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ʃaʪʚʠʡcʢʠʡ 
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opʛaʥʠʯecʢoʛo 
cʠʥʪeʟa 

1,3-ɼʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ (1,3-ɼʎ) ʩʪʘʙʠ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʦʚ (ɸʀ), ʛʝʥʝʨʠʨʫʝʤʳʭ 

in situ ʠʟ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ ʠʣʠ ʙʝʥʟʠʣʘʤʠʥʦʚ ʠ ʢʘʨʙʦ-

ʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʘʣʢʝʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʫʜʦʙʥʳʡ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʧʠʨʨʦʣʠʜʠʥʦʚ ʠ ʧʠʨʨʦʣʠʟʠʜʠʥʦʚ,1ï5 ʩʪʨʫʢʪʫʨʥʳʡ ʬʨʘʛ-

ʤʝʥʪ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

ɺʳʩʦʢʘʷ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ([3+2]-ʎʇ) ʩ ʫʯʘʩʪʠʝʤ ʵʪʠʭ 

ʠʣʠʜʦʚ ʜʝʣʘʝʪ ʝʛʦ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ 

ʩʠʥʪʝʟʝ ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʜʦ ʯʝʪʳʨʝʭ ʥʦʚʳʭ ʭʠʨʘʣʴʥʳʭ ʮʝʥʪʨʦʚ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ.6ï10 

ʉʨʝʜʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ɸʀ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʛʨʫʧʧʫ ʚʘʞʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʣʠʜʦʚ 1ï4 

ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʘʣʢʝʥʘʤʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ ʠʣʠ 

ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʧʠʨʦʘʪʦʤ ʫʛʣʝʨʦʜʘ 

ʚ Ŭ-ʧʦʣʦʞʝʥʠʠ ʢ ʘʪʦʤʫ ʘʟʦʪʘ (ʨʠʩ. 1). ʇʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʵʪʠʤ ʠʣʠʜʘʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥ 

ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʠʭ ʘʜʜʫʢʪʳ 1,3-ɼʎ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ, ʘʥʪʠʙʘʢʪʝ-

ʍʠʤʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 2018, 54(10), 905ï922 

É 2018 ʃaʪʚʠʡcʢʠʡ ʠʥcʪʠʪʫʪ opʛaʥʠʯecʢoʛo cʠʥʪeʟa 

ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʳ ʥʘ ʦʩʥʦʚʝ 
ʠʥʜʝʥʦ[1,2-b]ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ ʚ ʨʝʘʢʮʠʷʭ 
[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʣʢʝʥʘʤʠ 
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ʈʠʩʫʥʦʢ 1. ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʳ ʥʘ ʦʩʥʦʚʝ 

ʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʦʙʟʦʨʝ ʦʙʦʙʱʝʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʘʟʦʤʝʪʠʥ-

ʠʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ 11H-ʠʥʜʝʥʦ[1,2-b]ʭʠʥʦʢʩʘʣʠʥ-11-ʦʥʘ ʠ 6H-ʠʥʜʝʥʦ[1,2-b]ʧʠʨʠʜʦ[3,2-e]ʧʠʨʘʟʠʥ-6-ʦʥʘ ʚ ʩʠʥʪʝʟʝ ʩʧʠʨʦʧʠʨʨʦʣʠ-

ʜʠʥʦʚ ʠ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

[3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɹʠʙʣʠʦʛʨʘʬʠʷ - 62 ʩʩʳʣʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 6H-ʠʥʜʝʥʦ[1,2-b]ʧʠʨʠʜʦ[3,2-e]ʧʠʨʘʟʠʥ-6-ʦʥ, 11H-ʠʥʜʝʥʦ[1,2-b]ʭʠʥʦʢʩʘʣʠʥ-11-ʦʥ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʘʟʦʤʝʪʠʥ-

ʠʣʠʜʳ, ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ʘʣʢʝʥʳ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, 1,3-ʜʠʧʦʣʷʨʥʦʝ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʨʝʘʢʮʠʠ. 

ʆ ɹ ɿ ʆ ʈ 

* ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʥʦʤʝʨʝ ʬʘʤʠʣʠʷ ʘʚʪʦʨʘ, ʩ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʚʝʩʪʠ 

ʧʝʨʝʧʠʩʢʫ, ʦʪʤʝʯʝʥʘ ʟʚʝʟʜʦʯʢʦʡ. 
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ʨʠʘʣʴʥʦʡ, ʬʫʥʛʠʮʠʜʥʦʡ ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.3,5 ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ɸʀ 1ï3 

ʥʘ ʦʩʥʦʚʝ ʠʟʘʪʠʥʘ, ʘʮʝʥʘʬʪʝʥʭʠʥʦʥʘ ʠ ʥʠʥʛʠʜʨʠʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʩʚʝʱʝʥʘ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʦʙʟʦʨʘʭ,3ï5 ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʝʜʝʥʠʷ ʦ 

ʨʝʘʢʮʠʷʭ [3+2]-ʎʇ ʩ ʫʯʘʩʪʠʝʤ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦ-

ʥʦʚʦʛʦ ʠʣʠʜʘ 4a ʚ ʵʪʠʭ ʞʝ ʦʙʟʦʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ 

ʝʜʠʥʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ, ʘ ʜʘʥʥʳʝ ʦʙ ʠʥʜʝʥʦ-

ʧʠʨʠʜʦʧʠʨʘʟʠʥʦʚʦʤ ʠʣʠʜʝ 4b ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʦʙʱʝ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʬʨʘʛʤʝʥʪ ʭʠʥʦʢʩʘʣʠʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ 

ʤʥʦʛʠʭ ʙʠʦʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣʘʭ (ʨʠʩ. 2), ʘ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ 11H-ʠʥʜʝʥʦ[1,2-b]ʭʠʥʦʢʩʘʣʠʥ-11-ʦʥʘ (5a) 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʨʘʢʦʚʳʭ ʘʛʝʥʪʦʚ,11,12 ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ13 ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʣʝʯʝʥʠʷ ʜʠʘʙʝʪʘ ʚʪʦʨʦʛʦ 

ʪʠʧʘ.14 ʅʝʜʘʚʥʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʠ ʫ 6H-ʠʥʜʝʥʦ[1,2-b]ʧʠʨʠʜʦ[3,2-e]ʧʠʨʘʟʠʥ-

6-ʦʥʘ (5b).15 ʇʦʵʪʦʤʫ ʚʚʝʜʝʥʠʝ ʵʪʠʭ ʬʘʨʤʘʢʦʬʦʨʦʚ ʚ 

ʤʦʣʝʢʫʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʭʦʜʥʳʝ ʜʣʷ ʩʠʥʪʝʟʘ ɸʀ 4a,b 

11H-ʠʥʜʝʥʦ[1,2-b]ʭʠʥʦʢʩʘʣʠʥ-11-ʦʥ (5a) ʠ 6H-ʠʥʜʝʥʦ

[1,2-b]ʧʠʨʠʜʦ[3,2-e]ʧʠʨʘʟʠʥ-6-ʦʥ (5b) ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʠʟ ʥʠʥʛʠʜʨʠʥʘ ʠ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ16 ʠʣʠ 

2,3-ʜʠʘʤʠʥʦʧʠʨʠʜʠʥʘ17 ʩ ʧʦʯʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʳʭʦ-

ʜʘʤʠ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʩʭʝʤʘ 1). ʕʪʦʪ ʬʘʢʪ ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʣʝʛʢʦʡ ʛʝʥʝʨʘʮʠʝʡ ʠʣʠʜʦʚ 4a,b ʠʟ ʩʦʝʜʠʥʝʥʠʡ 

5a,b ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʙʳʯʥʦ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ 

ʨʝʘʢʮʠʶ ʎʇ ʚ ʯʝʪʳʨʝʭ-, ʘ ʠʥʦʛʜʘ ʠ ʚ ʧʷʪʠʢʦʤʧʦʥʝʥʪ-

ʥʦʤ ʚʘʨʠʘʥʪʝ ʩ ʛʝʥʝʨʘʮʠʝʡ in situ ʢʘʢ ʜʠʧʦʣʷ (ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ɸʀ 4), ʪʘʢ ʠ ʜʠʧʦʣʷʨʦʬʠʣʘ (ʵʣʝʢʪʨʦ-

ʬʠʣʴʥʦʛʦ ʘʣʢʝʥʘ). 

ʇʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ18 ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʀ 4a ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ ʧʦʷʚʠʣʦʩʴ ʚ 2004 ʛ. 

ɺ 2017 ʛ. ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ,19 ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʳʝ 

ʨʝʘʢʮʠʠ ʚʩʪʫʧʘʶʪ ʠ ʠʥʜʝʥʦʧʠʨʠʜʦʧʠʨʘʟʠʥʦʥʦʚʳʝ 

ʠʣʠʜʳ 4b. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʥʦʚʦʝ ʠ ʧʝʨʩʧʝʢ-

ʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʜʦʣʞʘʝʪ 

ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʠʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʜʠʧʦʣʷʨʦ-

ʬʠʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʠʣʠʜʘʤʠ 4a,b. ɺ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʤ ʦʙʟʦʨʝ, ʚʢʣʶʯʘʶʱʝʤ ʨʘʙʦʪʳ ʩ 2004 ʜʦ 

ʩʝʨʝʜʠʥʳ 2018 ʛ., ʚʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʨʝʘʢʮʠʷʤ 1,3-ɼʎ ʩ 

ʫʯʘʩʪʠʝʤ ɸʀ 4a,b ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʣʢʝʥʦʚ, ʘ ʪʘʢʞʝ 

ʩʚʝʜʝʥʠʷ ʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ ʠ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ. 

ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ɸʀ 4a,b ʦʙʳʯʥʦ ʛʝʥʝʨʠʨʫʶʪ 

in situ ʠʟ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʦʚ 5a,b ʠ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ 

ʠʣʠ ʘʤʠʥʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ʢʦʤʥʘʪʥʦʡ ʠ ʚʳʰʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʜʠʧʦʣʷʨʦʬʠʣʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʦʩʪʫʧʥʳʝ 

ʩʧʠʨʪʳ (MeOH, EtOH, i-PrOH). ʆʙʨʘʟʫʶʱʠʝʩʷ ʜʠʧʦʣʠ 

ʠʤʝʶʪ S-ʦʙʨʘʟʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ (ʩʭʝʤʘ 2). ɹ·ʣʴʰʘʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ S-ʠʣʠʜʦʚ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ W-ʠʣʠʜʘʤʠ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ.20ï23 ɺ ʩʠʣʫ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ɸʀ 4 ʨʝʘʢʮʠʠ 1,3-ɼʎ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʦʙʳʯʥʦ 

ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʜʫʢʪʘʤ ʩ ʪʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩ-

ʪʠʪʝʣʷ R1 ʠ ʭʠʥʦʢʩʘʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. 

ʈʠʩʫʥʦʢ 2. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ 

ʧʨʝʧʘʨʘʪʳ ʩ ʬʨʘʛʤʝʥʪʦʤ ʭʠʥʦʢʩʘʣʠʥʘ. 

ʉʭʝʤʘ 1 

ʉʭʝʤʘ 2 

ʄʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ 

ʚʦʧʨʦʩʳ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ [3+2]-ʎʇ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʟʦʨʘʭ24ī26 ʠ ʦʨʠʛʠʥʘʣʴ-

ʥʳʭ ʨʘʙʦʪʘʭ.20ī22 ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʚ ʨʝʘʢʮʠʷʭ ʠʣʠʜʦʚ 4a,b ʩ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤʠ ʘʣʢʝʥʘʤʠ 

ʦʙʨʘʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʠʟʦʤʝʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʎʇ. 

ʆʜʥʘʢʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʨʝʘʛʝʥ-

ʪʘʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʨʦʣʠʥʘ ʢ ʩʘʨʢʦʟʠʥʫ) 
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ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, ʟʘʤʝʥʘ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ) ʤʦʞʝʪ ʧʦʤʝʥʷʪʴ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʥʘ ʜʚʫ-

ʩʪʘʜʠʡʥʳʡ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʡ. ʅʘ ʩʭʝʤʝ 3 ʧʦʢʘʟʘʥʳ 

ʯʝʪʳʨʝ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʷ (ʇʉ), ʦʙʨʘ-

ʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 1,3-ʎʇ ʠ ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʭʠʤʠʶ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ AīD.  

ɺ ʫʩʣʦʚʠʷʭ ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʭ ʠ ʩʪʝʨʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʙʦʣʝʝ ʧʨʝʜ-

ʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʵʥʜʦ-ʇʉ TS-1 ʠ TS-2, ʚ ʢʦʪʦ-

ʨʳʭ ʦʨʠʝʥʪʠʨʫʶʱʘʷ ʛʨʫʧʧʘ (EWG), ʩʦʧʨʷʞʝʥʥʘʷ ʩ 

-́ʩʚʷʟʴʶ ʜʠʧʦʣʷʨʦʬʠʣʘ, ʥʘʧʨʘʚʣʝʥʘ ʚʥʫʪʨʴ ʪʨʝʫʛʦʣʴ-

ʥʠʢʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʪʦʤʘʤʠ ʉ-1, N ʠ ʉ-3 ʜʠʧʦʣʷ. 

ʕʢʟʦ-ʇʉ TS-3 ʠ TS-4 ɻ ʥʝʨʛʝʪʠʯʝʩʢʠ ʤʝʥʝʝ ʚʳʛʦʜʥʳ ʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʨʝʜʢʦ.  

ɺʝʩʴ ʤʘʪʝʨʠʘʣ ʦʙʟʦʨʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥ ʧʦ ʢʣʘʩʩʘʤ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʠʧʦʣʷʨʦʬʠʣʘ (ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʘʣʢʝʥʘ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʨʷʜʝ ʩʪʘʪʝʡ, ʚʠʜʠʤʦ ʧʦ 

ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʘʚʪʦʨʦʚ, ʦʙʥʘʨʫʞʝʥʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʈʉɸ ʠ ʫʢʘʟʘʥʥʳʤʠ ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʬʦʨʤʫʣʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʪʝʨʝʦʭʠʤʠʠ 

ʧʨʦʜʫʢʪʦʚ ʎʇ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʳ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʝʧʦʥʠʨʦ-

ʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (CCDC).27 ʅʝʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʨʫʢʪʫʨʘʤ 

CCDC ʩʪʝʨʝʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʙʳʣʠ ʠʩʧʨʘʚʣʝʥʳ.  

Ŭ,ɓ-ʅʝʧʨʝʜʝʣʴʥʳʝ ʢʝʪʦʥʳ 

ʈʝʘʢʮʠʠ 1,3-ɼʎ ɸʀ 4a,b, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʩʘʨʢʦʟʠʥʘ, ʧʨʦʣʠʥʘ ʠ ʪʠʘʟʦʣʠʜʠʥ-3-ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʪʠʘʧʨʦʣʠʥʘ), ʩ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʢʝʪʦʥʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʨʦʚ, ʘ ʠʭ 

ʨʝʛʠʦʭʠʤʠʷ ʧʦʜʯʠʥʷʝʪʩʷ, ʟʘ ʥʝʙʦʣʴʰʠʤ ʠʩʢʣʶʯʝ-

ʥʠʝʤ,28 ʧʨʘʚʠʣʫ: ʤʝʥʝʝ ʟʘʤʝʱʝʥʥʳʡ ʢʦʥʝʮ ʩʪʘʙʠʣʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ɸʀ (ʘʪʦʤ ʉ-1) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʳ-

ʚʘʝʪʩʷ ʩ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʮʝʥʪʨʦʤ ʘʢʪʠʚʠʨʦʚʘʥ-

ʥʦʛʦ ʘʣʢʝʥʘ (ʘʪʦʤ ɓ-ʉ) (ʩʭʝʤʘ 3, ʩʪʨʫʢʪʫʨʳ ɸ ʠ ʉ). 

ʅʝʜʘʚʥʦ ʥʘʰʝʡ ʛʨʫʧʧʦʡ ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪ-

ʥʘʷ ʨʝʘʢʮʠʷ 1,3-ɼʎ c ʫʯʘʩʪʠʝʤ ʘʨʠʣʠʜʝʥʘʮʝʪʦʥʦʚ 6 ʠ 

ɸʀ 4, ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʦʚ 5a,b ʠ 

ʩʘʨʢʦʟʠʥʘ ʠʣʠ ʧʨʦʣʠʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ i-PrOH (ʩʭʝʤʘ 4).29  

ʉʭʝʤʘ 3 

ʉʭʝʤʘ 4 
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ʎʇ ʧʨʦʪʝʢʘʣʦ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ 7 ʠʣʠ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠ-

ʥʦʚ 8 ʚ ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʵʥʜʦ-ʠʟʦʤʝʨʦʚ, ʩʪʝʨʝʦ-

ʭʠʤʠʷ ʢʦʪʦʨʳʭ ʦʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʈʉɸ. ʃʠʰʴ ʚ ʪʨʝʭ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʣʠ-

ʥʦʚʳʭ ɸʀ ʥʘʨʷʜʫ ʩ ʧʨʦʜʫʢʪʘʤʠ 8 ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ ʵʥʜʦ-

ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 8' (ʩʭʝʤʘ 4).29 

ɸʥʘʣʦʛʠʯʥʦ ʨʝʘʛʠʨʫʶʪ ʩ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʦ-

ʚʳʤʠ ɸʀ ʥʘ ʦʩʥʦʚʝ ʩʘʨʢʦʟʠʥʘ/ʧʨʦʣʠʥʘ ʠ ʭʘʣʢʦʥʳ 10 

(ʩʭʝʤʘ 5, ʪʘʙʣ. 1).30ï32 ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʢʠʧʷʱʝʤ 

EtOH, ʘ ʠʩʭʦʜʥʳʝ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʳ 5 ʛʝʥʝʨʠ-

ʨʦʚʘʣʠ in situ ʠʟ ʥʠʥʛʠʜʨʠʥʘ ʠ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ 9. 

ɺʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 11aïi ʠ 12aïf ʩʦʩʪʘʚʠʣʠ  

75ï93%. ɺ ʨʘʙʦʪʝ30 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʫʣʴʪʨʘʟʚʫʢʘ, ʘ ʪʘʢʞʝ 

ʟʘʤʝʥʘ EtOH ʥʘ ɼʄʉʆ ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷ-

ʥʠʷ ʥʘ ʚʳʭʦʜʳ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ 11aïh. ʕʥʜʦ-ʢʦʥʬʠ-

ʛʫʨʘʮʠʷ ʘʜʜʫʢʪʦʚ 11aïi ʠ 12aïf ʧʦʜʪʚʝʨʞʜʝʥʘ 1D ʠ 2D 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ NOESY,31,32 ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʈʉɸ.30
 

ɺ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʝʪʦʥʦʚ 

13aïc ʩ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʦʤ 5a ʠ L-ʧʨʦʣʠʥʦʤ ʧʨʠ 

ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʵʥʜʦ-ʮʠʢʣʦ-

ʘʜʜʫʢʪʳ 14aïc (ʩʭʝʤʘ 6, ʪʘʙʣ. 2).33 ɻʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ 

ʭʘʣʢʦʥʳ 13aïc ʦʢʘʟʘʣʠʩʴ ʥʘʩʪʦʣʴʢʦ ʘʢʪʠʚʥʳʤʠ, ʯʪʦ 

ʎʇ ʟʘʚʝʨʰʘʣʦʩʴ ʫʞʝ ʯʝʨʝʟ 2ï4 ʤʠʥ. 

