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1. ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ 2001 ʛʦʜʫ ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʪʝʨʘʧʠʠ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʤʦʣʝʢʫʣʳ PROTAC (ʦʪ ʘʥʛʣ. çPROteolysisTArgetingChimeraè), 

ʩʧʦʩʦʙʥʳʝ ʘʢʪʠʚʠʨʦʚʘʪʴ ʚʳʙʦʨʦʯʥʳʡ ʧʨʦʪʝʦʣʠʟ ʦʥʢʦʙʝʣʢʦʚ. ʄʦʣʝʢʫʣʘ PROTAC ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʢʝʨʦʤ: ʦʜʠʥ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʣʠʛʘʥʜʦʤ 

ʦʥʢʦʙʝʣʢʘ, ʘ ʚʪʦʨʦʡ ð ʣʠʛʘʥʜʦʤ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʵʪʦʛʦ ʙʝʣʢʘ. ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʦʙʦʠʭ 

ʣʠʛʘʥʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʤʦʣʝʢʫʣʘ PROTAC ʧʨʠʪʷʛʠʚʘʝʪ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʢ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʝ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʶ (ʤʝʯʝʥʠʶ ʜʣʷ ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʦʪʝʘʩʦʤʝ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ çʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʮʝʣʫʡ ʩʤʝʨʪʠè) ʠ ʜʘʣʝʝ ʧʨʦʪʝʘʩʦʤʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʤʦʣʝʢʫʣʘ PROTAC ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠ ʤʦʞʝʪ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩʦ ʩʣʝʜʫʶʱʝʡ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʦʡ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʥʦʤʦʣʷʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ PROTAC-

ʤʦʣʝʢʫʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʛʦ ʧʨʝʧʘʨʘʪʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʣʝʢʫʣ PROTAC ʩ ʜʦʢʘʟʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʦʣʝʢʫʣ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ ʙʝʣʢʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʦʝʜʠʥʝʥʠʷ PROTAC ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ: ʛʦʤʦ-PROTAC ʠ ʛʝʪʝʨʦ-

PROTAC. ɺ ʤʦʣʝʢʫʣʘʭ ʛʦʤʦ-PROTAC ʣʠʥʢʝʨʦʤ ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʘ ʬʨʘʛʤʝʥʪʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʷʚʣʷʶʱʠʝʩʷ ʠ ʣʠʛʘʥʜʘʤʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʠ ʣʠʛʘʥʜʘʤʠ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ; ʪʘʢʠʝ ʤʦʣʝʢʫʣʳ 

ʩʧʦʩʦʙʥʳ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʜʚʝ ʤʦʣʝʢʫʣʳ ʦʥʢʦʙʝʣʢʘ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʫʙʠʢʚʠʪʠʥʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ 

ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʨʦʪʝʦʣʠʟʫ. ʄʦʣʝʢʫʣʳ ʛʝʪʝʨʦ-PROTAC ʩʦʜʝʨʞʘʪ ʜʚʘ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʥʠʯʪʦʞʘʝʤʳʤ ʙʝʣʢʦʤ, ʘ ʚʪʦʨʦʡ ð ʩ ɽ3 

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥ rʤʝʪʦʜ rʩʠʥʪʝʟʘ ʜʚʫʭ ʪʠʧʦʚ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ PROTAC: ʙʠʩ-(ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ), ʚ ʢʦʪʦʨʳʭ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʢʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʧʨʠʨʦʜʳ, 

ʘ ʪʘʢʞʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʥʜʦʣʠʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʩʦʝʜʠʥʸʥ ʩ ʣʠʛʘʥʜʦʤ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʮʝʨʝʙʣʦʥ (CRBN) ð 

ʧʨʦʠʟʚʦʜʥʳʤ ʛʣʫʪʘʨʠʤʠʜʘ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʤʝʭʘʥʠʟʤʫ PROTAC, ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 3 

ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʚ III ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, 11 ʩʦʝʜʠʥʝʥʠʡ ʚʦ II ʬʘʟʝ ʠ ʙʦʣʴʰʝ 30 
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ʤʦʣʝʢʫʣ ʚ I ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʢʦʥʝʮ 2025 ʛ.). ʊʘʢ, ʥʘ ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʴʝʡ ʬʘʟʘʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʭʦʜʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ARV-110 ʠ ARV-

471, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ ʧʨʦʩʪʘʪʳ ʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʚ ʢʦʪʦʨʳʭ ʤʘʣʘʷ 

ʤʦʣʝʢʫʣʘ ð ʣʠʛʘʥʜ ʘʥʜʨʦʛʝʥʦʚʦʛʦ ʠʣʠ ʵʩʪʨʦʛʝʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ ð ʩʚʷʟʘʥʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤ 

ʛʣʫʪʘʨʠʤʠʜʘ, ̫ʚʣʷʶʱʝʛʦʩʷ ʠʟʚʝʩʪʥʳʤ ʣʠʛʘʥʜʦʤ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ CRBN. ʆʜʥʘʢʦ ʩʠʥʪʝʟ 

ʵʪʠʭ ʤʦʣʝʢʫʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ð ʥʘʧʨʠʤʝʨ, 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ ARV-741 (ʚʝʧʜʝʛʝʩʪʨʘʥʪʘ) ʚʢʣʶʯʘʝʪ 16 ʩʪʘʜʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʥʠʞʘʝʪ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʧʘʮʠʝʥʪʦʚ. 

ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʜʠʩʧʠʨʦ-ʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ 

ʣʠʛʘʥʜʳ ʙʝʣʢʘ MDM2 ð ɻ ʥʜʦʛʝʥʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʦʧʫʭʦʣʝʚʦʛʦ ʩʫʧʨʝʩʩʦʨʘ ʙʝʣʢʘ ʨ53, 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ. ʇʦʩʢʦʣʴʢʫ MDM2 ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʦʟʜʘʥʠʝ ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC ʠ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʦʚ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʦʧʠʩʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʤʦʣʝʢʫʣ PROTAC ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʙʢʠʝ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ ʠʣʠ ʘʤʠʜ-

ʩʦʜʝʨʞʘʱʠʝ ʣʠʥʢʝʨʳ. ɺ 2021 ʛ. ʥʘ ʧʨʠʤʝʨʝ ʠʥʛʠʙʠʪʦʨʘ ʙʝʣʢʘ MDM2 ʥʫʪʣʠʥʘ-3 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʤʦʣʝʢʫʣʘʭ ʪʠʧʘ ʛʦʤʦ-PROTAC ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʯʠʩʣʘ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʣʠʥʢʝʨʝ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʆʜʥʘʢʦ ʧʦʜʨʦʙʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʣʠʥʢʝʨʘ ʚ ʤʦʣʝʢʫʣʘʭ PROTAC ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣ PROTAC. 

ʇʝʨʚʳʡ ʪʠʧ ð ɻ ʪʦ ʤʦʣʝʢʫʣʳ ʛʦʤʦ-PROTAʉ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʠʥʢʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʧʨʠʨʦʜʳ. ɺʪʦʨʦʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC, ʚ ʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ, ʩʧʦʩʦʙʥʳʡ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʮʝʣʝʚʳʤ ʦʥʢʦʙʝʣʢʦʤ MDM2, ʩʦʝʜʠʥʸʥ ʣʠʥʢʝʨʦʤ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ɽ3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ð ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʣʫʪʘʨʠʤʠʜʘ. 

ɿʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ: (1) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʠ ʪʨʠʘʟʦʣʩʦʜʝʨʞʘʱʠʤʠ 

ʣʠʥʢʝʨʘʤʠ ʤʝʞʜʫ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ; (2) ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC, ʚ ʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʥʜʦʣʠʥʦʥʘ ʩʚʷʟʘʥ ʘʤʠʜ- ʠʣʠ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ ʩ ʧʨʦʠʟʚʦʜʥʳʤ ʛʣʫʪʘʨʠʤʠʜʘ; (3) 
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ʧʝʨʚʠʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʥʦ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘʤʠ. 

ʆʙʲʝʢʪʳ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ ʩ ʣʠʥʢʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ 

ʧʨʠʨʦʜʳ ʤʝʞʜʫ ʩʧʠʨʦʩʦʯʣʝʥʸʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʢʦʥʲʶʛʘʪʳ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩ ʛʣʫʪʘʨʠʤʠʜʦʤ ʩ ʘʤʠʜ- ʠ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʥʢʝʨʘʤʠ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʠʨʦʜʳ, ʜʣʠʥʳ ʠ ʧʦʣʦʞʝʥʠʷ ʣʠʥʢʝʨʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʤʦʣʝʢʫʣʘʭ ʪʠʧʘ PROTAʉ ʥʘ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ: (1) ʧʦʣʫʯʝʥʠʠ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʪʠʧʦʚ ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC ʠ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ; (2) ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʩʠʥʪʝʟʘ ʙʠʩ-

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 5-ʘʨʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʣʠʥʢʝʨʘʤʠ; (3) ʚʳʷʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʜʣʠʥʳ ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʙʠʩ-

ʜʠʩʧʠʨʦ-ʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʥʘʭ; (4) ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ 

ʩ ʘʤʠʜ- ʠ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʤʠ ʣʠʥʢʝʨʘʤʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. (1) ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʠ 

ʪʨʠʘʟʦʣʴʥʳʤʠ ʣʠʥʢʝʨʘʤʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ; (2) ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC, ʚ ʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 

ʩʦʝʜʠʥʝʥ ʯʝʨʝʟ ʘʤʠʜ- ʠʣʠ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʡ ʣʠʥʢʝʨ ʩ ʬʨʘʛʤʝʥʪʦʤ ʠʥʛʠʙʠʪʦʨʘ ɽ3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ð ʧʨʦʠʟʚʦʜʥʳʤ ʛʣʫʪʘʨʠʤʠʜʘ; (3) ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʤʦʣʝʢʫʣ 

ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʛʦʤʦ-PROTAC ʠ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ; (4) ʧʨʦʚʝʜʝʥʦ ʧʝʨʚʠʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʣʝʢʫʣ PROTAC ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʘʮʠʣʠʨʦʚʘʥʠʷ, ʟʘʤʝʱʝʥʠʷ, ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʠ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ 

ʵʢʩʪʨʘʢʮʠʠ, ʬʠʣʴʪʨʦʚʘʥʠʷ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʬʣʵʰ-

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʉʪʨʫʢʪʫʨʘ, ʩʦʩʪʘʚ ʠ ʯʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʘʤʠ 
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ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ɺʕɾʍ-ʄʉ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɹʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ 

ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʩʦʝʜʠʥʝʥ rʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʣʠʥʢʝʨʘʤʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʝʘʢʮʠʷʤʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʩ-5-ʘʨʠʣʠʜʝʥ-2-

ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʠ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ in situ ʠʟ ʩʘʨʢʦʟʠʥʘ ʠ ʠʟʘʪʠʥʘ. 

2. ɹʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʨʘʟʣʠʯʥʳʭ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʩʦʝʜʠʥʝʥ rʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʝʘʢʮʠʷʤʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʧʘʨʛʠʣ-ʩʦʜʝʨʞʘʱʠʭ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʘʟʠʜ-ʩʦʜʝʨʞʘʱʠʭ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ. 

3. ɼʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 

ʛʣʫʪʘʨʠʤʠʜʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʘʤʠʜ-ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ, 

ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 6-ʩʪʘʜʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʝʘʢʮʠʡ ʠʩʭʦʜʷ ʠʟ ɤ-

ʘʤʠʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʠʟʦʪʠʦʮʠʘʥʘʪʦʵʪʠʣʘʮʝʪʘʪʘ, ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʧʝʧʪʠʜʥʦʛʦ ʩʠʥʪʝʟʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ. 

4. ɼʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 

ʛʣʫʪʘʨʠʤʠʜʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ, 

ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʷʤʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʧʘʨʛʠʣ-ʩʦʜʝʨʞʘʱʠʭ 

ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʠ Ŭ-ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʘ. 

5. ɹʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʥʳ ʠ ʢʦʥʲʶʛʘʪʳ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩ ʛʣʫʪʘʨʠʤʠʜʦʤ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪ ɹʧʦʚʳʰʝʥʥʫʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʤʦʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʟʘʚʠʩʷʱʫʶ ʦʪ 

ʜʣʠʥʳ ʠ ʧʨʠʨʦʜʳ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.3. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʢʣʘʜʦʚ ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ 

ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚ 2021è (2021), ʇʝʨʚʘʷ ʚʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ 

ʭʠʤʠʠ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ MEDCHEMSCHOOL2021 (2021), ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʨʢʦʚʥʠʢʦʚʩʢʠʝ ʯʪʝʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ: ʦʪ ʄʘʨʢʦʚʥʠʢʦʚʘ ʜʦ ʥʘʰʠʭ 
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ʜʥʝʡè (2025), ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʂʦʥʛʨʝʩʩʝ çʂOST-2025è ʧʦ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

(2025). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʧʦʠʩʢʝ ʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʩʪʘʥʦʚʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ, ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. ɸʚʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʸʥ ʘʥʘʣʠʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ, ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʠʭ ʢ 

ʧʫʙʣʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ (ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ) ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, 

ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʩʪʘʪʴʠ ɺ. ʉ. ʇʦʣʷʢʦʚ, ɽ. ɺ. ʇʝʨʚʘʢʦʚʘ, ʅ. ɺ. ɿʳʢ, ɽ. ʂ. ɹʝʣʦʛʣʘʟʢʠʥʘ. ʉʠʥʪʝʟ 

ʙʠʩ(ʜʠʩʧʠʨʦ[ʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʥʦʚ]) // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ 

ʭʠʤʠʯʝʩʢʘʷ. ð 2025. ð ʊ. 74. ð ̄  7. ð ʉ. 2092-2101. [Polyakov V.S., Pervakova E. V, Zyk N. V, 

Beloglazkina E.K. Synthesis of bis(dispiro[indolinone-pyrrolidine-imidazolones]) // Russian Chemical 

Bulletin. ï 2025. ï V. 74. ï ̄  7. ï PP. 2092-2101]; V.S. Polyakov, E.V. Pervakova, Yu.K. Grishin, 

E.K. Beloglazkina. Bis-dispiro-indolinone-pyrrolidine-imidazolones with polymethylene linkers 

between imidazolone fragments // Tetrahedron Letters. ï 2025. ï V. 162. ï P. 155589; V. S. Polyakov, 

A. A. Barashkin, Y. K. Grishin, E. A. Tarasenko, E. K. Beloglazkina. Synthesis of Chiral Dispiro-

Indolinone-Pyrrolidine-Imidazolones Using (R) or(S)-1-(2,4-Dimethoxyphenyl)Ethyl Amine // 

ChemistrySelect. ï 2025. ï V. 10. ï ̄ 21. ï P. e01276 ʠ Polyakov, V.S., Grishin, Y.K., Tafeenko, V.A., 

Ivanova, E.S., Pogodaeva, S.S., Moldavskii, D.V., Shtil, A.A., Beloglazkina, E.K. Dispiroindolinone-

Glutarimide Conjugates: Synthesis and Evaluation as Potential Hetero-PROTACs for p53 Reactivation 

// Molecules. ï 2026. ï V. 31. ï ̄ 10. ï P. 1602. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʚʝʜʝʥʠʷ, 

ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ 

ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʝ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 

ʚʢʣʶʯʘʝʪ 242 ʠʩʪʦʯʥʠʢʘ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 232 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 109 ʨʠʩʫʥʢʦʚ ʠ 6 ʪʘʙʣʠʮ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʭ.ʥ., ʧʨʦʬ. 

ɹʝʣʦʛʣʘʟʢʠʥʦʡ ɽ. ʂ. ʟʘ ʯʫʪʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ, ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ 

ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜ.ʭ.ʥ. ɻʨʠʰʠʥʫ 

ʖ.ʂ. (ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʗʄʈ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢ.ʭ.ʥ. ʊʘʬʝʝʥʢʦ ɺ.ɸ. 

(ʄɻʋ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜ.ʤ.ʥ. ʐʪʠʣʶ ɸ.ɸ. (ʅʄʀʎ ʦʥʢʦʣʦʛʠʠ 

ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ) ʠ ʢ.ʭ.ʥ. ʉʢʚʦʨʮʦʚʫ ɼ.ɺ. (ʄɻʋ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʢ.ʭ.ʥ. ʌʠʣʴʢʠʥʦʡ ʄ.ɽ. ʠ ʘʩʧ. ɼʝʛʪʷʨʝʚʫ ɸ.ɼ. ɸʚʪʦʨ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʇʦʣʷʢʦʚʦʡ ɸ.ʉ. ʠ ʇʦʣʷʢʦʚʦʡ ɺ.ɺ. ʟʘ ʥʝʦʮʝʥʠʤʳʝ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ.  
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2. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʨʘʟʜʝʣʦʚ: ʦʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ 

ʤʝʪʦʜʦʣʦʛʠʠ PROTAC (ʨʘʟʜʝʣ 2.1), ʤʦʣʝʢʫʣʳ PROTAC, ʧʨʦʰʝʜʰʠʝ ʜʦʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʘʟʜʝʣ 2.2), ʩʧʠʨʦ- ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʘʛʝʥʪʳ ʠ ʤʝʪʦʜʳ ʠʭ ʩʠʥʪʝʟʘ (ʨʘʟʜʝʣ 2.3). 

2.1.ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʤʝʪʦʜʦʣʦʛʠʠ PROTAC 

2.1.1. ʀʜʝʷ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ PROTAC 

ʄʝʪʦʜʦʣʦʛʠʷ PROTAC [1,2], ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʦʪ 

ʘʥʛʣ. çPROteolysis TArgeting Chimeraè), ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʝʣʝʢʪʠʚʥʦʡ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʙʝʣʢʦʚ ʚ ʢʣʝʪʢʘʭ ʧʦ ʜʝʡʩʪʚʠʝʤ ʘʢʪʠʚʘʪʦʨʦʚ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʛʝʪʝʨʦ- ʠʣʠ ʛʦʤʦʙʠʬʫʥʢʮʠʦʥʘʣʴʥʝr ʤʦʣʝʢʫʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʸʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʆʜʠʥ ʬʨʘʛʤʝʥʪ ʤʦʣʝʢʫʣʳ PROTAC ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʙʝʣʢʦʤ-

ʤʠʰʝʥʴʶ (ʘʥʛʣ. POI ð çprotein of interestè), ʚʪʦʨʦʡ ð ʩ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ ʜʘʥʥʦʛʦ ʙʝʣʢʘ. 

ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʘ ð ʬʝʨʤʝʥʪ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 

ʤʦʣʝʢʫʣʳ ʫʙʠʢʚʠʪʠʥʘ ʢ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ ʯʝʨʝʟ ʠʟʦʧʝʧʪʠʜʥʫʶ ʩʚʷʟʴ ʚ ʭʦʜʝ ʢʘʩʢʘʜʘ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ (ʧʦʜʨʦʙʥʝʝ ʩʤ. ʨʘʟʜʝʣ 2.1.2). ʊʨʝʪʴʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʤʦʣʝʢʫʣʳ 

PROTAC ʷʚʣʷʝʪʩʷ ʣʠʥʢʝʨ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʝʪ ʤʝʞʜʫ ʩʦʙʦʡ ʵʪʠ ʜʚʝ ʯʘʩʪʠ. 

ʅʘ ʈʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʳ PROTAC. ʇʦʧʘʜʘʷ ʚ 

ʢʣʝʪʢʫ, ʪʘʢʘʷ ʤʦʣʝʢʫʣʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ ʠ ʦʙʨʘʟʫʝʪ ʪʨʦʡʥʦʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʥʝʸ ʩʘʤʦʡ, ʙʝʣʢʘ-ʤʠʰʝʥʠ ʠ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʴ ɽ3-

ʣʠʛʘʟʫ ʢ ʪʘʨʛʝʪʠʨʫʝʤʦʤʫ ʙʝʣʢʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʝʣʢʘ ʠ ʟʘʧʫʩʢʘ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ [3]. ɽ3-ʣʠʛʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʙʝʣʢʫ ʤʦʣʝʢʫʣ rʫʙʠʢʚʠʪʠʥʘ, 

ʯʪʦ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʢ ʜʘʥʥʦʤʫ ʙʝʣʢʫ 

ʩʣʝʜʫʶʱʠʭ ʤʦʣʝʢʫʣ ʫʙʠʢʚʠʪʠʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝ, ʧʨʠʯʸʤ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢ ʙʝʣʢʫ ʜʦʣʞʥʦ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʥʝ ʤʝʥʝʝ 4 ʤʦʣʝʢʫʣ ʫʙʠʢʚʠʪʠʥʘ ʜʣʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ 26S ʧʨʦʪʝʘʩʦʤʝ (ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʟʨʫʰʘʶʱʠʡ ʙʝʣʢʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʪʝʦʣʠʟʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʤʦʣʝʢʫʣʷʨʥʳʡ h ʨʝʜʝʨè) [4ï6]. ʇʦʤʝʯʝʥʥʳʡ ʧʦʣʠʫʙʠʢʚʠʪʠʥʦʚʦʡ 

ʮʝʧʴʶ ʙʝʣʦʢ ʧʦʧʘʜʘʝʪ ʚ ʧʨʦʪʝʘʩʦʤʫ, ʛʜʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʜʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʘʤʠʥʦʢʠʩʣʦʪ ʠʣʠ 

ʢʦʨʦʪʢʠʭ ʧʝʧʪʠʜʦʚ (4ð25 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ); ʧʨʠ ʵʪʦʤ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʤʦʣʝʢʫʣ r

ʫʙʠʢʚʠʪʠʥʘ ʠ ʤʦʣʝʢʫʣʳ PROTAC, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʥʦʚʘ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ ʠ ɽ3-

ʣʠʛʘʟʦʡ, ʧʦʤʝʯʘ ̫ʩʣʝʜʫʶʱʠʝ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ [7]. ʂʘʢ ʪʦʣʴʢʦ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʨʘʩʧʦʟʥʘʸʪʩʷ 26S 

ʧʨʦʪʝʘʩʦʤʦʡ, ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʣʥʦʤʫ ʫʥʠʯʪʦʞʝʥʠʶ, ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ 

[8]. 
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ʈʠʩʫʥʦʢ 2.1. ʈʘʩʱʝʧʣʝʥʠʝ ʮʝʣʝʚʦʛʦ ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʘ ʚ ʧʨʦʪʝʘʩʦʤʝ ʜʦ ʘʤʠʥʦʢʠʩʣʦʪ [9] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʝʢʫʣʳ PROTAC ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʥyʥʦʛʦ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʚʥʫʪʨʠ ʢʣʝʪʢʠ. ʇʦʜʭʦʜ PROTAC ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ ʙʣʦʢʠʨʫʶʪ 

ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ ð PROTAC ʠʩʧʦʣʴʟʫʝʪ ʚʩʪʨʦʝʥʥʳʡ ʚ ʢʣʝʪʢʫ ʤʝʭʘʥʠʟʤ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ ʜʣʷ 

ʨʘʟʨʫʰʝʥʠʷ ʙʝʣʢʘ-ʤʠʰʝʥʠ [10ï13]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʦʣʝʢʫʣ PROTAC ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ [14ï16]: 

¶ ʉʝʣʝʢʪʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ; 

¶ ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ð ʦʜʥʘ ʤʦʣʝʢʫʣʘ PROTAC ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʪʝʦʣʠʟʫ 

ʤʥʦʞʝʩʪʚʘ ʤʦʣʝʢʫʣ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ð ʩʥʠʞʝʥʠʝ ʚʚʦʜʠʤʦʡ ʜʦʟʳ 

ʧʨʝʧʘʨʘʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʫ ʧʘʮʠʝʥʪʦʚ; 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʝʣʢʦʚ, ʠʤʝʶʱʠʭ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʢʪʠʚʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ, ʪ.ʢ. ʤʦʣʝʢʫʣʝ PROTAC ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʧʦʜʦʡʪʠ ʢ 

ʙʝʣʢʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʟʘʧʫʩʢʘ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [17] ʚ 2021 ʛʦʜʫ ʧʨʝʜʩʪʘʚʠʣʠ ʤʦʣʝʢʫʣʫ PROTAC c h ʠʬʨʦʤ 

MD-224 (ʈʠʩʫʥʦʢ 2.2), ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ ʠʟʚʝʩʪʥʳʡ ʠʥʛʠʙʠʪʦʨ p53-MDM2 ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ MI-

1061 ʠ ʩʦʝʜʠʥʠʚ ʜʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ʩ ʬʨʘʛʤʝʥʪʦʤ ʣʝʥʘʣʠʜʦʤʠʜʘ ð ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʩʧʦʩʦʙʥʳʤ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ɽ3 ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ ʮʝʨʝʙʣʦʥ (CRBN). ʇʦʣʫʯʝʥʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ɻ ʬʬʝʢʪʠʚʥʳʤ ʛʝʪʝʨʦʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-MDM2 ð ʦʥʦ ʠʥʜʫʮʠʨʦʚʘʣʦ ʙʳʩʪʨʫʶ ʜʝʛʨʘʜʘʮʠʶ ʙʝʣʢʘ MDM2 ʚ ʢʣʝʪʢʘʭ 
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ʣʝʡʢʝʤʠʠ RS4;11 ʠ ʚʳʟʳʚʘʣʦ ʧʦʣʥʫʶ ʫʩʪʦʡʯʠʚʫʶ ʨʝʛʨʝʩʩʠʶ ʦʧʫʭʦʣʠ in vivo ʚ ʤʦʜʝʣʠ 

ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʦʡ ʦʧʫʭʦʣʠ RS4;11 ʫ ʤʳʰʝʡ ʧʨʠ ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʠʤʳʭ ʜʦʟʘʭ (IC50 = 1.5 

ʥʄ). 

 

ʈʠʩʫʥʦʢ 2.2. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ MD-224, ʚ ʢʦʪʦʨʦʤ ʠʥʛʠʙʠʪʦʨ p53-MDM2 MI-1061 ʩʦʝʜʠʥʸʥ 

ʣʠʥʢʝʨʦʤ ʩ ʣʠʛʘʥʜʦʤ ʙʝʣʢʘ ʮʝʨʝʙʣʦʥʘ1. 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ PROTAC ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʧʦʜʭʦʜʷʱʝʛʦ ʣʠʥʢʝʨʘ, 

ʩʦʝʜʠʥʷʶʱʝʛʦ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ. ʆʪ ʧʨʠʨʦʜʳ, ʜʣʠʥʳ ʠ 

ʛʠʙʢʦʩʪʠ ʣʠʥʢʝʨʘ ʟʘʚʠʩʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠ ɽ3-ʣʠʛʘʟʳ ʚ 

ʦʙʨʘʟʫʶʱʝʤʩʷ ʢʦʤʧʣʝʢʩʝ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ. ʉʪʨʫʢʪʫʨʘ ʠ ʜʣʠʥʘ ʣʠʥʢʝʨʘ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʰʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʣʝʢʫʣʳ PROTAC ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʥʢʝʨʘ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʠʣʠ ʫʤʝʥʴʰʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʪʝʘʩʦʤʝ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʦʣʝʢʫʣʳ PROTAC ʠ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʝʣʢʘ ʬʦʩʬʘʪʘʟʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʣʠʥʢʝʨʳ ʤʝʞʜʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʦʧʠʩʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʤʦʣʝʢʫʣ PROTAC ʩʦʜʝʨʞʘʪ 

ʘʤʠʜʥʳʝ ʩʚʷʟʠ ʠʣʠ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ, ʦʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʣʷʶʪʩʷ ʠ 

ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ð ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʝ, ʧʠʧʝʨʘʟʠʥʦʚʳʝ ʠ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʝ ʣʠʥʢʝʨʳ 

[18]. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʠ ʧʦʜʙʦʨʝ ʣʠʥʢʝʨʘ ʤʦʣʝʢʫʣʳ PROTAC ̫ ʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʳʙʦʨ 

ʧʦʣʦʞʝʥʠʡ ʚ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʘ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʠ ʣʠʛʘʥʜʘ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʠʭ ʩʚʷʟʳʚʘʥʠʝ. ʀʜʝʘʣʴʥʘʷ ʪʦʯʢʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʥʢʝʨʘ ʜʦʣʞʥʘ ʦʪʢʨʳʚʘʪʴ 

ʣʠʛʘʥʜʫ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʜʦʩʪʫʧ ʢ ʙʝʣʢʫ-ʤʠʰʝʥʠ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʤʝʰʘʪʴ ʩʚʷʟʳʚʘʥʠʶ ʤʝʞʜʫ 

ʤʘʣʦʡ ʤʦʣʝʢʫʣʦʡ ʠ ʝʸ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ [19,20]. ʆʙʳʯʥʦ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʥʢʝʨʘ ʚʳʙʠʨʘʶʪ 

ʘʢʪʠʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʜʦʩʪʫʧʥʳʝ ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʘʥʜʘ ð ʥʘʧʨʠʤʝʨ, 

ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʠʣʠ ʘʤʠʥʦ-ʛʨʫʧʧʫ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʣʠʛʘʥʜʝ ʣʠʥʢʝʨ 

 
1 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʣʝʢʫʣ ʛʝʪʝʨʦ-PROTAC, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʩʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ 

ʬʨʘʛʤʝʥʪ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ, ʢʨʘʩʥʳʤ ð ʣʠʛʘʥʜ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ, ʘ ʯʸʨʥʳʤ ð ʣʠʥʢʝʨ 
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ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʦʝʜʠʥʸʥ ʚʟʘʤʝʥ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧ ʚ ʤʘʣʦʡ ʤʦʣʝʢʫʣʝ, ʥʝ ʚʣʠʷʶʱʠʭ ʥʘ 

ʩʚʷʟʳʚʘʥʠʝ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ. ɽʩʣʠ ʚ ʤʦʣʝʢʫʣʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʠʛʘʥʜʘ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ 

ʚʦʟʤʦʞʥʳʭ ʪʦʯʝʢ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʥʢʝʨʘ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʛʨʫʧʧʳ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʤʝʞʜʫ ʝʛʦ ʤʦʣʝʢʫʣʦʡ ʠ ʙʝʣʢʦʤ [21,22]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʥʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʝʜʠʥʳʭ ʧʨʘʚʠʣ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʠʥʢʝʨʘ ʜʣʷ ʤʦʣʝʢʫʣ PROTAC, 

ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʦʚʘʣʠ ʙʳ ʫʩʧʝʰʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʦʜʥʘʢʦ ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ [23]. 

ʄʦʣʝʢʫʣʳ PROTAC ʤʦʞʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʪʨʦʝʥʠʷ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 1) 

ʛʦʤʦ-PROTAC, ʤʦʣʝʢʫʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʩʦʝʜʠʥʥyʥʳʭ ʣʠʥʢʝʨʦʤ, 

ʢʦʪʦʨʳʝ ʥʘʮʝʣʝʥʳ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʙʝʣʦʢ, ʚʳʧʦʣʥʷʶʱʠʡ ʨʦʣʴ ʢʘʢ ʤʠʰʝʥʠ, ʪʘʢ ʠ E3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ; 2) ʤʦʣʝʢʫʣʳ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC, ʚ ʢʦʪʦʨʳʭ ʣʠʥʢʝʨʦʤ ʩʦʝʜʠʥʷʪʁʩʷ ʣʠʛʘʥʜ 

ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʠ ʣʠʛʘʥʜ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ [24]. 

2.1.2. ʃʠʛʘʥʜʳ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ 

ʋʙʠʢʚʠʪʠʥ ð ʙʝʣʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 76-ʪʠ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʧʦʤʝʯʘʪʴ ʜʨʫʛʠʝ ʙʝʣʢʠ ʜʣʷ ʠʭ ʚʳʙʦʨʦʯʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʧʨʦʪʝʘʩʦʤʝ [25]. ʇʨʦʮʝʩʩ ʧʨʦʪʝʦʣʠʟʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʪʨʸʭ ʙʝʣʢʦʚ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ 

(ʈʠʩʫʥʦʢ 2.3): 

1) ʉ-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ ʛʣʠʮʠʥʘ ʚ ʫʙʠʢʚʠʪʠʥʝ ʘʢʪʠʚʠʨʫʝʪʩʷ ɸʊʌ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʵʥʟʠʤʘ ɽ1. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʪʠʦʵʬʠʨʥʘʷ ʛʨʫʧʧʘ ʠʟ ʦʩʪʘʪʢʘ 

ʮʠʩʪʝʠʥʘ ʙʝʣʢʘ ɽ1, ʘ ɸʊʌ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ɸʄʌ; 

2) ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʙʠʢʚʠʪʠʥ ʩ ʧʦʤʦʱʴʶ ʮʠʩʪʝʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʫʙʠʢʚʠʪʠʥ-

ʧʝʨʝʥʦʩʷʱʝʛʦ ʙʝʣʢʘ ɽ2 ʧʝʨʝʥʦʩʠʪʩʷ ʢ ʵʪʦʤʫ ʙʝʣʢʫ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʠʩʭʦʜʥʳʡ 

ʙʝʣʦʢ ɽ1; 

3) ʊʨʝʪʠʡ ʵʪʘʧ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʙʝʣʢʦʤ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʘ, ʚ ʭʦʜʝ 

ʵʪʦʛʦ ʵʪʘʧʘ ʉ-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ ʫʙʠʢʚʠʪʠʥʘ ʩʚʷʟʳʚʘʝʪʩʷ ʠʟʦʧʝʧʪʠʜʥʦʡ ʩʚʷʟʴʶ ʩ Ů-

ʘʤʠʥʦʛʨʫʧʧʦʡ ʬʨʘʛʤʝʥʪʘ ʣʠʟʠʥʘ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ. ʇʦʩʣʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʝʨʚʦʡ 

ʤʦʣʝʢʫʣʳ ʫʙʠʢʚʠʪʠʥʘ ʢ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʠʫʙʠʢʚʠʪʠʥʦʚʘʷ ʮʝʧʴ, ʚ 

ʢʦʪʦʨʦʡ ʉ-ʢʦʥʮʝʚʦʡ ʦʩʪʘʪʦʢ ʢʘʞʜʦʡ ʤʦʣʝʢʫʣʳ ʫʙʠʢʚʠʪʠʥʘ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʩʪʘʪʢʦʤ (ʯʘʱʝ ʚʩʝʛʦ ð 48Lys) ʧʨʝʜʳʜʫʱʝʡ ʤʦʣʝʢʫʣʳ ʫʙʠʢʚʠʪʠʥʘ. 

