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CɉɂɋɈɄ ɋɈɄɊȺɓȿɇɂɃ 

Ar – ɚɪɝɨɧ 

Aɫ – ɚɰɟɬɢɥ  

AscNa – ɚɫɤɨɪɛɚɬ ɧɚɬɪɢɹ  

n-Bu – ɧ-ɛɭɬɢɥ 

 t-Bu – ɬɪɟɬ-ɛɭɬɢɥ  

i-Bu – ɢɡɨ-ɛɭɬɢɥ 

BOC – ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ 

BQ – ɛɟɧɡɨɯɢɧɨɧ 

Cy – ɰɢɤɥɨɝɟɤɫɢɥ 

dppe – 1,2-ɛɢɫ(ɞɢɮɟɧɢɥɮɨɫɮɢɧɨ)ɷɬɚɧ 

DMAP – 4-ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧ 

DCE – 1,2-ɞɢɯɥɨɪɷɬɚɧ 

DCM – ɯɥɨɪɢɫɬɵɣ ɦɟɬɢɥɟɧ 

Et – ɷɬɢɥ 

Me – ɦɟɬɢɥ 

Py – ɩɢɪɢɞɢɧ 

Ph – ɮɟɧɢɥ 

i-Pr – ɢɡɨ-ɩɪɨɩɢɥ 

PMB – p-ɦɟɬɨɤɫɢɛɟɧɡɢɥ 

SPhos – 2-ɞɢɰɢɤɥɨɝɟɤɫɢɥɮɨɫɮɢɧɨ-β′,6′-ɞɢɦɟɬɨɤɫɢɛɢɮɟɧɢɥ 

TBS – ɬɪɟɬɛɭɬɢɥɫɢɥɢɥ 

Tol – ɬɭɥɭɨɥ-4-ɢɥ 

Tedicyp – ɰɢɫ,ɰɢɫ,ɰɢɫ-ɬɟɬɪɚɤɢɫ(ɞɢɮɟɧɢɥɮɨɫɮɢɧɦɟɬɢɥ)ɰɢɤɥɨɩɟɧɬɚɧ 

TBDPS – ɬɪɟɬ-ɛɭɬɢɥɞɢɮɟɧɢɥɫɢɥɢɥ  

Tf – ɬɪɢɮɥɚɬ 

Ts – ɩ-ɬɨɥɭɨɥɫɭɥɶɮɨɧɢɥ 

THP – ɬɟɬɪɚɝɢɞɪɨɩɢɪɚɧ 

XPhos – 2-ɞɢɰɢɤɥɨɝɟɤɫɢɥɮɨɫɮɢɧɨ-β′,4′,6′-ɬɪɢɢɡɨɩɪɨɩɢɥɛɢɮɟɧɢɥ  

ȾɆɋɈ – ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ 

ȾɆɎȺ – ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞ 

ɌȽɎ – ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ 

HOBt – 1-ɝɢɞɪɨɤɫɢɛɟɧɡɨɬɪɢɚɡɨɥ 

 

 

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjmjqfJwf3SAhUCliwKHa3nAX8QFggnMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2F1%2C2-Bis(diphenylphosphino)ethane&usg=AFQjCNEMqbwO1c0ORP2u0FKkL4GMTqlXrA&bvm=bv.151426398,d.bGg
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwjIuY_BlYrTAhVbSRkKHbnoCdgYABAAGgJsZg&ei=YjzjWMj3EcGfsgHZpYbQCQ&ohost=www.google.ru&cid=CAASE-RotDn7IdoXTYpL0NpJGyrRZd0&sig=AOD64_1RNEfSNVHexsoZ0pe0WzmstRbkXA&q=&sqi=2&ved=0ahUKEwjIsIvBlYrTAhXBjywKHdmSAZoQ0QwIGA&adurl=
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ȼȼȿȾȿɇɂȿ 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ. Ⱦɢɬɟɪɩɟɧɨɢɞɵ ɥɚɛɞɚɧɨɜɨɝɨ ɢ ɩɢɦɚɪɚɧɨɜɨɝɨ ɪɹɞɚ – ɨɛɲɢɪɧɚɹ ɝɪɭɩɩɚ 

ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɞɭɰɢɪɭɟɦɵɯ ɪɚɫɬɟɧɢɹɦɢ, ɛɚɤɬɟɪɢɹɦɢ, ɝɪɢɛɚɦɢ ɢ ɦɨɪɫɤɢɦɢ ɨɪɝɚɧɢɡɦɚɦɢ. Ⱦɥɹ 

ɫɨɟɞɢɧɟɧɢɣ ɭɤɚɡɚɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɜɵɹɜɥɟɧɵ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ, ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɟ, 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ, ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɟ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ, ɤɚɪɞɢɨɬɨɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ 

ɞɪ. Ⱦɨɫɬɭɩɧɨɫɬɶ ɧɟɤɨɬɨɪɵɯ ɥɚɛɞɚɧɨɢɞɨɜ Д(-)- ɢ (+)-ɫɤɥɚɪɟɨɥɚ, ɥɚɪɢɤɫɨɥɚ, (+)-ɦɚɧɨɨɥɚЖ ɢ 

ɬɪɢɰɢɤɥɢɱɟɫɤɢɯ ɞɢɬɟɪɩɟɧɨɢɞɨɜ (ɚɛɢɟɬɢɧɨɜɨɣ, ɞɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɨɣ ɢ ɥɟɜɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬ) 

ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɧɚ ɢɯ ɨɫɧɨɜɟ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɟ ɩɪɢɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɜɵɫɨɤɨɣ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɧɨɜɵɟ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɚɝɟɧɬɵ. Ɍɚɤ, ɧɚ ɨɫɧɨɜɟ (+)-

ɫɤɥɚɪɟɨɥɚ, ɥɚɪɢɤɫɨɥɚ ɢ (+)-ɦɚɧɨɨɥɚ ɪɚɡɪɚɛɨɬɚɧɵ ɫɯɟɦɵ ɫɢɧɬɟɡɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɢ 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɚɝɟɧɬɨɜ – ɤɨɪɨɧɚɪɢɧɚ Ⱥ, ȿ, ɸɧɧɚɤɨɪɨɧɚɪɢɧɚ, ɯɟɞɢɯɟɧɨɧɚ, (+)-ɡɟɪɭɦɢɧɚ 

ȼ ɢ ɞɪ. ȼɜɟɞɟɧɢɟɦ ɜ ɫɬɪɭɤɬɭɪɵ ɚɛɢɟɬɢɧɨɜɨɣ ɢ ɞɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɨɣ ɤɢɫɥɨɬ ɢ ɩɪɨɞɭɤɬɨɜ 

ɞɢɟɧɨɜɨɝɨ ɫɢɧɬɟɡɚ ɥɟɜɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɚɦɢɞɧɵɯ, ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɢ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɨɥɭɱɟɧɵ ɫɨɟɞɢɧɟɧɢɹ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɩɪɨɬɢɜɨɹɡɜɟɧɧɵɦ, 

ɛɚɤɬɟɪɢɰɢɞɧɵɦ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦ ɢ ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦ ɞɟɣɫɬɜɢɟɦ.  

Ȼɨɝɚɬɵɦ ɢɫɬɨɱɧɢɤɨɦ ɞɢɬɟɪɩɟɧɨɜ ɹɜɥɹɟɬɫɹ ɫɨɫɧɚ ɤɟɞɪɨɜɚɹ ɫɢɛɢɪɫɤɚɹ Pinus sibirica R. Mayr., 

ɩɪɨɞɭɰɢɪɭɸɳɚɹ ɫɦɨɥɹɧɵɟ ɤɢɫɥɨɬɵ ɪɹɞɚ ɚɛɢɟɬɚɧɚ, ɥɚɛɞɚɧɚ ɢ ɩɢɦɚɪɚɧɚ. ȼ ɱɢɫɥɨ ɦɟɬɚɛɨɥɢɬɨɜ 

ɞɚɧɧɨɝɨ ɬɢɩɚ ɜɯɨɞɹɬ ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ ɢ ɢɡɨɩɢɦɚɪɨɜɚɹ ɤɢɫɥɨɬɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɜɵɫɨɤɢɦ 

ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɠɢɜɢɰɟ ɪɚɫɬɟɧɢɹ. ɉɪɨɜɟɞёɧɧɵɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɢ ɮɨɬɨɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɪɟɚɤɰɢɢ Д4+βЖ-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ, 

ɚɦɢɧɨɦɟɬɢɥɢɪɨɜɚɧɢɟ) ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɮɭɪɚɧɨɜɵɯ 

ɥɚɛɞɚɧɨɢɞɨɜ ɤɚɤ ɫ ɫɨɯɪɚɧɟɧɢɟɦ, ɬɚɤ ɢ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ. 

Ⱦɢɚɩɚɡɨɧ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɛɨɥɟɟ ɭɡɨɤ, ɩɪɢ ɷɬɨɦ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɜɥɢɹɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɨ. ȼ ɫɜɹɡɢ ɫ 

ɷɬɢɦ, ɪɚɡɜɢɬɢɟ ɪɚɛɨɬ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɟɜɪɚɳɟɧɢɣ ɞɨɫɬɭɩɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ – ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɢ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬ, ɩɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɩɨ ɜɡɚɢɦɨɫɜɹɡɢ ɫɬɪɭɤɬɭɪɚ-ɚɤɬɢɜɧɨɫɬɶ ɹɜɥɹɟɬɫɹ 

ɚɤɬɭɚɥɶɧɵɦ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɜ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɚɝɟɧɬɨɜ ɫ ɫɟɥɟɤɬɢɜɧɵɦ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɟɥɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɦɨɞɢɮɢɤɚɰɢɢ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ, ɢɯ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ, ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɯ, 

ɪɚɡɪɚɛɨɬɤɚ ɫɩɨɫɨɛɨɜ ɫɢɧɬɟɡɚ ɧɚ ɢɯ ɨɫɧɨɜɟ ɰɟɧɧɵɯ ɫɢɧɬɨɧɨɜ – ɧɢɬɪɢɥɨɜ, ɚɦɢɞɨɜ, ɩɟɩɬɢɞɨɜ, 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɢ ɝɢɛɪɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɨɜɵɯ ɬɢɩɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ, ɫɨɟɞɢɧɟɧɢɣ 

ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. 
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ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ. Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɜɵɞɟɥɟɧɢɹ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɢɡ ɠɢɜɢɰɵ Pinus sibirica R. 

Mayr. 

ɂɫɫɥɟɞɨɜɚɧɵ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɰɢɤɥɭ ȼ, ɩɨɥɭɱɟɧ ɪɹɞ ɧɨɜɵɯ ɷɩɨɤɫɢ-, ɝɢɞɪɨɤɫɢ- ɢ 

ɨɤɫɨɬɪɢɰɢɤɥɢɱɟɫɤɢɯ ɞɢɬɟɪɩɟɧɨɢɞɨɜ. 

ɇɚ ɨɫɧɨɜɟ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɢ ɢɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɟɞɥɨɠɟɧɵ ɫɯɟɦɵ ɩɨɥɭɱɟɧɢɹ ɚɧɚɥɨɝɨɜ ɩɪɢɪɨɞɧɵɯ 7α-ɝɢɞɪɨɤɫɢ- ɢ 7-

ɨɤɫɨɥɚɛɞɚɬɪɢɟɧɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ Ȼɟɤɦɚɧɚ 7-ɤɟɬɨɨɤɫɢɦɨɜ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ 

ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɤɬɚɝɢɞɪɨ-1H-ɛɟɧɡɨДdЖɚɡɟɩɢɧɨɜ ɢ ɨɤɬɚɝɢɞɪɨ-1H-

ɛɟɧɡɨДcЖɚɡɟɩɢɧɨɜ. 

Ɋɚɫɲɢɪɟɧ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ – ɩɨɥɭɱɟɧɵ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ ɫ 

ɧɢɬɪɢɥɶɧɵɦ, ɚɦɢɧɨɦɟɬɢɥɶɧɵɦ, ɨɤɫɢɦɧɵɦ, ɚɦɢɞɧɵɦɢ ɢ ɚɥɤɢɧɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢν ɧɚ ɢɯ 

ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ 16-ɚɰɟɬɢɥɚɦɢɧɨɦɟɬɢɥ-, 16-(1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-ɢɥ)-, 16-

(1-R-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥɷɬɢɥ)-, 16-(1-R-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥɦɟɬɨɤɫɢɦɟɬɢɥ)ɥɚɛɞɚɬɪɢɟɧɨɜ. 

ɉɪɟɞɥɨɠɟɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ ɫ 

ɮɪɚɝɦɟɧɬɚɦɢ ɤɚɪɛɚɦɨɢɥɜɢɧɢɥɛɟɧɡɚɦɢɞɚ, ɷɮɢɪɚ β-ɛɟɧɡɨɢɥɚɦɢɧɨɚɤɪɢɥɨɢɥɚɦɢɧɨɤɢɫɥɨɬ, 

ɝɢɞɪɚɡɢɞɚ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɨɣ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ, 1,2,4-ɬɪɢɚɡɢɧ-6-ɨɧɚ ɢ β-ɮɟɧɢɥ-4,5-

ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥ-5-ɨɧɚ ɧɚ ɨɫɧɨɜɟ (Z)-5-ɨɤɫɨ-2-ɮɟɧɢɥ-ɨɤɫɚɡɨɥ-4-ɢɥɢɞɟɧɦɟɬɢɥ-15,16-

ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɚ – ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɗɪɥɟɧɦɟɣɟɪɚ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ.  

Cu-Ʉɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɟɣ 1,γ-ɞɢɩɨɥɹɪɧɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɞɢɚɰɟɬɢɥɟɧɨɜ 

ɥɚɛɞɚɧɨɜɨɝɨ ɪɹɞɚ ɫ ɞɢɚɡɢɞɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵɟ ɯɢɪɚɥɶɧɵɟ 1,2,3-

ɬɪɢɚɡɨɥɫɨɞɟɪɠɚɳɢɟ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɪɚɡɦɟɪɨɦ ɩɨɥɨɫɬɢ, 

ɤɨɥɢɱɟɫɬɜɨɦ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɢ ɫɬɟɩɟɧɶɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜ ɞɢɬɟɪɩɟɧɨɜɵɣ ɨɫɬɨɜ. ɉɨɤɚɡɚɧɨ, 

ɱɬɨ ɫɨɫɬɚɜ ɢ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɞɥɢɧɵ ɥɢɧɤɟɪɚ ɜ 

ɞɢɚɡɢɞɟ ɢ ɞɢɚɰɟɬɢɥɟɧɟ. 

ɉɪɨɜɟɞɟɧɨ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ N-

ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɚɰɢɥɢɪɨɜɚɧɢɟɦ N-ɡɚɦɟɳɟɧɧɵɯ ɚɦɢɧɨɦɟɬɢɥ-15,16-

ɷɩɨɤɫɢ-8(9),13,14- ɢ 8(17),1γ,14-ɥɚɛɞɚɬɪɢɟɧɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɞɢɟɧɨɜɨɣ 

ɢ ɞɢɟɧɨɮɢɥɶɧɨɣ ɱɚɫɬɢ ɦɨɥɟɤɭɥɵ. Ɍɚɤ, ɰɢɤɥɢɡɚɰɢɹ ɮɭɪɮɭɪɢɥɚɦɢɞɨɜ ɫ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦ 

ɡɚɦɟɫɬɢɬɟɥɟɦ (CO2H) ɜ ɚɥɤɟɧɢɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ ɩɪɨɬɟɤɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɫ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɉɪɢ ɷɬɨɦ α-

ɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟ ɚɥɥɢɥɚɦɢɞɵ ɛɨɥɟɟ ɚɤɬɢɜɧɵ ɱɟɦ ȕ-ɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟ. ɍɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɚ 
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ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɚɡɨɬɚ ɢ ɜɜɟɞɟɧɢɟ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɥɢɧɤɟɪ, ɫɨɟɞɢɧɹɸɳɢɣ 

ɞɢɟɧɨɮɢɥɶɧɵɣ ɢ ɞɢɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬɵ ɨɛɥɟɝɱɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ. 

ɉɪɟɞɥɨɠɟɧ ɩɭɬɶ ɫɢɧɬɟɡɚ ɩɪɨɢɡɜɨɞɧɵɯ ɢɡɨɢɧɞɨɥɢɧ-1-ɨɧɨɜ ɢ 7,λɚ-ɷɩɨɤɫɢ-

ɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨДβ,γ-ɚЖɢɡɨɢɧɞɨɥ-5-ɨɧɨɜ ɫ ɬɟɪɩɟɧɨɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɥɚɛɞɚɧɨɜɵɯ N-ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɨɜ ɢ ɦɟɬɢɥ-16-

ɬɢɚɡɨɥɢɞɢɧɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɂɡɭɱɟɧɚ Au(III)-ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ 16-ɚɥɤɢɧɢɥ- ɢ 15,16-ɞɢɚɥɤɢɧɢɥ-

ɥɚɦɛɟɪɬɢɚɧɚɬɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 16-ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟ ɢ 16-

ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɵ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 4-ɡɚɦɟɳɟɧɧɵɟ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɵ ɢɥɢ 7-

ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ 15,16-ɞɢɚɥɤɢɧɢɥ-15,16-

ɷɩɨɤɫɢ-8(17),13,14-ɥɚɛɞɚɬɪɢɟɧɨɜ ɩɪɨɬɟɤɚɟɬ ɯɟɦɨɫɟɥɟɤɬɢɜɧɨ ɫ ɭɱɚɫɬɢɟɦ 

ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɶɧɨɝɨ ɢɥɢ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɋ-

16. ȼ ɪɟɚɤɰɢɢ ɦɟɬɢɥ 16-[N-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)-(ɩɚɪɚ-ɬɨɥɢɥɫɭɥɶɮɚɦɢɞɨ)ɦɟɬɢɥЖ-15-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ ɩɨɦɢɦɨ ɩɪɨɞɭɤɬɚ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ ɩɨ 

ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɶɧɨɦɭ ɡɚɦɟɫɬɢɬɟɥɸ ɩɨɥɭɱɟɧ Ɉ-(N-ɬɨɡɢɥ-

ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)ɡɚɦɟɳɟɧɧɵɣ 7-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɬɢɥ 16-ɰɢɚɧɨ- ɢɥɢ 16-ɮɨɪɦɢɥ-ɥɚɛɞɚɬɪɢɟɧɨɜ ɫ 

ɰɢɧɤɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɨɛɪɚɡɭɸɬɫɹ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɵ ɫ ɟɧɚɦɢɧɨɷɮɢɪɧɵɦ, -

ɤɟɬɨɷɮɢɪɧɵɦ ɢ -ɝɢɞɪɨɤɫɢɷɮɢɪɧɵɦ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ. 

ȼɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɥɟɧɵ Au- ɢ Pd-ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɪɟɚɤɰɢɢ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ 

ɥɚɛɞɚɧɨɢɞɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɟɚɤɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɟɣ ɡɨɥɨɬɚ ɩɪɨɬɟɤɚɸɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 16-ɚɥɤɢɥ- 

ɢɥɢ 15,16-ɞɢɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ 

ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɚɥɤɟɧɚ. ɇɚɣɞɟɧɵ ɭɫɥɨɜɢɹ ɪɟɝɢɨ- ɢ ɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɨɝɨ 

ɩɪɨɜɟɞɟɧɢɹ Pd-ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ, ɮɟɧɢɥɚɤɪɢɥɚɬɨɦ, ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ, 

ɮɟɧɢɥɜɢɧɢɥɤɟɬɨɧɨɦ ɢ N-ɡɚɦɟɳɟɧɧɵɦɢ ɚɦɢɞɚɦɢ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ (E)-16-ɜɢɧɢɥɥɚɛɞɚɬɪɢɟɧɨɚɬɨɜ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ. Ɋɚɡɪɚɛɨɬɚɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɫɩɨɫɨɛɵ ɫɢɧɬɟɡɚ ɲɢɪɨɤɨɝɨ 

ɤɪɭɝɚ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 

ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɢɥɢ ɭɞɨɛɧɵɯ ɫɢɧɬɨɧɨɜ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɥɚɞɚɟɬ ɫɬɢɦɭɥɢɪɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɧɚ 

ɰɟɧɬɪɚɥɶɧɭɸ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ ɢ ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ.  
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ɋɪɟɞɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɥɚɛɞɚɬɪɢɟɧɨɜ ɫ (Z)-5-ɨɤɫɨ-2-ɮɟɧɢɥ-ɨɤɫɚɡɨɥ-4-ɢɥɢɞɟɧɦɟɬɢɥɶɧɵɦ ɢɥɢ 

ɤɚɪɛɚɦɨɢɥɜɢɧɢɥɛɟɧɡɚɦɢɞɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɜ ɩɨɥɨɠɟɧɢɢ ɋ-16 ɜɵɹɜɥɟɧɵ ɜɟɳɟɫɬɜɚ ɫ 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ, ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɨɣ ɢ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɹɦɢ. ɇɚɣɞɟɧɵ 

ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɵ ɜ ɪɹɞɭ ɬɟɪɩɟɧɨɢɞɧɵɯ 10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.β.1.01,5
]-

6-ɤɚɪɛɨɤɫɢɞɟɰɟɧɨɧɨɜ.  

ɍɫɬɚɧɨɜɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɬɪɨɟɧɢɟɦ ɢ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɢ ɨɩɪɟɞɟɥɟɧɵ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɢɧɝɢɛɢɬɨɪɵ 

ɪɨɫɬɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɜ ɪɹɞɭ 16-ɡɚɦɟɳɟɧɧɵɯ ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ, ɨɩɬɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɞɟɤɚɥɢɧɨɜ ɫ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɜɵɦ ɢɥɢ 7-ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜɵɦ 

ɡɚɦɟɫɬɢɬɟɥɟɦ, ɋ-17,18-ɦɚɤɪɨɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɥɚɛɞɚɧɨɜɵɯ 1,γ,4-ɨɤɫɚɞɢɚɡɨɥɨɜ. 

Ⱦɥɹ N,N’-(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)-ɛɢɫ-(ɥɚɛɞɚɬɪɢɟɧ-4-ɤɚɪɛɨɤɫɚɦɢɞɚ) ɜɵɹɜɥɟɧɚ ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ in vitro ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ in vivo, 

ɜɵɪɚɠɚɸɳɚɹɫɹ ɜ ɡɚɞɟɪɠɤɟ ɪɨɫɬɚ ɩɟɪɟɜɢɜɚɟɦɨɣ ɠɢɜɨɬɧɵɦ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɢ. 

1,2,3-Ɍɪɢɚɡɨɥɫɨɞɟɪɠɚɳɢɟ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɵ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɰɢɤɥɢɡɚɰɢɟɣ 

ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɢ ɩɨ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɋ-17, ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɥɟɤɫɚɧɬɨɜ 

Hg
2+

 ɧɨɜɨɝɨ ɬɢɩɚ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚщɢɬɭ: 
– Ɇɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɫɩɨɫɨɛ ɜɵɞɟɥɟɧɢɹ 

ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɢɡ ɠɢɜɢɰɵ ɤɟɞɪɚ ɫɢɛɢɪɫɤɨɝɨ Pinus sibirica R. Mayr. 

– ɇɨɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ, 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ, ɢɯ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɩɨ ɰɢɤɥɭ ȼ, ɫɨɞɟɪɠɚɳɢɟ 

ɷɩɨɤɫɢ-, ɝɢɞɪɨɤɫɢ- ɢ ɨɤɫɢɦɧɭɸ ɝɪɭɩɩɵ.  

– ɇɨɜɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɫ ɧɢɬɪɢɥɶɧɵɦ, ɚɦɢɧɨɦɟɬɢɥɶɧɵɦ, ɨɤɫɢɦɧɵɦ, 

ɚɦɢɞɧɵɦɢ, ɟɧɚɦɢɧɨɷɮɢɪɧɵɦɢ, -ɤɟɬɨɷɮɢɪɧɵɦɢ, -ɝɢɞɪɨɤɫɢɷɮɢɪɧɵɦɢ ɢ ɚɥɤɢɧɢɥɶɧɵɦɢ 

ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɢ ɫ ɮɪɚɝɦɟɧɬɚɦɢ ɚɦɢɧɨɤɢɫɥɨɬ ɢ ɢɯ ɷɮɢɪɨɜ, ɤɚɪɛɚɦɨɢɥɜɢɧɢɥɛɟɧɡɚɦɢɞɨɜ, 

ɛɟɧɡɨɢɥɚɦɢɧɨɚɤɪɢɥɨɢɥɚɦɢɧɨɤɢɫɥɨɬ, ɝɢɞɪɚɡɢɞɨɜ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ, 

ɦɟɬɢɥɚɤɪɢɥɚɬɚ, ɮɟɧɢɥɚɤɪɢɥɚɬɚ, ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ, ɮɟɧɢɥɜɢɧɢɥɤɟɬɨɧɚ ɢ N-ɡɚɦɟɳɟɧɧɵɯ ɚɦɢɞɨɜ 

ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ. 

– ɇɨɜɵɟ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ ɫ 5(4ɇ)-ɨɤɫɚɡɨɥɨɧɨɜɵɦ, 1,2,4-

ɨɤɫɚɞɢɚɡɨɥɶɧɵɦ, 1,β,4-ɬɪɢɚɡɢɧ-6-ɨɧɨɜɵɦ, 4,5-ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥ-5-ɨɧɨɜɵɦ ɢ 1,2,3-ɬɪɢɚɡɨɥɶɧɵɦ 

ɰɢɤɥɚɦɢ. 

– ɋɢɧɬɟɡ ɯɢɪɚɥɶɧɵɯ 1,2,3-ɬɪɢɚɡɨɥɫɨɞɟɪɠɚɳɢɯ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ Cu-

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ 1,γ-ɞɢɩɨɥɹɪɧɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɞɢɚɰɟɬɢɥɟɧɨɜ ɥɚɛɞɚɧɨɜɨɝɨ ɪɹɞɚ 

ɫ ɞɢɚɡɢɞɚɦɢ. 
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– ɋɩɨɫɨɛɵ ɫɢɧɬɟɡɚ ɬɟɪɩɟɧɢɥɫɨɞɟɪɠɚɳɢɯ ɢɡɨɢɧɞɨɥɢɧ-1-ɨɧɨɜ, 7,λɚ-ɷɩɨɤɫɢ-

ɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨДβ,γ-ɚЖɢɡɨɢɧɞɨɥ-5-ɨɧɨɜ, 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɜ ɢ 7-

ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜ. 

– Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ N-ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɚɰɢɥɢɪɨɜɚɧɢɟɦ N-

ɡɚɦɟɳɟɧɧɵɯ ɚɦɢɧɨɦɟɬɢɥ-15,16-ɷɩɨɤɫɢ-8(9),13,14- ɢ 8(17),1γ,14-ɥɚɛɞɚɬɪɢɟɧɨɜ. 

– Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ Au(III)-ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ ɦɟɬɢɥ 15,16-

ɞɢɚɥɤɢɧɢɥɥɚɦɛɟɪɬɢɚɧɚɬɨɜ. 

– ɇɨɜɚɹ ɦɟɬɨɞɨɥɨɝɢɹ ɫɢɧɬɟɡɚ ɦɟɬɢɥ (E)-16-ɜɢɧɢɥɥɚɛɞɚɬɪɢɟɧɨɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ. 

– ɇɟɣɪɨɩɪɨɬɟɤɬɨɪɧɚɹ, ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ, ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ, 

ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɚɹ ɢ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɥɚɧɨɦ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɇɂɈɏ ɋɈ 

ɊȺɇ, ɩɪɢɨɪɢɬɟɬɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ V-48 "Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɦɟɯɚɧɢɡɦɨɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɨɡɞɚɧɢɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ 

ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɮɨɪɦ ɞɥɹ ɥɟɱɟɧɢɹ ɢ ɩɪɨɮɢɥɚɤɬɢɤɢ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ ɡɚɛɨɥɟɜɚɧɢɣ", ɩɪɨɟɤɬ 

V.48.1.6 "Ɋɚɡɪɚɛɨɬɤɚ ɧɚɭɱɧɵɯ ɨɫɧɨɜ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɢɧɬɟɡɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɚɝɟɧɬɨɜ ɫ 

ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɞɟɣɫɬɜɢɹ ɧɚ ɛɚɡɟ ɪɚɫɬɢɬɟɥɶɧɵɯ ɚɥɤɚɥɨɢɞɨɜ, ɬɟɪɩɟɧɨɢɞɨɜ, ɫɟɫɤɜɢɬɟɪɩɟɧɨɜɵɯ 

ɥɚɤɬɨɧɨɜ ɢ ɤɭɦɚɪɢɧɨɜ", ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɧɚ ɩɨɞɞɟɪɠɤɭ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ № εK β180.β005.γ "Ⱥɡɨɬɫɨɞɟɪɠɚɳɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɞɢɬɟɪɩɟɧɨɢɞɨɜ ɧɚ ɨɫɧɨɜɟ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ", ɝɪɚɧɬɨɜ ɊɎɎɂ (№ 06-03-32150, 09-03-00183, 11-03-00242, 12-03-

00535, 12-03-92200, 15-03-06546), Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɚɤɬɚ (№ 02.445.11.7430), ɝɪɚɧɬɚ 

ɊɇɎ (№ 14-03-008ββ) ɢ ɝɪɚɧɬɨɜ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ (ɇɒ-4861.2008.3, ɇɒ-7005.2010.γ, ɇɒ-γλ86.β01β.γ, ɇɒ-

2625.2014.3).  

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ. Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ, ɩɨɥɭɱɟɧɵ ɚɜɬɨɪɨɦ ɢɥɢ 
ɩɪɢ ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɭɱɚɫɬɢɢ. Ⱥɜɬɨɪ ɜɧёɫ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɟɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɩɨɫɬɚɧɨɜɤɭ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ ɪɚɛɨɬɵ, ɜ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ 

ɩɪɨɜɟɞɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ ɨɩɢɫɚɧɢɟ, ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɢ ɩɭɛɥɢɤɚɰɢɸ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ.  

ɉɭɛɥɢɤɚɰɢɢ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ββ ɫɬɚɬɶɢ ɜ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ 

ɠɭɪɧɚɥɚɯ (ɜɤɥɸɱɚɹ 1 ɨɛɡɨɪ), ɬɟɡɢɫɵ β6 ɞɨɤɥɚɞɨɜ ɧɚ ɪɨɫɫɢɣɫɤɢɯ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɯ 

ɤɨɧɮɟɪɟɧɰɢɹɯν ɩɨɥɭɱɟɧɨ 4 ɩɚɬɟɧɬɚ ɊɎ. 
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Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯμ VIII 

Ɇɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ (Ʉɚɡɚɧɶ, β005), 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

«Ɏɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɧɚɭɤɚ ɜ ɢɧɬɟɪɟɫɚɯ ɪɚɡɜɢɬɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ» (ȼɥɚɞɢɦɢɪ, β005), II 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɏɢɦɢɹ, ɫɬɪɨɟɧɢɟ ɢ ɮɭɧɤɰɢɹ ɛɢɨɦɨɥɟɤɭɥ» (εТЧЬФ, β006), IV 

ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɏɢɦɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ» (ɋɵɤɬɵɜɤɚɪ, β006), III 

International Conference «Basic science for Medicine» (Novosibirsk, 2007), ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ» (ɇɨɜɨɫɢɛɢɪɫɤ, β007), β Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ «ɏɢɦɢɹ, ɬɟɯɧɨɥɨɝɢɹ ɢ ɦɟɞɢɰɢɧɫɤɢɟ ɚɫɩɟɤɬɵ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ» (Ⱥɥɦɚɬɵ, 

β007), Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «Ɍɟɪɩɟɧɨɢɞɵμ ɞɨɫɬɢɠɟɧɢɹ ɢ 

ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɢɦɟɧɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɯɢɦɢɢ, ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɦɟɞɢɰɢɧɵ» (Ʉɚɪɚɝɚɧɞɚ, 

β008), ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɧɚɭɤɢ – ɦɟɞɢɰɢɧɟ» (ɇɨɜɨɫɢɛɢɪɫɤ, β008), 

Ʉɨɧɮɟɪɟɧɰɢɹ «Ⱥɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɯɢɦɢɢ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ» (Ɍɚɲɤɟɧɬ, β00λ ɝ), VII 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ c ɦɨɥɨɞɟɠɧɨɣ ɧɚɭɱɧɨɣ ɲɤɨɥɨɣ «ɏɢɦɢɹ ɢ ɦɟɞɢɰɢɧɚ, Ɉɪɯɢɦɟɞ-

β00λ» (ɍɮɚ, β00λ), 2nd Annual Russian-Korean Conference «Current issues of natural products 

chemistry and biotechnology» (ɇɨɜɨɫɢɛɢɪɫɤ, β010), IV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«ɋɨɜɪɟɦɟɧɧɵɟ ɚɫɩɟɤɬɵ ɯɢɦɢɢ ɝɟɬɟɪɨɰɢɤɥɨɜ» (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, β010), ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɧɚɭɤɢ – ɦɟɞɢɰɢɧɟ» (ɇɨɜɨɫɢɛɢɪɫɤ, β01β), V ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫ 

ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «ɇɨɜɵɟ ɞɨɫɬɢɠɟɧɢɹ ɜ ɯɢɦɢɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ» (Ȼɚɪɧɚɭɥ, β01β), Ʉɥɚɫɬɟɪ ɤɨɧɮɟɪɟɧɰɢɣ ɩɨ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ «Ɉɪɝɯɢɦ-

β01γ» (ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, β01γ), ɉɟɪɜɚɹ Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ 

«MedChem Russia-2013» (Ɇɨɫɤɜɚ, β01γ), VIII ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɏɢɦɢɹ ɢ 

ɬɟɯɧɨɥɨɝɢɹ ɪɚɫɬɢɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ» (Ʉɚɥɢɧɢɧɝɪɚɞ, β01γ), ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

«Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɧɚɭɤɢ – ɦɟɞɢɰɢɧɟ» ɎɇɆ-1γ. (ɇɨɜɨɫɢɛɢɪɫɤ, β01γ), V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 

ɤɨɧɮɟɪɟɧɰɢɹ ɋȼɋβ015 «ɏɢɦɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɨɜɪɟɦɟɧɧɵɟ ɚɫɩɟɤɬɵ» (ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ, β015), ȼɬɨɪɚɹ Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɦɟɞɢɰɢɧɫɤɨɣ ɯɢɦɢɢ «MedChem Russia-

2015» (ɇɨɜɨɫɢɛɢɪɫɤ, β015), International Scientific and Practice Conference «Achievements and 

prospects for the development of phytochemistry» (Karaganda, β015), ɇɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 

ɝɪɚɧɬɨɞɟɪɠɚɬɟɥɟɣ ɊɇɎ «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ББI ɜɟɤɚ» (Ɇɨɫɤɜɚ, 

β016), Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɏɢɦɢɱɟɫɤɚɹ ɛɢɨɥɨɝɢɹ», ɩɨɫɜɹɳɟɧɧɚɹ 90-ɥɟɬɢɸ ɚɤɚɞɟɦɢɤɚ 

Ⱦ. Ƚ. Ʉɧɨɪɪɟ (ɇɨɜɨɫɢɛɢɪɫɤ, β016 ɝ), Fourth International Conference on Chemical Investigation and 

Utilization of Natural Resources-2016 (Mongolian Academy of Sciences, 2016), ȼɫɟɪɨɫɫɢɣɫɤɚɹ 

ɧɚɭɱɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɨɪɝɚɧɢɱɟɫɤɨɣ 

ɯɢɦɢɢ» (ɇɨɜɨɫɢɛɢɪɫɤ, 2017). 
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ɋɬɪɭɤɬɭɪɚ ɞɢɫɫɟɪɬɚɰɢɢ. Ɋɚɛɨɬɚ ɢɡɥɨɠɟɧɚ ɧɚ 356 ɫɬɪɚɧɢɰɚɯ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, 

ɫɨɞɟɪɠɢɬ 111 ɫɯɟɦ, 25 ɪɢɫɭɧɤɨɜ, 27 ɬɚɛɥɢɰ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, 

ɨɛɫɭɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɢ, ɜɵɜɨɞɨɜ, ɩɪɢɥɨɠɟɧɢɣ ɢ ɫɩɢɫɤɚ ɰɢɬɢɪɭɟɦɨɣ 

ɥɢɬɟɪɚɬɭɪɵ (305 ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚ). 

Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɨɝɪɨɦɧɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɫɜɨɟɦɭ ɍɱɢɬɟɥɸ ɩɪɨɮɟɫɫɨɪɭ, ɞ.ɯ.ɧ. ɒɭɥɶɰ ɗ.ɗ. ɡɚ 

ɩɨɫɬɨɹɧɧɨɟ ɜɧɢɦɚɧɢɟ, ɤɨɧɫɭɥɶɬɚɰɢɢ ɢ ɧɟɨɰɟɧɢɦɭɸ ɩɨɦɨɳɶ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ 

ɪɚɛɨɬɵ. 
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ȽɅȺȼȺ 1. ȼɕȻɈɊ ɈȻɔȿɄɌɈȼ ɂɋɋɅȿȾɈȼȺɇɂə 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɩɨ ɫɨɡɞɚɧɢɸ ɰɟɧɧɵɯ ɞɥɹ ɦɟɞɢɰɢɧɵ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ 

ɞɨɫɬɭɩɧɵɯ ɜɟɳɟɫɬɜ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɭɤɚɡɵɜɚɸɬ ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬ, 

ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɢɡɭɱɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɢɬɟɪɩɟɧɨɢɞɨɜ 

ɯɜɨɣɧɵɯ ɪɚɫɬɟɧɢɣ. Ʉ ɱɢɫɥɭ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɨɬɧɨɫɹɬɫɹ ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ (1) ɢ ɢɡɨɩɢɦɚɪɨɜɚɹ (3) 

ɤɢɫɥɨɬɵ (ɪɢɫɭɧɨɤ 1). Ɉɬɥɢɱɚɹɫɶ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɨɫɬɭɩɧɨɫɬɶɸ ɢɡ ɠɢɜɢɰɵ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ Pinus 

sibirica R. Mayr. ɭɤɚɡɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɰɟɧɧɵɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [1]. 

Ɍɚɤ, ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ (1) ɨɛɥɚɞɚɟɬ ɚɧɬɢɞɟɩɪɟɫɫɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɫ ɫɟɞɚɬɢɜɧɵɦ 

ɷɮɮɟɤɬɨɦ, ɚ ɟɟ ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (2) ɫɜɨɣɫɬɜɨɦ ɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɚɧɬɢɞɟɩɪɟɫɫɚɧɬɚ ɩɨɞɨɛɧɨ 

ɦɟɥɢɩɪɚɦɢɧɭ [2, 3]. ȼ ɪɚɛɨɬɟ Д4] ɜɵɹɜɥɟɧɵ ɚɧɬɢɚɥɥɟɪɝɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɢɫɥɨɬɵ (1), 

ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɞɟɣɫɬɜɢɟɦ ɧɚ ɦɟɞɢɚɬɨɪɵ ɚɥɥɟɪɝɢɢ, ɜɤɥɸɱɚɹ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɩɪɨɞɭɤɰɢɢ 

ɢɧɬɟɪɥɟɣɤɢɧɚ-6 (IL-6), ɩɪɨɫɬɚɝɥɚɧɞɢɧɚ D2 (PGD2), ɥɟɣɤɨɬɪɢɟɧɚ C4 (LTC4) ɢ ɷɤɫɩɪɟɫɫɢɸ 

ɰɢɤɥɨɨɤɫɢɝɟɧɚɡɵ-2 (COX-2). Ɉɩɭɛɥɢɤɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ 

ɞɟɣɫɬɜɢɹ (1) ɧɚ ɤɥɟɬɤɢ ɥɢɧɢɢ ɚɧɞɪɨɝɟɧ-ɡɚɜɢɫɢɦɨɝɨ ɪɚɤɚ ɩɪɨɫɬɚɬɵ LNCaP [5]. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɩɪɨɥɢɮɟɪɚɰɢɢ ɞɚɧɧɵɯ ɤɥɟɬɨɤ ɨɩɨɫɪɟɞɨɜɚɧɨ ɱɟɪɟɡ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɶɧɨɝɨ 

ɩɭɬɢ ɚɧɞɪɨɝɟɧɧɨɝɨ ɪɟɰɟɩɬɨɪɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ (1) ɢɧɞɭɰɢɪɭɟɬ ɚɩɨɩɬɨɡ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɚɤɬɢɜɚɰɢɟɣ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɪ5γ, ɪβ1 ɢ ɪβ7, ɤɚɫɩɚɡɵ-λ ɢ 

ɤɚɫɩɚɡɵ-3, ɩɨɥɢ(ȺȾɎ-ɪɢɛɨɡɚ)-ɩɨɥɢɦɟɪɚɡɵ (PARP), ɛɟɥɤɚ BAX ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɟɝɭɥɹɬɨɪɚ 

ɤɥɟɬɨɱɧɨɣ ɫɦɟɪɬɢ BCl-2. 

Ɋɢɫɭɧɨɤ 1 

 

Ʌɚɦɛɟɪɬɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ (1) ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɚɪɚ-ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɵ ɜ ɤɢɩɹɳɟɦ ɛɟɧɡɨɥɟ 

ɝɥɚɞɤɨ ɩɪɟɬɟɪɩɟɜɚɟɬ ɢɡɨɦɟɪɢɡɚɰɢɸ, ɩɪɢɜɨɞɹɳɭɸ ɤ ɦɢɝɪɚɰɢɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ C-8(17) ɜ 

ɩɨɥɨɠɟɧɢɟ C-8(9), ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (5) 

(ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ) (ɫɯɟɦɚ 1) [6]. ɉɨɫɥɟɞɧɹɹ, ɩɪɨɞɭɰɢɪɭɟɦɚɹ Ɂɨ ɩɧɢɤɨɦ ɤɥɭɛɧɟɧɨ ɫɧɵɦ 

Phlomis tuberosa, ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɚ ɤɚɤ ɩɪɨɞɭɤɬ ɮɟɪɦɟɧɬɚɬɢɜɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɪɚɫɬɢɬɟɥɶɧɵɯ 

ɝɥɢɤɨɡɢɞɨɜ – ɮɥɨɦɢɡɨɡɢɞɚ IV (6) ɢ ɮɥɨɦɢɡɨɡɢɞɚ III (7) – ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɥɟɤɚɪɫɬɜɟɧɧɨɦ 

ɪɚɫɬɟɧɢɢ Phlomis younghusbandii Mukerg [7, 8Ж. ɉɨɡɞɧɟɟ, ɞɢɬɟɪɩɟɧɨɢɞ (5) ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɤɚɤ 

ɚɝɥɢɤɨɧ ɜ ɷɪɟɦɨɫɬɚɯɢɢɧɟ (8) (eremostachiin), ɜɵɞɟɥɟɧɧɨɝɨ ɢɡ ɦɟɬɚɧɨɥɶɧɨɝɨ ɷɤɫɬɪɚɤɬɚ ɤɨɪɧɟɜɢɳ 
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Eremostachys glabra Boiss [9, 10Ж. Ɋɚɫɬɟɧɢɹ cɟɦɟɣɫɬɜɚ ɝɭɛɨɰɜɟɬɧɵɯ E. glabra Boiss ɢ P. 

younghusbandii Mukerg ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɦɟɫɬɧɵɟ ɚɧɚɥɶɝɟɬɢɤɢ ɢ ɩɪɢ ɥɟɱɟɧɢɢ ɥɢɯɨɪɚɞɤɢ ɢ 

ɤɚɲɥɹ, ɚ ɧɚɫɬɨɣɤɭ ɢɡ P. tuberosa ɩɪɢɧɢɦɚɸɬ ɩɪɢ ɜɨɫɩɚɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ ɜ ɥɟɝɤɢɯ, ɛɪɨɧɯɢɬɟ, 

ɥɢɯɨɪɚɞɤɟ, ɝɟɦɨɪɪɨɟ ɢ ɧɟɤɨɬɨɪɵɯ ɡɚɛɨɥɟɜɚɧɢɹɯ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ. Ɏɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɝɥɢɤɨɡɢɞ (7), ɨɛɥɚɞɚɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ (DPPH-ɬɟɫɬ), ɚ (3) ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ 

α-ɝɥɸɤɨɡɢɞɚɡɵ (IC
50=0.48β±0.01λ) [7, 9]. ɂɧɝɢɛɢɬɨɪɵ ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ 

ɤɚɤ ɫɚɯɚɪɨɫɧɢɠɚɸɳɢɟ ɚɝɟɧɬɵ ɜ ɥɟɱɟɧɢɢ ɞɢɚɛɟɬɚ II ɬɢɩɚ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦ ɡɚɛɨɥɟɜɚɧɢɣ. 

ɂɡɨɩɢɦɚɪɨɜɚɹ ɤɢɫɥɨɬɚ (3), ɨɛɥɚɞɚɟɬ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɦɢ, ɚɧɬɢɦɢɤɪɨɛɧɵɦɢ, 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɦɢ, ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɦɢ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
[11, 12, 13, 

14, 15]. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɚɦ [16, 17Ж ɨɧɚ ɢɧɬɟɪɟɫɧɚ ɜ ɤɚɱɟɫɬɜɟ ɚɝɟɧɬɚ ɞɥɹ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɢ ɥɟɱɟɧɢɹ ɧɟɣɪɨɥɨɝɢɱɟɫɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ. ɉɨɫɥɟɞɧɢɟ ɪɚɛɨɬɵ, ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɬɪɢɰɢɤɥɢɱɟɫɤɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ (3), ɩɨɫɜɹɳɟɧɵ ɢɡɭɱɟɧɢɸ ɟɟ ɤɚɤ 

ɚɤɬɢɜɚɬɨɪɚ ɤɚɥɶɰɢɣ ɚɤɬɢɜɢɪɭɟɦɵɯ ɤɚɥɢɟɜɵɯ ɤɚɧɚɥɨɜ (ȼɄ-ɤɚɧɚɥɨɜ) Д18, 19].  

ɋɢɧɬɟɬɢɱɟɫɤɢɟ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɩɨɫɥɟɞɧɟɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ, 

ɨɝɪɚɧɢɱɟɧɵ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 

ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɢɡɨɦɟɪɢɡɚɰɢɹ, ɝɢɞɪɢɪɨɜɚɧɢɟ, ɨɤɢɫɥɟɧɢɟ) [20]. Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ 

ɩɪɨɜɟɞɟɧɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ, ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɢ ɢɯ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɩɪɢɜɟɞɟɧ ɜ ɦɨɧɨɝɪɚɮɢɢ [20] ɢ ɜ ɨɛɡɨɪɟ [21], ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɭɱɚɫɬɢɟɦ ɚɜɬɨɪɚ. ɋɩɟɤɬɪ 

ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫɨɟɞɢɧɟɧɢɣ ɞɚɧɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ ɞɨɫɬɚɬɨɱɧɨ ɭɡɨɤ, ɩɪɢ ɷɬɨɦ 

ɧɚɩɪɚɜɥɟɧɢɟ ɩɨ ɢɡɭɱɟɧɢɸ ɬɪɚɧɫɮɨɪɦɚɰɢɣ ɦɨɥɟɤɭɥ ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɬɚɥɢɡɚ ɩɟɪɟɯɨɞɧɵɦɢ 

ɦɟɬɚɥɥɚɦɢ ɪɚɡɜɢɜɚɟɬɫɹ ɚɜɬɨɪɨɦ ɞɢɫɫɟɪɬɚɰɢɢ ɜ ɫɚɦɨɟ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ. 

ɋɯɟɦɚ 1 

 

Ɋɚɧɟɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ ɭɱɚɫɬɢɟɦ ɚɜɬɨɪɚ, ɭɫɩɟɲɧɵɟ ɩɪɢɦɟɪɵ ɩɨɥɭɱɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɫɨɟɞɢɧɟɧɢɣ ɫ ɜɵɪɚɠɟɧɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ ɜɤɥɸɱɚɥɢ ɩɪɢɦɟɧɟɧɢɟ ɬɪɟɯ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ, ɜ ɯɢɦɢɢ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
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ɫɬɪɚɬɟɝɢɣ. ɉɟɪɜɚɹ ɢɡ ɧɢɯ, ɫɚɦɚɹ ɩɪɨɫɬɚɹ ɢ ɦɚɥɨɱɢɫɥɟɧɧɚɹ, ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɡɦɟɧɟɧɢɢ ɩɪɢɪɨɞɵ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɚɤɬɢɜɧɨɫɬɶ. ȼɬɨɪɚɹ – ɫɢɧɬɟɡ ɝɢɛɪɢɞɧɵɯ ɦɨɥɟɤɭɥ, 

ɫɨɱɟɬɚɸɳɢɯ ɜ ɫɬɪɭɤɬɭɪɟ ɢɫɯɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɢ ɮɚɪɦɚɤɨɮɨɪɦɧɭɸ ɝɪɭɩɩɭ, ɫɩɨɫɨɛɧɭɸ ɭɫɢɥɢɬɶ 

ɧɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢɥɢ ɩɪɢɜɟɫɬɢ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɧɨɜɵɯ ɫɜɨɣɫɬɜ. ɉɨɫɥɟɞɧɹɹ, ɜɤɥɸɱɚɥɚ 

ɩɪɟɜɪɚɳɟɧɢɹ, ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɛɨɥɟɟ ɝɥɭɛɨɤɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɫɬɪɭɤɬɭɪɵ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɫ ɩɨɥɭɱɟɧɢɟɦ ɜɟɳɟɫɬɜ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɝɨ ɫɬɪɨɟɧɢɹ. 

Ɍɚɤ, ɜ ɪɚɦɤɚɯ ɩɟɪɜɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧ ɪɹɞ ɚɦɢɞɨɜ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ, 

ɩɪɨɹɜɥɹɸɳɢɟ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɧɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɋEM-1γ ɢ U-937 ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 

ɦɟɧɶɲɢɯ ɱɟɦ ɢɫɯɨɞɧɚɹ ɤɢɫɥɨɬɚ (5); ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ (β-4 ɪɚɡɚ) ɨɛɥɚɞɚɥ ɚɦɢɞ (9) 

ɫ ɨɫɬɚɬɤɨɦ ɦɟɬɢɨɧɢɧɚ (ɪɢɫɭɧɨɤ 2) [22].  

ɉɪɢ ɜɜɟɞɟɧɢɢ ɚɦɢɧɨɦɟɬɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɮɭɪɚɧɨɜɵɣ ɰɢɤɥ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) 

ɧɚɛɥɸɞɚɥɨɫɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɢɩɚ ɚɤɬɢɜɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, 16-ɚɦɢɧɨɦɟɬɢɥɶɧɨɟ 

ɩɪɨɢɡɜɨɞɧɨɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (10) ɫ ɮɪɚɝɦɟɧɬɨɦ ɮɟɧɢɥɚɥɚɧɢɧɚ ɜ 

ɨɬɥɢɱɢɟ ɨɬ (2) ɨɛɥɚɞɚɟɬ ɚɧɬɢɩɫɢɯɨɬɢɱɟɫɤɨɣ ɢ ɫɟɞɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [23]. ɋɨɟɞɢɧɟɧɢɟ (11) ɫ 

ɨɫɬɚɬɤɨɦ Ȗ-ɚɦɢɧɨɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɩɪɨɹɜɥɹɟɬ ɧɨɨɬɪɨɩɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɫɪɟɞɫɬɜɨɦ ɧɟ 

ɢɧɝɢɛɢɪɨɜɚɧɢɹ ȽȺɆɄ-ɟɪɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ (2), ɚ ɟɟ ɚɤɬɢɜɚɰɢɢ [24]. Ɇɟɬɢɥ 

16-ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬ (12) ɨɛɥɚɞɚɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɬɟɫɬɟ 

“ɭɤɫɭɫɧɵɟ ɤɨɪɱɢ” ɱɟɦ (2) ɩɪɢ ɷɬɨɦ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɫɥɟɞɧɟɣ ɧɟ ɜɥɢɹɟɬ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ “ɝɨɪɹɱɚɹ ɩɥɚɫɬɢɧɚ” [20].  

Ⱦɥɹ ɩɪɨɞɭɤɬɨɜ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɦɚɥɟɢɧɢɦɢɞɚɦɢ – 7-

ɨɤɫɚɧɨɪɛɨɪɧɟɧɨɜ (13) ɫ ɬɟɪɩɟɧɨɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ – ɨɛɧɚɪɭɠɟɧɚ ɚɧɬɢɞɟɩɪɟɫɫɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 

[25].  

Ɋɢɫɭɧɨɤ 2 
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Ʉɚɤ ɜɢɞɧɨ, ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ – ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ, ɮɥɨɦɢɡɨɢɤɨɜɚɹ ɤɢɫɥɨɬɵ, ɢɯ ɦɟɬɢɥɨɜɵɟ 

ɷɮɢɪɵ ɢ ɢɡɨɩɢɦɚɪɨɜɚɹ ɤɢɫɥɨɬɚ, ɚ ɬɚɤɠɟ ɩɪɨɞɭɤɬɵ ɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɩɪɨɹɜɥɹɸɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ 

ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɧɚɩɪɚɜɥɟɧɧɵɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ 

ɭɤɚɡɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɜɚɠɧɭɸ ɡɚɞɚɱɭ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɜ ɩɪɨɞɨɥɠɟɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɥɭɱɟɧɢɸ ɫɨɟɞɢɧɟɧɢɣ ɫ ɜɵɪɚɠɟɧɧɵɦ 

ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ ɧɚ ɨɫɧɨɜɟ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɢ 

ɪɚɫɲɢɪɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ, ɩɨɫɬɚɜɥɟɧɵ ɢ 

ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢμ 

1. Ɋɚɡɪɚɛɨɬɤɚ ɨɪɢɝɢɧɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɜɵɞɟɥɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨ ɰɟɧɧɵɯ ɞɥɹ ɦɟɞɢɰɢɧɵ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɢɡ ɠɢɜɢɰɵ ɤɟɞɪɚ ɫɢɛɢɪɫɤɨɝɨ Pinus sibirica R. Mayr. 

β. ɋɢɧɬɟɡ ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɩɨ ɤɚɪɛɨɤɫɢɥɶɧɨɣ 

ɮɭɧɤɰɢɢ. 

γ. ɉɪɨɜɟɞɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ ɮɥɨɦɢɡɨɢɤɨɜɨɣ, ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬ, ɢɯ 

ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɩɨ ɬɟɪɩɟɧɨɜɨɦɭ 

ɫɤɟɥɟɬɭ. 

4. Ɋɚɡɪɚɛɨɬɤɚ ɫɟɥɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɦɨɞɢɮɢɤɚɰɢɢ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɫ ɩɨɥɭɱɟɧɢɟɦ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. 

5. ɋɢɧɬɟɡ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɨɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ ɫ ɩɪɨɜɟɞɟɧɢɟɦ 

ɩɪɟɜɪɚɳɟɧɢɣ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɛɨɥɟɟ ɱɟɦ ɩɨ ɨɞɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɝɪɭɩɩɟ 

(ɮɭɪɚɧɨɜɵɣ ɰɢɤɥ, ɞɜɨɣɧɚɹ ɫɜɹɡɶ ɢ ɤɚɪɛɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ).  

6. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɤ ɫɢɧɬɟɡɭ ɪɚɡɥɢɱɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ 

ɬɟɪɩɟɧɨɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɧɵɯ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɫ ɚɥɤɟɧɢɥɶɧɵɦ ɢɥɢ 

ɚɥɤɢɧɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ. 

7. ɉɪɨɜɟɞɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɣ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɫ ɩɨɥɭɱɟɧɢɟɦ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ ɫ ɚɥɤɟɧɢɥɶɧɵɦ, 

ɚɥɤɢɥɶɧɵɦ, ɟɧɚɦɢɧɨɷɮɢɪɧɵɦ, -ɤɟɬɨɷɮɢɪɧɵɦ ɢ -ɝɢɞɪɨɤɫɢɷɮɢɪɧɵɦ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɫ 

ɩɨɦɨɳɶɸ Au-, Pd-ɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɚ ɬɚɤɠɟ Zn-ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼ ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɤɥɚɫɫɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɦɨɞɢɮɢɤɚɰɢɢ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɤ ɢ ɫɨɜɪɟɦɟɧɧɵɟ Au-, Pd- ɢ Cu-ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɩɪɟɜɪɚɳɟɧɢɹ 

ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
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ȽɅȺȼȺ 2. ȼɕȾȿɅȿɇɂȿ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ, ɂɁɈɉɂɆȺɊɈȼɈɃ ɄɂɋɅɈɌ ɂ 

ɉɈɅɍɑȿɇɂȿ ɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ 15,16-ȾɂȽɂȾɊɈɂɁɈɉɂɆȺɊɈȼɈɃ ɄɂɋɅɈɌɕ 
ɂɁ ɀɂȼɂɐɕ PINUS SIBIRICA R. MAYR 

ɂɫɬɨɱɧɢɤɨɦ ɩɨɥɭɱɟɧɢɹ ɞɢɬɟɪɩɟɧɨɢɞɨɜ (1) ɢ (3) ɫɥɭɠɢɥɚ ɠɢɜɢɰɚ ɤɟɞɪɚ ɫɢɛɢɪɫɤɨɝɨ Pinus 

sibirica R. Mayr. Ʌɚɦɛɟɪɬɢɚɧɨɜɭɸ ɤɢɫɥɨɬɭ (1) ɜɵɞɟɥɹɥɢ ɫɨɝɥɚɫɧɨ ɪɚɧɟɟ ɨɩɢɫɚɧɧɨɦɭ ɦɟɬɨɞɭ, 

ɡɚɤɥɸɱɚɸɳɟɦɭɫɹ ɜ ɪɚɫɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɥɟɣ ɫɦɨɥɹɧɵɯ ɤɢɫɥɨɬ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 

ɠɢɜɢɰɵ ɞɢɷɬɢɥɚɦɢɧɨɦ Д25]. 

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (3) ɢɡ ɠɢɜɢɰɵ Pinus sibirica R. Mayr. ɜ ɤɚɱɟɫɬɜɟ 

ɫɨɥɟɨɛɪɚɡɭɸɳɟɝɨ ɚɝɟɧɬɚ ɩɪɟɞɥɨɠɟɧ β-ɚɦɢɧɨ-2-ɦɟɬɢɥ-1-ɩɪɨɩɚɧɨɥ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɏɆɋ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɦɟɫɶ ɫɨɥɟɣ ɞɜɭɯ ɤɢɫɥɨɬ – 

ɚɛɢɟɬɢɧɨɜɨɣ (41%) ɢ ɢɡɨɩɢɦɚɪɨɜɨɣ (4β%). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɫɨɥɟɣ ɢɡ ɷɬɚɧɨɥɚ ɢ ɩɨɥɭɱɟɧɧɵɯ 

ɫɜɨɛɨɞɧɵɯ ɤɢɫɥɨɬ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ ɫɨɟɞɢɧɟɧɢɟ (3) ɜɵɞɟɥɢɥɢ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɫ 

ɜɵɯɨɞɨɦ ɞɨ 6.3% ɨɬ ɜɟɫɚ ɠɢɜɢɰɵ. ȼ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɟɬɨɞɚɯ ɩɨɥɭɱɟɧɢɹ (3) ɢɡ 

ɠɢɜɢɰ Pinus sibirica R. Mayr ɢ Pine oleoresin, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɚɦɢɧɚ 

ɬɪɭɞɧɨɞɨɫɬɭɩɧɨɝɨ ɩɢɩɟɪɢɞɢɧɚ, ɜɵɯɨɞ ɫɨɫɬɚɜɥɹɥ 4.β% ɢ 1.γ% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [26, 27]. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧ ɤɨɦɩɥɟɤɫɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɢɡ ɠɢɜɢɰɵ Pinus sibirica R. Mayr. 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɢ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ (14) ɢ 

ɚɛɢɟɬɢɧɨɜɨɣ (15) ɤɢɫɥɨɬ (ɪɢɫɭɧɨɤ γ). ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɜɤɥɸɱɚɥ ɪɚɡɞɟɥɟɧɢɟ ɞɢɬɟɪɩɟɧɨɜɵɯ 

ɤɢɫɥɨɬ ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɟɦ ɫ ɞɢɷɬɢɥɚɦɢɧɨɦ, ɦɟɬɢɥɢɪɨɜɚɧɢɟ ɫɭɦɦɵ ɢɡɨɩɢɦɚɪɨɜɨɣ (3) ɢ 

ɚɛɢɟɬɢɧɨɜɨɣ ɤɢɫɥɨɬ, ɝɢɞɪɢɪɨɜɚɧɢɟ ɫɦɟɫɢ ɢɯ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɢ ɩɨɫɥɟɞɭɸɳɭɸ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ. ɉɨ ɷɬɨɦɭ ɦɟɬɨɞɭ ɦɟɬɢɥ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (14) ɩɨɥɭɱɚɥɢ ɫ ɜɵɯɨɞɨɦ 

4.γ% ɨɬ ɦɚɫɫɵ ɠɢɜɢɰɵ. ȼɵɯɨɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɚɛɢɟɬɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (15) ɫɨɫɬɚɜɢɥ 3.0% ɢ 3.3% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɢɫɭɧɨɤ γ 

 

Ⱦɨɫɬɭɩɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɹɜɥɹɟɬɫɹ ɯɜɨɹ Pinus sibirica 

R. Mayr. ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɯɜɨɢ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ (1) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɢɫɥɨɣ ɮɪɚɤɰɢɢ ɟɟ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɤɫɬɪɚɤɬɚ [28, 

29]. Ɋɚɧɟɟ ɩɪɟɞɥɨɠɟɧɧɵɣ ɧɚɦɢ ɦɟɬɨɞ ɜɵɞɟɥɟɧɢɹ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1), ɷɤɫɬɪɚɤɰɢɟɣ 

ɯɥɨɪɢɫɬɵɦ ɦɟɬɢɥɟɧɨɦ (DCM) ɯɜɨɢ P. Sibirica, ɫɨɛɪɚɧɧɨɣ ɜ ɞɟɤɚɛɪɟ, ɩɨɡɜɨɥɹɥ ɩɨɥɭɱɚɬɶ ɟɟ ɫ 
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ɜɵɯɨɞɨɦ ɞɨ 0.λ% ɨɬ ɜɟɫɚ ɜɨɡɞɭɲɧɨ-ɫɭɯɨɝɨ ɫɵɪɶɹ [20]. ɉɪɢ ɷɬɨɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɛɢɨɫɢɧɬɟɡ 

ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɢɬɟɥɶɧɵɯ ɤɥɟɬɨɤ ɢ ɢɯ ɩɪɟɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɪɨɬɟɤɚɧɢɹ 

ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɹɬ ɨɬ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ. ȼ ɫɜɹɡɢ ɫ 

ɷɬɢɦ, ɧɚɦɢ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɛɨɪɚ ɯɜɨɢ P. sibirica, ɤɚɤ ɢɫɬɨɱɧɢɤɚ 

ɩɨɥɭɱɟɧɢɹ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɟɡɨɧɧɨɣ ɞɢɧɚɦɢɤɢ ɫɨɞɟɪɠɚɧɢɹ (1) ɜ 

ɯɥɨɪɢɫɬɨɦɟɬɢɥɟɧɨɜɨɦ ɷɤɫɬɪɚɤɬɟ.  

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ, DCM ɷɤɫɬɪɚɤɬ ɯɜɨɢ P. Sibirica, ɩɨɫɥɟ 

ɱɚɫɬɢɱɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɧɟɣɬɪɚɥɶɧɨɣ ɱɚɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ ɫɥɨɠɧɨɤɨɦɩɨɧɟɧɬɧɭɸ ɫɦɟɫɶ, 

ɫɨɞɟɪɠɚɳɭɸ ɧɟ ɦɟɧɟɟ 50 ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɫɨɫɬɚɜ ɫɦɨɥɹɧɵɯ ɤɢɫɥɨɬ ɜɯɨɞɢɥɢ 

ɞɢɬɟɪɩɟɧɨɢɞɵ ɥɚɛɞɚɧɨɜɨɝɨ ɪɹɞɚ (ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ (1), ɩɢɧɭɫɨɥɨɜɚɹ ɢ ɢɡɨɤɭɩɪɟɫɨɜɚɹ ɤɢɫɥɨɬɵ) ɢ 

ɬɪɢɰɢɤɥɢɱɟɫɤɢɟ ɞɢɬɟɪɩɟɧɨɜɵɟ ɤɢɫɥɨɬɵ ɚɛɢɟɬɚɧɨɜɨɝɨ (ɥɟɜɨɩɢɦɚɪɨɜɚɹ, ɚɛɢɟɬɢɧɨɜɚɹ, 

ɞɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ, 15-ɨɤɫɢɞɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ, 15-ɦɟɬɨɤɫɢɞɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ, 7-

ɨɤɫɨɞɟɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ, 7,13,15-ɚɛɢɟɬɚɬɪɢɟɧɨɜɚɹ ɤɢɫɥɨɬɵ) ɢ ɩɢɦɚɪɚɧɨɜɨɝɨ (ɢɡɨɩɢɦɚɪɨɜɚɹ (3), 

ɫɚɧɞɚɪɚɤɨɩɢɦɚɪɨɜɚɹ ɤɢɫɥɨɬɵ) ɪɹɞɨɜ (ɬɚɛɥɢɰɚ 1). ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɨɟ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɫɦɨɥɹɧɵɯ ɤɢɫɥɨɬ ɧɚɛɥɸɞɚɥɨɫɶ ɡɢɦɨɣ (ββ.8β±8.80%). ȼɨ ɜɫɟɯ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ 

ɩɪɟɨɛɥɚɞɚɸɳɢɦɢ ɩɨ ɫɭɦɦɚɪɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ ɹɜɥɹɥɢɫɶ ɥɚɛɞ-13-ɟɧɨɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ((1), 

ɩɢɧɭɫɨɥɨɜɚɹ ɢ ɢɡɨɤɭɩɪɟɫɫɨɜɚɹ ɤɢɫɥɨɬɵ). Ɇɢɧɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ 

(1) ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɩɟɪɢɨɞ ɪɨɫɬɚ P. sibirica (ɜɟɫɧɚ-ɥɟɬɨ), ɤɨɬɨɪɨɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɥɨɫɶ 

ɨɫɟɧɶɸ ɢ ɞɨɫɬɢɝɚɥɚ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ ɡɢɦɨɣ.  

 

 

Ɍɚɛɥɢɰɚ 1. ɋɟɡɨɧɧɚɹ ɞɢɧɚɦɢɤɚ ɧɚɤɨɩɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɫɦɨɥɹɧɵɯ ɤɢɫɥɨɬ ɜ ɯɜɨɟ Pinus sibirica R. 

Mayr* (ɩɨ ɞɚɧɧɵɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɝɚɡɨɜɨɦ ɯɪɨɦɚɬɨɝɪɚɮɟ HОаХОЭЭ-
PКМФКЫН 58λ0/II εSD ɫ ɤɜɚɞɪɭɩɨɥɶɧɵɦ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɨɦ (HP εSD 5λ71) ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɟɤɬɨɪɚ). 

ɋɦɨɥɹɧɵɟ ɤɢɫɥɨɬɵ 
Ɉɫɟɧɶ 

1.09.09-30.11.09 

Ɂɢɦɚ 
1.12.09-30.02.09 

ȼɟɫɧɚ 
1.03.09-30.05.09 

Ʌɟɬɨ 

1.06.09-30.08.09 

Ʌɚɦɛɟɪɬɢɚɧɨɜɚɹ (1) γ.74±4.γ4 8.γ5±7.γ5 0.γ5±0.15 0.4β±0.1β 

ɉɢɧɭɫɨɥɨɜɚɹ  8.β5±γ.76 8.51±1.β8 7.58±γ.64 10.00±5.βλ 

ɂɡɨɤɭɩɪɟɫɫɨɜɚɹ  0.68±1.18 β.4λ±4.γ1 4.β5±1.50 0.00±0.00 

Ʌɟɜɨɩɢɦɚɪɨɜɚɹ  0.18±0.γβ 0.ββ±0.γ8 0.00±0.00 0.00±0.00 

Ⱥɛɢɟɬɢɧɨɜɚɹ  0.1γ±0.βγ 0.γ6±0.0γ 0.27±0.βγ 0.1±0.17 

Ⱦɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ  1.γ0±0.λ1 0.81±0.10 1.γλ±0.β0 β.41±1.11 

15-Ɉɤɫɢɞɟɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ  0.74±0.41 71±0.71 0.7β±1.0γ 0.0λ±0.15 

15-Ɇɟɬɨɤɫɢɞɟɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ  0.00±0.00 0.00±0.00 0.00±0.00 1.λ4±1.1β 

  7-Ɉɤɫɨɞɟɝɢɞɪɨɚɛɢɟɬɢɧɨɜɚɹ  0.γ7±0.γγ 0.00±0.00 0.00±0.00 0.βγ±0.40 

  7,13,15-Ⱥɛɢɟɬɚɬɪɢɟɧɨɜɚɹ  0.00±0.00 0.λ8±0.λγ 0.λ4±0.β4 1.18±1.γβ 

ɋɚɧɞɚɪɚɤɨɩɢɦɚɪɨɜɚɹ  0.γλ±0.44 0.18±0.γ1 0.β7±0.46 0.6λ±0.6β 

ɂɡɨɩɢɦɚɪɨɜɚɹ (3) 0.17±0.βλ 0.46±0.0λ 0.56±0.4λ 1.6β±1.λ5 

ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 15.95±1.97 22.82±8.80 16.32±3.40 18.78±5.68 

 

± ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ % ɫɨɞɟɪɠɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬ ɜɟɫɚ ɷɤɫɬɪɚɤɬɚ ɯɜɨɢ  
* DCM ɷɤɫɬɪɚɤɬ. 
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ȽɅȺȼȺ 3. ɋɂɇɌȿɁ ȺɆɂȾɈȼ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɂ ɎɅɈɆɂɁɈɂɄɈȼɈɃ ɄɂɋɅɈɌ 

Ɏɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɨɛɭɫɥɨɜɥɟɧɵ ɧɚɥɢɱɢɟɦ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ. ɂɡɦɟɧɟɧɢɟ ɩɪɢɪɨɞɵ ɩɨɫɥɟɞɧɢɯ, ɩɭɬɟɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ, ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɢɥɢ ɢɡɦɟɧɢɬɶ ɬɢɩ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɚ ɬɚɤɠɟ 

ɩɪɢɞɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. Ɍɚɤ, ɪɚɧɟɟ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ (1) ɢ ɟɟ 

ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (2), ɧɟɫɦɨɬɪɹ ɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɨɬɥɢɱɢɟ ɫɬɪɭɤɬɭɪ, ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦ 

ɞɟɣɫɬɜɢɟɦ ɧɚ ɰɟɧɬɪɚɥɶɧɭɸ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɧ ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɚɦɨɣ ɤɢɫɥɨɬɵ 

(1), ɨɤɚɡɵɜɚɟɬ ɜɵɪɚɠɟɧɧɨɟ ɭɝɧɟɬɚɸɳɟɟ ɞɟɣɫɬɜɢɹ ɧɚ ɜɢɫɰɟɪɚɥɶɧɭɸ ɢ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɛɨɥɶ ɜ 

ɬɟɫɬɚɯ “ɭɤɫɭɫɧɵɟ ɤɨɪɱɢ” ɢ “ɝɨɪɹɱɚɹ ɩɥɚɫɬɢɧɚ” ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɚ-ɚɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧ ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) (ɫɯɟɦɚ 2). 

ɉɨɫɥɟɞɧɢɣ ɩɨɥɭɱɚɥɢ, ɫ ɜɵɯɨɞɨɦ λ1%, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ (1) ɫ ɯɥɨɪɢɫɬɵɦ ɬɢɨɧɢɥɨɦ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɨɣ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɯɥɨɪɚɧɝɢɞɪɢɞɚ (16) ɜɨɞɧɵɦ ɚɦɦɢɚɤɨɦ. 

ɋɯɟɦɚ 2 

 

ȼ ɪɚɦɤɚɯ ɩɨɢɫɤɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɚɝɟɧɬɨɜ ɜ ɪɹɞɭ ɩɪɨɢɡɜɨɞɧɵɯ ɢɫɫɥɟɞɭɟɦɵɯ 

ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ ɩɨ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ ɩɨɥɭɱɟɧɵ N,N’-(ɷɬɚɧ-1,2-ɞɢɢɥ)- (19) ɢ N,N’-

(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)-ɛɢɫ-(ɥɚɛɞɚɬɪɢɟɧ-4-ɤɚɪɛɨɤɫɚɦɢɞɵ) (20) (ɫɯɟɦɚ 3). ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɪɨɹɜɥɟɧɢɹ ɢɦɢ ɞɚɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɨɰɟɧɢɜɚɥɚɫɶ ɢɡ ɦɧɨɝɨɱɢɫɥɟɧɧɨɝɨ ɱɢɫɥɚ ɩɪɢɦɟɪɨɜ 

ɩɨɥɭɱɟɧɢɹ ɚɦɢɞɨɜ ɥɭɩɚɧɨɜɵɯ ɞɢɬɟɪɩɟɧɨɢɞɨɜ ɩɪɨɫɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɥɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɱɟɦ ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ Д30]. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɭɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ ɞɢɦɟɪɵ ɨɥɟɨɧɨɥɨɜɨɣ ɤɢɫɥɨɬɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ 1,6-

ɝɟɤɫɚɦɟɬɢɥɟɧɞɢɚɦɢɞɧɵɦ ɥɢɧɤɟɪɨɦ, ɩɪɨɹɜɥɹɸɬ ɢɧɝɢɛɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɪɹɞɚ 

ɥɢɧɢɣ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɩɪɟɜɨɫɯɨɞɹɳɭɸ ɤɚɤ ɫɚɦɭ ɤɢɫɥɨɬɭ, ɬɚɤ ɢ ɢɡɜɟɫɬɧɵɣ 

ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɣ ɩɪɟɩɚɪɚɬ – 5-ɮɬɨɪɭɪɚɰɢɥ [31]. ɉɨɥɭɱɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ 

ɮɥɨɦɢɡɨɢɤɨɣ ɤɢɫɥɨɬɵ (5), ɚ ɧɟ ɟɝɨ ɢɡɨɦɟɪɚ (1), ɨɛɭɫɥɨɜɥɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɟɟ ɟɟ ɜɵɫɨɤɨɣ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ ɆɌ-4, CEε ɢ U-λγ7 ɢ ɩɨɥɭɱɟɧɧɵɯ ɪɚɧɟɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɭ ɚɦɢɞɨɜ ɤɢɫɥɨɬɵ (5) [22].  

Ȼɢɫ(ɥɚɛɞɚɬɪɢɟɧɤɚɪɛɨɤɫɚɦɢɞɵ) (19) ɢ (20) ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɤɨɧɞɟɧɫɚɰɢɟɣ ɯɥɨɪɚɧɝɢɞɪɢɞɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (18) c ɷɬɢɥɟɧɞɢɚɦɢɧɨɦ ɢ ɝɟɤɫɚɦɟɬɢɥɟɧ-1,6-ɞɢɚɦɢɧɨɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ɏɥɨɪɚɧɝɢɞɪɢɞ (18) ɩɨɥɭɱɚɥɢ ɪɟɚɤɰɢɟɣ ɤɢɫɥɨɬɵ (5) ɫ ɯɥɨɪɢɫɬɵɦ ɨɤɫɚɥɢɥɨɦ ɜ ɯɥɨɪɢɫɬɨɦ 

ɦɟɬɢɥɟɧɟ.  

ɋɯɟɦɚ 3 

 

ȽɅȺȼȺ 4. ɉɊȿȼɊȺɓȿɇɂə ɉɂɆȺɊȺɇɈȼ ɂ ɅȺȻȾȺɇɈɂȾɈȼ ɉɈ ɌȿɊɉȿɇɈȼɈɆɍ 
ɈɋɌɈȼɍ 

 

4.1. ɈɄɂɋɅɂɌȿɅɖɇɕȿ ɉɊȿȼɊȺɓȿɇɂə ɆȿɌɂɅȾɂȽɂȾɊɈɂɁɈɉɂɆȺɊȺɌȺ ɂ ȿȽɈ 

ɉɊɈɂɁȼɈȾɇɕɏ 

ɂɡɨɩɢɦɚɪɨɜɚɹ (3) ɢ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɚɹ ɤɢɫɥɨɬɵ ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ 

ɬɪɢɰɢɤɥɢɱɟɫɤɢɦɢ ɞɢɬɟɪɩɟɧɨɢɞɚɦɢ, ɢɡɭɱɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɚɝɟɧɬɨɜ – 

ɚɤɬɢɜɚɬɨɪɨɜ ɤɚɥɢɟɜɵɯ ɤɚɧɚɥɨɜ (ȼɄ-ɤɚɧɚɥɨɜ), ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧ ɫɨ 

ɫɬɢɦɭɥɹɰɢɟɣ ɚɞɚɩɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɥɟɬɤɟ Д18, 19Ж. ɉɪɢ ɢɡɭɱɟɧɢɢ ɜɡɚɢɦɨɫɜɹɡɢ ɫɬɪɭɤɬɭɪɚ-

ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɹɞɭ ɞɢɬɟɪɩɟɧɨɢɞɨɜ ɩɢɦɚɪɚɧɨɜɨɝɨ ɪɹɞɚ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 

ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɚɤɬɢɜɚɰɢɸ ȼK-ɤɚɧɚɥɨɜ 

(ɝɢɩɟɪɩɨɥɹɪɢɡɚɰɢɸ ɦɟɦɛɪɚɧɵ) ɢ ɦɟɦɛɪɚɧɧɵɣ ɩɨɬɟɧɰɢɚɥ ɷɦɛɪɢɨɧɚɥɶɧɵɯ ɩɨɱɟɱɧɵɯ ɤɥɟɬɨɤ 

ɱɟɥɨɜɟɤɚ. ȼ ɱɚɫɬɧɨɫɬɢ ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɧɵɯ ɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ, ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɚɬɨɪɨɜ ȼɄ-ɤɚɧɚɥɨɜ, ɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ 

ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ Д32, 33Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɢɧɬɟɪɟɫ ɤ ɫɢɧɬɟɡɭ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ 

ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɭ ɩɪɢɪɨɞɧɵɯ ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɧɵɯ 

ɞɢɬɟɪɩɟɧɨɢɞɨɜ ɞɚɧɧɨɝɨ ɪɹɞɚ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɦɨɪɫɤɢɯ ɝɪɢɛɨɜ, ɡɧɚɱɢɬɟɥɶɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ 

ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ ɱɟɥɨɜɟɤɚ Д34].  

ɇɚɦɢ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ ɝɢɞɪɨɤɫɢɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ [35]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɤɢɫɥɟɧɢɟ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɪɚɡɥɢɱɧɵɯ ɪɟɚɝɟɧɬɨɜ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɨɦɟɪɢɡɚɰɢɟɣ ∆7,8
-ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ 

ɩɨɥɨɠɟɧɢɹ 8(λ) ɢ 8(14), ɩɪɢɱɟɦ ɩɟɪɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɨɛɥɚɞɚɟɬ [20].  



21 

 

ɗɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (14) 3-

ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ (β.0 ɷɤɜ.) ɜ ɷɮɢɪɟ ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 7α,8α-, 7ȕ,8ȕ-ɷɩɨɤɫɢ-

15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɨɜ (21), (22) ɢ 7α-ɝɢɞɪɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬɚ (23) (ɩɨ 

ɞɚɧɧɵɦ əɆɊ 1ɇ) (ɫɯɟɦɚ 4). Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɢɥɢ ɫɦɟɫɶ 

ɷɩɨɤɫɢɞɨɜ (21), (22) (ɜɵɯɨɞ 4λ%, ɫɨɨɬɧɨɲɟɧɢɟ 1.5μ1) ɢ 7α-ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɨɟ (23) (ɜɵɯɨɞ 

β6%). ɉɨɜɬɨɪɧɵɦ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɟɦ 1-ɨɣ ɮɪɚɤɰɢɢ ɩɨɥɭɱɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɷɩɨɤɫɢɞ 

(22) (ɜɵɯɨɞ 1λ%) ɢ ɫɩɢɪɬ (23) (ɜɵɯɨɞ β8%).  

ɋɯɟɦɚ 4 

 

Ɉɤɢɫɥɟɧɢɟ ɦɟɬɢɥɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ (14) ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

MoCl5 ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ (23) (ɜɵɯɨɞ 14%) ɢ 7-ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ 

(24) (ɜɵɯɨɞ 15%) (ɫɯɟɦɚ 5). Ʉɚɤ ɜɢɞɧɨ, ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɨɤɢɫɥɟɧɢɹ γ-

ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ ɢɥɢ ɝɢɞɪɨɩɟɪɟɤɢɫɶɸ ɨɛɭɫɥɨɜɥɟɧ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɶɸ ɚɬɚɤɢ 

ɪɟɚɝɟɧɬɨɦ ɫɨɟɞɢɧɟɧɢɹ (14) ɫ ɦɟɧɟɟ ɡɚɬɪɭɞɧɟɧɧɨɣ -ɫɬɨɪɨɧɵ.  

ɋɯɟɦɚ 5 

 

ȼ ɪɚɛɨɬɟ Д36] ɨɩɢɫɚɧɨ ɨɤɢɫɥɟɧɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ 

(14) ɞɢɨɤɫɢɞɨɦ ɫɟɥɟɧɚ ɜ ɜɨɞɧɨɦ ɷɬɚɧɨɥɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɥɢ ɫɦɟɫɶ ɫɨɟɞɢɧɟɧɢɣ, ɢɡ ɤɨɬɨɪɨɣ 

ɜɵɞɟɥɢɥɢ ɦɟɬɢɥ 7-ɝɢɞɪɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬ (ɜɵɯɨɞ 11%) ɢ 14-ɝɢɞɪɨɤɫɢ-15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (ɜɵɯɨɞ 8%). Ɇɟɬɢɥ 14α-ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (25) (ɜɵɯɨɞ 76%) 

ɩɨɥɭɱɟɧ ɧɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɫɨɟɞɢɧɟɧɢɹ (14) ɞɢɨɤɫɢɞɨɦ ɫɟɥɟɧɚ 

ɜ ɞɢɨɤɫɚɧɟ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ (ɫɯɟɦɚ 6). 
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ɋɯɟɦɚ 6 

 

ɉɨɩɵɬɤɢ ɨɤɢɫɥɟɧɢɹ ɦɟɬɢɥ 14-ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ (25) ɤɨɦɩɥɟɤɫɨɦ ɫɟɪɧɵɣ 

ɚɧɝɢɞɪɢɞ-ɩɢɪɢɞɢɧ, N-ɛɪɨɦɚɰɟɬɚɦɢɞɨɦ (ɜ ɬɪɟɬ-ɛɭɬɢɥɨɜɨɦ ɫɩɢɪɬɟ ɢɥɢ ɬɪɟɬ-ɛɭɬɢɥɨɜɨɦ ɫɩɢɪɬɟ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɢɪɢɞɢɧɚ), N-ɛɪɨɦɫɭɤɰɢɧɢɦɢɞɨɦ ɜ ɜɨɞɧɨɦ ɞɢɨɤɫɚɧɟ ɢɥɢ ɚɤɬɢɜɧɨɣ ɞɜɭɨɤɢɫɶɸ 

ɦɚɪɝɚɧɰɚ ɧɟ ɩɪɢɜɟɥɢ ɤ ɭɫɩɟɯɭ. 

Ɉɤɢɫɥɟɧɢɟ ɫɨɟɞɢɧɟɧɢɹ (25) ɯɥɨɪɯɪɨɦɚɬɨɦ ɩɢɪɢɞɢɧɢɹ ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɟɫɢ 

ɫɨɟɞɢɧɟɧɢɣ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɤɢɫɥɢɬɟɥɹ (ɫɯɟɦɚ 7). 

Ɍɚɤ, ɩɪɢ ɨɤɢɫɥɟɧɢɢ (25) 1 ɷɤɜ. ɪɟɚɝɟɧɬɚ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜɵɞɟɥɢɥɢ 7-ɨɤɫɨ-14α-

ɝɢɞɪɨɤɫɢɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (26) (ɜɵɯɨɞ βγ%), 7α-ɝɢɞɪɨɤɫɢ-8,14-

ɷɩɨɤɫɢɞɢɝɢɞɪɨɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬ (27) (ɜɵɯɨɞ β1%) ɢ ɢcɯɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ (25) (β8%). Ⱦɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 1.5 ɷɤɜ. ɨɤɢɫɥɢɬɟɥɹν ɩɪɢ ɷɬɨɦ ɢɡ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜɵɞɟɥɢɥɢ ɫɨɟɞɢɧɟɧɢɹ (26) (21%), (27) (28%), (23) (5%) ɢ 7-ɨɤɫɨ-8,14-

ɷɩɨɤɫɢɞ (28) (17%). ɍɜɟɥɢɱɟɧɢɟ ɢɡɛɵɬɤɚ ɪɟɚɝɟɧɬɚ ɞɨ γ ɷɤɜ. ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜ ɨɫɧɨɜɧɨɦ 

7-ɨɤɫɨɩɪɨɢɡɜɨɞɧɵɯ (26) (γλ%) ɢ (28) (γ0%) ɢ 7-ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬɚ (23) (6%). 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 5 ɷɤɜ. ɨɤɢɫɥɢɬɟɥɹ ɩɨɥɭɱɚɥɢ 7-ɤɟɬɨɩɪɨɢɡɜɨɞɧɵɟ (26) (β7%) ɢ (28) (40%). Ʉɚɤ 

ɜɢɞɧɨ, ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɬɢɥ 14-ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ (25) ɧɟ 

ɨɬɥɢɱɚɸɬɫɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ.  

ɋɯɟɦɚ 7 

 

Ɉɛɪɚɡɨɜɚɧɢɟ ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ (27), (28) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɢɡɨɦɟɪɢɡɚɰɢɢ 

ɷɮɢɪɚ ɯɪɨɦɨɜɨɣ ɤɢɫɥɨɬɵ Ⱥ ɜ ɷɮɢɪ ȼ, c ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ 8,14-ɷɩɨɤɫɢ-7-

ɨɤɫɢɯɪɨɦɚ (IV) ɋ, ɝɢɞɪɨɥɢɡ ɤɨɬɨɪɨɝɨ ɞɚɟɬ ɷɩɨɤɫɢɫɩɢɪɬ (27), ɚ ɨɤɢɫɥɟɧɢɟ – 7-ɤɟɬɨɩɪɨɢɡɜɨɞɧɨɟ 

(28) (ɫɯɟɦɚ 8). ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɞɨɛɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɹɞɚ 

ɷɩɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ ɧɚɛɥɸɞɚɥɨɫɶ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д37Ж ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɪɟɚɝɟɧɬɨɦ Ʉɨɥɥɢɧɡɚ 14-

ɝɢɞɪɨɤɫɢɩɢɦɚɪɚɬɚ.  
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ɋɯɟɦɚ 8 

 

ȼ ɪɚɛɨɬɚɯ Д38, 39] O-ɡɚɦɟɳɟɧɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɨɤɫɢɦɚ 7-ɨɤɫɨɞɢɝɢɞɪɨɚɛɢɟɬɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɚ 

ɬɚɤɠɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɚɡɟɩɢɧɨɜɵɣ ɰɢɤɥ ȼ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɚɤɬɢɜɚɬɨɪɨɜ ȼɄ-ɤɚɧɚɥɨɜ. ɂɫɯɨɞɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɜ ɫɢɧɬɟɡɟ ɩɢɦɚɪɚɧɨɜɵɯ ɚɧɚɥɨɝɨɜ ɭɤɚɡɚɧɧɵɯ 

ɬɪɢɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɦɟɬɢɥ 7-ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (24). ȼ ɫɜɹɡɢ ɫ 

ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ ɩɨɫɥɟɞɧɟɝɨ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɦɟɬɢɥ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ (14) ɬɪɟɬ-

ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɨɦ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɣ ɝɢɞɪɨɛɨɪɢɪɨɜɚɧɢɹ-

ɨɤɢɫɥɟɧɢɹ (14) (ɫɯɟɦɚ 9). Ⱦɚɧɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ, ɨɩɢɫɚɧɧɵɯ ɜ 

ɥɢɬɟɪɚɬɭɪɟ, 7ȕ-ɝɢɞɪɨɤɫɢɢɡɨɩɢɦɚɪɚɬɚ (29) ɢ 7α-ɝɢɞɪɨɤɫɢ-8-ɷɩɢɢɡɨɩɢɦɚɪɚɬɚ (30) (ɜɵɯɨɞ 86%, 

ɫɨɨɬɧɨɲɟɧɢɟ 1μβ.5 ɩɨ ɫɩɟɤɬɪɭ əɆɊ 1ɇ) Д40, 41Ж. Ɉɤɢɫɥɟɧɢɟɦ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (29), (30) 

ɪɟɚɝɟɧɬɨɦ Ⱦɠɨɧɫɚ ɩɨɥɭɱɚɥɢ ɫɦɟɫɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 7-ɨɤɫɨɩɪɨɢɡɜɨɞɧɵɯ (24) ɢ (31). 

Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɹɥɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɣ 

ɦɟɬɢɥ 7-ɨɤɫɨɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (24) (ɜɵɯɨɞ 68%) Д38, 42Ж. Ɉɤɫɢɦɢɪɨɜɚɧɢɟ ɤɟɬɨɧɚ (24) 

ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ ɜ ɦɟɬɚɧɨɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ ɩɪɢɜɨɞɢɥɨ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɟɫɢ E- (32) ɢ Z-ɨɤɫɢɦɨɜ (33) (ɜɵɯɨɞ λ0%, ɫɨɨɬɧɨɲɟɧɢɟ 1μ1 ɩɨ ɞɚɧɧɵɦ əɆɊ 1ɇ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ). Ɇɟɬɢɥ (Е)-ɝɢɞɪɨɤɫɢɥɢɦɢɧɨɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬ (32) ɜɵɞɟɥɹɥɢ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɝɟɤɫɚɧɚ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɨɤɫɢɦɚ (32) ɯɥɨɪɢɫɬɵɦ ɬɢɨɧɢɥɨɦ ɜ ɛɟɡɜɨɞɧɨɦ 

ɞɢɨɤɫɚɧɟ ɩɨɥɭɱɚɥɢ ɬɟɬɪɚɞɟɤɚɝɢɞɪɨɞɢɛɟɧɡɨДb,dЖɚɡɟɩɢɧ (34) (ɜɵɯɨɞ λγ%).  
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ɋɯɟɦɚ 9 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɢɡ ɠɢɜɢɰɵ P. sibirica ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɪɚɡɪɹɞɭ ɩɪɟɩɚɪɚɬɢɜɧɵɯ, 

ɩɨɡɜɨɥɹɸɳɢɣ ɨɫɭɳɟɫɬɜɢɬɶ ɩɪɟɜɪɚɳɟɧɢɹ ɞɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. Ɍɚɤ, ɩɨɥɭɱɟɧɵ ɧɟɤɨɬɨɪɵɟ 

ɷɩɨɤɫɢ- ɢ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɨɜ. ɇɚɣɞɟɧɵ ɭɫɥɨɜɢɹ 

ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɢɥ 14-ɝɢɞɪɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ ɢ ɦɟɬɢɥ 7-

ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ (Е)-ɨɤɫɢɦ ɦɟɬɢɥ 7-ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɯɥɨɪɢɫɬɵɦ ɬɢɨɧɢɥɨɦ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɭ Ȼɟɤɦɚɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɬɟɬɪɚɞɟɤɚɝɢɞɪɨɞɢɛɟɧɡɨДb,dЖɚɡɟɩɢɧɚ.  

 

4.2. ɋɂɇɌȿɁ 7-ɄȿɌɈɉɊɈɂɁȼɈȾɇɕɏ ɎɍɊȺɇɈɅȺȻȾȺɇɈɂȾɈȼ ɂ ɉɊɈȼȿȾȿɇɂȿ 
ɉȿɊȿȽɊɍɉɉɂɊɈȼɄɂ ȻȿɄɆȺɇȺ ɈɄɋɂɆɈȼ ɎɅɈɆɂɁɈɂɄɈȼɈɃ ɄɂɋɅɈɌɕ ɂ ȿȿ 

ɗɎɂɊȺ 

Ɏɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɨ ɰɢɤɥɭ ȼ ɮɭɪɚɧɨɜɵɟ ɥɚɛɞɚɧɨɢɞɵ ɜɵɞɟɥɟɧɵ ɢɡ ɷɤɫɬɪɚɤɬɨɜ 

ɪɚɫɬɟɧɢɣ, ɨɛɥɚɞɚɸɳɢɯ ɩɪɨɬɢɜɨɜɢɪɭɫɧɨɣ, ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ, 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɨɣ, ɠɚɪɨɩɨɧɢɠɚɸɳɟɣ ɢ ɩɪɨɬɢɜɨɪɟɜɦɚɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɹɦɢ ɢ ɞɪ. Д21]. 

ɇɚɩɪɢɦɟɪ, 7α-ɝɢɞɪɨɤɫɢɥɚɦɛɟɪɬɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ (35) ɜɵɞɟɥɟɧɚ ɢɡ ɷɬɚɧɨɥɶɧɨɝɨ ɷɤɫɬɪɚɤɬɚ 

ɧɚɞɡɟɦɧɨɣ ɱɚɫɬɢ Brachystemma calycinum, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɝɨ ɞɥɹ ɥɟɱɟɧɢɹ ɢ ɫɧɹɬɢɹ ɫɢɦɩɬɨɦɨɜ 

ɨɫɬɟɨɚɪɬɪɢɬɚ (ɪɢɫɭɧɨɤ 4) [43Ж. Ⱦɥɹ 7-ɤɟɬɨɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ (36), ɯɢɫɩɚɧɨɧɚ, (ɢɡ Ballota 

saxatilis, Galeopsis angustifolia) ɜɵɹɜɥɟɧɚ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɚɹ ɢ ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɚɹ ɚɤɬɢɜɧɨɫɬɢ 

[44, 45Ж. Ⱦɥɹ ɯɢɫɩɚɧɨɥɨɧɚ (37), ɩɪɨɞɭɰɢɪɭɟɦɨɝɨ Leonurus sp, ɧɚ ɤɥɟɬɨɱɧɵɯ ɥɢɧɢɹɯ RAW 264, 

Jurkat ɢ THP-1 ɩɨɤɚɡɚɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɩɨɩɬɨɡ ɱɟɪɟɡ ɭɦɟɧɶɲɟɧɢɟ ɦɟɦɛɪɚɧɧɨɝɨ 
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ɩɨɬɟɧɰɢɚɥɚ ɦɢɬɨɯɨɧɞɪɢɣ, ɜɵɫɜɨɛɨɠɞɟɧɢɟ ɚɩɨɩɬɨɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɚɤɬɢɜɚɰɢɢ ɤɚɫɩɚɡɵ-λ ɢ 

ɤɚɫɩɚɡɵ-3 [46Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɥ ɢɧɬɟɪɟɫ ɩɪɨɜɟɞɟɧɢɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ 

ɢɫɫɥɟɞɭɟɦɵɯ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ ɩɨ ɰɢɤɥɭ ȼ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɧɚɥɨɝɨɜ ɢɡɜɟɫɬɧɵɯ ɪɚɫɬɢɬɟɥɶɧɵɯ 

ɦɟɬɚɛɨɥɢɬɨɜ ɥɚɛɞɚɧɨɜɨɝɨ ɬɢɩɚ.  

Ɋɢɫɭɧɨɤ 4 

 

ɋɢɧɬɟɡ 18-ɤɚɪɛɨɤɫɢɩɪɨɢɡɜɨɞɧɨɝɨ ɯɢɫɩɚɧɨɧɚ (36) ɢɡ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (5) ɜɵɩɨɥɧɟɧ ɜ 

ɞɜɟ ɫɬɚɞɢɢ, ɜɤɥɸɱɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ 7α-ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɨɝɨ (39) ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɨɤɢɫɥɟɧɢɟ 

ɟɝɨ ɞɨ 7-ɤɟɬɨɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ (40) (ɫɯɟɦɚ 10) [47Ж. Ⱥɥɥɢɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɩɪɨɜɨɞɢɥɢ 

ɞɢɨɤɫɢɞɨɦ ɫɟɥɟɧɚ (IV) ɜ ɞɢɨɤɫɚɧɟν ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɥɚ ɫɟɥɟɤɬɢɜɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɡɨɦɟɪɚ – 7-ɝɢɞɪɨɤɫɢɥɚɛɞɚɧɨɢɞɚ (39) (ɜɵɯɨɞ 5λ%). Ⱦɚɧɧɵɣ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɢɣ 

ɪɟɡɭɥɶɬɚɬ ɨɩɪɟɞɟɥɢɥɫɹ ɚɬɚɤɨɣ ɪɟɚɝɟɧɬɨɦ ɫɨɟɞɢɧɟɧɢɹ (5) ɫ ɦɟɧɟɟ ɡɚɬɪɭɞɧɟɧɧɨɣ -ɫɬɨɪɨɧɵ. 

Ɉɤɢɫɥɟɧɢɟ (39) ɩɪɨɜɨɞɢɥɢ ɚɤɬɢɜɧɨɣ ɞɜɭɨɤɢɫɶɸ ɦɚɪɝɚɧɰɚ ɜ ɋH2ɋl2, ɧɟɩɪɟɞɟɥɶɧɵɣ ɤɟɬɨɧ (40) 

ɩɨɥɭɱɟɧ ɫ ɜɵɯɨɞɨɦ 4λ%. Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɹɞ ɩɪɟɜɪɚɳɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɣ ɞɥɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

(38), ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ 7α-ɝɢɞɪɨɤɫɢ- (41) ɢ 7-ɤɟɬɨɥɚɛɞɚɧɨɢɞɵ (42) ɫ ɜɵɯɨɞɚɦɢ 74% ɢ 6λ% 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɋɯɟɦɚ 10 

 

Ʉɥɸɱɟɜɭɸ ɫɬɚɞɢɸ ɫɢɧɬɟɡɚ ɤɟɬɨɩɪɨɢɡɜɨɞɧɨɝɨ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ 

(44) – ɚɥɥɢɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) – ɩɪɨɜɨɞɢɥɢ ɞɟɣɫɬɜɢɟɦ SeO2 ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

90% ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɜ ɯɥɨɪɢɫɬɨɦ ɦɟɬɢɥɟɧɟ (ɫɯɟɦɚ 11). Ⱥɧɚɥɨɝɢɱɧɨ ɷɮɢɪɭ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38), ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɥɚ ɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 7α-

ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɨɝɨ (43) (ɜɵɯɨɞ 68%). ɉɨɫɥɟɞɧɢɣ, ɨɛɪɚɛɨɬɤɨɣ ɯɥɨɪɯɪɨɦɚɬɨɦ ɩɢɪɢɞɢɧɢɹ, 

ɩɪɟɜɪɚɳɚɥɢ ɜ ɤɟɬɨɧ (44) ɫ ɜɵɯɨɞɨɦ 4λ%. 
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ɋɯɟɦɚ 11 

 

ɇɚɦɢ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɹ ɥɚɛɞɚɧɨɢɞɧɵɯ ɤɟɬɨɧɨɜ (40) ɢ (42) ɜ 

ɩɪɨɢɡɜɨɞɧɵɟ ɨɤɬɚɝɢɞɪɨ-1H-ɛɟɧɡɨɚɡɟɩɢɧɚ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ Ȼɟɤɦɚɧɚ ɤɟɬɨɨɤɫɢɦɨɜ 

(45) ɢ (48) (ɫɯɟɦɚ 12). ɉɨɫɥɟɞɧɢɟ ɩɨɥɭɱɚɥɢ, ɫ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɤɟɬɨɧɨɜ 

(40) ɢ (42) ɫ ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ ɜ ɦɟɬɚɧɨɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹν ɪɟɚɤɰɢɢ 

ɩɪɨɬɟɤɚɥɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ Е-ɨɤɫɢɦɨɜ (45) ɢ (48). ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɨɤɫɢɦɚ (45) ɬɢɨɧɢɥɨɦ 

ɯɥɨɪɢɫɬɵɦ ɜ ɫɭɯɨɦ ɞɢɨɤɫɚɧɟ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɨɤɬɚɝɢɞɪɨ-1H-ɛɟɧɡɨДdЖɚɡɟɩɢɧɚ (46) ɢ ɨɤɬɚɝɢɞɪɨ-

1H-ɛɟɧɡɨДcЖɚɡɟɩɢɧɚ (47) ɫ ɜɵɯɨɞɨɦ γ0% ɢ 8% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɤɫɢɦ (48) ɜ ɨɩɢɫɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɞɚɟɬ ɬɨɥɶɤɨ ɨɤɬɚɝɢɞɪɨ-1H-ɛɟɧɡɨДcЖɚɡɟɩɢɧ (49) (ɜɵɯɨɞ β0%). ɉɨɩɵɬɤɚ ɩɪɨɜɟɞɟɧɢɹ 

ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ Ȼɟɤɦɚɧɚ ɫɭɥɶɮɨɧɚɬɚ ɨɤɫɢɦɚ (50) ɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ, ɧɚɫɵɳɟɧɧɨɣ ɯɥɨɪɢɫɬɵɦ 

ɜɨɞɨɪɨɞɨɦ, ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɫɩɟɯɭν ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɞɟɥɹɥɢ ɬɨɥɶɤɨ ɢɫɯɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ (50)ν ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ ɬɪɢɮɬɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɟ ɜɵɞɟɥɹɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɤɫɢɦ (48). 

ɋɯɟɦɚ 12 

 

ɋɬɪɨɟɧɢɟ ɩɪɨɞɭɤɬɚ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ Ȼɟɤɦɚɧɚ ɨɤɫɢɦɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 7-

ɤɟɬɨɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (48) – ɨɤɬɚɝɢɞɪɨ-1H-ɛɟɧɡɨДcЖɚɡɟɩɢɧɚ (49) – ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɩɪɨɬɟɤɚɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɢɡɨɦɟɪɢɡɚɰɢɢ ɢɫɯɨɞɧɨɝɨ ɨɤɫɢɦɚ ɢɥɢ ɟɝɨ ɷɮɢɪɚ ɜ (Z)-ɢɡɨɦɟɪ. ȼ 

ɫɥɭɱɚɟ ɨɤɫɢɦɚ 7-ɤɟɬɨɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (45) ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ, ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɟɝɨ ɯɥɨɪɢɫɬɵɦ ɬɢɨɧɢɥɨɦ, ɤɚɤ ɷɮɢɪɚ ɫɟɪɧɢɫɬɨɣ ɬɚɤ ɢ ɯɥɨɪɚɧɝɢɞɪɢɞɚ ɤɚɪɛɨɧɨɜɨɣ 
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ɤɢɫɥɨɬɵ (51) (ɫɯɟɦɚ 13). ɉɨɫɥɟɞɧɢɣ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɢɫɯɨɞɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ (45), 

ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɞɚɟɬ ɷɮɢɪ ɨɤɫɢɦɚ (52), ɤɨɬɨɪɵɣ, ɜ ɫɢɥɭ ɫɬɟɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɧɟ 

ɢɡɨɦɟɪɢɡɭɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɢɧ-ɢɡɨɦɟɪ, ɚ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɭ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɥɚɤɬɚɦɚ (46). 

ɋɯɟɦɚ 13 

 

ɋɬɪɨɟɧɢɟ ɜɫɟɯ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ ɧɚ ɨɫɧɨɜɟ ɫɩɟɤɬɪɚɥɶɧɵɯ ɞɚɧɧɵɯ, 

ɫɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ (39) ɢ (49) ɩɨɞɬɜɟɪɠɞɟɧɵ ɞɚɧɧɵɦɢ ɊɋȺ (ɩɪɢɥɨɠɟɧɢɟ 1). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚ ɨɫɧɨɜɟ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ 7-ɝɢɞɪɨɤɫɢ- ɢ 7-ɤɟɬɨɥɚɛɞɚɧɨɢɞɨɜ – 

ɚɧɚɥɨɝɨɜ ɩɪɢɪɨɞɧɵɯ 7α-ɝɢɞɪɨɤɫɢ- ɢ 7-ɨɤɫɨɥɚɛɞɚɬɪɢɟɧɨɜ. Ɉɫɭɳɟɫɬɜɥɟɧɵ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨ 

ɞɟɤɚɥɢɧɨɜɨɦɭ ɮɪɚɝɦɟɧɬɭ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ Ȼɟɤɦɚɧɚ ɡɚɜɢɫɢɬ 

ɨɬ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɞɟɤɚɥɢɧɨɜɨɦ ɮɪɚɝɦɟɧɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 7-ɤɟɬɨɨɤɫɢɦɚ. 

 

ȽɅȺȼȺ 5. ɋɂɇɌȿɁ ȺɁɈɌɋɈȾȿɊɀȺɓɂɏ ɉɊɈɂɁȼɈȾɇɕɏ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ 
ɄɂɋɅɈɌɕ ɉɈ ɎɍɊȺɇɈȼɈɆɍ ɐɂɄɅɍ 

 

5.1. 16-ɄȺɊȻɈɄɋȺɆɂȾɈɆȿɌɂɅɁȺɆȿɓȿɇɇɕȿ 15,16-ɗɉɈɄɋɂɅȺȻȾȺɌɊɂȿɇɕ  

Ɋɚɧɟɟ, ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɩɨ ɩɨɥɭɱɟɧɢɸ ɧɚ ɨɫɧɨɜɟ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫɨɟɞɢɧɟɧɢɣ ɫ ɜɵɪɚɠɟɧɧɨɣ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɬɦɟɱɟɧɚ 

ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɹ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ. Ɋɚɡɜɢɬɢɟ ɭɤɚɡɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɧɚɫɬɨɹɳɟɣ ɝɥɚɜɟ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɢɧɬɟɡɨɦ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥ 16-ɚɰɟɬɢɥɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɫ ɚɦɢɧɨɤɢɫɥɨɬɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ Д48Ж. Ɉɫɧɨɜɚɧɢɟɦ ɩɪɨɜɟɞɟɧɢɹ ɨɡɜɭɱɟɧɧɨɝɨ ɬɢɩɚ ɦɨɞɢɮɢɤɚɰɢɢ 

ɬɚɤɠɟ ɩɨɫɥɭɠɢɥɢ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨɛ ɚɤɬɢɜɧɨɦ ɩɨɢɫɤɟ 

ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɢɯ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɚɝɟɧɬɨɜ ɫɪɟɞɢ ɩɪɨɢɡɜɨɞɧɵɯ ɞɢɬɟɪɩɟɧɨɢɞɨɜ ɫ 

ɮɪɚɝɦɟɧɬɨɦ ɪɚɡɥɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ Д49]. 

Ʉɥɸɱɟɜɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɜ ɫɢɧɬɟɡɟ ɰɟɥɟɜɵɯ ɦɨɥɟɤɭɥ ɹɜɥɹɥɫɹ ɦɟɬɢɥ 16-

ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬ (55), ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɚɥɶɞɟɝɢɞɚ (53) ɜ ɞɜɟ ɫɬɚɞɢɢμ ɨɤɫɢɦɢɪɨɜɚɧɢɟ (53) 

ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ (Е)-ɨɤɫɢɦɚ (54) ɞɨ ɚɦɢɧɚ (55) (ɫɯɟɦɚ 14). ɉɨɫɥɟɞɧɟɟ 

ɩɪɟɜɪɚɳɟɧɢɟ ɨɫɭɳɟɫɬɜɥɟɧɨ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɧɚ ɧɢɤɟɥɟ Ɋɟɧɟɹ (ɜɵɯɨɞ λ7%) ɢɥɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ 

ɨɤɫɢɦɚ (54) ɚɤɬɢɜɢɪɨɜɚɧɧɵɦ ɰɢɧɤɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ (ɜɵɯɨɞ 56%). 
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ɋɯɟɦɚ 14 

 

Ʉɨɧɞɟɧɫɚɰɢɟɣ ɚɦɢɧɚ (55) ɫ N-ȼɨɫ-ɡɚɳɢɳɟɧɧɵɦɢ ω-ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ (56) ɢ (57), ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ ɢ 1-ɝɢɞɪɨɤɫɢɛɟɧɡɨɬɪɢɚɡɨɥɚ, ɜɵɩɨɥɧɟɧ ɫɢɧɬɟɡ ɚɦɢɞɨɜ 

(58) ɢ (59) (ɜɵɯɨɞ 57% ɢ 77% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) (ɫɯɟɦɚ 15).  

ɋɯɟɦɚ 15 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 16-ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (55) ɫ ɚɧɝɢɞɪɢɞɨɦ эɧɞɨ-5-ɧɨɪɛɨɪɧɟɧ-

2,3-ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (60), ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɹ ɪɟɚɤɰɢɢ, ɩɪɢɜɨɞɢɬ ɤ ɢɦɢɞɭ эɧɞɨ-

ɧɨɪɛɨɪɧɢɥ-5-ɟɧ-2,3-ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (61) (β0 ɱ, ɜɵɯɨɞ λ7%) ɢɥɢ γ-

ɤɚɪɛɚɦɨɢɥɛɢɰɢɤɥɨДβ.β.1Жɝɟɩɬ-5-ɟɧ-2-ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɟ (62) (6 ɱ, ɜɵɯɨɞ 76%) (ɫɯɟɦɚ 16). 

ɋɯɟɦɚ 16 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ N’-ɡɚɦɟɳɟɧɧɵɯ ɚɦɢɧɨɚɰɟɬɚɦɢɞɨɜ ɥɚɛɞɚɧɨɢɞɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɚɤɰɢɢ 

ɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɥɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ ɫ N-ɯɥɨɪɚɰɟɬɢɥɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɨɦ (63) (ɫɯɟɦɚ 

17). ɉɨɫɥɟɞɧɢɣ ɩɨɥɭɱɚɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɚɦɢɧɚ (55) ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɨɦ ɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ 
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ɜ ɯɥɨɪɢɫɬɨɦ ɦɟɬɢɥɟɧɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ (ɜɵɯɨɞ 81%). Ʉɨɧɞɟɧɫɚɰɢɸ ɫɨɟɞɢɧɟɧɢɹ (63) 

ɫ ɝɢɞɪɨɯɥɨɪɢɞɚɦɢ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ γ-ɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩɢɨɧɨɜɨɣ (64), ɚɦɢɧɨɧɨɧɚɧɨɜɨɣ (66) ɢ 

ɚɦɢɧɨɭɧɞɟɤɚɧɨɜɨɣ (67) ɤɢɫɥɨɬ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ K2CO3 ɜ ɌȽɎ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟν ɜɵɯɨɞ N’-ɡɚɦɟɳɟɧɧɵɯ ɚɦɢɞɨɜ (65), (68) ɢ (69) ɫɨɫɬɚɜɢɥ 61-67%. Ɋɟɚɤɰɢɸ 

ɫɨɟɞɢɧɟɧɢɹ (63) ɫ ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ D,L-ɜɚɥɢɧɚ (70) ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɢɩɹɱɟɧɢɢ 

ɪɟɚɝɟɧɬɨɜ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ K2CO3, ɫɨɟɞɢɧɟɧɢɟ (71) ɩɨɥɭɱɟɧɨ ɫ ɜɵɯɨɞɨɦ 44%. ȼ 

ɷɬɢɯ ɭɫɥɨɜɢɹɯ (63) ɤɨɧɞɟɧɫɢɪɨɜɚɥɢ ɫ ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ N-(9-ɚɦɢɧɨɧɨɧɚɧɨɢɥ)-3-

ɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (72), ɩɪɨɞɭɤɬ (73) ɜɵɞɟɥɢɥɢ ɫ ɜɵɯɨɞɨɦ 39%. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɦɟɬɢɥ 16-ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɢ 

ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɚɡɨɬɫɨɞɟɪɠɚɳɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɥɚɛɞɚɧɨɢɞɨɜμ ɤɨɧɞɟɧɫɚɰɢɟɣ ɫ N-ȼɨɫ-

ɡɚɳɢɳɟɧɧɵɦɢ ω-ɚɦɢɧɨɤɢɫɥɨɬɚɦɢ, ɪɟɚɤɰɢɟɣ ɫ ɚɧɝɢɞɪɢɞɨɦ эɧɞɨ-5-ɧɨɪɛɨɪɧɟɧ-2,3-ɞɢɤɚɪɛɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɪɨɢɡɜɨɞɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ ɫ N-

ɯɥɨɪɚɰɟɬɢɥɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɨɦ. 

 

5.2. ɉɈɅɍɑȿɇɂȿ ȺɁɅȺɄɌɈɇȺ ɆȿɌɂɅ 16-ɎɈɊɆɂɅɅȺɆȻȿɊɌɂȺɇȺɌȺ ɂ ȿȽɈ 

ɉɊȿȼɊȺɓȿɇɂə 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɥɶɞɟɝɢɞɨɜ ɫ ɚɰɢɥɝɥɢɰɢɧɚɦɢ (ɪɟɚɤɰɢɹ ɗɪɥɟɧɦɟɣɟɪɚ) ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ 5-(4ɇ)-ɨɤɫɚɡɨɥɨɧɨɜ (ɚɡɥɚɤɬɨɧɨɜ) [50, 51]. ɋɢɧɬɟɬɢɱɟɫɤɢɣ ɚɫɩɟɤɬ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ 

ɫɨɫɬɨɢɬ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 5-(4ɇ)-ɨɤɫɚɡɨɥɨɧɨɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

ɚɦɢɧɨɤɢɫɥɨɬ ɜ ɦɹɝɤɢɯ ɭɫɥɨɜɢɹɯ [52]. ɏɚɪɚɤɬɟɪ ɚɥɶɞɟɝɢɞɚ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɩɪɨɬɟɤɚɧɢɟ ɭɤɚɡɚɧɧɨɣ ɢɦɟɧɧɨɣ ɪɟɚɤɰɢɢ [53, 54]. Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ ɢ ɝɟɬɟɪɨɚɪɨɦɚɬɢɱɟɫɤɢɟ 

ɚɥɶɞɟɝɢɞɵ ɥɟɝɤɨ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɸ ɫ ɝɢɩɩɭɪɨɜɨɣ ɤɢɫɥɨɬɨɣ, ɨɛɪɚɡɭɹ ɨɤɫɚɡɨɥɨɧɵ ɫ ɯɨɪɨɲɢɦɢ 

ɜɵɯɨɞɚɦɢ. Ⱥɥɶɞɟɝɢɞɵ ɠɢɪɧɨɝɨ ɪɹɞɚ ɫ ɬɪɭɞɨɦ ɪɟɚɝɢɪɭɸɬ ɫ N-ɛɟɧɡɨɢɥɝɥɢɰɢɧɨɦ. Ⱥɥɶɞɟɝɢɞɵ 

ɬɟɪɩɟɧɨɜɨɝɨ ɪɹɞɚ ɜ ɷɬɨɣ ɪɟɚɤɰɢɢ ɧɟ ɢɡɭɱɚɥɢɫɶ. 

ɇɚɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɥɚɛɞɚɧɨɢɞɧɨɝɨ ɚɥɶɞɟɝɢɞɚ (53) c ɝɢɩɩɭɪɨɜɨɣ ɤɢɫɥɨɬɨɣ 

(74) ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ (ɤɢɩɹɱɟɧɢɟ ɜ ɭɤɫɭɫɧɨɦ ɚɧɝɢɞɪɢɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ, 1 

ɱ) [55Ж ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 5(4ɇ)-ɨɤɫɚɡɨɥɨɧɚ (75) ɫ ɜɵɯɨɞɨɦ 44% 

(ɤɨɧɜɟɪɫɢɹ 56%) (ɫɯɟɦɚ 18) [56]. ɉɨɩɵɬɤɚ ɭɜɟɥɢɱɟɧɢɹ ɜɵɯɨɞɚ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ ɩɪɨɜɟɞɟɧɢɟɦ 

ɪɟɚɤɰɢɢ ɜ ɬɟɱɟɧɢɟ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ (1 ɱ γ0 ɦɢɧ) ɧɟ ɩɪɢɜɟɥɚ ɤ ɭɫɩɟɯɭ, 

ɧɚɛɥɸɞɚɥɨɫɶ ɫɢɥɶɧɨɟ ɨɫɦɨɥɟɧɢɟ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɜɵɯɨɞ (75) ɫɨɫɬɚɜɢɥ β5%. ȼɵɯɨɞ 

ɚɡɥɚɤɬɨɧɚ (75) ɭɞɚɥɨɫɶ ɭɜɟɥɢɱɢɬɶ ɞɨ 76% ɩɪɢ ɡɚɦɟɧɟ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ ɧɚ ɤɚɪɛɨɧɚɬ ɤɚɥɢɹ. 

ɋɨɟɞɢɧɟɧɢɟ (75) ɨɛɪɚɡɭɟɬɫɹ ɜ ɜɢɞɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɢɡɨɦɟɪɚ ɫ (Z)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɞɜɨɣɧɨɣ 

ɫɜɹɡɢ. 

Ɍɟɪɩɟɧɨɢɞɧɵɣ 5(4ɇ)-ɨɤɫɚɡɨɥɨɧ (75) ɝɥɚɞɤɨ ɝɢɞɪɨɥɢɡɭɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɮɢɪɧɵɦ 

ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ ɢɥɢ 10%-ɧɵɦ ɪɚɫɬɜɨɪɨɦ ɫɩɢɪɬɨɜɨɣ ɳɟɥɨɱɢ; ɨɛɪɚɡɭɟɬɫɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ α-ɚɰɢɥɚɦɢɧɨɤɢɫɥɨɬɚ (76) ɫ Z-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ.  

ɋɯɟɦɚ 18 

 



31 

 

Ɋɟɚɤɰɢɢ ɚɡɥɚɤɬɨɧɚ (75) ɫ ɩɟɪɜɢɱɧɵɦɢ ɚɦɢɧɚɦɢ Дɚɧɢɥɢɧɨɦ (77), ɛɟɧɡɢɥɚɦɢɧɨɦ (78), 

ɮɟɧɢɥ(ɚɪɢɥ)ɷɬɢɥ(ɩɪɨɩɢɥ)-ɚɦɢɧɚɦɢ (79)-(82)Ж, ɚ ɬɚɤɠɟ ɫ 7-ɚɦɢɧɨɝɟɩɬɚɧɨɜɨɣ ɤɢɫɥɨɬɨɣ (83) 

ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ β-4 ɱ, ɜɵɯɨɞɵ 4-ɡɚɦɟɳɟɧɧɵɯ ɤɚɪɛɚɦɨɢɥ-ɜɢɧɢɥ-

ɛɟɧɡɚɦɢɞɨɜ (87)-(93) ɫɨɫɬɚɜɢɥɢ 5λ-λ1% (ɫɯɟɦɚ 19). ɇɚɢɛɨɥɟɟ ɧɢɡɤɢɣ ɜɵɯɨɞ ɩɨɥɭɱɟɧ ɜ ɪɟɚɤɰɢɢ 

(75) ɫ 3,5,6-ɬɪɢɦɟɬɨɤɫɢɛɟɧɡɚɦɢɧɨɦ (80); ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɚɥɤɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ 

ɚɪɢɥɚɥɤɢɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ [ɜ ɪɟɚɤɰɢɹɯ ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ (79), (81)-(82)] ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɜɵɯɨɞɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ 5(4ɇ)-ɨɤɫɚɡɨɥɨɧɚ (75) ɫ ɜɬɨɪɢɱɧɵɦɢ ɚɦɢɧɚɦɢ ДN-ɦɟɬɢɥɛɟɧɡɢɥɚɦɢɧɨɦ 

(84), ɩɢɩɟɪɢɞɢɧɨɦ (85)Ж ɢ ɬɪɟɬ-ɛɭɬɢɥɨɜɵɦ ɷɮɢɪɨɦ δ-ɩɪɨɥɢɧɚ (86) ɩɪɨɬɟɤɚɥɨ ɩɪɢ ɛɨɥɟɟ 

ɞɥɢɬɟɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ (5-6 ɱ) ɢ ɩɪɢɜɨɞɢɥɢ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɬɟɪɩɟɧɨɢɞɧɵɦ ɤɚɪɛɚɦɨɢɥ-

ɜɢɧɢɥɛɟɧɡɚɦɢɞɚɦ (94)-(96) (ɜɵɯɨɞ 7γ-83%). ɉɪɢ ɡɚɩɢɫɢ ɫɩɟɤɬɪɨɜ əɆɊ ɫɨɟɞɢɧɟɧɢɣ (94) ɢ (96) ɜ 

CDCl3 ɧɚɛɥɸɞɚɟɬɫɹ ɤɨɧɮɨɪɦɚɰɢɨɧɧɚɹ ɢɡɨɦɟɪɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɡɚɬɪɭɞɧɟɧɢɟɦ ɜɪɚɳɟɧɢɹ 

ɜɨɤɪɭɝ ɚɦɢɞɧɨɣ ɫɜɹɡɢ (ɚɦɢɞɧɚɹ ɦɟɡɨɦɟɪɢɹ), ɤɨɬɨɪɚɹ ɢɫɱɟɡɚɟɬ ɩɪɢ ɡɚɩɢɫɢ ɫɩɟɤɬɪɨɜ ɜ DMSO-d6 

[57]. 

Ⱥɡɥɚɤɬɨɧ (75) ɥɟɝɤɨ ɪɟɚɝɢɪɭɟɬ ɫ ɷɮɢɪɚɦɢ α-ɚɦɢɧɨɤɢɫɥɨɬ Дɥɟɣɰɢɧɨɦ (97) ɢ ɢɡɨɥɟɣɰɢɧɨɦ 

(98)]; ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɮɢɪɵ ɬɟɪɩɟɧɨɢɞɧɵɯ 2-ɛɟɧɡɨɢɥɚɦɢɧɨ-ɚɤɪɢɥɨɢɥɚɦɢɧɨɤɢɫɥɨɬ (99) ɢ 

(100) ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɚɦɢ 6β-78%.  

ɋɯɟɦɚ 19 

 

R=H: R
1
=Ph (77), CH2Ph (78), (CH2)2C6H4OH-(4) (79), CH2C6H2-OCH3-(3,4,5) (80), (CH2)2C6H2-[C(CH3)3]2-

(3,5)-OH-(4) (81), (CH2)3C6H2-[C(CH3)3]2-(3,5)-OH-(4) (82), (CH2)6CO2H (83); R=CH2Ph, R
1
=CH3 (84); 

R+R
1
=(CH2)5 (85), R+R

1
=[(CH2)3-CH]-2-CO2C(CH3)3 (86); R=CH(CH3)CH2CH3, R

1
=CH3 (97); 

R=CH2CH(CH3)2, R
1
=C(CH3)3 (98). 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɡɥɚɤɬɨɧɚ (75) ɫ ɝɢɞɪɚɡɢɧ ɝɢɞɪɚɬɨɦ ɢ ɮɟɧɢɥɝɢɞɪɚɡɢɧɨɦ ɩɪɢɜɨɞɢɬ ɤ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɝɢɞɪɚɡɢɞɭ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɨɣ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (101) ɢ (102) (ɜɵɯɨɞ 77-

90%) (ɫɯɟɦɚ 20). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ 1M ɪɚɫɬɜɨɪɟ NɚOH ɝɢɞɪɚɡɢɞ (101) 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 3,5-ɞɢɡɚɦɟɳɟɧɧɵɣ 1,2,4-ɬɪɢɚɡɢɧ-6-ɨɧ (103) (ɜɵɯɨɞ 80%).  

4,5-Ⱦɢɝɢɞɪɨɢɦɢɞɚɡɨɥ-5-ɨɧ ɥɚɛɞɚɧɨɜɨɝɨ ɬɢɩɚ (104) (ɜɵɯɨɞ 56%) ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɧɚɝɪɟɜɚɧɢɟɦ 

ɚɡɥɚɤɬɨɧɚ (75) c ɝɢɞɪɨɨɤɢɫɶɸ ɚɦɦɨɧɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɚɧɢɹ ɜ ɡɚɩɚɹɧɧɨɣ ɚɦɩɭɥɟ. 

Cɨɟɞɢɧɟɧɢɹ (103) ɢ (104) ɜɵɞɟɥɟɧɵ ɜ ɜɢɞɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɢɡɨɦɟɪɨɜ ɫ Z-ɤɨɧɮɢɝɭɪɚɰɢɟɣ 

ɞɜɨɣɧɨɣ ɫɜɹɡɢ. 

ɋɯɟɦɚ 20 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɫɢɧɬɟɡɭ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ 

ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ ɫ ɮɪɚɝɦɟɧɬɚɦɢ ɤɚɪɛɚɦɨɢɥɜɢɧɢɥɛɟɧɡɚɦɢɞɚ, ɷɮɢɪɚ β-

ɛɟɧɡɨɢɥɚɦɢɧɨɚɤɪɢɥɨɢɥɚɦɢɧɨɤɢɫɥɨɬ, ɝɢɞɪɚɡɢɞɚ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɨɣ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ, 1,2,4-

ɬɪɢɚɡɢɧ-6-ɨɧɚ ɢ β-ɮɟɧɢɥ-4,5-ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥ-5-ɨɧɚ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɣ ɩɪɨɞɭɤɬɚ ɤɨɧɞɟɧɫɚɰɢɢ 

ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɫ ɝɢɩɩɭɪɨɜɨɣ ɤɢɫɥɨɬɨɣ ɫ ɚɦɢɧɚɦɢ, ɷɮɢɪɚɦɢ ɚɦɢɧɨɤɢɫɥɨɬ, 

ɝɢɞɪɚɡɢɧɚɦɢ ɢ ɝɢɞɪɨɤɫɢɥɚɦɢɧɨɦ.  

 

5.3. ɋɂɇɌȿɁ ȽȿɌȿɊɈɐɂɄɅɂɑȿɋɄɂɏ ɉɊɈɂɁȼɈȾɇɕɏ ɎɍɊȺɇɈɅȺȻȾȺɇɈɂȾɈȼ 

5.3.1. ɋɂɇɌȿɁ ɎɍɊȺɇɈɅȺȻȾȺɇɈɂȾɈȼ ɋ 1,2,4-ɈɄɋȺȾɂȺɁɈɅɖɇɕɆ 
ɁȺɆȿɋɌɂɌȿɅȿɆ ȼ ɉɈɅɈɀȿɇɂɂ ɋ-16 

1,2,4-Ɉɤɫɚɞɢɚɡɨɥɶɧɵɣ ɰɢɤɥ ɷɥɟɦɟɧɬ ɫɬɪɭɤɬɭɪ ɦɧɨɝɢɯ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɹɜɥɹɸɳɢɯ ɚɧɬɢɩɚɪɚɡɢɬɚɪɧɵɟ, ɚɧɬɢɝɟɥɶɦɢɧɬɧɵɟ, ɞɢɭɪɟɬɢɱɟɫɤɢɟ, 
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ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ, ɝɢɩɨɝɥɢɤɟɦɢɱɟɫɤɢɟ, ɝɢɩɟɪɬɟɧɡɢɜɧɵɟ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ ɢ ɚɧɬɢ-ȼɂɑ 

ɫɜɨɣɫɬɜɚ. ȼ ɪɹɞɭ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɢɫɤɭ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɚɝɟɧɬɨɜ ɜ ɪɹɞɭ 

ɩɪɨɢɡɜɨɞɧɵɯ 1,2,4-ɨɤɫɚɞɢɚɡɨɥɨɜ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɭɫɩɟɲɧɵɟ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɫɢɧɬɟɡɭ 

ɫɨɟɞɢɧɟɧɢɣ ɫ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [58] ɩɨɥɭɱɟɧɵ 3,5-

ɞɢɚɪɢɥɡɚɦɟɳɟɧɧɵɟ 1,β,4-ɨɤɫɚɞɢɚɡɨɥɵ (105) ɢ (106), ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬ ɤɨɥɢɱɟɫɬɜɨ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɚɫɰɢɬɧɨɣ ɤɚɪɰɢɧɨɦɵ ɗɪɥɢɯɚ in vivo ɢ ɩɪɨɞɥɟɜɚɸɬ ɜɪɟɦɹ ɠɢɡɧɢ ɢɫɩɵɬɭɟɦɵɯ 

ɠɢɜɨɬɧɵɯ (ɪɢɫɭɧɨɤ 5). 1,2,4-Ɉɤɫɚɞɢɚɡɨɥɵ (107)-(109), ɹɜɥɹɸɳɢɟɫɹ ɚɧɚɥɨɝɚɦɢ ɯɨɪɨɲɨ 

ɢɡɜɟɫɬɧɨɝɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɩɨɞ ɬɨɪɝɨɜɵɦ ɧɚɡɜɚɧɢɟɦ Ɂɨɥɢɧɡɚ (ȼɨɪɢɧɨɫɬɚɬ), 

ɩɪɨɹɜɥɹɸɬ ɫɢɥɶɧɭɸ ɢɧɝɢɛɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɞɟɚɰɟɬɢɥɚɡɵ ɝɢɫɬɨɧɨɜ (HDAC) ɢ 

ɚɧɬɢɩɪɨɥɢɮɟɪɚɬɢɜɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ ɥɢɧɢɣ A54λ, NCI-H661 ɢ 

U937 [59]. ȼ ɱɚɫɬɧɨɫɬɢ IC50 (ȝM) ɫɨɟɞɢɧɟɧɢɣ (107), (108) ɢ (109) ɧɚ ɨɩɭɯɨɥɟɜɨɣ ɤɥɟɬɤɟ U937 

ɫɨɫɬɚɜɢɥɨ 0.29, 0.41 ɢ 0.45 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ ɦɟɧɶɲɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɟɩɚɪɚɬɚ ɫɪɚɜɧɟɧɢɹ – 

ɜɨɪɢɧɨɫɬɚɬɚ (IC50 (ȝM) 2.83). 5-(3-ɯɥɨɪɬɢɨɮɟɧ-2-ɢɥ)-3-(4-ɬɪɢɮɬɨɪɦɟɬɢɥɮɟɧɢɥ)-1,2,4-

Ɉɤɫɚɞɢɚɡɨɥ (110), ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɛɨɬɟ [60] ɤɚɤ ɧɨɜɵɣ ɫɢɥɶɧɵɣ ɢɧɞɭɤɬɨɪ ɚɩɨɩɬɨɡɚ, 

ɩɨɫɪɟɞɫɬɜɨɦ ɚɤɬɢɜɚɰɢɢ ɤɚɫɩɚɡ. ɉɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɚ-

ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɹɞɭ 3,5-ɞɢɚɪɢɥ-1,2,4-ɨɤɚɞɢɚɡɨɥɨɜ ɧɚ ɧɟɤɨɬɨɪɵɯ ɪɚɤɨɜɵɯ 

ɤɥɟɬɤɚɯ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɢ ɬɨɥɫɬɨɣ ɤɢɲɤɢ ɱɟɥɨɜɟɤɚ (T470, DLD1, H1299) ɩɨɡɜɨɥɹɸɬ ɫɭɞɢɬɶ, 

ɱɬɨ ɮɭɪɚɧɨɜɵɣ ɚɧɚɥɨɝ (111) ɫɨɟɞɢɧɟɧɢɹ (110) ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɝɨ ɧɟ ɦɟɧɟɟ ɫɢɥɶɧɵɦ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɦ ɚɝɟɧɬɨɦ.  

Ɋɢɫɭɧɨɤ 5 
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Ʉɥɚɫɫɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɫɢɧɬɟɡɚ 1,β,4-ɨɤɫɚɞɢɚɡɨɥɨɜ ɹɜɥɹɟɬɫɹ ɰɢɤɥɨɞɟɝɢɞɪɚɬɚɰɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ Ɉ-ɚɰɢɥɢɪɨɜɚɧɧɵɯ ɚɦɢɞɨɤɫɢɦɨɜ – ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɢɬɪɢɥɨɜ ɫ 

ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ Д61]. 

ɇɚɦɢ ɧɚɣɞɟɧɨ, ɱɬɨ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɚɫɬɜɨɪɨɜ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɨɜ (53) ɢ (112) ɜ 

ɌȽɎ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɦɦɢɚɤɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɨɞɚ ɝɥɚɞɤɨ ɨɛɪɚɡɭɸɬɫɹ ɥɚɛɞɚɧɨɜɵɟ ɧɢɬɪɢɥɵ 

(113) ɢ (114) (ɜɵɯɨɞɵ λ0-91%) (ɫɯɟɦɚ 21) [62]. Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ (113) ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɊɋȺ 

(ɩɪɢɥɨɠɟɧɢɟ 1). 

ɋɯɟɦɚ 21 

 

ɋɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ 1,β,4-ɨɤɫɚɞɢɚɡɨɥɨɜ (121)-(124), ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɫɯɟɦɟ β2, 

ɜɤɥɸɱɚɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɢɬɪɢɥɨɜ (113) ɢ (114) ɫ ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ, 

ɚɰɢɥɢɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɚɦɢɞɨɤɫɢɦɨɜ (115) ɢ (116) ɯɥɨɪɢɫɬɵɦ ɚɰɟɬɢɥɨɦ ɢɥɢ ɯɥɨɪɢɫɬɵɦ 

ɛɟɧɡɨɢɥɨɦ ɢ ɩɨɫɥɟɞɭɸɳɟɸ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɰɢɤɥɢɡɚɰɢɸ O-ɚɰɟɬɢɥɚɦɢɞɨɤɫɢɦɨɜ (117) ɢ 

(119) ɢ O-ɛɟɧɡɨɢɥɚɦɢɞɨɤɫɢɦɨɜ (118) ɢ (120). ɉɨɫɥɟɞɧɟɸ ɫɬɚɞɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ 

ɬɨɥɭɨɥɟ.  

ɋɯɟɦɚ 22 

 
Ⱦɥɹ ɜɜɟɞɟɧɢɹ ɯɥɨɪɦɟɬɢɥɟɧɨɜɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɟ ɋ-5 1,2,4-ɨɤɫɚɞɢɚɡɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ɚɦɢɞɨɤɫɢɦɵ (115) ɢ (116) ɚɰɢɥɢɪɨɜɚɥɢ 2-ɯɥɨɪɚɰɟɬɢɥɯɥɨɪɢɞɨɦ; ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɨɜ ɜɵɞɟɥɢɥɢ 

ɫɨɟɞɢɧɟɧɢɹ (125) ɢ (126) (ɜɵɯɨɞ 4λ% ɢ 63% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) (ɫɯɟɦɚ β3) 
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ɋɯɟɦɚ 23 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɫɢɧɬɟɡɚ ɯɢɪɚɥɶɧɵɯ 1,β,4-ɨɤɫɚɞɢɚɡɨɥɨɜ ɫ 

ɬɟɪɩɟɧɨɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ, ɜɤɥɸɱɚɸɳɟɣ ɩɪɟɜɪɚɳɟɧɢɟ 

ɧɨɜɵɯ ɥɚɛɞɚɧɨɜɵɯ ɧɢɬɪɢɥɨɜ ɜ ɚɦɢɞɨɤɫɢɦɵ ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɰɢɤɥɢɡɚɰɢɸ Ɉ-

ɚɰɢɥɢɪɨɜɚɧɧɵɯ ɚɦɢɞɨɤɫɢɦɨɜ. 

 

5.3.2. ɋɂɇɌȿɁ 1,2,3-ɌɊɂȺɁɈɅɋɈȾȿɊɀȺɓɂɏ ɎɍɊȺɇɈɅȺȻȾȺɇɈɂȾɈȼ 

ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɜ ɩɨɥɭɱɟɧɢɟ ɰɟɧɧɵɯ 

ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ, ɧɚɦɢ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ 1,2,3-ɬɪɢɚɡɨɥ. ɍɤɚɡɚɧɧɵɣ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɣ ɡɚɦɟɫɬɢɬɟɥɶ ɫɨɞɟɪɠɢɬɫɹ ɜ ɫɨɟɞɢɧɟɧɢɹɯ, ɨɛɥɚɞɚɸɳɢɯ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɨɣ, 

ɚɧɬɢɷɩɢɥɟɩɬɢɱɟɫɤɨɣ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ Д63, 64, 65Ж. ȼ ɪɹɞɭ 

ɬɪɢɚɡɨɥɢɥɡɚɦɟɳɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɣɞɟɧɵ ɫɟɥɟɤɬɢɜɧɵɟ ɢɧɝɢɛɢɬɨɪɵ ɦɟɬɢɨɧɢɧ 

ɚɦɢɧɨɩɟɩɬɢɞɚɡɵ β-ɨɝɨ ɬɢɩɚ, ɩɪɨɬɟɚɡɵ ȼɂɑ-1, ɬɢɪɨɡɢɧ ɤɢɧɚɡɵ 
[66, 67, 68Ж. ɇɟɦɚɥɨɜɚɠɧɵɦ 

ɞɨɫɬɨɢɧɫɬɜɨɦ ɞɚɧɧɨɝɨ ɝɟɬɟɪɨɰɢɤɥɚ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɟɝɨ 

ɫɢɧɬɟɡɚ – Cu-ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɪɟɚɤɰɢɹ ɚɡɢɞ-ɚɥɤɢɧɨɜɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ – 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɜɵɫɨɤɨɣ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɜɵɯɨɞɚɦɢ, ɩɪɨɫɬɨɬɨɣ 

ɨɮɨɪɦɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɬɨɥɟɪɚɧɬɧɨɫɬɶɸ ɤ ɪɚɡɥɢɱɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɝɪɭɩɩɚɦ Д69, 70]. 

ɋɢɧɬɟɡ ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɩɪɨɜɨɞɢɥɢ ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɫɨɟɞɢɧɟɧɢɹɦɢ ɦɟɞɢ ɪɟɚɤɰɢɟɣ 1,γ-ɞɢɩɨɥɹɪɧɨɝɨ 

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɚɡɢɞɨɜ ɤ ɚɥɤɢɧɫɨɞɟɪɠɚɳɢɦ ɥɚɛɞɚɧɨɢɞɚɦ (128), (129ɚ)-(129ɛ) ɢ 

(130ɚ)-(130ɛ) [71Ж. ɉɨɫɥɟɞɧɢɟ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɧɚɦɢ ɫɩɨɫɨɛɚɦ ɩɨɥɭɱɟɧɢɹ 

ɥɚɛɞɚɧɨɜɵɯ ɚɥɤɢɧɨɜ ɢɡ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) (ɫɯɟɦɚ 24). Ɍɚɤ, ɚɥɶɞɟɝɢɞ (53) 

ɩɪɟɜɪɚɳɚɥɢ ɜ ɩɪɨɩɚɪɝɢɥɮɭɪɢɥɨɜɵɣ ɷɮɢɪ (128) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɫɬɚɞɢɣ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɟɝɨ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɦɟɬɚɧɨɥɟ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɭɱɟɧɧɨɝɨ 16-

ɝɢɞɪɨɤɫɢɦɟɬɢɥɩɪɨɢɡɜɨɞɧɨɝɨ (127) ɫ ɩɪɨɩɚɪɝɢɥɨɦ ɛɪɨɦɢɫɬɵɦ. ɋɢɧɬɟɡ 1(R)- ɢ 1(S)-

ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɧɵɯ ɝɨɦɨɩɪɨɩɚɪɝɢɥɶɧɵɯ ɫɩɢɪɬɨɜ (129ɚ)-(129ɛ) (ɫɨɨɬɧɨɲɟɧɢɟ 1 μ 1) ɩɪɨɜɟɞɟɧ 
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ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ (53) ɫ ɩɪɨɩɚɪɝɢɥɨɦ ɛɪɨɦɢɫɬɵɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɰɢɧɤɨɜɨɣ 

ɩɵɥɢ. Ⱦɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 1(R)- ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɚ (129ɚ) ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɊɋȺ (ɩɪɢɥɨɠɟɧɢɟ 

1). ɋɨɨɬɧɨɲɟɧɢɟ ɝɨɦɨɩɪɨɩɚɪɝɢɥɶɧɵɯ ɫɩɢɪɬɨɜ (129ɚ)-(129ɛ) ɭɫɬɚɧɨɜɥɟɧɨ ɢɡ ɞɚɧɧɵɯ ɫɩɟɤɬɪɚ 
əɆɊ 1ɇ Дɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɇ(17) ɜ ɚɰɟɬɚɬɚɯ 

(131ɚ)-(131ɛ)]. Ⱦɢɚɥɤɢɧɵ (130ɚ)-(130ɛ) ɩɨɥɭɱɟɧɵ ɪɟɚɤɰɢɟɣ ɞɢɬɟɪɩɟɧɨɜɵɯ ɫɩɢɪɬɨɜ (129ɚ)-(129ɛ) 

ɫ ɩɪɨɩɚɪɝɢɥɨɦ ɛɪɨɦɢɫɬɵɦ.  

ɋɯɟɦɚ 24 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɥɤɢɧɢɥɥɚɛɞɚɧɨɢɞɨɜ (129ɚ)-(129ɛ) ɫ ɛɟɧɡɢɥɚɡɢɞɨɦ (134) ɢ ɦɟɬɢɥ-2-

ɚɡɢɞɨɚɰɟɬɚɬɨɦ (132) ɩɪɨɜɨɞɢɥɢ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ ɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ CuI; 1(R)- ɢ 1(S)-16-[2-(1-ɛɟɧɡɢɥ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ)-1-

ɝɢɞɪɨɤɫɢɷɬɢɥЖ- (135ɚ)-(135ɛ) ɢ 1(R)- ɢ 1(S)-16-[2-(1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-1,2,3-ɬɪɢɚɡɨɥ-4-

ɢɥ)-1-ɝɢɞɪɨɤɫɢɷɬɢɥ]-ɥɚɛɞɚɬɪɢɟɧɵ (133ɚ)-(133ɛ) ɜɵɞɟɥɢɥɢ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ ɫ ɜɵɯɨɞɨɦ 80% ɢ 8β% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 25). 
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ɋɯɟɦɚ 25 

 

Ƚɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɥɭɱɟɧɧɵɯ ɬɪɢɚɡɨɥɢɥɥɚɛɞɚɧɨɢɞɨɜ, ɧɚɩɪɢɦɟɪ (135ɚ)-

(135ɛ), ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɩɪɨɜɟɞɟɧɢɢ ɞɚɥɶɧɟɣɲɢɯ ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɟɜɪɚɳɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɫɥɟɞɧɢɯ ɜɵɛɪɚɧɵ ɪɟɚɤɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɢɬɶ ɢɡ 

ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɧɨɣ ɫɦɟɫɢ (135ɚ)-(135ɛ) ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɬɪɢɚɡɨɥɢɥɥɚɛɞɚɧɨɢɞɵ (ɫɯɟɦɚ β6). Ɍɚɤ, 

ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɫɩɢɪɬɨɜ (135ɚ)-(135ɛ) ɪɟɚɝɟɧɬɨɦ Ⱦɟɫɫ-Ɇɚɪɬɢɧɚ ɩɨɥɭɱɚɥɢ 1-ɤɟɬɨɩɪɨɢɡɜɨɞɧɨɟ 

(136) ɫ ɜɵɯɨɞɨɦ 65%. ɋɬɟɪɟɨɢɡɨɦɟɪɧɵɟ ɫɩɢɪɬɵ (135ɚ)-(135ɛ) ɩɪɟɜɪɚɳɚɥɢ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ 

(E)-ɬɪɢɚɡɨɥɢɥɜɢɧɢɥɥɚɛɞɚɧɨɢɞ (137) ɨɛɪɚɛɨɬɤɨɣ ɢɯ ɦɟɬɚɧɫɭɥɶɮɨɧɢɥɯɥɨɪɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɬɪɢɷɬɢɥɚɦɢɧɚ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 4-ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧɚ (ɜɵɯɨɞ 4λ%).  

ɋɯɟɦɚ 26 

 

1,3-Ⱦɢɩɨɥɹɪɧɨɟ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ (3S,4R,5R)-3-ɚɡɢɞo-4,5-ɛɢɫД(ɦɟɬɚɧɫɭɥɶɮɨɧɢɥ)ɨɤɫɢЖ-1-

(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɰɢɤɥɨɝɟɤɫɟɧɚ (138)
 ɤ ɚɥɤɢɧɚɦ (129ɚ)-(129ɛ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ CuI ɢ 

ɞɢɢɡɨɩɪɨɩɢɥɚɦɢɧɚ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɷɥɢɦɢɧɢɪɨɜɚɧɢɟɦ ɫɭɥɶɮɨɧɢɥɨɤɫɢɡɚɦɟɫɬɢɬɟɥɹ ɢ 

ɚɪɨɦɚɬɢɡɚɰɢɟɣν ɨɛɪɚɡɭɸɬɫɹ 16-(1-ɝɢɞɪɨɤɫɢ-2-{1-[3-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɮɟɧɢɥ]-1,2,3-ɬɪɢɚɡɨɥ-4-

ɢɥ}ɷɬɢɥ)ɥɚɛɞɚɬɪɢɟɧɵ (139ɚ)-(139ɛ) (ɜɵɯɨɞ 85%) (ɫɯɟɦɚ β7). Ⱥɧɚɥɨɝɢɱɧɨ, ɜ ɪɟɚɤɰɢɢ ɚɡɢɞɚ (138) 

ɫ ɚɥɤɢɧɨɦ (128) ɩɨɥɭɱɚɥɢ 1,2,3-ɬɪɢɚɡɨɥ (140) ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɡɚɦɟɫɬɢɬɟɥɟɦ (ɜɵɯɨɞ 87%). 

Ʌɟɝɤɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɚɪɨɦɚɬɢɡɚɰɢɢ ɫɨɟɞɢɧɟɧɢɹ (138) ɨɬɦɟɱɟɧɚ ɪɚɧɟɟ ɜ ɪɚɛɨɬɟ 
[72].  
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ɋɯɟɦɚ 27 

 

ȼ ɫɜɹɡɢ ɫ ɰɟɧɧɵɦɢ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɛɢɫ-1,2,3-ɬɪɢɚɡɨɥɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ [73], cɢɧɬɟɡɢɪɨɜɚɧɵ ɥɚɛɞɚɧɨɢɞɧɵɟ ɛɢɫ-ɬɪɢɚɡɨɥɵ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɢ 1,γ-

ɞɢɩɨɥɹɪɧɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɞɢɚɥɤɢɧɚɦɢ (130ɚ)-(130ɛ) (ɫɯɟɦɚ 28). Ɋɟɚɤɰɢɢ ɩɪɨɜɨɞɢɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɢɥ-2-ɚɡɢɞɨɚɰɟɬɚɬɚ (132) (β ɷɤɜ.) ɢ ɚɡɢɞoɰɢɤɥɨɝɟɤɫɟɧɚ (138) (β ɷɤɜ.). ȼɵɯɨɞ 

ɛɢɫ(1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-ɬɪɢɚɡɨɥ-4-ɢɥ) (141ɚ)-(141ɛ) ɢ ɛɢɫ(1-ɚɪɢɥɬɪɢɚɡɨɥ-4-ɢɥ) (142ɚ)-

(142ɛ) ɫɨɞɟɪɠɚɳɢɯ ɥɚɛɞɚɧɨɢɞɨɜ ɫɨɫɬɚɜɢɥ 86% ɢ 78% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɯɟɦɚ 28 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɦɢ ɨɫɭɳɟɫɬɜɥɟɧ ɫɢɧɬɟɡ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ, ɫɨɞɟɪɠɚɳɢɯ 1,β,γ-ɬɪɢɚɡɨɥɶɧɵɟ ɢ ɛɢɫ-(1,2,3-ɬɪɢɚɡɨɥɶɧɵɟ) ɡɚɦɟɫɬɢɬɟɥɢ. Ʌɟɝɤɨɫɬɶ 

ɩɪɨɬɟɤɚɧɢɹ Cu-ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ ɚɡɢɞ-ɚɥɤɢɧɨɜɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɛɭɫɥɨɜɢɥ 

ɢɧɬɟɪɟɫ ɤ ɪɚɡɜɢɬɢɸ ɷɬɨɣ ɪɚɛɨɬɵ ɜ ɩɨɥɭɱɟɧɢɟ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 
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ȽɅȺȼȺ 6. ɋɂɇɌȿɁ 1,2,3-ɌɊɂȺɁɈɅɋɈȾȿɊɀȺɓɂɏ ɏɂɊȺɅɖɇɕɏ 

ɆȺɄɊɈɐɂɄɅɂɑȿɋɄɂɏ ɎɍɊȺɇɈɅȺȻȾȺɇɈɂȾɈȼ 

ɉɪɢɪɨɞɧɵɟ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ ɬɟɪɩɟɧɨɢɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫɧɭɸ 

ɝɪɭɩɩɭ ɫɨɟɞɢɧɟɧɢɣ ɫ ɧɟɨɛɵɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɰɟɧɧɵɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ȼ ɨɛɲɢɪɧɨɦ ɪɹɞɭ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɬɚɤɫɨɢɞɨɜ, ɧɚɣɞɟɧɵ ɫɟɥɟɤɬɢɜɧɵɟ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɟ ɚɝɟɧɬɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ ɪɚɤɚ ɝɪɭɞɢ LCC6-АT, ɢɧɞɭɰɢɪɭɸɳɢɟ 

ɩɨɥɢɦɟɪɢɡɚɰɢɸ ɬɭɛɭɥɢɧɚ ɚɧɚɥɨɝɢɱɧɨ ɩɚɤɥɢɬɚɤɫɟɥɭ [74Ж. ɉɪɢɪɨɞɧɵɟ ɝɥɢɤɨɬɟɪɩɟɧɨɢɞɵ 

(ɝɥɢɤɨɮɚɧɵ) – ɫɢɮɨɧɨɡɢɞɵ ɩɪɨɹɜɥɹɸɬ ɰɢɬɨɬɨɤɫɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɭɸ 

ɢɧɞɭɤɰɢɟɣ ɚɩɨɩɬɨɡɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ Д75]. Ɇɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɢɡ 

ɫɬɟɜɢɨɥɚ ɢ ɟɝɨ ɢɡɨɦɟɪɚ ɢɡɨɫɬɟɜɢɨɥɚ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ ɩɪɨɬɢɜɨɬɭɛɟɪɤɭɥɟɡɧɵɦɢ ɚɝɟɧɬɚɦɢ, 

ɩɪɟɜɨɫɯɨɞɹɳɢɟ ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɢɫɯɨɞɧɵɟ ɩɪɢɪɨɞɧɵɟ ɦɟɬɚɛɨɥɢɬɵ 
[76Ж. Ɇɚɤɪɨɰɢɤɥɢɡɚɰɢɟɣ 

ɩɚɤɥɢɬɚɤɫɟɥɚ ɩɨɥɭɱɟɧɵ ɫɨɟɞɢɧɟɧɢɹ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɧɚ 

ɤɭɥɶɬɭɪɚɯ ɥɢɧɢɣ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɦɨɡɝɚ Д77Ж. ȼɜɟɞɟɧɢɟɦ ɜ ββ-ɤɪɚɭɧ-6 ɷɮɢɪɨɜ ɦɚɥɟɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ (ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɥɟɜɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɦɚɥɟɢɧɨɜɵɦ 

ɚɧɝɢɞɪɢɞɨɦ) ɩɨɥɭɱɟɧ ɪɹɞ ɯɢɪɚɥɶɧɵɯ ɤɨɪɚɧɞɨɜ ɫ ɋ1-ɫɢɦɦɟɬɪɢɟɣ, ɫɩɨɫɨɛɧɵɯ ɤ ɯɢɪɚɥɶɧɨɦɭ 

ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɪɚɡɥɢɱɧɵɯ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɦɨɥɟɤɭɥ Д78, 79, 80]. 

ɇɚɦɢ ɜɩɟɪɜɵɟ ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɛɞɚɧɨɜɵɯ 

ɞɢɬɟɪɩɟɧɨɢɞɨɜ ɫ ɩɨɦɨɳɶɸ Cu(I)-ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ 1,γ-ɞɢɩɨɥɹɪɧɨɝɨ 

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɬɚɜɥɟɧɧɵɟ ɜ ɡɚɞɚɱɭ ɫɢɧɬɟɡɚ 

ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɤɚɤ ɫ ɩɨɡɢɰɢɢ ɩɨɥɭɱɟɧɢɹ ɜɟɳɟɫɬɜ ɫ 

ɜɵɪɚɠɟɧɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɬɚɤ ɢ ɫɨɡɞɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɥɚɞɚɸɳɢɯ ɫɜɨɣɫɬɜɚɦɢ 

ɫɟɥɟɤɬɢɜɧɵɯ ɤɨɦɩɥɟɤɫɚɧɬɨɜ ɤɚɬɢɨɧɨɜ ɦɟɬɚɥɥɨɜ. ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɜ 

ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɧɨɜɚɧɚ ɧɚ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɨ 1,β,γ-ɬɪɢɚɡɨɥɶɧɵɯ ɥɢɝɚɧɞɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɩɨɥɭɱɟɧɧɵɯ ɢ ɧɚ ɨɫɧɨɜɟ ɨɥɟɚɧɨɥɨɜɨɣ ɢ ɝɥɢɰɢɪɪɟɬɨɜɨɣ ɤɢɫɥɨɬ, ɨɛɪɚɡɭɸɳɢɯ ɭɫɬɨɣɱɢɜɵɟ 

ɤɨɦɩɥɟɤɫɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɚɬɢɨɧɚɦɢ, ɚɧɢɨɧɚɦɢ ɢ ɧɟɣɬɪɚɥɶɧɵɦɢ ɫɭɛɫɬɪɚɬɚɦɢ Д81, 82, 83]. 

Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ 1,2,3-ɬɪɢɚɡɨɥɶɧɵɣ ɰɢɤɥ ɮɭɧɤɰɢɸ ɫɜɹɡɵɜɚɧɢɹ ɜɵɩɨɥɧɹɟɬ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ (ɚɬɨɦ ɚɡɨɬɚ N-γ ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɚɤɰɟɩɬɨɪ, ɚ ɫɜɹɡɶ HC-4 ɤɚɤ ɞɨɧɨɪ) ɢ ɱɟɪɟɡ ɢɨɧ-

ɞɢɩɨɥɶɧɨɟ ɢ ɞɢɩɨɥɶ-ɞɢɩɨɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ [84]. 

ɋɢɧɬɟɡ ɰɟɥɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜɵɩɨɥɧɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɜɟɪɝɟɧɬɧɨɣ ɫɬɪɚɬɟɝɢɢ, 

ɜɤɥɸɱɚɸɳɟɣ ɩɨɥɭɱɟɧɢɟ ɞɢɚɡɢɞɨɜ [1,5-ɞɢɚɡɨɩɟɧɬɚɧ, 1,10-ɞɢɚɡɨɞɟɤɚɧ, 1-ɚɡɢɞɨ-2-(2-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧ ɢ 1,β-ɛɢɫ-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧ], ɞɢɚɥɤɢɧɢɥɥɚɛɞɚɧɨɢɞɨɜ ɢ ɢɯ 1,3-ɞɢɩɨɥɹɪɧɨɟ 

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ. ȼ ɤɚɱɟɫɬɜɟ ɞɢɚɥɤɢɧɢɥɥɚɛɞɚɧɨɢɞɨɜ, ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɪɚɧɟɟ ɩɨɥɭɱɟɧɧɵɦ 

ɞɢɚɰɟɬɢɥɟɧɨɜɵɦ ɩɪɨɢɡɜɨɞɧɵɦ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (130ɚ)-(130ɛ), ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɩɪɨɢɡɜɨɞɧɵɟ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ 4 ɬɢɩɨɜ ɫ ɨɤɫɢɩɪɨɩɚɪɝɢɥɶɧɵɦɢ ɢ ɦɟɬɢɥɟɧɨɤɫɢɩɪɨɩɚɪɝɢɥɶɧɵɦɢ 

ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɩɪɢ ɚɬɨɦɚɯ ɭɝɥɟɪɨɞɚ ɋ-17, ɋ-18 ɢ ɋ-15, ɋ-16 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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6.1. ɋɂɇɌȿɁ ȾɂȺɅɄɂɇɂɅɅȺȻȾȺɇɈɂȾɈȼ 

Cɢɧɬɟɡ 15,16-ɞɢɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɥɚɛɞɚ-8(17),13,14-ɬɪɢɟɧɚ (145) ɢɡ ɩɪɨɩɚɪɝɢɥɮɭɪɢɥɨɜɨɝɨ 

ɷɮɢɪɚ (128) ɩɪɢɜɟɞɟɧ ɧɚ ɫɯɟɦɟ β9. ɉɨɫɥɟɞɧɢɣ ɩɨɥɭɱɚɥɢ ɢɡ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (2) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɩɪɟɜɪɚɳɟɧɢɣ, ɱɚɫɬɢɱɧɨ ɨɩɢɫɚɧɧɨɣ ɜ ɫɯɟɦɟ β4, ɜɤɥɸɱɚɸɳɟɣ 

ɮɨɪɦɢɥɢɪɨɜɚɧɢɟ (2), ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ 

ɦɟɬɚɧɨɥɟ ɢ Ɉ-ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɩɢɪɬɚ ɩɪɨɩɚɪɝɢɥɛɪɨɦɢɞɨɦ ɜ ȾɆɎȺ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ. Ⱥɧɚɥɨɝɢɱɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɣ, ɫ ɧɟɛɨɥɶɲɢɦ 

ɢɡɦɟɧɟɧɢɟɦ ɭɫɥɨɜɢɹ ɜ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɩɪɟɜɪɚɳɟɧɢɹɯ, ɩɪɢɦɟɧɹɥɢ ɞɥɹ ɜɜɟɞɟɧɢɹ 

ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɨ ɋ-15. Ɍɚɤ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɚɥɶɞɟɝɢɞɚ (143) ɩɪɨɜɨɞɢɥɢ 

ɨɛɪɚɛɨɬɤɨɣ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɢɡɨɩɪɨɩɢɥɨɜɨɦ ɫɩɢɪɬɟν ɜ ɦɟɬɚɧɨɥɟ ɩɨɥɭɱɚɥɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 

ɚɰɟɬɚɥɶ (146). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɩɢɪɬɚ (144) ɫ ɩɪɨɩɚɪɝɢɥɨɦ ɛɪɨɦɢɫɬɵɦ ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟν ɜ ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɟ ɩɨ ɦɢɦɨ ɰɟɥɟɜɨɝɨ ɩɪɨɞɭɤɬɚ 

– ɞɢɩɪɨɩɚɪɝɢɥɮɭɪɢɥɨɜɨɝɨ ɷɮɢɪɚ (145) (ɜɵɯɨɞ 34%) – ɩɨɥɭɱɚɥɢ ɦɟɬɢɥ 15-(ɮɨɪɦɢɥɨɤɫɢɦɟɬɢɥ)-

16-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢɦɟɬɢɥ)ɥɚɛɞɚ-8,13,14-ɬɪɢɟɧ (147) (ɜɵɯɨɞ βγ%).  

ɋɯɟɦɚ 29 

 

ɂɫɯɨɞɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɜ ɫɢɧɬɟɡɟ ɦɟɬɢɥ 16-Д(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥЖ-17-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɥɚɛɞɚɞɢɟɧɚ (152) ɹɜɥɹɥɫɹ ɫɩɢɪɬ (148), ɩɨɥɭɱɟɧɧɵɣ ɫɬɟɪɟɨɫɟɥɟɤɬɢɜɧɵɦ 

ɝɢɞɪɨɛɨɪɢɪɨɜɚɧɢɟɦ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɨɣ ɳɟɥɨɱɧɵɦ ɪɚɫɬɜɨɪɨɦ 

ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɟ Д85Ж (ɫɯɟɦɚ 30). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ (8R)-

ɝɢɞɪɨɤɫɢɥɚɛɞɚɞɢɟɧɚ (148) ɫ ɩɪɨɩɚɪɝɢɥɨɦ ɛɪɨɦɢɫɬɵɦ ɩɪɨɜɨɞɢɥɢ ɜ ȾɆɎȺ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ, ɜɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ (149) ɫɨɫɬɚɜɢɥ 6γ%. Ɏɨɪɦɢɥɢɪɨɜɚɧɢɟɦ (149) ɩɨ 

ȼɢɥɶɫɦɚɣɟɪɭ-ɏɚɚɤɭ ɩɨɥɭɱɚɥɢ ɚɥɶɞɟɝɢɞ (150), ɤɨɬɨɪɵɣ ɝɥɚɞɤɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɥɢ ɞɨ ɫɩɢɪɬɚ (151) 
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ɨɛɪɚɛɨɬɤɨɣ ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɦɟɬɚɧɨɥɟ. Ɉ-Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɪɨɩɚɪɝɢɥɨɦ 

ɛɪɨɦɢɫɬɵɦ ɪɟɚɥɢɡɨɜɵɜɚɥɢ, ɫ 75% ɜɵɯɨɞɨɦ ɞɢɚɰɟɬɢɥɟɧɚ (152), ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

Naɇ. 

ɋɯɟɦɚ 30 

 

ȼ ɫɢɧɬɟɡɟ 17,18-ɞɢɩɪɨɩɚɪɝɢɥɨɤɫɢɥɚɦɛɟɪɬɢɚɧɚɬɚ (154) ɫɨɟɞɢɧɟɧɢɟ (149) ɩɪɟɜɪɚɳɚɥɢ ɜ ɫɩɢɪɬ 

(153), ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɜɵɯɨɞɨɦ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɚɥɸɦɨɝɢɞɪɢɞɨɦ ɥɢɬɢɹ ɜ ɌȽɎ (ɫɯɟɦɚ 31). 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɩɨɫɥɟɞɧɟɝɨ ɫ ɩɪɨɩɚɪɝɢɥɛɪɨɦɢɞɨɦ ɜ ȾɆɎȺ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ 

ɩɨɥɭɱɚɥɢ ɞɢɚɥɤɢɧɢɥɥɚɛɞɚɧɨɢɞ (154) ɫ ɜɵɯɨɞɨɦ 56%. 

ɋɯɟɦɚ 31 

 

ȼ ɫɢɧɬɟɡɟ 18-ɩɪɨɩɚɪɝɢɥɨɤɫɢ-16-[(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥЖɥɚɛɞɚɬɪɢɟɧɚ (159) ɢɡ 

ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2), ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɦɢ ɬɢɩɚɦɢ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɨɥɭɱɚɥɢ 

ɩɪɨɩɚɪɝɢɥɨɜɵɣ ɷɮɢɪ ɩɨ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɋ-18 (156), ɚ ɡɚɬɟɦ ɜɜɨɞɢɥɢ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɵɣ 

ɡɚɦɟɫɬɢɬɟɥɶ ɜ ɮɭɪɚɧɨɜɵɣ ɰɢɤɥ (ɫɯɟɦɚ γ2).  
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ɋɯɟɦɚ 32                    

 

 

6.2. ɋu-ɄȺɌȺɅɂɁɂɊɍȿɆɈȿ 1,3-ȾɂɉɈɅəɊɇɈȿ ɐɂɄɅɈɉɊɂɋɈȿȾɂɇȿɇɂȿ 
ȾɂȺɅɄɂɇɂɅɅȺȻȾȺɇɈɂȾɈȼ ɋ ȾɂȺɁɂȾȺɆɂ 

Ɋɟɚɤɰɢɸ ɞɢɚɰɟɬɢɥɟɧɨɜ (130ɚ)-(130ɛ) ɫ 1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧɨɦ (160) (1 ɷɤɜ.) ɩɪɨɜɨɞɢɥɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ CuI ɢ ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ (0.05 Ɇ ɪɚɫɬɜɨɪ ɫɨɟɞɢɧɟɧɢɣ (130ɚ)-

(130ɛ)) ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɫɯɟɦɚ γ3) [86Ж. ɂɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜɵɞɟɥɟɧɵ 

ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ (161ɚ)-(161ɛ), ɫɨɞɟɪɠɚɳɢɟ ɮɪɚɝɦɟɧɬ ɥɚɛɞɚɧɨɜɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ 

ɢ ɞɜɚ 1,β,γ-ɬɪɢɚɡɨɥɶɧɵɯ ɮɪɚɝɦɟɧɬɚ, ɜ ɜɢɞɟ ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ ɩɨ ɚɬɨɦɭ C-4’ ɫ ɨɛɳɢɦ 

ɜɵɯɨɞɨɦ 57%. 

ɋɯɟɦɚ 33 

 

Ⱦɚɥɟɟ, ɪɟɚɤɰɢɢ 1,γ-ɞɢɩɨɥɹɪɧɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ CuSO4, 

ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ ɫɢɫɬɟɦɟ ɯɥɨɪɢɫɬɵɣ ɦɟɬɢɥɟɧ-ɜɨɞɚ (β0μ1) ɩɪɢ 40ɨɋ. ȼɵɛɨɪ ɩɨɫɥɟɞɧɟɝɨ 
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ɭɫɥɨɜɢɹ ɨɫɧɨɜɵɜɚɥɫɹ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Ɉ.ɂ. Ʉɪɟɦɟɧɤɨ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɚɜɬɨɪɚ: ɪɟɚɤɰɢɢ ɚɥɤɢɧɢɥɡɚɦɟɳɟɧɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɚɡɢɞɚɦɢ ɫɚɯɚɪɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɫɬɟɦɵ CuSO4-

ɚɫɤɨɪɛɚɬ ɧɚɬɪɢɹ ɞɚɜɚɥɢ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ, ɱɟɦ ɜ ɭɫɥɨɜɢɹɯ ɫ CuI ɢ 

ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɨɦ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ 15,16-ɞɢɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɥɚɛɞɚ-8,13,15-ɬɪɢɟɧɚ (145) ɫ 1 

ɷɤɜɢɜɚɥɟɧɬɨɦ 1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧɚ (160) ɜ ɫɢɫɬɟɦɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ CH2Cl2-H2O (20:1, 0.05 M 

ɪɚɫɬɜɨɪ (145)) ɜ ɩɪɢɫɭɬɫɬɜɢɢ CuSO4 ɢ ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɩɨɥɧɚɹ ɤɨɧɜɟɪɫɢɹ ɢɫɯɨɞɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɧɚɛɥɸɞɚɥɚɫɶ ɡɚ 10 ɱɚɫɨɜ (ɫɯɟɦɚ γ4) [87Ж. Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɟɧɵ ɱɟɬɵɪɟ ɩɪɨɞɭɤɬɚμ ɞɢɚɡɢɞ (163) (ɜɵɯɨɞ 7%), ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɟ 

ɫɨɟɞɢɧɟɧɢɟ (164) (ɜɵɯɨɞ 1γ%), ɰɢɤɥɨɞɢɦɟɪ (165) (ɜɵɯɨɞ 4β%) ɢ ɰɢɤɥɨɬɪɢɦɟɪ (166) (ɜɵɯɨɞ 

β0%). Ɉɩɬɢɦɢɡɚɰɢɹ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ ɩɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ (145) ɞɨ 0.01 ɦɨɥɶ\ɥ 

ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɰɟɥɟɜɨɣ ɩɪɨɞɭɤɬ (164) ɫ ɜɵɯɨɞɨɦ 68%, ɩɪɢ ɷɬɨɦ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ 

ɫɨɫɬɚɜɢɥɨ λ0 ɱ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜɵɞɟɥɢɥɢ ɞɢɦɟɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ (165) ɫ 

ɜɵɯɨɞɨɦ 1β%.  

ȼ ɪɟɚɤɰɢɢ ɞɢɚɥɤɢɧɚ (145) ɫ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162) ɜ ɩɨɫɥɟɞɧɢɯ ɭɫɥɨɜɢɹɯ ɩɨɥɭɱɟɧɵ 

ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ (167) ɢ ɰɢɤɥɨɞɢɦɟɪ (168) ɫ ɜɵɯɨɞɚɦɢ 5γ% ɢ γ0% 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɯɟɦɚ 34 

 

ȼ ɪɟɚɤɰɢɢ ɞɢɬɟɪɩɟɧɨɜɨɝɨ ɞɢɚɥɤɢɧɚ (145) ɫ 1-ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (169) ɦɚɤɪɨɰɢɤɥ 

(171) ɜɵɞɟɥɟɧ ɫ ɜɵɯɨɞɨɦ γ8% (ɫɯɟɦɚ 35). ȼɵɯɨɞɵ ɰɢɤɥɨɞɢɦɟɪɚ (172) ɢ ɰɢɤɥɨɬɪɢɦɟɪɚ (173) 
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ɫɨɫɬɚɜɢɥɢ β3% ɢ β6% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɚɤɬɢɱɟɫɤɢ ɚɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɜ 

ɪɟɚɤɰɢɢ ɞɢɚɥɤɢɧɢɥɥɚɛɞɚɧɨɢɞɚ (145) ɫ 1,β-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170)ν ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ (174), (175) ɢ (176) ɩɨɫɥɟ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɚɦɢ γβ%, 

10% ɢ γ1% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɯɟɦɚ 35 

 

Ɋɟɚɤɰɢɸ 16-Д(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥЖ-17-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɥɚɛɞɚɞɢɟɧɚ (152) ɫ 1,5-

ɞɢɚɡɢɞɨɩɟɧɬɚɧɨɦ (160) ɩɪɨɜɨɞɢɥɢ ɜ ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ (CuSO4*5H2O, ɚɫɤɨɪɛɚɬ ɧɚɬɪɢɹ, 

CH2Cl2-ɇ2Ɉ (20:1; 0.01 M ɪɚɫɬɜɨɪ (152)), 40°C ɢ 90 ɱ) Д88Ж. Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ 

ɜɵɞɟɥɟɧɨ ɬɪɢ ɩɪɨɞɭɤɬɚμ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ (ɛɢɫɬɪɢɚɡɨɥ) (177) (29%), ɬɟɬɪɚɬɪɢɚɡɨɥ 

(178) (15%) ɢ ɝɟɤɫɚɬɪɢɚɡɨɥ (179) (7%) (ɫɯɟɦɚ γ6). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɢɚɥɤɢɧɚ (152) ɫ 1-ɚɡɢɞɨ-2-

(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (169) ɩɪɨɬɟɤɚɥɨ ɛɨɥɟɟ ɫɟɥɟɤɬɢɜɧɨ, ɜɵɯɨɞ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

(180), (181) ɢ (182) ɫɨɫɬɚɜɢɥ 47%, 15% ɢ 16% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɯɟɦɚ 36 

 

ȼ ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɹ (152) ɫ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162) ɩɪɨɞɭɤɬ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ (183) 

ɩɨɥɭɱɟɧ ɫ ɜɵɯɨɞɨɦ 4λ%, ɜɵɯɨɞɵ ɬɟɬɪɚɬɪɢɚɡɨɥɚ (184) ɢ ɝɟɤɫɚɬɪɢɚɡɨɥɚ (185) ɫɨɫɬɚɜɢɥɢ 1λ% ɢ 
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8% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 37). 1,3-Ⱦɢɩɨɥɹɪɧɨɟ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ 1,2-ɛɢɫ(β-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170) ɤ ɞɢɩɪɨɩɚɪɝɢɥɥɚɦɛɟɪɬɢɚɧɚɬɭ (152) ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɦɚɤɪɨɰɢɤɥɚ (186), ɰɢɤɥɨɞɢɦɟɪɚ (187) ɢ ɰɢɤɥɨɬɪɢɦɟɪɚ (188), ɜɵɞɟɥɟɧɧɵɟ ɫ ɜɵɯɨɞɚɦɢ 31%, 11% 

ɢ β7% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɯɟɦɚ 37 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 17,18-ɞɢɩɪɨɩɚɪɝɢɥɨɤɫɢɥɚɦɛɟɪɬɢɚɧɚɬɚ (154) ɫ 1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧɨɦ (160), ɜ 

ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɥɨɠɧɨɣ ɫɦɟɫɢ ɨɥɢɝɨɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ. 

ɉɨɷɬɨɦɭ, ɞɚɥɟɟ ɪɟɚɤɰɢɢ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ ɩɪɨɜɨɞɢɥɢ ɫ ɞɢɚɡɢɞɚɦɢ ɫ ɛɨɥɟɟ ɞɥɢɧɧɵɦ ɥɢɧɤɟɪɨɦ – 

1,2-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170) ɢ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162), ɤɨɬɨɪɵɟ ɞɨɛɚɜɥɹɥɢ ɜ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɨɪɰɢɹɦɢ ɩɨ 0.1 ɷɤɜ. ɫ ɢɧɬɟɪɜɚɥɨɦ 10 ɱɚɫɨɜ. 

ɉɪɨɜɟɞɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (154) ɫ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162), ɫɨɝɥɚɫɧɨ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɨɣ 

ɦɟɬɨɞɢɤɟ, ɩɨɡɜɨɥɢɥɨ, ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ, ɩɨɥɭɱɢɬɶ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɟ 

ɫɨɟɞɢɧɟɧɢɟ (189), ɜɵɞɟɥɟɧɧɨɟ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɫ ɜɵɯɨɞɨɦ 47% 

(ɫɯɟɦɚ γ8) [89Ж. ȼ ɪɟɚɤɰɢɢ ɞɢɚɰɟɬɢɥɟɧɚ (154) ɫ 1,β-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170), ɜ 

ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɨɦɢɦɨ ɩɪɨɞɭɤɬɚ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ (190) (ɜɵɯɨɞ βλ%) ɩɨɥɭɱɟɧ 

ɰɢɤɥɨɞɢɦɟɪ (191) ɫ ɜɵɯɨɞɨɦ 41%.  
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ɋɯɟɦɚ 38 

 

18-ɉɪɨɩɚɪɝɢɥɨɤɫɢ-16-[(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥЖɥɚɦɛɟɪɬɢɚɧɚɬ (159), ɫ ɧɚɢɛɨɥɟɟ 

ɭɞɚɥɟɧɧɵɦɢ ɩɨ ɬɟɪɩɟɧɨɜɨɦɭ ɫɤɟɥɟɬɭ ɚɥɤɢɧɢɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ, ɜ ɪɟɚɤɰɢɢ ɫ 1,10-

ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162) ɞɚɟɬ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ (192) ɢ ɬɟɬɪɚɬɪɢɚɡɨɥ (193) ɫ 

ɜɵɯɨɞɚɦɢ 12% ɢ γ6% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 39) [90]. ȼ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ (159) ɫ 1,β-ɛɢɫ(β-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170) ɦɚɤɪɨɰɢɤɥ (194) ɢ ɰɢɤɥɨɞɢɦɟɪ (195) ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɚɦɢ 1β%. 

ɋɯɟɦɚ 39 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɨ ɩɹɬɶ ɬɢɩɨɜ 1,β,γ-ɬɪɢɚɡɨɥɫɨɞɟɪɠɚɳɢɯ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɬɢɩɨɦ ɢ ɫɬɟɩɟɧɶɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜ ɰɢɤɥ ɫɬɪɭɤɬɭɪɵ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (ɪɢɫɭɧɨɤ 6). ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɷɬɨ ɥɚɪɢɚɬ-ɷɮɢɪɵ (161ɚ) ɢ (161ɛ), ɜ 

ɤɨɬɨɪɵɯ ɦɚɤɪɨɰɢɤɥ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 1,β,γ-ɬɪɢɚɡɨɥɶɧɵɯ ɰɢɤɥɨɜ ɫ ɚɥɤɢɥ ɢ ɚɥɤɢɥɨɤɫɢ ɦɨɫɬɢɤɚɦɢ, 

ɚ ɩɨɞɚɧɞɧɚɹ ɛɨɤɨɜɚɹ ɰɟɩɶ – ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬ. ȼɬɨɪɨɣ ɬɢɩ, ɫɨɟɞɢɧɟɧɢɹ (164), (167), (171), 

(174) ɜɤɥɸɱɚɸɳɢɟ ɜ ɰɢɤɥɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɮɭɪɚɧɨɜɵɣ ɰɢɤɥ. Ɍɪɟɬɢɣ [(177), (180), (183), (186)], 
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ɱɟɬɜɟɪɬɵɣ [(189), (190)] ɢ ɩɹɬɵɣ [(192), (194)] – ɫɨɟɞɢɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ ɥɢɧɤɟɪɚ 

ɦɟɠɞɭ 1,2,3-ɬɪɢɚɡɨɥɶɧɵɦɢ ɰɢɤɥɚɦɢ ɬɚɤ ɠɟ ɜɵɫɬɭɩɚɸɬ ɪɚɡɥɢɱɧɵɟ ɮɪɚɝɦɟɧɬɵ ɞɟɤɚɥɢɧɨɜɨɝɨ 

ɨɫɬɨɜɚ ɞɢɬɟɪɩɟɧɨɢɞɚ ɫ ɞɜɭɦɹ ɢɥɢ ɬɪɟɦɹ ɯɢɪɚɥɶɧɵɦɢ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɵɯɨɞ 

ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧ ɥɢɧɤɟɪɨɜ ɰɟɩɢ ɜ ɞɢɚɡɢɞɟ ɢ ɜ 

ɞɢɚɰɟɬɢɥɟɧɟ. 

Ɋɢɫɭɧɨɤ 6 

 

 

6.3. ɂɁɍɑȿɇɂȿ ɉɊɈɐȿɋɋɈȼ ɄɈɆɉɅȿɄɋɈɈȻɊȺɁɈȼȺɇɂə ɆȺɄɊɈɐɂɄɅɂɑȿɋɄɂɏ 
ɋɈȿȾɂɇȿɇɂɃ (177), (180), (183) ɂ (186) ɋ ɂɈɇɈɆ ɊɌɍɌɂ (II) 

ɂɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (177), (180), (183) 

ɢ (186) ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɚɦɢ 1ɇ əɆɊ- ɢ ɍɎ- (ɦɟɬɨɞ ɦɨɥɹɪɧɵɯ ɨɬɧɨɲɟɧɢɣ) ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɉɪɢ 

ɞɨɛɚɜɥɟɧɢɟ 1 ɷɤɜ Hg(ClO4)2 ɤ ɪɚɫɬɜɨɪɭ ɭɤɚɡɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɋD3OD ɜ ɫɩɟɤɬɪɚɯ 1ɇ əɆɊ 

ɧɚɛɥɸɞɚɥɫɹ ɡɚɦɟɬɧɵɣ ɫɥɚɛɨɩɨɥɶɧɵɣ ɫɞɜɢɝ ɫɢɝɧɚɥɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɩɪɨɬɨɧɚɦ ɬɪɢɚɡɨɥɶɧɵɯ 

ɰɢɤɥɨɜ ɧɚ Δį 0.ββ-0.61 ɦ.ɞ. ɢ ɞɥɹ ɫɨɫɟɞɧɢɯ ɫ ɧɢɦɢ ɦɨɫɬɢɤɨɜɵɯ ɦɟɬɢɥɟɧɨɜɵɯ ɝɪɭɩɩ ɧɚ Δį 0.11-

0.17 ɦ.ɞ. (ɪɢɫ. 7b, 8b, 9b ɢ 10b). ɋɦɟɳɟɧɢɟ ɨɫɬɚɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɝɨ 

ɨɫɬɨɜɚ ɧɚɛɥɸɞɚɥɨɫɶ, ɧɨ ɧɟ ɫɬɨɥɶ ɡɚɦɟɬɧɨɟ. Ⱦɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɫɩɟɤɬɪɚɯ 
1ɇ əɆɊ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɚ ɫɜɹɡɵɜɚɧɢɟ ɢɨɧɚ ɪɬɭɬɢ HР2+

 ɨɬɜɟɱɚɸ 1,β,γ-

ɬɪɢɚɡɨɥɶɧɵɟ ɰɢɤɥɵ ɦɨɥɟɤɭɥ. ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɩɟɤɬɪɟ 1ɇ əɆɊ ɫɦɟɫɢ ɦɚɤɪɨɰɢɤɥɚ 
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(177) ɫ ɩɟɧɬɚɦɟɬɢɥɟɧɨɜɵɦ ɦɨɫɬɢɤɨɦ ɫ 1 ɷɤɜ Hg(ClO4)2 ɧɚɛɥɸɞɚɟɬɫɹ ɱɟɬɵɪɟ ɧɚɛɨɪɚ ɫɢɝɧɚɥɨɜ ɧɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɫɯɨɞɧɨɦɭ ɫɨɟɞɢɧɟɧɢɸ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɛɪɚɡɨɜɚɧɢɟ ɫɦɟɫɢ 

ɤɨɦɩɥɟɤɫɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. Ʉɪɨɦɟ ɬɨɝɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɨɬɨɧɵ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɫɬɪɭɤɬɭɪɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɢɣ (180), (183) ɢ (186) (Δį 

0.01-0.02 ) ɢ ɢɫɩɵɬɵɜɚɸɬ ɫɥɚɛɨɩɨɥɶɧɵɣ ɫɞɜɢɝ ɧɚ Δį 0.05-0.07 ɦ.ɞ.. 

ɋɜɢɞɟɬɟɥɶɫɬɜɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɫɨɟɞɢɧɟɧɢɣ (177), (180), (183) ɢ (186) ɫ ɢɨɧɨɦ 

ɪɬɭɬɢ (II) ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ ɢɯ ɪɚɫɬɜɨɪɨɜ ɜ ɷɬɚɧɨɥɟ ɩɪɢ 

ɞɨɛɚɜɥɟɧɢɟ ɤ ɧɢɦ ɚɥɢɤɜɨɬ Hg(ClO4)2. ȼ ɩɨɥɭɱɟɧɧɵɯ ɍɎ-ɫɩɟɤɬɪɚɯ ɢɡɨɛɟɫɬɢɱɟɫɤɢɟ ɬɨɱɤɢ 

ɨɬɫɭɬɫɬɜɭɸɬ (ɪɢɫ. 7c, 8c, 9c ɢ 10c) ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɧɨɜɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɜɢɞɟ 

ɩɥɟɱɚ ɜ ɨɛɥɚɫɬɢ β5γ ɧɦ. ɉɨɫɥɟɞɧɹɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɪɚɫɬɜɨɪɟ Hg(ClO4)2 ɜ ɷɬɚɧɨɥɟ (lgİ=3.03, 

ɫ=1.0∙10-4
 Ɇ). ɇɚɢɛɨɥɟɟ ɨɬɱɟɬɥɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɫɩɟɤɬɪɚɯ ɩɨɝɥɨɳɟɧɢɹ ɦɚɤɪɨɰɢɤɥɨɜ (177), 

(180), (183) ɢ (186) ɜ ɪɚɫɬɜɨɪɚɯ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ ɜ ɧɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ ɧɚɛɥɸɞɚɥɢɫɶ ɩɪɢ 

ɞɥɢɧɚɯ ɜɨɥɧ β18-β1λ ɧɦ ɢ β75-β78 ɧɦ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 

ɩɨɫɬɪɨɟɧɵ ɤɪɢɜɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (ΔȺ) ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ β18-β1λ ɧɦ (ɪɢɫ. 

7d, 8d, 9d ɢ 10d) ɢ β75-β78 ɧɦ (ɪɢɫ. 7e, 8e, 9e ɢ 10e) ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (177), (180), (183) ɢ (186) 

ɫ Hg(ClO4)2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɬɧɨɫɬɢ ɍɎ-ɫɩɟɤɬɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦɭ 

ɫɨɟɞɢɧɟɧɢɸ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɚ ɪɬɭɬɢ HР2+. ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨɝɥɨɳɟɧɢɹ ɢɦɟɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɟɪɟɝɢɛɵ ɫ ɭɱɚɫɬɤɚɦɢ ɧɟɥɢɧɟɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɬɭɩɟɧɱɚɬɨɦ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɤɨɬɨɪɨɦ ɪɚɜɧɨɜɟɫɧɵɟ ɫɬɚɞɢɢ 

ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. Ⱦɥɹ ɦɚɤɪɨɰɢɤɨɜ (177), (180), (183) ɢ (186) ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ β18 

ɧɦ ɢ β75-β76 ɧɦ ɧɚɛɥɸɞɚɸɬɫɹ ɫɨɝɥɚɫɨɜɚɧɧɵɟ ɩɟɪɟɝɢɛɵ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɟ ɪɟɰɟɩɬɨɪ – ɥɢɝɚɧɞ 1 ɤ 

1 ɢ 1 ɤ β. ȼ ɫɥɭɱɚɟ ɫɨɟɞɢɧɟɧɢɹ (180) ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ β18 ɧɦ ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɨɝɥɨɳɟɧɢɹ ɢɦɟɟɬ ɦɚɤɫɢɦɭɦɵ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɟ (180):Hg(ClO4)2 1:0.4 ɢ 1μ1.6 ɤɨɬɨɪɵɦ ɜ 

ɝɪɚɮɢɤɟ, ɩɨɫɬɪɨɟɧɧɨɦ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɍɎ-ɫɩɟɤɬɪɚ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ β76 ɧɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɦɢɧɢɦɭɦɵ. 

Ɍɚɤɠɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɫ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ Cu
2+

, Mg
2+

, 

Zn
2+

 ɢ ɚɧɢɨɧɨɦ F-. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɜ 1ɇ əɆɊ ɢ ɍɎ ɫɩɟɤɬɪɚɯ ɢɯ ɫɦɟɫɟɣ ɫ ɦɚɤɪɨɰɢɤɥɚɦɢ (177), 

(180), (183) ɢ (186) ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɢɡɦɟɧɟɧɢɟ ɜ ɯɢɦɢɱɟɫɤɢɯ ɫɞɜɢɝɚɯ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ 

ɦɨɥɟɤɭɥ ɢ ɩɥɨɬɧɨɫɬɢ ɩɨɝɥɨɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  
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Ɋɢɫɭɧɨɤ 7. (7a) – əɆɊ 1ɇ ɫɩɟɤɬɪ ɫɨɟɞɢɧɟɧɢɹ (177), ɚ (7b) – ɫɨɟɞɢɧɟɧɢɹ (177) + 1 ɷɤɜ. 
Hg(ClO4)2. (7c) – ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɜ ɯɨɞɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ (177) 

ɫ ɤɚɬɢɨɧɚɦɢ ɪɬɭɬɢ (II). Ʉɨɧɰɟɧɬɪɚɰɢɹ (177) ɜ ɷɬɚɧɨɥɟ – 1.0∙10-4
 Ɇ. Ʉɪɢɜɚɹ 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɩɨɝɥɨɳɟɧɢɸ ɜ ɨɬɫɭɬɫɬɜɢɢ Hg
2+, ɤɪɢɜɚɹ 3 – ɩɨɝɥɨɳɟɧɢɸ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 4.0∙10-5

 Ɇ 
Hg(ClO4)2. (7d) ɢ (7e) – ɢɡɦɟɧɟɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (ΔȺ) ɫɦɟɫɟɣ ɫɨɟɞɢɧɟɧɢɹ 
(177) ɢ Hg(ClO4)2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɍɎ-ɫɩɟɤɬɪɟ ɫɨɟɞɢɧɟɧɢɹ (177) ɩɪɢ β18 ɢ 
β76 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (ɞɢɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɢɣ 
Hg(ClO4)2 0.0-β.β×10–4

 ɦɨɥɶ/ɥ). 
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Ɋɢɫɭɧɨɤ 8. (8a) – əɆɊ 1ɇ ɫɩɟɤɬɪ ɫɨɟɞɢɧɟɧɢɹ (180), ɚ (8b) ɫɨɟɞɢɧɟɧɢɹ (180) + 1 ɷɤɜ. 
Hg(ClO4)2. (8c) – ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɜ ɯɨɞɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ 
(180) ɫ ɤɚɬɢɨɧɚɦɢ ɪɬɭɬɢ (II). Ʉɨɧɰɟɧɬɪɚɰɢɹ (180) ɜ ɷɬɚɧɨɥɟ – 1.0∙10-4

 Ɇ. Ʉɪɢɜɚɹ 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɝɥɨɳɟɧɢɸ ɜ ɨɬɫɭɬɫɬɜɢɢ Hg

2+, ɤɪɢɜɚɹ λ – ɩɨɝɥɨɳɟɧɢɸ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 14.0∙10-5
 Ɇ 

Hg(ClO4)2. (8d) ɢ (8e) – ɢɡɦɟɧɟɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (ΔȺ) ɫɦɟɫɟɣ ɫɨɟɞɢɧɟɧɢɹ 
(180) ɢ Hg(ClO4)2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɍɎ-ɫɩɟɤɬɪɟ ɫɨɟɞɢɧɟɧɢɹ (180) ɩɪɢ β1λ ɢ 
β7λ ɧɦ ɫɨɨɬɜɟɬɫɜɟɧɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (ɞɢɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɢɣ 
Hg(ClO4)2 0.0-β.β×10–4

 ɦɨɥɶ/ɥ).  
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Ɋɢɫɭɧɨɤ 9. (9ɚ) – əɆɊ 1ɇ ɫɩɟɤɬɪ ɫɨɟɞɢɧɟɧɢɹ (183), ɚ (9b) ɫɨɟɞɢɧɟɧɢɹ (183) + 1 ɷɤɜ. 

Hg(ClO4)2. (9b) – ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɜ ɯɨɞɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ 
(183) ɫ ɤɚɬɢɨɧɚɦɢ ɪɬɭɬɢ (II). Ʉɨɧɰɟɧɬɪɚɰɢɹ (183) ɜ ɷɬɚɧɨɥɟ – 1.0∙10-4

 Ɇ. Ʉɪɢɜɚɹ 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɝɥɨɳɟɧɢɸ ɜ ɨɬɫɭɬɫɬɜɢɢ Hg

2+, ɤɪɢɜɚɹ 10 – ɩɨɝɥɨɳɟɧɢɸ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 18.0∙10-5
 Ɇ 

Hg(ClO4)2. (9d) ɢ (λe) – ɢɡɦɟɧɟɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (ΔȺ) ɫɦɟɫɟɣ ɫɨɟɞɢɧɟɧɢɹ 
(183) ɢ Hg(ClO4)2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɍɎ-ɫɩɟɤɬɪɟ ɫɨɟɞɢɧɟɧɢɹ (183) ɩɪɢ β18 ɢ 
β76 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (ɞɢɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɢɣ 
Hg(ClO4)2 0.0-β.β×10–4

 ɦɨɥɶ/ɥ). 
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Ɋɢɫɭɧɨɤ 10. (10ɚ) – əɆɊ 1ɇ ɫɩɟɤɬɪ ɫɨɟɞɢɧɟɧɢɹ (186), ɚ (10b) ɫɨɟɞɢɧɟɧɢɹ (186) + 1 ɷɤɜ. 
Hg(ClO4)2. (10b) – ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɜ ɯɨɞɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ 
(186) ɫ ɤɚɬɢɨɧɚɦɢ ɪɬɭɬɢ (II). Ʉɨɧɰɟɧɬɪɚɰɢɹ (186) ɜ ɷɬɚɧɨɥɟ – 1.0∙10-4

 Ɇ. Ʉɪɢɜɚɹ 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɨɝɥɨɳɟɧɢɸ ɜ ɨɬɫɭɬɫɬɜɢɢ Hg

2+, ɤɪɢɜɚɹ 11 – ɩɨɝɥɨɳɟɧɢɸ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ β0.0∙10-5
 Ɇ 

Hg(ClO4)2. (10d) ɢ (10e) – ɢɡɦɟɧɟɧɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ (ΔȺ) ɫɦɟɫɟɣ ɫɨɟɞɢɧɟɧɢɹ 
(186) ɢ Hg(ClO4)2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɍɎ-ɫɩɟɤɬɪɟ ɫɨɟɞɢɧɟɧɢɹ (186) ɩɪɢ β18 ɢ 
β76 ɧɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (ɞɢɚɩɚɡɨɧ ɤɨɧɰɟɧɬɪɚɰɢɣ 
Hg(ClO4)2 0.0-β.β×10–4

 ɦɨɥɶ/ɥ). 
 

ȽɅȺȼȺ 7. ɊȿȺɄɐɂɂ ɉɊɈɂɁȼɈȾɇɕɏ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ ɋɈ 
ɋɌɊɍɄɌɍɊɇɕɆɂ ɂɁɆȿɇȿɇɂəɆɂ ɎɍɊȺɇɈȼɈȽɈ ɐɂɄɅȺ 

 

7.1. ɋɂɇɌȿɁ ɎɍɊɎɍɊɂɅȺɆɂȾɈȼ ɅȺȻȾȺɇɈȼɈȽɈ ɌɂɉȺ ɂ ɂɏ 

ȼɇɍɌɊɂɆɈɅȿɄɍɅəɊɇȺə ɐɂɄɅɂɁȺɐɂə  
Ʉɚɧɬɚɪɢɞɢɧ (196), ɩɪɨɞɭɰɢɪɭɟɦɵɣ ɠɭɤɚɦɢ-ɧɚɪɵɜɧɢɤɚɦɢ ɫɟɦɟɣɫɬɜɚ εОХШТНКО ɢ ɲɩɚɧɫɤɢɦɢ 

ɦɭɲɤɚɦɢ Cantharis vesicatoria, ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ ɫɟɪɢɧ-ɬɪɟɨɧɢɧ ɮɨɫɮɨɬɚɡ 1 (PP1) 

ɢ βA (PP2A) (ɪɢɫɭɧɨɤ 11) [91, 92, 93Ж. Ⱦɚɧɧɵɟ ɩɪɨɬɟɢɧɤɢɧɚɡɵ ɩɨɫɪɟɞɫɬɜɨɦ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ 

ɛɟɥɤɨɜ ɭɱɚɫɬɜɭɸɬ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɫɢɝɧɚɥɶɧɵɯ ɩɭɬɹɯ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɢ 

ɠɢɡɧɟɧɧɵɣ ɰɢɤɥ ɤɥɟɬɨɤ. Ɍɚɤ, ɮɨɫɮɨɬɚɡɚ 1 (PP1) ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɫɨɤɪɚɳɟɧɢɟ ɦɵɲɰ, ɜ 

ɦɟɬɚɛɨɥɢɡɦɟ ɝɥɢɤɨɝɟɧɚ, ɜ ɧɟɣɪɨɬɪɚɧɫɦɢɫɢɢ, ɦɢɬɨɡɟ ɢ ɚɩɨɩɬɨɡɟ Д94Ж. Ɏɨɫɮɨɬɚɡɚ βA (PP2A) – 

ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɡɧɚɱɢɦɵɯ ɮɟɪɦɟɧɬɨɜ ɭɤɚɡɚɧɧɨɝɨ ɤɥɚɫɫɚ – ɭɱɚɫɬɜɭɟɬ ɜ ɪɟɝɭɥɹɰɢɢ ɪɨɫɬɚ ɤɥɟɬɤɢ, ɟɟ 
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ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɢ ɫɦɟɪɬɢ [95Ж. ɋɨɟɞɢɧɟɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ ɫɜɨɣɫɬɜɨɦ ɢɧɝɢɛɢɬɨɪɚ ɮɨɫɮɨɬɚɡ 1 

(PP1) ɢ βA (PP2A), ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ ɜ ɥɟɱɟɧɢɢ 

ɢɦɦɭɧɨɞɟɮɢɰɢɬɚ, ɫɟɪɞɟɱɧɨɣ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ, ɪɚɤɚ, ɛɨɥɟɡɧɢ ɉɚɪɤɢɧɫɨɧɚ ɢ Ⱥɥɶɰɝɟɣɦɟɪɚ Д96]. 

Ʉɚɧɬɚɪɢɞɢɧ (196) ɩɪɟɠɞɟ ɜɫɟɝɨ ɢɡɜɟɫɬɟɧ ɫɜɨɟɣ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɢɧɝɢɛɢɪɭɟɬ 

ɪɨɫɬ ɪɚɤɨɜɵɯ ɤɥɟɬɨɤ ɩɟɱɟɧɢ, ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡ, ɦɨɱɟɜɨɝɨ ɩɭɡɵɪɹ ɢ ɬɨɥɫɬɨɣ 

ɤɢɲɤɢ Д97]. ȼɵɫɨɤɚɹ ɬɨɤɫɢɱɧɨɫɬɶ (196) ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɝɨ ɜ ɦɟɞɢɰɢɧɫɤɨɣ 

ɩɪɚɤɬɢɤɟ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ ɜɵɪɚɠɟɧ ɞɥɹ ɟɝɨ ɞɢɫɦɟɬɢɥɶɧɨɝɨ ɚɧɚɥɨɝɚ – 

ɧɨɪɤɚɧɬɚɪɢɞɢɧɚ (197), ɩɪɨɹɜɥɹɸɳɟɝɨ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɣ ɷɮɮɟɤɬ ɜ ɨɬɧɨɲɟɧɢɟ ɥɟɣɤɨɡɚ, 

ɦɟɥɚɧɨɦɵ, ɝɟɩɚɬɨɦɵ, ɤɨɪɪɟɤɬɚɥɶɧɨɣ ɤɚɪɰɢɨɦɵ, ɪɚɤɚ ɠɟɥɱɧɨɝɨ ɩɭɡɵɪɹ ɢ ɲɟɣɧɨɣ ɦɚɬɤɢ [98]. 

əɜɥɹɹɫɶ ɫɢɥɶɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ ɮɨɫɮɨɬɚɡ 1 (PP1) ɢ βA (PP2A) ɨɧ ɬɚɤɠɟ ɩɪɨɹɜɥɹɟɬ ɫɜɨɣɫɬɜɨ 

ɫɥɚɛɨɝɨ ɢɧɝɢɛɢɬɨɪɚ PP2B [99Ж. ɂɡ ɷɤɫɬɪɚɤɬɚ ɠɭɱɤɨɜ Mylabris phalerate Pallas ɤɪɨɦɟ (196) 

ɜɵɞɟɥɟɧɵ ɤɚɧɬɚɪɢɞɢɧɢɦɢɞ (198) ɢ ɟɝɨ ɝɢɞɪɨɤɫɢɩɪɨɢɡɜɨɞɧɨɟ (199) [100Ж. Ⱦɚɧɧɵɟ ɩɪɢɪɨɞɧɵɟ 

ɦɟɬɚɛɨɥɢɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɧɬɚɪɢɞɢɧɚ (196) ɢ ɧɨɪɤɚɧɬɚɪɢɞɢɧɚ (197) ɹɜɥɹɸɬɫɹ ɦɟɧɟɟ ɫɢɥɶɧɵɦɢ 

ɢɧɝɢɛɢɬɨɪɚɦɢ ɮɨɫɮɨɬɚɡ 1 (PP1) ɢ βA (PP2A). ɇɨ, ɧɟɜɵɫɨɤɚɹ ɬɨɤɫɢɱɧɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 

ɦɨɞɢɮɢɤɚɰɢɢ ɢɯ ɫɬɪɭɤɬɭɪ ɩɨ ɚɬɨɦɭ ɚɡɨɬɭ, ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɤɚɤ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɟ 

ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɜɜɟɞɟɧɢɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɨ ɚɬɨɦɭ ɚɡɨɬɚ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɵ ɩɥɨɯɨɣ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɛɢɨɞɨɫɬɭɩɧɨɫɬɢ, ɫɜɨɣɫɬɜɟɧɧɵɟ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ (196) ɢ (197) ɢ ɢɯ 

ɩɪɨɢɡɜɨɞɧɵɯ. Ⱥɧɚɥɨɝɚɦɢ ɤɚɧɬɚɪɢɞɢɧɢɦɢɞɨɜ ɹɜɥɹɸɬɫɹ ɥɚɤɬɚɦɵ ɬɢɩɚ (200) ɫ 7-

ɨɤɫɚɛɢɰɢɤɥɨɝɟɩɬɚɧɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɟɣ ɰɢɬɨɬɨɤɫɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɫɨɟɞɢɧɟɧɢɣ (196)-(199). Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, γ-ɚɡɚ-10-ɨɤɫɚɬɪɢɰɢɤɥɨД5.β.1.01,5Жɞɟɰ-8-ɟɧɵ (200) ɢɦɟɸɬ 

ɰɟɧɧɨɫɬɶ ɤɚɤ ɭɞɨɛɧɵɟ ɢ ɞɨɫɬɭɩɧɵɟ ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɢɧɬɟɡɟ ɢɡɨɢɧɞɨɥɢɧ-1-ɨɧɨɜ (201). 

ɉɨɫɥɟɞɧɢɟ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɜ ɩɪɢɪɨɞɧɵɯ ɬɚɤ ɢ ɜ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢ 

ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ. 

Ɋɢɫɭɧɨɤ 11 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɫɬɪɭɤɬɭɪɚ – ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɹɞɭ ɩɪɨɢɡɜɨɞɧɵɯ ɤɚɧɬɚɪɢɞɢɧɚ 

ɭɫɬɚɧɨɜɢɥɢ ɫɥɟɞɭɸɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢμ ɚ) ɜɚɠɧɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ, ɞɥɹ 

ɩɪɨɹɜɥɟɧɢɹ ɫɜɨɣɫɬɜɚ ɢɧɝɢɛɢɬɨɪɚ ɮɨɫɮɨɬɚɡ 1 (PP1) ɢ βA (PP2A), ɹɜɥɹɸɬɫɹ ɷɩɨɤɫɢɞɧɵɣ 

ɤɢɫɥɨɪɨɞɧɵɣ ɦɨɫɬɢɤ ɜ ɰɢɤɥɟ Ⱥ ɢ ɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ ɜ ɰɢɤɥɟ ȼν ɛ) ɫɨɟɞɢɧɟɧɢɹ ɜ ɤɨɬɨɪɵɯ 
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ɨɬɫɭɬɫɬɜɭɸɬ ɡɚɦɟɫɬɢɬɟɥɢ ɩɪɢ C-1 ɢɥɢ C-γ ɢɥɢ ɩɨ ɨɛɨɢɦ ɚɬɨɦɚɦ ɭɝɥɟɪɨɞɚ ɛɨɥɟɟ ɚɤɬɢɜɧɵν ɫ) 

ɫɨɟɞɢɧɟɧɢɹ ɫ ɦɟɬɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɩɪɢ C-β ɢ C-γ ɛɨɥɟɟ ɚɤɬɢɜɧɵ, ɧɨ ɢ ɛɨɥɟɟ ɬɨɤɫɢɱɧɵ ɢ ɩɪɢ 

ɷɬɨɦ ɧɟ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɨɦ ɢɧɝɢɛɢɬɨɪɚ ɮɨɫɮɨɬɚɡɵ PP2Bν ɞ) ɡɚɦɟɳɟɧɢɟ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ C-5 ɢ C-6 ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɢɧɝɢɛɢɪɭɸɳɟɣ ɚɤɬɢɜɧɨɫɬɢ 

ɮɨɫɮɨɬɚɡ 1 (PP1) ɢ βA (PP2A) ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɚɧɚɥɨɝɢɱɧɨɝɨ 

ɬɢɩɚ ɞɟɣɫɬɜɢɹ ɧɚ ɮɨɫɮɨɬɚɡɭ PP2Bν ɟ) ɩɪɢ ɜɜɟɞɟɧɢɢ ɡɚɦɟɫɬɢɬɟɥɟɣ ɤ ɚɬɨɦɭ 

ɚɡɨɬɭ ɤɚɧɬɚɪɢɞɢɧɢɦɢɞɚ ɧɚɛɥɸɞɚɥɨɫɶ ɭɫɢɥɟɧɢɟ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ Д101, 102]. 

Ɋɚɧɟɟ, ɧɚɦɢ, ɨɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɨɞɭɤɬɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ N-ɡɚɦɟɳɟɧɧɵɦɢ ɦɚɥɟɢɧɢɦɢɞɚɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɚɧɚɥɨɝɢ 

ɤɚɧɬɚɪɢɞɢɧɚ ɢ ɤɚɧɬɚɪɢɞɢɧɢɦɢɞɚ, ɨɛɥɚɞɚɸɬ ɚɧɬɢɞɟɩɪɟɫɚɧɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɚɤɬɢɜɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɧɵɯ ɤɚɧɬɚɪɢɞɢɧɚ (202) ɢ (203), ɡɚɦɟɳɟɧɧɵɟ ɩɨ ɚɬɨɦɭ 

ɭɝɥɟɪɨɞɚ ɋ-6, ɤɚɤ ɢɧɝɢɛɢɬɨɪɨɜ ɮɨɫɮɨɬɚɡɵ PP2B, ɭɱɚɫɬɜɭɸɳɟɣ ɜ ɪɟɝɭɥɹɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɥɟɬɨɤ ɦɨɡɝɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɢɧɞɭɤɰɢɢ ɞɥɢɬɟɥɶɧɨɣ ɞɟɩɪɟɫɫɢɢ ɢ ɜ ɩɪɨɰɟɫɫɚɯ 

ɩɚɦɹɬɢ ɢ ɨɛɭɱɟɧɢɹ (ɪɢɫɭɧɨɤ 12) [103, 104]. 

Ɋɢɫɭɧɨɤ 1β 

 

ȼ ɪɚɡɜɢɬɢɟ ɪɚɛɨɬ ɩɨ ɩɨɥɭɱɟɧɢɸ ɚɧɚɥɨɝɨɜ ɤɚɧɬɚɪɢɞɢɧɢɦɢɞɨɜ ɧɚ ɨɫɧɨɜɟ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɜɵɩɨɥɧɟɧ ɫɢɧɬɟɡ γ-ɚɡɚ-10-ɨɤɫɚɬɪɢɰɢɤɥɨД5.β.1.01,5Жɞɟɰ-8-ɟɧɨɜ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɢ 

ɭɞɨɛɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɫɨɟɞɢɧɟɧɢɣ ɞɚɧɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ N-ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɨɜ Д105Ж. ɇɟɨɛɯɨɞɢɦɵɦ 

ɭɫɥɨɜɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɰɢɤɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɩɪɢ ɚɬɨɦɟ ɚɡɨɬɚ ɨɛɴɟɦɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢɥɢ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɜɥɢɹɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ, ɬɨ ɢɡ 

ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɛɨɬɵ Д106Ж ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɪɨɢɡɜɨɞɧɵɟ ɮɭɪɮɭɪ-2-ɢɥɚɦɢɞɚ ɩɨ 

ɋ-γ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɤɚɤ ɫ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦ ɬɚɤ ɢ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ, ɞɚɸɬ 

ɩɪɨɞɭɤɬɵ Д4+βЖ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɦɟɧɟɟ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ. 

Ɋɟɚɥɢɡɚɰɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜɤɥɸɱɚɟɬ ɫɢɧɬɟɡ N-ɮɭɪɮɭɪɢɥ-N-ɚɥɤɢɥɚɦɢɧɨɜ ɢ ɢɯ 

ɚɰɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ (ɫɯɟɦɚ 40). ɉɟɪɜɵɟ ɩɨɥɭɱɚɥɢ ɪɟɚɤɰɢɟɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ 

ɚɦɢɧɢɪɨɜɚɧɢɹ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɛɞɚɬɪɢɟɧɨɜ ɪɚɡɥɢɱɧɵɦɢ ɚɦɢɧɚɦɢ, ɚ ɜɬɨɪɵɟ ɚɰɢɥɢɪɨɜɚɧɢɟɦ 

ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ, ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ ɦɟɬɚɤɪɢɥɨɜɨɣ ɢ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬ. Ⱦɚɧɧɵɟ 

ɩɪɟɜɪɚɳɟɧɢɹ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ N-ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɩɪɢ 
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ɚɬɨɦɟ ɚɡɨɬɚ ɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɢɯ ɧɚ 

ɫɬɪɨɟɧɢɟ ɢ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɚɤɰɢɢ Д4+βЖ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ. 

