829437     -2.05009684714437 

  H   1.80778266331580     -0.48329078402774     -3.47176877858024 
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3eÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   5.30798285432099      4.11489848448639     -0.38784341976536 

  S   4.46388098459325      3.08572963936640      0.12366641761651 

  C   5.31101326348489      1.60388443289607      0.56488595391594 

  C   4.39754089258743      0.50798501213829      0.06174500664795 

  C   3.37908682600230      1.03756089236949     -0.95084069192392 

  O   3.71690189758522      2.45191120226439     -1.11992022155897 

  O   4.47465437611082     -0.63660261271980      0.40953548583268 

  O   3.52087652725197      3.41931451023962      1.14622743131262 

  H   5.48226172121344      1.54680130361985      1.63781168642653 

  H   6.27033064557030      1.55210841651310      0.02658778034710 

  O   8.05734266568237      1.00452152895793     -0.98299935720608 

  S   8.41222949041921     -0.44122328858484     -0.80590618052598 

  C   10.15513904860177     -0.51139550593298     -0.42726267169245 

  H   10.72086266288063      0.02586977813728     -1.18925248965513 

  H   10.46304013406136     -1.55697169762042     -0.38289025798661 

  H   10.29809838687973     -0.05026004417093      0.54954744840420 

  C   8.50073764263191     -1.16030027277412     -2.43793126576643 

  H   9.18506140487790     -0.58121590589472     -3.05906471021250 

  H   7.49583813909827     -1.14092814443300     -2.85900065487272 

  H   8.83794965532667     -2.19418149284512     -2.35140337060740 
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  C   3.54976546297477      0.40433938662154     -2.32835564986241 

  H   4.60406998281721      0.42755328815406     -2.61266173325643 

  H   3.01024490106801      1.04799185161683     -3.02888055885234 

  C   2.98850256170644     -1.00906602630557     -2.40503897222288 

  C   1.94529481773881      0.91675178117650     -0.43785925934474 

  H   1.88053434969614      1.29497486923507      0.58386881914279 

  C   1.40285851622777     -0.50293444580885     -0.53086684003331 

  H   1.34407362866439      1.57901561257404     -1.06729720951550 

  H   3.07205126462914     -1.35577327632942     -3.43731203942939 

  C   1.54212763006311     -1.06149141731079     -1.93818607252354 

  H   3.59463101772269     -1.68358512883750     -1.79569628570215 

  H   1.17467130989739     -2.08967104484830     -1.97204660221581 

  H   0.91727113644757     -0.47782393500162     -2.62322595625466 

  H   0.35485166725654     -0.49096132880838     -0.22356617696863 

  H   1.92982253390924     -1.14947642214051      0.17531261830910 

 

4aÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  C   -0.98891868850082     -3.29447514368372     -0.08795186826140 

  C   0.52373219648049     -3.20403637330341     -0.13667741893577 

  O   1.07163250067912     -4.50148351221130      0.22673917193004 

  C   1.03997257849307     -2.85845441684102     -1.51765794783180 
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  C   1.04800478087630     -2.24864696289276      0.91167366338936 

  O   0.71068318544808     -0.99485231416672      0.75971921304600 

  H   1.10155748219763     -0.39227388353952      1.47636786925875 

  O   1.66721543858490      0.56446266347437      2.52862793230913 

  S   2.24129349672321      1.87465421212936      2.02803311617662 

  C   1.64100595481076      3.12232117451603      3.14249638901233 

  C   3.94968478002753      1.87669093509573      2.52029819808691 

  C   1.78689807113477     -2.82578481701335      1.86997233214881 

  S   1.90331155345727     -4.51024596715888      1.58135310022211 

  O   1.19505412880786     -5.29535410748682      2.55092690134059 

  O   3.24044919641970     -4.94059172156901      1.29145786602904 

  H   -1.33649167215922     -4.04387291904501     -0.79920497077360 

  H   -1.42558253066407     -2.33356377622234     -0.35920236477391 

  H   -1.33284311275134     -3.56493577885165      0.91083623513602 

  H   0.69224934456407     -3.60116965855934     -2.23600218538855 

  H   2.12982344202263     -2.83302989092460     -1.53091071337089 

  H   0.66192142013647     -1.88281534683372     -1.82139550838732 

  H   0.56290694449627      3.19532933343250      3.00483150200733 

  H   2.10760020483345      4.07231736210789      2.87862275480444 

  H   1.88104381898011      2.84436843485405      4.16888113031253 

  H   4.45520392961843      1.09681410969411      1.95184280565281 

  H   4.02320886117367      1.68152270243729      3.59033785954960 

  H   4.38199809576596      2.84668296008889      2.27181634368429 

  H   2.26231459834345     -2.38187729752678      2.73095859362627 

  



199 

 

4bÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   1.52509857471927      0.00441101372734      0.34704106862883 