4) ʎʝʣʝʚʳʝ ʙʝʣʢʠ, çʧʦʤʝʯʝʥʥʳʝè ʧʦʣʠʫʙʠʢʚʠʪʠʥʦʚʦʡ ʮʝʧʴʶ, ʨʘʟʨʫʰʘʶʪʩʷ 26S 

ʧʨʦʪʝʘʩʦʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [26], ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʛʠʜʨʦʣʠʟʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɸʊʌ ʜʣʷ 

ʝʛʦ ʘʢʪʠʚʘʮʠʠ. ɺ ʭʦʜʝ ʨʘʩʧʘʜʘ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʨʦʜʫʢʪʦʚ 
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ð ʩʚʦʙʦʜʥʳʝ ʙʝʣʢʠ; ʢʦʨʦʪʢʠʝ ʙʝʣʢʠ (4-25 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ), ʩʚʷʟʘʥʥʳʝ ʩ 

ʫʙʠʢʚʠʪʠʥʦʤ ʯʝʨʝʟ ʠʭ ʦʩʪʘʪʢʠ ʣʠʟʠʥʘ; ʧʦʣʠʫʙʠʢʚʠʪʠʥʦʚʳʝ ʮʝʧʠ. 

5) ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʬʝʨʤʝʥʪʦʚ ʛʠʜʨʦʣʘʟʳ ʠʣʠ ʠʟʦʧʝʧʪʠʜʘʟʳ ʧʦʣʠʫʙʠʢʠʚʪʠʥʦʚʳʝ ʮʝʧʠ 

ʠ ʢʦʨʦʪʢʠʝ ʙʝʣʢʠ ʩ ʦʩʪʘʪʢʘʤʠ ʫʙʠʢʚʠʪʠʥʘ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʩʚʦʙʦʜʥʳʝ ʤʦʣʝʢʫʣʳ 

ʫʙʠʢʚʠʪʠʥʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʟʘʥʦʚʦ ʚʩʪʫʧʘʪʴ ʚ ʦʧʠʩʳʚʘʝʤʳʡ ʧʨʦʮʝʩʩ. 

6) ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʢʦʨʦʪʢʠʝ ʙʝʣʢʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ 

ʨʘʩʧʘʜʘʶʪʩʷ ʜʦ ʩʚʦʙʦʜʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʟʘʚʝʨʰʘʷ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʮʝʣʝʚʦʛʦ 

ʙʝʣʢʘ. 

 

ʈʠʩʫʥʦʢ 2.3. ʉʭʝʤʘ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ ʙʝʣʢʦʚ ʩ ʧʦʤʦʱʴʶ ʫʙʠʢʚʠʪʠʥʘ [27,28] 

ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [29ï31] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʠ ʪʨʸʭ ʩʧʝʮʠʬʠʯʥʳʭ 

ʙʝʣʢʦʚ ʫʙʠʢʚʠʪʠʥʘ (ɽ1, ɽ2, ɽ3) ʠʤʝʥʥʦ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚʦ ʚʩʸʤ 

ʧʨʦʮʝʩʩʝ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ɽ3 

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ʩʪʘʣʦ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ ʙʝʣʢʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 600 ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʛʝʥʦʤʘ 

ʯʝʣʦʚʝʢʘ ʠ ʠʤʝʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʪʣʠʯʠʷ [32,33]. ʏʘʱʝ ʚʩʝʛʦ ʠʭ 

ʦʙʲʝʜʠʥʷʶʪ ʚ 3 ʙʦʣʴʰʠʝ ʩʝʤʝʡʩʪʚʘ ʙʝʣʢʦʚ: RING (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çreally interesting new geneè), 

HECT (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çhomologous to E6AP C-terminusè) ʠ RBR (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çRING-between-

RINGè). ʕʪʠ ʪʨʠ ʛʨʫʧʧʳ ʙʝʣʢʦʚ ʠʤʝʶʪ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʫʙʠʢʚʠʪʠʥʘ ʢ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ 

ð ʙʝʣʢʠ ʪʠʧʘ RING-ɽ3 ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʨʷʤʦʡ ʧʝʨʝʥʦʩ ʫʙʠʢʚʠʪʠʥʘ ʦʪ ɽ2-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʢ 

ʩʫʙʩʪʨʘʪʫ, ʘ ʙʝʣʢʠ ʜʚʫʭ ʜʨʫʛʠʭ ʩʝʤʝʡʩʪʚ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ 

ʮʠʩʪʝʠʥʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʤʦʣʝʢʫʣʫ ʫʙʠʢʚʠʪʠʥʘ ʦʪ ɽ2-ʙʝʣʢʘ ʠ ʟʘʪʝʤ ʧʝʨʝʥʦʩʠʪ ʝʛʦ ʢ 

ʩʫʙʩʪʨʘʪʫ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʸʤ ʛʨʫʧʧʘʤ, ʥʝʜʘʚʥʦ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ 

ʪʠʧ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ, ʥʘʟʚʘʥʥʳʡ PCAF_N (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çp300/CBP-associated factor N-

terminal domainè) [34]. 
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ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʥʝʚʦʟʤʦʞʥʦ 

ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʣʠʛʘʟʳ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʠ ʤʥʦʛʦʮʝʥʪʨʦʚʳʤʠ ʙʝʣʢʘʤʠ [35ï37]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ 

ʣʠʛʘʥʜʦʚ ɽ3-ʣʠʛʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʝʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ 

ʧʦʜʭʦʜʘ PROTAC ʚ 2001 ʛʦʜʫ [35]. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʣʠʛʘʥʜʦʚ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, 

ʯʪʦ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʥʝ ʠʤʝʶʪ ʧʨʠʚʳʯʥʳʭ ʩʘʡʪʦʚ ʩʚʷʟʳʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʫ ʧʨʦʪʝʠʥʢʠʥʘʟ 

ʠʣʠ ʨʝʮʝʧʪʦʨʦʚ, ʩʦʧʨʷʞʸʥʥʳʭ ʩ G-ʙʝʣʢʦʤ (ʘʥʛʣ. çG-protein-coupled receptorsè, ʩʦʢʨ. GPCRs) 

[38]. 

ʆʜʥʘʢʦ ʚ 2012-2014 ʛʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʙʝʣʢʘʤʠ VHL ʠ CRBN, 

ʷʚʣʷʶʱʠʤʠʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ɽ3-

ʣʠʛʘʟ ʫ ʯʝʣʦʚʝʢʘ [39,40]. ʇʦʟʜʥʝʝ ʩʘʡʪʳ ʩʚʷʟʳʚʘʥʠʷ ʵʪʠʭ ʙʝʣʢʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ [41,42]. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʠ ʦʪʢʨʳʪʳ ʣʠʛʘʥʜʳ ʜʣʷ ʪʘʢʠʭ ʣʠʛʘʟ, ʢʘʢ MDM2 

(ʩʦʢʨ. ʦʪ ʘʥʛʣ. çmouse double minute 2 homologueè), cIAP (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çcellular inhibitor of 

apoptosisè), RNF4 ʠ RNF114 (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çRING-type zinc-finger proteinsè) ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [43ï46]. ʅʦ 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʛʘʥʜʳ CRBN ʠ VHL ʦʩʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʯʘʩʪʠ ʤʦʣʝʢʫʣ ʪʠʧʘ PROTAC 

[47]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 2010 ʛʦʜʘ [48] Ito ʠ ʢʦʣʣʝʛʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʝʣʦʢ ʮʝʨʝʙʣʦʥ, ʢʦʪʦʨʳʡ ʫ 

ʯʝʣʦʚʝʢʘ ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ CRBN, ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ ʜʣʷ ʪʘʣʠʜʦʤʠʜʘ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ 

(ʈʠʩʫʥʦʢ 2.4). ʎʝʨʝʙʣʦʥ ʚʤʝʩʪʝ ʩ ʙʝʣʢʘʤʠ DDB1 (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çdamaged DNA binding protein 

1è) ʠ CRL4 (ʩʦʢʨ. ʦʪ ʘʥʛʣ. çCullin-RING ligase 4è) ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ, ʷʚʣʷʶʱʠʡʩʷ ɽ3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ [49,50], ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʦʤʫ ʨʘʟʣʠʯʥʳʝ ʬʪʘʣʠʤʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʝʛʦ ʘʛʦʥʠʩʪʳ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʥʘʠʙʦʣʴʰʘʷ ʚʘʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ ɽ3-ʣʠʛʘʟ ʬʨʘʛʤʝʥʪʘ ʛʣʫʪʘʨʠʤʠʜʘ [51,52], ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʣʝʥʘʣʠʜʦʤʠʜʘ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʜʝʨʞʘʪ ʩʚʦʙʦʜʥʫʶ ʘʤʠʥʦ-ʛʨʫʧʧʫ, ʫʜʦʙʥʫʶ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʚʚʝʜʝʥʠʷ ʣʠʥʢʝʨʘ [53,54]. ʇʦʜʨʦʙʥʝʝ ʧʨʦ ʙʝʣʢʠ-ʤʠʰʝʥʠ ʠ ʤʦʣʝʢʫʣʳ PROTAC, ʧʨʠʤʝʥʷʶʱʠʝʩʷ 

ʜʣʷ ʠʭ ʨʘʟʨʫʰʝʥʠʷ, ʙʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 2.2 ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ. 
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ʈʠʩʫʥʦʢ 2.4. ʉʪʨʫʢʪʫʨʳ ʪʘʣʠʜʦʤʠʜʘ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ 

ɼʨʫʛʠʤ ʠʟʚʝʩʪʥʳʤ ʙʝʣʢʦʤ ɽ3 ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ 

ʩʦʟʜʘʶʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʣʠʛʘʥʜʳ, ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʙʝʣʢʘ Cullin2 ʩ ʙʝʣʢʦʤ RING-VHL 

(ʩʦʢʨ. ʦʪ ʘʥʛʣ. çvon Hippel-Lindauè) [55ï58]. ɺ ʭʦʜʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʙʝʣʢʘ VHL ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʢʩʠʧʨʦʣʠʥʘ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʩ 

VHL ʧʦʢʘʟʘʣʘ ʩʪʨʫʢʪʫʨʘ 5 (ʈʠʩʫʥʦʢ 2.5) [40]. 

 

ʈʠʩʫʥʦʢ 2.5. ʘ) ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ ʙʝʣʢʘ VHL, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʜʦʢʠʥʛʘ; ʙ) ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 5, ʧʦʢʘʟʘʚʰʝʝ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ in vivo 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʝʟʫʣʴʪʘʪʳ, ʚ 2019 ʛʦʜʫ ʘʚʪʦʨʘʤʠ 

ʨʘʙʦʪʳ [59] ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʠ ʟʘʪʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 

ʩʦʝʜʠʥʝʥʠʝ VH032 (ʈʠʩʫʥʦʢ 2.6, ʘ). ɼʣʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʟʥʘʯʝʥʠʝ Kd = 185 ʥM ʧʨʝʚʳʰʘʝʪ 

ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʙʝʣʢʘ HIF-1Ŭ, ʯʪʦ ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʠʛʘʥʜʘ ʙʝʣʢʘ VHL [60]. ɼʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ 

ʧʨʠʚʝʣʘ ʢ ʣʠʛʘʥʜʘʤ VHL ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ VH101 ʠ VH298, ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 2.6, ʙ). 

ʇʦʟʜʥʝʝ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʢʘ VHL ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʛʦʤʦ-PROTAC, ʢʦʪʦʨʳʝ ʟʘʧʫʩʢʘʶʪ ʩʝʣʝʢʪʠʚʥʦʝ ʩʘʤʦʨʘʟʨʫʰʝʥʠʝ ʙʝʣʢʘ VHL 

(ʈʠʩʫʥʦʢ 2.7, ʘ) [61]. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʛʝʪʝʨʦ-PROTAC, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʢʘʢ ʩ ʙʝʣʢʦʤ CRBN, ʪʘʢ ʠ ʩ VHL, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʫʩʢʫ ʚʳʙʦʨʦʯʥʦʛʦ 

ʨʘʩʧʘʜʘ ʮʝʨʝʙʣʦʥʘ (ʈʠʩʫʥʦʢ 2.7, ʙ) [62ï64]. 
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ʈʠʩʫʥʦʢ 2.6. ʘ) ʉʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ VH032; ʙ) ʩʪʨʫʢʪʫʨʳ ʠʥʛʠʙʠʪʦʨʦʚ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ VH101 ʠ VH298 [59] 

 

ʈʠʩʫʥʦʢ 2.7. a) ʇʨʠʤʝʨ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ VH032; ʙ) ʧʨʠʤʝʨʳ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʧʦʤʘʣʠʜʦʤʠʜʘ ʠ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ ʙʝʣʢʘ VHL [62ï64] 

ʇʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ ʙʝʣʢʦʚ VHL ʠ CRBN ʧʨʦʜʦʣʞʠʣʩʷ ʠ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ð ʪʘʢ, ʘʚʪʦʨʳ ʨʘʙʦʪʳ [65] ʚ 2023 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣʠ ʨʷʜ ʥʦʚʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ CRBN ʥʘ ʦʩʥʦʚʝ ʤʝʪʠʣʪʠʦʛʣʫʪʘʨʠʤʠʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Ki 

(CRBN) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʘ ʥʝ ʩʠʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʥʩʪʘʥʪʳ ʪʘʣʠʜʦʤʠʜʘ 

(3.1 Õʄ ʠ 8.5 Õʄ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʧʨʠ ʵʪʦʤ ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ ʤʠʝʣʦʤʳ MOLP-8 ʠ KMS-12-PE ʜʣʷ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

(ʈʠʩʫʥʦʢ 2.8, ʘ). ʇʦʟʜʥʝʝ ʵʪʦʡ ʞʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʚ 2025 ʛʦʜʫ [66] ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 
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ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ Ŭ-ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʘ ʩ ʧʦʤʦʱʴʶ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʢʣʠʢ-

ʨʝʘʢʮʠʠ, ʧʨʠʯʸʤ ʩʦʝʜʠʥʝʥʠʝ-ʣʠʜʝʨ ʧʨʦʷʚʠʣʦ ʙʦʣʴʰʫʶ ʘʬʬʠʥʥʦʩʪʴ ʢ ʙʝʣʢʫ CRBN ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʤʘʣʠʜʦʤʠʜʦʤ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʝʨʩʧʝʢʪʠʚʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʭr 

ʤʦʣʝʢʫʣ PROTAC ʚʚʠʜʫ ʠʭ ʦʪʣʠʯʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ CRBN ʠ ʦʪʩʫʪʩʪʚʠʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʥʘ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ (ʈʠʩʫʥʦʢ 2.8, ʙ). 

 

ʈʠʩʫʥʦʢ 2.8. ʇʨʠʤʝʨʳ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʣʠʛʘʥʜʦʚ CRBN: ʘ) ʥʘ ʦʩʥʦʚʝ Ŭ-

ʤʝʪʠʣʪʠʦʛʣʫʪʘʨʠʤʠʜʘ; ʙ) ʥʘ ʦʩʥʦʚʝ Ŭ-ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʘ 

2.1.3. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʦʜʭʦʜʘ PROTAC 

ʄʦʣʝʢʫʣʳ PROTAC ʦʙʳʯʥʦ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ (ʯʘʩʪʦ >1000 ʛ/ʤʦʣʴ), 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ 

ʣʠʧʦʬʠʣʴʥʦʩʪʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʇʝʨʚʳʝ ʤʦʣʝʢʫʣʳ 

PROTAC, ʜʦʰʝʜʰʠʝ ʜʦ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʣʦʭʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʢʣʝʪʦʢ, ʥʠʟʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤyʝ, ʦʜʥʘʢʦ ʤʥʦʛʠʝ ʠʟ 

ʵʪʠʭ ʧʨʦʙʣʝʤ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ, ʦ ʯʤy ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʝʝ 30 ʤʦʣʝʢʫʣ PROTAC, ʢʦʪʦʨʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ I-III ʬʘʟ, ʠ ʢʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʝʤ 

ʨʘʟʜʝʣʝ [67]. ʀʟ-ʟʘ ʫʜʦʙʩʪʚʘ ʠ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʦʨʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʧʨʝʧʘʨʘʪʘ 

ʩʪʨʫʢʪʫʨʘ ʧʝʨʚʦʡ ʤʦʣʝʢʫʣʳ PROTAC, ʢʦʪʦʨʫʶ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ 

(ARV-110, ʈʠʩʫʥʦʢ 2.9), ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʧʫʪʸʤ ʟʘʤʝʥʳ ʣʠʛʘʥʜʘ VHL ʥʘ ʣʠʛʘʥʜ CRBN ʠ 

ʚʚʝʜʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʞʸʩʪʢʦʛʦ ʣʠʥʢʝʨʘ, ʯʪʦ ʩʜʝʣʘʣʦ ʝʸ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʠʤyʘ 

[68,69]. ʇʦʟʜʥʝʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʘɦ ̫ʩʪʨʘʪʝʛʠ ̫ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ 

PROTAC ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤyʝ: ʩʥʠʞʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʜʦʥʦʨʦʚ 

ʠ ʘʢʮʝʧʪʦʨʦʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦ 

ʚʨʘʱʘʶʱʠʭʩʷ ʩʚʷʟʝʡ ʠ ʫʚʝʣʠʯʝʥʠʝ ʞʸʩʪʢʦʩʪʠ ʣʠʥʢʝʨʘ [70]. ʅʝʜʘʚʥʦ ʙʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʦʯʝʪʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʭʨʦʤʘʪʦʛʨʘʬʠ ̫ʠ ʤʝʪʦʜʳ ʗʄʈ) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ in silico ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ PROTAC [71]. 
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ɸʥʘʣʠʟ ʧʝʨʦʨʘʣʴʥʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʦʚʝʜʸʥʥʳʡ ʚ 2020 ʛʦʜʫ ʥʘ ʛʨʳʟʫʥʘʭ [72] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʧʦʜʭʦʜʷʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫ ʤʦʣʝʢʫʣ 

PROTAC ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ CRBN ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʫ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʣʠʛʘʥʜʘʭ VHL. ʕʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʢʫʱʝʡ ʧʨʘʢʪʠʢʦʡ: ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘʭʦʜʷʪʩʷ 19 

ʤʦʣʝʢʫʣ PROTAC ʩ ʨʘʩʢʨʳʪʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʩʪʨʫʢʪʫʨʦʡ, ʠʟ ʢʦʪʦʨʳʭ 15 ʩʦʝʜʠʥʝʥʠʡ 

ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʘʭ CRBN, ʠ ʣʠʰʴ 4 ʤʦʣʝʢʫʣʳ ʥʘ ʣʠʛʘʥʜʘʭ VHL [73]. ʆʜʥʘʢʦ 

ʤʦʣʝʢʫʣʳ PROTAC ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʠʤʠʜʘ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʜʨʫʛʠʭ ʙʝʣʢʦʚ, ʥʝ ̫ʚʣʷʶʱʠʭʩʷ ʮʝʣʝʚʳʤʠ [74]. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ CRBN ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ (ʜʠʛʠʜʨʦʫʨʘʮʠʣʳ, 

ʘʤʠʥʦʛʣʫʪʘʨʠʤʠʜʳ, ʬʝʥʠʣʛʣʫʪʘʨʠʤʠʜʳ ʠ ʪ.ʜ.) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [65,66,75ï78]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʢʘʢ ʩ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ʷʚʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʝ ʛʣʫʪʘʨʠʤʠʜʘ ð ʧʦʤʘʣʠʜʦʤʠʜ ʠ ʣʝʥʘʣʠʜʦʤʠʜ, ʘ ʪʘʢʞʝ ʩʘʤ ʛʣʫʪʘʨʠʤʠʜ, ʢʦʪʦʨʳʡ 

ʫʜʦʙʥʦ ʜʣʷ ʚʚʝʜʝʥʠʷ ʣʠʥʢʝʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦ Ŭ-ʧʦʣʦʞʝʥʠʶ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʠʧʘ ʛʝʪʝʨʦ-PROTAC. 

2.2. ʄʦʣʝʢʫʣʳ PROTAC, ʧʨʦʰʝʜʰʠʝ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʤʦʣʝʢʫʣ PROTAC ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʩ ʜʦʢʘʟʘʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʘʭ-ʤʠʰʝʥʷʭ, 

ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 

2.2.1. ʄʦʣʝʢʫʣʳ ʛʝʪʝʨʦ-PROTAC 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 29 ʤʦʣʝʢʫʣ PROTAC ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ, ʧʨʠʯʸʤ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʠʟ ʥʠʭ (15 ʩʪʨʫʢʪʫʨ) ʩʚʷʟʳʚʘʶʪʩʷ ʩ ɽ3 ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ 

CRBN, ʘ 4 ð ʩ VHL [73]. ɺʩʝ ʵʪʠ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʤʠʰʝʥʠ, ʥʘ ʢʦʪʦʨʫʶ 

ʥʘʮʝʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʟ 29 ʠʩʩʣʝʜʫʝʤʳʭ ʤʦʣʝʢʫʣ 

ʩʪʨʫʢʪʫʨʳ 10 ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʫʙʣʠʯʥʦ, ʧʨʦ ʦʩʪʘʣʴʥʳʝ ʙʫʜʝʪ ʨʘʩʩʢʘʟʘʥʦ ʚ 

ʪʝʢʫʱʝʤ ʨʘʟʜʝʣʝ. 

2.2.1.1. ʄʦʣʝʢʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʘʥʜʨʦʛʝʥʦʚʳʤ ʨʝʮʝʧʪʦʨʦʤ (ɸʈ) 

ʈʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʈʇɾ) ð ʚʪʦʨʦʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʤʠʨʝ ʩʨʝʜʠ 

ʤʫʞʯʠʥ ʪʠʧ ʨʘʢʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʙʦʣʝʝ ʯʝʤ 400 ʪʳʩ. ʩʤʝʨʪʝʡ ʝʞʝʛʦʜʥʦ [79]. ɸʥʜʨʦʛʝʥʦʚʳʡ 

ʨʝʮʝʧʪʦʨ (ɸʈ) ð ʮʝʣʝʚʦʡ ʙʝʣʦʢ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʝʨʘʧʠʠ ʈʇɾ. ʏʘʱʝ ʚʩʝʛʦ 

ʜʘʥʥʳʡ ʚʠʜ ʨʘʢʘ ʣʝʯʠʪʩʷ ʭʠʨʫʨʛʠʯʝʩʢʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʛʦʨʤʦʥʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʘʢʠʭ ʘʥʪʘʛʦʥʠʩʪʦʚ ɸʈ, ʢʘʢ ʘʧʘʣʫʪʘʤʠʜ ʠʣʠ ʜʘʨʦʣʫʪʘʤʠʜ [80]. 
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ʇʝʨʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʪʠʧʘ PROTAC, ʧʨʝʜʣʦʞʝʥʥʳʤ ʜʣʷ ʪʝʨʘʧʠʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ 

ʢʘʩʪʨʘʮʠʦʥʥʦ-ʨʝʟʠʩʪʝʥʪʥʦʛʦ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ (ʂʈʈʇɾ) ʠ ʚʩʪʫʧʠʚʰʠʤ ʚ 

ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʚ 2019 ʛʦʜʫ ʩʪʘʣ ʙʘʚʜʝʛʘʣʫʪʘʤʠʜ (ARV-110, ʈʠʩʫʥʦʢ 2.9) ʢʦʤʧʘʥʠʠ 

Arvinas Inc., ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 8 ʩʪʨʫʢʪʫʨ ʪʠʧʘ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ɸʈ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʘʢʪʠʚʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ. ARV-110 ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʥʝʙʦʣʴʰʦʡ 

ʚʳʙʦʨʢʝ ʧʘʮʠʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʤʫʪʘʮʠʶ ʛʝʥʘ T878X/H875Y ʚ ɸʈ, ʘ ʝʛʦ ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ARV-766 (ʣʫʢʩʜʝʛʘʣʫʪʘʤʠʜ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʫʚʝʣʠʯʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʫʪʘʥʪʥʳʭ ʛʝʥʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʥ ʩʧʦʩʦʙʝʥ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ [81]. 

ʄʦʣʝʢʫʣʘ PROTAC BMS-986365 ʢʦʤʧʘʥʠʠ BMS ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʘʝʪ I ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ. ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʩʝʨʴʸʟʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʘ ʪʝʨʘʧʠʷ ʂʈʈʇɾ ʫ ʧʘʮʠʝʥʪʦʚ, ʥʝ ʧʨʦʰʝʜʰʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʭʠʤʠʦʪʝʨʘʧʠʶ, ʧʨʦʪʝʢʘʝʪ ʫʩʧʝʰʥʝʝ, ʯʝʤ ʫ ʪʝʭ, ʢʪʦ ʝʸ ʧʨʦʭʦʜʠʣ [82]. 

 

ʈʠʩʫʥʦʢ 2.9. ʉʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ PROTAC ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ 

2.2.1.2. ʄʦʣʝʢʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʨʝʮʝʧʪʦʨʦʤ ʵʩʪʨʦʛʝʥʘ (ʈʕ) 

ʈʘʢ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (ʈʄɾ) ð ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʝ ʦʥʢʦʣʦʛʠʯʝʩʢʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ ʫ ʞʝʥʱʠʥ ʚ ʤʠʨʝ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʠʜʳ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ (ʧʦʨʷʜʢʘ 

70% ʚʩʝʭ ʩʣʫʯʘʝʚ) ð ʣʶʤʠʥʘʣʴʥʳʡ ɸ-ʪʠʧ ʠ ʣʶʤʠʥʘʣʴʥʳʡ B-ʪʠʧ ð ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ ʈʕ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʫ ʤʠʰʝʥʴ ʢʨʘʡʥʝ ʚʘʞʥʦʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʢʘ [83]. 

ʈʕ ð ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʛʝʥʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʠ ʘʧʦʧʪʦʟ, ʠ ʘʢʪʠʚʠʨʫʶʱʠʡʩʷ ʩʚʷʟʳʚʘʥʠʝʤ ʩ ʵʩʪʨʦʛʝʥʦʤ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 
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ʪʝʨʘʧʠʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʠʣʠ ʧʦʜʘʚʣʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʨʝʮʝʧʪʦʨʘ 

ʵʩʪʨʦʛʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʝʣʝʢʪʠʚʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʈʕ (ʪʘʤʦʢʩʠʬʝʥ, ʈʠʩʫʥʦʢ 2.10, ʘ) ʠʣʠ 

ʩʝʣʝʢʪʠʚʥʳʭ ʨʘʟʨʫʰʠʪʝʣʝʡ (ʬʫʣʴʚʝʩʪʨʘʥʪ, ʈʠʩʫʥʦʢ 2.10, ʙ) [84,85]. ʆʜʥʘʢʦ ʩʧʫʩʪʷ 6 ʤʝʩʷʮʝʚ 

ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʦʣʝʝ 50% ʈʕ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʮʠʜʠʚʫ ʙʦʣʝʟʥʠ ʠ ʨʘʟʚʠʪʠʶ 

ʧʨʠʦʙʨʝʪʸʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʄʦʣʝʢʫʣʳ PROTAC ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʠ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʮʝʣʝʚʦʡ ʙʝʣʦʢ ʈʕ, 

ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʘʛʦʥʠʩʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [86,87]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 3 ʩʪʨʫʢʪʫʨʳ, ʥʘʮʝʣʝʥʥʳʝ 

ʥʘ ʙʝʣʦʢ ʈʕ, ʥʘʭʦʜʷʪʩʷ ʠʣʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ð ARV-471 

(ʚʝʧʜʝʛʝʩʪʨʘʥʪ) ʦʪ Arvinas/Pfizer (ʈʠʩʫʥʦʢ 2.10, ʚ), AC682 ʦʪ Accutar Biotech (ʪʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʝʠʟʚʝʩʪʥʘ, ʧʦʩʣʝ ʫʩʧʝʰʥʦʡ I ʬʘʟʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʘʣʴʥʝʡʰʠʝ ʙʳʣʠ ʦʪʤʝʥʝʥʳ [88]) ʠ 

HRS-1358 ʦʪ ʢʦʤʧʘʥʠʠ Jiangsu HengRui, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʥʝ ʨʘʩʢʨʳʚʘʝʪʩʷ. ARV-471 ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ III ʩʪʘʜʠʶ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʪʝʨʘʧʠʠ ER+HER2- 

ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ ʈʄɾ; ʦʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʣʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʙʝʣʢʘ ʈʕ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʠ ʧʨʝʚʦʩʭʦʜʷʱʫʶ ʬʫʣʴʚʝʩʪʨʘʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʟʘʤʝʜʣʝʥʠʠ ʨʦʩʪʘ ʦʧʫʭʦʣʝʡ (ʘʥʛʣ. TGIè ð tumor growth inhibition) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʬʫʣʴʚʝʩʪʨʘʥʪʦʤ [89]. 

 

ʈʠʩʫʥʦʢ 2.10. ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʨʝʮʝʧʪʦʨʘ ʵʩʪʨʦʛʝʥʘ: (ʘ) ʪʘʤʦʢʩʠʬʝʥ ʠ (ʙ) 

ʬʫʣʴʚʝʩʪʨʘʥʪ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ; (ʚ) ʚʝʧʜʝʛʝʩʪʨʘʥʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ III ʬʘʟʝ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ [89] 

ɺ ʪʝʨʘʧʠʠ ʤʦʣʝʢʫʣʘʤ PROTAC ʧʨʠʜʸʪʩʷ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʫʞʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʤʠ ʩʝʙʷ 

ʩʦʝʜʠʥʝʥʠʷʤʠ (ʪʘʤʦʢʩʠʬʝʥ ʠ ʬʫʣʴʚʝʩʪʨʘʥʪ), ʦʜʥʘʢʦ ARV-471 ʠ HRS-1358 ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ð ʫ ʥʠʭ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʘʧʠʠ ʥʘ 

ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʤʫʪʠʨʦʚʘʚʰʠʭ ʢʣʝʪʦʢ [90]. 

2.2.1.3. ʄʦʣʝʢʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʪʠʨʦʟʠʥʢʠʥʘʟʦʡ ɹʨʫʪʦʥʘ (ʊʂɹ) 
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ʍʨʦʥʠʯʝʩʢʠʡ ʣʠʤʬʦʮʠʪʘʨʥʳʡ ʣʝʡʢʦʟ (ʍʃʃ) ð ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʡ ʚʠʜ 

ʨʘʢʘ ʢʨʦʚʠ, ʢʦʪʦʨʳʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ɓ-ʢʣʝʪʦʢ, ʫʧʨʘʚʣʷʝʤʳʤʠ ɓ-ʢʣʝʪʦʯʥʳʤ ʨʝʮʝʧʪʦʨʦʤ (ɹʂʈ) [91]. ɹʣʦʢʠʨʦʚʢʘ 

ʪʠʨʦʟʠʥʢʠʥʘʟʳ ɹʨʫʪʦʥʘ (ʊʂɹ), ʠʛʨʘʶʱʝʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ ɹʂʈ, ʩ ʧʦʤʦʱʴʶ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʠʟʚʝʣʦ ʩʝʨʴʸʟʥʳʡ ʩʜʚʠʛ ʚ ʣʝʯʝʥʠʠ ʍʃʃ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʪʘʥʜʘʨʪ ʣʝʯʝʥʠʷ ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʭʠʤʠʦʪʝʨʘʧʠʶ. ʆʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʯʝʯʥʳʭ 

ʤʫʪʘʮʠʡ, ʨʝʘʢʪʠʚʠʨʫʶʱʠʭ ʪʠʨʦʟʠʥʢʠʥʘʟʫ ʠʣʠ ʩʥʠʞʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ, ʚ 

ʢʣʝʪʢʘʭ ʨʘʟʚʠʚʘʣʘʩʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʠʥʛʠʙʠʪʦʨʘʤ ʢʘʢ ʢʦʚʘʣʝʥʪʥʦʛʦ, ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ 

ʪʠʧʦʚ [92]. 

ʋʯʠʪʳʚʘʷ ʠʟʚʝʩʪʥʫʶ ʨʦʣʴ ʊʂɹ ʚ ʨʘʟʚʠʪʠʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʝʸ ʚʘʞʥʫʶ ʬʫʥʢʮʠʶ 

ʚ ʩʠʛʥʘʣʴʥʦʤ ʧʫʪʠ ʠ ʧʦʷʚʣʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʩʫʱʝʩʪʚʫʶʱʠʤ ʤʝʪʦʜʘʤ ʣʝʯʝʥʠʷ, ʊʂɹ ð 

ʠʜʝʘʣʴʥʳʡ ʙʝʣʦʢ-ʤʠʰʝʥʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚ PROTAC, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʝʩʪʴ 

ʤʦʣʝʢʫʣ ʧʨʦʭʦʜʷʪ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʣʝʯʝʥʠʷ ʍʃʃ. ʄʦʣʝʢʫʣʳ PROTAC, ʚʳʟʳʚʘʶʱʠʝ 

ʜʝʛʨʘʜʘʮʠʶ ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ, ʤʦʛʫʪ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʊʂɹ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʫʪʘʮʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʳʜʫʱʝʛʦ ʣʝʯʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳʤʠ ʠʣʠ ʦʙʨʘʪʠʤʳʤʠ 

ʠʥʛʠʙʠʪʦʨʘʤʠ [93]. ʂʦʤʧʘʥʠʷ Nurix Therapeutics ʧʨʦʚʦʜʠʪ I ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ 

ʜʚʫʭ ʤʦʣʝʢʫʣ PROTAC: NX-2127 (ʟʝʣʝʙʨʫʜʦʤʠʜ, ʈʠʩʫʥʦʢ 2.11), ʩʧʦʩʦʙʥʳʡ ʩʝʣʝʢʪʠʚʥʦ 

ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʊʂɹ ʠ Ikaros (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ð IKZF1, ʝʱʸ ʦʜʠʥ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ ɓ-ʢʣʝʪʦʢ); ʠ NX-5948 ð ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʧʝʮʠʬʠʯʥʦ 

ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ ʊʂɹ [94,95]. 

ʇʦʤʠʤʦ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʘʥʠʝʡ Nurix Therapeutics, 

ʠʟʚʝʩʪʥʘ ʩʪʨʫʢʪʫʨʘ ʝʱʸ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ PROTAC, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʊʂɹ ð ɻ ʪʦ 

ʚʝʱʝʩʪʚʦ BGB-16673 (ʈʠʩʫʥʦʢ 2.11), ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʢʦʤʧʘʥʠʝʡ BeiGene ʠ ʫʩʧʝʰʥʦ ʧʨʦʰʝʜʰʝʝ 

I ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [96]. 



