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ʀʟʩʣʝʜʚʘʥʠʷʪʘ, ʩʚʲʨʟʘʥʠ ʩ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ, ʩʘ ʧʨʦʚʝʜʝʥʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷ 

Ăʆʨʛʘʥʠʯʝʥ ʉʠʥʪʝʟ ʠ ʉʪʝʨʝʦʭʠʤʠʷñ- ʀʥʩʪʠʪʫʪ ʧʦ ʆʨʛʘʥʠʯʥʘ ʍʠʤʠʷ ʩ ʎʝʥʪʲʨ ʧʦ 

ʌʠʪʦʭʠʤʠʷ, ɹʲʣʛʘʨʩʢʘ ɸʢʘʜʝʤʠʷ ʥʘ ʅʘʫʢʠʪʝ 

 

 

 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʥʘʩʦʯʝʥ ʟʘ ʟʘʱʠʪʘ ʦʪ ʢʦʣʦʢʚʠʫʤʘ Ăʉʪʨʦʝʞ ʠ 

ʨʝʘʢʮʠʦʥʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʦʨʛʘʥʠʯʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʠ ʦʨʛʘʥʠʯʥʠʷ ʩʠʥʪʝʟñ ʧʨʠ ʀʆʍʎʌ-

ɹɸʅ ʦʪ 21.06.2016 ʛ. 

 

 

 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʠʟʣʦʞʝʥ ʥʘ 159 ʩʪʨʘʥʠʮʠ, ʚʢʣʶʯʚʘ 12 ʪʘʙʣʠʮʠ, 10 ʬʠʛʫʨʠ 

ʠ 60 ʩʭʝʤʠ. ɹʠʙʣʠʦʛʨʘʬʠʷʪʘ ʦʙʭʚʘʱʘ 234 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʢʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʦʪʨʘʟʝʥʠ 

ʚ 4 ʥʘʫʯʥʠ ʧʫʙʣʠʢʘʮʠʠ ʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ 9 ʥʘʫʯʥʠ ʬʦʨʫʤʘ.  

ʅʦʤʝʨʘʮʠʷʪʘ ʥʘ ʬʠʛʫʨʠʪʝ, ʪʘʙʣʠʮʠʪʝ ʠ ʩʲʝʜʠʥʝʥʠʷʪʘ ʚ ʘʚʪʦʨʝʬʝʨʘʪʘ ʝ ʩʲʱʘʪʘ, 

ʢʘʢʪʦ ʚ ʜʠʩʝʨʪʘʮʠʷʪʘ. 

 

 

 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʱʝ ʩʝ ʧʨʦʚʝʜʝ ʥʘ 27.09.2016 ʛ. ʦʪ 14 ʯʘʩʘ ʚ ʟʘʣʘ 

111 Ăɸʢʘʜ. ɻ. ɹʦʥʯʝʚñ, ʙʣ. 9, ʥʘ ʦʪʢʨʠʪʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʅʘʫʯʥʦʪʦ ʞʫʨʠ.  
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1. ɺʒɺɽɼɽʅʀɽ 

 

 ʉʨʝʜ ʩʲʚʨʝʤʝʥʥʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʣʝʢʘʨʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʦʙʨʲʱʘ 

ʚʥʠʤʘʥʠʝ ʥʘ ʭʠʨʘʣʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʠ ʥʘ ʪʷʭʥʘʪʘ ʝʥʘʥʪʠʦʤʝʨʥʘ ʯʠʩʪʦʪʘ. ʇʦʥʘʩʪʦʷʱʝʤ 

ʙʨʦʷʪ ʥʘ ʣʝʢʘʨʩʪʚʝʥʠʪʝ ʧʨʝʧʘʨʘʪʠ ʩ ʝʜʠʥ ʠʣʠ ʧʦʚʝʯʝ ʭʠʨʘʣʥʠ ʮʝʥʪʲʨʘ ʥʝʧʨʝʢʲʩʥʘʪʦ 

ʥʘʨʘʩʪʚʘ. ʇʨʝʟ 1984 ʛʦʜʠʥʘ Simonyi
1
, ʠʟʫʯʘʚʘʡʢʠ ʰʚʝʜʩʢʦ ʨʲʢʦʚʦʜʩʪʚʦ ʟʘ ʢʣʠʥʠʯʥʠ 

ʣʝʢʘʨʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʘʢʪʠʢʫʚʘʱʠ ʣʝʢʘʨʠ, ʦʪʯʠʪʘ, ʯʝ ʦʪ ʧʦʩʦʯʝʥʠʪʝ 666 ʣʝʢʘʨʩʪʚʘ, 355 

(53%) ʠʤʘʪ ʥʘʡ-ʤʘʣʢʦ ʝʜʠʥ ʮʝʥʪʲʨ ʥʘ ʭʠʨʘʣʥʦʩʪ, ʦʪ ʪʷʭ 181 (27%) ʣʝʢʘʨʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʝʜʠʥʠʯʥʠ ʝʥʘʥʪʠʦʤʝʨʠ, ʜʦʢʘʪʦ ʦʩʪʘʥʘʣʠʪʝ 174 (26%) ʩʘ ʨʘʮʝʤʠʯʥʠ ʩʤʝʩʠ. 

ʇʨʝʟ 1987 ʛʦʜʠʥʘ Ariens ʠ Wuis
2
 ʧʨʘʚʷʪ ʦʮʝʥʢʘ ʥʘ ʧʘʟʘʨʘ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠ ʫʩʪʘʥʦʚʷʚʘʪ, ʯʝ 

57% ʦʪ ʪʷʭ ʩʘ ʭʠʨʘʣʥʠ (ʚʢʣʶʯʝʥʠ ʩʘ ʚʩʠʯʢʠ ʭʠʨʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ ï ʝʜʠʥʠʯʥʠ ʝʥʘʥʪʠʦʤʝʨʠ 

ʠʣʠ ʩʤʝʩʠ ʦʪ ʩʪʝʨʝʦʠʟʦʤʝʨʠ). ʊʝ ʧʦʩʦʯʚʘʪ, ʯʝ 55% ʦʪ ʭʠʨʘʣʥʠʪʝ ʣʝʢʘʨʩʪʚʝʥʠ ʩʫʙʩʪʘʥʮʠʠ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʨʘʮʝʤʠʯʥʘ ʬʦʨʤʘ, ʘ ʦʩʪʘʥʘʣʠʪʝ ʢʘʪʦ ʯʠʩʪʠ ʝʥʘʥʪʠʦʤʝʨʠ. 

 ʇʨʝʟ 1992 ʛʦʜʠʥʘ ɸʤʝʨʠʢʘʥʩʢʘʪʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʟʘ ʭʨʘʥʠ ʠ ʣʝʢʘʨʩʪʚʘ (US Food & 

Drug Administration, FDA) ʧʫʙʣʠʢʫʚʘ ʧʨʘʚʠʣʘ ʟʘ ʩʪʝʨʝʦʠʟʦʤʝʨʥʠʪʝ ʣʝʢʘʨʩʪʚʝʥʠ ʬʦʨʤʠ
3
. 

ʉʧʦʨʝʜ ʪʝʟʠ ʧʨʘʚʠʣʘ, FDA ʤʦʞʝ ʜʘ ʠʟʜʘʚʘ ʨʘʟʨʝʰʠʪʝʣʥʠ ʟʘ ʧʨʦʜʘʞʙʘ ʥʘ ʨʘʮʝʤʠʯʥʠ 

ʭʠʨʘʣʥʠ ʣʝʢʘʨʩʪʚʘ, ʥʦ ʝʥʘʥʪʠʦʤʝʨʠʪʝ ʥʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʘ 

ʬʘʨʤʘʢʦʣʦʛʠʯʥʦ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ. ʇʨʠʯʠʥʘʪʘ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʧʨʘʚʠʣʘʪʘ ʝ ʚ ʩʘʤʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʝʥʘʥʪʠʦʤʝʨʠʪʝ ʥʘ ʝʜʥʦ ʭʠʨʘʣʥʦ ʩʲʝʜʠʥʝʥʠʝ ï ʝʜʠʥʠʷʪ 

ʝʥʘʥʪʠʦʤʝʨ ʤʦʞʝ ʜʘ ʝ ʪʦʢʩʠʯʝʥ ʠʣʠ ʥʝʘʢʪʠʚʝʥ, ʘ ʜʨʫʛʠʷ ʧʦʣʝʟʝʥ ʠ ʩ ʪʝʨʘʧʝʚʪʠʯʥʦ 

ʧʨʠʣʦʞʝʥʠʝ. ɺ ʠʥʜʫʩʪʨʠʘʣʝʥ ʤʘʱʘʙ, ʬʠʥʘʥʩʦʚʠʷʪ ʨʝʩʫʨʩ ʥʝʦʙʭʦʜʠʤ ʟʘ ʨʘʟʜʝʣʷʥʝ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʨʘʮʝʤʘʪʠ ʝ ʚʠʩʦʢ, ʢʦʝʪʦ ʜʦʚʝʞʜʘ ʜʦ ʧʨʦʤʷʥʘ ʥʘ 

ʧʦʜʭʦʜʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʪʝ ʬʠʨʤʠ. ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʚʩʝ ʧʦ-ʫʩʧʝʰʥʦ ʠ 

ʠʢʦʥʦʤʠʯʝʩʢʠ ʠʟʛʦʜʥʦ ʝ ʜʠʨʝʢʪʝʥʠʷ ʩʠʥʪʝʟ ʥʘ ʝʥʘʥʪʠʦʤʝʨʥʦ ʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʥʦ ʯʠʩʪʠ 

ʬʦʨʤʠ ʥʘ ʭʠʨʘʣʥʠʪʝ ʣʝʢʘʨʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ, ʢʘʪʦ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʠʤʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʠ ʤʝʪʦʜʠ ʥʘ ʩʠʥʪʝʟ. 

 ɺ ʩʲʚʨʝʤʝʥʥʘʪʘ ʣʝʢʘʨʩʪʚʝʥʘ ʭʠʤʠʷ ʚ ʩʠʥʪʝʪʠʯʝʥ ʘʩʧʝʢʪ ʠʥʪʝʥʟʠʚʥʦ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ 

ʩʣʝʜʥʠʪʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʠ ʨʝʘʢʮʠʠ: ʘʩʠʤʝʪʨʠʯʥʦ ʭʠʜʨʠʨʘʥʝ, ʘʩʠʤʝʪʨʠʯʥʘ ʠʟʦʤʝʨʠʟʘʮʠʷ, 

ʘʩʠʤʝʪʨʠʯʥʘ ʨʝʜʫʢʮʠʷ, ʘʩʠʤʝʪʨʠʯʥʠ ʘʣʜʦʣʥʠ ʨʝʘʢʮʠʠ, ʘʩʠʤʝʪʨʠʯʥʦ ʝʧʦʢʩʠʜʠʨʘʥʝ, 

ʘʩʠʤʝʪʨʠʯʥʦ ʜʠʭʠʜʨʦʢʩʠʣʠʨʘʥʝ. 

 ʅʘʨʝʜ ʩ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʘʩʠʤʝʪʨʠʯʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩ ʦʩʦʙʝʥ ʠʥʪʝʨʝʩ ʩʝ 

ʧʦʣʟʚʘʪ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʠʪʝ ʥʫʢʣʝʦʬʠʣʥʠ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ ʨʝʘʢʮʠʠ ʢʲʤ ʢʘʨʙʦʥʠʣʥʠ 

ʩʲʝʜʠʥʝʥʠʷ (ʘʣʜʝʭʠʜʠ ʠ ʢʝʪʦʥʠ). ɼʦʢʘʪʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʥʫʢʣʝʦʬʠʣʠ ʢʲʤ ʢʝʪʦʥʠ ʝ 



 
4  

ʩʚʲʨʟʘʥʦ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʙʣʝʤʠ, ʧʨʦʠʟʣʠʟʘʱʠ ʦʪ ʧʦ-ʥʠʩʢʘʪʘ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʦʩʪ ʥʘ 

ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ, ʪʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʢʲʤ ʘʣʜʝʭʠʜʠ ʧʨʦʪʠʯʘ ʜʦʩʪʘ ʧʦ-ʣʝʩʥʦ ʠ ʝ ʜʦʙʨʝ 

ʠʟʫʯʝʥʦ. ʇʦʣʫʯʝʥʠʪʝ ʧʨʠ ʪʦʚʘ ʭʠʨʘʣʥʠ ʚʪʦʨʠʯʥʠ ʘʣʢʦʭʦʣʠ ʩʘ ʮʝʥʥʠ ʠʥʪʝʨʤʝʜʠʘʪʠ ʚ 

ʘʩʠʤʝʪʨʠʯʥʠʷ ʦʨʛʘʥʠʯʥʠʷ ʩʠʥʪʝʟ ʠ ʦʩʦʙʝʥʦ ʚʲʚ ʬʘʨʤʘʮʝʚʪʠʯʥʘʪʘ ʧʨʦʤʠʰʣʝʥʦʩʪ.
4,5

 ʆʪ ʪʷʭ 

ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʜʨʫʛʠ ʭʠʨʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʭʘʣʦʛʝʥʦ-, ʪʠʦ- ʠ ʬʦʩʬʠʥʦʚʠ 

ʧʨʦʠʟʚʦʜʥʠ, ʘʤʠʥʠ, ʝʪʝʨʠ, ʝʩʪʝʨʠ, ʭʝʪʝʨʦʮʠʢʣʠ ʠ ʜʨ. 

 ɽʜʠʥ ʦʪ ʥʘʡ-ʠʥʪʝʨʝʩʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ ʘʩʠʤʝʪʨʠʯʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʦʨʛʘʥʦʤʝʪʘʣʥʠ ʥʫʢʣʝʦʬʠʣʥʠ ʨʝʘʛʝʥʪʠ ʝ ʨʝʘʢʮʠʷʪʘ ʥʘ ʜʠʘʣʢʠʣ ʮʠʥʢʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʩ 

ʘʣʜʝʭʠʜʠ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʜʝʩʝʪʠʣʝʪʠʷ, ʯʨʝʟ ʧʦʜʭʦʜʷʱʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ 

ʦʨʛʘʥʦʮʠʥʢʦʚʠ ʨʝʘʛʝʥʪʠ ʠ ʭʠʨʘʣʥʠ ʩʧʦʤʘʛʘʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʝ ʧʦʩʪʠʛʥʘʪʦ ʟʥʘʯʠʪʝʣʥʦ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʪ ʚʠʩʦʢʦʩʝʣʝʢʪʠʚʥʠ ʨʝʘʢʮʠʠ ʥʘ ʥʫʢʣʝʦʬʠʣʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʢʲʤ 

ʢʘʨʙʦʥʠʣʥʠ ʩʲʝʜʠʥʝʥʠʷ,
6,7,8,9,10,11

 ʚ ʯʘʩʪʥʦʩʪ ʘʣʜʝʭʠʜʠ. ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʦʨʛʘʥʦʮʠʥʢʦʚʠ 

ʩʲʝʜʠʥʝʥʠʷ ʩ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ ʚ ʦʨʛʘʥʠʯʥʠʷ ʦʩʪʘʪʲʢ ʧʨʠʜʘʚʘ ʦʩʦʙʝʥʦ ʛʦʣʷʤʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪ ʥʘ ʪʦʟʠ ʪʠʧ ʨʝʘʢʮʠʠ, ʩ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʠʥʪʝʟ ʥʘ ʩʣʦʞʥʠ, 

ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʥʠ ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ
12
. ɸʢʪʫʘʣʥʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʧʨʝʜʩʪʘʚʷʱʠ 

ʩʠʥʪʝʟʘ ʥʘ ʥʦʚʠ ʭʠʨʘʣʥʠ ʣʠʛʘʥʜʠ ʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʚ ʨʝʘʢʮʠʠ, ʧʦʜʧʦʤʦʛʥʘʪʠ ʦʪ ʤʝʪʘʣ-

ʩʲʜʲʨʞʘʱʠ ʢʘʪʘʣʠʟʘʪʦʨʠ, ʩʘ ʦʙʝʢʪ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʠ ʠ ʦʙʟʦʨʥʠ ʩʪʘʪʠʠ.
6,11,13

 ɺ ʪʘʟʠ 

ʪʝʤʘʪʠʯʥʘ ʦʙʣʘʩʪ ʩʘ ʥʘʩʦʯʝʥʠ ʩʠʥʪʝʪʠʯʥʠʪʝ ʫʩʠʣʠʷ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʘʩʪʦʷʱʠʷ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. 
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2. ʎɽʃʀ ʀ ɿɸɼɸʏʀ 

 

 ʆʩʥʦʚʥʠʪʝ ʮʝʣʠ, ʧʣʘʥʠʨʘʥʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʚ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʘ 

ʯʘʩʪ ʦʪ ʥʘʫʯʥʘʪʘ ʪʝʤʘʪʠʢʘ ʥʘ ʛʨʫʧʘʪʘ ʥʘ ɼʠʤʠʪʨʦʚ,
14-26

 ʘ ʠʤʝʥʥʦ - ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʥʦʚʠ 

ʭʠʨʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ ʩ ʧʨʠʣʦʞʝʥʠʝ ʚ ʘʩʠʤʝʪʨʠʯʥʠʷ ʩʠʥʪʝʟ. ʋʩʠʣʠʷʪʘ ʚ ʪʘʟʠ ʦʙʣʘʩʪ ʩʘ 

ʥʘʩʦʯʝʥʠ ʢʲʤ ʩʠʥʪʝʟʘ ʥʘ ʭʠʨʘʣʥʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ 

ʣʠʛʘʥʜʠ ʟʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʠ ʧʨʦʮʝʩʠ. ɺ ʨʘʤʢʠʪʝ ʥʘ ʪʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʝ ʧʦʢʘʟʘʥʦ, ʯʝ 

ʭʠʨʘʣʥʠʪʝ ʪʝʨʧʝʥʦʚʠ ʢʝʪʦʥʠ (+)-ʢʘʤʬʦʨ, (-)-ʬʝʥʭʦʥ ʠ (-)-ʤʝʥʪʦʥ ʩʘ ʧʦʜʭʦʜʷʱʠ ʢʘʪʦ 

ʠʟʪʦʯʥʠʮʠ ʥʘ ʭʠʨʘʣʥʦʩʪ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʦ ʟʘʤʝʩʪʝʥʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ. 

ʉʠʥʪʝʟʠʨʘʥʠʪʝ ʜʦ ʩʝʛʘ ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʩʘ ʧʨʠʣʦʞʝʥʠ ʢʘʪʦ ʣʠʛʘʥʜʠ ʟʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ Et2Zn ʢʲʤ ʘʣʜʝʭʠʜʠ, ʢʘʪʦ ʚ ʨʝʜʠʮʘ ʩʣʫʯʘʠ ʝ ʧʦʩʪʠʛʥʘʪʘ 

ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ ʧʦ-ʜʦʙʨʘ ʦʪ 90%. 

 ɺ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʪʘʟʠ ʪʝʤʘʪʠʢʘ ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ 

ʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʩʠʥʪʝʟʲʪ ʥʘ ʥʦʚʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ ʘʥʘʣʦʟʠ. 

 ʂʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʧʦ-ʛʦʨʝ ʠʟʣʦʞʝʥʦʪʦ, ʢʦʥʢʨʝʪʥʠʪʝ ʟʘʜʘʯʠ, ʢʦʠʪʦ ʩʠ 

ʧʦʩʪʘʚʠʭʤʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʪʦʟʠ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ, ʩʘ ʩʣʝʜʥʠʪʝ: 

¶ ʉʠʥʪʝʟ ʥʘ ʭʠʨʘʣʥʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ ʘʥʘʣʦʟʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʢʘʪʦ 

ʠʟʪʦʯʥʠʢ ʥʘ ʭʠʨʘʣʥʦʩʪ ʥʘ ʣʝʩʥʦ ʜʦʩʪʲʧʥʠʷ ʢʘʤʬʦʨʦʚ ʘʥʘʣʦʛ - ʢʘʤʬʦʨ-10-

ʩʫʣʬʦʥʠʣʭʣʦʨʠʜ. ʇʣʘʥʠʨʘʥʘʪʘ ʩʠʥʪʝʪʠʯʥʘ ʩʪʨʘʪʝʛʠʷ ʚʢʣʶʯʚʘ ʧʦʣʫʯʘʚʘʥʝʪʦ 

ʥʘ ʢʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜ, ʢʦʡʪʦ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʩʣʝʜʚʘʱʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

¶ ʉʠʥʪʝʟ ʥʘ ʢʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜʠ ʩ ʧʦʜʭʦʜʷʱʠ ʟʘʤʝʩʪʠʪʝʣʠ ʚ 3-ʪʘ ʧʦʟʠʮʠʷ 

ʥʘ ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ, ʢʦʝʪʦ ʜʘ ʦʩʠʛʫʨʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʪʝʨʠʯʥʦ 

ʟʘʧʨʝʯʚʘʥʝ ʥʘ ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ. ʂʘʪʦ ʧʦʜʭʦʜʷʱ ʚʘʨʠʘʥʪ ʟʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʪʘʢʦʚʘ ʟʘʤʝʩʪʚʘʥʝ ʝ ʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʝʥʦʣʘʪ ʦʪ 

ʢʘʤʬʦʨʦʚʠʷ ʘʥʘʣʦʛ ʠ ʧʦʩʣʝʜʚʘʱʘ ʨʝʘʢʮʠʷ ʩ ʘʣʜʝʭʠʜ. ʇʣʘʥʠʨʘʥʠ ʩʘ ʨʝʘʢʮʠʠ 

ʩ ʤʝʪʘʣʦʮʝʥʦʚʠ (ʞʝʣʷʟʦ ʠ ʨʫʪʝʥʠʡ ʩʲʜʲʨʞʘʱʠ) ʘʣʜʝʭʠʜʠ (ʉʭʝʤʘ 2-1). 

¶ ʂʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜʠ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʚ 3-ʪʘ ʧʦʟʠʮʠʷ ʥʘ 

ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ, ʩʘ ʧʦʜʭʦʜʷʱʠ ʠʟʭʦʜʥʠ ʩʲʝʜʠʥʝʥʠʷ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ 

ʥʘ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ ʨʝʘʢʮʠʠ ʥʘ ʥʫʢʣʝʦʬʠʣʥʠ ʨʝʘʛʝʥʪʠ. ʇʣʘʥʠʨʘʥʦ ʝ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʨʝʜʠʮʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ 

ʢʲʤ ʢʘʨʙʦʥʠʣʥʠʷ ʚʲʛʣʝʨʦʜ, ʯʨʝʟ ʢʦʝʪʦ ʝ ʚʲʟʤʦʞʥʦ ʜʠʨʝʢʪʥʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʘʤʠʥʦʘʣʢʦʭʦʣʠ, ʢʘʢʪʦ ʠ ʪʝʭʥʠ ʘʥʘʣʦʟʠ (ʉʭʝʤʘ 2-1). 
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ʉʭʝʤʘ 2-1 

¶ ʀʟʫʯʘʚʘʥʝ ʥʘ ʩʪʝʨʝʦʭʠʤʠʷʪʘ ʥʘ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠʪʝ ʨʝʘʢʮʠʠ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʩʲʝʜʠʥʝʥʠʷ ʢʲʤ ʧʨʦʭʠʨʘʣʥʠʷ 

ʢʘʨʙʦʥʠʣʝʥ ʚʲʛʣʝʨʦʜʝʥ ʘʪʦʤ. 

¶ ʆʮʝʥʢʘ ʥʘ ʥʦʚʦʩʠʥʪʝʟʠʨʘʥʠʪʝ ʭʠʨʘʣʥʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠʪʝ ʘʥʘʣʦʟʠ 

ʢʘʪʦ ʣʠʛʘʥʜʠ ʚ ʤʦʜʝʣʥʘʪʘ ʨʝʘʢʮʠʷ ʟʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʘʣʜʝʭʠʜʠ. 
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4.1 ʉʠʥʪʝʟ ʠ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʥʦʚʠ ʭʠʨʘʣʥʠ ʣʠʛʘʥʜʠ ʟʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʜʠʝʪʠʣʮʠʥʢʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʢʲʤ ʘʣʜʝʭʠʜʠ 

4.1.1 ʇʦʣʫʯʘʚʘʥʝ ʥʘ 3-ʬʝʨʦʮʝʥʠʣʤʝʪʠʣʠʜʝʥ-ʢʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜʠ ʢʘʪʦ ʠʟʭʦʜʥʠ 

ʩʲʝʜʠʥʝʥʠʷ ʟʘ ʩʠʥʪʝʟ ʥʘ ʥʦʚʠ ʣʠʛʘʥʜʠ 

 

 ʂʘʪʦ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʠ ʨʝʟʫʣʪʘʪʠ, ʧʦʩʪʠʛʥʘʪʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʪʘ, ʚ 

ʢʦʷʪʦ ʝ ʠʟʨʘʙʦʪʝʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʦʥʥʘ ʨʘʙʦʪʘ, ʩʝ ʥʘʩʦʯʠʭʤʝ ʢʲʤ ʩʠʥʪʝʟʘ ʥʘ ʥʦʚʠ 

ʘʥʘʣʦʟʠ ʥʘ 3-ʬʝʨʦʮʝʥʠʣʤʝʪʠʣʠʜʝʥ-ʢʘʤʬʘʥʦʚʠ ʧʨʦʠʟʚʦʜʥʠ.
27

 ʅʷʢʦʠ ʦʪ ʚʝʯʝ ʧʦʣʫʯʝʥʠʪʝ 

ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʪʦʟʠ ʪʠʧ ʧʦʢʘʟʚʘʪ ʚʠʩʦʢʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ ʧʨʠ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ (ʜʦ 96% ʝʝ). ʇʦʨʘʜʠ ʪʦʚʘ ʩʠʥʪʝʪʠʯʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ ʘʥʘʣʦʟʠ ʩ ʚʢʣʶʯʝʥ ʚ ʩʪʨʫʢʪʫʨʘʪʘ 3-

ʬʝʨʦʮʝʥʠʣʤʝʪʠʣʠʜʝʥ-ʢʘʤʬʘʥʦʚ ʩʢʝʣʝʪ ʙʝʰʝ ʤʦʪʠʚʠʨʘʥʘ ʠ ʦʧʨʘʚʜʘʥʘ. ʂʘʪʦ ʠʟʭʦʜʥʠ 

ʩʲʝʜʠʥʝʥʠʷ ʟʘ ʧʣʘʥʠʨʘʥʠʪʝ ʩʠʥʪʝʟʠ ʙʝʰʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʢʘʤʬʦʨ-10-

ʩʫʣʬʦʥʘʤʠʜʠ ʦʪ ʪʲʨʛʦʚʩʢʠʷ ʧʨʦʜʫʢʪ (+)-ʢʘʤʬʦʨ-10-ʩʫʣʬʦʭʣʦʨʠʜ 4-1, ʧʨʦʠʟʚʦʜʥʦ ʥʘ 

ʧʨʠʨʦʜʥʠʷ ʪʝʨʧʝʥʦʠʜʝʥ ʢʝʪʦʥ (+)-ʢʘʤʬʦʨ. ʊʨʘʥʩʬʦʨʤʠʨʘʥʝʪʦ ʤʫ ʚ ʩʫʣʬʦʥʘʤʠʜ 4-2 ʯʨʝʟ 

ʨʝʘʢʮʠʷ ʩ ʜʠʤʝʪʠʣʘʤʠʥʠ ʩʝ ʧʨʦʚʝʞʜʘ ʧʦ ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ ʥʘʩ ʧʨʦʮʝʜʫʨʘ (ʉʭʝʤʘ 4-1). 

 

ʉʭʝʤʘ 4-1 

 ʈʝʘʢʮʠʷʪʘ ʤʝʞʜʫ 4-1 ʠ ʠʟʣʠʰʲʢ ʦʪ ʜʠʤʝʪʠʣʘʤʠʥ ʩʝ ʧʨʦʚʝʞʜʘ ʚ ʩʨʝʜʘ ʦʪ Et2O. 

ʉʲʝʜʠʥʝʥʠʝ 4-2 ʩʝ ʠʟʦʣʠʨʘ ʩʣʝʜ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʜʦʙʠʚ 94%. 

 ʅʘ ʙʘʟʘʪʘ ʥʘ ʧʫʙʣʠʢʫʚʘʥʠ ʧʨʦʮʝʜʫʨʠ
28

 ʠ ʩʣʝʜ ʦʧʪʠʤʠʟʠʨʘʥʝʪʦ ʠʤ ʝ ʩʠʥʪʝʟʠʨʘʥ 

ʩʫʣʬʦʥʘʤʠʜ 4-3. ɽʜʠʥ ʦʪ ʥʘʯʠʥʠʪʝ ʟʘ ʤʦʜʠʬʠʮʠʨʘʥʝ ʥʘ 4-2 ʠ 4-3 ʝ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ 

ʘʨʠʣʤʝʪʠʣʠʜʝʥʦʚʘ ʛʨʫʧʘ ʯʨʝʟ Claisen-Schmidt
29

 ʘʣʜʦʣʥʘ ʢʦʥʜʝʥʟʘʮʠʷ ʩ ʥʘ ʢʝʪʦʥʠ ʩ 

ʘʨʦʤʘʪʥʠ ʘʣʜʝʭʠʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 1,2-ʥʝʥʘʩʠʪʝʥʠ ʢʝʪʦʥʠ. ʊʦʟʠ ʪʠʧ ʨʝʘʢʮʠʠ ʩ 

ʫʯʘʩʪʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʘʨʦʤʘʪʥʠ ʘʣʜʝʭʠʜʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ,
30,31

 ʩʘ 

ʦʧʠʩʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʢʦʛʘʪʦ ʢʦʥʜʝʥʟʘʮʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ (+)-ʢʘʤʬʦʨ, ʥʦ 

ʥʷʤʘ ʧʦʜʦʙʥʠ ʜʘʥʥʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʨʝʘʢʮʠʷʪʘ ʩ ʧʨʦʠʟʚʦʜʥʠ ʥʘ ʢʘʤʬʦʨʘ ʩʲʜʲʨʞʘʱʠ 

ʩʫʣʬʦʥʘʤʠʜʥʘ ʛʨʫʧʘ. ɺ ʧʨʝʜʠʰʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʦʚʝʜʝʥʠ ʚ ʛʨʫʧʘʪʘ
27

 ʨʝʘʢʮʠʷʪʘ ʤʝʞʜʫ 
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(+)-ʢʘʤʬʦʨ ʠ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ ʝ ʦʩʲʱʝʩʪʚʷʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʫʯʝʥ in situ ʣʠʪʠʝʚ 

ʝʥʦʣʘʪ ʥʘ (+)-ʢʘʤʬʦʨʘ, ʢʘʪʦ ʝ ʜʦʢʘʟʘʥʦ ʯʨʝʟ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʯʝ ʧʨʠ ʥʠʩʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʝ ʦʙʨʘʟʫʚʘʪ ʥʝʩʪʘʙʠʣʥʠ ʠʥʪʝʨʤʝʜʠʘʪʠ ʦʪ ʪʠʧʘ ʥʘ 4-4, ʙʲʨʟʦ ʧʨʝʚʨʲʱʘʱʠ ʩʝ 

ʚ ʧʨʦʠʟʚʦʜʥʠʪʝ 4-5ʘ ʠ 4-5b (ʉʭʝʤʘ 4-2). 

 

 

ʉʭʝʤʘ 4-2 

 ɽʜʥʘ ʦʪ ʮʝʣʠʪʝ ʥʘ ʥʘʰʘʪʘ ʩʪʨʘʪʝʛʠʷʪʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʥʦʚʠ ʭʠʨʘʣʥʠ ʣʠʛʘʥʜʠ ʝ 

ʩʠʥʪʝʟʲʪ ʥʘ 3-ʬʝʨʦʮʝʥʠʣʤʝʪʠʣʠʜʝʥ-ʢʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜ ʘʥʘʣʦʟʠ ʥʘ ʩʲʝʜʠʥʝʥʠʷ 4-5ʘ ʠ 

4-5b ʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʣʝʜʚʘʱʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʘʥʘʣʦʟʠ ʥʘ ʩʲʝʜʠʥʝʥʠʷ 

4-5ʘ ʠ 4-5b, ʚ ʠʥʝʨʪʥʘ ʘʪʤʦʩʬʝʨʘ ʠ ʭʦʤʦʛʝʥʥʘ ʩʨʝʜʘ (ʩʫʭ ʪʦʣʫʝʥ), ʩʝ ʧʦʣʫʯʘʚʘ in situ 

ʣʠʪʠʝʚʠʷʪ ʝʥʦʣʘʪ 4-6 ʥʘ (+)-ʢʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜʘ 4-2 (ʉʭʝʤʘ 4-3). ʀʟʧʦʣʟʚʘʥʠ ʩʘ 

ʨʘʟʪʚʦʨʠ ʥʘ ʜʚʘ ʝʥʦʣʠʟʠʨʘʱʠ ʨʝʘʛʝʥʪʘ ï LHMDS ʠʣʠ LDA (ʄʝʪʦʜ ɸ), ʢʘʪʦ ʩ ʧʲʨʚʠʷ ʦʪ 

ʪʷʭ ʩʝ ʧʦʩʪʠʛʘʪ ʧʦ-ʚʠʩʦʢʠ ʜʦʙʠʚʠ ʥʘ ʩʲʝʜʠʥʝʥʠʷ 4-8 (ʉʭʝʤʘ 4-3). 

 ʉ ʮʝʣ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʠ ʩʪʨʘʥʠʯʥʠ ʧʨʦʜʫʢʪʠ, ʧʲʨʚʦʥʘʯʘʣʥʦ ʨʝʘʢʮʠʷʪʘ 

ʤʝʞʜʫ 4-6 ʠ 4-7 ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʉ ʧʦʤʦʱʪʘ ʥʘ ʪʲʥʢʦʩʣʦʡʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜʲʪ 4-7 ʥʝ ʨʝʘʛʠʨʘ ʥʘʧʲʣʥʦ ʚ 

ʨʘʤʢʠʪʝ ʥʘ ʥʷʢʦʣʢʦ ʯʘʩʘ. ɿʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʨʝʚʨʲʱʘʥʝʪʦ ʤʫ, ʩʲʱʘʪʘ ʨʝʘʢʮʠʷ ʩʝ 

ʧʨʦʚʝʞʜʘʘ ʠ ʧʨʠ ʢʠʧʝʥʝ ʥʘ ʦʙʨʘʪʝʥ ʭʣʘʜʥʠʢ, ʢʘʪʦ ʚ ʨʘʤʢʠʪʝ ʥʘ 1 ʯʘʩ 4-7 ʩʝ ʠʟʯʝʨʧʚʘ. ʏʨʝʟ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʩʫʨʦʚʘʪʘ ʩʤʝʩ ʩʝ ʦʧʨʝʜʝʣʷ, ʯʝ 3-ʬʝʨʦʮʝʥʠʣʤʝʪʠʣʠʜʝʥ-ʢʘʤʬʦʨ-10-

ʩʫʣʬʦʥʘʤʠʜʠʪʝ 4-8ʘ ʠ 4-8b ʩʘ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 3:97. ʉʣʝʜ ʧʨʝʯʠʩʪʚʘʥʝ ʩ ʢʦʣʦʥʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʪʝ ʩʘ ʠʟʦʣʠʨʘʥʠ ʢʘʪʦ ʯʠʩʪʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʠʟʦʤʝʨʠ. ɿʘ ʧʦʜʦʙʨʷʚʘʥʝ 

ʜʦʙʠʚʘ ʥʘ 4-8ʘ ʠ 4-8b, ʨʝʘʢʮʠʷʪʘ ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʠ ʜʨʫʛʠ ʫʩʣʦʚʠʷ, ʧʦ ʘʥʘʣʦʛʠʷ ʥʘ 

ʩʲʱʝʩʪʚʫʚʘʱʠ ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ,
30

 ʥʘʛʨʷʚʘʥʝ ʧʨʠ 80C̄ ʚ ʩʨʝʜʘ ʦʪ ʪʦʣʫʝʥ, ʢʘʣʠʝʚʘ 

ʦʩʥʦʚʘ ʠ ʤʝʞʜʫʬʘʟʦʚ ʢʘʪʘʣʠʟʘʪʦʨ 18-ʢʦʨʦʥʘ-6 ʝʪʝʨ (ʄʝʪʦʜ ɹ). ɺ ʨʘʤʢʠʪʝ ʥʘ 5 ʯʘʩʘ 

ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜʲʪ 4-7 ʩʝ ʠʟʯʝʨʧʚʘ ʥʘʧʲʣʥʦ (ʉʭʝʤʘ 4-3). ʏʨʝʟ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ 

ʩʫʨʦʚʘʪʘ ʩʤʝʩ ʩʝ ʦʧʨʝʜʝʣʷ, ʯʝ ʧʨʦʜʫʢʪʠʪʝ 4-8ʘ ʠ 4-8b ʦʪʥʦʚʦ ʩʘ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 3:97. 

ɼʚʘʪʘ ʠʟʦʤʝʨʘ ʩʘ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʯʨʝʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʩʧʝʮʠʬʠʯʝʥ ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ, ʪʦʯʢʠ ʥʘ ʪʦʧʝʥʝ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. 
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ʉʭʝʤʘ 4-3 

 ɺ ʥʘʩʪʦʷʱʠʷʪ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ, ʥʘʨʝʜ ʩ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʠʷ ʩʠʥʪʝʟ, ʩʝ ʧʨʝʜʣʘʛʘ ʠ ʤʝʪʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ 

ʥʦʚʦʦʙʨʘʟʫʚʘʥʠʪʝ ʩʪʝʨʝʦʛʝʥʥʠ ʮʝʥʪʨʦʚʝ (ʠʣʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʜʨʫʛʠ 

ʧʨʠʯʠʥʠ ʟʘ ʩʪʝʨʝʦʠʟʦʤʝʨʠʟʲʤ) ʧʨʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʥʦ ʯʠʩʪʠ ʩʲʝʜʠʥʝʥʠʷ, ʦʩʥʦʚʘʥ ʥʘ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷʪʘ. ʇʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʤʝʪʦʜ ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʘ ʩʪʘʙʠʣʥʦʩʪ (ʥʘʧʨ. ʧʨʠ ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ) ʚ ʧʦʣʫʯʝʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ. 

