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ɫɬɢɬɭɬɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. ɂ.ə. ɉɨɫɬɨɜɫɤɨɝɨ ɍɪɈ ɊȺɇ ɢ ɂɧɫɬɢɬɭɬɚ 
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ȼɜɟɞɟɧɢɟ 

 

ɇɚ ɨɫɧɨɜɟ ɤɚɪɛɨɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɧɟɧɚɫɵɳɟɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ ɪɚɡ-

ɪɚɛɨɬɚɧɵ ɭɞɨɛɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟ-

ɧɢɣ. ɇɟɨɛɵɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɹɬɢɱɥɟɧɧɵɯ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ, ɧɟ 

ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɞɪɭɝɢɯ ɨɤɫɨɩɪɨɢɡɜɨɞɧɵɯ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɟɩɚɪɚɬɢɜɧɵɯ ɜɨɡɦɨɠ-

ɧɨɫɬɟɣ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɢ ɩɟɪɢɰɢɤɥɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɜɜɟɞɟɧɢɢ ɮɭɧɤ-

ɰɢɨɧɚɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɨɥɨɠɟɧɢɹ 4 ɢ 5, ɥɟɝɤɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɞɟɤɚɪɛɨ-

ɧɢɥɢɪɨɜɚɧɢɹ ɢ ɜɵɫɨɤɚɹ ɩɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ ɩɪɨɢɡɜɨɞɧɵɯ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ 

ɞɟɥɚɸɬ ɢɯ ɨɞɧɢɦɢ ɢɡ ɫɚɦɵɯ ɢɧɬɟɪɟɫɧɵɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɥɚɫɫɚ ɨɤɫɨɩɪɨɢɡɜɨɞ-

ɧɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɢɡɜɟɫɬɧɵɯ ɤɨɥɥɟɤɬɢɜɨɜ ɦɢɪɨɜɨɝɨ 

ɭɪɨɜɧɹ ɤ ɢɡɭɱɟɧɢɸ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ ɢ ɯɢɦɢɱɟɫɤɢɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ.  

ɉɹɬɢɱɥɟɧɧɵɟ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɵ ɢɦɟɸɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɤɚɤ ɦɢɧɢɦɭɦ 

ɬɪɢ ɷɥɟɤɬɪɨɮɢɥɶɧɵɯ ɰɟɧɬɪɚ, ɱɬɨ ɫɨɡɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɞɨɜɨɥɶɧɨ 

ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɩɪɚɜɥɟɧɢɣ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɨɧɨ- ɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ 

ɫ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɫɩɢɪɨ-ɛɢɫ-

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ, ɦɨɫɬɢɤɨɜɵɯ ɢɥɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢ-

ɫɬɟɦ. Ⱥɧɚɥɨɝɢɱɧɨ, ɜɫɟɝɞɚ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɩɭɬɟɣ 

ɩɪɨɬɟɤɚɧɢɹ ɩɟɪɢɰɢɤɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɚɪɨɢɥ-, ɞɢɚɪɨɢɥ ɢ ɚɪɨ-

ɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪ-

ɦɨɥɢɬɢɱɟɫɤɨɝɨ ɯɟɥɟɬɪɨɩɧɨɝɨ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (II). ɂɄ ɢ əɆɊ 

ɫɩɟɤɬɪɵ ɜɨɡɦɨɠɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɣ ɱɚɫɬɨ ɨɤɚɡɵɜɚɸɬɫɹ 

ɜɟɫɶɦɚ ɫɯɨɠɢɦɢ. ɇɚɥɢɱɢɟ ɜ ɂɄ ɫɩɟɤɬɪɚɯ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɤɚɪɛɨ-

ɧɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɞɨɫɬɚɬɨɱɧɨ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɛɨɥɶɲɢɧ-

ɫɬɜɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɨɟɞɢɧɟɧɢɣ ɢ ɜɟɫɶɦɚ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɢɧɬɟɪɩɪɟɬɚɰɢɸ. ɉɨ-

ɫɤɨɥɶɤɭ ɱɚɫɬɨ ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɣ ɧɟ ɤɚɫɚɸɬɫɹ ɝɪɭɩɩ, ɫɨɞɟɪɠɚɳɢɯ 

ɩɪɨɬɨɧɵ, ɫɩɟɤɬɪɨɫɤɨɩɢɹ əɆɊ 1H ɬɚɤɠɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɡɧɚɱɧɨ ɜɵɛɪɚɬɶ ɨɞɧɭ 

ɢɡ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɫɬɪɭɤɬɭɪ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɡɚɬɪɭɞɧɟɧ ɚɧɚɥɢɡ ɢ ɝɟɬɟɪɨ-

ɹɞɟɪɧɵɯ ɤɨɪɪɟɥɹɰɢɣ HSQC ɢ HMBC, ɬɚɤ ɤɚɤ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɣ ɫɨɞɟɪɠɚɬ 

ɫɥɢɲɤɨɦ ɦɚɥɨ ɩɪɨɬɨɧɨɜ, ɫɢɥɶɧɨ ɭɞɚɥɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ 
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ɦɟɬɨɞɨɜ ɡɚɱɚɫɬɭɸ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɞɨɫɬɚɬɨɱɧɵɦ, ɢ ɬɪɟɛɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

ȼ ɦɨɧɨɝɪɚɮɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɊɋȺ ɩɪɨ-

ɞɭɤɬɨɜ ɧɭɤɥɟɨɮɢɥɶɧɵɯ, ɩɟɪɟɰɢɤɥɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɥɢɬɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɮɭ-

ɪɚɧ- ɢ ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ 

ɮɪɚɝɦɟɧɬɚɦɢ ɩɨ ɫɬɨɪɨɧɟ [ɟ]. Ɇɚɬɟɪɢɚɥ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧ ɩɨ ɩɪɢɧɰɢɩɭ ɭɫɥɨɠɧɟ-

ɧɢɹ ɫɬɪɭɤɬɭɪɵ ɪɟɚɝɟɧɬɚ. ɉɪɢɜɟɞɟɧɵ ɧɭɤɥɟɨɮɢɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɞɢɨɤɫɨɝɟɬɟ-

ɪɨɰɢɤɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ CH- ɢ NH- ɦɨɧɨ-ɧɭɤɥɟɨɮɢɥɨɜ, 1,2-NH,NH-

ɛɢɧɭɤɥɟɨɮɢɥɨɜ, ɰɢɤɥɢɱɟɫɤɢɯ 1,3-CH,OH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ, ɚɰɢɤɥɢɱɟɫɤɢɯ 1,3-

CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ (ɟɧɚɦɢɧɨɤɟɬɨɧɨɜ ɢ ɟɧɚɦɢɧɨɷɮɢɪɨɜ), ɰɢɤɥɢɱɟɫɤɢɯ 1,3-

CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ (ɦɨɧɨ- ɢ ɛɢ-ɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɤɟɬɨɧɨɜ, ɟɧɚɦɢɧɨɜ 

ɫɩɢɪɚɧɨɜɨɝɨ ɪɹɞɚ), 1,3-NH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ, 1,3-NH,SH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ, 1,4-

NH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ, 1,6-NH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ; ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨ-

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɭɱɚɫɬɢɟɦ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ ɜ ɪɨɥɢ ɷɥɟɤɬɪɨɧɨɞɟɮɢɰɢɬɧɨɝɨ 

ɝɟɬɟɪɨɞɢɟɧɚ; ɩɪɟɜɪɚɳɟɧɢɹ ɝɟɬɟɪɨɤɭɦɭɥɟɧɨɜ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɞɢɨɤ-

ɫɨɝɟɬɟɪɨɰɢɤɥɨɜ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɢɟɧɨɮɢɥɨɜ ɢ ɟɧɚɦɢɧɨɜ ɤɥɚɫɫɚ ɢɡɨɯɢɧɨɥɢɧɚ. 

Ɉɞɧɨɡɧɚɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɨɞɭɤɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ 

ɜɨɡɦɨɠɧɵɣ ɩɭɬɶ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɜɤɥɚɞɨɦ ɜ ɩɨɧɢɦɚɧɢɟ 

ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɨɡɞɚɧɢɟ ɬɟɨɪɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɹɬɢɱɥɟɧɧɵɯ ɞɢ-

ɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ. 
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ȼɵɪɚщɢɜɚɧɢɟ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɞɥя ɊɋȺ 

 

ȼɚɠɧɵɦ ɜ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɦ ɚɧɚɥɢɡɟ ɹɜɥɹɟɬɫɹ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɤɚɱɟ-

ɫɬɜɟɧɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɦɧɨɝɢɟ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɢɡ ɪɟɚɤɰɢɨɧ-

ɧɨɣ ɫɦɟɫɢ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɷɬɢ ɤɪɢɫɬɚɥɥɵ ɧɟ ɜɫɟɝɞɚ ɩɨɞɯɨɞɹɬ ɞɥɹ 

ɊɋȺ. Ɉɛɵɱɧɨ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɩɨɞɯɨɞɹɳɢɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɨɞɢɧ 

ɢɡ ɫɥɟɞɭɸɳɢɯ ɦɟɬɨɞɨɜ: 

1. Ɇɟɞɥɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. ɋɨɫɭɞ ɫ ɬɟɩɥɵɦ ɪɚɫɬɜɨɪɨɦ 

(ɧɟ ɫɨɞɟɪɠɚɳɢɦ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ) ɦɟɞɥɟɧɧɨ ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɬɟɱɟ-

ɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ ɜ ɫɨɫɭɞɟ Ⱦɶɸɚɪɚ ɫ ɬɟɩɥɨɣ ɜɨɞɨɣ [1]. 

2. Ɇɟɞɥɟɧɧɨɟ ɢɫɩɚɪɟɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɇɚɜɟɫɤɭ ɨɛɪɚɡɰɚ ɪɚɫ-

ɬɜɨɪɹɸɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɩɨɞɯɨɞɹɳɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟ. ɋɨɫɭɞ ɫ 

ɪɚɫɬɜɨɪɨɦ (ɧɟ ɫɨɞɟɪɠɚɳɢɦ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ) ɨɫɬɚɜɥɹɸɬ ɫɬɨɹɬɶ 

ɧɟɩɥɨɬɧɨ ɡɚɤɪɵɬɵɦ, ɱɬɨɛɵ ɪɚɫɬɜɨɪɢɬɟɥɶ ɦɨɝ ɩɨɫɬɟɩɟɧɧɨ ɢɫɩɚɪɹɬɶɫɹ. 

3. Ɇɟɞɥɟɧɧɨɟ ɢɫɩɚɪɟɧɢɟ ɫɦɟɫɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ɇɚɜɟɫɤɭ ɨɛɪɚɡɰɚ ɪɚɫɬɜɨɪɹɸɬ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɫɦɟɫɢ ɥɟɝɤɨ ɥɟɬɭɱɟɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɜ ɤɨɬɨ-

ɪɨɦ ɨɛɪɚɡɟɰ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦ, ɢ ɜɵɫɨɤɨ ɤɢɩɹɳɢɟɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɜ ɤɨɬɨ-

ɪɨɦ ɨɛɪɚɡɟɰ ɯɭɠɟ ɪɚɫɬɜɨɪɢɦ. ɋɨɫɭɞ ɫ ɪɚɫɬɜɨɪɨɦ (ɧɟ ɫɨɞɟɪɠɚɳɢɦ ɦɟɥɤɨ-

ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ) ɧɟɩɥɨɬɧɨ ɡɚɤɪɵɜɚɸɬ, ɱɬɨɛɵ ɥɟɝɤɨ ɥɟɬɭɱɢɣ ɪɚɫɬɜɨɪɢ-

ɬɟɥɶ ɦɨɝ ɦɟɞɥɟɧɧɨ ɢɫɩɚɪɹɬɶɫɹ. 

4. Ɇɟɞɥɟɧɧɚɹ ɠɢɞɤɨɫɬɧɚɹ ɞɢɮɮɭɡɢɹ. ɇɚɜɟɫɤɭ ɨɛɪɚɡɰɚ ɪɚɫɬɜɨɪɹɸɬ ɩɪɢ ɤɨɦ-

ɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɜ ɤɨɬɨɪɨɦ ɨɛɪɚɡɟɰ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦ. 

Ɋɚɫɬɜɨɪ (ɧɟ ɫɨɞɟɪɠɚɳɢɣ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ) ɩɨɦɟɳɚɸɬ ɜ ɩɪɨɛɢɪɤɭ 

(ɠɟɥɚɬɟɥɶɧɨ ɭɡɤɭɸ). Ɉɫɬɨɪɨɠɧɨ ɩɨ ɫɬɟɧɤɟ ɩɪɨɛɢɪɤɢ ɩɪɢɛɚɜɥɹɸɬ ɪɚɫɬɜɨ-

ɪɢɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ ɨɛɪɚɡɟɰ ɩɥɨɯɨ ɪɚɫɬɜɨɪɢɦ (ɨɫɚɞɢɬɟɥɶ). ȼɬɨɪɨɣ ɪɚɫɬɜɨɪɢ-

ɬɟɥɶ ɞɨɥɠɟɧ ɢɦɟɬɶ ɦɟɧɶɲɭɸ ɩɥɨɬɧɨɫɬɶ, ɱɟɦ ɩɟɪɜɵɣ, ɚ ɬɚɤɠɟ ɞɨɥɠɟɧ ɫɦɟ-

ɲɢɜɚɬɶɫɹ ɫ ɩɟɪɜɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ. ɉɥɨɬɧɨ ɡɚɤɪɵɜɚɸɬ ɫɨɫɭɞ. Ɉɫɬɚɜɥɹɸɬ ɧɚ 

24 ɱ, ɧɟ ɜɡɛɚɥɬɵɜɚɹ. ɉɪɢ ɷɬɨɦ ɪɚɫɬɜɨɪɢɬɟɥɢ ɦɟɞɥɟɧɧɨ ɫɦɟɲɢɜɚɸɬɫɹ ɡɚ ɫɱɟɬ 

ɞɢɮɮɭɡɢɢ. ɉɨɞɯɨɞɹɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɶ/ɨɫɚɞɢɬɟɥɶ ɹɜɥɹɟɬɫɹ 
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1:4 ɢɥɢ 1:5. ȿɫɥɢ ɡɚ 24 ɱ ɧɟ ɨɛɪɚɡɭɟɬɫɹ ɤɪɢɫɬɚɥɥɨɜ, ɬɨ ɫɥɟɞɭɟɬ ɩɨɜɬɨɪɢɬɶ 

ɩɪɨɰɟɞɭɪɭ ɫ ɛɨɥɟɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ ɪɚɫɬɜɨɪɨɦ [1]. 

5. Ɇɟɞɥɟɧɧɚɹ ɝɚɡɨɜɚɹ ɞɢɮɮɭɡɢɹ. ɇɚɜɟɫɤɭ ɨɛɪɚɡɰɚ ɪɚɫɬɜɨɪɹɸɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɜɵɫɨɤɨ ɤɢɩɹɳɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɜ ɤɨɬɨɪɨɦ ɨɛɪɚɡɟɰ ɯɨɪɨɲɨ 

ɪɚɫɬɜɨɪɢɦ. ɋɨɫɭɞ ɫ ɪɚɫɬɜɨɪɨɦ (ɧɟ ɫɨɞɟɪɠɚɳɢɦ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ) 

ɩɨɦɟɳɚɸɬ ɜ ёɦɤɨɫɬɶ, ɧɚ ɞɧɟ ɤɨɬɨɪɨɣ ɧɚɥɢɬ ɥɟɝɤɨ ɥɟɬɭɱɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɜ 

ɤɨɬɨɪɨɦ ɨɛɪɚɡɟɰ ɧɟ ɪɚɫɬɜɨɪɢɦ. ɉɥɨɬɧɨ ɡɚɤɪɵɜɚɸɬ ɫɢɫɬɟɦɭ. ɉɪɢ ɷɬɨɦ ɥɟɝ-

ɤɨ ɥɟɬɭɱɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɞɢɮɮɭɧɞɢɪɭɟɬ ɜ ɪɚɫɬɜɨɪ ɫ ɜɵɫɨɤɨ ɤɢɩɹɳɢɦ ɪɚɫ-

ɬɜɨɪɢɬɟɥɟɦ ɢ ɜɵɡɵɜɚɟɬ ɦɟɞɥɟɧɧɭɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɨɛɪɚɡɰɚ [1]. 

6. Кɨɧɜɟɤɰɢɨɧɧɵɟ ɦɟɬɨɞɵ. ȼɵɪɚɳɢɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɜ ɚɩɩɚɪɚɬɟ ɏɨɭɩɚ [2]. 

7. Ⱦɢɮɮɭɡɢɹ ɪɟɚɝɢɪɭɸɳɢɯ ɪɚɫɬɜɨɪɨɜ. Ʉɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɚɞɚɸɳɢɯ ɜ 

ɨɫɚɞɨɤ ɩɪɢ ɪɟɚɤɰɢɢ ɞɜɭɯ ɪɚɫɬɜɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɧɚɞɫɥɚɢɜɚɧɢɟɦ 

ɪɚɫɬɜɨɪɚ ɨɞɧɨɝɨ ɪɟɚɝɟɧɬɚ ɧɚɞ ɪɚɫɬɜɨɪɨɦ ɞɪɭɝɨɝɨ ɪɟɚɝɟɧɬɚ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚ-

ɳɟɧɢɹ ɫɥɢɲɤɨɦ ɛɵɫɬɪɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɨɣ ɢɡ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɇɟ ɫɥɟɞɭɟɬ ɜɡɛɚɥɬɵɜɚɬɶ 

ɪɚɫɬɜɨɪɵ ɞɨ ɩɨɥɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɪɟɚɤɰɢɢ [1]. 

8. Иɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɬɪɚɜɨɤ. ȿɫɥɢ ɨɛɪɚɡɭɸɳɢɟɫɹ ɤɪɢɫɬɚɥɥɵ ɫɥɢɲɤɨɦ ɦɟɥɤɢɟ, 

ɬɨ ɢɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɡɚɬɪɚɜɤɢ ɞɥɹ ɤɪɢɫɬɚɥɥɨɨɛɪɚɡɨɜɚɧɢɹ (ɧɚɩɪɢ-

ɦɟɪ, ɜ ɦɟɬɨɞɟ 1 ɢɥɢ 2). Ɂɚɬɪɚɜɨɱɧɵɟ ɤɪɢɫɬɚɥɥɵ ɫɥɟɞɭɟɬ ɫɨɛɪɚɬɶ ɜ ɩɢɩɟɬɤɭ ɫ 

ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɦɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɟɫɥɢ ɞɚɬɶ ɢɦ ɩɟɪɟɫɨɯɧɭɬɶ, ɬɨ 

ɨɧɢ ɩɨɬɟɪɹɸɬ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ) ɢ ɩɨɦɟɫɬɢɬɶ ɜ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ [1]. 

 

Ʉɚɱɟɫɬɜɨ ɜɵɪɚɳɟɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ 

ɦɢɤɪɨɫɤɨɩɚ.  

ɋɥɭɞɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɤɪɢɫɬɚɥɥɵ ɦɧɨɝɢɯ ɜɟɳɟɫɬɜ ɪɚɡɪɭɲɚɸɬɫɹ ɩɪɢ ɜɵɫɭ-

ɲɢɜɚɧɢɢ ɢɡ-ɡɚ ɭɥɟɬɭɱɢɜɚɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ (ɬ.ɧ. ɤɪɢɫɬɚɥɥɵ-ɫɨɥɶɜɚɬɵ). ɉɨɷɬɨɦɭ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɯɪɚ-

ɧɢɬɶ ɤɪɢɫɬɚɥɥɵ, ɜɵɪɚɳɟɧɧɵɟ ɞɥɹ ɊɋȺ, ɜ ɦɚɬɨɱɧɨɦ ɪɚɫɬɜɨɪɟ.  

Ʉɚɱɟɫɬɜɨ ɢ ɜɪɟɦɹ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ 

ɨɬ ɤɚɱɟɫɬɜɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɟ ɮɚɤɬɨɪɵ: 
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 Ɋɚɡɦɟɪ ɤɪɢɫɬɚɥɥɨɜ (ɱɟɦ ɛɨɥɶɲɟ ɤɪɢɫɬɚɥɥ, ɬɟɦ ɦɟɧɶɲɟ ɜɪɟɦɹ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚ, ɧɨ ɜ ɛɨɥɶɲɢɯ ɤɪɢɫɬɚɥɥɚɯ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɞɟɮɟɤɬɵ). ɇɚɢɛɨɥɟɟ 

ɩɨɞɯɨɞɹɳɢɟ ɤɪɢɫɬɚɥɥɵ ɞɥɹ ɊɋȺ ɞɨɥɠɧɵ ɢɦɟɬɶ ɪɚɡɦɟɪɵ ɜ ɧɚɢɛɨɥɶɲɟɦ 

ɧɚɩɪɚɜɥɟɧɢɢ 0.3–0.7 ɦɦ.  

 Ɏɨɪɦɚ ɢ ɫɢɧɝɨɧɢɹ ɤɪɢɫɬɚɥɥɨɜ. ɂɞɟɚɥɶɧɨɣ ɮɨɪɦɨɣ ɤɪɢɫɬɚɥɥɨɜ ɞɥɹ 

ɊɋȺ ɹɜɥɹɟɬɫɹ ɫɮɟɪɚ (ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɚ ɜ ɬɪɟɯ ɢɡɦɟɪɟɧɢɹɯ ɞɨɥɠɧɵ ɤɚɤ 

ɦɨɠɧɨ ɦɟɧɶɲɟ ɨɬɥɢɱɚɬɶɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ), ɩɥɚɫɬɢɧɱɚɬɵɟ ɢ ɢɝɨɥɶɱɚɬɵɟ ɤɪɢ-

ɫɬɚɥɥɵ ɨɫɥɨɠɧɹɸɬ ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɷɥɟɦɟɧɬɨɜ 

ɫɢɦɦɟɬɪɢɢ ɜ ɤɪɢɫɬɚɥɥɚɯ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɫɛɨɪɚ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ. 

 ɇɚɥɢɱɢɟ ɚɬɨɦɨɜ ɬɹɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ (ɚɬɨɦɵ ɝɚɥɨɝɟɧɨɜ, ɫɟɪɵ). ȼɜɟ-

ɞɟɧɢɟ ɬɹɠɟɥɵɯ ɚɬɨɦɨɜ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɚɧɚɥɢɡɚ ɛɨɥɟɟ ɦɟɥɤɢɟ 

ɤɪɢɫɬɚɥɥɵ, ɚ ɬɚɤɠɟ ɫɨɤɪɚɬɢɬɶ ɟɝɨ ɜɪɟɦɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɚ-

ɥɨɝɟɧɫɨɞɟɪɠɚɳɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ (ɯɥɨɪɨɮɨɪɦ, ɞɢɯɥɨɪɦɟɬɚɧ, 1,2-

ɞɢɯɥɨɪɷɬɚɧ) ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɜɟɫɶɦɚ ɫɤɥɨɧɧɵ ɤ ɪɚɡɭɩɨɪɹ-

ɞɨɱɟɧɢɸ, ɨɤɚɡɵɜɚɸɳɟɦɭ ɛɨɥɶɲɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ (ɧɟɝɚɬɢɜɧɨɟ) ɜɥɢɹɧɢɟ ɧɚ 

ɤɚɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɰɟɥɨɦ.  

 ɍɫɬɨɣɱɢɜɨɫɬɶ ɧɚ ɜɨɡɞɭɯɟ. ȿɫɥɢ ɪɚɫɬɜɨɪɢɬɟɥɶ ɜɵɜɟɬɪɢɜɚɟɬɫɹ ɜɨ ɜɪɟɦɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɚ, ɬɨ ɷɬɨ ɫɢɥɶɧɨ ɨɫɥɨɠɧɹɟɬ ɪɚɛɨɬɭ. 

 

Сɩиɫɨɤ ɥиɬеɪаɬɭɪы 

1. Jones P.G. Chemistry in Britain, 1981, 17, 222. 

2. Hope H. J. Appl. Cryst., 1971, 4, 333. 
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Ɇɟɬɢɥ 3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-2-(2-ɦɟɬɢɥ-1H-ɢɧɞɨɥ-3-ɢɥ)-5-ɨɤɫɨ-1-ɮɟɧɢɥ-

2,5-ɞɢɝɢɞɪɨ-1Н-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬ 

 

Ɋɚɧɟɟ ɨɩɢɫɚɧɵ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ 1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɰɢɤɥɢɱɟɫɤɢɯ, ɤɚɪɛɨɰɢɤ-

ɥɢɱɟɫɤɢɯ ɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɜ, ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɩɪɢɫɨ-

ɟɞɢɧɟɧɢɟɦ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɜ ɤ ɚɬɨɦɭ ɋ5 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢ 

ɩɨɫɥɟɞɭɸɳɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɜ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 

5 ɩɢɪɪɨɥɞɢɨɧɨɜ [1–3]. ɋ ɰɟɥɶɸ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɫɯɟɦɵ ɜɵɛɪɚɧɵ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɟɧɚɦɢɧɵ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ (ȿ)-ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɪɭɩɩ ȕ-ɋɇ ɢ 

NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɞɥɹ ɧɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ 

ɰɢɤɥɢɡɚɰɢɢ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɬɢɩɚ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-ɮɟɧɢɥ-4-ɛɟɧɡɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɚ I ɫ 2-ɦɟɬɢɥɢɧɞɨɥɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ 

ɤɢɩɹɱɟɧɢɹ ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɣ ɤɪɚɫɧɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɩɢɪɪɨɥɞɢɨɧɚ) ɩɨɥɭɱɟɧ ɦɟɬɢɥ 3-

ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-2-(2-ɦɟɬɢɥ-1H-ɢɧɞɨɥ-3-ɢɥ)-5-ɨɤɫɨ-1-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-

1ɇ-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [4]. 

 

ɋɨɟɞɢɧɟɧɢɟ III – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ 

ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 
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Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɞɟɥɚɧɧɨɟ ɪɚɧɟɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, 

ɱɬɨ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ 1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɟɧɚɦɢɧɨɜ ɩɪɨɬɟɤɚɸɬ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɩɪɢɫɨɟɞɢɧɟ-

ɧɢɟɦ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɜ ɤ ɚɬɨɦɭ ɋ5 ɩɢɪɪɨɥɞɢɨɧɨɜ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ III ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1, ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 

ɭɩɚɤɨɜɤɚ ɢ ɫɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ – ɧɚ ɪɢɫɭɧɤɟ 2. ȼɫɟ ɞɥɢɧɵ 

ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɛɵɱɧɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ 

ɡɧɚɱɟɧɢɣ. 

 

Рɢс. 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɦɟɬɢɥ 3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-2-(2-ɦɟɬɢɥ-1H-ɢɧɞɨɥ-3-ɢɥ)-5-ɨɤɫɨ-

1-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬɚ III 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ III ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ 

ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. Ⱦɢɝɢɞɪɨɩɢɪɪɨɥɶɧɵɣ 

ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɵ ɩɥɨɫɤɢɣ ɜ ɩɪɟɞɟɥɚɯ 0.016 Å. Ɏɟɧɢɥɶɧɵɣ ɢ ɛɟɧɡɨɢɥɶɧɵɣ 

ɡɚɦɟɫɬɢɬɟɥɢ ɪɚɡɜёɪɧɭɬɵ ɩɨɞ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɭɝɥɚɦɢ ɤ ɩɥɨɫɤɨɫɬɢ 

ɞɢɝɢɞɪɨɩɢɪɪɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢ ɜ ɫɨɩɪɹɠɟɧɢɢ ɫ ɞɚɧɧɵɦ ɝɟɬɟɪɨɰɢɤɥɨɦ ɧɟ 

ɭɱɚɫɬɜɭɸɬ. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɧɬɚɤɬɨɜ ɩɨɥɹɪɧɵɯ 

ɝɪɭɩɩɢɪɨɜɨɤ ɜɵɤɥɚɞɵɜɚɸɬɫɹ ɜ ɩɨɥɢɦɟɪɧɵɟ ɰɟɩɢ (ɪɢɫɭɧɨɤ 2), ɩɪɢ ɷɬɨɦ 
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ɪɟɚɥɢɡɭɸɬɫɹ 2 ɬɢɩɚ ɤɨɧɬɚɤɬɨɜ: ɫɢɥɶɧɚɹ ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ «ɞɢɦɟɪɧɨɝɨ» ɬɢɩɚ 

ɦɟɠɞɭ ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɢ ɛɨɥɟɟ ɫɥɚɛɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ 

ɢɧɞɨɥɢɥɶɧɵɦ ɰɢɤɥɨɦ ɢ ɤɚɪɛɨɧɢɥɨɦ ɛɟɧɡɨɢɥɶɧɨɣ ɝɪɭɩɩɵ C=O∙∙∙H–N (–ɯ, –ɭ, –

z). ɉɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɢɦɟɧɧɨ ɷɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɩɪɟɞɟɥɹɟɬ ɤɨɧɮɨɪɦɚɰɢɸ 

ɛɟɧɡɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɜ ɤɨɬɨɪɨɦ ɤɚɪɛɨɧɢɥ ɜɵɜɟɞɟɧ ɤɚɤ ɢɡ ɩɥɨɫɤɨɫɬɢ 

ɞɢɝɢɞɪɨɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ, ɬɚɤ ɢ ɢɡ ɩɥɨɫɤɨɫɬɢ ɮɟɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ.  

 

Рɢс. 2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɹɪɧɵɯ ɝɪɭɩɩ ɜ ɤɪɢɫɬɚɥɥɟ 

 

Ɇɟɬɢɥ 3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-2-(2-ɦɟɬɢɥ-1H-ɢɧɞɨɥ-3-ɢɥ)-5-ɨɤɫɨ-1-

ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-1Н-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬ III. Ɋɚɫɬɜɨɪ 1 ɦɦɨɥɶ ɫɨɟɞɢɧɟ-

ɧɢɹ I ɢ 1 ɦɦɨɥɶ 2-ɦɟɬɢɥɢɧɞɨɥɚ II ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 2 ɦɢɧ, 

ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 89%, ɬ.ɩɥ. 217–218°ɋ 

(ɪɚɡɥ., ɦ-ɤɫɢɥɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 1:1). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν,  ɫɦ-1: 3436 

(NH), 3147 ɲ (Ɉɇ), 1764 (ɋɈɈɆɟ), 1692 (ɋ2=Ɉ), 1671 (ɋɈPh). ɋɩɟɤɬɪ əɆɊ 1ɇ 

(400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.97 ɫ (3ɇ, Ɇɟɢɧɞɨɥ.), 3.52 ɫ (3ɇ, ɋɈɈɆɟ), 6.89–

7.56 ɝɪ.ɫ (14ɇ, 2Ph + C6H4), 11.00 ɫ (1ɇ, NH), 11.92 ɭɲ.ɫ (1ɇ, Ɉɇ). ɇɚɣɞɟɧɨ, %: 

ɋ 72.11; ɇ 4.73; N 6.02. ɋ28H22N2O5. ȼɵɱɢɫɥɟɧɨ, %: ɋ 72.09; ɇ 4.75; N 6.01. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢ-

ɱɟɫɤɢɟ ɞɚɧɧɵɟ: ɦɨɧɨɤɥɢɧɧɚɹ ɫɢɫɬɟɦɚ, a 15.5819(16), b 9.5948(11), c 17.2380(13) 
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Å,  115.312(9), ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/ɫ, Z 4, dɪɚɫɱ. 1.330 ɝ/ɫɦ3. ɂɡɦɟɪɹ-

ɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 11290 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 4585 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0658), ɜ 

ɬɨɦ ɱɢɫɥɟ 1760 ɫ I > 2(I). ɉɨɥɧɨɬɚ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɞɥɹ ɭɝɥɨɜ θ < 26.0 96.5%. 

ɉɨɝɥɨɳɟɧɢɟ ɧɟ ɭɱɢɬɵɜɚɥɢ ɜɜɢɞɭ ɟɝɨ ɦɚɥɨɣ ɜɟɥɢɱɢɧɵ (ȝ 0.092 ɦɦ1). ɋɬɪɭɤɬɭɪɭ 

ɪɚɫɲɢɮɪɨɜɵɜɚɥɢ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɹɥɢ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 

ɜ ɚɧɢɡɨɬɪɨɩɧɨ-ɢɡɨɬɪɨɩɧɨɦ (ɞɥɹ ɚɬɨɦɨɜ H) ɩɪɢɛɥɢɠɟɧɢɢ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨ-

ɝɪɚɦɦ SHELXTL-97 [5]. ɉɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɇ ɪɚɫɫɱɢɬɵɜɚɥɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

(ɦɨɞɟɥɶ ɧɚɟɡɞɧɢɤɚ), ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɚɬɨɦɨɜ ɝɪɭɩɩ NH ɢ Ɉɇ, ɩɨɡɢɰɢɢ ɤɨɬɨɪɵɯ 

ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɮɚɤɬɨɪɨɜ ɪɚɫɯɨɞɢɦɨɫɬɢ ɫɨɫɬɚɜɢɥɢ: wR2 0.0751, R1 0.0427 ɞɥɹ 2926 ɨɬɪɚɠɟɧɢɣ ɫ 

I > 2σ(I) ɢ wR2 0.1193, R1 0.1594 ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ ɩɪɢ ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 

1.001. ɉɢɤɢ ɦɚɤɫɢɦɭɦɚ ɢ ɦɢɧɢɦɭɦɚ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.324 ɢ 

–0.286 ēÅ-3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɥɧɵɣ ɧɚɛɨɪ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɞɟ-

ɩɨɧɢɪɨɜɚɧ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɦ ɛɚɧɤɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ (CCDC 982524) ɢ ɞɨ-

ɫɬɭɩɟɧ ɩɨ ɚɞɪɟɫɭ www.ccdc.cam.ac.uk/conts/retrieving.html (ɢɥɢ CCDC, 12 Union 

Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: depos-

it@ccdc.cam.ac.uk). 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ȼɚɧɧɢɤɨɜɚ ɘ.ɇ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ⱥɥɢɟɜ Ɂ.Ƚ. ɀɈɪɏ, 2004, 40, 1840. 

2. Ⱦɟɧɢɫɥɚɦɨɜɚ ȿ.ɋ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2010, 46, 389. 

3. Ⱦɟɧɢɫɥɚɦɨɜɚ ȿ.ɋ., Ȼɭɛɧɨɜ ɇ.ȼ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀOɪɏ, 2011, 47, 915. 

4. Ⱦɟɧɢɫɥɚɦɨɜɚ ȿ.ɋ., ɋɥɟɩɭɯɢɧ ɉ.Ⱥ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2014, 50, 232. 

5. Sheldrick G.M. Acta Cryst., 2008, A64, 112. 
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(Z)-2-{2-(3-Ȼɟɧɡɨɢɥ-1,4-ɞɢɨɤɫɨ-1Н-ɩɢɪɪɨɥɨ[2,1-с][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-2(4Н)-

ɢɥɢɞɟɧ)ɝɢɞɪɚɡɢɧɢɥ}ɛɟɧɡɨɣɧɚя ɤɢɫɥɨɬɚ 

 

Ɋɚɧɟɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4-ɚɰɢɥɡɚɦɟɳɟɧɧɵɯ 1H-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɨɜ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɫɬɨɪɨɧɨɣ [e] ɫ ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ 

(ɝɟɬɚɪɟɧɨ[e]ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ), ɤɚɤ ɫ ɦɨɧɨɧɭɤɥɟɨɮɢɥɶɧɵɦɢ, ɬɚɤ ɢ ɫ 

ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɪɟɚɥɢɡɭɸɬɫɹ ɬɨɥɶɤɨ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ – ɩɨ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 1 ɢɥɢ 3ɚ ɝɟɬɚɪɟɧɨ[e]ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ [1]. 

ɇɚɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɛɟɧɡɨɢɥ-1ɇ-ɩɢɪɪɨɥɨ[2,1-c][1,4] ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɚ I ɫ 2-ɝɢɞɪɚɡɢɧɢɥɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹ-

ɱɟɧɢɢ ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ 

Ɍɋɏ), ɩɨɥɭɱɟɧɚ (Z)-2-{2-(3-ɛɟɧɡɨɢɥ-1,4-ɞɢɨɤɫɨ-1ɇ-ɩɢɪɪɨɥɨ[2,1-

ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-2(4ɇ)-ɢɥɢɞɟɧ)ɝɢɞɪɚɡɢɧɢɥ}ɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ II, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɣ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [2, 3]. 

 

 

 

ɋɨɟɞɢɧɟɧɢɟ II – ɜɵɫɨɤɨɩɥɚɜɤɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɬɟɦɧɨ-

ɦɚɥɢɧɨɜɨɝɨ ɰɜɟɬɚ, ɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱ-

ɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢɧɨɝɨ, ɤɪɨɦɟ 

ɜɵɲɟɨɩɢɫɚɧɧɵɯ [1], ɧɚɩɪɚɜɥɟɧɢɹ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ 4-ɚɰɢɥɡɚɦɟɳɟɧɧɵɯ 1H-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɫɬɨɪɨɧɨɣ [e] ɫ ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ, 
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ɛɵɥɚ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɟɞɫɤɚɡɚɧɚ ɨɤɨɥɨ 20 ɥɟɬ ɧɚɡɚɞ [4], ɩɪɨɞɭɤɬɵ ɟɝɨ 

ɪɟɚɥɢɡɚɰɢɢ ɜɵɞɟɥɟɧɵ ɜɩɟɪɜɵɟ. 

ɋɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ II ɢɫɫɥɟɞɨɜɚɧɚ ɊɋȺ. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɜ ɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

Рɢс. 3. ɋɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ II ɩɨ ɞɚɧɧɵɦ ɊɋА ɜ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɚɯ 50 %  
ɜɟɪɨɹɬɧɨɫɬɢ ɢ ɩɪɢɧɹɬɚɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ 

 

ɋɨɟɞɢɧɟɧɢɟ II ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɝɪɭɩɩɟ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɫ ȾɆɎȺ (1:1). Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ 

ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɧɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɵ. Ⱦɥɢ-

ɧɵ ɫɜɹɡɟɣ ɋ1–ɋ2, ɋ3–ɋ4 ɢ ɋ4–ɋ5 ɝɟɬɟɪɨɰɢɤɥɚ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1.45(2) Å, ɱɬɨ 

ɬɢɩɢɱɧɨ ɞɥɹ ɨɞɢɧɚɪɧɵɯ ɫɜɹɡɟɣ ɰɟɩɟɣ ɫɨɩɪɹɠɟɧɢɹ, ɚ ɧɟ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɚɪɨ-

ɦɚɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɭɸ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 

ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɝɟɬɟɪɨɩɨɥɢɟɧɨɜɭɸ, ɚ ɧɟ ɝɟɬɟɪɨɚɪɨɦɚɬɢɱɟɫɤɭɸ 

ɫɬɪɭɤɬɭɪɭ. 

Ɏɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɵ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɝɟɬɟɪɨɰɢɤɥ, ɝɢɞɪɚɡɨɧɧɭɸ ɝɪɭɩ-

ɩɢɪɨɜɤɭ ɢ ɮɟɧɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɫ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɢɦ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɨɜ ɨɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɟ ɩɪɟ-



 14 

ɜɵɲɚɟɬ 0.250 Å (ɞɥɹ ɤɢɫɥɨɪɨɞɚ Ɉ4 ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ). Ɍɚɤɚɹ ɩɥɨɫɤɚɹ 

ɫɬɪɭɤɬɭɪɚ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɬɪёɯɰɟɧɬɪɨɜɨɣ ȼȼɋ ɦɟɠɞɭ N1–H1 ɝɪɭɩɩɨɣ 

ɝɢɞɪɚɡɨɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢ ɤɢɫɥɨɪɨɞɚɦɢ ɤɚɪɛɨɧɢɥɚ ɝɟɬɟɪɨɰɢɤ-

ɥɚ Ɉ1 ɢ Ɉ4 ɫ ɞɪɭɝɨɣ (ɫɦ. ɬɚɛɥɢɰɭ 1). ȼ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɩɥɨɫɤɢɟ ɮɪɚɝ-

ɦɟɧɬɵ ɦɨɥɟɤɭɥ ɨɛɪɚɡɭɸɬ ɫɬɨɩɤɢ ɫ ɦɟɠɩɥɨɫɤɨɫɬɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɩɨɪɹɞɤɚ 3.3 

Å, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɦɟɠɞɭ ɧɢɦɢ ɡɧɚɱɢɦɵɯ π-π ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɣ. 

Ȼɟɧɡɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɵ ɜɵɜɟɞɟɧ ɢɡ ɩɥɨɫɤɨɫɬɢ ɝɟɬɟɪɨɰɢɤɥɚ. 

Ɍɨɪɫɢɨɧɧɵɣ ɭɝɨɥ ɋ4ɋ3ɋ12ɋ13, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɜɵɜɨɞ ɮɟɧɢɥɚ ɢɡ ɩɥɨɫɤɨɫɬɢ ɝɟ-

ɬɟɪɨɰɢɤɥɚ, ɫɨɫɬɚɜɥɹɟɬ 73.1(2), ɞɜɭɝɪɚɧɧɵɣ ɭɝɨɥ ɦɟɠɞɭ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦɢ 

ɩɥɨɫɤɨɫɬɹɦɢ Ɉ3ɋ12ɋ13ɋ3 ɢ ɋ13ɋ14ɋ15ɋ16ɋ17ɋ18, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɪɚɡɜɨɪɨɬ ɮɟ-

ɧɢɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɪɛɨɧɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɛɟɧɡɨɢɥɶɧɨɣ ɝɪɭɩɩɟ, ɫɨɫɬɚɜɥɹɟɬ 

29.4(2). ɉɪɢ ɷɬɨɦ ɮɟɧɢɥɶɧɨɟ ɤɨɥɶɰɨ ɨɤɚɡɵɜɚɟɬɫɹ ɫɛɥɢɠɟɧɧɵɦ ɫ ɩɨɥɹɪɧɵɦɢ 

ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɦɨɥɟɤɭɥɵ ɫɨɫɟɞɧɟɣ ɦɨɥɟɤɭɥɵ [–x, 2–y, 1–z] ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɜɨɡ-

ɧɢɤɚɟɬ ɭɤɨɪɨɱɟɧɧɵɣ ɤɨɧɬɚɤɬ H14A∙∙∙O1 ɫ d 2.540 Å. Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɚɬɶ ɨɰɟɧɤɭ 

ɩɪɢɪɨɞɵ ɞɚɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɧɚ ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ ɧɟ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 

Ɇɨɥɟɤɭɥɹɪɧɭɸ ɭɩɚɤɨɜɤɭ ɜ ɰɟɥɨɦ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɫɥɨɟɜɭɸ, ɜ 

ɤɨɬɨɪɨɣ ɩɥɨɫɤɢɟ ɮɪɚɝɦɟɧɬɵ ɦɨɥɟɤɭɥ ɫɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɚɪɚɥ-

ɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ [15 15 16], ɚ ɛɟɧɡɨɢɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ ɜɵɜɟɞɟɧɵ ɢɡ ɞɚɧɧɨɣ 

ɩɥɨɫɤɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɦɨɥɟɤɭɥɵ ɫɨɥɶɜɚɬɚ ɡɚɩɨɥɧɹɸɬ ɩɭɫɬɨɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɭɩɚɤɨɜɤɢ ɢ ɭɞɟɪɠɢɜɚɸɬɫɹ ɜ ɤɪɢɫɬɚɥɥɟ ɩɨɫɪɟɞɫɬɜɨɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨ-

ɪɨɞɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɤɚɪɛɨɧɢɥɨɦ ȾɆɎȺ ɢ ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɦɨɥɟɤɭɥ 

ɝɟɬɟɪɨɰɢɤɥɚ. 

Ɍɚɛɥɢɰɚ 1  

ɉɚɪɚɦɟɬɪɵ Ɇȼɋ ɢ ȼȼɋ ɬɢɩɚ DH∙A ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɫɨɟɞɢɧɟɧɢɹ II 

D–H d(D–H), Å. d(H∙∙∙A), 
Å 

ɭɝɨɥ DHA d(D∙∙∙A), Å   A 

N1–H1 0.956(14) 1.912(14) 135(1) 2.678(2) O4 

N1–H1 0.956(14) 2.117(14) 125(1) 2.778(2) O1 

O6–H6 0.98(2) 1.60(2) 163(1) 2.548(2) O1S [–x, –y+2, –z+1] 
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(Z)-2-{2-(3-Ȼɟɧɡɨɢɥ-1,4-ɞɢɨɤɫɨ-1Н-ɩɢɪɪɨɥɨ[2,1-с][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

2(4Н)-ɢɥɢɞɟɧ)ɝɢɞɪɚɡɢɧɢɥ}ɛɟɧɡɨɣɧɚя ɤɢɫɥɨɬɚ II. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ I ɜ 30 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ 

ɝɢɞɪɨɯɥɨɪɢɞɚ 2-ɝɢɞɪɚɡɢɧɢɥɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ 30 ɦɥ ɫɦɟɫɢ ɚɛɫɨɥɸɬɧɨɝɨ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɢ ȾɆɋɈ, 10:1, ɤɢɩɹɬɢɥɢ 2 ɦɢɧ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, 

ɷɥɸɟɧɬɵ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1, ɷɬɢɥɚɰɟɬɚɬ; ɩɪɨɹɜɥɹɥɢ ɩɚɪɚɦɢ ɣɨɞɚ), 

ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 47%, ɬ.ɩɥ. 275–

277ɋ (ɚɰɟɬɨɧɢɬɪɢɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν, ɫɦ–1: 3300 ɲ, 3200 (OH, 

NH), 1732 (C1=O), 1669 (COɈ), 1636 (COPh). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-

d6), , ɦ.ɞ.: 7.23–8.12 ɝɪ.ɫ (12ɇ, Ɋh + C6H4 + Н6-8), 8.63 ɞ (1ɇ, ɇ9, J 8.0 Ƚɰ), 10.24 

c (1H, N5H), 13.70 c (1H, ɋɈɈɇ), 14.87 c (1H, NH). ɇɚɣɞɟɧɨ, %: ɋ 66.21; H 3.29; 

N 9.24. ɋ25ɇ15N3Ɉ6. ȼɵɱɢɫɥɟɧɨ, %: ɋ 66.23; H 3.33; N 9.27. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя II ɜɵɩɨɥɧɟɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟ-

ɫɤɨɦ 4-ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ Xcalibur S (Oxford Diffrac-

tion). ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɢ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɞɥɹ ɫɬɪɭɤɬɭɪ-

ɧɨɣ ɟɞɢɧɢɰɵ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ C28H22N4O7 ɢɡɦɟɪɟɧɵ ɦɟɬɨɞɨɦ ω-2θ-

ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨKα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 

2.64 < θ < 28.28 ɫ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 1 ɩɪɢ Ɍ 295(2)Ʉ. Ʉɪɢɫɬɚɥɥɵ ɬɪɢɤɥɢɧ-

ɧɵɟ: a 8.463(2), b 11.609(3), c 12.8717(19) Å, α 83.952(16), ȕ 76.505(17), Ȗ 

85.75(2), V 1221.3(5) Å3, Ɇ 526.50, dɜɵɱ. 1.432 ɝ/ɫɦ3, Z 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩ-

ɩɚ P-1. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 7184 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 5783 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0304), 

2438 ɫ I > 2σ(I). Ɂɚɜɟɪɲёɧɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɭɝɥɚ θ 26.00 96.6%. ɉɨɩɪɚɜ-

ɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.105 ɦɦ–1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩ-

ɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɨɥɹɪɧɵɯ 

ɝɪɭɩɩ ɈH ɢ Nɇ ɪɟɲɟɧɵ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ, ɨɫɬɚɥɶɧɵɟ 

ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɨɦɟɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɤɥɸ-

ɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚ-

ɦɟɬɪɚɦɢ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX 97 [5]. Ɉɤɨɧ-

ɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0394, wR2 0.0585 ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 
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2σ(I), R1 0.1167, wR2 0.0625 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), S 1.003. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢ-

ɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.178 ɢ –0.173 ēÅ-3.  
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Ⱦɢɦɟɬɢɥ 1-ɛɟɧɡɢɥ-5-[(4-ɦɟɬɢɥɮɟɧɢɥ)ɤɚɪɛɚɦɨɢɥ]- 

1Н-ɩɢɪɚɡɨɥ-3,4-ɞɢɤɚɪɛɨɤɫɢɥɚɬ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, 1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ ɢ 

1-ɚɪɢɥ-4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ ɪɟɚɝɢɪɭɸɬ ɫ ɡɚɦɟɳɟɧɧɵɦɢ 

ɝɢɞɪɚɡɢɧɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɵɯ 1,5-ɞɢɚɪɢɥ-4-(N-ɚɪɢɥɨɤɫɚɦɨɢɥ)-3-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɚɡɨɥɨɜ [1, 2] ɢ 5-ɚɪɢɥ-3-ɚɪɨɢɥ-4-(N-ɚɪɢɥɨɤɫɚɦɨɢɥ)-

1ɇ-ɩɢɪɚɡɨɥɨɜ [3, 4] ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɧɭɤɥɟɨɮɢɥɶɧɚɹ ɚɬɚɤɚ ɩɟɪɜɢɱɧɨɣ ɢ ɜɬɨɪɢɱɧɨɣ 

ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɝɢɞɪɚɡɢɧɨɜ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ ɤɟɬɨɧɧɨɣ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɳɟɩɥɟɧɢɟɦ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N1–ɋ5. Ɋɟɚɤɰɢɢ 

4,5-ɛɢɫ(ɚɥɤɨɤɫɢɤɚɪɛɨɧɢɥ)ɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɩɪɨɢɡɜɨɞɧɵɦɢ 

ɝɢɞɪɚɡɢɧɚ ɧɟ ɨɩɢɫɚɧɵ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-(4-ɦɟɬɢɥɮɟɧɢɥ)-4,5-ɛɢɫ(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I ɫ ɷɤɜɢɦɨɥɟɤɭɥɹɪɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɚ II ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɜ ɫɦɟɫɢ ɚɛɫɨɥɸɬɧɵɯ ɛɟɧɡɨɥɚ ɢ 1,4-ɞɢɨɤɫɚɧɚ, 2:1, ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ 

(ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ ɞɢɦɟɬɢɥ 1-ɛɟɧɡɢɥ-5-[(4-

ɦɟɬɢɥɮɟɧɢɥ)ɤɚɪɛɚɦɨɢɥ]-1ɇ-ɩɢɪɚɡɨɥ-3,4-ɞɢɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [5]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɚ ɤ ɚɬɨɦɭ ɋ5 

ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɪɢɫɨɟɞɢɧɟɧɢɹ IV, 

ɪɚɫɳɟɩɥɟɧɢɹ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N1–C5 ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɨɣ ɜɬɨɪɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɚ ɤɟɬɨɧɧɨɣ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɪɢɥɤɚɪɛɚɦɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢ ɨɬɳɟɩɥɟɧɢɟɦ 

ɦɨɥɟɤɭɥɵ ɜɨɞɵ. 

ɇɚɛɥɸɞɚɟɦɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɢɦɟɪ ɪɟɰɢɤɥɢɡɚɰɢɢ 

ɩɢɪɪɨɥɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɨɧɨɡɚɦɟɳɟɧɧɨɝɨ ɝɢɞɪɚɡɢɧɚ, ɬ.ɟ. ɪɚɫɳɟɩɥɟɧɢɹ 

ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɫ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ, ɩɪɨɬɟɤɚɸɳɚɹ ɩɨ 

ɪɚɧɟɟ ɧɟɨɩɢɫɚɧɧɨɣ ɫɯɟɦɟ.  

ɋɬɟɪɟɨɦɟɬɪɢɹ ɫɨɟɞɢɧɟɧɢɹ III ɢɫɫɥɟɞɨɜɚɧɚ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɊɋȺ. Ɉɛɳɢɣ 

ɜɢɞ ɦɨɥɟɤɭɥɵ III ɢ ɩɪɢɧɹɬɚɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

 

Рɢс. 4. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɞɢɦɟɬɢɥ 1-ɛɟɧɡɢɥ-5-[(4-ɦɟɬɢɥɮɟɧɢɥ)ɤɚɪɛɚɦɨɢɥ]-1ɇ-ɩɢɪɚɡɨɥ-

3,4-ɞɢɤɚɪɛɨɤɫɢɥɚɬɚ III ɩɨ ɞɚɧɧɵɦ ɊɋА ɜ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɚɯ 50 % ɜɟɪɨɹɬɧɨɫɬɢ 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ. Ⱦɥɢɧɵ 

ɫɜɹɡɟɣ ɦɨɥɟɤɭɥɵ ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. Ʉɨɧɮɨɪɦɚɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ N3H∙∙∙O1 ɞɥɢɧɧɨɣ 2.731(2) Å. ɉɨɥɹɪɧɵɟ 

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɵɟ ɢ ɚɦɢɞɧɚɹ ɝɪɭɩɩɵ ɪɚɡɜёɪɧɭɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 

ɩɢɪɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ [ɬɨɪɫɢɨɧɧɵɟ ɭɝɥɵ C4C5C6N3 25.3(2), O1C7C4C5 –30.4(2), 

C4C3C1O3 –35.9(2)]. ɋɬɟɪɟɨɦɟɬɪɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɭɤɥɚɞɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɚɧ-

ɞɟɪ-ɜɚɚɥɶɫɨɜɵɦɢ ɤɨɧɬɚɤɬɚɦɢ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɤɥɚɞɚ ɫɩɟɰɢɮɢɱɟɫɤɢɯ 

ɤɨɧɬɚɤɬɨɜ (π-π ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɢ ɬ.ɩ.).  

Ⱦɢɦɟɬɢɥ 1-ɛɟɧɡɢɥ-5-[(4-ɦɟɬɢɥɮɟɧɢɥ)ɤɚɪɛɚɦɨɢɥ]-1Н-ɩɢɪɚɡɨɥ-3,4-

ɞɢɤɚɪɛɨɤɫɢɥɚɬ III. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

ɛɟɧɡɨɥɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɚ ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

1,4-ɞɢɨɤɫɚɧɚ, ɤɢɩɹɬɢɥɢ 20 ɦɢɧ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ–

ɷɬɢɥɚɰɟɬɚɬ, 5:1), ɭɩɚɪɢɜɚɥɢ, ɨɫɬɚɬɨɤ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɷɬɚɧɨɥɚ. ȼɵɯɨɞ 

73%, ɬ.ɩɥ. 208–210°ɋ (ɷɬɚɧɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ–1: 3344 

(NH), 1751 (ɋ3–ɋɈɈɆɟ), 1700 (ɋ4–ɋɈɈɆɟ), 1662 (ɋɈNH), 1562 («ɚɦɢɞ II»). 

ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.28 ɫ (3ɇ, Me), 3.70 c (3H, OɆɟ), 

3.85 c (3H, OMe), 5.49 ɫ (2ɇ, ɋɇ2), 7.18 ɞ (2ɇ), 7.27–7.36 ɝɪ.ɫ (5H, C6H5), 7.51 ɞ 

(2ɇ), 10.80 c (1H, NH). ɇɚɣɞɟɧɨ, %: C 64.82; H 5.26; N 10.26. ɋ22H21N3Ɉ5. 

ȼɵɱɢɫɥɟɧɨ, %: C 64.86; H 5.20; N 10.31. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя III ɩɪɨɜɟɞёɧ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD ɞɟɬɟɤɬɨɪɨɦ [Ȝ(MoKα) 0.71073, ɝɪɚɮɢɬɨɜɵɣ 

ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1, T 295(2) Ʉ]. ɋɬɪɭɤɬɭɪɚ 

ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ 

SHELXTL-97 [6]. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ. ɉɨɡɢɰɢɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɭɬɨɱɧɟɧɵ ɜ ɢɡɨɬɪɨɩɧɨɦ, ɚ 

ɡɚɬɟɦ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɥɨɤɚɥɢɡɨɜɚɧɵ ɩɨ ɦɚɤɫɢɦɭɦɚɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ 

ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ. Ɉɫɧɨɜɧɵɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɪɟɡɭɥɶɬɚɬɵ 

ɭɬɨɱɧɟɧɢɹ ɊɋȺ: ɤɪɢɫɬɚɥɥɵ ɬɪɢɤɥɢɧɧɵɟ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1, a 
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7.9450(7), b 11.2170(13), c 11.7450(10) Å, α 85.548(8), ȕ 84.326(7), Ȗ 76.264(9), V 

1010.20(17) Å3, Z 2. C22H21N3O5. ȝ 0.096 ɦɦ-1. ɇɚ ɭɝɥɚɯ 2.63 < θ < 28.28 ɫɨɛɪɚɧɨ 

5950 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 4848 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0168), ɜ ɬɨɦ ɱɢɫɥɟ 2291 ɫ I > 

2σ(I), ɤɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ 26.00 98.4%. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: 

R1 0.0384, wR2 0.0850 [I > 2σ(I)], R1 0.0922, wR2 0.0905 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ) ɩɪɢ 

ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 1.006. Ƚɥɨɛɚɥɶɧɵɟ ɷɤɫɬɪɟɦɭɦɵ ɨɫɬɚɬɨɱɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.211 ɢ –0.163 ēÅ-3. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ 

Ʉɟɦɛɪɢɞɠɫɤɨɦ ɰɟɧɬɪɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ (CCDC 855435). ɗɬɢ 

ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ 

www.ccdc.cam.ac.uk/data_request/cif. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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3'-Ȼɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-6,7-

ɞɢɝɢɞɪɨɫɩɢɪɨ[1-ɛɟɧɡɨɮɭɪɚɧ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1'H,5H)-ɬɪɢɨɧ 

 

ɇɭɤɥɟɨɮɢɥɶɧɵɟ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɢ ɪɟɰɢɤɥɢɡɚɰɢɢ 1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɥɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɩɨ ɫɬɨɪɨɧɟ [e], ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ – ɭɞɨɛɧɵɣ ɩɭɬɶ ɫɢɧɬɟɡɚ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 

ɩɹɬɢ-, ɲɟɫɬɢ- ɢ ɫɟɦɢɱɥɟɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ, ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ, ɦɨɫɬɢɤɨɜɵɯ 

ɢ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1, 2]. 

Ɋɚɧɟɟ ɨɩɢɫɚɧɧɵɟ ɪɟɰɢɤɥɢɡɚɰɢɢ 3-ɚɰɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 1,4-NH,NH- [3, 4], 1,4-SH,NH- [5] ɢ 1,3-CH,NH-

ɛɢɧɭɤɥɟɨɮɢɥɨɜ [6] ɩɪɨɯɨɞɹɬ ɚɧɚɥɨɝɢɱɧɨ ɜɫɥɟɞɫɬɜɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɚɬɚɤɢ 

ɞɜɭɦɹ ɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɰɟɧɬɪɚɦɢ ɪɟɚɝɟɧɬɨɜ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ ɢ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 4 ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ, ɩɪɢɱɟɦ 

ɪɟɚɤɰɢɢ ɜ ɫɥɭɱɚɟ NH,NH- ɢ SH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɜ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 

ɪɚɫɤɪɵɬɢɟɦ ɨɤɫɚɡɢɧɨɧɨɜɨɝɨ ɢ ɩɢɪɪɨɥɨɧɨɜɨɝɨ ɰɢɤɥɨɜ ɩɨ ɫɜɹɡɹɦ ɋ4–Ɉ5 ɢ N10–

C3a. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɡɭɱɟɧɢɹ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɰɢɤɥɢɡɚɰɢɣ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɧɨ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 5,5-

ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧ-1,3-ɞɢɨɧɨɦ (ɞɢɦɟɞɨɧɨɦ). Ⱦɢɦɟɞɨɧ ɜ ɪɚɫɬɜɨɪɟ ɫɭɳɟɫɬɜɭɟɬ 

ɜ ɟɧɨɥɶɧɨɣ ɮɨɪɦɟ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɪɭɩɩ ȕ-ɋɇ ɢ Ɉɇ ɟɧɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɨ 

ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɢ ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɧɭɤɥɟɨɮɢɥɶɧɵɯ 

ɩɪɟɜɪɚɳɟɧɢɹɯ ɜ ɤɚɱɟɫɬɜɟ 1,3-ɋɇ,Ɉɇ-ɛɢɧɭɤɥɟɨɮɢɥɚ. 

Ɋɟɚɤɰɢɹ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ I ɫ 

ɞɢɦɟɞɨɧɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɤɢɩɹɳɟɦ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 50 

ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɬɟɦɧɨ-ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ) ɩɪɢɜɟɥɚ ɤ 3'-ɛɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-1'-(2-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[1-ɛɟɧɡɨɮɭɪɚɧ-3,2'-ɩɢɪɪɨɥ]-

2,4,5'(1'H,5H)-ɬɪɢɨɧɭ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [7]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ 

ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸ-

ɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɢ ɮɟ-

ɧɨɥɶɧɨɝɨ ɝɢɞɪɨɤɫɢɥɨɜ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɨɟɞɢɧɟ-

ɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ -ɋɇ ɟɧɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɟɧɨɥɶɧɨɣ ɮɨɪɦɵ ɞɢɦɟ-

ɞɨɧɚ ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ I ɫ ɩɨɫɥɟɞɭ-

ɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɝɪɭɩ-

ɩɨɣ Ɉɇ ɟɧɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɟɧɨɥɶɧɨɣ ɮɨɪɦɵ ɞɢɦɟɞɨɧɚ ɥɚɤɬɨɧɧɨɣ ɤɚɪɛɨ-

ɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ ɫɨɟɞɢɧɟɧɢɹ I ɢ ɟɝɨ ɪɚɫɤɪɵɬɢɹ ɩɨ 

ɫɜɹɡɢ ɋ4–Ɉ5.  

Ɇɨɥɟɤɭɥɹɪɧɨɟ ɫɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɞɬɜɟɪɠɞɟɧɨ ɊɋȺ. ɂɡ-ɡɚ ɦɚɥɨɝɨ 

ɱɢɫɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ (<30%) ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɠɚɬɨɦ-

ɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɜ ɦɨɥɟɤɭɥɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 0.01Å, ɬɟɦ ɧɟ ɦɟɧɟɟ ɜɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ 
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ɨɱɟɧɶ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɛɵɱɧɵɦɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢ-

ɹɦɢ [8]. Ƚɟɨɦɟɬɪɢɹ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

Рɢс. 5. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ III 

 

ȼɫɟ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ, 2-ɝɢɞɪɨɤɫɢɮɟɧɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɪɚɡ-

ɜɟɪɧɭɬ ɩɨ ɫɜɹɡɢ N1–ɋ21, ɨɛɪɚɡɭɹ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɪɨɥɨɧɨɜɨɝɨ ɤɨɥɶɰɚ ɞɜɭɝɪɚɧ-

ɧɵɣ ɭɝɨɥ 73.4. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɫɥɚɛɥɹɟɬɫɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɟ ɫɬɟɪɢɱɟɫɤɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ Ɉ7 ɢ Ɉ4. Ȼɟɧɡɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɧɟɩɥɨɫɤɢɣ (ɬɨɪɫɢ-

ɨɧɧɵɣ ɭɝɨɥ Ɉ6ɋ14ɋ15ɋ16 ɪɚɜɟɧ –38.4), ɚ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɚ Ɉ6 ɨɬ ɩɥɨɫɤɨɫɬɢ ɮɟ-

ɧɢɥɶɧɨɝɨ ɤɨɥɶɰɚ ɫɨɫɬɚɜɥɹɟɬ 0.71 Å. Ɉɪɢɟɧɬɚɰɢɹ ɛɟɧɡɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɨɬ-

ɧɨɫɢɬɟɥɶɧɨ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɪɫɢɨɧɧɵɦ ɭɝɥɨɦ ɋ1ɋ13ɋ14Ɉ6 

–14.4. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ, ɪɚɡɦɧɨɠɟɧɧɵɟ ɰɟɧɬɪɚɦɢ ɫɢɦɦɟɬɪɢɢ ɫ ɤɨɨɪɞɢɧɚ-

ɬɚɦɢ 0,0,0 ɢ 0,0,1/2, ɫɜɹɡɚɧɵ ɨɱɟɧɶ ɩɪɨɱɧɨɣ Ɇȼɋ O5–H5∙∙∙O4 (2.58 Å) ɢ ɦɟɧɟɟ 

ɩɪɨɱɧɨɣ ɫɜɹɡɶɸ O7–H7∙∙∙Ɉ3 (2.74 Å). ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɦɨ-
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ɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɜ ɤɪɢɫɬɚɥɥɟ ɨɛɪɚɡɭɸɬ ɡɢɝɡɚɝɨɨɛɪɚɡɧɭɸ ɛɟɫɤɨɧɟɱɧɭɸ 

ɰɟɩɶ ɜɞɨɥɶ ɨɫɢ c ɹɱɟɣɤɢ. 

3'-Ȼɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-6,7-

ɞɢɝɢɞɪɨɫɩɢɪɨ[1-ɛɟɧɡɨɮɭɪɚɧ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1'H,5H)-ɬɪɢɨɧ III. Ɋɚɫɬɜɨɪ 

1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɢ 1.0 ɦɦɨɥɶ ɞɢɦɟɞɨɧɚ II ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ 

ɤɢɩɹɬɢɥɢ 50 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 94%, 

ɬ.ɩɥ. 208–210ɋ (ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ–1: 3380 ɲ 

(Ɉɇ), 1830 (ɋ2=Ɉ), 1753 (ɋ5=Ɉ), 1698, 1613 (ɋ4=Ɉ, ɋɈPh). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 

ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 0.66 ɫ (3ɇ, Ɇɟ), 0.89 ɫ (3ɇ, Ɇɟ), 2.06 ɞ.ɞ (2ɇ, ɋ7ɇ2, J1 

53.2 Ƚɰ, J2 16.1 Ƚɰ), 2.52 ɞ.ɞ (2ɇ, ɋ5ɇ2, J1 70.0 Ƚɰ, J2 18.3 Ƚɰ), 6.78–7.71 ɝɪ.ɫ (9ɇ, 

Ph + ɋ6ɇ4), 10.12 ɫ (1ɇ, Ɉɇɮɟɧɨɥ.), 11.80 ɭɲ.ɫ (1ɇ, Ɉɇɟɧɨɥ.). ɋɩɟɤɬɪ əɆɊ 13ɋ (100 

ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 191.54 (ɋ4´=Ɉ), 188.78 (ɋɈPh), 174.28, 171.26, 165.93, 

154.01 (ɋ2´=Ɉ, ɋ7ɚ', ɋ5=Ɉ, ɋ4Ɉɇ), 136.93–111.73 (CAr), 67.26 (ɋɫɩɢɪɨ), 50.24 (ɋ5'), 

35.86 (ɋ7'), 33.40 (ɋ6'), 27.91 (Me), 26.57 (Me). ɇɚɣɞɟɧɨ, %: ɋ 67.90; H 4.65; N 

3.08. ɋ26ɇ21NO7. ȼɵɱɢɫɥɟɧɨ, %: ɋ 67.97; H 4.61; N 3.05.  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. ɋɜɟɬɥɨ-ɠɟɥɬɵɟ ɯɨ-

ɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ ɩɪɢɡɦɨɜɢɞɧɵɟ ɤɪɢɫɬɚɥɥɵ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨ-

ɧɢɢ: a 12.998(2), b 9.671(2), c 9.759(3) Å, α 84.19(3), ȕ 89.73(3), Ȗ 76.45(3), V 

1186.2(4) Å3, ɋ26ɇ21NO7. M 459.44, dɜɵɱ. 1.286 ɝ/ɫɦ3, Z 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩ-

ɩɚ P-1. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵ-

ɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 (KUMA DIFFRACTION) ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟ-

ɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ. 2ɦɚɤɫ. 

50.1 (85.4%). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 3597 (Rint 0.0411) ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨ-

ɬɨɪɵɯ ɥɢɲɶ 1123 ɨɤɚɡɚɥɢɫɶ ɫ I  2(I). Ʉɚɱɟɫɬɜɨ ɤɪɢɫɬɚɥɥɨɜ ɧɟ ɩɨɡɜɨɥɢɥɨ ɩɨ-

ɥɭɱɢɬɶ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɡɧɚɱɢɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ. ɉɨɩɪɚɜɤɢ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( 0.094 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ 

ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [9] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨ-

ɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXL-97 
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[10] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 0.0818 ɢ wR2 0.2349 ɩɨ 1123 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). 

GɈɈF 0.865. 
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9-Ⱥɰɟɬɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-7-ɮɟɧɢɥ-4-ɰɢɧɧɚɦɨɢɥ-1,7-

ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-2,6-ɞɢɨɧ 

 

Ɉɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 1-ɚɪɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-4-ɰɢɧɧɚɦɨɢɥ-1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ – (Z)-3-ɚɦɢɧɨ-5,5-

ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-2-ɟɧ-1-ɨɧɚɦɢ – ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɞɭɤɬɨɜ ɚɬɚɤɢ 

ɝɪɭɩɩɚɦɢ ȕ-ɋɇ ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɪɟɚɝɟɧɬɨɜ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟ-

ɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ – 1'-ɚɪɢɥ-4'-ɝɢɞɪɨɤɫɢ-6,6-

ɞɢɦɟɬɢɥ-3'-ɰɢɧɧɚɦɨɢɥ-6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1ɇ,1'ɇ,5ɇ)-

ɬɪɢɨɧɨɜ [1]. Ⱥɰɢɤɥɢɱɟɫɤɢɟ ɟɧɚɦɢɧɨɤɟɬɨɧɵ ɜ ɨɬɥɢɱɢɟ ɨɬ ɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨ-

ɤɟɬɨɧɨɜ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ȿ-ɢɡɨɦɟɪɨɜ ɫ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹ-

ɡɶɸ, ɱɬɨ ɞɨɥɠɧɨ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɭɱɚɫɬɢɸ ɢɯ ɜ ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɛɢɧɭɤɥɟɨ-

ɮɢɥɨɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɨɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 1-ɚɪɢɥ-3-ɛɟɧɡɨɢɥ-4,5-

ɞɢɨɤɫɨ-4,5-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɫ 4-ɚɧɢɥɢɧɨɩɟɧɬ-3-ɟɧ-2-ɨɧɚɦɢ 

ɢ 3-(4-ɬɨɥɭɢɞɢɧɨ)-1,3-ɞɢɮɟɧɢɥɩɪɨɩ-2-ɟɧ-1-ɨɧɨɦ ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 1-

ɚɪɢɥ-3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3’-(1-ɚɪɢɥ-

4-ɚɰɟɬɢɥ-5-ɦɟɬɢɥ-2-ɨɤɫɨ-2,3-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥɨɜ) ɢ 1-ɚɪɢɥ-3-ɛɟɧɡɨɢɥ-4-

ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3’-(1-ɚɪɢɥ-4-ɛɟɧɡɨɢɥ-2-ɨɤɫɨ-5-

ɮɟɧɢɥ-2,3-ɞɢɝɢɞɪɨɩɢɪɪɨɥɨɜ) [2]. Ɋɟɚɤɰɢɢ 1-ɚɪɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-4-

ɰɢɧɧɚɦɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ ɪɚɧɟɟ ɧɟ 

ɨɩɢɫɚɧɵ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɷɤɜɢɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɥɢɱɟɫɬɜ ɪɟɚɝɟɧɬɨɜ (I, II) ɜ ɚɛɫɨɥɸɬ-

ɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 3 ɱ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɹɪɤɨ-ɤɪɚɫɧɨɣ ɨɤɪɚɫɤɢ ɩɢɪɪɨɥɞɢɨ-

ɧɚ), ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ 9-ɚɰɟɬɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-

ɦɟɬɨɤɫɢɮɟɧɢɥ)-7-ɮɟɧɢɥ-4-ɰɢɧɧɚɦɨɢɥ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-2,6-ɞɢɨɧ 

ІII, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [3]. 
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ɋɨɟɞɢɧɟɧɢɟ ІII – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ 

ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ III, ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟ-

ɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ, ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɧɝɥɟɬ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɜ ɩɨɥɨɠɟɧɢɢ 8 ɩɪɢ 2.13 ɦ.ɞ., ɫɢɧɝɥɟɬ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɰɟɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢ-

ɬɟɥɹ ɩɪɢ 2.14 ɦ.ɞ., ɞɭɛɥɟɬɵ ɩɪɨɬɨɧɨɜ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɰɢɧɧɚɦɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢ-

ɬɟɥɹ ɩɪɢ 7.65 ɢ 7.63 ɦ.ɞ. ɫ Ʉɋɋȼ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɬɪɚɧɫ-ɡɚɦɟɳɟɧɧɵɯ ɚɥɤɟɧɨɜ 

(Jɬɪɚɧɫ 15.8 Ƚɰ) [4], ɢ ɭɲɢɪɟɧɧɵɣ ɫɢɝɧɚɥ ɩɪɨɬɨɧɚ ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩ-

ɩɵ ɩɪɢ 12.81 ɦ.ɞ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪ-

ɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝ-

ɦɟɧɬɚ  ɟɧɚɦɢɧɨɤɟɬɨɧɚ IІ ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ І ɢ ɩɨ-

ɫɥɟɞɭɸɳɟɝɨ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɢɪɪɨɥɨɧɨɜɨɝɨ ɰɢɤɥɚ ɜɫɥɟɞɫɬɜɢɟ 
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ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ ɤ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɟ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɨɬɳɟɩɥɟɧɢɹ ɦɟɬɚɧɨɥɚ ɩɨ ɫɯɟɦɟ, 

ɚɧɚɥɨɝɢɱɧɨɣ ɪɚɧɟɟ ɨɩɢɫɚɧɧɨɣ [2]. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 6. 

 

 

Рɢс. 6. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ 9-ɚɰɟɬɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-7-ɮɟɧɢɥ-4-

ɰɢɧɧɚɦɨɢɥ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-2,6-ɞɢɨɧɚ III  

ɜ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɚɯ 50% ɜɟɪɨɹɬɧɨɫɬɢ 

 

ɋɨɟɞɢɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɢɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɝɪɭɩɩɟ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɥɢɡɤɢɦɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ ɞɥɢɧɚɦ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵ-

ɦɢ ɭɝɥɚɦɢ. Ⱥɡɚɰɢɤɥɵ ɩɥɨɫɤɢɟ ɜ ɩɪɟɞɟɥɚɯ 0.01Å, ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɹɦɢ ɚɡɚ-

ɰɢɤɥɨɜ 88.5. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɭɩɚɤɨɜɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢ-

ɱɢɟɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ O3–H3···O2 [–x, –y+1, –z] [O3–H3 

0.85(2), O3–O2 2.713(2) Å, ɭɝɨɥ O3H3O2 147(1)]. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɦɵɣ ɭɤɨɪɨ-

ɱɟɧɧɵɣ ɤɨɧɬɚɤɬ ɫɨɫɟɞɧɟɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫ ɩɪɨɬɨɧɨɦ ɮɟɧɢɥɶɧɨɝɨ ɤɨɥɶɰɚ 

Ɉ4···ɇ7–ɋ7 [–1/2+x,1.5–y,–1/2+z] 2.638 Å, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɜɵɧɭɠ-

ɞɟɧɧɵɦ. ȼɨɩɪɨɫ ɨɛ ɭɱɚɫɬɢɢ ɞɚɧɧɨɣ ɤɟɬɨɝɪɭɩɩɵ ɜɨ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨ-

ɪɨɞɧɨɣ ɫɜɹɡɢ ɞɢɫɤɭɫɫɢɨɧɟɧ ɜɫɥɟɞɫɬɜɢɟ ɫɥɢɲɤɨɦ ɦɚɥɨɝɨ ɧɚɛɥɸɞɚɟɦɨɝɨ ɭɝɥɚ Ɉ3–

ɇ3···Ɉ4 [107(1)] ɢ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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9-Ⱥɰɟɬɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-7-ɮɟɧɢɥ-4-ɰɢɧɧɚ-

ɦɨɢɥ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-2,6-ɞɢɨɧ ІІІ. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɫɨ-

ɟɞɢɧɟɧɢɹ І ɜ 15 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɞɨɛɚɜɥɹɥɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɨɤɟɬɨɧɚ II 

ɜ 5 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ, ɤɢɩɹɬɢɥɢ 3 ɱ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ. ȼɵɯɨɞ 84%, ɬ.ɩɥ. 222–

223°ɋ (ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ–1: 3313 (OH), 1746 

(C6=O), 1713 (C2=O), 1671 (ɋ9–C=O), 1642 (C4–C=O). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, 

ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.13 ɫ (3ɇ, Ɇɟ), 2.14 ɫ (3ɇ, COɆɟ), 3.79 ɫ (3ɇ, OɆɟ), 7.01–7.71 

ɝɪ.ɫ (14ɇ, 2Ɋh + ɋ6ɇ4) 7.65 ɞ (1H, COCH=CHPh, J 15.8 Ƚɰ), 7.73 ɞ (1H, 

COCH=CHPh, J 15.8 Ƚɰ), 12.81 ɭɲ.ɫ (1ɇ, OH). ɇɚɣɞɟɧɨ, %: C 71.81; H 4.93; N 5.22. 

C32H26N2O6. ȼɵɱɢɫɥɟɧɨ, %: C 71.90; H 4.90; N 5.24. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя III ɩɪɨɜɟɞёɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟ-

ɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD ɞɟɬɟɤ-

ɬɨɪɨɦ [Ȝ(MoKα) 0.71073 Å, Ɍ 295(2) Ʉ, ɝɪɚɮɢɬɨɜɵɣ ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-

ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1]. Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɥɨɦɨɤ ɫɜɟɬ-

ɥɨ-ɠёɥɬɨɝɨ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.25×0.20×0.15 ɦɦ. ɉɨɩɪɚɜɤɭ 

ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 0.092 ɦɦ–1). ɇɚ ɭɝɥɚɯ ɪɚɫɫɟɹɧɢɹ 

2.70 < θ < 28.29 ɫɨɛɪɚɧɨ 16326 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 6549 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 

0.0357), 2608 ɫ I > 2σ(I). Ʉɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ < 28.29 98%. Ʉɪɢɫɬɚɥɥ ɦɨɧɨ-

ɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ21/n, ɚ 9.8107(10), b 12.6792(11), c 

21.876(2) Å, ȕ 98.400(9). ɋɬɪɭɤɬɭɪɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɢ ɭɬɨɱɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ SHELXTL (ɜɟɪɫɢɹ 5.1) [5]. ɉɨɡɢɰɢɨɧɧɵɟ ɢ ɬɟɦɩɟɪɚ-

ɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɭɬɨɱɧɟɧɵ ɜ ɢɡɨɬɪɨɩɧɨɦ, ɚ ɡɚɬɟɦ ɜ 

ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɥɨɤɚɥɢɡɨɜɚɧɵ ɩɨ ɦɚɤɫɢɦɭɦɚɦ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢ-

ɠɟɧɢɢ. Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɭɬɨɱɧɟɧ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢ-

ɠɟɧɢɢ. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0383 [ɞɥɹ I > 2σ(I)], R1 

0.1144 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), wR2 0.0587 [ɞɥɹ I > 2σ(I)], wR2 0.0621 (ɞɥɹ ɜɫɟɯ ɨɬ-

ɪɚɠɟɧɢɣ) ɩɪɢ ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 1.004. Ɋɟɡɭɥɶɬɚɬɵ ɊɋȺ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ 
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ɜ Ʉɟɦɛɪɢɞɠɫɤɨɦ ɰɟɧɬɪɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ (CCDC № 900794). ɗɬɢ 

ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ 

www.ccdc.cam.ac.uk/data_request/cif. 
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Ⱦɢɦɟɬɢɥ (1S*,8S*,5R*)-4-ɚɰɟɬɢɥ-1-ɝɢɞɪɨɤɫɢ-3-ɦɟɬɢɥ-7-ɨɤɫɨ-6-ɮɟɧɢɥ-2,6-

ɞɢɚɡɚɛɢɰɢɤɥɨ[3.2.1]ɨɤɬ-3-ɟɧ-5,8-ɞɢɤɚɪɛɨɤɫɢɥɚɬ 

 

ɇɭɤɥɟɨɮɢɥɶɧɵɟ ɫɩɢɪɨ-ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɢ ɪɟɰɢɤɥɢɡɚɰɢɢ ɦɨɧɨɰɢɤɥɢɱɟ-

ɫɤɢɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ – ɭɞɨɛ-

ɧɵɣ ɩɭɬɶ ɫɢɧɬɟɡɚ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɹɬɢ-, ɲɟɫɬɢ- ɢ ɫɟɦɢɱɥɟɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ, 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ, ɦɨɫɬɢɤɨɜɵɯ ɢ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1, 2]. 

Ɉɩɢɫɚɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 4,5-ɞɢɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 

ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɷɮɢɪɚɦɢ (ɷɬɢɥ 3-(ɛɟɧɡɢɥɚɦɢɧɨ)ɛɭɬ-2-ɟɧɨɚɬɨɦ ɢ ɷɬɢɥ 

3-(ɛɟɧɡɢɥɚɦɢɧɨ)-3-ɮɟɧɢɥɚɤɪɢɥɚɬɨɦ) ɢ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ 

(3-ɚɪɢɥɚɦɢɧɨ-5,5-ɞɢɦɟɬɢɥ-2-ɰɢɤɥɨɝɟɤɫ-2-ɟɧ-1-ɨɧɚɦɢ), ɩɪɨɬɟɤɚɸɳɢɟ ɩɨ ɨɛɳɟɣ 

ɫɯɟɦɟ ɫ ɭɱɚɫɬɢɟɦ ɚɬɨɦɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 5 

ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-

ɞɢɟɧɨɜ ɢ ɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥɨɜ] [3, 4]. Ɋɟɚɤɰɢɢ ɷɬɢɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 

ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ ɧɟ ɨɩɢɫɚɧɵ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4,5-ɞɢɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-ɮɟɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɚ I [5] ɫ 4-ɚɦɢɧɨɩɟɧɬ-3-ɟɧ-2-ɨɧɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ 

ɜɵɞɟɪɠɢɜɚɧɢɹ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɨɜ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟ-

ɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 8 ɱ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɹɪɤɨ-ɤɪɚɫɧɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɩɢɪɪɨɥ-

ɞɢɨɧɚ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ ɞɢɦɟɬɢɥ (1S*,8S*,5R*)-4-ɚɰɟɬɢɥ-1-

ɝɢɞɪɨɤɫɢ-3-ɦɟɬɢɥ-7-ɨɤɫɨ-6-ɮɟɧɢɥ-2,6-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.2.1]ɨɤɬ-3-ɟɧ-5,8-

ɞɢɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [6]. 

ɋɨɟɞɢɧɟɧɢɟ III – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɧɟɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɩɥɚɜɹɳɟɟɫɹ ɫ ɪɚɡɥɨɠɟɧɢɟɦ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɩɨ-

ɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɢ ɚɦɢɧɨɝɪɭɩɩɵ 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɚɦɢɧɚ II ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɚɬɨɦɚɦ ɭɝɥɟɪɨ-

ɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 5 ɢ 3 ɩɢɪɪɨɥɞɢɨɧɚ I. 
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Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɵɣ ɩɪɢɦɟɪ [3+3]-

ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɜ ɤ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɦ 

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚɦ, ɚ ɬɚɤɠɟ ɭɞɨɛɧɨɝɨ ɦɟɬɨɞɚ ɫɢɧɬɟɡɚ ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɦɨɫɬɢ-

ɤɨɜɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 2,6-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.2.1]ɨɤɬɚɧɚ. 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ III ɢ ɭɫɬɚɧɨɜɥɟ-

ɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɪɟɧɬɝɟɧɨ-

ɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɤɨɬɨɪɨɝɨ ɩɨ-

ɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 7. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱ-

ɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɫɬɟɦɵ. Ɉɛɳɚɹ ɝɟɨ-

ɦɟɬɪɢɹ ɦɨɥɟɤɭɥɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɮɨɪɦɚɰɢɨɧɧɨ ɠёɫɬɤɢɦ ɛɢɰɢɤɥɢɱɟɫɤɢɦ ɫɤɟ-

ɥɟɬɨɦ, ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɢ ɫɜɹɡɢ ɤɨɬɨɪɨɝɨ ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ ɞɥɹ ɩɨɞɨɛɧɵɯ 

ɫɢɫɬɟɦ. Ⱥɡɨɬ ɚɦɢɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ N2, ɧɟɫɭɳɢɣ ɮɟɧɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ, ɡɚ ɫɱёɬ 

ɷɮɮɟɤɬɨɜ π-ɫɨɩɪɹɠɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɥɨɳёɧ, ɟɝɨ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɩɥɨɫɤɨɫɬɢ, 

ɩɪɨɜɟɞёɧɧɨɣ ɱɟɪɟɡ ɚɬɨɦɵ ɡɚɦɟɫɬɢɬɟɥɟɣ ɋ7, ɋ9 ɢ ɋ11 ɫɨɫɬɚɜɥɹɟɬ 0.239 Å ɜɦɟɫɬɨ 

ɨɠɢɞɚɟɦɨɣ ɜɟɥɢɱɢɧɵ 0.3–0.5 Å. Ⱥɬɨɦɵ ɮɟɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ, ɨɫɨɛɟɧɧɨ ɋ1, 

ɋ3, ɋ5, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɨɜ, ɱɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɥɢɛɪɚɰɢɨɧɧɵɦɢ ɞɜɢɠɟɧɢɹɦɢ ɡɚɦɟɫɬɢɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɢ ɋ–
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N. Ʉɚɪɛɨɤɫɢɦɟɬɢɥɶɧɵɟ ɝɪɭɩɩɵ ɩɪɢ ɋ7 ɢ ɋ10 ɧɚɯɨɞɹɬɫɹ ɜ ɝɨɲ-ɤɨɧɮɨɪɦɚɰɢɢ, 

ɩɪɢɱёɦ ɤɚɪɛɨɧɢɥɬɶɧɵɟ ɝɪɭɩɩɵ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɋ18ɋ19ɋ10ɋ7. Ɍɚɤɨɣ, ɤɚɠɭɳɢɣɫɹ ɧɟɜɵɝɨɞɧɵɦ, 

ɩɨɥɹɪɧɵɣ ɤɨɧɬɚɤɬ ɧɟɫɭɳɢɯ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ, ɜɟɪɨɹɬ-

ɧɨ, ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧёɧ ɜɵɢɝɪɵɲɟɦ ɜ ɷɧɟɪɝɢɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɞɚɧɧɵɯ 

ɝɪɭɩɩ ɫ ɚɬɨɦɨɦ ɚɡɨɬɚ N2. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɭɩɚɤɨɜɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɡɜɢɬɨɣ ɫɢ-

ɫɬɟɦɨɣ Ɇȼɋ ɢ ɩɨɥɹɪɧɵɯ ɤɨɧɬɚɤɬɨɜ ɬɢɩɚ Ɉ∙∙∙Ɉ ɢ N∙∙∙Ɉ ɦɟɠɞɭ ɤɚɪɛɨɤɫɚɥɤɢɥɶ-

ɧɵɦɢ, ɚɦɢɞɧɵɦɢ ɢ ɝɢɞɪɨɤɫɢɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ. Ɉɫɨɛɟɧɧɨ ɩɪɢɦɟɱɚɬɟɥɶɧɚ ɩɚɪ-

ɧɚɹ Ɇȼɋ N1H1∙∙∙O1 [–x, –y, –z], ɨɛɴɟɞɢɧɹɸɳɚɹ ɦɨɥɟɤɭɥɵ ɜ ɞɢɦɟɪɵ ɩɨɫɪɟɞɫɬɜɨɦ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɨɣ 10-ɚɬɨɦɧɨɣ ɰɟɩɢ (ɚ ɧɟ ɨɛɵɱɧɨɣ 8-ɚɬɨɦɧɨɣ ɰɟɩɢ, ɪɟɚɥɢɡɭ-

ɟɦɨɣ, ɧɚɩɪɢɦɟɪ, ɜ ɚɦɢɞɚɯ ɢ ɞɢɦɟɪɚɯ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ). 

 

Рɢс. 7. Шɚɪɨɫɬɟɪɠɧɟɜɚɹ ɦɨɞɟɥɶ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋА 

 

Ⱦɢɦɟɬɢɥ (1S*,8S*,5R*)-4-ɚɰɟɬɢɥ-1-ɝɢɞɪɨɤɫɢ-3-ɦɟɬɢɥ-7-ɨɤɫɨ-6-ɮɟɧɢɥ-

2,6-ɞɢɚɡɚɛɢɰɢɤɥɨ[3.2.1]ɨɤɬ-3-ɟɧ-5,8-ɞɢɤɚɪɛɨɤɫɢɥɚɬ III. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ I ɜ 15 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɟɧɚɦɢ-

ɧɚ II ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɢ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

8 ɱ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, ɩɪɨɦɵɜɚɥɢ ɷɬɢɥɚɰɟɬɚɬɨɦ, ɩɟɪɟ-

ɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɚɰɟɬɨɧɚ. ȼɵɯɨɞ 81%, ɬ.ɩɥ. 157–158ºɋ. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟ-

ɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3406 (Ɉɇ), 3173 (NH), 1757 (COOMe), 1738 (COOMe), 

1715 (C7=O, COMe). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.18 ɫ (3ɇ, 
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Ɇɟ), 2.37 c (3ɇ, Ɇɟ), 3.16 c (1H, C8H), 3.41 ɫ (3ɇ, ɈɆɟ), 3.61 ɫ (1ɇ, OɆɟ), 7.12–

7.28 ɝɪ.ɫ (5ɇ, Ph), 7.81 c (1H, NH), 8.49 c (1H, OH). ɇɚɣɞɟɧɨ, %: C 58.71; H 5.16; 

N 7.14. ɋ19H20N2Ɉ7. ȼɵɱɢɫɥɟɧɨ, %: C 58.76; H 5.19; N 7.21. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɨɟɞɢɧɟɧɢɹ III 

(C19H20N2O7) ɢɫɩɨɥɶɡɨɜɚɧ ɛɟɫɰɜɟɬɧɵɣ ɤɪɢɫɬɚɥɥ ɪɚɡɦɟɪɨɦ 0.25×0.18×0.09 ɦɦ. 

Ʉɪɢɫɬɚɥɥ ɦɨɧɨɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ21/n, a 11.4312(6), b 

13.9379(9), c 12.5218(12) Å, ȕ 105.980(7), V 1918.0(2) Å3, Ɇ 388.37, dɪɚɫɱ. 1.345 

ɝ/ɫɦ3, Z 4. ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɢ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɢɡɦɟɪɟɧɵ 

ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ Xcalibur S (Ox-

ford Diffraction) ɦɟɬɨɞɨɦ ω-2θ-ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨKα-

ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 2.83 < θ < 28.28. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 7729 ɨɬɪɚɠɟɧɢɣ, 

ɢɡ ɧɢɯ 4452 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0216), 2228 ɫ I > 2σ(I). Ɂɚɜɟɪɲёɧɧɨɫɬɶ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɞɥɹ ɭɝɥɚ θ 26.00 96.2%. ɉɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.104 

ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɩɨɥ-

ɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ ɧɟɜɨɞɨɪɨɞɧɵɯ 

ɚɬɨɦɨɜ. ɑɚɫɬɶ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɩɨɦɟɳɟɧɚ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨ-

ɠɟɧɢɹ ɢ ɜɤɥɸɱɟɧɚ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɫ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, 

ɡɚɜɢɫɢɦɵɦɢ ɨɬ ɪɨɞɢɬɟɥɶɫɤɢɯ ɚɬɨɦɨɜ, ɱɚɫɬɶ ɪɟɲɟɧɚ ɢ ɭɬɨɱɧɟɧɚ ɧɟɡɚɜɢɫɢɦɨ ɜ 

ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ 

SHELX 97 [7]. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0392, wR2 0.0829 ɞɥɹ 

ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I), R1 0.0898, wR2 0.0895 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), S 1.006. Ɇɚɤ-

ɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.186 ɢ –

0.165 ēÅ-3. 
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Эɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-2-ɨɤɫɨ-1-(4-ɬɨɥɢɥ)-6,8-ɞɢɮɟɧɢɥ-1,7-

ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,6,8-ɬɪɢɟɧ-9-ɤɚɪɛɨɤɫɢɥɚɬ 

 

Ɉɩɢɫɚɧɵ ɪɟɰɢɤɥɢɡɚɰɢɢ 4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɚɪɢɥɚɦɢɧɨɜ [1] ɢ ɡɚɦɟɳɟɧɧɵɯ ɝɢɞɪɚɡɢɧɨɜ [2, 3], ɩɪɨɬɟɤɚɸɳɢɟ ɩɨ 

ɚɧɚɥɨɝɢɱɧɨɣ ɫɯɟɦɟ, ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɧɭɤɥɟɨɮɢɥɶɧɭɸ 

ɚɬɚɤɭ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɢ ɩɪɢɜɨɞɹɳɢɟ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ 1,5-ɞɢɚɪɢɥ-5-ɝɢɞɪɨɤɫɢ-4-(2-ɚɪɢɥ-1-ɚɪɢɥɚɦɢɧɨ-2-ɨɤɫɨɷɬɢɥɢɞɟɧ) 

ɩɢɪɪɨɥɢɞɢɧ-2,3-ɞɢɨɧɨɜ ɢ N-ɚɪɢɥɚɦɢɞɨɜ 2-(5-ɚɪɢɥ-3-ɚɪɨɢɥ-1ɇ-ɩɢɪɚɡɨɥ-4-ɢɥ)-2-

ɨɤɫɨɭɤɫɭɫɧɵɯ ɤɢɫɥɨɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɚɧɧɵɟ ɨ ɪɟɚɤɰɢɹɯ ɷɬɢɯ ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ ɫ 1,3-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ 4,5-ɞɢɛɟɧɡɨɢɥ-1-(4-ɬɨɥɢɥ)- 1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ 

I [4] ɢ ɷɬɢɥ 3-ɚɦɢɧɨ-3-ɮɟɧɢɥɩɪɨɩ-2-ɟɧɨɚɬɚ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɚɛɫɨɥɸɬɧɨɦ 

ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 2 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ 

ɷɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-2-ɨɤɫɨ-1-(4-ɬɨɥɢɥ)-6,8-ɞɢɮɟɧɢɥ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4] 

ɧɨɧɚ-3,6,8-ɬɪɢɟɧ-9-ɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [5]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ 

ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸ-

ɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞ-

ɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɚɦɢɧɚ II 

ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɦɨɧɨɰɢɤɥɢɱɟɫɤɨɝɨ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I ɢ 

ɩɨɫɥɟɞɭɸɳɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɚɦɢɧɚ II ɤ ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɟ ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 5 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ 

ɢ ɨɬɳɟɩɥɟɧɢɹ ɜɨɞɵ. 

Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɵɣ ɩɪɢɦɟɪ ɩɪɹɦɨɣ ɫɩɢɪɨ-

ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ 4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɟɧɚɦɢɧɨɜ, 

ɩɪɨɯɨɞɹɳɟɣ ɩɨ ɪɚɧɟɟ ɧɟ ɧɚɛɥɸɞɚɜɲɟɣɫɹ ɫɯɟɦɟ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡɚ ɦɚɥɨɞɨɫɬɭɩɧɨɣ 

ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ – 1,7-ɞɢɚɡɚ-ɫɩɢɪɨ[4.4]ɧɨɧɚ-3,6,8-ɬɪɢɟɧɚ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 8. 

 

Рɢс. 8. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɷɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-2-ɨɤɫɨ-1- 

(4-ɬɨɥɢɥ)-6,8-ɞɢɮɟɧɢɥ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,6,8-ɬɪɢɟɧ-9-ɤɚɪɛɨɤɫɢɥɚɬɚ III ɩɨ ɞɚɧɧɵɦ 
ɊɋА ɜ ɜɢɞɟ ɲɚɪɨɫɬɟɪɠɧɟɜɨɣ ɦɨɞɟɥɢ 
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ɋɨɟɞɢɧɟɧɢɟ III ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɫ ɛɟɧɡɨɥɨɦ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 1:1. ɋɨɟɞɢɧɟɧɢɟ III ɹɜɥɹɟɬɫɹ ɫɩɢɪɨɛɢɰɢɤɥɢɱɟɫɤɢɦ, ɩɪɢɱёɦ ɨɞɢɧ 

ɢɡ ɰɢɤɥɨɜ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɨɢɡɜɨɞɧɨɟ 3ɇ-ɩɢɪɪɨɥɚ, ɜɬɨɪɨɣ – 3-

ɩɢɪɪɨɥɢɧɚ. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɧɟ ɞɟɦɨɧɫɬɪɢɪɭɸɬ 

ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɧɨɪɦɵ. ȼɚɥɟɧɬɧɵɟ ɭɝɥɵ ɩɪɢ ɫɩɢɪɨ-ɭɝɥɟɪɨɞɧɨɦ 

ɚɬɨɦɟ ɋ6 ɥɟɠɚɬ ɜ ɞɢɚɩɚɡɨɧɟ 100–115, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɫɤɚɠɟɧɢɹɦɢ, 

ɜɧɨɫɢɦɵɦɢ ɩɹɬɢɱɥɟɧɧɵɦɢ ɰɢɤɥɚɦɢ. ɋɬɟɪɢɱɟɫɤɚɹ ɧɚɝɪɭɠɟɧɧɨɫɬɶ ɦɨɥɟɤɭɥɵ 

ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɥɨɫɤɨɫɬɢ ɜɫɟɯ ɚɪɢɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ 

ɦɟɪɟ ɨɤɚɡɵɜɚɸɬɫɹ ɪɚɡɜёɪɧɭɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɟɣ ɩɢɪɪɨɥɢɞɢɧɨɜɵɯ 

ɰɢɤɥɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɬɪɭɤɬɭɪɚ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɫɟɪɶёɡɧɭɸ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ 

ɩɨɡɢɰɢɣ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ 3ɇ-ɩɢɪɪɨɥɶɧɨɦ ɰɢɤɥɟ. Ɍɚɤ, ɚɬɨɦɵ ɨɛɨɢɯ ɮɟɧɢɥɶɧɵɯ 

ɡɚɦɟɫɬɢɬɟɥɟɣ ɪɚɡɭɩɨɪɹɞɨɱɟɧɵ ɜ 2 ɩɨɡɢɰɢɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɡɚɫɟɥёɧɧɨɫɬɢ 0.5. 