22 

 

 

ʈʠʩʫʥʦʢ 2.11. ʀʟʚʝʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʪʠʨʦʟʠʥʢʠʥʘʟʳ 

ɹʨʫʪʦʥʘ 

ɺ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʝʜʠʥʝʥʠʝ NX-2127 ʚʳʟʳʚʘʣʦ ʦʩʪʘʥʦʚʢʫ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʢʘʭ. ɺ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʘʮʠʝʥʪʳ ʩ ʍʃʃ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚ ʩʨʝʜʥʝʤ 80% ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʊʂɹ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʤʫʪʘʮʠʡ ʚ ʠʭ ʢʣʝʪʢʘʭ [94]. NX-5948, ʧʨʝʧʘʨʘʪ ʚʪʦʨʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʪʦʛʦ ʞʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ, ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʣ ʤʫʪʠʨʦʚʘʥʥʳʝ ʚʝʨʩʠʠ ʊʂɹ ʚ 

ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ TMD8, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ NX-2127 [97]. 

2.2.1.4. ʄʦʣʝʢʫʣʳ PROTAC, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʨʘʧʠʠ ʜʠʬʬʫʟʥʦʡ ʢʨʫʧʥʦʢʣʝʪʦʯʥʦʡ ɓ-

ʢʣʝʪʦʯʥʦʡ ʣʠʤʬʦʤʳ (ɼʂɹʂʃ) 

ʊ-ʢʣʝʪʦʯʥʘʷ ʣʠʤʬʦʤʘ (ʊʂʃ) ð ɻ ʪʦ ʨʝʜʢʦʝ ʠ ʪʨʫʜʥʦʜʠʘʛʥʦʩʪʠʨʫʝʤʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʢʨʦʚʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʊ-ʣʠʤʬʦʮʠʪʳ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʧʦʧʪʦʟʫ ʠʟ-ʟʘ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ ʘʥʪʠʘʧʦʧʪʠʯʝʩʢʠʭ 

ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ Bcl-2. ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʝʧʘʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ ABT263 (ʥʘʚʠʪʦʢʣʘʢʩ, 

ʈʠʩʫʥʦʢ 2.12), ʥʝ ʧʨʦʰʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠʟ-ʟʘ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʠ, ʩʝʨʴʸʟʥʦ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʜʦʧʫʩʪʠʤʫʶ ʚʚʦʜʠʤʫʶ ʜʦʟʫ [98]. ʋʯʸʥʳʝ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʌʣʦʨʠʜʳ 

ʧʨʝʜʣʦʞʠʣʠ ʚ 2019 ʛʦʜʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʣʝʢʫʣʫ PROTAC DT2216 (ʈʠʩʫʥʦʢ 2.12) ʥʘ ʦʩʥʦʚʝ 

ʣʠʛʘʥʜʘ VHL, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʪʴ ʊ-ʣʠʤʬʦʮʠʪʳ, ʚʳʟʳʚʘʶʱʠʝ ɼʂɹʂʃ, ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʡ ʪʨʦʤʦʙʮʠʪʘʨʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ [99].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ DT2216 ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʧʨʠʚʝʣʦ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ɼʂɹʂʃ, ʥʦ ʥʝ ʚ ʪʨʦʤʙʦʮʠʪʘʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʘʣʳʝ ʢʦʣʠʯʝʩʪʚʘ ʙʝʣʢʘ VHL. 

DT2216 ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʦʚ ʊʂʃ ʫ ʤʳʰʝʡ, ʥʝ 
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ʚʳʟʳʚʘʷ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʠ (ʚ ʦʪʣʠʯʠʝ ʦʪ ABT263) [100]. ɺ ʵʪʦʤ ʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʨʘʟʚʠʚʘʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ DT2216, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. 

ʈʠʩʫʥʦʢ 2.12. ʉʪʨʫʢʪʫʨʳ DT2216 (ʩʧʨʘʚʘ) ʠ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ð ʥʘʚʠʪʦʢʣʘʢʩʘ (ɸɺʊ263, ʩʣʝʚʘ) 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʝʜʠʥʝʥʠʝ DT2216 ʥʘʭʦʜʠʪʩʷ ʚ I ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ 

ʧʘʮʠʝʥʪʦʚ ʩ ʨʝʮʠʜʠʚʥʳʤʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʧʨʝʧʘʨʘʪʘ ʠʣʠ 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʭʠʤʠʦʪʝʨʘʧʠʝʡ; ʦʥ ʪʘʢʞʝ ʧʦʣʫʯʠʣ ʩʪʘʪʫʩ ʦʨʬʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʣʝʯʝʥʠʷ 

ʊʂʃ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, DT2216 ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʚʳʤ ʚ ʩʚʦʸʤ ʢʣʘʩʩʝ ʢʣʠʥʠʯʝʩʢʠ ʦʜʦʙʨʝʥʥʳʤ 

ʧʨʝʧʘʨʘʪʦʤ PROTAC [101]. 

2.2.1.5. ʄʦʣʝʢʫʣʳ PROTAC ʜʣʷ ʪʝʨʘʧʠʠ ɓ-ʢʣʝʪʦʯʥʦʡ ʣʠʤʬʦʤʳ 6 (ɹʂʃ6) 

ɼʠʬʬʫʟʥʘʷ ʢʨʫʧʥʦʢʣʝʪʦʯʥʘʷ ɓ-ʢʣʝʪʦʯʥʘʷ ʣʠʤʬʦʤʘ (ɼʂɹʂʃ) ð ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʣʠʤʬʦʤʳ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ɓ-

ʢʣʝʪʦʢ ʠ ʩʦʩʪʘʚʣʷʶʱʠʡ 25-30% ʚʩʝʭ ʩʣʫʯʘʝʚ ʥʝʭʦʜʞʢʠʥʩʢʦʡ ʣʠʤʬʦʤʳ [102]. ɺ ʭʦʜʝ ʵʪʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʫ 20ï40% ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ ɹʂʃ6, ʢʦʪʦʨʳʡ ̫ ʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, ʘʧʦʧʪʦʟ ʠ ʨʝʘʢʮʠʶ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ɼʅʂ, ʘ ʪʘʢʞʝ ʢʣʶʯʝʚʳʤ ʦʥʢʦʛʝʥʦʤ, ʚʳʟʳʚʘʶʱʠʤ ɓ-ʢʣʝʪʦʯʥʫʶ ʣʠʤʬʦʤʫ [103]. ʇʦʜʦʙʥʳʝ 

ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʤʠʰʝʥʷʤʠ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ; ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʱʥʳʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ɹʂʃ6, ʦʜʥʘʢʦ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʪʠʚʦʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ɹʂʃ6 [104]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʚʘ ʧʝʨʦʨʘʣʴʥʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʧʨʝʧʘʨʘʪʘ PROTAC, ʩʧʦʩʦʙʥʳʭ 

ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ɹʂʃ6, ʥʘʭʦʜʷʪʩʷ ʚ ʬʘʟʝ I ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʂʦʤʧʘʥʠʷ Arvinas 

ʥʝʜʘʚʥʦ ʨʘʩʢʨʳʣʘ ʩʪʨʫʢʪʫʨʫ ARV-393 (ʈʠʩʫʥʦʢ 2.13) ð ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

PROTAC-ʤʦʣʝʢʫʣʫ ʥʘ ʦʩʥʦʚʝ ʣʝʥʘʣʠʜʦʤʠʜʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ɹʂʃ6 ʥʘ 90% ʫ ʤʳʰʝʡ ʯʝʨʝʟ 4 ʯʘʩʘ ʧʦʩʣʝ ʧʨʠʤyʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʦʜʘʚʣʝʥʠʝ ɹʂʃ6 

ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 24 ʯʘʩʦʚ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʦʨʘʣʴʥʦʡ ʜʦʟʝ [105]. ʉʦʝʜʠʥʝʥʠʝ BMS-986458 

ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʬʘʟʝ I ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʪʝʨʘʧʠʠ ɹʂʃ6 ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʦʧʨʝʧʘʨʘʪʘ ʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤ ʘʥʪʠʪʝʣʦʤ ʨʠʪʫʢʩʠʤʘʙʦʤ [106]. 
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ʈʠʩʫʥʦʢ 2.13. ʉʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʪʝʨʘʧʠʶ ɓ-ʢʣʝʪʦʯʥʦʡ ʣʠʤʬʦʤʳ 6 

2.2.1.6. ʀʥʛʠʙʠʪʦʨʳ ʠʥʪʝʨʣʝʡʢʠʥ-1-ʨʝʮʝʧʪʦʨ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʢʠʥʘʟ r4 (IRAK4) 

ʀʥʪʝʨʣʝʡʢʠʥ-1-ʨʝʮʝʧʪʦʨ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʘʷ ʢʠʥʘʟʘ 4 (IRAK4) ð ʩʝʨʠʥʦʚʘʷ/ʪʨʝʦʥʠʥʦʚʘʷ 

ʢʠʥʘʟʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʜʠʘʪʦʨʦʤ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ TLR ʠ IL-1R. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʦʥʘ ʩʪʘʣʘ ʚʘʞʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʤʠʤʦ ʩʚʦʝʡ ʢʠʥʘʟʥʦʡ ʬʫʥʢʮʠʠ, IRAK4 ʥʘʨʷʜʫ ʩ ʙʝʣʢʦʤ Myd88 

ʦʙʨʘʟʫʝʪ ʩʠʛʥʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʠʜʜʦʩʦʤʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʚʨʦʞʜʸʥʥʦʛʦ 

ʠʤʤʫʥʠʪʝʪʘ [107]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʙʝʣʢʘ Myd88 ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʨʘʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 35% ʚʩʝʭ ʩʣʫʯʘʝʚ ɼʂɹʂʃ ʠ 80% ʧʝʨʚʠʯʥʳʭ ʚʥʝʫʟʣʦʚʳʭ ʣʠʤʬʦʤ. ɹʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ IRAK4, ʥʘʮʝʣʝʥʥʳʭ ʥʘ 

ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʩ ɸʊʌ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʠʟ ʥʠʭ ð ʚ ʪʦʤ ʯʠʩʣʝ 

BAY1834845 (ʟʘʙʝʜʦʩʝʨʪʠʙ) (ʈʠʩʫʥʦʢ 2.14) ð ʜʦʰʣʠ ʜʦ I ʬʘʟʳ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [108]. 

ʂʦʤʧʘʥʠʷ Kymera Therapeutics ʚ 2022 ʛ. ʨʘʟʨʘʙʦʪʘʣʘ ʩʦʝʜʠʥʝʥʠʝ KT-413 (ʈʠʩʫʥʦʢ 2.14), 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʠ ʩʝʣʝʢʪʠʚʥʫʶ ʤʦʣʝʢʫʣʫ PROTAC, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʧʨʦʪʝʦʣʠʟ IRAK4. 

KT-413 ʫʩʧʝʰʥʦ ʧʨʦʰʸʣ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ I ʬʘʟʳ ʜʣʷ ʪʝʨʘʧʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʣʠʤʬʦʤʳ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʦʞʠʜʘʝʤʳʭ ʫʨʦʚʥʝʡ ʨʘʟʨʫʰʝʥʠʷ ʙʝʣʢʘ IRAK4 ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʙʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʜʦʟʫ, ʚ ʥʦʷʙʨʝ 2023 ʛʦʜʘ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʦʩʪʘʥʦʚʣʝʥʦ [74]. 
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ʈʠʩʫʥʦʢ 2.14. ʉʪʨʫʢʪʫʨʳ ʟʘʙʝʜʦʩʝʨʪʠʙʘ (ʩʣʝʚʘ) ʠ KT-413, ʤʦʣʝʢʫʣʳ PROTAC ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

2.2.1.7. ʀʥʛʠʙʠʪʦʨʳ ʙʨʦʤʦʜʦʤʝʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʙʝʣʢʘ 9 (BRD9) 

ʉʠʥʦʚʠʘʣʴʥʘʷ ʩʘʨʢʦʤʘ ð ʨʝʜʢʘʷ ʠ ʢʨʘʡʥʝ ʘʛʨʝʩʩʠʚʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʘʢʘ, ʢʦʪʦʨʘʷ 

ʝʞʝʛʦʜʥʦ ʧʦʨʘʞʘʝʪ ʦʢʦʣʦ 1000 ʯʝʣʦʚʝʢ ʚʦ ʚʩʸʤ ʤʠʨʝ, ʘ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʫʯʝʚʦʡ ʠʣʠ ʭʠʤʠʦʪʝʨʘʧʠʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʝʮʠʜʠʚʘ [109]. ʉʠʥʦʚʠʘʣʴʥʘʷ ʩʘʨʢʦʤʘ ʠ SMARCB1-ʜʝʬʠʮʠʪʥʳʝ ʦʧʫʭʦʣʠ 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʙʝʣʢʘ BRD9, ʢʦʤʧʦʥʝʥʪʘ ʥʝʢʘʥʦʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ SWI/SNF (ɸʊʌ-

ʟʘʚʠʩʠʤʳʡ ʢʦʤʧʣʝʢʩ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʨʝʛʫʣʷʮʠʶ ʛʝʥʦʚ). ɹʳʣ ʧʨʦʚʝʜʸʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ BRD9, ʦʜʥʘʢʦ ʠʭ ʘʢʪʠʚʥʦʩʪʴ 

ʦʢʘʟʳʚʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʧʫʭʦʣʠ [110]. 

ʇʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʦʣʝʢʫʣʳ PROTAC, ʥʘʮʝʣʝʥʥʳʝ ʥʘ BRD9, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʦʰʣʠ ʜʦ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʊʘʢ, ʩʦʝʜʠʥʝʥʠʝ FHD-609 (ʈʠʩʫʥʦʢ 2.15), ʧʦʣʫʯʝʥʥʦʝ 

Foghorn Therapeutics ʠ ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʛʦʤʦʣʦʛʠʯʥʳʡ ʙʨʦʤʦʜʦʤʝʥ BRD7, 

ʪʝʩʪʠʨʦʚʘʣʦʩʴ ʜʣʷ ʣʝʯʝʥʠʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʡ ʩʠʥʦʚʠʘʣʴʥʦʡ ʩʘʨʢʦʤʳ [111]. 

ʅʦ ʚ ʘʧʨʝʣʝ 2023 ʛʦʜʘ Foghorn ʧʨʠʦʩʪʘʥʦʚʠʣʘ ʥʘʙʦʨ ʫʯʘʩʪʥʠʢʦʚ ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʨʴʸʟʥʳʭ 

ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ [112]. 

ʂʦʤʧʘʥʠʷ C4 Therapeutics ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʣʘ ʧʝʨʦʨʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ PROTAC CFT8634 

(ʈʠʩʫʥʦʢ 2.15) ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʦʚʠʘʣʴʥʦʡ ʩʘʨʢʦʤʦʡ ʠ ʦʧʫʭʦʣʷʤʠ ʩ ʥʫʣʝʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

SMARCB1 [113]. ɺ ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʨʝʛʨʝʩʩʠʷ 

ʦʧʫʭʦʣʠ ʚ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ, ʙʝʟ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʨʦʩʪʘ 

ʧʦʩʣʝ 89 ʜʥʝʡ ʣʝʯʝʥʠʷ ʠ 51 ʜʥʷ ʥʘʙʣʶʜʝʥʠʷ. ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʪʝʦʣʠʟʘ BRD9 

ʥʘ I ʩʪʘʜʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʢʨʘʱʝʥʳ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫ ʧʘʮʠʝʥʪʦʚ, ʧʨʦʰʝʜʰʠʭ ʠʥʪʝʥʩʠʚʥʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʪʝʨʘʧʠʶ [114]. 
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ʈʠʩʫʥʦʢ 2.15. ʉʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʦʪʝʦʣʠʟ ʙʨʦʤʦʜʦʤʝʥ-ʩʦʜʝʨʞʘʱʝʛʦ 

ʙʝʣʢʘ 9 

2.2.1.8. ʄʦʣʝʢʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʩʠʛʥʘʣʴʥʳʤ ʙʝʣʢʦʤ ʠ ʘʢʪʠʚʘʪʦʨʦʤ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 3 (STAT3) 

ʉʠʛʥʘʣʴʥʳʡ ʙʝʣʦʢ ʠ ʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 3 (STAT3) ð ɻ ʪʦ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʫʯʘʩʪʚʫʶʱʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʤʝʭʘʥʠʟʤʘʭ ʨʘʟʚʠʪʠʷ ʨʘʢʘ (ʧʨʦʣʠʬʝʨʘʮʠʷ, ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ, 

ʘʥʛʠʦʛʝʥʝʟ, ʠʤʤʫʥʦʩʫʧʨʝʩʩʠʷ, ʚʦʩʧʘʣʝʥʠʝ ʦʧʫʭʦʣʠ, ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ, 

ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʜʨ). STAT3 ʩʯʠʪʘʝʪʩʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟ-ʟʘ ʢʨʘʡʥʝ ʚʳʩʦʢʦʛʦ ʟʘʨʷʜʘ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʬʦʩʬʦʪʠʨʦʟʠʥʘ ʚ 

ʝʛʦ SH2-ʜʦʤʝʥʝ, ʦʜʥʘʢʦ ʤʦʣʝʢʫʣʳ PROTAC ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʣʶʙʳʤʠ ʫʯʘʩʪʢʘʤʠ 

ʮʝʣʝʚʦʛʦ ʙʝʣʢʘ [115]. 

KT-333 (ʈʠʩʫʥʦʢ 2.16) ð ʧʝʨʚʘʷ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ ʤʦʣʝʢʫʣʘ PROTAC, ʟʘʧʫʩʢʘʶʱʘʷ 

ʚʳʙʦʨʦʯʥʳʡ ʧʨʦʪʝʦʣʠʟ ʙʝʣʢʘ STAT3 ð ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʘʥʠʝʡ Kymera Therapeutics. ʂʊ-

333 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ I ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ ʣʠʤʬʦʤʳ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʠʣ ʩʪʘʪʫʩ ʦʨʬʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʢʦʞʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʊ-ʢʣʝʪʦʯʥʦʡ 

ʣʠʤʬʦʤʳ (CTCL ʠ PTCL) [116]. 
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ʈʠʩʫʥʦʢ 2.16. ʉʪʨʫʢʪʫʨʘ KT-333 (ʣʠʨʦʜʝʛʠʤʦʜ), ʧʝʨʚʳʡ ʚ ʩʚʦʸʤ ʢʣʘʩʩʝ ʩʝʣʝʢʪʠʚʥʳʡ ʠʥʛʠʙʠʪʦʨ STAT3 

2.2.1.9. ʄʦʣʝʢʫʣʳ, ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʧʨʦʪʦʦʥʢʦʛʝʥʦʤ MDM2 

ɹʝʣʦʢ ʨ53, ʠʟʚʝʩʪʥʳʡ ʢʘʢ çʩʪʨʘʞ ʛʝʥʦʤʘè, ʷʚʣʷʝʪʩʷ ʩʫʧʨʝʩʩʦʨʦʤ ʦʧʫʭʦʣʝʡ, 

ʨʝʛʫʣʠʨʫʶʱʠʤ ʨʝʧʘʨʘʮʠʶ ɼʅʂ, ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, ʘʧʦʧʪʦʟ, ʘʥʛʠʦʛʝʥʝʟ ʠ ʩʪʘʨʝʥʠʝ ʢʣʝʪʦʢ, ʯʪʦ 

ʧʨʠʜʘʸʪ ʝʤʫ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʦʨʛʘʥʠʟʤʘ ʦʪ ʨʘʢʘ. ɻʝʥ TP53, ʢʦʜʠʨʫʶʱʠʡ ʙʝʣʦʢ p53, 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʫʪʘʮʠʷʤ ʧʨʠʤʝʨʥʦ ʚ 50% ʚʩʝʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʫ ʯʝʣʦʚʝʢʘ, 

ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʠʜʳ, ʢʘʢ ʨʘʢ ʛʨʫʜʠ, ʪʦʣʩʪʦʡ ʢʠʰʢʠ, ʣʸʛʢʠʭ, ʧʝʯʝʥʠ, 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ, ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʠ ʢʦʞʠ [117]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨ53 ʤʘʨʢʠʨʫʝʪʩʷ ʜʣʷ 

ʧʨʦʪʝʦʣʠʟʘ ʙʝʣʢʦʤ MDM2 (ʘʥʛʣ. çmurine double minute 2è), ʷʚʣʷʶʱʠʤʩʷ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ, 

ʯʪʦ ʜʝʣʘʝʪ MDM2 ʢʣʶʯʝʚʦʡ ʤʠʰʝʥʴʶ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ. 

ʅʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ, ʢʦʪʦʨʳʝ ʫʩʠʣʠʚʘʶʪ ʵʢʩʧʨʝʩʩʠʶ ʨ53, ʢʦʥʢʫʨʝʥʪʥʦ 

ʩʚʷʟʳʚʘʷʩʴ ʩ MDM2, ʦʛʨʘʥʠʯʝʥʳ ʤʝʭʘʥʠʟʤʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ MDM2 ʧʨʠ ʫʩʠʣʝʥʠʠ ʵʢʩʧʨʝʩʩʠʠ ʨ53 [118]. ɺ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʙʦʣʝʝ ʜʝʩʷʪʠ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ MDM2-p53, ʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ɻ ʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʣʝʯʝʥʠʶ ʠ 

ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ, ʪʘʢʦʡ ʢʘʢ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʷ ʠ ʥʝʡʪʨʦʧʝʥʠʷ [119]. 

ʂʦʤʧʘʥʠʷ Kymera Therapeutics ʨʘʟʨʘʙʦʪʘʣʘ MDM2-ʥʘʧʨʘʚʣʝʥʥʫʶ PROTAC-ʤʦʣʝʢʫʣʫ 

KT-253 (ʩʝʣʜʝʛʘʤʘʜʣʠʥ, ʈʠʩʫʥʦʢ 2.17), ʢʦʪʦʨʳʡ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʝʦʜʦʣʝʚʘʝʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ MDM2 ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʠʪ I 

ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʭ ʚʳʩʦʢʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʤʠʝʣʦʠʜʥʳʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʦʩʪʨʦʛʦ ʤʠʝʣʦʠʜʥʦʛʦ ʣʝʡʢʦʟʘ (ʆʄʃ), ʦʩʪʨʦʛʦ 

ʣʠʤʬʦʙʣʘʩʪʥʦʛʦ ʣʝʡʢʦʟʘ, ʣʠʤʬʦʤ ʠ ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʝʡ [120]. ɺ ʠʶʥʝ 2022 ʛʦʜʘ KT-253 

ʧʦʣʫʯʠʣ ʩʪʘʪʫʩ ʦʨʬʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʆʄʃ. ʉʝʣʝʢʪʠʚʥʦʝ ʩʚʷʟʳʚʘʥʠʝ MDM2 ʩ 
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ʧʦʤʦʱʴʶ ʩʪʨʘʪʝʛʠʠ PROTAC ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʦʜʥʦʡ E3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʜʣʷ ʜʝʛʨʘʜʘʮʠʠ ʜʨʫʛʦʡ. 

 

ʈʠʩʫʥʦʢ 2.17. ʂʊ-253, ʤʦʣʝʢʫʣʘ PROTAC, ʩʧʦʩʦʙʥʘʷ ʟʘʧʫʩʢʘʪʴ ʚʳʙʦʨʦʯʥʳʡ ʧʨʦʪʝʦʣʠʟ ʙʝʣʢʘ MDM2 

2.2.1.10. ʄʦʣʝʢʫʣʳ PROTAC, ʩʝʣʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʱʠʝʩʷ ʩ ʙʝʣʢʦʤ SMARCA2 

SMARCA2 ʠ SMARCA4 ð ɸʊʌ-ʟʘʚʠʩʠʤʳʝ ʭʝʣʠʢʘʟʳ, ʷʚʣʷʶʱʠʝʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ SWI/SNF ʠʣʠ BAF (ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ), ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʨʦʣʴ ʚ 

ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ~20% ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʯʝʣʦʚʝʢʘ ʢʣʝʪʢʠ ʠʤʝʶʪ ʤʫʪʘʮʠʶ ʚ 

ʦʜʥʦʡ ʠʟ ʩʫʙʲʝʜʠʥʠʮ ʢʦʤʧʣʝʢʩʘ BAF, ʧʨʠʯʸʤ ʤʫʪʘʮʠʠ ʩ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʠ SMARCA4 ʨʝʛʫʣʷʨʥʦ 

ʥʘʙʣʶʜʘʣʠʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʳʤ ʨʘʢʦʤ ʣʸʛʢʦʛʦ (ʅʄʈʃ) [121]. ɹʝʣʢʠ SMARCA 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʜʦʤʝʥ ɸʊʌʘʟʳ (93% ʩʭʦʜʩʪʚʘ) 

ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʙʨʦʤʦʜʦʤʝʥ (96% ʩʭʦʜʩʪʚʘ), ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ 

ʭʨʦʤʘʪʠʥʦʤ. 

ʀʥʛʠʙʠʪʦʨʳ ʜʦʤʝʥʘ ɸʊʌʘʟʳ ʥʝ ʤʦʛʫʪ ʨʘʟʣʠʯʠʪʴ ʵʪʠ ʜʚʘ ʙʝʣʢʘ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʚʚʦʜʠʤʫʶ ʜʦʟʫ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʠʥʛʠʙʠʪʦʨʦʚ in vivo [122]. 

ʉʝʣʝʢʪʠʚʥʳʡ ʧʨʦʪʝʦʣʠʟ SMARCA2 ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʝʡ ʜʣʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʤʧʣʝʢʩ BAF ʧʨʠ ʣʝʯʝʥʠʠ ʨʘʢʘ. ʄʦʣʝʢʫʣʳ PROTAC ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ VHL 

(ʈʠʩʫʥʦʢ 2.19) ʙʳʣʠ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 2019 ʛʦʜʫ; ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ in vivo ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʥʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʷʟʚʠʤʦʩʪʴ ʨʘʢʘ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʦʤʧʣʝʢʩʘ BAF [123]. ʉʪʨʫʢʪʫʨʳ ʧʦʟʜʥʝʝ 

ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ SMARCA2 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ SMARCA4 [124]. ɺʳʙʦʨʦʯʥʳʡ ʧʨʦʪʝʦʣʠʟ ʙʝʣʢʘ SMARCA2 ʚ ʢʣʝʪʢʘʭ ʩ ʤʫʪʘʮʠʝʡ 

SMARCA4 ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ 

ʛʨʫʧʧʘʤʠ [125ï127]. 
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ʆʧʠʩʘʥʘ ʝʱʸ ʦʜʥʘ ʤʦʣʝʢʫʣʘ PROTAC, ʥʘʮʝʣʝʥʥʘʷ ʥʘ ʧʨʦʪʝʦʣʠʟ SMARCA2, ʢʦʪʦʨʘʷ 

ʧʨʦʭʦʜʠʪ I ʩʪʘʜʠʶ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ ʅʄʈʃ ʩ ʤʫʪʘʮʠʝʡ SMARCA4 ð 

ʧʨʝʧʘʨʘʪ PRT3789 (ʈʠʩʫʥʦʢ 2.18) ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ VHL ʦʪ Prelude Therapeutics [128]. 

 

ʈʠʩʫʥʦʢ 2.18. ʄʦʣʝʢʫʣʘ PRT3789, ʚʳʟʳʚʘʶʱʘʷ ʩʝʣʝʢʪʠʚʥʫʶ ʜʝʛʨʘʜʘʮʠʶ ʙʝʣʢʘ SMARCA2 

 

ʈʠʩʫʥʦʢ 2.19. ʄʦʣʝʢʫʣʳ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʝʣʝʢʪʠʚʥʳʡ ʧʨʦʪʝʦʣʠʟ ʙʝʣʢʘ SMARCA2: ʘ) 1-ʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʙ) 2-ʛʦ ʧʦʢʦʣʝʥʠʷ 

2.2.1.11. ʄʦʣʝʢʫʣʳ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʠʨʫʩ ʩʘʨʢʦʤʳ ʢʨʳʩʳ ʂʠʨʩʪʝʥʘ 

(KRAS) 
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ɹʝʣʦʢ KRAS ð çʤʦʣʝʢʫʣʷʨʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴè, ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ, 

ʤʠʛʨʘʮʠʶ ʠ ʨʝʛʫʣʷʮʠʶ ʛʝʥʦʚ. KRAS ʧʦʜʚʝʨʛʘʝʪʩʷ ʤʫʪʘʮʠʷʤ ʚʦ ʤʥʦʛʠʭ ʚʠʜʘʭ ʨʘʢʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʘʜʝʥʦʢʘʨʮʠʥʦʤʝ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʅʄʈʃ ʠ ʨʘʢʝ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ; ʧʨʠ ʵʪʦʤ 

ʤʫʪʘʮʠʠ ʚ KRAS ʧʨʠʚʦʜʪ̫ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʨʦʩʪʫ ʟʣʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʧʫʭʦʣʠ [129]. ʊʦʣʴʢʦ 

ʚ 2021 ʛʦʜʫ ʧʨʝʧʘʨʘʪ ʩʦʪʦʨʘʩʠʙ, ʧʝʨʚʳʡ ʚ ʩʚʦʤy ʢʣʘʩʩʝ ʠʥʛʠʙʠʪʦʨ KRAS, ʙʳʣ ʦʜʦʙʨʝʥ ʜʣʷ 

ʣʝʯʝʥʠʷ ʅʄʈʃ, ʘ ʚ 2022 ʛʦʜʫ ð ʘʜʘʛʨʘʩʠʙ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʫ 58% ʧʘʮʠʝʥʪʦʚ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʦʧʫʭʦʣʠ [130]. ʅʦ ʠʟ-ʟʘ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʙʝʩʢʦʥʪʨʦʣʴʥʦʛʦ ʜʝʣʝʥʠʷ 

ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʫʰʝʥʘ ʨʝʛʫʣʷʮʠʷ KRAS, ʫ ʧʘʮʠʝʥʪʦʚ ʙʳʩʪʨʦ ʚʦʟʥʠʢʘʝʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 

ʧʨʠʥʠʤʘʝʤʳʤ ʧʨʝʧʘʨʘʪʘʤ [131,132]. 

ɺ 2023 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Astellas Pharma ʧʨʝʜʩʪʘʚʠʣʘ ʤʦʣʝʢʫʣʫ PROTAC ASP3082 

(ʩʝʪʠʜʝʛʨʘʩʠʙ, ʈʠʩʫʥʦʢ 2.20) ð ʚʚʦʜʠʤʳʡ ʚʥʫʪʨʠʚʝʥʥʦ ʧʨʝʧʘʨʘʪ, ʩʝʣʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʶʱʠʡ 

KRAS, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʵʪʦʛʦ E3 ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʫ VHL. ASP3082 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʭʦʜʠʪ I ʬʘʟʫ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ 

[133]. ɺ 2024 ʛʦʜʫ ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇʦʧʦʚʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʠ ʩʝʣʝʢʪʠʚʥʘ ̫ʜʝʛʨʘʜʘʮʠ ̫ʙʝʣʢʘ KRAS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ 

PROTAC ACBI3 (ʈʠʩʫʥʦʢ 2.20), ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ ʦʧʫʭʦʣʠ ʚ in vivo 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʤʦʜʝʣʷʭ ʤʳʰʝʡ [134]. 

 

ʈʠʩʫʥʦʢ 2.20. ʉʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʙʦʨʦʯʥʳʡ ʧʨʦʪʝʦʣʠʟ ʙʝʣʢʘ KRAS 

2.2.1.12. ʄʦʣʝʢʫʣʳ PROTAC, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʝʨʠʥ/ʪʨʝʦʥʠʥʦʚʫʶ 

ʧʨʦʪʝʠʥʢʠʥʘʟʫ (BRAF) 
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ʉʠʛʥʘʣʴʥʳʡ ʧʫʪʴ RAS-RAF-MEK-ERK ̫ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʘʩʢʘʜʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. ʄʫʪʠʨʦʚʘʚʰʠʝ ʚʘʨʠʘʥʪʳ BRAF ʢʣʘʩʩʘ 1, ʪʘʢʠʝ ʢʘʢ V600E ʠ V600K, 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʧʨʠʚʦʜʷ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ. 

ʄʫʪʘʮʠʠ BRAF ʥʘʙʣʶʜʘʣʠʩʷ ʚ 8% ʩʣʫʯʘʝʚ ʨʘʢʘ, ʚʢʣʶʯʘʷ ʤʝʣʘʥʦʤʫ (60%), ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ 

(10%), ʅʄʈʃ (10%) ʠ ʚʦʣʦʩʘʪʦʢʣʝʪʦʯʥʳʡ ʣʝʡʢʦʟ (100%) [135]. ʀʥʛʠʙʠʪʦʨʳ BRAF, ʪʘʢʠʝ ʢʘʢ 

ʚʝʤʫʨʘʬʝʥʠʙ, ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʛʠʧʝʨʘʢʪʠʚʥʳʤʠ ʤʫʪʘʮʠʷʤʠ BRAF; 

ʦʜʥʘʢʦ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʣʝʯʝʥʠʝ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʤʫʪʘʥʪʥʳʭ ʚʘʨʠʘʮʠʡ BRAF ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʪʝʨʘʧʠʠ ʠ 

ʧʘʨʘʜʦʢʩʘʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ RAF [136]. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ PROTAC ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʢʪʠʚʘʮʠʶ RAF. ʅʘ 

ʦʩʥʦʚʝ ʣʠʛʘʥʜʘ CRBN ʢʦʤʧʘʥʠʝʡ C4 Therapeutics ʧʦʣʫʯʠʣʠ ʩʦʝʜʠʥʝʥʠʝ CFT1946 (ʪʘʛʘʨʘʬʜʝʛ, 

ʈʠʩʫʥʦʢ 2.21) ð ʧʝʨʦʨʘʣʴʥʳʡ ʧʨʝʧʘʨʘʪ, ʥʘʮʝʣʝʥʥʳʡ ʥʘ ʤʫʪʘʥʪʥʳʡ ʚʘʨʠʘʥʪ BRAF V600E [137]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʦʝʜʠʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ I/II ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʣʝʯʝʥʠʷ 

ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʢʦʤ, ʚʳʟʚʘʥʥʳʤ BRAF-V600 ʠ ʨʝʟʠʩʪʝʥʪʥʳʤ ʢ ʜʨʫʛʠʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ 

ʠʥʛʠʙʠʪʦʨʘʤ [138]. 