ɸʜʜʫʢʪ R1 R2 Ar ɺʳʭʦʜ, % ʉʩʳʣʢʘ 

11a H H Ph 89 30 

11b H Me Ph 93 30 

11c H MeO Ph 84 30 

11d H Cl Ph 87 30 

11e Me H Ph 88 30 

11f Me Me Ph 91 30 

11g Me MeO Ph 84 30 

11h ʄʝ Cl Ph 86 30 

11i H MeO 4-MeO2CNHC6H4 87 31 

12a H H Ph 75 32 

12b Me H Ph 80 32 

12c Me Me Ph 77 32 

12d H F Ph 75 32 

12e Me H 4-FC6H4 80 32 

12f Me F 4-FC6H4 82 32 

ʊʘʙʣʠʮʘ 1. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 11aïi ʠ 12aïf 

1,3-ɼʎ ɸʀ 4a, ʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʠʟ ʠʥʜʝʥʦʭʠʥʦʢʩʘ-

ʣʠʥʦʥʘ 5a ʠ ʩʘʨʢʦʟʠʥʘ34 ʠʣʠ ʧʨʦʣʠʥʘ,35 ʧʦ ʘʢʪʠʚʠ-

ʨʦʚʘʥʥʦʡ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ Ŭ,ɓ-ʥʝʧʨʝ-

ʜʝʣʴʥʦʛʦ ʢʝʪʦʥʘ 15 ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩ ʚʳʭʦ-

ʜʘʤʠ 80 ʠ 88% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 

16 ʠ 17, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʭʠʥʦʢʩʘʣʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʠ ʬʝʨʨʦʮʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ɺ ʨʝʘʢʮʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʩʘʨʢʦʟʠʥʦʚʦʛʦ ɸʀ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʙʳʣ 

ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ 16 ʩ ʪʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʠʭ 

ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʨʦʮʝʩʩ ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʣʠʥʦʚʦʛʦ ʠʣʠʜʘ ʧʨʠʚʝʣ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦ ʢ ʮʠʩ-ʠʟʦʤʝʨʫ 17 (ʩʭʝʤʘ 7). 

ʉʭʝʤʘ 6 

ʊʘʙʣʠʮʘ 2. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 14aïc 

ʄʝʪʦʜ ɸ  ʄʝʪʦʜ B  ʄʝʪʦʜ C  

ɸʜʜʫʢʪ  ɺʨʝʤʷ, 

ʤʠʥ 
ɺʳʭʦʜ, % 

ɺʨʝʤʷ, 

ʤʠʥ 
ɺʳʭʦʜ, % 

ɺʨʝʤʷ, 

ʤʠʥ 
ɺʳʭʦʜ, % 

14a 2 73 6 71 4 64 

14b 3 78 6 68 4 59 

14c 3 69 4 62 3 52 

ʉʭʝʤʘ 7 

ʉʭʝʤʘ 5 
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ɻʨʫʧʧʦʡ ʠʥʜʠʡʩʢʠʭ ʭʠʤʠʢʦʚ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 1,3-ɼʎ 

ʠʣʠʜʦʚ 4a ʥʘ ʦʩʥʦʚʝ ʩʘʨʢʦʟʠʥʘ,36 L-ʧʨʦʣʠʥʘ37 ʠ L-ʪʠʘ-

ʧʨʦʣʠʥʘ37 ʢ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤ ʢʝʪʦʥʘʤ 18, ʩʦʜʝʨʞʘ-

ʱʠʤ ʬʝʨʨʦʮʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ (Fc) ʧʨʠ ʢʘʨʙʦ-

ʥʠʣʴʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʠʣʠ/ʠ ʚ ɓ-ʧʦʣʦʞʝʥʠʠ. ʎʇ 

ʧʨʦʚʦʜʠʣʠ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʤ ʚʘʨʠʘʥʪʝ, ʧʦʣʫʯʘʷ 

ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥ 5a in situ (ʩʭʝʤʘ 8, ʪʘʙʣ. 3). ɺ 

ʨʝʘʢʮʠʷʭ ʩ ɸʀ ʠʟ ʩʘʨʢʦʟʠʥʘ36 ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʘʢʪʠʚʘ-

ʮʠʷ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʦʢʨʘʱʝ-

ʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ ʠ ʫʚʝʣʠ-

ʯʝʥʠʶ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʦʚ 19 ʥʘ 12ï14%. ʅʘʠʤʝʥʝʝ 

ʘʢʪʠʚʥʳʡ ʠʣʠʜ ʥʘ ʦʩʥʦʚʝ ʪʠʘʧʨʦʣʠʥʘ37 ʨʝʘʛʠʨʦʚʘʣ ʩ 

ʢʝʪʦʥʘʤʠ 18 ʧʨʠ 140 ÁC ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 22. ɺ 

ɼʄʌɸ ʠ ɼʄʉʆ ʧʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʭʦʜʳ 

ʘʜʜʫʢʪʦʚ 21 ʧʦʥʠʞʘʣʠʩʴ ʥʘ 22ï37%, ʘ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 7ï9 ʯ. ʉʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʳ 19ï21 

ʧʦʣʫʯʝʥʳ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘʤʝʩʪʠʪʝʣʝʡ Ar1 ʠ Ar2 ʚ 

ʜʠʧʦʣʷʨʦʬʠʣʝ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ɸʀ 

ʧʨʠʩʦʝʜʠʥʷʣʩʷ ʢ ʘʪʦʤʫ ɓ-ʉ ʜʠʧʦʣʷʨʦʬʠʣʘ ʩʚʦʠʤ ʤʝʥʝʝ 

ʟʘʤʝʱʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ. ʕʥʜʦ-ʩʪʝʨʝʦʭʠʤʠʷ 

ʘʜʜʫʢʪʦʚ 19ï21 ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 2D ɻ ʢʩʧʝ-

ʨʠʤʝʥʪʦʚ NOESY ʠ ʈʉɸ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʭ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʚ ʩʦʝʜʠ-

ʥʝʥʠʷʭ 19ï21 ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ 

ʈʉɸ. 

ʀʟʫʯʝʥʦ ʪʘʢʞʝ38 [3+2]-ʎʇ ʠʣʠʜʘ 4a, ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

in situ ʠʟ ʥʠʥʛʠʜʨʠʥʘ, ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ ʠ ʩʘʨʢʦʟʠʥʘ, ʢ 

ʧʨʦʠʟʚʦʜʥʳʤ ʩʪʝʨʦʠʜʥʦʛʦ ʛʦʨʤʦʥʘ ʵʩʪʨʦʥʘ 23aïh ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 24aïh 

(ʩʭʝʤʘ 9, ʪʘʙʣ. 4). ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʘ ʉ, ʢʦʛʜʘ ʧʨʦʮʝʩʩ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ 120 ÁC ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 22 (ʪʘʙʣ. 4). 

ɽʝ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ 

Ar1 Ar2 
ɺʳʭʦʜ 

ʘʜʜʫʢʪʘ 19, % 
Ar1 Ar2 

ɺʳʭʦʜ 

ʘʜʜʫʢʪʘ 20, % 
Ar1 Ar2 

ɺʳʭʦʜ 

ʘʜʜʫʢʪʘ 21, % 

Fc Ph 86 Fc Ph 80 Fc Ph 88 

Fc 4-ClC6H4 90 Fc 4-O2NC6H4 86 Fc 4-FC6H4 94 

Fc 4-MeC6H4 83 Fc 4-MeOC6H4 78 Fc 4-ClC6H4 90 

Fc ʌʫʨʘʥ-2-ʠʣ 85 Fc ʌʫʨʘʥ-2-ʠʣ 82 Fc 2-ClC6H4 90 

Fc ʊʠʦʬʝʥ-2-ʠʣ 83 Fc ʊʠʦʬʝʥ-2-ʠʣ 80 Fc 4-MeC6H4 89 

Fc 2,2'-ɹʠʪʠʦʬʝʥ-2''-ʠʣ 82 Fc ʇʠʨʠʜʠʥ-4-ʠʣ 90 Fc ʌʫʨʘʥ-2-ʠʣ 92 

Ph Fc 84 Fc Fc 83 Fc ʊʠʦʬʝʥ-2-ʠʣ 90 

4-ClC6H4 Fc 86    Fc ʇʠʨʠʜʠʥ-4-ʠʣ 93 

4-MeC6H4 Fc 87    4-ClC6H4 Fc 92 

Fc Fc 84    4-BrC6H4 Fc 90 

ʉʭʝʤʘ 8 

ʊʘʙʣʠʮʘ 3. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 19, 20 ʠ 21 

ʉʭʝʤʘ 9 
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ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʠʚʘʮʠʝʡ ʜʠʧʦʣʷʨʦʬʠʣʘ 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʨʠʩ. 3). 

ʃʠ ʩ ʩʦʪʨ.39 ʨʘʟʨʘʙʦʪʘʣʠ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʠʨʦʧʠʨʨʦʣʠʜʠ-

ʥʦʚ 26, ʚ ʢʦʪʦʨʦʤ in situ ʛʝʥʝʨʠʨʫʝʪʩʷ ʜʠʧʦʣʴ ʠ 

ʜʠʧʦʣʷʨʦʬʠʣ (ʩʭʝʤʘ 10, ʪʘʙʣ. 5, ʤʝʪʦʜ A). ʈʘʥʝʝ40 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʘʜʜʫʢʪʦʚ 26 ʩ ʚʳʭʦʜʘʤʠ 82ï90% ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ 2-ʘʨʠʣʠʜʝʥ-1,3-ʠʥʜʘʥʜʠʦʥʦʚ 25 ʠ 

ɸʀ 4a ʢʠʧʷʯʝʥʠʝʤ ʚ EtOH ʚ ʪʝʯʝʥʠʝ 0.5ï1 ʯ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ TiO2 (ʤʝʪʦʜ B). ʉʪʝʨʝʦʭʠʤʠʷ ʧʨʦʜʫʢʪʦʚ 

26 ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ.39 ɺ ʨʘʙʦʪʝ40 

ʦʰʠʙʦʯʥʦ ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʵʢʟʦ-ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʜʜʫʢʪʦʚ. 

1,3-ɼʎ ʠʣʠʜʦʚ 4a ʧʦ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ 

ʧʨʦʠʟʚʦʜʥʳʭ ʠʟʘʪʠʥʘ, ʠʥʜʘʥ-1,3-ʜʠʦʥʘ, 3,4-ʜʠʛʠʜʨʦ-

ʥʘʬʪʘʣʠʥ-1(2H)-ʦʥʘ ʠ ʭʨʦʤʘʥ-4-ʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʛʨʫʧʧʦʡ ʈʘʛʭʫʥʘʪʘʥʘ.41,42 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦ-

ʥʝʥʪʥʦʤ ʚʘʨʠʘʥʪʝ, ʛʝʥʝʨʠʨʫʷ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥ 5a 

ʠʟ ʥʠʥʛʠʜʨʠʥʘ ʠ ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ. ʈʝʘʢʮʠʷ ʩʘʨʢʦʟʠ-

ʥʦʚʦʛʦ ɸʀ 4a ʩ (ɽ)-3-(2-ʦʢʩʦʘʨʠʣʠʜʝʥ)-2-ʦʢʩʠʥʜʦʣʘʤʠ 

27 ʚ ʢʠʧʷʱʝʤ MeOH ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʜʠʩʧʠʨʦ-

ʘʜʜʫʢʪʦʚ 28aïe ʩ ʚʳʭʦʜʘʤʠ 82ï90% (ʩʭʝʤʘ 11, ʪʘʙʣ. 6).41  

ʇʨʦʜʫʢʪʳ 32ï35 ʩ ʪʘʢʦʡ ʞʝ ʩʪʝʨʝʦʭʠʤʠʝʡ ʧʠʨʨʦ-

ʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʳ ʠʟ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʝʪʦʥʦʚ 27, 29ï31 ʠ ɸʀ 4ʘ 

ʥʘ ʦʩʥʦʚʝ L-ʧʨʦʣʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘ ʚʦʣʴʬʨʘʤʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ (H4[Si(W3O10)4]), 

ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʠʣʠʢʘʛʝʣʴ, ʠ MeCN ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʭʝʤʘ 12, ʪʘʙʣ. 6).42 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʜʠʩʧʠʨʦʘʜʜʫʢʪʦʚ 28 ʠ 

32ï35 ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʈʉɸ,43 ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

ʭʠʥʦʢʩʘʣʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʠ ʘʪʦʤ ʚʦʜʦʨʦʜʘ 7'a-CH ʚ 

ʧʠʨʨʦʣʠʟʠʜʠʥʘʭ 32ï35 ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ 

ʜʨʫʛ ʢ ʜʨʫʛʫ (ʩʭʝʤʘ 12). ʇʦʩʢʦʣʴʢʫ W-ɸʀ ʥʝʫʩʪʦʡ-

ʯʠʚʳ, ʧʨʦʜʫʢʪʳ 28 ʠ 32ï35, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʨʘʟʫʶʪʩʷ 

ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ S-ʠʣʠʜʦʚ 4a ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʛʦ [3+2]-ʎʇ ʯʝʨʝʟ ʮʚʠʪʪʝʨ-ʠʦʥʥʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪʳ I ʠ II (ʩʭʝʤʘ 13). 

ɺ ʨʘʙʦʪʘʭ44,45 ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ ʛʠʙʨʠʜʥʳʭ 

ʜʠʩʧʠʨʦʛʝʪʝʨʦʮʠʢʣʦʚ 37, 38 ʠ 40 ʠʟ (E)-3-ʘʨʠʣʠʜʝʥ-

1-ʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-4-ʦʥʦʚ 36 ʠ (E,ɽ)-1-ʘʣʢʠʣ-3,5-

ʜʠʘʨʠʣʠʜʝʥʧʠʧʝʨʠʜʠʥ-4-ʦʥʦʚ 39. ʊʘʢ, ʢʠʧʷʯʝʥʠʝ ʩʤʝʩʠ 

ʥʠʥʛʠʜʨʠʥʘ, ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʘʨʠʣʠʜʝʥʧʠʧʝʨʠʜʠʥʦʥʘ 36 ʠ ʩʘʨʢʦʟʠʥʘ ʠʣʠ ʪʠʘʧʨʦʣʠʥʘ 

R  
ɺʳʭʦʜ, %  

ɸʜʜʫʢʪ  
ʄʝʪʦʜ ɸ ʄʝʪʦʜ B ʄʝʪʦʜ C 

24a H 46 60 83 

24b 4-Me 43 58 80 

24c 4-MeO 40 54 78 

24d 4-Cl ï ï 82 

24e 3-F ï ï 85 

24f 2-Cl ï ï 84 

24g 3,4-(MeO)2 ï ï 76 

24h 3,4,5-Me3 ï ï 78 

ʊʘʙʣʠʮʘ 4. ɺʳʭʦʜʳ ʩʧʠʨʦʩʪʝʨʦʠʜʦʚ 24aïh 

ʈʠʩʫʥʦʢ 3. ɸʢʪʠʚʘʮʠʷ ʜʠʧʦʣʷʨʦʬʠʣʦʚ 23aīh ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ 22.  

ʊʘʙʣʠʮʘ 5. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 26 

ʉʭʝʤʘ 10 

R ɺʳʭʦʜ, % R ɺʳʭʦʜ, % 

Ph 86 (90*) 4-HOC6H4 82 

4-FC6H4 90 4-MeOC6H4 83 (82*) 

4-ClC6H4 88 (85*) 4-MeC6H4 85 (82*) 

4-BrC6H4 87 3-HOC6H4 82 

4-O2NC6H4 92 (88*) 3-MeOC6H4 81 

3-FC6H4 87 3-MeC6H4 84 

3-ClC6H4 85 3,4-(MeO)2C6H3 80 

3-BrC6H4 84 3,4-(OCH2O)C6H3 82 

3-O2NC6H4 89 ʌʫʨʘʥ-2-ʠʣ 89 

2-ClC6H4 81 Et 85 

2,4-Cl2C6H3 80 n-Pr 87 

* ɺʳʭʦʜ ʧʦ ʤʝʪʦʜʫ B. 

ʉʭʝʤʘ 11 
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ʚ MeOH ʚ ʪʝʯʝʥʠʝ 3 ʯ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʥʲʶʛʘʪʦʚ 37 ʠʣʠ 38 ʩ ʚʳʭʦʜʘʤʠ 

50ï67% (ʩʭʝʤʘ 14).44 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʣʠʥʦ-

ʚʳʡ ɸʀ 4a ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʘʨʠʣʠʜʝʥ-

ʧʠʧʝʨʠʜʦʥʘʤʠ 36 ʥʝ ʨʝʘʛʠʨʦʚʘʣ.  

ʈʝʘʢʮʠʶ ʩ ʫʯʘʩʪʠʝʤ (E,ɽ)-1-ʘʣʢʠʣ-3,5-ʜʠʘʨʠʣʠʜʝʥ-

ʧʠʧʝʨʠʜʠʥ-4-ʦʥʦʚ 39 ʠ ʤʝʥʝʝ ʘʢʪʠʚʥʦʛʦ ɸʀ 4a ʠʟ 

ʩʘʨʢʦʟʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 100 Áʉ, ʠʩʧʦʣʴʟʫʷ [bmim]Br ʚ 

ʢʘʯʝʩʪʚʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ (ʩʭʝʤʘ 15).45 ʇʨʠʩʦʝʜʠʥʝʥʠʝ 

ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʜʠʧʦʣʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʚʝʨʦʷʪʥʦ, 

ʉʭʝʤʘ 12 

ʉʭʝʤʘ 13 

ɸʜʜʫʢʪ Ar ɺʳʭʦʜ, % ɸʜʜʫʢʪ Ar ɺʳʭʦʜ, % ɸʜʜʫʢʪ Ar ɺʳʭʦʜ, % 

28a Ph 90 32e 4-MeOC6H4 86 34c 4-MeC6H4 86 

28b 4-ClC6H4 84 33a Ph 87 34d 4-MeOC6H4 88 

28c 4-BrC6H4 88 33b 4-ClC6H4 86 35a Ph 86 

28d 4-MeC6H4 82 33c 4-O2NC6H4 92 35b 4-ClC6H4 88 

28e 4-MeOC6H4 82 33d 4-MeC6H4 87 35c 4-MeC6H4 85 

32a Ph 86 33e 4-MeOC6H4 87 35d 4-MeOC6H4 87 

32b 4-ClC6H4 87 33f 4-Me2NC6H4 86 35e 4-Me2NC6H4 85 

32c 4-BrC6H4 88 34a Ph 88    

32d 4-MeC6H4 85 34b 4-ClC6H4 85    

ʉʭʝʤʘ 14 

ʊʘʙʣʠʮʘ 6. ɺʳʭʦʜʳ ʜʠʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 28, 32ï35 
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ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ. ʈʝʛʠʦʭʠʤʠʷ ʠ ʵʥʜʦ-ʢʦʥʬʠ-

ʛʫʨʘʮʠʷ ʘʜʜʫʢʪʦʚ 37, 38 ʠ 40 ʧʦʜʪʚʝʨʞʜʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʈʉɸ.44,45  

1,3-ɼʎ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʦʚʳʭ ɸʀ ʥʘ ʦʩʥʦʚʝ 

ʩʘʨʢʦʟʠʥʘ ʠ ʧʨʦʣʠʥʘ ʢ [(Z,Z)-2,4-ʜʠʙʝʥʟʠʣʠʜʝʥ]ʜʠʛʠʜʨʦ-

ʪʠʦʬʝʥ-3(2H)-ʦʥʘʤ 41 ʧʨʦʪʝʢʘʣʦ ʩ ʫʯʘʩʪʠʝʤ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʭ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʠʢʣʦʘʜʜʫʢʪʳ 42 ʠ 43 ʧʦʣʫʯʝʥʳ ʩ 

ʚʳʭʦʜʘʤʠ 86ï95%, ʘ ʠʭ ʵʥʜʦ-ʩʪʝʨʝʦʭʠʤʠʷ ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʝʪʦʜʦʤ ʈʉɸ (ʩʭʝʤʘ 16).46 ʅʘʙʣʶʜʘʝʤʘʷ ʭʝʤʦʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦ-

ʬʠʣʴʥʦʩʪʴʶ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʚ ʧʦʣʦʞʝ-

ʥʠʠ 2 ʠʟ-ʟʘ ʚʳʨʘʞʝʥʥʦʛʦ +ʄ-ʵʬʬʝʢʪʘ ʩʫʣʴʬʘʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 

ʠʩʭʦʜʥʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɸʀ 4 ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ 

ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʳ 5a (R = Me) ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ 

ʚʠʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʛʠʦʠʟʦʤʝʨʦʚ. 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʤʳ ʩʦʦʙʱʠʣʠ ʦ ʩʠʥʪʝʟʝ ʘʜʜʫʢʪʦʚ 45, 

ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ 1,3-ʜʠʢʝʪʦʥʘ, ʠʩʧʦʣʴʟʫʷ (E)-1,5-ʜʠ-

ʘʨʠʣʧʝʥʪ-4-ʝʥ-1,3-ʜʠʦʥʳ 44 ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ 

(ʩʭʝʤʘ 17).47 ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 

i-PrOH. ɹʦʣʝʝ ʘʢʪʠʚʥʳʝ ɸʀ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʟ ʧʨʦʣʠʥʘ, 

ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʝʥʜʠʦʥʘʤʠ 44 ʫʞʝ ʧʨʠ 35 Áʉ, ʪʦʛʜʘ ʢʘʢ 

1,3-ɼʎ ʪʠʘʧʨʦʣʠʥʦʚʳʭ ɸʀ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 65 Áʉ; 

ʩʘʨʢʦʟʠʥʦʚʳʝ ʠʣʠʜʳ ʥʝ ʚʩʪʫʧʘʣʠ ʚ ʨʝʘʢʮʠʶ ʎʇ. ʂʘʢ ʠ 

ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ ɸʀ ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʧʦ ʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʘʨʠʣʠʜʝʥ-

ʘʮʝʪʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʎʠʢʣʦʘʜʜʫʢʪʳ 45 ʚ ʨʘʩʪʚʦʨʝ 

ɼʄʉʆ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʫʶʪ ʠʩʢʣʶ-

ʯʠʪʝʣʴʥʦ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ, ʘ ʠʭ ʵʥʜʦ-ʩʪʝʨʝʦʭʠʤʠʷ 

ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ.47 

ʉʭʝʤʘ 15 

ʉʭʝʤʘ 16 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɸʀ 4 ʢ 

ɓ-ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ ʮʝʥʪʨʫ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʦʛʦ ʢʝʪʦʥʘ 

ʩʚʦʠʤ ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʳʤ ʘʪʦʤʦʤ ʉ-3 (ʩʭʝʤʘ 3, ʩʪʨʫʢ-

ʪʫʨʘ B) ʷʚʣʷʝʪʩʷ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʩ 

ʫʯʘʩʪʠʝʤ ʥʠʥʛʠʜʨʠʥʘ, ʜʠʘʤʠʥʦʚ 9, L-ʧʨʦʣʠʥʘ ʠ ʭʘʣʢʦ-

ʥʦʚ 46, ʠʟʫʯʝʥʥʘʷ ʈʘʞʝʥʜʨʘʥʦʤ ʠ ʩʦʪʨ. (ʩʭʝʤʘ 18).28 ʇʦ 

ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʨʷʜ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 47, ʩʦʜʝʨʞʘʱʠʭ ʬʘʨʤʘʢʦ-

ʬʦʨʥʳʡ ʬʨʘʛʤʝʥʪ 2-ʭʣʦʨʭʠʥʦʣʠʥʘ. ʈʝʛʠʦ- ʠ ʩʪʝʨʝʦ-

ʉʭʝʤʘ 17 

ʉʭʝʤʘ 18 
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ʭʠʤʠʷ ʧʨʦʜʫʢʪʦʚ 47 ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʈʉɸ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʵʥʜʦ-ʎʇ ɸʀ 4a ʢ 

ʭʘʣʢʦʥʘʤ 46.  

ʉʦʝʜʠʥʝʥʠʷ 47 ʧʨʦʷʚʠʣʠ ʚʳʩʦʢʫʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 1,1-ʜʠʬʝʥʠʣ-2-ʧʠʢʨʠʣ-

ʛʠʜʨʘʟʠʣʫ (ɼʇʇɻ), ʤʦʥʦʦʢʩʠʜʫ ʘʟʦʪʘ ʠ ʩʫʧʝʨʦʢʩʠʜʫ, ʘ 

ʪʘʢʞʝ ʚʳʨʘʞʝʥʥʫʶ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ 

ʢʣʝʪʢʘʤ ʣʠʥʠʡ ʢʘʨʮʠʥʦʤʳ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ ɸ-549 ʠ 

ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʯʝʣʦʚʝʢʘ MCF-7, ʩʨʘʚʥʠʤʫʶ ʩ 

ʧʨʝʧʘʨʘʪʦʤ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ.28 ʅʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚ-

ʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʠʨʨʦʣʠʟʠʜʠʥʳ 47 ʩ ʜʦʥʦʨʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 6 ʠ 8 ʭʠʥʦʣʠʥʦʚʦʛʦ ʮʠʢʣʘ 

(ʪʘʙʣ. 7). ʉ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʦʢʠʥʛʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʪʠʚʦʨʘʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʘʜʜʫʢʪʦʚ 

47 ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʝʮʝʧʪ-

ʦʨʘʤʠ ʵʧʠʜʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 1ʄ17, ʚʳʟʳʚʘʷ 

ʘʧʦʧʪʦʟ ʠ ʥʝʢʨʦʟ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ. 

ʇʨʦʠʟʚʦʜʥʳʝ 

Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ  

ʇʦʜʦʙʥʦ Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʤ ʢʝʪʦʥʘʤ, ʵʬʠʨʳ, ʥʠʪʨʠʣʳ 

ʠ ʘʤʠʜʳ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ 

ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ɸʀ 4a,b. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ɸʀ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʵʣʝʢʪʨʦʬʠʣʴʥʦʤʫ 

ʘʪʦʤʫ ɓ-ʉ ʜʠʧʦʣʷʨʦʬʠʣʘ ʩʚʦʠʤ ʤʝʥʝʝ ʟʘʤʝʱʝʥʥʳʤ 

ʘʪʦʤʦʤ ʉ-1 (ʩʭʝʤʘ 3). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ 

ʦʙʨʘʪʥʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʜʠʧʦʣʴ 

ʘʪʘʢʫʝʪ ʤʦʣʝʢʫʣʫ ʜʠʧʦʣʷʨʦʬʠʣʘ ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʳʤ 

ʘʪʦʤʦʤ C-3. 

ʕʬʠʨʳ ʘʢʨʠʣʦʚʦʡ ʠ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪ 48 ʙʳʣʠ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʤ 

ʩʠʥʪʝʟʝ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 49aïf (ʩʭʝʤʘ 19, ʪʘʙʣ. 8).48 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʚ ʢʠʧʷʱʝʤ EtOH, ʛʝʥʝʨʠʨʫʷ ɸʀ 4 

in situ ʠʟ ʥʠʥʛʠʜʨʠʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦ-ʬʝʥʠʣʝʥ-

ʜʠʘʤʠʥʘ 9 ʠ ʧʨʦʣʠʥʘ. ʈʝʘʢʮʠʷ ʎʇ ʟʘʚʝʨʰʘʣʘʩʴ ʫʞʝ 

ʯʝʨʝʟ 25 ʤʠʥ, ʘ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ 49 ʩʦʩʪʘʚʠʣʠ 75ï

82%. ʊʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ 2'-CH ʠ 

7'a-CH, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ 1D ɻ ʢʩʧʝʨʠʤʝʥʪʘ 

NOESY, ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʢʟʦ-1,3-ɼʎ. ʇʦʩʢʦʣʴʢʫ ʢʦʥʬʠ-

ʛʫʨʘʮʠʶ ʩʧʠʨʦʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, 

ʚʦʟʤʦʞʝʥ ʢʘʢ ʩʦʛʣʘʩʦʚʘʥʥʳʡ, ʪʘʢ ʠ ʮʚʠʪʪʝʨʠʦʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʎʇ. 

ʕʢʟʦ-1,3-ɼʇ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʠʣʠʜʦʚ 4a ʥʘ ʦʩʥʦʚʝ L-ʧʨʦʣʠʥʘ ʠ 

N-ʘʨʠʣʤʘʣʝʠʤʠʜʦʚ 50 (ʩʭʝʤʘ 20, ʪʘʙʣ. 9).18,49 ʂʘʢ ʧʨʠ 

R1  

ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

IC50, ʤʢʛ/ʤʣ  

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, 

IC50, ʤʢʄ  R2  

ɼʇʇɻ NO O2
ī MGF-7 A-549 

H 6-Me 6.13 5.87 4.43 33 Ñ 1.4 24 Ñ 1.0 

H 7-Me 5.82 4.56 5.69 23 Ñ 0.5 36 Ñ 1.5 

H 8-Me 3.42 2.68 4.12 17 Ñ 1.6 19 Ñ 0.2 

H 6-MeO 3.32 5.51 3.45 28 Ñ 1.5 24 Ñ 1.5 

H 6,8-Me2 2.96 1.34 4.01 15 Ñ 1.9 16 Ñ 1.8 

H H 7.23 9.52 8.54 35 Ñ 1.5 37 Ñ 1.7 

COPh 6-Me 8.4 6.95 10.11 25 Ñ 1.4 32 Ñ 1.0 

COPh 7-Me 6.71 5.98 8.65 24 Ñ 1.5 32 Ñ 0.9 

COPh 8-Me 3.6 5.24 3.4 18 Ñ 1.3 20 Ñ 1.5 

COPh 6-MeO 3.2 5.43 3.9 26 Ñ 1.3 24 Ñ 0.5 

COPh 6,8-Me2 3.56 3.43 3.8 16 Ñ 0.5 17 Ñ 1.8 

COPh H 8.24 6.32 9.54 30 Ñ 0.7 33 Ñ 1.4 

ʊʘʙʣʠʮʘ 7. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʘʜʜʫʢʪʦʚ 47 

ʉʭʝʤʘ 19 

ʊʘʙʣʠʮʘ 8. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 49aïf 

ɸʜʜʫʢʪ R1 R2 R3 ɺʳʭʦʜ, % 

49a H Me H 75 

49b H Et H 80 

49c Me Me H 77 

49d Me Et H 75 

49e H Et Me 80 

49f Me Et Me 82 

ʉʭʝʤʘ 20 

ɸʜʜʫʢʪ R1 R2  
ʄʝʪʦʜ ɸ  ʄʝʪʦʜ B  

ɺʨʝʤʷ, ʯ ɺʳʭʦʜ, % ɺʨʝʤʷ, ʤʠʥ ɺʳʭʦʜ, % 

51a ʅ H 3 80 4 90 

51b ʅ Me 2.5 82 3 93 

51c ʄʝ H 2.5 80 3 91 

51d ʄʝ Me 2 86 3 95 

51e ʅ Cl 3.5 76 5 87 

51f ʄʝ ʉl 3.5 79 5 89 

ʊʘʙʣʠʮʘ 9. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 51aïf 
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ʦʙʳʯʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚ ɼʄʉʆ (ʤʝʪʦʜ ɸ), ʪʘʢ ʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʤʝʪʦʜ B) 