  S   2.91051629507725      0.32053330765953      0.15839188751936 

  C   3.17264749425718      1.57352421268539     -0.97885068560623 

  C   3.80873951514803      1.08429352894050     -2.05913869985460 

  O   4.20397681847458      1.69118035247783     -3.14640031289360 

  H   3.97470771442551      2.67861711668224     -3.14784081121369 

  O   3.53078308214352      4.13291212279391     -3.29484276668005 

  S   4.21943810201589      5.41031807166553     -2.87275528527493 

  C   4.63530372195549      5.23119547500493     -1.15118712720185 

  C   5.86560687227527      5.35800449278218     -3.54814748425783 

  C   4.08407935242131     -0.36206837295194     -1.96111689483566 

  C   5.33838761108543     -0.97539066696005     -2.48343232929198 

  C   4.02301596945505     -1.27005481264985     -3.14126377322083 

  O   3.57207199057742     -0.84149039577779     -0.72930280954834 

  O   3.68870233137419      0.46660205370309      1.35347628404892 

  H   2.84470222115388      2.57937907176849     -0.76989236661455 

  H   3.70269048641098      5.19726966217512     -0.58909821495153 

  H   5.20795882485382      6.10860723061861     -0.84713607992586 

  H   5.21654536886401      4.32180968504490     -0.99706816243137 

  H   5.77483213057593      5.39659172728130     -4.63319138279980 

  H   6.37000758958390      4.44374077598289     -3.23468868766856 



200 

 

  H   6.40713216110873      6.23765777725337     -3.19745441620658 

  H   5.77475310436643     -1.75240098030144     -1.87050995644867 

  H   6.03807295659135     -0.31988413029570     -2.98411080837361 

  H   3.58490880716093     -2.24360181888196     -2.96736450014445 

  H   3.80559090392444     -0.81809650042851     -4.09972568475242 

 

4cÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.99354846450861      1.31968100858327     -0.53946502207854 

  S   2.08414567776280      0.67516941532135      0.13297749929780 

  C   2.34728353576727     -0.93453865748810     -0.39093352438352 

  C   3.53049972120742     -1.01827886540166     -1.01808792418617 

  O   4.10962500525946     -2.05637790064642     -1.56477045475850 

  H   3.54868168476145     -2.89226013799559     -1.46649903960129 

  O   2.60784624991540     -4.10177223927263     -1.30978298445465 

  S   2.94785763127823     -5.57295692285416     -1.37075120293727 

  C   3.61146553548902     -5.87923454292247     -2.99419795030840 

  C   4.44323245266714     -5.79952466500258     -0.43174218058684 

  C   4.28492788701654      0.27231322109851     -1.08794236691005 

  C   5.72926853752450      0.32530570113068     -0.55235767851778 

  C   6.13340457095824      1.17064360165509     -1.77491939881563 

  C   4.80569067369092      0.77404551240629     -2.44782292922309 



201 

 

  O   3.44700708777875      1.25810335677115     -0.45493933190695 

  O   2.10465132267570      0.80903167034639      1.56092772232969 

  H   1.61741743614144     -1.70433243667944     -0.19420762996351 

  H   2.80582175674003     -5.72730696049593     -3.71165272360501 

  H   3.94813225009367     -6.91576122332929     -3.03827574335463 

  H   4.43790692182411     -5.19651377450927     -3.19290199629936 

  H   4.21945958123481     -5.55806084835199      0.60683429311139 

  H   5.23217608363990     -5.15319670717055     -0.81700468921150 

  H   4.73628622052259     -6.84760136068852     -0.50635031843493 

  H   6.17896473325153     -0.66707603087436     -0.56127241795779 

  H   5.83764140291025      0.76353421931769      0.43828842578697 

  H   7.04574985134095      0.87449484235741     -2.28913541816693 

  H   6.18379484346126      2.23469763531146     -1.54737319292390 

  H   4.91868628915104     -0.05483243867925     -3.14560462496534 

  H   4.20482659142675      1.55693552806298     -2.90714719697421 

 

4dÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   -0.19099587133308      1.54523238170800      0.00048418100792 

  S   1.12312382808792      0.97529439102631      0.08291410204613 

  C   1.52477557545791      0.03093362771567     -1.28886925081852 



202 

 