 

ʈʠʩʫʥʦʢ 2.21. ʉʪʨʫʢʪʫʨʘ CFT1946 (ʪʘʛʘʨʘʬʜʝʛʘ) ð ʧʝʨʚʦʡ ʤʦʣʝʢʫʣʳ PROTAC ʚ ʩʚʦʸʤ ʢʣʘʩʩʝ 

2.2.2. ʄʦʣʝʢʫʣʳ ʛʦʤʦ-PROTAC 

ʅʝʢʦʪʦʨʳʝ ɽ3 ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʤʦʛʫʪ ʙʳʪʴ ʤʠʰʝʥʷʤʠ ʜʣʷ ʣʝʯʝʥʠʷ ʨʷʜʘ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [139,140]; ʥʘʧʨʠʤʝʨ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʝʣʢʘ VHL 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʝʱʸ ʚ 2009 ʛʦʜʫ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʪʝʨʘʧʠʠ ʘʥʝʤʠʠ, ʚʳʟʚʘʥʥʦʡ 

ʭʨʦʥʠʯʝʩʢʦʡ ʙʦʣʝʟʥʴʶ ʧʦʯʝʢ. ʅʦ ʚʦʟʥʠʢʰʘʷ ʧʨʦʙʣʝʤʘ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠʥʛʠʙʠʪʦʨʦʚ 

VHL ʟʘʩʪʘʚʠʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʥʘ ʩʝʣʝʢʪʠʚʥʳʡ ʧʨʦʪʝʦʣʠʟ ʙʝʣʢʘ VHL ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʘ PROTAC [141ï143]. ɺ 2017 ʛʦʜʫ ʛʨʫʧʧʦʡ Ciulli [144] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʥʮʝʧʪ 

çʛʦʤʦ-PROTACè, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʙʝʣʢʘ VHL ʚ ʢʣʝʪʢʘʭ. 

çɻʦʤʦ-PROTACè ð ɻ ʪʦ ʩʦʝʜʠʥʝʥʠʷ PROTAC, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʫʪʸʤ ʜʠʤʝʨʠʟʘʮʠʠ E3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ. ʇʦʩʣʝ 

ʜʠʤʝʨʠʟʘʮʠʠ ʢʘʞʜʘʷ ʠʟ ʤʦʣʝʢʫʣ ʣʠʛʘʟʳ ʫʙʠʢʚʠʪʠʥʠʨʫʝʪ ʜʨʫʛʫʶ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ ʠʭ 

ʦʙʝʠʭ ʚ ʧʨʦʪʝʘʩʦʤʝ (çʩʫʠʮʠʜʥʳʡ ʤʝʭʘʥʠʟʤè). ʅʘ ʧʨʠʤʝʨʝ ʠʟʚʝʩʪʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ VHL, ʪʘʢʠʭ 
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ʢʘʢ VH032 ʠ VH298 (ʈʠʩʫʥʦʢ 2.6), ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ 

ʚ ʩʚʷʟʳʚʘʥʠʠ ʩ VHL; ʧʦ ʢʦʪʦʨʳʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʣʠʥʢʝʨʦʤ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ [145,146]. 

ɼʘʣʝʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ 

ʠʥʛʠʙʠʪʦʨʘ VHL (ʈʠʩʫʥʦʢ 2.22): ʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʣʝʢʫʣʳ, ʩʦʝʜʠʥʸʥʥʳʝ ʯʝʨʝʟ ʘʮʝʪʠʣʴʥʳʝ 

ʛʨʫʧʧʳ; ʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʣʝʢʫʣʳ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʬʨʘʛʤʝʥʪʘ ʩʦʝʜʠʥʝʥʳ ʯʝʨʝʟ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ; ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʣʠʥʢʝʨ ʩʦʝʜʠʥʷʝʪ 

ʘʮʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʬʨʘʛʤʝʥʪʦʤ ʜʨʫʛʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʦʚ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʝ ʣʠʥʝʡʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʸʭ, ʯʝʪʳʨʸʭ ʠʣʠ ʧʷʪʠ 

ʦʩʪʘʪʢʦʚ ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʛʠʙʢʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʣʠʛʘʟʳ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ. 

ɼʘʣʴʥʝʡʰʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʛʦʤʦ-PROTAC ʩ ʩʦʯʣʝʥʝʥʠʝʤ 

ʤʝʞʜʫ ʘʮʝʪʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʈʠʩʫʥʦʢ 2.22, ʪʠʧ ɸ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʘʠʙʦʣʴʰʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʪʝʦʣʠʟʝ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʩʨʝʜʠ ʚʩʝʭ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ [147]. 

 

ʈʠʩʫʥʦʢ 2.22. ʇʨʠʤʝʨʳ ʧʝʨʚʳʭ ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC, ʧʦʣʫʯʝʥʥʳʭ ʛʨʫʧʧʦʡ Ciulli [144] 

ʈʘʟʚʠʚʘʷ ʧʦʜʭʦʜ ʛʦʤʦ-PROTAC, Steinbach ʠ ʢʦʣʣʝʛʠ ʚ 2018 ʛʦʜʫ [148] ʦʧʫʙʣʠʢʦʚʘʣʠ 

ʧʦʣʫʯʝʥʠʝ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʣʠʛʘʥʜʦʚ E3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʮʝʨʝʙʣʦʥʘ (ʈʠʩʫʥʦʢ 2.23). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʳ (ʚʝʱʝʩʪʚʘ, 
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ʨʝʛʫʣʠʨʫʶʱʠʝ ʘʢʪʠʚʥʦʩʪʴ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ) ʥʘ ʦʩʥʦʚʝ ʬʪʘʣʠʤʠʜʘ, ʪʘʢʠʝ ʢʘʢ ʪʘʣʠʜʦʤʠʜ, 

ʧʦʤʘʣʠʜʦʤʠʜ ʠ ʣʝʥʘʣʠʜʦʤʠʜ, ʩʧʦʩʦʙʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʙʝʣʢʦʤ CRBN ð ʦʜʥʠʤ ʠʟ ʘʢʪʠʚʥʳʭ 

ʣʠʛʘʥʜʦʚ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ [48,149,150]. ʅʘ ʦʩʥʦʚʝ ʧʦʤʘʣʠʜʦʤʠʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʣʝʢʫʣʳ, ʚ ʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪʳ ʧʦʤʘʣʠʜʦʤʠʜʘ ʙʳʣʠ ʩʦʝʜʠʥʝʥʳ ʣʠʥʢʝʨʦʤ ʯʝʨʝʟ 

ʘʤʠʥʦʛʨʫʧʧʫ: 

 

ʈʠʩʫʥʦʢ 2.23. ʄʦʣʝʢʫʣʳ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʧʦʤʘʣʠʜʦʤʠʜʘ 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʘ CRBN ʚ ʢʣʝʪʢʘʭ ʤʠʝʣʦʤʳ MM1S ʧʨʠ ʥʘʥʦʤʦʣʷʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʪʦʛʜʘ ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʧʦʤʘʣʠʜʦʤʠʜ ʠ ʪʘʣʠʜʦʤʠʜ ʥʝ ʧʨʠʚʦʜʠʣʠ ʢ ʩʥʠʞʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ CRBN ʜʘʞʝ ʯʝʨʝʟ 16 ʯʘʩʦʚ ʧʦʩʣʝ ʠʭ ʚʚʝʜʝʥʠʷ ʚ ʢʣʝʪʢʫ. ʊʘʢʞʝ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, 

ʯʪʦ ʣʠʥʢʝʨʘ ʚ 5-6 ʘʪʦʤʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʘ 

ʣʠʥʢʝʨ ʜʣʠʥʦʡ ʚ 10-12 ʘʪʦʤʦʚ ʦʧʪʠʤʘʣʝʥ. 

ʇʦʟʜʥʝʝ ʛʨʫʧʧʘ Ciulli ʧʨʦʜʦʣʞʠʣʘ [151] ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ çʛʦʤʦ-PROTACè, ʩʦʝʜʠʥʠʚ 

ʚ ʤʦʣʝʢʫʣʝ ʣʠʛʘʥʜʳ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ E3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟ ð CRBN ʠ VHL ð ʜʣʷ ʚʟʘʠʤʥʦʛʦ 

ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʨʘʟʨʫʰʝʥʠʷ [147]. ɺ ʮʠʪʠʨʫʝʤʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ 3 

ʩʝʨʠʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʩʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʣʠʥʢʝʨʘ ʢ ʣʠʛʘʥʜʫ 

VHL ð ʣʠʙʦ ʯʝʨʝʟ ʘʮʝʪʠʣʴʥʳʡ ʢʦʥʝʮ, ʣʠʙʦ ʯʝʨʝʟ ʬʝʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʣʝʢʫʣʳ, ʣʠʙʦ ʯʝʨʝʟ 

ʪʠʦʵʬʠʨʥʳʡ ʤʦʩʪʠʢ, ʧʨʠʩʦʝʜʠʥʸʥʥʳʡ ʢ ʦʩʪʘʪʢʫ ʣʝʡʮʠʥʘ. ʂ ʧʦʤʘʣʠʜʦʤʠʜʫ ʞʝ ʣʠʥʢʝʨ 

ʧʨʠʩʦʝʜʠʥʷʣʠ ʚʩʝʛʜʘ ʯʝʨʝʟ ʘʤʠʥʦʛʨʫʧʧʫ (ʈʠʩʫʥʦʢ 2.24). 
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ʈʠʩʫʥʦʢ 2.24. ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʠʥʛʠʙʠʪʦʨʦʚ VHL ʠ CRBN 

ɺ ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ 1 ÕM ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʣʘ ʜʝʛʨʘʜʘʮʠʷ 

ʙʝʣʢʘ CRBN, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 10 ʥM ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʙʝʣʢʘ VHL. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ɽ3-ʣʠʛʘʟʳ ʚ çʩʤʝʰʘʥʥʳʭè ʤʦʣʝʢʫʣʘʭ ʛʦʤʦ-PROTAC ʟʘʚʠʩʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʚʦʜʠʤʦʛʦ ʚ ʢʣʝʪʢʫ ʚʝʱʝʩʪʚʘ. 

ɺ 2021 ʛʦʜʫ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʝʨʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʛʦʤʦ-PROTAC, 

ʢʦʪʦʨʦʝ ʩʧʝʮʠʬʠʯʥʦ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʙʝʣʢʦʤ MDM2 [152,153]. ɹʝʣʦʢ MDM2 ̫ʚʣʷʝʪʩʷ ɽ3-

ʫʙʠʢʠʚʠʪʠʥʣʠʛʘʟʦʡ, ʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʜʣʷ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʣʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʢʘ [118,154]. ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʤʦʣʝʢʫʣ ʥʫʪʣʠʥʘ-3 (ʈʠʩʫʥʦʢ 2.25), ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ ʜʦʢʘʟʘʥʥʳʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-MDM2. ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ (ʢʦʥʩʪʘʥʪʘ ʠʥʛʠʙʠʨʦʚʘʥʠʷ Ki = 96 nM) ʧʦʢʘʟʘʣʦ ʩʦʝʜʠʥʝʥʠʝ 3, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʣʦ ʢ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʪʝʘʩʦʤʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʘ MDM2, ʯʪʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʣʦ ʫʨʦʚʝʥʴ ʙʝʣʢʘ p53 

ʚ ʢʣʝʪʢʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ [153], ʯʪʦ ʤʦʣʝʢʫʣʘ 3 ʚ ʠʩʧʳʪʘʥʠʷʭ in vivo ʨʘʟʨʫʰʘʝʪ ʙʝʣʦʢ MDM2 ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪ ʨʦʩʪ ʦʧʫʭʦʣʠ ɸ549 (TGI = 52.4%) ʙʝʟ ʧʨʦʷʚʣʝʥʠʷ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʠʣʠ ʟʥʘʯʠʤʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ; ʦʜʠʥ ʠʟ ʵʥʘʥʪʠʦʤʝʨʦʚ 3, ʠʟʦʙʨʘʞʸʥʥʳʡ ʥʘ ʈʠʩʫʥʢʝ 2.25, ʧʨʠ 

ʵʪʦʤ ʧʦʢʘʟʳʚʘʣ ʙʦʣʴʰʫʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 2.25. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʥʫʪʣʠʥʘ-3 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 1) ʧʦʜʭʦʜ PROTAC ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʨʦʪʝʘʩʦʤʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʮʝʣʝʚʳʭ 

ʙʝʣʢʦʚ; 2) ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ PROTAC ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʘʤʠ, 

ʣʠʛʘʥʜʳ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʳ ʣʫʯʰʝ ʚʩʝʛʦ, ʷʚʣʷʶʪʩʷ CRBN ʠ VHL, ʥʦ ʣʠʛʘʥʜʳ VHL ʠʤʝʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ 

ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʣʠʛʘʥʜʦʚ CRBN ʥʘ ʦʩʥʦʚʝ ʛʣʫʪʘʨʠʤʠʜʘ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ; 3) ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʠʩʩʣʝʜʫʝʪʩʷ ʣʠʰʴ 1 ʤʦʣʝʢʫʣʘ PROTAC ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ (ʂʊ-253), ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ MDM2, ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʵʪʦʡ ʪʝʤʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

2.3.ʉʧʠʨʦ- ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʘʛʝʥʪʳ ʠ 

ʤʝʪʦʜʳ ʠʭ ʩʠʥʪʝʟʘ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʠʥʪʝʟʫ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʪ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʠʣʠ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʦʢʩʠʥʜʦʣʘʤ, ʩʧʠʨʦ-ʩʦʯʣʝʥʸʥʥʳʤ ʩ ʧʠʨʨʦʣʠʜʠʥʦʤ, ʢʘʢ ʩʦʝʜʠʥʝʥʠʷʤ, ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ. 

2.3.1. ʉʧʠʨʦ- ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

ʉʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛʤʝʥʪ ʦʢʩʠʥʜʦʣʘ (ʠʥʜʦʣʠʥʦʥʘ) ʩʯʠʪʘʝʪʩʷ çʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʤè ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʧʦ ʧʨʠʯʠʥʝ ʧʨʠʩʫʪʩʪʚʠʷ ʝʛʦ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʦʢ 2.26) [155]. 
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ʈʠʩʫʥʦʢ 2.26. ʉʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 

(-)-ʍʦʨʩʬʠʣʠʥ (horsfiline), ʚʳʜʝʣʝʥʥʳʡ ʚ 1991 ʛʦʜʫ ʠʟ ʨʘʩʪʝʥʠʷ Horsfieldia superba ʠ 

ʧʦʟʜʥʝʝ ʧʦʣʫʯʝʥʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠ, ð ʧʨʠʨʦʜʥʳʡ ʘʣʢʘʣʦʠʜ, ʦʙʣʘʜʘʶʱʠʡ ʦʙʝʟʙʦʣʠʚʘʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ [156,157]. ʉʪʨʠʭʥʦʬʦʣʠʥ (Strychnofoline) ð ʘʣʢʘʣʦʠʜ, ʧʨʦʷʚʣʷʶʱʠʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʠ ʧʨʦʪʠʚʦʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [158,159]; ʩʧʠʨʦʪʨʠʧʨʦʩʪʘʪʠʥ ɸ 

(Spirotryprostatin A) ð ʠʥʜʦʣʠʥʦʥʦʚʳʡ ʘʣʢʘʣʦʠʜ ʢʣʘʩʩʘ 2,5-ʜʠʢʝʪʦʧʠʧʝʨʘʟʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʡ 

ʚʧʝʨʚʳʝ ʚ 1999 ʛʦʜʫ ʠ ʦʙʣʘʜʘʶʱʠʡ ʘʥʪʠ-ʤʠʪʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [160,161]. NITD609 

(Cipargamin) ð ʩʧʠʨʦʠʥʜʦʣʠʥʦʥ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ Novartis ʚ ʢʦʥʮʝ 2000-ʭ ʛʦʜʦʚ, 

ʦʙʣʘʜʘʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʥʘ 

II ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ [162,163]. ʉʘʪʘʚʘʧʪʘʥ (Satavaptan) ð ʘʥʪʘʛʦʥʠʩʪ ʨʝʮʝʧʪʦʨʘ 

ʚʘʟʦʧʨʝʩʩʠʥʘ V2, ʠʩʩʣʝʜʦʚʘʚʰʠʡʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʛʠʧʦʥʘʪʨʠʝʤʠʠ ʚ ʭʦʜʝ III ʬʘʟʳ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ [164,165]. 

ʉʧʠʨʦʠʥʜʦʣʠʥʦʥʳ, ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠ, ʪʘʢ ʠ ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʝʭʘʥʠʟʤʘʤ. ʆʜʥʘ ʠʟ 

ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʦʡ ʩʧʠʨʦ- ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ð ɻ ʪʦ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-MDM2 [166]. 

ɹʝʣʦʢ p53 ̫ʚʣʷʝʪʩʷ ʩʫʧʨʝʩʩʦʨʦʤ ʦʧʫʭʦʣʝʡ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʤ ʙʝʣʢʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʦʩʪʘʥʦʚʢʫ ʢʣʝʪʦʯʥʦʛʦ ʨʦʩʪʘ, ʩʪʘʨʝʥʠʝ ʠ ʘʧʦʧʪʦʟ ʚ ʦʪʚʝʪ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʚʨʝʞʜʝʥʠʡ ʚ 

ʢʣʝʪʢʝ [167]. ɹʳʩʪʨʘʷ ʠʥʜʫʢʮʠʷ ʨ53 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʪʨʝʩʩʘ ʚ ʢʣʝʪʢʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʣʢʘ ʨ53, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ 
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ʨʘʟʤʥʦʞʝʥʠʝ ʢʣʝʪʦʢ, ʥʝʩʫʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʫʪʘʛʝʥʥʫʶ ʧʦʚʨʝʞʜʝʥʥʫʶ ɼʅʂ. p53 ʩʧʦʩʦʙʝʥ 

ʚʳʟʳʚʘʪʴ ʘʧʦʧʪʦʟ ʧʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʤʫ ʠ ʪʨʘʥʢʩʨʠʧʮʠʦʥʥʦ-ʥʝʟʘʚʠʩʠʤʦʤʫ ʧʫʪʠ ʚ 

ʷʜʨʝ ʠ ʤʠʪʦʭʦʥʜʨʠʷʭ [168]. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʨ53 ʚ ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʛʨʘʜʘʮʠʝʡ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʝʛʦ ʵʥʜʦʛʝʥʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ð ʙʝʣʢʦʤ MDM2. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʤʥʦʛʠʭ 

ʧʫʪʝʡ ʢʣʝʪʦʯʥʦʛʦ ʩʪʨʝʩʩʘ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ, ʛʠʧʦʢʩʠʷ, ʫʢʦʨʘʯʠʚʘʥʠʝ ʪʝʣʦʤʝʨ ʠ 

ʘʢʪʠʚʘʮʠʷ ʦʥʢʦʛʝʥʘ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨ53 ʧʦʩʨʝʜʩʪʚʦʤ ʙʣʦʢʠʨʦʚʢʠ ʝʛʦ 

ʜʝʛʨʘʜʘʮʠʠ. ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ MDM2 ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ 

ʘʥʪʘʛʦʥʠʩʪʘ ʨ53, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʝʛʦ ʬʫʥʢʮʠʶ ʢʘʢ ʦʧʫʭʦʣʝʚʦʛʦ ʩʫʧʨʝʩʩʦʨʘ. MDM2 ̫ ʚʣʷʝʪʩʷ 

ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ p53, ʧʝʨʝʥʦʩʷ ʦʜʠʥ ʦʩʪʘʪʦʢ ʫʙʠʢʚʠʪʠʥʘ ʥʘ ʣʠʟʠʥʦʚʳʝ 

ʦʩʪʘʪʢʠ p53, ʧʦʩʣʝ ʯʝʛʦ ʧʦʩʣʝʜʥʠʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʶ ʠ ʜʝʛʨʘʜʘʮʠʠ ʚ 

ʧʨʦʪʝʘʩʦʤʝ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʟʜʝʣʝ 2.2 ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ. 

MDM2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʚʦʠʤ ʪʝʨʤʠʥʘʣʴʥʳʤ NH2-ʜʦʤʝʥʦʤ ʩ Ŭ-ʩʧʠʨʘʣʴʶ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʪʨʘʥʩʘʢʪʠʚʘʮʠʦʥʥʦʛʦ NH2-ʜʦʤʝʥʘ ʨ53, ʪʝʤ ʩʘʤʳʤ ʙʣʦʢʠʨʫʷ ʝʛʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʘʨʤʘʥʘ MDM2, ʩ ʢʦʪʦʨʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʪʨʘʥʩʘʢʪʠʚʘʮʠʦʥʥʳʡ 

ʜʦʤʝʥ p53. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨ53-MDM2, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ: ʠʤʠʜʘʟʦʣʠʥʳ (ʩʝʨʠʷ Nutlins, RG-7112), ʙʝʥʟʦʜʠʘʟʝʧʠʥʜʠʦʥʳ (TDP665759), 

ʩʧʠʨʦʦʢʩʠʥʜʦʣʳ (SAR405838), ʧʠʧʝʨʠʜʠʥʦʥʳ (AMG232 ʠ CGM097), ʠʟʦʠʥʜʦʣʠʥʦʥʳ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʞʝ ʧʨʦʰʣʠ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʢʘ: ʵʪʦ ʩʦʝʜʠʥʝʥʠʷ SAR405838, MK-8242, DS-3032b, RG7112, RG7388, 

AMG 232 ʠ APG-115 (ʈʠʩʫʥʦʢ 2.27) [169]. 
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ʈʠʩʫʥʦʢ 2.27. ʇʨʠʤʝʨʳ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-MDM2 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʧʨʠʚʣʝʢʘʶʪ ʠʥʛʠʙʠʪʦʨʳ MDM2 ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ. ɺ 2005 ʛʦʜʫ ʚʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ ʚʝʱʝʩʪʚʘ MI-5 (ʈʠʩʫʥʦʢ 2.28), ʩʪʨʫʢʪʫʨʫ 

ʢʦʪʦʨʦʛʦ ʟʘʪʝʤ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ 

ʠʟʦʙʫʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘ 2,2-ʜʠʤʝʪʠʣʧʨʦʧʠʣ ʚ MI-17, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 98-ʢʨʘʪʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ. ɿʘʪʝʤ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ 

ʩʚʷʟʳʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʩʝʨʠʠ MI c MDM2. ʇʫʪʤy ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʙʳʣʘ ʫʣʫʯʰʝʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʫʚʝʣʠʯʝʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʪʦʨʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ 

ʩʦʝʜʠʥʝʥʠʷ MI-888, ʢʦʪʦʨʦʝ ʚ ʠʩʧʳʪʘʥʠʷʭ in vivo ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʣʦ ʦʧʫʭʦʣʴ ʟʘ ʩʯʸʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ MDM2 ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʚʫʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʚ ʪʨʘʥʩ-

ʢʦʥʬʠʛʫʨʘʮʠʠ. ɽʱʸ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʦʛ MI-773-01 (ʠʣʠ SAR405838) ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʫʪyʤ ʦʧʪʠʤʠʟʘʮʠʠ ʘʤʠʜʥʦʡ ʙʦʢʦʚʦʡ ʮʝʧʠ MI-888; ʝʛʦ ʩʚʷʟʳʚʘʥʠʝ ʩ MDM2 ʜʦʩʪʠʛʘʣʦ Ki = 0.88 

ʥʄ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ. 

SAR405838 ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ 

ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʦʚ SJSA-1 (ʦʩʪʝʦʛʝʥʥʘʷ ʩʘʨʢʦʤʘ), RS4;11 (ʣʝʡʢʝʤʠʷ), LNCaP (ʨʘʢ 

ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ) ʠ HCT-116 (ʢʦʣʦʨʝʢʪʘʣʴʥʳʡ ʨʘʢ) [170]. 
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ʈʠʩʫʥʦʢ 2.28. ʕʚʦʣʶʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʩʝʨʠʠ MI ʥʘ ʦʩʥʦʚʝ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ MI-888 ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʠʟʦʤʝʨʠʟʘʮʠʠ ʩ 

ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ ʚ ʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʯʝʪʳʨʭy ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʫʣʫʯʰʝʥʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ð MI-1061 (Ki = 0,16 ʥʄ) [171]. 

ʅʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ Graves ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʝʱ yʦʜʥʘ ʩʝʨʠʷ 

ʠʥʛʠʙʠʪʦʨʦʚ MDM2, ʪʘʢʠʭ ʢʘʢ RG7388, RO8994, RO2468 ʠ RO5353 (ʈʠʩʫʥʦʢ 2.29) [171]. 

ʉʦʝʜʠʥʝʥʠʝ RG7388 ʩʦʜʝʨʞʠʪ ʦʢʩʠʥʜʦʣʴʥʳʡ ʢʘʨʢʘʩ, ʠ ʟʘʤʝʥʘ ʚ ʥʸʤ ʢʦʥʮʝʚʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʥʘ ʢʘʨʙʦʢʩʘʤʠʜʥʫʶ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʝ RO8994 ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ in vivo ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ MI-888. ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʙʠʦʠʟʦʩʪʝʨʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʥʘ ʧʠʨʠʜʠʥʦʚʦʝ ʠ ʪʠʦʬʝʥʦʚʦʝ ʚ ʩʦʝʜʠʥʝʥʠʠ 

RO8994 ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʨʝʧʘʨʘʪʳ RO2468 ʠ RO5353 ʩ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ in vivo ʥʘ ʤʦʜʝʣʷʭ ʢʩʝʥʦʪʨʘʥʩʧʣʘʥʪʘʪʦʚ SJSA-1. 
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ʈʠʩʫʥʦʢ 2.29. ʉʦʝʜʠʥʝʥʠʝ RG7388 ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ. ʉʠʥʠʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ 

ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ 

Arnhold ʚ 2018 ʛʦʜʫ [172] ʧʨʝʜʣʦʞʠʣ ʩʪʨʫʢʪʫʨʫ ʠʥʛʠʙʠʪʦʨʘ DS-3032b, ʢʦʪʦʨʳʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ I ʬʘʟʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. DS-3032b ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʠʥʜʫʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ CDKN1A (ʙʝʣʦʢ-ʠʥʛʠʙʠʪʦʨ ʮʠʢʣʠʥ-ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʳ 1ɸ, ʠʛʨʘʶʱʠʡ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʪʚʝʪʝ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ), BAX (ʨʝʛʫʣʷʪʦʨ ʘʧʦʧʪʦʟʘ) ʠ MDM2 ʚ ʢʣʝʪʢʘʭ 

ʥʝʡʨʦʙʣʘʩʪʦʤʳ (ʈʠʩʫʥʦʢ 2.30, ʘ). 

ɺ 2020 ʛʦʜʫ Shirai ʠ ʢʦʣʣʝʛʠ ʧʦʣʫʯʠʣʠ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝ 

ʧʨʦʪʠʚʦʨʘʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʪʘʥʢʠʨʘʟ [173]. ʊʘʥʢʠʨʘʟʳ ð ʬʝʨʤʝʥʪʳ 

ʠʟ ʩʝʤʝʡʩʪʚʘ ʧʦʣʠ(ɸɼʌ-ʨʠʙʦʟʦ)-ʧʦʣʠʤʝʨʘʟ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʩʣʘʙʣʷʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ Wnt/ɓ-ʢʘʪʝʥʠʥ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʘʢʘ. 

ʇʦʣʫʯʝʥʥʦʝ ʚ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʝ RK-582 (ʈʠʩʫʥʦʢ 2.30, ʙ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʢʦʣʦʨʝʢʪʘʣʴʥʦʛʦ ʨʘʢʘ COLO-

320DM [174]. 
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ʈʠʩʫʥʦʢ 2.30. ʘ) ʉʪʨʫʢʪʫʨʘ ʠʥʛʠʙʠʪʦʨʘ DS-3032b; ʙ) ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ RK-582 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ɹɸʆʉ ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠʥʛʠʙʠʪʦʨʳ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨ53-MDM2 ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ [175ï184]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʞʸʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ 

ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʧʠʨʦ-ʩʦʯʣʝʥʸʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʠ ʠʭ ʤʦʣʝʢʫʣʳ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ 

ʜʘʣʴʥʝʡʰʠʤ ʤʦʜʠʬʠʢʘʮʠʷʤ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (ʈʠʩʫʥʦʢ 2.31). 

ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vivo ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ (ʨʘʢ 

ʣʸʛʢʦʛʦ A549, ʘʜʝʥʦʢʘʨʮʠʥʦʤʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF7, ʨʘʢ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ LNCaP ʠ 

PC3). 

 

ʈʠʩʫʥʦʢ 2.31. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʚ ð ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-

ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨ53-MDM2 

2.3.2. ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʦʛʦ ʢʘʨʢʘʩʘ 

ʇʦʩʢʦʣʴʢʫ ʬʨʘʛʤʝʥʪ ʩʧʠʨʦʦʢʩʠʥʜʦʣʠʥʘ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚ 

ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʪʝʡ, ʘ ʪʘʢʞʝ ʤʦʥʦʛʨʘʬʠʷ [185], ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʦʙʟʦʨʘ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʠʥʜʦʣʠʥʦʥʦʚ, ʩʧʠʨʦ-

ʩʦʯʣʝʥʸʥʥʳʭ ʩ ʧʠʨʨʦʣʠʜʠʥʦʚʳʤ ʮʠʢʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʧʷʪʠʯʣʝʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʧʠʨʦ-ʩʦʯʣʝʥʸʥʥʳʭ, ̫ ʚʣʷʪʁʩʷ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, 

ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʸʥʥʳʝ ʈ. ʍʴʶʩʛʝʥʦʤ ʚ 1960 ʛʦʜʫ [186]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ 

ʧʷʪʠʯʣʝʥʥʳʡ ʫʛʣʝʨʦʜʥʳʡ ʠʣʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʘʜʜʫʢʪ (ʈʠʩʫʥʦʢ 2.32) [187]. 

 

ʈʠʩʫʥʦʢ 2.32. ʉʭʝʤʘ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ: A-B-C ð 1,3-ʜʠʧʦʣʴ, D=E ð 

ʜʠʧʦʣʷʨʦʬʠʣ 

ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʪʠʧʦʤ 1,3-ʜʠʧʦʣʝʡ ʷʚʣʷʶʪʩʷ ʥʠʪʨʦʥ.r 4-́ 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʠʪʨʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ -́ʵʣʝʢʪʨʦʥʦʚ ʜʚʦʡʥʦʡ ʩʚʷʟʠ N=C ʠ ʜʚʫʭ 

-́ʵʣʝʢʪʨʦʥʦʚ ʥʝʧʦʜʝʣʥyʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ. ʕʪʠ 1,3-ʜʠʧʦʣʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʵʣʝʢʪʨʦʬʠʣʘʤʠ ʠ ʥʫʢʣʝʦʬʠʣʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʠʣʠ ʩʚʦʶ ɺɿʄʆ, ʠʣʠ ʩʚʦʶ ʅʉʄʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʜʠʧʦʣʷʨʦʬʠʣ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʦʡ ʠʣʠ ʵʣʝʢʪʨʦʥʦʠʟʙʳʪʦʯʥʦʡ ʩʠʩʪʝʤʦʡ [188]. 

ɺ 2022 ʛʦʜʫ Yuan ʠ ʢʦʣʣʝʛʠ ʦʧʫʙʣʠʢʦʚʘʣʠ [189] ʤʝʪʦʜʠʢʫ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-

ʙʝʥʟʦ[d]ʦʢʩʘʟʦʣʦʚ 12, ʠʩʧʦʣʴʟʫʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 1,3-ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ N-

ʚʠʥʠʣʠʟʘʪʠʥʥʠʪʨʦʥʘ 10 ʢ ʦ-ʩʠʣʠʣʘʨʠʣʪʨʠʬʣʘʪʘʤ 11 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʘʜʜʫʢʪʘ 

(ʈʠʩʫʥʦʢ 2.33). ʉʪʝʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʚʠʥʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʥʠʪʨʦʥʘ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ: ʚ ʩʣʫʯʘʝ ʧʨʦʪʦʥʘ ʧʨʦʭʦʜʠʪ [1,3]-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʞʝʣʘʝʤʦʛʦ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʷ 12, ʪʦʛʜʘ ʢʘʢ ʘʜʜʫʢʪʳ ʩ ʜʨʫʛʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ [3,3]-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ, ʦʙʨʘʟʫʷ ʝʥʘʤʠʥ 13. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CsF ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʬʪʦʨʠʜ-ʘʥʠʦʥʘ ʠ 18-ʢʨʘʫʥ-6 ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʚʳʭʦʜʳ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʚʳʰʘʣʠ 80%. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [190] ʠ ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʚʪʦʨʘʤʠ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 2.34): ʠʟ ʦ-ʩʠʣʠʣʘʨʠʣʪʨʠʬʣʘʪʘ 11 ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ (CsF) in situ ʛʝʥʝʨʠʨʫʝʪʩʷ ʟʘʤʝʱʸʥʥʳʡ ʘʨʠʥ 14, ʢʦʪʦʨʳʡ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʘ, ʧʨʠʩʦʝʜʠʥʷʶʱʝʛʦ ʥʠʪʨʦʥ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʠʢʣʦʘʜʜʫʢʪʘ 

ɸ. ɽʩʣʠ ʟʘʤʝʩʪʠʪʝʣʝʤ R1 ʷʚʣʷʝʪʩʷ ʘʪʦʤ ʅ, ʪʦ ʠʥʪʝʨʤʝʜʠʘʪ ɸ ʧʦʜʚʝʨʛʘʝʪʩʷ [1,3]-

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʝ ʥʘ ʘʪʦʤʝ N ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʨʳʚʘ ʣʘʙʠʣʴʥʦʡ N-O ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʧʠʨʦʘʟʠʨʠʜʠʥʘ ɺ, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʝʪʨʦ-ʨʝʘʢʮʠʶ ʄʘʥʥʠʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʠ 

ʠʤʠʥʠʷ ʉ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʞʝʣʘʝʤʦʛʦ 

ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʙʝʥʟʦ[d]ʦʢʩʘʟʦʣʘ 12. 
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ʈʠʩʫʥʦʢ 2.33. ʇʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʙʝʥʟʦ[d]ʦʢʩʘʟʦʣʦʚ, ʠʩʧʦʣʴʟʫʷ ʥʠʪʨʦʥʳ ʥʘ ʦʩʥʦʚʝ ʠʟʘʪʠʥʘ ʠ 

ʛʝʥʝʨʠʨʫʝʤʳʡ in situ ʘʨʠʥ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ R1 ʥʝ ʷʚʣʷʝʪʩʷ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ, [1,3]-ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʤʝʞʜʫ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʬʨʘʛʤʝʥʪʘ 

ʠʟʘʪʠʥʘ ʠ ʟʘʤʝʩʪʠʪʝʣʝʤ R1 ʚ ʪʨʝʭʯʣʸʥʥʦʤ ʮʠʢʣʝ (ʢʘʢ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ ɺ). [3,3]-ʉʠʛʤʘʪʨʦʧʥʘʷ 

ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚʠʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʘʦʙʦʨʦʪ, ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʪʝʨʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʧʷʪʠʯʣʝʥʥʦʛʦ ʮʠʢʣʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ D. ɼʘʣʝʝ ʧʨʦʪʝʢʘʝʪ ʨʝʪʨʦ-ʨʝʘʢʮʠʷ ʄʘʥʥʠʭʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʦʥʘ ʠʤʠʥʠʷ ɽ, 

ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʠʛʠʜʨʦʙʝʥʟʦʬʫʨʘʥʦʚʦʝ 

ʧʨʦʠʟʚʦʜʥʦʝ 13. 