ʧʨʦʮʝʩʩ ʎʇ ʧʨʠʚʦʜʠʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʛʦ ʜʠʘ-

ʩʪʝʨʝʦʤʝʨʘ ʮʠʢʣʦʘʜʜʫʢʪʦʚ 51aïf, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ 1D ɻ ʢʩʧʝʨʠʤʝʥʪʦʤ NOESY. ʂʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʢʦʥʬʠʛʫʨʘʮʠʶ ʯʝʪʚʝʨʪʠʯʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ ʚ ʧʠʨʨʦʣʠʟʠʜʠʥʦʚʦʤ ʮʠʢʣʝ ʫʩʪʘʥʦ-

ʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɺ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʘ B ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

ʩʦʢʨʘʱʘʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟ, ʘ ʚʳʭʦʜʳ ʮʝʣʝ-

ʚʳʭ ʧʨʦʜʫʢʪʦʚ 51aïf ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 10%. 

ɺ ʨʘʙʦʪʘʭ50,51 ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʎʇ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦ-

ʥʦʚʳʭ ɸʀ 4a ʢ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ɹʝʡʣʠʩʘïʍʠʣʣʤʘʥʘ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʵʬʠʨʦʚ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʘʨʦʤʘ-

ʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ. ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʩ 

ʫʯʘʩʪʠʝʤ ʬʝʨʨʦʮʝʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ 52, ʠʥʜʝʥʦ-

ʭʠʥʦʢʩʘʣʠʥʦʥʘ 5a ʠ ʩʘʨʢʦʟʠʥʘ ʠʣʠ ʧʨʦʣʠʥʘ ʧʨʠʚʝʣʘ ʢ 

ʧʦʣʫʯʝʥʠʶ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʘ 53 ʠ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠ-

ʜʠʥʘ 54 ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ï 83% (ʩʭʝʤʘ 21).50 ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ɸʀ ʧʨʠʩʦʝʜʠʥʷʣʩʷ ʢ ʥʘʠʙʦʣʝʝ ʵʣʝʢʪʨʦ-

ʬʠʣʴʥʦʤʫ ʘʪʦʤʫ ɓ-ʉ ʘʣʢʝʥʘ ʩʚʦʠʤ ʤʝʥʝʝ ʟʘʤʝʱʝʥʥʳʤ 

ʘʪʦʤʦʤ ʉ-1. ʉʪʝʨʝʦʭʠʤʠʷ ʧʨʦʜʫʢʪʦʚ 53 ʠ 54 ʫʩʪʘʥʦʚʣʝʥʘ 

ʤʝʪʦʜʦʤ ʈʉɸ, ʚʳʧʦʣʥʝʥʥʦʤ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʘʜʜʫʢʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʠʟ ɸʀ 1 ʥʘ ʦʩʥʦʚʝ 

ʩʘʨʢʦʟʠʥʘ/ʧʨʦʣʠʥʘ ʠ ʠʟʘʪʠʥʘ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʧʠʨʦ-

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 53 ʠ 54 ʧʨʠʚʝʜʝʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ ʈʉɸ. ʊʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʭʠʥʦʢʩʘʣʠʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʚ ʘʜʜʫʢʪʘʭ 53 ʠ 54 ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʛʣʘ-

ʩʦʚʘʥʥʦʝ ʵʥʜʦ-ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʢ ʩʘʨʢʦʟʠʥʦʚʦʛʦ, ʪʘʢ 

ʠ ʧʨʦʣʠʥʦʚʦʛʦ ɸʀ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ 

ʜʠʘʩʪʝʨʝʦʤʝʨʘ ʠʤʝʶʪ ʘʥʪʠ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʢʩʠʣʴ-

ʥʦʡ ʠ ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʛʨʫʧʧʳ.  

ʤʝʥʷʣʘʩʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʠ ɸʀ ʘʪʘʢʦʚʘʣ ʜʚʦʡʥʫʶ 

ʩʚʷʟʴ ʩʚʦʠʤ ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ 

(ʩʭʝʤʘ 22, ʪʘʙʣ. 11).51 ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʳʭʦʜʳ ʘʜʜʫʢʪʦʚ 

56 ʠ 57 ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʙʝʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʩʤʝʩʠ ʩ ʠʟʤʝʣʴʯʝʥʥʳʤ ʤʦʥʪʤʦʨʠʣʣʦ-

ʥʠʪʦʤ ʂ-10 (ʛʝʪʝʨʦʛʝʥʥʳʡ ʢʘʪʘʣʠʟ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʦʙʣʫʯʝʥʠʝʤ (ʪʘʙʣ. 11). ʉʪʝʨʝʦʭʠʤʠʶ 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʘʥʪʠ-ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʣʦʞʥʦʵʬʠʨʥʦʡ ʠ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ ʙʣʠʟʢʦʛʦ ʧʦ 

ʩʪʨʫʢʪʫʨʝ ʵʥʜʦ-ʘʜʜʫʢʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠʟ ɸʀ 3 ʥʘ ʦʩʥʦʚʝ ʧʨʦʣʠʥʘ ʠ ʥʠʥʛʠʜʨʠʥʘ.51 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʧʠʨʦʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ 56 ʠ 57 ʧʨʠʚʝʜʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ 

ʩʪʝʨʝʦʭʠʤʠʝʡ ʘʜʜʫʢʪʦʚ 53 ʠ 54.  

ʉʭʝʤʘ 21 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʧʨʦʷʚʠʣʠ ʚʳʨʘʞʝʥʥʫʶ ʘʥʪʠ-

ʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ 

ʧʘʪʦʛʝʥʥʳʤ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʙʘʢʪʝʨʠʷʤ, ʩʨʘʚʥʠʤʫʶ ʩ ʪʘʢʦʚʦʡ ʠʟʚʝʩʪʥʦʛʦ 

ʘʥʪʠʙʠʦʪʠʢʘ ʪʝʪʨʘʮʠʢʣʠʥʘ (ʪʘʙʣ. 10).50 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʠʧʦʣʷʨʦʬʠʣʦʚ 

ʙʣʠʟʢʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʢʨʠʣʘʪʦʚ 55 ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʫʩʣʦʚʠʡ ʨʝʛʠʦʭʠʤʠʷ ʧʨʦʮʝʩʩʘ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʊʘʙʣʠʮʘ 10. ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʛʠʙʠʨʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʦʝʜʠʥʝʥʠʡ 53, 54 ʠ ʪʝʪʨʘʮʠʢʣʠʥʘ, ʥʛ/ʤʣ 

ʉʦʝʜʠʥʝʥʠʝ 
ʊʝʪʨʘʮʠʢʣʠʥ ʇʘʪʦʛʝʥ  

53 54 

Enterococcus faecalis 35 60 15 

Bacillus cereus 70 65 30 

Staphylococcus aureus 85 100 35 

Salmonella typhi 65 70 30 

Escherichia coli 40 55 30 

Proteus mirabilis 75 85 35 

ɸʜʜʫʢʪ  

ʄʝʪʦʜ ɸ  ʄʝʪʦʜ B  ʄʝʪʦʜ C  

ɺʨʝʤʷ, 

ʯ 

ɺʳʭʦʜ, 

% 

ɺʨʝʤʷ, 

ʤʠʥ 

ɺʳʭʦʜ, 

% 

ɺʨʝʤʷ, 

ʤʠʥ 

ɺʳʭʦʜ, 

% 

56 5.5 30 30 40 10 70 

57 3.5 32 40 55 10 77 

ʊʘʙʣʠʮʘ 11. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 56 ʠ 57 

ʉʭʝʤʘ 22 

ʊʘʢʘʷ ʞʝ ʨʝʛʠʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [3+2]-ʎʇ 

ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʨʝʘʢʮʠʷʭ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʦʚʳʭ 

ɸʀ 4a ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʠʣʘʤʠʥʘ ʠʣʠ ʧʨʦʣʠʥʘ ʩ 3-ʮʠʘʥʦ-
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2ʅ-ʭʨʦʤʝʥʘʤʠ 58.52 ʇʨʠ ʘʧʨʦʙʠʨʦʚʘʥʠʠ ʜʚʫʭ ʤʝʪʦʜʠʢ ï 

ʧʨʦʩʪʦʝ ʢʠʧʷʯʝʥʠʝ ʚ EtOH ʚ ʪʝʯʝʥʠʝ 5 ʯ ʠ ʢʠʧʷʯʝʥʠʝ ʚ 

EtOH ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʤʠʢʨʦʚʦʣʥʘʤʠ ï 

ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʩʣʝʜʥʝʡ 

(ʚʳʭʦʜʳ ʚʦʟʨʘʩʪʘʣʠ ʥʘ 14ï16%). ʋ ʭʨʦʤʝʥʦʧʠʨʨʦ-

ʣʠʜʠʥʦʚ 59 ʠ ʭʨʦʤʝʥʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 60 ɻ ʥʜʦ-ʢʦʥʬʠ-

ʛʫʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 2D ɻ ʢʩʧʝ-

ʨʠʤʝʥʪʘ NOESY ʠ ʈʉɸ (ʩʭʝʤʘ 23, ʪʘʙʣ. 12). 