  C   2.51381456874307      0.62153190364696     -1.97559647903524 

  O   3.09853009530425      0.23721619006621     -3.08173989706595 

  C   3.00839276986819      1.90760301045014     -1.37359053362945 

  C   2.89481530738516      3.13071762653025     -2.27367683282577 

  C   3.80402192696626      4.17769707956351     -1.62066702090386 

  C   4.81857895187023      3.38636174311639     -0.76519437489627 

  C   4.47709353326668      1.90716608238268     -0.96875915127374 

  O   2.19195947263426      2.11920574829249     -0.18901147332601 

  O   1.44807643417438      0.33518560584808      1.32508522475798 

  H   1.00046897230790     -0.88866790598301     -1.49853556660106 

  H   2.69880147846473     -0.61383706766115     -3.45271018590668 

  H   1.85950209871663      3.44980076908816     -2.39062439037764 

  H   3.27321994406503      2.84848992854070     -3.25748483986219 

  H   3.22054345907147      4.85043147476687     -0.99175201798812 

  H   4.29328789544004      4.79297744720566     -2.37544814660165 

  H   4.72111146142234      3.65708188922204      0.28645453619857 

  H   5.84951274518260      3.59211878427684     -1.05237812224636 

  H   4.65486901810046      1.28252061148303     -0.09377827267654 

  H   5.04558294040923      1.48961134319189     -1.80177967608165 

  O   2.04290442288577     -1.90613426999185     -3.99778637562943 

  S   2.53838513323598     -2.82093781911192     -5.09345268830484 

  C   2.62911514369821     -1.84305278301653     -6.57828268531540 

  C   4.28431171208655     -3.05050629614571     -4.82984630271070 

  H   4.79208432835780     -2.08598167971527     -4.80575749783953 

  H   4.67354134596170     -3.66747971715061     -5.64092481825871 

  H   4.40728618918647     -3.57579157678747     -3.88328907236935 

  H   1.61208286239066     -1.56026679929150     -6.84747379529710 

  H   3.05784097451178     -2.45937925687027     -7.36967868685504 



203 

 

  H   3.24183128207911     -0.95832246639666     -6.40416988931356 

 

4eÅDMSO (SMD ʤʦʜʝʣʴ, DMSO ̫ʢ ʨʦʟʯʠʥʥʠʢ) 

 

  O   0.93176050672882     -0.44236757708993      0.52019994422943 

  S   2.32476756445927     -0.10014786359944      0.47863922318939 

  C   2.78266568233376      0.61437386045767     -1.00776860865749 

  C   3.56645147400721     -0.22727820385716     -1.69629249228864 

  O   4.10426069837454     -0.07098692878450     -2.87960166822673 

  C   3.84819218782053     -1.53615837908637     -0.99966234892572 

  C   5.33789313325823     -1.73358775592514     -0.74262405773215 

  C   5.63541219171590     -3.07292068742351     -0.08288436191713 

  C   5.05207853811101     -4.22940447293317     -0.88173323479635 

  C   3.55643649582098     -4.04608445541155     -1.09372216070894 

  C   3.24798071586853     -2.71375708206909     -1.76198317381168 

  O   3.17877245556334     -1.42665722154088      0.28920653177422 

  O   2.82558126277941      0.59924156992008      1.62662556176277 

  H   2.42297102371696      1.59359137361401     -1.28247128548734 

  H   3.86726318547773      0.82244710023512     -3.28470922727515 

  H   5.70813429456110     -0.90262414645894     -0.13833724923606 

  H   5.84074192252599     -1.68086369024645     -1.71142597142485 



204 

 

  H   5.22212226964712     -3.08237322265359      0.93003456497509 

  H   6.71707010424040     -3.18490788477178      0.01997565045596 

  H   5.24692595468483     -5.17549012563729     -0.37114809070780 

  H   5.55126770838286     -4.28573250424530     -1.85551807179094 

  H   3.04120842677726     -4.09886435220607     -0.13011209728476 

  H   3.15376634546878     -4.85361816492385     -1.70917096608297 

  H   2.17121114447997     -2.56143142575711     -1.86331841265825 

  H   3.67387401593127     -2.69813532893420     -2.76845172413956 

  O   3.48811580424777      2.23335128841468     -3.81698108867473 

  S   3.75572162464270      2.87813853814602     -5.15609245005117 

  C   5.46368918223473      2.56445164635068     -5.54978640342373 

  C   3.01081812042060      1.83073896470155     -6.38720615421507 

  H   3.37790462966123      0.81005493154273     -6.27638856117978 

  H   3.25869508011812      2.22591079927650     -7.37317073724386 

  H   1.93206653320129      1.86946540630755     -6.24051023382766 

  H   6.07093803480414      3.08185411440876     -4.80786245746625 

  H   5.66944369593025      2.97647197181582     -6.53864081866245 

  H   5.66315799200315      1.49272990836416     -5.53169736848952 

 

16a 

 

  O   1.11013822502128     -1.33316651441848     -0.31224749132325 

  S   2.42252422338638     -0.78386046471881     -0.37810330934883 



205 

 