 

ʈʠʩʫʥʦʢ 2.34. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʙʝʥʟʦ[d]ʦʢʩʘʟʦʣʦʚ 

ɺ 2022 ʛʦʜʫ Yao ʠ ʢʦʣʣʝʛʠ ʨʘʟʨʘʙʦʪʘʣʠ [191] ʨʝʛʠʦ-ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ 1ô-ʛʠʜʨʦʢʩʠʩʧʠʨʦʠʥʜʦʣʠʥ-2,3ô-ʧʠʨʨʦʣʠʜʠʥʦʚ 17 ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ (3+2)-
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ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (ʈʠʩʫʥʦʢ 2.35). ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʠʪʨʦʥ 15, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʠʟʘʪʠʥʘ ʠ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ, ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʣʩʷ ʢ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʦʤʫ ʧʝʥʪʘ-2,4-

ʜʠʝʥʥʠʪʨʠʣʫ 16 (1,6-ʧʨʠʩʦʝʜʠʥʝʥʠʝ), ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʘʜʜʫʢʪ ʧʦʜʚʝʨʛʘʣʩʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ, ʦʙʨʘʟʫʷ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʝ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʠ ʚʳʩʦʢʦʡ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (dr > 20:1). 

 

ʈʠʩʫʥʦʢ 2.35. ʇʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣʘ ʠʟ ʥʠʪʨʦʥʘ ʥʘ ʦʩʥʦʚʝ ʠʟʘʪʠʥʘ ʠ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʦʛʦ ʜʠʝʥʘ 

ʆʧʠʩʘʥʦ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʠʧʦʣʝʡ ʥʘ ʦʩʥʦʚʝ ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ 

ʧʦʣʫʯʘʶʪ in situ ʧʫʪyʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʠʣʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʤʠ [192ï194]. ʅʘʧʨʠʤʝʨ, ʚ 2020 ʛʦʜʫ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ 

ʤʝʪʦʜ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʣʠ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 21 ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ N-ʘʣʢʠʣ-4-ʵʪʠʥʠʣ-7-ʘʟʘʠʥʜʦʣ 18, ʢʦʪʦʨʳʡ ʩʤʝʰʠʚʘʣʠ ʩ ʠʟʘʪʠʥʦʤ 19 ʠ L-

ʧʨʦʣʠʥʦʤ 20 ʚ ʤʝʪʘʥʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʛʨʝʚʘʥʠʝʤ ʜʦ 50  (ʈʠʩʫʥʦʢ 2.36) [188]. 

 

ʈʠʩʫʥʦʢ 2.36. ʈʝʘʢʮʠʷ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʠʟʘʪʠʥʘ ʠ 

ʧʨʦʣʠʥʘ, ʢ ʪʝʨʤʠʥʘʣʴʥʦʤʫ ʘʣʢʠʥʫ 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʪʘʢʝ ʥʝʧʦʜʝʣʸʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ 

ʘʪʦʤʘ ʘʟʦʪʘ L-ʧʨʦʣʠʥʘ 20 ʥʘ ʢʘʨʙʦʥʠʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚʦ 2-ʤ ʧʦʣʦʞʝʥʠʠ ʠʟʘʪʠʥʘ 19. ɼʘʣʝʝ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʦʡʥʦʡ C=N 

ʩʚʷʟʠ ʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʧʦʣʷ. ɿʘʪʝʤ ʚ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ 

ʧʨʦʠʟʚʦʜʥʦʝ ʘʟʘʠʥʜʦʣʘ 18, ʩʦʜʝʨʞʘʱʝʝ ʪʨʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ 
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ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʘ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʝʚʦʡ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥ 

ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ (ʈʠʩʫʥʦʢ 2.37). 

 

ʈʠʩʫʥʦʢ 2.37. ʄʝʭʘʥʠʟʤ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʠʟʘʪʠʥʘ 

ʠ ʧʨʦʣʠʥʘ, ʢ ʪʝʨʤʠʥʘʣʴʥʦʤʫ ʘʣʢʠʥʫ 

ɺ 2022 ʛʦʜʫ ʛʨʫʧʧʦʡ Zhang ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ [195] ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʤʝʪʦʜ 

ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 28 ʩ ʧʦʤʦʱʴʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʚʦʡʥʦʛʦ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 

ʩʣʦʞʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ 7 ʩʪʝʨʝʦʮʝʥʪʨʘʤʠ ʠʟ 5 ʢʦʤʧʦʥʝʥʪʦʚ: ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ ʛʣʠʮʠʥʘ 

22, ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʜʝʛʠʜʘ 23 ʠ 25, ʧʨʦʠʟʚʦʜʥʦʛʦ ʤʘʣʝʠʤʠʜʘ 24 ʠ 3-

ʘʣʢʠʣʠʜʝʥʟʘʤʝʱʸʥʥʦʛʦ ʠʟʘʪʠʥʘ 26 (ʈʠʩʫʥʦʢ 2.38). 

 

ʈʠʩʫʥʦʢ 2.38. ʇʦʣʫʯʝʥʠʝ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 2.39): ʦʜʥʘ 

ʤʦʣʝʢʫʣʘ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʜʝʛʠʜʘ 23 ʠ ʵʬʠʨ ʛʣʠʮʠʥʘ 22 ʦʙʨʘʟʫʶʪ in situ ʘʮʠʢʣʠʯʝʩʢʠʡ 

ʥʝʩʪʘʙʠʣʴʥʳʡ ʘʟʦʤʝʪʠʥʠʣʠʜ I, ʢʦʪʦʨʳʡ ʙʳʩʪʨʦ ʨʝʘʛʠʨʫʝʪ ʩ ʤʘʣʝʠʤʠʜʦʤ 24, ʦʙʨʘʟʫʷ ʧʨʦʜʫʢʪ 

ʵʥʜʦ-ʮʠʢʣʠʟʘʮʠʠ 27, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ 

ʩʣʝʜʫʶʱʝʡ ʤʦʣʝʢʫʣʳ ʘʣʴʜʝʛʠʜʘ 25 ʢ ʠʥʪʝʨʤʝʜʠʘʪʫ 27 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʝʱʸ ʦʜʥʦʛʦ 
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ʘʟʦʤʝʪʠʥʠʣʠʜʘ II, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʘʣʢʠʣʠʜʝʥ-ʟʘʤʝʱʸʥʥʳʤ 

ʠʟʘʪʠʥʦʤ 26, ʦʙʨʘʟʫʷ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 28. 

 

ʈʠʩʫʥʦʢ 2.39. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʜʚʦʡʥʦʡ ʨʝʘʢʮʠʠ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ɹɸʆʉ ʄɻʋ ʚ 2015 ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ [179] ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʚ 32 ʨʝʘʢʮʠʝʡ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷ ʚʳʩʪʫʧʘʝʪ ʘʟʦʤʝʪʠʥʠʣʠʜ, ʘ ʜʠʧʦʣʷʨʦʬʠʣʘ ð (Z)-5-

ʘʨʠʣʤʝʪʠʣʠʜʝʥʟʘʤʝʱʸʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʘ 31 (ʈʠʩʫʥʦʢ 2.40). ʇʦʟʜʥʝʝ ʵʪʦʪ 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʙʳʣ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʥʘ ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʘʥʪʦʠʥʦʚ, 2-ʩʝʣʝʥʦʛʠʜʘʥʪʦʠʥʦʚ ʠ 

ʨʦʜʘʥʠʥʦʚ [177,180,181], ʘ ʪʘʢʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʠʨʘʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʘʪʦʤʫ N(3)-

ʠʤʠʜʘʟʦʣʠʜʠʥʘ [178,182]. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʟʦʤʝʪʠʥʠʣʠʜʘ ʠʟ ʠʟʘʪʠʥʘ 29 ʠ ʩʘʨʢʦʟʠʥʘ 

30, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ 

ʘʨʠʣʠʜʝʥʠʤʠʜʘʟʦʣʦʥʘ (ʈʠʩʫʥʦʢ 2.41). ʈʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʨʝʛʠʦ- ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ. 
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ʈʠʩʫʥʦʢ 2.40. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʚ 

 

ʈʠʩʫʥʦʢ 2.41. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʠʦ- ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʟʦʤʝʪʠʥʠʣʠʜʘ I ʢ 5-ʘʨʠʣʠʤʝʪʠʣʠʜʝʥʟʘʤʝʱʸʥʥʦʤʫ 2-ʪʠʦʛʠʜʘʥʠʪʦʠʥʫ 31 

ɺ 2018 ʛʦʜʫ ʙʳʣʦ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-3,2'-ʧʠʨʨʦʣʠʜʠʥʘ 35 ʥʘ ʦʩʥʦʚʝ 

ʨʝʘʢʮʠʠ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʠʧʦʣʷ, ʧʦʣʫʯʘʝʤʦʛʦ in situ ʠʟ ʠʟʘʪʠʥʠʤʠʥʘ 34, ʢ 

ʟʘʤʝʱʥyʥʦʤʫ ʙʝʥʟʦʣʫ 33 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʣʘʙʳʭ ʦʩʥʦʚʘʥʠʡ ð TBAF (ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ 

ʬʪʦʨʠʜ) ʠʣʠ TBAT (ʜʠʬʪʦʨʪʨʠʬʝʥʠʣʩʠʣʠʢʘʪ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ). ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥ ʩ ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʴʶ ʠ -CF3 ʟʘʤʝʩʪʠʪʝʣʝʤ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʚ ʢʣʝʪʢʝ ʟʘ ʩʯʪy ʫʚʝʣʠʯʝʥʠʷ ʣʠʧʦʬʠʣʴʥʦʩʪʠ [196]. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʬʨʘʛʤʝʥʪʳ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʠ -CF3 ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ 

ʬʘʨʤʘʢʦʬʦʨʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ CDKN1A, BAX ʠ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨ53-MDM2 (ʈʠʩʫʥʦʢ 2.42) [172]. 
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ʈʠʩʫʥʦʢ 2.42. (3+2)-ʎʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʠʧʦʣʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʠʟ ʠʤʠʥʦʠʤʠʜʘʟʦʣʦʥʘ, ʢ 

ʟʘʤʝʱʸʥʥʦʤʫ ʙʝʥʟʦʣʫ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʠʧʦʣʷʨʦʬʠʣʘ ʚʳʩʪʫʧʘʝʪ ʜʠʟʘʤʝʱʸʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʙʝʥʟʦʣʘ 33, ʘ 

ʜʠʧʦʣʷ ð ʘʟʦʤʝʪʠʥʠʣʠʜ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʠʟʘʪʠʥʘ ʠ CF3CH2NH2. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʪʱʝʧʣʝʥʠʝ ʧʨʦʪʦʥʘ ʦʪ ʠʤʠʥʘ 34 ʩ ʧʦʤʦʱʴʶ ʦʩʥʦʚʘʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʘʟʦʤʝʪʠʥʠʣʠʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʩʪʫʧʠʪʴ ʣʠʙʦ ʚ ʨʝʘʢʮʠʶ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʜʝʛʠʜʨʦʙʝʥʟʦʣʦʤ 36, ʣʠʙʦ ʚ ʨʝʘʢʮʠʶ (3+3)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʦʡ ʘʟʦʤʝʪʠʥʠʣʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʘ 37. ʆʙʦʡʪʠ ʧʨʦʙʣʝʤʫ ʥʘʣʠʯʠʷ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʠʤʝʨʠʟʘʮʠʠ ʫʜʘʣʦʩʴ ʧʫʪʝʤ ʟʘʤʝʥʳ TBAF ʥʘ TBAT ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʦʚ ʬʪʦʨʘ (ʈʠʩʫʥʦʢ 2.43). 

 

ʈʠʩʫʥʦʢ 2.43. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʥʢʫʨʝʥʪʥʳʭ ʨʝʘʢʮʠʡ 

(3+2) ʠ (3+3)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ɺ 2018 ʛʦʜʫ ʛʨʫʧʧʝ Chen ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 40 ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ee ʜʦ 90%) ʠ ʚʳʭʦʜʘʤʠ ʜʦ 99% ʨʝʘʢʮʠʝʡ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʤʝʞʜʫ 3-ʘʤʠʥʦʦʢʩʠʥʜʦʣʦʤ 38, ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ 23 ʠ 3-ʥʠʪʨʦ-2ʅ-ʭʨʦʤʝʥʦʤ 39 (ʈʠʩʫʥʦʢ 2.44) 

[197]. ʉʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʥʦʚʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ, 

ʛʫʘʥʠʜʠʥ-D-ʪʘʨʪʨʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʠ ʭʦʨʦʰʫʶ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ. ʇʫʪyʤ 
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ʟʘʤʝʥʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʭʠʨʘʣʴʥʳʡ ʬʦʩʬʘʪ (CPA) ʫʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʜʦ dr 20:1, ʘ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʜʦ 96% ee. ɸʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʙʝʥʟʘʣʴʜʝʛʠʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʘ-

ʟʘʤʝʱʥyʥʳʭ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ.  

ʈʠʩʫʥʦʢ 2.44. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʟʘʤʝʱʸʥʥʳʭ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʘ 

ʭʠʨʘʣʴʥʳʤ ʬʦʩʬʘʪʦʤ  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʠʢʣʦʘʜʜʫʢʪʘ 40 ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʈʠʩʫʥʦʢ 2.45), ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʷʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ. ʇʦʩʨʝʜʩʪʚʦʤ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʛʠʜʨʦʢʩʠ-ʛʨʫʧʧʘ ʭʠʨʘʣʴʥʦʛʦ ʬʦʩʬʘʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʪʨʦʛʨʫʧʧʦʡ 3-

ʥʠʪʨʦ-2ʅ-ʭʨʦʤʝʥʘ 39, ʧʦʚʳʰʘʷ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʧʦʣʷʨʦʬʠʣʘ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʬʦʩʬʦʨʠʣʴʥʘʷ ʛʨʫʧʧʘ ʘʢʪʠʚʠʨʫʝʪ ʘʟʦʤʝʪʠʥʠʣʠʜ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʵʥʜʦ-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2.45. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʪʝʨʝʦʢʦʥʪʨʦʣʷ ʭʠʨʘʣʴʥʳʤ ʬʦʩʬʘʪʦʤ 

ɺ 2023 ʛ. ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ [198], ʚ ʢʦʪʦʨʦʡ ʧʦʣʫʯʠʣʠ ʩʧʠʨʦʦʢʩʠʥʜʦʣ 44, 

ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʩʪʘʪʦʢ ʠʟʘʪʠʥʘ, ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʪʨʠʘʟʦʣʘ, ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʨʝʘʢʪʦʨʥʦʛʦ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʣʦ ʧʨʦʠʟʚʦʜʥʦʝ ʭʘʣʢʦʥʘ 42 ʠ 
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ʛʝʥʝʨʠʨʫʝʤʳʡ in situ ʠʟ ʠʟʘʪʠʥʘ 19 ʠ ʦʢʪʘʛʠʜʨʦʠʥʜʦʣ-2-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 43 ʘʟʦʤʝʪʠʥʠʣʠʜ 

(ʈʠʩʫʥʦʢ 2.46). 

 

ʈʠʩʫʥʦʢ 2.46. ʇʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʙʝʥʟʠʤʠʜʘʟʦʣʘ ʠ ʪʨʠʘʟʦʣʘ 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [199] ʚ 2020 ʛʦʜʫ ʧʦʣʫʯʠʣʠ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʦʝ ʠʥʜʦʣʠʥʦʥʘ 48 ʧʨʠ 

ʩʤʝʰʠʚʘʥʠʠ L-(-)-ʪʠʘʟʦʣʠʜʠʥ-4-ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 45, ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʦʥʘ 46 ʠ 3-(ʧʠʨʠʜʠʥ-

3-ʠʣʤʝʪʠʣʝʥ)ʠʥʜʦʣʠʥ-2-ʦʥʘ 47 ʚ ʩʤʝʩʠ ʤʝʪʘʥʦʣʘ ʠ ʚʦʜʳ (ʈʠʩʫʥʦʢ 2.47). ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ ʘʪʦʤʘ ʘʟʦʪʘ ʧʦ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

ʈʠʩʫʥʦʢ 2.47. ʇʦʣʫʯʝʥʠʝ ʟʘʤʝʱʸʥʥʦʛʦ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʠʟ ʘʮʝʥʘʬʪʝʥ-1,2-ʜʠʦʥʘ 

ɺ 2023 ʛʦʜʫ ʛʨʫʧʧʦʡ Zhou ʙʳʣ ʧʨʝʜʣʦʞʝʥ [200] ʭʝʤʦ- ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʧʠʨʘʟʦʣʠʥʦʚ 51 ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 
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ʘʟʦʘʣʢʝʥʦʚ 49 (ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʳʨʸʭʘʪʦʤʥʦʛʦ ʩʠʥʪʦʥʘ) ʠ ʨʘʟʣʠʯʥʳʭ ʠʟʘʪʠʥʦʚ 50, 

ʠʩʧʦʣʴʟʫʷ P(NMe2)3 ʚ ɼʍʄ (ʈʠʩʫʥʦʢ 2.48). ɺ ʭʦʜʝ ʢʦʥʜʝʥʩʘʮʠʠ ʠʟ ʬʦʩʬʠʥʘ ʠ Ŭ-

ʜʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 50 ʦʙʨʘʟʫʝʪʩʷ 1,3-ʜʠʧʦʣʴ, ʘ ʟʘʚʝʨʰʘʝʪʩʷ ʨʝʘʢʮʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ SN2 ʟʘʤʝʱʝʥʠʝʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʧʦʣʫʯʠʣʠʩʴ ʩ ʜʠʘʩʪʝʨʝʦʤʝʨʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ, ʧʨʝʚʳʰʘʶʱʠʤ 20:1; ʩʪʨʫʢʪʫʨʘ ʢʦʥʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʝʪʦʜʘʤʠ ʈʉɸ ʠ 2D ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

 

ʈʠʩʫʥʦʢ 2.48. ɼʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʧʠʨʘʟʦʣʠʥʦʚ 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 2.49), ʚ 

ʢʦʪʦʨʦʤ ʩʥʘʯʘʣʘ ʬʦʩʬʠʥ P(NMe2)3 ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ Ŭ-ʜʠʢʘʨʙʦʥʠʣʴʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 50 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʜʜʫʢʪʘ A, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʜʠʧʦʣʝʤ ɺ, ʢʦʪʦʨʳʡ ʠʥʠʮʠʠʨʫʝʪ 

ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢ ʘʟʦʘʣʢʝʥʫ 49 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ ʉ. ɼʘʣʝʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʜʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʦʟʤʦʞʥʦ 2 ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ: ʜʣʷ 

ʠʟʘʪʠʥʘ ʠ ʧʦʜʦʙʥʳʭ ʝʤʫ ʩʦʝʜʠʥʝʥʠʡ ʚʳʛʦʜʥʝʝ ʟʘʤʳʢʘʥʠʝ ʮʠʢʣʘ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ C ʚ 

ʢʦʥʬʦʨʤʘʮʠʠ D ʧʫʪʸʤ SN2-ʧʦʜʦʙʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʧʠʨʦʦʢʩʠʥʜʦʣ-ʧʠʨʘʟʦʣʠʥʘ 51. 

ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʠʣʬʦʨʤʠʘʪʘ, 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʥʠʦʥʘ ʘʪʦʤʘ ʘʟʦʪʘ ʢ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʩʦʣʴ ɽ. ɿʘʪʝʤ ʠʟ ɽ ʧʦʩʨʝʜʩʪʚʦʤ ɽ2-ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʧʠʨʘʟʦʣʦʥ 52 ʩ 

ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʠ ʦʢʩʠʜʘ ʬʦʩʬʠʥʘ [201]. 

Bhat ʠ ʩʦʘʚʪʦʨʳ ʦʧʫʙʣʠʢʦʚʘʣʠ [202] ʤʝʪʦʜ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʣʠʣ-ʠʟʘʪʠʥʢʘʨʙʦʥʘʪʘ 52 ʠ ʧʠʨʘʟʦʣʦʥ-ʢʝʪʠʤʠʥʘ 53 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʜʠʛʠʜʨʦʧʠʨʨʦʣ-ʧʠʨʘʟʦʣʦʥʘʤ 54 (ʈʠʩʫʥʦʢ 2.50). ʈʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 20% (ʤʦʣ.) DMAP, 

ʧʨʦʜʫʢʪʳ ʧʦʣʫʯʘʣʠ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʠ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ. 
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ʈʠʩʫʥʦʢ 2.49. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʘʟʦ-ʘʣʢʝʥʦʤ ʠ ʜʠʢʘʨʙʦʥʠʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ 

 

ʈʠʩʫʥʦʢ 2.50. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥ-ʜʠʛʠʜʨʦʧʠʨʨʦʣ-ʧʠʨʘʟʦʣʦʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ DMAP 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 2.51), ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʘʪʘʢʝ ʘʪʦʤʦʤ ʘʟʦʪʘ DMAP ʧʦ ʠʟʘʪʠʥʢʘʨʙʦʥʘʪʫ 52 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʚʝʨʪʠʯʥʦʡ 

ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ I. ɼʘʣʝʝ in situ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʩʥʦʚʘʥʠʝ ɹʨʝʥʩʪʝʜʘ (ʪʨʝʪ-ʙʫʪʠʣʘʪ ʘʥʠʦʥ), 

ʢʦʪʦʨʦʝ ʦʪʱʝʧʣʷʝʪ ʧʨʦʪʦʥ ʦʪ ʤʦʣʝʢʫʣʳ ʠʥʪʝʨʤʝʜʠʘʪʘ I, ʦʙʨʘʟʫʷ ʘʟʦʤʝʪʠʥʠʣʠʜ II. ʕʪʦʪ ʠʣʠʜ 

ʨʝʘʛʠʨʫʝʪ ʩ ʧʠʨʘʟʦʣʦʥ-ʢʝʪʠʤʠʥʦʤ 53 ʧʦ ɔ-ʧʦʣʦʞʝʥʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʘ III, 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʦʦʢʩʠʥʜʦʣʘ 54, 

ʨʝʛʝʥʝʨʠʨʫʷ ʧʨʠ ʵʪʦʤ ʠʩʭʦʜʥʫʶ ʤʦʣʝʢʫʣʫ DMAP. 
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ʈʠʩʫʥʦʢ 2.51. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʣʠʣ-ʠʟʘʪʠʥʢʘʨʙʦʥʘʪʘ 

ʢ ʧʠʨʘʟʦʣʦʥ-ʢʝʪʠʤʠʥʫ 

Barakat ʠ ʩʦʘʚʪʦʨʳ ʚ 2021 ʛʦʜʫ [203] ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʠʣʠ ʩʧʠʨʦʠʥʜʦʣʠʥ-

ʠʤʠʜʘʟʦ[2,1-b]ʪʠʘʟʦʣ 58 ʠʩʭʦʜʷ ʠʟ ʘʨʠʣʠʜʝʥ-ʟʘʤʝʱʸʥʥʦʛʦ ʠʤʠʜʘʟʦ[2,1-b]ʪʠʘʟʦʣʘ 55, 6-

ʭʣʦʨʦʠʟʘʪʠʥʘ 56 ʠ ʭʠʨʘʣʴʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 57 (ʈʠʩʫʥʦʢ 2.52). ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʚʳʩʦʢʦʧʦʣʷʨʥʘʷ ʞʸʩʪʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʫʜʦʙʥʳʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ 2.52. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣʘ ʥʘ ʦʩʥʦʚʝ ʠʤʠʜʘʟʦ[2,1-b]ʪʠʘʟʦʣʘ 

ʅʘʫʯʥʘʷ ʛʨʫʧʧʘ ɻʘʟʠʝʚʦʡ ʧʦʣʫʯʠʣʘ [204] ʩʝʨʠʶ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʪʠʘʟʦʣʠʜʠʥʦʚ 61 ʩ ʧʦʤʦʱʴʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ ʢ 5-

ʘʨʠʣʠʜʝʥʧʨʦʠʟʚʦʜʥʳʤ ʪʠʘʟʦʣʠʜʠʥʦʚ 60 (ʈʠʩʫʥʦʢ 2.53). ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ, ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʧʨʦʜʫʢʪʘ; ʯʘʩʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʠʣʠ ʟʥʘʯʠʤʳʡ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ. 



54 

 

 

ʈʠʩʫʥʦʢ 2.53. ɼʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥ-ʧʠʨʨʦʣʠʜʠʥ-ʪʠʘʟʦʣʠʜʠʥʦʚ 

Maniam ʠ ʢʦʣʣʝʛʠ ʚ 2022 ʛʦʜʫ [205] ʧʨʝʜʣʦʞʠʣʠ ʩʧʦʩʦʙ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʨʝʛʠʦ- ʠ 

ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ 63 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʭyʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

(ʈʠʩʫʥʦʢ 2.54). ɸʟʦʤʝʪʠʥʠʣʠʜ, ʦʙʨʘʟʫʶʱʠʡʩʷ in situ ʠʟ ʠʟʘʪʠʥʘ 19 ʠ L-ʧʨʦʣʠʥʘ 20, ʚʩʪʫʧʘʣ ʚ 

ʨʝʘʢʮʠʶ ʩ (E)-3-(2-ʦʢʩʦ-2-ʬʝʥʠʣʵʪʠʣʠʜʝʥ)ʠʥʜʦʣʠʥ-2-ʦʥʦʤ 62 ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʙʠʩ-ʩʧʠʨʦʦʢʩʠʥʜʦʣʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʦʪʣʠʯʥʫʶ 

ʘʥʪʠʘʤʠʣʦʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʫʶ ʦʙʱʫʶ ʪʦʢʩʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ. 

 

ʈʠʩʫʥʦʢ 2.54. ʈʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 

Chaudhary ʠ ʢʦʣʣʝʛʠ ʚ 2023 ʛʦʜʫ [206] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʦʚʳʡ ʨʷʜ ʩʧʠʨʦ[ʧʠʨʨʦʣʠʜʠʥ-2,3ǋ-

ʦʢʩʠʥʜʦʣ]ʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʩʪʠʨʦʣʘ ʩ ʧʦʤʦʱʴʶ ʭʝʤʦ- ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʡ ʨʝʘʢʮʠʠ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʪʫʧʘʣʠ ʚ 

ʨʝʘʢʮʠʶ ʟʘʤʝʱʥyʥʳʝ ʠʟʘʪʠʥʳ 29, ʨʘʟʣʠʯʥʳʝ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪʳ 64 ʠ (E)-2-ʘʨʠʣ-1-ʥʠʪʨʦʵʪʠʣʝʥ r

65 (ʈʠʩʫʥʦʢ 2.55). ʉʪʝʨʝʦʭʠʤʠʷ ʢʦʥʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 66 ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʥʠʪʨʦʩʪʠʨʦʣʳ, ʟʘʤʝʱʥyʥʳʝ 

ʨʘʟʣʠʯʥʳʤʠ ʜʦʥʦʨʥʳʤʠ ʛʨʫʧʧʘʤʠ (OMe-/Me-/ 2,4-(OMe)2 ʠ ʪ.ʜ) ʧʨʦʷʚʠʣʠ ʥʘʠʙʦʣʴʰʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʨʘʢʘ ʣʸʛʢʦʛʦ ɸ549 ʠ ʨʘʢʘ ʧʝʯʝʥʠ HepG2. 
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ʈʠʩʫʥʦʢ 2.55. ʇʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʩʪʠʨʦʣʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʦʙʣʫʯʝʥʠʷ 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʘ ʢ 

ʧʨʦʠʟʚʦʜʥʦʤʫ ʥʠʪʨʦʩʪʠʨʦʣʘ ʠʟʦʙʨʘʞʸʥ ʥʘ ʈʠʩʫʥʢʝ 2.56.  

 

ʈʠʩʫʥʦʢ 2.56. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʢʩʠʥʜʦʣʘ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʦʩʪʠʨʦʣʘ 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʠʟ ʙʨʦʤ-ʠʟʘʪʠʥʘ 29 ʠ ʭʠʨʘʣʴʥʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 64 ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʦʜʠʥ ʠʟʦʤʝʨ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʦʜʥʦʛʦ ʠʟ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʚʦ 2-ʤ ʧʦʣʦʞʝʥʠʠ ʠʟʘʪʠʥʘ ʠ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʝʥʥʳʡ ʘʟʦʤʝʪʠʥʠʣʠʜ ʩʧʦʩʦʙʝʥ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʜʚʦʡʥʦʡ ʛʨʫʧʧʝ ʥʠʪʨʦʩʪʠʨʦʣʘ 65 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʵʢʟʦ- ʠ ɻʥʜʦ-ʘʜʜʫʢʪʳ), ʦʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʵʢʟʦ-

ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʟʘ ʩʯʸʪ ʩʙʣʠʞʝʥʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʧʨʦʠʟʚʦʜʥʦʛʦ ʥʠʪʨʦʩʪʠʨʦʣʘ ʩ ʠʟʘʪʠʥʦʤ. 

ʀʟʤʝʩʪʴʝʚ ʠ ʩʦʘʚʪʦʨʳ ʚ 2023 ʛʦʜʫ [207] ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ, ʧʦʩʚʷʱʸʥʥʫʶ ʧʦʣʫʯʝʥʠʶ 

ʜʠʩʧʠʨʦ-ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥ-ʧʠʨʨʦʣʠʜʠʥ-ʦʢʩʠʥʜʦʣʦʚ ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 70a ʠ 

70b (ʈʠʩʫʥʦʢ 2.57) ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ 

in situ ʠʟ ʧʘʨʘʬʦʨʤʘ 68 ʠ N-ʟʘʤʝʱʸʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 69, ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʦʢʩʠʥʜʦʣʠʜʝʥʦʚ 67. ɺ 

ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʥ- ʠ ʘʥʪʠ-ʠʟʦʤʝʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʟʘʤʝʩʪʠʪʝʣʷ 

ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ ʚ ʘʤʠʥʦʢʠʩʣʦʪʝ 69, ʘ ʜʠʘʩʪʝʨʝʦʤʝʨʳ 70a ʠ 70b ʫʜʘʸʪʩʷ ʦʪʜʝʣʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩ 

ʧʦʤʦʱʴʶ ʜʨʦʙʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠʭ ʩʪʨʫʢʪʫʨʫ ʫʜʘʣʦʩʴ ʧʦʜʪʚʝʨʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. 

 

ʈʠʩʫʥʦʢ 2.57. ʇʦʣʫʯʝʥʠʝ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʜʠʩʧʠʨʦ-ʠʤʠʜʘʟʦʪʠʘʟʦʣʦʪʨʠʘʟʠʥ-ʧʠʨʨʦʣʠʜʠʥ-ʦʢʩʠʥʜʦʣʦʚ 

ʨʝʘʢʮʠʝʡ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ɺ 2023 ʛʦʜʫ Yao ʠ ʢʦʣʣʝʛʠ ʨʘʟʨʘʙʦʪʘʣʠ [208] ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʩʧʠʨʦ-ʧʠʨʨʦʣʠʟʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 74 ʩ ʧʦʤʦʱʴʶ 

ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʈʠʩʫʥʦʢ 2.58). ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ 

ʦʢʩʠʥʜʦʣʘ 71, ʛʣʠʮʠʥ 72 ʠ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʘʣʴʜʝʛʠʜʘ 23, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ 

73, ʠʤʝʶʱʠʡ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 7 ʩʪʝʨʝʦʮʝʥʪʨʦʚ, ʧʫʪʸʤ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʠʩʣʦʪʫ ɹʨʸʥʩʪʝʜʘ, ʘ 

ʦʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʘʪʦʤ-

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ð ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ ʵʪʘʥʦʣʘ, ʘ ʚ ʢʘʯʝʩʩʪʚʝ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʘ. 
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ʈʠʩʫʥʦʢ 2.58. ʇʦʣʫʯʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

Zhou ʠ ʩʦʘʚʪʦʨʳ [209] ʨʘʟʨʘʙʦʪʘʣʠ Zn(II)-ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʨʝʘʢʮʠʶ [2+2+1]-

ʘʥʥʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʟʘʤʝʱʸʥʥʳʭ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 77 

(ʈʠʩʫʥʦʢ 2.59). ɺ ʨʝʘʢʮʠʶ ʚʩʪʫʧʘʝʪ ʧʨʦʠʟʚʦʜʥʦʝ ʜʠʪʠʦʘʮʝʪʘʣʷ 74, 3-ʜʠʘʟʦʟʘʤʝʱʸʥʥʳʡ ʠʟʘʪʠʥ 

75 ʠ ʠʟʦʮʠʘʥʘʪ 76, ʘ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ [4+1]-ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʢʦʪʦʨʳʡ , ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ 1,3-ʜʠʧʦʣʷ, ʨʝʘʛʠʨʫʝʪ ʩ 

ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʦʙʨʘʟʫʷ ʧʨʦʜʫʢʪ 77 ʩ ʦʪʣʠʯʥʳʤ ʚʳʭʦʜʦʤ. 

 

ʈʠʩʫʥʦʢ 2.59. ʇʦʣʫʯʝʥʠʝ ʩʧʠʨʦʦʢʩʠʥʜʦʣʘ ʩ ʧʦʤʦʱʴʶ ʮʠʥʢ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ [2+2+1]-ʘʥʥʝʣʠʨʦʚʘʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʠ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʦʢʩʠʥʜʦʣʘ ʷʚʣʷʶʪʩʷ 

ʫʜʦʙʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦ- ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ. 

