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ȼɜɟɞɟɧɢɟ 

 

ɉɹɬɢɱɥɟɧɧɵɟ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɵ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦ ɤɥɚɫɫɨɦ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ɇɚ ɨɫɧɨɜɟ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɨɧɨ- ɢ 

ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɪɚɡɪɚɛɨɬɚɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ, ɦɨɫɬɢɤɨɜɵɯ ɢ ɫɩɢɪɨ-ɛɢɫ-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɪɚɡɦɟɪɨɦ ɰɢɤɥɚ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨɦ ɢ ɩɨɥɨɠɟɧɢɟɦ 

ɝɟɬɟɪɨɚɬɨɦɨɜ. ɇɟ ɦɟɧɟɟ ɢɧɬɟɪɟɫɧɵ ɢɯ ɩɟɪɢɰɢɤɥɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ – 

ɪɟɚɤɰɢɢ ɬɟɪɦɢɱɟɫɤɢ ɢɧɢɰɢɢɪɭɟɦɨɝɨ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ, 

ɮɨɬɨɯɢɦɢɱɟɫɤɢ ɢɧɢɰɢɢɪɭɟɦɨɝɨ [2+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤ ɠɟ ɦɟɬɨɞɵ 

ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɚɪɨɢɥ-, ɞɢɚɪɨɢɥ ɢ ɚɪɨɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɯɟɥɟɬɪɨɩɧɨɝɨ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (II) c ɩɨɫɥɟɞɭɸɳɟɣ ɢɯ 

ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ, ɞɢɦɟɪɢɡɚɰɢɣ ɢɥɢ 

ɭɱɚɫɬɢɹ ɜ ɪɟɚɤɰɢɹɯ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɞɢɟɧɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ, 

ɩɪɢɜɨɞɹɳɢɯ ɤ ɫɢɧɬɟɡɭ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɫɢɫɬɟɦ. 

ɉɹɬɢɱɥɟɧɧɵɟ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɵ, ɹɜɥɹɹɫɶ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 

ɫɨɟɞɢɧɟɧɢɹɦɢ, ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɧɟɫɤɨɥɶɤɨ ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɰɟɧɧɵɯ 

ɪɟɚɤɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɪɚɜɧɨɜɨɡɦɨɠɧɵɦ ɪɟɚɥɢɡɚɰɢɸ ɧɟɫɤɨɥɶɤɢɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɧɭɤɥɟɨɮɢɥɚɦɢ. Ʉɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɜ ɪɟɚɤɰɢɹɯ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ. Ⱥɧɚɥɨɝɢɱɧɨ, ɜɫɟɝɞɚ ɢɦɟɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɩɭɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɩɟɪɢɰɢɤɥɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ ɡɚɱɚɫɬɭɸ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɯɨɠɢɦɢ ɂɄ ɢ əɆɊ ɫɩɟɤɬɪɚɦɢ. Ɍɚɤ, ɜ ɂɄ ɫɩɟɤɬɪɚɯ ɜɫɟɝɞɚ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɥɨɫɵ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ, ɨɞɧɚɤɨ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ 

ɭɫɬɚɧɨɜɢɬɶ ɤɚɤɢɟ ɢɦɟɧɧɨ ɢɡ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɚ 

ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ, ɚ ɤɚɤɢɟ, ɫɨɯɪɚɧɢɜɲɢɫɶ, ɩɟɪɟɲɥɢ ɜ 

ɫɬɪɭɤɬɭɪɭ ɩɪɨɞɭɤɬɚ. ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɨ ɢɡɦɟɧɟɧɢɹ ɤɚɫɚɸɬɫɹ ɝɪɭɩɩ, ɧɟ 

ɫɨɞɟɪɠɚɳɢɯ ɩɪɨɬɨɧɨɜ, ɫɩɟɤɬɪɵ əɆɊ1ɇ ɬɚɤ ɠɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ 
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ɦɚɥɨɢɧɮɨɪɦɚɬɢɜɧɵɦɢ. ȼ ɧɢɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɫɢɝɧɚɥɵ ɩɪɨɬɨɧɨɜ ɤɚɤ ɪɟɚɝɟɧɬɚ, 

ɬɚɤ ɢ ɫɭɛɫɬɪɚɬɚ, ɧɨ ɧɟɬ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɨɦ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɢɡɨɲɥɨ ɢɯ 

ɫɨɟɞɢɧɟɧɢɟ. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ 

ɫɨɟɞɢɧɟɧɢɣ ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɡɚɱɚɫɬɭɸ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ 

ɞɨɫɬɚɬɨɱɧɵɦ, ɢ ɬɪɟɛɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

ȼ ɦɨɧɨɝɪɚɮɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɞɨɦ ɊɋȺ 

ɤɚɤ ɩɪɨɞɭɤɬɨɜ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɢ ɩɟɪɟɰɢɤɥɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɮɭɪɚɧ- ɢ 

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɟɫɤɢɦɢ 

ɮɪɚɝɦɟɧɬɚɦɢ ɩɨ ɫɬɨɪɨɧɟ [ɟ], ɬɚɤ ɢ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ 

ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ.  

Ɉɞɧɨɡɧɚɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɨɞɭɤɬɨɜ ɩɨɡɜɨɥɹɟɬ 

ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɨɡɦɨɠɧɵɣ ɩɭɬɶ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɜɤɥɚɞɨɦ ɜ ɩɨɧɢɦɚɧɢɟ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɨɡɞɚɧɢɟ ɬɟɨɪɢɢ ɯɢɦɢɱɟɫɤɨɝɨ 

ɩɨɜɟɞɟɧɢɹ ɩɹɬɢɱɥɟɧɧɵɯ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ. 
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4,5-Ⱦɢɮɟɧɢɥ-Z-2-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-2,3-ɩɢɪɪɨɥ-3-ɨɧ 

 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɪɟɚɤɰɢɹɯ ɛɟɧɡɨ[b]ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 

– ɢɡɚɬɢɧɨɜ – ɫ ɪɟɚɤɬɢɜɚɦɢ ȼɢɬɬɢɝɚ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɨ ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ȿ-3-ɦɟɬɢɥɟɧɢɧɞɨɥɢɧ-2-ɨɧɨɜ [1]. Ȼɟɧɡɨɚɧɢɥɢɪɨɜɚɧɢɟ 

ɨɤɫɚɚɧɚɥɨɝɨɜ ɩɢɪɪɨɥɞɢɨɧɨɜ – ɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ – ɦɟɧɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 

ɪɟɚɤɰɢɣ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɬɪɢɮɟɧɢɥɮɨɫɮɨɪɚɧɚɦɢ – 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɵ 

ɪɟɚɝɢɪɭɸɬ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɜ ɩɨɥɨɠɟɧɢɢ 2 [2], ɚ ɛɟɧɡɨ[b]ɮɭɪɚɧ-2,3-

ɞɢɨɧɵ (ɤɭɦɚɪɚɧɞɢɨɧɵ) – ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɢɥɟɧɩɪɨɢɡɜɨɞɧɵɯ ɢ 

ɬɪɢɮɟɧɢɥɮɨɫɮɢɧɨɤɫɢɞɚ [3]. 

4,5-Ⱦɢɮɟɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧ (1) ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ 

ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɦɟɬɢɥɟɧɬɪɢɮɟɧɢɥɮɨɫɮɨɪɚɧɨɦ (2), ɜɡɹɬɵɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, 

ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 0.5 ɱ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨ, ɞɚɜɚɹ ɫ ɜɵɫɨɤɢɦ 

ɜɵɯɨɞɨɦ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ ȼɢɬɬɢɝɚ ɧɟ ɩɨ ɤɟɬɨɧɧɨɣ, ɚ ɩɨ ɥɚɤɬɚɦɧɨɣ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɩɢɪɪɨɥɞɢɨɧɚ 1 – 4,5-ɞɢɮɟɧɢɥ-Z-2-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-2,3-

ɩɢɪɪɨɥ-3-ɨɧ (3) [4], ɚ ɬɚɤɠɟ ɬɪɢɮɟɧɢɥɮɨɫɮɢɧɨɤɫɢɞ 4.  

 

 

 

ȼ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɨɟɞɢɧɟɧɢɣ 1 

ɢ 2 ɧɟɫɤɨɥɶɤɢɯ ɫɬɟɪɟɨ- ɢ ɪɟɝɢɨɢɡɨɦɟɪɨɜ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɫɬɪɨɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ 3 ɦɟɬɨɞɨɦ ɊɋȺ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 
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Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

Ɏɪɚɝɦɟɧɬ ɋɇɋɈɈEt ɩɥɨɫɤɢɣ ɢ ɤɨɩɥɚɧɚɪɟɧ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɪɨɥɶɧɨɝɨ 

ɰɢɤɥɚ. ɍɝɨɥ ɦɟɠɞɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɥɨɫɤɨɫɬɹɦɢ ɪɚɜɟɧ 7°. Ʉɚɪɛɨɧɢɥɶɧɚɹ 

ɝɪɭɩɩɚ ɋ(6)=Ɉ(3) ɰɢɫ-ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɤ ɚɬɨɦɭ ɚɡɨɬɚ N(1). ɉɥɨɫɤɨɟ ɫɬɪɨɟɧɢɟ, 

ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɟɞɢɧɨɣ ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɵ, 

ɱɟɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɤɪɚɫɧɵɣ ɰɜɟɬ ɤɪɢɫɬɚɥɥɨɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ ɋ(1)=ɋ(2) ɢ ɋ(4)=ɋ(5) (1.36 Ǻ ɢ 1.34 Ǻ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɚ ɬɚɤɠɟ ɜ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩɚɯ ɋ(3)=Ɉ(1) ɢ ɋ(6)=Ɉ3 (1.23 

Ǻ ɢ 1.21Ǻ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɧɨɫɢɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɞɜɨɟɫɜɹɡɚɧɧɵɣ ɯɚɪɚɤɬɟɪ. 

Ɉɫɬɚɥɶɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɥɟɤɭɥɵ ɢɦɟɸɬ ɨɛɵɱɧɵɟ ɡɧɚɱɟɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɫɨɩɪɹɠɟɧɢɹ ɦɟɠɞɭ 

ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɦɟɬɢɥɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɢ ɩɢɪɪɨɥɶɧɵɦ ɰɢɤɥɨɦ ɧɚ ɞɥɢɧɵ 

ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ɏɟɧɢɥɶɧɵɟ ɡɚɦɟɫɬɢɬɟɥɢ ɪɚɡɜɟɪɧɭɬɵ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɝɟɬɟɪɨɰɢɤɥɚ (ɬɨɪɫɢɨɧɧɵɟ ɭɝɥɵ ɋ(10)ɋ(9)ɋ(1)ɋ(2) ɢ 

ɋ(16)ɋ(15)ɋ(2)ɋ(1) ɪɚɜɧɵ 42 ɢ 34° ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɥɨɫɤɨɫɬɢ ɮɟɧɢɥɶɧɵɯ 

ɤɨɥɟɰ ɨɛɪɚɡɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɭɝɨɥ 47°). ȼ ɤɪɢɫɬɚɥɥɟ ɧɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ 

ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. 

4,5-Ⱦɢɮɟɧɢɥ-Z-2-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-2,3-ɩɢɪɪɨɥ-3-ɨɧ (3). Ɋɚɫɬɜɨɪ 0.01 

ɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 0.01 ɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 2 ɜ 100 ɦɥ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 0.5 ɱ 

(ɤɨɧɬɪɨɥɶ Ɍɋɏ), ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɹɥɢ. Ɉɫɬɚɬɨɤ ɪɚɫɬɜɨɪɹɥɢ ɜ 25 ɦɥ ɛɟɧɡɨɥɚ, 



 7 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ ɫ ɫɢɥɢɤɚɝɟɥɟɦ 40-100 ɦɤɦ, ɫɨɛɢɪɚɥɢ 

ɤɪɚɫɧɭɸ ɮɪɚɤɰɢɸ. ȼɵɯɨɞ 80%, ɬ.ɩɥ. 127.5-128.5°ɋ (ɢɡ ɝɟɩɬɚɧɚ). ɂК ɫɩɟɤɬɪ 

(ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ν, ɫɦ-1: 3350 (Nɇ), 1670 ɲ (ɋɈOEt, ɋ3=Ɉ). ɋɩɟɤɬɪ əɆɊ 
1ɇ (ȾɆɋɈ-d6), , ɦ.ɞ.: 0.74 ɬ (3ɇ, CH3, J 8 Ƚɰ), 4.23 ɤ (2ɇ, ɋɇ2Ɉ, J 8 Ƚɰ), 6.01 

ɫ (1ɇ, ɋɇ), 7.06-7.71 ɝɪ.ɫ (10ɇ, 2Ph), 8.59 ɫ (1ɇ, NH). ɇɚɣɞɟɧɨ, %: C 75.17; H 

5.45; N 4.40. ɋ20H17NɈ3. ȼɵɱɢɫɥɟɧɨ, %: C 75.22; H 5.36; N 4.38. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Кɪɚɫɧɵɟ ɯɨɪɨɲɨ 

ɨɝɪɚɧɟɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɋ20H17NɈ3 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ: a = 

17.052(6), b = 9.864(3), c = 9.880 (4) Å, V = 1 658.7 Å3, M = 319.35,  dɜɵɱ. = 

1.286 ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋbn2(1). ɇɚɛɨɪ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ 

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

50.0 (85.7%). ɂɡɦɟɪɟɧɨ 1108 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 997 ɧɟɡɚɜɢɫɢɦɵɯ ɫ I  

3(I). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.085 mm-1). ɋɬɪɭɤɬɭɪɚ 

ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɨɛɴɟɤɬɢɜɧɨ 

ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ 

ɩɪɨɝɪɚɦɦɟ CSD [5] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R = 0.028. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɀɭɧɝɢɟɬɭ Ƚ.ɂ., Ɋɟɯɬɟɪ Ɇ.Ⱥ. Иɡɚɬɢɧ ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧыɟ. ɒɬɢɢɧɰɚ. 

Ʉɢɲɢɧɟɜ. 1977. ɋ. 105. 

2. Ⱥɧɞɪɟɣɱɢɤɨɜ ɘ.ɋ., Ʉɨɡɶɦɢɧɵɯ ɂ.Ɉ., Ɇɚɧɟɞɨɜɚ ȿ.ɇ. ɀɈɪɏ, 1985, 21, 402. 

3. Hewgill F.R., Hewitt D.G., Howie G.V. and Spencer W.I. Austral. J. Chem. 

1977, 30, 1971. 

4. Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., ɋɢɦɨɧɱɢɤ Ɉ.Ʌ., Ʉɨɧɸɯɨɜɚ Ɍ.Ƚ., Ⱥɧɞɪɟɣɱɢɤɨɜ 

ɘ.ɋ., Ⱥɬɨɜɦɹɧ Ʌ.Ɉ. Иɡɜ. Аɇ. ɋɟɪ. ɯɢɦ. 1995, 1556. 

5. Ⱥɤɫɟɥɶɪɭɞ Ʌ.Ƚ., Ƚɪɢɧɶ ɘ.ɇ., Ɂɚɜɚɥɢɣ ɉ.ɘ., ɉɟɱɟɪɫɤɢɣ ȼ.Ʉ., 

Ƚɥɚɞɵɲɟɜɫɤɢɣ ȿ.ɂ. ɉɚɤɟɬ ɩɪɨɝɪɚɦɦ ɞɥя ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. ɅȽɍ. 

Ʌɶɜɨɜ. 1990. 
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(Z)-2-{8,8-Ⱦɢɦɟɬɢɥ-2,3,8,9-ɬɟɬɪɚɝɢɞɪɨ[1,4]ɞɢɨɤɫɢɧɨ[2,3-g]ɢɡɨɯɢɧɨɥɢɧ-

6(7Н)-ɢɥɢɞɟɧ}-1-(3-ɮɟɧɢɥ-1Н-ɩɢɪɚɡɨɥ-5-ɢɥ)ɷɬɚɧɨɧ 

 

Ɋɚɧɟɟ ɨɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ 3,3-ɞɢɚɥɤɢɥ-1-

ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ, ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ 

ȕ-ɋɇ-ɚɰɢɥɢɪɨɜɚɧɢɹ ɬɚɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ ɢɡɨɯɢɧɨɥɢɧɨɜ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɩɨɥɨɠɟɧɢɢ 2 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ, 

ɫ ɪɚɫɤɪɵɬɢɟɦ ɮɭɪɚɧɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ, – (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 ɦɟɬɨɞɨɦ ɊɋȺ [1].  

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɨɟɞɢɧɟɧɢɹ 1 ɫ ɝɢɞɪɚɡɢɧɨɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɜ ɷɬɚɧɨɥɟ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɨɛɪɚɡɭɟɬɫɹ ɩɪɨɞɭɤɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɝɢɞɪɚɡɢɧɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɟɧɨɥɢɡɨɜɚɧɧɨɝɨ ȕ-

ɞɢɤɟɬɨɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫɨɟɞɢɧɟɧɢɹ 1 – (Z)-2-[3,3-ɞɢɦɟɬɢɥ-3,4-

ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2H)-ɢɥɢɞɟɧ]-1-(3-ɚɪɢɥ-1ɇ-ɩɢɪɚɡɨɥ-5-ɢɥ)ɷɬɚɧɨɧ (2) [2], 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɊɋȺ. 

 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 2 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 
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Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 2. 

ȼ ɦɨɥɟɤɭɥɟ ɢɦɟɟɬɫɹ ɞɨɜɨɥɶɧɨ ɩɪɨɱɧɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ 

ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ N1-H1…Ɉ1 (N1…O1 2.64, H1…O1 2.01 Å, ɭɝɨɥ N1H1Ɉ1 

131.9). Ɂɚɦɟɫɬɢɬɟɥɢ ɩɪɢ ɩɢɪɚɡɨɥɶɧɨɦ ɰɢɤɥɟ ɧɟɤɨɩɥɚɧɚɪɧɵ ɫ ɧɢɦ, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɫɬɟɪɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɦɟɠɞɭ ɚɬɨɦɨɦ ɇ17 ɢ ɚɬɨɦɚɦɢ 

ɇ14 ɢ ɇ20. Ɍɨɪɫɢɨɧɧɵɟ ɭɝɥɵ O1C15C16N2 17.8, N3C18C19C24 20.9. ȼɫɟ 

ɞɥɢɧɵ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ (0.005-0.007 

Å) ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɛɵɱɧɵɦɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹɦɢ. ɇɚ 

ɪɚɡɧɨɫɬɧɵɯ ɫɢɧɬɟɡɚɯ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɥɨɤɚɥɢɡɭɟɬɫɹ ɭ 

ɚɬɨɦɚ N2, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɨɥɟɤɭɥɵ ɜ ɬɚɭɬɨɦɟɪɧɨɣ ɮɨɪɦɟ 

Ⱥ. Ɉɞɧɚɤɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɜɹɡɟɣ ɜ ɩɢɪɚɡɨɥɶɧɨɦ ɤɨɥɶɰɟ ɧɟ ɬɚɤ ɨɞɧɨɡɧɚɱɧɨ. 

ɋɜɹɡɶ N2-C16 (1.340 Å) ɤɨɪɨɱɟ ɫɜɹɡɢ N3-C18 (1.360 Å), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɛɨɥɶɲɟ ɜ ɩɨɥɶɡɭ ɮɨɪɦɵ Ȼ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɭɩɚɤɨɜɤɢ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɦɨɥɟɤɭɥɚ 2 ɫɭɳɟɫɬɜɭɟɬ ɜ 

ɬɚɭɬɨɦɟɪɧɨɣ ɮɨɪɦɟ Ⱥ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɭɤɨɪɨɱɟɧɧɵɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɣ 

ɤɨɧɬɚɤɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɠɞɭ ɚɬɨɦɚɦɢ Ɉ1 ɢ N2 (2.77 Å). ȿɝɨ ɦɨɠɧɨ 

ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ N2-H2…O1, 

ɨɛɪɚɡɭɸɳɭɸ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɟ ɞɢɦɟɪɧɵɟ ɚɫɫɨɰɢɚɬɵ (ɫɦ. ɪɢɫɭɧɨɤ 2). 
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Рисуɧɨк 2. Ⱦɢɦɟɪɧыɣ ɚɫɫɨɰɢɚɬ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢя 2 ɜ ɤɪɢɫɬɚɥɥɟ. 

(Z)-2-{8,8-Ⱦɢɦɟɬɢɥ-2,3,8,9-ɬɟɬɪɚɝɢɞɪɨ[1,4]ɞɢɨɤɫɢɧɨ[2,3-

g]ɢɡɨɯɢɧɨɥɢɧ-6(7Н)-ɢɥɢɞɟɧ}-1-(3-ɮɟɧɢɥ-1Н-ɩɢɪɚɡɨɥ-5-ɢɥ)ɷɬɚɧɨɧ (2). 
Ɋɚɫɬɜɨɪ 0.1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 0.1 ɦɦɨɥɶ ɝɢɞɪɚɡɢɧɝɢɞɪɚɬɚ ɜ 10 ɦɥ ɷɬɚɧɨɥɚ 

ɤɢɩɹɬɢɥɢ 30 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. 

ȼɵɯɨɞ 86%, ɬ.ɩɥ. >244ɋ (ɫ ɪɚɡɥ., ɷɬɚɧɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), 

ɫɦ-1: 3100 ɲ (NH), 1605 ɲ (CO). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 1.28 ɫ 

(6H, 2CH3), 2.81 c (2H, C9H2), 4.33 ɦ (4H, CH2CH2), 6.28 c (1H, H2), 6.83 c (1H, 

H4
ɩɢɪɚɡɨɥ), 7.29-7.87 ɝɪ.c (7H, Ph+C6H2), 11.50 c (1H, NH), 13.39 c (1H, NH). 



 11 

ɇɚɣɞɟɧɨ, %: ɋ 71.78; H 5.83; N 10.34. ɋ24ɇ23N3O3. ȼɵɱɢɫɥɟɧɨ, %: ɋ 71.80; H 

5.77; N 10.47. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 2. Ȼɟɫɰɜɟɬɧɵɟ 

ɯɨɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ ɜ ɜɢɞɟ ɭɞɥɢɧɟɧɧɵɯ ɩɪɢɡɦ ɤɪɢɫɬɚɥɥɵ ɩɪɢɧɚɞɥɟɠɚɬ ɤ 

ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ. a = 14.559(3), b = 9.941(2), c = 15.064(3) Å, ȕ = 

110.13(3), V = 2047.0(7) Å3. M = 401.45, dɜɵɱ. = 1.303 ɝ/ɫɦ3, Z = 4, 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P2(1)/n. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ 

ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 ɫ -

ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-

ɢɡɥɭɱɟɧɢɢ. 2ɦɚɤɫ. = 50.16 (98.9%). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 3598 (Rint = 0.0436) 

ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 1263 ɫ I  2(I). ɉɨɩɪɚɜɤɢ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.087 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ 

ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [3] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɪɢ ɚɬɨɦɚɯ N1 ɢ N2, ɚ ɬɚɤɠɟ ɩɪɢ 

ɚɬɨɦɚɯ ɋ14 ɢ ɋ17 ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ ɪɚɡɧɨɫɬɧɵɯ ɫɢɧɬɟɡɨɜ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ɉɫɬɚɥɶɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SHELX-97 [4] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0532 ɢ wR2 = 0.1466 ɩɨ 1263 

ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). GɈɈF = 0.924. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɏɚɥɬɭɪɢɧɚ ȼ.ȼ., ɒɤɥɹɟɜ ɘ.ȼ., Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ. 2009, 

45, 743.  

2. ɏɚɥɬɭɪɢɧɚ ȼ.ȼ., ɒɤɥɹɟɜ ɘ.ȼ., Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ. 2009, 

45, 1535. 

3. Altomare A., Cascarano G., Giacovazzo C., Gualardi A. J. Appl. Cryst. 1993, 

26, 343. 

4. Sheldrick G.M. SHELX-97. Programs for Crystal Structure Analysis. 

University of Göttingen, Germany. 1997. 
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3(Z)-Ȼɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧ-6-ɧɢɬɪɨ-3,4-ɞɢɝɢɞɪɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ ɢ 6-

ɧɢɬɪɨ-3(Z)-(2-ɮɟɧɢɥ-2-ɯɥɨɪɜɢɧɢɥ)-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ 

 

ɇɚɢɛɨɥɶɲɭɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɫɪɟɞɢ ɦɟɬɨɞɨɜ ɫɢɧɬɟɡɚ 4-ɚɰɢɥ-1H-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɥɭɱɢɥɚ ɪɟɚɤɰɢɹ ɨɤɫɚɥɢɥɯɥɨɪɢɞɚ ɫ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ [1]. 

Ɂɚɦɟɳɟɧɧɵɟ 3(Z)-ɛɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧ-3,4-ɞɢɝɢɞɪɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧɵ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɤɚɤ ɬɢɩɢɱɧɵɟ ɟɧɚɦɢɧɵ, ɨɛɪɚɡɭɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɜɵɯɨɞɚɦɢ 3-ɚɪɨɢɥ-2,4-ɞɢɝɢɞɪɨ-1H-

ɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɵ [2]. 

Ɋɟɚɤɰɢɟɣ ɛɟɧɡɨɢɥɩɢɪɨɜɢɧɨɝɪɚɞɧɨɣ ɤɢɫɥɨɬɵ ɫ 2-ɚɦɢɧɨ-4-ɧɢɬɪɨɮɟɧɨɥɨɦ 

ɛɵɥ ɩɨɥɭɱɟɧ 3(Z)-ɛɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧ-6-ɧɢɬɪɨ-3,4-ɞɢɝɢɞɪɨ-2H-1,4-

ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ (1) ɫ ɰɟɥɶɸ ɟɝɨ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɧɬɟɡɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ. Ɉɞɧɚɤɨ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɛɟɧɡɨɤɫɚɡɢɧɨɧɚ 1 ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɜɦɟɫɬɨ ɨɠɢɞɚɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 2 

ɨɛɪɚɡɭɟɬɫɹ 6-ɧɢɬɪɨ-3(Z)-(2-ɮɟɧɢɥ-2-ɯɥɨɪɜɢɧɢɥ)-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ (3) 

[3], ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧɚ ɊɋȺ. 
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ɂɡɜɟɫɬɧɵ ɦɟɬɨɞɵ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɨɤɫɚɥɢɥɯɥɨɪɢɞ 

ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɯɥɨɪɢɪɭɸɳɟɝɨ ɪɟɚɝɟɧɬɚ [3], ɧɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɜɵɝɥɹɞɟɥɨ ɧɟɨɠɢɞɚɧɧɵɦ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɞɥɹ 

ɡɚɦɟɲɟɧɧɵɯ 3-ɛɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧ-3,4-ɞɢɝɢɞɪɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧɨɜ 

ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɧɚɪɹɞɭ ɫ ɟɧɚɦɢɧɨɤɟɬɨɧɧɨɣ ɮɨɪɦɨɣ (Ⱥ) 

ɬɚɭɬɨɦɟɪɧɵɯ ɢɦɢɧɨɤɟɬɨɧɧɨɣ (Ȼ) ɢ ɢɦɢɧɨɟɧɨɥɶɧɨɣ (ȼ) ɮɨɪɦ. 

 

 

ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɟ ɬɚɭɬɨɦɟɪɚ ȼ ɦɨɝɥɨ ɛɵ ɨɛɴɹɫɧɢɬɶ 

ɩɪɨɬɟɤɚɧɢɟ ɪɟɚɤɰɢɢ ɫɨɟɞɢɧɟɧɢɹ 1 ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɤɚɤ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 

ɡɚɦɟɳɟɧɢɹ ɟɧɨɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɧɚ ɚɬɨɦ ɯɥɨɪɚ. Ɉɞɧɚɤɨ ɮɨɪɦɵ Ȼ 

ɢ ȼ ɧɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɧɢ ɜ ɤɪɢɫɬɚɥɥɚɯ, ɧɢ ɜ 

ɪɚɫɬɜɨɪɚɯ ɫɨɟɞɢɧɟɧɢɹ 1, ɚ ɬɚɤɠɟ ɟɝɨ ɚɧɚɥɨɝɨɜ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɧɢɬɪɨɝɪɭɩɩɵ ɭ 

ɚɬɨɦɚ ɋ6 ɢ ɪɟɚɝɢɪɭɸɳɢɯ ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɬɢɩɚ 2 [2]. ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥɵ ɛɟɧɡɨɤɫɚɡɢɧɨɧɚ 1, ɜɨɡɦɨɠɧɨ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ 

ɢɡɦɟɧɟɧɢɟ ɪɟɝɢɨɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɪɟɚɤɰɢɢ ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ, ɛɵɥ ɩɪɨɜɟɞɟɧ 

ɟɟ ɊɋȺ.  

Ɉɛɳɢɣ ɜɢɞ ɨɱɟɧɶ ɛɥɢɡɤɢɯ ɩɨ ɫɬɪɨɟɧɢɸ ɦɨɥɟɤɭɥ 1 ɢ 3 ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɚɯ. 
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Рис. 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 1. 