ɋɯɟɦɚ 40 

 

ɋɢɧɬɟɡ ɦɟɬɢɥ 16-[(N-ɛɟɧɡɢɥ)ɚɦɢɧɨɦɟɬɢɥ]- ɢ 16-[(N-((1-

ɚɥɤɨɤɫɢɤɚɪɛɨɧɢɥ)ɚɥɤɚɧɢɥ))ɚɦɢɧɨɦɟɬɢɥ]-ɥɚɛɞɚɧɨɢɞɨɜ (206)-(208) ɜɵɩɨɥɧɟɧ ɩɨ «ШЧО ЩШЭ» 

ɩɪɨɬɨɤɨɥɭ, ɜɤɥɸɱɚɸɳɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 16-ɮɨɪɦɢɥɥɚɛɞɚɬɪɢɟɧɚ (53) ɫ ɩɟɪɜɢɱɧɵɦɢ ɚɦɢɧɚɦɢ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ AcONa ɢ ȺɫɈɇ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɢɦɢɧɚ 

ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɦɟɬɚɧɨɥɟ (ɫɯɟɦɚ 41). ȼ ɤɚɱɟɫɬɜɟ ɚɦɢɧɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɛɟɧɡɢɥɚɦɢɧ (78), ɬɪɟɬ-ɛɭɬɢɥɨɜɵɣ ɷɮɢɪ L-ɢɡɨɥɟɣɰɢɧɚ (204) ɢ ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ L-ɦɟɬɢɨɧɢɧɚ 

(205), ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ (206)-(208) ɫɨɫɬɚɜɢɥ 6γ-76%. 

ɋɯɟɦɚ 41 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (206)-(208) ɫ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ ɩɪɨɜɨɞɢɥɢ ɜ 

ɛɟɧɡɨɥɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɫɯɟɦɚ 42) [107, 108Ж. ɉɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɣ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ 

ɹɜɥɹɥɢɫɶ эɤɡɨ-ɚɞɞɭɤɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɫɦɟɫɶ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ (1S,5S,6R,7S)- 

(209a)-(211a) ɢ (1R,5R,6S,7R)-ɤɨɧɮɢɝɭɪɚɰɢɢ (209ɛ)-(211ɛ), ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ 
ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɚɡɨɬɚ. ȼ ɫɥɭɱɚɟ эɤɡɨ-ɚɞɞɭɤɬɨɜ ɫ ɛɟɧɡɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɫɨɨɬɧɨɲɟɧɢɟ 

ɢɡɨɦɟɪɨɜ ɫɨɫɬɚɜɥɹɟɬ 1 : 1, ɚ ɞɥɹ ɩɪɨɞɭɤɬɨɜ Д4+βЖ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɨɫɬɚɬɤɚɦɢ ɷɮɢɪɨɜ 

ɚɦɢɧɨɤɢɫɥɨɬ β.β-2.3 : 1. ȼ ɩɨɫɥɟɞɧɢɯ ɫɥɭɱɚɹɯ ɩɪɟɨɛɥɚɞɚɸɬ ɞɢɚɫɬɟɪɟɨɦɟɪɵ ɫ (1S,5S,6R,7S)-

ɤɨɧɮɢɝɭɪɚɰɢɟɣ, ɜɵɞɟɥɟɧɧɵɟ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ 

ɜɢɞɟ. 
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ɋɯɟɦɚ 42 

 

ɉɨɫɬɭɥɢɪɭɟɦɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɪɟɚɤɰɢɹɯ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (206)-(208) ɫ 

ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ, ɜɤɥɸɱɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɚɦɢɞɚ ɦɚɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɬɢɩɚ (212) ɢ 

ɩɨɫɥɟɞɭɸɳɭɸ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɪɟɚɤɰɢɸ Д4+βЖ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ (ɩɭɬɶ 1, cɯɟɦɚ 43). 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɚɪɢɚɧɬ ɨɛɪɚɡɨɜɚɧɢɹ 6-ɤɚɪɛɨɤɫɢ-1,7-ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɨɜ ɜ ɞɚɧɧɵɯ 

ɪɟɚɤɰɢɹɯ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɩɪɨɬɟɤɚɧɢɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ Д4+βЖ 

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ ɢ ɦɚɥɟɢɧɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ, ɚ ɡɚ ɬɟɦ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɰɢɥɢɪɨɜɚɧɢɹ ɚɦɢɧɨɝɪɭɩɩɵ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɪɨɞɭɤɬɟ ɬɢɩɚ (213) (ɩɭɬɶ 

β). ɉɨɥɭɱɟɧɧɵɣ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɪɟɚɤɰɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɟɚɥɢɡɚɰɢɢ ɩɟɪɜɨɝɨ 

ɩɭɬɢ. ɗɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɢɫɤɥɸɱɢɬɟɥɶɧɨ эɤɡɨ-ɤɨɧɮɢɝɭɪɚɰɢɢ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ N-ɚɥɥɢɥɮɭɪɮɭɪɢɥɚɦɢɞɨɜ, ɜ ɤɨɬɨɪɨɣ ɭɤɚɡɚɧɧɚɹ 

ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɧɨɫɬɶ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɥɢɧɨɣ ɫɩɟɣɫɟɪɚ ɫɨɟɞɢɧɹɸɳɟɝɨ ɮɭɪɚɧ ɢ ɞɜɨɣɧɭɸ ɫɜɹɡɶ; 

ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ эɧɞɨ-ɚɞɞɭɤɬɭ ɧɟ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɫɢɥɭ ɫɬɟɪɢɱɟɫɤɢɯ 

ɮɚɤɬɨɪɨɜ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɜ ɪɚɛɨɬɚɯ Д109, 110], ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɪɚɡɪɚɛɨɬɤɭ 

ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɢɡɨɢɧɞɨɥɨДβ,1-aЖɯɢɧɨɥɢɧɨɜ ɢ ɢɡɨɢɧɞɨɥɨДβ,1-bЖДβЖɛɟɧɡɚɡɟɩɢɧɨɜ ɧɚ ɨɫɧɨɜɟ 

ɪɟɚɤɰɢɢ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ ɫ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ. 
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ɋɯɟɦɚ 43 

 

Ⱥɰɢɥɢɪɨɜɚɧɢɟ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (206) ɢ (208) ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɨɦ ɩɪɨɜɨɞɢɥɢ ɜ 

ɯɥɨɪɨɮɨɪɦɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ (1.5 ɷɤɜ.), ɩɨɥɭɱɚɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɮɭɪɮɭɪɢɥɚɦɢɞɵ (214) ɢ (215) ɫ ɜɵɯɨɞɚɦɢ 61-64% (cɯɟɦɚ 44). ȼ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɟɞɢɧɟɧɢɣ (208) ɢ (207) ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɨɦ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, 

ɜɵɯɨɞɵ (216) ɢ (217) ɫɨɫɬɚɜɢɥɢ 89-λ0%. Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɚɰɢɥɢɪɨɜɚɧɢɹ 

ɤɪɨɬɨɧɨɢɥɯɥɨɪɢɞɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɨɦ ɦɟɬɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɭɫɥɨɜɥɟɧɵ 

ɫɬɟɪɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ α-ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ. 

ɋɯɟɦɚ 44 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (206) ɢ (208), ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢɹ (207) ɫ 

ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɨɦ ɜ ɯɥɨɪɨɮɨɪɦɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ Д4+βЖ-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ (218ɚ) ɢ (218ɛ) 

(cɯɟɦɚ 45). ɋɨɨɬɧɨɲɟɧɢɟ (1R,5S,7R)- (218a) ɢ (1S,5R,7S)-ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (218ɛ) ɩɪɚɤɬɢɱɟɫɤɢ 

ɪɚɜɧɨ ɷɤɜɢɜɚɥɟɧɬɧɨɟ, ɨɛɳɢɣ ɜɵɯɨɞ 8λ%.  

ɋɯɟɦɚ 45 

 

ȼɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɫɨɟɞɢɧɟɧɢɣ (214)-(217) ɩɪɨɬɟɤɚɥɚ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɛɟɧɡɨɥɟ 

(8-β5 ɱ, ɤɨɧɬɪɨɥɶ Ɍɋɏ) (cɯɟɦɚ 46). Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɧɟɟ ɩɪɨɜɟɞɟɧɧɵɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦ 

ɪɟɚɤɰɢɹɦ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ, ɨɛɪɚɡɭɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ эɤɡɨ-ɚɞɞɭɤɬɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ 

ɫɦɟɫɶ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ; (1R,5S,7R)- ɢ (1S,5R,7S)-ɤɨɧɮɢɝɭɪɚɰɢɢ ɜ ɫɥɭɱɚɟ (219a), (219ɛ)-

(220a), (220ɛ) ɢ (1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-ɤɨɧɮɢɝɭɪɚɰɢɢ ɞɥɹ (221a), (221ɛ)-(222a), (222ɛ). 

ȼɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɫɨɫɬɚɜɢɥɢ 75-8λ%, ɫɨɨɬɧɨɲɟɧɢɟ ɢɡɨɦɟɪɨɜ ɛɥɢɡɤɨ ɤ ɪɚɜɧɨɷɤɜɢɜɚɥɟɧɬɧɨɦɭ 

Дɨɬ 1.βμ1 ɞɥɹ (221a), (221ɛ) ɞɨ 1μ1 ɞɥɹ (222a), (222ɛ)Ж. ɋɬɟɪɟɨɢɡɨɦɟɪɵ (220a), (220ɛ)-(222a), 

(222ɛ) ɜɵɞɟɥɟɧɵ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ.  
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ɋɯɟɦɚ 46 

 

Ʉɚɤ ɜɢɞɧɨ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɢ ɩɪɢ ɚɬɨɦɟ ɚɡɨɬɚ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ. Ɍɚɤ, ɰɢɤɥɢɡɚɰɢɹ ɚɦɢɞɨɜ ɫ 

ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ – CO2H – ɜ ɚɥɤɟɧɢɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ ɢɞɟɬ 

ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɫ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ. ɉɪɢ ɷɬɨɦ, α-ɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟ ɚɥɥɢɥɚɦɢɞɵ ɛɨɥɟɟ ɚɤɬɢɜɧɵ ɱɟɦ ȕ-

ɦɟɬɢɥɡɚɦɟɳɟɧɧɵɟν ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɰɢɤɥɢɡɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɚɰɢɥɢɪɨɜɚɧɢɹ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ 

ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ ɦɟɬɚɤɪɢɥɨɜɨɣ ɢ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬ ɫɨɫɬɚɜɢɥɨ 8-10 ɱ ɢ β0-β4 ɱ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɵ ɤɚɤ ɪɚɡɥɢɱɢɟɦ ɫɬɟɩɟɧɢ 

ɫɧɢɠɟɧɢɹ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɫɬɟɪɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɫ 

ɫɨɫɟɞɧɢɦɢ ɝɪɭɩɩɚɦɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɩɪɨɞɭɤɬɭ ɟɝɨ ɰɢɤɥɢɡɚɰɢɢ, ɚ 

ɬɚɤɠɟ ɷɮɮɟɤɬɨɦ Ɍɨɪɩɚ-ɂɧɝɨɥɶɞɚ. ɉɨɫɥɟɞɧɢɣ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɫɛɥɢɠɟɧɢɢ ɪɟɚɝɢɪɭɸɳɢɯ 

ɝɪɭɩɩ, ɜ ɫɨɫɬɚɜɟ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɶɟɦɚ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɥɢɧɤɟɪɟ, ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɧɚ ɫɬɚɞɢɢ ɩɪɨɜɟɞɟɧɢɹ ɚɰɢɥɢɪɨɜɚɧɢɹ 

ɚɦɢɧɚ (207), ɫ ɮɪɚɝɦɟɧɬɨɦ ɬɪɟɬ-ɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ L-ɢɡɨɥɟɣɰɢɧɚ ɩɪɢ ɚɬɨɦɟ ɚɡɨɬɚ, 

ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɨɦ. 

ɋ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɪɹɞɚ ɬɟɪɩɟɧɢɥɫɨɞɟɪɠɚɳɢɯ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɨɧɨɜ, ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ, 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɥɢɹɧɢɹ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɞɢɟɧɨɜɨɦ ɮɪɚɝɦɟɧɬɟ N-ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɚ 

ɧɚ ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɭɤɚɡɚɧɧɭɸ ɪɟɚɤɰɢɸ 

ɩɪɨɜɨɞɢɥɢ ɫ ɚɦɢɞɚɦɢ ɦɟɬɢɥ 16-[(N-ɛɟɧɡɢɥ)ɚɦɢɧɨɦɟɬɢɥ]- ɢ 16-[(N-((1-
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ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɚɥɤɚɧɢɥ))ɚɦɢɧɨɦɟɬɢɥ]ɥɚɛɞɚɧɨɢɞɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ, ɚɧɚɥɨɝɢɱɧɨ ɪɚɧɟɟ ɩɪɢɜɟɞɟɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɟɜɪɚɳɟɧɢɣ ɢɡ ɦɟɬɢɥ 

16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53), ɩɨɥɭɱɚɥɢ ɩɪɨɢɡɜɨɞɧɵɟ 16-ɚɦɢɧɨɦɟɬɢɥ-15,16-ɷɩɨɤɫɢ-8(9),13,14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (cɯɟɦɚ 47). ȼɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɚɦɢɧɢɪɨɜɚɧɢɟ ɚɥɶɞɟɝɢɞɚ (112) 

ɛɟɧɡɢɥɚɦɢɧɨɦ (78) ɢ ɦɟɬɢɥɨɜɵɦɢ ɷɮɢɪɚɦɢ -ɚɦɢɧɨɤɢɫɥɨɬ (205), (224) ɢ (225) ɩɪɨɜɨɞɢɥɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɛɨɪɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɚɛɫɨɥɸɬɧɨɦ ɦɟɬɚɧɨɥɟ, ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ (223) ɢ (226)-(228) 

ɫɨɫɬɚɜɢɥ 76-90%. 

ɋɯɟɦɚ 47                                                                                                                             

 
 

ȼ ɪɟɚɤɰɢɹɯ 16-ɚɦɢɧɨɦɟɬɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɛɞɚɧɨɢɞɨɜ (223) ɢ (226)-(228) ɫ ɦɚɥɟɢɧɨɜɵɦ 

ɚɧɝɢɞɪɢɞɨɦ ɜ ɛɟɧɡɨɥɟ ɩɪɢ β0°ɋ 6-ɤɚɪɛɨɤɫɢ-1,7-ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɵ (229ɚ), (229ɛ)-(232a), 

(232ɛ) ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɚɦɢ 7β-λ6% (ɫɯɟɦɚ 48). Ɉɛɪɚɡɭɸɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ эɤɡɨ-ɚɞɞɭɤɬɵ ɫ 

(1S,5S,6R,7S)- (229ɚ)-(232ɚ) ɢ (1R,5R,6S,7R)-ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ (229ɛ)-(232ɛ) [111Ж. ɋɨɨɬɧɨɲɟɧɢɟ 

ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ (229ɚ)-(232ɚ):(229ɛ)-(232ɛ) ɫɨɫɬɚɜɢɥɨ 1:1, 3:1, 2.6:1 ɢ 4:1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɋɯɟɦɚ 48                                                                                                                             

 

Ⱥɰɢɥɢɪɨɜɚɧɢɹ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (223) ɢ (227) ɯɥɨɪɚɧɝɢɞɪɢɞɨɦ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ 

ɯɥɨɪɨɮɨɪɦɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Et3N ɞɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɭɪɮɭɪɢɥɚɦɢɞɵ (233) ɢ (234). 

ɉɨɫɥɟɞɧɢɟ ɜɵɞɟɥɟɧɵ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɫ ɜɵɯɨɞɚɦɢ 7γ% ɢ 4λ% 
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 49). ɇɟ ɜɵɫɨɤɢɣ ɜɵɯɨɞ (234) ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɞɟɡɚɤɬɢɜɢɪɭɸɳɟɝɨ 

ɜɥɢɹɧɢɹ (ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɨɝɨ ɢ ɫɬɟɪɢɱɟɫɤɨɝɨ) ɨɫɬɚɬɤɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜɚɥɢɧɚ ɩɪɢ ɚɬɨɦɟ 

ɚɡɨɬɚ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ ɚɰɢɥɢɪɨɜɚɧɢɹ ɚɦɢɧɚ (227). 

ɋɯɟɦɚ 49                                                                                                     

 

ȼɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɚɦɢɞɨɜ (233) ɢ (234) ɩɪɨɬɟɤɚɥɚ ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɜ ɛɟɧɡɨɥɟ ɢɥɢ ɬɨɥɭɨɥɟ (ɫɯɟɦɚ 50). ɉɨɥɭɱɟɧɵ ɬɟɪɩɟɧɨɢɞɧɵɟ 6-ɦɟɬɢɥ-10-ɨɤɫɚ-3-

ɚɡɚɬɪɢɰɢɤɥɨД5.β.1.01,5Жɞɟɰ-8-ɟɧ-4-ɨɧɵ эɤɡɨ-ɫɬɪɨɟɧɢɹ ɜ ɜɢɞɟ ɫɦɟɫɢ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ. 

ɋɨɨɬɧɨɲɟɧɢɟ ɢɡɨɦɟɪɨɜ ɫ (1S,5S,6S,7R)- (235ɚ)-(236ɚ) ɢ (1R,5R,6R,7S)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ (235ɛ)-

(236ɛ) ɫɨɫɬɚɜɢɥɨ 1μ1 ɢ 1.8μ1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɜ ɬɟɱɟɧɢɟ 10 ɱ 

ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɵ (236ɚ)-(236ɛ) ɜɵɞɟɥɟɧɵ ɫ ɜɵɯɨɞɨɦ 77%, ɚ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɰɢɤɥɢɡɚɰɢɢ 

ɦɟɬɢɥ 16-[(N-ɛɟɧɡɢɥ)ɚɦɢɧɨɦɟɬɢɥЖɥɚɦɛɟɪɬɢɚɧɚɬɚ (235ɚ)-(235ɛ) ɫɨɫɬɚɜɢɥ ɥɢɲɶ 16%. ɍɜɟɥɢɱɟɧɢɟ 

ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɜ β ɪɚɡɚ ɩɨɡɜɨɥɢɥɨ ɩɨɞɧɹɬɶ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ (235ɚ)-(235ɛ) ɞɨ γ6%. Ȼɨɥɟɟ 

ɜɵɫɨɤɢɣ ɜɵɯɨɞ (69%) ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɨɜ (235ɚ)-(235ɛ) ɩɨɥɭɱɟɧ ɩɪɢ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ 

ɩɪɢ 110
ɨɋ ɜ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 10 ɱ.  

ɋɯɟɦɚ 50                                                                                                                             

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɥɢɧɤɟɪɟ, ɫɨɟɞɢɧɹɸɳɟɝɨ ɞɢɟɧɨɮɢɥɶɧɵɣ ɢ ɞɢɟɧɨɜɵɣ 

ɮɪɚɝɦɟɧɬɵ ɜ ɥɚɛɞɚɧɨɜɵɯ N-ɚɥɤɟɧɢɥɮɭɪɮɭɪɢɥɚɦɢɞɚɯ, ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ 

[4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɨɜɟɞɟɧɨ ɚɰɟɬɢɥɢɪɨɜɚɧɢɟ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2). ɉɪɢ 
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ɩɪɨɜɟɞɟɧɢɢ ɞɚɧɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ 3-ɦɟɬɢɥɮɭɪɚɧɚ Д112], ɜ ɭɤɫɭɫɧɨɦ 

ɚɧɝɢɞɪɢɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Mg(ClO)4, ɧɚɛɥɸɞɚɥɫɹ ɫɞɜɢɝ эɤɡɨ-ɦɟɬɢɥɟɧɨɜɨɣ ɫɜɹɡɢ ɜ ɬɟɪɩɟɧɨɜɨɦ 

ɮɪɚɝɦɟɧɬɟ ɜ ɩɨɥɨɠɟɧɢɟ ɋ8,9. ɉɪɢ ɷɬɨɦ ɢɡɨɦɟɪɢɡɚɰɢɹ ɩɪɨɯɨɞɢɥɚ ɱɚɫɬɢɱɧɨ, ɱɬɨ ɩɪɢɜɨɞɢɥɨ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɫɦɟɫɢ ɱɟɬɵɪɟɯ ɫɨɟɞɢɧɟɧɢɣ – 15-ɚɰɟɬɢɥ- ɢ 16-ɚɰɟɬɢɥɡɚɦɟɳɟɧɧɵɯ ɥɚɛɞɚɧɨɢɞɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɞɜɨɣɧɭɸ ɫɜɹɡɶ ɜ ɩɨɥɨɠɟɧɢɹɯ ɋ8,17 ɢɥɢ ɋ8,9
. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 8(9),13,14-ɥɚɛɞɚɬɪɢɟɧ (38). Ⱥɰɟɬɢɥɢɪɨɜɚɧɢɟ (38) ɭɤɫɭɫɧɵɦ 

ɚɧɝɢɞɪɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Mg(ClO)4 ɞɚɜɚɥɨ ɫɦɟɫɶ 16-ɚɰɟɬɢɥ- (238) ɢ 15-

ɚɰɟɬɢɥɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ (237) (ɫɨɨɬɧɨɲɟɧɢɟ 1.6 μ 1, ɨɛɳɢɣ ɜɵɯɨɞ 68%) (ɫɯɟɦɚ 51). 

Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɜɵɞɟɥɟɧ ɚɰɟɬɢɥɮɭɪɚɧ (238) ɫ 

ɜɵɯɨɞɨɦ γ0%. ɗɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɣ ɯɚɪɚɤɬɟɪ ɬɟɪɩɟɧɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ 

ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɮɨɪɦɢɥɢɪɨɜɚɧɢɹ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ 

ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɩɨ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɋ-16. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ (238) ɫ ɛɟɧɡɢɥɚɦɢɧɨɦ 

(78) ɜ ɩɪɢɫɭɬɫɬɜɢɢ NaBH4 ɢ Ti(O-i-Pr)4 ɩɨɥɭɱɚɥɢ 16-(1-ɛɟɧɡɢɥɚɦɢɧɨ-ɷɬɢɥ)ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞ 

(ɜɵɯɨɞ 81%) ɜ ɜɢɞɟ ɫɦɟɫɢ 16ɚ(R)- (239ɚ) ɢ 16a(S)-ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (239ɛ). 

ɋɯɟɦɚ 51                                                                                                                             

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (239ɚ) ɢ (239ɛ) ɫ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ ɜ ɛɟɧɡɨɥɟ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɚɟɬ β-ɦɟɬɢɥ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.β.1.01,5
]-ɞɟɰɟɧɵ ɫ 

(1R,2R,5R,6S,7R)- (240ɚ) ɢ (1R,2S,5R,6S,7R)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ (240ɛ) (ɜɵɯɨɞ 86%, ɫɨɨɬɧɨɲɟɧɢɟ 

1:1) (ɫɯɟɦɚ 52). ɉɨɥɭɱɟɧɧɵɟ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɧɵɟ ɨɤɫɚ-ɚɞɞɭɤɬɵ ɪɚɡɥɢɱɚɸɬɫɹ ɤɨɧɮɢɝɭɪɚɰɢɟɣ 

ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ ɋ-2.  

ɋɯɟɦɚ 52                                                                                                                             
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ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɦɟɫɢ ɨɤɫɚɚɞɞɭɤɬɨɜ (240ɚ) ɢ (240ɛ) ɩɪɨɬɨɧɚɦ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɋɇ3-2 

ɨɬɜɟɱɚɸɬ ɞɭɛɥɟɬɵ ɩɪɢ 0.87 ɦ.ɞ. ɢ 1.β4 ɦ.ɞ. ɫ Ʉɋɋȼ 7 Ƚɰ, ɚ ɩɪɨɬɨɧ ɇ-β ɪɟɡɨɧɢɪɭɟɬ ɜ ɜɢɞɟ 

ɞɭɛɥɟɬɚ ɩɪɢ γ.6β ɦ.ɞ. ɢ γ.λβ ɦ.ɞ. (J 7 Ƚɰ). Ɋɚɡɥɢɱɢɟ ɜ ɯɢɦɢɱɟɫɤɢɯ ɫɞɜɢɝɚɯ ɞɚɧɧɵɯ ɩɪɨɬɨɧɨɜ, 

ɫɨɫɬɚɜɥɹɸɳɟɟ 0.γ0-0.γ7 ɦ.ɞ., ɭɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ эɤɡɨ-ɚɞɞɭɤɬɵ ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ 

ɨɪɢɟɧɬɚɰɢɸ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɩɨɤɫɢɞɧɨɝɨ ɦɨɫɬɢɤɚ. Ɍɚɤ ɤɚɤ, ɢɫɯɨɞɧɵɣ 

ɮɭɪɮɭɪɢɥɚɦɢɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ (239ɚ) ɢ (239ɛ), ɬɨ ɜɨɡɦɨɠɧɨ 

ɨɛɪɚɡɨɜɚɧɢɟ ɱɟɬɵɪɟɯ ɢɡɨɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɰɢɤɥɢɡɚɰɢɢ (240ɚ)-(240ɝ) (ɫɯɟɦɚ 53). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɭɱɟɧɧɵɦ ɨɤɫɚ-ɚɞɞɭɤɬɚɦ ɦɨɠɧɨ ɩɪɢɩɢɫɚɬɶ ɥɢɛɨ (1S,2R,5S,6R,7S)- ɢ 

(1S,2S,5S,6R,7S)- ɥɢɛɨ (1R,2S,5R,6S,7R)- ɢ (1R,2R,5R,6S,7R)-ɤɨɧɮɢɝɭɪɚɰɢɸ. Ɇɨɞɟɥɢ 

ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ (241ɚ)-(241ɝ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɚɧɧɵɦ ɞɜɭɦ ɜɚɪɢɚɧɬɚɦ, ɨɬɥɢɱɚɸɬɫɹ 

ɨɪɢɟɧɬɚɰɢɟɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɤ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ. ɉɪɢ ɩɨɞɯɨɞɟ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɫɧɢɡɭ ɫɥɟɞɭɟɬ 

ɨɠɢɞɚɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɫɬɟɪɢɱɟɫɤɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟɟ ɫ ɞɢɬɟɪɩɟɧɨɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɜ ȕ-

ɩɨɥɨɠɟɧɢɢ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ. ɉɨɫɥɟɞɧɢɣ ɷɮɮɟɤɬ ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɨɪɢɟɧɬɚɰɢɢ 

ɪɟɚɝɢɪɭɸɳɢɯ ɮɪɚɝɦɟɧɬɨɜ. ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɢ ɪɚɫɫɭɠɞɟɧɢɣ ɩɨɥɭɱɟɧɧɵɦ 

ɩɪɨɞɭɤɬɚɦ (240ɚ) ɢ (240ɛ) ɩɪɢɩɢɫɚɧɚ (1R,2R,5R,6S,7R)- ɢ (1R,2S,5R,6S,7R)-ɤɨɧɮɢɝɭɪɚɰɢɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɯɟɦɚ 53                                                                                                                             

 

Ⱥɧɚɥɨɝɢɱɧɨ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (239ɚ) ɢ (239ɛ) ɫ β-ɦɟɬɢɥ-ɚɤɪɢɥɨɢɥɯɥɨɪɢɞɨɦ 

ɜ ɯɥɨɪɨɮɨɪɦɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɞɚɟɬ β-ɦɟɬɢɥ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.β.1.01,5
]-

ɞɟɰɟɧɵ (1R,2R,5S,7S)- (243ɚ) ɢ (1R,2S,5S,7S)-ɤɨɧɮɢɝɭɪɚɰɢɢ (243ɛ) (ɜɵɯɨɞ 86%, ɫɨɨɬɧɨɲɟɧɢɟ 

1:1) (ɫɯɟɦɚ 54). ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɫɧɹɬɵɣ ɱɟɪɟɡ β ɱ ɩɨɫɥɟ ɫɦɟɲɟɧɢɹ 

ɪɟɚɝɟɧɬɨɜ, ɡɚɮɢɤɫɢɪɨɜɚɧɚ ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɛɪɚɡɭɸɳɟɦɫɹ 

ɮɭɪɮɭɪɢɥɚɦɢɞɚɦ (242ɚ)-(242ɛ).  
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ɋɯɟɦɚ 54                                                                              

 

Ȼɨɥɟɟ ɜɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɚɦɢɞɨɜ (242ɚ) ɢ (242ɛ) ɜ ɪɟɚɤɰɢɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɭɪɮɭɪɢɥɚɦɢɞɚɦɢ (214) ɢ (215) ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ 

ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ -ɩɨɥɨɠɟɧɢɢ ɡɚɦɟɫɬɢɬɟɥɹ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ. Ɉɧɚ ɭɦɟɧɶɲɚɟɬ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɪɶɟɪ ɩɟɪɟɯɨɞɚ ɦɨɥɟɤɭɥɵ ɢɡ ɚɧɬɢ-ɤɨɧɮɨɪɦɚɰɢɢ ɜ ɦɟɧɟɟ ɜɵɝɨɞɧɭɸ ɝɨш-

ɤɨɧɮɨɪɦɚɰɢɸ, ɜ ɤɨɬɨɪɨɣ ɮɭɪɚɧɨɜɵɣ ɰɢɤɥ ɢ ɞɜɨɣɧɚɹ ɫɜɹɡɶ ɫɛɥɢɠɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ 

ɜɫɬɭɩɚɸɬ ɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ (ɫɯɟɦɚ 55). 

ɋɯɟɦɚ 55                                                                   

 

ȼɤɥɸɱɟɧɢɟ ɚɬɨɦɚ ɚɡɨɬɚ ɜ N-ɮɭɪɮɭɪɢɥɚɦɢɞɚɯ ɜ ɰɢɤɥɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɨɬɤɪɵɜɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɨɧɨɜ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ. Ɋɚɧɟɟ 

ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɫɢɧɬɟɡɟ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɚ ɚɧɧɟɥɢɪɨɜɚɧɧɨɝɨ 

ɬɟɬɪɚɝɢɞɪɨɤɚɪɛɨɥɢɧɨɦ ɢɡ ɮɭɪɮɭɪɢɥɚɦɢɞɚ, ɜ ɤɨɬɨɪɨɦ ɚɬɨɦ ɚɡɨɬɚ ɜɯɨɞɢɥ ɜ ɫɨɫɬɚɜ ɬɟɬɪɚɝɢɞɪɨ-

9H-ɩɢɪɢɞɨДγ,4-ЛЖɢɧɞɨɥɚ Д113Ж. ɇɚɦɢ, ɧɚ ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɣ ɫ ɚɦɢɞɚɦɢ ɦɟɬɢɥ 16-(ɬɢɚɡɨɥɢɞɢɧ-2-

ɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ, ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ 7,9a-ɷɩɨɤɫɢɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨДβ,γ-

ɚЖɢɡɨɢɧɞɨɥɢɧɨɧɨɜ. Ɇɟɬɨɞɵ ɫɢɧɬɟɡɚ ɩɨɥɢɰɢɤɥɚɧɨɜ ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ, ɜ ɪɹɞɭ ɩɪɨɢɡɜɨɞɧɵɯ 

ɤɨɬɨɪɵɯ ɧɚɣɞɟɧɵ ɢɧɝɢɛɢɬɨɪɵ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ ȼɂɑ-1 ɜ ɧɚɧɨɦɨɥɹɪɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, 

ɧɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵ ɢ ɦɧɨɝɨɫɬɚɞɢɣɧɵ Д114].  

Ɇɟɬɢɥ-16-(ɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (244) ɩɨɥɭɱɟɧ ɪɟɚɤɰɢɟɣ ɚɥɶɞɟɝɢɞɚ (53) ɫ 

ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɰɢɫɬɟɢɧɚɦɢɧɚ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɛɟɧɡɨɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɫ ɜɵɯɨɞɨɦ 
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8γ% (ɫɯɟɦɚ 56). Ⱥɧɚɥɨɝɢɱɧɨ, ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɦ ɮɭɪɮɭɪɢɥɚɦɢɧɚɦ, ɫɨɟɞɢɧɟɧɢɟ (244) ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ ɜ ɯɥɨɪɨɮɨɪɦɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɚɟɬ 

ɩɪɨɞɭɤɬɵ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ. ɉɨɫɥɟɞɧɢɟ – 6-ɤɚɪɛɨɤɫɢ-7,9a-

ɷɩɨɤɫɢɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨДβ,γ-aЖɢɡɨɢɧɞɨɥɢɧɨɧɵ (245a) ɢ (245ɛ) – ɹɜɥɹɸɬɫɹ эɤɡɨ-ɚɞɞɭɤɬɚɦɢ ɫ 

(5ɚS,6R,7S,λɚS,9bS)- (245a) ɢ (5ɚR,6S,7R,9ɚR,9bR)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ (245ɛ) (ɜɵɯɨɞ 84%, 

ɫɨɨɬɧɨɲɟɧɢɟ 1.β μ 1). 

ɋɯɟɦɚ 56 

 

Ɉɛɪɚɳɚɟɬ ɜɧɢɦɚɧɢɟ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɪɟɚɤɰɢɢ, ɨɛɪɚɡɭɸɬɫɹ 6-ɤɚɪɛɨɤɫɢ-7,9a-

ɷɩɨɤɫɢɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨ[2,3-a]ɢɡɨɢɧɞɨɥɵ ɫ цɢɫ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɩɪɨɬɨɧɨɦ ɩɪɢ ɚɬɨɦɟ 

ɭɝɥɟɪɨɞɚ ɋ-9b ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɩɨɤɫɢɞɧɨɝɨ ɦɨɫɬɢɤɚ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɢɫɯɨɞɧɵɣ ɦɟɬɢɥ-16-

(ɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (244) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ ɩɨ ɚɬɨɦɭ 

ɭɝɥɟɪɨɞɚ ɋ-2’, ɤɨɬɨɪɵɟ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ ɞɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɚɦɢɞɵ (246a)-(246ɛ) (ɫɯɟɦɚ 57). ȼɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɩɨɫɥɟɞɧɢɯ ɜ ɤɚɠɞɨɦ ɫɥɭɱɚɟ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɜɭɯ ɢɡɨɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ (245a), (245ɝ) ɢ (245ɛ), (245ɜ). 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɫɬɪɨɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (245a) ɢ (245ɛ) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ 

ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ (247a) ɢ (247ɛ) ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɶ ɩɨɞɯɨɞɚ ɞɜɨɣɧɨɣ ɫɜɹɡɢ 

ɤ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɫ ɬɪɚɧɫ-ɫɬɨɪɨɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɦɭ ɩɪɨɬɨɧɭ 

ɬɢɚɡɨɥɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ.  
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ɋɯɟɦɚ 57 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɧɚɥɨɝɢɱɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɜɪɚɳɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ ɛɨɥɟɟ 

ɩɨɡɞɧɟɣ ɪɚɛɨɬɟ Д115], ɞɥɹ ɮɭɪɮɭɪɨɥɚ ɢ 5-ɦɟɬɢɥɮɭɪɮɭɪɨɥɚ ɩɪɢɜɨɞɢɥɚ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 7,9a-

ɷɩɨɤɫɢД1,γЖɬɢɚɡɨɥɨ[2,3-a]ɢɡɨɢɧɞɨɥɨɜ ɜ ɜɢɞɟ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ ɩɨ ɩɪɨɬɨɧɭ ɩɪɢ ɚɬɨɦɟ 

ɭɝɥɟɪɨɞɚ ɋ-9b, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɡɚɦɟɫɬɢɬɟɥɹ – R – ɜ ɮɭɪɚɧɨɜɨɦ 

ɰɢɤɥɟ (ɫɯɟɦɚ 58).  

ɋɯɟɦɚ 58                                                                                                              

 

N-Ɇɟɬɢɥɚɤɪɢɥɨɢɥ- (248) ɢ N-ɤɪɨɬɨɧɨɢɥ-2-ɮɭɪɢɥɬɢɚɡɨɥɢɞɢɧɵ (249) ɩɨɥɭɱɟɧɵ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɫɨɟɞɢɧɟɧɢɹ (244) ɫ ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ ɦɟɬɚɤɪɢɥɨɜɨɣ ɢ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬ ɜ 

ɯɥɨɪɨɮɨɪɦɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɫ ɜɵɯɨɞɚɦɢ 75% ɢ 8β% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 59). 
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ɋɯɟɦɚ 59                                                                                                                             

 

ȼɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɫɨɟɞɢɧɟɧɢɣ (248) ɢ (249) ɩɪɨɬɟɤɚɥɚ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ 

ɛɟɧɡɨɥɟ, ɨɛɪɚɡɭɸɬɫɹ 7,9a-ɷɩɨɤɫɢɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨДβ,γ-ɚЖɢɡɨɢɧɞɨɥɨɧɵ (250ɚ)-(250ɛ) ɢɥɢ 

(251a)-(251ɛ) (ɫɯɟɦɚ 60). ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɦɟɫɶ эɤɡɨ-ɚɞɞɭɤɬɨɜ ɫ 

(5aS,7R,9aR,9bS)- ɢ (5aR,7S,9aS,9bR)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɞɥɹ (250a) ɢ (250ɛ) ɢɥɢ (5aS,6S,7R,9aS,9bS)- 

ɢ (5aR,6R,7S,9aR,9bR)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɞɥɹ (251a) ɢ (251ɛ). ɋɨɨɬɧɨɲɟɧɢɟ ɞɢɚɫɬɟɪɟɨɦɟɪɧɵɯ 7,9a-

ɷɩɨɤɫɢɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨ[2,3-ɚ]ɢɡɨɢɧɞɨɥɨɧɨɜ (250a) ɢ (250ɛ) ɫɨɫɬɚɜɢɥɨ 1.4 : 1, ɚ ɢɡɨɦɟɪɨɜ 

(251a) ɢ (251ɛ) 1 : 1. ɋɨɟɞɢɧɟɧɢɟ (250ɛ) ɜɵɞɟɥɟɧɨ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ.  

ɋɯɟɦɚ 60                                                                                                                             

 

 

7.2. ɋɂɇɌȿɁ ɂɁɈɂɇȾɈɅɂɇɈɇɈȼ ȾɂɌȿɊɉȿɇɈȼɈȽɈ ɌɂɉȺ  

ɂɡɨɢɧɞɨɥɢɧ-1-ɨɧ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɢ 

ɩɪɢɪɨɞɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɪɢɦɟɪɵ ɩɪɢɪɨɞɧɵɯ ɢɡɨɢɧɞɨɥɢɧɨɧɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1γ 

ɚɥɤɚɥɨɢɞɚɦɢ ɥɟɧɧɨɤɫɚɦɢɧɨɦ (lennoxamine) (252), ɚɪɢɫɬɨɹɝɨɧɢɧɨɦ (aristoyagonine) (253), 
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ɧɭɟɜɚɦɢɧɨɦ (nuevamine) (254) ɢ ɱɢɥɟɧɢɧɨɦ (chilenine) (255) [116]. ɋɨɟɞɢɧɟɧɢɹ ɫ 

ɢɡɨɢɧɞɨɥɢɧɨɧɨɜɵɦ ɰɢɤɥɨɦ ɩɪɨɹɜɥɹɸɬ ɚɧɬɢɝɢɩɟɪɬɟɧɡɢɜɧɭɸ [117], ɚɧɬɢɩɫɢɯɨɬɢɱɟɫɤɭɸ [118], 

ɩɪɨɬɢɜɨɜɢɪɭɫɧɭɸ [119] ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ [120] ɚɤɬɢɜɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɨɟɞɢɧɟɧɢɹ ɫ 

ɞɚɧɧɵɦ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦ ɮɪɚɝɦɟɧɬɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɫɟɥɟɤɬɢɜɧɵɟ ɚɝɟɧɬɵ ɐɇɋ. 

ɇɚɩɪɢɦɟɪ, ɩɪɨɢɡɜɨɞɧɵɟ ɢɡɨɢɧɞɨɥɢɧɨɧɨɜ (256)-(258), ɫɨɞɟɪɠɚɳɢɟ ɚɥɤɢɥɩɢɩɟɪɚɡɢɧɨɜɵɟ 

ɡɚɦɟɫɬɢɬɟɥɢ, ɫɟɥɟɤɬɢɜɧɨ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɫɟɪɨɬɨɧɢɧɨɜɵɦɢ ɢ ɞɨɮɚɦɢɧɨɜɵɦɢ ɪɟɰɟɩɬɨɪɚɦɢ [121, 

122, 123]. N-ɇɚɮɬɚɪɢɞɢɧɡɚɦɟɳɟɧɧɵɣ ɢɡɨɢɧɞɨɥɢɧ-1-ɨɧ (259) ɩɪɨɹɜɥɹɟɬ ɚɧɤɫɢɨɥɢɬɢɱɟɫɤɢɣ, 

ɫɟɞɚɬɢɜɧɵɣ, ɝɢɩɧɨɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬɵ ɢ ɹɜɥɹɟɬɫɹ ɦɵɲɟɱɧɵɦ ɪɟɥɚɤɫɚɧɬɨɦ [124]. Ⱦɪɭɝɢɟ 

ɩɢɩɟɪɚɡɢɧɨɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɢɡɨɢɧɞɨɥɢɧ-1-ɨɧɨɜ ɩɨ ɚɬɨɦɭ ɭɝɥɟɪɨɞɭ ɋ-4 ɢɡɜɟɫɬɧɵ ɤɚɤ 

ɫɟɥɟɤɬɢɜɧɵɟ ɚɧɬɚɝɨɧɢɫɬɵ ɪɟɰɟɩɬɨɪɨɜ ɭɪɟɨɬɟɧɡɢɧɚ II [125]. 

Ɋɢɫɭɧɨɤ 13 

 

Ɇɟɬɨɞɵ ɫɢɧɬɟɡɚ ɢɡɨɢɧɞɨɥɢɧɨɧɨɜ ɢɡ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɚɯ Д126, 

127, 128, 129, 130, 131Ж, ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɢɧɟɪɚɥɶɧɵɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɤɢɫɥɨɬ (HCl, H2SO4, 85% H3PO4, MsOH) ɢ ɤɢɫɥɨɬ Ʌɶɸɢɫɚ. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ 

ɩɪɨɞɭɤɬɨɜ ɚɪɨɦɚɬɢɡɚɰɢɢ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɨɜ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɮɢɪɚɬɚ 

ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ. Ɉɬɦɟɱɟɧɧɚɹ ɪɚɧɟɟ ɫɤɥɨɧɧɨɫɬɶ эɤɡɨ-ɦɟɬɢɥɟɧɨɜɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ 

ɬɟɪɩɟɧɨɜɨɦ ɫɤɟɥɟɬɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɩɪɟɬɟɪɩɟɜɚɬɶ ɢɡɨɦɟɪɢɡɚɰɢɸ 
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ɩɨɞ ɞɟɣɫɬɜɢɟɦ p-ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɵ ɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɟɪɯɥɨɪɚɬɚ ɦɚɝɧɢɹ (II), ɨɛɭɫɥɨɜɢɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɰɟɥɟɜɨɦ ɩɪɟɜɪɚɳɟɧɢɟ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ. 

Ɉɤɫɚɚɞɞɭɤɬɵ (229a), (229ɛ)-(232a), (232ɛ) ɢ (235a), (235ɛ)-(236a), (236ɛ) ɨɛɪɚɛɚɬɵɜɚɥɢ 

BF3∙OEt2 ɜ ɤɢɩɹɳɟɦ 1,4-ɞɢɨɤɫɚɧɟ ɜ ɬɟɱɟɧɢɟ β ɱ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɥɢ ɬɨɥɶɤɨ ɢɡɨɢɧɞɨɥɢɧ-1-

ɨɧɵ (260)-(265), ɜɵɯɨɞ ɤɨɬɨɪɵɯ ɩɨɫɥɟ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɫɨɫɬɚɜɢɥ 15-60% (ɫɯɟɦɚ 61).  

ɋɯɟɦɚ 61                                             

 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɦɟɯɚɧɢɡɦ ɚɪɨɦɚɬɢɡɚɰɢɢ ɷɩɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɧɨɜ (229a), (229ɛ)-(232a), 

(232ɛ) ɢ (235a), (235ɛ)-(236a), (236ɛ) ɜɤɥɸɱɚɟɬ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɤɨɨɪɞɢɧɚɰɢɸ ɤɢɫɥɨɬɵ Ʌɶɸɢɫɚ 

– BF3 – ɩɨ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ ɷɩɨɤɫɢɞɧɨɝɨ ɦɨɫɬɢɤɚ (ɫɯɟɦɚ 62). Ɋɚɫɤɪɵɬɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɬɢɱɧɨɝɨ ɤɚɪɛɨɤɚɬɢɨɧɚ, ɤɨɬɨɪɵɣ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɩɨɫɥɟɞɭɸɳɢɦɢ ɫɬɚɞɢɹɦɢ 

ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɩɨɬɟɪɟɣ ɦɨɥɟɤɭɥ BF3 ɢ H2O. 

ɋɯɟɦɚ 62                                                                                                   
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ N-ɮɭɪɮɭɪɢɥ-N-ɚɥɤɟɧɢɥɚɦɢɞɨɜ ɥɚɛɞɚɧɨɜɨɝɨ 

ɪɹɞɚ ɫ ɩɨɦɨɳɶɸ ɪɟɚɤɰɢɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɚɦɢɧɢɪɨɜɚɧɢɹ 16-ɮɨɪɦɢɥɥɚɛɞɚɬɪɢɟɧɨɜ ɢ 

ɚɰɢɥɢɪɨɜɚɧɢɹ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ, ɯɥɨɪɚɧɝɢɞɪɢɞɚɦɢ ɦɟɬɚɤɪɢɥɨɜɨɣ ɢ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɚɬɨɦɟ ɚɡɨɬɚ, ɜ ɮɭɪɚɧɟ ɢ ɜ ɥɢɧɤɟɪɟ, ɫɨɟɞɢɧɹɸɳɟɝɨ 

ɞɢɟɧɨɮɢɥɶɧɵɣ ɢ ɞɢɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬɵ, ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ. ɇɚɣɞɟɧɵ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɢɧɞɨɥɢɧ-1-

ɨɧɨɜ ɬɟɪɩɟɧɨɜɨɝɨ ɬɢɩɚ.  

 

7.3. ɋɂɇɌȿɁ ȾɂȽɂȾɊɈɂɁɈɂɇȾɈɅɈȼ ɂ ȾɂȽɂȾɊɈɂɁɈȻȿɇɁɈɎɍɊȺɇɈȼ 

ȾɂɌȿɊɉȿɇɈȼɈȽɈ ɌɂɉȺ  
ȼɧɟɞɪɟɧɢɟ ɜ ɩɪɚɤɬɢɤɭ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 

ɫɨɟɞɢɧɟɧɢɣ ɡɨɥɨɬɚ ɩɨɡɜɨɥɢɥɨ ɧɟ ɬɨɥɶɤɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɪɚɧɟɟ ɢɡɜɟɫɬɧɵɟ, ɧɨ ɢ ɪɚɡɪɚɛɨɬɚɬɶ 

ɧɨɜɵɟ ɨɪɢɝɢɧɚɥɶɧɵɟ ɦɟɬɨɞɵ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞɧɵɯ, ɭɝɥɟɪɨɞ-ɜɨɞɨɪɨɞɧɵɯ ɢ 

ɝɟɬɟɪɨɚɬɨɦ-ɭɝɥɟɪɨɞɧɵɯ ɫɜɹɡɟɣ [132, 133, 134]. ɋ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ 

ɡɧɚɱɢɦɨɫɬɢ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢɜɥɟɤɚɸɬ Au(III)-ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ 

ɩɪɟɜɪɚɳɟɧɢɹ ɟɧɢɧɨɜɨɝɨ ɬɢɩɚ, ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ 

ɚɥɤɢɧɢɥɮɭɪɚɧɨɜ. ɇɚ ɨɫɧɨɜɟ ɩɨɫɥɟɞɧɟɣ ɩɪɟɞɥɨɠɟɧɵ ɭɞɨɛɧɵɟ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ 

ɞɢɝɢɞɪɨɢɧɞɟɧɚ [135, 136], ɞɢɝɢɞɪɨɢɧɞɨɥɚ [137], ɬɟɬɪɚɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚ [138, 139], 

ɬɟɬɪɚɝɢɞɪɨɯɢɧɨɥɢɧɚ 
[137], ɮɟɧɚɧɬɪɟɧɚ 

[140], ɞɢɝɢɞɪɨɛɟɧɡɨɩɢɪɚɧɚ 
[137], ɯɪɨɦɟɧɚ 

[137], 

ɞɢɝɢɞɪɨɢɡɨɢɧɞɨɥɚ [141, 142, 143, 144, 145, 146, 147]
 ɢ ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ [148, 149]. ɉɪɢ 

ɷɬɨɦ, ɜ ɪɹɞɭ ɭɤɚɡɚɧɧɵɯ ɦɟɬɨɞɨɜ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚɧɚ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ -

ɚɥɤɢɧɢɥɮɭɪɚɧɨɜ ɜ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɟ ɫɨɟɞɢɧɟɧɢɹ – ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɵ ɢ 

ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɵ. ɗɬɨ ɩɪɟɜɪɚɳɟɧɢɟ ɩɪɨɜɟɞɟɧɨ ɤɚɤ ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɫɨɥɹɦɢ 

ɡɨɥɨɬɚ [141, 142, 143, 144, 145, 146, 147, 148]
 ɢ ɟɝɨ ɤɨɦɩɥɟɤɫɚɦɢ ɫ ɮɨɫɮɢɧɚɦɢ [150]

 ɢ 

ɩɢɪɢɞɢɧɚɦɢ [146, 151, 152]
 ɬɚɤ ɢ ɜ ɭɫɥɨɜɢɹɯ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ [153]. ɉɨɤɚɡɚɧɨ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɮɭɪɚɧɨɜɨɦ 

ɰɢɤɥɟ 
[141]. Ɍɚɤ, ɜɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɭɜɟɥɢɱɢɜɚɟɬ ɧɭɤɥɟɨɮɢɥɶɧɨɫɬɶ 

ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɬɟɦ ɫɚɦɵɦ ɨɛɥɟɝɱɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɪɟɚɤɰɢɢ, ɚ ɜɜɟɞɟɧɢɟ ɚɤɰɟɩɬɨɪɧɵɯ ɟɟ 

ɢɧɝɢɛɢɪɭɟɬ. ɐɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɨɬɟɤɚɟɬ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 7-

ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɚ ɢɥɢ 7-ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ. Ⱥɥɤɢɧɢɥɮɭɪɚɧɵ ɫ 

ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɩɪɢ ɫɨɫɟɞɧɟɦ β-ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɞɚɸɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɨɞɢɧ 

ɢɡɨɦɟɪ. 

ȼ ɪɹɞɭ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɞɢɝɢɞɪɨɢɡɨɢɧɞɨɥɨɜ ɦɨɠɧɨ 

ɨɬɦɟɬɢɬɶ ɫɨɟɞɢɧɟɧɢɹ (266) ɢ (267), ɹɜɥɹɸɳɢɟɫɹ ɫɢɥɶɧɵɦɢ ɢɧɝɢɛɢɬɨɪɚɦɢ ɬɪɚɧɫɩɨɪɬɟɪɚ 

ɝɥɢɰɢɧɚ-1 (ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɦɢɲɟɧɶ ɞɥɹ ɥɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɣ ɐɇɋ) ɢ ɤɢɧɚɡɵ 
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ɩɢɪɭɜɚɬɞɟɝɢɞɪɨɝɟɧɚɡɵ (ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ ɦɢɲɟɧɶ ɞɥɹ ɥɟɱɟɧɢɹ ɨɠɢɪɟɧɢɹ, ɞɢɚɛɟɬɚ, ɡɚɛɨɥɟɜɚɧɢɣ 

ɫɟɪɞɰɚ ɢ ɪɚɤɚ) (ɪɢɫɭɧɨɤ 14) [154, 155]. Ⱦɢɬɟɪɩɟɧɫɨɞɟɪɠɚɳɢɟ ɞɢɝɢɞɪɨɢɡɨɢɧɞɨɥɵ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɢɫɭɧɤɟ 14 ɫɨɟɞɢɧɟɧɢɟɦ (268), ɡɚɩɚɬɟɧɬɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɜɢɪɭɫɧɵɯ 

ɚɝɟɧɬɨɜ Д156]. Ƚɢɞɪɨɤɫɢɞɢɝɢɞɪɨɛɟɧɡɨɮɭɪɚɧ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (269) ɢ 

(270), ɩɪɨɞɭɰɢɪɭɟɦɵɯ ɝɪɢɛɚɦɢ ɪɨɞɚ Epicoccum ЬЩ. ɢ Aspergillus flavipes ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [157]. 

ɉɨ ɤɨɥɢɱɟɫɬɜɭ, ɩɪɨɢɡɜɨɞɧɵɟ ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ, ɩɪɨɹɜɥɹɸɳɢɟ ɛɢɨɥɨɝɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ, ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: ɐɇɋ-, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ, 

ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ, ɢɦɦɭɧɨɦɨɞɭɥɢɪɭɸɳɢɟ ɚɝɟɧɬɵ ɢ ɞɪ. 

Ɋɢɫɭɧɨɤ 14 

 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ Au(III)-ɤɚɬɚɥɢɡɢɪɭɟɦɵɣ ɦɟɬɨɞ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ -ɚɥɤɢɧɢɥɮɭɪɚɧɨɜ 

ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɫɢɧɬɟɡɟ ɧɟɤɨɬɨɪɵɯ ɩɪɢɪɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɨɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ 

ɦɟɬɨɞɚ ɤ ɩɪɟɜɪɚɳɟɧɢɹɦ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɮɭɪɚɧɨɜɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɞɢɬɟɪɩɟɧɨɜɨɝɨ ɬɢɩɚ ɧɟ 

ɨɩɢɫɚɧɨ. 

Ʉɥɸɱɟɜɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɜ ɫɢɧɬɟɡɟ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɚ ɥɚɛɞɚɧɨɜɨɝɨ ɬɢɩɚ (273) ɹɜɥɹɟɬɫɹ 

ɦɟɬɢɥ 16-(ɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (55), ɪɟɚɤɰɢɟɣ ɤɨɬɨɪɨɝɨ ɫ ɪ-ɬɨɥɭɨɥɫɭɥɶɮɨɯɥɨɪɢɞɨɦ ɜ 

ɯɥɨɪɢɫɬɨɦ ɦɟɬɢɥɟɧɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɩɨɥɭɱɟɧ ɫɭɥɶɮɚɦɢɞ (271) (ɫɯɟɦɚ 63) [158]. 

Ⱥɥɤɢɥɢɪɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ (271) ɩɪɨɩɚɪɝɢɥɨɦ ɛɪɨɦɢɫɬɵɦ ɩɪɢɜɨɞɢɬ ɤ ɦɟɬɢɥ N-ɬɨɡɢɥ-16-

(ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)-ɥɚɦɛɟɪɬɢɚɧɚɬɭ (272) (ɜɵɯɨɞ 7γ%). ɉɪɢ ɨɛɪɚɛɨɬɤɟ (272) AuCl3 (5 

ɦɨɥɶ%) ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɨɛɪɚɡɭɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 4-ɡɚɦɟɳɟɧɧɵɣ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧ (273) 

(ɜɵɯɨɞ 7λ%).  
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ɋɯɟɦɚ 63                                                                                                                             

 

AuCl3-Ʉɚɬɚɥɢɡɢɪɭɟɦɚɹ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ ɩɪɨɩɚɪɝɢɥɮɭɪɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɛɞɚɧɨɜɨɝɨ ɬɢɩɚ 

(128), ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɫɯɟɦɟ β4, ɩɪɢɜɨɞɢɬ ɤ 

ɟɞɢɧɫɬɜɟɧɧɨɦɭ ɩɪɨɞɭɤɬɭ – ɬɟɪɩɟɧɨɢɞɧɨɦɭ 7-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɭ (274) 

(ɜɵɯɨɞ 78%) (ɫɯɟɦɚ 64).  

ɋɯɟɦɚ 64                                      

 

AuCl3-Ʉɚɬɚɥɢɡɢɪɭɟɦɚɹ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ ɞɢɚɰɟɬɢɥɟɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (130ɚ)-(130ɛ) (ɩɨɥɭɱɟɧɵ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ β4) ɩɪɨɬɟɤɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɫ 

ɭɱɚɫɬɢɟɦ ɚɰɟɬɢɥɟɧɨɜɨɣ ɫɜɹɡɢ, ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɤɢɫɥɨɪɨɞɨɦ ɢ ɩɪɢɜɨɞɢɬ ɤ ɬɟɪɩɟɧɨɢɞɧɵɦ 3(R)- ɢ 

3(S)-7-ɝɢɞɪɨɤɫɢ-3-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚɦ (275ɚ)-(275ɛ) (ɫɯɟɦɚ 65). 
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ɋɯɟɦɚ 65                                                                                                                             

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ 16-ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɡɚɦɟɳɟɧɧɵɯ ɢ 16-

ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ 

ɯɥɨɪɢɞɨɦ ɡɨɥɨɬɚ (III) ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɚ ɢ 7-

ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɋ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ, ɜ ɩɨɥɭɱɟɧɢɟ 

ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɞɢɝɢɞɪɨɢɡɨɢɧɞɨɥɢɧɨɜ ɢ ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜ, ɞɚɥɟɟ ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ 15,16-ɞɢɚɥɤɢɧɢɥɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ. 

ɉɨɫɥɟɞɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɨɢɡɜɨɞɧɵɦɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ, 

ɫɨɞɟɪɠɚɳɢɟ ɩɪɨɩɚɪɝɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥɶɧɵɣ ɢɥɢ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɢ ɩɪɢ α-

ɚɬɨɦɚɯ ɭɝɥɟɪɨɞɚ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɬɥɢɱɚɸɬɫɹ ɤɚɤ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɬɪɨɣɧɨɣ ɫɜɹɡɢ ɬɚɤ ɢ ɩɨɥɨɠɟɧɢɟɦ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɪɩɟɧɨɜɨɝɨ 

ɡɚɦɟɫɬɢɬɟɥɹ. Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ ɪɟɚɤɰɢɣ ɩɨɡɜɨɥɢɬ ɩɪɟɞɥɨɠɢɬɶ ɦɟɬɨɞ ɫɢɧɬɟɡɚ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ, ɫ ɝɢɞɪɨɤɫɢɥɶɧɵɦ ɢ ɚɥɤɢɧɢɥɶɧɵɦ 

ɡɚɦɟɫɬɢɬɟɥɹɦɢ. ɉɨɫɥɟɞɧɢɟ, ɩɨɥɭɱɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɨɩɢɫɚɧɨ, ɨɛɥɚɞɚɸɬ ɲɢɪɨɤɢɦ 

ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɢ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ.  

Ɇɟɬɢɥ 15,16-ɛɢɫД(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥЖɥɚɦɛɟɪɬɢɚɧɚɬ (145) ɩɨɥɭɱɟɧ ɩɨ ɫɯɟɦɟ 29.  

ȼ ɫɢɧɬɟɡɟ ɦɟɬɢɥ 15-((N-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)-16-((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (277) ɚɥɶɞɟɝɢɞ (143) (ɨɩɢɫɚɧ ɜ ɫɯɟɦɟ β9) ɜɜɨɞɢɥɢ ɜ ɪɟɚɤɰɢɸ ɫ 

ɝɢɞɪɨɯɥɨɪɢɞɨɦ ɩɪɨɩɚɪɝɢɥɚɦɢɧɚ (ɫɯɟɦɚ 66). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɨɜɨɞɢɥɢ ɜ ɢɡɨɩɪɨɩɢɥɨɜɨɦ 

ɫɩɢɪɬɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ AcONa ɢ ȺɫɈɇ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

NaBH4, ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ (276) ɫɨɫɬɚɜɢɥ λ9%. Ⱦɚɥɟɟ, ɪɟɚɤɰɢɟɣ ɦɟɬɢɥ 15-

(ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (276) ɫ ɪ-ɬɨɥɭɨɥɫɭɥɶɮɨɯɥɨɪɢɞɨɦ ɜ ɯɥɨɪɢɫɬɨɦ ɦɟɬɢɥɟɧɟ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɩɨɥɭɱɚɥɢ ɰɟɥɟɜɨɣ ɫɭɥɶɮɚɦɢɞ (277) ɫ ɜɵɯɨɞɨɦ 7γ%. 
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ɋɯɟɦɚ 66                                                      

 

Ɇɟɬɢɥ 15-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)-16-(N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (280) ɩɨɥɭɱɚɥɢ ɢɡ ɦɟɬɢɥ N-ɬɨɡɢɥ-16-

(ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (272) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɪɟɚɤɰɢɣ ɢɡ ɮɨɪɦɢɥɢɪɨɜɚɧɢɹ 

ɩɨɫɥɟɞɧɟɝɨ ɞɨ (278) (ɜɵɯɨɞ 7λ%), ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɚɥɶɞɟɝɢɞɚ (278) NaBH4 (ɜɵɯɨɞ 8λ%) ɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɩɢɪɬɚ (279) ɫ ɩɪɨɩɚɪɝɢɥɛɪɨɦɢɞɨɦ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ NaH (ɜɵɯɨɞ 

76%) (ɫɯɟɦɚ 67).  

ɋɯɟɦɚ 67                                                                                                     

 

ȼ ɫɯɟɦɟ ɫɢɧɬɟɡɚ ɦɟɬɢɥ 15,16-ɛɢɫ(N-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ 

(282), ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɚɦɢɧɢɪɨɜɚɧɢɟ ɦɟɬɢɥ 15-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (278) ɩɪɨɜɨɞɢɥɢ ɜ ɬɪɢ 

ɫɬɚɞɢɢμ ɨɛɪɚɛɨɬɤɚ ɝɢɞɪɨɯɥɨɪɢɞɚ ɩɪɨɩɚɪɝɢɥɚɦɢɧɚ ɬɪɢɷɬɢɥɚɦɢɧɨɦ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɩɪɨɩɚɪɝɢɥɚɦɢɧɚ ɫ ɚɥɶɞɟɝɢɞɨɦ (278) ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɢɦɢɧɚ 

ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɜ ɦɟɬɚɧɨɥɟ, ɜɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ (281) ɫɨɫɬɚɜɢɥ 67% (ɫɯɟɦɚ 68). 

Ɍɨɡɢɥɢɪɨɜɚɧɢɟ ɦɟɬɢɥ (ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (281) ɩɪɨɜɨɞɢɥɢ ɜ ɯɥɨɪɢɫɬɨɦ 

ɦɟɬɢɥɟɧɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɢ DMAP; ɫɭɥɶɮɚɦɢɞ (282) ɩɨɥɭɱɟɧ ɫ ɜɵɯɨɞɨɦ 66%. 
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ɋɯɟɦɚ 68                                                                                                                             

 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɬɢɥ 15,16-ɛɢɫД(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥЖɥɚɦɛɟɪɬɢɚɧɚɬɚ (145) ɯɥɨɪɢɞɨɦ 

ɡɨɥɨɬɚ (III) (5 ɦɨɥɶ%) ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɩɨɥɭɱɚɥɢ 7-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ (283) ɫ 

ɜɵɯɨɞɨɦ 56% (ɫɯɟɦɚ 69). Ⱥɧɚɥɨɝɢɱɧɨ, ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ 15-(N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)-16-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (277) ɜ ɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɩɪɨɬɟɤɚɥɚ ɫɟɥɟɤɬɢɜɧɨ ɩɨ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɨɦɭ ɡɚɦɟɫɬɢɬɟɥɸ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ 

ɋ-16, ɜɵɯɨɞ (284) ɫɨɫɬɚɜɢɥ 54%.  

ɋɯɟɦɚ 69                                                                                                                             

 

Ɇɟɬɢɥ 15,16-ɛɢɫ(N-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (282) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

AuCl3 (5 ɦɨɥɶ%) ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɝɥɚɞɤɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧ (285) (ɜɵɯɨɞ 

88%) (ɫɯɟɦɚ 70). ȼ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɬɢɥ 15-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)-16-(N-(ɩɪɨɩ-2-

ɢɧ-1-ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (280) ɞɚɟɬ ɫɦɟɫɶ ɞɜɭɯ ɫɨɟɞɢɧɟɧɢɣμ 7-

ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧ (286) (ɜɵɯɨɞ 6β%) ɢ ɩɪɨɞɭɤɬ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ ɩɨ 

ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɨɦɭ ɡɚɦɟɫɬɢɬɟɥɸ (287) (ɜɵɯɨɞ 16%).  
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ɋɯɟɦɚ 70                                                                                                          

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Au(III)-ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ ɦɟɬɢɥ 15,16-

ɞɢɚɥɤɢɧɢɥɥɚɦɛɟɪɬɢɚɧɚɬɨɜ (145), (277) ɢ (282) ɩɪɨɬɟɤɚɟɬ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨ ɫ ɭɱɚɫɬɢɟɦ 

ɩɪɨɩɚɪɝɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥɶɧɨɝɨ ɢɥɢ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ 

ɭɝɥɟɪɨɞɚ ɋ-16. Ⱦɚɧɧɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɥɟɝɤɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜ ɪɚɦɤɚɯ ɩɨɫɬɭɥɢɪɭɟɦɨɝɨ ɜ ɥɢɬɟɪɚɬɭɪɟ 

[149, 152]
 ɦɟɯɚɧɢɡɦɚ ɪɟɚɤɰɢɢ, ɜɤɥɸɱɚɸɳɟɝɨ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ 

ɧɭɤɥɟɨɮɢɥɶɧɭɸ ɚɬɚɤɭ ɡɚɦɟɳɟɧɧɵɦ α-ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ 

ɬɪɨɣɧɨɣ ɫɜɹɡɢν ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ β,γ-ɞɢɝɢɞɪɨɮɭɪɚɧɨɜɵɟ ɤɚɪɛɨɤɚɬɢɨɧɵ Ⱥ ɢ Ⱥ*, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɜɭɦ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɚɦ ɩɪɨɬɟɤɚɧɢɹ ɞɚɧɧɨɣ ɫɬɚɞɢɢ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ, 

ɨɬɥɢɱɚɸɬɫɹ ɩɨɥɨɠɟɧɢɟɦ ɬɟɪɩɟɧɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɰɢɤɥɟ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɢ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ (ɫɯɟɦɚ 71). 
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ɋɯɟɦɚ 71                                                                                                                             

 

ȼ ɫɥɭɱɚɟ ɦɟɬɢɥ 16-(N-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)ɚɪɢɥɫɭɥɶɮɚɦɢɞɦɟɬɢɥ)-15-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (280) ɱɚɫɬɢɱɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ ɩɨ ɚɥɤɢɧɢɥɶɧɨɦɭ 

ɡɚɦɟɫɬɢɬɟɥɸ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɋ-15 ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɟɟ ɫɢɥɶɧɵɦ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦ 

ɯɚɪɚɤɬɟɪɨɦ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɭɥɶɮɚɦɢɞɧɨɣ ɝɪɭɩɩɵ. ɍɤɚɡɚɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɪɟɚɤɰɢɢ, ɩɨɤɚɡɚɧɧɨɟ ɧɚ ɫɯɟɦɟ 72 ɧɚ ɩɪɢɦɟɪɟ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ 4,5-ɞɢɡɚɦɟɳɟɧɧɨɝɨ-2-

ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɮɭɪɚɧɚ, ɫɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ɜɤɥɸɱɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɷɩɨɤɫɢɞɚ 

ɫɬɪɨɟɧɢɹ (288), ɤɨɬɨɪɵɣ ɱɟɪɟɡ ɪɚɡɪɵɜ ɫɜɹɡɢ ɭɝɥɟɪɨɞ-ɤɢɫɥɨɪɨɞ ɦɨɠɟɬ ɩɪɟɜɪɚɬɢɬɫɹ ɜ ɰɜɢɬɬɟɪ-ɢɨɧ 

(289) ɢɥɢ ɜ (290). Ⱥɪɟɧɢɟɜɵɣ ɢɨɧ (289) ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɢɧɬɟɪɦɟɞɢɚɬɨɦ ɧɚ ɩɭɬɢ 

ɨɛɪɚɡɨɜɚɧɢɹ 4-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ (291), ɚ σ-ɤɨɦɩɥɟɤɫ (290) ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ 

ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɟɜɪɚɳɟɧɢɣ; ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɡɚɦɟɫɬɢɬɟɥɹ ɦɨɠɟɬ 

ɩɪɨɬɟɤɚɬɶ ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ, ɱɬɨ ɞɚɟɬ 5-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ (292) ɢɥɢ 1,β-

ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ – ɩɪɨɞɭɤɬɵ ɫɬɪɨɟɧɢɹ (293) ɢ (294). 
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ɋɯɟɦɚ 72                                                                                                                             

 

ȼ ɥɢɬɟɪɚɬɭɪɟ, ɨɩɢɫɚɧɧɵɟ ɜ ɫɯɟɦɟ 72 ɬɢɩɵ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Au(III)-

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ N-ɬɨɡɢɥ-2-(ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)ɮɭɪɚɧɨɜ (295) ɢ (299) ɫ 

ɦɟɬɢɥɶɧɵɦɢ ɢ ɷɬɢɥɮɭɪɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 73) [149, 159Ж. ȼ ɩɟɪɜɨɦ 

ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɹ ɜɤɥɸɱɚɥɚ 1,β-ɫɞɜɢɝɢ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ [ɩɨɥɭɱɚɥɢ 4,6-ɞɢɦɟɬɢɥ-ɢɡɨɢɧɞɨɥɢɧ-5-

ɨɥ (297) ɢ 6,6-ɞɢɦɟɬɢɥ-2,3-ɞɢɝɢɞɪɨ-1H-ɢɡɨɢɧɞɨɥ-5(6H)-ɨɧ (298)], ɚ ɜɨ ɜɬɨɪɨɦ ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ 

ɡɚɦɟɫɬɢɬɟɥɹ [ɩɨɥɭɱɚɥɢ 5-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧ (301) ɢ ɜɢɧɢɥɮɭɪɚɧ (302)].  

ɋɯɟɦɚ 73                           

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɫɬɪɨɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɢ 5-

ɡɚɦɟɳɟɧɧɵɯ-2-ɚɥɤɟɧɢɥɮɭɪɚɧɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɤɚɪɛɨɤɚɬɢɨɧɨɜ, 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡ ɷɩɨɤɫɢɞɚ ɬɢɩɚ (288) ɢ ɧɭɤɥɟɨɮɭɝɧɨɫɬɶɸ ɢ ɦɢɝɪɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɋ-5. ɋɬɪɨɟɧɢɟ ɩɪɨɞɭɤɬɚ ɩɪɟɜɪɚɳɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ (280) ɩɨ 

ɚɥɤɢɧɢɥɶɧɨɦɭ ɡɚɦɟɫɬɢɬɟɥɸ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɋ-15 ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ 

ɱɟɪɟɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɣ, ɨɬɧɨɫɢɬɟɥɶɧɨ (304), ɚɪɟɧɢɟɜɵɣ ɢɨɧ (305) (ɫɯɟɦɚ 

74). Ɉɛɪɚɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ N-ɬɨɡɢɥ-ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɶɧɨɝɨ ɷɮɢɪɚ 5-
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ɝɢɞɪɨɤɫɢɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ (287) ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɩɪɨɬɟɤɚɧɢɟɦ ɧɚ ɡɚɜɟɪɲɚɸɳɢɯ ɫɬɚɞɢɹɯ 

ɪɟɚɤɰɢɢ ɷɥɟɤɬɪɨɮɢɥɶɧɨɣ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ N-ɬɨɡɢɥ-ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɟɧɨɜɨɣ ɝɪɭɩɩɵ ɢɥɢ 

ɨɬɳɟɩɥɟɧɢɟɦ ɟɟ ɜ ɜɢɞɟ ɤɚɪɛɨɤɚɬɢɨɧɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɪɟɤɨɦɛɢɧɚɰɢɟɣ ɫ ɮɟɧɨɥɹɬ-ɚɧɢɨɧɨɦ. 

ɋɯɟɦɚ 74      

                       

R=(1S,4aR,5S,8aR)-ɦɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(ɷɬɢɥ-2)-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ, Au(III)-ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɟɣ 

ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɮɭɪɚɧɨɜ, 5,6-ɞɢɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɝɢɞɪɨɤɫɢɢɡɨɛɟɧɡɨɮɭɪɚɧɚ 

ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɦɟɬɢɥ 15-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɵ (310) ɢ (313) (ɫɯɟɦɚ 75). ȼ 

ɫɯɟɦɟ ɫɢɧɬɟɡɚ ɚɥɤɢɧɚ (310), ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 16-ɝɢɞɪɨɤɫɢɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɚɥɶɞɟɝɢɞɚ (53), ɫ ɢɨɞɢɫɬɵɦ ɦɟɬɢɥɨɦ ɩɪɨɜɨɞɢɥɢ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ (ɭɫɥɨɜɢɹ a ɢ b). ȼɜɟɞɟɧɢɟ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɤ 

ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɋ-15 ɫɨɟɞɢɧɟɧɢɹ (306) ɜɵɩɨɥɧɟɧɨ ɪɚɧɟɟ ɨɩɢɫɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 

ɪɟɚɤɰɢɣ, ɜɤɥɸɱɚɸɳɟɣ ɮɨɪɦɢɥɢɪɨɜɚɧɢɟ ɩɨ ȼɢɥɶɫɦɚɣɟɪɭ-ɏɚɚɤɭ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɟɬɢɥ 

ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (308) ɛɨɪɝɢɞɪɢɞɨɦ ɧɚɬɪɢɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɩɢɪɬɚ (309) ɫ ɩɪɨɩɚɪɝɢɥɨɦ 

ɛɪɨɦɢɫɬɵɦ (ɭɫɥɨɜɢɹ h, j ɢ g). Ⱥɧɚɥɨɝɢɱɧɨ, ɦɟɬɢɥ 15-((ɩɪɨɩ-2-ɢɧ-1-ɢɥ)ɦɟɬɢɥ)-16-((N-ɬɨɡɢɥ-N-

ɦɟɬɢɥ)ɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬ (313) ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɢɡ ɫɨɟɞɢɧɟɧɢɹ (307). ɉɨɫɥɟɞɧɢɣ ɩɨɥɭɱɟɧ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɬɢɥ 16-ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɫ ɪ-ɬɨɥɭɨɥɫɭɥɶɮɨɯɥɨɪɢɞɨɦ ɜ ɯɥɨɪɢɫɬɨɦ 

ɦɟɬɢɥɟɧɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ (271) 

ɢɨɞɢɫɬɵɦ ɦɟɬɢɥɨɦ (ɭɫɥɨɜɢɹ e ɢ f).  
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ɋɯɟɦɚ 75 

 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɦɟɬɢɥ 15-ɩɪɨɩɚɪɝɢɥɨɤɫɢɥɚɦɛɟɪɬɢɚɧɚɬɚ (313) ɯɥɨɪɢɞɨɦ ɡɨɥɨɬɚ (III) ɜ 

ɚɰɟɬɨɧɢɬɪɢɥɟ ɨɛɪɚɡɭɟɬɫɹ 5-ɝɢɞɪɨɤɫɢ- (314) (ɜɵɯɨɞ 46%) ɢ 4-ɝɢɞɪɨɤɫɢ-5-((N-ɦɟɬɢɥ-N-

ɬɨɡɢɥ)ɚɦɢɧɨɦɟɬɢɥ)-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɵ (315) (ɜɵɯɨɞ 4%) (ɫɯɟɦɚ 76). ȼ ɚɧɚɥɨɝɢɱɧɨɣ 

ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɹ (310), ɫɨɩɪɨɜɨɠɞɚɸɳɚɹɫɹ ɫɢɥɶɧɵɦ ɨɫɦɨɥɟɧɢɟɦ, ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 

ɜɵɞɟɥɢɥɢ ɬɨɥɶɤɨ 5-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ (314) ɫ ɜɵɯɨɞɨɦ γ%. 

ɋɯɟɦɚ 76 

 

Ʉɚɤ ɜɢɞɧɨ, ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ ɦɟɬɢɥ 15-((ɩɪɨɩ-2-ɢɧ-1-ɢɥ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (313) ɫ N-

ɦɟɬɢɥ-N-ɬɨɡɢɥɚɦɢɧɨɦɟɬɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɩɪɨɬɟɤɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫ ɨɬɳɟɩɥɟɧɢɟɦ 

ɩɨɫɥɟɞɧɟɝɨ, ɩɪɨɞɭɤɬɵ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɧɟ ɨɛɧɚɪɭɠɟɧɵ. Ɇɟɬɨɤɫɢɦɟɬɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ, 

ɹɜɥɹɹɫɶ “ɩɥɨɯɨɣ” ɭɯɨɞɹɳɟɣ ɝɪɭɩɩɨɣ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɢɡɤɢɣ ɜɵɯɨɞ 5-ɝɢɞɪɨɤɫɢ-1,3-

ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ (314).  
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ȽɅȺȼȺ 8. ɎɍɇɄɐɂɈɇȺɅɂɁȺɐɂə ɅȺȻȾȺɌɊɂȿɇɈȼ ɉɈ ɎɍɊȺɇɈȼɈɆɍ ɐɂɄɅɍ ɋ 

ɍɑȺɋɌɂȿɆ ɋɈȿȾɂɇȿɇɂɃ ɐɂɇɄȺ, ɁɈɅɈɌȺ ɂ ɉȺɅɅȺȾɂə 

 

8.1. ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ ɉɊɈɂɁȼɈȾɇɕɏ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ ɋ 

ɐɂɇɄɈɊȽȺɇɂɑȿɋɄɂɆɂ ɊȿȺȽȿɇɌȺɆɂ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ Zn-ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜɤɥɸɱɚɥɨ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɣ Ɋɟɮɨɪɦɚɬɫɤɨɝɨ [160] 

ɢ Ȼɥɷɡɚ [161, 162] ɫ 16-ɮɨɪɦɢɥ- (53) ɢ 16-ɰɢɚɧɨɥɚɦɛɟɪɬɢɚɧɚɬɚɦɢ (113) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ 

ɷɬɨɦ ɦɵ ɫɬɚɜɢɥɢ ɜ ɡɚɞɚɱɭ ɩɨɥɭɱɟɧɢɟ ɝɨɦɨɥɨɝɢɱɧɵɯ ɤɢɫɥɨɬ ɥɚɛɞɚɧɨɜɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɟ ɧɚɦɢ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɭɞɨɛɧɵɯ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɢɧɬɟɡɟ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɢɥɢ ɩɟɩɬɢɞɨɦɢɦɟɬɢɤɨɜ ɞɢɬɟɪɩɟɧɨɜɨɝɨ ɬɢɩɚ. ɇɟɦɚɥɨɜɚɠɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɪɢ ɷɬɨɦ 

ɢɦɟɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɤɥɸɱɟɜɨɝɨ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ – ɧɢɬɪɢɥɚ (113), ɫɢɧɬɟɡ 

ɤɨɬɨɪɨɝɨ ɨɩɢɫɚɧ ɜ ɝɥɚɜɟ 5.3.1.  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 16-ɰɢɚɧɨɥɚɦɛɟɪɬɢɚɧɚɬɚ (113) ɫ ɰɢɧɤɨɜɵɦ ɟɧɨɥɹɬɨɦ ɢɡ 

ɷɬɢɥɛɪɨɦɚɰɟɬɚɬɚ (4 ɷɤɜ.) ɜ ɌȽɎ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ 50% ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ K2CO3 ɩɪɨɬɟɤɚɥɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɟɧɚɦɢɧɨɷɮɢɪɚ (316) (ɜɵɯɨɞ 92%) 

(ɫɯɟɦɚ 77) [163]. Ʉɢɫɥɨɬɧɵɦ ɝɢɞɪɨɥɢɡɨɦ ɩɨɫɥɟɞɧɟɝɨ ɩɨɥɭɱɚɥɢ -ɤɟɬɨɷɮɢɪ (317) (ɜɵɯɨɞ 78%). 

ɋɨɟɞɢɧɟɧɢɟ (316) ɜɵɞɟɥɟɧɨ ɜ ɜɢɞɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɢɡɨɦɟɪɚ. 

ɋɯɟɦɚ 77 

 

ɐɢɧɤɨɪɝɚɧɢɱɟɫɤɢɟ ɪɟɚɝɟɧɬɵ ɢɡ ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ ɩɨ β-ɨɦɭ ɩɨɥɨɠɟɧɢɸ ɷɮɢɪɨɜ 2-

ɛɪɨɦɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɦɟɬɢɥ 16-ɰɢɚɧɨɥɚɦɛɟɪɬɢɚɧɚɬɨɦ (113), ɜ ɨɩɢɫɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɟɫɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɟɧɚɦɢɧɨɷɮɢɪɨɜ [(318), (321)], -ɤɟɬɨɷɮɢɪɨɜ 

[(319), (322)] ɢ -ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ [(320ɚ)-(320ɝ), (323ɚ)-(323ɝ)] (ɫɯɟɦɚ 78). ȼ ɪɟɚɤɰɢɢ ɧɢɬɪɢɥɚ 

(113) ɫ ɰɢɧɤɨɜɵɦ ɟɧɨɥɹɬɨɦ ɢɡ ɷɮɢɪɚ -ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫɨɨɬɧɨɲɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 

(318) : (319) : (320ɚ)-(320ɝ) ɫɨɫɬɚɜɢɥɨ 1 μ 4 μ 5 (ɨɛɳɢɣ ɜɵɯɨɞ λ0%). ɉɪɚɤɬɢɱɟɫɤɢ ɚɧɚɥɨɝɢɱɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɞɭɤɬɨɜ (321) : (322) : (323ɚ)-(323ɝ) = 1 : 3 : 5 (ɨɛɳɢɣ ɜɵɯɨɞ 88%) ɧɚɛɥɸɞɚɥɨɫɶ 

ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ (113) ɫ ɪɟɚɤɬɢɜɨɦ Ɋɟɮɨɪɦɚɬɫɤɨɝɨ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɷɮɢɪɚ -ɛɪɨɦɦɚɫɥɹɧɨɣ 

ɤɢɫɥɨɬɵ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ (113) ɫ ɰɢɧɤɨɜɵɦ ɟɧɨɥɹɬɨɦ ɢɡ ɷɮɢɪɚ -ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ 
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ɤɢɫɥɨɬɵ ɜ ɛɟɧɡɨɥɟ ɭɞɚɥɨɫɶ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɟɧɚɦɢɧɨɷɮɢɪɚ Дɫɨɨɬɧɨɲɟɧɢɟ (318) : (319) : (320ɚ)-

(320ɝ) = 5 μ β μ 1, ɨɛɳɢɣ ɜɵɯɨɞ 8β%]. ɉɨɩɵɬɤɚ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ (113) ɫ β ɷɤɜ. ɰɢɧɤɨɜɨɝɨ 

ɟɧɨɥɹɬɚ ɢɡ ɷɮɢɪɚ -ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɌȽɎ ɧɟ ɩɪɢɜɟɥɚ ɤ ɭɫɩɟɯɭν ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɜɵɞɟɥɢɥɢ ɢɫɯɨɞɧɵɣ ɧɢɬɪɢɥ (113). ɋɨɟɞɢɧɟɧɢɹ (318), (319), (320ɚ)-(320ɝ) ɢ (321), (322), (323ɚ)-

(323ɝ) ɪɚɡɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ. ɉɪɢ ɷɬɨɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ ɮɪɚɤɰɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɫɦɟɫɶ ɟɧɚɦɢɧɨɷɮɢɪɚ ɢ -ɤɟɬɨɷɮɢɪɨɜ, ɚ 

ɡɚɬɟɦ -ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ. ȿɧɚɦɢɧɨɷɮɢɪɵ (318) ɢ (321) ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɧɟ ɜɵɞɟɥɹɥɢ. 

Ʉɢɫɥɨɬɧɵɦ ɝɢɞɪɨɥɢɡɨɦ ɫɦɟɫɟɣ ɟɧɚɦɢɧɨɷɮɢɪɚ ɢ -ɤɟɬɨɷɮɢɪɚ (318), (319) ɢɥɢ (321), (322) 

ɩɨɥɭɱɟɧɵ -ɤɟɬɨɷɮɢɪɵ (319) ɢɥɢ (322) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ƚɢɞɪɨɤɫɢɷɮɢɪɵ (320ɚ)-(320ɝ) ɢ (323ɚ)-

(323ɝ) ɨɛɪɚɡɭɸɬɫɹ ɜ ɜɢɞɟ ɫɦɟɫɢ ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɤɨɧɮɢɝɭɪɚɰɢɟɣ (R ɢɥɢ S) 

ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɯ ɚɬɨɦɨɜ ɋ-1’ ɢ ɋ-2’.  

ɋɯɟɦɚ 78 

 

Ɉɛɪɚɡɨɜɚɧɢɟ -ɤɟɬɨɷɮɢɪɨɜ, ɜ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɪɟɚɤɰɢɹɯ, ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɨɫɧɨɜɧɨɫɬɶɸ ȕ-ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɟɧɚɦɢɧɨɜ ɫ ɚɥɤɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɩɪɢ ɋ-2 ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɡɚɦɟɳɟɧɧɨɝɨ ɚɧɚɥɨɝɚ. ȼ ɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɤɨɥɢɱɟɫɬɜɨ ɢɦɢɧɢɟɜɨɝɨ ɢɨɧɚ ɋ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 

ɪɚɜɧɨɜɟɫɢɢ ɫ ɟɧɚɦɢɧɨɦ Ⱥ, ɞɚɠɟ ɜ ɨɫɧɨɜɧɵɯ ɭɫɥɨɜɢɹɯ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɞɥɹ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɝɢɞɪɨɥɢɡɚ (ɫɯɟɦɚ 79). ɉɨɫɥɟɞɧɟɟ ɩɪɟɜɪɚɳɟɧɢɟ ɜɤɥɸɱɚɟɬ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɚ ɢ ɨɬɳɟɩɥɟɧɢɟ ɦɨɥɟɤɭɥɵ ɚɦɦɢɚɤɚ, ɩɪɢɜɨɞɹɳɟɟ ɤ -ɤɟɬɨɷɮɢɪɭ G. 

Ɉɛɪɚɡɨɜɚɧɢɟ -ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ ɨɛɭɫɥɨɜɥɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɞɚɧɧɵɯ ɪɟɚɤɰɢɹɯ ɢɡɛɵɬɤɚ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɰɢɧɤɨɜɨɣ ɩɵɥɢ. 
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ɋɯɟɦɚ 79 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɫ ɰɢɧɤɨɜɵɦ ɟɧɨɥɹɬɨɦ ɢɡ 

ɷɬɢɥɛɪɨɦɚɰɟɬɚɬɚ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ (324ɚ)-(324ɛ) ɜ ɜɢɞɟ ɫɦɟɫɢ (1R)- ɢ 

(1S)-ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ, 1:1, ɫ ɜɵɯɨɞɨɦ 7γ% (ɫɯɟɦɚ 80). (1R)-ɋɬɟɪɟɨɢɡɨɦɟɪ (324ɚ) ɜɵɞɟɥɟɧ ɜ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɫ ɩɨɦɨɳɶɸ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɥɶɞɟɝɢɞɚ (53) ɫ ɰɢɧɤɨɪɝɚɧɢɱɟɫɤɢɦɢ ɪɟɚɝɟɧɬɚɦɢ ɢɡ ɷɮɢɪɨɜ -

ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɢɥɢ -ɛɪɨɦɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬ ɩɨɥɭɱɚɥɢ -ɝɢɞɪɨɤɫɢɷɮɢɪɵ (320ɚ)-(320ɝ) ɢɥɢ 

(323ɚ)-(323ɝ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ ɞɚɧɧɵɦ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɨɨɬɧɨɲɟɧɢɟ 

ɢɡɨɦɟɪɨɜ (1R,2R; 1S,2S)- (320ɚ)-(320ɛ), (323ɚ)-(323ɛ) ɢ (1S,2R; 1R,2S)- (320ɜ)-(320ɝ), (323ɜ)-

(323ɝ) ɫɨɫɬɚɜɢɥɨ 3:1 ɜ ɤɚɠɞɨɦ ɫɥɭɱɚɟ. ɏɚɪɚɤɬɟɪɧɨ, ɱɬɨ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɫ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ (1R,2R; 1S,2S) ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ. (1R,2R; 1S,2S)-ɋɬɟɪɟɨɢɡɨɦɟɪɵ 

(320ɚ)-(320ɛ) ɢ (1S,2R; 1R,2S)-ɫɬɟɪɟɨɢɡɨɦɟɪɵ (320ɜ)-(320ɝ) ɚ ɬɚɤɠɟ ɢɡɨɦɟɪɵ (323ɚ)-(323ɛ) ɢ 

(323ɜ)-(323ɝ) ɪɚɡɞɟɥɢɥɢ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ. 

ɋɯɟɦɚ 80 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɚ ɥɟɝɤɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɋ-ɋ ɫɜɹɡɢ ɜ ɪɹɞɭ 

ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɢɧɤ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼɵɫɨɤɢɟ 

ɜɵɯɨɞɵ ɟɧɚɦɢɧɨɷɮɢɪɨɜ, -ɤɟɬɨɷɮɢɪɨɜ ɢ -ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 



84 

 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɜ ɫɢɧɬɟɡɟ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɩɟɩɬɢɞɨɦɢɦɟɬɢɤɨɜ 

ɞɢɬɟɪɩɟɧɨɜɨɝɨ ɬɢɩɚ. 

 

8.2. Au-ɄȺɌȺɅɂɁɂɊɍȿɆɈȿ ȼɁȺɂɆɈȾȿɃɋɌȼɂȿ ɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ 
ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ ɋ ȺɄɌɂȼɂɊɈȼȺɇɇɕɆɂ ȺɅɄȿɇȺɆɂ 

Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɚɬɨɦɨɦ ɭɝɥɟɪɨɞɚ c sp
3
 

ɝɢɛɪɢɞɢɡɚɰɢɟɣ ɨɝɪɚɧɢɱɟɧɨ ɧɟɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɦɟɬɨɞɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɧɟ ɧɨɫɢɬ 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɚɹ ɜ ɪɹɞɭ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɟɚɤɰɢɹ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɩɨ Ɏɪɢɞɟɥɸ-Ʉɪɚɮɬɰɭ ɜ ɫɥɭɱɚɟ ɮɭɪɚɧɚ ɢ ɟɝɨ 

ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɚɟɬ ɩɪɨɞɭɤɬɵ 

ɩɨɥɢɦɟɪɢɡɚɰɢɢ Д164Ж. ɉɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡ ɥɢɬɢɪɨɜɚɧɢɹ ɮɭɪɚɧɚ ɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɪɚɡɭɸɳɟɝɨɫɹ β-ɥɢɬɢɣɮɭɪɚɧɚ ɫ ɚɥɤɢɥɝɚɥɨɝɟɧɢɞɚɦɢ ɷɮɮɟɤɬɢɜɟɧ ɜ ɫɢɧɬɟɡɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɧɟɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɜɨɡɦɨɠɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ 

[165, 166Ж. ɉɨɥɭɱɟɧɢɟ ɚɥɤɢɥɮɭɪɚɧɨɜ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɚɥɤɟɧɢɥɮɭɪɚɧɨɜ ɬɪɟɛɭɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɢ ɫɬɪɨɝɨɝɨ ɤɨɧɬɪɨɥɹ ɭɫɥɨɜɢɣ ɞɥɹ 

ɨɫɬɚɧɨɜɤɢ ɪɟɚɤɰɢɢ ɧɚ ɫɬɚɞɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɨɥɶɤɨ ɞɜɨɣɧɨɣ ɫɜɹɡɢ Д167, 168Ж. ȼ ɤɚɱɟɫɬɜɟ 

ɭɞɨɛɧɨɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɚ ɧɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɟɝɨ 

ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ (ɪɟɚɤɰɢɹ Ɇɢɯɚɷɥɹ). Ɋɟɚɤɰɢɹ ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ ɜɤɥɸɱɚɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ [169], SO2 [170], BF3·Ɉȿt2 [171], 

Yb(OTf)3 [172], ɋr(OTf)3 [173] ɢ ɫɨɟɞɢɧɟɧɢɣ ɡɨɥɨɬɚ [174, 175, 176, 177]. ɉɨ ɫɨɜɨɤɭɩɧɨɫɬɢ ɱɢɫɥɚ 

ɢ ɪɚɡɧɨɨɛɪɚɡɢɹ ɫɬɪɭɤɬɭɪ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɯɨɞɚ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɜɨɡɦɨɠɧɨɫɬɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚɢɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɩɪɢɜɥɟɤɚɸɬ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ 

ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ AuCl3 ɢ ɟɝɨ ɤɨɦɩɥɟɤɫɨɜ. ɇɟɦɚɥɨɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɚɬɚɥɢɡɚ Au-

ɫɨɞɟɪɠɚɳɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ, ɨɬɥɢɱɧɵɣ ɨɬ ɦɟɯɚɧɢɡɦɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɧɟɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɤɢɫɥɨɬ Ȼɪɟɧɫɬɟɞɚ ɢ Ʌɶɸɢɫɚ. Ɍɚɤ, 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɩɨɫɥɟɞɧɢɯ ɨɛɭɫɥɨɜɥɟɧ ɚɤɬɢɜɚɰɢɟɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ ɚɥɤɟɧɟ ɩɨɫɪɟɞɫɬɜɨɦ 

ɤɨɨɪɞɢɧɚɰɢɢ ɩɨ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ. ȼ ɫɥɭɱɚɟ ɤɚɬɚɥɢɡɚ ɫɨɥɹɦɢ ɡɨɥɨɬɚ, 

ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ [178], ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɢɦɟɟɬ ɦɟɫɬɨ ɚɭɪɢɪɨɜɚɧɢɟ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɨɣ ɩɨ ɞɜɨɣɧɨɣ ɫɜɹɡɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ ɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜɵɛɪɚɧɚ ɪɟɚɤɰɢɹ ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɫɨɟɞɢɧɟɧɢɣ ɡɨɥɨɬɚ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɫ 1 ɷɤɜ. ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ 

(325) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 1% ɦɨɥɶ AuCl3 ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɬɟɤɚɥɨ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ 16-(3-ɨɤɫɨɛɭɬɢɥ)- (326) ɢ 15,16-ɛɢɫ(γ-ɨɤɫɨɛɭɬɢɥ)-15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɚɬɨɜ 
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(327) ɫ ɜɵɯɨɞɨɦ β6% ɢ βγ% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 81, ɬɚɛɥɢɰɚ 2, ɩɪɢɦɟɪ 1). ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ (325) ɜ ɞɜɭɯɤɪɚɬɧɨɦ ɢɡɛɵɬɤɟ ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ 

ɞɢɚɥɤɢɥɢɪɨɜɚɧɢɹ (327) ɞɨ γβ%, ɩɪɢ ɷɬɨɦ ɤɨɧɜɟɪɫɢɹ (2) ɢ ɜɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ (326) ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɢɡɦɟɧɢɥɢɫɶ (ɩɪɢɦɟɪ β). ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɨ β% ɦɨɥɶ ɢ ɜɪɟɦɟɧɢ 

ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɞɨ 1β0 ɱ ɩɪɢ ɛɨɥɟɟ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) ɩɪɢɜɨɞɢɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɜɵɯɨɞɨɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ (326) ɢ (327) (ɩɪɢɦɟɪ γ). ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɢɣ ɜɵɯɨɞ 

ɩɪɨɞɭɤɬɚ ɞɢɚɥɤɢɥɢɪɨɜɚɧɢɹ (327) ɩɨɥɭɱɟɧ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɣ (2) ɢ (325) ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢɡ 1%AuCl3 ɢ γ%AgOTf (ɩɪɢɦɟɪ 4). ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 

ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɨɦɩɥɟɤɫɚ AuCl3 ɫ ɩɢɪɢɞɢɧɨɦ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɩɪɨɞɭɤɬ 

ɦɨɧɨɚɥɤɢɥɢɪɨɜɚɧɢɹ (326), ɧɨ ɫ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ (ɩɪɢɦɟɪ 5). Ʉɚɬɚɥɢɡɢɪɭɟɦɚɹ Ph3PAuCl3 ɪɟɚɤɰɢɹ 

ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) ɫ ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (325) ɦɟɧɟɟ ɫɟɥɟɤɬɢɜɧɚ, ɩɨɥɭɱɟɧɵ 16-(3-

ɨɤɫɨɛɭɬɢɥ)- (326) ɢ 15,16-ɛɢɫ(γ-ɨɤɫɨɛɭɬɢɥ)-15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɚɬɵ (327) ɫ ɜɵɯɨɞɚɦɢ 16% 

ɢ 8% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɩɪɢɦɟɪ 6). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɬɪɢɮɬɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɪ-ɬɨɥɭɨɥɫɭɥɶɮɨɤɢɫɥɨɬɵ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɵ, ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ (327) ɧɟ ɩɪɟɜɵɲɚɥ 45% (ɩɪɢɦɟɪɵ 7-

9). 

ɋɯɟɦɚ 81 

 

Ɍɚɛɥɢɰɚ 2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2)  

ɫ ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (325)  

N ɦɨɥɶ%Ʉɚɬɚɥɢɡɚɬɨɪ Ʉɨɧɜɟɪɫɢɹ  
ɉɪɨɞɭɤɬ 

ɦɨɧɨɚɥɤɢɥɢɪɨɜɚɧɢɹ 

(326) 

ɉɪɨɞɭɤɬ 
ɞɢɚɥɤɢɥɢɪɨɜɚɧɢɹ 

(327) 

1* 1%AuCl3 57% 26% 23% 

2 1%AuCl3 59% 26% 32% 

3** 2%AuCl3 86% 10% 18% 

4 1%AuCl3,  

3%AgOTf 

100% - 78% 

5 2%PyAuCl3 35% 12% - 

6 2%Ph3PAuCl3 51% 16% 8% 

7 10%CF3CO2H 100% - 45% 

8 2%TsOH 92% 17% 31% 

9 10%TsOH 100% - 36% 

*Ɇɟɬɢɥɜɢɧɢɥɤɟɬɨɧ 1 ɷɤɜ., ** ɜɪɟɦɹ ɪɟɚɤɰɢɢ 120 ɱ 
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ɏɚɪɚɤɬɟɪ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɤɚɪɛɨɧɢɥɶɧɨɦ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɜ ɚɤɰɟɩɬɨɪɟ Ɇɢɯɚɷɥɹ ɨɤɚɡɵɜɚɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ ɢ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ. Ɍɚɤ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) ɫ ɮɟɧɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (328) ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɪɚ 4 (ɬɚɛɥɢɰɚ β) ɩɪɢɜɨɞɢɬ 

ɤ ɩɪɨɞɭɤɬɭ ɞɢɚɥɤɢɥɢɪɨɜɚɧɢɹ (330) ɫ ɜɵɯɨɞɨɦ γ8% (ɫɯɟɦɚ 82). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ (2) ɫ ɚɤɪɨɥɟɢɧɨɦ (329) ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ AuCl3 ɩɪɨɬɟɤɚɟɬ ɫ ɧɟɜɵɫɨɤɨɣ 

ɤɨɧɜɟɪɫɢɟɣ (4λ%); ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɫɟɥɟɤɬɢɜɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɚ 

ɦɨɧɨɚɥɤɢɥɢɪɨɜɚɧɢɹ – ɦɟɬɢɥ 16-(3-ɨɤɫɨɩɪɨɩɢɥ)-15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɚɬɚ (331), ɜɵɞɟɥɟɧɧɨɝɨ 

ɫ ɜɵɯɨɞɨɦ β5%. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ [ɤɨɧɜɟɪɫɢɹ ɢ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ (331)] ɨɛɭɫɥɨɜɥɟɧɵ 

ɡɧɚɱɢɬɟɥɶɧɵɦ ɨɫɦɨɥɟɧɢɟɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɜɵɡɜɚɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɚɤɪɨɥɟɢɧɚ. ɉɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɩɨɫɥɟɞɧɟɣ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ PyAuCl3 (PyAuCl3 ɫɚɦ ɩɨ ɫɟɛɟ ɧɟ ɩɪɨɹɜɥɹɟɬ 

ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɨɧ “ɞɨɡɢɪɭɟɬ” AuCl3) ɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɞɭɤɬɚ Ɇɢɯɚɷɥɹ ɧɟ 

ɧɚɛɥɸɞɚɥɨɫɶ. Ɇɟɬɢɥɨɜɵɣ ɷɮɢɪ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɪɟɚɤɰɢɢ ɫ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɨɦ (2) ɜ 

ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɫɢɫɬɟɦɨɣ AuCl3-AgOTf ɢɥɢ Ph3PAuCl3 ɫ AgOTf ɧɟ ɚɤɬɢɜɟɧ.  

ɋɯɟɦɚ 82 

 

ȼɥɢɹɧɢɟ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɧɚ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ ɜɵɹɜɥɟɧɨ 

ɧɚ ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɹ (332) ɫ ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (325) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 1%AuCl3-

3%AgOTf (ɫɯɟɦɚ 83). ɇɢɡɤɢɣ ɜɵɯɨɞ ɦɟɬɢɥ 18-ɦɟɬɢɥ-15-(3-ɨɤɫɨɛɭɬɢɥ)-16-(2-

ɦɟɬɢɥɤɚɪɛɨɧɢɥɜɢɧɢɥ)ɥɚɛɞɚɬɪɢɟɧɨɚɬɚ (333), ɫɨɫɬɚɜɢɜɲɢɣ β4% ɩɪɢ ɤɨɧɜɟɪɫɢɢ 74%, ɩɨɡɜɨɥɹɟɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɡɧɚɱɢɬɟɥɶɧɨɦ ɞɟɡɚɤɬɢɜɢɪɭɸɳɟɦ ɷɮɮɟɤɬɟ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ 

ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɰɟɥɟɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. 

ɋɯɟɦɚ 83 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Au-ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ ɪɟɚɤɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ ɩɪɨɬɟɤɚɸɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 16-ɚɥɤɢɥ ɢɥɢ 15,16-ɞɢɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ; ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ 

ɚɥɤɟɧɚ.  

 

8.3. ɄɊɈɋɋ-ɋɈɑȿɌȺɇɂȿ ɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ ɎɅɈɆɂɁɈɂɄɈȼɈɃ ɄɂɋɅɈɌɕ ɋ 

ȺɅɄȿɇȺɆɂ ȼ ɉɊɂɋɍɌɋɌȼɂɂ ɈɄɂɋɅɂɌȿɅȿɃ 

Ɉɞɧɢɦ ɢɡ ɫɥɟɞɫɬɜɢɣ ɢɡɛɵɬɨɱɧɨɣ π-ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ ɹɜɥɹɟɬɫɹ 

ɥɟɝɤɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɣ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ π-ɷɥɟɤɬɪɨɧɨɜ ɜ ɰɢɤɥɟ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ α- ɢ ȕ-ɩɨɥɨɠɟɧɢɣ ɮɭɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ 

ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɢ ɮɭɪɚɧɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ ɜ ɪɟɚɤɰɢɹɯ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ ɡɚɦɟɳɟɧɢɹ 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɲɢɪɨɤɢɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɦɟɬɚɥɥɨɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ 

ɜ ɩɚɥɥɚɞɢɣ-ɤɚɬɚɥɢɡɢɪɭɟɦɵɯ ɪɟɚɤɰɢɹɯ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ, ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɨɜɨɣ 

ɫɜɹɡɢ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞ. Ɋɚɡɜɢɬɢɟ ɯɢɦɢɢ ɮɭɪɚɧɚ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ 

ɫɥɟɞɨɜɚɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɝɪɟɫɫɭ ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɧɨɝɨ ɤɚɬɚɥɢɡɚ ɞɥɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ 

ɝɟɬɟɪɨɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼɦɟɫɬɟ ɫ ɷɬɢɦ, ɧɢɡɤɚɹ ɷɧɟɪɝɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɭɪɚɧɨɜɨɝɨ 

ɰɢɤɥɚ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɥɟɝɱɚɸɳɚɹ ɩɪɨɬɟɤɚɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɚɥɥɚɞɢɹ, 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɟɝɨ «ɚɰɢɞɨɮɨɛɧɨɫɬɶ», ɱɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 

ɩɪɢɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ ɫ ɤɢɫɥɵɦɢ ɫɪɟɞɚɦɢ. 

Ɉɛɫɭɠɞɟɧɢɸ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɫɜɹɳɟɧɧɨɝɨ Pd-ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ 

ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɚɥɤɟɧɚɦɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɢɫɥɢɬɟɥɟɣ, ɩɪɟɞɲɟɫɬɜɭɟɬ ɨɛɡɨɪ 

ɥɢɬɟɪɚɬɭɪɵ ɨ ɩɨɜɟɞɟɧɢɢ ɮɭɪɚɧɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 

ɫɨɱɟɬɚɧɢɹ. ɉɪɢɜɟɞɟɧɧɵɟ ɤɨɥɢɱɟɫɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɥɢɝɚɧɞɨɜ ɜ ɧɟɦ ɜɵɪɚɠɟɧɵ ɜ ɦɨɥɶɧɵɯ 

ɩɪɨɰɟɧɬɚɯ. 

 

ɎɍɊȺɇ ɂ ȿȽɈ ɉɊɈɂɁȼɈȾɇɕȿ ȼ ɊȿȺɄɐɂəɏ ɏȿɄȺ ɂ ɈɄɂɋɅɂɌȿɅɖɇɈȽɈ 

ɋɈɑȿɌȺɇɂə (ɅɂɌȿɊȺɌɍɊɇɕȿ ȾȺɇɇɕȿ) 

8.3.1. ɊȿȺɄɐɂə ɏȿɄȺ ɋ ɉɊɈɂɁȼɈȾɇɕɆɂ ɎɍɊȺɇȺ 

ɉɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɏɟɤɚ ɫ ɢɨɞ ɢ ɛɪɨɦɮɭɪɚɧɚɦɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɸɬɫɹ ɢɯ α,ȕ-

ɧɟɩɪɟɞɟɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ. ɉɨɫɥɟɞɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɫɪɟɞɢ ɜɟɳɟɫɬɜ ɩɪɢɪɨɞɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɬɚɤ ɢ ɜ ɪɹɞɭ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɹɜɥɹɸɳɢɯ ɪɚɡɧɨɨɛɪɚɡɧɭɸ 

ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ (ɪɢɫɭɧɨɤ 15). ɋɪɟɞɢ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ 

ɜɢɟɪɨɧ (334) ɢ ɟɝɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɢɪɨɞɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ (335)-(338), ɰɟɧɬɪɚɥɶɧɵɦ 

ɫɬɪɭɤɬɭɪɧɵɦ ɮɪɚɝɦɟɧɬɨɦ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ (Е)-3-(ɮɭɪɚɧ-2-ɢɥ)ɚɤɪɢɥɨɜɚɹ ɤɢɫɥɨɬɚ (339) [179, 
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180]. Ʉɢɫɥɨɬɚ (339) ɤɚɤ ɢ ɟɟ ɷɮɢɪɵ (340) ɢ (341) ɨɛɥɚɞɚɸɬ ɜɵɪɚɠɟɧɧɨɣ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ 

ɚɤɬɢɜɧɨɫɬɶɸ [181Ж. Ⱦɥɹ 5-ɦɟɬɢɥɮɭɪɚɧɚɤɪɢɥɨɜɨɣ (342) ɢ 5-ɦɟɬɢɥɮɭɪɚɧɮɟɧɢɥɚɤɪɢɥɨɜɨɣ (343) 

ɤɢɫɥɨɬ ɜɵɹɜɥɟɧɵ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɢ ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɚɹ ɚɤɬɢɜɧɨɫɬɢ Д182]. 

ɇɢɬɪɨɩɪɨɢɡɜɨɞɧɵɟ ɮɭɪɢɥɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (344) ɢ ɟɟ ɷɮɢɪɨɜ (345)-(346) ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 

ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɚɧɬɢɩɚɪɚɡɢɬɧɵɟ ɚɝɟɧɬɵ Д183, 184]. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɫɨɟɞɢɧɟɧɢɹ, 

ɜɤɥɸɱɚɸɳɢɟ ɫɨɩɪɹɠɟɧɧɭɸ ɫɢɫɬɟɦɭ ɢɡ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ, ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɢ ɤɚɪɛɨɧɢɥɶɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ, ɨɬɤɪɵɜɚɸɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ. 

Ɋɢɫɭɧɨɤ 15 

 

Ɍɪɚɞɢɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ α,ȕ-ɧɟɩɪɟɞɟɥɶɧɵɯ ɮɭɪɚɧɨɜ ɹɜɥɹɟɬɫɹ ɤɨɧɞɟɧɫɚɰɢɹ 

ɮɭɪɚɧɨɜɵɯ ɚɥɶɞɟɝɢɞɨɜ ɢ ɤɟɬɨɧɨɜ ɫ ɋ-ɇ-ɤɢɫɥɨɬɚɦɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɪɟɚɝɟɧɬɨɜ 

ɞɚɧɧɵɣ ɦɟɬɨɞ ɨɝɪɚɧɢɱɟɧ ɫɢɧɬɟɡɨɦ ɮɭɪɮɭɥɢɞɟɧɨɜ ɫ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɩɪɢ 

ɞɜɨɣɧɨɣ ɫɜɹɡɢ. Ɋɟɚɤɰɢɹ ɏɟɤɚ ɢɦɟɟɬ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɫɨɟɞɢɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ ɫ ɛɨɥɟɟ ɲɢɪɨɤɢɦ ɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦ ɱɢɫɥɨɦ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ. ɉɨɦɢɦɨ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɚɥɤɟɧɨɜ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɚɤɬɢɜɧɵɯ 

ɪɟɚɝɟɧɬɨɜ ɜ ɧɟɣ ɦɨɝɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɫɬɢɪɨɥ, ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ ɢ ɢɯ ɝɟɬɟɪɨɚɧɚɥɨɝɢ, ɚ ɬɚɤɠɟ 

ɩɪɨɢɡɜɨɞɧɵɟ ɷɬɢɥɟɧɚ ɫ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. 

 

8.3.1.1. ɆȿɀɆɈɅȿɄɍɅəɊɇȺə ɊȿȺɄɐɂə ɏȿɄȺ 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɮɭɪɚɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɢɫɩɨɥɶɡɭɸɬ ɢɯ ɢɨɞ- ɢ 

ɛɪɨɦɩɪɨɢɡɜɨɞɧɵɟ, ɚ ɬɚɤɠɟ ɩɢɪɨɫɥɢɡɢɜɭɸ ɤɢɫɥɨɬɭ. Ʉɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɞɭɬ ɫ 

ɜɵɫɨɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɢ ɞɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɥɶɤɨ ɩɪɨɞɭɤɬɵ ɫ (E)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɞɜɨɣɧɨɣ 

ɫɜɹɡɢ. Ɍɚɤ, 5-ɛɪɨɦɮɭɪɚɧ-2-ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (347) ɢ ɟɟ ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (348) 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɬɪɚɧɫ-ɡɚɦɟɳɟɧɧɵɯ 
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ɚɥɤɟɧɨɜ (353) ɢ (354) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɟɚɤɰɢɢ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ PН(OAМ)2 ɢ Ш-Tol3P ɫ 

ɜɵɯɨɞɨɦ 44-47% (ɫɯɟɦɚ 84, ɬɚɛɥɢɰɚ 3, ɩɪɢɦɟɪɵ 1 ɢ β). Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ 

ɩɨɥɭɱɟɧɵ ɜ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹɯ ɤɢɫɥɨɬɵ (347) ɢ ɟɟ ɷɮɢɪɚ (348) ɫ (349) ɢ ɷɬɢɥɚɤɪɢɥɚɬɨɦ (350) ɜ 

ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɤɨɦɩɥɟɤɫɨɦ ɩɚɥɥɚɞɢɹ ɫ P(OMe)3 ɢ PPh3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɩɪɢɦɟɪɵ 3 ɢ 4). ȼ 

ɷɮɮɟɤɬɢɜɧɨɦ ɦɟɬɨɞɟ ɫɢɧɬɟɡɚ (E)-3-(2-(ɮɭɪɚɧ-2-ɢɥ))ɜɢɧɢɥ)ɩɢɪɢɞɢɧɚ (356) ɪɟɚɤɰɢɟɣ (347) ɫ 

ɚɥɤɟɧɨɦ (351) ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɨɞɧɵɣ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ, ɚ ɢɫɬɨɱɧɢɤɚ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɩɚɥɥɚɞɢɹ – Pd(OAc)2; (351) ɝɟɧɟɪɢɪɨɜɚɥɢ in situ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 

ɬɪɢɷɬɨɤɫɢ(ɜɢɧɢɥ)ɫɢɥɚɧɚ ɫ γ-ɛɪɨɦɩɢɪɢɞɢɧɨɦ (ɩɪɢɦɟɪ 5). ȼ ɩɨɞɨɛɧɨɦ ɭɫɥɨɜɢɢ, ɨɛɥɚɞɚɸɳɟɦ 

ɯɚɪɚɤɬɟɪɨɦ ”ɡɟɥɟɧɧɨɣ ɯɢɦɢɢ”, ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɩɪɨɞɭɤɬɚ ɩɪɨɜɨɞɢɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ (347) ɫ 

ɬɪɢɷɬɨɤɫɢ(ɜɢɧɢɥ)ɫɢɥɚɧɨɦ (352) (ɩɪɢɦɟɪ 6). ɇɚɞɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ (352) ɩɪɨɹɜɥɹɟɬ ɜɵɫɨɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɜɫɥɟɞɫɬɜɢɟ ɤɨɨɪɞɢɧɚɰɢɢ ɩɚɥɥɚɞɢɹ ɩɨ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ 

ɚɥɤɨɤɫɢɫɢɥɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɣ ɩɪɨɬɟɤɚɧɢɸ ɫɬɚɞɢɢ ɬɪɚɧɫɦɟɬɚɥɥɢɪɨɜɚɧɢɹ.  

ɋɯɟɦɚ 84 

 

Ɍɚɛɥɢɰɚ 3. Ɋɟɚɤɰɢɢ 5-ɛɪɨɦɮɭɪɚɧɨɜ (347) ɢ (348) ɫ ɚɥɤɟɧɚɦɢ (349)-(352). 

№ R R
1
 Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬ, ɜɵɯɨɞ % ɋɫɵɥɤɢ  

1 
CO2H 

(347) 

CO2Me 

(349) 

1%Pd(OAc)2, 

2-6%o-Tol3P 

CH3CN, Et3N, 

100
o
C 

185 

2 
CO2Me 

(348) 
(349) ɬɨ ɠɟ ɬɨ ɠɟ 185 

3 (348) (349) 
1%Pd(OAc)2, 

P(OMe)3 

ȾɆɎȺ, NEt3, 

100
o
C 

(354), 85% 186 

4 (347) 
CO2Et 

(350) 

1%Pd(OAc)2, 

1%PPh3 

CH3CN, NEt3, 

100
o
C 

 

187 

5 (347) 
C5H4N 

(351) 
Pd(OAc)2 

H2O, PEG, 

NaOH, 

100-150
o
C 

 
(356), 84% 

188 

6 (347) 
Si(OEt)3 

(352) 
0.3%Pd(OAc)2 

H2O, NaOH,  

140-150
o
C  

(357), 87% 

188 

 

5-Ȼɪɨɦ-2-ɤɚɪɛɚɥɶɞɟɝɢɞɮɭɪɚɧ (358) ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɚɤɪɢɥɚɬɚɦɢ (360) ɢ (349), ɫ ɜɵɫɨɤɢɦɢ 

ɜɵɯɨɞɚɦɢ ɩɪɨɞɭɤɬɨɜ, ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɤɨɦɩɥɟɤɫɨɦ ɩɚɥɥɚɞɢɹ ɫ Tedicyp ɢ ɛɢɹɞɟɪɧɨɝɨ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (377) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɡɚɝɪɭɡɤɟ ɩɨɫɥɟɞɧɢɯ ɧɟ ɛɨɥɟɟ 0.1% 

(ɫɯɟɦɚ 85, ɬɚɛɥɢɰɚ 4, ɩɪɢɦɟɪɵ 1 ɢ β). Ⱥɥɤɟɧɢɥɢɪɨɜɚɧɢɟ ɛɪɨɦɮɭɪɚɧɚ (358) ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ 
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(349), ɤɚɬɚɥɢɡɢɪɭɟɦɨɟ PdCl2(dppe), ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɫɢɧɬɟɡɟ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɚɥɤɟɧɢɥɶɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɩɪɟɜɪɚɳɟɧɢɣ ɢɡ ɪɟɚɤɰɢɣ ɏɟɤɚ ɢ ȼɢɬɬɢɝɚ, 

ɜɵɩɨɥɧɟɧɧɨɟ ɨɞɧɨɪɟɚɤɬɨɪɧɵɦ ɫɩɨɫɨɛɨɦ (ɩɪɢɦɟɪ 3). Ɋɚɧɟɟ ɩɪɢɜɟɞɟɧɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɚɥɥɚɞɢɹ 

(PdCl2(НЩЩО) ɢ [Pd(C3H5)Cl]2\Tedicyp) ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ (358) 

ɫɨ ɫɬɢɪɨɥɨɦ (361) (ɩɪɢɦɟɪɵ 4 ɢ 5). Ɋɟɚɤɰɢɹ 5-ɢɨɞɮɭɪɮɭɪɨɥɚ (359) ɫ 1-ɮɬɨɪ-4-ɜɢɧɢɥɮɟɧɢɥɨɦ 

(362) ɜɵɩɨɥɧɟɧɚ ɜ ɷɤɨɥɨɝɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ – ɜɨɞɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Bu4N
+
Br

- ɢ Pd@CSP, 

ɩɨɥɭɱɟɧɧɨɝɨ ɦɨɞɢɮɢɤɚɰɢɟɣ ɭɝɥɟɪɨɞɧɨɣ ɫɮɟɪɵ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɩɚɥɥɚɞɢɹ; ɬɟɬɪɚɛɭɬɢɥɚɦɦɨɧɢɣ 

ɛɪɨɦɢɞ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɢɮɮɭɡɢɢ ɪɟɚɝɟɧɬɨɜ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɩɨɞɚɜɥɹɟɬ ɚɝɪɟɝɚɰɢɸ 

ɪɚɫɬɜɨɪɢɜɲɟɝɨɫɹ Pd(0) ɜ ɜɨɞɟ (ɩɪɢɦɟɪ 6). 

Ⱥɥɤɢɥɮɭɪɢɥɩɚɥɥɚɞɢɟɜɵɟ ɢɧɬɟɪɦɟɞɢɚɬɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɚɤɰɢɹɯ 5-ɛɪɨɦɮɭɪɮɭɪɨɥɚ (358) ɫ 

2-ɚɥɥɢɥɨɤɫɢɷɬɚɧɨɥɨɦ (363) ɢ ɫ ɩɟɪɜɢɱɧɵɦ (364) ɢ ɜɬɨɪɢɱɧɵɦɢ (365)-(366) ɚɥɥɢɥɨɜɵɦɢ 

ɫɩɢɪɬɚɦɢ ɩɨɫɥɟ ɫɬɚɞɢɢ ɬɪɚɧɫɦɟɬɚɥɥɢɪɨɜɚɧɢɹ, ɢɦɟɸɬ ɞɜɚ ɜɨɡɦɨɠɧɵɯ ɩɭɬɢ ȕ-ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ. 

ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɞɭɤɬɚɦ ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɚ, ɱɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ (358) ɫ ɚɥɥɢɥɨɜɵɦ ɷɮɢɪɨɦ ɷɬɢɥɟɧɝɥɢɤɨɥɹ (363) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ [PdCl(C3H5)]2-Tedicyp; ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɨɞɭɤɬ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ 

ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɚɥɥɚɞɢɣ-ɤɚɬɚɥɢɡɢɪɭɟɦɭɸ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɰɢɤɥɢɡɚɰɢɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 1,γ-

ɞɢɨɤɫɚɥɚɧɚ (373) (ɩɪɢɦɟɪ 7). ȼ ɪɟɚɤɰɢɹɯ (358) ɫ ɚɥɤɟɧɚɦɢ (364)-(366), ɤɚɬɚɥɢɡɢɪɭɟɦɵɟ 

ɮɨɫɮɢɧɨɜɵɦ ɤɨɦɩɥɟɤɫɨɦ ɩɚɥɥɚɞɢɹ (377), ɢɦɟɟɬ ɦɟɫɬɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɚɥɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɟɧɨɥɵ ɢɡɨɦɟɪɢɡɭɸɳɢɟɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɤɚɪɛɨɧɢɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ (374)-(376) (ɩɪɢɦɟɪɵ 8-10).  

ɋɯɟɦɚ 85 

 
Ɍɚɛɥɢɰɚ 4. Ɋɟɚɤɰɢɢ 5-ɛɪɨɦ(ɢɨɞ)-2-ɤɚɪɛɚɥɶɞɟɝɢɞɨɜ ɮɭɪɚɧɚ (358) ɢ (359) ɫ ɚɥɤɟɧɚɦɢ (349), 

 (360)-(366). 
№ X R Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬ, ɜɵɯɨɞ % ɋɫɵɥɤɢ 
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ȾɆɎȺ, K2CO3, 80
o
C 

(367), 68% 
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o
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Ɍɚɛɥɢɰɚ 4 (ɨɤɨɧɱɚɧɢɟ). 
№ X R Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬ, ɜɵɯɨɞ % ɋɫɵɥɤɢ 

4
a
 Br 

Ph 

(361) 
ɬɨ ɠɟ ɬɨ ɠɟ 

(370), 60% 

 191 

5 Br (361) 
0.1%[Pd(C3H5)Cl]2, 
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ȾɆɎȺ, K2CO3, 80

o
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(371), 61% 
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6 I 
C6H4-4-F 

(362) 
0.5%Pd@CSP 

H2O, Et3N, Bu4N
+
Br

-
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o
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(372), 68% 

192 

7 Br 
CH2O(CH2)2OH 

(363) 

0.4%[Pd(C3H5)Cl]2, 

Tedicyp 

ȾɆɎȺ, K2CO3, 
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ɨ
C, 20 ɱ  

(373), 78% 

193 

8 Br 
CH2OH 

(364) 
1%(377) 

ȾɆɎȺ, AcONa, 90
o
C, 6 

ɱ  
(374), 89% 

194 

9 Br 
CH(CH3)OH 

(365) 
ɬɨ ɠɟ ɬɨ ɠɟ 

(375), 80% 

194 

10 Br 
CH(Ph)OH 

(366) 
ɬɨ ɠɟ ɬɨ ɠɟ 

(376), 91% 

194 

a
  ɪɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ Ph3P=ɋɋOPh 

ȼ ɪɚɛɨɬɟ [195] ɪɟɚɤɰɢɸ β-ɢɨɞɮɭɪɚɧɚ (378) ɫ 6-ɷɬɢɧɢɥɩɭɪɢɧɨɦ (379) ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɫɢɧɬɟɡɟ 

ɚɧɚɥɨɝɚ (380) ɤɢɧɟɬɢɧɚ – ɝɨɪɦɨɧɚ ɪɚɫɬɟɧɢɣ ɝɪɭɩɩɵ ɰɢɬɨɤɢɧɢɧɨɜ (ɫɯɟɦɚ 86). Ⱥɜɬɨɪɚɦɢ 

ɨɬɦɟɱɟɧɨ, ɱɬɨ ɪɟɚɤɰɢɹ ɏɟɤɚ ɫ ɚɥɤɟɧɨɦ (379) ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɤɨɦɩɥɟɤɫɚɦɢ ɩɚɥɥɚɞɢɹ ɫ 

ɮɨɫɮɢɧɨɜɵɦɢ ɥɢɝɚɧɞɚɦɢ ɩɪɨɬɟɤɚɟɬ ɫ ɦɟɧɟɟ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ ɩɪɨɞɭɤɬɨɜ. 

ɋɯɟɦɚ 86 

 

Ⱦɚɧɧɵɟ ɨ ɪɟɚɤɰɢɹɯ ɏɟɤɚ γ-ɢɨɞ(ɛɪɨɦ)ɮɭɪɚɧɨɜ (381), (382), (383) ɢ (393) ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɚɥɤɟɧɚɦɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 5 ɢ 6. ɇɟ ɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɪɢɪɨɞɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɧɟɟ ɩɪɢɜɟɞɟɧɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ β-ɢɨɞ(ɛɪɨɦ)ɮɭɪɚɧɨɜ 

(347), (348), (358) ɢ (359) ɢ ɧɟɛɨɥɶɲɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɣ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɫɭɞɢɬɶ, ɱɬɨ 3-ɝɚɥɨɝɟɧɮɭɪɚɧɵ ɧɟ ɦɟɧɟɟ ɚɤɬɢɜɧɵ. Ɍɚɤ, 4-

ɢɨɞ-3-ɬɪɢɦɟɬɢɥɫɢɥɢɥɮɭɪɚɧ (381) ɜ ɪɟɚɤɰɢɢ ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ (350), (384), (325), 

ɫɬɢɪɨɥɨɦ (361) ɢ ɚɥɥɢɥɨɜɵɦ ɫɩɢɪɬɨɦ (364) ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɤɨɦɩɥɟɤɫɨɦ ɩɚɥɥɚɞɢɹ ɫ PPh3 

ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɬɪɢɷɬɢɥɚɦɢɧɟ ɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɞɭɤɬɵ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ (386)-(390) ɫ 
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ɜɵɯɨɞɚɦɢ 62-78% (ɬɚɛɥɢɰɚ 5, ɩɪɢɦɟɪɵ 1-5). ɂɧɬɟɪɟɫɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 

ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɯɚɪɚɤɬɟɪɚ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɚɥɤɟɧɟ ɧɚ ɪɟɝɢɨɧɚɩɪɚɜɥɟɧɧɨɫɬɶ 

ɪɟɚɤɰɢɢ. Ɍɚɤ, ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɭɪɚɧɚ (381) ɫ (350), (384) ɢ (325), ɫɨɞɟɪɠɚɳɢɯ ɚɤɰɟɩɬɨɪɧɵɟ 

ɡɚɦɟɫɬɢɬɟɥɢ, ɨɛɪɚɡɭɸɬɫɹ (E)-1,2-ɞɢɡɚɦɟɳɟɧɧɵɟ ɚɥɤɟɧɵ (386)-(388) (ȕ-ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ) 

(ɩɪɢɦɟɪɵ 1-3). ɉɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɣ (381) ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ (361) ɢ (364) ɹɜɥɹɸɬɫɹ ɬɟɪɦɢɧɚɥɶɧɵɟ 

ɚɥɤɟɧɵ (389)-(390) (α-ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ) (ɩɪɢɦɟɪɵ 4 ɢ 5). ȼ ɫɢɧɬɟɡɟ 1,β,γ,4-ɬɟɬɪɚɡɚɦɟɳɟɧɧɵɯ 

ɝɟɬɟɪɨɰɢɤɥɨɜ (391) ɢ (392), ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 3-ɢɨɞɮɭɪɚɧɨɜ (382) ɢ (383) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) 

ɢ ɦɟɬɢɥɨɜɵɦ ɷɮɢɪɨɦ 4-ɜɢɧɢɥɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ (385) ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɫɬɟɦ 

Pd(OAc)2-PPh3 ɢ Pd(OAc)2-(n)-Bu4N
+
I
-
 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɫɨɫɬɚɜɢɥɢ 4γ-55% 

(ɩɪɢɦɟɪɵ 6 ɢ 7). 

Ɍɚɛɥɢɰɚ 5. Ɋɟɚɤɰɢɢ ɏɟɤɚ 3-ɢɨɞɮɭɪɚɧɨɜ (381)-(383) ɫ ɚɥɤɟɧɚɦɢ (325), (349), (350), (361),  

(364), (384)-(385). 
№  ɂɨɞɮɭɪɚɧ Ⱥɥɤɟɧ Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬ, ɜɵɯɨɞ % ɋɫɵɥɤɢ 
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ɋɢɧɬɟɡ 3-[(E)-2-ɮɟɧɢɥɷɬɢɥɟɧɢɥ]ɮɭɪɚɧɚ (398) ɪɟɚɤɰɢɟɣ γ-ɛɪɨɦɮɭɪɚɧɚ (393) ɫɨ ɫɬɢɪɨɥɨɦ (361) 

ɩɪɨɜɟɞɟɧ ɤɚɤ ɜ ɭɫɥɨɜɢɹɯ ɝɨɦɨɝɟɧɧɨɝɨ [Pd(CH3CN)2Cl2] ɬɚɤ ɢ ɝɟɬɟɪɨɝɟɧɧɨɝɨ [NAP-Mg-Pd (0)] 

ɤɚɬɚɥɢɡɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ȾɆɎȺ ɜ ɨɬɫɭɬɫɬɜɢɢ ɥɢɝɚɧɞɨɜ ɢ ɨɫɧɨɜɚɧɢɹ (ɬɚɛɥɢɰɚ 6, ɩɪɢɦɟɪɵ 1 ɢ 

β). ɋɨɝɥɚɫɧɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞ ɜɵɫɬɭɩɚɟɬ ɢ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɤɚɤ ɢɫɬɨɱɧɢɤ 

ɨɫɧɨɜɚɧɢɹ – ɞɢɦɟɬɢɥɚɦɢɧɚ. Ʉɚɬɚɥɢɡɚɬɨɪɨɦ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɜɵɫɬɭɩɚɟɬ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ 

ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɤɨɥɥɨɢɞɧɵɟ ɱɚɫɬɢɰɵ Pd(0), ɚ ɜɨ ɜɬɨɪɨɦ ɧɚɧɨɱɚɫɬɢɰɵ ɩɚɥɥɚɞɢɹ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɟ ɧɚ ɨɤɫɢɞɟ ɦɚɝɧɢɹ. ȼ ɪɟɚɤɰɢɢ (393) ɫ ɷɬɢɥɟɧɚɰɟɬɚɥɟɦ ɚɤɪɨɥɟɢɧɚ (394) 

ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɫɥɭɠɢɥ ɤɨɦɩɥɟɤɫ ɩɚɥɥɚɞɢɹ ɫ Tedicyp; ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɨɞɭɤɬ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ 

ɛɟɡ ɜɵɞɟɥɟɧɢɹ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɳɟɥɨɱɶɸ ɢ ɤɢɫɥɨɬɨɣ, ɩɪɟɜɪɚɳɚɥɢ ɜ ɰɟɥɟɜɨɟ 

ɫɨɟɞɢɧɟɧɢɟ – 3-ɮɭɪɢɥɩɪɨɩɢɨɧɨɜɭɸ ɤɢɫɥɨɬɭ (399) (ɩɪɢɦɟɪ γ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ (393) ɫ 

ɬɨɡɢɥɚɥɥɢɥɚɦɢɧɨɦ (395) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɫɬɟɦɵ PН(OAМ)2 - o-Tol3P ɩɪɨɬɟɤɚɟɬ ɫ 7γ% ɜɵɯɨɞɨɦ 

ɩɪɨɞɭɤɬɚ ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ (ɩɪɢɦɟɪ 4). Ɋɟɚɤɰɢɢ (393) ɫ ɬɪɢɦɟɬɢɥɜɢɧɢɥɫɢɥɚɧɨɦ (396) ɢ 4,4,6-

ɬɪɢɦɟɬɢɥ-2-ɜɢɧɢɥ-1,3,2-ɞɢɨɤɫɨɛɨɪɢɧɚɬɨɦ (397) ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɤɨɦɩɥɟɤɫɨɦ ɩɚɥɥɚɞɢɹ ɫ 

ɬɪɢɮɟɧɢɥɮɨɫɮɢɧɨɦ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɩɪɨɞɭɤɬɨɜ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ (401) ɢ 

(402) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɩɪɢɦɟɪɵ 5 ɢ 6). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɵɟ ɭɫɥɨɜɢɹ ɫ 

ɬɪɢɦɟɬɢɥɜɢɧɢɥɫɢɥɚɧɨɦ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ (401) ɫ ɜɢɧɢɥɬɪɢɦɟɬɢɥɫɢɥɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ, 

ɤɨɬɨɪɵɣ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɏɟɤɚ ɨɛɵɱɧɨ ɩɪɟɬɟɪɩɟɜɚɟɬ ɝɢɞɪɨɞɟɫɢɥɢɥɢɪɨɜɚɧɢɟ. ɗɮɢɪ ɛɨɪɧɨɣ 

ɤɢɫɥɨɬɵ (402) ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɜ ɫɢɧɬɟɡɟ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɮɭɪɢɥɩɨɥɢɟɧɨɜɵɦ 

ɮɪɚɝɦɟɧɬɨɦ ɫ ɩɨɦɨɳɶɸ ɪɟɚɤɰɢɢ ɋɭɡɭɤɢ. 

Ɍɚɛɥɢɰɚ 6. Ɋɟɚɤɰɢɢ ɏɟɤɚ 3-ɛɪɨɦɮɭɪɚɧɚ (393) ɫ ɚɥɤɟɧɚɦɢ (361), (394)-(397). 
№ Ȼɪɨɦɮɭɪɚɧ Ⱥɥɤɟɧ Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬ, ɜɵɯɨɞ % ɋɫɵɥɤɢ 
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Ɋɟɚɤɰɢɢ 2,5-ɞɢɛɪɨɦɮɭɪɚɧɚ (403) ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ (325), (349), (350), (361) ɢ 

(384) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ Pd(OAc)2-(CH3C6H4)3P ɩɪɨɬɟɤɚɸɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɞɢɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ (404)-(408), ɜɵɯɨɞ ɫɨɫɬɚɜɢɥ 6γ-100% [185] 

(ɫɯɟɦɚ 87). Ɉɬɫɭɬɫɬɜɢɟ ɩɪɨɞɭɤɬɨɜ ɦɨɧɨɫɨɱɟɬɚɧɢɹ, ɞɚɠɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 1 ɷɤɜ. ɨɥɟɮɢɧɚ, 

ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɤ ɢɯ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɢɫɯɨɞɧɨɝɨ ɞɢɛɪɨɦɢɞɚ (403) ɬɚɤ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɢɯ ɜ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ ɤɨɦɩɥɟɤɫɚ 

ɩɚɥɥɚɞɢɹ ɩɨɫɥɟ ɫɬɚɞɢɢ ȕ-ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ. Ɉɛɪɚɡɨɜɚɧɢɟ ɜ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɢ ɫ ɜɢɧɢɥɰɢɚɧɢɞɨɦ 

(384) ɩɨɦɢɦɨ (2E,β’E)-3,3’-(ɮɭɪɚɧ-2,5-ɞɢɢɥ)ɞɢɚɤɪɢɥɨɧɢɬɪɢɥɚ (408) ɟɝɨ (βZ,β’E)-ɢɡɨɦɟɪɚ, 

ɜɵɡɜɚɧɨ ɦɚɥɵɦ ɫɬɟɪɢɱɟɫɤɢɦ ɨɛɴɟɦɨɦ ɧɢɬɪɢɥɶɧɨɣ ɝɪɭɩɩɵ. 

ɋɯɟɦɚ 87 

 

Ⱥɧɚɥɨɝɢɱɧɨ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ β,γ-ɞɢɛɪɨɦɮɭɪɚɧɚ (409) ɫ ɚɥɤɟɧɚɦɢ (349), (350), (360), (409)-

(411) ɞɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɥɶɤɨ ɩɪɨɞɭɤɬɵ ɞɢɫɨɱɟɬɚɧɢɹ (412)-(414) ɫ (E)-ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɞɜɨɣɧɨɣ 

ɫɜɹɡɢ (ɫɯɟɦɚ 88) [205]. Ɋɟɚɤɰɢɢ ɤɚɬɚɥɢɡɢɪɨɜɚɥɢ ɤɨɦɩɥɟɤɫɚɦɢ ɩɚɥɥɚɞɢɹ ɫ ɮɨɫɮɢɧɚɦɢ Ȼɭɯɜɚɥɶɞɚ 

(SPhos ɢɥɢ XPhos).  

ɋɯɟɦɚ 88 

 

Ɋɟɚɤɰɢɢ ɬɟɬɪɚɛɪɨɦɮɭɪɚɧɚ (415) ɫ ɷɮɢɪɚɦɢ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (349) ɢ (409) (5 ɷɤɜ.) 

ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɫɬɟɦɵ PН(OAМ)2-P(Cy)3 (ɫɯɟɦɚ 89) [206Ж. ɇɢɡɤɢɣ ɜɵɯɨɞ ɫɨɟɞɢɧɟɧɢɣ 

(416) ɨɛɴɹɫɧɟɧ ɢɯ ɥɚɛɢɥɶɧɵɦ ɯɚɪɚɤɬɟɪɨɦ.  
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ɋɯɟɦɚ 89 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɪɟɚɤɰɢɢ ɏɟɤɚ ɜ ɪɹɞɭ ɮɭɪɚɧɨɜ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɩɢɪɨɫɥɢɡɢɟɜɚɹ ɤɢɫɥɨɬɚ (417) ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɟ. ɋɨɝɥɚɫɧɨ [207] ɪɟɚɤɰɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɩɪɨɬɟɤɚɟɬ 

ɱɟɪɟɡ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɢɩɫɨ-ɡɚɦɟɳɟɧɢɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɧɚ ɩɚɥɥɚɞɢɣ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɮɭɪɢɥɩɚɥɥɚɞɢɟɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (418) ɫ ɚɥɤɟɧɨɦ (ɫɯɟɦɚ 90). 

ɋɯɟɦɚ 90 

 

Ɉɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɩɪɨɬɟɤɚɧɢɹ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɫ 

ɚɥɤɟɧɚɦɢ ɹɜɥɹɟɬɫɹ ɫɬɚɞɢɹ ɞɟɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɚɪɛɨɧɚɬ ɫɟɪɟɛɪɚ, ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɨɫɥɟɞɧɟɦɭ ɢ ɜ ɟɝɨ ɩɪɢɫɭɬɫɬɜɢɢ ɜ PН(O2CCF3)2-ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ 5-[3-

(ɬɪɢɮɬɨɪɦɟɬɢɥ)ɮɟɧɢɥ]ɮɭɪɚɧ-2-ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (419) ɫɨ ɫɬɢɪɨɥɨɦ (361) ɩɪɨɞɭɤɬ 

ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɚ (420) ɨɛɪɚɡɭɟɬɫɹ ɫ ɜɵɯɨɞɨɦ 78% (ɫɯɟɦɚ 91) [207]. Ⱥɰɟɬɚɬ ɩɚɥɥɚɞɢɹ 

ɤɚɬɚɥɢɡɢɪɭɟɬ ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɟ ɚɪɢɥ(ɝɟɬɚɪɢɥ)ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫɨɟɞɢɧɟɧɢɣ 

(417) ɢ (419), ɜ ɨɬɫɭɬɫɬɜɢɢ ɫɨɥɟɣ ɫɟɪɟɛɪɚ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɢɫɥɨɪɨɞɚ ɞɥɹ ɪɟɨɤɢɫɥɟɧɢɹ Pd(0) ɞɨ ɤɚɬɚɥɢɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ 

Pd(II). ȼɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ (421) ɢ (422) ɪɟɚɤɰɢɣ ɩɢɪɨɫɥɢɡɢɜɨɣ ɤɢɫɥɨɬɵ (417) ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɨɝɨ 

(419) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) ɜ ɭɫɥɨɜɢɹɯ (b) ɫɨɫɬɚɜɢɥɢ 44% ɢ 61% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɫɯɟɦɚ 91) 

[208].  
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ɋɯɟɦɚ 91 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɝɢɞɪɢɞɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɤɪɨɫɫ-

ɫɨɱɟɬɚɧɢɟ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɫɬɟɪɟɨɯɢɦɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ ɤɢɫɥɨɬɵ, 

ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɫɥɭɱɚɢ ɚɪɢɥɝɚɥɨɝɟɧɢɞɨɜ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɟɬ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ 

ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ. Ɉɞɧɨɣ ɢɡ ɢɧɬɟɪɟɫɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ 

ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɚɧɝɢɞɪɢɞɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ in situ ɢɡ ɚɪɨɦɚɬɢɱɟɫɤɨɣ ɤɚɪɛɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ ɞɢɤɚɪɛɨɧɚɬɚ; ɫɨɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞ ɢ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢ 

ɬɪɟɬ-ɛɭɬɢɥɨɜɵɣ ɫɩɢɪɬ. ȼ ɫɥɭɱɚɟ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɮɭɪɚɧ-2-ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (417) ɫɨ 

ɫɬɢɪɨɥɨɦ (361) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ ɞɢɤɚɪɛɨɧɚɬɚ ɢ ɯɥɨɪɢɫɬɨɝɨ ɩɚɥɥɚɞɢɹ ɨɛɪɚɡɭɟɬɫɹ 

ɫɦɟɫɶ β-ɫɬɢɪɢɥɮɭɪɚɧɚ (423) ɢ β-(1-ɮɟɧɢɥɜɢɧɢɥ)ɮɭɪɚɧɚ (424) ɜ ɫɨɨɬɧɨɲɟɧɢɟ β0:1 (ɨɛɳɢɣ ɜɵɯɨɞ 

71%) (ɫɯɟɦɚ λ2) [209].  

ɋɯɟɦɚ λ2 

 

Ɇɟɯɚɧɢɡɦ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɤɥɸɱɚɟɬ ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɩɚɥɥɚɞɢɹ ɩɨ t-BuCɈ-O ɫɜɹɡɢ ɚɧɝɢɞɪɢɞɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɦɟɧɨɣ ɥɢɝɚɧɞɚ – t-BuCɈ ɜ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ ɦɟɬɚɥɥɚ ɧɚ ɝɚɥɨɝɟɧɢɞ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɬɚɞɢɢ ɞɟɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɹ. 

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɚɪɢɥɩɚɥɥɚɞɢɟɜɵɣ ɤɨɦɩɥɟɤɫ ɞɚɥɟɟ ɫɥɟɞɭɟɬ ɩɨ ɬɢɩɢɱɧɨɦɭ ɩɭɬɢ ɦɟɯɚɧɢɡɦɚ 

ɪɟɚɤɰɢɢ ɏɟɤɚ.  

 

8.3.1.2. ȼɇɍɌɊɂɆɈɅȿɄɍɅəɊɇɕɃ ȼȺɊɂȺɇɌ ɊȿȺɄɐɂɂ ɏȿɄȺ 

ȼɨ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɦ ɜɚɪɢɚɧɬɟ ɪɟɚɤɰɢɢ ɏɟɤɚ ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ȕ-ɢɨɞ- ɢ 

ȕ-ɛɪɨɦɮɭɪɚɧɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɜ ɫɨɫɟɞɧɟɦ ɩɨɥɨɠɟɧɢɢ ɰɢɤɥɚ ɡɚɦɟɫɬɢɬɟɥɶ ɤɚɤ ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɬɚɤ ɢ ɧɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ. Ⱦɚɧɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɤɚɤ ɜ ɫɢɧɬɟɡɟ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɮɭɪɮɭɪɢɥɢɞɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɬɚɤ ɢ ɞɥɹ 
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ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɚɫɢɦɦɟɬɪɢɱɟɫɤɨɝɨ ɱɟɬɜɟɪɬɢɱɧɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ α-ɩɨɥɨɠɟɧɢɢ 

ɡɚɦɟɫɬɢɬɟɥɹ ɚɧɧɟɥɢɪɨɜɚɧɵɯ ɮɭɪɚɧɨɜ.  

Ɉɞɧɚ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ ɫɯɟɦ ɫɢɧɬɟɡɚ ɬɟɬɪɚɰɢɤɥɢɱɟɫɤɨɝɨ ɨɫɬɨɜɚ ɧɚɤɚɞɨɦɚɪɢɧɚ A 

(427), ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɜ ɫɟɦɶ ɫɬɚɞɢɣ, ɜɤɥɸɱɚɥɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɪɟɚɤɰɢɸ ɏɟɤɚ ȕ-

ɛɪɨɦɮɭɪɚɧɚ (425) (ɫɯɟɦɚ 93) [210]. ɋɨɱɟɬɚɧɢɟ ɩɪɨɬɟɤɚɥɨ ɩɨ ȕ-ɩɨɥɨɠɟɧɢɸ ɦɟɬɢɥɚɤɪɢɥɚɬɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɢɝɟɬɟɪɨɰɢɤɥɚ (426) ɫ ɜɵɯɨɞɨɦ 64%. ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ 

ɩɨɥɭɱɟɧɢɹ (426) ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɤɢ ɫɭɥɶɮɚɬɚ 

ɫɟɪɟɛɪɚ. ɋɨɟɞɢɧɟɧɢɟ (426) ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɭɞɨɛɧɨɝɨ ɫɢɧɬɨɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɚɧɚɥɨɝɨɜ ɮɭɪɚɧɫɨɞɟɪɠɚɳɟɝɨ ɚɥɤɚɥɨɢɞɚ (427). 

ɋɯɟɦɚ 93 

 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɪɚɛɨɬɟ [211] ɨɞɧɨɫɬɚɞɢɣɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ 5,6-

ɞɢɝɢɞɪɨ-4ɇ-ɰɢɤɥɨɩɟɧɬ[b]ɮɭɪɚɧɚ (430) ɢɡ β-ɢɦɢɧɨɦɟɬɢɥ-3-ɛɪɨɦɮɭɪɚɧɚ (428), ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 5-(3-ɛɪɨɦɮɭɪɚɧ-2-ɢɥ)ɩɟɧɬ-2-ɟɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (429) – ɩɪɨɞɭɤɬɚ ɞɟɤɚɪɛɨɤɫɢɥɢɪɨɜɚɧɢɹ-ɚɥɥɢɥɢɪɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɹ (428) (ɫɯɟɦɚ 94). 

ɋɨɱɟɬɚɧɢɟ ɩɪɨɬɟɤɚɥɨ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨ ɫ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ (430) 

(ɫɨɨɬɧɨɲɟɧɢɟ (430) ɢ (431) 9:1, ɨɛɳɢɣ ɜɵɯɨɞ 88%).  

ɋɯɟɦɚ 94 

 

Ɉɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɫɬɚɞɢɣ ɫɢɧɬɟɡɚ ɞɢɬɟɪɩɟɧɨɜɨɝɨ ɫɤɟɥɟɬɚ ɝɭɚɧɚɤɚɫɬɟɩɟɧɚ Ⱥ (435) – 

ɩɪɢɪɨɞɧɨɝɨ ɚɧɬɢɦɢɤɪɨɛɧɨɝɨ ɚɝɟɧɬɚ – ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɪɟɚɤɰɢɹ ɏɟɤɚ (E)-1-(4-
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ɢɨɞɮɭɪɚɧ-3-ɢɥ)-4-ɦɟɬɢɥɝɟɤɫ-4-ɟɧɚ (432) (cɯɟɦɚ 95) [212, 213]. Ʉɪɨɫɫ-ɫɨɱɟɬɚɧɢɟ ɩɪɨɬɟɤɚɥɨ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ 4-ɜɢɧɢɥ-4,5,6,7-ɬɟɬɪɚɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɚ ɜ ɜɢɞɟ ɫɦɟɫɢ ɞɜɭɯ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ 

(433) ɢ (434), ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɪɢɱɟɫɤɨɝɨ ɨɛɴɟɦɚ ɡɚɦɟɫɬɢɬɟɥɹ 

ɩɪɢ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ. 

ɋɯɟɦɚ 95 

 

Ɂɚɫɥɭɠɢɜɚɟɬ ɜɧɢɦɚɧɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɟ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ (436), 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɟ ɜ ɫɢɧɬɟɡɟ ɯɢɪɚɥɶɧɨɝɨ ɫɤɟɥɟɬɚ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɟɬɚɛɨɥɢɬɨɜ ɝɪɢɛɨɜ (438) 

(ɫɯɟɦɚ 96) [214, 215]. ɐɢɤɥɢɡɚɰɢɹ ɩɪɨɬɟɤɚɥɚ ɫɬɟɪɟɨɫɩɟɰɢɮɢɱɧɨ ɩɨ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɋ-2 

ɰɢɤɥɨɝɟɤɫɟɧ-2-ɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɚ (437).  

ɋɯɟɦɚ 96 

 

 

8.3.2.1. ɈɄɂɋɅɂɌȿɅɖɇɈȿ ɋɈɑȿɌȺɇɂȿ ɎɍɊȺɇɈȼɕɏ ɋɈȿȾɂɇȿɇɂɃ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɦɟɬɨɞɨɜ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɫɜɹɡɢ 

ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞ ɹɜɥɹɟɬɫɹ ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ; ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɢɥɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ 

ɫɨɟɞɢɧɟɧɢɹ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɸ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɩɨ ɫɜɹɡɹɦ ɋ-ɇ ɫ ɚɥɤɟɧɚɦɢ ɧɚɩɪɹɦɭɸ ɛɟɡ 

ɩɪɟɞɜaɪɢɬɟɥɶɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɢɯ ɜ ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɟ. ȼ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɹɜɥɹɟɬ ɩɚɥɥɚɞɢɣ ɜ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɞɜɚ, ɱɬɨ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɩɟɪɜɵɯ ɪɚɛɨɬɚɯ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 1 ɷɤɜ. Pd(OAc)2, ɜɤɥɸɱɚɸɳɢɯ ɜ ɱɚɫɬɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɭɪɚɧɚ ɫɨ ɫɬɢɪɨɦ 
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ɢ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ [216, 217, 218]. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɥɨɝɢɢ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɤɨɥɢɱɟɫɬɜ ɤɨɦɩɥɟɤɫɨɜ ɦɟɬɚɥɥɚ, ɛɨɥɶɲɟɣ ɱɚɫɬɶɸ, ɡɚɤɥɸɱɚɥɚɫɶ 

ɜ ɩɨɢɫɤɟ ɷɮɮɟɤɬɢɜɧɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɫɥɟɞɧɹɹ ɪɟɝɟɧɟɪɢɪɭɟɬ ɩɚɥɥɚɞɢɣ (II) ɢɡ Pd(0), 

ɨɛɪɚɡɭɸɳɢɣɫɹ ɧɚ ɫɬɚɞɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɝɨ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ, ɢ ɫɤɨɪɨɫɬɶ ɢ ɝɥɭɛɢɧɚ 

ɩɪɨɬɟɤɚɧɢɹ ɭɤɚɡɚɧɧɨɣ ɫɬɚɞɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬ ɜɵɯɨɞ 

ɩɪɨɞɭɤɬɚ ɰɟɥɟɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. 

Ɍɚɤ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ 4 ɷɤɜ. ɚɰɟɬɚɬɚ ɦɟɞɢ (II) ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ 

ɮɭɪɚɧɚ (439) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) ɢ ɚɤɪɢɥɨɧɢɬɪɢɥɨɦ (384) ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

2%Pd(OAc)2. Ɋɟɚɤɰɢɢ ɩɪɨɬɟɤɚɥɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɦɟɫɢ ɩɪɨɞɭɤɬɨɜ ɦɨɧɨ- 

(421), (444) ɢ ɞɢɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ (404), (408) (ɫɯɟɦɚ λ7, ɬɚɛɥɢɰɚ 7, ɩɪɢɦɟɪɵ 1 ɢ β). 

Ɇɨɞɢɮɢɤɚɰɢɹ ɩɨɫɥɟɞɧɟɝɨ ɭɫɥɨɜɢɹ, ɜɤɥɸɱɟɧɢɟɦ ɜ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɛɟɧɡɨɯɢɧɨɧɚ ɢ 

ɤɢɫɥɨɪɨɞɚ, ɩɨɡɜɨɥɢɥɚ ɩɪɨɜɟɫɬɢ ɨɤɢɫɥɢɬɟɥɶɧɵɟ ɪɟɚɤɰɢɢ ɏɟɤɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0.5 ɷɤɜ. CЮ(OAc)2. 

Ȼɟɧɡɨɯɢɧɨɧ ɩɨɦɢɦɨ ɪɨɥɢ ɜɬɨɪɢɱɧɨɝɨ ɩɨɫɪɟɞɧɢɤɚ ɦɟɠɞɭ ɤɢɫɥɨɪɨɞɨɦ ɢ Pd(0), ɬɚɤɠɟ ɜɵɫɬɭɩɚɟɬ 

ɷɮɮɟɤɬɢɜɧɵɦ ɥɢɝɚɧɞɨɦ ɩɨɫɥɟɞɧɟɝɨ, ɬɟɦ ɫɚɦɵɦ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɪɟɜɪɚɳɟɧɢɸ ɟɝɨ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢ 

ɧɟɚɤɬɢɜɧɭɸ ɩɚɥɥɚɞɢɟɜɭɸ ɱɟɪɧɶ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ (439) ɫ β ɷɤɜ. ɫɬɢɪɨɥɚ (361) ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɪɢɜɨɞɢɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɤ ɩɪɨɞɭɤɬɭ ɞɢɫɨɱɟɬɚɧɢɹ (406) (ɩɪɢɦɟɪ 3). ɗɮɮɟɤɬɢɜɧɵɦɢ 

ɨɤɢɫɥɢɬɟɥɹɦɢ, ɪɟɝɟɧɟɪɢɪɭɸɳɢɟ ɩɚɥɥɚɞɢɣ (II), ɹɜɥɹɸɬɫɹ ɩɟɪɟɤɢɫɢ ɬɪɟɬ-ɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢɥɢ 

ɬɪɟɬ-ɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɧɚɞɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɢ ɫɢɫɬɟɦɵ ɦɨɥɢɛɞɟɧ-ɜɚɧɚɞɨɮɨɫɮɨɪɧɵɯ ɤɢɫɥɨɬ 

ɫ ɚɬɦɨɫɮɟɪɧɵɦ ɤɢɫɥɨɪɨɞɨɦ; ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ (445)-(446) ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɣ ɮɭɪɚɧɚ (439) ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ (325) ɢ (350) ɫɨɫɬɚɜɢɥɢ 47-72% (ɩɪɢɦɟɪɵ 4-8). 

Ɋɚɧɟɟ ɩɪɢɜɟɞɟɧɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɜ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹɯ ɮɭɪɚɧɚ (439) ɬɚɤɠɟ 

ɷɮɮɟɤɬɢɜɧɵ ɜ ɪɟɚɤɰɢɹɯ ɫ ɟɝɨ ɦɟɬɢɥɶɧɵɦ ɩɪɨɢɡɜɨɞɧɵɦ – ɫɢɥɶɜɚɧɨɦ (440) (ɩɪɢɦɟɪɵ 9-11). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɢɫɥɢɬɟɥɟɣ ɢ ɤɢɫɥɨɣ ɫɪɟɞɵ ɧɚɤɥɚɞɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 

ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɣ ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ ɫ ɥɟɝɤɨ ɨɤɢɫɥɹɟɦɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɢ 

ɧɟɫɬɚɛɢɥɶɧɵɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɬ. ɉɟɪɜɵɣ ɫɞɟɪɠɢɜɚɸɳɢɣ ɮɚɤɬɨɪ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɦɟɪɚɦɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɮɭɪɮɭɪɨɥɚ (441) ɢ ɚɤɪɢɥɚɥɶɞɟɝɢɞɚ (443) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɚɞɤɢɫɥɨɬ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɧɢɡɤɢɦɢ ɜɵɯɨɞɚɦɢ ɩɪɨɞɭɤɬɨɜ (ɩɪɢɦɟɪɵ 1β ɢ 1γ). ȼɨɡɦɨɠɧɨɟ ɪɟɲɟɧɢɟ 

ɜɬɨɪɨɣ ɩɪɨɛɥɟɦɵ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɪɟɚɤɰɢɹɦɢ ɫɨɟɞɢɧɟɧɢɣ (439), (440) ɢ (442) ɫ ɚɥɤɟɧɨɦ 

(360), ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ ɨɫɧɨɜɧɵɯ ɭɫɥɨɜɢɹɯ (ɩɪɢɦɟɪɵ 14-16). Ⱦɚɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɪɨɜɨɞɢɥɢ ɜ ȾɆɎȺ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɰɟɬɚɬɚ ɫɟɪɟɛɪɚ ɢ ɩɢɪɢɞɢɧɚ ɢɥɢ ɚɰɟɬɚɬɚ ɥɢɬɢɹ.  
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ɋɯɟɦɚ 97 

 

Ɍɚɛɥɢɰɚ 7. Ɋɟɚɤɰɢɢ ɨɤɫɢɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɮɭɪɚɧɨɜ (439)-(442) ɫ ɚɥɤɟɧɚɦɢ (349), (350), 

(360), (361), (325), (384) ɢ (443). 
№ R R

1
 Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬɵ, ɜɵɯɨɞ % Cɫɵɥɤɢ 

1 
ɇ 

(439) 

CO2Me 

(349) 
2%Pd(OAc)2 

Cu(OȺc)2, 

Ⱦɢɨɤɫɚɧ-AcOH, 100
ɨ
C  

(421), 20% + (404), 9% 

219 

2 (439) 
CN 

(384) 
ɬɨ ɠɟ ɬɨ ɠɟ 

 
(444), 21% + (408), 39% 

219 

3 (439) 
Ph 

(361) 
10%PН(OȺМ)2 

BQ, Cu(OȺc)2, O2, Et2O, 

EtCO2H, 25
ɨ
C 

(406), 50% 220 

4 (439) 
COMe 

(325) 
0.5%PН(OȺМ)2 

t-BuOOH, BQ, Ac2O, 

CH3CO2H, 50
o
C  

(445), 72% 

221 

5 (439) 
CO2Et 

(350) 
ɬɨ ɠɟ ɬɨ ɠɟ 

 
(446), 56% + (405), 10% 

221 

6 (439) (350) 
1% 

Pd(OCOPh)2 

PhCO3-(t)-Bu, 

CH3CO2H, 100
o
C 

 

(446), 53% 222 

7 (439) (350) 1%Pd(OȺc)2 

HPMo11V1, O2, 

CH3CH2CO2H, 

ɚɰɟɬɢɥɚɰɟɬɨɧ, NКOAМ, 
50

o
C 

(446), 47% + (405), 10% 223 

8 (439) (350) 1%Pd(OȺc)2 

H7Pmo8V4O40, O2, 

CH3CO2H, 

ɚɰɟɬɢɥɚɰɟɬɨɧ, NКOAМ, 
30

o
C 

(446), 62% + (405), 11% 224 

9 
Me 

(440) 
(361) 10%Pd(OȺc)2 

BQ, Cu(OȺc)2, O2, Et2O, 

EtCO2H, 25
ɨ
C  

(447), 65% 

220 

10 (440) (325) 0.5%Pd(OAc)2 
t-BuOOH, BQ, Ac2O, 

CH3CO2H, 50
o
C  

(448), 73% 

221 

11 (440) (350) 
1% 

Pd(OCOPh)2 

PhCO3-(t)-Bu,  

CH3CO2H, 100
o
C  

(449), 67% 

222 

12 
CHO 

(441) 
(349) ɬɨ ɠɟ ɬɨ ɠɟ 

 
(368), 34% 

222 

13 (440) 
ɋɇɈ  
(443) 

0.5%Pd(OAc)2 
t-BuOOH, BQ, Ac2O, 

CH3CO2H, 50
o
C  

(450), 20% 

221 
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Ɍɚɛɥɢɰɚ 7 (ɨɤɨɧɱɚɧɢɟ).  
№ R R

1
 Ʉɚɬɚɥɢɡɚɬɨɪ ɍɫɥɨɜɢɹ ɉɪɨɞɭɤɬɵ, ɜɵɯɨɞ % Cɫɵɥɤɢ 

14 (4-1) 
ɋO2-nBu 

(360) 
10%Pd(OAc)2 

AРOAМ, ȾɆɎȺ, 
ɩɢɪɢɞɢɧ, 1β0ɨC  

(451), 76% 

225 

15 (440) (360) ɬɨ ɠɟ ɬɨ ɠɟ 
 

(452), 90% 

225 

16 
nBu 

(442) 
(360) 5%Pd(OAc)2 

Cu(OAc)2, ȾɆɎȺ, 

LiOAc, 

120
o
C, O2 

 
(453), 67% 

226 

 

Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ ɮɭɪɚɧɚ ɫ ɚɥɤɟɧɚɦɢ ɩɪɨɜɟɞɟɧɨ ɢ ɜ ɭɫɥɨɜɢɹɯ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚ 

ɯɥɨɪɢɞɨɦ ɩɚɥɥɚɞɢɹ, ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɤɪɚɯɦɚɥɟ ɫ ɩɨɦɨɳɶɸ 

ɷɬɢɥɟɧɞɢɚɦɢɧɨɜɨɣ ɝɪɭɩɩɵ (ɫɯɟɦɚ 98) [227]. Ʉɚɬɚɥɢɡɚɬɨɪ (457) ɥɟɝɤɨ ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɪɟɚɝɟɧɬɨɜ ɢ 

ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɢ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɧɟ ɦɟɧɟɟ ɲɟɫɬɢ ɪɚɡ ɛɟɡ ɩɨɬɟɪɢ 

ɚɤɬɢɜɧɨɫɬɢ. Ⱥɥɤɟɧɢɥɢɪɨɜɚɧɢɹ β-ɦɟɬɢɥɮɭɪɚɧɚ (440) ɢ ɮɭɪɮɭɪɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (454) ɫɬɢɪɨɥɨɦ 

(361), ɜ ɨɩɢɫɚɧɧɨɦ ɭɫɥɨɜɢɢ, ɞɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɪɨɞɭɤɬ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ (455) ɢ (456) ɫ 

ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ.  

ɋɯɟɦɚ 98 

 

ɇɟ ɫɦɨɬɪɹ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ α-ɩɨɥɨɠɟɧɢɹ ɮɭɪɚɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ȕ-ɩɨɥɨɠɟɧɢɹ, 

ɪɟɚɤɰɢɢ β,5-ɞɢɦɟɬɢɥɮɭɪɚɧɚ (458) ɢ ɫɢɥɶɜɚɧɚ (440) (ɬɚɛɥɢɰɚ 7, ɩɪɢɦɟɪ 9) ɫɨ ɫɬɢɪɨɥɨɦ (361) 

ɩɪɨɬɟɤɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɫ ɢɞɟɧɬɢɱɧɵɦ ɜɵɯɨɞɨɦ ɩɪɨɞɭɤɬɚ (ɫɯɟɦɚ 99) [220]. 

ɋɯɟɦɚ 99 
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ȼ ɩɪɟɨɛɥɚɞɚɸɳɟɦ ɱɢɫɥɟ ɪɟɚɤɰɢɣ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɮɭɪɚɧɨɜ ɜ ɤɚɱɟɫɬɜɟ ɚɥɤɟɧɨɜ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɢɪɨɥɵ ɢ ɩɪɨɢɡɜɨɞɧɵɟ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ. ȼ ɜɢɞɭ ɷɬɨɝɨ ɨɛɪɚɳɚɸɬ ɜɧɢɦɚɧɢɟ 

ɪɚɛɨɬɵ [228, 229] ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɨɥɟɮɢɧɢɪɨɜɚɧɢɹ ɮɭɪɚɧɚ (439) ɚɥɥɢɥɨɜɵɦ ɷɮɢɪɨɦ (460) ɢ 

ɚɥɥɢɥɚɦɢɧɨɦ (461) (ɫɯɟɦɚ 100). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɟ ɫ (460) ɞɚɟɬ ɫɦɟɫɶ ɚɰɟɬɚɬɨɜ (E)- 

(462) ɢ (Z)- (463) 1-(ɮɭɪɚɧ-2-ɢɥ)ɚɥɥɢɥɨɜɵɯ ɫɩɢɪɬɨɜ ɢ 5-ɜɢɧɢɥɮɭɪɚɧɚ (464) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 

75:17:8 ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 60%. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɭɪɚɧɚ (439) ɫ ɚɥɥɢɥɚɦɢɧɨɦ (461) ɩɪɨɬɟɤɚɟɬ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ (Е)-ɚɥɤɟɧɚ (465). ȼɵɫɨɤɚɹ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨɫɥɟɞɧɟɣ ɪɟɚɤɰɢɢ 

ɨɛɭɫɥɨɜɥɟɧɚ ɫɬɟɪɢɱɟɫɤɢɦ ɨɛɴɟɦɨɦ ɞɜɭɯ ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ ɞɢɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ.  

ɋɯɟɦɚ 100 

 

Ⱦɥɹ ɪɟɚɤɰɢɣ ɮɭɪɚɧɚ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɚɥɤɟɧɚɦɢ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɭɤɫɭɫɧɨɣ ɢɥɢ ɩɪɨɩɢɨɧɨɜɨɣ 

ɤɢɫɥɨɬɚɯ, ɨɬɦɟɱɟɧɨ ɜɥɢɹɧɢɟ ɬɢɩɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɫɬɪɨɟɧɢɟ ɩɪɨɞɭɤɬɨɜ. ȼ 

ɨɬɥɢɱɢɟ ɨɬ ɪɟɚɤɰɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɫ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹɦɢ ɫ ɧɢɡɤɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 

ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɨɛɥɚɞɚɸɳɢɯ ɫɜɨɣɫɬɜɚɦɢ 

ɯɨɪɨɲɢɯ ɥɢɝɚɧɞɨɜ, ɩɪɢɜɨɞɢɬ ɧɟ ɤ ɩɪɨɞɭɤɬɚɦ ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ, ɚ ɤ ɞɢɮɭɪɢɥɚɥɤɚɧɚɦ. Ɍɚɤ, ɜ 

ɪɟɚɤɰɢɢ β-ɷɬɢɥɮɭɪɚɧɚ (466) ɫɨ ɫɬɢɪɨɥɨɦ (361) ɜ ɫɦɟɫɢ ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ-ɚɰɟɬɨɧɢɬɪɢɥ 

ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɮɭɪɢɥɚɥɤɚɧɨɜ (468) ɢ (469) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 9:1 (ɫɯɟɦɚ 101). 

Ɋɟɚɤɰɢɢ β-ɦɟɬɢɥɮɭɪɚɧɚ (440) ɫ ɚɤɪɢɥɚɬɚɦɢ (467) ɢ (350), ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɨɬɟɤɚɸɬ 

ɫɟɥɟɤɬɢɜɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ȕ,ȕ-ɞɢɮɭɪɢɥɨɜɵɯ ɷɮɢɪɨɜ (470) ɢ (471) [230]. 

ɋɯɟɦɚ 101 

 

Ɉɬɞɟɥɶɧɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɷɮɮɟɤɬɵ ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɚ ɤɚɤ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ: ɨɛɪɚɡɨɜɚɧɢɟ ɜ 

ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ ɧɟɧɚɫɵɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɚ (ɨɬɥɢɱɢɟ ɨɬ ɜɵɲɟ 
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ɩɪɢɜɟɞɟɧɧɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɩɪɢɪɨɞɵ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ) ɢ ɨɬɫɭɬɫɬɜɢɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ 

ɩɟɪɢɨɞɚ ɪɟɚɤɰɢɢ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ Pd(OAc)2-ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ 

[231]. ɇɟɞɚɜɧɨ, ɧɚ ɩɪɢɦɟɪɟ ɛɟɧɡɨɥɚ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɢɬɟɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ 

(II) ɢɞɟɬ ɱɟɪɟɡ ɚɤɬɢɜɚɰɢɸ ɋ-ɇ ɫɜɹɡɢ ɩɭɬɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɩɪɨɬɨɧɨɦ ɢ 

ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ (ɩɟɪɟɯɨɞɧɵɣ ɤɨɦɩɥɟɤɫ (472), ɫɯɟɦɚ 102). ȼɫɥɟɞɫɬɜɢɢ 

ɷɬɨɝɨ, ɩɟɪɜɨɣ ɫɬɚɞɢɟɣ, ɱɚɫɬɨ ɫɤɨɪɨɫɬɶɨɩɪɟɞɟɥɹɸɳɟɣ, ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɚɤɬɢɜɧɵɯ ɞɢɦɟɪɧɨɣ 

ɢɥɢ ɦɨɧɨɦɟɪɧɨɣ ɮɨɪɦ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ, ɨɛɵɱɧɨ ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ, ɜ ɬɜɟɪɞɨɦ ɜɢɞɟ ɢ ɜ 

ɪɚɫɬɜɨɪɟ, ɬɪɢɦɦɟɪ ɫ ɦɨɫɬɢɤɨɜɵɦɢ ɚɰɟɬɚɬɧɵɦɢ ɝɪɭɩɩɚɦɢ. ȼ ɪɚɧɟɟ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɚɤɰɢɹɯ 

ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɤɨɧɬɪɨɥɢɪɨɜɚɥɫɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟɦ ɫ ɮɭɪɚɧɨɦ. Ⱦɨɛɚɜɥɟɧɢɟ ȾɆɋɈ, 

ɛɨɥɟɟ ɫɢɥɶɧɨɝɨ ɥɢɝɚɧɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɭɪɚɧɚ, ɩɨɡɜɨɥɹɟɬ ɪɚɞɢɤɚɥɶɧɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ 

ɨɛɪɚɡɨɜɚɧɢɹ ɚɤɬɢɜɧɵɯ ɱɚɫɬɢɰ ɬɢɩɚ (473) ɢ (474).  
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ȼ Pd(OAc)2-ɤɚɬɚɥɢɡɢɪɭɟɦɵɯ ɪɟɚɤɰɢɹɯ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɮɭɪɚɧɨɜ (440), (454) ɢ (475) 

ɫɨ ɫɬɢɪɨɥɚɦɢ (361), (362), (476), (477) ɜ ɫɢɫɬɟɦɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ – 

ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɢɡɜɨɞɧɵɟ (E)-2-ɫɬɢɪɢɥɮɭɪɚɧɚ ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɚɦɢ 

57-8β% (ɫɯɟɦɚ 103) [232, 233]. ȼ ɨɞɧɨɦ ɢɡ ɞɜɭɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɟɬɨɞɨɜ, ɨɤɢɫɥɢɬɟɥɶɧɚɹ 

ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɛɟɧɡɨɯɢɧɨɧɚ (β ɷɤɜ.), ɚ ɜ ɞɪɭɝɨɦ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢɡ ɤɢɫɥɨɪɨɞɚ. Ⱦɥɹ 

ɩɨɫɥɟɞɧɟɝɨ ɭɫɥɨɜɢɹ ɨɬɦɟɱɟɧɨ ɭɦɟɧɶɲɟɧɢɟ ɜɵɯɨɞɨɜ ɩɪɨɞɭɤɬɨɜ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɤ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ [232].  

ɋɯɟɦɚ 103 
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Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɢ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ 

ɏɟɤɚ. Ɍɚɤ, Ȗ-ɥɚɤɬɚɦɵ (482) ɜ ɩɪɢɫɭɬɫɬɜɢɢ Pd(OAc)2 ɢ ɬɪɢɮɟɧɢɥɮɨɫɮɢɧɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɚɸɬ 

ɩɪɨɞɭɤɬɵ ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ (483); ɩɪɨɬɟɤɚɧɢɸ ɰɟɥɟɜɨɦɭ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɸ 

ɩɨ ɛɪɨɦɚɪɢɥɶɧɨɦɭ ɮɪɚɝɦɟɧɬɭ ɩɪɟɩɹɬɫɬɜɭɟɬ ɧɚɥɢɱɢɟ ɞɜɭɯ ɫɥɨɠɧɨɷɮɢɪɧɵɯ ɝɪɭɩɩ (ɫɯɟɦɚ 104) 

[234]. ɋɨɩɨɫɬɚɜɢɦɵɟ ɜɵɯɨɞɵ ɫɨɟɞɢɧɟɧɢɣ (483) ɩɨɥɭɱɟɧɵ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 

ɜ ɭɫɥɨɜɢɹɯ ɤɚɬɚɥɢɡɚ ɫɢɫɬɟɦɨɣ ɢɡ ɚɰɟɬɚɬɚ ɩɚɥɥɚɞɢɹ (II) ɢ Cu(OAc)2.  

ɋɯɟɦɚ 104 

 

 

8.3.2.2. ȼɇɍɌɊɂɆɈɅȿɄɍɅəɊɇɕȿ ȼȺɊɂȺɇɌɕ ɈɄɂɋɅɂɌȿɅɖɇɈɃ ɊȿȺɄɐɂɂ 
ɏȿɄȺ 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɨɩɢɫɚɧ ɩɪɢɦɟɪ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ β,5-

ɞɢɡɚɦɟɳɟɧɧɨɝɨ ɮɭɪɚɧɚ (484) ɜ ɫɢɧɬɟɡɟ ɮɭɪɨ[2,3-b]ɩɢɪɪɨɥɚ (485) (ɫɯɟɦɚ 105) [235]. ɉɨɤɚɡɚɧɨ, 

ɱɬɨ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɬɨɥɶɤɨ ɫ ɮɭɪɚɧɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɤɰɢɹ ɏɟɤɚ ɫ ɦɨɦɟɧɬɚ ɫɜɨɟɝɨ ɨɬɤɪɵɬɢɹ ɩɪɟɬɟɪɩɟɥɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ 

ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɦɵɦ ɦɟɬɨɞɨɦ ɜ ɫɨɡɞɚɧɢɢ ɧɨɜɨɣ ɫɜɹɡɢ ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞ, ɱɬɨ 

ɨɬɪɚɠɟɧɨ ɜ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɨɛɡɨɪɟ ɧɚ ɩɪɢɦɟɪɟ ɫɨɟɞɢɧɟɧɢɣ ɮɭɪɚɧɨɝɨ ɪɹɞɚ. ɍɫɩɟɯɢ ɜ ɪɚɡɪɚɛɨɬɤɟ 

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɦɟɬɨɞɨɥɨɝɢɣ ɢ ɜ ɭɜɟɥɢɱɟɧɢɢ ɬɢɩɨɜ ɚɤɬɢɜɧɵɯ ɪɟɚɝɟɧɬɨɜ ɩɪɟɞɚɥɢ ɟɣ 

ɯɚɪɚɤɬɟɪ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɪɟɚɤɰɢɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɪɟɲɚɬɶ ɲɢɪɨɤɢɣ ɤɪɭɝ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɡɚɞɚɱ 

ɪɚɡɥɢɱɧɨɣ ɫɥɨɠɧɨɫɬɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɨɦɢɦɨ ɬɪɚɞɢɰɢɨɧɧɵɯ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɚɥɤɟɧɨɜ ɢ 

ɫɬɢɪɨɥɨɜ, ɢɫɩɨɥɶɡɭɸɬ ɚɥɥɢɥɶɧɵɟ ɫɩɢɪɬɵ, ɬɨɡɢɥɚɥɥɢɥɚɦɢɧ, ɜɢɧɢɥɫɢɥɚɧɵ ɢ ɞɪɭɝɢɟ ɨɥɟɮɢɧɵ ɫ 

ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɪɨɜɟɞɟɧɢɸ ɩɪɹɦɨɝɨ ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɨɜ, ɩɨɡɜɨɥɹɸɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɚɧɧɵɣ ɦɟɬɨɞ ɤɚɤ ɯɨɪɨɲɭɸ ɚɥɶɬɟɪɧɚɬɢɜɭ ɪɟɚɤɰɢɢ ɏɟɤɚ. Ɉɧ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 

ɤɨɪɨɬɤɢɦ ɩɭɬɟɦ ɤ α,ȕ-ɧɟɧɚɫɵɳɟɧɵɦ ɮɭɪɚɧɚɦ. Ƚɥɚɜɧɨɟ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɞɚɧɧɨɝɨ ɬɢɩɚ 

ɩɪɟɜɪɚɳɟɧɢɹ ɭɞɟɥɟɧɨ ɜɵɹɜɥɟɧɢɸ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ, 

ɩɨɢɫɤɭ ɷɮɮɟɤɬɢɜɧɵɯ ɭɫɥɨɜɢɣ ɢ ɜɨɜɥɟɱɟɧɢɟ ɜ ɪɟɚɤɰɢɸ ɛɨɥɟɟ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɪɟɚɝɟɧɬɨɜ. ɉɪɢ 

ɷɬɨɦ, ɜɨɡɦɨɠɧɨɫɬɢ ɦɟɬɨɞɚ ɜ ɫɢɧɬɟɡɟ ɜɟɳɟɫɬɜ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɢɡɭɱɟɧɵ. 

 

8.4. ɄɊɈɋɋ-ɋɈɑȿɌȺɇɂȿ ɆȿɌɂɅɈȼɈȽɈ ɗɎɂɊȺ ɎɅɈɆɂɁɈɂɄɈȼɈɃ ɄɂɋɅɈɌɕ ɋ 
ȺɅɄȿɇȺɆɂ ȼ ɉɊɂɋɍɌɋɌȼɂɂ ɈɄɂɋɅɂɌȿɅȿɃ 

C ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɚɥɤɟɧɢɥɡɚɦɟɳɟɧɧɵɯ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɥɚɛɞɚɬɪɢɟɧɨɜ 

ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬɵ (38) ɫ ɚɥɤɟɧɚɦɢ.  

ɇɚ ɨɫɧɨɜɟ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɨ ɜɵɯɨɞɚɯ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɮɭɪɚɧɚ ɫɨ 

ɫɬɢɪɨɥɨɦ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬɵ (38) co cɬɢɪɨɥɨɦ (361) ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɢɫɬɟɦɭ ɢɡ Pd(OAc)2, Cu(OAc)2 (0.5 ɷɤɜ.) ɢ 1,4-

ɛɟɧɡɨɯɢɧɨɧ (0.1 ɷɤɜ.). Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

(1:1, 35
oɋ, 10 ɱ) ɜ ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ (ɫɯɟɦɚ 106, ɬɚɛɥɢɰɚ 8). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɤɚɡɚɧɧɚɹ 

ɪɟɚɤɰɢɹ, ɜ ɤɨɬɨɪɨɣ ɚɰɟɬɚɬ ɩɚɥɥɚɞɢɹ (II) ɢ ɫɬɢɪɨɥ ɛɪɚɥɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 0.1 ɢ ɞɜɚ ɷɤɜɢɜɚɥɟɧɬɨɜ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɟ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɩɪɨɞɭɤɬɚɯ ɦɨɧɨɫɨɱɟɬɚɧɢɹ ɢ ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɦɟɬɢɥ (Е)-15,16-ɞɢɫɬɢɪɢɥ-15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɚɬɚ (486) ɫ ɜɵɯɨɞɨɦ 6γ% (ɩɪɢɦɟɪ 1) Д235]. 

ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ, ɞɨ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɧɟ ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢɹ (38) ɫ ɷɤɜɢɦɨɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɫɬɢɪɨɥɚ (361) ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ 15,16-ɛɢɫ-ɫɬɢɪɢɥɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɭ 

(486), ɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɦ ɜɵɯɨɞɨɦ (ɩɪɢɦɟɪ β). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

0.05 ɷɤɜ. Pd(OAc)2 ɦɨɧɨɡɚɦɟɳɟɧɧɵɟ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɵ ɨɛɪɚɡɭɸɬɫɹ ɬɨɥɶɤɨ ɜ ɫɥɟɞɨɜɵɯ 

ɤɨɥɢɱɟɫɬɜɚɯ, ɜɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ (486) ɫɨɫɬɚɜɢɥ βγ% (ɩɪɢɦɟɪ γ).  

ɂɡɦɟɧɟɧɢɟ ɩɪɢɪɨɞɵ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɚɜɚ ɢ ɜɵɯɨɞɨɜ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɪɟɚɤɰɢɢ. Ɍɚɤ, 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ (38) ɫɨ ɫɬɢɪɨɥɨɦ (361) ɜ ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɚɰɟɬɨɧɢɬɪɢɥɚ (1μ1, 35
ɨ
C, 

10 ɱ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɫɬɟɦɵ Pd(OAc)2\Cu(OAc)2\BQ\O2 ɞɚɟɬ ɫɦɟɫɶ 18-ɦɟɬɢɥ 15,16-ɞɢɫɬɢɪɢɥ- 

(386), 16-ɫɬɢɪɢɥ- (487) ɢ 16-(1-ɮɟɧɢɥɜɢɧɢɥ)-15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɚɬɨɜ (488) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 

1 : 1: 4.5 (ɩɪɢɦɟɪ 4). Ɉɫɧɨɜɧɨɣ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ (488) (ɜɵɯɨɞ 18% ɩɨ ɞɚɧɧɵɦ əɆɊ 1ɇ) ɜ 

ɩɪɨɰɟɫɫɟ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɧɚ ɤɨɥɨɧɤɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɞɚɥɶɧɟɣɲɢɟ ɩɪɟɜɪɚɳɟɧɢɹ. 
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ɋɨɟɞɢɧɟɧɢɹ (486) ɢ (487) ɜɵɞɟɥɟɧɵ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɜ 

ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ȾɆɎȺ (1:1, 35
oɋ, 15 ɱ) ɤɨɧɜɟɪɫɢɹ ɫɨɫɬɚɜɢɥɚ 68%, ɫɨɟɞɢɧɟɧɢɹ 

(486) ɢ (487) ɩɨɥɭɱɟɧɵ ɫ ɜɵɯɨɞɨɦ 4% ɢ 7% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɩɪɢɦɟɪ 5). 

ɋɯɟɦɚ 106 

 

 

Ɍɚɛɥɢɰɚ 8. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) co cɬɢɪɨɥɨɦ (361) 

№ Ɋɚɫɬɜɨɪɢɬɟɥɶ % Pd(OAc)2 Ʉɨɧɜɟɪɫɢɹ, % (486) (487) (488) 

1* EtCO2H-Et2O 0.1% 90% 63% - - 

2 EtCO2H-Et2O 0.1% 40% 32% - - 

3 EtCO2H-Et2O 0.05% 57% 23% - - 

4 EtCO2H-ɋH3CN 0.05% 68% 4% 4% 18% 

5 EtCO2H-ȾɆɎȺ 0.05% 68% 4% 7% - 

*ɫɬɢɪɨɥ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɨɥɢɱɟɫɬɜɟ β ɷɤɜ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ ɏɟɤɚ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɤɚɬɢɨɧɧɨɫɬɢ 

ɚɪɢɥɩɚɥɥɚɞɢɟɜɨɝɨ ɢɧɬɟɪɦɟɞɢɚɬɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɩɨɫɥɟ ɫɬɚɞɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ. 

Ⱥɧɚɥɨɝɢɱɧɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢɪɨɞɚ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ, ɜ ɜɵɲɟɪɚɫɫɦɨɬɪɟɧɧɨɣ ɪɟɚɤɰɢɢ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ, ɜɥɢɹɟɬ ɧɚ ɫɬɪɨɟɧɢɟ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɟ 

ɩɪɨɬɟɤɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɬ ɧɟɩɨɥɹɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɤ ɩɨɥɹɪɧɨɦɭ (ɫɯɟɦɚ 107). ȼ ɩɟɪɜɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ, ɜ ɫɬɚɞɢɢ, ɩɪɟɞɲɟɫɬɜɭɸɳɟɣ ɤɨɨɪɞɢɧɚɰɢɢ ɚɥɤɟɧɚ, ɢɦɟɟɬ ɦɟɫɬɨ ɭɞɚɥɟɧɢɟ ɢɡ 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɵ ɦɟɬɚɥɥɚ ɧɟɣɬɪɚɥɶɧɨɝɨ ɥɢɝɚɧɞɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ 

ɪɚɫɬɜɨɪɢɬɟɥɶ, ɛɟɧɡɨɯɢɧɨɧ ɢ ɢɫɯɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɚ ɜɨ ɜɬɨɪɨɦ ɚɰɟɬɚɬ ɚɧɢɨɧɚ. ɉɨɫɥɟɞɭɸɳɟɟ 

ɧɚɩɪɚɜɥɟɧɢɟ ɜɧɟɞɪɟɧɢɹ ɚɥɤɟɧɚ, ɜ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɬɟɪɢɱɟɫɤɢɦɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɤɚɤ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɟɣ ɩɨ ɧɟɣɬɪɚɥɶɧɨɦɭ 

ɩɭɬɢ, ɧɨ ɢ ɪɚɡɥɢɱɢɟɦ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɜ ɫɬɢɪɨɥɟ.  

ɇɢɡɤɢɟ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (38) ɫɨ ɫɬɢɪɨɥɨɦ (361) ɜ ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɫ ɚɰɟɬɨɧɢɬɪɢɥɨɦ ɢɥɢ ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɨɦ ɜɟɪɨɹɬɧɨ ɨɛɭɫɥɨɜɥɟɧɵ ɧɢɡɤɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɫɨɟɞɢɧɟɧɢɣ ɫ β-(1-ɮɟɧɢɥɜɢɧɢɥ)ɮɭɪɚɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ, ɹɜɥɹɸɳɢɯɫɹ 

ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ. 
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ɋɯɟɦɚ 107 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 

ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ ɧɚ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɸɬ 

ɜɨɡɦɨɠɧɵɦ ɪɟɚɥɢɡɚɰɢɸ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɝɨ ɦɨɧɨɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɚɥɤɟɧɚɦɢ ɫ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɨɣ ɝɪɭɩɩɨɣν ɬɟɪɩɟɧɨɜɵɣ 

ɡɚɦɟɫɬɢɬɟɥɶ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ ɨɛɭɫɥɨɜɢɬ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɶ ɷɥɟɤɬɪɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɩɨ ɚɬɨɦɭ 

ɭɝɥɟɪɨɞɭ ɋ-16, ɚ ɜɜɟɞɟɧɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ – ɦɟɧɟɟ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɪɨɞɭɤɬɚ 

ɦɨɧɨɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɢɫɤ ɞɚɧɧɨɝɨ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɟɧ 

ɧɚ ɩɪɢɦɟɪɟ ɪɟɚɤɰɢɢ (38) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) [236].  

ɇɚɣɞɟɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɪɟɚɤɰɢɢ (38) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) ɜ ɫɦɟɫɢ 

ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɷɮɢɪɚ (1μ1) ɩɪɢ γ5ɨC ɜ ɩɪɢɫɭɬɫɬɜɢɢ Pd(OAc)2 (0.05 ɷɤɜ.), Cu(OAc)2 (0.5 

ɷɤɜ.), BQ (0.1 ɷɤɜ.) ɜ ɚɬɦɨɫɮɟɪɟ O2 ɬɪɟɛɭɟɬɫɹ 80 ɱ (ɫɯɟɦɚ 108). ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɨɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɩɨɥɭɱɚɥɢ ɦɟɬɢɥɨɜɵɟ ɷɮɢɪɵ 15,16-ɛɢɫ-(3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-

ɢɥ)- (489), 16-(3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)- (490) ɢ 15-(3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)-

15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (491), ɜɵɞɟɥɟɧɧɵɟ ɫ ɜɵɯɨɞɨɦ β7%, 

17% ɢ 7% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ əɆɊ 1ɇ ɫɩɟɤɬɪɨɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɡɚɩɢɫɚɧɧɵɯ 

ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ, ɫɨɨɬɧɨɲɟɧɢɟ ɩɪɨɞɭɤɬɨɜ (489): (490): (491) ɢɡɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ. ɑɟɪɟɡ 10 

ɱ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ 1 μ 7 μ 8, ɱɟɪɟɡ γ0 ɱ – 1 μ β μ 1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɱɚɥɟ ɪɟɚɤɰɢɢ 

ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ ɦɨɧɨ-ɚɥɤɟɧɢɥɡɚɦɟɳɟɧɧɵɟ ɥɚɛɞɚɧɨɢɞɵ (490) ɢ (491) ɢ ɩɪɢ 

ɷɬɨɦ ɨɧɢ ɨɛɪɚɡɭɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɷɤɜɢɜɚɥɟɧɬɧɨɦ ɤɨɥɢɱɟɫɬɜɟ. ɍɞɚɥɟɧɢɟ ɢɡ ɫɨɫɬɚɜɚ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɢɫɥɨɪɨɞɚ ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɰɟɬɚɬɚ ɦɟɞɢ (II) ɩɨɡɜɨɥɢɥɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɢɬɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢν ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ (38) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ (349) ɜ 

ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɷɮɢɪɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Pd(OAc)2 (0.05 ɷɤɜ.), 
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Cu(OAc)2 (β ɷɤɜ.) ɢ BQ (0.1 ɷɤɜ.) ɩɪɢɜɨɞɢɥɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɥɤɟɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ (489), 

(490) ɢ (491) ɜ ɫɨɨɬɧɨɲɟɧɢɟ 1 : 5 : 1. Ɂɚɦɟɧɚ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ 

ɩɪɨɞɭɤɬɵ ɦɨɧɨɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ, ɜ ɫɦɟɫɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɨɩɢɨɧɨɜɚɹ ɤɢɫɥɨɬɚ-ɚɰɟɬɨɧɢɬɪɢɥ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ Pd(OAc)2 (0.05 ɷɤɜ.), Cu(OAc)2 (0.5 ɷɤɜ.), BQ (0.1 ɷɤɜ.) ɜ ɚɬɦɨɫɮɟɪɟ O2 ɜɵɯɨɞ 

ɫɨɟɞɢɧɟɧɢɣ (490) ɢ (491) ɫɨɫɬɚɜɢɥ 54% ɢ 5% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ 

ɡɚɦɟɧɨɣ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɝɪɚɧɢɱɧɨɝɨ ɨɤɢɫɥɢɬɟɥɹ (Cu(OAc)2 ɜɦɟɫɬɨ Ɉ2) ɜ ɤɚɱɟɫɬɜɟ 

ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɥɭɱɢɥɢ ɦɟɬɢɥ 16-(2-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɜɢɧɢɥ)ɥɚɛɞɚɬɪɢɟɧɨɚɬ (490) 

(ɜɵɯɨɞ γ4% ɩɨɫɥɟ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 7% ɢɫɯɨɞɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ (38)).  

ɋɯɟɦɚ 108 

 

ɉɨɫɥɟɞɭɸɳɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɢɧɬɟɡɟ ɟɟ 16-ɚɥɤɟɧɢɥɡɚɦɟɳɟɧɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɜɤɥɸɱɚɥɨ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɣ (38) ɫ ɮɟɧɢɥɚɤɪɢɥɚɬɨɦ (492), ɧɟɧɚɫɵɳɟɧɧɵɦɢ 

ɤɟɬɨɧɚɦɢ (325) ɢ (328), N-ɡɚɦɟɳɟɧɧɵɦɢ ɚɦɢɞɚɦɢ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (493)-(496) ɢ ɚɦɢɞɚɦɢ 

ɚɦɢɧɨɤɢɫɥɨɬ (497)-(499) (ɫɯɟɦɚ 109). 

Ɉɤɢɫɥɢɬɟɥɶɧɨɟ ɫɨɱɟɬɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ (38) ɫ ɮɟɧɢɥɨɜɵɦ ɷɮɢɪɨɦ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (492), 

ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (325) ɢɥɢ ɮɟɧɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (328) ɜ ɪɚɧɟɟ ɧɚɣɞɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ДPd(OAc)2 

(0.05 ɷɤɜ.), Cu(OAc)2 (β ɷɤɜ.), BQ (0.1 ɷɤɜ.), ɩɪɨɩɢɨɧɨɜɚɹ ɤɢɫɥɨɬɚ-ɚɰɟɬɨɧɢɬɪɢɥ, 1μ1, γ5ɨC, 80 ɱЖ 

ɩɪɢɜɨɞɢɥɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 18-ɦɟɬɢɥ-16-(E)-(2-R-ɤɚɪɛɨɧɢɥɜɢɧɢɥ)-

ɥɚɛɞɚɬɪɢɟɧɨɚɬɨɜ (500), (332) ɢ (501), ɜɵɞɟɥɟɧɧɵɯ ɫ ɜɵɯɨɞɨɦ βλ-54%. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɫɨɟɞɢɧɟɧɢɟ (332) ɩɨɥɭɱɟɧɨ ɪɚɧɟɟ ɜ ɪɚɛɨɬɟ Д237Ж ɫɨ ɫɪɚɜɧɢɦɵɦ ɜɵɯɨɞɨɦ (ɧɚ ɞɜɟ ɫɬɚɞɢɢ), 

ɮɨɪɦɢɥɢɪɨɜɚɧɢɟɦ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɤɨɧɞɟɧɫɚɰɢɟɣ 16-ɮɨɪɦɢɥɥɚɛɞɚɬɪɢɟɧɨɚɬɚ (112) ɫ ɚɰɟɬɨɧɨɦ.   

ȼ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɨɜɨɞɢɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɚɛɞɚɧɨɢɞɚ (38) ɫ ɚɦɢɞɚɦɢ ɚɤɪɢɥɨɜɨɣ 

ɤɢɫɥɨɬɵ (494)-(496). ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 18-ɦɟɬɢɥ-16-(E)-[3-(R-ɚɦɢɧɨ)-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-

ɢɥЖɥɚɛɞɚɬɪɢɟɧɵ (503)-(505) ɜɵɞɟɥɢɥɢ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɧɢɟɦ ɧɚ 

ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ. ɇɚɢɛɨɥɶɲɢɣ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ ɩɨɥɭɱɟɧ ɜ ɪɟɚɤɰɢɹɯ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ 
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(38) c N-ɚɪɢɥɚɤɪɢɥɨɢɥɚɦɢɞɚɦɢ (494) ɢ (495), ɜɵɯɨɞ ɫɨɟɞɢɧɟɧɢɣ (503) ɢ (504) ɫɨɫɬɚɜɢɥ 59% ɢ 

4β% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɞɢɬɟɪɩɟɧɨɢɞɚ (38) ɫ ɚɦɢɞɚɦɢ (497)-(498), ɩɨɥɭɱɟɧɧɵɯ 

ɢɡ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɚɦɢɧɨɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ ɫ N-ɚɤɪɢɥɨɢɥɦɨɪɮɨɥɢɧɨɦ (493) ɩɪɨɞɭɤɬɵ 16-

ɚɥɤɟɧɢɥɢɪɨɜɚɧɢɹ (506)-(507) ɢ (502) ɩɨɥɭɱɟɧɵ ɫ ɧɢɡɤɢɦɢ ɜɵɯɨɞɚɦɢ (16-β5 ɢ 8%). ɇɚ ɩɪɢɦɟɪɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ (38) c ɚɦɢɞɨɦ (499) ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢ ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ Pd(OAc)2 (0.1 ɷɤɜ.), Cu(OAc)2 (0.5 ɷɤɜ.), BQ (0.1 ɷɤɜ.) ɜ ɚɬɦɨɫɮɟɪɟ O2 ɜ ɫɦɟɫɢ 

ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɷɮɢɪɚ ɩɪɢ 35
ɨ
C ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ ɩɪɨɞɭɤɬɚ (508).   

ɋɯɟɦɚ 109 

 
 

ȼ ɜɢɞɭ ɰɟɧɧɵɯ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ β,5-ɞɢɚɥɤɟɧɢɥɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɨɜ Д238, 239, 

240Ж ɢ ɫɨɟɞɢɧɟɧɢɣ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɜɟɞɟɧɢɹ ɚɥɤɟɧɢɥɶɧɵɯ 

ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɥɚɛɞɚɧɨɢɞ (38) ɫ ɩɨɦɨɳɶɸ ɞɜɨɣɧɨɣ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ.  

ȼ ɫɢɧɬɟɡɟ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ 15,16-ɞɢɚɥɤɟɧɢɥɩɪɨɢɡɜɨɞɧɵɯ ɞɢɬɟɪɩɟɧɨɢɞɚ (38) ɩɪɨɜɨɞɢɥɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 16-(2-ɦɟɬɢɥɤɚɪɛɨɧɢɥɜɢɧɢɥ)ɥɚɛɞɚɬɪɢɟɧɨɚɬɚ (332) ɫɨ ɫɬɢɪɨɥɨɦ (361) ɜ 

ɩɪɢɫɭɬɫɬɜɢɢ Pd(OAc)2 (0.1 ɷɤɜ.), Cu(OAc)2 (0.5 ɷɤɜ.) ɢ BQ (0.1 ɷɤɜ.) ɜ ɫɦɟɫɢ ɩɪɨɩɢɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ ɷɮɢɪɚ (1μ1, γ5ɨC, 80 ɱ) ɜ ɚɬɦɨɫɮɟɪɟ O2. ɉɨɥɭɱɢɥɢ ɦɟɬɢɥ 15-ɫɬɢɪɢɥ-16-(2-

ɦɟɬɢɥɤɚɪɛɨɧɢɥɜɢɧɢɥ)ɥɚɛɞɚɬɪɢɟɧɨɚɬ (509) ɫ ɜɵɯɨɞɨɦ 10% ɩɪɢ ɤɨɧɜɟɪɫɢɢ 50% (ɫɯɟɦɚ 110).  
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ɋɯɟɦɚ 110 

 

ȼ ɪɟɚɤɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) М 1 ɷɤɜ ɩɟɧɬɚɧ-1,5-

ɞɢɢɥɞɢɚɤɪɢɥɚɬɨɦ (510) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0.1 ɷɤɜ. Pd(OAc)2, 0.5 ɷɤɜ. Cu(OAc)2 ɢ 0.1 ɷɤɜ. BQ ɜ ɫɦɟɫɢ 

ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɷɮɢɪɚ (1μ1, γ5°C, 80 ɱ) ɜ ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ ɩɨɥɭɱɢɥɢ ɬɨɥɶɤɨ 

ɩɪɨɞɭɤɬ ɦɨɧɨɫɨɱɟɬɚɧɢɹ (512), ɜɵɞɟɥɟɧɧɵɣ ɫ ɜɵɯɨɞɨɦ 10% (ɫɯɟɦɚ 111). ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɞɢɬɟɪɩɟɧɨɢɞɚ (38) ɫ N,N'-ɝɟɤɫɚɧ-1,6-ɞɢɢɥ(ɛɢɫɚɤɪɢɥɨɢɥɚɦɢɞɨɦ) (511) ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɨɦɢɦɨ 16-ɚɤɪɢɥɨɢɥɚɦɢɞɨɩɪɨɢɡɜɨɞɧɨɝɨ (513) (ɜɵɯɨɞ β6%) ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɜɵɞɟɥɢɥɢ 

ɩɪɨɞɭɤɬ ɞɢɫɨɱɟɬɚɧɢɹ (514) (ɜɵɯɨɞ β%).  

ɋɯɟɦɚ 111 

 

Ɇɟɬɢɥɨɜɵɣ ɷɮɢɪ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɧɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ, ɜ ɞɚɧɧɨɦ ɬɢɩɟ ɪɟɚɤɰɢɢ, ɜɫɥɟɞɫɬɜɢɟ ɫɤɥɨɧɧɨɫɬɢ эɤɡɨ-ɦɟɬɢɥɟɧɨɜɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ 

ɩɪɟɬɟɪɩɟɜɚɬɶ ɢɡɨɦɟɪɢɡɚɰɢɸ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɬ ɢ ɟɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɢɧɝɢɛɢɪɨɜɚɬɶ ɩɪɨɬɟɤɚɧɢɟ ɰɟɥɟɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɱɟɪɟɡ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɫ ɩɚɥɥɚɞɢɟɦ. 

ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɫɤɥɸɱɟɧɢɟ ɫɜɹɡɚɧɧɨɣ ɫ ɷɬɢɦ ɜɨɡɦɨɠɧɨɫɬɢ 

ɜɵɩɨɥɧɟɧɢɹ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɪɨɥɢ ɧɚɩɪɚɜɥɹɸɳɟɣ ɝɪɭɩɩɵ, ɩɨɥɭɱɟɧɨ ɩɪɢ ɩɨɩɵɬɤɟ ɩɪɨɜɟɞɟɧɢɹ 

ɪɟɚɤɰɢɢ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (2) ɫɨ ɫɬɢɪɨɥɨɦ (361) ɜ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɬɚɛɥɢɰɚ 8, ɩɪɢɦɟɪ 

1)ν ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɧɚɛɥɸɞɚɥɢɫɶ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɢɫɯɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɪɚɡɧɨɨɛɪɚɡɧɵɟ 16-(Е)-
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ɚɥɤɟɧɢɥɡɚɦɟɳɟɧɧɵɟ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ Pd(OAc)2\Cu(OAc)2\BQ ɢ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɢ ɪɟɚɤɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-

ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ.  

 

ȽɅȺȼȺ 9. ɊȿɁɍɅɖɌȺɌɕ ɂɋɋɅȿȾɈȼȺɇɂə ȻɂɈɅɈȽɂɑȿɋɄɈɃ ȺɄɌɂȼɇɈɋɌɂ 
ɋɂɇɌȿɁɂɊɈȼȺɇɇɕɏ ɋɈȿȾɂɇȿɇɂɃ 

ɇɟɫɨɦɧɟɧɧɭɸ ɰɟɧɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɜɵɹɜɥɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɭɱɚɟɦɵɯ 

ɪɟɚɤɰɢɣ, ɧɨ ɢ ɫɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɫɨɟɞɢɧɟɧɢɹ. Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, 

ɥɚɦɛɟɪɬɢɚɧɨɜɚɹ ɤɢɫɥɨɬɚ (1) ɨɛɥɚɞɚɟɬ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɂɧɬɟɪɟɫ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɟɟ ɚɡɨɬɫɨɞɟɪɠɚɳɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɹɜɥɟɧɵ ɧɨɨɬɪɨɩɧɚɹ [1], 

ɧɟɣɪɨɬɪɨɩɧɚɹ [25Ж, ɩɪɨɬɢɜɨɫɭɞɨɪɨɠɧɚɹ ɢ ɚɧɚɥɶɝɟɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɢ Д241, 242]. 

 

9.1. ȻɂɈɅɈȽɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ ȺɆɂȾȺ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ (17), 

ɆȿɏȺɇɂɁɆ ȾȿɃɋɌȼɂə ɇȺ ɋɌɊɍɄɌɍɊɕ ɆɈɁȽȺ ɂ ɈɌȾȿɅɖɇɕȿ ɆȿȾɂȺɌɈɊɇɕȿ 
ɋɂɋɌȿɆɕ 

 

9.1.1. ȺɇȺɅɖȽȿɌɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ * 

Ⱥɧɚɥɶɝɟɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17), ɚ ɬɚɤɠɟ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

(1) ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ (5) ɤɢɫɥɨɬ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɭɦɟɧɶɲɟɧɢɸ ɛɨɥɟɜɨɣ ɪɟɚɤɰɢɢ, ɜɵɡɜɚɧɧɨɣ 

ɯɢɦɢɱɟɫɤɢɦ ɪɚɡɞɪɚɠɟɧɢɟɦ ɛɪɸɲɢɧɵ (“ɭɤɫɭɫɧɵɟ ɤɨɪɱɢ”, ɜɨɫɩɪɨɢɡɜɨɞɢɥɢ ɩɭɬɟɦ 

ɜɧɭɬɪɢɛɪɸɲɢɧɧɨɝɨ ɜɜɟɞɟɧɢɹ 0.75% ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɩɨ 0.1 ɦɥ ɧɚ ɨɞɧɨ ɠɢɜɨɬɧɨɟν ɨɰɟɧɤɚ 

ɚɤɬɢɜɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɤɨɪɱɟɣ ɜ ɬɟɱɟɧɢɟ γ ɦɢɧ.), ɚ ɬɚɤɠɟ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɠɢɜɨɬɧɵɯ (ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɠɢɜɨɬɧɵɯ ɧɚ “ɝɨɪɹɱɟɣ ɩɥɚɫɬɢɧɟ”). Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 9. Ʉɚɤ ɜɢɞɧɨ, ɚɝɟɧɬ (17) ɩɪɨɹɜɥɹɟɬ ɜɵɪɚɠɟɧɧɭɸ ɚɧɚɥɶɝɟɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɬɟɫɬɟ “ɭɤɫɭɫɧɵɟ ɤɨɪɱɢ”. ɗɬɨ ɫɨɟɞɢɧɟɧɢɟ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɢɧɝɢɛɢɬɨɪ ɛɨɥɟɜɨɣ 

ɪɟɚɤɰɢɢ, ɱɟɦ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɦɟɞɢɰɢɧɟ ɚɧɚɥɶɝɟɬɢɤ – ɚɧɚɥɶɝɢɧ ɢ ɚɧɚɥɨɝ ɩɨ ɫɬɪɭɤɬɭɪɟ – 

ɮɥɨɦɢɡɨɢɤɨɜɚɹ ɤɢɫɥɨɬɚ (5). Ɏɥɨɦɢɡɨɢɤɨɜɚɹ ɤɢɫɥɨɬɚ (5) ɨɛɥɚɞɚɥɚ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ 

ɧɚ ɭɪɨɜɧɟ ɚɧɚɥɶɝɢɧɚ.  

 

*Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɝɥɭɛɨɤɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɛ.ɧ., ɩɪɨɮ. Ɍɨɥɫɬɢɤɨɜɨɣ Ɍ.Ƚ. ɢ ɤ.ɛ.ɧ. Ɇɨɪɨɡɨɜɨɣ ȿ.Ⱥ. ɡɚ 

ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ, ɫɬɢɦɭɥɢɪɭɸɳɟɣ ɢ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ 

ɩɨɥɟɡɧɵɟ ɤɨɧɫɭɥɶɬɚɰɢɢ ɢ ɨɛɫɭɠɞɟɧɢɹ. 
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ȼ ɬɟɫɬɟ ɬɟɪɦɢɱɟɫɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɠɢɜɨɬɧɵɯ ɫɨɟɞɢɧɟɧɢɹ (17) ɢ (5) ɧɟ ɩɪɨɹɜɢɥɢ 

ɞɨɫɬɨɜɟɪɧɨɝɨ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɹɜɥɟɧɚ ɫɟɥɟɤɬɢɜɧɚɹ 

ɚɧɚɥɶɝɟɬɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ (17) ɢ (5) ɧɚ ɦɨɞɟɥɢ ɜɢɫɰɟɪɚɥɶɧɨɣ ɛɨɥɢ. 

 

Ɍɚɛɥɢɰɚ 9. ȼɥɢɹɧɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17), ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ (1) ɢ 
ɮɥɨɦɢɡɨɢɤɨɜɨɣ (5) ɤɢɫɥɨɬ ɧɚ ɛɨɥɟɜɭɸ ɪɟɚɤɰɢɸ, ɜɵɡɜɚɧɧɭɸ ɬɟɪɦɢɱɟɫɤɢɦ ɢ ɯɢɦɢɱɟɫɤɢɦ 
ɪɚɡɞɪɚɠɟɧɢɟɦ. 

Ɇɨɞɟɥɶ 

 

Ⱥɝɟɧɬ 

“ɍɤɫɭɫɧɵɟ ɤɨɪɱɢ” “Ƚɨɪɹɱɚɹ ɩɥɚɫɬɢɧɚ” 

Ʉɨɥ-ɜɨ 
ɤɨɪɱɟɣ 

% ɍȻɊ Ʌɚɬɟɧɬɧɨɟ ɜɪɟɦɹ ɛɨɥɟɜɨɣ ɪɟɚɤɰɢɢ, 
ɫɟɤ. 

Ʉɨɧɬɪɨɥɶ 8.6±1.1 - 20.60±2.18 

 (1) 7.β±0.8 16.0% ββ.70±2.12 

 (5) 5.5±0.7* 35.9% β4.80±3.45 

 (17) 4.2±0.7∗ 51.5 24.8±3.4 

Ⱥɧɚɥɶɝɢɧ 5.7±0.4* 33.6% β0.β±2.26 ∗ p<0,05 

 

9.1.2. ɋɌɂɆɍɅɂɊɍɘɓȺə ȺɄɌɂȼɇɈɋɌɖ ȺɆɂȾȺ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ 
ɄɂɋɅɈɌɕ (17)  

ɋɬɢɦɭɥɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɩɭɬɟɦ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ “ɨɬɤɪɵɬɨɟ ɩɨɥɟ” [243]. Ⱦɜɢɝɚɬɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ 

ɨɰɟɧɢɜɚɥɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɞɢɫɬɚɧɰɢɹ ɢ ɫɤɨɪɨɫɬɶ. ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ – ɩɨ 

ɩɚɪɚɦɟɬɪɚɦ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɟɤ, ɜɪɟɦɹ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɣɤɚɯ, ɤɨɥɢɱɟɫɬɜɨ ɢ ɜɪɟɦɹ 

ɡɚɝɥɹɞɵɜɚɧɢɣ ɜ ɨɬɜɟɪɫɬɢɹ.  

ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 10 ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ (17) ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɩɨɜɟɞɟɧɢɟ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ “ɨɬɤɪɵɬɨɟ ɩɨɥɟ” [244]. ɉɪɢ ɜɜɟɞɟɧɢɢ ɜ ɞɨɡɟ 5.0 ɦɝ/ɤɝ ɚɦɢɞ (17) 

ɩɪɨɹɜɥɹɟɬ ɜɵɪɚɠɟɧɧɨɟ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ; ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɜɨɬɧɵɯ 

ɢ ɩɪɨɣɞɟɧɧɨɟ ɢɦɢ ɪɚɫɫɬɨɹɧɢɟ, ɚ ɬɚɤɠɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɣɤɚɯ ɢ ɤɨɥɢɱɟɫɬɜɨ 

ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɟɤ.  

Ɍɚɛɥɢɰɚ 10. ȼɥɢɹɧɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɚ ɩɨɜɟɞɟɧɢɟ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ 
“ɨɬɤɪɵɬɨɟ ɩɨɥɟ” (ɞɨɡɚ 5.0 ɦɝ/ɤɝ). 

ɋɨɟɞɢɧɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ 

Ⱦɢɫɬɚɧɰɢɹ 
(ɫɦ) 

ɋɤɨɪɨɫɬɶ 
(ɫɦ/ɫ) 

Ʉɨɥ-ɜɨ ɜɟɪɬɢɤ. 
ɫɬɨɟɤ 

ȼɪɟɦɹ ɜɟɪɬɢɤ. 
ɫɬɨɟɤ (ɫ) 

ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ 

ɚɤɬɢɜɧɨɫɬɶ 

Ʉɨɧɬɪɨɥɶ β68.0±18.4 β.β±0.β 7.0±1.λ 10.1±γ.0 11.1±β.6 

(17) γβ8.γ±β1.6∗ β.7±0.β∗ 1β.0±β.1∗ 18.5±γ.1#
 18.0±1.λ#

 ∗ p<0,1; 
#
 Щ<0,05 ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɥɢɹɧɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɚ ɩɨɜɟɞɟɧɢɟ ɠɢɜɨɬɧɵɯ 

ɧɨɫɢɬ ɞɨɡɨɡɚɜɢɫɢɦɵɣ ɯɚɪɚɤɬɟɪ (ɬɚɛɥɢɰɚ 11). ɉɪɢ ɜɜɟɞɟɧɢɢ (17) ɜ ɞɨɡɟ β.5 ɦɝ/ɤɝ ɩɨɜɟɞɟɧɱɟɫɤɢɟ 
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ɪɟɚɤɰɢɢ ɠɢɜɨɬɧɵɯ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɞɜɢɝɚɬɟɥɶɧɨɣ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɤɨɧɬɪɨɥɹ. ɉɪɢ ɞɨɡɟ 10.0 ɦɝ/ɤɝ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 

ɞɜɢɝɚɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ (ɞɢɫɬɚɧɰɢɹ ɢ ɫɤɨɪɨɫɬɶ) ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɦ (ɜ 1.β-1.γ ɪɚɡɚ), 

ɱɟɦ ɜ ɞɨɡɟ 5.0 ɦɝ/ɤɝ. 

ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɠɢɜɨɬɧɵɯ, ɩɨɥɭɱɢɜɲɢɯ ɫɨɟɞɢɧɟɧɢɟ (17), ɜ ɩɚɪɚɦɟɬɪɚɯ 

ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɟɤ ɢ ɜɪɟɦɹ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɣɤɚɯ ɜ 1.7-β.0 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ 

ɚɤɬɢɜɧɨɫɬɶ ɦɵɲɟɣ ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ, ɤɚɤ ɜ ɞɨɡɟ 5.0, ɬɚɤ ɢ ɜ ɞɨɡɟ 10.0 ɦɝ/ɤɝ. Ɉɛɳɚɹ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɝɪɵɡɭɧɨɜ ɩɪɢ ɜɜɟɞɟɧɢɢ (17) ɜ ɞɨɡɟ 10.0 ɦɝ/ɤɝ ɞɨɫɬɨɜɟɪɧɨ 

ɜɨɡɪɚɫɬɚɟɬ ɜ ɞɜɚ ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. 

Ɍɚɛɥɢɰɚ 11. ȼɥɢɹɧɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɚ ɩɨɜɟɞɟɧɢɟ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ 
“ɨɬɤɪɵɬɨɟ ɩɨɥɟ” ɜ ɞɨɡɟ β.5 ɢ 10.0 ɦɝ/ɤɝ. 

Ⱥɝɟɧɬ (17) 

ɉɚɪɚɦɟɬɪɵ 

Ⱦɢɫɬɚɧɰɢɹ 
(ɫɦ) 

ɋɤɨɪɨɫɬɶ 
(ɫɦ/ɫ) 

Ʉɨɥ-ɜɨ 
ɜɟɪɬɢɤ. 
ɫɬɨɟɤ 

ȼɪɟɦɹ 
ɜɟɪɬɢɤ. 
ɫɬɨɟɤ (ɫ) 

ȼɪɟɦɹ 
ɡɚɝɥɹɞɵɜ. 

(ɫ) 

Ʉɨɥ-ɜɨ 
ɩɪɵɠɤɨɜ 

ɂɫɫɥɟɞɨɜɚɬ. 
ɚɤɬɢɜɧɨɫɬɶ 

Ʉɨɧɬɪɨɥɶ β8λ.1±14.6 β.4±0.1 7.4±1.0 10.λ±1.5 γ.7±0.5 0.7±0.β 10.8±1.β 

β.5 ɦɝ/ɤɝ β64.6±1λ.γ β.β±0.β 6.4±1.4 λ.5±β.1 5.8±1.0∗ 0.8±0.8 10.λ±1.5 

10.0 ɦɝ/ɤɝ γ7λ.γ±βγ.1# γ.1±0.β** 14.γ±0.7**
 β1.1±β.8# 5.8±0.6 1.3±0.4∗ β1.4±1.λ# ∗ p<0,1; ** p<0,05; # Щ<0,01 ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ  

ȼ ɬɚɛɥɢɰɟ 12 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɩɪɨɬɢɜɨɬɪɟɜɨɠɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ “ɬɟɦɧɚɹ 

ɢ ɫɜɟɬɥɚɹ ɤɚɦɟɪɵ”. ɗɬɨɬ ɬɟɫɬ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɫɨɫɬɨɹɧɢɟ ɬɪɟɜɨɠɧɨɫɬɢ ɭ ɠɢɜɨɬɧɵɯ, 

ɩɨɫɤɨɥɶɤɭ ɠɢɜɨɬɧɵɟ ɫ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɬɪɟɜɨɠɧɨɫɬɢ ɩɪɟɞɩɨɱɢɬɚɸɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɬɟɦɧɨɣ 

ɤɚɦɟɪɟ, ɚ ɫ ɧɢɡɤɢɦ ɜ ɫɜɟɬɥɨɦ ɨɬɫɟɤɟ ɤɚɦɟɪɵ Д245Ж. ȼ ɤɚɱɟɫɬɜɟ ɩɪɟɩɚɪɚɬɚ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧ 

ɞɢɚɡɟɩɚɦ ɜ ɞɨɡɟ β.5 ɦɝ/ɤɝ, ɜɜɟɞɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢɜɨɞɢɥɨ ɤ ɞɨɫɬɨɜɟɪɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɨɛɨɢɯ 

ɩɨɤɚɡɚɬɟɥɟɣ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17), ɜ ɨɬɥɢɱɢɟ 

ɨɬ ɞɢɚɡɟɩɚɦɚ, ɧɟ ɜɥɢɹɟɬ ɧɢ ɧɚ ɥɚɬɟɧɬɧɨɟ ɜɪɟɦɹ ɩɟɪɜɨɝɨ ɡɚɯɨɞɚ ɠɢɜɨɬɧɨɝɨ ɜ ɬɟɦɧɭɸ ɤɚɦɟɪɭ, ɧɢ 

ɧɚ ɜɪɟɦɹ ɟɝɨ ɧɚɯɨɠɞɟɧɢɹ ɜ ɬɟɦɧɨɣ ɤɚɦɟɪɟ. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, 

ɱɬɨ ɜɜɟɞɟɧɢɟ (17) ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɭɪɨɜɧɹ ɬɪɟɜɨɠɧɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɹɜɥɟɧɧɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɠɢɜɨɬɧɵɯ ɜ ɬɟɫɬɟ “ɨɬɤɪɵɬɨɟ ɩɨɥɟ”, 

ɜɟɪɨɹɬɧɨ, ɫɜɹɡɚɧɚ ɫ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɤɚɡɵɜɚɬɶ ɨɛɳɟɟ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ. 

Ɍɚɛɥɢɰɚ 12. ȼɥɢɹɧɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɚ ɩɨɜɟɞɟɧɢɟ ɠɢɜɨɬɧɵɯ  
ɜ ɬɟɫɬɟ “ɬɟɦɧɚɹ ɢ ɫɜɟɬɥɚɹ ɤɚɦɟɪɵ”. 

ɋɨɟɞɢɧɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ 

Ʌɚɬɟɧɬɧɨɟ ɜɪɟɦɹ ɡɚɯɨɞɚ ɜ ɬɟɦɧɵɣ 
ɨɬɫɟɤ ɤɚɦɟɪɵ, (ɫ) 

ȼɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɬɟɦɧɨɣ 
ɤɚɦɟɪɟ, (ɫ) 

Ʉɨɧɬɪɨɥɶ 58.β8±λ.18 λγ.β1±6.64 

(17) 48.7β±6.1β∗ 85.50±7.γ5∗ 
Ⱦɢɚɡɟɩɚɦ 1γβ.00±ββ.70** 15λ.87±11.48# ∗ p<0,1; ** p<0,05; # Щ<0,01 ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɢɦɭɥɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ ɚɝɟɧɬɨɜ ɪɟɚɥɢɡɭɟɬɫɹ ɱɟɪɟɡ ɪɚɡɥɢɱɧɵɟ 

ɧɟɣɪɨɦɟɞɢɚɬɨɪɧɵɟ ɫɢɫɬɟɦɵ Д246Ж. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ in vivo ɜɥɢɹɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 
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ɝɥɭɬɚɦɚɬɧɭɸ ɢ ȽȺɆɄ-ɷɪɝɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɫɬ “ɯɥɨɪɚɥɝɢɞɪɚɬɨɜɵɣ ɫɨɧ” [243]. 

Ⱦɟɣɫɬɜɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɢɡɭɱɚɥɢ ɩɨ ɜɥɢɹɧɢɸ ɧɚ ɫɧɨɬɜɨɪɧɵɣ ɷɮɮɟɤɬ 

ɯɥɨɪɚɥɝɢɞɪɚɬɚ (ɬɚɛɥɢɰɚ 13). ɏɥɨɪɚɥɝɢɞɪɚɬ, ɜ ɤɨɥɢɱɟɫɬɜɟ γ50 ɦɝ/ɤɝ, ɜɜɨɞɢɥɢ ɜɧɭɬɪɢɛɪɸɲɢɧɧɨ 

ɱɟɪɟɡ 1 ɱ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɚɝɟɧɬɚ. Ɉɰɟɧɢɜɚɥɢ ɥɚɬɟɧɬɧɨɟ ɜɪɟɦɹ ɡɚɫɵɩɚɧɢɹ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɫɧɚ ɠɢɜɨɬɧɵɯ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɚɦɢɞ (17) ɜ ɞɨɡɟ 5 ɦɝ/ɤɝ ɧɟ ɢɡɦɟɧɹɟɬ ɥɚɬɟɧɬɧɨɟ 

ɜɪɟɦɹ ɡɚɫɵɩɚɧɢɹ ɠɢɜɨɬɧɵɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɢɚɡɟɩɚɦ ɞɨɫɬɨɜɟɪɧɨ ɭɦɟɧɶɲɚɟɬ ɟɝɨ. ɋɨɟɞɢɧɟɧɢɟ 

(17) ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɯɥɨɪɚɥɝɢɞɪɚɬɨɜɨɝɨ ɫɧɚ, ɞɢɚɡɟɩɚɦ 

ɭɜɟɥɢɱɢɜɚɟɬ ɟɝɨ ɜ β ɪɚɡɚ. 

Ɍɚɛɥɢɰɚ 13. ȼɥɢɹɧɢɟ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɚ ɞɥɢɬɟɥɶɧɨɫɬɶ  
“ɯɥɨɪɚɥɝɢɞɪɚɬɨɜɨɝɨ ɫɧɚ”. 

ɋɨɟɞɢɧɟɧɢɹ 
ɉɚɪɚɦɟɬɪɵ 

Ʌɚɬɟɧɬɧɨɟ ɜɪɟɦɹ ɡɚɫɵɩɚɧɢɹ, ɫɟɤ Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɫɧɚ, ɦɢɧ 

Ʉɨɧɬɪɨɥɶ β40.6β±1γ.57 86.77±8.74 

(17) β66.β5±17.84* 105.76±10.γ8∗∗ 
Ⱦɢɚɡɟɩɚɦ 1λβ.50±18.0β∗∗ β07.7λ±6.1λ# ∗ p<0,1; ** p<0,05; # Щ<0,01 ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ 

 

9.1.3. ȾȿɃɋɌȼɂȿ ȺɆɂȾȺ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ (17) ɇȺ 

ɉɈȼȿȾȿɇɂȿ ɀɂȼɈɌɇɕɏ ȼ ɍɋɅɈȼɂəɏ ɋɈɐɂȺɅɖɇɈȽɈ ȾɂɋɄɈɆɎɈɊɌȺ* 

Ⱥɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɜ ɭɫɥɨɜɢɹɯ ɫɨɰɢɚɥɶɧɨɝɨ ɞɢɫɤɨɦɮɨɪɬɚ ɫɚɦɨɤ ɦɵɲɟɣ 

(ɩɪɨɠɢɜɚɧɢɟ ɜ ɤɥɟɬɤɟ ɫ ɚɝɪɟɫɫɢɜɧɵɦ ɫɚɦɰɨɦ, ɩɨɦɟɳɟɧɧɵɦ ɡɚ ɩɪɨɡɪɚɱɧɭɸ ɩɟɪɮɨɪɢɪɨɜɚɧɧɭɸ 

ɩɟɪɟɝɨɪɨɞɤɭ, ɢ ɟɠɟɞɧɟɜɧɨɟ ɩɪɢɫɭɬɫɬɜɢɟ ɩɪɢ ɦɟɠɫɚɦɰɨɜɵɯ ɤɨɧɮɪɨɧɬɚɰɢɹɯ) ɨɤɚɡɵɜɚɟɬ 

ɜɵɪɚɠɟɧɧɵɣ ɫɬɪɟɫɫ-ɩɪɨɬɟɤɬɨɪɧɵɣ ɷɮɮɟɤɬμ ɩɨɜɵɲɚɟɬ ɤɨɦɦɭɧɢɤɚɬɢɜɧɨɫɬɶ, ɞɜɢɝɚɬɟɥɶɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɠɢɜɨɬɧɵɯ, ɭɦɟɧɶɲɚɟɬ ɝɢɩɟɪɬɪɨɮɢɸ ɧɚɞɩɨɱɟɱɧɢɤɨɜ [247].  

 

9.1.4. ɂɋɋɅȿȾɈȼȺɇɂȿ ɆȿɏȺɇɂɁɆɈȼ ȾȿɃɋɌȼɂə ȺɆɂȾȺ 

ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ (17)** 

ȼɵɩɨɥɧɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɧɚ ɫɪɟɡɚɯ ɝɢɩɩɨɤɚɦɩɚ ɜɤɥɸɱɚɥɢ ɞɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɫɟɪɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

1) Ɉɩɪɟɞɟɥɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɚɦɢɞɚ (17) ɤ ɩɨɞɞɟɪɠɚɧɢɸ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɇɆȾȺ-

ɪɟɰɟɩɬɨɪ-ɤɚɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɷɧɞɨɝɟɧɧɨɝɨ ɥɢɝɚɧɞɚ (ɢɨɧɨɜ ɦɚɝɧɢɹ).  

Ɇɟɬɨɞɢɤɚ: 

ɋɪɟɡɵ ɝɢɩɩɨɤɚɦɩɚ ɜ ɬɟɱɟɧɢɟ β0 ɦɢɧ ɩɟɪɮɭɡɢɪɨɜɚɥɢ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ, ɧɟ 

ɫɨɞɟɪɠɚɳɢɦ ɢɨɧɨɜ ɦɚɝɧɢɹ. Ɉɬɫɭɬɫɬɜɢɟ ɢɨɧɨɜ ɦɚɝɧɢɹ ɜ ɫɪɟɞɟ ɩɪɢɜɨɞɢɥɨ ɤ ɫɧɹɬɢɸ ɦɚɝɧɢɟɜɨɝɨ 

ɛɥɨɤɚ ɫ ɇɆȾȺ-ɪɟɰɟɩɬɨɪɨɜ ɢ ɪɚɡɜɢɬɢɸ ɷɩɢɥɟɩɬɢɮɨɪɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɢɪɚɦɢɞɧɵɯ ɧɟɣɪɨɧɨɜ  
*ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɎȽȻɍ ɇɂɂ ɮɢɡɢɨɥɨɝɢɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɋɈ ɊȺɆɇ,  
ɞ.ɛ.ɧ., Ⱦ.Ɏ. Ⱥɜɝɭɫɬɢɧɨɜɢɱ.  
**ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɎȽȻɍɇ Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 

ɋɈ ɊȺɇ, ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɞ.ɛ.ɧ. Ⱥ.ɋ. Ɋɚɬɭɲɧɹɤɚ. 
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ɩɨɥɹ ɋȺ1, ɤɨɬɨɪɚɹ ɩɪɨɹɜɥɹɥɚɫɶ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɬɜɟɬɟ ɧɚ ɬɟɫɬɢɪɭɸɳɢɣ ɫɬɢɦɭɥ ɤɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɩ-

ɫɩɚɣɤɚ ɜɨɡɧɢɤɚɥɨ ɧɟɫɤɨɥɶɤɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩ-ɫɩɚɣɤɨɜ (150 ɦɢɧ). 

Ɋɟɡɭɥɶɬɚɬ: 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɚɦɢɞ (17) ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 

ɧɟɪɜɧɭɸ ɬɤɚɧɶ (ɫɪɟɡɵ ɝɢɩɩɨɤɚɦɩɚ). Ⱦɟɣɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢɹ (17) ɩɪɨɹɜɥɹɥɨɫɶ ɜ ɭɦɟɧɶɲɟɧɢɢ 

ɚɦɩɥɢɬɭɞɵ, ɚ ɡɚɬɟɦ ɢ ɜ ɩɨɞɚɜɥɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩ-ɫɩɚɣɤɨɜ. Ɉɫɧɨɜɧɨɣ ɨɬɜɟɬ ɭɦɟɧɶɲɚɥɫɹ ɧɚ 

β7.γ4±7.41% ɨɬ ɧɚɱɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɡɚ ɜɫɟ ɜɪɟɦɹ ɩɟɪɮɭɡɢɢ ɜ ɪɚɫɬɜɨɪɟ ɚɦɢɞɚ (17) (150 ɦɢɧ). 

ɉɪɢ ɷɬɨɦ ɧɟ ɦɟɧɹɥɚɫɶ ɚɦɩɥɢɬɭɞɚ ɜɨɥɨɤɨɧɧɨɝɨ ɨɬɜɟɬɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɚɦɢɞ (17) 

ɧɟ ɜɥɢɹɟɬ ɧɚ ɩɨɬɟɧɰɢɚɥ-ɡɚɜɢɫɢɦɵɟ ɤɚɧɚɥɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɨɜɟɞɟɧɢɟ ɢɦɩɭɥɶɫɚ. 

ȼ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ ɫɪɟɡɨɜ, ɤɨɬɨɪɵɟ ɬɚɤɨɟ ɠɟ ɜɪɟɦɹ ɩɟɪɮɭɡɢɪɨɜɚɥɢɫɶ ɜ ɛɟɡɦɚɝɧɢɟɜɨɦ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɟ, ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ ɢ ɚɦɩɥɢɬɭɞɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɩ-ɫɩɚɣɤɨɜ ɜ ɜɵɡɜɚɧɧɵɯ ɨɬɜɟɬɚɯ. ɉɨɫɥɟ ɨɬɦɵɜɤɢ ɚɦɢɞɚ (17) ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ ɛɟɡɦɚɝɧɢɟɜɵɦ 

ɪɚɫɬɜɨɪɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɩɚɣɤɢ ɜɧɨɜɶ ɧɟ ɩɨɹɜɥɹɥɢɫɶ. Ʉɚɤ ɜɢɞɧɨ, (17) ɧɨɪɦɚɥɢɡɨɜɚɥ 

ɪɚɡɜɢɜɲɭɸɫɹ ɷɩɢɥɟɩɬɢɮɨɪɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɢɪɚɦɢɞɧɵɯ ɧɟɣɪɨɧɨɜ ɩɨɥɹ ɋȺ1. ɗɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɦɢɞɚ (17) ɫ ɦɨɥɟɤɭɥɚɦɢ-ɦɢɲɟɧɹɦɢ. ȼ 

ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɧɟɧɢɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ ɛɟɡ ɢɨɧɨɜ ɦɚɝɧɢɹ, ɤɨɝɞɚ ɫɧɢɦɚɟɬɫɹ 

ɧɨɪɦɚɥɶɧɵɣ εР2+
 ɛɥɨɤ ɢɨɧɧɨɝɨ ɤɚɧɚɥɚ, ɩɪɨɢɫɯɨɞɹɬ ɚɧɨɦɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɚɤɬɢɜɧɨɫɬɢ ɇɆȾȺɊ ɢ ɢɡɛɵɬɨɱɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ CК2+
 ɜ ɧɟɣɪɨɧ, ɱɬɨ ɦɨɠɟɬ 

ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɷɤɫɚɣɬɨɬɨɤɫɢɱɧɨɣ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. Ⱥɦɢɞ (17) ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɦɚɝɧɢɹ 

ɦɨɠɟɬ ɛɥɨɤɢɪɨɜɚɬɶ ɪɚɡɜɢɬɢɟ ɷɩɢɥɟɩɬɢɮɨɪɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɟ ɫ ɧɟɣ 

ɢɡɛɵɬɨɱɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ CК2+
 ɜ ɧɟɣɪɨɧ [248, 249]. ȼ ɫɜɹɡɢ ɫ ɜɵɪɚɠɟɧɧɵɦ ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɵɦ 

ɷɮɮɟɤɬɨɦ ɚɦɢɞɚ (17) ɜ ɭɫɥɨɜɢɹɯ ɧɚɪɭɲɟɧɢɹ ɦɚɝɧɢɟɜɨɝɨ ɛɥɨɤɚ ɜɬɨɪɚɹ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɛɵɥɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ (17) ɧɚ ɇɆȾȺɊ-ɡɚɜɢɫɢɦɭɸ ɫɢɧɚɩɬɢɱɟɫɤɭɸ ɩɨɬɟɧɰɢɚɰɢɸ ɜ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ.  

β) ɉɟɪɟɞ ɬɟɬɚɧɢɡɚɰɢɟɣ ɫɪɟɡɵ ɩɟɪɮɭɡɢɪɨɜɚɥɢ ɧɨɪɦɚɥɶɧɵɦ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ, 

ɫɨɞɟɪɠɚɳɢɦ ɚɦɢɞ (17) (ɤɨɧɰɟɧɬɪɚɰɢɹ 0.17 ȝɆ), ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧ, ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɥɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɨɫɧɨɜɧɨɝɨ ɫɩɚɣɤɚ. ɉɨɫɥɟ ɬɚɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɪɟɡɨɜ 

ɫɨɟɞɢɧɟɧɢɟɦ (17) ɩɪɨɜɨɞɢɥɢ ɬɟɬɚɧɢɡɚɰɢɸ (100 Ƚɰ/1ɫ) ɤɨɥɥɚɬɟɪɚɥɟɣ ɒɚɮɮɟɪɚ. Ʉɨɧɬɪɨɥɶɧɭɸ 

ɝɪɭɩɩɭ ɩɟɪɮɭɡɢɪɨɜɚɥɢ 60 ɦɢɧ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɚɫɬɜɨɪɟ. Ⱦɨɫɬɨɜɟɪɧɨɝɨ ɪɚɡɥɢɱɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ (n = 8) ɢ ɤɨɧɬɪɨɥɶɧɨɣ (n = 5) ɝɪɭɩɩ ɧɟ ɨɛɧɚɪɭɠɢɥɨɫɶ. 

ɂɫɩɨɥɶɡɭɟɦɵɦ ɜ ɦɟɞɢɰɢɧɟ ɧɢɡɤɨɚɮɮɢɧɧɵɦ ɧɟɤɨɧɤɭɪɟɧɬɧɵɦ ɤɚɧɚɥɶɧɵɦ ɛɥɨɤɚɬɨɪɨɦ 

ɹɜɥɹɟɬɫɹ ɩɪɟɩɚɪɚɬ ɦɟɦɚɧɬɢɧ. Oɧ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɤɚɧɚɥɨɦ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɤɪɵɬɨɦ 

ɫɨɫɬɨɹɧɢɢ ɢ ɫɩɨɫɨɛɟɧ ɤ ɛɵɫɬɪɨɦɭ ɜɵɯɨɞɭ ɢɡ ɤɚɧɚɥɚ. ɉɪɢ ɢɧɤɭɛɚɰɢɢ ɫɪɟɡɨɜ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ 

ɪɚɫɬɜɨɪɟ ɤɚɤ ɫ ɦɟɦɚɧɬɢɧɨɦ, ɬɚɤ ɢ ɫ ɚɦɢɞɨɦ (17), ɬɟɫɬɢɪɭɸɳɢɟ ɫɬɢɦɭɥɵ ɩɨɞɚɜɚɥɢɫɶ ɪɟɝɭɥɹɪɧɨ 

ɱɟɪɟɡ ɞɜɟ ɦɢɧɭɬɵ ɢ ɇɆȾȺɊ-ɤɚɧɚɥɵ ɧɚɯɨɞɢɥɢɫɶ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ 
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ɦɢɥɥɢɫɟɤɭɧɞ. ȼ ɫɥɭɱɚɢ ɫ ɦɟɦɚɧɬɢɧɨɦ ɷɬɨɝɨ ɜɪɟɦɟɧɢ, ɜɟɪɨɹɬɧɨ, ɛɵɥɨ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɨɧ 

ɜɫɬɭɩɢɥ ɜ ɪɟɚɤɰɢɸ ɫɨ ɫɜɨɢɦ ɫɚɣɬɨɦ ɫɜɹɡɵɜɚɧɢɹ ɜ ɤɚɧɚɥɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ⱥɦɢɞ (17), ɧɚɩɪɨɬɢɜ, ɭɫɩɟɲɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɥ, ɜɨɡɦɨɠɧɨ, ɫ ɞɪɭɝɢɦ ɫɚɣɬɨɦ, ɧɟɠɟɥɢ 

ɦɟɦɚɧɬɢɧ, ɢ ɩɪɢ ɭɞɚɥɟɧɢɢ εР2+ ɷɮɮɟɤɬɢɜɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɥ ɤɚɤ ɛɥɨɤɚɬɨɪ ɤɚɧɚɥɚ. ȼɟɪɨɹɬɧɨ, 

ɷɬɨ ɜɵɹɜɥɟɧɧɨɟ ɩɪɟɜɟɧɬɢɜɧɨɟ ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɨɟ ɫɜɨɣɫɬɜɨ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) 

ɦɨɠɟɬ ɩɪɨɹɜɢɬɶɫɹ ɤɚɤ ɨɫɨɛɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɤɥɢɧɢɱɟɫɤɢɯ 

ɢɫɩɵɬɚɧɢɹɯ ɜɟɳɟɫɬɜɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɡɭɱɟɧɢɹ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɞɟɣɫɬɜɢɹ ɜɵɛɪɚɧɧɨɝɨ ɚɝɟɧɬɚ.  

ɉɪɢɥɨɠɟɧɢɟ 2 ɫɨɞɟɪɠɢɬ ɪɢɫɭɧɤɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

 

9.2. ɌɈɄɋɂɑɇɈɋɌɖ ȺɆɂȾȺ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ ɂ ɉɊɂɊɈȾɇɕɏ 

ɗɉɈɄɋɂɅȺȻȾȺɌɊɂȿɇɈȼ 

Ɉɫɬɪɭɸ ɬɨɤɫɢɱɧɨɫɬɶ (δD50) ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨɦ ɜɜɟɞɟɧɢɢ 

ɜɟɳɟɫɬɜ ɦɵɲɚɦ ɩɨ ɦɟɬɨɞɭ Ʉɟɪɛɟɪɚ Д250Ж. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ (ɬɚɛɥɢɰɚ 14) ɩɨɡɜɨɥɹɸɬ ɨɬɧɟɫɬɢ 

ɢɫɫɥɟɞɭɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤ γ-ɦɭ ɤɥɚɫɫɭ ɭɦɟɪɟɧɧɨ ɬɨɤɫɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ɇɚɢɦɟɧɶɲɟɣ 

ɬɨɤɫɢɱɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɚɦɢɞ (17) ɢ ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (2) ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ.  

Ɍɚɛɥɢɰɚ 14. Ɉɫɬɪɚɹ ɬɨɤɫɢɱɧɨɫɬɶ (LD50) ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1), ɟɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (2), 

ɚɦɢɞɚ (17) ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (5). 

ɋɨɟɞɢɧɟɧɢɟ (1) (2) (17) (5) 

LD50 (ɦɝ/ɤɝ) 920 1500 1500 633 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɜɵɹɜɥɟɧɧɵɯ ɷɮɮɟɤɬɨɜ ɢ ɭɦɟɪɟɧɧɨɣ ɨɫɬɪɨɣ 

ɬɨɤɫɢɱɧɨɫɬɢ ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɭɝɥɭɛɥɟɧɧɵɯ 

ɞɨɤɥɢɧɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
 

9.3. ɉɊɈɌɂȼɈɈɉɍɏɈɅȿȼȺə ȺɄɌɂȼɇɈɋɌɖ N,N’-(ȺɅɄȺɇȾɂɂɅ)ȻɂɋДɅȺȻȾȺ-

8(9),13,14-ɌɊɂȿɇ-4-ɄȺɊȻɈɄɋȺɆɂȾɈȼЖ* 

Ɋɚɫɬɢɬɟɥɶɧɵɟ ɞɢɬɟɪɩɟɧɨɢɞɵ, ɩɪɢɡɧɚɧɵ ɩɨɥɟɡɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɩɪɨɮɢɥɚɤɬɢɤɟ ɢ ɥɟɱɟɧɢɢ 

ɪɹɞɚ ɡɚɛɨɥɟɜɚɧɢɣ, ɜɤɥɸɱɚɹ ɪɚɤ Д251]. ȼ ɩɨɫɥɟɞɧɢɢ ɝɨɞɵ ɨɧɢ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɤɚɤ 

ɢɧɝɢɛɢɬɨɪɵ ɬɤɚɧɟɜɨɣ ɢɧɜɚɡɢɢ ɢ ɢɧɞɭɤɬɨɪɵ ɚɩɨɩɬɨɡɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ, ɱɬɨ ɞɟɥɚɟɬ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɨɢɫɤ ɜ ɷɬɨɦ ɪɹɞɭ ɰɢɬɨɫɬɚɬɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ ɞɥɹ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɬɟɪɚɩɢɢ 

[252].  

 

 

 
*Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɝɥɭɛɨɤɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɛ.ɧ. ɂ.ȼ. ɋɨɪɨɤɢɧɨɣ ɡɚ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɛɢɫ-ɥɚɛɞɚɧɨɢɞɨɜ. 
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Ⱥɤɬɢɜɧɵɦ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɦ ɚɝɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɣ ɥɚɛɞɚɧɨɢɞ – ɩɢɧɭɫɨɥɢɞ. 

Ⱥɧɬɢɥɟɣɤɟɦɢɱɟɫɤɢɣ ɢ ɯɟɦɨɩɪɟɜɟɧɬɢɜɧɵɣ ɩɨɬɟɧɰɢɚɥ ɩɢɧɭɫɨɥɢɞɚ ɢɡɭɱɟɧ in vitro ɧɚ ɤɥɟɬɨɱɧɨɣ 

ɥɢɧɢɢ ɥɢɦɮɨɦɵ Ȼɟɪɤɢɬɬɚ BJAB. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɢɧɭɫɨɥɢɞ ɧɟ ɬɨɥɶɤɨ ɫɧɢɠɚɟɬ 

ɩɪɨɥɢɮɟɪɚɬɢɜɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɧɨ ɢ 

ɫɩɟɰɢɮɢɱɧɨ ɢɧɞɭɰɢɪɭɟɬ ɚɩɨɩɬɨɡ ɭ 70% ɤɥɟɬɨɤ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 100 ɦɤɆ. Ⱥɩɨɩɬɨɡ ɤɥɟɬɨɤ BJAB 

ɨɩɨɫɪɟɞɨɜɚɧ ɩɨɬɟɪɟɣ ɩɨɬɟɧɰɢɚɥɚ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ. ȼ ɫɭɳɧɨɫɬɢ, ɩɢɧɭɫɨɥɢɞ ɜ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 100 ɦɤɆ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɩɨɬɟɧɰɢɚɥɚ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ɦɟɦɛɪɚɧɵ, ɱɬɨ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɧɭɬɪɟɧɧɢɣ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɚɩɨɩɬɨɡɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 

ɫɢɝɧɚɥɶɧɨɦ ɩɭɬɢ ɝɢɛɟɥɢ ɤɥɟɬɤɢ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɢɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɩɢɧɭɫɨɥɢɞɨɦ (100 ɦɤɆ) 

ɧɚɛɥɸɞɚɥɚɫɶ ɬɚɤɠɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ex vivo. ɉɪɢ ɷɬɨɦ ɮɪɚɝɦɟɧɬɚɰɢɹ ȾɇɄ ɩɪɨɢɫɯɨɞɢɥɚ ɤɚɤ ɜ 

ɩɟɪɜɢɱɧɵɯ ɥɢɦɮɨɛɥɚɫɬɧɵɯ ɤɥɟɬɤɚɯ, ɬɚɤ ɢ ɜ ɥɟɣɤɟɦɢɱɟɫɤɢɯ. ɉɢɧɭɫɨɥɢɞ ex vivo ɩɪɟɨɞɨɥɟɜɚɥ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɚɧɬɪɚɰɢɤɥɢɧɭ ɩɟɪɜɢɱɧɵɯ ɥɢɦɮɨɛɥɚɫɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɩɚɰɢɟɧɬɨɜ ɫ ɜɵɫɨɤɢɦ 

ɪɢɫɤɨɦ ɈɅɅ (ɨɫɬɪɚɹ ɥɢɦɮɨɛɥɚɫɬɧɚɹ ɥɟɣɤɟɦɢɹ) ɢ ɫɥɚɛɵɦ ɨɬɜɟɬɨɦ ɧɚ ɯɢɦɢɨɬɟɪɚɩɢɸ Д253, 254].  

ɇɚɦɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ N,N’-(ɷɬɚɧ-

1,2-ɞɢɢɥ)- ɢ N,N’-(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)-ɛɢɫ-(ɥɚɛɞɚɬɪɢɟɧ-4-ɤɚɪɛɨɤɫɚɦɢɞɨɜ) (19) ɢ (20). 

ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɣ ɢɡɭɱɚɥɚɫɶ ɩɨ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɞɚɜɥɹɬɶ ɪɨɫɬ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɨɤ ɜ ɤɭɥɶɬɭɪɚɯμ ɆɌ-4 (ɥɢɦɮɨɰɢɬɵ Ɍ-ɤɥɟɬɨɱɧɨɣ ɥɟɣɤɟɦɢɢ), BT-474 ɫ ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ 

HER-β (ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ), εDA-MB-βγ1 ɢ εCF-7 ɫ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ HER-2 

(ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ), ɤɥɟɬɤɢ ɦɟɥɚɧɨɦɵ εEL-8. Ⱦɥɹ ɷɬɨɝɨ ɨɩɪɟɞɟɥɹɥɢ CTD50 – 

ɤɨɧɰɟɧɬɪɚɰɢɸ, ɢɧɝɢɛɢɪɭɸɳɚɹ ɧɚ 50% ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

CTD50 ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɚɧɞɚɪɬɧɵɣ ɆɌɌ ɬɟɫɬ, ɩɪɨɜɟɞɟɧɧɵɣ ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɦɟɬɨɞɭ Д255, 256]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ (19) ɢ (20) ɨɛɥɚɞɚɸɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɨɞɚɜɥɹɬɶ ɪɨɫɬ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ (ɬɚɛɥɢɰɚ 15). ɇɚɢɛɨɥɶɲɟɣ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɫɨɟɞɢɧɟɧɢɟ 

(20) ɞɥɹ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɦɟɥɚɧɨɦɵ MEL-8 (4.16 ɦɤM) ɢ BT-474 (5.33 ɦɤM). 

Ȼɢɫ(ɥɚɛɞɚɬɪɢɟɧɤɚɪɛɨɤɫɚɦɢɞ) (20) ɜ 5 ɪɚɡ ɛɨɥɟɟ ɚɤɬɢɜɧɵɣ ɢɧɝɢɛɢɬɨɪ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ MEL-8 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɟɞɢɧɟɧɢɟɦ (19) ɢ ɜ 8-10 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɢɧɭɫɨɥɢɞɨɦ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɨɣ (5). Ⱥɧɚɥɨɝɢɱɧɨ, (20) ɛɨɥɟɟ ɚɤɬɢɜɧɨ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɤ 

ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ εDA-MB-βγ1. ɋɨɟɞɢɧɟɧɢɟ (20) ɩɪɨɹɜɥɹɟɬ ɢɧɝɢɛɢɪɭɸɳɭɸ ɚɤɬɢɜɧɨɫɬɶ ɞɥɹ 

ɤɥɟɬɨɤ Ɍ-ɤɥɟɬɨɱɧɨɣ ɥɟɣɤɟɦɢɢ ɆɌ-4 (7.17 ɦɤɆ) ɢ ɹɜɥɹɟɬɫɹ ɜ 5-7 ɪɚɡ ɛɨɥɟɟ ɚɤɬɢɜɧɵɦ ɢɧɝɢɛɢɬɨɪɨɦ 

ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɷɬɢɯ ɤɥɟɬɨɤ, ɱɟɦ ɫɨɟɞɢɧɟɧɢɟ (19) ɢ ɚɝɟɧɬ ɫɪɚɜɧɟɧɢɹ – ɩɢɧɭɫɨɥɢɞ. ɇɨɜɵɟ 

ɛɢɫɥɚɛɞɚɧɨɢɞɵ (19) ɢ (20) ɜ γ ɪɚɡɚ ɛɨɥɟɟ ɚɤɬɢɜɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɢɧɭɫɨɥɢɞɚ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɤ 

ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ BT-474. ɉɪɢ ɷɬɨɦ, ɞɥɹ (19) ɧɚɛɥɸɞɚɥɚɫɶ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ BT-474. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɟɞɢɧɟɧɢɹ (20) ɧɚ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɤɚɯ ɦɟɥɚɧɨɦɵ MEL-8 ɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ εDA-MB-βγ1 ɨɤɚɡɚɥɚɫɶ ɧɚ ɭɪɨɜɧɟ ɬɚɤɨɜɨɣ 

ɞɨɤɫɨɪɭɛɢɰɢɧɚ. 



118 

 

Ɍɚɛɥɢɰɚ 15. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (CTD50, ɦɤM) ɛɢɫ(ɥɚɛɞɚɬɪɢɟɧɤɚɪɛɨɤɫɚɦɢɞɨɜ) (19) ɢ 
(20) ɜ ɨɬɧɨɲɟɧɢɢ ɥɢɧɢɣ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. 

№ ɋɨɟɞɢɧɟɧɢɟ MT-4 MEL-8 
MDA-MB-

231 
BT-474 

1 

 
(5) 

24.51±2.25 37.11±3.55 27.76±2.51 ɇ.ɞ. 

2 

 

ɉɢɧɭɫɨɥɢɞ 

4λ.11±0.85 34.61±2.21 22.81±4.1λ 18.26±1.61 

3 Ⱦɨɤɫɨɪɭɛɢɰɢɧ β.81±0.8β 5.12±0.51 7.91±0.54 γ.47±0.08 

4 

 
(19) 

41.36±5.44 21.08±3.23 16.33±1.98 5.77±1.0λ 

5 

 
(20) 

7.17±1.19 4.16±0.γ9 9.87±1.84 5.33±0.86 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ.  

ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɟ ɞɟɣɫɬɜɢɟ ɛɢɫɥɚɛɞɚɧɨɢɞɨɜ (19) ɢ (20) ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (5) 

ɢɫɫɥɟɞɨɜɚɥɢ in vivo ɧɚ ɦɵɲɚɯ ɥɢɧɢɢ ɋBȺ ɦɚɫɫɨɣ β5-γ0 ɝ, ɤɨɬɨɪɵɦ ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɥɢ 

ɜɧɭɬɪɢɦɵɲɟɱɧɨ ɤɥɟɬɤɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɦɵɲɢɧɨɣ ɥɢɦɮɨɦɵ RLS, ɪɟɡɢɫɬɟɧɬɧɨɣ ɤ 

ɰɢɤɥɨɮɨɫɮɚɧɭ (500 ɬɵɫɹɱ ɤɥɟɬɨɤ). Ⱦɚɧɧɵɣ ɲɬɚɦɦ ɥɢɦɮɨɦɵ ɪɚɫɬɟɬ ɜ ɜɢɞɟ ɫɨɥɢɞɧɨɝɨ ɭɡɥɚ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɵɫɬɪɵɦ ɩɪɨɝɪɟɫɫɢɜɧɵɦ ɪɨɫɬɨɦ. ɂɡɭɱɚɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ (19), (20) ɢ (5) 

ɜɜɨɞɢɥɢ ɜ ɤɭɪɫɨɜɨɦ ɪɟɠɢɦɟ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨ, ɧɚɱɢɧɚɹ ɫ ɩɹɬɨɝɨ ɞɧɹ ɩɨɫɥɟ ɩɟɪɟɜɢɜɤɢ ɜ ɪɟɠɢɦɟ 

ɱɟɬɵɪɟ ɪɚɡɚ ɱɟɪɟɡ ɞɟɧɶ ɜ ɞɨɡɟ 100 ɦɝ/ɤɝ ɜ ɜɢɞɟ ɫɭɫɩɟɧɡɢɢ ɜ ɜɨɞɟ ɫ Ɍɜɢɧɨɦ-80 (ɨɛɳɚɹ ɤɭɪɫɨɜɚɹ 

ɞɨɡɚ – 400 ɦɝ/ɤɝ). ȼ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɞɟɣɫɬɜɢɹ ɹɜɥɹɥɫɹ ɷɮɮɟɤɬ ɤɨɦɩɥɟɤɫɚ 

ɰɢɬɨɫɬɚɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɜɜɨɞɢɦɵɯ ɨɞɧɨɤɪɚɬɧɨ ɪɟɮɟɪɟɧɫɧɨɣ ɝɪɭɩɩɟ ɦɵɲɟɣ ɩɨ 

ɫɬɚɧɞɚɪɬɧɨɣ ɫɯɟɦɟ ɩɨɥɢɯɢɦɢɨɬɟɪɚɩɢɢ ɋɇɈɊ (ɉɏɌ) Д257Жμ ɰɢɤɥɨɮɨɫɮɚɧ (50 ɦɝ/ɤɝ), 
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ɞɨɤɫɨɪɭɛɢɰɢɧ (4 ɦɝ/ɤɝ), ɜɢɧɤɪɢɫɬɢɧ (0.1 ɦɝ/ɤɝ) ɢ ɩɪɟɞɧɢɡɨɥɨɧ (5 ɦɝ/ɤɝ). Ʉɨɧɬɪɨɥɟɦ ɹɜɥɹɥɢɫɶ 

ɠɢɜɨɬɧɵɟ ɫ ɨɩɭɯɨɥɶɸ ɛɟɡ ɥɟɱɟɧɢɹ. Ɋɚɡɦɟɪɵ ɨɩɭɯɨɥɟɜɵɯ ɭɡɥɨɜ ɢɡɦɟɪɹɥɢ ɜ ɞɢɧɚɦɢɤɟ ɧɚ ɫɬɚɞɢɢ 

ɩɪɨɝɪɟɫɫɢɜɧɨɝɨ ɪɨɫɬɚ ɨɩɭɯɨɥɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɪɚɡɦɟɪɨɜ ɨɩɭɯɨɥɢ ɜ ɩɟɪɢɨɞ ɜɜɟɞɟɧɢɹ 

ɚɝɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 16. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɪɚɧɧɢɟ ɫɪɨɤɢ ɧɚɛɥɸɞɟɧɢɹ (1γ ɞɟɧɶ 

ɩɨɫɥɟ ɩɟɪɟɜɢɜɤɢ) ɡɚɹɜɥɟɧɧɵɟ ɚɝɟɧɬɵ ɧɟ ɭɫɬɭɩɚɥɢ ɉɏɌ ɩɨ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɦɭ ɷɮɮɟɤɬɭ, ɚ ɜ 

ɤɨɧɰɟ ɷɬɨɝɨ ɩɟɪɢɨɞɚ (17 ɞɟɧɶ) ɚɝɟɧɬɵ (19) ɢ (20) ɩɪɟɜɨɫɯɨɞɢɥɢ ɷɮɮɟɤɬ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ 

ɯɢɦɢɨɬɟɪɚɩɢɢ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨ ɜɵɫɨɤɢɣ ɢ ɞɨɫɬɨɜɟɪɧɵɣ ɷɮɮɟɤɬ ɩɨɤɚɡɵɜɚɥɨ 

ɫɨɟɞɢɧɟɧɢɟ (20) – ɛɢɫ(ɚɦɢɞɨɥɚɛɞɚɧɨɢɞ), ɢɦɟɸɳɢɣ ɥɢɧɤɟɪɧɭɸ ɰɟɩɨɱɤɭ ɢɡ ɲɟɫɬɢ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ. Ⱦɚɧɧɵɟ ɞɥɹ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (5) ɛɵɥɢ ɧɟ ɞɨɫɬɨɜɟɪɧɵɦɢ. 

Ɍɚɛɥɢɰɚ 16. ɂɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɥɢɦɮɨɦɵ RLS ɭ ɦɵɲɟɣ ɜ ɩɟɪɢɨɞ 
ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨɝɨ ɜɜɟɞɟɧɢɹ ɚɝɟɧɬɨɜ (19), (20) ɢ (5). 

Ƚɪɭɩɩɚ Ɋɚɡɦɟɪɵ ɨɩɭɯɨɥɢ, ɫɦ3  

10 ɫɭɬ. 13 ɫɭɬ. 15 ɫɭɬ. 17 ɫɭɬ. 
Ʉɨɧɬɪɨɥɶ 0.61±0.05 1.γ1±0.07 1.8λ±0.16 3.14±0.29 

ɉɏɌ ɋɇɈɊ 0.51±0.06 0.7λ±0.08** 1.51±0.04* 2.58±0.14* 

(19) 0.58±0.09 0.8γ±0.19 1.48±0.33 1.81±0.55* 

(20) 0.46±0.06 0.66±0.13** 1.07±0.26* 1.68±0.44* 

(5) 0.64±0.08 0.λ6±0.β1 1.41±0.β8 β.14±0.45 

*ɪ<0.05, ** ɪ<0.01 ɪɚɡɥɢɱɢɹ ɫ ɤɨɧɬɪɨɥɟɦ ɞɨɫɬɨɜɟɪɧɵ 

 

ȼ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɚ ɦɵɲɚɯ, ɤɨɬɨɪɵɦ ɢɦɩɥɚɧɬɢɪɨɜɚɥɢ ɜɵɲɟ ɭɤɚɡɚɧɧɭɸ 

ɨɩɭɯɨɥɶ ɢɡɭɱɚɥɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɣ ɷɮɮɟɤɬ ɫɨɟɞɢɧɟɧɢɹ (20) ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɚɤɥɢɬɚɤɫɟɥɨɦ. 

ɋɨɟɞɢɧɟɧɢɟ (20) ɜɜɨɞɢɥɢ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ ɜ ɩɨɞɫɨɥɧɟɱɧɨɦ ɦɚɫɥɟ ɜ ɞɨɡɟ 100 

ɦɝ/ɤɝ ɬɪɢɠɞɵ ɱɟɪɟɡ ɞɟɧɶ (ɤɭɪɫɨɜɚɹ ɞɨɡɚ γ00 ɦɝ/ɤɝ, ɱɟɪɟɡ β ɞɧɹ ɩɨɫɥɟ ɩɟɪɟɜɢɜɤɢ). Ɋɟɮɟɪɟɧɫɧɨɣ 

ɝɪɭɩɩɟ ɜɜɨɞɢɥɢ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɩɚɤɥɢɬɚɤɫɟɥɚ ɜ ɞɨɡɟ γ0 ɦɝ/ɤɝ, ɚ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɟ – 

ɩɨɞɫɨɥɧɟɱɧɨɟ ɦɚɫɥɨ ɜ ɨɛɴɟɦɟ 100 ɦɝ/ɤɝ. Ɋɚɡɦɟɪ ɨɩɭɯɨɥɢ ɨɩɪɟɞɟɥɹɥɢ ɱɟɪɟɡ ɞɜɚ ɞɧɹ ɩɨɫɥɟ 

ɨɬɦɟɧɵ ɜɜɟɞɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɢɥɢ ɫ 11 ɩɨ 18 ɞɟɧɶ ɩɨɫɥɟ ɩɟɪɟɜɢɜɤɢ (ɞɨ ɧɚɱɚɥɚ ɝɢɛɟɥɢ ɠɢɜɨɬɧɵɯ 

ɜ ɝɪɭɩɩɚɯ). Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 17. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ 

(20) ɨɤɚɡɵɜɚɟɬ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɟ ɞɟɣɫɬɜɢɟ, ɜɵɪɚɠɚɸɳɟɟɫɹ ɜ ɞɨɫɬɨɜɟɪɧɨɣ ɡɚɞɟɪɠɤɟ ɟɟ ɪɨɫɬɚ, 

ɩɪɢ ɷɬɨɦ ɩɨ ɜɵɪɚɠɟɧɧɨɫɬɢ ɷɮɮɟɤɬɚ ɨɧ ɧɟ ɭɫɬɭɩɚɟɬ ɩɚɤɥɢɬɚɤɫɟɥɸ, ɧɨ ɢɦɟɟɬ ɛɨɥɟɟ ɤɨɪɨɬɤɭɸ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɩɨɫɥɟ ɨɬɦɟɧɵ ɜɜɟɞɟɧɢɹ (ɧɚ 18-ɵɟ ɫɭɬɤɢ – ɞɚɧɧɵɟ ɧɟ ɞɨɫɬɨɜɟɪɧɵ). 

 

Ɍɚɛɥɢɰɚ 17. ɂɡɦɟɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɪɨɫɬɚ ɬɪɚɧɫɩɥɚɧɬɚɬɨɜ ɥɢɦɮɨɦɵ RLS ɭ ɦɵɲɟɣ ɩɨɫɥɟ 
ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨɝɨ ɜɜɟɞɟɧɢɹ ɚɝɟɧɬɚ (20) ɢɥɢ ɩɚɤɥɢɬɚɤɫɟɥɚ. 

Ƚɪɭɩɩɚ Ɋɚɡɦɟɪɵ ɨɩɭɯɨɥɢ, ɫɦ3 

11 ɫɭɬ. 13 ɫɭɬ. 15 ɫɭɬ. 18 ɫɭɬ. 
Ʉɨɧɬɪɨɥɶ ɩ/ɫɨɥɧ. ɦɚɫɥɨ 0.4β±0.03 1.γ8±0.13 2.64±0.27 4.41±0.30 

ɉɚɤɥɢɬɚɤɫɟɥ, γ0 ɦɝ/ɤɝ 0.40±0.05 1.10±0.15 1.85±0.17* γ.β8±0.βλ* 

(20), 100 ɦɝ/ɤɝ 0.γ0±0.04* 0.8γ±0.08** 1.λ6±0.14* 4.00±β.00 

*ɪ<0.05, ** ɪ<0.01 ɪɚɡɥɢɱɢɹ ɫ ɤɨɧɬɪɨɥɟɦ ɞɨɫɬɨɜɟɪɧɵ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɢɫɥɚɛɞɚɧɨɢɞɵ (19) ɢ (20) ɩɪɢ ɤɭɪɫɨɜɨɦ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨɦ ɜɜɟɞɟɧɢɢ 

ɦɵɲɚɦ ɨɤɚɡɵɜɚɸɬ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɟ ɞɟɣɫɬɜɢɟ, ɜɵɪɚɠɚɸɳɟɟɫɹ ɜ ɡɚɞɟɪɠɤɟ ɪɨɫɬɚ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɢ. ɉɪɢ ɷɬɨɦ ɫɨɟɞɢɧɟɧɢɟ (19) ɧɟ ɭɫɬɭɩɚɟɬ, ɚ (20) ɩɪɟɜɨɫɯɨɞɢɬ ɩɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɰɢɬɨɫɬɚɬɢɱɟɫɤɭɸ ɉɏɌ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɫɯɟɦɟ ɋɇɈɊ. Ɋɟɡɭɥɶɬɚɬɵ, ɞɨɫɬɢɝɧɭɬɵɟ 

ɧɚ ɩɟɪɟɜɢɜɚɟɦɨɣ ɥɢɦɮɨɦɟ, ɪɟɡɢɫɬɟɧɬɧɨɣ ɤ ɰɢɤɥɨɮɨɫɮɚɧɭ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɞɚɧɧɵɯ ɛɢɫɥɚɛɞɚɧɨɢɞɨɜ ɩɪɟɨɞɨɥɟɜɚɬɶ ɮɟɧɨɦɟɧ ɥɟɤɚɪɫɬɜɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɨɩɭɯɨɥɟɜɵɯ ɲɬɚɦɦɨɜ. 

 

9.4. ȺɇɌɂɈɄɋɂȾȺɇɌɇȺə, ȽȿɉȺɌɈɉɊɈɌȿɄɌɈɊɇȺə ɂ ȽȿɆɈɋɌɂɆɍɅɂɊɍɘɓȺə 

ȺɄɌɂȼɇɈɋɌɖ* 

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ ɚɝɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ 

ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɚɡɨɬɢɫɬɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɜ ɩɨɥɨɠɟɧɢɢ ɋ-16 ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ [3], ɚ 

ɬɚɤɠɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ [25]. Ⱥɧɬɢɨɤɫɢɞɚɧɬɧɚɹ ɢ 

ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɚɹ ɚɤɬɢɜɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ (75), (92), (93) ɢ (209ɚ,ɛ) ɢɡɭɱɟɧɚ ɧɚ ɦɨɞɟɥɢ 

ɬɨɤɫɢɱɟɫɤɨɝɨ CCl4 ɝɟɩɚɬɢɬɚ ɭ ɦɵɲɟɣ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɪɚɠɟɧɢɢ ɤɪɵɫ, ɜɵɡɜɚɧɧɨɝɨ ɜɜɟɞɟɧɢɟɦ 

ɰɢɤɥɨɮɨɫɮɚɧɚ [258, 259]. ȼ ɤɚɱɟɫɬɜɟ ɩɪɟɩɚɪɚɬɚ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɧɬɢɨɤɫɢɞɚɧɬ – 

ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ (ȾɄȼ).  

Ɋɢɫɭɧɨɤ 16 

 

 

 

 

 

 

 

 

 

 
*Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɝɥɭɛɨɤɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɛ.ɧ. ɩɪɨɮ. Ɍ.Ƚ. Ɍɨɥɫɬɢɤɨɜɨɣ, ɞ.ɛ.ɧ. ɂ.ȼ. ɋɨɪɨɤɢɧɨɣ, ɤ.ɛ.ɧ. Ⱦ.ɋ. 

Ȼɚɟɜɭ ɡɚ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɛɢɫ-ɥɚɛɞɚɧɨɢɞɨɜ. 
 

 



121 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɝɨ ɢ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɧɚ ɦɨɞɟɥɢ ɨɫɬɪɨɝɨ 

ɬɨɤɫɢɱɟɫɤɨɝɨ ɝɟɩɚɬɢɬɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ (209ɚ,ɛ) ɜ ɭɫɥɨɜɢɹɯ ɬɨɤɫɢɱɟɫɤɨɝɨ ɝɟɩɚɬɢɬɚ 

ɨɤɚɡɵɜɚɸɬ ɞɨɫɬɨɜɟɪɧɵɣ ɚɧɬɢɰɢɬɨɥɢɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɫɧɢɠɚɹ ɚɤɬɢɜɧɨɫɬɶ 

ɚɥɚɧɢɧɚɦɢɧɨɬɪɚɧɫɮɟɪɚɡɵ (ȺɅɌ) ɢ ɚɫɩɚɪɬɚɬɚɦɢɧɨɬɪɚɧɫɮɟɪɚɡɵ (ȺɋɌ) ɜ ɤɪɨɜɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 

1.5 ɢ 1.λ ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ (ɬɚɛɥɢɰɚ 18). Ⱥɡɥɚɤɬɨɧ (75) ɞɨɫɬɨɜɟɪɧɨ ɭɦɟɧɶɲɚɟɬ 

ɚɤɬɢɜɧɨɫɬɶ ɬɪɚɧɫɚɦɢɧɚɡ ɜ ɤɪɨɜɢ ɜ 1.γ-1.5 ɪɚɡ, ɚ ɟɝɨ ɩɪɨɢɡɜɨɞɧɵɟ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ 

ɡɚɬɪɭɞɧɟɧɧɵɦ ɮɟɧɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ (92) ɢ (93) ɜ 1.3 ɢ ɜ 1.7-1.λ ɪɚɡ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɧɧɵɟ 

ɚɝɟɧɬɵ ɧɟ ɭɫɬɭɩɚɸɬ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧɭ ɩɨ ɜɥɢɹɧɢɸ ɧɚ ɭɪɨɜɟɧɶ ȺɅɌ, ɚ ɩɨ ɜɥɢɹɧɢɸ ɧɚ 

ɚɤɬɢɜɧɨɫɬɶ ȺɋɌ ɫɨɟɞɢɧɟɧɢɹ (209ɚ,ɛ) ɢ (93) ɩɪɟɜɨɫɯɨɞɹɬ ɟɝɨ ɜ 1.6-1.7 ɪɚɡ. ȼɫɟ ɬɟɫɬɢɪɭɟɦɵɟ 

ɫɨɟɞɢɧɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨ ɭɦɟɧɶɲɚɸɬ ɚɤɬɢɜɧɨɫɬɶ ɳɟɥɨɱɧɨɣ ɮɨɫɮɨɬɚɡɵ (ɓɎ), ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɢɯ ɚɧɬɢɯɨɥɟɫɬɚɡɧɨɦ ɞɟɣɫɬɜɢɢ. Ⱥɡɥɚɤɬɨɧ (75) ɩɨɧɢɠɚɟɬ ɭɪɨɜɟɧɶ ɓɎ ɜ 1.9 

ɪɚɡɚ, ɚ ɫɨɟɞɢɧɟɧɢɹ (209ɚ,ɛ), (92) ɢ (93) ɜ 1.5 ɢ β ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɬɪɨɥɸ. 

ɉɨ ɜɵɪɚɠɟɧɧɨɫɬɢ ɚɧɬɢɯɨɥɟɫɬɚɡɧɨɝɨ ɷɮɮɟɤɬɚ ɚɝɟɧɬɵ (75) ɢ (93) ɩɪɟɜɨɫɯɨɞɹɬ ɪɟɮɟɪɟɧɫ ɜ 1.4-1.5 

ɪɚɡɚ, ɚ ɫɨɟɞɢɧɟɧɢɹ (92) ɢ (109ɚ,ɛ) ɧɟ ɭɫɬɭɩɚɸɬ ȾɄȼ.  

ȼɫɟ ɢɫɫɥɟɞɭɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɟ ɩɪɨɹɜɢɥɢ ɜɥɢɹɧɢɹ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɤɢɫɧɨɝɨ 

ɨɤɢɫɥɟɧɢɹ; ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ (ɆȾȺ) ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɪɭɩɩɚɯ ɧɟ ɢɦɟɥɚ 

ɞɨɫɬɨɜɟɪɧɵɯ ɪɚɡɥɢɱɢɣ ɫ ɤɨɧɬɪɨɥɟɦ. 

Ɍɚɛɥɢɰɚ 18. ȼɥɢɹɧɢɟ ɫɨɟɞɢɧɟɧɢɣ (75), (92), (93) ɢ (109ɚ,ɛ) ɧɚ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ ɦɵɲɟɣ ɫ ɢɧɞɭɰɢɪɨɜɚɧɧɵɦ CCl4 ɝɟɩɚɬɢɬɨɦ. 

Ƚɪɭɩɩɚ Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

ȺɅɌ, ȿɞ/ɥ ȺɋɌ, ȿɞ/ɥ ɓɎ, ȿɞ/ɥ ɆȾȺ, ɦɤɦɨɥɶ/ɥ 

ɤɨɧɬɪɨɥɶ 880.80±γ7.12 554,00±48,γ4 
174,6±15,6 
(β,λ1±0,β6) 3.56±0.35 

(109ɚ,ɛ) 592.47±40.76*** 301.46±βλ.36**
## 

1.λ7±0.27* 3.8λ±0.22
#
 

(75) 701.50±61.29* 373.16± 4λ.00* 94.β±1β.6**
# 

4.55 ± 0.46
#
 

(92) 655.80±55.46** 411.07±4γ.58* 119.4±7.2* 3.75±0.12
# 

(93) 515.58± 60.41*** 290.14±46.17**
# 

84.6±λ.6**
## 

3.07±0.24 

ȾɄȼ 577.24±25.81*** 480.47±41.14 130.8±8.4* 

(2.18±0.14*) 

3.β8± 0.11 

*Ɋ<0,05ν **Ɋ<0,01ν ***Ɋ<0,001 – ɪɚɡɥɢɱɢɹ ɫ ɤɨɧɬɪɨɥɟɦ ɞɨɫɬɨɜɟɪɧɵ 
#Ɋ<0,05 ɪɚɡɥɢɱɢɹ ɫ ȾɄȼ ɞɨɫɬɨɜɟɪɧɵ. ȼ ɫɤɨɛɤɚɯ ɞɚɧɧɵɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ (109ɚ,ɛ). 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɵɯ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɧɚ ɮɨɧɟ ɬɨɤɫɢɱɟɫɤɨɝɨ 

ɩɨɪɚɠɟɧɢɹ ɤɪɵɫ ɰɢɤɥɨɮɨɫɮɚɧɨɦ ɭɫɬɚɧɨɜɢɥɨ, ɱɬɨ ɤɚɤ ɫɨɟɞɢɧɟɧɢɹ (75), (92), (93) ɢ (109ɚ,ɛ), ɬɚɤ 

ɢ ɪɟɮɟɪɟɧɫ ɩɪɟɩɚɪɚɬ, ɧɟ ɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ȺɅɌ (ɬɚɛɥɢɰɚ 19). ȼ 

ɨɬɧɨɲɟɧɢɢ ȺɋɌ ɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (75), (92) ɢ (93) ɧɟ ɨɤɚɡɚɥɢ ɜɨɡɞɟɣɫɬɜɢɹ, ɚ 

ɫɨɟɞɢɧɟɧɢɹ (109ɚ,ɛ) ɢ ȾɄȼ ɜɵɡɜɚɥɢ ɧɟɛɨɥɶɲɨɟ, ɧɨ ɞɨɫɬɨɜɟɪɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 

ɞɚɧɧɨɝɨ ɮɟɪɦɟɧɬɚ ɜ ɤɪɨɜɢ ɜ 1.3 ɢ 1.4 ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ. ɍ 

ɚɡɥɚɤɬɨɧɚ (75) ɢ ɫɨɟɞɢɧɟɧɢɣ (109ɚ,ɛ) ɨɛɧɚɪɭɠɟɧɚ ɹɜɧɨ ɜɵɪɚɠɟɧɧɚɹ ɬɟɧɞɟɧɰɢɹ ɤ 

ɚɧɬɢɯɨɥɟɫɬɚɡɧɨɦɭ ɞɟɣɫɬɜɢɸ, ɚɤɬɢɜɧɨɫɬɶ ɓɎ ɫɧɢɠɚɥɚɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ ɜ 1.5 ɢ 1.γ ɪɚɡɚ 
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɍ ɪɟɮɟɪɟɧɫ ɚɝɟɧɬɚ ɢ ɤɚɪɛɚɦɨɢɥ-ɜɢɧɢɥɛɟɧɡɚɦɢɞɨɜ (92) ɢ (93) 

ɚɧɬɢɯɨɥɟɫɬɚɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. ȼɫɟ ɫɨɟɞɢɧɟɧɢɹ (75), (92), (93) ɢ (109ɚ,ɛ) ɧɟ 

ɜɵɡɜɚɥɢ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɆȾȺ ɜ ɤɪɨɜɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɟɦ, 

ɨɞɧɚɤɨ ɨɧɢ ɩɨɧɢɡɢɥɢ ɭɪɨɜɟɧɶ ɆȾȺ ɜ 1.γ-1.4 ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ȾɄȼ, ɤɨɬɨɪɵɣ ɜ ɭɫɥɨɜɢɹɯ 

ɞɚɧɧɨɝɨ ɨɩɵɬɚ ɭɫɢɥɢɥ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ. ȼɥɢɹɧɢɟ ɞɚɧɧɵɯ ɚɝɟɧɬɨɜ ɧɚ 

ɩɨɤɚɡɚɬɟɥɢ ɨɛɳɟɝɨ ɨɛɦɟɧɚ (ɛɟɥɨɤ, ɝɥɸɤɨɡɭ) ɧɟ ɨɬɦɟɱɟɧɨ. 

Ɍɚɛɥɢɰɚ 19. ȼɥɢɹɧɢɟ ɫɨɟɞɢɧɟɧɢɣ (75), (92), (93) ɢ (109ɚ,ɛ) ɧɚ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ ɤɪɵɫ ɧɚ ɮɨɧɟ ɢɧɬɨɤɫɢɤɚɰɢɢ ɰɢɤɥɨɮɨɫɮɚɧɨɦ 

Ƚɪɭɩɩɚ ȺɅɌ, 
ȿɞ/ɥ 

ȺɋɌ, 
ȿɞ/ɥ 

ɓɎ, 
ȿɞ/ɥ 

ɆȾȺ, 
ɦɤɦɨɥɶ/ɥ 

Ɉɛɳɢɣ 

ɛɟɥɨɤ, ɝ/ɥ 

Ƚɥɸɤɨɡɚ, 
ɦɦɨɥɶ/ɥ 

ɤɨɧɬɪɨɥɶ 54.3±6.8 73.9±7.9
# 

129.0±9.5 1.93±0.09
#
 63.1±2.34 16.43±1.02 

(109ɚ,ɛ) 58.4±7.2 58.4±5.5 102.6±15.8 1.9γ±0.08 65.27±4.12 14.29±0.91 

(75) 62.6±2.9 81.4±7.1
## 

87.1±14.2*
# 

1.92±0.07
#
 60.26±4.17 14.93±0.64 

(92) 67.3±3.8
  

69.5±4.7
# 

122.8±15.1 1.98±0.05 59.8λ±2.32 13.53±0.55* 

(93) 65.3±4.3 86.4±9.2
## 

146.2±16.7 1.86±0.17 58.7γ±2.92 14.64±0.36 

ȾɄȼ 55.β±5.2 53.7±3.9* 146.3±13.6 2.57±0.09* 63.14±1.52 14.19±0.70 

*p<0,05 – ɪɚɡɥɢɱɢɹ ɫ ɤɨɧɬɪɨɥɟɦ ɞɨɫɬɨɜɟɪɧɵν 
#
P<0,05; 

##Ɋ<0,001 ɪɚɡɥɢɱɢɹ ɫ ȾɄȼ ɞɨɫɬɨɜɟɪɧɵ. 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɮɨɧɟ ɬɨɤɫɢɱɟɫɤɨɝɨ ɩɨɪɚɠɟɧɢɹ ɤɪɵɫ 

ɰɢɤɥɨɮɨɫɮɚɧɨɦ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɚɡɥɚɤɬɨɧ (75) ɩɪɨɹɜɥɹɟɬ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɢɣ ɷɮɮɟɤɬ, 

ɞɨɫɬɨɜɟɪɧɨ ɩɨɜɵɲɚɹ ɤɨɥɢɱɟɫɬɜɨ ɥɟɣɤɨɰɢɬɨɜ ɜ ɩɟɪɟɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɜ 1.7 ɪɚɡ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɤɨɧɬɪɨɥɹ (ɬɚɛɥɢɰɚ 20). ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɮɮɟɤɬ ȾɄȼ ɦɟɧɟɟ ɜɵɪɚɠɟɧ (1.5 ɪɚɡɚ). ȼ ɨɬɧɨɲɟɧɢɢ 

ɨɫɬɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɪɨɜɢ ɨɬɦɟɱɟɧɚ ɬɟɧɞɟɧɰɢɹ ɤ ɢɯ ɧɨɪɦɚɥɢɡɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 5(4ɇ)-

ɨɤɫɚɡɨɥɨɧɚ (75) ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɤɨɬɨɪɨɝɨ ɩɪɟɜɵɲɚɟɬ ɷɮɮɟɤɬ ȾɄȼ. Ɍɚɤ, ɩɨɞ ɟɝɨ 

ɜɥɢɹɧɢɟɦ ɤɨɥɢɱɟɫɬɜɨ ɷɪɢɬɪɨɰɢɬɨɜ ɢ ɬɪɨɦɛɨɰɢɬɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 1.γ ɢ 1.β 

ɪɚɡɚ, ɝɟɦɚɬɨɤɪɢɬ ɢ ɝɟɦɨɝɥɨɛɢɧ ɩɨɜɵɲɚɟɬɫɹ ɜ 1.γ-1.β ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ȾɄȼ (ɜ ɝɪɭɩɩɟ ɫ ȾɄȼ 

ɫɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɷɪɢɬɪɨɰɢɬɟ ɞɨɫɬɨɜɟɪɧɨ ɜɵɲɟ, ɱɟɦ ɜ 

ɤɨɧɬɪɨɥɟ).  

ɇɚ ɮɨɧɟ ɝɟɦɨɞɟɩɪɟɫɫɢɢ, ɜɵɡɜɚɧɧɨɣ ɰɢɤɥɨɮɨɫɮɚɧɨɦ, ɭ ɨɞɧɨɝɨ ɢɡ ɩɪɨɢɡɜɨɞɧɵɯ ɚɡɥɚɤɬɨɧɚ (93) 

ɨɬɦɟɱɟɧɵ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɟ ɫ ȾɄȼ ɫɞɜɢɝɢ ɜ ɩɨɤɚɡɚɬɟɥɹɯ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. ɇɚɩɪɢɦɟɪ, ɜ 

1.λ ɪɚɡ ɩɨɜɵɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɥɟɣɤɨɰɢɬɨɜ ɜ ɤɪɨɜɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ (ɜ ɝɪɭɩɩɟ ɫ ȾɄȼ 1.6 

ɪɚɡ) ɢ ɫɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɷɪɢɬɪɨɰɢɬɨɜ ɢ ɝɟɦɚɬɨɤɪɢɬɚ ɜ 1.β ɪɚɡɚ. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ 

ɷɪɢɬɪɨɰɢɬɚɪɧɨɣ ɦɚɫɫɵ ɭ ɠɢɜɨɬɧɵɯ ɷɬɨɣ ɝɪɭɩɩɵ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɧɟɛɨɥɶɲɢɦ ɞɨɫɬɨɜɟɪɧɵɦ 

ɩɨɜɵɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ (MCH, MCHC).  

ɋɨɟɞɢɧɟɧɢɹ (109ɚ,ɛ) ɩɪɨɹɜɥɹɸɬ ɬɟɧɞɟɧɰɢɸ ɤ ɭɦɟɧɶɲɟɧɢɸ ɰɢɬɨɩɟɧɢɢ, ɜɵɡɜɚɧɧɨɣ 

ɰɢɤɥɨɮɨɫɮɚɧɨɦ, ɩɨɜɵɲɚɹ ɤɨɥɢɱɟɫɬɜɨ ɥɟɣɤɨɰɢɬɨɜ ɢ ɬɪɨɦɛɨɰɢɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 1.4 ɢ 1.β ɪɚɡɚ (ɬɚɛɥɢɰɚ 20). Ⱦɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɛɨɥɶɲɢɦ 
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ɞɨɫɬɨɜɟɪɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɷɪɢɬɪɨɰɢɬɚɯ (MCH, 

MCHC).  

ɋɨɟɞɢɧɟɧɢɟ (92) ɧɟ ɜɵɡɜɚɥɨ ɞɨɫɬɨɜɟɪɧɵɯ ɫɞɜɢɝɨɜ ɜ ɩɨɤɚɡɚɬɟɥɹɯ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɢ, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟ ɨɤɚɡɚɥɨ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ.  

Ɍɚɛɥɢɰɚ 20. ȼɥɢɹɧɢɟ ɫɨɟɞɢɧɟɧɢɣ (75), (92), (93) ɢ (109ɚ,ɛ) ɧɚ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ ɤɪɵɫ ɧɚ ɮɨɧɟ ɢɧɬɨɤɫɢɤɚɰɢɢ ɰɢɤɥɨɮɨɫɮɚɧɨɦ. 
Ƚɪɭɩɩɚ RBC HCT WBC HGB PLT MCV RDW% MPV MCH MCHC 

ɤɨɧɬɪɨɥɶ 5,06 

±0,β1 

28,0 

±1,β 

0,9 

±0,1 

15,5 

±0,8 

93,9 

±8,4 

55,3 

±1,0 

10,2 

±0,4 

8,8 

±0,01 

30,6 

±0,6 

55,5 

±0,6 

(109ɚ,ɛ) 4,77 

±0,1λ 

26,2 

±1,0 

1,3 

±0,1 

15,6 

±0,7 

109,6 

±11.9 

54,9 

±0,6 

10,3 

±0,2 

8,3 

±0,0γ* 

32,8 

±0,5* 

59,7 

±1,0* 

(75) 5,34 

±0,β0 

30,2 

±1,0 

1,5± 

0,1* 

16,6 

±0,7 

107,9 

±λ,6 

55,0 

±0,5 

10,8 

±0,6 

8,7 

±0,04 

31, 

±0,γ 

56,4 

±0,6 

(92) 5,25 

±0,γ1 

28,4 

±1,β 

1,1 

±0,β 

16,3 

±0,γ 

97,4 

±8,8 

53,9 

±0,8 

10,7 

±0,6 

8,6 

±0,05* 

31,1 

±0,6 

57,7 

±0,5* 

(93) 4,33 

±0,β4* 

23,7 

±1,4* 

1,7 

±0,γ* 

14,2 

±0,6 

101,1 

±17,β 

58,5 

±1,λ 

10,6 

±0,γ 

8,5 

±0,1* 

33,0 

±0,8* 

57,4 

±0,γ* 

ȾɄȼ 4,19 

±0,β0* 

22,6 

±0,λ* 

1,4 

±0,β 

14,2 

±0,6 

88,3 

±8,λ 

55,3 

±0,8 

10,2 

±0,6 

8,3 

±0,1* 

33,9 

±0,γ* 

61,3 

±0,8* 

ɇɨɪɦɚ 6,87 

±0,14 

38,7 

±0,7 

17,0 

±0,λ 

19,7 

±0,6 

257,0 

±β1,β 

57,1 

±0,λ 

13,3 

±0,7 

9,0 

±0,1 

29,7 

±0,5 

52,0 

±0,4 

*p<0,05 - ɪɚɡɥɢɱɢɹ ɫ ɤɨɧɬɪɨɥɟɦ ɞɨɫɬɨɜɟɪɧɵ 

RBC – ɤɨɥɢɱɟɫɬɜɨ ɷɪɢɬɪɨɰɢɬɨɜ, HCT – ɝɟɦɚɬɨɤɪɢɬ, WBC – ɤɨɥɢɱɟɫɬɜɨ ɥɟɣɤɨɰɢɬɨɜ, HGB 

– ɝɟɦɨɝɥɨɛɢɧ, PLT – ɬɪɨɦɛɨɰɢɬɵ, MCV – ɫɪɟɞɧɢɣ ɨɛɴɟɦ ɷɪɢɬɪɨɰɢɬɨɜ, RDW% – ɩɪɨɰɟɧɬ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɚɛɫɨɥɸɬɧɨɦɭ ɜɟɫɭ ɤɪɚɫɧɨɣ ɤɪɨɜɢ, MPV – ɨɛɴɟɦ ɬɪɨɦɛɨɰɢɬɨɜ, MCH – ɫɪɟɞɧɟɟ 
ɫɨɞɟɪɠɚɧɢɟ ɝɟɦɨɝɥɨɛɢɧɚ ɜ ɷɪɢɬɪɨɰɢɬɟ, MCHC – ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɦɨɝɥɨɛɢɧɚ. 

 

ɇɚ ɮɨɧɟ ɧɟɣɬɪɨɩɟɧɢɢ, ɜɵɡɜɚɧɧɨɣ ɰɢɤɥɨɮɨɫɮɚɧɨɦ, ɧɚɛɥɸɞɚɥɚɫɶ ɬɟɧɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɤɨɥɢɱɟɫɬɜɚ ɝɪɚɧɭɥɨɰɢɬɚɪɧɵɯ ɤɥɟɬɨɤ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɫɟɯ ɢɡɭɱɚɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ (75), (92), (93) 

ɢ (109ɚ,ɛ) (ɬɚɛɥɢɰɚ β1). ȼ ɤɪɨɜɢ ɠɢɜɨɬɧɵɯ ɜɵɹɜɥɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɦɨɧɨɰɢɬɨɜ, ɤɨɬɨɪɨɟ ɛɨɥɟɟ ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɨ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ (109ɚ,ɛ). ɋɨɟɞɢɧɟɧɢɹ (75) ɢ 

(109ɚ,ɛ) ɩɨ ɷɮɮɟɤɬɭ ɫɬɢɦɭɥɹɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɤɥɟɬɨɤ ɥɟɣɤɨɰɢɬɚɪɧɨɝɨ ɪɹɞɚ ɩɪɟɜɨɫɯɨɞɹɬ ȾɄȼ. 

Ɍɚɛɥɢɰɚ 21. ȼɥɢɹɧɢɟ ɫɨɟɞɢɧɟɧɢɣ (75), (92), (93) ɢ (109ɚ,ɛ) ɧɚ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ 
ɥɟɣɤɨɰɢɬɚɪɧɨɣ ɮɨɪɦɭɥɵ ɤɪɨɜɢ ɤɪɵɫ ɧɚ ɮɨɧɟ ɢɧɬɨɤɫɢɤɚɰɢɢ ɰɢɤɥɨɮɨɫɮɚɧɨɦ. 

Ƚɪɭɩɩɚ ɷɨɡɢɧɨɮɢɥɵ ɩ/ɹɞɟɪɧɵɟ ɫ/ɹɞɟɪɧɵɟ ɦɨɧɨɰɢɬɵ ɥɢɦɮɨɰɢɬɵ 

ɤɨɧɬɪɨɥɶ 0 0 1.4γ±0.48 2.4γ±0.81 96.14±0.51 

(109ɚ,ɛ) 0 0.14±0.14 2.57±0.84 6.0±1.0 91.βλ±1.02 

(75) 0 0 1.14±0.51 3.71±0.42 95.14±0.40 

(92) 0.βλ±0.18 0 3.43±0.84 4.57±0.57 91.86±0.99 

(93) 0.4γ±0.20 0 1.βλ±0.68 5.71±1.04 92.57±1.64 

ȾɄȼ 0 0 0.71±0.29 4.71±0.47 94.57±0.48 

ɇɨɪɦɚ 0.86±0.46 0 19.βλ±1.44 7.14±1.06 72.61±1.44 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ (75), (92), (93) ɢ (109ɚ,ɛ) 

ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ ɢ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɧɚ ɭɪɨɜɧɟ ɢɥɢ 

ɩɪɟɜɵɲɚɸɳɟɣ ɚɧɚɥɨɝɢɱɧɵɟ ɚɤɬɢɜɧɨɫɬɢ ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧɚ. Ⱦɥɹ (95), (93) ɢ (109ɚ,ɛ) ɧɚ ɮɨɧɟ 
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ɝɟɦɨɞɟɩɪɟɫɢɢ, ɜɵɡɜɚɧɧɨɣ ɰɢɤɥɨɮɨɫɮɚɧɨɦ ɜɵɹɜɥɟɧ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɢɣ ɷɮɮɟɤɬ. Ⱦɚɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɭɤɚɡɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɤɨɪɪɟɤɬɨɪɨɜ ɬɨɤɫɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ ɰɢɬɨɫɬɚɬɢɱɟɫɤɨɣ ɩɨɥɢɯɢɦɢɨɬɟɪɚɩɢɢ. 

 

9.5. ɐɂɌɈɌɈɄɋɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɂ ɎɅɈɆɂɁɈɂɄɈȼɈɃ 

ɄɂɋɅɈɌ ɂ ɂɏ ɉɊɈɂɁȼɈȾɇɕɏ* 

Ⱦɥɹ ɛɨɥɶɲɨɣ ɝɪɭɩɩɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ (55 ɫɨɟɞɢɧɟɧɢɣ) ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɜ ɨɬɧɨɲɟɧɢɢ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ.  

ɉɪɨɢɡɜɨɞɧɵɟ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɢ ɚɰɟɬɢɥɟɧɨɜɵɦɢ ɝɪɭɩɩɚɦɢ 

ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɧɚ ɰɢɬɨɫɬɚɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ ɆɌ-4, BT-

474, MDA-MB-231, MEL-8, ɋȿɆ-1γ ɢ U-λγ7 (ɤɥɟɬɤɢ ɦɨɧɨɰɢɬɨɜ ɱɟɥɨɜɟɤɚ) (ɬɚɛɥɢɰɚ β2). 

ɇɚɢɛɨɥɶɲɟɣ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɧɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɋȿɆ-1γ ɢ ɆɌ-4, 

ɩɪɟɜɨɫɯɨɞɹɳɟɣ ɚɤɬɢɜɧɨɫɬɶ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɜ 4-5 ɪɚɡɚ, ɨɛɥɚɞɚɸɬ ɞɢɚɥɤɢɧɵ (130ɚ)-

(130ɛ) (ɩɪɢɦɟɪ 6).  

ɇɚ ɤɥɟɬɤɚɯ U-λγ7 ɧɚɢɛɨɥɶɲɟɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ 15,16-ɞɢɚɥɤɢɧɢɥɡɚɦɟɳɟɧɧɨɟ 

ɩɪɨɢɡɜɨɞɧɨɟ (277) (ɩɪɢɦɟɪ 8). ɋɨɟɞɢɧɟɧɢɹ (127), (148) ɢ (153) ɫ ɝɢɞɪɨɤɫɢɦɟɬɢɥɟɧɨɜɨɣ ɝɪɭɩɩɨɣ 

ɩɪɨɹɜɥɹɸɬ ɡɚɦɟɬɧɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɧɚ ɤɥɟɬɨɱɧɨɣ ɥɢɧɢɢ BT-474 (ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ) 

(ɩɪɢɦɟɪɵ 2, 3, 11). 

Ɍɚɛɥɢɰɚ 22. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (CTD50, ɦɤM) ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ 
ɫ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɢ ɚɰɟɬɢɥɟɧɨɜɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɨɬɧɨɲɟɧɢɢ ɥɢɧɢɣ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. 

 

№ 

 

ɋɨɟɞɢɧɟɧɢɹ ɋȿɆ-13 ɆɌ-4 U-937 Mel-8 
MDA-

MB-231 
BT474 

1 (1) 
69.1

±1.0 

92.1± 

5.2 

43.2± 

2.1 

46.β7± 

7.12 
ɇ.ɞ. ɇ.ɞ. 

2 

 
(127) 

ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 80.λ± 

7.83 

10.β7± 

1.84 

3 

 
(148) 

ɇ.ɞ. γ8.7λ±8.16 ɇ.ɞ. 41±6.85 
17β.41± 

8.13 
18.1±7.8β 

*Ⱥɜɬɨɪ ɜɵɪɚɠɚɟɬ ɝɥɭɛɨɤɭɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɞ.ɦ.ɧ. ɩɪɨɮ., ɱɥɟɧ. ɤɨɪɪ. ɊȺɇ Ⱥ.Ƚ. ɉɨɤɪɨɜɫɤɨɦɭ ɡɚ ɢɡɭɱɟɧɢɟ 
ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
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Ɍɚɛɥɢɰɚ ββ (ɩɪɨɞɨɥɠɟɧɢɟ). 

 

№ 
ɋɨɟɞɢɧɟɧɢɹ ɋȿɆ-13 ɆɌ-4 U-937 Mel-8 

MDA-

MB-231 
BT474 

5 

 
(131ɚ)-(131ɛ) 

β7±5.λ β4±4.5 58±1γ.γ ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

6 

 
(130ɚ)-(130ɛ) 

1γ±7.5 11±4.8 60±11.β ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

7 

(276) 

ɇ.ɞ. β5±4.42 4β±β.16 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

8 

(277) 

ɇ.ɞ. 52.5±γ.62 21.5±γ.91 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

9 

 
(152) 

66±8.32 >100 76±3.64 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

10 

 
(149) 

35±2.86 16.1±1.45 2β.4±3.06 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

11 

 
(153) 

ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 8γ.8± 

20.56 

11.17± 

4.97 
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Ɍɚɛɥɢɰɚ ββ (ɨɤɨɧɱɚɧɢɟ). 
 

№ 

 

ɋɨɟɞɢɧɟɧɢɹ ɋȿɆ-13 ɆɌ-4 U-937 Mel-8 
MDA-

MB-231 
BT474 

13 

 
(158) 

ɇ.ɞ. γγ.78±β.λβ ɇ.ɞ. 68±3,78 ɇ.ɞ. ɇ.ɞ. 

14 

 
(154) 

ɇ.ɞ. 18.λ4±β.1β ɇ.ɞ. 58±β.46 >200 
106.06± 

19.62 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ.  
 

ȼ ɬɚɛɥɢɰɟ β3 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ ɥɚɛɞɚɬɪɢɟɧɨɜ (1) ɢ (5). ɋɪɟɞɢ ɦɟɬɢɥ 16-

(ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)-ɥɚɦɛɟɪɬɢɚɧɚɬɨɜ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɞɥɹ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɨɤ ɦɟɥɚɧɨɦɵ MɌ-4 (9.5 ɦɤM) ɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ BT-474 (7.77ɦɤM) ɨɛɥɚɞɚɟɬ 

ɫɨɟɞɢɧɟɧɢɟ (278) ɫ ɚɥɶɞɟɝɢɞɧɨɣ ɝɪɭɩɩɨɣ (ɩɪɢɦɟɪ 6). ɉɪɢ ɷɬɨɦ (278) ɧɟ ɬɨɤɫɢɱɧɨ ɞɥɹ ɤɥɟɬɨɤ 

ɦɟɥɨɧɨɦɵ ɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ MDA-MB-231. 

ɇɚ ɦɨɞɟɥɹɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɋEM-13, MT-4 ɢ U-λγ7 ɧɚɢɛɨɥɶɲɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ 

ɩɪɨɹɜɥɹɸɬ ɚɦɢɞɵ ɥɚɛɞɚɧɨɢɞɨɜ (58) ɢ (59), ɫɨɞɟɪɠɚɳɢɟ ɜ ɡɚɦɟɫɬɢɬɟɥɟ ɮɪɚɝɦɟɧɬɵ 

ɞɥɢɧɨɰɟɩɨɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ ɫ N-Boc-ɡɚɳɢɳɟɧɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ (ɩɪɢɦɟɪɵ λ-10). ȼ ɫɪɚɜɧɟɧɢɢ 

ɫ ɩɨɫɥɟɞɧɢɦɢ, ɚɦɢɧɨɚɰɟɬɚɦɢɞɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (69), (65) ɢ (71) ɩɪɨɹɜɥɹɹ 

ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɧɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ ɋEM-1γ ɢ U-λγ7 ɦɚɥɨɬɨɤɫɢɱɧɵ ɜ ɨɬɧɨɲɟɧɢɟ 

ɤɥɟɬɨɤ ɥɢɧɢɢ MT-4 (ɩɪɢɦɟɪɵ 11-1γ). Ɉɛɪɚɳɚɟɬ ɜɧɢɦɚɧɢɟ ɢɡɛɢɪɚɬɟɥɶɧɚɹ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ 

ɦɟɬɢɥ 16-(ɯɥɨɪɚɰɟɬɢɥɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (63) ɜ ɨɬɧɨɲɟɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ U-937 

(ɩɪɢɦɟɪ 8).   
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Ɍɚɛɥɢɰɚ 23. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (CTD50, ɦɤM) ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɩɪɨɢɡɜɨɞɧɵɯ 
ɥɚɛɞɚɬɪɢɟɧɨɜ ɜ ɨɬɧɨɲɟɧɢɢ ɥɢɧɢɣ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. 

 

№ 

 

ɋɨɟɞɢɧɟɧɢɟ 
ɋȿɆ-

13 
ɆɌ-4 U-937 Mel-8 

MDA-

MB-231 
BT474 

1 (1) 
69.1±1

.0 
92.1±5.2 43.2±β.1 

46.β7± 

7.12 
ɇ.ɞ. ɇ.ɞ. 

2 (5) 
59.0±6.

4 
24.5±2.2 35.γ±3.2 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

3 

 

ɇ.ɞ. γγ±5.27 β8±8.54 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

4 

 
(272) 

ɇ.ɞ. >200 ɇ.ɞ. >200 >200 >200 

5 

 
(281) 

ɇ.ɞ. >200 ɇ.ɞ. >200 >200 >200 

6 

 
(278) 

ɇ.ɞ. λ.5±1.88 ɇ.ɞ. >200 >200 7.77±4.09 

7 

 

 
(279) 

ɇ.ɞ. 25.λ8±2.9 ɇ.ɞ. 88±4.21 
103.β7± 

6.13 

21.51± 

6.16 

8 

 

37.4 111.9 7.5 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 
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Ɍɚɛɥɢɰɚ βγ (ɩɪɨɞɨɥɠɟɧɢɟ). 
№ ɋɨɟɞɢɧɟɧɢɟ 

ɋȿɆ-

13 
ɆɌ-4 U-937 Mel-8 

MDA-

MB-231 
BT474 

9 

(58) 

9.9 11.1 4.2 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

10 

(59) 

6.2 9.2 12.5 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

11 

(69) 

9.4 60.2 15.9 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

12 

 
(65) 

13.4 77.7 37.1 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

13 

(71) 

28.0 64.1 3.9 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

14 

 
(117) 

40.6 23.4 30.2 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 
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Ɍɚɛɥɢɰɚ βγ (ɨɤɨɧɱɚɧɢɟ). 

№ ɋɨɟɞɢɧɟɧɢɟ ɋȿɆ-13 ɆɌ-4 U-937 Mel-8 
MDA-

MB-231 
BT474 

15 

 
(119) 

42±5.7 95±4.5 34±7.8 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

16 

 
(87) 

ɇ.ɞ. 114.58± 

3.85 
ɇ.ɞ. 26±3.34 >200 

55.5± 

21.04 

17 

(101) 

ɇ.ɞ. >200 ɇ.ɞ. >200 >200 
41.β7± 

14.4 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ. 

Ƚɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ɦɟɬɢɥɥɚɛɞɚɬɪɢɟɧɨɜ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɧɚ ɰɢɬɨɫɬɚɬɢɱɟɫɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɱɧɵɯ ɤɭɥɶɬɭɪ ɆɌ-4, ɋȿɆ-1γ ɢ U-937 (ɬɚɛɥɢɰɚ β4). ɋɨɟɞɢɧɟɧɢɟ 

(61) ɫ ɮɪɚɝɦɟɧɬɨɦ ɢɦɢɞɚ эɧɞɨ-ɧɨɪɛɨɪɧɢɥ-5-ɟɧ-2,3-ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɩɪɨɹɜɢɥɨ ɜɵɫɨɤɭɸ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ ɋȿɆ-1γ ɢ ɆɌ-4 (ɩɪɢɦɟɪ 5). ȼ ɪɹɞɭ 

ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɫ 1,β,γ-ɬɪɢɚɡɨɥɶɧɵɦ ɰɢɤɥɨɦ ɧɚɢɛɨɥɶɲɭɸ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ 

ɧɚ ɬɪɟɯ ɜɢɞɚɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɤɚɡɚɥɢ ɫɨɟɞɢɧɟɧɢɹ (135ɚ)-(135ɛ) ɢ (139ɚ)-(139ɛ) 

ɫɨɞɟɪɠɚɳɢɟ β-Дɚɪɢɥ(ɛɟɧɡɢɥ)-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥЖ-1-ɝɢɞɪɨɤɫɢɷɬɢɥɶɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɜ ɩɨɥɨɠɟɧɢɢ 

ɋ-16, ɚ ɬɚɤɠɟ ɫɨɟɞɢɧɟɧɢɟ (136) ɥɚɛɞɚɧɨɜɵɣ ɨɫɬɨɜ ɤɨɬɨɪɨɝɨ ɫɨɟɞɢɧɟɧ ɫ ɬɪɢɚɡɨɥɶɧɵɦ 

ɮɪɚɝɦɟɧɬɨɦ ɫ ɩɨɦɨɳɶɸ ɷɬɚɧɨɧɨɜɨɝɨ ɥɢɧɤɟɪɚ (ɩɪɢɦɟɪɵ 6, 8 ɢ λ). ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 

ɭɤɚɡɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ ɱɟɥɨɜɟɤɚ ɭɜɟɥɢɱɢɥɚɫɶ ɜ 5-6 ɪɚɡ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɦɟɪɟɧɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1).  

1,2,4-Ɉɤɫɚɞɢɚɡɨɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ (121), (123) ɢ (125), (126) ɧɚ 

ɩɪɢɜɟɞɟɧɧɵɯ ɥɢɧɢɹɯ ɤɥɟɬɨɤ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 

ɢɫɯɨɞɧɵɟ ɞɢɬɟɪɩɟɧɨɢɞɵ (1) ɢ (5) (ɩɪɢɦɟɪɵ 1β-15) [260]. Ⱦɚɧɧɵɟ ɷɮɮɟɤɬ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧ ɞɥɹ 

1,3,4-ɨɤɫɚɞɢɚɡɨɥɚ (125), ɫ ɯɥɨɪɦɟɬɢɥɶɧɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ, ɫ ɢɡɛɢɪɚɬɟɥɶɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɩɨ 
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ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ CEε-1γ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɢɡɜɟɫɬɧɨɝɨ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ 

ɩɪɟɩɚɪɚɬɚ – ɞɨɤɫɨɪɭɛɢɰɢɧɚ ɫɨɟɞɢɧɟɧɢɟ (125) ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɤ 

ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɦ ɤɥɟɬɤɚɦ ɥɢɧɢɣ CEM-1γ ɢ εT-4. 1,3,4-Ɉɤɫɚɞɢɚɡɨɥɵ ɫ 8(17),13,14-

ɥɚɛɞɚɬɪɢɟɧɨɜɵɦ ɫɤɟɥɟɬɨɦ (121), (125) ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɯ ɚɧɚɥɨɝɚɦɢ ɫ ɥɚɛɞɚ-8(9),13,14-

ɬɪɢɟɧɨɜɵɦ ɨɫɬɨɜɨɦ (123), (126) ɢɦɟɸɬ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ ɤɨɬɨɪɨɣ 

ɩɪɨɢɫɯɨɞɢɬ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɤɥɟɬɨɤ. 

Ɍɚɛɥɢɰɚ 24. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (CTD50, ɦɤM) ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ 
ɥɚɛɞɚɬɪɢɟɧɨɜ ɜ ɨɬɧɨɲɟɧɢɢ ɥɢɧɢɣ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. 

№ ɋɨɟɞɢɧɟɧɢɟ ɋȿɆ-13 ɆɌ-4 U-937 

1 (1) 
69.1±1.0 92.1±5.2 43.2±β.1 

2 (5) 
59.0±6.4 24.5±2.2 35.γ±3.2 

3 ɉɢɫɭɧɨɥɢɞ 
9.2±0.04 4λ.1±0.8 γ4.1±0.8 

4 Ⱦɨɤɫɨɪɭɛɢɰɢɧ 
3.4±2.11 β.8±0.8 0.β±0.06 

5 

 
(61) 

9.9 8.3 67.2 

6 

 

(135ɚ)-(135ɛ) 

1β±γ.7 18±4.β 16±4.7 

7 

(133ɚ)-(133ɛ) 

47±8.5 γλ±8.γ 40±4.β 
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Ɍɚɛɥɢɰɚ β4 (ɩɪɨɞɨɥɠɟɧɢɟ). 

№ ɋɨɟɞɢɧɟɧɢɟ ɋȿɆ-13 ɆɌ-4 U-937 

8 

(136) 

10±γ.5 16±γ.8 7±γ.8 

9 

 
(139ɚ)-(139ɛ) 

β4±6.λ β1±6.6 8±γ.4 

10 

 

(140) 

41±7.5 76±λ.4 γ6±7.β 

11 

(141ɚ)-(141ɛ) 

γ1±5.λ 4β±6.6 γ1±8.β 

12 

 
(121) 

1.λ±0.1 23.5±1.2 24.4±β.1 
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Ɍɚɛɥɢɰɚ β4 (ɨɤɨɧɱɚɧɢɟ). 

№ ɋɨɟɞɢɧɟɧɢɟ ɋȿɆ-13 ɆɌ-4 U-937 

13 

 
(125) 

0.08±0.03 0.35±0.11 3.7±0.74 

14 

 
(123) 

26.0±5.2 21.1±3.5 33.1±4.1 

15 

 
(126) 

0.34±0.15 6.0±3.6 9.0±2.2 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 

ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ. 
 

ɋɨɟɞɢɧɟɧɢɹ (125) ɢ (126), ɫɨɞɟɪɠɚɳɢɟ ɯɥɨɪɦɟɬɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɨɛɥɚɞɚɸɬ ɧɚɢɛɨɥɶɲɟɣ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ. Ⱦɥɹ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɥɭɱɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ 

ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɤ ɪɚɡɥɢɱɧɵɦ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ ɥɢɧɢɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ (MCF-7, 

MDA-MB-231) ɢ ɦɟɥɚɧɨɦɵ (MEL-8) (ɬɚɛɥɢɰɚ 25). ɋɨɟɞɢɧɟɧɢɟ (125) ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɵɫɨɤɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɧɚ ɤɥɟɬɤɚɯ ɪɚɤɚ ɦɟɥɨɧɨɦɵ (MEL-8), ɤɨɬɨɪɚɹ ɜ β ɪɚɡɚ ɛɨɥɶɲɟ ɱɟɦ ɞɥɹ ɟɝɨ ɚɧɚɥɨɝɚ 

(126) ɢ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɞɨɤɫɨɪɭɛɢɰɢɧɚ. ȼ ɫɥɭɱɚɟ ɥɢɧɢɣ ɤɥɟɬɨɤ ɨɩɭɯɨɥɟɣ 

MCF-7 ɢ MDA-MB-231 1,3,4-ɨɤɫɚɞɢɚɡɨɥɵ (125) ɢ (126) ɩɪɨɹɜɥɹɸɬ ɫɥɚɛɭɸ ɚɤɬɢɜɧɨɫɬɶ. 
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Ɍɚɛɥɢɰɚ β5. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 1,3,4-ɨɤɫɚɞɢɚɡɨɥɨɜ (125) ɢ (126) 

ɋɨɟɞɢɧɟɧɢɹ ɐɢɬɨɬɨɤɫɢɱɧɨɫɬɶ (CTD50, ɦɤM) ɧɚ ɤɥɟɬɤɚɯ ɥɢɧɢɣ[a]
  

MCF-7 MDA-MB-231 MEL-8 

(125)                                  17.1±2.5             11.9±0.8                                  1β.0±0.5 

(126)                                  10.6±2.1              12.9±1.8                                  6.5±0.8 

Ⱦɨɤɫɨɪɭɛɢɰɢɧ                            3.5±0.6                7.9±0.5                                   5.1±0.5 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ. 

 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɫɨɟɞɢɧɟɧɢɹ (125) ɢ (126) ɢɫɫɥɟɞɨɜɚɧɵ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɩɨɩɬɨɡ 

ɜ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɤɚɯ U-937 ɢ MCF-7. Ⱥɩɨɩɬɨɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɥɟɬɤɚɯ ɢɡɦɟɪɹɥɢɫɶ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɤɪɚɫɢɬɟɥɹ – ɩɪɨɩɢɞɢɭɦ ɢɨɞɢɞɚ (PI). ɋɨɟɞɢɧɟɧɢɹ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ 

ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ (CTD50). ȼɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɤɥɟɬɨɤ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɮɚɡɟ ɤɥɟɬɨɱɧɨɝɨ ɰɢɤɥɚ SЮЛ-G1, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɤɥɟɬɨɤ ɜ ɫɨɫɬɨɹɧɢɢ ɚɩɨɩɬɨɡɚ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɤɥɟɬɨɤ ɥɢɧɢɢ U-λγ7 ɫɨɟɞɢɧɟɧɢɟɦ (125) ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ γ.7 ɦM 

ɩɪɢɜɨɞɢɬ ɤ ɢɧɞɭɤɰɢɢ ɚɩɨɩɬɨɡɚ ɱɟɪɟɡ β4 ɱ ɜ 46.8% ɤɥɟɬɤɚɯ, ɚ ɱɟɪɟɡ 48 ɱ ɜ 84.4% ɤɥɟɬɤɚɯ 

(ɩɪɢɥɨɠɟɧɢɟ 3). Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ (126) ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ λ.0 ɦM ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɫɨɫɬɚɜɢɥ 

79.2% ɱɟɪɟɡ β4 ɱ ɢ 75% ɩɨɫɥɟ 48 ɱ (ɩɪɢɥɨɠɟɧɢɟ 3). ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɤɥɟɬɨɤ ɥɢɧɢɢ MCF-7 

ɫɨɟɞɢɧɟɧɢɹɦɢ (125) ɢ (126) ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 17.1 ɦM ɢ 10.6 ɦM ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚɛɥɸɞɚɟɬɫɹ 

ɢɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɜ 75.7–8γ.8% ɤɥɟɬɤɚɯ ɩɨɫɥɟ β4 ɱ ɢ ɜ λ4.6-λ6% ɜ ɤɥɟɬɤɚɯ ɩɨɫɥɟ 48 ɱ 

(ɩɪɢɥɨɠɟɧɢɟ 3). 

ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɱɧɵɯ 

ɤɭɥɶɬɭɪ ɆɌ-4, MEL-8 ɢ U-937 ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 26. ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ 

ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ (189) ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɞɥɹ ɨɩɭɯɨɥɟɜɵɯ 

ɤɥɟɬɨɤ ɦɟɥɚɧɨɦɵ (MEL-8) ɢ ɦɨɧɨɰɢɬɧɨɣ ɥɢɦɮɨɦɵ ɱɟɥɨɜɟɤɚ (U-937), ɩɪɟɜɨɫɯɨɞɹɳɟɣ 

ɚɤɬɢɜɧɨɫɬɶ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɜ 10-11 ɪɚɡ (ɩɪɢɦɟɪ λ). Ɇɚɤɪɨɝɟɬɟɪɨɰɢɤɥ (190) ɬɚɤɠɟ 

ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɦ (1), 

ɞɥɹ ɧɟɝɨ ɯɚɪɚɤɬɟɪɧɚ ɢɡɛɢɪɚɬɟɥɶɧɚɹ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɭɯɨɥɟɜɵɦ ɤɥɟɬɤɚɦ U-

937 (ɩɪɢɦɟɪ 10).  
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Ɍɚɛɥɢɰɚ 26. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (CTD50, ɦɤM) ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɨɬɧɨɲɟɧɢɢ ɥɢɧɢɣ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. 

№ ɋɨɟɞɢɧɟɧɢɹ MEL-8 ɆɌ-4 U-937 

1 
(1) 46.β7±7.1β 92.11±5.21 4γ.β1±β.11 

2 
(2) 58±β.46 18.λ4±β.1β 34.71±5.68 

3 
Ⱦɨɤɫɨɪɭɛɢɰɢɧ  5.1±0.5 β.8±0.8 0.β±0.06 

4 

(164) 

ɇ.ɞ. β0±γ.62 45±β.77 

5 

(171) 

ɇ.ɞ. 5β.5±β.54 47±5.35 

6 

 
(177) 

ɇ.ɞ. 5β.5±β.54 47±5.γ5 

7 

 
(180) 

ɇ.ɞ. γ7±γ.04 64±6.γ6 

8 

 
(181) 

ɇ.ɞ. 4β±γ.4 56±11.8λ 
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Ɍɚɛɥɢɰɚ β6 (ɨɤɨɧɱɚɧɢɟ). 
№ ɋɨɟɞɢɧɟɧɢɹ MEL-8 ɆɌ-4 U-937 

9 

 
(189) 

4.67±1.03 13.12±2.76 3.77±0.56 

10 

 

 
(190) 

37.98±7.55 43.69±5.84 1γ.1±4.1 

11 

 
(192) 

67±18.β1 57±8.β1 ɇ.ɞ. 

12 

 
(194) 

7λ±1γ.86 77.γ±1.15 ɇ.ɞ. 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ. 

 

Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɢɡɨɢɧɞɨɥɢɧ-1-ɨɧɚ ɢ ɢɡɨɛɟɧɡɨɮɭɪɚɧɚ, ɫɨɞɟɪɠɚɳɢɯ ɞɟɤɚɥɢɧɨɜɵɣ 

ɡɚɦɟɫɬɢɬɟɥɶ, ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɩɨ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɨɬɧɨɲɟɧɢɢ ɤɥɟɬɨɱɧɵɯ 

ɤɭɥɶɬɭɪ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ (ɬɚɛɥɢɰɚ β7). Ɉɛɪɚɳɚɟɬ ɜɧɢɦɚɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɷɬɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɜ ɨɬɧɨɲɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɤɥɟɬɨɤ. Ɍɚɤ, 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧ (286) ɩɪɨɹɜɢɥ 

ɜɵɪɚɠɟɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɤ ɤɥɟɬɤɚɦ BT474, ɚ 7-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ (284) ɤ U-
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λγ7 (ɩɪɢɦɟɪɵ 4 ɢ 5). Ʌɚɛɞɚɧɨɢɞɧɵɟ ɢɡɨɢɧɞɨɥɢɧɨɧɵ (260)-(263), ɫɨɞɟɪɠɚɳɢɟ ɤɢɫɥɨɬɧɭɸ 

ɮɭɧɤɰɢɸ ɜ ɩɨɥɨɠɟɧɢɢ ɋ-4, ɨɛɥɚɞɚɥɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɥɟɬɤɚɦ 

ɆɌ-4, ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɩɪɢ ɚɬɨɦɟ ɚɡɨɬɚ ɛɟɧɡɢɥɶɧɵɣ ɢɥɢ (1-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-3-(ɦɟɬɢɥɬɢɨ)ɩɪɨɩɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɢ (260) ɢ (263) (ɩɪɢɦɟɪɵ 6-9). 

Ɍɚɛɥɢɰɚ β7. ɐɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ (CTD50, ɦɤM) ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ 
8(17),13,15-ɥɚɛɞɚɬɪɢɟɧɨɜɵɦ ɢ ɥɚɛɞɚ-8(9),13,14-ɬɪɢɟɧɨɜɵɦ ɡɚɦɟɫɬɢɬɟɥɟɦ ɜ ɨɬɧɨɲɟɧɢɢ ɥɢɧɢɣ 
ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ. 

№ ɋɨɟɞɢɧɟɧɢɹ MEL-8 ɆɌ-4 U-937 ɋEε-13 BT474 

1 (1) 46.β7±7.1β λβ.1±5.β 4γ.β±β.1 6λ.1±1.0 ɇ.ɞ. 
2 (5) 37.11±3.55 β4.5±2.2 35.γ±3.2 5λ.0±6.4 ɇ.ɞ. 

3 

 
(285) 

>200 36.ββ±8.94 ɇ.ɞ. ɇ.ɞ. ɇ.ɞ. 

4 

 
(286) 

>200 16.λ6±0.87 ɇ.ɞ. ɇ.ɞ. 5.γγ±0.γ6 

5 

 
(284) 

ɇ.ɞ. β8±γ.88 7.7±γ.6γ ɇ.ɞ. ɇ.ɞ. 

6 

 
(260) 

ɇ.ɞ. 2.8±0.8 ɇ.ɞ. 95±10.6 ɇ.ɞ. 

7 

 
(261) 

ɇ.ɞ. 20±7.8 ɇ.ɞ. 31± 6.1 ɇ.ɞ. 
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Ɍɚɛɥɢɰɚ β7 (ɨɤɨɧɱɚɧɢɟ). 
№ ɋɨɟɞɢɧɟɧɢɹ MEL-8 ɆɌ-4 U-937 ɋEε-13 BT474 

8 

 
(262) 

ɇ.ɞ. 20± 3.5 ɇ.ɞ. 61± 8.8 ɇ.ɞ. 

9 

(263) 

ɇ.ɞ. 2.1± 0.11 ɇ.ɞ. 88±11.2 ɇ.ɞ. 

CTD50μ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɥɨɫɶ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɧɚ 50% 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɨɫɥɟ 7β ɱ ɢɧɤɭɛɢɪɨɜɚɧɢɹ. 

 

Тɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪяɞɭ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɯ ɚɝɟɧɬɨɜ, ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥя ɢɡɭɱɟɧɢя ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɫɜɨɣɫɬɜ: 

- 15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ (5-ɯɥɨɪɦɟɬɢɥ)-1,2,4-ɨɤɫɚɞɢɚɡɨɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɜ 

ɩɨɥɨɠɟɧɢɢ C-16; 

- ɦɚɤɪɨɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɣ ɮɪɚɝɦɟɧɬ ɜ ɤɨɬɨɪɵɯ ɨɛɪɚɡɨɜɚɧ ɩɨ 

ɩɨɥɨɠɟɧɢɹɦ ɋ-17,18 ɥɚɛɞɚɧɨɜɨɝɨ ɫɤɟɥɟɬɚ; 

- ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɝɢɛɪɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɞɟɤɚɥɢɧɨɜɵɣ ɨɫɬɨɜ ɢ 

ɢɡɨɢɧɞɨɥɢɧɨɜɵɣ ɢɥɢ ɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜɵɣ ɡɚɦɟɫɬɢɬɟɥɢ. 
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ȽɅȺȼȺ 10. ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇȺə ɑȺɋɌɖ 

Aɧɚɥɢɬɢɱɟɫɤɢɟ ɢ ɫɩɟɤɬɪɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɜ ɏɢɦɢɱɟɫɤɨɦ ɋɟɪɜɢɫɧɨɦ ɐɟɧɬɪɟ 

ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɋɈ ɊȺɇ.  

ɂɄ-ɫɩɟɤɬɪɵ ɡɚɩɢɫɵɜɚɥɢ ɧɚ ɩɪɢɛɨɪɟ VОМЭШЫ-ββ ɜ ɬɚɛɥɟɬɤɚɯ KBЫ ɢɥɢ ɜ ɱɢɫɬɨɦ ɜɢɞɟ. ɍɎ-ɫɩɟɤɬɪ 

ɡɚɩɢɫɵɜɚɥɢ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ HP 845γ UV-VТЬ ɜ ɷɬɚɧɨɥɟ. ɋɩɟɤɬɪɵ əɆɊ 1ɇ ɢ 13ɋ ɡɚɩɢɫɵɜɚɥɢ ɧɚ 

ɫɩɟɤɬɪɨɦɟɬɪɚɯ AV-400 ɮɢɪɦɵ BЫЮФɟЫ ɫ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɨɣ 400.1γ ɆȽɰ ɞɥɹ 1H ɢ 100.61 ɆȽɰ ɞɥɹ 
13ɋ, DRБ-500 ɮɢɪɦɵ BЫЮФɟЫ ɫ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɨɣ 500.1γ ɆȽɰ ɞɥɹ 1H ɢ 1β5.76 ɆȽɰ ɞɥɹ 13ɋ ɞɥɹ 

ɪɚɫɬɜɨɪɨɜ ɜɟɳɟɫɬɜ ɜ CDCХ3. Ɇɭɥɶɬɢɩɥɟɬɧɨɫɬɶ ɫɢɝɧɚɥɨɜ ɜ ɫɩɟɤɬɪɚɯ əɆɊ 13ɋ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 

ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ ɫɧɹɬɢɹ ɫɩɟɤɬɪɚ ɜ ɪɟɠɢɦɟ J-ɦɨɞɭɥɹɰɢɢ (JεOD) ɢ ɫ ɜɧɟɪɟɡɨɧɚɧɫɧɵɦ 

ɩɨɞɚɜɥɟɧɢɟɦ ɩɪɨɬɨɧɨɜ (ШПП-ЫОЬШЧКЧМО). ɋɩɟɤɬɪɵ βD əɆɊ 1
H-

1H (COSВ) ɢ 13
C-

1
H (COXH, 

COLOC) ɫɨɟɞɢɧɟɧɢɣ ɡɚɩɢɫɵɜɚɥɢ ɧɚ ɩɪɢɛɨɪɟ BЫЮФОЫ AV-600 ɫ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɨɣ 600.γ0 ɆȽɰ ɞɥɹ 

1ɇ ɢ 150.λ6 ɆȽɰ ɞɥɹ 13ɋ ɜ CDCХ3 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɨɝɪɚɦɦ ɮɢɪɦɵ BЫЮФОЫ. ȼ 

ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɧɞɚɪɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɢɝɧɚɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ – ɞɟɣɬɟɪɨɯɥɨɪɨɮɨɪɦɚ (įC 

76.λ0 ɦ.ɞ.) ɢ ɨɫɬɚɬɨɱɧɵɣ ɫɢɝɧɚɥ ɩɪɨɬɨɧɚ ɯɥɨɪɨɮɨɪɦɚ (įH 7.β4 ɦ.ɞ.). Ɇɚɫɫ-ɫɩɟɤɬɪɵ ɫɨɟɞɢɧɟɧɢɣ 

ɩɨɥɭɱɚɥɢ ɧɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɚɯ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ Finnigan MAT 8200 ɢ DFS (Double 

Focusing Sector) Thermo Electron CШЫЩШЫКЭТШЧ ɫ ɢɨɧɢɡɢɪɭɸɳɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 70 ɷȼ. ȼɟɥɢɱɢɧɵ 

ɭɞɟɥɶɧɨɝɨ ɜɪɚɳɟɧɢɹ (ДαЖD) ɢɡɦɟɪɹɥɢ ɧɚ ɩɨɥɹɪɢɦɟɬɪɚɯ PШХКЦКЭ A ɢ PШХAAЫ 7γ005 ɜ ɯɥɨɪɨɮɨɪɦɟ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɇɨɥɟɤɭɥɹɪɧɭɸ ɦɚɫɫɭ ɫɨɟɞɢɧɟɧɢɣ (164)-(168) ɢ (171)-(195) 

oɩɪɟɞɟɥɹɥɢ ɧɚ ɩɚɪɨɮɚɡɧɨɦ ɨɫɦɨɦɟɬɪɟ KЧКЮОЫ.ɗɥɟɦɟɧɬɧɵɣ ɚɧɚɥɢɡ ɜɵɩɨɥɧɹɥɢ ɧɚ ɋɇN-

ɚɧɚɥɢɡɚɬɨɪɟ ɦɨɞɟɥɶ 1106 ɮɢɪɦɵ Carlo Erba. Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɢ ɧɚ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ BЫЮФОЫ P4 (εШ Kα-ɢɡɥɭɱɟɧɢɟ ɫ ɝɪɚɮɢɬɨɜɵɦ ɦɨɧɨɯɪɨɦɚɬɨɪɨɦ, βθ/θ-ɫɤɚɧɢɪɨɜɚɧɢɟ 

ɜ ɨɛɥɚɫɬɢ βθ<50ɨ). ȼɜɨɞɢɥɢ ɩɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɷɦɩɢɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɨ Ѱ-ɤɪɢɜɵɦ. 

Cɬɪɭɤɬɭɪɵ ɪɚɫɲɢɮɪɨɜɵɜɚɥɢ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXS-λ7. ɍɬɨɱɧɟɧɢɟ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɜ ɩɨɥɧɨɦɚɬɪɢɱɧɨɦ 

ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨ ɩɪɨɝɪɚɦɦɟ SHEδБδ-97. 

ɉɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ ɢ ɱɢɫɬɨɬɭ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ Ɍɋɏ ɧɚ 

ɩɥɚɫɬɢɧɚɯ Sorbfil ɉɌɋɏ-ɉ-Ⱥ-ɍɎ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦμ ɯɥɨɪɨɮɨɪɦ – ɷɬɚɧɨɥ (10:1); 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ - ɷɬɢɥɚɰɟɬɚɬ (10μ1). ɉɹɬɧɚ ɩɪɨɹɜɥɹɥɢ ɨɩɪɵɫɤɢɜɚɧɢɟɦ ɩɥɚɫɬɢɧ β0% H2SO4 ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɝɪɟɜɚɧɢɟɦ ɞɨ 100°C ɢɥɢ ɜ ɍɎ-ɫɜɟɬɟ.  

ɉɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɜɵɞɟɥɹɥɢ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɄɋɄ (0-70 ɦɤ) ɢɥɢ 

Acros (0.035-0.70 ɦɦ, ɞɢɚɦɟɬɪ ɩɨɪ 6 ɧɦ). 

ɀɢɜɢɰɭ ɫɨɫɧɵ ɫɢɛɢɪɫɤɨɣ Pinus sibirica R. Mayr. ɡɚɝɨɬɚɜɥɢɜɚɥɢ ɜ Ⱥɥɬɚɣɫɤɨɦ ɤɪɚɟ. ȼ ɪɚɛɨɬɟ 

ɢɫɩɨɥɶɡɨɜɚɥɢ 3-ɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩɢɨɧɨɜɭɸ, ɚɦɢɧɨɧɨɧɚɧɨɜɭɸ, ɚɦɢɧɨɭɧɞɟɤɚɧɨɜɭɸ, 

ɝɢɩɩɭɪɨɜɭɸ ɤɢɫɥɨɬɵ, ɯɥɨɪɚɧɝɢɞɪɢɞ ɯɥɨɪɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɪɟɚɝɟɧɬ Ⱦɟɫɫ-Ɇɚɪɬɢɧɚ, POCl3, 
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NaBH4, 60% NaH ɜ ɦɚɫɥɟ, CuSO4∙5H2O, CuI, CF3CO2H, SeO2, 3-ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɭɸ ɤɢɫɥɨɬɭ, 

ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞ, β-ɚɦɢɧɨ-2-ɦɟɬɢɥ-1-ɩɪɨɩɚɧɨɥ, 4-ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧ, N,N-

ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞ, 1-ɝɢɞɪɨɤɫɢɛɟɧɡɨɬɪɢɚɡɨɥ, ɬɢɪɚɦɢɧ, L-ɥɟɣɰɢɧ, L-ɢɡɨɥɟɣɰɢɧ, 

ɚɫɤɨɪɛɚɬ ɧɚɬɪɢɹ, ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧ, 80% ɪɚɫɬɜɨɪ ɩɪɨɩɚɪɝɢɥɛɪɨɦɢɞɚ ɜ ɬɨɥɭɨɥɟ, 

ɰɢɫɬɟɢɧɚɦɢɧ, ɯɥɨɪɚɧɝɢɞɪɢɞ ɤɪɨɬɨɧɨɜɨɣ ɢ ɦɟɬɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬ, ɢɨɞɢɫɬɵɣ ɦɟɬɢɥ, 

ɷɬɢɥɛɪɨɦɚɰɟɬɚɬ, ɷɬɢɥɨɜɵɟ ɷɮɢɪɵ -ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɢ -ɛɪɨɦɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬ, 

ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧ, ɮɟɧɢɥɜɢɧɢɥɤɟɬɨɧ, ɚɤɪɨɥɟɢɧ, ɫɬɢɪɨɥ, ɦɟɬɢɥɚɤɪɢɥɚɬ ɮɢɪɦɵ Alfa Aesar ɢɥɢ 

Sigma-Aldrich. ɉɪɢɦɟɧɹɥɢ ɩɪɨɩɚɪɝɢɥɚɦɢɧ ɝɢɞɪɨɯɥɨɪɢɞ ɮɢɪɦɵ “Acros”ν L-ɚɥɚɧɢɧ, L-ɦɟɬɢɨɧɢɧ, 

D,L-ɜɚɥɢɧ ɮɢɪɦɵ Lancasterν ɞɢɷɬɢɥɚɦɢɧ ɮɢɪɦɵ ɈɈɈ Ʉɨɦɩɨɧɟɧɬ-Ɋɟɚɤɬɢɜν ɛɨɪɝɢɞɪɢɞ ɧɚɬɪɢɹ 

ɮɢɪɦɵ ȼɟɤɬɨɧ. 

ɂɫɩɨɥɶɡɨɜɚɥɢ ɫɜɟɠɟɩɟɪɟɝɧɚɧɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɢ ɪɟɚɝɟɧɬɵ. ɏɥɨɪɢɫɬɵɣ ɬɢɨɧɢɥ ɨɱɢɳɚɥɢ 

ɩɟɪɟɝɨɧɤɨɣ ɧɚɞ ɥɶɧɹɧɵɦ ɦɚɫɥɨɦν ȼF3
.
Et2O - ɧɚɞ ɝɢɞɪɢɞɨɦ ɤɚɥɶɰɢɹν ɬɪɢɷɬɢɥɚɦɢɧ ɢ ɩɢɪɢɞɢɧ - ɧɚɞ 

ɝɢɞɪɨɤɫɢɞɨɦ ɤɚɥɢɹ. ɐɢɧɤ ɚɤɬɢɜɢɪɨɜɚɥɢ ɩɪɨɦɵɜɚɧɢɟɦ β%-ɧɨɣ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ, ɡɚɬɟɦ ɜɨɞɨɣ, 

ɫɩɢɪɬɨɦ, ɚɰɟɬɨɧɨɦ ɢ ɚɛɫɨɥɸɬɧɵɦ ɷɮɢɪɨɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɜɵɫɭɲɢɜɚɧɢɟɦ ɩɪɢ 80ɨɋ ɜ ɜɚɤɭɭɦɟ. 

ɉɚɥɥɚɞɢɣ ɧɚ ɭɝɥɟ Д261Ж, ɯɥɨɪɯɪɨɦɚɬ ɩɢɪɢɞɢɧɢɹ Д262Ж, ɪɟɚɝɟɧɬ Ⱦɠɨɧɫɚ Д263Ж, ɚɧɝɢɞɪɢɞ 

ɛɢɰɢɤɥɨДβ.β.1Жɝɟɩɬ-5-ɟɧ-2,3-ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ Д264Ж, ɧɢɤɟɥɶ Ɋɟɧɟɹ Д265Ж, ɛɟɧɡɢɥɚɡɢɞ Д266], 

ɦɟɬɢɥ-2-ɚɡɢɞɨɚɰɟɬɚɬ Д267], (3S,4R,5R)-3-ɚɡɢɞo-4,5-ɛɢɫД(ɦɟɬɚɧɫɭɥɶɮɨɧɢɥ)ɨɤɫɢЖ-1-

(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɰɢɤɥɨɝɟɤɫɟɧ [268], 1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧ [269],
 
1,10-ɞɢɚɡɢɞɨɞɟɤɚɧ [270],

 
1-ɚɡɢɞɨ-2-

(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧ [271], 1,2-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧ Д271Ж, ɮɟɧɢɥɚɤɪɢɥɚɬ Д272], 

 ɜɢɧɢɥɮɟɧɢɥɤɟɬɨɧ Д273], N,N-(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)ɞɢɚɤɪɢɥɚɦɢɞ Д274], Pd(OAc)2 [275], AuCl3 [276], 

AgOTf [277], Ph3PAuCl3 [278], Hg(ClO4)2 [279Ж ɩɨɥɭɱɚɥɢ ɩɨ ɢɡɜɟɫɬɧɵɦ ɦɟɬɨɞɢɤɚɦ.  

Ɏɥɨɦɢɡɨɢɤɨɜɭɸ ɤɢɫɥɨɬɭ (5) ɢ ɟɟ ɯɥɨɪɚɧɝɢɞɪɢɞ (18) ɩɨɥɭɱɚɥɢ ɩɨ ɦɟɬɨɞɢɤɚɦ, ɨɩɢɫɚɧɧɵɯ ɜ 

ɪɚɛɨɬɟ Д280], ɦɟɬɢɥ 16-ɝɢɞɪɨɤɫɢɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬ ɢ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬ (53) ɩɨ 

ɦɟɬɨɞɢɤɚɦ ɪɚɛɨɬɵ Д281], ɦɟɬɢɥ 16-N-ɛɟɧɡɢɥɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬ (206) ɩɨ ɦɟɬɨɞɢɤɟ ɪɚɛɨɬɵ 

[282], (8R)-ɝɢɞɪɨɤɫɢɥɚɛɞɚɞɢɟɧ (148) ɩɨ ɦɟɬɨɞɢɤɟ ɪɚɛɨɬɵ [283], 18-ɝɢɞɪɨɤɫɢɥɚɛɞɚɬɪɢɟɧ (155) ɩɨ 

ɦɟɬɨɞɢɤɟ ɪɚɛɨɬɵ [284], ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɢ ɦɟɬɢɥ 16-

ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬ (112) ɩɨ ɦɟɬɨɞɢɤɚɦ ɪɚɛɨɬɵ [22]. 

(1R,4aR,4bS,7S,10aR) 1,4a,7-ɬɪɢɦɟɬɢɥ-7-ɜɢɧɢɥ-1,2,3,4,4a,4b,5,6,7,8,10,10a-

ɞɨɞɟɤɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ 1-ɤɚɪɛɨɧɨɜɚя ɤɢɫɥɨɬɚ Дɢɡɨɩɢɦɚɪɨɜɚя 

ɤɢɫɥɨɬɚ] (3). Ʉ ɪɚɫɬɜɨɪɭ 700 ɝ ɠɢɜɢɰɵ Pinus sibirica ɜ 600 ɦɥ 

ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ ɞɨɛɚɜɢɥɢ β0 ɦɥ β-ɚɦɢɧɨ-2-ɦɟɬɢɥ-1-ɩɪɨɩɚɧɨɥɚ. 

ɑɟɪɟɡ β ɱ ɤ ɫɦɟɫɢ ɞɨɛɚɜɢɥɢ ɟɳё γ00 ɦɥ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ, 

ɤɢɩɹɬɢɥɢ γ0 ɦɢɧ, ɨɯɥɚɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɞɜɚɠɞɵ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɷɬɚɧɨɥɚ. Ɉɫɚɞɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjCqsK9p_vTAhVKD5oKHc-kA-MQFggiMAA&url=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Faldrich%2F159492&usg=AFQjCNFkht3d7BSRa2xWHmF5R5Yb2nq0Ag
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ɩɪɨɦɵɥɢ 5%-ɧɵɦ ɜɨɞɧ. ɪɚɫɬɜɨɪɨɦ HCl (3100 ɦɥ), ɜɨɞɨɣ (γ100 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

ɏɥɨɪɨɮɨɪɦɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ. ɉɨɥɭɱɢɥɢ 

44 ɝ (6.γ%) ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (3) ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ. ɬ. ɩɥ. 148-151
ɨɋ (ɩɟɬɪɨɥɟɣɧɵɣ 

ɷɮɢɪ). Д]589 - 11.94
 o
 (c 0.67, CHCl3). ɥɢɬ. Д285Ж ɬ. ɩɥ. 160-161

ɨɋ. []589 - 0
o
 (ɷɬɚɧɨɥ). 

 (1R,4aR,4bS,7S,10aR)-ɦɟɬɢɥ 1,4a,7-ɬɪɢɦɟɬɢɥ-7-ɷɬɢɥ-1,2,3,4,4a,4b,5,6,7,8,10,10a-

ɞɨɞɟɤɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ Дɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ] (14). Ʉ ɪɚɫɬɜɨɪɭ 700.0 ɝ ɠɢɜɢɰɵ Pinus sibirica ɜ  600 ɦɥ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ 

ɞɨɛɚɜɢɥɢ γ0 ɦɥ ɞɢɷɬɢɥɚɦɢɧɚ (ɞɨ ɩɨɹɜɥɟɧɢɹ ɜ ɩɚɪɚɯ ɞɢɷɬɢɥɚɦɢɧɚ) ɢ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ β4 ɱ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɞɢɷɬɢɥɚɦɦɨɧɢɟɜɵɯ ɫɨɥɟɣ ɫɦɨɥɹɧɵɯ 

ɤɢɫɥɨɬ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ (βɯ70 ɦɥ), ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ 

ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ, ɷɬɚɧɨɥɚ ɪɚɫɬɜɨɪɢɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ 

5%-ɧɵɦ ɜɨɞɧ. ɪɚɫɬɜɨɪɨɦ HCl (γɯ100 ɦɥ), ɜɨɞɨɣ (γɯ100 ɦɥ) ɢ 

ɫɭɲɢɥɢ MgSO4. ɏɥɨɪɨɮɨɪɦɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ, ɜ ɨɫɬɚɬɤɟ 

ɩɨɥɭɱɢɥɢ β1.0 ɝ (γ%) ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1). Ɇɚɬɨɱɧɵɣ 

ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɞɨ γ50 ɦɥ ɢ ɨɫɬɚɜɢɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ β ɫɭɬ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, 

ɩɪɨɦɵɥɢ ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ (βɯ50 ɦɥ), ɬɪɢɠɞɵ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɷɬɚɧɨɥɚ, ɡɚɬɟɦ  

ɪɚɫɬɜɨɪɢɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ 5%-ɧɵɦ ɜɨɞɧ. ɪɚɫɬɜɨɪɨɦ HCl (γɯ100 ɦɥ), ɜɨɞɨɣ (γɯ100 ɦɥ) 

ɢ ɫɭɲɢɥɢ MgSO4. ɏɥɨɪɨɮɨɪɦɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 70 ɝ ɬɜɟɪɞɨɣ ɫɦɟɫɢ 

ɚɛɢɟɬɢɧɨɜɨɣ ɢ ɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬ (3) (ɫɨɨɬɧɨɲɟɧɢɟ 1 μ 1, ɩɨ ɞɚɧɧɵɦ əɆɊ 1ɇ), ɤɨɬɨɪɭɸ 

ɪɚɫɬɜɨɪɢɥɢ ɜ 100 ɦɥ ɦɟɬɚɧɨɥɚ ɢ ɩɨɦɟɫɬɢɥɢ ɜ γ-ɝɨɪɥɭɸ ɤɨɥɛɭ, ɫɧɚɛɠɟɧɧɭɸ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɦɟɲɚɥɤɨɣ, ɬɟɪɦɨɦɟɬɪɨɦ ɢ ɤɚɩɟɥɶɧɨɣ ɜɨɪɨɧɤɨɣ. Ʉ ɪɚɫɬɜɨɪɭ ɞɨɛɚɜɢɥɢ 44.0 ɝ ɞɢɦɟɬɢɥɫɭɥɶɮɚɬɚ ɢ 

ɩɪɢ ɯɨɪɨɲɟɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɬɟɱɟɧɢɢ 45 ɦɢɧ ɩɪɢɤɚɩɚɥɢ 80.0 ɦɥ. 50%-ɧɨɝɨ ɜɨɞɧ. ɪɚɫɬɜɨɪɚ 

KOH (ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 40ɋ). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 7 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɦɟɬɚɧɨɥ ɭɩɚɪɢɥɢ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 100 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɋHCl3 (370 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɣ ɷɤɫɬɪɚɤɬ ɩɪɨɦɵɥɢ 1%-ɧɵɦ ɜɨɞɧ. ɪɚɫɬɜɨɪɨɦ NКOH (β100 ɦɥ), 

ɜɨɞɨɣ (γ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 64.4 ɝ (92%) 

ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɢɡɨɩɢɦɚɪɨɜɨɣ ɢ ɚɛɢɟɬɢɧɨɜɨɣ ɤɢɫɥɨɬ. Ʉ ɪɚɫɬɜɨɪɭ ɩɨɫɥɟɞɧɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 

100 ɦɥ ɷɬɚɧɨɥɚ ɞɨɛɚɜɢɥɢ 6.4 ɝ 10% Pd/C ɢ ɝɢɞɪɢɪɨɜɚɥɢ ɜ ɬɨɤɟ ɜɨɞɨɪɨɞɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ β ɱ (ɞɨ ɩɪɟɤɪɚɳɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɜɨɞɨɪɨɞɚ), ɤɚɬɚɥɢɡɚɬɨɪ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, 

ɩɪɨɦɵɥɢ ɷɬɚɧɨɥɨɦ, ɨɛɴɟɞɢɧɟɧɧɵɟ ɪɚɫɬɜɨɪɵ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ ɞɨ ɨɛɴɟɦɚ 40-50 ɦɥ, ɨɫɬɚɬɨɤ 

ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɷɬɚɧɨɥɚ. ɉɨɥɭɱɢɥɢ γ0.0 ɝ (4.γ%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ (14). Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɨɫɬɚɬɤɚ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɢɥɢ βγ.0 ɝ (3.3%) 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɚɛɢɟɬɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. ɋɨɟɞɢɧɟɧɢɟ (14), Ɍ. ɩɥ. 58-60
 ɨɋ. Д]589 -3.9 (c 2.0, 
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CHCl3). Ʌɢɬ Д286Ж, ɦɚɫɥɨ, Д]589 - 3.9
ɨ
 (c 1.1, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ) 243 (2.35). 

Ⱦɚɧɧɵɟ ɂɄ-, Ɇɚɫɫ-, əɆɊ 1ɇ ɢ 13ɋ ɫɩɟɤɬɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɟ Д286]. 

(1S,4aR,5S,8aR)-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɚɦɢɞ (ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ) (17). Ʉ ɪɚɫɬɜɨɪɭ γ.1 ɝ (10 ɦɦɨɥɶ) 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (1) ɢ 1 ɦɥ ɩɢɪɢɞɢɧɚ ɜ β0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɩɪɢ ɯɨɪɨɲɟɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ 0-5°C ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.8 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɬɢɨɧɢɥɚ. ɋɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɢ 1 ɱ ɩɪɢ +5°C ɢ ɞɨɛɚɜɢɥɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɤ 10 ɦɥ ɤɨɧɰ. ɪɚɫɬɜɨɪɚ 

ɚɦɦɢɚɤɚ, ɨɯɥɚɠɞɟɧɧɨɝɨ ɞɨ +5°C. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ, ɡɚɬɟɦ ɞɨɛɚɜɢɥɢ β0 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ, ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – 

ɷɬɢɥɚɰɟɬɚɬ). ȼɵɞɟɥɢɥɢ β.8 ɝ (λ1%) ɫɨɟɞɢɧɟɧɢɹ (17) ɜ ɜɢɞɟ ɦɚɫɥɚ, ДαЖD20 

+10β.5° (М 0.64, CHCХ3). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3410, 3360, 3141, 2952, 1690, 

1680, 1660, 1612, 1515, 1500, 1480, 1440, 1380, 1360, 1235, 1220, 1190, 

1160, 1145, 10λ0, 1045, λ7β, 8λ0, 8β0, 7λ5, 750. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.64 ɫ (γH, C20
H3), 1.01 ɞ.ɞ.ɞ (1H, H3

, J 13.5, 4.6, 1.8). 1.12 

ɞ.ɞ.ɞ (1H, H1
, J 1γ.8, 4.5, β.β), 1.18 ɫ (γH, C19

H3), 1.β8 ɞ.ɞ (1H, H5
, J 12.6, 

2.0), 1.51-1.6β ɦ (γH, H2,9,11), 1.71 ɦ (1H, H6
), 1.79-1.λ1 ɦ (4H, H1,2,6,7

), 2.19-2.β5 ɦ (βH, H3,6
), 2.23 

ɦ (1H, H12), β.4β ɦ (1H, H7), β.5γ ɦ (1H, H12), 4.56 ɫ (1H, H17), 4.87 ɫ (1H, H17), 5.5γ ɭɲ.ɫ (1H, NH, 

Jɩɨɥɭɲɢɪɢɧɵ 4.1), 5.88 ɭɲ.ɫ (1H, NH, Jɩɨɥɭɲɢɪɢɧɵ 4.1), 6.βγ ɞ.ɞ (1H, H14
, J 2.5, 1.8), 7.16 ɞ (1H, H15

, J 

1.8), 7.γ1 ɞ (1H, H16
, J β.5). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 1β.75 ɤ (C20

), 20.03 ɬ (C2
), 23.43 ɬ (C12

), 24.13 

ɬ (C11
), 26.56 ɬ (C6

), 30.01 ɤ (C19
), 38.44 ɬ (C3

), 38.71 ɬ (C7
), 39.23 ɬ (C1

), 40.22 ɫ (C10
), 44.01 ɫ (C4

), 

55.10 ɞ (C9
), 56.29 ɞ (C5

), 106.58 ɬ (C17
), 110.81 ɞ (C14

), 125.28 ɫ (C13
), 138.57 ɞ (C15

), 142.52 ɞ 

(C
16

), 147.47 ɫ (C8
), 179.71 ɫ (C18). Ɇɚɫɫ-ɫɩɟɤɬɪ, Ц/г. (Iɨɬɧ., %): 398 (0.6), 358 (0.3), 339 (0.9), 283 

(0.6), β65 (0.8), β4λ (7), 18λ (β6), 150 (100), 1γγ (1γ), 108 (γ0), 8γ (β4), 5λ (β4). ɇɚɣɞɟɧɨμ Ц/г 

315.2444 [M]
+
. C20H29NO2. ȼɵɱɢɫɥɟɧɨμ ε γ15.β45β. 

(1S,1'S,4aS,4a'S,8aR,8a'R)-N,N'-(ɷɬɚɧ-1,6-ɞɢɢɥ)ɛɢɫ(5-(2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a,6-

ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɚɦɢɞ (19). Ʉ ɪɚɫɬɜɨɪɭ 1.10 ɝ (γ.β 

ɦɦɨɥɶ) ɯɥɨɪɚɧɝɢɞɪɢɞɚ 15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (18) ɜ 15 ɦɥ 

ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɞɨɛɚɜɢɥɢ 0.β1 ɝ (γ.β ɦɦɨɥɶ) ɷɬɢɥɞɢɚɦɢɧɚ ɢ ɩɨ ɤɚɩɥɹɦ 0.7γ ɦɥ (6.4 ɦɦɨɥɶ) 

ɬɪɢɷɬɢɥɚɦɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ β4 ɱ, 

ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ ɫɟɪɧɵɣ ɷɮɢɪ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɬɪɢɷɬɢɥɚɦɢɧɚ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (β0μ1, ɫɢɫɬɟɦɚ ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.8β ɝ (81%) 

ɫɨɟɞɢɧɟɧɢɹ (19) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 + 101.20

o
 (c 0.50, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 600, 755, 874, 
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1025, 1064, 1164, 1192, 1233, 1255, 1377, 1462, 1519, 1643, 1759, 2871, 2932, 3392. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.84 c (6H, ɋ20ɇ3), 1.08 ɞ.ɬ (βɇ, ɇ3

, J 1γ.5, 4.4), 1.17 М (6ɇ, ɋ19ɇ3), 1.20 

ɞ.ɬ (βɇ, ɇ1
, J 14.1, 4.0), 1.γ4 ɞ (βH, H

5
, J 1β.1), 1.57 ɦ (βH, H

2
), 1.62 c (6H, 

ɋ17ɇ3), 1.71-1.84 ɦ (4ɇ, ɇ6,2
), 1.88-β.0β ɦ (6H, H

1,6,7
), 2.05-2.15 ɦ (βH, 

H
7,11), β.10 ɞ.ɦ (βɇ, ɇ3

,
 
J λ.6), β.β4 ɦ (βɇ, ɇ11), β.4γ ɦ (4H, H

12,12
), 3.34 

ɭɲ.ɫ (4ɇ, βɋɇ2), 6.β8 ɞ.ɞ (1ɇ, ɇ14
, J  1.6, 0.8), 6.γ5 ɭɲ.ɫ (βɇ, NH), 7.22 

ɭɲ.ɫ (1ɇ, ɇ16), 7.γγ ɞ.ɞ (1ɇ, ɇ15
, J 1.6, 0.8). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 17.86 

ɤ (C20), 1λ.51 ɤ (C17), 1λ.6β ɬ (C2
), β1.0λ ɬ (C6), β5.48 ɬ (C12), β8.66 ɬ (C11

), 

βλ.44 ɤ (C19), γ4.ββ ɬ (C7
), γ7.β7 ɬ (C1

), γ7.60 ɬ (C3), γλ.4λ ɫ (C10
), 40.10 ɬ 

(ɋɇ2), 4γ.4γ ɫ (C4), 5γ.50 ɞ (ɋ5), 110.54 ɞ (C14), 1β5.β4 ɫ (C13), 1β6.7β ɫ 

(C
8), 1γ8.07 ɞ (ɋ15

), 1γ8.77 ɫ (C9), 14β.γ6 ɞ (C16), 178.01 ɫ (C18
). ɇɚɣɞɟɧɨ, %μ ɋ 77.09, H 9.64, N 

3.89. C44H64N2O4. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 77.14, H 9.42, N 4.09. 

(1S,1'S,4aS,4a'S,8aR,8a'R)-N,N'-(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)ɛɢɫ(5-(2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a,6-

ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɚɦɢɞ (18). Ʉ ɪɚɫɬɜɨɪɭ 1.10 ɝ (γ.β 

ɦɦɨɥɶ) ɯɥɨɪɚɧɝɢɞɪɢɞɚ 15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (18) ɜ 15 ɦɥ 

ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɞɨɛɚɜɢɥɢ 0.44 ɝ (γ.β ɦɦɨɥɶ) ɝɟɤɫɚɦɟɬɢɥɟɧ-1,6-ɞɢɚɦɢɧɚ ɢ ɩɨ ɤɚɩɥɹɦ 0.7γ 

ɦɥ (6.4 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

β4 ɱ, ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ ɫɟɪɧɵɣ ɷɮɢɪ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɬɪɢɷɬɢɥɚɦɢɧɚ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ 

ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (β0μ1, ɫɢɫɬɟɦɚ 

ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 1.06 ɝ (8λ%) ɫɨɟɞɢɧɟɧɢɹ (20) ɜ ɜɢɞɟ ɛɟɥɨɣ 

ɚɦɨɪɮɧɨɣ ɦɚɫɫɵ. ДαЖD20 
+116.98° (М 1.06, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 

756, 1024, 1066, 1167, 1180, 1256, 1377, 1459, 1520, 1643, 1759, 2873, 

2935, 3391. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.84 c (6H, ɋ20ɇ3), 

1.06 ɞ.ɬ (βɇ, ɇ3
, J 1γ.6, 4.1), 1.15 М (6ɇ, ɋ19ɇ3), 1.18 М (βɇ, ɇ1), 1.γ0 ɦ (4ɇ, ɋɇ2), 1.γ1 ɦ (βH, H

5
), 

1.γ0 ɬ (4ɇ, ɋɇ2,
 
J 6.7), 1.5γ ɦ (βH, H

2
), 1.61 c (6H, ɋ17ɇ3), 1.72-1.8β ɦ (4ɇ, ɇ6,2), 1.87 ɦ, 1.λ1 ɦ, 

1.λλ ɦ  (6H, H
1,6,7), β.07 ɦ (βH, H

7,11), β.10 ɞ.ɦ (βɇ, ɇ3
,
 
J  λ.6), β.β1 ɦ (βɇ, ɇ11), β.41 ɦ (4H, H

12,12
), 

γ.15 ɞ (βɇ, ɋɇ2, J 6.7), γ.β0 ɞ (βɇ, ɋɇ2, J 6.7), 5.6β ɬ (βɇ, NH, J 6.7), 6.β6 ɞ.ɞ (1ɇ, ɇ14
, J  1.5, 0.9), 

7.β1 ɬ (1ɇ, ɇ16
, J 0.λ), 7.γγ ɞ.ɞ (1ɇ, ɇ15

, J 1.5, 0.λ). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 17.87 ɤ (C20), 1λ.46 ɤ 

(C
17

), 1λ.60 ɬ (C2
), β1.15 ɬ (C6), β5.4β ɬ (C12), β6.βγ ɬ (ɋɇ2), β8.6γ ɬ (C11), βλ.0γ ɬ (ɋɇ2), βλ.54 ɤ 

(C
19), γ4.βγ ɬ (C7

), γ7.γ1 ɬ (C1
), γ7.70 ɬ (C3), γ8.8λ ɬ (ɋɇ2), γλ.50 ɫ (C10

), 4γ.46 ɫ (C4), 5γ.44 ɞ (ɋ5
), 

110.5β ɞ (C14), 1β5.β1 ɫ (C13), 1β6.6γ ɫ (C8), 1γ8.0γ ɞ (ɋ15), 1γ8.84 ɫ (C9), 14β.γβ ɞ (C16), 176.5β ɫ 

(C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z. (Iɨɬɧ., %): 712 (35), 632 (19), 631 (39), 539 (40), 538 (100), 495 (24), 494 

(76), 410 (11), 305 (16), 189 (16), 121 (11). ɇɚɣɞɟɧɨμ Ц/г 71β.517β ДεЖ+. C46H68N2O4. ȼɵɱɢɫɥɟɧɨμ 

M 712.5174. 
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Ɉɤɢɫɥɟɧɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (14). ɚ) Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ 

(γ.14 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (14) ɜ β0 ɦɥ ɷɮɢɪɚ ɞɨɛɚɜɢɥɢ 1.08 ɝ (6.β8 ɦɦɨɥɶ) γ-ɯɥɨɪɧɚɞɛɟɧɡɨɣɧɨɣ 

ɤɢɫɥɨɬɵ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ β0ɨɋ, ɡɚɬɟɦ ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɷɮɢɪɚ, 

ɩɪɨɦɵɥɢ 10%-ɧɵɦ ɜɨɞɧ. ɪɚɫɬɜɨɪɨɦ NaOH (350 ɦɥ), ɜɨɞɨɣ (γ40 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.51 ɝ  (4λ%) ɫɦɟɫɢ 7α,8α- ɢ 7ȕ,8ȕ-

ɷɩɨɤɫɢɞɨɜ (21), (22) ɢ 0.β7 ɝ (β6%) 7α-ɝɢɞɪɨɤɫɢɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬɚ (23). ɉɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɫɦɟɫɢ ɷɩɨɤɫɢɞɨɜ (21) ɢ (22) ɜɵɞɟɥɢɥɢ 0.β0 ɝ (1λ%) 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ 7ȕ,8ȕ-ɷɩɨɤɫɢɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ (22) ɢ 0.βλ ɝ (β8%) 7α-ɝɢɞɪɨɤɫɢ-15,16-

ɞɢɝɢɞɪɨɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬɚ (23). 

(3S,4aR,5aS,6aR,7R,10aS,10bR)-Ɇɟɬɢɥ 3,7,10ɚ-ɬɪɢɦɟɬɢɥ-3-ɷɬɢɥɞɨɞɟɤɚɝɢɞɪɨ-1ɇ-

ɮɟɧɚɧɬɪɨД8ɚ,9-b]ɨɤɫɢɪɟɧ-7-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7β,8β-ɷɩɨɤɫɢ-15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (22). Ɍ. ɩɥ. 75-78
ɨɋ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., 

ɧɦ (lg ): 220 (2.95), 235 (2.65). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1150, 1188, 1225, 

1250, 1385, 1439, 1460, 1636, 1720, 2851, 2880, 2924, 2941, 2955, 3425. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.77 ɬ (γH, ɋ16ɇ3, J16,15 7.5), 0.84 ɫ 

(γɇ, ɋ20
H3), 0.84 ɦ (1ɇ, ɇ14

), 0.90 c (4H,  ɋ17ɇ3, ɇ1
), 1.11 c (3H, ɋ19ɇ3), 

1.14 ɤ (βɇ, H15,15
, J16,15 7.5),

 1.1λ ɦ (1ɇ, H12), 1.β5 ɦ (1ɇ, H9), 1.γλ ɬ.ɞ (1ɇ, 

ɇ2
, J 14.β, γ.5), 1.45 ɦ (1ɇ, ɇ6э

), 1.49 ɦ, 1.52 ɦ, 1.64 ɦ (5ɇ, ɇ2,11,11,3,12), 1.60 ɞ (1ɇ, ɇ14
, J14,14 13.5), 

1.60 ɞ.ɬ (1ɇ, ɇ3
, J 1β.8, 4.γ), 1.70 ɦ (1ɇ, ɇ1

), 1.70 ɞ.ɞ (1ɇ, ɇ5a
, J5a,6ɚ 13.3, 4.0), 1.74 ɦ (1ɇ, ɇ6a

), 

β.76 ɞ (1ɇ, ɇ7
, J 6.0), γ.5λ ɫ (γɇ, Ɉɋɇ3). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.49 ɤ (ɋ16

), 15.41 ɤ (ɋ20
), 16.49 

ɤ (ɋ19
), 17.21 ɬ (ɋ2

), 19.31 ɬ (ɋ11
), 22.26 ɤ (ɋ17

), 23.93 ɬ (ɋ6
), 34.50 ɫ (ɋ13), γ4.8β ɫ (ɋ10

), 37.27 ɬ 

(ɋ3
), 37.54 ɬ (ɋ12

), 37.84 ɬ (ɋ15
), 39.10 ɬ (ɋ1

), 44.96 ɞ (ɋ5
), 45.17 ɬ (ɋ14

), 46.37 ɫ (ɋ4
), 51.74 ɤ 

(Ɉɋɇ3), 52.15 ɞ (ɋ9
), 56.62 ɞ (ɋ7

), 60.32 ɫ (ɋ8
), 178.88 ɫ (ɋ18). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 334 

(24), 319 (42), 275 (12), 259 (27), 257 (18), 241 (10), 196 (13), 195 (100), 194 (32), 179 (38), 166 

(12), 135 (68), 133 (10), 123 (67), 121 (16), 119 (11), 109 (23), 107 (22), 105 (13), 95 (15), 93 (19), 91 

(16), 81 (22), 79 (16), 69 (10), 67 (15), 55 (20), 41 (14). ɇɚɣɞɟɧɨμ ДM]
 
334.2501. C21H34O3. 

ȼɵɱɢɫɥɟɧɨμ γγ4.β50γ. 

(3S,4aS,5aR,6aR,7R,10aS,10bR)-Ɇɟɬɢɥ 3,7,10ɚ-ɬɪɢɦɟɬɢɥ-3-ɷɬɢɥɞɨɞɟɤɚɝɢɞɪɨ-1ɇ-

ɮɟɧɚɧɬɪɨД8ɚ,9-b]ɨɤɫɢɪɟɧ-7-ɤɚɪɛɨɤɫɢɥɚɬ Дɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7α,8α-ɷɩɨɤɫɢ-15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ] (21). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ) (ɢɡ ɫɦɟɫɢ 

ɫɨɟɞɢɧɟɧɢɣ (21) ɢ (22), ɫɨɨɬɧɨɲɟɧɢɟ 1.5μ1)μ 0.75 ɬ (γH, ɋ16ɇ3, J 6.3), 0.86 ɫ (γɇ, ɋ20
H3), 0.8λ ɦ 

(1ɇ, ɇ14
), 1.06 c (4H, ɋ17ɇ3, ɇ1

), 1.11 c (3H, ɋ19ɇ3), 1.18 ɦ (βɇ, H15,15
),

 1.18 ɦ (1ɇ, H12), 1.β5 ɦ 

(1ɇ, H9), 1.γ7 ɦ (1ɇ, ɇ2), 1.4β ɦ (1ɇ, ɇ6э
), 1.47 ɦ, 1.54 ɦ, 1.57 ɦ (7ɇ, ɇ2,11,11,3,12,14,3

), 1.61 ɞ.ɞ (1ɇ, 

ɇ5a
, J5a,6ɚ 11.9, J5a,6э 2.0), 1.68 ɦ (1ɇ, ɇ1

), 1.76 ɞ.ɞ (1ɇ, ɇ6a
, J6ɚ5ɚ 11.9, J6ɚ6э 5.4), β.7β ɭɲ.ɫ (1ɇ, ɇ7

), 
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γ.5β ɫ (γɇ, Ɉɋɇ3). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.96 ɤ (ɋ16
), 14.62 ɤ (ɋ20

), 

17.03 ɤ (ɋ19
), 17.77 ɬ (ɋ2

), 18.53 ɬ (ɋ11
), 22.24 ɤ (ɋ17

), 24.42 ɬ (ɋ6
), 33.99 

ɫ (ɋ13
), 34.80 ɫ (ɋ10

), 36.06 ɬ (ɋ3
), 36.20 ɬ (ɋ12

), 36.60 ɬ (ɋ15
), 38.10 ɬ 

(ɋ1
), 44.93 ɞ (ɋ5

), 45.18 ɬ (ɋ14
), 46.14 ɫ (ɋ4

), 51.64 ɤ (Ɉɋɇ3), 53.66 ɞ 

(ɋ9
), 56.21 ɞ (ɋ7

), 59.46 ɫ (ɋ8
), 178.06 ɫ (ɋ18

) 

(1R,4aR,4bR,7S,9R,10aR)-Ɇɟɬɢɥ 9-ɝɢɞɪɨɤɫɢ-1,4a,7-ɬɪɢɦɟɬɢɥ-7-ɷɬɢɥ-1,2,3,4,4ɚ, 

4b,5,6,7,9,10,10ɚ-ɞɨɞɟɤɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7α-ɝɢɞɪɨɤɫɢ-

15,16-ɞɢɝɢɞɪɨɫɚɧɞɚɪɚɤɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (23). Ɍ. ɩɥ. 60-62
ɨɋ (ɝɟɤɫɚɧ). 20][ D  -13.64

o
 (c 0.44, 

ɋɇCl3). Ʌɢɬ Д36Ж Ɍ. ɫɭɛɥ. λβɨɋ. ɍɎ-ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 237 (4.19), 276 (2.55). ɂɄ-ɫɩɟɤɬɪ, Ȟ, 

ɫɦ-1
: 868, 1030, 1047, 1080, 1101, 1119, 1148, 1196, 1244, 1385, 1434, 1445, 1462, 1722, 2849, 

2868, 2947, 3431, 3528, 3557. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.77 ɫ (γɇ, ɋ20
H3),  0.80 ɬ (γH, ɋ16ɇ3, J 7.5), 0.87 c (3H, ɋ17ɇ3), 1.16 ɦ 

(1ɇ, ɇ1
), 1.17 c (3H, ɋ19ɇ3), 1.β1 ɦ (1ɇ, H15

),
 1.β4, 1.β5 ɦ (βɇ, H12,12

), 

1.γ0 ɦ (1ɇ, ɇ6э), 1.γβ ɦ (1ɇ, H15
),

 1.40 ɦ (1H, H
11), 1.5β ɦ (βɇ, H2,2

),
  

1.58 ɦ, 1.59 ɦ (βɇ, ɇ11,3э), 1.65 ɦ (1ɇ, ɇ6a), 1.67 ɦ (1ɇ, ɇ1), 1.75 ɞ.ɬ 

(1ɇ, ɇ3a
, J 1β.0, 5.7), β.16 ɬ (1ɇ, ɇ9

, J9a,11  8.5), β.γ6 ɞ (1ɇ, ɇ5a
, J5a,6a  

1β.5), γ.65 ɫ (γɇ, Ɉɋɇ3), 4.0λ ɬ (1ɇ, ɇ7э
, J β.6), 5.45 ɫ (1ɇ, ɇ14

). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 8.01 ɤ 

(ɋ16
), 14.17 ɤ (ɋ20

), 16.84 ɤ (ɋ19
), 18.03 ɬ (ɋ2

), 18.21 ɬ (ɋ11
), 24.98 ɤ (ɋ17

), 31.49 ɬ (ɋ6
), 33.09 ɬ 

(ɋ15
), 33.85 ɫ (ɋ13

), 35.78 ɬ (ɋ12
), 36.80 ɬ (ɋ3

), 37.52 ɫ (ɋ10
), 38.06 ɬ (ɋ1

), 41.88 ɞ (ɋ5
), 46.79 ɞ (ɋ9

), 

46.86 ɫ (ɋ4
), 51.92 ɤ (Ɉɋɇ3), 72.96 ɞ (ɋ7

), 136.82 ɞ (ɋ14
), 138.13 ɫ (ɋ8

), 178.21 ɫ (ɋ18
). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 334 (17), 316 (23), 301 (11), 288 (17), 287 (84), 257 (26), 256 (14), 245 (22), 

242 (15), 228 (14), 227 (64), 187 (12), 171 (17), 167 (29), 166 (100), 159 (14), 157 (15), 145 (35), 137 

(10), 133 (12), 131 (15), 123 (45), 121 (16), 119 (17), 109 (27), 107 (21), 105 (25), 95 (33), 93 (19), 91 

(18), 81 (β6), 7λ (15), 77 (10), 6λ (10), 67 (16), 55 (β4), 41(β1). ɇɚɣɞɟɧɨμ ДM]
 
334.2496. C21H34O3. 

ȼɵɱɢɫɥɟɧɨμ γγ4.β50β. 

ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.57 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (14) ɜ β0 

ɦɥ ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ 0.47 ɝ (4.7β ɦɦɨɥɶ) λ0%-ɧɨɝɨ ɜɨɞɧ. ɪɚɫɬɜɨɪɚ ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɢ 

0.0λ ɝ (0.γ4 ɦɦɨɥɶ) MoCl5. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ β0ɨɋ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ40 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.08 ɝ (15%) ɦɟɬɢɥ 7-ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɚɬɚ (24) ɢ 0.07 ɝ 

(14%) 7α-ɝɢɞɪɨɤɫɢɫɚɧɞɚɪɚɤɨɩɢɦɚɪɚɬɚ (23).  

(1R,4aR,4bS,7S,10aR)-Ɇɟɬɢɥ 1,4a,7-ɬɪɢɦɟɬɢɥ-9-ɨɤɫɨ-7-ɷɬɢɥɬɟɬɪɚɞɟɤɚɝɢɞɪɨ-

ɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7-ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) 
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(24). ДαЖD20
 -0.05 (c 3.27, CHCl3). Ʌɢɬ Д35Ж ɬ. ɩɥ. 8γɨɋ (ɜɨɞɧ. ɆɟɈɇ), ДαЖD20

 + 10
ɨ
 (c 0.37). ɂɄ-

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1β45, 171γ, 17β8. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 224 (3.05), 

251 (3.01). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.74 ɫ (γɇ, ɋ17

H3), 

0.7λ ɬ (γH, ɋ16ɇ3, J 7.6), 0.97-1.01 ɦ (4ɇ, ɇ1,3,12,9
), 1.06 c (3H, ɋ20ɇ3), 

1.17 c (3H, ɋ19ɇ3), 1.β0 ɦ (βɇ, ɇ15,15), 1.βλ ɞ.ɞ (1H, H
11

, J 12.3, 3.5), 1.37 

ɞ.ɤ (1ɇ, ɇ12
, J 12.3, 2.9), 1.55-1.5λ ɦ (4H, H

2,11,2,14
), 1.70-1.7γ ɦ (βɇ, 

ɇ3,14), 1.77 ɞ.ɦ (1H, H
1
, J 1β.8), 1.λ1 ɞ.ɞ (1ɇ, ɇ6э

, J6э6ɚ 14.4, J6ɟ5ɚ 3.0), 

β.05 ɞ.ɞ (1ɇ, ɇ5ɚ
, J5ɚ6 14.4, J5ɚ6э 3.0), β.17 ɞ.ɬ (1ɇ, ɇ8ɚ

, J 12.3, 2.9), β.γ4 ɬ (1ɇ, ɇ6ɚ
, J 14.4), γ.60 ɫ 

(γɇ, Ɉɋɇ3). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.47 ɤ (ɋ16
), 13.73 ɤ (ɋ20

), 15.99 ɤ (ɋ19
), 17.70 ɬ (ɋ2

), 20.65 ɬ 

(ɋ11
), 21.02 ɤ (ɋ17

), 32.21 ɫ (ɋ10
), 36.06 ɫ (ɋ13

), 36.25 ɬ (ɋ12
), 36.54 ɬ (ɋ3

), 36.59 ɬ (ɋ14
), 37.50 ɬ 

(ɋ1
), 37.94 ɬ (ɋ15

), 40.96 ɬ (ɋ6
), 45.41 ɞ (ɋ8

), 47.06 ɫ (ɋ4
), 48.45 ɞ (ɋ5

), 51.97 ɤ (Ɉɋɇ3), 55.83 ɞ 

(ɋ9
), 177.80 ɫ (ɋ18

), 211.39 ɫ (ɋ7). ɇɚɣɞɟɧɨ, %μ ɋ 75.0γν H λ.λ7. ɋ21ɇ34Ɉ3. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 75.41ν 

H 10.25. 

(1R,4aR,4bR,7S,8S,10aR)-Ɇɟɬɢɥ 8-ɝɢɞɪɨɤɫɢ-1,4a,7-ɬɪɢɦɟɬɢɥ-7-ɷɬɢɥ-1,2,3,4,4a, 

4b,5,6,7,8,10,10a-ɞɨɞɟɤɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 14α-ɝɢɞɪɨɤɫɢ-

15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (25). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (3.14 

ɦɦɨɥɶ)  ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (14) ɜ 7 ɦɥ 

ɞɢɨɤɫɚɧɚ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ 0.4β ɝ (γ.78 ɦɦɨɥɶ) ɨɤɫɢɞɚ ɫɟɥɟɧɚ 

(IV). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(350 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɥɨɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ50 

ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, βμ1) ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ ɩɨɥɭɱɢɥɢ 0.80 ɝ (76%) ɦɟɬɢɥɨɜɨɝɨ 

ɷɮɢɪɚ 14α-ɝɢɞɪɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (25). ДαЖD20
 -0.1

ɨ
 (c 3.1, CHCl3). Ɍ. ɩɥ. 

72-75
ɨɋ (ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ 40-70

ɨɋ). Ʌɢɬ Д36], Ɍ. ɩɥ. 84ɨɋ (ɩɟɧɬɚɧ). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1167, 

1705, γ5β4. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 229 (2.89), 309 (2.84). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.67 ɫ (γɇ, ɋ17ɇ3), 0.85 ɬ (γɇ,  ɋ16ɇ3, J 7.5), 0.85 c (3H, ɋ20ɇ3), 1.1β ɞ.ɞ.ɞ (1H, H
1
, J 13.1, 10.2, 

7.3), 1.β0 ɦ (1ɇ, ɇ12
), 1.25 c (3H, ɋ19ɇ3), 1.β7 ɤ (1ɇ, ɇ15

, J 7.5), 1.γ5 ɦ (1H, H
11

), 1.4β ɤ (1ɇ, ɇ15
, J 

7.5), 1.46 ɦ (1ɇ, H11), 1.5β ɦ (βH, H
2
), 1.58 ɦ, 1.61 ɦ, 1.64 ɦ (γɇ, H

12,3,6
),

 1.74 ɦ (1H, H
3), 1.8β ɞ.ɤ 

(1H, H
1
, J 13.1, 1.3), 1.λ4 ɦ (1H, H

5), β.00 ɦ (1ɇ, ɇ6
), 2.11-β.15 ɦ (1ɇ, ɇ9), γ.58 ɫ (1ɇ, ɇ14), γ.6γ ɫ 

(γɇ, Ɉɋɇ3), 5.58 ɞ (1ɇ, ɇ7
, J 6.4). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.34 ɤ (ɋ16

), 14.96 ɤ (ɋ20
), 17.26 ɤ 

(ɋ19
), 17.87 ɬ (ɋ2

), 19.31 ɬ (ɋ11
), 19.70 ɤ (ɋ17

), 25.04 ɬ (ɋ6
), 30.40 ɬ (ɋ12

), 31.56 ɬ (ɋ15
), 34.67 ɫ 

(ɋ10), γ6.γγ ɫ (ɋ13
), 36.81 ɬ (ɋ3

), 38.57 ɬ (ɋ1
), 44.83 ɞ (ɋ5

), 46.35 ɫ (ɋ4
), 47.35 ɞ (ɋ9

), 51.83 ɤ 

(Ɉɋɇ3), 79.20 ɞ (ɋ14
), 125.49 ɞ (ɋ7

), 139.33 ɫ (ɋ8), 178.λλ ɫ (ɋ18
). ɇɚɣɞɟɧɨ, %μ ɋ 74.61ν H 9.53. 

ɋ21ɇ34Ɉ3. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 75.1λν H 9.78. 
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Ɉɤɢɫɥɟɧɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 14α-ɝɢɞɪɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (25). ɚ). 

Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.51 ɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (25) ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ  ɞɨɛɚɜɢɥɢ 0.γγ ɝ 

(1.51 ɦɦɨɥɶ) ɯɥɨɪɯɪɨɦɚɬɚ ɩɢɪɢɞɢɧɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɩɟɪɤɚɥɢɪɨɜɚɥɢ ɱɟɪɟɡ ɫɥɨɣ ɫɢɥɢɤɚɝɟɥɹ (10 ɝ, ɞɢɚɦɟɬɪ ɤɨɥɨɧɤɢ β0 ɦɦ, ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1).  ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.1λ ɝ ɫɨɟɞɢɧɟɧɢɹ (25), 

0.1β ɝ (βγ%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 7-ɨɤɫɨ-14α-ɝɢɞɪɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (26) ɢ 

0.11 ɝ (β1%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 7α-ɝɢɞɪɨɤɫɢ-8,14-ɷɩɨɤɫɢ-15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ 

(27). ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.51 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (25) ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɞɨɛɚɜɢɥɢ 

0.4λ ɝ (β.β7 ɦɦɨɥɶ) ɯɥɨɪɯɪɨɦɚɬɚ ɩɢɪɢɞɢɧɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɪɚɛɚɬɵɜɚɥɢ ɩɨ ɦɟɬɨɞɭ (ɚ). Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.0λ ɝ (17%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 7-ɨɤɫɨ-8,14-ɷɩɨɤɫɢ-15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (28), 0.0γ ɝ (5%) ɫɨɟɞɢɧɟɧɢɹ (23), 0.11 ɝ (β1%) ɝɢɞɪɨɤɫɢɤɟɬɨɧɚ 

(26) ɢ 0.15 ɝ (β8%) ɷɩɨɤɫɢɞɚ (27). ɜ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.51 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (25) ɜ β0 ɦɥ 

ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɞɨɛɚɜɢɥɢ 0.λ8 ɝ (4.5γ ɦɦɨɥɶ) ɯɥɨɪɯɪɨɦɚɬɚ ɩɢɪɢɞɢɧɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɪɚɛɨɬɚɥɢ ɩɨ ɦɟɬɨɞɭ (ɚ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɷɥɸɢɪɨɜɚɥɢ 0.16 ɝ (γ0%) ɷɩɨɤɫɢɞɚ (28), 0.0γ ɝ (6%) ɫɨɟɞɢɧɟɧɢɹ (23) ɢ 0.β1 ɝ (γλ%) 

ɝɢɞɪɨɤɫɢɤɟɬɨɧɚ (26). ɝ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.51 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (25) ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ 

ɦɟɬɢɥɟɧɚ ɞɨɛɚɜɢɥɢ 1.6γ ɝ (7.54 ɦɦɨɥɶ) ɯɥɨɪɯɪɨɦɚɬɚ ɩɢɪɢɞɢɧɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɛɪɚɛɨɬɚɥɢ ɩɨ ɦɟɬɨɞɭ (ɚ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɷɥɸɢɪɨɜɚɥɢ 0.β1 ɝ (40%) ɫɨɟɞɢɧɟɧɢɹ (28) ɢ 0.14 ɝ (β7%) ɝɢɞɪɨɤɫɢɤɟɬɨɧɚ (26). 

(1R,4aR,4bS,7S,8R,8aR,10aR)-Ɇɟɬɢɥ 8-ɝɢɞɪɨɤɫɢ-1,4a,7-ɬɪɢɦɟɬɢɥ-9-ɨɤɫɨ-7-ɷɬɢɥ- 

ɬɟɬɪɚɞɟɤɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7-ɨɤɫɨ-14α-ɝɢɞɪɨɤɫɢ-

ɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (26). ȼɵɯɨɞ βγ% - ɜ ɭɫɥɨɜɢɹɯ (a), 21% - (ɛ),  γλ% - (ɜ), 

27% - (ɝ). Ɍ. ɩɥ. 76-78
ɨɋ. ДαЖD

20 
+52.0

o
 (c 0.10, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg )μ β50 (β.75). ɂɄ-

ɫɩɟɤɬɪ, , ɫɦ-1
: 835, 988, 1078, 1105, 1151, 1167, 1190, 1246, 1304, 1327, 1387, 1433, 1464, 1703, 

1720, 2862, 2883, 2928, 2939, 2974, 3427. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.76 ɫ (γɇ, ɋ17
H3), 0.8γ ɬ (γH, ɋ16ɇ3, J 7.5), 1.08 c (4H, ɋ20ɇ3, ɇ1ɚ

), 

1.20 c (5H, ɋ19ɇ3, H
15,12ɚ), 1.γ6 ɞ.ɬ (1H, H

11э
, J11ɷ,1βɚ=J11ɷ,11ɚ 12.1, J11ɷ,9 3.8), 

1.47 ɞ.ɞ (1ɇ, ɇ2э
, J1βɚ,1βɷ 13.1, J11ɷ,1βɷ 3.2), 1.51-1.54 ɦ (βH, H

15,11ɚ
), 1.56-

1.6γ ɦ (γɇ, ɇ3,2,2
), 1.69-1.74 ɦ (βH, H

9,3), 1.80 ɞ (1H, H
1э

, J1ɚ,1ɷ 14.0), 1.95 

ɞ.ɞ (1ɇ, ɇ6э
, J6ɷ,6ɚ 14.2, J6ɷ,5ɚ 2.7), β.10 ɞ.ɞ (1ɇ, ɇ5ɚ

, J6ɚ,5ɚ 14.2, J5ɚ,6ɷ 2.7), 

β.γγ ɞ (1ɇ, ɇ8ɚ
, J8ɚ,λɚ 1γ.β), β.γλ ɬ (1ɇ, ɇ6ɚ

, J6ɷ,6ɚ=J6ɚ,5ɚ 14.β), β.54 ɭɲ.ɫ (1ɇ, Oɇ), γ.64 ɫ (γɇ, 

Ɉɋɇ3), γ.λγ ɭɲ.ɫ (1ɇ, ɇ14
). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.22 ɤ (ɋ16

), 13.71 ɤ (ɋ20
), 16.16 ɤ (ɋ19

), 

17.74 ɬ (ɋ2
), 19.84 ɤ (ɋ17

), 20.11 ɬ (ɋ11
), 31.60 ɬ (ɋ12

), 32.16 ɬ (ɋ15
), 35.86 ɫ (ɋ10

), 35.96 ɫ (ɋ13
), 
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36.59 ɬ (ɋ3
), 37.52 ɬ (ɋ1

), 41.43 ɬ (ɋ6
), 47.08 ɫ (ɋ4

), 44.11 ɞ (ɋ5
), 48.65 ɞ (ɋ9

), 50.32 ɞ  (ɋ8
), 52.14 ɤ 

(Ɉɋɇ3), 69.76 ɞ (ɋ14
), 177.76 ɫ (ɋ18

), 213.34 ɫ (ɋ7
). ɇɚɣɞɟɧɨ, %μ ɋ 7β.0γν H λ.6γ. ɋ21ɇ34Ɉ4. 

ȼɵɱɢɫɥɟɧɨ, %μ ɋ 71.λ6ν H 9.78. 

 (3S,3aS,4aS,5R,6aR,7R,10aS,10bR)-Ɇɟɬɢɥ 5-ɝɢɞɪɨɤɫɢ-3,7,10ɚ-ɬɪɢɦɟɬɢɥ-3-

ɷɬɢɥɞɨɞɟɤɚɝɢɞɪɨ-1H-ɮɟɧɚɧɬɪɨД1,10a-b]ɨɤɫɢɪɚɧ-7-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7α-

ɝɢɞɪɨɤɫɢ-8,14-ɷɩɨɤɫɢ-15,16-ɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (27). ȼɵɯɨɞ β1% - ɜ 

ɭɫɥɨɜɢɹɯ (a), 28% - (ɛ). Ɍ. ɩɥ. 5γ-57
ɨɋ. ДαЖD20 

-19.2
o
 (c 0.5β, ɋɇCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg )μ γ4λ (4.17), 570 (γ.βγ). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 1009, 

1055, 1074, 1144, 1157, 1188, 1250, 1387, 1441, 1460, 1639, 1724, 2872, 

2943, 3433, 3489. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.88 ɬ (γH, ɋ16ɇ3, 

J 7.5), 0.λγ ɫ (γɇ, ɋ17
H3), 0.99 c (3H, ɋ20ɇ3), 1.1β ɦ (βɇ, ɇ12,1

), 1.22 c (4H, 

ɋ19ɇ3, H
12), 1.β8 ɤ (1ɇ, H15

, J 7.5), 1.γ4 ɦ (1ɇ, ɇ11), 1.4γ ɤ (1ɇ, H15
, J 7.5), 

1.46 ɦ, 1.48 ɦ (βɇ, ɇ11,6э), 1.5β ɦ (βɇ, ɇ2,2), 1.5λ ɞ.ɦ (1ɇ, ɇ3
, J 13.5), 1.74 ɦ, 1.76 ɦ (γɇ, ɇ1,3,6a

), 

1.8λ ɬ (1ɇ, ɇ9
, J 7.β), β.βγ ɲ.ɫ (1ɇ, Ɉɇ), β.γ7 ɞ.ɞ (1ɇ, ɇ5

, J 1β.6, γ.4), β.8γ ɭɲ.ɫ (1ɇ, ɇ14), γ.44 ɬ 

(1ɇ, ɇ7
, J γ.7), γ.66 ɫ (γɇ, Ɉɋɇ3). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.64 ɤ (ɋ16

), 16.80 ɬ (ɋ11
), 16.99 ɤ 

(ɋ19
), 13.37 ɤ (ɋ20

), 17.62 ɬ (ɋ2
), 20.94 ɤ (ɋ17

), 29.81 ɬ (ɋ12
), 29.87 ɬ (ɋ6

), 32.77 ɫ (ɋ13
), 33.20 ɬ 

(ɋ15
), 36.33 ɬ (ɋ3

), 37.77 ɫ (ɋ10
), 39.04 ɬ (ɋ1

), 41.27 ɞ (ɋ5
), 44.64 ɞ (ɋ9

), 46.71 ɫ (ɋ4
), 51.98 ɤ 

(Ɉɋɇ3), 63.92 ɫ (ɋ8
), 69.66 ɞ (ɋ14

), 70.55 ɞ (ɋ7
), 178.58 ɫ (ɋ18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 350 (5), 

332 (21), 263 (27), 258 (21), 257 (100), 237 (10), 236 (37), 177 (45), 175 (11), 161 (31), 159 (13), 151 

(11), 147 (10), 123 (28), 121 (19), 119 (10), 109 (37), 107 (22), 105 (15), 97 (13), 96 (21), 95 (14), 93 

(18), 91 (17), 81 (25), 79 (15), 69 (11), 67 (18), 55 (36), 43 (12), 41 (29), 29 (10). ɇɚɣɞɟɧɨμ ДM] 
 

350.2454. C21H34O4. ȼɵɱɢɫɥɟɧɨμ γ50.β45β. 

(3S,3aS,4aR,6aR,7R,10aS,10bR)-Ɇɟɬɢɥ 3,7,10ɚ-ɬɪɢɦɟɬɢɥ-5-ɨɤɫɨ-3-ɷɬɢɥɞɨɞɟɤɚ-ɝɢɞɪɨ-1ɇ-

ɮɟɧɚɧɬɪɨД1,10ɚ-b]ɨɤɫɢɪɟɧ-7-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 7-ɨɤɫɨ-8,14-ɷɩɨɤɫɢ-15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (28). ȼɵɯɨɞ 17% - ɜ ɭɫɥɨɜɢɹɯ (ɛ), γ0% - (ɜ), 40% - (ɝ). ДαЖD20 
-

47.5
o
 (c 0.40, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 756, 800, 816, 862, 978, 1011, 

1030, 1063, 1086, 1107, 1123, 1146, 1200, 1234, 1258, 1391, 1409, 1435, 

1460, 1628, 1726, 2880, 2949, 3402. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.88 ɬ (γH, ɋ16ɇ3, J 7.5), 0.λ1 ɫ (γɇ, ɋ17
H3), 1.03 c (3H, ɋ20ɇ3), 1.09 

ɦ (1ɇ, ɇ12), 1.β5 ɬ.ɞ (1ɇ, ɇ1ɚ
, J1ɚ,1ɷ= J1ɚ,βɚ 13.2, Jβɷ,1ɚ 3.5), 1.24 c (3H, 

ɋ19ɇ3), 1.γγ ɞ (βɇ, H12,11
, J 9.4), 1.41 ɤ (1ɇ, H15

, J 7.5), 1.4β ɤ (1ɇ, H15
, J 

7.5), 1.46 ɦ (1ɇ, ɇ11), 1.56 ɦ (1ɇ, ɇ2ɚ), 1.5λ ɞ.ɬ (1ɇ, ɇ2э
, Jβɚ,βɷ 13.2, J2ɷ,1ɚ=J2ɷ,γɚ γ.5), 1.6λ ɬ.ɞ.ɞ (1ɇ, 

ɇ3ɚ
, Jγɷ,γɚ=Jγɚ,βɚ 13.2, Jγɚ,βɷ 3.5, Jγɚ,1ɷ 1.1), 1.7γ ɬ.ɞ (1ɇ, ɇ3э

,  Jγɷ,γɚ 13.2, Jγɷ,βɷ γ.5,), 1.8β ɞ.ɞ.ɞ (1ɇ, ɇ1э
, 

J1ɷ,1ɚ 13.2, J1ɷ,βɷ 3.5, J1ɷ,γɚ 1.1), 1.λβ ɞ.ɬ (1ɇ, ɇ9
, J λ.4, 1.λ), β.γ4 ɞ.ɞ (1ɇ, ɇ6э

, J6ɷ,6ɚ 18.3, J6ɷ,5ɚ 5.5), 2.38 
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ɞ.ɞ (1ɇ, ɇ6a
, J6ɷ,6ɚ 18.3, J6ɚ,5ɚ 1β.8), β.50 ɞ.ɞ (1ɇ, ɇ5

, J6ɚ,5ɚ 12.8, J6ɷ,5ɚ 5.5), γ.ββ ɫ (1ɇ, ɇ14), γ.64 ɫ 

(γɇ, Ɉɋɇ3). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.4λ ɤ (ɋ16), 15.81 ɤ (ɋ20), 16.65 ɤ (ɋ19), 16.8γ ɬ (ɋ11), 17.40 ɬ 

(ɋ2), 1λ.46 ɤ (ɋ17), β8.50 ɬ (ɋ12), γγ.46 ɫ (ɋ13), γγ.8β ɬ (ɋ15), γ6.5γ ɬ (ɋ3), γ6.60 ɫ (ɋ10), γ8.51 ɬ (ɋ1
), 

γλ.41 ɬ (ɋ6), 4γ.06 ɞ (ɋ5), 45.λ5 ɫ (ɋ4), 48.β4 ɞ (ɋ9), 5β.15 ɤ (Ɉɋɇ3), 5λ.β7 ɫ (ɋ8), 68.0γ ɞ (ɋ14
), 

177.75 ɫ (ɋ18), β07.46 ɫ (ɋ7
).  Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 348 (17), 333 (13), 320 (10), 289 (23), 278 

(18), 273 (27), 253 (11), 209 (32), 184 (14), 181 (27), 180 (36), 175 (19), 167 (15), 152 (11), 149 (26), 

137 (11), 135 (13), 123 (13), 121 (25), 109 (31), 107 (43), 105 (15), 97 (11), 96 (100), 95 (16), 93 (24), 

91 (22), 81 (45), 79 (24), 77 (13), 69 (14), 67 (26), 55 (56), 53 (12), 43 (17), 41 (41). ɇɚɣɞɟɧɨμ ДM] 
 

348.2296. C21H32O4. ȼɵɱɢɫɥɟɧɨμ γ48.ββλ5. 

(8aS,9S)- ɢ (8aR,9R)-(1R,4aR,4bS,7S,10aR)-Ɇɟɬɢɥ 9-ɝɢɞɪɨɤɫɢ-1,4a,7-ɬɪɢɦɟɬɢɥ-7-

ɷɬɢɥɬɟɬɪɚɞɟɤɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (ɦɟɬɢɥɨɜɵɟ ɷɮɢɪɵ 7β-

ɝɢɞɪɨɤɫɢɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɢ 7α-ɝɢɞɪɨɤɫɢ-8-ɷɩɢɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬ) 

(29), (30). Ʉ ɫɭɫɩɟɧɡɢɢ 1.00 ɝ (γ.14 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬɵ (14) ɢ 1.β8 ɝ (γγ.64 ɦɦɨɥɶ) NaBH4 ɜ γ0 ɦɥ ɚɛɫ. ɌȽɎ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɫɜɟɠɟɩɟɪɟɝɧɚɧɧɵɣ γ.5β ɦɥ (β8.60 ɦɦɨɥɶ) ȼF3
.
OEt2. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ ɩɪɢ 0ɨɋ ɢ 5 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. 

ɉɨɥɭɱɟɧɧɵɣ ɝɟɬɟɪɨɝɟɧɧɵɣ ɪɚɫɬɜɨɪ ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ ɢ ɨɫɬɨɪɨɠɧɨ ɩɨ ɤɚɩɥɹɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɞɨɛɚɜɢɥɢ 6.8 ɦɥ γɆ NaOH ɢ 4.48 ɦɥ γγ% ɇ2Ɉ2.  ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ, ɤɢɩɹɬɢɥɢ 5 ɱ, ɞɨɛɚɜɢɥɢ 10 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ NaCl ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɷɬɢɥɚɰɟɬɚɬɨɦ (γ40 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ40 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.λ1 ɝ (86%) ɫɦɟɫɢ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ 7ȕ- ɢ 

7α-ɝɢɞɪɨɤɫɢɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɵɯ ɤɢɫɥɨɬ (29) ɢ (30). ɋɩɟɤɬɪɵ əɆɊ 1ɇ ɢ 13ɋ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɟ Д41].  

Ɉɤɢɫɥɟɧɢɟ ɢɡɨɩɢɦɚɪɚɧɨɜ (29) ɢ (30) ɪɟɚɝɟɧɬɨɦ Ⱦɠɨɧɫɚ. Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.λ7 ɦɦɨɥɶ) 

ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (29) ɢ (30) ɜ β0 ɦɥ ɚɰɟɬɨɧɚ ɩɪɢ 0ɨɋ ɩɪɢɛɚɜɢɥɢ β ɦɥ ɪɟɚɝɟɧɬɚ Ⱦɠɨɧɫɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 0ɨɋ γ0 ɦɢɧ, ɡɚɬɟɦ ɪɚɡɛɚɜɢɥɢ γ0 ɦɥ ɜɨɞɵ ɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γ40 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ40 ɦɥ) ɢ 

ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ 

ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.68 ɝ (68%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

7-ɨɤɫɨɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ (24). 

 (1R,4aR,4bS,7S,8aS,10aR,E)-Ɇɟɬɢɥ 9-ɝɢɞɪɨɤɫɢɢɦɢɧɨ-1,4a,7-ɬɪɢɦɟɬɢɥ-7-ɷɬɢɥ 

ɬɟɬɪɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (7ȿ-ɨɤɫɢɦ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (32). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.01 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (24) ɜ β0 

ɦɥ ɦɟɬɚɧɨɥɚ ɞɨɛɚɜɢɥɢ 0.γ8 ɝ (5.41 ɦɦɨɥɶ) NH2OH*HCl ɢ 1.γ6 ɝ (16.54 ɦɦɨɥɶ) NaOAc. 
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Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 40 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γγ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γγ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ. ɉɨɥɭɱɢɥɢ 

0.γ7 ɝ (γ5%) Е-ɨɤɫɢɦɚ (32). Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1), ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.6γ ɝ (60%) 

ɫɦɟɫɢ Е-ɨɤɫɢɦɚ (32) ɢ Z-ɨɤɫɢɦɚ (33). ɋɨɟɞɢɧɟɧɢɟ (32), Ɍ. ɩɥ. 14β-144
ɨɋ (ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ). 

ДαЖD20
 -0.14 (c 3.09, CHCl3). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 998, 1619, 3266, 1693. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.7λ ɫ (6ɇ, ɋ17
H3, ɋ16ɇ3), 0.λ6 ɦ (4H, ɇ1,3,12,9

), 0.98 c (3H, 

ɋ20ɇ3), 1.22 c (3H, ɋ19ɇ3), 1.β4 ɦ (βɇ, ɇ15,15
), 1.γλ ɞ.ɦ (1H, H

11
, J 11.0), 

1.56 ɦ (5H, H
2,11,2,14,12

), 1.70 ɦ, 1.7γ ɦ (4ɇ, ɇ3,14,6,5
), 1.84 ɞ.ɦ (1H, H

1
, J 

13.4), β.ββ ɬ (1ɇ, ɇ8
, J 11.6), β.λ8 ɞ (1ɇ, ɇ6

, J 13.7), γ.64 ɫ (γɇ, Ɉɋɇ3), 

8.λ7 ɲ.ɫ (1ɇ, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.54 ɤ (ɋ16
), 13.77 ɤ (ɋ20

), 

16.29 ɤ (ɋ19
), 17.83 ɬ (ɋ2

), 20.43 ɬ (ɋ11
), 21.32 ɤ (ɋ17

), 23.05 ɬ (ɋ6
), 32.28 ɫ 

(ɋ10
), 36.21 ɫ (ɋ13

), 36.42 ɬ (ɋ12
), 36.55 ɬ (ɋ3

), 37.06 ɞ (ɋ8
), 37.69 ɞ (ɋ14

), 37.98 ɬ (ɋ1
), 38.17 ɬ (ɋ15

), 

47.26 ɫ (ɋ4
), 48.10 ɞ (ɋ5

), 51.87 ɤ (Ɉɋɇ3), 56.20 ɞ (ɋ9
), 161.91 ɫ (ɋ7

), 178.42 ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 

72.05; H 9.98; N γ.λ8. ɋ21ɇ35NɈ3. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7β.17ν H 10.09; N 4.01.  

(1R,4aR,4bS,7S,8aS,10aR,Z)-Ɇɟɬɢɥ 9-ɝɢɞɪɨɤɫɢɢɦɢɧɨ-1,4a,7-ɬɪɢɦɟɬɢɥ-7-ɷɬɢɥ- 

ɬɟɬɪɚɝɢɞɪɨɮɟɧɚɧɬɪɟɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (7Z-ɨɤɫɢɦ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɬɟɬɪɚɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ) (33). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ (ɢɡ ɫɩɟɤɬɪɚ ɫɦɟɫɢ 32:33, 1 : 1): 0.80 ɬ (γɇ, ɋ16ɇ3, J 7.4), 0.84 

ɫ (γɇ, ɋ17
H3), 0.96 c (7H, ɋ20ɇ3, ɇ1,3,12,9

), 1.27 c (3H, ɋ19ɇ3), 1.γ0 ɦ (βɇ, 

ɇ15,15), 1.4γ ɞ.ɦ (1H, H
11

, J 1β.λ), 1.61 ɦ (5H, H
2,11,2,14,12

), 1.71-1.80 ɦ (4ɇ, 

ɇ3,14,6,5), 1.8λ ɞ.ɦ (1H, H
1
, J 1γ.4), β.β6 ɬ (1ɇ, ɇ8

, J 11.6), β.60 ɞ.ɞ (1ɇ, ɇ6
, 

J 17.4, γ.4), γ.66 ɫ (γɇ, Ɉɋɇ3).  

(3S,4aS,7aR,8R,11aS,11bR)-Ɇɟɬɢɥ  3,8,11a-ɬɪɢɦɟɬɢɥ-6-ɨɤɫɨ-3-ɷɬɢɥɬɟɬɪɚɞɟɤɚɝɢɞɪɨ-1H-

ɞɢɛɟɧɡɨДb,d]ɚɡɟɩɢɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ (34). Ʉ ɪɚɫɬɜɨɪɭ 0.γ0 ɝ (0.86 ɦɦɨɥɶ) Е-ɨɤɫɢɦɚ (32) ɜ β0 ɦɥ 

ɚɛɫ. ɞɢɨɤɫɚɧɚ ɩɪɢ 0ɨɋ ɩɪɢɤɚɩɚɥɢ β ɦɥ ɫɜɟɠɟɩɟɪɟɝɧɚɧɧɨɝɨ SOCl2. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 0ɨɋ ɜ ɬɟɱɟɧɢɢ 10 ɦɢɧ, ɡɚɬɟɦ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɨɛɚɜɢɥɢ γ0 

ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γ40 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ40 

ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.β8 ɝ (λγ%) ɫɨɟɞɢɧɟɧɢɹ (34). ДαЖD20
 -

0.34 (c 3.11, CHCl3). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1246, 1387, 1435, 1460, 1665, 1703, 1722, 2883, 2939, 

2957, 3429. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.70 ɫ (γɇ, ɋ18

H3), 0.70 ɬ (γH, ɋ17ɇ3, J 7.6), 

0.94 c (3H, ɋ21ɇ3), 0.95-1.0γ ɦ (4ɇ, ɇ11,9,2,11b
), 1.10 c (3H, ɋ20ɇ3), 1.11-1.14 ɦ (βɇ, ɇ16,16

), 1.16-1.21 
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ɦ (1H, H
1
), 1.25-1.γ0 ɦ (1ɇ, ɇ2

), 1.42-1.60 ɦ (6H, H
10,1,10,4,9,4), 1.64 ɞ.ɞ (1ɇ, ɇ7ɚ

, J 14.4, 1.6), 1.77 

ɞ.ɦ (1H, H
11

, J 1γ.β), β.ββ ɞ (1ɇ, ɇ7
, J λ.8), β.51 ɞ.ɞ (1ɇ, ɇ7

, J 14.4, λ.8), γ.γ4 ɦ (1ɇ, ɇ4ɚ), γ.57 ɫ 

(γɇ, Ɉɋɇ3), 5.6γ ɲ.ɫ (1ɇ, NH). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 7.17 ɤ (ɋ17
), 

14.76 ɤ (ɋ21
), 17.05 ɤ (ɋ20

), 17.36 ɬ (ɋ10
), 19.66 ɬ (ɋ1

), 20.28 ɤ (ɋ18
), 

32.44 ɫ (ɋ11ɚ
), 35.25 ɫ (ɋ3

), 35.59 ɬ (ɋ2
), 35.84 ɬ (ɋ9

), 37.20 ɬ (ɋ4
), 

39.07 ɬ (ɋ11
), 39.60 ɬ (ɋ16

), 44.85 ɬ (ɋ7
), 45.39 ɞ (ɋ4ɚ

), 47.39 ɞ (ɋ7ɚ
), 

48.92 ɫ (ɋ8
), 51.86 ɤ (Ɉɋɇ3), 55.44 ɞ (ɋ11b

), 177.48 ɫ (ɋ6
), 177.90 ɫ 

(ɋ19
). ɇɚɣɞɟɧɨ, %μ ɋ 7β.β1ν H 10.24; N γ.71. ɋ21ɇ35NɈ3. ȼɵɱɢɫɥɟɧɨ, 

%μ ɋ 7β.17ν H 10.09; N 4.01. 

(1S,4aS,7R,8aR)-7-Ƚɢɞɪɨɤɫɢ-1,4a,6-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,2,3,4,4a, 7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɧɨɜɚя ɤɢɫɥɨɬɚ (7R-ɝɢɞɪɨɤɫɢ-15,16-ɷɩɨɤɫɢ-8(9), 13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɚя ɤɢɫɥɨɬɚ) (39). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.16 ɦɦɨɥɶ) ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (5) 

ɜ ɞɢɨɤɫɚɧɟ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ 0.4β ɝ (γ.7λ ɦɦɨɥɶ) ɨɤɫɢɞɚ ɫɟɥɟɧɚ (IV). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 1γ ɱ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γ×50 ɦɥ). 

Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ×50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɢɡ ɷɮɢɪɚ ɩɨɥɭɱɢɥɢ 0.6β ɝ (5λ%) 7-ɝɢɞɪɨɤɫɢɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (39) ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ. 

Ɍ. ɩɥ. 10γ-105
ɨɋ. ДαЖD20

 +94.4
o
 (c 1.1, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 600, 780, 874, 1026, 1209, 1256, 

1445, 1469, 1503, 1650, 1692, 2609, 2935, 3412. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.84 c (3H, 

ɋ20ɇ3), 1.06 ɞ.ɬ (1ɇ, ɇ3
, J 13.3, 4.1), 1.β4 ɦ (1ɇ, ɇ1), 1.β6 М (γɇ, 

ɋ19ɇ3), 1.5β ɞ.ɦ (1H, H
2
, J 1γ.0, β.λ), 1.7γ ɞ (1H, H

5
, J 11.7), 1.75 c 

(3H, ɋ17ɇ3), 1.84 ɦ, 1.87 ɦ (2H, H
1,2), 1.λ1 ɦ (1ɇ, ɇ6), 1.λ7 ɦ (1ɇ, 

ɇ11
), 2.16-β.77 ɦ (γH, H

3,6,11), β.47 ɦ (βH, H
12), γ.47 ɦ (1H, OH), 3.50 

ɞ (1ɇ, ɇ7
, J β.γ), γ.7β ɦ (1H, OH), 6.β7 ɞ.ɞ (1H, H

14
, J 1.8, 0.9), 7.21 

ɞ.ɞ (1H, H
16

, J 1.4, 0.λ), 7.γγ ɞ.ɞ  (1H, H
15

, J 1.8, 1.4). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 16.18 ɤ (C20
), 17.64 

ɤ (C17), 1λ.β4 ɬ (C2), β4.λ7 ɬ (C12
), β5.6γ ɬ (C6), β8.γ0 ɤ (C19), β8.8β ɬ (C11), γ6.γ8 ɬ (C3

), γ7.04 ɬ 

(C
1
), 40.β1 ɫ (C10

), 4γ.β6 ɫ (C4
), 46.71 ɞ (ɋ5

), 70.γ0 ɞ (ɋ7), 110.60 ɞ (C14), 1β5.07 ɫ (C13
), 127.96 c 

(C
8), 1γ8.γβ ɞ (ɋ16), 14β.68 ɞ (C15

), 144.11 c (C
9
), 183.78 c (C

18). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 314 

(14), 253 (14), 250 (33), 237 (24), 233 (48), 232 (23), 217 (16), 191 (21), 188 (12), 187 (79), 174 (17), 

173 (100), 159 (32), 145 (39), 135 (27), 133 (31), 119 (49), 105 (36), 95 (44), 91 (44), 81 (80), 67 (27), 

5γ (γβ), 4β (β7), 41 (40), β8 (γ0). ɇɚɣɞɟɧɨμ ДM] 
 
332.1980.

 
C20H28O4. ȼɵɱɢɫɥɟɧɨμ γγβ.1λ8β.  

(1S,4aS,7R,8aR)-Ɇɟɬɢɥ 7-ɝɢɞɪɨɤɫɢ-1,4a,6-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,2, 

3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (41). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ)  

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɞɢɨɤɫɚɧɟ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ 0.40 ɝ  (γ.6γ 

ɦɦɨɥɶ) ɨɤɫɢɞɚ ɫɟɥɟɧɚ (IV). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 1γ ɱ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ ɢ 
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ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γ×50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ×50 ɦɥ) ɢ 

ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.76 ɝ (74%) ɫɨɟɞɢɧɟɧɢɹ (41) ɜ ɜɢɞɟ ɦɚɫɥɚ. 
20][ D  +124.48

o
 (c β.1, ɋɇCl3).  ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 600, 756, 779, 874, 

991, 1026, 1054, 1143, 1161, 1198, 1234, 1380, 1443, 1466, 1501, 1651, 

1724, 2873, 2948, 3391. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.71 c 

(3H, ɋ20ɇ3), 1.04 ɬ.ɞ (1ɇ, ɇ3
, J 13.5, 4.4), 1.β0 М (γɇ, ɋ19ɇ3), 1.ββ ɦ (1ɇ, 

ɇ1), 1.5γ ɞ.ɦ (1H, H
2
, J 13.9), 1.6β ɞ.ɞ (1H, H

5
, J 13.0, 2.2), 1.77 c (3H, 

ɋ17ɇ3), 1.82-1.λ1 ɦ (βH, H
1,2

), 1.λ5 ɞ.ɬ (1ɇ, ɇ6
, J 14.4, 4.β), β.05 ɬ.ɞ (1ɇ, 

ɇ6
, J 14.4, 2.0), β.1β ɦ (1ɇ, ɇ11), β.ββ ɦ (βH, H

3,11), β.4γ ɦ (βH, H
12), γ.60 ɫ (γɇ, Ɉɋɇ3), γ.λγ ɞ (1ɇ, 

ɇ7
, J β.β), 6.β6 ɞ.ɞ (1H, H

14
, J 1.6, 1.0), 7.β0 ɞ.ɞ (1H, H

16
, J 1.0, 0.8), 7.γβ ɞ.ɞ (1H, H

15
, J 1.6, 0.8). 

ɋɩɟɤɬɪ əɆɊ 13
C, į, ɦ. ɞ.μ 15.λλ ɤ (C20), 17.67 ɤ (C17), 1λ.γγ ɬ (C2), β5.01 ɬ (C12

), β8.1γ ɤ (C19
), 

β8.84 ɬ (C11), γ0.14 ɬ (C6
), γ6.46 ɬ (C3

), γ7.γ8 ɬ (C1
), 40.0γ ɫ (C10

), 4γ.γ7 ɫ (C4
), 46.7γ ɞ (ɋ5), 51.1γ ɤ 

(Ɉɋɇ3), 70.16 ɞ (ɋ7), 110.61 ɞ (C14), 1β5.10 ɫ (C13
), 128.16 c (C

8), 1γ8.γβ ɞ (ɋ16), 14β.66 ɞ (C15
), 

143.93 c (C
9
), 177.88 c (C

18). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 346 (6), 328 (18), 369 (18), 265 (21), 264 

(100), 253 (17), 251 (47), 191 (96), 189 (19), 187 (31), 173 (45), 149 (17), 145 (17), 135 (72), 133 

(19), 123 (27), 121 (19), 119 (21), 109 (25), 108 (18), 107 (23), 105 (26), 85 (19), 83 (29), 81 (79), 79 

(ββ), 67 (β6), 57 (18), 55 (β4), 5γ (γ0), 4γ (ββ), 41 (γβ). ɇɚɣɞɟɧɨμ ДM] 
 
346.2136.

 
C21H30O4. 

ȼɵɱɢɫɥɟɧɨμ γ46.β1γλ.  

(1S,4aS,8aR)-1,4a,6-Ɍɪɢɦɟɬɢɥ-7-ɨɤɫɨ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,2,3,4,4a,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɧɨɜɚя ɤɢɫɥɨɬɚ (7-Ɉɤɫɨ-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-

18-ɨɜɚя ɤɢɫɥɨɬɚ) (40). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.01 ɦɦɨɥɶ) 7-ɝɢɞɪɨɤɫɢɥɚɛɞɚɧɨɢɞɚ (39) ɜ CH2Cl2 ɩɪɢ 

ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 6.54 ɝ (75.β0 ɦɦɨɥɶ) ɫɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɨɤɫɢɞɚ 

ɦɚɪɝɚɧɰɚ (IV). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ CH2Cl2. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ  0.4λ ɝ 

(4λ%) ɤɟɬɨɧɚ (40) ɢ 0.50 ɝ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (39). ɋɨɟɞɢɧɟɧɢɟ (40): 
20][ D

 
+ 119.36o (c 2.52, 

ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 248 (3.89). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 600, 756, 874, 1025, 1160, 

1261, 1346, 1379, 1469, 1501, 1606, 1661, 1694, 1722, 2631, 2939, 3145. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 1.01 c (3H, ɋ20ɇ3), 1.08 ɞ.ɬ (1ɇ, ɇ3
, J 13.6, 4.3), 1.β4 М (γɇ, ɋ19ɇ3), 1.38 ɞ.ɬ (1ɇ, ɇ1

, J 

13.1, 3.6), 1.61 ɬ.ɞ (1H, H
2
, J 14.1, 2.8), 1.79 c (3H, ɋ17ɇ3), 1.λ0 ɞ.ɞ (1H, H

5
, J 15.0, 3.2), 1.λγ ɬ.ɞ 

(1H, H
2
, J 14.1, 3.2), 1.99 ɞ.ɦ (1ɇ, ɇ1

, J 12.6), 2.23 ɞ.ɦ (1ɇ, ɇ3
, J 13.2), 2.38-β.45 ɦ (βH, H

11
), 2.52 

ɦ (βH, H
12), β.74 ɞ.ɞ (1ɇ, ɇ6

, J 17.6, γ.β), β.λ6 (ɞ.ɞ 1ɇ, ɇ6
, J 17.6, 15.0), 6.28 ɞ (1H, H

14
, J 1.6), 7.24 

ɞ (1H, H
16

, J 1.0), 7.γ4 ɞ.ɞ (1H, H
15

, J 1.0, 1.6). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 11.10 ɤ (C20), 15.48 ɤ 
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(C
17), 18.61 ɬ (C2), βγ.71 ɬ (C12

), β7.48 ɤ (C19), γ0.06 ɬ (C11), γ5.50 ɬ (C3
), 

γ5.λ8 ɬ (C6
), γ6.54 ɬ (C1

), 41.04 ɫ (C10
), 4γ.0γ ɫ (C4

), 50.βγ ɞ (ɋ5), 110.08 ɞ 

(C
14), 1βγ.λ1 ɫ (C13

), 130.36 c (C
8
), 1γ8.16 ɞ (ɋ16), 14β.60 ɞ (C15

), 165.19 c 

(C
9
), 182.25 c (C

18), 1λλ.81 ɫ (ɋ7
). ɇɚɣɞɟɧɨμ ДM] 

 330.1823.
 
C20H26O4. 

ȼɵɱɢɫɥɟɧɨμ 330.1826. 

(1S,4aS,8aR)-Ɇɟɬɢɥ 1,4a,6-ɬɪɢɦɟɬɢɥ-7-ɨɤɫɨ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,2,3,4,4a,7, 8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (42). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8λ ɦɦɨɥɶ) 7-

ɝɢɞɪɨɤɫɢɥɚɛɞɚɧɨɢɞɚ (41) ɜ CH2Cl2 ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 6.54 ɝ  (75.β0 

ɦɦɨɥɶ) ɚɤɬɢɜɧɨɣ ɞɜɭɨɤɢɫɢ ɦɚɪɝɚɧɰɚ (IV). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ, ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ CH2Cl2. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ   0.6λ ɝ 

(6λ%) ɤɟɬɨɧɚ (42). 
20][ D

 
+127.45

o
 (c 1.λ6, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (4.01), 246 

(4.02).  ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 791, 870, 1026, 1086, 1139, 1163, 1191, 1234, 1332, 1380, 1462, 1608, 

1659, 1722, 2860, 2939, 2958, 3424. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.83 (3H, c, ɋ20ɇ3), 0.99 

ɬ (1ɇ, ɇγ, J 13.5), 1.0λ М (γɇ, ɋ19ɇ3), 1.γ0 ɦ (1ɇ, ɇ1), 1.5γ ɞ.ɦ (1H, H
2
, J 

14.4), 1.71 (3H, c, ɋ17ɇ3), 1.80 ɞ.ɞ (1H, H
5
, J 15.0, γ.β), 1.81 ɦ (1H, H

2
), 

1.91 ɦ (1ɇ, ɇ1), β.16 ɦ (1ɇ, ɇ3
), 2.30-β.40 ɦ (βH, H

11
), 2.43-β.45 ɦ (βH, 

H
12), β.64 ɞ.ɞ (1ɇ, ɇ6

, J 17.4, 3.2), β.λβ ɞ.ɞ (1ɇ, ɇ6
, J 17.6, 15.0), γ.56 ɫ 

(γɇ, Ɉɋɇ3), 6.β1 ɞ (1H, H
14

, J 1.6), 7.ββ ɞ (1H, H
16

, J 0.8), 7.γ0 ɞ.ɞ (1H, 

H
15

, J 1.6, 0.8). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 11.γ5 ɤ (C20), 15.5β ɤ (C17
), 18.95 

ɬ (C2), β4.01 ɬ (C12
), β7.54 ɤ (C19), γ0.γ0 ɬ (C11), γ5.81 ɬ (C3

), γ6.46 ɬ (C6
), γ7.1γ ɬ (C1

), 41.1β ɫ 

(C
10

), 4γ.γλ ɫ (C4
), 50.55 ɞ (ɋ5), 51.βλ ɤ (Ɉɋɇ3), 110.γλ ɞ (C14), 1β4.βγ ɫ (C13

), 130.35 c (C
8
), 138.42 

ɞ (ɋ16), 14β.8β ɞ (C15
), 164.85 c (C

9
), 176.81 c (C

18), 1λλ.γ8 ɫ (ɋ7
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 344 

(13), 286 (39), 326 (15), 251 (10), 250 (18), 190 (12), 189 (75), 177 (15), 176 (51), 161 (11), 149 (10), 

135 (25), 105 (11), 110 (10), 95 (11), 91 (13), 82 (15), 81 (100), 53 (14), 41 (13), 28 (17), 18 (38). 

ɇɚɣɞɟɧɨμ ДM]
 
344.1986.

 
C21H28O4. ȼɵɱɢɫɥɟɧɨμ 344.1982. 

Ɇɟɬɢɥ (1S,4aS,5R,7R,8aR)-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-7-ɝɢɞɪɨɤɫɢ-1,4a-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (43). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.35 ɝ  (12.12 

ɦɦɨɥɶ) ɨɤɫɢɞɚ ɫɟɥɟɧɚ (IV) ɢ β.0 ɦɥ (β.40 ɦɦɨɥɶ) 90% ɬɪɟɬ-ɛɭɬɢɥɝɢɞɪɨɩɟɪɨɤɫɢɞɚ ɜ ɯɥɨɪɢɫɬɨɦ 

ɦɟɬɢɥɟɧɟ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɩɨ ɤɚɩɥɹɦ ɞɨɛɚɜɢɥɢ ɪɚɫɬɜɨɪ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 10 ɦɥ CH2Cl2 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 24 ɱ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4.  Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 



153 

 

ɉɨɥɭɱɢɥɢ 0.71 ɝ (68%) ɫɨɟɞɢɧɟɧɢɹ (43) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 
+32.38

o
 (c β.54, ɋɇCl3). ɋɩɟɤɬɪ əɆɊ 

1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γH, C20

H3), 1.04 ɬ.ɞ (1H, H3
, J 1γ.4, 4.0). 1.06 ɬ.ɞ (1H, H1

, J 13.8, 

4.0), 1.1γ ɫ (γH, C19
H3), 1.β0 ɦ (1H, H5

), 1.45-1.57 ɦ (γH, H2,9,11
), 1.70-1.8γ ɦ (3H, H

6,1,2
), 1.99-2.24 

ɦ (γH, H
3,6,12,11

), β.4λ ɦ (1H, H12), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.γ7 ɫ (1H, H17
), 4.64 

ɫ (1H, H17), 5.05 ɫ (1H, H7), 6.ββ ɞ (1H, H14
, J 1.8), 7.16 ɫ (1H, H15

, J 1.8), 

7.γ0 ɫ (1H, H16). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 11.55 ɤ (C20
), 19.83 ɬ (C2

), 23.18 

ɬ (C12
), 23.69 ɬ (C11

), 28.44 ɤ (C19), γβ.β8 ɬ (C6
), 37.93 ɬ (C3

), 38.63 ɬ (C1
), 

40.05 ɫ (C10
), 43.78 ɫ (C4

), 48.30 ɞ (C9
), 48.83 ɞ (C5), 51.10 ɤ (Ɉɋɇ3), 73.76 

ɞ (C
7), 106.58 ɬ (C17), 110.77 ɞ (C14), 1β5.14 ɫ (C13), 1γ8.5γ ɞ (C15

), 142.60 

ɞ (C16), 148.8γ ɫ (C8
), 177.73 ɫ (C18

). ɇɚɣɞɟɧɨ, %μ ɋ 72.53; H 9.98. C23H38O4. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 

72.98; H 10.12. 