ɺʘʨʴʠʨʫʷ ʧʨʠʨʦʜʫ ʚʚʦʜʠʤʦʛʦ ʚ ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷ, ʤʦʞʥʦ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩ ʥʘʙʦʨʦʤ ʩʧʠʨʦ-ʩʦʯʣʝʥʥyʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

2.4.ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ PROTAC ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ ʛʦʤʦ-PROTAC ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʢ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʠʥʛʠʙʠʪʦʨʘʤ ʙʝʣʢʘ MDM2 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʦʣʝʢʫʣ PROTAC ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʛʘʥʜʳ ʙʝʣʢʘ CRBN, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ, 

ʟʥʘʯʠʪ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʣʝʢʫʣ PROTAC, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ CRBN ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ 

ʛʣʫʪʘʨʠʤʠʜʘ, ʬʪʘʣʠʤʠʜʘ ʠʣʠ ʠʭ ʘʥʘʣʦʛʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦ-ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʥʘʠʙʦʣʝʝ 

ʫʜʦʙʥʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʘʢʮʠʠ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʘʟʦʤʝʪʠʥʠʣʠʜʦʚ ʠ ʜʨʫʛʠʭ 1,3-ʜʠʧʦʣʝʡ ʢ ʜʠʧʦʣʷʨʦʬʠʣʘʤ ʨʷʜʘ ʠʥʜʦʣʠʥʦʥʦʚ. ʊʘʢʠʝ ʨʝʘʢʮʠʠ 

ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʶʪ ʭʝʤʦ-, ʨʝʛʠʦ- ʠ ʜʠʘʩʪʝʨʝʩʝʣʝʢʪʠʚʥʦ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

  



59 

 

3. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ2 

ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʩʧʠʨʦ-ʩʦʯʣʝʥʥyʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʞʩyʪʢʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʰʝʥʷʤʠ [204,210]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʝʝ, ʯʝʤ ʚ ʧʦʣʦʚʠʥʝ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʷ ʙʝʣʢʘ 

MDM2, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʦʧʫʭʦʣʝʚʳʡ ʩʫʧʨʝʩʩʦʨ ð ʙʝʣʦʢ p53, ʥʝ ʜʘʚʘʷ ʝʤʫ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʧʫʩʢʘʪʴ ʘʧʦʧʪʦʟ ʧʦʚʨʝʞʜʸʥʥʳʭ ʢʣʝʪʦʢ [211,212]. ʂʘʢ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʚ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ, ʙʝʣʦʢ MDM2 ̫ʚʣʷʝʪʩʷ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ ʠ ʩʧʦʩʦʙʝʥ 

ʧʦʜʘʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʘ p53 ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ: ʧʦʣʠʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝʤ p53 ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʧʨʦʪʝʘʩʦʤʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ, ʤʦʥʦʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʠʝʤ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ p53 ʠʟ 

ʷʜʨʘ ʠʣʠ ʧʨʷʤʳʤ ʩʚʷʟʳʚʘʥʠʝʤ p53 ʚ ʧʨʦʯʥʳʡ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʡ ʢʦʤʧʣʝʢʩ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ ʝʛʦ 

ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ [213]. ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʣʝʯʝʥʠʝ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʫʪʸʤ 

ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ MDM2 ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʢʣʶʯʝʚʳʝ ʩʘʡʪʳ ʙʝʣʢʘ p53, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ. ɺr ʩʚʦʙʦʞʜʝʥʠʝ ʙʝʣʢʘ p53 ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ MDM2 ʘʢʪʠʚʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ 

ʜʣʷ ʟʘʧʫʩʢʘ ʘʧʦʧʪʦʟʘ [214]. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ p53 ʩ MDM2 ̫ʚʣʷʶʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ 

ʦʩʪʘʪʢʠ Phe19, Trp23 ʠ Leu26, ʢʦʪʦʨʳʝ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʛʠʜʨʦʬʦʙʥʫʶ ʦʙʣʘʩʪʴ MDM2 [215,216] 

(ʈʠʩʫʥʦʢ 3.1, ʘ). ʈʘʥʝʝ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ, ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩʫʥʢʝ 3.1, ʙ. ʕʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ HepG2, ʨʘʢʘ ʧʨʝʜʩʪʘʪʝʣʴʥʦʡ ʞʝʣʝʟʳ PC3 

ʠ LNCaP, ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ A549, ʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ ʢʠʰʢʠ ʅʉʊ116 ʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ MCF-7 [175ï178,217,218]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ [179], ʬʨʘʛʤʝʥʪ ʠʥʜʦʣʠʥʦʥʘ ʠʤʠʪʠʨʫʝʪ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ Trp23, N(1ô)-Me ʬʨʘʛʤʝʥʪ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ð Leu26, 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ N(1) ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ð Phe19 (ʈʠʩʫʥʦʢ 3.1, 

ʙ), ʘ ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 4ô-ʧʦʣʦʞʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ ʦʪʚʝʯʘʝʪ ʟʘ -́ʩʪʵʢʠʥʛ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʮʝʣʝʚʳʝ ʢʦʥʲʶʛʘʪʳ ʩʦʭʨʘʥʷʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʷʟʳʚʘʪʴʩʷ ʩ MDM2, ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʣʠʯʠʝ ʚ ʠʭ ʩʦʩʪʘʚʝ N-ʥʝʟʘʤʝʱʸʥʥʦʛʦ ʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

 
2 ɺ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʫʤʝʨʘʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʠʩʫʥʢʦʚ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʤʝʨʘʮʠʝʡ ʚ ʦʙʟʦʨʝ 

ʣʠʪʝʨʘʪʫʨʳ 
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ʈʠʩʫʥʦʢ 3.1. ʘ) ʂʣʶʯʝʚʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʩʚʷʟʳʚʘʥʠʝ p53 ʩ MDM2; ʙ) 

ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʦʛʦ, ʚ ʢʦʪʦʨʦʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʬʨʘʛʤʝʥʪʳ, ʠʤʠʪʠʨʫʶʱʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʦʩʪʘʪʢʠ Phe19, Trp23 ʠ Leu26 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʨʷʜ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʙʝʣʦʢ-ʙʝʣʢʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ p53-MDM2. ʆʜʥʘʢʦ ʚʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʯʪʦ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʩʥʠʞʝʥʠ ̫ɻ ʬʬʝʢʪʠʚʥʦʡ ʜʦʟʳ. ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʵʪʦʛʦ ̫ ʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ PROTAC. ɺ ʨʘʟʜʝʣʝ 2.2.1.9 ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʝʧʘʨʘʪ KT-253 (ʈʠʩʫʥʦʢ 3.2, ʙ), ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ ʙʝʣʢʘ MDM2. ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ð ʣʠʛʘʥʜʘ MDM2 ʚ ʵʪʦʡ ʤʦʣʝʢʫʣʝ ʙʳʣ ʚʳʙʨʘʥ ʬʨʘʛʤʝʥʪ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ 

ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ MDM2 ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʝʣʢʘ ʨ53 [120]. ʉʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ, ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʶʪʩʷ ʩ MDM2, ʯʪʦ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ [175ï179]. 

 

ʈʠʩʫʥʦʢ 3.2. ʘ) ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʳ (ʮʠʬʨʘʤʠ ʟʜʝʩʴ ʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʨʠʩʫʥʢʘʭ ʫʢʘʟʘʥʘ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʩʧʠʨʦ-ʮʠʢʣʘʭ); ʙ) 

ʩʪʨʫʢʪʫʨʘ ʧʨʝʧʘʨʘʪʘ KT-253 ð ʤʦʣʝʢʫʣʳ ʚʳʙʦʨʦʯʥʦʛʦ ʧʨʦʪʝʦʣʠʟʘ ʙʝʣʢʘ MDM2 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC I-IV (ʈʠʩʫʥʦʢ 3.3), ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʬʨʘʛʤʝʥʪʘ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʣʠʥʢʝʨʘʤʠ ʨʘʟʣʠʯʥʦʡ 
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ʜʣʠʥʳ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʣʝʢʫʣ rʛʝʪʝʨʦ-PROTAC V-VII, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ ʢʦʥʲʶʛʘʪʳ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʫʪʘʨʠʤʠʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʣʠʥʢʝʨʦʚ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʅʘ ʪʨʝʪʴʝʤ ɻ ʪʘʧʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʦʚ VI ʠ VII, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʭ ʢʦʥʲʶʛʘʪʦʚ VIII ʠ IX (ʈʠʩʫʥʦʢ 3.3). 

 

ʈʠʩʫʥʦʢ 3.3. ʉʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ ʩʦʝʜʠʥʝʥʠʡ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʉʝʨʳʤ ʮʚʝʪʦʤ 

ʚʳʜʝʣʝʥ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ II, ʥʝ ʧʦʣʫʯʝʥʥʳʡ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. 

3.1. ʉʠʤʤʝʪʨʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʦʚ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʦʧʠʩʘʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʤʦʣʝʢʫʣ PROTAC ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʙʢʠʝ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ ʠʣʠ ʘʤʠʜ-

ʩʦʜʝʨʞʘʱʠʝ ʣʠʥʢʝʨʳ (ʩʤ. ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ). ɼʚʘ ʬʨʘʛʤʝʥʪʘ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ 

ʣʠʥʢʝʨʘʤʠ ʯʝʪʳʨʴʤʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʫʜʦʙʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ (ʈʠʩʫʥʦʢ 

3.4). ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʯʝʨʝʟ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʩʧʠʨʦ-ʩʦʯʣʝʥʸʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʮʠʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳʭ ʬʝʥʦʢʩʠ-ʟʘʤʝʱʸʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʯʝʨʝʟ ʘʪʦʤʳ ʘʟʦʪʘ ʠʥʜʦʣʠʥʦʥʦʚʦʛʦ 



62 

 

ʬʨʘʛʤʝʥʪʘ, ʪʨʝʪʠʡ ð ʯʝʨʝʟ ʘʪʦʤ rʩʝʨʳ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʯʝʪʚʸʨʪʳʡ ð ʯʝʨʝʟ ʘʪʦʤ 

ʘʟʦʪʘ N(1) 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ NH-ʛʨʫʧʧ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʠ ʦʢʩʠʥʜʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ (pKa (DMSO) 13.3 ʠ 

18.5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [219]) ʠ ʘʤʙʠʜʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʠʦʛʠʜʘʥʪʦʠʥ-ʘʥʠʦʥʘ, ʧʨʷʤʦʝ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʚ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ 

ʪʠʧʦʚ II, III ʠ IV. 

 

ʈʠʩʫʥʦʢ 3.4. ɺʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʥʜʦʣʠʥʦʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʣʠʥʢʝʨʘʤʠ 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ (ʈʠʩʫʥʦʢ 3.1), ʩʦʝʜʠʥʝʥʠʷ 

ʪʠʧʘ II ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʠʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʣʠʯʠʝ -NH-C(O)- ʬʨʘʛʤʝʥʪʘ ʠʟʘʪʠʥʘ ʚʘʞʥʦ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩ MDM2. ʆʜʥʘʢʦ ʧʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʜʣʷ ʤʦʣʝʢʫʣ PROTAC ʧʨʦʯʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ 

ʤʝʥʝʝ ʚʘʞʥʦ, ʯʝʤ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ-ʠʥʛʠʙʠʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʟʘʜʘʯʝʡ PROTAC-ʤʦʣʝʢʫʣ ̫ ʚʣʷʝʪʩʷ 

ʣʠʰʴ ʚʨʝʤʝʥʥʦʝ ʩʙʣʠʞʝʥʠʝ ʙʝʣʢʘ-ʤʠʰʝʥʠ ʠ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ. ʇʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʳʭ ʪʠʧʘ II ʪʘʢʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 
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3.1.1. ʉʠʥʪʝʟ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ I3 

ʉʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤʠ ʣʠʥʢʝʨʘʤʠ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʯʝʨʝʟ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭʩʪʘʜʠʡʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʢʘʟʘʥʥʦʡ 

ʥʘ ʈʠʩʫʥʢʝ 3.5: 

ʈʠʩʫʥʦʢ 3.5. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦ-ʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʪʠʧʘ I 

ɹʠʩ-ʘʣʴʜʝʛʠʜʳ 1-4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [220] ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʤʦʜʠʬʠʢʘʮʠʷʤʠ: 4-ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ Ŭ,ɤ-

ʜʠʙʨʦʤʘʣʢʘʥʘʤʠ (4-10 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʤ ʣʠʥʢʝʨʝ) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ 

 
3 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʫʙʣʠʢʘʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ 

ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʦʡ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʸʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɺ. ʉ. ʇʦʣʷʢʦʚ, ɽ. ɺ. ʇʝʨʚʘʢʦʚʘ, ʅ. ɺ. ɿʳʢ, ɽ. ʂ. 

ɹʝʣʦʛʣʘʟʢʠʥʘ. ʉʠʥʪʝʟ ʙʠʩ(ʜʠʩʧʠʨʦ[ʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʥʦʚ]) // ʀʟʚʝʩʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʝʨʠʷ 

ʭʠʤʠʯʝʩʢʘʷ. ð 2025. ð ʊ. 74. ð ̄  7. ð ʉ. 2092ï2101. EDN: FUGALG. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,008 (ʈʀʅʎ). [Polyakov 

V.S., Pervakova E. V, Zyk N. V, Beloglazkina E.K. Synthesis of bis(dispiro[indolinone-pyrrolidine-imidazolones]) // 

Russian Chemical Bulletin. ï 2025. ï V. 74. ï ̄ 7. ï PP. 2092-2101. EDN: HJJOGL]. ʆʙʲʸʤ 1,0 ʧ.ʣ. 
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ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ (ʈʠʩʫʥʦʢ 3.5). ʇʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʧʨʦʜʫʢʪ ʦʯʠʱʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʬʣʵʰ-ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʧʨʠʯʸʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʡ ʮʝʧʠ ʣʠʥʢʝʨʘ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʮʝʣʝʚʳʭ ʙʠʩ-ʘʣʴʜʝʛʠʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ SN2-ʨʝʘʢʮʠʠ ʚ ʭʦʜʝ ʟʘʤʝʱʝʥʠʷ ʚʪʦʨʦʛʦ ʘʪʦʤʘ ʙʨʦʤʘ 

ʬʝʥʦʢʩʠʜ-ʘʥʠʦʥʦʤ. 1ʅ ʗʄʈ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠ 

ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʥʳʝ ʪʨʠʧʣʝʪʳ ʛʨʫʧʧ -OCH2- ʚ ʦʙʣʘʩʪʠ ŭH ~ 4 ʤ.ʜ., ʩʠʥʛʣʝʪʳ ʘʣʴʜʝʛʠʜʥʳʭ 

ʧʨʦʪʦʥʦʚ ʧʨʠ ŭH ~9.8 ʤ.ʜ. ʠ ʩʠʛʥʘʣʳ ʧʘʨʘ-ʟʘʤʝʱʥyʥʦʡ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩʫʥʦʢ 3.6. ʉʠʥʪʝʟ 5-ʘʨʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 5-10 ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ɼʘʣʝʝ ʧʦ ʜʚʫʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʠʢʘʤ ɸ ʠʣʠ ɹ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 5-ʘʨʠʣʠʜʝʥ-2-

ʪʠʦʛʠʜʘʥʪʦʠʥʳ 5-10. ʇʦ ʤʝʪʦʜʫ ɸ (ʈʠʩʫʥʦʢ 3.6) ʙʠʩ-ʘʣʴʜʝʛʠʜʳ 1-4 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ 

ʂʥʸʚʝʥʘʛʝʣʷ ʩ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʤ ʚ 2% ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʂʆʅ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʮʠʠ ɹ, 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩʫʥʢʝ 3.7 [221], ʠʩʭʦʜʥʳʝ ʘʣʴʜʝʛʠʜʳ 1-4 
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ʚʚʦʜʠʣʠ ʚ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʫʶ ʨʝʘʢʮʠʶ ʩ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʦʤ ʠ ʛʣʠʮʠʥʦʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʝʤ in situ 3-ʬʝʥʠʣ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʘ, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 

ʙʠʩ-ʙʝʥʟʘʣʴʜʝʛʠʜʦʤ ʧʦ ʦʙʝʠʤ ʢʘʨʙʦʥʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ 5-10. ɺʳʙʦʨ 

ʤʝʪʦʜʠʢʠ ʟʘʚʠʩʝʣ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ N(3) ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ: ʧʦ ʤʝʪʦʜʫ ɸ 

ʧʦʣʫʯʘʣʠ NH-ʧʨʦʠʟʚʦʜʥʳʝ, ʘ ʧʦ ʤʝʪʦʜʫ ɹ ð N-Ph ʧʨʦʠʟʚʦʜʥʳʝ. 

 

ʈʠʩʫʥʦʢ 3.7. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʩ-5-ʘʨʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 5-10 

ʇʦ ʜʘʥʥʳʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ [176,177,179], ʚ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ 

5-ʘʨʠʣʤʝʪʠʣʠʜʝʥʟʘʤʝʱʸʥʥʳʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ ʧʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤʠ ʧʦʣʫʯʘʪʁʩʷ 

ʪʦʣʴʢʦ (Z)-ʠʟʦʤʝʨ.r ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ð ʩʠʛʥʘʣ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ (Z)-ʠʟʦʤʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ŭH 6.4 ï 6.9 ʤ.ʜ., ʪʦʛʜʘ ʢʘʢ ʩʠʛʥʘʣ (ɽ)-ʠʟʦʤʝʨʘ ʚ ʦʙʣʘʩʪʠ ŭH 5.5-6.0 ʤ.ʜ. [222,223]. 1ʅ ʗʄʈ 

ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʡ 5-10 ʩʦʜʝʨʞʘʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʥʛʣʝʪʥʳʡ ʩʠʛʥʘʣ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʧʨʠ 

ŭH 6.46 ï 6.68 ʤ.ʜ. (ʈʠʩʫʥʦʢ 3.8): 
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ʈʠʩʫʥʦʢ 3.8. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ 1H ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 7, ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ 

ʅʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʝ ʘʨʠʣʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2-

ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 5-10 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʜʚʫʤʷ 

ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʘʟʦʤʝʪʠʥʠʣʠʜʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ in situ ʠʟ ʠʟʘʪʠʥʘ ʠ ʩʘʨʢʦʟʠʥʘ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʥʘʰʝʡ ʥʘʫʯʥʦʡ ʛʨʫʧʧʦʡ: ʩʫʩʧʝʥʟʠʶ ʙʠʩ-5-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-2-

ʪʠʦʛʠʜʘʥʪʦʠʥʘ 5-10 (2 ʵʢʚ) ʠ ʩʘʨʢʦʟʠʥʘ (6 ʵʢʚ.) ʚ ʵʪʘʥʦʣʝ ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʣʠ ʠʟʘʪʠʥ (4 ʵʢʚ.) [175,177,178]. ʆʙʳʯʥʦ ʨʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʧʨʦʭʦʜʠʪ ʟʘ 4-6 ʯʘʩʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʙʠʩ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 5-10 ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʚ 2-3 ʨʘʟʘ (ʢʦʥʪʨʦʣʴ ʧʦ ʊʉʍ). ʈʝʘʢʮʠʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʦʪʝʢʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʈʠʩʫʥʢʝ 2.41 

ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. 
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ʈʠʩʫʥʦʢ 3.9. ʉʠʥʪʝʟ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 11-16 

ʇʦʣʫʯʝʥʥʳʝ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 11-16 (ʈʠʩʫʥʦʢ 3.9) ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʜʘʥʥʳʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʢʨʘʡʥʝ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ɼʄʉʆ ʠ ɼʄʌɸ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʭ ʩʧʝʢʪʨʳ ʗʄʈ 13ʉ ʥʝ ʫʜʘʣʦʩʴ. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ ʩʦʝʜʠʥʝʥʠʡ 11-16 ʥʘʙʣʶʜʘʣʠʩ ̫ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ ʪʨʸʭ 

ʧʨʦʪʦʥʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʦʙʣʘʩʪʠ ŭH 3.3 ï 4.2 ʤ.ʜ. ʚ ʚʠʜʝ ʧʩʝʚʜʦ-ʪʨʠʧʣʝʪʦʚ ʩ ʂʉʉɺ 

ʧʦʨʷʜʢʘ 7-9 ɻʮ. ʊʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʜʚʫʭ ʠʣʠ ʪʨʸʭ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʣʠʯʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʝ N(1) ʚ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʤ ʬʨʘʛʤʝʥʪʝ) NH-ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ŭH 

9.5 ï 11.0 ʤ.ʜ. 

ʉʦʝʜʠʥʝʥʠʷʤ 11-16 ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʝʡ 

ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʙʳʣʘ ʧʨʠʧʠʩʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʪʝʨʝʦʮʝʥʪʨʦʚ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ (2ôR*, 4S*,4ôS*). ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʸʭ ʩʪʝʨʝʦʮʝʥʪʨʦʚ ʚ ʭʦʜʝ 
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ʨʝʘʢʮʠʠ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʉ=ʉ ʩʚʷʟʝʡ ʙʠʩ-5-ʘʨʠʣʠʜʝʥ-2-

ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 5-10 ʧʨʦʠʩʭʦʜʠʪ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ (ʩʤ. ʈʠʩʫʥʦʢ 2.41), ʥʦ, ʚʝʨʦʷʪʥʦ, 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʧʦʣʫʯʘʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ 11-16: ʤʝʟʦ-ʬʦʨʤʳ ʠ ʨʘʮʝʤʘʪʘ. ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ (ʚ 

ʥʠʭ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚʪʦʨʦʡ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ), ʯʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʙʦʣʴʰʠʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 11-16. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 6 ʮʝʣʝʚʳʭ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ I (ʈʠʩʫʥʦʢ 3.9). ɺʦʟʤʦʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ̫ ʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʘʨʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʚ 4ô ʧʦʣʦʞʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [179] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ ʚ 4-ʤ ʧʦʣʦʞʝʥʠʠ ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

3.1.2. ʉʠʥʪʝʟ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʪʠʧʦʚ II ʠ III 

ʉʦʝʜʠʥʝʥʠʝ ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 

ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤ ʣʠʥʢʝʨʦʤ ʯʝʨʝʟ ʘʪʦʤ rʘʟʦʪʘ ʠʥʜʦʣʠʥʦʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʟʘʤʝʩʪʠʪʝʣʠ ʢʘʢ ʚ 4ô-ʤ ʧʦʣʦʞʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ, ʪʘʢ ʠ ʚ  

3ôô-ʧʦʣʦʞʝʥʠʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʦʣʫʯʘʝʤʦʛʦ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ. 

ʇʳʪʘʷʩʴ ʧʦʣʫʯʠʪ ɹʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ rʪʠʧʘ II (ʈʠʩʫʥʦʢ 3.4), ʤʳ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʦʣʫʯʠʣʠ ʙʠʩ-ʠʟʘʪʠʥ 17 ʩ ʪʝʪʨʘʤʝʪʠʣʝʥʦʚʳʤ ʣʠʥʢʝʨʦʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ (ʈʠʩʫʥʦʢ 3.10) ʧʦ 

ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [224,225]. 
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ʈʠʩʫʥʦʢ 3.10. ʇʦʣʫʯʝʥʠʝ ʙʠʩ-ʠʟʘʪʠʥʘ 17 ʠ ʧʦʧʳʪʢʘ ʩʠʥʪʝʟʘ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 

ʇʦʣʫʯʝʥʥʳʡ ʙʠʩ-ʠʟʘʪʠʥ 17 ʜʘʣʝʝ ʙʳʣ ʚʚʝʜʸʥ ʚ ʨʝʘʢʮʠʶ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 3-

ʬʝʥʠʣ-5-(4-ʭʣʦʨʙʝʥʟʠʣʠʜʝʥ)-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʤ ʠ ʩʘʨʢʦʟʠʥʦʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʟʦʤʝʪʠʥʠʣʠʜʘ (ʢʠʧʷʯʝʥʠʝ ʚ ʵʪʘʥʦʣʝ ʚ ʪʝʯʝʥʠʝ 6-8 ʯʘʩʦʚ), ʦʜʥʘʢʦ 

ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ (ʢʦʥʪʨʦʣʴ ʧʦ ʊʉʍ) ʜʘʞʝ ʩʧʫʩʪʷ 24 ʯʘʩʘ 

ʢʠʧʷʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ.  

ʄʳ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 18 

ʜʨʫʛʠʤ ʧʫʪʸʤ ð ʧʨʷʤʳʤ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘ 

(ʈʠʩʫʥʦʢ 3.11). ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʦʙʥʦʡ ʨʝʘʢʮʠʠ ʦʩʣʦʞʥʷʣʦʩʴ ʥʘʣʠʯʠʝʤ ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ð ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʧʦ ʪʠʦʘʤʠʜʥʦʤʫ ʘʪʦʤʫ ʩʝʨʳ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚʦʛʦ NH-ʬʨʘʛʤʝʥʪʘ. 

ʈʠʩʫʥʦʢ 3.11. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 18 ʩ ʣʠʥʢʝʨʦʤ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠʟʘʪʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʂʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 19 ʩ 1,4-

ʜʠʙʨʦʤʙʫʪʘʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʆʅ ʚ ɻ ʪʘʥʦʣʝ ʦʢʘʟʘʣʩʷ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ 18ô 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ III. ɺ ʩʧʝʢʪʨʝ 1ʅ ʗʄʈ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ 

ʠʟʘʪʠʥʘ (ŭH = 10.81 ʤ.ʜ.) ʥʝ ʠʩʯʝʟʘʣ ʧʦʣʥʦʩʪʴʶ, ʢʘʢ ʠ ʧʠʢ ʧʨʦʪʦʥʘ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ 

ʠʤʠʜʘʟʦʣʠʜʠʥʘ (ŭH = 10.37 ʤ.ʜ.). ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ 1ʅ ʗʄʈ ʫʩʪʘʥʦʚʠʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ 18ô ʠ ʧʦʙʦʯʥʦʛʦ 18, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 6:1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚr ʜʝʣʠʪʴ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ II ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʥʝ ʫʜʘʣʦʩʴ. 
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ɹʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥ rʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ III ʦʙʣʘʜʘʶʪ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʩʦʝʜʠʥʝʥʠʷʤʠ ʪʠʧʦʚ I ʠ II: ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʬʨʘʛʤʝʥʪ  

-NHC(O)- ʠʥʜʦʣʠʥʦʥʘ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ ʩ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ 

ʦʩʪʘʪʢʘ Leu54 ʚ ʤʦʣʝʢʫʣʝ ʙʝʣʢʘ MDM2 [175], ʚʦ-ʚʪʦʨʳʭ, ʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʦʟʤʦʞʥʦ 

ʚʘʨʴʠʨʦʚʘʪʴ ʢʘʢ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ N(1) ʪʠʦʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʪʘʢ ʠ 

ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 4-ʤ ʧʦʣʦʞʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ III ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʯʝʪʳʨʸʭʩʪʘʜʠʡʥʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʈʠʩʫʥʦʢ 

3.12). ʉʥʘʯʘʣʘ ʠʟ ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪʘ 20 ʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʛʣʠʮʠʥʘ ʧʦʣʫʯʘʣʠ ʧʨʦʠʟʚʦʜʥʦʝ 

ʪʠʦʤʦʯʝʚʠʥʳ 21, ʢʦʪʦʨʦʝ ʧʝʨʝʚʦʜʠʣʠ ʚ 5-ʘʨʠʣʤʝʪʠʣʠʜʝʥʟʘʤʝʱʸʥʥʳʡ 2-ʪʠʦʛʠʜʘʥʪʦʠʥ 22 

ʜʦʙʘʚʣʝʥʠʝʤ 4-ʤʝʪʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘ ʚ 2% ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʱʸʣʦʯʠ. 

 

ʈʠʩʫʥʦʢ 3.12. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ III 

ɼʘʣʝʝ 5-(4-ʤʝʪʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)-2-ʪʠʦʛʠʜʘʥʪʦʠʥ 22 ʧʦʜʚʝʨʛʘʣʩ ̫ ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʘʣʢʠʣʠʨʦʚʘʥʠʶ 1,6-ʜʠʙʨʦʤʛʝʢʩʘʥʦʤ ʠʣʠ 1,8-ʜʠʙʨʦʤʦʢʪʘʥʦʤ ʧʦ ʘʪʦʤʫ ʩʝʨʳ ʚ ʦʩʥʦʚʥʦʡ ʩʨʝʜʝ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ ʙʠʩ-ʪʠʦʛʠʜʘʥʪʦʠʥ r23 ʠ 24, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠ ̫23, 24 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʠʟʘʪʠʥʦʤ ʠ ʩʘʨʢʦʟʠʥʦʤ ʚ ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʣʫʯʝʥʠʶ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʪʠʧʘ I 

(ʨʘʟʜʝʣ ˉ3.1.1), ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʳʭ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 25, 26 ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ III. 

ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 23-26 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ 1ʅ ʠ 13ʉ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 
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3.1.3. ʉʠʥʪʝʟ ʙʠʩ-ʜʠʩʧʠʨʦ-ʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʪʠʧʘ IV4 

ʉʦʝʜʠʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ IV ʩʦʜʝʨʞʘʪ ʜʚʘ ʬʨʘʛʤʝʥʪʘ ʜʠʩʧʠʨʦ-ʪʠʦʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘ, ʩʦʝʜʠʥʥyʥrʝ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʤ ʣʠʥʢʝʨʦʤ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʚ 1-ʤ 

ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʣʠʯʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 1-ʤ ʧʦʣʦʞʝʥʠʠ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʜʠʩʧʠʨʦʧʨʦʠʟʚʦʜʥʦʛʦ 

(ʈʠʩʫʥʦʢ 3.4) ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʘ ʩ ʤʦʣʝʢʫʣʦʡ MDM2 

[179,226], ʦʜʥʘʢʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ PROTAC ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʙʣʠʞʝʥʠʷ 

ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ ʩ ʮʝʣʝʚʳʤ ʙʝʣʢʦʤ ʜʣʷ ʟʘʧʫʩʢʘ ʫʙʠʢʠʚʠʪʠʥʨʦʚʘʥʠʷ. ʊʘʢʞʝ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ IV ʚʘʨʴʠʨʦʚʘʪ ɹʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʘʨʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ 4ô ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʎʝʣʝʚʳʝ ʩʦʝʜʠʥʝʥʠ ̫ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʨʸʭʩʪʘʜʠʡʥʳʤ ʩʠʥʪʝʟʦʤ ʠʟ ʜʦʩʪʫʧʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ð Ŭ,ɤ-ʜʠʘʤʠʥʦʘʣʢʘʥʦʚ, ɻʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ ʠʟʦʪʠʦʮʠʘʥʦʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ, ʠʟʘʪʠʥʦʚ ʠ ʩʘʨʢʦʟʠʥʘ (ʈʠʩʫʥʦʢ 3.13). 

 

ʈʠʩʫʥʦʢ 3.13. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠ ̫ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ IV 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ Ŭ,ɤ-ʜʠʘʤʠʥʦʘʣʢʘʥ, ʩʦʜʝʨʞʘʱʠʡ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʘʤʠ 

ʮʝʧʦʯʢʠ ʠʟ 4, 6 ʠ 8 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʨʝʘʛʠʨʦʚʘʣ ʩ ʜʚʫʤ ̫ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

ʠʟʦʪʠʦʮʠʘʥʘʪʦʵʪʠʣʘʮʝʪʘʪʘ. ɹʠʩ-ʪʠʦʤʦʯʝʚʠʥʳ 27-29 ʧʦʣʫʯʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

 
4 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʫʙʣʠʢʘʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ 

ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʦʡ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʸʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Polyakov V.S., Pervakova E.V., Grishin Yu.K., 

Beloglazkina E.K.. Bis-dispiro-indolinone-pyrrolidine-imidazolones with polymethylene linkers between imidazolone 

fragments // Tetrahedron Letters. ï 2025. ï V. 162. ï P. 155589. EDN: OPIVBG. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 1,5 (JIF). ʆʙʲʸʤ 0,5 ʧ.ʣ 
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ʚʳʭʦʜʦʤ ʟʘ 30 ʤʠʥʫʪ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʥʳʝ ʙʠʩ-ʪʠʦʤʦʯʝʚʠʥʳ 27-29 ʨʘʩʪʚʦʨʷʣʠ ʚ 2%-ʤ 

ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ ʱʸʣʦʯʠ ʠ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʂʥʚyʝʥʘʛʝʣʷ ʩ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʙʠʩ-5-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 30-36 (ʊʘʙʣʠʮʘ 3.1). ʆʯʠʩʪʢʫ ʢʘʞʜʦʛʦ ʠʟ ʩʦʝʜʠʥʝʥʠʡ 

30-36 ʩʥʘʯʘʣʘ ʧʨʦʙʦʚʘʣʠ ʧʨʦʚʦʜʠʪʴ ʧʫʪʸʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ, ʚ ʩʣʫʯʘʝ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʵʪʘʥʦʣʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʝʜʷʥʫʶ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ, ʚ ʢʘʯʝʩʪʚʝ ʬʠʥʘʣʴʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ð ʢʦʣʦʥʦʯʥʫʶ ʭʨʦʤʘʪʦʛʨʘʬʠʶ. 

ʊʘʙʣʠʮʘ 3.1. ɺʳʭʦʜʳ ʠ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʙʠʩ-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 30-36 

ʉʦʝʜʠʥʝʥʠʝ n R1 ʆʯʠʩʪʢʘ ɺʳʭʦʜ, % 

30 4 4-OMe ʂʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʇʕ/ʕɸ 4:1 40 

31 4 4-Cl ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ CH3COOH 53 

32 6 4-Cl ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ C2H5OH 56 

33 6 3,4-F2 ʂʦʣʦʥʦʯʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʇʕ/ʕɸ 4:1 42 

34 8 4-Cl ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ C2H5OH 61 

35 8 4-Br ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ C2H5OH 53 

36 8 4-OCH3 ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ CH3COOH 47 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 30-36, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʙʠʩ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 5-10, 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʦʤʝʨʘ ʩ (Z)-ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʉ=ʉ ʩʚʷʟʠ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʩʠʛʥʘʣʘ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ: ʚ ʠʭ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ŭʅ 

= 6.5 ï 6.7 ʤ.ʜ., ʯʪʦ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ 5-10, ʩʦʦʪʚʝʪʩʪʚʫʝʪ (Z)-

ʠʟʦʤʝʨʘʤ [176,179]. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʙʠʩ-ʪʠʦʛʠʜʘʥʪʦʠʥʳ 30-36 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʩʘʨʢʦʟʠʥʦʤ ʠ ʠʟʘʪʠʥʘʤʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʜʦ 10-

12 ʯ ʚʨʝʤʝʥʝʤ ʢʠʧʷʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 37-45 (ʈʠʩʫʥʦʢ 3.14) 

ʚʳʜʝʣʷʣʠ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʢʘ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨ-ʨʘ NaCl. ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʪʚʸʨʜʳʡ ʦʩʪʘʪʦʢ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʠ ʠʟ ʵʪʘʥʦʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʯʠʱʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 
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ʈʠʩʫʥʦʢ 3.14. ʇʦʣʫʯʝʥʠʝ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 37-45 ʪʠʧʘ IV ʨʝʘʢʮʠʝʡ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 39-45 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 37-38 ʩʚʷʟʘʥʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩ ʤʝʥʴʰʠʤʠ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ 

ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʜʚʘ ʬʨʘʛʤʝʥʪʘ ʜʠʧʦʣʷʨʦʬʠʣʘ ʥʘʭʦʜʪ̫ʩʷ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ɻ ʬʬʝʢʪʠʚʥʝʝ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ 

ʘʟʦʤʝʪʠʥʠʣʠʜʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʠʟ ʩʘʨʢʦʟʠʥʘ ʠ ʠʟʘʪʠʥʘ. ʊʘʢʞʝ ʥʘ ʚʳʭʦʜ rʮʝʣʝʚʳʭ ʙʠʩ-

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʚʣʠʷʝʪ ʠ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ð ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

ʦʥʠ ʩʥʠʞʘʶʪʩʷ. ɹʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 37-45 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, 

ʢʦʪʦʨʳʤ ʙʳʣʘ ʧʨʠʧʠʩʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘ ̫ʢʦʥʬʠʛʫʨʘʮʠ ̫ʩʪʝʨʝʦʮʝʥʪʨʦʚ (2R*, 4S*, 4ôS*) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʈʠʩʫʥʢʝ 2.41. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ 37-45 ʦʙʨʘʟʦʚʘʥʠ ̫ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʧʦ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʚ 1ʅ ʗʄʈ 

ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝ ʙʳʣʦ. 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʮʝʣʝʚʳʭ ʙʠʩ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʪʠʧʘ IV ʠ ʩʦʦʪʥʝʩʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʠ 13ʉ ʩʦʝʜʠʥʝʥʠʷ 39 (ʈʠʩʫʥʦʢ 3.15) ʠ 41 ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʦʚ ʜʚʫʤʝʨʥʦʡ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ HSQC ʠ HMBC5. 