ɉɪɢ ɷɬɨɦ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɋ2 (ɫɦ. ɪɢɫɭɧɨɤ 8) ɪɚɡɭɩɨɪɹɞɨɱɟɧ ɜɪɚɳɟɧɢɟɦ ɰɢɤɥɚ 

ɩɨ ɨɫɢ ɋ2–ɋ28 ɧɚ ɭɝɨɥ ~66, ɚ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɋ10 ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɢɫɚɧɨ ɤɚɤ ɥɢɛɪɚɰɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɢ ɋ20–ɋ32 (ɧɚ ɪɢɫɭɧɤɟ 8 ɞɚɧɧɨɟ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɬɫɹ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɜɨɫɩɪɢɹɬɢɹ ɫɬɪɭɤɬɭɪɵ ɜ 

ɰɟɥɨɦ). ȼɫɥɟɞɫɬɜɢɟ ɛɥɢɡɨɫɬɢ ɤɨɨɪɞɢɧɚɬ ɪɹɞɚ ɚɬɨɦɨɜ ɤɨɦɩɨɧɟɧɬ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ, ɜɜɟɞɟɧ ɪɹɞ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɢɯ ɚɧɢɡɨɬɪɨɩɧɵɟ ɬɟɩɥɨɜɵɟ 

ɩɚɪɚɦɟɬɪɵ (ɜɜɟɞɟɧɢɟ ɤɨɦɚɧɞ ISOR 0.01 C16 C36 O5 C34 C34a, EADP C16 C16a, 

EADP C36 C36a, EADP O5 O5a ɜ ɮɚɣɥ .ins ɩɪɨɝɪɚɦɦɵ ɭɬɨɱɧɟɧɢɹ XL). 

ȼ ɩɢɪɪɨɥɢɧɨɜɨɦ ɰɢɤɥɟ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɡɚɤɨɧɨɦɟɪɧɨ ɥɨɤɚɥɢɡɭɟɬɫɹ ɩɪɢ Ɉ3 

[C23–O3 1.3396(13) Å], ɚ ɧɟ ɩɪɢ ɚɬɨɦɟ Ɉ2 [O2–C3 1.2203(13) Å] (ɫɦ. ɪɢɫɭɧɨɤ 8), 

ɨɛɪɚɡɭɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɫ ɚɬɨɦɨɦ Ɉ4 (–x+1/2, –y+1/2, –z) 

ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ [O3–H3 0.87(2), O4∙∙∙H3 1.90(2), O4∙∙∙O3 2.720(2) Å]. 

ɋɨɥɶɜɚɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɱɚɫɬɧɨɣ ɩɨɡɢɰɢɢ ɢ ɬɚɤɠɟ ɢɫɩɵɬɵɜɚɟɬ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɜ ɞɜɟ ɩɨɡɢɰɢɢ, ɩɪɢɱёɦ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɟ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɫɨɝɥɚɫɨɜɚɧɨ ɫ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶɸ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɢɧɚɱɟ ɜɨɡɧɢɤɚɸɬ ɷɤɫɬɪɟɦɚɥɶɧɨ ɤɨɪɨɬɤɢɟ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ ɋ∙∙∙ɇ, ɇ∙∙∙ɇ ɢ ɋ∙∙∙ɋ. 
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Эɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-2-ɨɤɫɨ-1-(4-ɬɨɥɢɥ)-6,8-ɞɢɮɟɧɢɥ-1,7-

ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,6,8-ɬɪɢɟɧ-9-ɤɚɪɛɨɤɫɢɥɚɬ III. Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ I ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɚ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 2 ɱ 

(ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1), ɭɞɚɥɹɥɢ ɩɨɥɨɜɢɧɭ 

ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɪɚɡɛɚɜɥɹɥɢ ɜ ɞɜɚ ɪɚɡɚ ɩɟɬɪɨɥɟɣɧɵɦ ɷɮɢɪɨɦ (ɬ.ɤɢɩ 40–

70ºɋ), ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, ɢ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɛɟɧɡɨɥɚ. ȼɵɯɨɞ 71%, ɬ.ɩɥ. 196–197ºɋ (ɛɟɧɡɨɥ-

ɷɬɢɥɚɰɟɬɚɬ, 1:1). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3265 (Ɉɇ), 1719 (COOEt), 

1669 (C2=O), 1640 (C4–C=O). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.14 

ɬ (3H, OCH2CH3), 2.21 ɫ (3ɇ, Me), 4.14 ɦ (2ɇ, CH2ɋɇ3), 6.89–8.00 ɝɪ.ɫ (19ɇ, 3Ph, 

ɋ6ɇ4), 12.73 ɭɲ.ɫ (1ɇ, Oɇ). ɋɩɟɤɬɪ əɆɊ 13ɋ (100 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 13.67 

(CH2CH3), 20.44 (Me), 60.11 (OCH2), 81.69 (C5), 124.83–137.65, 161.73 (C6), 

161.96 (COOEt), 165.77 (C2), 177.72 (C3), 187.90 (COPh). ɇɚɣɞɟɧɨ, %: C 75.99; H 

4.91; N 4.89. ɋ36H28N2Ɉ5. ȼɵɱɢɫɥɟɧɨ, %: C 76.04; H 4.96; N 4.93. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III ɩɪɨɜɟɞɟɧɨ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur S ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 

ɩɪɨɰɟɞɭɪɟ [Ȝ(MoKα) 0.71073 Å, Ɍ 150(2) Ʉ, ω-ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 1 ɢ 

ɪɚɫɫɬɨɹɧɢɟɦ ɤɪɢɫɬɚɥɥ-ɞɟɬɟɤɬɨɪ 50 ɦɦ]. ɋɜɟɬɥɨ-ɠёɥɬɵɣ ɤɪɢɫɬɚɥɥ ɪɚɡɦɟɪɨɦ 

0.25×0.20×0.15 ɦɦ. ȼ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 2.89 < θ < 28.28 ɫɨɛɪɚɧɨ 11776 

ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 7396 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.022), 4357 ɫ I > 2σ(I). ɉɨɩɪɚɜɤɭ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ. Ʉɪɢɫɬɚɥɥ ɦɨɧɨɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ 

C2/c, a 33.5487(13), b 9.1118(6), c 20.6818(14) Å, ȕ 93.674(4). Ɋɟɲɟɧɢɟ ɢ 

ɭɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɨɜɟɞɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ 

SHELXTL [7] ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɪɢ C–H ɫɜɹɡɹɯ ɩɨɦɟɳɟɧɵ ɜ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ 

ɧɚɟɡɞɧɢɤɚ, ɩɪɨɬɨɧɵ ɝɪɭɩɩ Ɉ–ɇ ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0369, wR2 0.0701 [ɞɥɹ 

ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.0781, wR2 0.0754 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ) ɩɪɢ ɮɚɤɬɨɪɟ 

ɞɨɛɪɨɬɧɨɫɬɢ S 1.004 ɢ ɤɨɦɩɥɟɤɬɧɨɫɬɢ ɨɬɪɚɠɟɧɢɣ 96.9% (ɞɥɹ θ < 26.0). 
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Ɇɚɤɫɢɦɭɦ ɢ ɦɢɧɢɦɭɦ ɨɫɬɚɬɨɱɧɨ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.204 ɢ –0.207 ēÅ-3.  

ɉɨɥɧɵɣ ɧɚɛɨɪ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɹ ɞɟɩɨɧɢɪɨɜɚɧ ɜ 

Ʉɟɦɛɪɢɞɠɫɤɨɦ ɛɚɧɤɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ (CCDC 939281) ɢ ɞɨɫɬɭɩɟɧ ɩɨ 

ɚɞɪɟɫɭ www.ccdc.cam.ac.uk/conts/retrieving.html (ɢɥɢ CCDC, 12 Union Road, 

Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk). 
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4-Ɇɟɬɢɥ 9-ɷɬɢɥ 7-ɛɟɧɡɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-2,6-

ɞɢɨɤɫɨ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-4,9-ɞɢɤɚɪɛɨɤɫɢɥɚɬ 

 

Ɂɚɦɟɳɟɧɧɵɟ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ (5-ɮɟɧɢɥ-4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-, 4-

ɢɡɨɩɪɨɩɨɤɫɚɥɢɥ-5-ɮɟɧɢɥ- ɢ 4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ) 

ɪɟɚɝɢɪɭɸɬ ɫ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɩɢɪɨ[ɚɤɪɢɞɢɧ-

9,3'-ɩɢɪɪɨɥɨɜ] [1, 2], ɫɩɢɪɨ[ɮɭɪɚɧ-2,3'-ɢɧɞɨɥɨɜ] [3], ɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥɨɜ] 

ɢɥɢ ɫɩɢɪɨ[ɮɭɪɚɧ-2,3'-ɢɧɞɨɥɨɜ] [4] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪɵ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 

ɩɨɥɨɠɟɧɢɹɯ 4 ɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ. 

Ɋɟɰɢɤɥɢɡɚɰɢɢ 4,5-ɛɢɫ(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɟɧɚɦɢɧɨɜ ɦɚɥɨ ɢɡɭɱɟɧɵ. Ɉɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 1-ɚɪɢɥ-4,5-

ɛɢɫ(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ, 

ɩɪɨɬɟɤɚɸɳɟɟ ɩɨ ɫɯɟɦɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɜ ɤ ɚɬɨɦɭ ɋ5 

ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ ɫ ɭɱɚɫɬɢɟɦ 

ɚɦɢɧɨɝɪɭɩɩɵ ɟɧɚɦɢɧɨɜ ɢ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 5 

ɩɢɪɪɨɥɞɢɨɧɨɜ [5, 6]. Ɋɟɚɤɰɢɢ ɷɬɢɯ ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ 

ɧɟ ɨɩɢɫɚɧɵ. Ɍɚɤɢɟ ɟɧɚɦɢɧɵ ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɜ 

ɫɭɳɟɫɬɜɭɸɬ ɜ ɮɨɪɦɟ Z-ɢɡɨɦɟɪɨɜ ɫ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɇ-

ɯɟɥɚɬɧɨɝɨ ɬɢɩɚ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ ɭɱɚɫɬɢɸ ɜ ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ 

ɛɢɧɭɤɥɟɨɮɢɥɨɜ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɦɨɠɧɨ ɛɵɥɨ ɨɠɢɞɚɬɶ ɪɟɚɥɢɡɚɰɢɢ ɢɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-(4-ɦɟɬɢɥɮɟɧɢɥ)-4,5-ɛɢɫ(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I ɫ ɷɬɢɥ 3-(ɛɟɧɡɢɥɚɦɢɧɨ)ɛɭɬ-2-ɟɧɨɚɬɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 

ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 3 ɱ ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ 

ɩɨɥɭɱɟɧ 4-ɦɟɬɢɥ 9-ɷɬɢɥ 7-ɛɟɧɡɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-2,6-

ɞɢɨɤɫɨ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]-ɧɨɧɚ-3,8-ɞɢɟɧ-4,9-ɞɢɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [7]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɚ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟ-

ɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸ-

ɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞ-

ɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ȕ-ɋɇ 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɫɨɟɞɢɧɟɧɢɹ II ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ 

I ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɢɪɪɨɥɨɧɨɜɨɝɨ ɰɢɤɥɚ 

ɜɫɥɟɞɫɬɜɢɟ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫɥɨɠɧɨɷɮɢɪɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 5 

ɩɢɪɪɨɥɞɢɨɧɚ ɢ ɨɬɳɟɩɥɟɧɢɹ ɦɟɬɚɧɨɥɚ, ɩɨ ɫɯɟɦɟ ɚɧɚɥɨɝɢɱɧɨɣ ɪɚɧɟɟ ɨɩɢɫɚɧɧɨɣ 

[4–6]. ɉɪɢ ɷɬɨɦ, ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɪɟɚɝɟɧɬɚ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɮɨɪɦɟ Z-ɢɡɨɦɟɪɚ 

ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ, ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɹ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɟɟ ɡɚɜɟɪɲɟɧɢɹ. Ⱦɚɧɧɚɹ ɪɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɢɦ ɩɪɢɦɟɪɨɦ ɩɪɹɦɨɣ ɫɩɢɪɨ-

ɛɢɫ-ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ ɩɢɪɪɨɥɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɟɧɚɦɢɧɨɜ ɢ ɩɨɫɬɪɨɟɧɢɹ ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 1,7-
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ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɚɪɶɢɪɨɜɚɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 

ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɨɠɟɧɢɹɯ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 9. 

 

Рɢс. 9. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ III ɩɨ ɞɚɧɧɵɦ ɊɋА ɜ ɜɢɞɟ, ɲɚɪɨɫɬɟɪɠɧɟɜɨɣ ɦɨɞɟɥɢ  
(ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɧɟ ɩɪɢɜɨɞɹɬɫɹ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɜɨɫɩɪɢɹɬɢɹ) 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɩɢɪɪɨɥɢɧɨɜɵɟ ɰɢɤɥɵ ɫɩɢɪɨ-ɫɢɫɬɟɦɵ ɩɥɨɫɤɢɟ 

(ɞɥɹ ɨɞɧɨɝɨ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɨɜ ɨɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 0.01 Å, ɞɥɹ ɜɬɨɪɨɝɨ – 0.02 Å) ɢ ɪɚɡɜɟɪɧɭɬɵ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ 

ɩɨɞ ɭɝɥɨɦ 89.4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧ ɫɜɹɡɟɣ ɜ ɰɢɤɥɚɯ ɦɨɠɧɨ ɩɪɢɡɧɚɬɶ ɨɛɵɱɧɵɦ 

ɞɥɹ ɫɨɩɪɹɠɟɧɧɵɯ ɞɢɟɧɨɜɵɯ ɫɢɫɬɟɦ. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɋ–ɋɈɈR ɫɨɫɬɚɜɥɹɸɬ ~1.45 

Å, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɜɥɟɱɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɢɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɫɢɫɬɟɦɭ 

ɫɨɩɪɹɠёɧɧɵɯ ɫɜɹɡɟɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɤɨɥɟɰ. Ƚɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ 

ɭɱɚɫɬɜɭɟɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ȼȼɋ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɝɨ 

ɡɚɦɟɫɬɢɬɟɥɹ (O7–H···O2). ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɭɩɚɤɨɜɚɧɵ ɫɥɨɹɦɢ ɩɚɪɚɥɥɟɥɶɧɨ 

ɩɥɨɫɤɨɫɬɢ [001] ɫ ɱɟɪɟɞɨɜɚɧɢɟɦ ɡɨɧ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 

ɮɪɚɝɦɟɧɬɨɜ. Ɏɟɧɢɥɶɧɨɟ ɤɨɥɶɰɨ ɛɟɧɡɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɦɟɬɨɤɫɢɮɟɧɢɥɶɧɵɣ 

ɡɚɦɟɫɬɢɬɟɥɶ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɜ ɞɜɟ ɩɨɡɢɰɢɢ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɡɚɫɟɥёɧɧɨɫɬɢ 0.5 (ɜɬɨɪɚɹ ɤɨɦɩɨɧɟɧɬɚ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ 

ɨɛɨɡɧɚɱɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9 ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɢɧɞɟɤɫɨɦ «А»). ɋɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ 

ɨ ɩɪɢɪɨɞɟ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ, ɨɞɧɚɤɨ ɞɥɹ 
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ɦɨɥɟɤɭɥɵ (ɢ ɜ ɩɪɟɞɟɥɚɯ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɥɨɹ) ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɩɨɡɢɰɢɣ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ ɞɨɥɠɧɚ ɫɨɯɪɚɧɹɬɶɫɹ – ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɪɹɞ 

ɧɟɞɨɩɭɫɬɢɦɨ ɬɟɫɧɵɯ ɦɟɠɚɬɨɦɧɵɯ ɤɨɧɬɚɤɬɨɜ ɋAr–ɇ···ɋAr (ɞɨ ~1.9 Å) ɢ ɋAr···ɋAr 

(ɞɨ ~2.5 Å). ɂɡɛɟɠɚɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɞɨɛɧɵɯ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɤɨɧɬɚɤɬɨɜ 

ɦɨɠɧɨ, ɟɫɥɢ ɞɨɩɭɫɬɢɬɶ, ɱɬɨ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɜ ɩɪɟɞɟɥɚɯ 

ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɥɨɹ ɫɭɳɟɫɬɜɭɟɬ ɱɟɪɟɞɨɜɚɧɢɟ ɦɨɥɟɤɭɥ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ, ɜɟɪɨɹɬɧɨ, ɫɩɨɫɨɛɧɵɦɢ ɤ ɫɨɝɥɚɫɨɜɚɧɧɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ. 

4-Ɇɟɬɢɥ 9-ɷɬɢɥ 7-ɛɟɧɡɢɥ-3-ɝɢɞɪɨɤɫɢ-8-ɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-2,6-

ɞɢɨɤɫɨ-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-4,9-ɞɢɤɚɪɛɨɤɫɢɥɚɬ III. Ɋɚɫɬɜɨɪ 1.0 

ɦɦɨɥɶ ɩɢɪɪɨɥɞɢɨɧɚ I ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɨɷɮɢɪɚ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 3 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬɵ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 

5:1, ɷɬɢɥɚɰɟɬɚɬ; ɩɪɨɹɜɥɹɥɢ ɩɚɪɚɦɢ ɣɨɞɚ ɢ ɧɚɝɪɟɜɚɧɢɟɦ), ɨɯɥɚɠɞɚɥɢ. 

Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ 

ɬɨɥɭɨɥɚ. ȼɵɯɨɞ 77%, ɬ.ɩɥ. 174–175°ɋ (ɬɨɥɭɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), 

Ȟ, ɫɦ–1: 3174 (Ɉɇ), 1738 (C6=O), 1721 (C2=O), 1698 (COOEt), 1640 (COOMe). 

ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.13 ɬ (3H, CH3CH2, J 7.0 Ƚɰ), 2.26 

c (3H, Me), 3.65 c (3H, COOMe), 3.78 c (3H, OMe), 4.07 ɤ (2H, OCH2, J 7.0 Ƚɰ), 

4.70 ɞ (1H, CH2Ph, J 16.4 Ƚɰ), 4.87 ɞ (1H, CH2Ph, J 16.4 Ƚɰ), 6.85–7.27 ɝɪ.ɫ (9H, 

Ph + C6H4), 12.32 ɭɲ.ɫ (1H, OH). ɇɚɣɞɟɧɨ, %: C 63.98; H 5.14; N 5.50. 

ɋ27H26N2Ɉ8. ȼɵɱɢɫɥɟɧɨ, %: C 64.03; H 5.17; N 5.53. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя III. ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɢ 

ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɞɥɹ ɜɟɳɟɫɬɜɚ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ 

C27H26N2O8 ɢɡɦɟɪɟɧɵ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɫ CCD-

ɞɟɬɟɤɬɨɪɨɦ Xcalibur 3 (Oxford Diffraction) ɦɟɬɨɞɨɦ ω/2θ-ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨKα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 2.79 < θ < 26.37. 

Ʉɪɢɫɬɚɥɥɵ ɬɪɢɤɥɢɧɧɵɟ: a 8.8556(13), b 11.4626(12), c 13.0462(11) Å, α 

94.294(8), ȕ 93.286(8), Ȗ 109.262(7), V 1241.9(2) Å3, Ɇ 506.50, dɜɵɱ. 1.354 ɝ/ɫɦ3, Z 

2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 7707 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 5033 

ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0235), 2195 ɫ I > 2σ(I). Ɂɚɜɟɪɲёɧɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ 
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ɭɝɥɚ θ 26.37 99.3%. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.101 ɦɦ-1). 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ 

ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ ɈH ɪɟɲɟɧɵ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ 

ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ, ɨɫɬɚɥɶɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɨɦɟɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ 

SHELX 97 [8]. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0396, wR2 0.0866 ɞɥɹ 

ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I), R1 0.1018, wR2 0.0925 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), S 1.001. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.157 

ɢ –0.157 ēÅ-3.  

Ɋɟɡɭɥɶɬɚɬɵ ɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɟɩɨɧɢɪɨɜɚɧɵ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɣ 

ɛɚɡɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ, ɋɋDC 901415. ɗɬɢ ɞɚɧɧɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ 

ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ http://www.ccdc.cam.ac.uk. 
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Ɇɟɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-9-(2-ɧɚɮɬɨɢɥ)-2,6-ɞɢɨɤɫɨ-1,7-ɞɢ(4-ɯɥɨɪɮɟɧɢɥ)-

1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3,8-ɞɢɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɛɢɧɭɤɥɟɨ-

ɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɹɬɢ-, ɲɟɫɬɢ- ɢ 

ɫɟɦɢɱɥɟɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ, ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ, ɦɨɫɬɢɤɨɜɵɯ ɢ ɫɩɢɪɨ-

ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1, 2]. 

Ɋɚɧɟɟ ɧɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ 1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɵ ɪɟɚɝɢɪɭɸɬ ɫ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ, ɫɭɳɟɫɬɜɭɸɳɢɦɢ 

ɜ ɮɨɪɦɟ (ȿ)-ɢɡɨɦɟɪɨɜ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɩɨ 

ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɤɚɤ ɫ 1,3-ɋɇ,NH-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ, ɩɨ ɫɯɟɦɟ ɫ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɚɬɚɤɨɣ ɝɪɭɩɩɨɣ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨ-

ɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɚɦɢɧɨɝɪɭɩɩɵ ɟɧɚ-

ɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢɥɢ ɤ ɫɥɨɠɧɨ-

ɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ – ɡɚɦɟɫɬɢɬɟɥɸ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɫɬɢɤɨɜɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 8,11-

ɞɢɚɡɚɬɪɢɰɢɤɥɨ[7.2.1.02,7]ɞɨɞɟɰ-2(7)-ɟɧɚ [3] ɢɥɢ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥɚ] [3–5]. 

Ⱥɰɢɤɥɢɱɟɫɤɢɟ -ɟɧɚɦɢɧɨɷɮɢɪɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɮɨɪɦɟ (Z)-ɢɡɨɦɟɪɨɜ ɫ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɦɟɠɞɭ ɝɪɭɩɩɨɣ NH ɢ ɤɟɬɨɧɧɨɣ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ [6] ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɩɨ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɨɬ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ 

ɭɱɚɫɬɢɸ ɜ ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɛɢɧɭɤɥɟɨɮɢɥɨɜ.  

ɇɚɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4-ɛɟɧɡɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-(4-ɯɥɨɪɮɟɧɢɥ)-

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I ɫ ɦɟɬɢɥ 4-(2-ɧɚɮɬɢɥ)-4-ɨɤɫɨ-2-(4-ɯɥɨɪɮɟɧɢɥ)ɚɦɢɧɨ-2-

ɛɭɬɟɧɨɚɬɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɦ-

ɤɫɢɥɨɥɚ ɜ ɬɟɱɟɧɢɟ 6.5 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) ɩɨɥɭɱɟɧ ɦɟɬɢɥ 4-ɛɟɧɡɨɢɥ-3-

ɝɢɞɪɨɤɫɢ-9-(2-ɧɚɮɬɨɢɥ)-2,6-ɞɢɨɤɫɨ-1,7-ɞɢ(4-ɯɥɨɪɮɟɧɢɥ)-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4] 

ɧɨɧ-3,8-ɞɢɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [7]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, 
ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 
ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɬɟɦɧɨ-ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) 
ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɜɟɪɨɹɬɧɨ, ɜɫɥɟɞɫɬɜɢɟ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɫɨɟɞɢɧɟɧɢɹ 
II ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ 
ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ 
ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ – ɡɚɦɟɫɬɢɬɟɥɹ ɜ 
ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢ ɨɬɳɟɩɥɟɧɢɹ ɦɟɬɚɧɨɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɚɰɢɤɥɢɱɟɫɤɨɝɨ 
ɟɧɚɦɢɧɨɷɮɢɪɚ II ɧɟ ɩɪɟɩɹɬɫɬɜɭɟɬ ɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɩɢɪɪɨɥɞɢɨɧɨɦ I, ɚ 
ɬɨɥɶɤɨ ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɪɟɚɤɰɢɢ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɨɫɥɟ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ 
ɟɧɚɦɢɧɨɷɮɢɪɚ II ɤ ɫɨɟɞɢɧɟɧɢɸ I ɩɪɨɢɫɯɨɞɢɬ (Z)-(E) ɢɡɨɦɟɪɢɡɚɰɢɹ 
ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɨɫɨɛ ɩɨɫɬɪɨɟɧɢɹ 
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ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-

3,8-ɞɢɟɧɚ. 
Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 10. Ʉɪɢɫɬɚɥɥɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ, ɹɜɥɹɸɬɫɹ ɫɨɥɶɜɚɬɚɦɢ ɫɨɫɬɚɜɚ 1:1. ȼ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɦɨɥɟɤɭɥɚ ɷɬɢɥɚɰɟɬɚɬɚ ɫɜɹɡɚɧɚ ɫ ɦɨɥɟɤɭɥɨɣ 
ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɱɟɪɟɡ ɝɢɞɪɨɤɫɢɥ 
ɞɢɝɢɞɪɨɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ. ɂɧɵɟ ɡɧɚɱɢɦɨ ɭɤɨɪɨɱɟɧɧɵɟ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɉɢɪɪɨɥɢɧɨɜɵɟ ɰɢɤɥɵ ɩɪɢ ɫɩɢɪɨ-ɭɡɥɟ ɫɨɟɞɢɧɟɧɢɹ ɩɥɨɫɤɢɟ ɜ ɩɪɟɞɟɥɚɯ 0.03 Å ɢ 
ɪɚɡɜёɪɧɭɬɵ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ ɩɨɞ ɭɝɥɨɦ 87.3°. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ 
ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɬɢɩɢɱɧɵ ɞɥɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɫɢɫɬɟɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɫɢɫɬɟɦɟ 
ɫɨɩɪɹɠёɧɧɵɯ ɫɜɹɡɟɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ ɫɩɢɪɨ-ɮɪɚɝɦɟɧɬɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɫɢɥɶɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ ɢɯ ɝɟɨɦɟɬɪɢɢ ɢ ɫɨɯɪɚɧɹɟɬɫɹ ɱёɬɤɨɟ ɪɚɡɥɢɱɢɟ ɩɨ ɞɥɢɧɚɦ 
ɤɪɚɬɧɵɯ ɢ ɨɞɢɧɚɪɧɵɯ ɫɜɹɡɟɣ. ɋ ɭɱёɬɨɦ ɧɚɥɢɱɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɬɹɠёɥɵɯ ɚɬɨɦɨɜ ɋl 

ɢ ɫɜɹɡɚɧɧɨɣ ɫ ɷɬɢɦ ɛɨɥɶɲɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɚɬɨɦɨɜ 
ɜɨɞɨɪɨɞɚ, ɜɨɡɦɨɠɧɵɣ ɜɨɩɪɨɫ ɨ ɥɨɤɚɥɢɡɚɰɢɢ «ɤɢɫɥɨɝɨ» ɩɪɨɬɨɧɚ ɩɪɢ ɤɢɫɥɨɪɨɞɟ 
Ɉ3 ɛɟɧɡɨɢɥɚ ɢɥɢ Ɉ1 ɩɢɪɪɨɥɢɧɨɜɨɝɨ ɰɢɤɥɚ ɨɞɧɨɡɧɚɱɧɨ ɪɟɲɚɟɬɫɹ ɜ ɩɨɥɶɡɭ 
ɩɢɪɪɨɥɢɧɨɜɨɝɨ ɰɢɤɥɚ, ɧɚ ɱɬɨ ɭɤɚɡɵɜɚɟɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɢɧɚ ɫɜɹɡɢ 

O1–C18 1.328(2) Å, ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɝɪɭɩɩ Ɉɇ.  
Ɇɟɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-9-(2-ɧɚɮɬɨɢɥ)-2,6-ɞɢɨɤɫɨ-1,7-ɞɢ(4-ɯɥɨɪ-

ɮɟɧɢɥ)-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3,8-ɞɢɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ III. Ɋɚɫɬɜɨɪ 1 ɦɦɨɥɶ 
ɫɨɟɞɢɧɟɧɢɹ I ɢ 1 ɦɦɨɥɶ ɟɧɚɦɢɧɚ II ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɦ-ɤɫɢɥɨɥɚ ɤɢɩɹɬɢɥɢ 
6.5 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɷɬɢɥɚɰɟɬɚɬ; ɩɪɨɹɜɥɹɥɢ ɩɚɪɚɦɢ ɣɨɞɚ), 

ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 56%, ɬ.ɩɥ. 242–243ɋ 

(ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ-1: 3130 ɲ (Ɉɇ), 1743 

(COOMe), 1731, 1708, 1668 (C2=Ɉ, C6=Ɉ), 1640, 1627 (COPh, COC10H7). ɋɩɟɤɬɪ 
əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.68 c (3H, OMe), 7.23–7.94 ɝɪ.ɫ (20H, Ph 

+ 2ɋ6ɇ4 + ɋ10H7), 12.59 ɭɲ.ɫ (1ɇ, Oɇ). ɇɚɣɞɟɧɨ, %: ɋ 66.62; ɇ 3.47; Cl 10.05; N 

3.96. ɋ39H24ɋl2N2O7. ȼɵɱɢɫɥɟɧɨ, %: ɋ 66.58; ɇ 3.44; Cl 10.08; N 3.98. 
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Рɢс. 10. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɦɟɬɢɥ 4-ɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-9-(2-ɧɚɮɬɨɢɥ)-2,6-ɞɢɨɤɫɨ-1,7-ɞɢ 

(4-ɯɥɨɪɮɟɧɢɥ)-1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-3,8-ɞɢɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬɚ III 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. ɊɋȺ ɜɵɩɨɥɧɹɥɢ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɦɨɧɨɤɪɢɫɬɚɥɶɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur 3 [Ɍ 295(2) Ʉ, Mo-

K-ɢɡɥɭɱɟɧɢɟ, ɝɪɚɮɢɬɨɜɵɣ ɦɨɧɨɯɪɨɦɚɬɨɪ, /2-ɫɤɚɧɢɪɨɜɚɧɢɟ ɜ ɨɛɥɚɫɬɢ 2.78 < 

 < 28.29]. Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧ ɛɟɫɰɜɟɬɧɵɣ ɤɪɢɫɬɚɥɥ 

ɪɚɡɦɟɪɨɦ 0.21×0.20×0.15 ɦɦ, ɩɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.226 ɦɦ-

1). Ɋɟɲɟɧɢɟ ɢ ɭɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪ ɩɪɨɜɟɞɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ 

SHELX-97 [8]. ɋɬɪɭɤɬɭɪɚ ɪɟɲɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ 

ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɵɹɜɥɟɧɵ ɩɨ ɩɢɤɚɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜ 

ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ. Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɜɤɥɸɱёɧ ɜ ɭɬɨɱɧɟɧɢɟ ɧɟɡɚɜɢɫɢɦɨ 

ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ɉɨ ɞɚɧɧɵɦ ɊɋȺ, ɤɪɢɫɬɚɥɥ ɬɪɢɤɥɢɧɧɵɣ, 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1, a 12.9448(15), b 13.0128(12), c 13.0875(7) Å, α 

69.596(7), ȕ 85.033(7), Ȗ 70.966(9), V 1952.4(3) Å3, dɜɵɱ. 1.347 ɝ/ɫɦ3. ȼ ɢɧɬɟɪɜɚɥɟ 

ɢɧɞɟɤɫɨɜ –17 < h < 17, –17 < k < 17, –14 < l < 17 ɫɨɛɪɚɧɨ 13723 ɨɬɪɚɠɟɧɢɣ, ɢɡ 

ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 9061 (Rint 0.0305), ɜ ɬɨɦ ɱɢɫɥɟ 3403 ɫ I > 2σ(I). ɉɨɥɧɨɬɚ ɧɚɛɨɪɚ 

ɞɥɹ  < 26.00 96.1%. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: S 1.000, R1 0.0391, 
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wR2 0.0495 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.1252, wR2 0.0529 (ɩɨ ɜɫɟɦ 

ɨɬɪɚɠɟɧɢɹɦ). Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ 0.262 ɢ –0.247 ē/Å3.  

Ɋɟɡɭɥɶɬɚɬɵ ɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɟɩɨɧɢɪɨɜɚɧɵ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɣ 

ɛɚɡɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ, ɋɋDC 1011421. ɗɬɢ ɞɚɧɧɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ 

ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ http://www.ccdc.cam.ac.uk. 
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4'-Ƚɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1'-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-1-ɮɟɧɢɥ-3'-ɰɢɧɧɚɦɨɢɥ-6,7-

ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1Н,1Н',5Н)-ɬɪɢɨɧ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɧɚɩɪɚɜɥɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɤɚɪɛɨ-
ɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɢɪɪɨɥɞɢɨ-
ɧɨɜɨɦ ɰɢɤɥɟ. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-ɚɥɤɢɥ-5-ɮɟɧɢɥ-4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ N-ɚɪɢɥɡɚɦɟɳɟɧɧɵɦɢ ɟɧɚɦɢɧɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩ ɨɪɬɨ-ɋɇ ɚɪɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ȕ-ɋɇ ɟɧɚɦɢɧɨ-
ɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɜ ɤ ɚɬɨɦɭ ɋ3 ɩɢɪɪɨɥɞɢɨɧɨɜ [1, 2]. 1-Ⱥɪɢɥ-4-ɢɡɨɩɪɨɩɨɤɫɚɥɢɥ-

5-ɮɟɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ ɪɟɚɝɢɪɭɸɬ ɫ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɝɪɭɩɩ NH ɢ ȕ-ɋɇ 
ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɜ ɤ ɚɬɨɦɚɦ ɋ2 ɢ ɋ3 ɩɢɪɪɨɥɞɢɨɧɨɜ, ɪɚɫɳɟɩɥɟɧɢɟɦ 
ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɰɢɤɥɢɡɚɰɢɟɣ [3]. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-

ɚɪɢɥ-4,5-ɛɢɫ(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɟɧɚɦɢɧɚɦɢ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩ ȕ-ɋɇ ɢ ɝɪɭɩɩɵ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ 
ɚɬɨɦɭ ɋ5 ɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟ-
ɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ [4]. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɟɧɚɦɢɧɚɦɢ ɪɟɚɥɢɡɭɸɬɫɹ ɬɪɢ ɧɚɩɪɚɜ-
ɥɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH ɟɧɚ-
ɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɚɦ ɋ5 ɢ ɋ3 ɩɢɪɪɨɥɞɢɨɧɚ ɢɥɢ ɤ ɚɬɨɦɭ ɋ5 ɢ ɋɈɈMe ɝɪɭɩɩɟ, 
ɚ ɜ ɤɚɱɟɫɬɜɟ ɦɢɧɨɪɧɨɝɨ ɩɭɬɢ – ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩ NH ɢ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝ-
ɦɟɧɬɚ ɤ ɚɬɨɦɚɦ ɋ2 ɢ ɋ3 ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ ɪɚɫɳɟɩɥɟɧɢɟɦ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɢ 
ɩɨɫɥɟɞɭɸɳɟɣ ɰɢɤɥɢɡɚɰɢɟɣ [5]. 

ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɜɟɞɟɧɢɹ ɰɢɧɧɚɦɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɩɨ-
ɥɨɠɟɧɢɟ 4 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɧɚ ɢɯ ɪɟɚɤɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚɦɢ ɢɡɭɱɟɧɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 1-ɚɪɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-4-ɰɢɧɧɚɦɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 
ɫ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɩɢɪɪɨɥɞɢɨɧɚ І ɢ ɟɧɚɦɢɧɚ IІ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɫɪɟɞɟ ɚɛ-
ɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɩɢɪ-
ɪɨɥɞɢɨɧɚ), ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ 4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1'-(4-

ɦɟɬɨɤɫɢɮɟɧɢɥ)-1-ɮɟɧɢɥ-3'-ɰɢɧɧɚɦɨɢɥ-6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-
2,4,5'(1ɇ,1ɇ',5ɇ)-ɬɪɢɨɧ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [6]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ 

ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ III ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟ-

ɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɚ ɫɢɧɝɥɟɬɚ ɩɪɨɬɨɧɨɜ 

ɞɜɭɯ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɩɪɢ 0.57 ɢ 0.93 ɦ.ɞ., ɱɟɬɵɪɟ ɞɭɛɥɟɬɚ 

ɩɪɨɬɨɧɨɜ ɦɟɬɢɥɟɧɨɜɵɯ ɝɪɭɩɩ (2Jɇɇ 16.1–18.4 Ƚɰ) ɜ ɨɛɥɚɫɬɢ 1.99–2.39 ɦ.ɞ. ɢ ɞɭɛ-

ɥɟɬɵ ɩɪɨɬɨɧɨɜ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɰɢɧɧɚɦɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ 7.62 ɢ 7.71 ɦ.ɞ. 

ɫ Ʉɋɋȼ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɬɪɚɧɫ-ɡɚɦɟɳɟɧɧɵɯ ɚɥɤɟɧɨɜ [7] (Jɬɪɚɧɫ 15.7 Ƚɰ), ɚ ɬɚɤ-

ɠɟ ɭɲɢɪɟɧɧɵɣ ɫɢɝɧɚɥ ɩɪɨɬɨɧɚ ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɩɪɢ 13.34 ɦ.ɞ. 

ȼ ɫɩɟɤɬɪɟ əɆɊ 13ɋ ɫɨɟɞɢɧɟɧɢɹ III ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɚɪɨ-

ɦɚɬɢɱɟɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɦɟɬɢɥɶɧɵɯ ɢ ɦɟɬɢɥɟɧɨɜɵɯ ɝɪɭɩɩ ɢ ɷɬɢɥɟɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɝɧɚɥɵ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɤɟɬɨɧɧɵɯ ɤɚɪɛɨɧɢɥɶɧɵɯ 

ɝɪɭɩɩ ɋ4=Ɉ ɰɢɤɥɨɝɟɤɫɟɧɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ (190.58 ɦ.ɞ.) ɢ ɰɢɧɧɚɦɨɢɥɶɧɨɝɨ ɡɚ-
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ɦɟɫɬɢɬɟɥɹ (182.39 ɦ.ɞ.), ɥɚɤɬɚɦɧɵɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɋ2=Ɉ (164.87 ɦ.ɞ.) ɢ 

ɋ5'=Ɉ (165.73 ɦ.ɞ.), ɚɬɨɦɨɜ ɋ3' (118.20 ɦ.ɞ.), C4' (174.60 ɦ.ɞ.) ɢ ɫɩɢɪɨ-

ɭɝɥɟɪɨɞɧɨɝɨ ɚɬɨɦɚ (68.63 ɦ.ɞ.), ɚ ɬɚɤɠɟ ɚɬɨɦɨɜ ɋ3a (109.80 ɦ.ɞ.) ɢ ɋ7a 

(137.24 ɦ.ɞ.). ɏɢɦɢɱɟɫɤɢɟ ɫɞɜɢɝɢ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥɚ] ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɬɚɤɨɜɵɦɢ ɦɟɬɢɥ 

4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1'-(4-ɦɟɬɢɥɮɟɧɢɥ)-1-ɮɟɧɢɥ-2,4,5'-ɬɪɢɨɤɫɨ-1,1',2,4,5,5', 

6,7-ɨɤɬɚɝɢɞɪɨɫɩɢɪɨ-[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-3'-ɤɚɪɛɨɤɫɢɥɚɬɚ [ɋ4=Ɉ (190.56 ɦ.ɞ.), 

ɋ2=Ɉ (161.99 ɦ.ɞ.), C5'=Ɉ (165.04 ɦ.ɞ.), C3' (107.94 ɦ.ɞ.), C4' (174.45 ɦ.ɞ.), Cɫɩɢɪɨ 

(68.31 ɦ.ɞ.), ɋ3a (109.52 ɦ.ɞ.), ɋ7a (138.03 ɦ.ɞ.)] [4]. Ɂɚɦɟɬɧɵɣ ɫɞɜɢɝ ɫɢɝɧɚɥɚ ɚɬɨɦɚ 

ɋ3' (ɧɚ 10.26 ɦ.ɞ.) ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧ ɛɨɥɶɲɢɦɢ ɚɤɰɟɩɬɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɰɢɧɧɚɦɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ.  

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪ-

ɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝ-

ɦɟɧɬɚ ɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɚɦɢɧɚ IІ ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ І 

ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɧɞɨɥɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ɜɫɥɟɞɫɬɜɢɟ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜɬɨɪɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɤ ɤɚɪɛɨ-

ɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɨɬɳɟɩɥɟɧɢɹ ɦɟɬɚɧɨɥɚ, ɩɨ 

ɫɯɟɦɟ, ɚɧɚɥɨɝɢɱɧɨɣ ɪɚɧɟɟ ɨɩɢɫɚɧɧɨɣ [4, 5]. ȼɨɡɦɨɠɧɨɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ 

ɰɢɤɥɢɡɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤɫɢɝɪɭɩɩɵ ɫ ɚɤɬɢɜɢɪɨ-

ɜɚɧɧɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɰɢɧɧɚɦɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɧɟ 

ɧɚɛɥɸɞɚɟɬɫɹ. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ III (ɫɦ. ɪɢɫɭɧɨɤ 11) ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɫ ɬɨɥɭɨɥɨɦ, 1:1. 

Ɇɨɥɟɤɭɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɥɢɡɤɢɦɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ ɜɟɥɢɱɢɧɚɦ ɞɥɢɧɚɦɢ ɫɜɹɡɟɣ 

ɢ ɜɚɥɟɧɬɧɵɦɢ ɭɝɥɚɦɢ. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɨɛɴɟɞɢɧɟɧɵ ɜ ɞɢɦɟɪɵ ɩɨɫɪɟɞ-

ɫɬɜɨɦ Ɇȼɋ O1–H1···O4 [–x, –y, –z] [O1–H1 0.92(2), O1–O4 2.593(2) Å, ɭɝɨɥ 

O1H1O4 148(1)]. 
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Рɢс. 11. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1'-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-1-ɮɟɧɢɥ-3'-

ɰɢɧɧɚɦɨɢɥ-6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1ɇ,1ɇ',5ɇ)-ɬɪɢɨɧɚ III 

 

4'-Ƚɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1'-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-1-ɮɟɧɢɥ-3'-ɰɢɧɧɚɦɨɢɥ-

6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1Н,1Н',5Н)-ɬɪɢɨɧ III. Ʉ ɪɚɫɬɜɨɪɭ 

1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ І ɜ 15 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɞɨɛɚɜɥɹɥɢ 1.0 ɦɦɨɥɶ ɟɧɚ-

ɦɢɧɚ IІ, ɤɢɩɹɬɢɥɢ 20 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ 

ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɥɢ ɢɡ ɬɨɥɭɨɥɚ. ȼɵɯɨɞ 75%, ɬ.ɩɥ. 242–243°ɋ (ɬɨɥɭɨɥ). ɂɄ 

ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ–1: 3181 (Ɉɇ), 1761 (C2=O), 1723 (C5'=O), 1669 

(C4=O), 1644 (C3'–C=O). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 0.57 c (3H, 

Me), 0.93 c (3H, Me), 1.99 ɞ (1H, C7H2, J 16.1 Ƚɰ), 2.10 ɞ (1H, C5H2, J 18.4 Ƚɰ), 2.13 

ɞ (1H, C7H2, J 16.1 Ƚɰ), 2.39 ɞ (1H, C5H2, J 18.4 Ƚɰ), 3.76 c (3H, OMe), 6.99–7.71 

ɝɪ.ɫ (14H, 2Ph + C6H4), 7.62 ɞ (1ɇ, COCH=CHPh, J 15.7 Ƚɰ), 7.71 ɞ (1ɇ, 

COCH=CHPh, J 15.7 Ƚɰ), 13.34 ɭɲ.ɫ (1ɇ, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13ɋ (100 ɆȽɰ, 

ȾɆɋɈ-d6), δ, ɦ.ɞ.: 26.44 (Me), 27.98 (Me), 33.78 (C6), 35.85 (C7), 50.43 (C5), 55.34 

(OMe), 68.63 (C3), 109.80 (C3a), 114.59 (Co ɜ C6H4OMe-4), 118.20 (C3'), 123.86 

(ɋOCH=CHPh), 125.25–134.39, 137.24 (ɋ7a), 142.23 (ɋOCH=CHPh), 159.05 

(COMe), 164.87 (C2), 165.73 (C5') 174.60 (C4'), 182.39 (C3'CO), 190.58 (C4). ɇɚɣɞɟ-

ɧɨ, %: C 73.18; H 5.21; N 4.85. ɋ35H30N2Ɉ6. ȼɵɱɢɫɥɟɧɨ, %: C 73.16; H 5.26; N 4.88. 
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Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя III ɩɪɨɜɟɞёɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟ-

ɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD ɞɟɬɟɤ-

ɬɨɪɨɦ [Ȝ(MoKα) 0.71073Å, Ɍ 295(2) Ʉ, ɝɪɚɮɢɬɨɜɵɣ ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-

ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1]. Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɛɥɨɦɨɤ ɛɟɫ-

ɰɜɟɬɧɨɝɨ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.25×0.20×0.15 ɦɦ. ɉɨɩɪɚɜɤɭ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 0.082 ɦɦ–1). ɇɚ ɭɝɥɚɯ ɪɚɫɫɟɹɧɢɹ 2.94 

< θ < 33.34 ɫɨɛɪɚɧɨ 19826 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 11424 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0435), 

3560 ɫ I > 2σ(I). Ʉɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ < 33.34 81.8%, ɞɥɹ θ < 26.00 96.6%. Ʉɪɢ-

ɫɬɚɥɥ ɬɪɢɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1, ɚ 10.1696(8), b 13.3383(9), c 

13.5975(13) Å, α 83.622(7), ȕ 80.102(7), Ȗ 85.880(6). ɋɬɪɭɤɬɭɪɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɢ 

ɭɬɨɱɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ SHELXTL (ɜɟɪɫɢɹ 5.1) [8]. 

ɉɨɡɢɰɢɨɧɧɵɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɭɬɨɱɧɟɧɵ ɜ 

ɢɡɨɬɪɨɩɧɨɦ, ɚ ɡɚɬɟɦ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ 

F2. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ, ɥɨɤɚɥɢɡɨɜɚɧɵ ɩɨ 

ɦɚɤɫɢɦɭɦɚɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞ-

ɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɭɬɨɱɧɹɥɫɹ ɧɟɡɚɜɢ-

ɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 

0.0627 [ɞɥɹ I > 2σ(I)], R1 0.1751 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), wR2 0.1218 [ɞɥɹI > 2σ(I)], 

wR2 0.1320 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ) ɩɪɢ ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 0.991. Ɋɟɡɭɥɶɬɚɬɵ 

ɊɋȺ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɦ ɰɟɧɬɪɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 

(CCDC № 872845). ɗɬɢ ɦɚɬɟɪɢɚɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ 

ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ www.ccdc.cam.ac.uk/data_request/cif. 
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Ɇɟɬɢɥ 4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1,1'-ɛɢɫ(4-ɦɟɬɢɥɮɟɧɢɥ)-2,4,5'-ɬɪɢɨɤɫɨ-

1,1',2,4,5,5',6,7-ɨɤɬɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-3'-ɤɚɪɛɨɤɫɢɥɚɬ 

 

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧ ɫ ɟɧɚɦɢɧɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 

ɩɢɪɪɨɥɞɢɨɧɨɜɨɦ ɰɢɤɥɟ [1–4]. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-ɚɥɤɢɥ-5-ɮɟɧɢɥ-4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ ɫ N-ɚɪɢɥɡɚɦɟɳɟɧɧɵɦɢ ɟɧɚɦɢɧɚɦɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩ ɨɪɬɨ-ɋɇ ɚɪɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ȕ-ɋɇ 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɭ ɋ3 ɩɢɪɪɨɥɞɢɨɧɨɜ [1, 2]. 4-ɂɡɨɩɪɨɩɨɤɫɚɥɢɥ-1,5-

ɞɢɮɟɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧ ɪɟɚɝɢɪɭɟɬ ɫ ɟɧɚɦɢɧɚɦɢ ɫ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɝɪɭɩɩ 

NH ɢ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɚɦ ɋ2 ɢ ɋ3 ɩɢɪɪɨɥɞɢɨɧɚ, ɪɚɫɳɟɩɥɟɧɢɟɦ 

ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɰɢɤɥɢɡɚɰɢɟɣ [3]. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɟɧɚɦɢɧɚɦɢ 

ɪɟɚɥɢɡɭɸɬɫɹ ɬɪɢ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɢ. ȼɨ-ɩɟɪɜɵɯ, ɩɪɨɬɟɤɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɚɦ ɋ5 ɢ ɋ3 

ɩɢɪɪɨɥɞɢɨɧɨɜ, ɜɨ-ɜɬɨɪɵɯ, ɬɚɤɨɟ ɠɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɤ ɚɬɨɦɭ ɋ5 ɢ ɝɪɭɩɩɟ ɋɈɈMe 

ɜ ɩɨɥɨɠɟɧɢɢ 5 ɝɟɬɟɪɨɰɢɤɥɚ. Ɍɪɟɬɶɢɦ – ɦɢɧɨɪɧɵɦ – ɹɜɥɹɟɬɫɹ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɝɪɭɩɩ NH ɢ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɚɦ ɋ2 ɢ ɋ3 ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ 

ɪɚɫɳɟɩɥɟɧɢɟɦ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɰɢɤɥɢɡɚɰɢɟɣ [4]. 

ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɜɟɞɟɧɢɹ ɞɜɭɯ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɵɯ 

ɮɪɚɝɦɟɧɬɨɜ ɜ ɩɨɥɨɠɟɧɢɹ 4 ɢ 5 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɧɚ ɢɯ ɪɟɚɤɰɢɨɧɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɧɚɦɢ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 1-ɚɪɢɥ-4,5-ɞɢ(ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ)-

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ 1,3 CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ – 3-ɚɪɢɥɚɦɢɧɨ-5,5-

ɞɢɦɟɬɢɥ-2-ɰɢɤɥɨɝɟɤɫ-2-ɟɧ-1-ɨɧɚɦɢ. N-Ɂɚɦɟɳɟɧɧɵɟ ɢɦɢɧɵ ɞɢɦɟɞɨɧɚ, 

ɫɭɳɟɫɬɜɭɸɳɢɟ ɜ ɟɧɚɦɢɧɨɮɨɪɦɟ, ɛɵɥɢ ɜɵɛɪɚɧɵ ɜ ɤɚɱɟɫɬɜɟ CH,NH-

ɛɢɧɭɤɥɟɨɮɢɥɨɜ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɩɚɪɚɬɢɜɧɨɣ ɞɨɫɬɭɩɧɨɫɬɢ [5] ɢ ɥɟɝɤɨɫɬɢ 

ɜɚɪɶɢɪɨɜɚɧɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɭ ɚɬɨɦɚ ɚɡɨɬɚ. ɗɬɢ ɰɢɤɥɢɱɟɫɤɢɟ ɟɧɚɦɢɧɨɤɟɬɨɧɵ 

ɫɭɳɟɫɬɜɭɸɬ ɜ ɮɨɪɦɟ (ȿ)-ɢɡɨɦɟɪɨɜ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH 
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ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɩɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɨɬ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɱɬɨ ɛɥɚɝɨɩɪɢɹɬɫɬɜɭɟɬ ɢɯ 

ɭɱɚɫɬɢɸ ɜ ɪɟɚɤɰɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɛɢɧɭɤɥɟɨɮɢɥɨɜ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɟɧɚɦɢɧɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɨɜ ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 4 ɱ, ɫ ɯɨɪɨɲɢɦ 

ɜɵɯɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɦɟɬɢɥ 4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1,1'-ɛɢɫ(4-ɦɟɬɢɥɮɟɧɢɥ)-

2,4,5'-ɬɪɢɨɤɫɨ-1,1',2,4,5,5',6,7-ɨɤɬɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-3'-

ɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [6]. 

 

ɋɨɟɞɢɧɟɧɢɟ III – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟ-

ɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸ-

ɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞ-

ɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɯɟɦɟ, ɛɥɢɡɤɨɣ ɤ ɨɩɢɫɚɧɧɨɣ ɜ 

ɪɚɛɨɬɟ [4], ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ 

ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɫɨɟɞɢɧɟɧɢɹ II ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 

ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ IV ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 



 59 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɢɪɪɨɥɨɧɨɜɨɝɨ ɰɢɤɥɚ ɜɫɥɟɞɫɬɜɢɟ 

ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɫɥɨɠɧɨɷɮɢɪɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ ɢ ɨɬɳɟɩɥɟɧɢɹ 

ɦɟɬɚɧɨɥɚ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 12. 

 

Рɢс. 12. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɦɟɬɢɥ 4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1,1'-ɛɢɫ(4-ɦɟɬɢɥɮɟɧɢɥ)-2,4,5'-

ɬɪɢɨɤɫɨ-1,1',2,4,5,5',6,7-ɨɤɬɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-3'-ɤɚɪɛɨɤɫɢɥɚɬɚ III ɜ ɬɟɩɥɨɜɵɯ 

ɷɥɥɢɩɫɨɢɞɚɯ 50 % ɜɟɪɨɹɬɧɨɫɬɢ, ɩɨ ɞɚɧɧɵɦ ɊɋА 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ III (ɫɦ. ɪɢɫɭɧɨɤ 12) ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ 

ɢɡ ɚɰɟɬɨɧɚ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ. Ƚɪɭɩɩɚ Ɉɇ ɝɢɞɪɨɤɫɢɩɢɪɪɨɥɨɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɜɨɜɥɟɱɟɧɚ ɜ ȼȼɋ ɫ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ [O4–H4
 86(2), 

H4∙∙∙O2 2.21(2), O4∙∙∙O2 2.838(2) Å, ɭɝɨɥ O4H4O2 130(1)] ɢ Ɇȼɋ ɫ ɤɟɬɨɝɪɭɩɩɨɣ 

ɰɢɤɥɨɝɟɤɫɟɧɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ (H4∙∙∙O1 [–x,–y+1, –z+1] 2.02(2), O4∙∙∙O1 [–x, 

 –y+1, –z+1] 2.743(2)Å, ɭɝɨɥ O4H4O2 140(1)), ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɦɨɥɟɤɭɥɵ 

ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɞɢɦɟɪɵ. 
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Ɇɟɬɢɥ 4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-1,1'-ɛɢɫ(4-ɦɟɬɢɥɮɟɧɢɥ)-2,4,5'-ɬɪɢɨɤɫɨ 

-1,1',2,4,5,5',6,7-ɨɤɬɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-3'-ɤɚɪɛɨɤɫɢɥɚɬ III. 

Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɩɢɪɪɨɥɞɢɨɧɚ I ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɚ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 4 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 

5:1; ɩɪɨɹɜɥɹɥɢ ɩɚɪɚɦɢ ɣɨɞɚ), ɨɯɥɚɠɞɚɥɢ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɬɨɥɭɨɥɚ. ȼɵɯɨɞ 78%, ɬ.ɩɥ. 234–

236°ɋ (ɬɨɥɭɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ–1: 3280 (Ɉɇ), 1759, 1719 

(ɋ2=Ɉ, ɋ5'=Ɉ, ɋɈɈɆɟ), 1613(ɋ4=Ɉ). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, 

ɦ.ɞ.: 0.56 c (3H, Me), 0.93 c (3H, Me), 2.00 ɞ (1H, ɋ7H2, J 16.2 Ƚɰ), 2.10 ɞ (1H, 

ɋ5H2, J 18.0 Ƚɰ), 2.17 ɞ (1H, ɋ7H2, J 16.2 Ƚɰ), 2.30 ɫ (3H, Me), 2.34 ɞ (1H, ɋ5H2, J 

18.0 Ƚɰ), 2.37 c (3H, Me), 3.70 c (3H, OMe), 6.93–7.37 ɝɪ.ɫ (8H, 2C6H4), 12.53 

ɭɲ.ɫ (1H, OH). ɇɚɣɞɟɧɨ, %: C 69.60; H 5.61; N 5.66. ɋ29H28N2Ɉ6. ȼɵɱɢɫɥɟɧɨ, %: 

C 69.59; H 5.64; N 5.60. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя III ɩɪɨɜɟɞёɧ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD ɞɟɬɟɤɬɨɪɨɦ [Ȝ(MoKα) 0.71073, ɝɪɚɮɢɬɨɜɵɣ 

ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1, T 295(2) Ʉ]. Ⱦɥɹ ɚɧɚɥɢɡɚ 

ɢɫɩɨɥɶɡɨɜɚɧ ɨɛɥɨɦɨɤ ɛɟɫɰɜɟɬɧɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.25×0.20×0.15 ɦɦ. 

ɉɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 0.088 ɦɦ–1). ɋɬɪɭɤɬɭɪɵ 

ɪɚɫɲɢɮɪɨɜɚɧɵ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXS-97 ɢ ɭɬɨɱɧɟɧɵ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ SHELXL-97 [7]. ɉɨɡɢɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɭɬɨɱɧɟɧɵ ɜ ɢɡɨɬɪɨɩɧɨɦ, ɚ ɡɚɬɟɦ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɥɨɤɚɥɢɡɨɜɚɧɵ ɩɨ 

ɦɚɤɫɢɦɭɦɚɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ 

ɧɚɟɡɞɧɢɤɚ. Ɉɫɧɨɜɧɵɟ ɞɚɧɧɵɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ: ɤɪɢɫɬɚɥɥ 

ɬɪɢɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1, a 9.8911(9), b 10.9834(6), c 

13.8528(10) Å, α 83.825(6), ȕ 88.581(7), Ȗ 88.163(6), dɪɚɫɱ. 1.241 ɝ/ɫɦ3, V 

1495.09(19) Å3, Z 2. ɇɚ ɭɝɥɚɯ ɫɤɚɧɢɪɨɜɚɧɢɹ 2.82 < θ < 28.28 ɫɨɛɪɚɧɨ 8857 

ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 7108 (Rint 0.0202), 3788 ɫ I > 2σ(I). 

Ʉɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ 26.00 97.2%. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 

0.0419, wR2 0.1006 [ɞɥɹ I > 2σ(I)], R1 0.0897, wR2 0.1082 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ) 
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ɩɪɢ S 1.006, ɦɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.221, –0.226 ēÅ-3. 

Ɋɟɡɭɥɶɬɚɬɵ ɊɋȺ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɦ ɰɟɧɬɪɟ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨɞ ɧɨɦɟɪɚɦɢ CCDC 846265. ɗɬɢ ɦɚɬɟɪɢɚɥɵ 

ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ 

www.ccdc.cam.ac.uk/data_request/cif. 
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N-(3'-Ȼɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-2,4,5'-ɬɪɢɨɤɫɨ-1'-(4-ɯɥɨɪɮɟɧɢɥ)-

1',4,5,5',6,7-ɝɟɤɫɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-1(2Н)-ɢɥ)ɛɟɧɡɚɦɢɞ 

 

ɋɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ 5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɰɢɤɥɢɱɟɫɤɢɯ, ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɯ ɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢ-

ɧɨɜ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɩɢ-

ɪɨ[ɩɢɪɪɨɥ-2,3'-ɩɢɪɪɨɥɚ] [1], ɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥɚ] [2] ɢ ɫɩɢɪɨ[ɩɢɪɪɨɥ-2,5'-

ɩɢɪɪɨɥɨ[2,3-d]ɩɢɪɢɦɢɞɢɧɚ] [3]. Ɋɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɫ ɧɭɤɥɟɨɮɢɥɶɧɵɦ ɩɪɢɫɨ-

ɟɞɢɧɟɧɢɟɦ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɜ ɤ ɚɬɨɦɭ ɋ5 ɢ ɦɟɬɨɤ-

ɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɟɚɤɰɢɢ 

ɫ ɟɧɝɢɞɪɚɡɢɧɚɦɢ ɧɟ ɢɡɭɱɟɧɵ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɧɝɢɞɪɚɡɢɧɨɜ ɜɦɟɫɬɨ ɟɧɚɦɢɧɨɜ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɦɵɤɚɧɢɹ ɤɚɤ ɩɹɬɢ- ɬɚɤ ɢ ɲɟɫɬɢɱɥɟɧ-

ɧɨɝɨ ɰɢɤɥɚ – ɨɛɪɚɡɨɜɚɧɢɹ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɩɢɪɨ[ɢɧɞɨɥ-

3,2'-ɩɢɪɪɨɥɚ] ɢɥɢ ɫɩɢɪɨ[ɰɢɧɧɨɥɢɧ-4,2'-ɩɢɪɪɨɥɚ]. 

ɇɚɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4-ɛɟɧɡɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-(4-

ɯɥɨɪɮɟɧɢɥ)-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I ɫ ɰɢɤɥɢɱɟɫɤɢɦ ɟɧɝɢɞɪɚɡɢɧɨɦ II ɜ ɫɨɨɬɧɨ-

ɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɤɢɩɹɱɟɧɢɹ ɜ ɚɛɫɨɥɸɬɧɨɦ 1,2-ɞɢɯɥɨɪɷɬɚɧɟ ɜ ɬɟ-

ɱɟɧɢɟ 2 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ), ɜɦɟɫɬɨ ɨɠɢɞɚɟɦɨɝɨ 2,3'-ɞɢɛɟɧɡɨɢɥ-4'-

ɝɢɞɪɨɤɫɢ-7,7-ɞɢɦɟɬɢɥ-1'-(4-ɯɥɨɪɮɟɧɢɥ)-7,8-ɞɢɝɢɞɪɨ-1ɇ-ɫɩɢɪɨ[ɰɢɧɧɨɥɢɧ-4,2'-

ɩɢɪɪɨɥ]-3,5,5'(1'ɇ,2ɇ,6ɇ)-ɬɪɢɨɧɚ Ⱥ ɩɨɥɭɱɟɧ N-(3'-ɛɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-6,6-

ɞɢɦɟɬɢɥ-2,4,5'-ɬɪɢɨɤɫɨ-1'-(4-ɯɥɨɪɮɟɧɢɥ)-1',4,5,5',6,7-ɝɟɤɫɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-

3,2'-ɩɢɪɪɨɥ]-1(2ɇ)-ɢɥ)ɛɟɧɡɚɦɢɞ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [4]. 

ɋɨɟɞɢɧɟɧɢɟ III – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ 

ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɜɟɪɨɹɬɧɨ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɝɢɞɪɚɡɢɧɨɮɪɚɝɦɟɧɬɚ 

ɟɧɝɢɞɪɚɡɢɧɚ II ɤ ɚɬɨɦɭ ɋ5 ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ 

ɢɧɞɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɟɧɚɦɢɧɨɝɪɭɩɩɨɣ 

ɟɧɝɢɞɪɚɡɢɧɨɮɪɚɝɦɟɧɬɚ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ ɨɬɳɟɩɥɟɧɢɹ 

ɦɟɬɚɧɨɥɚ. Ɂɚɦɵɤɚɧɢɟ ɨɠɢɞɚɟɦɨɝɨ ɧɚɦɢ ɩɢɪɢɞɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ 

ɫɨɟɞɢɧɟɧɢɹ Ⱥ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɦɟɧɶɲɟɣ 

ɧɭɤɥɟɨɮɢɥɶɧɨɫɬɢ ɝɪɭɩɩɵ NH ɛɟɧɡɨɢɥɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɭɩɩɨɣ 

NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɜ ɰɢɤɥɢɱɟɫɤɨɦ ɟɧɝɢɞɪɚɡɢɧɟ II. 

ɋɩɟɰɢɚɥɶɧɨ ɞɥɹ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɦɟɞɥɟɧɧɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɷɬɚɧɨɥɚ ɜɵɪɚɳɟɧɵ ɤɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɹ III. 

ɂɫɫɥɟɞɨɜɚɧɧɵɣ ɦɟɬɨɞɨɦ ɊɋȺ ɤɪɢɫɬɚɥɥ ɩɨɦɢɦɨ ɫɨɟɞɢɧɟɧɢɹ III ɫɨɞɟɪɠɢɬ 

ɦɨɥɟɤɭɥɵ ɷɬɚɧɨɥɚ ɜ ɷɤɜɢɦɨɥɹɪɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ – C33H26ClN3O6∙C2H5OH. 

ɇɢɡɤɨɟ ɤɚɱɟɫɬɜɨ ɤɪɢɫɬɚɥɥɚ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɦɚɥɨɟ ɱɢɫɥɨ ɡɧɚɱɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, 
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ɧɟ ɩɨɡɜɨɥɢɥɨ ɭɬɨɱɧɢɬɶ ɫɬɪɭɤɬɭɪɭ ɧɢɠɟ R-ɮɚɤɬɨɪɚ 0.0909. Ⱥɬɨɦɵ ɭɝɥɟɪɨɞɚ 

ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɛɟɧɡɚɦɢɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢ ɷɬɚɧɨɥɚ ɢɦɟɸɬ ɚɧɨɦɚɥɶɧɨ 

ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ. Ɉɞɧɚɤɨ ɜɫɟ ɷɬɨ ɧɟ ɫɬɚɜɢɬ 

ɩɨɞ ɫɨɦɧɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ III ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 13. ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɜ 

ɦɨɥɟɤɭɥɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɛɵɱɧɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ 

ɡɧɚɱɟɧɢɣ ɫ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ ɋ3=ɋ4 ɢ ɋ5=ɋ6 ɜ ɩɢɪɪɨɥɶɧɵɯ 

ɰɢɤɥɚɯ. 

 

Рɢс. 13. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ N-(3'-ɛɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-2,4,5'-ɬɪɢɨɤɫɨ-1'-(4-

ɯɥɨɪɮɟɧɢɥ)-1',4,5,5',6,7-ɝɟɤɫɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-1(2ɇ)-ɢɥ)ɛɟɧɡɚɦɢɞɚ III 

 

ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III, ɬɪɚɧɫɥɹɰɢɨɧɧɨ ɫɜɹɡɚɧɧɵɟ ɜɞɨɥɶ 

ɧɚɩɪɚɜɥɟɧɢɹ ɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɹɱɟɣɤɢ, ɨɛɪɚɡɭɸɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ 

ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ N3–H3∙∙∙Ɉ3 ɞɥɢɧɨɣ 2.86 Å. Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɥɟɤɭɥɵ ɷɬɚɧɨɥɚ 

ɱɟɪɟɡ ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ Ɉ7 ɫɜɹɡɚɧɵ ɫ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɦɨɥɟɤɭɥɚɦɢ ɫɨɟɞɢɧɟɧɢɹ 

III ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ ɬɢɩɚ O2–H2∙∙∙Ɉ7 (2.54 Å) ɢ O7–H7∙∙∙Ɉ4 (2.79 Å). Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɢ ɷɬɚɧɨɥɚ, ɫɜɹɡɚɧɧɵɟ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɵɦɢ 
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ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɜɹɡɹɦɢ, ɨɛɪɚɡɭɸɬ ɛɟɫɤɨɧɟɱɧɭɸ ɰɟɩɨɱɤɭ ɜɞɨɥɶ 

ɧɚɩɪɚɜɥɟɧɢɹ ɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɹɱɟɣɤɢ. 

N-(3'-Ȼɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-6,6-ɞɢɦɟɬɢɥ-2,4,5'-ɬɪɢɨɤɫɨ-1'-(4-ɯɥɨɪɮɟɧɢɥ) 

-1',4,5,5',6,7-ɝɟɤɫɚɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-1(2ɇ)-ɢɥ)ɛɟɧɡɚɦɢɞ III. Ɋɚɫɬɜɨɪ 

1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɢ 1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 1,2-

ɞɢɯɥɨɪɷɬɚɧɚ ɤɢɩɹɬɢɥɢ 2 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɷɬɢɥɚɰɟɬɚɬ, 

ɩɪɨɹɜɥɹɥɢ ɩɚɪɚɦɢ ɣɨɞɚ), ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. 

ȼɵɯɨɞ 82%, ɬ.ɩɥ. 227–229ɋ (ɪɚɡɥ., ɦɟɬɚɧɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν, 

ɫɦ-1: 3451 ɲ, 3186 ɲ (NH, OH), 1782, (ɋ2=Ɉ, ɋ5'=Ɉ), 1694, 1651, 1632 (ɋ4=Ɉ, 

2ɋɈɊh), 1540 («ɚɦɢɞ II»). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 0.67 ɫ 

(3ɇ, Me), 0.85 ɫ (3ɇ, Me), 2.03 ɞ.ɞ (2ɇ, ɋ7ɇ2, J 33.1, 16.2 Ƚɰ), 2.37 ɞ.ɞ (2ɇ, ɋ5ɇ2, 

J 89.6, J 17.4 Ƚɰ), 7.33–8.06 ɝɪ.ɫ (14ɇ, 2Ph + C6H4), 11.81 c (1H, NH), 12.65 ɭɲ.ɫ 

(1ɇ, Ɉɇ). ɇɚɣɞɟɧɨ, %: ɋ 66.52; ɇ 4.39; Cl 5.97; N 7.03. ɋ33H26ɋlN3O6. 

ȼɵɱɢɫɥɟɧɨ, %: ɋ 66.50; ɇ 4.40; Cl 5.95; N 7.05. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III. Ȼɥɟɞɧɨ ɠɟɥɬɨɝɨ ɰɜɟɬɚ, 

ɛɟɡ ɜɵɪɚɠɟɧɧɨɣ ɨɝɪɚɧɤɢ ɤɪɢɫɬɚɥɥɵ C33H26ClN3O6∙C2H5OH ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ 

ɫɥɢɩɲɢɟɫɹ ɤɨɧɝɥɨɦɟɪɚɬɵ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɨɬɤɨɥɨɬ ɤɪɢɫɬɚɥɥɢɤ ɪɚɡɦɟɪɨɦ 

0.25 × 0.2 × 0.15 ɦɦ. ɋɢɧɝɨɧɢɹ ɬɪɢɤɥɢɧɧɚɹ: a 8.719(2), b 10.125(2), c 19.495(4) 

Å, α 99.18(3), ȕ 93.95(3), Ȗ 106.49(3)°, V 1617.2(6) Å3, M 642.09, dɜɵɱ.  1.319 ɝ/ɫɦ3, 

Z 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ 

ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 (KUMA 

DIFFRACTION) ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ ɜ ɨɛɥɚɫɬɢ ɭɝɥɨɜ 2.13 ÷ 21.24 (97.9% 

ɨɛɪɚɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 3799 ɨɬɪɚɠɟɧɢɹ, ɢɡ ɤɨɬɨɪɵɯ 3504  

ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.1018). ȼ ɱɢɫɥɟ ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ ɬɨɥɶɤɨ ɨɤɨɥɨ ɬɪɟɬɢ 

(1280) ɨɤɚɡɚɥɢɫɶ ɫ I  2(I). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SIR92 [5] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɭɬɨɱɧɹɥɢɫɶ ɩɨ ɩɪɢɧɰɢɩɭ 

ɧɚɟɡɞɧɢɤɚ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( 0.171 ɦɦ-1). 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ 
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ɩɪɨɝɪɚɦɦɟ SHELXL-97 [6] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 0.0909, wR2 0. 2431 ɩɨ 1280 

ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I) ɢ R1 0.3086, wR2 0.2840 ɩɨ ɜɫɟɦ 3504 ɨɬɪɚɠɟɧɢɹɦ. GOOF 

0.956. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɢɤ ɧɚ ɪɚɡɧɨɫɬɧɨɦ ɫɢɧɬɟɡɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɜɟɧ 

0.338 ē/Å3. CIF ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɢɫɫɥɟɞɨɜɚɧɧɨɣ 

ɫɬɪɭɤɬɭɪɟ ɞɟɩɨɧɢɪɨɜɚɧ ɜ CCDC ɩɨɞ ɧɨɦɟɪɨɦ 930199, ɨɬɤɭɞɚ ɦɨɠɟɬ ɛɵɬɶ 

ɫɜɨɛɨɞɧɨ ɩɨɥɭɱɟɧ ɩɨ ɡɚɩɪɨɫɭ ɧɚ ɫɥɟɞɭɸɳɟɦ ɢɧɬɟɪɧɟɬ-ɫɚɣɬɟ: 

www.ccdc.cam.ac.uk/data_request/cif. 
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4'-Ƚɢɞɪɨɤɫɢ-3'-(2,4-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-1,1'-ɞɢɮɟɧɢɥ-1Н-ɫɩɢɪɨ{ɢɧɞɟɧɨ[1,2-b]-

ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ}-2,4,5'(1'Н)-ɬɪɢɨɧ 

 

ɇɭɤɥɟɨɮɢɥɶɧɵɟ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɢ ɪɟɰɢɤɥɢɡɚɰɢɢ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ – ɭɞɨɛɧɵɣ ɩɭɬɶ 

ɫɢɧɬɟɡɚ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɹɬɢ-, ɲɟɫɬɢ- ɢ ɫɟɦɢɱɥɟɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ, 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ, ɦɨɫɬɢɤɨɜɵɯ ɢ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1, 2]. 

Ɋɚɧɟɟ ɨɩɢɫɚɧɚ ɫɩɢɪɨ-ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɹ 5-ɮɟɧɢɥ-4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-1H-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 3-ɚɪɢɥɚɦɢɧɨ-1H-ɢɧɞɟɧ-1-ɨɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ 

ɜ ɪɟɚɤɰɢɹɯ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɢ 1:2, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɫɩɢɪɨ{ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɥɢɧ-10,3'-ɩɢɪɪɨɥɨɜ} [3] ɢ ɫɩɢɪɨ{ɞɢɢɧɞɟɧɨ[1,2-b:2',1'-

e]ɩɢɪɢɞɢɧ-11,3'-ɩɢɪɪɨɥɨɜ} [4]. ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ɨɪɬɨ-

ɝɪɭɩɩɵ ɋɇ ɚɪɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɝɪɭɩɩɵ ȕ-CH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɤ ɚɬɨɦɭ 

ɭɝɥɟɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɩɢɪɪɨɥɞɢɨɧɨɜ [3]. ɉɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:2 ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɞɟɧɫɚɰɢɹ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ ɚɦɢɧɨɢɧɞɟɧɨɧɨɜ ɢ 

ɩɨɫɥɟɞɭɸɳɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ [4]. Ɋɟɚɤɰɢɢ ɞɪɭɝɢɯ 

ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɡɚɦɟɳɟɧɧɵɦɢ 1ɇ-ɢɧɞɟɧ-1-ɨɧɚɦɢ 

ɪɚɧɟɟ ɧɟ ɢɡɭɱɟɧɵ. 

ɇɚɦɢ ɩɪɢ ɤɢɩɹɱɟɧɢɢ 4-(2,4-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-

ɮɟɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I ɫ 3-(ɮɟɧɢɥɚɦɢɧɨ)-1ɇ-ɢɧɞɟɧ-1-ɨɧɨɦ II ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 2 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ), 

ɩɨɥɭɱɟɧ 4'-ɝɢɞɪɨɤɫɢ-3'-(2,4-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-1,1'-ɞɢɮɟɧɢɥ-1ɇ-ɫɩɢɪɨ{ɢɧɞɟɧɨ[1, 

2-b]ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ}-2,4,5'(1'ɇ)-ɬɪɢɨɧ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ 

ɊɋȺ [5]. 

ɋɨɟɞɢɧɟɧɢɟ III – ɨɪɚɧɠɟɜɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, 

ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ. 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɢɧɞɟɧɨɧɚ II ɤ ɚɬɨɦɭ ɋ5 

ɩɢɪɪɨɥɞɢɨɧɚ I c ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ ɢɧɞɟɧɨɧɚ II ɫɥɨɠɧɨɷɮɢɪɧɨɣ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ ɢ ɨɬɳɟɩɥɟɧɢɹ ɦɟɬɚɧɨɥɚ. 

Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɨɜɵɣ ɫɩɨɫɨɛ ɩɨɫɬɪɨɟɧɢɹ 

ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɩɢɪɨ{ɢɧɞɟɧɨ[1,2-b]ɩɢɪɪɨɥ-3,2'-

ɩɢɪɪɨɥɚ}, ɚ ɬɚɤɠɟ ɩɪɢɦɟɪ ɩɪɹɦɨɣ ɫɩɢɪɨɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɟɧɚɦɢɧɨɤɟɬɨɧɨɜ. 

ɉɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ III ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɫ ɦɨɥɟɤɭɥɨɣ ɬɨɥɭɨɥɚ, 1:1. 

Ɉɛɳɢɣ ɜɢɞ ɫɨɟɞɢɧɟɧɢɹ III ɢ ɩɪɢɧɹɬɚɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɭɦɟɪɚɰɢɹ 

ɚɬɨɦɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 14. 
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Рɢс. 14. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 4'-ɝɢɞɪɨɤɫɢ-3'-(2,4-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-1,1'-ɞɢɮɟɧɢɥ-1ɇ-

ɫɩɢɪɨ{ɢɧɞɟɧɨ[1,2-b]ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ}-2,4,5'(1'ɇ)-ɬɪɢɨɧɚ III 

 

Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. 

ɂɡɦɟɪɟɧɧɵɣ ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɹɦɢ ɝɟɬɟɪɨɰɢɤɥɨɜ ɩɪɢ ɫɩɢɪɨ-ɭɡɥɟ ɫɨɫɬɚɜɥɹɟɬ 

89.3. ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɷɥɟɦɟɧɬɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɢ ɹɜɥɹɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɦɟɪɨɜ ɡɚ ɫɱёɬ Ɇȼɋ O2–H2·O3 [–x+1, –y, –z] [O2–H2 0.90(2), O2–H3 

1.72(2), O2–O3 2.560(3) Å, ɭɝɨɥ O2H2O3 154.1(14)]. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɝɪɭɩɩɵ Ɉɇ ɤ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɋ12=Ɉ3 ɞɨɩɭɫɤɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɬɚɤɠɟ ȼȼɋ, ɨɞɧɚɤɨ 

ɫɥɢɲɤɨɦ ɦɚɥɵɣ ɧɚɛɥɸɞɚɟɦɵɣ ɭɝɨɥ ɫɜɹɡɵɜɚɧɢɹ Ɉ–ɇ∙∙∙Ɉ (104) ɢ ɛɨɥɶɲɨɟ 

ɦɟɠɚɬɨɦɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɇ∙∙∙Ɉ (2.55 Å) ɧɟ ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ ɨ ɪɟɚɥɶɧɨɫɬɢ 

ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɞɚɧɧɨɣ ȼȼɋ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 

4'-Ƚɢɞɪɨɤɫɢ-3'-(2,4-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-1,1'-ɞɢɮɟɧɢɥ-1Н-ɫɩɢɪɨ{ɢɧɞɟɧɨ 

[1,2-b]ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ}-2,4,5'(1'Н)-ɬɪɢɨɧ III. Ɋɚɫɬɜɨɪ 1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 

I ɢ 1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ II ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 2 ɱ (ɤɨɧɬɪɨɥɶ 

ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1; ɩɪɨɹɜɥɹɥɢ ɩɚɪɚɦɢ ɣɨɞɚ), 

ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 84%, ɬ.ɩɥ. 255–

256°ɋ (ɬɨɥɭɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ–1: 3120 ɲ (Ɉɇ), 1773 (C2=O), 
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1703 (C5'=O), 1674 (C4=O), 1611 (ɋɈɋ6ɇ3). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-

d6), δ, ɦ.ɞ.: 2.26 ɫ (3H, Ɇɟ), 2.31 ɫ (3ɇ, Ɇɟ), 6.39 ɞ (1ɇ, ɋ8ɇ, J 7.1 Ƚɰ), 7.08–7.69 

ɝɪ.ɫ (16H, 2Ph + 2ɋ6ɇ3), 12.30 ɭɲ. ɫ (1ɇ, Ɉɇ). ɋɩɟɤɬɪ əɆɊ 13C (100 ɆȽɰ, 

ȾɆɋɈ-d6), δ, ɦ.ɞ.: 18.83 (Me), 20.86 (Me), 68.60 (Cspiro), 108.02 (ɋ3ɚ), 117.39 (ɋ3'), 

120.64–140.60 (ɋAr), 153.95(ɋ8b) 165.31 (C5'=Ɉ), 171.56 (C2=Ɉ), 176.77 (ɋ4'), 

183.84 (C4=O), 190.45 (ArɋɈ). ɇɚɣɞɟɧɨ, %: ɋ 76.17; ɇ 4.34; N 5.06. ɋ35H24N2O5. 

ȼɵɱɢɫɥɟɧɨ, %: ɋ 76.10; ɇ 4.39; N 5.09. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III ɩɪɨɜɟɞɟɧɨ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur 3, ɨɛɨɪɭɞɨɜɚɧɧɨɦ 

CCD-ɞɟɬɟɤɬɨɪɨɦ, ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɟ [Ɍ 150(2) Ʉ, Ȝ(MoKα) 0,71073 Å, ω-

ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 1]. ɋɛɨɪ ɢ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 

ɩɪɨɰɟɞɭɪɟ [6], ɩɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ. Ʉɪɢɫɬɚɥɥ ɬɪɢɤɥɢɧɧɵɣ, 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1, a 10.0516(11), b 12.6108(15), c 14.2748(9) Å, α 

89.071(7), ȕ 81.788(7), Ȗ 69.813(10), ȝ 0.084 ɦɦ–1. ɇɚ ɭɝɥɚɯ ɨɬɪɚɠɟɧɢɣ 52.79 < θ 

< 28.28 ɫɨɛɪɚɧɨ 9778 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 8063 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0265), 3677 ɫ 

I > 2σ(I). Ʉɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ < 28.29 96.5%. Ɋɟɲɟɧɢɟ ɢ ɭɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ SHELX [7]. ɍɬɨɱɧɟɧɢɟ 

ɩɪɨɜɟɞɟɧɨ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɫɜɹɡɟɣ ɋ–ɇ ɩɨɦɟɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 

ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ, ɩɨɡɢɰɢɢ ɚɬɨɦɨɜ 

ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0427, wR2 0.1005 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I 

> 2σ(I)], R1 0.1033, wR2 0.1056 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ) ɩɪɢ ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 

1.018. ɉɢɤɢ ɦɚɤɫɢɦɭɦɚ ɢ ɦɢɧɢɦɭɦɚ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.319 ɢ  

–0.322 ēÅ-3. Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ 

ɜ Ʉɟɦɛɪɢɞɠɫɤɨɣ ɛɚɡɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ (CCDC 876974). ɗɬɢ ɞɚɧɧɵɟ 

ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɢ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɪɨɲɟɧɵ ɩɨ ɚɞɪɟɫɭ 

www.ccdc.cam.ac.uk/data_request/cif. 
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4'-Ƚɢɞɪɨɤɫɢ-1,1'-ɞɢ(4-ɦɟɬɢɥɮɟɧɢɥ)-3'-ɰɢɧɧɚɦɨɢɥ-1H-ɫɩɢɪɨ 

[ɢɧɞɟɧɨ[1,2-b]ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1'H)-ɬɪɢɨɧ 

 

ɋɩɢɪɨɫɨɟɞɢɧɟɧɢɹ ɡɚɧɢɦɚɸɬ ɨɫɨɛɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɩɪɢɪɨɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɨɛɥɚɞɚɸɳɢɯ ɜɵɪɚɠɟɧɧɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ [1–3]. ȼ ɩɨɫɥɟɞɧɢɟ ɬɪɢ 

ɞɟɫɹɬɢɥɟɬɢɹ ɫɩɢɪɨɫɨɟɞɢɧɟɧɢɹ ɩɪɢɜɥɟɤɚɸɬ ɜɫɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟ-

ɥɟɣ ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɧɟɨɛɵɱɧɨɣ ɢ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɨɣ ɚɤɬɢɜ-

ɧɨɫɬɢ, ɜɤɥɸɱɚɹ ɚɧɬɢɧɟɨɩɥɚɫɬɢɱɟɫɤɭɸ [4]. ɇɟɤɨɬɨɪɵɟ ɫɩɢɪɨɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶ-

ɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɛɢɨɬɢɤɨɜ, ɩɪɨɬɢɜɨɦɢɤɪɨɛɧɵɯ ɢ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɯ 

ɫɪɟɞɫɬɜ [5, 6]. 

ɍɞɨɛɧɵɦ ɦɟɬɨɞɨɦ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɨɜ ɹɜɥɹɟɬɫɹ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɢɟ 4-ɚɰɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɟɧɚɦɢɧɚɦɢ. Ɋɚɧɟɟ 

ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɬɢɥ 1-ɚɪɢɥ-3-ɚɰɢɥ-4,5-ɞɢɨɤɫɨ-4,5-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-2-

ɤɚɪɛɨɤɫɢɥɚɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ [7], ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦɢ [8–

10], ɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ [11–13] ɟɧɚɦɢɧɚɦɢ ɤɚɤ ɫ 1,3-CH,NH-

ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ ɩɨ ɫɯɟɦɟ, ɜɤɥɸɱɚɸɳɟɣ ɧɭɤɥɟɨɮɢɥɶɧɭɸ ɚɬɚɤɭ ɝɪɭɩɩɨɣ ȕ-CH 

ɟɧɚɦɢɧɚ ɩɨ C5 ɚɬɨɦɭ ɩɢɪɪɨɥɞɢɨɧɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨɝɨ 

ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɝɪɭɩɩɨɣ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɫɥɨɠ-

ɧɨɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɩɢɪɪɨɥɞɢɨɧɚ ɢ ɨɬɳɟɩɥɟɧɢɟɦ ɦɟɬɚɧɨɥɚ. ɗɬɢ 

ɪɟɚɤɰɢɢ ɜɟɞɭɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɩɢɪɨɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɬɚɤɢɯ ɤɚɤ 1,7-

ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚɧ [7], ɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ] [8–10], ɫɩɢɪɨ[ɩɢɪɪɨɥ-2,5'-

ɩɢɪɪɨɥɨ[2,3-d]ɩɢɪɢɦɢɞɢɧ] [11] ɢ ɫɩɢɪɨ[ɩɢɪɪɨɥɨ[2,1-a]ɢɡɨɯɢɧɨɥɢɧ-2,2'-ɩɢɪɪɨɥ] 

[12, 13]. 

Ɍɚɤɠɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 3-(ɚɪɢɥɚɦɢɧɨ)-1H-ɢɧɞɟɧ-1-ɨɧɵ ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɭɸɬ ɫ ɷɬɢɥ 1-ɚɪɢɥ-4,5-ɞɢɨɤɫɨ-2-ɮɟɧɢɥ-4,5-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-3-

ɤɚɪɛɨɤɫɢɥɚɬɚɦɢ ɤɚɤ 1,5-CH,ɋH-ɛɢɧɭɤɥɟɨɮɢɥɵ ɩɨ ɫɯɟɦɟ, ɜɤɥɸɱɚɸɳɟɣ ɧɭɤɥɟɨ-

ɮɢɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ɨɪɬɨ-CH ɚɪɢɥɚɦɢɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɤɟɬɨɧɨɜ ɤ ɚɬɨɦɭ C4 ɩɢɪɪɨɥɢɨɧɨɜ ɫ ɩɨɫɥɟɞɭɸ-

ɳɢɦ ɡɚɤɪɵɬɢɟɦ 1,4-ɞɢɝɢɞɪɨɩɢɪɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ 

ɚɬɚɤɢ ɝɪɭɩɩɨɣ ȕ-CH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɚɬɨɦɚ C4 ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ. ɉɨ-
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ɫɥɟɞɧɢɹɹ ɫɬɚɞɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɬɳɟɩɥɟɧɢɟɦ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɢ ɡɚɜɟɪɲɚɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɨɝɨ ɫɩɢɪɨ[ɢɧɞɟɧɨ[1,2-b]ɯɢɧɨɥɢɧ-10,3'-ɩɢɪɪɨɥɚ] [14]. 

Ɋɟɚɤɰɢɢ ɩɹɬɢɱɥɟɧɧɵɯ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɤɟɬɨɧɨɜ ɫ ɦɟɬɢɥ 1-ɚɪɢɥ-3-

ɰɢɧɧɚɦɨɢɥ-4,5-ɞɢɨɤɫɨ-4,5-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬɚɦɢ ɪɚɧɟɟ ɧɟ ɨɩɢ-

ɫɚɧɵ. ɇɚɦɢ ɢɡɭɱɟɧ ɞɪɭɝɨɣ ɬɢɩ ɫɩɢɪɨɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɡɚɦɟɳɟɧɧɵɯ 1H-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɨɜ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɷɬɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ, ɤɚɤ ɫ 1,3-CH,NH-

ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ. 

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɦɨɧɨɰɢɤɥɢ-

ɱɟɫɤɢɯ 1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ  ɛɢɧɭɤɥɟɨɮɢɥɨɜ ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɧɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɢɥ 1-ɚɪɢɥ-3-ɰɢɧɧɚɦɨɢɥ-4,5-ɞɢɨɤɫɨ-4,5-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-

2-ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɫ 3-(ɚɪɢɥɚɦɢɧɨ)-1H-ɢɧɞɟɧ-1-ɨɧɚɦɢ.  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɟɧɚɦɢɧɨɦ II, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ 

ɤɢɩɹɱɟɧɢɹ ɪɚɫɬɜɨɪɨɜ ɪɟɚɝɟɧɬɨɜ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟ-

ɱɟɧɢɟ 6 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ), ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɛɵɥ ɩɨɥɭɱɟɧ 4'-

ɝɢɞɪɨɤɫɢ-1,1'-ɞɢ(4-ɦɟɬɢɥɮɟɧɢɥ)-3'-ɰɢɧɧɚɦɨɢɥ-1H-ɫɩɢɪɨ[ɢɧɞɟɧɨ[1,2-b]ɩɢɪɪɨɥ-

3,2'-ɩɢɪɪɨɥ]-2,4,5'(1'H)-ɬɪɢɨɧ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [15]. 

ɋɨɟɞɢɧɟɧɢɟ III – ɤɪɚɫɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, 

ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ ɧɚ ɧɚɥɢɱɢɟ 

ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ (ɜɢɲɧɟɜɨ-ɤɪɚɫɧɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɫɨ ɫɩɢɪɬɨ-

ɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɚɬɚɤɢ 

ɝɪɭɩɩɨɣ ȕ-CH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɢɧɞɟɧɨɧɚ II ɚɬɨɦɚ C5 ɩɢɪɪɨɥɞɢɨɧɚ I, ɫ ɩɨɫɥɟ-

ɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ 

ɚɦɢɧɨɝɪɭɩɩɨɣ ɢɧɞɟɧɨɧɚ II ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ 5 ɩɨɥɨɠɟ-

ɧɢɢ ɩɢɪɪɨɥɞɢɨɧɚ I, ɫɨɩɪɨɜɨɠɞɚɸɳɟɣɫɹ ɨɬɳɟɩɥɟɧɢɟɦ ɦɟɬɚɧɨɥɚ. ȼɵɞɟɥɢɬɶ ɢɧ-

ɬɟɪɦɟɞɢɚɬ IV ɧɟ ɭɞɚɥɨɫɶ. ȼɨɡɦɨɠɧɨ, ɫɤɨɪɨɫɬɶ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ 

ɫɨɟɞɢɧɟɧɢɹ IV ɜɵɲɟ ɫɤɨɪɨɫɬɢ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ. 
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Рɢс. 15. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 4'-ɝɢɞɪɨɤɫɢ-1,1'-ɞɢ(4-ɦɟɬɢɥɮɟɧɢɥ)-3'-ɰɢɧɧɚɦɨɢɥ-1H-

ɫɩɢɪɨ[ɢɧɞɟɧɨ[1,2-b]ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1'H)-ɬɪɢɨɧɚ III 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ ɞɜɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɟ ɦɨɥɟɤɭɥɵ 

ɫɨɟɞɢɧɟɧɢɹ III ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɝɪɭɩɩɟ P21/n ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ ɜ ɮɨɪɦɟ ɫɨɥɶɜɚɬɚ. Ɉɛɳɢɣ ɜɢɞ ɨɞɧɨɣ ɢɡ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 16. ȼɬɨɪɚɹ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɚɹ ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ ɛɥɢɡɤɭɸ ɝɟɨɦɟɬɪɢɸ, ɚ ɧɭ-

ɦɟɪɚɰɢɹ ɟɟ ɚɬɨɦɨɜ ɢɦɟɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɧɞɟɤɫ “A”. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬ-

ɧɵɟ ɭɝɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. ɂɡɦɟɪɟɧɧɵɣ ɭɝɨɥ ɦɟɠɞɭ ɩɥɨɫ-

ɤɨɫɬɹɦɢ ɝɟɬɟɪɨɰɢɤɥɨɜ ɩɪɢ ɫɩɢɪɨ-ɭɡɥɟ ɫɨɫɬɚɜɥɹɟɬ 89.5. ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧ-

ɧɵɦ ɷɥɟɦɟɧɬɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɢ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɞɢɦɟɪɨɜ ɡɚ 

ɫɱёɬ Ɇȼɋ O1–H1–O4A [O1–H1 1.05(3), H1–O4A 1.71(2), O1–O4A 2.644(3) Å, ɭɝɨɥ 

O1H1O4A 144(1)°] ɢ O1A–H1A–O4 [O1A–H1A 0.71(3), H1A–O4 1.98(3), O1A–O4 2.622(3) 

Å, ɭɝɨɥ O1AH1AO4 151(1)°]. 

 

 
Рɢс. 16. Ɏɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ ɫɨɟɞɢɧɟɧɢɹ III 

 

4'-Ƚɢɞɪɨɤɫɢ-1,1'-ɞɢ(4-ɦɟɬɢɥɮɟɧɢɥ)-3'-ɰɢɧɧɚɦɨɢɥ-1H-ɫɩɢɪɨ[ɢɧɞɟɧɨ 

[1,2-b]ɩɢɪɪɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5'(1'H)-ɬɪɢɨɧ III. Ɋɚɫɬɜɨɪ ɫɦɟɫɢ 1.0 ɦɦɨɥɶ 

ɩɢɪɪɨɥɞɢɨɧɚ I ɢ ɟɧɚɦɢɧɚ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ  ɜ ɬɟɱɟɧɢɟ 6 

ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1). Ɉɯɥɚɠɞɚɥɢ, ɜɵ-
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ɩɚɜɲɢɣ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ III ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ 

ɬɨɥɭɨɥɚ. ȼɵɯɨɞ 79%, ɬ.ɩɥ. 282–283°C. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 

3174 (OH), 1763 (C2=O), 1727 (C5'=O), 1678 (C4=O), 1647 (C3'–C=O). ɋɩɟɤɬɪ 

əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.28 ɫ (3H, Me), 2.43 ɫ (3H, Me), 6.39 ɞ 

(1ɇ, H8, J 7.3 Ƚɰ), 7.01–7.69 ɝɪ.ɫ (16H, Hɚɪɨɦ.), 7.64 ɞ (1ɇ, COCH=CHPh, J 15.8 

Ƚɰ), 7.74 ɞ (1ɇ, COCH=CHPh, Jɬɪɚɧɫ. 15.8 Ƚɰ), 13.31 ɫ (1ɇ, Ɉɇ). 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. ɊɋȺ ɫɨɟɞɢɧɟɧɢɹ 

III ɩɪɨɜɟɞёɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬ-

ɪɟ Xcalibur-3 ɫ CCD ɞɟɬɟɤɬɨɪɨɦ [Ȝ(MoKα) 0.71073Å, Ɍ 295(2) Ʉ, ɝɪɚɮɢɬɨɜɵɣ 

ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1]. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ 

ɢɫɩɨɥɶɡɨɜɚɧ ɤɪɚɫɧɵɣ ɤɪɢɫɬɚɥɥ ɪɚɡɦɟɪɨɦ 0.25×0.20×0.15 ɦɦ. ɋɢɧɝɨɧɢɹ ɤɪɢ-

ɫɬɚɥɥɚ ɦɨɧɨɤɥɢɧɧɚɹ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/n, ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɹɱɟɣɤɢ: ɚ 15.2533(6), b 16.6750(12), ɫ 26.0000(19) Å, ȕ 101.496(4), V 6480.4(7) 

Å3, Z 8, dɜɵɱ. 1.186 ɝ/ɫɦ3. ȼ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 2.57 < θ < 26.40° ɫɨɛɪɚɧɨ 23715 ɨɬ-

ɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 13082 (Rint 0.0361) ɢ 5076 ɫ I > 2σ(I). Ʉɨɦɩɥɟɤɬ-

ɧɨɫɬɶ ɞɥɹ θ < 26.0° 98.8%. ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ 

ɭɬɨɱɧɟɧɚ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ 

SHELXTL-97 [16] ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨ-

ɦɨɜ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.079 ɦɦ−1). Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟ-

ɡɭɥɶɬɚɬɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0456, wR2 0.1037 ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I); R1 0.1174, 

wR2 0.1085 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), GOOF 1.019. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ 

ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.186 ɢ −0.240 ēÅ−3. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɥɨɤɚɥɢɡɨɜɚɧɵ ɩɨ ɦɚɤɫɢɦɭɦɚɦ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ 

ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ. ɉɪɨɬɨɧɵ ɝɪɭɩɩ NH ɢ OH ɪɟɲɟɧɵ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱ-

ɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ. Ʉ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɦɭ ɪɚɫɬɜɨɪɢɬɟɥɸ ɩɪɢɦɟɧɹɥɢ ɩɪɨɰɟɞɭɪɭ 

SQUEEZE ɜ ɩɪɨɝɪɚɦɦɟ PLATON [17]. 