  O   3.27972930346665     -1.48223934595456      0.75457149575714 

  C   4.31788513654490     -0.61547397840733      1.31158477494237 

  C   4.32022666512473     -0.89987007446565      2.80229193904521 

  C   5.64402764669687     -0.96210253360992      0.66218304668646 

  C   3.87102901655633      0.81760144415460      1.01540416803326 

  C   4.62374794343230      1.86046312434026      1.36230637842453 

  C   4.34162662611171      3.29260362836883      1.17707036515374 

  O   3.10020658417265      3.55792838051589      0.76180314504346 

  C   2.79707609561109      4.93933147785117      0.56960250573163 

  O   5.16388588547865      4.14774346671543      1.39637101677405 

  C   2.54371802763121      0.84049817489344      0.33276458937690 

  O   3.12604557024282     -0.80607802160623     -1.62165240250019 

  H   4.54659599392834     -1.95209550394662      2.97682716542566 

  H   3.35235573079412     -0.66892748955508      3.24694145416162 

  H   5.08261207841878     -0.29463020736666      3.29229781302994 

  H   5.88310561260173     -2.00843100753589      0.85433358278150 

  H   6.43871986610950     -0.34592500202818      1.08247205433352 

  H   5.60936262627468     -0.79893469814563     -0.41415198580223 

  H   5.58015639352202      1.68607492146850      1.83941714343759 

  H   3.46234551880748      5.38007970657866     -0.17209713476766 

  H   2.89221246906024      5.48615043043869      1.50735150237039 

  H   1.76887615437671      4.97179202393171      0.21926522262027 

  H   1.71800635055946      0.95009021593178      1.03900534596690 

  H   2.44943425606927      1.58805784657005     -0.44893238535401 

  



206 

 

17a 

 

  O   0.91952520342437     -1.61474600533918     -0.38132451408184 

  S   2.15911388920183     -0.94133305285389     -0.17314150674519 

  O   2.87415020716035     -1.59489746503027      1.07863079382324 

  C   3.31243295705067     -0.64046484854473      2.08904046683617 

  C   2.84907115350047     -1.18067752979532      3.42714992752164 

  C   4.82713879307184     -0.55828137419940      1.99318134953801 

  C   2.62259645329790      0.66445437942839      1.72921221269556 

  C   2.62232548189094      1.85264104023149      2.64282290026019 

  C   3.98854145684741      2.34903110496593      3.08966512848998 

  O   4.70992261194218      3.09669357370387      2.25476181010191 

  C   4.21050436959240      3.50740417871186      0.98424640055174 

  O   4.43206711727030      2.09742849666080      4.17674852281262 

  C   1.97141486859399      0.61431686996903      0.57650890469786 

  O   3.06664068202495     -0.85906762028233     -1.27379890523034 

  H   3.26878000972205     -2.17420007283621      3.58384800743983 

  H   1.76181962921143     -1.25003381548033      3.46720509962277 

  H   3.19558101475477     -0.53271136335663      4.23258306437486 

  H   5.24084982268518     -1.55834287147339      2.12323918313763 

  H   5.23853733710281      0.07925687185775      2.77380809499694 

  H   5.13691272092195     -0.17996602407791      1.01897393476363 

  H   2.10441183255386      1.58176487296494      3.56393015675194 



207 

 

  H   2.06246703014428      2.65981430212119      2.17134650763085 

  H   5.01863084139137      4.06714779578974      0.52020526929353 

  H   3.34626394056184      4.16340162948863      1.09589267999675 

  H   3.96211844589130      2.65551578195043      0.35255574670953 

  H   1.40366213018948      1.38916114542554      0.08212876401014 

 

16b 

 

  O   -1.05857607229871      2.12375682745145     -0.19044936267777 

  S   0.33526940820070      1.83933805468436     -0.19236304598532 

  O   0.96645405204281      2.59622539108087      1.06522365067066 

  C   2.13688444833182      1.90244975326530      1.48804068825495 

  C   3.45689388869727      2.58187956365298      1.27223734011800 

  C   2.85267358780591      2.51408438207990      2.63883486078276 

  C   1.94732314153477      0.44128591492466      1.27110131858330 

  C   2.77586984325460     -0.48300947974319      1.76244258463750 

  C   2.70550121600770     -1.94045483990470      1.60717483225736 

  O   1.62390525740875     -2.37114561158396      0.94945126501685 

  C   1.52587882872920     -3.78517733904271      0.78615240480384 

  O   3.54953844461977     -2.68189007180098      2.04860020694718 

  C   0.72755277156456      0.21534507131259      0.42822258067667 

  O   1.11328614999400      2.10619257941779     -1.35815151685907 

  H   3.42399770772805      3.52942780755152      0.75194393895055 



208 

 

  H   4.29787894469379      1.94282197760558      1.03893335208558 

  H   2.41395220471956      3.41811064614880      3.03912845601188 

  H   3.27391666356519      1.83846530174458      3.37148218303979 

  H   3.62374335388854     -0.17092572812352      2.35960564246115 

  H   2.37542122775061     -4.16776421021868      0.22118498832626 

  H   0.60299586089165     -3.95777593100878      0.23858402204662 

  H   1.48637750635344     -4.28204248485560      1.75510123889087 

  H   0.87857219743089     -0.46363330158035     -0.40632689785490 

  H   -0.12517063291488     -0.12275427305792      1.01919526881526 

 

17b 

 