 

 

 

Рис. 2. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

Ɇɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɣ 1 ɢ 3 ɫɢɥɶɧɨ ɭɩɥɨɳɟɧɵ. Ȼɟɧɡɨɤɫɚɡɢɧɨɜɵɣ 

ɮɪɚɝɦɟɧɬ ɢɫɯɨɞɧɨɝɨ ɟɧɚɦɢɧɨɤɟɬɨɧɚ 1 ɜ ɩɪɟɞɟɥɚɯ 0.01 Å ɩɥɨɫɤɢɣ, ɚ ɩɟɪɟɝɢɛ 

ɩɨ ɥɢɧɢɢ O3...ɋ8 ɜ ɚɧɚɥɨɝɢɱɧɨɦ ɮɪɚɝɦɟɧɬɟ ɯɥɨɪɢɞɚ 3 ɪɚɜɟɧ 6.8°. ɍɝɥɵ 

ɦɟɠɞɭ ɫɪɟɞɧɢɦɢ ɩɥɨɫɤɨɫɬɹɦɢ ɛɟɧɡɨɤɫɚɡɢɧɨɜɨɣ ɫɢɫɬɟɦɵ ɢ ɮɟɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɫɨɫɬɚɜɥɹɸɬ 8.2° ɢ 12.1° ɜ ɫɨɟɞɢɧɟɧɢɹɯ 1 ɢ 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɪɢɟɧɬɚɰɢɹ 

ɛɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɤɫɚɡɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ O1ɋ17ɋ18ɋ23, -5.4°, N6C8C16C17, -1.2°, ɢ 

ɋ8ɋ16ɋ17O1, 2.8°. Ⱥɧɚɥɨɝɢɱɧɵɟ ɭɝɥɵ ɞɥɹ ɯɥɨɪɜɢɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ 
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ɫɨɟɞɢɧɟɧɢɢ 3 ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: -20.5, 10.4 ɢ -4.4°. ɇɢɬɪɨɝɪɭɩɩɚ ɜ 

ɦɨɥɟɤɭɥɟ 3 ɤɨɩɥɚɧɚɪɧɚ ɫ ɛɟɧɡɨɤɫɚɡɢɧɨɦ, ɚ ɜ ɦɨɥɟɤɭɥɟ 1 ɨɧɚ ɪɚɡɜɟɪɧɭɬɚ ɧɚ 

10°. 

ɋɨɟɞɢɧɟɧɢɟ 1 ɫɭɳɟɫɬɜɭɟɬ ɜ ɮɨɪɦɟ ɟɧɚɦɢɧɨɤɟɬɨɧɚ ɫ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɇ-ɯɟɥɚɬɧɨɝɨ ɬɢɩɚ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ 

ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɷɬɨɝɨ ɪɹɞɚ [2,4]. Ɋɚɫɫɬɨɹɧɢɟ O1...ɇ6 ɫɨɫɬɚɜɥɹɟɬ 1.92 Å, ɚ ɭɝɨɥ 

ɩɪɢ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ – 133.6°. Ɉ ɧɚɥɢɱɢɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ 

ɫɜɹɡɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɚɤɠɟ ɢ ɧɟɫɤɨɥɶɤɨ ɭɞɥɢɧɟɧɧɚɹ ɫɜɹɡɶ ɜ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɟ ɋ17=O1, ɪɚɜɧɚɹ 1.249 Å. 

ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥ ɹɜɥɹɟɬɫɹ ɹɪɤɨ 

ɜɵɪɚɠɟɧɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɋ8=ɋ16 ɜ ɦɨɥɟɤɭɥɟ 1 ɢ N6=C8 ɢ 

ɋ16=ɋ17 ɜ ɦɨɥɟɤɭɥɟ 3. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɢ ɨɫɬɚɥɶɧɵɟ 

ɦɟɠɚɬɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢɦɟɸɬ ɨɛɵɱɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɜɹɡɟɣ 

ɡɧɚɱɟɧɢɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɛɳɟɟ π-ɫɨɩɪɹɠɟɧɢɟ ɜ ɷɬɢɯ ɦɨɥɟɤɭɥɚɯ 

ɥɢɛɨ ɨɬɫɭɬɫɬɜɭɟɬ, ɥɢɛɨ ɨɧɨ ɫɢɥɶɧɨ ɨɫɥɚɛɥɟɧɨ. ȿɳɟ ɨɞɧɨɣ ɯɚɪɚɤɬɟɪɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɨɟɧɢɹ ɦɨɥɟɤɭɥ ɛɟɧɡɨɤɫɚɡɢɧɨɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɹɜɥɹɟɬɫɹ ɬɨ, 

ɱɬɨ ɞɥɢɧɵ ɨɪɞɢɧɚɪɧɵɯ ɫɜɹɡɟɣ ɝɟɬɟɪɨɚɬɨɦɨɜ ɫ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ ɛɟɧɡɨɥɶɧɨɝɨ 

ɤɨɥɶɰɚ ɞɥɢɧɧɟɟ ɫɜɹɡɟɣ ɝɟɬɟɪɨɚɬɨɦɨɜ ɫ ɞɜɭɦɹ ɞɪɭɝɢɦɢ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ 

ɨɤɫɚɡɢɧɨɜɨɝɨ ɤɨɥɶɰɚ. Ɍɚɤ, ɞɥɢɧɵ ɞɜɭɯ ɜɧɭɬɪɢɰɢɤɥɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɋ-Ɉ ɜ 

ɫɨɟɞɢɧɟɧɢɢ 1 ɪɚɜɧɵ 1.359(4) ɢ 1.376(4) Å, ɚ ɞɜɭɯ ɫɜɹɡɟɣ ɋ-N – 1.358(4) ɢ 

1.383(4) Å. Ɋɚɡɧɢɰɚ ɜ ɞɥɢɧɚɯ ɫɜɹɡɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɩɨɝɪɟɲɧɨɫɬɢ ɢɯ 

ɨɩɪɟɞɟɥɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɜ ɧɟɤɨɬɨɪɵɯ 

ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɚɧɟɟ ɩɪɨɢɡɜɨɞɧɵɯ 3,4-ɞɢɝɢɞɪɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧɚ 

[5,6]. 

ȼ ɤɪɢɫɬɚɥɥɚɯ ɫɨɟɞɢɧɟɧɢɣ 1 ɢ 3 ɨɬɫɭɬɫɬɜɭɸɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ 

ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɢ ɢɧɵɟ ɭɤɨɪɨɱɟɧɧɵɟ ɤɨɧɬɚɤɬɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɊɋȺ ɫɨɟɞɢɧɟɧɢɹ 1 ɧɟ ɞɚɥ ɧɢɤɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ, 

ɩɨɡɜɨɥɹɸɳɟɣ ɭɛɟɞɢɬɟɥɶɧɨ ɨɛɴɹɫɧɢɬɶ ɧɟɨɛɵɱɧɭɸ ɞɥɹ ɡɚɦɟɳɟɧɧɵɯ 3(2)-

ɛɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧ-3,4-ɞɢɝɢɞɪɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧɨɜ ɪɟɝɢɨɧɚɩɪɚɜ-

ɥɟɧɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ.  
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ɉɨ-ɜɢɞɢɦɨɦɭ, ɪɟɲɚɸɳɢɦ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɫɥɚɛɥɟɧɢɟ ɨɫɧɨɜɧɵɯ 

ɫɜɨɣɫɬɜ ɚɬɨɦɚ ɚɡɨɬɚ ɜɫɥɟɞɫɬɜɢɟ ɫɢɥɶɧɨɝɨ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɨɝɨ ɜɥɢɹɧɢɹ 

ɝɪɭɩɩɵ NO2, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɟɬɚ-ɩɨɥɨɠɟɧɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɟɦɭ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɯɨɬɹ ɢɦɢɧɨɟɧɨɥɶɧɚɹ ɮɨɪɦɚ ȼ ɧɟ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɜ ɢɫɯɨɞɧɨɦ 

ɛɟɧɡɨɤɫɚɡɢɧɨɧɟ 1, ɨɧɚ ɢɥɢ ɟɟ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ, ɜɨɡɦɨɠɧɨ, 

ɨɛɪɚɡɭɸɬɫɹ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ, ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɤɫɚɥɢɥɯɥɨɪɢɞɚ 

ɜɦɟɫɬɨ ɞɢɚɰɢɥɢɪɨɜɚɧɢɹ ɩɨ ɞɟɡɚɤɬɢɜɢɪɨɜɚɧɧɨɦɭ ɟɧɚɦɢɧɨɜɨɦɭ ɮɪɚɝɦɟɧɬɭ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɦɟɳɟɧɢɟ ɝɪɭɩɩɵ Ɉɇ ɢɦɢɧɨɟɧɨɥɶɧɨɣ ɮɨɪɦɵ ȼ ɢɫɯɨɞɧɨɝɨ 

ɛɟɧɡɨɤɫɚɡɢɧɨɧɚ 1 ɧɚ ɚɬɨɦ ɯɥɨɪɚ. 

3(Z)-Ȼɟɧɡɨɢɥɦɟɬɢɥɢɞɟɧ-6-ɧɢɬɪɨ-3,4-ɞɢɝɢɞɪɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-

ɨɧ (1). ɋɦɟɫɶ 0.05 ɦɨɥɶ ɛɟɧɡɨɢɥɩɢɪɨɜɢɧɨɝɪɚɞɧɨɣ ɤɢɫɥɨɬɵ ɢ 0.05 ɦɨɥɶ 2-

ɚɦɢɧɨ-4-ɧɢɬɪɨɮɟɧɨɥɚ ɪɚɫɬɜɨɪɢɥɢ ɜ 200 ɦɥ ɩɪɨɩɚɧ-2-ɨɥɚ, ɤɢɩɹɬɢɥɢ 2.5 ɱ, 

ɨɯɥɚɞɢɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ȼɵɯɨɞ 94%, ɬ.ɩɥ. 253-

255°ɋ (ɫ ɪɚɡɥ., ɢɡ ɬɨɥɭɨɥɚ). ɂɄ-ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3090, 

3050 (ɋ-ɇ); 1750 (ɋ2=0); 1615 (PhCO); 1530, 1355 (NO2). ɋɩɟɤɬɪ əɆɊ 1ɇ 

(ȾɆɋɈ-d6), į, ɦ.ɞ.: 6.97 ɫ (1ɇ, =ɋɇ), 7.40 ɞ (1ɇ, ɇ7, J = 9 Ƚɰ), 7.68 ɦ (3ɇ, ɇ3', 

ɇ4', ɇ5'), 7.91 ɞ (1ɇ, ɇ8, J = 9 Ƚɰ), 8.02 ɦ (2ɇ, ɇ2', ɇ6'), 8.69 ɫ (1ɇ, ɇ5), 12.60 ɫ 

(1ɇ, NH). ɍɎ-ɫɩɟɤɬɪ (MeCN), Ȝmax, ɧɦ (lgİ): 266 (4.62), 405 (4.46). ɇɚɣɞɟɧɨ, 

%: ɋ, 62.20; ɇ, 3.02; N, 9.26. C16H10N2O5. ȼɵɱɢɫɥɟɧɨ, %: ɋ, 61.94; ɇ, 3.25; N, 

9.03. 

6-ɇɢɬɪɨ-3(Z)-2-ɮɟɧɢɥ-2-ɯɥɨɪɜɢɧɢɥ-2Н-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ (3). Ʉ 

ɪɚɫɬɜɨɪɭ 0.02 ɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɜ 170 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɯɥɨɪɨɮɨɪɦɚ 

ɩɪɢɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ 0.03 ɦɨɥɶ ɨɤɫɚɥɢɥɯɥɨɪɢɞɚ, ɤɢɩɹɬɢɥɢ 3.5 ɱ, ɨɯɥɚɞɢɥɢ, 

ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ȼɵɯɨɞ 56%, ɬ.ɩɥ. 215-216°ɋ (ɢɡ ɞɢɨɤɫɚɧɚ). 

ɂɄ-ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3110 (ɋ-ɇ); 1735 (ɋ2=O); 1590 (ɋ=ɋ, 

C=N); 1525, 1348 (NɈ2). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.): 7.53 ɦ (3ɇ, ɇ3', 

ɇ4', ɇ5'), 7.60 ɫ (1ɇ, =ɋɇ), 7.64 ɞ (1ɇ, ɇ7. J = 9 Ƚɰ), 7.95 ɦ (2ɇ, ɇ2, ɇ6'), 8.40 ɞ 

(1ɇ, ɇ8, J = 9 Ƚɰ), 8.54 ɫ (1ɇ, ɇ5). ɍɎ-ɫɩɟɤɬɪ (MeCN), Ȝmax, ɧɦ (lgİ): 271 

(4.50), 354 (4.57). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z (Iɨɬɧ, %): 330/328 [Ɇ]+ (38/100), 329/327 [Ɇ 

- ɇ]+ (52/99), 302/300 |Ɇ - ɋɈ]+ (6/17), 301/299 [Ɇ - ɇ - ɋɈ]+ (32/85), 293 [Ɇ - 
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ɋ1]+ (26), 265 [Ɇ - ɋɈ - ɋ1]+ (9), 256/254 |Ɇ - ɋɈ - NO2]
+ (5/17), 255/253 [Ɇ - 

ɋɈ - ɇ - NO2] (29/86), 190 (14), 128 [PhCCHCN]+ (10), 102 [PhCCH]+ (17). 

ɇɚɣɞɟɧɨ, %: ɋ, 58.81; ɇ, 2.95; ɋl, 11.20; N, 8.95. Cl6H9ClN2O4. ȼɵɱɢɫɥɟɧɨ, %: 

ɋ, 58.46; ɇ, 2.76; Cl, 10.79; N, 8.52. 

Ɍɚɛɥɢɰɚ. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɢ ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ 

ɤɪɢɫɬɚɥɥɨɜ ɫɨɟɞɢɧɟɧɢɣ 1 ɢ 3. 

ɉɚɪɚɦɟɬɪ 1 3 

Ɇɨɥɟɤɭɥяɪɧɚя ɦɚɫɫɚ 310.26 328.70 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚя ɝɪɭɩɩɚ P21/n P-1 

a 10.193(2) Å 10.548(2) Å 

b 12.834(3) Å 8.911(1) Å 

c 10.589(2) Å 7.560(3) Å 

α 90° 87.75° 

ȕ 96.71(3)° 100.43(3)° 

Ȗ 90° 94.65(3)° 

V 1375.7(5) Å3 696.3(3) Å3 

dɜɵɱ. 1.498 ɝ/ɫɦ3 1.568 ɝ/ɫɦ3 

Z 4 2 

  0.963 ɦɦ-1 2.656 ɦɦ-1 

ɑɢɫɥɨ ɢɡɦɟɪɟɧɧɵɯ 

ɨɬɪɚɠɟɧɢɣ 

 

2388 

 

2872 

ɑɢɫɥɨ ɨɬɪɚɠɟɧɢɣ 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɜ ɆɇɄ ɫ I > 2(I) 

 

 

1148 

 

 

2401 

R 0.045 0.046 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 1 ɢ 3. ɇɚɛɨɪɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɤɪɢɫɬɚɥɥɨɜ 1 ɢ 3 ɩɨɥɭɱɟɧɵ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA 

DIFFRACTION») ɫ χ-ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ --ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 
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ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ CuKα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 4° <  < 80°. 

ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɢ 

ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

ɋɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɟɧɵ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɱɟɬɨɦ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜ 

ɨɛɨɢɯ ɫɬɪɭɤɬɭɪɚɯ ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ ɪɚɡɧɨɫɬɧɵɯ ɫɢɧɬɟɡɨɜ, 

ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɜ ɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ. ɋɬɪɭɤɬɭɪɵ ɭɬɨɱɧɟɧɵ ɜ ɩɨɥɧɨɦɚɬɪɢɱɧɨɦ ɚɧɢɡɨɬɪɨɩɧɨɦ (ɞɥɹ 

ɚɬɨɦɨɜ ɇ – ɢɡɨɬɪɨɩɧɨɦ) ɩɪɢɛɥɢɠɟɧɢɢ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɧɚ PC ɩɨ 

ɩɪɨɝɪɚɦɦɚɦ SHELX-86 [8] ɢ SHELX-93 [9]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., ɉɢɦɟɧɨɜɚ ȿ.ȼ., ɒɭɪɨɜ ɋ.ɇ. ɏɢɦɢя ɩяɬɢɱɥɟɧɧыɯ 2,3-

ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ. ɂɡɞ-ɜɨ ɉɟɪɦ. ɭɧ-ɬɚ, ɉɟɪɦɶ. 1994, 211. 

2. Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ., Ʉɪɚɫɧɵɯ Ɉ.ɉ., ɒɭɪɨɜ ɋ.ɇ., 

Ⱥɧɞɪɟɣɱɢɤɨɜ ɘ.ɋ. ɀɈɪɏ, 1992, 28, 2445.  

3. Ⱥɥɢɟɜ Ɂ.Ƚ., Ʉɪɚɫɧɵɯ Ɉ.ɉ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ⱥɬɨɜɦɹɧ Ʌ.Ɉ. Иɡɜ. Аɇ. ɋɟɪ. 

ɏɢɦ. 2000, 2080. 

4. Ɏɢɡɟɪ Ʌ., Ɏɢɡɟɪ M. Ɋɟɚɝɟɧɬы ɞɥя ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ. Ɇɢɪ, Ɇɨɫɤɜɚ, 

1970, ɬ.3, 478. 
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4-Эɬɨɤɫɢɤɚɪɛɨɧɢɥ-3,5-ɞɢɝɢɞɪɨ-2Н-ɩɢɪɚɧɨ[2,3-b]ɯɢɧɨɤɫɚɥɢɧ-2,3-ɞɢɨɧ 

 

Ɋɟɚɤɰɢɢ ɩɟɪɜɢɱɧɵɯ ɟɧɚɦɢɧɨɜ ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɫɢɧɬɟɡɚ ɡɚɦɟɳɟɧɧɵɯ ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ [1], 

ɩɪɢɱɟɦ ɞɨ 2002 ɝɨɞɚ ɨ ɜɵɞɟɥɟɧɢɢ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɤɪɨɦɟ 

ɰɟɥɟɜɵɯ, ɫɨɨɛɳɟɧɢɣ ɧɟ ɛɵɥɨ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɦɟɬɢɥɟɧ-1,2,3,4-ɬɟɬɪɚɝɢɞɪɨ-2-

ɯɢɧɨɤɫɚɥɨɧɚ (1) ɫ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ, ɩɪɨɜɨɞɢɦɨɝɨ ɩɭɬɟɦ ɤɢɩɹɱɟɧɢɹ ɜ 

ɚɛɫɨɥɸɬɧɨɦ ɯɥɨɪɨɮɨɪɦɟ ɜ ɬɟɱɟɧɢɟ 55 ɦɢɧɭɬ, ɤɪɨɦɟ ɨɠɢɞɚɟɦɨɝɨ 3-

ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-1,2,4,5-ɬɟɬɪɚɝɢɞɪɨɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4-ɬɪɢɨɧɚ (2) 

ɫ ɧɟɛɨɥɶɲɢɦ ɜɵɯɨɞɨɦ ɨɛɪɚɡɭɟɬɫɹ ɠɟɥɬɨɟ ɜɵɫɨɤɨɩɥɚɜɤɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ 

ɜɟɳɟɫɬɜɨ, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɨɟ ɩɨ ɞɚɧɧɵɦ ɊɋȺ ɤɚɤ 4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-2ɇ-

ɩɢɪɚɧɨ[2,3-b]ɯɢɧɨɤɫɚɥɢɧ-2,3-ɞɢɨɧ (3) [2].  

 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɢɫɯɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ 1 ɫɭɳɟɫɬɜɭɟɬ ɜ ɪɚɫɬɜɨɪɟ ɜ ɜɢɞɟ 

ɫɦɟɫɢ ɚɦɢɞɧɨɣ ɮɨɪɦɵ (Ⱥ) ɢ ɝɢɞɪɨɤɫɢɢɦɢɧɧɨɣ ɮɨɪɦɵ (Ȼ), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɜɨɡɦɨɠɧɨɫɬɢ ɚɰɢɥɢɪɨɜɚɧɢɹ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɜɢɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɋɇ ɢ 

ɝɢɞɪɨɤɫɢɢɦɢɧɧɨɣ ɝɪɭɩɩɵ Ɉɇ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɭɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɜɤɥɸɱɚɟɬ ɚɦɢɞɝɢɞɪɨɤɫɢɢɦɢɧɧɭɸ ɢɡɨɦɟɪɢɡɚɰɢɸ ɜ 

ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɪɨɞɭɤɬɟ ɦɨɧɨɚɰɢɥɢɪɨɜɚɧɢɹ ɨɤɫɚɥɢɥɯɥɨɪɢɞɨɦ ɜɢɧɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɋɇ ɯɢɧɨɤɫɚɥɨɧɚ 1. 



 20 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 

Рисуɧɨк 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ȼɫɹ ɦɨɥɟɤɭɥɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɷɬɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɩɥɨɫɤɚɹ, 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɚɹ ɩɪɨɱɧɨɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɇ-

ɯɟɥɚɬɧɨɝɨ ɬɢɩɚ ɦɟɠɞɭ ɝɪɭɩɩɨɣ N2-ɇ2 ɢ ɚɬɨɦɨɦ ɤɢɫɥɨɪɨɞɚ Ɉ4 

ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɩɪɢɱɟɦ ɩɪɨɬɨɧ ɥɨɤɚɥɢɡɨɜɚɧ ɢɦɟɧɧɨ ɭ ɚɬɨɦɚ 

ɚɡɨɬɚ N2 ɜ ɩɨɥɨɠɟɧɢɢ 5. Ɇɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ ɋ11-ɇ11…Ɉ3 ɢ ɋ14-

ɇ14…N1 ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɫɥɚɛɵɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ. ɉɟɪɜɚɹ ɢɡ 

ɧɢɯ ɫɜɹɡɵɜɚɟɬ ɦɨɥɟɤɭɥɵ ɜ ɛɟɫɤɨɧɟɱɧɭɸ ɰɟɩɨɱɤɭ ɜ ɞɜɭɦɟɪɧɵɟ ɫɟɬɤɢ. ɇɚ 

ɪɢɫɭɧɤɟ 2 ɩɨɤɚɡɚɧɚ ɫɢɫɬɟɦɚ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɜ ɩɪɨɟɤɰɢɢ ɜɞɨɥɶ ɨɫɢ ɚ 

ɤɪɢɫɬɚɥɥɨɜ. 
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Ɋɢɫɭɧɨɤ 2. ȼɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɜ ɤɪɢɫɬɚɥɥɟ ɫɨɟɞɢɧɟɧɢɹ 3. 

 

4-Эɬɨɤɫɢɤɚɪɛɨɧɢɥ-3,5-ɞɢɝɢɞɪɨ-2Н-ɩɢɪɚɧɨ[2,3-b]ɯɢɧɨɤɫɚɥɢɧ-2,3-

ɞɢɨɧ (3). Ʉ ɪɚɫɬɜɨɪɭ 0.0155 ɦɨɥɶ ɯɢɧɨɤɫɚɥɨɧɚ 1 ɜ 50 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

ɯɥɨɪɨɮɨɪɦɚ ɩɪɢɥɢɜɚɥɢ ɪɚɫɬɜɨɪ 0.0161 ɦɨɥɶ ɨɤɫɚɥɢɥɯɥɨɪɢɞɚ ɜ 2 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɯɥɨɪɨɮɨɪɦɚ, ɤɢɩɹɬɢɥɢ 55 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ 

ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 2 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ɂɡ ɦɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɬɝɨɧɹɥɢ 40 

ɦɥ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 3 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ 3 15%, ɬ.ɩɥ. 194-196°ɋ (ɢɡ 

ɚɰɟɬɨɧɢɬɪɢɥɚ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3050 ɲ (NH), 1795 

(C2=O), 1661 ɲ (C1=O, ɋɈɈɋ2ɇ5). ɋɩɟɤɬɪ əɆɊ 1ɇ (CH3CN-d3), į, ɦ.ɞ.: 1.32 ɬ 

(3H, CH3), 4.37 ɤ (2H, CH2Ɉ), 7.72 ɦ (4H, C6H4), 13.90 c (1H, NH). ɇɚɣɞɟɧɨ, %: 

ɋ 58.77; H 3.42; N 10.00. ɋ14ɇ10N2O5. ȼɵɱɢɫɥɟɧɨ, %: ɋ 58.74; H 3542; N 9.79. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɋ14ɇ10N2O5, ɬɪɢɤɥɢɧɧɚɹ, a = 5.796(1), b = 10.4269(2), c = 20.613(4) Å, ȕ = 

94.94(3)°, V = 1241.0(4) Å3. M = 286.24, dɜɵɱ. = 1.532 ɝ/ɫɦ3, Z = 4, 
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ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P2(1)/ɫ. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ 

ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA 

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

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɋuK-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 4 < 2 < 80°. 

ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 2601 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ  ɥɢɲɶ 499 

ɨɤɚɡɚɥɢɫɶ ɫ I  2(I), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟ ɨɱɟɧɶ ɯɨɪɨɲɟɦ ɤɚɱɟɫɬɜɟ 

ɤɪɢɫɬɚɥɥɨɜ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 1.009 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ 

ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ 

ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɭɬɨɱɧɟɧɢɟɦ ɆɇɄ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ R-ɮɚɤɬɨɪɚ 0.08. Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɭɬɨɱɧɟɧɢɟ ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɟɧɢɸ 

R1 = 0.0418. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɧɚ Ɋɋ/ȺɌ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ 

SHELX-97 [3]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ⱥɧɞɪɟɣɱɢɤɨɜ ɘ.ɋ. ɏɢɦɢя ɩяɬɢɱɥɟɧɧыɯ 2,3-

ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ. ɉɟɪɦɶ. ɂɡ-ɜɨ ɉɟɪɦɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 1994. 92-96. 

2. Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ƚɨɥɨɜɧɢɧɚ Ɉ.ȼ., Ʉɪɚɫɧɵɯ Ɉ.ɉ., Ⱥɬɨɜɦɹɧ Ʌ.Ɉ. 

ɀɋɏ. 2002, 43, 576. 

3. Sheldrick G.M. SHELX-97. Programs for Crystal Structure Analysis. 

University of Göttingen, Germany, 1997. 
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Эɬɢɥ (1-ɛɟɧɡɢɥ-3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-1Н-

ɩɢɪɪɨɥ-2-ɢɥ)ɚɰɟɬɚɬ 

 

Ȼɟɧɡɨ[b]ɚɧɚɥɨɝɢ 1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ – ɢɡɚɬɢɧɵ – ɪɟɚɝɢɪɭɸɬ ɫ 1,1-

ɞɢɚɥɤɨɤɫɢɷɬɢɥɟɧɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ [2+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɩɨ ɫɜɹɡɢ ɋ3=Ɉ [1], ɚ ɨɤɫɨɚɧɚɥɨɝɢ – ɡɚɦɟɳɟɧɧɵɟ ɮɭɪɚɧ-2,3-ɞɢɨɧɵ – ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɞɢɚɥɤɨɤɫɢɷɬɢɥɟɧɨɜ, ɤɚɤ ɋɇ 

ɧɭɤɥɟɨɮɢɥɨɜ, ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 2 ɝɟɬɟɪɨɰɢɤɥɚ [2]. 

1-Ȼɟɧɡɢɥ-4-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧ 1 ɪɟɚɝɢɪɭɟɬ ɫ 1,1-

ɞɢɷɬɨɤɫɢɷɬɢɥɟɧɨɦ 2 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɋɇɋl3 ɜ ɬɟɱɟɧɢɟ 100 ɦɢɧ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɬɢɥ (1-ɛɟɧɡɢɥ-3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2-ɮɟɧɢɥ-2,5-ɞɢ-

ɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɢɥ)ɚɰɟɬɚɬɚ 3, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [3]. 