ɉɨɥɧɵɣ ɧɚɛɨɪ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɹ ɞɟɩɨɧɢɪɨɜɚɧ ɜ 

Ʉɟɦɛɪɢɞɠɫɤɨɦ ɛɚɧɤɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ (CCDC 909605) ɢ ɞɨɫɬɭɩɟɧ ɩɨ 

ɚɞɪɟɫɭ www.ccdc.cam.ac.uk/conts/retrieving.html (ɢɥɢ CCDC, 12 Union Road, 

Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk). 
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(2Z,5Z)-3-Ƚɢɞɪɨɤɫɢ-5-(3,3-ɞɢɦɟɬɢɥ-6,9-ɞɢɦɟɬɨɤɫɢ-8-ɨɤɫɨ-2-

ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧ 

 

5-Ⱥɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɬɟɪɦɢɱɟɫɤɨɟ 

ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɚɤɬɢɜɧɵɦɢ ɞɢɟɧɨɮɢɥɚɦɢ 

[1, 2] ɢ ɚɰɢɥɢɪɭɸɳɢɯ ɫɥɚɛɵɟ ɧɭɤɥɟɨɮɢɥɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɚɰɟɬɢɥɶɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ [1, 3]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɚɦɢ ɮɭɪɚɧɞɢɨɧɵ ɦɨɝɭɬ ɚɰɢɥɢɪɨɜɚɬɶ 

ɧɭɤɥɟɨɮɢɥɶɧɵɟ ɪɟɚɝɟɧɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɢɠɟ ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ 

ɚɪɨɢɥɤɟɬɟɧɨɜ, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɩɢɪɭɜɨɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [1, 4]. Ɋɚɧɟɟ ɧɚ 

ɩɪɢɦɟɪɟ ɧɟɫɤɨɥɶɤɢɯ ɪɟɚɤɰɢɣ ɧɚɦɢ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɚɰɢɥɢɪɨɜɚɧɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɜ ɪɹɞɚ 1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨ-

ɢɡɨɯɢɧɨɥɢɧɚ, 1-ɦɟɬɢɥ-2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-1,6,9-ɬɪɢɟɧ-8-ɨɧɚ, 2-ɦɟɬɢɥɟɧ-1,3,3-

ɬɪɢɦɟɬɢɥɢɧɞɨɥɢɧɚ (ɨɫɧɨɜɚɧɢɟ Ɏɢɲɟɪɚ) 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚɦɢ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɪɨɢɥɩɢɪɭɜɨɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [5–7]. ȼ 

ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɚɤɰɢɣ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫɨ ɫɩɢɪɚɧɚɦɢ 

ɪɹɞɚ 2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-1,6,9-ɬɪɢɟɧ-8-ɨɧɚ ɧɚɦɢ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɫɬɟɪɢɱɟɫɤɢɯ 

ɮɚɤɬɨɪɨɜ, ɫɨɡɞɚɜɚɟɦɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɜɟɞɟɧɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɢ 

6 ɫɩɢɪɨɩɢɪɪɨɥɢɧɚ, ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ 

ȕ-CH-ɧɭɤɥɟɨɮɢɥɚɦɢ 2-ɚɡɚɫɩɢɪɚɧɨɜɨɝɨ ɪɹɞɚ.  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ I ɫɨ ɫɩɢɪɚɧɨɦ II ɜ ɫɨɨɬɧɨ-

ɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 4 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨ-

ɞɨɦ Ɍɋɏ) ɩɨɥɭɱɟɧ (2Z,5Z)-3-ɝɢɞɪɨɤɫɢ-5-(3,3-ɞɢɦɟɬɢɥ-6,9-ɞɢɦɟɬɨɤɫɢ-8-ɨɤɫɨ-2-

ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧ III, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [8]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɛɥɟɞɧɨ-ɠɟɥɬɨɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨ ɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ 

ɢ ȾɆɎȺ, ɬɪɭɞɧɨ ɪɚɫɬɜɨɪɢɦɨɟ ɜ ɫɩɢɪɬɚɯ, ɷɮɢɪɚɯ, ɝɚɥɨɝɟɧɚɥɤɚɧɚɯ, ɧɟɪɚɫɬɜɨɪɢ-

ɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ 

ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɪɚɫɬɜɨɪɚ ɫɨɟɞɢɧɟɧɢɹ III ɜ CDCl3 ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ 

ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɚ 

ɫɢɧɝɥɟɬɚ ɲɟɫɬɢ ɩɪɨɬɨɧɨɜ ɞɜɭɯ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɩɨɥɨɠɟɧɢɢ 3 

ɩɢɪɪɨɥɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 1.53 ɢ 1.55 ɦ.ɞ., ɞɭɛɥɟɬ ɞɭɛɥɟɬɨɜ ɞɜɭɯ 

ɩɪɨɬɨɧɨɜ ɝɪɭɩɩɵ CH2 ɜ ɩɨɥɨɠɟɧɢɢ 4 ɩɢɪɪɨɥɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 2.32 ɦ.ɞ., 

ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ C5H ɩɪɢ 5.73 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ C2H ɩɪɢ 

7.05 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ NH ɩɪɢ 10.75 ɦ.ɞ., ɭɲɢɪɟɧɧɵɣ ɫɢɧɝɥɟɬ 

ɩɪɨɬɨɧɚ ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ Ɉɇ ɩɪɢ 15.66 ɦ.ɞ., ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɤɟɬɨɟɧɨɥɶɧɨɣ 

ɮɨɪɦɟ Ⱥ ɫɨɟɞɢɧɟɧɢɹ III. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɪɚɫɬɜɨɪɚ ɫɨɟɞɢɧɟɧɢɹ III 

ɜ CDCl3 ɢɦɟɸɬɫɹ ɦɢɧɨɪɧɵɟ ɧɚɛɨɪɵ ɫɢɝɧɚɥɨɜ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ Ȼ: ɫɢɝɧɚɥɵ 

ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ, ɞɜɚ ɫɢɧɝɥɟɬɚ ɲɟɫɬɢ 
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ɩɪɨɬɨɧɨɜ ɞɜɭɯ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɩɢɪɪɨɥɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ɩɪɢ 1.48 ɢ 1.50 ɦ.ɞ., ɞɭɛɥɟɬ ɞɭɛɥɟɬɨɜ ɞɜɭɯ ɩɪɨɬɨɧɨɜ ɝɪɭɩɩɵ CH2 ɜ ɩɨɥɨɠɟɧɢɢ 4 

ɩɢɪɪɨɥɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 2.29 ɦ.ɞ., ɫɢɧɝɥɟɬ ɞɜɭɯ ɩɪɨɬɨɧɨɜ ɝɪɭɩɩɵ C2H2 

ɩɪɢ 5.42 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ C5H ɩɪɢ 5.68 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ 

ɝɪɭɩɩɵ NH ɩɪɢ 10.42 ɦ.ɞ. 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɟɞɢɧɟɧɢɹ III ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɟɝɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜ ɪɚɫɬɜɨɪɟ ɜ ȾɆɋɈ-d6 ɜ ɜɢɞɟ ɫɦɟɫɢ ɤɟɬɨɟɧɨɥɶɧɨɣ ɮɨɪɦɵ Ⱥ ɢ 

ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ Ȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5:1. 

ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɹ III ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɰɢɥɢɪɨɜɚɧɢɢ ɝɪɭɩɩɵ 

ȕ-CH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɬɚɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ ɫɩɢɪɨɩɢɪɪɨɥɢɧɚ II 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɜ ɩɨɥɨɠɟɧɢɢ 2 5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ I ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɤɪɵɬɢɟɦ ɮɭɪɚɧɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ Ɉ1–ɋ2, ɤɚɤ ɷɬɨ ɛɵɥɨ 

ɨɩɢɫɚɧɨ ɪɚɧɟɟ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ ɬɚɤɢɦɢ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ ɤɚɤ 1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɵ [5] ɢ 

ɨɫɧɨɜɚɧɢɟ Ɏɢɲɟɪɚ [6]. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

Рɢс. 17. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (2Z,5Z)-3-ɝɢɞɪɨɤɫɢ-5-(3,3-ɞɢɦɟɬɢɥ-6,9-ɞɢɦɟɬɨɤɫɢ-8-ɨɤɫɨ-2-

ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧɚ III ɩɨ ɞɚɧɧɵɦ ɊɋА 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱ-

ɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ. Ɉɛɚ ɫɩɢɪɨ-ɫɨɱɥɟɧёɧɧɵɯ ɰɢɤɥɚ ɩɥɨɫɤɢɟ ɜ ɩɪɟɞɟ-

ɥɚɯ 0.04 Å, ɩɥɨɫɤɨɫɬɢ ɰɢɤɥɨɜ ɨɛɪɚɡɭɸɬ ɭɝɨɥ 89.4. Ȼɢɫ-ɟɧɨɧɨɜɵɣ ɮɪɚɝɦɟɧɬ 

ɢɦɟɟɬ s-ɰɢɫ-s-ɰɢɫ-s-ɰɢɫ-ɤɨɧɮɢɝɭɪɚɰɢɸ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɭɸ ɩɨɫɪɟɞɫɬɜɨɦ ɜɧɭɬ-

ɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧ ɫɜɹɡɟɣ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɪɚɡɪɵɜ ɫɢɫɬɟɦɵ ɫɨɩɪɹɠɟɧɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɩɨ ɫɜɹɡɢ ɋ9–ɋ10, ɞɥɢɧɚ ɤɨɬɨɪɨɣ 

(1.505 Å) ɛɥɢɡɤɚ ɤ ɞɥɢɧɟ ɬɢɩɢɱɧɨɣ ɨɞɢɧɚɪɧɨɣ ɫɜɹɡɢ. ɉɪɢ ɷɬɨɦ ɨɛɳɚɹ ɫɢɫɬɟɦɚ 

ɱɟɪɟɞɭɸɳɢɯɫɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɨɬɤɪɵɬɨɰɟɩɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ 2 ɫɨ-

ɩɪɹɠɟɧɧɵɯ ɟɧɨɧɨɜɵɯ ɮɪɚɝɦɟɧɬɚ, ɜɧɭɬɪɢ ɤɨɬɨɪɵɯ ɞɥɢɧɵ ɋ–ɋ ɫɜɹɡɟɣ ɤɨɥɟɛɥɸɬ-

ɫɹ ɜ ɩɪɟɞɟɥɚɯ 1.365–1.405 Å, ɱɬɨ ɞɨɜɨɥɶɧɨ ɬɢɩɢɱɧɨ ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ. Ʌɨɤɚɥɢ-

ɡɚɰɢɹ ɩɪɨɬɨɧɚ ɢ ɞɥɢɧɵ ɋ–Ɉ ɫɜɹɡɟɣ ɨɬɤɪɵɬɨɰɟɩɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɭɤɚɡɵɜɚɸɬ ɧɚ 

ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɜɢɞɟ ɬɚɭɬɨɦɟɪɚ Ⱥ. ȼ ɦɨɥɟɤɭɥɹɪɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟ-

ɫɤɨɣ ɭɩɚɤɨɜɤɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɭɤɨɪɨɱɟɧɧɵɣ ɤɨɧɬɚɤɬ ɋ4–ɇ4∙∙∙Ɉ6 [–ɯ, –0.5+ɭ, 1.5–

z], ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɇ∙∙∙Ɉ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 0.3 Å ɦɟɧɶɲɟ ɫɭɦɦɵ ɪɚɞɢɭɫɨɜ ȼɚɧ-

ɞɟɪ-ȼɚɚɥɶɫɚ (2.417 Å). ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɞɚɧɧɵɣ ɤɨɧɬɚɤɬ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɜɵ-

ɧɭɠɞɟɧɧɵɦ, ɬɚɤ ɢ ɜɨɡɧɢɤɲɢɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɋ–ɇ-ɤɢɫɥɨɬɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɬɨ ɡɚɤɥɸɱɟɧɢɟ ɨ ɩɪɢɪɨɞɟ ɞɚɧɧɨɝɨ 

ɤɨɧɬɚɤɬɚ ɦɨɠɟɬ ɛɵɬɶ ɞɚɧɨ ɬɨɥɶɤɨ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɞɚɧɧɵɯ ɄɆ-ɪɚɫɱёɬɨɜ. 

(2Z,5Z)-3-Ƚɢɞɪɨɤɫɢ-5-(3,3-ɞɢɦɟɬɢɥ-6,9-ɞɢɦɟɬɨɤɫɢ-8-ɨɤɫɨ-2-ɚɡɚɫɩɢɪɨ 

[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧ III. Ɋɚɫɬɜɨɪ 1.0 

ɦɦɨɥɶ 5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ I ɢ 1.0 ɦɦɨɥɶ ɫɩɢɪɨɩɢɪɪɨɥɢɧɚ II ɜ 20 ɦɥ ɚɛɫɨ-

ɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 4 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬɵ – ɷɬɢɥɚɰɟɬɚɬ–

ɛɟɧɡɨɥ, 1:5, ɷɬɢɥɚɰɟɬɚɬ; ɩɪɨɹɜɥɹɥɢ 0,5% ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɚɧɢɥɚ ɜ ɬɨɥɭɨɥɟ), ɨɯɥɚ-

ɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 80%, ɬ.ɩɥ. 183–184ɋ (ɪɚɡɥ., 

ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3207 ɲ (OH, NH ɜ ȼȼɋ), 1661 

(C8=O), 1604 ɲ (CO ɜ ȼȼɋ). ɋɩɟɤɬɪ əɆɊ 1ɇ (300 ɆȽɰ, CDCl3), δ, ɦ.ɞ. ɮɨɪɦɚ Ⱥ: 

1.53 c, 1.55 ɫ (6H, ɋ3(Ɇɟ)2), 2.32 ɰɟɧɬɪ Ⱥȼ-ɫɢɫɬɟɦɚ (2H, ɋ4ɇ2), 3.69 ɫ (3ɇ, ɈɆɟ), 

3.76 ɫ (3ɇ, ɈɆɟ), 5.73 c (1H, C5H), 7.05 ɫ (1H, C2H), 7.26 ɫ (1H, CH), 7.36 ɫ (1H, 

CH), 7.44–7.99 ɝɪ.c (5H, Ph), 10.75 ɫ (1ɇ, NH), 15.66 ɭɲ.c (1H, OH); ɮɨɪɦɚ Ȼ: 

1.48 c, 1.50 ɫ (6H, ɋ3(Ɇɟ)2), 2.29 ɰɟɧɬɪ Ⱥȼ-ɫɢɫɬɟɦɚ (2H, ɋ4ɇ2), 3.64 ɫ (3ɇ, ɈɆɟ), 



 82 

3.72 ɫ (3ɇ, ɈɆɟ), 5.42 ɫ (1H, C2H2), 5.68 c (1H, C5H), 7.21 ɫ (1H, CH), 7.31 ɫ (1H, 

CH), 7.42–7.96 ɝɪ.c (5H, Ph), 10.42 ɫ (1ɇ, NH). ɇɚɣɞɟɧɨ, %: ɋ 67.95; ɇ 6.15; N 

3.29. C24H25NO6. ȼɵɱɢɫɥɟɧɨ, %: ɋ 68.07; ɇ 5.95; N 3.31. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III ɜɵɩɨɥɧɟɧɨ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur ȿ ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ. ɋɛɨɪ ɞɚɧɧɵɯ 

ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ [ω-ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 1, Ȝ 0.71073 

Å (MoKα) ɩɪɢ Ɍ 295(2) Ʉ] [9]. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɟɞɟɧ ɞɥɹ ɨɛɥɨɦɤɚ ɠёɥɬɨɝɨ 

ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.25 × 0.20 × 0.15 ɦɦ. Ʉɪɢɫɬɚɥɥ 

ɦɨɧɨɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/ɫ, a 16.534(2), b 13.514(2), c 

9.9331(12) Å, ȕ 96.761(13), V 2204.1(6) Å3, ɞɥɹ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɵ C24H25NO6 Z 4, 

dɪɚɫɱ 1.276 ɝ/ɫɦ3. ȼ ɢɧɬɟɪɜɚɥɟ ɢɧɞɟɤɫɨɜ –16 < h < 20, 

 –15 < k < 16, –12 < l < 12 ɫɨɛɪɚɧɨ 9774 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ  4506 

(Rint 0.0791), 1625 ɫ I > 2σ(I). ɉɨɥɧɨɬɚ ɧɚɛɨɪɚ ɧɚ ɭɝɥɚɯ 2.84 < Θ < 26.00 99.9%. 

ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXS-97 ɢ 

ɭɬɨɱɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ SHELXL-97 [10] ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɤɥɸɱɟɧɵ ɜ 

ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ 

ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ). Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩ NH ɢ Ɉɇ ɜɤɥɸɱёɧɵ ɜ 

ɭɬɨɱɧɟɧɢɟ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ȼɜɟɞɟɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ 

ɩɨɩɪɚɜɤɚ ɧɚ ɩɨɝɥɨɳɟɧɢɟ (ȝ 0.092 ɦɦ-1). Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: S 

0.991, R1 0.0617, wR2 0.0887 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.1947, wR2 0.1251 

(ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ). Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.155 ɢ –0.149 ē/Å3.  
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(Z)-3-Ȼɟɧɡɨɢɥ-5-(5',5'-ɞɢɦɟɬɢɥ-4-ɨɤɫɨ-4Н-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-

ɩɢɪɪɨɥɢɞɢɧ]-2'-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɰɢɤɥɨɩɟɧɬ-3-ɟɧ-1,2-ɞɢɨɧ 

 

5-Ⱥɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟ-

ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɦɟɠɦɨɥɟɤɭ-

ɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɚɤɬɢɜɧɵɦɢ ɞɢɟɧɨɮɢɥɚɦɢ [1, 2] ɢ ɚɰɢ-

ɥɢɪɭɸɳɢɯ ɫɥɚɛɵɟ ɧɭɤɥɟɨɮɢɥɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɚɰɟɬɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

[1, 3]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɚɦɢ ɮɭɪɚɧɞɢɨɧɵ ɦɨɝɭɬ ɚɰɢɥɢɪɨɜɚɬɶ ɧɭɤɥɟɨɮɢɥɶɧɵɟ ɪɟɚ-

ɝɟɧɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɢɠɟ ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɩɢɪɭɜɨɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [1, 4]. Ɋɚɧɟɟ ɧɚɦɢ ɨɩɢɫɚɧɨ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ 1,3,3-ɬɪɢɦɟɬɢɥ-2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɰ-1-

ɟɧɨɦ {2',5',5'-ɬɪɢɦɟɬɢɥ-4',5'-ɞɢɝɢɞɪɨ-4H-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥ]-4-ɨɧɨɦ}, 

ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ȕ-ɋɇ-ɚɰɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɞɢɨɧɚɦɢ ɬɚ-

ɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ ɫɩɢɪɨɩɢɪɪɨɥɨɧɚ – (2Z,5Z)-1-ɚɪɢɥ-3-ɝɢɞɪɨɤɫɢ-5-

[5',5'-ɞɢɦɟɬɢɥ-4-ɨɤɫɨ-2'ɇ,4H-ɫɩɢɪɨ(ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥɢɞɢɧ)-2'-ɢɥɢɞɟɧ]ɩɟɧɬ-

2-ɟɧ-1,4-ɞɢɨɧɨɜ [5]. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɦɢ ɩɪɟɞɩɪɢɧɹɬɵ 

ɩɨɩɵɬɤɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ ɰɟɥɶɸ ɢɡɦɟɧɟɧɢɹ ɪɟɝɢɨ-

ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɡɚɦɟɳɟɧɧɵɦɢ 1,3,3-ɬɪɢɦɟɬɢɥ-2-

ɚɡɚɫɩɢɪɨ[4.5]ɞɟɰ-1-ɟɧɚɦɢ.  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ I ɫ 2',5',5'-

ɬɪɢɦɟɬɢɥ-4',5'-ɞɢɝɢɞɪɨ-4H-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥ]-4-ɨɧɨɦ II ɜ ɫɨɨɬɧɨ-

ɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 60 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨ-

ɜɟɧɢɹ ɹɪɤɨ-ɠɟɥɬɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɮɭɪɚɧɞɢɨɧɚ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭ-

ɱɟɧ (Z)-3-ɛɟɧɡɨɢɥ-5-(5',5'-ɞɢɦɟɬɢɥ-4-ɨɤɫɨ-4ɇ-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥɢɞɢɧ]-

2'-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɰɢɤɥɨɩɟɧɬ-3-ɟɧ-1,2-ɞɢɨɧ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪ-

ɠɞɟɧɚ ɊɋȺ [6]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɬɟɦɧɨ-ɛɨɪɞɨɜɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫ-

ɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫ-

ɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ.  

ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢ ɨɩɢɫɵɜɚɟɦɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɪɨɢɫɯɨɞɢɬ ɚɰɢɥɢɪɨɜɚ-

ɧɢɟ ɝɪɭɩɩɵ ȕ-CH ɬɚɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ Ⱥ 2',5',5'-ɬɪɢɦɟɬɢɥ-4',5'-ɞɢɝɢɞɪɨ-

4H-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥ]-4-ɨɧɚ II ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɜ ɩɨɥɨɠɟɧɢɢ 2 

4-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ I, ɪɚɫɤɪɵɬɢɟ ɮɭɪɚɧɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹ-

ɡɢ Ɉ1–ɋ2 ɢ ɞɚɥɶɧɟɣɲɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɫ ɨɬɳɟɩɥɟɧɢɟɦ ɦɨɥɟ-

ɤɭɥɵ ɜɨɞɵ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɩɨɫɬɪɨɟɧɢɹ ɫɬɟɪɟɨɪɟ-

ɝɭɥɹɪɧɨɝɨ ɚɧɫɚɦɛɥɹ ɢɡ ɞɜɭɯ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɩɪɹɦɨɣ ɪɟ-

ɰɢɤɥɢɡɚɰɢɢ 4-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɡɚɦɟɳɟɧɧɨɝɨ 1-

ɦɟɬɢɥ-2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɰ-1-ɟɧɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɛɟɧɡɨɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ 

ɩɨɥɨɠɟɧɢɟ 4 ɮɭɪɚɧɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɧɟɟ ɨɩɢɫɚɧɧɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. 
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Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 18. 

 

Рɢс. 18. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (Z)-3-ɛɟɧɡɨɢɥ-5-(5',5'-ɞɢɦɟɬɢɥ-4-ɨɤɫɨ-4ɇ-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-

ɩɢɪɪɨɥɢɞɢɧ]-2'-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɰɢɤɥɨɩɟɧɬ-3-ɟɧ-1,2-ɞɢɨɧɚ III 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɬɟɦɧɨ-ɛɨɪɞɨɜɵɟ ɤɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɤɪɢ-

ɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ Ɋ-1 ɬɪɢɤɥɢɧɧɨɣ 

ɫɢɧɝɨɧɢɢ. ɗɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ ɨɛɪɚɡɨɜɚɧɚ ɞɜɭɦɹ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚ-

ɜɢɫɢɦɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɫ ɛɥɢɡɤɨɣ ɝɟɨɦɟɬɪɢɟɣ. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ 

ɦɨɥɟɤɭɥɵ ɛɥɢɡɤɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. Ⱦɥɢɧɵ ɫɨɩɪɹɠёɧɧɨɣ 

ɫɢɫɬɟɦɵ ɫɜɹɡɟɣ ɋ–ɋ ɞɢɨɤɫɨɰɢɤɥɨɩɟɧɬɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ (ɜɤɥɸɱɚɹ ɞɥɢɧɵ ɫɜɹ-

ɡɟɣ ɫ ɡɚɦɟɫɬɢɬɟɥɹɦɢ) ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɵɪɨɜɧɟɧɵ (1.37–1.49 Å). ɉɪɢ 

ɷɬɨɦ ɞɥɢɧɚ ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɤɟɬɨɝɪɭɩɩɚɦɢ ɋ15–ɋ16 ɪɚɜɧɚ 1.55 Å, ɱɬɨ ɛɥɢɡɤɨ ɤ 

ɞɥɢɧɟ ɫɬɚɧɞɚɪɬɧɨɣ ɨɞɢɧɚɪɧɨɣ ɫɜɹɡɢ ɋ–ɋ ɢ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɫɨɩɪɹɠɟɧɢɹ 

π-ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɟɠɞɭ ɞɚɧɧɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ. ɉɢɪɪɨɥɶɧɵɣ ɮɪɚɝ-

ɦɟɧɬ ɧɟɩɥɨɫɤɢɣ. ȿɝɨ ɨɪɢɟɧɬɚɰɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɢɨɤɫɨɰɢɤɥɨɩɟɧɬɟɧɨɜɨɝɨ ɮɪɚɝ-

ɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ NH∙∙∙Ɉ. 
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(Z)-3-Ȼɟɧɡɨɢɥ-5-(5',5'-ɞɢɦɟɬɢɥ-4-ɨɤɫɨ-4Н-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨ-

ɥɢɞɢɧ]-2'-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɰɢɤɥɨɩɟɧɬ-3-ɟɧ-1,2-ɞɢɨɧ III. Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ 4-

ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ I ɢ 1.0 ɦɦɨɥɶ 2',5',5'-ɬɪɢɦɟɬɢɥ-4',5'-ɞɢɝɢɞɪɨ-

4H-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥ]-4-ɨɧɚ II ɜ 30 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢ-

ɥɢ 60 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ III ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵ-

ɯɨɞ 89%, ɬ.ɩɥ. 218–219ɋ (ɪɚɡɥ., ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), 

ɫɦ-1: 3263 ɲ (NH ɜ ȼȼɋ), 1689 (ɋ2=O), 1655 ɲ (Phɋ=O, COɧɚɮɬ.), 1611 (ɋ1=O ɜ 

ȼȼɋ). ɋɩɟɤɬɪ əɆɊ 1ɇ (300 ɆȽɰ, CDCl3), δ, ɦ.ɞ.: 1.50 c, 1.53 ɫ (6H, 2Ɇɟ), 2.21, 

2.27 ɞ. ɞ (2H, ɋɇ2, J 13.8 Ƚɰ), 5.88 ɞ (1H, CHɧɚɮɬ.), 6.89 ɞ (1H, CHɧɚɮɬ.), 6.95–7.81 

ɝɪ.c (14H, 2Ph + C6H4), 10.74 c (1H, NH). ɇɚɣɞɟɧɨ, %: ɋ 79.19; H 5.16; N 2.61. 

ɋ33ɇ25NO4. ȼɵɱɢɫɥɟɧɨ, %: ɋ 79.34; H 5.04; N 2.80.  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III ɜɵɩɨɥɧɟɧɨ ɞɥɹ ɨɛ-

ɥɨɦɤɚ ɱёɪɧɨɝɨ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.25×0.20×0.15 ɦɦ ɧɚ ɦɨ-

ɧɨɤɪɢɫɬɚɥɶɧɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur 3 ɫ ɋɋD-ɞɟɬɟɤɬɨɪɨɦ 

ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ (MoКα-ɢɡɥɭɱɟɧɢɟ, Ɍ 295(2) Ʉ, ω-ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 1) [7]. ɉɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 

0.086 ɦɦ-1). ɇɚ ɭɝɥɚɯ ɪɚɫɫɟɹɧɢɹ 2.66 < θ < 28.28 ɫɨɛɪɚɧɨ 24707 ɨɬɪɚɠɟɧɢɣ, ɢɡ 

ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 11991 (Rint 0.0255), 5591 ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I). ɋɢɧɝɨɧɢɹ ɤɪɢ-

ɫɬɚɥɥɚ ɬɪɢɤɥɢɧɧɚɹ, a 9.8236(8), b 14.7005(10), c 18.8767(13) Å, α 101.190(6), ȕ 

98.939(6), Ȗ 104.011(7), ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1. Ʉɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ < 

26.00 97.1%. ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ SHELXTL [8] ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢ-

ɛɥɢɠɟɧɢɢ ɞɥɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ 

ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚ-

ɦɟɬɪɚɦɢ). Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0553, wR2 0.1475 [ɞɥɹ ɨɬ-

ɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.1204, wR2 0.1630 (ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ) ɞɥɹ Z 4, GOOF 

1.015. ɉɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 1.063 ɢ –0.316 ēÅ-3.  
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ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ⱥɧɞɪɟɣɱɢɤɨɜ ɘ.ɋ., Ƚɟɣɧ ȼ.Ʌ., Ɂɚɥɟɫɨɜ ȼ.ȼ., Ʉɨɡɥɨɜ Ⱥ.ɉ., Ʉɨɥɥɟɧɰ Ƚ., 

Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., ɉɢɦɟɧɨɜɚ ȿ.ȼ., ɒɭɪɨɜ ɋ.ɇ. ɏɢɦɢɹ ɩɹɬɢɱɥɟɧɧɵɯ 2,3-

ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ. ɉɟɪɦɶ: ɢɡɞ-ɜɨ ɉɟɪɦ. ɝɨɫ. ɭɧ-ɬɚ, 1994, 5. 

2. ɇɟɤɪɚɫɨɜ Ⱦ.Ⱦ., ɒɭɪɨɜ ɋ.ɇ. ɏȽɋ, 2005, 1245. 

3. ɇɨɜɢɤɨɜ Ⱥ.Ⱥ., ȼɨɫɬɪɨɜ ȿ.ɋ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2005, 41, 1255. 

4. Ⱥɧɞɪɟɣɱɢɤɨɜ ɘ.ɋ., ȼɨɪɨɧɨɜɚ Ʌ.Ⱥ., Ɇɢɥɸɬɢɧ Ⱥ.ȼ. ɀɈɪɏ, 1979, 15, 847. 

5. Ʉɨɧɨɜɚɥɨɜɚ ȼ.ȼ., ɒɤɥɹɟɜ ɘ.ȼ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2011, 47, 1099. 

6. Ʉɨɧɨɜɚɥɨɜɚ ȼ.ȼ., ɒɤɥɹɟɜ ɘ.ȼ., ɋɥɟɩɭɯɢɧ ɉ.Ⱥ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 

2013, 49, 1648. 

7. CrysAlis CCD, Oxford Diffraction Ltd.,Version 1.171.29.9 (release 23-03-

2006 CrysAlis171 .NET). 

8. Sheldrick G.M. Acta Cryst., 2008, A64, 112. 



 89 

3-Ȼɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-5''-ɦɟɬɨɤɫɢ-2'',5',5'-ɬɪɢɦɟɬɢɥ-

3',4'',5-ɬɪɢɨɤɫɨɞɢɫɩɢɪɨ[2,5-ɞɢɝɢɞɪɨ-1H-ɚɡɨɥ-2,2'-(2',5',6',7'-ɬɟɬɪɚɝɢɞ-ɪɨ-3'H-

ɚɡɨɥɨ[1,2-a]ɚɡɨɥ)-7',1''-(2'',5''-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ)]-1'-ɤɚɪɛɨɤɫɚɦɢɞ 

 

Ⱥɧɧɟɥɢɪɨɜɚɧɢɟ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɥɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɢɪ-

ɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ [1, 2]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[2,1-

ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɨɜ, ɚ ɢɦɟɧɧɨ ɢɯ ɪɟɚɤɰɢɣ ɫ Ɉɇ- ɢ NH- ɦɨɧɨɧɭɤ-

ɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɢ NH,NH-, NH,OH-, NH,SH- ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚ-

ɝɟɧɬɚɦɢ ɩɨɥɭɱɟɧɵ ɤɚɪɛɨɧɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɹɬɢ- ɢ ɲɟɫɬɢɱɥɟɧɧɵɯ ɚɡɚɝɟɬɟ-

ɪɨɰɢɤɥɨɜ, ɚɧɫɚɦɛɥɟɣ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ [1, 3–5].  

Ɋɚɧɟɟ ɧɚɦɢ ɨɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨ-

ɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɨɜ ɫ 4',5'-ɞɢɝɢɞɪɨ-2',5',5'-ɬɪɢɦɟɬɢɥ-4H-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-

ɩɢɪɪɨɥ]-4-ɨɧɨɦ ɢ ɷɬɢɥ (2Z)-2-(3,3-ɞɢɦɟɬɢɥ-8-ɨɤɫɨ-2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-

ɞɢɟɧ-1-ɢɥɢɞɟɧ)ɚɰɟɬɚɬɨɦ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɦɟɳɟɧɧɵɯ ɞɢɫɩɢ-

ɪɨ[ɚɡɨɥ-2,2'-(ɚɡɨɥɨ[1,2-ɚ]ɚɡɨɥ)-7',1''-(ɞɢɝɢɞɪɨɧɚɮɬɚɥɢɧ)]-3',4'',5-ɬɪɢɨɧɨɜ [6] ɢ 

ɦɨɫɬɢɤɨɜɵɯ 7'-ɨɤɫɚ-2',12'-ɞɢɚɡɚɬɟɬɪɚɰɢɤɥɨ[6.5.1.01,5.08,12]-ɬɟɬɪɚɞɟɤɚɧɨɜɵɯ ɫɢ-

ɫɬɟɦ [7, 8] ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɩɪɟ-

ɜɪɚɳɟɧɢɣ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ ɤɥɚɫ-

ɫɚ ɫɩɢɪɨɩɢɪɪɨɥɢɧɚ, ɧɚɦɢ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[2,1-

ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɨɜ ɫɨ ɫɩɢɪɨɩɢɪɪɨɥɢɧɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɞɨɩɨɥ-

ɧɢɬɟɥɶɧɭɸ ɚɦɢɞɧɭɸ ɝɪɭɩɩɭ, – ɡɚɦɟɳɟɧɧɵɦɢ ɚɦɢɞɚɦɢ 2-(2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-

6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ) ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. ɗɬɢ ɫɨɟɞɢɧɟɧɢɹ ɢɦɟɸɬ ɬɪɢ ɧɭɤɥɟɨɮɢɥɶ-

ɧɵɯ ɰɟɧɬɪɚ – ɝɪɭɩɩɭ ȕ-ɋɇ ɢ ɝɪɭɩɩɭ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɚɰɟɬɚɦɢɞ-

ɧɭɸ ɝɪɭɩɩɭ NH2, – ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɚɬɚɤɢ ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɩɪɢ 

ɚɰɢɥɢɪɨɜɚɧɢɢ ɦɨɝɥɨ ɨɩɪɟɞɟɥɹɸɳɢɦ ɨɛɪɚɡɨɦ ɫɤɚɡɚɬɶɫɹ ɧɚ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɭɸ-

ɳɢɯɫɹ ɜɟɳɟɫɬɜ. 
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ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ I ɫ 

ɡɚɦɟɳɟɧɧɵɦ ɚɦɢɞɨɦ 2-(2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ) ɭɤɫɭɫɧɨɣ ɤɢɫ-

ɥɨɬɵ II ɜ ɚɛɫɨɥɸɬɧɨɦ ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɹɪɤɨ-

ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ) ɫ ɜɵɫɨɤɢɦ ɜɵɯɨ-

ɞɨɦ ɩɨɥɭɱɟɧ ɩɪɨɞɭɤɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩ 

ȕ-CH ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɫɨɟɞɢɧɟɧɢɹ II ɤ ɚɬɨɦɚɦ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 

3ɚ ɢ 4 ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ I ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɪɚɫɤɪɵɬɢɟɦ ɛɟɧɡɨɤɫɚɡɢ-

ɧɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ ɋ4–Ɉ5 – 3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-

5''-ɦɟɬɨɤɫɢ-2'',5',5'-ɬɪɢɦɟɬɢɥ-3',4'',5-ɬɪɢɨɤɫɨɞɢɫɩɢɪɨ[2,5-ɞɢɝɢɞɪɨ-1H-ɚɡɨɥ-2,2'-

(2',5',6',7'-ɬɟɬɪɚɝɢɞɪɨ-3'H-ɚɡɨɥɨ[1,2-a]ɚɡɨɥ)-7',1''-(2'',5''-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ)]-1'-

ɤɚɪɛɨɤɫɚɦɢɞ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɊɋȺ [9]. 

 

 
 

ɋɨɟɞɢɧɟɧɢɟ III – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫɬɜɨ-

ɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɫɩɢɪɬɚɯ, ɩɪɨɫɬɵɯ ɷɮɢɪɚɯ, ɝɚɥɨ-

ɝɟɧɢɪɨɜɚɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤ-
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ɫɢɥɶɧɨɣ ɝɪɭɩɩɵ (ɜɢɲɧɟɜɨ-ɤɪɚɫɧɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨ-

ɪɢɞɚ ɠɟɥɟɡɚ (III). 

ȼɟɪɨɹɬɧɨ, ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩ ȕ-CH ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧ-

ɬɚ ɫɨɟɞɢɧɟɧɢɹ II ɤ ɚɬɨɦɚɦ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 3ɚ ɢ 4 ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬ-

ɪɢɨɧɚ I ɫ ɟɝɨ ɞɚɥɶɧɟɣɲɢɦ ɪɚɫɤɪɵɬɢɟɦ ɩɨ ɫɜɹɡɢ ɋ4–Ɉ5, ɤɚɤ ɷɬɨ ɨɩɢɫɚɧɨ ɪɚɧɟɟ 

ɞɥɹ ɪɟɚɤɰɢɣ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫ 1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ 

[10, 11] ɢ ɫɩɢɪɨɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɚɦɢ [6]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɧɭɤɥɟɨɮɢɥɶɧɵɦ ɪɟɚɤɰɢɨɧɧɵɦ ɰɟɧɬɪɨɦ ɫɨɟɞɢɧɟɧɢɹ II, ɫɨ-

ɝɥɚɫɧɨ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɨɦɭ ɪɚɫɱɟɬɭ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ AM1 (ɩɚɤɟɬ 

Hyperchem 8.0), ɹɜɥɹɟɬɫɹ ɚɰɟɬɚɦɢɞɧɚɹ ɝɪɭɩɩɚ NH2 (N
δ- –0.401), ɚ ɧɟ ɝɪɭɩɩɵ ȕ-

ɋɇ (Cδ- –0.061) ɢ NH (Nδ- –0.138) ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, 

ɝɪɭɩɩɚ NH2 ɜ ɞɚɧɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɭɱɚɫɬɢɹ ɧɟ ɩɪɢɧɢɦɚɟɬ.  

 

Рɢс. 19. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III 

 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 19. ɋɨɝɥɚɫɧɨ 

ɞɚɧɧɵɦ ɊɋȺ, ɛɥɟɞɧɨ-ɠёɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɰɟɧ-

ɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ ɤɚɤ ɫɨɥɶɜɚɬ 

ɫ ɦɨɥɟɤɭɥɨɣ ɚɰɟɬɨɧɢɬɪɢɥɚ (1:1). Ɇɨɥɟɤɭɥɚ ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɫɬɟɪɟɨɦɟɬɪɢɸ, ɩɨ-

ɷɬɨɦɭ ɧɚ ɪɢɫɭɧɤɟ 19 ɨɛɨɡɧɚɱɟɧɵ ɬɨɥɶɤɨ ɚɬɨɦɵ ɚɡɨɬɚ ɢ ɤɢɫɥɨɪɨɞɚ. ȼɫɟ ɞɥɢɧɵ 

ɫɜɹɡɟɣ ɢ ɭɝɥɵ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
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ɭɩɚɤɨɜɤɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɢɫɬɟɦɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɫ ɭɱɚ-

ɫɬɢɟɦ ɝɪɭɩɩ CONH2, OH ɢ C3'=O, C4''=O. 

Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɢɦɟɪ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɝɨ ɫɩɨɫɨ-

ɛɚ ɫɢɧɬɟɡɚ ɪɚɧɟɟ ɧɟɞɨɫɬɭɩɧɨɣ ɛɢɫ-ɫɩɢɪɨ-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɢɫɩɢ-

ɪɨ[ɚɡɨɥ-2,2'-(ɚɡɨɥɨ[1,2-ɚ]ɚɡɨɥ)-7',1''-(2'',5''-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧɚ)], ɫɨɞɟɪɠɚɳɟɣ ɰɟɥɟ-

ɧɚɩɪɚɜɥɟɧɧɨ ɜɚɪɶɢɪɭɟɦɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɜ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɨɠɟ-

ɧɢɹɯ ɨɛɨɢɯ ɝɟɬɟɪɨɰɢɤɥɨɜ.  

3-Ȼɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-5''-ɦɟɬɨɤɫɢ-2'',5',5'-ɬɪɢ-

ɦɟɬɢɥ-3',4'',5-ɬɪɢɨɤɫɨɞɢɫɩɢɪɨ[2,5-ɞɢɝɢɞɪɨ-1H-ɚɡɨɥ-2,2'-(2',5',6',7'-ɬɟɬɪɚɝɢɞ-

ɪɨ-3'H-ɚɡɨɥɨ[1,2-a]ɚɡɨɥ)-7',1''-(2'',5''-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ)]-1'-ɤɚɪɛɨɤɫɚɦɢɞ III. 

Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ I ɢ 1.0 ɦɦɨɥɶ ɚɰɟɬɚɦɢɞɚ II ɜ 20 

ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɤɢɩɹɬɢɥɢ 2 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɫɨɟɞɢɧɟɧɢɹ III ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 90%, ɬ.ɩɥ. 220–222ɋ (ɷɬɢɥɚɰɟɬɚɬ). ɂɄ 

ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν, ɫɦ-1: 3465, 3361 (NH2), 3175 ɲ (OH), 1744, 1713 

(C5=O, C3'=O), 1662 (ɋ4''=Ɉ, ɋɈNH2), 1625 (COPh). ɋɩɟɤɬɪ əɆɊ 1ɇ (300.1 ɆȽɰ, 

ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.38 c (3H, Ɇɟ), 1.68 c, 1.91 c (6H, 2Ɇɟ), 2.27, 2.72 ɞ.ɞ (2H, 

ɋ6'ɇ2, J 14.0 Ƚɰ), 3.48 c (3H, OɆɟ), 5.20 c (1H, CArH), 5.82 ɭɲ.ɫ (2H, Nɇ2), 6.03 c 

(1H, CArH), 6.90–7.89 ɝɪ.c (9H, Ph + C6H4), 9.92 ɫ (1ɇ, OHɮɟɧɨɥ.), 12.42 ɭɲ.ɫ (1ɇ, 

ɈHɟɧɨɥ.). ɇɚɣɞɟɧɨ, %: ɋ 66.54; H 5.02; N 6.95. ɋ33ɇ29N3O8. ȼɵɱɢɫɥɟɧɨ, %: ɋ 

66.55; H 4.91; N 7.06. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III ɜɵɩɨɥɧɟɧɨ ɧɚ ɚɜɬɨ-

ɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ (Oxford-Diffraction). 

ɋɛɨɪ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ [ω-ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 

1, MoKα-ɢɡɥɭɱɟɧɢɟ, 295(5) K] ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ CrysAlisPro [12]. 

Ʉɨɪɪɟɤɰɢɸ ɚɛɫɨɪɛɰɢɢ ɧɟ ɩɪɨɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 0.094 ɦɦ-1). ɇɚ ɭɝɥɚɯ 

ɪɚɫɫɟɹɧɢɹ 2.86 < θ < 26.38 ɫɨɛɪɚɧɨ  6587 ɨɬɪɚɠɟɧɢɣ, 2369 ɨɬɪɚɠɟɧɢɣ ɫ I > 

2σ(I). ɋɢɧɝɨɧɢɹ ɤɪɢɫɬɚɥɥɚ ɦɨɧɨɤɥɢɧɧɚɹ, a 29.4226(8), b 16.8116(11), c 

14.2177(13) Å, ȕ 113.527(19), ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ C2/c. Ʉɨɦɩɥɟɤɬɧɨɫɬɶ 

ɞɥɹ θ < 26.38 99.7%. ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱ-

ɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ SHELXTL [13] ɩɨ F2. Ɉɤɨɧɱɚɬɟɥɶ-
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ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0531, wR2 0.1239 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 

0.1253, wR2 0.1288 (ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ), GOOF 1.003. ɉɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤ-

ɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.248 ɢ –0.457 ēÅ-3. 
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Эɬɢɥ (14'S*,1'R*,8'R*)-2'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-11',11'-ɞɢɦɟɬɢɥ-3',4,4',13'-

ɬɟɬɪɚɨɤɫɨ-6'-(4-ɯɥɨɪɮɟɧɢɥ)ɫɩɢɪɨ[2,5-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ-1,9'-(7'-ɨɤɫɚ-2',12'-

ɞɢɚɡɚɬɟɬɪɚɰɢɤɥɨ[6.5.1.01,5.08,12]ɬɟɬɪɚɞɟɰ-5'-ɟɧ)]-14'-ɤɚɪɛɨɤɫɢɥɚɬ 

 

Ɂɚɦɟɳɟɧɧɵɟ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 

ɚɡɚɝɟɬɟɪɨɰɢɤɥɚɦɢ ɩɨ ɫɬɨɪɨɧɟ [ɟ], ɫɤɥɨɧɧɵ ɤ ɪɟɚɤɰɢɹɦ ɫ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟ-

ɚɝɟɧɬɚɦɢ; ɜ ɯɨɞɟ ɷɬɢɯ ɪɟɚɤɰɢɣ ɨɛɪɚɡɭɟɬɫɹ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 

ɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɫɩɢɪɨ-ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1, 2]. 

Ɋɚɧɟɟ ɧɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 

1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ, – 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨ-

ɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɵ ɪɟɚɝɢɪɭɸɬ ɫɨ ɫɩɢɪɨ-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦ ɟɧɚɦɢɧɨɦ – 

2',5',5'-ɬɪɢɦɟɬɢɥ-4',5'-ɞɢɝɢɞɪɨ-4H-ɫɩɢɪɨ[ɧɚɮɬɚɥɟɧ-1,3'-ɩɢɪɪɨɥ]-4-ɨɧɨɦ ɤɚɤ 1,3-

ɋɇ,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɦ ɩɨ ɫɯɟɦɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɚɬɚɤɨɣ ɝɪɭɩɩɚɦɢ ȕ-ɋɇ ɢ 

NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɬɚɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ ɫɩɢɪɨɧɚɮɬɚɥɟɧɩɢɪɪɨɥɨɧɚ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 3ɚ ɢ 4 ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ ɫ ɪɚɫɳɟɩɥɟɧɢɟɦ ɨɤɫɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɩɨ 

ɫɜɹɡɢ ɋ4–Ɉ5 ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɵɯ ɞɢɫɩɢɪɨ[ɚɡɨɥ-2,2'-(ɚɡɨɥɨ[1,2-ɚ]ɚɡɨɥ)-

7',1''-(ɞɢɝɢɞɪɨɧɚɮɬɚɥɢɧɨɜ)] [3]. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ 

ɧɚɦɢ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɬɢɯ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫɨ ɫɩɢɪɨɝɟɬɟ-

ɪɨɰɢɤɥɢɱɟɫɤɢɦ ɟɧɚɦɢɧɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ 

ɫɥɨɠɧɨɷɮɢɪɧɭɸ ɝɪɭɩɩɭ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-(4-ɯɥɨɪɛɟɧɡɨɢɥ)ɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɚ I ɫ (Z)-ɷɬɢɥ 2-(3,3-ɞɢɦɟɬɢɥ-8-ɨɤɫɨ-2-ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-

ɢɥɢɞɟɧ)ɚɰɟɬɚɬɨɦ II ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɜ 

ɬɟɱɟɧɢɟ 5 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɩɢɪɪɨɥɨɛɟɧ-

ɡɨɤɫɚɡɢɧɬɪɢɨɧɚ) ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ ɷɬɢɥ (14'S*,1'R*,8'R*)-2'-(2-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-11',11'-ɞɢɦɟɬɢɥ-3',4,4',13'-ɬɟɬɪɚɨɤɫɨ-6'-(4-ɯɥɨɪɮɟɧɢɥ)ɫɩɢɪɨ[2,5-

ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ-1,9'-(7'-ɨɤɫɚ-2',12'-ɞɢɚɡɚɬɟɬɪɚɰɢɤɥɨ-[6.5.1.01,5.08,12]ɬɟɬɪɚɞɟɰ-5'-

ɟɧ)]-14'-ɤɚɪɛɨɤɫɢɥɚɬ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [4]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɛɥɟɞɧɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨ-

ɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ, 

ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɮɟɧɨɥɶɧɨ-

ɝɨ ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III).  

ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɨɟɞɢɧɟ-

ɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ȕ-CH ɫɩɢɪɨɩɢɪɪɨɥɢɧɚ II ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨ-

ɠɟɧɢɢ 3ɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ I ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨ-

ɝɨ ɰɢɤɥɚ ɜɫɥɟɞɫɬɜɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ ɟɧɚɦɢɧɨɮɪɚɝ-

ɦɟɧɬɚ ɫɩɢɪɨɩɢɪɪɨɥɢɧɚ II ɥɚɤɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɨɝɨ 

ɰɢɤɥɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ ɢ ɟɝɨ ɪɚɫɤɪɵɬɢɟɦ ɩɨ ɫɜɹɡɢ ɋ4–Ɉ5, ɤɚɤ ɨɩɢɫɚ-

ɧɨ ɞɥɹ ɪɟɚɤɰɢɣ ɷɬɢɯ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫ 1-ɦɟɬɢɥ-3,4-
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ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ [5]. ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɟ ɧɭɤɥɟɨɮɢɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ Ɉɇ ɤ ɚɤ-

ɬɢɜɢɪɨɜɚɧɧɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɫɬɢɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ III. Ɋɚ-

ɧɟɟ ɩɨɞɨɛɧɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɧɚɛɥɸɞɚɥɚɫɶ ɞɥɹ ɩɪɨɞɭɤɬɨɜ ɜɡɚ-

ɢɦɨɞɟɣɫɬɜɢɹ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫ α-ɟɧɚɦɢɧɨɷɮɢɪɚɦɢ [6]. 

Ɉɩɢɫɚɧɧɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɞɢɫɩɢɪɨ[ɚɡɨɥ-2,2'-(ɚɡɨɥɨ[1,2-

ɚ]ɚɡɨɥ)-7',1''-(ɞɢɝɢɞɪɨɧɚɮɬɚɥɢɧɚ)] ɩɪɢɜɨɞɢɬ ɤ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɦɭ ɩɨɫɬɪɨɟɧɢɸ 

ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɨɣ ɦɨɫɬɢɤɨɜɨɣ ɫɢɫɬɟɦɵ 7'-ɨɤɫɚ-2',12'-

ɞɢɚɡɚɬɟɬɪɚɰɢɤɥɨ[6.5.1.01,5.08,12]ɬɟɬɪɚɞɟɤɚɧɚ. ɋɨɟɞɢɧɟɧɢɟ III ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɦɨɫɬɢɤɨɜɵɣ ɚɧɚɥɨɝ ɩɢɪɪɨɥɢɡɢɞɢɧɨɜɵɯ ɚɥɤɚɥɨɢɞɨɜ, ɚ ɭɤɚɡɚɧɧɚɹ ɪɟɚɤɰɢɹ – ɧɨ-

ɜɵɣ ɩɨɞɯɨɞ ɤ ɢɯ ɫɢɧɬɟɡɭ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨɢɡɜɨɞɧɵɟ ɩɢɪɪɨɥɢɡɢɞɢɧɨ-

ɜɵɯ ɚɥɤɚɥɨɢɞɨɜ ɨɛɥɚɞɚɸɬ ɜɚɠɧɵɦɢ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ [7], ɩɪɢ-

ɱɟɦ ɧɚɢɛɨɥɟɟ ɡɚɦɟɬɧɵɦɢ ɫɪɟɞɢ ɧɢɯ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞ ɢɧɞɢɰɢɧɚ, ɩɥɚɬɢɮɢɥɥɢɧ ɢ 

ɫɚɪɪɚɰɢɧ, ɡɚɧɢɦɚɸɳɢɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ 

ɨɧɤɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɫɩɚɡɦɨɥɢɬɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 20. 