ʆʩʚʝʥ ʪʦʚʘ ʧʨʠ ʩʫʣʬʦʭʣʦʨʠʜʘ 4-1 ʝ ʠʟʚʝʩʪʥʘ ʠ ʘʙʩʦʣʶʪʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʠ C-1 ʠ C-4 

ʚʲʛʣʝʨʦʜʥʠʪʝ ʘʪʦʤʠ. ʊʷʭʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʩʝ ʧʨʦʤʝʥʷ ʚ ʭʦʜʘ ʥʘ ʨʝʘʢʮʠʠʪʝ, ʚ ʨʝʟʫʣʪʘʪ 

ʥʘ ʢʦʝʪʦ ʩʝ ʫʥʘʩʣʝʜʷʚʘ ʠ ʚ ʩʲʝʜʠʥʝʥʠʷ 4-2, 4-8ʘ ʠ 4-8b. ɿʘ ʥʝʜʚʫʩʤʠʩʣʝʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʚʦʡʥʘʪʘ ʉ=ʉ ʚʨʲʟʢʘ ʚ ʥʦʚʠʪʝ ʜʠʘʩʪʝʨʝʦʤʝʨʥʦ ʯʠʩʪʠ 

ʩʫʣʬʦʥʘʤʠʜʠ 4-8ʘ ʠ 4-8b, ʩʝ ʠʟʧʦʣʟʚʘʪ ʝʜʥʦʤʝʨʥʠ ʠ ʜʚʫʤʝʨʥʠ ʗʄʈ ʝʢʩʧʝʨʠʤʝʥʪʠ. ʇʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʗʄʈ ʪʝʭʥʠʢʠ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ 4-8ʘ ʝ ʩ Z-ʢʦʥʬʠʛʫʨʘʮʠʷ 

(ʌʠʛʫʨʘ 4-1), ʘ 4-8b ʝ ʩ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʷ (ʌʠʛʫʨʘ 4-2) ʧʦʨʘʜʠ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʚ ʬʠʛʫʨʠʪʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʨʝʣʢʠ ʚʘʞʥʠ ʙʣʠʟʦʩʪʠ ʥʘ ʧʨʦʪʦʥʠ, ʧʦʣʫʯʝʥʠ ʦʪ NOESY ʩʧʝʢʪʨʠ. 

ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʠʝ ʥʘ ʫʩʪʘʥʦʚʝʥʘʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʤʝʞʜʫ ʧʨʦʪʦʥʠʪʝ 

(ʥʘʙʣʶʜʘʚʘʥʠ NOE) ʦʪ ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ, ʬʝʨʦʮʝʥʦʚʘʪʘ ʯʘʩʪ ʠ ʧʨʦʪʦʥʘ ʧʨʠ C-11 ʝ 

ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʊʘʙʣʠʮʘ 4-1: 
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ʊʘʙʣʠʮʘ 4-1 

4-8ʘ 4-8b 

11H ï 4H 13H ï 4H 

11H ï 13H 11H ï 13H  

11H ï 16H 16H ï 4H 

9H ï 5Hʝʢʟʦ 8H ï 4H 

9H ï 6Hʝʢʟʦ 8H ï 10Ha 

8H ï 4H 9H ï 5Hʝʢʟʦ 

9H ï 10Hb 9H ï 6Hʝʢʟʦ 

8H ï 10Ha (ʩʣʘʙʦ) 9H ï 4H 

8H ï Cp (ʩʣʘʙʦ) 9H ï 10Hb 

 

 ɺ ʧʨʦʜʫʢʪ 4-8ʘ (ʩ Z-ʢʦʥʬʠʛʫʨʘʮʠʷ) ʩʝ ʥʘʙʣʶʜʘʚʘ NOE-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʧʨʦʪʦʥʘ ʧʨʠ C-11 ʠ ʧʨʦʪʦʥʘ ʧʨʠ C-4 ʚ ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ. ʊʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ ʚ ʧʨʦʜʫʢʪ 4-8b (ɽ-ʢʦʥʬʠʛʫʨʘʮʠʷ), ʥʦ ʧʨʠ ʥʝʛʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʧʨʦʪʦʥʘ ʩʚʲʨʟʘʥ ʩ C-4 ʦʪ ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ ʠ ʜʚʘ ʦʪ ʧʨʦʪʦʥʠʪʝ ʧʨʠ C-13 ʠ C-16 

ʦʪ ʟʘʤʝʩʪʝʥʠʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚ ʧʨʲʩʪʝʥ ʥʘ ʬʝʨʦʮʝʥʦʚʠʷ ʦʩʪʘʪʲʢ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʠʤʘ 

ʩʚʦʙʦʜʥʦ ʚʲʨʪʝʥʝ ʥʘ ʬʝʨʦʮʝʥʦʚʠʷ ʦʩʪʘʪʲʢ ʧʦ ʉ-11/ʉ-12 ʚʨʲʟʢʘʪʘ ʠ ʧʨʠ ʜʚʘʪʘ ʠʟʦʤʝʨʘ. 

 

  ʌʠʛʫʨʘ 4-1      ʌʠʛʫʨʘ 4-2 

 ʉʲʝʜʠʥʝʥʠʝ 4-10 ʩʝ ʧʦʣʫʯʘʚʘ ʧʦ ʤʝʪʦʜ, ʧʦʜʦʙʝʥ ʥʘ ʧʨʠʣʦʞʝʥʠʷ ʟʘ 4-8 (ʉʭʝʤʘ 4-4), 

ʯʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʣʠʪʠʝʚʠʷ ʝʥʦʣʘʪ ʥʘ ʩʫʣʬʦʥʘʤʠʜʘ 4-9 ʩ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-7. 

ʀʟʧʦʣʚʘʥʠʪʝ ʝʥʦʣʠʟʠʨʘʱʠ ʙʘʟʠ ʩʘ LHMDS ʠ ʪʝʪʨʘʤʝʪʠʣʧʠʧʝʨʠʜʠʥ-ʣʠʪʠʠʡ (LTMP). 

ʇʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʝʘʢʮʠʷʪʘ ʚ ʫʩʣʦʚʠʷ ʥʘ ʤʝʞʜʫʬʘʟʦʚ ʢʘʪʘʣʠʟ (ʩʨʝʜʘ ʦʪ ʪʦʣʫʝʥ, ʢʘʣʠʝʚʘ 

ʦʩʥʦʚʘ ʠ 18-ʢʦʨʦʥʘ-6 ʝʪʝʨ) ʚʦʜʠ ʜʦ ʧʲʣʥʦʪʦ ʠʟʯʝʨʧʚʘʥʝ ʥʘ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜʘ 4-7. 

ʉʣʝʜ ʧʨʝʯʠʩʪʚʘʥʝ ʩ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʝ ʠʟʦʣʠʨʘ ʩʘʤʦ ʝʜʠʥ ʩʪʝʨʝʦʠʟʦʤʝʨ - ʧʨʦʜʫʢʪ 

4-10 ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʪʲʤʥʦʯʝʨʚʝʥo ʢʨʠʩʪʘʣʥo ʚʝʱʝʩʪʚo ʩ ʜʦʙʠʚ 92%. ʊoʡ e 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥ ʯʨʝʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʮʠʬʠʯʝʥ ʲʛʲʣ ʥʘ 

ʚʲʨʪʝʥʝ, ʪʦʯʢa ʥʘ ʪʦʧʝʥʝ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. 
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ʉʭʝʤʘ 4-4 

 ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʥʦʚʦʩʠʥʪʝʟʠʨʘʥʠʷ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʜʚʫʤʝʨʥʠ ʗʄʈ ʪʝʭʥʠʢʠ. ʋʩʪʘʥʦʚʷʚʘ ʩʝ, ʯʝ 4-10 ʝ ʩ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ 

ʜʚʦʡʥʘʪʘ C=C ʚʨʲʟʢʘ (ʌʠʛʫʨʘ 4-3) ʧʦʨʘʜʠ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʝʬʝʢʪʠ (NOE) ʦʧʠʩʘʥʠ ʚ 

ʊʘʙʣʠʮʘ 4-2.  

 ʅʘ ʌʠʛʫʨʘ 4-3 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ 4-10 ʠ ʥʘʡ-ʭʘʨʘʢʪʝʨʥʠʪʝ 

ʥʘʙʣʶʜʘʚʘʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʦʥʠ. ʀ ʪʫʢ ʤʦʞʝ ʜʘ ʩʝ ʪʚʲʨʜʠ, 

ʯʝ ʠʤʘ ʩʚʦʙʦʜʥʦ ʚʲʨʪʝʥʝ ʥʘ ʬʝʨʦʮʝʥʦʚʠʷ ʦʩʪʘʪʲʢ ʧʦ ʉ-11/ʉ12 ʚʨʲʟʢʘʪʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ 

ʙʣʠʟʦʩʪ ʥʘ ʉ-4 ʧʨʦʪʦʥʘ ʩ ʧʨʦʪʦʥʠʪʝ ʧʨʠ ʉ-13 ʠ ʉ-16). 

ʊʘʙʣʠʮʘ 4-2 

4-10 

11H ï 13H 

16H ï 4H 

13H ï 4H 

8H ï 4H 

8H ï 10Ha 

9H ï 5Hʝʢʟʦ 

9H ï 6Hʝʢʟʦ 

9H ï 4H 
 

 

  

ʌʠʛʫʨʘ 4-3 

 

 

 ʀʥʪʝʨʝʩʥʦ ʙʝʰʝ ʩʲʱʦ ʪʘʢʘ ʜʘ ʧʦʣʫʯʠʤ 1,1ǋ-ʜʠʟʘʤʝʩʪʝʥʠ ʬʝʨʦʮʝʥʦʚʠ ʘʥʘʣʦʟʠ. 

ʉʣʝʜʚʘ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ, ʯʝ 1,1ǋ-ʜʠʟʘʤʝʩʪʝʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʥʘ ʬʝʨʦʮʝʥʘ ʚ ʨʝʜʠʮʘ ʩʣʫʯʘʠ ʩʝ 

ʧʦʣʫʯʘʚʘʪ ʧʦ-ʣʝʩʥʦ ʦʪ ʤʦʥʦʟʘʤʝʩʪʝʥʠʪʝ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʪʘʢʠʚʘ ʩʪʨʫʢʪʫʨʠ ʩʲʱʦ ʩʘ ʦʪ 

ʠʥʪʝʨʝʩ ʟʘ ʘʩʠʤʝʪʨʠʯʥʠʷ ʩʠʥʪʝʟ. ʉʲʝʜʠʥʝʥʠʝ 4-12 ʩʝ ʧʦʣʫʯʘʚʘ ʯʨʝʟ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 2 ʝʢʚ. 

ʦʪ ʩʫʣʬʦʥʘʤʠʜʘ 4-2 ʠ ʜʠʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-11 ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʝʞʜʫʬʘʟʦʚ ʢʘʪʘʣʠʟ 

(ʉʭʝʤʘ 4-5). ɼʠʘʣʜʝʭʠʜʲʪ 4-11 ʩʝ ʩʠʥʪʝʟʠʨʘ ʧʦ ʧʨʦʮʝʜʫʨʘ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ.
32

 ʉʣʝʜ 

ʧʨʝʯʠʩʪʚʘʥʝ ʩ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʧʨʦʜʫʢʪʲʪ 4-12 ʩʝ ʠʟʦʣʠʨʘ ʩ ʜʦʙʠʚ 60%, ʠʟʦʣʠʨʘ ʩʝ 

ʠ ʥʝʨʝʘʛʠʨʘʣ ʜʠʘʣʜʝʭʠʜ 4-11. 
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ʉʭʝʤʘ 4-5 

 ʉʲʝʜʠʥʝʥʠʝ 4-12 ʩʝ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘ ʯʨʝʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

(
1
H, 

13
C, DEPT, COSY, NOESY, HSQC, HMBC), ʩʧʝʮʠʬʠʯʝʥ ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ, ʪʦʯʢʠ ʥʘ 

ʪʦʧʝʥʝ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. ʋʩʪʘʥʦʚʷʚʘ ʩʝ, ʯʝ 4-12 ʝ ʩ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʷ (ʌʠʛʫʨʘ 4-4). 

ʍʘʨʘʢʪʝʨʥʠʪʝ NOE ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 4-3: 

ʊʘʙʣʠʮʘ 4-3 

4-12 

11H-13H 

4H ï 13H 

4H ï 16H 

4H ï 5Hʝʢʟʦ 

9H ï 5Hʝʢʟʦ 

9H ï 6Hʝʢʟʦ 

8H ï 4H 

9H ï 10Hb 
 

 

 

 

ʌʠʛʫʨʘ 4-4 

 

 

 



 

13  

4.1.2 ʇʦʣʫʯʘʚʘʥʝ ʥʘ 3-ʨʫʪʝʥʦʮʝʥʠʣʤʝʪʠʣʠʜʝʥ-ʢʘʤʬʦʨ-10-ʩʫʣʬʦʥʘʤʠʜʠ ʢʘʪʦ 

ʠʟʭʦʜʥʠ ʩʲʝʜʠʥʝʥʠʷ ʟʘ ʩʠʥʪʝʟ ʥʘ ʥʦʚʠ ʣʠʛʘʥʜʠ 

 

ʈʫʪʝʥʦʮʝʥʦʚʠʪʝ ʧʨʦʠʟʚʦʜʥʠ ʩʘ ʦʪʥʦʩʠʪʝʣʥʦ ʩʪʘʙʠʣʥʠ ʠʟʦʝʣʝʢʪʨʦʥʥʠ ʘʥʘʣʦʟʠ ʥʘ 

ʬʝʨʦʮʝʥʦʚʠʪʝ, ʥʦ ʩʘ ʧʦ-ʩʣʘʙʦ ʠʟʧʦʣʟʚʘʥʠ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢʘʪʘ ʠʤ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʦʢʠʩʣʝʥʠʝ, ʘ ʦʪʯʘʩʪʠ ʠ ʥʘ ʬʘʢʪʘ, ʯʝ ʨʫʪʝʥʠʷʪ ʝ ʩʢʲʧ ʤʝʪʘʣ. ʊʝ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʣʝʩʥʦ ʦʪ ʬʝʨʦʮʝʥʦʚʠʪʝ ʘʥʘʣʦʟʠ ʩʝ ʨʘʟʧʘʜʘʪ ʜʦ ʨʫʪʝʥʠʡ ʠ ʤʥʦʞʝʩʪʚʦ 

ʦʢʠʩʣʝʥʠ ʦʨʛʘʥʠʯʥʠ ʧʨʦʜʫʢʪʠ, ʦʩʦʙʝʥʦ ʚ ʢʠʩʝʣʘ ʩʨʝʜʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʨʫʪʝʥʦʮʝʥʦʚʠʪʝ 

ʧʨʦʠʟʚʦʜʥʠ ʩʘ ʤʥʦʛʦ ʩʣʘʙʦ ʠʟʩʣʝʜʚʘʥʠ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʙʠʦʘʢʪʠʚʥʦʩʪʪʘ ʠʤ. ʅʷʢʦʠ 

ʨʫʪʝʥʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʧʦʢʘʟʚʘʪ ʙʠʦʣʦʛʠʯʥʘ ʘʢʪʠʚʥʦʩʪ (ʧʨʝʜʠʤʥʦ ʘʥʪʠʪʫʤʦʨʥʘ ʪʘʢʘʚʘ), ʥʦ 

ʪ̫  ʯʝʩʪʦ ʝ ʩʲʯʝʪʘʥʘ ʠ ʩ ʥʝʧʨʠʝʤʣʠʚʦ ʚʠʩʦʢʘ ʪʦʢʩʠʯʥʦʩʪ.
33,34

  

ʀʥʪʝʨʝʩʲʪ ʥʠ ʢʲʤ ʨʫʪʝʥʦʮʝʥʦʚʠ ʧʨʦʠʟʚʦʜʥʠ ʝ ʩʲʚʩʝʤ ʢʦʥʢʨʝʪʝʥ ʚ ʩʣʫʯʘʷ ï ʚʘʞʥʦ 

ʝ ʜʘ ʩʝ ʩʠʥʪʝʟʠʨʘʪ ʨʫʪʝʥʦʮʝʥʦʚʠ ʣʠʛʘʥʜʠ, ʘʥʘʣʦʟʠ ʥʘ ʬʝʨʦʮʝʥʦʚʠʪʝ, ʟʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ 

ʜʦʢʦʣʢʦ ʧʦ-ʦʙʝʤʠʩʪʠʷʪ ʨʫʪʝʥʦʮʝʥʦʚ ʦʩʪʘʪʲʢ ʱʝ ʧʦʚʣʠʷʝ ʥʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʪʘ ʧʨʠ 

ʧʣʘʥʠʨʘʥʦʪʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ. ʇʲʨʚʘ ʩʪʲʧʢʘ ʧʨʠ 

ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʨʫʪʝʥʦʮʝʥʦʚʠ ʣʠʛʘʥʜʠ ʝ ʩʠʥʪʝʟʲʪ ʥʘ ʢʝʪʦʥ, ʘʥʘʣʦʛʠʯʝʥ ʥʘ 4-8b. 

ʀʟʧʦʣʟʚʘʡʢʠ ʧʦʜʦʙʥʠ ʥʘ ʧʦ-ʛʦʨʝ ʦʧʠʩʘʥʠʪʝ ʨʝʘʢʮʠʦʥʥʠ ʫʩʣʦʚʠʷ, ʦʪ 

ʨʫʪʝʥʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-14 ʠ ʝʥʦʣʘʪʘ 4-6 ʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ LHMDS ʢʘʪʦ ʝʥʦʣʠʟʠʨʘʱ 

ʘʛʝʥʪ ʩʝ ʧʦʣʫʯʘʚʘ ʩʲʝʜʠʥʝʥʠe 4-15 (ʉʭʝʤʘ 4-6). 

 

ʉʭʝʤʘ 4-6 

 ʈʫʪʝʥʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜʲʪ 4-14 ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ ʨʫʪʝʥʦʮʝʥ 4-13 ʧʦ ʨʝʘʢʮʠʷ ʥʘ 

VilsmeierïHaack (ʉʭʝʤʘ 4-6), ʧʦ ʘʥʘʣʦʛʠʷ ʥʘ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʩʠʥʪʝʟ 

ʥʘ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ.
35

 ʀʟʧʦʣʟʚʘʥʠʷʪ ʨʫʪʝʥʦʮʝʥ ʥʝ ʝ ʪʲʨʛʦʚʩʢʠ ʧʨʦʜʫʢʪ ʠ ʩʝ ʩʠʥʪʝʟʠʨʘ 

ʦʪ RuCl3.3H2O, ʧʨʷʩʥʦ ʜʝʩʪʠʣʠʨʘʥ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥ ʠ ʧʨʘʭʦʦʙʨʘʟʝʥ Zn ʚ ʩʫʭ ʝʪʘʥʦʣ 
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(ʉʭʝʤʘ 4-6).
36

 ʈʝʘʢʮʠʷʪʘ ʤʝʞʜʫ ʨʫʪʝʥʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-14 ʠ ʝʥʦʣʘʪʘ 4-6 ʧʦ ʄʝʪʦʜ ɸ 

(ʉʭʝʤʘ 4-6), ʧʨʦʪʠʯʘ ʩ ʫʤʝʨʝʥ ʜʦʙʠʚ (ʠ ʩʲʧʲʪʩʪʚʘʱʠ ʧʨʦʜʫʢʪʠ ʥʘ ʨʘʟʣʘʛʘʥʝ) ʜʦ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 4-15. ʇʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʝʘʢʮʠʷʪʘ ʚ ʩʨʝʜʘ ʦʪ ʢʠʧʷʱ ʪʦʣʫʝʥ, ʢʘʣʠʝʚʘ 

ʦʩʥʦʚʘ ʠ ʤʝʞʜʫʬʘʟʦʚ ʢʘʪʘʣʠʟʘʪʦʨ 18-ʢʦʨʦʥʘ-6 ʝʪʝʨ, ʠʟʭʦʜʥʠʷʪ ʨʫʪʝʥʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-

14 ʩʝ ʠʟʯʝʨʧʚʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʠʥ ʯʘʩ. ʉʣʝʜ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ 4-15 ʩ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʩʝ ʠʟʦʣʠʨʘ ʢʘʪʦ ʝʜʠʥ ʩʪʝʨʝʦʠʟʦʤʝʨ. ʇʨʦʜʫʢʪʲʪ ʩʝ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘ ʯʨʝʟ ʤʘʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʮʠʬʠʯʝʥ ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ, ʪʦʯʢʘ ʥʘ ʪʦʧʝʥʝ ʠ 

ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. 

 ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʩʪʝʨʝʦʠʟʦʤʝʨʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʫʤʝʨʥʠ ʗʄʈ 

ʪʝʭʥʠʢʠ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ 4-15 ʝ ʩ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʷ (ʌʠʛʫʨʘ 4-5) ʧʦʨʘʜʠ ʩʣʝʜʥʠʪʝ 

ʥʘʙʣʶʜʘʚʘʥʠ ʝʬʝʢʪʠ (NOE), ʊʘʙʣʠʮʘ 4-4: 

 

ʊʘʙʣʠʮʘ 4-4 

4-15 

11H ï 13H 

13H ï 4H 

16H ï 4H 

8H ï 4H 

8H ï 10Ha 

9H ï 5Hʝʢʟʦ 

9H ï 6Hʝʢʟʦ 

9H ï 4H 

9H ï 10Hb 
 

 

 

 

ʌʠʛʫʨʘ 4-5 

 

 ʇʦʣʫʯʝʥʠʪʝ ʯʠʩʪʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʠ 4-8ʘ, 4-8b, 4-10, 4-12 ʠ 4-15 ʩʘ ʠʟʭʦʜʥʠ 

ʩʲʝʜʠʥʝʥʠʷ ʟʘ ʩʠʥʪʝʟ ʥʘ ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ O- ʠ S-ʩʲʜʲʨʞʘʱʠ ʘʥʘʣʦʟʠ. ʊʝ ʩʘ 

ʧʦʜʭʦʜʷʱʠ ʠ ʟʘ ʜʨʫʛʠ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʦʙʝʢʪ ʠ 

ʮʝʣ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʦʥʥʘ ʨʘʙʦʪʘ. 

 

4.1.3 ʇʦʣʫʯʘʚʘʥʝ ʥʘ ɓ-ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ O- ʠ S-ʩʲʜʲʨʞʘʱʠ ʘʥʘʣʦʟʠ ʯʨʝʟ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ 

 

 ʉʣʝʜ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʥʘʙʦʨ ʦʪ ʤʝʪʘʣʦʮʝʥ ʩʲʜʲʨʞʘʱʠ ʢʘʤʬʦʨ ʩʫʣʬʦʥʘʤʠʜʠ ʩ ɽ- ʠ 

Z-ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʪʝʭʥʠʪʝ C=C ʚʨʲʟʢʠ, ʩʝ ʥʘʩʦʯʠʭʤʝ ʢʲʤ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ ʢʲʤ ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ ʥʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ. 
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ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʪʫʢ ʙʝʰʝ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʦʧʪʠʤʘʣʥʠ ʫʩʣʦʚʠʷ ʟʘ ʪʝʟʠ ʧʨʠʩʲʝʜʠʥʷʚʘʥʠʷ, ʦʱʝ 

ʧʦʚʝʯʝ, ʯʝ ʥʷʤʘ ʣʠʪʝʨʘʪʫʨʥʠ ʜʘʥʥʠ ʧʦ ʚʲʧʨʦʩʘ. ʇʨʝʜʚʘʨʠʪʝʣʥʦ ʥʝ ʙʝʰʝ ʷʩʥʦ ʥʠʪʦ 

ʜʦʢʦʣʢʦ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʙʠʭʘ ʧʨʦʪʝʢʣʠ ʪʝʟʠ ʨʝʘʢʮʠʠ, ʥʠʪʦ ʜʦʢʦʣʢʦ ʩʪʘʙʠʣʥʘ ʙʠ 

ʙʠʣʘ ʩʫʣʬʦʥʘʤʠʜʥʘʪʘ ʛʨʫʧʘ ʧʨʠ ʨʝʘʢʮʠʷ ʩ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ. ʉʫʣʬʦʥʘʤʠʜʥʠʪʝ 

ʢʝʪʦʥʠ ʧʨʠʪʝʞʘʚʘʪ ʠ ʜʨʫʛʘ ʦʩʦʙʝʥʦʩʪ, ʢʦʷʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʤʘʪ ʧʨʝʜʚʠʜ ï ʜʦʧʲʣʥʠʪʝʣʥʦʪʦ 

ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʦʙʝʤʠʩʪʘ ʩʫʣʬʦʥʘʤʠʜʥʘ ʛʨʫʧʘ ʚ ʙʣʠʟʦʩʪ ʜʦ ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ, ʝ 

ʚʲʟʤʦʞʥʦ ʜʘ ʦʢʘʞʝ ʩʪʝʨʠʯʥʦ ʚʣʠʷʥʠʝ. 

 ʅʘʩʦʯʠʭʤʝ ʩʝ ʢʲʤ ʩʪʨʘʪʝʛʠʷ, ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʦʪʝʥʘ ʧʦ-ʨʘʥʦ ʚ ʛʨʫʧʘʪʘ ʥʘ ɼʠʤʠʪʨʦʚ 

ʠ ʩʲʪʨ.
37

 ʟʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ ʢʲʤ ʢʘʤʬʦʨ. ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʧʣʘʥʠʨʘʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʩʘ ʠʟʙʨʘʥʠ ʦʨʛʘʥʦʣʠʪʠʝʚʠʪʝ ʨʝʘʛʝʥʪʠ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʉʭʝʤʘ 4-

7. 

 

ʉʭʝʤʘ 4-7 

 ʈʝʘʛʝʥʪʠʪʝ ʩʘ ʧʦʣʫʯʝʥʠ in situ ʩʲʛʣʘʩʥʦ ʦʧʠʩʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʧʨʦʮʝʜʫʨʠ.

 ʇʨʠʩʲʝʜʠʥʠʪʝʣʥʠʪʝ ʨʝʘʢʮʠʠ ʥʘ ʩʲʝʜʠʥʝʥʠʷ 4-16-4-29 ʩʘ ʧʨʦʚʝʜʝʥʠ ʢʘʪʦ ʢʲʤ 

ʪʝʭʥʠʪʝ in situ ʧʦʣʫʯʝʥʠ ʩʫʩʧʝʥʟʠʠ ʠʣʠ ʨʘʟʪʚʦʨʠ ʩʝ ʜʦʙʘʚʷʪ ʢʝʪʦʥʠʪʝ 4-8ʘ, 4-8b, 4-10b ʠ 

4-15 (ʉʭʝʤʘ 4-8). ʉʠʥʪʝʟʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 4-5. 

 

ʉʭʝʤʘ 4-8 
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 ʇʦʣʫʯʝʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ 4-39-4-41 ʩʝ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʯʨʝʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʮʠʬʠʯʝʥ ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ, ʪʦʯʢʘ ʥʘ ʪʦʧʝʥʝ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. 

 ɺ ʊʘʙʣʠʮʘ 4-5 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʧʦʣʫʯʝʥʠʪʝ ʧʨʦʜʫʢʪʠ ʦʪ 

ʨʝʘʢʮʠʠʪʝ ʤʝʞʜʫ ʦʨʛʘʥʦʣʠʪʠʝʚʠʪʝ ʨʝʘʛʝʥʪʠ 4-16-4-29 ʠ ʢʝʪʦʥʠʪʝ 4-8ʘ, 4-8b, 4-10 ʠ 4-15. 

ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʪʘʙʣʠʮʘʪʘ, ʩ ʥʘʡ-ʚʠʩʦʢ ʜʦʙʠʚ ʩʝ ʧʨʠʩʲʝʜʠʥʷʚʘʪ ʦʨʛʘʥʦʣʠʪʠʝʚʠʪʝ 

ʨʝʘʛʝʥʪʠ 4-16 (ʩ 80% ʜʦʙʠʚ ʥʘ ʢʨʘʡʥʠʷ ʧʨʦʜʫʢʪ), 4-30 ʠ 4-25 (ʩ 83% ʜʦʙʠʚ ʥʘ ʢʨʘʡʥʠʷ 

ʧʨʦʜʫʢʪ). ʉ ʧʦ-ʦʙʝʤʠʩʪʠʪʝ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ 4-19-4-23 ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʘ ʨʝʘʢʮʠʷ 

ʥʝ ʧʨʦʪʠʯʘ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩʲʩ ʩʪʝʨʠʯʥʦʪʦ ʧʨʝʯʝʥʝ ʥʝ ʩʘʤʦ ʥʘ ʩʫʣʬʦʥʘʤʠʜʥʘʪʘ 

ʛʨʫʧʘ, ʥʦ ʠ ʥʘ ʤʝʪʘʣʦʮʝʥ-ʩʲʜʲʨʞʘʱʠʷ ʟʘʤʝʩʪʠʪʝʣ ʚ ʩʲʩʝʜʩʪʚʦ ʥʘ ʢʘʨʙʦʥʠʣʥʠʪʝ ʛʨʫʧʠ. 

ɺʲʟʤʦʞʥʦ ʝ ʩʲʱʦ ʪʘʢʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ in situ ʨʝʘʛʝʥʪʠ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ ʜʘ 

ʦʢʘʟʚʘ ʦʪʨʠʮʘʪʝʣʥʦ ʚʣʠʷʥʠʝ. ɺ ʥʠʪʦ ʝʜʠʥ ʩʣʫʯʘʡ ʥʝ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʧʨʦʜʫʢʪʠ ʥʘ 1,4-

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ. 
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ʊʘʙʣʠʮʘ 4-5 

No E/Z M R2N R
1
 

1,2-ʧʨʦʜʫʢʪ/ 

ʜʦʙʠʚ (%) 

1. E Fe Me2N 

 

4-30 / 80 

2. E Fe Me2N 

 

4-31 / 48 

3. E Fe Me2N 
 

4-32 / 47 

4. E Fe Me2N 
 

- 

5. E Fe Me2N 

 

- 

6. E Fe Me2N 
 

- 

7. E Fe Me2N 
 

- 

8. E Fe Me2N 
 

- 

9. E Fe Me2N 
 

4-33 / 59 

10. E Fe Me2N 
 

4-34 / 83 

11. E Fe Me2N 
 

4-35 / 48 

12. E Fe Me2N 
 

4-36 / 47 

13. E Fe Me2N 
 

4-37 / 65 

14. E Fe Me2N 
 

4-38 / 25 

15. Z Fe Me2N 
 

4-39 / 9 

16. E Fe 
  

4-40 / 68 

17. E Ru Me2N 
 

4-41 / 38 
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 ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʦʪ ʩʪʝʨʝʦʭʠʤʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠʪʝ 

ʨʝʘʢʮʠʠ ʧʨʦʪʠʯʘʪ ʩ ʚʠʩʦʢʘ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪ ʩʘʤʦ ʦʪʢʲʤ ʝʥʜʦ-ʩʪʨʘʥʘʪʘ ʥʘ ʢʘʨʙʦʥʠʣʥʠʷ 

ʉ-ʘʪʦʤ, ʢʘʢʪʦ ʪʦʚʘ ʝ ʠʟʚʝʩʪʥʦ ʧʨʠ (+)-ʢʘʤʬʦʨʘ. ʇʦʨʘʜʠ ʪʦʚʘ ʚʲʚ ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʩʝ 

ʧʦʣʫʯʘʚʘʪ ʩʘʤʦ ʧʨʦʜʫʢʪʠ ʩ ʝʢʟʦ-ʨʘʟʧʦʣʦʞʝʥʠ ʭʠʜʨʦʢʩʠʣʥʠ ʛʨʫʧʠ. ʉʪʝʨʝʦʭʠʤʠʷʪʘ ʥʘ 

ʧʨʦʜʫʢʪʠʪʝ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʩʲʦʪʚʝʪʥʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘ ʥʦʚʦʩʠʥʪʝʟʠʨʘʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ 

ʩʝ ʦʧʨʝʜʝʣʷʪ ʥʝʜʚʫʩʤʠʩʣʝʥʦ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʚʫʤʝʨʥʠ ʗʄʈ ʪʝʭʥʠʢʠ. ʅʘʙʣʶʜʘʚʘʥʠʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʝʬʝʢʪʠ (NOE), ʜʦʢʘʟʚʘʱʠ ʝʥʜʦ-ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʢʘʤʬʘʥʦʚʠʷ ʩʢʝʣʝʪ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʚ ʌʠʛʫʨʠ 4-6-4-9.  

 

ʌʠʛʫʨʘ 4-6 

 ʇʦʩʨʝʜʩʪʚʦʤ NOESY ʩʧʝʢʪʨʠ ʩʝ ʧʦʣʫʯʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʪʥʦʩʠʪʝʣʥʦʪʦ 

ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʙʣʠʟʢʠ ʧʨʦʪʦʥʠ, ʦʪ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ 

ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ ʉ-2 ʘʪʦʤ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʠ ʘʙʩʦʣʶʪʥʘʪʘ ʤʫ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʧʨʠ ʠʟʚʝʩʪʥʘ ʪʘʢʘʚʘ ʟʘ ʉ-1.  
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ʌʠʛʫʨʘ 4-7 

 

 

 

ʌʠʛʫʨʘ 4-8 

 

ʌʠʛʫʨʘ 4-9 

 

4.1.4 ʇʦʣʫʯʘʚʘʥʝ ʥʘ ɔ- ʠ ŭ-ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ S-ʩʲʜʲʨʞʘʱʠ ʘʥʘʣʦʟʠ 
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 ɼʠʟʘʡʥʲʪ ʥʘ ʘʣʢʦʭʦʣʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʦʪʜʘʣʝʯʝʥ ʭʝʪʝʨʦʘʪʦʤ ʩʧʨʷʤʦ 

ʭʠʜʨʦʢʩʠʣʥʘʪʘ ʛʨʫʧʘ ʝ ʩ ʮʝʣ ʜʘ ʩʝ ʧʨʦʩʣʝʜʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʘʟʠ ʦʪʜʘʣʝʯʝʥʦʩʪ ʚʲʨʭʫ 

ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʪʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʝʟʠ ʘʣʢʦʭʦʣʠ ʢʘʪʦ ʣʠʛʘʥʜʠ. ʌʘʢʪʲʪ, ʯʝ 

ʩʝʨʥʠʪʝ ʠ ʘʟʦʪʥʠʪʝ ʘʪʦʤʠ ʚ ʩʲʝʜʠʥʝʥʠʷʪʘ ʩʘ ʯʘʩʪ ʦʪ ʘʨʦʤʘʪʥʠ ʭʝʪʝʨʦʮʠʢʣʠ, ʥʝ ʧʨʦʤʝʥʷ 

ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʜʘ ʙʲʜʘʪ ʜʦʥʦʨʠ ʥʘ ʝʣʝʢʪʨʦʥʥʘ ʜʚʦʡʢʘ ʠ ʩʣʝʜʦʚʘʪʝʣʥʦ ʜʘ ʢʦʦʨʜʠʥʠʨʘʪ ʩ 

ʮʠʥʢʦʚ ʘʪʦʤ. ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʣʘʥʠʨʘʥʠʪʝ ʩʠʥʪʝʟʠ ʩʘ ʠʟʙʨʘʥʠ ʨʝʘʛʝʥʪʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ 

ʉʭʝʤʘ 4-9. 

 

ʉʭʝʤʘ 4-9 

 ʆʨʛʘʥʦʣʠʪʠʝʚʠʪʝ ʨʝʘʛʝʥʪʠ 4-42-4-46 ʩʘ ʧʦʣʫʯʝʥʠ ʩʲʛʣʘʩʥʦ ʦʧʠʩʘʥʠ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ 

ʧʨʦʮʝʜʫʨʠ. 

 

 

ʉʭʝʤʘ 4-10 

 ʇʦʣʫʯʝʥʠʪʝ in situ ʦʨʛʘʥʦʣʠʪʠʝʚʠ ʨʝʘʛʝʥʪʠ 4-43-4-46 ʠ ʠʟʦʣʠʨʘʥʦʪʦ ʢʘʪʦ 

ʢʨʠʩʪʘʣʥʦ ʚʝʱʝʩʪʚʦ 4-42 ʩʝ ʧʨʠʩʲʝʜʠʥʷʚʘʪ ʢʲʤ ʢʝʪʦʥʘ 4-8b (ʉʭʝʤʘ 4-10). 

 ʇʨʦʜʫʢʪʠʪʝ ʧʦʣʫʯʝʥʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 1,2-ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ 4-47ʘ, 4-48ʘ ʠ 4-49ʘ ʩʝ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʯʨʝʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʩʧʝʮʠʬʠʯʝʥ ʲʛʲʣ ʥʘ 

ʚʲʨʪʝʥʝ, ʪʦʯʢʘ ʥʘ ʪʦʧʝʥʝ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. ʇʨʦʜʫʢʪʠʪʝ ʧʦʣʫʯʝʥʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 1,4 

ʧʨʠʩʲʝʜʠʥʷʚʘʥ 4-48b ʠ 4-49b ʩʝ ʧʨʝʢʨʠʩʪʘʣʠʟʠʨʘʪ, ʢʦʝʪʦ ʥʘʧʨʘʚʠ ʚʲʟʤʦʞʥʦ ʠʟʦʣʠʨʘʥʝʪʦ 

ʚ ʯʠʩʪ ʚʠʜ ʥʘ ʛʣʘʚʥʠʪʝ ʠʟʦʤʝʨʠ ʦʪ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʥʘʪʘ ʩʤʝʩ. 1,4-ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠʪʝ 

ʧʨʦʜʫʢʪʠ ʥʝ ʩʘ ʦʩʥʦʚʥʘ ʮʝʣ ʥʘ ʥʘʰʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʠ ʧʦʨʘʜʠ ʪʦʚʘ ʩʝ ʦʭʘʨʝʢʪʝʨʠʟʠʨʘʪ ʩʘʤʦ 

ʩ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʇʨʦʜʫʢʪʲʪ 4-50 ʩʝ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘ ʯʨʝʟ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. ɺ ʊʘʙʣʠʮʘ 4-6 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʙʦʙʱʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʠ ʧʦʣʫʯʝʥʠʪʝ ʧʨʦʜʫʢʪʠ ʥʘ ʨʝʘʢʮʠʷʪʘ ʤʝʞʜʫ ʦʨʛʘʥʦʣʠʪʠʝʚʠʪʝ ʨʝʘʛʝʥʪʠ 4-42-4-46 ʠ ʢʝʪʦʥʘ 

4-8b. ʆʪ ʪʘʙʣʠʮʘʪʘ ʩʝ ʚʠʞʜʘ, ʯʝ ʚʲʚ ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʚ ʢʦʠʪʦ ʠʤʘ ʨʝʘʢʮʠʷ, ʩʝ ʥʘʙʣʶʜʘʚʘ 
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ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʢʦʥʢʫʨʝʥʪʥʠʷ 1,4-ʧʨʦʜʫʢʪ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʝʪʦʥa 4-

8b ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʪʦʡ ʙʠ ʫʯʘʩʪʚʘʣ ʦʩʚʝʥ ʚ ʨʝʘʢʮʠʷ ʥʘ 1,2-ʥʫʢʣʝʦʬʠʣʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ 

ʢʲʤ ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ, ʥʦ ʩʲʱʦ ʪʘʢʘ ʠ ʚ ʨʝʘʢʮʠʷ ʥʘ 1,4-ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ 

ʦʨʛʘʥʦʣʠʪʠʝʚʠʪʝ ʨʝʘʛʝʥʪʠ ʢʲʤ ʚʲʛʣʝʨʦʜʥʠʷ ʘʪʦʤ ʚ ɓ-ʧʦʟʠʮʠʷ ʩʧʨʷʤʦ ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ 

(ʉʭʝʤʘ 4-10). ʇʲʪʷʪ ʧʦ ʢʦʡʪʦ ʱʝ ʧʨʦʪʝʯʝ ʝʜʥʘʪʘ ʠʣʠ ʜʨʫʛʘʪʘ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʘ ʨʝʘʢʮʠʷ 

ʟʘʚʠʩʠ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʝʘʢʮʠʷʪʘ, ʧʨʠʨʦʜʘʪʘ ʥʘ Ŭ,ɓ ʥʝʥʘʩʠʪʝʥʠʪʝ ʢʘʨʙʦʥʠʣʥʠ ʩʲʝʜʠʥʝʥʠʷ 

ʠ ʪʠʧʘ ʥʘ ʥʫʢʣʝʦʬʠʣʘ.
38

 

ʊʘʙʣʠʮʘ 4-6 

 ʘ
 ʉʲʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ʩʣʝʜ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʤʝʩ ʦʪ ʜʚʘ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ ʫʩʪʘʥʦʚʝʥʦ  

ʯʨʝʟ 1H-ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

 

 ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 1,4-ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʠ ʩʲʩ 

ʩʪʝʨʠʯʥʦʪʦ ʧʨʝʯʝʥʝ ʤʝʞʜʫ ʦʙʝʤʠʩʪʠʪʝ ʣʠʪʠʠʨʘʥʠ ʨʝʘʛʝʥʪʠ ʠ ʩʠʣʥʦ ʟʘʧʨʝʯʝʥʦʪʦ 

ʦʙʢʨʲʞʝʥʠʝ ʥʘ ʢʘʨʙʦʥʠʣʥʘ ʛʨʫʧʘ. ʄʷʩʪʦʪʦ ʥʘ ʚʲʛʣʝʨʦʜʥʠʷ ʘʪʦʤ ʚ ɓ-ʧʦʟʠʮʠʷ ʩʧʨʷʤʦ 

ʢʘʨʙʦʥʠʣʥʘʪʘ ʛʨʫʧʘ ʩʝ ʦʢʘʟʚʘ ʧʦ-ʜʦʩʪʲʧʥʦ ʟʘ ʘʪʘʢʘ. 