 

ʈʠʩʫʥʦʢ 3.15. ɼʚʫʤʝʨʥʳʝ 1H-13C ʗʄʈ ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʷ 39 (ʩʚʝʨʭʫ ð HSQC, ʩʥʠʟʫ ï HMBC) 

ɸʪʦʤʳ ʫʛʣʝʨʦʜʘ ʩʦʝʜʠʥʝʥʠʡ 39 ʠ 41, ʦʙʱʠʝ ʜʣʷ ʩʧʠʨʦ-ʩʦʯʣʝʥʸʥʥʳʭ ʮʠʢʣʦʚ, ʚ 13ʉ ʗʄʈ 

ʩʧʝʢʪʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ ~76 ʠ 77 ʤ.ʜ., ʠ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʤʫ ʠʣʠ 

 
5 ɼʚʫʤʝʨʥʳʝ ʗʄʈ-ʵʢʩʧʝʨʠʤʝʥʪʳ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʦʚʝʜʝʥʳ ʜ.ʭ.ʥ., ʚ.ʥ.ʩ. ɻʨʠʰʠʥʳʤ ʖ.ʂ. (ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ) 
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ʠʥʜʦʣʠʥʦʥʦʚʦʤʫ ʮʠʢʣʫ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʧʝʢʪʨʝ HMBC. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ, ʩʠʛʥʘʣ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʧʨʠ 76 ʤ.ʜ., ʚʠʮʠʥʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 13ʉ ï 1ʅ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ -NH- ʛʨʫʧʧʳ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʪʘʪʢʘ ʚ ʠʥʜʦʣʠʥʦʥʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʪʦʥʦʚ ʚ 

ʧʠʨʨʦʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʠ -N-CH3 ʛʨʫʧʧʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʯʝʪʚʝʨʪʠʯʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ 

ʷʚʣʷʝʪʩʷ çʠʥʜʦʣʠʥʦʥʦʚʳʤè, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʡ ʧʨʠ 77 ʤ.ʜ. ʦʪʥʦʩʠʪʩʷ ʢ ʬʨʘʛʤʝʥʪʫ 

ʠʤʠʜʘʟʦʣʠʜʠʥʘ, ʪ.ʢ. ʜʣʷ ʥʝʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʣʠʩʷ ʪʦʣʴʢʦ ʩ ʧʨʦʪʦʥʘʤʠ 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

3.1.4. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʥʜʦʣʠʥʦʥʦʚ6 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʜʝʣʘʭ 3.1.1-3.1.3 ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ III ʠ IV ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ 

ʄʊʊ-ʪʝʩʪʝ [227]. ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʝ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʜʣʷ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ I ʚʚʠʜʫ ʠʭ ʢʨʘʡʥʝ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ɼʄʉʆ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ 

ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ MCF7, ʢʘʨʮʠʥʦʤʳ ʣʸʛʢʦʛʦ A549, ʠ ʥʘ ʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ ʣʸʛʢʦʛʦ ʵʤʙʨʠʦʥʦʚ 

ʯʝʣʦʚʝʢʘ VA13 ʠ ɻʤʙʨʠʦʥʘʣʴʥʳʭ ʧʦʯʝʢ ʯʝʣʦʚʝʢʘ HEK293T7. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʥʘʙʦʨʦʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ 

ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʤʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʄʊʊ-ʪʝʩʪʘʭ [175,176]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʦʥʦ-ʜʠʩʧʠʨʦ- 

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ 51-56, ʩʦʜʝʨʞʘʱʠʝ ʪʝ ʞʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʘʭ, ʯʪʦ ʠ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʦʤʦ-PROTAC (ʈʠʩʫʥʦʢ 3.16). ɼʣʷ 

ʠʭ ʧʦʣʫʯʝʥʠʷ 2-ʪʠʦʛʠʜʘʥʪʦʠʥ 46 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠ ʁʩ ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʠ 

ʘʮʝʪʘʪʦʤ ʢʘʣʠʷ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 

47-50 ʚʩʪʫʧʘʣʠ ʜʘʣʝʝ ʚ ʨʝʘʢʮʠʠ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʠʟʘʪʠʥʦʤ ʠ ʩʘʨʢʦʟʠʥʦʤ. 

 
6 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʫʙʣʠʢʘʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ 

ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʦʡ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʸʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Polyakov V.S., Barashkin A.A., Grishin Y.K., Tarasenko 

E.A., Beloglazkina E.K.. Synthesis of Chiral Dispiro-Indolinone-Pyrrolidine-Imidazolones Using (R) or(S)-1-(2,4-

Dimethoxyphenyl)Ethyl Amine // ChemistrySelect. ï 2025. ï V. 10. ï ̄  21. ï P. e01276. EDN: MLRDWB. DOI: 

10.1002/slct.202501276. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 2,0 (JIF). ʆʙʲʸʤ 0,7 ʧ.ʣ. 
7 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ, ʩ.ʥ.ʩ. ɼ.ɸ. ʉʢʚʦʨʮʦʚʳʤ (ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ). 
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ʈʠʩʫʥʦʢ 3.16. ʇʦʣʫʯʝʥʠʝ ʤʦʥʦ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 51-55 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.2. 

ʊʘʙʣʠʮʘ 3.2. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʙʠʩ- ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʤʠʜʘʟʦʣʦʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ HEK293T, MCF7, VA13 ʠ A549 (ʄʊʊ ʪʝʩʪ) 

ʉʦʝʜʠʥ

ʝʥʠʝ 

ʉʪʨʫʢʪʫʨ

ʥʳʡ ʪʠʧ 
ʃʠʥʢʝʨ 

IC50, ÕM 

HEK293T MCF7 VA13 A549 

25 III -(CH2)4- 32.94 Ñ 5.6 > 100 > 100 > 100 

37 IV -(CH2)4- 16.04 Ñ 5.93 > 100 > 100 23.87 Ñ 7.52 

39 IV -(CH2)6- 18.84 Ñ 3.0 23.23 Ñ 5.29 6.41 Ñ 0.88 14.27 Ñ 2.27 

40 IV -(CH2)6- 41.47 Ñ 8.5 > 100 44.75 Ñ 4.48 74.48 Ñ 7.91 

41 IV -(CH2)8- > 100 > 100 > 100 > 100 

42 IV -(CH2)8- > 100 > 100 > 100 > 100 

43 IV -(CH2)8- > 100 > 100 72.12 Ñ 16.8 > 100 

51  ʤʦʥʦ-ʘʥʘʣʦʛ 39 60.29 Ñ 6.88 > 100 50.7 Ñ 9.7 > 100 

52  
ʤʦʥʦ-ʘʥʘʣʦʛ 41 70.21 Ñ 

10.87 
48.81 Ñ 6.6 69.96 Ñ 6.13 80.38 Ñ 7.28 
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53  ʤʦʥʦ-ʘʥʘʣʦʛ 42 28.39 Ñ 3.76 18.23 Ñ 1.71 51.52 Ñ 5.46 32.48 Ñ 3.18 

54 
 ʤʦʥʦ-ʘʥʘʣʦʛ 25 

ʠ 37 
30.26 Ñ 4.55 45.54 Ñ 4.6 57.79 Ñ 7.17 51.75 Ñ 5.82 

ɼʦʢʩʦʨ

ʫʙʠʮʠʥ 

  
14.58 Ñ 4.50 > 100 26.63 Ñ 8.82 > 100 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.2, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʤʦʥʦ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥ.r ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ 39 

ʩ ʣʠʥʢʝʨʦʤ (CH2)6, ʦʙʣʘʜʘʶʱʝʝ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʥʘ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ (ʜʣʷ ʢʣʝʪʦʢ A549 ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤ ʤʦʥʦ-ʘʥʘʣʦʛʦʤ 

51. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʣʠʥʢʝʨʘ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʤʦʣʝʢʫʣʘʭ ʛʦʤʦ-PROTAC ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ.  

3.2. ʄʦʣʝʢʫʣʳ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ8 

ʈʘʟʨʘʙʦʪʘʚ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦ-PROTAC ʤʦʣʝʢʫʣ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʦʣʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʤʳ ʧʝʨʝʰʣʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ ʠʟʚʝʩʪʥʳʭ ʣʠʛʘʥʜʦʚ ɽ3-

ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ ʮʝʨʝʙʣʦʥʘ (CRBN). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʟʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʢʦʪʦʨʳʭ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ ʣʠʥʢʝʨ,r ʜʣʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʤʦʣʝʢʫʣ ʛʝʪʝʨʦ-PROTAC ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʥʢʝʨʳ ʩ ʘʤʠʜʥʳʤʠ ʠʣʠ ʪʨʠʘʟʦʣʴʥʳʤʠ 

ʩʚʷʟʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʲʝʜʠʥʷʪʴ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʘ. ʇʦ ʜʘʥʥʳʤ 

ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʘʤʠʜʥʳʝ ʠ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʝ ʣʠʥʢʝʨʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩɹ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʦʣʝʢʫʣ PROTAC. ʈʘʟʨʘʙʦʪʢʫ ʤʦʣʝʢʫʣ ʛʝʪʝʨʦ-PROTAC ʤʳ ʥʘʯʘʣʠ ʩʦ ʩʪʨʫʢʪʫʨ ʩ 

ʘʤʠʜʥʳʤ ʣʠʥʢʝʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʷ ʩ ʪʘʢʠʤ ʪʠʧʦʤ ʩʚʷʟʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘ 

ʙʦʣʴʰʝʤ ʯʠʩʣʝ ʧʨʠʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 2.2.1 

ʩʪʨʫʢʪʫʨʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3.2.1. ʄʦʣʝʢʫʣʳ PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ 

 
8 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ ʧʫʙʣʠʢʘʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ 

ʘʚʪʦʨʦʤ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʦʡ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʸʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, ʦʪʨʘʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: Polyakov, V.S., Grishin, Y.K., Tafeenko, V.A., Ivanova, 

E.S., Pogodaeva, S.S., Moldavskii, D.V., Shtil, A.A., Beloglazkina, E.K. Dispiroindolinone-Glutarimide Conjugates: 

Synthesis and Evaluation as Potential Hetero-PROTACs for p53 Reactivation // Molecules. ï 2026. ï V. 31. ï ̄  10. ï P. 

1602. EDN: XXXXXX. DOI: 10.3390/molecules31101602. ʀʤʧʘʢʪ-ʬʘʢʪʦʨ 4.6 (JIF). ʆʙʲʸʤ 1,5 ʧ.ʣ. 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʠʟʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʤʦʣʝʢʫʣ ʛʝʪʝʨʦ-

PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ, ʩʦʝʜʠʥʸʥʥʳʭ ʩ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʣʠʛʘʥʜʦʤ ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ CRBN ʧʦʤʘʣʠʜʦʤʠʜʦʤ 

(ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ V, ʈʠʩʫʥʦʢ 3.3). ʄʦʣʝʢʫʣʘ ʧʦʤʘʣʠʜʦʤʠʜʘ ʠʤʝʝʪ ʧʝʨʚʠʯʥʫʶ ʘʤʠʥʦ-ʛʨʫʧʧʫ, ʢ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʠʩʦʝʜʠʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʙʝʟ ʧʦʪʝʨʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʚʷʟʳʚʘʥʠʶ ʩ CRBN. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʣʝʢʫʣ rʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʧʦʤʘʣʠʜʦʤʠʜʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʣʠʥʢʝʨʘʤʠ ʩ ʢʦʥʮʝʚʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 

ʜʣ ̫ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʜʥʦʡ ʩʚʷʟʠ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 6 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ (ʈʠʩʫʥʦʢ 3.17). 

ʈʠʩʫʥʦʢ 3.17. ʆʙʱʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ PROTAC ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ 

ʀʩʭʦʜʷ ʠʟ ɤ-ʘʤʠʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʧʦʣʠʤʝʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʢʠʧʷʯʝʥʠʝʤ ʩ SOCl2 ʚ ʵʪʘʥʦʣʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʭʣʦʨʠʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʣʦʚʳʭ 

ʵʬʠʨʦʚ 56-59 ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [228] ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ. ʆʯʠʩʪʢʫ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʘʥʦʣʘ (ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 56) ʠʣʠ ʠʟ ʵʪʠʣʘʮʝʪʘʪʘ 

(ʜʣʷ ʵʬʠʨʦʚ 57-59). 

ɼʘʣʝʝ ʛʠʜʨʦʭʣʦʨʠʜʳ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ɤ-ʘʤʠʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 56-59 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʣʠ ʪʨʠʵʪʠʣʘʤʠʥʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʷʣʠ ʢ 

ʠʟʦʪʠʦʮʠʘʥʘʪʦʵʪʠʣʘʮʝʪʘʪʫ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʠʦʤʦʯʝʚʠʥ 60-63, ʢʦʪʦʨʳʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʮʠʢʣʠʟʦʚʘʣʠ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʚ 5-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʳ 

ʦʙʨʘʙʦʪʢʦʡ ʂʆʅ ʚ ʵʪʘʥʦʣʝ (ʈʠʩʫʥʦʢ 3.18). 

ʅʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ 64-69 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʠʟʚʦʜʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʛʣʠʮʠʥʘ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 



79 

 

ʪʠʦʤʦʯʝʚʠʥ. ʆʩʪʘʣʴʥʳʝ 5-ʘʨʠʣʤʝʪʠʣʠʜʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʳ 70-77 ʦʢʘʟʳʚʘʣʠʩʴ ʩʠʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʳ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʯʪʦ ʪʨʝʙʦʚʘʣʦ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 70-71 ʠ 76-77, ʟʘʤʝʱʸʥʥʳʝ ʧʦ N(3) ʬʨʘʛʤʝʥʪʘʤʠ 5-

ʘʤʠʥʦʚʘʣʝʨʠʘʥʦʚʦʡ ʠ 9-ʘʤʠʥʦʥʦʥʘʥʦʚʦʡ ʢʠʩʣʦʪ, ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʩ ʯʠʩʪʦʪʦʡ ʙʦʣʝʝ 75% 

ʜʘʞʝ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʩ ʧʦʤʦʱʴʶ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʇʦʵʪʦʤʫ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʳ (70-

71, 76-77) ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ ʜʘʣʝʝ ʚ ʨʝʘʢʮʠʷʭ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 

ʈʠʩʫʥʦʢ 3.18. ʇʦʣʫʯʝʥʠʝ 5-ʘʨʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 64-77 ʠʟ ɤ-ʘʤʠʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʆʩʪʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 64-69, 72-75 ʧʦʣʫʯʘʣʠʩʴ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ ʚ ʚʠʜʝ 

(Z)-ʠʟʦʤʝʨʦʚ, ʩʠʛʥʘʣʳ ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʣʠʩʴ ʚ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʘʭ (ʈʠʩʫʥʦʢ 

3.19) ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʦʚ ʧʨʠ 6.6 ï 6.8 ʤ.ʜ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʵʪʠʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 

ʷʚʣʷʶʪʩʷ, ʧʦʤʠʤʦ ʩʠʥʛʣʝʪʘ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ, ʩʠʛʥʘʣʳ ʵʪʦʢʩʠ-ʛʨʫʧʧ: ʢʚʘʜʨʫʧʣʝʪ -OCH2- ʚ 

ʦʙʣʘʩʪʠ 4.0 ï 4.2 ʤ.ʜ. ʠ ʪʨʠʧʣʝʪ -OCH2-CH3 ʚ ʦʙʣʘʩʪʠ 1.1 ï 1.3 ʤ.ʜ., ʘ ʪʘʢʞʝ ʩʠʥʛʣʝʪ ʬʨʘʛʤʝʥʪʘ 

N-CH2-COOEt ʚ ʦʙʣʘʩʪʠ 4.5 ï 4.7 ʤ.ʜ. (ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʛʣʠʮʠʥʘ) ʠʣʠ ʪʨʠʧʣʝʪ N-CH2-(CH2)n-

COOEt ʧʨʠ ~ 3.8 ʤ.ʜ. (ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). 
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ʈʠʩʫʥʦʢ 3.19. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 64 ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 64-69 ʠ 72-75, ʠʟʘʪʠʥʦʚ ʠ ʩʘʨʢʦʟʠʥʘ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 78-91 (ʈʠʩʫʥʦʢ 3.20). ʏʘʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

ʫʜʘʣʦʩʴ ʦʯʠʩʪʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʵʪʘʥʦʣʘ, ʦʩʪʘʣʴʥʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

ɺʩʝ ʧʨʦʜʫʢʪʳ 78-91 ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ 1H ʠ 13C ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʠʭ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1ʅ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʪʨʸʭʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʧʠʨʨʦʣʠʜʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ 3.3 ï 4.2 ʤ.ʜ., 

ʩʠʛʥʘʣʳ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʠ ʠʥʜʦʣʠʥʦʥʦʚʦʛʦ NH-ʧʨʦʪʦʥʦʚ (ʧʨʠ 10.0 ï 10.5 ʤ.ʜ. ʠ 10.6 ï 10.8 

ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʩʠʛʥʘʣ ʬʨʘʛʤʝʥʪʘ N-CH2-, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʫʙʣʝʪ 

ʜʫʙʣʝʪʦʚ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʧʨʦʪʦʥʳ ʩʪʘʥʦʚʷʪʩʷ ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʤʠ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʭʠʨʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ. 
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ʈʠʩʫʥʦʢ 3.20. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩʦ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʦʡ 78-91 

ɼʘʣʝʝ ʩʣʦʞʥʳʝ ʵʬʠʨʳ 78-91 ʧʦʜʚʝʨʛʘʣʠ ʱʝʣʦʯʥʦʤʫ ʛʠʜʨʦʣʠʟʫ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʢʠʩʣʦʪ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʜʢʠʩʣʷʣʠ ʜʦ pH ~4-5 ʩ 

ʧʦʤʦʱʴʶ 1ʄ HCl. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʰʝʡ ʛʨʫʧʧʳ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʚ ʤʦʣʝʢʫʣʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʦʥʠ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʣʠ ʩ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʠ ʨʅ ~2-3, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʠʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ ʚ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʦʢʘʟʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʠ 10% 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ KOH ʠ 95% ʵʪʘʥʦʣʘ (1:1 ʧʦ ʦʙʲʸʤʫ, 2 ʤʣ ʩʤʝʩʠ ʥʘ 0.1 ʤʤʦʣʴ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ). 

ʇʦʣʫʯʝʥʥʳʝ ʢʠʩʣʦʪʳ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʨʘʩʪʚʦʨʘ ʚʳʧʘʜʘʣʠ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʚʠʜʝ ʦʩʘʜʢʘ, 

ʣʝʛʢʦ ʦʪʜʝʣʷʝʤʦʛʦ ʬʠʣʴʪʨʦʚʘʥʠʝʤ. ɺʩʝ ʢʠʩʣʦʪʳ 92-105 (ʈʠʩʫʥʦʢ 3.21) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʚʳʭʦʜʦʤ, ʙʣʠʟʢʠʤ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʢʠʩʣʦʪ 98 ʠ 99, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʝʛʦ 

ʯʠʩʣʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 
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ʈʠʩʫʥʦʢ 3.21. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 92-105 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ N(1) 

ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 103 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ9 (ʈʠʩʫʥʦʢ 3.22), ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʜʠʣ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʪʦʤʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (2ôR*, 3ôS*, 4ôS*). 

 
9 ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʦʚʝʜʝʥʦ ʢ.ʭ.ʥ. ʊʘʬʝʝʥʢʦ ɺ.ɸ. (ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ) 
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ʈʠʩʫʥʦʢ 3.22. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 103, ʧʦʜʪʚʝʨʞʜʸʥʥʘʷ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʣʥʦʪʳ ʧʨʦʪʝʢʘʥʠʷ ʛʠʜʨʦʣʠʟʘ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ ʩʣʫʞʠʪ ʦʪʩʫʪʩʪʚʠʝ 

ʩʠʛʥʘʣʦʚ ʵʪʦʢʩʠ-ʛʨʫʧʧ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʡ 92-105. ʊʘʢ, ʚ ʩʧʝʢʪʨʝ ʢʠʩʣʦʪʳ 97 

(ʈʠʩʫʥʦʢ 3.23) ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʥʛʣʝʪʳ -OCH3 ʠ -NCH3 ʛʨʫʧʧ ʧʨʠ 3.72 ʠ 2.10 

ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʩʠʛʥʘʣʳ NH-ʧʨʦʪʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʜʚʠʛʫ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʪʦʥʦʚ ʠʩʭʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (10.7 / 10.25 ʤ.ʜ. ʜʣʷ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ 83 ʠ 10.76 / 10.05 ʤ.ʜ. ʫ 

ʢʠʩʣʦʪʳ 97); ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʠʛʥʘʣ -N-CH2-COOH ʛʨʫʧʧʳ.  

 

ʈʠʩʫʥʦʢ 3.23. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 97, ʚ ʢʦʪʦʨʦʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣʳ.  

ɼʣ ̫ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʢʠʩʣʦʪ 92-105 ʠ ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ 78-91 (ʊʘʙʣʠʮʘ 3.3) ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʤʝʪʦʜʦʤ FCCT ʪʝʩʪʘ10, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ 

 
10 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ, ʩ.ʥ.ʩ. ɼ.ɸ. ʉʢʚʦʨʮʦʚʳʤ (ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ). 
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ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʩ ʜʨʫʛʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ N(1) ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʧʦʢʘʟʳʚʘʣʠ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [175,176].  

ʊʘʙʣʠʮʘ 3.3. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 78-105 ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ A549, VA13, MCF7 ʠ MCF10A (FCCʊ ʪʝʩʪ) 

ʉʦʝʜʠʥ

ʝʥʠʝ 

ʊʠʧ ʩʦʝʜʠʥʝʥʠʷ CC50, ÕM 

A549 VA13 MCF7 MCF10A 

78 ʕʪʠʣʦʚʳʡ ʵʬʠʨ > 50 38,12 24,37 > 50 

80 ʕʪʠʣʦʚʳʡ ʵʬʠʨ > 50 15,61 12,79 > 50 

82 ʕʪʠʣʦʚʳʡ ʵʬʠʨ > 50 > 50 > 50 > 50 

83 ʕʪʠʣʦʚʳʡ ʵʬʠʨ > 50 > 50 > 50 > 50 

84 ʕʪʠʣʦʚʳʡ ʵʬʠʨ > 50 44,43 > 50 > 50 

85 ʕʪʠʣʦʚʳʡ ʵʬʠʨ > 50 43,55 > 50 > 50 

93 ʂʠʩʣʦʪʘ > 50 > 50 > 50 > 50 

95 ʂʠʩʣʦʪʘ > 50 > 50 > 50 > 50 

97 ʂʠʩʣʦʪʘ > 50 > 50 > 50 > 50 

98 ʂʠʩʣʦʪʘ > 50 > 50 > 50 > 50 

99 ʂʠʩʣʦʪʘ > 50 > 50 > 50 > 50 

102 ʂʠʩʣʦʪʘ 16,75 33,01 12,38 31,98 

103 ʂʠʩʣʦʪʘ > 50 17,24 11,66 15,38 

104 ʂʠʩʣʦʪʘ > 50 > 50 > 50 > 50 

105 ʂʠʩʣʦʪʘ 17,60 25,68 16,58 28,37 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.3, ʚʠʜʥʦ, ʯʪʦ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʵʪʦʢʩʠʢʘʨʙʦʥʠʣʤʝʪʠʣʴʥʫʶ ʠʣʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ N(1) 

ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʥʝ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ 80 ʠ ʢʠʩʣʦʪ 102-103 ʠ 105, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 6-ʘʤʠʥʦʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʠʭ ʫʤʝʨʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʥʘ ʥʝʢʦʪʦʨʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ. 

ɼʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʢʦʥʲʶʛʘʪʘ ʢʠʩʣʦʪʳ 92 (1 ʵʢʚ.) ʩ ʧʦʤʘʣʠʜʦʤʠʜʦʤ 

(1 ʵʢʚ.) ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʘʤʠʜʦʚ ʫʩʣʦʚʠʷʭ [229] ð ʠʩʧʦʣʴʟʫʷ HATU (2 

ʵʢʚ.) ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, DIPEA (4 ʵʢʚ.) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʠ 

ʙʝʟʚʦʜʥʳʡ ɼʄʌɸ ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ (ʈʠʩʫʥʦʢ 3.24). ʉʧʫʩʪʷ 24 ʯʘʩʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʧʦ 

ʜʘʥʥʳʤ ʊʉʍ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʣʥʘʷ ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʚʝʨʩʠʠ 

ʧʦʤʘʣʠʜʦʤʠʜʘ. ɼʘʣʝʝ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʥʦʯʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 106 ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʬʨʘʢʮʠʡ. 



85 

 

ʈʠʩʫʥʦʢ 3.24. ʇʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʳ 106 ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ 

ʇʦʚʳʝhʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʘʢʪʠʚʘʪʦʨʘ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʘʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ð ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ ʢʦʥʚʝʨʩʠʷ 

ʠʩʭʦʜʥʦʛʦ ʧʦʤʘʣʠʜʦʤʠʜʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʩʥʦʚʘʥʠʝ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ 

ʠʟʙʳʪʢʝ, ʩʧʦʩʦʙʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʡ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ ʢʘʢ ʧʦ ʙʦʣʝʝ ʢʠʩʣʦʡ 

ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ ïCOOH, ʪʘʢ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʧʦ -NH-C(S)- ʛʨʫʧʧʳ ʪʠʦʠʤʠʜʘʟʦʣʦʥʘ 

(pKa = 13.3 ʠ ~28.0, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [219]), ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʪʠʦʘʤʠʜʥʦʡ 

ʛʨʫʧʧʳ ʪʠʦʣʷʪ-ʘʥʠʦʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ, ʯʝʤ ʘʪʦʤ ʘʟʦʪʘ ʘʤʠʥʦ-ʛʨʫʧʧ r

ʧʦʤʘʣʠʜʦʤʠʜʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʪʠʦʣʷʪ-ʘʥʠʦʥ ʤʦʞʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦ ʘʪʘʢʦʚʘʪʴ 

ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ HATU ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʘ ʪʘʢʞʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦ ð ʘʢʪʠʚʠʨʦʚʘʥʥʫʶ 

HATU ʢʘʨʙʦʢʩʠʣʴʥʫʶ ʛʨʫʧʧʫ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʤʝʩʪʦ 

ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 106 ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʪʠʘʟʦʣʠʜʠʥʦʥ A, ʜʠʤʝʨ ɺ ʠ ʠʟ ʧʦʩʣʝʜʥʝʛʦ 

ʜʘʣʝʝ ð ʦʣʠʛʦʤʝʨʳ (ʈʠʩʫʥʦʢ 3.25). 

 

ʈʠʩʫʥʦʢ 3.25. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʝʧʪʠʜʥʦʛʦ 

ʩʠʥʪʝʟʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ 

ʧʦʤʘʣʠʜʦʤʠʜʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʠʥʪʝʟʝ ʤʦʣʝʢʫʣ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V. ɼʣʷ ʝʸ 

ʨʝʰʝʥʠʷ ʤ  rʧʦʣʫʯʠʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʤʘʣʠʜʦʤʠʜʘ ʙʦʣʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʘʤʠʥ 108 

ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʝʘʢʮʠʡ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 3.26. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʧʦʤʘʣʠʜʦʤʠʜ ʙʳʣ ʧʨʦʘʮʠʣʠʨʦʚʘʥ N-Boc-ɓ-ʘʣʘʥʠʥʦʤ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʝʧʪʠʜʥʦʛʦ ʩʠʥʪʝʟʘ. 



86 

 

ʇʦʩʢʦʣʴʢʫ ʧʦʤʘʣʠʜʦʤʠʜ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʢʘʟʘʣʩʷ ʢʨʘʡʥʝ 

ʤʘʣʦʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ɼʄʌɸ ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ ʧʨʠ 

ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 35 ʦʉ, ʨʘʟ ʚ ʜʚʦʝ ʩʫʪʦʢ ʜʦʙʘʚʣʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʢʪʠʚʘʪʦʨʘ HATU ʠ ʦʩʥʦʚʘʥʠʷ DIPEA. ʇʨʠ ʵʪʦʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ 107 ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʚʳʭʦʜʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʝʣʠ ʫʜʘʣʝʥʠʝ Boc-ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʚ ʩʤʝʩʠ 

CF3COOH/CH2Cl2 (1:3 ʧʦ ʦʙʲʸʤʫ) ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ ʘʤʠʥʘ 108. 

 

ʈʠʩʫʥʦʢ 3.26. ʇʦʣʫʯʝʥʠʝ ʘʤʠʥʘ 108 ʠʟ ʧʦʤʘʣʠʜʦʤʠʜʘ ʠ N-Boc-ɓ-ʘʣʘʥʠʥʘ 

ʇʦʣʫʯʝʥʠʝ ʘʤʠʥʘ 108 ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʜʚʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʤʘʣʠʜʦʤʠʜʦʤ: 1) 

ʘʪʦʤ ʘʟʦʪʘ ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʘʤʠʥʦ-ʛʨʫʧʧʳ ʚ 108 ̫ ʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʠʣʠʥʦʚʳʤ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʩʭʦʜʥʦʛʦ ʧʦʤʘʣʠʜʦʤʠʜʘ; 2) ʫʜʣʠʥʝʥʠʝ ʣʠʥʢʝʨʘ ʤʝʞʜʫ 

ʬʨʘʛʤʝʥʪʦʤ ʧʦʤʘʣʠʜʦʤʠʜʘ ʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚ ʮʝʣʝʚʦʤ ʢʦʥʲʶʛʘʪʝ ʥʘ 4 

ʘʪʦʤʘ ʤʦʞʝʪ ʧʦʟʠʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʘʢʪʠʚʥʦʩʪʠ ʤʦʣʝʢʫʣʳ PROTAC. ʇʦʣʫʯʝʥʥʳʡ ʘʤʠʥ 108 

ʜʘʣʝʝ ʚʚʝʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʢʠʩʣʦʪʦʡ 97 ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʈʠʩʫʥʦʢ 3.27), ʧʦʣʫʯʠʚ ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ 109. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠ ̫ʤʦʣʝʢʫʣ 

PROTAC ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V. 

ʇʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪʳ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ 

ʧʦʤʘʣʠʜʦʤʠʜʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V ʠʟ ʢʠʩʣʦʪ 93 ʠ 98 ð ʩʦʝʜʠʥʝʥʠʷ 110 ʠ 111 (ʈʠʩʫʥʦʢ 3.27), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʘʤʠ 1ʅ ʠ 13ʉ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.27. ʇʦʣʫʯʝʥʠʝ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V ʥʘ 

ʦʩʥʦʚʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 93,97 ʠ 98 ʠ ɓ-ʘʣʘʥʠʣ-ʧʦʤʘʣʠʜʦʤʠʜʘ 108 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʧʠʢʘʤʠ (ʈʠʩʫʥʦʢ 3.28) ʢʦʥʲʶʛʘʪʦʚ ʪʠʧʘ V ̫ ʚʣʷʶʪʩʷ (ʥʘ ʧʨʠʤʝʨʝ 

ʩʦʝʜʠʥʝʥʠʷ 111): 4 ʩʠʥʛʣʝʪʘ 4-ʭ ʘʤʠʜʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 11.16, 10.61, 9.94 ʠ 9.78 ʤ.ʜ., ʪʨʠʧʣʝʪ 

NH-ʧʨʦʪʦʥʘ ɓ-ʘʣʘʥʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 8.11 ʤ.ʜ.; ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ ʧʨʠ 5.15 ʤ.ʜ. -N-C(O)-CH-

C(O)- ʬʨʘʛʤʝʥʪʘ ʧʦʤʘʣʠʜʦʤʠʜʘ; ʩʠʛʥʘʣʳ ʪʨʸʭʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʜʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʩʠʛʥʘʣʳ ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʭ ʧʨʦʪʦʥʦʚ -N(1)-CH2- ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ 

ʮʠʢʣʘ (ʤʫʣʴʪʠʧʣʝʪʳ ʧʨʠ 4.13 ï 4.17 ʠ 3.83 ï 3.92 ʤ.ʜ.), ʘ ʧʦʩʣʝʜʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 3.42 ʤ.ʜ. 