ɺ ʨʘʙʦʪʘʭ53ī55 ʠʟʫʯʘʣʦʩʴ 1,3-ɼʎ ɸʀ 4a,b ʢ ʘʨʠʣʠʜʝʥ-

ʤʘʣʦʥʦʥʠʪʨʠʣʘʤ 61 ʠ ʘʨʠʣʠʜʝʥʮʠʘʥʫʢʩʫʩʥʳʤ ʵʬʠʨʘʤ 

62 ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɻʨʫʧʧʦʡ ʢʠʪʘʡʩʢʠʭ ʭʠʤʠʢʦʚ 

ʨʘʟʨʘʙʦʪʘʥ ʨʝʛʠʦ- ʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ 63 (ʚʳʭʦʜʳ 80ī92%) ʠ 64 (ʚʳʭʦʜʳ 

62ī81%), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ, ʚ 

ʢʦʪʦʨʦʡ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥ 5a ʠ ʥʠʪʨʠʣʳ 61, 62 

ʛʝʥʝʨʠʨʫʶʪ in situ (ʩʭʝʤʘ 24, ʪʘʙʣ. 13, ʤʝʪʦʜ A).53 

ʇʦʩʣʝʜʥʠʝ ʧʦʣʫʯʘʶʪ ʧʦ ʨʝʘʢʮʠʠ ʂʥʸʚʝʥʘʛʝʣʷ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʝʥʟʘʣʴʜʝʛʠʜʦʚ ʠ ʤʘʣʦʥʦʥʠʪʨʠʣʘ 

ʠʣʠ ʮʠʘʥʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ. ʀʟ-ʟʘ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʘʨʢʦʟʠʥʦʚʦʛʦ ɸʀ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʷʪ ʧʨʠ 100 ÁC ʚ 

ʛʝʨʤʝʪʠʯʥʦʤ ʨʝʘʢʪʦʨʝ, ʠʩʧʦʣʴʟʫʷ EtOH ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʨʘʥʩ-ʦʨʠʝʥʪʘʮʠʷ ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠ-

ʪʝʣʷ ʠ ʦʙʲʝʤʥʦʛʦ ʭʠʥʦʢʩʘʣʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ 

ʘʜʜʫʢʪʘʭ 63 ʠ 64 ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ.  

ɺ ʨʘʙʦʪʝ54 ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʩʧʠʨʦʧʠʨʨʦ-

ʣʠʜʠʥʦʚ 63 ʠ 64, ʩʦʜʝʨʞʘʱʠʭ N-ʬʝʥʠʣʢʘʨʙʘʤʘʪʥʫʶ 

ʛʨʫʧʧʫ ʚ ʘʨʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ (Ar = 4-PhNHCO2C6H4), 

ʩ ʚʳʭʦʜʘʤʠ 78 ʠ 75% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʘʥʘʣʦʛʠʯʥʫʶ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʫʶ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ 

Ar X ɺʳʭʦʜ*, % Ar X ɺʳʭʦʜ*, % Ar X ɺʳʭʦʜ*, % 

Ph CN 87 (64**) 4-MeOC6H4 CN 83 3-FC6H4 CO2Et 75 

4-FC6H4 CN 90 4-MeC6H4 CN 85 3-ClC6H4 CO2Et 74 

4-ClC6H4 CN 88 (61**) 3-MeOC6H4 CN 84 3-BrC6H4 CO2Et 74 

4-BrC6H4 CN 87 3,4-(MeO)2C6H3 CN 82 2-FC6H4 CO2Et 74 

3-FC6H4 CN 86 ʌʫʨʘʥ-2-ʠʣ CN 89 2-ClC6H4 CO2Et 73 

3-BrC6H4 CN 84 4-PhNHCO2C6H4 CN 78*** 4-O2NC6H4 CO2Et 81 

2-FC6H4 CN 83 4-PhNHCO2C6H4 CO2Et 75*** 4-MeC6H4 CO2Et 65 

2-ClC6H4 CN 81 Ph CO2Et 71 4-MeOC6H4 CO2Et 62 

2-BrC6H4 CN 80 4-FC6H4 CO2Et 78 ʌʫʨʘʥ-2-ʠʣ CO2Et 70 

2,4-Cl2C6H3 CN 80 (66**) 4-ClC6H4 CO2Et 79    

4-O2NC6H4 CN 92 (64**) 4-BrC6H4 CO2Et 77    

ʊʘʙʣʠʮʘ 13. ɺʳʭʦʜʳ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ 63 ʠ 64 

* ɺʳʭʦʜ ʧʦ ʤʝʪʦʜʫ A. 
** ɺʳʭʦʜ ʧʦ ʤʝʪʦʜʫ C. 

*** ɺʳʭʦʜ ʧʦ ʤʝʪʦʜʫ B. 

ʉʭʝʤʘ 24 

R  
ɺʳʭʦʜ 

ʘʜʜʫʢʪʘ 59, %  
R  

ɸʜʜʫʢʪ 60  

ɺʨʝʤʷ, ʯ ɺʳʭʦʜ, % 

H 78 H 10 85 

8-Cl 78 2-Cl 10 89 

6,8-Cl2 82 2,4-Cl2 5 86 

8-Br 78 2-Br 8 89 

8-Br-6-MeO 80 2-Br-4-MeO 10 80 

6-MeO 78 4-MeO 10 88 

7-MeO 80 3-MeO 5 90 

6-EtO 83 4-EtO 5 85 

ʉʭʝʤʘ 23 

ʊʘʙʣʠʮʘ 12. ɺʳʭʦʜʳ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʦʚ 59 ʠ 60 
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ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʩʤʝʩʠ EtOH ʩ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ [bmim]Br (ʩʭʝʤʘ 24, 

ʪʘʙʣ. 13, ʤʝʪʦʜ B). 

ʅʝʜʘʚʥʦ55 ʨʷʜ ʩʧʠʨʦʧʠʨʨʦʣʠʜʠʥʦʚ 63 ʩ ʚʳʭʦʜʘʤʠ 

61ī66% ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʝʡ 

ʩ ʫʯʘʩʪʠʝʤ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʘ 5a, ʩʘʨʢʦʟʠʥʘ ʠ 

ʘʨʠʣʠʜʝʥʤʘʣʦʥʦʥʠʪʨʠʣʦʚ 61 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ i-PrOH 

(ʩʭʝʤʘ 24, ʪʘʙʣ. 13, ʤʝʪʦʜ ʉ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʮʠʢʣʦ-

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (50 Áʉ) ʙʝʟ ʧʨʠʤʝʥʝ-

ʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ.  

1,3-ɼʎ ɸʀ 4a,b, ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟ ʧʨʦʣʠʥʘ, ʢ 

ʥʠʪʨʠʣʘʤ 61 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʝʛʠʦʠʟʦʤʝʨʥʳʭ 

ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 65 ʠ/ʠʣʠ 66 ʩ ʮʠʩ-ʦʨʠʝʥʪʘʮʠʝʡ 

ʭʠʥʦʢʩʘʣʠʥʦʚʦʛʦ ʠ ʘʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

ʈʝʛʠʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʤ 

ʮʠʢʣʝ ʜʠʧʦʣʷʨʦʬʠʣʘ (ʩʭʝʤʘ 25, ʪʘʙʣ. 14).55  

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ,55 ʯʪʦ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ 

ʥʠʪʨʠʣʦʚ 61 ʩ ʥʝʟʘʤʝʱʝʥʥʳʤ ʙʝʥʟʦʣʴʥʳʤ ʮʠʢʣʦʤ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʧʨʦʣʠʥʘ ʠ 

ʭʠʥʦʢʩʘʣʠʥʦʥʦʚ 5a,b ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ i-PrOH ʚ 

ʪʝʯʝʥʠʝ 2ï3 ʩʫʪ ʧʨʠʚʦʜʠʪ ʢ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʘʤ  

65aïd,iïk (ʚʳʭʦʜʳ 56ï86%), ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ɸʀ ʢ ɓ-ʫʛʣʝʨʦʜʥʦʤʫ ʘʪʦʤʫ 

ʥʠʪʨʠʣʘ ʘʪʦʤʦʤ ʉ-1 (ʩʭʝʤʘ 25, ʪʘʙʣ. 14). ʇʨʠ ʫʯʘʩʪʠʠ ʚ 

ʎʇ ʥʠʪʨʠʣʦʚ 61, ʩʦʜʝʨʞʘʱʠʭ ʦʜʠʥ ʠʣʠ ʜʚʘ ʵʣʝʢʪʨʦʥʦ-

ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʮʠʢʣʝ, ʨʝʛʠʦ-

ʭʠʤʠʷ ʧʨʦʮʝʩʩʘ ʥʝʦʞʠʜʘʥʥʦ ʤʝʥʷʝʪʩʷ, ʠ ʦʙʨʘʟʫʶʪʩʷ 

ʪʦʣʴʢʦ ʩʧʠʨʦʮʠʢʣʦʘʜʜʫʢʪʳ 66f,h,lïn (ʚʳʭʦʜʳ 60ï88%), 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʤʝʩʠ ʘʜʜʫʢʪʦʚ 65g ʠ 66g c 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʝʛʠʦʠʟʦʤʝʨʘ 66g (62%). 

ɽʱʝ ʙʦʣʝʝ ʥʝʦʞʠʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʜʜʫʢʪʘ 65e ʚ ʨʝʘʢʮʠʠ 2-(4-ʤʝʪʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)ʤʘʣʦʥʦ-

ʥʠʪʨʠʣʘ ʩ ɸʀ ʠʟ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʘ 5a ʠ ʘʜʜʫʢʪʘ 

66l ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ ɸʀ ʠʟ ʠʥʜʝʥʦʧʠʨʠʜʦ-

ʧʠʨʘʟʠʥʦʥʘ 5b (ʩʭʝʤʘ 25, ʪʘʙʣ. 14). ʈʝʛʠʦ- ʠ ʩʪʝʨʝʦ-

ʭʠʤʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʝʡ ʗʄʈ 1H ʠ 13C ʠ ʈʉɸ. 