 ʆʪ ʩʪʝʨʝʦʭʠʤʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ 1,2-ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʦʨʛʘʥʦʣʠʪʠʝʚʠʪʝ 

ʩʲʝʜʠʥʝʥʠʷ ʧʨʦʪʠʯʘ ʚʲʚ ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʦʪʢʲʤ ʝʥʜʦ-ʩʪʨʘʥʘʪʘ. ʊʦʚʘ ʩʝ ʜʦʢʘʟʚʘ ʯʨʝʟ NOESY 

ʩʧʝʢʪʨʠ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʤʝʞʜʫ H-ʘʪʦʤʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʦʪ ʝʜʥʘ 

ʩʪʨʘʥʘ ʠ ʝʥʜʦ-ʨʘʟʧʦʣʦʞʝʥʠʪʝ H ʘʪʦʤʠ ʧʨʠ C-5 ʠ/ʠʣʠ C-6 ʘʪʦʤʠʪʝ ʦʪ ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ 

(ʌʠʛʫʨʘ 4-10). ɺ 
1
H-ʗʄʈ ʩʧʝʢʪʲʨ ʥʘ ʧʨʦʜʫʢʪ 4-47ʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠʧʦʢʨʠʚʘʥʝ ʥʘ ʝʥʜʦ-

ʧʨʦʪʦʥʠʪʝ ʦʪ C-5 ʠ C-6 ʩ ʧʨʦʪʦʥʠʪʝ ʦʪ ʧʨʦʧʠʣʦʚʘʪʘ ʚʝʨʠʛʘ ʥʘ ʘʤʠʥʥʠʷ ʦʩʪʘʪʲʢ. 

No E/Z M R2N R
1
 

1,2-ʧʨʦʜʫʢʪ/ 

ʜʦʙʠʚ (%) 

1,4-ʧʨʦʜʫʢʪ / 

ʜʦʙʠʚ (%) 

1. E Fe Me2N 
 

4-47ʘ / 37 
4-47b / 48 

1:1
ʘ
 

2. E Fe Me2N 

 

4-48ʘ / 52 
4-48b / 22 

10:1
ʘ
 

3. E Fe Me2N 

 

4-49ʘ / 25 
4-49b / 44 

10:1
ʘ
 

4. E Fe Me2N 

 

- 

5. E Fe Me2N 

 

- 
4-50 / 65 

2:1
ʘ
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ʉʲʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩ ʜʘʥʥʠ ʦʪ ʣʠʪʝʨʘʪʫʨʘʪʘ, ʚʦʜʠ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʠ ʪʫʢ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʧʨʦʪʠʯʘ ʦʪ ʝʥʜʦ-ʩʪʨʘʥʘ. 

 

ʌʠʛʫʨʘ 4-10 

 ɸʤʠʥʦʘʣʢʦʭʦʣʠʪʝ ʦʪ ʪʠʧʘ 4-56 ʩʝ ʧʦʣʫʯʘʚʘʪ ʚ ʨʘʤʢʠʪʝ ʥʘ ʪʨʠʩʪʘʜʠʝʥ ʩʠʥʪʝʟ 

(ʉʭʝʤʘ 4-12). ʇʲʨʚʦʥʘʯʘʣʥʦ ʢʲʤ 4-8b ʠ 4-51 ʩʝ ʧʨʠʩʲʝʜʠʥʷʚʘ ʧʦʣʫʯʝʥʠʷʪ in situ 

ʘʮʝʪʦʥʠʪʨʠʣʣʠʪʠʡ 4-52 ʚ ʩʨʝʜʘ ʦʪ THF (ʉʭʝʤʘ 4-12). ʉʣʝʜ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʝ 

ʠʟʦʣʠʨʘʪ ʥʠʪʨʠʣʠʪʝ 4-53ʘ ʠ 4-53b. ʉʲʝʜʠʥʝʥʠʷʪʘ ʩʘ ʥʘʧʲʣʥʦ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʩ ʪʦʯʢʘ ʥʘ 

ʪʦʧʝʥʝ, ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. ɽʜʥʦʤʝʨʥʠʪʝ ʠ 

ʜʚʫʤʝʨʥʠʪʝ ʗʄʈ ʩʧʝʢʪʨʠ ʥʘ ʥʦʚʦʩʠʥʪʝʟʠʨʘʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷʪʘ 4-53ʘ ʠ 4-53b 

ʥʝʜʚʫʩʤʠʩʣʝʥʦ ʦʧʨʝʜʝʣʷʪ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʩʲʝʜʠʥʝʥʠʷʪʘ ʠ ʧʦʪʚʲʨʞʜʘʚʘʪ ʪʷʭʥʘʪʘ 

ʩʪʨʫʢʪʫʪʨʘʪʘ. ʈʝʜʫʢʮʠʷʪʘ ʥʘ ʥʠʪʨʠʣʠʪʝ 4-53 ʜʦ ʧʲʨʚʠʯʥʠʪʝ ʘʤʠʥʠ 4-54 ʩʝ ʧʨʦʚʝʞʜʘ ʚ 

ʩʨʝʜʘ ʦʪ Et2O/THF ʠ ʨʝʜʫʮʠʨʘʱ ʘʛʝʥʪ LAH. ʉʣʝʜ ʧʨʝʯʠʩʪʚʘʥʝ ʩ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ʩʘ ʠʟʦʣʠʨʘʥʠ ʢʘʪʦ ʦʨʘʥʞʝʚʠ ʢʨʠʩʪʘʣʥʠ ʚʝʱʝʩʪʚʘ. ʇʦʣʫʯʝʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʩʘ ʥʘʧʲʣʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʩ ʪʦʯʢʘ ʥʘ ʪʦʧʝʥʝ, ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʝʣʝʤʝʥʪʝʥ 

ʘʥʘʣʠʟ. ʀʟʧʦʣʟʚʘʥʠʪʝ ʝʜʥʦʤʝʨʥʠ ʠ ʜʚʫʤʝʨʥʠ ʗʄʈ ʪʝʭʥʠʢʠ ʩʧʦʤʘʛʘʪ ʟʘ ʧʲʣʥʦʪʦ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ 4-54ʘ ʠ 4-

54b. 
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ʉʭʝʤʘ 4-12 

 ʏʨʝʟ ʮʠʢʣʠʯʥʦ N-ʘʣʢʠʣʠʨʘʥʝ ʩ ʜʠʭʣʦʨʠʜʘ 4-55 ʚ ʩʨʝʜʘ ʦʪ ʘʮʝʪʦʥʠʪʨʠʣ, ʙʘʟʘ K2CO3 

ʠ ʤʝʞʜʫʬʘʟʦʚ ʢʘʪʘʣʠʟʘʪʦʨ 18-ʢʦʨʦʥʘ-6 ʝʪʝʨ ʩʝ ʧʦʣʫʯʘʚʘ ʠʟʦʠʥʜʦʣʠʥʦʚʠʷʪ ʘʤʠʥʦʘʣʢʦʭʦʣ 

4-56. ʅʠʩʢʠʪʝ ʜʦʙʠʚʠ ʥʘ ʠʟʦʠʥʜʦʣʠʥʦʚʠʪʝ ʘʤʠʥʦʘʣʢʦʭʦʣʠ 4-56a ʠ 4-56b ʩʘ ʩʣʝʜʩʪʚʠʝ ʦʪ 

ʤʥʦʞʝʩʪʚʦʪʦ ʩʪʨʘʥʠʯʥʠ ʧʨʦʜʫʢʪʠ ʧʦʣʫʯʝʥʠ ʧʦ ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷʪʘ ʠ ʥʘʙʣʶʜʘʚʘʥʠ ʦʪ ʥʘʩ 

ʯʨʝʟ TLC. ʀʟʦʣʠʨʘʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʩʝ ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʥʘʧʲʣʥʦ ʩ ʪʦʯʢʘ ʥʘ ʪʦʧʝʥʝ, ʲʛʲʣ 

ʥʘ ʚʲʨʪʝʥʝ, ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ. ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʘʤʠʥʦʘʣʢʦʭʦʣʠ 4-56a ʠ 4-56b ʩʝ ʠʟʧʦʣʟʚʘʪ ʝʜʥʦʤʝʨʥʠ ʠ ʜʚʫʤʝʨʥʠ ʗʄʈ 

ʪʝʭʥʠʢʠ, ʢʘʪʦ ʨʝʰʘʚʘʱʠʪʝ ʘʨʛʫʤʝʥʪʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʘʙʩʦʣʶʪʥʘʪʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝ 

ʧʦʣʫʯʘʚʘʪ ʦʪ NOESY ʩʧʝʢʪʨʠʪʝ (ʌʠʛʫʨʘ 4-10). 

 

4.1.5 ʇʨʠʣʦʞʝʥʠʝ ʥʘ ɓ-, ɔ- ʠ ŭ-ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠ ʘʥʘʣʦʟʠ ʢʘʪʦ ʭʠʨʘʣʥʠ 

ʣʠʛʘʥʜʠ ʟʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ 

 

 ʉʠʥʪʝʟʠʨʘʥʠʪʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʭʠʨʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ 4-30-4-40, 4-47ʘ-4-

49ʘ, 4-56ʘ ʠ 4-56b ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʟʥʘʥʠʷʪʘ ʦʪʥʦʩʥʦ ʩʪʝʨʝʦʭʠʤʠʷʪʘ ʥʘ 

ʥʫʢʣʝʦʬʠʣʥʠʪʝ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ ʨʝʘʢʮʠʠ ʥʘ ʦʨʛʘʥʦʤʝʪʘʣʥʠ ʨʝʘʛʝʥʪʠ ʢʲʤ ʧʨʦʠʟʚʦʜʥʠ ʥʘ 

ʢʘʤʬʦʨʘ. ʇʦʣʫʯʝʥʠʪʝ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʝʥʦ ʯʠʩʪʠ ʚʝʱʝʩʪʚʘ ʩʘ ʩ ʥʘʧʲʣʥʦ ʠʟʷʩʥʝʥʘ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʧʨʝʜʦʩʪʘʚʷʪ ʙʦʛʘʪʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʭʠʤʠʯʥʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʆʩʥʦʚʥʠʷʪ ʥʠ ʠʥʪʝʨʝʩ ʚ ʥʘʩʪʦʷʱʘʪʘ 

ʜʠʩʝʨʪʘʮʠʦʥʥʘ ʨʘʙʦʪʘ ʝ ʥʘʩʦʯʝʥ ʢʲʤ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ ʢʘʪʦ ʭʠʨʘʣʥʠ 

ʣʠʛʘʥʜʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ɓ-, ɔ- ʠ ŭ-ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʠ ʪʝʭʥʠʪʝ ʆ- ʠ S- 

ʩʲʜʲʨʞʘʱʠ ʘʥʘʣʦʟʠ ʩ ʢʘʤʬʘʥʦʚ ʩʢʝʣʝʪ ʩʝ ʧʨʠʣʘʛʘʪ ʢʘʪʦ ʭʠʨʘʣʥʠ ʩʧʦʤʘʛʘʪʝʣʥʠ ʚʝʱʝʩʪʚʘ 

ʚ ʨʝʘʢʮʠʷʪʘ ʥʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ 

(ʉʭʝʤʘ 4-13). 

 



 

24  

 

ʉʭʝʤʘ 4-13 

 ʇʨʠʩʲʝʜʠʥʠʪʝʣʥʘʪʘ ʨʝʘʢʮʠʷ ʩʝ ʧʨʦʚʝʞʜʘ ʩʲʛʣʘʩʥʦ ʧʨʦʮʝʜʫʨʘ, ʢʦʷʪʦ ʩʝ ʝ ʥʘʣʦʞʠʣʘ 

ʢʘʪʦ ʩʪʘʥʜʘʨʪʥʘ ʧʨʠ ʪʝʩʪʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʭʠʨʘʣʥʠʪʝ ʣʠʛʘʥʜʠ. ʇʲʨʚʦʥʘʯʘʣʥʦ 

ʨʝʘʢʮʠʪʝ ʩʝ ʧʨʦʚʝʞʜʘʪ ʚ ʭʝʢʩʘʥ, ʥʦ ʧʦʨʘʜʠ ʥʠʩʢʘʪʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʥʘ ʣʠʛʘʥʜʠʪʝ, ʪʦʡ ʙʝ 

ʟʘʤʝʥʝʥ ʩ ʪʦʣʫʝʥ, ʢʦʝʪʦ ʫʚʝʣʠʯʠ ʠ ʝʥʘʥʪʠʦʤʝʨʥʠʷ ʠʟʣʠʰʲʢ ʥʘ ʧʨʦʜʫʢʪʘ ʥʘ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ 1-ʬʝʥʠʣ-ʧʨʦʧʘʥʦʣ. ʇʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʥʘ Et2Zn ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ ʧʨʦʪʠʯʘ 

ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʲʚ ʚʩʠʯʢʠ ʩʣʫʯʘʠ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʨʝʘʢʮʠʷʪʘ ʢʘʪʘʣʠʟʠʨʘʥʘ ʩ 

ʭʠʨʘʣʝʥ ʣʠʛʘʥʜ 4-48ʘ, ʝ ʩ ʤʥʦʛʦ ʚʠʩʦʢʠ ʜʦʙʠʚʠ (ʜʦ 99%). ʇʨʦʜʫʢʪʲʪ 1-ʬʝʥʠʣ-1-ʧʨʦʧʘʥʦʣ 

ʩʝ ʠʟʦʣʠʨʘ ʠ ʧʨʝʯʠʩʪʚʘ ʯʨʝʟ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʧʨʝʜʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʝʥʘʥʪʠʦʤʝʨʝʥʠʷ ʤʫ ʠʟʣʠʰʲʢ ʧʦʩʨʝʜʩʪʚʦʤ ʛʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. 
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ʊʘʙʣʠʮʘ 4-7 

ˉ ʃʠʛʘʥʜ ʈʘʟʪʚʦʨʠʪʝʣ 
ʃʠʛʘʥʜ 

(ʤʦʣʥʠ %) 

ɼʦʙʠʚ ʥʘ 

1-ʬʝʥʠʣ-

ʧʨʦʧʘʥʦʣ (%) 

ee (%) ʥʘ 

1-ʬʝʥʠʣ-

ʧʨʦʧʘʥʦʣ
a
 

1. 4-30 ʭʝʢʩʘʥ 3.0 97 10 (S) 

0 

0) 

2. 4-30 ʪʦʣʫʝʥ 3.0 95 21 (S) 

3. 4-31 ʪʦʣʫʝʥ 3.0 97 20 (S) 

4. 4-32 ʭʝʢʩʘʥ 3.0 97 9 (S) 

5. 4-32 ʪʦʣʫʝʥ 3.0 98 12 (S) 

6. 4-33 ʭʝʢʩʘʥ 3.0 97 63 (R) 

7. 4-33 ʪʦʣʫʝʥ 3.0 99 76 (R) 

8. 4-34 ʭʝʢʩʘʥ 3.0 99 63 (R) 

9. 4-34 ʪʦʣʫʝʥ 3.0 99 76 (R) 

10. 4-35 ʭʝʢʩʘʥ 3.0 96 41 (R) 

11. 4-35 ʪʦʣʫʝʥ 3.0 99 56 (R) 

12. 4-36 ʪʦʣʫʝʥ 3.0 92 56 (R) 

13. 4-37 ʪʦʣʫʝʥ 3.0 90 62 (R) 

14. 4-38 ʪʦʣʫʝʥ 3.0 90 18 (S) 

15. 4-39 ʪʦʣʫʝʥ 3.0 77 6 (R) 

16. 4-40 ʪʦʣʫʝʥ 3.0 98 61 (R) 

17. 4-47ʘ ʪʦʣʫʝʥ 3.0 82 68 (S) 

18. 4-48ʘ ʪʦʣʫʝʥ 3.0 62 14 (R) 

19. 4-49ʘ ʪʦʣʫʝʥ 3.0 73 6 (S) 

20. 4-56a ʪʦʣʫʝʥ 3.0 99 38 (R) 

21. 4-56b ʪʦʣʫʝʥ 3.0 88 25 (R) 

a
 ee = enantiomeric excess (ʝʥʘʥʪʠʦʤʝʨʝʥ ʠʟʣʠʰʲʢ), ʦʧʨʝʜʝʣʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʛʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʭʠʨʘʣʥʘ 

ʢʦʣʦʥʘ  (ʚʠʞ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʯʘʩʪ). 
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 ʃʠʛʘʥʜʠʪʝ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʊʘʙʣʠʮʘ 4-7 ʤʦʛʘʪ ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʪʨʠ ʫʩʣʦʚʥʠ ʛʨʫʧʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʠʩʲʝʜʠʥʝʥʠʷ ʦʨʛʘʥʦʣʠʪʠʝʚ ʨʝʘʛʝʥʪ: ʘʤʠʥʦʘʣʢʦʭʦʣʠ, 

ʘʣʢʦʭʦʣʠ ʩ ʆ-ʩʲʜʲʨʞʘʱʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʨʫʧʘ ʠ ʘʣʢʦʭʦʣʠ ʩʲʩ S-ʩʲʜʲʨʞʘʱʘ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʛʨʫʧʘ. ʅʘʡ-ʚʠʩʦʢʘ ʘʩʠʤʝʪʨʠʯʥʘ ʠʥʜʫʢʮʠʷ ʧʦʢʘʟʘʭʘ ʣʠʛʘʥʜʠʪʝ 4-33 ʠ 4-34 (76 % ʝʝ), 

ʧʨʠʥʘʜʣʝʞʘʱʠ ʢʲʤ ʚʪʦʨʘʪʘ ʛʨʫʧʘ. ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʨʠʯʠʥʘʪʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʬʫʨʘʥʠʣʣʠʪʠʡ 4-24 ʢʲʤ Z-ʠʟʦʤʝʨʘ (4-8ʘ) ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʣʠʛʘʥʜ 4-

39. ɺʠʩʦʢʘʪʘ ʩʪʝʨʠʯʥʘ ʟʘʧʨʝʯʝʥʦʩʪ ʚ ʣʠʛʘʥʜ 4-39 ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʥʜʫʢʮʠʷ, ʢʘʢʪʦ ʦʯʘʢʚʘʭʤʝ, ʘ ʥʘʧʨʦʪʠʚ - ʪʷ ʩʲʱʝʩʪʚʝʥʦ ʩʝ ʧʦʥʠʞʠ (6% ʝʝ). 

ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʥʜʫʢʮʠʷ (ʜʦ 61% ʝʝ) ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʣʠʛʘʥʜ 4-40, ʚ ʢʦʡʪʦ ʜʠʤʝʪʠʣʩʫʣʬʦʥʘʤʠʜʥʘʪʘ ʛʨʫʧʘ ʧʨʠ ʣʠʛʘʥʜ 4-8b ʝ ʟʘʤʝʥʝʥʘ ʩ 

ʦʙʝʤʠʩʪʘʪʘ ʬʝʥʠʣʧʠʧʝʨʘʟʠʥʦʚʘ ʩʫʣʬʦʥʘʤʠʜʥʘ ʛʨʫʧʘ. ʅʘʡ-ʚʠʩʦʢʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ 

(68% ʝʝ) ʥʘ ʣʠʛʘʥʜʠʪʝ ʦʪ ʛʨʫʧʘʪʘ ʥʘ ʘʤʠʥʦʘʣʢʦʭʦʣʠʪʝ ʩʝ ʧʦʩʪʠʛʘ ʩ ʭʠʨʘʣʝʥ ʢʘʪʘʣʠʟʘʪʦʨ 4-

47ʘ. ɺ ʧʨʝʜʠʰʥʠ ʠʟʣʝʜʚʘʥʠʷ
27

 ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʠʛʘʥʜ, ʩʪʨʫʢʪyʨʝʥ ʘʥʘʣʦʛ ʥʘ 4-47ʘ, ʚ 

ʢʦʡʪʦ ʣʠʧʩʚʘ ʩʫʣʬʦʥʘʤʠʜʥʘʪʘ ʛʨʫʧʘ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʥʠʩʢʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ (35% 

ʝʝ). ʀʥʪʝʨʝʩʥʦ ʝ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʦʤʷʥʘ ʠ ʚ ʧʦʩʦʢʘʪʘ ʥʘ ʘʩʠʤʝʪʨʠʯʥʘʪʘ 

ʠʥʜʫʢʮʠʷ - ʜʦʢʘʪʦ ʩ ʣʠʛʘʥʜ 4-47ʘ S-ʝʥʘʥʪʠʦʤʝʨʘ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʝʜʧʦʯʝʪʝʥʦ, ʪʦ ʧʨʠ ʥʝʛʦʚʠʷ 

ʘʥʘʣʦʛ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʥʘ 1-ʬʝʥʠʣ-ʧʨʦʧʘʥʦʣʘ ʝ (R). ʆʪ ʪʦʚʘ ʩʨʘʚʥʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 

ʠʟʚʦʜʘ, ʯʝ ʩʫʣʬʦʥʘʤʠʜʥʘʪʘ ʛʨʫʧʘ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʧʦʩʦʢʘʪʘ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʥʜʫʢʮʠʷ. ʋʤʝʨʝʥʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ ʩʝ ʧʦʩʪʠʛʘ ʩ ʣʠʛʘʥʜʠ 4-56a ʠ 4-

56b (38% ʝʝ ʠ 25% ʝʝ, ʩʲʦʪʚʝʪʥʦ). ɺ ʣʠʪʝʨʘʪʫʨʘʪʘ ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʤʘʣʢʦ ʧʨʠʤʝʨʠ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʘʣʢʦʭʦʣʠ ʩʲʩ S-ʩʲʜʲʨʞʘʱʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʛʨʫʧʘ ʢʘʪʦ ʣʠʛʘʥʜʠ ʚ 

ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʘʪʘ ʨʝʘʢʮʠʷ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʘʣʢʠʣʮʠʥʢʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʢʲʤ 

ʘʣʜʝʭʠʜʠ (ʚʠʞ. ʃʠʪʝʨʘʪʫʨʝʥ ʦʙʟʦʨ). ʉʲʱʠʷʪ ʝʬʝʢʪ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʣʠʛʘʥʜ 4-47ʘ 

(ʩʪʝʨʠʯʥʦ ʚʣʠʷʥʠʝ ʥʘ ʩʫʣʬʦʥʘʤʠʜʥʘʪʘ ʛʨʫʧʘ) ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʠʛʘʥʜ 4-35, ʩʲʜʲʨʞʘʱ 

ʪʠʦʬʝʥʦʚ ʦʩʪʘʪʲʢ. ɺ ʩʨʘʚʥʝʥʠʝ ʩ ʥʝʛʦʚʠʷ ʢʘʤʬʘʥʦʚ ʘʥʘʣʦʛ, ʩʠʥʪʝʟʠʨʘʥ ʚ ʧʨʝʜʠʰʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʛʨʫʧʘʪʘ (22% ee),
27

 ʚ ʥʘʰʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘ 62% ee ʧʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʠʛʘʥʜ 4-35 ʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʥʜʫʢʮʠʷ (R-

ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ). ʅʘʣʠʯʠʝʪʦ ʥʘ ʦʙʝʤʠʩʪʘʪʘ ʪʨʠʤʝʪʠʣʩʠʣʠʣʥʘ ʛʨʫʧʘ (ʣʠʛʘʥʜ 4-36) ʚ 

ʪʠʦʬʝʥʦʚʠʷ ʧʨʲʩʪʝʥ ʥʝ ʧʨʦʤʝʥʷ ʝʥʘʥʪʠʦʩʝʣʠʢʪʠʚʥʦʩʪʪʘ (56% ʝʝ). ʇʦʚʠʰʘʚʘʥʝ ʥʘ 

ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʥʜʫʢʮʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʠʛʘʥʜ 4-37, ʢʲʜʝʪʦ ʦʙʝʤʠʩʪʠʷ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʦʚ ʦʩʪʘʪʲʢ ʚʦʜʠ ʜʦ ʟʘʧʘʟʚʘʥʝ ʧʦʩʦʢʘʪʘ ʥʘ ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʜʫʢʮʠʷ ʠ 

ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʪʘ (62% ee). ʅʘʤʘʣʷʚʘʥʝ ʥʘ ʝʥʘʪʠʦʩʝʢʪʠʚʥʦʩʪʪʘ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ ʧʨʠ ʣʠʛʘʥʜ 4-49ʘ (6% ee), ʥʦ ʧʦʩʦʢʘʪʘ ʥʘ ʘʩʠʤʝʪʨʠʯʥʘʪʘ ʠʥʜʫʢʮʠʷ ʩʝ ʦʙʨʲʱʘ 

(S-ʝʥʘʥʪʠʦʤʝʨ). 
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 ɺ ʟʘʢʣʶʯʝʥʠʝ ʙʠ ʤʦʛʣʦ ʜʘ ʩʝ ʪʚʲʨʜʠ, ʯʝ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʝʬʝʢʪʠʚʥʠ ʭʠʨʘʣʥʠ 

ʣʠʛʘʥʜʠ ʚʩʝ ʦʱʝ ʟʘʚʠʩʠ ʩʘʤʦ ʦʪ ʧʨʘʚʠʣʦʪʦ ñʧʨʦʙʘ-ʛʨʝʰʢʘò. 

 

4.2 ʀʟʩʣʝʜʚʘʥʝ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʥʷʢʦʠ ʧʨʠʨʦʜʥʠ ʘʣʢʘʣʦʠʜʠ ʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ 

ʢʘʪʦ ʭʠʨʘʣʥʠ ʣʠʛʘʥʜʠ ʟʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ 

ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 

 

 ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʮʠʥʭʦʥʘ ʘʣʢʘʣʦʠʜʠ ʢʘʪʦ ʢʘʪʘʣʠʟʘʪʦʨʠ ʚ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʘ 

ʨʝʘʢʮʠʷ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʦʨʛʘʥʦʮʠʥʢʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʢʲʤ ʘʣʜʝʭʠʜʠ ʟʘ ʧʲʨʚʠ ʧʲʪ ʝ 

ʜʦʢʣʘʜʚʘʥʦ ʦʪ Smaardijk ʠ ʩʲʪʨ.
39

 ʅʘʡ-ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʩa ʧʦʩʪʠʛʥʘʪʠ ʧʨʠ 

ʧʨʠʩʲʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ 2-ʝʪʦʢʩʠʙʝʥʟʘʣʜʝʭʠʜ ʩ ʧʦʤʦʱʪʘ ʥʘ ʭʠʥʠʥ (92% ʝʝ). 

ʅʘ ʙʘʟʘʪʘ ʥʘ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʨʠʣʘʛʘʪ ʮʠʥʭʦʥʘ ʘʣʢʘʣʦʠʜʠʪʝ ʠ ʧʨʠʨʦʜʥʠʷʪ ʘʤʠʥʦʘʣʢʦʭʦʣ 

(S)-ʘʣʘʥʠʥʦʣ ʢʘʪʦ ʣʠʛʘʥʜʠ ʚ ʨʝʘʢʮʠʷʪʘ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ 

ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ (ʉʭʝʤʘ 4-16). ʇʲʨʚʦʥʘʯʘʣʥʦ ʨʝʘʢʮʠʷʪʘ ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʠ ʩʪʘʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʘʟʪʚʦʨʠʪʝʣ ʭʝʢʩʘʥ. ʉʣʝʜ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʝ ʠʟʦʣʠʨʘʪ ʪʨʠ ʧʨʦʜʫʢʪʘ 

ʠ ʥʝʨʝʘʛʠʨʘʣ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-7. ʉʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠ 4-57, 4-58 ʠ 4-59 ʩʝ 

ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

 

ʉʭʝʤʘ 4-16 

 ʆʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʩʲʝʜʠʥʝʥʠʷ 4-58 ʠ 4-59 ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʩ ʜʦʧʫʩʢʘʥʝʪʦ,
40

 ʯʝ 

ʧʨʦʪʠʯʘ ʨʝʜʦʢʩʠ ʨʝʘʢʮʠʷ ʦʪ ʪʠʧʘ ʥʘ Cannizzaro ʤʝʞʜʫ 4-7 ʠ 4-57, ʢʦʝʪʦ ʜʦʚʝʞʜʘ ʜʦ 

ʦʢʠʩʣʝʥʠʝ ʥʘ 4-57 ʜʦ ʢʝʪʦʥʘ 4-59 ʠ ʨʝʜʫʢʮʠʷ ʥʘ 4-7 ʜʦ ʘʣʢʦʭʦʣʘ 4-58. ʊʨʷʙʚʘ ʜʘ ʩʝ 

ʦʪʙʝʣʝʞʠ, ʯʝ Noyori ʠ ʩʲʪʨ.
41

 ʩʘ ʦʪʙʝʣʷʟʘʣʠ ʘʥʘʣʦʛʠʯʝʥ ʩʣʫʯʘʡ - ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 1-ʬʝʥʠʣ-

1-ʧʨʦʧʘʥʦʥ ʧʨʠ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ, ʙʝʟ ʜʘ ʝ ʜʠʩʢʫʪʠʨʘʥʘ 

ʚʲʟʤʦʞʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʪʦʚʘ. ɸʣʢʦʭʦʣʲʪ 4-58 ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʫʯʠ ʘʣʪʝʨʥʘʪʠʚʥʦ ʧʨʠ 
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ʨʝʜʫʢʮʠʷ ʥʘ ʘʣʜʝʭʠʜʘ 4-7, ʯʨʝʟ ɓ-ʚʦʜʦʨʦʜʝʥ ʪʨʘʥʩʬʝʨ ʦʪ ʝʪʠʣʦʚʘʪʘ ʛʨʫʧʘ ʥʘ 

ʜʠʝʪʠʣʮʠʥʢʦʚʠʷ ʨʝʘʛʝʥʪ. ʊʲʡ ʢʘʪʦ 4-58 ʥʝ ʝ ʣʝʪʣʠʚ, ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʢʦʥʬʠʛʫʨʘʮʠʷʪʘ ʤʫ ʩʝ 

ʠʟʧʦʣʟʚʘ ʲʛʲʣ ʥʘ ʚʲʨʪʝʥʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʘʪʘ ʨʝʘʢʮʠʷ ʩʘ ʦʙʦʙʱʝʥʠ ʚ 

ʊʘʙʣʠʮʘ 4-8. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʭʠʥʠʥ 4-60 ʢʘʪʦ ʭʠʨʘʣʝʥ ʤʦʜʠʬʠʢʘʪʦʨ ʜʘʚʘ ʥʘʡ-ʜʦʙʨʠ 

ʜʦʙʠʚʠ (ʨʝʜ 1), ʥʦ ʩʝ ʧʦʩʪʠʛʥʘʪʘ ʫʤʝʨʝʥʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪ (27% ʝʝ). ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ 

ʮʠʥʭʦʥʠʥ 4-61, ʮʠʥʭʦʥʠʜʠʥ 4-62 ʠ ʘʤʠʥʦʘʣʢʦʭʦʣʲʪ (S)-ʘʣʘʥʠʥʦʣ 4-63 (ʧʦʣʫʯʝʥ ʦʪ 

ʧʨʠʨʦʜʥʘʪʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘ (S)-ʘʣʘʥʠʥ) ʢʘʪʦ ʢʘʪʘʣʠʟʘʪʦʨʠ ʥʝ ʚʦʜʠ ʜʦ ʘʩʠʤʝʪʨʠʯʥʘ 

ʠʥʜʫʢʮʠʷ ʠʣʠ ʜʦ ʤʥʦʛʦ ʩʣʘʙʘ ʪʘʢʘʚʘ (ʨʝʜ 2; ʨʝʜʦʚʝ 3 ʠ 6, ʩʲʦʪʚʝʪʥʦ). 

ʊʘʙʣʠʮʘ 4-8 

N
o
 

ʍʠʨʘʣʝʥ 

ʣʠʛʘʥʜ 
ʊʝʤʧʝʨʘʪʫʨʘ 

ɺʨʝʤʝ 

(ʯ) 

ʇʨʝʚʨʲʱʘʥʝ (%) 
ee (%) 

(ʢʦʥʬ.) 4-57 4-58 4-59 

1. 4-60 
+20̄ C 

+60̄ C 

101 

7 

61 

72 

7 

9 

1 

9 

27 (S) 

19 (R) 

2. 4-61 +20̄ C 138 50 7 4 0 

3. 4-62 +20̄ C 183 72 7 8 9 (S) 

6. 4-63 +20̄ C 138 27 10 5 5 (S) 

 

 ʀʟʩʣʝʜʚʘʡʢʠ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʝʬʝʢʪ ʚ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʘʪʘ ʨʝʘʢʮʠʷ ʥʘ ʜʠʝʪʠʣʮʠʥʢ 

ʢʲʤ ʙʝʥʟʘʣʜʝʭʠʜ ʧʨʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʧʨʠʨʦʜʥʠ ʘʣʢʘʣʦʠʜʠ ʠ ʘʤʠʥʦʘʣʢʦʭʦʣʠ, Muchow ʠ 

ʩʲʪʨ.
42

 ʧʦʩʦʯʚʘʪ, ʯʝ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ 

ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʪʘ. ɿʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʨʝʘʢʮʠʷʪʘ ʩʝ ʧʨʦʚʝʞʜʘ 

ʧʨʠ ʥʘʛʨʷʚʘʥʝ ʦʪ 60ÁC ʚ ʩʨʝʜʘ ʦʪ ʪʦʣʫʝʥ ʠ ʭʠʨʘʣʝʥ ʣʠʛʘʥʜ 4-60. ɺ ʊʘʙʣʠʮʘ 4-8 ʩʝ ʚʠʞʜʘ, ʯʝ 

ʨʝʘʢʮʠʦʥʥʦʪʦ ʚʨʝʤʝ ʥʘʤʘʣʷʚʘ, ʘ ʜʦʙʠʚʲʪ ʥʘ ʮʝʣʝʚʠʷ ʘʣʢʦʭʦʣ 4-57 ʩʝ ʫʚʝʣʠʯʘʚ ʘ(ʨʝʜ 1). ʇʦ-

ʠʥʪʝʨʝʩʝʥ ʩʝ ʦʢʘʟʚʘ ʜʨʫʛ ʝʬʝʢʪ, ʥʘʙʣʶʜʘʚʘʥ ʧʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. 

ʇʨʝʦʙʣʘʜʘʚʘʱʘʪʘ S-ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʘ 4-57, ʢʦʛʘʪʦ ʨʝʘʢʮʠʷʪʘ ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʠ ʩʪʘʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʝ ʧʨʦʤʝʥʷ ʚ ʧʨʝʦʙʣʘʜʘʚʘʱʘ R-ʢʦʥʬʠʛʫʨʘʮʠʷ (ʤʘʢʘʨ ʠ ʩ ʧʦ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ 

ʥʘ ʝʝ ï 19% R), ʢʦʛʘʪʦ ʨʝʘʢʮʠʷʪʘ ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʠ ʥʘʛʨʷʚʘʥʝ. 

 ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʜʦʙʘʚʠ, ʯʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʘʣʢʘʣʦʠʜʠ ʠ 

ʘʤʠʥʦʘʣʢʦʭʦʣʠ ʢʘʪʦ ʭʠʨʘʣʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʚ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʘʪʘ ʨʝʘʢʮʠʷ ʥʘ ʜʠʝʪʠʣʮʠʥʢ 

ʢʲʤ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ ʧʦʪʚʲʨʞʜʘʚʘ ʧʨʘʚʠʣʦʪʦ, ʯʝ ʥʷʤʘ ʫʥʠʚʝʨʩʘʣʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʟʘ 

ʧʦʩʦʯʝʥʘʪʘ ʨʝʘʢʮʠʷ ʠ ʪʲʨʩʝʥʝʪʦ ʥʘ ʥʦʚʠ ʠ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ ʧʨʦʜʲʣʞʘʚʘ. 

 

4.3 ʆʧʠʪʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 1,2-ʜʠʟʘʤʝʩʪʝʥʠ ʬʝʨʦʮʝʥʦʚʠ ʧʨʦʠʟʚʦʜʥʠ ʩ ʧʣʘʥʘʨʥʘ 

ʭʠʨʘʣʥʦʩʪ 
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 ɺ ʨʘʤʢʠʪʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘʪ ʩʠʥʪʝʪʠʯʥʠ ʧʦʜʭʦʜʠ 

ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ, ʧʨʠʣʦʞʠʤʠ ʢʘʪʦ ʭʠʨʘʣʥʠ ʢʘʪʘʣʠʟʘʪʦʨʠ 

ʟʘ ʝʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʠʝʪʠʣʮʠʥʢ ʢʲʤ ʘʣʜʝʭʠʜʠ. 