 

Рɢс. 20. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɷɬɢɥ (14'S*,1'R*,8'R*)-2'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-11',11'-ɞɢɦɟɬɢɥ-

3',4,4',13'-ɬɟɬɪɚɨɤɫɨ-6'-(4-ɯɥɨɪɮɟɧɢɥ)ɫɩɢɪɨ[2,5-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ-1,9'-(7'-ɨɤɫɚ-2',12'-

ɞɢɚɡɚɬɟɬɪɚɰɢɤɥɨ[6.5.1.01,5.08,12]ɬɟɬɪɚɞɟɰ-5'-ɟɧ)]-14'-ɤɚɪɛɨɤɫɢɥɚɬɚ III ɩɨ ɞɚɧɧɵɦ ɊɋА 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɜɟɬɥɨ-ɠёɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɤɪɢ-

ɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ Ɋ-1 ɬɪɢɤɥɢɧɧɨɣ 

ɫɢɧɝɨɧɢɢ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɫ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɧɨɣ ɜ ɞɜɟ ɩɨɡɢɰɢɢ ɦɨɥɟɤɭɥɨɣ ɷɬɢ-

ɥɚɰɟɬɚɬɚ. ȼɫɥɟɞɫɬɜɢɟ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ ɦɨɥɟɤɭɥɵ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɭɩɚɤɨɜɤɚ 

ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɪɵɯɥɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɤɚɧɚɥɵ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɜɞɨɥɶ 

ɨɫɢ 0b ɢ ɡɚɩɨɥɧɟɧɧɵɟ ɦɨɥɟɤɭɥɚɦɢ ɫɨɥɶɜɚɬɚ. əɪɤɨ ɜɵɪɚɠɟɧɧɵɟ ɭɤɨɪɨɱɟɧɧɵɟ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ ɜ ɭɩɚɤɨɜɤɟ ɨɬɫɭɬɫɬɜɭɸɬ. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɦɨɥɟɤɭɥɵ 

III ɞɨɜɨɥɶɧɨ ɬɢɩɢɱɧɵ ɞɥɹ ɫɨɩɪɹɠёɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɉɢɪɪɨɥɢ-

ɞɢɧɞɢɨɧɨɜɵɣ ɮɪɚɝɦɟɧɬ N1C14C7C27C28 ɧɟɨɠɢɞɚɧɧɨ ɩɥɨɫɤɢɣ, ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɨɜ 

ɨɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 0.01 Å. Ƚɢɞɪɨɤɫɢɮɟɧɢɥɶɧɵɣ 

ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ N1 ɪɚɡɜɟɪɧɭɬ ɧɚ ɭɝɨɥ 81.5 ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɢɪɪɨɥɢ-

ɞɢɧɞɢɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɜɟɪɨɹɬɧɨ, ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨ-

ɪɨɞɧɨɣ ɫɜɹɡɢ Ɉ5–ɇ5∙∙∙Ɉ6 (ɫɦ. ɪɢɫɭɧɨɤ 20).  

Эɬɢɥ (14'S*,1'R*,8'R*)-2'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-11',11'-ɞɢɦɟɬɢɥ-3',4,4',13' 

-ɬɟɬɪɚɨɤɫɨ-6'-(4-ɯɥɨɪɮɟɧɢɥ)ɫɩɢɪɨ[2,5-ɰɢɤɥɨɝɟɤɫɚɞɢɟɧ-1,9'-(7'-ɨɤɫɚ-2',12'-

ɞɢɚɡɚɬɟɬɪɚɰɢɤɥɨ[6.5.1.01,5.08,12]ɬɟɬɪɚɞɟɰ-5'-ɟɧ)]-14'-ɤɚɪɛɨɤɫɢɥɚɬ III. Ɋɚɫɬɜɨɪ 

1.0 ɦɦɨɥɶ ɩɢɪɪɨɥɞɢɨɧɚ I ɢ 1.0 ɦɦɨɥɶ (Z) ɷɬɢɥ 2-(3,3-ɞɢɦɟɬɢɥ-8-ɨɤɫɨ-2-

ɚɡɚɫɩɢɪɨ[4.5]ɞɟɤɚ-6,9-ɞɢɟɧ-1-ɢɥɢɞɟɧ)ɚɰɟɬɚɬɚ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢ-

ɩɹɬɢɥɢ 5 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ III ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. 

ȼɵɯɨɞ 97%, ɬ.ɩɥ. 154–156ɋ (ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ–1: 

3227 (OH), 1726 (ɋɈɈȿt, C3'=O, C4'=O, C13'=O), 1670 (ɋ4=Ɉ). ɋɩɟɤɬɪ əɆɊ 1ɇ (300 

ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 0.95 ɬ (3ɇ, OCH2Ɇɟ, J 7.2 Ƚɰ), 1.31 c, 1.54 c (6H, 2Ɇɟ), 

2.54 (ɰɟɧɬɪ ɫɢɫɬɟɦɵ Аȼ 2H, ɋ10’ɇ2), 3.65 c (1H, C14'H), 3.86 ɤ (2H, OCH2Ɇɟ, J 7.0 

Ƚɰ), 6.30–7.97 ɝɪ.c (12H, 3C6H4), 9.92 ɫ (1ɇ, ɈH ɮɟɧɨɥ.). ɇɚɣɞɟɧɨ, %: ɋ 64.34; H 

4.47; N 4.41. ɋ33ɇ27ClN2O8. ȼɵɱɢɫɥɟɧɨ, %: ɋ 64.45; H 4.42; N 4.55.  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪ-

ɧɵɣ ɚɧɚɥɢɡ ɜɵɩɨɥɧɟɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD-

ɞɟɬɟɤɬɨɪɨɦ (Oxford-Diffraction). ɋɛɨɪ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 

ɦɟɬɨɞɢɤɟ [ω-ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1, ɞɥɢɧɚ ɜɨɥɧɵ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
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ɢɡɥɭɱɟɧɢɹ  0.71073 Å (MoKα)], ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ CrysAlis [8]. ɗɤɫ-

ɩɟɪɢɦɟɧɬ ɩɪɨɜɟɞɟɧ ɞɥɹ ɨɛɥɨɦɤɚ ɫɜɟɬɥɨ-ɠёɥɬɨɝɨ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ 

ɪɚɡɦɟɪɨɦ 0.24×0.13×0.13 ɦɦ ɩɪɢ Ɍ 295(2) Ʉ. ɋɢɧɝɨɧɢɹ ɤɪɢɫɬɚɥɥɚ ɬɪɢɤɥɢɧɧɚɹ, 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1, a 10.4713(13), b 10.8838(13), c 16.527(2) Å, α 

72.506(10), ȕ 88.418(10), Ȗ 71.617(11), V 1700.0(4) Å3. C37H35ClN2O10. Z 2, d 

1.374 ɝ/ɫɦ3. ȼ ɢɧɬɟɪɜɚɥɟ ɢɧɞɟɤɫɨɜ –4 < h < 13, –14 < k < 14, –21 < l < 21 ɫɨɛɪɚɧɨ 

13890 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 8093 (Rint 0.0238), 3597 ɫ I > 2σ(I). ɉɨɥ-

ɧɨɬɚ ɧɚɛɨɪɚ ɧɚ ɭɝɥɚɯ 2.76 < Θ < 28.28 96.0%, ɧɚ ɭɝɥɚɯ 2.76 < Θ < 26.00 97.3%. 

ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ SHELXTL [9] ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞ-

ɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ). Ⱥɬɨɦ 

ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɜɤɥɸɱёɧ ɜ ɭɬɨɱɧɟɧɢɟ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢ-

ɠɟɧɢɢ. ȼɜɢɞɭ ɫɢɥɶɧɨɝɨ ɩɟɪɟɤɪɵɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɨɜ ɤɨɦɩɨɧɟɧɬ ɪɚɡɭ-

ɩɨɪɹɞɨɱɟɧɢɹ, ɦɨɥɟɤɭɥɚ ɫɨɥɶɜɚɬɚ ɭɬɨɱɧɟɧɚ ɜ ɱɚɫɬɢɱɧɨ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 

(ɜɜɟɞɟɧɢɟ ɤɨɦɚɧɞɵ ISOR 0.01 ɜ ɮɚɣɥ ɢɧɫɬɪɭɤɰɢɢ .ins ɩɪɨɝɪɚɦɦɵ SHELXL). 

Ʉɨɪɪɟɤɰɢɸ ɚɛɫɨɪɛɰɢɢ ɧɟ ɩɪɨɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 0.175 ɦɦ-1). Ɉɤɨɧɱɚ-

ɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: S 1.006, R1 0.0499, wR2 0.1133 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I 

> 2σ(I)], R1 0.1062, wR2 0.1193 (ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ). Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢ-

ɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ  0.331 ɢ –0.243 ē/Å3. Ⱦɚɧɧɵɟ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɣ ɛɚɡɟ ɫɬɪɭɤ-

ɬɭɪɧɵɯ ɞɚɧɧɵɯ (CCDC № 905370). 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ. 2,3-Ⱦɢɝɢɞɪɨ-2,3-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ. 

ɉɟɪɦɶ: ɢɡɞ-ɜɨ ɉɟɪɦ. ɝɨɫ. ɭɧ-ɬɚ, 2005, 126. 

2. Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. 2,3-Ⱦɢɝɢɞɪɨ-2,3-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɫ ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ ɫɬɨɪɨɧɨɣ [ɚ], ɢ ɢɯ 

ɛɟɧɡɨ[b]ɚɧɚɥɨɝɢ: ɫɢɧɬɟɡ, ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. 

ɉɟɪɦɶ: ɢɡɞ-ɜɨ ɉȽɋɏȺ, 2003, 140. 
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3. Ʉɨɧɨɜɚɥɨɜɚ ȼ.ȼ., ɒɤɥɹɟɜ ɘ.ȼ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2012, 48, 1257. 

4. Ʉɨɧɨɜɚɥɨɜɚ ȼ.ȼ., ɋɬɪɹɩɭɧɢɧɚ Ɉ.Ƚ., ɒɤɥɹɟɜ ɘ.ȼ., ɋɥɟɩɭɯɢɧ ɉ.Ⱥ., 

Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2013, 49, 276. 

5. Ɋɚɱɟɜɚ ɇ.Ʌ., ɒɤɥɹɟɜ ɘ.ȼ., Ɋɨɠɤɨɜɚ ɘ.ɋ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2007, 

43, 1335. 

6. Ɋɚɱɟɜɚ ɇ.Ʌ., Ⱥɥɢɟɜ Ɂ.Ƚ, Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2008, 44, 1197. 
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ɂɡɞ-ɜɨ ICSPF press, 2009, 45. 

8. CrysAlis CCD, Oxford Diffraction Ltd.,Version 1.171.29.9 (release 23-03-

2006 CrysAlis171 .NET). 

9. Sheldrick G.M. Acta Cryst., 2008, A64, 112. 
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2,3-Ȼɢɫ(2,5-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-8,10-ɞɢɦɟɬɢɥ-N-(4-

ɬɨɥɢɥ)ɩɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ[1,5-a]ɩɢɪɢɦɢɞɢɧ-4-ɤɚɪɛɨɤɫɚɦɢɞ 

 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɧɭɤɥɟɨɮɢɥɚɦɢ 

ɜɨɡɦɨɠɧɚ ɪɟɚɥɢɡɚɰɢɹ ɧɟɫɤɨɥɶɤɢɯ ɪɟɚɤɰɢɨɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɬɪɭɤɬɭɪɵ ɧɭɤɥɟɨɮɢɥɨɜ. Ɉɩɢɫɚɧɵ ɪɟɰɢɤɥɢɡɚɰɢɢ 4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɪɢɥɚɦɢɧɨɜ [1] ɢ ɡɚɦɟɳɟɧɧɵɯ ɝɢɞɪɚɡɢɧɨɜ [2], ɩɪɨɬɟɤɚ-

ɸɳɢɟ ɫ ɭɱɚɫɬɢɟɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɪɨ-

ɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɚ ɬɚɤɠɟ ɫɩɢɪɨ-

ɛɢɫɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɰɢɤɥɢɱɟɫɤɨɝɨ [3] ɢ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɝɨ 

[4] ɟɧɚɦɢɧɨɜ, ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɭɱɚɫɬɢɟɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ ɤɚɪ-

ɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 5 1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ. Ⱦɚɧɧɵɟ ɨ ɪɟɚɤɰɢɹɯ ɷɬɢɯ ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ NH,NH 1,3-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ ɜ 

ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ 1-(4-ɬɨɥɢɥ)-4,5-ɛɢɫ(2,5-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-1H-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I [5] ɢ 3-ɚɦɢɧɨ-4,6-ɞɢɦɟɬɢɥ-2ɇ-ɩɢɪɚɡɨɥɨ[3,4-b]ɩɢɪɢɞɢɧɚ II [6] 

ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 3 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) 

ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ 2,3-ɛɢɫ(2,5-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-8,10-ɞɢɦɟɬɢɥ-N-(4-

ɬɨɥɢɥ)ɩɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ-[1,5-a]ɩɢɪɢɦɢɞɢɧ-4-ɤɚɪɛɨɤɫɚɦɢɞ III, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [7]. 

ɋɨɟɞɢɧɟɧɢɟ III – ɹɪɤɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ, ɧɟ ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɪɨɛɵ ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ 

ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III). 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɫɨɟɞɢɧɟɧɢɹ II ɤ 

ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ I, ɪɚɫɳɟɩɥɟɧɢɹ 

ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N1–C5 ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ 

ɰɢɤɥɢɡɚɰɢɢ ɫ ɭɱɚɫɬɢɟɦ ɷɧɞɨɰɢɤɥɢɱɟɫɤɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɫɨɟɞɢɧɟɧɢɹ II ɢ 

ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɤɫɚɦɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ. 
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ɉɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ[1,5-a]ɩɢɪɢɦɢɞɢɧɵ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɢɫ-

ɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɤɚɱɟɫɬɜɟ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɩɪɨɹɜɥɹɸɬ ɰɢɬɨɬɨɤɫɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ [8]. Ɉɩɢɫɚɧɵ ɦɟɬɨ-

ɞɵ ɫɢɧɬɟɡɚ ɞɚɧɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

2-ɚɦɢɧɨɩɢɪɚɡɨɥɨ[1,5-ɚ]ɩɢɪɢɦɢɞɢɧɨɜ ɢɥɢ 3-ɚɦɢɧɨɩɢɪɚɡɨɥɨ[3,4-b]ɩɢɪɢɞɢɧɨɜ ɫ 

1,3-ɞɢɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ [8–15], 3-ɚɦɢɧɨɩɢɪɚɡɨɥɨ[3,4-b]ɩɢɪɢɞɢɧɨɜ 

ɫ N-ɚɪɢɥ-3-ɨɤɫɨɛɭɬɚɧɬɢɨɚɦɢɞɚɦɢ [16], α,ȕ-ɧɟɧɚɫɵɳɟɧɧɵɦɢ ɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨ-

ɟɞɢɧɟɧɢɹɦɢ [8, 14, 17], ɫ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɟɧɨɥɶ-

ɧɵɣ, ɟɧɬɢɨɥɶɧɵɣ ɢɥɢ ɟɧɚɦɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬɵ ɫ ɨɞɧɨɣ ɢɥɢ ɞɜɭɦɹ ɷɥɟɤɬɪɨɧɨɚɤ-

ɰɟɩɬɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ȕ-ɩɨɥɨɠɟɧɢɢ ɷɬɢɯ ɮɪɚɝɦɟɧɬɨɜ [12–14, 17–22]. Ʉɪɨɦɟ 

ɷɬɨɝɨ ɩɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ[1,5-a]ɩɢɪɢɦɢɞɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɵ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 3-(N,N-ɞɢɦɟɬɢɥɚɦɢɧɨɦɟɬɢɥɟɧɚɦɢɧɨ)ɩɢɪɚɡɨɥɨ[3,4-b]ɩɢɪɢɞɢ-

ɧɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɪɟɚɤɰɢɟɣ 3-ɚɦɢɧɨɩɢɪɚɡɨɥɨ[3,4-b]ɩɢɪɢɞɢɧɨɜ ɫ ȾɆɎȺ ɢ ɊɈCl3, 
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ɫ 1-ɮɟɧɢɥɩɪɨɩɚɧ-2-ɨɧɨɦ [17] ɢɥɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɰɢɚɧɨɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ [13, 

23–25], ɚ ɬɚɤɠɟ ɨɤɢɫɥɟɧɢɟɦ ɬɟɬɪɚɝɢɞɪɨɩɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ[1,5-

a]ɩɢɪɢɦɢɞɢɧɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 3-

ɚɦɢɧɨɩɢɪɚɡɨɥɨ[3,4-b]ɩɢɪɢɞɢɧɨɜ ɫ ɚɥɶɞɟɝɢɞɚɦɢ ɢ ɚɥɤɟɧɚɦɢ [26]. Ɉɞɧɚɤɨ ɜ ɥɢɬɟ-

ɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ ɫɜɟɞɟɧɢɹ ɨ ɫɢɧɬɟɡɟ ɩɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ[1,5-

a]ɩɢɪɢɦɢɞɢɧɨɜ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɜ ɩɢɪɢ-

ɦɢɞɢɧɨɜɨɦ ɹɞɪɟ. 

Ɉɩɢɫɚɧɧɚɹ ɧɚɦɢ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɢɦɟɪ ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɰɢɤɥɢɡɚɰɢɢ ɡɚɦɟɳɟɧɧɵɯ 4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɪɟɚɝɟɧɬɚ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɢɪɢɞɨ[2',3':3,4]ɩɢɪɚɡɨɥɨ[1,5-a]ɩɢɪɢɦɢɞɢɧɚ ɫ 

ɧɟɞɨɫɬɭɩɧɵɦ ɪɚɧɟɟ ɫɨɱɟɬɚɧɢɟɦ ɡɚɦɟɫɬɢɬɟɥɟɣ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 21. 

 

Рɢс. 21. ɋɨɟɞɢɧɟɧɢɟ III ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋА ɜ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɚɯ 50% ɜɟɪɨɹɬɧɨɫɬɢ 

 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɫɬɪɨɟɧɢɟ ɫɨɟɞɢɧɟɧɢɹ ɞɨɜɨɥɶɧɨ ɬɢɩɢɱɧɨ ɞɥɹ ɬɚɤɨɝɨ 

ɤɥɚɫɫɚ ɜɟɳɟɫɬɜ. Ʉɨɧɮɨɪɦɚɰɢɹ ɦɨɥɟɤɭɥɵ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 

ɧɚɥɢɱɢɟɦ ȼȼɋ ɬɢɩɚ NH∙∙∙N, ɡɚɤɪɟɩɥɹɸɳɟɣ ɚɦɢɞɧɭɸ ɝɪɭɩɩɭ ɜ ɩɥɨɫɤɨɫɬɢ 

ɝɟɬɟɪɨɰɢɤɥɚ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɡɚɢɦɧɵɦ ɨɬɬɚɥɤɢɜɚɧɢɟɦ ɤɚɪɛɨɧɢɥɶɧɵɯ 

ɮɪɚɝɦɟɧɬɨɜ, ɜɵɜɨɞɹɳɢɦ ɚɪɨɢɥɶɧɵɟ ɮɪɚɝɦɟɧɬɵ ɢɡ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ. 
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2,3-Ȼɢɫ(2,5-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-8,10-ɞɢɦɟɬɢɥ-N-(4-ɬɨɥɢɥ)ɩɢɪɢɞɨ[2',3':3, 
4]ɩɢɪɚɡɨɥɨ[1,5-a]ɩɢɪɢɦɢɞɢɧ-4-ɤɚɪɛɨɤɫɚɦɢɞ III. Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ 
ɫɨɟɞɢɧɟɧɢɹ I ɢ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 

3 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1; ɩɪɨɹɜɥɹɥɢ 
ɩɚɪɚɦɢ ɣɨɞɚ), ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɬɨɥɭɨɥɚ. ȼɵɯɨɞ 79%, ɬ.ɩɥ. 215–216ɋ (ɬɨɥɭɨɥ). ɂɄ 

ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3188 (NH), 1689 (C=O), 1673 (C=O), 1665 

(C=O). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.12 c (3H, Me), 2.27 c (3H, 

Me), 2.28 c (3H, Me), 2.30 c (3H, Me), 2.46 c (3H, Me), 2.67 c (3H, Me), 2.70 c (3H, 

Me), 7.10–7.63 ɝɪ.ɫ (11H, Hɚɪɨɦ.), 11.20 c (1H, NH). ɇɚɣɞɟɧɨ, %: C 74.64; H 5.54; 
N 11.78. ɋ37H33N5Ɉ3. ȼɵɱɢɫɥɟɧɨ, %: C 74.60; H 5.58; N 11.76. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя III ɜɵɩɨɥɧɟɧ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 
ɩɪɨɰɟɞɭɪɟ [27] ɧɚ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur S 

[Ȝ(MoKα) 0.71073 Å, T 295(2) K, ω/2θ-ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 1]. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɨɜɚɧ ɠёɥɬɵɣ ɩɪɢɡɦɚɬɢɱɟɫɤɢɣ ɤɪɢɫɬɚɥɥ ɪɚɡɦɟɪɨɦ 
0.25×0.20×0.15 ɦɦ. ɉɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 
0.082 ɦɦ-1). Ʉɪɢɫɬɚɥɥ ɬɪɢɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1, a 10.0418(15), 

b 11.8931(12), c 14.0578(15) Å, α 86.919(8), ȕ 69.547(11), Ȗ 87.175(10), V 

1569.9(3) Å3, Z 2. ɇɚ ɭɝɥɚɯ ɪɚɫɫɟɹɧɢɹ 2.72 < θ < 26.37° ɫɨɛɪɚɧɨ 13697 

ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 6392 (Rint 0.0273), 2758 ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I), 
ɡɚɜɟɪɲёɧɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ θ 26.37° 99.5%. ɋɬɪɭɤɬɭɪɚ ɪɟɲɟɧɚ ɩɪɹɦɵɦ 
ɦɟɬɨɞɨɦ, ɭɬɨɱɧɟɧɚ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ SHELXTL [28]. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 

0.0458, wR2 0.1048 [I > 2σ(I)], R1 0.1056, wR2 0.1109 (ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ), 
GOOF 1.000, Δρ 0.297/–0.212 ēÅ-3. 
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2-Ⱥɦɢɧɨ-6-п-ɬɨɥɢɥ-9-[п-ɬɨɥɢɥɚɦɢɧɨ(ɮɟɧɢɥ)ɦɟɬɢɥɟɧ]-1-ɬɢɚ-3,6-

ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-2-ɟɧ-4,7,8-ɬɪɢɨɧ 

 

Ɋɟɚɤɰɢɢ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɬɢɨɦɨɱɟɜɢɧɨɣ ɪɚɧɟɟ 

ɧɟ ɨɩɢɫɚɧɵ. ɇɚɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 4-ɢɡɨɩɪɨɩɨɤɫɚɥɢɥ-1-ɩ-ɬɨɥɢɥ-5-ɮɟɧɢɥ-

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ [ɢɡɨɩɪɨɩɢɥ 2-(4,5-ɞɢɨɤɫɨ-1-п-ɬɨɥɢɥ-2-фɟɧɢɥ-4,5-ɞɢɝɢɞɪɨ-

1Н-ɩɢɪɪɨɥ-3-ɢɥ)-2-ɨɤɫɨацɟɬаɬа] I [1] ɫ ɬɢɨɦɨɱɟɜɢɧɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ 

ɤɢɩɹɳɟɣ ɫɦɟɫɢ ɚɛɫɨɥɸɬɧɵɯ ɯɥɨɪɨɮɨɪɦɚ ɢ 1,4-ɞɢɨɤɫɚɧɚ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ 

(ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) ɩɨɥɭɱɟɧ 2-ɚɦɢɧɨ-6-ɩ-ɬɨɥɢɥ-9-[ɩ-

ɬɨɥɢɥɚɦɢɧɨ(ɮɟɧɢɥ)ɦɟɬɢɥɟɧ]-1-ɬɢɚ-3,6-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧ-2-ɟɧ-4,7,8-ɬɪɢɨɧ II, 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [2]. 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ II ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɦɢɧɨɝɪɭɩɩɵ ɬɢɨɦɨɱɟɜɢɧɵ ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 2 ɩɢɪɪɨɥɞɢɨɧɚ I, ɪɚɫɳɟɩɥɟɧɢɹ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N1–

C2 ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɡɚɦɵɤɚɧɢɹ ɬɢɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ ɜɫɥɟɞɫɬɜɢɟ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ SH ɢɡɨɦɟɪɧɨɣ 

ɦɟɪɤɚɩɬɨɢɦɢɧɧɨɣ ɮɨɪɦɵ ɬɢɨɦɨɱɟɜɢɧɵ ɤ ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɭɚɰɟɬɚɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ. ɗɬɚ ɝɪɭɩɩɚ Ɉɇ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɚɬɚɤɭɟɬ ɫɥɨɠɧɨɷɮɢɪɧɭɸ ɤɚɪɛɨɧɢɥɶɧɭɸ ɝɪɭɩɩɭ ɫ ɨɬɳɟɩɥɟɧɢɟɦ 

ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦ ɡɚɦɵɤɚɧɢɟɦ ɮɭɪɚɧɨɜɨɝɨ ɰɢɤɥɚ 

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ III. Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɯɟɦɚ ɪɟɰɢɤɥɢɡɚɰɢɢ ɧɚɛɥɸɞɚɥɨɫɶ 

ɧɚɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɞɢɨɧɚ I ɫ Nɇ,ɋɇ 1,3-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ 

(ɢɦɢɧɚɦɢ ɞɢɦɟɞɨɧɚ) [3]. ɇɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɟ III 

ɩɨɞɜɟɪɝɚɟɬɫɹ ɚɦɢɧɢɪɨɜɚɧɢɸ ɩɚɪɚ-ɬɨɥɢɥɚɦɢɧɨɦ, ɨɛɪɚɡɭɸɳɢɦɫɹ, ɜɟɪɨɹɬɧɨ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɛɨɱɧɨɣ ɪɟɚɤɰɢɢ ɪɚɫɳɟɩɥɟɧɢɹ ɰɢɤɥɚ ɩɢɪɪɨɥɞɢɨɧɚ I ɩɨ ɫɜɹɡɹɦ N1–

C2 ɢ N1–C5 ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɢɨɦɨɱɟɜɢɧɵ. 

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɊɋȺ (ɫɦ. ɪɢɫɭɧɨɤ 22), ɦɨɥɟɤɭɥɚ ɫɨɟɞɢɧɟɧɢɹ II ɤɪɢ-

ɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ ɫɨɥɶɜɚɬɚ ɫ ȾɆɋɈ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:2. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚ-

ɥɟɧɬɧɵɟ ɭɝɥɵ ɫɨɟɞɢɧɟɧɢɹ ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. Ɏɟɧɢɥɶɧɵɣ ɢ ɬɨɥɢɥɶɧɵɟ ɡɚ-

ɦɟɫɬɢɬɟɥɢ ɪɚɡɜёɪɧɭɬɵ ɩɨɞ ɛɨɥɶɲɢɦ ɭɝɥɨɦ ɤ ɩɢɪɪɨɥɶɧɨɦɭ ɰɢɤɥɭ. ɉɪɢ ɷɬɨɦ ɮɟ-

ɧɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɫɨɪɢɟɧɬɢɪɨɜɚɧ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ ɩɥɨɫɤɨɫɬɢ ɬɢɚɡɨɥɶɧɨɝɨ 

ɰɢɤɥɚ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɫɛɥɢɠɟɧ ɫ ɧɢɦ [ɦɟɠɚɬɨɦɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɋ6∙∙∙ɋ16 

3.241(3) Å], ɱɬɨ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɟɪɟɤɪɵɜɚɧɢɟ ɫɨɩɪɹɠёɧɧɵɯ π-ɫɢɫɬɟɦ ɢ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɡɚɞɚɧɧɭɸ ɤɨɧɮɨɪɦɚɰɢɸ ɦɨɥɟɤɭɥɵ. Ɉɪɢɟɧɬɚɰɢɹ ɩɚɪɚ-

ɬɨɥɢɥɚɦɢɧɨɝɪɭɩɩɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɚɬɨɦɨɜ N4ɋ24ɋ25 ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɧɚɥɢɱɢɟɦ ȼȼɋ N4ɇ4···Ɉ3. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɭɩɚɤɨɜɤɚ (ɪɢɫɭɧɨɤ 23) ɨɛɪɚɡɨɜɚɧɚ ɫɢ-

ɫɬɟɦɨɣ Ɇȼɋ, ɨɛɴɟɞɢɧɹɸɳɢɯ ɦɨɥɟɤɭɥɵ ɜ ɞɢɦɟɪɵ, ɭɤɥɚɞɤɚ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɟɬ 

ɤɚɧɚɥɵ, ɡɚɩɨɥɧɟɧɧɵɟ ɦɨɥɟɤɭɥɚɦɢ ȾɆɋɈ. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɩɪɢ-

ɜɟɞɟɧɵ ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 2. 
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Ɍɚɛɥɢɰɚ 2 

D–H∙∙∙A d(D–H) d(H∙∙∙A) ɍɝɨɥ 
DHA 

d(D∙∙∙A) A 

N4–H4∙∙∙B 0.860 1.997 138.26 2.700(3) O3 

N3–H3∙∙∙B 0.96(3) 1.95(3) 168(1) 2.903(3) N2 [–x, –y, –z+1] 

N3–H3∙∙∙C 0.93(4) 1.87(4) 170(1) 2.791(3) O1S [–x, –y, –z+1] 

 

Рɢс. 22. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 2-ɚɦɢɧɨ-6-ɩ-ɬɨɥɢɥ-9-[ɮɟɧɢɥ(ɩ-ɬɨɥɢɥɚɦɢɧɨ) 
ɦɟɬɢɥɟɧ]-1-ɬɢɚ-3,6-ɞɢɚɡɚ-ɫɩɢɪɨ[4.4]ɧɨɧ-2-ɟɧ-4,7,8-ɬɪɢɨɧɚ II 

 

 

Рɢс. 23. Ɏɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ ɫɨɟɞɢɧɟɧɢɹ II 
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2-Ⱥɦɢɧɨ-6-п-ɬɨɥɢɥ-9-[п-ɬɨɥɢɥɚɦɢɧɨ(ɮɟɧɢɥ)ɦɟɬɢɥɟɧ]-1-ɬɢɚ-3,6-ɞɢɚɡɚ-

ɫɩɢɪɨ[4.4]ɧɨɧ-2-ɟɧ-4,7,8-ɬɪɢɨɧ II. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɩɢɪɪɨɥɞɢɨɧɚ I ɜ 10 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɯɥɨɪɨɮɨɪɦɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɬɢɨɦɨɱɟɜɢɧɵ ɜ 15 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ 1,4-ɞɢɨɤɫɚɧɚ, ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 29%, ɬ.ɩɥ. 318–320ɋ. ɂɄ 

ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν, ɫɦ–1: 3377, 3158 (NH2, NH), 1727, 1707 (C4=O, 

C7=O), 1620 (C8=O ɜ ВВС). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), , ɦ.ɞ.: 2.17 ɫ 

(3ɇ, Me), 2.28 ɫ (3ɇ, Me), 6.77–7.34 ɝɪ.ɫ (13ɇ, Ph + 2C6H4), 8.45 ɫ, 8.64 ɫ (2H, 

NH2), 13.09 ɭɲ.ɫ (1H, NH). ɇɚɣɞɟɧɨ, %: C 67.11; H 4.47; N 11.66. C27H22N4O3S. 

ȼɵɱɢɫɥɟɧɨ, %: C 67.20; H 4.60; N 11.61. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя II. Ⱦɢɮɪɚɤɰɢɨɧɧɵɣ 

ɷɤɫɩɟɪɢɦɟɧɬ ɫɨɟɞɢɧɟɧɢɹ II ɩɪɨɜɟɞёɧ ɞɥɹ ɨɛɥɨɦɤɚ ɤɪɢɫɬɚɥɥɚ ɜ ɜɢɞɟ ɠёɥɬɨɣ 

ɩɥɚɫɬɢɧɵ ɪɚɡɦɟɪɨɦ 0.48×0.26×0.12 ɦɦ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ 

ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur 3 ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 

ɦɟɬɨɞɢɤɟ [295(2) Ʉ, ɆɨКα-ɢɡɥɭɱɟɧɢɟ, ɝɪɚɮɢɬɨɜɵɣ ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-

ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1°], ɩɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ. 

Ɋɟɲɟɧɢɟ ɢ ɭɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪ ɩɪɨɜɟɞɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ 

SHELX97 [4]. ȼɫɟ ɧɟɜɨɞɨɪɨɞɧɵɟ ɚɬɨɦɵ ɪɟɲɟɧɵ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 

ɧɟɡɚɜɢɫɢɦɨ, ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ NH2 ɪɟɲɟɧɵ ɢ ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ ɜ 

ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɨɫɬɚɥɶɧɵɟ ɩɨɦɟɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ 

ɩɨɡɢɰɢɢ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜɟɳɟɫɬɜɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ Ɋ-1 ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ, a 10.193(4), b 13.276(3), c 

13.2792(16) Å, α 102.209(15), ȕ 98.835(17), Ȗ 109.73(3), V 1602.9(7) Å3. 

C31H34N4O5S3. Z 2, dɪɚɫɱ. 1.324 ɝ/ɫɦ3, ȝ 0.276 ɦɦ–1, F(000) 672. ɇɚ ɭɝɥɚɯ ɪɚɫɫɟɹɧɢɹ 

2.70 < Θ < 26.37 ɫɨɛɪɚɧɨ 13857 ɨɬɪɚɠɟɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɢɧɞɟɤɫɨɜ –12 < h < 12, 

–9 < k < 16, –16 < l < 16, ɢɡ ɧɢɯ 6544 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0454), ɡɚɜɟɪɲɟɧɧɨɫɬɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ Θ 26.37 99.6%. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 

0.0565, wR2 0.0996 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.1517, wR2 0.1058 (ɞɥɹ ɜɫɟɯ 

ɨɬɪɚɠɟɧɢɣ) ɩɪɢ ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 1.001. ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢ 
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ɦɢɧɢɦɚɥɶɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.680 ɢ –0.518 ɟ/Å3. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ 

ɢ ɩɪɢɧɹɬɚɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 22. 
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(Е)-Ɇɟɬɢɥ 4-[(4-ɯɥɨɪɮɟɧɢɥ)ɚɦɢɧɨ)]-3,4-ɞɢɨɤɫɨ-2-(3-ɨɤɫɨ-3,4-

ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧ-2(1Н)-ɢɥɢɞɟɧ)ɛɭɬɚɧɨɚɬ 

 

Ɋɟɚɤɰɢɢ 4,5-ɛɢɫ(ɚɥɤɨɤɫɢɤɚɪɛɨɧɢɥ)-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɨɪɬɨ-

ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ ɪɚɧɟɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɨɩɢɫɚɧɵ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɞɢɨɧɚ I ɫ ɨɪɬɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ, ɜɡɹɬɵɦ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɢ ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɩɪɢɥɢɜɚɧɢɹ ɪɚɫɬɜɨɪɚ ɨɪɬɨ-

ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɤ ɪɚɫɬɜɨɪɭ ɩɢɪɪɨɥɞɢɨɧɚ ɜ ɚɛɫɨɥɸɬɧɨɦ 

ɛɟɧɡɨɥɟ ɢ ɜɵɞɟɪɠɢɜɚɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ 

ɬɟɱɟɧɢɟ 3–5 ɦɢɧ ɨɛɪɚɡɭɟɬɫɹ (ȿ)-ɦɟɬɢɥ 4-[(4-ɯɥɨɪɮɟɧɢɥ)ɚɦɢɧɨ)]-3,4-ɞɢɨɤɫɨ-2-

(3-ɨɤɫɨ-3,4-ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧ-2(1ɇ)-ɢɥɢɞɟɧ)ɛɭɬɚɧɨɚɬ II, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [1]. 

 

 

 

ɋɨɟɞɢɧɟɧɢɟ II – ɹɪɤɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ȾɆɎȺ ɢ ȾɆɋɈ, ɬɪɭɞɧɨ-

ɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ 

ɢ ɜɨɞɟ. 
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Ɉɛɳɢɣ ɜɢɞ Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ II ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟ-

ɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩ ɪɟɚɝɟɧɬɚ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ ɋ5 ɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫɥɨɠɧɨɷɮɢɪɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 

5 ɩɢɪɪɨɥɞɢɨɧɚ I ɢ ɪɚɫɳɟɩɥɟɧɢɟɦ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N1–C5. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ II ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 24. 

 

Рɢс. 24. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ (ȿ)-ɦɟɬɢɥ 4-(ɚɪɢɥɚɦɢɧɨ)-3,4-ɞɢɨɤɫɨ-2-(3-ɨɤɫɨ-3,4-

ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧ-2(1ɇ)-ɢɥɢɞɟɧ)ɛɭɬɚɧɨɚɬɚ II ɩɨ ɞɚɧɧɵɦ ɊɋА 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ II ɮɨɪɦɢɪɭɟɬ ɩɥɨɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɚɬɨɦɨɜ ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɪɚɡɜёɪɧɭɬɨɣ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɫɢɫɬɟɦɵ ɫɨɩɪɹɠɟɧɢɹ ɦɨɥɟɤɭɥɵ. Ɉɰɟɧɤɚ ɞɥɢɧ ɫɜɹ-

ɡɟɣ ɢ ɥɨɤɚɥɢɡɚɰɢɹ ɩɪɨɬɨɧɨɜ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɟɬɨ-

ɟɧɨɥɶɧɨɟ ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɨɟɞɢɧɟɧɢɢ ɞɥɹ ɜɫɟɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɫɞɜɢɧɭɬɨ ɜ 

ɫɬɨɪɨɧɭ ɤɟɬɨɮɨɪɦɵ. 

(Е)-Ɇɟɬɢɥ 4-[(4-ɯɥɨɪɮɟɧɢɥ)ɚɦɢɧɨ)]-3,4-ɞɢɨɤɫɨ-2-(3-ɨɤɫɨ-3,4-ɞɢɝɢɞɪɨ-

ɯɢɧɨɤɫɚɥɢɧ-2(1Н)-ɢɥɢɞɟɧ)ɛɭɬɚɧɨɚɬ II. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɩɢɪɪɨɥɞɢɨɧɚ I ɜ 

20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɞɨɛɚɜɢɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɨɪɬɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ 

ɜ 40 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ, ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ ɤɨɦɧɚɬ-

ɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 3–5 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɨɤɪɚɫɤɢ ɩɢɪɪɨɥɞɢɨɧɚ I). 

ȼɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ȼɵɯɨɞ 87%, ɬ.ɩɥ. 300°ɋ (1,4-ɞɢɨɤɫɚɧ). ɂɄ 

ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3326 (OH, NH), 1767 (COOMe), 1715(ɋ4=Ɉ), 
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1696 (ɋ2=Ɉ).  ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 3.74 c (3H, OMe), 

3.79 c (3H, ɋOOMe), 6.71–7.68 ɝɪ.ɫ (8H, H), 10.57 c (1H, NH), 12.03 ɭɲ.c (1H, 

NH). ɇɚɣɞɟɧɨ, %: C 57.05; H 3.55; Cl 8.85; N 10.55. ɋ19H14ClN3Ɉ5. ȼɵɱɢɫɥɟɧɨ, 

%: C 57.08; H 3.53; Cl 8.87; N 10.51. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя II. Ⱥɧɚɥɢɡ ɩɪɨɜɟɞёɧ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur 3 ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ 

ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɟ [295(2) Ʉ, Ȝ(MoKα), ɝɪɚɮɢɬɨɜɵɣ ɦɨɧɨɯɪɨɦɚɬɨɪ, ω-

ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1]. ɉɨɩɪɚɜɤɚ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɚɫɶ. 

Ʉɪɢɫɬɚɥɥ ɦɨɧɨɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ21/n, a 7.3405(7), b 

20.949(2), c 11.6073(15) Å, ȕ 97.838(9), V 1768.2(3) Å3, Z 4, ȝ 0.255 ɦɦ-1. ɇɚ ɭɝ-

ɥɚɯ ɪɚɫɫɟɹɧɢɹ 3.10 < θ < 26.38 ɫɨɛɪɚɧɨ 8181 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 

3448 (Rint 0.0578), ɜ ɬɨɦ ɱɢɫɥɟ 1405 ɫ I > 2σ(I), ɤɨɦɩɥɟɤɬɧɨɫɬɶ ɞɥɹ θ 26.38 

95.8%. Ɋɟɲɟɧɢɟ ɢ ɭɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚ-

ɤɟɬɚ ɩɪɨɝɪɚɦɦ SHELX [2]. ɍɬɨɱɧɟɧɢɟ ɩɪɨɜɟɞɟɧɨ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2, 

ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɫɜɹɡɟɣ C–ɇ ɩɨɦɟɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɤɥɸɱɟɧɵ ɜ 

ɭɬɨɱɧɟɧɢɟ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 

ɩɨ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ, ɝɪɭɩɩ N–H ɪɟɲɟɧɵ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢ-

ɫɢɦɨ. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɟɢɹ ɫɬɪɭɤɬɭɪɵ: R1 0.0587, wR2 0.1403 

[ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.1494, wR2 0.1527 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ) ɩɪɢ ɮɚɤ-

ɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ S 1.005. Δρ 0.596/–0.241 ēÅ-3. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɋɢɥɚɣɱɟɜ ɉ.ɋ., ɀɟɥɟɡɧɨɜɚ Ɇ.Ⱥ., ɋɥɟɩɭɯɢɧ ɉ.Ⱥ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 

2014, ɜ ɩɟɱɚɬɢ. 

2. Sheldrick G.M. Acta Crystallogr., Sec. A., 2008, 64, 112. 
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2-Ƚɢɞɪɨɤɫɢ-1-(3-ɨɤɫɨɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-11а-ɮɟɧɢɥ-3Н-ɛɟɧɡɨ[е]ɩɢɪɪɨɥɨ 

[1,2-b][1,2,4]ɬɪɢɚɡɟɩɢɧ-3,6(5Н)-ɞɢɨɧ 

 

Ɋɟɚɤɰɢɢ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɩɨ ɫɬɨɪɨɧɟ [e] 

ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ, c ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ – ɭɞɨɛɧɵɣ ɦɟɬɨɞ 

ɩɨɥɭɱɟɧɢɹ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ [1]. 

ɗɬɢ ɪɟɚɤɰɢɢ ɜɟɫɶɦɚ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɞɚɠɟ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ 

ɫɬɪɭɤɬɭɪɟ ɪɟɚɝɟɧɬɨɜ. Ɉɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[1,2-

ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-ɬɪɢɨɧɨɜ ɫ ɝɢɞɪɚɡɢɞɚɦɢ ɛɟɧɡɨɣɧɵɯ ɤɢɫɥɨɬ, ɧɟ 

ɫɨɞɟɪɠɚɳɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɩɪɢɜɨɞɹɳɟɟ ɤ N-[2,4-

ɞɢɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-3-(3-ɨɤɫɨ-4ɇ-ɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-2-ɚɪɢɥɩɢɪɪɨɥ-1-ɢɥ]ɛɟɧɡɚɦɢ-

ɞɚɦ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [2]. 

ɇɚɦɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-

ɬɪɢɨɧɚ I ɫ ɝɢɞɪɚɡɢɞɨɦ ɚɧɬɪɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ 

ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) ɩɨɥɭ-

ɱɟɧ 2-ɝɢɞɪɨɤɫɢ-1-(3-ɨɤɫɨɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-11ɚ-ɮɟɧɢɥ-3ɇ-ɛɟɧɡɨ[ɟ]ɩɢɪɪɨɥɨ[1,2-

b][1,2,4]ɬɪɢɚɡɟɩɢɧ-3,6(5ɇ)-ɞɢɨɧ II, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [3]. 
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ɋɯɟɦɚ ɪɟɚɤɰɢɢ ɜɤɥɸɱɚɟɬ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɚɬɚɤɭ ɚɬɨɦɨɦ ɚɡɨɬɚ ɩɟɪɜɢɱɧɨɣ 

ɚɦɢɧɨɝɪɭɩɩɵ ɝɢɞɪɚɡɢɧɨɮɪɚɝɦɟɧɬɚ ɪɟɚɝɟɧɬɚ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 1 

ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ, ɪɚɫɳɟɩɥɟɧɢɟ ɫɜɹɡɢ ɋ1–N10, ɞɚɥɶɧɟɣɲɭɸ ɚɬɚɤɭ ɷɬɢɦ 

ɠɟ ɚɬɨɦɨɦ ɚɡɨɬɚ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɚɪɨɢɥɶɧɨɝɨ ɤɚɪɛɨɧɢɥɚ ɢ ɡɚɦɵɤɚɧɢɟ 

ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ, ɤɚɤ ɧɚɛɥɸɞɚɥɨɫɶ ɪɚɧɟɟ [2]; ɧɚ ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɚɬɚɤɚ ɫɜɨɛɨɞɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ ɪɟɚɝɟɧɬɚ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɟɧɡɨ[ɟ]ɩɢɪɪɨɥɨ[1,2-

b][1,2,4]ɬɪɢɚɡɟɩɢɧɚ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ II ɢ ɩɪɢɧɹɬɚɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɧɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 25. 

 

Рɢс. 25. ɋɬɪɨɟɧɢɟ 2-ɝɢɞɪɨɤɫɢ-1-(3-ɨɤɫɨɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-11ɚ-ɮɟɧɢɥ-3ɇ-ɛɟɧɡɨ[ɟ]ɩɢɪɪɨɥɨ 

[1,2-b][1,2,4]ɬɪɢɚɡɟɩɢɧ-3,6(5ɇ)-ɞɢɨɧɚ II ɩɨ ɞɚɧɧɵɦ ɊɋА 

 

Ɇɨɥɟɤɭɥɚ ɢɦɟɟɬ Ƚ-ɨɛɪɚɡɧɭɸ ɤɨɧɮɨɪɦɚɰɢɸ ɫ ɢɡɝɢɛɨɦ ɩɨ ɬɪɢɚɡɟɩɢɧɨɜɨɦɭ 

ɰɢɤɥɭ, ɧɚɯɨɞɹɳɟɦɭɫɹ ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɩɫɟɜɞɨ-ɜɚɧɧɚ ɫ ɷɤɜɚɬɨɪɢɚɥɶɧɵɦ 

ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɚɬɨɦɚ ɇ3. ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɫɬɪɭɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɤɪɢɫɬɚɥɥɚ 

ɢɝɪɚɟɬ ɫɢɫɬɟɦɚ ɜɧɭɬɪɢ- ɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ (ɫɦ. ɬɚɛɥɢɰɭ 3). 
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Ɂɚ ɫɱёɬ ȼȼɋ Ɉ1–ɇ1···Ɉ3 ɩɢɪɪɨɥɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜ 

ɩɥɨɫɤɨɫɬɢ ɯɢɧɨɤɫɚɥɢɧɚ. ɐɟɩɨɱɟɱɧɚɹ (ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ ɫ) ɭɩɚɤɨɜɤɚ ɦɨɥɟɤɭɥ ɜ 

ɤɪɢɫɬɚɥɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ Ɇȼɋ N1–H1···O4 [–x + 1/2, –y + 2, z + 1/2]. 

ȼɤɥɸɱёɧɧɚɹ ɜ ɫɨɫɬɚɜ ɤɪɢɫɬɚɥɥɚ ɦɨɥɟɤɭɥɚ ɷɬɢɥɚɰɟɬɚɬɚ ɡɚɧɢɦɚɟɬ ɩɨɥɨɫɬɢ ɦɟɠɞɭ 

ɡɜɟɧɶɹɦɢ ɰɟɩɢ, ɨɧɚ ɪɚɡɭɩɨɪɹɞɨɱɟɧɚ ɩɨ ɞɜɭɦ ɩɨɡɢɰɢɹɦ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɡɚɫɟɥёɧɧɨɫɬɢ 0.5 ɢ ɫɜɹɡɚɧɚ Ɇȼɋ ɦɟɠɞɭ ɝɪɭɩɩɨɣ ɋ=Ɉ ɢ ɝɪɭɩɩɨɣ N5–H4 

ɬɪɢɚɡɟɩɢɧɨɜɨɝɨ ɰɢɤɥɚ. 