ɺ ʨʘʙʦʪʝ21 ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʝʡ [3+2]-ʎʇ 

ʩ ʫʯʘʩʪʠʝʤ ʭʠʨʘʣʴʥʳʭ ʘʤʠʜʦʚ ʢʨʦʪʦʥʦʚʦʡ ʠ ʢʦʨʠʯʥʦʡ 

ʢʠʩʣʦʪ 67 ʠ ɸʀ 4a, ʛʝʥʝʨʠʨʫʝʤʳʭ in situ ʠʟ ʥʠʥ-

ʛʠʜʨʠʥʘ, ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʚ 9 ʠ Ŭ-ʘʤʠʥʦʢʠʩʣʦʪ, 

ʦʩʫʱʝʩʪʚʣʝʥ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʧʠʨʦʧʠʨʨʦ-

ʣʠʜʠʥʦʚ 68 ʠ 69 ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʦʧʪʠʯʝʩʢʦʡ 

ʯʠʩʪʦʪʦʡ ʙʦʣʝʝ 99% (ʩʭʝʤʘ 26). ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʉʭʝʤʘ 25 

ʊʘʙʣʠʮʘ 14. ʉʦʦʪʥʦʰʝʥʠʷ ʠ ʚʳʭʦʜʳ ʨʝʛʠʦʠʟʦʤʝʨʦʚ 65 ʠ 66 

ɸʜʜʫʢʪ X R  
ʉʦʦʪʥʦʰʝʥʠʝ 

65:66 
ɺʳʭʦʜ, % 

65a CH Ph 100:0 75 

65b CH 4-Cl 100:0 84 

65c CH 4-NO2 100:0 79 

65d CH 2,4-Cl2 100:0 86 

65e CH 4-MeO 100:0 71 

66f CH 4-HO 0:100 74 

65g + 66g CH 3,4-(MeO)2 38:62 86 

66h CH 4-HO-3-MeO 0:100 60 

65i N Ph 100:0 56 

65j N 4-Cl 100:0 66 

65k N 2,4-Cl2 100:0 60 

66l N 4-MeO 0:100 76 

66m N 4-HO 0:100 62 

66n N 3,4-(MeO)2 0:100 88 

ʉʭʝʤʘ 26 
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ʨʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʦʤ DFT/B3LYP ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʙʘʟʠʩʦʚ 6-31G(d) ʠ 6-31G(d,p), ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʎʇ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʥʜʦ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʯʝʤ 

ʘʪʘʢʘ ʘʟʦʤʝʪʠʥ-ʠʣʠʜʦʤ ʜʠʧʦʣʷʨʦʬʠʣʘ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ (Z)-ʢʦʥʬʦʨʤʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʩ 

si-ʩʪʦʨʦʥʳ. ɸʙʩʦʣʶʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʈʉɸ.21 

ʉʦʧʨʷʞʝʥʥʳʝ ʥʠʪʨʦʘʣʢʝʥʳ 

Ŭ,ɓ-ʅʝʧʨʝʜʝʣʴʥʳʝ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ ʧʨʦʷʚʣʷʶʪ ʥʘʠ-

ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢ ɸʀ 4a,b. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥ-

ʥʦʩʪʴʶ ʵʪʠʭ ʜʠʧʦʣʷʨʦʬʠʣʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʘʷ ʨʝʛʠʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʝʘʢʮʠʡ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʠ 

ʘʮʠʢʣʠʯʝʩʢʠʤʠ ɸʀ: ʘʮʠʢʣʠʯʝʩʢʠʝ ɸʀ ʥʘ ʦʩʥʦʚʝ 

ʩʘʨʢʦʟʠʥʘ ʠʣʠ ʙʝʥʟʠʣʘʤʠʥʘ ʦʙʳʯʥʦ ʘʪʘʢʫʶʪ ʤʦʣʝʢʫʣʫ 

ʜʠʧʦʣʷʨʦʬʠʣʘ ʩʚʦʠʤ ʤʝʥʝʝ ʟʘʤʝʱʝʥʥʳʤ ʘʪʦʤʦʤ ʉ-1 

(ʩʭʝʤʘ 3), ʪʦʛʜʘ ʢʘʢ ɸʀ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʟ ʧʨʦʣʠʥʘ ʠ 

ʪʠʘʧʨʦʣʠʥʘ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʘʪʦʤʫ ɓ-ʉ ʥʠʪʨʦʘʣʢʝʥʘ 

ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʳʤ ʘʪʦʤʦʤ C-3. 

ʊʘʢ, ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʨʝʘʢʮʠʷ ʥʠʥʛʠʜʨʠʥʘ, 

ʦ-ʬʝʥʠʣʝʥʜʠʘʤʠʥʘ, L-ʧʨʦʣʠʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ɓ-ʥʠʪʨʦʩʪʠʨʦʣʘ 70, ʧʨʦʚʦʜʠʤʘʷ ʚ ʢʠʧʷʱʝʤ EtOH 

(ʤʝʪʦʜ ɸ) ʠʣʠ ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʥʘʛʨʝʚʝ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʤʝʪʦʜ B), ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʧʨʠ-

ʚʦʜʠʣʘ ʢ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʘʤ 71 (ʩʭʝʤʘ 27).56 ʀʩʧʦʣ-ɹ

ʟʦʚʘʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʩʦʢʨʘʱʘʣʦ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʜʦ 7ï10 ʤʠʥ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʣʦ ʥʘ 

ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʡ 

ʘʜʜʫʢʪʳ 71 ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʥʜʦ-

ʠʟʦʤʝʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʪʘʢʠ ɸʀ ʩʚʦʠʤ 

ʙʦʣʝʝ ʟʘʤʝʱʝʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʦʤ, ʘ ʠʭ ʩʪʨʦʝʥʠʝ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. 

ʥʠʪʨʦʩʪʠʨʦʣʦʚ 70aïe ʠ ʧʨʦʣʠʥʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʛʨʝʚʝ 

ʚ i-PrOH.19 ʇʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʳ 71aïe, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚ ʙʝʥʟʦʣʴʥʦʤ ʮʠʢʣʝ, ʘ 

ʪʘʢʞʝ ʩʧʠʨʦʘʜʜʫʢʪʳ 72aïe, ʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪ 

ʠʥʜʝʥʦʧʠʨʠʜʦʧʠʨʘʟʠʥʦʥʘ (ʩʭʝʤʘ 28, ʪʘʙʣ. 15). 

ʉʭʝʤʘ 27 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 71, ʚ ʢʦʪʦʨʦʤ ʪʨʝʭʢʦʤʧʦ-

ʥʝʥʪʥʫʶ ʨʝʘʢʮʠʶ ʩ ʫʯʘʩʪʠʝʤ ʠʥʜʝʥʦʭʠʥʦʢʩʘʣʠʥʦʥʘ 5a, 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠ-

ʜʠʥʳ 71 ʩʧʦʩʦʙʥʳ ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʫ 

(ɸʍʕ) ʧʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ IC50 (ʪʘʙʣ. 16) ʠ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʣʝʯʝʥʠʷ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʨʘʩʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʙʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʧʠʨʨʦʣʠʟʠʜʠʥ 71, ʩʦʜʝʨʞʘʱʠʡ 3,4-ʤʝʪʠʣʝʥ-

ʜʠʦʢʩʠʛʨʫʧʧʫ ʚ ʘʨʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ, ʧʦ ʩʚʦʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ 20 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʡ ʤʝʜʠ-

ʮʠʥʩʢʠʡ ʧʨʝʧʘʨʘʪ ʛʘʣʘʥʪʘʤʠʥ. 

ɻʣʘʜʢʦ ʨʝʘʛʠʨʫʝʪ ʩ ɓ-ʥʠʪʨʦʩʪʠʨʦʣʘʤʠ 70 ʠ ʪʠʘ-

ʧʨʦʣʠʥʦʚʳʡ ɸʀ, ʦʙʨʘʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʦ-

ʮʠʢʣʦʘʜʜʫʢʪʳ 73 ʩ ʚʳʭʦʜʘʤʠ 65ï93% (ʩʭʝʤʘ 29).20 

ʇʨʦʮʝʩʩ ʎʇ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ EtOH ʚ 

ʪʝʯʝʥʠʝ 5 ʯ. ʈʝʛʠʦ- ʠ ʩʪʝʨʝʦʭʠʤʠʷ ʧʨʦʜʫʢʪʦʚ 73 

ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ʈʘʩʯʝʪʳ ʤʝʪʦʜʦʤ 

DFT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ B3LYP, 

wB97xD, M06-2X ʠ ʙʘʟʠʩʘ 6-31G(d,p) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʚ ʧʦʣʴʟʫ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʵʥʜʦ-1,3-ɼʎ. 

ʉʭʝʤʘ 28 

ɸʜʜʫʢʪ 71 ɺʳʭʦʜ, % ɸʜʜʫʢʪ 72 ɺʳʭʦʜ, % 

71a 70 72a 84 

71b 84 72b 48 

71c 82 72c 61 

71d 94 72d 84 

71e 77 72e 70 

ʊʘʙʣʠʮʘ 15. ɺʳʭʦʜʳ ʩʧʠʨʦʧʠʨʨʦʣʠʟʠʜʠʥʦʚ 71 ʠ 72 

Ar IC50, ʤʢʄ Ar IC50, ʤʢʄ 

2-MeOC6H4 7.3 Ñ 2.2 4-O2NC6H4 4.4 Ñ 1.9 

3,4-(OCH2O)C6H3 0.05 Ñ 0.01 2-ʌʫʨʠʣ 3.0 Ñ 0.2 

2-ClC6H4 5.3 Ñ 3.9 2-ʊʠʝʥʠʣ 5.4 Ñ 2.7 

2-BrC6H4 14.0 Ñ 0.5   

ʊʘʙʣʠʮʘ 16. ʀʥʛʠʙʠʪʦʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʘʜʜʫʢʪʦʚ 71  

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɸʍʕ  