 ɿʥʘʯʠʪʝʣʥʘ ʪʝʞʝʩʪ ʠʤʘ ʩʠʥʪʝʟʲʪ ʥʘ ʭʠʨʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʚʘʱʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ 

ʩʠ ʬʝʨʦʮʝʥʦʚ ʦʩʪʘʪʲʢ. ʊʦʟʠ ʪʠʧ ʩʲʝʜʠʥʝʥʠʷ ʩʝ ʧʦʣʟʚʘ ʩ ʥʘʨʘʩʪʚʘʱ ʠʥʪʝʨʝʩ ʧʨʝʟ 

ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʧʦʨʘʜʠ ʚʠʩʦʢʘʪʘ ʩʠ ʝʬʝʢʪʠʚʥʦʩʪ ʢʘʪʦ ʢʘʪʘʣʠʟʘʪʦʨʠ ʟʘ ʘʩʠʤʝʪʨʠʯʥʠ 

ʩʠʥʪʝʟʠ. ʆʩʦʙʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠ ʟʘ ʢʘʪʘʣʠʪʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ ʩʘ 1,2-ʜʠʟʘʤʝʩʪʝʥʠʪʝ 

ʬʝʨʦʮʝʥʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʪʠʧ B (ʉʭʝʤʘ 4-17), ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘʪ ʨʘʚʥʠʥʘ ʥʘ ʭʠʨʘʣʥʦʩʪ. ɿʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʪʘʢʲʚ ʪʠʧ ʣʠʛʘʥʜʠ ʢʣʶʯʦʚʘ ʨʦʣʷ ʠʛʨʘʷʪ ʭʠʨʘʣʥʠʪʝ Ŭ-ʭʠʜʨʦʢʩʠʘʣʢʠʣ 

ʬʝʨʦʮʝʥʦʚʠ ʧʨʦʠʟʚʦʜʥʠ ʦʪ ʪʠʧ ɸ, ʦʪ ʢʦʠʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʧʨʝʚʨʲʱʘʥʝ 

ʩʝ ʧʦʣʫʯʘʚʘʪ ʨʘʟʥʦʦʙʨʘʟʥʠ 1,2-ʜʠʟʘʤʝʩʪʝʥʠ ʬʝʨʦʮʝʥʠ ʦʪ ʪʠʧ B, ʧʨʠʪʝʞʘʚʘʱʠ ʨʘʚʥʠʥʘ ʥʘ 

ʭʠʨʘʣʥʦʩʪ (ʉʭʝʤʘ 4-17). 

 

ʉʭʝʤʘ 4-17 

 ʉʠʥʪʝʪʠʯʥʘʪʘ ʥʠ ʩʪʨʘʪʝʛʠʷ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʠʤʠʥ (ʰʠʬʦʚʘ ʙʘʟʘ) 4-

65 ʦʪ ʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-7 ʠ ʭʠʨʘʣʥʠʷ S-ʬʝʥʠʣʝʪʠʣʘʤʠʥ 4-64 (ʉʭʝʤʘ 4-18). 

ʇʨʦʚʝʜʦʭʤʝ ʨʝʘʢʮʠʷʪʘ ʚ ʩʨʝʜʘ ʦʪ ʩʫʭ ʙʝʥʟʝʥ, ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʙʝʟʚʦʜʝʥ Na2SO4 ʠ ʢʠʧʝʥʝ 

ʚ ʘʨʛʦʥʦʚʘ ʘʪʤʦʩʬʝʨʘ. ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʠʤʠʥ 4-65 ʩʝ ʠʟʧʦʣʟʚʘ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʇʦʨʘʜʠ ʭʠʤʠʯʝʩʢʘʪʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʥʘ ʠʤʠʥʘ, ʪʦʡ ʝ ʚʢʣʶʯʝʥ ʚ ʩʣʝʜʚʘʱʠʷ 

ʩʠʥʪʝʪʠʯʝʥ ʝʪʘʧ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʯʠʩʪʚʘʥʝ. ɹʭ̫ʘ ʧʨʦʚʝʜʝʥʠ ʧʨʠʩʲʝʜʠʥʠʪʝʣʥʠ ʨʝʘʢʮʠʠ 

ʢʲʤ 4-65 ʥʘ ʠʟʙʨʘʥʠ ʦʨʛʘʥʦʤʝʪʘʣʥʠ ʨʝʘʛʝʥʪʠ. 

 

ʉʭʝʤʘ 4-18 

 ʈʝʘʢʮʠʷʪʘ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʥʦʨʙʦʨʥʠʣʣʠʪʠʡ 4-66 ʢʲʤ 4-65, ʩʝ ʧʨʦʚʝʜʝʞʜʘ ʚ 

ʩʨʝʜʘ ʦʪ ʜʠʝʪʠʣʦʚ ʝʪʝʨ ʧʨʠ -30ÁC ʠ ʘʨʛʦʥʦʚʘ ʘʪʤʦʩʬʝʨʘ (ʉʭʝʤʘ 4-19). ʍʦʜʲʪ ʥʘ ʨʝʘʢʮʠʷʪʘ 

ʩʝ ʧʨʦʩʣʝʜʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʲʥʢʦʩʣʦʡʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʏʨʝʟ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʝ 

ʠʟʦʣʠʨʘ ʘʤʠʥ 4-67 ʢʘʪʦ ʯʝʨʚʝʥʦ ʤʘʩʣʦ ʩ ʜʦʙʠʚ 35%. ʏʨʝʟ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 4-67 ʝ 

ʦʧʨʝʜʝʣʝʥʦ ʢʘʪʦ ʩʤʝʩ ʦʪ ʜʚʘ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 10:7. ʆʧʠʪʠʪʝ ʟʘ 
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ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʜʚʘʪʘ ʠʟʦʤʝʨʘ ʯʨʝʟ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʬʘʟʠ ʩʘ ʥʝʫʩʧʝʰʥʠ, ʧʦʨʘʜʠ ʧʨʝʢʘʣʝʥʦ ʙʣʠʟʢʠʪʝ ʠʤ Rf ʩʪʦʡʥʦʩʪʠ. 

 

ʉʭʝʤʘ 4-19 

ʉ ʮʝʣ ʧʨʦʤʷʥʘ ʚ ʧʦʣʷʨʥʦʩʪʪʘ ʥʘ ʧʨʦʜʫʢʪʲʪ 4-67, ʢʦʝʪʦ ʝʚʝʥʪʫʘʣʥʦ ʙʠ ʜʦʚʝʣʦ ʜʦ ʧʦ-

ʜʦʙʨʦ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʨʘʟʜʝʣʷʥʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʜʚʘ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ, ʩʝ ʧʨʦʚʝʞʜʘʪ 

ʦʧʠʪʠ ʟʘ N-ʤʝʪʠʣʠʨʘʥʝ. N-ʤʝʪʠʣʠʨʘʥʝʪʦ ʩ HCHO ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʩʨʝʜʘ ʦʪ MeOH ʩ 

ʧʦʩʣʝʜʚʘʱʘ ʨʝʜʫʢʮʠʷ (ʉʭʝʤʘ 4-14). ʉʫʨʦʚʠʷʪ ʧʨʦʜʫʢʪ 4-68 ʩʝ ʧʨʝʯʠʩʪʚʘ ʯʨʝʟ ʢʦʣʦʥʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʀʟʦʣʠʨʘʪ ʩʝ ʪʨʠ ʬʨʘʢʮʠʠ: 4-68a (48% ʜʦʙʠʚ), 4-68b (6% ʜʦʙʠʚ) ʠ 4-68c 

(6%). ʏʨʝʟ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʝ ʦʧʨʝʜʝʣʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʩʷʢʘ ʬʨʘʢʮʠʷ: 4-68ʘ ʝ 

ʮʝʣʝʚʠʷʪ ʧʨʦʜʫʢʪ ʠ ʩʝ ʠʟʦʣʠʨʘ ʢʘʪʦ ʩʤʝʩ ʦʪ ʜʚʘ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 1:1; 4-

68b ʠ 4-68c ʩʘ ʩʪʨʘʥʠʯʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʨʝʘʢʮʠʷʪʘ (ʉʭʝʤʘ 4-20). ʇʦʩʣʝʜʚʘʣʠʪʝ ʦʧʠʪʠ ʟʘ 

ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʨʘʟʜʝʣʷʥʝ ʥʘ 4-68a ʥʘ ʠʥʜʠʚʠʜʫʘʣʥʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʠ ʩʘ ʥʝʫʩʧʝʰʥʠ. 

 

ʉʭʝʤʘ 4-20 

 ʈʠ ʩʣʝʜʚʘʱʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʦʧʠʪʠʪʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʠʤʠʥ 4-65 ʠ 

ɻʨʠʥʷʨʦʚʠʷʪ ʨʝʘʛʝʥʪ MeMgBr ʙʷʭʘ ʥʝʫʩʧʝʰʥʠ (ʉʭʝʤʘ 4-21). ʋʩʧʝʰʥʦ ʩʝ ʧʨʠʩʲʝʜʠʥʷʚʘ n-

BuLi ʢʲʤ C=N ʚʨʲʟʢʘʪʘ (ʉʭʝʤʘ 4-21). ʉʣʝʜ ʨʘʟʜʝʣʷʥʝ ʩ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩʝ 

ʠʟʦʣʠʨʘʪ ʪʨʠ ʬʨʘʢʮʠʠ. 

 

ʉʭʝʤʘ 4-21 
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 ʇʦʩʨʝʜʩʪʚʦʤ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʜʚʘ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ. ʋʩʪʘʥʦʚʠ 

ʩʝ, ʯʝ ʝʜʠʥʠʷ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨ 4-69ʘ (16% ʜʦʙʠʚ) ʝ ʠʟʦʣʠʨʘʥ ʩ ʧʨʠʤʝʩ ʦʪ ʠʤʠʥ 4-65; 4-69b 

ʝ ʩʤʝʩʝʥʘ ʬʨʘʢʮʠʷ ʦʪ ʜʚʘ ʜʠʘʩʪʝʨʦʠʟʦʤʝʨʘ ʠ ʠʟʭʦʜʝʥ ʠʤʠʥ 4-65; 4-69c ʝ ʩʤʝʩʝʥʘ ʬʨʘʢʮʠʷ 

ʤʝʞʜʫ ʚʪʦʨʠʷ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨ ʠ ʠʟʭʦʜʝʥ ʠʤʠʥ 4-65. ʆʧʠʪʠʪʝ ʟʘ ʨʘʟʜʝʣʷʥʝ ʠ ʧʨʝʯʠʩʪʚʘʥʝ 

ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʬʨʘʢʮʠʠ ʙʷʭʘ ʥʝʫʩʧʝʰʥʠ. 

 ʇʨʦʚʝʜʝʥʠ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 1,1ǋ-ʜʠʟʘʤʝʩʪʝʥʠ ʬʝʨʦʮʝʥʠ. ʆʪ 

ʬʝʨʦʮʝʥ 4-70, ʧʦʩʨʝʜʩʪʚʦʤ ʣʠʪʠʠʨʘʥʝ ʠ ʨʝʘʢʮʠʷ ʩ DMF ʩʝ ʩʠʥʪʝʟʠʨʘ 4-72 ʩ 53% ʜʦʙʠʚ, 

ʢʘʢʪʦ ʠ ʤʦʥʦʬʝʨʦʮʝʥʢʘʨʙʘʣʜʝʭʠʜ 4-7 (ʉʭʝʤʘ 4-22).  

 

ʉʭʝʤʘ 4-22 

 ɼʠʘʣʜʝʭʠʜʲʪ 4-72 ʩʝ ʧʨʝʚʲʨʱʘ ʚ ʠʤʠʥ 4-73 ʧʦ ʧʨʦʮʝʜʫʨʘ, ʨʘʟʨʘʙʦʪʝʥʘ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʤʦʥʦʧʨʦʠʟʚʦʜʥʦʪʦ (ʉʭʝʤʘ 4-23). ʉʫʨʦʚʠʷʪ ʧʨʦʜʫʢʪ 4-73 ʩʝ ʚʣʘʛʘ ʚ 

ʩʣʝʜʚʘʱʘ ʨʝʘʢʮʠʷ ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʯʠʩʪʚʘʥʝ. 

 

ʉʭʝʤʘ 4-23 

ʈʝʘʢʮʠʷʪʘ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʥʦʨʙʦʨʥʠʣʣʠʪʠʡ 4-66 ʢʲʤ 4-73 ʩʝ ʧʨʦʚʝʞʜʘ ʟʘ 3 

ʯʘʩʘ ʧʨʠ -30̄ C ʠ ʧʨʠ 0C̄ ʟʘ ʧʝʨʠʦʜ ʦʪ 10 ʯʘʩʘ (ʉʭʝʤʘ 4-24). 

 

ʉʭʝʤʘ 4-24 

ʉʣʝʜ ʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʧʨʝʯʠʩʪʚʘʥʝ ʩʝ ʠʟʦʣʠʨʘ 4-74 (79% ʜʦʙʠʚ, ʯʝʨʚʝʥʦ ʤʘʩʣʦ) ʢʘʪʦ 

ʩʤʝʩ ʦʪ ʪʨʠ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ ʠ ʠʟʭʦʜʝʥ ʠʤʠʥ 4-73 (ʗʄʈ ʩʧʝʢʪʲʨ). ʇʨʦʜʫʢʪ 4-74 ʦʪʥʦʚʦ ʩʝ 

ʨʘʟʜʝʣʷ ʩ ʢʦʣʦʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʀʟʦʣʠʨʘʪ ʩʝ ʥʷʢʦʣʢʦ ʬʨʘʢʮʠʠ: 4-74a ʢʘʪʦ ʩʤʝʩ ʦʪ 

ʧʲʨʚʠʷ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨ ʠ ʠʟʭʦʜʝʥ ʠʤʠʥ; ʚʪʦʨʘ ʬʨʘʢʮʠʷ ʢʘʪʦ ʩʤʝʩ ʦʪ ʜʚʘ 
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ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ 4-74ʘ, 4-74b ʠ ʠʟʭʦʜʝʥ ʠʤʠʥ; ʪʨʝʪʘ ʬʨʘʢʮʠʷ 4-74b ʢʘʪʦ ʚʪʦʨʠ 

ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨ; ʯʝʪʚʲʨʪʘ ʬʨʘʢʮʠʷ ʢʘʪʦ ʩʤʝʩ ʦʪ ʜʚʘ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʘ 4-74b ʠ 4-74c; ʧʝʪʘ 

ʬʨʘʢʮʠʷ 4-74c ʢʘʪʦ ʪʨʝʪʠ ʠʟʦʤʝʨ, ʥʦ ʟʘʤʲʨʩʝʥʘ ʩ ʥʝʠʟʚʝʩʪʥʦ ʚʝʱʝʩʪʚʦ. ɺʩʷʢʘ ʦʪ ʬʨʘʢʮʠʠʪʝ 

ʙʝʰʝ ʠʟʩʣʝʜʚʘʥʘ ʩ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʥʦ ʧʨʠʧʦʢʨʠʚʘʥʝʪʦ ʥʘ ʘʣʠʬʘʪʥʠʪʝ ʧʨʦʪʦʥʠ ʦʪ 

ʙʠʮʠʢʣʠʯʥʠʷ ʩʢʝʣʝʪ ʥʘ ʥʦʨʙʦʨʥʠʣʘ ʟʘʪʨʫʜʥʠʭʘ ʝʜʥʦʟʥʘʯʥʦʪʦ ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ 

ʩʤʝʩʝʥʠʪʝ ʬʨʘʢʮʠʠ. ʆʪʥʘʩʷʥʝʪʦ ʥʘ 
1
H ʠ 

13
C ʗʄʈ ʩʧʝʢʪʨʠʪʝ ʥʘ ʬʨʘʢʮʠʷ 4-74b (ʚʪʦʨʠ 

ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨ) ʢʘʢʪʦ ʠ ʥʝʛʦʚʠʷ ʤʘʩ-ʩʧʝʢʪʲʨ, ʧʦʪʚʲʨʜʠʭʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʨʦʜʫʢʪ 4-74. 

ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʣʦʞʥʠ ʩʤʝʩʠ ʦʪ ʜʠʘʩʪʝʨʝʦʠʟʦʤʝʨʠ ʩ ʙʣʠʟʢʠ ʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ 

ʟʘʪʨʫʜʥʠʭʘ ʧʦ-ʥʘʪʘʪʲʰʥʘʪʘ ʨʘʙʦʪʘ ʩ ʧʦʣʫʯʝʥʠʪʝ ʦʪ ʛʦʨʥʠʪʝ ʨʝʘʢʮʠʠ ʩʲʝʜʠʥʝʥʠʷ. 

ʈʝʰʘʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʧʨʦʙʣʝʤ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʨʝʘʢʮʠʠ ʩ 

ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʭʠʨʘʣʥʦ ʥʘʩʦʯʚʘʱʠ ʣʠʛʘʥʜʠ ʠʣʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʧʨʝʧʘʨʘʪʠʚʥʘ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʘ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʢʦʝʪʦ ʝ ʦʙʝʢʪ ʥʘ ʙʲʜʝʱʘ ʨʘʙʦʪʘ. 