Ɍɚɛɥɢɰɚ 3 

D–H d(D–H) d(H∙∙∙A) Уɝɨɥ 
DHA 

d(D∙∙∙A) A 

O1–H1A 0.98(2) 1.56(2) 158(1) 2.494(2) O3 

N3–H3 0.86(2) 2.40(2) 126(1) 2.994(2) N2 

N1–H1 0.99(3) 1.83(3) 171(1) 2.817(2) O4 [–x+1/2, –y+2, z+1/2] 

N5–H4 0.78(2) 2.08(2) 166(1) 2.841(2) O2S[–x+1/2, y+1/2, z] 

 

2-Ƚɢɞɪɨɤɫɢ-1-(3-ɨɤɫɨɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-11а-ɮɟɧɢɥ-3Н-ɛɟɧɡɨ[е]ɩɢɪɪɨ-

ɥɨ[1,2-b][1,2,4]ɬɪɢɚɡɟɩɢɧ-3,6(5Н)-ɞɢɨɧ II. Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I 

ɜ 30 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɝɢɞɪɚɡɢɞɚ 

ɚɧɬɪɚɧɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ, ɤɢɩɹɬɢɥɢ 2 ɦɢɧ, 

ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ 

ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ. ȼɵɯɨɞ 68%, ɬ.ɩɥ. 238–240ɋ. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν, 

ɫɦ–1: 3318, 3200 (OH, NH), 1742 (C3=O), 1703 (C=Oɯɢɧ), 1649 (C6=O). ɋɩɟɤɬɪ 

əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), , ɦ.ɞ.: 6.46 c (1ɇ, N10H), 6.88–7.73 ɝɪ.ɫ. (13ɇ, Ph 

+ 2C6H4), 7.82 ɞ (1ɇ, ɇ8
ɯɢɧ, J 7.5 Ƚɰ), 10.28 c (1H, N5H), 13.46 c (1H, NHɯɢɧ), 14.32 

c (1H, OH). ɇɚɣɞɟɧɨ, %: ɋ 66.57; H 3.86; N 15.49. ɋ25ɇ17N5Ɉ4. ȼɵɱɢɫɥɟɧɨ, %: ɋ 

66.52; H 3.80; N 15.51. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя II. Ʉɪɢɫɬɚɥɥ ɜɵɪɚɳɟɧ 

ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ ɜ ɮɨɪɦɟ ɫɨɥɶɜɚɬɚ (1:1), ɋ25ɇ19N5Ɉ4·C4H8O2. Ʉɪɢɫɬɚɥɥɵ 

ɨɪɬɨɪɨɦɛɢɱɟɫɤɢɟ: a 19.087(3), b 14.191(2), c 19.781(3) Å, V 1315.6(5) Å3, Ɇ 

538.53, dɪɚɫɱ. 1.335 ɝ/ɫɦ3, Z 8, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Pbca. ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ 

ɢ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɢɡɦɟɪɟɧɵ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɤɪɭɠɧɨɦ 
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ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɫ CCD-ɞɟɬɟɤɬɨɪɨɦ Xcalibur 3 (Oxford Diffraction) ɦɟɬɨɞɨɦ ω-2θ-

ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨKα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 

2.73 < θ < 26.40. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 19296 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 5458 ɧɟɡɚɜɢɫɢɦɵɯ 

(Rint 0.0931), 1954 ɫ I > 2σ(I). Ɂɚɜɟɪɲёɧɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɭɝɥɚ θ 26.40 

99.2%. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.096 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ 

ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ 

ɆɇɄ ɩɨ F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. 

Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩ NH ɪɟɲɟɧɵ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɵ ɧɟɡɚɜɢɫɢɦɨ, 

ɨɫɬɚɥɶɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɨɦɟɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ 

ɩɨɥɨɠɟɧɢɹ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX 97 [4]. 

Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0499, wR2 0.0615 ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I 

> 2σ(I), R1 0.1772, wR2 0.0710 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), S 1.002. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ 

ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.335 ɢ –0.218 ēÅ-3.  
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(6S*,7aS*)-7a-(2,5-Ⱦɢɦɟɬɢɥɛɟɧɡɨɢɥ)-4-(2,5-ɞɢɦɟɬɢɥɮɟɧɢɥ)-1-(4-

ɦɟɬɨɤɫɢɮɟɧɢɥ)-6-ɮɟɧɢɥ-7,7a-ɞɢɝɢɞɪɨɩɢɪɚɧɨ[4,3-b]ɩɢɪɪɨɥ-2,3(1H,6H)-ɞɢɨɧ 

 

1ɇ-ɉɢɪɪɨɥ-2,3-ɞɢɨɧɵ ɩɨɤɚɡɚɥɢ ɫɟɛɹ ɜɟɫɶɦɚ ɚɤɬɢɜɧɵɦɢ ɜ ɪɟɚɤɰɢɹɯ Ⱦɢɥɶ-

ɫɚ-Ⱥɥɶɞɟɪɚ [1, 2]. ɉɨɥɹɪɧɵɟ ɨɥɟɮɢɧɵ ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɚɤɰɢɢ [4+2]-

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɟ ɫɜɹɡɟɣ ɋ5=ɋ4–ɋ=Ɉ 4-ɛɟɧɡɨɢɥ-1-

ɮɟɧɢɥ-5-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɥɹ ɩɨɫɬɪɨ-

ɟɧɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɢɪɚɧɨ[4,3-b]ɩɢɪɪɨɥɚ [3, 4]. Ɋɟɚɤɰɢɢ ɰɢɤɥɨ-

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɥɟɮɢɧɨɜ ɤ 4,5-ɞɢɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚɦ ɪɚɧɟɟ ɧɟ ɢɡɭɱɚ-

ɥɢɫɶ. 

ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɜɟɞɟɧɢɹ ɚɪɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɩɨɥɨ-

ɠɟɧɢɟ 5 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɧɚɦɢ ɢɡɭ-

ɱɟɧɵ ɪɟɚɤɰɢɢ 1-ɚɪɢɥ-4,5-ɞɢɚɪɨɢɥ-1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫɨ ɫɬɢɪɨɥɨɦ.  

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɩɢɪɪɨɥɞɢɨɧɚ I ɢ ɫɬɢɪɨɥɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1.5 ɜ ɫɪɟɞɟ ɦ-

ɤɫɢɥɨɥɚ ɜ ɬɟɱɟɧɢɟ 8 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ), ɩɨɥɭɱɟɧ (6S*,7aS*)-7a-(2,5-

ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-4-(2,5-ɞɢɦɟɬɢɥɮɟɧɢɥ)-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-6-ɮɟɧɢɥ-7,7a-

ɞɢɝɢɞɪɨɩɢɪɚɧɨ[4,3-b]ɩɢɪɪɨɥ-2,3(1H,6H)-ɞɢɨɧ II, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪ-

ɠɞɟɧɚ ɊɋȺ [5]. 

 

 

 

ɋɨɟɞɢɧɟɧɢɟ II – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ ɬɟɦɩɟ-

ɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, 

ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ. 

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ II ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɚɥɢɮɚɬɢɱɟ-

ɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ ɩɪɢɫɭɬ-

ɫɬɜɭɸɬ ɞɭɛɥɟɬ ɞɭɛɥɟɬɨɜ ɦɟɬɢɧɨɜɨɝɨ ɩɪɨɬɨɧɚ H6 ɩɪɢ 5.36 ɦ.ɞ. (3Jaa 12.8 Ƚɰ, 3Jae 
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3.2 Ƚɰ), ɞɭɛɥɟɬɵ ɞɭɛɥɟɬɨɜ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɟɬɢɥɟɧɨɜɵɯ ɩɪɨɬɨɧɨɜ H7
2 ɩɪɢ 2.71 

ɢ 2.90 ɦ.ɞ. ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ Ʉɋɋȼ 3Jaa 12.8 Ƚɰ ɢ 3Jae 3.2 Ƚɰ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ II ɩɪɨɢɫɯɨɞɢɬ, ɜɟɪɨɹɬɧɨ, ɜɫɥɟɞɫɬɜɢɟ ɭɱɚɫɬɢɹ 

ɩɢɪɪɨɥɞɢɨɧɚ I ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɫɜɹɡɟɣ Ɉ=ɋ–ɋ4=ɋ5 ɜ ɬɟɪɦɢɱɟɫɤɢ ɢɧɢɰɢ-

ɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɩɨɥɹɪɧɨɣ ɋ=ɋ ɫɜɹɡɢ ɫɬɢɪɨɥɚ.  

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ II ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 26. 

ɉɢɪɚɧɨɜɵɣ ɰɢɤɥ ɦɨɥɟɤɭɥɵ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ ɤɨɧɜɟɪɬ. ɉɟɪɟɝɢɛ ɩɨ ɥɢ-

ɧɢɢ ɋ1∙∙∙ɋ6 ɫɨɫɬɚɜɥɹɟɬ 49.6, ɚ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɚ ɋ7 ɨɬ ɩɥɨɫɤɨɫɬɢ ɩɹɬɢ ɚɬɨɦɨɜ 

0.67Å. ȼɫɟ ɫɜɹɡɢ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ ɢɦɟɸɬ ɨɛɵɱɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹ. ɋɜɹɡɶ ɋ2=ɋ5 ɥɨɤɚɥɢɡɨɜɚɧɧɚɹ ɞɜɨɣɧɚɹ 1.354(5) Å. 

ɉɢɪɪɨɥɶɧɵɣ ɰɢɤɥ ɜ ɩɪɟɞɟɥɚɯ 0.01 Å ɩɥɨɫɤɢɣ ɢ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɹɬɢ 

ɚɬɨɦɨɜ ɩɢɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ ɞɢɷɞɪɚɥɶɧɵɣ ɭɝɨɥ 153.4. ȼ ɤɪɢɫɬɚɥɥɟ ɧɟɬ ɧɢ ɜɨɞɨ-

ɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɧɢ ɭɤɨɪɨɱɟɧɧɵɯ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɧɬɚɤɬɨɜ. 

 

Рɢс. 26. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (6S*,7aS*)-7a-(2,5-ɞɢɦɟɬɢɥɛɟɧɡɨɢɥ)-4-(2,5-ɞɢɦɟɬɢɥɮɟɧɢɥ)-1-

(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-6-ɮɟɧɢɥ-7,7a-ɞɢɝɢɞɪɨɩɢɪɚɧɨ[4,3-b]ɩɢɪɪɨɥ-2,3(1H,6H)-ɞɢɨɧɚ II 

 

 

(6S*,7aS*)-7a-(2,5-Ⱦɢɦɟɬɢɥɛɟɧɡɨɢɥ)-4-(2,5-ɞɢɦɟɬɢɥɮɟɧɢɥ)-1-(4-ɦɟɬɨ-

ɤɫɢɮɟɧɢɥ)-6-ɮɟɧɢɥ-7,7a-ɞɢɝɢɞɪɨɩɢɪɚɧɨ[4,3-b]ɩɢɪɪɨɥ-2,3(1H,6H)-ɞɢɨɧ II. Ʉ 
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ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɜ 25 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɦ-ɤɫɢɥɨɥɚ ɞɨɛɚɜɥɹɥɢ 

ɪɚɫɬɜɨɪ 1.5 ɦɦɨɥɶ ɫɬɢɪɨɥɚ ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɦ-ɤɫɢɥɨɥɚ, ɤɢɩɹɬɢɥɢ 8 ɱ (ɤɨɧ-

ɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬɵ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1, ɷɬɢɥɚɰɟɬɚɬ; ɩɪɨɹɜɥɹɥɢ 

ɩɚɪɚɦɢ ɣɨɞɚ ɢɥɢ ɍɎ ɨɛɥɭɱɟɧɢɟɦ), ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬ-

ɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 76%, ɬ.ɩɥ. 264–265ɋ (ɬɨɥɭɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨ-

ɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ–1: 1723 (ɋ2=Ɉ, ɋ3=Ɉ), 1688 (ɋ7ɚ–ɋ=Ɉ). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 

ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 2.06 ɫ (3ɇ, Ɇɟ), 2.13 ɫ (3ɇ, Ɇɟ), 2.18 ɫ (3ɇ, Ɇɟ), 2.27 ɫ 

(3ɇ, Ɇɟ), 2.71 ɬ (1ɇ, ɋɇ2, J 12.8 Ƚɰ), 2.90 ɞ.ɞ (1ɇ, ɋɇ2, J 12.8, 3.2 Ƚɰ), 3.78 ɫ 

(3ɇ, OMe), 5.36 ɞ.ɞ (1ɇ, ɋɇ, J 12.8, 3.2 Ƚɰ), 6.93–7.50 ɝɪ.ɫ (15H, Ph + C6H4 + 

2C6H3). ɇɚɣɞɟɧɨ, %: C 77.69; H 5.79; N 2.40. C37H33NO5. ȼɵɱɢɫɥɟɧɨ, %: C 

77.74; H 5.82; N 2.45. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя II. Ȼɟɫɰɜɟɬɧɵɟ ɨɛɴɟɦɧɵɟ 

ɤɪɢɫɬɚɥɥɵ C37H33NO5 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a 13.803(3), b 

11.607(2), c 18.969(4) Å, ȕ 91.88(3)°, V 3037.4(11) Å3, M 571.64, dɜɵɱ. 1.250 ɝ/ɫɦ3, 

Z 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/ɫ. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨ-

ɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 (KUMA 

DIFFRACTION) ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢ-

ɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ (2 ≤ 50). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 6057 ɨɬɪɚɠɟɧɢɣ, ɢɡ 

ɤɨɬɨɪɵɯ 4775 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0714). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( 

0.083 ɦɦ–1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [6] ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) 

ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXL-97 [7] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 0.0726 ɩɨ 2044 

ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I) ɢ R1 0.1913 ɩɨ ɜɫɟɦ 4775 ɨɬɪɚɠɟɧɢɹɦ. ɍɬɨɱɧɹɟɦɵɯ ɩɚ-

ɪɚɦɟɬɪɨɜ 389, Δρmax 0.218 Å-3. GOOF 0.955. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɞɟ-

ɩɨɧɢɪɨɜɚɧɵ ɜ Ʉɟɦɛɪɢɞɠɫɤɨɦ ɛɚɧɤɟ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ (CCDC № 827017). 

 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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(1S*,16R*)-14-Ɏɟɧɢɥ-7-ɯɥɨɪ-16-ɷɬɨɤɫɢ-3,15-ɞɢɨɤɫɚ-10-ɚɡɚɬɟɬɪɚɰɢɤɥɨ-

[8.7.0.01,13.04,9]ɝɟɩɬɚɞɟɤɚ-4,6,8,13-ɬɟɬɪɚɟɧ-2,11,12-ɬɪɢɨɧ 

 

Ɋɟɚɤɰɢɢ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɨ ɫɨɩɪɹɠɟɧɧɵɦ ɫɜɹɡɹɦ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɨɜ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɢɡɨɯɢɧɨɥɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ, ɲɢɪɨɤɨ ɢɫɫɥɟɞɨɜɚ-

ɥɢɫɶ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɬɪɚɬɟɝɢɢ ɩɨɫɬɪɨɟɧɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɷɪɢɬɪɢ-

ɧɨɜɵɯ ɚɥɤɚɥɨɢɞɨɜ [1–3]. Ɍɟɪɦɢɱɟɫɤɨɟ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɟ ɩɨɥɹɪɧɵɯ 

ɋ=ɋ ɞɢɟɧɨɮɢɥɨɜ ɩɨ ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɟ ɫɜɹɡɟɣ ɋ5=ɋ4–ɋ=Ɉ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɯ 

4-ɚɪɨɢɥɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɥɹ ɫɢɧɬɟɡɚ ɝɟɬɟɪɨ-

ɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɢɪɚɧɨ[4,3-b]ɩɢɪɪɨɥɚ [3–5]. Ɋɟɚɤɰɢɢ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟ-

ɧɢɹ ɨɥɟɮɢɧɨɜ ɤ 4-ɚɰɢɥɡɚɦɟɳɟɧɧɵɦ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚɦ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɦ 

1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ {ɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-

ɬɪɢɨɧɚɦ} ɪɚɧɟɟ ɧɟ ɢɡɭɱɚɥɢɫɶ. 

ɇɚɦɢ ɢɫɫɥɟɞɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]-

ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɨɜ ɫ ɚɥɤɢɥɜɢɧɢɥɨɜɵɦɢ ɷɮɢɪɚɦɢ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ I ɫ ɷɬɢɥɜɢɧɢɥɨɜɵɦ ɷɮɢ-

ɪɨɦ, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɜɵɞɟɪɠɢɜɚɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:5 ɜ ɫɪɟɞɟ 

ɤɢɩɹɳɟɝɨ ɛɟɧɡɨɥɚ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫ-

ɯɨɞɧɨɝɨ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ), ɩɨɥɭɱɟɧɵ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɤɥɚɫɫɚ ɦɚɥɨɞɨ-

ɫɬɭɩɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ – (1S*,16R*)-14-ɮɟɧɢɥ-7-ɯɥɨɪ-16-

ɷɬɨɤɫɢ-3,15-ɞɢɨɤɫɚ-10-ɚɡɚɬɟɬɪɚɰɢɤɥɨ[8.7.0.01,13.04,9]ɝɟɩɬɚɞɟɤɚ-4,6,8,13-ɬɟɬɪɚɟɧ-

2,11,12-ɬɪɢɨɧ II, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [6], ɢ (1R*,16R*)-14-

ɮɟɧɢɥ-7-ɯɥɨɪ-16-ɷɬɨɤɫɢ-3,15-ɞɢɨɤɫɚ-10-ɚɡɚɬɟɬɪɚɰɢɤɥɨ-[8.7.0.01,13.04,9]ɝɟɩɬɚɞɟɤɚ-

4,6,8,13-ɬɟɬɪɚɟɧ-2,11,12-ɬɪɢɨɧ III. ɋɨɟɞɢɧɟɧɢɟ II ɨɛɪɚɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜ-

ɧɨɝɨ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ, ɚ ɫɨɟɞɢɧɟɧɢɟ III – ɜ ɤɚɱɟɫɬɜɟ ɦɢɧɨɪɧɨɝɨ ɩɪɨɞɭɤɬɚ.  

ɋɨɟɞɢɧɟɧɢɹ II ɢ III – ɠɟɥɬɵɟ ɜɵɫɨɤɨɩɥɚɜɤɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, 

ɩɥɚɜɹɳɢɟɫɹ ɫ ɪɚɡɥɨɠɟɧɢɟɦ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɵɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫ-

ɬɜɨɪɢɦɵɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɚɥɤɚɧɚɯ ɢ 

ɜɨɞɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ II ɡɚɦɟɬɧɨ ɯɭɠɟ ɪɚɫɬɜɨɪɢɦɨ ɜ ɨɛɵɱɧɵɯ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɚ ɬɚɤɠɟ ɢɦɟɟɬ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ Rf ɩɪɢ Ɍɋɏ, ɱɟɦ 

ɫɨɟɞɢɧɟɧɢɟ III. 



 123 

 

 

 

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ II ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɚɥɢɮɚɬɢɱɟ-

ɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ ɩɪɢɫɭɬ-

ɫɬɜɭɸɬ ɞɭɛɥɟɬ ɞɭɛɥɟɬɨɜ ɦɟɬɢɧɨɜɨɝɨ ɩɪɨɬɨɧɚ H16 ɩɪɢ 5.80 ɦ.ɞ. (3Jae 4.0 Ƚɰ, 3Jee 

0.8 Ƚɰ), ɞɭɛɥɟɬɵ ɞɭɛɥɟɬɨɜ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɟɬɢɥɟɧɨɜɵɯ ɩɪɨɬɨɧɨɜ H17
2 ɩɪɢ 

2.41 ɢ 2.45 ɦ.ɞ. ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ Ʉɋɋȼ 3Jae 4.4 Ƚɰ ɢ 3Jee 0.8 Ƚɰ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɇ16, ɇ17
2 ɨɛɪɚɡɭɸɬ ɬɪɟɯɫɩɢɧɨɜɭɸ ɫɢɫɬɟɦɭ Аȼɏ, ɩɪɢɱɟɦ ɩɪɢ 

ɚɧɚɥɢɡɟ ɡɧɚɱɟɧɢɣ ɜɢɰɢɧɚɥɶɧɵɯ Ʉɋɋȼ ɩɪɨɬɨɧɨɜ H17
2 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɩɪɨɬɨɧ H16 ɡɚɧɢɦɚɟɬ ɷɤɜɚɬɨɪɢɚɥɶɧɨɟ, ɚ ɚɥɤɨɤɫɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ – ɚɤɫɢɚɥɶɧɨɟ 

ɩɨɥɨɠɟɧɢɟ.  

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ III ɢɦɟɸɬɫɹ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɚɥɢɮɚɬɢɱɟ-

ɫɤɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ, ɞɭɛɥɟɬ 

ɞɭɛɥɟɬɨɜ ɦɟɬɢɧɨɜɨɝɨ ɩɪɨɬɨɧɚ H16 ɩɪɢ 5.60 ɦ.ɞ. (3Jae 4.4 Ƚɰ, 3Jaa 10.0 Ƚɰ), ɞɭɛɥɟ-

ɬɵ ɞɭɛɥɟɬɨɜ ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɟɬɢɥɟɧɨɜɵɯ ɩɪɨɬɨɧɨɜ C17H2 ɩɪɢ 2.19 ɢ 2.68 ɦ.ɞ. 

ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ 3Jaa 10.2 Ƚɰ ɢ 3Jae 4.2 Ƚɰ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɇ16, 

ɇ17
2 ɬɚɤɠɟ ɨɛɪɚɡɭɸɬ ɬɪɟɯɫɩɢɧɨɜɭɸ ɫɢɫɬɟɦɭ Аȼɏ, ɚ ɩɪɢ ɚɧɚɥɢɡɟ ɡɧɚɱɟɧɢɣ ɜɢɰɢ-

ɧɚɥɶɧɵɯ Ʉɋɋȼ ɩɪɨɬɨɧɨɜ H17
2 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɨɬɨɧ H16 ɡɚɧɢɦɚɟɬ 

ɚɤɫɢɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɚ ɚɥɤɨɤɫɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ – ɷɤɜɚɬɨɪɢɚɥɶɧɨɟ.  
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Ɂɚɤɥɸɱɟɧɢɹ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɯɢɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɜ 

ɞɢɚɫɬɟɪɟɨɦɟɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ II ɢ III ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɬɜɟɪɠɞɟɧɨ ɫɪɚɜɧɟɧɢɟɦ 

ɡɧɚɱɟɧɢɣ ɯɢɦɢɱɟɫɤɢɯ ɫɞɜɢɝɨɜ ɩɪɨɬɨɧɨɜ ɇ16 – ɡɧɚɱɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ 

ɩɪɨɬɨɧɚ H16 ɜ ɞɢɚɫɬɟɪɟɨɦɟɪɟ II ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ ɩɪɨɬɨɧɚ 

H16 ɜ ɞɢɚɫɬɟɪɟɨɦɟɪɟ III, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɡɜɟɫɬɧɵɦ ɩɪɚɜɢɥɨɦ ɞɥɹ 

ɰɢɤɥɨɝɟɤɫɚɧɨɜ (δe > δa). ɋɨɨɬɧɨɲɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɢɝɧɚɥɨɜ 

ɫɨɟɞɢɧɟɧɢɣ II ɢ III ɜ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ 

ɢɯ ɨɛɪɚɡɨɜɚɧɢɢ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ ~ 3 : 1. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ II ɢ III ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɭɱɚɫɬɢɹ ɩɢɪɪɨɥɞɢɨɧɚ I ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɫɜɹɡɟɣ Ɉ=ɋ–ɋ3=ɋ3a ɜ ɬɟɪɦɢɱɟ-

ɫɤɢ ɢɧɢɰɢɢɪɭɟɦɨɣ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɩɨɥɹɪɧɨɣ ɋ=ɋ ɫɜɹɡɢ 

ɷɬɢɥɜɢɧɢɥɨɜɨɝɨ ɷɮɢɪɚ. ȼɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ II ɡɚɦɟɬɧɨ ɜɵɲɟ ɜɵɯɨɞɚ ɟɝɨ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɢɡɨɦɟɪɚ – ɫɨɟɞɢɧɟɧɢɹ III, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɛɨɥɶɲɟɣ ɥɟɝ-

ɤɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɜ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɷɤɡɨ- ɩɟɪɟɯɨɞɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ. 

 

ɋɨɟɞɢɧɟɧɢɹ II ɢ III ɹɜɥɹɸɬɫɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦɢ ɚɧɚɥɨɝɚɦɢ 13(14→8) 

ɚɛɟɨ-ɫɬɟɪɨɢɞɨɜ – ɞɚɧɤɚɫɬɟɪɨɧɚ A [7] ɢ ɚɛɟɨɯɶɸɫɬɟɪɨɧɚ Ȼ [8], ɨɛɥɚɞɚɸɳɢɯ ɪɟɞ-

ɤɨ ɜɫɬɪɟɱɚɸɳɢɦɫɹ ɜ ɩɪɢɪɨɞɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɦ ɤɚɪɛɨɰɢɤɥɢɱɟɫɤɢɦ ɨɫɬɨɜɨɦ ɢ 
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ɩɪɨɹɜɥɹɸɳɢɯ ɜɵɪɚɠɟɧɧɭɸ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɚ ɨɩɢɫɚɧɧɚɹ ɪɟɚɤ-

ɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɢɯ ɫɢɧɬɟɡɭ. 

 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ II ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 27.  

 

 

 
Рɢс. 27. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (1S*,16R*)-14-ɮɟɧɢɥ-7-ɯɥɨɪ-16-ɷɬɨɤɫɢ-3,15-ɞɢɨɤɫɚ-10-

ɚɡɚɬɟɬɪɚɰɢɤɥɨ[8.7.0.01,13.04,9]ɝɟɩɬɚɞɟɤɚ-4,6,8,13-ɬɟɬɪɚɟɧ-2,11,12-ɬɪɢɨɧɚ II 

 

Ʉɪɢɫɬɚɥɥ ɫɨɟɞɢɧɟɧɢɹ II ɦɨɥɟɤɭɥɹɪɧɵɣ, ɛɟɡ ɭɤɨɪɨɱɟɧɧɵɯ ɦɟɠɦɨɥɟɤɭɥɹɪ-

ɧɵɯ ɤɨɧɬɚɤɬɨɜ ɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɢɦɟ-

ɸɬ ɨɛɵɱɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹ. Ɉɤɫɚɡɢɧɨɜɵɣ ɢ ɩɢɪɚɧɨɜɵɣ 

ɰɢɤɥɵ ɢɦɟɸɬ ɤɨɧɮɨɪɦɚɰɢɸ ɤɨɧɜɟɪɬ ɫ ɩɟɪɟɝɢɛɚɦɢ ɩɨ ɥɢɧɢɹɦ N∙∙∙C1 ɢ C3∙∙∙C6 ɜ 

43.4 ɢ 45.9 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

(1S*,16R*)-14-Ɏɟɧɢɥ-7-ɯɥɨɪ-16-ɷɬɨɤɫɢ-3,15-ɞɢɨɤɫɚ-10-ɚɡɚɬɟɬɪɚ-ɰɢɤɥɨ 

[8.7.0.01,13.04,9]ɝɟɩɬɚɞɟɤɚ-4,6,8,13-ɬɟɬɪɚɟɧ-2,11,12-ɬɪɢɨɧ II ɢ (1R*,16R*)-14-

ɮɟɧɢɥ-7-ɯɥɨɪ-16-ɷɬɨɤɫɢ-3,15-ɞɢɨɤɫɚ-10-ɚɡɚɬɟɬɪɚɰɢɤɥɨ-[8.7.0.01,13.04,9]ɝɟɩɬɚ-

ɞɟɤɚ-4,6,8,13-ɬɟɬɪɚɟɧ-2,11,12-ɬɪɢɨɧ III. Ʉ ɪɚɫɬɜɨɪɭ 3.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɜ 
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40 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 15.0 ɦɦɨɥɶ ɷɬɢɥɜɢɧɢɥɨɜɨɝɨ 

ɷɮɢɪɚ ɜ 5 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ, ɤɢɩɹɬɢɥɢ 30 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ 

ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ), ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ II 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 67%, ɬ.ɩɥ. 243–245ɋ (ɪɚɡɥ., ɬɨɥɭɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚ-

ɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 1788 (C2=O), 1724 (C11=O, C12=O). ɋɩɟɤɬɪ əɆɊ 1ɇ 

(400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.11 ɬ (3ɇ, ɋɇ3, J 7.0 Ƚɰ), 2.41 ɞ.ɞ. (1ɇ, ɋ17ɇ2, J1 

4.4 Ƚɰ, J2 13.6 Ƚɰ), 2.45 ɞ.ɞ. (1ɇ, ɋ17ɇ2, J 14.0 Ƚɰ), 3.72 ɦ, 3.82 ɦ (2ɇ, Oɋɇ2), 

5.80 ɞ.ɞ. (1ɇ, ɋɇ, J 4.0 Ƚɰ), 7.37–7.90 ɝɪ.ɫ (7ɇ, Ph + ɋ6ɇ3). ɇɚɣɞɟɧɨ, %: C 62.22; 

H 3.83; N 3.21; Cl 8.26. C22H16ClNO6. ȼɵɱɢɫɥɟɧɨ, %: C 62.05; H 3.79; N 3.29; Cl 

8.33. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɜɚɥɢ ɜ 10 ɪɚɡ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɠɟɥɬɵɣ ɨɫɚ-

ɞɨɤ ɫɨɟɞɢɧɟɧɢɹ III ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 21%, ɬ.ɩɥ. 237–239ɋ (ɪɚɡɥ., ɛɟɧ-

ɡɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 1777 (C2=O), 1730 (C11=O, C12=O). 

ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.22 ɬ (3ɇ, ɋɇ3, J 7.0 Ƚɰ), 2.19 ɞ.ɞ. 

(1ɇ, ɋ17ɇ2, J1 4.2 Ƚɰ, J2 13.0 Ƚɰ), 2.68 ɞ.ɞ. (1ɇ, ɋ17ɇ2, J1 10.2 Ƚɰ, J2 13.0 Ƚɰ), 3.80 

ɦ, 4.06 ɦ (2ɇ, Oɋɇ2), 5.60 ɞ.ɞ. (1ɇ, ɋɇ, J1 4.4 Ƚɰ, J2 10.0 Ƚɰ), 7.37–7.86 ɝɪ.ɫ (7ɇ, 

Ph + ɋ6ɇ3). ɇɚɣɞɟɧɨ, %: C 62.19; H 3.75; N 3.35; Cl 8.30. C22H16ClNO6. ȼɵɱɢɫɥɟ-

ɧɨ, %: C 62.05; H 3.79; N 3.29; Cl 8.33. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя II. Ʌɢɦɨɧɧɨɝɨ ɰɜɟɬɚ 

ɩɪɨɡɪɚɱɧɵɟ ɯɨɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ ɜ ɜɢɞɟ ɱɟɬɵɪɟɯɝɪɚɧɧɵɯ ɩɪɢɡɦ ɤɪɢɫɬɚɥɥɵ 

ɋ22H16ClNO6  ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a 6.758(1), b 10.562(1), c 

14.603(2) Å, α 95.85(1), ȕ 101.44(1), Ȗ 106.05(1), V 968.1(2) Å3, M 425.81, dɜɵɱ. 

1.461 ɝ/ɫɦ3, Z 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚ-

ɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 (KUMA 

DIFFRACTION) ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢ-

ɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ (2 ≤ 50) ɫ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.4 × 0.3 × 0.2ɦɦ. 

ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 4342 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 3401 ɧɟɡɚɜɢɫɢɦɵɯ (Rint 0.0246). 

ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( 0.239 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹ-

ɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [9] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱ-

ɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ 
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SHELXL-97 [10] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 0.0447 ɢ wR2 0.0963 ɩɨ 2250 ɨɬɪɚɠɟɧɢɹɦ ɫ I 

 2(I) ɢ R1 0.0803 ɢ wR2 0.1100 ɩɨ ɜɫɟɦ 3401 ɨɬɪɚɠɟɧɢɹɦ. ɍɬɨɱɧɹɟɦɵɯ ɩɚɪɚ-

ɦɟɬɪɨɜ 271, Δρmax 0.157, GOOF 1.013. CIF ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚ-

ɰɢɸ ɩɨ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɛɵɥ ɞɟɩɨɧɢɪɨɜɚɧ ɜ CCDC ɩɨɞ ɧɨɦɟɪɨɦ 

884511, ɨɬɤɭɞɚ ɦɨɠɟɬ ɛɵɬɶ ɫɜɨɛɨɞɧɨ ɩɨɥɭɱɟɧ ɩɨ ɡɚɩɪɨɫɭ ɢɧɬɟɪɧɟɬ-ɫɚɣɬɟ Cam-

bridge Crystallographic Data Centre: www.ccdc.cam.ac.uk/data_request/cif. 
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3-[4-Ɉɤɫɨ-6-ɮɟɧɢɥ-3-ɰɢɤɥɨɝɟɤɫɢɥ-2-(ɰɢɤɥɨɝɟɤɫɢɥɢɦɢɧɨ)-3,4-ɞɢɝɢɞɪɨ-2H-

1,3-ɨɤɫɚɡɢɧ-5-ɢɥ]-2H-ɛɟɧɡɨ[b][1,4]ɨɤɫɚɡɢɧ-2-ɨɧ 

 

3-Ⱥɪɨɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɵ ɩɪɢ ɬɟɪɦɨɥɢɡɟ ɩɨɞ-

ɜɟɪɝɚɸɬɫɹ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɸ ɢ ɝɟɧɟɪɢɪɭɸɬ ɚɪɨɢɥ(2-ɨɤɫɨɛɟɧɡɨɤɫɚɡɢɧ-3-

ɢɥ)ɤɟɬɟɧɵ – ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɤɥɚɫɫɚ ɚɪɨɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɨɜ, ɤɨɬɨɪɵɟ ɜ ɨɬɫɭɬ-

ɫɬɜɢɟ ɩɚɪɬɧɟɪɨɜ ɩɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɸ [4+2]-

ɰɢɤɥɨɞɢɦɟɪɢɡɚɰɢɢ, ɩɪɢɱɟɦ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɤɟɬɟɧɚ ɭɱɚɫɬɜɭɟɬ ɜ ɧɟɣ ɜ ɤɚɱɟɫɬɜɟ 

ɞɢɟɧɨɮɢɥɚ ɫɜɹɡɶɸ ɋ=ɋ ɤɟɬɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɚ ɞɪɭɝɚɹ – ɜ ɤɚɱɟɫɬɜɟ ɞɢɟɧɚ – ɫɨ-

ɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɫɜɹɡɟɣ ɋ=ɋ–ɋ=N ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ; ɜ ɩɟɪɜɨ-

ɧɚɱɚɥɶɧɨ ɨɛɪɚɡɭɸɳɟɦɫɹ ɰɢɤɥɨɚɞɞɭɤɬɟ ɩɪɨɢɫɯɨɞɢɬ [1,3]-ɫɢɝɦɚɬɪɨɩɧɚɹ ɦɢɝɪɚ-

ɰɢɹ ɚɪɨɢɥɶɧɨɣ ɝɪɭɩɩɵ [1]. ɉɪɨɜɟɞɟɧɢɟ ɬɟɪɦɨɥɢɡɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ 

ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɚɪɢɥɤɚɪɛɚɥɶɞɟɝɢɞɚ ɢɥɢ ɨɫɧɨɜɚɧɢɹ ɒɢɮɮɚ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚ-

ɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɞɭɤɬɨɜ «ɩɟɪɟɯɜɚɬɚ» ɚɪɨɢɥ-(ɛɟɧɡɨɤɫɚɡɢɧɢɥ)ɤɟɬɟɧɨɜ – 

[4+2]-ɰɢɤɥɨɚɞɞɭɤɬɨɜ ɩɨ ɫɜɹɡɢ ɋ=Ɉ ɚɥɶɞɟɝɢɞɚ [2] ɢɥɢ ɫɜɹɡɢ ɋ=N ɨɫɧɨɜɚɧɢɹ 

ɒɢɮɮɚ [3]; ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɤɟɬɟɧɵ ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɫɜɹɡɟɣ ɋ=ɋ–ɋ=N ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ.  

ɋ ɰɟɥɶɸ ɨɰɟɧɤɢ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɪɛɨɞɢɢɦɢɞɨɜ 

ɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɚɪɨɢɥ(2-ɨɤɫɨɛɟɧɡɨɤɫɚɡɢɧ-

3-ɢɥ)ɤɟɬɟɧɚɦɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɪɢɥɤɚɪɛɚɥɶɞɟɝɢɞɚɦɢ, ɨɫɧɨɜɚɧɢɹɦɢ ɒɢɮɮɚ ɢ ɫɨɛ-

ɫɬɜɟɧɧɨ ɚɪɨɢɥ(2-ɨɤɫɨɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ)ɤɟɬɟɧɚɦɢ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɢɤɥɨɞɢɦɟɪɢ-

ɡɚɰɢɢ ɩɨɫɥɟɞɧɢɯ), ɚ ɬɚɤɠɟ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɫɬɢ ɭɤɚɡɚɧɧɵɯ ɪɟɚɤɰɢɣ, ɧɚɦɢ ɨɫɭ-

ɳɟɫɬɜɥɟɧɚ ɩɨɩɵɬɤɚ «ɩɟɪɟɯɜɚɬɚ» ɷɬɨɝɨ ɤɟɬɟɧɚ ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɨɦ. 

ɉɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-

ɬɪɢɨɧɚ I ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ, ɜɡɹɬɨɝɨ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 

1:1.1, ɜ ɩɫɟɜɞɨɤɭɦɨɥɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 168–169ɋ ɜ ɬɟɱɟɧɢɟ 12 ɦɢɧ (ɞɨ ɢɫɱɟɡ-

ɧɨɜɟɧɢɹ ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ I) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨ-

ɥɭɱɟɧ 3-[4-ɨɤɫɨ-6-ɮɟɧɢɥ-3-ɰɢɤɥɨɝɟɤɫɢɥ-2-(ɰɢɤɥɨɝɟɤɫɢɥɢɦɢɧɨ)-3,4-ɞɢɝɢɞɪɨ-2ɇ-

1,3-ɨɤɫɚɡɢɧ-5-ɢɥ]-2ɇ-ɛɟɧɡɨ[b][1,4]ɨɤɫɚɡɢɧ-2-ɨɧ II, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞ-

ɬɜɟɪɠɞɟɧɚ ɊɋȺ.  
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ɋɨɟɞɢɧɟɧɢɟ II – ɛɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ 

ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ 

ɢ ɚɥɤɚɧɚɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ.  

Ⱦɥɹ ɞɨɫɬɨɜɟɪɧɨɝɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɪɨɞɭɤɬɚ ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɞɢɟɧɨɮɢɥɨɜ ɤ ɚɪɨɢɥ(2-ɨɤɫɨɛɟɧɡɨɤɫɚɡɢɧ-3-

ɢɥ)ɤɟɬɟɧɚɦ, ɹɜɥɹɸɳɟɣɫɹ ɦɨɞɟɥɶɧɨɣ ɞɥɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɛɥɢɡɤɢɯ ɪɟɚɤɰɢɣ, ɛɵ-

ɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ II ɦɟɬɨɞɨɦ ɊɋȺ. Ʉɪɢɫɬɚɥɥ ɫɨɟɞɢɧɟɧɢɹ 

II ɛɵɥ ɜɵɪɚɳɟɧ ɢɡ ɫɦɟɫɢ ɚɰɟɬɨɧɢɬɪɢɥɚ ɢ ɷɬɢɥɚɰɟɬɚɬɚ, 1:2. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭ-

ɥɵ II ɢ ɩɪɢɧɹɬɚɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɭɦɟɪɚɰɢɹ ɚɬɨɦɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 28.  

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ II ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬ-

ɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ. Ɉɛɳɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬ-

ɪɵ ɦɨɥɟɤɭɥɵ (ɞɥɢɧɵ ɫɜɹɡɟɣ, ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ) ɛɥɢɡɤɢ ɤ ɫɬɚɧɞɚɪɬɧɵɦ. Ȼɟɧɡɨɤɫɚ-

ɡɢɧɨɜɵɣ ɰɢɤɥ ɩɥɨɫɤɢɣ, ɞɢɝɢɞɪɨɨɤɫɚɡɢɧɨɜɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɮɨɪɦɚɰɢɢ ɫɨɮɚ ɫ 

ɜɵɯɨɞɨɦ ɚɬɨɦɚ ɋ12 ɢɡ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɥɨɫɤɨɫɬɢ N2C9C10C11O1 ɧɚ 0.236 Å. 

ɉɥɨɫɤɨɫɬɶ N2C9C10C11O1 ɪɚɡɜёɪɧɭɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɛɟɧɡɨɤɫɚɡɢɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɩɨɞ ɭɝɥɨɦ ɩɨɪɹɞɤɚ 77, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɨɬɫɭɬ-

ɫɬɜɢɟ ɫɨɩɪɹɠɟɧɢɹ ɦɟɠɞɭ ɞɚɧɧɵɦɢ ɮɪɚɝɦɟɧɬɚɦɢ ɦɨɥɟɤɭɥɵ. ɗɤɡɨɰɢɤɥɢɱɟɫɤɢɣ 

ɚɬɨɦ ɚɡɨɬɚ N1 ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɚɤɫɢɚɥɶɧɨɣ ɩɨɡɢɰɢɢ ɰɢɤɥɨɝɟɤɫɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧ-
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ɬɚ, ɷɧɞɨɰɢɤɥɢɱɟɫɤɢɣ ɚɬɨɦ N2 – ɜ ɷɤɜɚɬɨɪɢɚɥɶɧɨɣ ɩɨɡɢɰɢɢ ɜɬɨɪɨɝɨ ɰɢɤɥɨɝɟɤ-

ɫɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ. Ɂɧɚɱɢɦɵɟ ɭɤɨɪɨɱɟɧɧɵɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ ɜ 

ɤɪɢɫɬɚɥɥɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

 

Рɢс. 28. Ɉɛɳɢɣ ɜɢɞ ɫɨɟɞɢɧɟɧɢɹ 2 ɜ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɚɯ 50% ɜɟɪɨɹɬɧɨɫɬɢ 

 

3-[4-Oɤɫɨ-6-ɮɟɧɢɥ-3-ɰɢɤɥɨɝɟɤɫɢɥ-2-(ɰɢɤɥɨɝɟɤɫɢɥɢɦɢɧɨ)-3,4-ɞɢɝɢɞɪɨ-

2Н-1,3-ɨɤɫɚɡɢɧ-5-ɢɥ]-2Н-ɛɟɧɡɨ[b][1,4]ɨɤɫɚɡɢɧ-2-ɨɧ II. Ɋɚɫɬɜɨɪ 3.0 ɦɦɨɥɶ ɫɨ-

ɟɞɢɧɟɧɢɹ I ɢ 3.3 ɦɦɨɥɶ ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

ɩɫɟɜɞɨɤɭɦɨɥɚ ɤɢɩɹɬɢɥɢ 12 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚ-

ɥɢ. ȼɵɯɨɞ 95%, ɬ.ɩɥ. 187–189C (ɪɚɡɥ., ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ 

ɦɚɫɥɨ), Ȟ, ɫɦ-1: 1744 (ɋɈɈ), 1705 (ɋɈN), 1670 (C=N). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, 

ȾɆɋɈ-d6), δ, ɦ.ɞ.: 1.07–1.81 ɝɪ.ɫ (20H, 10CH2), 3.80 ɦ (1H, CH), 4.64 ɦ (1H, CH), 

7.42–7.75 ɝɪ.ɫ (9H, Ph + C6H4). ɋɩɟɤɬɪ əɆɊ 1ɇ (100 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 

23.56, 25.03, 25.42, 25.76, 27.45, 33.30 (ɋɇ2), 52.71, 54.34 (ɋɇN), 106.99 

(ɋ5
ɨɤɫɚɡɢɧ.), 116.56–132.50 (ɋAr), 137.39 (ɋ2

ɨɤɫɚɡɢɧ.), 146.10 (ɋ3), 149.05 (ɋ6
ɨɤɫɚɡɢɧ.), 

151.56 (ɋ4=Ɉ ɨɤɫɚɡɢɧ.), 159.91 (ɋ2=Ɉ). ɇɚɣɞɟɧɨ, %: C 72.32; H 6.18; N 8.37. 

ɋ30H31N3Ɉ4. ȼɵɱɢɫɥɟɧɨ, %: C 72.41; H 6.28; N 8.44. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɫɨɟɞɢɧɟɧɢя II ɫ ɛɪɭɬɬɨ-ɮɨɪɦɭɥɨɣ 

C30H31N3O4 ɜɵɩɨɥɧɟɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪёɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ 

Xcalibur 3, ɨɛɨɪɭɞɨɜɚɧɧɨɦ CCD-ɞɟɬɟɤɬɨɪɨɦ ɞɥɹ ɨɛɥɨɦɤɚ ɛɟɫɰɜɟɬɧɨɝɨ ɩɪɢɡɦɚ-

ɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.25×0.20×0.15 ɦɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɴёɦɤɢ 295(2) 
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Ʉ, ɞɥɢɧɚ ɜɨɥɧɵ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɡɥɭɱɟɧɢɹ – 0,71073 Å (MoKα), ɲɚɝ ɫɤɚɧɢɪɨɜɚ-

ɧɢɹ 1. ɋɛɨɪ ɢ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɟ [4], ɩɨ-

ɩɪɚɜɤɚ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɚɫɶ. ɇɚ ɭɝɥɚɯ ɨɬɪɚɠɟɧɢɣ 2.74 < θ < 26.39 ɫɨ-

ɛɪɚɧɨ 12524 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 5257 (Rint 0.0452), ɜ ɬɨɦ ɱɢɫɥɟ 2522 

ɫ I > 2σ(I). Ɂɚɜɟɪɲёɧɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ 99.5%. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɊɋȺ ɤɪɢɫɬɚɥɥ 

ɦɨɧɨɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ C2/c, a 46.179(3), b 6.4582(5), c 

17.9961(16) Å, ȕ 105.686(8), V 5167.1(7) Å3, Z 8, dɪɚɫɱ. 1.279 ɝ/ɫɦ3, ȝ 0.086 ɦɦ-1. 

Ɋɟɲɟɧɢɟ ɢ ɭɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨ-

ɝɪɚɦɦ SHELX [5]. ɍɬɨɱɧɟɧɢɟ ɩɪɨɜɟɞɟɧɨ ɩɨɥɧɨɦɚɬɪɢɱɧɵɦ ɆɇɄ ɩɨ F2, ɜ ɚɧɢɡɨ-

ɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɜɫɟɯ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɨɦɟ-

ɳɟɧɵ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ 

ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ  ɩɨ ɦɨɞɟɥɢ 

ɧɚɟɡɞɧɢɤɚ. Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ: R1 0.0330, wR2 

0.0471 ɩɨ ɨɬɪɚɠɟɧɢɹɦ ɫ I > 2σ(I), R1 0.0893, wR2 0.0503 ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ, ɩɪɢ 

ɮɚɤɬɨɪɟ ɞɨɛɪɨɬɧɨɫɬɢ GOOF ɩɨ F2 0.998. Ɇɚɤɫɢɦɭɦɵ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ Δρē 0.148/–0.161 ēÅ-3. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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(1Е,3Z)-4-Ƚɢɞɪɨɤɫɢ-1-(1,3,3-ɬɪɢɦɟɬɢɥ-1,3-ɞɢɝɢɞɪɨ-2Н-ɢɧɞɨɥ-2-ɢɥɢɞɟɧ)- 

4-(4-ɯɥɨɪɮɟɧɢɥ)-ɛɭɬ-3-ɟɧ-2-ɨɧ 

 

5-Ⱥɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟ-

ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɦɟɠɦɨɥɟɤɭ-

ɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɚɤɬɢɜɧɵɦɢ ɞɢɟɧɨɮɢɥɚɦɢ [1, 2] ɢ ɚɰɢ-

ɥɢɪɭɸɳɢɯ ɫɥɚɛɵɟ ɧɭɤɥɟɨɮɢɥɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɚɰɟɬɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

[1, 3]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɚɦɢ ɮɭɪɚɧɞɢɨɧɵ ɦɨɝɭɬ ɚɰɢɥɢɪɨɜɚɬɶ ɧɭɤɥɟɨɮɢɥɶɧɵɟ ɪɟɚ-

ɝɟɧɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɢɠɟ ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɩɢɪɭɜɨɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [1, 4]. Ɋɚɧɟɟ ɧɚɦɢ ɨɩɢɫɚɧɨ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ 1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ, 

ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ȕ-ɋɇ-ɚɰɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɞɢɨɧɚɦɢ ɬɚ-

ɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ ɢɡɨɯɢɧɨɥɢɧɨɜ – (2Z,5Z)-1-ɚɪɢɥ-3-ɝɢɞɪɨɤɫɢ-5-[3,3-

ɞɢɚɥɤɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2H)-ɢɥɢɞɟɧ]ɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧɨɜ, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [5]. ɂɡɜɟɫɬɧɨ, ɱɬɨ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-

ɞɢɨɤɫɢɧ-4-ɨɧɵ [6] – ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɪɨɢɥɤɟɬɟ-

ɧɨɜ ɩɨ ɫɜɹɡɢ ɋ=Ɉ ɚɰɟɬɨɧɚ – ɦɨɝɭɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɬɶ ɪɟɬɪɨ-ɪɟɚɤɰɢɸ 

Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɢ ɫɥɭɠɢɬɶ «ɢɫɬɨɱɧɢɤɨɦ» ɚɪɨɢɥɤɟɬɟɧɨɜ [7].  