Ɇɟɬɢɥ (1S,4aR,5R,8aR)-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-7-

ɨɤɫɨɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (44). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8λ 

ɦɦɨɥɶ) 7-ɝɢɞɪɨɤɫɢɥɚɛɞɚɧɨɢɞɚ (43) ɜ 15 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.93 ɝ (4.34 ɦɦɨɥɶ) ɩɢɪɢɞɢɧɢɣ ɯɥɨɪɯɪɨɦɚɬɚ.  Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 3 ɱ, ɜɵɥɢɥɢ 50 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɢ 

ɷɤɫɬɪɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.6γ ɝ (6γ%) ɫɨɟɞɢɧɟɧɢɹ (44) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 

+29.54
o
 (c 1.78, ɋɇCl3). ɋɩɟɤɬɪ əɆɊ 1

H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.65 ɫ (γH, C20
H3), 1.0γ ɦ (βH, 

H
3,1), 1.15 ɫ (γH, C19

H3), 1.γ4 ɞ (1H, H5
, J 7.6), 1.55 ɦ, 1.66 ɦ (γH, H2,9,11), 1.87 ɦ (βH, H1,2), β.β4 ɦ 

(3H, H
3,12,11), β.54 ɦ (1H, H12), β.80 ɦ (1H, H6

), γ.07 ɦ (1H, H6), γ.6β ɫ (γɇ, Ɉɋɇ3), 5.10 ɫ (1H, H17
), 

5.78 ɫ (1H, H17), 6.βγ ɫ (1H, H14), 7.17 ɫ (1H, H15), 7.γβ ɫ (1H, H16
). 

ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.μ 1β.β6 ɤ (C20), 1λ.54 ɬ (C2), βγ.β5 ɬ (C12
), 

β4.76 ɬ (C11), β7.86 ɤ (C19), βλ.50 ɬ (C6), γ7.6λ ɬ (C3
), 38.56 ɬ (C1

), 

γλ.λλ ɬ (C10), 4γ.λλ ɬ (C4), 51.γβ ɤ (Ɉɋɇ3), 5β.5γ ɞ (C9), 5γ.4γ ɞ (C5
), 

110.56 ɞ (C14), 117.06 ɬ (C17), 1β4.40 ɫ (C13), 1γ8.7β ɞ (C15), 14β.74 ɞ 

(C
16), 147.8β ɫ (C8

), 176.73 (C
18), β0γ.7λ ɫ (C7

). ɇɚɣɞɟɧɨ, %: ɋ 73.44; 

H 9.59. C23H36O4. ȼɵɱɢɫɥɟɧɨ, %: ɋ 73.37; H 9.64. 

(1S,4aS,8aR,ȿ)-7-Ƚɢɞɪɨɤɫɢɢɦɢɧɨ-1,4a,6-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,2,3,4, 

4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɧɨɜɚя ɤɢɫɥɨɬɚ (45). Ʉ ɪɚɫɬɜɨɪɭ 1.00 (3.0γ ɦɦɨɥɶ) 7-

ɨɤɫɨɥɚɛɞɚɬɪɢɟɧɨɜɨɣ ɤɢɫɥɨɬɵ (40) ɜ β0 ɦɥ ɦɟɬɚɧɨɥɚ ɞɨɛɚɜɢɥɢ 0.γ8 ɝ (5.45 ɦɦɨɥɶ) 

ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ ɝɢɞɪɨɯɥɨɪɢɞɚ ɢ 1.γ7 ɝ (16.67 ɦɦɨɥɶ) NaOAc. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɤ 
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ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 40 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γ×γ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ×γ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.λγ ɝ (8λ%) ɨɤɫɢɦɚ (45). 

20][ D
 
+166.25o (c β.08, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 243 (3.97). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 751, 

780, 811, 874, 909, 943, 978, 1025, 1062, 1144, 1165, 1186, 1331, 1355, 

1381, 1466, 1501, 1619, 1693, 1773, 2553, 2938, 3266. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.94 c (3H, ɋ20ɇ3), 1.07 ɦ (1ɇ, ɇ3
), 1.28 c (3ɇ, 

ɋ19ɇ3), 1.γβ ɦ (1ɇ, ɇ1), 1.6β ɞ.ɞ (1H, H
5
, J 14.6, 2.8), 1.81 ɦ (1ɇ, H2

), 1.84 

ɫ (3H, ɋ17ɇ3), 1.λγ ɦ (1H, H
2
), 2.00 ɦ (1ɇ, ɇ1

), 2.26 ɦ (1ɇ, ɇ3
), 2.34 ɦ (1H, 

H
1
), 2.45-2.52 ɦ (4H, H

11,12
), 2.77 ɞ.ɞ (1ɇ, ɇ6

, J 17.6, 14.6), 3.46 ɞ.ɞ (1ɇ, 

ɇ6
, J 17.6, 2.8), 6.30 ɞ.ɞ (1H, H

14
, J 1.6, 0.8), 7.β8 ɞ (1H, H

16
, J 0.8), 7.γ5 ɞ.ɞ (1H, H

15
, J 1.6, 0.8). 

ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 1γ.γβ ɤ (C20), 16.68 ɤ (C17), 1λ.γγ ɬ (C2), β1.68 ɬ (C6
), β5.17 ɬ (C12

), 28.21 

ɤ (C19), βλ.66 ɬ (C11), γ6.γ1 ɬ (C3
), γ7.48 ɬ (C1

), 40.β7 ɫ (C10
), 4γ.66 ɫ (C4

), 4λ.67 ɞ (ɋ5), 110.55 ɞ 

(C
14), 1β4.1β ɫ (C13

), 124.57 c (C
8
), 1γ8.45 ɞ (ɋ16), 14β.8β ɞ (C15

), 153.54 c (C
9
), 158.17 c (C

7
), 

18β.84 ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 345 (14), 328 (26), 315 (20), 314 (44), 264 (45), 251 (39), 

250 (96), 248 (19), 234 (23), 233 (57), 232 (76), 188 (24), 187 (62), 186 (37), 175 (28), 174 (21), 173 

(73), 171 (23), 159 (31), 145 (38), 133 (27), 131 (22), 119 (40), 107 (24), 105 (35), 96 (23), 95 (48), 93 

(23), 91 (40), 81 (100), 79 (22), 77 (24), 67 (25), 55 (21), 53 (34). ɇɚɣɞɟɧɨμ ДM]
 
345.1940.

 

C20H27O4N. ȼɵɱɢɫɥɟɧɨμ γ45.1935. 

(1S,4aS,8aR,ȿ)-Ɇɟɬɢɥ 7-ɝɢɞɪɨɤɫɢɢɦɢɧɨ-1,4a,6-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (48). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.λ0 ɦɦɨɥɶ) 7-

ɨɤɫɨɥɚɛɞɚɬɪɢɟɧɚ (42) ɜ β0 ɦɥ ɦɟɬɚɧɨɥɚ ɞɨɛɚɜɢɥɢ 0.β4 ɝ (γ.48 ɦɦɨɥɶ) ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɢ 1.γ1 ɝ (15.λ6 ɦɦɨɥɶ) NaOAc. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 40 ɦɥ 

ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯγ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯγ0 ɦɥ) ɢ 

ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ ɩɨɥɭɱɢɥɢ 

1.0β ɝ (λ8%) ɫɨɟɞɢɧɟɧɢɹ (48) ɜ ɜɢɞɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ. Ɍ. ɩɥ. 1γ1-133
ɨɋ. 20][ D  +134.50

o
 (c 0.80, 

ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 201 (4.1), 243 (4.25). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 779, 872, 904, 962, 

1026, 1143, 1196, 1236, 1356, 1379, 1439, 1462, 1502, 1626, 1724, 2854, 2943, 3248. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.81 c (3H, ɋ20ɇ3), 1.04 ɞ.ɬ (1ɇ, ɇ3

, J 13.5, 3.8), 1.β5 М (γɇ, ɋ19ɇ3), 1.33 

ɞ.ɬ (1ɇ, ɇ1
, J 13.4, 3.5), 1.58 ɦ (2H, H

2,5
), 1.87 c (3H, ɋ17ɇ3), 1.λβ ɦ (1H, H

2
), 2.97 ɦ (1ɇ, ɇ1

), 2.23 

ɦ (1ɇ, ɇ3), β.γ0 ɦ (1H, H
11), β.41 ɦ (1H, H

11
), 2.47-2.53 ɦ (2H, H

12
), 2.6λ ɞ.ɞ (1ɇ, ɇ6

, J 17.7, 14.5), 

γ.4γ ɞ.ɞ (1ɇ, ɇ6
, J 17.7, γ.5), γ.65 ɫ (γɇ, Ɉɋɇ3), 6.β8 ɞ.ɞ (1H, H

14
, J 1.4, 0.9), 7.23 ɞ (1H, H

16
, J 
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0.9), 7.γ4 ɞ (1H, H
15

, J 1.4, 0.λ). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 1γ.0λ ɤ (C20
), 

16.βλ ɤ (C17), 1λ.β8 ɬ (C2
), β1.18 ɬ (C6

), β5.17 ɬ (C12), β7.λβ ɤ (C19
), 29.57 

ɬ (C11), γ6.γ6 ɬ (C3
), γ7.7β ɬ (C1

), 40.00 ɫ (C10
), 4γ.88 ɫ (C4

), 4λ.76 ɞ (ɋ5
), 

51.γβ ɤ (Ɉɋɇ3), 110.56 ɞ (C14), 1β4.5γ* ɫ (C13
), 124.67* c (C

8), 1γ8.4γ ɞ 

(ɋ16), 14β.80 ɞ (C15
), 152.06 М (ɋ9), 157.λ7 ɫ (C7

), 177.36 c (C
18). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  %): 359 (7), 342 (19), 278 (26), 265 (36), 264 (100), 246 (35), 218 (43), 204 (18), 

200 (14), 188 (10), 187 (11), 186 (52), 159 (12), 158 (11), 146 (13), 145 (11), 144 (14), 136 (11), 132 

(10), 119 (10), 107 (14), 105 (16), 91 (21), 81 (73), 79 (14), 77 (14), 67 (11), 55 (13), 53 (38), 41 (22), 

β7 (11). ɇɚɣɞɟɧɨμ ДM]
 
359.2087.

 
C21H29NO4. ȼɵɱɢɫɥɟɧɨμ γ5λ.β0λ1.   

ɉɟɪɟɝɪɭɩɩɢɪɨɜɤɚ Ȼɟɤɦɚɧɚ ɨɤɫɢɦɚ (45). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.45 ɦɦɨɥɶ) ɨɤɫɢɦɚ (45) ɜ β0 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɞɢɨɤɫɚɧɚ ɩɪɢ 0ɨɋ ɩɪɢɤɚɩɚɥɢ β ɦɥ ɫɜɟɠɟɩɟɪɟɝɧɚɧɧɨɝɨ SOCl2. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɦɢɧ ɩɪɢ 0ɨɋ ɢ 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɡɚɬɟɦ ɪɚɡɛɚɜɢɥɢ ɜɨɞɨɣ (γ0 ɦɥ) 

ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γ×40 ɦɥ) ɢ 

ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ 

ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.15 ɝ (γ0%) ɨɤɬɚɝɢɞɪɨ-1ɇ-

ɛɟɧɡɨДdЖɚɡɟɩɢɧɚ (46) ɢ 0.04 ɝ (8%) ɨɤɬɚɝɢɞɪɨ-1ɇ-ɛɟɧɡɨДcЖɚɡɟɩɢɧɚ (47). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɮɪɚɤɰɢɢ 1 ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ (5ɚS,9S,9aR)-9-ɤɚɪɛɨɤɫɢ-4,5ɚ,9-ɬɪɢɦɟɬɢɥ-5-[2-

(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥЖ-2-ɨɤɫɨ-2,3,5ɚ,6,7,8,9,9ɚ-ɨɤɬɚɝɢɞɪɨ-1ɇ-ɛɟɧɡɨДdЖɚɡɟɩɢɧ (46) ɜ ɜɢɞɟ ɛɟɥɨɝɨ 

ɨɫɚɞɤɚ. Ɍ. ɩɥ. β0β-205
ɨɋ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (3.91). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 674, 721, 779, 

819, 873, 1146, 1165, 1221, 1443, 1468, 1614, 1693, 2858, 2938, 2959, 3433. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.81 c (3H, ɋ19ɇ3), 1.1γ ɞ.ɬ (1ɇ, ɇ8
, J 13.5, 4.1), 1.γλ М (γɇ, ɋ20ɇ3), 1.48 ɞ.ɬ 

(1ɇ, ɇ6
, J 13.5, 2.9), 1.6γ ɦ (1ɇ, ɇ7

), 1.66 ɞ.ɞ (1H, H
9ɚ

, J 12.4, 3.2), 1.99 c (3H, ɋ17ɇ3), 1.98 ɦ (1ɇ, 

ɇ6
), β.17 ɬ.ɞ (1H, H

7
, J 13.5, 2.7), β.γβ ɦ (1ɇ, ɇ8

), 2.42-β.54 ɦ (4H, H
11,12

), 3.18 ɞ.ɞ (1ɇ, ɇ1
, J 16.8, 

γ.β), γ.5γ ɞ.ɞ (1ɇ, ɇ1
, J 16.8, 12.4), 6.27 ɞ (1H, H

14
, J 1.6), 7.βγ ɞ (1H, H

16
, J 0.8), 7.γ4 ɞ.ɞ (1H, H

15
, 

J 1.6, 0.8). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 1γ.66 ɤ (C17), 18.46 ɤ (C20
), 1λ.15 ɬ 

(C
7), β4.6γ ɬ (C12

), β7.λ6 ɤ (C19), β8.8β ɬ (C1), βλ.65 ɬ (C11), γ5.6λ ɬ (C6
), 

γ7.6β ɬ (C8
), γλ.4β ɫ (C5ɚ), 44.λγ ɫ (C9

), 46.85 ɞ (ɋ9ɚ), 110.47 ɞ (C14
), 

124.24* ɫ (C13
), 124.30* c (C

4
), 1γ8.50 ɞ (ɋ16), 14β.85 ɞ (C15

), 158.20 c (C
5
), 

165.β0 ɫ (ɋ2
), 172.66 c (C

18
). ɇɚɣɞɟɧɨμ ДM]

 
345.1931.

 
C20H27NO4. 

ȼɵɱɢɫɥɟɧɨμ γ45.1λγ5.   

(5aS,9S,9aR)-9-ɤɚɪɛɨɤɫɢ-4,5ɚ,9-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-3-ɨɤɫɨ-2,3,5ɚ,6,7,8,9,9ɚ-

ɨɤɬɚɝɢɞɪɨ-1ɇ-ɛɟɧɡɨДc]ɚɡɟɩɢɧ (47). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (3.90). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 

673, 734, 1149, 1169, 1227, 1458, 1468, 1649, 1724, 2861, 2938, 2954, 3432. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.94 ɦ (1ɇ, ɇ8
), 1.24 c (3H, ɋ19ɇ3), 1.27 М (γɇ, ɋ20ɇ3), 1.γ7 ɦ (1ɇ, ɇ6

), 1.62-
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1.74 ɦ (βɇ, H7,9ɚ
), 1.91 c (3H, ɋ17ɇ3), 1.90-β.08 ɦ (βH, H

6,7), β.β4 ɦ (1ɇ, ɇ8
), 2.40-2.55 ɦ (4H, 

H
11,12

), 3.48 ɦ (1ɇ, ɇ1
), 3.94 ɞ.ɞ (1ɇ, ɇ1

, J 14.7, 4.6), 6.31 ɞ (1H, H
14

, J 1.5), 7.β7 ɞ (1H, H
16

, J 0.8), 

7.γ8 ɞ.ɞ (1H, H
15

, J 1.5, 0.8). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 15.57 ɤ (C17
), 

1λ.81 ɬ (C7), β1.λγ ɤ (C20), β5.β8 ɬ (C12
), γ0.17 ɬ (C11), γ0.ββ ɤ (C19

), 36.36 

ɬ (C1
), γλ.16 ɬ (C6

), 40.γλ ɬ (C8), 4β.γβ ɫ (C5ɚ), 4γ.λ0 ɫ (C9
),  58.78 ɞ (ɋ9a

), 

110.74 ɞ (C14), 1β4.4γ ɫ (C13
), 127.87 c (C

4
), 1γ8.71 ɞ (ɋ16), 14γ.05 ɞ (C15

), 

152.17 c (C
5
), 177.87 ɫ (ɋ3

), 182.28 c (C
18

). ɇɚɣɞɟɧɨμ ДM] 345.1937.
 

C20H27NO4. ȼɵɱɢɫɥɟɧɨμ γ45.1λγ5.   

ɉɟɪɟɝɪɭɩɩɢɪɨɜɤɚ Ȼɟɤɦɚɧɚ ɨɤɫɢɦɚ (48). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.γλ ɦɦɨɥɶ) ɨɤɫɢɦɚ (48) ɜ β0 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɞɢɨɤɫɚɧɚ ɩɪɢ 0ɨɋ ɩɪɢɤɚɩɚɥɢ β ɦɥ ɫɜɟɠɟɩɟɪɟɝɧɚɧɧɨɝɨ SOCl2. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 9 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɞɨɛɚɜɢɥɢ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ). ȼɵɞɟɥɢɥɢ 0.10 ɝ  (20%) (5ɚS,9S,9aR)-9-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-

4,5ɚ,9-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥЖ-3-ɨɤɫɨ-2,3,5ɚ,6,7,8,9,9ɚ-ɨɤɬɚɝɢɞɪɨ-1ɇ-

ɛɟɧɡɨДɫЖɚɡɟɩɢɧɚ (49). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (3.86). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 754, 1153, 1203, 

1232, 1363, 1382, 1468, 1649, 1724, 1755, 2945, 2890, 3290, 3421. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.λ5 ɞ.ɬ (1ɇ, ɇ8
, J 13.5, 4.1), 1.08 c (3H, ɋ19ɇ3), 1.β1 М (γɇ, ɋ20ɇ3), 1.5γ ɦ (βɇ, ɇ6,9ɚ

), 1.62 

ɦ (1ɇ, ɇ7), 1.7β ɦ (1H, ɇ6), 1.7β ɬ.ɞ (1H, H
7
, J 13.2, 3.8), 1.94 c (3H, 

ɋ17ɇ3), β.β0 ɦ (1ɇ, ɇ8
), 2.35-β.48 ɦ (4H, H

11,12
), 3.46 ɞ.ɞ (1ɇ, ɇ1

, J 12.7, 

4.β), γ.64 ɫ (γɇ, Ɉɋɇ3), γ.6β ɦ (1ɇ, ɇ1
), 6.26 ɞ (1H, H

14
, J 1.8), 6.47 ɭɲ.ɫ 

(1ɇ, NH), 7.β1 ɞ (1H, H
16

, J 0.8), 7.γβ ɞ.ɞ (1H, H
15

, J 1.8, 0.8). ɋɩɟɤɬɪ 

əɆɊ 13C, į, ɦ. ɞ.μ 16.8γ ɤ (C17), 1λ.γλ ɬ (C7), β0.88 ɤ (C20), β4.λ5 ɬ (C12
), 

29.0γ ɤ (C19
), γ0.60 ɬ (C11

), γ6.68 ɬ (C1
), γ8.54 ɬ (C6

), γλ.λ6 ɬ (C8), 4γ.40 ɫ 

(C
5ɚ

), 44.17 ɫ (C9), 51.7β ɤ (Ɉɋɇ3), 58.18 ɞ (ɋ9ɚ), 110.48 ɞ (C14), 1β4.β6 ɫ (C13
), 127.99 c (C

4
), 

1γ8.41 ɞ (ɋ16), 14β.77 ɞ (C15
), 150.48 c (C

5
), 174.77 ɫ (ɋ3

), 177.14 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ,  

%): 358 (36), 344 (32), 278 (33), 204 (23), 191 (100), 190 (89), 189 (34), 176 (35), 162 (28), 161 (24), 

121 (20), 119 (21), 105 (31), 91 (35), 85 (30), 83 (49), 81 (84), 79 (23), 77 (21), 67 (20), 55 (21), 53 

(32), 41 (29). ɇɚɣɞɟɧɨμ ДM]
 
358.2008.

 
C21H22NO4. ȼɵɱɢɫɥɟɧɨμ γ5λ.β0λ1.   

 (1S,4aS,8aR,ȿ)-Ɇɟɬɢɥ 1,4a,6-ɬɪɢɦɟɬɢɥ-5-[2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-7-Д(ɬɨɡɢɥɨɤɫɢ)-ɢɦɢɧɨ]-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (50). Ʉ ɪɚɫɬɜɨɪɭ 1.00 (β.78 ɦɦɨɥɶ) 

ɨɤɫɢɦɚ (48) ɜ 10 ɦɥ ɩɢɪɢɞɢɧɚ ɞɨɛɚɜɢɥɢ β.65 ɝ (1γ.λ1 ɦɦɨɥɶ) ɬɨɡɢɥɚ ɯɥɨɪɢɫɬɨɝɨ ɢ 0.01 ɝ (0.08 

ɦɦɨɥɶ) 4-ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 8 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ, ɡɚɬɟɦ ɜɵɥɢɥɢ ɜ 50 ɦɥ 10% ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯγ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯγ0 ɦɥ) ɢ 
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ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 1.4γ ɝ (100%) ɫɨɟɞɢɧɟɧɢɹ 

(50) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.00 ɞ.ɬ (1ɇ, ɇ3
, J 

13.4, 4.0), 1.β1 М (γɇ, ɋ19ɇ3), 1.β8 ɞ.ɬ (1ɇ, ɇ1
, J 13.2, 4.0), 1.5β ɞ.ɞ (1H, H

5
, J 14.5, 3.8), 1.56 ɦ (1H, 

H
2
), 1.76 c (3H, ɋ17ɇ3), 1.8γ ɞ.ɬ (1H, H

2
, J 14.0, 3.5), β.λγ ɞ.ɬ (1ɇ, ɇ1

, J 12.1, 3.1), β.ββ ɞ.ɬ (1ɇ, ɇ3
, 

J 13.7, 3.1), 2.26-2.37 ɦ (βH, H
11

), 2.41-2.48 ɦ (βH, H
12), β.47 ɫ (γɇ, ɋɇ3), 

β.67 ɞ.ɞ (1ɇ, ɇ6
, J 18.0, 14.5), γ.βλ ɞ.ɞ (1ɇ, ɇ6

, J 18.0, γ.8), γ.65 ɫ (γɇ, 

Ɉɋɇ3), 6.26 ɞ.ɞ (1H, H
14

, J 1.6, 1.0), 7.ββ ɞ (1H, H
16

, J 1.0), 7.γβ ɞ (βɇ, 

ɇ3´,5´
, J 8.6), 7.γγ ɞ.ɞ (1H, H

15
, J 1.6, 0.8), 7.γλ ɞ (βɇ, ɇ2´,6´

, J 8.6). ɋɩɟɤɬɪ 

əɆɊ 13C, į, ɦ. ɞ.μ 1β.74 ɤ (C20), 17.0β ɤ (C17), 1λ.06 ɬ (C2), β1.51 ɤ (ɋɇ3), 

ββ.54 ɬ (C6), β4.6λ ɬ (C12
), β7.66 ɤ (C19), βλ.7λ ɬ (C11), γ6.86 ɬ (C3

), γ7.γ5 ɬ 

(C
1
), 40.08 ɫ (C10

), 4γ.57 ɫ (C4
), 4λ.08 ɞ (ɋ5

), 51.38 ɤ (Ɉɋɇ3), 110.51 ɞ (C14), 1βγ.γβ* ɫ (C13
), 

124.36* c (C
8), 1β8.88 ɞ (ɋ2’,6’), 1βλ.γ0 ɞ (ɋ3’,5’), 1γ8.4γ ɞ (ɋ16), 141.γ6 ɫ (ɋ4’), 14β.λγ ɞ (C15

), 

146.λγ ɫ (ɋ1’), 157.6γ ɫ (C9), 164.γ0 М (ɋ7
), 176.73 c (C

18
). ɇɚɣɞɟɧɨμ ДM]

 
513.2178.

 
C28H35NO6S. 

ȼɵɱɢɫɥɟɧɨμ 513.2180.   

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-{2-[(E)-(ɝɢɞɪɨɤɫɢɢɦɢɧɨ)ɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (54). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 

1.00 ɝ (β.8 ɦɦɨɥɶ) ɚɥɶɞɟɝɢɞɚ (53) ɜ ɜɨɞɧɨɦ ɷɬɚɧɨɥɟ (EtOH-H2O 1:1) ɞɨɛɚɜɢɥɢ 0.β0 ɝ (β.8 ɦɦɨɥɶ) 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ ɢ 0.1β ɝ (β.8 ɦɦɨɥɶ) NaOH. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 5 ɱ, ɡɚɬɟɦ ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (40ɯγ ɪɚɡɚ), 

ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. ȼ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 1.04 ɝ 

(100%) ɫɨɟɞɢɧɟɧɢɹ (54) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +20.06
o
 (c 17.16; 

ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (4.05), 276 (4.07). ɂɄ-

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 8λ1, 164β, βλγ8 (ɋ=ɋɇ2), 954, 3492 (=NOH), 1154, 

1227, 1725 (CO2Me). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ 

(3ɇ, ɋ20ɇ3), 0.λ1 ɞ.ɬ (1H, H
1α

, J 13.2, 3.9), 0.λ8 ɞ.ɬ (1H, H
3α

, J 13.2, 

3.9), 1.1γ ɫ (γɇ, ɋ19ɇ3), 1.βγ ɞ.ɞ (1ɇ, H5α
, J5α6β 12.7, J5α6α 2.9), 1.45 ɞ.ɦ (1ɇ, ɇ2

, J 14.2), 1.54 ɭɲ.ɫ 

(1ɇ, ɇ9
), 1.5λ ɦ (1ɇ, ɇ11

), 1.66-1.80 ɦ (4H, H
11,6,1β,2

), 1.84 ɞ.ɬ (1ɇ, ɇ7α
, J 13.2, 3.9), 1.λ4 ɞ.ɦ (1ɇ, 

ɇ6
, J 12.5), β.11 ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 13.2), 2.33-β.γ8 ɦ (1ɇ, ɇ12
), β.γλ ɬ.ɞ (1ɇ, ɇ7β

, Jɝɟɦ 13.2, 2.9), 

2.56-β.61 ɦ (1ɇ, ɇ12
), 3.57 c (γɇ, OCH3), 4.54 ɫ, 4.89 c (βɇ, ɇ17,17

), 6.βλ ɞ (1ɇ, ɇ14
, J14,15 1.5), 7.36 

ɞ (1ɇ, ɇ15
, J14,15 1.5), 7.λ4 ɫ (1ɇ, ɋɇ=). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.1λ ɤ (C20
), 19.44 ɬ (ɋ2

), 22.56 ɬ 

(ɋ12
), 23.71 ɬ (ɋ11

), 25.78 ɬ (C6
), 28.28 ɤ (C19

), 37.65 ɬ (C3
), 38.13 ɬ (C7

), 38.54 ɬ (C1
), 39.67 ɫ (C10

), 

43.82 ɫ (ɋ4
), 50.72 ɤ (Ɉɋɇ3), 54.27 ɞ (ɋ9

), 55.70 ɞ (ɋ5
), 106.17 ɬ (ɋ17

), 112.22 ɞ (ɋ14
), 128.69 ɫ 

(ɋ13
), 138.39 ɞ (ɋɇ=), 14β.γ7 ɫ (ɋ16

), 143.36 ɞ (ɋ15
), 147.23 ɫ (ɋ8

), 177.37 ɫ (ɋ18
).  
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(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-(ɚɦɢɧɨɦɟɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (55). ɚ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8 ɦɦɨɥɶ) ɨɤɫɢɦɚ (54) 

ɜ ɷɬɚɧɨɥɟ ɞɨɛɚɜɢɥɢ 1 ɦɥ 1βɆ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ 0.44 ɝ (6.74 ɦɦɨɥɶ) Zn.  Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 15 ɦɢɧ, ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (3ɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (40ɯγ ɪɚɡɚ), ɫɭɲɢɥɢ MgSO4 ɢ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ - ɯɥɨɪɨɮɨɪɦ), ɩɨɥɭɱɢɥɢ 

0.54 ɝ (56%) ɚɦɢɧɚ (55). ɛ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8 ɦɦɨɥɶ) ɨɤɫɢɦɚ (54) ɜ ɷɬɚɧɨɥɟ ɞɨɛɚɜɢɥɢ 10 ɦɥ 

2N ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOH ɢ 1 ɝ ɧɢɤɟɥɹ Ɋɟɧɟɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɞɨɪɨɞɚ ɜ ɬɟɱɟɧɢɟ 5 ɱ. Ʉɚɬɚɥɢɡɚɬɨɪ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, 

ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ʉ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 15 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɳɚɜɟɥɟɜɨɣ 

ɤɢɫɥɨɬɵ ɜ ɷɮɢɪɟ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ɉɨɥɭɱɢɥɢ 1.17 ɝ (97%) ɨɤɫɚɥɚɬɚ ɚɦɢɧɚ (55). 

Ɍ. ɩɥ. 165-168
ɨɋ. 20][ D  +33.21

o
 (c 0.29, EtOH). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 193 (2.55), 206 (2.38), 

212 (2.30), 226 (2.37), 242 (2.39). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 893, 1642, 2946 

(ɋ=ɋɇ2), 1156, 1230, 1724 (CO2Me), 3431 (NH2). ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (3ɇ, ɋ20ɇ3), 1.01 ɞ.ɬ (1H, H
1α

, J 13.5, 3.2), 

1.01 ɞ.ɬ (1H, H
3α

, J 13.5, 3.2), 1.16 ɫ (3ɇ, ɋ19ɇ3), 1.β8 ɞ (1ɇ, H5α
, J5α6β 

11.2), 1.51 ɦ (3ɇ, ɇ2,9,11
), 1.57 ɦ (1H, H

11
), 1.74-1.82 ɦ (3ɇ, ɇ2,6,1β

), 

1.87 ɦ (1ɇ, ɇ7α
), 1.λ8 ɦ (1ɇ, ɇ6

),  β.1γ ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 13.2), β.β8 ɦ 

(1ɇ, ɇ12
), β.40 ɞ (1ɇ, ɇ7β

, Jɝɟɦ 11.1), β.5γ ɦ (1ɇ, ɇ12
), 3.60 c (γɇ, OCH3), 4.0γ ɲ.ɫ (2ɇ, ɋɇ2N), 4.56 

c, 4.90 c (2ɇ, ɇ17,17
), 4.76 ɲ.ɫ (2ɇ, NH2), 6.β8 ɫ (1ɇ, ɇ14

), 7.β4 ɫ (1ɇ, ɇ15
). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 

11.65 ɤ (C20
), 19.01 ɬ (ɋ2

), 21.93 ɬ (ɋ12
), 23.33 ɬ (ɋ11

), 25.43 ɬ (C6
), 27.81 ɤ (C19

), 33.01 ɬ (ɋɇ2N), 

37.20 ɬ (C3
), 37.77 ɬ (C7

), 38.14 ɬ (C1
), 39.30 ɫ (C10

), 43.89 ɫ (ɋ4
), 50.32 ɤ (Ɉɋɇ3), 54.11 ɞ (ɋ9

), 55.35 

ɞ (ɋ5
), 105.67 ɬ (ɋ17

), 110.86 ɞ (ɋ14
), 124.49 ɫ (ɋ13

), 141.08 ɫ (ɋ16
), 142.46 ɞ (ɋ15

), 146.86 ɫ (ɋ8
), 

177.54 ɫ (ɋ18
). ɇɚɣɞɟɧɨμ ДM]

 
359.2450.

 
C22H33NO3. ȼɵɱɢɫɥɟɧɨμ 359.2456.   

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-({9-[(ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɚɦɢɧɨ]ɧɨɧɚɧɚɦɢɞɨж-

ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (58). 

Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.80 ɝ (β.7λ ɦɦɨɥɶ) λ-(ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ)-9-ɚɦɢɧɨɧɨɧɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (56) ɜ β0 ɦɥ ɛɟɡɜɨɞɧɨɝɨ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ 

ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɪɢɛɚɜɢɥɢ 0.γ8 ɝ (β.7λ 

ɦɦɨɥɶ) 1-ɝɢɞɪɨɤɫɢɛɟɧɡɨɬɪɢɚɡɨɥɚ ɢ 0.57 ɝ (β.7λ ɦɦɨɥɶ) 

N,N-ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɩɪɢ  0ɨɋ  ɢ 5 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɡɚɬɟɦ ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ ɢ ɩɪɢɛɚɜɢɥɢ 1.00 ɝ 

(β.βγ ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥ 16-
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ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (55) ɢ 0.γ1 ɝ (γ.0β ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ. Ɍɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɩɨɞɧɹɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 1 ɫɭɬɤɢ, ɡɚɬɟɦ 

ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɩɪɨɦɵɥɢ ɨɯɥɚɠɞɟɧɧɵɦ ɯɥɨɪɢɫɬɵɦ 

ɦɟɬɢɥɟɧɨɦ. Ɉɛɴɟɞɢɧɟɧɧɵɟ ɮɢɥɶɬɪɚɬɵ ɩɪɨɦɵɥɢ 10% ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ, ɜɨɞɨɣ, 5% ɪɚɫɬɜɨɪɨɦ 

ɛɢɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ, ɜɨɞɨɣ, ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ γ ɦɥ 

ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ, ɨɯɥɚɞɢɥɢ ɞɨ -10
ɨɋ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɰɢɤɥɨɝɟɤɫɢɥɦɨɱɟɜɢɧɵ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ ɨɯɥɚɠɞɟɧɧɵɦ ɯɥɨɪɢɫɬɵɦ ɦɟɬɢɥɟɧɨɦ ɢ ɮɢɥɶɬɪɚɬ ɭɩɚɪɢɥɢ. ɗɬɭ 

ɩɪɨɰɟɞɭɪɭ ɩɨɜɬɨɪɢɥɢ β ɪɚɡɚ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɥɭɱɢɥɢ 0.78 ɝ (57%) ɫɨɟɞɢɧɟɧɢɹ (58) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +15.80
0
 (c 10.34; CHCl3). ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 202 (4.01), 220 (3.74), 282 (1.97). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 8λβ, βλγβ (ɋ=ɋɇ2), 1166, 

1229, 1722, (CO2Me), 1651, 3310 (CONH). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (3ɇ, 

ɋ20ɇ3), 0.λ6 ɦ (1H, H
1
), 0.λ8 ɞ.ɬ (1H, H

3
, J 13.2, 3.9), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ (11ɇ, 5ɋɇ2, H

5
), 

1.40 ɫ (1βɇ, ɋ(ɋɇ3)3, ɋɇ2,  ɇ2
), 1.54 ɦ (1ɇ, ɇ9

), 1.58 ɦ (1ɇ, ɇ11
), 1.73 ɦ, 1.76 ɦ, 1.80 ɦ, 1.85 ɦ (5ɇ, 

ɇ11,2,6,1,7
), 1.λ7 ɦ (1ɇ, ɇ6

), β.1β ɬ (γɇ, ɋɈɋɇ2, ɇ3
, J 8.1), β.β4 ɦ (1ɇ, ɇ12

), β.γλ ɞ.ɦ (1ɇ, ɇ7
, J 11.7), 

β.48 ɦ (1ɇ, ɇ12
), γ.05 ɞ (βɇ, Nɇ2ɋɇ2, J 5.6), 3.57 c (γɇ, OCH3), 4.γ0 ɞ (βɇ, ɋɇ2N, J 4.6), 4.55 ɫ, 

4.88 ɫ (βɇ, ɇ17,17
), 5.λ0 ɲ.ɫ (1ɇ, NH), 6.1λ ɫ (1ɇ, ɇ14

), 7.β4 ɫ (1ɇ, ɇ15). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 

12.50 ɤ (C20
), 19.81 ɬ (ɋ2

), 22.94 ɬ (ɋ12
), 24.41 ɬ (ɋ11

), 24.41 ɬ (ɋɇ2), 24.84 ɬ (ɋɇ2), 25.43 ɬ (ɋɇ2), 

26.14 ɬ (C6
), 28.26 ɤ (ɋ(ɋɇ3)3), 28.60 ɤ (C19

), 28.90 ɬ (ɋɇ2), 28.99 ɬ (ɋɇ2), 29.02 ɬ (ɋɇ2), 34.48 ɬ 

(ɋɇ2NH), 36.37 ɬ (COɋɇ2), 38.04 ɬ (C3
), 38.60 ɬ (C7

), 38.91 ɬ (C1
), 40.03 ɫ (C10

), 40.43 ɬ (ɋɇ2NH2), 

44.16 ɫ (ɋ4
), 50.99 ɤ (Ɉɋɇ3), 54.90 ɞ (ɋ9

), 56.11 ɞ (ɋ5
), 106.44 ɬ (ɋ17

), 111.50 ɞ (ɋ14
), 122.14 ɫ (ɋ13

), 

141.35 ɞ (ɋ15
), 146.28 ɫ (ɋ16

), 147.61 ɫ (ɋ8
), 169.78 ɫ (ɋɈ), 17β.57 ɫ (ɋɈ), 177.60 ɫ (ɋ18

). ɇɚɣɞɟɧɨ, 

%μ ɋ 70.6γν H 9.21; N 4.25. C36H58N2O6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 70.γβν H 9.51; N 4.56.  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-({9-[(ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɚɦɢɧɨ]ɭɧɞɟɤɚɧɚɦɢɞɨж- 

ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (59). 

Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.6 ɦɦɨɥɶ) 11-(ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ)-11-

ɚɦɢɧɨɭɧɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (57) ɜ β0 ɦɥ ɛɟɡɜɨɞɧɨɝɨ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ 

ɚɪɝɨɧɚ ɩɪɢɛɚɜɢɥɢ 0.ββ ɝ (1.6 ɦɦɨɥɶ) 1-ɝɢɞɪɨɤɫɢɛɟɧɡɨɬɪɢɚɡɨɥɚ ɢ 0.γγ ɝ (1.6 ɦɦɨɥɶ) N,N-

ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɩɪɢ 0
ɨɋ ɢ 5 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɡɚɬɟɦ ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ ɢ ɩɪɢɛɚɜɢɥɢ 0.60 ɝ (1.γ ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ 

ɦɟɬɢɥ 16-ɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (55) ɢ 0.17 ɝ (1.7 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ. Ɍɟɦɩɟɪɚɬɭɪɭ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨɞɧɹɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ  ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 1 

ɫɭɬɤɢ, ɡɚɬɟɦ ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɩɪɨɦɵɥɢ ɨɯɥɚɠɞɟɧɧɵɦ 

ɯɥɨɪɢɫɬɵɦ ɦɟɬɢɥɟɧɨɦ. Ɉɛɴɟɞɢɧɟɧɧɵɟ ɮɢɥɶɬɪɚɬɵ ɩɪɨɦɵɥɢ 10% ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ, ɜɨɞɨɣ, 5% 

ɪɚɫɬɜɨɪɨɦ ɛɢɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ, ɜɨɞɨɣ, ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ 
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ɪɚɫɬɜɨɪɢɥɢ ɜ γ ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ, ɨɯɥɚɞɢɥɢ ɞɨ -10
ɨɋ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɰɢɤɥɨɝɟɤɫɢɥɦɨɱɟɜɢɧɵ  ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ ɨɯɥɚɠɞɟɧɧɵɦ ɯɥɨɪɢɫɬɵɦ ɦɟɬɢɥɟɧɨɦ ɢ 

ɮɢɥɶɬɪɚɬ ɭɩɚɪɢɥɢ. ɗɬɭ ɩɪɨɰɟɞɭɪɭ ɩɨɜɬɨɪɢɥɢ β ɪɚɡɚ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.66 ɝ (77%) ɫɨɟɞɢɧɟɧɢɹ (59) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +24.70 (c 9.56; 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (4.06), 220 (3.84), 275 (2.71). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 892, 2930 

(ɋ=ɋɇ2), 1167, 1230, 1714 (CO2Me), 1651, 3320 

(CONH). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ 

(γɇ, ɋ20ɇ3), 0.λ7 ɬ.ɞ (1H, H
1α

, J 13.3, 4.0), 1.01 ɞ.ɬ (1H, 

H
3α

, J 13.3, 4.3), 1.16 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ (15ɇ, 7ɋɇ2, 

H
5α

), 1.4γ ɫ (1βɇ, ɋ(ɋɇ3)3, ɋɇ2, ɇ2
), 1.56 ɦ (1ɇ, ɇ9

), 1.60 

ɦ (1ɇ, ɇ11
), 1.74 ɦ, 1.78 ɦ, 1.82 ɦ, 1.89 ɦ (5ɇ, 

ɇ11,2,6,1β,7α
), 1.λ7 ɦ (1ɇ, ɇ6

), β.14 ɬ (γɇ, ɋɈɋɇ2, ɇ3β
, J 

8.0), β.β6 ɦ (1ɇ, ɇ12
), β.41 ɞ.ɦ (1ɇ, ɇ7β

, J 12.1), β.51 ɦ (1ɇ, ɇ12
), γ.06 ɞ (1ɇ, Nɇɋɇ2, J 6.3), γ.10 ɞ 

(1ɇ, Nɇɋɇ2, J 6.3), 3.59 c (γɇ, OCH3), 4.γγ ɞ (1ɇ, ɋɇ2N, J 5.0), 4.γγ ɞ (1ɇ, ɋɇ2N, J 5.0), 4.57 ɫ, 

4.90 ɫ (βɇ, ɇ17,17
), 5.67 ɬ (1ɇ, NH, J 4.5), 6.β1 ɞ (1ɇ, ɇ14

, J14,15  2.0), 7.β7 ɞ (1ɇ, ɇ15
, J14,15 2.0). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.46 ɤ (C

20
), 19.76 ɬ (ɋ2

), 22.92 ɬ (ɋ12
), 24.44 ɬ (ɋ11

), 25.49 ɬ (ɋɇ2), 26.09 

ɬ (C6
), 26.60 ɬ (ɋɇ2), 28.26 ɤ (ɋ(ɋɇ3)3), 28.60 ɤ (C

19
), 29.07 ɬ (ɋɇ2), 29.09 ɬ (ɋɇ2), 29.13 ɬ (ɋɇ2), 

29.19 ɬ (ɋɇ2), 29.28 ɬ (ɋɇ2), 29.86 ɬ (ɋɇ2), 34.23 ɬ (ɋɇ2NH), 36.29 ɬ (COɋɇ2), 37.98 ɬ (C3
), 38.55 ɬ 

(C
7
), 38.84 ɬ (C1

), 39.96 ɫ (C10
), 40.43 ɬ (ɋɇ2NH2), 44.09 ɫ (ɋ4

), 50.93 ɤ (Ɉɋɇ3), 54.84 ɞ (ɋ9
), 56.04 ɞ 

(ɋ5
), 106.42 ɬ (ɋ17

), 111.42 ɞ (ɋ14
), 121.93 ɫ (ɋ13

), 141.17 ɞ (ɋ15
), 146.39 ɫ (ɋ16

), 147.52 ɫ (ɋ8
), 

172.65 ɫ (ɋɈ), 177.5β ɫ (ɋ18
). ɇɚɣɞɟɧɨ, %μ ɋ 70.λβν H 9.38; N 4.35. C38H62N2O6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 

70.99; H 9.72; N 4.36. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-{2-[(1,3-ɞɢɨɤɫɨ-3ɚ,4,7,7ɚ-ɬɟɬɪɚɝɢɞɪɨ-1ɇ-4,7-

ɦɟɬɚɧɨɢɡɨɢɧɞɨɥ-2(3ɇ)-ɢɥ)ɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (61). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ 

(1.11 ɦɦɨɥɶ ) ɚɦɢɧɚ (55) ɜ 10 ɦɥ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɞɨɛɚɜɢɥɢ 

0.ββ ɝ (1.γ4 ɦɦɨɥɶ) ɚɧɝɢɞɪɢɞɚ ɛɢɰɢɤɥɨДβ.β.1Жɝɟɩɬ-5-ɟɧ-2,3-

ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (60). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ 

ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 10 ɦɥ ɷɮɢɪɚ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɫɭɲɢɥɢ ɩɨɞ ɜɚɤɭɭɦɨɦ. ɉɨɥɭɱɢɥɢ 0.71 ɝ 

(ɜɵɯɨɞ λ7%) ɫɨɟɞɢɧɟɧɢɹ (61). Ɍ. ɩɥ. 1βλ-123
ɨɋ. 20][ D  +24.50

o
 

(c 1.53; CHCl3). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: λ07, 164β, βλ48 (ɋ=ɋɇ2), 1165, 1231, 1716 (CO2Me), 1771 

(CO). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.94-1.05 ɦ (βH, H

1α,3α
), 1.15 ɫ 
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(γɇ, ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, H5α
, J5α6β 12.5, J5α6α 3.2), 1.4λ ɞ (βɇ, ɋɇ2, J 9.3), 1.41-1.56 ɦ (1ɇ, ɇ2

), 

1.58 ɫ (βɇ, ɇ11,9
), 1.65 ɦ (1ɇ, ɇ11

), 1.74-1.8β ɦ (γH, H
2,6,1β

), 1.8γ ɞ.ɞ (1ɇ, ɇ7α
, 12.5, 4.2), 1.λ7 ɦ 

(1ɇ, ɇ6
), β.1γ ɞ.ɦ (1ɇ, ɇ3

, Jɝɟɦ 11.7), 2.29-β.γ6 ɦ (1ɇ, ɇ12
), β.40 ɬ.ɞ (1ɇ, ɇ7β

, Jɝɟɦ 12.5, 2.9), 2.52-

β.58 ɦ (1ɇ, ɇ12
), γ.β1* ɞ (1ɇ, ɇ5’

, J 2.9), 3.2β* ɞ (1ɇ, ɇ6’
, J 2.9), γ.γγ ɭɲ.ɫ (βɇ, ɇ4’,1’

, J3’4’= J2’1’ 

2.9), 3.58 c (γɇ, OCH3), 4.γ5 ɞ (1ɇ, ɋɇ2Fu, J 14.9), 4.40 ɞ (1ɇ, ɋɇ2Fu, J 14.9), 4.62 ɫ, 4.90 ɫ (βɇ, 

ɇ17,17
), 5.8λ ɞ.ɞ (1ɇ, ɇ3’

, J3’2’ 6.5, J3’4’ 2.9), 5.λβ* ɞ.ɞ (1ɇ, ɇ2’
, J2’3’ 6.5, J2’1’ 2.9), 6.14 ɞ (1ɇ, ɇ14

, 

J14,15  1.7), 7.β1 ɞ (1ɇ, ɇ15
, J14,15  1.7). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.17 ɤ (C20
), 19.49 ɬ (ɋ2

), 22.64 ɬ 

(ɋ12
), 24.04 ɬ (ɋ11

), 25.81 ɬ (C6
), 28.31 ɤ (C19

), 34.07 ɬ (ɋɇ2), 37.70 ɬ (C3
), 38.25 ɬ (C7

), 38.51 ɬ (C1
), 

39.67 ɫ (C10
), 43.76 ɫ (ɋ4

), 44.43 ɞ (C1’,4’
), 45.20 ɞ (C5’,6’

), 50.61 ɤ (Ɉɋɇ3), 51.40 ɬ (ɋɇ2Fu), 54.69 ɞ 

(ɋ9
), 55.71 ɞ (ɋ5

), 106.17 ɬ (ɋ17
), 110.87 ɞ (ɋ14

), 122.86 ɫ (ɋ13
), 133.62* ɞ (ɋ2’

), 133.66* ɞ (ɋ3’
), 

141.03 ɞ (ɋ15
), 143.80 ɫ (ɋ16

), 147.27 ɫ (ɋ8
), 176.41 ɫ (ɋɈ, ɋɈ), 177.11 ɫ (ɋ18

). ɇɚɣɞɟɧɨ %μ ɋ 

73.24, H 7.71, N 2.27. C31H39NO5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 7γ.6γ, H 7.77, N 2.77. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-(2-{[((2R,3S)-3-ɤɚɪɛɨɤɫɢɛɢɰɢɤɥɨ[2.2.1]ɝɟɩɬ-5-ɟɧ-2-

ɤɚɪɛɨɤɫɚɦɢɞɨ)ɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥ}ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (62). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.11 ɦɦɨɥɶ) ɚɦɢɧɚ (55) ɜ 10 ɦɥ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɞɨɛɚɜɢɥɢ 

0.ββ ɝ (1.γ4 ɦɦɨɥɶ) ɚɧɝɢɞɪɢɞɚ ɛɢɰɢɤɥɨДβ.β.1Жɝɟɩɬ-5-ɟɧ-2,3-ɞɢɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (60). 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 10 

ɦɥ ɷɮɢɪɚ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɫɭɲɢɥɢ ɩɨɞ 

ɜɚɤɭɭɦɨɦ. ɉɨɥɭɱɢɥɢ 0.44 ɝ (ɜɵɯɨɞ 76%) ɫɨɟɞɢɧɟɧɢɹ (62). Ɍ. 

ɩɥ. 1γ0-131
ɨɋ. 20][ D  +29.39

o
 (c 4.11; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., 

ɧɦ (lg ): 241 (3.40), 280 (2.98). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 893, 1646, 

βλ46, (ɋ=ɋɇ2), 1163, 1250, 1707 (CO2Me), 1772 (CO2H). 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.97 

ɞ.ɬ (1H, H
1α

, J 12.9, 4.0), 1.01 ɞ.ɬ (1H, H
3α

, J 13.2, 4.0), 1.15 ɫ 

(γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1ɇ, H5α
, J5α6β 12.5, J5α6α 2.9), 1.γ1 ɞ, 1.45 ɞ 

(βɇ, ɋɇ2, J 8.5), 1.4λ ɦ (1ɇ, ɇ2
), 1.56 ɫ (βɇ, ɇ11,9

), 1.66 ɦ (1ɇ, ɇ11
), 1.75 ɦ, 1.78 ɦ (3H, H

2,6,1β
), 1.83 

ɦ (1ɇ, ɇ7α
), 1.λ7 ɦ (1ɇ, ɇ6

), β.14 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 13.0), β.βγ ɦ (1ɇ, ɇ12

), β.40 ɬ.ɞ (1ɇ, ɇ7β
, Jɝɟɦ 12.1, 

J 2.9), β.48 ɦ (1ɇ, ɇ12
), γ.07 ɭɲ.ɫ (1ɇ, ɇ1’

, J2’1’ 2.9), γ.1γ ɞ.ɞ (1ɇ, ɇ6’
, J6’5’  9.9, J 3.1), γ.β1 ɭɲ.ɫ (1ɇ, 

ɇ4’
, J3’4’ 3.0), γ.β6 ɞ.ɞ (1ɇ, ɇ5’

, J5’6’  9.9, J 2.9), 3.58 c (γɇ, OCH3), 4.25-4.γ0 ɦ (βɇ, ɋɇ2Fu), 4.55 ɫ, 

4.89 ɫ (βɇ, ɇ17,17
), 6.1γ ɞ.ɞ (1ɇ, ɇ3’

, J3’2’ 5.5, J3’4’ 3.0), 6.β0 ɞ (1ɇ, ɇ14
, J 1.8), 6.γ8 ɞ.ɞ (1ɇ, ɇ2’

, J2’3’ 

5.5, J2’1’ 2.9), 7.β8 ɞ (1ɇ, ɇ15
, J 1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.17 ɤ (C20
), 19.47 ɬ (ɋ2

), 22.61 ɬ 

(ɋ12
), 24.10 ɬ (ɋ11

), 25.78 ɬ (C6
), 28.33 ɤ (C19

), 34.32 ɬ (ɋɇ2), 37.70 ɬ (C3
), 38.25 ɬ (C7

), 38.58 ɬ (C1
), 

39.71 ɫ (C10
), 43.82 ɫ (ɋ4

), 46.64* ɞ (C1’
), 47.58* ɞ (C4’

), 48.48 ɬ (ɋɇ2Fu), 4λ.01* ɞ (C5'), 4λ.4λ* ɞ 

(C
6'
), 50.71 ɤ (Ɉɋɇ3), 54.59 ɞ (ɋ9

), 55.74 ɞ (ɋ5
), 106.13 ɬ (ɋ17

), 112.12 ɞ (ɋ14), 1β1.8λ ɫ (ɋ13
), 
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1γγ.4γ* ɞ (ɋ2’), 1γ5.86* ɞ (ɋ3’
), 141.12 ɫ (ɋ16

), 145.39 ɞ (ɋ15
), 147.31 ɞ (ɋ8

), 172.68 ɫ (ɋɈ2ɇ), 175.65 

ɫ (ɋɈ), 177.γ4 ɫ (ɋ18
). ɇɚɣɞɟɧɨ %μ ɋ 71.01, H 7.77, N 2.34. C31H41NO6. ȼɵɱɢɫɥɟɧɨ %μ ɋ 71.10, H 

7.89, N 2.67. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-{2-[2-(2-ɯɥɨɪɚɰɟɬɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (63). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 

0.58 ɝ (1.6 ɦɦɨɥɶ) ɚɦɢɧɚ (55) ɢ 0.ββ ɝ (1.λ ɦɦɨɥɶ) β-ɯɥɨɪɚɰɟɬɢɥɯɥɨɪɢɞɚ ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ 

ɦɟɬɢɥɟɧɚ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.β4 ɝ (β.4 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ 

ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ (Et3N
.
HCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. 

Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɥɭɱɢɥɢ 0.7λ ɝ (81%) ɫɨɟɞɢɧɟɧɢɹ (63) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  

+27.73
o
 (c 5.65; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 202 (2.70), 

ββ0 (β.8β), β7λ (β.γλ). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 893, 1668, 2946 

(ɋ=ɋɇ2), 1154, 1722 (CO2Me), 1214, 1532, 3297 (NɇɋɈ). 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, ɋ20ɇ3), 0.λγ ɞ.ɬ (1H, H
1α

, J 13.9, 4.1), 0.λ8 ɞ.ɬ 

(1H, H
3α

, J 13.2, 4.1), 1.1γ ɫ (γɇ, ɋ19ɇ3), 1.ββ ɞ.ɞ (1ɇ, H5α
, J5α6β 12.3, J5α6α 2.9), 1.48 ɦ (1ɇ, ɇ2

), 1.53 

ɦ (1ɇ, ɇ9
), 1.6γ ɦ (1ɇ, ɇ11

), 1.72 ɦ, 1.76 ɦ, 1.80 ɦ, 1.84 ɦ (5ɇ, ɇ11,2,6,1β,6
), 1.λγ ɦ (1ɇ, ɇ7α

), β.11 ɞ.ɦ 

(1ɇ, ɇ3β
, Jɝɟɦ 13.0), β.β4 ɦ (1ɇ, ɇ12

), β.γ8 ɞ.ɦ (1ɇ, ɇ7β
, J 10.7), β.βλ ɦ (1ɇ, ɇ12

), 3.57 c (γɇ, OCH3), 

4.0β ɫ (βɇ, ɋɇ2Cl), 4.γ6 ɞ (βɇ, ɋɇ2N, J 5.6), 4.54 ɫ, 4.88 ɫ (βɇ, ɇ17,17
), 6.20 ɞ (1ɇ, ɇ14

, J14,15 1.8), 

6.76 ɲ.ɫ (1ɇ, NH), 7.β7 ɞ (1ɇ, ɇ15
, J14,15  1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.45 ɤ (C20
), 19.75 ɬ (ɋ2

), 

21.89 ɬ (ɋ12
), 24.33 ɬ (ɋ11

), 26.09 ɬ (C6
), 28.60 ɤ (C19

), 34.63 ɬ (ɋɇ2N), 37.97 ɬ (C3
), 38.54 ɬ (C7

), 

38.86 ɬ (C1
), 39.97 ɫ (C10

), 42.32 ɬ (ɋɇ2Cl), 44.09 ɫ (ɋ4
), 50.97 ɤ (Ɉɋɇ3), 54.79 ɞ (ɋ9

), 56.04 ɞ (ɋ5
), 

106.39 ɬ (ɋ17
), 111.51 ɞ (ɋ14

), 122.72 ɫ (ɋ13
), 141.72 ɞ (ɋ15

), 145.16 ɫ (ɋ16
), 147.57 ɫ (ɋ8

), 165.38 ɫ 

(CO), 177.57 ɫ (ɋ18
). ɇɚɣɞɟɧɨμ ДM]

 
435.2166.

 
C24H34NO4Cl. ȼɵɱɢɫɥɟɧɨμ 435.2171.   

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-({2-[(3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨ-1-ɮɟɧɢɥɩɪɨɩɢɥ)ɚɦɢɧɨ] 

ɚɰɟɬɢɥɚɦɢɧɨжɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (65). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.15 ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (63) ɢ 0.β5 ɝ 

(1.38 ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ γ-ɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ  (64) ɜ 15 

ɦɥ ɌȽɎ ɩɪɢɛɚɜɢɥɢ 0.γβ ɝ (β.γ0 ɦɦɨɥɶ) K2CO3. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɷɮɢɪɚ ɢ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ 

ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.40 ɝ (61%) ɫɨɟɞɢɧɟɧɢɹ (65) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  

+26.73 (c 1.11ν ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (4.34), 230 (3.97). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 892, 
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βλ48 (ɋ=ɋɇ2), 1154, 1229, 1724 (CO2Me), 1674, 3368 (CONH). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ6 ɞ.ɬ (1H, H
1α

, J 13.1, 3.0), 0.λλ ɞ.ɬ (1H, H
3α

, J 13.1, 2.3), 1.14 ɫ (γɇ, 

ɋ19ɇ3), 1.β4 ɞ.ɞ (1ɇ, H5α
, J5α6β 11.8, J5α6α 3.0), 1.47 ɦ (1ɇ, ɇ2

), 1.56 ɦ (1ɇ, ɇ9
), 1.62-1.80 ɦ (5ɇ, 

ɇ11,11,2,6,1β
), 1.85 ɦ (1ɇ, ɇ7α

), 1.λ5 ɦ (1ɇ, ɇ6
), β.1β ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 13.1), β.β6 ɦ (1ɇ, ɇ12
), β.γλ ɞ.ɬ 

(1ɇ, ɇ7β
, J 11.8, 2.8), β.5β ɦ (1ɇ, ɇ12

), β.6β ɦ (βɇ, ɋɇ2), γ.05 ɞ (1ɇ, ɋɈɋɇ2, J 17.3), γ.1β ɞ (1ɇ, 

ɋɈɋɇ2, J 17.3), 3.57 c (γɇ, OCH3), 3.60 c (γɇ, CHCO2CH3), γ.λ8 ɞ.ɞ (1ɇ, ɋɇ, J 8.2, 5.6), 4.25-4.41 

ɦ (βɇ, ɋɇ2N), 4.57 ɫ, 4.88 ɫ (βɇ, ɇ17,17
), 6.β1 ɞ (1ɇ, 

ɇ14
, J14,15 1.8), 7.18 ɦ (βɇ, Ph), 7.β8 ɞ (1ɇ, ɇ15

, J14,15 

1.8), 7.26-7.γ0 ɦ (γɇ, Ph), 7.47 ɬ (1ɇ, NH, J 5.1). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.51 ɤ (C20

), 19.82 ɬ (ɋ2
), 

23.07 ɬ (ɋ12
), 24.53 ɬ (ɋ11

), 26.16 ɬ (C6
), 28.67 ɤ (C19

), 

33.87 ɬ (ɋɇ2N), 38.05 ɬ (C3
), 38.60 ɬ (C7

), 36.68 ɬ (C1
), 

40.03 ɫ (C
10

), 42.10 ɬ (ɋɇ2), 44.15 ɫ (ɋ4
), 49.61 ɬ 

(ɋɈɋɇ2), 51.00 ɤ (ɋɈ2ɋɇ3), 51.62 ɤ (Ɉɋɇ3), 55.01 ɞ (ɋ9
), 56.09 ɞ (ɋ5

), 59.02 ɞ (ɋɇ), 106.44 ɬ 

(ɋ17
), 111.44 ɞ (ɋ14

), 122.08 ɫ (ɋ13
), 126.62 ɞ (ɋ2”,6”

), 127.76 ɞ (ɋ4”
), 128.69 ɞ (ɋ3”,5”

), 141.01 ɫ 

(ɋ1”
), 141.29 ɞ (ɋ15

), 146.35 ɫ (ɋ16
), 147.64 ɫ (ɋ8

), 170.85 ɫ (CO), 171.94 ɫ (ɋɈɋɇ3), 177.61 ɫ (ɋ18
). 

ɇɚɣɞɟɧɨμ ДM]
 
578.3358.

 ɋ34ɇ46O6N2. ȼɵɱɢɫɥɟɧɨμ 578.3350. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-({2-[(9-ɦɟɬɨɤɫɢ-9-ɨɤɫɨɧɨɧɢɥ)ɚɦɢɧɨ]ɚɰɟɬɢɥɚɦɢɧɨж-

ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (68).  

Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.71 ɝ (1.6 ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (63) ɢ 0.55 ɝ (β.5 ɦɦɨɥɶ) 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ λ-ɚɦɢɧɨɧɨɧɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (66) ɜ 15 ɦɥ ɌȽɎ ɩɪɢɛɚɜɢɥɢ 0.67 ɝ 

(4.λ ɦɦɨɥɶ) K2CO3. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 

ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɫɟɪɧɨɝɨ ɷɮɢɪɚ ɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 

ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. 

Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.60 ɝ (64%) 

ɫɨɟɞɢɧɟɧɢɹ (68) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +23.32 (c 

3.69; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 

(3.99), 218 (3.83). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 892, 2932 

(ɋ=ɋɇ2), 1164, 1229, 1725 (CO2Me), 1637, 3350 

(CONH). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λ6 ɞ.ɬ (1H, H
1α

, J 13.8, 3.5), 

0.λλ ɞ.ɬ (1H, H
3α

, J 13.1, 4.0), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ (11ɇ, H5α
, 5ɋɇ2), 1.γλ ɬ (βɇ, ɋɇ2, J 6.6), 

1.46 ɦ (1ɇ, ɇ2
), 1.55 ɦ (1ɇ, ɇ9

), 1.67 ɦ (1ɇ, ɇ11
), 1.74 ɦ, 1.77 ɦ, 1.80 ɦ, 1.83 ɦ (5ɇ, ɇ11,2,6,1β,7α

), 

1.λ5 ɦ (1ɇ, ɇ6
), β.1β ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 13.2), β.βγ ɦ (1ɇ, ɇ12
), β.β7 ɬ (βɇ, ɋɇ2CO2CH3, J 7.5), 2.39 
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ɞ.ɬ (1ɇ, ɇ7β
, J 12.1, 3.0), β.5γ ɬ (γɇ, ɇNɋɇ2, ɇ12

, J 7.2), 3.23 c (βɇ, COɋɇ2N), 3.58 c (γɇ, OCH3), 

3.64 c (γɇ, CO2CH3), 4.γ4 ɞ (βɇ, ɋɇ2N, J 5.5), 4.56 ɫ, 4.88 ɫ (βɇ, ɇ17,17
), 6.1λ ɞ (1ɇ, ɇ14

, J14,15 1.8), 

7.β6 ɞ (1ɇ, ɇ15
, J14,15 1.8), 7.41 ɲ.ɫ (1ɇ, NHCO). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.γ8 ɤ (C20
), 19.70 ɬ 

(ɋ2
), 22.86 ɬ (ɋ12

), 24.39 ɬ (ɋ11
), 24.63 ɬ (ɋɇ2), 26.03 ɬ (C6

), 26.79 ɬ (ɋɇ2), 28.51 ɤ (C19
), 28.78 ɬ 

(ɋɇ2), 28.91 ɬ (ɋɇ2), 28.99 ɬ (ɋɇ2), 29.69 ɬ (ɋɇ2), 33.66* ɬ (ɋɇ2CO2CH3), 33.73* ɬ (ɋɇ2N), 37.91 ɬ 

(C
3
), 38.46 ɬ (C7

), 38.76 ɬ (C1
), 39.87 ɫ (C10

), 43.98 ɫ (ɋ4
), 49.86 ɬ (ɇNɋɇ2), 50.82 ɤ (Ɉɋɇ3), 51.11 ɤ 

(ɋɈɋɇ3), 52.16 ɬ (ɋɈɋɇ2Nɇ), 54.76 ɞ (ɋ9
), 55.95 ɞ (ɋ5

), 106.31 ɬ (ɋ17
), 111.33 ɞ (ɋ14

), 121.80 ɫ 

(ɋ13
), 141.18 ɞ (ɋ15

), 146.23 ɫ (ɋ16
), 147.44 ɫ (ɋ8

), 171.14 ɫ (ɋɈ), 17γ.80 ɫ (CO2ɋɇ3), 177.30 ɫ (ɋ18
). 

ɇɚɣɞɟɧɨμ ДM]
 
586.3986.

 ɋ34ɇ54O6N2. ȼɵɱɢɫɥɟɧɨμ 586.3976.   

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-({2-[(11-ɦɟɬɨɤɫɢ-11-ɨɤɫɨɭɧɞɟɰɢɥ)ɚɦɢɧɨ]ɚɰɟɬɢɥɚɦɢ-

ɧɨжɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

(69). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.λ5 ɝ (β.18 ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (63) ɢ 0.5β ɝ (β.40 ɦɦɨɥɶ) 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ λ-ɚɦɢɧɨɭɧɞɟɤɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (67) ɜ 15 ɦɥ ɌȽɎ ɩɪɢɛɚɜɢɥɢ 0.60 

ɝ (4.γ6 ɦɦɨɥɶ) K2CO3. ɋɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. 

Ɂɚɬɟɦ ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɫɟɪɧɨɝɨ ɷɮɢɪɚ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.λ4 ɝ 

(67%) ɫɨɟɞɢɧɟɧɢɹ (69) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (4.08), 220 (3.90). ɂɄ-ɫɩɟɤɬɪ, 

Ȟ, ɫɦ-1
: 8λβ, βλβλ (ɋ=ɋɇ2), 1165, 1726 

(CO2Me), 1674, 3350 (CONH). ɋɩɟɤɬɪ əɆɊ 1H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20ɇ3), 0.λβ ɬ 

(1H, H
1α

, J 13.2), 0.λ6 ɞ.ɬ (1H, H
3α

, J 13.0, 3.5), 

1.11 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ (15ɇ, H5α
, 7ɋɇ2), 1.35 

ɬ (βɇ, ɋɇ2, J 5.8), 1.45 ɦ (1ɇ, ɇ2
), 1.5β ɦ (1ɇ, 

ɇ9
), 1.58 ɦ (1ɇ, ɇ11

), 1.70 ɦ, 1.74 ɦ, 1.79 ɦ, 

1.84 ɦ (5ɇ, ɇ11,2,6,1β,7α
), 1.λβ ɦ (1ɇ, ɇ6

), β.0λ ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 13.2), β.1λ ɦ (1ɇ, ɇ12

), β.β4 ɬ (βɇ, 

ɋɇ2CO2CH3, J 7.6), β.γ6 ɞ.ɦ (1ɇ, ɇ7β
, J 12.3), β.4λ ɬ (γɇ, ɇ12

, Nɇɋɇ2, J 7.0), 3.19 c (βɇ, COɋɇ2N), 

3.55 c (γɇ, OCH3), 3.60 c (γɇ, CO2CH3), 4.γ1 ɞ (βɇ, ɋɇ2N, J 5.6), 4.53 ɫ, 4.85 ɫ (βɇ, ɇ17,17
), 6.16 ɞ 

(1ɇ, ɇ14
, J14,15 1.8), 7.βγ ɞ (1ɇ, ɇ15

, J14,15 1.8), 7.γ8 ɬ (1ɇ, NHCO, J 4.0). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 

12.17 ɤ (C20
), 19.48 ɬ (ɋ2

), 22.67 ɬ (ɋ12
), 24.18 ɬ (ɋ11

), 24.48 ɬ (ɋɇ2), 25.81 ɬ (C6
), 26.66 ɬ (ɋɇ2), 

28.33 ɤ (C19
), 28.67 ɬ (ɋɇ2), 28.77 ɬ (ɋɇ2), 28.91 ɬ (ɋɇ2), 28.99 ɬ (ɋɇ2), 29.03 ɬ (ɋɇ2), 29.62 ɬ 

(ɋɇ2), 33.49* ɬ (ɋɇ2CO2CH3), 33.62* ɬ (ɋɇ2N), 37.72 ɬ (C3
), 38.27 ɬ (C7

), 38.57 ɬ (C1
), 39.69 ɫ (C10

), 

43.81 ɫ (ɋ4
), 49.77 ɬ (ɋɇ2Nɇ), 50.67 ɤ (Ɉɋɇ3), 50.96 ɤ (ɋɈɋɇ3), 52.07 ɬ (ɋɈɋɇ2N), 54.57 ɞ (ɋ9

), 

55.78 ɞ (ɋ5
), 106.08 ɬ (ɋ17

), 111.13 ɞ (ɋ14
), 121.66 ɫ (ɋ13

), 141.00 ɞ (ɋ15
), 145.98 ɫ (ɋ16

), 147.28 ɫ 

(ɋ8
), 171.08 ɫ (ɋɈ), 17γ.81 ɫ (CO2ɋɇ3), 177.25 ɫ (ɋ18

). ɇɚɣɞɟɧɨμ ДM]
 
614.4270.

 ɋ36ɇ58O6N2. 

ȼɵɱɢɫɥɟɧɨμ 614.4289.   
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(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-({2-[(1-ɦɟɬɨɤɫɢ-3-ɦɟɬɢɥ-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥ)ɚɦɢɧɨ]-

ɚɰɟɬɢɥɚɦɢɧɨжɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (71). Ʉ ɪɚɫɬɜɨɪɭ 0.8γ ɝ (1.λ ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ  (63) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ 

ɞɨɛɚɜɢɥɢ 0.γ8 ɝ (β.γ ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ D,L-ɜɚɥɢɧɚ (70) ɢ 0.58 ɝ (4.β ɦɦɨɥɶ) 

K2CO3. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ β0 ɱ, ɨɯɥɚɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯγ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ), ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ȼɵɞɟɥɢɥɢ 0.44 ɝ (44%) ɫɨɟɞɢɧɟɧɢɹ 

(71) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +25.00 (c 1.8γν ɋɇCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 202 (4.19), 220 (3.97). ɂɄ-

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 8λγ, βλ61 (ɋ=ɋɇ2), 1153, 1229, 1724 

(CO2Me), 1680, 3368 (CONH). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.86 ɞ, 0.88 ɞ (6ɇ, 

ɋɇ(ɋɇ3)2, J 6.8), 0.λ6 ɞ.ɬ (1H, H
1α

, J 13.2, 3.2), 0.λλ ɞ.ɬ 

(1H, H
3α

, J 13.3, 3.9), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1ɇ, 

H
5α

, J5α6β 11.9, J5α6α 2.9), 1.48 ɦ (1ɇ, ɇ2
), 1.55 ɦ (1ɇ, ɇ9

), 1.64 ɦ (1ɇ, ɇ11
), 1.75 ɞ.ɞ (1ɇ, ɋɇ(ɋɇ3)2, 

J 11.7, 3.7), 1.80 ɦ, 1.86 ɦ, 1.89 ɦ, 1.95 ɦ (6ɇ, ɇ11,2,6,1β,7α,6
), 1.λ5 ɦ (1ɇ, ɇ6

), β.1γ ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 

13.2), β.β5 ɦ (1ɇ, ɇ12
), β.γλ ɞ.ɬ (1ɇ, ɇ7β

, J 12.2, 3.0), β.50 ɦ (1ɇ, ɇ12
), β.λ0 ɞ (1ɇ, ɋɇɋɈ2Ɇɟ, J 5.6), 

β.λ6 ɞ (1ɇ, ɋɈɋɇ2, J 17.4), γ.41 ɞ (1ɇ, ɋɈɋɇ2, J 17.4), 3.58 c (γɇ, OCH3), 3.68 c (γɇ, CHCO2CH3), 

4.β8 ɞ.ɞ (1ɇ, ɋɇ2N, J 15.5, 5.0), 4.γλ ɞ.ɞ (1ɇ, ɋɇ2N, J 15.5, 5.9), 4.55 ɫ, 4.88 ɫ (βɇ, ɇ17,17
), 6.β0 ɞ 

(1ɇ, ɇ14
, J14,15 1.7), 7.β6 ɞ (1ɇ, ɇ15

, J14,15 1.7), 7.γ6 ɭɲ.ɫ (1ɇ, NH). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.50  ɤ 

(C
20

), 17.92 ɤ (CH3), 19.29 ɤ (CH3), 19.81 ɬ (ɋ2
), 23.00 ɬ (ɋ12

), 24.50 ɬ (ɋ11
), 26.15 ɬ (C6

), 28.66 ɤ 

(C
19

), 31.21 ɞ (ɋɇ(ɋɇ3)2), 33.84 ɬ (ɋɈɋɇ2), 38.05 ɬ (C3
), 38.60 ɬ (C7

), 38.92 ɬ (C1
), 40.02 ɫ (C10

), 

44.15 ɫ (ɋ4
), 50.98 ɤ (ɋɈ2ɋɇ3), 51.62 ɤ (Ɉɋɇ3), 54.96 ɞ (ɋ9

), 56.12 ɞ (ɋ5
), 67.29 ɞ (ɋɇɋɈ2ɋɇ3), 

106.42 ɬ (ɋ17
), 111.47 ɞ (ɋ14

), 122.07 ɫ (ɋ13
), 141.37 ɞ (ɋ15

), 146.08 ɫ (ɋ16
), 147.64 ɫ (ɋ8

), 170.63 ɫ 

(CO), 174.73 ɫ (ɋɈɋɇ3), 177.59 ɫ (ɋ18
). ɇɚɣɞɟɧɨμ ДM]

 
530.3358.

 ɋ30ɇ46O6N2. ȼɵɱɢɫɥɟɧɨμ 530.3350.   

 (1S,4aR,5S,8aR)-Ɇɟɬɢɥ 1,4-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(3,14,18-ɬɪɢɨɤɫɨ-16-ɮɟɧɢɥ-19-

ɨɤɫɚ-2,5,15-ɬɪɢɚɡɚɢɤɨɡɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥжɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (73).  Ʉ 

ɪɚɫɬɜɨɪɭ 0.5 ɝ (1.1 ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (63) ɢ 0.4γ ɝ (1.1 ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

N-(9-ɚɦɢɧɨɧɨɧɚɧɨɢɥ)-3-ɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (72) ɜ 15 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ 

ɩɪɢɛɚɜɢɥɢ 0.γβ ɝ (β.γ ɦɦɨɥɶ) K2CO3. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ β0 ɱ, ɨɯɥɚɞɢɥɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (3ɯ50 

ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ), ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ȼɵɞɟɥɢɥɢ 0.84 ɝ 
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(γλ%) ɫɨɟɞɢɧɟɧɢɹ (73) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +17.29
o
 (c 0.67; CHCl3). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 1165,  

1228, 1722 (CO2Me), 1651, 1656, 3301 (CONH). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, 

ɋ20ɇ3), 0.λ7 ɞ.ɬ (1H, H
1α

, J 13.4, 3.9), 1.01 ɞ.ɬ (1H, H
3α

, J 13.5, 3.9), 1.16 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ 

(11ɇ, 5ɋɇ2, H
5α

), 1.β8 ɦ (βɇ, ɋɇ2), 1.46 ɦ (1ɇ, ɇ2
), 1.56 ɦ (1ɇ, ɇ9

), 1.67 ɦ (1ɇ, ɇ11
), 1.75-1.88 ɦ 

(5ɇ, ɇ11,2,6,1β,7α
), 1.λ8 ɦ (1ɇ, ɇ6

), β.14 ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 13.2), 2.18-β.βλ ɦ (γɇ, ɇ12, ɋ13’ɇ2), 2.39-

β.55 ɬ (3ɇ, ɋ6’ɇ2, ɇ12,7β
, J 7.2), β.8β ɞ.ɞ (1ɇ, ɋH2Ph, J 15.7, 5.9), β.λβ ɞ.ɞ (1ɇ, ɋH2Ph, J 15.7, 5.9), 

3.13 c (βɇ, COɋɇ2N), 3.60 c (6ɇ, βOCH3), 4.γγ ɞ (βɇ, ɋɇ2N, J 5.4), 4.57 ɫ, 4.90 ɫ (βɇ, ɇ17,17
), 5.43 

ɦ (1ɇ, ɋɇ), 6.β0 ɞ (1ɇ, ɇ14
, J14,15 2.0), 6.6β ɞ (1ɇ, 

CONHɋɇ2, J 8.6), 6.8λ ɬ (1ɇ, ɋɇ2NHCO, J 5.1), 7.β5 ɞ 

(1ɇ, ɇ15
, J14,15 2.0), 7.28 ɦ, 7.30 ɦ, 7.32 ɦ, 7.33 ɦ (5ɇ, 

Ph). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.5β ɤ (C20

), 19.70 ɬ 

(ɋ2
), 22.98 ɬ (ɋ12

), 24.42 ɬ (ɋ11
), 25.39 ɬ (ɋɇ2), 26.16 ɬ 

(C
6
), 26.92 ɬ (ɋɇ2), 28.67 ɤ (C19

), 28.84 ɬ (ɋɇ2), 28.89 ɬ 

(ɋɇ2), 29.10 ɬ (ɋɇ2), 29.57 ɬ (ɋɇ2), 33.77* ɬ (ɋ13’ɇ2), 

34.30* ɬ (ɋɇ2N), 36.52 ɬ (ɋɇ2), 38.04 ɬ (C3
), 38.58 ɬ (C7

), 38.90 ɬ (C1
), 38.04 ɫ (C10

), 44.17 ɫ (ɋ4
), 

48.96 ɬ (ɋ6’ɇ2), 49.28 ɞ (ɋɇ), 51.0γ ɤ (Ɉɋɇ3), 51.73 ɤ (ɋɈɋɇ3), 61.96 ɬ (ɋɈɋɇ2N), 54.88 ɞ (ɋ9
), 

56.07 ɞ (ɋ5
), 106.44 ɬ (ɋ17

), 111.49 ɞ (ɋ14
), 122.34 ɫ (ɋ13

), 126.11 ɞ (ɋ2”,6”
), 127.48 ɞ (ɋ4”

), 128.57 ɞ 

(ɋ3”,5”), 140.51 ɫ (ɋ1”
), 141.50 ɞ (ɋ15

), 145.86 ɫ (ɋ16
), 147.65 ɫ (ɋ8

), 171.64 ɫ (NHɋɈCH2), 174.19 ɫ 

(CH2CONH), 1777.62 ɫ (ɋɈ2Ɇɟ), 177.6λ ɫ (ɋ18
). ɇɚɣɞɟɧɨ %μ ɋ 6λ.8λ, H 8.34, N 5.36. C43H63N3O7. 

ȼɵɱɢɫɥɟɧɨ %μ ɋ 70.γ6, H 8.65, N 5.72. 

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(5-ɨɤɫɨ-2-ɮɟɧɢɥ-4-ɨɤɫɚɡɨɥ-

4(5H)-ɢɥɢɞɟɧɦɟɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Z-Ɇɟɬɢɥ-16-(5-

ɨɤɫɨ-2-ɮɟɧɢɥ-ɨɤɫɚɡɨɥ-4-ɢɥɢɞɟɧɦɟɬɢɥ)-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) 

(75). ɚ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8 ɦɦɨɥɶ) ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɜ 15 ɦɥ ɭɤɫɭɫɧɨɝɨ 

ɚɧɝɢɞɪɢɞɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.50 ɝ (β.7λ ɦɦɨɥɶ) ɝɢɩɩɭɪɨɜɨɣ ɤɢɫɥɨɬɵ (74) ɢ  0.γ8 ɝ 

(β.8 ɦɦɨɥɶ) ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 5 ɱ ɢ ɨɫɬɚɜɢɥɢ ɧɚ 

ɧɨɱɶ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ, 

ɫɭɲɢɥɢ ɩɨɞ ɜɚɤɭɭɦɨɦ ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɫɦɟɫɢ 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ (βμ1). ɉɨɥɭɱɢɥɢ 1.06 ɝ (76%) 

ɫɨɟɞɢɧɟɧɢɹ (75). ɛ). Ʉ ɪɚɫɬɜɨɪɭ ɦɟɬɢɥ 1.00 ɝ (β.8 ɦɦɨɥɶ) 16-

ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɜ 15 ɦɥ ɭɤɫɭɫɧɨɝɨ ɚɧɝɢɞɪɢɞɚ 

ɞɨɛɚɜɢɥɢ 0.50 ɝ (β.8 ɦɦɨɥɶ) ɝɢɩɩɭɪɨɜɨɣ ɤɢɫɥɨɬɵ (74) ɢ 0.βγ ɝ 

(β.8 ɦɦɨɥɶ) ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ ɜ 

ɬɟɱɟɧɢɟ 1 ɱ, ɨɯɥɚɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɟɪɤɨɥɢɪɨɜɚɥɢ ɱɟɪɟɡ β5 ɝ ɨɤɢɫɢ ɚɥɸɦɢɧɢɹ.  
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Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 1.00 ɝ ɫɦɟɫɢ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (53) ɢ ɩɪɨɞɭɤɬɚ 

(75). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɫɦɟɫɢ ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ (6μ1) ɜɵɞɟɥɢɥɢ 0.61 ɝ (44%) 

ɫɨɟɞɢɧɟɧɢɹ (75). Ɍ. ɩɥ. 11β-115
ɨɋ. 20][ D  +1.2 (c 7.7, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 232 

(3.41), 266 (3.75), 392 (4.18), 409 (4.17). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 702, 780, 883, 983, 1551 (C=C), 1645, 

1720, 1759, 1789 (C=O). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20’ɇ3), 0.8β ɞ.ɞ.ɞ (1H, 

H
1’

, J 1γ.5, 1γ.β, 4.β), 0.λ0 ɬ.ɞ (1H, H
3’

, J 13.2, 4.0), 1.06 c (γɇ, ɋ19’ɇ3), 1.1γ ɞ.ɞ (1H, H
5’

, J 12.4, 

3.1), 1.γ8 ɞ.ɦ (1H, H
2’

, Jɝɟɦ 14.β), 1.48 ɞ (1H, H
9’

, J 10.8), 1.60-1.80 ɦ (6H, H
7’,2’,6’,11’,11’,1’), 1.8λ ɞ.ɦ 

(1H, H
6’

, Jɝɟɦ 1γ.β), β.05 ɞ.ɞ.ɞ (1H, H
3’

, J 1γ.β, γ.γ, 1.γ), β.γ6 ɦ (1H, H
7’

, Jɝɟɦ 1β.6), β.51 ɞ.ɞ.ɞ (1H, 

H
12’

, J 14.4, 9.0, 7.7), β.66 ɞ.ɞ.ɞ (1H, H
12’

, J 14.4, 7.8, 4.5), γ.51 ɫ (γɇ, Ɉɋɇ3), 4.5γ ɫ, 4.λβ ɫ (βɇ, 

ɇ17’,17’), 6.40 ɞ (1ɇ, ɇ14’
, J 1.8), 6.λβ ɫ (1ɇ, ɇ4ɚ

), 7.41 ɦ (βɇ, ɇ3”,5”), 7.48 ɦ (1ɇ, ɇ4”), 7.68 ɞ (1ɇ, 

ɇ15
, J 1.8), 8.07 ɦ (βɇ, ɇ2”,6”

). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.γ6 ɤ (ɋ20’), 1λ.54 ɬ (ɋ2’), βγ.4λ ɬ (ɋ12'

), 

βγ.8λ ɬ (ɋ11’), β5.λ0 ɬ (ɋ6’), β8.γλ ɤ (ɋ19’), γ7.74 ɬ (ɋ3’), γ8.1λ ɬ (ɋ7’), γ8.65 ɬ (ɋ1’
), 39.78 c (ɋ10’

), 

4γ.87 ɫ (ɋ4’), 50.81 ɤ (Ɉɋɇ3), 54.17 ɞ (ɋ9’), 55.77 ɞ (ɋ5’), 106.58 ɬ (ɋ17’), 11γ.67 ɞ (ɋ14’), 115.00 ɞ 

(ɋ4ɚ), 1β5.γβ ɫ (ɋ1”
), 1β7.86 ɞ (ɋ2”,6”), 1β8.18 ɫ (ɋ4), 1β8.4λ ɞ (ɋ3”,5”), 1γβ.64 ɞ (ɋ4”), 1γ7.80 ɫ 

(ɋ13’), 146.80 ɫ (ɋ16’), 147.14 ɫ (ɋ8’), 147.71 ɞ (ɋ15’
), 162.14 c (C

2
), 167.53 c (C

5), 177.β7 ɫ (ɋ18’
). 

ɇɚɣɞɟɧɨ, %μ ɋ 74.0γ, H 7.11, N β.7. ɋ31ɇ35NɈ5. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 74.β5, H 6.99, N 2.79. 

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɤɚɪɛɨɤɫɢ-ɜɢɧɢɥ)-ɮɭɪɚɧ-3-ɢɥ]-ɷɬɢɥж-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-

2-ɤɚɪɛɨɤɫɢ-ɜɢɧɢɥ)-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (76). ɚ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ 

(1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 5 ɦɥ ɷɮɢɪɚ ɞɨɛɚɜɢɥɢ 10 ɦɥ ɷɮɢɪɚ, ɧɚɫɵɳɟɧɧɨɝɨ HCl. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɦɚɫɫɭ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɫɭɲɢɥɢ ɩɨɞ ɜɚɤɭɭɦɨɦ. ɉɨɥɭɱɢɥɢ 

0.45 ɝ (87%) ɫɨɟɞɢɧɟɧɢɹ (76). ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 5 ɦɥ ɷɬɚɧɨɥɚ 

ɞɨɛɚɜɢɥɢ 0.07 ɝ (1.β ɦɦɨɥɶ) KOH. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ, ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ, 

ɜɵɥɢɥɢ ɧɚ ɥɟɞ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γxβ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɨɛɴɟɞɢɧɢɥɢ, 

ɩɪɨɦɵɥɢ ɯɨɥɨɞɧɨɣ ɜɨɞɨɣ (γxβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ 

ɢɡ ɷɮɢɪɚ. ɉɨɥɭɱɢɥɢ 0.4γ ɝ (8β%) ɫɨɟɞɢɧɟɧɢɹ (76). Ɍ. ɩɥ. β11-

213
ɨɋ. 20][ D

 
+15.5

ɨ
 (c 3.2, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

224 (3.02), 319 (3.22). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 724, 752, 891, 1510 

(C=C), 1693, 1725 (C=O), 157β, 160γ, 164β, 1665 (ɋONH), 

3360 (NH, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.λ5 ɬ.ɞ (1H, H
1
, J 13.2, 

γ.β), 1.00 ɬ.ɞ (1H, H
3
, J 13.3, 3.2), 1.15 c (γɇ, ɋ19ɇ3), 1.β6 ɞ.ɞ (1H, H

5
, J 12.6, 2.6), 1.47 ɞ.ɦ (1H, H

2
, 

J 1γ.β), 1.60 ɦ (βH, H
9,11

), 1.69-1.80 ɦ (4H, H
1,6,2,11), 1.88 ɦ (1ɇ, ɇ7), 1.λ7 ɞ.ɦ (1H, H

6
, Jɝɟɦ 13.1), 
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β.1β ɞ.ɦ. (1H, H
3
, Jɝɟɦ 1γ.γ), β.40 ɦ (βH, H

12,7
), β.64 ɦ (1ɇ, ɇ12

, J 14.5, 6.8, 4.2), γ.58 ɫ (γɇ, Ɉɋɇ3), 

4.57 ɫ, 4.λ4 ɫ (βɇ, ɇ17,17
), 6.γλ ɞ (1ɇ, ɇ14

, J 1.8), 7.15 ɫ (1ɇ, ɇ1’), 7.46 ɞ (1ɇ, ɇ15
, J 1.8), 7.4λ ɬ (βɇ, 

ɇ7’,9’
, J 7.4), 7.57 ɬ (1ɇ, ɇ8’

, J 7.4), 7.λγ ɞ (βɇ, ɇ6’,10’
, J 7.4), 8.65 ɭ.ɫ (1ɇ, H3’

). ɋɩɟɤɬɪ əɆɊ 13ɋ, , 

ɦ.ɞ.μ 1β.51 ɤ (ɋ20), 1λ.76 ɬ (ɋ2), βγ.50 ɬ (ɋ12), β4.β4 ɬ (ɋ11
), 26.14 ɬ (ɋ6), β8.6γ ɤ (ɋ19), γ8.00 ɬ (ɋ3

), 

γ8.48 ɬ (ɋ7), γ8.λβ ɬ (ɋ1
), 40.05 c (ɋ10), 44.15 ɫ (ɋ4), 51.04 ɤ (Ɉɋɇ3), 54.8β ɞ (ɋ9), 56.00 ɞ (ɋ5

), 

106.61 ɬ (ɋ17), 11γ.βλ ɞ (ɋ14), 115.γ1 ɞ (ɋ1’),  1β1.78 ɫ (ɋ2’), 1β7.46 ɞ (ɋ6’,10’), 1β8.71 ɞ (ɋ7’,9’
), 

1γβ.γ1 ɞ (ɋ8’), 1γβ.67 ɫ (ɋ13), 1γγ.11 ɫ (ɋ5’), 144.γ4 ɞ (ɋ15), 145.λλ ɫ (ɋ16), 147.4γ ɫ (ɋ8
), 166.40 c 

(ɋ4’
), 167.60 c (C=O), 177.70 ɫ (ɋ18). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 501 [Ɇ-18] (3), 275 (6), 315 (6), 

252 (6), 239 (10), 121 (12), 105 (100), 77 (βγ). ɇɚɣɞɟɧɨ %μ ɋ 75.32, H 8.63, N 3.62. C31H37NɈ6. 

ȼɵɱɢɫɥɟɧɨ %μ ɋ 75.γλ, H 8.38, N 3.66. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɮɟɧɢɥɤɚɪɛɚɦɨɢɥ-ɜɢɧɢɥ)-ɮɭɪɚɧ-3-ɢɥ]-

ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-(2-

ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɮɟɧɢɥɤɚɪɛɚɦɨɢɥ-ɜɢɧɢɥ)-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (87). 

Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ 0.11 ɝ (1.β ɦɦɨɥɶ) ɚɧɢɥɢɧɚ 

(77). Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɞɟɪɠɢɜɚɥɢ β ɱ ɩɪɢ 70ɨɋ (ɛɚɧɹ). ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ ɷɮɢɪɨɦ ɢ ɜɵɫɭɲɢɥɢ ɜ ɜɚɤɭɭɦɟ. ɉɨɥɭɱɢɥɢ 0.4λ ɝ (8β%) ɫɨɟɞɢɧɟɧɢɹ (87). 

Ɍ. ɩɥ. 156-159
ɨɋ. 20][ D

 
+14.8 (c 3.1, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 226 (3.89), 326 (4.05). ɂɄ-

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 700, 754, 891, 1500, 1600, 3075 (C=C), 1722 (C=O), 16γ8, 1657, γ4β0 Дɋ(O)NH]. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, ɋ20ɇ3), 0.λ1 ɬ.ɞ (1H, H
1
, J 13.5, γ.γ), 0.λ8 ɬ.ɞ (1H, 

H
3
, J 13.6, 3.0), 1.14 c (γɇ, ɋ19ɇ3), 1.ββ ɞ.ɞ (1H, H

5
, J 12.8, 2.6), 

1.45 ɞ.ɦ (1H, H
2
, Jɝɟɦ 12.8), 1.48-1.5γ ɦ  (βH, H

9,11), 1.61 ɦ (1H, 

H
11

), 1.67-1.7λ ɦ (γH, H
1,6,2), 1.85 ɬ.ɞ (1H, H

7
, J 1β.8, γ.β), 1.λ5 ɞ.ɦ 

(1H, H
6
, Jɝɟɦ 1γ.β), β.11 ɞ.ɦ (1H, H

3
, Jɝɟɦ 1γ.6), β.β6 ɦ (1H, H

12
, Jɝɟɦ 

15.5), β.γ8 ɞ.ɬ (1H, H
7
, J 12.8, 2.6), β.46 ɞ.ɞ.ɞ (1H, H

12
, J 15.5, 6.6, 

4.2), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.5β ɫ, 4.λ0 ɫ (βɇ, ɇ17,17), 6.40 ɞ (1ɇ, ɇ14
, J 

1.8), 6.85 ɫ (1ɇ, ɇ1’), 7.04 ɬ (1ɇ, ɇ4”
, J 7.6), 7.β4 ɦ (βɇ, ɇ3”,5”), 7.γ4 ɞ (1ɇ, ɇ15

, J 1.8), 7.46 ɦ (βɇ, 

ɇ7’,9’), 7.55 ɬ (1ɇ, ɇ8’
, J 8.0), 7.57 ɦ (βɇ, ɇβ”,6”), 7.λ5 ɞ (βɇ, ɇ6’,10’

, J 7.6), 8.71 ɫ (1ɇ, ɇ3’
), 8.80 ɫ (1ɇ, 

NH-Ph). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.47 ɤ (ɋ20), 1λ.7γ ɬ (ɋ2), βγ.β0 ɬ (ɋ12), β4.14 ɬ (ɋ11), β6.10 ɬ (ɋ6
), 

β8.60 ɤ (ɋ19), γ7.λ6 ɬ (ɋ3), γ8.46 ɬ (ɋ7), γ8.88 ɬ (ɋ1
), 40.00 c (ɋ10), 44.11 ɫ (ɋ4), 51.01 ɤ (Ɉɋɇ3), 54.75 

ɞ (ɋ9), 55.λβ ɞ (ɋ5
), 106.5γ ɬ (ɋ17), 111.5β ɞ (ɋ1’),  11β.86 ɞ (ɋ14), 1β0.07 ɞ (ɋ2”,6”), 1βγ.λλ ɞ (C4”

), 

1β6.40 ɫ (ɋ2’),  1β7.44 ɞ (С6’,10’), 1β8.6γ ɞ, 1β8.66 ɞ (ɋ3”,5”,7’,9’), 1γ0.5β ɫ (ɋ13), 1γβ.βγ ɞ (ɋ8’), 1γβ.λ4 ɫ 

(ɋ1”), 1γ7.λ8 ɫ (ɋ5’), 14γ.5β ɞ (ɋ15), 146.16 ɫ (ɋ16
), 147.4λ ɫ (ɋ8

),  163.00 c (CONH), 166.00 c (C
4’

), 

177.6β ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 74.5β, H 7.79, N 4.5λ. ɋ37ɇ42N2Ɉ5. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 74.75, H 7.71, N 

4.71. 
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(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɛɟɧɡɢɥɤɚɪɛɚɦɨɢɥ-ɜɢɧɢɥ)-ɮɭɪɚɧ-3-ɢɥ]-

ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-(2-

ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɛɟɧɡɢɥɤɚɪɛɚɦɨɢɥ-ɜɢɧɢɥ)-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) 

(88). Ɋɚɫɬɜɨɪ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.14 ɝ (1.β ɦɦɨɥɶ) ɛɟɧɡɢɥɚɦɢɧɚ (78) ɜ 7 ɦɥ 

ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ β ɱ ɩɪɢ 70ɨɋ (ɛɚɧɹ). Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ 7 ɦɥ 

ɷɮɢɪɚ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɪɨɦɵɥɢ ɷɮɢɪɨɦ (γɯ10 ɦɥ), ɡɚɬɟɦ ɜɵɫɭɲɢɥɢ ɜ 

ɜɚɤɭɭɦɟ. ɉɨɥɭɱɢɥɢ 0.γ8 ɝ (6β%) ɫɨɟɞɢɧɟɧɢɹ (88). Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɦɚɬɨɱɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.15 ɝ (β4%) ɩɪɨɞɭɤɬɚ (88) (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). Ɍ. ɩɥ. λ8-100
ɨɋ. 20][ D

 
+12.3 (c 5.4, CHCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 226 (4.08), 317 (4.36). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-

1
: 698, 715, 750, 893, 1516, 1575 (C=C), 1721 (C=O), 1645, 3424 

[C(O)NH]. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ  (γɇ, 

ɋ20ɇ3), 0.λγ ɦ (βɇ, ɇ1,3
), 1.13 c (γɇ, ɋ19ɇ3), 1.ββ ɦ (1H, H

5
), 

1.44 ɦ (1H, H
2), 1.58 ɦ (βH, H

9,11
), 1.70-1.88 ɦ (5H, H

11,1,2,7,6
), 

1.λ4 ɦ (1H, H
6), β.0λ ɦ (1H, H

3), β.γβ ɦ (2H, H
7,12

), β.5γ ɦ (1H, H
12

), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.86 ɫ (βɇ, 

ɋɇ2), 4.55 ɫ, 4.86 ɫ (βɇ, ɇ17,17), 6.γβ ɞ (1ɇ, ɇ14
, J 1.8), 6.67 ɫ (1ɇ, ɇ1’), 7.05 ɦ (4ɇ, ɇ15,4”,3”,5”

), 7.30 

ɦ (5ɇ, NH, ɇ2”,6”,7’,9’), 7.41 ɬ (1ɇ, ɇ8’
, J 7), 7.75 ɞ (βɇ, ɇ6’,10’

), 8.64 ɫ (1ɇ, ɇ3’
). ɋɩɟɤɬɪ əɆɊ 13ɋ, , 

ɦ.ɞ.μ 1β.48 ɤ (ɋ20), 1λ.78 ɬ (ɋ2), βγ.50 ɬ (ɋ12), β4.β6 ɬ (ɋ11), β6.15 ɬ (ɋ6), β8.64 ɤ (ɋ19), γ8.0γ ɬ (ɋ3
), 

γ8.54 ɬ (ɋ7), γ8.λβ ɬ (ɋ1
), 40.07 c (ɋ10), 4γ.40 ɬ (ɋɇ2), 44.16 ɫ (ɋ4), 50.λ4 ɤ (Ɉɋɇ3), 55.16 ɞ (ɋ9

), 

56.04 ɞ (ɋ5), 106.48 ɬ (ɋ17), 10λ.00 ɞ (ɋ1’), 11β.50 ɞ (ɋ14), 1β7.44 ɞ (ɋ6',10'), 1β7.47 ɫ (ɋ2’
), 1β7.75 ɞ 

(ɋ2”,6”), 1β8.γ6 ɞ (ɋ3”,5”), 1β8.γ6 М (ɋ4”), 1β8.47 ɞ (ɋ7’,9’), 1γ0.5β ɫ (ɋ13
), 1γ1.γλ ɞ (ɋ8’

), 1γ4.γβ ɫ 

(ɋ5’), 1γ4.4γ ɫ (ɋ1”
), 14γ.γ0 ɞ (ɋ15

), 147.06 ɫ (ɋ16), 147.6β ɫ (ɋ8
), 165.βλ ɫ (C4’

), 170.53 c (ɋONH), 

177.61 ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 75.γ5, H 7.23, N 4.64. ɋ38ɇ44N2Ɉ5. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 75.00, H 7.24, N 

4.64. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-{2-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(6-ɤɚɪɛɨɤɫɢɝɟɤɫɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-

ɮɭɪɚɧ-3-ɢɥж-ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-

16-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(6-ɤɚɪɛɨɤɫɢ-ɝɟɤɫɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (89). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ 

0.17 ɝ (1.1 ɦɦɨɥɶ) 7-ɚɦɢɧɨɝɟɩɬɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (83). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 4 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.47 ɝ (7γ%) ɫɨɟɞɢɧɟɧɢɹ (89). Ɍ. ɩɥ. 106-

109
ɨɋ. 20][ D

 
+17.3

ɨ
 (c 2.5, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 227 (3.05), 315 (3.25). ɂɄ-ɫɩɟɤɬɪ, Ȟ, 

ɫɦ-1
: 712, 889, 907, 1522 (C=C), 1717 (CO2Me), 157β, 1650, 1661 (ɋONH), γβ74, γγ00 (Ɉɇ, NH). 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.92 ɬ.ɞ (1H, H
1
, J 1γ.γ, γ.4), 0.λ8 ɬ.ɞ 
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(1H, H
3
, J 13.1, 2.9), 1.14 c (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1H, H

5
, J 1β.6, β.8), 1.γ4 ɦ (4ɇ, H5”,4”), 1.45 ɦ 

(1H, H
2
, Jɝɟɦ 12.8), 1.50-1.6β ɦ (5H, 1H-H

9
 ɢ 4H-H

6”,3”), 1.66 ɦ (1H, H
2
), 1.70-1.7λ ɦ (4H, H

1,6,11,11
), 

1.86 ɬ.ɞ (1H, H
7
, J 1β.8, γ.6), 1.λ5 ɞ.ɦ (1H, H

6
, Jɝɟɦ 12.8), 

β.11 ɞ.ɦ (1H, H
3
, Jɝɟɦ 1γ.1), β.β8 ɬ (βɇ, H2”,2”

, J 7.2), 2.34 

ɦ, β.γ7 ɦ (βH, H
12,7),  β.56 ɦ (1H, H

12
, J 14.8, 6.6, 4.0), 

γ.γβ ɦ (βɇ, ɇ7”), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.55 ɫ, 4.λ1 ɫ (βɇ, 

ɇ17,17),  6.γ0 ɞ (1ɇ, ɇ14
, J 1.8), 6.57 ɬ (1ɇ, CONH, J 6.0), 

6.81 ɫ (1ɇ, ɇ1’), 7.γγ ɞ (1ɇ, ɇ15
, J 1.8), 7.46 ɦ (βɇ, 

ɇ7’,9’), 7.5β ɬ (1ɇ, ɇ8’
, J 7), 7.91 ɦ (βɇ, ɇ6’,10’), 8.56 ɭ.ɫ (1ɇ, H3’

, Jɩɨɥɭшɢɪɢɧы 4.8). ɋɩɟɤɬɪ əɆɊ 13ɋ, , 

ɦ.ɞ.μ 1β.47 ɤ (ɋ20), 1λ.74 ɬ (ɋ2), βγ.β6 ɬ (ɋ12
), 24.18 ɬ (ɋ11), β4.γγ ɬ (ɋ6”), β6.11 ɬ (ɋ6), β6.β4 ɬ, 

β8.44 ɬ (ɋ5”,4”), β8.5λ ɤ (ɋ19), βλ.01 ɬ (ɋ3”), γγ.7β ɬ (ɋ2”), γ7.λ7 ɬ (ɋ3), γ8.50 ɬ (ɋ7), γ8.8λ ɬ (ɋ1
), 

γλ.7λ ɬ (ɋ7”
), 40.01 c (ɋ10), 44.1β ɫ (ɋ4), 51.01 ɤ (Ɉɋɇ3), 54.74 ɞ (ɋ9), 55.λ4 ɞ (ɋ5), 106.50 ɬ (ɋ17

), 

110.60 ɞ (ɋ1’), 11β.8β ɞ (ɋ14
), 1β6.1β ɫ (ɋ2’), 1β7.γλ ɞ (ɋ6’,10’), 1β8.61 ɞ (ɋ7’,9’), 1γ0.04 ɫ (ɋ13

), 

1γβ.10 ɞ (ɋ8’), 1γγ.β1 ɫ (ɋ5’), 14γ.β4 ɞ (ɋ15), 146.β4 ɫ (ɋ16), 147.56 ɫ (ɋ8
), 164.88 c (ɋONH), 165.05 

c (C
4’), 177.64 (ɋ18), 178.γ0 ɫ (ɋ7”). ɇɚɣɞɟɧɨ, %μ ɋ 71.0β, H 7.59, N 4.βλ. ɋ38H50N2O7. ȼɵɱɢɫɥɟɧɨ, 

%μ ɋ 70.5λ, H 7.74, N 4.33. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-{2-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(3,4,5-ɬɪɢɦɟɬɨɤɫɢ-ɛɟɧɡɢɥɤɚɪɛɚ-ɦɨɢɥ)-

ɜɢɧɢɥ]-ɮɭɪɚɧ-3-ɢɥж-ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

(Ɇɟɬɢɥ-16-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(3,4,5-ɬɪɢɦɟɬɨɤɫɢ-ɛɟɧɡɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-15,16-ɷɩɨɤɫɢ-

8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (90). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.ββ ɝ (1.1 

ɦɦɨɥɶ) 3,4,5-ɬɪɢɦɟɬɨɤɫɢɛɟɧɡɢɥɚɦɢɧɚ (80) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ  ɧɚɝɪɟɜɚɥɢ ɧɚ ɦɚɫɥɹɧɨɣ ɛɚɧɟ (70ɨɋ) 4 

ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). Ɏɪɚɤɰɢɸ, ɫɨɞɟɪɠɚɜɲɭɸ ɩɪɨɞɭɤɬ, ɪɚɫɬɟɪɥɢ ɜ ɝɟɤɫɚɧɟ. ɉɨɥɭɱɢɥɢ 41.0 ɝ (5λ%) 

ɫɨɟɞɢɧɟɧɢɹ (90). Ɍ. ɩɥ. 78-80
ɨɋ. 20][ D

 
+12.9

ɨ
 (c 3.4, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 230 (2.94), 

316 (3.28). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 714, 775, 892, 1508 

(C=C), 1721 (C=O), 1638, 1670, 3368, 3410 

(ɋONH). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɦ (1H, H
1), 0.λλ ɦ (1H, H

3
), 

1.15 c (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1H, H
5
, J 12.5, 2.8), 

1.46 ɦ (1H, H
2), 1.56 ɦ (βH, H

9,11
), 1.68-1.81 ɦ (4H, 

H
1,6,2,11), 1.86 ɦ (1H, H

7), 1.λ6 ɦ (1H, H
6), β.1γ ɞ.ɦ 

(1H, H
3
, Jɝɟɦ 1γ.1), β.γ8 ɦ (βH, H

12,7),  β.60 ɦ (1H, 

H
12), γ.58 ɫ (γɇ, Ɉɋɇ3), γ.7λ ɫ (γɇ, Ɉɋɇ3 ɩɪɢ ɋ4”

), 3.84 c (6ɇ, βɯɈɋɇ3 ɩɪɢ ɋ3”,5”), 4.51 ɞ (βɇ, 

ɋɇ2Ar, J 6.β), 4.55 ɫ, 4.8λ ɫ (βɇ, ɇ17,17), 6.γ4 ɞ (1ɇ, ɇ14
, J 1.8), 6.61 ɫ (βɇ, ɇ2”,6”), 6.70 ɬ (1ɇ, 
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CONH, J 6.1), 6.88 ɫ (1ɇ, ɇ1’), 7.γ7 ɞ (1ɇ, ɇ15
, J 1.8), 7.46 ɦ (βɇ, ɇ7’,9’), 7.54 ɬ (1ɇ, ɇ8’

, J 7.4), 7.90 

ɞ (βɇ, ɇ6’,10’
, J 7.8), 8.60 ɭ.ɫ (1ɇ, H3’

). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.4λ ɤ (ɋ20), 1λ.78 ɬ (ɋ2), βγ.γ7 ɬ 

(ɋ12), β4.βγ ɬ (ɋ11), β6.14 ɬ (ɋ6), β8.5λ ɤ (ɋ19), γ8.0γ ɬ (ɋ3), γ8.5β ɬ (ɋ7), γ8.λ8 ɬ (ɋ1
), 40.06 c (ɋ10

), 

4γ.λ4 ɬ (ɋɇ2), 44.17 ɫ (ɋ4), 50.λγ ɤ (Ɉɋɇ3), 54.λ4 ɞ (ɋ9
), 56.04 ɤ (Ɉɋɇ3 ɩɪɢ ɋ3”,5”), 56.04 ɞ (ɋ5

), 

65.64 ɤ (Ɉɋɇ3 ɩɪɢ ɋ4”), 104.57 ɞ (ɋ2”,6”
),

 106.47 ɬ (ɋ17), 111.0γ ɞ (ɋ1’),  11β.λβ ɞ (ɋ14), 1β6.βλ ɫ 

(ɋ2’), 1β7.γ1 ɞ (ɋ6’,10’), 1β8.65 ɞ (ɋ7’,9’), 1γ0.11 ɫ (ɋ13), 1γβ.16 ɞ (ɋ8’), 1γγ.ββ ɫ, 1γγ.λ0 ɫ (ɋ4”,5’
), 

137.08 ɫ (ɋ1”), 14γ.γ8 ɞ (ɋ15), 146.γ1 ɫ (ɋ16), 147.60 ɫ (ɋ8), 15γ.β8 ɫ (ɋ3”,5”
), 164.83 c (ɋONH), 

166.22 c (C
4’), 177.5β ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 70.17, H 7.25, N γ.λ7. ɋ41ɇ50N2Ɉ8. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 

70.49, H 7.16, N 4.01. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-[2-(2-{2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-[2-(4-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-ɷɬɢɥɤɚɪ-

ɛɚɦɨɢɥ]-ɜɢɧɢɥж-ɮɭɪɚɧ-3-ɢɥ)-ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-{2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-[2-(4-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-ɷɬɢɥɤɚɪɛɚɦɨɢɥ]-ɜɢɧɢɥж-

15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (91). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) 

ɢ 0.14 ɝ (1.0 ɦɦɨɥɶ) ɬɢɪɚɦɢɧɚ (79) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ ɧɚ ɦɚɫɥɹɧɨɣ ɛɚɧɟ (70ɨɋ) 4 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.5γ ɝ (84%) 

ɫɨɟɞɢɧɟɧɢɹ  (91). Ɍ. ɩɥ. 1β5-128
ɨɋ. 20][ D

 
+13.7 (c 6.5, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 225 

(3.33), 316 (3.38). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 71β, 8β8, 8λγ, 1515 (ɋ=ɋ), 1723 (C=O), 1648, 1650, 3423 

(ɋONH), 3347 (OH). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20ɇ3), 0.8λ ɬ.ɞ (1H, H
1
, J 

1γ.β, γ.1), 0.λ5 ɬ.ɞ (1H, H
3
, J 13.3, 2.6), 1.10 c (γɇ, 

ɋ19ɇ3), 1.β1 ɞ (1H, H
5
, J 1β.4, β.β), 1.4β ɦ (1H, H

2
, 

Jɝɟɦ 1β.6), 1.50 ɦ (βH, H
9,11),  1.61 ɦ  (1H, H

11
),  

1.66-1.75 ɦ (γH, H
1,6,2), 1.84 ɬ.ɞ (1H, H

7
, J 13.2, 

γ.0), 1.λβ ɦ (1H, H
6), β.07 ɞ.ɦ (1H, H

3
, Jɝɟɦ 13.3), 

β.β7 ɦ (1H, H
12), β.γ5 ɦ (1H, H

7
, Jɝɟɦ 12.6), β.4λ ɦ (1H, H

12), β.66 ɬ (βɇ, ɋɇ2,
 
J 6.γ), γ.45 ɞ.ɞ (βɇ, 

ɋɇ2Nɇ, J 14.1, 6.3), γ.54 ɫ (γɇ, Ɉɋɇ3), 4.51 ɫ, 4.87 ɫ (βɇ, ɇ17,17), 6.β7 ɞ (1ɇ, ɇ14
, J 1.8), 6.6γ ɭɲ.ɫ 

(1ɇ, CONH), 6.67 ɦ (βɇ, ɇ3”,5”), 6.74 ɫ (1ɇ, ɇ1’), 6.86 ɞ (βɇ, ɇ2”,6”
, J 7.β), 7.βλ ɞ (1ɇ, ɇ15

, J 1.8), 

7.γ8 ɦ (βɇ, ɇ7’,9’), 7.46 ɬ (1ɇ, ɇ8’
, J 7.1), 7.8γ ɦ (βɇ, ɇ6’,10’), 8.00 ɲ.ɫ (1ɇ, Oɇ), 8.56 ɫ (1ɇ, H3’

). 

ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.γ7 ɤ (ɋ20), 1λ.6β ɬ (ɋ2), βγ.08 ɬ (ɋ12), β4.0β ɬ (ɋ11), β5.λλ ɬ (ɋ6
), 28.47 

ɤ (ɋ19), γ4.γ4 ɬ (ɋɇ2), γ7.7λ ɬ (ɋ3), γ8.γ4 ɬ (ɋ7), γ8.68 ɬ (ɋ1
), 39.89 c (ɋ10), 41.γ1 ɬ (ɋɇ2N), 44.00 ɫ 

(ɋ4), 50.λ6 ɤ (Ɉɋɇ3), 54.56 ɞ (ɋ9), 55.74 ɞ (ɋ5), 106.44 ɬ (ɋ17), 111.44 ɞ (ɋ1’), 11β.67 ɞ (ɋ14
), 115.41 

ɞ (ɋ3”,5”), 1β5.5β ɫ (ɋ2’), 1β7.γ1 ɞ (ɋ6’,10’), 1β8.48 ɞ (ɋ2”,6”), 1βλ.γγ ɫ (C1”), 1βλ.40 ɞ (ɋ7’,9’), 1γ0.1λ ɫ 

(ɋ13), 1γβ.0γ ɞ (ɋ8’), 1γβ.87 ɫ (ɋ5’), 14γ.γ8 ɞ (ɋ15), 145.λ0 ɫ (ɋ16), 147.40 ɫ (ɋ8
), 155.14 ɫ (ɋ4”

), 
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165.25 c (ɋONH), 166.53 c (C
4’), 177.7β ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 7γ.15, H 7.36. N 4.45. ɋ39ɇ46N2Ɉ6. 

ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7γ.γ5, H 7.21, N 4.39. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-[2-(2-{2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-[2-(3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-ɷɬɢɥɤɚɪɛɚɦɨɢɥ]-ɜɢɧɢɥж-ɮɭɪɚɧ-3-ɢɥ)-ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-{2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-[2-(3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-ɷɬɢɥɤɚɪɛɚɦɨɢɥ]-ɜɢɧɢɥж-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) 

(92). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.β7 ɝ (1.1 ɦɦɨɥɶ) 3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-

ɝɢɞɪɨɤɫɢɮɟɧɢɥɷɬɢɥɚɦɢɧɚ (81) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɢɡ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.57 ɝ (76%) ɫɨɟɞɢɧɟɧɢɹ (92). Ɍ. ɩɥ. λ1-93
ɨɋ. 20][ D

 
+9.4

ɨ
 (c 1.9, CHCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 226 (2.89), 316 (3.26). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 713, 750, 769, 890, 1515 (C=C), 

1722 (C=O), 1578, 1640, 1665 (ɋONH), γγ00, γ4β6 (Ɉɇ, NH). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɬ.ɞ (1H, H
1
, J 1γ.γ, γ.8), 0.λλ ɬ.ɞ (1H, H

3
, J 13.5, 3.5), 1.14 c (γɇ, 

ɋ19ɇ3), 1.β5 ɞ.ɞ (1H, H
5
, J 1β.4, γ.0), 1.γ7 ɫ (18ɇ, βx(ɋɇ3)3), 1.48 ɦ (1H, H

2), 1.56 ɦ (βH, H
9,11

), 

1.68-1.80 ɦ (4H, H
1,6,2,11

), 1.87 ɦ (1H, H
7
, Jɝɟɦ 

1β.6), 1.λ6 ɦ (1H, H
6), β.1β ɞ.ɦ (1H, H

3
, Jɝɟɦ 

1β.6), β.γγ ɦ (βH, H
12,7

), β.58 ɦ (1H, H
12

, J 

14.β, 6.8, 4.β), β.7λ ɬ (βH, ɋH2-Ar, J 6.2), 3.58 

ɫ (γɇ, Ɉɋɇ3), γ.61 ɦ (βɇ, NH-ɋɇ2), 4.56 ɫ, 

4.λ1 ɫ (βɇ, ɇ17,17), 5.07 ɫ (1ɇ, Ɉɇ), 6.γβ ɞ (1ɇ, 

ɇ14
, J 1.8), 6.54 ɬ (1ɇ, CONH, J 5.6), 6.8γ ɫ 

(1ɇ, ɇ1’), 7.00 ɫ (βɇ, ɇ2”,6”), 7.γ4 ɞ (1ɇ, ɇ15
, J 

1.8), 7.46 ɬ (βɇ, ɇ7’,9’
, J 7.0), 7.54 ɬ (1ɇ, ɇ8’

, J 7.0), 7.λ1 ɞ (βɇ, ɇ6’,10’
,
 
J 7.8), 8.55 ɭ.ɫ (1ɇ, H3’

, 

Jɩɨɥɭшɢɪɢɧы 5.5). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.44 ɤ (ɋ20
), 1λ.6λ ɬ (ɋ2), βγ.β1 ɬ (ɋ12), β4.1β ɬ (ɋ11

), 

β6.07 ɬ (ɋ6), β8.56 ɤ (ɋ19), γ0.0λ ɤ (ɋɇ3)3, γ4.06 ɫ (ɋ(ɋɇ3)3), γ5.58 ɬ (ɋɇ2-Ar), γ7.λγ ɬ (ɋ3), γ8.4γ ɬ 

(ɋ7), γ8.86 ɬ (ɋ1), γλ.λ8 ɬ (ɋɇ2-N), 41.56 c (ɋ10), 44.07 ɫ (ɋ4), 50.λ6 ɤ (Ɉɋɇ3), 54.70 ɞ (ɋ9), 55.λ0 ɞ 

(ɋ5), 106.48 ɬ (ɋ17), 110.7β ɞ (ɋ1’), 11β.78 ɞ (ɋ14), 1β5.11 ɞ (ɋ2”,6”), 1β6.γ1 ɫ (ɋ2’), 1β7.γβ ɞ (ɋ6’,10’
), 

1β8.58 ɞ (ɋ7’,9’), 1βλ.γγ ɫ, 1βλ.81 ɫ (ɋ5’,13), 1γβ.05 ɞ (ɋ8’
), 133.19 c (ɋ1”

),  135.76 c (C
3”,5”

),
 14γ.14 ɞ 

(ɋ15), 146.β4 ɫ (ɋ16), 147.50 ɫ (ɋ8
), 15β.10 ɫ (ɋ4”

), 164.80 c (ɋONH), 166.22 c (C
4’), 177.58 ɫ (ɋ18

). 

ɇɚɣɞɟɧɨ, %μ ɋ 74.61, H 8.73, N γ.70. ɋ47ɇ62N2Ɉ6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 75.β0, H 8.28, N 3.73. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-[2-(2-{2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-[2-(3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-ɩɪɨɩɢɥɤɚɪɛɚɦɨɢɥ]-ɜɢɧɢɥж-ɮɭɪɚɧ-3-ɢɥ)-ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-{2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-[2-(3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-ɩɪɨɩɢɥɤɚɪɛɚɦɨɢɥ]-ɜɢɧɢɥж-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) 
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(93). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.β7 ɝ (1.1 ɦɦɨɥɶ) 3,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-

ɝɢɞɪɨɤɫɢɮɟɧɢɥɩɪɨɩɢɥɚɦɢɧɚ (82) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ 4 ɱ ɩɪɢ 70ɨɋ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ 

ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɢɡ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.6λ ɝ (ɜɵɯɨɞ λ1%) ɫɨɟɞɢɧɟɧɢɹ (93). Ɍ. ɩɥ. 85-87
ɨɋ. 20][ D

 
+11.1

ɨ
 (c 3.2, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 226 (2.89), 315 (3.24). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 713, 747, 769, 890, 

1513 (C=C), 1723 (C=O), 1546, 1580, 1641, 1665 (ɋONH), γγβ5, γ400 (Ɉɇ, NH). ɋɩɟɤɬɪ əɆɊ 1H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.λγ ɬ.ɞ (1H, H
1
, J 1γ.5, γ.β), 0.λ8 ɬ.ɞ (1H, H

3
, J 13.2, 3.0), 

1.14 c  (γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1H, H
5
, J 1β.8, β.6), 1.40 ɫ (18ɇ, βx(ɋɇ3)3), 1.45 ɦ (1H, H

2), 1.55 ɦ 

(2H, H
9,11

), 1.66-1.80 ɦ (4H, H
1,7,2,11), 1.86 ɦ (γH, βɇ-ɋɇ2 ɢ H6), 1.λ6 ɞ.ɦ (1H, H

6
, Jɝɟɦ 12.8), 2.12 

ɞ.ɦ (1H, H
3
, Jɝɟɦ 1γ.β), β.γ8 ɦ (βH, H

12,7
), β.58 ɦ (3H, βɇ-ɋH2Ar ɢ H12

), γ.41 ɦ (βɇ, N-ɋɇ2), γ.58 ɫ 

(γɇ, Ɉɋɇ3), 4.56 ɫ, 4.λβ ɫ (βɇ, ɇ17,17), 5.0γ ɫ (1ɇ, Ɉɇ), 6.γγ ɞ (1ɇ, ɇ14
, J 1.8), 6.5β ɬ (1ɇ, NH, J 

6.β), 6.81 ɫ (1ɇ, ɇ1’), 6.λ7 ɫ (βɇ, ɇ2”,6”), 7.γ5 ɞ 

(1ɇ, ɇ15
, J 1.8), 7.47 ɬ (βɇ, ɇ7’,9’

, J 7.2), 7.55 ɬ 

(1ɇ, ɇ8’
, J 7.2), 7.λγ ɞ (βɇ, ɇ6’,10’

, J 7.β), 8.5λ ɭ.ɫ 

(1ɇ, H
3’

, Jɩɨɥɭшɢɪɢɧы 5.6). ɋɩɟɤɬɪ əɆɊ 13ɋ, , 

ɦ.ɞ.μ 1β.50 ɤ (ɋ20), 1λ.76 ɬ (ɋ2), βγ.β7 ɬ (ɋ12
), 

β4.β1 ɬ (ɋ11), β6.1γ ɬ (ɋ6), β8.61 ɤ (ɋ19), γ0.β1 ɤ 

(ɋɇ3)3, γ1.5λ ɬ (ɋɇ2), γ5.0λ ɬ (ɋɇ2Ar), γ4.14 ɫ 

(ɋ(ɋɇ3)3), γ7.λλ ɬ (ɋ3), γ8.51 ɬ (ɋ7), γ8.λβ ɬ 

(ɋ1), γλ.6λ ɬ (ɋɇ2N), 40.04 c (ɋ10), 44.1γ ɫ (ɋ4), 51.0γ ɤ (Ɉɋɇ3), 54.74 ɞ (ɋ9
), 55.95 ɞ (ɋ5), 106.55 ɬ 

(ɋ17), 110.60 ɞ (ɋ1’), 11β.87 ɞ (ɋ14), 1β4.76 ɞ (ɋ2”,6”), 1β6.5γ ɫ (ɋ2’), 1β7.γ8 ɞ (ɋ6’,10’), 1β8.65 ɞ 

(ɋ7’,9’), 1βλ.7λ ɫ (ɋ13), 1γβ.0γ ɫ (ɋ5’), 1γβ.14 ɞ (ɋ8’
), 133.25 c (ɋ1”

), 135.62 c (C
3”,5”

),
 14γ.17 ɞ (ɋ15

), 

146.γ6 ɫ (ɋ16), 147.57 ɫ (ɋ8), 151.74 ɫ (ɋ4”
), 164.88 c (ɋONH), 166.22 c (C

4’), 177.65 ɫ (ɋ18
). 

ɇɚɣɞɟɧɨ, %μ ɋ 75.γβ, H 8.63, N γ.6β. ɋ48Ɉ6N2ɇ64 ȼɵɱɢɫɥɟɧɨ, %μ ɋ 75.γλ, H 8.38, N 3.66. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-{2-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(2-ɛɟɧɡɢɥ-ɦɟɬɢɥ-ɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-

ɮɭɪɚɧ-3-ɢɥж-ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-

16-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(2-ɛɟɧɡɢɥ-ɦɟɬɢɥ-ɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (94). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.15 ɝ (1.β ɦɦɨɥɶ) N-

ɛɟɧɡɢɥɦɟɬɢɥɚɦɢɧɚ (84) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 6 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). 

Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.4λ ɝ (80%) ɩɪɨɞɭɤɬɚ (94). Ɍ. ɩɥ. 6λ-72
ɨɋ. 

20][ D
 
+9.9

ɨ
 (c 3.1, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 226 (3.11), 319 (3.12). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 

706, 7γβ, 8λ0, λ1β, 1515 (ɋ=ɋ), 1581, 1646, 1680, γ41λ (ɋONH). ɋɩɟɤɬɪ əɆɊ 1ɇ CDCl3, , ɦ.ɞ. (J, 

Ƚɰ)μ 0.48 ɫ, 0.50 ɫ (γɇ, ɋ20ɇ3), 0.87 ɦ (1H, H
1
), 1.02 ɬ.ɞ (1H, H

3
), 1.17 c (γɇ, ɋ19ɇ3), 1.β6 ɦ (1H, 
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H
5), 1.51 ɦ (γH, H

9,11,2
), 1.71-1.λ8 ɦ (6H, H

1,6,2,11,7,6), β.14 ɦ (1H, H
3), β.γ7 ɦ (βH, H

12,7), β.56 ɦ (1H, 

H
12), γ.0γ ɫ (γH, NCH3), γ.6β ɫ (γɇ, Ɉɋɇ3), 4.55 ɫ, 4.57 ɫ (1ɇ, ɇ17), 4.71, 4.78 ɫ (βɇ, ɋH2), 4.λ0 ɫ, 

4.λ4 ɫ (1ɇ, ɇ17), 5.74 ɫ, 5.81 ɫ (1ɇ, ɇ1’
), 6.32 c, 6.38 c (1ɇ, ɇ14

), 7.32-7.45 ɦ (4ɇ, ɇ15,3”,4”,5”), 7.4λ ɦ 

(βɇ, ɇ7’,9’), 7.5γ ɦ (γɇ, ɇ2”,6”8’), 7.λ6 ɞ (βɇ, ɇ6’,10’), λ.51 ɭ.ɫ (1ɇ, H3’). ɋɩɟɤɬɪ əɆɊ 1ɇ, (ɋD3)2SO, 

, ɦ.ɞ. (J, Ƚɰ)μ 0.γ0 ɫ (γɇ, ɋ20ɇ3), 0.79 ɦ (1H, H
1), 0.8λ ɬ.ɞ (1H, H

3
, J 13.2, 3.0), 0.99 c (γɇ, ɋ19ɇ3), 

1.16 ɞ.ɞ (1H, H
5
, J 1β.6, β.8), 1.β8 ɦ, 144 ɦ (γH, H

9,11,2), 1.56 ɦ, 1.74 ɬ, 1.80 ɦ (6H, H
1,6,2,11,7,6

, J 13), 

1.λ1 ɞ (1H, H
3
, J 14), β.ββ ɦ (βH, H

12,7), β.7β ɦ (1H, H
12), γ.ββ ɫ (γH, NCH3), 3.4β ɫ (γɇ, Ɉɋɇ3), 

4.45 ɫ (1ɇ, ɇ17), 4.51 ɦ (βɇ, ɋH2, J 7.0), 4.78 ɫ (1ɇ, ɇ17), 5.λβ ɫ (1ɇ, ɇ1’
), 6.39 c (1ɇ, ɇ14), 7.16 ɦ, 

7.β4 ɦ (5ɇ, Ph), 7.4β ɬ (βɇ, ɇ7’,9’
, J 7.β), 7.4λ ɬ (1ɇ, ɇ8’

, J 7.β), 7.6β ɞ (1ɇ, ɇ15
, J 1.8), 7.λ0 ɞ (βɇ, 

ɇ6’,10’
, J 7.β), λ.87 ɫ (1ɇ, H3’). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.6β ɤ (ɋ20), 1λ.λ0 ɬ (ɋ2), βγ.01 ɬ, βγ.ββ ɬ 

(ɋ12), β4.14 ɬ, β4.γ1 ɬ (ɋ11), β6.β6 ɬ (ɋ6), β8.74 ɤ (ɋ19
), 32.93 

ɬ, γ6.44 ɬ (NCH2Ph), γ8.14 ɬ (ɋ3), γ8.65 ɬ (ɋ7), γλ.04 ɬ (ɋ1
),  

40.14 c (ɋ10), 44.β8 ɫ (ɋ4), 51.1γ ɤ (Ɉɋɇ3), 50.56 ɤ (NCH3), 

54.6β ɞ, 54.71 ɞ (ɋ9), 55.16 ɤ (NCH3), 56.11 ɞ (ɋ5), 100.77 ɞ, 

101.04 ɞ (ɋ1’), 106.50 ɬ (ɋ17), 11β.λ4 ɞ (ɋ14), 1β6.0β ɫ, 

1β6.1λ ɫ (ɋ2’), 1β7.0β ɞ (ɋ4”), 1β7.4γ ɞ (ɋ6’,10’), 1β7.75 ɫ 

(ɋ13), 1β8.β6 ɞ (ɋ2”,6”), 1β8.6β ɞ (ɋ3”,5”), 1β8.7λ ɞ (ɋ7’,9’), 1γβ.β1 ɞ (ɋ8’), 1γγ.β0 ɫ (ɋ5’), 1γ6.λβ ɫ, 

1γ7.1β ɫ (ɋ1”
), 141.λ4 ɞ (ɋ15), 146.71 ɫ, 147.10 ɫ (ɋ16), 147.8β ɫ, 147.81 ɫ (ɋ8

), 163.95 c, 164.1γ ɫ 

(ɋON(CH3)CH2Ph), 167.86 c, 168.44 ɫ (C4’), 177.6λ ɫ (ɋ18
). ɇɚɣɞɟɧɨ, %μ ɋ 75.βγ, H 7.36, N 4.10. 

ɋ39ɇ46N2Ɉ5. ȼɵɱɢɫɥɟɧɨμ ɋ 75.β4, H 7.36, N 4.50. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-3-ɨɤɫɨ-3-ɩɢɩɟɪɢɞɢɧ-1-ɢɥ-ɩɪɨɩɟɧɢɥ)-

ɮɭɪɚɧ-3-ɢɥ]-ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-

16-[(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-3-ɨɤɫɨ-3-ɩɢɩɟɪɢɞɢɧ-1-ɢɥ)-ɩɪɨɩɟɧɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (95). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ 

0.10 ɝ (1.β ɦɦɨɥɶ) ɩɢɩɟɪɢɞɢɧɚ (85). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 5 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

Ɏɪɚɤɰɢɸ, ɫɨɞɟɪɠɚɜɲɭɸ ɩɪɨɞɭɤɬ, ɪɚɫɬɟɪɥɢ ɜ ɝɟɤɫɚɧɟ. ɉɨɥɭɱɢɥɢ 0.4γ ɝ (7γ%) ɫɨɟɞɢɧɟɧɢɹ (95). 

Ɍ. ɩɥ. 8λ-90
ɨɋ. 20][ D

 +13.7
ɨ
 (c 3.3, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 227 (4.16), 320 (4.23). ɂɄ-

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 707, 853, 889, 1514 (C=C), 1723 (C=O), 1581, 1644, 168γ, γ4βγ (ɋONH). ɋɩɟɤɬɪ 

əɆɊ 1ɇ ɋDCl3, , ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɦ (1H, H
1), 1.00 ɬ.ɞ (1H, H

3
, J 13.3, 3.1), 

1.16 c (γɇ, ɋ19ɇ3), 1.β6 ɞ.ɞ (1H, H
5
, J 1β.6, β.8), 1.50 ɦ (1H, H

2
), 1.57-1.8β ɦ (1βH, 

H
9,11,1,6,2,11,3”,3”,4”,4”,5”,5”

), 1.8γ ɬ.ɞ (1H, H
7
, J 1β.6, γ.4), 1.λ6 ɦ (1H, H

6), β.14 ɞ.ɦ. (1H, H
3
, Jɝɟɦ 13.3), 

β.γ1 ɦ (1H, H
12), β.11 ɦ (1H, H

7
, Jɝɟɦ 1β.6), β.55 ɦ (1H, H

12), γ.60 ɫ (γɇ, Ɉɋɇ3), γ.60 ɦ (4ɇ, 

2ɇ2”,6”
), 4.58 ɫ, 4.λβ ɫ (βɇ, ɇ17,17), 5.67 ɫ (1ɇ, ɇ1’), 6.γ5 ɞ (1ɇ, ɇ14

, J 1.8), 7.47 ɦ (γɇ, ɇ15,7’,9’
), 7.52 
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ɬ (1ɇ, ɇ8’
, J 7), 7.λ1 ɞ (βɇ, ɇ6’,10’

,
 
J 8), λ.47 ɭ.ɫ (1ɇ, H3’

). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.50 ɤ (ɋ20
), 

1λ.78 ɬ (ɋ2), βγ.15 ɬ (ɋ12), β4.βγ ɬ (ɋ11), β4.60 ɬ (C4”), β5.18 ɬ, 

25.γ8 ɬ (C3”,5”), β6.1β ɬ (ɋ6), β8.61 ɤ (ɋ19), γ8.01 ɬ (ɋ3), γ8.5β ɬ 

(ɋ7), γ8.λ7 ɬ (ɋ1
), 40.05 c (ɋ10), 4β.78 ɬ, 48.45 ɬ (C2”,6”), 44.16 ɫ 

(ɋ4), 51.0β ɤ (Ɉɋɇ3), 54.58 ɞ (ɋ9), 55.λ6 ɞ (ɋ5), 100.1β ɞ (ɋ1’
), 

106.γ5 ɬ (ɋ17), 11β.80 ɞ (ɋ14), 1β5.55 ɫ (ɋ2’
), 127.26 ɞ (ɋ6’,10’

), 

1β7.71 ɫ (ɋ13), 1β8.6β ɞ (ɋ7’,9’), 1γβ.λ7 ɞ (ɋ8’), 1γγ.βγ ɫ (ɋ5’
), 

141.68 ɞ (ɋ15), 146.λλ ɫ (ɋ16), 147.80 ɫ (ɋ8
), 163.67 c (ɋONH), 

166.21 c (C
4’), 177.58 ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 7γ.7β, H 7.85, N 4.78. ɋ36ɇ46N2O5. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 

73.72, H 7.85, N 4.78. 

 (S)-ɬɪɟɬ-Ȼɭɬɢɥ-1-(Z-(1S,4aR,5S,8aR)-1-(2-Ȼɟɧɡɨɢɥɚɦɢɧɨ-3-{3-[2-(5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-

5,8a-ɞɢɦɟɬɢɥ-2-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)-ɷɬɢɥ]-ɮɭɪɚɧ-2-ɢɥ}-

ɚɤɪɢɥɨɢɥ))ɩɢɪɪɨɥɢɞɢɧ-2-ɤɚɪɛɨɤɫɢɥɚɬ (96). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.β0 ɝ 

(1.β ɦɦɨɥɶ) ɬɪɟɬ-ɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ L-ɩɪɨɥɢɧɚ (86) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 5 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɷɮɢɪɚ. ɉɨɥɭɱɢɥɢ 0.56 ɝ (8γ%) 

ɫɨɟɞɢɧɟɧɢɹ (96). Ɍ. ɩɥ. 17γ-175
ɨɋ. 

20][ D
 
+17.9

ɨ
 (c 3.3, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 228 (3.13), 319 

(3.22). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 720, 760, 886, 909, 1510 

(C=C), 1727 (C=O), 1580, 1638, 1661, 3422, 3510 

(ɋONH). ɋɩɟɤɬɪ əɆɊ 1ɇ CDCl3, , ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ 

(γɇ, ɋ20ɇ3), 1.00 ɦ (βH, H
1,3

), 1.15 c (γɇ, ɋ19ɇ3), 1.26 

ɞ.ɞ (1H, H
5), 1.47 ɫ (1βH, λɇ-(ɋɇ3)3 ɢ γH, ɇ2,4”,4’'

), 1.57 

c (2H, H
9,11

), 1.68-1.λ0 ɦ (5H, H
1,7,2,11,6

), 1.λ6 ɦ (γH, H
6,3”,3”), β.1β ɦ (1H, H

3), β.γ1 ɦ (1H, H
12

), 2.40 

ɦ (1H, H
7
), β.56 ɦ (1H, H

12), γ.58 ɫ (γɇ, Ɉɋɇ3), γ.7λ ɦ (βɇ, H5”,5”), 4.5γ ɫ (1ɇ, ɇ17), 4.55 ɦ (1ɇ, 

ɇ2”
), 4.91 c (1ɇ, ɇ17

), 5.86 ɫ, 5.λ4 ɫ (1ɇ, ɇ1’), 6.γ4 ɞ, 6.γ5 ɞ (1ɇ, ɇ14
, J 1.8), 7.45 ɦ (γɇ, ɇ15,7’,9’

), 

7.5γ ɦ (1ɇ, ɇ8’), 7.88 ɞ (βɇ, ɇ6’,10’
,
 
J 7.8), λ.β4 ɭ.ɫ, λ.γ0 ɭ.ɫ (1ɇ, H3’

). ɋɩɟɤɬɪ əɆɊ 1ɇ (ɋD3)2SO, , 

ɦ.ɞ. (J, Ƚɰ)μ 0.γ1 ɫ (γɇ, ɋ20ɇ3), 0.87 ɦ (βH, H
1,3

), 0.99 c (γɇ, ɋ19ɇ3), 1.16 ɦ (1H, H
5), 1.βλ ɫ (λH, 

(ɋɇ3)3), 1.4γ ɦ, 1.4λ ɦ (γH, H
2,4”,4”), 1.58 ɦ, 1.6λ ɦ, 1.7λ ɦ (10H, H

9,11,1,7,2,11,6,6,3”,3”), 1.λ1 ɞ.ɦ (1H, 

H
3
, Jɝɟɦ 1γ.β), β.05 ɦ (1H, H

12), β.1λ ɦ, β.β4 ɦ (βH, H
7,12), γ.ββ ɫ (γɇ, Ɉɋɇ3), 3.50 ɦ (βɇ, H5”,5”

), 

4.10 ɞ.ɞ (1ɇ, ɇ2”
, J 7.0, 5.0), 4.46 ɫ (1ɇ, ɇ17

), 4.78 c (1ɇ, ɇ17), 6.06 ɫ (1ɇ, ɇ1’), 6.40 ɞ (1ɇ, ɇ14
, J 

1.8), 7.40 ɬ (βɇ, ɇ7’,9’
, J 7.β), 7.48 ɬ (1ɇ, ɇ8’

, J 7.β), 7.60 ɞ (1ɇ, ɇ15
, J 1.8), 7.87 ɞ (βɇ, ɇ6’,10’

, J 7.2), 

λ.8β ɫ (1ɇ, H3’). ɋɩɟɤɬɪ əɆɊ 13ɋ 
(CD3)SO, , ɦ.ɞ.μ 1β.6γ ɤ (ɋ20), 1λ.76 ɬ (ɋ2

), βγ.γ6 ɬ (ɋ12), β4.4β ɬ 

(ɋ11), β5.06 ɬ (C4”
), β6.1β ɬ (ɋ6

), β7.87 ɤ (ɋ19), β8.0γ ɤ ((ɋɇ3)3), βλ.00 ɬ (C3”
), γ7.7λ ɬ (ɋ3), γ8.β6 ɬ 

(ɋ7), γ8.6γ ɬ (ɋ1
), 40.18 c (ɋ10), 4γ.λ4 ɫ (ɋ4), 4λ.10 ɬ (C5”

), 51.γ1 ɤ (Ɉɋɇ3), 54.5λ ɞ (ɋ9
), 55.γλ ɞ 
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(ɋ5), 5λ.λ8 ɬ (C2”), 80.40 ɫ (ɋ(ɋɇ3)3), 106.6γ ɬ (ɋ17), 10λ.β7 ɞ (ɋ1’), 11γ.08 ɞ (ɋ14
), 1β6.58 ɫ (ɋ2’

), 

1β7.41 ɞ (ɋ13), 1β7.λ6 ɫ (ɋ6’,10’), 1β8.81 ɞ (ɋ7’,9’), 1γβ.17 ɞ (ɋ8’), 1γγ.γ5 ɫ (ɋ5’), 145.8β ɞ (ɋ15
), 

146.56 ɫ (ɋ16), 147.λ6 ɫ (ɋ8
), 164.31 c (ɋɈNɇ), 165.87 c (C

4’), 171.48 ɫ (ɋ=Ɉ), 177.71 ɫ (ɋ18
). 

ɇɚɣɞɟɧɨ, %μ ɋ 71.β1, H 7.86, N γ.λ1. ɋ40ɇ52N2O7. ȼɵɱɢɫɥɟɧɨ, %: ɋ 71.42, H 7.73, N 4.17. 

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-{2-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-((1S,2R)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-2-

ɦɟɬɢɥ-ɛɭɬɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-ɮɭɪɚɧ-3-ɢɥ}-ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨ-

ɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-((1S,2R)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-2-

ɦɟɬɢɥ-ɛɭɬɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (99). 

ɋɦɟɫɶ 0.γ5 ɝ (0.64 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.1β ɝ (0.77 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ δ-ɢɡɨ-ɥɟɣɰɢɧɚ 

(97) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 6 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, β00μ1). Ɏɪɚɤɰɢɸ, 

ɫɨɞɟɪɠɚɜɲɭɸ ɩɪɨɞɭɤɬ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ. ȼɵɞɟɥɢɥɢ 0.γ5 ɝ (78%) 

ɫɨɟɞɢɧɟɧɢɹ (99). Ɍ. ɩɥ. 57-60
ɨɋ. 20][ D

 +15.8
ɨ 

(c 3.2, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg): 227 (3.18), 

317 (3.06). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 712, 748, 891, 1511 (C=C), 1273, 1724 (C=O), 1578, 1652, 1673, 

γγ6λ, γ4γ1 (ɋONH). ɋɩɟɤɬɪ əɆɊ 1ɇ ɋDCl3, , ɦ.ɞ. (J, Ƚɰ)μ 

0.45 ɫ (γɇ, ɋ20ɇ3), 0.8λ ɬ (γɇ, ɋ6”ɇ3, J 7), 0.λγ ɞ (γɇ, ɋɇ3, J 

7.β), 0.λ8 ɦ (βH, H
1,3

), 1.13 c (γɇ, ɋ19ɇ3), 1.17 ɦ (1ɇ, ɇ5”
), 

1.β8 ɞ.ɞ (1H, H
5
, J 1β.6, β.6), 1.44 ɦ (βH, H

2,5”), 1.56 ɦ (1H, 

H
9), 1.58 ɦ (1H, H

11
), 1.67-1.81 ɦ (4H, H

11,2,1,7), 1.86 ɦ (1H, 

H
6
, J 12.0, 4.0), 1.λ4 ɦ (βH, H

6,4”
), β.10 ɦ (1H, H

3), β.γ8 ɦ 

(2H, H
7,12

), β.57 ɦ (1H, H
12

), γ.56 ɫ (γɇ, Ɉɋɇ3), γ.68 ɫ (γɇ, 

Ɉɋɇ3), 4.54 ɫ (1ɇ, ɇ17), 4.70 ɞ.ɞ (1ɇ, ɇ3”
, J 8.2, 4.5), 4.λ1 ɫ 

(1ɇ, ɇ17), 6.γβ ɞ (1ɇ, ɇ14
, J 1.8), 6.85 ɫ (1ɇ, ɇ1’), 6.λ1 ɞ (1ɇ, 

H
2”

, J 5.8), 7.γ6 ɞ (1ɇ, ɇ15
, J 1.8), 7.46 ɬ (βɇ, ɇ7’,9’

, J 7.8), 7.5γ ɬ (1ɇ, ɇ8’
, J 7.8), 7.λ1 ɞ (βɇ, ɇ10’,6’

, 

J 8), 8.54 ɫ (1ɇ, H3’
). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 11.46 ɤ (ɋ6”

), 12.4γ ɤ (ɋ20), 15.β5 ɤ (ɋɇ3), 1λ.6λ ɬ 

(ɋ2), βγ.βλ ɬ (ɋ12), β4.16 ɬ (ɋ11), β5.0γ ɬ (ɋ5”), β6.07 ɬ (ɋ6), β8.55 ɤ (ɋ19), γ7.λγ ɬ (ɋ3), γ7.λλ ɞ (ɋ4”
), 

γ8.40 ɬ (ɋ7), γ8.85 ɬ (ɋ1
), 39.97 c (ɋ10), 44.07 ɫ (ɋ4), 50.λ5 ɤ (Ɉɋɇ3), 51.86 ɤ (Ɉɋɇ3), 54.75 ɞ (ɋ9

), 

55.8λ ɞ (ɋ5), 56.67 ɞ (ɋ3”), 106.45 ɬ (ɋ17), 111.ββ ɞ (ɋ1’), 11β.85 ɞ (ɋ14), 1β5.86 ɫ (ɋ2’), 1β7.β8 ɞ 

(ɋ10’,6’), 1β8.58 ɞ (ɋ7’,9’), 1γ0.18 ɫ (ɋ13), 1γ1.λ8 ɞ (ɋ8’
), 133.37 c (C

5’), 14γ.γ0 ɞ (ɋ15), 146.1λ ɫ (ɋ16
), 

147.50 ɫ (ɋ8), 164.γγ ɫ (ɋ1”), 166.γγ ɫ (ɋ4’
), 172.20 (ɋ=O), 177.57 ɫ (ɋ18). ɇɚɣɞɟɧɨ %μ ɋ 70.44, H 

7.73, N 4.15. C38H50N2Ɉ7. ȼɵɱɢɫɥɟɧɨ %μ ɋ 70.5λ, H 7.73, N 4.33. 

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-{2-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-((S)-1-ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-

ɦɟɬɢɥ-ɛɭɬɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-ɮɭɪɚɧ-3-ɢɥ}-ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-((S)-1-ɬɪɟɬ-
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ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥ-ɛɭɬɢɥɤɚɪɛɚɦɨɢɥ)-ɜɢɧɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (100). ɋɦɟɫɶ 0.50 ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɢ 0.17 ɝ (1.β ɦɦɨɥɶ) ɬɪɟɬ-

ɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ L-ɥɟɣɰɢɧɚ (98) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɧɚɝɪɟɜɚɥɢ ɩɪɢ 70ɨɋ 6 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ 

ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, βμ1). 

Ɏɪɚɤɰɢɸ, ɫɨɞɟɪɠɚɜɲɭɸ ɩɪɨɞɭɤɬ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɩɟɬɪɨɥɟɣɧɨɝɨ ɷɮɢɪɚ, ɩɨɥɭɱɢɥɢ 0.41 ɝ 

(6β%) ɫɨɟɞɢɧɟɧɢɹ (100). Ɍ. ɩɥ. 1ββ-124
ɨɋ. 20][ D

 
+17.8

ɨ 

(c 3.4, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg): 226 (4.06), 

317 (4.26). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 694, 728, 848, 889, 1518 

(C=C), 1725 (C=O), 1553, 1581, 1631, 1651, 3262, 3440 

(ɋONH). ɋɩɟɤɬɪ əɆɊ 1ɇ ɋDCl3, , ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ 

(γɇ, ɋ20ɇ3), 0.λ1 ɞ, 0.λ6 ɞ (6ɇ, ɋɇ3, J 7.0), 0.λ8 ɦ (βɇ, 

ɇ1,3
), 1.13 c (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1H, H

5
, J 12.8, 2.8), 

1.4β ɫ (λH, (ɋɇ3)3), 1.4λ ɦ (1H, H
2), 1.55 ɦ (βH, H

9,11
), 

1.57-1.78 ɦ (6H, H
11,1,2,6,4”,4”), 1.87 ɦ (1H, H

7), 1.λ4 ɞ.ɦ (1H, H
6
, Jɝɟɦ 13.8), β.10 ɞ.ɦ (1H, H

3
, J 13.6), 

β.γ8 ɦ (βH, H
7,12), β.58 ɦ (1H, H

12
), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.57 ɫ (1ɇ, ɇ17), 4.6β ɦ (1ɇ, ɇ3”), 4.λ1 ɫ 

(1ɇ, ɇ17), 6.γ1 ɞ (1ɇ, ɇ14
, J 1.8), 6.76 ɦ (1ɇ, ɇ2”), 6.86 ɫ (1ɇ, ɇ1’), 7.γ5 ɞ (1ɇ, ɇ15

, J 1.8), 7.46 ɬ 

(βɇ, ɇ7’,9’
, J 7.8), 7.5γ ɬ (1ɇ, ɇ8’

, J 7.8), 7.λβ ɞ (βɇ, ɇ6’,10’
, J 7.8), 8.47 ɫ (1ɇ, H3’). ɋɩɟɤɬɪ əɆɊ 13ɋ, 

, ɦ.ɞ.μ 1β.46 ɤ (ɋ20), 1λ.71 ɬ (ɋ2), ββ.16 ɤ, ββ.6γ ɤ (Cɇ3 ɩɪɢ C5”), βγ.γ1 ɬ (ɋ12), β4.16 ɬ (ɋ11
), 24.72 

ɞ (ɋ5”), β6.0λ ɬ (ɋ6
), 27.8β ɤ (ɋɇ3)3, β8.5λ ɤ (ɋ19), γ7.λ5 ɬ (ɋ3), γ8.44 ɬ (ɋ7), γ8.88 ɬ (ɋ1

), 39.98 c 

(ɋ10), 4β.07 ɬ (ɋ4”), 44.10 ɫ (ɋ4), 50.λ8 ɤ (Ɉɋɇ3), 51.67 ɞ (ɋ3”), 54.70 ɞ (ɋ9), 55.λβ ɞ (ɋ5
), 81.61 ɞ 

(ɋ(ɋɇ3)3), 106.48 ɬ (ɋ17), 111.51 ɞ (ɋ1’), 11β.8β ɞ (ɋ14), 1β5.λ0 ɫ (ɋ2’
), 1β7.γ4 ɞ (ɋ10’,6’), 1β8.57 ɞ 

(ɋ7’,9’), 1γ0.β8 ɫ (ɋ13), 1γ1.λ7 ɞ (ɋ8’
), 133.42 c (C

5’), 14γ.β7 ɞ (ɋ15), 146.ββ ɫ (ɋ16), 147.5β ɫ (ɋ8
), 

164.16 ɫ (C1”), 166.β4 ɫ (ɋ4’), 171.λλ ɫ (ɋ=Ɉ), 177.6β ɫ (ɋ18
). ɇɚɣɞɟɧɨ %μ ɋ 71.55, H 8.23, N 4.20. 

C41H56N2Ɉ7. ȼɵɱɢɫɥɟɧɨ %μ ɋ 71.51, H 8.14, N 4.07. 

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɝɢɞɪɚɡɢɧɨɤɚɪɛɨɧɢɥ-ɜɢɧɢɥ)-ɮɭɪɚɧ-3-

ɢɥ]-ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥ-16-(2-

ɛɟɧɡɨɢɥɚɦɢɧɨ-2-ɝɢɞɪɚɡɢɧɨɤɚɪɛɨɧɢɥ)-ɜɢɧɢɥ-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) 

(101). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 10 ɦɥ ɦɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.2 ɦɥ ɝɢɞɪɚɡɢɧɝɢɞɪɚɬɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɟɪɥɢ ɜ 

ɝɟɤɫɚɧɟ. ɉɨɥɭɱɢɥɢ 0.λ6 ɝ (λ0%) ɫɨɟɞɢɧɟɧɢɹ (101). Ɍ. ɩɥ. 7β-75
ɨɋ. 20][ D

 
+2.76

ɨ
 (c 3.2, CHCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 225 (2.99), 318 (3.11), 405 (2.02). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 713, 750, 888, 1467 

(C=ɋ), 1722 (C=O), 1665, 1664, γγ0λ (ɋONH, NH2). ɋɩɟɤɬɪ əɆɊ 1ɇ ɋDCl3, , ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ 

(γɇ, ɋ20ɇ3), 0.λ4 ɦ (βH, H
1,3

), 1.14 c (γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1H, H
5
, J 1β.6, β.8), 1.46 ɦ (1H, H

2
), 1.55 
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ɦ (1H, H
9
), 1.66-1.80 ɦ (5H, H

1,6,2,11,11), 1.87 ɬ.ɞ (1H, H
7
, J 1γ.0, γ.γ), 1.λ6 ɞ.ɦ (1H, H

6
, Jɝɟɦ 12.6), 

β.1β ɞ.ɦ (1H, H
3
, Jɝɟɦ 1γ.γ), β.γ4 ɦ (1H, H

12), β.γ8 ɦ (1H, H
7), β.57 ɦ (1H, H

12), γ.57 ɫ (γɇ, Ɉɋɇ3), 

γ.60 ɭɲ.ɫ (βɇ, NH2), 4.55 ɫ, 4.λβ ɫ (βɇ, ɇ17,17), 6.γγ ɞ (1ɇ, ɇ14
, J 1.8), 6.75 ɫ (1ɇ, ɇ1’), 7.γβ ɫ (1ɇ, 

CONH), 7.γ6 ɞ (1ɇ, ɇ15
, J 1.8), 7.44 ɬ (βɇ, ɇ7’,9’

, J 7.β), 7.5β ɬ 

(1ɇ, ɇ8’
, J 7.β), 7.8λ ɞ (βɇ, ɇ6’,10’

,
 
J 7.β), 8.60 ɲ.ɫ (1ɇ, H3’

). 

ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.51 ɤ (ɋ20), 1λ.74 ɬ (ɋ2), βγ.γ0 ɬ 

(ɋ12), β4.16 ɬ (ɋ11), β6.10 ɬ (ɋ6), β8.66 ɤ (ɋ19
), γ7.λ8 ɬ (ɋ3

), 

γ8.γ8 ɬ (ɋ7), γ8.λβ ɬ (ɋ1
), 40.03 c (ɋ10), 44.1β ɫ (ɋ4), 51.05 ɤ 

(Ɉɋɇ3), 54.λβ ɞ (ɋ9), 56.00 ɞ (ɋ5), 106.06 ɬ (ɋ17), 111.11 ɞ 

(ɋ1’), 11γ.04 ɞ (ɋ14), 1β4.4γ ɫ (ɋ2’), 1β7.47 ɞ (ɋ6’,10’), 1βλ.1λ ɞ 

(ɋ7’,9’), 1γ0.48 ɫ (ɋ13), 1γβ.β0 ɫ (ɋ5’), 1γγ.10 ɞ (ɋ8’), 14β.78 ɞ (ɋ15), 146.0λ ɫ (ɋ16), 147.40 ɫ (ɋ8
), 

165.53 c (C
4'
, CONH), 177.56 ɫ (ɋ18

). ɇɚɣɞɟɧɨ %μ ɋ 6λ.βγ, H 7.39, N 7.46. C31H39N3Ɉ5. ȼɵɱɢɫɥɟɧɨ 

%μ ɋ 6λ.7λ, H 7.31, N 7.88. 

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-{2-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(N-ɮɟɧɢɥ-ɝɢɞɪɚɡɢɧɨɤɚɪɛɨɧɢɥ)-

ɜɢɧɢɥ]-ɮɭɪɚɧ-3-ɢɥж-ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

ДɆɟɬɢɥ-16-[2-ɛɟɧɡɨɢɥɚɦɢɧɨ-2-(N-ɮɟɧɢɥ-ɝɢɞɪɚɡɢɧɨɤɚɪɛɨɧɢɥ)-ɜɢɧɢɥ]-15,16-ɷɩɨɤɫɢ-

8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ] (102). Ʉ ɪɚɫɬɜɨɪɭ 0.50 

ɝ (1.0 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75) ɜ 10 ɦɥ ɦɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɪɢɤɚɩɚɥɢ 0.1γ ɝ (β.0 ɦɦɨɥɶ) 

ɮɟɧɢɥɝɢɞɪɚɡɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɢ 

ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ ɯɥɨɪɨɮɨɪɦ). 

Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.47 ɝ (77%) 

ɫɨɟɞɢɧɟɧɢɹ (102). Ɍ. ɩɥ. 141-144
ɨɋ. 20][ D

 +5.9
ɨ
 (c 2.2, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 233 (3.96), 318 (3.96). ɂɄ-ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 692, 760, 899, 1496 

(C=ɋ), 1723 (C=O), 16β4, 1644, 1664, γβγλ, γγβ5, γ4γ1 (ɋONH, NH). ɋɩɟɤɬɪ əɆɊ 1ɇ ɋDCl3, , 

ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λβ ɬ.ɞ (1H, H
1
, J 1γ.0, γ.0), 0.λ7 ɬ.ɞ (1H, H

3
, J 13.1, 3.2), 1.13 c 

(γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1H, H
5
, J 1β.8, γ.0), 1.45 ɞ.ɦ (1H, H

2
, Jɝɟɦ 13.0), 1.55 c (1H, H

9), 1.60 ɦ (1H, 

H
11

), 1.67-1.76 ɦ (4H, H
1,7,2,11), 1.84 ɦ (1H, H

7
), 1.λγ ɦ (1H, H

6), β.1β ɞ.ɦ (1H, H
3
, Jɝɟɦ 1γ.1), β.γλ ɦ 

(2H, H
12,7), β.5λ ɦ (1H, H

12), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.57 ɫ, 4.λγ ɫ (βɇ, ɇ17), 6.β6 ɲ.ɫ (1ɇ, NHPh, 

Jɩɨɥɭɲɢɪɢɧɵ 1β Ƚɰ), 6.γ5 ɞ (1ɇ, ɇ14
, J 1.8), 6.7γ ɬ (1ɇ, ɇ4”

, J 8), 6.λ0 ɦ (γɇ, ɇ1’,2”,6”
, J 8.0), 7.β0 ɬ 

(2ɇ, ɇ3”,5”
, J 8.0), 7.40 ɞ (1ɇ, ɇ15

, J 1.8), 7.47 ɬ (βɇ, ɇ7’,9’
, J 7.β), 7.56 ɬ (1ɇ, ɇ8’

, J 7.β), 7.λγ ɞ (βɇ, 

ɇ6’,10’
, 

 
J 7.2), 8.γγ ɲ.ɫ (1ɇ, CONH, Jɩɨɥɭɲɢɪɢɧɵ 5), 8.64 ɫ (1ɇ, H3’). ɋɩɟɤɬɪ əɆɊ 13ɋ, , ɦ.ɞ.μ 1β.48 ɤ 

(ɋ20), 1λ.74 ɬ (ɋ2), βγ.γ4 ɬ (ɋ12
), 24.18 ɬ (ɋ11), β6.11 ɬ (ɋ6), β8.58 ɤ (ɋ19), γ7.λ8 ɬ (ɋ3), γ8.4λ ɬ (ɋ7

), 
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γ8.λβ ɬ (ɋ1
), 40.03 c (ɋ10), 44.1γ ɫ (ɋ4), 50.λ7 ɤ (Ɉɋɇ3), 54.78 ɞ (ɋ9), 55.λ8 ɞ (ɋ5), 106.5β ɬ (ɋ17

), 

111.85 ɞ (ɋ1’), 11γ.04 ɞ (ɋ14), 11γ.6λ ɞ (ɋ2”,6”), 1β0.8λ ɞ (C4”), 1β4.45 ɫ (ɋ2’
), 127.γ7 ɞ (ɋ6’,10’

), 

1β8.6λ* ɞ (ɋ7’,9’), 1β8.λ6* ɞ (ɋ3”,5”), 1γβ.γ4 ɫ (ɋ13), 1γβ.4β ɞ (ɋ8’), 1γγ.04 ɫ (ɋ5’), 14γ.8γ ɞ (ɋ15
), 

146.1λ ɫ (ɋ16), 147.55 ɫ (ɋ8
), 147.55 c (C

1”), 165.57 ɫ (C4’
), 166.65 c (ɋɈNH), 177.57 ɫ (ɋ18

). 

ɇɚɣɞɟɧɨ %μ ɋ 72.54, H 7.15, N 7.03. C37H43N3Ɉ5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 72.88, H 7.11, N 6.89.  

Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(6-ɨɤɫɨ-3-ɮɟɧɢɥ-1,6-ɞɢɝɢɞɪɨ-

4ɇ-[1,2,4]ɬɪɢɚɡɢɧ-5-ɢɥɢɞɟɧɦɟɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

(Ɇɟɬɢɥ-16-(6-ɨɤɫɨ-3-ɮɟɧɢɥ-1,6-ɞɢɝɢɞɪɨ-4ɇ-[1,2,4]ɬɪɢɚɡɢɧ-5-ɢɥɢɞɟɧ-ɦɟɬɢɥ)-15,16-ɷɩɨɤɫɢ-

8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (103). 0.50 ɝ (0.λ ɦɦɨɥɶ) Ƚɢɞɪɚɡɢɞɚ (101) ɧɚɝɪɟɜɚɥɢ ɜ 10 

ɦɥ 1 Ɇ ɜɨɞɧ. ɪɚɫɬɜɨɪɚ NaOH ɩɪɢ 100ɨɋ 10 ɦɢɧ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɨɯɥɚɞɢɥɢ, ɩɨɞɤɢɫɥɢɥɢ 6 Ɇ 

HCl (1 ɦɥ) ɞɨ pH 1, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯβ5 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1 μ 1). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɢɡ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.3λ ɝ (80%) ɫɨɟɞɢɧɟɧɢɹ (103). Ɍ. ɩɥ. 

165-168
ɨɋ. 

20][ D
 
+17.5

ɨ
 (c 2.8, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ 

(lg ): 254 (3.16), 327 (3.22), 340 (3.22). ɍɎ ɫɩɟɤɬɪ ɜ 1Ɇ 

NaOH, ɦɚɤɫ., ɧɦ (lg ): 285, 320, 405. ɍɎ ɫɩɟɤɬɪ ɜ 1Ɇ HCl, 

ɦɚɤɫ., ɧɦ (lg ): 251, 326, 340. ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 692, 770, 

892, 1519 (C=ɋ), 1724 (C=O), 1640, 1670 (C=O, C=N), 

3202, 3409 (NH). ɋɩɟɤɬɪ əɆɊ 1ɇ ɋDCl3, , ɦ.ɞ. (J, Ƚɰ)μ 

0.48 ɫ (γɇ, ɋ20’ɇ3), 1.0β ɦ (1H, H
1’), 1.06 ɦ (1H, H

3’
), 1.15 c 

(γɇ, ɋ19’ɇ3), 1.γ1 ɞ.ɞ (1H, H
5’

, J 1β.0, β.8), 1.5β ɞ.ɦ (1H, H
2’

, Jɝɟɦ 14), 1.65 ɦ (βH, H
9’,11’

), 1.73-1.88 

ɦ (4H, H
1’,6’,2’,11’), 1.λγ ɦ (1ɇ, ɇ7’), β.0β ɦ (1H, H

6’), β.18 ɞ.ɦ (1H, H
3’

, J 1γ.0), β.4β ɦ (1H, H
12’

), 

β.47 ɦ (1H, H
7’), β.65 ɦ (1ɇ, ɇ12’), γ.58 ɫ (γɇ, Ɉɋɇ3), 4.5λ ɫ, 4.λ4 ɫ (βɇ, ɇ17’,17’), 6.γγ ɫ (1ɇ, ɇ5ɚ

), 

6.γ8 ɞ (1ɇ, ɇ14’
, J 1.8), 7.46 ɞ (1ɇ, ɇ15’

, J 1.8), 7.47 ɦ (γɇ, ɇ3”,4”,5”), 7.7γ ɦ (βɇ, ɇ2”,6”), λ.07 ɫ (1ɇ, 

H
1) λ.0λ ɫ (1ɇ, H4). ɋɩɟɤɬɪ əɆɊ 13ɋ 

, , ɦ.ɞ.μ 1β.γ8 ɤ (ɋ20’), 1λ.67 ɬ (ɋ2’), βγ.1λ ɬ (ɋ12’), β4.1λ ɬ 

(ɋ11’), β6.0γ ɬ (ɋ6’), β8.5β ɤ (ɋ19’
), 37.λ6 ɬ (ɋ3’), γ8.4γ ɬ (ɋ7’), γ8.88 ɬ (ɋ1’

), 39.93 c (ɋ10’), 44.05 ɫ 

(ɋ4’), 50.87 ɤ (Ɉɋɇ3), 54.8λ ɞ (ɋ9’), 55.λ8 ɞ (ɋ5’), λ1.γ6 ɞ (ɋ5ɚ), 106.45 ɬ (ɋ17’), 11β.λ6 ɞ (ɋ14’
), 

1βγ.λ6 ɫ (ɋ5), 1β5.11 ɞ (С2”,6”), 1γ1.0γ ɞ (ɋ3”,5”), 1γ0.40 ɞ (ɋ4”), 1γ1.0γ ɫ (ɋ13’
), 141.04 ɞ (ɋ15’

), 

141.4β ɫ (ɋ16’
), 147.40 c (ɋ1”), 148.11 ɫ (ɋ8’

), 159.49 c (C
3), 161.γ8 ɫ (ɋ6), 177.5γ ɫ (ɋ18’). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 515 [Ɇ]
+
 (26), 279 (21), 266 (33), 187 (83), 130 (18), 121 (100), 118 (55), 109 

(39), 105 (34), 93 (30), 77 (47), 55 (57), 4γ (60). ɇɚɣɞɟɧɨ: [MЖ 515.β7657. ɋ31ɇ37 N3O4. ȼɵɱɢɫɥɟɧɨ: 

515.27839. 
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Z-(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(5-ɨɤɫɨ-2-ɮɟɧɢɥ-1,5-

ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥ-4-ɢɥɢɞɟɧɦɟɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

[Ɇɟɬɢɥ-16-(5-ɨɤɫɨ-2-ɮɟɧɢɥ-1,5-ɞɢɝɢɞɪɨɢɦɢɞɚɡɨɥ-4-ɢɥɢɞɟɧɦɟɬɢɥ)-15,16-ɷɩɨɤɫɢ-

8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ] (104). ɋɦɟɫɶ 0.β5 ɝ (0.5 ɦɦɨɥɶ) ɚɡɥɚɤɬɨɧɚ (75), 0.06 ɝ (0.6 

ɦɦɨɥɶ) ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɢ 10 ɦɥ ɝɢɞɪɨɨɤɢɫɢ ɚɦɦɨɧɢɹ ɧɚɝɪɟɜɚɥɢ ɜ ɡɚɩɚɹɧɧɨɣ ɚɦɩɭɥɟ ɩɪɢ 110-

115
ɨɋ ɜ ɬɟɱɟɧɢɟ 14 ɱ. Ɉɯɥɚɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɚɦɩɭɥɭ ɜɫɤɪɵɥɢ, ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɜɵɥɢɥɢ ɜ ɜɨɞɭ (γ0 ɦɥ), ɩɪɨɞɭɤɬ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɢɫɬɵɦ ɦɟɬɢɥɟɧɨɦ (γxγ0 ɦɥ). 
Ɉɛɴɟɞɢɧɟɧɧɵɣ ɨɪɝɚɧɢɱɟɫɤɢɣ ɷɤɫɬɪɚɤɬ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). Ɏɪɚɤɰɢɢ, ɫɨɞɟɪɠɚɜɲɢe 

ɩɪɨɞɭɤɬ, ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɷɮɢɪɚ 

ɜɵɞɟɥɢɥɢ 0.14 ɝ (56%) ɢɦɢɞɚɡɨɥɨɧɚ (104). Ɍ. ɩɥ. β08-209
ɨɋ. 

20][ D
 
+12.5

ɨ
 (c 1.1, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 266 

(3.94), 407 (4.19), 420 (4.03). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 694, 784, 899, 

918, 1500, 1531, 1598, 1631, 3069 (C=C, C=N), 1700, 1722 

(C=O), 3120, 3200, 3400, 3427 (NH). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, ɋ20’ɇ3), 0.85 ɬ.ɞ (1H, H
1’

, J 13.2, 4.2), 

0.λ4 ɬ.ɞ (1H, H
3’

, J 13.2, 4.0), 1.10 c (γɇ, ɋ19’ɇ3), 1.1λ ɞ.ɞ (1H, 

H
5’

, J 1β.5, β.8), 1.4γ ɞ.ɦ (1ɇ, ɇ2’
, J 14.4), 1.58 ɦ (1ɇ, ɇ9’

), 1.69-1.88 ɦ (6H, H
1’,6’,2’,11’,11’,7’), 1.λ1 ɦ 

(1ɇ, ɇ6’), β.0λ ɞ.ɦ (1H, H
3’

, Jɝɟɦ 1β.4), β.4β ɞ.ɞ.ɞ (1H, H
7’

, J 12.2, 4.2, 2.5), β.68 ɦ, β.74 ɦ (βH, 

H
12’,12’), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.65 ɫ, 5.0β ɫ (βɇ, ɇ17’,17’), 6.4γ ɞ (1ɇ, ɇ14’

, J 1.7), 7.0γ ɭ.ɫ (1ɇ, ɇ4a
), 

7.54 ɦ (γɇ, ɇ3”,5”,4”
), 7.7β ɞ (1ɇ, ɇ15’

, J 1.7), 8.1λ ɦ (βɇ, ɇ2”,6”), 11.7λ ɫ (1ɇ, H1
). ɋɩɟɤɬɪ əɆɊ 13ɋ, 

 ɦ.ɞ.μ 1β.64 ɤ (ɋ20’), 1λ.7λ ɬ (ɋ2’), βγ.70 ɬ (ɋ12’), β4.16 ɬ (ɋ11’), β6.16 ɬ (ɋ6’), β8.5β ɤ (ɋ19’), γ8.00 ɬ 

(ɋ3’), γ8.5β ɬ (ɋ7’), γ8.λ0 ɬ (ɋ1’
), 40.01 c (ɋ10’), 44.16 ɫ (ɋ4’), 51.00 ɤ (Ɉɋɇ3), 54.β6 ɞ (ɋ9’), 56.06 ɞ 

(ɋ5’), 106.71 ɬ (ɋ17’), 11β.70 ɞ (ɋ4ɚ), 11γ.70 ɞ (ɋ14’), 1β7.β4 ɞ (ɋ2”,6”
), 1β8.06 ɫ (ɋ1”

), 1β8.8β ɞ 

(ɋ3”,5”), 1γβ.00 ɞ (ɋ4”), 1γ5.8β ɫ (ɋ13’), 1γ7.0β ɫ (ɋ16’), 147.γλ ɞ (ɋ15’
), 147.64 c (ɋ8’), 148.01 ɫ (ɋ4

), 

158.04 c (C
2
), 174.05 c (C

5), 177.5λ ɫ (ɋ18’
). ɇɚɣɞɟɧɨ %μ ɋ 74.61, H 7.11, N 5.41. C31H36N2Ɉ4. 

ȼɵɱɢɫɥɟɧɨ %μ ɋ 74.40, H 7.20, N 5.60. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-ɰɢɚɧɨɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (Ɇɟɬɢɥɨɜɵɣ ɷɮɢɪ 16-ɰɢɚɧɨ-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ) (113). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.40 ɦɦɨɥɶ) ɦɟɬɢɥ 16-

ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɜ β ɦɥ ɌȽɎ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 5 ɦɥ NH3 ɢ 

0.γλ ɝ (1.54 ɦɦɨɥɶ) I2. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ, ɪɚɡɛɚɜɢɥɢ γ0 ɦɥ ɜɨɞɵ ɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯβ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɮɪɚɤɰɢɢ ɨɛɴɟɞɢɧɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ 

(γɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ 
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ɝɟɤɫɚɧɚ. ɉɨɥɭɱɢɥɢ 0.45 ɝ (λ1%) ɧɢɬɪɢɥɚ (113). Ɍ. ɩɥ. 7β-75
ɨɋ. 

20][ D  +34.92
ɨ
 (c 1.9, ɋHCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 201 (4.06), 241 (4.02), 279 (3.06). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 788, 894, 1034, 1091, 

1124, 1153, 1166, 1204, 1592, 1644, 1678, 1724, 2224, 3070, 3147. 

ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ7 ɦ (1H, 

H
1), 1.00 ɦ (1H, H

3), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1ɇ, H5
, J 11.7, 2.6), 

1.49 ɦ (1ɇ, ɇ2), 1.58 ɦ (1ɇ, ɇ9), 1.6γ ɦ (1ɇ, ɇ11), 1.7γ ɦ, 1.77 ɦ, 1.8β ɦ, 

(4ɇ, ɇ11,1,2,6), 1.87 ɦ (1ɇ, ɇ7), 1.λ6 ɦ (1ɇ, ɇ6), β.1β ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 

1β.γ), β.γλ ɦ (βɇ, ɇ12,7), β.6λ ɦ (1ɇ, ɇ12
), 3.57 c (γɇ, OCH3), 4.54 ɫ, 4.λ0 

ɫ (βɇ, ɇ17,17), 6.γ6 ɞ (1ɇ, ɇ14
, J 1.8), 7.4γ ɞ (1ɇ, ɇ15

, J 1.8). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.1γ ɤ (C20

), 

1λ.45 ɬ (ɋ2), βγ.γ5 ɬ (ɋ12), βγ.48 ɬ (ɋ11), β5.77 ɬ (C6), β8.γβ ɤ (C19), γ7.68 ɬ (C3), γ8.16 ɬ (C7), γ8.6γ ɬ 

(C
1), γλ.78 ɫ (ɋ10), 4γ.80 ɫ (C4), 50.6λ ɤ (Ɉɋɇ3), 54.80 ɞ (ɋ9), 55.7γ ɞ (ɋ5), 106.ββ ɬ (ɋ17), 111.1γ ɫ 

(CN), 11β.0β ɞ (ɋ14), 1βγ.1β ɫ (ɋ13), 1γ8.λ8 ɫ (ɋ16), 146.6γ ɞ (ɋ15), 146.80 ɫ (ɋ8), 177.15 ɫ (ɋ18
). 

Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 357 (0.39), 356 (2), 355 (9), 340 (10), 296 (15), 249 (13), 189 (26), 181 

(12), 122 (11), 121 (100), 119 (11), 110 (37), 107 (22), 109 (19), 105 (14), 95 (11), 93 (17), 91 (15), 81 

(β7), 7λ (15), 67.0 (1β), 55.0 (14), 4γ.λ (1λ), 41.0 (14). ɇɚɣɞɟɧɨ: [M]
 γ55.β1γ7. ɋ22ɇ29O3N. 

ȼɵɱɢɫɥɟɧɨ: 355.2142. 

 (1S,4aS,8aR)-Ɇɟɬɢɥ-5-[2-(2-ɰɢɚɧɨɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,4ɚ,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (114). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.40 ɦɦɨɥɶ) ɦɟɬɢɥ 16-

ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (112) ɜ β ɦɥ ɌȽɎ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 5 ɦɥ NH3 ɢ 

0.γλ ɝ (1.54 ɦɦɨɥɶ) I2. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ, ɪɚɡɛɚɜɢɥɢ γ0 ɦɥ ɜɨɞɵ ɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯβ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɮɪɚɤɰɢɢ ɨɛɴɟɞɢɧɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ 

(γɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɩɨɥɭɱɟɧɧɨɟ 

ɦɚɫɥɨ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (β0:1, ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ – 

ɫɟɪɧɵɣ ɷɮɢɪ 4:1). ɉɨɥɭɱɢɥɢ 0.89 ɝ (λ0%) ɧɢɬɪɢɥɚ (114). 
20][ D

 +97.35 

(c 0.30, CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 617, 773, 822, 895, 984, 1038, 1138, 

1157, 1192, 1231, 1329, 1379, 1406, 1449, 1466, 1628, 1724, 2224, 2853, 

2874, 2934, 2951, 3119, 3142, 3416. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ): 0.75 c (3H, C
20

H3), 1.00 ɬ.ɞ (1H, H
3
, J 13.4, 4.1), 1.19 ɭɲ.ɫ (4H, H

1
, ɋ19

H3), 1.32 ɞ (1H, H
5
, J 

12.5), 1.53 ɞ.ɦ (1H, H
2
, J 13.8), 1.62 c (3H, C

17
H3), 1.70 ɦ (1H, H

6
), 1.79-1.87 ɦ (2H, H

1,2
), 1.93 ɦ 

(1H, H
7
), 1.96 ɦ (1H, H

6
), 2.03 ɦ (1H, H

11
), 2.12 ɦ (1H, H

7
), 2.19 ɞ.ɦ (1H, H

11
, J 13.1), 2.26 ɦ (1H, 

H
3
), 2.59 ɦ (2H, H

12,12
), 3.61 c (3H, OCH3), 6.40 ɫ (1H, H

14
), 7.44 c (1H, H

15
). ɋɩɟɤɬɪ əɆɊ 13ɋ, į, 

ɦ.ɞ.μ 17.64 ɤ (C20
), 19.41 ɬ (ɋ2

), 19.69 ɤ (C17
), 20.64 ɬ (ɋ6

), 25.64 ɬ (ɋ12
), 28.16 ɬ (ɋ11), β8.γ0 ɤ 

(ɋ17
H3), 34.18 ɬ (C7

), 37.10 ɬ (C1
), 37.53 ɬ (C3

), 39.48 ɫ (C10
), 43.74 c (C

4
), 50.9λ ɤ (OCH3), 53.30 ɞ 

(ɋ5
), 111.4λ ɫ (CN), 112.16 ɞ (C

14
), 123.20 c (C

13
), 128.35 c (C

8
), 137.56 c (ɋ9

), 139.09 c (C
16

), 
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146.88 ɞ (ɋ15
), 177.88 c (C

18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 355 (19), 189 (100), 280 (85), 175 (76), 

340 (69), 119 (53), 133 (50). ɇɚɣɞɟɧɨμ ДM]
 
55.2136. C22H29NO3. ȼɵɱɢɫɥɟɧɨμ 355.2142. 

Ɉɛщɚɹ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ ɚɦɢɞɨɤɫɢɦɨɜ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ (115) ɢ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ (116) ɤɢɫɥɨɬ. Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8 ɦɦɨɥɶ) ɧɢɬɪɢɥɚ (113) 

ɢɥɢ (114) ɜ 10 ɦɥ ɦɟɬɚɧɨɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.5λ ɝ (8.4 ɦɦɨɥɶ) ɝɢɞɪɨɤɫɢɥɚɦɢɧɚ 

ɫɨɥɹɧɨɤɢɫɥɨɝɨ ɢ β.1γ ɦɥ (11.γ ɦɦɨɥɶ) Et3N. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 5 ɱ, ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (3ɯ50 ɦɥ). 

Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ 

ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɝɟɤɫɚɧɚ ɢɥɢ ɯɥɨɪɨɮɨɪɦɚ. Ⱥɦɢɞɨɤɫɢɦɵ (115) ɢ (116) ɩɨɥɭɱɢɥɢ ɜ ɜɢɞɟ 

ɛɟɥɨɝɨ ɨɫɚɞɤɚ. 

(Z)-(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-5-{2-[2-(N’-ɝɢɞɪɨɤɫɢɤɚɪɛɚɦɢɦɢɞɨɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (115). ȼɵɯɨɞ 78%. Ɍ. ɩɥ. 6β-65°ɋ 

(ɝɟɤɫɚɧ). 20][ D
 +20.06

o
 (c 17.16, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 256 (3.85). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 

893, 926, 1157, 1228, 1444, 1581, 1606, 1649, 1724, 2947, 3412, 3491. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λλ ɞ.ɬ (1H, H
1α

, J 1γ.γ, 4.1), 1.01 ɞ.ɬ 

(1H, H
3α

, J 1γ.5, γ.5), 1.14 ɫ  (γɇ, ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, H5α
, J5α6β 12.3, 

J5α6α β.6), 1.45 ɞ.ɦ (1ɇ, ɇ2
, J 11.γ), 1.58 ɦ (1ɇ, ɇ11), 1.6β ɭɲ.ɫ (1ɇ, 

ɇ9), 1.77, 1.81 ɦ (4H, H
11,6,1β,2), 1.87 ɞ.ɦ (1ɇ, ɇ7α

, J 1β.β), 1.λ4 ɞ.ɞ (1ɇ, 

ɇ6
, J  12.3, 2.6), β.1β ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 14.3), β.γλ ɦ (1ɇ, ɇ7β), β.50 ɦ 

(1ɇ, ɇ12), β.7γ ɦ (1ɇ, ɇ12
), 3.58 c (γɇ, OCH3), 4.61 ɫ, 4.87 ɫ (βɇ, 

ɇ17,17), 4.λ4 ɫ (βɇ, NH2), 6.γβ ɞ (1ɇ, ɇ14
, J14,15 1.8), 7.γβ ɞ (1ɇ, ɇ15

, 

J14,15 1.8), 7.87 ɲ.ɫ (1ɇ, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.γ5 ɤ (C20

), 

1λ.71 ɬ (ɋ2), βγ.51 ɬ (ɋ12), βγ.λγ ɬ (ɋ11), β6.0γ ɬ (C6
), 28.55 ɤ (C19), γ7.λγ ɬ (C3), γ8.47 ɬ (C7

), 38.67 

ɬ (C1), γλ.λ7 ɫ (C4), 44.0β ɫ (ɋ10), 50.λ0 ɤ (Ɉɋɇ3), 55.14 ɞ (ɋ9), 55.λ7 ɞ (ɋ5), 106.γ6 ɬ (ɋ17), 11γ.β5 ɞ 

(ɋ14), 1β5.40 ɫ (ɋ13), 140.β0 ɫ (ɋ16), 141.4β ɞ (ɋ15), 146.β5 ɫ (ɋ8), 147.61 ɞ (ɋɇ=), 177.57 ɫ (ɋ18
). 

ɇɚɣɞɟɧɨ: [M]
 
401.2558. C22H31NO4. ȼɵɱɢɫɥɟɧɨ: 401.2561. 

(Z)-(1S,4aS,8aR)-Ɇɟɬɢɥ-5-{2-[2-(N’-ɝɢɞɪɨɤɫɢɤɚɪɛɚɦɢɦɢɞɨɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-

ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (116). ȼɵɯɨɞ 86%. Ɍ. ɩɥ. 5γ-

55°ɋ (ɢɡ ɯɥɨɪɨɮɨɪɦɚ). 20][ D
 +81.15 (c 0.42, CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 606, 667, 704, 845, 893, 

926, 982, 1038, 1074, 1099, 1140, 1159, 1192, 1231, 1329, 1358, 1379, 1445, 1468, 1509, 1645, 1722, 

2855, 2874, 2938, 2951, 3393, 3499. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ): 0.75 c (3H, C

20
H3), 1.00 

ɬ.ɞ (1H, H
3
, J 13.5, 4.3), 1.17 ɫ (3H, ɋ19

H3), 1.20 ɦ (1H, H
1
), 1.31 ɞ.ɞ (1H, H

5
, J 12.6, 1.8), 1.50 ɞ.ɦ 

(1H, H
2
, J 14.1), 1.62 c (3H, C

17
H3), 1.70 ɤ.ɞ (1H, H

6
, J 12.5, 5.7), 1.81 ɤ.ɬ (1H, H

2
, J 13.9, 3.7), 1.90-

1.94 ɦ (3H, H
1,6,7

), 1.98-2.10 ɦ (2H, H
7,11

), 2.17 ɞ.ɦ (1H, H
3
, J 13.4), 2.23 ɦ (1H, H

11
), 2.67 ɦ (2H, 
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H
12,12

), 3.60 c (3H, OCH3), 4.93 ɭɲ.ɫ (2H, NH2), 6.37 ɫ (1H, H
14

), 7.32 c (1H, H
15

). ɋɩɟɤɬɪ əɆɊ 13ɋ, 

į, ɦ.ɞ.μ 17.5λ ɤ (C20), 1λ.51 ɬ (ɋ2), 1λ.65 ɤ (C17), β0.74 ɬ (ɋ6
), 25.87 ɬ 

(ɋ12), β8.06 ɬ (ɋ11), β8.γ4 ɤ (ɋ17
H3), γ4.β6 ɬ (C7), γ6.λ6 ɬ (C1

), 37.63 

ɬ (C3), γλ.4λ ɫ (C10
), 43.78 c (C

4), 50.λ7 ɤ (OCH3), 5γ.4γ ɞ (ɋ5
), 

11γ.07 ɞ (C14
), 125.52 c (C

13
), 127.41 c (C

8
), 138.53 c (ɋ9

), 140.09 c 

(C=N), 141.60 ɞ (ɋ15), 146.77 ɫ (C16
), 178.05 c (C

18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z (Iɨɬɧ., %): 388 (13), 140 (100), 371 (17), 124 (11). ɇɚɣɞɟɧɨμ [M]
 

388.2358. C22H32N2O4. ȼɵɱɢɫɥɟɧɨμ γ88.βγ57. 

Ɉɛщɚɹ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ O-ɚɰɟɬɢɥɚɦɢɞɨɤɫɢɦɨɜ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 
(117) ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ (119) ɤɢɫɥɨɬ. Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.57 ɦɦɨɥɶ) 
ɚɦɢɞɨɤɫɢɦɚ (115) ɢɥɢ (116) ɢ 0.ββ ɦɥ (γ.0λ ɦɦɨɥɶ) ɚɰɟɬɢɥɯɥɨɪɢɞɚ ɜ 10 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ 

ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.71 ɦɥ (5.15 ɦɦɨɥɶ) Et3N. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 10 ɱ, ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (3x50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γx40 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɥɭɱɢɥɢ ɫɨɟɞɢɧɟɧɢɟ (117) ɢɥɢ (119) ɜ ɜɢɞɟ ɦɚɫɥɚ. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-5-{2-[2-((Z)-N’-ɚɰɟɬɨɤɫɢɤɚɪɛɚɦɢɦɢɞɨɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (117). 

ȼɵɯɨɞ 100%. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 257 (3.96). ɂɄ ɫɩɟɤɬɪ, , 

ɫɦ-1
: 667, 755,  892, 947, 1005, 1155, 1228, 1366, 1435, 1504, 1603, 

1638, 1721, 1756, 2847, 2946, 3370, 3505. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λλ ɞ.ɬ (βH, H
1α, 3α

, J 1γ.5, γ.β), 1.1γ ɫ 

(γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1ɇ, H5α
, J5α6β 12.4, J5α6α β.8), 1.45 ɞ.ɦ (1ɇ, ɇ2

, J 

12.5), 1.57 ɦ (1ɇ, ɇ11), 1.60 ɭɲ.ɫ (1ɇ, ɇ9), 1.7γ ɦ, 1.76 ɦ, 1.78 ɦ (4H, 

H
11,6,1β,2), 1.85 ɦ (1ɇ, ɇ7α), 1.λγ ɦ (1ɇ, ɇ6), β.10 ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 

1γ.λ), β.β0 ɫ (γɇ, ɋɇ3), β.γ7 ɦ (1ɇ, ɇ7β), β.60 ɦ (1ɇ, ɇ12), β.80 ɦ (1ɇ, 

ɇ12
), 3.56 c (γɇ, OCH3), 4.6β ɫ, 4.85 ɫ (βɇ, ɇ17,17), 5.18 ɫ (βɇ, NH2), 6.γ4 ɞ (1ɇ, ɇ14

, J14,15 1.5), 7.γ5 ɞ 

(1ɇ, ɇ15
, J14,15 1.5). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 11.8λ ɤ (C20), 1λ.β1 ɤ (ɋɇ3), 1λ.β7 ɬ (ɋ2), βγ.β7* ɬ 

(ɋ11), βγ.71* ɬ (ɋ12), β5.56 ɬ (C6), β8.05 ɤ (C19), γ7.46 ɬ (C3), γ7.λ6 ɬ (C7), γ8.β6 ɬ (C1), γλ.51 ɫ (ɋ10
), 

4γ.5γ ɫ (C4), 50.γ8 ɤ (Ɉɋɇ3), 54.8γ ɞ (ɋ9), 55.44 ɞ (ɋ5), 106.08 ɬ (ɋ17), 11γ.18 ɞ (ɋ14), 1β7.5γ ɫ (ɋ13
), 

1γ8.4β ɫ (ɋ16), 144.14 ɞ (ɋ15), 147.04 ɫ (ɋ8), 14λ.08 ɫ (ɋ=), 168.80 ɫ (ɋɈ), 176.λ8 ɫ (ɋ18
).  

(1S,4aS,8aR)-Ɇɟɬɢɥ-5-{2-[2-((Z)-N’-ɚɰɟɬɨɤɫɢɤɚɪɛɚɦɢɦɢɞɨɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-

ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (119). ȼɵɯɨɞ λ4%. 20][ D
 

+81.34 (c 0.27, CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 598, 646, 665, 677, 756, 822, 893, 945, 1005, 1038, 1080, 
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1094, 1140, 1159, 1213, 1227, 1329, 1366, 1433, 1466, 1504, 1584, 1605, 1636, 1722, 1759, 2831, 

2855, 2874, 2936, 2951, 3115, 3148, 3370, 3503. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, 

C
20

H3), 1.00 ɬ.ɞ (1H, H
3
, J 13.5, 4.3), 1.17 ɫ (3H, ɋ19

H3), 1.20 ɦ (1H, H
1
), 1.31 ɞ (1H, H

5
, J 12.6), 

1.49 ɞ.ɦ (1H, H
2
, J 13.9), 1.69 ɫ (3H, C

17
H3), 1.70 ɤ.ɞ (1H, H

6
, J 12.6, 5.6), 1.81 ɤ.ɬ (1H, H

2
, J 13.8, 

3.5), 1.90-1.94 ɦ (3H, H
1,6,7

), 2.00 ɦ (1H, H
7
 ), 2.09 ɬ.ɞ (1H, H

11
, J 12.8, 4.7), 2.16-2.25 ɦ (5H, 

O(CO)CH3, H
3,11

), 2.79 ɦ (2H, H
12,12

), 3.60 c (3H, OCH3), 5.15 ɭɲ.ɫ 

(2H, NH2), 6.40 ɞ (1H, H
14

, J 1.6), 7.36 ɞ (1H, H
15

, J 1.6). ɋɩɟɤɬɪ 

əɆɊ 13ɋ, į, ɦ.ɞ.μ 17.57 ɤ (C20
), 19.46 ɬ (ɋ2

), 19.67 ɤ (C17
), 19.75 ɤ 

(O(CO)CH3), 20.72 ɬ (ɋ6
), 25.95 ɬ (ɋ12

), 28.22 ɬ (ɋ11
), 28.32 ɤ 

(ɋ17
H3), 34.23 ɬ (C7

), 36.99 ɬ (C1), γ7.6γ ɬ (C3
), 39.50 ɫ (C10

), 43.78 c 

(C
4
), 50.91, 50.93 ɤ (OCH3), 53.40 ɞ (ɋ5

), 113.61 ɞ (C14
), 127.54 c 

(C
8
), 128.25 c (C

13
), 138.40 c (ɋ9

), 1γ8.55 ɫ (ɋ=N), 142.68 ɞ (C
15

), 

149.4λ ɫ (ɋ16
), 168.75 c (O(CO)CH3), 178.03 c (C

18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z (Iɨɬɧ., %): 430 (2), 371 (100), 124 (58), 122 (42), 135 (29), 372 

(28), 43 (18), 189 (16), 182 (16). ɇɚɣɞɟɧɨμ [M]
 
430.2460. C24H34N2O5. ȼɵɱɢɫɥɟɧɨμ 430.2462. 

Ɉɛщɚɹ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ O-ɛɟɧɡɨɢɥɚɦɢɞɨɤɫɢɦɨɜ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ 
ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ (118) ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ (120) ɤɢɫɥɨɬ. Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ 

(β.57 ɦɦɨɥɶ) ɚɦɢɞɨɤɫɢɦɚ (115) ɢɥɢ (116) ɢ 0.γ6 ɦɥ (γ.0λ ɦɦɨɥɶ) ɛɟɧɡɨɢɥɯɥɨɪɢɞɚ ɜ 10 ɦɥ 

ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.71 ɦɥ (5.15 ɦɦɨɥɶ) Et3N. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 10 ɱ, ɞɨɛɚɜɢɥɢ 50 ɦɥ 

ɜɨɞɵ, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (3ɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 

ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ 

– ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ ɫɨɟɞɢɧɟɧɢɟ (118) ɜ ɜɢɞɟ ɦɚɫɥɚ ɢɥɢ (120) ɜ ɜɢɞɟ 

ɨɫɚɞɤɚ. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-5-{2-[2-((Z)-N’-(ɛɟɧɡɨɢɥɨɤɫɢ)ɤɚɪɛɚɦɢɦɢɞɨɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (119). ȼɵɯɨɞ 88%. ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 229 (4.21), 267 (4.11). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 708, 757, 

892, 1025, 1066, 1089, 1154, 1261, 1316, 1450, 1603, 1634, 1724, 

2847, 2947, 3380, 3501. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.50 ɫ 

(γɇ, ɋ20ɇ3), 1.01 ɞ.ɬ (βH, H
1α, 3α

, J 13.2, 4.2), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.30 

ɞ.ɞ (1ɇ, H5α
, J5α6β 12.6, J5α6α β.γ), 1.46 ɞ.ɦ (1ɇ, ɇ2

, J 14.β), 1.65 ɦ 

(1ɇ, ɇ11), 1.70 ɭɲ.ɫ (1ɇ, ɇ9), 1.78 ɦ, 1.81 ɦ, 1.84 ɦ (4H, H
11,6,1β,2

), 

1.λ0 ɦ (1ɇ, ɇ7α), 1.λ7 ɦ (1ɇ, ɇ6), β.1β ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 1γ.β), β.γλ ɦ 

(1ɇ, ɇ7β), β.70 ɦ (1ɇ, ɇ12), β.λ1 ɦ (1ɇ, ɇ12
), 3.59 c (γɇ, OCH3), 4.70 
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ɫ, 4.λ0 ɫ (βɇ, ɇ17,17), 5.β0 ɫ (βɇ, NH2), 6.40 ɞ (1ɇ, ɇ14
, J14,15 1.5), 7.40 ɞ (1ɇ, ɇ15

, J14,15  1.5), 7.47 ɬ 

(βɇ, ɇ3’,5’
, J 7.6), 7.57 ɦ (1ɇ, ɇ4’), 8.07 ɞ.ɞ (βɇ, ɇ2’,6’

, J 7.6, 1.β). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.50 ɤ 

(C
20), 1λ.85 ɬ (ɋ2), βγ.λ1 ɬ (ɋ12), β4.48 ɬ (ɋ11), β6.16 ɬ (C6), β8.6λ ɤ (C19), γ8.07 ɬ (C3), γ8.57 ɬ (C7

), 

γ8.8γ ɬ (C1), 40.16 ɫ (ɋ10), 44.18 ɫ (C4), 51.0β ɤ (Ɉɋɇ3), 55.50 ɞ (ɋ9), 56.06 ɞ (ɋ5), 106.7γ ɬ (ɋ17
), 

11γ.λ0 ɞ (ɋ14), 1β8.γ7 ɞ (ɋ3’,5’), 1β8.84 ɫ (ɋ13), 1βλ.γγ ɞ (ɋ2’,6’), 1βλ.54 ɫ (ɋ1’), 1γβ.8β ɞ (ɋ4’
), 138.87 

ɫ (ɋ16), 14β.74 ɞ (ɋ15), 147.66 ɫ (ɋ8), 150.70 ɫ (ɋ=), 16γ.65 ɫ (ɋɈ), 177.80 ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z 

(Iɨɬɧ., %): 492 (0.53), 474 (15), 371 (10), 239 (18), 225 (10), 122 (44), 121 (26), 105 (100), 77 (43), 51 

(13). ɇɚɣɞɟɧɨ: [M]
 
492.2630. C29H36O5N2. ȼɵɱɢɫɥɟɧɨ: 492.2619. 

(Z)-(1S,4aS,8aR)-Ɇɟɬɢɥ-5-[2-(2-[N’-(ɛɟɧɡɨɢɥɨɤɫɢ)ɤɚɪɛɚɦɢɦɢɞɨɢɥ]ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-

1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (120). ȼɵɯɨɞ 68%. Ɍ. 

ɩɥ. 58-60°ɋ (ɢɡ ɷɮɢɪɚ). 20][ D
 +76.87 (c 0.27, CHCl3). ɂɄ ɫɩɟɤɬɪ, 

Ȟ, ɫɦ-1
: 677, 708, 758, 772, 858, 893, 922, 982, 1024, 1034, 1065, 

1088, 1140, 1157, 1177, 1192, 1248, 1260, 1315, 1327, 1368, 1377, 

1435, 1450, 1468, 1503, 1585, 1601, 1634, 1724, 2874, 2897, 2951, 

3063, 3148, 3370, 3503. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.76 c (3H, C
20

H3), 1.00 ɬ.ɞ (1H, H
3
, J 13.5, 4.γ), 1.17 ɫ (γH, 

ɋ19
H3), 1.β5 ɬ.ɞ (1H, H

1
, J 1β.8, γ.4), 1.γγ ɞ.ɞ (1H, H

5
, J 12.6, 1.8), 

1.49 ɞ.ɦ (1H, H
2
, J 14.1), 1.67 ɫ (3H, C

17
H3), 1.70 ɦ (1H, H

6
), 1.79 

ɤ.ɬ (1H, H
2
, J 13.8, 3.7), 1.89-1.94 ɦ (2H, H

6,7
), 1.97-2.06 ɦ (2H, 

H
1,7

 ), 2.09-2.17 ɦ (2H, H
3,11

), 2.28 ɬ.ɞ (1H, H
11

, J 12.8, 5.3), 2.88 ɦ (2H, H
12,12

), 3.59 c (3H, OCH3), 

5.20 ɭɲ.ɫ (2H, NH2), 6.43 ɞ (1H, H
14

, J 1.6), 7.38 ɞ (1H, H
15

, J 1.6), 7.45 ɬ (2H, H
2’,5’

, J 7.8), 7.56 ɬ 

(1H, H
4’

, J 7.4), 8.05 ɞ (2H, H
2’,5’

, J 8.2). ɋɩɟɤɬɪ əɆɊ 13ɋ, į, ɦ.ɞ.μ 17.57 ɤ (C20
), 19.45 ɬ (ɋ2

), 19.71 

ɤ (C17
), 20.75 ɬ (ɋ6

), 26.02 ɬ (ɋ12
), 28.31 ɬ (ɋ11

), 28.33 ɤ (ɋ17
H3), 34.25 ɬ (C7

), 36.91 ɬ (C1), γ7.6γ ɬ 

(C
3
), 39.51 ɫ (C10

), 43.79 c (C
4
), 50.90 ɤ (OCH3), 53.37 ɞ (ɋ5

), 113.75 ɞ (C14
), 127.59 c (C

8
), 128.36 ɞ 

(ɋ3’,5’
), 128.69 c (C

13
), 129.30 ɞ (ɋ2’,6’

), 129.60 c (C
1’

), 132.77 ɞ (ɋ4’
), 138.37 c (ɋ9

), 138.63 ɫ (ɋ=N), 

142.73 ɞ (C
15

), 150.64 ɫ (ɋ16
), 163.34 c (O(CO)Ph), 178.12 c (C

18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 492 

(0.38), 105 (100), 77. (46), 124 (39), 122 (33), 239 (27), 226 (17), 371 (16), 135 (15). ɇɚɣɞɟɧɨμ ДM] 

492.2614. C29H36N2O5. ȼɵɱɢɫɥɟɧɨμ 492.2619. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-5-{2-[2-(5-(ɦɟɬɢɥ))-1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-ɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (121). Ɋɚɫɬɜɨɪ 1.00 ɝ (β.γβ ɦɦɨɥɶ) 

ɫɨɟɞɢɧɟɧɢɹ (117) ɜ 10 ɦɥ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 50 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.60 ɝ (6γ%) 1,2,4-

ɨɤɫɚɞɢɚɡɨɥɚ (121) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +30.83

o
 (c β.7β, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 262 

(3.96). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 665, 758, 888, 986, 1031, 1092, 1154, 1185, 1229, 1268, 1347, 1423, 1448, 



186 

 

1460, 1523, 1585, 1626, 1722, 2846, 2946. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (γɇ, 

ɋ20ɇ3), 0.λ7 ɞ.ɬ (βH, H
1α, 3α

, J 1γ.5, γ.λ), 1.11 ɫ (γɇ, ɋ19ɇ3), 1.βγ ɞ.ɞ (1ɇ, H5α
, J5α6β 12.2, J5α6α 2.7), 

1.4β ɞ.ɦ (1ɇ, ɇ2
, J 14.β), 1.60 ɦ (1ɇ, ɇ11

), 1.6β ɭɲ.ɫ (1ɇ, ɇ9), 1.7β ɦ, 1.75 ɦ, 1.77 ɦ (4H, H
11,6,1β,2

), 

1.8β ɦ (1ɇ, ɇ7α), 1.λγ ɦ (1ɇ, ɇ6), β.0λ ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 1γ.β), β.γ6 ɬ.ɞ (1ɇ, ɇ7β

, J 1β.0, β.7), β.57 ɫ 

(γɇ, ɋɇ3), β.6β ɦ (1ɇ, ɇ12), β.88 ɦ (1ɇ, ɇ12
), 3.54 c (γɇ, OCH3), 4.64 ɫ, 4.85 ɫ (βɇ, ɇ17,17), 6.γ8 ɞ 

(1ɇ, ɇ14
, J14,15 1.5), 7.45 ɞ (1ɇ, ɇ15

, J14,15 1.5). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 

1β.0λ* ɤ (C20), 1β.44* ɤ (ɋɇ3), 1λ.81 ɬ (ɋ2), β4.04* ɬ (ɋ11), β4.07* ɬ (ɋ12
), 

β6.11 ɬ (C6), β8.65 ɤ (C19), γ8.06 ɬ (C3), γ8.57 ɬ (C7), γ8.8λ ɬ (C1), 40.1β ɫ 

(ɋ10
), 44.14 ɫ (C4), 50.λ7 ɤ (Ɉɋɇ3), 55.44 ɞ (ɋ9), 56.1β ɞ (ɋ5), 106.44 ɬ 

(ɋ17), 11γ.5β ɞ (ɋ14), 1γ0.56 ɫ (ɋ13), 1γ7.γ6 ɫ (ɋ16), 144.08 ɞ (ɋ15
), 147.60 

ɫ (ɋ8
), 161.73 c (ɋ3’), 175.8λ ɫ (ɋ5’), 177.55 ɫ (ɋ18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z 

(Iɨɬɧ., %): 412 (13), 411 (10), 397 (13), 369 (10), 353 (15), 245 (12), 231 

(13), 203 (10), 189 (24), 177 (29), 166 (15), 164 (14), 163 (15), 133 (10), 

122 (11), 121 (100), 119 (11), 109 (12), 107 (21), 105 (14), 95 (11), 93 (17), 91 (15), 81 (27), 79 (16), 

67 (11), 55 (15), 43 (25), 41 (13), 18 (12). ɇɚɣɞɟɧɨ: [M]
 
412.2338. C24H32O4 N2. ȼɵɱɢɫɥɟɧɨ: 

412.2357. 

(1S,4aS,8aR)-Ɇɟɬɢɥ-1,4a,6-ɬɪɢɦɟɬɢɥ-5-{2-[2-(5-ɦɟɬɢɥ-1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-ɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (123). Ɋɚɫɬɜɨɪ 0.63 ɝ (1.46 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (119) ɜ 15 ɦɥ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ ɜ ɬɨɤɟ ɚɪɝɨɧɚ γ0 ɱɚɫɨɜ. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɥɭɱɢɥɢ 0.4β ɝ (70%) 1,2,4-ɨɤɫɚɞɢɚɡɨɥɚ (123) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 

+87.27 (c 0.37, CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 610, 669, 700, 758, 810, 820, 

887, 947, 961, 980, 1015, 1038, 1084, 1121, 1140, 1152, 1165, 1190, 

1229, 1269, 1329, 1346, 1377, 1425, 1435, 1462, 1522, 1584, 1626, 1724, 

2853, 2874, 2936, 2951, 3113, 3136. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.77 c (3H, C
20

H3), 1.01 ɬ.ɞ (1H, H
3
, J 13.5, 4.3), 1.19 ɫ (3H, ɋ19

H3), 

1.23 ɬ.ɞ (1H, H
1
, J 12.9, 3.7), 1.33 ɞ (1H, H

5
, J 12.3), 1.52 ɞ.ɦ (1H, H

2
, J 

14.1), 1.67 ɫ (3H, C
17

H3), 1.71 ɦ (1H, H
6
), 1.83 ɤɜ.ɦ (1H, H

2
, J 13.8), 

1.93-2.06 ɦ (4H, H
1,6,7,7

), 2.11 ɦ (1H, H
11

), 2.20 ɞ.ɦ (1H, H
3
, J 13.2), 2.26 ɦ (1H, H

11
), 2.59 c (3H, 

CH3), 2.84 ɬ (2H, H
12,12

, J 8.7), 3.60 c (3H, OCH3), 6.45 c (1H, H
14

), 7.48 c (1H, H
15

). ɋɩɟɤɬɪ əɆɊ 
13ɋ, į, ɦ.ɞ.μ 12.08 ɤ (CH3), 17.57 ɤ (C20

), 19.52 ɬ (ɋ2
), 19.61 ɤ (C17

), 20.73 ɬ (ɋ6
), 25.81 ɬ (ɋ12

), 28.33 

ɬ (ɋ11
), 28.41 ɤ (ɋ17

H3), 34.27 ɬ (C7
), 37.00 ɬ (C1

), 37.64 ɬ (C3
), 39.55 ɫ (C10

), 43.78 c (C
4
), 50.93 ɤ 

(OCH3), 53.42 ɞ (ɋ5
), 113.22 ɞ (C14

), 127.62 c (C
8
), 130.39 c (C

13
), 137.74 c (ɋ16

), 138.34 c (C
9
), 

144.16 ɞ (C
15

), 161.76 c (C
3’

), 175.92 c (C
5’

), 177.99 c (C
18

).  
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Ɉɛщɚɹ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ 5-ɮɟɧɢɥ-1,2,4-ɨɤɫɚɞɢɚɡɨɥɨɜ (122) ɢ (124). Ɋɚɫɬɜɨɪ 1.00 ɝ (β.0γ 

ɦɦɨɥɶ) O-ɛɟɧɡɨɢɥɚɦɢɞɨɤɫɢɦɚ (118) ɢɥɢ (120) ɜ 10 ɦɥ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 1β ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɥɭɱɢɥɢ ɫɨɟɞɢɧɟɧɢɟ (122) ɜ ɜɢɞɟ ɦɚɫɥɚ ɢɥɢ (124) ɜ ɜɢɞɟ ɨɫɚɞɤɚ. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(5-ɮɟɧɢɥ-1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-

ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (122). ȼɵɯɨɞ 74%. 
20][ D  

+12.39
o
 (c 8.47, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 260 (4.50). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 704, 757, 888, 

1154, 1185, 1228, 1350, 1415, 1450, 1521, 1561, 1609, 1722, 2846, 

2946. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, ɋ20ɇ3), 1.01 

ɦ (βH, H
1α, 3α), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β8 ɞ.ɞ (1ɇ, H5α

, J5α6β 12.1, J5α6α 

β.8), 1.45 ɦ (1ɇ, ɇ2), 1.68 ɦ (1ɇ, ɇ11), 1.6λ ɭɲ.ɫ (1ɇ, ɇ9), 1.7γ ɦ, 

1.78 ɦ, 1.81 ɦ, 1.84 ɦ (4H, H
11,6,1β,2), 1.87 ɦ (1ɇ, ɇ7α), 1.λ7 ɦ (1ɇ, ɇ6

), 

β.1γ ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 14.2), β.40 ɬ.ɞ (1ɇ, ɇ7β

, J  11.0, β.8), β.78 ɦ 

(1ɇ, ɇ12), γ.00 ɦ (1ɇ, ɇ12
), 3.58 c (γɇ, OCH3), 4.74 ɫ, 4.λ4 ɫ (βɇ, 

ɇ17,17), 6.45 ɞ (1ɇ, ɇ14
, J14,15 1.7), 7.5γ ɦ (γɇ, ɇ3”,5”, ɇ15), 7.5λ ɦ (1ɇ, 

ɇ4”), 8.β0 ɞ (βɇ, ɇ2”,6”
, J 7.1). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.γλ ɤ (C20
), 

1λ.76 ɬ (ɋ2), β4.1γ* ɬ (ɋ12), β4.β0* ɬ (ɋ11), β6.0β ɬ (C6), β8.5γ ɤ (C19), γ7.λ6 ɬ (C3), γ8.5β ɬ (C7
), 

γ8.86 ɬ (C1), 40.0β ɫ (ɋ10), 4γ.λλ ɫ (C4), 50.8β ɤ (Ɉɋɇ3), 55.41 ɞ (ɋ9), 56.01 ɞ (ɋ5), 106.44 ɬ (ɋ17
), 

11γ.54 ɞ (ɋ14), 1βγ.78 ɫ (ɋ13), 1β7.λβ* ɞ (ɋ3”,5”), 1β8.7λ* ɞ (ɋ2”,6”), 1γ0.84 ɫ (ɋ1”), 1γβ.54 ɞ (ɋ4”
), 

1γ7.46 ɫ (ɋ16), 144.10 ɞ (ɋ15), 147.55 ɫ (ɋ8
), 162.13 c (ɋ3’), 174.8λ ɫ (ɋ5’), 177.βγ ɫ (ɋ18

). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 474 (8), 355 (17), 340 (10), 296 (27), 239 (19), 189 (22), 188 (11), 186 (12), 181 

(16), 173 (12), 172 (13), 122 (12), 121 (100), 119 (11), 109 (22), 107 (21), 105 (59), 95 (11), 93 (17), 

λ1 (16), 8γ (16), 81 (β7), 7λ (15), 77 (β1), 67 (1β), 55 (16), 41 (14), β8 (11), 18 (10). ɇɚɣɞɟɧɨ: [M]
 

474.2440. C29H34O4N2. ȼɵɱɢɫɥɟɧɨ: 474.2435. 

(1S,4aS,8aR)-Ɇɟɬɢɥ-1,4a,6-ɬɪɢɦɟɬɢɥ-5-{2-[2-(5-ɮɟɧɢɥ-1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-ɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

(124). ȼɵɯɨɞ 70%. Ɍ. ɩɥ. 8β°ɋ (ɢɡ ɯɥɨɪɨɮɨɪɦɚ). 20][ D
 +71.48 (c 0.31, 

CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 689, 702, 745, 756, 764, 816, 887, 908, 961, 

980, 1026, 1038, 1071, 1094, 1128, 1140, 1157, 1188, 1231, 1275, 1327, 

1350, 1379, 1416, 1450, 1462, 1522, 1562, 1609, 1630, 1722, 1776, 2855, 

2874, 2938, 2955, 2988, 3433. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.80 c (3H, C
20

H3), 1.02 ɬ.ɞ (1H, H
3
, J 13.5, 4.3), 1.20 ɫ (3H, ɋ19

H3), 1.29 

ɬ.ɞ (1H, H
1
, J 13.4, 3.7), 1.36 ɞ.ɦ (1H, H

5
, J 11.6), 1.53 ɞ.ɦ (1H, H

2
, J 

13.9), 1.72 ɫ (3H, C
17

H3), 1.74 ɦ (1H, H
6
), 1.84 ɦ (1H, H

2
), 1.93-1.98 ɦ (2H, H

6,7
), 2.03-2.09 ɦ (2H, 
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H
1,7

), 2.16 ɦ (1H, H
11

), 2.21 ɞ.ɦ (1H, H
3
, J 13.2), 2.30 ɬ.ɞ (1H, H

11
, J 12.9, 5.0), 2.94 ɦ (2H, H

12,12
), 

3.61 c (3H, OCH3), 6.48 c (1H, H
14

), 7.53 ɦ (3H, H
15

, H
3”,5”

), 7.58 ɬ (1H, H
4”

, J 7.3), 8.17 ɞ (2H, 

H
2”,6”

, J 7.2). ɋɩɟɤɬɪ əɆɊ 13ɋ, į, ɦ.ɞ.μ 17.60 ɤ (C
20

), 19.54 ɬ (ɋ2
), 19.74 ɤ (C17

), 20.73 ɬ (ɋ6
), 25.92 

ɬ (ɋ12
), 28.33 ɤ (ɋ17

), 28.63 ɬ (ɋ11
), 34.27 ɬ (C7

), 37.07 ɬ (C1), γ7.6γ ɬ (C3
), 39.58 ɫ (C10

), 43.78 c 

(C
4
), 50.97 ɤ (OCH3), 53.44 ɞ (ɋ5

), 113.34 ɞ (C14
), 123.92 c (C

13
), 127.65 c (C

8
), 128.08 ɞ (ɋ2”,6”

), 

128.94 ɞ (ɋ3”,5”
), 130.74 c (C

1”
), 132.71 ɞ (ɋ4”

), 137.21 c (C
16

), 138.46 c (ɋ9
), 144.28 ɞ (C

15
), 162.30 

c (C
3’

), 175.19 c (C
5’

), 178.00 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 474 (13), 105 (100), 102 (85), 116 

(70), 188 (55), 243 (52), 239 (35), 77 (33), 189 (26). ɇɚɣɞɟɧɨμ ДM] 474.2511. C29H34N2O4. 