 

 
ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɨɢɫɯɨɞɢɬ ɚɬɚɤɚ 

ɷɥɟɤɬɪɨɧɨɢɡɛɵɬɨɱɧɵɦ -ɭɝɥɟɪɨɞɧɵɦ ɚɬɨɦɨɦ ɚɰɟɬɚɥɹ 2 ɚɬɨɦɚ ɋ5 

ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɢɧɬɟɪɦɟɞɢɚɬ, ɛɥɢɡɤɢɣ ɤ ɨɛɵɱɧɨ ɩɨɫɬɭɥɢɪɭɟɦɨɦɭ ɞɥɹ ɪɟɚɤɰɢɣ ɚɰɟɬɚɥɟɣ 
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ɤɟɬɟɧɨɜ ɫ ɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ [2], ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɪɢɫɨɟɞɢɧɹɟɬ ɜɨɞɭ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɳɟɩɥɟɧɢɟɦ ɷɬɚɧɨɥɚ [3]. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

ɉɢɪɪɨɥɶɧɨɟ ɤɨɥɶɰɨ ɦɨɥɟɤɭɥɵ ɩɥɨɫɤɨɟ, ɫ ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ ɞɜɨɣɧɨɣ 

ɫɜɹɡɶɸ ɋ8=ɋ9. Ȼɟɧɡɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɧɟɩɥɨɫɤɢɣ (ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ 

Ɉ3ɋ21ɋ22ɋ23 ɪɚɜɟɧ 30.4°), ɚ ɟɝɨ ɨɪɢɟɧɬɚɰɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɹɬɢɱɥɟɧɧɨɝɨ 

ɰɢɤɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɪɫɢɨɧɧɵɦ ɭɝɥɨɦ ɋ8ɋ9ɋ21ɋ22 20.4°. ɉɥɨɫɤɨɫɬɶ 

ɮɟɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɨɪɬɨɝɨɧɚɥɶɧɚ ɩɥɨɫɤɨɫɬɢ ɩɢɪɪɨɥɚ ɢ ɢɦɟɟɬ 

ɛɢɫɫɟɤɬɪɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ. ɉɥɨɫɤɨɫɬɶ ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɦɟɬɢɥɶɧɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɝɟɬɟɪɨɰɢɤɥɚ ɭɝɨɥ 78.2°, ɚ ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ 

ɋ9ɋ10ɋ11ɋ12 ɪɚɜɟɧ 78.2°. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɯ ɞɢɦɟɪɧɵɯ ɚɫɫɨɰɢɚɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɩɪɨɱɧɨɣ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ Ɉ1-ɇ1…Ɉ2 ɞɥɢɧɨɣ 2.65 Ǻ. ɍɝɨɥ ɩɪɢ 

ɚɬɨɦɟ ɇ1 ɪɚɜɟɧ 146.5°. ɉɨɦɢɦɨ ɫɢɥɶɧɨɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ 

ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɢ ɛɨɥɟɟ ɫɥɚɛɨɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ 

ɫɜɹɡɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɹɬɢɱɥɟɧɧɨɝɨ ɰɢɤɥɚ ɦɟɠɞɭ ɬɟɦɢ ɠɟ ɚɬɨɦɚɦɢ 

ɤɢɫɥɨɪɨɞɚ. ɉɚɪɚɦɟɬɪɵ ɟɟ ɫɥɟɞɭɸɳɢɟ: r(Ɉ1…Ɉ2) 2.88Ǻ, r(ɇ1…Ɉ2) 2.81Ǻ, 

ɭɝɨɥ Ɉ1-ɇ1…Ɉ2 108.7°. ȼɟɪɨɹɬɧɨ, ɭɱɚɫɬɢɟ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɇ1 ɜ ɛɢɮɭɪɤɚɬɧɨɣ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɨɛɴɹɫɧɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɜ ɂɄ ɫɩɟɤɬɪɟ ɱɚɫɬɨɬɵ 

ɤɨɥɟɛɚɧɢɣ ɝɪɭɩɩɵ Ɉɇ ɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ ɞɨ 3165 ɫɦ-1. 

Эɬɢɥ (1-ɛɟɧɡɢɥ-3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-
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1Н-ɩɢɪɪɨɥ-2-ɢɥ)ɚɰɟɬɚɬ (3). Ɋɚɫɬɜɨɪ 0.01 ɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 0.01 ɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ 2 ɜ 30 ɦɥ ɯɥɨɪɨɮɨɪɦɚ ɤɢɩɹɬɢɥɢ 100 ɦɢɧ (ɞɨ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ), 

ɨɯɥɚɠɞɚɥɢ, ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 54%, ɬ.ɩɥ. 163-165°ɋ (ɢɡ 

ɦɟɬɚɧɨɥɚ). ɂК ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3165 (Ɉɇ), 1732 (ɋɈɈ), 1699 

(ɋ2=Ɉ), 1635 (ɋ4-ɋ=Ɉ). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), , ɦ.ɞ.: 0.954 ɬ (3ɇ, CH3), 

3.65 ɝɪ.ɫ. (4ɇ, ɋɇ2Ɉ+ɋ5-ɋɇ2), 4.04 ɞ (1ɇ, ɋɇ2N, J = 15 Ƚɰ), 4.48 ɞ (1ɇ, ɋɇ2N, 

J = 15 Ƚɰ), 7.22 ɝɪ.ɫ (15ɇ, 3Ph). ɇɚɣɞɟɧɨ, %: C 73.80; H 5.49; N 3.12. 

ɋ28H25NɈ5. ȼɵɱɢɫɥɟɧɨ, %: C 73.83; H 5.53; N 3.12. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Хɨɪɨɲɨ 

ɨɝɪɚɧɟɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɋ28H25NɈ5 ɦɨɧɨɤɥɢɧɧɵɟ: a = 12.558(3), b = 11.238(3), 

c = 18.623(4), γ = 64.53(5) Å, V = 2372.8(10) Å3, M = 764.77,  dɜɵɱ. = 1.275 

ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ21ɚ. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾȺɊ-ɍɆ ɧɚ 

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɋuK-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 4.4 < Θ < 62.6°. 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ 

ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ CSD [4] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R = 0.042 ɩɨ 

2010 ɨɬɪɚɠɟɧɢɹɦ ɫ  I > 2(I) ɢɡ ɨɛɳɟɝɨ ɱɢɫɥɚ ɦɚɫɫɢɜɚ 3208 ɩɨɥɭɱɟɧɧɵɯ 

ɨɬɪɚɠɟɧɢɣ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.713 ɦɦ-1). ȼɫɟ 

ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX-97 [5]. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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2. ɒɭɪɨɜ ɋ.ɇ., ɉɚɜɥɨɜɚ ȿ.ɘ., Ʌɢɜɚɧɰɨɜɚ Ʌ.ɂ. ɀɈɪɏ. 1993, 29, 2275. 

3. Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., ɋɢɦɨɧɱɢɤ Ɉ.Ʌ., Ȼɚɧɧɢɤɨɜɚ ɘ.ɇ., Ⱥɬɨɜɦɹɧ 
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Ɇɟɬɢɥ 1-(4-ɬɨɥɢɥ)-4-(4-ɬɨɥɢɥɨɤɫɚɦɨɢɥ)-5-(4-ɷɬɨɤɫɢɮɟɧɢɥ)ɩɢɪɚɡɨɥ-3-

ɤɚɪɛɨɤɫɢɥɚɬ  
 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɪɟɚɤɰɢɹɯ 4-ɧɟɡɚɦɟɳɟɧɧɵɯ, 4-ɦɟɬɢɥ-, 

4-ɮɟɧɢɥ-1,5-ɞɢɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɮɟɧɢɥ- ɢ 4-

ɧɢɬɪɨɮɟɧɢɥɝɢɞɪɚɡɢɧɚɦɢ, ɩɪɨɬɟɤɚɸɳɢɯ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɚɬɚɤɨɣ ɩɟɪɜɢɱɧɨɣ 

ɚɦɢɧɨɝɪɭɩɩɨɣ ɪɟɚɝɟɧɬɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 3 1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ 3-ɚɪɢɥɝɢɞɪɚɡɨɧɨɜ, ɫɭɳɟɫɬɜɭɸɳɢɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ 

ɮɨɪɦɟ Z-ɢɡɨɦɟɪɨɜ [1-4]. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɪɚɛɨɬ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɩɪɟɜɪɚɳɟɧɢɣ 1-ɚɪɢɥ-4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɜ 

ɪɟɚɤɰɢɹɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɚɝɟɧɬɚɦɢ [5] ɢɡɭɱɟɧɚ ɪɟɚɤɰɢɹ 5-

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-(4-ɬɨɥɢɥ)-4-(4-ɷɬɨɤɫɢɛɟɧɡɨɢɥ)-1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ (1) ɫ 

4-ɬɨɥɢɥɝɢɞɪɚɡɢɧɨɦ (2). Ⱦɚɧɧɵɟ ɪɚɛɨɬ [5-8] ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɞɥɹ 4-ɚɰɢɥ-1H-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɢɧɨɝɨ, ɱɟɦ ɨɩɢɫɚɧɨ ɞɥɹ 4-ɧɟɡɚɦɟɳɟɧɧɵɯ, 4-ɦɟɬɢɥ-, 4-

ɮɟɧɢɥ-1,5-ɞɢɡɚɦɟɳɟɧɧɵɯ 1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ [1-4], ɧɚɩɪɚɜɥɟɧɢɹ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɧɭɤɥɟɨɮɢɥɨɜ — ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 5 ɝɟɬɟɪɨɰɢɤɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɚɬɚɤɢ (ɜɬɨɪɵɦ ɧɭɤɥɟɨɮɢɥɶɧɵɦ 

ɰɟɧɬɪɨɦ) ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɰɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 

ɝɟɬɟɪɨɰɢɤɥɚ, ɞɚɜɚɥɢ ɨɫɧɨɜɚɧɢɹ ɨɠɢɞɚɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɪɟɚɤɰɢɢ 

ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɢɪɪɨɥɨ[2,3-ɫ]ɩɢɪɚɡɨɥɚ.  

5-Ɇɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-(4-ɬɨɥɢɥ)-4-(4-ɷɬɨɤɫɢɛɟɧɡɨɢɥ)-1H-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧ 1 ɪɟɚɝɢɪɭɟɬ ɫ 4-ɬɨɥɢɥɝɢɞɪɚɡɢɧɨɦ 2, ɜɡɹɬɵɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1 : 1 ,  ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɛɟɫɰɜɟɬɧɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɫɬɪɭɤɬɭɪɭ ɤɨɬɨɪɨɝɨ ɩɨ ɞɚɧɧɵɦ ɂɄ 

ɢ əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɨɩɪɟɞɟɥɢɬɶ ɨɞɧɨɡɧɚɱɧɨ ɧɟ ɭɞɚɥɨɫɶ. ɉɪɨɜɟɞɟɧɧɨɟ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɨɞɭɤɬ 

ɪɟɚɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɢɥ 1-(4-ɬɨɥɢɥ)-4-(4-ɬɨɥɢɥɨɤɫɚɦɨɢɥ)-5-(4-

ɷɬɨɤɫɢɮɟɧɢɥ)ɩɢɪɚɡɨɥ-3-ɤɚɪɛɨɤɫɢɥɚɬ (3) [9]. 
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ɋɨɟɞɢɧɟɧɢɟ 3 ɨɛɪɚɡɭɟɬɫɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɝɢɞɪɚɡɢɧɚ 2 ɤ 

ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɩɢɪɪɨɥɞɢɨɧɚ 1, ɤɚɤ ɷɬɨ ɨɩɢɫɚɧɨ ɞɥɹ ɪɟɚɤɰɢɣ 

4-ɚɰɢɥɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɧɭɤɥɟɨɮɢɥɚɦɢ [5-6], ɚ ɜɬɨɪɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ 

ɝɢɞɪɚɡɢɧɚ 2 – ɤ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ 

ɞɟɝɢɞɪɚɬɚɰɢɢ ɞɨ ɩɢɪɪɨɥɨ[2,3-ɫ]ɩɢɪɚɡɨɥɚ 4. ȼ ɩɨɫɥɟɞɧɟɦ ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɫɳɟɩɥɟɧɢɟ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N-ɋ ɫ ɩɨɫɥɟɞɭɸɳɢɦ [1,3]-

ɩɪɨɬɨɬɪɨɩɧɵɦ ɫɞɜɢɝɨɦ, ɱɬɨ ɜɟɪɨɹɬɧɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 

ɫɢɫɬɟɦɵ ɢɡ ɞɜɭɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɩɹɬɢɱɥɟɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɥɟɝɤɨɫɬɢ 

ɪɚɡɪɵɜɚ ɫɜɹɡɢ ɋ-N ɜ ɝɟɦ-ɞɢɚɦɢɧɚɯ ɬɢɩɚ NH-ɋ-N. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ 3 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ. 
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Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ɉɢɪɚɡɨɥɶɧɵɣ ɰɢɤɥ ɩɥɨɫɤɢɣ, ɚ ɞɥɢɧɵ ɫɜɹɡɟɣ ɜ ɧɟɦ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɡɧɚɱɟɧɢɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɛɥɢɡɤɢɯ ɩɨ ɫɬɪɨɟɧɢɸ ɩɢɪɚɡɨɥɨɜ [10, 11]. Ⱦɜɨɣɧɵɟ 

ɫɜɹɡɢ N7=C10 1.330 ɢ ɋ11=ɋ12 1.400 Å ɹɜɧɨ ɭɞɥɢɧɟɧɵ ɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ 

ɢɯ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɩɨ ɩɢɪɚɡɨɥɶɧɨɦɭ ɤɨɥɶɰɭ. ɉɥɨɫɤɨɫɬɢ ɜɫɟɯ ɱɟɬɵɪɟɯ 

ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ ɝɟɬɟɪɨɰɢɤɥɟ ɧɟɤɨɩɥɚɧɚɪɧɵ ɫ ɧɢɦ, ɚ ɢɯ ɨɪɢɟɧɬɚɰɢɹ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ: N7N6C21C22 85.6°, 

N6C12C13C14 115.8°, ɋ10ɋ11ɋ28ɋ29 37.4° ɢ O4C9C10N7 35.4°. ȼ 

ɨɤɫɚɦɨɢɥɶɧɨɦ ɮɪɚɝɦɟɧɬɟ ɞɜɟ ɤɚɪɛɨɧɢɥɶɧɵɟ ɝɪɭɩɩɵ ɬɪɚɧɫ-ɨɪɢɟɧɬɢɪɨɜɚɧɵ 

ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. ȼ ɷɬɨɤɫɢɮɟɧɢɥɶɧɨɦ ɡɚɦɟɫɬɢɬɟɥɟ ɝɪɭɩɩɚ ɋ2ɇ5O 

ɤɨɩɥɚɧɚɪɧɚ ɫ ɮɟɧɢɥɶɧɵɦ ɤɨɥɶɰɨɦ. ȼ ɤɪɢɫɬɚɥɥɟ ɧɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ 

ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɢ ɢɧɵɯ ɭɤɨɪɨɱɟɧɧɵɯ ɤɨɧɬɚɤɬɨɜ. 
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Ɇɟɬɢɥ 1-(4-ɬɨɥɢɥ)-4-(4-ɬɨɥɢɥɨɤɫɚɦɨɢɥ)-5-(4-ɷɬɨɤɫɢɮɟɧɢɥ)ɩɢɪɚɡɨɥ-

3-ɤɚɪɛɨɤɫɢɥɚɬ (3). Ʉ ɪɚɫɬɜɨɪɭ 0.01 ɦɨɥɶ 5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1-(4-ɬɨɥɢɥ)-4-

(4-ɷɬɨɤɫɢɛɟɧɡɨɢɥ)-1H-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ (1) ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ 

ɞɨɛɚɜɢɥɢ ɪɚɫɬɜɨɪ 0.01 ɦɨɥɶ 4-ɬɨɥɢɥɝɢɞɪɚɡɢɧɚ (2) ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ 

ɛɟɧɡɨɥɚ, ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ, ɨɯɥɚɞɢɥɢ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ȼɵɯɨɞ 61%, ɬ.ɩɥ. 196-197°ɋ (ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ). 

ɂɄ-ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3308 (NH), 1745 (COO). 1695 (ɋ=Ɉ). 

1535 (ɚɦɢɞ II). ɋɩɟɤɬɪ əɆɊ 1ɇ (CDCl3), į, ɦ.ɞ.: 1.27 ɬ (3ɇ, ɋɇ3ɋɇ2O, J = 6.5 

Ƚɰ), 2.25 ɫ (6ɇ, 2ɋɇ3); 3.70 ɫ (3ɇ, Ɉɋɇ3), 4.01 ɤ (2ɇ, ɋɇ2O, J = 6.5 Ƚɰ); 6.71-

7.78 ɝɪ.ɫ (12ɇ, 3ɋ6ɇ4), 10.61 ɫ (1ɇ, NH). ɇɚɣɞɟɧɨ, %: ɋ, 70.12; ɇ, 5.44; N. 

8.40. C29H27N3O5. ȼɵɱɢɫɥɟɧɨ, %: ɋ, 70.01; ɇ. 5.47; N. 8 40. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: ɚ = 10.174(5), b = 

14.222(6), ɫ = 10.273(8) Å, α = 114.31(6), ȕ = 101.64(2), Ȗ = 94.59(4)°, 

V = 1304.5(1) Å3, d = 1.267 ɝ/ɫɦ3, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ ɊɈ, Z = 2. 

ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɧɚɛɨɪ ɨɬɪɚɠɟɧɢɣ 

ɩɨɥɭɱɟɧɵ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ KɆ-4 

(«KUMA DIFFRACTION») ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

CuKα-ɢɡɥɭɱɟɧɢɹ. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 3855 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ 

ɭɝɥɨɜ 4.5° < Θ < 66.4°. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (µ = 0.715 ɦɦ-1). 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɩɨɫɥɟɞɭɸɳɟɣ 

ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɜ 

ɩɨɥɧɨɦɚɬɪɢɱɧɨɦ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɨ R = 0.060. Ɉɤɨɧɱɚɬɟɥɶɧɨɟ 

ɭɬɨɱɧɟɧɢɟ ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɟɧɢɸ R-ɮɚɤɬɨɪɚ 0.039 ɩɨ 1826 ɨɬɪɚɠɟɧɢɹɦ ɫ I > 

2σ(I). Ɍɟɩɥɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɧɟ ɭɬɨɱɧɹɥɢ, ɚ ɡɚɮɢɤɫɢɪɨɜɚɥɢ ɜ 

1.5 ɪɚɡɚ ɛɨɥɶɲɢɦɢ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɵ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɧɚ IBM PC/AT ɩɨ ɩɪɨɝɪɚɦɦɚɦ 

SHELX86 [12] ɢ SHELX-93 [13]. 
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N-(4-Ɇɟɬɨɤɫɢɮɟɧɢɥ)ɚɦɢɞ 2-(1-ɛɟɧɡɢɥ-3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-1Н-ɩɢɪɚɡɨɥ-4-

ɢɥ)-2-ɨɤɫɨɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ 

 

1-Ⱥɪɢɥ-4-ɚɪɨɢɥ-5-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ ɪɟɚɝɢɪɭɸɬ ɫ 

ɚɪɢɥɝɢɞɪɚɡɢɧɚɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɵɯ 1,5-ɞɢɚɪɢɥ-4-(N-

ɚɪɢɥɨɤɫɚɦɨɢɥ)-3-ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɚɡɨɥɨɜ ɜɫɥɟɞɫɬɜɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɩɟɪɜɢɱɧɨɣ ɢ ɜɬɨɪɢɱɧɨɣ 

ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɪɟɚɝɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ 

ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 

ɩɢɪɪɨɥɞɢɨɧɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɳɟɩɥɟɧɢɟɦ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ [1, 2]. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-4,5-ɞɢɛɟɧɡɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɚ (1) ɫ ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɨɦ (2) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ 

ɜɵɞɟɪɠɢɜɚɧɢɹ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɨɜ ɜ ɚɛɫɨɥɸɬɧɨɦ ɯɥɨɪɨɮɨɪɦɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ c ɩɨɫɥɟɞɭɸɳɢɦ ɤɢɩɹɱɟɧɢɟɦ ɜ ɷɬɚɧɨɥɟ ɜ 

ɬɟɱɟɧɢɟ 20 ɦɢɧ, ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ N-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)ɚɦɢɞ 2-(1-

ɛɟɧɡɢɥ-3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-1ɇ-ɩɢɪɚɡɨɥ-4-ɢɥ)-2-ɨɤɫɨɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (3), 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [3]. 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɢɱɧɨɣ ɢ 

ɜɬɨɪɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɚ (2) ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 5 ɢ ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɟɧɡɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ 

ɩɨɥɨɠɟɧɢɢ 4 ɩɢɪɪɨɥɞɢɨɧɚ 1 ɢ ɪɚɫɳɟɩɥɟɧɢɹ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ 

N1-C5. Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɢɦɟɪ ɪɟɰɢɤɥɢɡɚɰɢɢ 

ɩɢɪɪɨɥɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɢɞɪɚɡɢɧɨɜ, ɬ.ɟ. ɪɚɫɳɟɩɥɟɧɢɹ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ 

ɰɢɤɥɚ ɫ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ 3 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

 
Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ȼ ɦɨɥɟɤɭɥɟ 3 ɜɫɟ ɦɟɠɚɬɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ, ɫ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ 

ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ ɋ2=ɋ3, ɋ1=N1 ɢ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ, ɢɦɟɸɬ ɨɛɵɱɧɵɟ 
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ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹ. ɋɬɟɪɢɱɟɫɤɚɹ ɩɟɪɟɝɪɭɠɟɧɧɨɫɬɶ 

ɨɛɴɟɦɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɩɪɢ ɩɢɪɚɡɨɥɶɧɨɦ ɰɢɤɥɟ ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ 

ɨɬɫɭɬɫɬɜɢɟ π-ɫɨɩɪɹɠɟɧɢɹ ɫ ɭɱɚɫɬɢɟɦ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ. Ȼɟɧɡɨɢɥɶɧɚɹ 

ɝɪɭɩɩɚ ɧɟ ɩɥɨɫɤɚɹ. Ɍɨɪɫɢɨɧɧɵɣ ɭɝɨɥ Ɉ1ɋ6ɋ14ɋ19 ɫɨɫɬɚɜɥɹɟɬ 21.8º. Ⱥɬɨɦ 

ɤɢɫɥɨɪɨɞɚ Ɉ1 ɨɬɤɥɨɧɟɧ ɨɬ ɩɥɨɫɤɨɫɬɢ ɝɟɬɟɪɨɰɢɤɥɚ ɧɚ 0.66Å (ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ 

N1C1C6O1 155.2º). Ɉɬɤɥɨɧɟɧɢɟ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ Ɉ2 ɨɬ ɩɢɪɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ 

ɫɨɫɬɚɜɥɹɟɬ 074Å (ɭɝɨɥ ɋ3ɋ2ɋ4Ɉ2 49.0º), ɚ ɬɨɪɫɢɨɧɧɵɟ ɭɝɥɵ Ɉ2ɋ4ɋ5N3 ɢ 

ɋ4ɋ5N3ɋ26 ɪɚɜɧɵ 17.9º ɢ 18.7º ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɥɨɫɤɨɫɬɶ ɮɟɧɢɥɶɧɨɝɨ 

ɤɨɥɶɰɚ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɋ3 ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɚɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ 

ɞɜɭɝɪɚɧɧɵɣ ɭɝɨɥ 128.4º. Ɉɪɢɟɧɬɚɰɢɹ ɛɟɧɡɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɬɨɪɫɢɨɧɧɵɦ ɭɝɥɨɦ N2C7C8C9 58.1º. Ɇɨɥɟɤɭɥɵ ɜ ɤɪɢɫɬɚɥɥɟ ɫɜɹɡɚɧɵ ɧɟ ɨɱɟɧɶ 

ɫɢɥɶɧɨɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ N3-H3…O2, ɫ ɩɚɪɚɦɟɬɪɚɦɢ 

r(N3…O2) 2.974Å, r(H3…O2) 2.13Å ɢ ɭɝɥɨɦ ɩɪɢ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ 166º, ɜ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɟ ɞɢɦɟɪɧɵɟ ɚɫɫɨɰɢɚɬɵ. ɂɧɵɯ ɭɤɨɪɨɱɟɧɧɵɯ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜ ɤɪɢɫɬɚɥɥɟ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 

 

N-(4-Ɇɟɬɨɤɫɢɮɟɧɢɥ)ɚɦɢɞ 2-(1-ɛɟɧɡɢɥ-3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-1Н-

ɩɢɪɚɡɨɥ-4-ɢɥ)-2-ɨɤɫɨɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ (3). Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ 1 ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɯɥɨɪɨɮɨɪɦɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ 

ɛɟɧɡɢɥɝɢɞɪɚɡɢɧɚ ɜ 5 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɯɥɨɪɨɮɨɪɦɚ, ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 20 ɦɢɧ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, 

ɪɚɫɬɜɨɪɹɥɢ ɜ ɷɬɚɧɨɥɟ ɢ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 76%, ɬ.ɩɥ. 177-178°ɋ 

(ɷɬɚɧɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3344, 1683, 1643. ɋɩɟɤɬɪ 

əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 3.70 ɫ (3ɇ, ɈMe), 5.41 ɫ (2ɇ, ɋɇ2Ph), 6.84-8.11 

ɝɪ.ɫ (19ɇ, 3Ph + C6H4), 10.52 ɫ (1ɇ, Nɇ). ɇɚɣɞɟɧɨ, %: C 74.48; H 4.86; N 8.07. 

ɋ32H25N3Ɉ4. ȼɵɱɢɫɥɟɧɨ, %: C 74.55; H 4.89; N 8.15. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. ɀɟɥɬɵɟ ɯɨɪɨɲɨ 

ɨɝɪɚɧɟɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɋ32H25N3O4 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 

11.093(2), b = 11.765(2), c = 13.194(3) Å, α = 115.75(3), ȕ = 90.66(3), Ȗ = 
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116.00(3)°, V = 1349.9(5) Å3, M = 515.55, dɜɵɱ. = 1.268 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. 2ɦɚɤɫ. ≤ 53.2 (84% ɨɛɪɚɬɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 4834 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɧɢɯ 4598  ɧɟɡɚɜɢɫɢɦɵɯ 

(Rint = 0.0126). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.085 mm-1). 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [4] ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ȼɫɟ ɚɬɨɦɵ 

ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɭɬɨɱɧɹɥɢɫɶ ɩɨ ɩɪɢɧɰɢɩɭ «ɧɚɟɡɞɧɢɤɚ». 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SHELX-97 [5] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0424, wR2 = 0.1060 ɩɨ 2431 

ɨɬɪɚɠɟɧɢɹɦ ɫ I 2(I) ɢ R1 = 0.1247, wR2 = 0.1204 ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ (365 

ɭɬɨɱɧɹɟɦɵɯ ɩɚɪɚɦɟɬɪɚ). GɈɈF = 0.956. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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6,6-Ⱦɢɦɟɬɢɥ-2,4-ɞɢɨɤɫɨ-1-ɰɢɤɥɨɝɟɤɫɢɥ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1Н-ɢɧɞɨɥ-3-

ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-1-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-1Н-ɩɢɪɪɨɥ)  

 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɬɢɥ 1-ɮɟɧɢɥ-3-ɛɟɧɡɨɢɥ-4,5-ɞɢɨɤɫɨ-4,5-ɞɢɝɢɞɪɨ-

1ɇ-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬɚ (1) ɫ N-ɰɢɤɥɨɝɟɤɫɢɥ 3-ɚɦɢɧɨ-5,5-

ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-2-ɟɧ-1-ɨɧɨɦ (2), ɜɡɹɬɵɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ 

ɩɭɬɟɦ ɤɢɩɹɱɟɧɢɹ ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 79-80ɋ ɜ 

ɬɟɱɟɧɢɟ 10 ɦɢɧ (ɞɨ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ), ɨɛɪɚɡɭɟɬɫɹ 6,6-

ɞɢɦɟɬɢɥ-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1ɇ-ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-(1-ɚɪɢɥ-3-

ɚɪɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ) (3), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [1]. 

 

 
 

 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɝɪɭɩɩɵ -CH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɰɢɤɥɢɱɟɫɤɨɝɨ 

ɟɧɚɦɢɧɨɤɟɬɨɧɚ 2 ɤ ɚɬɨɦɭ ɋ2 ɦɟɬɢɥ 1-ɮɟɧɢɥ-3-ɛɟɧɡɨɢɥ-4,5-ɞɢɨɤɫɨ-4,5-

ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬɚ (1) ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ 

ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɨɣ 

ɟɧɚɦɢɧɨɤɟɬɨɧɚ ɫɥɨɠɧɨɷɮɢɪɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ. 
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Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɢ ɦɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ 6,6-ɞɢɦɟɬɢɥ-2,4-ɞɢɨɤɫɨ-1-

ɰɢɤɥɨɝɟɤɫɢɥ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1ɇ-ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-4-ɝɢɞ-

ɪɨɤɫɢ-5-ɨɤɫɨ-1-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥɚ) (3) ɢɡɭɱɟɧɚ ɦɟɬɨɞɨɦ ɊɋȺ. 

Ƚɟɨɦɟɬɪɢɹ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ.  

 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

Ⱦɚɧɧɵɟ ɊɋȺ ɤɚɤ ɢ ɞɚɧɧɵɟ əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɰɢɤɥɨɝɟɤɫɚɧɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɮɨɪɦɟ ɭɩɥɨɳɟɧɧɨɝɨ ɤɪɟɫɥɚ. 