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɝɟ-

ɬɟɪɨɤɭɦɭɥɟɧɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫ ɟɧɚɦɢɧɚɦɢ ɤɥɚɫɫɚ ɢɡɨɯɢɧɨɥɢɧɚ, ɚ ɬɚɤɠɟ ɜ ɰɟɥɹɯ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɨɥɨɝɢɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɝɟɬɟɪɨ-

ɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɜ, ɧɚɦɢ ɢɡɭɱɟɧɵ ɪɟɚɤɰɢɢ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-

ɞɢɨɤɫɢɧ-4-ɨɧɨɜ ɫ ɧɨɜɵɦ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɦ ɟɧɚɦɢɧɨɦ – 2-ɦɟɬɢɥɟɧ-1,3,3-

ɬɪɢɦɟɬɢɥɢɧɞɨɥɢɧɨɦ.  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 6-(4-ɯɥɨɪɮɟɧɢɥ)-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ 

I ɫ 2-ɦɟɬɢɥɟɧ-1,3,3-ɬɪɢɦɟɬɢɥɢɧɞɨɥɢɧɨɦ (ɨɫɧɨɜɚɧɢɟɦ Ɏɢɲɟɪɚ) II ɜ ɫɨɨɬɧɨɲɟ-

ɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ (ɤɨɧɬɪɨɥɶ ɦɟɬɨ-

ɞɨɦ Ɍɋɏ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ (1ȿ,3Z)-4-ɝɢɞɪɨɤɫɢ-1-(1,3,3-ɬɪɢɦɟɬɢɥ-

1,3-ɞɢɝɢɞɪɨ-2ɇ-ɢɧɞɨɥ-2-ɢɥɢɞɟɧ)-4-(4-ɯɥɨɪɮɟɧɢɥ)-ɛɭɬ-3-ɟɧ-2-ɨɧ III, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [8]. ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢ ɨɩɢɫɵɜɚɟɦɨɦ ɜɡɚɢɦɨɞɟɣ-
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ɫɬɜɢɢ ɩɪɨɢɫɯɨɞɢɬ ɚɰɢɥɢɪɨɜɚɧɢɟ ɝɪɭɩɩɵ ȕ-CH2 ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɢɧɞɨɥɚ Ɏɢ-

ɲɟɪɚ II ɚɪɨɢɥɤɟɬɟɧɨɦ IV, ɝɟɧɟɪɢɪɭɟɦɵɦ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɷɥɢɦɢɧɢɪɨɜɚɧɢɢ 

ɦɨɥɟɤɭɥɵ ɚɰɟɬɨɧɚ ɢɡ 6-(4-ɯɥɨɪɮɟɧɢɥ)-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ I, ɤɚɤ 

ɷɬɨ ɨɩɢɫɚɧɨ ɞɥɹ ɪɟɚɤɰɢɣ ɞɢɨɤɫɢɧɨɧɨɜ ɫ 1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ 

[9]. 

 
 

ɋɨɟɞɢɧɟɧɢɟ III – ɨɪɚɧɠɟɜɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫɬɜɨɪɢ-

ɦɨɟ ɜ ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ, ɞɚɸɳɟɟ ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟ-

ɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞɪɨɤɫɢɥɚ ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ 

ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III).  

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ III ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟ-

ɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɧɝɥɟɬ ɲɟɫɬɢ ɩɪɨɬɨɧɨɜ 

ɞɜɭɯ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɢɧɞɨɥɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 1.73 ɦ.ɞ., 

ɫɢɧɝɥɟɬ ɬɪɟɯ ɩɪɨɬɨɧɨɜ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɢɧɞɨɥɢɧɨɜɨɝɨ ɮɪɚɝ-

ɦɟɧɬɚ ɩɪɢ 3.31 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ C1H ɩɪɢ 5.42 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ 

ɝɪɭɩɩɵ C3H ɩɪɢ 6.45 ɦ.ɞ., ɭɲɢɪɟɧɧɵɣ ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ Ɉɇ 

ɩɪɢ 17.45 ɦ.ɞ., ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɟɧɨɥɶɧɨɣ ɮɨɪɦɟ Ⱥ ɫɨɟɞɢɧɟɧɢɹ III. Ʉɪɨɦɟ ɬɨɝɨ, ɜ 

ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɪɚɫɬɜɨɪɚ ɫɨɟɞɢɧɟɧɢɹ III ɜ ȾɆɋɈ-d6 ɢɦɟɸɬɫɹ ɦɢɧɨɪɧɵɟ ɧɚɛɨ-

ɪɵ ɫɢɝɧɚɥɨɜ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ B: ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ 
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ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ, ɫɢɧɝɥɟɬ ɲɟɫɬɢ ɩɪɨɬɨɧɨɜ ɞɜɭɯ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɩɨ-

ɥɨɠɟɧɢɢ 3 ɢɧɞɨɥɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 1.57 ɦ.ɞ., ɫɢɧɝɥɟɬ ɬɪɟɯ ɩɪɨɬɨɧɨɜ ɦɟ-

ɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɢɧɞɨɥɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 3.22 ɦ.ɞ., ɫɢɧɝɥɟɬ 

ɞɜɭɯ ɩɪɨɬɨɧɨɜ ɝɪɭɩɩɵ C3H2 ɩɪɢ 4.15 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ C1H ɩɪɢ 5.29 

ɦ.ɞ. ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɟɞɢɧɟɧɢɹ III ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɢɯ ɫɭɳɟ-

ɫɬɜɨɜɚɧɢɢ ɜ ȾɆɋɈ-d6 ɜ ɜɢɞɟ ɫɦɟɫɢ ɤɟɬɨɟɧɨɥɶɧɨɣ ɮɨɪɦɵ Ⱥ ɢ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪ-

ɦɵ ȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 5:1.  

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 29. 

 

Рɢс. 29. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (1ȿ,3Z)-4-ɝɢɞɪɨɤɫɢ-1-(1,3,3-ɬɪɢɦɟɬɢɥ- 

1,3-ɞɢɝɢɞɪɨ-2ɇ-ɢɧɞɨɥ-2-ɢɥɢɞɟɧ)-4-(4-ɯɥɨɪɮɟɧɢɥ)ɛɭɬ-3-ɟɧ-2-ɨɧɚ III  

ɜ ɬɟɩɥɨɜɵɯ ɷɥɥɢɩɫɨɢɞɚɯ 50%-ɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨ ɞɚɧɧɵɦ ɊɋА 

 

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɊɋȺ, ɫɨɟɞɢɧɟɧɢɟ III ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɦɨɧɨɤɥɢɧ-

ɧɨɣ ɫɢɧɝɨɧɢɢ, ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɫɢɦɦɟɬɪɢɢ P21/c. 

ȼ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɦɨɥɟɤɭɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɤɟɬɨɟɧɨɥɶɧɨɣ (ɚ ɧɟ ɜ ɞɢɤɟ-

ɬɨɧɧɨɣ) ɮɨɪɦɟ, ɩɪɢ ɷɬɨɦ ɟɧɨɥɢɡɨɜɚɧɧɵɦ ɨɤɚɡɵɜɚɟɬɫɹ ɤɢɫɥɨɪɨɞ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɜ ɩɚɪɚ-ɯɥɨɪɛɟɧɡɨɢɥɶɧɨɦ ɡɚɦɟɫɬɢɬɟɥɟ. Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɨɤɚ-

ɡɵɜɚɟɬɫɹ ɜɨɜɥɟɱёɧɧɵɦ ɜ ȼȼɋ: ɫɜɹɡɢ O1–H1 1.00(2), H1∙∙∙O2 1.51(2), O1∙∙∙O2 

2.449(2) Å, ɭɝɨɥ O1H1O2 155(1). Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɢɧ ɫɜɹɡɟɣ ɤɟɬɨɟɧɨɥɶɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ (ɫɦ. ɬɚɛɥɢɰɭ 4) ɭɤɚɡɵɜɚɟɬ ɧɚ ɢɯ ɫɢɥɶɧɨɟ ɫɨɩɪɹɠɟɧɢɟ. ɇɟɫɦɨɬɪɹ ɧɚ 

ɹɜɧɨɟ ɧɚɪɭɲɟɧɢɟ ɫɢɫɬɟɦɵ ɫɨɩɪɹɠɟɧɢɹ ɫɜɹɡɟɣ ɜ ɢɧɞɨɥɢɧɨɜɨɦ ɤɨɥɶɰɟ, ɚɪɨɦɚɬɢ-

ɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɢɧɞɨɥɢɧɚ ɢ ɤɟɬɨɟɧɨɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɨɤɚɡɵ-
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ɜɚɸɬɫɹ ɫɨɩɪɹɠɟɧɧɵɦɢ ɱɟɪɟɡ ɟɧɚɦɢɧɨɜɵɣ ɦɨɫɬɢɤ ɢɧɞɨɥɢɧɚ. ɗɬɨ, ɜ ɱɚɫɬɧɨɫɬɢ, 

ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɵɪɚɜɧɢɜɚɧɢɢ ɞɥɢɧ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɨɩɪɹɠɟɧɢɢ ɫɜɹɡɟɣ  C–N ɜ 

ɢɧɞɨɥɢɧɟ ɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɞɥɢɧ ɫɜɹɡɟɣ ɜ ɢɥɢɞɟɧɨɜɨɦ ɮɪɚɝɦɟɧɬɟ. Ɍɚɤ, ɞɥɢ-

ɧɚ ɫɜɹɡɢ ɋ8–ɋ9 ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ ɞɥɢɧɵ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɢ ɋ=ɋ 

(1.34 Å), ɚ ɫɜɹɡɢ ɋ9–ɋ10 – ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɬɢɩɢɱɧɨɣ ɨɞɢɧɚɪɧɨɣ ɫɜɹɡɢ ɋ–ɋ 

(1.54 Å), ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɨɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɞɚɧɧɨɝɨ ɮɪɚɝ-

ɦɟɧɬɚ ɫ ɤɟɬɨɟɧɨɥɶɧɵɦ. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɜɵɬɹɧɭɬɵ ɜɞɨɥɶ ɨɫɢ 0ɚ ɢ ɭɥɨɠɟ-

ɧɵ ɫɥɨɹɦɢ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ Ɇɢɥɥɟɪɚ (100) ɬɚɤ, ɱɬɨ ɚɬɨɦɵ ɯɥɨɪɚ ɦɨɥɟɤɭɥ 

ɫɨɫɟɞɧɢɯ ɫɥɨёɜ ɨɤɚɡɵɜɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɫɛɥɢɠɟɧɧɵɦɢ. ɍɤɨɪɨɱɟɧɧɵɟ ɦɟɠɦɨ-

ɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ ɜ ɭɩɚɤɨɜɤɟ ɨɬɫɭɬɫɬɜɭɸɬ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ 

ɤɨɧɬɚɤɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɫ ɚɬɨɦɚɦɢ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩ ɋɇ3, ɫɜɹɡɚɧɧɵɯ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɫ ɨɛɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɝɟɨɦɟɬɪɢɢ ɭɤɥɚɞɤɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɥɨёɜ.  

Ɍɚɛɥɢɰɚ 4  

Иɡɛɪɚɧɧɵɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɫɨɟɞɢɧɟɧɢɹ III 

ɋɜɹɡɶ  Ⱦɥɢɧɚ, Å ɋɜɹɡɶ  Ⱦɥɢɧɚ, Å 

Cl1–C16 1.7327(17) C7–C8 1.5303(17) 

O1–C12 1.3280(15) C8–C9 1.3662(18) 

O2–C10 1.2832(14) C9–C10 1.4252(17) 

N1–C8 1.3669(15) C10–C11 1.4373(18) 

N1–C1 1.3945(17) C11–C12 1.3598(18) 

N1–C21 1.4506(15) C12–C13 1.4740(19) 

C6–C7 1.5086(19)   

 

(1Е,3Z)-4-Ƚɢɞɪɨɤɫɢ-1-(1,3,3-ɬɪɢɦɟɬɢɥ-1,3-ɞɢɝɢɞɪɨ-2Н-ɢɧɞɨɥ-2-ɢɥɢɞɟɧ)-
4-(4-ɯɥɨɪɮɟɧɢɥ)-ɛɭɬ-3-ɟɧ-2-ɨɧ III. Ɋɚɫɬɜɨɪ 1.5 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɢ 1.5 ɦɦɨɥɶ 

ɨɫɧɨɜɚɧɢɹ Ɏɢɲɟɪɚ II ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 15 ɦɢɧ (ɤɨɧɬɪɨɥɶ 

ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬɵ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1, ɷɬɢɥɚɰɟɬɚɬ; ɩɪɨɹɜɥɹɥɢ ɩɚɪɚ-

ɦɢ ɣɨɞɚ), ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 90%, ɬ.ɩɥ. 

172–173ɋ (ɪɚɡɥ., ɬɟɬɪɚɯɥɨɪɦɟɬɚɧ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ–1: 3060 

ɲ (OH ɜ ȼȼɋ), 1610 ɲ (C=O ɜ ȼȼɋ). ɋɩɟɤɬɪ əɆɊ 1ɇ (400 ɆȽɰ, ȾɆɋɈ-d6), δ, 

ɦ.ɞ. ɮɨɪɦɚ Ⱥ: 1.73 c (6H, 2Ɇɟ), 3.31 c (3H, Ɇɟ), 5.42 c (1H, C1H), 6.45 c (1H, 
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C3H), 7.00–7.88 ɝɪ.c (8H, 2C6H4), 17.45 c (1H, OH); ɮɨɪɦɚ ȼ: 1.57 c (6H, 2Ɇɟ), 

3.22 c (3H, Ɇɟ), 4.15 c (2H, C3H2), 5.29 c (1H, C1H), 6.96–8.00 ɝɪ.c (8H, 2C6H4). 

ɋɩɟɤɬɪ əɆɊ 13ɋ (100 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 23.18 (2ɋɇ3ɋ3), 47.66 (ɋɇ3N), 

93.04 [(CH3)2ɋ3)], 98.68 (ɋ3), 108.54 (ɋ1), 121.65–142.94 (ɋAr), 171.00 (ɋ2
ɢɧɞ.), 

172.60 (ɋ4), 187.28 (ɋ2). ɇɚɣɞɟɧɨ, %: ɋ 71.17; H 5.75; N 3.82. ɋ21ɇ20ClNO2. ȼɵ-

ɱɢɫɥɟɧɨ, %: ɋ 71.28; H 5.70; N 3.96. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. Ɋɟɧɬɝɟɧɨ-

ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɜɵɩɨɥɧɟɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ 

CCD-ɞɟɬɟɤɬɨɪɨɦ (Oxford-Diffraction). ɋɛɨɪ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɬɚɧɞɚɪɬ-

ɧɨɣ ɦɟɬɨɞɢɤɟ [ω-ɫɤɚɧɢɪɨɜɚɧɢɟ, ɲɚɝ ɫɤɚɧɢɪɨɜɚɧɢɹ 1, ɞɥɢɧɚ ɜɨɥɧɵ ɢɫɩɨɥɶɡɭɟ-

ɦɨɝɨ ɢɡɥɭɱɟɧɢɹ  0.71073 Å (MoKα)], ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ CrysAlis 

[10]. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɟɞɟɧ ɞɥɹ ɨɛɥɨɦɤɚ ɤɪɚɫɧɨɝɨ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ 

ɪɚɡɦɟɪɨɦ 0.25×0.22×0.19 ɦɦ ɩɪɢ Ɍ 150(2) Ʉ. ɋɢɧɝɨɧɢɹ ɤɪɢɫɬɚɥɥɚ ɦɨɧɨɤɥɢɧɧɚɹ, 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/c, a 17.0539(14), b 10.1234(6), c 10.8388(4) Å, ȕ 

104.258(6), V 1813.6(2) Å3. C21H20ClNO2. Z 4, dɜɵɱ. 1.296 ɝ/ɫɦ3. ȼ ɢɧɬɟɪɜɚɥɟ ɢɧ-

ɞɟɤɫɨɜ –23 < h < 24, –7 < k < 14, –15 < l < 6 ɫɨɛɪɚɧɨ 11442 ɨɬɪɚɠɟɧɢɹ, ɢɡ ɧɢɯ ɧɟ-

ɡɚɜɢɫɢɦɵɯ 5408 (Rint 0.0220) 3003 ɫ I > 2σ(I). ɉɨɥɧɨɬɚ ɧɚɛɨɪɚ ɧɚ ɭɝɥɚɯ 2.79 < Θ 

< 30.51 97.5%. ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ 

SHELXS-97 ɢ ɭɬɨɱɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ SHELXL-97 [11] ɩɨ F2 ɜ ɚɧɢɡɨ-

ɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɤɥɸɱɟɧɵ ɜ 

ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢɫɢɦɵɦɢ ɬɟɩ-

ɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ). Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɜɤɥɸɱёɧ ɜ ɭɬɨɱɧɟɧɢɟ ɧɟɡɚɜɢ-

ɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ʉɨɪɪɟɤɰɢɸ ɚɛɫɨɪɛɰɢɢ ɧɟ ɩɪɨɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё 

ɦɚɥɨɫɬɢ (ȝ 0.224 ɦɦ–1). Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: S 1.012, R1 

0.0408, wR2 0.1075 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.0817, wR2 0.1150 (ɩɨ ɜɫɟɦ 

ɨɬɪɚɠɟɧɢɹɦ). Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ 0.368 ɢ –0.354 ē/Å3.  
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(Z)-3-(4a-Ɇɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɝɢɞɪɨɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)- 

4-ɮɟɧɢɥɩɢɪɢɞɢɧ-2,6(1H,3H)-ɞɢɨɧ 

 

5-Ⱥɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟ-

ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɦɟɠɦɨɥɟɤɭ-

ɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɚɤɬɢɜɧɵɦɢ ɞɢɟɧɨɮɢɥɚɦɢ [1, 2] ɢ ɚɰɢ-

ɥɢɪɭɸɳɢɯ ɫɥɚɛɵɟ ɧɭɤɥɟɨɮɢɥɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɚɰɟɬɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 

[1, 3]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɚɦɢ ɮɭɪɚɧɞɢɨɧɵ ɦɨɝɭɬ ɚɰɢɥɢɪɨɜɚɬɶ ɧɭɤɥɟɨɮɢɥɶɧɵɟ ɪɟɚ-

ɝɟɧɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɢɠɟ ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɫ ɨɛ-

ɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɩɢɪɭɜɨɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [1, 4]. Ɋɚɧɟɟ ɧɚɦɢ ɨɩɢɫɚɧɨ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ ɡɚɦɟɳɟɧɧɵɦɢ [3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-

1(2H)-ɢɥɢɞɟɧ]ɚɰɟɬɚɦɢɞɚɦɢ, ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ (3E,5Z)-5-(2-ɚɪɢɥ-2-

ɨɤɫɨɷɬɢɥɢɞɟɧ)-3-(3,3-ɞɢɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2H)-

ɢɥɢɞɟɧ)ɩɢɪɪɨɥɢɞɢɧ-2,4-ɞɢɨɧɨɜ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [5]. ɂɡ-

ɜɟɫɬɧɨ, ɱɬɨ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɵ [6] – ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ 

[4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ ɩɨ ɫɜɹɡɢ ɋ=Ɉ ɚɰɟɬɨɧɚ – ɦɨɝɭɬ ɩɪɢ 

ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɬɶ ɪɟɬɪɨ-ɪɟɚɤɰɢɸ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɢ ɫɥɭɠɢɬɶ «ɢɫɬɨɱɧɢ-

ɤɨɦ» ɚɪɨɢɥɤɟɬɟɧɨɜ [7].  

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɝɟ-

ɬɟɪɨɤɭɦɭɥɟɧɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫ ɟɧɚɦɢɧɚɦɢ ɤɥɚɫɫɚ ɢɡɨɯɢɧɨɥɢɧɚ, ɧɚɦɢ ɢɡɭɱɟɧɵ 

ɪɟɚɤɰɢɢ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɨɜ ɫ ɡɚɦɟɳɟɧɧɵɦɢ [3,4-

ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2H)-ɢɥɢɞɟɧ]ɚɰɟɬɚɦɢɞɚɦɢ.  

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 2,2-ɞɢɦɟɬɢɥ-6-ɮɟɧɢɥ-4H-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ I ɫ (Z)-2-

[4a-ɦɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɝɢɞɪɨɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ]ɚɰɟɬɚɦɢɞɨɦ II, 

ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɤɢɩɹɱɟɧɢɹ ɪɟɚɝɟɧɬɨɜ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨ-

ɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 4 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ), ɛɵɥ ɩɨɥɭɱɟɧ (Z)-3-(4a-ɦɟɬɢɥ-

1,3,4,4a,5,10b-ɝɟɤɫɚɝɢɞɪɨɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɩɢɪɢɞɢɧ-

2,6(1H,3H)-ɞɢɨɧ III, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [8]. 
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ɋɨɟɞɢɧɟɧɢɟ III – ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, 

ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɚɥɤɚɧɚɯ ɢ ɜɨɞɟ. 

 
 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɨɩɢɫɵɜɚɟɦɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨ-

ɞɢɬ ɚɰɢɥɢɪɨɜɚɧɢɟ ɚɦɢɞɧɨɣ ɝɪɭɩɩɵ NH2 ɚɰɟɬɚɦɢɞɚ II ɚɪɨɢɥɤɟɬɟɧɨɦ, ɫ ɩɨɫɥɟɞɭ-

ɸɳɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ ɫ ɨɬɳɟɩɥɟɧɢɟɦ ɜɨɞɵ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɜɚɹ ɚɬɚɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɧɟɟ ɧɭɤɥɟɨɮɢɥɶɧɨɣ 

ɚɰɟɬɚɦɢɞɧɨɣ ɝɪɭɩɩɨɣ NH2, ɱɬɨ ɜɨɡɦɨɠɧɨ ɫɜɹɡɚɧɨ ɫ ɥɢɧɟɣɧɨɫɬɶɸ ɦɨɥɟɤɭɥɵ 

ɚɪɨɢɥɤɟɬɟɧɚ ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɟɟ ɧɟɫɩɨɫɨɛɧɨɫɬɶɸ ɚɬɚɤɨɜɚɬɶ ɛɨɥɟɟ ɧɭɤɥɟɨɮɢɥɶ-

ɧɭɸ ɝɪɭɩɩɭ ȕ-CH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɢɡ-ɡɚ ɫɬɟɪɢɱɟɫɤɢɯ ɩɪɟɩɹɬɫɬɜɢɣ.  

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ III ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 30. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ ɫɨɟɞɢɧɟɧɢɟ III ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬ-

ɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ ɜ ɮɨɪɦɟ ɫɨɥɶɜɚɬɚ ɫ 1,2-

ɞɢɯɥɨɪɦɟɬɚɧɨɦ (2:1). Ɇɨɥɟɤɭɥɵ ɫɨɥɶɜɚɬɚ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɱɚɫɬɧɨɣ ɩɨɡɢɰɢɢ ɢ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɵ ɜ ɞɜɟ ɩɨɡɢɰɢɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɡɚɫɟɥɟɧɧɨɫɬɢ 0.5. Ʉɨɧɮɨɪɦɚ-
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ɰɢɹ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ȼȼɋ N1–H···O1, ɚ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɭɩɚɤɨɜɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ Ɇȼɋ N2–H···O2 [3–x, 1–y, 1–

z], ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɦɨɥɟɤɭɥɵ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɞɢɦɟɪɵ.  

 

Рɢс. 30. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (Z)-3-(4a-ɦɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɝɢɞɪɨɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-

ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɩɢɪɢɞɢɧ-2,6(1H,3H)-ɞɢɨɧɚ III 

 

(Z)-3-(4a-Ɇɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɝɢɞɪɨɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)-

4-ɮɟɧɢɥɩɢɪɢɞɢɧ-2,6(1H,3H)-ɞɢɨɧ III. Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ I ɢ 1.0 

ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ II ɜ 30 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 4 ɱ (ɤɨɧɬɪɨɥɶ ɦɟ-

ɬɨɞɨɦ Ɍɋɏ). Ɉɯɥɚɠɞɚɥɢ, ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ III ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɩɟɪɟɤɪɢ-

ɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ. ȼɵɯɨɞ 85%, ɬ.ɩɥ. 271–272°C. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟ-

ɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3100 (NHɢɡɨɯɢɧ., NHɩɢɪɢɞ.), 1649 (C6=O), 1617 (C2=O ɜ ȼȼɋ). 

ɋɩɟɤɬɪ əɆɊ 1ɇ (300 ɆȽɰ, ȾɆɋɈ-d6), δ, ɦ.ɞ.: 0.70 ɫ (3H, ɋ4ɚCH3), 1.38–2.32 ɦ 

(8H, (CH2)4), 2.94, 2.98 ɞ.ɞ (1ɇ, ɋ10bɇ, J 3.5 Ƚɰ), 5.59 ɫ (1H, ɋH), 6.82–7.27 ɝɪ.ɫ 

(9H, Hɚɪɨɦ.), 10.88 ɫ (1H, NHɢɡɨɯɢɧ.), 12.08 ɫ (1H, NHɩɢɪɢɞ.). ɇɚɣɞɟɧɨ, %: C 77.98; H 

6.49; N 6.27. ɋ25ɇ24N2O2. ȼɵɱɢɫɥɟɧɨ, %: C 78.10; H 6.29; N 7.29. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя III. Ɋɟɧɬɝɟɧɨɫɬɪɭɤ-

ɬɭɪɧɵɣ ɚɧɚɥɢɡ ɜɵɩɨɥɧɟɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ CCD-

ɞɟɬɟɤɬɨɪɨɦ (Oxford-Diffraction). ɋɛɨɪ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ 

ɦɟɬɨɞɢɤɟ [ω-ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 1, Ȝ 0.71073 Å (MoKα)], ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
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ɩɪɨɝɪɚɦɦɵ CrysAlisPro [9]. ɉɨɩɪɚɜɤɭ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ 0.198 ɦɦ-1). 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ ɤɪɢɫɬɚɥɥ ɬɪɢɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1, a 

10.1661(12), b 11.4472(12), c 11.7668(9) Å, α 117.488(10), ȕ 111.521(11), Ȗ 

90.013(9). ɇɚ ɭɝɥɚɯ ɪɚɫɫɟɹɧɢɹ 2.68 < θ < 28.28 ɫɨɛɪɚɧɨ 7167 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 

ɧɟɡɚɜɢɫɢɦɵɯ 5371 (Rint 0.0182), 2740 ɨɬɪɚɠɟɧɢɣ ɫ І > 2σ(І), ɡɚɜɟɪɲɟɧɧɨɫɬɶ 

97.8%. ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɩɨɥɧɨɦɚɬ-

ɪɢɱɧɵɦ ɆɇɄ ɩɨ F2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ SHELXTL [10]. Ɉɤɨɧɱɚɬɟɥɶ-

ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: R1 0.0360, wR2 0.0769 [ɞɥɹ I > 2σ(I)], R1 0.0828, wR2 

0.0723 (ɞɥɹ ɜɫɟɯ ɨɬɪɚɠɟɧɢɣ), S 1.000, ɦɚɤɫɢɦɭɦ ɢ ɦɢɧɢɦɭɦ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤ-

ɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.179 ɢ –0.164 ēÅ-3. 
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(Z)-3-Ƚɢɞɪɨɤɫɢ-N-[(Z)-2-(4a,7,10-ɬɪɢɦɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɮɟɧɚɧɬɪɢɞɢɧ-

6(2H)-ɢɥɢɞɟɧ)ɚɰɟɬɢɥ]-3-ɮɟɧɢɥɚɤɪɢɥɚɦɢɞ 

 

5-Ⱥɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɵ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɸɬ ɬɟɪɦɢɱɟɫɤɨɟ ɞɟ-

ɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɤɟɬɟɧɨɜ [1, 2], ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɦɟɠɦɨ-

ɥɟɤɭɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɚɤɬɢɜɧɵɦɢ ɞɢɟɧɨɮɢɥɚɦɢ [3, 4] ɢ 

ɚɰɢɥɢɪɭɸɳɢɯ ɫɥɚɛɵɟ ɧɭɤɥɟɨɮɢɥɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɚɰɟɬɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞ-

ɧɵɯ [3, 5]. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɚɦɢ ɮɭɪɚɧɞɢɨɧɵ ɦɨɝɭɬ ɚɰɢɥɢɪɨɜɚɬɶ ɧɭɤɥɟɨɮɢɥɶɧɵɟ 

ɪɟɚɝɟɧɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɢɠɟ ɬɪɟɛɭɟɦɨɣ ɞɥɹ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ, ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥɩɢɪɭɜɨɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ [3, 6]. Ɋɚɧɟɟ ɧɚɦɢ ɨɩɢɫɚɧɨ ɜɡɚ-

ɢɦɨɞɟɣɫɬɜɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ (Z)-2-(3,3-ɞɢɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨ-

ɯɢɧɨɥɢɧ-1(2ɇ)-ɢɥɢɞɟɧ)ɚɰɟɬɚɦɢɞɚɦɢ, ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ (3E,5Z)-5-

(2-ɚɪɢɥ-2-ɨɤɫɨɷɬɢɥɢɞɟɧ)-3-(3,3-ɞɢɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2ɇ)-

ɢɥɢɞɟɧ)ɩɢɪɪɨɥɢɞɢɧ-2,4-ɞɢɨɧɨɜ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [7, 8]. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɩɨɫɬɪɨɟɧɢɹ 

ɫɬɟɪɟɨɪɟɝɭɥɹɪɧɨɝɨ ɚɧɫɚɦɛɥɹ ɢɡ ɞɜɭɯ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɩɪɢɦɟɪɨɦ ɩɪɹɦɨɣ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɝɟɬɚɪɢɥɢɞɟɧɚɰɟɬɚɦɢɞɨɜ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɵ [9] – ɩɪɨɞɭɤɬɵ 

ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ ɩɨ ɫɜɹɡɢ ɋ=Ɉ ɚɰɟɬɨɧɚ – ɦɨ-

ɝɭɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɬɶ ɪɟɬɪɨ-ɪɟɚɤɰɢɸ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɢ ɫɥɭɠɢɬɶ 

«ɢɫɬɨɱɧɢɤɨɦ» ɚɪɨɢɥɤɟɬɟɧɨɜ [10]. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɝɟɬɟɪɨɤɭɦɭɥɟɧɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫ ɟɧɚɦɢɧɚɦɢ ɤɥɚɫɫɚ ɢɡɨ-

ɯɢɧɨɥɢɧɚ ɧɚɦɢ ɢɡɭɱɟɧɵ ɪɟɚɤɰɢɢ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɨɜ ɫ 

ɚɦɢɞɚɦɢ ɢɡɨɯɢɧɨɥɢɧɢɥɢɞɟɧɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 6-ɮɟɧɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ I ɫ (Z)-2-

(4a,7,10-ɬɪɢɦɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)ɚɰɟɬɚɦɢɞɨɦ 

II [11] ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ ɬɟɱɟɧɢɟ 2 ɱ 

(ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ) ɛɵɥ ɩɨɥɭɱɟɧ (Z)-3-ɝɢɞɪɨɤɫɢ-N-[(Z)-2-(4a,7,10-

ɬɪɢɦɟɬɢɥ-1,3,4,4a,5,10b-ɝɟɤɫɚɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)-ɚɰɟɬɢɥ]-3-

ɮɟɧɢɥɚɤɪɢɥɚɦɢɞ IV, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [12]. 
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ɋɨɟɞɢɧɟɧɢɟ IV – ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ȾɆɋɈ ɢ ȾɆɎȺ, ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɟ ɜ ɫɩɢɪɬɚɯ, ɷɮɢɪɚɯ, ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ ɢ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ, ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɜ ɜɨɞɟ ɢ ɚɥɤɚɧɚɯ, ɞɚɸɳɟɟ ɩɨɥɨ-

ɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ (ɜɢɲɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ) ɧɚ ɧɚɥɢɱɢɟ ɟɧɨɥɶɧɨɝɨ ɝɢɞɪɨɤɫɢɥɚ 

ɫɨ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (III).  

ȼ ɫɩɟɤɬɪɟ əɆɊ 1ɇ ɫɨɟɞɢɧɟɧɢɹ IV ɤɪɨɦɟ ɫɢɝɧɚɥɨɜ ɩɪɨɬɨɧɨɜ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɧɝɥɟɬ ɬɪɟɯ 

ɩɪɨɬɨɧɨɜ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 0.86 ɦ.ɞ., 

ɦɭɥɶɬɢɩɥɟɬ ɜɨɫɶɦɢ ɩɪɨɬɨɧɨɜ ɱɟɬɵɪɟɯ ɦɟɬɢɥɟɧɨɜɵɯ ɝɪɭɩɩ ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɜ ɨɛɥɚɫɬɢ 1.06–1.82 ɦ.ɞ., ɦɭɥɶɬɢɩɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ ɋ4H 

ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɨɛɥɚɫɬɢ 2.74–2.79 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ 

ɋɇ ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɪɢ 5.75 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ ɋ2ɇ ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɪɢ 

6.84 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ Nɇ ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɪɢ 10.28 ɦ.ɞ., ɫɢɧɝɥɟɬ 

ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ Nɇ ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 10.32 ɦ.ɞ., ɭɲɢɪɟɧɧɵɣ 

ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ Ɉɇ ɩɪɢ 14.88 ɦ.ɞ., ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
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ɤɟɬɨɟɧɨɥɶɧɨɣ ɮɨɪɦɟ Ⱥ ɫɨɟɞɢɧɟɧɢɹ IV. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɩɟɤɬɪɟ əɆɊ 1ɇ 

ɫɨɟɞɢɧɟɧɢɹ IV ɢɦɟɸɬɫɹ ɦɢɧɨɪɧɵɟ ɧɚɛɨɪɵ ɫɢɝɧɚɥɨɜ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ ȼ: 

ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɝɪɭɩɩ, ɫɢɧɝɥɟɬ 

ɬɪɟɯ ɩɪɨɬɨɧɨɜ ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 0.92 ɦ.ɞ., 

ɦɭɥɶɬɢɩɥɟɬ ɜɨɫɶɦɢ ɩɪɨɬɨɧɨɜ ɱɟɬɵɪɟɯ ɦɟɬɢɥɟɧɨɜɵɯ ɝɪɭɩɩ ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɜ ɨɛɥɚɫɬɢ 1.19–1.97 ɦ.ɞ., ɦɭɥɶɬɢɩɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ ɋ4H 

ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɨɛɥɚɫɬɢ 2.78–2.82 ɦ.ɞ., ɫɢɧɝɥɟɬ ɞɜɭɯ ɩɪɨɬɨɧɨɜ 

ɝɪɭɩɩɵ ɋ2ɇ2 ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɪɢ 4.41 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ ɋɇ ɛɨɤɨɜɨɣ 

ɰɟɩɢ ɩɪɢ 5.66 ɦ.ɞ., ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ Nɇ ɛɨɤɨɜɨɣ ɰɟɩɢ ɩɪɢ 9.98 ɦ.ɞ., 

ɫɢɧɝɥɟɬ ɩɪɨɬɨɧɚ ɝɪɭɩɩɵ Nɇ ɮɟɧɚɧɬɪɢɞɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɪɢ 10.14 ɦ.ɞ. 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɟɞɢɧɟɧɢɹ IV ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɟɝɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜ ɪɚɫɬɜɨɪɟ ɜ ȾɆɋɈ-d6 ɜ ɜɢɞɟ ɫɦɟɫɢ ɤɟɬɨɟɧɨɥɶɧɨɣ ɮɨɪɦɵ Ⱥ ɢ 

ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ ȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 7:3. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ IV ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 31. 

 

Рɢс. 31. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ (Z)-3-ɝɢɞɪɨɤɫɢ-N-[(Z)-2-(4a,7,10-ɬɪɢɦɟɬɢɥ-1,3,4,4a,5,10b-

ɝɟɤɫɚɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)ɚɰɟɬɢɥ]-3-ɮɟɧɢɥɚɤɪɢɥɚɦɢɞɚ IV 

 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ, ɠёɥɬɵɟ ɤɪɢɫɬɚɥɥɵ ɫɨɟɞɢɧɟɧɢɹ IV 

ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɟ. ȼ 

ɤɪɢɫɬɚɥɥɟ ɧɚɛɥɸɞɚɟɬɫɹ ɱɚɫɬɢɱɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ 1,3-

ɤɟɬɨɚɦɢɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɤɟɬɨ-ɟɧɨɥɶɧɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ. ɇɚ ɪɢɫɭɧɤɟ 31 ɜɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ ɩɨɤɚɡɚɧ 
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ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ. ɉɪɢ ɷɬɨɦ ɞɨɦɢɧɢɪɭɸɳɟɣ ɹɜɥɹɟɬɫɹ ɟɧɨɥɶɧɚɹ ɮɨɪɦɚ ɫ 

ɥɨɤɚɥɢɡɚɰɢɟɣ ɩɪɨɬɨɧɚ ɩɪɢ ɚɬɨɦɟ ɤɢɫɥɨɪɨɞɚ Ɉ2 (ɫɦ. ɪɢɫɭɧɨɤ 31) ɢ ɩɥɨɫɤɢɦ 1,3-

ɤɟɬɨɟɧɨɥɶɧɵɦ ɮɪɚɝɦɟɧɬɨɦ. 1,3-Ʉɟɬɨɚɦɢɞɧɚɹ ɮɨɪɦɚ ɧɟɩɥɨɫɤɚɹ, ɞɥɢɧɵ ɋ–ɋ 

ɫɜɹɡɟɣ ɦɟɬɢɥɟɧɨɜɨɣ ɝɪɭɩɩɵ ɮɪɚɝɦɟɧɬɚ ɋɈɋɇ2ɋɈ ɨɤɚɡɵɜɚɸɬɫɹ ɛɥɢɡɤɢ ɤ 

ɬɢɩɢɱɧɵɦ ɨɞɢɧɚɪɧɵɦ ɞɥɢɧɚɦ ɫɜɹɡɢ, ɚ ɤɚɪɛɨɧɢɥɶɧɵɟ ɝɪɭɩɩɵ ɜɵɯɨɞɹɬ ɢɡ 

ɩɥɨɫɤɨɫɬɢ ɬɪɢɚɞɵ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɛɪɚɰɢɹ 

ɮɟɧɢɥɶɧɨɝɨ ɤɨɥɶɰɚ ɤɚɤ ɟɞɢɧɨɝɨ ɰɟɥɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɫɜɹɡɢ ɋ20–ɋ27, ɩɨ ɜɫɟɣ 

ɜɢɞɢɦɨɫɬɢ, ɬɚɤɠɟ ɫɜɹɡɚɧɧɚɹ ɫ ɩɟɪɟɫɬɪɨɣɤɨɣ ɩɨɥɢɟɧɨɜɨɣ ɫɢɫɬɟɦɵ. 

ɇɚɛɥɸɞɚɟɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɮɨɪɦ 0.7:0.3. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ 

ɬɚɭɬɨɦɟɪɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɚɤ ɧɟ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɩɨɡɢɰɢɹɯ ɚɬɨɦɨɜ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɱɚɫɬɢ ɦɨɥɟɤɭɥɵ. Ɍɪɟɬɶɹ ɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ ɦɨɥɟɤɭɥɵ 

(ɚɬɨɦ Ɉ1, ɫɦ. ɪɢɫɭɧɨɤ 31) ɬɚɤɠɟ ɧɢɤɚɤ ɧɟ ɭɱɚɫɬɜɭɟɬ ɜ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ, ɩɨ 

ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɜɫɥɟɞɫɬɜɢɟ ɜɨɜɥɟɱёɧɧɨɫɬɢ ɜ ɫɢɫɬɟɦɭ ɜɧɭɬɪɢ- ɢ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ NH∙∙∙O ɬɢɩɚ. ɉɪɢ ɷɬɨɦ ɮɢɤɫɢɪɭɟɬɫɹ 

(ɤɟɬɨ)ɟɧɚɦɢɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫ ɭɱɚɫɬɢɟɦ ɚɬɨɦɚ ɚɡɨɬɚ ɝɟɬɟɪɨɰɢɤɥɚ ɢ ɮɨɪɦɢɪɭɸɬɫɹ 

ɤɥɚɫɫɢɱɟɫɤɢɟ ɜɨɫɶɦɢɚɬɨɦɧɵɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɞɢɦɟɪɵ ɫ ɭɱɚɫɬɢɟɦ ɚɬɨɦɚ 

ɚɡɨɬɚ ɚɦɢɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɫɢɫɬɟɦɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɜɨɥɶɧɨ ɪɟɞɤɢɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɦɟɬɨɞɨɦ ɊɋȺ ɮɢɤɫɢɪɭɟɬɫɹ 

ɧɚɥɢɱɢɟ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɟ ɞɜɭɯ ɬɚɭɬɨɦɟɪɧɵɯ ɮɨɪɦ ɫɨɟɞɢɧɟɧɢɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɨɩɪɟɞɟɥёɧɧɵɣ ɢɧɬɟɪɟɫ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɝɧɚɥɨɜ ɬɚɭɬɨɦɟɪɨɜ ɜ ɫɩɟɤɬɪɚɯ əɆɊ. 

ȼɵɩɨɥɧɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ AM1 (ɩɚɤɟɬ Hyper-

chem 8.0) ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ [ɝɟɤɫɚɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-

ɢɥɢɞɟɧ]ɚɰɟɬɚɦɢɞɚ II ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɧɭɤɥɟɨɮɢɥɶɧɵɦ ɪɟ-

ɚɤɰɢɨɧɧɵɦ ɰɟɧɬɪɨɦ ɹɜɥɹɟɬɫɹ ɚɰɟɬɚɦɢɞɧɚɹ ɝɪɭɩɩɚ NH2 (N
δ- –0.404), ɚ ɧɟ ɝɪɭɩɩɚ 

ȕ-ɋɇ ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ (Cδ- –0.065), ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɚɰɢɥɢɪɨɜɚɧɢɟ ɚɪɨɢɥ-

ɤɟɬɟɧɚɦɢ ɝɪɭɩɩɵ NH2 ɫɨɟɞɢɧɟɧɢɹ II. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ 

ɜ ɩɨɥɨɠɟɧɢɹ 7 ɢ 10 ɦɨɥɟɤɭɥɵ ɚɦɢɞɚ ɢɡɨɯɢɧɨɥɢɧɢɥɢɞɟɧɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ II ɫɨ-

ɡɞɚɟɬ ɫɬɟɪɢɱɟɫɤɢɟ ɩɪɟɩɹɬɫɬɜɢɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚ-
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ɰɢɢ ɫ ɭɱɚɫɬɢɟɦ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɨɩɢɫɚɧɨ ɪɚ-

ɧɟɟ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɨɜ ɫ ɚɦɢɞɚɦɢ 

ɢɡɨɯɢɧɨɥɢɧɢɥɢɞɟɧɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɫɜɨɛɨɞɧɵɦɢ ɨɬ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɩɨɥɨɠɟ-

ɧɢɹɯ 7 ɢ 10 [13]. 

(Z)-3-Ƚɢɞɪɨɤɫɢ-N-[(Z)-2-(4a,7,10-ɬɪɢɦɟɬɢɥ-1,3,4,4a,5,10b-

ɝɟɤɫɚɮɟɧɚɧɬɪɢɞɢɧ-6(2H)-ɢɥɢɞɟɧ)ɚɰɟɬɢɥ]-3-ɮɟɧɢɥɚɤɪɢɥɚɦɢɞ IV. Ɋɚɫɬɜɨɪ 1.0 

ɦɦɨɥɶ 2,2-ɞɢɦɟɬɢɥ-6-ɮɟɧɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ I ɢ 1.0 ɦɦɨɥɶ ɚɦɢɞɚ 

ɢɡɨɯɢɧɨɥɢɧɢɥɢɞɟɧɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ II ɜ 30 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 

2 ɱ (ɤɨɧɬɪɨɥɶ ɦɟɬɨɞɨɦ Ɍɋɏ, ɷɥɸɟɧɬɵ – ɛɟɧɡɨɥ–ɷɬɢɥɚɰɟɬɚɬ, 5:1, ɷɬɢɥɚɰɟɬɚɬ; 

ɩɪɨɹɜɥɹɥɢ 0,5% ɪɚɫɬɜɨɪɨɦ ɯɥɨɪɚɧɢɥɚ ɜ ɬɨɥɭɨɥɟ), ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ 

ɫɨɟɞɢɧɟɧɢɹ IV ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 87%, ɬ.ɩɥ. 185–187ɋ (ɪɚɡɥ., 

ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3222 ɲ (NH ɜ ȼȼɋ, Ɉɇ ɜ 

ȼȼɋ), 3159 (NH), 1604 (2ɋ=O ɜ ȼȼɋ). ɋɩɟɤɬɪ əɆɊ 1ɇ (300 ɆȽɰ, ȾɆɋɈ-d6), δ, 

ɦ.ɞ. (ɮɨɪɦɚ Ⱥ): 0.86 c (3H, Ɇɟ), 1.06–1.82 ɦ (8ɇ, 4ɋɇ2), 2.29 c (3H, C5Ɇɟ), 2.50 c 

(3H, C8Ɇɟ), 2.74–2.79 ɦ (1ɇ, ɋ4ɇɮɟɧɚɧɬ.), 5.75 ɫ (1ɇ, ɋɇ), 6.84 ɫ (1ɇ, ɋ2ɇ), 7.10–

8.02 ɝɪ.c (7H, Ph + C6H2), 10.28 c (1H, NH), 10.32 c (1H, NHɮɟɧɚɧɬɪ.), 14.88 ɭɲ.ɫ 

(1H, ɈH); (ɮɨɪɦɚ ȼ): 0.92 c (3H, Ɇɟ), 1.19–1.97 ɦ (8ɇ, 4ɋɇ2), 2.31 c (3H, C5Ɇɟ), 

2.54 c (3H, C8Ɇɟ), 2.78–2.82 ɦ (1ɇ, ɋ4ɇɮɟɧɚɧɬ.), 4.41 ɫ (2ɇ, ɋ2ɇ2), 5.66 ɫ (1ɇ, ɋɇ), 

7.09–7.83 ɝɪ.c (7H, Ph + C6H2), 9.98 c (1H, NH), 10.14 c (1H, NHɮɟɧɚɧɬɪ.). ɇɚɣɞɟɧɨ, 

%: ɋ 75.17; H 7.14; N 6.32. ɋ27ɇ30N2O3. ȼɵɱɢɫɥɟɧɨ, %: ɋ 75.32; H 7.02; N 6.51. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя IV. Ɋɟɧɬɝɟɧɨ-

ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɜɵɩɨɥɧɟɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ Xcalibur-3 ɫ 

CCD-ɞɟɬɟɤɬɨɪɨɦ (Oxford-Diffraction). ɋɛɨɪ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɫɬɚɧɞɚɪɬ-

ɧɨɣ ɦɟɬɨɞɢɤɟ [ω-ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 1, Ȝ 0.71073 Å (MoKα)], ɫ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟɦ ɩɪɨɝɪɚɦɦɵ CrysAlis [14]. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɟɞɟɧ ɞɥɹ ɨɛɥɨɦɤɚ ɫɜɟɬɥɨ-

ɠёɥɬɨɝɨ ɩɪɢɡɦɚɬɢɱɟɫɤɨɝɨ ɤɪɢɫɬɚɥɥɚ ɪɚɡɦɟɪɨɦ 0.23×0.18×0.15 ɦɦ ɩɪɢ Ɍ 295(2) 

Ʉ. Ʉɪɢɫɬɚɥɥ ɬɪɢɤɥɢɧɧɵɣ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1, a 7.3191(8), b 

11.6085(14), c 14.826(2) Å,  112.406(11), ȕ 90.483(14), Ȗ 100.162(10), V 

1142.4(3) Å3. C27H30N2O3. Z 2, dɜɵɱ. 1.252 ɝ/ɫɦ3. ȼ ɢɧɬɟɪɜɚɥɟ ɢɧɞɟɤɫɨɜ 

–9 < h < 7, –15 < k < 15, –19 < l < 19 ɫɨɛɪɚɧɨ 11267 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ ɧɟɡɚɜɢɫɢ-
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ɦɵɯ 5384 (Rint 0.0174) 3102 ɫ I > 2σ(I). ɉɨɥɧɨɬɚ ɧɚɛɨɪɚ ɧɚ ɭɝɥɚɯ  

2.84 < Θ < 26.00 97.0%. ɋɬɪɭɤɬɭɪɚ ɛɵɥɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SHELXS-97 ɢ ɭɬɨɱɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ SHELXL-97 [15] ɩɨ 

F2 ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ (ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɜɤɥɸɱɟɧɵ ɜ ɭɬɨɱɧɟɧɢɟ ɜ ɦɨɞɟɥɢ ɧɚɟɡɞɧɢɤɚ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɡɚɜɢ-

ɫɢɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ). Ⱥɬɨɦ ɜɨɞɨɪɨɞɚ ɝɪɭɩɩɵ Ɉɇ ɜɤɥɸɱёɧ ɜ ɭɬɨɱ-

ɧɟɧɢɟ ɧɟɡɚɜɢɫɢɦɨ ɜ ɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ʉɨɪɪɟɤɰɢɸ ɚɛɫɨɪɛɰɢɢ ɧɟ ɩɪɨ-

ɜɨɞɢɥɢ ɢɡ-ɡɚ ɟё ɦɚɥɨɫɬɢ (ȝ 0.082 ɦɦ-1). Ɉɤɨɧɱɚɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɢɹ: S 

1.010, R1 0.0424, wR2 0.1159 [ɞɥɹ ɨɬɪɚɠɟɧɢɣ ɫ I > 2σ(I)], R1 0.0812, wR2 0.1265 

(ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ). Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢ ɦɢɧɢɦɚɥɶɧɵɣ ɩɢɤɢ ɨɫɬɚɬɨɱɧɨɣ ɷɥɟɤ-

ɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 0.248 ɢ –0.170 ē/Å3.  
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