  O   0.57586571167050     -1.51056192860486     -0.92798453444938 

  S   1.72758135316376     -0.81427552858509     -0.45954034498710 

  O   3.01153138369682     -1.42501004641705     -1.19879467067790 

  C   3.80799110616642     -0.42976454335373     -1.81533407271846 

  C   5.28625779323758     -0.52887059522359     -1.59967563211203 

  C   4.68943932088632     -0.89961601963263     -2.92291115793859 

  C   3.06417829970196      0.84694797045951     -1.82280719331348 

  C   3.61541620493380      2.04882960733833     -2.51703156317013 

  C   2.76233526159759      3.28604474231106     -2.33171629535478 

  O   2.89646114066774      3.99694211392872     -1.20994256777110 

  C   3.87459306220189      3.66905346271400     -0.22665887803258 



209 

 

  O   1.96220269964785      3.63625205941001     -3.15364472869580 

  C   1.91372651328826      0.76352239458553     -1.16149649471513 

  O   1.96367506708235     -0.77925076452561      0.94842253711487 

  H   5.60709524481715     -1.33237949789499     -0.95102775990773 

  H   5.85376198340149      0.38811229534199     -1.51669238592757 

  H   4.61665010805827     -1.95176363952080     -3.16211636052821 

  H   4.83491119400953     -0.24104639938814     -3.76840402221093 

  H   3.65211124466615      1.85351827817824     -3.58984422722654 

  H   4.64203751542813      2.22043043522524     -2.18558468928448 

  H   4.88291017350169      3.84642206971383     -0.60382080882330 

  H   3.77225972247839      2.64086145318709      0.12061548744686 

  H   3.68825695719846      4.34111777954386      0.60723489767944 

  H   1.16042093849781      1.51825430120904     -0.98931453439589 

 

 

  



210 

 

 

  



211 

 

ɼʆɼɸʊʆʂ ɺ ɹʽʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ɦ ʦʜʦ ʢʣʽʪʠʥ ʪʨʠʯʽ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʣʽʥʽʾ 

MDA-MB-231ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʣʽʪʠʥʘʭ ʪʨʠʯʽ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ ʤʦʣʦʯʥʦʾ 

ʟʘʣʦʟʠ ʣʽʥʽʾ MDA-MB-231 ʪʘ ʥʝʤʘʣʽʛʥʽʟʦʚʘʥʠʭ ʢʣʽʪʠʥʘʭ MAEC. ʂʣʽʪʠʥʠ ʽʥʢʫʙʫʚʘʣʠ ʫ 

ʤʦʜʠʬʽʢʦʚʘʥʦʤʫ ʟʘ ɼʫʣʴʙʝʢʢʦ ʩʝʨʝʜʦʚʠʱʽ ɯʛʣʘ (DMEM) ʟ ʜʦʜʘʚʘʥʥʷʤ L-ʛʣʫʪʘʤʽʥʫ (4 

ʤʤʦʣʴ/ʣ; Biowest, ʅʶʘʡʻ, ʌʨʘʥʮʽʷ), 10% ʝʤʙʨʽʦʥʘʣʴʥʦʾ ʩʠʨʦʚʘʪʢʠ ʪʝʣʷʪ (Biowest) ʪʘ 

ʛʝʥʪʘʤʽʮʠʥʫ (40 ʤʢʛ/ʤʣ; Merck, ɼʘʨʤʰʪʘʜʪ, ʅʽʤʝʯʯʠʥʘ). ɯʥʢʫʙʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 37 

ÁC ʚ ʘʪʤʦʩʬʝʨʽ ʟ 5% ʚʤʽʩʪʦʤ CO2.ɼʦʩʣʽʜʞʫʚʘʥʽ ʩʧʦʣʫʢʠ ʨʦʟʯʠʥʷʣʠ ʫ ɼʄʉʆ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 50 ʤʄ. ɸʣʽʢʚʦʪʫ ʩʪʦʢʦʚʦʛʦ ʨʦʟʯʠʥʫ ʜʦʜʘʚʘʣʠ ʜʦ ʽʥʢʫʙʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʝʪʦʜʦʤ ʜʚʦʢʨʘʪʥʠʭ ʩʝʨʽʡʥʠʭ ʨʦʟʚʝʜʝʥʴ. ɼʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʩʪʘʥʦʚʠʚ 0,5ï0,0078125 ʤʄ. ɼʦ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʜʦʜʘʚʘʣʠ ɼʄʉʆ ʪʘ ʧʨʦʚʦʜʠʣʠ 

ʘʥʘʣʦʛʽʯʥʽ ʤʘʥʽʧʫʣʷʮʽʾ.ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʽʩʣʷ 

ʟʘʙʘʨʚʣʝʥʥʷ ʢʣʽʪʠʥ 0,5% ʨʦʟʯʠʥʦʤ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʽʦʣʝʪʦʚʦʛʦ ʫ 70% ʤʝʪʠʣʦʚʦʤʫ 

ʩʧʠʨʪʽ. ʌʘʨʙʫʚʘʥʥʷ ʪʨʠʚʘʣʦ 10 ʭʚ. ʅʘʜʣʠʰʦʢ ʙʘʨʚʥʠʢʘ ʟʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ 