Ⱥɬɨɦ ɋ6 ɜɵɯɨɞɢɬ ɢɡ ɩɥɨɫɤɨɫɬɢ ɨɫɬɚɥɶɧɵɯ ɚɬɨɦɨɜ ɷɬɨɝɨ ɰɢɤɥɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɱɟɦ ɜ ɫɩɟɤɬɪɚɯ əɆɊ 1ɇ ɧɚɛɥɸɞɚɸɬɫɹ ɞɜɚ ɫɢɧɝɥɟɬɚ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ 

ɨɛɥɚɫɬɢ 0.53-0.71 ɦ.ɞ. (ɩɫɟɜɞɨɷɤɜ.) ɢ ɜ ɨɛɥɚɫɬɢ 0.79-0.90 ɦ.ɞ. (ɩɫɟɜɞɨɚɤɫ.), ɚ 

ɬɚɤɠɟ ɞɜɟ ɬɢɩɢɱɧɵɯ Аȼ-ɫɢɫɬɟɦɵ ɦɟɬɢɥɟɧɨɜɵɯ ɩɪɨɬɨɧɨɜ ɝɪɭɩɩ ɋ7ɇ2 ɢ ɋ5ɇ2 ɜ 

ɨɛɥɚɫɬɢ 1.90-2.15 ɢ 2.12-2.60 ɦ.ɞ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

6,6-Ⱦɢɦɟɬɢɥ-2,4-ɞɢɨɤɫɨ-1-ɰɢɤɥɨɝɟɤɫɢɥ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1Н-
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ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-1-ɮɟɧɢɥ-2,5-ɞɢɝɢɞɪɨ-1Н-

ɩɢɪɪɨɥ) (3). Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɚ 2 ɜ 10 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 10 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 88%, ɬ.ɩɥ. 244-246ɋ (ɪɚɡɥ., ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ 

(ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3225 ɲ (Ɉɇ), 1735 (ɋ2=Ɉ ɢɧɞɨɥ., ɋ5=Ɉ ɩɢɪɪɨɥ.), 

1660, 1630 (ɋ4=Ɉ ɢɧɞɨɥ., COPh). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 0.55 c 

(3H, Me), 0.88 c (3H, Me), 1.17 ɦ (1ɇ, ɋɇ ɰɢɤɥɨɝɟɤɫɢɥ.), 1.34 ɦ (2H, ɋɇ2 

ɰɢɤɥɨɝɟɤɫɢɥ.), 1.62 ɦ (2ɇ, ɋɇ2 ɰɢɤɥɨɝɟɤɫɢɥ.), 1.80 ɦ (3ɇ, ɋɇ+ɋɇ2 

ɰɢɤɥɨɝɟɤɫɢɥ.), 1.90, 2.05 ɞ.ɞ (2H, ɋ7ɇ2, J = 16.0 Ƚɰ), 2.04 ɦ (2ɇ, ɋɇ2 

ɰɢɤɥɨɝɟɤɫɢɥ.), 2.44, 2.58 ɞ.ɞ (2ɇ, ɋ5ɇ2, J = 18.1 Ƚɰ), 3.74 ɦ (1ɇ, ɋɇ 

ɰɢɤɥɨɝɟɤɫɢɥ.), 6.99-7.65 ɝɪ.ɫ (10ɇ, 2Ph), 12.23 ɭɲ.ɫ (1ɇ, Ɉɇ).  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɫɨɟɞɢɧɟɧɢɹ 3 C32H32N2O5: a = 16.664(3), b = 14.411(3), c = 15.396(2) Å, α = 

64.22(3),  = 69.82(3), Ȗ = 76.59(3), V = 3111.15 Å3, Z = 4, 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. 

ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 7568 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɥɢɲɶ 2613 ɨɤɚɡɚɥɢɫɶ ɫ I > 2(I). 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [2] ɢ ɭɬɨɱɧɟɧɚ 

ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [3] ɞɨ R = 0.105. ȼ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ 

ɤɪɢɫɬɚɥɥɚ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɟ ɦɨɥɟɤɭɥɵ, 

ɢɦɟɸɳɢɟ ɢɞɟɧɬɢɱɧɨɟ ɫɬɪɨɟɧɢɟ. ɇɚ ɪɚɡɧɨɫɬɧɨɦ ɫɢɧɬɟɡɟ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɜɵɹɜɥɹɸɬɫɹ ɪɹɞ ɩɢɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢɧɚɞɥɟɠɚɬ ɦɨɥɟɤɭɥɟ 

ɪɚɫɬɜɨɪɢɬɟɥɹ (ɜɟɪɨɹɬɧɨ, ɷɬɢɥɚɰɟɬɚɬɭ).  

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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6,6-Ⱦɢɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1Н-

ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-5-ɨɤɫɨ-4-ɮɟɧɢɥɚɦɢɧɨ-2,5-ɞɢɝɢɞɪɨɮɭɪɚɧ)  

 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɬɢɥ 1-ɮɟɧɢɥ-3-ɛɟɧɡɨɢɥ-4,5-ɞɢɨɤɫɨ-4,5-ɞɢɝɢɞɪɨ-

1ɇ-ɩɢɪɪɨɥ-2-ɤɚɪɛɨɤɫɢɥɚɬɚ (1) ɫ 3-(4-ɦɟɬɨɤɫɢɮɟɧɢɥɚɦɢɧɨ)-5,5-

ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-2-ɟɧ-1-ɨɧɨɦ (2), ɜɡɹɬɵɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ 

ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 79-80ɋ ɜ ɬɟɱɟɧɢɟ 10 

ɦɢɧ ɤɪɨɦɟ ɨɠɢɞɚɟɦɨɝɨ 6,6-ɞɢɦɟɬɢɥ-1-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-

ɝɟɤɫɚɝɢɞɪɨ-1ɇ-ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-1-ɮɟɧɢɥ-4-ɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-2,5-

ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥɚ) (3) ɜ ɤɚɱɟɫɬɜɟ ɦɢɧɨɪɧɨɝɨ ɩɪɨɞɭɤɬɚ ɨɛɪɚɡɭɟɬɫɹ 6,6-

ɞɢɦɟɬɢɥ-1-(4-ɦɟɬɨɤɫɢɮɟɧɢɥ)-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1ɇ-ɢɧɞɨɥ-3-

ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-5-ɨɤɫɨ-4-ɮɟɧɢɥɚɦɢɧɨ-2,5-ɞɢɝɢɞɪɨɮɭɪɚɧ) (4), ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧɚ ɩɨ ɞɚɧɧɵɦ ɊɋȺ [1, 2]. 

 

 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 4 ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ NH ɟɧɚɦɢɧɨɤɟɬɨɧɚ 2 ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 

ɫɨɟɞɢɧɟɧɢɹ 1, ɪɚɫɳɟɩɥɟɧɢɹ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ N1-ɋ5 ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɡɚɦɵɤɚɧɢɹ «ɧɨɜɨɝɨ» ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɜɫɥɟɞɫɬɜɢɟ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ -CH 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ ɟɧɚɦɢɧɨɤɟɬɨɧɚ ɤ ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɫ 
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ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɥɭɚɰɟɬɚɥɶɧɨɣ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɚɬɚɤɭɸɳɟɣ ɫɥɨɠɧɨɷɮɢɪɧɭɸ ɤɚɪɛɨɧɢɥɶɧɭɸ ɝɪɭɩɩɭ ɢ ɨɬɳɟɩɥɟɧɢɹ ɦɟɬɚɧɨɥɚ. 

Ƚɟɨɦɟɬɪɢɹ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ. 

 
Рисуɧɨк. Ɇɨɥɟɤɭɥяɪɧɚя ɫɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢя 4. 

Ⱦɜɨɣɧɵɟ ɫɜɹɡɢ ɥɨɤɚɥɢɡɨɜɚɧɵ ɛɟɡ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ π-ɫɨɩɪɹɠɟɧɢɹ. ȼɫɟ 

ɦɟɠɚɬɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɢɦɟɸɬ ɨɛɵɱɧɵɟ ɞɥɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹ. ɐɢɤɥɨɝɟɤɫɟɧɨɜɨɟ ɤɨɥɶɰɨ ɢɦɟɟɬ 

ɤɨɧɮɨɪɦɚɰɢɸ “ɤɨɧɜɟɪɬ” ɫ ɩɟɪɟɝɢɛɨɦ ɩɨ ɥɢɧɢɢ ɋ9…ɋ11 ɜ 137.6°. Ȼɟɧɡɨɥɶɧɨɟ 

ɤɨɥɶɰɨ ɦɟɬɨɤɫɢɮɟɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɪɨɥɶɧɨɝɨ 

ɤɨɥɶɰɚ ɭɝɨɥ 56.0°, ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ ɋ6N1ɋ27ɋ28 ɪɚɜɟɧ 117.2°. Ɉɪɢɟɧɬɚɰɢɹ 

ɛɟɧɡɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɭɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦɢ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ: ɋ1ɋ2ɋ14Ɉ5 –29.2° ɢ ɋ2ɋ14ɋ15ɋ16 –

24.0°, ɚ ɚɧɢɥɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ – ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ ɋ2ɋ3N2ɋ21 17.4° ɢ 

ɋ3N2ɋ21ɋ22 145.9°. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɜɹɡɚɧɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦɢ 

ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ N2-H2…O4 (2.943Å), ɨɛɪɚɡɭɹ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɟ 

ɞɢɦɟɪɧɵɟ ɚɫɫɨɰɢɚɬɵ. 

6,6-Ⱦɢɦɟɬɢɥ-1-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-

1Н-ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-(3-ɛɟɧɡɨɢɥ-5-ɨɤɫɨ-4-ɮɟɧɢɥɚɦɢɧɨ-2,5-ɞɢɝɢɞɪɨɮɭɪɚɧ) 
(4). Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɚ 2 ɜ 10 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 10 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. Ɇɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɥɢ ɧɚɩɨɥɨɜɢɧɭ, 

ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 4 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 
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24%, ɬ.ɩɥ. 185-187ɋ (ɪɚɡɥ., ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, 

ɫɦ-1: 3283 (NH), 1790 (ɋ5=Ɉ ɮɭɪɚɧ.), 1761 (ɋ2=Ɉ ɢɧɞɨɥ.), 1655 (ɋ4=Ɉ ɢɧɞɨɥ.), 

1626 (COPh). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 0.69 c (3H, Me), 1.01 c (3H, 

Me), 1.98, 2.36 ɞ.ɞ (2H, ɋ7ɇ2, J = 16.0 Ƚɰ), 2.16, 2.70 ɞ.ɞ (2ɇ, ɋ5ɇ2, J = 18.4 

Ƚɰ), 3.85 c (3H, MeO), 6.71-7.45 ɝɪ.ɫ (14ɇ, 2Ph+C6H4), 9.31 ɫ (1ɇ, Nɇ). ɋɩɟɤɬɪ 

əɆɊ 13C (ȾɆɋɈ-d6), į, ɦ.ɞ.: 28.86 (C6), 33.95 (Me), 35.96 (C7), 50.21 (C5), 

55.50 (MeO-ɩ), 83.05 (C-ɫɩɢɪɨ), 108.52, 114.95, 117.94, 120.16, 123.28, 125.16, 

128.04, 128.36, 128.70, 132.84, 132.96, 137.23, 140.55, 159.58 (Cα-OMe), 167.97 

(C7a), 169.07 (C5'Ɉ), 173.16 (C2Ɉ), 190.11 (PhCO), 190.62 (C4O).  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 4. Ʉɪɢɫɬɚɥɥɵ 

ɫɨɟɞɢɧɟɧɢɹ 4 C33H28N2O6 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 

10.408(2), b = 9.469(2), c = 28.903(6) Å,  = 96.03(3), V = 2832.7(10) Å3, M = 

548.57, dɜɵɱ. = 1.286 ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P21/n. ɉɚɪɚɦɟɬɪɵ 

ɹɱɟɣɤɢ ɢ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɢɡɦɟɪɟɧɵ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 

4-ɯ ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ 

ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ 

(2 ≤ 50.12). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5093 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 4816 ɧɟɡɚɜɢɫɢɦɵɟ 

(Rint = 0.0605). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.089 ɦɦ-1). 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɭɬɨɱɧɹɥɢɫɶ ɆɇɄ ɬɨɥɶɤɨ ɢɯ ɩɨɡɢɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ. 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SHELX-97 [3], ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0530, wR2 = 0.1307 ɩɨ 1789 

ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I), GɈɈF 0.851. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ȼɚɧɧɢɤɨɜɚ ɘ.ɇ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ. 2006, 42, 787. 

2. Ȼɚɧɧɢɤɨɜɚ ɘ.ɇ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ⱥɥɢɟɜ Ɂ.Ƚ. ɀɈɪɏ. 2007, 43, 1339. 

3. Sheldrick G.M. SHELX-97. Programs for Crystal Structure Analysis. 

University of Göttingen, Germany, 1997. 
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Эɬɢɥ 1'-ɛɟɧɡɢɥ-3,3-ɞɢɦɟɬɢɥ-7-ɦɟɬɨɤɫɢ-1,2'-ɞɢɨɤɫɨ-5'-ɮɟɧɢɥ-1',2,2',3,4,10-

ɝɟɤɫɚɝɢɞɪɨ-1H-ɫɩɢɪɨ[ɚɤɪɢɞɢɧ-9,3'-ɩɢɪɪɨɥ]-4'-ɤɚɪɛɨɤɫɢɥɚɬ 

 

ɉɪɢɦɟɪɵ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɣ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɛɢɧɭɤɥɟɨɮɢɥɨɜ ɫ ɭɱɚɫɬɢɟɦ ɫɚɦɨɝɨ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ɦɚɥɨɢɡɭɱɟɧɧɵ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɨ-

ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ ɩɪɢɜɨɞɢɬ ɤ ɚɧɧɟɥɢɪɨɜɚɧɢɸ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ 

ɯɢɧɨɤɫɚɥɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɩɨ ɫɬɨɪɨɧɟ [b] ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɢɪɪɨɥɨ[2,3-

b]ɯɢɧɨɤɫɚɥɢɧɨɜ [1]. Ɉɩɢɫɚɧɨ [3+3]-ɧɭɤɥɟɨɮɢɥɶɧɨɟ ɩɪɢɫɨɟɞɢɧɟɧɢɟ 

ɰɢɤɥɢɱɟɫɤɢɯ ɟɧɚɦɢɧɨɜ, ɤɚɤ ɋɇ,Nɇ 1,3-ɛɢɧɭɤɥɟɨɮɢɥɨɜ, ɤ ɚɬɨɦɚɦ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 5 ɢ 3 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ [2]. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 1-ɛɟɧɡɢɥ-5-ɮɟɧɢɥ-4-ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ-1ɇ-ɩɢɪɪɨɥ-

2,3-ɞɢɨɧɚ (ɷɬɢɥ 1-ɛɟɧɡɢɥ-4,5-ɞɢɨɤɫɨ-2-ɮɟɧɢɥ-4,5-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-3-

ɤɚɪɛɨɤɫɢɥɚɬɚ) (1) [3] ɫ 3-(4-ɦɟɬɨɤɫɢɮɟɧɢɥɚɦɢɧɨ)-5,5-ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-2-

ɟɧɨɧɨɦ (2) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɨɜ ɜ 

ɚɛɫɨɥɸɬɧɨɦ м-ɤɫɢɥɨɥɟ ɜ ɬɟɱɟɧɢɟ 5 ɱ (ɤɨɧɬɪɨɥɶ Ɍɋɏ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ 

ɩɨɥɭɱɟɧ ɷɬɢɥ 1'-ɛɟɧɡɢɥ-3,3-ɞɢɦɟɬɢɥ-7-ɦɟɬɨɤɫɢ-1,2'-ɞɢɨɤɫɨ-5'-ɮɟɧɢɥ-

1',2,2',3,4,10-ɝɟɤɫɚɝɢɞɪɨ-1H-ɫɩɢɪɨ[ɚɤɪɢɞɢɧ-9,3'-ɩɢɪɪɨɥ]-4'-ɤɚɪɛɨɤɫɢɥɚɬ (3), 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧɚ ɩɨ ɞɚɧɧɵɦ ɊɋȺ [4]. 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ ɨɪɬɨ-ɋɇ 

ɚɪɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɚɦɢɧɚ 2 ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 3 ɩɢɪɪɨɥɞɢɨɧɚ 1 ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 4 ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ ɫ ɭɱɚɫɬɢɟɦ ɝɪɭɩɩɵ -ɋɇ 

ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ. Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɵɣ 

ɩɪɢɦɟɪ ɩɪɹɦɨɣ ɫɩɢɪɨ-ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ ɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ N-ɚɪɢɥɡɚɦɟɳɟɧɧɵɯ ɟɧɚɦɢɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɢ ɜ 

ɤɚɱɟɫɬɜɟ ɋɇ,ɋɇ 1,5-ɛɢɧɭɤɥɟɨɮɢɥɨɜ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡɚ ɦɚɥɨɞɨɫɬɭɩɧɨɣ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɩɢɪɨ[ɚɤɪɢɞɢɧ-9,3'-ɩɢɪɪɨɥɚ]. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ɉɥɨɫɤɨɫɬɢ ɝɟɬɟɪɨɰɢɤɥɨɜ ɜ ɫɩɢɪɨ-ɭɡɥɟ ɜɡɚɢɦɧɨ ɨɪɬɨɝɨɧɚɥɶɧɵ. 

ɗɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɚɹ ɝɪɭɩɩɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɩɢɪɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ, ɚ 

ɦɟɬɨɤɫɢɝɪɭɩɩɚ – ɜ ɩɥɨɫɤɨɫɬɢ ɚɤɪɢɞɢɧɨɜɨɝɨ ɰɢɤɥɚ. ɉɥɨɫɤɨɫɬɶ ɮɟɧɢɥɶɧɨɝɨ 
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ɡɚɦɟɫɬɢɬɟɥɹ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɞɜɭɝɪɚɧɧɵɣ ɭɝɨɥ 

92.6 (ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ N1C4C23C24 85.1). Ɉɪɢɟɧɬɚɰɢɹ ɛɟɧɡɢɥɶɧɨɝɨ 

ɡɚɦɟɫɬɢɬɟɥɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ C4N1C29C30 94.5 ɢ 

N1C29C30C31 -147.0. ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ 

ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɛɵɱɧɵɦɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹɦɢ. 

ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɜɹɡɚɧɵ ɜ ɞɢɦɟɪɧɵɟ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɟ ɚɫɫɨɰɢɚɬɵ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦɢ ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ N2-H2...O1. Ɋɚɫɫɬɨɹɧɢɟ N2…O1 

ɪɚɜɧɨ 2.830(4) Å. ɂɧɵɟ ɭɤɨɪɨɱɟɧɧɵɟ ɤɨɧɬɚɤɬɵ ɜ ɤɪɢɫɬɚɥɥɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

 

Эɬɢɥ 1'-ɛɟɧɡɢɥ-3,3-ɞɢɦɟɬɢɥ-7-ɦɟɬɨɤɫɢ-1,2'-ɞɢɨɤɫɨ-5'-ɮɟɧɢɥ-

1',2,2',3,4,10-ɝɟɤɫɚɝɢɞɪɨ-1H-ɫɩɢɪɨ[ɚɤɪɢɞɢɧ-9,3'-ɩɢɪɪɨɥ]-4'-ɤɚɪɛɨɤɫɢɥɚɬ 

(3). Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɚ 2 ɜ 15 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ м-ɤɫɢɥɨɥɚ ɤɢɩɹɬɢɥɢ ɜ ɬɟɱɟɧɢɟ 5 ɱ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ 

ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 78%, ɬ.ɩɥ. 268-269ɋ (ɬɨɥɭɨɥ). ɂК ɫɩɟɤɬɪ 

(ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɥɨ), ɫɦ-1: 3256 ɲ (Nɇ), 1687 (ɋɈO, ɋ2'=Ɉ), 1626 (ɋ1=Ɉ). 

ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), , ɦ.ɞ.: 0.74 ɬ (3ɇ, CH2CH3, J = 6.8 Ƚɰ), 0.99 ɫ 

(3ɇ, Me), 1.08 ɫ (3ɇ, Me), 2.06 ɞ, 2.20 ɞ (2ɇ, ɋ4ɇ2, J = 16.4 Ƚɰ), 2.30 ɞ, 2.55 ɞ 

(2ɇ, ɋ2ɇ2, J = 16.6 Ƚɰ), 3.56 ɫ (3ɇ, ɈɆɟ), 3.60 ɦ (2ɇ, CH2CH3), 4.36 ɞ, 4.65 ɞ 

(2ɇ, ɋɇ2Ph, J = 15.6 Ƚɰ) 6.33 ɫ (1ɇ, ɋ8ɇ), 6.78 ɞ (1ɇ, ɋ6ɇ, J = 8.8 Ƚɰ), 6.89 ɞ 

(1ɇ, ɋ5ɇ, J = 8.8 Ƚɰ), 7.06-7.46 ɝɪ.ɫ (10ɇ, 2Ph), 9.63 ɭɲ.ɫ (1ɇ, Nɇ). ɋɩɟɤɬɪ 

əɆɊ 13ɋ (ȾɆɋɈ-d6), , ɦ.ɞ.: 13.23 (CH3CH2), 26.26 (Me), 28.89 (Me), 31.90 

(C3), 40.72 (C4), 43.82 (C9), 50.08 (CH2Ph), 52.20 (C2), 54.88 (OMe), 58.37 

(CH3CH2), 102.22-155.10 (Cɚɪɨɦ+C2'+C9a+C4'+C5'), 161.86 (COO), 181.29 (ɋ4a), 

191.46 (C1). ɇɚɣɞɟɧɨ, %: C 74.80; H 6.03; N 5.00. ɋ35H34N2Ɉ5. ȼɵɱɢɫɥɟɧɨ, %: 

C 74.71; H 6.09; N 4.98. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ȼɟɫɰɜɟɬɧɵɟ 

ɯɨɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ ɤɪɢɫɬɚɥɥɵ C35H34N2O5 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɧɨɤɥɢɧɧɨɣ 

ɫɢɝɨɧɢɢ: a = 12.385(2), b = 9.662(2), c = 24.998(4) Å, ȕ = 99.72(1), V = 

2948.4(9) Å3, M = 562.64, dɜɵɱ. = 1.268 ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ 

Ɋ2(1)/ɫ. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ 
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ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ 

ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ. 

2ɦɚɤɫ. = 50.0 (85.7%). ɂɡɦɟɪɟɧɨ 5895 ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 4461 

ɧɟɡɚɜɢɫɢɦɵɯ (Rint = 0.0411). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.085  

mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [5] ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɩɨɡɢɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɬɨɱɧɟɧɵ ɩɨ ɩɪɢɧɰɢɩɭ 

«ɧɚɟɡɞɧɢɤɚ». ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) 

ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [6] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0582 ɢ 

wR2 = 0.0974 ɩɨ 1649 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). ɑɢɫɥɨ ɭɬɨɱɧɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

379. GɈɈF = 0.893 
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(2Z,5Z)-3-Ƚɢɞɪɨɤɫɢ-5-(8,8-ɞɢɦɟɬɢɥ-2,3,8,9-ɬɟɬɪɚɝɢɞɪɨ[1,4]ɞɢɨɤɫɢɧɨ[2,3-

g]ɢɡɨɯɢɧɨɥɢɧ-6(7Н)-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧ 

 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɫɜɟɞɟɧɢɹ ɨ ɪɟɚɤɰɢɹɯ 5-

ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ 1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ [1, 2]. Ɉɩɢɫɚɧɨ 

ɚɰɢɥɢɪɨɜɚɧɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚɦɢ ɝɪɭɩɩɵ NH ɟɧɚɦɢɧɨɮɨɪɦɵ 1,3,3-

ɬɪɢɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ N-ɚɪɨɢɥɩɢɪɭɜɨɢɥ-3,3-

ɞɢɦɟɬɢɥ-1,2,3,4-ɬɟɬɪɚɝɢɞɪɨ-2-ɦɟɬɢɥɟɧɢɡɨɯɢɧɨɥɢɧɨɜ [1] ɢ ɚɰɢɥɢɪɨɜɚɧɢɟ 5-

ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɦ ɝɪɭɩɩɵ ȕ-ɋɇ ɟɧɚɦɢɧɨɮɨɪɦɵ 1-ɦɟɬɢɥ-3,3-

ɩɟɧɬɚɦɟɬɢɥɟɧ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ (2Z,5Z)-3-ɝɢɞɪɨɤɫɢ-5-

(3,3-ɩɟɧɬɚɦɟɬɢɥɟɧ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2ɇ)-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-

1,4-ɞɢɨɧɚ [2]. Ȼɵɥɨ ɩɪɟɞɩɪɢɧɹɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɤɚɡɚɧɧɵɯ ɪɟɚɤɰɢɣ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɫɨɜɪɟɦɟɧɧɵɦɢ ɮɢɡɢɤɨ-

ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ (1) ɫ 3,3-ɞɢɦɟɬɢɥ-1-

ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɨɦ (2) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬёɦ 

ɤɢɩɹɱɟɧɢɹ ɜ ɚɛɫɨɥɸɬɧɨɦ ɯɥɨɪɨɮɨɪɦɟ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ 

ɹɪɤɨ-ɠɟɥɬɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɮɭɪɚɧɞɢɨɧɚ) ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ 

(2Z,5Z)-3-ɝɢɞɪɨɤɫɢ-5-(8,8-ɞɢɦɟɬɢɥ-2,3,8,9-ɬɟɬɪɚɝɢɞɪɨ[1,4]ɞɢɨɤɫɢɧɨ[2,3-

g]ɢɡɨɯɢɧɨɥɢɧ-6(7ɇ)-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧ (3), ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɊɋȺ [3]. ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜ ɪɚɫɬɜɨɪɟ ɜ ȾɆɋɈ-d6 ɜ 

ɜɢɞɟ ɫɦɟɫɢ ɟɧɨɥɶɧɨɣ ɮɨɪɦɵ Ⱥ ɢ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ Ȼ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 9:1. 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢ ɨɩɢɫɵɜɚɟɦɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɪɨɢɫɯɨɞɢɬ 

ɚɰɢɥɢɪɨɜɚɧɢɟ ɝɪɭɩɩɵ ȕ-CH ɬɚɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ ɢɡɨɯɢɧɨɥɢɧɚ 2 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɜ ɩɨɥɨɠɟɧɢɢ 2 5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ (1) ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɤɪɵɬɢɟɦ ɮɭɪɚɧɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ Ɉ1-ɋ2, ɤɚɤ 

ɨɩɢɫɚɧɨ ɞɥɹ ɪɟɚɤɰɢɣ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ Ɉɇ, SH ɢ NH ɦɨɧɨ- ɢ 

ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ [4].  
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Ɋɚɧɟɟ ɩɪɢɩɢɫɵɜɚɟɦɭɸ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ 3 ɫɬɪɭɤɬɭɪɭ N-

ɛɟɧɡɨɢɥɩɢɪɭɜɨɢɥ-3,3-ɞɢɦɟɬɢɥ-1,2,3,4-ɬɟɬɪɚɝɢɞɪɨ-2-ɦɟɬɢɥɟɧɢɡɨɯɢɧɨɥɢɧɨɜ (4) 

[1] ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɨɲɢɛɨɱɧɨɣ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ.  

 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 
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ɇɟɫɦɨɬɪɹ ɧɚ ɦɚɥɨɟ ɱɢɫɥɨ ɡɧɚɱɢɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ, 

ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɨɛɵɱɧɵɦɢ ɞɥɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹɦɢ. ȼ ɦɨɥɟɤɭɥɟ ɢɦɟɸɬɫɹ ɞɜɟ ɩɪɨɱɧɵɟ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ N-H…O1 (2.612 Å) ɢ Ɉ2-ɇ2...Ɉ3 

(2.516 Å) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɜɭɯ ɲɟɫɬɢɱɥɟɧɧɵɯ ɤɨɥɟɰ. ȼ ɷɬɢɯ ɤɨɥɶɰɚɯ ɡɚɦɟɬɧɨ 

ɫɢɥɶɧɨɟ ɫɨɩɪɹɠɟɧɢɟ, ɜɵɪɚɠɚɸɳɟɟɫɹ ɜ ɭɞɥɢɧɟɧɢɢ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɢ 

ɭɤɨɪɨɱɟɧɢɢ ɨɞɢɧɚɪɧɵɯ. Ɍɚɤ, ɞɥɢɧɵ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ ɋ1=ɋ14 ɢ ɋ15=Ɉ1 ɪɚɜɧɵ 

1.401 Å ɢ 1.266 Å, ɚ ɨɞɢɧɚɪɧɵɯ ɫɜɹɡɟɣ N-C1 ɢ ɋ14-ɋ15 1.329 Å ɢ 1.415 Å. 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɤɚɪɬɢɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɜɨ ɜɬɨɪɨɦ ɤɨɥɶɰɟ: ɞɥɢɧɵ ɞɜɨɣɧɵɯ 

ɫɜɹɡɟɣ ɋ18=Ɉ3 ɢ ɋ16=ɋ17 ɪɚɜɧɵ 1.296 Å ɢ 1.389 Å, ɚ ɨɞɢɧɚɪɧɵɯ ɫɜɹɡɟɣ ɋ17-

ɋ18 ɢ ɋ16-Ɉ2 ɪɚɜɧɵ 1.394Å ɢ 1.322 Å. Ɍɚɤɚɹ ɫɢɥɶɧɚɹ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɜɨɣɧɵɯ 

ɫɜɹɡɟɣ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɧɚɛɥɸɞɚɟɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ 1-ɝɢɞɪɨɤɫɢ-4ɚ-ɦɟɬɢɥ-

2,3,4,4ɚ-ɬɟɬɪɚɝɢɞɪɨɤɫɚɧɬɟɧ-9-ɨɧ [5] ɢ 1-(3-ɦɟɬɢɥ-1-ɮɟɧɢɥ-5-ɨɤɫɨɩɢɪɚɡɨɥ-4-

ɢɥɢɞɟɧ)-3,3-ɞɢɦɟɬɢɥ-1,2,3,4-ɬɟɬɪɚɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ ɞɢɚɤɜɚ-ɞɢɧɢɬɪɚɬ ɦɟɞɢ 

(II) [6]. ȼɦɟɫɬɟ ɫ ɬɟɦ ɪɚɫɫɬɨɹɧɢɟ ɋ15-ɋ16, ɪɚɜɧɨɟ 1.512 Å, ɢɞɟɚɥɶɧɨ 

ɫɨɜɩɚɞɚɟɬ ɫ ɡɧɚɱɟɧɢɟɦ ɨɞɢɧɚɪɧɨɣ ɫɜɹɡɢ ɞɥɹ sp2-ɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ 

ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ ɤɨɥɶɰɚɦɢ, ɯɨɬɹ ɨɧɢ ɦɚɥɨ ɨɬɤɥɨɧɟɧɵ ɨɬ ɤɨɩɥɚɧɚɪɧɨɫɬɢ. 