ȼɵɱɢɫɥɟɧɨμ 474.2513. 

Ɉɛщɚɹ ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ 5-ɯɥɨɪɦɟɬɢɥ-1,2,4-ɨɤɫɚɞɢɚɡɨɥɨɜ (125) ɢ (126). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.57 ɦɦɨɥɶ) ɚɦɢɞɨɤɫɢɦɚ (115) ɢɥɢ (116) ɢ 0.βγ ɦɥ (γ.0λ 

ɦɦɨɥɶ) β-ɯɥɨɪɚɰɟɬɢɥ ɯɥɨɪɢɞɚ ɜ 10 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 

0.71 ɦɥ (5.15 ɦɦɨɥɶ) Et3N. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ 

ɬɟɱɟɧɢɟ 6-10 ɱ, ɞɨɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬ ɢɡɜɥɟɤɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (3ɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ 

ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ ɫɨɟɞɢɧɟɧɢɟ (125) ɢɥɢ 

(126) ɜ ɜɢɞɟ ɦɚɫɥɚ. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-5-{2-[2-(5-(ɯɥɨɪɦɟɬɢɥ))-1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-ɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (125). ȼɵɯɨɞ 49%. 
20][ D  +10.84

o
 

(c 3.26, ɋɇCl3).ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 206 (3.60), 245 (3.89), 266 

(3.96). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 757, 888, 1155, 1229, 1464, 1521, 1625, 1644, 

1722, 2846, 2947. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, 

ɋ20ɇ3), 1.00 ɞ.ɬ (βH, H
1α,3α

 J 1γ.5, γ.λ), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, 

H
5α

, J5α6β 12.5, J5α6α β.7), 1.46 ɞ.ɦ (1ɇ, ɇ2
, J 14.4), 1.6γ ɦ (1ɇ, ɇ11

), 1.64 

ɭɲ.ɫ (1ɇ, ɇ9), 1.74 ɦ, 1.77 ɦ, 1.81 ɦ (4H, H
11,6,1β,2), 1.85 ɞ.ɞ (1ɇ, ɇ7α

, J 

1β.γ, γ.8), 1.λ6 ɞ.ɞ (1ɇ, ɇ6
, J  1β.5, γ.β), β.1β ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 13.0), 

β.γλ ɬ.ɞ (1ɇ, ɇ7β
, J  1β.0, β.λ), β.66 ɦ (1ɇ, ɇ12), β.λβ ɦ (1ɇ, ɇ12

), 3.58 c 

(γɇ, OCH3), 4.66 ɫ (1ɇ, ɇ17), 4.70 ɫ (βɇ, ɋH2Cl), 4.8λ ɫ (1ɇ, ɇ17), 6.4γ ɞ (1ɇ, ɇ14
, J14,15 1.7), 7.50 ɞ 

(1ɇ, ɇ15
, J14,15 1.7). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.1λ ɤ (C20), 1λ.56 ɬ (ɋ2), βγ.8γ* ɬ (ɋ11), βγ.87* ɬ 

(ɋ12), β5.86 ɬ (C6), β8.γλ ɤ (C19), γβ.λ1 ɬ (ɋH2Cl), γ7.7λ ɬ (C3), γ8.γβ ɬ (C7), γ8.64 ɬ (C1), γλ.87 ɫ 

(ɋ10
), 43.86 ɫ (C4), 50.7γ ɤ (Ɉɋɇ3), 55.β1 ɞ (ɋ9), 55.8γ ɞ (ɋ5), 106.β7 ɬ (ɋ17), 11γ.44 ɞ (ɋ14

), 131.32 

ɫ (ɋ13), 1γ6.47 ɫ (ɋ16), 144.γβ ɞ (ɋ15), 147.βλ ɫ (ɋ8
), 161.75 c (ɋ3’), 17γ.57 ɫ (ɋ5’), 177.βγ ɫ (ɋ18

). 

ɇɚɣɞɟɧɨ %μ ɋ 64.50, H 7.09, N 5.98. C24H31ClN2Ɉ4. ȼɵɱɢɫɥɟɧɨ %μ ɋ 64.49, H 6.99, N 6.27. 
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(1S,4aS,8aR)-Ɇɟɬɢɥ-5-{2-[2-(5-ɯɥɨɪɦɟɬɢɥ-1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-1,4a,6-

ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (126). ȼɵɯɨɞ 63%. 
20][ D  

+79.67 (c 0.49, CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 608, 679, 756, 820, 887, 918, 986, 1038, 1084, 1119, 

1152, 1188, 1232, 1265, 1348, 1379, 1435, 1462, 1520, 1584, 1624, 1722, 2112, 2853, 2922, 3464, 

3744. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ): 0.77 c (3H, C

20
H3), 1.01 ɬ.ɞ (1H, H

3
, J 13.4, 4.1), 1.19 ɫ 

(3H, ɋ19
H3), 1.23 ɬ.ɞ (1H, H

1
, J 13.2, 4.0), 1.34 ɞ (1H, H

5
, J 12.0), 1.53 ɞ.ɦ (1H, H

2
, J 14.1), 1.67 ɫ 

(3H, C
17

H3), 1.71 ɦ (1H, H
6
), 1.83 ɦ (1H, H

2
), 1.92-2.07 ɦ (4H, H

1,6,7,7
), 2.12 ɦ (1H, H

11
), 2.20 ɞ.ɦ 

(1H, H
3
, J 13.2), 2.26 ɦ (1H, H

11
), 2.86 ɦ (2H, H

12,12
), 3.61 c (3H, OCH3), 4.69 c (2H, CH2Cl), 6.47 c 

(1H, H
14

), 7.51 c (1H, H
15

). ɋɩɟɤɬɪ əɆɊ 13ɋ, į, ɦ.ɞ.μ 17.5λ ɤ (C20
), 

1λ.51 ɬ (ɋ2
), 19.67 ɤ (C17), β0.7β ɬ (ɋ6), β5.84 ɬ (ɋ12

), 28.33 ɤ (ɋ19
), 

28.41 ɬ (ɋ11), γγ.06 ɬ (ɋH2Cl), γ4.β7 ɬ (C7), γ7.01 ɬ (C1
), 37.6β ɬ (C3

), 

γλ.55 ɫ (C10
), 43.78 c (C

4
), 50.96 ɤ (OCH3), 5γ.41 ɞ (ɋ5), 11γ.4β ɞ 

(C
14

), 127.79 c (C
8
), 131.41 c (C

13
), 136.47 c (C

16
), 138.25 c (ɋ9

), 

144.64 ɞ (C15
), 162.07 c (C

3’
), 173.78 c (C

5’
), 177.99 c (C

18
). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 446 (19), 189 (100), 136 (65), 133 (39), 119 (34), 

175 (34), 98 (34), 150 (31), 105 (30). ɇɚɣɞɟɧɨ: [M] 446.1966. 

C24H31N2O4Cl. ȼɵɱɢɫɥɟɧɨ: 446.1967. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(2-{2-Д(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)-

ɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (128). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.8 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (127) ɜ 10 ɦɥ ȾɆɎȺ 

ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.γγ ɝ (8.γ ɦɦɨɥɹ) 60% ɝɢɞɪɢɞɚ 

ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.61 ɦɥ (5.5 

ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. 

ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё 4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ 

ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ 

ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.61 ɝ 

(55%) ɫɨɟɞɢɧɟɧɢɹ (128) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +37.29

o
 (c 3.10, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

221 (3.83). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 741, 891, 1074, 1153, 1229, 1382, 1449, 1466, 1643, 1724, 2849, 

2934, 2943, 3306. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4β ɫ (γɇ, ɋ20ɇ3), 0.8λ ɞ.ɬ (1H, H

1
, J 

1γ.4, γ.β), 0.λγ ɞ.ɬ (1H, H
3
, J 1γ.γ, γ.5), 1.08 ɫ (γɇ, ɋ19ɇ3), 1.1λ ɦ (1ɇ, H5), 1.40 ɦ (1ɇ, ɇ2), 1.51 ɦ 

(1ɇ, ɇ9), 1.6β ɦ (1ɇ, ɇ11
), 1.68-1.8γ ɦ (5H, H

1,2,6,7α,11), 1.8λ ɦ (1ɇ, ɇ6), β.06 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 13.2), 

β.βγ ɦ (1ɇ, ɇ12), β.γγ ɦ (1ɇ, ɇ7), β.48 ɦ (1ɇ, ɇ12), β.50 ɦ (1ɇ, ɇ5’
), 3.51 c (γɇ, OCH3), 4.01 ɞ (1ɇ, 
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ɇ3’
, J β.γ), 4.0β ɞ (1ɇ, ɇ3’

, J β.γ), 4.γ8 ɫ (βɇ, ɇ1’), 4.5β ɫ, 4.8β ɫ (βɇ, ɇ17), 6.16 ɞ (1ɇ, ɇ14
, J 1.5), 

7.β4 ɞ (1ɇ, ɇ15
, J 1.5). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.γβ ɤ (C20), 1λ.6β ɬ (ɋ2), ββ.87 ɬ (ɋ12), β4.γ8 ɬ 

(ɋ11), β5.λ4 ɬ (C6), β8.4γ ɤ (C19), γ7.8γ ɬ (C3), γ8.γ7 ɬ (C7), γ8.68 ɬ (C1), γλ.80 ɫ (C10
), 4γ.λ1 ɫ (ɋ4

), 

50.74 ɤ (Ɉɋɇ3), 54.51 ɞ (ɋ9), 55.85 ɞ (ɋ5), 56.β5 ɬ (ɋ3’), 60.70 ɬ (ɋ1’), 74.γ8 ɞ (ɋ5’), 7λ.β5 ɫ (ɋ4’
), 

106.18 ɬ (ɋ17), 111.17 ɞ (ɋ14), 1β4.6γ ɫ (ɋ13), 141.λ0 ɞ (ɋ15), 146.11 ɫ (ɋ16), 147.47 ɫ (ɋ8), 177.β1 ɫ 

(ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 398 (1.58), 342 (13), 283 (13), 189 (28), 188 (12), 161 (12), 133 

(14), 121 (100), 120 (15), 119 (21), 110 (15), 109 (16), 107 (27), 105 (23), 95 (29), 94 (38), 93 (22), 91 

(33), 85 (16), 83 (14), 81 (36), 79 (23), 77 (18), 71 (20), 69 (16), 67 (19), 57 (34), 55 (37), 53 (14), 43 

(γγ), 41 (γλ), γλ (16), βλ (14). ɇɚɣɞɟɧɨμ ДM] 
 
398.2455.

 
C25H34O4. ȼɵɱɢɫɥɟɧɨμ γλ8.β45β. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-((R)-1-ɝɢɞɪɨɤɫɢɛɭɬ-3-ɢɧ-1-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж- ɢ 5-{2-[2-

((S)-1-ɝɢɞɪɨɤɫɢɛɭɬ-3-ɢɧ-1-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (129a,ɛ). ɚ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.40 ɝ (β.8 

ɦɦɨɥɶ) ɩɪɨɩɚɪɝɢɥɦɚɝɧɢɣɛɪɨɦɢɞɚ ɜ β0 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɷɮɢɪɚ ɩɪɢ -40
ɨɋ ɜ ɬɨɤɟ ɚɪɝɨɧɚ 

ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɪɚɫɬɜɨɪ 1.00 ɝ (β.8 ɦɦɨɥɶ) ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɜ 10 ɦɥ 

ɷɮɢɪɚ. Ɍɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨɞɧɹɥɢ ɞɨ +10ɨɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё 10 ɦɢɧ. 

ɇɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ ɛɟɥɨɣ ɫɭɫɩɟɧɡɢɢ. ȼ 

ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɨɫɬɨɪɨɠɧɨ ɞɨɛɚɜɢɥɢ 100 ɦɥ ɜɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ (ɧɚ 100 ɝ H2O ɞɨɛɚɜɢɥɢ 17 ɝ 

NH4Cl) ɢ ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨ ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ. 

Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɜɨɞɧɵɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ 

(3ɯγ0 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɥɨɢ ɫɭɲɢɥɢ εРSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 0.8γ ɝ (74%) 

ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (129К,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɣ ɫɭɫɩɟɧɡɢɢ 1.00 ɝ (β.8 

ɦɦɨɥɶ) ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53), 0.λ1 ɝ (5.6 ɦɦɨɥɶ) ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɰɢɧɤɨɜɨɣ ɩɵɥɢ 

ɢ 0.6β ɦɥ 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ ɜ β0 ɦɥ ɌȽɎ ɩɪɢ 0ɨɋ ɜ ɬɟɱɟɧɢɟ 1 

ɱ ɩɪɢɤɚɩɚɥɢ 5 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё β4 ɱ. Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, 

ɜɨɞɧɭɸ ɮɚɡɭ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɞɢɷɬɢɥɨɜɵɦ ɷɮɢɪɨɦ (γɯγ0 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ 

ɩɪɨɦɵɥɢ ɧɚɫɵɳɟɧɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɝɢɞɪɨɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ (βɯβ0 ɦɥ), ɧɚɫɵɳɟɧɧɵɦ 

ɪɚɫɬɜɨɪɨɦ NКCХ (βɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ εРSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.74 ɝ 

(66%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (129К,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (ХР ): 220 (3.85), 

279 (3.09). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3481, 3308, 3078, 2945, 2846, 2122, 1958, 1722, 1643, 1464, 1449, 

1381, 1333, 1229, 1159, 1090, 1034, 986, 891, 748, 640. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 

ɫ (γɇ, *ɋ20ɇ3), 0.85 ɦ (1H, *H
1), 0.λλ ɞ.ɬ (1H, *H

3
, J 1γ.4, 4.0), 1.14 ɫ, 1.βγ М (γɇ, *ɋ19ɇ3), 1.β5 ɦ 
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(1ɇ, *H
5), 1.46 ɞ.ɦ (1ɇ, *ɇ2

, Jɝɟɦ 1γ.λ), 1.56 ɦ (1ɇ, *ɇ9), 1.5λ ɦ (1ɇ, *ɇ11
), 1.68-1.8γ ɦ (4H, 

*H
1,2,6,11), 1.8γ ɦ (1ɇ, *ɇ7), 1.λ1 ɦ (1ɇ, *ɇ6), β.01 ɦ (βɇ, *ɇ4’

 ɢ βH, *Oɇ), β.1β ɞ.ɦ (1ɇ, *ɇ3
, Jɝɟɦ 

13.2), 2.25-β.γ4 ɦ (1ɇ, *ɇ12), β.40 ɦ (1ɇ, *ɇ7
), 2.50-β.55 ɦ (1ɇ, *ɇ12

), β.6β ɞ.ɞ (1ɇ, ɇ2’
, J 6.8, 2.6), 

β.67 ɞ.ɞ (1ɇ, ɇ2’
, J 6.8, β.6), β.7λ ɞ.ɞ (1ɇ, ɇ2’

, J 7.0, β.6), β.84 ɞ.ɞ (1ɇ, ɇ2’
, J 7.0, β.6), γ.57 М (γɇ, 

*CH3O), 4.58 ɫ (1ɇ, *ɇ17), 4.7λ ɦ (1ɇ, *ɇ1’), 4.8λ ɫ (1ɇ, *ɇ17), 6.β0 ɞ (1ɇ, *ɇ14
, J 1.8), 7.β8 ɞ (1ɇ, 

*ɇ15
, J 1.8) (* - ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.5γ ɤ (C20), 1λ.8β ɬ (ɋ2), ββ.λ4 ɬ 

(ɋ12), β4.55 ɬ (ɋ11), β6.0γ* ɬ (C6), β6.17* ɬ (ɋ2’), β8.70 ɤ (C19), γ8.07 ɬ (C3), γ8.5λ ɬ (C7), γ8.λ6 ɬ 

(C
1), 40.08 ɫ (ɋ10

), 44.17 ɫ (C4), 51.04 ɤ (Ɉɋɇ3), 54.λ1 ɞ (ɋ9), 56.16 ɞ (ɋ5), 64.β7 ɞ (ɋ1’), 70.4γ ɞ 

(ɋ4’), 80.41 ɫ (ɋ3’), 106.5β ɬ (ɋ17), 111.47 ɞ (ɋ14), 1ββ.50 ɫ (ɋ13), 141.51 ɞ (ɋ15), 147.7β ɫ, 147.88 ɫ 

(ɋ16), 148.70 ɫ (ɋ8), 177.61 ɫ (ɋ18
) (*- ɫɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., 

%): 398 (3), 341 (18), 315 (29), 299 (25), 281 (23), 249 (13), 189 (37), 181 (16), 173 (13), 161 (15), 

148 (25), 147 (17), 131 (28), 123 (29), 121 (100), 119 (17), 110 (36), 109 (18), 107 (25), 105 (18), 95 

(14), λγ (β0), λ1 (β1), 81 (γ0), 7λ (16), 77 (15), 55 (14), 41 (14). ɇɚɣɞɟɧɨμ ДM] 
 
398.2453.

 
C25H34O4. 

ȼɵɱɢɫɥɟɧɨμ γλ8.β45β.  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(2-{2-[(R)-1-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɛɭɬ-

3-ɢɧ-1-ɢɥ]ɮɭɪɚɧ-3-ɢɥ}ɷɬɢɥ)- ɢ (1S,4aR,5S,8aR)-ɦɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(2-{2-[(S)-

1-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɛɭɬ-3-ɢɧ-1-ɢɥ]ɮɭɪɚɧ-3-ɢɥ}ɷɬɢɥ)-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɵ (130a,ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.5β ɝ (1.γ ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (129a,ɛ) ɜ 

10 ɦɥ ȾɆɎȺ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.γ1 ɝ (1γ.1 ɦɦɨɥɹ) 60% 

ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ, ɡɚɬɟɦ ɞɨɛɚɜɢɥɢ 

0.58 ɦɥ (6.56 ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ 

ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ 

ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё 4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ 

ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ 

ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɥɭɱɢɥɢ 0.γβ ɝ (57%) ɫɦɟɫɢ 

ɫɨɟɞɢɧɟɧɢɣ (130a,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɉɪɢ ɜɵɞɟɪɠɢɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ ɢɡ ɨɛɨɝɚɳɟɧɧɵɯ ɮɪɚɤɰɢɣ 
ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ ɜɵɞɟɥɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ (130a), Ɍ. ɩɥ. 55-58

ɨɋ, ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɊɋȺ. ɋɩɟɤɬɪɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (130a,ɛ)μ ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., 

ɧɦ (lg ): 220 (3.74). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3422, 3296, 3078, 2930, 2851, 2120, 1722, 1771, 1643, 

1600, 1510, 1466, 1449, 1383, 1333, 1229, 1155, 1078, 1040, 889, 770, 642. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, *ɋ20ɇ3), 0.λ6 ɞ.ɬ (1H, *H
1
, J 1β.6, γ.6), 1.01 ɞ.ɬ (1H, *H

3
, J 13.2, 4.6), 

1.1γ ɫ (γɇ, ɋ19ɇ3), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β6 ɦ (1ɇ, *H
5), 1.46 ɦ (1ɇ, *ɇ2), 1.5λ ɦ (1ɇ, ɇ9), 1.61 ɦ 

(1ɇ, ɇ9
), 1.65-1.71 ɦ (1ɇ, *ɇ11

), 1.72-1.8β ɦ (5H, *H
11,6,1,2,7), 1.λ6 ɦ (1ɇ, *ɇ6

), β.1γ ɦ (1ɇ, *ɇ3
), 
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2.24-β.γ5 ɦ (1ɇ, *ɇ12), β.γ8 ɦ (βɇ, *ɇ4’,4”), β.40 ɦ (1ɇ, *ɇ7
), 2.51-β.6γ ɦ (1ɇ, *ɇ12

), 2.73-β.7λ ɦ 

(βɇ, *ɇ2’
), 3.57 c (γɇ, *CH3O), γ.81 ɞ (1ɇ, ɇ2”

, J 16.β), γ.8β ɞ (1ɇ, ɇ2”
, J 15.λ), 4.05 ɞ.ɞ (1ɇ, ɇ2”

, J 

15.λ, β.6), 4.06 ɞ.ɞ (1ɇ, ɇ2”
, J 16.β, β.7), 4.5λ ɫ (1ɇ, *ɇ17), 4.70 ɦ (1ɇ, *ɇ1’), 4.8λ ɫ (1ɇ, *ɇ17

), 6.21 

ɞ (1ɇ, ɇ14
, J14,15 1.5), 6.ββ ɞ (1ɇ, ɇ14

, J14,15 2.0), 7.γ1 ɞ (1ɇ, *ɇ15). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.γ8 ɤ, 

1β.44 ɤ (C20), 1λ.75 ɬ (*ɋ2), ββ.88 ɬ, ββ.λλ ɬ (ɋ12), βγ.88 ɬ, β6.17 ɬ (ɋ2’), β4.51 ɬ, β4.78 ɬ (ɋ11
), 26.08 

ɬ (*C
6), β8.60 ɤ (*C

19), γ8.01 ɬ (*C
3), γ8.48 ɬ, γ8.55 ɬ (C7), γ8.8λ ɬ, γλ.00 ɬ (C1), 40.01 ɫ, 40.06 ɫ 

(*ɋ10), 44.06 ɫ (C4), 50.λ0 ɤ (*Ɉɋɇ3), 54.8λ ɞ, 55.β7 ɞ (ɋ9), 55.0β ɬ, 55.08 ɬ (ɋ2”
), 56.06 ɞ, 56.0λ ɞ 

(ɋ5), 6γ.γ8 ɞ, 6λ.60 ɞ (ɋ1’), 6λ.70 ɞ (*ɋ4’), 74.40 ɞ (*ɋ4”), 7λ.βλ ɫ (*ɋ3’), 7λ.85 ɫ, 80.01 ɫ (C3”
), 

106.44 ɬ, 106.50 ɬ (ɋ17), 111.05 ɞ (*ɋ14), 1β5.5β ɫ, 15β.60 ɫ (ɋ13), 14β.1γ ɞ, 14β.15 ɞ (ɋ15), 145.γ1 ɫ, 

145.54 ɫ (ɋ16), 147.56 ɫ (*ɋ8
), 177.γλ ɫ (*ɋ18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 436 (0.25), 341 (24), 316 

(23), 315 (100), 281 (29), 255 (17), 189 (15), 181 (28), 173 (12), 161 (50), 147 (45), 132 (11), 131 

(29), 121 (90), 119 (14), 109 (24), 107 (22), 105 (20), 95 (17), 93 (18), 91 (31), 85 (12), 81 (31), 79 

(1λ), 77 (β1), 71 (17), 6λ (14), 67 (15), 57 (β6), 55 (β6), 4γ (17), 41 (β0), γλ (15). ɇɚɣɞɟɧɨμ ДM] 

436.2604.
 
C28H36O4. ȼɵɱɢɫɥɟɧɨμ 4γ6.β608.  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ-5-{2-[2-((1R)-ɚɰɟɬɨɤɫɢɛɭɬ-3-ɢɧ-1-ɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}- ɢ 5-{2-[2-

((1S)-ɚɰɟɬɨɤɫɢɛɭɬ-3-ɢɧ-1-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥ}-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚ-

ɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (131ɚ,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.γ5 ɝ ɫɨɟɞɢɧɟɧɢɣ (129ɚ,ɛ) ɜ 1 ɦɥ 

ɭɤɫɭɫɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɞɨɛɚɜɢɥɢ β ɦɥ ɩɢɪɢɞɢɧɚ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɜɵɥɢɥɢ ɧɚ ɥɟɞ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯβ0 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɥɨɢ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (4ɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ ɫɦɟɫɶ 

ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (131ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ (ɜɵɯɨɞ λ8%). ɍɎ-ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (4.14), 254 

(3.70). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 891, 968, 1024, 1157, 1232, 1373, 1460, 

1506, 1645, 1724, 2853, 2926, 3271, 3306, 3462. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (3ɇ, *ɋ20ɇ3), 1.00 ɦ (1H, *H
1α

), 1.0γ ɦ 

(1H, *H
3α

), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.16 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, *H
5α

), 

1.48 ɦ (βɇ, *ɇ2,11
), 1.5λ ɭɲ.ɫ (1ɇ, ɇ9

), 1.6β ɭɲ.ɫ (1ɇ, ɇ9
), 1.6λ ɦ (1ɇ, 

*ɇ11
), 1.75-1.7λ ɦ (γH, *H

6,1β,2
), 1.8β ɦ (1ɇ, *ɇ7α

), 1.λ1 ɦ (1ɇ, *ɇ6
), 

β.0γ ɫ (γɇ, Ⱥɫ), β.0γ ɫ (γɇ, Ⱥɫ), β.14 ɞ.ɦ (1ɇ, *ɇ3β
, Jɝɟɦ 12.7), 2.35-

β.γ7 ɦ (1ɇ, *ɇ12
), β.41 ɦ (1ɇ, *ɇ7β

), 2.53-β.65 ɦ (1ɇ, *ɇ12
), 2.74-β.λ1 ɦ (βɇ, *ɇ2’,2’

), 3.59 c (γɇ, 

*OCH3), 4.5λ ɫ (1ɇ, ɇ17
), 4.6β ɫ (1ɇ, ɇ17

), 4.λ0 ɫ (1ɇ, ɇ17
), 4.λβ ɫ (1ɇ, ɇ17

), 5.λβ ɞ (1ɇ, ɇ1’
, J 7.3), 

5.λ6 ɞ (1ɇ, ɇ1’
, J 7.1), 6.ββ ɞ (1ɇ, ɇ14

, J 1.2), 6.βγ ɞ (1ɇ, ɇ14
, J 1.2), 7.γβ ɞ (1ɇ, *ɇ15

, J 1.2). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 12.48 ɤ, 12.52 ɤ (C

20
), 19.84 ɬ (*ɋ2

), 20.79 ɤ, 20.81 ɤ (ɋɈɋɇ3), 22.94 ɬ, 

22.97 ɬ (ɋ12
), 23.01 ɬ, 23.13 ɬ (ɋ2’

), 24.52 ɬ, 24.77 ɬ (ɋ11
), 26.18 ɬ (*C

6
), 28.70 ɤ (*C

19
), 38.10 ɬ 

(*C
3
), 38.60 ɬ (*C

7
), 38.94 ɬ, 38.25 ɬ (C1

), 40.10 ɫ (*ɋ10
), 44.18 ɫ (*C

4
), 51.01 ɤ (*Ɉɋɇ3), 55.00 ɞ, 
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55.40 ɞ (ɋ9
), 56.15 ɞ, 56.17 ɞ (ɋ5

), 64.78 ɞ, 64.87 ɞ (ɋ1’
), 70.14 ɞ, 70.19 ɞ (ɋ4’

), 78.99 ɫ, 79.13 ɫ 

(ɋ3’
), 106.40 ɬ, 106.64 ɬ (ɋ17

), 111.49 ɞ, 111.52 ɞ (ɋ14
), 124.64 ɫ, 124.75 ɫ (ɋ13

), 142.17 ɞ, 142.21 ɞ 

(ɋ15
), 145.42 ɫ, 145.62 ɫ (ɋ16

), 147.47 ɫ, 147.71 ɫ (ɋ8
), 169.57 ɫ, 169.65 ɫ (ɋɈɋɇ3), 177.59 ɫ, 177.61 

ɫ (ɋ18
) (* - ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 440 (1), 380 (10), 341 (30), 321 (10), 281 

(17), 204 (12), 189 (26), 131 (55), 121 (100), 109 (25), 107 (30), 105 (27), 95 (30), 93 (28), 91 (36), 81 

(48), 79 (27), 77 (27), 71 (33), 69 (30), 67 (27), 57 (53), 55 (56), 43 (76), 41 (55), 39 (16), 29 (20), 27 

(1γ). ɇɚɣɞɟɧɨμ [M] 440.2553. C27H36O5. ȼɵɱɢɫɥɟɧɨμ 440.β557.  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-(2-{(1R)-ɝɢɞɪɨɤɫɢ-2-[1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-1ɇ-ɬɪɢɚɡɨɥ-4-

ɢɥ]ɷɬɢɥж-ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]- ɢ (1S,4ɚR,5S,8ɚS)-ɦɟɬɢɥ-5-[2-(2-{(1S)-ɝɢɞɪɨɤɫɢ-2-(1-(2-ɦɟɬɨɤɫɢ-

2-ɨɤɫɨɷɬɢɥ)-1ɇ-ɬɪɢɚɡɨɥ-4-ɢɥ]ɷɬɢɥж-ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (133ɚ,ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ 

(1.β ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (129ɚ,ɛ) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β1 ɦɥ (1.β ɦɦɨɥɹ) ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.14 ɝ (1.β ɦɦɨɥɶ) ɦɟɬɢɥ-

2-ɚɡɢɞɨɚɰɟɬɚɬɚ (132) ɢ 0.01β ɝ (0.1β ɦɦɨɥɶ) CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ 

ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ H2SO4 (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ NH4Cl/NH4OH (λ ɝ NH4Cl, 1 ɦɥ NH4OH ɢ 100 ɦɥ ɇ2Ɉ) (βɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ) ɢ 

ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). ɉɨɥɭɱɢɥɢ 0.5β ɝ (8β%) ɫɨɟɞɢɧɟɧɢɣ (133ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 (3.91). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 756, 891, 989, 1032, 1049, 1094, 1155, 1229, 

1377, 1441, 1464, 1554, 1645, 1722, 1757, 2849, 2974, 2949, 3150, 3410. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, *ɋ20ɇ3), 0.λ5 ɦ (1H, *H
1α

), 0.λλ ɞ.ɬ (1H, *H
3α

,
 
J 12.9, 3.8), 1.14 ɫ (γɇ, 

ɋ19ɇ3), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.βγ ɦ (1ɇ, *H
5α

), 1.45-

1.4λ ɦ (βɇ, *ɇ2,11
), 1.54 ɭɲ.ɫ (1ɇ, ɇ9

), 1.56 ɭɲ.ɫ (1ɇ, 

ɇ9
), 1.65 ɦ (1ɇ, *ɇ11

), 1.72 ɦ, 1.77 ɦ, 1.81 ɦ (3H, 

*H
6,1β,2

), 1.8γ ɦ (1ɇ, *ɇ7α
), 1.λ4 ɦ (1ɇ, *ɇ6

), β.1β ɞ.ɦ 

(1ɇ, *ɇ3β
, Jɝɟɦ 12.9), β.β4 ɦ (1ɇ, *ɇ12

), β.γ8 ɦ (1ɇ, 

*ɇ7β
), β.45 ɦ (1ɇ, *ɇ12

), β.7λ ɭɲ.ɫ (1ɇ, Ɉɇ), 2.85 

ɭɲ.ɫ (1ɇ, Ɉɇ), γ.14 ɦ (1ɇ, ɋɇ2), γ.15 ɞ.ɞ (1ɇ, ɋɇ2, J 

14.7, 5.2), γ.γ6 ɞ.ɞ (1ɇ, ɋɇ2, J 14.7, 8.6), γ.γ5 ɦ (1ɇ, ɋɇ2), 3.58 c (γɇ, *OCH3), γ.78 ɫ (γɇ, 

*ɋɇ2ɋɈ2ɋɇ3), 4.51 ɫ (1ɇ, ɇ17
), 4.55 ɫ (1ɇ, ɇ17

), 4.86 ɫ (1ɇ, *ɇ17
), 4.λλ ɦ (1ɇ, *ɋɇɈɇ), 5.08 ɞ (βɇ, 

ɋɇ2ɋɈ2ɋɇ3, J 3.9), 5.11 ɞ (βɇ, ɋɇ2ɋɈ2ɋɇ3, J 3.9), 6.β0 ɞ (1ɇ, ɇ14
, J14,15 1.8), 6.β1 ɞ (1ɇ, ɇ14

,  J14,15 

1.8), 7.γ1 ɞ (1ɇ, *ɇ15
, J14,15 1.8), 7.γ5 ɫ (1H, H

5’
), 7.40 ɫ (1H, H

5’
). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 12.49 ɤ 

(*C
20

), 19.82 ɬ (*ɋ2
), 22.77 ɬ, 22.95 ɬ (ɋ12

), 24.34 ɬ, 24.55 ɬ (ɋ11
), 26.15 ɬ (*C

6
), 28.64 ɤ (*C

19
), 31.92 

ɬ, 32.02 ɬ (ɋɇ2), 38.03 ɬ (*C
3
), 38.52 ɬ, 38.61 ɬ (*C

7
), 38.89 ɬ, 38.93 ɬ (C1

), 40.01 ɫ, 40.05 ɫ (ɋ10
), 



194 

 

44.17 ɫ (*C
4
), 50.51 ɬ, 50.68 ɬ (ɋɇ2ɋɈ2ɋɇ3), 50.99 ɤ (*Ɉɋɇ3), 52.87 ɤ (*ɋɇ2ɋɈ2ɋɇ3), 54.70 ɞ, 

55.09 ɞ (ɋ9
), 56.03 ɞ, 56.13 ɞ (ɋ5

), 64.93 ɞ (*ɋɇɈɇ), 106.41 ɬ (*ɋ17
), 111.38 ɞ, 111.50 ɞ (ɋ14

), 

122.06 ɞ (*ɋ5’
), 122.07 ɫ (*ɋ13

), 141.27 ɞ, 141.32 ɞ (ɋ15
), 144.77 ɫ, 144.86 ɫ (C4’

), 147.73 ɫ, 147.82 ɫ 

(ɋ8
), 149.64 ɫ (*ɋ16

), 166.61 ɫ (*ɋɇ2ɋɈ2ɋɇ3), 177.66 ɫ (*ɋ18
) (* - ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z (Iɨɬɧ., %): 513 (1.7), 495 (10), 198 (12), 189 (12), 169 (27), 161 (11), 155 (85), 147 (11), 133 (12), 

122 (12), 121 (100), 119 (20), 110 (12), 109 (26), 107 (31), 105 (23), 95 (16), 93 (18), 91 (31), 81 (32), 

7λ (β6), 77 (17), 6λ (10), 68 (15), 67 (β0), 6λ (1β), 55 (γ0), 5γ (15). ɇɚɣɞɟɧɨμ [M] 513.2969. 

C28H39N3O6. ȼɵɱɢɫɥɟɧɨμ 51γ. β8β5.  

 (1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-(2-{2-[(2R)-(1-ɛɟɧɡɢɥ-1ɇ-ɬɪɢɚɡɨɥ-4-ɢɥ)-1-ɝɢɞɪɨɤɫɢɷɬɢɥ]-ɮɭɪɚɧ-

3-ɢɥжɷɬɢɥ)- ɢ (1S,4ɚR,5S,8ɚS)-ɦɟɬɢɥ-5-(2-{2-[(2S)-2-(1-ɛɟɧɡɢɥ-1ɇ-ɬɪɢɚɡɨɥ-4-ɢɥ)- 1-

ɝɢɞɪɨɤɫɢɷɬɢɥ]-ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɵ (135ɚ,ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.β ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (129ɚ,ɛ) ɜ 
10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β1 ɦɥ (1.β ɦɦɨɥɹ) 

ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.48 ɝ (1.β ɦɦɨɥɶ) ɛɟɧɡɢɥɚɡɢɞɚ 
(134) ɢ 0.01β ɝ (0.1β ɦɦɨɥɶ) CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ 
ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. 
Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ 
ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ H2SO4 

(2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 
NH4Cl/NH4OH (λ ɝ NH4Cl, 1 ɦɥ NH4OH ɢ 100 ɦɥ ɇ2Ɉ) 

(2ɯ50 ɦɥ), ɜɨɞɨɣ (2ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ 
ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). 
ɉɨɥɭɱɢɥɢ 0.5γ ɝ (80%) ɫɨɟɞɢɧɟɧɢɣ (135ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 754, 891, 988, 1034, 

1047, 1134, 1157, 1227, 1454, 1643, 1720, 2847, 2945, 3078, 3144, 3397. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 
ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, *ɋ20ɇ3), 0.λ5 ɦ (1H, *H

1α
), 0.λλ ɦ (1H, *H

3α
), 1.1γ ɫ (γɇ, ɋ19ɇ3), 1.14 ɫ 

(γɇ, ɋ19ɇ3), 1.23 ɦ (1ɇ, *H
5α

), 1.47 ɦ (βɇ, *ɇ2,11
), 1.51-1.57 ɦ (βɇ, *ɇ9,11

), 1.72-1.80 ɦ (γH, 

*H
2,6,1β

), 1.80-1.8λ ɦ (1ɇ, *ɇ7α
), 1.λ4 ɦ (1ɇ, *ɇ6

), β.1β ɦ (1ɇ, *ɇ3β
), β.17 ɦ (1ɇ, *ɇ12

), β.γ6 ɦ (1ɇ, 
*ɇ7α

), β.γ7 ɦ (1ɇ, ɇ12
), β.46 ɦ (1ɇ, ɇ12

), γ.06 ɞ.ɞ (1ɇ, ɋɇ2, J 15.1, 4.8), γ.08 ɞ.ɞ (1ɇ, ɋɇ2, J 15.1, 

5.4), γ.γ1 ɞ.ɞ (1ɇ, ɋɇ2, J 15.1, 8.0), γ.γβ ɞ.ɞ (1ɇ, ɋɇ2, J 15.1, 8.6), 3.59 c (γɇ, *OCH3), 4.4λ ɫ (1ɇ, 
ɇ17

), 4.5γ ɫ (1ɇ, ɇ17
), 4.84 ɫ (1ɇ, ɇ17

), 4.84 ɫ (1ɇ, ɇ17
), 4.λ4 ɞ.ɞ (1ɇ, ɋɇɈɇ, J 8.0, 5.4), 4.λ6 ɞ.ɞ 

(1ɇ, ɋɇɈɇ, J 8.6, 4.8), 5.44 ɞ (βɇ, ɋɇ2Ph, J 4.6), 5.45 ɞ (βɇ, ɋɇ2 Ph, J 2.5), 6.15 ɞ (1ɇ, ɇ14
, J14,15 

1.5), 6.16 ɞ (1ɇ, ɇ14
, J14,15 1.5), 7.10 ɫ (1H, H

5’
), 7.14 ɫ (1H, H

5’
), 7.1λ ɦ (βɇ, *ɇ2”,6”

),
 7.β5 ɦ (1ɇ, 

*ɇ15
), 7.γγ ɦ (γɇ, *ɇ3”,5”,4”

). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 12.48 ɤ (*C

20
), 19.79 ɬ (*ɋ2

), 22.72 ɬ, 22.90 ɬ 
(ɋ12

), 24.33 ɬ, 24.55 ɬ (ɋ11
), 26.11 ɬ (*C

6
), 28.62 ɤ, 28.66 ɤ (C19

), 31.95 ɬ, 32.02 ɬ (ɋɇ2), 38.00 ɬ, 
38.03 ɬ (C3

), 38.49 ɬ, 38.57 ɬ (C7
), 38.85 ɬ, 38.89 ɬ (C1

), 39.98 ɫ, 40.02 ɫ (C10
), 44.15 ɫ (*ɋ4

), 50.98 ɤ, 

51.00 ɤ (Ɉɋɇ3), 53.87 ɬ, 53.88 ɬ (ɋɇ2Ph), 54.65 ɞ, 55.04 ɞ (ɋ9
), 55.97 ɞ, 56.09 ɞ (ɋ5

), 64.97 ɞ 
(*ɋɇɈɇ), 106.37 ɬ, 106.44 ɬ (ɋ17

), 111.27 ɞ, 111.41 ɞ (ɋ14
), 121.71 ɞ (*ɋ5’

), 121.96 ɫ (*ɋ13
), 127.78 
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ɞ, 127.80 ɞ (*ɋ2”,6”
), 128.50 ɞ, 128.51 ɞ (ɋ4”

), 128.91 ɞ (*ɋ5”,3”
), 134.60 ɫ (*ɋ1”

), 141.16 ɞ, 141.21 ɞ 
(ɋ15

), 144.81 ɫ, 144.90 ɫ (C4’
), 147.66 ɫ, 147.78 ɫ (ɋ8

), 149.52 ɫ, 149.61 ɫ (ɋ16
), 177.61 ɫ, 177.64 ɫ 

(ɋ18
) (* - ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 531 (4), 514 (10), 513 (12), 265 (11), 202 

(24), 174 (1β), 17γ (86), 1β1 (β0), λ1 (100). ɇɚɣɞɟɧɨμ [M] 531.3089. C32H41N3O4. ȼɵɱɢɫɥɟɧɨμ 
531.3092.  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-(2-{2-[2-(1-ɛɟɧɡɢɥ-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ)ɚɰɟɬɢɥ]ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (136). Ʉ ɪɚɫɬɜɨɪɭ 0.50 

ɝ (0.λ ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (135ɚ,ɛ) ɜ 10 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ 

0.44 ɝ (1.0 ɦɦɨɥɹ) ɪɟɚɝɟɧɬɚ Ⱦɟɫɫ-Ɇɚɪɬɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.γγ ɝ (65%) 

ɫɨɟɞɢɧɟɧɢɹ (136) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +37.45 (c 0.33, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 278 (3.75). ɂɄ ɫɩɟɤɬɪ, 

Ȟ, ɫɦ-1
: 733, 754, 885, 1047, 1153, 1229, 1414, 1454, 1468, 1580, 1674, 1722, 2847, 2945, 3424. 

ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.96-1.04 ɦ (2H, H

1α,3α
), 1.15 ɫ (γɇ, 

ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, H5α
, J 12.0, 2.8), 1.46* ɦ (1ɇ, ɇ2

), 1.5λ* ɦ (1ɇ, ɇ11
), 1.60 ɦ (1ɇ, ɇ9

), 1.73 ɦ, 

1.77 ɦ, 1.80 ɦ (3H, H
6,1β,2

), 1.85 ɦ (1ɇ, ɇ7α
), 1.λ5 ɦ (1ɇ, ɇ6

), β.1γ ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 13.2), β.γ8 ɦ (1ɇ, 

ɇ7α
), β.65 ɦ (1ɇ, ɇ12

), β.λ1 ɦ (1ɇ, ɇ12
), 3.58 c (γɇ, OCH3), 4.γγ ɫ (βɇ, ɋɇ2), 4.61 ɫ (1ɇ, ɇ17

), 4.87 ɫ 

(1ɇ, ɇ17
), 5.50 ɫ (βɇ, ɋɇ2Ph), 6.4γ ɞ (1ɇ, ɇ14

, J14,15 1.6), 7.β5 ɦ (βɇ, ɇ2”,6”
),

 
7.33-7.γ5 ɦ (γɇ, 

ɇ3”,5”,4”
), 7.4γ ɞ (1ɇ, ɇ15

, J14,15 1.6), 7.58 ɫ (1H, H
5’

). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 12.45 ɤ (C20

), 19.79 ɬ 

(ɋ2
), 23.60 ɬ (ɋ12

), 24.75 ɬ (ɋ11
), 26.12 ɬ (C6

), 28.68 ɤ (C19
), 36.10 ɬ (ɋɇ2), 38.07 ɬ (C3

), 38.58 ɬ (C7
), 

38.91 ɬ (C1
), 40.15 ɫ (C10

), 44.16 ɫ (ɋ4
), 51.01 ɤ (Ɉɋɇ3), 54.02 ɬ (ɋɇ2Ph), 55.57 ɞ (ɋ9

), 56.13 ɞ (ɋ5
), 

106.50 ɬ (ɋ17
), 114.55 ɞ (ɋ14

), 122.78 ɞ (ɋ5’
), 127.95 ɞ (ɋ2”,6”

), 128.51 ɞ (ɋ4”
), 128.92 ɞ (ɋ5”,3”

), 

134.64 ɫ (ɋ1”
), 136.46 ɫ (ɋ13

), 140.89 ɫ (C4’
), 144.71 ɞ (ɋ15

), 147.25 ɫ (ɋ8
), 147.53 ɫ (ɋ16

), 177.62 ɫ 

(ɋ18
), 186.04 ɫ (ɋɈ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 356 (24), 341 (37), 312 (10), 300 (18), 299 (100), 

281 (21), 192 (25), 189 (15), 181 (11), 173 (13), 161 (14), 151 (74), 149 (11), 148 (45), 147 (47), 146 

(10), 133 (11), 122 (11), 121 (79), 120 (12), 119 (18), 109 (20), 107 (25), 106 (16), 105 (42), 95 (14), 

λγ (ββ), λ1 (γβ), 81 (β5), 7λ (βλ), 77 (βλ), 67 (1γ), 65 (11), 55 (18), 5γ (10), 41 (1λ). ɇɚɣɞɟɧɨμ [M] 

529.6694. C32H39N3O4. ȼɵɱɢɫɥɟɧɨμ 5βλ.66λ9. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-(2-{2-[(E)-2-(1-ɛɟɧɡɢɥ-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ)ɜɢɧɢɥ]-ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (137). Ʉ ɪɚɫɬɜɨɪɭ 0.4γ 

ɝ (0.81 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (135ɚ,ɛ) ɜ ɷɬɢɥɚɰɟɬɚɬɟ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ 

0.1γ ɦɥ (1.6γ ɦɦɨɥɶ) ɦɟɬɚɧɫɭɥɶɮɨɯɥɨɪɢɞɚ, ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ, ɞɨɛɚɜɢɥɢ 0.0γ ɝ (0.β4 ɦɦɨɥɶ) 4-
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ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧɚ ɢ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɪɢɤɚɩɚɥɢ 0.βγ ɦɥ (1.6γ ɦɦɨɥɶ) 

Et3N. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 1 ɱ ɩɪɢ 0ɨɋ, ɢ ɟɳё 1 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ɡɚɬɟɦ ɪɚɡɛɚɜɢɥɢ 1 N ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ HCl (70 ɦɥ), ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ 

ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ K2CO3 (pH=8-λ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɩɨɞ ɜɚɤɭɭɦɨɦ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ). 

ɉɨɥɭɱɢɥɢ 0.β0 ɝ (4λ%) ɫɨɟɞɢɧɟɧɢɹ (137) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +43.26 (c 0.32, CHCl3). ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 312 (4.21). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 739, 754, 893, 961, 982, 1047, 1155, 1229, 1454, 1643, 

1720, 1759, 2849, 2945, 3429. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɞ.ɬ 

(1H, H
1α

, J 13.2, 4.6), 0.λ8 ɞ.ɬ (1H, H
3α

, J 13.3, 3.8), 1.1γ ɫ (γɇ, 

ɋ19ɇ3), 1.βγ ɞ.ɞ (1ɇ, H5α
, J 12.0, 2.8), 1.45 ɦ (1ɇ, ɇ2

), 1.57 ɦ (βɇ, 

ɇ9,11
), 1.67-1.70 ɦ (1ɇ, ɇ11

), 1.73 ɦ, 1.76 ɦ, 1.80 ɦ (3H, H
6,1β,2

), 1.83 

ɦ (1ɇ, ɇ7α
), 1.λ4 ɦ (1ɇ, ɇ6

), β.11 ɞ.ɦ (1ɇ, ɇ3β
, Jɝɟɦ 13.3), 2.32-β.γλ ɦ 

(βɇ, ɇ7α,12
), β.56 ɦ (1ɇ, ɇ12

), 3.58 c (γɇ, OCH3), 4.58 ɫ (1ɇ, ɇ17
), 

4.8λ ɫ (1ɇ, ɇ17
), 5.48 ɫ (βɇ, ɋɇ2Ph), 6.β6 ɞ (1ɇ, ɇ14

, J14,15 1.9), 6.8γ ɞ 

(1ɇ, ɇ6’
, J 16.1), 7.04 ɞ (1ɇ, ɇ7’

, J 16.1), 7.β6 ɦ (βɇ, ɇ2”,6”
), 7.β7 ɞ 

(1ɇ, ɇ15
, J14,15 1.9), 7.32 ɦ, 7.33 ɦ (γɇ, ɇ3”,5”,4”

), 7.γ6 ɫ (1H, H
5’

). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 12.46 ɤ (C20

), 19.72 ɬ (ɋ2
), 22.98 ɬ (ɋ12

), 

24.21 ɬ (ɋ11
), 26.05 ɬ (C6

), 28.56 ɤ (C19
), 37.94 ɬ (C3

), 38.44 ɬ (C7
), 38.81 ɬ (C1

), 39.95 ɫ (C10
), 44.07 ɫ 

(ɋ4
), 50.91 ɤ (Ɉɋɇ3), 53.87 ɬ (ɋɇ2Ph), 54.65 ɞ (ɋ9

), 55.96 ɞ (ɋ5
), 106.36 ɬ (ɋ17

), 112.54 ɞ (ɋ14
), 

113.04 ɞ (C7’
), 116.46 ɞ (C6’

), 119.90 ɞ (ɋ5’
), 124.58 ɫ (ɋ13

), 127.84 ɞ (ɋ2”,6”
), 128.51 ɞ (ɋ4”

), 128.89 ɞ 

(ɋ5”,3”
), 134.51 ɫ (ɋ1”

), 141.64 ɞ (ɋ15
), 146.46 ɫ (C4’

), 147.66 ɫ (ɋ8
), 148.06 ɫ (ɋ16

), 177.51 ɫ (ɋ18
). 

Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 513 (4), 189 (10), 158 (10), 130 (11), 128 (18), 121 (53), 119 (10), 115 

(10), 109 (15), 107 (15), 105 (12), 93 (12), 92 (10), 91 (100), 85 (18), 83 (27), 81 (15), 79 (11), 77 (10), 

65 (15), 55 (11), 4γ (54). ɇɚɣɞɟɧɨμ [M] 513.2990. C32H39N3O3. ȼɵɱɢɫɥɟɧɨμ 51γ.βλ86.  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-{2-[2-((2R)-1-ɝɢɞɪɨɤɫɢ-2-{1-[3-(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ]-1ɇ-

ɬɪɢɚɡɨɥ-4-ɢɥжɷɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж- ɢ (1S,4ɚR,5S,8ɚS)-ɦɟɬɢɥ-5-{2-[2-((2S)-1-ɝɢɞɪɨɤɫɢ-2-{1-

[3-(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ]-1ɇ-ɬɪɢɚɡɨɥ-4-ɢɥжɷɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж- 1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (139ɚ,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.β ɦɦɨɥɶ) 

ɫɨɟɞɢɧɟɧɢɣ (129ɚ,ɛ) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β1 ɦɥ (1.β ɦɦɨɥɹ) ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.48 ɝ (1.β ɦɦɨɥɶ) 

(3S,4R,5R)-3-ɚɡɢɞo-4,5-ɛɢɫД(ɦɟɬɚɧɫɭɥɶɮɨɧɢɥ)ɨɤɫɢЖ-1-(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)-ɰɢɤɥɨɝɟɤɫɟɧɚ (138) ɢ 

0.01β ɝ (0.1β ɦɦɨɥɶ) CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ 40 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, 

ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ H2SO4 (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 
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NH4Cl/NH4OH (λ ɝ NH4Cl, 1 ɦɥ NH4OH ɢ 100 ɦɥ ɇ2Ɉ) (βɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). ɉɨɥɭɱɢɥɢ 0.6γ ɝ (85%) ɫɨɟɞɢɧɟɧɢɣ (139ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (3.83). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 675, 756, 814, 891, 1040, 1109, 1159, 1231, 

1273, 1371, 1454, 1491, 1595, 1645, 1720, 2849, 2943, 3082, 3148, 3427. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.γ4 ɫ (γɇ, *ɋ20ɇ3), 0.86 ɦ (1H, *H
1α

), 0.8λ ɞ.ɬ (1H, *H
3α

, J 13.4, 3.8), 1.05 ɫ (γɇ, 

ɋ19ɇ3), 1.06 ɫ (γɇ, ɋ19ɇ3), 1.16 ɦ (1ɇ, *H
5α

), 1.γ5 ɬ 

(5ɇ, *Ɉɋɇ2ɋɇ3, *ɇ2,11
, J 7.0), 1.4β ɭɲ.ɫ (1ɇ, *ɇ9

), 

1.50 ɦ (1ɇ, *ɇ11
), 1.58-1.7γ ɦ (γH, *ɇ6,1β,2

), 1.78 ɞ.ɞ 

(1ɇ, *ɇ7α
, J 13.0, 3.6), 1.87 ɞ.ɦ (1ɇ, *ɇ6

, J 12.5), 2.03 

ɦ (1ɇ, *ɇ3β
), 2.16 ɦ (1ɇ, *ɇ12

), β.βλ ɞ.ɬ (1ɇ, *ɇ7β
, J 

12.1, 2.9), β.41 ɦ (1ɇ, *ɇ12
), γ.1λ ɞ.ɞ (1ɇ, *ɋɇ2, J 

14.4, 5.7), γ.γ8 ɞ.ɞ (1ɇ, ɋɇ2, J 14.4, 5.7), γ.40 ɞ.ɞ (1ɇ, 

ɋɇ2, J 14.4, 5.7), 3.51 c (γɇ, *OCH3), 4.γ4 ɤ (βɇ, *ɋɇ2ɋɇ3, J 7.0), 4.41 ɫ (1ɇ, ɇ17
), 4.47 ɫ (1ɇ, ɇ17

), 

4.79 ɫ (1ɇ, *ɇ17
), 4.λ8 ɬ (1ɇ, *ɋɇɈɇ, J 5.7), 6.16 ɞ (1ɇ, ɇ14

, J 1.6), 6.17 ɞ (1ɇ, ɇ14
, J 1.6), 7.β7 ɞ 

(1ɇ, *ɇ15
, J 1.6), 7.50 ɬ (1ɇ, H5”

, J 8.1), 7.51 ɬ (1ɇ, H5”
, J 8.1), 7.67 ɫ (1H, H

5’
), 7.70 ɫ (1H, H

5’
), 7.87 

ɞ.ɦ (1H, *H
6”

, J 8.1), 8.00 ɞ (1H, *H
4”

, J 8.1), 8.β0 ɬ (1H, H
2”

, J 1.9), 8.β1 ɬ (1H, H
2”

, J 1.9). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 12.38 ɤ (*C

20
), 14.16 ɤ (*Ɉɋɇ2ɋɇ3), 19.72 ɬ (*ɋ2

), 22.85 ɬ (*ɋ12
), 24.41 ɬ, 24.47 ɬ 

(ɋ11
), 26.08 ɬ (*C

6
), 28.58 ɤ (*C

19
), 32.01 ɬ (*ɋɇ2), 37.88 ɬ, 37.94 ɬ (C3

), 38.45 ɬ, 38.49 ɬ (C7
), 38.79 ɬ 

(*C
1
), 39.92 ɫ (*ɋ10

), 44.06 ɫ (*C
4
), 50.98 ɤ (*Ɉɋɇ3), 54.79 ɞ, 54.91 ɞ (ɋ9

), 55.96 ɞ (*ɋ5
), 61.46 ɬ 

(*Ɉɋɇ2ɋɇ3), 64.74 ɞ, 64.84 ɞ (ɋɇɈɇ), 106.39 ɬ (*ɋ17
), 111.47 ɞ (*ɋ14

), 120.73 ɞ, 120.80 ɞ (ɋ5’
), 

122.18 ɫ, 122.29 ɫ (ɋ13
), 124.22 ɞ (*ɋ6”

), 124.31 ɞ (*ɋ2”
), 129.25 ɞ (*ɋ4”

), 129.74 ɞ (*ɋ5”
), 131.97 ɫ 

(*ɋ3”
), 136.99 ɫ (*C

1”
), 141.25 ɞ (*ɋ15

), 145.38 ɫ (*C
4’

), 147.64 ɫ (*ɋ8
), 149.60 ɫ (*ɋ16

), 165.15 ɫ 

(*ɋɈ2ɋɇ2ɋɇ3), 177.60 ɫ (*ɋ18
) (* - ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 589 (3), 571 

(20), 543 (22), 341 (13), 339 (12), 315 (10), 308 (18), 307 (32), 295 (53), 294 (76), 280 (17), 266 (15), 

249 (24), 248 (100), 231 (26), 222 (22), 221 (26), 220 (42), 202 (62), 174 (14), 147 (20), 130 (17), 121 

(56), 119 (15), 119 (23), 107 (21), 105 (18), 93 (19), 91 (50), 81 (27), 79 (18), 77 (16), 65 (16), 55 (18), 

41 (16), βλ (16). ɇɚɣɞɟɧɨμ [M] 589.3141. C34H43O6N3. ȼɵɱɢɫɥɟɧɨμ 58λ.γ146. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-(2-{2-[({1-[3-(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ]-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-

ɢɥжɦɟɬɨɤɫɢ)ɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (140). Ʉ 
ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.β5 ɦɦɨɥɶ) 
ɫɨɟɞɢɧɟɧɢɹ (128) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɜ 
ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β1 ɦɥ 
(1.β5 ɦɦɨɥɹ) ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.48 ɝ (1.β1 ɦɦɨɥɶ) 
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(3S,4R,5R)-3-ɚɡɢɞo-4,5-ɛɢɫД(ɦɟɬɚɧɫɭɥɶɮɨɧɢɥ)ɨɤɫɢЖ-1-(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɰɢɤɥɨɝɟɤɫɟɧɚ (138) ɢ 
0.01β ɝ (0.1γ ɦɦɨɥɶ) CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ 
ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, 
ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ H2SO4 (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 
NH4Cl/NH4OH (λ ɝ NH4Cl, 1 ɦɥ NH4OH ɢ 100 ɦɥ ɇ2Ɉ) (2ɯ50 ɦɥ), ɜɨɞɨɣ (2ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 
MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.64 ɝ (87%) ɫɨɟɞɢɧɟɧɢɹ (140) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +24.10 (c 2.7, CHCl3). 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 222 (4.34), 250 (3.83). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 741, 891, 1074, 1153, 1229, 

1382, 1449, 1466, 1643, 1724, 2849, 2934, 2943, 3306. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.γ6 ɫ 
(γɇ, ɋ20ɇ3), 0.84 ɦ (1H, H

1α
), 0.87 ɞ.ɬ (1H, H

3α
, J 12.9, 4.1), 1.0γ ɫ (γɇ, ɋ19ɇ3), 1.γ0 ɬ (5ɇ, 

Ɉɋɇ2ɋɇ3, H
5α,2

, J 7.0), 1.47 ɦ (βɇ, ɇ9,11
), 1.5λ ɦ (1ɇ, ɇ11

), 1.62 ɦ, 1.66 ɦ (3H, H
6,1β,2

), 1.7γ ɦ (1ɇ, 
ɇ7α

), 1.84 ɞ.ɦ (1ɇ, ɇ6
, J 12.5), β.01 ɞ.ɦ (1ɇ, ɇ3β

, Jɝɟɦ 12.9), β.β0 ɦ (1ɇ, ɇ12
), β.β7 ɦ (1ɇ, ɇ7β

), β.45 ɦ 
(1ɇ, ɇ12

), 3.47 c (γɇ, OCH3), 4.γ0 ɤ (βɇ, Ɉɋɇ2ɋɇ3, J 7.0), 4.41 ɫ (βɇ, Oɋɇ2), 4.46 ɫ (1ɇ, ɇ17
), 4.62 

ɫ (βɇ, Fuɋɇ2Ɉ), 4.76 ɫ (1ɇ, ɇ17
), 6.15 ɞ (1ɇ, ɇ14

, J14,15 1.8), 7.βγ ɞ (1ɇ, ɇ15
, J14,15 1.8), 7.48 ɬ (1ɇ, 

H
5”

, J 7.8), 7.88 ɞ.ɦ (1H, H
6”

, J 7.8), 7.λ8 ɞ (1H, H
4”

, J 7.8), 7.λ8 ɫ (1H, H
5’

), 8.β4 ɞ (1H, H
2”

, J 1.5). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 12.12 ɤ (C20

), 13.82 ɤ (Ɉɋɇ2ɋɇ3), 19.41 ɬ (ɋ2
), 22.73 ɬ (ɋ12

), 24.06 ɬ (ɋ11
), 

25.75 ɬ (C6
), 28.21 ɤ (C19

), 37.61 ɬ (C3
), 38.15 ɬ (C7

), 38.47 ɬ (C1
), 39.61 ɫ (ɋ10

), 43.70 ɫ (C4
), 50.56 ɤ 

(Ɉɋɇ3), 54.33 ɞ (ɋ9
), 55.61 ɞ (ɋ5

), 61.04 ɬ (Ɉɋɇ2ɋɇ3), 61.83 ɬ (Ɉɋɇ2), 62.81 ɬ (Fuɋɇ2Ɉ), 106.92 ɬ 
(ɋ17

), 111.06 ɞ (ɋ14
), 120.24 ɞ (ɋ5’

)*, 120.50 ɞ (ɋ6”
)*, 123.96 ɞ (ɋ2”

), 124.20 ɫ (ɋ13
), 129.01 ɞ (ɋ4”

), 

129.45 ɞ (ɋ5”
), 131.71 ɫ (ɋ3”

), 136.64 ɫ (ɋ1”
), 141.66 ɞ (ɋ15

), 145.72 ɫ (C4’
), 146.γβ ɫ (ɋ16

), 147.39 ɫ 
(ɋ8

), 164.61 ɫ (ɋɈ2ɋɇ2ɋɇ3), 177.05 ɫ (ɋ18
) (*- ɫɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z (Iɨɬɧ., %): 58λ (0.5), β48 (11), βγβ (15), βγ1 (100), β0β (11), 1β1 (1β), λ4 (10). ɇɚɣɞɟɧɨμ [M] 

589.3143. C34H43O6N3. ȼɵɱɢɫɥɟɧɨμ 58λ.γ146.  
(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-{2-[(2S)-2-[1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ]-1-

{[1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ]ɦɟɬɨɤɫɢжɷɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж- ɢ 
(1S,4ɚR,5S,8ɚR)-ɦɟɬɢɥ-5-{2-[(2R)-2-[(1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ)]-1-

{[1-(2-ɦɟɬɨɤɫɢ-2-ɨɤɫɨɷɬɢɥ)-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ]ɦɟɬɨɤɫɢжɷɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɵ (141ɚ,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.54 ɝ (1.β 
ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (130ɚ,ɛ) ɜ 10 ɦɥ 
ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.4β ɦɥ (β.4 ɦɦɨɥɹ) 
ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.γ5 ɝ (γ.1 ɦɦɨɥɶ) 
ɦɟɬɢɥ-2-ɚɡɢɞɨɚɰɟɬɚɬɚ (132) ɢ 0.01β ɝ (0.1β 
ɦɦɨɥɶ) CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ 
ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ 
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ɪɚɫɬɜɨɪɨɦ H2SO4 (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NH4Cl/NH4OH (λ ɝ NH4Cl, 1 ɦɥ 
NH4OH ɢ 100 ɦɥ ɇ2Ɉ) (βɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ 
ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). 

ɉɨɥɭɱɢɥɢ 0.5β ɝ (86%) ɫɨɟɞɢɧɟɧɢɣ (141ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (4.03). 

ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 756, 802, 893, 993, 1049, 1091, 1155, 1227, 1367, 1441, 1464, 1510, 1555, 1643, 

1720, 1757, 2851, 2874, 2953, 3081, 3148. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (γɇ, 

*ɋ20ɇ3), 0.λ8 ɦ (βH, *H
1α,3α

), 1.1β ɫ (γɇ, *ɋ19ɇ3), 1.βγ ɞ (1ɇ, *H
5α

, J 13.7), 1.43 ɦ, 1.47 ɦ (βɇ, 
*ɇ2,11

), 1.5β ɭɲ.ɫ (1ɇ, *ɇ9
), 1.58 ɦ (1ɇ, *ɇ11

), 1.70 ɦ, 1.73 ɦ, 1.89 ɦ (3H, *H
6,1β,2

), 1.85 ɦ (1ɇ, 
*ɇ7α

), 1.λγ ɞ.ɦ (1ɇ, *ɇ6
, J 13.7), β.10 ɞ.ɦ (1ɇ, *ɇ3β

, Jɝɟɦ 13.2), β.β4 ɦ (1ɇ, *ɇ12
), β.γγ ɦ (1ɇ, *ɇ7β

), 

β.4λ ɦ (1ɇ, *ɇ12
), γ.10 ɦ (1ɇ, *ɋɇ2), γ.40 ɦ (1ɇ, *ɋɇ2), 3.56 c (γɇ, *OCH3), γ.74 ɫ (6ɇ, 

*βɋɇ2ɋɈ2ɋɇ3), 4.γ6 ɞ (1ɇ, Ɉɋɇ2, J 12.1), 4.γ8 ɞ (1ɇ, Ɉɋɇ2, J 12.1), 4.47-4.54 ɦ (1ɇ, *Ɉɋɇ2), 

4.50 ɫ (1ɇ, *ɇ17
), 4.64 ɦ (1ɇ, *ɋɇɈɇ), 4.8β ɫ (1ɇ, *ɇ17

), 5.11 ɫ (4ɇ, *ɋɇ2ɋɈ2ɋɇ3), 6.βγ ɫ (1ɇ, 
*ɇ14

), 7.γγ ɫ (1ɇ, *ɇ15
), 7.γγ ɫ (1H, H

5’
), 7.γλ ɫ (1H, H

5’
), 7.48 ɫ (1H, H

5’
), 7.50 ɫ (1H, H

5’
). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 12.46 ɤ, 12.50 ɤ (C20

), 19.79 ɬ, 19.81 ɬ (ɋ2
), 22.85 ɬ, 22.88 ɬ (ɋ12

), 24.37 ɬ, 24.42 ɬ 
(ɋ11

), 26.14 ɬ (*C
6
), 28.64 ɤ, 28.66 ɤ (C19

), 30.82 ɬ (*ɋɇ2), 38.02 ɬ, 38.04 ɬ (C3
), 38.55 ɬ (*C

7
), 38.90 

ɬ, 38.92 ɬ (C1
), 40.04 ɫ, 40.11 ɫ (ɋ10

), 44.16 ɫ (*C
4
), 50.41 ɬ (*ɋɇ2ɋɈ2ɋɇ3), 50.47 ɬ (*ɋɇ2ɋɈ2ɋɇ3), 

51.00 ɤ (*Ɉɋɇ3), 52.78 ɤ (*βɋɇ2ɋɈ2ɋɇ3), 54.98 ɞ, 55.07 ɞ (ɋ9
), 56.02 ɞ, 56.05 ɞ (ɋ5

), 61.72 ɞ, 

61.82 ɞ (ɋɇɈɇ), 71.08 ɬ, 71.40 ɬ (Ɉɋɇ2), 106.41 ɬ, 106.50 ɬ (ɋ17
), 111.20 ɞ (*ɋ14

), 123.73 ɞ (*ɋ5’
), 

123.93 ɞ (*ɋ5’
), 124.58 ɫ, 124.61 ɫ (ɋ13

), 141.97 ɞ, 142.00 ɞ (ɋ15
), 145.35 ɫ (*C

4’
), 145.38 ɫ (*C

4’
), 

146.67 ɫ, 146.80 ɫ (ɋ16
), 147.64 ɫ, 147.66 ɫ (ɋ8

), 166.77 ɫ (*ɋɇ2ɋɈ2ɋɇ3), 167.04 ɫ (*ɋɇ2ɋɈ2ɋɇ3), 

177.64 ɫ (*ɋ18
) (* - ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 666 (1.1), 513 (19), 512 (64), 

496 (36), 495 (74), 467 (18), 315 (36), 263 (18), 218 (23), 190 (32), 189 (19), 158 (23), 155 (68), 147 

(28), 131 (28), 128 (19), 126 (100), 121 (72), 119 (19), 109 (19), 107 (27), 105 (24), 98 (39), 93 (26), 

91 (43), 84 (20), 81 (33), 79 (24), 72 (21), 68 (20), 67 (18), 55 (26), 45 (21), 44 (22), 42 (26), 41 (31). 

ɇɚɣɞɟɧɨμ [M] 666.3366. C34H46O8N6. ȼɵɱɢɫɥɟɧɨμ 666.γγ7β.  
(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-{2-[(2S)-1-{1-[3-(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ]-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-

ɢɥжɦɟɬɨɤɫɢ]-{2-[1-(3-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ-

1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ]ɷɬɢɥжɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж- 

ɢ (1S,4ɚR,5S,8ɚR)-ɦɟɬɢɥ 5-{2-[(2R)-1-{1-{3-

(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ]-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-

ɢɥжɦɟɬɨɤɫɢ]-{2-[1-(3-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)ɮɟɧɢɥ-

1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-ɢɥ]ɷɬɢɥжɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɵ (142ɚ,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.β7 ɝ (0.61 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɣ (130ɚ,ɛ) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ 

ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
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ɞɨɛɚɜɢɥɢ 0.β1 ɦɥ (1.β1 ɦɦɨɥɹ) ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.47 ɝ (1.β1 ɦɦɨɥɶ) (3S,4R,5R)-3-ɚɡɢɞo-

4,5-ɛɢɫД(ɦɟɬɚɧɫɭɥɶɮɨɧɢɥ)-ɨɤɫɢ]-1-(ɷɬɨɤɫɢ-ɤɚɪɛɨɧɢɥ)ɰɢɤɥɨɝɟɤɫɟɧɚ (138) ɢ 0.01 ɝ (0.10 ɦɦɨɥɶ) 

CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ H2SO4 (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NH4Cl/NH4OH (λ ɝ NH4Cl ɢ 1 

ɦɥ NH4OH ɧɚ 100 ɦɥ ɇ2Ɉ) (βɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). 

ɉɨɥɭɱɢɥɢ 0.γλ ɝ (78%) ɫɨɟɞɢɧɟɧɢɣ (142ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 222 (3.85). 

ɋɩɟɤɬɪ ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 675, 757, 893, 1045, 1111, 1164, 1229, 1270, 1375, 1458, 1497, 1594, 

1644, 1720, 2849, 2943, 3142, 3437. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.γ6 ɫ (γɇ, *ɋ20ɇ3), 

0.86 ɦ (1H, *H
1α

), 0.λβ ɞ.ɬ (1H, *H
3α

, J 13.3, J 4.0), 1.07 ɫ (γɇ, ɋ19ɇ3), 1.0λ ɫ (γɇ, ɋ19ɇ3), 1.14 ɞ.ɞ 

(1ɇ, *H
5α

, J 11.7, 2.5), 1.γ7 ɬ (γɇ, *ɋɇ2ɋɇ3, J 7.1), 1.γ8 ɬ (4ɇ, *ɋɇ2ɋɇ3, *ɇ2
, J 7.1), 1.47 ɦ (βɇ, 

*ɇ9,11
), 1.54 ɦ (1ɇ, *ɇ11

), 1.60 ɦ, 1.65 ɦ, 1.69 ɦ (3H, *H
6,1β,2

), 1.76 ɞ.ɦ (1ɇ, *ɇ7α
, J 14.1), 1.88 ɦ 

(1ɇ, *ɇ6
), 1.98-β.08 ɦ (1ɇ, *ɇ3β

), 2.18-β.β5 ɦ (1ɇ, *ɇ12
), β.β8 ɦ (1ɇ, *ɇ7β

), 2.41-β.5β ɦ (1ɇ, *ɇ12
), 

γ.15 ɦ (1ɇ, *ɋɇ2), γ.β8 ɞ.ɞ (1ɇ, *ɋɇ2, J 14.7, 6.4), 3.53 c (γɇ, OCH3), γ.54 ɫ (γɇ, OCH3), 4.γ7 ɤ 

(βɇ, *Ɉɋɇ2ɋɇ3, J 7.1), 4.γλ ɤ (βɇ, *Ɉɋɇ2ɋɇ3, J 7.1), 4.4β ɫ (1ɇ, ɇ17
), 4.48 ɫ (1ɇ, ɇ17

), 4.5γ ɞ (1ɇ, 

ɋɇ2Ɉ, J 12.5), 4.54 ɞ (1ɇ, ɋɇ2Ɉ, J 12.5), 4.61 ɞ (1ɇ, ɋɇ2Ɉ, J 12.5), 4.6β ɞ (1ɇ, ɋɇ2Ɉ, J 12.5), 4.79 

ɦ (1ɇ, *ɋɇɈ), 4.81 ɫ (1ɇ, *ɇ17
), 6.β5 ɞ (1ɇ, *ɇ14

, J14,15 1.6), 7.40 ɞ (1ɇ, *ɇ15
, J14,15 1.6), 7.55 ɬ (βɇ, 

*H
5”

, J 8.1), 7.68 ɫ (1H, H
5’

), 7.7γ ɫ (1H, H
5’

), 7.88 ɫ (1H, *H
5’

), 7.λ1 ɦ (βH, *H
6”

), 8.0β ɬ.ɞ (1H, 

*H
4”

, J 8.1, 2.0), 8.06 ɬ.ɞ (1H, *H
4”

, J  8.1, 2.0), 8.β7 ɬ (1H, *H
2”

, J 2.0), 8.β8 ɬ (1H, *H
2”

, J 2.0). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 12.34 ɤ, 12.39 ɤ (C20

), 14.18 ɤ (*Ɉɋɇ2ɋɇ3), 14.19 ɤ (*Ɉɋɇ2ɋɇ3), 19.72 ɬ, 

19.75 ɬ (ɋ2
), 22.92 ɬ, 22.96 ɬ (ɋ12

), 24.37 ɬ, 24.46 ɬ (ɋ11
), 26.09 ɬ (*C

6
), 28.59 ɤ (*C

19
), 30.63 ɬ, 

30.73 ɬ (ɋɇ2), 37.87 ɬ, 37.96 ɬ (C3
), 38.48 ɬ, 38.52 ɬ (C7

), 38.84 ɬ, 38.90 ɬ (C1
), 39.97 ɫ, 40.06 ɫ (ɋ10

), 

44.07 ɫ, 44.10 ɫ (C
4
), 50.98 ɤ (*Ɉɋɇ3), 54.91 ɞ, 55.16 ɞ (ɋ9

), 55.93 ɞ, 56.01 ɞ (ɋ5
), 61.76 ɬ 

(*Ɉɋɇ2ɋɇ3), 61.85 ɬ (*Ɉɋɇ2ɋɇ3), 61.43 ɬ, 64.48 ɬ (ɋɇɈɋɇ2), 71.62 ɞ, 71.91 ɞ (ɋɇɈɋɇ2), 106.30 

ɬ, 106.50 ɬ (ɋ17
), 111.33 ɞ (*ɋ14

), 120.23 ɞ, 120.48 ɞ (ɋ5’
), 120.70 ɞ, 120.80 ɞ (ɋ5’

), 125.08 ɫ, 125.14 

ɫ (ɋ13
), 124.10 ɞ (*ɋ6”

), 124.23 ɞ (*ɋ6”
), 124.42 ɞ (*βɋ2”

), 129.18 ɫ (*ɋ4”
), 129.44 ɫ (*ɋ4”

), 129.74 ɞ 

(*ɋ5”
), 129.80 ɞ (*ɋ5”

), 132.02 ɞ, 132.06 ɞ (ɋ3”
), 132.09 ɞ (*ɋ3”

), 136.96 ɫ, 137.05 ɫ (ɋ1”
), 125.13 ɫ 

(*ɋ1”
), 144.96 ɫ, 145.03 ɫ (C4’

), 145.94 ɫ (*C
4’

), 142.07 ɞ (*ɋ15
), 146.59 ɫ, 146.70 ɫ (ɋ16

), 147.58 ɫ, 

147.74 ɫ (ɋ8
), 165.10 ɫ (*ɋɈ2ɋɇ2ɋɇ3), 165.16 ɫ (*ɋɈ2ɋɇ2ɋɇ3), 177.55 ɫ, 177.58 ɫ (ɋ18

) (* - 

ɭɞɜɨɟɧɢɟ ɫɢɝɧɚɥɚ). ɇɚɣɞɟɧɨ (%)μ ɋ, 67.84, ɇ, 6.5β, N, 9.98. C46H54N6O8. ȼɵɱɢɫɥɟɧɨ (%)μ C, 67.46, 

H, 6.65, N, 10.26.  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-{5-ɮɨɪɦɢɥ-2-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (143). ɚ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.51 ɦɦɨɥɶ) ɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɷɮɢɪɚ (128) ɜ 15 ɦɥ ȾɆɎȺ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ 



201 

 

20ɋ 0.45 ɦɥ (5.0β ɦɦɨɥɶ) POCl3, ɨɫɬɚɜɢɥɢ ɩɪɢ β0ɋ ɧɚ 48 ɱ, ɚ ɡɚɬɟɦ ɜɵɥɢɥɢ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ. Ʉ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ 

NaOAc, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɜɨɞɧɵɣ ɫɥɨɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ. 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ 5%-ɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NaHCO3 ɢ ɫɭɲɢɥɢ ɆgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.λβ ɝ (86%) ɫɨɟɞɢɧɟɧɢɹ (143) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɛ). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.0λ ɝ ɫɨɟɞɢɧɟɧɢɹ (146) ɜ 10 ɦɥ ɚɰɟɬɨɧɚ ɞɨɛɚɜɢɥɢ ɩɪɢ β0ɋ β ɦɥ 1Ɇ 

ɪɚɫɬɜɨɪɚ HCl ɢ ɨɫɬɚɜɢɥɢ ɧɚ β ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɪɚɡɛɚɜɢɥɢ γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, ɩɪɨɦɵɥɢ 

ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 0.λ8 ɝ 

(100%) ɫɨɟɞɢɧɟɧɢɹ (143) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 289 (4.04). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 

669, 756, 891, 988, 1028, 1078, 1155, 1229, 1317, 1352, 1381, 1447, 1466, 1528, 1645, 1684, 1720, 

2118, 2847, 2872, 2945, 3078, 3269, 3302, 3424. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, 

ɋ20ɇ3), 0.λ1 ɞ.ɬ (1H, H
1
, J 1γ.γ, γ.5), 0.λ6 ɞ.ɬ (1H, H

3
, J 13.3, 4.0), 

1.1β ɫ (γɇ, ɋ19ɇ3), 1.β1 ɞ.ɞ (1ɇ, H5
, J 1β.4, β.7), 1.44 ɦ (1ɇ, ɇ2

), 

1.5γ ɦ (1ɇ, ɇ9), 1.57 ɦ (1ɇ, ɇ11
), 1.67-1.85 ɦ (5H, H

1,2,6,7,11), 1.λ4 ɦ 

(1ɇ, ɇ6), β.10 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1β.λ), β.γ1 ɦ (1ɇ, ɇ12), β.γ7 ɬ.ɞ (1ɇ, 

ɇ7
, J 1β.4, γ.1), β.45 ɬ (1ɇ, ɇ5’

, J β.4), β.57 ɦ (1ɇ, ɇ12
), 3.55 c (γɇ, 

OCH3), 4.1γ ɞ (βɇ, ɇ3’3’
, J β.4), 4.50 ɫ (βɇ, ɇ1’,1’), 4.5γ ɫ, 4.87 ɫ (βɇ, 

ɇ17,17
), 7.06 ɫ (1ɇ, ɇ14), λ.55 ɫ (1ɇ, ɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 

1β.58 ɤ (C20), 1λ.86 ɬ (ɋ2), ββ.λ4 ɬ (ɋ12), β4.40 ɬ (ɋ11), β6.β1 ɬ (C6), β8.7γ ɤ (C19
), γ8.06 ɬ (C3

), 38.63 

ɬ (C7), γλ.05 ɬ (C1), 40.15 ɫ (C10), 44.βγ ɫ (ɋ4), 51.10 ɤ (Ɉɋɇ3), 54.88 ɞ (ɋ9
), 56.15 ɞ (ɋ5), 57.54 ɬ 

(ɋ3’), 61.γ1 ɬ (ɋ1’), 75.β8 ɞ (ɋ5’), 78.λ5 ɫ (ɋ4’), 106.5β ɬ (ɋ17), 1ββ.0β ɞ (ɋ14), 1β7.γ4 ɫ (ɋ13), 147.60 ɫ 

(ɋ8), 151.8β* ɫ (ɋ15), 151.88* ɫ (ɋ16), 177.58 ɫ (ɋ18), 177.λ7 ɞ (ɋɇɈ) (*- ɫɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ 

ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 426 (7.8), 358 (21), 357 (87), 325 (11), 311 (13), 310 (19), 297 

(36), 189 (28), 187 (10), 181 (11), 175 (17), 161 (10), 149 (16), 133 (12), 123 (13), 122 (11), 121 (100), 

199 (19), 109 (16), 107 (27), 105 (20), 95 (15), 93 (25), 91 (30), 81 (32), 79 (21), 77 (13), 67 (15), 55 

(17), 41 (18). ɇɚɣɞɟɧɨμ ДM]
 
426.2403.

 
C26H34O4. ȼɵɱɢɫɥɟɧɨμ 4β6.β401.  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-{5-(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)-2-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (144). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.γ4 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (143) 

ɜ 15 ɦɥ ɚɛɫ. ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 

0.8λ ɝ (βγ.44 ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ 
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ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 1.00 ɝ 

(λ7%) ɫɨɟɞɢɧɟɧɢɹ (144) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +40.39
o
 (c 3.61; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

228 (3.84), 289 (3.31). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 667, 756, 889, 984, 1070, 1155, 1229, 1383, 1447, 1466, 

1528, 1643, 1682, 1722, 1761, 2118, 2849, 2874, 2945, 3078, 3306, 3433. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ6 ɞ.ɬ (1H, H
1
, J 14.β, β.7), 1.00 ɞ.ɬ (1H, H

3
, J 1γ.β, γ.λ), 1.15 ɫ (γɇ, 

ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, H5
, J 1β.4, β.8), 1.47 ɦ (1ɇ, ɇ2), 1.57 ɦ (βɇ, ɇ9,11), 1.67 ɦ, 1.76 ɦ, 1.8β ɦ, 1.88 

ɦ (5H, H
1,2,6,7,11

), 1.λ6 ɦ (1ɇ, ɇ6), β.1γ ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 13.2), β.β5 ɦ (1ɇ, ɇ12), β.40 ɦ (1ɇ, ɇ7

), 2.43 

ɬ (1ɇ, ɇ5’
, J β.γ), β.5β ɦ (1ɇ, ɇ12

), 3.59 c (γɇ, OCH3), 4.11 ɞ (βɇ, ɇ3’,3’
, J β.γ), 4.44 ɫ (βɇ, ɇ1’,1’

), 

4.54 ɫ (βɇ, ɇ1”,1”), 4.56 ɫ, 4.88 ɫ (βɇ, ɇ17,17), 6.14 ɫ (1ɇ, ɇ14
). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.54 ɤ (C20
), 

1λ.8γ ɬ (ɋ2), βγ.ββ ɬ (ɋ12), β4.54 ɬ (ɋ11), β6.18 ɬ (C6), β8.68 ɤ (C19
), γ8.05 ɬ (C3), γ8.60 ɬ (C7), γ8.λγ ɬ 

(C
1), 40.06 ɫ (C10), 44.1λ ɫ (ɋ4), 51.0γ ɤ (Ɉɋɇ3), 54.λβ ɞ (ɋ9), 56.08 ɞ (ɋ5), 56.6γ ɬ (ɋ3’), 57.45 ɬ 

(ɋ1”), 61.08 ɬ (ɋ1’), 74.65 ɞ (ɋ5’), 7λ.γ8 ɫ (ɋ4’), 106.γ8 ɬ (ɋ17), 10λ.γ5 ɞ (ɋ14), 1β5.86 ɫ (ɋ13), 146.01 ɫ 

(ɋ15), 147.7γ ɫ (ɋ8), 15γ.7λ ɫ (ɋ16), 177.65 ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 428 (4), 372 (12), 357 

(24), 341 (12), 249 (11), 193 (13), 189 (36), 188 (10), 181 (15), 180 (14), 178 (22), 173 (15), 161 (13), 

150 (24), 149 (19), 147 (10), 133 (16), 133 (11), 125 (15), 124 (45), 123 (10), 122 (13), 121 (100), 199 

(22), 109 (22), 107 (31), 105 (27), 95 (20), 93 (32), 91 (32), 83 (10), 81 (44), 79 (27), 77 (17), 67 (21), 

55 (27), 53 (12), 43 (15), 41 (26), 39 (15). ɇɚɣɞɟɧɨμ ДM]
 
428.2551.

 
C26H36O5. ȼɵɱɢɫɥɟɧɨμ 4β8.β557. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 16-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)-15-(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)-15,16-

ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬɚ  (145) ɫ ɩɪɨɩɚɪɝɢɥɛɪɨɦɢɞɨɦ. ɚ). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.β ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (144) ɜ 10 ɦɥ ȾɆɎȺ ɩɪɢ 0ɨɋ 

ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.4γ ɝ (10.8 ɦɦɨɥɶ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ 

ɞɨɛɚɜɢɥɢ 0.48 ɦɥ (4.γ ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё 4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɜɵɞɟɥɢɥɢ 0.γ7 ɝ (γ4%) ɦɟɬɢɥ 15,16-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)- (145) ɢ 0.β4 ɝ (βγ%) ɦɟɬɢɥ 

16-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)-15-(ɮɨɪɦɢɥɨɤɫɢ)ɦɟɬɢɥ)-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-

18-ɨɚɬɨɜ (147). ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.β ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (144) ɜ 10 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.γ4 ɝ (4.γ ɦɦɨɥɶ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, 

ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.48 ɦɥ (4.γ ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ 

ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё β0 ɱ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 
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ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 

ɉɨɥɭɱɢɥɢ 0.7γ ɝ (7γ%) (1S,4ɚR,5S,8ɚR)-ɦɟɬɢɥ 5-[2-{2,5-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɚ (145). 20][ D  +16.00
o
 (c 0.20; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 230 (4.00). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 635, 671, 822, 889, 934, 988, 1030, 1074, 1155, 1229, 1352, 1383, 1445, 1464, 1643, 

1684, 1722, 2116, 2849, 2945, 3078, 3292. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, ɋ20ɇ3), 

0.λγ ɞ.ɬ (1H, H
1
, J 13.4, γ.8), 0.λ8 ɞ.ɬ (1H, H

3
, J 1γ.β, 4.0), 1.1γ ɫ 

(γɇ, ɋ19ɇ3), 1.βγ ɞ.ɞ (1ɇ, H5
, J 1β.4, γ.0), 1.45 ɦ (1ɇ, ɇ2

), 1.55 

ɦ (βɇ, ɇ9,11), 1.65 ɦ, 1.74 ɦ, 1.84 ɦ (5H, H
1,2,6,7,11), 1.λγ ɦ (1ɇ, 

ɇ6), β.11 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1β.4), β.β4 ɦ (1ɇ, ɇ12), β.γ7 ɦ (1ɇ, 

ɇ7
), 2.41 ɬ (1ɇ, ɇ5’

, J β.4)*, β.4γ ɬ (1ɇ, ɇ5”
, J β.4)*, β.50 ɦ (1ɇ, 

ɇ12
), 3.56 c (γɇ, OCH3), 4.08 ɞ (βɇ, ɇ3’3’

, J β.4)*, 4.1β ɞ (βɇ, 

ɇ3”,3”
, J β.4)*, 4.4β ɫ (βɇ, ɇ1’,1’)**, 4.47 ɫ (βɇ, ɇ1”,1”)**, 4.54 ɫ, 

4.86 ɫ (βɇ, ɇ17,17
), 6.20 c (1ɇ, ɇ14). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.54 ɤ (C20), 1λ.8γ ɬ (ɋ2), βγ.17 ɬ 

(ɋ12), β4.50 ɬ (ɋ11), β6.15 ɬ (C6), β8.67 ɤ (C19), γ8.05 ɬ (C3), γ8.5λ ɬ (C7), γ8.λ6 ɬ (C1), 40.04 ɫ (C10
), 

44.18 ɫ (ɋ4), 51.01 ɤ (Ɉɋɇ3), 54.8λ ɞ (ɋ9), 56.10 ɞ (ɋ5), 56.67 ɬ (ɋ3’)*, 56.75 ɬ (ɋ3”)*, 61.08 ɬ (ɋ1”
)**, 

6γ.β1 ɬ (ɋ1’)**, 74.6β ɞ (ɋ5’)*, 74.80 ɞ (ɋ5”)*, 7λ.β1 ɫ (ɋ4’
)**, 79.40 ɫ (ɋ4”)**, 106.γ8 ɬ (ɋ17

), 111.79 

ɞ (ɋ14), 1β5.7λ ɫ (ɋ13), 146.8β ɫ (ɋ15), 147.71 ɫ (ɋ8), 150.γ6 ɫ (ɋ16), 177.60 ɫ (ɋ18
). (* ɢ ** - ɋɢɝɧɚɥɵ 

ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 466 (5), 411 (18), 397 (26), 341 (17), 231 

(23), 218 (16), 216 (29), 189 (27), 181 (14), 173 (20), 162 (40), 161 (14), 149 (16), 133 (18), 131 (14), 

121 (100), 119 (23), 117 (13), 109 (26), 107 (33), 105 (32), 97 (15), 95 (26), 93 (31), 91 (38), 85 (41), 

83 (64), 81 (46), 79 (28), 77 (19), 71 (14), 69 (23), 67 (23), 57 (20), 55 (34), 53 (13), 46 (16), 43 (19), 

41 (40), γλ (γ5). ɇɚɣɞɟɧɨμ ДM]
 
466.2711.

 
C29H38O5. ȼɵɱɢɫɥɟɧɨμ 466.β714. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-{5-(ɞɢɦɟɬɨɤɫɢɦɟɬɢɥ)-2-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (146). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.γ4 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (143) ɜ 15 ɦɥ ɚɛɫ. ɦɟɬɚɧɨɥɚ ɞɨɛɚɜɢɥɢ 

ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 0.8λ ɝ (βγ.44 ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ 

ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 

ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ 

ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ 

ɩɨɥɭɱɢɥɢ 1.0λ ɝ (λ8%) ɫɨɟɞɢɧɟɧɢɹ (146) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20ɇ3), 0.λ1 ɞ.ɬ (1H, 

H
1
, J 14.β, γ.5), 0.λ5 ɞ.ɬ (1H, H

3
, J 1γ.γ, γ.8), 1.11 ɫ (γɇ, ɋ19ɇ3), 

1.β1 ɞ.ɞ (1ɇ, H5
, J 1β.β, β.7), 1.4β ɦ (1ɇ, ɇ2), 1.5γ ɦ (βɇ, ɇ9,11), 1.65 ɦ, 1.74 ɦ, 1.85 ɦ (5H, 
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H
1,2,6,7,11), 1.λβ ɦ (1ɇ, ɇ6

), 2.09 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1β.6), β.β1 ɦ (1ɇ, ɇ12), β.γ5 ɦ (1ɇ, ɇ7), β.γλ ɬ (1ɇ, 

ɇ5’
, J β.β), β.4λ ɦ (1ɇ, ɇ12), γ.βλ ɫ (6ɇ, ɋɇ(Ɉɋɇ3)2), 3.54 c (γɇ, OCH3), 4.05 ɞ (βɇ, ɇ3’,3’

, J 2.2), 

4.40 ɫ (βɇ, ɇ1’,1’), 4.5γ ɫ, 4.84 ɫ (βɇ, ɇ17,17), 5.γβ ɫ (1ɇ, ɋɇ(Ɉɋɇ3)2), 6.β4 ɫ (1ɇ, ɇ14). ɋɩɟɤɬɪ əɆɊ 
13

C, , ɦ.ɞ.μ 1β.4γ ɤ (C20), 1λ.7γ ɬ (ɋ2), βγ.17 ɬ (ɋ12), β4.4γ ɬ (ɋ11), β6.06 ɬ (C6), β8.5λ ɤ (C19), γ7.λλ ɬ 

(C
3), γ8.50 ɬ (C7), γ8.87 ɬ (C1), γλ.λ4 ɫ (C10), 44.05 ɫ (ɋ4), 50.λγ ɤ (Ɉɋɇ3), 5β.6γ ɤ, 5β.74 ɤ 

(ɋɇ(Ɉɋɇ3)2), 54.85 ɞ (ɋ9
), 56.01 ɞ (ɋ5), 56.4λ ɬ (ɋ3’), 60.λ4 ɬ (ɋ1’), 74.56 ɞ (ɋ5’), 7λ.γ1 ɫ (ɋ4’

), 97.80 

ɞ (ɋɇ(Ɉɋɇ3)2), 106.γβ ɬ (ɋ17), 111.10 ɞ (ɋ14), 1β5.48 ɫ (ɋ13), 147.57 ɫ (ɋ15), 150.β6 ɫ (ɋ16), 146.β1 ɫ 

(ɋ8), 177.45 ɫ (ɋ18
).  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-{5-((ɮɨɪɦɢɥɨɤɫɢ)ɦɟɬɢɥ)-2-((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (147). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 228 (2.98), 284 (2.28). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 667, 756, 

891, 934, 986, 1030, 1074, 1155, 1228, 1360, 1383, 1447, 1464, 1645, 1722, 1761, 2849, 2874, 2947, 

3290, 3429. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ5 ɞ.ɬ (1H, H
1
, J 13.9, 4.0), 

0.λλ ɞ.ɬ (1H, H
3
, J 1γ.4, 4.γ), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1ɇ, H5

, J 

1β.1, β.5), 1.4λ ɦ (1ɇ, ɇ2), 1.58 ɦ (βɇ, ɇ9,11
), 1.67 ɦ, 1.74 ɦ, 1.78 ɦ, 

1.85 ɦ (5H, H
1,2,6,7,11), 1.λ5 ɦ (1ɇ, ɇ6), β.1γ ɞ.ɦ (1ɇ, ɇ3

, Jɝɟɦ 12.6), 

β.β5 ɦ (1ɇ, ɇ12), β.40 ɦ (1ɇ, ɇ7), β.4γ ɬ (1ɇ, ɇ5’
, J β.γ), β.51 ɦ (1ɇ, 

ɇ12
), 3.58 c (γɇ, OCH3), 4.10 ɞ, 4.1β ɞ (βɇ, ɇ3’,3’

, J β.γ), 4.44 ɫ (βɇ, 

ɇ1’,1’
), 4.55 ɫ, 4.88 ɫ (βɇ, ɇ17,17), 5.07 ɫ (βɇ, ɋɇ2ɈɋɇɈ), 6.β8 c (1ɇ, 

ɇ14), 8.06 ɫ (1ɇ, ɋɇ2ɈɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.57 ɤ (C20), 1λ.86 ɬ (ɋ2), βγ.β0 ɬ (ɋ12

), 

β4.55 ɬ (ɋ11), β6.β1 ɬ (C6), β8.7γ ɤ (C19), γ8.10 ɬ (C3), γ8.6γ ɬ (C7), γλ.00 ɬ (C1), 40.11 ɫ (C10
), 44.βγ ɫ 

(ɋ4), 51.07 ɤ (Ɉɋɇ3), 54.λλ ɞ (ɋ9), 56.14 ɞ (ɋ5), 56.86 ɬ (ɋ3’), 57.51 ɬ (ɋɇ2ɈɋɇɈ), 61.06 ɬ (ɋ1’
), 

74.76 ɞ (ɋ5’), 7λ.γ0 ɫ (ɋ4’), 106.4β ɬ (ɋ17), 11β.85 ɞ (ɋ14), 1β6.08 ɫ (ɋ13), 147.βλ ɫ (ɋ15), 147.75 ɫ (ɋ8
), 

148.βγ ɫ (ɋ16), 160.γλ ɞ (ɋɇ2ɈɋɇɈ), 177.64 ɫ (ɋ18
). ɇɚɣɞɟɧɨ (%)μ ɋ, 70.87, ɇ, 8.02. C27H36O6. 

ȼɵɱɢɫɥɟɧɨ (%)μ C, 71.03, H, 7.95. 

(1S,4aR,5S,6R,8aR)-Ɇɟɬɢɥ 5-(2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (149). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ 

(2.87 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (148) ɜ 10 ɦɥ ȾɆɎȺ ɩɪɢ 0ɨɋ 

ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.57 ɝ (14.γ7 ɦɦɨɥɹ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ 

ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.64 ɦɥ (5.74 ɦɦɨɥɶ) 

80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳɟ 4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ 
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ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɥɭɱɢɥɢ 0.70 ɝ 

(6γ%) ɫɨɟɞɢɧɟɧɢɹ (149) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +76.05
o
 (c 0.88, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

208 (3.66). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 756, 874, 982, 1024, 1092, 1151, 1190, 1227, 1330, 1358, 1385, 1449, 

1464, 1722, 1761, 2116, 2853, 2874, 2934, 2949, 3290. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ 

(γɇ, ɋ20ɇ3), 0.7λ ɬ (1H, H
1
, J 1β.1), 0.λ1 ɞ.ɬ (1H, H

3
, J 1β.8), 0.λλ ɞ (1ɇ, H5

, J λ.λ), 1.07 ɫ (γɇ, 

ɋ19ɇ3), 1.17 ɦ, 1.β1 ɦ (βɇ, ɇ9,6), 1.γ4 ɦ, 1.40 ɦ (βH, H
7,11), 1.60 ɦ, 1.64 ɦ, 1.68 ɦ, 1.7β ɦ (5ɇ, 

ɇ2,2,1,7,11), 1.λ4 ɦ (βɇ, ɇ6,8), β.05 ɞ.ɦ (1ɇ, ɇ3
, J 1γ.β), β.β0 ɦ (1ɇ, ɇ12), β.γ7 ɦ (1ɇ, Cɇ≡), β.46 ɦ 

(1ɇ, ɇ12), γ.40 ɬ (1ɇ, ɇ17
, J 8.9), 3.56 c (4ɇ, OCH3, ɇ17), 4.00 ɞ.ɞ (1ɇ, CH2, J 15.9, 2.4), 4.00 ɞ.ɞ 

(1ɇ, CH2, J 15.λ, β.4), 6.17 ɞ (1ɇ, ɇ14
, J β.β), 7.1β ɫ (1ɇ, ɇ15), 7.β4 ɞ (1ɇ, ɇ16

, J β.β). ɋɩɟɤɬɪ əɆɊ 
13

C, , ɦ.ɞ.μ 1γ.5γ ɤ (C20), 18.λ0 ɬ (ɋ2), 18.λ0 ɬ (C7
), ββ.64 ɬ (ɋ12), β5.65 ɬ (ɋ11), β8.41 ɤ (C19

), 29.66 

ɬ (C6), γ5.47 ɞ (ɋ8), γ7.6λ ɬ (C3
), 37.77 ɫ (ɋ4), γ8.λβ ɬ (C10), 4γ.46 ɫ (C4), 50.74 ɞ (ɋ9), 51.04 ɤ 

(Ɉɋɇ3), 56.6λ ɞ (ɋ5), 57.7γ ɬ (CH2), 68.54 ɬ (ɋ17), 7γ.λβ ɞ (Cɇ≡), 7λ.λγ ɫ (C≡), 110.61 ɞ (ɋ14
), 

1β4.7β ɫ (ɋ13), 1γ8.40 ɞ (ɋ15), 14β.βλ ɞ (ɋ16), 177.γ0 ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 386 (2.67), 

330 (10), 175 (12), 123 (10), 121 (23), 109 (15), 107 (16), 105 (10), 95 (16), 93 (13), 91 (11), 82 (100), 

81 (γγ), 7λ (1β), 6λ (10), 67 (15), 55 (17), 41 (17), γλ (10). ɇɚɣɞɟɧɨμ ДM] 386.2457.
 
C24H34O4. 

ȼɵɱɢɫɥɟɧɨμ γ86.β45β. 

(1S,4aR,5S,6R,8aR)-Ɇɟɬɢɥ 5-(2-(2-ɮɨɪɦɢɥɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-((ɩɪɨɩ-2-ɢɧ-

1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (150). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 

1.00 ɝ (β.57 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (149) ɜ 15 ɦɥ ȾɆɎȺ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ β0ɋ 0.46 ɦɥ (5.15 

ɦɦɨɥɶ) POCl3, ɨɫɬɚɜɢɥɢ ɩɪɢ β0ɋ ɧɚ 48 ɱ, ɚ ɡɚɬɟɦ ɜɵɥɢɥɢ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ 

ɜɨɞɵ. Ʉ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOAc, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɜɨɞɧɵɣ ɫɥɨɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ. 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ 5%-ɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NaHCO3 ɢ ɫɭɲɢɥɢ ɆgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɝɟɤɫɚɧɚ ɩɨɥɭɱɢɥɢ 0.86 ɝ (80%) ɫɨɟɞɢɧɟɧɢɹ 

(150) ɫ Ɍ. ɩɥ. 65-68
ɨɋ. 20][ D

 +46.72
o
 (c 3.66, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 279 (3.90). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 758, 1090, 1151, 1190, 1225, 1258, 1375, 1447, 1468, 1582, 1676, 1720, 1761, 2116, 

2853, 2947, 3271, 3427. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.53 

ɫ (γɇ, ɋ20ɇ3), 0.85 ɞ.ɬ (1H, H
1
, J 1γ.γ, γ.8), 0.λ7 ɞ.ɬ (1H, H

3
, J 13.3, 

γ.8), 1.04 ɞ.ɞ (1ɇ, H5
, J 7.5, 7.5), 1.1γ ɫ (γɇ, ɋ19ɇ3), 1.β6 ɦ, 1.βλ ɦ 

(βɇ, ɇ9,6), 1.40 ɦ, 1.55 ɦ (βH, H
7,11), 1.66 ɦ, 1.70 ɦ, 1.74 ɦ, 1.76 ɦ 

(5ɇ, ɇ2,2,1,7,11), β.01 ɦ (βɇ, ɇ6,8
), β.11 ɞ.ɦ (1ɇ, ɇ3

, J 1γ.4), β.4β ɬ 

(1ɇ, Cɇ≡, J β.γ), β.6γ ɦ (1ɇ, ɇ12), β.88 ɦ (1ɇ, ɇ12), γ.45 ɬ (1ɇ, ɇ17
, 

J 9.0), 3.60 c (4ɇ, OCH3, ɇ17), 4.10 ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, β.γ), 4.16 ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, β.γ), 6.44 ɞ 



206 

 

(1ɇ, ɇ14
, J 1.6), 7.5γ ɞ (1ɇ, ɇ16

, J 1.6), λ.7γ ɫ (1ɇ, ɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.67 ɤ (C20

), 

1λ.00 ɬ (ɋ2), 1λ.0λ ɬ (C7), βγ.08 ɬ (ɋ12), β6.48 ɬ (ɋ11), β8.65 ɤ (C19), γ0.04 ɬ (C6), γ5.81 ɞ (ɋ8
), 37.79 

ɬ (C3), γ8.04 ɬ (ɋ1), γλ.08 ɫ (C10), 4γ.68 ɫ (C4), 51.10 ɤ (Ɉɋɇ3), 51.60 ɞ (ɋ9), 56.80 ɞ (ɋ5), 58.0γ ɬ 

(ɋɇ2), 6λ.0β ɬ (ɋ17), 74.15 ɞ (Cɇ≡), 80.05 ɫ (C≡), 114.07 ɞ (ɋ14), 1β8.γ8 ɫ (ɋ13), 147.β8 ɞ (ɋ15
), 

148.β0 ɫ (ɋ16), 177.6λ ɫ (ɋ18) 18β.16 ɞ (CHO). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 414 (17), 358 (15), 357 

(12), 340 (30), 302 (24), 299 (23), 281 (18), 259 (18), 257 (18), 249 (39), 233 (17), 190 (22), 189 (43), 

188 (19), 177 (22), 175 (22), 135 (19), 133 (17), 126 (100), 123 (23), 121 (53), 119 (28), 110 (93), 109 

(66), 108 (25), 107 (47), 105 (28), 95 (35), 93 (40), 91 (41), 87 (22), 84 (42), 81 (55), 80 (29), 79 (40), 

67 (γ5), 55 (4β), 5γ (β7), 4γ (8β), 41 (5β), γλ (41). ɇɚɣɞɟɧɨμ ДM] 414.2403.
 
C25H34O5. ȼɵɱɢɫɥɟɧɨμ 

414.2401. 

(1S,4aR,5S,6R,8aR)-Ɇɟɬɢɥ 5-(2-(2-(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-

((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (151). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.4β ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (150) ɜ 15 ɦɥ ɚɛɫ. ɦɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɛɚɜɢɥɢ 

ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 0.λβ ɝ (β4.15 ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ 

ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.8λ ɝ 

(8λ%) ɫɨɟɞɢɧɟɧɢɹ (151) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +50.71
o
 (c 1.27, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 278 (3.30). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-

1
: 1092, 1151, 1151, 1229, 1387, 1449, 1486, 1647, 1722, 1755, 

2116, 2855, 2949, 3267, 3429. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.55 ɫ (γɇ, ɋ20ɇ3), 0.87 ɞ.ɬ (1H, H
1
, J 13.7, 4.0), 0.λλ ɞ.ɬ (1H, 

H
3
, J 1γ.4, 4.0), 1.07 ɬ (1ɇ, H5

, J 7.4), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.βγ ɦ, 

1.γ0 ɦ (βɇ, ɇ9,6
), 1.41-1.50 ɦ (βH, H

7,11), 1.68 ɦ, 1.71 ɦ, 1.74 ɦ, 1.76 ɦ (5ɇ, ɇ2,2,1,7,11), β.01 ɦ, β.0γ 

ɦ (βɇ, ɇ6,8), β.14 ɞ.ɦ (1ɇ, ɇ3
, J 1γ.4), β.βλ ɦ (1ɇ, ɇ12

), β.4γ ɬ (1ɇ, Cɇ≡, J β.γ), β.54 ɦ (1ɇ, ɇ12
), 

γ.46 ɬ (1ɇ, ɇ17
, J 9.0), 3.62 c (4ɇ, OCH3, ɇ17), 4.10 ɞ.ɞ (1ɇ, CH2, J 16.1, β.7), 4.16 ɞ.ɞ (1ɇ, CH2, J 

16.1, β.0), 4.56 ɫ (βɇ, ɋɇ2Ɉɇ), 6.β4 ɞ (1ɇ, ɇ14
, J 1.γ), 7.γ0 ɞ (1ɇ, ɇ16

, J 1.3). ɋɩɟɤɬɪ əɆɊ 13
C, , 

ɦ.ɞ.μ 1γ.65 ɤ (C20), 1λ.0γ ɬ (ɋ2), ββ.65 ɬ (ɋ12), β6.41 ɬ (ɋ11), β8.6γ ɤ (C19), βλ.80 ɬ (C7), γ0.00 ɬ (C6
), 

γ5.71 ɞ (ɋ8), γ7.8γ ɬ (C3), γ7.λ5 ɬ (ɋ1), γλ.0γ ɫ (C10), 4γ.68 ɫ (C4), 51.0β ɤ (Ɉɋɇ3), 51.γλ ɞ (ɋ9
), 

54.λγ ɬ (ɋɇ2Ɉɇ), 56.8γ ɞ (ɋ5), 57.λλ ɬ (CH2), 6λ.10 ɬ (ɋ17), 74.1λ ɞ (Cɇ≡), 7λ.λλ ɫ (C≡), 111.41 ɞ 

(ɋ14), 1ββ.γγ ɫ (ɋ13), 141.4λ ɞ (ɋ15), 14λ.1β ɫ (ɋ16), 177.71 ɫ (ɋ18
). ɇɚɣɞɟɧɨ (%)μ C 72.17, H 8.54. 

C25H36O5. ȼɵɱɢɫɥɟɧɨ (%)μ C 72.08, H 8.71. 

(1S,4aR,5S,6R,8aR)-Ɇɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-6-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ-5-(2-(2-(ɩɪɨɩ-2-

ɢɧ-1-ɨɤɫɢ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (152). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɣ 
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ɫɭɫɩɟɧɡɢɢ 0.1λ ɝ (4.80 ɦɦɨɥɹ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ ɜ 15 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ 

ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɪɚɫɬɜɨɪ 1.00 ɝ (β.40 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (151) ɜ 10 ɦɥ CH3CN. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.5γ ɦɥ (4.80 ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ 

ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 10μ1). ɉɨɥɭɱɢɥɢ 0.8β ɝ (75%) ɫɨɟɞɢɧɟɧɢɹ (152). 
20][ D  +35.29

o
 (c 0.14, CHCl3). ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 220 (3.86), 280 (2.89). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 636, 

665, 941, 1026, 1092, 1151, 1190, 1229, 1259, 1356, 1447, 1444, 

1664, 1722, 1769, 2116, 2853, 2874, 2947, 3292. ɋɩɟɤɬɪ əɆɊ 1H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.54 ɫ (γɇ, ɋ20ɇ3), 0.86 ɞ.ɬ (1H, H
1
, J 

1γ.4, 4.0), 0.λλ ɞ.ɬ (1H, H
3
, J 1γ.4, 4.0), 1.07 ɞ.ɞ (1ɇ, H5

, J 8.9, 

8.4), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.βγ ɦ, 1.γ0 ɦ (βɇ, ɇ9,6), 1.41 ɦ, 1.48 ɦ 

(2H, H
7,11), 1.61 ɦ, 1.67 ɦ, 1.70 ɦ, 1.7γ ɦ, 1.76 ɦ (5ɇ, ɇ2,2,1,7,11

), 

β.01 ɦ, β.0γ ɦ (βɇ, ɇ6,8), β.1γ ɞ.ɦ (1ɇ, ɇ3
, J 1γ.4), β.γ0 ɦ (1ɇ, ɇ12), β.4β ɬ (1ɇ, Cɇ≡, J β.γ), β.46 ɬ 

(1ɇ, ɇ5’
, J β.γ), β.56 ɦ (1ɇ, ɇ12), γ.48 ɬ (1ɇ, ɇ17

, J λ.0), γ.60 ɦ.ɬ (1ɇ, ɇ17
), 3.62 c (4ɇ, OCH3, ɇ17

), 

4.11 ɞ.ɞ (1ɇ, CH2, J 15.7, β.γ), 4.11 ɞ (βɇ, ɇ3’
, J β.γ), 4.16 ɞ.ɞ (1ɇ, CH2, J 15.7, β.γ), 4.61 ɫ (βɇ, 

ɇ1’), 6.β4 ɞ (1ɇ, ɇ14
, J 1.γ), 7.γ1 ɞ (1ɇ, ɇ16

, J 1.3). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.7λ ɤ (C20), 1λ.1γ ɬ 

(ɋ2), ββ.λ0 ɬ (ɋ12), β6.56 ɬ (ɋ11), β8.7β ɤ (C19), βλ.6β ɬ (C7), βλ.λλ ɬ (C6), γ5.87 ɞ (ɋ8
), γ7.λγ ɬ (C3

), 

γ8.07 ɬ (ɋ1), γλ.14 ɫ (C10), 4γ.78 ɫ (C4), 51.10 ɤ (Ɉɋɇ3), 51.46 ɞ (ɋ9), 56.58 ɬ (ɋ1’), 56.λγ ɞ (ɋ5
), 

58.1β ɬ (CH2), 61.05 ɬ (C3’), 6λ.10 ɬ (ɋ17), 74.0λ ɞ (Cɇ≡), 74.7γ ɞ (ɋ5’), 7λ.45 ɫ (ɋ4’), 80.17 ɫ (C≡), 

111.48 ɞ (ɋ14), 1β4.78 ɫ (ɋ13
), 142.18 ɞ (ɋ15), 146.1β ɫ (ɋ16), 177.78 ɫ (ɋ18

). ɇɚɣɞɟɧɨ (%)μ C, 73.82, 

H, 8.44. C28H38O5. ȼɵɱɢɫɥɟɧɨ (%)μ C, 73.98, H, 8.43. 

((1S,4aR,5S,6R,8aR)-5-(2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)ɦɟɬɚɧɨɥ (153). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.30 ɦɦɨɥɶ) 

ɫɨɟɞɢɧɟɧɢɹ (149) ɜ 20 ɦɥ ɫɭɯɨɝɨ ɌȽɎ ɞɨɛɚɜɢɥɢ ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ 0.25 ɝ (6.48 ɦɦɨɥɶ) 

LiAlH4. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 4 ɱ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɞɨ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɤ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɟ ɨɫɬɨɪɨɠɧɨ ɞɨɛɚɜɢɥɢ ɤɚɩɥɸ 

ɜɨɞɵ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɞɟɤɚɧɬɢɪɨɜɚɥɢ ɢ ɤɢɩɹɬɢɥɢ ɟɝɨ ɫ β0 

ɦɥ ɯɥɨɪɨɮɨɪɦɚ (β ɪɚɡɚ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɥɨɢ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, βμ1). ɉɨɥɭɱɢɥɢ 0.46 ɝ (100%) 
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ɫɨɟɞɢɧɟɧɢɹ (153) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +45.33
o
 (c 0.50, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 210 

(3.84). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 600, 631, 665, 723, 756, 781, 874, 906, 937, 958, 976, 1024, 1090, 1155, 

1167, 1261, 1356, 1371, 1385, 1446, 1470, 1715, 1755, 2114, 2852, 2868, 2928, 3302, 3427. ɋɩɟɤɬɪ 

əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.70 ɫ (γɇ, ɋ20ɇ3), 0.86 ɦ (1H, H

1), 0.λγ ɦ (1H, H
3), 0.λ4 ɫ (γɇ, 

ɋ19ɇ3), 1.00 ɞ.ɞ (1ɇ, H5
, J 11.8, 1.6), 1.β7 ɦ, 1.γ1 ɦ, 1.4β ɦ, 1.4λ ɦ, 1.58 ɦ (7ɇ, ɇ2,2,9,11,7,7,6), 1.68 ɦ 

(βɇ, ɇ1,11), 1.76 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 14.0), β.00 ɦ (βɇ, ɇ8,6), β.β8 ɦ (1ɇ, ɇ12), β.41 ɬ (1ɇ, ≡ɋɇ, J 2.2), 

β.5β ɦ (1ɇ, ɇ12), γ.40 ɬ (1ɇ, ɇ17
, J λ.1), γ.41 ɞ (1ɇ, ɇ18

, J 10.7), γ.57 ɞ (1ɇ, ɇ17
, J λ.1), γ.71 ɞ (1ɇ, 

ɇ18
, J 10.7), 4.10 ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, β.β), 4.14 ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, β.β), 6.β5 ɞ (1ɇ, ɇ14

, J 1.6), 

7.β0 ɫ (1ɇ, ɇ16), 7.γγ ɞ (1ɇ, ɇ15
, J 1.6). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 16.β8 ɤ (C20), 17.λ0 ɬ (ɋ7), 18.1λ ɬ 

(ɋ2), ββ.λ8 ɬ (ɋ12), β5.λ7 ɬ (ɋ11), β6.λ0 ɤ (C19), γ0.1β ɬ (C6
), γ5.γ8 ɬ (C3), γ5.λ8 ɞ (ɋ8

), 37.73 ɫ (ɋ4
), 

γ8.55 ɫ (C10), γλ.07 ɬ (C1), 5β.15 ɞ (ɋ9), 56.λ8 ɞ (ɋ5), 58.1β ɬ (ɋɇ2), 65.1λ ɬ (ɋ17), 6λ.17 ɬ (ɋ18
), 74.07 

ɞ (ɋ≡Сɇ), 80.11 ɫ (С≡ɋɇ), 110.88 ɞ (ɋ14), 1β5.10 ɫ (ɋ13), 1γ8.6λ ɞ (ɋ15), 14β.6β ɞ (ɋ16
). ɇɚɣɞɟɧɨ, 

%μ ɋ 76.92, H 9.48. C23H34O3. ȼɵɱɢɫɥɟɧɨ, %: ɋ 77.05, H 9.56. 

3-(2-((1S,2R,4aR,5S,8aR)-5,8a-ɞɢɦɟɬɢɥ-2,5-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)ɷɬɢɥ)ɮɭɪɚɧ (154). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 

ɝ (1.4 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (153) ɜ 10 ɦɥ ȾɆɎȺ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ 

ɩɨɪɰɢɹɦɢ 0.22 ɝ (5.6 ɦɦɨɥɶ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, 

ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.49 ɦɥ (2.8 ɦɦɨɥɶ) 80%-ɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 20 ɱ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.γ1 ɝ (56%) ɫɨɟɞɢɧɟɧɢɹ (154) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 

+41.32
o
 (c 5.47, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 210 (3.88). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 600, 634, 665, 

725, 783, 874, 908, 939, 956, 1024, 1092, 1167, 1263, 1356, 1446, 1462, 1500, 1718, 1763, 2116, 2852, 

2868, 2931, 3294. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.74 ɫ (γɇ, ɋ20ɇ3), 0.86 ɦ (1H, H
1), 0.λ0 ɦ 

(1H, H
3), 0.λ4 ɫ (γɇ, ɋ19ɇ3), 0.λ7 ɦ (1ɇ, H5), 1.γ1 ɦ, 1.4β ɦ, 1.4λ ɦ, 1.58 ɦ (7ɇ, ɇ2,2,9,11,7,7,6), 1.6λ ɦ 

(βɇ, ɇ1,11), 1.78 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 13.5), 2.00 ɦ (βɇ, ɇ8,6), β.βλ ɦ (1ɇ, ɇ12), β.γ8 ɬ (1ɇ, ≡ɋɇ, J 2.3), 

β.41 ɬ (1ɇ, ≡ɋɇ, J β.γ), β.5γ ɦ (1ɇ, ɇ12), γ.β6 ɞ (1ɇ, ɇ18
, J 8.6), γ.4β ɬ (1ɇ, ɇ17

, J λ.β), γ.57 ɞ (1ɇ, 

ɇ18
, J 8.6), γ.5λ ɞ (1ɇ, ɇ17

, J λ.β), 4.05 ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, β.γ), 4.10 ɞ.ɞ (1ɇ, ɋɇ2, J 15.9, 2.2), 4.11 

ɞ.ɞ (1ɇ, ɋɇ2, J 15.9, 2.3), 4.16 ɞ.ɞ (1ɇ, ɋɇ2, J 15.9, 2.3), 6.β6 ɞ.ɞ (1ɇ, ɇ14
, J 1.7, 0.7), 7.β0 ɞ (1ɇ, 

ɇ16
, J  0.7), 7.γγ ɞ (1ɇ, ɇ15

, J 1.7). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 16.γ1 ɤ (C20), 18.00 ɬ (ɋ7), 18.γβ ɬ (ɋ2

), 

βγ.04 ɬ (ɋ12), β6.0β ɬ (ɋ11
), β7.7β ɤ (C19

), 30.16 ɬ (C6), γ6.0γ ɞ (ɋ8), γ6.1γ ɬ (C3), γ7.7β ɫ (ɋ4), γ7.77 ɫ 
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(C
10), γλ.11 ɬ (C1), 5β.β4 ɞ (ɋ9), 57.1γ ɞ (ɋ5), 58.15 ɬ (ɋH2), 58.48 ɬ (ɋH2), 6λ.β6 ɬ (ɋ17), 7β.86 ɬ 

(ɋ18), 7γ.80 ɞ (ɋ≡Сɇ), 74.06 ɞ (ɋ≡Сɇ), 80.18 ɫ (С≡ɋɇ), 80.46 ɫ (С≡ɋɇ), 110.λβ ɞ (ɋ14), 1β5.17 ɫ 

(ɋ13), 1γ8.71 ɞ (ɋ15), 14β.6γ ɞ (ɋ16
). ɇɚɣɞɟɧɨ, %μ ɋ 78.54, H 9.21. C26H36O3. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 

78.75, H 9.15. 

3-(2-(1S,4aR,5S,8aR)-5,8a-ɞɢɦɟɬɢɥ-2-ɦɟɬɢɥɟɧ-5-(2-((ɩɪɨɩ-2-ɢɧ-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)ɷɬɢɥ)ɮɭɪɚɧ (156). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 

ɝ (1.60 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (155) ɜ 10 ɦɥ ȾɆɎȺ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.β6 ɝ (6.41 ɦɦɨɥɶ) 

60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.γ5 ɦɥ (γ.β1 ɦɦɨɥɶ) 80%-ɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β0 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɥɭɱɢɥɢ 0.γ7 ɝ (67%) ɫɨɟɞɢɧɟɧɢɹ (156) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (3.59). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 459, 561, 600, 631, 665, 725, 779, 822, 874, 

891, 939, 958, 982, 1024, 1093, 1163, 1194, 1261, 1358, 1371, 1383, 1408, 

1444, 1468, 1500, 1643, 1722, 1767, 2116, 2848, 2868, 2931, 3078, 3304. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.6λ ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɞ.ɬ (1H, H
1
, J 

1β.4, 4.γ), 1.01 ɞ.ɬ (1H, H
3
, J 1β.λ, γ.β), 0.λ7 ɫ (γɇ, ɋ19ɇ3), 1.19 ɞ.ɞ (1ɇ, H5

, 

J 1β.λ, β.β), 1.γ4 ɦ (1ɇ, ɇ2
), 1.46-1.6β ɦ (γɇ, ɇ2,11,3), 1.64 ɦ (1ɇ, ɇ9

), 1.71-

1.86 ɦ (4ɇ, H1,6,7,11), 1.λ4 ɞ.ɬ (1ɇ, ɇ6
, J 1β.λ, 4.8), β.β4 ɦ (1ɇ, ɇ12), β.γ8 ɬ 

(1ɇ, ≡ɋɇ, J β.β), β.40 ɞ.ɞ.ɞ (1ɇ, ɇ7
, J 12.9, 4.8, β.7), β.55 ɦ (1ɇ, ɇ12), γ.βγ ɞ (1ɇ, ɇ18

, J 8.λ), γ.60 ɞ 

(1ɇ, ɇ18
, J 8.6), 4.06 ɞ.ɞ (1ɇ, ɋɇ2, J 16.1, β.β), 4.10 ɞ.ɞ (1ɇ, ɋɇ2, J 16.1, β.β), 4.57 ɫ (1ɇ, ɇ17

), 4.86 

ɫ (1ɇ, ɇ17), 6.β6 ɞ (1ɇ, ɇ14
, J 1.1), 7.1λ ɫ (1ɇ, ɇ16), 7.γ4 ɞ (1ɇ, ɇ15

, J 1.1). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 

15.β6 ɤ (C20
), 19.01 ɬ (ɋ2), βγ.46 ɬ (ɋ12

), 24.07 ɬ (C6), β4.46 ɬ (ɋ11), β7.7λ ɤ (C19), γ6.05 ɬ (C3
), 37.91 

ɫ (C10), γ8.5β ɫ (ɋ4), γ8.84 ɬ (ɋ7), γλ.γλ ɬ (C1), 56.0γ ɞ (ɋ9)*, 56.β0 ɞ (ɋ5)*, 58.γ8 ɬ (ɋH2), 7β.57 ɬ 

(ɋ18), 7γ.8γ ɞ (ɋ≡Сɇ), 80.γβ ɫ (С≡ɋɇ), 106.40 ɬ (ɋ17
), 110.86 ɞ (ɋ14), 1β5.40 ɫ (ɋ13), 1γ8.56 ɞ (ɋ15

), 

14β.55 ɞ (ɋ16
), 147.95 c (C

8
) (*- ɫɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ).  

3-(2-(1S,4aR,5S,8aR)-5,8a-ɞɢɦɟɬɢɥ-2-ɦɟɬɢɥɟɧ-5-(2-((ɩɪɨɩ-2-ɢɧ-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)ɷɬɢɥ)ɮɭɪɚɧ-2-ɤɚɪɛɚɥɶɞɟɝɢɞ (157). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.47 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (156) ɜ 15 ɦɥ ȾɆɎȺ ɞɨɛɚɜɢɥɢ ɩɨ 

ɤɚɩɥɹɦ ɩɪɢ β0ɋ 0.27 ɦɥ (2.94 ɦɦɨɥɶ) POCl3, ɨɫɬɚɜɢɥɢ ɩɪɢ β0ɋ ɧɚ 48 ɱ, ɚ ɡɚɬɟɦ ɜɵɥɢɥɢ 

ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ. Ʉ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ 

ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOAc, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɜɨɞɧɵɣ ɫɥɨɣ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ. Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ 5%-ɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NaHCO3 

ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 
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(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.48 ɝ (8λ%) ɫɨɟɞɢɧɟɧɢɹ (157) ɜ ɜɢɞɟ ɦɚɫɥɚ. 
20][ D  +36.23

o
 (c 0.86, CHCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 644, 667, 756, 854, 889, 982, 1045, 1092, 1153, 

1204, 1229, 1333, 1383, 1449, 1466, 1643, 1674, 1722, 2847, 2876, 2945, 2988, 3078. ɋɩɟɤɬɪ əɆɊ 1H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.65 ɫ (γɇ, ɋ20ɇ3), 0.8λ ɞ.ɬ (1H, H
1
, J 1γ.1, 4.λ), 0.λβ ɫ (γɇ, ɋ19ɇ3), 0.λ4 ɦ 

(1H, H
3), 1.1γ ɞ.ɞ (1ɇ, H5

, J 1β.λ, β.0), 1.γβ ɦ (1ɇ, ɇ2), 1.44 ɦ, 1.48 ɦ (βɇ, ɇ2,3), 1.61 ɦ (βɇ, ɇ9,11
), 

1.67, 1.71 ɦ, 1.77 ɦ, 1.8β ɦ (4ɇ, H1,6,7,11), 1.88 ɞ.ɬ (1ɇ, ɇ6
, J 12.7, 5.2), 

β.γ5 ɬ (1ɇ, ≡ɋɇ, J β.β), β.γ7 ɦ (1ɇ, ɇ7), β.64 ɦ (1ɇ, ɇ12), β.84 ɦ (1ɇ, 

ɇ12
), 3.20 ɞ (1ɇ, ɇ18

, J 8.7), γ.54 ɞ (1ɇ, ɇ18
, J 8.7), 4.01 ɞ.ɞ (1ɇ, ɋɇ2, J 

15.λ, β.β), 4.07 ɞ.ɞ (1ɇ, ɋɇ2, J 15.9, 2.2), 4.57 ɫ (1ɇ, ɇ17), 4.87 ɫ (1ɇ, 

ɇ17), 6.4γ ɞ (1ɇ, ɇ14
, J 1.4), 7.55 ɞ (1ɇ, ɇ15

, J 1.4), λ.65 ɫ (1ɇ, ɋɇɈ). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 15.ββ ɤ (C20), 18.λ5 ɬ (ɋ2), βγ.β8 ɬ (ɋ12), β4.14 ɬ 

(C
6), β4.46 ɬ (ɋ11), β7.74 ɤ (C19), γ6.0β ɬ (C3), γ7.88 ɫ (C10

), 38.4β ɫ (ɋ4), γ8.8γ ɬ (ɋ7), γλ.44 ɬ (C1
), 

55.λ0 ɞ (ɋ9)*, 56.β0 ɞ (ɋ5)*, 58.γ8 ɬ (ɋɇ2), 7β.5λ ɬ (ɋ18), 7γ.7λ ɞ (ɋ≡Сɇ), 80.β8 ɫ (С≡ɋɇ), 106.6β ɬ 

(ɋ17
), 113.93 ɞ (ɋ14), 1β8.70 ɫ (ɋ13), 147.γ4 ɞ (ɋ15

), 147.59 c (C
8), 148.47 ɫ (ɋ16), 177.γ4 ɞ (ɋɇɈ) (*- 

ɫɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 77.98, H 8.75. ȼɵɱɢɫɥɟɧɨ %μ ɋ 78.22, H 8.75. 

3-(2-(1S,4aR,5S,8aR)-5,8a-ɞɢɦɟɬɢɥ-2-ɦɟɬɢɥɟɧ-5-(2-((ɩɪɨɩ-2-ɢɧ-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)ɷɬɢɥ)ɮɭɪɚɧ-2-ɦɟɬɚɧɨɥ (158). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.γ6 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (157) ɜ 15 ɦɥ ɚɛɫ. ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɛɚɜɢɥɢ 

ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 0.β6 ɝ (6.7λ ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 

70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (3ɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, βμ1). ɉɨɥɭɱɢɥɢ 0.46 ɝ (λ1%) ɫɨɟɞɢɧɟɧɢɹ (158) ɜ ɜɢɞɟ ɦɚɫɥɚ. 
20][ D

 +26.23
o
 (c 0.77, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 219 (3.81). 

ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 631, 665, 756, 891, 959, 982, 1020, 1094, 1142, 1263, 1358, 1371, 1379, 1443, 

1508, 1643, 2116, 2849, 2868, 2932, 3078, 3304, 3441. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.66 ɫ 

(γɇ, ɋ20ɇ3), 0.λ1 ɦ (1H, H
1), 0.λ4 ɫ (γɇ, ɋ19ɇ3), 0.λ7 ɦ (1H, H

3), 1.15 ɞ.ɞ (1ɇ, H5
, J 1β.λ, β.4), 1.γ4 ɦ 

(1ɇ, ɇ2), 1.46 ɦ, 1.50 ɦ, 1.55 ɦ (γɇ, ɇ2,3,11), 1.60 ɦ (1ɇ, ɇ9), 1.70 ɦ, 1.74 ɦ, 1.7λ ɦ, 1.8γ ɦ (4ɇ, 

H
1,6,7,11), 1.λ1 ɞ.ɬ (1ɇ, ɇ6

, J 12.5, 5.γ), β.βλ ɦ (1ɇ, ɇ12), β.γ6 ɬ (1ɇ, ≡ɋɇ, J β.β), β.γλ ɦ (1ɇ, ɇ7
), 2.52 

ɦ (1ɇ, ɇ12), γ.β1 ɞ (1ɇ, ɇ18
, J 8.λ), γ.57 ɞ (1ɇ, ɇ18

, J 8.λ), 4.0γ ɞ.ɞ (1ɇ, ɋɇ2, J 15.7, β.β), 4.0λ ɞ.ɞ 

(1ɇ, ɋɇ2, J 15.7, β.β), 4.51 ɫ (βɇ, ɋɇ2Ɉɇ), 4.57 ɫ (1ɇ, ɇ17), 4.87 ɫ (1ɇ, ɇ17), 6.βγ ɞ (1ɇ, ɇ14
, J 1.6), 

7.γβ ɞ (1ɇ, ɇ15
, J 1.6). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 15.γ4 ɤ (C20), 1λ.05 ɬ (ɋ2
), 23.01 ɬ (ɋ12

), 24.46 ɬ 

(C
6
), 24.54 ɬ (ɋ11), β7.80 ɤ (C19), γ6.08 ɬ (C3), γ7.λ7 ɫ (C10), γ8.55 ɫ (ɋ4), γ8.86 ɬ (ɋ7), γλ.4γ ɬ (C1

), 
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55.β7 ɬ (ɋɇ2Ɉɇ), 55.65 ɞ (ɋ9)*, 56.β4 ɞ (ɋ5)*, 58.48 ɬ (ɋɇ2), 7β.70 ɬ (ɋ18
), 7γ.8β ɞ (ɋ≡Сɇ), 80.γ8 ɫ 

(С≡ɋɇ), 106.58 ɬ (ɋ17
), 111.51 ɞ (ɋ14), 1ββ.87 ɫ (ɋ13), 141.84 ɞ (ɋ15

), 148.08 c (C
8), 14λ.β7 ɫ (ɋ16

). 

3-(2-(1S,4aR,5S,8aR)-5,8a-ɞɢɦɟɬɢɥ-2-ɦɟɬɢɥɟɧ-5-(2-((ɩɪɨɩ-2-ɢɧ-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ)ɷɬɢɥ)-2-((ɩɪɨɩ-2-ɢɧ-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ (159). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.γ5 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (158) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ 

ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.ββ ɝ (5.41 ɦɦɨɥɶ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ 

ɞɨɛɚɜɢɥɢ 0.γ0 ɦɥ (β.70 ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё β0 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (7ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.γ5 ɝ 

(6γ%) ɫɨɟɞɢɧɟɧɢɹ (159) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +22.22

o
 (c 1.26, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

221 (3.94). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 573, 633, 665, 743, 893, 937, 1024, 1078, 1092, 1144, 1261, 1354, 

1443, 1506, 1643, 2116, 2849, 2963, 3078, 3298. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.66 ɫ (γɇ, 

ɋ20ɇ3), 0.λ1 ɞ.ɬ (1H, H
1
, J 1γ.4, 4.0), 0.λ4 ɫ (4ɇ, ɋ19ɇ3, H

3
), 1.16 

ɞ.ɞ (1ɇ, H5
, J 12.1, 2.7), 1.γγ ɦ (1ɇ, ɇ2), 1.45 ɦ, 1.5γ ɦ, 1.57 ɦ 

(γɇ, ɇ2,3,11), 1.5λ ɦ (1ɇ, ɇ9), 1.71 ɦ, 1.74 ɦ, 1.7λ ɦ, 1.8β ɦ (4ɇ, 

H
1,6,7,11), 1.λβ ɞ.ɬ (1ɇ, ɇ6

, J 12.1, 4.0), β.βλ ɦ (1ɇ, ɇ12
), 2.37 ɬ 

(1ɇ, ≡ɋɇ, J β.β), β.γ8 ɦ (1ɇ, ɇ7), β.4γ ɬ (1ɇ, ɇ5’
, J β.β), β.54 ɦ 

(1ɇ, ɇ12), γ.β1 ɞ (1ɇ, ɇ18
, J 8.7), γ.57 ɞ (1ɇ, ɇ18

, J 8.7), 4.05 ɞ 

(1ɇ, Cɇ2, J 16.1), 4.0λ ɞ (1ɇ, Cɇ2, J 16.1), 4.10 ɦ (βɇ, ɇ3’,3’
), 

4.47 ɫ (βɇ, ɇ1’,1’), 4.58 ɫ (1ɇ, ɇ17), 4.86 ɫ (1ɇ, ɇ17
), 6.24 c (1ɇ, ɇ14

), 7.33 c (1ɇ, ɇ15). ɋɩɟɤɬɪ əɆɊ 
13

C, , ɦ.ɞ.μ 15.γ0 ɤ (C20), 1λ.0γ ɬ (ɋ2), βγ.1γ ɬ (ɋ12), β4.51 ɬ (C6), β4.51 ɬ (ɋ11), β7.78 ɤ (C19), γ6.06 ɬ 

(C
3), γ7.λ4 ɫ (C10), γ8.54 ɫ (ɋ4), γ8.8γ ɬ (ɋ7), γλ.40 ɬ (C1), 55.76 ɞ (ɋ9)*, 56.β1 ɞ (ɋ5)*, 56.60 ɬ (ɋ3’

), 

58.45 ɬ (Cɇ2), 61.0β ɬ (ɋ1’), 7β.66 ɬ (ɋ18), 7γ.8β ɞ (ɋ≡Сɇ), 74.5λ ɞ (ɋ5’
), 79.49 c (ɋ4’

), 80.35 c 

(С≡ɋɇ), 106.51 ɬ (ɋ17
), 111.45 ɞ (ɋ14), 1β5.10 ɫ (ɋ13), 14β.β7 ɞ (ɋ15), 146.βγ ɫ (ɋ16

), 147.96 c (C
8
) (*- 

ɫɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 77.70, H 8.80. ȼɵɱɢɫɥɟɧɨ %μ ɋ 7λ.γ7, H 8.88. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ (4S)- ɢ (4R)-5-[2-(2-{3-ɨɤɫɚ-7,8,9,15,16,17-

ɝɟɤɫɚɚɡɚɬɪɢɰɢɤɥɨД13.2.1.16,9]ɧɨɧɚɞɟɤɚ-1(18),6(19),7,16-ɬɟɬɪɚɟɧ-4-ɢɥжɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,4a-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (161a,ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.1 ɦɦɨɥɶ) ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (130a,ɛ) ɜ β0 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ 
ɚɪɝɨɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.γλ ɦɥ (β.γ ɦɦɨɥɶ) ɞɢɢɡɨɩɪɨɩɢɥɷɬɢɥɚɦɢɧɚ, 0.18 ɝ (1.1 ɦɦɨɥɶ) 

1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧɚ (160) ɢ 0.0βγ ɝ (0.β ɦɦɨɥɶ) CuI. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ 
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ɯɥɨɪɨɮɨɪɦɟ, ɩɪɨɦɵɥɢ β N ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ H2SO4 (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ), ɧɚɫ. ɜɨɞɧ. 

ɪɚɫɬɜɨɪɨɦ NH4Cl/NH4OH (9:1) (2ɯ50 ɦɥ), ɜɨɞɨɣ (βɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 

100μ5), ɩɨɥɭɱɢɥɢ 0.77 ɝ (57%) ɫɨɟɞɢɧɟɧɢɣ (161a,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 

(4.14). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 822, 893, 1049, 1154, 1228, 1333, 1362, 1381, 1450, 1510, 1549, 

1643, 1720, 2851, 2872, 2947, 3078, 3138, 3414. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, 

*ɋ20ɇ3), 0.70 ɦ (1ɇ, *ɇ12’), 0.λ0 ɦ (1ɇ, *ɇ12’), 0.λλ ɦ (βH, *H
1α,3α), 1.1γ ɫ (γɇ, *ɋ19ɇ3), 1.β7 ɦ (1ɇ, 

*H
5α), 1.45 ɦ (1ɇ, *ɇ2

), 1.60-1.6λ ɦ (1ɇ, ɇ9
), 1.76-1.λ1 ɦ (1βɇ, *ɇ1,2,3,6,6,7,11,11,11’,11’,13’,13’), β.10 ɦ 

(1ɇ, *ɇ3β), β.γ4 ɦ (1ɇ, *ɇ7β), β.5γ ɦ (1ɇ, *ɇ12), β.65 ɦ (1ɇ, *ɇ12
), 

β.8γ ɞ.ɞ (1ɇ, ɇ5’
, J 15.β, 1.γ), β.85 ɞ.ɞ (1ɇ, ɇ5’

, J 15.β, 1.γ), γ.γ4 ɞ.ɞ 

(1ɇ, ɇ5’
, J 15.β, 6.γ), γ.γ8 ɞ.ɞ (1ɇ, ɇ5’

, J 15.2, 6.3), 3.57 c (γɇ, 

*CH3O), 4.γ0 ɦ (1ɇ, *H
10’), 4.β8 ɦ (1ɇ, *ɇ2’), 4.γβ ɦ (1ɇ, *ɇ14’

), 

4.40 ɦ (1ɇ, *H
14’), 4.46 ɦ (1ɇ, *ɇ10’), 4.50 ɞ.ɞ (1ɇ, *ɇ2’

, J 13.5), 

4.54 ɦ, 4.60 ɦ (1ɇ, ɇ4’), 4.5λ ɫ, 4.64 ɫ (1ɇ, ɇ17), 4.85 ɫ (1ɇ, *ɇ17
), 

6.β6λ ɞ (1ɇ, ɇ14
, J 2.0), 6.β75 ɞ (1ɇ, ɇ14

, J 2.0), 6.98 c, 7.0γ ɫ (1ɇ, 

ɇ19’), 7.14 ɫ (1ɇ, *ɇ18’), 7.γ60 ɞ (1ɇ, ɇ15
, J β.0), 7.γ65 ɞ (1ɇ, ɇ15

, J β.0). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 

1β.51 ɤ, 1β.58 ɤ (C20), 1λ.8β ɬ, 1λ.84 ɬ (ɋ2), β0.61 ɬ, β0.68 ɬ (ɋ12’), ββ.65 ɬ, ββ.86 ɬ (ɋ12), β4.41 ɬ, 

β4.λβ ɬ (ɋ11), β6.14 ɬ (*C
6), β7.8λ ɬ, β7.λ5 ɬ (*ɋ11’

, *C
13’), β8.67 ɤ (*C

19), γ1.17 ɬ, γ1.β8 ɬ (ɋ5’
), 38.02 

ɬ (*C
3), γ8.60 ɬ, γ8.7γ ɬ (C7), γ8.λ0 ɬ (*C

1), 40.06 ɫ, 40.1γ ɫ (ɋ10), 44.17 ɫ (*C
4), 48.66 ɬ, 48.84 ɬ, 

48.λ1 ɬ (*ɋ10’
, *ɋ14’

), 51.0β ɤ (*ɋɇ3Ɉ), 54.57 ɞ, 55.01 ɞ (ɋ9), 56.04 ɞ, 56.06 ɞ (ɋ5), 60.47 ɬ, 60.56 ɬ 

(ɋ2’), 71.1γ ɞ, 71.γ8 ɞ (ɋ4’), 106.50 ɬ, 106.78 ɬ (ɋ17), 111.18 ɞ, 111.γ6 ɞ (ɋ14), 1β1.86 ɞ, 1ββ.04 ɞ 

(ɋ19’), 1βγ.γ4 ɞ (*ɋ18’), 1βγ.45 ɫ, 1βγ.60 ɫ (ɋ13), 141.λγ ɞ, 14β.06 ɞ (ɋ15), 145.β4 ɫ, 145.β7 ɫ (*ɋ1’
, 

*ɋ6’), 147.50 ɫ, 147.66 ɫ (ɋ16), 147.81 ɫ, 147.λ1 ɫ (ɋ8), 177.67 ɫ, 177.70 ɫ (ɋ18
). (* - ɍɞɜɨɟɧɢɟ 

ɫɢɝɧɚɥɚ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 590 (99), 577 (39), 576 (100), 563 (26), 532 (33), 423 (18), 409 

(24), 355 (29), 342 (35), 341 (27), 250 (19), 233 (38), 232 (63), 175 (17), 168 (22), 161 (49), 151 (37), 

147 (19), 133 (16), 124 (20), 122 (77), 121 (93), 120 (19), 119 (26), 110 (26), 109 (27), 108 (17), 107 

(35), 105 (33), 95 (23), 94 (29), 93 (33), 91 (42), 84 (32), 81 (43), 80 (36), 79 (34), 77 (21), 69 (44), 68 

(γ0), 67 (γβ), 55 (γλ), 41 (55). ɇɚɣɞɟɧɨμ ДM] 
 
590.3572.

 
C33H46O4N6. ȼɵɱɢɫɥɟɧɨμ 5λ0.γ575. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 15,16-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (145) ɫ 

1,10-ɞɢɚɡɢɞɨɩɟɧɬɚɧɨɦ (160). ɚ). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.07 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (145) ɜ β0 ɦɥ 

ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.17 ɝ (1.07 ɦɦɨɥɶ) 1,10-

ɞɢɚɡɢɞɨɩɟɧɬɚɧɚ (160), ɪɚɫɬɜɨɪ 0.11 ɝ (0.4γ ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.β1 ɝ 

(1.07 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ 

ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 
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ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.058 ɝ (7%) ɞɢɚɡɢɞɚ (163), 0.086 ɝ (1γ%) 

ɦɚɤɪɨɰɢɤɥɚ (164), 0.β7λ ɝ (4β%) ɰɢɤɥɨɞɢɦɟɪɚ (165) ɢ 0.1γγ ɝ (β0%) ɰɢɤɥɨɬɪɢɦɟɪɚ (166). ɛ). ɉɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ 0.50 ɝ (1.07 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (145) ɫ 0.17 ɝ (1.07 ɦɦɨɥɶ) 1,10-

ɞɢɚɡɢɞɨɩɟɧɬɚɧɚ (160) ɜ ɩɪɢɫɭɬɫɬɜɢɢ 0.11 ɝ (0.4γ ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɢ 0.β1 ɝ (1.07 ɦɦɨɥɶ) 

ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɪɢ 40oɋ ɜ ɫɦɟɫɢ 107 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɢ 1 ɦɥ ɇ2Ɉ ɜ 

ɬɟɱɟɧɢɟ λ0 ɱɚɫɨɜ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ, ɤɨɥɨɧɨɱɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ-10μ1) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɜɵɦɵɥɢ 0.45β ɝ (68%) ɦɚɤɪɨɰɢɤɥɚ (164) ɢ 0.08 ɝ (1β%) ɰɢɤɥɨɞɢɦɟɪɚ (165). 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-{2,5-ɞɢ(((1-(5-ɚɡɢɞɨɩɟɧɬɢɥ)-1ɇ-1,2,3-ɬɪɢɚɡɨɥ-4-

ɢɥ)ɦɟɬɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (163), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +18.45
o
 (c 

1.03, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 216 

(4.14), 283 (3.33). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1049, 1093, 

1136, 1155, 1229, 1252, 1333, 1358, 1379, 1452, 

1464, 1645, 1681, 1720, 1759, 2097, 2870, 2943, 

3140, 3327. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.45 ɫ (γɇ, ɋ20ɇ3), 0.λ5 ɞ.ɬ (1H, H
1
, J 1γ.γ, 4.7), 0.λ8 ɞ.ɬ (1H, H

3
, J 1γ.6, 4.0), 1.14 ɫ (γɇ, ɋ19ɇ3), 

1.β4 ɞ.ɞ (1ɇ, H5
, J 1β.8, γ.β), 1.γ8 ɦ (4ɇ, βCɇ2), 1.45 ɦ (1ɇ, ɇ2), 1.5γ ɦ (1ɇ, ɇ11), 1.56 ɦ (1ɇ, ɇ9

), 

1.60 ɦ (5ɇ, βCɇ2CH2N3, H
11), 1.67 ɦ (1ɇ, ɇ1), 1.75 ɦ (βH, H

2,6), 1.85 ɞ.ɞ (1ɇ, ɇ7
, J 1β.8, 4.γ), 1.λ1 ɦ 

(5ɇ, Cɇ2CH2N
1’

, Cɇ2CH2N
1”

, H
6), β.11 ɞ.ɦ (1ɇ, ɇ3

, J 1β.8), β.β1 ɦ (1ɇ, ɇ12), β.γ7 ɞ.ɬ (1ɇ, ɇ7
, J 

1β.8, β.7), β.60 ɦ (1ɇ, ɇ12
), 3.25 ɬ (4ɇ, βCH2N3, J 6.8), 3.58 c (γɇ, OCH3), 4.γβ ɞ.ɞ (βɇ, CH2N

1’
, J 

7.0, 4.7)*, 4.γγ ɞ.ɞ (βɇ, CH2N
1”

, J 7.0, 4.7)*, 4.4β ɫ (βɇ, C15
-Cɇ2)**, 4.46 ɫ (βɇ, C16

-Cɇ2)**, 4.5γ ɫ 

(1ɇ, ɇ17), 4.61 ɫ (βɇ, C4’
-Cɇ2)*, 4.65 ɫ (βɇ, C4”

-Cɇ2)*, 4.85 ɫ (1ɇ, ɇ17
), 6.21 c (1ɇ, ɇ14), 7.5β ɫ (1ɇ, 

ɇ5’)*, 7.54 ɫ (1ɇ, ɇ5”)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.57 ɤ (C20), 1λ.86 ɬ (ɋ2), βγ.βλ ɬ (ɋ12), βγ.66 ɬ 

(βɋH2), β4.56 ɬ (ɋ11), β6.1λ ɬ (C6), βγ.66 ɬ (βCɇ2CH2N3), β8.71 ɤ (C19), βλ.77 ɬ (Cɇ2CH2N
1’

, 

Cɇ2CH2N
1”), γ8.06 ɬ (C3), γ8.6γ ɬ (C7

), 38.λ8 ɬ (C1), 40.11 ɫ (C10), 44.β1 ɫ (ɋ4), 4λ.λ6 ɬ (CH2N
1’

, 

CH2N
1”), 51.00 ɬ (βCH2N3), 51.08 ɤ (Ɉɋɇ3), 55.01 ɞ (ɋ9), 56.08 ɞ (ɋ5), 6β.β5 ɬ (ɋH2-C

15), 6γ.γ8 ɬ 

(ɋH2-C
4’)*, 6γ.4λ ɬ (ɋH2-C

4”)*, 64.γβ ɬ (ɋH2-C
16), 106.γγ ɬ (ɋ17), 111.61 ɞ (ɋ14), 1ββ.γ6 ɞ (ɋ5’

)*, 

1ββ.50* ɞ (ɋ5”)*, 1β5.48 ɫ (ɋ13), 144.88 ɫ (ɋ4’)*, 145.05 ɫ (ɋ4”)*, 147.15 ɫ (ɋ15), 147.87 ɫ (ɋ8
), 150.72 

ɫ (ɋ16), 177.65 ɫ (ɋ18
). (* ɢ **- ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 65.56, H 7.86, N 

12.16; [M] 
 
639. C39H58N12O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 60.44, H 7.54, N 21.69. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-[2-{3,10,25-ɬɪɢɨɤɫɚ-13,14,15,21,22,23-

ɝɟɤɫɚɚɡɨɬɟɬɪɚɰɢɤɥɨД19.2.1.15,8.112,15]ɝɟɤɫɨɡɚ-1(24),5,7,12(26),13,22-ɝɟɤɫɚɟɧ-6-ɢɥжɷɬɢɥ]-1,4a-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (164), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +31.25

o
 (c 
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0.58, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 216 (4.08), 282 (3.38). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 754, 775, 822, 

891, 986, 1049, 1067, 1092, 1155, 1229, 1333, 1362, 1383, 1449, 1464, 1531, 1547, 1654, 1720, 2870, 

2945, 3080, 3140, 3400. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ14’ɇ3), 0.λ6 ɞ.ɬ (1H, H

4’
, 

J 11.0, β.4), 0.λλ ɞ.ɬ (1H, H
2’

, J 1γ.γ, 4.0), 1.15 ɫ (γɇ, ɋ13’ɇ3), 1.β6 ɞ.ɞ (1ɇ, H8a’
, J 1β.β, β.8), 1.1λ ɦ, 

1.ββ ɦ (βɇ, ɇ18,18), 1.48 ɦ (1ɇ, ɇ3’), 1.57 ɦ (1ɇ, ɇ9’), 1.58 ɦ (1ɇ, ɇ5’
), 1.68-1.λ8 ɦ (10ɇ, 

ɇ9’,4’,3’,8’,7’,17,17,19,19,8’), β.1γ ɞ.ɦ (1ɇ, ɇ2’
, J 13.2), 2.25 

ɦ (1ɇ, ɇ10’), β.41 ɞ.ɦ (1ɇ, ɇ7’
, J 11.5), β.5γ ɦ (1ɇ, 

ɇ10’
), 3.59 c (γɇ, OCH3), 4.γ1 ɬ (4ɇ, ɇ16,16,20,20

, J 6.0), 

4.44 ɫ (βɇ, ɇ4,4), 4.48 ɫ (βɇ, ɇ9,9), 4.54 ɫ (βɇ, ɇ2,2
)*, 

4.58 ɫ (1ɇ, ɇ11’), 4.5λ ɫ (βɇ, ɇ11,11)*, 4.λ0 ɫ (1ɇ, 

ɇ11’
), 6.23 c (1ɇ, ɇ7), 7.γ7 ɫ (1ɇ, ɇ24)*, 7.γ8 ɫ (1ɇ, 

ɇ25
)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.4γ ɤ (C14’
), 19.69 

ɬ (ɋ3’), βγ.0γ ɬ (ɋ10’), βγ.0γ ɬ (ɋ18), β4.40 ɬ (ɋ9’), β6.04 ɬ (C8’
), β8.55 ɤ (C13’), β8.67 ɬ (ɋ19,17), γ7.8λ ɬ 

(C
2’), γ8.45 ɬ (C7’), γ8.80 ɬ (C4’), γλ.λ4 ɫ (C4a’), 44.0β ɫ (ɋ1’), 4λ.λ4 ɬ (ɋ16,20), 50.λ6 ɤ (Ɉɋɇ3), 54.76 ɞ 

(ɋ5’), 55.λ1 ɞ (ɋ8a’), 61.4γ ɬ (ɋ4), 6β.β7 ɬ (ɋ4)*, 6β.5β ɬ (ɋ11)*, 6γ.75 ɬ (ɋ9), 106.β4 ɬ (ɋ11’), 111.51 ɞ 

(ɋ7), 1ββ.46 ɞ (ɋ24,25
), 1β5.16 ɫ (ɋ6), 144.λ0 ɫ (ɋ12)*, 144.λγ ɫ (ɋ1)*, 146.8γ ɫ (ɋ5), 147.6β ɫ (ɋ6’

), 

150.γ7 ɫ (ɋ8), 177.51 ɫ (ɋ12’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 65.56, H 7.86, 

N 12.16; [M] 
 
639. C34H48N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 65.78, H 7.79, N 13.54; [M] 

 
620. 

Цɢɤɥɨɞɢɦɟɪ (165), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +26.41

o
 (c 0.62; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 216 

(4.07), 282 (3.41). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 755, 777, 819, 891, 985, 1047, 1067, 1089, 1156, 1229, 1331, 

1367, 1382, 1449, 1459, 1532, 1547, 1655, 1720,  

2871, 2943, 3081, 3140, 3405. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (6ɇ, βɋ20ɇ3), 0.95 

ɞ.ɬ (βH, 2H
1
, J 1β.6, γ.8), 0.λλ ɞ.ɬ (βH, 2H

3
, J 

1γ.4, 4.0), 1.14 ɫ (6ɇ, βɋ19ɇ3), 1.β5 ɞ.ɞ (βɇ, 

2H
5
, J 1β.λ, γ.0), 1.γ0 ɦ (4ɇ, βɋɇ2), 1.46 ɦ (βɇ, 

βɇ2), 1.56 ɦ (4ɇ, βɇ9,11), 1.66 ɦ, 1.7γ ɦ, 1.77 ɦ 

(8ɇ, βɇ11,1,2,6), 1.84 ɦ (βɇ, βɇ7), 1.8λ ɬ (8ɇ, βɋɇ2ɋɇ2-N
1’, βɋɇ2ɋɇ2-N

1”
, J 7.0), 1.λ4 ɦ (βɇ, βɇ6

), 

β.1β ɞ.ɦ (βɇ, βɇ3
, J 1γ.4), β.βγ ɦ (βɇ, βɇ12), β.γλ ɞ.ɦ (βɇ, βɇ7

, J 1β.4), β.51 ɦ (βɇ, βɇ12
), 3.59 c 

(6ɇ, γOCH3), 4.βλ ɬ (8ɇ, βɋɇ2-N
1’, βɋɇ2-N

1”
, J 7.0), 4.4γ ɫ (4ɇ, βC

16
-Cɇ2), 4.47 ɫ (4ɇ, βC

15
-Cɇ2), 

4.54 ɫ (βɇ, βɇ17), 4.60 ɫ (4ɇ, βC
4’

-Cɇ2)*, 4.64 ɫ (4ɇ, βC
4”

-Cɇ2)*, 4.88 ɫ (βɇ, βɇ17
), 6.20 c (βɇ, 

βɇ14), 7.56 ɫ, 7.57 c (βɇ, βɇ5’)*, 7.5λ ɫ, 7.5λ c (βɇ, βɇ5”
)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.4γ ɤ (βC
20

), 

1λ.71 ɬ (βɋ2), βγ.1γ ɬ (βɋ12), β4.41 ɬ (βɋ11), β6.04 ɬ (βC
6),  β8.57 ɤ (βC

19), βλ.40 ɬ (6ɋH2), γ7.λ0 ɬ 

(2C
3), γ8.47 ɬ (βC

7), γ8.80 ɬ (βC
1), γλ.λ5 ɫ (βC

10
), 44.04 ɫ (βɋ4), 4λ.6β ɬ (βN

1’ɋɇ2, 2N
1”ɋɇ2,), 50.96 



215 

 

ɤ (βɈɋɇ3), 54.81 ɞ (βɋ9), 55.8λ ɞ (βɋ5), 6β.08 ɬ (βCH2-ɋ16), 6γ.1β ɬ (βɋH2-ɋ15), 6γ.β4 ɬ (βɋH2-

C
4”)*, 64.16 ɬ (βCH2-C

4’)*, 106.β1 ɬ (βɋ17), 111.50 ɞ (βɋ14), 1ββ.4γ ɞ (βɋ5’)*, 1ββ.5λ ɞ (βɋ5”
)*, 

1β5.γβ ɫ (βɋ13), 144.60 ɫ (βɋ4’
)*, 144.78 ɫ (βɋ4”)*, 146.λ8 ɫ (βɋ16

), 147.69 ɫ (βɋ8), 150.55 ɫ (βɋ15
), 

177.50 ɫ (βɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 7γ.4β, H 8.75, N 2.94; [M] 

1295. C68H96N12O10. ȼɵɱɢɫɥɟɧɨ %μ ɋ 7γ.60, H 8.69, N 3.18; [M] 
 
1241. 

Цɢɤɥɨɬɪɢɦɟɪ (166), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +26.41
o
 (c 0.62, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

216 (4.07), 282 (3.41). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 755, 777, 819, 891, 985, 1047, 1067, 1089, 1156, 1229, 

1331, 1367, 1382, 1449, 1459, 1532, 1547, 1655, 1720, 2871, 2943, 3081, 3140, 3405. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (λɇ, γɋ20ɇ3), 0.λ5 ɞ.ɬ (γH, 3H

1
, J 1γ.4, γ.0), 0.λ8 ɞ.ɬ (γH, 3H

3
, J 

1γ.4, γ.8), 1.1γ ɫ (λɇ, γɋ19ɇ3), 1.β4 ɞ.ɞ (γɇ, γH
5
, J 1β.1, β.7), 1.γβ ɦ (6ɇ, γɋɇ2), 1.46 ɦ (γɇ, γɇ2

), 

1.5β ɦ (γɇ, γɇ11), 1.55 ɦ (γɇ, γɇ9), 1.68 ɦ, 1.7β 

ɦ, 1.75 ɦ (1βɇ, γɇ11,1,2,6), 1.81 ɦ (γɇ, γɇ7
), 1.90 

ɦ (15ɇ, γɋɇ2ɋɇ2-N
1’, γɋɇ2ɋɇ2-N

1”
, γɇ6

), 2.11 

ɞ.ɦ (γɇ, γɇ3
, J 1β.λ), β.β1 ɦ (γɇ, γɇ12), β.γ7 ɞ.ɦ 

(γɇ, γɇ7
, J 11.6), β.50 ɦ (γɇ, γɇ12

), 3.57 c (λɇ, 

3OCH3), 4.βλ ɬ (1βɇ, γɋɇ2-N
1’, γɋɇ2-N

1”
, J 5.6), 

4.4β ɫ (6ɇ, γC
16

-Cɇ2), 4.46 ɫ (6ɇ, γC
15

-Cɇ2), 

4.5β ɫ (γɇ, γɇ17), 4.5λ ɫ (6ɇ, γC
4’

-Cɇ2)*, 4.6γ ɫ 

(6ɇ, γC
4”

-Cɇ2)*, 4.85 ɫ (γɇ, γɇ17
), 6.21 c (γɇ, γɇ14), 7.5β ɫ (γɇ, ɇ5’)*, 7.55 ɫ (γɇ, γɇ5”)*. ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 1β.60 ɤ (γC

20), 1λ.88 ɬ (γɋ2), βγ.γβ ɬ (γɋ12), β4.5λ ɬ (γɋ11
), 26.β1 ɬ (γC

6), β8.7γ ɤ 

(3C
19), βλ.56 ɬ (λɋH2), γ8.0λ ɬ (γC

3), γ8.64 ɬ (γC
7), γλ.00 ɬ (γC

1), 40.14 ɫ (γC
10), 44.βγ ɫ (γɋ4

), 

4λ.7λ ɬ (γɋɇ2-N
1’

, 3ɋɇ2-N
1”), 51.10 ɤ (γɈɋɇ3), 55.04 ɞ (γɋ9), 56.0λ ɞ (γɋ5), 6β.β8 ɬ (γCH2-ɋ16

), 

6γ.γ5 ɬ (γɋH2-C
4’

)*, 6γ.4γ ɬ (γɋH2-C
4”

)*, 64.γ6 ɬ (γCH2-ɋ15), 106.γ7 ɬ (γɋ17), 111.66 ɞ (γɋ14
), 

1ββ.01 ɞ, 1ββ.1β ɞ (γɋ5’)*, 1ββ.β1 ɞ, 1ββ.γ4 ɞ (γɋ5”)*, 1β5.51 ɫ (γɋ13), 144.86 ɫ (γɋ4’
)*, 145.04 ɫ 

(γɋ4”)*, 147.16 ɫ (γɋ16), 147.8λ ɫ (γɋ8), 150.75 ɫ (γɋ15), 177.68 ɫ (γɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ 

ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 74.6λ, H 9.31, N 3.54; [M] 
 
2122. C102H144N18O15. ȼɵɱɢɫɥɟɧɨ %μ 

ɋ 7γ.60, H 8.69, N 3.18; [M] 
 
2241. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 15,16-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (145) ɫ 
ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.08 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (145) ɜ 108 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ 

ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β4 ɝ (1.08 ɦɦɨɥɶ) 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162), 

ɪɚɫɬɜɨɪ 0.11 ɝ (0.4γ ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.4γ ɝ (β.16 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ 

ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. 

Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 
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100:1-100μ10). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.γλ4 ɝ (5γ%) ɦɚɤɪɨɰɢɤɥɚ (167) ɢ 0.ββ ɝ (γ0%)  

ɰɢɤɥɨɞɢɦɟɪɚ (168). 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-[2-{3,10,30-ɬɪɢɨɤɫɚ-13,14,15,26,27,28-

ɝɟɤɫɚɡɚɬɟɬɪɚɰɢɤɥɨД24.2.1.15,8.112,15]ɝɟɤɫɚɬɪɢɚɤɨɧɬ-1(29),5,7,12(31),13,27-ɝɟɤɫɚɟɧ-6-

ɢɥжɷɬɢɥ]-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (167), ɜ ɜɢɞɟ ɦɚɫɥɚ. 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg )μ ββ1 (4.0λ), β85 (γ.11). ɂɄ-ɫɩɟɤɬɪμ 667, 754, 8ββ, 8λ1, λββ, λ64, 1051, 

1072, 1153, 1229, 1333, 1360, 1449, 1464, 1558, 1643, 1682, 1720, 2855, 2930, 3078, 3136. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ14’ɇ3), 0.λ7 ɦ (βH, H
4’,2’), 1.1γ ɫ (γɇ, ɋ13’ɇ3), 1.β0 ɲ.ɫ 

(1γɇ, H
8a’, ɋ18ɇ2, ɋ19ɇ2, ɋ20ɇ2, ɋ21ɇ2, ɋ22ɇ2, 

ɋ23ɇ2), 1.45 ɦ (1ɇ, ɇ8’), 1.54 ɦ (1H, ɇ9’), 1.56 ɦ 

(1ɇ, ɇ5’), 1.67 ɦ (1H, H
9’), 1.7γ ɦ (βH, H

4’,3’), 1.76 ɦ 

(1ɇ, ɇ8’), 1.86 ɦ (5H, H
7’

, ɋ17ɇ2, ɋ24ɇ2), 1.λ4 ɦ (1ɇ, 

ɇ3’), β.11 ɞ.ɦ (1ɇ, ɇ2’
, J 1β.4), β.βγ ɦ (1ɇ, ɇ10’

), 

β.γ8 ɞ.ɦ (1ɇ, ɇ7’
, J 11.8), β.51 ɦ (1ɇ, ɇ10’

), 3.57 c 

(γɇ, OCH3), 4.γ0 ɬ (4ɇ, ɋ16ɇ2, ɋ25ɇ2, J 6.4), 4.4β ɫ 

(βɇ, ɇ4,4), 4.46 ɫ (βɇ, ɇ9,9), 4.54 ɫ (1ɇ, ɇ11’
), 4.61 ɞ (βɇ, ɇ11,11

, J 1.6)*, 4.58 ɞ (βɇ, ɇ2,2
, J 1.6)*, 

4.88 ɫ (1ɇ, ɇ11’
), 6.21 c (1ɇ, ɇ7), 7.5β ɫ (1ɇ, ɇ29)*, 7.55 ɫ (1ɇ, ɇ30)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 

1β.54 ɤ (C14’), 1λ.81 ɬ (ɋ3’), βγ.β8 ɬ (ɋ10’), β4.5γ ɬ (ɋ9’), β5.7γ ɬ (ɋ17ɇ2, ɋ24ɇ2), β6.16 ɬ (C8’
), β8.16 ɬ 

(ɋ20ɇ2, ɋ21ɇ2)*, β8.γ4 ɬ (ɋ18ɇ2, ɋ23ɇ2)*, β8.67 ɤ (C13’), βλ.75 ɬ (ɋ19ɇ2, ɋ22ɇ2), γ8.0β ɬ (C2’), γ8.58 ɬ 

(C
7’), γ8.λ4 ɬ (C4’), 40.07 ɫ (C4a’), 44.16 ɫ (ɋ1’), 50.β0 ɬ (ɋ16ɇ2, ɋ25ɇ2), 51.04 ɤ (Ɉɋɇ3), 54.λ8 ɞ (ɋ5’

), 

56.05 ɞ (ɋ8a’), 6β.γγ ɬ (ɋ4
), 63.8γ ɬ (ɋ11)*, 6γ.87 ɬ (ɋ2)*, 64.5β ɬ (ɋ9), 106.γ4 ɬ (ɋ11’), 111.64 ɞ (ɋ7

), 

1ββ.46 ɞ (ɋ19)*, 1ββ.54 ɞ (ɋ30)*, 1β5.40 ɫ (ɋ6), 144.6β ɫ (ɋ1)*, 144.7λ ɫ (ɋ12)*, 147.β0 ɫ (ɋ5
), 147.78 

ɫ (ɋ6’), 150.6λ ɫ (ɋ8), 177.6β ɫ (ɋ12’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 

67.48, H 8.54, N 11.78; [M] 
 
720. C39H58N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 67.80, H 8.46, N 12.16; [M] 

 
691. 

Цɢɤɥɨɞɢɦɟɪ (168), ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (4.33), 285 (3.35). ɂɄ ɫɩɟɤɬɪ, 

Ȟ, ɫɦ-1
: 665, 756, 820, 891, 922, 988, 1051, 1074, 1092, 1136, 1153, 1229, 1333, 1362, 1377, 1450, 

1464, 1549, 1643, 1682, 1722, 1765, 2855, 2930, 3076, 

3136. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ 

(6H, βɋ20ɇ3), 0.λ5 ɞ.ɬ (βH, 2H
1
, J 1γ.4, γ.6), 0.λ8 ɞ.ɬ 

(2H, 2H
3
, J 1γ.β, 4.0), 1.14 ɫ (6ɇ, βɋ19ɇ3), 1.β0 ɲ.ɫ 

(1γɇ, βH
5, 6ɋɇ2), 1.46 ɦ (βɇ, βɇ6), 1.56 ɦ (4ɇ, 

βɇ11,9), 1.65 ɦ (βH, 2H
11), 1.7β ɦ, 1.76 ɦ (6H, 2H

1,2,6
), 

1.85 (6H, 2H
7, βɋɇ2), 1.λ5 ɦ (βɇ, βɇ2), β.1β ɞ.ɦ (βɇ, 

βɇ3
, J 1β.λ), β.ββ ɦ (βɇ, βɇ12), β.γ8 ɞ.ɦ (βɇ, βɇ7

, J 

10.4), β.50 ɦ (βɇ, βɇ12
), 3.58 c (6ɇ, βOCH3), 4.γ0 ɬ (4ɇ, βɋɇ2-N

1’
, J 6.λ)*, 4.γ0 ɬ (4ɇ, βɋɇ2-N

1”
, J 
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6.λ)*, 4.4β ɫ (4ɇ, βCɇ2-C
16), 4.46 ɫ (4ɇ, βCɇ2-C

15), 4.5γ ɫ (βɇ, βɇ17
), 4.61 c (4ɇ, βɋɇ2-C

4’)*, 4.65 ɞ 

(4ɇ, βɋɇ2-C
4”)*, 4.85 ɫ (βɇ, βɇ17

), 6.21 c (βɇ, βɇ14), 7.51* ɫ (βɇ, βɇ5’)*, 7.54 ɫ (βɇ, βɇ5”
)*. ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 1β.55 ɤ (βC

20), 1λ.8γ ɬ (βɋ2), βγ.β4 ɬ (βɋ12), β4.5β ɬ (βɋ11), β6.16 ɬ (βC
6), β6.γ7 ɬ 

(4ɋɇ2), β8.70 ɤ (βC
19), β8.84 ɬ (4ɋɇ2), βλ.15 ɬ (4ɋɇ2), γ0.β1 ɬ (4ɋɇ2), γ8.0β ɬ (βC

3), γ8.5λ ɬ (βC
7
), 

γ8.λβ ɬ (βC
1), 40.07 ɫ (βC

10
), 44.16 ɫ (βɋ4), 50.ββ ɬ (βɋH2-N

1’
, 2ɋH2-N

1”), 51.0λ ɤ (βɈɋɇ3), 54.λ1 ɞ 

(βɋ9), 56.01 ɞ (βɋ5), 6β.18 ɬ (βɋɇ2-ɋ16), 6γ.γ4 ɬ (βɋɇ2-ɋ4”)*, 6γ.47 ɬ (βɋɇ2-ɋ4’)*, 64.β6 ɬ (βɋɇ2-

ɋ15), 106.γβ ɬ (βɋ17), 111.5λ ɞ (βɋ14), 1ββ.βλ ɞ (βɋ5’)*, 1ββ.44 ɞ (βɋ5”)*, 1β5.4γ ɫ (βɋ13), 144.67 ɫ 

(βɋ4’)*, 144.86 ɫ (βɋ4”)*, 147.1β ɫ (βɋ16), 147.8β ɫ (βɋ8), 150.6λ ɫ (βɋ15), 177.66 ɫ (βɋ18
). (* - 

ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 67.λ1, H 8.54, N 13.22; [M] 
 

1450. 

C78H116N12O10. ȼɵɱɢɫɥɟɧɨ %μ ɋ 67.87, H 8.63, N 13.02; [M] 
 
1382. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 15,16-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (145) ɫ 1-

ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (169). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.08 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (145) ɜ 108 

ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.17 ɝ (1.08 ɦɦɨɥɶ) 1-ɚɡɢɞɨ-2-

(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (169), ɪɚɫɬɜɨɪ 0.11 ɝ (0.4γ ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 

0.4γ ɝ (β.16 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 

40
oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1-10μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.β55 ɝ (γ8%) ɦɚɤɪɨɰɢɤɥɚ (171), 

0.154 ɝ (βγ%) ɰɢɤɥɨɞɢɦɟɪɚ (172) ɢ 0.174 ɝ (β6%) ɰɢɤɥɨɬɪɢɦɟɪɚ (173). 

(1S,4aR,5S,8aR)- Ɇɟɬɢɥ 5-[2-{3,10,18,25-ɬɟɬɪɚɨɤɫɚ-13,14,15,21,22,23-

ɝɟɤɫɚɚɡɚɬɟɬɪɚɰɢɤɥɨД19.2.1.15,8.112,15]ɝɟɤɫɨɡɚ-1(24),5,7,12(26),13,22-ɝɟɤɫɚɟɧ-6-ɢɥжɷɬɢɥ]-1,4a-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (171), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +14.85

o
 (c 

3.07, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 221 

(4.04), 280 (2.61). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 754, 820, 

891, 955, 988, 1049, 1072, 1109, 1134, 1153, 1229, 

1333, 1360, 1450, 1464, 1558, 1643, 1720, 2855, 

2870, 2945, 3078, 3142. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ14’ɇ3), 0.λ5 ɞ.ɬ (1H, H
4’

, J 

1γ.0, γ.0), 0.λ8 ɞ.ɬ (1H, H
2’

, J 1γ.0, γ.8), 1.1γ ɫ (γɇ, 

ɋ13’ɇ3), 1.β4 ɞ.ɞ (1ɇ, H8a’
, J 1β.7, γ.β), 1.46 ɦ (1ɇ, ɇ8’), 1.54 ɦ (1ɇ, ɇ9’), 1.57 ɦ (1ɇ, ɇ5’), 1.67 ɦ 

(1H, H
9’), 1.74 ɦ (βH, H

4’,3’
), 1.76 ɦ (1ɇ, ɇ8’), 1.86 ɞ.ɬ (1H, H

7’
, J 1β.8, 4.7), 1.λ5 ɞ.ɦ (1ɇ, ɇ3’

, J 

1γ.0), β.11 ɞ.ɦ (1ɇ, ɇ2’
, J 1γ.0), β.β4 ɦ (1ɇ, ɇ10’), β.γλ ɬ.ɞ (1ɇ, ɇ7’

, J 1β.8, γ.β), β.5β ɦ (1ɇ, ɇ10’
), 

3.57 c (γɇ, OCH3), γ.78 ɤ (4ɇ, ɇ17,17,19,19
, J 4.7), 4.44 ɫ (βɇ, ɇ4,4), 4.47 ɦ (4ɇ, ɇ16,16,20,20), 4.4λ ɞ 

(βɇ, ɇ9,9
, J γ.1)*, 4.51 ɞ (βɇ, ɇ11,11

, J γ.7)*, 4.55 ɫ (1ɇ, ɇ11’), 4.58 ɞ (βɇ, ɇ2,2
, J 1.5), 4.8λ ɫ (1ɇ, 
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ɇ11’
), 6.23 c (1ɇ, ɇ7

), 7.46 ɫ (1ɇ, ɇ24
)*, 7.47 ɫ (1ɇ, ɇ25

)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.56 ɤ (C14’

), 

1λ.8γ ɬ (ɋ3’
), 23.1λ ɬ (ɋ10’), β4.56 ɬ (ɋ9’), β6.1λ ɬ (C8’), β8.70 ɤ (C13’), γ8.06 ɬ (C2’), γ8.61 ɬ (C7’

), 

γ8.λλ ɬ (C4’), 40.0λ ɫ (C4a’), 44.18 ɫ (ɋ1’), 50.βλ ɬ (ɋ16,20), 51.08 ɤ (Ɉɋɇ3), 54.λ7 ɞ (ɋ5’), 56.11 ɞ 

(ɋ8a’), 61.44 ɬ (ɋ4), 6β.β7 ɬ (ɋ11
)*, 6β.58 ɬ (ɋ2)*, 6γ.85 ɬ (ɋ9

), 6λ.50 ɬ (ɋ19,17
), 106.40 ɬ (ɋ11’

), 111.77 

ɞ (ɋ7
), 1βγ.55 ɞ (ɋ24)*, 1βγ.56 ɞ (ɋ25)*, 1β5.41 ɫ (ɋ6), 144.λ4 ɫ (ɋ1,12), 147.15 ɫ (ɋ5), 147.7γ ɫ (ɋ6’

), 

150.68 ɫ (ɋ8), 177.64 ɫ (ɋ12’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 64.0β, H 

7.74, N 12.89; [M] 
 
624. C33H46N6O6. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6γ.65, H 7.45, N 13.49; [M] 

 
622. 

Цɢɤɥɨɞɢɦɟɪ (172), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +30.53
o
 (c 0.57, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 222 

(4.45), 280 (3.31). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 754, 818, 891, 920, 988, 1049, 1069, 1134, 1151, 1227, 1333, 

1360, 1449, 1462, 1547, 1558, 1643, 1720, 1763, 2855, 2870, 2932, 2945, 3078, 3144. ɋɩɟɤɬɪ əɆɊ 1H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (6H, βɋ20ɇ3), 0.λ4 ɞ.ɬ (βH, 2H
1
, J 1γ.4, γ.8), 0.λ7 ɞ.ɬ (βH, 2H

3
, J 13.4, 

4.γ), 1.1γ ɫ (6ɇ, βɋ19ɇ3), 1.βγ ɞ.ɞ (βɇ, βH
5
, J 1β.4, β.7), 1.46 ɦ (βɇ, βɇ6), 1.54 ɦ (4ɇ, βɇ11,9), 1.6γ ɦ 

(2H, 2H
11), 1.71 ɦ, 1.75 ɦ (6H, 2H

1,2,6
), 1.81 ɞ.ɬ 

(2H, 2H
7
, J 14.0, γ.β), 1.λ5 ɞ.ɦ (βɇ, βɇ2

, J 12.0), 

β.10 ɞ.ɦ (βɇ, βɇ3
, J 1γ.4), β.1λ ɦ (βɇ, βɇ12

), 2.37 

ɞ.ɦ (βɇ, βɇ7
, J 11.8), β.48 ɦ (βɇ, βɇ12

), 3.57 c 

(6ɇ, βOCH3), γ.7γ ɬ (8ɇ, 4ɋɇ2Ɉ, J 4.6), 4.γλ ɫ 

(4ɇ, βɋɇ2-ɋ16
, J 4.8)*, 4.40 ɦ (8ɇ, βɋɇ2-N

1’
, 

βɋɇ2-N
1”), 4.4γ ɞ (4ɇ, βɋɇ2-ɋ15

, J γ.β)*, 4.51 ɫ 

(βɇ, βɇ17), 4.56 ɞ (4ɇ, βɋɇ2-ɋ4”
, J γ.8)*, 4.58 ɞ (4ɇ, βɋɇ2-ɋ4’

, J 5.4)*, 4.85 ɫ (βɇ, βɇ17
), 6.18 c (βɇ, 

βɇ14), 7.40 ɫ (1ɇ, ɇ5’)*, 7.41 ɫ (1ɇ, ɇ5’)*, 7.4β ɫ (βɇ, βɇ5”)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.5β ɤ 

(2C
20), 1λ.80 ɬ (βɋ2), βγ.βγ ɬ (βɋ12), β4.51 ɬ (βɋ11), β6.14 ɬ (βC

6), β8.67 ɤ (βC
19), γ7.λλ ɬ (βC

3
), 38.56 

ɬ (βC
7), γ8.λ0 ɬ (βC

1
), 40.05 ɫ (βC

10), 44.1γ ɫ (βɋ4), 4λ.8λ ɬ (βɋH2-N
1’

, 2ɋH2-N
1”), 51.07 ɤ (βɈɋɇ3), 

54.λ6 ɞ (βɋ9), 55.λ8 ɞ (βɋ5), 6β.10 ɬ (βCH2-ɋ16), 6γ.βγ ɬ (βɋH2-C
4’

)*, 6γ.β7 ɬ (βɋH2-C
4”)*, 64.β6 ɬ, 

64.γ0 ɬ (βCH2-ɋ15), 6λ.10 ɬ, 6λ.1β ɬ (βɋɇ2Ɉ), 6λ.15 ɬ (βɋɇ2Ɉ), 106.γβ ɬ (βɋ17
), 111.5γ ɞ, 111.56 ɞ 

(βɋ14), 1βγ.80 ɞ, 1βγ.8γ ɞ (βɋ5’
)*, 1βγ.λ0 ɞ, 1βγ.λγ ɞ (βɋ5”)*, 1β5.βλ ɫ, 1β5.γβ ɫ (βɋ13), 144.56 ɫ, 

144.59 ɫ (βɋ4’)*, 144.70 ɫ (βɋ4”)*, 147.08 ɫ, 147.11 (βɋ16), 147.75 ɫ (βɋ8), 150.70 ɫ, 150.7β ɫ (βɋ15
), 

177.64 ɫ (βɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6γ.76, H 7.94, N 13.54; [M] 

 

1302. C66H92N12O12. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6γ.65, H 7.45, N 13.49; [M] 
 
1244. 

Цɢɤɥɨɬɪɢɦɟɪ (173), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +25.48

o
 (c 2.74, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

221 (4.44), 280 (3.35). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 756, 820, 893, 922, 988, 1051, 1069, 1134, 1151, 1229, 

1335, 1360, 1450, 1464, 1643, 1720, 1761, 2856, 2870, 2930, 2947, 3078, 3142. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (λH, γɋ20ɇ3), 0.λ4 ɞ.ɬ (γH, 3H
1
, J 11.8, 3.8), 0.λ6 ɞ.ɬ (γH, 3H

3
, J 12.9, 

γ.β), 1.1β ɫ (λɇ, γɋ19ɇ3), 1.βγ ɞ.ɞ (γɇ, γH
5
, J 1β.4, β.7), 1.44 ɦ (γɇ, γɇ6), 1.5γ ɦ (6ɇ, γɇ11,9), 1.6γ ɦ 
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(3H, 3H
11), 1.70 ɦ, 1.7γ ɦ (λH, 3H

1,2,6), 1.81 ɞ.ɬ (γH, 3H
7
, J 14.5, γ.β), 1.λγ ɞ.ɦ (γɇ, γɇ2

, J 11.8), 2.09 

ɞ.ɦ (γɇ, γɇ3
, J 1β.λ), β.1λ ɦ (γɇ, γɇ12), β.γ5 ɞ.ɦ (γɇ, γɇ7

, J 11.γ), β.47 ɦ (γɇ, γɇ12
), 3.55 c (λɇ, 

3OCH3), γ.74 ɲ.ɫ (1βɇ, 6ɋɇ2Ɉ, J 4.6), 4.γλ ɫ (6ɇ, γɋɇ2-ɋ16), 4.4β ɫ (18ɇ, γɋɇ2-N
1’, γɋɇ2-N

1”
, 

γɋɇ2-ɋ15), 4.50 ɫ (γɇ, γɇ17), 4.55 ɞ (6ɇ, γɋɇ2-ɋ4”
, J 3.8)*, 4.57 ɞ (6ɇ, γɋɇ2-ɋ4’

, J 5.4)*, 4.8γ ɫ (γɇ, 

γɇ17
), 6.19 c (γɇ, γɇ14), 7.5γ ɫ (6ɇ, γɇ5’, γɇ5”

). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.51 ɤ (γC

20), 1λ.80 ɬ 

(γɋ2), βγ.β4 ɬ (γɋ12), β4.51 ɬ (γɋ11), β6.1γ ɬ (γC
6
), 

β8.65 ɤ (γC
19), γ7.λ8 ɬ (γC

3), γ8.56 ɬ (γC
7), γ8.λ0 ɬ 

(3C
1), 40.04 ɫ (γC

10), 44.1γ ɫ (γɋ4), 4λ.8γ ɬ (γɋH2-

N
1’

, 3ɋH2-N
1”), 51.04 ɤ (γɈɋɇ3), 54.λ7 ɞ (γɋ9

), 

55.λ7 ɞ (γɋ5), 6β.1γ ɬ (γɋɇ2-ɋ16), 6γ.10 ɬ (γɋɇ2-

ɋ4’)*, 6γ.1λ ɬ (γɋɇ2-C
4”)*, 64.ββ ɬ (γCH2-ɋ15), 6λ.17 ɬ (6ɋɇ2Ɉ), 106.γ0 ɬ (γɋ17), 111.56 ɞ (γɋ14

), 

1βγ.56 ɞ, 1βγ.5λ ɞ (γɋ5’
)*, 1βγ.68 ɞ, 1βγ.76 ɞ (γɋ5”)*, 1β5.γ7 ɫ (γɋ13), 144.56 ɫ (γɋ4’)*, 144.71 ɫ, 

144.7β ɫ (γɋ4”)*, 147.0β ɫ (γɋ16), 147.78 ɫ (γɋ8), 150.65 ɫ (γɋ15), 177.5λ ɫ (γɋ18
). (* - ɋɢɝɧɚɥɵ 

ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6β.λ8, H 7.84, N 13.72; [M]
 
1788. C99H138N18O18. 

ȼɵɱɢɫɥɟɧɨ %μ ɋ 6γ.65, H 7.45, N 13.49; [M] 
 
1866. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 15,16-ɛɢɫ((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (145) ɫ 

1,2-ɛɢɫ(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.07 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (145) ɜ 108 ɦɥ 

ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β1 ɝ (1.07 ɦɦɨɥɶ) 1,β-ɛɢɫ(β-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170), ɪɚɫɬɜɨɪ 0.11 ɝ (0.4γ ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.β1 ɝ 

(1.07 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ 

ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ - 100μ10). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.ββλ ɝ (γβ%) ɦɚɤɪɨɰɢɤɥɚ (174), 

0.071 ɝ (10%) ɰɢɤɥɨɞɢɦɟɪɚ (175) ɢ 0.ββ1 ɝ (γ1%) ɰɢɤɥɨɬɪɢɦɟɪɚ (176). 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-(3,10,18,21,28-ɩɟɧɬɚɨɤɫɚ-13,14,15,24,25,26-

ɝɟɤɫɚɚɡɚɬɟɬɪɚɰɢɤɥɨД22.2.1.15,8.112,15]ɧɨɧɚɤɨɫɚ-1(27),5,7,12(29),13,25-ɝɟɤɫɚɟɧ-6-ɢɥ)ɷɬɢɥ)-

1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (174), ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 221 (4.06), 285 (2.75). ɂɄ ɫɩɟɤɬɪ, 

Ȟ, ɫɦ-1
: 665, 754, 822, 893, 922, 988, 1051, 1072, 

1136, 1150, 1227, 1333, 1358, 1450, 1464, 1553, 

1643, 1720, 2870, 2945, 3080, 3142. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (γɇ, ɋ14’ɇ3), 0.91 

ɞ.ɬ (1H, H
4’

, J 1γ.7, 4.0), 0.λ7 ɞ.ɬ (1H, H
2’

, J 13.7, 
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γ.4), 1.1γ ɫ (γɇ, ɋ13’ɇ3), 1.β1 ɞ.ɞ (1ɇ, H8a’
, J 1β.0, β.7), 1.45 ɦ (1ɇ, ɇ3’), 1.60 ɦ (βɇ, ɇ5’,9’), 1.67 ɦ 

(1ɇ, ɇ9’
), 1.70-1.78 ɦ (γH, H

4’,3’,8’), 1.86 ɞ.ɬ (1H, H
7’

, J 1β.1, 4.0), 1.λ4 ɞ.ɦ (1ɇ, ɇ8’
, J 1β.1), β.1β ɦ 

(βɇ, ɇ2’,10’), β.γλ ɦ (βɇ, ɇ7’,10’), γ.50 ɫ (4ɇ, ɇ20,20,19,19
), 3.57 c (γɇ, OCH3), γ.76 ɦ (4ɇ, ɇ16,16,23,23

), 

4.40 ɫ (βɇ, ɇ4,4), 4.45 ɫ (βɇ, ɇ9,9), 4.46 ɦ (4ɇ, ɇ17,17,22,22), 4.51 ɫ (1ɇ, ɇ11’
), 4.65 ɞ (βɇ, ɇ11,11

)*, 4.70 

ɫ (βɇ, ɇ2,2)*, 4.87 ɫ (1ɇ, ɇ11’
), 6.04 c (1ɇ, ɇ7), 7.66 ɫ (1ɇ, ɇ27)*, 7.67 ɫ (1ɇ, ɇ28

)*. ɋɩɟɤɬɪ əɆɊ 13
C, 

, ɦ.ɞ.μ 1β.55 ɤ (C14’), 1λ.8γ ɬ (ɋ3’), βγ.10 ɬ (ɋ10’), β4.4γ ɬ (ɋ9’
), β6.18 ɬ (C8’

), β8.70 ɤ (C13’
), γ8.04 ɬ 

(C
2’), γ8.5λ ɬ (C7’), γ8.λγ ɬ (C4’), 40.06 ɫ (C4a’), 44.18 ɫ (ɋ1’

), 50.0β ɬ (ɋ16,23
), 51.0λ ɤ (Ɉɋɇ3), 54.λβ ɞ 

(ɋ5’), 56.05 ɞ (ɋ8a’), 6β.β6 ɬ (ɋ4), 6γ.88 ɬ (ɋ11)*, 64.1β ɬ (ɋ2)*, 64.5λ ɬ (ɋ9), 6λ.17 ɬ (ɋ17)*, 6λ.β0 ɬ 

(ɋ22)*, 6λ.λβ ɬ (ɋ19,20), 106.γλ ɬ (ɋ11’), 111.45 ɞ (ɋ7), 1βγ.6λ ɫ (ɋ1)*, 1βγ.76 ɫ (ɋ12)*, 1β5.16 ɫ (ɋ6
), 

144.λ5 ɞ (ɋ27,28), 147.07 ɫ (ɋ5), 147.7γ ɫ (ɋ6’), 150.61 ɫ (ɋ8), 177.68 ɫ (ɋ12’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ 

ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6γ.54, H 8.02, N 12.97; [M] 654. C35H50N6O7. ȼɵɱɢɫɥɟɧɨ %μ ɋ 

63.04, H 7.56, N 12.60; [M] 666.  

Цɢɤɥɨɞɢɦɟɪ (175), ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 221 (4.05), 285 (2.76). ɂɄ ɫɩɟɤɬɪ, 

Ȟ, ɫɦ-1
: 665, 755, 822, 894, 919, 987, 1052, 1072, 

1137, 1149, 1228, 1331, 1354, 1453, 1467, 1553, 

1645, 1720, 2870, 2946, 3080, 3143. ɋɩɟɤɬɪ 

əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (6ɇ, 

βɋ20ɇ3), 0.λ6 ɦ (βH, 2H
1), 0.λλ ɞ.ɬ (βH, 2H

3
, J 

1γ.0, γ.6), 1.15 ɫ (6ɇ, βɋ19ɇ3), 1.β6 ɞ.ɞ (βɇ, 

2H
5
, J 1β.0, β.6), 1.4λ ɦ (βɇ, βɇ2), 1.55 ɦ (4ɇ, 

βɇ9,11), 1.67 ɦ (βɇ, βɇ11
), 1.73-1.77 ɦ (6H, 

2H
1,2,6), 1.8β ɦ (2H, 2H

7), 1.λ5 ɦ (βɇ, βɇ6), β.1β ɞ.ɦ (βɇ, βɇ3
, J 1γ.β), β.β0 ɦ (βɇ, βɇ12), β.γλ ɞ.ɦ 

(βɇ, βɇ7
, J 11.6), β.4λ ɦ (βɇ, βɇ12), γ.4λ ɫ (8ɇ, βɈɋɇ2ɋɇ2Ɉ), γ.5λ c (6ɇ, βOCH3), γ.75 ɦ (8ɇ, 

βɋɇ2-N
1’, βɋɇ2-N

1”), 4.γλ ɫ (4ɇ, βɋɇ2-C
16), 4.41 ɫ (4ɇ, βɋɇ2-C

15), 4.44 ɦ (8ɇ, 4 Cɇ2O), 4.5γ ɫ (βɇ, 

βɇ17), 4.58 ɞ (4ɇ, βɋɇ2-C
4’

, J β.0)*, 4.61 ɞ (4ɇ, βɋɇ2-C
4”

, J β.0)*, 4.87 ɫ (βɇ, βɇ17
), 6.18 c (βɇ, 

βɇ14), 7.68 ɫ, 7.68 ɫ (βɇ, βɇ5”)*, 7.70 ɫ, 7.70 ɫ (βɇ, βɇ5’
)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.6β ɤ (βC
20

), 

1λ.8λ ɬ (βɋ2), βγ.γγ ɬ (βɋ12
), β4.6β ɬ (βɋ11), β6.β4 ɬ (βC

6), β8.76 ɤ (βC
19), γ8.10 ɬ (βC

3), γ8.67 ɬ 

(2C
7), γλ.0β ɬ (βC

1), 40.15 ɫ (βC
10), 44.β5 ɫ (βɋ4), 50.0γ ɬ, 50.05 ɬ (βɋɇ2-N

1’, βɋɇ2-N
1”), 51.1γ ɤ 

(βɈɋɇ3), 55.11 ɞ (βɋ9), 56.1γ ɞ (βɋ5), 6β.β4 ɬ, 6β.β6 ɬ (βɋɇ2-C
16), 6γ.54 ɬ, 6γ.57 ɬ (2ɋɇ2-C

4”
)*, 

6γ.6β ɬ, 6γ.65 ɬ (βɋɇ2-C
4’)*, 64.γ4 ɬ, 64.γ7 ɬ (ɋɇ2-C

15), 6λ.β7 ɬ (4ɋH2O), 70.β0 ɬ, 70.β1 ɬ 

(βɈɋɇ2ɋɇ2Ɉ), 106.4β ɬ (βɋ17), 111.6β ɞ, 111.64 ɞ (βɋ14), 1βγ.86 ɞ (βɋ5’)*, 1βγ.λλ ɞ (βɋ5”
)*, 125.42 

ɫ, 1β5.4γ ɫ (βɋ13), 144.51 ɫ, 144.56 ɫ (βɋ4”
)*, 144.68 ɫ, 144.7β ɫ (βɋ4’)*, 147.1γ ɫ, 147.16 ɫ (βɋ16

), 

147.86 ɫ (βɋ8), 150.75 ɫ (βɋ15), 177.7β ɫ (βɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ 

%μ ɋ 6β.λ8, H 7.82, N 12.67; [M] 1267. C70H100N12O14. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6γ.04, H 7.56, N 12.60, [M] 

1332. 
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Цɢɤɥɨɬɪɢɦɟɪ (176), ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 221 (4.03), 286 (2.74). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 667, 755, 822, 894, 920, 990, 1049, 1071, 1137, 1149, 1228, 1334, 1358, 1451, 1465, 

1555, 1644, 1721, 2870, 2946, 3078, 3143. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (λɇ, 

γɋ20ɇ3), 0.λ4 ɞ.ɬ (γH, 3H
1
, J 1β.λ, β.7), 0.λ7 ɞ.ɬ (γH, 3H

3
, J 1β.λ, γ.β), 1.1γ ɫ (λɇ, γɋ19ɇ3), 1.β4 ɞ.ɞ 

(γɇ, γH
5
, J 1β.0, β.β), 1.45 ɦ (γɇ, γɇ2), 1.54 ɦ 

(6ɇ, γɇ9,11), 1.65 ɦ (γɇ, γɇ11
), 1.71-1.78 ɦ 

(9H, 3H
1,2,6), 1.8γ ɦ (γH, 3H

7
), 1.λ4 ɦ (γɇ, 

γɇ6), β.10 ɞ.ɦ (γɇ, γɇ3
, J 1γ.4), β.1λ ɦ (γɇ, 

γɇ12), β.γ6 ɞ.ɦ (γɇ, γɇ7
, J 10.8), β.47 ɦ (γɇ, 

γɇ12), γ.4λ ɫ (1βɇ, γɈɋɇ2ɋɇ2Ɉ), γ.58 c (λɇ, 

3OCH3), γ.76 ɲ.ɫ (1βɇ, γɋɇ2-N
1’, γɋɇ2-N

1”
), 

4.γλ ɫ (6ɇ, γɋɇ2-C
16), 4.4γ ɲ.ɫ (18ɇ, γɋɇ2-

C
15

, 6Cɇ2O), 4.51 ɫ (γɇ, γɇ17), 4.57 ɫ, 4.61 ɫ (1βɇ, γɇ2-C
4”, γɋɇ2-C

4’), 4.84 ɫ (γɇ, γɇ17), 6.1λ ɲ.c 

(γɇ, γɇ14), 7.55 ɫ, 7.65 ɫ, 7.67 ɫ (6ɇ, γɇ5’
, 3H

5’). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.54 ɤ (γC

20), 1λ.8γ ɬ 

(γɋ2), βγ.β6 ɬ (γɋ12), β4.54 ɬ (γɋ11), β6.16 ɬ (γC
6), β8.16 ɤ (γC

19
), 38.0β ɬ (γC

3), γ8.5λ ɬ (γC
7
), 38.93 

ɬ (γC
1), 40.08 ɫ (γC

10), 44.17 ɫ (γɋ4), 50.05 ɬ, 50.0λ ɬ (γɋɇ2-N
1’, γɋɇ2-N

1”), 51.07 ɤ (γɈɋɇ3), 55.00 

ɞ (γɋ9), 56.0β ɞ (γɋ5), 6β.β1 ɬ, 6β.β4 ɬ, 6β.β5 ɬ (γɋɇ2-C
16), 6γ.β7 ɬ, 6γ.βλ ɬ, 6γ.γ0 ɬ (γɋɇ2-C

4”
)*, 

6γ.γλ ɬ, 6γ.40 ɬ, 6γ.4β ɬ (γɋɇ2-C
4’)*, 64.β6 ɬ, 64.βλ ɬ (γɋɇ2-C

15), 6λ.βλ ɬ (6ɋH2O)*, 70.β6 ɬ 

(γɈɋɇ2ɋɇ2Ɉ)*, 106.γ4 ɬ (γɋ17), 111.6β ɞ, 111.64 ɞ, 111.65 ɞ (γɋ14), 1βγ.6γ ɞ, 1βγ.74 ɞ (γɋ5’
)*, 

1βγ.78 ɞ, 1βγ.85 ɞ (γɋ5”)*, 1β5.4γ ɫ, 1β5.45 ɫ (γɋ13), 144.56 ɫ, 144.65 ɫ (γɋ4’
)*, 144.67 ɫ, 144.80 ɫ, 

144.8γ ɫ (γɋ4”)*, 147.05 ɫ, 147.06 ɫ, 147.0λ ɫ (γɋ16), 147.81 ɫ, 147.84 ɫ (γɋ8), 150.67 ɫ, 150.6λ ɫ, 

150.7β ɫ (γɋ15), 177.66 ɫ, 177.68 ɫ, 177.70 ɫ (γɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). 

ɇɚɣɞɟɧɨ %μ ɋ 64.0γ, H 7.34, N 12.35; [M] 1893. C105H150N18O21. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6γ.04, H 7.56, N 

12.60; [M] 1933. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ ɞɢɩɪɨɩɚɪɝɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (152) ɫ 1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧɨɦ (160). 

Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.10 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (152) ɜ 110 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.17 ɝ (1.10 ɦɦɨɥɶ) 1,5-ɞɢɚɡɢɞɨɩɟɧɬɚɧɚ (160), ɪɚɫɬɜɨɪ 0.11 ɝ (0.44 

ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.44 ɝ (β.β0 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. 

ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ 

ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɜɵɦɵɥɢ 0.β0 ɝ (βλ%) ɦɚɤɪɨɰɢɤɥɚ (177), 0.10 ɝ (15%) ɰɢɤɥɨɞɢɦɟɪɚ (178) ɢ 0.05 ɝ (7%) 

ɰɢɤɥɨɬɪɢɦɟɪɚ (179). 
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Ɇɟɬɢɥ (24aR,26aR,27S,30aR,30bS)-27,30a-ɞɢɦɟɬɢɥ-

1,2,6,14,15,16,17,24,24ɚ,25,26,26ɚ,27,28,29,30,30ɚ,30b-ɨɤɬɚɞɟɤɚɝɢɞɪɨ-13ɇ-12,9:18,21-

ɞɢɦɟɬɢɥɮɭɪɨД2,3-s]ɧɚɮɬɨД1,2-w][1,17,4,5,6,12,13,14]-ɞɢɨɤɫɚɝɟɤɫɚɚɡɚɰɢɤɥɨɩɟɧɬɚɤɨɡɢɧ-27-

ɤɚɪɛɨɤɫɢɥɚɬ (177), ɜ ɜɢɞɟ ɦɚɫɥɚ 20][ D
 +36.90

o
 (c 2.39, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 

(4.10), 275 (3.10). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 883, 1049, 1084, 1092, 1151, 1225, 1333, 1360, 

1447, 1464, 1720, 2857, 2887, 2947, 3136. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (γɇ, ɋ9’ɇ3), 

0.80 ɞ.ɬ (1H, H
1’

, J 1γ.β, γ.β), 0.λ1 ɞ.ɬ (1H, H
3’

, J 1γ.4, γ.8), 0.λ8 ɞ.ɞ (1ɇ, H5’
, J λ.1, 5.1), 1.06 ɫ (5ɇ, 

ɋ8’ɇ3, ɋ20ɇ2), 1.14 ɦ (βɇ, ɇ9,5b’), 1.γ5 ɦ (βH, H
2’,8), 1.64 ɦ, 

1.68 ɦ (λɇ, ɇ2’,1’,8,5a’,5a’, ɋ19ɇ2, ɋ21ɇ2), 1.86 ɞ.ɦ (1ɇ, ɇ5b’
, J 

12.λ), β.0β ɦ (βɇ, ɇ10,3’), β.βγ ɦ (1ɇ, ɇ7), β.50 ɦ (1ɇ, ɇ7
), 3.44 

ɬ (1ɇ, ɇ11
, J λ.1), γ.51 ɞ (1ɇ, ɇ11

, J 9.1), 3.54 c (γɇ, OCH3), 

4.β1 ɦ (4ɇ, ɋ18ɇ2, ɋ22ɇ2), 4.44 ɞ (1ɇ, ɇ4
, J 1γ.4), 4.44 ɞ (1ɇ, 

ɇ4
, J 1γ.4), 4.48 ɫ (4ɇ, ɇ2,2,13,13), 6.17 ɫ (1ɇ, ɇ28

), 7.β5 ɫ (1ɇ, 

ɇ29), 7.β8 ɫ (1ɇ, ɇ26), 7.γ1 ɫ (1ɇ, ɇ27). ɋɩɟɤɬɪ əɆɊ 13
C, , 

ɦ.ɞ.μ 1γ.57 ɤ (C9’), 18.λ6 ɬ (ɋ5a’)*, 18.λ7 ɬ (ɋ2’)*, ββ.54 ɬ 

(ɋ20ɇ2), ββ.5β ɬ (ɋ7), β5.6β ɬ (ɋ8), β8.5β ɤ (C8’), β8.1β ɬ 

(ɋ19ɇ2), β8.1β ɬ (ɋ21ɇ2), βλ.λ5 ɬ (C5b’), γ5.γγ ɞ (ɋ10
), 37.75 ɬ (C3’)*, γ7.8γ ɫ (C6’)*, γ8.λ4 ɬ (ɋ1’

), 

4γ.57 ɫ (C4’), 4λ.4β ɬ (ɋ22)*, 4λ.50 ɬ (ɋ18)*, 50.8β ɞ (ɋ9), 50.λ7 ɤ (Ɉɋɇ3), 56.6λ ɞ (ɋ5’), 6β.γ0 ɬ (ɋ4
), 

6γ.04 ɬ (C2)*, 64.γ5 ɬ (C13)*, 6λ.λ4 ɬ (ɋ11), 111.14 ɞ (ɋ28), 1ββ.4γ ɞ (ɋ26)*, 1ββ.6γ ɞ (ɋ27)*, 1βγ.λβ ɫ 

(ɋ6), 141.8β ɞ (ɋ29), 145.0γ ɫ (ɋ14)*, 145.β7 ɫ (ɋ1)*, 146.64 ɫ (ɋ5), 177.64 ɫ (ɋ7’
). (* - ɋɢɝɧɚɥɵ 

ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 65.07, H 7.26, N 11.56; [M] 
 
607. C33H48N6O5. 

ȼɵɱɢɫɥɟɧɨ %μ ɋ 65.11, H 7.95, N 13.80; [M] 
 
608. 

Цɢɤɥɨɞɢɦɟɪ (178), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +23.76

o
 (c 1.17, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 

(4.37), 277 (3.17). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 893, 1049, 1082, 1092, 1151, 1225, 1333, 1364, 1377, 

1449, 1466, 1720, 2857, 2933, 2947, 3140, 3433. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (6ɇ, 

βɋ20ɇ3), 0.8β ɞ.ɬ (βH, 2H
1
, J 1γ.4, γ.8), 0.λ5 ɞ.ɬ (βH, 2H

3
, J 1γ.4, γ.8), 1.0β ɞ.ɞ (βɇ, βH

5
, J 8.6, 6.5), 

1.11 ɫ (6ɇ, βɋ19ɇ3), 1.18 ɦ (4ɇ, βɇ9,17), 1.β6 ɦ (4ɇ, 

βɋ28ɇ2), 1.γ6 ɦ (4H, 2H
2,11), 1.70 ɦ (10ɇ, βɇ2,1,11,6,6

), 

1.85 ɦ (8ɇ, βɋɇ2, βɋɇ2), 1.λ4 ɦ (4ɇ, ɇ7,8), β.0λ ɞ.ɦ 

(βɇ, ɇ3
, J 1β.λ), β.1λ ɦ (βɇ, ɇ12), β.45 ɦ (βɇ, ɇ12

), 

γ.47 ɬ (1ɇ, ɇ17
, J λ.1), γ.48 ɬ (1ɇ, ɇ17

, J λ.1), γ.55 ɞ 

(βɇ, ɇ17
, J 9.1), 3.59 c (6ɇ, OCH3), 4.β5 ɦ (8ɇ, βN

1’
-

Cɇ2, 2N
1”

-Cɇ2), 4.4β ɞ, 4.4β ɞ (4ɇ, βɋ16
-ɋɇ2, J 12.9), 

4.55 ɦ (4ɇ, βɋɇ2-ɋ4’), 4.56 ɦ (4ɇ, βɋɇ2-ɋ4”), 6.1λ ɞ, 
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6.1λ ɞ (βɇ, ɇ14
, J 1.6), 7.βλ ɞ, 7.βλ ɞ (βɇ, ɇ15

, J 1.6), 7.54 ɫ, 7.5λ ɫ (βɇ, ɇ5’)*, 7.6γ ɫ, 7.68 ɫ (βɇ, 

ɇ5”)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.7β ɤ, 1γ.74 ɤ (βC

20), 1λ.06 ɬ (βɋ6)*, 1λ.1β ɬ, 1λ.17 ɬ (βɋ2
)*, 22.31 

ɬ, ββ.γ7 ɬ (βɋ12), βγ.β0 ɬ (βɋɇ2), βγ.β0 ɬ (βɋɇ2), β5.8γ ɬ, β5.85 ɬ (βɋ11), β8.67 ɤ (βC
19), βλ.γ6 ɬ 

(2Cɇ2), βλ.40 ɬ (βCɇ2), γ0.05 ɬ, γ0.1γ ɬ (βC
7), γ5.61 ɞ, γ5.64 ɞ (βɋ8), γ7.84 ɬ (βC

3)*, γ7.λ4 ɫ (βC
10

)*, 

γλ.06 ɬ (βɋ1), 4γ.68 ɫ (βC
4
), 4λ.64 ɬ (βCH2- N

1’)*, 4λ.67 ɬ (βCH2- N
1”)*, 50.λ8 ɞ (βɋ9), 51.15 ɤ 

(βɈɋɇ3), 56.7λ ɞ (βɋ5), 6β.11 ɬ, 6β.1γ ɬ (βɋɇ2-ɋ16), 6γ.β1 ɬ (βɋɇ2-ɋ4”)*, 64.47 ɬ (βɋɇ2-ɋ4’
)*, 69.74 

ɬ (βɋ17), 111.β4 ɞ (βɋ14), 1ββ.60 ɞ, 1ββ.65 ɞ (βɋ5’)*, 1ββ.74 ɞ, 1ββ.77 ɞ (βɋ5”
)*, 124.1β ɫ, 1β4.15 ɫ 

(βɋ13), 14β.0γ ɞ (βɋ15), 144.64 ɫ, 144.76 ɫ (βɋ4’)*, 145.β6 ɫ, 145.γ4 c (βɋ4”)*, 146.48 ɫ, 146.54 ɫ 

(βɋ16), 177.78 ɫ (βɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 64.88, H 7.13, N 

12.02; [M] 1255. C33H48N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 65.11, H 7.95, N 13.80; [M] 
 
1216. 