ɸʥʘʣʦʛʠʯʥʦ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘʤ ʪʠʧʘ IV, ʚ ʩʧʝʢʪʨʘʭ 1ʅ 

ʗʄʈ ʚʩʝʭ ʪʨʸʭ ʩʦʝʜʠʥʝʥʠʡ 109-111 ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ 

ʯʪʦ ʜʦʣʞʥʘ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʤʝʩʴ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 93,97,98 ʠ 

ʨʝʘʛʠʨʫʶʱʝʝ ʩ ʥʠʤʠ 108 ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʧʘʨ ʵʥʘʥʪʠʦʤʝʨʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʛʠʙʢʠʤ ʠ ʜʣʠʥʥʳʤ ʣʠʥʢʝʨʦʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 109-111, ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ 

ʦʪʜʘʣʷʝʪ ʭʠʨʘʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ ʦʩʪʘʪʢʝ ʧʦʤʘʣʠʜʦʤʠʜʘ ʦʪ ʩʪʝʨʝʦʮʝʥʪʨʦʚ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 3.28. ʌʨʘʛʤʝʥʪʳ ʩʧʝʢʪʨʘ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 111 ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʤʦʣʝʢʫʣʘʤ 

ʛʝʪʝʨʦ-PROTAC ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ V, ʩʦʜʝʨʞʘʱʠʤ ʬʨʘʛʤʝʥʪʳ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘ ʠ ʧʦʤʘʣʠʜʦʤʠʜʘ, ʩʦʝʜʠʥʥyʥʳʝ ʘʤʠʜ-ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ.  

3.2.2. ʄʦʣʝʢʫʣʳ PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʤʘʣʠʜʦʤʠʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ 

PROTAC, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʟʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʝʛʦ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʘʤʠʥʦ-ʛʨʫʧʧʳ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʥʘʩ ʥʘ ʧʦʠʩʢ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ 

ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ CRBN, ʣʠʰʥyʥʳʭ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʣʠʛʘʥʜʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʦʣʝʢʫʣʳ ð ʧʨʦʠʟʚʦʜʥʳʝ ʛʣʫʪʘʨʠʤʠʜʘ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʙʳʣʠ ʨʘʥʝʝ 
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ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʩʠʥʪʝʟʘ ʤʦʣʝʢʫʣ PROTAC ʢʘʢ ʣʠʛʘʥʜʳ ʙʝʣʢʘ ʮʝʨʝʙʣʦʥʘ (ʩʤ. ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʨʘʟʜʝʣ 2.1.2). ʅʝʜʘʚʥʦ ʙʳʣ ʦʧʠʩʘʥ ʫʜʦʙʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʟʠʜʦ-ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʣʫʪʘʨʠʤʠʜʘ 153 

(ʈʠʩʫʥʦʢ 3.39) [66], ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʘʟʠʜ-

ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (CuAAC). ʈʝʘʢʮʠʷ CuAAC ʫʜʦʙʥʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʥʪʝʟʝ 

ʤʦʣʝʢʫʣ PROTAC, ʥʦ ʧʦʢʘ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʳʭ ʤʦʣʝʢʫʣ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʲʶʛʘʪʦʚ ʩ ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʘʣʢʠʥʘ. 

ɼʦʩʪʫʧʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʦʥʮʝʚʫʶ ʪʨʦʡʥʫʶ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʫʶ ʩʚʷʟʴ, 

ʷʚʣʷʶʪʩʷ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜ ʠʣʠ ʧʨʦʧʘʨʛʠʣʘʤʠʥ. ʀʩʭʦʜʷ ʠʟ ʧʨʦʧʘʨʛʠʣʘʤʠʥʘ, ʫʜʦʙʥʦ ʧʦʣʫʯʘʪʴ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʩ ʧʨʦʧʘʨʛʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠ ʘʪʦʤʝ N(1) ʠʤʠʜʘʟʦʣʠʜʠʥʘ; ʘ ʠʩʭʦʜʷ 

ʠʟ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʘ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʩ ʧʨʦʧʘʨʛʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠ 

ʘʪʦʤʝ ʩʝʨʳ. ʅʘ ʦʩʥʦʚʝ ʦʙʦʠʭ ʪʠʧʦʚ ʧʨʦʧʘʨʛʠʣʠʨʦʚʘʥʥʳʭ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʠʭ ʢʦʥʲʶʛʘʪʳ ʩ ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ VI ʠ VII (ʈʠʩʫʥʦʢ 3.29). 

 

ʈʠʩʫʥʦʢ 3.29. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣ ʛʝʪʝʨʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-ʠʥʜʦʣʠʥʦʥ-ʧʠʨʨʦʣʠʜʠʥ-

ʠʤʠʜʘʟʦʣʦʥʦʚ ʠ Ŭ-ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʘ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ VI ʠ VII 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VI ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

(ʈʠʩʫʥʦʢ 3.30, ʘ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʨʝʘʢʮʠʡ: 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʠʦʤʦʯʝʚʠʥʳ, ʢʦʥʜʝʥʩʘʮʠʷ ʝʸ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʝ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII (ʈʠʩʫʥʦʢ 3.30, ʙ) ʩʥʘʯʘʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ N(3)-ʬʝʥʠʣ-5-ʘʨʠʣʠʜʝʥ-2-

ʪʠʦʛʠʜʘʥʪʦʠʥʳ, ʚʚʝʜʝʥʥʳʝ ʚ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʦʤ ʚ 

ʵʪʘʥʦʣʝ. ʇʦʣʫʯʝʥʥʳʝ S-ʧʨʦʧʘʨʛʠʣʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʟʠʜʦʤ 153. 
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ʈʠʩʫʥʦʢ 3.30. ʆʙʱʠʝ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʩ ʛʣʫʪʘʨʠʤʠʜʦʤ: ʘ) 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VI; ʙ) ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VI ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ N(3)-

ʧʨʦʧʘʨʛʠʣ-ʟʘʤʝʱʝʥʥʳʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 113-118 (ʈʠʩʫʥʦʢ 3.31). ʇʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 114-

116 ʚʚʦʜʠʣʠ ʚ ʩʣʝʜʫʶʱʫʶ ʩʪʘʜʠʶ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʦ ʠʭ ʚʳʭʦʜ (ʜʦ 15-20%). ʉʦʝʜʠʥʝʥʠʷ 117 ʠ 118 

ʦʯʠʱʘʣʠ ʧʨʦʤʳʚʘʥʠʝʤ ʦʩʘʜʢʘ ʥʘ ʬʠʣʴʪʨʝ ʭʦʣʦʜʥʳʤ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʧʦʣʫʯʝʥʥʳʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 114-

118 ̫ ʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʧʘʨʛʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ð ʜʫʙʣʝʪ -N-CH2- ʛʨʫʧʧʳ ʩ ʂʉʉɺ 1.5 ï 3.0 

ɻʮ ʧʨʠ 4.4 ï 4.6 ʤ.ʜ., ʠ ʪʨʠʧʣʝʪ -ʉ ſʉʅ ʩ ʪʘʢʦʡ ʞʝ ʂʉʉɺ ʧʨʠ 3.1 ï 3.4 ʤ.ʜ. 
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ʈʠʩʫʥʦʢ 3.31. ʇʦʣʫʯʝʥʠʝ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 114-118 ʩ ʧʨʦʧʘʨʛʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʫ ʘʪʦʤʘ N(3)  

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʪʠʦʛʠʜʘʥʪʦʠʥʳ 114-118 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ 1,3-ʜʠʧʦʣʷʨʥʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʟʦʤʝʪʠʥʠʣʠʜʦʤ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʠʟ ʠʟʘʪʠʥʦʚ ʠ ʩʘʨʢʦʟʠʥʘ, ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʘʷ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 119-128 (ʈʠʩʫʥʦʢ 3.32). ʉʪʨʦʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 119-128 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʘʤʠ 1ʅ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.32. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 119-128 ʩ ʧʨʦʧʘʨʛʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʫ ʘʪʦʤʘ N(1) 

ʠʤʠʜʘʟʦʣʠʜʠʥʘ 

ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 121 (ʈʠʩʫʥʦʢ 3.33) ʤʦʞʥʦ ʧʨʦʠʣʣʶʠʩʪʨʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʩʠʛʥʘʣ rʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ: ʩʠʛʥʘʣʳ ʪʨʸʭ ʧʨʦʪʦʥʦʚ 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʩʠʛʥʘʣʳ NH-ʧʨʦʪʦʥʦʚ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʠ ʠʥʜʦʣʠʥʦʥʦʚʦʛʦ ʮʠʢʣʦʚ, ʘ 

ʪʘʢʞʝ ʩʠʛʥʘʣ ʧʨʦʧʘʨʛʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʊʨʠʧʣʝʪ -ʉ ſʉʅ ʩ ʂʉʉɺ 2.4-2.5 ɻʮ ʚ ʦʙʣʘʩʪʠ 3.1 ï 3.4 ʤ.ʜ. 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʥʘ ʩʠʛʥʘʣ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ɼʄʉʆ-d6. ʉʠʛʥʘʣ -N-CH2- ʛʨʫʧʧʳ ʥʝʤʥʦʛʦ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʧʦʣʷ (4.1 ï 4.3 

ʤ.ʜ.) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʩʠʛʥʘʣʦʤ ʚ ʠʩʭʦʜʥʦʤ 5-ʘʨʠʣʤʝʪʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʝ ʠ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʠʛʥʘʣ ʦʜʥʦʛʦ ʠʟ ʧʨʦʪʦʥʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. 
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ʈʠʩʫʥʦʢ 3.33. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 121 ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 121 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. (ʈʠʩʫʥʦʢ 3.34), ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʘʪʦʤʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (2ôR*, 3ôS*, 4ôS*). 

 

ʈʠʩʫʥʦʢ 3.34. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 121, ʧʦʜʪʚʝʨʞʜʸʥʥʘʷ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ɼʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʩ ʧʨʦʧʘʨʛʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʘʪʦʤʝ ʩʝʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʨʸʭʩʪʘʜʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʝʘʢʮʠʡ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 3.30. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʬʝʥʠʣʠʟʦʪʠʦʮʠʘʥʘʪ, ʛʣʠʮʠʥ ʠ ʟʘʤʝʱʸʥʥʳʡ ʙʝʥʟʘʣʴʜʝʛʠʜ ʚʚʦʜʠʣʠ ʚ ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʫʶ ʨʝʘʢʮʠʶ 

ʩ ʧʦʣʫʯʝʥʠʝʤ N(3)-ʬʝʥʠʣ-5-ʘʨʠʣʠʜʝʥ-2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 129-134 (ʈʠʩʫʥʦʢ 3.35). ʇʦʣʫʯʝʥʥʳʝ 

ʪʠʦʛʠʜʘʥʪʦʠʥʳ 129-134 ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʩ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʂʆʅ ʚ ʵʪʘʥʦʣʝ. 
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ʈʠʩʫʥʦʢ 3.35. ʇʦʣʫʯʝʥʠʝ S-ʧʨʦʧʘʨʛʠʣ-2 ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 135-140 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʧʦʣʫʯʝʥʥʳʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 135-

140 ̫ ʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʧʘʨʛʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ð ʜʫʙʣʝʪ -S-CH2- ʛʨʫʧʧʳ ʩ ʂʉʉɺ 2.0 ï 3.0 

ɻʮ ʧʨʠ 4.1 ï 4.3 ʤ.ʜ., ʠ ʪʨʠʧʣʝʪ -ʉ ſʉʅ ʩ ʪʘʢʦʡ ʞʝ ʂʉʉɺ ʧʨʠ 3.1 ï 3.4 ʤ.ʜ. (ʈʠʩʫʥʦʢ 3.36). 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠ ʩʠʛʥʘʣ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʠʥʛʣʝʪʘ ʧʨʠ 7.0 ï 

7.1 ʤ.ʜ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ (Z)-ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʚʦʡʥʦʡ ʉ=ʉ ʩʚʷʟʠ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, 

ʠʟʣʦʞʝʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʩʣʫʞʠʪ ʦʪʩʫʪʩʪʚʠʝ ʩʠʛʥʘʣʘ NH-ʧʨʦʪʦʥʘ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʚ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʘʭ 129-134 ʧʨʦʷʚʣʷʣʩʷ ʚ ʦʙʣʘʩʪʠ 12.4 ï 12.6 ʤ.ʜ. 
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ʈʠʩʫʥʦʢ 3.36. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 137 ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ɼʘʣʝʝ 2-ʪʠʦʛʠʜʘʥʪʦʠʥʳ 135-140 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ (3+2)-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʠʟʘʪʠʥʦʤ ʠ ʩʘʨʢʦʟʠʥʦʤ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʠʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 141-147 ʩ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ (ʈʠʩʫʥʦʢ 3.37).  

 

ʈʠʩʫʥʦʢ 3.37. ʇʦʣʫʯʝʥʠʝ S-ʧʨʦʧʘʨʛʠʣ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 141-147 

ɺʩʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 141-147 ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʗʄʈ 1ʅ ʠ 13ʉ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʧʠʢʘʤʠ 
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(ʈʠʩʫʥʦʢ 3.38), ʧʦʤʠʤʦ ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (ʧʩʝʚʜʦ-ʪʨʠʧʣʝʪʳ ʚ ʦʙʣʘʩʪʠ 

3.2 ï 4.2 ʤ.ʜ.), ʷʚʣʷʶʪʩʷ ʪʨʠʧʣʝʪ ʩ ʂʉʉɺ 2-2.5 ɻʮ ʧʨʦʪʦʥʘ ʧʨʠ sp-ʛʠʙʨʠʜʠʟʦʚʘʥʥʦʤ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʫʙʣʝʪ ʜʫʙʣʝʪʦʚ ʛʨʫʧʧʳ -S-CH2- ʚ ʦʙʣʘʩʪʠ 3.5 ï 4.0 ʤ.ʜ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʩʪʨʫʢʪʫʨʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 141-147 ʠʤʝʶʪʩʷ ʭʠʨʘʣʴʥʳʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ, ʵʪʠ ʧʨʦʪʦʥʳ 

ʷʚʣʷʶʪʩʷ ʜʠʘʩʪʝʨʝʦʪʦʧʥʳʤʠ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʧʝʢʪʨʘʭ 1ʅ ʗʄʈ ʚ ʚʠʜʝ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ABX. 

 

ʈʠʩʫʥʦʢ 3.38. ʉʧʝʢʪʨ 1ʅ ʗʄʈ ʩʦʝʜʠʥʝʥʠʷ 142 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 141-147, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 142 ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʗʄʈ ʩʧʝʢʪʨ HOMODEC ʠ ʜʚʫʤʝʨʥʳʡ ʩʧʝʢʪʨ HSQC, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʧʦʣʥʦʝ ʩʦʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ (ʈʠʩʫʥʦʢ 3.39). 
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ʈʠʩʫʥʦʢ 3.39. ʉʧʝʢʪʨ HSQC 1ʅ ï 13ʉ ʩʦʝʜʠʥʝʥʠʷ 142 

Ŭ-ɸʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜ 153 (3-(ʘʟʠʜʦʤʝʪʠʣ)-ʧʠʧʝʨʠʜʠʥ-2,6-ʜʠʦʥ) ð ʠʟʚʝʩʪʥʳʡ ʣʠʛʘʥʜ 

ɽ3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʳ CRBN [229] ð ʙʳʣ ʧʦʣʫʯʝʥ (ʈʠʩʫʥʦʢ 3.40) ʧʦ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʤʝʪʦʜʠʢʘʤ [65,230,231]. 

 

ʈʠʩʫʥʦʢ 3.40. ʇʦʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʣʫʪʘʨʠʤʠʜʘ 153 

ɼʘʣʝʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʙʥʘʷ ʨʝʘʢʮʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʲʶʛʘʪʘ, ʠʩʭʦʜʷ ʠʟ N-ʧʨʦʧʘʨʛʠʣ 

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ 120 ʠ ʧʨʦʠʟʚʦʜʥʦʛʦ ʛʣʫʪʘʨʠʤʠʜʘ 153 ʚ ʧʨʠʩʫʪʩʪʚʠʠ CuSO4/ʘʩʢʦʨʙʘʪʘ 

ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ CH2Cl2/H2O (1:1). ʆʜʥʘʢʦ ʩʧʫʩʪʷ 72 ʯ. 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʢʦʥʚʝʨʩʠʠ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ (ʢʦʥʪʨʦʣʴ ʧʦ ʊʉʍ), ʢʘʢ ʠ 

ʩʧʫʩʪʷ 7 ʩʫʪʦʢ. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʝʘʢʮʠʷ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʊɹʊɸ (ʊʨʠʩ(ɹʝʥʟʠʣʊʨʠʘʟʦʣʠʣʤʝʪʠʣ)ɸʤʠʥ) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʈʠʩʫʥʦʢ 3.41), 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʣʠʛʘʥʜʦʤ ʜʣʷ ʨʝʘʢʮʠʠ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ (CuAAC), ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ Cu(I) [232,233]. ʇʦʣʫʯʝʥʠʝ ʊɹʊɸ ʧʨʦʚʦʜʠʣʠ 

ʧʦ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ: ʩʥʘʯʘʣʘ ʠʟ ʧʨʦʧʘʨʛʠʣʙʨʦʤʠʜʘ ʠ ʘʤʤʠʘʢʘ ʧʦʣʫʯʠʣʠ ʩ ʭʦʨʦʰʠʤ 

ʚʳʭʦʜʦʤ ʪʨʠʩ-ʧʨʦʧʘʨʛʠʣʘʤʠʥ 154, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʚʚʝʣʠ ʚ ʢʣʠʢ-ʨʝʘʢʮʠʶ ʩ 3 ʵʢʚʠʚʘʣʝʥʪʘʤʠ 

ʙʝʥʟʠʣʘʟʠʜʘ 155, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ ʙʝʥʟʠʣʭʣʦʨʠʜʘ. 

ʈʠʩʫʥʦʢ 3.41. ʇʦʣʫʯʝʥʠʝ ʊɹʊɸ ð ʣʠʛʘʥʜʘ ʜʣʷ ʤʝʜʴ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ɺʘʨʴʠʨʫʷ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʊɹʊɸ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ: ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ 1 ʵʢʚ. ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʘʣʢʠʥʘ 119-128, 141-147 ʠ 1 ʵʢʚ. Ŭ-

ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜʘ 153, ʜʦʙʘʚʣʷʣʠ 0.3 ʵʢʚ. ʊɹʊɸ, 0.3 ʵʢʚ. CuSO4*5H2O ʚ 200 ʤʢʣ 

ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʠ 0.6 ʵʢʚ. ʘʩʢʦʨʙʘʪʘ ʥʘʪʨʠʷ ʚ 200 ʤʢʣ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʣʠ 8 ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

VI (ʩʦʝʜʠʥʝʥʠʷ 156-163, ʈʠʩʫʥʦʢ 3.42) ʠ 6 ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII (ʩʦʝʜʠʥʝʥʠʷ 164-169, ʈʠʩʫʥʦʢ 3.43). ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʦʯʠʱʝʥʳ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ʇʨʦʜʫʢʪʳ 156-169 ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʩʤʝʩʠ ʜʚʫʭ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʪ.ʢ. ʠʩʭʦʜʥʳʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 119-128, 141-147 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʜʚʫʭ ʵʥʘʥʪʠʦʤʝʨʦʚ, ʘ Ŭ-ʘʟʠʜʦʤʝʪʠʣʛʣʫʪʘʨʠʤʠʜ 153 ʪʘʢʞʝ ʠʤʝʝʪ ʭʠʨʘʣʴʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ  
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ʈʠʩʫʥʦʢ 3.42. ʇʦʣʫʯʝʥʠʝ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VI 

ʉʦʝʜʠʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ VI ʠ VII ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʪʨʠʘʟʦʣʴʥʳʡ ʣʠʥʢʝʨ 

ʦʙʱʝʡ ʜʣʠʥʦʡ ʚ 7 ʘʪʦʤʦʚ (ʠʟ ʢʦʪʦʨʳʭ 4 ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʠ 3 ʘʪʦʤʘ ʘʟʦʪʘ), ʯʪʦ ʙʣʠʟʢʦ ʢ ʜʣʠʥʝ 

ʣʠʥʢʝʨʘ (6 ʘʪʦʤʦʚ) ʚ ʩʦʝʜʠʥʝʥʠʠ 39; ʧʨʦʷʚʠʚʰʝʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʭʦʜʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ, 

ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 3.1.4. 
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ʈʠʩʫʥʦʢ 3.43. ʇʦʣʫʯʝʥʠʝ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII ʥʘ 

ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 167 ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 2D ʗʄʈ (ʈʠʩʫʥʦʢ 3.44) ð HMBC, 

HSQC ʠ 1H-1H COSY, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʧʦʣʥʦʝ ʩʦʦʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʘʟʠʜ-ʘʣʢʠʥʦʚʦʛʦ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.44. ɼʚʫʤʝʨʥʳʝ ʗʄʈ ʩʧʝʢʪʨʳ ʩʦʝʜʠʥʝʥʠʷ 167: ʩʚʝʨʭʫ ð HSQC, ʩʥʠʟʫ ð HMBC 

ʇʦʣʫʯʝʥʥʳʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ ʪʠʧʦʚ VI ʠ VII, ʘ ʪʘʢʞʝ ʠʭ ʘʥʘʣʦʛʠ ð ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ 51-55 (ʩʤ. ʨʘʟʜʝʣ 3.1.5), ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ 
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ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʦʯʥʳʤʠ ʣʠʥʠʷʤ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʪʦʣʩʪʦʡ 

ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ HCT116 (ʨ-53-ʵʢʩʧʨʝʩʩʠʨʫʶʱʘʷ ʣʠʥʠʷ)11. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3.4. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ VI ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʤʘʣʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʥʦ-ʘʥʘʣʦʛʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ VII ʠʭ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʦʥʦ-

ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʭ ʘʥʘʣʦʛʦʚ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 157). 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʙʝʣʢʘ ʨ53 ʚ ʤʝʭʘʥʠʟʤʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʜʣʷ ʪʨʸʭ 

ʩʦʝʜʠʥʝʥʠʡ (164, 165 ʠ 51) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʫʙʣʠʥʠʠ 

HCT116p53-/-, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʠ ʫʜʘʣʝʥʳ ʦʙʝ ʘʣʣʝʣʠ ʛʝʥʘ p53. ʉʦʝʜʠʥʝʥʠʷ 165 ʠ 51 ʧʦʢʘʟʘʣʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ IC50 ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ ʩ ʥʦʢʘʫʪʦʤ ʨ53; ɻ ʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʭ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʥʘ p53-MDM2 ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʊʘʙʣʠʮʘ 3.4. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʤʠʜʘʟʦʣʦʥʦʚ ʠ ʛʣʫʪʘʨʠʤʠʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʣʝʪʦʯʥʦʡ ʣʠʥʠʠ HCT116 (ʄʊʊ ʪʝʩʪ) 

ʉʦʝʜʠʥʝ

ʥʠʝ 
ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

IC50, ÕM 

HCT116 HCT116KOp53 

156 VI >50 ð 

157 VI 38 Ñ 4 ð 

159 VI 38 Ñ 4 ð 

164 VII 10.2 Ñ 2.3 11.1 Ñ 2.2 

165 VII 15.5 Ñ 3.4 33 Ñ 3.2 

167 VII 22.5 Ñ 3.3 ð 

51 N(1)-ʥʝʟʘʤʝʱʸʥʥʳʡ ʘʥʘʣʦʛ 159 ʠ 165 13.0 Ñ 2.3 21.0 Ñ 3.1 

53 N(1)-ʥʝʟʘʤʝʱʸʥʥʳʡ ʘʥʘʣʦʛ 156 44.3 Ñ 3.2 ð 

ɸʥʘʣʦʛ 164 ʙʝʟ ʛʣʫʪʘʨʠʤʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ [177] 10.5 Ñ 2.3 12.5 Ñ 3.2 

ʊʘʢʞʝ ʨʘʩʰʠʨʝʥʥʘʷ ʩʝʨʠʷ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥ-ʛʣʫʪʘʨʠʤʠʜʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʪʠʧʦʚ VI ʠ VII ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʤ FCCT ʪʝʩʪʘ ʥʘ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʣʸʛʢʦʛʦ ʯʝʣʦʚʝʢʘ A549, ʬʠʙʨʦʙʣʘʩʪʦʚ ʣʸʛʢʦʛʦ ʯʝʣʦʚʝʢʘ 

VA13, ʘʜʝʥʦʢʘʨʮʠʥʦʤʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ MCF7 ʠ ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʦʡ ʵʧʠʪʝʣʠʘʣʴʥʦʡ 

ʣʠʥʠʠ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ MCF10A. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 3.512. 

 
11 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜ.ʤ.ʥ. ʐʪʠʣʝʤ ɸ.ɸ. (ʅʄʀʎ ʦʥʢʦʣʦʛʠʠ ʠʤ. ʅ.ʅ. ɹʣʦʭʠʥʘ). 
12 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ FCCT ʪʝʩʪʘ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʨʦʚʝʜʝʥʳ ʢ.ʭ.ʥ, ʩ.ʥ.ʩ. ɼ.ɸ. ʉʢʚʦʨʮʦʚʳʤ 

(ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ). 
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ʊʘʙʣʠʮʘ 3.5. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʠ 

ʛʣʫʪʘʨʠʤʠʜʘ ʪʠʧʘ VI ʠ VII ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ A549, VA13, MCF7 ʠ MCF10A (FCCʊ 

ʪʝʩʪ) 

ʉʦʝʜʠʥʝʥʠʝ ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 
CC50, ÕM 

A549 VA13 MCF7 MCF10A 

156 VI > 50 > 50 > 50 > 50 

157 VI > 50 > 50 > 50 > 50 

158 VI > 50 > 50 > 50 > 50 

159 VI > 50 47,27 > 50 > 50 

162 VI > 50 > 50 > 50 > 50 

163 VI > 50 > 50 > 50 > 50 

166 VII > 50 43,89 > 50 > 50 

167 VII 14.55 14.84 28.83 15.90 

52 N(1)-ʥʝʟʘʤʝʱʸʥʥʳʡ ʘʥʘʣʦʛ 166 > 50 42.52 19.22 15.90 

53 N(1)-ʥʝʟʘʤʝʱʸʥʥʳʡ ʘʥʘʣʦʛ 158 > 50 > 50 > 50 > 50 

54 N(1)-ʥʝʟʘʤʝʱʸʥʥʳʡ ʘʥʘʣʦʛ 167 > 50 > 50 > 50 > 50 

55 N(1)-ʥʝʟʘʤʝʱʸʥʥʳʡ ʘʥʘʣʦʛ 162 > 50 > 50 43.45 > 50 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 

ʛʝʪʝʨʦ-PROTAC ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VI ʧʨʦʷʚʣʷʶʪ ʙʣʠʟʢʫʶ ʠʣʠ ʜʘʞʝ ʙʦʣʝʝ ʥʠʟʢʫʶ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʛʣʫʪʘʨʠʤʠʜʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. ɺʝʨʦʷʪʥʦ, ʧʦʜʦʙʥʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʪʨʠʘʟʦʣʴʥʦʛʦ ʣʠʥʢʝʨʘ ʧʨʠ ʘʪʦʤʝ N(1) ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ 

ʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʩʙʣʠʟʠʪʴ ʤʦʣʝʢʫʣʫ MDM2 ʩ ɽ3-ʫʙʠʢʠʚʠʪʠʥʣʠʛʘʟʦʡ 

CRBN. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʝʢʦʪʦʨʳʝ ʢʦʥʲʶʛʘʪʳ ʩ ʛʣʫʪʘʨʠʤʠʜʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII ʩ 

ʪʨʠʘʟʦʣʴʥʳʤ ʣʠʥʢʝʨʦʤ ʧʨʠ ʘʪʦʤʝ ʩʝʨʳ ʪʠʦʠʤʠʜʘʟʦʣʦʥʦʚʦʛʦ ʮʠʢʣʘ (ʩʦʝʜʠʥʝʥʠʷ 165, 166) 

ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠʣʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤʠ ʤʦʥʦ-ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʦʜʦʙʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʛʣʫʪʘʨʠʤʠʜʘ ʩ ʤʦʣʝʢʫʣʦʡ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʣʫʯʰʠʡ ʧʦʜʭʦʜ ɽ3-ʫʙʠʢʠʚʠʪʥʣʠʛʘʟʳ ʢ ʮʝʣʝʚʦʤʫ ʙʝʣʢʫ MDM2. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʤʦʣʝʢʫʣʘʤ ʛʝʪʝʨʦ-PROTAC, 

ʩʦʜʝʨʞʘʱʠʤ ʬʨʘʛʤʝʥʪʳ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʘ ʠ ʛʣʫʪʘʨʠʤʠʜʘ, 

ʩʦʝʜʠʥʸʥʥʳʝ ʪʨʠʘʟʦʣ-ʩʦʜʝʨʞʘʱʠʤ ʣʠʥʢʝʨʦʤ. ʉ ʧʦʤʦʱʴʶ ʢʣʠʢ-ʨʝʘʢʮʠʠ ʧʦʣʫʯʠʣʠ 8 ʢʦʥʲʶʛʘʪʦʚ 
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ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VI ʠ 6 ʢʦʥʲʶʛʘʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ VII, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vitro. 

3.3. ʅʝʩʠʤʤʝʪʨʠʯʥʳʝ ʤʦʣʝʢʫʣʳ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-

ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 

ʄʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ I-IV, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.1, ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʩʠʤʤʝʪʨʠʯʥʳʝ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʳ. ʆʜʥʘʢʦ 

ʜʘʥʥʳʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʛʦʤʦ-PROTAC ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤʠ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [153]. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʥʘʤʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʣʝʢʫʣ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ VIII ʠ IX 

(ʈʠʩʫʥʦʢ 3.45) ʨʷʜʘ ʙʠʩ-ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʠ 

CuAAC. 

  

ʈʠʩʫʥʦʢ 3.45. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʣʝʢʫʣ ʛʦʤʦ-PROTAC ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʠʨʦ-

ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʟʠʜʦʩʦʜʝʨʞʘʱʠʭ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʯʝʪʳʨʸʭʩʪʘʜʠʡʥʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʭʦʜʷ ʠʟ ʛʠʜʨʦʙʨʦʤʠʜʘ 3-ʙʨʦʤ-1-

ʘʤʠʥʦʧʨʦʧʘʥʘ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʈʠʩʫʥʢʝ 3.46. 3-ɸʟʠʜʦʧʨʦʧʘʥʘʤʠʥ-1 170 ʧʦʣʫʯʘʣʠ ʦʙʨʘʙʦʪʢʦʡ 3-

ʙʨʦʤ-1-ʘʤʠʥʦʧʨʦʧʘʥʘ ʠʟʙʳʪʢʦʤ ʘʟʠʜʘ ʥʘʪʨʠʷ ʚ ʚʦʜʝ ʧʨʠ 80 ʦʉ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʦʜʱʝʣʘʯʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʜʣʷ ʧʝʨʝʚʦʜʘ ʩʦʣʠ ʚ ʩʚʦʙʦʜʥʦʝ ʦʩʥʦʚʘʥʠʝ. ʉʧʝʢʪʨ 1ʅ ʗʄʈ 

ʚʳʜʝʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 170 ʩʦʚʧʘʣ ʩ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ [234], ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ 

ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. 

ɼʘʣʝʝ ʘʤʠʥ 170 ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʠʟʦʪʠʦʮʠʘʥʘʪʦʵʪʠʣʘʮʝʪʘʪʦʤ, ʧʦʣʫʯʘʷ ʪʠʦʤʦʯʝʚʠʥʫ 

171, ʢʦʪʦʨʫʶ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʠ ʩ ʟʘʤʝʱʸʥʥʳʤʠ ʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ 

ʧʦʣʫʯʠʣʠ 2-ʪʠʦʛʠʜʘʥʪʦʠʥ r172-173. ʌʠʥʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʩʠʥʪʝʟʘ ʙʳʣʠ ʨʝʘʢʮʠʠ (3+2)-

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 172-173 ʩ ʠʟʘʪʠʥʘʤʠ ʠ ʩʘʨʢʦʟʠʥʦʤ. 
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ɺʩʝ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʳ 174-177 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ, ʧʨʠʯʸʤ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʚʩʝ ʧʨʦʜʫʢʪʳ ʫʜʘʣʦʩʴ ʫʩʧʝʰʥʦ ʦʯʠʩʪʠʪʴ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʘʥʦʣʘ; ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷ 174-177 ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʤʝʪʦʜʘʤʠ 1ʅ ʠ 13ʉ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.46. ʇʦʣʫʯʝʥʠʝ ʜʠʩʧʠʨʦ-ʪʠʦʠʤʠʜʘʟʦʣʦʥ-ʧʠʨʨʦʣʠʜʠʥ-ʠʥʜʦʣʠʥʦʥʦʚ 167-170 ʩ 3-

ʘʟʠʜʦʧʨʦʧʠʣʴʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ N(1) ʠʤʠʜʘʟʦʣʠʜʠʥʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʧʠʢʘʤʠ ʪʠʦʛʠʜʘʥʪʦʠʥʦʚ 172-173 ̫ ʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ NH-ʧʨʦʪʦʥʦʚ 

ʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (12.43/12.44 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʠʥʛʣʝʪ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʧʨʠ 

6.60/6.59 ʤ.ʜ., 2 ʪʨʠʧʣʝʪʘ -N-CH2-CH2-CH2-N3 ʬʨʘʛʤʝʥʪʘ ð ʧʨʠ 3.86 ʠ 3.41 ʤ.ʜ. ʩ ʂʉʉɺ = 6.9 ʠ 

6.6 ɻʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ ʤʫʣʴʪʠʧʣʝʪ-N-CH2-CH2-CH2-N3 ʚ ʩʠʣʴʥʦʧʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʧʨʠ 1.8 ï 1.9 ʤ.ʜ.. 

ɼʣʷ N(1)-(3-ʘʟʠʜʦʧʨʦʧʠʣ) ʜʠʩʧʠʨʦʠʥʜʦʣʠʥʦʥʦʚ 174-177 ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ (ʈʠʩʫʥʦʢ 3.47; ʥʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 174): ʩʠʥʛʣʝʪʳ NH-ʧʨʦʪʦʥʦʚ ʠʥʜʦʣʠʥʦʥʦʚʦʛʦ ʠ 

ʠʠʤʠʜʘʟʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʦʚ ʧʨʠ 10.59 ʠ 10.06 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʩʠʛʥʘʣʳ ʪʨʸʭʩʧʠʥʦʚʦʡ 

ʩʠʩʪʝʤʳ ʧʨʦʪʦʥʦʚ ʧʠʨʨʦʣʠʜʠʥʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ (ʧʨʠ 3.40 ï 3.45 ʤ.ʜ.) ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʠʛʥʘʣ 

-N-CH2- ʛʨʫʧʧʳ; ʤʫʣʴʪʠʧʣʝʪʳ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ N3-CH2-CH2- ʬʨʘʛʤʝʥʪʘ ʧʨʠ 2.78 ï 2.90 ʤ.ʜ. 

ʠ 1.28 ï 1.40 ʤ.ʜ., ʘ ʪʘʢʞʝ ʩʠʥʛʣʝʪ N-CH3 ʛʨʫʧʧʳ ʧʨʠ 2.10 ʤ.ʜ. 


























































































































































































































