Ɍɨɪɫɢɨɧɧɵɣ ɭɝɨɥ Ɉ1ɋ15ɋ16Ɉ2 ɪɚɜɟɧ 174.1°. Ⱥɧɚɥɨɝɢɱɧɨɟ ɦɨɠɧɨ 

ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɢ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɧɟɦ – 

ɪɚɫɫɬɨɹɧɢɟ ɋ18-ɋ19 ɪɚɜɧɨ 1.495 Å, ɚ ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ Ɉ3ɋ18ɋ19ɋ20 – 8°. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɜɟɪɨɹɬɧɨ ɧɚɯɨɞɹɬɫɹ ɭ 

ɚɬɨɦɨɜ N ɢ Ɉ1 ɢ ɭ ɚɬɨɦɨɜ Ɉ2 ɢ Ɉ3. ɉɪɢɫɭɬɫɬɜɢɟ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ Ȼ ɜ 

ɬɜɟɪɞɨɣ ɮɚɡɟ ɫɥɟɞɭɟɬ ɢɫɤɥɸɱɢɬɶ, ɬ.ɤ. ɫɜɹɡɢ ɋ16-ɋ17 ɢ ɋ17-ɋ18 ɜɵɪɨɜɧɟɧɵ ɢ 

ɭɤɨɪɨɱɟɧɵ, ɚ ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɫɤɨɥɶɤɨ ɭɞɥɢɧɟɧɧɵ. 

ɉɢɪɢɞɢɧɨɜɵɣ ɰɢɤɥ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ ɢɫɤɚɠɟɧɧɨɣ ɫɨɮɵ. Ⱥɬɨɦɵ N ɢ C9 

ɨɬɤɥɨɧɟɧɵ ɨɬ ɩɥɨɫɤɨɫɬɢ ɨɫɬɚɥɶɧɵɯ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ ɧɚ 0.29 Å ɢ 0.79 Å 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɬɨɪɨɧɭ. Ʉɨɧɮɨɪɦɚɰɢɹ ɞɢɨɤɫɚɧɨɜɨɝɨ ɤɨɥɶɰɚ – 

ɧɟɫɤɨɥɶɤɨ ɢɫɤɚɠɟɧɧɨɟ ɩɨɥɭɤɪɟɫɥɨ. Ⱥɬɨɦɵ ɋ12 ɢ ɋ13 ɨɬɤɥɨɧɟɧɵ ɨɬ 
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ɩɥɨɫɤɨɫɬɢ ɨɫɬɚɥɶɧɵɯ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ ɧɚ 0.43 Å ɢ 0.25 Å, ɧɨ ɜ ɪɚɡɧɵɟ 

ɫɬɨɪɨɧɵ. Ɇɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɢ ɭɤɨɪɨɱɟɧɧɵɟ ɤɨɧɬɚɤɬɵ ɜ 

ɤɪɢɫɬɚɥɥɟ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ. 

 

(2Z,5Z)-3-Ƚɢɞɪɨɤɫɢ-5-(8,8-ɞɢɦɟɬɢɥ-2,3,8,9-ɬɟɬɪɚɝɢɞɪɨ[1,4]ɞɢɨɤɫɢɧɨ-

[2,3-g]ɢɡɨɯɢɧɨɥɢɧ-6(7Н)-ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧ (3). Ɋɚɫɬɜɨɪ 

3.0 ɦɦɨɥɶ 5-ɮɟɧɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɚ (1) ɢ 3.0 ɦɦɨɥɶ ɢɡɨɯɢɧɨɥɢɧɚ 2 ɜ 20 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɯɥɨɪɨɮɨɪɦɚ ɤɢɩɹɬɢɥɢ 30 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ 

ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 3 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 87%, ɬ.ɩɥ. 177-178 ɨɋ. (ɪɚɡɥ., 

ɷɬɚɧɨɥ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3195 ɲ (NH ɜ ȼȼɋ, OH ɜ 

ȼȼɋ), 1601 ɲ (CO ɜ ȼȼɋ). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ. (ɮɨɪɦɚ Ⱥ): 1.30 

c (6H, 2Ɇɟ), 2.84 c (2H, C4H2), 4.29-4.35 ɦ (4H, CH2CH2), 6.35 c (1H, C5H), 6.87 

ɫ (1H, CH ɚɪɨɦ.), 7.14 c (1H, C2H), 7.37 ɫ (1H, CH ɚɪɨɦ.), 7.56-8.06 ɝɪ.c (5H, 

Ph), 12.02 c (1H, NH), 15.91 ɭɲ.c (1H, OH); (ɮɨɪɦɚ Ȼ): 1.26 c (6H, 2Ɇɟ), 2.81 c 

(2H, C4H2 ɢɡɨɯɢɧ.), 4.29-4.35 ɦ (4H, CH2CH2), 4.48 c (2H, C2H2), 6.13 c (1H, 

C5H), 6.85 ɫ (1H, CH ɚɪɨɦ.), 7.30 ɫ (1H, CH ɚɪɨɦ.), 7.54-7.99 ɝɪ.c (5H, Ph), 

11.54 c (1H, NH). ɇɚɣɞɟɧɨ, %: ɋ 71.02; H 5.84; N 3.32. ɋ24ɇ23NO5. ȼɵɱɢɫɥɟɧɨ, 

%: ɋ 71.10; H 5.72; N 3.45. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. ɋɜɟɬɥɨ-ɨɪɚɧɠɟɜɵɟ 

ɤɪɢɫɬɚɥɥɵ C24H23NO5 ɜ ɜɢɞɟ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧɨɤ (~0.1ɦɦ) ɩɪɢɧɚɞɥɟɠɚɬ ɤ 

ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ: a = 10.225(2), b = 11.493(2), c = 17.571(4) Å, V = 

2064.9(7) Å3, M = 405.43, dɜɵɱ. = 1.304 ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ 

Pɫa21. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ 

ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ 

ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ 

(2 ≤ 50.12). Ʉɪɢɫɬɚɥɥɵ ɨɱɟɧɶ ɫɥɚɛɨ ɨɬɪɚɠɚɸɬ. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 1899 

ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɬɨɥɶɤɨ 746 ɨɤɚɡɚɥɢɫɶ ɫ I  2(I). 

ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.092 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ 

ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [7] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ 

ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ȼɫɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. 
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ɋɥɟɞɭɟɬ ɩɪɢ ɷɬɨɦ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɪɚɡɧɨɫɬɧɵɯ ɫɢɧɬɟɡɚɯ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɇ ɢ 

ɇ2 ɧɟɢɡɦɟɧɧɨ ɥɨɤɚɥɢɡɨɜɵɜɚɥɢɫɶ ɩɪɢ ɚɬɨɦɚɯ ɚɡɨɬɚ ɢ ɤɢɫɥɨɪɨɞɚ Ɉ2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ ɭɬɨɱɧɟɧɢɟ ɆɇɄ 

(ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [8] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 

0.0504 ɢ wR2 = 0.1210 ɩɨ 746 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I) (271 ɭɬɨɱɧɹɟɦɵɯ 

ɩɚɪɚɦɟɬɪɚ). GOOF = 0.903. 
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(Z)-3-[1-Ȼɟɧɡɢɥ-5-ɝɢɞɪɨɤɫɢ-2,3-ɞɢɨɤɫɨ-5-(4-ɦɟɬɢɥɮɟɧɢɥ)-2,3,4,5-

ɬɟɬɪɚɝɢɞɪɨ-1Н-ɩɢɪɪɨɥ-4-ɢɥɢɞɟɧ]-2Н-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ  

 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-(4-ɦɟɬɢɥɛɟɧɡɨɢɥ)ɩɢɪɪɨɥɨ[2,1-

ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ (1) ɫ ɛɟɧɡɢɥɚɦɢɧɨɦ (2) ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ 

ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɩɨɥɭɱɟɧ (Z)-3-

[1-ɛɟɧɡɢɥ-5-ɝɢɞɪɨɤɫɢ-2,3-ɞɢɨɤɫɨ-5-(4-ɬɨɥɢɥ)-2,3,4,5-ɬɟɬɪɚɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-

4-ɢɥɢɞɟɧ]-3,4-ɞɢɝɢɞɪɨ-2ɇ-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ (3), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɊɋȺ [1]. 

 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɫɨɟɞɢɧɟɧɢɟ 3 ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɭɤɥɟɨɮɢɥɶɧɨɣ 

ɚɬɚɤɢ ɛɟɧɡɢɥɚɦɢɧɨɦ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɦɨɥɟɤɭɥɵ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɢ ɪɚɫɳɟɩɥɟɧɢɹ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ 

ɫɜɹɡɢ ɋ1-N10 ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɛɟɧɡɢɥɚɦɢɞɧɨɣ ɝɪɭɩɩɵ NH ɤ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ 4-ɬɨɥɭɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1. ɉɥɨɫɤɨɫɬɢ 4-

ɬɨɥɢɥɶɧɨɝɨ ɢ ɛɟɧɡɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɨɜ ɨɪɬɨɝɨɧɚɥɶɧɵ ɩɥɨɫɤɨɫɬɢ 

ɩɹɬɢɱɥɟɧɧɨɝɨ ɰɢɤɥɚ ɢ ɢɦɟɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɫɥɟɞɧɟɝɨ ɛɢɫɫɟɤɬɪɚɥɶɧɭɸ 

ɨɪɢɟɧɬɚɰɢɸ. ɍɝɨɥ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɹɦɢ ɛɟɧɡɨɥɶɧɵɯ ɤɨɥɟɰ ɪɚɜɟɧ 80.7. 

Ɉɤɫɚɡɢɧɨɜɵɣ ɰɢɤɥ ɩɪɚɤɬɢɱɟɫɤɢ ɩɥɨɫɤɢɣ ɫɨ ɫɥɚɛɨ ɜɵɪɚɠɟɧɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ 

ɤ ɮɨɪɦɟ ɤɨɧɜɟɪɬɚ. ɉɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ Ɉ1…ɋ8 ɫɨɫɬɚɜɥɹɟɬ 5. ɉɥɨɫɤɨɫɬɶ 
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ɩɢɪɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɛɟɧɡɨɤɫɚɡɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɭɝɨɥ 

8, ɚ ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ N6C8C18C17 ɪɚɜɟɧ 4.3. 

 

 

Рисуɧɨк 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

Ɉɬɤɥɨɧɟɧɢɟ ɩɢɪɪɨɥɶɧɨɝɨ ɢ ɨɤɫɚɡɢɧɨɜɨɝɨ ɰɢɤɥɨɜ ɨɬ ɩɥɚɧɚɪɧɨɫɬɢ 

ɨɛɭɫɥɨɜɥɟɧɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɪɚɡɥɢɱɢɟɦ ɫɬɟɪɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɚɬɨɦɚ 

Ɉ2 ɫ ɚɬɨɦɚɦɢ Ɉ3 ɢ ɋ20. Ɉɛɚ ɝɟɬɟɪɨɰɢɤɥɚ ɨɛɪɚɡɭɸɬ ɟɞɢɧɭɸ ɫɨɩɪɹɠɟɧɧɭɸ 

ɫɢɫɬɟɦɭ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɧɟ ɬɨɥɶɤɨ ɰɜɟɬ ɤɪɢɫɬɚɥɥɨɜ, ɧɨ ɢ ɭɜɟɥɢɱɟɧɧɚɹ 

(ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ) ɞɥɢɧɚ ɫɜɹɡɢ ɋ8-ɋ18 (1.39 Å). ɉɥɨɫɤɨɟ 

ɫɬɪɨɟɧɢɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɬɚɤɠɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ N-

H…O4, ɝɞɟ ɪɚɫɫɬɨɹɧɢɟ ɇ…Ɉ4 ɪɚɜɧɨ 1.97 Å, ɚ ɭɝɨɥ NHO ɫɨɫɬɚɜɥɹɟɬ 135. 

ȼ ɤɪɢɫɬɚɥɥɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɚɬɨɦ Ɉ4 ɨɛɪɚɡɭɟɬ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɢ ɫ 

ɦɨɥɟɤɭɥɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɨɞɵ (ɫɦ. ɪɢɫɭɧɨɤ 2). Ɋɚɫɫɬɨɹɧɢɟ Ɉ4…Ɉ34 

ɪɚɜɧɨ 2.79 Å, ɚ Ɉ4…ɇ34b – 1.99 Å, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɫɜɹɡɶ 

Ɉ4…ɇ34b ɤɚɤ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ. ɍɱɚɫɬɢɟ ɚɬɨɦɚ 

ɤɢɫɥɨɪɨɞɚ Ɉ4 ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɞɜɭɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ Ɉ4…Ɉ34 ɢ Ɉ4…N 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɥɢɧɵ ɤɚɪɛɨɧɢɥɶɧɨɣ ɫɜɹɡɢ ɋ17-Ɉ4 (1.249 Å). 

Ɇɨɥɟɤɭɥɚ ɜɨɞɵ ɨɛɪɚɡɭɟɬ ɟɳɟ ɨɞɧɭ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ (2.96 Å) ɫ ɚɬɨɦɨɦ Ɉ5 

ɜɬɨɪɨɣ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3, ɫɜɹɡɚɧɧɨɣ ɫ ɩɟɪɜɨɣ ɰɟɧɬɪɨɦ ɫɢɦɦɟɬɪɢɢ 

(ɪɚɫɫɬɨɹɧɢɟ Ɉ5…ɇ34b 2.30 Å). ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɤɪɢɫɬɚɥɥɟ ɨɛɪɚɡɭɸɬɫɹ 
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ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɟ ɞɢɦɟɪɧɵɟ ɚɫɫɨɰɢɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɢ 

ɫɨɫɬɨɹɳɢɟ ɢɡ ɞɜɭɯ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɹ 3 ɢ ɞɜɭɯ ɦɨɥɟɤɭɥ ɜɨɞɵ. 

 

 

Рисуɧɨк 2. Ⱦɢɦɟɪɧыɣ ɚɚɫɨɰɢɚɬ ɫ ɦɨɥɟɤɭɥɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɨɞы. 

 

ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɞɢɦɟɪɧɵɟ ɚɫɫɨɰɢɚɬɵ ɢɦɟɸɬ ɢ ɦɟɠɞɭ ɫɨɛɨɣ 

ɭɤɨɪɨɱɟɧɧɵɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɣ ɤɨɧɬɚɤɬ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɜɨɞɵ 

(Ɉ34) ɢ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ (Ɉ3), ɪɚɜɧɵɣ 2.83 Å, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɥɢɧɟ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ. Ɉɞɧɚɤɨ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɇ3 ɧɚ ɪɚɡɧɨɫɬɧɵɯ ɫɢɧɬɟɡɚɯ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟɢɡɦɟɧɧɨ ɥɨɤɚɥɢɡɭɟɬɫɹ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ 

ɫɬɨɪɨɧɟ ɤɨɧɬɚɤɬɚ Ɉ34…Ɉ3. Ɋɚɫɫɬɨɹɧɢɟ ɋ19…Ɉ3 1.400 Å ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɨɪɞɢɧɚɪɧɨɣ ɫɜɹɡɢ, ɬ.ɟ. ɟɟ ɭɞɥɢɧɟɧɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɭɱɚɫɬɢɹ ɚɬɨɦɚ 

Ɉ3 ɜ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɧɟ ɢɫɤɥɸɱɟɧɨ, ɱɬɨ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɇ3 

ɥɨɤɚɥɢɡɨɜɚɧ ɧɟɜɟɪɧɨ ɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ Ɉ34 ɢ Ɉ3 ɫɭɳɟɫɬɜɭɟɬ ɜɨɞɨɪɨɞɧɚɹ 

ɫɜɹɡɶ. 
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(Z)-3-(1-Ȼɟɧɡɢɥ-5-ɝɢɞɪɨɤɫɢ-2,3-ɞɢɨɤɫɨ-5-(4-ɦɟɬɢɥɮɟɧɢɥ)-2,3,4,5-

ɬɟɬɪɚɝɢɞɪɨ-1Н-ɩɢɪɪɨɥ-4-ɢɥɢɞɟɧ)-3,4-ɞɢɝɢɞɪɨ-2Н-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-2-ɨɧ 
(3). Ʉ ɪɚɫɬɜɨɪɭ 10 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɜ 30 ɦɥ ɛɟɡɜɨɞɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ 

ɞɨɛɚɜɥɹɥɢ ɩɨ ɤɚɩɥɹɦ 10 ɦɦɨɥɶ ɛɟɧɡɢɥɚɦɢɧɚ (2), ɱɟɪɟɡ 10 ɦɢɧ 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ɉɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ 

ɯɥɨɪɨɮɨɪɦɚ. ȼɵɯɨɞ, 79 %, ɬ.ɩɥ., 167-169ɋ. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), 

, ɫɦ-1: 3436 (Ɉɇ), 3000 ɲ (N4ɇ), 1780 (ɋɈɈ), 1704 (ɋ2=Ɉɩɢɪɪɨɥ), 1598 ɲ 

(ɋ3=Ɉɩɢɪɪɨɥ). ɋɩɟɤɬɪ əɆɊ1ɇ (ɋDCl3) , ɦ.ɞ.: 2.32 ɫ (3ɇ, Ɇɟ), 4.13 ɞ (1ɇ, ɋɇ2, J 

= 15.2 Ƚɰ), 4.55 ɞ. (1ɇ, ɋɇ2, J = 15.2 Ƚɰ), 5.17 ɫ (1ɇ, Ɉɇ), 7.15 ɦ (13ɇ, 3ɋ6ɇ4), 

13.07 ɫ (1ɇ, Ɉɇ). ɇɚɣɞɟɧɨ, %: C 70.87, H 4.58, N 6.11. C26H20N2O5 ȼɵɱɢɫɥɟɧɨ, 

%: C 70.89, H 4.58, N 6.36. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɬɪɢɤɥɢɧɧɵɟ: a = 14.631(6), b = 7.112(4), c = 11.825(7) Å, α = 

111.71(1), ȕ = 80.15(3), Ȗ = 90.80(1)°, V = 1124.69 Å3, M = 458.45, dɜɵɱ. = 1.354 

ɝ/ɫɦ3, Z = 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-1. ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

1936 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ ɫ I > 2(I) (ɢɡ 2913) ɢɡɦɟɪɟɧɵ ɧɚ 4-ɯ ɤɪɭɠɧɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ 

/ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ ( < 

43.9). ɋɬɪɭɤɬɭɪɚ ɪɚɫɲɢɮɪɨɜɚɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɢ ɭɬɨɱɧɟɧɚ ɦɟɬɨɞɨɦ 

ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɜ ɩɨɥɧɨɦɚɬɪɢɱɧɨɦ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɵɹɜɥɟɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɮɚɤɬɨɪ ɪɚɫɯɨɞɢɦɨɫɬɢ R = 0.061. 

Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɧɟ ɭɬɨɱɧɹɥɢ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ. ȼɫɟ 

ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɧɚ PC/AT ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɚ ɩɪɨɝɪɚɦɦ AREN 

[2]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ., Ⱥɧɞɪɟɣɱɢɤɨɜ ɘ.ɋ. Ⱥɬɨɜɦɹɧ 

Ʌ.Ɉ. Иɡɜ. А.ɇ. ɋɟɪ. ɏɢɦ. 1997, 566. 

2. Ⱥɧɞɪɢɚɧɨɜ ȼ.ɂ. Кɪɢɫɬɚɥɥɨɝɪɚɮɢя. 1987, 32, 228. 
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N-[2,4-Ⱦɢɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-3-(3-ɨɤɫɨ-4Н-ɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-2-

ɮɟɧɢɥɩɢɪɪɨɥ-1-ɢɥ]ɛɟɧɡɚɦɢɞ 

 

Ɋɟɚɤɰɢɢ ɪɟɰɢɤɥɢɡɚɰɢɢ ɢ ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, 

ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɩɨ ɫɬɨɪɨɧɟ [ɚ] ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɭɞɨɛɧɵɦ ɦɟɬɨɞɨɦ ɩɨɫɬɪɨɟɧɢɹ 

ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [1-3]. Ɋɚɧɟɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɚɧɧɟɥɢɪɨɜɚɧɢɟ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɯɢɧɨɤɫɚɥɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɨɟɨɛɪɚɡɧɨɣ ɩɨɥɢɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-ɬɪɢɨɧɚ, 

ɤɨɬɨɪɚɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɪɚɫɳɟɩɥɟɧɢɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɟɟ ɨɫɧɨɜɟ 

ɧɭɤɥɟɨɮɢɥɶɧɭɸ «ɧɚɞɫɬɪɨɣɤɭ» ɧɨɜɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ [1, 4, 5]. ȼɦɟɫɬɟ ɫ ɬɟɦ, 

ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɟɚɤɰɢɢ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-

ɬɪɢɨɧɨɜ ɫ ɛɟɧɡɢɥɚɦɢɧɨɦ ɜɩɟɪɜɵɟ ɨɬɦɟɱɟɧɚ ɪɟɰɢɤɥɢɡɚɰɢɹ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ 

ɰɢɤɥɚ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 3-(2-ɚɪɢɥ-1-ɛɟɧɡɢɥ-2,4-ɞɢɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-

1ɇ-ɩɢɪɪɨɥɢɞɢɧ-3-ɢɥ)-ɯɢɧɨɤɫɚɥɢɧ-2(1ɇ)-ɨɧɨɜ [6]. ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɪɟɚɝɟɧɬɚ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɨɞɧɨɣ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɜɨɡɦɨɠɧɵɯ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[1,2-

ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-ɬɪɢɨɧɨɜ ɢɡɭɱɟɧɚ ɪɟɚɤɰɢɹ ɫ ɝɢɞɪɚɡɢɞɨɦ ɛɟɧɡɨɣɧɨɣ 

ɤɢɫɥɨɬɵ [7]. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-

ɬɪɢɨɧɚ (1) ɫ ɝɢɞɪɚɡɢɞɨɦ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ (2) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, 

ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɤɢɩɹɱɟɧɢɹ ɜ ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɜ ɬɟɱɟɧɢɟ 2 

ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɬɟɦɧɨ-ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ 

ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ) ɨɛɪɚɡɭɟɬɫɹ N-[2,4-ɞɢɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-3-(3-ɨɤɫɨ-

4ɇ-ɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-2-ɮɟɧɢɥɩɢɪɪɨɥ-1-ɢɥ]ɛɟɧɡɚɦɢɞ (3), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ 

ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [8]. 
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ɋɨɟɞɢɧɟɧɢɟ 3 – ɫɜɟɬɥɨ-ɠɟɥɬɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫ ɜɵɫɨɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɩɥɚɜɹɳɟɟɫɹ ɫ ɪɚɡɥɨɠɟɧɢɟɦ, ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɟ ɜ 

ȾɆɎȺ ɢ ȾɆɋɈ, 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).  

ɉɨ-ɜɢɞɢɦɨɦɭ, ɫɨɟɞɢɧɟɧɢɟ 3 ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɟɪɜɢɱɧɨɣ ɚɦɢɧɨɝɪɭɩɩɵ ɝɢɞɪɚɡɢɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɜ 

ɩɨɥɨɠɟɧɢɢ 1 ɩɢɪɪɨɥɞɢɨɧɚ 1, ɪɚɫɳɟɩɥɟɧɢɹ ɫɜɹɡɢ ɋ1-N10 ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɡɚɦɵɤɚɧɢɹ «ɧɨɜɨɝɨ» ɩɢɪɪɨɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɷɬɨɣ 

ɠɟ ɚɦɢɧɨɝɪɭɩɩɵ ɤ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɚɪɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 1. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɊɋȺ ɦɨɥɟɤɭɥɚ ɫɨɟɞɢɧɟɧɢɹ 3 ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ O3-H3···O1. Ɋɚɫɫɬɨɹɧɢɟ O3 ···Ɉ1 

ɪɚɜɧɨ 2.504 Å. Ɉɞɧɚɤɨ, ɯɢɧɨɤɫɚɥɢɧɢɥɶɧɵɣ ɰɢɤɥ ɧɟ ɫɨɜɫɟɦ ɤɨɩɥɚɧɚɪɟɧ ɫ 

ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɚɡɨɥɶɧɨɝɨ ɰɢɤɥɚ – ɭɝɨɥ ɦɟɠɞɭ ɢɯ ɩɥɨɫɤɨɫɬɹɦɢ ɪɚɜɟɧ 12.8º, 

ɱɬɨ, ɜɟɪɨɹɬɧɨ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɩɚɤɨɜɤɨɣ ɜ ɤɪɢɫɬɚɥɥɟ. Ɏɟɧɢɥɶɧɨɟ ɤɨɥɶɰɨ ɢɦɟɟɬ 

ɛɢɫɟɤɬɪɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɤ ɩɢɪɚɡɨɥɶɧɨɦɭ ɰɢɤɥɭ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɯ 

ɩɥɨɫɤɨɫɬɢ ɨɪɬɨɝɨɧɚɥɶɧɵ. Ȼɟɧɡɨɢɥɚɦɢɧɧɚɹ ɝɪɭɩɩɚ ɧɟ ɩɥɨɫɤɚɹ ɢ ɟɟ ɨɪɢɟɧɬɚɰɢɹ 
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ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ N4 C19 C20 C21 134.8 , N3 N4 C19 C20 

166.5  ɢ ɋ5 N3 N4 C19 67.8 . 

 

 

Ɋɢɫɭɧɨɤ. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3. 

 

ɋɨɟɞɢɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɫ ɦɨɥɟɤɭɥɨɣ ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɚ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 1:1. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɯ ɞɢɦɟɪɨɜ (ɪɢɫ.2), ɫɜɹɡɚɧɧɵɯ ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ N1-

H1··· O5 (2.828 Å) ɢ O2-H2···  O1 (2.795 Å). Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɥɟɤɭɥɚ ɫɜɹɡɚɧɚ ɫ 

ȾɆɎȺ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ N4-H4··· O6 (2.808 Å). 

N-[2,4-Ⱦɢɝɢɞɪɨɤɫɢ-5-ɨɤɫɨ-3-(3-ɨɤɫɨ-4Н-ɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)-2-

ɮɟɧɢɥɩɢɪɪɨɥ-1-ɢɥ]ɛɟɧɡɚɦɢɞ (3). Ʉ ɪɚɫɬɜɨɪɭ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɜ 30 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɞɨɛɚɜɥɹɥɢ ɪɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɝɢɞɪɚɡɢɞɚ 

ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ 2 ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ, ɤɢɩɹɬɢɥɢ 2 ɦɢɧ, 

ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɫɦɟɫɢ ɚɰɟɬɨɧɢɬɪɢɥ-ȾɆɎȺ (10:1). ȼɵɯɨɞ 59%, 

ɬ.ɩɥ. 229-231ɋ. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3370, 3150 (OH,NH), 

1760 (C5=O), 1680 (C3=Oɯɢɧ), 1650 (CONH). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), ɦ.ɞ.: 

6.60 c (1ɇ, ɋ2-OH), 7.14-7.95 ɝɪ.ɫ. (14ɇ, 2Ph+C6H4), 10.50 c (1H, NHɚɪɢɥɚɦɢɞ), 
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13.26 c (1H, N4Hɯɢɧ), 14.50 c (1H,ɋ4-OH). ɇɚɣɞɟɧɨ, %: C 66.13; H 4.03; N 

12.38. ɋ25ɇ18N4Ɉ5. ȼɵɱɢɫɥɟɧɨ, %: ɋ 66.08; H 3.99; N 12.33. 