Цɢɤɥɨɬɪɢɦɟɪ (179), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +23.56

o
 (c 1.45, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

216 (4.27), 280 (3.24). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 667, 752, 

893, 1051, 1092, 1151, 1192, 1225, 1333, 1375, 1449, 

1466, 1657, 1720, 1757, 2097, 2857, 2932, 2949, 3140, 

3433. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ 

(λɇ, γɋ20ɇ3), 0.8β ɦ (γH, 3H
1), 0.λ5 ɞ.ɬ (γH, 3H

3
, J 

11.8, γ.β), 1.0γ ɦ (γɇ, γH
5), 1.1β ɫ (λɇ, γɋ19ɇ3), 1.23 

ɦ (6ɇ, γɇ9,17, ɋɇ2), 1.γγ ɦ (6H, 3H
2,11), 1.6λ ɦ (15ɇ, 

γɇ2,1,11,6,6), 1.88 ɦ (1βɇ, γɋɇ2, γɋɇ2), 1.λ6 ɦ (6ɇ, 

γɇ7,8), β.10 ɞ.ɦ (6ɇ, γɇ3
, J 11.8), β.β4 ɦ (γɇ, γɇ12

), 

β.46 ɦ (γɇ, γɇ12), γ.4λ ɬ (γɇ, γɇ17
, J 8.6), γ.54 ɬ (γɇ, γɇ17

, J 9.1), 3.60 c (λɇ, γOCH3), 4.βλ ɦ (1βɇ, 

γɋ1’
-Cɇ2, γɋ1”

-Cɇ2), 4.44 ɫ (6ɇ, γɋ16
-ɋɇ2), 4.58 ɫ (1βɇ, γɋɇ2-ɋ4’, γɋɇ2-ɋ4”), 6.β1 ɫ (γɇ, γɇ14

), 

6.1λ ɞ (γɇ, γɇ14
, J 1.6), 7.γ0 ɫ (γɇ, γɇ15), 7.54 ɫ (γɇ, γɇ5’)*, 7.56 ɫ (γɇ, γɇ5”)*. ɋɩɟɤɬɪ əɆɊ 13

C, , 

ɦ.ɞ.μ 1γ.70 ɤ (γC
20), 18.λλ ɬ (γɋ6)*, 1λ.0β ɬ (γɋ2)*, ββ.71 ɬ, ββ.7γ ɬ (γɋ12), βγ.βγ ɬ (γɋɇ2), β6.β0 ɬ, 

β6.ββ ɬ (γɋ11), β8.61 ɤ (γC
19), βλ.44 ɬ (γɋɇ2), βλ.5β ɬ (γɋɇ2), βλ.λγ ɬ, βλ.λ4 ɬ (γC

7), γ5.84 ɞ, γ5.85 ɞ 

(γɋ8), γ7.77 ɬ (γC
3)*, γ7.λ4 ɫ (γC

10)*, γλ.00 ɬ (γɋ1), 4γ.6γ ɫ (γC
4), 4λ.66 ɬ (γCH2-N

1’
, 3CH2-N

1”
), 

51.00 ɞ (γɋ9), 51.14 ɤ (γɈɋɇ3), 56.76 ɞ (γɋ5), 6β.11 ɬ (γɋ16
-ɋɇ2), 6γ.18 ɬ (γɇ2-ɋ4”)*, 64.γ7 ɬ (γɋɇ2-

ɋ4’)*, 6λ.6γ ɬ (γɋ17), 111.γ4 ɞ (γɋ14), 1ββ.50 ɞ (γɋ5’)*, 1ββ.5β ɞ (γɋ5”)*, 1β4.18 ɫ (γɋ13), 141.λ4 ɞ 

(γɋ15), 144.77 ɫ (γɋ4’)*, 144.80 ɫ (γɋ4”)*, 146.64 ɫ (γɋ16), 177.70 ɫ (γɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ 

ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 64.85, H 7.94, N 14.12; [M] 
 
1698. C33H48N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 

65.11, H 7.95, N 13.80; [M] 1824. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ ɞɢɩɪɨɩɚɪɝɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (152) ɫ 1-ɚɡɢɞɨ-2-(2-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (169). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.10 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (152) ɜ 110 ɦɥ 

ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.17 ɝ (1.10 ɦɦɨɥɶ) 1-ɚɡɢɞɨ-2-(2-
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ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (169), ɪɚɫɬɜɨɪ 0.11 ɝ (0.44 ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.44 ɝ 

(β.β0 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ 

ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.γβ ɝ (47%) ɦɚɤɪɨɰɢɤɥɚ (180), 0.10 ɝ 

(15%) ɰɢɤɥɨɞɢɦɟɪɚ (181) ɢ 0.11 ɝ (16%) ɰɢɤɥɨɬɪɢɦɟɪɚ (182). 

Ɇɟɬɢɥ (24aR,26aR,27S,30aR,30bS)-27,30a-ɞɢɦɟɬɢɥ-

1,2,6,14,15,16,17,24,24ɚ,25,26,26ɚ,27,28,29,30,30ɚ,30b-ɨɤɬɚɞɟɤɚɝɢɞɪɨ12,9:18,21-

ɞɢɦɟɬɟɧɨɮɭɪɨД2,3-s]ɧɚɮɬɨД1,2-w][1,9,17,4,5,6,12,13,14]-ɬɪɢɨɤɫɚɝɟɤɫɚɚɡɚɰɢɤɥɨɩɟɧɬɚɤɨɡɢɧ-

27-ɤɚɪɛɨɤɫɢɥɚɬ (180), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +39.71

o
 (c 0.68, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 219 

(4.07), 278 (2.84). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 812, 818, 893, 916, 1049, 1083, 1092, 1150, 1227, 

1258, 1333, 1362, 1449, 1464, 1506, 1678, 1720, 2872, 2949, 3146. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.5γ ɫ (γɇ, ɋ9’ɇ3), 0.λ0 ɞ.ɬ (1H, H
1’

, J 14.0, 3.8), 0.98 

ɞ.ɬ (1H, H
3’

, J 1γ.β, 4.γ), 1.05 ɞ.ɞ (1ɇ, H5’
, J 10.5, 4.8), 1.14 ɫ 

(γɇ, ɋ8’ɇ3), 1.βγ ɦ (βɇ, ɇ9,5b’), 1.4γ ɦ (βH, H
2’,8), 1.7β ɦ, 

1.76 ɦ (5ɇ, ɇ2’,1’,8,5a’,5a’), 1.λ6 ɞ.ɞ (1ɇ, ɇ5b’
, J 13.4, 1.6), 2.13 

ɦ (βɇ, ɇ10,3’), β.γ0 ɦ (1ɇ, ɇ7), β.6γ ɦ (1ɇ, ɇ7), γ.55 ɬ (1ɇ, 

ɇ11
, J λ.1), γ.5λ ɞ (1ɇ, ɇ11

, J 9.1), 3.62 c (γɇ, OCH3), γ.71 ɦ, 

γ.77 ɦ (4ɇ, ɋ19ɇ2, ɋ21ɇ2), 4.35-4.50 ɦ (4ɇ, ɋ18ɇ2, ɋ22ɇ2), 

4.4γ ɞ (1ɇ, ɇ4
, J 1γ.4), 4.55 ɞ (1ɇ, ɇ4

, J 1γ.4), 4.55 ɫ, 4.58 ɫ, 

4.60 ɫ (4ɇ, ɇ2,2,13,13), 6.β6 ɞ (1ɇ, ɇ28
, J β.1), 7.β4 ɫ (1ɇ, 

ɇ26)*, 7.γβ ɞ (1ɇ, ɇ29
, J β.1), 7.γ8 ɫ (1ɇ, ɇ27

)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.47 ɤ (C9’), 18.85 ɬ 

(ɋ5a’,2’)*, ββ.β5 ɬ (ɋ7), β5.61 ɬ (ɋ8), β8.40 ɤ (C8’), βλ.7β ɬ (C5b’), γ5.1γ ɞ (ɋ10), γ7.66 ɬ (C3’)*, γ7.7β ɫ 

(C
6’)*, γ8.85 ɬ (ɋ1’), 4γ.45 ɫ (C4’), 4λ.7β ɬ (ɋ18)*, 4λ.7λ ɬ (ɋ22)*, 50.80 ɤ (Ɉɋɇ3)*, 50.8γ ɞ (ɋ9

)*, 

56.56 ɞ (ɋ5’
), 62.35 ɬ (ɋ4), 6γ.0β ɬ (C2)*, 64.β0 ɬ (C13

)*, 68.80 ɬ (ɋ19)*, 68.λ0 ɬ (ɋ21)*, 6λ.87 ɬ (ɋ11
), 

110.λλ ɞ (ɋ28), 1βγ.γ0 ɞ (ɋ26)*, 1βγ.56 ɞ (ɋ27)*, 1βγ.77 ɫ (ɋ6), 141.7γ ɞ (ɋ29), 144.58 ɫ (ɋ1)*, 144.85 ɫ 

(ɋ14)*, 146.4γ ɫ (ɋ5), 177.47 ɫ (ɋ7’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6β.5λ, 

H 7.82, N 12.87; [M]
 
634. C38H58N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6β.λγ, H 7.59, N 13.76; [M] 

 
610. 

Цɢɤɥɨɞɢɦɟɪ (181), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +31.18

o
 (c 0.19, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 219 

(4.38), 256 (3.32), 280 (3.16). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 666, 754, 812, 817, 893, 1049, 1082, 1092, 1150, 

1192, 1227, 1261, 1333, 1362, 1375, 1450, 1464, 1508, 1680, 1720, 2855, 2870, 2928, 2951, 3144. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.50 ɫ (6ɇ, βɋ20ɇ3), 0.8β ɦ (βH, 2H
1
), 0.96 ɞ.ɬ (βH, 2H

3
, J 

1γ.4, γ.β), 1.0γ ɦ (βɇ, βH
5), 1.1γ ɫ (6ɇ, βɋ19ɇ3), 1.23 ɦ (4ɇ, βɇ9,17), 1.γ7 ɦ (4H, 2H

2,11), 1.70 ɦ (10ɇ, 

βɇ2,1,11,6,6), 1.λ6 ɦ (4ɇ, βɇ7,8), β.10 ɞ.ɦ (βɇ, βɇ3
, J 1β.λ), β.1λ ɦ (βɇ, βɇ12), β.4γ ɦ (βɇ, βɇ12), γ.47 ɬ, 
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γ.48 ɬ (βɇ, βɇ17
, J 8.6), γ.55 ɞ (βɇ, βɇ17

, J 8.6), 3.61 c (6ɇ, βOCH3), γ.6λ ɬ (4ɇ, βɋɇ2-Ɉ, J 4.8), 3.73 

ɞ, γ.76 ɞ (4ɇ, βɋɇ2-Ɉ, J 4.8)*, 4.37-4.45 ɦ (8ɇ, βɋɇ2-N
1’

, βɋɇ2-N
1”

), 4.42 c (4ɇ, βɋ16
-ɋɇ2), 4.51-

4.61 ɦ (8ɇ, βɋɇ2-ɋ4’, βɋɇ2-ɋ4”
), 6.19 c (βɇ, βɇ14

), 7.29 c (βɇ, βɇ15), 7.51 ɫ, 7.5β ɫ (βɇ, βɇ5’
)*, 7.57 

ɫ, 7.58 ɫ (βɇ, βɇ5”
)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1γ.78 ɤ (βC
20), 1λ.0λ ɬ (βɋ6)*, 1λ.βγ ɬ (βɋ2)*, ββ.4β ɬ 

(βɋ12), β5.λγ ɬ, β5.λ6 ɬ (βɋ11), β8.7β ɤ (βC
19), γ0.17 ɬ, 

γ0.ββ ɬ (βC
7), γ5.7β ɞ, γ5.76 ɞ (βɋ8), γ7.88 ɬ (βC

3
)*, 

γ7.λλ ɫ (βC
10)*, γλ.10 ɬ (βɋ1), 4γ.7β ɫ (βC

4), 4λ.78 ɬ, 

4λ.80 ɬ (βɋɇ2-N
1’)*, 4λ.8β ɬ, 4λ.84 ɬ (ɋɇ2-N

1”)*, 51.1γ ɞ 

(βɋ9), 51.1β4 ɤ (βɈɋɇ3), 56.80 ɞ, 56.8β ɞ (βɋ5), 6β.04 ɬ, 

6β.06 ɬ (ɋ16
-ɋɇ2), 6γ.10 ɬ, 6γ.11 ɬ (βɇ2-ɋ4”)*, 64.β6 ɬ, 

64.βλ ɬ (βɋɇ2-ɋ4’)*, 6λ.16 ɬ, 6λ.18 ɬ (βɋɇ2-Ɉ), 6λ.64 ɬ, 

6λ.6λ ɬ (βɋ17), 111.βλ ɞ, 111.γ1 ɞ (βɋ14), 1βγ.60 ɞ, 

1βγ.64 ɞ (βɋ5’)*, 1ββ.81 ɞ (βɋ5”)*, 1β4.1λ ɫ, 1β4.β4 ɫ 

(βɋ13), 14β.07 ɞ (βɋ15), 144.6γ ɫ, 144.7γ ɫ (βɋ4’)*, 145.γ0 ɫ, 145.γ5 c (βɋ4”)*, 146.57 ɫ, 146.60 ɫ 

(βɋ16), 177.84 ɫ (βɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6γ.0β, H 7.77, N 

13.84; [M] 
 
1287. C38H58N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6β.λγ, H 7.59, N 13.76; [M] 

 
1220. 

Цɢɤɥɨɬɪɢɦɟɪ (182), ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 217 (4.56), 280 (3.42). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 812, 893, 918, 1049, 1092, 

1150, 1192, 1227, 1258, 1333, 1364, 1375, 1450, 1464, 

1508, 1680, 1720, 1759, 2856, 2870, 2930, 2949, 3144, 

3400. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.50 ɫ (λɇ, 

γɋ20ɇ3), 0.8β ɦ (γH, 3H
1), 0.λ6 ɦ (γH, 3H

3), 1.0γ ɦ (γɇ, 

3H
5), 1.1γ ɫ (λɇ, γɋ19ɇ2), 1.βγ ɦ (6ɇ, γɇ9,17), 1.γ7 ɦ 

(6H, 3H
2,11), 1.70 ɦ (15ɇ, γɇ2,1,11,6,6), 1.λ6 ɦ (6ɇ, γɇ7,8

), 

β.10 ɞ.ɦ (γɇ, γɇ3
, J 1γ.5), β.ββ ɦ (γɇ, γɇ12), β.45 ɦ 

(γɇ, γɇ12), γ.48 ɦ (γɇ, γɇ17), γ.5γ ɦ (γɇ, γɇ17
), 3.61 c 

(λɇ, 3OCH3), γ.77 ɲ.ɫ (1βɇ, 6ɋɇ2-Ɉ), 4.44 ɦ (18ɇ, γɋɇ2-N
1’

, γɋɇ2-N
1”

, 3ɋɇ2-ɋ16), 4.57 ɦ (1βɇ, 

γɋɇ2-ɋ4’, γɋɇ2-ɋ4”), 6.β0 ɞ (γɇ, γɇ14
, J 1.7), 7.βλ ɞ (γɇ, γɇ15

, J 1.7), 7.55 ɫ (γɇ, γɇ5’)*, 7.58 ɫ, 7.5λ 

ɫ (γɇ, γɇ5”)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.77 ɤ, 1γ.81 ɤ (γC

20), 1λ.0β ɬ, 1λ.06 ɬ (γɋ6)*, 1λ.0λ ɬ, 

1λ.1γ ɬ (γɋ2)*, ββ.64 ɬ (γɋ12), β5.7γ ɬ (γɋ11), β8.7γ ɤ (γC
19), βλ.64 ɬ (γC

7), γ5.λ1 ɞ, γ5.λγ ɞ (γɋ8
), 

γ7.85 ɬ (γC
3)*, γ8.01 ɫ, γ8.0γ ɫ (γC

10)*, γλ.08 ɬ (γɋ1), 4γ.7β ɫ (γC
4), 4λ.84 ɬ (γɋɇ2-N

1’)*, 4λ.86 ɬ 

(γɋɇ2-N
1”)*, 51.18 ɞ (γɋ9), 51.ββ ɤ (γɈɋɇ3), 56.8γ ɞ (γɋ5), 6β.1β ɬ, 6β.1γ ɬ (γɋ16

-ɋɇ2), 6γ.08 ɬ, 

6γ.10 ɬ (γɋɇ2-ɋ4”)*, 64.β5 ɬ, 64.β8 ɬ (γɋɇ2-ɋ4’)*, 6λ.17 ɬ, 6λ.1λ ɬ, 6λ.β0 ɬ, 6λ.β4 ɬ (6ɋɇ2-Ɉ), 6λ.61 

ɬ, 6λ.6γ ɬ, 6λ.64 (γɋ17), 111.44 ɞ, 111.45 ɞ, 11.47 ɞ (γɋ14), 1βγ.6β ɞ, 1ββ.64 ɞ (γɋ5’
)*, 122.66 ɞ 

(γɋ5”)*, 1β4.γ0 ɫ, 1β4.γβ ɫ (γɋ13), 14β.04 ɞ (γɋ15), 145.β7 ɫ (γɋ4’)*, 145.βλ ɫ (γɋ4”)*, 146.54 ɫ (γɋ16
), 
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177.8β ɫ, 177.84 ɫ (γɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6γ.11, H 7.32, N 

14.45; [M] 1287. C38H58N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6β.λγ, H 7.59, N 13.76; [M] 
 
1830. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ ɞɢɩɪɨɩɚɪɝɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (152) ɫ ɞɢɚɡɨɞɟɤɚɧɨɦ (162). Ʉ 

ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.10 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (152) ɜ 110 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.β5 ɝ (1.10 ɦɦɨɥɶ) 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162), ɪɚɫɬɜɨɪ 0.11 ɝ (0.44 

ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.44 ɝ (β.β0 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. 

ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ 

ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɜɵɦɵɥɢ 0.06β ɝ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (152), 0.γ7 ɝ (49%) ɦɚɤɪɨɰɢɤɥɚ (183), 0.14 ɝ (1λ%) 

ɰɢɤɥɨɞɢɦɟɪɚ (184) ɢ 0.06 ɝ (8%) ɰɢɤɥɨɬɪɢɦɟɪɚ (185).  

Ɇɟɬɢɥ (29aR,31aR,32S,35aR,35bS)-32,35a-ɞɢɦɟɬɢɥ-

1,2,6,13,14,15,16,17,18,19,20,21,22,29ɚ,30,31,31ɚ,32,33,34,35,35ɚ,36b-ɬɟɬɪɚɤɨɡɚɝɢɞɪɨ-12,9:23,26-

ɞɢɦɟɬɟɧɨɮɭɪɨД3,2-s]ɧɚɮɬɨД2,1-ɯ]Д1,22,4,5,6,17,18,19]-ɞɢɨɤɫɚɝɟɤɫɚɚɡɚɰɢɤɥɨɬɪɢɚɤɨɧɬɢɧ-32-

ɤɚɪɛɨɤɫɢɥɚɬ (183), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +38.63

o
 (c 

2.74, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 349 (3.20), 

570 (2.38). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 883, 1051, 

1080, 1092, 1151, 1225, 1333, 1360, 1449, 1464, 

1720, 2857, 2932, 3136. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.50 ɫ (γɇ, ɋ9’ɇ3), 0.8β ɞ.ɬ (1H, H
1’

, J 

1γ.4, γ.8), 0.λ6 ɞ.ɬ (1H, H
3’

, J 1γ.4, 4.γ), 1.0β ɞ.ɞ (1ɇ, 

H
5’

, J λ.1, 7.5), 1.11 ɫ (γɇ, ɋ8’ɇ3), 1.1λ ɦ (14ɇ, ɇ9,5b’
, 

ɋ20ɇ2, ɋ21ɇ2, ɋ22ɇ2, ɋ23ɇ2, ɋ24ɇ2, ɋ25ɇ2), 1.40 ɦ (βH, H
2’,8), 1.6λ ɦ (5ɇ, ɇ2’,1’,8,5a’,5a’

), 1.8β ɦ (4ɇ, 

ɋ19ɇ2, ɋ26ɇ2), 1.λ6 ɞ.ɦ (1ɇ, ɇ5b’
, J 1γ.5), β.0β ɦ (1ɇ, ɇ10), β.0λ ɞ.ɦ (1ɇ, ɇ3’

, J 1β.λ), β.β4 ɦ (1ɇ, ɇ7
), 

β.4λ ɦ (1ɇ, ɇ7), γ.4λ ɬ (1ɇ, ɇ11
, J λ.1), γ.56 ɞ (1ɇ, ɇ11

, J 9.1), 3.60 c (γɇ, OCH3), 4.βλ ɦ (4ɇ, ɋ18ɇ2, 

ɋ27ɇ2), 4.45 ɫ (βɇ, ɇ4,4), 4.60 ɫ (4ɇ, ɇ2,2,13,13), 6.β1 ɞ (1ɇ, ɇ33
, J β.β), 7.γ0 ɞ (1ɇ, ɇ34

, J β.β), 7.58 ɫ 

(1ɇ, ɇ31
)*, 7.6γ ɫ (1ɇ, ɇ32

)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.7λ ɤ (C9’

), 1λ.11 ɬ (ɋ5a’)*, 1λ.1λ ɬ (ɋ2’
)*, 

ββ.54 ɬ (ɋ7), β5.γ1 ɬ (ɋɇ2), β5.6β ɬ (ɋɇ2), β5.88 ɬ (ɋ8), β7.6β ɬ (ɋɇ2), 27.64 ɬ (ɋɇ2), β7.7λ ɬ (ɋɇ2), 

β7.81 ɬ (ɋɇ2), β8.6λ ɤ (C8’), βλ.50 ɬ (ɋ19ɇ2)*, βλ.60 ɬ (ɋ26ɇ2)*, γ0.0λ ɬ (C5b’), γ5.77 ɞ (ɋ10), γ7.λγ ɬ 

(C
3’), γ8.01 ɫ (C6’), γλ.15 ɬ (ɋ1’), 4γ.76 ɫ (C4’), 50.01 ɬ (ɋ27)*, 50.11 ɬ (ɋ18)*, 51.11 ɞ (ɋ9), 51.14 ɤ 

(Ɉɋɇ3), 56.88 ɞ (ɋ5’), 6β.β4 ɬ (ɋ4), 6γ.54 ɬ (C2)*, 64.88 ɬ (C13)*, 6λ.78 ɬ (ɋ11), 111.β6 ɞ (ɋ33
), 122.40 

ɞ (ɋ31)*, 1ββ.5γ ɞ (ɋ32)*, 1β4.16 ɫ (ɋ6), 14β.06 ɞ (ɋ34), 144.λ4 ɫ (ɋ1)*, 145.50 ɫ (ɋ14)*, 146.71 ɫ (ɋ5
), 

177.81 ɫ (ɋ7’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 66.8λ, H 8.42, N 11.16; [M] 

644. C38H58N6O5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 67.βγ, H 8.61, N 12.38; [M] 
 
678. 
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Цɢɤɥɨɞɢɦɟɪ (184), ɜ ɜɢɞɟ ɦɚɫɥɚ 20][ D  +36.48
o
 (c 2.91, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 

(3.77), 280 (2.58). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 754, 1049, 1082, 1150, 1225, 1333, 1364, 1463, 1720, 2854, 

2930, 3136. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.50 ɫ (6ɇ, βɋ20ɇ3), 0.8β ɞ.ɬ (βH, 2H

1
, J 13.2, 

γ.β), 0.λ5 ɞ.ɬ (βH, 2H
3
, J 1γ.4, γ.8), 1.0β ɞ.ɞ (βɇ, βH

5
, J 7.λ, 6.5), 1.1β ɫ (6ɇ, βɋ19ɇ3), 1.β0 ɦ, 1.β5 ɦ 

(β8ɇ, βɇ9,17, 1βɋɇ2), 1.γ8 ɦ (4H, 2H
2,11), 1.6λ ɦ (10ɇ, βɇ2,1,11,6,6), 1.8β ɦ (8ɇ, 4ɋɇ2), 1.λ6 ɞ.ɦ (βɇ, 

βɇ7
, J 1γ.4), β.01 ɦ (βɇ, βɇ8), β.10 ɞ.ɦ (βɇ, βɇ3

, J 12.9), 

β.βγ ɦ (βɇ, βɇ12), β.46 ɦ (βɇ, βɇ12), γ.51 ɬ (βɇ, βɇ17
, J 

λ.1), γ.55 ɞ (βɇ, βɇ17
, J 9.1), 3.60 c (6ɇ, βOCH3), 4.β7 ɦ 

(8ɇ, βɋɇ2-N
1’, βɋɇ2-N

1”), 4.44 ɫ (4ɇ, βCɇ2-C
16), 4.58 ɫ 

(8ɇ, βCɇ2-C
4’

, 2CH2-C
4”), 6.1λ ɞ (βɇ, βɇ14

, J 1.6), 7.29 

ɞ (βɇ, βɇ15
, J 1.6), 7.54 ɫ, 7.55 ɫ (βɇ, βɇ5”), 7.60 ɫ, 7.60 

ɫ (βɇ, βɇ5’). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.64 ɤ (βC

20
), 

18.λ7 ɬ (βɋ6)*, 1λ.04 ɬ (βɋ2)*, ββ.41 ɬ (βɋ12), β5.λ1 ɬ 

(βɋ11), β6.14 ɬ, β6.17 ɬ, β6.β1 ɬ, β6.βγ ɬ (4ɋɇ2), β8.57 ɤ 

(2C
19), β8.6γ ɬ (ɋɇ2), β8.67 ɬ (βɋɇ2), β8.70 ɬ, β8.λ4 ɬ, β8.λλ ɬ, βλ.0γ ɬ, βλ.λ5 ɬ, γ0.01 ɬ (1βɋɇ2), 

γ0.06 ɬ (βC
7), γ5.61 ɞ (βɋ8), γ7.78 ɬ (2C

3), γ7.87 ɫ (βC
10), γ8.λ8 ɬ (βɋ1), 4γ.60 ɫ (βC

4), 50.01 ɬ (ɋɇ2-

N
1’)*, 50.0γ ɬ (ɋɇ2-N

1”)*, 50.λ8 ɞ (βɋ9), 51.04 ɤ (βɈɋɇ3), 56.7β ɞ (βɋ5), 6β.00 ɬ (βɋ-ɋ16), 6γ.β0 ɬ 

(γɋɇ2-ɋ4”)*, 64.4γ ɬ (γɋɇ2-ɋ4’)*, 6λ.58 ɬ (βɋ17), 111.β0 ɞ (βɋ14), 1ββ.βλ ɞ (βɋ5’
)*, 122.3λ ɞ (βɋ5”

)*, 

1β4.05 ɫ (βɋ13), 141.λ0 ɞ (βɋ15), 144.6γ ɫ (βɋ4’)*, 145.15 ɫ (βɋ4”)*, 146.48 ɫ (βɋ16), 177.67 ɫ (βɋ18
). 

(* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 67.4β, H 8.37, N 12.64; [M] 1264. 

C76H116N12O10. ȼɵɱɢɫɥɟɧɨ %μ ɋ 67.βγ, H 8.61, N 12.38; [M]
 
1356. 

Цɢɤɥɨɬɪɢɦɟɪ (185), ɜ ɜɢɞɟ ɦɚɫɥɚ 20][ D
 +34.28

o
 (c 2.97, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 216 

(4.52), 280 (3.57). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 754, 1049, 1094, 

1151, 1259, 1333, 1377, 1450, 1466, 1722, 1761, 2855, 

2928, 3140, 3425. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.48 ɫ (λɇ, γɋ20ɇ3), 0.84 ɦ (γH, 3H
1), 0.λ6 ɦ (γH, 3H

3
), 

1.0γ ɦ (γɇ, γH
5), 1.11 ɫ (λɇ, γɋ19ɇ3), 1.ββ ɦ, 1.β6 ɦ (γλɇ, 

γɇ9, 18ɋɇ2), 1.γ8 ɦ (λH, 3H
2,11), 1.67 ɦ (15ɇ, γɇ2,1,11,6,6

), 

1.8γ ɦ (18ɇ, λɋɇ2), 1.λ7 ɦ (γɇ, γɇ7
), 2.00 ɦ (γɇ, γɇ8

), 

β.0λ ɞ.ɦ (γɇ, γɇ3
, J 1β.λ), β.β5 ɦ (γɇ, γɇ12), β.46 ɦ (γɇ, 

γɇ12), γ.48 ɬ (γɇ, γɇ17
, J λ.1), γ.54 ɞ (γɇ, γɇ17

, J 9.1), 3.59 

c (λɇ, γOCH3), 4.β8 ɦ (1βɇ, γɋɇ2-N
1’, γɋɇ2-N

1”), 4.44 ɫ (6ɇ, γCɇ2-C
16), 4.58 ɫ (1βɇ, γCɇ2-C

4’
, 

3CH2-C
4”), 6.1λ ɞ (γɇ, γɇ14

, J 1.6), 7.βλ ɞ (γɇ, γɇ15
, J 1.6), 7.5β ɫ (γɇ, γɇ5”)*, 7.54 ɫ (γɇ, γɇ5’

)*. 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.77 ɤ (γC

20), 1λ.07 ɬ (γɋ6)*, 1λ.11 ɬ (γɋ2)*, ββ.8β ɬ (γɋ12), β6.βγ ɬ 
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(γɋ11)*, β6.β7 ɬ, β6.γ1 ɬ, β6.γ6 ɬ, β6.γ7 ɬ (4ɋɇ2)*, β8.67 ɤ (γC
19), β8.85 ɬ, βλ.00 ɬ, βλ.15 ɬ, βλ.17 ɬ, 

βλ.60 ɬ, γ0.01 ɬ, γ0.0β ɬ, γ0.1β ɬ, γ0.14 ɬ (1βɋɇ2), γ0.β1 ɬ (γC
7
), γ5.λβ ɞ (γɋ8), γ7.87 ɬ (γC

3), γ8.0β ɫ 

(3C
10), γ8.08 ɬ (γɋ1), 4γ.71 ɫ (γC

4), 50.β1 ɬ (γɋɇ2-N
1’, γɋɇ2-N

1”
), 51.16 ɞ (γɋ9), 51.β4 ɤ (γɈɋɇ3), 

56.84 ɞ (γɋ5), 6β.17 ɬ (γɋɇ2-ɋ16), 6γ.γ5 ɬ (γCɇ2-ɋ4’)*, 64.4λ ɬ (γCɇ2-ɋ4”)*, 6λ.61 ɬ (γɋ17), 111.4β ɞ 

(γɋ14
), 1ββ.β5 ɞ (γɋ5’)*, 1ββ.γ6 ɞ (γɋ5”)*, 1β4.β4 ɫ (γɋ13), 141.λλ ɞ (γɋ15), 144.7λ ɫ (γɋ4’)*, 144.8β ɫ 

(γɋ4”)*, 146.56 ɫ (γɋ16), 177.7λ ɫ (γɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 

67.91, H 8.04, N 13.76; [M] 1921. C114H174N18O15. ȼɵɱɢɫɥɟɧɨ %μ ɋ 67.βγ, H 8.61, N 12.38; [M] 2034. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ ɞɢɩɪɨɩɚɪɝɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (152) ɫ  1,2-ɛɢɫ(2-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.10 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (152) ɜ 110 ɦɥ 

ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.ββ ɝ (1.10 ɦɦɨɥɶ) 1-ɚɡɢɞɨ-2-(2-

ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170), ɪɚɫɬɜɨɪ 0.11 ɝ (0.44 ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 0.5 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.44 ɝ 

(β.β0 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 0.5 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ 

ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ λ0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.γβ ɝ (γ1%) ɦɚɤɪɨɰɢɤɥɚ (186), 0.10 ɝ 

(11%) ɰɢɤɥɨɞɢɦɟɪɚ (187) ɢ 0.11 ɝ (β7%) ɰɢɤɥɨɬɪɢɦɟɪɚ (188).  

Ɇɟɬɢɥ (27aR,29aR,30S,33aR,33bS)-30,33a-ɞɢɦɟɬɢɥ-

1,2,6,13,14,15,16,17,19,20,27,27ɚ,28,29,29ɚ,30,31,32,33,33ɚ,33b-ɢɡɨɫɚɝɢɞɪɨ-12,9:21,24-

ɞɢɦɟɬɟɧɨɮɭɪɨД2,3-v]ɧɚɮɬɨД1,2-z][1,9,12,20,4,5,6,15,16,17]-

ɬɟɬɪɚɨɤɫɚɝɟɤɫɚɚɡɚɰɢɤɥɨɨɤɬɚɤɨɡɢɧ-30-ɤɚɪɛɨɤɫɢɥɚɬ (186), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +21.14

o
 (c 1.05, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 (4.08), 276 (2.69). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 820, 893, 

924, 966, 993, 1049, 1080, 1094, 1148, 1192, 1227, 1259, 

1333, 1358, 1449, 1464, 1506, 1680, 1720, 2870, 2949, 3142. 

ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ9’ɇ3), 

0.81 ɞ.ɬ (1H, H
1’

, J 1γ.4, γ.6), 0.λ4 ɞ.ɬ (1H, H
3’

, J 13.6, 4.0), 

1.01 ɞ.ɞ (1ɇ, H5’
, J 8.4, 6.4), 1.11 ɫ (γɇ, ɋ8’ɇ3), 1.β1 ɦ (βɇ, 

ɇ9,5b’
), 1.γ8 ɦ (βH, H

2’,8), 1.66 ɦ, 1.6λ ɦ, 1.76 ɦ, 1.λ1 ɦ, 1.λ5 

ɦ (6ɇ, ɇ2’,1’,8,5a’,5a’,5b’), β.0λ ɞ.ɦ (1ɇ, ɇ3’
, J 1γ.5), β.11 ɦ (1ɇ, 

ɇ10), β.γ6 ɦ (1ɇ, ɇ7), γ.48 ɬ (1ɇ, ɇ11
, J 8.λ), γ.50 ɦ (1ɇ, ɇ11

), 

γ.51 ɫ (4ɇ, ɇ21,21,22,22
), 3.60 c (γɇ, OCH3), γ.75 ɦ (4ɇ, ɋ18ɇ2, 

ɋ25ɇ2), 4.32-4.4γ ɦ (4ɇ, ɋ19ɇ2, ɋ24ɇ2), 4.4γ ɞ (1ɇ, ɇ4
, J 5.0), 4.47 ɞ (1ɇ, ɇ4

, J 5.0), 4.5λ ɫ (βɇ, 

ɇ13,13), 4.5γ ɞ (1ɇ, ɇ2
, J 12.4), 4.63 ɞ (1ɇ, ɇ2

, J 1β.4), 6.17 ɞ (1ɇ, ɇ31
, J 1.7), 7.β8 ɞ (1ɇ, ɇ30

, J 1.7), 

7.70 ɫ (1ɇ, ɇ29)*, 7.77 ɫ (1ɇ, ɇ30)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.50 ɤ (C9’), 18.85 ɬ (ɋ5a’)*, 18.λ5 ɬ 

(ɋ2’)*, ββ.0β ɬ (ɋ7), β5.46 ɬ (ɋ8), β8.44 ɤ (C8’), βλ.87 ɬ (C5b’), γ5.γ4 ɞ (ɋ10), γ7.65 ɬ (C3’)*, γ7.70 ɫ 
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(C
6’)*, γ8.8γ ɬ (ɋ11), 4γ.46 ɫ (C4’), 4λ.71 ɬ (ɋ18)*, 4λ.78 ɬ (ɋ25)*, 50.8λ ɤ (Ɉɋɇ3)*, 50.8β ɞ (ɋ9

)*, 

56.5β ɞ (ɋ5’), 61.65 ɬ (ɋ4), 6γ.05 ɬ (C2)*, 64.1β ɬ (C13)*, 68.81 ɬ (ɋ19)*, 68.86 ɬ (ɋ24)*, 68.β4 ɬ (ɋ11
), 

6λ.61 ɬ (ɋ21)*, 6λ.75 ɬ (ɋ22)*, 110.λ7 ɞ (ɋ31), 1βγ.4γ ɞ (ɋ29)*, 1βγ.54 ɞ (ɋ30)*, 1βγ.λ5 ɫ (ɋ6), 141.76 ɞ 

(ɋ32), 144.50 ɫ (ɋ1)*, 145.05 ɫ (ɋ14)*, 146.βλ ɫ (ɋ5), 177.50 ɫ (ɋ7’
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ 

ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 6β.5λ, H 7.46, N 11.87; [M] 654. C34H50N6O7. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6β.γ6, H 

7.70, N 12.83; [M]
 
632. 

Цɢɤɥɨɞɢɦɟɪ (187), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +18.54
o
 (c 0.74, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 218 

(4.06), 276 (2.71). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 757, 820, 893, 924, 967, 993, 1049, 1079, 1095, 1149, 1193, 

1228, 1262, 1328, 1358, 1451, 1465, 1507, 1680, 

1721, 2876, 2953, 3149. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.51 ɫ (6ɇ, βɋ20ɇ3), 0.88 ɞ.ɬ (6H, 2H
1
, 

J 1γ.λ, 4.0), 0.λ6 ɞ.ɬ (6H, 2H
3
, J 1γ.6, 4.0), 1.0γ ɞ.ɞ 

(6ɇ, βH
5
, J 10.1, 4.6), 1.11 ɫ (6ɇ, βɋ19ɇ3), 1.18 ɦ, 

1.β1 ɦ (4ɇ, βɇ9,6), 1.γλ ɦ, 1.4β ɦ (4H, 2H
2,11

), 1.70 

ɦ, 1.7γ, 1.77 ɦ (10ɇ, βɇ2,1,11,6,6), 1.λ4 ɞ.ɦ (βɇ, βɇ7
, 

J 1β.5), β.10 (4ɇ, βɇ3,8
, J 1β.1), β.β8 ɦ (βɇ, βɇ12

), 

β.60 ɦ (βɇ, βɇ12), γ.51 ɫ (8ɇ, βɈɋɇ2ɋɇ2Ɉ), γ.5γ 

ɦ, γ.57 ɦ (4ɇ, βɇ17
), 3.60 c (6ɇ, βOCH3), γ.70 ɦ, 

γ.75 ɦ (8ɇ, βɋɇ2Ɉ, βɋɇ2Ɉ), 4.γ7-4.47 ɦ (1βɇ, βɋɇ2-N
1’, βɋɇ2-N

1”
, 2Cɇ2-C

16
), 4.51 ɫ (4ɇ, βɋɇ2-

C
4’), 4.57 ɦ (4ɇ, βCɇ2-C

4”), 6.β4 ɞ (βɇ, βɇ14
, J 1.8), 7.β5 ɫ (βɇ, βɇ5’)*, 7.βλ ɞ (βɇ, βɇ15

, J 1.8), 7.37 

ɫ (βɇ, βɇ5”). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.71 ɤ (βC

20), 1λ.0λ ɬ (βɋ6, βɋ2), ββ.4λ ɬ (γɋ12), β5.8β ɬ 

(βɋ11), β8.65 ɤ (βC
19), βλ.λ8 ɬ (2C

7), γ5.γ8 ɞ (βɋ8), γ7.λβ ɬ (βC
3)*, γ7.λ7 ɫ (βC

10)*, γλ.10 ɬ (βɋ1
), 

4γ.71 ɫ (βC
4), 50.01 ɬ (βɋɇ2-N

1’)*, 50.10 ɬ (βɋɇ2-N
1”)*, 51.04 ɤ (βɈɋɇ3)*, 51.1β ɞ (βɋ9)*, 56.81 ɞ 

(βɋ5), 6β.6γ ɬ (βɋɇ2-ɋ16), 6γ.γγ ɬ (γɋɇ2-ɋ4’)*, 64.4λ ɬ (βɋɇ2-ɋ4”)*, 6λ.0λ ɬ, 6λ.β1 ɬ (8ɋɇ2), 70.14 ɬ 

(βɋ17), 111.17 ɞ (ɋ14), 1βγ.57 ɞ (βɋ5’)*, 1βγ.74 ɞ (βɋ5”)*, 1β4.04 ɫ (βɋ13), 14β.04 ɞ (βɋ15), 145.ββ ɫ 

(βɋ4’)*, 146.47 ɫ (βɋ4”)*, 146.6γ ɫ (βɋ16), 177.8β ɫ (βɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). 

ɇɚɣɞɟɧɨ %μ ɋ 61.λλ, H 7.65, N 13.89; [M] 1267. C68H100N12O14. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6β.γ6, H 7.70, N 

12.83; [M] 1308. 

Цɢɤɥɨɬɪɢɦɟɪ (188), ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +22.34

o
 (c 0.56; CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

218 (4.07), 276 (2.71). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 755, 819, 895, 924, 967, 993, 1051, 1079, 1094, 1149, 1192, 

1228, 1261, 1332, 1358, 1451, 1465, 1506, 1680, 1720, 2876, 2954, 3145. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, γɋ20ɇ3), 0.81 ɦ (γH, 3H
1), 0.λ4 ɞ.ɬ (γH, 3H

3
, J 1γ.4, γ.β), 1.0β ɦ (γɇ, γH

5
), 

1.11 ɫ (λɇ, γɋ19ɇ3), 1.18 ɦ, 1.ββ ɦ (6ɇ, γɇ9,6), 1.γ8 ɦ (6H, 3H
2,11), 1.5λ ɦ, 1.6γ, 167 ɦ, 1. 74 ɦ (18ɇ, 

γɇ2,1,11,6,6), 1.λ4 ɦ, 1.λ7 ɦ (6ɇ, γɇ7,8), β.08 ɞ.ɦ (γɇ, γɇ3
, J 1γ.4), β.βγ ɦ (γɇ, γɇ12), β.45 ɦ (γɇ, 
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γɇ12), γ.4λ ɫ (18ɇ, γɇ17, γɈɋɇ2ɋɇ2Ɉ), γ.55 ɞ (γɇ, γɇ17
, J 8.6), 3.59 c (λɇ, 3OCH3), γ.76 ɦ (1βɇ, 

γɋɇ2-N
1’, γɋɇ2-N

1”), 4.4γ ɦ (18ɇ, 6ɋɇ2, γɇ4,4), 4.56 ɫ (1βɇ, γCɇ2-C
4’

, 3Cɇ2-C
4”), 6.18 ɫ (γɇ, γɇ14

), 

7.β8 ɫ (γɇ, γɇ15), 7.55 ɫ, 7.57 ɫ (γɇ, γɇ5’)*, 7.66 ɫ (γɇ, γɇ5”). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1γ.77 ɤ 

(3C
20), 1λ.07 ɬ (γɋ6, γɋ2

), 22.85 ɬ (γɋ12), β6.40 ɬ (γɋ11), β8.67 ɤ (γC
19), βλ.λλ ɬ (γC

7), γ5.λ6 ɞ (γɋ8
), 

γ7.85 ɬ γ(C3), γ8.01 ɫ (γC
10), γλ.08 ɬ (γɋ1), 4γ.70 ɫ (3C

4), 4λ.81 ɬ (γɋɇ2-N
1’)*, 50.00 ɬ (γɋɇ2-N

1”
)*, 

51.11 ɤ (γɈɋɇ3), 51.γ0 ɞ (γɋ9), 56.85 ɞ (ɋ5), 6β.11 ɬ 

(γɋɇ2-ɋ16), 6γ.1γ ɬ, 6γ.β7 ɬ (γɋɇ2-ɋ4’)*, 64.β7 ɬ, 

64.γ7 ɬ (γɋɇ2-ɋ4’)*, 6λ.ββ ɬ (γɋɇ2), 68.β6 ɬ, 6λ.γ1 ɬ 

(γɋɇ2), 6λ.6β ɬ (γɋ17), 70.ββ ɬ (γɋɇ2), 70.β5 ɬ 

(γɋɇ2), 111.46 ɞ (ɋ14), 1βγ.40 ɞ, 1βγ.44 ɞ, 1βγ.47 ɞ 

(γɋ5’)*, 1βγ.50 ɞ, 1βγ.57 ɞ, 1βγ.60 ɞ (γɋ5”)*, 1β4.β5 ɫ 

(γɋ13), 141.λγ ɞ (γɋ15), 144.70 ɫ (γɋ4’)*, 145.18 ɫ, 

145.29 c, 145.32 c (γɋ4”)*, 146.56 ɫ (ɋ16), 177.6λ ɫ 

(γɋ18
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). 

ɇɚɣɞɟɧɨ %μ ɋ 6β.48, H 8.00, N 13.74; [M] 1876. C102H150N18O21. ȼɵɱɢɫɥɟɧɨ %μ ɋ 6β.γ6, H 7.70, N 

12.83; [M] 1962. 

(1
4
Z,5

4a
R,5

5
S,5

6
R,5

8a
R,9

4
Z)-5

5
-(2-(ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-5

1
,5

4a
-ɞɢɦɟɬɢɥ-

5
1
,5

2
,5

3
,5

4
,5

4a
,5

5
,5

6
,5

7
,5

8
,5
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-ɞɟɤɚɝɢɞɪɨ-1

1
H,9

1
H-3,7-ɞɢɨɤɫɚ-1,9(4,1)-ɞɢɬɪɢɚɡɨɥ-5(1,6)-

ɧɚɮɬɚɥɟɧɰɢɤɥɨɧɨɧɚɞɟɤɚɮɚɧ (189). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.26 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (154) ɜ 126 ɦɥ 

ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.03 ɝ (0.13 ɦɦɨɥɶ) 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162), 

ɪɚɫɬɜɨɪ 0.13 ɝ (0.51 ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 1.0 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.35 ɝ (2.52 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ 

ɧɚɬɪɢɹ ɜ 1.0 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ. ȼ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɩɨ 0.03 ɝ (0.13 ɦɦɨɥɶ) 1,10-

ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162) ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ 10 ɱ (ɞɨ ɬɟɯ ɩɨɪ 

ɩɨɤɚ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɥɟɧɧɨɝɨ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ 

(162) ɧɟ ɫɨɫɬɚɜɢɥɨ 0.β8 ɝ (1.β6 ɦɦɨɥɶ)) ɢ ɩɨ ɨɤɨɧɱɚɧɢɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 40
oɋ β0 ɱ. 

Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) 

ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɥɭɱɢɥɢ 0.γ7 ɝ (47%) ɦɚɤɪɨɰɢɤɥɚ (189). 
20][ D

 +27.93
o
 (c 5.12, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 211 (4.06). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 600, 665, 754, 873, 1024, 1051, 

1086, 1138, 1219, 1371, 1448, 1462, 1757, 2854, 2928, 2943, 3132. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 
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Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ13’ɇ3), 0.78 ɞ.ɬ (1H, H
3’

, J 12.6, 3.5), 0.86 ɦ (1H, H
1’

), 0.89 ɞ (1ɇ, H8’
, J 7.β), 0.λ1 ɫ 

(γɇ, ɋ12’ɇ3), 1.10-1.27 ɦ (19ɇ, ɇ6’,6,6,7,5’,2’,2’, 6ɋɇ2), 1.5β ɦ (βɇ, ɇ3’,6’), 1.71 ɞ.ɦ (1ɇ, ɇ1’
, Jɝɟɦ 13.5), 

1.83 ɦ (5ɇ, ɇ7, βɋɇ2), 1.λ7 ɦ (1ɇ, ɇ5), β.β1 ɦ (1ɇ, ɇ7’), β.45 ɦ (1ɇ, ɇ7’), γ.15 ɞ (1ɇ, ɇ10
, J 9.0), 3.02 

ɬ (1ɇ, ɇ4
, J λ.0), γ.γ0 ɞ (1ɇ, ɇ10

, J λ.0), γ.γ7 ɞ (1ɇ, ɇ4
, J λ.0), 4.γ0 ɦ (βɇ, ɇ17,17)*, 4.γ5 ɦ (βɇ, 

ɇ26,26)*, 4.54 ɞ (1ɇ, ɇ12
, J 1γ.4)*, 4.57 ɞ (1ɇ, ɇ2

, J 1γ.1)*, 4.64 ɞ (1ɇ, ɇ12
, J 1γ.4)*, 4.6λ ɞ (1ɇ, ɇ2

, J 

1γ.1)*, 6.β0 ɞ.ɞ (1ɇ, ɇ9’
, J 1.6, 0.7), 7.16 ɞ (1ɇ, ɇ11’

, J 0.7), 7.γ1 ɞ (1ɇ, ɇ10’
, J 1.6), 7.4β ɫ (1ɇ, ɇ30

), 

7.48 ɫ (1ɇ, ɇ31). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 16.04 ɤ (C13’), 18.β0 ɬ (ɋ6

)*, 18.β1 ɬ (ɋ2’)*, βγ.0β ɬ (ɋ7’
), 

β5.81 ɬ (ɋ6’), β6.0λ ɬ (βɋɇ2), β7.8λ ɤ (C12’), β8.54 ɬ (ɋɇ2), β8.57 ɬ (ɋɇ2), β8.7λ ɬ (ɋɇ2), β8.87 ɬ 

(ɋɇ2), βλ.7λ ɬ (ɋɇ2), γ0.γβ ɬ (C7), γ0.66 ɬ (ɋɇ2), γ5.λγ ɞ (ɋ5), γ6.β7 ɬ (C1’), γ7.54 ɫ (ɋ9), γ7.66 ɫ 

(C
4’), γ8.λ5 ɬ (C3’), 50.1λ ɬ (ɋ17ɇ2)*, 50.β6 ɬ (ɋ26ɇ2)*, 5β.14 ɞ (ɋ5’), 56.87 ɞ (ɋ8), 64.15 ɬ (ɋ2

)*, 64.46 

ɬ (ɋ12)*, 68.λ6 ɬ (ɋ4
), 7β.40 ɬ (ɋ10), 110.87 ɞ (ɋ9’), 1β1.λγ ɞ (ɋ30

)*, 1ββ.46 ɞ (ɋ31
)*, 1β5.10 ɫ (ɋ8’

), 

1γ8.67 ɞ (ɋ11’), 14β.57 ɞ (ɋ10’
), 145.06 c (ɋ1

), 146.04 ɫ (ɋ13
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ 

ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 69.76, H 8.73, N 13.92; [M] 647. C36H56N6O3. ȼɵɱɢɫɥɟɧɨ %μ ɋ 69.64, H 

9.09, N 13.54; [M] 
 
620.  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢя (154) ɫ 1-ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170). Ʉ ɪɚɫɬɜɨɪɭ 

0.50 ɝ (1.β6 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (154) ɜ 1β6 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.0β ɝ 

(0.1γ ɦɦɨɥɶ) 1,β-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170), ɪɚɫɬɜɨɪ 0.1γ ɝ (0.51 ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 1.0 ɦɥ 

ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.γ5 ɝ (β.5β ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 1.0 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ 

ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ. ȼ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɩɨ 0.0β ɝ 

(0.1γ ɦɦɨɥɶ) 1,β-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170) ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ 10 ɱ (ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ ɨɛɳɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɥɟɧɧɨɝɨ 1,2-ɛɢɫ(β-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170) ɧɟ ɫɨɫɬɚɜɢɥɨ 0.β0 ɝ (1.β6 ɦɦɨɥɶ)) ɢ 

ɩɨ ɨɤɨɧɱɚɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 40
oɋ β0 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɜɵɦɵɥɢ 0.ββ ɝ (βλ%) ɦɚɤɪɨɰɢɤɥɚ (190) ɢ 0.γ7 ɝ (41%)  ɰɢɤɥɨɞɢɦɟɪɚ (191). 
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H,9

1
H-3,7,12,15-ɬɟɬɪɚɨɤɫɚ-1,9(4,1)-ɞɢɬɪɢɚɡɨɥ-5(1,6)- 

ɧɚɮɬɚɥɟɧɰɢɤɥɨɧɨɧɚɞɟɤɚɮɚɧ (190). 
20][ D

 +35.74
o
 (c 0.24, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 212 

(4.12). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 600, 731, 777, 822, 912, 1024, 1049, 1088, 1140, 1223, 1248, 1356, 1369, 

1448, 1462, 1549, 1709, 1724, 1753, 2866, 2926, 3136. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.57 ɫ 

(γɇ, ɋ13’ɇ3), 0.7λ ɞ.ɬ (1H, H
3’

, J 11.7, γ.6), 0.86 ɦ (1H, H
1’

), 0.λ0 ɫ (γɇ, ɋ12’ɇ3), 0.λ8 ɞ.ɞ (1ɇ, H8
, J 

1γ.γ, 4.4), 1.β0 ɦ, 1.γ5 ɦ, 1.40 ɦ, 1.4γ ɦ (7ɇ, ɇ6’,6,6,7,5’,2’,2’), 1.61 ɦ (βɇ, ɇ3’,6’), 1.8β ɞ.ɦ (1ɇ, ɇ1’
, Jɝɟɦ 

11.3), 2.00 ɦ (2ɇ, ɇ5,7
), β.β6 ɦ (1ɇ, ɇ7’), β.51 ɦ (1ɇ, ɇ7’), γ.β0 ɞ (1ɇ, ɇ10

, J 9.0)*, γ.γ8 ɬ (1ɇ, ɇ4
, J 

9.3)*, γ.γ0 ɞ (1ɇ, ɇ10
, J 9.0)*, γ.46 ɞ (1ɇ, ɇ4

, J 9.3)*, γ.51 ɭɲ.ɫ, 4.γ0 ɦ (4ɇ, ɇ20,20,21,21)*, γ.8β ɦ (4ɇ, 
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ɇ18,18,23,23)*, 4.45 ɞ (1ɇ, ɇ12
, J 1β.λ)*, 4.50 ɦ (5ɇ, ɇ17,17,24,24, ɇ2*), 4.65 ɞ (1ɇ, ɇ12

, J 1β.λ)*, 4.76 ɞ 

(1ɇ, ɇ2
, J 1β.λ)*, 6.βγ ɞ (1ɇ, ɇ9’

, J 1.6), 7.1λ ɫ (1ɇ, ɇ11’), 7.γβ ɞ (1ɇ, ɇ10’
, J 1.6), 7.66 ɫ (1ɇ, ɇ28

)*, 

7.71 ɫ (1ɇ, ɇ29
)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 15.7γ ɤ (C13’
), 

18.γ6 ɬ (ɋ6)*, 18.64 ɬ (ɋ2’)*, βγ.00 ɬ (ɋ7’), β5.80 ɬ (ɋ6’
), 28.35 

ɤ (C12’), γ0.00 ɬ (C7), γ5.86 ɞ (ɋ5), γ7.48 ɬ (C1’
), γ7.60 ɫ (ɋ9

), 

γ7.7γ ɫ (C4’), γλ.βγ ɬ (C3’), 50.0λ ɬ (ɋ17ɇ2)*, 50.16 ɬ (ɋ24ɇ2)*, 

5β.01 ɞ (ɋ5’), 56.80 ɞ (ɋ8), 64.γγ ɬ (ɋ2)*, 64.77 ɬ (ɋ12
)*, 68.81 

ɬ (ɋ4), 6λ.γ8 ɬ (ɋɇ2Ɉ), 6λ.47 ɬ (ɋɇ2Ɉ), 70.05 ɬ (ɋɇ2Ɉ), 70.50 

ɬ (ɋɇ2Ɉ), 75.08 ɬ (ɋ10), 110.87 ɞ (ɋ9’
), 123.10 ɞ (ɋ28

)*, 123.40 

ɞ (ɋ29
)*, 1β5.0γ ɫ (ɋ8’), 1γ8.6λ ɞ (ɋ11’), 14β.60 ɞ (ɋ10’

), 145.42 

c (ɋ1
)*, 145.85 ɫ (ɋ13

)*. (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ 

ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 596 (100), 567 (13), 

515 (10), 503 (31), 295 (52), 241 (22), 191 (29), 109 (20), 95 

(25), 82 (33), 81 (40), 80 (26), 71 (22), 69 (26), 68 (23), 67 (20), 57 (44), 55 (42), 45 (20), 44 (20), 43 

(32), 41 (33), 28 (51). ɇɚɣɞɟɧɨμ ДM] 
 
596.3685.

 
C32H48O5N6. ȼɵɱɢɫɥɟɧɨμ 5λ6.γ681. 

Цɢɤɥɨɞɢɦɟɪ (191). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 213 (4.23). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 2926, 2870, 2856, 

1755, 1722, 1464, 1450, 1369, 1354, 1263, 1221, 947, 

874, 752, 731, 600, 581. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.65 ɫ (6ɇ, 2ɋ20ɇ3), 0.86 ɦ (6H, 2H
1,3,5

), 

0.λ0 ɫ (6ɇ, 2ɋ19ɇ3), 1.24-1.5γ ɦ (14ɇ, 2ɇ11,7,7,6,9,2,2
), 

1.6γ ɦ (4ɇ, 2ɇ1,11), 1.7γ ɞ.ɦ (2ɇ, 2ɇ3
, Jɝɟɦ 12.9), 1.96 

ɦ (4ɇ, 2ɇ8,6), β.β4 ɦ (2ɇ, 2ɇ12), β.45 ɦ (2ɇ, 2ɇ12
), 

3.β5 ɞ (2ɇ, 2ɇ18
, J 8.5), γ.4γ ɬ (2ɇ, 2ɇ17

, J 9.3), 3.52 

ɭɲ.ɫ (12ɇ, 2ɇ18,17
,
 

2O(CH2)2O), γ.81 ɭɲ.ɫ (8ɇ, 

4ɋɇ2Ɉ)*, 4.48 ɦ, 4.55 ɫ, 4.58 ɫ, 5.67 ɫ (16ɇ, βɋɇ2ɋ4’
, 2ɋɇ2ɋ4”, βɋɇ2N

1’, βɋɇ2N
1”

)*, 6.21 c (2ɇ, 

2ɇ14
), 7.17 ɫ (βɇ, βɇ16

), 7.31 c (βɇ, βɇ15), 7.4λ ɫ, 7.6β ɫ, 7.6γ ɫ (4ɇ, βɇ5’,5”). ɋɩɟɤɬɪ əɆɊ 13
C, , 

ɦ.ɞ.μ 16.γβ ɤ (2C
20

), 18.0γ ɬ (2ɋ7)*, 18.γ1 ɬ (2ɋ2)*, βγ.10 ɬ (2ɋ12), β5.λ7 ɬ (2ɋ11), β7.77 ɤ (2C
19

), 

βλ.66 ɬ (2C
6), γ6.18 ɞ (2ɋ8), γ7.78 ɬ (2C

3), γ7.λ1 ɫ (2ɋ4), γ7.λ1 ɫ (2C
10), γλ.11 ɬ (2C

1), 4λ.λ4 ɬ 

(2ɋɇ2N
1”)*, 50.15 ɬ (2ɋɇ2N

1’)*, 5β.β5 ɞ (2ɋ9), 57.08 ɞ (2ɋ5), 64.46 ɬ (2ɋɇ2C
4’)*, 65.0β ɬ 

(2ɋɇ2C
4”)*, 6λ.41 ɬ, 6λ.50 ɬ (6ɋɇ2Ɉ), 6λ.λ1 ɬ (2ɋ17), 70.γ8 ɬ (βɋɇ2Ɉ), 7γ.β6 ɬ (2ɋ18), 110.λγ ɞ 

(2ɋ14), 1βγ.β5 ɞ (2ɋ5’)*, 1βγ.44 ɞ (2ɋ5”)*, 1β5.14 ɫ (2ɋ13), 1γ8.6λ ɞ (2ɋ15), 14β.64 ɞ (2ɋ16
), 145.35 c 

(2ɋ4’
)*, 145.76 ɫ (2ɋ4”

)*. (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 64.12, H 8.24, N 

14.36; [M] 1148. C64H96N12O10. ȼɵɱɢɫɥɟɧɨ %μ ɋ 64.40, H 8.11, N 14.08; [M] 1193. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢя (159) ɫ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɨɦ (162). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.β3 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (159) ɜ 1β3 ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.0β7 ɝ (0.12 
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ɦɦɨɥɶ) 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162), ɪɚɫɬɜɨɪ 0.12 ɝ (0.49 ɦɦɨɥɶ) CuSO4×5ɇ2Ɉ ɜ 1.0 ɦɥ ɇ2Ɉ ɢ 

ɪɚɫɬɜɨɪ 0.61 ɝ (3.06 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 1.0 ɦɥ ɇ2Ɉ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ. ȼ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ɩɨ 0.027 ɝ (0.12 ɦɦɨɥɶ) 

1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162) ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ 10 ɱ (ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɞɨɛɚɜɥɟɧɧɨɝɨ 1,10-ɞɢɚɡɢɞɨɞɟɤɚɧɚ (162) ɧɟ ɫɨɫɬɚɜɢɥɨ 0.β7 ɝ (1.βγ ɦɦɨɥɶ)) ɢ ɩɨ ɨɤɨɧɱɚɧɢɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 40
oɋ 20 ɱ. Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ 

(γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μβ, 100:4). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.10 ɝ (1β%) 

ɦɚɤɪɨɰɢɤɥɚ (192) ɢ 0.γ0 ɝ (γ6%) ɰɢɤɥɨɞɢɦɟɪɚ (193).  

ɋɨɟɞɢɧɟɧɢɟ (192). 
20][ D

 +23.84
o
 (c 0.34, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 216 (4.12). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 891, 1049, 1082, 1142, 1219, 1335, 1367, 1448, 1464, 1506, 1641, 1720, 

1759, 2094, 2854, 2928, 3078, 3134. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.51 ɫ (γɇ, ɋ5’ɇ3), 0.87 

ɦ (1H, H
3’), 0.8λ ɫ (γɇ, ɋ40ɇ3), 0.λβ ɦ (1H, H

1’), 1.08 ɞ.ɞ 

(1ɇ, H13
, J 1β.λ, β.7), 1.1λ ɦ, 1.βγ ɦ, 1.β5 ɦ (1βɇ, 6ɋɇ2), 

1.γγ ɦ (1ɇ, ɇ2’
), 1.48-1.57 ɦ (βɇ, ɇ2’,1’), 1.54 ɦ (2ɇ, 

ɇ9,8), 1.61 ɦ, 1.6γ ɦ, 1.6λ ɦ, 1.7β ɦ, 1.84 ɦ (9ɇ, 

ɇ3’,12,11,8,12, βɋɇ2), 2.2γ ɦ (βɇ, ɇ7,11), β.45 ɦ (1ɇ, ɇ7
), 

γ.17 ɞ (1ɇ, ɇ15
, J 9.1), γ.γ6 ɞ (1ɇ, ɇ15

, J λ.1), 4.βλ ɬ (βɇ, 

ɇ22,22
, J 7.0)*, 4.γ7 ɞ (1ɇ, ɇ31

, J 6.5)*, 4.γγ ɞ (1ɇ, ɇ31
, J 

6.5)*, 4.40 ɫ (βɇ, ɇ4,4), 4.56 ɫ (1ɇ, ɇ2)*, 4.57 ɫ (1ɇ, 

ɇ39)*, 4.66 ɫ (βɇ, ɇ2,17
), 4.61 ɫ (1ɇ, ɇ17), 4.74 ɫ (1ɇ, 

ɇ39
), 6.β0 ɞ (1ɇ, ɇ37

, J 1.6), 7.γ1 ɞ (1ɇ, ɇ38
, J 1.6), 7.41 ɫ (1ɇ, ɇ35)*, 7.4β ɫ (1ɇ, ɇ36

)*. ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 15.0λ ɤ (C5’), 1λ.0β ɬ (ɋ2’), βγ.00 ɬ (ɋ7), β4.γ6 ɬ (C12), β4.68 ɬ (ɋ8), β6.1β ɬ (βɋɇ2), 

β8.04 ɤ (C40), β8.76 ɬ (ɋɇ2), 28.λ0 ɬ (ɋɇ2), β8.λ5 ɬ (ɋɇ2), βλ.18 ɬ (ɋɇ2), γ0.07 ɬ (ɋɇ2), γ0.18 ɬ 

(ɋɇ2), γ6.48 ɬ (C1’), γ7.87 ɫ (C4’
), 38.57 ɫ (ɋ14), γ8.76 ɬ (ɋ11), γλ.γβ ɬ (C3’), 50.1β ɬ (ɋ22, ɋ31

), 55.42 

ɞ (ɋ9)*, 56.05 ɞ (ɋ13)*, 6β.γ1 ɬ (ɋ4), 6γ.87 ɬ (ɋ2)*, 64.56 ɬ (ɋ17)*, 7β.50 ɬ (ɋ15
), 106.37 ɬ (ɋ39

), 

111.58 ɞ (ɋ37), 1β1.8λ ɞ (ɋ35), 1β1.λ6 ɞ (ɋ36), 1β4.γβ ɫ (ɋ6), 14β.0β ɞ (ɋ38), 146.0β ɫ (ɋ1
)*, 146.λ4 ɫ 

(ɋ18
)*, 146.λ4 ɫ (ɋ5

), 148.06 c (C
10

). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z 

(Iɨɬɧ., %): 632 (35), 319 (19), 303 (24), 189 (10), 135 (25), 133 (14), 129 (10), 121 (32), 120 (15), 109 

(41), 107 (33), 105 (23), 97 (47), 95 (54), 93 (31), 91 (29), 85 (60), 83 (70), 81 (55), 79 (28), 71 (62), 

69 (72), 67 (37), 57 (88), 55 (100), 44 (61), 43 (75), 43 (34), 41 (76). ɇɚɣɞɟɧɨμ [M] 
 
632.4417.

 

C37H56O3N6. ȼɵɱɢɫɥɟɧɨμ 6γβ.4408. 
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Цɢɤɥɨɞɢɦɟɪ (193). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 216 (3.95), 280 (2.94). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 727, 

752, 891, 1020, 1049, 1093, 1140, 1227, 1265, 1340, 1371, 1410, 1466, 1641, 1759, 2096, 2854, 2928, 

3080, 3140. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5λ ɫ 

(6ɇ, 2ɋ20ɇ3), 0.87 ɦ (2H, 2H
1), 0.λβ ɫ (8ɇ, 2ɇ3

, 2ɋ19ɇ3), 

1.1β ɞ.ɞ (2ɇ, 2H
5
, J 1β.4, β.β), 1.β8 ɦ (24ɇ, 12ɋɇ2), 1.38 

ɦ (2ɇ, 2ɇ2
), 1.48-1.58 ɦ (8ɇ, 2ɇ2,3,9,11), 1.65 ɦ, 1.6λ ɦ, 

1.77 ɦ, 1.86 ɦ (18ɇ, 2ɇ1,6,6,7,11
, 4ɋɇ2), β.γ6 ɦ (4ɇ, 2ɇ7,12

), 

β.5β ɦ (2ɇ, 2ɇ12), γ.β1 ɞ (2ɇ, 2ɇ18
, J λ.1), γ.5β ɞ (2ɇ, 

2ɇ18
, J λ.1), 4.γ0 ɬ (8ɇ, 4CH2N

1’
, 4CH2N

1”), 4.44 ɫ (4ɇ, 

2C
16

Cɇ2), 4.55 ɫ (2ɇ, 2ɇ17
), 4.54 c (4ɇ, 4CH2C

4’
)*, 4.61 ɫ 

(4ɇ, 4CH2C
4”)*, 4.8β ɫ (2ɇ, 2ɇ17

), 6.22 ɞ (2ɇ, 2ɇ14
, J 1.6), 

7.γ1 ɞ (2ɇ, 2ɇ15
, J 1.6), 7.44 ɫ (2ɇ, 2ɇ5’)*, 7.4λ ɫ (2ɇ, 2ɇ5”)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 15.β8 ɤ 

(C
20), 1λ.05 ɬ (ɋ2), βγ.15 ɬ (ɋ12), β4.4γ ɬ (C6), β4.55 ɬ (ɋ11), β6.40 ɬ (βɋɇ2), β7.86 ɤ (C19), β8.88 ɬ 

(βɋɇ2), βλ.18 ɬ (ɋɇ2), βλ.β0 ɬ (ɋɇ2), γ0.β4 ɬ (ɋɇ2), γ0.β7 ɬ (ɋɇ2), γ6.14 ɬ (C3), γ8.1γ ɫ (C10
), 38.53 

ɫ (ɋ4), γ8.8β ɬ (ɋ7), γλ.γλ ɬ (C1), 50.β4 ɬ (N1’
-Сɇ2)*, 50.β6 ɬ (N1”

-Сɇ2)*, 55.75 ɞ (ɋ9
)**, 56.15 ɞ 

(ɋ5
)**, 6β.1λ ɬ (C16СH2), 6γ.5β ɬ (ɋ4’СH2)*, 65.0λ ɬ (ɋ4”

CH2)*, 7γ.07 ɬ (ɋ18
), 106.48 ɬ (ɋ17

), 111.43 

ɞ (ɋ14), 1β1.8γ ɞ (ɋ5’)*, 1ββ.18 ɞ (ɋ5”), 1β4.6β ɫ (ɋ13), 14β.10 ɞ (ɋ15), 145.05 ɫ (ɋ4’)*, 145.λ0 ɫ 

(ɋ4”
)*, 146.7γ ɫ (ɋ16

), 147.97 c (C
8
). (* ɢ ** - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ESI-HRMS 

(m/z): [M+ɇ]
+
 ɜɵɱɢɫɥɟɧɨ C74H113N12O6: 1265.89, ɧɚɣɞɟɧɨ 1265.89; [M+Cl]

+
 ɜɵɱɢɫɥɟɧɨ 

C74H112N12O6Cl: 1299.850, ɧɚɣɞɟɧɨ 1299.852. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨɟɞɢɧɟɧɢя (159) ɫ 1-ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɨɦ (170). Ʉ ɪɚɫɬɜɨɪɭ 

0.50 ɝ (1.βγ ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (159) ɜ 1βγ ɦɥ ɞɢɯɥɨɪɦɟɬɚɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 

0.01λ ɝ (0.1β ɦɦɨɥɶ) 1-ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170), ɪɚɫɬɜɨɪ 0.1β ɝ (0.4λ ɦɦɨɥɶ) 

CuSO4×5ɇ2Ɉ ɜ 1.0 ɦɥ ɇ2Ɉ ɢ ɪɚɫɬɜɨɪ 0.61 ɝ (γ.06 ɦɦɨɥɶ) ɚɫɤɨɪɛɚɬɚ ɧɚɬɪɢɹ ɜ 1.0 ɦɥ ɇ2Ɉ. 

ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 40oɋ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 10 ɱ. ȼ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɞɨɛɚɜɥɹɥɢ ɩɨ 0.019 ɝ (0.1β ɦɦɨɥɶ) 1-ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170), ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ 10 ɱ 

(ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɥɟɧɧɨɝɨ 1-ɚɡɢɞɨ-2-(2-ɚɡɢɞɨɷɬɨɤɫɢ)ɷɬɚɧɚ (170) ɧɟ 

ɫɨɫɬɚɜɢɥɨ 0.1λ ɝ (1.βγ ɦɦɨɥɶ)) ɢ ɩɨ ɨɤɨɧɱɚɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 40
oɋ β0 ɱ. 

Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɨɬɞɟɥɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 

100μβ, 100μ4). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɦɵɥɢ 0.09 ɝ (1β%) ɦɚɤɪɨɰɢɤɥɚ (194) ɢ 0.09 ɝ (12%) 

ɰɢɤɥɨɞɢɦɟɪɚ (195).  
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ɋɨɟɞɢɧɟɧɢɟ (194). 20][ D  +28.97
o
 (c 0.86, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 217 (4.00). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 754, 810, 893, 1049, 1084, 1136, 1223, 

1263, 1335, 1360, 1450, 1641, 1722, 1757, 2866, 2928, 3078, 

3140. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.41 ɫ (γɇ, ɋ5’ɇ3), 

0.λ1 ɦ (1H, H
3’), 0.λ6 ɫ (4ɇ, ɋ38ɇ3, H

1’
), 1.1γ ɞ.ɞ (1ɇ, H13

, J 

1β.4, 1.6), 1.β7 ɦ (1ɇ, ɇ2’), 1.44 ɦ, 1.54 ɦ, 1.58 ɦ, 1.66 ɦ, 1.78 ɦ 

(8ɇ, ɇ3’,12,11,8,8,9,1’,2’), 1.8λ ɞ.ɬ (1ɇ, ɇ12
, J 1β.6, 4.γ), β.06 ɦ (1ɇ, 

ɇ7), β.γ4 ɦ (1ɇ, ɇ11), β.5β ɦ (1ɇ, ɇ7), γ.18 ɞ (1ɇ, ɇ15
, J 9.1), 

γ.β7 ɞ (1ɇ, ɇ15
, J 9.1), γ.7λ ɦ, γ.8γ ɦ (8ɇ, ɇ23,23,25,25,26,26,28,28

), 

4.40-4.5γ ɦ (4ɇ, ɇ22,21,29,29), 4.5β ɫ (βɇ, ɇ4,4), 4.58 ɫ (1ɇ, ɇ37
), 

4.61 ɞ (βɇ, ɇ2,2
, J 12.4), 4.65 ɞ (βɇ, ɇ17,17

, J 10.β), 4.78 ɫ (1ɇ, ɇ37), 6.17 ɞ (1ɇ, ɇ35
, J 1.6), 7.25 ɞ 

(1ɇ, ɇ36
, J 1.6), 7.45 ɫ (1ɇ, ɇ33

)*, 7.57 ɫ (1ɇ, ɇ34)*. ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 14.85 ɤ (C5’), 1λ.0γ ɬ 

(ɋ2’), β4.γ5 ɬ (ɋ7), β4.81 ɬ (C12), β6.6β ɬ (ɋ8), β8.γ0 ɤ (C38), γ6.67 ɬ (C1’), γ7.6γ ɫ (C4’), γ8.54 ɫ (ɋ14
), 

γ8.85 ɬ (ɋ11), γλ.45 ɬ (C3’), 4λ.ββ ɬ (ɋ22)*, 4λ.60 ɬ (ɋ29)*, 55.λ0 ɞ (ɋ9), 56.58 ɞ (ɋ13), 6γ.β0 ɬ (ɋ4
), 

6γ.87 ɬ (ɋ2)*, 64.β1 ɬ (ɋ17)*, 68.78 ɬ (βɋɇ2Ɉ), 6λ.56 ɬ (βɋɇ2Ɉ), 7β.77 ɬ (ɋ15
), 106.30 ɬ (ɋ37

), 112.75 

ɞ (ɋ35
), 122.84 ɞ (ɋ33

)*, 123.0γ ɞ (ɋ34)*, 1β5.ββ ɫ (ɋ6), 141.45 ɞ (ɋ36), 145.58 ɫ (ɋ1)*, 145.8γ ɫ 

(ɋ18)*, 147.γβ ɫ (ɋ5
), 148.41 c (C

10
). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z 

(Iɨɬɧ., %): 608 (0.14), 564 (13), 251 (12), 181 (28), 167 (11), 161 (12), 149 (27), 147 (10), 135 (19), 

133 (15), 131 (11), 127 (10), 123 (25), 122 (11), 121 (30), 119 (20), 109 (39), 97 (36), 95 (43), 85 (32), 

83 (43), 81 (51), 71 (41), 69 (52), 57 (61), 55 (62), 44 (100), 43 (49), 41 (55), 36 (44). ɇɚɣɞɟɧɨμ ДM]
 
: 

608.3679.
 
C33H48O5N6. ȼɵɱɢɫɥɟɧɨμ 608.3681. 

Цɢɤɥɨɞɢɦɟɪ (195). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 217 (4.36), 278 (3.29). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 665, 

754, 893, 1051, 1088, 1122, 1136, 1223, 1358, 1369, 1450, 1464, 1643, 1714, 1759, 2868, 2928, 3078, 

3144. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5λ ɫ (6ɇ, 3ɋ20ɇ3), 0.87 ɦ (βH, 2H

1), 0.λγ ɫ (8ɇ, 

2ɋ19ɇ3, 2H
3), 1.1β ɞ (βɇ, 2H

5
, J 1β.4), 1.β7 ɦ (βɇ, 2ɇ2

), 1.γ8 ɦ, 1.55 ɦ, 1.67 ɦ, 1.76 ɦ (16ɇ, 

2ɇ1,6,7,11,11,9,3,2
), 1.88 ɦ (βɇ, 2ɇ6), β.β5 ɦ (βɇ, 

2ɇ12), β.γ5 ɦ (βɇ, 2ɇ7), β.5β ɦ (βɇ, 2ɇ12
), 3.22 

ɦ (2ɇ, 2ɇ18
), γ.5γ ɦ (2ɇ, 2ɇ18), γ.7λ ɦ (16ɇ, 

8ɋɇ2Ɉ), 4.45 ɦ, 4.5γ ɫ (14ɇ, 2ɋɇ2N
1’

, 

2ɋɇ2N
1”

, 2ɋɇ2ɋ16
, 2ɇ17

), 4.5λ ɦ (4ɇ, 

2ɋɇ2ɋ4”
)*, 4.77 ɫ (βɇ, 2ɇ17

), 4.8β ɦ (4ɇ, 

2ɋɇ2ɋ4’
)*, 6.22 c (2ɇ, 2ɇ14

), 7.31 ɫ (βɇ, 2ɇ15
), 

7.44 ɫ, 7.46 c (2ɇ, 2ɇ5’)*, 7.50 ɫ, 7.51 ɫ (2ɇ, 

2ɇ5”
)*. ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 15.βλ ɤ (C20
), 
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1λ.06 ɬ (ɋ2), βγ.18 ɬ (ɋ12), β4.47 ɬ (C6), β4.56 ɬ (ɋ11), β7.8λ ɤ (C19), γ6.14 ɬ (C3), γ8.15 ɫ (C10
), 38.54 

ɫ (ɋ4), γ8.8β ɬ (ɋ7), γλ.40 ɬ (C1), 4λ.λ6 ɬ (ɋɇ2N
1’, ɋɇ2N

1”), 55.78 ɞ, 55.81 ɞ (ɋ9), 56.1γ ɞ, 56.β1 ɞ 

(ɋ5
), 6β.βγ ɬ (Сɇ2ɋ16), 6γ.γ0 ɬ, 6γ.γβ ɬ (Сɇ2ɋ4’)*, 64.88 ɬ, 64.λβ ɬ (Сɇ2ɋ4”)*, 6λ.γ6 ɬ (βɋɇ2Ɉ), 

6λ.4β ɬ (βɋɇ2Ɉ), 7γ.18 ɬ (ɋ18), 106.50 ɬ (ɋ17), 111.46 ɞ (ɋ14), 1ββ.λλ ɞ, 1βγ.04 ɞ, 1βγ.07 ɞ (ɋ5’
)*, 

1βγ.γβ ɞ, 1βγ.γ5 ɞ, 1βγ.40 ɞ, 1βγ.45 ɞ (ɋ5”)*, 1β4.66 ɫ (ɋ13
), 14β.0λ ɞ (ɋ15), 145.0λ ɫ (ɋ4’

)*, 145.92 

ɫ, 145.λγ c (ɋ4”)*, 146.6λ ɫ, 146.71 ɫ (ɋ16
), 147.96 c, 147.λ8 ɫ (C8

). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ 

ɦɟɫɬɚɦɢ). ɇɚɣɞɟɧɨ %μ ɋ 65.03, H 8.05, N 12.89; [M] 1189. C36H56N6O3. ȼɵɱɢɫɥɟɧɨ %μ ɋ 65.11, H 

7.95, N 13.80; [M] 1216. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (207) ɢ (208). Ʉ ɪɚɫɬɜɨɪɭ β.8β ɦɦɨɥɹ ɚɥɶɞɟɝɢɞɚ 

(53) ɜ 10 ɦɥ ɆɟɈɇ ɞɨɛɚɜɢɥɢ 1.0 ɝ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ, β ɦɥ ȺɫɈɇ ɢ β.8β ɦɦɨɥɹ ɝɢɞɪɨɯɥɨɪɢɞɚ ɬɪɟɬ-

ɛɭɬɢɥɨɜɨɝɨ ɷɮɢɪɚ L-ɢɡɨɥɟɣɰɢɧɚ (204) ɢɥɢ ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ L-ɦɟɬɢɨɧɢɧɚ (205). 

Ɋɚɫɬɜɨɪ ɨɯɥɚɞɢɥɢ ɞɨ 0ɨɋ ɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ ɞɨɛɚɜɢɥɢ 0.γβ ɝ NaBH4. 

ɉɟɪɟɦɟɲɢɜɚɥɢ 4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɪɚɡɛɚɜɢɥɢ ɜɨɞɨɣ (50 ɦɥ), ɡɚɬɟɦ ɞɨɛɚɜɢɥɢ 10%-ɧɵɣ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ NaOH ɞɨ ɳɟɥɨɱɧɨɣ ɪɟɚɤɰɢɢ, 

ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ ɢɡɜɥɟɤɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ. Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ), 

ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɜɚɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1).  

Ɇɟɬɢɥ (1S,10R,5S,9S)-5-{2-(2-[N-((1S)-1-ɬɪɟɬ-ɛɭɬɨɤɫɢɤɚɪɛɨɧɢɥ-2-

ɦɟɬɢɥɛɭɬɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ}-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-

1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-[N((1S)-1-ɬɪɟɬ-ɛɭɬɢɥɨɤɫɢɤɚɪɛɨɧɢɥ-2-ɦɟɬɢɥɛɭɬɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-

15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (207). ȼɵɯɨɞ 76% 
20][ D

 +72.57
o
. (c 6.14, 

ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3027, 1717, 1648, 1511, 1155, 1092, 825. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.50 ɫ (γɇ, ɋ20ɇ3), 0.84 ɬ (γɇ, ɋ6’ɇ3, J 

6), 0.87 ɞ (γɇ, ɋ4’ɋɇ3, J 7), 0.λ8 ɦ, 1.0β ɦ (βH, 

ɇ1,3), 1.17 М (γɇ, ɋ19ɇ3), 1.β8 ɞ.ɞ (1H, H
5
, J 12, 

γ), 1.46 ɫ (λɇ, ɋɇ3(t-Bu), 1.50 ɦ (γɇ, ɇ2,5’,11
), 

1.59-1.6γ ɦ (γH, H
5’,9,11

), 1.72-1.81 ɦ (βɇ, ɇ2,6
), 

1.85-1.λ8 ɦ (4ɇ, ɇ1,6,7,12), β.16 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 

13.2), 2.25-β.41 ɦ (βɇ, NH ɢ ɇ12), β.50 ɦ (βɇ, 

ɇ4’,7), β.λγ ɦ (1ɇ, ɇ3’), γ.55 ɞ, γ.66 ɞ (βɇ, 

CH2N, J 14), 3.60 c (γɇ, OCH3), 4.5λ ɫ, 4.8λ ɫ (βɇ, ɇ17), 6.1λ ɞ (1ɇ, ɇ14
, J 2.0), 7.β7 ɞ (1ɇ, ɇ15

, J 

2.0). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 11.15 ɤ (ɋ6’), 1β.16 ɤ (C20), 14.λ8 ɤ (ɋH3), 1λ.47 ɬ (ɋ2), ββ.81 ɬ (ɋ12

), 

β4.1λ ɬ (ɋ11), β5.γ1 ɬ (ɋ5’
), 25.81 ɬ (C6), β7.γ1 ɤ ДCH3(t-Bu)Ж, β8.γγ ɤ (C19), γ7.74 ɬ (C3), γ8.11 ɞ (C4’

), 

γ8.β5 ɬ (C7), γ8.56 ɬ (C1), γλ.68 ɫ (ɋ10), 4β.54 ɬ (CH2N), 4γ.81 ɫ (C4), 50.67 ɤ (Ɉɋɇ3), 54.5λ ɞ (ɋ9
), 
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55.74 ɞ (ɋ5), 65.06 ɞ (ɋ3’
), 80.41 c Дɋ-(t-Bu)Ж, 106.0γ ɬ (ɋ17), 110.7λ ɞ (ɋ14

), 1β1.βλ ɫ (ɋ13
), 140.6γ ɞ 

(ɋ15), 147.40 ɫ (ɋ16), 148.10 ɫ (ɋ8), 17γ.44 ɫ (ɋ18), 177.βλ ɫ ДCO2(t-Bu)Ж. ɇɚɣɞɟɧɨ, %μ ɋ 7β.7λ, ɇ 

9.51, N β.55. ɋ32ɇ51NO5. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7β.55, ɇ λ.70, N 2.64. 

Ɇɟɬɢɥ (1S,10R,5S,9S)-5-(2-{2-[N-((1S)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ)- 

ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥ}ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

{ɦɟɬɢɥ-16-[N-((1S)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ) ɚɦɢɧɨɦɟɬɢɥ]-15,16-

ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ} (208). ȼɵɯɨɞ 63%. 
20][ D  +17.78

o
 (c 1γ.8λ, ɋɇCl3). 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg): 225 (3.95), 275 (2.33). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3220, 1722, 1718, 1643, 1550, 

1514, 1232, 1163, 1092, 986, 893, 668. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.51 ɫ (γɇ, ɋ20ɇ3), 

0.88 ɦ (1H, H
1), 0.λλ ɞ.ɬ (1H, H

3
, J 1γ.4, 4.β), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1H, H

5
, J 12.2, 2.6), 1.44-

1.4λ ɦ (γɇ, ɇ2,9,11), 1.54 ɦ (1H, H
11), 1.74 ɬ.ɞ (1ɇ, ɇ1

, J 1γ.1, γ.6), 1.77 ɦ (γɇ, ɇ2,6,7), 1.80 ɦ (βɇ, 

ɇ5’), 1.86 ɦ (1ɇ, ɇ6
, Jɝɟɦ 1γ.γ), 1.λβ ɦ (1ɇ, ɇ12), β.0γ ɫ 

(3H, Sɋɇ3), β.1β ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ.4), β.γ7 ɦ, β.44 ɦ 

(βɇ, ɇ7,12), β.51 ɞ.ɞ (βH, ɇ4’
, J 10.β, 6.β), γ.γγ ɞ.ɞ (1H, 

ɇ3’
, J 9.5, 6.2), 3.61 c (γɇ, OCH3), γ.6λ ɫ (γɇ, ɈCH3), 

γ.71 ɫ (βɇ, CH2N), 4.56 ɫ, 4.87 ɫ (βɇ, ɇ17), 6.16 ɞ (1ɇ, 

ɇ14
, J β.0), 7.β5 ɞ (1ɇ, ɇ15

, J 2.0). ɋɩɟɤɬɪ əɆɊ 13
C, , 

ɦ.ɞ.μ 1β.48 ɤ (C20), 15.ββ ɤ (Sɋɇ3), 1λ.7λ ɬ (ɋ2), βγ.0β ɬ 

(ɋ12), β4.40 ɬ (ɋ11), β6.1β ɬ (C6), β8.6γ ɤ (C19), γ0.βλ ɬ (C5’), γβ.70 ɬ (ɋ4’), γ8.0γ ɬ (C3), γ8.58 ɬ (C7
), 

γ8.88 ɬ (C1), 40.00 ɫ (ɋ10), 4β.γλ ɬ (ɋH2N), 44.1β ɫ (C4), 50.λ6 ɤ (Ɉɋɇ3), 51.71 ɞ (ɋ3’), 54.8γ ɞ (ɋ9
), 

56.07 ɞ (ɋ5), 5λ.0λ ɤ (CO2CH3), 106.γβ ɬ (ɋ17), 111.11 ɞ (ɋ14), 1β1.85 ɫ (ɋ13
), 1β8.40 ɞ (ɋ15), 147.76 ɫ 

(ɋ16), 148.1β ɫ (ɋ8), 175.0β ɫ (ɋ18), 177.56 ɫ (CO2CH3). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 505 [Ɇ+] (23.67), 

359 (24), 358 (92), 283 (28), 255 (44), 176 (100), 175 (27), 162 (80), 161 (27), 147 (40), 121 (59), 114 

(γγ), 10λ (γ6), 107 (56), 10β (54), λ5 (70), λ4 (64), 88 (4β), 61 (γγ), 55 (β7). ɇɚɣɞɟɧɨ: [M]
 
505.28620. 

ɋ28ɇ43NO5S. ȼɵɱɢɫɥɟɧɨ: 505.28617. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢя ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (206), (207) ɢ (208) ɫ 

ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ. Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ ɮɭɪɮɭɪɢɥɚɦɢɧɚ (1.λ6 ɦɦɨɥɶ) ɜ γ0 ɦɥ 

ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ ɦɚɥɟɢɧɨɜɵɣ ɚɧɝɢɞɪɢɞ (1.λ6 ɦɦɨɥɶ). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 

20C 48 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ 

– ɯɥɨɪɨɮɨɪɦ). 

(1S,5S,6R,7S)- ɢ (1R,5R,6S,7R)-(1’S,5’R,9’S,10’R)-Ɇɟɬɢɥ-5-[2-(3-ɛɟɧɡɢɥ-6-ɤɚɪɛɨɤɫɢ-4-ɨɤɫɨ-

10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɤɚ-8-ɟɧ-9-ɢɥ)ɷɬɢɥ]-1,10-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-

ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (209a,ɛ). ɉɨɥɭɱɢɥɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (209a,ɛ) ɫ ɨɛɳɢɦ 

ɜɵɯɨɞɨɦ 84%, ɫɨɨɬɧɨɲɟɧɢɟ 1:1, ɛɟɫɰɜɟɬɧɨɟ ɦɚɫɥɨ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 258 (1.71), 264 
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(1.67). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 6λβ (ɋ=ɋ), 1132, 1229, 1723 (C=O). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.45 ɫ (6ɇ, 2ɋ16’ɇ3), 0.λ7 ɦ (βH, 2H
4’), 1.00 ɦ (βH, 2H

2’), 1.14 М (6ɇ, 2ɋ15’ɇ3), 1.β4 ɦ (βH, 2H
9’

), 

1.45 ɦ (βɇ, 2ɇ3’,11’), 1.5β ɦ (4H, 2H
5’,11’), 1.7γ ɦ (4ɇ, 2ɇ4’,8’), 1.81 ɦ (6ɇ, 2ɇ3’,7’,12’), 1.λ5 ɦ (βɇ, 

2ɇ8’), β.14 ɞ.ɦ (βɇ, 2ɇ2’
, Jɝɟɦ 13.1), β.ββ ɦ (βɇ, 2ɇ12’), β.γ5 ɦ (βɇ, 2ɇ7’), β.8γ ɭɲ.ɫ (βɇ, 2ɇ6

), 2.87 

ɭɲ.ɫ (βɇ, 2ɇ5), γ.50 ɞ, γ.5γ ɞ (βɇ, 2ɇ2
, J 13), 3.58 c (6ɇ, 2OCH3), 

γ.66 ɞ, γ.68 ɞ (βɇ, 2ɇ2
, J 13), 4.33 

ɫ, 4.γ6 ɫ (βɇ, 2ɇ13’), 4.40 ɞ, 4.60 ɞ 

(4ɇ, 2ɋɇ2Ph, J 1β), 4.78 ɫ (βɇ, 

2ɇ13’), 5.14 ɭɲ.c (βɇ, 2ɇ7), 5.λ4 ɞ 

(1H, H
8
, J 1.γ), 5.λ6 ɞ (1H, H

8
, J 

1.4), 7.β1 ɦ (4H, 2H
2”,6”), 7.β6 ɦ 

(βɇ, 2ɇ4”), 7.γ0 ɦ (4H, 2H
3”,5”). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.γ1 ɤ, 

1β.γ8 ɤ (2C
16’), 1λ.70 ɬ (2ɋ3’), β0.7λ ɬ, β1.10 ɬ (2ɋ11’), β5.54 ɬ (2ɋ12’), β5.λλ ɬ (2C

8’
), 28.56 ɤ, β8.58 ɤ 

(2C
15’), γ7.λβ ɬ (2C

2’), γ8.41 ɬ (2C
7’), γ8.λ8 ɬ (2C

4’), 40.10 ɫ, 40.15 c (2ɋ10’), 44.07 ɫ (2C
1’

), 46.81 ɬ, 

46.8β ɬ (2ɋɇ2), 46.λγ ɬ, 47.00 ɬ (2ɋ2), 47.1λ ɞ (2ɋ6), 50.66 ɞ, 50.7β ɞ (2ɋ5), 50.λ8 ɤ (2Ɉɋɇ3), 55.28 

ɞ, 55.5λ ɞ (2ɋ5’), 56.01 ɞ (2ɋ9’
), 81.66 ɞ, 81.70 ɞ (2ɋ7), 8λ.60 ɫ, 8λ.68 ɫ (2ɋ1), 106.β0 ɬ, 106.β4 ɬ 

(2ɋ13’), 1β7.58 ɞ (2ɋ4”), 1β7.77 ɞ, 1β7.8β ɞ (2ɋ2”,6”
),

 1β7.λλ ɞ, 1β8.βλ ɞ (2ɋ8), 1β8.6λ ɞ (2C
3”,5”

), 

1γ5.16 ɫ, 1γ5.18 c (2ɋ1”), 147.4β ɫ, 147.6γ ɫ (2ɋ6’), 14λ.60 ɫ, 14λ.81 ɫ (2ɋ9
), 172.0β ɫ, 17β.0λ ɫ (2ɋ4

), 

17γ.57 ɫ (2ɋɈ2ɇ), 177.4β ɫ (2ɋ14). ɇɚɣɞɟɧɨ, %μ ɋ 7β.79, ɇ 7.40, N β.55. ɋ33ɇ46NO6. ȼɵɱɢɫɥɟɧɨ, %μ 

ɋ 7β.53, ɇ 7.33, N 2.56. 

(1S,5S,6R,7S)- ɢ (1R,5R,6S,7R)-(1′S,5′R,9′S,10′R)-3-((1S)-1-ɬɪɟɬ-ɛɭɬɢɥɨɤɫɢɤɚɪɛɨɧɢɥ-2-

ɦɟɬɢɥɛɭɬɢɥ)-9-[2-(1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɞɟɤɚɝɢɞɪɨɧɚɮɬ-5-

ɢɥ)ɷɬɢɥ]-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨ[5.2.1.0
1,5

]ɞɟɰ-8-ɟɧ-6-Кɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ (210a,ɛ). 

ɉɨɥɭɱɢɥɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (210a,ɛ) ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 73%, cɨɨɬɧɨɲɟɧɢɟ β.γμ1. ɉɨɫɥɟ 

ɩɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɫɬɟɪɟɨɢɡɨɦɟɪ (210a) ɜɵɞɟɥɢɥɢ ɜ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. 20][ D
 +13.46

o
 (c β.β8, ɋɇCl3). 

ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3437, 3246, 1727, 1710, 1650, 

1155, 1040, 986, 886, 755. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ16’ɇ3), 0.81 ɬ (γɇ, ɋɇ2ɋɇ3, J 

7.0), 0.λβ ɞ (γɇ, ɋɇɋɇ3, J 7.0), 1.01-1.08 ɦ (βH, H
4’,2

), 

1.15 М (γɇ, ɋ15’ɇ3), 1.β6 ɞ (1H, H
9’

, J 12), 1.31-1.γ8 ɦ 

(2H, ɋɇ2), 1.4β ɫ (λɇ, γɋɇ3), 1.50-1.56 ɦ (βɇ, ɇ11’,3’
), 

1.59-1.7β ɦ (βH, H
5’,11’

), 1.76-1.88 ɦ (βɇ, ɇ3’,8’
), 1.90-

β.0β ɦ (4ɇ, ɇ4’,8’,7’,12’), β.1β ɦ (1ɇ, ɋɇ), β.14-β.β0 ɦ (1ɇ, ɇ2’), β.γ4 ɦ (1ɇ, ɇ7’), β.4β ɦ (1ɇ, ɇ12’
), 
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β.77 ɞ (1ɇ, ɇ5
, J 9.0), β.88 ɞ (1ɇ, ɇ6

, J 9.0), 3.58 c (γɇ, OCH3), γ.68 ɞ (1ɇ, ɇ2
, J λ.γ), 4.10 ɞ (1ɇ, 

ɇ2
, J λ.γ), 4.41 ɫ (1ɇ, ɇ13’), 4.48 ɞ (1ɇ, ɋɇ, J 6.8), 4.8β ɫ (1ɇ, ɇ13’), 5.15 ɭɲ.c (1ɇ, ɇ7), 5.λ7 ɞ (1H, 

H
8
, J 1.4), 7.β6 ɭɲ.ɫ (1ɇ, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 10.4λ ɤ (ɋɇ2ɋɇ3), 1β.4γ ɤ (C16’), 15.β4 ɤ 

(ɋɇCH3), 1λ.75 ɬ (ɋ3’), β0.λβ ɬ (ɋ11’), β4.61 ɬ (ɋ12’), β5.67 ɬ (ɋɇ2), β6.05 ɬ (C8’), β7.λ1 ɤ ДCH3(t-

Bu)], 28.60 ɤ (C15’), γ4.β4 ɞ (CH2ɋɇ), γ7.λ8 ɬ (C2’), γ8.51 ɬ (C7’), γλ.10 ɬ (C4’
), 40.16 c (ɋ10’

), 44.13 

ɫ (C1’), 45.14 ɬ (ɋ2), 47.68 ɞ (ɋ6), 50.β1 ɞ (ɋ5), 51.00 ɤ (Ɉɋɇ3), 55.γ5 ɞ (ɋ5’), 56.0λ ɞ (ɋ9’), 5λ.0γ ɞ 

(ɋɇ), 81.74 ɞ (ɋ7), 81.λ5 ɫ Дɋ(t-Bu)Ж, 8λ.8λ ɫ (ɋ1
), 106.γ5 ɬ (ɋ13’), 1β8.γλ ɞ (ɋ8), 147.41 ɫ (ɋ6’

), 

14λ.68 ɫ (ɋ9), 170.0β ɫ (ɋɈ2ɋɇ3), 17β.γ7 ɫ (ɋ4), 17γ.64 ɫ (ɋɈ2ɇ), 177.48 ɫ (ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 

68.36, ɇ 8.γ0, N β.07. ɋ36ɇ53NO8. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 68.90, ɇ 8.45, N 2.23. 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ (210ɛ) Дɢɡ ɫɩɟɤɬɪɚ ɫɦɟɫɢ (210ɚ,ɛ)] 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ16’ɇ3), 0.8γ ɬ (γɇ, ɋɇ2ɋɇ3, J 7.0), 0.λβ ɞ (γɇ, 

ɋɇɋɇ3, J 7), 1.06 ɦ (βH, H
4’,2), 1.15 М (γɇ, ɋ15’ɇ3), 

1.β6 ɞ (1H, H
9’

, J 12), 1.30-1.4β ɦ (βH, ɋɇ2), 1.44 

ɫ (λɇ, 3ɋɇ3), 1.50-161 ɦ (βɇ, ɇ11’,3’
), 1.62-1.70 ɦ 

(2H, H
5’,11’), 1.7λ ɦ, 1.88 ɦ (βɇ, ɇ3’,8’

), 1.90-β.1β ɦ 

(5ɇ, ɇ4’,8’,7’,12’
, ɋɇ), β.14 ɦ (1ɇ, ɇ2’), β.γ1 ɦ (1ɇ, 

ɇ7’), β.γλ ɦ (1ɇ, ɇ12’), β.74 ɞ (1ɇ, ɇ5
, J 9.0), 2.79 

ɞ (1ɇ, ɇ6
, J 9.0), 3.58 c (γɇ, OCH3), γ.6λ ɞ (1ɇ, 

ɇ2
, J 8.λ), γ.λ5 ɞ (1ɇ, ɇ2

, J 8.λ), 4.γ8 ɞ (1ɇ, ɋɇ, J 7.0), 4.40 ɫ (1ɇ, ɇ13’), 4.8γ ɫ (βɇ, ɇ13’), 5.16 ɞ 

(1ɇ, ɇ7
, J 1.8), 6.0β ɞ (1H, H

8
, J 1.8).  

(1S,5S,6R,7S)- ɢ (1R,5R,6S,7S)-(1′S,5′R,9′S,10′R)-9-[2-(1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-1-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɞɟɤɚɝɢɞɪɨɧɚɮɬ-5-ɢɥ)ɷɬɢɥ]-3-((1S)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚ-

ɧɢɥɛɭɬɢɥ)-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɰ-8-ɟɧ-6-Кɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ (211a,ɛ). 

ɉɨɥɭɱɢɥɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (211a,ɛ) ɫ ɨɛɳɢɦ 

ɜɵɯɨɞɨɦ 70%, cɨɨɬɧɨɲɟɧɢɟ β.βμ1. ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɣ 

ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɢɥɢ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɫɬɟɪɟɨɢɡɨɦɟɪ (211a). 
20][ D

 +5.46
o
 (c 

β.4λ, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 3513, 1740, 1718, 

1653, 1162, 1100, 1092, 987, 894. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5β ɫ (γɇ, ɋ16’ɇ3), 1.05 ɦ (1H, 

H
4’

, Jɝɟɦ. 1γ.β), 1.0λ ɦ (1H, H
2’

, Jɝɟɦ. 1γ.1), 1.β0 М (γɇ, 

ɋ15’ɇ3), 1.γ1 ɞ (1H, H
9’

, J 1β.0), 1.56 ɦ (βɇ, ɇ11’,3’
), 

1.60 ɦ (1H, H
5’), 1.6γ ɦ (1H, H

11’), 1.81 ɦ, 1.85 ɦ (βɇ, ɇ3’,8’), 1.8λ ɦ (1ɇ, ɇ4’), β.00 ɦ (γɇ, ɇ8’,7’,12’ ɢ 

1ɇ, ɋɇ2), β.0λ ɫ (γɇ, SCH3), β.1λ ɦ (1ɇ, ɇ2’
, Jɝɟɦ 1γ.1), β.βλ ɦ (1ɇ, ɋɇ2), β.4β ɦ (βɇ, ɇ12’,7’ɢ βɇ, 
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CH2), β.8β ɞ (1ɇ, ɇ5
, J 9.0), β.86 ɞ (1ɇ, ɇ6

, J 9.0), 3.62 c (γɇ, OCH3), γ.6γ ɞ (1ɇ, ɇ2
, J λ.8), γ.76 ɫ 

(γɇ, Ɉɋɇ3), 4.10 ɞ (1ɇ, ɇ2
, J λ.8), 4.46 ɫ, 4.88 ɫ (βɇ, ɇ13’), 5.07 ɞ.ɞ (1ɇ, ɋɇ, J 8.1, γ.5), 5.16 ɭɲ.c 

(1ɇ, ɇ7), 6.0β ɞ (1H, H
8
, J 1.4), 7.1β ɭɲ.ɫ (1ɇ, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.15 ɤ (C16’), 15.17 ɤ 

(SCH3), 1λ.46 ɬ (ɋ3’), β0.54 ɬ (ɋ11’), β5.γ6 ɬ (ɋ12’), β5.77 ɬ (C8’), β8.0λ ɬ (CH2S), β8.γγ ɤ (C15’
), 29.15 

ɬ (CH2), γ7.68 ɬ (C2’), γ8.ββ ɬ (C7’), γ8.81 ɬ (C4’
), 39.88 c (C

10’), 4γ.8γ ɫ (ɋ1’), 4γ.8γ ɬ (ɋ2), 47.18 ɞ 

(ɋ6), 50.βγ ɞ (ɋ5), 50.75 ɤ (OCH3), 5β.01 ɤ (Ɉɋɇ3), 5β.γ4 ɞ (ɋɇ), 55.10 ɞ (ɋ5’), 55.78 ɞ (ɋ9’), 81.40 ɞ 

(ɋ7), 8λ.50 ɫ (ɋ1), 106.04 ɬ (C13’), 1β8.00 ɞ (ɋ8), 147.18 ɫ (ɋ6’), 14λ.48 ɫ (ɋ9), 170.6γ ɫ (ɋɈ2ɋɇ3), 

17β.β5 ɫ (ɋ4), 17γ.β5 ɫ (ɋɈ2ɇ), 177.ββ ɫ (ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 6λ.50, ɇ 8.04, N 2.55, S 5.65. 

ɋ32ɇ45NSO5. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 6λ.19, ɇ 8.11, N 2.53, S 5.77. 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɞɥɹ 

ɫɨɟɞɢɧɟɧɢɹ (211ɛ) Дɢɡ ɫɩɟɤɬɪɚ ɫɦɟɫɢ (211a,ɛ)] 

ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5β ɫ (γɇ, 

ɋ16’ɇ3), 1.07 ɬ.ɞ (βH, H
4’,2’

, J 14, γ), 1.β0 М (γɇ, 

ɋ15’ɇ3), β.8β ɞ (1ɇ, ɇ5
, J 8.8), β.88 ɞ (1ɇ, ɇ6

, J 8.8), 

3.62 c (γɇ, OCH3), γ.7γ ɫ (γɇ, ɋɈ2ɋɇ3), γ.87 ɞ (1ɇ, 

ɇ2
, J λ.5), γ.λ5 ɞ (1ɇ, ɇ2

, J λ.5), 4.4γ ɫ, 4.88 ɫ (βɇ, 

ɇ13’), 4.67 ɞ.ɞ (1ɇ, ɋɇ, J 8.β, γ.5), 5.18 ɞ (1ɇ, ɇ7
, J 1.8), 6.04 ɞ (1H, H

8
, J 1.8).  

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɦɟɬɢɥ N-(2-ɦɟɬɢɥɚɤɪɢɥɨɢɥ)ɚɦɢɧɨɦɟɬɢɥɥɚɛɞɚɬɪɢɟɧɨɜ (214) ɢ 

(215). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ cɨɟɞɢɧɟɧɢɹ (206) (2.24 ɦɦɨɥɶ) ɢɥɢ (208) (β.β4 ɦɦɨɥɶ) ɢ 

ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɚ (β.β4 ɦɦɨɥɶ) ɜ γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ ɩɪɢɛɚɜɢɥɢ ɩɨ 

ɤɚɩɥɹɦ 0.γ4 ɝ (γ.γ6 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ 10 ɦɥ ɯɥɨɪɨɮɨɪɦɚ (ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ). 

Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

(Et3N
.
HCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ 

ɧɚ ɫɢɥɢɤɚɝɟɥɟ. 

(1S,5R,9S,10R)-Ɇɟɬɢɥ-5-{2-[N-ɛɟɧɡɢɥ-N-(2-ɦɟɬɢɥɚɤɪɢɥɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,10-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-[N-

ɛɟɧɡɢɥ-N-(2-ɦɟɬɢɥɚɤɪɢɥɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-15,16-ɷɩɨɤɫɢ-

8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (214). ɗɥɸɟɧɬ - 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10:1. ȼɵɯɨɞ 64%, ɦɚɫɥɨɨɛɪɚɡɧɨɟ 

ɜɟɳɟɫɬɜɨ. ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 66λ (ɋ=ɋ), 1217, 1718 (C=O). 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20ɇ3), 0.88 ɦ 

(1H, H
1), 0.λ7 ɞ.ɬ (1H, H

3
, J 1γ, 5), 1.1γ ɫ (γɇ, ɋ19ɇ3), 1.β0 ɞ.ɞ 

(1H, H
5
, J 1γ, 1.8), 1.46 ɦ (γɇ, ɇ2,9,11), 1.57 ɦ (1H, H

11), 1.71 ɬ.ɞ 
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(1ɇ, ɇ1
, J 1γ, γ), 1.77 ɦ (γɇ, ɇ2,6,7), 1.λγ ɞ.ɦ (1ɇ, ɇ6

, Jɝɟɦ 1γ), 1.λλ ɫ (γH, CH3-ɋ4’), β.01 ɦ (1ɇ, 

ɇ12), β.11 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ), β.γγ ɦ (βɇ, ɇ7,12

), 3.56 c (γɇ, OCH3), γ.60 ɫ (βɇ, ɇ1’), 4.40 ɫ (1ɇ, 

ɇ17), 4.46 ɞ, 4.5β ɞ (βɇ, ɋɇ2Ph, J 11), 4.77 ɫ (1ɇ, ɇ17), 5.18 ɦ (βɇ, ɇ5’), 6.17 ɞ (1ɇ, ɇ14
, J 1.2), 7.13 

ɞ (1ɇ, ɇ15
, J 1.β), 7.ββ ɦ, 7.β8 ɦ (5H, Ph). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.40 ɤ (C20), 1λ.7β ɬ (ɋ2
), 

β0.5γ ɤ (Сɇ3-ɋ4’), ββ.86 ɬ (ɋ12), β4.β4 ɬ (ɋ11), β6.04 ɬ (C6), β8.57 ɤ (C19), γ7.λ6 ɬ (C3), γ8.47 ɬ (C7
), 

γ8.85 ɬ (C1), γλ.λβ ɫ (C10), 44.06 ɫ (ɋ4), 45.βγ ɬ (ɋ1’), 50.8λ ɤ (Ɉɋɇ3), 51.γβ ɬ (Phɋɇ2), 54.8λ ɞ (ɋ9
), 

56.04 ɞ (ɋ5), 106.γ1 ɬ (ɋ17), 111.16 ɞ (ɋ14), 115.47 ɬ (ɋ5’), 1βγ.41 ɫ (ɋ13), 1β7.1β ɞ (ɋ2”,6”
),

 1β7.βλ ɞ 

(ɋ4”), 1β8.41 ɞ (C3”,5”
), 1β8.40 ɞ (ɋ15), 1γ6.17 ɫ (ɋ1”), 140.γ6 ɫ (ɋ16), 141.λ7 ɫ (ɋ4’), 147.γλ ɫ (ɋ8

), 

17β.66 ɫ (ɋ3’), 177.45 ɫ (ɋ18
). ɇɚɣɞɟɧɨ, %μ ɋ 77.01, ɇ 8.40, N β.55. ɋ33ɇ43NO4. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 

76.60, ɇ 8.32, N 2.71. 

(1S,5R,9S,10R)-Ɇɟɬɢɥ-5-(2-{2-[N-((1S)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ)-N-

(2-ɦɟɬɢɥɚɤɪɢɥɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨ-

ɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-[N-(1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ)-N-

(2-ɦɟɬɢɥɚɤɪɢɥɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (215). 

ɗɥɸɟɧɬ - ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, βμ1. ȼɵɯɨɞ 61%, ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.88 ɦ (1H, H
1
), 

1.00 ɞ.ɬ (1H, H
3
, J 1β.1, 4.β), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɦ (1H, 

H
5
), 1.42-1.50 ɦ (γɇ, ɇ2,9,11

), 1.56 ɦ (1H, H
11), 1.68 ɫ (γɇ, 

ɋ2”ɋɇ3), 1.74 ɞ.ɞ (1ɇ, ɇ1
, J 1γ.β, γ.β), 1.76 ɦ (γɇ, ɇ2,6,7

), 

1.78 ɦ (βɇ, ɇ4’), 1.8γ ɦ (1ɇ, ɇ6), 1.λ4 ɦ (1ɇ, ɇ12), 1.λ8 ɫ 

(γɇ, ɋɇ3S), β.14 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ), β.β7 ɦ, β.47 ɦ (βɇ, 

ɇ7,12), β.γ7 ɬ (βɇ, ɇ5’
, J 6.4), 3.58 c (γɇ, OCH3), γ.6γ ɫ (γɇ, 

ɋɈ2Ɇɟ), 4.14 ɦ (1ɇ, ɇ3’
), 4.47 ɦ (βɇ, H1’), 4.5γ ɫ, 4.88 ɫ 

(βɇ, ɇ17,17), 5.β5 ɫ, 5.84 c (βɇ, H3”,3”), 6.β1 ɫ (1ɇ, ɇ14
, J 1.6), 7.γ0 ɫ (1ɇ, ɇ15

, J 1.6). ɋɩɟɤɬɪ əɆɊ 
13

C, , ɦ.ɞ.μ 1β.44 ɤ (C20), 15.0β ɤ (Sɋɇ3), β0.0λ ɬ (ɋ2), β1.88 ɤ (ɋɇ3), βγ.00 ɬ (ɋ12), β4.11 ɬ (ɋ11
), 

β6.0λ ɬ (C6), β8.βλ ɬ (C5’), β8.5λ ɤ (C19), βλ.βλ ɬ (ɋ4’), γ8.0β ɬ (C3), γ8.5γ ɬ (C7), γ8.λ4 ɬ (C1), 40.04 ɫ 

(C
10), 4β.γλ ɬ (ɋ1’), 44.14 ɫ (ɋ4

), 50.87 ɤ (Ɉɋɇ3), 54.71 ɞ (ɋ3’), 54.λβ ɞ (ɋ9), 56.1β ɞ (ɋ5), 56.14 ɤ 

(CO2CH3), 106.βλ ɬ (ɋ17), 111.γγ ɞ (ɋ14), 118.γ8 ɬ (ɋ3”), 118.40 ɞ (ɋ15), 118.40 ɫ (ɋ13), 140.17 ɫ (ɋ16
), 

141.β7 ɫ (ɋ2”), 147.71 ɫ (ɋ8), 170.λ7 ɫ (ɋ1”), 17γ.00 ɫ (C=O), 177.44 ɫ (ɋ18). ɇɚɣɞɟɧɨ, %μ ɋ 67.17, ɇ 

8.40, N 2.55, S 5.01. ɋ32ɇ47NO6S. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 67.0β, ɇ 8.β0, N 2.44, S 5.59. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɦɟɬɢɥ (ȿ)-(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥɥɚɛɞɚɬɪɢɟɧɨɜ (216) ɢ (217). 

Ʉ ɪɚɫɬɜɨɪɭ cɨɟɞɢɧɟɧɢɹ (207) (β.11 ɦɦɨɥɶ) ɢɥɢ (208) (β.11 ɦɦɨɥɶ) ɢ ɤɪɨɬɢɥɯɥɨɪɢɞɚ (2.52 ɦɦɨɥɶ) ɜ 

γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ, ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɬɪɢɷɬɢɥɚɦɢɧɚ (γ.15 ɦɦɨɥɶ) ɜ 10 ɦɥ ɯɥɨɪɨɮɨɪɦɚ (ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ). Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ 
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ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ (Et3N
.
HCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. 

Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ. 

(1S,5R,9S,10R)-Ɇɟɬɢɥ-5-(2-{2-[N-((1S)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ)-N-

(ȿ)-(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨ-

ɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-[N-((1S)-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥ)-N-(ȿ)-

(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (216). ɗɥɸɟɧɬ - 

ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1. ȼɵɯɨɞ 8λ%, ɚɦɨɪɮɧɨɟ ɜɟɳɟɫɬɜɨ. 20][ D  +12.47
o
 (c γ.65, ɋɇCl3). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1736, 1718, 1991, 1619, 1511, 1164, 1092, 964, 893. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.51 ɫ (γɇ, ɋ20ɇ3), 0.85 ɦ (1H, H
1), 1.00 ɞ.ɬ (1H, H

3
, 

J 1β.β, 4.β), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɦ (1H, H
5), 1.50 ɦ (γɇ, 

ɇ2,9,11
), 1.56 ɦ (1H, H

11), 1.7γ ɦ (1ɇ, ɇ1
), 1.73-1.86 ɦ (5ɇ, 

ɇ2,6,7,4’,4’), 1.88 ɞ (γɇ, C4”
H3, J 7.0), 1.90-1.98 (βɇ, ɇ6,12

), 

1.λ5 ɫ (γɇ, ɋɇ3S), β.1γ ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ.β), β.β7 ɬ (βH, 

ɇ5’,5’
, J 8.6), β.γλ ɦ, β.4λ ɦ (βɇ, ɇ7,12

), 3.58 c (γɇ, OCH3), 

γ.61 ɫ (γɇ, ɋɈ2Ɇɟ), 4.γλ ɦ (1H, ɇ3’
), 4.45 ɞ (βɇ, H1’,1’

, J 

λ.6), 4.5γ ɫ, 4.88 ɫ (βɇ, ɇ17,17), 6.ββ ɞ (1ɇ, ɇ14
, J β.8), 6.γ7 ɞ 

(1ɇ, H3”
,
 
J 15), 6.λ1 ɦ (1ɇ, ɇ2”

, Jɝɟɦ 15), 7.γ1 ɫ (1ɇ, ɇ15
, J 

β.8). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.17 ɤ (C20), 14.7γ ɤ (Sɋɇ3), 17.88 ɤ (ɋ4”

), 19.47 ɬ (ɋ2), ββ.76 ɬ (ɋ12
), 

βγ.84 ɬ (ɋ11), β5.80 ɬ (C6), β7.λγ ɬ (H5’), β8.γγ ɤ (C19), γ0.γβ ɬ (ɇ4’), γ7.6λ ɬ (C3), γ8.β6 ɬ (C7), γ8.6β ɬ 

(C
1), γλ.75 ɫ (C10), 4β.41 ɬ (ɋ1’), 4γ.81 ɫ (ɋ4

), 50.6λ ɤ (Ɉɋɇ3), 54.75 ɞ (ɇ3’), 54.55 ɞ (ɋ9), 56.76 ɞ 

(ɋ5), 57.ββ ɤ (CO2CH3), 106.06 ɬ (ɋ17), 111.0γ ɞ (ɋ14), 118.40 ɞ (ɋ15), 1β1.74 ɞ (ɋ3”), 1ββ.7β ɫ (ɋ13
), 

14β.41 ɞ (ɋ2”), 144.7β ɫ (ɋ16), 147.γλ ɫ (ɋ8), 177.06 ɫ (ɋ1”), 171.00 ɫ (CO), 177.ββ ɫ (ɋ18). ɇɚɣɞɟɧɨ, 

%μ ɋ 67.16, ɇ 8.β1, N 2.55, S 5.γ1. ɋ32ɇ47NO6S. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 67.02, ɇ 8.20, N 2.44, S 5.59. 

(1S,5R,9S,10R)-Ɇɟɬɢɥ-5-(2-{2-[N-((1S)-1-ɬɪɟɬ-ɛɭɬɢɥɨɤɫɢɤɚɪɛɨɧɢɥ-2-ɦɟɬɢɥɛɭɬɢɥ)-N-(ȿ)-

(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨ-ɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-[N-((1S)-ɬɪɟɬ-ɛɭɬɢɥɨɤɫɢɤɚɪɛɨɧɢɥ-2-ɦɟɬɢɥɛɭɬɢɥ)-N-(ȿ)-

(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (217). ɗɥɸɟɧɬ - 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, β5μ1. ȼɵɯɨɞ λ0%, ɚɦɨɪɮɧɨɟ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ. 20][ D
 +4.59

o
 (c 1.46, 

ɋɇCl3). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.8γ ɬ (γɇ, ɋ6’ɇ3, J 6.8), 0.87 ɞ 

(γɇ, ɋ4’ɋɇ3, J 7), 0.λ1 ɦ (1ɇ, ɇ1), 0.λλ ɞ.ɬ (1H, H
3
, J 1γ.1, 4.1), 1.14 М (γɇ, ɋ19ɇ3), 1.β5 ɞ.ɦ (1H, H

5
, 

J 1β), 1.γ8 ɫ Дλɇ, CH3(t-Bu)Ж, 1.56 ɦ (4ɇ, ɇ11,2,5’,5’), 1.67 ɦ (βH, H
9,11

), 1.73-1.86 ɦ (βɇ, ɇ2,6
), 1.88 ɞ 

(γɇ, ɋ4”ɋɇ3, J 7.0), 1.86-1.λ5 ɦ (4ɇ, ɇ1,6,7,12), β.1γ ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ.1), β.β6 ɦ (1ɇ, ɇ12), β.γ7 ɦ 

(1ɇ, ɇ7), β.50 ɦ (1ɇ, ɇ4’), γ.γ8 ɞ (1ɇ, ɇ3’
, J 5.6), 3.58 c (γɇ, OCH3), 4.48 ɞ (βɇ, H1’,1’

, J λ.4), 4.57 ɫ, 

4.8λ ɫ (βɇ, ɇ17,17), 5.λ8 ɞ (1ɇ, H3”
,
 
J 16.5), 6.1β ɞ (1ɇ, ɇ14

,
 
J β.6), 7.β1 ɞ (1ɇ, H2”

,
 
J 16.5), 7.β5 ɞ (1ɇ, 
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ɇ15
,
 
J β.6). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 10.57 ɤ (ɋ6’), 1β.17 ɤ (C20), 15.55 ɤ (ɋ4’ɋH3), 17.βγ ɤ (ɋ4”
), 

1λ.50 ɬ (ɋ2), ββ.8γ ɬ (ɋ12), βγ.84 ɬ (ɋ11), βγ.87 ɬ (ɋ5’), β5.8β ɬ (C6), β7.51 ɤ [CH3(t-Bu)Ж, β8.γβ ɤ (C19
), 

γγ.81 ɞ (C
4’), γ7.7β ɬ (C3), γ8.β7 ɬ (C7), γ8.4β ɬ (ɋ3’

), 

γ8.6β ɬ (C1), γλ.68 ɫ (C4), 4β.41 ɬ (ɋ1’
), 4γ.84 ɫ (ɋ10

),  

50.65 ɤ (Ɉɋɇ3), 54.44 ɞ (ɋ9), 55.78 ɞ (ɋ5), 80.6λ ɫ, 81.61 

ɫ Дɋ-(t-Bu)Ж, 106.08 ɬ (ɋ17), 110.81 ɞ, 110.λ6 ɞ (ɋ14
), 

117.0β ɞ, 117.γγ ɞ (ɋ15), 1β1.48 ɫ (ɋ13),  1γ1.γβ ɞ, 1γ1.44 

ɞ (ɋ3”), 141.10 ɞ (ɋ2”), 145.γ5 ɫ (ɋ16), 147.γ5 ɫ (ɋ8
), 

168.74 ɫ, 16λ.80 ɫ ДɋɈ2(t-Bu)], 177.6γ ɫ (ɋ18), 177.β4 ɫ, 

177.γ1 ɫ (ɋ1”
). ɇɚɣɞɟɧɨ, %μ ɋ 7β.59, ɇ λ.1γ, N 2.45. 

ɋ36ɇ55NO6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7β.36, ɇ λ.21, N 2.35. 

Ɇɟɬɢɥ (1R,5S,7R)- ɢ (1S,5R,7S)-(1′S,5′R,9′S,10′R)-5-{2-[3-((1S)-1-ɬɪɟɬ-ɛɭɬɢɥɨɤɫɢɤɚɪɛɨɧɢɥ-

2-ɦɟɬɢɥɛɭɬɢɥ)-5-ɦɟɬɢɥ-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5
]-ɞɟɰ-8-ɟɧ-9-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (218ɚ,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.60 ɝ (1.14 

ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (207) ɢ 0.1β ɝ (1.14 ɦɦɨɥɶ) ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɚ ɜ γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, 

ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ, ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ 

ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 0.17 ɝ 

(1.71 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ 10 ɦɥ ɯɥɨɪɨɮɨɪɦɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɨɬɨɝɧɚɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ 

ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

(Et3NɯHCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, βμ1). ɉɨɥɭɱɢɥɢ 0.60 ɝ (8λ%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (218a,ɛ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1μ1. ɉɨɫɥɟ 
ɩɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɦɚɫɥɨɨɛɪɚɡɧɵɟ 

ɫɬɟɪɟɨɢɡɨɦɟɪɵ (218a) ɢ (218ɛ).  ɋɨɟɞɢɧɟɧɢɟ (218a). 
20][ D

 +0
o
 (c 1.17, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 

1728, 1699, 1645, 1153, 1100, 1030, 980, 920, 893, 858, 780, 755. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.50 ɫ (γɇ, ɋ16’ɇ3), 0.8γ ɬ (γɇ, ɋɇ3, J 7.0), 0.λγ ɞ (γɇ, ɋɇ3, J 7.0), 0.97 c (γɇ, ɋɇ3), 0.λλ ɦ (1H, 

H
2’

), 1.0γ ɦ (1H, H
4’), 1.16 М (γɇ, ɋ15’ɇ3), 1.β7 ɞ.ɞ (1H, H

9’
, J 1β.0, β.β), 1.45 ɫ (λɇ, γɋɇ3), 1.51-1.58 

ɦ (βɇ, ɇ11’,3’
), 1.68-1.78 ɦ (γH, H

5’,8’,11’), 1.75 ɦ (βH, ɋɇ2), 1.80 ɦ (1ɇ, ɋɇ), 1.8γ-1.λ0 ɦ (γɇ, 

ɇ2’,4’,6
), 1.95-2.00 ɦ (γɇ, ɇ3’,8’,12’), β.15 ɞ.ɦ (1ɇ, ɇ7’

,
 
J 12.3), β.γ1 ɦ (1ɇ, ɇ12’), β.46 ɦ (βɇ, ɇ6,7’

), 3.55 

ɞ (1ɇ, ɇ2
, J 9.2), 3.62 c (γɇ, OCH3), 4.01 ɞ (1ɇ, ɇ2

, J λ.β), 4.46 ɞ (1ɇ, ɋɇ, J 6.8), 4.44 ɫ, 4.8β ɫ (βɇ, 

ɇ13’,13’), 4.80 ɞ.ɞ (1ɇ, ɇ7 
J β.5, 1.0), 5.λ8 ɞ (1H, H

8
, J 2.5). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 10.55 ɤ 
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(ɋɇ2ɋɇ3), 1β.15 ɤ (C16’), 15.07 ɤ (ɋɇCH3), 1λ.44 ɤ (ɋɇ3), 1λ.4λ ɬ (ɋ3’), β0.64 ɬ (ɋ11’), β4.40 ɬ (ɋ12’
), 

β5.7λ ɬ (C8’), β7.11 ɬ (ɋɇ2), β7.6β ɤ ДCH3(t-Bu)Ж, β8.γγ ɤ (C15’), β8.λβ ɞ (CH2ɋɇ), γ5.λ1 ɬ (ɋ6
), 37.71 

ɬ (C2’
), 38.ββ ɬ (C7’), γ8.75 ɬ (C4’

), 39.88 c (C
10’), 4γ.68 ɫ (ɋ1’), 4γ.8γ ɬ (ɋ2), 50.68 ɤ (Ɉɋɇ3), 51.77 ɫ 

(ɋ5), 55.01 ɞ (ɋ5’), 55.8β ɞ (ɋ9’), 58.56 ɞ (ɋɇ), 77.47 ɞ (ɋ7), 81.18 ɫ Дɋ-(t-Bu)Ж, λ1.61 ɫ (ɋ1), 105.λλ ɬ 

(ɋ13’), 1β8.10 ɞ (ɋ8), 146.7λ ɫ (ɋ6’), 147.β4 ɫ (ɋ9
), 170.01 ɫ (ɋɈ), 177.1λ ɫ (ɋ4), 177.80 ɫ (ɋ14’

). 

ɇɚɣɞɟɧɨ, %μ ɋ 7β.76, ɇ λ.51, N β.55. ɋ36ɇ55NO6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7β.36, ɇ λ.21, N 2.35.  

ɋɨɟɞɢɧɟɧɢɟ (218ɛ). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5γ ɫ (γɇ, ɋ16’ɇ3), 0.8λ ɬ (γɇ, 

ɋɇ2ɋɇ3, J 7.0), 0.λ4 ɞ (γɇ, ɋɇɋɇ3, J 7.0), 1.00 М (γɇ, ɋɇ3), 1.01 ɦ (1H, H
2’

), 1.07 ɦ (1H, H
4’

), 1.16 c 

(γɇ, ɋ15’ɇ3), 1.β8 ɞ.ɞ (1H, H
9’

, J 1β.β, β.γ), 1.40 ɫ (λɇ, γɋɇ3), 1.48-1.5γ ɦ (βɇ, ɇ11’,3’
), 1.60-1.70 ɦ 

(2H, H
5’,11’

), 1.72-1.8γ ɦ (βɇ, ɇ4’,8’), 1.86 ɦ (βɇ, ɋɇ2), 1.8λ ɦ (βH, 1ɇ, H6
 ɢ 1ɇ, ɋɇ), 1.λ5 ɦ (γɇ, 

ɇ3’,12’,7’), β.0β ɦ (1ɇ, ɇ8’), β.β0 ɞ.ɬ. (1ɇ, ɇ2’
,
 
Jɝɟɦ 

12.9), β.β7 ɦ (1ɇ, ɇ12’), β.γ8 ɦ (βɇ, ɇ6,7’
), 3.63 c 

(γɇ, OCH3), γ.66 ɞ (1ɇ, ɇ2
, J λ.β), γ.λ0 ɞ (1ɇ, 

ɇ2
, J λ.β), 4.46 ɫ (1ɇ, ɇ13’), 4.44 ɞ (1ɇ, ɋɇ, J 

6.4), 4.84 ɞ.ɞ (1ɇ, ɇ7
, J 2.3, 1.8), 4.87 ɫ (1ɇ, 

ɇ13’), 6.04 ɞ (1H, H
8
, J 1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , 

ɦ.ɞ.μ 10.40 ɤ (ɋɇ2ɋɇ3), 1β.06 ɤ (C16’), 15.11 ɤ 

(ɋɇCH3), 1λ.48 ɬ (ɋ3’), 1λ.λ4 ɤ (ɋɇ3), β0.λ7 ɬ (ɋ11’), β5.0β ɬ (ɋ12’), β5.7γ ɬ (C8’), β7.17 ɬ (ɋɇ2), 27.59 

ɤ ДCH3(t-Bu)Ж, β8.γγ ɤ (C15’), γ4.0β ɞ (CH2ɋɇ), γ6.04 ɬ (ɋ6), γ7.6λ ɬ (C2’), γ8.ββ ɬ (C7’), γ8.71 ɬ (C4’
), 

39.90 c (C
1’), 4γ.6β ɫ (ɋ10’), 4γ.81 ɬ (ɋ2

), 50.67 ɤ (Ɉɋɇ3), 51.59 c (ɋ5), 55.βλ ɞ (ɋ5’), 55.78 ɞ (ɋ9’
), 

58.48 ɞ (ɋɇ), 77.β7 ɞ (ɋ7), 81.18 ɫ Дɋ-(tBu)Ж, λ1.67 ɫ (ɋ1), 105.74 ɬ (ɋ13’), 1β7.7λ ɞ (ɋ8), 146.8β ɫ 

(ɋ6’), 147.6γ ɫ (ɋ9
), 168.81 ɫ (ɋɈ), 177.1β ɫ (ɋ4), 177.66 ɫ (ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 7β.68, ɇ λ.05, N 

β.68. ɋ36ɇ55NO6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7β.36, ɇ λ.21, N 2.35. 

Ɇɟɬɢɥ (1R,5S,7R)- ɢ (1S,5R,7S)-(1′S,5′R,9′S,10′R)-5-[2-(3-ɛɟɧɡɢɥ-5-ɦɟɬɢɥ-4-ɨɤɫɨ-10-ɨɤɫɚ-3-

ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɤɚ-8-ɟɧ-9-ɢɥ)ɷɬɢɥ]-1,10-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɵ (219a,ɛ). Ɋɚɫɬɜɨɪ 0.60 ɝ ɫɨɟɞɢɧɟɧɢɹ (214) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ 

ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). 

ȼɵɞɟɥɢɥɢ 0.41 ɝ (75%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (219a,ɛ) ɜ 

ɜɢɞɟ ɦɚɫɥɚ. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (6ɇ, 

ɋ16’ɇ3), 0.λλ ɦ (4H, 2H
2’,4’), 1.0β ɫ (6ɇ, 2ɋɇ3-ɋ5), 1.14 М (6ɇ, 

2ɋ15’ɇ3), 1.18 ɦ (βɇ, 2H
6), 1.β4 ɦ (βH, 2H

9’), 1.47 ɦ (4ɇ, 2ɇ3’,11’
), 

1.56 ɦ (4H, 2H
5’,11’

), 1.65-1.85 ɦ (10ɇ, 2ɇ3’4’,7’,8’,12’), 1.λ4 ɦ (βɇ, 

2ɇ8’), β.14 ɞ.ɦ (βɇ, 2ɇ2’
, Jɝɟɦ 1γ.1), β.ββ ɦ (βɇ, 2ɇ12’), β.γ5 ɞ.ɬ 

(βɇ, 2ɇ7’, 1β, γ), β.41 ɞ, β.4γ ɞ (βɇ, 2ɇ6
, J 11), γ.5β ɞ (1ɇ, 2ɇ2

, J 1γ), γ.5γ ɞ (1ɇ, 2ɇ2
, J 14), 3.57 c 
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(6ɇ, 2OCH3), γ.61 ɞ (1ɇ, 2ɇ2
, J 14), γ.6γ ɞ (1ɇ, 2ɇ2

, J 1γ), 4.γ5 ɞ (βɇ, 2ɋɇ2Ph, J 1β), 4.γ7 ɫ (βɇ, 

2ɇ13’), 4.60 ɞ (βɇ, ɋɇ2Ph, J 1β), 4.78 ɫ (βɇ, 2ɇ13’), 4.8γ ɞ (βɇ, 2ɇ7
, J 1.λ), 6.λ7 ɞ (1H, 2H

8
, J 1.9), 

5.9λ ɞ (1H, 2H
8
, J 1.λ), 7.1λ ɦ (4H, 2H

2”,6”), 7.β4 ɦ (βɇ, 2ɇ4”), 7.βλ ɬ (4H, 2H
3”,5”). ɋɩɟɤɬɪ əɆɊ 13

C, 

, ɦ.ɞ.μ 1β.γ6 ɤ (2C
16’), 1λ.74 ɬ (2ɋ3’), β0.0λ ɤ (2Сɇ3-ɋ5), β0.88 ɬ, β1.0λ ɬ (2ɋ11), β6.0γ ɬ (2C

8’
), 27.31 

ɬ, β7.48 ɬ (2ɋ12’), β8.60 ɤ, (2C
15’), γ6.β5 ɬ (2ɋ6), γ7.λ8 ɬ (2C

2’
), 

γ8.4λ ɬ (2C
7’), γ8.λλ ɬ (2C

4’), 40.15 ɫ, 40.17 c (2C
10’), 44.10 ɫ 

(2ɋ1’), 46.16 ɬ 46.β4 ɬ (2ɋ2), 46.γγ ɬ, 46.γ4 ɬ (2PhСɇ2), 50.λ6 ɤ 

(2Ɉɋɇ3), 5β.10 ɫ, 5β.1λ c (2ɋ5), 55.β6 ɞ, 55.67 ɞ (2ɋ5’), 56.07 ɞ 

(2ɋ9’), 77.80 ɞ (2ɋ7), λ1.λ1 ɫ, λβ.0λ ɫ (2ɋ1), 106.01 ɬ, 106.β0 ɬ 

(2ɋ13’), 1β7.γ1 ɞ (2ɋ4”), 1β7.65 ɞ (2ɋ2”,6”
),

 1β7.8β ɞ, 1β8.γ5 ɞ 

(2ɋ8), 1β8.58 ɞ (2C
3”,5”), 1γ6.18 ɫ (2ɋ1”), 146.86 ɫ, 147.17 ɫ 

(2ɋ6’), 147.56 ɫ, 147.86 ɫ (2ɋ9), 177.4γ ɫ, 177.6γ ɫ (2ɋ4), 177.65 ɫ (2ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 77.01, ɇ 

8.40, N β.55. ɋ33ɇ43NO4. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 77.15, ɇ 8.42, N 2.61. 

Ɇɟɬɢɥ (1R,5S,7R)- ɢ (1S,5R,7S)-(1′S,5′R,9′S,10′R)-5-{2-[5-ɦɟɬɢɥ-3-((1S)-1-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɛɭɬɢɥ)-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5
]-ɞɟɰ-8-

ɟɧ-9-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (220a,ɛ). 

Ɋɚɫɬɜɨɪ 0.5β ɝ ɫɨɟɞɢɧɟɧɢɹ (215) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɨɬɨɝɧɚɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ȼɵɞɟɥɢɥɢ 0.44 ɝ 

(85%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (220a,ɛ). ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ 
ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ - ɯɥɨɪɨɮɨɪɦ) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɞɟɥɹɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɬɟɪɟɨɢɡɨɦɟɪɵ 

(220a,ɛ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1μ1. ɋɨɟɞɢɧɟɧɢɟ (220ɚ). ɂɄ 

ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1760, 1723, 1698, 1615, 1505, 1154, 

1092, 1024, 981, 960, 890, 852, 774. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.50 ɫ (γɇ, ɋ16’ɇ3), 1.0γ ɫ (γɇ, ɋ5
-

ɋɇ3), 1.06 ɦ (βH, H
2’,4’), 1.1γ ɞ (1ɇ, ɇ6

, J 12.2), 1.16 c 

(γɇ, ɋ15’ɇ3), 1.β7 ɞ.ɞ (1H, H
9’

, J 12.1, 2.2), 1.45-1.5β ɦ 

(βɇ, ɇ11’,3’
), 1.60-1.66 ɦ (βH, H

5’,11’
), 1.74-1.85 ɦ (γɇ, 

ɇ3’,8’,4’), 1.λ1 ɦ (1ɇ, ɇ7’
), 1.95-1.λλ ɦ (βɇ, ɇ8’,12’

), β.05 ɫ 

(γɇ, SCH3), β.1β ɦ (1ɇ, ɇ2’), β.17 ɦ (1ɇ, ɇ12’), β.βγ ɦ 

(βɇ, ɋɇ2S), 2.32-β.45 ɦ (4ɇ, ɇ7’,6
, CH2), γ.46 ɞ (1ɇ, ɇ2

, J 9.8), 3.59 c (γɇ, OCH3), γ.71 ɫ (γɇ, 

ɋɈ2ɋɇ3), 3.λ5 ɞ (1ɇ, ɇ2
, J λ.8), 4.44 ɫ (1ɇ, H13’), 4.81 ɫ (1ɇ, ɇ13’), 4.8γ ɭɲ.ɫ (1ɇ, ɇ7

,
 
J 1.7), 4.λλ ɞ.ɞ 

(1ɇ, ɋɇ, J 6.4, γ.0), 5.λλ ɞ (1H, H
8
, J 1.7). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.44 ɤ (C16’), 15.40 ɤ (SCH3), 

1λ.60 ɤ (ɋɇ3), 1λ.77 ɬ (ɋ3’), β0.86 ɬ (ɋ11’), β6.08 ɬ (ɋ12’), β7.γ6 ɬ (C8’), β8.4γ ɬ (CH2S), β8.6β ɤ (C15’
), 

βλ.70 ɬ (CH2ɋɇ), γ6.γγ ɬ (ɋ6), γ7.λλ ɬ (ɋ2’), γ8.51 ɬ (C7’), γλ.0γ ɬ (C4’
), 40.18 c (C

10’), 4γ.00 ɬ (ɋ2
), 

44.1β ɫ (ɋ1’), 50.λ8 ɤ (Ɉɋɇ3), 5β.1γ ɤ (CO2CH3), 5β.15 ɞ (ɋɇ), 5β.γ0 c (ɋ5), 55.γ4 ɞ (ɋ9’
), 56.11 ɞ 
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(ɋ5’), 77.81 ɞ (ɋ7), λ1.λ0 ɫ (ɋ1), 106.β7 ɬ (ɋ13’), 1β8.46 ɞ (ɋ8), 146.8λ ɫ (ɋ6’), 147.60 ɫ (ɋ9), 171.γβ ɫ 

(ɋɈ), 177.50 ɫ (ɋ4), 178.47 ɫ (ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 66.66, ɇ 8.γβ, N 2.18, S 5.γβ. ɋ32ɇ47NO6S. 

ȼɵɱɢɫɥɟɧɨ, %μ ɋ 66.90, ɇ 8.20, N 2.44, S 5.58. 

ɋɨɟɞɢɧɟɧɢɟ (220ɛ). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, ɋ16’ɇ3), 1.01 ɫ (γɇ, ɋ5
-

ɋɇ3), 1.06 ɦ (βH, H
2’,4’), 1.11 ɞ (1ɇ, ɇ6

, J 12.2), 1.16 c 

(γɇ, ɋ15’ɇ3), 1.β8 ɞ.ɞ (1H, H
9’

, J 12.0, 2.4), 1.50-1.58 

ɦ (βɇ, ɇ11’,3’
), 1.62-1.70 (2H, H

5’,11’
), 1.74-1.85 ɦ (γɇ, 

ɇ3’,8’,4’), 1.8λ ɦ (1ɇ, ɇ7’
), 1.95-β.00 ɦ (βɇ, ɇ8’,12’

), 

β.08 ɫ (γɇ, SCH3), β.11 ɦ (1ɇ, ɋɇ2S), β.1γ ɦ (1ɇ, 

ɇ2’), β.17 ɦ (1ɇ, ɋɇ2S), β.βγ ɦ (1ɇ, ɇ12’
), 2.35-β.4β ɦ 

(βɇ, ɇ7’,6), β.47 ɦ (βɇ, CH2), 3.63 c (γɇ, OCH3), 3.72 

ɫ (γɇ, ɋɈ2ɋɇ3), γ.68 ɞ (1ɇ, ɇ2
, J λ.8), γ.7β ɞ (1ɇ, ɇ2

, J λ.8), 4.44 ɫ (1ɇ, H13’), 4.70 ɞ.ɞ (1ɇ, ɋɇ, J 

8.5, 4.5), 4.8γ ɫ (1ɇ, ɇ13’), 4.85 ɭɲ.ɫ (1ɇ, ɇ7), 6.01 ɞ (1H, H
8
, J 1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.11 

ɤ (C16’), 15.10 ɤ (SCH3), 1λ.50 ɬ (ɋ3’), 1λ.8γ ɤ (ɋɇ3), β0.8γ ɬ (ɋ11’
), 25.78 ɬ (ɋ12’), β7.β1 ɬ (C8’

), 28.38 

ɤ (C15’), γ0.1λ ɬ (CH2S, CH2ɋɇ), γ5.λ7 ɬ (ɋ6), γ7.7β ɬ (ɋ2’), γ8.β5 ɬ (C7’), γ8.75 ɬ (C4’
), 39.93 c (C

10’
), 

4γ.84 ɬ (ɋ2), 44.71 ɫ (ɋ1’), 50.7γ ɤ (Ɉɋɇ3), 51.68 c (ɋ5), 51.λβ ɤ (CO2CH3), 5β.λ4 ɞ (ɋɇ), 55.γ7 ɞ 

(ɋ9’), 55.81 ɞ (ɋ5’), 77.51 ɞ (ɋ7), λ1.7λ ɫ (ɋ1), 105.76 ɬ (ɋ1γ’), 1β7.7β ɞ (ɋ8), 146.77 ɫ (ɋ6’), 147.65 ɫ 

(ɋ9), 170.48 ɫ (ɋɈ), 177.β1 ɫ (ɋ4), 177.85 ɫ (ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 66.69, ɇ 8.15, N 2.28, S 5.25. 

ɋ32ɇ47NO6S. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 66.90, ɇ 8.20, N 2.44, S 5.58. 

Ɇɟɬɢɥ (1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-(1′S,5′R,9′S,10′R)-5-{2-[3-(1-ɬɪɟɬ-

ɛɭɬɢɥɨɤɫɢɤɚɪɛɨɧɢɥ-2-ɦɟɬɢɥɛɭɬɢɥ)-6-ɦɟɬɢɥ-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨ[5.2.1.0
1,5

]-ɞɟɰ-8-

ɟɧ-9-ɢɥ]ɷɬɢɥ}-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (221ɚ,ɛ). 

Ɋɚɫɬɜɨɪ 0.7γ ɝ ɫɨɟɞɢɧɟɧɢɹ (217) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ β0 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɨɬɨɝɧɚɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ȼɵɞɟɥɢɥɢ 0.65 ɝ (8λ%) ɫɦɟɫɢ 

ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (221a,ɛ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1.βμ1. ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ 

ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɜɵɞɟɥɢɥɢ ɫɬɟɪɟɨɢɡɨɦɟɪɵ (221a) ɢ 

(221ɛ) ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. ɋɨɟɞɢɧɟɧɢɟ 

(221a). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.53 

ɫ (γɇ, ɋ16’ɇ3), 0.88 ɬ (γɇ, ɋɇ3, J 7.0), 0.λ0 ɞ (γɇ, 

ɋɇ3, J 7.0), 0.λ5 ɞ (γɇ, ɋ6’
-ɋɇ3, J 7.0), 0.λλ ɦ (1H, 

H
2’), 1.10 ɦ (1H, H

4’), 1.14 М (γɇ, ɋ15’ɇ3), 1.β4 ɦ 

(1H, H
9’

, J 11.β), 1.4β ɫ (λɇ, γɋɇ3), 1.45 ɦ (βɇ, 

ɇ11’,3’
), 1.48-1.61 ɦ (2H, H

5’,11’), 1.7γ ɦ (βH, ɋɇ2), 

1.75-1.84 ɦ (γɇ, H5,4’,8’), 1.88 ɦ (γɇ, ɇ3’,12’,7’
), 1.91 

ɦ (1ɇ, ɋɇ), 1.λ7 ɦ (1ɇ, ɇ8’), β.1β ɦ (1ɇ, ɇ2’), β.γβ ɦ (1ɇ, ɇ12’), β.γ6 ɦ (1ɇ, ɇ7’), β.57 ɞ (1ɇ, ɇ6
, J 
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9.3), γ.57 ɞ (1ɇ, ɇ2
, J 9.2), 3.63 c (γɇ, OCH3), 4.04 ɞ (1ɇ, ɇ2

, J λ.β), 4.5λ ɦ (1ɇ, ɋɇ), 4.5β ɫ (1ɇ, 

ɇ13’), 4.76 ɞ.ɞ (1ɇ, ɇ7 
J β.5, 1.0), 4.87 ɫ (1ɇ, ɇ13’), 5.λ6 ɞ (1H, H

8
, J 1.5). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 

10.30 ɤ (ɋɇ2ɋɇ3), 1β.1β ɤ (C16’), 14.λ8 ɤ (ɋɇCH3), 16.λβ ɤ (ɋɇ3), 1λ.46 ɬ (ɋ3’), β0.87 ɬ (ɋ11’
), 24.24 

ɬ (ɋ12’), β5.β1 ɬ (C8’), β5.78 ɬ (ɋɇ2), β7.66 ɤ ДCH3(t-Bu)Ж, β8.γ1 ɤ (C15’), γγ.77 ɞ (CH2ɋɇ), γ7.7β ɬ 

(C
2’), γ8.ββ ɬ (C7’), γ8.β4 ɞ (ɋ6), γ8.74 ɬ (C4’

), 39.85 c (C
10’), 4γ.8β ɫ (ɋ1’), 45.10 ɬ (ɋ2), 50.65 ɤ 

(Ɉɋɇ3), 54.47 ɞ (ɋ5), 55.06 ɞ (ɋ5’), 55.84 ɞ (ɋ9’), 58.4β ɞ (ɋɇ), 81.β6 ɫ Дɋ(t-Bu)Ж, 81.6β ɞ (ɋ7
), 90.50 

ɫ (ɋ1), 106.0γ ɬ (ɋ13’), 1β6.0λ ɞ (ɋ8), 147.16 ɫ (ɋ6’), 148.7γ ɫ (ɋ9), 170.0β ɫ (ɋɈ), 174.17 ɫ (ɋ4
), 

177.16 ɫ (ɋ14). ɇɚɣɞɟɧɨ, %μ ɋ 7β.59, ɇ λ.1γ, N β.45. ɋ36ɇ55NO6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 7β.36, ɇ λ.21, N 

2.35.  

ɋɨɟɞɢɧɟɧɢɟ (221ɛ). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5γ ɫ (γɇ, ɋ16’ɇ3), 0.λβ ɬ (γɇ, 

ɋɇ2ɋɇ3, J 7.0), 0.λ4 ɞ (γɇ, ɋɇɋɇ3, J 7), 0.λλ ɞ (γɇ, ɋ6
-ɋɇ3, J 7.0), 1.0β ɦ (1H, H

2’), 1.1β ɦ (1H, 

H
4’), 1.β0 М (γɇ, ɋ15’ɇ3), 1.β7 ɞ.ɞ (1H, H

9’
, J 11.8, 

β.β), 1.45 ɫ (λɇ, γɋɇ3), 1.42-1.5γ ɦ (βɇ, ɇ11’,3’
), 

1.60-17β ɦ (γH, H
5’,8’,11’), 1.7λ ɦ (βH, ɋɇ2), 1.86 ɞ 

(1ɇ, H5
, J γ.5), 1.8λ ɦ (1ɇ, ɇ4’), 1.λγ ɦ (1H, ɋɇ), 

1.92-2.08 ɦ (γɇ, ɇ3’,12,7’), β.00 ɦ (1ɇ, ɇ8’), β.16 ɦ 

(1ɇ, ɇ2’), β.β7 ɦ (1ɇ, ɇ12’
), 2.38-β.4β ɦ (1ɇ, ɇ7’

), 

β.5β ɞ (1ɇ, ɇ6
, J 9.0), 3.63 c (γɇ, OCH3), γ.67 ɞ (1ɇ, ɇ2

, J λ.β), γ.88 ɞ (1ɇ, ɇ2
, J λ.β), 4.46 ɫ (1ɇ, 

ɇ13’), 4.50 ɦ (1ɇ, ɋɇ), 4.78 ɞ.ɞ (1ɇ, ɇ7
,
 
J 1.5, 0.8), 4.8β ɫ (1ɇ, ɇ13’), 5.λ8 ɞ (1H, H

8
, J 1.5). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 10.75 ɤ (ɋɇ3), 1β.γ6 ɤ (C16’), 15.γ8 ɤ (CH3), 17.16 ɤ (ɋɇ3), 1λ.7λ ɬ (ɋ3’), β1.6λ ɬ 

(ɋ11’), β5.41 ɬ (ɋ12’), β5.56 ɬ (C8’), β6.06 ɬ (ɋɇ2), β7.81 ɤ ДCH3(t-Bu)Ж, β8.6β ɤ (C15’), γ4.14 ɞ (ɋɇ), 

γ8.05 ɬ (C2’), γ8.41 ɞ (ɋ6), γ8.5β ɬ (C7’), γλ.11 ɬ (C4’
), 40.22 c (C

10’), 44.15 ɫ (ɋ1’), 45.γβ ɬ (ɋ2
), 50.91 

ɤ (Ɉɋɇ3), 54.6λ ɞ (ɋ5), 55.75 ɞ (ɋ5’), 56.β1 ɞ (ɋ9’), 5λ.17 ɞ (ɋɇ), 81.4λ ɫ Дɋ(t-Bu)Ж, 81.80 ɞ (ɋ7
), 

λ0.67 ɫ (ɋ1), 106.0γ ɬ (ɋ13’), 1β6.60 ɞ (ɋ8), 147.λβ ɫ (ɋ6’), 14λ.06 ɫ (ɋ9), 16λ.10 ɫ (ɋɈ2B
t
u), 174.β8 ɫ 

(ɋ4), 177.γ8 ɫ (ɋ14’
). 

Ɇɟɬɢɥ (1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-(1′S,5′R,9′S,10′R)-6-ɦɟɬɢɥ-5-{2-[3-(1-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ)-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5
]-ɞɟɰ-8-

ɟɧ-9-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (222ɚ,ɛ). 

Ɋɚɫɬɜɨɪ 0.5β ɝ ɫɨɟɞɢɧɟɧɢɹ (216) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ β5 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɨɬɨɝɧɚɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ȼɵɞɟɥɢɥɢ 0.44 ɝ (85%) 

ɦɚɫɥɨɨɛɪɚɡɧɨɣ ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (222a,ɛ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1.1μ1. ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɣ 
ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ ɫɬɟɪɟɨɢɡɨɦɟɪɵ (222a) ɢ 

(222ɛ). ɋɨɟɞɢɧɟɧɢɟ (222ɚ). 
20][ D

 +16.43
o
 (c 1.5λ, ɋɇCl3). ɋɩɟɤɬɪ əɆɊ 1

H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.5γ ɫ (γɇ, ɋ16’ɇ3), 0.λγ ɞ (γɇ, ɋ6
-ɋɇ3, J 7), 1.00 ɦ (1H, H

2’), 1.04 ɦ (1H, H
4’), 1.14 М (γɇ, ɋ15’ɇ3), 
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1.β6 ɞ.ɞ (1H, H
9’

, J 1β, β), 1.51 ɦ (βɇ, ɇ11’,3’
), 1.60-1.68 ɦ (2H, H

5’,11’
), 1.72-1.81 ɦ (γɇ, ɇ3’,8’,4’

), 1.85 

ɞ (1ɇ, ɇ5
, J 4.1), 1.λ0 ɦ (2ɇ, ɋɇ2), 1.93-β.0β ɦ (γɇ, ɇ7’,8’,12’

), β.06 ɫ (βɇ, SCH3), β.1γ ɦ (1ɇ, ɇ2’
), 

β.1λ ɦ (1ɇ, ɇ12’
), β.γ5 ɦ (βɇ, ɋɇ2S), β.γ8 ɦ (βɇ, βɇ7’,12’), β.56 ɦ (1ɇ, ɇ6

, J5,6 8.8), γ.44 ɞ (1ɇ, ɇ2
, J 

9.4), 3.61 c (γɇ, OCH3), 3.73 c (γɇ, OCH3), γ.λ8 ɞ (1ɇ, ɇ2
, J λ.4), 4.47 ɫ (1ɇ, H13’), 4.75 ɞ (1ɇ, H7

, J 

β.8), 4.86 ɫ (1ɇ, H13’), 5.0λ ɞ.ɞ (1ɇ, ɋɇ 
, J 6.β, β.γ), 5.λ6 ɞ (1H, H

8
, J β.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 

1β.4γ ɤ (C16’), 15.4β ɤ (SCH3), 17.ββ ɤ (ɋɇ3), 1λ.81 ɬ (ɋ3’
), 

β1.γ6 ɬ (ɋ11’), β5.57 ɬ (ɋ12’), β7.1β ɬ (C8’), β8.5β ɬ (CH2), 

β8.66 ɤ (C15’), βλ.7β ɬ (CH2), γ8.06 ɬ (ɋ2’), γ8.54 ɬ (C7’
), 

γ8.7γ ɞ (C6), γλ.11 ɬ (C4’
), 40.24 c (C

10’), 44.17 ɫ (ɋ1’
), 44.39 

ɬ (ɋ2), 50.λ8 ɤ (Ɉɋɇ3), 5β.1β ɤ (CH3), 5β.β4 ɞ (ɋɇ), 54.81 ɞ 

(ɋ5), 55.80 ɞ (ɋ5’), 56.18 ɞ (ɋ9’), 81.λ6 ɞ (ɋ7), λ0.87 ɫ (ɋ1
), 

106.1β ɬ (ɋ13’), 1β6.γγ ɞ (ɋ8), 147.85 ɫ (ɋ6’), 14λ.04 ɫ (ɋ9
), 

171.ββ ɫ (ɋɈ2ɋɇ3), 174.75 ɫ (ɋ4), 177.45 ɫ (ɋ14’
).  

ɋɨɟɞɢɧɟɧɢɟ (222ɛ). 20][ D
 +3.39

o
 (c 0.86, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 1730, 1724, 1696, 1600, 

1490, 1154, 1093, 1050, 1036, 990, 910, 880. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, 

ɋ16’ɇ3), 0.λ6 ɞ (γɇ, ɋɇ3, J 7.0), 1.0β ɦ (1H, H
2’), 1.06 ɦ (1H, H

4’), 1.15 М (γɇ, ɋ15’ɇ3), 1.β6 ɞ.ɞ (1H, 

H
9’

, J 11.8, β.4), 1.5γ ɦ (βɇ, ɇ11’,3’), 1.65 ɦ (1H, H
5’), 1.7γ ɦ (1H, H

11’
), 1.77-1.λ5 ɦ (4ɇ, ɇ3’,4’,5,8’

), 

1.92-1.λλ ɦ (γɇ, ɇ8’,12’,7’), β.04 ɫ (γɇ, SCH3), β.1β ɦ 

(1ɇ, ɇ2’), β.17 ɦ (βɇ, ɋɇ2), β.β8 ɦ (1ɇ, ɇ12’), β.γ6 ɦ 

(1ɇ, ɇ7’), β.40 ɦ (βɇ, CH2S), β.54 ɦ (1ɇ, ɇ6
, J5,6 9.0), 

3.61 c (γɇ, OCH3), γ.68 ɞ (1ɇ, ɇ2
, J 8.λ), γ.71 ɫ (γɇ, 

Oɋɇ3), 3.75 ɞ (1ɇ, ɇ2
, J 8.λ), 4.4β ɫ (1ɇ, ɇ13’

), 4.77 

ɞ.ɞ (1ɇ, ɋɇ, J 6.4, β.5), 4.70 ɭɲ.ɫ (1ɇ, ɇ7), 4.86 ɫ (1ɇ, 

ɇ13’), 5.λ7 ɞ (1H, H
8
, J 1.4). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 

1β.47 ɤ (C16’), 15.46 ɤ (SCH3), 17.γβ ɤ (ɋɇ3), 1λ.β1 ɬ (ɋ3’), β1.1β ɬ (ɋ11’), β5.57 ɬ (ɋ12’
), 26.41 ɬ (C8’

), 

β8.50 ɬ (CH2), β8.56 ɤ (C15’), βλ.78 ɬ (CH2), γ8.γ7 ɬ (ɋ2’), γ8.6γ ɞ (C6), γ8.85 ɬ (C7’), γλ.0β ɬ (C4’
), 

40.42 c (C
10’), 44.γ5 ɫ (ɋ1’), 46.4β ɬ (ɋ2), 51.18 ɤ (Ɉɋɇ3), 5β.β1 ɤ (CH3), 5β.γλ ɞ (ɋɇ), 54.48 ɞ (ɋ5

), 

55.1β ɞ (ɋ5’), 56.β8 ɞ (ɋ9’
), 81.λ5 ɞ (ɋ7), λ0.86 ɫ (ɋ1), 106.1β ɬ (ɋ13’), 1β6.γγ ɞ (ɋ8), 147.85 ɫ (ɋ6’

), 

14λ.04 ɫ (ɋ9), 171.ββ ɫ (ɋɈ), 174.75 ɫ (ɋ4), 177.45 ɫ (ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 67.19, ɇ 8.15, N 2.55, S 

5.40. ɋ32ɇ47NO6S. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 66.90, ɇ 8.20, N 2.44, S 5.58. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (223) ɢ (226)-(228). Ʉ ɪɚɫɬɜɨɪɭ 1.γ ɝ (3.6 

ɦɦɨɥɶ) ɚɥɶɞɟɝɢɞɚ (112) ɜ 10 ɦɥ ɆɟɈɇ ɞɨɛɚɜɢɥɢ 1.γ ɝ ɚɰɟɬɚɬɚ ɧɚɬɪɢɹ, β.6 ɦɥ ȺɫɈɇ ɢ 7.γ ɦɦɨɥɹ 

ɛɟɧɡɢɥɚɦɢɧɚ ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɚɦɢɧɨɤɢɫɥɨɬɵ. Ɋɚɫɬɜɨɪ 

ɨɯɥɚɞɢɥɢ ɞɨ 0°ɋ ɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɧɟɛɨɥɶɲɢɦɢ ɩɨɪɰɢɹɦɢ ɞɨɛɚɜɢɥɢ 0.6λ ɝ (18.2 ɦɦɨɥɶ) 
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NaBH4. ɉɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɪɚɡɛɚɜɢɥɢ ɜɨɞɨɣ (50 ɦɥ), ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɞɨɛɚɜɥɹɥɢ 10%-ɧɵɣ ɪɚɫɬɜɨɪ NaOH (ɞɨ ɪɇ λ), 

ɩɪɨɞɭɤɬ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 

ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ 

– ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ).  

Ɇɟɬɢɥ (1S,4aS,8aR)-5-{2-[2-(ɛɟɧɡɢɥɚɦɢɧɨɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ Дɦɟɬɢɥ 16-(ɛɟɧɡɢɥɚɦɢɧɨɦɟɬɢɥ)-

8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɨɚɬ] (223). ȼɵɯɨɞ 76%. 
20][ D  +386.67 (c 0.27, CHCl3). ɂɄ ɫɩɟɤɬɪ, , 

ɫɦ-1
: 700, 735, 820, 893, 1038, 1100, 1138, 1555, 1604, 1654, 1725, 

3330. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.78 ɫ (γɇ, ɋ20ɇ3), 

1.04 ɬ.ɞ (1H, H
3
, J 12.0, 5.0), 1.23 c (γɇ, ɋ19ɇ3), 1.γ0 ɦ (1H, H

1
), 

1.γ5 ɞ.ɞ (1H, H
5
, J 1β.0, β.0), 1.55 ɦ (1H, H

2), 1.64 ɫ (γɇ, ɋ17ɇ3), 

1.7β ɦ (1H, H
11), 1.87 ɦ (1H, H

7
), 1.96-β.01 ɦ (4H, H

1,2,7,11), β.06 ɦ 

(1H, H
6), β.β1 ɦ (βH, H

3,6), β.40 ɦ (βH, H
12,12), γ.65 ɫ (γɇ, OCH3 ), 

γ.78 ɞ (4H, Fuɋɇ2, CH2Ph, J 10.6), 4.55 ɭɲ.ɫ (1ɇ, NH), 6.βλ ɞ 

(1ɇ, ɇ14
, J 1.8), 7.27-7.γγ ɦ (6ɇ, 1ɇ, ɇ15 ɢ 5ɇ, Ph). ɋɩɟɤɬɪ əɆɊ 

13
C,  ,ɦ.ɞ.: 17.57 ɤ (C20), 1λ.48 ɬ (ɋ2), 1λ.6λ ɤ (C17), β0.71 ɬ (ɋ6), β5.40 ɬ (ɋ12), β8.βλ ɤ (C19

), 29.55 

ɬ (C11), γ4.17 ɬ (C7), γ7.06 ɬ (C1), γ7.60 ɬ (C3), γλ.4γ ɫ (C10), 4γ.1λ ɬ (FuCH2), 4γ.74 ɫ (ɋ4), 50.λβ ɤ 

(OCH3), 5β.67 ɬ (CH2Ph), 5β.81 ɞ (ɋ5), 111.0λ ɞ (C14
), 121.7β ɫ (C13), 1β6.8β ɞ (C4’), 1β7.18 ɫ (ɋ8

), 

127.98, 1β8.β4 ɞ (C3’,5’), 1γ8.γλ ɞ (C15), 1γ8.6β ɫ (C9), 140.λ0 ɞ (C2’,6’
), 141.23 c (C

1’
), 148.32 c (C

16
), 

177.88 ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 44λ (14), 18λ (100), 17γ (64), λ1 (5λ), 1λλ (5β). ɇɚɣɞɟɧɨμ 

[M] 449.2928. C29H39NO3. ȼɵɱɢɫɥɟɧɨ: 449.2924. 

Ɇɟɬɢɥ (1S,4aS,8aR)-5-{2-[2-(1-ɦɟɬɨɤɫɢ-4-(ɦɟɬɢɥcɭɥɶɮɚɧɢɥ)-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥ-

ɚɦɢɧɨɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ 16-[1-ɦɟɬɨɤɫɢ-4-(ɦɟɬɢɥɬɢɨ)-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥɚɦɢɧɨɦɟɬɢɥ]-

8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɨɚɬ) (226). ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1.γ0 ɝ (γ.6 ɦɦɨɥɶ) ɚɥɶɞɟɝɢɞɚ (112) ɢ 

1.45 ɝ (7.γ ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ D,L-

ɦɟɬɢɨɧɢɧɚ (205) ɜ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɥɭɱɢɥɢ 1.6γ ɝ 

(λ0%) ɫɨɟɞɢɧɟɧɢɹ (226). 
20][ D

 +75.46 (c 0.87, CHCl3). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 775, 846, 988, 1029, 1051, 1088, 

1100, 1145, 1328, 1591, 1684, 1726, 3329. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.73 c (3H, ɋ20ɇ3), 0.8β ɦ (1H, 

H
3
), 0.λλ ɬ.ɞ (1H, H

1
, J 1γ.4, 4.γ), 1.17 ɫ (γH, ɋ19ɇ3), 1.27 

ɦ (γH, H
5
, CH2S), 1.51 ɞ (1H, H

2
, J 14.1), 1.61 ɫ (γH, ɋ17ɇ3), 1.66-1.λ5 ɦ (6H, H

1,2,7,7,11,11
), 2.02 c ( 
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3H, SCH3), 2.01-β.ββ ɦ (γH, H
3,6,6), β.γ6 ɦ (βH, H

12,12
), β.51 ɬ.ɞ (βH, CH2, J 8.8, 1.5), 3.30-γ.γ5 ɞ.ɞ 

(1H, ɋH(ɋH2)2SCH3, J 9.6, 3.4), 3.59 c (3H, C
18

O2CH3), γ.6β ɞ, γ.71 ɦ (βH, FuCH2, J 11.6), 3.65 c 

(3H, OCH3), 4.55 ɭɲ.ɫ (1ɇ, NH), 6.β1 ɞ (1H, H
14

, J 1.8), 7.β4 ɞ (1H, H
15

, J 1.8). ɋɩɟɤɬɪ əɆɊ 13C, į, 

ɦ.ɞ.μ 15.ββ ɤ (C20), 17.58 ɤ (C17), 1λ.4λ ɬ (C2), 1λ.6λ ɤ (SCH3), β0.6λ ɬ (ɋ6), β5.βλ ɬ (C12), β8.βλ ɤ 

(C
19), βλ.γ5 ɬ (C11), γ0.γ0 ɬ (CH2S), γβ.74 ɬ (CH2), γ4.17 ɬ (C7), γ7.06 ɬ (C1), γ7.58 ɬ (C3), γλ.44 ɫ 

(C
10), 4β.57 ɬ (FuCH2), 4γ.7γ ɫ (ɋ4), 50.λγ ɤ (C18

O2CH3), 51.7γ ɤ (OCH3), 5γ.γ7 ɞ (C5), 5λ.1γ ɞ 

(CH(CH2)2SCH3), 111.04 ɞ (C14
), 122.03 c (C

13
), 127.20 ɫ (C8

), 138.61 c (C
9
), 141.08 ɞ (ɋ15

), 147.63 

c (C
16

), 175.01 c (CO2CH3), 177.87 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 505 (17), 358 (100), 94 (69), 

18λ (5γ), 17γ (71). ɇɚɣɞɟɧɨμ ДεЖ 505.β868. C28H43NO5S. ȼɵɱɢɫɥɟɧɨ: 505.2856. 

(1S,4aS,8aR)-Ɇɟɬɢɥ 5-{2-[2-(1-ɦɟɬɨɤɫɢ-3-ɦɟɬɢɥ-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥɚɦɢɧɨɦɟɬɢɥ)-ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ Дɦɟɬɢɥ 16-

(1-ɦɟɬɨɤɫɢ-3-ɦɟɬɢɥ-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥɚɦɢɧɨɦɟɬɢɥ)-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɨɚɬ] (227). 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ β.γ5 ɝ (6.6 ɦɦɨɥɶ) ɚɥɶɞɟɝɢɞɚ (112) ɫ β.β0 ɝ (1γ.β ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ D,L-ɜɚɥɢɧɚ (224) ɜ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɨɥɭɱɢɥɢ β.54 ɝ (8β%) ɫɨɟɞɢɧɟɧɢɹ (227). 
20][ D  +282.4 (c 

0.60, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 774, 893, 993, 1038, 1099, 

1140, 1510, 1583, 1684, 1728, 3337. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.74 c (3H, ɋ20ɇ3), 0.85 ɞ, 0.88 ɞ (6H, 

CH(CH3)2, J 6.7), 0.λλ ɬ.ɞ (1H, H
3
, J 1γ.1, 4.0), 1.16 ɦ (1H, 

H
1
), 1.17 c (3H, ɋ19ɇ3), 1.β8 ɦ (1H, H

5
), 1.49-1.56 ɦ (1H, 

H
2), 1.6β ɫ (γH, ɋ17ɇ3), 1.66-1.λ0 ɦ (5H, H

1,2,7,11,11
), 1.94-2.05 ɦ (βH, H

6,7
), 2.12-β.ββ ɦ (βH, H

3,6
), 

β.γ4 ɦ (βH, H
12,12), β.λ5 ɦ (1H, CH(CH3)2), 3.59 c (3H, ɋ18Ɉ2ɋɇ3), 3.63 c (3H, Oɋɇ3), 3.60, 3.69 ɞ 

(2H, FuCH2, J 11.8), 4.55 ɭɲ.ɫ (1ɇ, NH), 6.21 ɞ (1H, H
14

, J 1.8), 7.24 ɞ (1H, H
15

, J 1.8). ɋɩɟɤɬɪ 

əɆɊ 
13

C, į, ɦ. ɞ.μ 17.50 ɤ (C20), 18.γ6 ɤ, 18.86 ɤ (CH(CH3)2), 1λ.41 ɬ (ɋ2), 1λ.61 ɤ (ɋ17), β0.64 ɬ 

(ɋ6), β5.βγ ɬ (ɋ12), β8.βγ ɤ (ɋ19), βλ.γγ ɬ (ɋ11), γ1.46 ɞ (ɋɇ(ɋɇ3)2), γ4.11 ɬ (C7), γ6.λλ ɬ (C1
), 37.53 

ɬ (C3), γλ.γ8 ɫ (C10), 4γ.0β ɬ (FuCH2), 4γ.67 ɫ (ɋ4), 50.87 ɤ (C18
O2CH3), 51.ββ ɤ (OCH3), 5γ.γβ ɞ 

(C
5), 66.06 ɞ (CH(i-Pr)), 110.λβ ɞ (C14

), 127.09 c (C
13), 1β8.06 ɫ (C8

), 138.58 c (C
9), 140.λ1 ɞ (ɋ15

), 

147.84 c (C
16

), 174.97 c (CO2CH3), 177.82 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 473 (17), 189 (100), 

ββγ (77), λ4 (7β), 17γ (71). ɇɚɣɞɟɧɨμ ДM] 473.3103. C28H43NO5. ȼɵɱɢɫɥɟɧɨ: 473.3136. 

Ɇɟɬɢɥ (1S,4aS,8aR)-5-{2-[2-(1-ɦɟɬɨɤɫɢ-1-ɨɤɫɨɩɪɨɩɚɧ-2-ɢɥɚɦɢɧɨɦɟɬɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ 16-

(1-ɦɟɬɨɤɫɢ-1-ɨɤɫɨɩɪɨɩɚɧ-2-ɢɥɚɦɢɧɨɦɟɬɢɥ)-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɨɚɬ) (228). ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ β.γβ ɝ (6.5 ɦɦɨɥɶ) ɚɥɶɞɟɝɢɞɚ (112) ɫ 1.81 ɝ (1γ.0 ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ D,L-ɚɥɚɧɢɧɚ (225) ɜ ɨɩɢɫɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɥɭɱɢɥɢ β.50 ɝ (88%) ɫɨɟɞɢɧɟɧɢɹ 



251 

 

(228). 
20][ D  +104.38 (c 0.82, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 754, 893, 983, 1039, 1096, 1157, 1509, 

1727, 3333. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.01 ɬ.ɞ (1H, H
3
, J 13.3, 3.8), 

1.18 ɦ (1H, H
1
), 1.19 c (3ɇ, ɋ19ɇ3), 1.29 ɞ (3H, CH3, J 7.0) 1.32 ɞ.ɞ (1H, H

5
, J 12.6, 2.4), 1.53 ɦ (1H, 

H
2
), 1.63 ɫ (3H, ɋ17ɇ3), 1.66-2.22 ɦ (9H, H

1,2,3,6,6,7,7,11,11
), 2.36 ɦ (2H, H

12,12
), 3.33 ɤ (1H, NHCH, J 

6.8), γ.61 ɫ (γɇ, ɋ18Ɉ2ɋɇ3), 3.67 ɦ (4ɇ, FuCH2, Ɉɋɇ3), 3.72 ɞ 

(1H, FuCH2, J 14.1), 4.55 c (1H, NH), 6.22 ɞ (1H, H
14

, J 2.0), 

7.24 ɞ (1H, H
15

, J 2.0). ɋɩɟɤɬɪ əɆɊ 
13

C, į, ɦ.ɞ.μ 17.57 ɤ (C20
), 

18.λ0 ɤ (C17), 1λ.47 ɬ (C2), 1λ.68 ɤ (CHCH3) β0.6λ ɬ (ɋ6
), 

β5.β8 ɬ (C12), β8.γ0 ɤ (C19), βλ.γλ ɬ (C11
), γ4.17 ɬ (C7), γ7.06 ɬ 

(C
1), γ7.58 ɬ (C3), γλ.44 ɫ (C10), 4β.18 ɬ (FuCH2), 4γ.74 ɫ (C4

), 

50.λ6 ɤ (C18
OCH3), 51.72 ɤ (OCH3), 5γ.γ8 ɞ (C

5), 55.45 ɞ 

(NHCH), 110.04 ɞ (C14
), 122.08 c (C

13), 1β7.βγ ɫ (C8
), 138.60 c (C

9
), 141.18 ɞ (ɋ15

), 147.42 c (C
16

), 

175.53 c (CO2CH3), 177.93 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 445 (7), 189 (100), 173 (78), 94 (67), 

175 (4λ). ɇɚɣɞɟɧɨμ ДM] 445.2817. C26H39NO5. ȼɵɱɢɫɥɟɧɨ: 445.2823. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢя ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ (223), (226)-(208) ɫ 

ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ. Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ ɮɭɪɮɭɪɢɥɚɦɢɧɚ (β.β0 ɦɦɨɥɶ) ɜ γ0 ɦɥ 

ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ β.70 ɦɦɨɥɹ ɦɚɥɟɢɧɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ 

20C 48 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ 

– ɯɥɨɪɨɮɨɪɦ - ɦɟɬɚɧɨɥ, 100μ1). 

(1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-9-[2-(1S,4aS,8aR)-(1,4ɚ,6-ɬɪɢɦɟɬɢɥ-1-ɦɟɬɨɤɫɢ-ɤɚɪɛɨɧɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬ-5-ɢɥ)ɷɬɢɥ]-3-ɛɟɧɡɢɥ-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨ-

[5.2.1.0
1,5

]ɞɟɰ-8-ɟɧ-6-Кɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ (229a,ɛ). ɉɨɥɭɱɢɥɢ 

ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (229ɚ,ɛ) ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 84%, ɫɨɨɬɧɨɲɟɧɢɟ 

1:1, ɚɦɨɪɮɧɨɟ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ. Ɍ ɩɥ. 95-λ8°ɋ (ɯɥɨɪɨɮɨɪɦ). 
20][ D

 +56.54 (ɫ 0.5β, ɋHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 701, 754, 1037, 

1165, 1503, 1604, 1650, 1695, 1724, 2470, 3018, 3430. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.68 ɫ (6ɇ, 6ɋ14’ɇ3), 0.λ8 ɦ (4H, 2H

2’,4’
), 

1.15 c (6ɇ, 2ɋ13’ɇ3), 1.βγ ɦ (2H, 

2H
8a’), 1.46 ɫ (6ɇ, 2ɋ11’ɇ3), 1.47 

ɦ (4ɇ, 2ɇ3’,9’), 1.65 ɦ (4H, 2H
2’,9’), 1.77 ɦ (4ɇ, 2ɇ4’,8’), 1.λγ ɦ 

(6ɇ, 2ɇ3’,7’,8’), β.08 ɦ (4ɇ, 2ɇ10’,10’), β.17 ɦ (2ɇ, 2ɇ7’), β.87 ɦ 

(4ɇ, 2ɇ5,6
), 3.53, 3.70 ɞ (4H, 2CH2Ph, J 11.9), 3.60 c (6ɇ, 

2OCH3), 4.40 ɞ, 4.6γ ɞ (4ɇ, 2H
2,2

, J 1γ.0), 5.16 ɭɲ.c (2ɇ, 2ɇ7
), 

5.λλ ɭɲ.ɫ (2H, 2H
8), 7.01 ɭɲ.ɫ (2H, 2ɈH), 7.ββ ɦ (4H, 2H

3”,5”
), 
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7.β7 ɦ (2ɇ, 2ɇ4”), 7.γ1 ɦ (4H, 2H
2”,6”

), 9.50 (2H, 2CO2H). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.β8 ɤ (2C

14’
), 

1λ.01 ɬ (2ɋ3’), 1λ.γ7 ɤ (2C
11’), β1.β6 ɬ (2ɋ8’), β5.0β ɬ (2ɋ10’), β7.0λ ɬ (2C

9’), β7.λ5 ɤ (2C
13’), γγ.77 ɬ 

(2C
7’), γ6.70 ɬ (2C

4’
), 37.17 ɬ (2C

2’), γλ.04 ɫ (2C
4a’), 4γ.γ5 ɫ (2ɋ1’), 46.70 ɬ (2CH2Ph), 46.70 ɬ (2ɋ2

), 

46.8γ ɞ (2ɋ6), 50.6β ɞ (2ɋ5), 50.6λ ɤ (2OCH3), 55.λ7 ɞ (2ɋ8a’), 81.45 ɞ (2ɋ7), 8λ.β6 ɫ (2ɋ1), 1β7.γ0 ɞ 

(2ɋ4”), 1β7.48 ɞ (2ɋ8), 1β7.56 ɞ (2ɋ3”,5”
), 127.89 c (2ɋ6’),1β8.4γ ɞ (2C

2”,6”), 1γ4.λ4 ɫ (2ɋ1”
), 137.51 c 

(2ɋ5’
), 149.44 c (2ɋ9), 171.77 ɫ (2ɋO2H), 17γ.4λ ɫ (2ɋ4), 177.48 ɫ (2ɋ12’). ɇɚɣɞɟɧɨμ ДM] 547.2925. 

C33H41NO6. ȼɵɱɢɫɥɟɧɨ: 547.2928. 

(1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-9-[2-(1S,4aS,8aR)-(1,4ɚ,6-ɬɪɢɦɟɬɢɥ-1-ɦɟɬɨɤɫɢ-ɤɚɪɛɨɧɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥ)ɷɬɢɥ]-3-(1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɷɬɢɥ)-4-ɨɤɫɨ-10-

ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨ-[5.2.1.0
1,5]ɞɟɰ-8-ɟɧ-6-Кɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ (230a,ɛ). ɉɨɥɭɱɢɥɢ 

ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (230ɚ,ɛ) ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 71%, 

ɫɨɨɬɧɨɲɟɧɢɟ γ:1, ɚɦɨɪɮɧɨɟ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ. Ɍ ɩɥ. 86-88°ɋ 

(ɯɥɨɪɨɮɨɪɦ). 
20][ D  +58.25 (c 0.72, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 

755, 846, 876, 983, 1075, 1170, 1206, 1232, 1345, 1466, 1685, 

1726, 3020, 3480. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.73 c 

(6H, 2ɋ14’ɇ3), 0.97 ɦ (2H, 2H
2’

), 1.10 ɦ (2H, 2H
4’

), 1.17 ɫ (6H, 

2ɋ13’ɇ3), 1.28 ɞ (2H, 2H
8a’

, J 12.0), 1.42 ɞ, 1.45 ɞ (6H, 2CHCH3, J 

6.8 ɢ 7.0), 1.46 ɦ (2H, 2H
3’

), 1.54 c (6H 2ɋ11’ɇ3), 1.61-1.80 ɦ 

(12H, 2H
2’,4’,7’,8’,9’,9’

), 1.95 ɦ (6ɇ, 2ɇ3’,7’,8’
), 2.17 ɦ (4ɇ, 2ɇ10’,10’

), 2.75-2.91 ɦ (4H, 2H
5,6

), 3.60 c (6H, 

2C
12’

O2CH3), 3.70-3.74 ɦ (10H, 2H
2,2

, 2OCH3), 3.87 ɞ (1H, H
2
, J 12.0 (230ɛ)), 4.05 ɞ (1H, H

2
, J 12.0 

(230ɚ)), 4.77 ɤ (1H, NCH, J 7.0 (230ɛ)), 4.93 ɤ (1H, NCH, J 6.8 (230ɚ)), 5.15 c (1H, H
7
 (230ɚ)), 5.18 

ɫ (1H, H
7
 (230ɛ)), 6.02 ɫ (1H, H

8
 (230ɚ)), 6.05 ɫ (1H, H

8
 

(230ɛ)), 7.50 ɭɲ.ɫ (2H, 2CO2H). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.: 

14.58 ɤ, 14.71 ɤ (2ɋHCH3), 17.6γ ɤ (2C
14’

), 1λ.γ5 ɬ (2C
3’

), 

1λ.68 ɤ (2C
11’

), β0.60 ɬ (2ɋ8’), β5.β1 ɬ (2C
10’), β7.4γ ɬ (2ɋ9’

), 

β8.β8 ɤ (2C
13’

), γ4.1γ ɬ (2C
7’

), γ7.0β ɬ, 37.09 ɬ (2C
4’), γ7.50 ɬ 

(2C
2’), γλ.4β ɫ (2C

4ɚ’
), 43.72 c (2ɋ1’), 44.01 ɬ (2C

2), 47.γ4 ɞ 

(2ɋ6), 4λ.5β ɞ, 4λ.λ8 ɞ (2ɋ5), 50.74 ɤ, 51.0β ɤ (2C
12’

OCH3), 

5β.γ1 ɤ, 5β.46 ɤ (2OCH3), 5γ.γ6 ɞ (2C
8ɚ’), 5λ.80 ɞ, 60.β8 ɞ 

(2NCH), 81.8γ ɞ (2ɋ7
), 89.77, 89.82 c (2ɋ1

), 127.93 c (2C
6’

), 1β8.04 ɞ (2C
8
), 137.81, 137.86 ɫ (2C

5’
), 

149.83, 149.94 c (2ɋ9), 171.7β ɫ (2CO2CH3), 17β.γλ ɫ (2CO2H), 173.88 c (2C
4
), 177.8γ ɫ, 177.88 c 

(2C
12’). ɇɚɣɞɟɧɨμ ДM] 543.2817. C30H41NO8. ȼɵɱɢɫɥɟɧɨ: 543.2827. 
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(1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-9-[2-(1S,4aS,8aR)-(1,4ɚ,6-ɬɪɢɦɟɬɢɥ-1-ɦɟɬɨɤɫɢ-ɤɚɪɛɨɧɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬ-5-ɢɥ)ɷɬɢɥ]-3-(1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-2-ɦɟɬɢɥɩɪɨɩɢɥ)-4-ɨɤɫɨ-

10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɰ-8-ɟɧ-6-Кɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ (231a,ɛ). ɉɨɥɭɱɢɥɢ 

ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (231ɚ,ɛ) ɫ ɨɛɳɢɦ ɜɵɯɨɞɨɦ 72%, ɫɨɨɬɧɨɲɟɧɢɟ β.6:1, ɚɦɨɪɮɧɨɟ ɬɜɟɪɞɨɟ 

ɜɟɳɟɫɬɜɨ. Ɍ ɩɥ. 92-96°ɋ (ɯɥɨɪɨɮɨɪɦ). 20][ D  +56.80 (c 0.50, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 755, 878, 

980, 1008, 1050, 1166, 1194, 1230, 1470, 1645, 1695,1726, 

2430, 3025, 3340, 3520. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.74 c (3H, ɋ14’ɇ3 (231ɚ)), 0.75 c (3H, ɋ14’ɇ3 (231ɛ)), 

0.88 ɞ (γH, CH(CH3)2, J 6.7 (231ɛ)), 0.λβ ɞ.ɞ (γH, CH(CH3)2, 

J 6.6, 1.6 (231ɛ)), 0.λ5 ɞ (γH, CH(CH3)2, J  6.6 (231ɚ)), 0.λ7 ɞ 

(3H, CH(CH3)2, J 6.6 

(231ɚ)), 1.00-1.15 ɦ (4H, 

2H
2’,4’), 1.18 ɫ (6H, 2ɋ13’ɇ3), 1.β8 ɞ.ɦ (2H, 2H

8a’
, J 12.5), 1.50 ɦ 

(2H, 2H
3’

), 1.53, 1.55 ɫ (γH, ɋ11’ɇ3 (231ɛ)), 1.55, 1.56 ɫ (3H, 

ɋ11’ɇ3 (231ɚ)), 1.60 -1.84 ɦ (6H, 2H
3’,4’,8’

), 1.92-β.04 ɦ (6H, 

2H
7’,7’,8’

), 2.07-β.β4 ɦ (12H, 2H
2’,9’,9’,10’,10’

, 2CH(CH3)2), β.75 ɞ.ɞ 

(1H, H
5
, J 9.0, 1.3 (231ɛ)), β.78 ɞ.ɞ (1H, H

5
, J 9.3, 1.3 (231ɚ)), 

β.84 ɞ.ɞ (1H, H
6
, J 9.0, 2.2 (231ɛ)), β.85 ɞ (1H, H

6
, J 9.1 (231ɚ)), 

3.61 c (6H, 2C
12’

O2CH3), 3.69 c (3H, OCH3 (231ɚ)), 3.72 c (3H, OCH3 (231ɛ)), γ.75 ɞ.ɞ (1H, H
2
, J 

12.3, 2.2 (231ɛ)), γ.8β ɞ.ɞ (1H, H
2
, J 11.9, 2.8 (231ɛ)), 4.05 ɞ (1H, H

2
, J 11.9 (231ɚ)), 4.06 ɞ. (1H, H

2
, 

J 11.7 (231ɚ)), 4.4γ ɞ (1H, NCH, J 9.4 (231ɚ)), 4.50 ɞ.ɞ (1H, NCH, J 10.3, 1.5 (231ɛ)), 5.17 ɭɲ.ɫ 
(1H, H

7 
(231ɛ)), 5.1λ ɭɲ.ɫ (1H, H

7
, (231ɚ)), 6.0γ ɭɲ.ɫ (1H, H

8
, (231ɛ)), 6.05 ɞ (1H, H

8
, J 1.6 (231ɚ)), 

7.85 ɭɲ.ɫ (2H, 2CO2H). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.: 17.76 ɤ, 17.81 ɤ (2C
14’

), 18.40 ɤ, 19.09 ɤ, 19.17 ɤ, 

1λ.βγ ɤ (2ɋɇ(CH3)2), 1λ.46 ɬ (2C
3’

), 19.76 ɤ, 1λ.78 ɤ (2C
11’

), 20.58 ɬ (2ɋ8’
), 25.36 ɬ, β5.71 ɬ (2C

10’
), 

27.58 ɬ, β7.6γ ɬ (2ɋ9’
), 28.24 ɞ, β8.βλ ɞ (2ɋH(ɋɇ3)2), 28.36 ɤ, β8.γλ ɤ (2C

13’
), γ4.βγ ɬ (2C

7’
), 37.19 ɬ, 

γ7.βλ ɬ (2C
4’), γ7.6β ɬ (2C

2’
), 39.53 ɫ, γλ.56 ɫ (2C

4ɚ’
), 43.83 c (2ɋ1’

), 45.04 ɬ, 45.11 ɬ (2C
2), 47.74 ɞ, 

47.85 ɞ (2ɋ6), 50.16 ɞ, 50.61 ɞ (2ɋ5
), 51.07 ɤ, 51.10 ɤ (2ɋ12’

OCH3), 51.86 ɤ, 5β.07 ɤ (2OCH3), 53.46 

ɞ, 5γ.48 ɞ (2C
8ɚ’

), 59.93 ɞ, 60.41 ɞ (2NCH), 81.90 ɞ, 81.λβ ɞ (2ɋ7
), 89.90 ɫ, 89.94 c (2ɋ1

), 127.97 ɫ, 

128.18 c (2C
6’

), 128.23 ɞ, 1β8.6λ ɞ (2C
8
), 137.87 ɫ, 138.03 c (2C

5’
), 149.48 ɫ, 149.95 c (2ɋ9

), 170.16 

ɫ, 171.06 c (2CO2CH3), 17β.6β ɫ (2C
4
), 173.11 ɫ, 17γ.γλ ɫ (2CO2H), 177.86 ɫ, 177.92 c (2C

14’
). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 571 (γ0), γβγ (100), 47β (λ7), λ4 (λ6), 18λ (λβ). ɇɚɣɞɟɧɨμ [M] 571.3127. 

C32H45NO8. ȼɵɱɢɫɥɟɧɨμ 571.3440. 
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(1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-9-[2-(1S,4aS,8aR)-(1,4ɚ,6-ɬɪɢɦɟɬɢɥ-1-ɦɟɬɨɤɫɢ-ɤɚɪɛɨɧɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬ-5-ɢɥ)ɷɬɢɥ]-3-(1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-3-

ɦɟɬɢɥɫɭɥɶɮɚɧɢɥɩɪɨɩɢɥ)-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɰ-8-ɟɧ-6-Кɚɪɛɨɧɨɜɵɟ 

ɤɢɫɥɨɬɵ (232a,ɛ). ɉɨɥɭɱɢɥɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɵ (232ɚ,ɛ) ɫ 

ɨɛɳɢɦ ɜɵɯɨɞɨɦ 96%, ɫɨɨɬɧɨɲɟɧɢɟ 4:1, ɚɦɨɪɮɧɨɟ ɬɜɟɪɞɨɟ 

ɜɟɳɟɫɬɜɨ. Ɍ ɩɥ. 68-71°ɋ (ɯɥɨɪɨɮɨɪɦ). 20][ D  +53.23 (c 0.96, 

CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 754, 840, 879, 986, 1010, 1038, 

1099, 1133, 1167, 1231, 1470, 1580, 1645, 1695, 1700, 1725, 

1746, 2340, 3205, 3417. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.73 c (6H, 2ɋ14’ɇ3), 0.97 ɬ.ɞ (2H, 2H
2’

, J 12.9, 2.6), 1.07 ɦ (2H, 

2H
4’), 1.18 ɫ (6H, 2ɋ13’ɇ3), 1.β6 ɦ (2H, 2H

8a’), 1.5β ɦ (2H, 

2H
3’

), 1.54 c (6H, 2ɋ11’ɇ3), 1.63-1.8γ ɦ (10H, 2H
2’,4’,7’,8’,9’

), 1.88-1.λλ ɦ (8ɇ, 2ɇ3’,7’,8’,9’), β.05 ɫ (γɇ, 

SCH3 (232ɚ)), β.07 ɫ (γɇ, SCH3 (232ɛ)), 2.14-β.β8 ɦ (8ɇ, 2ɇ10’,10’
, 2CH2CH2S), 2.37 ɦ, β.51 ɦ (4H, 

2CH2CH2S), β.8β ɦ (4H, 2H
5,6

), 3.60 c (6H, 2C
12’

O2ɋɇ3), 3.70 c (3H, OCH3  (232ɛ)), 3.72 c (3H, 

OCH3 (232ɚ)), γ.88 ɞ, γ.λβ ɞ (βH, H
2,2

, J 12.2 (232ɛ)), 4.06 ɞ, 4.1β ɞ (2H, H
2,2

, J 11.8 (232ɚ)), 4.62 

ɞ.ɞ (1H, NCH, J 9.0, 5.9 (232ɛ)), 5.06 ɞ.ɞ (1H, NCH, J 11.1, 4.5 

(232ɚ)), 5.1β ɞ (1H, H
7
, J 1.8 (232ɚ)), 5.16 ɭɲ.c (1H, H

7 
(232ɛ)), 

6.0β ɭɲ.c (2H, 2H
8), 8.40 ɭɲ.ɫ (2H, 2CO2H). ɋɩɟɤɬɪ əɆɊ 13

C, 

į, ɦ. ɞ.: 15.41 ɤ, 15.55 ɤ (2SCH3), 17.68 ɤ, 17.7β ɤ (2ɋ14’
), 19.42 

ɬ (2C
3’), 1λ.74 ɤ (2C

11’
), β0.68 ɬ (2ɋ8’), β5.γ4 ɬ (2C

10’
), 27.55 ɬ, 

β7.λ4 ɬ (2CH2S), β8.γ6 ɤ (2C
13’), β8.50 ɬ (2ɋ9’

), 29.53 ɬ, γ0.61 ɬ 

(2ɋH2CH2S), γ4.β0 ɬ (2C
7’

), 37.09 ɬ, γ7.17 ɬ (2C
4’), γ7.57 ɬ 

(2C
2’), γλ.4λ ɫ (2C

4a’
), 43.78 c (2ɋ1’), 44.08 ɬ (2C

2), 47.41 ɞ, 

47.55 ɞ (2ɋ6
), 50.62 ɞ, 50.7λ ɞ (2ɋ5), 51.0λ ɤ (2C

12’
O2ɋɇ3), 52.40 ɤ, 5β.70 ɤ (2OCH3), 5γ.40 ɞ 

(2C
8a’), 5λ.45 ɞ (2NCH), 81.78 ɞ, 81.86 ɞ (2ɋ7

), 89.80 ɫ, 90.02 c (2ɋ1
), 127.99 c (2C

6’
), 1β8.ββ ɞ 

(2C
8
), 137.88 ɫ, 137.97 c (2C

5’
), 149.86 ɫ, 149.94 c (2ɋ9

), 170.30 ɫ, 171.02 c (2CO2CH3), 17β.58 ɫ 

(2CO2H), 173.54 ɫ, 173.79 c (2C
4
), 177.89 ɫ, 177.93 c (2C

14’). ɇɚɣɞɟɧɨ, %μ C 63.85, H 6.74, N 1.97. 

C32H45NO8S. ȼɵɱɢɫɥɟɧɨ, %: C 63.66, H 7.51, N 2.32. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɦɟɬɢɥ (ȿ)-(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥɥɚɛɞɚɬɪɢɟɧɨɜ (233) ɢ (234). 

Ʉ ɪɚɫɬɜɨɪɭ cɨɟɞɢɧɟɧɢɹ (223) (3.60 ɦɦɨɥɶ) ɢɥɢ (227) (3.60 ɦɦɨɥɶ) ɢ ɤɪɨɬɢɥɯɥɨɪɢɞɚ (7.β0 ɦɦɨɥɶ) ɜ 

γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ, ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɬɪɢɷɬɢɥɚɦɢɧɚ (λ.00 ɦɦɨɥɶ) ɜ 5 ɦɥ ɯɥɨɪɨɮɨɪɦɚ (ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ). Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 20 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ 

ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ (Et3NɯHCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ 
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ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 

100:1). 

Ɇɟɬɢɥ (1S,4aS,8aR)-5-(2-{2-[(E)-N-ɛɟɧɡɢɥ-N-(1-ɨɤɫɨɛɭɬ-2-ɟɧɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ)-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ дɦɟɬɢɥ 16-

[(N-ɛɟɧɡɢɥ-N-(E)-(ɤɪɨɬɨɧɨɢɥ)]ɚɦɢɧɨɦɟɬɢɥ)-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɨɚɬ] (233). ȼɵɯɨɞ 

73%, ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.69 c (3H, ɋ20ɇ3), 0.74-1.11 ɦ (βH, H
1,3

), 1.18 c (3H, 

ɋ19ɇ3), 1.β6 ɞ.ɞ (1H, H
5
, J 11.8, β.0), 1.4γ ɦ (1H, H

2,2), 1.5γ ɫ 

(3H, ɋ17ɇ3), 1.70 ɦ (4H, H
2,7,11,11

), 1.96-β.01 ɦ (γH, H
1,6,7), 1.λγ ɞ 

(γɇ, ɋ5’ɋɇ3, J 6.8), β.14 ɦ (βH, H
3,6), β.γ6 ɦ (βH, H

12,12
), 3.60 c 

(3H, OCH3), 4.β6 ɞ, 4.51 ɞ (βH, H
1’,1’

, J 1β.4), 4.56 ɞ.ɞ (βH, 

CH2Ph, J 1β.0), 6.β1 ɞ (1ɇ, ɇ14
, J 1.8), 6.β5 ɦ (1H, H

4’), 6.60 ɦ 

(1H, H
5’

), 7.0γ ɦ (βH, Ph), 7.25-7.γ5 ɦ (4H, H
15

 ɢ γɇ, Ph). ɇɚɣɞɟɧɨ, %: C 76.78, H 8.65, N 2.47. 

C33H43NO4. ȼɵɱɢɫɥɟɧɨ, %: C 76.56, H 8.37, N 2.71. 

Ɇɟɬɢɥ (1S,4aS,8aR)-5-(2-{2-[N-(2-ɦɟɬɢɥ-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɩɪɨɢɥ)-N-(E)-

(ɤɪɨɬɨɧɨɢɥ)ɚɦɢɧɨɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥ}ɷɬɢɥ)-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (234). ȼɵɯɨɞ 49%, ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 
20][ D  +60.36 

(c 0.56, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 730, 755, 822, 844, 864, 894, 

930, 964, 1013, 1037, 1088, 1138, 1162, 1203, 1229, 1510, 1627, 

1664, 1698, 1726, 1730, 3025. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ): 0.76 c (3H, ɋ20ɇ3), 0.84 ɦ (1H, H
3
), 0.92 ɞ (6H, CH(CH3)2, J 

7.0), 0.94 ɬ.ɞ (1H, H
1
, J 13.4, 4.0), 1.22 c (3H, ɋ19ɇ3), 1.30 ɞ.ɞ (1H, 

H
5
,
 
J 12.0, 1.8), 1.45-1.53 ɦ (1H, H

2
), 1.64 ɫ (3H, ɋ17ɇ3), 1.69-1.78 

ɦ (3H, H
7,11,11

), 1.87 ɞ (3H, ɋ5’
CH3, J 6.8), 1.94 ɦ (1H, CH(i-Pr) 

1.93-2.10 ɦ (4H, H
1,2,6,7

), 2.16-2.28 ɦ (2H, H
3,6

), 2.41 ɦ (2H, 

H
12,12

), 3.54 c (3H, ɋO2CH3), 3.61 c (3H, ɋ18
O2CH3), 4.39 ɞ (1H, NCH, J 12.3), 4.49-4.74 ɦ (2H, 

H
1’,1’

), 6.25 ɞ (1H, H
14

, J 1.8), 6.54 ɞ (1H, H
4’

, J 14.2), 6.94 ɦ (1H, H
5’

), 7.28 ɞ (1H, H
15

, J 1.8). 

ɋɩɟɤɬɪ əɆɊ 13
C, į, ɦ.ɞ.μ 17.5λ ɤ (C20), 18.β0 ɤ, 18.γλ ɤ (CH(CH3)2, 19.46  ɬ (C2), 1λ.67 ɤ (C17

), 

β0.γ1 ɤ (ɋ5’
CH3), β0.68 ɬ (ɋ6

), β5.ββ ɬ (C12), β7.46 ɞ (ɋH(CH3)2), βλ.0β ɤ (C19), βλ.55 ɬ (C11
), γ4.17 ɬ 

(C
7), γ7.10 ɬ (C1), γ7.56 ɬ (C3), γλ.46 ɫ (C10), 40.γβ ɬ (C1’), 4γ.75 ɫ (ɋ4), 50.λ6 ɤ (C18

O2CH3), 51.6β ɤ 

(ɋO2CH3), 5γ.γβ ɞ (C5), 5λ.γ4 ɞ (NCH), 111.08 ɞ (C14), 1ββ.18 ɞ (C4’
), 122.44 c (C

13
), 127.46 c (C

8
), 

138.33 c (C
9), 141.7β ɞ (ɋ5’), 14β.6β ɞ (ɋ15), 144.λγ ɫ (ɋ16

), 167.64 c (CO2CH3), 177.92 c (C
18

), 

186.50 c (C
3’

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 541 (1γ), 47β (100), ββ4 (γ7), 47γ (γ4), 6λ (β0). ɇɚɣɞɟɧɨμ 

[M] 541.3379. C32H47NO6. ȼɵɱɢɫɥɟɧɨ: 541.3398. 
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Ɇɟɬɢɥ (1S,4aS,8aR)-5-[2-(1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-(3-ɛɟɧɡɢɥ-5-ɦɟɬɢɥ-4-ɨɤɫɨ-10-ɨɤɫɚ-

3-ɚɡɚɬɪɢɰɢɤɥɨ[5.2.1.0
1,5

]ɞɟɰ-8-ɟɧ-9-ɢɥ)ɷɬɢɥ]-2,5,8a-ɬɪɢɦɟɬɢɥ-3,4,4a,5,6,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (235a,ɛ). Ɋɚɫɬɜɨɪ 1.14 ɝ (2.2 ɦɦɨɥɶ) ɮɭɪɮɭɪɢɥɚɦɢɞɚ 

(233) ɜ 15 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 20 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.γ6 ɝ (γ6%) ɫɦɟɫɢ 

ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ (235a,ɛ) ɜ ɜɢɞɟ ɛɟɫɰɜɟɬɧɨɝɨ ɦɚɫɥɚ. Ʉɢɩɹɱɟɧɢɟ ɪɚɫɬɜɨɪɚ 0.58 ɝ ɫɨɟɞɢɧɟɧɢɹ (233) 

ɜ 10 ɦɥ ɬɨɥɭɨɥɚ ɜ ɬɟɱɟɧɢɟ 10 ɱ ɢ ɩɨɫɥɟɞɭɸɳɚɹ ɤɨɥɨɧɨɱɧɚɹ 

ɯɪɨɦɚɬɨɝɪɚɮɢɹ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɩɪɢɜɨɞɢɬ ɤ 0.γ8 ɝ (6λ%) 

ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (235a,ɛ). 
20][ D  +57.49 (c 0.65, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 203 (4.22), 250 (2.34). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 700, 722, 967, 1038, 1091, 1100, 1140, 

1162, 1496, 1621, 1650, 1660, 1688, 1723, 1763, 3307, 3432. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.71 c (6H, 2ɋ14’ɇ3), 

0.88 ɦ (2H, 2H
2’), 0.λ8 ɞ (6H, 2CH3, J 7.0), 1.10 ɦ (2H, 2H

4’
), 1.16 ɫ, 1.17 ɫ (6H, 2ɋ13’ɇ3), 1.β5 ɦ 

(2H, 2H
8a’

), 1.4γ ɦ (4H, 2H
3’,9’), 1.48 ɫ, 1.49 c (6H, 2ɋ11’ɇ3), 1.54-1.80 ɦ (8H, 2H

2’,4’,8’,9’
) 1.λγ ɦ (4ɇ, 

2ɇ3’,7'), β.08 ɦ (6ɇ, 2ɇ8’,10’,10’
), 2.12-β.β5 ɦ (2ɇ, 2ɇ7’

), 2.25-2.30 

ɦ (2ɇ, 2ɇ5
), 2.61-β.68 ɦ (2H, 2H

6
), 3.37 ɞ, γ.66 ɞ (4H, 2CH2Ph, 

J 11.8), 3.60 ɫ, γ.61 ɫ (6H, 2OCH3), 4.β4 ɞ (βɇ, H2,2
, J 14.9 

(235ɛ)), 4.γ8 ɞ (1H, H
2
, J 15.2 (235ɚ)), 4.58 ɞ (1H, H

2
, J 15.2 

(235ɚ)), 4.75 ɞ.ɞ (1H, H
7
, J 4.2, 1.5 (235ɚ)), 4.83 ɦ (1H, H

7
 

(235ɛ)), 5.λ5 ɭɲ.ɫ (2H, 2H
8
), 7.22-7.85 ɦ (10ɇ, 2Ph-H). ɋɩɟɤɬɪ 

əɆɊ 13
C, į, ɦ.ɞ.μ 17.γ5 ɤ (2CH3), 17.6β ɤ (2ɋ14’

), 19.34 ɬ, 19.37 

ɬ (2C
3’

), 19.56 ɤ, 1λ.5λ ɤ (2ɋ11’
H3), β0.61 ɬ (2ɋ8’

), 25.60 ɬ, β5.6γ ɬ (2C
10’

), 27.26 ɬ, β7.γβ ɬ (2ɋ9’
), 

β8.β8 ɤ (2C
13’

), γ4.10 ɬ (2C
7’

), 36.99 ɬ, γ7.05 ɬ (2C
4’), γ7.5β ɬ (2C

2’
), 38.36 ɞ, γ8.40 ɞ (2ɋ5), γλ.γ6 ɫ 

(2C
4a’

), 43.70 c (2ɋ1’), 46.46 ɬ (2C
2), 47.61 ɬ (2CH2Ph), 50.λλ ɤ (2ɋ12’

O2CH3), 53.32 ɞ (2C
8a’

), 55.09 

ɞ (2ɋ6), 8β.0β ɞ (2ɋ7
), 90.66 ɫ, 90.69 c (2ɋ1

), 1β6.β7, 1β6.γβ ɞ (2C
8
), 1β7.40 ɞ (2ɋ4”

), 127.60 c, 

1β7.6λ ɫ (2C
6’), 1β7.80 ɞ (2ɋ3”,5”), 1β8.61 ɞ (2C

2”,6”
), 136.01 c (2C

1”
), 138.04 c, 1γ8.18 ɫ (2C

5’
), 

148.λγ ɫ (2ɋ9
), 173.89 c (2C

4
), 177.81 c (2C

14’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 517 (20), 91 (100), 69 

(98), 178 (94), 269 (89). ɇɚɣɞɟɧɨμ [M] 517.3182. C33H43NO4. ȼɵɱɢɫɥɟɧɨμ 517.3187. 

Ɇɟɬɢɥ (1S,4aS,8aR)-5-{2-(1S,5S,6S,7R)- ɢ (1R,5R,6R,7S)-[5-ɦɟɬɢɥ-3-(1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-

2-ɦɟɬɢɥɩɪɨɩɢɥ)-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɰ-8-ɟɧ-9-ɢɥ]ɷɬɢɥж-2,5,8a-

ɬɪɢɦɟɬɢɥ-3,4,4a,5,6,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (236a,ɛ). ȼɵɯɨɞ 77%. Ɍ ɩɥ. 

47-50°ɋ (ɷɮɢɪ). 
20][ D

 +46.4 (c 2.52, CHCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 754, 843, 857, 879, 898, 919, 969, 

1000, 1039, 1100, 1139, 1163, 1194, 1606, 1726, 1760. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.74 c 
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(6H, 2ɋ14’ɇ3), 0.85 ɞ (6H, 2CH(CH3)2, J 6.8), 0.91-0.λ7 ɦ (12H, 2ɋɇ(CH3)2, 2CH3), 1.00 ɦ (2H, 

2H
2’), 1.1β ɦ (2H, 2H

4’
), 1.1λ ɫ (6H, 2ɋ13’ɇ3), 1.βλ ɞ.ɦ (2H, 2H

8ɚ’
, J 1β.6), 1.4λ ɦ (2H, 2H

3’
), 1.5γ ɦ 

(3H, ɋ11’ɇ3 (236a)), 1.56 ɦ (γH, ɋ11’ɇ3 (236ɛ)), 1.64-β.γ0 ɦ (26H, 2H
2’,3’,4’,7’,7’,8’,8’,9’,9’,10’,10’

, 

2CH(CH3)2, 2H
5
), 2.58 ɦ (2H, 2H

6
), γ.61 ɫ (6H, 2ɋ12’

O2CH3), 3.68 

ɫ (γH, CO2CH3 (236ɛ)), 3.70 c (3H, CO2CH3 (236ɚ)), γ.71 ɞ (1H, 

H
2
, J 11.8 (236ɚ)), γ.75 ɞ (1H, H

2
, J 11.8,(236ɛ)), γ.λ5 ɞ (1H, H

2
, J 

11.8 (236ɛ)), γ.λ6 ɞ (1ɇ, ɇ2
, J 11.8 (236ɚ)), 4.47 ɞ (1H, NCH, J 

10.3 (236ɛ)), 4.4λ ɞ (1H, NCH, J 10.5 (236ɚ)), 4.7γ ɞ.ɞ (2H, 2H
7
, J 

4.3, 1.3), 5.95 ɞ (1H, H
8
, J 1.8 (236ɚ)), 5.λ7 ɞ (1H, H

8
, J 1.5 

(236ɛ)). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. 

ɞ.μ 17.β8 ɤ (2CH3), 17.61 ɤ (2C
14’

), 18.24 ɤ, 1λ.11 ɤ (2ɋH(CH3)2), 

1λ.γ4 ɬ (2C
3’

), 19.55 ɤ, 1λ.6β ɤ (2C
11’

), 20.61 ɬ (2ɋ8’
), 25.46 ɬ, 

β5.4λ ɬ (2C
10’), β7.β8 ɬ (2ɋ9’), β7.84 ɞ (2CH(CH3)2), 28.20 ɤ, 28.26 

ɤ (2C
13’

), γ4.10 ɬ (2C
7’

), 36.96 ɬ, γ7.05 ɬ (2C
4’), γ7.50 ɬ (2C

2’
), 

38.26 ɞ, 38.60 ɞ (2ɋ6
), 39.37 ɫ, γλ.γλ ɫ (2C

4a’
), 43.69 c (2ɋ1’

), 

45.10 ɬ, 45.18 ɬ (2C
2), 50.λ7 ɤ (2ɋ12’

O2CH3), 51.61 ɤ, 51.7β ɤ 

(2OCH3), 53.30 ɞ, 5γ.γγ ɞ (2C
8a’

), 54.64 ɞ, 54.87 ɞ (2ɋ5), 5λ.γβ ɞ, 

5λ.51 ɞ (2NCH), 81.λβ ɞ (2ɋ7
), 90.51 ɫ, 90.75 c (2ɋ1

), 126.13 ɞ, 1β6.67 ɞ (2C
8
), 127.56 ɫ, 127.80 c 

(2C
6’

), 138.03 ɫ, 1γ8.β0 ɫ (2C
5’

), 148.69 ɫ, 148.98 c (2ɋ9
), 170.78 ɫ, 171.34 c (2CO2CH3), 173.33 ɫ, 

174.4β ɫ (2C
4
), 177.77 ɫ, 177.81 ɫ (2C

12’). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 541 (53), 472 (100), 224 (32), 

47γ (γβ), 6λ (βλ). ɇɚɣɞɟɧɨμ ДM] 541.3394. C32H47NO6. ȼɵɱɢɫɥɟɧɨμ 541.γγλ8. 