ʚʦʜʦʶ. ʆʧʪʠʯʥʝ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 540 ʥʤ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʧʣʘʥʰʝʪʥʦʤʫ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ (Labsystems Multiskan PLUS, ɺʘʥʪʘʘ, ʌʽʥʣʷʥʜʽʷ). ɿʤʽʥʫ ʢʽʣʴʢʦʩʪʽ 

ʢʣʽʪʠʥ (%) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ὅὈ ρ
Ὀ̅ ̏̒̌

Ὀ̋ ̏̎̓̑
ɆρππϷ 

 

ʜʝ CD ð ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ, %; Dʜʦʩʣ ð ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠ 540 ʥʤ; Dʢʦʥʪʨ ð ʦʧʪʠʯʥʘ ʛʫʩʪʠʥʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠ 

540 ʥʤ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ çʜʦʟʘ-ʝʬʝʢʪè ʦʙʨʦʙʣʷʣʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ 

ɻʽʣʣʘ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʮʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʧʝʨʝʚʠʱʫʚʘʣʘ 85ï90 %. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʫ ʪʨʠʨʘʟʦʚʽʡ ʧʦʚʪʦʨʥʦʩʪʽ. 
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ʈʠʩʫʥʦʢ ɺ.1 -  ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ɓ- ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ 1a e a ɦʦʜʦ ʣʽʥʽʾ ʢʣʽʪʠʥ ʪʨʠʯʽ 

ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ MDA-MB-231 (A) ʪʘ ʥʝʤʘʣʽʛʥʽʟʦʚʘʥʠʭ ʢʣʽʪʠʥ 

MAEC (B) (M Ñ SD). 

 

  

ʈʠʩʫʥʦʢ ɺ.2 -  ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʧʦʭʽʜʥʠʭ ɓ- ʢʝʪʦ ɔ-ʩʫʣʴʪʦʥʽʚ 20ad a ɦʦʜʦ ʣʽʥʽʾ 

ʢʣʽʪʠʥ ʪʨʠʯʽ ʥʝʛʘʪʠʚʥʦʛʦ ʨʘʢʫ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ MDA-MB-231 (A) ʪʘ 

ʥʝʤʘʣʽʛʥʽʟʦʚʘʥʠʭ ʢʣʽʪʠʥ MAEC (B) (M Ñ SD). 
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ɼʆɼɸʊʆʂ ɻ In silico ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ 

 

ʇʽʜʛʦʪʦʚʢʘ ʙʽʣʢʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʽʥʛʫ ʷʢ ʤʦʣʝʢʫʣʷʨʥʽ ʤʽʰʝʥʽ ʙʫʣʦ ʦʙʨʘʥʦ: 

ʝʩʪʨʦʛʝʥʦʚʠʡ ʨʝʮʝʧʪʦʨ ʘʣʴʬʘ (ERŬ, PDB ID: 1X7R), ʬʘʢʪʦʨ ʨʦʩʪʫ ʝʥʜʦʪʝʣʽʶ ʩʫʜʠʥ 

(VEGF, PDB ID: 4ASD), ʷʥʫʩ-ʢʽʥʘʟʫ 2 (JAK-2, PDB ID: 3KRR), ʮʠʢʣʽʥ-ʟʘʣʝʞʥʫ ʢʽʥʘʟʫ 

1 (CDK 1, PDB ID: 4YC6), ʙʽʣʦʢ ɺ-ʢʣʽʪʠʥʥʦʾ ʣʽʤʬʦʤʠ 2 (BCL-2, PDB ID: 4AQ3), 

ʣʶʜʩʴʢʫ ʮʠʪʦʭʨʦʤ-ʈ450-ʘʨʦʤʘʪʘʟʫ (PDB ID: 4GL7), ʨʝʮʝʧʪʦʨ ʝʧʽʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ 

ʨʦʩʪʫ (EGFR, PDB ID: 3UG2), CDC-ʧʦʜʽʙʥʫ ʢʽʥʘʟʫ 4 (CLK4, PDB ID: 6FYV), 

ʤʦʥʦʘʤʽʥʦʢʩʠʜʘʟʫ B (MAO B, PDB ID: 2XFU) ʪʘ ʜʝʢʘʨʙʦʢʩʠʣʘʟʫ ʘʨʦʤʘʪʠʯʥʠʭ L-

ʘʤʽʥʦʢʠʩʣʦʪ (AAAD, PDB ID: 8ORA). 

ʊʨʴʦʭʚʠʤʽʨʥʽ (3D) ʢʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ ʦʙʨʘʥʠʭ ʙʽʣʢʦʚʠʭ ʤʽʰʝʥʝʡ ʙʫʣʠ 

ʟʘʚʘʥʪʘʞʝʥʽ ʟ ʙʘʥʢʫ ʜʘʥʠʭ RCSB Protein Data Bank (PDB) (https://www.rcsb.org). 