 

 

Ɋɢɫ. 2. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢя (3) ɜ ɤɪɢɫɬɚɥɥɟ. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя (3). ɀɟɥɬɨɝɨ ɰɜɟɬɚ, 

ɯɨɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ ɜ ɜɢɞɟ ɱɟɬɵɪɟɯɝɪɚɧɧɵɯ ɩɪɢɡɦ ɤɪɢɫɬɚɥɥɵ 

ɋ25H18N4O5·(CH3)2N4O5 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 10.644(1), b 

= 11.286(2), c = 12.742(2) Å, α = 116.11(1), ȕ = 101.82(3), Ȗ = 92.35(1) °, V = 

1286.6(3) Å3, M 527.53, dɜɵɱ. = 1.362 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 1.90 ÷ 25.00 (90.1% ɨɛɪɚɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 

4760 ɨɬɪɚɠɟɧɢɹ, ɢɡ ɤɨɬɨɪɵɯ 4085 ɧɟɡɚɜɢɫɢɦɵɯ (Rint = 0.0409). ɉɨɩɪɚɜɤɢ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.095 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ 

ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [9] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ 
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ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ 

ɭɬɨɱɧɹɥɢɫɶ ɩɨ ɩɪɢɧɰɢɩɭ «ɧɚɟɡɞɧɢɤɚ». ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ 

(ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [10] 

ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0653, wR2 = 0.1512 ɩɨ 2338 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I) ɢ R1 = 

0.1308, wR2 = 0.1832 ɩɨ ɜɫɟɦ 4085 ɨɬɪɚɠɟɧɢɹɦ (360 ɭɬɨɱɧɹɟɦɵɯ ɩɚɪɚɦɟɬɪɚ). 

GɈɈF 1.020. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɢɤ ɧɚ ɪɚɡɧɨɫɬɧɨɦ ɫɢɧɬɟɡɟ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ ɪɚɜɟɧ 0.652 ɟ/Å3. 
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Эɬɢɥ 3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,3-ɞɢɝɢɞɪɨ-

1Н-ɩɢɪɪɨɥɨ-2-ɫɩɢɪɨ-3'-(5-ɦɟɬɢɥ-2-ɨɤɫɨ-2,3-ɞɢɝɢɞɪɨ-1Н-ɩɢɪɪɨɥɨ-4-

ɤɚɪɛɨɤɫɢɥɚɬ) 

 

ɉɪɟɜɪɚɳɟɧɢɹ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɩɨ ɫɬɨɪɨɧɟ [ɚ] ɚɡɚɝɟɬɟɪɨɰɢɤɥɚɦɢ (ɝɟɬɟɪɟɧɨ[a]ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ), ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ 

ɞɨɫɬɭɩɧɵɣ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 

ɝɟɬɟɪɨɰɢɤɥɨɜ [1, 2]. 

Ɋɚɧɟɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 1,4-

ɛɟɧɡɨɤɫɚɡɢɧɨɜɵɦ ɰɢɤɥɨɦ, – 3-ɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɵ ɪɟɚɝɢɪɭɸɬ ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ, ɤɚɤ ɫ 1,3-

CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ, ɩɨ ɫɯɟɦɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɚɬɚɤɨɣ ɝɪɭɩɩɨɣ ȕ-ɋɇ 

ɢ ɝɪɭɩɩɨɣ NH ɟɧɚɦɢɧɨɤɟɬɨɧɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ ɢ 4 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɟɚɤɰɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɪɚɫɳɟɩɥɟɧɢɟɦ ɛɟɧɡɨɤɫɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɩɨ ɫɜɹɡɢ 

ɋ4-Ɉ5 ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɦɟɳɟɧɧɵɯ 3-ɚɪɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-(2-ɨɤɫɨ-2,3-

ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥɨɜ) [3]. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɪɚɛɨɬ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɟɚɤɰɢɣ 

ɝɟɬɟɪɟɧɨ[a]ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ ɫ ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ ɛɵɥɨ ɢɡɭɱɟɧɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ (1) ɫ 

ɩɨɬɟɧɰɢɚɥɶɧɵɦ 1,3-CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɨɦ – ȕ-ɟɧɚɦɢɧɨɷɮɢɪɨɦ – ɷɬɢɥ (2Z)-

3-ɚɦɢɧɨɛɭɬ-2-ɟɧɨɚɬɨɦ (2). 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɫ ɷɬɢɥ (2Z)-3-

ɚɦɢɧɨɛɭɬ-2-ɟɧɨɚɬɨɦ (2), ɜɡɹɬɵɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ 

ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧ ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ ɷɬɢɥ 3-

ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-

ɫɩɢɪɨ-3'-(5-ɦɟɬɢɥ-2-ɨɤɫɨ-2,3-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-4-ɤɚɪɛɨɤɫɢɥɚɬ) (3), 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [4, 5]. 
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ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ -ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ -

ɟɧɚɦɢɧɨɷɮɢɪɚ (2) ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1, ɤɚɤ ɨɩɢɫɚɧɨ ɞɥɹ ɪɟɚɤɰɢɣ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ 

ɦɨɧɨɧɭɤɥɟɨɮɢɥɚɦɢ [1, 2], ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ 

ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɫɜɨɛɨɞɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ ɛɨɤɨɜɨɣ ɰɟɩɢ -

ɟɧɚɦɢɧɨɷɮɢɪɚ 2 ɥɚɤɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ 

ɫɨɟɞɢɧɟɧɢɣ 1 ɢ ɟɝɨ ɪɚɫɤɪɵɬɢɹ ɩɨ ɫɜɹɡɢ ɋ4-Ɉ5. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɨɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɞɤɢɣ ɩɪɢɦɟɪ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɨɝɨ 

ɩɨɫɬɪɨɟɧɢɹ ɦɚɥɨɞɨɫɬɭɩɧɨɣ ɫɩɢɪɨ-ɛɢɫ-ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɢɪɪɨɥ-

ɫɩɢɪɨ-ɩɢɪɪɨɥɚ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɜɚɪɶɢɪɨɜɚɧɢɹ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ ɧɟɫɤɨɥɶɤɢɯ ɩɨɥɨɠɟɧɢɹɯ ɨɛɨɢɯ ɩɢɪɪɨɥɶɧɵɯ 

ɰɢɤɥɨɜ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ 3 

ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɫ ɦɨɥɟɤɭɥɨɣ ɷɬɢɥɚɰɟɬɚɬɚ ɜ ɷɤɜɢɦɨɥɹɪɧɨɦ ɨɬɧɨɲɟɧɢɢ. ȼɫɟ 

ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɨɛɳɟɩɪɢɧɹɬɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹɯ. 
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Рисуɧɨк 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

Рисуɧɨк 2. ȼɨɞɨɪɨɞɧыɟ ɫɜяɡɢ ɜ ɤɪɢɫɬɚɥɥɟ ɫɨɟɞɢɧɟɧɢя 3. 
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ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɚ ɨɛɪɚɡɭɟɬ ɩɨ ɞɜɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɫ ɬɪɟɦɹ 

ɫɨɫɟɞɧɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɩɟɪɜɨɣ ɰɟɧɬɪɨɦ ɫɢɦɦɟɬɪɢɢ (ɪɢɫ. 2). 

ȼɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɵɟ, ɨɫɨɛɟɧɧɨ ɫɜɹɡɶ O2-H2...O4. ɍɱɚɫɬɢɟ 

ɜ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɹɯ ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɚɟɬɫɹ ɢ ɧɚ ɦɟɠɚɬɨɦɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɋ-

Ɉ ɜ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɢ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩɚɯ. 

 

Эɬɢɥ 3-ɛɟɧɡɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-

1Н-ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-(5-ɦɟɬɢɥ-2-ɨɤɫɨ-2,3-ɞɢɝɢɞɪɨ-1Н-ɩɢɪɪɨɥ-4-

ɤɚɪɛɨɤɫɢɥɚɬ) (3). Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 1.0 ɦɦɨɥɶ ɷɮɢɪɚ 2 ɜ 10 

ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɤɢɩɹɬɢɥɢ 3 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 82%, ɬ.ɩɥ. 257-259ɋ (ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ). ɂɄ ɫɩɟɤɬɪ 

(ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ-1: 3160 ɲ (Ɉɇ), 1755 (COOEt), 1700, 1680 (C2=O, 

C5=O), 1640 (ɋOPh). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 1.18 ɬ (3H, CH3CH2, 

J = 6.8 Ƚɰ), 2.14 c (3H, Me), 4.04 ɤ (2H, CH3CH2, J = 7.3 Ƚɰ), 6.75-7.74 ɝɪ.ɫ 

(9ɇ, Ph+C6H4), 9.62 ɫ (1ɇ, Ɉɇ ɮɟɧɨɥ.), 10.66 ɫ (1ɇ, Nɇ), 12.00 ɭɲ.ɫ (1ɇ, Ɉɇ 

ɟɧɨɥ.). ɇɚɣɞɟɧɨ, %: ɋ 64.31; H 4.53; N 6.12. ɋ24ɇ20N2O7. ȼɵɱɢɫɥɟɧɨ, %: ɋ 

64.27; H 4.49; N 6.26. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɋ24H20N2O7·ɋ4ɇ8Ɉ2ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 10.878(2), b = 

9.995(2), c = 10.722(2) Å, α = 89.58(3),  = 108.50(3), Ȗ = 94.08(3), V = 

1102.6(4) Å3, M = 448.42, dɜɵɱ. = 1.351 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 

(2 ≤ 52). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 3209 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ (Rint = 0.1071). 
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ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.101 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ 

ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [6] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ 

ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ȼɫɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɦɟɬɢɥɶɧɵɯ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɜɵɹɜɥɟɧɵ ɢɡ 

ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ 

(ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [7] 

ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0817 ɩɨ 1904 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). GɈɈF = 0.972. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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Ɇɟɬɢɥ 11-ɛɟɧɡɨɢɥ-2-ɨ-ɝɢɞɪɨɤɫɢɮɟɧɢɥ-3,4,10-ɬɪɢɨɤɫɨ-6,9-ɞɢɮɟɧɢɥ-7-ɨɤɫɚ-

2,9-ɞɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɰ-5-ɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ 

 

Ɂɚɦɟɳɟɧɧɵɟ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 

ɩɨ ɫɬɨɪɨɧɟ [ɚ] ɚɡɚɝɟɬɟɪɨɰɢɤɥɚɦɢ (ɝɟɬɟɪɟɧɨ[a]ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ), ɫɤɥɨɧɧɵ ɤ 

ɪɟɚɤɰɢɹɦ ɫ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ; ɜ ɯɨɞɟ ɷɬɢɯ ɪɟɚɤɰɢɣ ɨɛɪɚɡɭɟɬɫɹ 

ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ ɢ ɫɩɢɪɨ-ɛɢɫ-

ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɫɦ. ɨɛɡɨɪɵ [1, 2]). 

Ɋɚɧɟɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 1,4-

ɛɟɧɡɨɤɫɚɡɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ – 3-ɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɵ, ɪɟɚɝɢɪɭɸɬ ɫ ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɟɧɚɦɢɧɨɤɟɬɨɧɚɦɢ ɢ ȕ-

ɟɧɚɦɢɧɨɷɮɢɪɚɦɢ, ɤɚɤ ɫ 1,3-CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ, ɩɨ ɫɯɟɦɟ ɫ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɚɬɚɤɨɣ ɝɪɭɩɩɨɣ ȕ-ɋɇ ɢ ɝɪɭɩɩɨɣ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ 

ɟɧɚɦɢɧɨɤɟɬɨɧɨɜ ɢ ȕ-ɟɧɚɦɢɧɨɷɮɢɪɨɜ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ ɢ 4 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɟɚɤɰɢɢ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 

ɪɚɫɳɟɩɥɟɧɢɟɦ ɨɤɫɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɩɨ ɫɜɹɡɢ ɋ4-

Ɉ5 ɢ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɦɟɳɟɧɧɵɯ 3-ɚɪɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-(2'-ɨɤɫɨ-2',3'-

ɞɢɝɢɞɪɨ-1'ɇ-ɩɢɪɪɨɥɨɜ) ɢ ɡɚɦɟɳɟɧɧɵɯ ɚɥɤɢɥ 3-ɚɪɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,5-ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-(2'-ɨɤɫɨ-2',3'-

ɞɢɝɢɞɪɨ-1'H-ɩɢɪɪɨɥ-4'-ɤɚɪɛɨɤɫɢɥɚɬɨɜ) [3, 4]. 

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɪɚɛɨɬ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɟɚɤɰɢɣ ɝɟɬɟɪɟɧɨ[a]ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ ɫ ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-ɛɟɧɡɨɢɥ-1ɇ-

ɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ (1) ɫ ɩɨɬɟɧɰɢɚɥɶɧɵɦ 1,3-CH,NH 

ɛɢɧɭɤɥɟɨɮɢɥɨɦ – α-ɟɧɚɦɢɧɨɷɮɢɪɨɦ – ɦɟɬɢɥ 4-ɮɟɧɢɥ-2-ɚɧɢɥɢɧɨ-4-ɨɤɫɨ-2-

ɛɭɬɟɧɨɚɬɨɦ (2). 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɫ α-ɟɧɚɦɢɧɨɷɮɢɪɨɦ 

2, ɜɡɹɬɵɦɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɟɧɡɨɥɟ ɜ 

ɬɟɱɟɧɢɟ 25 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɬɟɦɧɨ-ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ) ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ ɦɟɬɢɥ 4,9-
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ɞɢɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-2,6-ɞɢɨɤɫɨ-7-ɮɟɧɢɥ-1,7-

ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ (3), ɰɢɤɥɢɡɭɸɳɢɣɫɹ ɩɪɢ 

ɩɨɩɵɬɤɚɯ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ ɜ ɦɟɬɢɥ 11-ɛɟɧɡɨɢɥ-2-ɨ-

ɝɢɞɪɨɤɫɢɮɟɧɢɥ-3,4,10-ɬɪɢɨɤɫɨ-6,9-ɞɢɮɟɧɢɥ-7-ɨɤɫɚ-2,9-

ɞɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɰ-5-ɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ (4), ɫɬɪɨɟɧɢɟ ɤɨɬɨɪɨɝɨ 

ɞɨɤɚɡɚɧɨ ɊɋȺ [5]. 

 

 
 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ ɫɯɟɦɟ ɛɥɢɡɤɨɣ ɤ 

ɨɩɢɫɚɧɧɨɣ [3, 4] ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ -ɋɇ 

ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ α-ɟɧɚɦɢɧɨɷɮɢɪɚ (2) ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ (1) ɫ ɩɨɫɥɟɞɭɸɳɢɦɢ (Z) → (E) ɢɡɨɦɟɪɢɡɚɰɢɟɣ ɢ 

ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɫɜɨɛɨɞɧɨɣ 

ɚɦɢɧɨɝɪɭɩɩɨɣ ɛɨɤɨɜɨɣ ɰɟɩɢ ɥɚɤɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɢ ɟɝɨ ɪɚɫɤɪɵɬɢɹ ɩɨ 

ɫɜɹɡɢ ɋ4-Ɉ5 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɨɝɨ ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-ɩɢɪɪɨɥɚ 3. 
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ɋɩɢɪɨɩɪɨɞɭɤɬ 3 ɩɪɢ ɩɨɩɵɬɤɚɯ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ 

ɩɪɟɬɟɪɩɟɜɚɟɬ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɰɢɤɥɢɡɚɰɢɸ ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ Ɉɇ ɬɚɭɬɨɦɟɪɧɨɣ ɝɢɞɪɨɤɫɢɦɟɬɢɥɟɧɨɜɨɣ ɮɨɪɦɵ 5 ɤ ɚɬɨɦɭ 

ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5' ɫɨɫɟɞɧɟɝɨ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɦɨɫɬɢɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 4. ȼɟɪɨɹɬɧɨ, ɜɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɨɣ 

ɦɟɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɜ ɩɨɥɨɠɟɧɢɟ 8 1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-

ɞɢɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬɚ (3) ɭɜɟɥɢɱɢɜɚɟɬ ɷɥɟɤɬɪɨɮɢɥɶɧɨɫɬɶ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 8 (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɪɚɧɟɟ ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-

ɩɢɪɪɨɥɚɦɢ [3, 4] ɢ ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-ɩɢɪɪɨɥɚɦɢ [6]) ɢ ɛɥɚɝɨɩɪɢɹɬɫɬɜɭɟɬ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɦɭ ɧɭɤɥɟɨɮɢɥɶɧɨɦɭ ɩɪɢɫɨɟɞɢɧɟɧɢɸ ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ 

Ɉɇ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɫɬɢɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 4. 

 

  

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 4. 

 



 67 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 4 ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ. ȼɫɟ ɞɜɨɣɧɵɟ 

ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɟ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ. Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɢɦɟɸɬ 

ɨɛɵɱɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹ. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ 

ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɜ ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɟ ɞɢɦɟɪɧɵɟ ɚɫɫɨɰɢɚɬɵ ɩɨɫɪɟɞɫɬɜɨɦ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɬɢɩɚ O5-H5...O3 (-x+1,-y,-z+1) ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ: r(O5-H5) 0.880 Å, r(H5...O3) 1.846 Å, r(O5…Ɉ3) 2.704 Å, <(O5-

H5...O3) 164.68. 

 

Ɇɟɬɢɥ 11-ɛɟɧɡɨɢɥ-2-ɨ-ɝɢɞɪɨɤɫɢɮɟɧɢɥ-3,4,10-ɬɪɢɨɤɫɨ-6,9-ɞɢɮɟɧɢɥ-7-

ɨɤɫɚ-2,9-ɞɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɰ-5-ɟɧ-8-ɤɚɪɛɨɤɫɢɥɚɬ (4). Ɋɚɫɬɜɨɪ 

1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 1.0 ɦɦɨɥɶ ɟɧɚɦɢɧɚ 2 ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ 

ɤɢɩɹɬɢɥɢ 25 ɦɢɧ (ɞɨ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ), ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɫɨɟɞɢɧɟɧɢɹ 3 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ, ɪɚɫɬɜɨɪɹɥɢ ɜ ɷɬɢɥɚɰɟɬɚɬɟ ɢ ɤɢɩɹɬɢɥɢ 30 ɦɢɧ, 

ɨɯɥɚɠɞɚɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 80%, ɬ.ɩɥ. 201-

203ɋ (ɢɡ ɷɬɢɥɚɰɟɬɚɬɚ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3227 ɲ (Ɉɇ), 

1776 (COOMe), 1751 (ɋ3=Ɉ), 1721 (ɋ4=Ɉ, ɋ10=Ɉ), 1707 (ɋɈPh). ɋɩɟɤɬɪ əɆɊ 
1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 3.22 ɫ (3ɇ, OɆɟ), 5.29 ɫ (1ɇ, ɋ11H), 6.94-7.98 ɝɪ.ɫ (19ɇ, 

3Ph+ɋ6ɇ4), 10.01 ɫ (1ɇ, Ɉɇ ɮɟɧɨɥ.). ɇɚɣɞɟɧɨ, %: ɋ 69.89; H 4.07; N 4.70. 

ɋ35ɇ24N2O8. ȼɵɱɢɫɥɟɧɨ, %: ɋ 69.92; H 4.03; N 4.66.  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 4. Ʉɪɢɫɬɚɥɥɵ 

ɋ35H24N2O8 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 11.162(2), b = 

11.521(2), c = 12.389(3) Å, α =103.37(3),  = 103.64(3), Ȗ = 98.03(3), V = 

1474.2(5) Å3, M = 600.56, dɜɵɱ. = 1.353 ɝ/ɫɦ3, Z = 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ 

P-1. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ 

ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -4,ɝɟɨɦɟɬɪɢɟɣ 

ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ 

(2 ≤ 50.2). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5232 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ (Rint = 0.0289). 

ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.097 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ 

ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [7] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ 
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ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɩɪɢ ɚɬɨɦɚɯ Ɉ5 ɢ ɋ6 

ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

Ɉɫɬɚɥɶɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ 

ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-

97 [8] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0498 ɩɨ 2631 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). GɈɈF = 

0.986. 

Ɉɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɵɣ ɩɪɢɦɟɪ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ 1,7-ɞɢɚɡɚɫɩɢɪɨ[4.4]ɧɨɧɚ-3,8-ɞɢɟɧ-8-

ɤɚɪɛɨɤɫɢɥɚɬɨɜ ɫ ɪɟɝɢɨɫɟɥɟɤɬɢɜɧɵɦ ɩɨɫɬɪɨɟɧɢɟɦ ɦɚɥɨɞɨɫɬɭɩɧɨɣ 

ɮɭɧɤɰɢɨɧɚɥɢɡɢɪɨɜɚɧɧɨɣ ɦɨɫɬɢɤɨɜɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 7-ɨɤɫɚ-2,9-

ɞɢɚɡɚɬɪɢɰɢɤɥɨ[6.2.1.01,5]ɭɧɞɟɤɚɧɚ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ. 2,3-Ⱦɢɝɢɞɪɨ-2,3-ɩɢɪɪɨɥɞɢɨɧы. ɉɟɪɦɶ: 

ɂɡɞ-ɜɨ ɉɟɪɦ. ɭɧ-ɬɚ, 2005, 126. 

2. Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. 2,3-Ⱦɢɝɢɞɪɨ-2,3-ɩɢɪɪɨɥɞɢɨɧы, 
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4'-Ƚɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-3'-(4-ɦɟɬɢɥɛɟɧɡɨɢɥ)-6,7-

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

1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-3'-(5-ɦɟɬɢɥ-2-ɮɭɪɨɢɥ)-6,7-

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

 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-

ɬɪɢɨɧɨɜ 1ɚ,ɛ ɫ ɢɦɢɧɨɦ ɞɢɦɟɞɨɧɚ (2) ɜ ɚɛɫɨɥɸɬɧɨɦ ɚɰɟɬɨɧɢɬɪɢɥɟ ɩɪɢ 

ɤɢɩɹɱɟɧɢɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɨɛɪɚɡɭɸɬɫɹ 4'-ɝɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɫɤɢɮɟɧɢɥ)-

6,6-ɞɢɦɟɬɢɥ-3'-(4-ɦɟɬɢɥɛɟɧɡɨɢɥ- ɢ 5-ɦɟɬɢɥ-2-ɮɭɪɨɢɥ)-6,7-

ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5(1ɇ,1'ɇ,5ɇ)-ɬɪɢɨɧɵ (3ɚ,ɛ), ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɊɋȺ [1]. 

 

 

R = C6H4Me-4 (ɚ), 5-ɦɟɬɢɥɮɭɪ-2-ɢɥ (ɛ) 

 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 3ɚ,ɛ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH2 ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ 

ɫɨɟɞɢɧɟɧɢɹ 2 ɤ ɚɬɨɦɚɦ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 3a ɢ 4 ɫɨɟɞɢɧɟɧɢɣ 1ɚ,ɛ ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɳɟɩɥɟɧɢɟɦ ɨɤɫɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ ɋ4-Ɉ5. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɣ 3ɚ,ɛ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1, 2. 
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Рис. 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3ɚ.  

 

 

 
Рис. 2. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3ɛ.  
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢɣ 3ɚ,ɛ ɨɱɟɧɶ ɛɥɢɡɤɨ, 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɚɪɨɢɥɶɧɨɝɨ ɢ 

ɝɟɬɟɪɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɨɜ. 5-Ɇɟɬɢɥɮɭɪɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɫɨɟɞɢɧɟɧɢɹ 3ɛ 

ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɢɦ ɢ ɤɨɩɥɚɧɚɪɟɧ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ. 

Ɍɨɥɭɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɫɨɟɞɢɧɟɧɢɹ 3ɚ ɧɟ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɢɦ – ɬɨɪɫɢɨɧɧɵɣ 

ɭɝɨɥ Ɉ6ɋ14ɋ15ɋ16 ɪɚɜɟɧ -25, ɨɪɢɟɧɬɚɰɢɹ ɬɨɥɭɨɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɪɫɢɨɧɧɵɦ ɭɝɥɨɦ -23. 

ɉɥɨɫɤɨɫɬɶ ɮɟɧɨɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫɨɟɞɢɧɟɧɢɹ 3ɚ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ 

ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ ɞɜɭɝɪɚɧɧɵɣ ɭɝɨɥ 101, ɚ ɲɟɫɬɢɱɥɟɧɧɵɣ ɰɢɤɥ ɢɦɟɟɬ 

ɤɨɧɮɨɪɦɚɰɢɸ «ɜɚɧɧɚ». 

ȼɫɟ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɜ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɚɯ ɥɨɤɚɥɢɡɨɜɚɧɵ ɛɟɡ 

ɡɚɦɟɬɧɨɝɨ ɭɱɚɫɬɢɹ ɢɯ ɜ ɫɨɩɪɹɠɟɧɢɢ. Ɂɚɦɟɬɧɨ ɭɞɥɢɧɟɧɵ ɫɜɹɡɢ ɜ 

ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩɚɯ ɋ1=Ɉ1 ɢ ɋ14=Ɉ5. Ɉɛɚ ɷɬɢ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ 

ɭɱɚɫɬɜɭɸɬ ɜ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɵɯ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɹɯ.  

 

4'-Ƚɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-3'-(4-ɦɟɬɢɥɛɟɧɡɨɢɥ)-
6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5(1Н,1'Н,5Н)-ɬɪɢɨɧ (3ɚ). Ɋɚɫɬɜɨɪ 

1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1ɚ ɢ ɪɚɫɬɜɨɪ 1 ɦɦɨɥɶ ɢɦɢɧɚ ɞɢɦɟɞɨɧɚ (2) ɜ 10 ɦɥ 

ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɤɢɩɹɬɹɬ 5 ɦɢɧ, ɨɯɥɚɠɞɚɸɬ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ 

ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ. ȼɵɯɨɞ, 87%, ɬ.ɩɥ. 228-230ɋ (ɢɡ ɚɰɟɬɨɧɢɬɪɢɥɚ). 

ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ-1: 3590 (OHɮɟɧɨɥ), 3400 ɲ (NH,Ɉɇɟɧɨɥ), 

1750 (ɋ5=Ɉ), 1710 (ɋ2
(ɢɧɞɨɥ)=Ɉ), 1700 (ɋ4=Ɉ), 1650 (ɋɈɋ6ɇ4Ɇɟ). ɋɩɟɤɬɪ əɆɊ 

1ɇ (ȾɆɋɈ-d6), , ɦ.ɞ.: 0.73 ɫ (3ɇ, Ɇɟ), 0.85 ɫ (3ɇ, Ɇɟ), 1.97 ɫ (2ɇ, ɋ7ɇ2), 2.05 

ɫ (2ɇ, ɋ5ɇ2), 6.72-7.60 ɦ  (8ɇ, 2ɋ6ɇ4), 9.24 ɫ (1ɇ,Ɉɇɮɟɧɨɥ), 10.79 ɫ (1ɇ, NH), 

11.90 ɭɲ. ɫ. (1ɇ, Ɉɇɟɧɨɥ). ɇɚɣɞɟɧɨ, %: C 68.66, H 5.11, N 5.87. ɋ27ɇ24N2O6 . 

ȼɵɱɢɫɥɟɧɨ, %: C 68.63, H 5.12, N 5.93. 

 

4'-Ƚɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-6,6-ɞɢɦɟɬɢɥ-3'-(5-ɦɟɬɢɥ-2-

ɮɭɪɨɢɥ)-6,7-ɞɢɝɢɞɪɨɫɩɢɪɨ[ɢɧɞɨɥ-3,2'-ɩɢɪɪɨɥ]-2,4,5(1Н,1'Н,5Н)-ɬɪɢɨɧ 

(3ɛ). ɋɢɧɬɟɡɢɪɨɜɚɧ ɚɧɚɥɨɝɢɱɧɨ. ȼɵɯɨɞ, 88%, ɬ.ɩɥ. 197-199ɋ (ɢɡ ɚɰɟɬɨɧɚ). 
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ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ-1: 3400 (OHɮɟɧɨɥ), 3180ɲ (NH,Ɉɇɟɧɨɥ), 

1770 (ɋ5=Ɉ), 1740 (ɋ2=Ɉ), 1720 (ɋ4=Ɉ), 1640 (ɋɈHet.) ɋɩɟɤɬɪ əɆɊ 1ɇ 

(ȾɆɋɈ-d6), , ɦ.ɞ.: 0.70 ɫ (3ɇ, Ɇɟ), 0.92 ɫ (3ɇ, Ɇɟ), 1.96 ɫ (2ɇ, ɋ7ɇ2), 2.17 ɫ 

(2ɇ, ɋ5ɇ2), 2.33 ɫ (3ɇ, Ɇɟɮɭɪɢɥ), 6.38-7.57 ɦ (6ɇ, ɋ6ɇ4+ɋ4ɇ2ɮɭɪɢɥ), 9.34 ɫ (1ɇ, 

Ɉɇɮɟɧɨɥ), 10.84 ɫ (1ɇ, NH), 12.51 ɭɲ.ɫ (1ɇ, Ɉɇɟɧɨɥ). ɇɚɣɞɟɧɨ, %: C 64.97, H 

4.78, N 5.97 . C25H22N2O7 . ȼɵɱɢɫɥɟɧɨ, %: C 64.93, H 4.80, N 6.06. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ 3ɚ, ɛ. ɇɚɛɨɪɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɤɪɢɫɬɚɥɥɨɜ ɫɨɟɞɢɧɟɧɢɣ 3ɚ, ɛ ɩɨɥɭɱɟɧɵ ɧɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA 

DIFFRACTION»). Ɉɫɧɨɜɧɵɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ 

ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɩɨ 

ɩɪɨɝɪɚɦɦɚɦ [2, 3]. ɋɬɪɭɤɬɭɪɚ ɤɪɢɫɬɚɥɥɚ ɫɨɟɞɢɧɟɧɢɹ 3ɛ ɭɬɨɱɧɟɧɚ ɜ 

ɩɨɥɧɨɦɚɬɪɢɱɧɨɦ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɦɟɬɢɥɶɧɵɯ 

ɝɪɭɩɩ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ, ɚ ɨɫɬɚɥɶɧɵɟ – ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ 

ɪɚɡɧɨɫɬɧɵɯ ɫɢɧɬɟɡɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ɋɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ 3ɚ ɢɡ-ɡɚ 

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɩɥɨɯɨɝɨ 

ɤɚɱɟɫɬɜɚ ɤɪɢɫɬɚɥɥɨɜ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɧɟ ɭɬɨɱɧɟɧɚ ɢ ɚɬɨɦɵ 

ɜɨɞɨɪɨɞɚ ɧɟ ɥɨɤɚɥɢɡɨɜɚɧɵ. 