(1S,9R,10S)-Ɇɟɬɢɥ-5-[2-(2-ɚɰɟɬɢɥɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,6,10-ɬɪɢɦɟɬɢɥ-1,2,3,4,5,6,9,10-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-ɚɰɟɬɢɥ-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (238). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.00 ɦɦɨɥɶ) 8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɚ (38) ɜ 5 

ɦɥ ɭɤɫɭɫɧɨɝɨ ɚɧɝɢɞɪɢɞɚ ɩɪɢ 20C ɞɨɛɚɜɢɥɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 0.07 ɝ ɯɥɨɪɧɨɤɢɫɥɨɝɨ ɦɚɝɧɢɹ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 5 ɱ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ, ɡɚɬɟɦ ɜɵɥɢɥɢ ɧɚ ɥɟɞ, ɩɪɨɞɭɤɬ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯγ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɨɛɴɟɞɢɧɢɥɢ, ɩɪɨɦɵɥɢ 5% 

ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ Na2CO3 (γɯγ0 ɦɥ), ɜɨɞɨɣ (γɯγ0 ɦɥ), ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ 

ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɫɦɟɫɢ 

cɨɟɞɢɧɟɧɢɣ (237) ɢ (238) Д0.7β ɝ (68%)Ж ɢɡ ɝɟɤɫɚɧɚ ɜɵɞɟɥɢɥɢ 0.γβ ɝ 

(30%) ɫɨɟɞɢɧɟɧɢɹ (238). Ɍ. ɩɥ. 64-66ɋ (ɝɟɤɫɚɧ). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg 

): 275 (4.05). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 634, 775, 886, 1584 (C=C), 1676, 1720 

(C=O). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.77 ɫ (γɇ, ɋ20ɇ3), 1.00 ɬ.ɞ 

(1H, H
3
, J 14, 5), 1.18 c (γɇ, ɋ19ɇ3), 1.βγ ɦ (1H, H

1), 1.γγ ɞ.ɞ (1H, H
5
, J 1β, β), 1.5γ ɞ.ɬ (1H, H

2
, J 
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14, γ), 1.67 ɫ (γɇ, ɋ17ɇ3), 1.68 ɦ (1H, ɇ2), 1.70 ɦ (1H, H
11

), 1.89-1.λ6 ɦ (4H, H
1,7,7,11), β.0β ɦ (1H, 

H
6), β.18 ɦ (1H, H

3), β.β1 ɦ (1H, H
6), β.44 ɫ (γɇ, ɋɈɋɇ3), β.8γ ɞ.ɞ (βH, H

12,12
, J 10, β), γ.60 ɫ (γɇ, 

Ɉɋɇ3 ), 6.4γ ɞ (1ɇ, ɇ14
, J 1.β), 7.γ8 ɞ (1ɇ, ɇ15

 J 1.2). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 17.5γ ɤ (C20

), 19.45 

ɤ (C17), 1λ.51 ɬ (ɋ2), β0.67 ɬ (ɋ11), β6.γλ ɬ (ɋ12), β6.80 ɤ (ɋɈɋɇ3), β8.β7 ɬ (C6), β8.45 ɤ (C19
), 34.20 

ɬ (C7), γ6.85 ɬ (C1), γ7.57 ɬ (C3), γλ.4λ ɫ (C10), 4γ.71 ɫ (ɋ4
), 50.86 ɤ (Ɉɋɇ3), 5γ.γ7 ɞ (ɋ5), 114.0γ ɞ 

(C
14), 1β7.67 ɫ (ɋ8), 1γ4.75 ɫ (C13), 1γ8.17 ɫ (C9), 144.11 ɞ (C15), 147.λ6 ɫ (C16), 177.λ1 ɫ (ɋ18

), 

188.70 ɫ (ɋɈɋɇ3). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 372 [Ɇ] (6), 249 (32), 189 (30), 124 (100), 43 (29).  

(1S,9R,10S)-Ɇɟɬɢɥ-5-{2-[1-(ɛɟɧɡɢɥɚɦɢɧɨ)ɷɬɢɥ]-ɮɭɪɚɧ-3-ɢɥ-ɷɬɢɥ}-1,6,10-ɬɪɢɦɟɬɢɥ-

1,2,3,4,5,6,9,10-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (16aR- ɢ 16aS-ɦɟɬɢɥ-16-(1-ɛɟɧɡɢɥɚɦɢɧɨ-

ɷɬɢɥ)-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (239ɚ,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.70 ɦɦɨɥɶ) 

8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧɚ (238) ɜ 15 ɦɥ ɛɟɡɜɨɞɧɨɝɨ ɌȽɎ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɛɚɜɢɥɢ 1.5γ ɝ (5.4 ɦɦɨɥɶ) 

Ti(i-PrO)4 ɢ 0.βλ ɝ (β.70 ɦɦɨɥɶ) ɛɟɧɡɢɥɚɦɢɧɚ (78). Ɋɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ 8 ɱ, ɡɚɬɟɦ ɩɨɪɰɢɹɦɢ ɞɨɛɚɜɢɥɢ 0.γ1 ɝ (8.10 

ɦɦɨɥɶ) NaBH4 ɢ 5 ɦɥ ɷɬɚɧɨɥɚ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳɟ 8 ɱ. ɉɨ 

ɨɤɨɧɱɚɧɢɢ ɪɟɚɤɰɢɢ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɜ ɜɨɞɧɵɣ 

ɪɚɫɬɜɨɪ ɚɦɦɢɚɤɚ (βɆ, β0 ɦɥ), ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ ɢ ɩɪɨɦɵɥɢ ɫɟɪɧɵɦ ɷɮɢɪɨɦ (γɯγ0 ɦɥ). 

Ɇɚɬɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɨɛɴɟɞɢɧɢɥɢ, ɩɪɨɦɵɥɢ ɧɚɫɵɳɟɧɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NaCl (γɯγ0 ɦɥ), 

ɜɨɞɨɣ (γɯγ0 ɦɥ), ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). 

ɉɨɥɭɱɢɥɢ 1.04 ɝ (81 %) ɫɨɟɞɢɧɟɧɢɣ (239ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ) 207 (4.20), 

252 (2.55), 258 (2.56). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 6λ8 (ɋ=ɋ), 1140, 1229, 1727 (C=O). ɋɩɟɤɬɪ əɆɊ 1

H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.7γ ɫ, 0.74 c (6ɇ, 2ɋ20ɇ3), 0.85 ɦ (2H, 2H
12), 0.88 ɬ.ɞ (2H, 2H

3
, J 14, 5), 1.08 

ɦ (2H, 2H
1
), 1.18 c (6ɇ, 2ɋ19ɇ3), 1.β7 ɦ (2H, 2H

5), 1.γλ ɞ (6ɇ, 2ɋɇ3, J 7), 1.47 ɦ (2H, 2H
12

), 1.57 ɫ, 

160 ɫ (6ɇ, 2ɋ17ɇ3), 1.60-1.78 ɦ (8H, 2H
1,2,6,12

), 1.92-1.λλ ɦ (6H, 2H
2,6,7

), 2.11-β.β0 ɦ (4H, 2H
7,11

), 

2.26-β.γ6 ɦ (4H, 2H
3,11), γ.5β ɞ.ɞ (2H, 2CH2Ph, Jɝɟɦ. 1γ), γ.61 ɫ (6ɇ, 2Ɉɋɇ3), γ.64 ɞ.ɞ (2ɇ, 2CH2Ph), 

γ.86 ɦ (2H, 2H
16ɚ), 6.0γ ɞ (2ɇ, 2ɇ14

, J 1.2), 7.18-7.β7 ɦ (10ɇ, 2Ph), 7.β8 ɞ (2ɇ, 2ɇ15
, J 1.β). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 17.5λ ɤ, 17.60 ɤ (2C

20), 1λ.4β ɬ, 1λ.47 ɬ (2ɋ2), 1λ.61 ɤ, 1λ.65 ɤ (2C
17), β0.67 ɬ (2ɋ6

), 

β0.84 ɤ, β0.87 ɤ (2ɋɇ3-ɋ16ɚ), β5.16 ɬ, β5.18 ɬ (2C
11), β8.β6 ɤ (2C

19), βλ.5β ɬ (2ɋ12), γ4.15 ɬ (2C
7
), 

γ7.05 ɬ, γ7.08 ɬ (2C
1), γ7.57 ɬ, γ7.58 ɬ (2C

3), γλ.γ7 ɫ, γλ.γ8 ɫ (2C
10), 4γ.71 ɫ (2ɋ4), 48.4λ ɞ, 48.51 ɞ 

(2ɋ16ɚ), 50.84 ɤ (2Ɉɋɇ3), 51.βγ ɬ (2ɋɇ2Ph), 5γ.γ7 ɞ (2ɋ5), 110.81 ɞ (2C
14), 1β0.68 ɫ (2C

13), 1β6.61 ɞ, 

1β6.6γ ɞ (2ɋ4’), 1β7.04 ɫ, 1β7.07 ɫ (2ɋ8), 1β7.78 ɞ, 1β7.8β ɞ (2ɋ2’,6’), 1β8.1β ɞ, 1β8.14 ɞ (2ɋ3’,5’
), 

1γ8.68 ɫ, 1γ8.70 ɫ (2C
9), 140.1β ɫ, 140.14 ɫ (2ɋ1’), 140.48 ɞ (2C

15
), 151.01 ɫ (2C

16), 177.75 ɫ (2ɋ18
). 

ɇɚɣɞɟɧɨ, %μ ɋ 77.87, ɇ λ.β8, N β.77. ɋ29ɇ41NO3. ȼɵɱɢɫɥɟɧɨμ ɋ 77.16, ɇ λ.10, N 3.10. 
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(1R,2R,5R,6S,7R)- ɢ (1R,2S,5R,6S,7R)-(1’S,9’R,10’S)-Ɇɟɬɢɥ-5-[2-(3-ɛɟɧɡɢɥ-6-ɤɚɪɛɨɤɫɢ-2-

ɦɟɬɢɥ-4-ɨɤɫɨ-10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɤɚ-8-ɟɧ-9-ɢɥ)ɷɬɢɥ]-1,6,10-ɬɪɢɦɟɬɢɥ-

1,2,3,4,7,8,9,10-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (240a,ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 

1.00 ɝ (β.16 ɦɦɨɥɶ) ɚɦɢɧɨɜ (239ɚ,ɛ) ɜ γ0 ɦɥ ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ 0.β1 ɝ (β.16 ɦɦɨɥɶ) ɦɚɥɟɢɧɨɜɨɝɨ 

ɚɧɝɢɞɪɢɞɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ β0C 48 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ), ɮɪɚɤɰɢɸ ɩɪɨɞɭɤɬɚ 

ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɝɟɤɫɚɧɚ. ɉɨɥɭɱɢɥɢ 0.λ6 ɝ (86%) ɫɦɟɫɢ 

ɨɤɫɚɚɞɞɭɤɬɨɜ (240ɚ,ɛ). Ɍ. ɩɥ. 64-66
ɨɋ. ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 1167, 

1229, 1695, 1724 (C=O), γ4γ0 (Ɉɇ). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.67 ɫ (6ɇ, 2ɋ16’ɇ3), 0.87 ɞ (3ɇ, ɋ2
-ɋɇ3, J 7), 0.93 

ɬ.ɞ (βɇ, 2H
2’

, J 13, γ), 1.0β ɞ.ɞ 

(2H, 2H
9’

, J 12, 3), 1.14 c (6ɇ, 

2ɋ15’ɇ3), 1.18 ɦ (βɇ, 2ɇ4’), 1.β4 ɞ (3ɇ, ɋɇ3-ɋ2
, J 7), 1.44 ɫ (6ɇ, 

2ɋ13’ɇ3), 1.46 ɦ (4ɇ, 2ɇ7’,8’
), 1.59-1.68 ɦ (6ɇ, 2ɇ3’,4’,11’), 1.70 ɦ 

(βɇ, 2ɇ3’
), 1.80-1.λβ ɦ (6H, 2H

7’,11’,12’
), 1.96-β.0λ ɦ (4H, 2H

8’,12’
), 

β.15 ɦ (βɇ, 2ɇ2’), β.8γ ɞ (βɇ, 2ɇ5
, J 8.β), β.87 ɞ (βɇ, 2ɇ6

, J 8.2), 

3.58 c (γɇ, Ɉɋɇ3 ), 3.59 c (γɇ, Ɉɋɇ3 ), γ.6β ɦ (1H, H
2
, J 7), γ.λβ ɦ (1H, H

2
, J 7), γ.λ8 ɞ (βH, CH2Ph, 

J 14), 4.λ8 ɞ (βH, CH2Ph, J 14), 5.14 ɭɲ.c (βɇ, 2ɇ7), 6.00 ɭɲ.ɫ (βɇ, 2ɇ8), 7.β0 ɦ (4H, 2H
2”,6”

), 7.25 

ɦ (βɇ, 2ɇ4”), 7.γ0 ɦ (4H, 2H
3”,5”). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.71 ɤ (2Сɇ3-ɋ2), 17.47 ɤ (2C
16’

), 

1λ.βγ ɬ (2ɋ3’), 1λ.4γ ɤ, 1λ.48 ɤ (2C
13’), β0.47 ɬ (2ɋ11’), ββ.4λ ɤ (2ɋɇ3-ɋ2), β5.β5 ɬ (2C

8’), β7.14 ɬ, 

β7.β4 ɬ (2ɋ12’), β8.18 ɤ (2C
15’), γγ.λ7 ɬ (2C

7’), γ6.7λ ɬ, γ6.86 ɬ (2C
4’), γ7.γ8 ɬ (2C

2’), γλ.β4 ɫ, γλ.βλ c 

(2C
10’), 41.β7 ɫ (2ɋ1’), 4γ.57 ɬ, 4γ.80 ɬ (2ɋɇ2Ph), 47.47 ɞ, 47.51 ɞ (2ɋ6), 50.γ1 ɞ (2ɋ2), 50.λ6 ɤ 

(2Ɉɋɇ3), 51.66 ɞ (2ɋ5), 5γ.17 ɞ (2ɋ9’), 81.βλ ɞ, 81.γ1 ɞ (2ɋ7), λβ.08 ɫ (2ɋ1), 1β7.4β ɞ, 1β7.4γ ɞ, 

1β7.54 ɞ (2ɋ3”,4”,5”
),

 1β7.75 ɫ (2ɋ6’), 1β8.64 ɞ (2C
2”,6”), 1β8.γ8 ɞ, 1β8.7γ ɞ (2ɋ8), 1γ5.67 ɫ (2ɋ1”

), 

1γ7.81 ɫ (2ɋ5’), 14λ.1γ ɫ (2ɋ9), 17β.40 ɫ (2ɋ4
), 173.68 ɫ (2ɋɈ2ɇ), 177.78 ɫ (2ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 

74.79, ɇ 7.75, N β.βλ. ɋ34ɇ43NO6. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 74.05, ɇ 7.80, N 2.54. 

(1R,2R,5S,7S)- ɢ (1R,2S,5S,7S)-(1’S,9’R,10’S)-Ɇɟɬɢɥ-5-[2-(3-ɛɟɧɡɢɥ-2,5-ɞɢɦɟɬɢɥ-4-ɨɤɫɨ-10-

ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5.2.1.01,5]ɞɟɤɚ-8-ɟɧ-9-ɢɥ)ɷɬɢɥ]-1,6,10-ɬɪɢɦɟɬɢɥ-1,2,3,4,7,8,9,10-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (243a,ɛ). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.16 

ɦɦɨɥɶ) ɚɦɢɧɨɜ (239ɚ,ɛ) ɢ 0.βγ ɝ (β.16 ɦɦɨɥɶ) ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɚ ɜ γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ 

ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ 0.γγ ɝ (γ.βγ ɦɦɨɥɶ) 

ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ 10 ɦɥ ɯɥɨɪɨɮɨɪɦɚ. Ɍɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨɞɧɹɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ, 

ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 

ɦɥ ɫɟɪɧɨɝɨ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ (Et3NɯHCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ 



260 

 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.λ6 ɝ (86%) ɨɤɫɚɚɞɞɭɤɬɨɜ (243ɚ,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

252 (2.64), 258 (2.64), 266 (2.59), 290 (2.38). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 6λ8 (ɋ=ɋ), 1149, 1229, 1694, 1727 

(C=O). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.71 ɫ (6ɇ, 2ɋ16’ɇ3), 0.8β ɦ (βH, 2H
4’), 0.87 ɞ (γɇ, 

ɋɇ3-ɋ2
, J 7), 0.λ4 ɦ (βH, 2H

2’
), 1.04 ɞ (γɇ, ɋɇ3-ɋ2

, J 7), 1.15 c (6ɇ, 2ɋ14’ɇ3), 1.β0 ɫ (γɇ, ɋɇ3-ɋ5
), 

1.βγ ɫ (γɇ, ɋɇ3-ɋ5
), 1.β4 ɦ (βɇ, 2H

9’), 1.47 ɫ, 1.48 ɫ (6ɇ, 

2ɋ13’ɇ3), 1.40-1.47 ɦ (6H, 2H
4’,8’,7’

), 1.62-1.77 ɦ (6H, 2H
3’,7’,11’

), 

1.λβ ɦ, (4H, 2H
8’,11’

), 2.02 ɦ (βɇ, 2ɇ12’
), β.16 ɦ (βH, 2H

2’
), 2.46 

ɞ.ɞ (βɇ, 2ɇ6
, J 12, 4), 3.60 c (6ɇ, 2Ɉɋɇ3), γ.8γ ɦ (2H, 2H

2
), 3.87 

ɞ (βH, CH2Ph, J 1β), 4.85 ɭɲ.ɫ (1ɇ, ɇ7), 4.86 ɭɲ.ɫ (1ɇ, ɇ7
), 5.12 

ɞ (βH, CH2Ph, J 12), 6.04 ɞ (βɇ, 2ɇ8
, J 1.γ), 7.ββ ɦ 7.β5 ɦ, 7.γ0 ɦ, 

7.γγ ɦ (10ɇ, 2Ph). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.λ0 ɤ (Сɇ3-ɋ2

), 

17.74 ɤ (2C
16’), 1λ.βγ ɬ (2ɋ3’), 1λ.58 ɤ (2C

13’), 1λ.68 ɤ (2C
5
), 

β0.47 ɬ (2ɋ11’), βγ.1λ ɤ (Сɇ3-ɋ2), β5.17 ɬ (2C
8’), β8.λ6 ɬ (2ɋ12’

), 

βλ.4β ɤ (2C
15’), γ4.β5 ɬ (2C

7’), γ6.76 ɬ (2C
4’), γ6.λ8 ɬ (2C

6
), 37.64 

ɬ (2C
2’), γλ.58 ɫ (2C

10’), 4γ.10 ɬ (2ɋɇ2Ph), 4γ.8β ɫ (2ɋ1’), 50.11 ɞ 

(2ɋ2
), 51.10 ɤ (2Ɉɋɇ3), 51.78 c (2ɋ9’), 5γ.4λ ɞ, 5γ.55 ɞ (2ɋ5

), 

77.80 ɞ (2ɋ7), λ4.57 ɫ (2ɋ1), 1β7.4γ ɞ (2ɋ4”), 1β7.71 ɫ (2ɋ6’), 1β7.80 ɞ (2ɋ3”,5”
),

 1β8.5γ ɞ, 1β8.6β ɞ 

(2ɋ8), 1β8.76 ɞ (2C
2”,6”), 1γ6.84 ɫ (2ɋ1”), 1γ8.10 ɫ (2ɋ5’), 146.λ0 ɫ (2ɋ9), 17β.40 ɫ (2C

4), 177.λ0 ɫ 

(2ɋ14’). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 531 [Ɇ+] (30), 440 (28), 283 (33), 189 (27), 109 (28), 91 (100), 69 

(71), 4γ (ββ), 41 (γ6). ɋ34ɇ45NO4.  

(1S,5S,9R,10R)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-5-{2-[2-(ɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-(ɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)-15,16-ɷɩɨɤɫɢ-

8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (244). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.81 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (53) ɜ 10 

ɦɥ ɛɟɧɡɨɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.5β ɝ (5.1β ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ ɢ 0.β6 ɝ (γ.40 ɦɦɨɥɶ) 

ɝɢɞɪɨɯɥɨɪɢɞɚ β-ɦɟɪɤɚɩɬɨɷɬɢɥɚɦɢɧɚ (ɰɢɫɬɟɢɧɚɦɢɧɚ). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ β0 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ. ɉɨɥɭɱɢɥɢ 0.λ7 ɝ (8γ%) ɫɨɟɞɢɧɟɧɢɹ (244). ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λ0 ɦ (1H, H
1), 0.λλ ɞ.ɬ (1H, 

H
3
, J 1β.8, 4.6), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1H, H

5
, J 12.4, 2.6), 1.43-

1.48 ɦ (γɇ, ɇ2,9,11), 1.57 ɦ (1H, H
11

), 1.72-1.81 ɦ (5ɇ, ɇ1,2,6,6,7), 1.λγ ɦ 

(1ɇ, ɇ12), β.1β ɦ (1ɇ, ɇ3
), 2.33-β.4λ ɦ (βɇ, ɇ7,12), β.λγ ɦ (1ɇ, ɇ4’

), 3.04 

ɦ, γ.10 ɦ  (βɇ, ɇ5’), γ.58 ɫ (γɇ, ɋɈ2Ɇɟ), γ.70 ɦ (1ɇ, ɇ4’), 4.56 ɫ, 4.88 ɫ 

(βɇ, ɇ17), 5.50 ɞ (1ɇ, ɇ2’
, J 1.8), 6.1λ ɞ (1ɇ, ɇ14

, J 1.5), 7.βλ ɬ (1ɇ, ɇ15
, J 

1.5). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.4γ ɤ (C20), 1λ.7β ɬ (ɋ2), ββ.76 ɬ (ɋ12

), 
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β4.08 ɬ (ɋ11), β6.08 ɬ (C6), β8.55 ɤ (C19), γ6.44 ɬ (C5’), γ7.λβ ɬ (C3), γ8.46 ɬ (C7), γ8.6β ɬ (C1
), 40.55 ɫ 

(C
4), 44.07 ɫ (ɋ10), 50.86 ɤ (Ɉɋɇ3), 5β.87 ɬ (ɋ4’), 54.5γ ɞ (ɋ9), 55.λ5 ɞ (ɋ5), 6γ.80 ɞ (ɋ2’), 106.βγ ɬ 

(ɋ17), 111.51 ɞ (ɋ14), 1ββ.β6 ɫ (ɋ13
), 141.61 c (ɋ16), 147.78 ɫ (ɋ8), 14λ.4λ ɞ (ɋ15), 177.ββ ɫ (ɋ18

). 

(5ɚS,6R,7S,9ɚS,9bS)- ɢ (5ɚR,6S,7R,9ɚR,9bR)-(1’S,5’S,9’R,10’R)-9-[(1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬ-5-ɢɥ)ɷɬɢɥ]-5(5ɚɇ)-ɨɤɫɨ-7,9ɚ-ɷɩɨɤɫɢ-2,3,6,7,9ɚ,9b-

ɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨ[2,3-a]ɢɡɨɢɧɞɨɥ-6-Кɚɪɛɨɧɨɜɵɟ ɤɢɫɥɨɬɵ (245a,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (β.β1 

ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (244) ɜ 15 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɞɨɛɚɜɢɥɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 0.β1 ɝ (β.ββ ɦɦɨɥɶ) 

ɦɚɥɟɢɧɨɜɨɝɨ ɚɧɝɢɞɪɢɞɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɩɪɢ β0C β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɨɬɨɝɧɚɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 1.01 ɝ 

(8γ%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (245a,ɛ). ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ, 0.56 ɫ (6ɇ, 2ɋ16’ɇ3), 1.0γ ɦ (βɇ, 

2ɇ2’,4’), 1.1β ɫ, 1.16 М (6ɇ, 2ɋ15’ɇ3), 1.β7 ɦ (2H, 2H
9’

), 1.46-1.53 

ɦ (4ɇ, 2ɇ11’,3’), 1.6γ ɦ (2H, 

2H
5’

), 1.70 ɦ (2H, 2H
11’

), 1.72-

1.88 ɦ (6ɇ, 2ɇ3’,12’,4’), 1.λ6 ɦ 

(6ɇ, 2ɇ7’,8’,12’
), β.14 ɦ (2ɇ, 

2ɇ2’), β.γβ ɦ, β.γ7 ɦ (4ɇ, 2ɇ7’,8’
), β.77 ɞ (2ɇ, 2ɇ5

, J 9.0), 2.80-2.96 

ɦ (6ɇ, 2H
2,2,3), γ.0γ ɞ, γ.06 ɞ (2ɇ, 2ɇ6

, J 9.0), 3.59 c, γ.6β ɫ (6ɇ, 

2OCH3), 4.γ5 ɦ (1ɇ, H3), 4.γ8 ɫ, 4.4γ ɫ (2ɇ, 2H
13’

), 4.80 ɫ, 4.84 ɫ 

(2ɇ, 2H
13’

), 4.88 ɞ, 4.85 ɞ (2ɇ, 2ɇ7
, J β.0, 1.8), 5.44, 5.46 ɫ (2ɇ, 

2ɇ9b), 6.0γ ɞ, 6.07 ɞ (2H, 2H
8
, J β.0, 1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.0λ, 1β.17 ɤ (2C
16’), 1λ.48 ɬ 

(2ɋ3’), β1.1β ɬ (2ɋ11’), βγ.β7 ɬ (2ɋ12’), β5.76 ɬ (2C
8’), β8.γ5 ɤ (2C

15’), γβ.86 ɬ, γβ.λγ ɬ (2C
2), γ7.71 ɬ 

(2ɋ2’), γ8.βγ ɬ (2C
7’), γ8.78 ɬ (2C

4’), γλ.8β ɫ, γλ.λ7 c (2C
10’), 4γ.6λ ɫ (2ɋ1’), 4γ.84 ɬ (2ɋ3’), 46.84 ɞ 

(2ɋ6), 4λ.81 ɞ (2ɋ5), 50.75 ɤ (2Ɉɋɇ3), 54.81 ɞ (2ɋ9’), 55.75 ɞ (2ɋ5’), 6β.β6 ɞ (2ɋ9b), 81.77 ɞ (2ɋ7
), 

λγ.67 ɫ, λγ.76 c (2ɋ9ɚ), 106.1β ɬ (2ɋ13’), 1β7.βλ ɞ 1β8.γ5 ɞ (2ɋ8), 145.0β ɫ (2ɋ9), 147.4β ɫ (2ɋ6’
), 

174.1λ ɫ (2ɋ5), 175.1γ ɫ (2ɋɈ2ɇ), 177.βλ ɫ (2ɋ14’). ɇɚɣɞɟɧɨ, %μ ɋ 65.01, ɇ 7.18, N 2.38, S 6.07. 

ɋ28ɇ37NO6S. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 65.22, ɇ 7.23, N 2.72, S 6.22. 

(1S,5S,9R,10R)-Ɇɟɬɢɥ-1,4ɚ-ɞɢɦɟɬɢɥ-5-{2-[2-(3-ɦɟɬɢɥɚɤɪɢɥɨɢɥɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-(3-

ɦɟɬɢɥɚɤɪɢɥɨɢɥɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (248). Ʉ 

ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ ɪɚɫɬɜɨɪɭ 0.71 ɝ (1.70 ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ (244) ɢ 0.18 ɝ (1.70 ɦɦɨɥɶ) 

ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɚ ɜ γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 0.β6 ɝ 

(β.55 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ 10 ɦɥ ɯɥɨɪɨɮɨɪɦɚ (ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ). Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ (Et3NɯHCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. 
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Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, βμ1). ɉɨɥɭɱɢɥɢ 0.6β ɝ (75%) ɫɨɟɞɢɧɟɧɢɹ (248), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3080, 1718, 1645, 1450, 1154, 1329, 1130, 982, 

892. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.85 

ɦ (1H, H
1), 1.0β ɦ (1H, H

3), 1.14 ɫ, 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β6 ɦ (1H, 

H
5
), 1.42-1.54 ɦ (γɇ, ɇ2,9,11), 1.6γ ɦ (1H, H

11), 1.7β ɦ (1ɇ, ɇ1
), 1.78 

ɦ (γɇ, ɇ2,6,7), 1.85 ɦ (1ɇ, ɇ6), 1.λ4 ɦ (1ɇ, ɇ12), 1.λ1 ɞ (γɇ, ɋɇ3, J 

1.β), β.1β ɦ (1ɇ, ɇ3), β.40 ɦ, β.48 ɦ (βɇ, ɇ7,12), γ.06 ɦ, γ.γβ ɦ (βɇ, 

ɇ5’,5’
), 3.58 c (γɇ, OCH3), γ.λ4 ɦ, 4.β5 ɦ (βɇ, ɇ4’,4’

), 4.47 c (1ɇ, 

ɇ1’), 4.54 ɫ, 4.87 ɫ (βɇ, ɇ17,17), 4.81 ɫ, 5.ββ ɫ (βɇ, H8’,8’), 6.16 ɞ (1ɇ, ɇ14
, J 1.7), 7.β6 ɞ (1ɇ, ɇ15

, J 

1.7).  

(1S,5S,9R,10R)-Ɇɟɬɢɥ-5-{2-[2-(3-(ȿ)-ɛɭɬ-2-ɟɧɨɢɥɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ-16-[3-(ȿ)-

ɤɪɨɬɨɧɨɢɥɬɢɚɡɨɥɢɞɢɧ-2-ɢɥ]-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬ) (249). Ʉ 

ɨɯɥɚɠɞɟɧɧɨɦɭ ɞɨ 0ɋ ɪɚɫɬɜɨɪɭ 1.06 ɝ (β.11 ɦɦɨɥɶ) cɨɟɞɢɧɟɧɢɹ 

(244) ɢ 0.β6 ɝ (β.55 ɦɦɨɥɶ) ɯɥɨɪɚɧɝɢɞɪɢɞɚ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ 

γ0 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ 0.γβ ɝ (γ.15 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ 10 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɫɬɚɜɢɥɢ ɧɚ ɧɨɱɶ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ 

ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ 

ɨɫɚɞɨɤ (Et3NɯHCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ-ɦɟɬɚɧɨɥ, 100μ1). ɉɨɥɭɱɢɥɢ 0.λ1 ɝ 

(82%) ɫɨɟɞɢɧɟɧɢɹ (249), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1
: 1718, 1217 (C=O), 669 

(ɋ=ɋ). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.85 ɦ (1H, H
1), 0.λλ ɞ.ɬ (1H, H

3
, J 

1β.8, 4.6), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β7 ɦ (1H, H
5), 1.5γ ɞ (γɇ, ɋɇ3, J 7.1), 1.66 ɦ (4ɇ, ɇ2,9,11,11), 1.7β ɦ 

(1ɇ, ɇ1), 1.7λ ɦ (γɇ, ɇ2,6,7),  1.λ4 ɫ (βɇ, ɇ6,12), β.1β ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1β.8), β.γλ ɦ, β.5γ ɦ (βɇ, ɇ7,12

), 

β.λβ ɦ, γ.08 ɦ (βɇ, H
5’), γ.4γ ɦ (1ɇ, H4’

), 3.58 c (γɇ, OCH3), 4.04 ɦ (1ɇ, H4’), 4.55 ɫ, 4.λ1 ɫ  (βɇ, 

ɇ17,17), 5.γ8 ɦ (1ɇ, ɇ2’), 5.λ5 ɦ (1ɇ, H8’
 Jɝɟɦ 15.8), 6.15 ɫ (1ɇ, ɇ14), 6.87 ɞ (1ɇ, ɇ7’

 J 15.8), 7.22 ɫ 

(1ɇ, ɇ15
).  

Ɇɟɬɢɥ-(5aS,7R,9aR,9bS)- ɢ (5aR,7S,9aS,9bR)-(1’S,5’S,9’R,10’R)-1,4ɚ-ɞɢɦɟɬɢɥ-5-(2-{5-

ɦɟɬɢɥ-5(5aH)ɨɤɫɨ-7,9ɚ-ɷɩɨɤɫɢ-2,3,6,7,9ɚ,9b-ɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨ[2,3-a]ɢɡɨɢɧɞɨɥ-9-ɢɥ}ɷɬɢɥ)-6-

ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ)-1-ɤɚɪɛɨɤɫɢɥɚɬ (250a,ɛ). Ɋɚɫɬɜɨɪ 0.6β ɝ ɫɨɟɞɢɧɟɧɢɹ (248) ɜ 7 ɦɥ 

ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 10 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɜɚɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.5λ ɝ (λ6%) ɫɦɟɫɢ 
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ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (250a,ɛ). ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

ɫɬɟɪɟɨɢɡɨɦɟɪ (250a) ɜɵɞɟɥɢɥɢ ɜ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. ɋɨɟɞɢɧɟɧɢɟ (250a). Ɍ. ɩɥ. 189-191
ɨɋ 

(ɝɟɤɫɚɧ), 20][ D  +5.43
o
 (c 0.λ8, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, Ȟ, ɫɦ-1

: 3080, 1718, 1645, 1450, 1329, 1154, 1130, 

982, 892. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.5β ɫ (γɇ, ɋ17’ɇ3), 0.λ8 ɦ (1ɇ, ɇ2’
, Jɝɟɦ 13.4), 1.05 

ɞ.ɬ (1ɇ, ɇ4’
, Jɝɟɦ 13.0), 1.11 ɫ (γɇ, ɋɇ3), 1.14 ɦ (1ɇ, H6

), 1.16 c 

(γɇ, ɋ16’ɇ3), 1.β8 ɞ.ɞ (1H, H
9’

, J 12.4, 2.6), 1.46-1.56 ɦ (βɇ, ɇ11’,3’
), 

1.64 ɦ (1H, H
5’

), 1.68-1.8β ɦ (γH, H
3’,8’11’), 1.84 ɦ (1ɇ, ɇ12’

), 1.90-

β.0β ɦ (βɇ, ɇ4’,7’), 1.λλ ɦ (1ɇ, 

ɇ12’
), β.15 ɦ (1ɇ, ɇ2’

, Jɝɟɦ 13.4), 

2.36-β.40 ɦ (βɇ, ɇ7’,8’), β.4λ ɞ.ɞ 

(1ɇ, ɇ6
, J 10.β, β.0), β.85 ɦ (1ɇ, H2), β.λ8 ɦ (1ɇ, H3), γ.06 ɦ (1ɇ, 

H
2
), 3.63 c (γɇ, OCH3), 4.γ7 ɦ (1ɇ, H3), 4.41 ɫ (1ɇ, H13’

), 4.83 ɫ 

(1ɇ, H13’), 4.85 ɞ.ɞ (1ɇ, ɇ7
, J 2.0, 1.5

 ), 5.4γ ɫ (1ɇ, ɇ9b), 6.08 ɞ (1H, 

H
8
, J 1.5). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.11 ɤ (C16’), 1λ.4λ ɬ (ɋ3’
), 

1λ.56 ɤ (ɋɇ3), β1.γ1 ɬ (ɋ11’), β5.76 ɬ (ɋ12’), β6.λ5 ɬ (C8’), β8.γ7 ɤ 

(C
15’), γ1.λ0 ɬ (C2), γ6.λβ ɬ (ɋ6

), 37.71 ɬ (ɋ2’), γ8.β0 ɬ (C7’), γ8.7γ ɬ (C4’
), 39.92 c (C

10’), 4γ.8β ɫ (ɋ1’
), 

45.07 ɬ (ɋ3), 50.71 ɤ (Ɉɋɇ3), 55.5β ɞ (ɋ9’), 55.75 ɞ (ɋ5’
), 56.13 c (ɋ5a), 6β.6β ɞ (ɋ9b), 80.β7 ɞ (ɋ7

), 

λ5.0β ɫ (ɋ9a), 105.76 ɬ (ɋ13’), 1β8.56 ɞ (ɋ8), 145.48 ɫ (ɋ9), 147.54 ɫ (ɋ6’
), 177.18 ɫ (ɋ14’), 177.λ4 ɫ 

(ɋ5
). ɇɚɣɞɟɧɨ, %μ ɋ 6λ.4β, ɇ 7.λ8, N 2.88, S 6.7β. ɋ28ɇ39NO4S. ȼɵɱɢɫɥɟɧɨ, %μ ɋ 6λ.24, ɇ 8.09, N 

2.88, S 6.60. 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ ɫɨɟɞɢɧɟɧɢɹ (250ɛ) (ɢɡ ɫɩɟɤɬɪɚ əɆɊ 1ɇ ɫɦɟɫɢ ɫɬɟɪɟɨɢɡɨɦɟɪɨɜ 

(250a,ɛ))μ 0.55 ɫ (γɇ, ɋ16’ɇ3), 1.15 ɫ (γɇ, ɋ5ɚ
-ɋɇ3), 1.16 М (γɇ, ɋ15’ɇ3), 3.60 c (γɇ, OCH3), 4.44 ɫ 

(1ɇ, H13’), 4.86 ɞ.ɞ (1ɇ, ɇ7
, J 1.8, 1.4), 4.8λ ɫ (1ɇ, H13’), 5.40 ɫ (1ɇ, ɇ9b), 6.04 ɞ (1H, H

8
, J 1.5). 

Ɇɟɬɢɥ-(5aS,6S,7R,9aS,9bS)- ɢ (5aR,6R,7S,9aR,9bR)-(1’S,5’S,9’R,10’R)-1,4ɚ-ɞɢɦɟɬɢɥ-5-(2-

{6-ɦɟɬɢɥ-5(5aH)ɨɤɫɨ-7,9ɚ-ɷɩɨɤɫɢ-2,3,6,7,9ɚ,9b-ɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨ[2,3-a]ɢɡɨɢɧɞɨɥ-9-

ɢɥ}ɷɬɢɥ)-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (251a,ɛ). Ɋɚɫɬɜɨɪ 0.λ1 ɝ ɫɨɟɞɢɧɟɧɢɹ 

(249) ɜ 7 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 10 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɥɭɱɢɥɢ 0.81 ɝ (8λ%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ (251a,ɛ), 

ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.48 ɫ, 0.5γ c (6ɇ, βɋ16’ɇ3), 0.λ1 ɞ (6ɇ, 2ɋɇ3, J 7.0), 0.95-1.1γ ɦ 

(4ɇ, 2ɇ2’,4’), 1.18 ɫ, 1.β0 c (6ɇ, 2ɋ15’ɇ3), 1.β7 ɞ.ɦ (2H, 2H
9’

), 1.52 

ɦ (4ɇ, 2ɇ11’,3’), 1.60 ɦ (2H, 2H
5’

), 1.70-1.85 ɦ (8ɇ, 2ɇ3’,8’,11’,12’
), 

1.8λ ɦ (2ɇ, 2ɇ7’), 1.λ7 ɦ (4ɇ, 2ɇ4’,12’
), β.14 ɦ (2ɇ, 2ɇ2’

), 2.32-
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β.γλ ɦ (4ɇ, 2ɇ7’,8’), β.6β ɦ (1ɇ, ɇ6
), 2.87-γ.β0 ɦ (6ɇ, 2H

2,2,3
), 3.58 c, 3.60 ɫ (γɇ, OCH3), 4.γ6 ɦ (1ɇ, 

H
3), 4.γ8 ɫ, 4.44 ɫ (1ɇ, H13’), 4.77 ɞ.ɞ, 4.8λ ɞ.ɞ (2ɇ, 2ɇ7

, J 1.8, β.0), 4.8β ɫ, 4.84 ɫ (2ɇ, 2H
13’

), 5.4γ ɫ, 

5.44 ɫ (2ɇ, 2ɇ9b), 6.00 ɞ ɢ 6.04 ɞ (2H, 2H
8
, J 1.8 ɢ β.0). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.4γ ɤ (2C
16’

), 

17.0λ ɤ (2ɋɇ3), 1λ.7λ ɬ (2ɋ3’
), 21.38 ɬ, β1.5λ ɬ (2ɋ11’), β5.40 ɬ (2ɋ12’), β6.1γ ɬ (2C

8’), β8.67 ɤ (2C
15’

), 

γβ.γγ ɬ, 32.35 ɬ (2C
2), γ7.λ8 ɬ, γ8.0β ɬ (2ɋ2’), γ8.57 ɬ (2C

7’
), 

γ8.6γ ɞ (ɋ6
), 39.05 ɬ, γλ.1β ɬ (2C

4’), 40.βγ ɫ, 40.γβ c (2C
10’

), 

4γ.λ5 ɫ, 44.1γ ɫ (2ɋ1’
), 45.10 ɬ (2ɋ3), 51.01 ɤ (2Ɉɋɇ3), 54.4λ ɞ 

(2ɋ5a
), 55.β5 ɞ (2ɋ9’), 55.84 ɞ (2ɋ5’), 6β.60 ɞ (2ɋ9b), 81.75 ɞ 

(2ɋ7), λ4.0γ ɫ, λ4.1γ ɫ (2ɋ1), 106.1γ ɬ (2ɋ13’), 1β7.β8 ɞ, 1β7.γλ ɞ 

(2ɋ8), 145.44 ɫ, 145.51 ɫ (2ɋ9), 147.68 ɫ, 147.81 ɫ (2ɋ6’
), 174.12 

ɫ, 174.0β ɫ (2ɋ14’
), 177.4λ ɫ (2ɋ5

). ɇɚɣɞɟɧɨ, %μ ɋ 68.λ7, ɇ 7.86, 

N 2.58, S 6.γ4. ɋ28ɇ39NO4S. ȼɵɱɢɫɥɟɧɨμ ɋ 6λ.24, ɇ 8.09, N 2.88, S 6.60. 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɢɡɨɢɧɞɨɥɢɧɨɧɨɜ (260)-(265). Ʉ ɪɚɫɬɜɨɪɭ 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ 

(0.λ ɦɦɨɥɶ) ɜ 10 ɦɥ 1,4-ɞɢɨɤɫɚɧɚ ɞɨɛɚɜɢɥɢ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ (3.7 

ɦɦɨɥɶ). Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ β ɱ (ɤɨɧɬɪɨɥɶ Ɍɋɏ), ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɪɚɡɛɚɜɢɥɢ 

ɯɥɨɪɢɫɬɵɦ ɦɟɬɢɥɟɧɨɦ (β0 ɦɥ), ɩɪɨɦɵɥɢ ɧɚɫɵɳɟɧɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ NКɋХ, ɫɭɲɢɥɢ εРSO4 

ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ).  

2-Ȼɟɧɡɢɥ-4-{2-[(4aR,5S,8aS)-1-(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥ]ɷɬɢɥж-1-ɨɤɫɨɢɡɨɢɧɞɨɥɢɧ-7-ɤɚɪɛɨɧɨɜɚя ɤɢɫɥɨɬɚ (260). ɉɪɢ 

ɨɛɪɚɛɨɬɤɟ ɪɚɫɬɜɨɪɚ 0.40 ɝ (0.7 ɦɦɨɥɶ) 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ (229a,ɛ) ɜ 10 ɦɥ 1,4-ɞɢɨɤɫɚɧɚ 

ɞɟɣɫɬɜɢɟɦ 0.46 ɦɥ (3.7 ɦɦɨɥɶ) ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ 

ɩɨɥɭɱɢɥɢ 0.28 ɝ (58%) ɢɡɨɢɧɞɨɥɢɧɨɧɚ (260). Ɍ ɩɥ. 68-70°ɋ 

(ɷɮɢɪ). 20][ D
 +43.11 (c 0.65, CDCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 

201 (4.71), 254 (4.26), 286 (3.77), 296 (3.67). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 

666, 702, 753, 820, 981, 1037, 1120, 1163, 1192, 1238, 1378, 1503, 

1604, 1621, 1723, 2460, 3430. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.7β ɫ (γɇ, ɋ14’
H3), 0.λ8 ɬ.ɞ (1H, H

2’
, J 1β.0, 4.0), 1.08 ɦ (1ɇ, 

ɇ4’), 1.18 М (γɇ, ɋ13’ɇ3), 1.βλ ɞ.ɞ (1H, H
8a’

, J 1β.0, β.0), 1.47 ɦ (βH, H
3’,9’), 1.57 ɫ (γɇ, ɋ11’ɇ3), 1.62-

1.7β ɦ (γH, H
2’,4’,8’), 1.λ6 ɦ (βH, H

3’,7’), β.17 ɦ (γH, H
7’,8’,9’), β.6γ ɦ (βH, H

10’,10’
), 3.61 c (γɇ, OCH3), 

4.33 c (βɇ, CH2Ph), 4.84 c (βɇ, H1,1
), 7.20-7.γ7 ɦ (5H, Ph), 7.50 ɞ (1ɇ, ɇ6

, J 8.1), 8.γ0 ɞ (1ɇ, ɇ5
, J 

8.1), 1β.β1 ɭɲ.ɫ (1H, OH). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 17.40 ɤ (C14’), 1λ.0λ ɬ (ɋ3’), 1λ.41 ɤ (C11’

), 

β0.β8 ɬ (ɋ8’), β7.45 ɬ (C9’), β7.λ8 ɤ (C13’), γβ.01 ɬ (ɋ10’), γγ.84 ɬ (C7’), γ6.87 ɬ (C4’), γ7.17 ɬ (C2’
), 

γλ.βγ ɫ (C4a’), 4γ.40 ɫ (ɋ1’), 46.87 ɬ (ɋ1), 4λ.β4 ɬ (CH2Ph), 50.70 ɤ (OɋH3), 5γ.15 ɞ (C8a’), 1β6.5γ ɫ 

(ɋ7), 1β7.λ5 ɞ (ɋ3”,5”), 1β7.λ8 ɞ (ɋ4”), 1β8.70 ɞ (C2”,6”), 1β8.78 ɫ (ɋ4), 1β8.81 ɫ (ɋ6’), 1γ1.β4 ɞ (ɋ6
), 
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1γγ.5β ɞ (ɋ5), 1γ4.78 ɫ (ɋ1”), 1γ7.ββ ɫ (ɋ5’), 1γλ.70 ɫ (ɋ7a), 14β.0γ ɫ (ɋ3a
), 165.80 c (ɋ3), 16λ.56 ɫ 

(CO2H), 177.4γ ɫ (ɋ12’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 529 (15), 91 (100), 281 (70), 263 (64), 294 (29). 

ɇɚɣɞɟɧɨμ [M] 529.2813. C33H39NO5. ȼɵɱɢɫɥɟɧɨμ 529.2823. 

2-(1-Mɟɬɨɤɫɢ-1-ɨɤɫɨɩɪɨɩɚɧ-2-ɢɥ)-4-{2-[(1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-1-

(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥ]ɷɬɢɥж-1-ɨɤɫɨɢɡɨɢɧɞɨɥɢɧ-7-

ɤɚɪɛɨɧɨɜɚя ɤɢɥɨɬɚ (261). ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɪɚɫɬɜɨɪɚ 0.40 ɝ (0.7 ɦɦɨɥɶ) 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ 

(230a,ɛ) ɜ 8 ɦɥ 1,4-ɞɢɨɤɫɚɧɚ ɞɟɣɫɬɜɢɟɦ 0.β8 ɦɥ (β.β ɦɦɨɥɶ) 

ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɩɨɥɭɱɢɥɢ 0.ββ ɝ (56%) 

ɢɡɨɢɧɞɨɥɢɧɨɧɚ (261). Ɍ ɩɥ. 85-87°ɋ (ɯɥɨɪɨɮɨɪɦ). 20][ D  +43.13 (c 

0.64, CHCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 203 (4.22), 253 (3.78), 

288 (3.36), 299 (3.17). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 755, 824, 920, 980, 

1036, 1079, 1100, 1160, 1209, 1307, 1503, 1580, 1622, 1688, 1724, 

2470, 3433. ɋɩɟɤɬɪ əɆɊ 
1ɇ, į, ɦ.ɞ. (J, Ƚɰ): 0.77 c (3H, ɋ14’

H3), 

1.00 ɬ.ɞ (1H, H
2’

, J 13.4, 4.3), 1.19 c (3H, ɋ13’ɇ3 ), 1.22 ɦ (1H, 

H
4’

), 1.33 ɞ.ɞ (1H, H
8a’

, J 12.0, 2.0), 1.55 ɦ (2H, H
3’,9’

), 1.63 c (3H, ɋ11’ɇ3), 1.64 ɞ (3H, CH3, J 7.7), 

1.65-1.78 ɦ (3H, H
2’,4’,8’

), 1.99 ɦ (2H, H
3’,7’

), 2.18 ɦ (3H, H
7’,8’,9’

), 2.72 ɦ (2H, H
10’,10’

), 3.61 c (3H, 

C
12’

O2CH3), 3.75 c (3H, ɈCH3), 4.48 ɞ (1H, H
1
, J 15.3), 4.68 ɞ.ɞ (1H, H

1
, J 15.3, 1.8), 5.15 ɤ (1H, 

NCH, J 7.0), 7.55 ɞ (1H, H
6
, J 8.1), 8.30 ɞ (1H, H

5
, J 8.1), 12.11 ɭɲ.ɫ (1H, ɈH). ɋɩɟɤɬɪ əɆɊ 

13
C, į, 

ɦ.ɞ.μ 15.61 ɤ (ɋHCH3), 17.77 ɤ (C14’), 1λ.44 ɬ (C3’
), 1λ.7λ ɤ (ɋ11’), β0.61 ɬ (ɋ8’), β7.67 ɬ (C9’), β8.γ0 ɤ 

(ɋ11’), γβ.γ6 ɬ (C10’
), γ4.1λ ɬ (C7’), γ7.β7 ɬ (C4’), γ7.51 ɬ (C2’), γλ.60 ɫ (C4ɚ’

), 43.74 c (ɋ1’), 47.11 ɬ 

(C
1), 50.04 ɤ (C12’

O2CH3), 51.0γ ɤ (OCH3), 5β.71 ɞ (NCH), 5γ.γ4 ɞ (C
8ɚ’

), 126.95 c (ɋ7
), 128.37 c 

(C
6’

), 1β8.6γ ɫ (C4), 1γ1.80 ɞ (C6), 1γ4.0β ɞ (ɋ5
), 137.63 c (ɋ5’

), 140.52 c (C
7a

), 142.39 c (C
3a

), 165.22 

c (C
3
), 170.42 c (CO2H), 171.00 c (CO2CH3), 177.75 c (C

12’). ɇɚɣɞɟɧɨ, %μ C 68.32, H 7.02, N 2.42. 

C30H39NO7. ȼɵɱɢɫɥɟɧɨ: C 68.55, H 7.48, N 2.66. 

2-(3-Ɇɟɬɢɥ-1-ɦɟɬɨɤɫɢ-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥ)-4-{2-[(1S,4aS,8aR)-1-(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1,4a,6-

ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥ]ɷɬɢɥж-1-ɨɤɫɨɢɡɨɢɧɞɨɥɢɧ-7-ɤɚɪɛɨɧɨɜɚя 

ɤɢɫɥɨɬɚ (262). ɉɪɢ ɤɢɩɹɱɟɧɢɢ 0.βλ ɝ (0.5 ɦɦɨɥɶ) 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ (231a,ɛ) ɢ 0.1λ ɦɥ (1.5 

ɦɦɨɥɶ) ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɜ 5 ɦɥ 1,4-ɞɢɨɤɫɚɧɚ ɜ 

ɬɟɱɟɧɢɟ β ɱ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɩɨɥɭɱɢɥɢ 0.15 ɝ 

(54%) ɢɡɨɢɧɞɨɥɢɧɨɧɚ (262). Ɍ ɩɥ. 85-86°ɋ (ɯɥɨɪɨɮɨɪɦ). 
20][ D

 

+53.6 (c 0.4, CHCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 200 (4.49), 256 

(4.02), 300 (3.57). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 755, 825, 940, 985, 1014, 

1037, 1162, 1203, 1229, 1308, 1500, 1600, 1623, 1685, 1726, 2460, 

3436. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.78 c (3H, ɋ14’
H3), 
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0.95, 1.06 ɞ (6H, CH(CH3)2, J 8.0), 0.94 ɦ (1H, H
2’

), 1.21 ɫ (3ɇ, ɋ13’ɇ3), 1.26 ɦ (1H, H
4’

), 1.35 ɞ.ɞ 

(1H, H
8ɚ’

, J 11.8, 1.8), 1.55 ɦ (1H, H
3’

), 1.63 c (3H, ɋ11’ɇ3), 1.74 ɦ (1H, H
9’

), 1.86-1.99 ɦ (5H, 

H
3’,4’,7’,7’,9’

), 2.22 ɦ (2H, H
2’,8’

), 2.35 ɦ (2H, H
8’ɢ CH(CH3)2), 2.68-2.78ɦ (2H, H

10’,10’
), 3.62 c (3H, 

C
12’

O2CH3), 3.76 c (3H, ɈCH3), 4.48 ɞ (1H, H
1
, J 15.1), 4.79 ɞ (1H, NCH, J 8.4), 4.87 ɞ.ɞ (1H, H

1
, J 

15.1, 1.8), 7.57 ɞ (1H, H
6
, J 7.8), 8.34 ɞ (1H, H

5
, J 8.0), 15.46 c (1H, OH). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ.ɞ.: 

17.77 ɤ (C14’), 1λ.15 ɤ (CH(CH3)2), 1λ.4β ɬ (C3’), 1λ.78 ɤ (C11’
), β0.60 ɬ (ɋ8’), β7.7β ɬ (C9’), β8.βλ ɤ 

(ɋ13’), βλ.β7 ɞ (CH(CH3)2), γβ.γ7 ɬ (C10’
), γ4.18 ɬ (C7’), γ7.0β ɬ (C4’), γ7.4λ ɬ (C2’), γλ.58 ɫ (C4ɚ’

), 

43.73 c (ɋ1’), 47.60 ɬ (C1), 51.0γ ɤ (C12’
O2CH3), 5β.β5 ɤ (OCH3), 5γ.γβ ɞ (C

8ɚ’), 60.44 ɞ (NCH), 

127.04 c (ɋ7
), 128.26 c (C

4
), 1β8.41 ɫ (C6’), 1γ1.8λ ɞ (C6), 1γ4.08 ɞ (ɋ5

), 137.50 c (ɋ5’
), 140.61 c 

(C
7a

), 142.36 c (C
3a

), 165.23 c (C
3
), 170.40 c (CO2CH3), 170.78 c (CO2H), 177.75 c (C

12’
). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 55γ (15.6γ), γ05 (100), β87 (4λ.8β), 4λ4 (17.βγ). ɇɚɣɞɟɧɨ: [M] 553.3022. 

C32H43NO7. ȼɵɱɢɫɥɟɧɨ: 553.3034. 

2-(4-Ɇɟɬɢɥɫɭɥɶɮɚɧɢɥ-1-ɦɟɬɨɤɫɢ-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥ)-4-{2-[(1S,4aS,8aR)-1,6,4a-ɬɪɢɦɟɬɢɥ-

1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥжɷɬɢɥ]-1-ɨɤɫɨɢɡɨɢɧɞɨɥɢɧ-7-

ɤɚɪɛɨɧɨɜɚя ɤɢɫɥɨɬɚ (263). ɉɪɢ ɤɢɩɹɱɟɧɢɢ 0.50 ɝ (0.8 

ɦɦɨɥɶ) 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ (232a,ɛ) ɢ 0.γβ ɦɥ (β.5 

ɦɦɨɥɶ) ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɜ λ ɦɥ 1,4-ɞɢɨɤɫɚɧɚ 

ɩɨɥɭɱɢɥɢ 0.βλ ɝ (60%) ɩɪɨɞɭɤɬɚ (263). 
20][ D

 +70.15 (c 0.80, 

CɇCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 201 (4.65), 253 (3.97), 

289 (3.59), 297 (3.48). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 754, 896, 985, 

1038, 1096, 1191, 1230, 1308, 1328, 1377, 1470, 1501, 1600, 

1624, 1650, 1688, 1724, 1730, 2455, 3434. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.77 ɫ (γH, ɋ14’ɇ3), 1.0β ɬ.ɞ (1H, H
2’

, J 13.5, 4.5), 1.β0 ɦ (4H, H
4’

, ɋ13’ɇ3), 

1.β1 ɦ (βɇ, CH2CH2S), 1.γ6 ɞ.ɞ (1H, H
8ɚ’

, J 1β.0, β.0), 1.57 ɦ (1H, H
3’

), 1.63 c (3H, ɋ11’ɇ3), 2.10 c 

(3H, SCH3), 1.74 ɦ (1H, H
9’

), 1.82-1.λ8 ɦ (4H, H
3’,4’,7’,9’

), 2.18-β.β8 ɦ (γH, H
2’,7’,8’), β.γ4 ɦ (1H, H

8’
), 

2.49 ɦ (βɇ, CH2S), 2.62-β.74 ɦ (βH, H
10’,10’

), 3.62 c (3H, C
12’

O2ɋɇ3), 3.77 c (3H, CO2CH3), 4.44 ɞ 

(1H, H
1
, J 15.γ), 4.7β ɞ (1H, H

1
, J 17.γ), 5.β1 ɞ.ɞ (1H, NɋH, J 8.5, γ.1), 7.58 ɞ (1H, H

6
, J 8.0), 8.γ6 ɞ 

(1H, H
5
, J 8.0), 1β.γ6 ɭɲ.ɫ (1H, ɈH). ɋɩɟɤɬɪ əɆɊ 

13
C, į, ɦ.ɞ.μ 15.0γ ɤ (C14’), 17.44 ɤ (ɋ11’), 1λ.10 ɬ 

(C
3’), 1λ.50 ɤ (SCH3), β0.β8 ɬ (ɋ8’), β7.γ0 ɬ (C9’), β7.λ8 ɤ (ɋ13’), β8.56 ɬ (CH2CH2S), γ0.0λ ɬ (ɋH2S), 

γ1.λλ ɬ (C10’
), γγ.86 ɬ (C7’), γ6.λ1 ɬ (C4’), γ7.16 ɬ (C2’), γλ.β6 ɫ (C4ɚ’

), 43.39 c (ɋ1’), 47.55 ɬ (C1
), 

50.71 ɤ (C12’
O2CH3), 5β.48 ɤ (OCH3), 5γ.50 ɞ (C

8a’
), 59.51 ɞ (NCH), 126.60 c (ɋ7

), 128.01 c (C
4
), 

1β8.11 ɫ (C6’), 1γ1.57 ɞ (C6), 1γγ.70 ɞ (ɋ5), 1γ7.β5 М (ɋ5’
), 140.27 c (C

7a
), 142.16 c (C

3a
), 164.78 c 

(C
3
), 169.83 c (CO2H), 170.69 c (CO2CH3), 177.42 c (C

12’). ɇɚɣɞɟɧɨμ [M] 585.2755. C32H43NO7S. 

ȼɵɱɢɫɥɟɧɨμ 585.2760. 
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2-Ȼɟɧɡɢɥ-4-{2-[(1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-1-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1,2,3,4,4ɚ,7,8,8ɚ-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥЖɷɬɢɥж-7-ɦɟɬɢɥɢɡɨɢɧɞɨɥɢɧ-1-ɨɧ (264). ɉɪɢ ɨɛɪɚɛɨɬɤɟ 0.55 ɝ (0.7 
ɦɦɨɥɶ) 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ (235a,ɛ) ɞɟɣɫɬɜɢɟɦ 0.40 ɦɥ (γ.β 

ɦɦɨɥɶ) ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɜ 8 ɦɥ 1,4-ɞɢɨɤɫɚɧɚ ɩɨɫɥɟ 

ɦɧɨɝɨɤɪɚɬɧɨɣ ɨɱɢɫɬɤɢ ɩɨɥɭɱɢɥɢ 0.08γ ɝ (15%) ɢɡɨɢɧɞɨɥɢɧɨɧɚ 

(264). Ɍ ɩɥ. 71-73°ɋ (ɯɥɨɪɨɮɨɪɦ). 
20][ D  +37.77 (c 0.50, CHCl3). 

ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 203 (4.18), 252 (3.62), 282 (3.18), 291 

(3.12). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 754, 817, 943, 999, 1029, 1153, 1193, 

1234, 1331, 1610, 1707, 1724, 1762. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.74 c (3H, ɋ14’
H3), 1.00 ɬ.ɞ (1H, H

2’
, J 12.0, 4.0), 1.15 ɦ (1H, H

4’
), 1.19 ɫ (3H, ɋ13’ɇ3), 1.25 

ɞ (1H, H
8a’

, J 8.3), 1.51 ɦ (1H, H
3’

), 1.59 c (3H, ɋ11’ɇ3), 1.66-2.29 ɦ (9H, H
2’,3’,4’,7’,7’,8’,8’,9’,9’

), 2.53 ɬ 

(2H, H
10’,10’

, J 8.0), 2.71 c (CH3-ɋ4
), 3.62 c (3H, ɈCH3), 4.15 c (2H, CH2Ph), 4.76 c (2H, H

1,1
), 7.14 ɞ 

(1H, H
6
, J 8.0), 7.22 ɞ (1H, H

5
, J 8.0). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 16.8γ ɤ (C14’), 17.67 ɤ (CH3), 19.42 

ɬ (C3’), 1λ.6λ ɤ (ɋ11’
), β0.65 ɬ (ɋ8’), β8.γ0 ɤ (ɋ13’), βλ.56 ɬ (C9’), γ1.λ6 ɬ (C10’

), γ4.17 ɬ (C7’), γ7.11 ɬ 

(C
4’), γ7.54 ɬ (C2’), γλ.5β ɫ (C4a’

), 43.74 c (ɋ1’), 46.10 ɬ (C1), 48.01 ɬ (ɋH2Ph), 51.01 ɤ (OCH3), 53.34 

ɞ (C
8a’), 1β7.47 ɞ (ɋ4”

), 127.62 c (ɋ7), 1β8.0β ɞ (ɋ3”,5”), 1β8.6γ ɞ (ɋ2”,6”
), 129.21 c (C

6’
), 130.24 ɞ, 

1γ0.γβ ɞ (ɋ5,6
), 1γ4.4β ɫ (C4

), 135.10 c (C
7a

), 137.02 c (C
1”

), 138.16 c (C
5’

), 139.71 c (C
3a

), 169.55 c 

(C
3
), 177.90 c (C

12’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 499 (6.02), 91 (100), 249 (72.78), 250 (23.16), 43 

(β0.λ8). ɇɚɣɞɟɧɨμ [M] 499.3081. C33H41NO3. ȼɵɱɢɫɥɟɧɨμ Ɇ 499.3074. 

2-(3-Ɇɟɬɢɥ-1-ɦɟɬɨɤɫɢ-1-ɨɤɫɨɛɭɬɚɧ-2-ɢɥ)-4-{2-[(1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-1-

(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-5-ɢɥ]ɷɬɢɥж-7-ɦɟɬɢɥɢɡɨ-ɢɧɞɨɥɢɧ-

1-ɨɧ (265). ɉɪɢ ɨɛɪɚɛɨɬɤɟ 0.40 ɝ (0.7 ɦɦɨɥɶ) 1,7-ɷɩɨɤɫɢɫɨɟɞɢɧɟɧɢɣ (236a,ɛ) 0.β8 ɦɥ (β.β ɦɦɨɥɶ) 

ɷɮɢɪɚɬɚ ɬɪɟɯɮɬɨɪɢɫɬɨɝɨ ɛɨɪɚ ɜ 8 ɦɥ 1,4-ɞɢɨɤɫɚɧɚ ɩɨɥɭɱɢɥɢ 

0.1λ ɝ (5β%) ɢɡɨɢɧɞɨɥɢɧɨɧɚ (265). Ɍ ɩɥ. 44-46°ɋ (ɯɥɨɪɨɮɨɪɦ). 

20][ D
 +31.20 (c 0.50, CHCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 203 

(4.18), 252 (3.62), 282 (3.18), 291 (3.12). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 786, 

825, 939, 984, 1017, 1033, 1158, 1199, 1233, 1327, 1502, 1580, 

1602, 1691, 1724, 1727. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.77 c (3H, ɋ14’
H3), 0.90 ɞ (3H, CH(CH3)2, J 6.8), 0.99 ɦ (1H, 

H
2’

), 1.03 ɞ (3H, CH(CH3)2, J 6.8), 1.18 ɦ (1H, H
4’

), 1.20 ɫ (3H, 

ɋ13’ɇ3), 1.34 ɞ.ɞ (1H, H
8ɚ’

, J 11.8, 2.0), 1.48-1.62 ɦ (2H, H
3’,9’

), 1.64 c (3H, ɋ11’ɇ3), 1.68 ɦ (1H, H
2’

), 

1.77-2.04 ɦ (4H, H
3’,4’,7’,8’

), 2.10-2.20 ɦ (4H, H
7’,8’,9’

, CH(CH3)2), 2.61 ɬ (βH, H
10’,10’

, J 8.5), 2.66 c 

(CH3), 3.61 c (3H, C
12’

O2CH3), 3.69 c (3H, ɈCH3), 4.27 ɞ (1H, H
1
, J 14.6), 4.58 ɞ.ɞ (1H, H

1
, J 14.6, J 

2.2), 4.77 ɞ (1H, NCH, J 8.3), 7.13 ɞ (1H, H
6
, J 7.8), 7.24 ɞ (1H, H

5
, J 7.8). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.: 
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16.86 ɤ (C14’), 1λ.05 ɤ, 1λ.γβ ɤ (CH(CH3)2), 1λ.44 ɬ (C3’), 1λ.7γ ɤ (C11’
), β0.67 ɬ (ɋ8’), β8.β8 ɤ (ɋ13’

), 

28.74 ɞ (CH(CH3)2), βλ.40 ɤ (CH3), βλ.54 ɬ (C9’), γ1.λγ ɬ (C10’
), γ4.β0 ɬ (C7’), γ7.1λ ɬ (C4’), γ7.54 ɬ 

(C
2’), γλ.55 ɫ (C4ɚ’

), 43.75 c (ɋ1’), 45.6λ ɬ (C1), 50.λ8 ɤ (C12’
O2CH3), 51.7γ ɤ (OCH3), 5γ.γγ ɞ (C

8ɚ’
), 

5λ.γ0 ɞ (NCH), 127.71 c (ɋ7
), 128.49 c (C

6’), 1γ0.β1 ɞ, 1γ0.4γ ɞ (ɋ5,6
), 1γ4.45 ɫ (C4

), 135.25 c (C
7a

), 

138.14 c (C
5’

), 140.20 c (C
3a

), 169.92 c (C
3
), 171.54 c (CO2CH3), 177.86 c (C

12’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z 

(Iɨɬɧ., %): 5βγ (γ6.87), β7γ (100), β15 (80.β7), β75 (6γ.70), 464 (4λ.β0). ɇɚɣɞɟɧɨμ ДM] 523.3287. 

C32H45NO5. ȼɵɱɢɫɥɟɧɨμ 5βγ.γβλβ. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(2-{2-[(4-ɦɟɬɢɥɮɟɧɢɥɫɭɥɶɮɨɧ-

ɚɦɢɞɨ)ɦɟɬɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (271). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ 

(β.β ɦɦɨɥɶ) ɦɟɬɢɥ 16-(ɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (55) ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.77 ɦɥ (5.6 ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ ɢ 0.4β ɝ (β.β ɦɦɨɥɶ) ɬɨɡɢɥɯɥɨɪɢɞɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ 

ɯɥɨɪɨɮɨɪɦɚ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. ɉɨɥɭɱɢɥɢ 1.06 ɝ 

(λγ%) ɫɨɟɞɢɧɟɧɢɹ (271) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +29.12

o
 (c 0.57, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

225 (4.07). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3277, 3022, 2945, 2876, 2847, 1722, 

1645, 1447, 1331, 1229, 1161, 1094, 1051, 984, 891, 814, 756, 663. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, ɋ20ɇ3), 0.λβ ɞ.ɬ (1H, 

H
1
, J 1γ.5, 4.β), 0.λλ ɞ.ɬ (1H, H

3
, J 1γ.6, 4.β), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.ββ ɞ.ɞ 

(1ɇ, H5
, J 1β.1, γ.1), 1.45 ɦ (1ɇ, ɇ2), 1.47 ɦ (1ɇ, ɇ9), 1.58 ɦ (1ɇ, ɇ11

), 

1.70-1.81 ɦ (4H, H
1,2,6,11), 1.85 ɦ (1ɇ, ɇ7

), 1.λ6 ɦ (1ɇ, ɇ6), β.1γ ɦ (βɇ, 

ɇ3,12), β.γ4 ɦ (1ɇ, ɇ12), β.γ7 ɦ (1ɇ, ɇ7), β.41 ɫ (γɇ, ɋɇ3), 3.60 c (γɇ, 

OCH3), 4.0γ ɞ, 4.06 ɞ (βɇ, ɋɇ2, J 11.6), 4.48 ɫ, 4.85 ɫ (βɇ, ɇ17,17), 4.7β ɦ 

(1ɇ, NH), 6.11 ɞ (1ɇ, ɇ14
, J14,15 β.0), 7.16 ɞ (1ɇ, ɇ15

, J14,15  β.0), 7.βγ ɞ (βɇ, ɇ3’,5’
, J 7.8), 7.67 ɞ (βɇ, 

ɇ2’,6’
, J 7.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.5β ɤ (C20), 1λ.81 ɬ (ɋ2), β1.4γ ɤ (ɋɇ3), ββ.7λ ɬ (ɋ12
), 24.10 

ɬ (ɋ11), β6.15 ɬ (C6), β8.67 ɤ (C19), γ7.λ5 ɬ (ɋɇ2)*, γ8.04 ɬ (C3)*, γ8.60 ɬ (C7), γ8.λ1 ɬ (C1
), 40.0γ ɫ 

(C
10

), 44.16 ɫ (ɋ4), 51.06 ɤ (Ɉɋɇ3), 54.71 ɞ (ɋ9), 56.05 ɞ (ɋ5), 106.5β ɬ (ɋ17), 111.γ1 ɞ (ɋ14), 1ββ.λ6 ɫ 

(ɋ13), 1β6.λ7 ɞ (C2’,6’), 1βλ.46 ɞ (C3’,5’
), 136.71 c (C

4’), 141.77 ɞ (ɋ15), 14γ.18 ɫ (C1’), 144.40 ɫ (ɋ16
), 

147.64 ɫ (ɋ8), 177.64 ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 513 (0.19), 429 (11), 358 (29), 342 (29), 283 

(12), 263 (12), 249 (18), 235 (12), 194 (11), 189 (34), 184 (12), 181 (90), 171 (18), 161 (16), 155 (33), 

149 (17), 133 (14), 122 (19), 121 (100), 119 (17), 110 (12), 109 (49), 107 (26), 105 (17), 95 (13), 94 

(11), 93 (56), 91 (56), 85 (35), 83 (52), 81 (23), 79 (16), 55 (13). ɇɚɣɞɟɧɨμ ДM] 
 
513.2537.

 
C29H39NO5S. 

ȼɵɱɢɫɥɟɧɨμ 51γ.β54γ. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-5-[2-(2-{[4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɨɧɚɦɢɞɨ]ɦɟɬɢɥжɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-
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ɤɚɪɛɨɤɫɢɥɚɬ (272). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 1.00 ɝ (1.λ ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (271) ɜ β0 ɦɥ 

ɚɰɟɬɨɧɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɨɛɚɜɢɥɢ 0.54 ɝ (γ.λ ɦɦɨɥɶ) K2CO3 ɢ 0.γβ 

ɦɥ (β.λ ɦɦɨɥɶ) 80% ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (3ɯγ0 ɦɥ). 

Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 ɦɥ), ɫɭɲɢɥɢ MgSO4 ɢ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.78 ɝ (7γ%) ɫɨɟɞɢɧɟɧɢɹ (272) ɜ ɜɢɞɟ ɦɚɫɥɚ. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.48 ɫ (γɇ, ɋ20ɇ3), 0.λ6 ɦ (1H, 

H
1), 1.00 ɞ.ɬ (1H, H

3
, J 1γ.4, 4.γ), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɦ (1ɇ, H5

), 

1.46 ɦ (1ɇ, ɇ2
), 1.54 ɦ (1ɇ, ɇ9), 1.64 ɦ (1ɇ, ɇ11

), 1.72-1.8β ɦ (4H, 

H
1,2,6,11), 1.86 ɦ (1ɇ, ɇ7), 1.λ4 ɦ (1ɇ, ɇ6), β.1γ ɦ (1ɇ, ɇ3), β.β8 ɦ (1ɇ, 

ɇ12), β.γ8 ɦ (1ɇ, ɇ7), β.41 ɫ (γɇ, ɋɇ3), β.4λ ɦ (1ɇ, ɇ12), β.55 ɦ (1ɇ, 

ɇ5’
), 3.58 ɫ, 3.60 c (γɇ, OCH3), γ.λγ ɞ, γ.λ5 ɞ (βɇ, ɇ3’

, J λ.γ), 4.γ1 ɞ, 

4.γ6 ɞ (βɇ, ɇ1’
, J 10.1), 4.56 ɫ, 4.87 ɫ (βɇ, ɇ17), 6.1λ ɞ, 6.β0 ɞ (1ɇ, ɇ14

, J β.0), 7.β7 ɫ (1ɇ, ɇ15), 7.β7 ɞ 

(βɇ, ɇ3”,5”
, J 8.0), 7.71 ɞ (βɇ, ɇ2”,6”

, J 8.0). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.5β ɤ (C20), 1λ.8β ɬ (ɋ2

), 

β1.4γ ɤ (ɋɇ3), ββ.56 ɬ, ββ.87 ɬ (ɋ12), β4.γ4 ɬ (ɋ11), β6.16 ɬ (C6
), 28.67 ɤ (C19), γ5.λβ ɬ (ɋ3’

), γ8.05 ɬ 

(C
3), γ8.6γ ɬ (C7), γ8.λ5 ɬ (C1), 40.06 ɫ (C10), 40.6β ɬ (ɋ1’), 44.17 ɫ (ɋ4), 51.01 ɤ (Ɉɋɇ3), 54.λγ ɞ (ɋ9

), 

56.1γ ɞ (ɋ5), 7γ.68 ɫ (ɋ4’), 77.65 ɞ (ɋ5’), 106.5γ ɬ (ɋ17), 111.40 ɞ (ɋ14), 1β4.7λ ɫ (ɋ13), 1β6.λ0 ɞ, 

1β7.68 ɞ (C2”,6”), 1βλ.βλ ɞ (C3”,5”
), 135.93 c (C

4”
), 14β.17 ɞ (ɋ15), 14γ.γ8 ɫ (C1”), 14γ.6β ɫ (ɋ16

), 

147.56 ɫ (ɋ8), 177.60 ɫ (ɋ18
).  

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-(7-ɝɢɞɪɨɤɫɢ-2-ɬɨɡɢɥɢɡɨɢɧɞɨɥɢɧ-4-ɢɥ)ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (273). Ʉ ɪɚɫɬɜɨɪɭ 0.γ00 ɝ (0.544 ɦɦɨɥɶ) 

ɫɨɟɞɢɧɟɧɢɹ (272) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.008 ɝ (0.0β7 

ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ (ɤɨɧɬɪɨɥɶ Ɍɋɏ). Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ 

ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 

0.237 ɝ (79%) ɫɨɟɞɢɧɟɧɢɹ (273) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +17.26

o
 (c 0.34, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 226 (4.11), 275 (3.25). ɂɄ 

ɫɩɟɤɬɪ, , ɫɦ-1
: 3423, 2925, 2851, 1722, 1620, 1609, 1580, 1503, 1456, 

1346, 1315, 1290, 1231, 1163, 1097, 1065, 816, 757, 662. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ14’ɇ3), 0.λ6 ɦ (1H, H

4’), 1.00 ɦ (1H, H
2’), 1.16 ɫ (γɇ, ɋ13’ɇ3), 

1.β4 ɦ (1ɇ, H8’), 1.4λ ɦ (1ɇ, ɇ3’), 1.5γ ɭɲ.ɫ (1ɇ, ɇ5’), 1.66 ɦ (1ɇ, ɇ9’
), 1.70-1.78 ɦ (4H, H

3’,4’,8’,9’
), 

1.85 ɦ (1ɇ, ɇ7’), 1.λ7 ɦ (1ɇ, ɇ8’), β.14 ɦ (βɇ, ɇ2’,10’), β.γ8 ɫ (γɇ, ɋɇ3), β.40 ɦ (1ɇ, ɇ7’), β.4β ɦ (1ɇ, 

ɇ10’
), 3.60 c (γɇ, OCH3), 4.50 ɞ (1ɇ, H1

, J 10.4), 4.5γ ɞ (1ɇ, H1
, J 10.4), 4.56 ɦ (βɇ, H3,3), 4.58 ɫ (1ɇ, 
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ɇ11’), 4.λ1 ɫ (1ɇ, ɇ11’), 5.50 ɭɲ.ɫ (1ɇ, Ɉɇ), 6.5λ ɞ (1ɇ, ɇ6
, J  7.6), 6.88 ɞ (1ɇ, ɇ5

, J 7.6), 7.βλ ɞ (βɇ, 

ɇ3”,5”
, J 7.8), 7.75 ɞ (βɇ, ɇ2”,6”

, J 7.8). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.4λ ɤ (C14’), 1λ.84 ɬ (ɋ3’), β1.40 ɤ 

(ɋɇ3), β4.44 ɬ (ɋ9’), β6.17 ɬ (C8’), γ0.λ1 ɬ (ɋ10’
), 28.67 ɤ (C13’), γ8.01 ɬ (C2’), γ8.5λ ɬ (C7’), γ8.λβ ɬ 

(C
4’), 40.15 ɫ (C4a’), 44.β0 ɫ (ɋ1’), 51.0λ ɤ (Ɉɋɇ3), 51.7λ ɬ (ɋ3), 5γ.β4 ɬ (ɋ1), 55.βλ ɞ (ɋ8a’), 56.0λ ɞ 

(ɋ5’), 106.γ8 ɬ (ɋ11’), 114.40 ɞ (ɋ6), 1ββ.4β ɫ (ɋ7a), 1β7.47 ɞ (C2”,6”), 1β8.7γ ɞ (C5
), 129.44 c (ɋ4

), 

1βλ.70 ɞ (C3”,5”
), 133.56 c (C

4”), 1γ6.40 ɫ (C3a), 14γ.57 ɫ (C1”
), 147.74 c (ɋ6’), 147.78 ɫ (C7

), 178.07 c 

(ɋ12’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 551 (6), 399 (18), 398 (66), 397 (37), 396 (88), 338 (15), 336 (12), 

302 (10), 301 (38), 273 (10), 189 (11), 160 (16), 155 (15), 149 (13), 148 (19), 147 (34), 146 (100), 133 

(11), 123 (12), 121 (39), 119 (12), 109 (18), 107 (19), 105 (14), 95 (18), 93 (17), 92 (10), 91 (48), 81 

(ββ), 7λ (1γ), 77 (11), 6λ (1β), 67 (1β), 57 (1γ), 55 (18). ɇɚɣɞɟɧɨμ ДM] 
 
551.2684.

 
C32H41NO5S. 

ȼɵɱɢɫɥɟɧɨμ 551.β700. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-(7-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-4-ɢɥ)ɷɬɢɥ]-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (274). Ʉ ɪɚɫɬɜɨɪɭ 0.γ00 ɝ (0.75γ 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (128) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.011 ɝ 

(0.0γ8 ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.β34 ɝ 

(78%) ɫɨɟɞɢɧɟɧɢɹ (274) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +39.62

o
 (c 1.81, ɋHCl3). 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 214 (4.72), 278 (3.10). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 

3375, 3080, 3019, 2945, 2849, 1722, 1701, 1643, 1609, 1500, 1452, 

1379, 1317, 1292, 1231, 1186, 1155, 1132, 1092, 1055, 1032, 1005, 

984, 891, 816, 756, 710. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ 

(γɇ, ɋ14’ɇ3), 0.λ6 ɞ.ɬ (1H, H
4’

, J 1γ.8, 4.6), 1.01 ɞ.ɬ (1H, H
2’

, 13.4, 

4.4), 1.16 ɫ (γɇ, ɋ13’ɇ3), 1.β6 ɞ.ɞ (1ɇ, H8ɚ’
, J 1β.5, γ.β), 1.48 ɦ (1ɇ, 

ɇ3’), 1.57 ɭɲ.ɫ (1ɇ, ɇ5’), 1.70 ɦ (1ɇ, ɇ9’), 1.76 ɦ, 1.7λ ɦ, 1.81 ɦ (4H, H
9’,8’,4’,3’), 1.88 ɦ (1ɇ, ɇ7’

), 

1.λ8 ɦ (1ɇ, ɇ8’), β.14 ɞ.ɦ (1ɇ, ɇ2’ 
, J 1γ.0), β.ββ ɦ (1ɇ, ɇ10’), β.41 ɞ.ɞ.ɞ (1ɇ, ɇ7’

,
 
J 11.9, 4.0, 2.3), 

β.60 ɦ (1ɇ, ɇ10’
), 3.60 c (γɇ, OCH3), 4.5λ ɫ, 4.8λ ɫ (βɇ, ɇ11’), 5.05 ɞ (1ɇ, ɇ1

, J 10.β), 5.10 ɞ (1ɇ, ɇ1
, 

J 10.β), 5.16 ɫ (βɇ, ɇ3,3), 5.40 ɭɲ.ɫ (1ɇ, Ɉɇ), 6.61 ɞ (1ɇ, ɇ6
, J  8.0), 6.λ0 ɞ (1ɇ, ɇ5

, J 8.0). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 1β.5β ɤ (C14’), 1λ.8β ɬ (ɋ3’), β4.64 ɬ (ɋ9’), β6.18 ɬ (C8’), β8.70 ɤ (C13’), γ1.γ5 ɬ (ɋ10’

), 

γ8.0γ ɬ (C2’), γ8.6β ɬ (C7’), γ8.λβ ɬ (C4’), 40.16 ɫ (C4’a), 44.β4 ɫ (ɋ1’), 51.β0 ɤ (Ɉɋɇ3), 55.β8 ɞ (ɋ5’
), 

56.1β ɞ (ɋ8a’), 7β.1λ ɬ (ɋ3), 7γ.γ7 ɬ (ɋ1), 106.γ6 ɬ (ɋ11’), 114.16 ɞ (ɋ6
), 1β4.5λ ɫ (ɋ7a

), 128.02 c (ɋ4
), 

1β8.61 ɞ (C5), 1γλ.γ0 ɫ (C3a
), 147.80 c (C

6’), 148.44 ɫ (ɋ7), 178.04 ɫ (ɋ12’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., 

%): 398 (7), 237 (12), 236 (53), 235 (25), 202 (13), 201 (19), 189 (34), 177 (10), 162 (49), 161 (17), 

149 (50), 148 (100), 135 (11), 133 (10), 121 (66), 120 (15), 119 (11), 109 (12), 107 (20), 105 (12), 95 

(10), 93 (14), 91 (20), 81 (21), 79 (10). ɇɚɣɞɟɧɨμ ДM] 
 
398.2450.

 
C25H34O4. ȼɵɱɢɫɥɟɧɨμ γλ8.β45β. 
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(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-{2-[(R)- ɢ 5-{2-[(S)-7-ɝɢɞɪɨɤɫɢ-3-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)-1,3-

ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-4-ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɵ (275a,ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.γ00 ɝ (0.687 ɦɦɨɥɶ) ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (130a,ɛ) ɜ 10 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.010 ɝ (0.0γ4 ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 

β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.β1 ɝ (70%) ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɧɵɯ 

ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜ (1μ1) (275a,ɛ) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 224 (3.93), 282 

(3.32). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3381, 3308, 3308, 3080, 3017, 2945, 2874, 

2849, 2122, 1722, 1643, 1607, 1501, 1464, 1450, 1381, 1367, 1335, 

1292, 1248, 1231, 1211, 1155, 1092, 1053, 1030, 984, 962, 891, 819, 

756, 667, 640. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (6ɇ, 

2ɋ14’ɇ3), 1.01 ɦ (4H, 2H
2’,4’), 1.16 ɫ (6ɇ, 2ɋ13’ɇ3), 1.β7 ɦ (2ɇ, 2H

8ɚ’
), 

1.4λ ɦ (2ɇ, 2ɇ3’), 1.60 ɦ (2ɇ, 2ɇ5’), 1.5β ɦ (2ɇ, 2ɇ9’
), 1.78-1.λ1 ɦ 

(10H, 2H
4’,3’,7’,8’,9’), 1.λ8 ɦ (2ɇ, 2ɇ8’), β.14 ɞ.ɦ (2ɇ, 2ɇ2’

, J 13.9), 2.24 

ɦ (2ɇ, 2ɇ10’), β.41 ɦ (2ɇ, 2ɇ7’), β.51 ɦ (1ɇ, ɇ1”), β.57 ɦ (1ɇ, ɇ1”
), 

2.60-β.68 ɦ (4ɇ, 2ɇ10’,3), β.7γ ɦ, β.7λ ɦ (βɇ, 2ɇ1”
), 3.60 c (6ɇ, 

2CH3O), 4.60 ɫ (2H, 2ɇ11’), 4.λ1 ɫ (2ɇ, 2ɇ11’), 5.0λ ɞ (2ɇ, 2ɇ1
, J 10.β), 5.β5 ɞ.ɬ (βɇ, 2ɇ1

, J 10.2, 2.0), 

5.40 ɦ, 5.44 ɦ (2ɇ, 2ɇ3), 5.λ5 ɭɲ.ɫ (2ɇ, 2ɇɈ), 6.67 ɞ (2ɇ, 2ɇ6
, J  7.9), 6.λ5 ɞ (2ɇ, 2ɇ5

, J  7.9). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.β0 ɤ (2C

14’), 1λ.4λ ɬ, 1λ.5β ɬ (2ɋ3’), β4.γγ ɬ, β4.57 ɬ (2ɋ1”), β5.41 ɬ, 

β5.51 ɬ (2ɋ9’), β5.87 ɬ (2C
8’), β8.7γ ɤ, β8.40 ɤ (2C

13’), γ0.01 ɬ, γ0.0λ ɬ (2ɋ10’), γ7.7β ɬ (2C
2’), γ8.β4 ɬ, 

γ8.βλ ɬ (2C
7’), γ8.6γ ɬ (2C

4’), γλ.86 ɫ, γλ.λ1 ɫ (2C
4ɚ’), 4γ.λβ ɫ (2ɋ1’),  50.88 ɤ (2Ɉɋɇ3), 55.0γ ɞ 

(2ɋ8ɚ’), 55.81 ɞ (2ɋ5’
), 6λ.45 ɞ, 6λ.50 ɞ (2ɋ3), 70.λλ ɬ, 71.10 ɬ (2ɋ1), 80.γ8 ɫ (2ɋ2”), 8β.18 ɞ, 8β.β6 ɞ 

(2ɋ3”), 106.06 ɬ, 106.11 ɬ (2ɋ11’), 114.5λ ɞ, 114.61 ɞ (2ɋ6), 1β5.08 ɫ, 1β5.5γ ɫ (2ɋ7a
), 127.96 c (2ɋ4

), 

1β8.54 ɞ, 1β8.77 ɞ (2C
5
), 13λ.5β ɫ (2C

3a
), 147.56 c, 147.6γ ɫ (2ɋ7), 147.81 ɫ (2C

6’), 177.70 ɫ (2ɋ12’
). 

Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 436 (4), 398 (27), 397 (100), 379 (28), 337 (14), 319 (28), 249 (13), 201 

(15), 199 (26), 189 (34), 187 (24), 186 (48), 185 (27), 173 (15), 161 (42), 159 (15), 157 (14), 148 (33), 

145 (12), 133 (12), 121 (89), 120 (20), 119 (16), 109 (18), 107 (29), 105 (18), 95 (17), 93 (22), 91 (32), 

81 (38), 79 (17), 77 (13), 67 (14), 55 (21), 41 (18). ɇɚɣɞɟɧɨμ ДM] 
 
436.2605.

 
C28H36O4. ȼɵɱɢɫɥɟɧɨμ 

436.2608. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(2-(5-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɚɦɢɧɨ)-2-((ɩɪɨɩ-

2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (276). Ʉ ɪɚɫɬɜɨɪɭ 

0.50 ɝ (1.17 ɦɦɨɥɶ) ɚɥɶɞɟɝɢɞɚ (143) ɜ 10 ɦɥ i-PrOH ɞɨɛɚɜɢɥɢ 0.21 ɝ (2.35 ɦɦɨɥɶ) ɝɢɞɪɨɯɥɨɪɢɞɚ 

ɩɪɨɩɚɪɝɢɥɚɦɢɧɚ, 1.0 ɝ AcONa ɢ β ɦɥ ȺɫɈɇ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ, ɚ ɡɚɬɟɦ ɩɪɢ 0ɨɋ ɧɟɛɨɥɶɲɢɦɢ 

ɩɨɪɰɢɹɦɢ ɞɨɛɚɜɢɥɢ 0.22 ɝ (5.87 ɦɦɨɥɶ) NaBH4. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё β4 ɱ, 

ɞɨɛɚɜɢɥɢ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 
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ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, βμ1). ɉɨɥɭɱɢɥɢ 0.54 ɝ 

(λλ%) ɫɨɟɞɢɧɟɧɢɹ (276) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +48.54
o
 (c 0.96, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

229 (4.11), 282 (2.75). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3296, 3078, 2945, 2874, 2847, 2116, 1722, 1643, 1568, 

1447, 1383, 1354, 1333, 1229, 1248, 1229, 1213, 1204, 1155, 1134, 1092, 1070, 1032, 986, 934, 889, 

8β0, 810, 77γ, 756, 665, 571. ɋɩɟɤɬɪ əɆɊ 1ɇ, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ5 ɞ.ɬ (1H, H
1
, J 

1β.λ, β.7), 1.00 ɞ.ɬ (1H, H
3
, J 1γ.β, γ.8), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɞ.ɞ (1ɇ, H5

, J 1β.1, γ.0), 1.47 ɦ (1ɇ, 

ɇ2), 1.57 ɦ (βɇ, ɇ9,11
), 1.64-1.8β ɦ (4H, H

1,2,6,11), 1.86 ɦ (1ɇ, 

ɇ7), 1.λ5 ɦ (1ɇ, ɇ6), β.1γ ɞ.ɦ (1ɇ, ɇ3
, J 1β.λ), β.βγ ɬ (1ɇ, ɇ5”

, 

J β.4), β.β4 ɦ (1ɇ, ɇ12), β.40 ɦ (1ɇ, ɇ7), β.4β ɬ (1ɇ, ɇ5’
, J 2.4), 

β.51 ɦ (1ɇ, ɇ12), γ.4β ɞ (βɇ, ɇ3”,3”
, J 2.4), 3.59 c (γɇ, OCH3), 

3.82 c (βɇ, ɇ1”,1”), 4.10 ɞ (βɇ, ɇ3’,3’
, J 2.4), 4.43 c (βɇ, ɇ1’,1’

), 

4.57 ɫ, 4.88 ɫ (βɇ, ɇ17,17
), 6.08 c (1ɇ, ɇ14). ɋɩɟɤɬɪ əɆɊ 13

C, 

, ɦ.ɞ.μ 1β.60 ɤ (C20), 1λ.8λ ɬ (ɋ2), βγ.β8 ɬ (ɋ12), β4.57 ɬ (ɋ11
), 

β6.βγ ɬ (C6), β8.76 ɤ (C19
), 37.18 ɬ (ɋ3”), γ8.1γ ɬ (C3), γ8.67 ɬ 

(C
7), γλ.0β ɬ (C1), 40.10 ɫ (C10), 44.β4 ɫ (ɋ4

), 44.77 ɬ (ɋ1”
), 51.11 ɤ (Ɉɋɇ3), 54.λβ ɞ (ɋ9), 56.16 ɞ 

(ɋ5), 56.66 ɬ (ɋ3’), 61.16 ɬ (ɋ1’
), 71.78 ɞ (C5”), 74.60 ɞ (ɋ5’), 7λ.5β ɫ (ɋ4’

), 81.48 ɫ (C4”), 106.4γ ɬ 

(ɋ17), 10λ.47 ɞ (ɋ14), 1β5.8γ ɫ (ɋ13), 145.75 ɫ (ɋ15), 147.81 ɫ (ɋ8
), 15β.58 ɫ (ɋ16), 177.71 ɫ (ɋ18

). 

ɇɚɣɞɟɧɨ %: C 75.13, H 8.40, N 2.26. ȼɵɱɢɫɥɟɧɨ: ɋ 74.81, H 8.44, N 3.01. Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., 

%): 465 (19), 464 (60), 412 (10), 411 (23), 355 (11), 189 (21), 121 (100), 119 (21), 109 (23), 107 (34), 

105 (β6), λγ (β7), λ1 (γγ), 81 (γ1), 7λ (βγ). ɇɚɣɞɟɧɨ: [M]
 
465.2789.

 
C29H39O4N. ȼɵɱɢɫɥɟɧɨμ 

465.2795.  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-(2-(5-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)-2-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-

ɢɥ)ɷɬɢɥ)ɞɟɤɚɝɢɞɪɨɧɚɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (277).  Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.08 ɦɦɨɥɶ) ɦɟɬɢɥ 15-

ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (276) ɜ β0 ɦɥ 

ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.γ7 ɦɥ 

(β.6λ ɦɦɨɥɶ) ɬɪɢɷɬɢɥɚɦɢɧɚ, 0.β0 ɝ (1.08 ɦɦɨɥɶ) ɬɨɡɢɥɚ 

ɯɥɨɪɢɫɬɨɝɨ ɢ 0.01 ɝ (0.11 ɦɦɨɥɶ) 4-ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ 

(3ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 2:1). ɉɨɥɭɱɢɥɢ 0.49 ɝ (73%) ɫɨɟɞɢɧɟɧɢɹ (277) ɜ ɜɢɞɟ ɦɚɫɥɚ. 
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ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λγ ɞ.ɬ (1H, H
1
, J 1γ.4, γ.8), 0.λλ ɞ.ɬ 

(1H, H
3
, J 1γ.4, γ.8), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1ɇ, H5

, J 1β.1, γ.0), 1.4λ ɦ (1ɇ, ɇ2), 1.54 ɦ, 1.5λ 

ɦ (βɇ, ɇ9,11), 1.64 ɦ, 1.75 ɦ, 1.78 ɦ, 1.8γ ɦ (4H, H
1,2,6,11), 1.87 ɦ (1ɇ, ɇ7), 1.λ6 ɦ (1ɇ, ɇ6), β.05 ɬ 

(1ɇ, ɇ5”
, J β.β), β.1γ ɞ.ɦ (1ɇ, ɇ3

, J 1γ.4), β.β1 ɦ (1ɇ, ɇ12), β.γλ ɦ (1ɇ, ɇ7), β.41 ɫ (γɇ, ɋɇ3), β.4γ ɬ 

(1ɇ, ɇ5’
, J β.β), β.48 ɦ (1ɇ, ɇ12

), 3.59 c (γɇ, OCH3), 4.0γ ɭɲ.ɫ (βɇ, ɇ3”,3”
, J β.4), 4.07 ɞ (βɇ, ɇ3’,3’

, 

J 2.2), 4.37 c (4ɇ, ɇ1’,1’,1”,1”), 4.55 ɫ, 4.88 ɫ (βɇ, ɇ17,17
), 6.15 c (1ɇ, ɇ14), 7.β8 ɞ (βɇ, m-ɋ6ɇ4, J 8.3), 

7.7β ɞ (βɇ, o-ɋ6ɇ4, J 8.γ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.48 ɤ (C20), 1λ.75 ɬ (ɋ2), β1.40 ɤ (ɋɇ3), 23.03 

ɬ (ɋ12), β4.γγ ɬ (ɋ11
), 26.06 ɬ (C6), β8.61 ɤ (C19), γ7.16 ɫ (ɋ3”), γ7.λ8 ɬ (C3), γ8.50 ɬ (C7), γ8.8λ ɬ 

(C
1), γλ.λ5 ɫ (C10), 4β.8γ (ɋ1”), 44.08 ɫ (ɋ4

), 50.λ8 ɤ (Ɉɋɇ3), 54.71 ɞ (ɋ9), 56.00 ɞ (ɋ5), 56.57 ɬ (ɋ3’
), 

60.88 ɬ (ɋ1’
), 73.93 (C

5”), 74.6β ɞ (ɋ5’), 76.γ1 ɫ (C4”), 7λ.γ1 ɫ (ɋ4’
), 106.γβ ɬ (ɋ17), 111.5λ ɞ (ɋ14

), 

1β5.8γ ɫ (ɋ13), 1β7.5λ ɞ (2ɨ-ɋ6ɇ4), 1βλ.γγ ɞ (2m-ɋ6ɇ4), 135.77 c (p-ɋ6ɇ4), 143.45 c (ɋ6ɇ4), 146.6λ ɫ 

(ɋ15), 147.60 ɫ (ɋ8), 148.β0 ɫ (ɋ16), 177.51 ɫ (ɋ18
). 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-(5-ɮɨɪɦɢɥ-2-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɨɧɚɦɢɞɨ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (278). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.λ1 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (272) ɜ 20 ɦɥ ȾɆɎȺ ɩɪɢ β0ɋ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.16 ɦɥ (1.81 ɦɦɨɥɶ) 

POCl3, ɩɟɪɟɦɟɲɢɜɚɥɢ 48 ɱ, ɚ ɡɚɬɟɦ ɜɵɥɢɥɢ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɧɚ 40 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ. Ʉ 

ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɞɨɛɚɜɢɥɢ β0 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOAc, ɜɨɞɧɵɣ ɫɥɨɣ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ 

ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ 

ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.4β ɝ (7λ%) ɫɨɟɞɢɧɟɧɢɹ (278) ɜ 

ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +29.87

o
 (c 2.25, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., 

ɧɦ (lg ): 231 (4.19), 290 (4.09). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3271, 

2947, 2874, 2849, 1720, 1682, 1645, 1599, 1526, 1447, 1352, 1333, 1229, 1163, 1092, 1059, 984, 895, 

756, 731, 662, 579, 555, 544. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.γ8 ɫ (γɇ, ɋ20ɇ3), 0.87 ɦ (βH, 

H
1,3), 1.04 ɫ (γɇ, ɋ19ɇ3), 1.15 ɦ (1ɇ, H5), 1.γ7 ɦ (1ɇ, ɇ2), 1.46 ɦ (βɇ, ɇ9,11), 1.66 ɦ, 1.75 ɦ (4H, 

H
1,2,6,11), 1.86 ɦ (1ɇ, ɇ7), β.0β ɦ (βɇ, ɇ6,3), β.βλ ɫ (6ɇ, ɇ12,7,5’

,
 ɋɇ3), β.48 ɦ (1ɇ, ɇ12

), 3.47 c (γɇ, 

OCH3), γ.λβ ɫ (βɇ, ɇ3’,3’), 4.γ1 ɫ (βɇ, ɇ1’,1’), 4.46 ɫ, 4.7λ ɫ (βɇ, ɇ17,17), 6.λ8 ɫ (1ɇ, ɇ14), 7.18 ɭɲ.ɫ 

(βɇ, ɇ3”,5”), 7.5λ ɭɲ.ɫ (βɇ, ɇ2”,6”), λ.γ7 ɫ (1ɇ, ɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.βγ ɤ (C20), 1λ.54 ɬ 

(ɋ2), β1.1β ɤ (ɋɇ3), ββ.γλ ɬ (ɋ12), βγ.86 ɬ (ɋ11
), 25.87 ɬ (C6), β8.γ5 ɤ (C19), γ6.61 ɬ (ɋ3’), γ7.6λ ɬ (C3

), 

γ8.βλ ɬ (C7), γ8.65 ɬ (C1
), γλ.8β ɬ (ɋ1’), 40.76 ɫ (C10), 44.17 ɫ (ɋ4), 50.71 ɤ (Ɉɋɇ3), 54.6β ɞ (ɋ9

), 

55.71 ɞ (ɋ5
), 71.14 ɞ (ɋ5’

), 75.90 ɫ (ɋ4’
), 106.38 ɬ (ɋ17), 1β1.65 ɞ (ɋ14), 1β7.β1 ɫ (ɋ13), 1β6.γ1 ɞ 
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(C
2”,6”), 1βλ.β0 ɞ (C3”,5”

), 135.23 c (C
4”

), 14γ.48 ɫ (C1”), 147.10 ɫ (ɋ8
), 150.48 ɫ (ɋ15

)*, 151.60 ɫ 

(ɋ16)*, 177.08 ɫ (ɋ18) 177.β7 ɞ (ɋɇɈ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 579 (1.64), 357 (29), 324 (14), 222 

(14), 155 (21), 144 (18), 130 (13), 121 (32), 118 (18), 105 (10), 93 (10), 92 (27), 91 (100), 89 (10), 83 

(14), 81 (10), 79 (10), 77 (11), 65 (30), 54 (18), 41 (10), 39 (15). ɇɚɣɞɟɧɨ: [M] 
 
579.2646.

 
C33H41NO6S. 

ȼɵɱɢɫɥɟɧɨμ 57λ.β64λ. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-(5-(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)-2-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɨɧɚɦɢɞɨ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (279). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.86 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (278) ɜ 10 ɦɥ ɚɛɫ. ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 0.16 ɝ 

(4.32 ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ 

ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 0.45 ɝ (8λ%) ɫɨɟɞɢɧɟɧɢɹ 

(279) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +24.81
o
 (c 1.44, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 231 (4.18), 288 (3.54). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3505, 3304, 2947, 2874, 2849, 2120, 1765, 1720, 1682, 1645, 1599, 1526, 1449, 

1350, 1333, 1229, 1161, 1092, 1057, 982, 920, 891, 814, 756, 731, 

662, 577, 555, 544. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ 

(γɇ, ɋ20ɇ3), 0.λ5 ɞ.ɬ (1H, H
1
, J 14.7, 4.4), 0.λλ ɞ.ɬ (1H, H

3
, J 13.6, 

4.0), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1ɇ, H5
 J 1β.β, β.5), 1.47 ɦ (1ɇ, 

ɇ2), 1.5γ ɦ (1ɇ, ɇ9
), 1.6γ ɦ (1ɇ, ɇ11), 1.7β ɦ, 1.74 ɦ, 1.76 ɦ (4H, 

H
1,2,6,11), 1.85 ɦ (1ɇ, ɇ7), 1.λ5 ɦ (1ɇ, ɇ6

), 2.02 ɬ (1ɇ, ɇ5’
, J 2.0), 

β.11 ɞ.ɦ (1ɇ, ɇ3
, J 1γ.1), β.βγ ɦ (1ɇ, ɇ12), β.γ7 ɞ.ɦ (1ɇ, ɇ7

, J 

1β.0), β.40 ɫ (γɇ, ɋɇ3), β.45 ɦ (1ɇ, ɇ12
), 3.58 c (γɇ, OCH3), 3.92 

ɞ.ɞ (1ɇ, ɇ3’
, J 18.4, β.0), γ.λ7 ɞ.ɞ (1ɇ, ɇ3’

, J 18.4, β.0), 4.β8 ɞ (1ɇ, ɇ1’
, J 14.λ), 4.γβ ɞ (1ɇ, ɇ1’

, J 

14.λ), 4.4γ ɫ (βɇ, ɋɇ2Ɉɇ), 4.5γ ɫ, 4.85 ɫ (βɇ, ɇ17,17), 6.0λ ɫ (1ɇ, ɇ14), 7.β7 ɞ (βɇ, ɇ3”5”
, J 8.2), 7.70 

ɞ (βɇ, ɇ2”,6”
, J 8.β). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.45 ɤ (C20), 1λ.74 ɬ (ɋ2), β1.γ7 ɤ (ɋɇ3), ββ.8λ ɬ (ɋ12
), 

β4.βλ ɬ (ɋ11), β6.10 ɬ (C6
), 28.61 ɤ (C19), γ5.λγ ɬ (ɋ3’), γ7.λ4 ɬ (C3), γ8.54 ɬ (C7), γ8.85 ɬ (C1), 40.00 ɬ 

(ɋ1’), 40.66 ɫ (C10
), 44.10 ɫ (ɋ4), 50.λλ ɤ (Ɉɋɇ3), 54.λ1 ɞ (ɋ9), 55.λ8 ɞ (ɋ5), 57.15 ɬ (ɋɇ2Ɉɇ), 7γ.71 ɞ 

(ɋ5’
), 76.59 c (ɋ4’), 106.47 ɬ (ɋ17), 10λ.17 ɞ (ɋ14), 1β5.6γ ɫ (ɋ13

), 127.6γ ɞ (C2”,6”), 1βλ.β4 ɞ (C3”,5”
), 

135.86 c (C
4”

), 14γ.1γ ɫ (ɋ15)*, 14γ.40 ɫ (C1”)*, 147.48 ɫ (ɋ8), 15γ.87 ɫ (ɋ16
)*, 177.60 ɫ (ɋ18

). 

ɇɚɣɞɟɧɨ %: C 67.74, H 7.48, N 2.37, S 4.91. ȼɵɱɢɫɥɟɧɨ. ɋ 68.13, H 7.45, N 2.41, S 5.51.
 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-5-(2-(2-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɨɧɚɦɢɞɨ)ɦɟɬɢɥ)-5-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)-ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (280). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.86 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (279) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.07 ɝ (1.72 ɦɦɨɥɹ) 
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60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.γ8 ɦɥ (1.7β ɦɦɨɥɶ) 80%-ɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.40 ɝ (76%) ɫɨɟɞɢɧɟɧɢɹ (280) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  

+25.84
o
 (c 2.50, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 231 

(4.29), 286 (3.14). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3298, 2947, 2872, 2849, 

2118, 1720, 1682, 1643, 1599, 1446, 1350, 1333, 1228, 1161, 

1090, 1076, 1032, 985, 922, 891, 816, 758, 661, 577, 557, 542. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20ɇ3), 0.92 

ɞ.ɬ (1H, H
1
, J 1β.λ, 4.4), 0.λ6 ɞ.ɬ (1H, H

3
, J 13.7, 3.8), 1.11 ɫ 

(γɇ, ɋ19ɇ3), 1.β1 ɞ.ɞ (1ɇ, H5
, J 11.8, γ.β), 1.4γ ɦ (1ɇ, ɇ2

), 1.50 

ɦ (1ɇ, ɇ9
), 1.60 ɦ (1ɇ, ɇ11), 1.70 ɦ, 1.7γ ɦ, 1.78 ɦ (4H, H

1,2,6,11), 1.8β ɦ (1ɇ, ɇ7), 1.λγ ɦ (1ɇ, ɇ6
), 

β.00 ɬ (1ɇ, ɇ5’
, J β.β), β.0λ ɞ.ɦ (1ɇ, ɇ3

, J 1β.λ), β.ββ ɦ (1ɇ, ɇ12
), 2.34 ɞ.ɦ (1ɇ, ɇ7

, J 1β.0), β.γ6 ɫ 

(γɇ, ɋɇ3), β.4γ ɬ (βɇ, ɇ5”,12
, J 2.2), 3.54 c (γɇ, OCH3), 3.90 ɞ.ɞ (1ɇ, ɇ3’

, J 18.γ, β.β), γ.λ5 ɞ.ɞ (1ɇ, 

ɇ3’
, J 18.γ, β.β), 4.07 ɞ.ɞ (1ɇ, ɇ3”

, J 17.2, 2.2), 4.08 ɞ.ɞ (1ɇ, ɇ3”
, J 17.2, 2.2), 4.β6 ɞ (1ɇ, ɇ1’

, J 

15.γ), 4.γ1 ɞ (1ɇ, ɇ1’
, J 15.γ), 4.γ6 ɫ (βɇ, ɇ1”,1”), 4.51 ɫ, 4.8γ ɫ (βɇ, ɇ17,17), 6.15 ɫ (1ɇ, ɇ14), 7.βγ ɞ 

(2ɇ, m-ɋ6ɇ4, J 8.γ), 7.66 ɞ (βɇ, o-ɋ6ɇ4, J 8.β). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.4β ɤ (C20), 1λ.7β ɬ (ɋ2

), 

β1.γ4 ɤ (ɋɇ3), ββ.8β ɬ (ɋ12), β4.βγ ɬ (ɋ11), β6.04 ɬ (C6), β8.58 ɤ (C19), γ6.0β ɬ (ɋ3’), γ7.λγ ɬ (C3
), 

γ8.51 ɬ (C7), γ8.85 ɬ (C1), γλ.λ6 ɬ (ɋ1’), 40.64 ɫ (C10
), 44.04 ɫ (ɋ4), 50.λβ ɤ (Ɉɋɇ3), 54.86 ɞ (ɋ9

), 

55.λ6 ɞ (ɋ5), 56.61 ɬ (ɋ3”), 6β.λ6 ɬ (ɋ1”
), 73.69 ɞ (ɋ5’

), 74.79 ɞ (ɋ5”), 77.β1 ɫ (ɋ4’), 7λ.11 ɫ (ɋ4”
), 

106.45 ɬ (ɋ17), 111.66 ɞ (ɋ14), 1β5.54 ɫ (ɋ13), 1β7.57 ɞ (2o-ɋ6ɇ4), 1βλ.ββ ɞ (2m-ɋ6ɇ4), 135.81 c (p-

ɋ6ɇ4), 14γ.βλ ɫ (ɋ15
), 144.07 ɫ (i-ɋ6ɇ4), 147.44 ɫ (ɋ8

), 150.83 ɫ (ɋ16), 177.4γ ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z (Iɨɬɧ., %): 619 (4.47), 465 (23), 464 (76), 410 (15), 408 (26), 397 (26), 396 (12), 357 (27), 354 

(13), 341 (26), 228 (20), 223 (12), 222 (100), 189 (12), 181 (10), 172 (11), 160 (11), 155 (44), 121 

(51), 107 (15), 105 (1β), λγ (1β), λ1 (46), 81 (1λ). ɇɚɣɞɟɧɨμ ДM]
 
619.2958.

 
C36H45O6NS. ȼɵɱɢɫɥɟɧɨμ 

619.2962. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 1,4a-ɞɢɦɟɬɢɥ-5-(2-(2-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɨɧɚɦɢɞɨ)ɦɟɬɢɥ)-5-((ɩɪɨɩ-2-ɢɧ-1-ɢɥɚɦɢɧɨ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (281). Ʉ ɪɚɫɬɜɨɪɭ 0.1β ɝ (1.γ0 ɦɦɨɥɶ) 

ɝɢɞɪɨɯɥɨɪɢɞɚ ɩɪɨɩɚɪɝɢɥɚɦɢɧɚ ɜ 10 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɞɨɛɚɜɢɥɢ 0.γ6 ɦɥ (β.5λ ɦɦɨɥɶ) 

ɬɪɢɷɬɢɥɚɦɢɧɚ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.50 ɝ (0.86 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (278) ɢ 1.0 ɝ 

ɛɟɡɜɨɞɧɨɝɨ ɫɭɥɶɮɚɬɚ ɦɚɝɧɢɹ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
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ɬɟɦɩɟɪɚɬɭɪɟ, ɮɢɥɶɬɪɨɜɚɥɢ, ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ. Ɉɫɬɚɬɨɤ ɪɚɫɬɜɨɪɢɥɢ ɜ ɚɛɫ. 

ɦɟɬɚɧɨɥɟ ɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɩɨɪɰɢɹɦɢ ɞɨɛɚɜɢɥɢ 0.γ0 ɝ (β.5λ ɦɦɨɥɶ) NaBH4. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ 

ɩɟɪɟɦɟɲɢɜɚɥɢ ɟɳё 10 ɱ, ɞɨɛɚɜɢɥɢ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (20:1, ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 

βμ1). ɉɨɥɭɱɢɥɢ 0.γ6 ɝ (67%) ɫɨɟɞɢɧɟɧɢɹ (281) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +27.51
o
 (c 0.44, CHCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 231 (4.33), 310 (2.67). ɂɄ ɫɩɟɤɬɪ, , 

ɫɦ-1
: 3294, 2945, 2874, 2847, 2120, 1720, 1643, 1599, 1449, 

1350, 1333, 1248, 1229, 1213, 1161, 1134, 1092, 1055, 984, 

920, 891, 814, 756, 660, 577, 555, 542. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.γλ ɫ (γɇ, ɋ20ɇ3), 0.88 ɞ.ɬ (1H, H
1
, J 13.4, 4.4), 

0.λ1 ɞ.ɬ (1H, H
3
, J 1γ.4, 4.0), 1.07 ɫ (γɇ, ɋ19ɇ3), 1.17 ɞ.ɞ (1ɇ, 

H
5
, J 11.8, β.5), 1.γλ ɦ (1ɇ, ɇ2), 1.46 ɦ (1ɇ, ɇ9), 1.55 ɦ (1ɇ, 

ɇ11), 1.66 ɦ, 1.6λ ɦ, 1.7γ ɦ (4H, H
1,2,6,11), 1.78 ɦ (1ɇ, ɇ7), 1.80 ɦ (1ɇ, ɇ6), 1.λ7 ɬ (1ɇ, ɇ5”

, J 2.2), 

β.04 ɞ.ɦ (1ɇ, ɇ3
, J 1β.λ), β.16 ɦ (1ɇ, ɇ12

), 2.18 ɬ (1ɇ, ɇ5’
, J 2.2), β.γ0 ɦ (1ɇ, ɇ7), β.γγ ɫ (γɇ, ɋɇ3), 

β.γ8 ɦ (1ɇ, ɇ12), γ.β8 ɞ (βɇ, ɇ3”,3”
, J 2.2), 3.50 c (γɇ, OCH3), 3.63 c (βɇ, ɇ1”,1”), γ.84 ɞ.ɞ (1ɇ, ɇ3’

, J 

1λ.γ, β.β), γ.λ0 ɞ.ɞ (1ɇ, ɇ3’
, J 1λ.γ, β.β), 4.β0 ɞ (1ɇ, ɇ1’

, J 15.1), 4.β6 ɞ (1ɇ, ɇ1’
, J 15.1), 4.46 ɫ, 4.78 

ɫ (βɇ, ɇ17,17
), 5.λ6 ɫ (1ɇ, ɇ14), 7.1λ ɞ (βɇ, 2m-ɋ6ɇ4, J 8.1), 7.6γ ɞ (βɇ, 2o-ɋ6ɇ4, J 8.1). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 1β.γβ ɤ (C20), 1λ.61 ɬ (ɋ2), β1.β4 ɤ (ɋɇ3), ββ.76 ɬ (ɋ12), β4.1γ ɬ (ɋ11

), 25.94 ɬ (C6
), 

β8.48 ɤ (C19), γ5.77 ɬ (ɋ3”), γ6.86 ɬ (ɋ3’), γ7.8β ɬ (C3), γ8.40 ɬ (C7), γ8.7γ ɬ (C1), γλ.8γ ɬ (ɋ1’
), 40.59 

ɫ (C10), 4γ.λβ ɫ (ɋ4
), 44.γ7 ɬ (ɋ1”), 50.80 ɤ (Ɉɋɇ3), 54.7β ɞ (ɋ9), 55.86 ɞ (ɋ5

), 71.64 ɞ (ɋ5’
), 73.57 ɞ 

(ɋ5”
), 76.53 ɫ (ɋ4’

), 81.23 ɫ (ɋ4”), 106.γ5 ɬ (ɋ17), 10λ.01 ɞ (ɋ14), 1β5.41 ɫ (ɋ13), 1β7.4λ ɞ (2o-ɋ6ɇ4), 

1βλ.07 ɞ (2m-ɋ6ɇ4), 135.81 c (p-ɋ6ɇ4), 14β.65 ɫ (ɋ15)*, 14γ.15 ɫ (i-ɋ6ɇ4)*, 147.γβ ɫ (ɋ8), 15β.47 ɫ 

(ɋ16
), 177.γ0 ɫ (ɋ18

). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 618 

(13), 579 (10), 563 (12), 464 (65), 435 (11), 434 (25), 410 (22), 409 (25), 408 (59), 397 (20), 396 (66), 

394 (12), 383 (12), 380 (12), 379 (17), 368 (13), 354 (130), 343 (16), 342 (45), 341 (33), 328 (12), 283 

(14), 227 (15), 223 (15), 222 (100), 174 (14), 172 (15), 161 (14), 160 (29), 156 (13), 155 (53), 146 

(12), 139 (12), 121 (37), 108 (12), 93 (18), 92 (26), 91 (26), 81 (14), 68 (27), 65 (19), 54 (16), 39 (13). 

ɇɚɣɞɟɧɨμ ДM]
 
618.3125.

 
C36H46O5N2S. ȼɵɱɢɫɥɟɧɨμ 618.γ1ββ. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-(2,5-ɛɢɫ((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɨɧɚɦɢɞɨ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)- 1,4a-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (282). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.81 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ 

(281) ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.28 ɦɥ (2.02 ɦɦɨɥɶ) 

ɬɪɢɷɬɢɥɚɦɢɧɚ, 0.15 ɝ (0.81 ɦɦɨɥɶ) ɬɨɡɢɥɚ ɯɥɨɪɢɫɬɨɝɨ ɢ 0.01 ɝ (0.08 ɦɦɨɥɶ) 4-
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ɞɢɦɟɬɢɥɚɦɢɧɨɩɢɪɢɞɢɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 

ɪɚɡɛɚɜɢɥɢ 50 ɦɥ ɯɥɨɪɨɮɨɪɦɚ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (3ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.41 ɝ (66%) ɫɨɟɞɢɧɟɧɢɹ (282) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D  +25.00
o
 (c 0.69, CHCl3). 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 232 (4.54). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3427, 3290, 2945, 2874, 2847, 2120, 

1720, 1643, 1599, 1495, 1447, 1350, 1333, 1229, 1213, 1161, 1134, 1092, 1057, 986, 916, 893, 814, 

756, 721, 660, 577, 542. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4γ ɫ (γɇ, ɋ20ɇ3), 0.λ0 ɞ.ɬ (1H, H
1
, 

J 1γ.7, 4.β), 0.λ5 ɞ.ɬ (1H, H
3
, J 1γ.γ, γ.6), 1.11 ɫ (γɇ, ɋ19ɇ3), 

1.β0 ɞ (1ɇ, H5
, J 1β.5), 1.41 ɦ (1ɇ, ɇ2), 1.47 ɦ (1ɇ, ɇ9), 1.57 ɦ 

(1ɇ, ɇ11), 1.6λ ɦ, 1.7γ ɦ, 1.78 ɦ (4H, H
1,2,6,11), 1.8β ɦ (1ɇ, ɇ7

), 

1.λβ ɦ (1ɇ, ɇ6), β.01 ɬ (1ɇ, ɇ5”
, J 2.0)*, β.06 ɬ (1ɇ, ɇ5’

, J 2.0)*, 

β.0λ ɦ (1ɇ, ɇ3), β.β0 ɦ (1ɇ, ɇ12), β.γ6 ɫ (7ɇ, βɋɇ3, ɇ7), β.41 ɦ 

(1ɇ, ɇ12
), 3.54 c (γɇ, OCH3), γ.88 ɞ.ɞ (1ɇ, ɇ3’

, J 18.2, 2.0), 

γ.8λ ɞ.ɞ (1ɇ, ɇ3’
, J 18.2, 2.0), γ.λ6 ɞ.ɞ (1ɇ, ɇ3”

, J 18.2, 2.0), 

γ.λ6 ɞ.ɞ (1ɇ, ɇ3”
, J 18.2, 2.0), 4.β1 ɫ (βɇ, ɇ1’,1’

)*, 4.26 c (βɇ, ɇ1”,1”
)*, 4.4λ ɫ, 4.8γ ɫ (βɇ, ɇ17,17

), 

6.07 ɫ (1ɇ, ɇ14), 7.β4 ɞ (4ɇ, 2m-C6H4, J 7.γ), 7.65 ɞ (4ɇ, βo-C6H4, J 7.3). (* - ɋɢɝɧɚɥɵ ɦɨɠɧɨ 

ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.41 ɤ (C20), 1λ.68 ɬ (ɋ2), β1.γ4 ɤ (2ɋɇ3), ββ.76 ɬ 

(ɋ12), β4.11 ɬ (ɋ11), β6.00 ɬ (C6), β8.55 ɤ (C19), γ5.λ8 ɬ (ɋ3”), γ6.14 ɬ (ɋ3’), γ7.λ1 ɬ (C3), γ8.45 ɬ (C7
), 

γ8.84 ɬ (C1), γλ.λβ ɬ (ɋ1’), 40.5β ɫ (C10), 4β.65 ɬ (ɋ1”), 44.01 ɫ (ɋ4), 50.λβ ɤ (Ɉɋɇ3), 54.78 ɞ (ɋ9
), 

55.λ4 ɞ (ɋ5
), 73.75 ɞ (ɋ5’

), 73.97 ɞ (ɋ5”
), 76.23 ɫ (ɋ4”

), 76.49 ɫ (ɋ4’), 106.44 ɬ (ɋ17), 111.45 ɞ (ɋ14
), 

1β5.51 ɫ (ɋ13), 1β7.46 ɞ, 1β7.50 ɞ (βo-C6H4), 1βλ.β6 ɞ, 1βλ.γγ ɞ (βm-C6H4), 135.60 c, 1γ5.65 ɫ (βp-

C6H4), 14γ.40 ɫ, 14γ.51 ɫ (βi-C6H4), 144.0γ ɫ (ɋ15), 147.γ7 ɫ (ɋ8), 148.βγ ɫ (ɋ16), 177.4β ɫ (ɋ18
). 

Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 772 (1.24), 618 (14), 617 (35), 535 (22), 453 (25), 409 (10), 408 (30), 357 

(17), 223 (13), 222 (92), 156 (18), 155 (53), 140 (10), 139 (14), 121 (40), 107 (12), 93 (11), 92 (28), 91 

(100), 81 (15), 79 (11), 68 (12), 65 (27), 54 (11), 39 (13). ɇɚɣɞɟɧɨμ ДM]
 
772.3219.

 
C43H52O7N2S2. 

ȼɵɱɢɫɥɟɧɨμ 77β.γβ11. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-(7-ɝɢɞɪɨɤɫɢ-6-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)ɦɟɬɢɥ)-1,3-

ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-4-ɢɥ)ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (283). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.07 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (145) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.016 ɝ (0.05 ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.β8 ɝ (56%) ɫɨɟɞɢɧɟɧɢɹ (283) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ14’ɇ3), 0.λ5 ɞ.ɬ (1H, H
4’

, J 13.5, 3.5), 1.00 ɞ.ɬ (1H, H
2’

, J 

1γ.β, 4.0), 1.15 ɫ (γɇ, ɋ13’ɇ3), 1.β5 ɞ.ɞ (1ɇ, H8ɚ’
, J 12.5, 2.9), 1.48 ɦ (1ɇ, ɇ3’), 1.57 ɭɲ.ɫ (βɇ, ɇ5’,9’

), 



278 

 

1.6λ ɦ (1ɇ, ɇ9’
), 1.76 ɦ, 1.78 ɦ, 1.81 ɦ (γH, H

8’,4’,3’), 1.88 ɦ (1ɇ, ɇ7’
), 1.λ7 ɦ (1ɇ, ɇ8’

), 2.1γ ɞ.ɦ 

(1ɇ, ɇ2’ 
, J 1β.8), β.β0 ɦ (1ɇ, ɇ10’), β.41 ɞ.ɬ (1ɇ, ɇ7’

,
 
J 12.0, 2.3), β.4β ɬ (1ɇ, ɇ5”

, J 2.4), β.58 ɦ (1ɇ, 

ɇ10’
), 3.59 c (γɇ, OCH3), 4.ββ ɞ (βɇ, ɇ3”,3”

, J β.4), 4.57 ɫ (1ɇ, ɇ11’
), 4.77 c (βɇ, ɇ1”,1”), 4.λ0 ɫ (1ɇ, 

ɇ11’
), 5.01 ɞ (1ɇ, ɇ1

, J 1β.0), 5.05 ɞ (1ɇ, ɇ1
, J 1β.0), 5.1β ɫ (βɇ, ɇ3,3

), 6.74 c (1ɇ, ɇ5), 6.λγ ɫ (1ɇ, 

Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.55 ɤ (C14’), 1λ.88 ɬ (ɋ3’

), 

β4.68 ɬ (ɋ9’), β6.β1 ɬ (C8’), β8.7γ ɤ (C13’), γ1.γ7 ɬ (ɋ10’), γ8.08 ɬ 

(C
2’), γ8.67 ɬ (C7’), γλ.00 ɬ (C4’), 40.ββ ɫ (C4’a), 44.βγ ɫ (ɋ1’

), 

51.1γ ɤ (Ɉɋɇ3), 55.γ7 ɞ (ɋ5’), 56.15 ɞ (ɋ8a’), 57.γβ ɬ (ɋ3”
), 

70.γ5 ɬ (ɋ1”), 7β.0λ ɬ (ɋ3), 7γ.β0 ɬ (ɋ1), 75.75 ɞ (ɋ5”), 78.40 ɫ 

(ɋ4”), 106.γ6 ɬ (ɋ11’), 1β0.48 ɫ (ɋ6), 1β6.0λ ɫ (ɋ7a
), 127.60 c 

(ɋ4), 1β8.14 ɞ (C5
), 139.99 ɫ (C3a

), 147.87 c (C
6’), 148.γβ ɫ (ɋ7

), 

177.70 ɫ (ɋ12’
). ɇɚɣɞɟɧɨ %μ ɋ 74.53, H 7.99. C29H38Ɉ5. ȼɵɱɢɫɥɟɧɨ %μ ɋ 74.65, H 8.21. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 5-[2-(7-ɝɢɞɪɨɤɫɢ-6-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-4-ɢɥ)ɷɬɢɥ]-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (284). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (0.81 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ 

(277) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.01β ɝ (0.04 ɦɦɨɥɶ) AuCl3 ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.β7 ɝ (54%) ɫɨɟɞɢɧɟɧɢɹ (284) ɜ 

ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +22.39

o
 (c 0.13, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., 

ɧɦ (lg ): 228 (4.30), 279 (3.41). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3414, 

3294, 2945, 2872, 2849, 2120, 1722, 1701, 1643, 1599, 1491, 

1449, 1346, 1331, 1231, 1157, 1094, 1059, 986, 899, 813, 772, 

735, 664, 579, 546. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 

ɫ (γɇ, ɋ14’ɇ3), 0.87 ɦ (1H, H
4’), 0.λ7 ɞ.ɬ (1H, H

2’
, 14.0, 4.3), 

1.14 ɫ (γɇ, ɋ13’ɇ3), 1.ββ ɞ.ɞ (1ɇ, H8ɚ’
, J 1β.6, β.8), 1.44 ɦ (1ɇ, ɇ3’), 1.5β ɭɲ.ɫ (βɇ, ɇ5’,9’

), 1.66 ɦ (1ɇ, 

ɇ9’
), 1.74 ɦ, 1.77 ɦ, 1.7λ ɦ (γH, H

8’,4’,3’), 1.86 ɦ (1ɇ, ɇ7’), 1.λ6 ɞ.ɦ (1ɇ, ɇ8’
, J 1β.λ), β.1β ɞ.ɦ (1ɇ, 

ɇ2’
, J 1β.8), β.1γ ɬ (1ɇ, ɇ5”

, J β.β), β.β1 ɦ (1ɇ, ɇ10’), β.γλ ɞ.ɦ (1ɇ, ɇ7’
,
 
J 1β.8), β.44 ɫ (γɇ, ɋɇ3), 2.56 

ɦ (1ɇ, ɇ10’
), 3.58 c (γɇ, OCH3), 4.01 ɞ.ɞ (1ɇ, ɇ3”

, J 18.8, 2.2), 4.05 ɞ.ɞ (1ɇ, ɇ3”
, J 18.8, 2.2), 4.β4 ɞ 

(1ɇ, ɇ1”
, J 14.5), 4.β8 ɞ (1ɇ, ɇ1”

, J 14.5), 4.55 ɫ, 4.88 ɫ (βɇ, ɇ11’,11’), 5.00 ɞ (1ɇ, ɇ1
, J 1β.5), 5.05 ɞ 

(1ɇ, ɇ1
, J 12.5), 5.13 ɫ (βɇ, ɇ3,3

), 6.70 c (1ɇ, ɇ5), 7.07 ɫ (1ɇ, Ɉɇ), 7.γ4 ɞ (βɇ, 2m-ɋ6ɇ4, J 8.2), 7.82 

ɞ (βɇ, 2o-ɋ6ɇ4, J 8.β). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.55 ɤ (C14’), 1λ.85 ɬ (ɋ3’), β1.60 ɤ (ɋɇ3), β4.54 ɬ 

(ɋ9’), β6.1λ ɬ (C8’), β8.7γ ɤ (C13’), γ1.0β ɬ (ɋ10’), γ5.βγ ɬ (C3”), γ8.07 ɬ (C2’), γ8.67 ɬ (C7’), γλ.0β ɬ 

(C
4’), 40.14 ɫ (C4’a), 44.β1 ɫ (ɋ1’), 46.β1 ɬ (ɋ1”), 51.1γ ɤ (Ɉɋɇ3), 54.λ4 ɞ (ɋ5’), 56.17 ɞ (ɋ8a’), 7β.γβ ɬ 

(ɋ3), 7γ.β6 ɬ (ɋ1), 74.77 ɞ (ɋ5”), 75.85 ɫ (ɋ4”), 106.4γ ɬ (ɋ11’), 118.04 ɫ (ɋ6), 1β6.λ4 ɫ (ɋ7a
), 127.48 c 
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(ɋ4), 1β7.88 ɞ (2o-ɋ6ɇ4), 1βλ.6λ ɞ (2m-ɋ6ɇ4), 1γ0.γ7 ɞ (C5
), 134.70 c (p-ɋ6ɇ4), 140.λβ ɫ (C3a

), 144.34 

(i-ɋ6ɇ4), 147.81 c (C
6’), 148.γ8 ɫ (ɋ7), 177.65 ɫ (ɋ12’

). ɇɚɣɞɟɧɨ %: C 69.62, H 7.22, N 2.33, S 3.71. 

ȼɵɱɢɫɥɟɧɨ: ɋ 69.76, H 7.32, N 2.26, S 5.17. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-(2-(7-ɝɢɞɪɨɤɫɢ-6-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɚɦɢɞɨ)ɦɟɬɢɥ)-2-ɬɨɡɢɥɢɡɨɢɧɞɨɥɢɧ-4-ɢɥ)ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (285). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (0.65 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ 

(282) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.010 ɝ (0.0γ ɦɦɨɥɶ) AuCl3 ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ 

ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɥɭɱɢɥɢ 0.44 ɝ (88%) ɫɨɟɞɢɧɟɧɢɹ (285) ɜ ɜɢɞɟ 

ɦɚɫɥɚ. 20][ D
 +22.57

o
 (c 0.79, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

229 (4.43), 275 (3.45). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3402, 3302, 2947, 2872, 

2847, 2120, 1720, 1645, 1599, 1493, 1449, 1346, 1310, 1229, 1163, 

1096, 1067, 899, 814, 756, 665, 577, 548. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (γɇ, ɋ14’ɇ3), 0.8β ɞ.ɬ (1H, H
4’

, J 1γ.1, γ.0), 0.λ6 ɞ.ɬ (1H, H
2’

, 1γ.4, γ.0), 1.1γ ɫ 

(γɇ, ɋ13’ɇ3), 1.18 ɞ.ɞ (1ɇ, H8ɚ’
, J 10.7, 1.7), 1.4γ ɦ (1ɇ, ɇ3’), 1.47 ɭɲ.ɫ (βɇ, ɇ5’,9’), 1.6γ ɦ (1ɇ, ɇ9’

), 

1.76 ɦ, 1.78 ɦ, 1.81 ɦ (4H, H
8’,4’,3’,7’), 1.λ4 ɦ (1ɇ, ɇ8’), β.1β ɦ (1ɇ, ɇ2’), β.1β ɬ (1ɇ, ɇ5”

, J β.0), β.17 ɦ 

(1ɇ, ɇ10’), β.γ6 ɫ, β.4β ɫ (7ɇ, βɋɇ3, ɇ7’), β.50 ɦ (1ɇ, ɇ10’
), 3.57 c (γɇ, OCH3), γ.λ5 ɫ (βɇ, ɇ3”,3”

), 

4.18 ɞ (1ɇ, ɇ1”
, J 15.1), 4.βγ ɞ (1ɇ, ɇ1”

, J 15.1), 4.46 ɞ (1ɇ, ɇ1
, J 1γ.1), 4.5β ɫ (1ɇ, ɇ11’), 4.5γ ɞ (1ɇ, 

ɇ1
, J 13.1), 4.57 ɫ (βɇ, ɇ3,3), 4.88 ɫ (1ɇ, ɇ11’

), 6.68 c (1ɇ, ɇ5), 7.14 ɫ (1ɇ, Ɉɇ), 7.β8 ɞ, 7.γ1 ɞ (4ɇ, 

4m-C6H4, J 8.0), 7.74 ɞ, 7.77 ɞ (4ɇ, 4ɨ-C6H4, J 8.0). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.48 ɤ (C14’), 1λ.81 ɬ 

(ɋ3’), β1.γ7 ɤ, β1.47 ɤ (2ɋɇ3), β4.βλ ɬ (ɋ9’
), β6.1β ɬ (C8’), β8.6β ɤ (C13’), γ0.γ1 ɬ (ɋ10’), γ6.β1 ɬ (ɋ3”

), 

γ7.λ8 ɬ (C2’), γ8.57 ɬ (C7’), γ8.λ4 ɬ (C4’), 40.06 ɫ (C4’a), 44.14 ɫ (ɋ1’), 46.11 ɬ (ɋ1”), 51.01 ɤ (Ɉɋɇ3), 

51.88 ɬ (ɋ3), 5γ.16 ɬ (ɋ1
), 54.8λ ɞ (ɋ5’), 56.08 ɞ (ɋ8’a), 74.80 ɞ (ɋ5”), 75.66 ɫ (ɋ4”), 106.4β ɬ (ɋ11’

), 

118.54 ɫ (ɋ6), 1β4.17 ɫ (ɋ7a), 1β7.47 ɞ, 1β7.7β ɞ (4o-C6H4), 1β8.57 ɞ (C5), 1βλ.64 ɞ, 1βλ.68 ɞ (4m-

C6H4), 130.43 c (ɋ4
), 133.68 c, 1γ4.60 ɫ (βp-C6H4), 1γ7.γ4 ɫ (C3a), 14γ.4λ ɫ, 144.γ5 ɫ (βi-C6H4), 

147.62 c (ɋ6’), 148.λγ ɫ (C7
), 177.49 c (ɋ12’

). ɇɚɣɞɟɧɨ %: C 66.52, H 6.78, N 3.86, S 8.07. 

ȼɵɱɢɫɥɟɧɨ. ɋ 66.81, H 6.78, N 3.62, S 8.30.
 

AuCl3-ɤɚɬɚɥɢɡɢɪɭɟɦɚя ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢя 16-(4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)-15-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ) ɥɚɦɛɟɪɬɢɚɧɚɬɚ (280). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (0.81 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (280) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.01β ɝ 

(0.04 ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.08 ɝ (16%) 

ɫɨɟɞɢɧɟɧɢɹ (287), ɢ 0.γ1 ɝ (6β%) (1S,4aR,5S,8aR)-ɦɟɬɢɥ 5-(2-(7-ɝɢɞɪɨɤɫɢ-6-((ɩɪɨɩ-2-ɢɧ-1-
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ɢɥɨɤɫɢ)ɦɟɬɢɥ)-2-ɬɨɡɢɥɢɡɨɢɧɞɨɥɢɧ-4-ɢɥ)ɷɬɢɥ)-1,4ɚ-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (286). 
20][ D  +25.20

o
 (c 0.40, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 225 (4.31), 274 (3.46). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3420, 3292, 3078, 3020, 2947, 2872, 2849, 

2120, 1769, 1720, 1643, 1599, 1493, 1466, 1449, 1381, 1346, 1317, 1229, 1161, 1097, 1067, 986, 899, 

816, 756, 710, 664, 582, 548. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ14’ɇ3), 0.λγ ɞ.ɬ (1H, 

H
4’

, J 1β.λ, γ.8), 1.01 ɞ.ɬ (1H, H
2’

, J 13.2, 3.8), 1.16 ɫ (γɇ, 

ɋ13’ɇ3), 1.β4 ɞ.ɞ (1ɇ, H8ɚ’
, J 1β.1, β.4), 1.47 ɦ (1ɇ, ɇ3’), 1.5β ɦ 

(βɇ, ɇ5’,9’), 1.6γ ɦ (1ɇ, ɇ9’), 1.75 ɦ, 1.7λ ɦ, 1.8γ ɦ, 1.86 ɦ (4H, 

H
8’,4’,3’,7’), 1.λ7 ɦ (1ɇ, ɇ8’), β.15 ɞ.ɦ (1ɇ, ɇ2’

, J 1β.4), β.15 ɦ (1ɇ, 

ɇ10’), β.γ8 ɫ (γɇ, ɋɇ3), 2.42 ɦ (1ɇ, ɇ7’), β.51 ɬ (1ɇ, ɇ5”
, J 2.2), 

β.5γ ɦ (1ɇ, ɇ10’
), 3.60 c (γɇ, OCH3), 4.1λ ɞ (βɇ, ɇ3”,3”

, J 2.2), 

4.48 ɞ (1ɇ, ɇ1
, J 1γ.4), 4.51 ɫ (1ɇ, ɇ11’), 4.56 ɞ (1ɇ, ɇ1

, J 13.4), 4.58 ɫ (βɇ, ɇ3,3
), 4.71 c (βɇ, ɇ1”,1”

), 

4.λ1 ɫ (1ɇ, ɇ11’
), 6.69 c (1ɇ, ɇ5), 6.λ5 ɫ (1ɇ, Ɉɇ), 7.βλ ɞ (βɇ, 2m-ɋ6ɇ4, J 8.1), 7.75 ɞ (βɇ, βɨ-ɋ6ɇ4, J 

8.1). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.57 ɤ (C14’), 1λ.λ1 ɬ (ɋ3’), β1.48 ɤ (ɋɇ3), β4.54 ɬ (ɋ9’), β6.β4 ɬ (C8’

), 

β8.74 ɤ (C13’), γ0.λ6 ɬ (ɋ10’
), γ8.08 ɬ (C2’), γ8.67 ɬ (C7’), γλ.0β ɬ (C4’), 40.βγ ɫ (C4’a), 44.β4 ɫ (ɋ1’

), 

51.15 ɤ (Ɉɋɇ3), 51.80 ɬ (ɋ3
), 5γ.β1 ɬ (ɋ1), 55.41 ɞ (ɋ5’), 56.1γ ɞ (ɋ8’a

), 57.48 ɬ (ɋ3”), 70.4γ ɬ (ɋ1”
), 

75.λβ ɞ (ɋ5”), 78.β1 ɫ (ɋ4”), 106.45 ɬ (ɋ11’), 1β0.76 ɞ (ɋ6), 1βγ.50 ɫ (ɋ7a), 1β7.56 ɞ (2o-ɋ6ɇ4), 128.09 

ɞ (C5
), 128.78 c (ɋ4), 1βλ.75 ɞ (2m-ɋ6ɇ4), 133.63 c (p-ɋ6ɇ4), 1γ6.5λ ɫ (C3a), 14γ.58 ɫ (i-ɋ6ɇ4), 147.80 

c (ɋ6’), 14λ.00 ɫ (C
7
), 177.68 c (ɋ12’

). ɇɚɣɞɟɧɨ %: ɋ 69.44, H 7.21, N 2.34, S 4.48. C36H45NɈ6S. 

ȼɵɱɢɫɥɟɧɨ %: ɋ 69.76, H 7.32, N 2.26, S 5.17. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-1,4a-ɞɢɦɟɬɢɥ-5-(2-(6-((4-ɦɟɬɢɥ-N-(ɩɪɨɩ-2-ɢɧ-1-

ɢɥ)ɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɨɤɫɢ)-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-5-ɢɥ)ɷɬɢɥ)-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (287). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 224 (4.30), 286 

(3.63). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3427, 3280, 2947, 2872, 2849, 2123, 

1720, 1645, 1599, 1495, 1446, 1439, 1381, 1333, 1306, 1290, 1248, 

1230, 1186, 1161, 1083, 1076, 1034, 985, 891, 813, 756, 665, 574, 

550. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, ɋ14’ɇ3), 

0.λ7 ɞ.ɬ (1H, H
4’

, J 1γ.8, γ.8), 1.01 ɞ.ɬ (1H, H
2’

, J 1γ.5, 4.γ), 1.16 ɫ 

(γɇ, ɋ13’ɇ3), 1.β7 ɞ.ɞ (1ɇ, H8ɚ’
, J 12.8, 2.8), 1.47 ɦ (1ɇ, ɇ3’

), 1.63 

ɭɲ.ɫ (1ɇ, ɇ5’), 1.6γ ɦ (1ɇ, ɇ9’
), 1.77 ɦ, 1.7λ, 1.8β ɦ (4H, 

H
8’,4’,3’,9’

), 1.λβ ɞ.ɬ (1ɇ, ɇ7’
, J 12.2, 4.3), 1.98 ɞ.ɦ (1ɇ, ɇ8’

, J 13.9), β.0λ ɬ (1ɇ, ɇ5”
, J β.5), 1.λ4 ɞ.ɦ 

(1ɇ, ɇ2’
, J 13.1), 2.30-β.45 ɦ (βɇ, ɇ10’,7’), β.4β ɫ (γɇ, ɋɇ3), β.75 ɦ (1ɇ, ɇ10’

), 3.60 c (γɇ, OCH3), 3.81 

ɞ (1ɇ, ɇ3”
, J β.5), γ.8β ɞ (1ɇ, ɇ3”

, J β.5), 4.7γ ɫ (1ɇ, ɇ11’), 4.75 ɦ (1ɇ, ɇ1”), 4.λ4 ɫ (1ɇ, ɇ11’), 5.0β ɫ 

(4ɇ, ɇ1,1,3,3), 5.β4 ɭɲ.ɫ (1ɇ, ɇ1”
), 6.64 c (1ɇ, ɇ7), 6.λγ ɫ (1ɇ, ɇ4), 7.γ0 ɞ (βɇ, 2m-ɋ6ɇ4, J 8.1), 7.76 ɞ 
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(βɇ, βɨ-ɋ6ɇ4, J 8.1). ɋɩɟɤɬɪ əɆɊ 
13

C, , ɦ.ɞ.μ 1β.5λ ɤ (C14’), 1λ.λ0 ɬ (ɋ3’), β1.5γ ɤ (ɋɇ3), β4.γ8 ɬ 

(ɋ9’), β6.β7 ɬ (C8’), β8.76 ɤ (C13’), βλ.06 ɬ (ɋ10’), γβ.8γ ɬ (C3”), γ8.1γ ɬ (C2’), γ8.7γ ɬ (C7’), γ8.λ7 ɬ 

(C
4’), 40.β7 ɫ (C4’a), 44.βλ ɫ (ɋ1’

), 51.15 ɤ (Ɉɋɇ3), 55.β8 ɞ (ɋ5’), 56.ββ ɞ (ɋ8’a), 7β.λ5 ɞ (ɋ5”), 7γ.β7 ɬ 

(ɋ3), 7γ.γ6 ɬ (ɋ1), 77.λγ ɫ (ɋ4”), 80.7γ ɬ (ɋ1”), 106.75 ɬ (ɋ11’), 107.7β ɞ (ɋ7), 1ββ.11 ɞ (ɋ4), 1β7.γ6 ɞ 

(2o-ɋ6ɇ4), 128.02 c (ɋ5), 1βλ.67 ɞ (2m-ɋ6ɇ4), 1γ0.80 ɫ (C3ɚ
), 134.78 c (p-ɋ6ɇ4), 1γ7.λ8 ɫ (C7a

), 

143.81 (i-ɋ6ɇ4), 148.36 c (C
6’), 15γ.45 ɫ (ɋ6), 177.8γ ɫ (ɋ12’

). ɇɚɣɞɟɧɨ %: ɋ 70.01, H 7.45, N 1.98, S 

5.57. C36H45NɈ6S. ȼɵɱɢɫɥɟɧɨ %: ɋ 69.76, H 7.32, N 2.26, S 5.17. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(2-(ɦɟɬɨɤɫɢɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-

ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (306). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.39 

ɦɦɨɥɶ) ɦɟɬɢɥ 16-ɝɢɞɪɨɤɫɢɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (127) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ 

ɩɨɪɰɢɹɦɢ 0.11 ɝ (2.78 ɦɦɨɥɹ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 

0.17 ɦɥ (2.78 ɦɦɨɥɶ) ɣɨɞɢɫɬɨɝɨ ɦɟɬɢɥɚ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ 

ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɥɭɱɢɥɢ 0.31 ɝ (59%) ɫɨɟɞɢɧɟɧɢɹ 

(306) ɜ ɜɢɞɟ ɦɚɫɥɚ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 219 (3.92). ɂɄ ɫɩɟɤɬɪ, 

, ɫɦ-1
: 3078, 3022, 2947, 2874, 2848, 1766, 1722, 1680, 1645, 1599, 

1450, 1383, 1340, 1228, 1163, 1092, 964, 893, 816, 756, 665, 656, 550. 

ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (γɇ, ɋ20ɇ3), 0.λγ ɞ.ɬ (1H, 

H
1
, J 1γ.β, β.7), 0.λ7 ɞ.ɬ (1H, H

3
, J 1γ.4, γ.8), 1.1β ɫ (γɇ, ɋ19ɇ3), 1.23 

ɞ.ɞ (1ɇ, H5
, J 12.4, 3.2), 1.44 ɦ (1ɇ, ɇ2), 1.55 ɦ (βɇ, ɇ9,11

), 1.64-1.76 ɦ (4H, H
1,2,6,11

), 1.82 ɦ (1ɇ, 

ɇ7), 1.λγ ɦ (1ɇ, ɇ6), β.10 ɞ.ɦ (1ɇ, ɇ3
, J 1γ.4), β.β5 ɦ (1ɇ, ɇ12

), 2.37 ɬ.ɦ (1ɇ, ɇ7
, J 1β.4), β.50 ɦ 

(1ɇ, ɇ12
), 3.26 c (γɇ, OCH3), 3.55 c (γɇ, ɋO2CH3), 4.25 c (βɇ, ɋɇ2), 4.55 ɫ, 4.86 ɫ (βɇ, ɇ17,17

), 6.19 

ɞ (1ɇ, ɇ14
, J 1.6), 7.β7 ɞ (1ɇ, ɇ15

, J 1.6). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.46 ɤ (C20), 1λ.76 ɬ (ɋ2

), 23.01 

ɬ (ɋ12), β4.γ6 ɬ (ɋ11), β6.0λ ɬ (C6), β8.58 ɤ (C19), γ7.λ6 ɬ (C3), γ8.48 ɬ (C7), γ8.80 ɬ (C1), γλ.λγ ɫ 

(C
10), 44.06 ɫ (ɋ4

), 50.λ0 ɤ (OCH3), 54.60 ɞ (ɋ9), 56.00 ɞ (ɋ5), 57.44 ɤ (ɋɈ2Сɇ3), 6γ.λ7 ɬ (ɋH2), 

106.18 ɬ (ɋ17), 111.16 ɞ (ɋ14), 1βγ.λ7 ɫ (ɋ13), 141.80 ɞ (ɋ15), 146.λ7 ɫ (ɋ16), 147.7γ ɫ (ɋ8), 177.44 ɫ 

(ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 374 (27), 343 (21), 342 (39), 329 (11), 327 (10), 283 (25), 282 (19), 

247 (11), 236 (11), 235 (15), 234 (17), 189 (29), 88 (19), 187 (15), 181 (11), 175 (10), 174 (12), 173 

(10), 162 (14), 161 (15), 160 (14), 147 (15), 138 (48), 137 (12), 133 (14), 126 (11), 124 (52), 122 (13), 

121 (100), 120 (16), 119 (18), 109 (17), 107 (28), 105 (17), 96 (12), 95 (51), 94 (47), 93 (21), 91 (15), 

81 (32), 79 (16), 67 (14), 55 (15), 45 (14), 41 (11). ɇɚɣɞɟɧɨμ [M]
 
374.2454.

 
C23H34O4. ȼɵɱɢɫɥɟɧɨμ 

374.2452.  
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(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(2-(N,4-ɞɢɦɟɬɢɥɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-

1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (307). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.λ7 ɦɦɨɥɶ) ɦɟɬɢɥ N-ɬɨɡɢɥ-16-(ɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (271) ɜ 10 ɦɥ 

ɚɰɟɬɨɧɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.27 ɝ (1.95 ɦɦɨɥɹ) ɤɚɪɛɨɧɚɬɚ ɤɚɥɢɹ ɢ 0.09 ɦɥ 

(1.46 ɦɦɨɥɶ) ɣɨɞɢɫɬɨɝɨ ɦɟɬɢɥɚ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɪɚɡɛɚɜɢɥɢ 100 ɦɥ 

ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ 

ɷɮɢɪ-ɷɮɢɪ, 2μ1). ɉɨɥɭɱɢɥɢ 0.39 ɝ (76%) ɫɨɟɞɢɧɟɧɢɹ (307) ɜ 

ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +21.89

o
 (c 0.20, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ 

(lg ): 228 (4.15), 274 (3.28). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3429, 3306, 

3022, 2947, 2874, 2848, 1769, 1722, 1680, 1645, 1599, 1450, 1340, 1228, 1163, 1092, 964, 893, 816, 

756, 665, 656, 550. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λ5 ɞ.ɬ (1H, H
1
, J 

1γ.4, γ.8), 0.λλ ɞ.ɬ (1H, H
3
, J 1γ.4, γ.8), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.βγ ɞ.ɞ (1ɇ, H5

, J 1β.β, β.λ), 1.47 ɦ (1ɇ, 

ɇ2), 1.5γ ɦ (βɇ, ɇ9,11
), 1.63-1.81 ɦ (4H, H

1,2,6,11), 1.84 ɦ (1ɇ, ɇ7), 1.λ6 ɦ (1ɇ, ɇ6), β.1β ɞ.ɦ (1ɇ, ɇ3
, 

J 1γ.4), β.βγ ɦ (1ɇ, ɇ12), β.γ8 ɦ (1ɇ, ɇ7), β.41 ɫ (γɇ, ɋɇ3), β.47 ɦ (1ɇ, ɇ12), β.5λ ɫ (γɇ, Nɋɇ3), 

3.58 c (γɇ, OCH3), 4.07 ɞ (1ɇ, ɋɇ2, J 14.5), 4.11 ɞ (1ɇ, ɋɇ2, J 14.5), 4.5γ ɫ, 4.85 ɫ (βɇ, ɇ17,17
), 6.18 

ɞ (1ɇ, ɇ14
, J 1.λ), 7.β1 ɞ (1ɇ, ɇ15

, J 1.λ), 7.β8 ɞ (βɇ, ɋ3’,5’
, J 8.γ), 7.6γ ɞ (βɇ, ɋ2’,6’

, J 8.γ). ɋɩɟɤɬɪ 

əɆɊ 13
C, , ɦ.ɞ.μ 1β.5γ ɤ (C20), 1λ.84 ɬ (ɋ2

), β1.44 ɤ (ɋɇ3), ββ.λ5 ɬ (ɋ12), β4.β4 ɬ (ɋ11), β6.17 ɬ (C6
), 

β8.70 ɤ (C19
), 34.36 ɤ (Nɋɇ3), γ8.05 ɬ (C3), γ8.6β ɬ (C7), γ8.λ1 ɬ (C1), 40.08 ɫ (C10), 44.17 ɫ (ɋ4

), 

44.40 ɬ (ɋH2), 51.04 ɤ (Ɉɋɇ3), 54.87 ɞ (ɋ9), 56.10 ɞ (ɋ5), 106.46 ɬ (ɋ17), 111.γλ ɞ (ɋ14
), 124.β4 ɫ 

(ɋ13), 1β7.47 ɞ (ɋ2’,6’), 1βλ.4λ ɞ (ɋ3’,5’
), 134.18 c (ɋ4’), 141.λβ ɞ (ɋ15

), 143.20 c (ɋ1’), 144.βγ ɫ (ɋ16
), 

147.64 ɫ (ɋ8), 177.6β ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 527 (0.06), 198 (16), 185 (26), 155 (27), 

121 (22), 92 (15), 91 (100), 65 (20). ɇɚɣɞɟɧɨμ [M]
 
527.2698.

 
C23H34O4. ȼɵɱɢɫɥɟɧɨμ 5β7.β700.  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(5-ɮɨɪɦɢɥ-2-(ɦɟɬɨɤɫɢɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (308). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 

0.50 ɝ (1.34 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (306) ɜ 40 ɦɥ ȾɆɎȺ ɩɪɢ β0ɋ ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɩɪɢ β0ɋ 

0.24 ɦɥ (2.67 ɦɦɨɥɶ) POCl3, ɩɟɪɟɦɟɲɢɜɚɥɢ 48 ɱ, ɚ ɡɚɬɟɦ ɜɵɥɢɥɢ 

ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ. Ʉ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ 

ɞɨɛɚɜɢɥɢ β0 ɦɥ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOAc, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɜɨɞɧɵɣ ɫɥɨɣ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ 
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ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4:1). 

ɉɨɥɭɱɢɥɢ 0.45 ɝ (83%) ɫɨɟɞɢɧɟɧɢɹ (308) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +35.26

o
 (c 1.17, CHCl3). ɍɎ ɫɩɟɤɬɪ, 

ɦɚɤɫ., ɧɦ (lg ): 240 (3.62), 278 (4.14). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 2947, 2874, 2847, 1768, 1722, 1678, 

1645, 1581, 1470, 1448, 1425, 1377, 1333, 1324, 1228, 1211, 1203, 1153, 1132, 1093, 1032, 985, 893, 

789, 773. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4β ɫ (γɇ, ɋ20ɇ3), 0.8λ ɦ (1H, H
1), 0.λ4 ɞ.ɬ (1H, 

H
3
, J 13.4, 3.8), 1.0λ ɫ (γɇ, ɋ19ɇ3), 1.1λ ɞ.ɞ (1ɇ, H5

, J 1β.λ, γ.β), 1.41 ɦ (1ɇ, ɇ2), 1.51 ɦ (1ɇ, ɇ9
), 

1.5γ ɦ (1ɇ, ɇ11
), 1.65-1.77 ɦ (4H, H

1,2,6,11), 1.81 ɦ (1ɇ, ɇ7), 1.λ1 ɦ (1ɇ, ɇ6), β.07 ɞ.ɦ (1ɇ, ɇ3
, J 

1β.λ), β.β7 ɦ (1ɇ, ɇ12), β.γ5 ɬ.ɦ (1ɇ, ɇ7
, J 1β.4), β.5γ ɦ (1ɇ, ɇ12

), 3.28 c (γɇ, OCH3), 3.52 c (γɇ, 

ɋO2CH3), 4.βλ ɞ (1ɇ, ɋɇ2, J 1β.6), 4.γγ ɞ (1ɇ, ɋɇ2, J 1β.6), 4.50 ɫ, 4.84 ɫ (βɇ, ɇ17,17), 7.04 ɫ (1ɇ, 

ɇ14), λ.51 ɫ (1ɇ, ɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.4β ɤ (C20), 1λ.71 ɬ (ɋ2), ββ.75 ɬ (ɋ12), β4.β0 ɬ 

(ɋ11), β6.05 ɬ (C6), β8.55 ɤ (C19), γ7.8λ ɬ (C3), γ8.4γ ɬ (C7), γ8.84 ɬ (C1), γλ.λ8 ɫ (C10), 44.0γ ɫ (ɋ4
), 

50.λβ ɤ (Ɉɋɇ3), 54.64 ɞ (ɋ9), 55.λ5 ɞ (ɋ5), 58.18 ɤ (ɋO2CH3), 64.ββ ɬ (ɋH2), 106.β6 ɬ (ɋ17), 1ββ.0γ ɞ 

(ɋ14), 1β6.λγ ɫ (ɋ13), 147.4λ ɫ (ɋ8), 151.57 ɫ (ɋ15), 15γ.60 ɫ (ɋ16), 177.γ6 ɫ (ɋ18), 177.6λ ɞ (ɋɇɈ).  

(1S,4aR,5S,8aR)-Mɟɬɢɥ-5-(2-(5-(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)-2-(ɦɟɬɨɤɫɢɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-

1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (309). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ 

ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.24 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (308) ɜ 10 ɦɥ ɚɛɫ. 

ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 0.24 ɝ (6.22 

ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 70 

ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ 

ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 0.44 ɝ 

(87%) ɫɨɟɞɢɧɟɧɢɹ (309) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +67.86

o
 (c 0.17, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

227 (3.85), 282 (2.99). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3431, 3078, 2943, 2874, 2847, 1765, 1722, 1682, 1643, 

1568, 1525, 1466, 1448, 1447, 1412, 1383, 1333, 1315, 1248, 1228, 1213, 1203, 1189, 1155, 1134, 

1111, 1090, 1032, 985, 926, 891, 822, 812, 773, 756, 667. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.γ7 ɫ (γɇ, ɋ20ɇ3), 0.87 ɦ (1H, H
1
, J 1γ.7, 4.0), 0.λ0 ɞ.ɬ (1H, H

3
, J 1γ.1, 4.0), 1.05 ɫ (γɇ, ɋ19ɇ3), 1.17 

ɞ.ɞ (1ɇ, H5
, J 11.λ, β.4), 1.γλ ɦ (1ɇ, ɇ2), 1.48 ɦ (1ɇ, ɇ9

), 1.51 ɦ (1ɇ, ɇ11
), 1.61-1.68 ɦ (4H, 

H
1,2,6,11), 1.7γ ɦ (1ɇ, ɇ7), 1.85 ɦ (1ɇ, ɇ6), β.0β ɞ.ɦ (1ɇ, ɇ3

, J 12.5), 2.13 ɦ (1ɇ, ɇ12), β.γ0 ɦ (1ɇ, 

ɇ7), β.γλ ɦ (1ɇ, ɇ12
), 3.18 c (γɇ, OCH3), 3.48 c (γɇ, ɋO2CH3), 4.16 c (βɇ, ɋɇ2), 4.39 c (βɇ, C15

-

ɋɇ2), 4.46 ɫ, 4.7λ ɫ (βɇ, ɇ17,17), 6.0γ ɫ (1ɇ, ɇ14). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.β6 ɤ (C20), 1λ.5γ ɬ 

(ɋ2), ββ.88 ɬ (ɋ12), β4.16 ɬ (ɋ11), β5.88 ɬ (C6), β8.γλ ɤ (C19), γ7.6λ ɬ (C3), γ8.β4 ɬ (C7), γ8.5γ ɬ (C1
), 

γλ.7γ ɫ (C10), 4γ.8γ ɫ (ɋ4), 50.8γ ɤ (Ɉɋɇ3), 54.41 ɞ (ɋ9), 55.67 ɞ (ɋ5
), 56.λ0 ɬ (ɋ15СH2), 57.β1 ɤ 

(ɋO2CH3), 6γ.76 ɬ (ɋH2), 106.0β ɬ (ɋ17), 108.74 ɞ (ɋ14), 1β4.76 ɫ (ɋ13), 146.17 ɫ (ɋ15), 147.48 ɫ (ɋ8
), 

15γ.51 ɫ (ɋ16), 177.45 ɫ (ɋ18
). ɇɚɣɞɟɧɨ %: C 71.68, H 7.71. ȼɵɱɢɫɥɟɧɨ: ɋ 71.26, H 7.49. 
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(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(2-(ɦɟɬɨɤɫɢɦɟɬɢɥ)-5-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢ)-ɮɭɪɚɧ-3-

ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (310). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.19 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (309) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ 

ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.14 ɝ (3.57 ɦɦɨɥɹ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ 

ɞɨɛɚɜɢɥɢ 0.26 ɦɥ (2.38 ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ 

ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ β4 ɱ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 

ɉɨɥɭɱɢɥɢ 0.46 ɝ (84%) ɫɨɟɞɢɧɟɧɢɹ (310) ɜ ɜɢɞɟ ɦɚɫɥɚ. 

ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4β ɫ (γɇ, ɋ20ɇ3), 

0.λ0 ɦ (1H, H
1), 0.λ4 ɞ.ɬ (1H, H

3
, J 1β.λ, γ.β), 1.0λ ɫ (γɇ, ɋ19ɇ3), 1.1λ ɞ (1ɇ, H5

, J 10.1), 1.41 ɦ (1ɇ, 

ɇ2), 1.51 ɦ (βɇ, ɇ9,11
), 1.62-1.77 ɦ (4H, H

1,2,6,11), 1.84 ɦ (1ɇ, ɇ7), 1.λ0 ɦ (1ɇ, ɇ6), β.06 ɞ.ɦ (1ɇ, ɇ3
, 

J 1β.λ), β.18 ɦ (1ɇ, ɇ12), β.γ4 ɦ (1ɇ, ɇ7), β.41 ɭɲ.ɫ (1ɇ, H5’), β.45 ɦ (1ɇ, ɇ12
), 3.23 c (γɇ, OCH3), 

3.51 c (γɇ, ɋO2CH3), 4.07 ɞ (βɇ, H3’,3’
, J 2.2), 4.20 c (βɇ, ɋɇ2), 4.42 c (βɇ, ɇ1’,1’), 4.50 ɫ, 4.8β ɫ 

(βɇ, ɇ17,17), 6.16 ɫ (1ɇ, ɇ14). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.γ6 ɤ (C20), 1λ.65 ɬ (ɋ2), ββ.λ5 ɬ (ɋ12

), 

β4.β4 ɬ (ɋ11), β5.λ8 ɬ (C6), β8.50 ɤ (C19), γ7.86 ɬ (C3), γ8.γ7 ɬ (C7), γ8.7β ɬ (C1), γλ.85 ɫ (C10
), 43.94 

ɫ (ɋ4), 50.8γ ɤ (OCH3), 54.54 ɞ (ɋ9), 55.86 ɞ (ɋ5), 56.48 ɬ (ɋ3’), 57.45 ɤ (ɋɈ2Сɇ3), 62.98 ɬ (ɋ1’
), 

6γ.λ0 ɬ (ɋH2), 74.70 ɞ (ɋ5’), 7λ.06 ɫ (ɋ4’), 106.10 ɬ (ɋ17), 111.54 ɞ (ɋ14), 1β4.75 ɫ (ɋ13), 147.45 ɫ 

(ɋ8), 147.60 ɫ (ɋ15), 14λ.86 ɫ (ɋ16), 177.γ1 ɫ (ɋ18
).  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(2-(N,4-ɞɢɦɟɬɢɥɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)-5-ɮɨɪɦɢɥɮɭɪɚɧ-3-

ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (311). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.95 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (307) ɜ 40 ɦɥ ȾɆɎȺ ɩɪɢ β0ɋ 

ɞɨɛɚɜɢɥɢ 0.13 ɦɥ (1.42 ɦɦɨɥɶ) POCl3, ɩɟɪɟɦɟɲɢɜɚɥɢ 48 ɱ, ɚ ɡɚɬɟɦ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ 

ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ. Ʉ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɞɨɛɚɜɢɥɢ β0 ɦɥ 

ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ NaOAc, ɜɨɞɧɵɣ ɫɥɨɣ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ 

ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ40 ɦɥ) ɢ ɫɭɲɢɥɢ ɆgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ 

ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, βμ1). 

ɉɨɥɭɱɢɥɢ 0.4γ ɝ (8β%) ɫɨɟɞɢɧɟɧɢɹ (311) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 

+30.37
o
 (c 0.86, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 229 (4.11), 274 (3.26). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 
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2945, 2874, 2848, 1786, 1722, 1680, 1643, 1587, 1450, 1358, 1334, 1228, 1209, 1186, 1163, 1090, 

958, 891, 816, 754, 739, 669, 654, 598, 550. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, 

ɋ20ɇ3), 0.λ5 ɞ.ɬ (1H, H
1
, J 1γ.4, γ.β), 0.λλ ɞ.ɬ (1H, H

3
, J 1γ.4, γ.8), 1.1γ ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ (1ɇ, 

H
5
, J 1β.1, β.4), 1.46 ɦ (1ɇ, ɇ2), 1.55 ɦ (1ɇ, ɇ9), 1.58 ɦ (1ɇ, ɇ11

), 1.67-1.80 ɦ (4H, H
1,2,6,11), 1.85 ɦ 

(1ɇ, ɇ7), 1.λ6 ɦ (1ɇ, ɇ6), β.11 ɞ.ɦ (1ɇ, ɇ3
, J 1β.λ), β.γ4 ɦ (1ɇ, ɇ12), β.γ8 ɦ (1ɇ, ɇ7), β.γλ ɫ (γɇ, 

CH3), β.58 ɦ (1ɇ, ɇ12), β.66 ɫ (γɇ, NCH3), 3.57 c (γɇ, OCH3), 4.15 ɞ (1ɇ, ɋɇ2, J 15.1), 4.β0 ɞ (1ɇ, 

ɋɇ2, J 15.1), 4.54 ɫ, 4.8λ ɫ (βɇ, ɇ17,17), 7.06 ɫ (1ɇ, ɇ14), 7.β8 ɞ (βɇ, ɋ3’,5’
, J 8.γ), 7.61 ɞ (βɇ, ɋ2’,6’

, J 

8.γ), λ.44 ɫ (1ɇ, ɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.45 ɤ (C20), 1λ.7γ ɬ (ɋ2), β1.γ5 ɤ (ɋɇ3), ββ.6γ ɬ 

(ɋ12), β4.01 ɬ (ɋ11), β6.07 ɬ (C6), β8.60 ɤ (C19), γ5.0λ ɤ (Nɋɇ3), γ7.λ0 ɬ (C3), γ8.50 ɬ (C7), γ8.87 ɬ 

(C
1), 40.05 ɫ (C10), 44.07 ɫ (ɋ4), 44.76 ɬ (ɋH2), 50.λλ ɤ (Ɉɋɇ3), 54.8β ɞ (ɋ9), 55.λ6 ɞ (ɋ5), 106.56 ɬ 

(ɋ17), 1β1.08 ɞ (ɋ14), 1β7.15 ɫ (ɋ13
), 127.γ1 ɞ (ɋ2’,6’

), 1βλ.57 ɞ (ɋ3’,5’
), 133.62 c (ɋ4’), 14γ.54 ɫ (ɋ1’

), 

141.λβ ɫ (ɋ15), 144.βγ ɫ (ɋ16
), 147.γ1 ɫ (ɋ8), 177.40 ɞ (ɋɇɈ), 177.47 ɫ (ɋ18

).  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(2-(N,4-ɞɢɦɟɬɢɥɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)-5-

(ɝɢɞɪɨɤɫɢɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (312). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.90 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (311) ɜ 10 ɦɥ 

ɚɛɫ. ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ ɩɪɢ β0ɋ 0.17 ɝ 

(4.50 ɦɦɨɥɶ) NaBH4 ɢ ɨɫɬɚɜɢɥɢ ɧɚ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ 

ɜɵɥɢɥɢ ɧɚ 70 ɦɥ ɥɟɞɹɧɨɣ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ 

ɫɭɲɢɥɢ ɆgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ 

ɩɨɥɭɱɢɥɢ 0.42 ɝ (83%) ɫɨɟɞɢɧɟɧɢɹ (312) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 

+64.38
o
 (c 0.67, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 230 (4.28). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3514, 3078, 2945, 2874, 2847, 1722, 1643, 1589, 1452, 1340, 1228, 1161, 1090, 

1018, 984, 893, 816, 754, 723, 652, 550. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4β ɫ (γɇ, ɋ20ɇ3), 

0.λγ ɞ.ɬ (1H, H
1
, J 1β.6, β.7), 0.λ6 ɞ.ɬ (1H, H

3
, J 1γ.β, γ.β), 1.11 ɫ (γɇ, ɋ19ɇ3), 1.β1 ɞ.ɞ (1ɇ, H5

, J 

11.8, β.β), 1.4γ ɦ (1ɇ, ɇ2), 1.50 ɦ (βɇ, ɇ9,11
), 1.57-1.77 ɦ (4H, H

1,2,6,11), 1.80 ɦ (1ɇ, ɇ7), 1.λβ ɦ (1ɇ, 

ɇ6), β.08 ɞ.ɦ (1ɇ, ɇ3
, J 1γ.4), β.14 ɦ (1ɇ, ɇ12), β.γ4 ɦ (1ɇ, ɇ7), β.γ7 ɫ (γɇ, CH3), β.γ8 ɦ (1ɇ, ɇ12

), 

β.56 ɫ (γɇ, NCH3), 3.54 c (γɇ, OCH3), 4.0β ɞ (1ɇ, ɋɇ2, J 15.1), 4.07 ɞ (1ɇ, ɋɇ2, J 15.1), 4.γ7 ɫ (βɇ, 

Ɉɋɇ2), 4.47 ɫ, 4.81 ɫ (βɇ, ɇ17,17), 6.05 ɫ (1ɇ, ɇ14), 7.β6 ɞ (βɇ, ɋ3’,5’
, J 8.1), 7.60 ɞ (βɇ, ɋ3’,6’

, J 8.1). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.40 ɤ (C20), 1λ.70 ɬ (ɋ2), β1.βλ ɤ (ɋɇ3), ββ.λβ ɬ (ɋ12), β4.1γ ɬ (ɋ11

), 

β6.05 ɬ (C6), β8.56 ɤ (C19), γ4.βλ ɤ (Nɋɇ3), γ7.88 ɬ (C3), γ8.48 ɬ (C7), γ8.75 ɬ (C1), γλ.λ6 ɫ (C10
), 

44.05 ɫ (ɋ4), 44.γ1 ɬ (ɋH2), 50.λ6 ɤ (Ɉɋɇ3), 54.8β ɞ (ɋ9), 55.λ1 ɞ (ɋ5), 57.07 ɬ (Ɉɋɇ2), 106.γγ ɬ 

(ɋ17), 10λ.1β ɞ (ɋ14), 1β5.00 ɫ (ɋ13), 1β7.γ5 ɞ (ɋ2’,6’), 1βλ.γ7 ɞ (ɋ3’,5’
), 134.06 c (ɋ4’), 14γ.17 ɫ (ɋ1’

), 

14γ.71 ɫ (ɋ16), 147.51 ɫ (ɋ8), 15γ.55 ɫ (ɋ15), 177.5λ ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 557 (1), 370 
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(11), 357 (28), 341 (21), 327 (11), 324 (17), 198 (79), 185 (18), 155 (47), 141 (16), 124 (16), 121 (58), 

95 (17), 92 (19), 91 (95), 81 (22), 69 (22), 65 (22), 57 (25), 55 (21), 44 (100), 43 (21), 41 (27). 

ɇɚɣɞɟɧɨμ [M] 557.2809.
 
C34H45O6NS. ȼɵɱɢɫɥɟɧɨμ 557.2806.  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-(2-(2-(N,4-ɞɢɦɟɬɢɥɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)-5-((ɩɪɨɩ-2-ɢɧ-1-

ɢɥɨɤɫɢ)ɦɟɬɢɥ)ɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ)-1,4a-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (313). Ʉ ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 0.50 ɝ (0.90 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (312) ɜ 10 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 0ɨɋ ɞɨɛɚɜɢɥɢ ɩɨɪɰɢɹɦɢ 0.07 ɝ (1.80 ɦɦɨɥɹ) 60% ɝɢɞɪɢɞɚ ɧɚɬɪɢɹ ɜ ɦɚɫɥɟ, 

ɩɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ ɢ ɞɨɛɚɜɢɥɢ 0.20 ɦɥ (1.80 ɦɦɨɥɶ) 80%-ɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɪɝɢɥɚ 

ɛɪɨɦɢɫɬɨɝɨ ɜ ɬɨɥɭɨɥɟ. ɉɨɞɧɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ β4 ɱ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɧɚ 50 ɝ ɥɶɞɚ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.46 ɝ (87%) ɫɨɟɞɢɧɟɧɢɹ (313) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +31.31

o
 (c 0.99, CHCl3). 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 230 (3.25), 286 (3.23). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3275, 3078, 2945, 2874, 

2848, 2118, 1767, 1720, 1682, 1643, 1599, 1450, 1383, 1342, 1228, 1209, 1161, 1088, 1032, 987, 957, 

893, 816, 756, 727, 667, 652, 550. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λ7 ɞ.ɬ (1H, H
1
, J 12.9, 4.3), 

1.00 ɞ.ɬ (1H, H
3
, J 13.4, 3.8), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β4 ɞ.ɞ 

(1ɇ, H5
, J 1β.1, γ.β), 1.47 ɦ (1ɇ, ɇ2), 1.54 ɦ (βɇ, ɇ9,11

), 

1.70-1.81 ɦ (4H, H
1,2,6,11), 1.85 ɦ (1ɇ, ɇ7), 1.λ6 ɦ (1ɇ, ɇ6

), 

β.1β ɞ.ɦ (1ɇ, ɇ3
, J 1β.4), β.β1 ɦ (1ɇ, ɇ12), β.γ8 ɦ (1ɇ, ɇ7

), 

β.41 ɫ (γɇ, CH3), β.44 ɬ (1ɇ, H5’
, J β.β), β.46 ɦ (1ɇ, ɇ12

), 

β.6β ɫ (γɇ, NCH3), 3.58 c (γɇ, OCH3), 4.06 ɞ (1ɇ, H3’
, J γ.7), 4.07 ɞ (1ɇ, H3’

, J 3.7), 4.10 ɫ (2ɇ, 

ɋɇ2), 4.γ7 ɫ (βɇ, H1’,1’), 4.5β ɫ, 4.86 ɫ (βɇ, ɇ17,17), 6.18 ɫ (1ɇ, ɇ14), 7.β8 ɞ (βɇ, ɋ3”,5”
, J 8.1), 7.6γ ɞ 

(βɇ, ɋ3”,6”
, J 8.1). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.54 ɤ (C20), 1λ.85 ɬ (ɋ2), β1.45 ɤ (ɋɇ3), βγ.04 ɬ (ɋ12
), 

β4.β8 ɬ (ɋ11), β6.18 ɬ (C6), β8.71 ɤ (C19), γ4.5β ɤ (Nɋɇ3), γ8.06 ɬ (C3), γ8.6β ɬ (C7), γ8.λ6 ɬ (C1
), 

40.10 ɫ (C10), 44.18 ɫ (ɋ4), 44.46 ɬ (ɋH2), 51.07 ɤ (Ɉɋɇ3), 55.01 ɞ (ɋ9), 56.11 ɞ (ɋ5), 56.66 ɬ (ɋ3’
), 

6γ.07 ɬ (ɋ1’
), 74.85 ɞ (ɋ5’

), 79.13 c (ɋ4’), 106.48 ɬ (ɋ17), 111.8λ ɞ (ɋ14), 1β5.15 ɫ (ɋ13), 1β7.4λ ɞ 

(ɋ2”,6”), 1βλ.47 ɞ (ɋ3”,5”
), 134.17 c (ɋ4”), 14γ.β1 ɫ (ɋ1”), 144.88 ɫ (ɋ16), 147.6γ ɫ (ɋ8

), 150.07 ɫ (ɋ15
), 

177.6γ ɫ (ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 595 (6), 440 (26), 400 (16), 370 (14), 358 (12), 357 (40), 

341 (10), 297 (11), 236 (10), 199 (12), 198 (100), 189 (17), 185 (14), 155 (48), 151 (13), 149 (14), 121 

(56), 119 (13), 109 (13), 107 (20), 105 (16), 95 (11), 93 (18), 91 (95), 81 (22), 79 (14), 65 (20), 55 

(11). ɇɚɣɞɟɧɨμ ДM] 595.2955.
 
C34H45O6NS. ȼɵɱɢɫɥɟɧɨμ 5λ5.βλ6β.  
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(1S,4aR,5S,8aR)-ɦɟɬɢɥ 5-(2-(6-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-5-ɢɥ)ɷɬɢɥ)-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (314). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.09 

ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (310) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.016 ɝ 

(0.05 ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ 

ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜɵɞɟɥɢɥɢ 0.013 ɝ (γ%) ɫɨɟɞɢɧɟɧɢɹ (314). T. ɩɥ. 167.8-173.5. 
20][ D

 +60.19
o
 (c 

0.64, ɋHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 220 (3.87), 230 (3.67), 285 (3.63). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 

3361, 2974, 2953, 2916, 2854, 1707, 1643, 1626, 1601, 1504, 1446, 1437, 1383, 1348, 1304, 1284, 

1246, 1225, 1194, 1161, 1124, 1092, 1039, 985, 962, 904, 852, 810, 775, 

762, 648. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.4λ ɫ (γɇ, ɋ14’ɇ3), 

0.λ8 ɞ.ɬ (1H, H
4’

, J 14.β, γ.5), 1.01 ɞ.ɬ (1H, H
2’

, J 1γ.6, 4.γ), 1.16 ɫ (γɇ, 

ɋ13’ɇ3), 1.β8 ɞ.ɞ (1ɇ, H8ɚ’
, J 1β.8, β.5), 1.47 ɦ (1ɇ, ɇ3’), 1.6γ ɦ (βɇ, 

ɇ5’,9’), 1.7λ ɦ (4H, H
8’,4’,3’,9’), 1.λγ ɬ.ɞ (1H, H

7’
, J 1β.8, γ.5), 1.λ8 ɞ.ɦ 

(1ɇ, ɇ8’
, J 1β.8), β.14 ɞ.ɦ (1ɇ, ɇ2’

, J 1γ.5), β.40 ɦ (1ɇ, ɇ10’), β.4γ ɦ 

(1H, H
7’), β.76 ɦ (1ɇ, ɇ10’

), 3.60 c (γɇ, OCH3), 4.74 ɫ, 4.λ4 ɫ (2ɇ, 

ɇ11’,11’), 5.0γ ɫ (4ɇ, ɇ1,1,3,3), 5.74 ɫ (1ɇ, Ɉɇ), 6.64 c (1ɇ, ɇ7
), 6.94 c (1ɇ, ɇ4). ɋɩɟɤɬɪ əɆɊ 13

C, , 

ɦ.ɞ.μ 1β.56 ɤ (C14’), 1λ.87 ɬ (ɋ3’), β4.γ4 ɬ (ɋ9’), β6.β4 ɬ (C8’), β8.75 ɤ (C13’
), 29.17 ɬ (ɋ10’), γ8.08 ɬ 

(C
2’), γ8.6λ ɬ (C7’

), 38.λβ ɬ (C4’), 40.βγ ɫ (C4’a), 44.β7 ɫ (ɋ1’), 51.β0 ɤ (Ɉɋɇ3), 55.γβ ɞ (ɋ5’), 56.17 ɞ 

(ɋ8a’), 7γ.β8 ɬ (ɋ3), 7γ.γ7 ɬ (ɋ1), 106.75 ɬ (ɋ11’), 107.5λ ɞ (ɋ7), 1ββ.11 ɞ (ɋ4), 1β8.β6 ɫ (ɋ5), 1γ0.45 ɞ 

(C
γɚ

), 137.74 c (ɋ7ɚ
), 148.25 c (ɋ6’), 15γ.6β ɫ (C6

), 177.99 c (ɋ12’
). ɇɚɣɞɟɧɨ %: C 75.04, H 8.47. 

ȼɵɱɢɫɥɟɧɨμ ɋ 75.34, H 8.60. Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 398 (39), 339 (29), 271 (31), 268 (12), 255 

(27), 249 (20), 242 (16), 236 (68), 235 (68), 225 (29), 198 (27), 189 (61), 185 (59), 184 (62), 169 (38), 

162 (36), 158 (100), 149 (88), 148 (30), 139 (80), 121 (60), 112 (26), 107 (27), 98 (28), 95 (27), 91 

(66), 85 (40), 81 (37), 71 (65), 69 (48), 57 (56), 56 (43), 55 (47), 43 (39), 41 (37). ɇɚɣɞɟɧɨμ ДM] 

398.2447.
 
C34H45O6NS. ȼɵɱɢɫɥɟɧɨμ 398.2452. 

AuCl3-ɤɚɬɚɥɢɡɢɪɭɟɦɚя ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢя 16-N-ɬɨɡɢɥ-N-ɦɟɬɢɥ-

(ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ (313). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (0.84 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ 

(313) ɜ 10 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.012 ɝ (0.04 ɦɦɨɥɶ) AuCl3 ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 1μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.154 ɝ (46%) 

ɫɨɟɞɢɧɟɧɢɹ (314) ɢ 0.0β ɝ (4%) (1S,4aR,5S,8aR)-ɦɟɬɢɥ 5-(2-(6-((N,4-

ɞɢɦɟɬɢɥɮɟɧɢɥɫɭɥɶɮɚɦɢɞ)ɦɟɬɢɥ)-7-ɝɢɞɪɨɤɫɢ-1,3-ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧ-5-ɢɥ)ɷɬɢɥ)-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (315). 
20][ D

 +40.72
o
 (c 0.18, ɋHCl3). 

ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 229 (4.27), 274 (3.38). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 3429, 2931, 2872, 2850, 
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1765, 1722, 1641, 1597, 1493, 1450, 1379, 1340, 1288, 1265, 1250, 1230, 1213, 1186, 1090, 1032, 

1018, 982, 964, 918, 816, 754, 727, 656, 550. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.41 ɫ (γɇ, 

ɋ14’ɇ3), 0.λ8 ɞ.ɬ (1H, H
4’

, J 1γ.β, 4.γ), 1.01 ɞ.ɬ (1H, H
2’

, J 13.6, 4.3), 1.15 ɫ (γɇ, ɋ13’ɇ3), 1.β8 ɦ (1ɇ, 

H
8’ɚ), 1.4γ ɦ (1ɇ, ɇ3’), 1.50 ɦ (1ɇ, ɇ5’), 1.6γ ɦ (1ɇ, ɇ9’

), 1.71-1.84 ɦ 

(5H, H
8’,4’,3’,9’,7’), 1.λ6 ɦ (1ɇ, ɇ8’), β.14 ɞ.ɦ (1ɇ, ɇ2’

, J 1γ.β), β.γ6 ɦ 

(1ɇ, ɇ10’), β.47 ɦ (1H, H
7’), β.4λ ɫ (γɇ, ɋɇ3), β.58 ɫ (γɇ, Nɋɇ3), 

β.76 ɦ (1ɇ, ɇ10’
), 3.59 c (γɇ, OCH3), 4.01 ɞ (1ɇ, ɋɇ2, J 1γ.λ), 4.15 ɞ 

(1ɇ, ɋɇ2, J 1γ.λ), 4.γλ ɫ, 4.70 ɫ (2ɇ, ɇ11’,11’), 5.05 ɫ (βɇ, ɇ3,3), 5.11 ɫ 

(βɇ, ɇ1,1
), 6.56 c (1ɇ, ɇ7), 7.17 ɫ (1ɇ, Ɉɇ), 7.40 ɞ (βɇ, ɋ3”,5”

, J 8.2), 

7.74 ɞ (βɇ, ɋ2”,6”
, J 8.β). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.55 ɤ (C14’
), 

19.λ4 ɬ (ɋ3’), β1.64 ɤ (ɋɇ3), β6.ββ ɬ (ɋ9’), β8.77 ɤ (C13’), βλ.68 ɬ (C8’), γ1.λλ ɬ (ɋ10’), γ4.1β ɤ (Nɋɇ3), 

γ8.0λ ɬ (C2’), γ8.7β ɬ (C7’), γ8.λ7 ɬ (C4’), 40.β1 ɫ (C4’a), 44.β4 ɫ (ɋ1’), 46.10 ɬ (ɋɇ2), 51.17 ɤ (Ɉɋɇ3), 

55.4β ɞ (ɋ5’), 56.17 ɞ (ɋ8a’), 7β.00 ɬ (ɋ3
)*, 7γ.88 ɬ (ɋ1)*, 106.β0 ɬ (ɋ11’), 11γ.γ6 ɞ (ɋ7), 116.γβ ɫ (ɋ5

), 

1β4.78 ɫ (ɋ6), 1β7.8β ɞ (ɋ2”,6”), 1γ0.01 ɞ (ɋ3”,5”
), 132.26 c (ɋ4”

), 141.58 c (C
3ɚ

), 142.62 c (ɋ7ɚ
), 

144.γ1 ɫ (ɋ1”
), 148.09 c (ɋ6’), 150.λ6 ɫ (C4

), 177.53 c (ɋ12’
). ɇɚɣɞɟɧɨ, %μ ɋ 68.77; H 7.47, N 2.06, S 

4.98. ɋ34ɇ45NɈ6S. ȼɵɱɢɫɥɟɧɨμ ɋ 68.54; H 7.61, N 2.35, S 5.38. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(2-((Z)-1-ɚɦɢɧɨ-3-ɷɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (316). Ʉ ɫɭɫɩɟɧɡɢɢ 

0.55 ɝ (8.46 ɦɦɨɥɶ) ɰɢɧɤɚ ɜ γ ɦɥ ɌȽɎ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ β ɤɚɩɥɢ ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɛɪɨɦɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɤɢɩɹɬɢɥɢ 15 ɦɢɧ (ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɩɪɢɨɛɪɟɥɚ ɡɟɥɟɧɭɸ ɨɤɪɚɫɤɭ). ȼ 

ɝɨɪɹɱɭɸ ɪɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɞɨɛɚɜɢɥɢ 0.50 ɝ (1.4γ ɦɦɨɥɶ) ɧɢɬɪɢɥɚ (113) ɢ ɩɨ ɤɚɩɥɹɦ ɜ ɬɟɱɟɧɢɟ 1 

ɱ 0.λ4 ɝ (5.6γ ɦɦɨɥɶ) ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɛɪɨɦɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ ɟɳё 

15 ɦɢɧ, ɨɯɥɚɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨɛɚɜɢɥɢ 10 ɦɥ ɌȽɎ 

ɢ β ɦɥ 50% ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ K2CO3. ɉɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ. 

Ɉɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ, ɜɨɞɧɵɣ ɫɥɨɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ 

ɞɢɷɬɢɥɨɜɵɦ ɷɮɢɪɨɦ (γɯβ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɜɵɬɹɠɤɢ ɨɛɴɟɞɢɧɢɥɢ, 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ). ɉɨɥɭɱɢɥɢ 0.58 ɝ (λβ%) ɫɨɟɞɢɧɟɧɢɹ (316) ɜ ɜɢɞɟ ɫɜɟɬɥɨ-

ɠɟɥɬɨɝɨ ɦɚɫɥɚ. 
20][ D

 -11.3
ɨ
 (c β.λ, ɷɬɚɧɨɥ). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 204 (3.98), 266 (3.81), 316 

(2.18). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 757, 788, 893, 1032, 1093, 1164, 1238, 1312, 1496, 1550, 1610, 1663, 

1723, 3329, 3460. ɋɩɟɤɬɪ əɆɊ 1ɇ (, ɦ.ɞ., J, Ƚɰ)μ 0.50 ɫ (γɇ, ɋ20ɇ3), 1.01 ɦ (βH, H
1,3), 1.16 ɫ (γɇ, 

ɋ19ɇ3), 1.β6 ɦ (1ɇ, H5), 1.β8 ɬ (γɇ, ɋɇ3, J 7.0), 1.48 ɞ.ɦ (1ɇ, ɇ2
, Jɝɟɦ 14.γ), 1.64 ɦ (βɇ, ɇ9,11

), 1.77 

ɦ, 1.80 ɦ (4ɇ, ɇ11,1,2,6), 1.88 ɦ (1ɇ, ɇ7), 1.λ6 ɦ (1ɇ, ɇ6), β.15 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 13.3), 2.42 ɦ (1ɇ, ɇ7

), 
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β.51 ɦ (1ɇ, ɇ12), β.71 ɦ (1ɇ, ɇ12
), 3.60 c (γɇ, OCH3), 4.10-4.50 ɦ (βɇ, NH2), 4.14 ɤ (βH, ɈɋH2, J 

7.0), 4.61 ɫ, 4.λ1 ɫ (βɇ, ɇ17,17), 4.λ5 ɫ (1ɇ, =ɋɇ), 6.γ4 ɞ (1ɇ, ɇ14
, J 1.8), 7.γ7 ɞ (1ɇ, ɇ15

, J 1.8). 

ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.45 ɤ (C20

), 14.46 ɤ (ɋɇ3), 1λ.81 ɬ (ɋ2), βγ.6β ɬ (ɋ12), β4.80 ɬ (ɋ11
), 26.06 

ɬ (C6), β8.6β ɤ (C19), γ8.0β ɬ (C3), γ8.50 ɬ (C7), γ8.86 ɬ (C1), 40.16 ɫ (C10), 44.1β ɫ (ɋ4), 50.λ5 ɤ 

(Ɉɋɇ3), 55.10 ɞ (ɋ9), 56.04 ɞ (ɋ5), 58.5λ ɬ (ɋɇ2), 8β.γ1 ɞ (ɋɇ=), 106.51 ɬ (ɋ17), 114.00 ɞ (ɋ14
), 

1β7.06 ɫ (ɋ13), 14β.06 ɫ (ɋ16), 14γ.76 ɞ (ɋ15), 147.68 ɫ (ɋ8), 14λ.8γ ɫ (ɋ=), 170.47 ɫ (ɋɈ2ɋɇ2ɋɇ3), 

177.47 ɫ (ɋ18). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 445 (3), 444 (17), 443 (53), 428 (4), 427 (8), 426 (28), 398 

(16), 343 (20), 262 (11), 246 (10), 220 (35), 208 (5β), 1λ5 (100), 1βγ (γ0). ɇɚɣɞɟɧɨ: [M]
 
443.2668. 

ɋ26ɇ37NO5. ȼɵɱɢɫɥɟɧɨ: 443.2666. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(3-ɷɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩɚɧ-1-ɨɧ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (317). Ʉ ɪɚɫɬɜɨɪɭ 0.60 ɝ 

ɟɧɚɦɢɧɨɷɮɢɪɚ (316) ɜ 10 ɦɥ ɌȽɎ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɞɨɛɚɜɢɥɢ 1 ɦɥ 10% ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɇɋl. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɟɦɟɲɢɜɚɥɢ 4 ɱ, ɪɚɡɛɚɜɢɥɢ ɜɨɞɨɣ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ 

(3ɯγ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯγ0 ɦɥ) ɢ ɫɭɲɢɥɢ 

MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ 0.47 

ɝ (78%) ɩɪɨɞɭɤɬɚ (317). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (3.92), 222 

(3.54), 270 (2.08). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, 

ɋ20ɇ3), 1.01 ɦ (βH, H
1,3), 1.15 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɬ (γɇ, ɋɇ3, J 7.0), 1.β7 ɦ (1ɇ, H5), 1.47 ɦ (1ɇ, 

ɇ2), 1.61 ɦ (βɇ, ɇ9,11), 1.75 ɦ, 1.78 ɦ, 1.80 ɦ (4ɇ, ɇ11,1,2,6), 1.88 ɦ (1ɇ, ɇ7), 1.λ5 ɦ (1ɇ, ɇ6
), 2.12 

ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ.β), β.γλ ɦ (1ɇ, ɇ7), β.64 ɦ (1ɇ, ɇ12), β.λ4 ɦ (1ɇ, ɇ12

), 3.58 c (γɇ, OCH3), γ.8β ɫ 

(βɇ, ɋɇ2), 4.18 ɤ (βH, ɈɋH2, J 7.0), 4.6γ ɫ, 4.8λ ɫ (βɇ, ɇ17,17), 6.4β ɞ (1ɇ, ɇ14
, J 1.8), 7.γλ ɞ (1ɇ, 

ɇ15
, J 1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.γ4 ɤ (C20), 1γ.λ0 ɤ (ɋɇ3), 1λ.71 ɬ (ɋ2), βγ.56 ɬ (ɋ12), β4.64 ɬ 

(ɋ11), β6.0γ ɬ (C6), β8.55 ɤ (C19), γ7.λ7 ɬ (C3), γ8.47 ɬ (C7), γ8.7λ ɬ (C1
), 40.05 ɫ (C10), 44.0β ɫ (ɋ4

), 

45.76 ɬ (ɋɇ2), 50.8γ ɤ (Ɉɋɇ3), 55.4λ ɞ (ɋ9), 56.01 ɞ (ɋ5), 60.λ0 ɬ (Ɉɋɇ2), 106.46 ɬ (ɋ17), 114.6λ ɞ 

(ɋ14), 1γ6.86 ɫ (ɋ13), 144.87 ɞ (ɋ15
), 147.09 ɫ (ɋ16

), 147.33 ɫ (ɋ8), 167.17 ɫ (ɋɈ2ɋɇ2ɋɇ3), 177.γ4 ɫ 

(ɋ18), 18β.γγ ɫ (ɋɈ). 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(3-ɷɬɨɤɫɢ-2-ɦɟɬɢɥ-3-ɨɤɫɨɩɪɨɩɚɧ-1-ɨɧ)ɮɭɪɚɧ-3-ɢɥЖɷɬɢɥж-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (319). ɚ). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɧɢɬɪɢɥɚ (113) ɫ ɷɬɢɥɨɜɵɦ ɷɮɢɪɨɦ -ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɭɱɟɧɢɹ 

ɫɨɟɞɢɧɟɧɢɹ (316) ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɫɢ ɟɧɚɦɢɧɨɷɮɢɪɚ (318), -ɤɟɬɨɷɮɢɪɚ (319) ɢ ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ 

(320ɚ)-(320ɝ) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1 μ 4 μ 5 (ɩɨ ɞɚɧɧɵɦ əɆɊ 1ɇ) (ɨɛɳɢɣ ɜɵɯɨɞ λ0%). Ʉɨɥɨɧɨɱɧɨɣ 

ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ ɫɦɟɫɶ 

ɟɧɚɦɢɧɨɷɮɢɪɚ (318) ɢ ɤɟɬɨɷɮɢɪɚ (319) (ɜɵɯɨɞ 4β%) ɢ ɫɬɟɪɟɨɢɡɨɦɟɪɧɵɟ ɝɢɞɪɨɤɫɢɷɮɢɪɵ (320ɚ)-
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(320ɝ) (ɜɵɯɨɞ 54%). Ʉɟɬɨɷɮɢɪ (319) ɩɨɥɭɱɢɥɢ ɝɢɞɪɨɥɢɡɨɦ ɫɦɟɫɢ (318) ɢ (319) ɫ ɩɨɦɨɳɶɸ 10%-

ɧɨɝɨ ɜɨɞɧ. ɇɋl ɜ ɌȽɎ. ɛ). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɧɢɬɪɢɥɚ (113) ɫ ɰɢɧɤɨɜɵɦ ɟɧɨɥɹɬɨɦ ɢɡ -

ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ (4 ɷɤɜ) ɜ ɛɟɧɡɨɥɟ (15 ɦɢɧ, 80ɨɋ) ɩɨɥɭɱɢɥɢ ɫɨɟɞɢɧɟɧɢɹ (318), (319) ɢ 

(320ɚ)-(320ɝ) Дɫɨɨɬɧɨɲɟɧɢɟ 5μ β μ 1) (ɨɛɳɢɣ ɜɵɯɨɞ 8β%). ɋɨɟɞɢɧɟɧɢɟ (319), 
20][ D  +38.3

o
 (c 3.4, 

ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 241 (3.45), 278 (2.18). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 774, 879, 958, 1033, 

1093, 1154, 1160, 1186, 1228, 1238, 1478, 1500, 1580, 1628, 1645, 

1724. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.γλ ɫ (γɇ, ɋ20ɇ3), 0.λβ ɦ 

(2H, H
1,3), 1.07 ɫ (γɇ, ɋ19ɇ3), 1.08 ɬ (γɇ, OCH2ɋɇ3, J 7.1), 1.1λ ɦ (1ɇ, 

H
5
), 1.γγ ɞ (γɇ, ɋɇ3, J 7.0), 1.40 ɦ (1ɇ, ɇ2), 1.5γ ɦ (βɇ, ɇ9,11

), 1.67-

1.74 ɦ (4ɇ, ɇ1,2,6,11), 1.80 ɦ (1ɇ, ɇ7), 1.87 ɦ (1ɇ, ɇ6), β.04 ɞ.ɦ (1ɇ, ɇ3
, 

Jɝɟɦ 1β.λ), β.γ1 ɦ (1ɇ, ɇ7), β.58 ɦ (1ɇ, ɇ12), β.85 ɦ (1ɇ, ɇ12
), 3.50 c 

(γɇ, OCH3), 4.06 ɤ (βɇ, ɈɋH2), 4.0λ ɦ (1ɇ, ɋɇ), 4.57 ɫ, 4.81 ɫ (βɇ, 

ɇ17,17), 6.γ5 ɞ (1ɇ, ɇ14
, J 1.5), 7.γγ ɞ (1ɇ, ɇ15

, J 1.5). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.γ7 ɤ (C20), 1β.81 ɤ 

(ɋɇ3), 1γ.8λ ɤ (Ɉɋɇ2ɋɇ3), 1λ.74 ɬ (ɋ2), βγ.56 ɬ (ɋ11), β4.6λ ɬ (ɋ12), β6.06 ɬ (C6), β8.5λ ɤ (C19
), 38.02 

ɬ (C1), γ8.4λ ɬ (C7), γ8.8β ɬ (C3), 40.07 ɫ (C10), 44.07 ɫ (ɋ4), 48.66 ɞ (ɋɇ), 50.88 ɤ (Ɉɋɇ3), 55.4λ ɞ 

(ɋ9), 56.10 ɞ (ɋ5), 60.80 ɬ (Ɉɋɇ2), 106.4λ ɬ (ɋ17), 114.65 ɞ (ɋ14), 1γ6.λ6 ɫ (ɋ13), 144.54 ɞ (ɋ15
), 

146.8γ ɫ (ɋ16), 147.γ7 ɫ (ɋ8), 170.6γ ɫ (ɋɈ2ɋɇ2ɋɇ3), 177.4γ ɫ (ɋ18
), 186.08 ɫ (ɋ=Ɉ). Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z (Iɨɬɧ, %): 459 (0.36), 458 (1), 315 (9), 211 (12), 210 (100), 189 (9), 164 (28), 129 (14), 121 (40), 

108 (11), 81 (11), 57 (10), 55 (10), βλ (15). ɇɚɣɞɟɧɨ : [M]
 458.β65λ. ɋ27ɇ38O6. ȼɵɱɢɫɥɟɧɨ: 458.2663. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(3-ɷɬɨɤɫɢ-2-ɷɬɢɥ-3-ɨɤɫɨɩɪɨɩɚɧ-1-ɨɧ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (322). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɢɬɪɢɥɚ 

(113) ɫ ɷɬɢɥɨɜɵɦ ɷɮɢɪɨɦ -ɛɪɨɦɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɭɱɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ (316) 

ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɫɢ ɟɧɚɦɢɧɨɷɮɢɪɚ (321), -ɤɟɬɨɷɮɢɪɚ (322) ɢ ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ (323ɚ)-(323ɝ) ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ (1 μ γ μ 5) (ɨɛɳɢɣ ɜɵɯɨɞ 88 %). Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ 

(ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ) ɜɵɞɟɥɢɥɢ ɫɦɟɫɶ ɟɧɚɦɢɧɚ (321) ɢ ɤɟɬɨɷɮɢɪɚ (322) (1-ɚɹ ɮɪɚɤɰɢɹ) (ɜɵɯɨɞ 

γ8%) ɢ ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ (323ɚ)-(323ɝ) (ɜɵɯɨɞ 47%) (β-ɚɹ ɮɪɚɤɰɢɹ). Ʉɟɬɨɷɮɢɪ (322) (ɜɵɯɨɞ 8β%) 

ɩɨɥɭɱɢɥɢ ɝɢɞɪɨɥɢɡɨɦ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (321) ɢ (322) (ɮɪɚɤɰɢɹ 1) ɜ ɌȽɎ ɞɟɣɫɬɜɢɟɦ ɜɨɞɧ. ɇɋl 

ɩɨ ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɦɟɬɨɞɢɤɟ. ɋɨɟɞɢɧɟɧɢɟ (322), ɦɚɫɥɨɨɛɪɚɡɧɨɟ 

ɜɟɳɟɫɬɜɨ, 20][ D
 +28.9

o
 (c 4.5, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 

279 (3.94). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 774, 866, 888, 984, 1028, 1094, 1155, 

1187, 1228, 1262, 1464, 1488, 1580, 1650, 1669, 1727. ɋɩɟɤɬɪ əɆɊ 
1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɬ (γɇ, ɋɇ3, J 7.0), 

0.λλ ɦ (βH, H
1,3), 1.14 ɫ (γɇ, ɋ19ɇ3), 1.16 ɬ (γɇ, ɋɇ3, J 7.0), 1.ββ ɦ 
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(1ɇ, H5), 1.44 ɦ (1ɇ ɇ2), 1.57 ɦ (1ɇ, ɇ11), 1.60 ɦ (1ɇ, ɇ9), 1.7γ ɦ, 1.76 ɦ (4ɇ, ɇ1,2,6,11), 1.81 ɦ (1ɇ, 

ɇ7), 1.87 ɦ (1ɇ, ɇ6), 1.λ5 ɤ (βɇ, ɋɇ2, J 7.0), β.11 ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 12.8), 2.γ8 ɞ.ɬ (1ɇ, ɇ7

, J 12.1, 

β.8), β.67 ɦ (1ɇ, ɇ12), β.λ1 ɦ (1ɇ, ɇ12
), 3.57 c (γɇ, OCH3), 4.01 ɦ (1ɇ, ɋɇ), 4.1β ɤ (βɇ,  ɋɇ2, J  

7.0), 4.6β ɫ, 4.87 ɫ (βɇ, ɇ17,17), 6.40 ɞ (1ɇ, ɇ14
, J 1.γ), 7.γλ ɞ (1ɇ, ɇ15

, J 1.γ). ɋɩɟɤɬɪ əɆɊ 13
C, , 

ɦ.ɞ.μ 11.87 ɤ (C20), 1β.γγ ɤ (ɋɇ3), 1γ.88 ɤ (Ɉɋɇ2ɋɇ3), 1λ.70 ɬ (ɋ2), β1.54 ɬ (ɋɇ2), βγ.56 ɬ (ɋ11
), 

β4.65 ɬ (ɋ12), β6.0γ ɬ (C6), β8.54 ɤ (C19), γ7.λ8 ɬ (C3), γ8.48 ɬ (C7), γ8.7λ ɬ (C1), 40.0β ɫ (C10
), 44.02 

ɫ (ɋ4), 50.81 ɤ (Ɉɋɇ3), 55.41 ɞ (ɋ9)*, 55.8β ɞ (ɋɇ)*, 56.0γ ɞ (ɋ5), 60.64 ɬ (Ɉɋɇ2), 106.40 ɬ (ɋ17
), 

114.66 ɞ (ɋ14), 1γ6.85 ɫ (ɋ13), 144.54 ɞ (ɋ15), 147.γ1 ɫ (ɋ16)*, 147.γ7 ɫ (ɋ8)*, 16λ.68 ɫ 

(ɋɈ2ɋɇ2ɋɇ3), 177.γ4 ɫ (ɋ18), 185.44 ɫ (ɋ=Ɉ). ɇɚɣɞɟɧɨ, %μ ɋ 71.41; H 8.78. ɋ28ɇ40Ɉ6. ȼɵɱɢɫɥɟɧɨ, 

%μ ɋ 71.16; H 8.53. 

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ-5-{2-[2-(3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-2-ɦɟɬɢɥ-3-ɨɤɫɨɩɪɨɩɢɥ)-ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (320ɚ)-(320ɝ). Ʉ 

ɫɭɫɩɟɧɡɢɢ 0.45 ɝ (6.λ5 ɦɦɨɥɶ) ɰɢɧɤɚ ɜ γ ɦɥ ɌȽɎ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ β ɤɚɩɥɢ ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɤɢɩɹɬɢɥɢ 15 ɦɢɧ, ɡɚɬɟɦ ɨɞɧɨɣ ɩɨɪɰɢɟɣ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɞɨɛɚɜɢɥɢ 

0.50 ɝ (1.γλ ɦɦɨɥɶ) ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɢ ɩɨ ɤɚɩɥɹɦ ɜ ɬɟɱɟɧɢɟ 1 ɱ 1.β1 ɝ (5.57 

ɦɦɨɥɶ) ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ 15 ɦɢɧ, ɨɯɥɚɞɢɥɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨɛɚɜɢɥɢ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 10 

ɦɥ ɌȽɎ ɢ β ɦɥ 50% ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ K2CO3. ɉɟɪɟɦɟɲɢɜɚɧɢɟ ɩɪɨɞɨɥɠɚɥɢ γ0 ɦɢɧ, ɨɪɝɚɧɢɱɟɫɤɭɸ 

ɮɚɡɭ ɨɬɞɟɥɢɥɢ. ȼɨɞɧɵɣ ɫɥɨɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ (γɯβ0 ɦɥ). Ɉɪɝɚɧɢɱɟɫɤɢɟ ɮɪɚɤɰɢɢ 

ɨɛɴɟɞɢɧɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯβ0 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ), ɩɨɥɭɱɢɥɢ ɝɢɞɪɨɤɫɢɷɮɢɪɵ (320ɚ)-

(320ɝ) (ɜɵɯɨɞ λ7%), Дɫɨɨɬɧɨɲɟɧɢɟ (320ɚ)-(320ɛ):(320ɜ)-(320ɝ), γμ1Ж. Ʉɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ 
ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ) ɤɟɬɨɷɮɢɪɵ ɛɵɥɢ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɩɚɪɵ ɞɟɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ. 

Ɇɟɬɢɥ-5-{2-[2-((1R,2R)- ɢ (1S,2S)-3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-2-ɦɟɬɢɥ-3-ɨɤɫɨɩɪɨɩɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (320ɚ)-(320ɛ), 

ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 203 (3.96), 

219 (3.75). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (6ɇ, 

2ɋ20ɇ3), 0.λ5 ɞ.ɬ (2H, 2H
1
, Jɝɟɦ 1γ.8), 0.λ8 ɦ (βH, 2H

3
, Jɝɟɦ 13.4, 3.8), 

1.1γ ɫ (6ɇ, 2ɋ19ɇ3), 1.15 ɬ (6ɇ, 2ɋɇ3, J 7.γ), 1.β1 ɞ (γɇ, ɋɇ3, J 7.3), 

1.ββ ɞ (γɇ, ɋɇ3, J 7.0), 1.β6 ɦ (βH, 2ɇ5), 1.47 ɦ (βɇ, 2ɇ2), 1.57 ɦ 

(4ɇ, 2ɇ9,11
), 1.68-1.78 ɦ (8ɇ, 2ɇ1,2,6,11), 1.86 ɦ (βɇ, 2ɇ7), 1.λ5 ɦ 

(βɇ, 2ɇ6), β.11 ɞ.ɦ (βɇ, 2ɇ3
, Jɝɟɦ 1γ.1), β.ββ ɦ (βɇ, 2ɇ12), β.γ8 ɦ 

(βɇ, 2ɇ7), β.4λ ɦ (βɇ, 2ɇ12), β.λ0 ɦ (βɇ, 2ɋɇ), γ.57 c (6ɇ, 2OCH3), 4.05 ɤ (βɇ, ɈɋH2, J 7.γ), 4.17 ɤ 

(βɇ, ɈɋH2, J 7.0), 4.56 ɫ, 4.58 ɫ (βɇ, 2ɇ17), 4.7γ ɞ (1ɇ, ɋɇ, J 6.0), 4.70 ɞ (1ɇ, ɋɇ, J 6.0), 4.87 ɫ (βɇ, 

2ɇ17), 6.17 ɞ (1ɇ, ɇ14
, J 1.8), 6.β0 ɞ (1ɇ, ɇ14

, J 1.8), 7.β4 ɞ (1ɇ, ɇ15
, J 1.8), 7.β8 ɞ (1ɇ, ɇ15

, J 1.8). 
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ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.48 ɤ, 1β.51 ɤ (2C

20), 1β.80 ɤ, 1β.λγ ɤ (2ɋɇ3), 1γ.λ4 ɤ, 1γ.λ7 ɤ 

(2ɋɇ2ɋɇ3), 1λ.81 ɬ (2ɋ2), ββ.87 ɬ, βγ.05 ɬ (2ɋ12), β4.γ0 ɬ, β4.5γ ɬ (2ɋ11), β6.14 ɬ, β6.16 ɬ (C6
), 28.65 

ɤ, β8.68 ɤ (2C
19), γ8.04 ɬ, γ8.07 ɬ (2C

3), γ8.5γ ɬ, γ8.57 ɬ (2C
7), γ8.λ0 ɬ, γ8.λβ ɬ (2C

1), 40.0γ ɫ, 40.0λ ɫ 

(2C
10), 44.15 ɫ (2ɋ4), 44.6β ɞ, 44.76 ɞ (2ɋɇ), 50.λλ ɤ (2Ɉɋɇ3), 54.79 

ɞ, 55.17 ɞ (2ɋ9), 56.04 ɞ, 56.1β ɞ (2ɋ5), 60.44 ɬ (2ɋɇ2), 67.10 ɞ, 

67.17 ɞ (2ɋɇɈɇ), 106.γγ ɬ, 106.44 ɬ (2ɋ17), 111.β1 ɞ, 111.γ4 ɞ 

(2ɋ14
), 1ββ.β1 ɫ, 1ββ.40 ɫ (2ɋ13), 141.18 ɞ, 141.β7 ɞ (2ɋ15), 147.75 ɫ, 

147.85 ɫ (2ɋ16), 148.45 ɫ, 148.66 ɫ (2ɋ8), 174.γ8 ɫ, 174.47 ɫ 

(2ɋɈ2ɋɇ2ɋɇ3), 177.60 ɫ, 177.6β ɫ (2ɋ18
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 

442 (13), 330 (14), 315 (19), 281 (16), 224 (16), 220 (14), 210 (27), 

206 (15), 194 (33), 189 (24), 187 (15), 173 (14), 166 (12), 161 (14), 147 (16), 133 (14), 131 (12), 123 

(22), 121 (100), 119 (18), 110 (34), 109 (30), 107 (27), 105 (19), 95 (15), 93 (22), 91 (21), 81 (28), 79 

(β0), 67 (14), 55 (16), 41 (1γ). ɇɚɣɞɟɧɨ: [M]
 460.β8β4. ɋ27ɇ40O6. ȼɵɱɢɫɥɟɧɨ: 460.2819.  