ʇʽʜʛʦʪʦʚʢʘ ʟʘʚʘʥʪʘʞʝʥʠʭ ʩʪʨʫʢʪʫʨ ʜʦ ʜʦʢʽʥʛʫ ʧʦʣʷʛʘʣʘ ʫ ʚʠʜʘʣʝʥʥʽ ʩʪʦʨʦʥʥʽʭ ʤʘʣʠʭ 

ʤʦʣʝʢʫʣ ʪʘ ʤʦʣʝʢʫʣ ʚʦʜʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʣʠ ʨʦʟʧʦʜʽʣ ʟʘʨʷʜʽʚ ʥʘ ʤʦʣʝʢʫʣʽ ʙʽʣʢʘ. 

ʇʦʣʦʞʝʥʥʷ ʢʦ-ʢʨʠʩʪʘʣʽʟʦʚʘʥʠʭ ʣʽʛʘʥʜʽʚ ʫ ʩʪʨʫʢʪʫʨʘʭ ʟ RCSB PDB ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʞʥʠʥʠ ʟʚôʷʟʫʚʘʥʥʷ ʙʽʣʢʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ (grid 

boxes) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʢʽʥʛʫ. 

 

ʇʨʦʮʝʜʫʨʘ ʜʦʢʽʥʛʫ 

ʇʽʜʛʦʪʦʚʣʝʥʽ ʩʪʨʫʢʪʫʨʠ ʙʽʣʢʽʚ ʙʫʣʠ ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʬʦʨʤʘʪ ʤʘʢʨʦʤʦʣʝʢʫʣ 

AutoDock ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ OpenBabel. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ AutoDock v.4.2.6 [14] ʟʘ ʃʘʤʘʨʢʽʚʩʴʢʠʤ 

ʛʝʥʝʪʠʯʥʠʤ ʘʣʛʦʨʠʪʤʦʤ (LGA). ʂʦʞʝʥ ʮʠʢʣ ʜʦʢʽʥʛʫ ʚʢʣʶʯʘʚ 100 ʨʦʟʚôʷʟʢʽʚ ʧʨʠ 

ʨʦʟʤʽʨʽ ʧʦʧʫʣʷʮʽʾ 500, ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ 2 500 000 ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʧʦʢʦʣʽʥʴ 27 000. 

https://www.rcsb.org/
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ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʜʦʢʽʥʛʫ ʜʣʷ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʛʦ ʢʣʘʩʪʝʨʘ ʟ 

ʥʘʡʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʟʚôʷʟʫʚʘʥʥʷ ʛʝʥʝʨʫʚʘʣʠ ʢʣʘʩʪʝʨʠ ʟʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ 

ʚʽʜʭʠʣʝʥʥʷʤ (RMSD) ʟ ʪʦʣʝʨʘʥʪʥʽʩʪʶ (ʜʦʧʫʩʢʘʤʠ) 0,25; 0,50 ʪʘ 1. ɼʣʷ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʘʢʝʪ AutoDockTools 1.4.4 [14]. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʟʙʝʨʽʛʘʣʠ ʢʦʥʬʦʨʤʘʮʽʡʥʫ ʧʦʟʫ, ʱʦ ʜʝʤʦʥʩʪʨʫʚʘʣʘ ʥʘʡʚʠʱʫ ʥʝʛʘʪʠʚʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ 

(ʥʘʡʥʠʞʯʫ ʝʥʝʨʛʽʶ ʟʚôʷʟʫʚʘʥʥʷ) ʜʣʷ ʢʦʞʥʦʾ ʩʧʦʣʫʢʠ. ɺʽʟʫʘʣʽʟʘʮʽʶ ʭʘʨʘʢʪʝʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ ʜʦʢʦʚʘʥʠʭ ʩʧʦʣʫʢ ʽʟ ʮʽʣʴʦʚʠʤʠ ʙʽʣʢʘʤʠ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ BIOVIA Discovery Studio. 

 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʜʦʢʦʚʘʥʠʭ ʩʧʦʣʫʢ ʽʟ ʙʽʣʢʦʚʠʤʠ ʤʽʰʝʥʷʤʠ 

 A  B 

ʈʠʩʫʥʦʢ ɻ.1 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʩʪʨʦʛʝʥʦʚʠʤ 

ʨʝʮʝʧʪʦʨʦʤ ʘʣʴʬʘ (PDB ID: 1X7R) ʪʘ ʩʧʦʣʫʢʦʶ 1b (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.2 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʩʪʨʦʛʝʥʦʚʠʤ 

ʨʝʮʝʧʪʦʨʦʤ ʘʣʴʬʘ (PDB ID: 1X7R) ʪʘ ʩʧʦʣʫʢʦʶ 1e (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.3 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʩʪʨʦʛʝʥʦʚʠʤ 

ʨʝʮʝʧʪʦʨʦʤ ʘʣʴʬʘ (PDB ID: 1X7R) ʪʘ ʩʧʦʣʫʢʦʶ 7b (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.4 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʝʩʪʨʦʛʝʥʦʚʠʤ 