 

 

4.4 ʀʟʫʯʘʚʘʥʝ ʥʘ ʙʠʦʣʦʛʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʥʷʢʦʠ ʦʪ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʭʠʨʘʣʥʠ 

ʩʲʝʜʠʥʝʥʠʷ 

 

ʆʪʢʨʠʚʘʥʝʪʦ ʥʘ ʘʥʪʠʪʫʤʦʨʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʥʷʢʦʠ ʬʝʨʦʮʝʥʦʚʠ ʧʨʦʠʟʚʦʜʥʠ ʝ ʝʜʥʦ ʦʪ 

ʧʲʨʚʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʦʨʛʘʥʦʤʝʪʘʣʥʠ ʩʲʝʜʠʥʝʥʠʷ ʥʘ ʧʨʝʭʦʜʥʠʪʝ ʤʝʪʘʣʠ ʚ ʪʘʟʠ ʥʘʩʦʢʘ ʠ 

ʜʘʪʠʨʘ ʦʪʧʨʝʜʠ ʧʦʚʝʯʝ ʦʪ 20 ʛʦʜʠʥʠ. ʇʨʝʟ 1984 ʛ. ʛʝʨʤʘʥʩʢʠ ʫʯʝʥʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʥʷʢʦʠ 

ʬʝʨʦʮʝʥʦʚʠ ʚʦʜʦʨʘʟʪʚʦʨʠʤʠ ʩʦʣʠ ʧʨʠʪʝʞʘʚʘʪ ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ in vivo ʩʧʨʷʤʦ ʘʩʮʠʪʥʠʷ 

ʪʫʤʦʨ ʥʘ Ehrlich ʧʨʠ ʤʠʰʢʠ,
43

 ʩ ʢʦʝʪʦ ʧʦʩʪʘʚʷʪ ʥʘʯʘʣʦʪʦ ʥʘ ʛʦʣʷʤ ʠ ʤʥʦʛʦʦʙʝʱʘʚʘʱ ʢʣʦʥ 

ʚ ʜʠʟʘʡʥʘ ʥʘ ʘʥʪʠʥʝʦʧʣʘʩʪʠʯʥʠ ʩʨʝʜʩʪʚʘ. ʆʪʪʦʛʘʚʘ ʥʘʩʘʤ ʧʨʝʜʠʤʥʦ ʚ ɽʚʨʦʧʘ ʠ ʉɸʑ ʩʘ 

ʧʨʘʚʝʥʠ ʤʥʦʞʝʩʪʚʦ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘʩʦʯʝʥʠ ʢʲʤ ʪʲʨʩʝʥʝʪʦ, ʩʠʥʪʝʟʘ ʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʧʨʦʪʠʚʦʪʫʤʦʨʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʬʝʨʦʮʝʥʠʪʝ, ʨʫʪʝʥʦʮʝʥʠʪʝ, ʢʘʢʪʦ ʠ ʥʘ ʜʨʫʛʠ ʦʨʛʘʥʠʯʥʠ 

ʩʲʝʜʠʥʝʥʠʷ ʥʘ Fe ʠ Ru.
44,45,46

 

ʆʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ Dombrowski ʠ ʩʲʪʨ.
45

 ʩʪʘʚʘ ʷʩʥʦ, ʯʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʬʝʨʦʮʝʥʠ, ʪʝ ʧʨʠʪʝʞʘʚʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʘ ʪʦʢʩʠʯʥʦʩʪ, ʢʦʝʪʦ ʛʠ ʧʨʘʚʠ ʫʜʘʯʥʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ ʧʣʘʪʠʥʦʚʠʪʝ ʮʠʪʦʩʪʘʪʠʮʠ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʝ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʝʥ 

ʪʦʢʩʠʢʦʣʦʛʠʯʝʥ ʧʨʦʬʠʣ. ɸʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʠʪʝ ʠ ʮʠʪʦʪʦʢʩʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʬʝʨʦʮʝʥʠʪʝ ʩʧʨʷʤʦ ʤʘʣʠʛʥʝʥʦ-ʪʨʘʥʩʬʦʨʤʠʨʘʥʠʪʝ ʢʣʝʪʢʠ ʩʘ ʧʨʦʫʯʝʥʠ ʦʙʩʪʦʡʥʦ.
47,48

 ʉ 

ʦʛʣʝʜ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʬʘʨʤʘʢʦʣʦʛʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʩʘ ʩʠʥʪʝʟʠʨʘʥʠ ʠ ʤʥʦʞʝʩʪʚʦ 

ʚʦʜʦʨʘʟʪʚʦʨʠʤʠ ʬʝʨʦʮʝʥʠ, ʧʨʠʪʝʞʘʚʘʱʠ ʥʷʢʦʠ ʧʨʝʜʠʤʩʪʚʘ, ʩʚʲʨʟʘʥʠ ʩ ʫʣʝʩʥʝʥʦʪʦ ʠʤ 

ʧʨʦʥʠʢʚʘʥʝ ʚ ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ.
49,50

 ɺ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʩʠʥʪʝʟʘ ʠ ʠʟʩʣʝʜʚʘʥʝʪʦ 

ʥʘ ʥʦʚʠ ʬʝʨʦʮʝʥʠ ʩ ʘʥʪʠʪʫʤʦʨʥʦ ʜʝʡʩʪʚʠʝ ʥʘʨʘʩʪʚʘ ʜʦʪʦʣʢʦʚʘ, ʯʝ ʚʝʯʝ ʤʦʞʝ ʜʘ ʩʝ ʛʦʚʦʨʠ 

ʟʘ ʪʷʭʥʦʪʦ ʬʘʨʤʘʮʝʚʪʠʯʥʦ ʠ ʢʣʠʥʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ, ʢʘʪʦ ʦʩʦʙʝʥʦ ʷʩʥʦ ʩʝ ʫʪʚʲʨʞʜʘʚʘʪ 
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ʬʝʨʦʮʝʥʦʚʠʪʝ ʘʥʘʣʦʟʠ ʥʘ ʪʘʤʦʢʩʠʬʝʥʘ ï ʬʝʨʦʮʠʬʝʥʘ (ʉʭʝʤʘ 4-25) ʠ ʬʝʨʦʮʝʥ 

ʩʲʜʲʨʞʘʱʠʪʝ ʬʝʥʦʣʠ.
51,52 

 

ʉʭʝʤʘ 4-25  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʝʪʘʣʦʮʝʥʠʪʝ, ʚ ʯʘʩʪʥʦʩʪ ʬʝʨʦʮʝʥʦʚʠʪʝ ʠ ʨʫʪʝʥʦʮʝʥʦʚʠʪʝ ʩʲʝʜʠʥʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʧʝʨʩʧʝʢʪʠʚʝʥ ʢʣʘʩ ʮʠʪʦʪʦʢʩʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʩ ʧʦʪʝʥʮʠʘʣʥʦ ʢʣʠʥʠʯʥʦ 

ʟʥʘʯʝʥʠʝ. ʆʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʤʝʪʘʣʥʠʷ ʮʝʥʪʲʨ, ʤʝʭʘʥʠʟʤʲʪ ʥʘ ʩʚʲʨʟʚʘʥʝ ʩ ʘʨʦʤʘʪʥʠʪʝ 

ʣʠʛʘʥʜʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ ʠʤ ʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʠʮʠʨʘʪ ʬʘʨʤʘʢʦʣʦʛʠʯʥʠʪʝ ʠʤ ʩʚʦʡʩʪʚʘ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʥʘ ʧʣʘʥʘʨʥʠʪʝ ʧʣʘʪʠʥʦʚʠ ʮʠʪʦʩʪʘʪʠʮʠ. ʀʤʝʥʥʦ ʨʘʟʣʠʯʥʠʪʝ 

ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʦʙʫʩʣʘʚʷʪ ʠʥʪʝʨʝʩʘ ʢʲʤ ʤʝʪʘʣʦʮʝʥʠʪʝ ʟʘ ʧʦʚʣʠʷʚʘʥʝ ʥʘ 

ʪʫʤʦʨʠ, ʩʣʘʙʦ ʯʫʚʩʪʚʠʪʝʣʥʠ ʠʣʠ ʨʝʟʠʩʪʝʥʪʥʠ ʢʲʤ ʮʠʩʧʣʘʪʠʥ ʠ ʘʥʘʣʦʟʠʪʝ ʤʫ.  

ʊʘʙʣʠʮʘ 4-9 

ʂʣʝʪʲʯʥʘ 

ʣʠʥʠʷ 
ʊʲʢʘʥʝʥ ʧʨʦʠʟʭʦʜ ʍʠʩʪʦʣʦʛʠʯʝʥ ʪʠʧ 

HL -60 Acute promyelocytic leukemia 

HL -60/Dox 
Acute promyelocytic, 

resistance 
leukemia 

BV-173 B cell precursor leukemia 

K-256a Bone marrow leukemia 

NB-4 Acute promyelocytic leukemia 

A549 Lung adenocarcinoma 

H1299 Lung, metastatic site adenocarcinoma 

MCF-7 
Mammary gland, breast; 

metastatic site 
adenocarcinoma 

MDA -MB-231 
Mammary gland, breast; 

metastatic site 
adenocarcinoma 

HUVEC 
Umbilical vascular 

endothelium 
endothelia 

HEK293 Embryonic kidney epithelia 

 

 ʂʣʝʪʲʯʥʠ ʢʫʣʪʫʨʠ. ʎʝʣ ʥʘ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʙʷʭʘ ʯʦʚʝʰʢʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ ʦʪ 

ʥʦʨʤʘʣʝʥ ʠ ʪʫʤʦʨʝʥ ʧʨʦʠʟʭʦʜ. ʂʣʝʪʢʠʪʝ ʩʘ ʧʦʣʫʯʝʥʠ ʦʪ ʢʦʣʝʢʮʠʷʪʘ ʦʪ ʢʣʝʪʲʯʥʠ ʢʫʣʪʫʨʠ 
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ʥʘ ATCC (The Global Bioresource Center). ɼʝʪʘʡʣʠ ʟʘ ʪʲʢʘʥʠʷ ʧʨʦʠʟʭʦʜ ʥʘ ʢʣʝʪʲʯʥʠʪʝ 

ʣʠʥʠʠ ʠ ʪʝʭʥʠʷ ʭʠʩʪʦʣʦʛʠʯʝʥ ʪʠʧ ʩʘ ʦʙʦʙʱʝʥʠ ʚ ʊʘʙʣʠʮʘ 4-9. 

 

4.4.2 ʈʝʟʫʣʪʘʪʠ ʠ ʢʦʤʝʥʪʘʨʠ 

 

ʉʠʥʪʝʟʠʨʘʥʠʪʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ ʩʲʝʜʠʥʝʥʠʷ ʦʙʝʜʠʥʷʚʘʪ ʚ 

ʩʚʦʷʪʘ ʩʪʨʫʢʪʫʨʘ ʬʝʨʦʮʝʥʦʚʘ ʠ ʜʚʦʡʥʘ ʚʨʲʟʢʘ - ʬʨʘʛʤʝʪʠ ʢʦʠʪʦ ʩʝ ʩʲʜʲʨʞʘʪ ʠ ʚʲʚ 

ʬʝʨʦʮʠʬʝʥʘ (ʉʭʝʤʘ 4-25). ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ ʜʨʫʛʠ ʬʘʨʤʘʢʦʬʦʨʥʠ ʛʨʫʧʠ, ʪʘʢʠʚʘ ʢʘʢʚʠʪʦ ʩʘ 

ʭʝʪʝʨʦʮʠʢʣʠʪʝ: ʬʫʨʘʥʦʚ, ʙʝʥʟʦʬʫʨʘʥʦʚ, ʪʠʦʬʝʥʦʚ, ʧʠʨʠʜʠʥʦʚ ʠ ʜʨ., ʢʘʢʪʦ ʠ ʥʘʤʝʨʝʥʘʪʘ ʚ 

ʣʠʪʝʨʘʪʫʨʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ ʧʦʣʫʯʝʥʠʪʝ ʚʝʱʝʩʪʚʘ ʤʦʛʘʪ ʜʘ ʧʨʦʷʚʷʪ 

ʙʠʦʣʦʛʠʯʥʦ ʜʝʡʩʪʚʠʝ, ʦʩʦʙʝʥʦ ʧʨʦʪʠʚʦʪʫʤʦʨʥʘ ʘʢʪʠʚʥʦʩʪ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʢʘʤʬʘʥʦʚ 

ʬʨʘʛʤʝʥʪ ʧʲʨʚʦʥʘʯʘʣʥʦ ʥʘʩʦʯʠ ʥʘʰʠʷ ʠʥʪʝʨʝʩ ʢʲʤ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʪʷʭʥʘʪʘ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʘʢʪʠʚʥʦʩʪ, ʥʦ ʧʦʨʘʜʠ ʧʦʣʫʯʝʥʠʪʝ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ,  

 

 
 

ʉʭʝʤʘ 4-26 

ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʪʘʟʠ ʥʘʩʦʢʘ ʥʝ ʙʷʭʘ ʧʨʦʜʲʣʞʝʥʠ. ʉ ʯʘʩʪ ʦʪ ʩʲʝʜʠʥʝʥʠʷʪʘ (ʉʭʝʤʘ 4-26) ʩʝ 

ʧʨʦʚʝʜʝ ʪʝʩʪ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʮʠʪʦʪʦʢʩʠʯʥʘʪʘ ʠʤ ʘʢʪʠʚʥʦʩʪ, ʩʧʨʷʤʦ ʜʚʝ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ 

- HL-60 (ʦʩʪʨʘ ʧʨʦʤʠʝʣʦʮʠʪʥʘ ʣʝʚʢʝʤʠʷ) ʠ ʨʝʟʠʩʪʝʥʪʥʘʪʘ ʩʫʙ-ʣʠʥʠʷ HL-60/Dox, 

ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʘ ʩʝ ʩ ʤʥʦʞʝʩʪʚʝʥʘ ʣʝʢʘʨʩʪʚʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. 

ʂʣʝʪʲʯʥʘʪʘ ʞʠʟʥʝʥʦʩʪ ʙʝ ʦʮʝʥʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʪʘʥʜʘʨʪʥʠʷ MTT-ʪʝʩʪ. ɼʘʥʥʠʪʝ ʦʪ 

ʧʨʦʚʝʜʝʥʦʪʦ ʬʘʨʤʘʢʦʣʦʛʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 4-10. 
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ʊʘʙʣʠʮʘ 4-10 

N
o
 ʉʪʨʫʢʪʫʨʘ 

IC50 (ɛM) 

HL -60 HL -60/Dox 

1. ʎʠʩʧʣʘʪʠʥ 8.3 31.2 

2. 4-8a 8.9 262.8 

3. 4-8b 8.5 30.5 

4. 4-32 8.1 202.1 

5. 4-34 6.07 107.2 

6. 4-35 6.1 6.22 

7. 4-36 27.5 218.2 

8. 4-37 17.8 378.3 

 

ʂʘʪʦ ʨʝʬʝʨʝʥʪʥʠ ʚ ʪʘʙʣʠʮʘʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ IC50 ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʮʠʩʧʣʘʪʠʥ. ʊʦʚʘ 

ʘʥʪʠʪʫʤʦʨʥʦ ʣʝʢʘʨʩʪʚʦ ʩʝ ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʦʪ ʛʦʜʠʥʠ ʠ ʟʘ ʥʝʛʦ ʩʘ ʧʨʘʚʝʥʠ ʟʘʜʲʣʙʦʯʝʥʠ 

ʢʣʠʥʠʯʥʠ, ʪʦʢʩʠʢʦʣʦʛʠʯʥʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʜʦʢʘʟʘʣʠ ʤʥʦʞʝʩʪʚʦʪʦ ʤʫ 

ʩʪʨʘʥʠʯʥʠ ʜʝʡʩʪʚʠʷ, ʪʦʢʩʠʯʥʦʩʪ ʩʧʨʷʤʦ ʟʜʨʘʚʠ ʯʦʚʝʰʢʠ ʢʣʝʪʢʠ, ʢʘʢʪʦ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʣʝʢʘʨʩʪʚʝʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪ. ʀʟʙʨʦʝʥʠʪʝ ʧʨʦʙʣʝʤʠ ʚʘʞʘʪ ʚ ʧʲʣʥʘ ʩʠʣʘ ʠ ʟʘ ʦʩʪʘʥʘʣʠʪʝ 

ʘʥʪʠʪʫʤʦʨʥʠ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʮʠ, ʥʘʤʝʨʠʣʠ ʢʣʠʥʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʦ ʤʦʤʝʥʪʘ. 

ɺʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʩʲʝʜʠʥʝʥʠʷ ʧʦʢʘʟʘʭʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʟʘʚʠʩʠʤ ʮʠʪʦʪʦʢʩʠʯʝʥ 

ʝʬʝʢʪ, ʢʦʝʪʦ ʚ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʧʦʟʚʦʣʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ IC50 ʩʪʦʡʥʦʩʪʠ 

(ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʝʱʝʩʪʚʦʪʦ ʧʨʝʜʠʟʚʠʢʚʘʱʘ 50% ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʠʪʘʣʥʠʪʝ ʢʣʝʪʢʠ, 

ʩʧʨʷʤʦ ʥʝʪʨʝʪʠʨʘʥʘʪʘ ʢʦʥʪʨʦʣʘ).  

ʇʨʠ ʥʷʢʦʠ ʦʪ ʥʦʚʦʩʠʥʪʝʟʠʨʘʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʠʪʝ IC50 ʩʪʦʡʥʦʩʪʠ ʩʘ 

ʩʨʘʚʥʠʤʠ ʠʣʠ ʜʦʨʠ ʧʦ-ʥʠʩʢʠ ʦʪ ʪʝʟʠ ʥʘ ʨʝʬʝʨʝʥʪʥʦʪʦ ʧʨʦʪʠʚʦʪʫʤʦʨʥʦ ʣʝʢʘʨʩʪʚʦ 

ʮʠʩʧʣʘʪʠʥ (ʨʝʜʦʚʝ 2-6), ʢʦʝʪʦ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʪʝ ʜʘ ʙʲʜʘʪ ʧʨʦʫʯʝʥʠ ʧʦ-ʟʘʜʲʣʙʦʯʝʥʦ ʠ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʝʚʝʥʪʫʘʣʥʦ ʢʘʪʦ ʣʠʜʝʨʥʠ ʩʪʨʫʢʪʫʨʠ ʟʘ ʩʣʝʜʚʘʱʠ ʧʨʦʫʯʚʘʥʠʷ. ʅʘʡ-ʜʦʙʨʠ 

ʨʝʟʫʣʪʘʪʠ ʚʲʨʭʫ ʜʚʝʪʝ ʣʠʥʠʠ ʧʦʢʘʟʘʥ ʩʲʝʜʠʥʝʥʠʝ 4-35 (ʨʝʜ 6), ʥʝʛʦʚʘʪʘ IC50 ʩʪʦʡʥʦʩʪ ʝ ʧʦ-

ʥʠʩʢʘ ʦʪ ʪʘʟʠ ʥʘ ʮʠʩʧʣʘʪʠʥ ʧʨʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ HL-60 ʠ ʧʝʪ ʧʲʪʠ ʧʦ-ʥʠʩʢʘ ʧʨʠ 

ʨʝʟʠʩʪʝʥʪʥʘʪʘ ʩʫʙ-ʣʠʥʠʷ HL-60/Dox. 
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ʉʭʝʤʘ 4-27 

 

ʊʘʙʣʠʮʘ 4-11 

No ʉʪʨʫʢʪʫʨʘ 

IC50 (ɛM) 

BV-

173 

K-

256a 
NB-4 A549 H1299 MCF-7 MDA  HEK  HUVEC 

1. Tamoxifen - - - 19.7 35.5 18.8 23.5 32.7 26.1 

2. 4-2 - 105.5 100 - - - - - - 

3. 4-8b - - - 112 135 114 100 89 97 

4. 4-10 - 88 180 35 41 77 98 42 50 

5. 4-12 NS NS NS NS 141 NS NS >200 >200 

6. 4-32 NS NS NS NS NS NS NS NS NS 

7. 4-35 0.5 15.3 4.6 10.4 17.7 16.5 35 10.4 11.5 

8. 4-48ʘ - - - - 33 15.1 35 - 23 

9. 4-51 - - 15.5 - 70 - - >200 165 
NS ï ʤʥʦʛʦ ʩʣʘʙʘ ʨʘʟʪʚʦʨʠʤʦʩʪ ʚ DMSO; ʩʲʝʜʠʥʝʥʠʷʪʘ ʙʷʭʘ ʨʘʟʪʚʦʨʝʥʠ ʚ ʘʮʝʪʦʥ, ʥʦ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʪʝʩʪʦʚʝ 

ʥʝ ʩʘ ʚʲʟʧʨʦʠʟʚʦʜʠʤʠ. 

 

ʊʝʟʠ ʨʝʟʫʣʪʘʪʠ ʧʦʪʚʲʨʜʠʭʘ ʥʘʰʠʪʝ ʦʯʘʢʚʘʥʠʷ ʠ ʪʦʚʘ ʥʠ ʥʘʢʘʨʘ ʜʘ ʨʘʟʰʠʨʠʤ 

ʦʙʭʚʘʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʚ ʧʦʩʦʢʘ ʪʝʩʪʚʘʥʝ ʥʘ ʥʦʚʠ ʩʪʨʫʢʪʫʨʠ ʠ ʦʙʭʚʘʱʘʥʝ ʥʘ ʧʦ-ʛʦʣʷʤ 

ʙʨʦʡ ʪʫʤʦʨʥʠ ʢʝʣʪʲʯʥʠ ʣʠʥʠʠ. ʉʪʨʫʢʪʫʨʠʪʝ ʥʘ ʚʪʦʨʘʪʘ ʛʨʫʧʘ ʩʲʝʜʠʥʝʥʠʷ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʥʘ ʉʭʝʤʘ 4-27, ʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʘ ʟʘ ʮʠʪʦʪʦʢʩʠʯʥʘʪʘ ʠʤ ʘʢʪʠʚʥʦʩʪ ʚ ʊʘʙʣʠʮʘ 4-11. ʂʘʪʦ 

ʨʝʬʝʨʝʥʪʥʠ ʚ ʪʘʙʣʠʮʘʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ IC50 ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʘʤʦʢʩʠʬʝʥ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ 