Ɇɟɬɢɥ-5-{2-[2-((1S,2R)- ɢ (1R,2S)-3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-2-ɦɟɬɢɥ-3-ɨɤɫɨɩɪɨɩɢɥ)ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (320ɜ)-(320ɝ), 

ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 755, 891, 1031, 1155, 1379, 1449, 1459, 1644, 1720, 

1736, 2943, 3466. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (6ɇ, 2ɋ20ɇ3), 0.λγ ɞ (6H, 2Cɇ3, J 

7.3), 0.94-0.λ8 ɦ (4H, 2H
1,3), 1.1γ ɫ (6ɇ, 2ɋ19ɇ3), 1.14 ɬ (6ɇ, 2CH2ɋɇ3, J 7.γ), 1.β6 ɦ (2ɇ, 2ɇ5

), 

1.46 ɦ (2ɇ, 2ɇ2), 1.56 ɦ (4ɇ, 2ɇ9,11), 1.6λ ɦ, 1.7γ ɦ, 1.77 ɦ, 

1,81 ɦ (8ɇ, 2ɇ1,2,6,11), 1.85 ɦ (2ɇ, 2ɇ7), 1.λ5 ɦ (2ɇ, 2ɇ6
), 2.12 

ɞ.ɦ (2ɇ, 2ɇ3
, Jɝɟɦ 1β.8), β.β5 ɦ (2ɇ, 2ɇ12), β.γ8 ɞ.ɦ (2ɇ, 2ɇ7

, J 

11.8), β.5γ ɦ (2ɇ, 2ɇ12), γ.01 ɦ (2ɇ, 2ɋɇ-ɋ2
), 3.57 c (6ɇ, 

2OCH3), 4.18 ɞ.ɤ (4ɇ, 2ɈɋH2, J 7.0, 1.5), 4.57 ɫ (2ɇ, 2ɇ17
), 

4.78 ɞ (2ɇ, 2ɋɇ, J 9.3), 4.88 

ɫ (2ɇ, 2ɇ17), 6.β0 ɞ (2ɇ, 

2ɇ14
, J 1.5), 7.β7 ɞ (2ɇ, 2ɇ15

, 

J 1.5). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.4γ ɤ (2C

20
), 1γ.λλ ɤ 

(2ɋɇ2ɋɇ3), 14.1β ɤ (2ɋɇ3), 1λ.78 ɬ (2ɋ2), ββ.88 ɬ (2ɋ12), β4.47 ɬ 

(2ɋ11), β6.0λ ɬ (2C
6), β8.6γ ɤ (2C

19), γ8.0β ɬ (2C
3), γ8.5γ ɬ (2C

7
), 

γ8.λ1 ɬ (2C
1), 40.0γ ɫ (2C

10), 44.10 ɫ (2ɋ4), 44.5γ ɞ (2ɋɇ), 50.λ6 ɤ 

(2Ɉɋɇ3), 54.λ8 ɞ (2ɋ9), 56.1γ ɞ (2ɋ5), 60.6γ ɬ (2ɋɇ2), 67.41 ɞ (2ɋɇɈɇ), 106.50 ɬ (2ɋ17), 111.1λ ɞ 

(2ɋ14
), 1βγ.ββ ɫ (2ɋ13), 141.51 ɞ (2ɋ15

), 147.5γ ɫ (2ɋ16), 148.01 ɫ (2ɋ8), 175.51 ɫ (2ɋɈ2ɋɇ2ɋɇ3), 

177.5γ ɫ (2ɋ18
). ɇɚɣɞɟɧɨ %μ ɋ 70.54, H 8.97. ɋ27ɇ40Ɉ6. ȼɵɱɢɫɥɟɧɨμ ɋ 70.41, H 8.75. 
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(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-(-3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-2-ɷɬɢɥ-3-ɨɤɫɨɩɪɨɩɢɥ)-ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (323ɚ)-(323ɝ). 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 0.50 ɝ (1.40 ɦɦɨɥɶ) ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɫ ɰɢɧɤɨɜɵɦ ɟɧɨɥɹɬɨɦ 

ɢɡ ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ -ɛɪɨɦɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ (4 ɷɤɜ) ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɢɞɪɨɤɫɢɷɮɢɪɨɜ 

(323ɚ)-(323ɝ) (ɨɱɢɫɬɤɚ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ, ɜɵɯɨɞ 88%; ɫɨɨɬɧɨɲɟɧɢɟ (323ɚ)-

(323ɛ):(323ɜ)-(323ɝ), γμ1). ɉɨɜɬɨɪɧɨɣ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɯɥɨɪɨɮɨɪɦ) ɫɨɟɞɢɧɟɧɢɹ (323ɚ)-(323ɝ) ɪɚɡɞɟɥɢɥɢ ɧɚ ɩɚɪɵ ɞɢɚɫɬɟɪɟɨɢɡɨɦɟɪɨɜ. Ɇɟɬɢɥ-5-{2-[2-

((1R,2R)- ɢ (1S,2S)-3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-2-ɷɬɢɥ-3-ɨɤɫɨɩɪɨɩɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (323ɚ)-(323ɛ). ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.45 ɫ (6ɇ, 2ɋ20ɇ3), 0.8λ ɬ (6H, 2ɋɇ3ɋɇ2, J 

7.0), 0.λβ ɦ (βɇ, 2H
1
), 0.98 ɦ (βH, 2H

3), 1.07 ɬ (γɇ, Ɉɋɇ2ɋɇ3, J 

7.0), 1.0λ ɬ (γɇ, Ɉɋɇ2ɋɇ3, J 7.0), 1.1β ɫ, 1.1γ ɫ (6ɇ, 2ɋ19ɇ3), 1.25 

ɦ (βɇ, 2ɇ5), 1.46 ɦ (βɇ, 2ɇ2), 1.5γ ɦ (βɇ, 2ɇ11), 1.57 ɦ  (βɇ, 2ɇ9
), 

1.70 ɦ (βɇ, 2ɇ11), 1.76 ɦ (4ɇ, 2ɋɇ3ɋɇ2), 1.7λ ɦ (6ɇ, 2ɇ1,2,6
), 1.88 

ɦ (βɇ, 2ɇ7
), 1.λ4 ɦ (βɇ, 2ɇ6), β.10 ɞ.ɦ (βɇ, 2ɇ3

, Jɝɟɦ 1γ.γ), β.ββ ɦ 

(βɇ, 2ɇ12), β.γ7 ɦ (βɇ, 2ɇ7), β.47 ɦ (βɇ, 2ɇ12), β.78 ɞ.ɞ (βɇ, 2ɋɇ, 

J 8.7, 4.0), 3.55 c (6ɇ, 2OCH3), γ.λλ ɦ (4ɇ, 2ɈɋH2), 4.55 ɫ, 4.58 ɫ 

(βɇ, 2ɇ17), 4.67 ɞ (1ɇ, ɋɇɈɇ, J 6.8 ), 4.7γ ɞ (1ɇ, ɋɇɈɇ, J 6.8 ), 

4.86 ɫ, 4.87 ɫ (βɇ, 2ɇ17), 6.15 ɦ (βɇ, 2ɇ14),  7.ββ ɞ (1ɇ, ɇ15
, J 1.3), 

7.βγ ɞ (1ɇ, ɇ15
, J 1.5). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 11.γ0 ɤ, 11.γλ ɤ 

(2ɋɇ3), 1β.14 ɤ, 1β.18 ɤ (2C
20

), 1γ.67 ɤ, 1γ.70 ɤ (2ɋɇ2ɋɇ3), 19.47 

ɬ, 1λ.4λ ɬ (2ɋ2), β1.40 ɬ, β1.46 ɬ (2ɋɇ2), 22.4λ ɬ, ββ.7λ ɬ (2ɋ12
), 

βγ.λ0 ɬ, β4.β5 ɬ (2ɋ11), β5.80 ɬ, β5.8γ ɬ (2C
6), β8.γ0 ɤ, β8.γ6 ɤ 

(2C
19), γ7.6λ ɬ, γ7.7γ ɬ (2C

3), γ8.β0 ɬ (2C
7), γ8.57 ɬ (2C

1), γλ.6λ ɫ, γλ.75 ɫ (2C
10), 4γ.81 ɫ (2ɋ4

), 

50.68 ɤ (2Ɉɋɇ3), 5β.1β ɞ, 5β.βγ ɞ (2ɋɇ), 54.4γ ɞ, 54.λ6 ɞ (2ɋ9
), 56.70 ɞ, 55.74 ɞ (2ɋ5), 5λ.84 ɬ 

(2ɋɇ2), 65.58 ɞ, 66.1β ɞ (2ɋɇɈɇ), 106.04 ɬ, 106.11 ɬ (2ɋ17), 110.81 ɞ, 111.00 ɞ (2ɋ14), 1β1.7λ ɫ, 

1ββ.06 ɫ (2ɋ13), 140.λ1 ɞ, 141.04 ɞ (2ɋ15), 147.44 ɫ, 147.47 ɫ (2ɋ8), 148.54 ɫ (2ɋ16), 17γ.1β ɫ, 17γ.βγ 

ɫ (2ɋɈ2ɋɇ2ɋɇ3), 177.γγ ɫ (2ɋ18
). ɇɚɣɞɟɧɨ %μ ɋ 71.01, H 8.77. ɋ28ɇ42Ɉ6. ȼɵɱɢɫɥɟɧɨμ ɋ 70.86, H 

8.92. 

Ɇɟɬɢɥ-5-{2-[2-(1R,2S)- ɢ (1S,2R)-3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-2-ɷɬɢɥ-3-ɨɤɫɨɩɪɨɩɢɥ)-ɮɭɪɚɧ-3-

ɢɥ]ɷɬɢɥж-1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (323ɜ)-(323ɝ). ɂɄ 

ɫɩɟɤɬɪ, , ɫɦ-1
: 1030, 1094, 1161, 1184, 1230, 1264, 1376, 1448, 1462, 1725, 2965, 3369. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 c (6ɇ, 2ɋ20ɇ3), 0.8γ ɬ (6H, 2ɋɇ3ɋɇ2, J 7.0), 0.λβ ɦ (βɇ, 2H
1
), 

0.λλ ɦ (βH, 2H
3), 1.14 ɫ, 1.15 ɫ (6ɇ, 2ɋ19ɇ3), 1.β5 ɦ (βɇ, 2ɇ5), 1.β8 ɬ (6ɇ, 2Ɉɋɇ2ɋɇ3, J 7.0), 1.47 
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ɦ (βɇ, 2ɇ2), 1.57 ɦ (4ɇ, 2ɇ9,11), 1.6λ ɦ (βɇ, 2ɇ11), 1.74 ɦ (4ɇ, 2ɋɇ3ɋɇ2), 178 ɦ (6ɇ, 2ɇ1,2,6
), 1.88 

ɦ (βɇ, 2ɇ7), 1.λ6 ɦ (βɇ, 2ɇ6), β.1γ ɞ.ɦ (βɇ, 2ɇ3
, Jɝɟɦ 1γ.0), β.β6 ɦ (βɇ, 2ɇ12), β.40 ɞ.ɦ (βɇ, 2ɇ7

, J 

1β.β), β.5γ ɦ (βɇ, 2ɇ12
), 2.86 ɞ.ɞ (βɇ, 2ɋɇ, J 8.9, 4.5), 3.58 c (6ɇ, 2OCH3), 4.β1 ɤ (4ɇ, 2ɈɋH2, J 

7.0), 4.56 ɫ, 4.58 ɫ (βɇ, 2ɇ17
), 4.62-4.76 ɦ (βɇ, 2ɋɇɈɇ, Jɝɟɦ 9.0), 

4.8λ ɫ (βɇ, 2ɇ17), 6.β0 ɞ, 6.β1 ɞ (βɇ, 2ɇ14
, J 1.8), 7.β7 ɞ, 7.β8 ɞ (βɇ, 

2ɇ15
, J 1.8). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 11.β8 ɤ, 11.γ5 ɤ (2ɋɇ3), 12.49 

ɤ, 1β.5β ɤ (2C
20), 14.15 ɤ (2ɋɇ2ɋɇ3), 1λ.8β ɬ (2ɋ2), ββ.46 ɬ, ββ.58 ɬ 

(2ɋɇ2), ββ.81 ɬ, ββ.λγ ɬ (2ɋ12), β4.γ7 ɬ β4.47 ɬ (2ɋ11), β6.14 ɬ (2C
6
), 

β8.64 ɤ, β8.6λ ɤ (2C
19), γ8.0γ ɬ, γ8.06 

ɬ (2C
3), γ8.5β ɬ, γ8.58 ɬ (2C

7
), 38.92 

ɬ, γ8.λ5 ɬ (2C
1), 40.04 ɫ, 40.08 ɫ (2C

10), 44.16 ɫ (2ɋ4
), 51.00 ɤ, 51.0β 

ɤ (2Ɉɋɇ3), 5β.01 ɞ, 5β.05 ɞ (2ɋɇ), 54.71 ɞ, 55.00 ɞ (2ɋ9), 56.04 ɞ, 

56.17 ɞ (2ɋ5), 60.5γ ɬ (2ɋɇ2), 66.γ8 ɞ, 66.44 ɞ (2ɋɇɈɇ), 106.γ1 ɬ, 

106.54 ɬ (2ɋ17), 111.β7 ɞ, 111.γ0 ɞ (2ɋ14), 1β1.λ1 ɫ, 1ββ.λ6 ɫ (2ɋ13
), 

141.48 ɞ, 141.5γ ɞ (2ɋ15), 147.5λ ɫ, 147.84 ɫ (2ɋ8), 148.4β ɫ, 148.48 

(2ɋ16), 174.λγ ɫ (2ɋɈ2ɋɇ2ɋɇ3), 177.60 ɫ, 177.64 ɫ (2ɋ18
). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 474 (3), 341 (12), 315 (19), 299 (13), 281 (16), 238 (13), 237 (18), 224 (72), 208 

(19), 189 (26), 187 (13), 181 (16), 161 (16), 147 (20), 143 (18), 135 (42), 133 (14), 123 (22), 121 

(100), 119 (19), 110 (41), 109 (30), 107 (28), 105 (20), 101 (12), 95 (16), 93 (23), 91 (21), 81 (31), 79 

(18), 71 (ββ), 67 (1γ), 55 (17), 4γ (1γ), 41 (17). ɇɚɣɞɟɧɨ: [M]
 474.βλ78. ɋ28ɇ42O6. ȼɵɱɢɫɥɟɧɨ 

474.2976.  

(1S,4aR,5S,8aR)-Ɇɟɬɢɥ 5-{2-[2-(3-ɷɬɨɤɫɢ-1-ɝɢɞɪɨɤɫɢ-3-ɨɤɫɨɩɪɨɩɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4ɚ-

ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɵ (324ɚ)-(324ɛ). Ʉ ɫɭɫɩɟɧɡɢɢ 0.45 ɝ 

(6.λ5 ɦɦɨɥɶ) ɰɢɧɤɚ ɜ γ ɦɥ ɌȽɎ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɞɨɛɚɜɢɥɢ β ɤɚɩɥɢ ɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɛɪɨɦɭɤɫɭɫɧɨɣ 

ɤɢɫɥɨɬɵ ɢ ɤɢɩɹɬɢɥɢ 15 ɦɢɧ. Ɂɚɬɟɦ ɨɞɧɨɣ ɩɨɪɰɢɟɣ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɞɨɛɚɜɢɥɢ 0.50 ɝ (1.γλ ɦɦɨɥɶ) 

ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ (53) ɢ ɩɨ ɤɚɩɥɹɦ ɜ ɬɟɱɟɧɢɟ 1 ɱ 0.λγ ɝ (5.57 ɦɦɨɥɶ) ɷɬɢɥɨɜɨɝɨ 

ɷɮɢɪɚ ɛɪɨɦɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɤɢɩɹɬɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 15 ɦɢɧ, ɨɯɥɚɞɢɥɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨɛɚɜɢɥɢ 10 ɦɥ ɌȽɎ ɢ β ɦɥ 50% ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ K2CO3. 

ɉɟɪɟɦɟɲɢɜɚɥɢ γ0 ɦɢɧ, ɨɪɝɚɧɢɱɟɫɤɢɣ ɫɥɨɣ ɨɬɞɟɥɢɥɢ. 

ȼɨɞɧɵɣ ɫɥɨɣ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɷɮɢɪɨɦ (γɯβ0 ɦɥ). 

Ɉɪɝɚɧɢɱɟɫɤɢɟ ɮɪɚɤɰɢɢ ɨɛɴɟɞɢɧɢɥɢ, ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯβ0 

ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ȼɵɞɟɥɢɥɢ 0.46 ɝ (7γ%) ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ (324ɚ)-(324ɛ) 

(ɫɨɨɬɧɨɲɟɧɢɟ 1μ1) ɜ ɜɢɞɟ ɫɜɟɬɥɨ ɠɟɥɬɨɝɨ ɦɚɫɥɚ. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (6ɇ, 
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2ɋ20ɇ3), 0.λ4 ɦ (βH, 2H
1), 0.λλ ɦ (βH, 2H

3), 1.1γ1 ɫ, 1.1γ5 ɫ (6ɇ, 2ɋ19ɇ3), 1.βγ ɦ (βH, 2H
5), 1.β4 ɬ, 

1.β5 ɬ (6ɇ, 2ɋɇ3, J 7.0), 1.46 ɦ (βɇ, 2ɇ2), 1.54 ɦ, 1.5λ ɦ (4ɇ, 2ɇ9,11), 1.67 ɦ, 1.7γ ɦ, 1.81 ɦ (8ɇ, 

2ɇ11,1,2,6
), 1.87 ɦ (βɇ, 2ɇ7), 1.λ5 ɦ (βɇ, 2ɇ6), β.1β ɞ.ɦ (βɇ, 2ɇ3

, Jɝɟɦ 1γ.β), β.γ0 ɦ (βɇ, 2ɇ12), β.γλ ɦ 

(βɇ, 2ɇ7), β.51 ɦ (βɇ, 2ɇ12), β.67 ɞ.ɞ.ɞ (1ɇ, ɋɇ2, J 9.4, 5.λ, γ.7), β.80 ɞ.ɞ.ɞ (1ɇ, ɋɇ2, J 10.6, 5.9, 

γ.7), β.λ8 ɞ.ɞ.ɞ (1ɇ, ɋɇ2, J λ.4, 7.4, 4.β), γ.β5 ɞ.ɞ.ɞ (1ɇ, ɋɇ2, J 10.6, 5.8, 3.2), 3.57 c (6ɇ, 2OCH3), 

4.15 ɦ (4ɇ, 2ɈɋH2), 4.55 ɫ, 4.58 ɫ, 4.88 ɫ (4ɇ, 2ɇ17,17), 5.06 ɞ.ɞ (1ɇ, ɋɇ, J 7.4, γ.7), 5.10 ɦ (1ɇ, ɋɇ, 

J 5.λ), 6.1λ ɞ (βɇ, 2ɇ14
, J 1.5), 7.β6 ɞ (βɇ, 2ɇ15

, J 1.5). ɉɨɜɬɨɪɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɜɵɞɟɥɢɥɢ 

2(R)-ɢɡɨɦɟɪ (324ɚ). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 201 (4.09), 220 (3.83), 333 (2.83). ɂɄ ɫɩɟɤɬɪ, , 

ɫɦ-1
: 754, 891, 1031, 1155, 1230, 1373, 1448, 1467, 1510, 1644, 1724, 3496. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, 

į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ4 ɞ.ɞ.ɞ (1H, H
1
, J 13.4, 12.2, 3.5), 0.λλ ɦ (1H, H

3), 1.1γ ɫ (γɇ, 

ɋ19ɇ3), 1.β5 ɬ (γɇ, ɋɇ3, J 7.0), 1.β6 ɦ (1ɇ, ɇ5), 1.48 ɦ (1ɇ, ɇ2
), 1.50-1.6β ɦ  (βɇ, ɇ9,11

), 1.65-1.81 ɦ 

(4ɇ, ɇ1,2,6,11), 1.87 ɦ (1ɇ, ɇ7), 1.λ5 ɦ (1ɇ, ɇ6), β.1β ɞ.ɦ (1ɇ, ɇ3
, Jɝɟɦ 1γ.β), β.γ0 ɦ (1ɇ, ɇ12), β.γλ ɦ 

(1ɇ, ɇ7
), 2.51 ɦ (1ɇ, ɇ12), β.66 ɞ.ɞ.ɞ (1ɇ, ɋɇ2, J λ.4, 5.λ, γ.7), β.λ8 ɞ.ɞ (1ɇ, ɋɇ2, J 9.4, 4.2), 3.57 c 

(γɇ, OCH3), 4.15 ɦ (βɇ, ɈɋH2), 4.56 ɫ, 4.88 ɫ (βɇ, ɇ17,17), 5.06 ɞ.ɞ (1ɇ, ɋɇ, J 5.λ, 4.β), 6.1λ ɞ (1ɇ, 

ɇ14
, J 1.5), 7.β7 ɞ (1ɇ, ɇ15

, J 1.5). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.5γ ɤ (C20), 14.0γ ɤ (ɋɇ3), 1λ.81 ɬ 

(ɋ2), ββ.78 ɬ (ɋ12), β4.γ0 ɬ (ɋ11), β6.14 ɬ (C6), β8.65 ɤ (C19
), 38.01 

ɬ (C3), γ8.50 ɬ (C7), γ8.87 ɬ (C1), γλ.77 ɬ (ɋɇ2ɋɈ2ȿt), 40.01 ɫ 

(C
10), 44.15 ɫ (ɋ4), 51.0γ ɤ (Ɉɋɇ3), 54.58 ɞ (ɋ9), 56.15 ɞ (ɋ5

), 

60.74 ɬ (ɋɇ2), 61.λ6 ɞ (ɋɇɈɇ), 106.γγ ɬ, 106.57 ɬ (ɋ17
), 110.82 

ɞ, 111.γ8 ɞ (ɋ14), 1β1.λβ ɫ, 1ββ.0β ɫ (ɋ13), 141.50 ɞ (ɋ15), 147.61 ɫ 

(ɋ16), 147.λγ ɫ (ɋ8), 17β.07 ɫ (ɋɈ2ɋɇ2ɋɇ3), 177.67 ɫ (ɋ18
). 

Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 447 (1), 446 (5), 429 (13), 428 (41), 

369 (17), 341 (25), 340 (13), 330 (20), 329 (19), 316 (20), 315 (19), 247 (18), 233 (22), 210 (42), 206 

(33), 196 (69), 192 (28), 189 (46), 187 (20), 180 (64), 121 (100), 119 (20), 110 (27), 109 (38), 107 (26), 

105 (1λ), λγ (β1), λ1 (β0), 81 (β6), 7λ (1λ). ɇɚɣɞɟɧɨ: [M]
 446.β660. ɋ26ɇ38O6. ȼɵɱɢɫɥɟɧɨ: 446.2663. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɫ ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ 

(325). ɚ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ 

(325), 0.005 ɝ (0.0β ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.β15 ɝ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2), 0.160 ɝ 

(26%) (1S,4ɚR,5S,8ɚR)-ɦɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(3-ɨɤɫɨɛɭɬɢɥ)ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ]ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (326), ɢ 0.164 ɝ (βγ%) (1S,4ɚR,5S,8ɚR)-ɦɟɬɢɥ 

1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2,5-ɛɢɫ(3-ɨɤɫɨɛɭɬɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-
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1-ɤɚɪɛɨɤɫɢɥɚɬɚ (327), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 20][ D  +24.56
o
 (c 0.37, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., 

ɧɦ (lg ): 221 (3.76). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 889, 966, 984, 1034, 1092, 1155, 1211, 1229, 1248, 1333, 

1362, 1437, 1445, 1466, 1576, 1643, 1720, 2847, 2874, 2945, 3420. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ7 ɞ.ɬ (1H, H
1
, J 1γ.γ, γ.8), 1.01 ɞ.ɬ (1H, H

3
, J 1γ.β, 4.0), 1.16 ɫ (γɇ, 

ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, H5
, J 1β.4, γ.0), 1.48 ɦ (1ɇ, ɇ2), 1.54 ɲ.ɫ (1ɇ, ɇ9), 1.61 ɦ  (1ɇ, ɇ11), 1.75 ɦ, 

1.7λ ɦ, 1.8β ɦ (4H, H
1,2,6,11), 1.86 ɦ (1ɇ, ɇ7), 1.λ7 ɦ (1ɇ, ɇ6), β.08 ɦ (βɇ, ɇ3,12), β.1β ɫ (γɇ, ɋɇ3), 

β.15 ɫ (γɇ, ɋɇ3), β.γ7 ɦ, β.40 ɦ (βɇ, ɇ12,7), β.6λ ɦ, β.7β ɦ (6ɇ, ɇ2’,2’,2”,2”,1”,1”), β.76 ɦ (βɇ, ɇ1’,1’
), 

3.59 c (γɇ, OCH3), 4.55 ɫ, 4.87 ɫ (βɇ, ɇ17,17
), 5.76 c (1ɇ, ɇ14). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.1λ ɤ 

(C
20), 1λ.5β ɬ (C1’)*, 1λ.78 ɬ (ɋ2)*, β1.8λ ɬ (C1”), ββ.λ7 ɬ (ɋ12

), 24.17 

ɬ (ɋ11), β5.86 ɬ (C6), β8.γ8 ɤ (ɋɇ3), βλ.48 ɤ (C19), γ7.77 ɬ (C3
), 38.33 

ɬ (C7), γ8.6γ ɬ (C1), γλ.75 ɫ (C10), 41.γ5 ɬ (C2’)*, 41.87 ɬ (C2”
)*, 

4γ.87 ɫ (ɋ4), 50.6λ ɤ (Ɉɋɇ3), 54.7λ ɞ (ɋ9), 55.8γ ɞ (ɋ5), 105.λ8 ɬ 

(ɋ17), 106.54 ɞ (ɋ14), 11λ.80 ɫ (ɋ13), 147.17 ɫ (ɋ15), 147.5β ɫ (ɋ16
), 

151.6β ɫ (ɋ8), 177.γβ ɫ (ɋ18), β07.βλ ɫ (ɋɈ). (*- ɋɢɝɧɚɥɵ ɦɨɠɧɨ 

ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 470 (13), 235 (28), 

234 (56 ), 222 (57), 221 (42), 220 (13), 191 (26), 189 (11), 179 (32), 177 (31), 176 (25), 165 (14), 164 

(48), 163 (15), 135 (11), 133 (24), 122 (11), 121 (100), 119 (13), 109 (10), 107 (18), 105 (19), 99 (37), 

95 (11), 93 (20), 91 (26), 85 (21), 83 (33), 81 (21), 79 (22), 77 (16), 71 (10), 69 (10), 67 (13), 55 (15), 

ɇɚɣɞɟɧɨμ ДM] 
 
470.3015.

 
C29H42O5. ȼɵɱɢɫɥɟɧɨμ 470.γ0β8. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(3-ɨɤɫɨɛɭɬɢɥ)ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ]ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (326), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 20][ D
 +27.28

o
 (c 

0.65, CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 217 (3.56), 299 (2.72). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 765, 891, 984, 1034, 1092, 1136, 1155, 1180, 

1211, 1229, 1248, 1364, 1449, 1466, 1657, 1722, 1763, 2847, 2874, 

2947, 3424. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, 

ɋ20ɇ3), 0.λ6 ɦ (1H, H
1), 0.λλ ɞ.ɬ (1H, H

3
, J 1γ.γ, γ.4), 1.14 ɫ (γɇ, 

ɋ19ɇ3), 1.β4 ɞ.ɞ (1ɇ, H5
, J 1β.β, β.8), 1.48 ɦ (1ɇ, ɇ2

), 1.54 ɲ.ɫ 

(1ɇ, ɇ9), 1.66 ɦ (1ɇ, ɇ11), 1.74 ɦ, 1.77 ɦ, 1.80 ɦ (4H, H
1,2,6,11

), 

1.86 ɦ (1ɇ, ɇ7), 1.λ5 ɦ (1ɇ, ɇ6), β.11 ɫ (γɇ, ɋɇ3), β.14 ɦ, β.18 ɦ (βɇ, ɇ3,12), β.γλ ɦ, β.4γ ɦ (βɇ, 

ɇ12,7), β.6λ ɦ (βɇ, ɇ2’,2’), β.76 ɦ (βɇ, ɇ1’,1’
), 3.57 c (γɇ, OCH3), 4.56 ɫ, 4.87 ɫ (βɇ, ɇ17,17), 6.14 ɞ 

(1ɇ, ɇ14
, J14,15 1.6), 7.1λ ɞ (1ɇ, ɇ15

, J14,15  1.6). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.1λ ɤ (C20), 1λ.50 ɬ 

(C
1’)*, 1λ.7β ɬ (ɋ2)*, ββ.75 ɬ (ɋ12), β4.10 ɬ (ɋ11), β5.84 ɬ (C6), β8.γ5 ɤ (ɋɇ3), βλ.46 ɤ (C19), γ7.74 ɬ 

(C
3), γ8.γ1 ɬ (C7), γ8.61 ɬ (C1), γλ.7β ɫ (C10), 41.5λ ɬ (C2’), 4γ.85 ɫ (ɋ4), 50.66 ɤ (Ɉɋɇ3), 54.57 ɞ 

(ɋ9), 55.8β ɞ (ɋ5), 106.01 ɬ (ɋ17), 110.λβ ɞ (ɋ14), 11λ.11 ɫ (ɋ13), 1γλ.8γ ɞ (ɋ15), 147.46 ɫ (ɋ16
), 
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148.8β ɫ (ɋ8), 177.β7 ɫ (ɋ18), β07.1β ɫ (ɋɈ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 400 (8), 341 (11), 236 (19), 

235 (15), 189 (36), 181 (14), 165 (17), 164 (100), 161 (10), 153 (14), 152 (27), 151 (49), 150 (12), 122 

(11), 121 (84), 119 (15), 109 (15), 107 (25), 105 (18), 95 (14), 94 (13), 93 (21), 91 (22), 81 (35), 79 

(26), 77 (16), 67 (14), 55 (β0), 4γ (88), 41 (β0). ɇɚɣɞɟɧɨμ ДM]
 
400.2606.

 
C25H36O4. ȼɵɱɢɫɥɟɧɨμ 

400.2608. 

ɛ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ 

(325), 0.005 ɝ (0.0β ɦɦɨɥɶ) AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.β07 ɝ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2), 0.156 ɝ 

(26%) ɫɨɟɞɢɧɟɧɢɹ (326) ɢ 0.β55 ɝ (γβ%) ɫɨɟɞɢɧɟɧɢɹ (327). ɜ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ (325), 0.00λ ɝ (0.0γ ɦɦɨɥɶ) 

AuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 1β0 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 

0.070 ɝ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2), 0.06 ɝ (10%) ɫɨɟɞɢɧɟɧɢɹ (326) ɢ 0.1β7 ɝ 

(18%) ɫɨɟɞɢɧɟɧɢɹ (327). ɝ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) 

ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ (325), 0.005 ɝ (0.0β ɦɦɨɥɶ) AuCl3, 0.011 ɝ (0.06 ɦɦɨɥɶ) AgOTf ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ 

ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.554 ɝ (78%) ɫɨɟɞɢɧɟɧɢɹ 

(327). ɟ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ 

(325), 0.01β ɝ (0.0γ ɦɦɨɥɶ) PyAuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4:1). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.33 ɝ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɢ 0.07 ɝ 

(1β%) ɫɨɟɞɢɧɟɧɢɹ (326). ɠ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ  ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) 

ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ (325), 0.015 ɝ (0.0γ ɦɦɨɥɶ) Ph3PAuCl3 ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.β5 ɝ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2), 0.10 ɝ (16%) ɫɨɟɞɢɧɟɧɢɹ (326) ɢ 0.057 ɝ (8%) ɫɨɟɞɢɧɟɧɢɹ (327). ɡ). 

Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ 

(325), 0.012 ɦɥ (0.15 ɦɦɨɥɶ) CF3CO2H ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 
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ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 

ɉɨɥɭɱɢɥɢ 0.320 ɝ (45%) ɫɨɟɞɢɧɟɧɢɹ (327). ɢ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ 

ɦɥ (γ.7λ ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ (325), 0.005 ɝ (0.0γ ɦɦɨɥɶ) TsOH ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.04 ɝ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2), 0.100 ɝ (17%) ɫɨɟɞɢɧɟɧɢɹ (326) ɢ 0.221 ɝ (31%) ɫɨɟɞɢɧɟɧɢɹ (327). 

ɣ). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.1βγ ɦɥ (γ.7λ ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ 

(325), 0.026 ɝ (0.15 ɦɦɨɥɶ) TsOH ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, 

ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). 

ɉɨɥɭɱɢɥɢ 0.256 ɝ (36%) ɫɨɟɞɢɧɟɧɢɹ (327). 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2,5-ɛɢɫ(3-ɨɤɫɨ-3-

ɮɟɧɢɥɩɪɨɩɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (330). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ 

(1.51 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.400 ɝ (γ.0γ ɦɦɨɥɶ) ɜɢɧɢɥɮɟɧɢɥɤɟɬɨɧɚ (328), 0.005 ɝ (0.0β 

ɦɦɨɥɶ) AuCl3, 0.011 ɝ (0.06 ɦɦɨɥɶ) AgOTf ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 4μ1). ɉɨɥɭɱɢɥɢ 0.γ4β ɝ (γ8%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-ɛɢɫ-(3-ɨɤɫɨ-3-ɮɟɧɢɥɩɪɨɩɢɥ)-15,16-

ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (330). 
20][ D

 +18.87
o
 (c 0.32, CHCl3). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 242 (4.37), 280 (3.62), 360 (3.19). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 690, 754, 982, 1155, 

1182, 1211, 1229, 1362, 1449, 1580, 1597, 1647, 1686, 1720, 

1763, 2847, 2874, 2945, 3022, 3063. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.47 ɫ (γɇ, ɋ20ɇ3), 0.λ8 ɞ.ɬ (1H, H
1
, J 13.9, 3.4), 

1.01 ɞ.ɬ (1H, H
3
, J 1γ.5, γ.λ), 1.16 ɫ (γɇ, ɋ19ɇ3), 1.β6 ɞ.ɞ (1ɇ, 

H
5
, J 1β.γ, β.8), 1.48 ɦ (1ɇ, ɇ2), 1.58 ɦ (1ɇ, ɇ9), 1.6β ɦ (1ɇ, 

ɇ11), 1.76 ɦ, 1.7λ ɦ, 1.81 ɦ (4H, H
1,2,6,11), 1.86 ɦ (1ɇ, ɇ7

), 1.96 

ɦ (1ɇ, ɇ6), β.14 ɦ (βɇ, ɇ3,12), β.40 ɦ (βɇ, ɇ12,7), β.λγ ɞ.ɞ (1ɇ, 

ɇ1”,1”
,
 
J 15.0, 7.0), β.λγ ɬ (1ɇ, ɇ1’,1’

,
 
J 7.6), γ.ββ ɬ (1ɇ, ɇ2’,2’

,
 
J 7.6), γ.β5 ɞ.ɞ (1ɇ, ɇ2”,2”

,
 
J 15.0, 7.0), 

3.59 c (γɇ, OCH3), 4.57 ɫ, 4.87 ɫ (βɇ, ɇ17,17
), 5.84 c (1ɇ, ɇ14), 7.44 ɦ (2ɇ, 2p-Ph), 7.54 ɦ (4ɇ, 4m-

Ph), 7.λ4 ɬ.ɦ (4ɇ, 4o-Ph, J 7.8). ɋɩɟɤɬɪ əɆɊ 13
C, , ɦ.ɞ.μ 1β.61 ɤ (C20), 1λ.λγ ɬ (C1’), β0.67 ɬ (ɋ2

), 

ββ.6λ ɬ (C1”), βγ.46 ɬ (ɋ12
), β4.67 ɬ (ɋ11), β6.β7 ɬ (C6

), 28.78 ɤ (C19), γ6.λ4 ɬ (C2”), γ7.51 ɬ (C2’
), 

γ8.18 ɬ (C3), γ8.7β ɬ (C7), γλ.04 ɬ (C1), 40.17 ɫ (C10), 44.β8 ɫ (ɋ4), 51.1β ɤ (Ɉɋɇ3), 55.β4 ɞ (ɋ9
), 

56.βγ ɞ (ɋ5), 106.44 ɬ (ɋ17), 107.14 ɞ (ɋ14), 1β0.41 ɫ (ɋ13), 1β8.0γ ɞ (4m-Ph), 1β8.54 ɞ (2o-Ph), 
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1β8.58 ɞ (2o-Ph), 1γγ.01 ɞ (p-Ph), 1γγ.08 ɞ (p-Ph), 1γ6.7λ ɫ (2i-Ph), 147.80 ɫ (ɋ15), 147.λβ ɫ (ɋ16
), 

15β.γ1 ɫ (ɋ8), 177.7λ ɫ (ɋ18), 1λ8.λ0 ɫ (ɋɈ), 1λλ.β1 ɫ (ɋɈ). ɇɚɣɞɟɧɨ %μ ɋ 78.75, H 7.80. C39H46O5. 

ȼɵɱɢɫɥɟɧɨμ ɋ 76.λ8, H 8.02. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-(3-ɨɤɫɨɩɪɨɩɢɥ)ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ]ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (331). Ʉ ɪɚɫɬɜɨɪɭ 0.500 ɝ (1.51 ɦɦɨɥɶ) 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.170 ɝ (3.03 ɦɦɨɥɶ) ɚɤɪɨɥɟɢɧɚ (329), 0.005 ɝ (0.015 ɦɦɨɥɶ) AuCl3 ɢ 

ɩɟɪɟɦɟɲɢɜɚɥɢ β4 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ 

ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.β56 ɝ 

ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɢ 0.146 ɝ (β5%) ɦɟɬɢɥ 16-(3-ɨɤɫɨɩɪɨɩɢɥ)-15,16-

ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (331) ɜ ɜɢɞɟ ɦɚɫɥɚ. 20][ D
 +23.84

o
 (c 0.55, 

CHCl3). ɍɎ ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 221 (3.80). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 756, 893, 986, 1032, 1094, 1136, 

1155, 1211, 1229, 1248, 1333, 1385, 1449, 1466, 1512, 1643, 1724, 2723, 2847, 2874, 2947, 3078, 

3435. ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.46 ɫ (γɇ, ɋ20ɇ3), 

0.λ4 ɞ.ɬ (1H, H
1
, J 1γ.0, γ.6), 0.λλ ɞ.ɬ (1H, H

3
, J 1γ.4, 4.0), 1.1γ ɫ 

(γɇ, ɋ19ɇ3), 1.βγ ɞ.ɞ (1ɇ, H5
, J 1β.1, β.8), 1.48 ɦ (1ɇ, ɇ2), 1.54 ɲ.ɫ 

(1ɇ, ɇ9), 1.64 ɦ (1ɇ, ɇ11), 1.7γ ɦ, 1.77 ɦ, 1.81 ɦ (4H, H
1,2,6,11

), 1.85 

ɦ (1ɇ, ɇ7), 1.λ5 ɦ (1ɇ, ɇ6
), β.14 ɦ, β.1λ ɦ (βɇ, ɇ3,12), β.γλ ɦ, β.4γ 

ɦ (βɇ, ɇ12,7), β.6λ ɦ (βɇ, ɇ2’,2’), β.8β ɦ (βɇ, ɇ1’,1’
), 3.56 c (γɇ, 

OCH3), 4.55 ɫ, 4.87 ɫ (βɇ, ɇ17,17), 6.14 ɞ (1ɇ, ɇ14
, J 1.7), 7.18 ɞ (1ɇ, 

ɇ15
, J 1.7), λ.76 ɫ (1ɇ, ɋɇɈ). ɋɩɟɤɬɪ əɆɊ 13

C, , ɦ.ɞ.μ 1β.5β ɤ (C20), 18.56 ɬ (C1’), 1λ.8γ ɬ (ɋ2
), 

βγ.06 ɬ (ɋ12), β4.γ5 ɬ (ɋ11), β6.18 ɬ (C6), β8.67 ɤ (C19), γ8.06 ɬ (C3), γ8.6γ ɬ (C7
), 38.λβ ɬ (C1

), 40.05 

ɫ (C10), 4β.βγ ɬ (C2’), 44.15 ɫ (ɋ4), 50.λ8 ɤ (Ɉɋɇ3), 54.8γ ɞ (ɋ9), 56.14 ɞ (ɋ5), 106.γ5 ɬ (ɋ17
), 111.24 

ɞ (ɋ14), 11λ.68 ɫ (ɋ13), 140.γλ ɞ (ɋ15), 147.7λ ɫ (ɋ16), 148.54 ɫ (ɋ8), 177.5γ ɫ (ɋ18), β01.14 ɫ (ɋɇɈ). 

Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 386 (4), 249 (14), 236 (13), 235 (10), 189 (45), 188 (11), 181 (16), 166 

(14), 161 (12), 150 (52), 137 (19), 136 (17), 133 (15), 122 (13), 121 (100), 119 (19), 109 (20), 107 

(30), 105 (20), 95 (22), 94 (10), 93 (24), 91 (23), 81 (44), 79 (27), 77 (16), 67 (18), 55 (22), 53 (11), 41 

(24). ɇɚɣɞɟɧɨμ ДM] 386.4987.
 
C24H34O4. ȼɵɱɢɫɥɟɧɨμ γ86.5β44. 

(1S,4ɚR,5S,8ɚR)-Ɇɟɬɢɥ 1,4ɚ-ɞɢɦɟɬɢɥ-6-ɦɟɬɢɥɟɧ-5-{2-[2-((Z)-3-ɨɤɫɨɛɭɬ-1-ɟɧ-1-ɢɥ)-5-(3-

ɨɤɫɨɛɭɬɢɥ)ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ]ɞɟɤɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (333). Ʉ ɪɚɫɬɜɨɪɭ 0.5β0 ɝ 

(1.γ0 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (332) ɜ 5 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɛɚɜɢɥɢ 0.β1 

ɦɥ (β.61 ɦɦɨɥɶ) ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɚ (325), 0.008 ɝ (0.0β6 ɦɦɨɥɶ) AuCl3, 0.01λ ɝ (0.08 ɦɦɨɥɶ) 

AgOTf ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 7β ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 
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0.β1 ɝ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (332) ɢ 0.15 ɝ (β4%) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 16-((Z)-3-ɨɤɫɨɛɭɬ-1-ɟɧ-1-

ɢɥ)-15-(3-ɨɤɫɨɛɭɬɢɥ)-15,16-ɷɩɨɤɫɢ-8(17),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ (333). ɍɎ 

ɫɩɟɤɬɪ, ɦɚɤɫ., ɧɦ (lg ): 267 (2.84), 280 (2.80). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 756, 891, 966, 1092, 1163, 1229, 

1248, 1360, 1416, 1447, 1466, 1576, 1614, 1661, 1682, 1720, 2849, 2883, 2945, 3078, 3422. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.44 ɫ (γɇ, ɋ20ɇ3), 0.8λ ɞ.ɬ (1H, H
1
, J 1γ.γ, 4.0), 0.λ7 ɞ.ɬ (1H, H

3
, J 

1β.6, γ.8), 1.11 ɫ (γɇ, ɋ19ɇ3), 1.β1 ɞ.ɞ (1ɇ, H5
, J 1β.4, γ.0), 1.44 ɦ 

(1ɇ, ɇ2), 1.50 ɲ.ɫ (1ɇ, ɇ9), 1.64 ɦ (1ɇ, ɇ11), 1.68 ɦ, 1.7γ ɦ, 1.78 ɦ 

(4H, H
1,2,6,11), 1.8γ ɦ (1ɇ, ɇ7), 1.λγ ɦ (1ɇ, ɇ6), β.0λ ɞ.ɦ (1ɇ, ɇ3

, J 

1γ.4), β.14 ɫ (γɇ, ɋ4’ɇ3), β.β4 ɫ (γɇ, ɋ4”ɇ3), β.γ1 ɦ (1ɇ, ɇ12
), 2.37 

ɦ (1ɇ, ɇ7), β.5β ɦ (1ɇ, ɇ12), β.78 ɦ (βɇ, ɇ2”,2”
), 2.86 ɦ (βɇ, 

ɇ1”,1”
), 3.55 c (γɇ, OCH3), 4.5β ɫ, 4.λ0 ɫ (βɇ, ɇ17,17

), 5.98 c (1ɇ, 

ɇ14), 6.41 ɞ (1ɇ, ɇ2’
, J 15.6), 7.14 ɞ (1ɇ, ɇ1’

, J 15.6). ɋɩɟɤɬɪ əɆɊ 
13

C, , ɦ.ɞ.μ 1β.5β ɤ (C20
), 1λ.77 ɬ (ɋ2), ββ.β8 ɬ (ɋ12), βγ.γλ ɬ (C1”), β4.15 ɬ (ɋ11), β6.1γ ɬ (C6

), 27.48 

ɤ (ɋ4”ɇ3), β8.6β ɤ (ɋ4’ɇ3), βλ.8β ɤ (C19), γ8.00 ɬ (C3), γ8.5γ ɬ (C7), γ8.λ1 ɬ (C1), 40.05 ɫ (C10
), 41.02 

ɬ (C
2”), 44.14 ɫ (ɋ4), 51.01 ɤ (Ɉɋɇ3), 54.7β ɞ (ɋ9), 56.0β ɞ (ɋ5), 106.46 ɬ (ɋ17), 10λ.80 ɞ (ɋ14

), 

115.λγ ɫ (ɋ13), 1β1.γγ ɞ (C2’), 1β7.β7 ɞ (C1’), 1γγ.8γ ɫ (ɋ16), 145.67 ɫ (ɋ15
), 147.6γ ɫ (ɋ8

), 177.5γ ɫ 

(ɋ18), 1λ7.78 ɫ (ɋ3”), β06.50 ɫ (ɋ3’
). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 468 (5), 425 (24), 399 (14), 398 (50), 

342 (10), 342 (39), 220 (37), 217 (14), 189 (18), 180 (16), 177 (81), 162 (12), 161 (19), 149 (16), 133 

(10), 121 (52), 119 (20), 109 (13), 107 (22), 105 (18), 99 (45), 95 (11), 93 (20), 91 (21), 85 (17), 83 

(26), 81 (29), 79 (18), 77 (10), 69 (10), 67 (14), 55 (23), 43 (100), 41 (23). ɇɚɣɞɟɧɨμ ДM]
 
468.2864.

 

C29H40O5. ȼɵɱɢɫɥɟɧɨμ 468.β870. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɫɨ ɫɬɢɪɨɥɨɦ (361). 

ɚ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 4 ɦɥ 

ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɞɨɛɚɜɢɥɢ 0.70 ɦɥ (6.06 ɦɦɨɥɶ) ɫɬɢɪɨɥɚ (361), 0.068 ɝ (0.03 ɦɦɨɥɶ) Pd(OAc)2, 0.β75 ɝ (1.51 ɦɦɨɥɶ) 

Cu(OAc)2 ɢ 0.0γγ ɝ (0.γ0 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ 

ɤɢɫɥɨɪɨɞɚ ɩɪɢ γ5ɨɋ 10 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ - 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.01 ɝ ɫɨɟɞɢɧɟɧɢɹ (38) ɢ 1.0β ɝ 

(63%) ɦɟɬɢɥ (1S,4aS,8aR)-5-{2-[2,5-ɛɢɫ((ȿ)-ɫɬɢɪɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (486). Ʉɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɷɮɢɪɚ 

ɩɨɥɭɱɢɥɢ ɫɨɟɞɢɧɟɧɢɹ (486) ɜ ɜɢɞɟ ɫɜɟɬɥɨ-ɠɟɥɬɨɝɨ ɨɫɚɞɤɚ. Ɍ. ɩɥ. 6β-64
ɨɋ. 20][ D

 +49.59
o
 (c 1.36, 

ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ)μ β86 (4.ββ), γ87 (4.1β). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 695, 753, 846, 955, 
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973, 1154, 1232, 1379, 1464, 1602, 1723, 2872, 2928, 2959, 3432. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.80 c (3H, ɋ20ɇ3), 1.06 ɞ.ɬ (1ɇ, ɇ3
, J 13.4, 4.1), 1.ββ М (γɇ, ɋ19ɇ3), 1.β8 ɦ (1ɇ, ɇ1), 1.γ7 ɞ.ɞ 

(1H, H
5
, J 13.0, 1.5), 1.59 ɦ (1H, H

2
), 1.70 c (3H, ɋ17ɇ3), 1.75 ɞ.ɞ (1ɇ, ɇ6

, J 12.3, 5.3), 1.80-1.λβ ɦ 

(1ɇ, H2
), 1.94-β.01 ɦ (3H, H

1,7,6
), 2.04-β.16 ɦ (2H, H

7,11
), 2.22-β.β7 ɦ (βɇ, ɇ3,11

), 2.53 ɦ (2H, H
12 

), 

γ.6γ ɫ (γɇ, Ɉɋɇ3), 6.34 c (1H, H
14

), 6.85 ɞ (1ɇ, ɇ2’
, J 16.1), 6.90 ɞ (1ɇ, ɇ2’

, J 16.1), 7.10 ɞ (1ɇ, ɇ1’
, 

J 16.1), 7.1β ɞ (1ɇ, ɇ1’
, J 16.1), 7.βγ ɦ (βɇ, ɇ4”,4”), 7.γ5 ɦ (4ɇ, ɇ3”,3”,5”,5”), 7.4λ ɦ (4ɇ, ɇ2”,2”,6”,6”

, J 

7.9). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.41 ɤ (C20), 1λ.β7 ɬ (C2
), 1λ.55 ɤ 

(C
17), β0.46 ɬ (C6), β5.γβ ɬ (C12

), β8.06 ɤ (C19), β8.λλ ɬ (C11
), 33.93 

ɬ (C7
), γ6.λ4 ɬ (C1

), γ7.γ4 ɬ (C3
), γλ.β6 ɫ (C10

), 4γ.5β ɫ (C4
), 50.73 

ɤ (Ɉɋɇ3), 5γ.1β ɞ (ɋ5), 111.87 ɞ (C14), 11γ.76 ɞ (ɋ1’), 115.74 ɞ 

(ɋ1’
), 1β5.β8 ɞ (ɋ2’

), 1β5.75 ɞ (βɋ2”
)*, 1β5.λ4 ɞ (βɋ6”

)*, 1β6.48 ɫ 

(C
13), 1β6.78 ɞ (ɋ2’), 1β6.λβ ɞ (ɋ4”), 1β7.15 ɞ (ɋ4”

), 127.25 c (C
8
), 

1β8.γ1 ɞ (βɋ3”
)*, 1β8.γ4 ɞ (βɋ5”

)*, 1γ6.71 ɫ (ɋ1”), 1γ7.08 ɫ (ɋ1”
), 

138.16 c (C
9), 147.λ1 ɫ (ɋ15), 151.84 ɫ (C16

), 177.65 c (C
18

). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 534 (35), 286 (39), 285 (100), 212 (27), 189 (20), 181 (12), 179 (10), 175 (12), 

173 (13), 165 (16), 157 (12), 153 (12), 141 (13), 133 (13), 131 (38), 129 (13), 119 (15), 115 (13), 107 

(10), 105 (β0), 10γ (1λ), λ1 (β7), 77 (14), 41 (11), β8 (1γ), 18 (11). ɇɚɣɞɟɧɨμ ДM]
 
534.3126.

 
C37H42O3. 

ȼɵɱɢɫɥɟɧɨμ 5γ4.γ1βλ. ɛ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.35 ɦɥ (3.03 ɦɦɨɥɶ) ɫɬɢɪɨɥɚ (361), 0.068 ɝ (0.03 ɦɦɨɥɶ) 

Pd(OAc)2, 0.β75 ɝ (1.51 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γγ ɝ (0.γ0 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ 

ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ γ5ɨɋ 10 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ 

(3ɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ - ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.60 ɝ 

ɫɨɟɞɢɧɟɧɢɹ (38) ɢ 0.52 ɝ (32%) ɫɨɟɞɢɧɟɧɢɹ (486). ɜ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ 

ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ 

ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.35 ɦɥ (3.03 ɦɦɨɥɶ) ɫɬɢɪɨɥɚ (361), 0.034 

ɝ (0.15 ɦɦɨɥɶ) Pd(OAc)2, 0.β75 ɝ (1.51 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γγ ɝ (0.γ0 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ γ5ɨɋ 10 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 

ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ 

ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ - ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɷɥɸɢɪɨɜɚɥɢ 0.43 ɝ ɫɨɟɞɢɧɟɧɢɹ (38) ɢ 0.37 ɝ (23%) ɫɨɟɞɢɧɟɧɢɹ (486). ɝ) Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ 

ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (2) ɜ ɫɦɟɫɢ 4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 
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ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.γ5 ɦɥ (γ.0γ ɦɦɨɥɶ) ɫɬɢɪɨɥɚ 

(361), 0.034 ɝ (0.15 ɦɦɨɥɶ) Pd(OAc)2, 0.β75 ɝ (1.51 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γ3 ɝ (0.γ0 ɦɦɨɥɶ) 1,4-

ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ γ5ɨɋ ɜ ɬɟɱɟɧɢɟ 10 ɱ, ɩɨ 

ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ 

ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɥɨɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ ɧɚɞ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 10μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.32 ɝ ɫɨɟɞɢɧɟɧɢɹ (38), 0.29 ɝ (ββ%) ɫɦɟɫɢ ɦɟɬɢɥ 16-

(1-ɮɟɧɢɥɜɢɧɢɥ)- (488) ɢ ɦɟɬɢɥ 16-Д(ȿ)-ɫɬɢɪɢɥ]-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-

ɨɚɬɨɜ (487) (ɫɨɨɬɧɨɲɟɧɢɟ (488):(487), 4.5 μ 1 ɩɨ əɆɊ 1ɇ) (ɮɪɚɤɰɢɹ 1) ɢ 0.065 ɝ (4%) 15,16-

ɛɢɫД(ȿ)-ɫɬɢɪɢɥ]-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬɚ (486). ɉɨɜɬɨɪɧɨɣ 

ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ ɮɪɚɤɰɢɢ 1 ɜɵɞɟɥɢɥɢ ɦɟɬɢɥ (1S,4aS,8aR)-5-(2-{2-

Д(ȿ)-ɫɬɢɪɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 16-Д(ȿ)-ɫɬɢɪɢɥ)]-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-

ɨɜɨɣ ɤɢɫɥɨɬɵ) (487), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 285 (3.95), 334 (3.78). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 694, 753, 847, 956, 974, 1153, 1235, 1381, 1459, 1602, 1723, 2873, 2932, 2955, 

3433. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.80 c (3H, ɋ20ɇ3), 1.06 ɞ.ɬ (1ɇ, ɇ3
, J 13.7, 4.2), 1.23 c 

(γɇ, ɋ19ɇ3), 1.β8 ɦ (1ɇ, ɇ1
), 1.γ8 ɞ.ɞ (1H, H

5
, J 1β.7, 1.7), 1.5λ ɦ (1H, H

2
), 1.70 c (3H, ɋ17ɇ3), 1.75 

ɞ.ɞ (1ɇ, ɇ6
, J 12.7, 6.8), 1.80-1.λβ ɦ (1ɇ, H2

), 1.94-β.01 ɦ (γH, H
1,7,6

), 2.04-β.14 ɦ (βH, H
7,11

), 2.22-

β.βλ ɦ (βɇ, ɇ3,11), β.55 ɦ (βH, H
12,12), γ.64 ɫ (γɇ, Ɉɋɇ3), 6.35 ɞ 

(1H, H
14

, J 1.7), 6.λ1 ɞ (1ɇ, ɇ2’
, J 16.1), 7.00 ɞ (1ɇ, ɇ1’

, J 16.1), 

7.βγ ɬ.ɦ (1ɇ, ɇ4”
, J 7.6), 7.γ4 ɬ (γɇ, ɇ15, ɇ3”,5”

, J 7.6), 7.4λ ɞ.ɞ 

(βɇ, ɇ2”,6”
, J 7.6, 1.2). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.6λ ɤ (C20

), 

1λ.55 ɬ (C2
), 1λ.8β ɤ (C17), β0.75 ɬ (C6), β5.58 ɬ (C12

), β8.γ6 ɤ 

(C
19), βλ.β7 ɬ (C11), γ4.β1 ɬ (C7

), γ7.βγ ɬ (C1
), γ7.64 ɬ (C3

), 

γλ.54 ɫ (C10
), 4γ.8β ɫ (C4

), 51.0γ ɤ (Ɉɋɇ3), 5γ.4γ ɞ (ɋ5
), 112.55 

ɞ (C14), 114.51 ɞ (ɋ1’
), 1β4.0λ ɫ (C13), 1β5.4β ɞ (ɋ2’), 1β5.λλ ɞ 

(ɋ6”, ɋ2”), 1β7.17 ɞ (ɋ4”
), 127.49 c (C

8), 1β7.γ1 ɞ (ɋ3”), 1β8.5λ ɞ (ɋ5”
), 

1γ7.γ4 ɫ (ɋ1”
), 138.51 c (C

9), 141.47 ɞ (ɋ15), 148.17 ɫ (C16
), 177.96 c (C

18
). 

ɇɚɣɞɟɧɨ %μ ɋ 80.ββ, H 8.65. C29H36O3. ȼɵɱɢɫɥɟɧɨμ ɋ 80.5β, H 8.39. 

ȼɜɢɞɭ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɦɟɬɢɥ (1S,4aS,8aR)-5-{2-[2-(1-

ɮɟɧɢɥɜɢɧɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (488) ɟɝɨ ɧɟ ɭɞɚɥɨɫɶ ɜɵɞɟɥɢɬɶ ɜ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɢɞɟ. ɋɩɟɤɬɪ əɆɊ 1ɇ Дɢɡ ɫɩɟɤɬɪɚ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ 

(487) ɢ (488)], CDCl3, į, ɦ.ɞ. (J, Ƚɰ): 0.80 c (3H, ɋ20ɇ3), 1.06 ɞ.ɬ (1ɇ, ɇ3
, J 
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1γ.7, 4.β), 1.βγ М (γɇ, ɋ19ɇ3), 1.β8 ɦ (1ɇ, ɇ1), 1.γ8 ɞ.ɞ (1H, H
5
, J 1β.7, 1.7), 1.5λ ɦ (1H, H

2
), 1.69 c 

(3H, ɋ17ɇ3), 1.75 ɞ.ɞ (1ɇ, ɇ6
, J 12.7, 6.8), 1.80-1.λβ ɦ (1ɇ, H2

), 1.94-β.01 ɦ (γH, H
1,7,6

), 2.04-β.14 ɦ 

(2H, H
7,11

), 2.22-β.βλ ɦ (βɇ, ɇ3,11), β.55 ɦ (βH, H
12,12), γ.6β ɫ (γɇ, Ɉɋɇ3), 5.44 ɞ (1ɇ, ɇ2’a

, J 1.1), 

5.51 ɞ (1ɇ, ɇ2’b
, J 1.1), 6.38 ɞ (1H, H

14
, J 1.6), 7.βγ ɬ.ɦ (1ɇ, ɇ4”

, J 7.6), 7.γ4 ɦ (γɇ, ɇ15,3”,5”
, J 7.6), 

7.4λ ɞ.ɞ (βɇ, ɇ2”,6”
, J 7.6, 1.2). ɞ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.γ5 ɦɥ (γ.0γ ɦɦɨɥɶ) ɫɬɢɪɨɥɚ (361), 0.034 ɝ (0.15 

ɦɦɨɥɶ) Pd(OAc)2, 0.β75 ɝ (1.51 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γ3 ɝ (0.γ0 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ γ5ɨɋ ɜ ɬɟɱɟɧɢɟ 10 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ 

ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 

ɫɥɨɢ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.32 ɝ ɫɨɟɞɢɧɟɧɢɹ (38), 0.090 ɝ (7%) ɫɨɟɞɢɧɟɧɢɹ (487) ɢ 0.064 ɝ 

(4%) ɫɨɟɞɢɧɟɧɢɹ (486).  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ 

(349). ɚ). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 

4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɞɨɛɚɜɢɥɢ 0.β7 ɦɥ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɚɤɪɢɥɚɬɚ (349), 0.034 ɝ (0.15 ɦɦɨɥɶ) Pd(OAc)2, 0.β75 ɝ (1.51 

ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γγ ɝ (0.γ0 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ 

ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ γ5ɨɋ ɜ ɬɟɱɟɧɢɟ 80 ɱ. ɑɟɪɟɡ ɤɚɠɞɵɟ 10 ɱ ɤ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨɛɚɜɥɹɥɢ 0.1γ 

ɦɥ ɦɟɬɢɥɚɤɪɢɥɚɬɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɦɚɫɫɭ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 10μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.γ0 ɝ (β4%) ɫɦɟɫɢ ɦɟɬɢɥ 16-(3-

ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)- (490) ɢ 15-(3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)-ɦɟɬɢɥ-15,16-

ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɚɬɨɜ (491) ɢ 0.40 ɝ (β7%) ɦɟɬɢɥ (1S,4aS,8aR)-5-{2-[2,5-

ɛɢɫ((E)-3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-

1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɫɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-

ɤɚɪɛɨɤɫɢɥɚɬɚ (489), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D + 53.54
o
 (c 

0.λλ, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 251 (3.84), 336 (3.84). 

ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 618, 1013, 1064, 1084, 1103, 1122, 1152, 

1195, 1254, 1349, 1437, 1459, 1634, 1705, 2860, 2945, 3524. 

ɋɩɟɤɬɪ əɆɊ 
1ɇ, , ɦ.ɞ.: 0.74 c (3H, ɋ20ɇ3), 1.01 ɞ.ɬ (1ɇ, ɇ3

, J 13.4, 4.6), 1.18 М (γɇ, ɋ19ɇ3), 1.ββ ɦ 

(1ɇ, ɇ1), 1.γβ ɞ.ɦ (1H, H
5
, J 13.0), 1.50-1.56 ɦ (1H, H

2
), 1.60 c (3H, ɋ17ɇ3), 1.65-1.7λ ɦ (βɇ, ɇ2,6

), 
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1.81-1.λ6 ɦ (3H, H
1,6,7

), 1.98-β.06 ɦ (2H, H
7,11

), 2.16-β.ββ ɦ (βɇ, ɇ3,11
), 2.50 ɦ (2H, H

12 
), γ.60 ɫ (γɇ, 

Ɉɋɇ3), γ.77 ɫ (6ɇ, 2ɋɈ2Ɇɟ), 6.γ4 ɞ (1ɇ, ɇ2’
, J 15.6), 6.γ8 ɞ (1ɇ, ɇ2’

, J 15.6), 6.56 c (1H, H
14

), 7.33 

ɞ (1ɇ, ɇ1’
, J 15.6), 7.40 ɞ (1ɇ, ɇ1’

, J 15.6). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.64 ɤ (C20), 1λ.41 ɬ (C2
), 

1λ.76 ɤ (C17
), β0.6β ɬ (C6), β4.55 ɬ (C12

), β8.β6 ɤ (C19), β8.γβ ɬ (C11), γ4.1γ ɬ (C7
), γ7.17 ɬ (C1

), 37.50 

ɬ (C3
), γλ.4γ ɫ (C10

), 4γ.7β ɫ (C4
), 50.λλ ɤ (Ɉɋɇ3), 51.61 ɤ (ɋɈ2ɋɇ3), 51.66 ɤ (ɋɈ2ɋɇ3), 5γ.β6 ɞ 

(ɋ5), 115.66 ɞ (C14), 117.ββ ɞ (ɋ1’), 117.46 ɞ (ɋ1’), 1β8.05 ɞ (ɋ2’
), 128.06 c (C

8), 1γ0.15 ɞ (ɋ2’
), 

1γβ.84 ɫ (C13
), 137.79 c (C

9), 148.10 ɫ (ɋ15), 151.5β ɫ (C16), 167.01 ɫ (ɋɈ2ɋɇ3), 167.βλ ɫ (ɋɈ2ɋɇ3), 

177.88 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 498 (0.34), 330 (16), 255 (10), 250 (13), 249 (11), 235 

(16), 189 (75), 175 (25), 149 (28), 147 (20), 133 (34), 121 (19), 119 (34), 109 (20), 107 (22), 105 (26), 

97 (18), 95 (23), 91 (23), 85 (64), 83 (100), 81 (26), 71 (38), 69 (28), 67 (19), 59 (21), 57 (55), 55 (49), 

43 (59), 41 (44), 27 (24). ɇɚɣɞɟɧɨμ ДM] 
 
498.2606.

 
C25H34O5. ȼɵɱɢɫɥɟɧɨμ 4λ8.β61β.  

ɉɨɜɬɨɪɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ 1-ɨɣ ɮɪɚɤɰɢɢ ɜɵɞɟɥɢɥɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɦɟɬɢɥ (1S,4aS,8aR)-5-

{2-[2-((E)-3-ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɫɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (490) 

ɜ ɜɢɞɟ ɦɚɫɥɨɨɛɪɚɡɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 

γ15 (4.0β). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 973, 1041, 1165, 1193, 1235, 

1306, 1377, 1436, 1464, 1637, 1723, 1772, 2952, 3432. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.0γ ɞ.ɬ (1ɇ, 

ɇ3
, J 13.4, 4.3), 1.β0 М (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1), 1.γ4 ɞ.ɞ 

(1H, H
5
, J 12.6, 1.9), 1.53-1.57 ɦ (1H, H

2
), 1.63 c (3H, ɋ17ɇ3), 

1.69-1.76 ɦ (1ɇ, ɇ6
), 1.82-1.8λ ɦ (1ɇ, H2

), 1.92-1.λ7 ɦ (3H, H
1,6,7

), 2.00-β.10 ɦ (2H, H
7,11

), 2.18-2.23 

ɦ (βɇ, ɇ3,11
), 2.53 ɦ (2H, H

12
), γ.6β ɫ (γɇ, Ɉɋɇ3), γ.76 ɫ (γɇ, ɋɈ2Ɇɟ), 6.β4 ɞ (1ɇ, ɇ2’

, J 15.6), 6.38 

ɞ (1H, H
14

, J 1.9), 7.γλ ɞ (1ɇ, ɇ15
, J 1.λ), 7.45 ɞ (1ɇ, ɇ1’

, J 15.6). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.65 ɤ 

(C
20), 1λ.46 ɬ (C2

), 1λ.7λ ɤ (C17), β0.67 ɬ (C6), β5.54 ɬ (C12
), β8.γβ ɤ (C19), β8.λ4 ɬ (C11), γ4.17 ɬ (C7

), 

γ7.16 ɬ (C1
), γ7.56 ɬ (C3

), γλ.46 ɫ (C10
), 4γ.77 ɫ (C4

), 51.0γ ɤ (Ɉɋɇ3), 51.50 ɤ (ɋɈ2ɋɇ3), 5γ.γβ ɞ 

(ɋ5), 11γ.0γ ɞ (C14
)*, 113.46 ɞ (ɋ1’

)*, 127.86 c (C
8), 1βλ.08 ɞ (ɋ2’), 1γ0.λ8 ɫ (C13

), 138.09 c (C
9
), 

144.17 ɞ (ɋ15), 146.β8 ɫ (C16), 167.76 ɫ (ɋɈ2ɋɇ3), 177.96 c (C
18

). ɇɚɣɞɟɧɨ, %: ɋ 72.17; H 8.64. 

ɋ25ɇ34Ɉ5. ȼɵɱɢɫɥɟɧɨ, %: ɋ 72.43; H 8.27. 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɧɵɟ ɫɢɝɧɚɥɵ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɢ 13ɋ ɦɟɬɢɥ (1S,4aS,8aR)-5-{2-[5-((E)-3-

ɦɟɬɨɤɫɢ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (491) (ɩɨɥɭɱɟɧɵ ɢɡ ɞɚɧɧɵɯ ɫɩɟɤɬɪɨɜ ɫɦɟɫɢ ɫɨɟɞɢɧɟɧɢɣ 

(490) ɢ (491) ɜ ɫɨɨɬɧɨɲɟɧɢɢ β μ 1). ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.03 

ɞ.ɬ (1ɇ, ɇ3
, J 13.4, 4.3), 1.1λ М (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1), 1.γ4 ɞ.ɞ (1H, H

5
, J 12.6, 1.9), 1.53-1.57 

ɦ (1H, H
2
), 1.61 c (3H, ɋ17ɇ3), 1.69-1.76 ɦ (1ɇ, ɇ6

), 1.82-1.8λ ɦ (1ɇ, H2
), 1.92-1.97 ɦ (3H, H

1,7,6
), 

2.00-β.10 ɦ (2H, H
7,11

), 2.18-β.βγ ɦ (βɇ, ɇ3,11
), 2.53 ɦ (2H, H

12
), γ.6β ɫ (γɇ, Ɉɋɇ3), γ.76 ɫ (γɇ, 
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ɋɈ2Ɇɟ), 6.β4 ɞ (1ɇ, ɇ2’
, J 15.6), 6.49 ɫ (1H, H

14
), 7.β4 ɫ (1ɇ, ɇ16), 7.γ5 ɞ (1ɇ, ɇ1’

, J 15.6). ɋɩɟɤɬɪ 

əɆɊ 13C, į, ɦ. ɞ.μ 17.γ4 ɤ (C20
), 19.46 ɬ (C2

), 1λ.7λ ɤ (C17), β0.67 ɬ (C6), β5.17 ɬ (C12
), β8.γβ ɤ (C19

), 

β8.λ4 ɬ (C11), γ4.17 ɬ (C7
), γ6.85 ɬ (C1

), γ7.γβ ɬ (C3
), γλ.46 ɫ (C10

), 4γ.77 ɫ (C4
), 51.0γ ɤ (Ɉɋɇ3), 

51.βγ ɤ (ɋɈ2ɋɇ3), 5γ.1γ ɞ (ɋ5), 114.60 ɞ (C14), 115.66 ɞ (ɋ1’
), 

127.23 c (C
8), 1γ0.λ7 ɞ (ɋ2’), 1γ0.λ8 ɫ (C13

), 138.14 c (C
9
), 144.17 

ɞ (C16), 146.β8 ɫ (ɋ15
), 167.β1 ɫ (ɋɈ2ɋɇ3), 177.96 c (C

18
). 

ɛ). Ʉ ɪɚɫɬɜɨɪɭ β.00 ɝ (6.06 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 8 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ 8 ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.56 ɦɥ (6.06 

ɦɦɨɥɶ) ɦɟɬɢɥɚɤɪɢɥɚɬɚ (349), 0.068 ɝ (0.γ0 ɦɦɨɥɶ) Pd(OAc)2, 0.50 ɝ (γ.0γ ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.07 

ɝ (0.60 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɚɬɦɨɫɮɟɪɟ 

ɤɢɫɥɨɪɨɞɚ ɩɪɢ 40ɨɋ ɜ ɬɟɱɟɧɢɟ 80 ɱ, ɡɚɬɟɦ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 1.08 ɝ (54%) ɫɨɟɞɢɧɟɧɢɹ (490) ɢ 

0.40 ɝ (5%) ɫɨɟɞɢɧɟɧɢɹ (491). ɜ). Ʉ ɪɚɫɬɜɨɪɭ β.00 ɝ (6.06 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 8 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 8 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.56 ɦɥ (6.06 ɦɦɨɥɶ) ɦɟɬɢɥɚɤɪɢɥɚɬɚ (349), 0.068 

ɝ (0.γ ɦɦɨɥɶ) Pd(OAc)2, β.β0 ɝ (1β.1 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.07 ɝ (0.60 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɩɪɢ 40ɨɋ ɜ ɬɟɱɟɧɢɟ 80 ɱ, ɡɚɬɟɦ 

ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ 

ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ 

ɩɨɥɭɱɢɥɢ ɫɦɟɫɶ ɫɨɟɞɢɧɟɧɢɣ (489), (490) ɢ (491) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1μ5μ1. c). Ʉ ɪɚɫɬɜɨɪɭ β.00 ɝ (6.06 

ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 8 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 8 

ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.56 ɦɥ (6.06 ɦɦɨɥɶ) 

ɦɟɬɢɥɚɤɪɢɥɚɬɚ (349), 0.068 ɝ (0.γ0 ɦɦɨɥɶ) Pd(OAc)2, β.β0 ɝ (1β.1 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.07 ɝ (0.60 

ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɩɪɢ 

40
ɨɋ ɜ ɬɟɱɟɧɢɟ 80 ɱ, ɡɚɬɟɦ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-

ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.1γ ɝ (7%) ɢɫɯɨɞɧɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ (38) ɢ 0.68 ɝ 

(γ4%) ɫɨɟɞɢɧɟɧɢɹ (490) . 

Ɉɛщɢɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɚɦɢɞɨɜ (493)-(499) ɢ ɩɟɧɬɚɧ-1,5-ɞɢɨɥɞɢɚɤɪɢɥɚɬɚ (511). Ʉ 

ɩɟɪɟɦɟɲɢɜɚɟɦɨɦɭ ɪɚɫɬɜɨɪɭ 10.0 ɦɦɨɥɹ ɚɦɢɧɚ (ɩɟɧɬɚ-1,5-ɞɢɨɥɚ) ɢ 15.0 ɦɦɨɥɹ ɯɥɨɪɢɫɬɨɝɨ 

ɚɰɟɬɢɥɚ ɜ β0 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ ɩɪɢ 0ɨɋ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ γ0.0 
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ɦɦɦɨɥɶ ɬɪɢɷɬɢɥɚɦɢɧɚ ɜ 10 ɦɥ ɯɥɨɪɢɫɬɨɝɨ ɦɟɬɢɥɟɧɚ. Ɍɟɦɩɟɪɚɬɭɪɭ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɨɞɧɹɥɢ 

ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɩɟɪɟɦɟɲɢɜɚɥɢ 6 ɱ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɤ ɨɫɬɚɬɤɭ ɞɨɛɚɜɢɥɢ β0 ɦɥ 

ɷɮɢɪɚ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ (Et3NɯHCl) ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɜ ɨɫɬɚɬɤɟ ɩɨɥɭɱɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɦɢɞɵ (493)-(499) (ɩɟɧɬɚɧ-1,5-ɞɢɨɥɞɢɚɤɪɢɥɚɬ) ɫ 

ɜɵɯɨɞɨɦ 60-λ0%. Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɢɥɢɞɚ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (494), N-(n-

ɬɨɥɢɥ)ɚɤɪɢɥɚɦɢɞɚ (495), N-ɛɟɧɡɢɥɚɤɪɢɥɚɦɢɞɚ (496), ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ β-ɚɤɪɢɥɚɦɢɞɚ 

ɩɪɨɩɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (497), 4-ɚɤɪɢɥɨɢɥɦɨɪɮɨɥɢɧɚ (493) ɢ ɩɟɧɬɚɧ-1,5-ɞɢɨɥɞɢɚɤɪɢɥɚɬɚ (511) 

ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ Д296], [297], [298], [299], [300Ж ɢ [274Ж ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɇɟɬɢɥ 3-ɚɤɪɢɥɨɢɥɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩɚɧɨɚɬ (498). Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ β.81 ɞ.ɞ (1ɇ, ɋɇ2, J 15.9, 5.9), β.λβ ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, 5.λ), γ.55 ɫ (γɇ, 

Ɉɋɇ3), 5.46 ɬ (1ɇ, ɋɇ, J 5.λ), 5.5λ ɞ.ɞ (1ɇ, ɋɇ2=, J 10.β, 1.6), 6.11 ɞ.ɞ (1ɇ, ɋɇ=, J 16.9, 10.2), 

6.β4 ɞ.ɞ (1ɇ, ɋɇ2=, J 16.λ, 1.6), 7.ββ ɦ, 7.β6 ɦ (5ɇ, Ph). 

Ɇɟɬɢɥ 2-ɚɤɪɢɥɨɢɥɚɦɢɧɨɛɭɬɚɧɨɚɬ (499). Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.88 ɬ (γɇ, ɋɇ3, J 7.3), 1.7β ɦ, 1.8λ ɦ (βɇ, ɋɇ2), γ.71 ɫ (γɇ, Ɉɋɇ3), 4.61 ɦ (1ɇ, ɋɇ), 5.6γ 

ɞ.ɞ (1ɇ, ɋɇ2=, J 10.0, 1.6), 6.14 ɞ.ɞ (1ɇ, ɋɇ=, J 17.1, 10.0), 6.β7 ɞ.ɞ (1ɇ, ɋɇ2=, J 17.1, 1.6). 

Ɉɛщɚя ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢя ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬɵ (38) ɫ ɮɟɧɢɥɨɜɵɦ ɷɮɢɪɨɦ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (492), ɦɟɬɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (325), 

ɮɟɧɢɥɜɢɧɢɥɤɟɬɨɧɨɦ (328) ɢ ɚɦɢɞɚɦɢ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ (493)-(498). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.52 

ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ β ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ β 

ɦɥ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 1.5β ɦɦɨɥɶ ɚɥɤɟɧɚ, 0.02 ɝ (0.08 

ɦɦɨɥɶ) Pd(OAc)2, 0.55 ɝ (3.03 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.016 ɝ (0.15 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. 

Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɚɪɝɨɧɚ ɩɪɢ 40ɨɋ ɜ ɬɟɱɟɧɢɟ 80 ɱ, ɩɨ 

ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ 

ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ 

ɜɚɤɭɭɦɟ, ɩɪɨɞɭɤɬ ɜɵɞɟɥɢɥɢ ɤɨɥɨɧɨɱɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɟɣ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ 

ɷɮɢɪ-ɷɮɢɪ, 1μ1). 

Ɇɟɬɢɥ (1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-[(E)-3-ɨɤɫɨ-3-ɮɟɧɨɤɫɢɩɪɨɩ-1-ɟɧ-1-ɢɥ]ɮɭɪɚɧ-

3-ɢɥжɷɬɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥ 16-(3-ɨɤɫɨ-3-

ɮɟɧɨɤɫɢɩɪɨɩ-1-ɟɧ-1-ɢɥ)-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-

ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɚя ɤɢɫɥɨɬɚ) (500). ȼɵɯɨɞ 29%, 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.18 ɝ (γ6%) ɢɫɯɨɞɧɨɝɨ 

ɞɢɬɟɪɩɟɧɨɢɞɚ (38). 
20][ D  +42.51

o
 (c 0.8λ, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, 

Ȝɦɚɤɫ, ɧɦ (lg İ): 250 (3.83), 332 (3.88). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 617, 

1011, 1063, 1087, 1102, 1117, 1152, 1194, 1256, 1351, 1434, 
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1459, 1633, 1705, 2862, 2947, 3525. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.77 М (γH, ɋ20ɇ3), 1.02 

ɞ.ɬ (1ɇ, ɇ3
, J 1γ.5, 4.γ), 1.β0 ɫ (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1), 1.γ4 ɞ.ɞ (1H, H5

, J 1β.4, 1.6), 1.55 ɦ 

(1H, H
2), 1.64 ɫ (γH, ɋ17ɇ3), 1.74 ɞ.ɬ (1ɇ, ɇ6

, J 1β.4, 5.6), 1.87 ɦ (1ɇ, H2), 1.λ0 ɦ, 1.λ4 ɦ, 1.λ8 ɦ 

(3H, H
1,6,7

), 2.05-β.14 ɦ (βH, H7,11), β.ββ ɦ (βɇ, ɇ3,11), β.58 ɦ (βH, H12,12), γ.6β ɫ (γɇ, Ɉɋɇ3), 6.4β ɞ 

(1ɇ, ɇ14
, J 1.8), 6.44 ɞ (1ɇ, ɇ2’

, J 15.6), 7.14 ɦ (βɇ, ɇ2”,6”), 7.β4 ɦ (1ɇ, ɇ4”), 7.γ8 ɦ (4ɇ, ɇ3”,5”,15,1’
). 

ɋɩɟɤɬɪ əɆɊ 13C (į, ɦ.ɞ.)μ 17.1λ ɤ (C20), 18.λ6 ɬ (C2), 1λ.γ1 ɤ (C17), β0.1λ ɬ (C6
), 25.14 ɬ (C12

), 27.81 

ɤ (C19), β8.48 ɬ (C11), γγ.70 ɬ (C7), γ6.70 ɬ (C1), γ7.06 ɬ (C3), γ8.λλ ɫ (C10), 4γ.β8 ɫ (C4), 50.50 ɤ 

(Ɉɋɇ3), 5β.8γ ɞ (ɋ5), 11β.γγ ɞ (C14), 11β.74 ɞ (ɋ2’), 1β0.λβ ɞ, 1β0.λ7 ɞ (ɋ2”,6”
),

 1β5.0β ɞ (ɋ1’
), 

1β5.β5 ɞ (ɋ4”), 1β8.77 ɞ, 1β8.86 ɞ (ɋ3”,5”
),

 
127.48 c (C

8), 1γ1.48 ɫ (C13
), 137.63 c (C

9), 144.β0 ɞ (ɋ15
), 

145.8β ɫ (C16
), 150.14 c (C

1”), 170.54 ɫ (ɋɈ), 177.44 М (C18). ɇɚɣɞɟɧɨ, %μ ɋ 76.51, H 7.41. C30H36O5. 

ȼɵɱɢɫɥɟɧɨμ ɋ 75.60, H 7.61. 

Ɇɟɬɢɥ (1S,4aS,8ɚR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-Д(ȿ)-3-ɨɤɫɨɛɭɬ-1-ɟɧ-1-ɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 16-(3-ɨɤɫɨɛɭɬ-1-ɟɧ-1-

ɢɥ)-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ) (332). ȼɵɯɨɞ 54%. 

Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +60.7
ɨ
 (c 0.34, CHCl3). ɇɚɣɞɟɧɨ %μ ɋ 75.76, H 8.53. C25H34O4. 

ȼɵɱɢɫɥɟɧɨμ ɋ 75.γ4, H 8.60. Ⱦɚɧɧɵɟ ɂɄ-, ɍɎ-, əɆɊ-ɫɩɟɤɬɪɨɜ ɚɧɚɥɨɝɢɱɧɵ ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɟ 

[237].  

Ɇɟɬɢɥ (1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-[(E)-3-ɨɤɫɨ-3-ɮɟɧɢɥɩɪɨɩ-1-ɟɧ-1-ɢɥ]ɮɭɪɚɧ-3-

ɢɥжɷɬɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ дɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 16-(3-ɨɤɫɨ-

3-ɮɟɧɢɥɩɪɨɩ-1-ɟɧ-1-ɢɥ)-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵж (501). 

ȼɵɯɨɞ 44%. Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +23.67
o
 (c 0.54, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 656, 758, 

889, 969, 1021, 1138, 1236, 1370, 1460, 1663, 1724, 2953, 3300. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, 

Ƚɰ)μ 0.77 c (3H, ɋ20ɇ3), 1.04 ɞ.ɬ (1ɇ, ɇ3
, J 1γ.β, 4.γ), 1.β1 М (γɇ, ɋ19ɇ3), 1.β4 ɦ (1ɇ, ɇ1), 1.γ5 ɞ.ɞ 

(1H, H
5
, J 1γ.β, 1.7), 1.55 ɦ (1H, H

2
), 1.64 c (3H, ɋ17ɇ3), 1.74 ɞ.ɬ (1ɇ, ɇ6

, J 1γ.β, 5.6), 1.86 ɦ, 1.λβ 

ɦ, 1.λλ ɦ (4H, H
1,6,7,2

), 2.03-β.15 ɦ (βH, H
7,11), β.β1 ɦ (βɇ, ɇ3,11), β.60 ɦ (βH, H

12,12), γ.6β ɫ (γɇ, 

Ɉɋɇ3), 6.γ4 ɞ (1ɇ, ɇ14
, J 1.7), 6.60 ɞ (1ɇ, ɇ2’

, J 15.β), 7.γ8 ɞ (1ɇ, ɇ15
, J 1.7), 7.44-7.50 ɦ (βɇ, 

ɇ3”,5”), 7.55 ɦ (1ɇ, ɇ4”), 7.65 ɞ (1ɇ, ɇ1’
, J 15.β), 7.λ5 ɦ (βɇ, ɇ2”,6”

). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.58 

ɤ (C20), 1λ.γ5 ɬ (C2
), 1λ.71 ɤ (C17), β0.57 ɬ (C6), β5.58 ɬ (C12

), 

β8.1λ ɤ (C19), β8.85 ɬ (C11), γ4.05 ɬ (C7
), γ7.16 ɬ (C1

), γ7.4γ ɬ (C3
), 

γλ.γ4 ɫ (C10
), 4γ.64 ɫ (C4

), 50.85 ɤ (Ɉɋɇ3), 5γ.17 ɞ (ɋ5), 11γ.γ6 ɞ 

(C
14), 117.4β ɞ (ɋ2’), 1β7.8β ɞ, 1β8.10 ɞ, 1β8.γ7 ɞ, 1β8.4β ɞ 

(ɋ2”,6”,3”,5”
), 132.54 c (C

8), 1γβ.γ4 ɞ (ɋ1’), 1γγ.1γ ɞ (ɋ4”
),

 1γ6.γ7 ɫ 

(C
13), 1γ7.λ7 ɫ (ɋ1”

),
 
138.11 c (C

9), 144.βλ ɞ (ɋ15), 147.10 ɫ (C16
), 

177.75 c (C
18

), 189.51 ɫ (ɋɈ). ɇɚɣɞɟɧɨ, %μ ɋ 77.8λ, H 8.04. 
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C30H36O4. ȼɵɱɢɫɥɟɧɨμ ɋ 78.βγν H 7.88. 

Ɇɟɬɢɥ (1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-Д(ȿ)-3-ɦɨɪɮɨɥɢɧo-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-

ɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 

16-(3-ɦɨɪɮɨɥɢɧɨ-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ 

ɤɢɫɥɨɬɵ) (502). ȼɵɯɨɞ 8%, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.14 ɝ (28%) ɢɫɯɨɞɧɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ 

(38). Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +34.79
o
 (c 0.1γ, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 1022, 1134, 1235, 

1369, 1463, 1667, 1724, 2948, 3303. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.02 

ɞ.ɬ (1ɇ, ɇ3
, J 1γ.7, 4.γ), 1.1λ М (γɇ, ɋ19ɇ3), 1.βγ ɦ (1ɇ, ɇ1

), 

1.γγ ɞ (1H, H
5
, J 1β.1), 1.55 ɦ (1H, H

2
), 1.63 c (3H, ɋ17ɇ3), 

1.68-1.75 ɦ (1ɇ, ɇ6), 1.85 ɦ (1ɇ, H
2
), 1.91-1.λ7 ɦ (γH, 

H
1,6,7

), 1.99-β.10 ɦ (βH, H
7,11), β.β0 ɞ (1ɇ, ɇ3

, J 1γ.7), β.β0 ɦ 

(1ɇ, ɇ11), β.5γ ɦ (βH, H
12,12), γ.61 ɫ (γɇ, Ɉɋɇ3), γ.70 ɭɲ.ɫ 

(8ɇ, ɋɇ2), 6.γ8 ɞ (1H, H
14

, J 1.6), 6.68 ɞ (1ɇ, ɇ2’
, J 14.8), 

7.γ5 ɞ (1H, H
15

, J 1.6), 7.5β ɞ (1ɇ, ɇ1’
, J 14.8). ɋɩɟɤɬɪ əɆɊ 

13C, į, ɦ. ɞ.μ 17.67 ɤ (C20), 1λ.47 ɬ (C2
), 1λ.85 ɤ (C17), β0.70 ɬ (C6), β5.50 ɬ (C12), β8.γ4 ɤ (C19

), 28.97 

ɬ (C11), γ4.β0 ɬ (C7
), γ7.16 ɬ (C1

), γ7.58 ɬ (C3
), γλ.46 ɫ (C10

), 4γ.7λ ɫ (C4), 51.01 ɤ (Ɉɋɇ3), 5γ.γ5 ɞ 

(ɋ5), 66.78 ɬ (4ɋɇ2), 11β.06 ɞ (C14), 11γ.04 ɞ (ɋ2’
), 127.78 c (C

8), 1β7.λ0 ɞ (ɋ1’), 1βλ.λβ ɫ (C13
), 

138.24 c (C
9), 14γ.γ7 ɞ (ɋ15), 146.λ5 ɫ (C16), 165.5λ ɫ (ɋɈN), 177.98 c (C

18). ɇɚɣɞɟɧɨ %μ ɋ 71.47, H 

8.22, N 2.57. C28H39NO5. ȼɵɱɢɫɥɟɧɨμ ɋ 71.61, H 8.37, N 2.98. 

Ɇɟɬɢɥ (1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-Д(ȿ)-3-ɨɤɫɨ-3-(ɮɟɧɢɥɚɦɢɧo)ɩɪɨɩ-1-ɟɧ-1-

ɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ  

(E)-16-[3-ɨɤɫɨ-3-(ɮɟɧɢɥɚɦɢɧɨ)ɩɪɨɩ-1-ɟɧ-1-ɢɥ]-15,16-

ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ ɤɢɫɥɨɬɵ) 

(503). ȼɵɯɨɞ 59%. Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +22.97
o
 

(c 0.λγ, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 245 (4.07), 307 

(4.53). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 691, 972, 1031, 1142, 1188, 1235, 

1330, 1380, 1436, 1460, 1537, 1626, 1657, 1725, 2922, 3379. 

ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 

1.03 ɞ.ɬ (1ɇ, ɇ3
, J 1γ.5, 4.4), 1.β0 М (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1), 1.γ4 ɞ (1H, H

5
, J 11.4), 1.54 ɦ (1H, 

H
2
), 1.62 c (3H, ɋ17ɇ3), 1.71 ɞ.ɬ (1ɇ, ɇ6

, J 11.4, 5.0), 1.85 ɦ (1ɇ, H2
), 1.88-1.λ7 ɦ (γH, H

1,6,7
), 2.04 

ɦ, β.10 ɦ (βH, H
7,11), β.18 ɦ, β.ββ ɦ (βɇ, ɇ3,11), β.5γ ɦ (βH, H

12,12), γ.61 ɫ (γɇ, Ɉɋɇ3), 6.γ7 ɞ (1H, 

H
14

, J 1.8), 6.4γ ɞ (1ɇ, ɇ2’
, J 15.β), 7.08 ɬ (1ɇ, H4”

, J 7.λ), 7.γ0 ɬ (βɇ, H3”,5”
, J 7.λ), 7.γβ ɞ (1H, H

15
, 

J 1.8), 7.55 ɞ (1ɇ, ɇ1’
, J 15.β), 7.61 ɞ (βɇ, H2”,6”

, J 7.9). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.6β ɤ (C20
), 

1λ.4β ɬ (C2
), 1λ.75 ɤ (C17), β0.65 ɬ (C6), β5.41 ɬ (C12), β8.β6 ɤ (C19), β8.8β ɬ (C11), γ4.1γ ɬ (C7

), 37.08 
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ɬ (C1
), γ7.50 ɬ (C3

), γλ.γλ ɫ (C10
), 4γ.75 ɫ (C4), 50.λ6 ɤ (Ɉɋɇ3), 5γ.β8 ɞ (ɋ5), 11β.λ1 ɞ (C14), 11λ.80 ɞ 

(ɋ2’), 1βγ.λγ ɞ (ɋ1’
), 126.63 c (C

8
), 1β7.74 ɞ (ɋ6”,2”), 1β8.75 ɞ (ɋ3”,5”,4”), 1γ0.15 ɫ (ɋ1”), 1γ8.10 ɫ 

(C
13

)*, 138.24 c (C
9)*, 14γ.4λ ɞ (ɋ15), 146.68 ɫ (C16), 165.βλ ɫ (ɋɈNH), 178.04 c (C

18). ɇɚɣɞɟɧɨ, %μ 

ɋ 76.07, H 7.83, N 2.78. C30H37NO4. ȼɵɱɢɫɥɟɧɨμ ɋ 75.76, H 7.84, N 2.94. 

Ɇɟɬɢɥ (1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-Д(ȿ)-3-ɨɤɫɨ-3-(n-ɬɨɥɢɥɚɦɢɧɨ)ɩɪɨɩ-1-ɟɧ-1-

ɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 

(E)-16-[3-(n-ɬɨɥɢɥɚɦɢɧɨ)-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ]-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-

ɨɜɨɣ ɤɢɫɥɨɬɵ) (504). ȼɵɯɨɞ 42%. Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +12.75
o
 (c 0.5γ, ɋɇCl3). ɍɎ 

ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ)μ β4λ (γ.λ7), γβ7 (4.41). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 736, 815, 972, 1037, 1245, 1325, 

1375, 1405, 1439, 1541, 1605, 1663, 1728, 1771, 2837, 2944, 3401. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. 

(J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.0γ ɞ.ɬ (1ɇ, ɇ3
, J 13.0, 

4.γ), 1.β0 М (γɇ, ɋ19ɇ3), 1.β4 ɦ (1ɇ, ɇ1), 1.γ4 ɞ.ɞ (1H, 

H
5
, J 1β.4, 1.6), 1.56 ɦ (1H, H

2
), 1.63 c (3H, ɋ17ɇ3), 

1.71 ɦ (1ɇ, ɇ6), 1.86 ɦ (1ɇ, H2), 1.88 ɦ, 1.λγ ɦ, 1.λ7 ɦ 

(3H, H
1,6,7

), 1.99-β.11 ɦ (βH, H
7,11), β.β0 ɞ (1ɇ, ɇ3

, J 

1γ.0), β.β0 ɦ (1ɇ, ɇ11), β.γ0 ɫ (γɇ, ɋɇ3), β.54 ɦ (βH, 

H
12,12), γ.6β ɫ (γɇ, Ɉɋɇ3), 6.γ8 ɞ (1ɇ, ɇ2’

, J 15.1), 

6.γ8 ɞ (1H, H
14

, J 1.6), 7.11 ɞ (βɇ, ɇ2”,6”
, J 8.γ), 7.γ5 ɞ (1H, H

15
, J 1.6), 7.48 ɞ (βɇ, ɇ3”,5”

, J 8.3), 

7.54 ɞ (1ɇ, ɇ1’
, J 15.1). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.67 ɤ (C20), 1λ.47 ɬ (C2), 1λ.85 ɤ (ɋɇ3), β0.70 ɬ 

(C
6
), β0.78 ɤ (C17), β5.50 ɬ (C12), β8.γγ ɤ (C19), β8.8λ ɬ (C11), γ4.1λ ɬ (C7

), γ7.14 ɬ (C1
), γ7.56 ɬ (C3

), 

γλ.46 ɫ (C10
), 4γ.78 ɫ (C4), 51.01 ɤ (Ɉɋɇ3), 5γ.γγ ɞ (ɋ5), 11γ.00 ɞ (C14), 11λ.66 ɞ (ɋ2’), 1β6.61 ɞ 

(ɋ1’
), 127.81 c (C

8), 1γ8.18 ɫ (C13
), 138.71 c (C

9), 1βλ.γ8 ɞ (ɋ2”,6”), 1βλ.6β ɞ (ɋ3”,5”), 1γ0.16 ɫ (ɋ4”
), 

133.65 c (ɋ1”
), 14γ.54 ɞ (ɋ15

), 146.6λ ɫ (C16
), 16γ.λ4 ɫ (ɋɈNH), 178.00 c (C

18). ɇɚɣɞɟɧɨ, %μ ɋ 

75.92, H 7.94, N 2.81. C31H39NO4. ȼɵɱɢɫɥɟɧɨμ ɋ 76.04, H 8.03, N 2.86. 

Ɇɟɬɢɥ (1S,4aS,8aR)-1,4a,6-ɬɪɢɦɟɬɢɥ-5-(2-{2-Д(ȿ)-3-(ɛɟɧɡɢɥɚɦɢɧo)-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-

ɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 

16-[3-(ɛɟɧɡɢɥɚɦɢɧo)-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ]-15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ 

ɤɢɫɥɨɬɵ) (505). ȼɵɯɨɞ 30%. Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +37.48
o
 (c 0.λ5, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, 

Ȝɦɚɤɫ, ɧɦ (lg İ): 243 (4.33), 325 (4.36). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 

692, 767, 975, 1041, 1161, 1194, 1241, 1330, 1377, 1447, 

1537, 1602, 1728, 2926, 3379. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, 

ɦ.ɞ. (J, Ƚɰ)μ 0.83 c (3H, ɋ20ɇ3), 0.λ8 ɞ.ɬ (1ɇ, ɇ3
,  J 13.3, 

4.4), 1.16 М (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1), 1.γ5 ɦ (1H, H
5
), 

1.54 ɦ (1H, H
2
), 1.59 c (3H, ɋ17ɇ3), 1.67 ɦ (1ɇ, ɇ6

), 1.81 
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ɦ (1ɇ, H2), 1.88 ɦ, 1.λβ ɦ, 1.λ4 ɦ (γH, H
1,6,7

), 1.97-β.08 ɦ (βH, H
7,11

), β.14 ɦ, β.18 ɦ (βɇ, ɇ3,11
), 2.49 

ɦ (βH, H
12,12), γ.57 ɫ (γɇ, Ɉɋɇ3), 4.4λ ɞ (βɇ, ɋɇ2, J 5.λ), 6.08 ɬ (1ɇ, NH, J 5.λ), 6.βγ ɞ (1ɇ, ɇ2’

, J 

15.β), 6.γβ ɞ (1H, H
14

, J 1.8), 7.22-7.γ6 ɦ (6ɇ, H15
, Ph), 7.45 ɞ (1ɇ, ɇ1’

, J 15.2). ɋɩɟɤɬɪ əɆɊ 13C, į, 

ɦ. ɞ.μ 17.65 ɤ (C20), 1λ.4γ ɬ (C2
), 1λ.80 ɤ (C17

), β0.68 ɬ (C6
), β5.44 ɬ (C12), β8.βλ ɤ (C19), β8.87 ɬ 

(C
11), γ1.7λ ɬ (ɋɇ2), γ4.18 ɬ (C7

), γ7.14 ɬ (C1
), γ7.55 ɬ (C3

), γλ.44 ɫ (C10
), 4γ.6λ ɫ (C4), 50.λ7 ɤ 

(Ɉɋɇ3), 53.γγ ɞ (ɋ5), 11β.87 ɞ (C14), 116.γ1 ɞ (ɋ2’), 1β6.18 ɞ (ɋ1’
), 127.32 c (C

8), 1β7.70 ɞ (ɋ6”,2”
), 

1β8.5γ ɞ (ɋ3”,5”,4”), 1βλ.6λ ɫ (C13
), 138.20 c (C

9,1”), 14γ.γ1 ɞ (ɋ15), 146.6β ɫ (C16), 166.06 ɫ (ɋɈNH), 

178.00 c (C
18). ɇɚɣɞɟɧɨ %: ɋ 76.25, H 7.89, N 2.97. C31H39NO4. ȼɵɱɢɫɥɟɧɨ: ɋ 76.04, H 8.03, N 

2.86. 

Ɇɟɬɢɥɨɜɵɣ ɷɮɢɪ 2-[(E)-3-(3-{2-[(4aR,5S,8aS)-5-(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-2,5,8a-ɬɪɢɦɟɬɢɥ-

3,4,4a,5,6,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ]ɷɬɢɥ}ɮɭɪɚɧ-2-ɢɥ)ɚɤɪɢɥɚɦɢɞɨ]-ɩɪɨɩɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (506). ȼɵɯɨɞ 20%, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.32 ɝ (64%) ɢɫɯɨɞɧɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ 

(38). Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +21.53
o
 (c 0.89, 

ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 751, 809, 926, 1043, 1228, 

1368, 1455, 1632, 1765, 2986, 3435. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.0β ɞ.ɬ (1ɇ, 

ɇ3
, J 1γ.β, 4.γ), 1.β0 М (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1

), 

1.γγ ɞ.ɞ (1H, H
5
, J 1β.1, 1.4), 1.45 ɞ (γɇ, CH3, J 7.3), 

1.52-1.58 ɦ (1H, H
2
), 1.63 c (3H, ɋ17ɇ3), 1.7γ ɞ.ɬ (1ɇ, 

ɇ6
, J 1β.1, 5.7), 1.85 ɦ (1ɇ, H2

), 1.88 ɦ, 1.8λ ɦ, 1.λ7 ɦ (γH, H
1,6,7

), 2.00-β.10 ɦ (βH, H
7,11), β.18 ɦ, 

β.β1 ɦ (βɇ, ɇ3,11), β.5β ɦ (βH, H
12,12), γ.61 ɫ (γɇ, Ɉɋɇ3), 3.76 c (γɇ, CO2CH3), 4.71 ɦ (1ɇ, ɋɇ), 

6.1γ ɞ (1ɇ, Nɇ, J 7.5), 6.β1 ɞ (1ɇ, ɇ2’
, J 15.1), 6.γ7 ɞ (1H, H

14
, J 1.λ), 7.γ5 ɞ (1ɇ, ɇ15

, J 1.9), 7.44 ɞ 

(1ɇ, ɇ1’
, J 15.1). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.γ6 ɤ (C20), 18.β5 ɤ (ɋɇ3), 1λ.14 ɬ (C2

), 1λ.4λ ɤ (C17
), 

β0.γ7 ɬ (C6), β5.16 ɬ (C12), β8.00 ɤ (C19), βλ.β5 ɬ (C11), γγ.88 ɬ (C7
), γ6.86 ɬ (C1

), γ7.β5 ɬ (C3
), 39.15 

c (C
10

), 4γ.47 ɫ (C4), 47.65 ɞ (ɋɇ), 50.65 ɤ (Ɉɋɇ3), 5β.06 ɤ (ɋɈ2ɋɇ3), 5γ.0γ ɞ (ɋ5), 11β.5λ ɞ (C14
), 

115.6β ɞ (ɋ2’), 1β6.10 ɞ (ɋ1’), 1β7.45 ɫ (C13
), 129.62 c (C

8
), 137.93 c (C

9), 14γ.16 ɫ (ɋ16), 146.ββ ɞ 

(C
15), 165.05 ɫ (ɋɈNH), 17γ.1λ ɫ (ɋɈ2ɋɇ3), 177.64 c (C

18). ɇɚɣɞɟɧɨ %μ ɋ 6λ.5γ, H 7.91, N 2.74. 

C28H39NO6. ȼɵɱɢɫɥɟɧɨμ ɋ 6λ.β5, H 8.09, N 2.88. 

Ɇɟɬɢɥɨɜɵɣ ɷɮɢɪ 3-[(E)-3-(3-{2-[(4aR,5S,8aS)-5-(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-2,5,8a-ɬɪɢɦɟɬɢɥ-

3,4,4a,5,6,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ]ɷɬɢɥжɮɭɪɚɧ-2-ɢɥ)ɚɤɪɢɥɚɦɢɞɨ]-3-

ɮɟɧɢɥɩɪɨɩɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (507). ȼɵɯɨɞ 25%, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɞɟɥɢɥɢ 0.18 ɝ (γ6%) 

ɢɫɯɨɞɧɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ (38). Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ, 20][ D  +24.67
o
 (c 0.7β, ɋɇCl3). ɂɄ 

ɫɩɟɤɬɪ, , ɫɦ-1
: 656, 758, 889, 969, 1021, 1138, 1236, 1370, 1460, 1663, 1724, 2953, 3300. ɋɩɟɤɬɪ 

əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.75 c (3H, ɋ20ɇ3), 1.0β ɞ.ɬ (1ɇ, ɇ3
, J 1γ.4, 4.γ), 1.β0 ɫ (γɇ, ɋ19ɇ3), 
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1.β5 ɦ (1ɇ, ɇ1
), 1.33 ɞ.ɞ (1H, H

5
, J 12.6, 1.3), 1.52-1.5λ ɦ (1H, H

2
), 1.62 c, 1.6γ ɫ (γH, ɋ17ɇ3), 1.73 

ɞ.ɬ (1ɇ, ɇ6
, J 1β.6, 5.6), 1.84 ɦ (1ɇ, H2), 1.λ0 ɦ, 

1.λ6 ɦ, 1.λ7 ɦ (γH, H
1,6,7

), 2.01-β.11 ɦ (βH, H
7,11

), 

β.18 ɦ, β.ββ ɦ (βɇ, ɇ3,11), β.5β ɦ (βH, H
12,12

), 2.88 

ɞ.ɞ (1ɇ, ɋɇ2, J 15.λ, 5.λ), β.λλ ɞ.ɞ (1ɇ, ɋɇ2, J 

15.λ, 5.6), γ.6β ɫ (6ɇ, Ɉɋɇ3, CO2CH3), 5.54 ɦ (1ɇ, 

ɋɇ), 6.βλ ɞ (1ɇ, ɇ2’
, J 14.λ), 6.γ7 ɞ (1H, H

14
, J 

1.7), 6.64 ɞ (1ɇ, Nɇ, J 8.γ), 7.γ1 ɦ, 7.γβ ɦ (5ɇ, 

Ph), 7.γ5 ɞ (1ɇ, ɇ15
, J 1.7), 7.45 ɞ (1ɇ, ɇ1’

, J 14.9). 

ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.66 ɤ (C20), 1λ.45 ɬ (C2
), 1λ.8γ ɤ (C17), β0.70 ɬ (C6), β5.47 ɬ (C12

), 28.31 

ɤ (C19), β8.λ1 ɬ (C11), γ4.1λ ɬ (C7
), γ7.1γ ɬ (C1

), γ7.56 ɬ (C3
), γλ.46 ɫ (C10

)*, γλ.6λ ɬ (ɋɇ2)*, 4γ.78 ɫ 

(C
4), 4λ.56 ɞ (ɋɇ), 51.00 ɤ (Ɉɋɇ3), 51.74 ɤ (ɋɈ2ɋɇ3), 5γ.γ4 ɞ (ɋ5), 11β.λ1 ɞ (C14), 116.γ5 ɞ (ɋ2’

), 

1β6.γ0 ɞ (ɋ1’), 1β6.16 ɞ (ɋ6”,2”), 1β7.47 ɞ (ɋ4”
), 128.5λ ɞ (ɋ3”,5”

), 127.75 c (C
8), 1βλ.7λ ɫ (ɋ1”

), 

1γ8.β4 ɫ (C13
), 140.50 c (C

9), 14γ.41 ɞ (ɋ15), 146.60 ɫ (C16), 165.βλ ɫ (ɋɈNH), 171.5λ ɫ (ɋɈ2ɋɇ3), 

177.99 c (C
18). ɇɚɣɞɟɧɨ, %μ ɋ 71.8λ, H 8.02, N 2.32. C34H43NO6. ȼɵɱɢɫɥɟɧɨμ ɋ 7β.70, H 7.72, N 

2.49. 

Ɇɟɬɢɥɨɜɵɣ ɷɮɢɪ 2-[(E)-3-(3-{2-[(4aR,5S,8aS)-5-(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-2,5,8a-ɬɪɢɦɟɬɢɥ-

3,4,4a,5,6,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɢɥ]ɷɬɢɥжɮɭɪɚɧ-2-ɢɥ)ɚɤɪɢɥɚɦɢɞɨ]ɛɭɬɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (508). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.52 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) 

ɜ ɫɦɟɫɢ γ ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ γ ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.3λ ɝ (β.β7 ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 2-ɚɤɪɢɥɨɢɥɚɦɢɧɨɛɭɬɚɧɨɜɨɣ 

ɤɢɫɥɨɬɵ (499), 0.05 ɝ (0.15 ɦɦɨɥɶ) Pd(OAc)2, 0.14 ɝ (0.76 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.016 ɝ (0.15 ɦɦɨɥɶ) 

1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ 40ɨɋ ɜ 

ɬɟɱɟɧɢɟ 80 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ 

ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – ɯɥɨɪɨɮɨɪɦ). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.10 ɝ (β0%) ɢɫɯɨɞɧɨɝɨ 

ɞɢɬɟɪɩɟɧɨɢɞɚ (38) ɢ 0.15 ɝ (16%) ɫɨɟɞɢɧɟɧɢɹ (508). 

20][ D  +66.92
o
 (c 1.07, ɋɇCl3). ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg 

İ): 236 (3.53), 309 (4.29). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 756, 972, 

1142, 1153, 1204, 1231, 1344, 1377, 1437, 1462, 1533, 

1620, 1661, 1726, 1744, 2853, 2878, 2953, 3298, 3364. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.72 c 

(3H, ɋ20ɇ3), 0.λ0 ɬ (γɇ, ɋɇ2ɋɇ3, J 7.5), 1.00 ɞ.ɬ (1ɇ, ɇ3
, J 1γ.4, 4.4), 1.17 М (γɇ, ɋ19ɇ3), 1.ββ ɦ 
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(1ɇ, ɇ1), 1.γ1 ɞ.ɞ (1H, H
5
, J 1β.8, 1.8), 1.5β ɦ (1H, H

2
), 1.60 c (3H, ɋ17ɇ3), 1.70-1.77 ɦ, 1.88 ɦ, 1.λ0 

ɦ, 1.λ5 ɦ (7H, H
1,6,7,2,6

, ɋɇ2ɋɇ3), 1.98-β.08 ɦ (βH, H
7,11), β.15 ɦ, β.1λ ɦ (βɇ, ɇ3,11

), β.4λ ɦ (βH, 

H
12,12), γ.5λ ɫ (γɇ, Ɉɋɇ3), 3.73 c (γɇ, CO2CH3), 4.68 ɦ (1ɇ, ɋɇ), 6.βλ ɭɲ.ɫ (1ɇ, Nɇ), 6.γ0 ɞ (1ɇ, 

ɇ2’
, J 15.0), 6.γ4 ɞ (1H, H

14
, J 1.8), 7.γ1 ɞ (1ɇ, ɇ15

 J 1.8), 7.4β ɞ (1ɇ, ɇ1’
, J 15.0). ɋɩɟɤɬɪ əɆɊ 13

C, 

į, ɦ. ɞ.μ λ.08 ɤ (ɋɇ3), 17.γ4 ɤ (C20), 1λ.1β ɬ (C2
), 1λ.47 ɤ (C17), β0.γ6 ɬ (C6), β5.1γ ɬ (C12), β5.γγ ɬ 

(ɋɇ2), β7.λ7 ɤ (C19), β8.56 ɬ (C11), γγ.85 ɬ (C7
), γ6.8β ɬ (C1

), γ7.ββ ɬ (C3
), 39.12 c (C

10
), 4γ.45 ɫ (C4

), 

50.64 ɤ (Ɉɋɇ3), 51.88 ɤ (ɋɈ2ɋɇ3), 5β.λ4 ɞ (ɋɇ), 5β.λλ ɞ (ɋ5), 11β.58 ɞ (C14), 115.75 ɞ (ɋ2’
), 125.98 

ɞ (ɋ1’), 1β7.41 ɫ (C13
), 129.52 c (C

8
), 137.90 c (C

9), 14γ.0λ ɞ (C15), 146.β5 ɫ (ɋ16), 165.γ5 ɫ (ɋɈNH), 

17β.5λ ɫ (ɋɈ2ɋɇ3), 177.62 c (C
18

). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ., %): 499 (2), 267 (12), 252 (11), 251 (70), 

189 (15), 175 (10), 173 (15), 135 (18), 134 (100), 133 (10), 119 (14), 107 (11), 105 (10), 91 (10), 58 

(βγ), 41 (11). ɇɚɣɞɟɧɨμ ДM] 499.2927.
 
C29H41O6N. ȼɵɱɢɫɥɟɧɨμ 4λλ.βλβ8. 

Ɇɟɬɢɥ (1S,4aS,8aR)-5-{2-[2-((ȿ)-3-ɨɤɫɨɛɭɬ-1-ɟɧ-1-ɢɥ)-5-((ȿ)-ɫɬɢɪɢɥ)ɮɭɪɚɧ-3-ɢɥ]ɷɬɢɥж-

1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 16-

Д(ȿ)-3-ɨɤɫɨɛɭɬ-1-ɟɧ-1-ɢɥ]-15-Д(ȿ)-ɫɬɢɪɢɥ]15,16-ɷɩɨɤɫɢ-8(9),13(16),14-ɥɚɛɞɚɬɪɢɟɧ-18-ɨɜɨɣ 

ɤɢɫɥɨɬɵ) (509). Ʉ ɪɚɫɬɜɨɪɭ 0.50 ɝ (1.β5 ɦɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ (332) ɜ ɫɦɟɫɢ 4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.ββ ɦɥ (1.88 

ɦɦɨɥɶ) ɫɬɢɪɨɥɚ (361), 0.019 ɝ (0.1γ ɦɦɨɥɶ) Pd(OAc)2, 0.11 ɝ (0.6γ ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.014 ɝ 

(0.1γ ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɚɬɦɨɫɮɟɪɟ 

ɤɢɫɥɨɪɨɞɚ ɩɪɢ 35
ɨɋ 80 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ 

(3ɯ40 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ 

(ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.β7 ɝ ɢɫɯɨɞɧɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ (332) ɢ 0.06 ɝ (10%) ɩɪɨɞɭɤɬɚ (509). 
20][ D

 +40.21
o
 (c 1.00, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 

710, 756, 893, 947, 978, 1038, 1099, 1142, 1161, 1192, 1232, 1345, 1360, 1379, 1433, 1449, 1468, 

1566, 160λ, 16β0, 1665, 1684, 17ββ, 176λ, β85γ, β876, βλ5γ, γ4γ5. ɍɎ ɫɩɟɤɬɪ, Ȝɦɚɤɫ, ɧɦ (lg İ): 281 

(3.63), 329 (3.79). ɋɩɟɤɬɪ əɆɊ 1
H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.77 c (3H, ɋ20ɇ3), 1.04 ɞ.ɬ (1ɇ, ɇ3

, J 

13.6, 4.4), 1.β1 М (γɇ, ɋ19ɇ3), 1.β5 ɦ (1ɇ, ɇ1), 1.γ5 ɞ.ɞ (1H, H
5
, J 1β.5, 1.7), 1.58 ɦ (1H, H

2
), 1.65 c 

(3H, ɋ17ɇ3), 1.7γ ɞ.ɞ (1ɇ, ɇ6
, J 1β.5, 5.4), 1.84 ɦ (1ɇ, H2), 1.8λ ɦ, 

1.λ4 ɦ, 1.λλ ɦ (γH, H
1,7,6

), 2.01-β.14 ɦ (βH, H
7,11

), β.ββ ɞ.ɦ (1ɇ, ɇ3
, 

J 1γ.6), β.ββ ɦ (1ɇ, ɇ11), β.γγ ɫ (γɇ, ɋɇ3), β.54 ɦ (βH, H
12,12

), 3.62 

ɫ (γɇ, Ɉɋɇ3), 6.39 c (1H, H
14), 6.66 ɞ (1ɇ, ɇ2’

, J 15.4), 6.8γ ɞ (1ɇ, 

ɇ2”
, J 16.4), 7.17 ɞ (1ɇ, ɇ1”

, J 16.4), 7.β8 ɞ.ɬ (1ɇ, Ph, J 7.3, 2.2), 

7.γ0 ɞ (1ɇ, ɇ1’
, J 15.4), 7.γ5 ɬ (βɇ, Ph, J 7.γ), 7.48 ɞ.ɦ (βɇ, Ph, J 

7.γ). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.7λ ɤ (C20), 1λ.5λ ɬ (C2
), 1λ.λ1 ɤ 
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(C
17), β0.78 ɬ (C6), β5.80 ɬ (C12

), β8.0γ ɤ (C19)*, β8.4γ ɤ (ɋɇ3)*, βλ.0β ɬ (C11), γ4.β8 ɬ (C7
), γ7.γγ ɬ 

(C
1
), γ7.66 ɬ (C3

), γλ.61 ɫ (C10
), 43.88 ɫ (C4

), 51.1γ ɤ (Ɉɋɇ3), 5γ.44 ɞ (ɋ5), 11β.γλ ɞ (C14), 115.4λ ɞ 

(ɋ1”), 1ββ.14 ɞ (ɋ2’), 1β6.55 ɞ (ɋ2”), 1β8.6γ ɞ (βɋ, Ph), 1β8.ββ ɞ (Ph), 128.03 c (C
8), 1β8.7λ ɞ (βɋ, 

Ph), 1γ0.07 ɞ (ɋ1’), 1γ4.8β ɫ (C13
), 136.40 ɫ (Ph), 138.17 c (C

9), 146.18 ɫ (ɋ15), 154.λλ ɫ (C16
), 178.00 

c (C
18), 1λ7.5λ ɫ (ɋɈɋɇ3). ɇɚɣɞɟɧɨ %μ ɋ 7λ.07, H 7.87. C33H40O4. ȼɵɱɢɫɥɟɧɨμ ɋ 7λ.16, H 8.05. 

(1S,4aS,8aR)-Ɇɟɬɢɥ 5-(2-{2-Д(ȿ)-3-{[5-(ɚɤɪɢɥɨɢɥɨɤɫɢ)ɩɟɧɬɢɥ]ɨɤɫɢж-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-

ɢɥ]ɮɭɪɚɧ-3-ɢɥжɷɬɢɥ)-1,4a,6-ɬɪɢɦɟɬɢɥ-1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ 

(512). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 4 

ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 

ɞɨɛɚɜɢɥɢ 0.77 ɦɥ (γ.60 ɦɦɨɥɶ) ɩɟɧɬɚɧ-1,5-ɞɢɢɥɞɢɚɤɪɢɥɚɬɚ (510), 0.068 ɝ (0.γ0 ɦɦɨɥɶ) Pd(OAc)2, 

0.β8 ɝ (1.51 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γ ɝ (0.γ0 ɦɦɨɥɶ) 1,4-ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ 40ɨɋ ɜ ɬɟɱɟɧɢɟ 80 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ 

ɜ γ0 ɦɥ ɜɨɞɵ, ɩɪɨɞɭɤɬɵ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ 

ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɫɢɥɢɤɚɝɟɥɟ (ɷɥɸɟɧɬ – ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɷɥɸɢɪɨɜɚɥɢ 0.55 ɝ (55%) ɢɫɯɨɞɧɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ (38) ɢ 0.16 ɝ (10%) ɫɨɟɞɢɧɟɧɢɹ (512). 

Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 20][ D  +38.46
o
 (c 

0.84, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1
: 617, 1013, 

1063, 1079, 1105, 1122, 1156, 1120, 1253, 

1352, 1434, 1457, 1631, 1705, 2860, 2946, 

3523. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.73 c (3H, ɋ20ɇ3), 0.λλ ɞ.ɬ (1ɇ, ɇ3
, J 13.5, 

4.4), 1.17 М (γɇ, ɋ19ɇ3), 1.β0 ɦ (1ɇ, ɇ1
), 1.31 

ɞ.ɞ (1H, H
5
, J 10.2, 1.8), 1.42-1.50 ɦ (γH, ɋɇ2, H

2
), 1.60 c (3H, ɋ17ɇ3), 1.64-1.71 ɦ (6ɇ, 

βɋɈɋɇ2ɋɇ2, ɇ2,6
), 1.80-1.λ1 ɦ (γH, H

1,6,7
), 1.94-β.0λ ɦ (βH, H

7,11), β.16 ɦ, β.1λ ɦ (βɇ, ɇ3,11), β.50 ɦ 

(2H, H
12,12), γ.58 ɫ (γɇ, Ɉɋɇ3), 4.14 ɞ.ɞ (4ɇ, βɋɈɋɇ2, J 1β.4, 6.5), 5.76 ɞ.ɞ (1ɇ, ɋɇ=, J 10.4, 1.7), 

6.10 ɞ (1ɇ, ɋɇ2=, J 10.4), 6.20 ɞ (1ɇ, ɇ2’
, J 15.8), 6.γβ ɞ (1ɇ, ɋɇ2=, J 1.7), 6.γ4 ɞ (1H, H

14
, J 1.8), 

7.γ5 ɞ (1H, H
15

, J 1.8), 7.4β ɞ (1ɇ, ɇ1’
, J 15.8). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.γ4 ɤ (C20), 1λ.15 ɬ (C2

), 

1λ.4γ ɤ (C17), β0.γ5 ɬ (C6), ββ.07 ɬ (ɋɇ2), β5.β5 ɬ (C12
), β7.λ6 ɤ (C19), β8.67 ɬ (C11), βλ.ββ ɬ 

(βɋɈɋɇ2ɋɇ2), γγ.85 ɬ (C7
), γ6.88 ɬ (C1

), γ7.β4 ɬ (C3
), γλ.14 ɫ (C10

), 4γ.4β ɫ (C4
), 50.60 ɤ (Ɉɋɇ3), 

5β.λλ ɞ (ɋ5), 6γ.60 ɬ (ɋɈɋɇ2), 6γ.8γ ɬ (ɋɈɋɇ2), 11β.71 ɞ (C14), 11γ.54 ɞ (ɋ2’), 1β7.45 ɬ (ɋɇ2=), 

1β8.10 ɞ (ɋ1’)*, 1β8.55 ɞ (ɋɇ=)*, 1γ0.01 М (C8), 1γ0.48 ɫ (C13
), 137.84 c (C

9), 14γ.76 ɞ (ɋ15
), 146.02 

ɫ (C16
), 165.6λ ɫ (ɋɈ), 166.87 ɫ (ɋɈ), 177.45 М (C18). ɇɚɣɞɟɧɨ %μ ɋ 70.87, H 7.99. C32H44O7. 

ȼɵɱɢɫɥɟɧɨμ ɋ 71.08, H 8.20. 
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ (38) ɫ N,N'-(ɝɟɤɫɚɧ-1,6-

ɞɢɢɥ)ɛɢɫɚɤɪɢɥɚɦɢɞɨɦ (511). Ʉ ɪɚɫɬɜɨɪɭ 1.00 ɝ (γ.0γ ɦɦɨɥɶ) ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ 

ɤɢɫɥɨɬɵ (38) ɜ ɫɦɟɫɢ 4 ɦɥ ɩɪɨɩɢɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 4 ɦɥ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɞɨɛɚɜɢɥɢ 0.68 ɦɥ (γ.0γ ɦɦɨɥɶ) N,N'-(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)ɛɢɫɚɤɪɢɥɚɦɢɞɚ (511), 

0.068 ɝ (0.γ0 ɦɦɨɥɶ) Pd(OAc)2, 0.β8 ɝ (1.51 ɦɦɨɥɶ) Cu(OAc)2 ɢ 0.0γ ɝ (0.γ0 ɦɦɨɥɶ) 1,4-

ɛɟɧɡɨɯɢɧɨɧɚ. Ɋɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɨɤɟ ɤɢɫɥɨɪɨɞɚ ɩɪɢ 40ɨɋ ɜ 

ɬɟɱɟɧɢɟ 60 ɱ, ɩɨ ɨɯɥɚɠɞɟɧɢɢ ɜɵɥɢɥɢ ɜ γ0 ɦɥ ɜɨɞɵ ɢ ɷɤɫɬɪɚɝɢɪɨɜɚɥɢ ɯɥɨɪɨɮɨɪɦɨɦ (γɯ50 ɦɥ). 

Ɉɛɴɟɞɢɧɟɧɧɭɸ ɨɪɝɚɧɢɱɟɫɤɭɸ ɮɚɡɭ ɩɪɨɦɵɥɢ ɜɨɞɨɣ (γɯ50 ɦɥ) ɢ ɫɭɲɢɥɢ MgSO4. Ɋɚɫɬɜɨɪɢɬɟɥɶ 

ɭɩɚɪɢɥɢ ɜ ɜɚɤɭɭɦɟ, ɨɫɬɚɬɨɤ ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ (ɷɥɸɟɧɬ – 

ɩɟɬɪɨɥɟɣɧɵɣ ɷɮɢɪ-ɷɮɢɪ, 4μ1). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɸɢɪɨɜɚɥɢ 0.40 ɝ (40%) ɢɫɯɨɞɧɨɝɨ 

ɞɢɬɟɪɩɟɧɨɢɞɚ (38), 0.05 ɝ (β%) ɫɨɟɞɢɧɟɧɢɹ (514) ɢ 0.44 ɝ (β6%) (1S,4aS,8aR)-ɦɟɬɢɥ 5-[2-(2-д(ȿ)-

3-[(6-ɚɤɪɢɥɚɦɢɞoɝɟɤɫɢɥ)ɚɦɢɧo]-3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥжɮɭɪɚɧ-3-ɢɥ)ɷɬɢɥ]-1,4a,6-ɬɪɢɦɟɬɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬɚ (513), ɦɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 20][ D  

+18.65
o
 (c 0.ββ, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 738, 820, 971, 1035, 1245, 1324, 1372, 1409, 1441, 

1542, 1607, 1668, 1728, 1772, 2838, 2939, 

3401. ɋɩɟɤɬɪ əɆɊ 1H CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 

0.70 c (3H, ɋ20ɇ3), 0.λ7 ɞ.ɬ (1ɇ, ɇ3
, J 13.0, 

4.γ), 1.15 М (γɇ, ɋ19ɇ3), 1.β0 ɦ (1ɇ, ɇ1
), 1.30 

ɦ (5H, ɋɇ2ɋɇ2, H
5), 1.48 ɦ (5H, 

βɋɈNɋɇ2ɋɇ2, H
2
), 1.58 c (3H, ɋ17ɇ3), 1.63-

1.7λ ɦ (βɇ, ɇ2,6
), 1.80-1.λγ ɦ (γH, H

1,6,7
), 

1.97-β.05 ɦ (βH, H
7,11), β.1γ ɦ, β.17 ɦ (βɇ, ɇ3,11), β.47 ɦ (βH, H

12,12), γ.β7 ɦ (4ɇ, βɋɈNɋɇ2), γ.57 ɫ 

(γɇ, Ɉɋɇ3), 5.55 ɞ.ɞ (1ɇ, ɋɇ=, J λ.4, β.γ), 6.17 ɞ (1ɇ, ɋɇ2=, J λ.4), 6.β1 ɞ (1ɇ, ɋɇ2=, J β.γ), 6.βλ ɞ 

(1ɇ, ɇ2’
, J 15.β), 6.γ1 ɞ (1H, H

14
, J 1.γ), 6.4λ ɭɲ.ɫ (1ɇ, NH), 6.61 ɭɲ.ɫ (1ɇ, NH), 7.γ1 ɞ (1H, H

15
, J 

1.γ), 7.γ7 ɞ (1ɇ, ɇ1’
, J 15.2). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.61 ɤ (C20

), 19.4γ ɬ (C2
), 1λ.7λ ɤ (C17

), 

β0.67 ɬ (C6), β5.41 ɬ (C12
), β5.88 ɬ (ɋɇ2ɋɇ2), β8.βλ ɤ (C19), β8.λ4 ɬ (C11), βλ.1γ ɬ (ɋɈNɋɇ2ɋɇ2), 

βλ.γγ ɬ (ɋɈNɋɇ2ɋɇ2), γ4.1γ ɬ (C7
), γ7.08 ɬ (C1

), γ7.5β ɬ (C3), γ8.λ6 ɬ (ɋɈNɋɇ2), γλ.08 ɬ 

(ɋɈNɋɇ2), γλ.41 ɫ (C10
), 4γ.74 ɫ (C4

), 51.01 ɤ (Ɉɋɇ3), 5γ.β8 ɞ (ɋ5), 11β.8β ɞ (C14), 117.05 ɞ (ɋ2’
), 

1β8.γ5 ɞ (ɋ1’
), 1β5.λβ ɬ (ɋɇ2=), 127.69 c (C

8), 1βλ.β6 ɫ (C13), 1γ0.λ7 ɞ (ɋɇ=), 1γ8.16 М (C9
), 143.19 

ɞ (ɋ15), 146.6γ ɫ (C16), 165.81 ɫ (ɋɈN), 166.4β ɫ (ɋɈN), 178.04 c (C
18). ɇɚɣɞɟɧɨ %μ ɋ 7β.0β, H 

8.71, N 5.27. C33H48N2O5. ȼɵɱɢɫɥɟɧɨ: ɋ 71.71, H 8.75, N 5.07. 

Ⱦɢɦɟɬɢɥ (1S,1'S,4aS,4a'S,8aR,8a'R)-5,5'-(2,2'-{2,2'-[(1E,1'E)-3,3'-(ɝɟɤɫɚɧ-1,6-

ɞɢɢɥɞɢɢɦɢɧɨ)ɛɢɫ-(3-ɨɤɫɨɩɪɨɩ-1-ɟɧ-1-ɢɥ)]ɛɢɫ(ɮɭɪɚɧ-3-ɢɥ)}ɛɢɫɷɬɢɥ)-ɛɢɫ(1,4a,6-ɬɪɢɦɟɬɢɥ-

1,2,3,4,4a,7,8,8a-ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧ-1-ɤɚɪɛɨɤɫɢɥɚɬ) (514). Ɇɚɫɥɨɨɛɪɚɡɧɨɟ ɜɟɳɟɫɬɜɨ. 20][ D  
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+7.39
o
 (c 0.1β, ɋɇCl3). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1

: 821, 976, 1037, 1239, 1325, 1372, 1438, 1543, 1611, 

1669, 1728, 1764, 2833, 2940, 3405. ɋɩɟɤɬɪ əɆɊ 1
H 

CDCl3, į, ɦ.ɞ. (J, Ƚɰ)μ 0.73 c (6H, 2ɋ20ɇ3), 0.λ7 ɦ (βɇ, 

2ɇ3), 1.14 М (6ɇ, 2ɋ19ɇ3), 1.β0 ɦ (βɇ, ɇ1
), 1.γ0 ɦ, 1.γ6 

ɦ (6H, 2ɋɇ2ɋɇ2, 2H
5), 1.5γ ɦ (6H, βɋɈNɋɇ2ɋɇ2, 

2H
2
), 1.61 c (6H, 2ɋ17ɇ3), 1.65-1.7λ ɦ (4ɇ, 2ɇ2,6

), 1.82-

1.λ4 ɦ (6H, 2H
1,6,7

), 2.01-β.06 ɦ (4H, 2H
7,11), β.1γ ɦ, 

β.17 ɦ (4ɇ, 2ɇ3,11), β.50 ɦ (4H, 2H
12,12), γ.γγ ɦ (4ɇ, 

βɋɈNɋɇ2), γ.60 ɫ (6ɇ, 2Ɉɋɇ3), 6.01 ɭɲ.ɫ (βɇ, βNH), 6.β5 ɞ (βɇ, 2ɇ2’
, J 15.1), 6.γ4 ɫ (βH, 2H

14
), 

7.γβ ɫ (βH, 2H
15), 7.4β ɞ (βɇ, βɇ1’

, J 15.1). ɋɩɟɤɬɪ əɆɊ 13C, į, ɦ. ɞ.μ 17.61 ɤ (βC20), 1λ.4β ɬ (βC2
), 

1λ.75 ɤ (βC17), β0.6λ ɬ (βC6), β5.41 ɬ (βC12
), β5.84 ɬ (βɋɈNɋɇ2ɋɇ2), β8.β6 ɤ (βC19), βλ.01 ɬ (βC11

), 

β7.80 ɬ (ɋɇ2), γ4.15 ɬ (βC7
), γ7.11 ɬ (βC1

), γ7.5β ɬ (βC3), γ8.54 ɬ (ɋɈNɋɇ2), γλ.4β ɫ (βC10
), 44.00 ɫ 

(2C
4
), 51.06 ɤ (βɈɋɇ3), 5γ.βλ ɞ (βɋ5), 11β.78 ɞ (βC14), 116.58 ɞ (βɋ2’), 1βλ.0γ ɞ (βɋ1’

), 128.67 c 

(2C
8), 1βλ.β5 ɫ (βC13

), 138.12 c (2C
9), 14γ.β1 ɞ (βɋ15), 146.5λ ɫ (βC16), 166.85 ɫ (βɋɈN), 178.02 c 

(2C
18). ɇɚɣɞɟɧɨ %μ ɋ 7γ.4β, H 8.75, N 2.94. C54H76N2O8. ȼɵɱɢɫɥɟɧɨ %μ ɋ 7γ.60, H 8.69, N 3.18.  
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11. ȼɕȼɈȾɕ 

1. Ɉɫɭɳɟɫɬɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɤɥɸɱɚɸɳɚɹ ɪɚɡɪɚɛɨɬɤɭ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 

ɩɨɥɭɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ 

ɬɢɩɨɜ ɧɚ ɨɫɧɨɜɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ, ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɢ ɢɡɨɩɢɦɚɪɨɜɨɣ 

ɤɢɫɥɨɬ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ɉɩɪɟɞɟɥɟɧɵ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɰɟɧɧɨɫɬɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

2. Ɋɚɡɪɚɛɨɬɚɧ ɭɞɨɛɧɵɣ ɤɨɦɩɥɟɤɫɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɦɟɬɢɥɨɜɵɯ 

ɷɮɢɪɨɜ ɚɛɢɟɬɢɧɨɜɨɣ ɢ ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬ ɢɡ ɠɢɜɢɰɵ cɨɫɧɵ ɤɟɞɪɨɜɨɣ ɫɢɛɢɪɫɤɨɣ 

Pinus sibirica R. Mayr.   

3. ɉɪɟɞɥɨɠɟɧɵ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 15,16-

ɞɢɝɢɞɪɨɢɡɨɩɢɦɚɪɨɜɨɣ ɤɢɫɥɨɬɵ. ɉɨɥɭɱɟɧ ɪɹɞ ɧɨɜɵɯ ɷɩɨɤɫɢ-, ɝɢɞɪɨɤɫɢ- ɢ ɨɤɫɨɰɢɤɥɢɱɟɫɤɢɯ 

ɞɢɬɟɪɩɟɧɨɢɞɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɰɢɤɥɭ ȼ.  

4. ɇɚɣɞɟɧɵ ɫɟɥɟɤɬɢɜɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨɫɬɭɩɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ 15,16-

ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɢɬɪɢɥɶɧɵɟ, ɚɦɢɧɨɦɟɬɢɥɶɧɵɟ, ɚɦɢɞɧɵɟ ɢ ɩɟɩɬɢɞɧɵɟ 

ɡɚɦɟɫɬɢɬɟɥɢ ɜ ɩɨɥɨɠɟɧɢɢ ɋ-16. Ɋɚɡɪɚɛɨɬɚɧɵ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ 16-(1,2,4-ɨɤɫɚɞɢɚɡɨɥ-3-

ɢɥ)ɥɚɛɞɚɬɪɢɟɧɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɩɪɚɜɥɟɧɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɢɬɪɢɥɨɜ 15,16-

ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ. 

5. ɉɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɚɡɥɚɤɬɨɧɚ ɦɟɬɢɥ 16-ɮɨɪɦɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ ɢ ɩɨɤɚɡɚɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɲɢɪɨɤɨɝɨ ɪɹɞɚ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɚɦɢɞɨɜ ɫ ɮɪɚɝɦɟɧɬɚɦɢ 

ɚɦɢɧɨɤɢɫɥɨɬ ɢ ɢɯ ɷɮɢɪɨɜ, ɤɚɪɛɚɦɨɢɥɜɢɧɢɥɛɟɧɡɚɦɢɞɨɜ, ɛɟɧɡɨɢɥɚɦɢɧɨɚɤɪɢɥɨɢɥɚɦɢɧɨɤɢɫɥɨɬ, 

ɝɢɞɪɚɡɢɞɨɜ α,ȕ-ɧɟɧɚɫɵɳɟɧɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ – ɤɥɸɱɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ 

ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɨɰɟɧɤɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ.  

6. ɉɪɟɞɥɨɠɟɧɵ ɪɚɰɢɨɧɚɥɶɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɦɨɧɨ- ɢ ɞɢɚɰɟɬɢɥɟɧɨɜ ɥɚɛɞɚɧɨɜɨɝɨ ɪɹɞɚμ 16-

ɚɥɤɢɧɢɥ-, 15,16-ɛɢɫ(ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥ)-, 16-(ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥ)-18-

(ɩɪɨɩɚɪɝɢɥɨɤɫɢ)ɥɚɛɞɚ-8(17)13,14-ɬɪɢɟɧɨɜ ɢ 17-(ɩɪɨɩɚɪɝɢɥɨɤɫɢ)-16-(ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥ)-, 

17,18-ɛɢɫ(ɩɪɨɩɚɪɝɢɥɨɤɫɢ)ɥɚɛɞɚ-13,14-ɞɢɟɧɨɜ ɢ ɢɡɭɱɟɧɨ ɢɯ ɩɨɜɟɞɟɧɢɟ ɜ ɪɟɚɤɰɢɢ Cu-

ɤɚɬɚɥɢɡɢɪɭɟɦɨɝɨ 1,γ-ɞɢɩɨɥɹɪɧɨɝɨ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ. ɋɢɧɬɟɡɢɪɨɜɚɧɚ ɨɛɲɢɪɧɚɹ ɝɪɭɩɩɚ 

ɬɪɢɚɡɨɥɢɥɫɨɞɟɪɠɚɳɢɯ ɦɚɤɪɨɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɨɜɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ, 

ɜɤɥɸɱɚɸɳɢɯ ɮɪɚɝɦɟɧɬ ɥɚɛɞɚɧɨɜɨɝɨ ɞɢɬɟɪɩɟɧɨɢɞɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɫɬɚɜ ɢ ɜɵɯɨɞɵ 

ɩɪɨɞɭɤɬɨɜ ɦɚɤɪɨɰɢɤɥɢɡɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɞɥɢɧɵ ɥɢɧɤɟɪɚ ɜ ɞɢɚɡɢɞɟ, ɚ ɬɚɤɠɟ ɨɬ 

ɩɪɢɪɨɞɵ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɞɢɚɰɟɬɢɥɟɧɟ. Ⱦɥɹ ɦɚɤɪɨɰɢɤɥɨɜ, ɫɨɱɥɟɧɟɧɧɵɯ ɩɨ ɩɨɥɨɠɟɧɢɹɦ C-16,17, 

ɨɛɧɚɪɭɠɟɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɫɜɹɡɵɜɚɧɢɹ ɫ ɢɨɧɚɦɢ ɪɬɭɬɢ Hg
2+

. 

7. ɂɫɫɥɟɞɨɜɚɧɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɮɭɪɮɭɪɢɥɚɦɢɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ 

ɚɰɢɥɢɪɨɜɚɧɢɟɦ 16-[(N-ɛɟɧɡɢɥ)ɚɦɢɧɨɦɟɬɢɥ]-, 16-[(N-((1-

ɚɥɤɨɤɫɢɤɚɪɛɨɧɢɥ)ɚɥɤɚɧɢɥ))ɚɦɢɧɨɦɟɬɢɥ]-15,16-ɷɩɨɤɫɢ-8(9),13,14- ɢ 8(17),1γ,14-ɥɚɛɞɚɬɪɢɟɧɨɜ 
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ɦɟɬɢɥɚɤɪɢɥɨɢɥɯɥɨɪɢɞɨɦ, ɯɥɨɪɚɧɝɢɞɪɢɞɨɦ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɦɚɥɟɢɧɨɜɵɦ ɚɧɝɢɞɪɢɞɨɦ. 

ɋɢɧɬɟɡɢɪɨɜɚɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 10-ɨɤɫɚ-3-ɚɡɚɬɪɢɰɢɤɥɨД5,β,1,01,5Жɞɟɰɟɧɨɧɵ ɢɥɢ 10-ɨɤɫɚ-3-

ɚɡɚɬɪɢɰɢɤɥɨД5,β,1,01,5Жɞɟɰ-8-ɟɧ-6-ɤɚɪɛɨɤɫɢɥɚɬɵ ɜ ɜɢɞɟ ɫɦɟɫɢ ɞɢɚɫɬɟɪɟɨɦɟɪɨɜ. ɇɚɣɞɟɧɨ, ɱɬɨ 

ɜɵɯɨɞ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɞɢɟɧɨɜɨɣ ɢ ɞɢɟɧɨɮɢɥɶɧɨɣ ɱɚɫɬɢ ɦɨɥɟɤɭɥɵ. 

8. ɇɚɣɞɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɫɢɧɬɟɡɭ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɢɡɨɢɧɞɨɥɢɧ-1-

ɨɧɨɜ ɢ 7,λɚ-ɷɩɨɤɫɢ-ɝɟɤɫɚɝɢɞɪɨɬɢɚɡɨɥɨДβ,γ-ɚЖɢɡɨɢɧɞɨɥ-5-ɨɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɨɤɬɚɝɢɞɪɨɧɚɮɬɚɥɢɧɨɜɵɣ ɡɚɦɟɫɬɢɬɟɥɶ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ 

ɧɟɩɪɟɞɟɥɶɧɵɯ ɚɦɢɞɨɜ ɥɚɛɞɚɧɨɢɞɧɵɯ ɮɭɪɮɭɪɢɥɚɦɢɧɨɜ ɢ ɦɟɬɢɥ-16-ɬɢɚɡɨɥɢɞɢɧɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

9. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɯɥɨɪɢɞɨɦ ɡɨɥɨɬɚ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ 16-

ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɡɚɦɟɳɟɧɧɵɯ ɢ 16-ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɡɚɦɟɳɟɧɧɵɯ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɨɜ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɢɛɪɢɞɧɵɯ ɫɬɪɭɤɬɭɪ, ɫɨɱɟɬɚɸɳɢɯ ɞɟɤɚɥɢɧɨɜɵɣ ɢ 7-ɝɢɞɪɨɤɫɢ-1,3-

ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜɵɣ ɢɥɢ 7-ɝɢɞɪɨɤɫɢɢɡɨɢɧɞɨɥɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ Au-

ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɧɵɯ ɞɢɚɥɤɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɶɧɵɟ ɢɥɢ ɩɪɨɩɚɪɝɢɥɨɤɫɢɦɟɬɢɥɶɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɜ ɮɭɪɚɧɨɜɨɦ ɰɢɤɥɟ 

ɩɪɨɬɟɤɚɟɬ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨ ɫ ɭɱɚɫɬɢɟɦ ɚɥɤɢɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ ɋ-16. 

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɰɢɤɥɨɢɡɨɦɟɪɢɡɚɰɢɹ ɦɟɬɢɥ 16-[N-(ɩɪɨɩ-2-ɢɧ-1-ɢɥ)-(ɩɚɪɚ-

ɬɨɥɢɥɫɭɥɶɮɚɦɢɞɨ)ɦɟɬɢɥЖ-15-(ɩɪɨɩ-2-ɢɧ-1-ɢɥɨɤɫɢɦɟɬɢɥ)ɥɚɦɛɟɪɬɢɚɧɚɬɚ ɜɤɥɸɱɚɟɬ ɪɚɧɟɟ ɧɟ 

ɨɩɢɫɚɧɧɭɸ ɦɢɝɪɚɰɢɸ N-ɬɨɡɢɥ-ɩɪɨɩɚɪɝɢɥɚɦɢɧɨɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɤ ɚɬɨɦɭ ɤɢɫɥɨɪɨɞɚ. 

10. ɂɫɫɥɟɞɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (ɦɟɬɢɥ 16-ɰɢɚɧɨ- ɢ 

16-ɮɨɪɦɢɥ-ɥɚɦɛɟɪɬɢɚɧɚɬɨɜ) ɫ ɰɢɧɤɨɪɝɚɧɢɱɟɫɤɢɦɢ ɪɟɚɝɟɧɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɷɬɢɥɨɜɵɯ 

ɷɮɢɪɨɜ α-ɛɪɨɦɭɤɫɭɫɧɨɣ, α-ɛɪɨɦɩɪɨɩɢɨɧɨɜɨɣ ɢ α-ɛɪɨɦɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬ. ɋɢɧɬɟɡɢɪɨɜɚɧɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɟɧɚɦɢɧɨɷɮɢɪɵ, -ɤɟɬɨɷɮɢɪɵ ɢ -ɝɢɞɪɨɤɫɢɷɮɢɪɵ 15,16-ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɨɜ, 

ɜɵɯɨɞ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ ɢ ɫɬɪɭɤɬɭɪɵ α-ɛɪɨɦɚɥɤɚɧɨɚɬɚ. 

11. ȼ ɪɹɞɭ ɥɚɛɞɚɬɪɢɟɧɨɜ ɜɩɟɪɜɵɟ ɨɫɭɳɟɫɬɜɥɟɧɵ ɜɚɠɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɨ 

ɮɭɪɚɧɨɜɨɦɭ ɰɢɤɥɭ. ɉɨɥɭɱɟɧ ɪɹɞ ɚɥɤɢɥɶɧɵɯ ɢ ɚɥɤɟɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɨɜɵɯ ɷɮɢɪɨɜ 

ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɢ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬ.  

– ɉɨɤɚɡɚɧɨ, ɱɬɨ Au-ɤɚɬɚɥɢɡɢɪɭɟɦɚɹ ɪɟɚɤɰɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ ɩɪɨɬɟɤɚɟɬ ɫɟɥɟɤɬɢɜɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 16-ɚɥɤɢɥ- ɢɥɢ 15,16-

ɞɢɚɥɤɢɥɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɚ. Ɋɟɡɭɥɶɬɚɬ ɪɟɚɤɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ 

ɨɬ ɩɪɢɪɨɞɵ ɚɥɤɟɧɚ. 

– ɉɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɦɟɬɨɞɨɥɨɝɢɹ ɫɢɧɬɟɡɚ ɦɟɬɢɥ (E)-16-ɜɢɧɢɥɥɚɛɞɚɬɪɢɟɧɨɚɬɨɜ ɫ ɩɨɦɨɳɶɸ 

ɪɟɚɤɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɤɪɨɫɫ-ɫɨɱɟɬɚɧɢɹ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ 

ɚɤɬɢɜɢɪɨɜɚɧɧɵɦɢ ɚɥɤɟɧɚɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ ɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 
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ɮɥɨɦɢɡɨɢɤɨɜɨɣ ɤɢɫɥɨɬɵ ɫ ɦɟɬɢɥɚɤɪɢɥɚɬɨɦ ɢɥɢ ɫɨ ɫɬɢɪɨɥɨɦ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ, ɩɪɢɪɨɞɵ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɬɪɭɤɬɭɪɵ ɚɥɤɟɧɚ. ɇɚɢɛɨɥɶɲɢɟ ɜɵɯɨɞɵ ɩɪɨɞɭɤɬɨɜ 

ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɪɟɚɤɰɢɹɯ ɮɭɪɚɧɨɥɚɛɞɚɧɨɢɞɚ ɫ ɜɢɧɢɥɤɟɬɨɧɚɦɢ ɢ 

ɚɤɪɢɥɨɢɥɚɪɢɥɚɦɢɞɚɦɢ. 

12. ɉɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

ɥɚɛɞɚɧɨɢɞɨɜ. ɂɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɫɬɪɨɟɧɢɟɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ 

ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ.  

– ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɥɚɞɚɟɬ ɫɬɢɦɭɥɢɪɭɸɳɢɦɢ ɢ 

ɧɟɣɪɨɩɪɨɬɟɤɬɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

– ȼɵɹɜɥɟɧɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ ɚɤɬɢɜɧɨɫɬɶ N,N’-(ɝɟɤɫɚɧ-1,6-ɞɢɢɥ)-ɛɢɫ-(ɥɚɛɞɚɬɪɢɟɧ-4-

ɤɚɪɛɨɤɫɚɦɢɞɚ), ɜɵɪɚɠɚɸɳɚɹɫɹ ɜ ɡɚɞɟɪɠɤɟ ɪɨɫɬɚ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɨɩɭɯɨɥɢ in vivo ɢ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ. 

– ɍɫɬɚɧɨɜɥɟɧɚ ɚɧɬɢɨɤɫɢɞɚɧɬɧɚɹ, ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɚɹ ɢ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɚɹ ɚɤɬɢɜɧɨɫɬɶ ɞɥɹ 

ɥɚɛɞɚɧɨɢɞɧɵɯ 16-ɤɚɪɛɚɦɨɢɥɜɢɧɢɥɛɟɧɡɚɦɢɞɨɜ ɫ γ,5-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-4-ɝɢɞɪɨɤɫɢɮɟɧɢɥɶɧɵɦ 

ɮɪɚɝɦɟɧɬɨɦ. 

– ȼ ɪɹɞɭ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɧɚɪɭɠɟɧɨ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɯ 

ɚɝɟɧɬɨɜ, ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ ɫɜɨɣɫɬɜ, ɜ ɬɨɦ ɱɢɫɥɟ 15,16-

ɷɩɨɤɫɢɥɚɛɞɚɬɪɢɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ (5-ɯɥɨɪɦɟɬɢɥ)-1,2,4-ɨɤɫɚɞɢɚɡɨɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɜ 

ɩɨɥɨɠɟɧɢɢ C-16ν ɦɚɤɪɨɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɦɚɤɪɨɰɢɤɥɢɱɟɫɤɢɣ ɮɪɚɝɦɟɧɬ ɜ ɤɨɬɨɪɵɯ 

ɨɛɪɚɡɨɜɚɧ ɩɨ ɩɨɥɨɠɟɧɢɹɦ ɋ-17,18ν ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɝɢɛɪɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ 

ɞɟɤɚɥɢɧɨɜɵɣ ɨɫɬɨɜ ɢ ɢɡɨɢɧɞɨɥɢɧɨɜɵɣ ɢɥɢ ɞɢɝɢɞɪɨɢɡɨɛɟɧɡɨɮɭɪɚɧɨɜɵɣ ɡɚɦɟɫɬɢɬɟɥɶ. 
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12. ɉɊɂɅɈɀȿɇɂə 

12.1. ɉɊɂɅɈɀȿɇɂȿ 1 

ȼ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɤɪɢɫɬɚɥɥɚ ɫɨɟɞɢɧɟɧɢɹ (39) ɧɚɯɨɞɢɬɫɹ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɫɨɟɞɢɧɟɧɢɹ (39) 

ɢ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɷɬɚɧɨɥɚ (ɪɢɫɭɧɨɤ 17). Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɩɪɟɞɟɥɚɯ γ ɛɥɢɡɤɢ ɤ 

ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɜɟɥɢɱɢɧɚɦ. ɐɢɤɥɨɝɟɤɫɚɧɨɜɨɟ ɤɨɥɶɰɨ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɤɪɟɫɥo, 

ɰɢɤɥɨɝɟɤɫɟɧɨɜɵɣ ɮɪɚɝɦɟɧɬ – ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɩɨɥɭɤɪɟɫɥo, ɮɭɪɚɧɨɜɵɣ ɰɢɤɥ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɥɨɫɤɢɣ (ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɨɜ ɨɬ ɩɥɨɫɤɨɫɬɢ 0.005й). ȼ ɤɪɢɫɬɚɥɥɟ 

ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ (39) ɡɚ ɫɱɟɬ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɫɜɹɡɚɧɵ ɫ ɫɨɥɶɜɚɬɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ 

ɷɬɚɧɨɥɚ ɢ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɛɟɫɤɨɧɟɱɧɵɟ γD-ɤɚɪɤɚɫɵ. Ɉɬɦɟɬɢɦ ɬɚɤɠɟ ɧɚɥɢɱɢɟ ɇ… 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ (ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɨɬ ɚɬɨɦɚ ɇ ɞɨ ɰɟɧɬɪɨɢɞɨɜ ɮɭɪɚɧɨɜɵɯ ɤɨɥɟɰ ɇ1λȼ…ɋР β.67й ɢ 

ɇ15…ɋР β.λβй).  

 

Ɋɢɫ. 17. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ (39) ɩɨ ɞɚɧɧɵɦ ɊɋȺ. ɋɨɥɶɜɚɬɧɚɹ 

ɦɨɥɟɤɭɥɚ ɷɬɚɧɨɥɚ ɧɟ ɩɨɤɚɡɚɧɚ. 

ȼ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɨɣ ɱɚɫɬɢ ɹɱɟɣɤɢ ɤɪɢɫɬɚɥɥɚ ɫɨɟɞɢɧɟɧɢɹ (49) ɧɚɯɨɞɹɬɫɹ ɞɜɟ 

ɦɨɥɟɤɭɥɵ ɢ ɫɨɥɶɜɚɬɧɚɹ ɦɨɥɟɤɭɥɚ ɷɬɚɧɨɥɚ (ɪɢɫɭɧɨɤ 18). ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥ (49) ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 18, ɜɬɨɪɚɹ ɦɨɥɟɤɭɥɚ (49) ɫɢɥɶɧɨ ɪɚɡɭɩɨɪɹɞɨɱɟɧɚ. ɒɟɫɬɢɱɥɟɧɧɵɣ ɰɢɤɥ ɢɦɟɟɬ 

ɤɨɧɮɨɪɦɚɰɢɸ ɤɪɟɫɥɚ ɫ ɚɤɫɢɚɥɶɧɵɦɢ ɤɚɪɛɨɤɫɢɦɟɬɢɥɶɧɨɣ ɢ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɚɦɢ ɜ ɩɨɥɨɠɟɧɢɢ 

ɋ(5ɚ). Ʉɨɧɮɨɪɦɚɰɢɹ ɫɟɦɢɱɥɟɧɧɨɝɨ ɰɢɤɥɚ B ɜ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɣ ɦɨɥɟɤɭɥɟ ɛɥɢɡɤɚ ɤ ɜɚɧɧɟ ɫ 

ɨɬɤɥɨɧɟɧɢɹɦɢ ɚɬɨɦɨɜ N(22), C(29a) ɢ C(β1) ɨɬ ɩɥɨɫɤɨɫɬɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɧɚ 0.λ10(7), 1.γλλ(7) ɢ 

1.λ07(6) й ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɦɨɥɟɤɭɥɟ ɫɨɟɞɢɧɟɧɢɹ (49) ɤɨɧɮɨɪɦɚɰɢɹ ɰɢɤɥɚ ȼ 

ɢɫɤɚɠɟɧɚ – ɜ ɩɥɨɫɤɨɫɬɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɥɟɠɢɬ ɢ ɚɬɨɦ ɋ(λɚ). Ɉɬɤɥɨɧɟɧɢɹ ɚɬɨɦɨɜ N(β) ɢ C(1) ɨɬ 

ɩɥɨɫɤɨɫɬɢ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɫɨɫɬɚɜɥɹɸɬ 0.686(5) ɢ 1.158(5) й. ȼ ɤɪɢɫɬɚɥɥɟ ɞɜɟ ɧɟɡɚɜɢɫɢɦɵɟ 

ɦɨɥɟɤɭɥɵ ɨɛɪɚɡɭɸɬ ɩɚɪɵ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɇ-ɫɜɹɡɟɣ N(2)-H…O(5) ɢ N(22)-H…O(1) ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ H…O 2.08, 2.10, N…O β.λ47(4), β.81λ(4) й, N-H…O 16λ, 1γ8º. ɋɨɥɶɜɚɬɧɚɹ 

ɦɨɥɟɤɭɥɚ ɷɬɚɧɨɥɚ ɬɚɤɠɟ ɫɜɹɡɚɧɚ ɫ ɷɬɢɦɢ ɩɚɪɚɦɢ ɇ-ɫɜɹɡɶɸ O1…O1W β.7ββ(5) й. 

 



320 

 

Ɋɢɫɭɧɨɤ 18. Ɉɛɳɢɣ ɜɢɞ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɹ (49). 

ɋɨɥɶɜɚɬɧɚɹ ɦɨɥɟɤɭɥɚ ɷɬɚɧɨɥɚ ɧɟ ɩɨɤɚɡɚɧɚ. 

ȼ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɤɪɢɫɬɚɥɥɚ ɧɢɬɪɢɥɚ (113) ɧɚɯɨɞɢɬɫɹ ɞɜɟ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥɵ, ɨɞɧɚ 

ɢɡ ɧɢɯ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ 

ɦɨɥɟɤɭɥɚɯ ɫɨɜɩɚɞɚɸɬ ɜ ɩɪɟɞɟɥɚɯ γ ɢ ɛɥɢɡɤɢ ɤ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɜɟɥɢɱɢɧɚɦ. ɋɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ ɬɨɥɶɤɨ ɫɜɹɡɶ ɋ(16)-Ɉ(1), ɝɞɟ ɨɬɥɢɱɢɟ ɫɨɫɬɚɜɥɹɟɬ 5. ɒɟɫɬɢɱɥɟɧɧɵɟ ɰɢɤɥɵ ɦɨɥɟɤɭɥ 

ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɤɪɟɫɟɥν ɩɹɬɢɱɥɟɧɧɨɟ ɤɨɥɶɰɨ – ɩɥɨɫɤɢɟ (ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɨɜ ɨɬ ɩɥɨɫɤɨɫɬɢ 0.00γ ɢ 0.004й). ȼ ɨɞɧɨɣ ɢɡ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥ 

ɰɢɚɧɨɝɪɭɩɩɚ ɥɟɠɢɬ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɩɥɨɫɤɨɫɬɢ ɮɭɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ (ɜɵɯɨɞ 0.01λй), ɜ ɞɪɭɝɨɣ – 

ɜɵɯɨɞɢɬ ɢɡ ɩɥɨɫɤɨɫɬɢ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɧɚ 0.β18й.  

ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɧɵɯ ɤɨɧɬɚɤɬɨɜ ɇ…N (ɇ15…N1 β.4λй ɢ ɇ15ȼ…N1Ⱥ 

β.56й) ɫɜɹɡɚɧɵ ɜ ɛɟɫɤɨɧɟɱɧɵɟ ɰɟɩɢ. ɗɬɢ ɰɟɩɢ ɩɨɫɪɟɞɫɬɜɨɦ ɇ… ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ (ɫ 

ɪɚɫɫɬɨɹɧɢɟɦ ɨɬ ɚɬɨɦɚ ɇ ɞɨ ɰɟɧɬɪɨɢɞɨɜ ɩɹɬɢɱɥɟɧɧɵɯ ɤɨɥɟɰ ɇ7ȼ…ɋР β.65й ɢ ɇ7Ⱥȼ…ɋРA 

β.71й) ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. 

Ɋɢɫɭɧɨɤ 19. Ɉɛɳɢɣ ɜɢɞ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɹ (113) ɢ 

ɮɪɚɝɦɟɧɬ ɤɪɢɫɬɚɥɥɚ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɹ (113).  
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ɒɟɫɬɢɱɥɟɧɧɵɟ ɰɢɤɥɵ ɩɪɨɩɚɪɝɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (130ɚ) ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɤɪɟɫɥɨ, 

ɮɭɪɚɧɨɜɨɟ ɤɨɥɶɰɨ – ɩɥɨɫɤɨɟ (ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɨɜ ɨɬ ɩɥɨɫɤɨɫɬɢ 0.008й) 

(ɪɢɫɭɧɨɤ β0). Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ (130ɚ) ɛɥɢɡɤɢ ɤ 

ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɜɟɥɢɱɢɧɚɦ ɢ ɜ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɨɫɬɨɜɚ ɜ ɩɪɟɞɟɥɚɯ γσ ɫɨɜɩɚɞɚɸɬ ɫ 

ɬɚɤɨɜɵɦɢ ɜ ɛɥɢɠɚɣɲɟɦ ɚɧɚɥɨɝɟ 16-ɰɢɚɧɨɦɟɬɢɥɥɚɦɛɟɪɬɢɚɧɚɬɟ ɤɪɢɫɬɚɥɥɚ ɫɨɟɞɢɧɟɧɢɹ (113). 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɨɬɫɭɬɫɬɜɢɟ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɫɨɤɪɚɳɟɧɧɵɯ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɭɦɦɨɣ ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɵɯ ɪɚɞɢɭɫɨɜ, ɧɟɜɚɥɟɧɬɧɵɯ ɤɨɧɬɚɤɬɨɜ.     

 

 

 

 

 

 

 

 

 

 

 Ɋɢɫɭɧɨɤ 20. Ɉɛɳɢɣ ɜɢɞ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɹ (130ɚ). 
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12.2. ɉɊɂɅɈɀȿɇɂȿ 2 

ɋɢɧɟɪɝɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɢɨɧɨɜ ɦɚɝɧɢɹ ɢ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɪɟɝɭɥɹɰɢɢ 
ɚɤɬɢɜɧɨɫɬɢ ɝɥɭɬɚɦɚɬɧɵɯ ɪɟɰɟɩɬɨɪɨɜ ɇɆȾȺ ɬɢɩɚ ɩɢɪɚɦɢɞɧɵɯ ɧɟɣɪɨɧɨɜ ɝɢɩɩɨɤɚɦɩɚ 

Ƚɥɭɬɚɦɚɬɧɵɟ ɪɟɰɟɩɬɨɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɨɡɛɭɠɞɚɸɳɢɯ ɧɟɣɪɨɧɚɯ ɰɟɧɬɪɚɥɶɧɨɣ ɢ 

ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɧɟɪɜɧɵɯ ɫɢɫɬɟɦ. ɂɯ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɞɜɟ ɫɬɪɭɤɬɭɪɧɨ ɢ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢ 

ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɝɪɭɩɩɵμ ɢɨɧɨɬɪɨɩɧɵɟ ɢ ɦɟɬɚɛɨɬɪɨɩɧɵɟ. ɂɨɧɨɬɪɨɩɧɵɟ ɝɥɭɬɚɦɚɬɧɵɟ ɪɟɰɟɩɬɨɪɵ 

ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɯ ɬɢɩɚ: ɇɆȾȺ-ɪɟɰɟɩɬɨɪ (ɥɢɝɚɧɞ N-ɦɟɬɢɥ-D-ɚɫɩɚɪɝɢɧɨɜɚɹ 

ɤɢɫɥɨɬɚ), AεɉA-ɪɟɰɟɩɬɨɪ (ɥɢɝɚɧɞ α-ɚɦɢɧɨɦɟɬɢɥɢɡɨɤɫɚɡɨɥɢɥɩɪɨɩɢɨɧɨɜɚɹ ɤɢɫɥɨɬɚ) ɢ 

ɤɚɢɧɚɬɧɵɣ ɪɟɰɟɩɬɨɪ (ɥɢɝɚɧɞ ɤɚɢɧɨɜɚɹ ɤɢɫɥɨɬɚ). 

ɇɆȾȺɊ ɹɜɥɹɟɬɫɹ ɪɟɰɟɩɬɨɪɧɨ-ɤɚɧɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ, ɜɤɥɸɱɚɸɳɢɦμ ɫɚɣɬ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ 

ɫɜɹɡɵɜɚɧɢɹ ɦɟɞɢɚɬɨɪɚ (δ-ɝɥɭɬɚɦɢɧɨɜɨɣ ɤɢɫɥɨɬɵ), ɪɟɝɭɥɹɬɨɪɧɵɣ, ɢɥɢ ɤɨɚɤɬɢɜɢɪɭɸɳɢɣ ɫɚɣɬ 

ɫɜɹɡɵɜɚɧɢɹ ɝɥɢɰɢɧɚ, ɩɨɥɢɚɦɢɧɨɜɵɣ ɚɥɥɨɫɬɟɪɢɱɟɫɤɢɣ ɦɨɞɭɥɹɬɨɪɧɵɣ ɫɚɣɬ ɢ ɜ ɢɨɧɧɨɦ ɤɚɧɚɥɟ 

ɫɚɣɬɵ ɫɜɹɡɵɜɚɧɢɹ ɮɟɧɰɢɤɥɢɞɢɧɚ, ɰɢɧɤɚ ɢ ɩɨɬɟɧɰɢɚɥɡɚɜɢɫɢɦɵɣ εР2+ ɫɜɹɡɵɜɚɸɳɢɣ ɭɱɚɫɬɨɤ 

[301]. ɂɨɧɵ ɦɚɝɧɢɹ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɟɤɥɸɱɚɬɟɥɹ. ȼɧɟɤɥɟɬɨɱɧɵɟ ɢɨɧɵ ɦɚɝɧɢɹ (II) 

ɞɟɪɠɚɬ ɢɨɧɧɵɣ ɤɚɧɚɥ ɇɆȾȺɊ ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɦ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɩɨɬɟɧɰɢɚɥɟ ɩɨɤɨɹ, ɧɨ 

ɩɨɡɜɨɥɹɸɬ CК2+ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɷɬɨɬ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ ɤɚɧɚɥ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɪɟɰɟɩɬɨɪɚ, ɱɬɨ 

ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɧɟɤɨɬɨɪɵɯ ɮɨɪɦ ɨɛɭɱɟɧɢɹ ɢ ɩɚɦɹɬɢ. ɑɪɟɡɦɟɪɧɵɣ ɩɪɢɬɨɤ CК2+, ɨɛɭɫɥɨɜɥɟɧɧɵɣ  

ɞɟɩɨɥɹɪɢɡɚɰɢɨɧɧɵɦ ɫɦɟɳɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɚ ɩɨɤɨɹ ɧɟɣɪɨɧɚ, ɜɵɡɜɚɧɧɵɣ, ɧɚɩɪɢɦɟɪ, 

ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɫɧɚɛɠɟɧɢɟɦ ɤɢɫɥɨɪɨɞɨɦ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɷɤɫɚɣɬɨɬɨɤɫɢɱɟɫɤɨɣ ɝɢɛɟɥɢ ɤɥɟɬɨɤ. 

ɉɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɞɚɧɧɵɣ ɇɆȾȺɊ ɨɩɨɫɪɟɞɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫ ɜɧɨɫɢɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɤɥɚɞ ɜ 

ɧɟɣɪɨɞɟɝɟɧɟɪɚɬɢɜɧɵɟ ɢ ɩɫɢɯɨɧɟɜɪɨɥɨɝɢɱɟɫɤɢɟ ɪɚɫɫɬɪɨɣɫɬɜɚ Д302, 303, 304]. 

ɂɡɜɟɫɬɧɵ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɷɤɡɨɝɟɧɧɵɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ 

ɇɆȾȺɊ-ɪɟɰɟɩɬɨɪɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɇɚɩɪɢɦɟɪ, ɆɄ-801 (ɞɢɡɨɰɢɥɩɢɧ) ɹɜɥɹɟɬɫɹ 

ɩɨɥɧɵɦ ɛɥɨɤɚɬɨɪɨɦ (ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ), ɚ ɦɟɦɚɧɬɢɧ, 

ɪɚɡɪɟɲɟɧɧɵɣ ɞɥɹ ɤɥɢɧɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɧɢɡɤɨ ɚɮɮɢɧɧɨɝɨ 

ɧɟɤɨɧɤɭɪɟɧɬɧɨɝɨ ɤɚɧɚɥɶɧɨɝɨ ɛɥɨɤɚɬɨɪɚ (ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɤɚɧɚɥɨɦ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɤɪɵɬɨɦ 

ɫɨɫɬɨɹɧɢɢ, ɢ ɫɩɨɫɨɛɟɧ ɤ ɛɵɫɬɪɨɦɭ ɜɵɯɨɞɭ ɢɡ ɤɚɧɚɥɚ) [305]. ɉɪɟɩɚɪɚɬɵ ɫ ɞɟɣɫɬɜɭɸɳɢɦ 

ɜɟɳɟɫɬɜɨɦ - ɦɟɦɚɧɬɢɧɨɦ (Ⱥɤɚɬɢɧɨɥ, Ʉɚɧɨɧ) ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɥɟɱɟɧɢɹ ɞɟɦɟɧɰɢɢ, ɫɤɥɟɪɨɡɚ, 

ɫɧɢɠɟɧɢɹ ɩɚɦɹɬɢ ɭ ɜɡɪɨɫɥɵɯ ɢ ɞɟɬɟɣ, ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɣ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ. 

ȼ ɪɢɫɭɧɤɚɯ 21 ɢ 22 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɥɢɹɧɢɹ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɢ ɦɟɦɚɧɬɢɧɚ ɧɚ ɷɩɢɥɟɩɬɢɮɨɪɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, 

ɜɵɡɜɚɧɧɭɸ ɫɧɹɬɢɟɦ ɦɚɝɧɢɟɜɨɝɨ ɛɥɨɤɚ ɫ ɇɆȾȺ-ɪɟɰɟɩɬɨɪɨɜ. 
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1 ɞɨɩ. ɩ-ɫɩаɣɤ

 

              – ɢɧɤɭɛɚɰɢɹ ɜ ɛɟɡɦɚɝɧɢɟɜɨɦ ɮɢɡɪɚɫɬɜɨɪɟ (ɤɨɧɬɪɨɥɶ) 
                      – ɢɧɤɭɛɚɰɢɹ ɜ ɛɟɡɦɚɝɧɢɟɜɨɦ ɮɢɡɪɚɫɬɜɨɪɟ ɫ (17) 

 

Ɋɢɫɭɧɨɤ 21. ȼɥɢɹɧɢɟ ɩɪɟɢɧɤɭɛɚɰɢɢ ɫ ɚɦɢɞɨɦ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɚ 
ɷɩɢɥɟɩɬɢɮɨɪɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɢɪɚɦɢɞɧɵɯ ɧɟɣɪɨɧɨɜ ɝɢɩɩɨɤɚɦɩɚ. 

 

Ɋɢɫɭɧɨɤ 22. Ⱦɢɧɚɦɢɤɚ ɭɦɟɧɶɲɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩ-ɫɩɚɣɤɨɜ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɚɦɢɞɚ 
ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɢ ɦɟɦɚɧɬɢɧɚ. 

Ⱥ. λ0 ɦɢɧɭɬ ɩɨɫɥɟ ɧɚɱɚɥɚ ɢɧɤɭɛɚɰɢɢ. 
Ȼ. 150 ɦɢɧɭɬ ɩɨɫɥɟ ɧɚɱɚɥɚ ɢɧɤɭɛɚɰɢɢ. 

Ⱦɨɫɬɨɜɟɪɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩ-ɫɩɚɣɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɝɪɭɩɩɵ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɬɪɨɥɶɧɨɣ ɝɪɭɩɩɨɣ ɜ ɬɨɣ ɠɟ ɫɚɦɨɣ ɜɪɟɦɟɧɧɨɣ ɬɨɱɤɟμ * – p≤ 0,05ν *** – p≤ 
0,001. 

 – ɝɪɭɩɩɚ ɫɪɟɡɨɜ, ɤɨɬɨɪɭɸ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɛɟɡɦɚɝɧɢɟɜɨɦ ɪɚɫɬɜɨɪɟ (ɤɨɧɬɪɨɥɶ). 
 – ɝɪɭɩɩɚ ɫɪɟɡɨɜ, ɤɨɬɨɪɭɸ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɛɟɡɦɚɝɧɢɟɜɨɦ ɪɚɫɬɜɨɪɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ (17); 

 – ɝɪɭɩɩɚ ɫɪɟɡɨɜ, ɤɨɬɨɪɭɸ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɛɟɡɦɚɝɧɢɟɜɨɦ ɪɚɫɬɜɨɪɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
ɦɟɦɚɧɬɢɧɚ 
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Ɉɛɧɚɪɭɠɟɧɧɵɟ ɷɮɮɟɤɬɵ ɚɦɢɞɚ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɫɪɚɜɧɢɦɵ ɫ ɞɟɣɫɬɜɢɟɦ 

ɦɟɦɚɧɬɢɧɚ. ɋɨɟɞɢɧɟɧɢɟ (17) ɧɨɪɦɚɥɢɡɭɟɬ ɚɤɬɢɜɧɨɫɬɶ ɇɆȾȺ ɪɟɰɟɩɬɨɪɨɜ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɷɧɞɨɝɟɧɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ – ɢɨɧɨɜ ɦɚɝɧɢɹ. ɉɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ (17) ɨɛɥɚɞɚɟɬ ɝɥɭɬɚɦɚɬɟɪɝɢɱɟɫɤɢɦ 

ɦɟɯɚɧɢɡɦɨɦ ɞɟɣɫɬɜɢɹ. Ⱥɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɧɟ ɧɚɪɭɲɚɟɬ ɧɨɪɦɚɥɶɧɭɸ 

ɚɤɬɢɜɧɨɫɬɶ ɜ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɇɆȾȺ ɪɟɰɟɩɬɨɪɨɜ. ȼ ɫɪɟɡɚɯ ɨɛɪɚɛɨɬɚɧɧɵɯ (17) 

ɪɚɡɜɢɜɚɟɬɫɹ ɇɆȾȺ-ɪɟɰɟɩɬɨɪ-ɡɚɜɢɫɢɦɚɹ ɫɢɧɚɩɬɢɱɟɫɤɚɹ ɩɨɬɟɧɰɢɚɰɢɹ. ȼɚɠɧɨ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 

ɦɟɦɚɧɬɢɧɚ ɚɦɢɞ ɥɚɦɛɟɪɬɢɚɧɨɜɨɣ ɤɢɫɥɨɬɵ (17) ɨɛɥɚɞɚɟɬ ɩɪɟɜɟɧɬɢɜɧɵɦ ɞɟɣɫɬɜɢɟɦ. 
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12.3. ɉɊɂɅɈɀȿɇɂȿ 3 

Ʉ ɦɟɯɚɧɢɡɦɭ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɞɟɣɫɬɜɢɹ 16-(5-ɯɥɨɪɦɟɬɢɥ-1,2,4-

ɨɤɫɚɞɢɚɡɨɥɢɥɥɚɛɞɚɬɪɢɟɧɨɜ (125) ɢ (126). 

 

Ɋɢɫɭɧɨɤ 23A-D. ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɥɢɧɢɢ ɤɥɟɬɨɤ U-937 ɫɨɟɞɢɧɟɧɢɹɦɢ (125) ɢ (126). 

ɉɨ ɨɫɢ ɏ PE-A ɨɩɬɢɱɟɫɤɢɟ ɤɚɧɚɥɵ ɜɨɡɛɭɠɞɟɧɢɹ ɤɥɟɬɤɢ (ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɮɥɸɨɪɟɫɰɟɧɰɢɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɚɡɟɪ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 488 nm, ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɢɡɦɟɪɹɥɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ > 620 

nm)/ Axe X - ɩɨɝɥɨɳɟɧɢɟ PI), ɩɨ ɨɫɢ Y – ɱɢɫɥɨ ɤɥɟɬɨɤ. 
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Ɋɢɫɭɧɨɤ 24A-D. ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ MCF-7 ɫɨɟɞɢɧɟɧɢɹ (125) ɢ 

(126). 

ɉɨ ɨɫɢ ɏ PE-A ɨɩɬɢɱɟɫɤɢɟ ɤɚɧɚɥɵ ɜɨɡɛɭɠɞɟɧɢɹ ɤɥɟɬɤɢ (ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɮɥɸɨɪɟɫɰɟɧɰɢɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɚɡɟɪ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 488 nm, ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɢɡɦɟɪɹɥɢ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ > 620 

nm)/ Axe X - ɩɨɝɥɨɳɟɧɢɟ PI), ɩɨ ɨɫɢ Y – ɱɢɫɥɨ ɤɥɟɬɨɤ. 
 

ɇɚ ɩɪɢɦɟɪɟ ɫɨɟɞɢɧɟɧɢɹ (125), ɤɨɬɨɪɨɟ ɩɨɞɨɛɧɨ 1,3,4-ɨɤɫɚɞɢɚɡɨɥɭ (126) ɨɛɥɚɞɚɟɬ ɫɢɥɶɧɵɦ 

ɰɢɬɨɬɨɤɫɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ ɧɚ ɥɢɧɢɢ ɤɥɟɬɨɤ Ɍ-ɤɥɟɬɨɱɧɨɝɨ ɥɟɣɤɨɡɚ ɱɟɥɨɜɟɤɚ (CEM-13), 

ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɢ ɢɧɞɭɰɢɪɨɜɚɬɶ ɚɩɨɩɬɨɡ ɞɚɧɧɵɯ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɩɪɢ ɞɜɭɯ 
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ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ (CTD50 ɢ 10ɯ CTD50). ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0.34 mM (CTD50), ɱɟɪɟɡ β4 ɱ 

ɢɧɤɭɛɢɪɨɜɚɧɢɹ, ɫɨɟɞɢɧɟɧɢɟ (125) ɜɵɡɵɜɚɟɬ ɚɩɨɩɬɨɡ ɭ 6–6.8% ɤɥɟɬɨɤ ɚ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ 10ɯ CTD50 ɜ 75.2–81.8% ɤɥɟɬɤɚɯ (ɪɢɫɭɧɨɤ β5Ⱥ-B). 

 

Ɋɢɫɭɧɨɤ 25. ɂɧɞɭɤɰɢɹ ɚɩɨɩɬɨɡɚ ɫɨɟɞɢɧɟɧɢɟɦ (125) ɧɚ ɥɢɧɢɢ ɤɥɟɬɨɤ CEM-13.  

ɉɨ ɨɫɢ ɏ PE-A ɨɩɬɢɱɟɫɤɢɟ ɤɚɧɚɥɵ ɜɨɡɛɭɠɞɟɧɢɹ ɤɥɟɬɤɢ (ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ 
ɮɥɸɨɪɟɫɰɟɧɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɚɡɟɪ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 488 nm, ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɢɡɦɟɪɹɥɢ ɩɪɢ 

ɞɥɢɧɟ ɜɨɥɧɵ > 620 nm)/ Axe X - ɩɨɝɥɨɳɟɧɢɟ PI), ɩɨ ɨɫɢ Y – ɱɢɫɥɨ ɤɥɟɬɨɤ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



328 

 

12.4. ɉɊɂɅɈɀȿɇɂȿ 4 

ɆȿɌɈȾɂɄɂ ɈɉɊȿȾȿɅȿɇɂə ȻɂɈɅɈȽɂɑȿɋɄɈɃ ȺɄɌɂȼɇɈɋɌɂ 
ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɂ ɎɅɈɆɂɁɈɂɄɈȼɈɃ ɄɂɋɅɈɌ ɂ ɂɏ ɉɊɈɂɁȼɈȾɇɕɏ. 

 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɌɈɄɋɂɑɇɈɋɌɂ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɬɪɨɣ ɬɨɤɫɢɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɛɟɫɩɨɪɨɞɧɵɯ ɦɵɲɚɯ, ɫ 

ɩɨɦɨɳɶɸ ɨɞɧɨɤɪɚɬɧɨɝɨ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨɝɨ ɜɜɟɞɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɫɪɟɞɧɟɫɦɟɪɬɟɥɶɧɨɣ ɞɨɡɵ 

((LD50) ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɦɟɬɨɞɭ Ʉɟɪɛɟɪɚ. 

 

ɈɉɊȿȾȿɅȿɇɂȿ ȺɇȺɅɖȽȿɌɂɑȿɋɄɈɃ ȺɄɌɂȼɇɈɋɌɂ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɂ 
ɎɅɈɆɂɁɈɂɄɈȼɈɃ ɄɂɋɅɈɌ ɂ ȺɆɂȾȺ ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ*

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ  ɜ ɬɟɫɬɟ “ɭɤɫɭɫɧɵɟ ɤɨɪɱɢ”. 
ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɢ ɧɚ ɛɟɫɩɨɪɨɞɧɵɯ ɦɵɲɚɯ-ɫɚɦɰɚɯ ɦɚɫɫɨɣ ββ-β5 ɝ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɝɪɭɩɩɵ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɨ 8 ɠɢɜɨɬɧɵɯ ɜ ɤɚɠɞɨɣ. “ɍɄ” ɜɨɫɩɪɨɢɡɜɨɞɢɥɢ ɩɭɬɟɦ 

ɜɧɭɬɪɢɛɪɸɲɢɧɧɨɝɨ ɜɜɟɞɟɧɢɹ 0.75% ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɩɨ 0.1 ɦɥ ɧɚ ɨɞɧɨ ɠɢɜɨɬɧɨɟ.  

ɂɫɫɥɟɞɭɟɦɵɟ ɚɝɟɧɬɵ ɢ ɩɪɟɩɚɪɚɬ ɫɪɚɜɧɟɧɢɹ ɚɧɚɥɶɝɢɧ ɜ ɞɨɡɟ 10 ɦɝ/ɤɝ ɜɜɨɞɢɥɫɹ ɨɞɧɨɤɪɚɬɧɨ 

ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨ ɡɚ ɱɚɫ ɞɨ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɦɨɞɟɥɢ.  Ʉɨɧɬɪɨɥɟɦ ɹɜɥɹɥɢɫɶ ɠɢɜɨɬɧɵɟ ɫ 

ɜɜɟɞɟɧɢɟɦ ɬɨɥɶɤɨ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. Ɉɰɟɧɤɚ ɚɤɬɢɜɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɤɨɪɱɟɣ 

ɜ ɬɟɱɟɧɢɟ γ ɦɢɧ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɧɚɥɶɝɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɦɨɞɟɥɢ ɬɟɪɦɢɱɟɫɤɨɣ ɛɨɥɢ. ɗɤɫɩɟɪɢɦɟɧɬ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɛɟɫɩɨɪɨɞɧɵɯ ɦɵɲɚɯ-ɫɚɦɰɚɯ ɦɚɫɫɨɣ ββ-β5 ɝ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɝɪɭɩɩɵ ɛɵɥɢ 

ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɨ 8 ɠɢɜɨɬɧɵɯ ɜ ɤɚɠɞɨɣ. ɀɢɜɨɬɧɵɯ ɩɨɦɟɳɚɥɢ ɧɚ ɧɚɝɪɟɬɭɸ ɞɨ 54°ɋ 

ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɥɚɬɮɨɪɦɭ ɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɜɪɟɦɹ ɞɨ ɨɛɥɢɡɵɜɚɧɢɹ ɡɚɞɧɟɣ ɥɚɩɵ ɢɥɢ 

ɩɨɞɩɪɵɝɢɜɚɧɢɹ.  

 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɇȿɃɊɈɌɊɈɉɇɈɃ ȺɄɌɂȼɇɈɋɌɂ ȺɆɂȾȺ 
ɅȺɆȻȿɊɌɂȺɇɈȼɈɃ ɄɂɋɅɈɌɕ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɨɥɨɜɨɡɪɟɥɵɯ ɫɚɦɰɚɯ ɢ ɫɚɦɤɚɯ ɦɵɲɟɣ ɢɧɛɪɟɞɧɨɣ ɥɢɧɢɢ 

C57Bδ/6J ɦɚɫɫɨɣ ɬɟɥɚ 20-30 ɝ, ɫɚɦɰɚɯ ɦɵɲɟɣ ɥɢɧɢɢ ICR ɦɚɫɫɨɣ ɬɟɥɚ β5-30 ɝ ɢ ɛɟɥɵɯ 

ɛɟɫɩɨɪɨɞɧɵɯ ɦɵɲɚɯ ɜɟɫɨɦ β0-25 ɝ. ɀɢɜɨɬɧɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɜɢɜɚɪɢɹ ɂɧɫɬɢɬɭɬɚ ɰɢɬɨɥɨɝɢɢ 

ɢ ɝɟɧɟɬɢɤɢ ɋɈ ɊȺɇ ɢ, ɜɨɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɨɞɟɪɠɚɥɢɫɶ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɞɨɫɬɭɩɟ ɤ ɜɨɞɟ ɢ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɦɭ ɤɨɪɦɭ.  

                                                 
*
 ɋɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ “STATISTIKA“ 8.0, ɭɪɨɜɟɧɶ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ Э-ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ. 
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ɂɫɩɨɥɶɡɨɜɚɥɢ ɞɜɟ ɦɟɬɨɞɢɤɢμ «ɨɬɤɪɵɬɨɟ ɩɨɥɟ» ɢ «ɬɟɦɧɚɹ ɢ ɫɜɟɬɥɚɹ ɤɚɦɟɪɚ». Ɍɟɫɬ «Ɉɬɤɪɵɬɨɟ 

ɩɨɥɟ» ɩɪɨɜɨɞɢɥɢ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɮɨɬɨɫɟɧɫɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɌruScan (Coulbourn, ɋɒȺ). 

«Ɉɬɤɪɵɬɨɟ ɩɨɥɟ» - ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɬɟɫɬ ɞɥɹ ɨɰɟɧɤɢ ɞɜɢɝɚɬɟɥɶɧɨɣ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ 

ɚɤɬɢɜɧɨɫɬɢ ɠɢɜɨɬɧɵɯ. ȼ ɞɚɧɧɨɦ ɬɟɫɬɟ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢμ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ 

(ɫ)ν ɞɢɫɬɚɧɰɢɹ (ɫɦ), ɩɪɨɣɞɟɧɧɚɹ ɠɢɜɨɬɧɵɦν ɱɢɫɥɨ ɢ ɜɪɟɦɹ (ɫ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɫɬɨɟɤν ɱɢɫɥɨ ɢ 

ɜɪɟɦɹ (ɫ) ɡɚɝɥɹɞɵɜɚɧɢɣ ɜ ɧɨɪɤɢ. ȼ ɦɟɬɨɞɢɤɟ «ɬɟɦɧɚɹ ɢ ɫɜɟɬɥɚɹ ɤɚɦɟɪɚ», ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɨɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɬɪɟɜɨɠɧɨɫɬɢ ɠɢɜɨɬɧɵɯ, ɩɨɥɨɜɢɧɚ ɚɪɟɧɵ ɛɵɥɚ ɡɚɤɪɵɬɚ ɬɟɦɧɵɦ ɛɨɤɫɨɦ (ɬɟɦɧɚɹ 

ɤɚɦɟɪɚ) ɫ ɜɯɨɞɧɵɦ ɨɬɜɟɪɫɬɢɟɦ ɪɚɡɦɟɪɚɦɢ 4ɯ4ɫɦ. Ɇɵɲɶ ɩɨɦɟɳɚɥɢ ɜ ɫɜɟɬɥɭɸ ɤɚɦɟɪɭ, ɢ 

ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɩɨɤɚɡɚɬɟɥɢ, ɨɩɢɫɚɧɧɵɟ ɞɥɹ ɬɟɫɬɚ «ɨɬɤɪɵɬɨɟ ɩɨɥɟ», ɚ ɬɚɤɠɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ 

ɫɜɟɬɥɨɣ ɤɚɦɟɪɟ (ɫ) ɢ ɱɢɫɥɨ ɩɟɪɟɯɨɞɨɜ ɢɡ ɨɞɧɨɣ ɤɚɦɟɪɵ ɜ ɞɪɭɝɭɸ. ɂɫɫɥɟɞɭɟɦɨɟ ɫɨɟɞɢɧɟɧɢɟ 

ɜɜɨɞɢɥɢ ɠɢɜɨɬɧɵɦ ɩɟɪɨɪɚɥɶɧɨ, ɡɚ ɨɞɢɧ ɱɚɫ ɞɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜ ɞɨɡɚɯ β.5, 5 ɢ 10 ɦɝ/ɤɝ. 

 

ɐɂɌɈɌɈɄɋɂɑȿɋɄȺə ȺɄɌɂȼɇɈɋɌɖ 

Ʉɭɥɶɬɭɪɵ ɤɥɟɬɨɤ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɰɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ  

ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɢɧɢɢ ɨɩɭɯɨɥɟɜɵɯ ɤɥɟɬɨɤ ɱɟɥɨɜɟɤɚ ɆɌ-4 (ɥɢɦɮɨɰɢɬɵ Ɍ-ɤɥɟɬɨɱɧɨɣ ɥɟɣɤɟɦɢɢ), 

BT-474 ɫ ɜɵɫɨɤɨɣ ɷɤɫɩɪɟɫɫɢɟɣ HER-β (ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ), εDA-MB-βγ1 ɢ εCF-7 ɫ ɧɢɡɤɢɦ 

ɭɪɨɜɧɟɦ ɷɤɫɩɪɟɫɫɢɢ HER-2 (ɪɚɤ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ), ɤɥɟɬɤɢ ɦɟɥɚɧɨɦɵ εEL-8. Ʉɥɟɬɤɢ 

ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ ɜ ɫɪɟɞɟ RPMI-1640, ɫɨɞɟɪɠɚɳɟɣ 10% ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ ɷɦɛɪɢɨɧɨɜ ɤɪɭɩɧɨɝɨ 

ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ, β ɦɦɨɥɶ/ɥ L-ɝɥɭɬɚɦɢɧɚ, 80 ɦɤɝ/ɦɥ ɝɟɧɬɚɦɢɰɢɧɚ ɢ γ0 ɦɝ/ɦɥ ɥɢɧɤɨɦɢɰɢɧɚ, ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ γ7ºɋ ɜ ɚɬɦɨɫɮɟɪɟ 5%-ɧɨɝɨ CO2 ɜ ɢɧɤɭɛɚɬɨɪɟ. ɂɫɫɥɟɞɭɟɦɵɟ ɜɟɳɟɫɬɜɚ ɪɚɫɬɜɨɪɹɥɢ ɜ 

DMSO ɢ ɞɨɛɚɜɥɹɥɢ ɤ ɤɥɟɬɨɱɧɨɣ ɤɭɥɶɬɭɪɟ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɂɫɩɨɥɶɡɨɜɚɥɢ ɩɨ γ 

ɥɭɧɤɢ ɧɚ ɤɚɠɞɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸμ 0.1, 1, 10 ɢ 100 ɦɤɝ/ɦɥ. Ʉɥɟɬɤɢ, ɢɧɤɭɛɢɪɭɟɦɵɟ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ 

ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ. Ʉɥɟɬɤɢ ɤɭɥɶɬɢɜɢɪɨɜɚɥɢ 7β ɱɚɫɚ. 

ȼɨɞɧɵɣ ɪɚɫɬɜɨɪ ɆɌɌ-ɪɟɚɝɟɧɬɚ Дγ-(4,5-ɞɢɦɟɬɢɥɬɢɚɡɨɥ-2-ɢɥ)-2,5-ɞɢɮɟɧɢɥɬɟɬɪɚɡɨɥɢɭɦ ɛɪɨɦɢɞɚЖ 

(5 ɦɝ/ɦɥ) ɩɪɨɮɢɥɶɬɪɨɜɵɜɚɥɢ ɱɟɪɟɡ 0.ββ ɦɤɦ ɮɢɥɶɬɪ («FХШа ХКЛШЫКЭШЫТОЬ», Ⱥɧɝɥɢɹ) ɞɨɛɚɜɥɹɥɢ ɜ 

ɤɚɠɞɭɸ ɢɫɫɥɟɞɭɟɦɭɸ ɤɭɥɶɬɭɪɭ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1μ10 ɤ ɟɟ ɨɛɴɟɦɭ, ɫɦɟɫɶ ɢɧɤɭɛɢɪɨɜɚɥɢ γ – 4 ɱɚɫɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ γ7°ɋ ɜ CO2 ɢɧɤɭɛɚɬɨɪɟ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɢɧɤɭɛɚɰɢɢ ɫɭɩɟɪɧɚɬɚɧɬ ɨɫɬɨɪɨɠɧɨ 

ɭɞɚɥɹɥɢ, ɡɚɬɟɦ ɜ ɤɚɠɞɭɸ ɚɧɚɥɢɡɢɪɭɟɦɭɸ ɥɭɧɤɭ ɞɨɛɚɜɥɹɥɢ ɩɨ 100 ɦɤɥ ȾɆɋɈ. Ɉɫɚɞɨɤ 

ɪɟɫɭɫɩɟɧɞɢɪɨɜɚɥɢ ɢ γ0 ɦɢɧ ɢɧɤɭɛɢɪɨɜɚɥɢ ɜ ɬɟɦɧɨɬɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ ɩɨɥɧɨɝɨ 

ɪɚɫɬɜɨɪɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɮɨɪɦɚɡɚɧɚ.  

Ɉɩɬɢɱɟɫɤɭɸ ɩɥɨɬɧɨɫɬɶ (ɈD) ɨɛɪɚɡɰɨɜ ɢɡɦɟɪɹɥɢ ɧɚ ɦɭɥɶɬɢɥɭɧɨɱɧɨɦ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɟ 

BioRad 680 (ɋɒȺ) ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ ɪɚɜɧɨɣ 4λ0 ɧɦ. ɉɪɨɰɟɧɬ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɤɥɟɬɨɤ 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ 100 - (ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɈD ɜ ɨɩɵɬɟ/ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɈD ɜ ɤɨɧɬɪɨɥɟ) ɯ 

100. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɶɧɨɝɨ ɬɪɢɩɥɟɬɚ (ɩɟɪɜɵɟ ɬɪɢ ɥɭɧɤɢ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ 
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ɫɨɟɞɢɧɟɧɢɣ, ɩɚɪɚɥɥɟɥɶɧɵɯ ɞɥɹ ɤɚɠɞɨɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɚɝɟɧɬɚ) 

ɩɪɢɧɢɦɚɥɨɫɶ ɡɚ 100%. Ɋɚɫɫɱɢɬɵɜɚɥɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɢ ɨɲɢɛɤɭ ɫɪɟɞɧɟɝɨ ɞɥɹ ɤɚɠɞɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɪɨɢɥɢ ɞɢɚɝɪɚɦɦɭ ɡɚɜɢɫɢɦɨɫɬɢ 

ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ ɤɥɟɬɨɤ (%) ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɰɢɬɨɬɨɤɫɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, 

ɨɩɪɟɞɟɥɹɥɢ ɞɨɡɭ, ɧɚ 50% ɢɧɝɢɛɢɪɭɸɳɭɸ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɤɥɟɬɨɤ (CTD50), ɚ ɬɚɤɠɟ 

ɫɬɚɧɞɚɪɬɧɭɸ ɨɲɢɛɤɭ (SE) ɩɨɤɚɡɚɬɟɥɹ (CTD50). ɋɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦ Microsoft EбɫОХ-2007, STATISTICA 6.0, GraphPad Prism 5.0 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ± ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɪɟɞɧɟɝɨ. Ⱦɥɹ ɨɰɟɧɤɢ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɡɥɢɱɢɣ (ɪ) ɢɫɩɨɥɶɡɨɜɚɥɢ Э-ɤɪɢɬɟɪɢɣ ɋɬɶɸɞɟɧɬɚ. Ⱦɨɫɬɨɜɟɪɧɵɦɢ ɫɱɢɬɚɥɢ 

ɪɚɡɥɢɱɢɹ ɩɪɢ ɪ<0.05. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ 

ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ γ-ɯ ɧɟɡɚɜɢɫɢɦɵɯ ɩɨɜɬɨɪɨɜ ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  

 

ɉɊɈɌɂȼɈɈɉɍɏɈɅȿȼȺə ȺɄɌɂȼɇɈɋɌɖ. 
ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɟ ɞɟɣɫɬɜɢɟ ɢɫɫɥɟɞɨɜɚɥɢ ɧɚ ɦɵɲɚɯ ɥɢɧɢɢ ɋBȺ ɦɚɫɫɨɣ β5-γ0 ɝ, ɤɨɬɨɪɵɦ  

ɬɪɚɧɫɩɥɚɧɬɢɪɨɜɚɥɢ  ɜɧɭɬɪɢɦɵɲɟɱɧɨ ɤɥɟɬɤɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɣ ɦɵɲɢɧɨɣ ɥɢɦɮɨɦɵ RLS, 

ɪɟɡɢɫɬɟɧɬɧɨɣ ɤ ɰɢɤɥɨɮɨɫɮɚɧɭ (500 ɬɵɫɹɱ ɤɥɟɬɨɤ). Ⱦɚɧɧɵɣ ɲɬɚɦɦ ɥɢɦɮɨɦɵ  ɪɚɫɬɟɬ ɜ ɜɢɞɟ 

ɫɨɥɢɞɧɨɝɨ ɭɡɥɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɵɫɬɪɵɦ ɩɪɨɝɪɟɫɫɢɜɧɵɦ ɪɨɫɬɨɦ. ɂɡɭɱɚɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ 

ɜɜɨɞɢɥɢ ɜ ɤɭɪɫɨɜɨɦ ɪɟɠɢɦɟ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨ, ɧɚɱɢɧɚɹ ɫ  ɩɹɬɨɝɨ ɞɧɹ ɩɨɫɥɟ ɩɟɪɟɜɢɜɤɢ ɜ ɪɟɠɢɦɟ 

ɱɟɬɵɪɟ ɪɚɡɚ ɱɟɪɟɡ ɞɟɧɶ ɜ ɞɨɡɟ 100 ɦɝ/ɤɝ ɜ ɜɢɞɟ ɫɭɫɩɟɧɡɢɢ ɜ ɜɨɞɟ ɫ Ɍɜɢɧɨɦ-80 (ɨɛɳɚɹ ɤɭɪɫɨɜɚɹ 

ɞɨɡɚ - 400 ɦɝ/ɤɝ). ȼ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɨɝɨ ɷɮɮɟɤɬɚ ɹɜɥɹɥɫɹ ɷɮɮɟɤɬ ɤɨɦɩɥɟɤɫɚ 

ɰɢɬɨɫɬɚɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɜɜɨɞɢɦɵɯ ɨɞɧɨɤɪɚɬɧɨ ɪɟɮɟɪɟɧɫɧɨɣ ɝɪɭɩɩɟ ɦɵɲɟɣ ɩɨ 

ɫɬɚɧɞɚɪɬɧɨɣ ɫɯɟɦɟ ɩɨɥɢɯɢɦɢɨɬɟɪɚɩɢɢ ɋɇɈɊ (ɉɏɌ)μ ɰɢɤɥɨɮɨɫɮɚɧ (50 ɦɝ/ɤɝ), ɞɨɤɫɨɪɭɛɢɰɢɧ (4 

ɦɝ/ɤɝ), ɜɢɧɤɪɢɫɬɢɧ (0.1 ɦɝ/ɤɝ) ɢ ɩɪɟɞɧɢɡɨɥɨɧ (5 ɦɝ/ɤɝ). Ʉɨɧɬɪɨɥɟɦ ɹɜɥɹɥɢɫɶ ɠɢɜɨɬɧɵɟ ɫ 

ɨɩɭɯɨɥɶɸ ɛɟɡ ɥɟɱɟɧɢɹ. Ɋɚɡɦɟɪɵ ɨɩɭɯɨɥɟɜɵɯ ɭɡɥɨɜ ɢɡɦɟɪɹɥɢ ɜ ɞɢɧɚɦɢɤɟ ɧɚ ɫɬɚɞɢɢ 

ɩɪɨɝɪɟɫɫɢɜɧɨɝɨ ɪɨɫɬɚ ɨɩɭɯɨɥɢ. ɉɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɣ ɷɮɮɟɤɬ ɨɰɟɧɢɜɚɥɢ ɩɨ ɢɧɞɟɤɫɭ ɬɨɪɦɨɠɟɧɢɹ 

ɪɨɫɬɚ ɨɩɭɯɨɥɢ (ɌɊɈ) -  ɪɚɡɧɨɫɬɶ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɨɩɭɯɨɥɟɣ  ɜ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɨɩɵɬɧɨɣ ɝɪɭɩɩɚɯ, 

ɨɬɧɟɫɟɧɧɚɹ ɤ ɫɪɟɞɧɟɦɭ ɪɚɡɦɟɪɭ ɨɩɭɯɨɥɟɣ ɜ ɤɨɧɬɪɨɥɟ.  

 

ɂɋɋɅȿȾɈȼȺɇɂȿ ȺɇɌɂɈɄɋɂȾȺɇɌɇɈɃ, ȽȿɉȺɌɈɉɊɈɌȿɄɌɈɊɇɈɃ ɂ 

ȽȿɆɈɋɌɂɆɍɅɂɊɍɘɓȿɃ ȺɄɌɂȼɇɈɋɌȿɃ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɵɯ ɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɣ  ɩɪɨɜɨɞɢɥɢ ɧɚ 

ɤɪɵɫɚɯ ɫɚɦɤɚɯ ȼɢɫɬɚɪ, ɤɨɬɨɪɵɦ ɜɜɨɞɢɥɫɹ ɨɞɧɨɤɪɚɬɧɨ ɜɧɭɬɪɢɛɪɸɲɢɧɧɨ ɰɢɤɥɨɮɨɫɮɚɧ ɜ ɞɨɡɟ 

1β5 ɦɝ/ɤɝ (ɜ ɪɚɫɬɜɨɪɟ 0.λ% NaCl). ɋɨɟɞɢɧɟɧɢɹ ɜɜɨɞɢɥɢɫɶ ɜ ɠɟɥɭɞɨɤ 1β ɤɪɵɫɚɦ ɜ ɞɨɡɟ 50 ɦɝ/ɤɝ ɜ 

ɬɟɱɟɧɢɟ ɬɪɟɯ ɞɧɟɣ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɐɮ (ɜ ɜɢɞɟ ɜɨɞɧɨ-ɬɜɢɧɨɜɨɣ ɜɡɜɟɫɢ). Ɋɟɮɟɪɟɧɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ 

– ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ (ȾɄȼ) – ɜɜɨɞɢɥɢ ɜ ɬɨɣ ɠɟ ɞɨɡɟ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɬɞɟɥɶɧɨɣ ɝɪɭɩɩɟ 
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ɤɪɵɫ (10 ɲɬ.). Ʉɨɧɬɪɨɥɟɦ ɹɜɥɹɥɢɫɶ ɠɢɜɨɬɧɵɟ ɫ ɜɜɟɞɟɧɢɟɦ ɬɨɥɶɤɨ ɐɎ (10 ɲɬ.). ȼ ɤɨɧɰɟ ɨɩɵɬɚ ɜ 

ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɧɚɛɨɪɨɜ ɪɟɚɤɬɢɜɨɜ («Biocon», «Ɉɥɶɜɟɤɫ 

Ⱦɢɚɝɧɨɫɬɢɤɭɦ») ɚɤɬɢɜɧɨɫɬɶ ɚɥɚɧɢɧɚɦɢɧɨɬɪɚɧɫɮɟɪɚɡɵ (ȺɅɌ),  ɚɫɩɚɪɬɚɬɚɦɢɧɨɬɪɚɧɫɮɟɪɚɡɵ 

(ȺɋɌ), ɳɟɥɨɱɧɨɣ ɮɨɫɮɚɬɚɡɵ (ɓɎ), ɤɨɧɰɟɧɬɪɚɰɢɸ ɨɛɳɟɝɨ ɛɟɥɤɚ ɢ ɝɥɸɤɨɡɵ. Ʉɨɧɰɟɧɬɪɚɰɢɸ 

ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ (ɆȾȺ) ɨɩɪɟɞɟɥɹɥɢ ɨɛɳɟɩɪɢɧɹɬɵɦ ɦɟɬɨɞɨɦ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɟɦɨɫɬɢɦɭɥɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɮɨɧɟ ɬɨɤɫɢɱɟɫɤɨɝɨ ɩɨɪɚɠɟɧɢɹ ɤɪɵɫ 

ɰɢɤɥɨɮɨɫɮɚɧɨɦ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɪɵɫɚɯ ɫɚɦɤɚɯ ȼɢɫɬɚɪ, ɤɨɬɨɪɵɦ ɜɜɨɞɢɥɫɹ ɨɞɧɨɤɪɚɬɧɨ 

ɜɧɭɬɪɢɛɪɸɲɢɧɧɨ ɰɢɤɥɨɮɨɫɮɚɧ ɜ ɞɨɡɟ 1β5 ɦɝ/ɤɝ (ɜ ɪɚɫɬɜɨɪɟ 0.λ% NaCl). ɋɨɟɞɢɧɟɧɢɟ (I) 

ɜɜɨɞɢɥɨɫɶ ɜ ɠɟɥɭɞɨɤ 1β ɤɪɵɫɚɦ ɜ ɞɨɡɟ 50 ɦɝ/ɤɝ ɜ ɬɟɱɟɧɢɟ ɬɪɟɯ ɞɧɟɣ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɐɮ (ɜ ɜɢɞɟ 

ɜɨɞɧɨ-ɬɜɢɧɨɜɨɣ ɜɡɜɟɫɢ). ɉɪɟɩɚɪɚɬ ɫɪɚɜɧɟɧɢɹ – ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ (ȾɄȼ) – ɜɜɨɞɢɥɢ ɜ ɬɨɣ ɠɟ 

ɞɨɡɟ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɨɬɞɟɥɶɧɨɣ ɝɪɭɩɩɟ ɤɪɵɫ (10 ɲɬ.). Ʉɨɧɬɪɨɥɟɦ ɹɜɥɹɥɢɫɶ ɠɢɜɨɬɧɵɟ ɫ 

ɜɜɟɞɟɧɢɟɦ ɬɨɥɶɤɨ ɐɎ (10 ɲɬ.). ȼ ɤɨɧɰɟ ɨɩɵɬɚ ɫ ɩɨɦɨɳɶɸ ɝɟɦɨɚɧɚɥɢɡɚɬɨɪɚ MEDONIC 

ɨɩɪɟɞɟɥɹɥɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɟɪɢɮɟɪɢɱɟɫɤɨɣ ɤɪɨɜɢ. Ʌɟɣɤɨɰɢɬɚɪɧɭɸ ɮɨɪɦɭɥɭ 

ɩɨɞɫɱɢɬɵɜɚɥɢ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ ɜ ɦɚɡɤɚɯ ɤɪɨɜɢ, ɨɤɪɚɲɟɧɧɵɯ ɝɟɦɚɬɨɤɫɢɥɢɧ-ɷɨɡɢɧɨɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɟɩɚɬɨɩɪɨɬɟɤɬɨɪɧɵɯ ɫɜɨɣɫɬɜ ɧɚ ɦɨɞɟɥɢ ɨɫɬɪɨɝɨ ɬɨɤɫɢɱɟɫɤɨɝɨ ɝɟɩɚɬɢɬɚ. 

Ɉɫɬɪɵɣ ɬɨɤɫɢɱɟɫɤɢɣ ɝɟɩɚɬɢɬ ɜɵɡɵɜɚɥɢ ɭ ɛɟɫɩɨɪɨɞɧɵɯ ɦɵɲɟɣ ɫɚɦɰɨɜ ɩɭɬɟɦ ɨɞɧɨɤɪɚɬɧɨɝɨ 

ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨɝɨ ɜɜɟɞɟɧɢɹ β5% ɪɚɫɬɜɨɪɚ CCl4 ɜ ɩɨɞɫɨɥɧɟɱɧɨɦ ɦɚɫɥɟ ɢɡ ɪɚɫɱɟɬɚ ɩɨ 0,1 ɦɥ ɧɚ 

10 ɝ ɦɚɫɫɵ ɬɟɥɚ. ɂɫɫɥɟɞɭɟɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜɜɨɞɢɥɢ ɜɧɭɬɪɢɠɟɥɭɞɨɱɧɨ ɜ ɞɨɡɟ 100 ɦɝ/ɤɝ ɜ  ɜɢɞɟ 

ɜɨɞɧɨ-ɬɜɢɧɨɜɨɣ ɜɡɜɟɫɢ ɡɚ 1 ɱɚɫ ɞɨ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɝɟɩɚɬɢɬɚ. Ʉɨɧɬɪɨɥɶɧɵɦ ɠɢɜɨɬɧɵɦ 

ɚɧɚɥɨɝɢɱɧɨ ɜɜɨɞɢɥɢ ɜɨɞɧɨ-ɬɜɢɧɨɜɭɸ ɜɡɜɟɫɶ ɜ ɷɤɜɢɜɚɥɟɧɬɧɨɦ ɨɛɴɟɦɟ, ɝɪɭɩɩɟ ɫɪɚɜɧɟɧɢɹ - 

ɞɢɝɢɞɪɨɤɜɟɪɰɟɬɢɧ ɜ ɞɨɡɟ 100 ɦɝ/ɤɝ. ɑɟɪɟɡ ɫɭɬɤɢ ɜ ɫɵɜɨɪɨɬɤɟ ɤɪɨɜɢ ɦɵɲɟɣ ɨɩɪɟɞɟɥɹɥɢ ɫ 

ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɧɚɛɨɪɨɜ ɪɟɚɤɬɢɜɨɜ («Biocon», «Ɉɥɶɜɟɤɫ Ⱦɢɚɝɧɨɫɬɢɤɭɦ») ɚɤɬɢɜɧɨɫɬɶ 

ɚɥɚɧɢɧɚɦɢɧɨɬɪɚɧɫɮɟɪɚɡɵ (ȺɅɌ),  ɚɫɩɚɪɬɚɬɚɦɢɧɨɬɪɚɧɫɮɟɪɚɡɵ (ȺɋɌ) ɢ ɳɟɥɨɱɧɨɣ ɮɨɫɮɚɬɚɡɵ 

(ɓɎ). ɍɪɨɜɟɧɶ ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ (ɆȾȺ) ɨɩɪɟɞɟɥɹɥɢ ɨɛɳɟɩɪɢɧɹɬɵɦ ɦɟɬɨɞɨɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɚɬɵɜɚɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ «STATISTIKA 6».  
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