ʨʝʮʝʧʪʦʨʦʤ ʘʣʴʬʘ (PDB ID: 1X7R) ʪʘ ʩʧʦʣʫʢʦʶ 7e (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.5 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʬʘʢʪʦʨʦʤ ʨʦʩʪʫ 

ʝʥʜʦʪʝʣʽʶ ʩʫʜʠʥ (PDB ID: 4ASD) ʪʘ ʩʧʦʣʫʢʦʶ 1b (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.6 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʬʘʢʪʦʨʦʤ ʨʦʩʪʫ 

ʝʥʜʦʪʝʣʽʶ ʩʫʜʠʥ (PDB ID: 4ASD) ʪʘ ʩʧʦʣʫʢʦʶ 1e (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.7 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʬʘʢʪʦʨʦʤ ʨʦʩʪʫ 

ʝʥʜʦʪʝʣʽʶ ʩʫʜʠʥ (PDB ID: 4ASD) ʪʘ ʩʧʦʣʫʢʦʶ 7b (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.8 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʬʘʢʪʦʨʦʤ ʨʦʩʪʫ 

ʝʥʜʦʪʝʣʽʶ ʩʫʜʠʥ (PDB ID: 4ASD) ʪʘ ʩʧʦʣʫʢʦʶ 7e (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.9 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʷʥʫʩ-ʢʽʥʘʟʦʶ 2 (PDB 

ID: 3KRR) ʪʘ ʩʧʦʣʫʢʦʶ 1b (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.10 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʷʥʫʩ-ʢʽʥʘʟʦʶ 2 

(PDB ID: 3KRR) ʪʘ ʩʧʦʣʫʢʦʶ 1e (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

(ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.11 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʷʥʫʩ-ʢʽʥʘʟʦʶ 2 

(PDB ID: 3KRR) ʪʘ ʩʧʦʣʫʢʦʶ 7b (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

(ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.12 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʷʥʫʩ-ʢʽʥʘʟʦʶ 2 

(PDB ID: 3KRR) ʪʘ ʩʧʦʣʫʢʦʶ 7e (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

(ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.13 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʢʣʽʥ-ʟʘʣʝʞʥʦʶ 

ʢʽʥʘʟʦʶ 1 (PDB ID: 4YC6) ʪʘ ʩʧʦʣʫʢʦʶ 1b (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.14 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʢʣʽʥ-ʟʘʣʝʞʥʦʶ 

ʢʽʥʘʟʦʶ 1 (PDB ID: 4YC6) ʪʘ ʩʧʦʣʫʢʦʶ 1e (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.15 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʢʣʽʥ-ʟʘʣʝʞʥʦʶ 

ʢʽʥʘʟʦʶ 1 (PDB ID: 4YC6) ʪʘ ʩʧʦʣʫʢʦʶ 7b (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.16 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʮʠʢʣʽʥ-ʟʘʣʝʞʥʦʶ 

ʢʽʥʘʟʦʶ 1 (PDB ID: 4YC6) ʪʘ ʩʧʦʣʫʢʦʶ 7e (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.17 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʽʣʢʦʤ ɺ-ʢʣʽʪʠʥʥʦʾ 

ʣʽʤʬʦʤʠ 2 (PDB ID: 4AQ3) ʪʘ ʩʧʦʣʫʢʦʶ 1b (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.18 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʽʣʢʦʤ ɺ-ʢʣʽʪʠʥʥʦʾ 

ʣʽʤʬʦʤʠ 2 (PDB ID: 4AQ3) ʪʘ ʩʧʦʣʫʢʦʶ 1e (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.19 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʽʣʢʦʤ ɺ-ʢʣʽʪʠʥʥʦʾ 

ʣʽʤʬʦʤʠ 2 (PDB ID: 4AQ3) ʪʘ ʩʧʦʣʫʢʦʶ 7b (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 
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 A  B 

ʈʠʩʫʥʦʢ ɻ.20 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʙʽʣʢʦʤ ɺ-ʢʣʽʪʠʥʥʦʾ 

ʣʽʤʬʦʤʠ 2 (PDB ID: 4AQ3) ʪʘ ʩʧʦʣʫʢʦʶ 7e (ɸ); 2D-ʜʽʘʛʨʘʤʘ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʚʟʘʻʤʦʜʽʡ (ɹ). 

 A  B 

ʈʠʩʫʥʦʢ ɻ.21 ð ʉʭʝʤʘʪʠʯʥʘ 3D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʶʜʩʴʢʦʶ 

ʮʠʪʦʭʨʦʤ-ʈ450-ʘʨʦʤʘʪʘʟʦʶ (PDB ID: 4GL7) ʪʘ ʩʧʦʣʫʢʦʶ 1b (ɸ); 2D-ʜʽʘʛʨʘʤʘ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ (ɹ). 
































































































