 

Ɍɚɛɥɢɰɚ. Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɢ ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ 

ɤɪɢɫɬɚɥɥɨɜ ɫɨɟɞɢɧɟɧɢɣ 3ɚ,ɛ. 

ɉɚɪɚɦɟɬɪ 3ɚ 3ɛ 

Ɇ 527.56 520.52 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Pbcn P21/n 

a 19.577(2) Å 9.577(2) Å 

b 13.978(3) Å 12.603(3) Å 

c 20.829(4)  Å 21.876(4) Å 

α 90.00° 90.00° 

ȕ 90.00° 96.80(3)° 
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Ȗ 90.00° 90.00° 

V 5639(2) Å3 2621.8(1) Å3 

dɜɵɱ. 1.243 ɝ/ɫɦ3 1.319 ɝ/ɫɦ3 

Z 8 4 

F(000) 2232 1096 

  0.090 ɦɦ-1 0.097 ɦɦ-1 

Θɦɚɤɫ. 23.08 25.08 

ɑɢɫɥɨ ɢɡɦɟɪɟɧɧɵɯ 

ɨɬɪɚɠɟɧɢɣ 

 

3959 

 

4176 

ɑɢɫɥɨ ɨɬɪɚɠɟɧɢɣ 

ɫ I > 2(I) 

 

758 

 

1253 

ɑɢɫɥɨ ɭɬɨɱɧɹɟɦɵɯ  

ɩɚɪɚɦɟɬɪɨɜ 

 

155 

 

419 

R-ɮɚɤɬɨɪ [I > 2(I)] 0.1276 0.0472 

R-ɮɚɤɬɨɪ (ɜɫɟ ɨɬɪɚɠ.) 0.4472 0.2728 

GOOF 0.999 0.817 
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24-Ɏɟɧɢɥ-12-ɝɢɞɪɨɤɫɢ-17,17-ɞɢɦɟɬɢɥ-3-ɮɟɧɢɥ-13Н-12,15,22-

ɬɪɢɚɡɚɩɟɧɬɚɰɢɤɥɨ[10.7.1.01,10.04,9.014,19]ɷɣɤɨɡɚ-4,6,8,14(19)-ɬɟɬɪɚɟɧ-2,11,15-

ɬɪɢɨɧ 

 

Ⱥɧɧɟɥɢɪɨɜɚɧɢɟ ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ ɯɢɧɨɤɫɚɥɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ 

ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɣ ɩɨɥɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-ɬɪɢɨɧɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɟɟ ɨɫɧɨɜɟ ɧɭɤɥɟɨɮɢɥɶɧɭɸ «ɧɚɞɫɬɪɨɣɤɭ» ɧɨɜɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɪɟɚɥɢɡɭɸɬɫɹ ɞɜɚ 

ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ – ɤ ɚɬɨɦɚɦ ɋ3ɚ ɢ ɋ1 – 

ɜɬɨɪɢɱɧɚɹ ɚɬɚɤɚ ɨɛɵɱɧɨ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɚɪɨɢɥɶɧɭɸ ɢɥɢ ɥɚɤɬɚɦɧɭɸ 

ɤɚɪɛɨɧɢɥɶɧɭɸ ɝɪɭɩɩɭ [1]. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɨɜ ɫ ɢɦɢɧɨɦ 

ɞɢɦɟɞɨɧɚ ɧɟɨɠɢɞɚɧɧɨ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɢɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɚɬɚɤɢ ɫɜɨɛɨɞɧɨɣ 

ɚɦɢɧɨɝɪɭɩɩɵ ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɤɨɬɨɪɨɟ ɞɥɹ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɯɢɧɨɤɫɚɥɢɧɨɜɨɝɨ (5-ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧɨɜɨɝɨ) ɝɟɬɟɪɨɰɢɤɥɚ 

ɪɚɧɟɟ ɛɵɥɨ ɚɛɫɨɥɸɬɧɨ ɧɟ ɯɚɪɚɤɬɟɪɧɨ, ɯɨɬɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨ, ɚ ɢɦɟɧɧɨ, 

ɭɱɚɫɬɢɟ ɜ ɪɟɚɤɰɢɢ ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɟɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɋ2=Ɉ.  

Ɋɟɚɤɰɢɟɣ 3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-

ɬɪɢɨɧɚ (1) ɫ 3-ɚɦɢɧɨ-5,5-ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧ-2-ɨɧɨɦ (2) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 ɜ 

ɫɪɟɞɟ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ (ɫɢɧɬɟɡ 

Ɇɚɲɟɜɫɤɨɣ ɂ.ȼ.) ɩɨɥɭɱɟɧ 24-ɮɟɧɢɥ-12-ɝɢɞɪɨɤɫɢ-17,17-ɞɢɦɟɬɢɥ-3-ɮɟɧɢɥ-

13ɇ-12,15,22-ɬɪɢɚɡɚɩɟɧɬɚɰɢɤɥɨ[10.7.1.01,10.04,9.014,19]ɷɣɤɨɡɚ-4,6,8,14(19)-

ɬɟɬɪɚɟɧ-2,11,15-ɬɪɢɨɧ (3), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ.  

ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩ ȕ-ɋɇ ɢ NH2 ɟɧɚɦɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ɫɨɟɞɢɧɟɧɢɹ 2 ɤ ɚɬɨɦɚɦ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 3a ɢ 2 

ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 1. 
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ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɊɋȺ ɩɪɟɞɫɬɚɜɥɟɧɨ 

ɧɚ ɪɢɫ. 1. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɧɮɢɝɭɪɚɰɢɣ ɬɪɟɯ ɚɫɢɦɦɟɬɪɢɱɧɵɯ ɰɟɧɬɪɨɜ ɜ 

ɦɨɥɟɤɭɥɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɧɚɝɥɹɞɧɨ ɜɢɞɧɚ.  

 

Рис. 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 
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ɋɬɪɭɤɬɭɪɧɵɟ ɮɪɚɝɦɟɧɬɵ, ɫɨɞɟɪɠɚɳɢɟ  ɷɬɢ ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ, ɢɦɟɸɬ 

ɡɚɬɨɪɦɨɠɟɧɧɭɸ ɤɨɧɮɨɪɦɚɰɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɟɣ ɋ1-ɋ2 ɢ ɋ2-ɋ3. 

ɉɢɪɚɡɢɧɨɜɨɟ, ɩɢɩɟɪɢɞɢɧɨɜɨɟ ɢ ɩɢɪɪɨɥɶɧɨɟ ɤɨɥɶɰɨ ɢɦɟɸɬ ɤɨɧɮɨɪɦɚɰɢɸ 

«ɤɨɧɜɟɪɬɚ». ɉɟɪɟɝɢɛɵ ɩɨ ɥɢɧɢɹɦ N2…ɋ10 ɢ ɋ1…ɋ3 ɫɨɫɬɚɜɥɹɸɬ 32.9, 64.1 ɢ 

44.0 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɐɢɤɥɨɝɟɤɫɚɧɨɧɨɜɨɟ ɤɨɥɶɰɚ ɬɚɤɠɟ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ 

«ɤɨɧɜɟɪɬɚ», ɩɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ ɋ6…ɋ8 ɫɨɫɬɚɜɥɹɟɬ 45.5˚. Ɏɟɧɢɥɶɧɵɣ 

ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɚɬɨɦɟ ɋ2 ɪɚɫɩɨɥɨɠɟɧ ɜ ɩɫɟɜɞɨ-ɷɤɜɚɬɨɪɢɚɥɶɧɨɣ ɩɨɡɢɰɢɢ 

ɩɢɩɟɪɢɞɢɧɨɜɨɝɨ ɤɨɥɶɰɚ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɩɫɟɜɞɨ-ɚɤɫɢɚɥɶɧɨɣ ɩɢɪɪɨɥɶɧɨɝɨ). 

Ɇɨɥɟɤɭɥɚ ɫɬɟɪɢɱɟɫɤɢ ɧɚɩɪɹɠɟɧɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦɢ ɤɨɧɬɚɤɬɚɦɢ 

Ɉ4…ɋ10 2.66Å ɢ Ɉ5…ɋ10 2.86 Å. Ɂɚɦɟɬɧɨ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɜɨɞɨɪɨɞɧɨɣ 

ɫɜɹɡɢ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɫɜɹɡɢ ɋ9=Ɉ4 (1.242 Å). Ⱦɥɢɧɵ ɫɜɹɡɟɣ ɬɪɟɯ 

ɨɫɬɚɥɶɧɵɯ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1.207-1.222 Å. 

ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɜɹɡɚɧɵ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɨɣ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ 

ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ Ɉ1-ɇ1…Ɉ4, ɨɛɪɚɡɭɹ ɛɟɫɤɨɧɟɱɧɭɸ ɰɟɩɨɱɤɭ ɜɞɨɥɶ 

ɜɢɧɬɨɜɨɣ ɨɫɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (ɪɢɫ. 2). ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ: 

r(O1...O4) = 2.674(4) Å,  r(H1...O4) =1.91(6) Å,  ɭɝɨɥ(O1-H1...O4) = 167(6)˚. 
 

2.674

 
 

Рис. 2. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥ ɫɨɟɞɢɧɟɧɢя 3 ɜ ɤɪɢɫɬɚɥɥɟ. 

12-Ƚɢɞɪɨɤɫɢ-17,17-ɞɢɦɟɬɢɥ-3,24-ɞɢɮɟɧɢɥ-13Н-12,15,22-ɬɪɢɚɡɚ-

ɩɟɧɬɚɰɢɤɥɨ[10.7.1.01,10.04,9.014,19]ɷɣɤɨɡɚ-4,6,8,14(19)-ɬɟɬɪɚɟɧ-2,11,15-ɬɪɢɨɧ 
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(3). Ɋɚɫɬɜɨɪ 1 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ (1) ɢ 1 ɦɦɨɥɶ 3-ɚɦɢɧɨ-5,5-

ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫɟɧ-2-ɨɧɨɧɚ (2) ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ ɤɢɩɹɬɹɬ 

5 ɦɢɧ, ɨɯɥɚɠɞɚɸɬ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ. ȼɵɯɨɞ 79%, ɬ.ɩɥ. 

247-249ɋ (ɢɡ ɚɰɟɬɨɧɢɬɪɢɥɚ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ 1 : 3330 

(OH), 3190 ɲ (Nɇɢɧɞɨɥ), 1730 ɲ (ɋ3=Ɉ, ɋ4=Ɉ), 1690 (ɋ2
(ɯɢɧ.)=Ɉ),  1650 (ɋɈPh). 

ɋɩɟɤɬɪ əɆɊ 1ɇ ( ȾɆɋɈ-d6), , ɦ.ɞ.: 0.77 ɫ (3ɇ, Ɇɟ), 1.01 ɫ (3ɇ, Ɇɟ), 1.89, 

2.95 ɞ.ɞ, (2ɇ, ɋɇ2), 2.29, 2.47 ɞ. ɞ (2ɇ, ɋɇ2), 4.46 ɫ (1ɇ, ɋɇ), 6.23-8.01 ɦ (15ɇ, 

ɋ6ɇ4+2Ph+Ɉɇ), 8.94 ɫ (1ɇ, NH). ɇɚɣɞɟɧɨ, %: ɋ 72.05, ɇ 5.08, N 7.85. 

C32H27N3O5. ȼɵɱɢɫɥɟɧɨ, %: ɋ 72.03, ɇ 5.10, N 7.87. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɦɨɧɨɤɥɢɧɧɵɟ: a = 10.930(2), b = 14.067(3), c = 17.920(4) Å, ȕ = 94.70(3)°, V = 

2746.0(10) Å3, M = 533.57, dɜɵɱ. = 1.291 ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 

ɝɪɭɩɩɚ P2(1)/ɫ. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 (KUMA DIFFRACTION) 

ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ / ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ 

ɆɨK-ɢɡɥɭɱɟɧɢɢ (2 ≤ 52.14). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5578 ɨɬɪɚɠɟɧɢɹ, ɢɡ ɤɨɬɨɪɵɯ 

5408 ɧɟɡɚɜɢɫɢɦɵɯ [R(int) 0.0911]. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( 

0.088 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɭɬɨɱɧɹɥɢɫɶ ɩɨ ɩɪɢɧɰɢɩɭ «ɧɚɟɡɞɧɢɤɚ». 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SHELXL-97 ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 0.0358 ɩɨ 1301 ɨɬɪɚɠɟɧɢɹɦ ɫ 

I2(I). 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

 

1. Ɇɚɲɟɜɫɤɚɹ ɂ.ȼ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ, ɏȽɋ. 2006, 3. 
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1-(3-ɇɢɬɪɨɛɟɧɡɨɢɥɚɦɢɧɨ)-6,6-ɞɢɦɟɬɢɥ-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-

1Н-ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-[3'-ɛɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-5'-

ɨɤɫɨ-2',5'-ɞɢɝɢɞɪɨ-1'H-ɩɢɪɪɨɥ] 

 

ɇɭɤɥɟɨɮɢɥɶɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɚɧɧɟɥɢɪɨɜɚɧɧɵɯ ɩɨ ɫɬɨɪɨɧɟ [ɚ] ɪɚɡɥɢɱɧɵɦɢ ɝɟɬɟɪɨɰɢɤɥɚɦɢ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ Ɉɇ 

ɢ NH ɦɨɧɨɧɭɤɥɟɨɮɢɥɶɧɵɯ ɢ NH,NH, NH,OH, NH,SH ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ 

ɪɟɚɝɟɧɬɨɜ – ɭɞɨɛɧɵɣ ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɤɚɪɛɨɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɹɬɢ- ɢ 

ɲɟɫɬɢɱɥɟɧɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ, ɚɧɫɚɦɛɥɟɣ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ ɢ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɹɜɥɹɸɳɢɯ 

ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ [1, 2]. 

Ɋɚɧɟɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ 4-ɚɰɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 1,4-

ɛɟɧɡɨɤɫɚɡɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ – 3-ɚɪɨɢɥ-1ɇ-ɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɵ, ɪɟɚɝɢɪɭɸɬ ɫ ɡɚɦɟɳɟɧɧɵɦɢ ɚɥɤɢɥ 3-ɚɦɢɧɨɩɪɨɩ-2-ɟɧɨɚɬɚɦɢ (-

ɟɧɚɦɢɧɨɷɮɢɪɚɦɢ), ɤɚɤ ɫ 1,3-CH,NH-ɛɢɧɭɤɥɟɨɮɢɥɚɦɢ, ɩɨ ɫɯɟɦɟ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɤɬɢɜɢɪɨɜɚɧɧɨɣ ɝɪɭɩɩɵ -ɋɇ ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ -

ɟɧɚɦɢɧɨɷɮɢɪɨɜ ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 3ɚ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɦɵɤɚɧɢɟɦ ɩɢɪɪɨɥɶɧɨɝɨ ɰɢɤɥɚ 

ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɚɬɚɤɢ ɫɜɨɛɨɞɧɨɣ ɚɦɢɧɨɝɪɭɩɩɨɣ ɛɨɤɨɜɨɣ ɰɟɩɢ -

ɟɧɚɦɢɧɨɷɮɢɪɨɜ ɥɚɤɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɨɜ ɢ ɟɝɨ ɪɚɫɤɪɵɬɢɹ ɩɨ ɫɜɹɡɢ ɋ4-Ɉ5, ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɡɚɦɟɳɟɧɧɵɯ ɚɥɤɢɥ 3-ɚɪɨɢɥ-4-ɝɢɞɪɨɤɫɢ-1-ɨ-ɝɢɞɪɨɤɫɢɮɟɧɢɥ-5-ɨɤɫɨ-2,5-

ɞɢɝɢɞɪɨ-1ɇ-ɩɢɪɪɨɥ-2-ɫɩɢɪɨ-3'-(2-ɨɤɫɨ-2,3-ɞɢɝɢɞɪɨ-1H-ɩɢɪɪɨɥ-4-

ɤɚɪɛɨɤɫɢɥɚɬɨɜ) [3]. 

ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

ɝɟɬɟɪɟɧɨ[ɚ]ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɢɡɭɱɟɧɚ ɪɟɚɤɰɢɹ 3-ɛɟɧɡɨɢɥ-1ɇ-ɩɢɪɪɨɥɨ[2,1-

ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ (1) ɫ ɰɢɤɥɢɱɟɫɤɢɦ ɟɧɝɢɞɪɚɡɢɧɨɤɟɬɨɧɨɦ – N'-

(5,5-ɞɢɦɟɬɢɥ-3-ɨɤɫɨ-1-ɰɢɤɥɨɝɟɤɫɟɧ-1-ɢɥ)-3-ɧɢɬɪɨɛɟɧɡɨɝɢɞɪɚɡɢɞɨɦ (2). 

ɉɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧ 1 ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɡɚɦɟɳɟɧɧɵɦ 3-(2-

ɛɟɧɡɨɢɥɝɢɞɪɚɡɢɧɨ)-5,5-ɞɢɦɟɬɢɥɰɢɤɥɨɝɟɤɫ-2-ɟɧ-1-ɨɧɨɦ (2) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1 
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ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɚɛɫɨɥɸɬɧɨɦ ɦ-ɤɫɢɥɨɥɟ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 1-

(3-ɧɢɬɪɨɛɟɧɡɨɢɥɚɦɢɧɨ)-6,6-ɞɢɦɟɬɢɥ-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1ɇ-

ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-[3'-ɛɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-5'-ɨɤɫɨ-2',5'-

ɞɢɝɢɞɪɨ-1'H-ɩɢɪɪɨɥɚ] (3), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [4, 5].  

 

 

 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɚɬɚɤɚ ɝɪɭɩɩɚɦɢ ȕ-ɋɇ ɢ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɝɢɞɪɚɡɢɧɨɤɟɬɨɧɚ 2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ 

ɩɨɥɨɠɟɧɢɢ 3ɚ, ɤɚɤ ɨɩɢɫɚɧɨ ɞɥɹ ɪɟɚɤɰɢɣ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫ 

ɦɨɧɨɧɭɤɥɟɨɮɢɥɚɦɢ [1, 2], ɢ ɥɚɤɬɨɧɧɨɣ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ 

ɛɟɧɡɨɤɫɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 

ɪɚɫɳɟɩɥɟɧɢɟɦ ɷɬɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ ɋ4-Ɉ5. Ɂɚɦɵɤɚɧɢɟ ɨɠɢɞɚɟɦɨɝɨ 

ɩɢɪɢɞɚɡɢɧɨɧɨɜɨɝɨ ɰɢɤɥɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 4 ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɦɟɧɶɲɟɣ ɧɭɤɥɟɨɮɢɥɶɧɨɫɬɢ ɝɪɭɩɩɵ NH 
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ɛɟɧɡɨɢɥɚɦɢɞɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɪɭɩɩɨɣ NH ɟɧɚɦɢɧɨɮɪɚɝɦɟɧɬɚ 

ɜ ɰɢɤɥɢɱɟɫɤɨɦ ɟɧɝɢɞɪɚɡɢɧɨɤɟɬɨɧɟ 2.  

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɛɟɡ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɢɡɨɛɪɚɠɟɧ ɧɚ 

ɪɢɫɭɧɤɟ.  

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ 3, 

ɤɪɢɫɬɚɥɥɢɡɭɸɳɟɝɨɫɹ ɫ ɦɨɥɟɤɭɥɨɣ ɦɟɬɚɧɨɥɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1: 1.5. Ɉɞɧɚ 

ɦɨɥɟɤɭɥɚ ɦɟɬɚɧɨɥɚ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɨɛɳɟɣ ɩɨɡɢɰɢɢ. Ⱥɬɨɦ ɤɢɫɥɨɪɨɞɚ ɜɬɨɪɨɣ 

ɦɨɥɟɤɭɥɵ ɦɟɬɚɧɨɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ ɫɢɦɦɟɬɪɢɢ, ɚ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɪɚɡɭɩɨɪɹɞɨɱɟɧ ɩɨ ɞɜɭɦ ɩɨɡɢɰɢɹɦ. ɉɪɢ ɷɬɨɦ 

ɦɨɥɟɤɭɥɚ ɩɨɞɜɟɪɠɟɧɚ ɛɨɥɶɲɢɦ ɬɟɩɥɨɜɵɦ ɤɨɥɟɛɚɧɢɹɦ.  
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ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɛɳɟɩɪɢɧɹɬɵɯ 

ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹɯ. ɉɥɨɫɤɨɫɬɢ ɛɟɧɡɨɥɶɧɵɯ ɤɨɥɟɰ 

ɝɢɞɪɨɤɫɢɮɟɧɢɥɶɧɨɝɨ ɢ ɛɟɧɡɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɟɣ ɤɨɩɥɚɧɚɪɧɵ (178.1°) ɢ 

ɨɛɪɚɡɭɸɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɢɪɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ ɞɜɭɝɪɚɧɧɵɟ ɭɝɥɵ ɛɥɢɡɤɢɟ ɤ 60° 

(62.6 ɢ 61.2°). Ȼɟɧɡɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɧɟɩɥɨɫɤɢɣ. Ɍɨɪɫɢɨɧɧɵɣ ɭɝɨɥ 

Ɉ6ɋ20ɋ21ɋ22 ɪɚɜɟɧ -40.9°. ȼɵɯɨɞ ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɢɡ ɩɥɨɫɤɨɫɬɢ 

ɛɟɧɡɨɥɶɧɨɝɨ ɤɨɥɰɚ ɫɨɫɬɚɜɥɹɟɬ 0.83 Å, ɚ ɢɡ ɩɥɨɫɤɨɫɬɢ ɩɢɪɪɨɥɶɧɨɝɨ ɤɨɥɶɰɚ – 

0.58 Å. Ɉɪɢɟɧɬɚɰɢɹ ɛɟɧɡɨɢɥɚɦɢɧɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ C1N2N1C27 84.8 N2N1C27O7 13.3  ɢ N1C27C28C29 

25.1°. ɉɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ ɋ9…ɋ11 ɫɨɫɬɚɜɥɹɟɬ 45.3° ɜ ɫɬɨɪɨɧɭ 

ɝɢɞɪɨɤɫɢɮɟɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ N3. ȼ ɦɨɥɟɤɭɥɟ ɚɬɨɦ ɤɢɫɥɨɪɨɞɚ 

ɝɢɞɪɨɤɫɢɮɟɧɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɪɚɡɭɟɬ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɭɸ ɜɢɥɨɱɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɫ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ Ɉ4 ɢ 

ɚɡɨɬɚ N3. Ɇɨɥɟɤɭɥɚ ɦɟɬɚɧɨɥɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɨɛɳɟɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ 

ɩɨɡɢɰɢɢ, ɫɜɹɡɵɜɚɟɬ ɨɫɧɨɜɧɵɟ ɦɨɥɟɤɭɥɵ ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ ɬɢɩɚ O10-

H10…O6 ɢ O2-H2…O10 ɜ ɛɟɫɤɨɧɟɱɧɭɸ ɰɟɩɨɱɤɭ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɚ ɹɱɟɣɤɢ. 

ȼ ɷɬɨɣ ɠɟ ɰɟɩɨɱɤɟ ɢ ɫɚɦɢ ɦɨɥɟɤɭɥɵ ɫɜɹɡɚɧɵ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ N1-H1…O3, 

ɨɞɧɚɤɨ, ɫɭɞɹ ɩɨ ɪɚɫɫɬɨɹɧɢɸ, ɨɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɚɛɚ. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɵɯ 

ɫɜɹɡɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

 

Ɍɚɛɥɢɰɚ. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɟ ɫɨɟɞɢɧɟɧɢɹ 3. 

D-H r(D-H) Å r(H..A) Å <DHA° r(D..A) Å A 

O5-H5 1.016 2.036 133.97 2.838 O4 

O5-H5 1.016 2.138 124.94 2.844 N3 

N1-H1 0.836 2.084 176.29 2.918 O3 

[x+1,y,z] 

O10-H10 1.076 1.687 170.64 2.754 O6 

O2-H2 1.019 1.644 144.06 2.540 O10 

 [x-1,y,z] 
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6,6-Ⱦɢɦɟɬɢɥ-1-(3-ɧɢɬɪɨɛɟɧɡɨɢɥɚɦɢɧɨ)-2,4-ɞɢɨɤɫɨ-2,3,4,5,6,7-ɝɟɤɫɚɝɢɞɪɨ-1Н-

ɢɧɞɨɥ-3-ɫɩɢɪɨ-2'-[3'-ɛɟɧɡɨɢɥ-4'-ɝɢɞɪɨɤɫɢ-1'-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-5'-ɨɤɫɨ-

2',5'-ɞɢɝɢɞɪɨ-1'Н-ɩɢɪɪɨɥ] (3). Ɋɚɫɬɜɨɪ 1.0 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 1.0 ɦɦɨɥɶ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɟɧɝɢɞɪɚɡɢɧɚ 2 ɜ 10 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɦ-ɤɫɢɥɨɥɚ ɤɢɩɹɬɢɥɢ 10 

ɦɢɧɭɬ, ɨɯɥɚɠɞɚɥɢ, ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 87%, ɬ.ɩɥ. 230-

232ɋ (ɢɡ ɦɟɬɚɧɨɥɚ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3377 ɲ, 3214 ɲ (NH, 

Ɉɇ), 1771, 1698 (ɋ2=Ɉ, ɋ5'=Ɉ), 1655, 1620, 1605 (ɋɈPh, ɋ4'=Ɉ, NHCOC6H4NO2-

ɦ), 1524 («ɚɦɢɞ II»). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 0.80 ɫ (3ɇ, Me), 0.86 ɫ 

(3ɇ, Me), 2.03, 2.14 ɞ.ɞ (2ɇ, ɋ7ɇ2, J = 15.9 Ƚɰ), 2.26, 2.42 ɞ.ɞ (2ɇ, ɋ5ɇ2, J = 18.5 

Ƚɰ), 6.76-8.51 ɝɪ.ɫ (13ɇ, Ph + 2C6H4), 9.35 ɫ (1ɇ, Ɉɇ ɮɟɧɨɥ.), 12.03 c (1H, NH), 

12.40 ɭɲ.ɫ (1ɇ, Ɉɇ ɟɧɨɥ.). ɇɚɣɞɟɧɨ, %: ɋ 62.57; H 4.01; N 9.50. ɋ33ɇ26N4O9. 

ȼɵɱɢɫɥɟɧɨ, %: ɋ 63.66; H 4.21; N 9.00. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɋ33H26N4O9·1.5CH3OH ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 8.828(2), b = 

10.513(2), c = 17.940(4) Å, α = 91.30(3),  = 94.61(3), γ = 99.16(3), V = 

1637.4(6) Å3, M = 670.64, dɜɵɱ. = 1.360 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 

(2 ≤ 50.18). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5824 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ [R(int)=0.0373]. 

ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (=0.102 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ 

ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [6] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ 

ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɢ ɚɦɢɧɧɨɣ 

ɝɪɭɩɩ, ɚ ɬɚɤɠɟ ɦɨɥɟɤɭɥɵ ɦɟɬɚɧɨɥɚ ɜ ɨɛɳɟɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɩɨɡɢɰɢɢ, 

ɥɨɤɚɥɢɡɨɜɚɧɵ  ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ɉɫɬɚɥɶɧɵɟ 

ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ 

ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXL-97 [7] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0552 ɢ 

wR2 = 1462  ɩɨ 2368 ɨɬɪɚɠɟɧɢɹɦ ɫ I2(I). GooF = 0.911. 
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3-[3,3-Ⱦɢɦɟɬɢɥ-2-ɨɤɫɨ-1-(3-ɨɤɫɨ-3,4-ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)ɛɭɬɢɥ]-1-

ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧ-2(1Н)-ɨɧ 

 

3-Ⱥɪɨɢɥ- ɢ 3-ɝɟɬɟɪɨɢɥɡɚɦɟɳɟɧɧɵɟ ɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-

1,2,4(5ɇ)-ɬɪɢɨɧɵ ɩɨɤɚɡɚɥɢ ɫɟɛɹ ɭɞɨɛɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɩɨɥɢɤɚɪɛɨɧɢɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɚɡɚɝɟɬɟɪɨɰɢɤɥɨɜ ɢ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ⱦɥɹ ɧɢɯ ɯɚɪɚɤɬɟɪɧɵ ɪɟɚɤɰɢɢ 

ɝɟɬɟɪɨɰɢɤɥɢɡɚɰɢɢ («ɧɚɞɫɬɪɨɣɤɚ» ɧɨɜɵɯ ɝɟɬɟɪɨɰɢɤɥɨɜ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ [1-5]. ȼɜɟɞɟɧɢɟ ɨɛɴɟɦɧɨɣ ɬɪɟɬ-ɛɭɬɢɥɶɧɨɣ 

ɝɪɭɩɩɵ ɜ ɚɰɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɜ ɩɨɥɨɠɟɧɢɢ 3 ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 

ɦɨɝɥɨ ɤɚɪɞɢɧɚɥɶɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɫ ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ 4-ɚɥɤɨɤɫɚɥɢɥ- ɢ 4-ɚɪɨɢɥɡɚɦɟɳɟɧɧɵɟ ɦɨɧɨɰɢɤɥɢɱɟɫɤɢɟ 

1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ ɩɨ ɫɯɟɦɟ ɫ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɨɣ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɚɰɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 ɩɢɪɪɨɥɞɢɨɧɨɜ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɵɯ ɩɢɪɪɨɥɨ[2,3-b][1,4]ɛɟɧɡɨɞɢɚɡɟɩɢɧ-2,3-ɞɢɨɧɨɜ [6, 

7]. 4-Ⱥɪɨɢɥ- ɢ 4-ɝɟɬɟɪɨɢɥɡɚɦɟɳɟɧɧɵɟ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɵ, ɚɧɧɟɥɢɪɨɜɚɧɧɵɟ 

ɫ ɯɢɧɨɤɫɚɥɢɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ – 3-ɚɪɨɢɥ- ɢ 3-ɝɟɬɟɪɨɢɥɩɢɪɪɨɥɨ[1,2-

ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4-(5ɇ)-ɬɪɢɨɧɵ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ ɩɨ 

ɚɧɚɥɨɝɢɱɧɨɣ ɫɯɟɦɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 8-ɚɪɢɥ- ɢ 8-ɝɟɬɚɪɢɥ-9,14-

ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧɨ[1',2':1,2]ɩɢɪɪɨɥɨ[2,3-b][1,5]ɛɟɧɡɨɞɢɚɡɟɩɢɧ-6,7,15(16ɇ)-

ɬɪɢɨɧɨɜ [1, 2]. ȼ ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 4-

ɚɰɢɥɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ, ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 3-

ɩɢɜɚɥɨɢɥɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4(5ɇ)-ɬɪɢɨɧɚ (1) ɫ ɨ-

ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ (2). 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 1 ɫ ɨ-

ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ (2), ɜɡɹɬɵɦɢ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɢ ɤɢɩɹɱɟɧɢɢ ɜ ɫɪɟɞɟ 

ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɫ ɜɵɫɨɤɢɦ 
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ɜɵɯɨɞɨɦ ɛɟɫɰɜɟɬɧɨɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ, ɫɬɪɭɤɬɭɪɭ ɤɨɬɨɪɨɝɨ ɩɨ 

ɞɚɧɧɵɦ ɂɄ ɢ əɆɊ ɫɩɟɤɬɪɨɜ ɧɟ ɭɞɚɥɨɫɶ ɨɩɪɟɞɟɥɢɬɶ ɨɞɧɨɡɧɚɱɧɨ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ 

ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɟɟ ɢɡɭɱɟɧɢɹ ɦɟɬɨɞɨɦ ɊɋȺ. Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

3-[3,3-ɞɢɦɟɬɢɥ-2-ɨɤɫɨ-1-(3-ɨɤɫɨ-3,4-ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ)ɛɭɬɢɥ]-1-

ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧ-2(1H)-ɨɧ (3) [8]. 

 

 

 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɚɬɚɤɢ ɚɦɢɧɨɝɪɭɩɩɚɦɢ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ (2) ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɢ 1 ɢ 2 ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 1 ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 

ɪɚɫɳɟɩɥɟɧɢɟɦ ɫɜɹɡɢ ɋ1-N10.  

Ɋɟɚɥɢɡɚɰɢɹ ɢɧɨɝɨ, ɱɟɦ ɨɩɢɫɚɧɨ ɞɥɹ ɪɟɚɤɰɢɣ 3-ɚɪɨɢɥ- ɢ 3-

ɝɟɬɟɪɨɢɥɡɚɦɟɳɟɧɧɵɯ ɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4-(5ɇ)-ɬɪɢɨɧɨɜ [1, 2], 

ɧɚɩɪɚɜɥɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 3-ɩɢɜɚɥɨɢɥɡɚɦɟɳɟɧɧɨɝɨ ɩɢɪɪɨɥɨ[1,2-

ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4-(5ɇ)-ɬɪɢɨɧɚ (1) ɫ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɨɦ (2), ɜɟɪɨɹɬɧɨ, 

ɨɛɭɫɥɨɜɥɟɧɨ ɫɬɟɪɢɱɟɫɤɢɦɢ ɡɚɬɪɭɞɧɟɧɢɹɦɢ ɧɭɤɥɟɨɮɢɥɶɧɨɣ ɚɬɚɤɢ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɩɢɜɚɥɨɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ, ɫɨɡɞɚɜɚɟɦɵɦɢ ɨɛɴɟɦɧɨɣ 

ɬɪɟɬ-ɛɭɬɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɚ ɬɚɤɠɟ, ɜɨɡɦɨɠɧɨ, ɢɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 



 86 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜ 3-ɩɢɜɚɥɨɢɥɩɢɪɪɨɥɨ[1,2-ɚ]ɯɢɧɨɤɫɚɥɢɧ-1,2,4-(5ɇ)-

ɬɪɢɨɧɟ (1) ɜɫɥɟɞɫɬɜɢɟ ɫɢɥɶɧɨɝɨ ɷɥɟɤɬɨɪɨɧɨɞɨɧɨɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɷɬɨɣ ɝɪɭɩɩɵ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɩɢɫɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɢɦɟɪ 

ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɧɟɟ ɦɚɥɨɞɨɫɬɭɩɧɵɯ ɛɢɫ-ɯɢɧɨɤɫɚɥɢɧɨɜɵɯ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ ɜ ɨɛɨɢɯ ɯɢɧɨɤɫɚɥɢɧɨɜɵɯ 

ɮɪɚɝɦɟɧɬɚɯ. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫ. 1. 

 

 

Рис. 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɨɛɳɟɩɪɢɧɹɬɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɣ. Ɉɞɢɧɚɤɨɜɵ 

ɦɟɠɚɬɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɜ ɞɜɭɯ ɯɢɧɨɤɫɚɥɢɧɨɜɵɯ ɮɪɚɝɦɟɧɬɚɯ ɫ 

ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ ɋ2=N2 1.295 ɢ ɋ4=N3 1.303 Å. 

ɉɥɨɫɤɨɫɬɢ ɯɢɧɨɤɫɚɥɢɧɨɜɵɯ ɝɪɭɩɩ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɫɤɪɟɳɟɧɧɨɣ ɤɨɧɮɨɪɦɚɰɢɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɟɣ ɋ2-ɋ3 ɢ ɋ4-ɋ3 ɢ ɨɛɪɚɡɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɞɜɭɝɪɚɧɧɵɣ 

ɭɝɨɥ 75.5º. ȼ ɤɪɢɫɬɚɥɥɟ ɦɨɥɟɤɭɥɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ɩɪɨɱɧɨ ɫɜɹɡɚɧɧɵɯ 
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ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦɢ ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ ɬɢɩɚ N4-H4…O2 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɯ ɞɢɦɟɪɧɵɯ ɚɫɫɨɰɢɚɬɨɜ (ɫɦ. ɪɢɫ. 2). 

 

 

Рис. 2. Ⱦɢɦɟɪɧыɣ ɚɫɫɨɰɢɚɬ ɫɨɟɞɢɧɟɧɢя 3. 

 

ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ: N4…O2 2.79 Å, H4…O2 1.86 Å, ɭɝɨɥ ɩɪɢ 

ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ 174º. ɍɱɚɫɬɢɟɦ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ, ɜɟɪɨɹɬɧɨ, 

ɨɛɭɫɥɨɜɥɟɧɨ ɭɞɥɢɧɟɧɢɟ ɫɜɹɡɢ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɋ5=Ɉ2 ɞɨ 1.233 Å. 

Ɍɚɤɠɟ ɭɞɥɢɧɟɧɚ ɢ ɫɜɹɡɶ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɋ1=Ɉ1 ɞɨ 1.239 Å, ɜ ɬɨ ɜɪɟɦɹ 

ɤɚɤ ɜ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɋ24=Ɉ3 ɨɧɚ ɢɦɟɟɬ ɨɛɵɱɧɨɟ ɞɥɹ ɤɚɪɛɨɧɢɥɶɧɵɯ 

ɝɪɭɩɩ ɡɧɚɱɟɧɢɟ 1.199 Å. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɢ ɚɬɨɦ Ɉ1 ɨɛɪɚɡɭɟɬ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ 

ɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɦɨɥɟɤɭɥɨɣ ɜɨɞɵ. Ɋɚɫɫɬɨɹɧɢɟ Ɉ1…Ɉ29 ɪɚɜɧɨ 3.17 Å, 

ɱɬɨ ɜɟɥɢɤɨ ɞɥɹ ɫɢɥɶɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ, ɨɞɧɚɤɨ ɬɨɱɧɨɫɬɶ ɥɨɤɚɥɢɡɚɰɢɢ 

ɚɬɨɦɚ ɤɢɫɥɨɪɨɞɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɨɞɵ ɧɟɜɵɫɨɤɚ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɢɯ 

ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɦɚɥɨɝɨ ɱɢɫɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ. 

 

3-(3,3-Ⱦɢɦɟɬɢɥ-2-ɨɤɫɨ-1-(3-ɨɤɫɨ-3,4-ɞɢɝɢɞɪɨɯɢɧɨɤɫɚɥɢɧ-2-

ɢɥ)ɛɭɬɢɥ)-1-ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧ-2(1H)-ɨɧ (3). Ʉ 3.4 ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ (1) ɜ 

40 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ ɩɪɢɥɢɥɢ ɪɚɫɬɜɨɪ 3.4 ɦɦɨɥɶ ɨ-ɮɟɧɢɥɟɧɞɢɚɦɢɧɚ 

(2) ɜ 30 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɛɟɧɡɨɥɚ, ɤɢɩɹɬɢɥɢ 15 ɦɢɧ (ɞɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɬɟɦɧɨ-

ɮɢɨɥɟɬɨɜɨɣ ɨɤɪɚɫɤɢ ɢɫɯɨɞɧɨɝɨ ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 1). Ɉɯɥɚɠɞɚɥɢ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 92%, ɬ.ɩɥ. 198-200ºɋ 
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(ɚɰɟɬɨɧɢɬɪɢɥ). ɂɄ ɫɩɟɤɬɪ, , ɫɦ-1: 1665 (C=O, t-BuCO), 3150 (NH). ɋɩɟɤɬɪ 

əɆɊ 1ɇ, , ɦ.ɞ.: 1.22 ɫ (9ɇ, ɋMe3), 6.44 ɫ (1ɇ), 6.64 ɞ (1ɇ, ɇ8, J 7.4 Ƚɰ), 

7.29-7.73 ɝɪ. ɫ (12ɇ, Ph+ɇ5-7+ɇ5'-8'), 12.57 c (1H, NH). ɋɩɟɤɬɪ əɆɊ 13ɋ: 

26.88 (3Ɇɟ), 44.44 (ɋMe3), 54.00 (ɋɇ), 115.25-135.37 (ɋɚɪɨɦ.), 153.00 (ɋ3'=Ɉ), 

153.69 (ɋ2=Ɉ), 157.61 (ɋ3), 157.87 (ɋ2'), 209.52 (t-BuCO). ɇɚɣɞɟɧɨ, %: 72.41; 

H 5.28; N 12.00. C28H24N4O3. ȼɵɱɢɫɥɟɧɨ, %: 72.40; H 5.21; N 12.06. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

C28H24N4O3·H2O ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 13.640(3), b = 

11.573(2), c = 8.540(2) Å, α = 73.94(3),  = 88.96(3), Ȗ = 83.97(3),V = 1288.1(5) 

Å3, M = 482.53, dɜɵɱ. = 1.244 ɝ/ɫɦ3, Z = 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P1. 

ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɢ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɢɡɦɟɪɟɧɵ ɜ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA 

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

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ (2 ≤ 50.2). Ʉɪɢɫɬɚɥɥɵ ɫɥɚɛɨ 

ɨɬɪɚɠɚɸɳɢɟ. ɂɡ ɢɡɦɟɪɟɧɧɵɯ 4226 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ ɬɨɥɶɤɨ 1071 

ɨɤɚɡɚɥɢɫɶ ɫ I  2(I) [Rint = 0.0787]. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 

0.085 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [9] ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ 

(ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ, 

ɤɨɬɨɪɵɟ ɧɟ ɨɩɪɟɞɟɥɟɧɵ) ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɭɬɨɱɧɹɥɢɫɶ ɆɇɄ ɬɨɥɶɤɨ ɢɯ 

ɩɨɡɢɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ 

ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [10] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 

0.0840, wR2 = 0.2026 ɩɨ ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I), GOOF = 0.800. 
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4'-Ƚɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-3',4,5-ɬɪɢɨɤɫɨɬɪɢɨɤɫɨɨɤɬɚɝɢɞɪɨ-1'Н-

ɫɩɢɪɨ[ɩɢɪɪɨɥɢɞɟɧ-2,2'-ɯɢɧɨɤɫɚɥɢɧ]-1'-ɢɥ ɛɟɧɡɨɚɬ 

 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɧɭɤɥɟɨɮɢɥɶɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ 3-ɚɪɨɢɥ-2,4-ɞɢɝɢɞɪɨ-1ɇ-

ɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɛɢɧɭɤɥɟɨɮɢɥɶɧɵɯ ɪɟɚɝɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɢɧɬɟɪɟɫɧɵɦ ɜɨɜɥɟɱɶ ɢɯ ɜ 

ɪɟɚɤɰɢɸ ɫ 1,2-ɞɢɝɢɞɪɨɤɫɢɥɚɦɢɧɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɫɥɟɞɧɢɯ ɫ 

ɩɨɥɢɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢ ɟɧɨɧɚɦɢ ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɵɦ ɦɟɬɨɞɨɦ 

ɫɢɧɬɟɡɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɡɚɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ N-ɨɤɫɢɞɨɜ(ɝɢɞɪɨɤɫɢ) 

ɩɢɪɚɡɢɧɚ [1] ɢ 1,4-ɞɢɚɡɟɩɢɧɚ [2]. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 3-ɛɟɧɡɨɢɥɩɢɪɪɨɥɨ[2,1-c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-

ɬɪɢɨɧɚ (1) ɫ 1,2-ɞɢ(ɝɢɞɪɨɤɫɢɚɦɢɧɨ)ɰɢɤɥɨɝɟɤɫɚɧɨɦ (2), ɜɡɹɬɵɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 

1:1 ɢ ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɤɢɩɹɱɟɧɢɹ ɜ ɚɛɫɨɥɸɬɧɨɦ 

ɚɰɟɬɨɧɢɬɪɢɥɟ ɜ ɬɟɱɟɧɢɢ 3 ɦɢɧ, ɩɨɥɭɱɟɧ 4'-ɝɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-

3',4,5-ɬɪɢɨɤɫɨɨɤɬɚɝɢɞɪɨ-1'ɇ-ɫɩɢɪɨ[ɩɢɪɪɨɥɢɞɟɧ-2,2'-ɯɢɧɨɤɫɚɥɢɧ]-1'-ɢɥ 

ɛɟɧɡɨɚɬ 3, ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɩɨ ɞɚɧɧɵɦ ɊɋȺ [3]. 
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ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɪɟɚɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɧɭɤɥɟɨɮɢɥɶɧɚɹ 

ɚɬɚɤɚ ɝɪɭɩɩɚɦɢ NH ɪɟɚɝɟɧɬɚ 2 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɩɨɥɨɠɟɧɢɹɯ 3ɚ ɢ 4 

ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɫ ɪɚɫɤɪɵɬɢɟɦ ɨɤɫɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ ɩɨ ɫɜɹɡɢ C4-

Ɉ5 ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɪɟɰɢɤɥɢɡɚɰɢɢ 4. ɋɨɟɞɢɧɟɧɢɟ 4 ɜ 

ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɪɟɬɟɪɩɟɜɚɟɬ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɭ ɜ ɫɨɟɞɢɧɟɧɢɟ 3, ɜɟɪɨɹɬɧɨ, 

ɜɫɥɟɞɫɬɜɢɟ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɝɪɭɩɩɵ Ɉɇ ɜ ɩɨɥɨɠɟɧɢɢ 1' 

ɤ ɚɬɨɦɭ ɭɝɥɟɪɨɞɚ ɛɟɧɡɨɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 

ɢɡɨɤɫɚɡɨɥɢɞɢɧɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɡɪɵɜɚ ɫɜɹɡɢ ɋ4-ɋ5 ɜ ɧɟɦ [4]. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

 

 
Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɛɵɱɧɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɣ. ɉɢɪɚɡɢɧɨɜɨɟ ɤɨɥɶɰɨ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ ɫɥɚɛɨ 

ɢɫɤɚɠɟɧɧɨɝɨ «ɤɨɧɜɟɪɬɚ». ɉɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ N2…C12 ɫɨɫɬɚɜɥɹɟɬ 53.2, ɚ 

ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɋ13 ɨɬ ɫɪɟɞɧɟɣ ɩɥɨɫɤɨɫɬɢ ɨɫɬɚɥɶɧɵɯ ɩɹɬɢ ɚɬɨɦɨɜ 

0.71 Å. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɚɬɨɦɚ ɚɡɨɬɚ N1 ɩɪɚɤɬɢɱɟɫɤɢ ɩɥɨɫɤɚɹ (ɫɭɦɦɚ ɜɚɥɟɧɬɧɵɯ 
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ɭɝɥɨɜ 359.4), ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɚɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ 

O1-H1...O2, ɪɚɜɧɨɣ 2.635(5) Å. Ⱥɬɨɦ ɚɡɨɬɚ N2 ɩɢɪɚɦɢɞɚɥɶɧɵɣ. ɋɭɦɦɚ 

ɜɚɥɟɧɬɧɵɯ ɭɝɥɨɜ ɩɪɢ ɧɟɦ ɪɚɜɧɚ 320.7. ɉɥɨɫɤɢɣ ɛɟɧɡɨɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ 

ɩɪɢ N2 ɢɦɟɟɬ ɛɢɫɟɤɬɪɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɢɪɚɡɢɧɨɜɨɝɨ ɰɢɤɥɚ, 

ɩɪɢ ɷɬɨɦ ɫɜɹɡɶ ɋ18=Ɉ6 ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɟɩɨɞɟɥɟɧɧɨɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɵ ɚɬɨɦɚ ɚɡɨɬɚ. Ɇɨɥɟɤɭɥɵ, ɪɚɡɦɧɨɠɟɧɧɵɟ ɩɥɨɫɤɨɫɬɶɸ 

ɫɤɨɥɶɡɹɳɟɝɨ ɨɬɪɚɠɟɧɢɹ n, ɫɜɹɡɚɧɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ 

ɬɢɩɚ O1-H1...O4 [2.872(6) Å], ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ O1-H1 

ɨɛɪɚɡɭɟɬ ɜɢɥɨɱɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ, ɭɱɚɫɬɜɭɹ ɜɨ ɜɧɭɬɪɢ- ɢ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɫɜɹɡɹɯ. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ O1-H1...O2: r(D-H) 

1.06(7) Å, r(H...A) 2.17(6) Å, r(D…A) 2.635(5) Å, <(DHA) 104(4). Ɇɨɥɟɤɭɥɚ 

ɚɰɟɬɨɧɚ ɫɜɹɡɚɧɚ ɫ ɨɫɧɨɜɧɨɣ ɦɨɥɟɤɭɥɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ O7-H7...O8 

(2.887(7) Å). ɂɧɵɯ ɭɤɨɪɨɱɟɧɧɵɯ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɧɬɚɤɬɨɜ ɜ ɤɪɢɫɬɚɥɥɟ 

ɧɟɬ. 

4'-Ƚɢɞɪɨɤɫɢ-1-(2-ɝɢɞɪɨɤɫɢɮɟɧɢɥ)-3',4,5-ɬɪɢɨɤɫɨɨɤɬɚɝɢɞɪɨ-1'Н-

ɫɩɢɪɨ[ɩɢɪɪɨɥɢɞɟɧ-2,2'-ɯɢɧɨɤɫɚɥɢɧ]-1'-ɢɥ ɛɟɧɡɨɚɬ (3). Ɋɚɫɬɜɨɪ 1 ɦɦɨɥɶ 1,2-

ɛɢɫ(ɞɢɝɢɞɪɨɤɫɢɥɚɦɢɧɨ)ɰɢɤɥɨɝɟɤɫɚɧɚ (2) ɜ 30 ɦɥ ɫɭɯɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ 

ɞɨɛɚɜɢɥɢ ɩɨ ɤɚɩɥɹɦ ɤ ɪɚɫɬɜɨɪɭ 1 ɦɦɨɥɶ ɩɢɪɪɨɥɨɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɜ 30 ɦɥ 

ɫɭɯɨɝɨ ɚɰɟɬɨɧɢɬɪɢɥɚ, ɤɢɩɹɬɢɥɢ 3 ɦɢɧ, ɨɯɥɚɞɢɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ 

ɨɬɮɢɥɶɬɪɨɜɚɥɢ, ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɚɰɟɬɨɧɚ. ȼɵɯɨɞ 78%, ɬ. ɪɚɡɥ. 210-

212ɋ. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ-1: 3410, 3320 ɲ (Ɉɇ), 1780 

(ɋɈN), 1760 (ɈɋɈ), 1740 (ɋ3=Ɉ), 1690 (ɋɈɋ6ɇ4). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), 

, ɦ.ɞ.: 1.27 ɬ (2ɇ, ɋɇ2), 1.51, 2.03 ɞ.ɞ (2ɇ, ɋɇ2, Ⱥȼ-ɫɢɫɬɟɦɚ, J = 15.3 Ƚɰ), 1.74 

ɦ (4ɇ, 2ɋɇ2), 3.65 ɬ (1ɇ, ɋɇ), 3.75 ɦ (1ɇ, ɋɇ), 3.10, 3.66 ɞ.ɞ (2ɇ, ɋɇ2, Ⱥȼ-

ɫɢɫɬɟɦɚ, J = 15.3 Ƚɰ), 7.35 ɦ (9ɇ, ɋ6ɇ5+ɋ6ɇ4), 8.83 ɫ (1ɇ, Ɉɇɮɟɧɨɥ), 10.54 ɫ 

(1ɇ, Ɉɇ).  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ 

ɋ24H23N3O7·(CH3)2CO·ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 13.706(3), b 

= 11.437(2), c = 17.046(3) Å,  = 108.50(3), Ȗ 104.32(3), V = 2589.0(9) Å3, M = 

523.53, dɜɵɱ. = 1.343 ɝ/ɫɦ3, Z = 2, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P2(1)/n. ɇɚɛɨɪ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ 

/ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɋuK-ɢɡɥɭɱɟɧɢɢ (2 ≤ 

160.48). ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5027 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ (Rint = 0.0688). 

ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.834 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ 

ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [5] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ 

ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ 

ɨɛɴɟɤɬɢɜɧɨ ɜɵɹɜɥɟɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

Ɉɫɬɚɥɶɧɵɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ 

ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟ ɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ 

SHELX-97 [6] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0872 ɩɨ 19384 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). 

GɈɈF = 0.919. 
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6-[Ɇɟɡɢɬɢɥɢɦɢɧɨ(4-ɦɟɬɢɥɮɟɧɢɥ)ɦɟɬɢɥ]-2-ɦɟɬɢɥɛɟɧɡɨ[ɚ]ɮɟɧɚɡɢɧ-5-ɨɥ 

 

Ɍɟɪɦɢɱɟɫɤɨɟ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ N-ɚɪɢɥɡɚɦɟɳɟɧɧɵɯ 1ɇ-ɩɢɪɪɨɥ-2,3-

ɞɢɨɧɨɜ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɪɭɤɬɭɪɵ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɩɨɥɨɠɟɧɢɢ 4 

ɩɢɪɪɨɥɞɢɨɧɨɜɨɝɨ ɰɢɤɥɚ, ɩɪɢɜɨɞɢɬ ɤ ɝɟɧɟɪɢɪɨɜɚɧɢɸ N-ɚɪɢɥɡɚɦɟɳɟɧɧɵɯ 

ɢɦɢɞɨɢɥɤɟɬɟɧɨɜ, ɤɨɬɨɪɵɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ ɋɇ-

ɚɰɢɥɢɪɨɜɚɧɢɹ ɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɨɪɬɨ-ɩɨɥɨɠɟɧɢɹ N-ɚɪɢɥɶɧɨɝɨ ɰɢɤɥɚ ɫ 

ɨɛɪɚɡɨɜɚɧɢɟɦ 4-ɯɢɧɨɥɨɧɨɜ [1-3]. Ɍɟɪɦɢɱɟɫɤɨɟ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ 4-

ɧɟɡɚɦɟɳɟɧɧɨɝɨ N-ɦɟɡɢɬɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ ɩɪɢɜɨɞɢɬ ɤ ɝɟɧɟɪɢɪɨɜɚɧɢɸ 

N-ɦɟɡɢɬɢɥɡɚɦɟɳɟɧɧɨɝɨ ɢɦɢɞɨɢɥɤɟɬɟɧɚ, ɭ ɤɨɬɨɪɨɝɨ ɨɛɚ ɨɪɬɨ-ɩɨɥɨɠɟɧɢɹ N-

ɚɪɢɥɶɧɨɝɨ ɰɢɤɥɚ ɡɚɧɹɬɵ. ɋɬɚɛɢɥɢɡɚɰɢɹ ɬɚɤɨɝɨ ɤɟɬɟɧɚ ɩɪɨɬɟɤɚɟɬ ɬɚɤɠɟ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨ, ɧɨ ɩɨ ɢɧɨɣ ɫɯɟɦɟ – ɫ Cɇ-ɚɰɢɥɢɪɨɜɚɧɢɟɦ ɨɪɬɨ-

ɦɟɬɢɥɶɧɨɣ ɝɪɭɩɩɵ N-ɦɟɡɢɬɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ 6,8-ɞɢɦɟɬɢɥ-

1,4-ɞɢɝɢɞɪɨɯɢɧɨɥɢɧɚ [4]. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 5-(4-ɦɟɬɢɥɮɟɧɢɥ)-4-[3-(4-

ɦɟɬɢɥɮɟɧɢɥ)ɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ]-ɮɭɪɚɧ-2,3-ɞɢɨɧɚ (1) ɫ ɦɟɡɢɬɢɥɚɦɢɧɨɦ ɩɨɥɭɱɟɧ 

1-ɦɟɡɢɬɢɥ-5-(4-ɦɟɬɢɥɮɟɧɢɥ)-4-[3-(4-ɦɟɬɢɥɮɟɧɢɥ)ɯɢɧɨɤɫɚɥɢɧ-2-ɢɥ]-1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧ (2), ɜɵɞɟɪɠɢɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ ɚɩɪɨɬɨɧɧɨɝɨ 

ɪɚɫɬɜɨɪɢɬɟɥɹ (ɞɚɭɬɟɪɦɚ Ⱥ) ɩɪɢ 185-187ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢɜɨɞɢɬ ɤ 

ɝɟɧɟɪɢɪɨɜɚɧɢɸ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɞɢ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɚ 3, ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨɫɹ 

ɩɭɬɟɦ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɧɨɜɨɝɨ ɬɢɩɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 6-

[ɦɟɡɢɬɢɥɢɦɢɧɨ(4-ɦɟɬɢɥɮɟɧɢɥ)ɦɟɬɢɥ]-2-ɦɟɬɢɥɛɟɧɡɨ[ɚ]ɮɟɧɚɡɢɧ-5-ɨɥɚ (4), 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ [5].  

ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɢ 

ɩɢɪɪɨɥɞɢɨɧɚ 2 ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ ɞɢ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧ 3 ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɩɭɬɟɦ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɝɨ CH-ɚɰɢɥɢɪɨɜɚɧɢɹ ɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɨɪɬɨ-

ɩɨɥɨɠɟɧɢɹ ɩ-ɬɨɥɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɯɢɧɨɤɫɚɥɢɧɨɜɨɦ ɮɪɚɝɦɟɧɬɟ. 

ɍɤɚɡɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɵɣ ɫɥɭɱɚɣ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɤɟɬɟɧɚ, 

ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɢɦɢɞɨɢɥɶɧɵɯ ɮɪɚɝɦɟɧɬɚ, ɧɚɩɪɹɦɭɸ 

ɫɨɩɪɹɠɟɧɧɵɯ ɫ ɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ [ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ 
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ɞɢ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɚ] ɬɟɪɦɢɱɟɫɤɢɦ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟɦ ɡɚɦɟɳɟɧɧɨɝɨ 1ɇ-

ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ, ɚ ɬɚɤɠɟ ɩɟɪɜɵɦ ɩɪɢɦɟɪɨɦ ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɨɝɨ ɬɢɩɚ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɢɦɢɞɨɢɥɤɟɬɟɧɨɜ, ɜ ɤɨɬɨɪɵɯ ɢɦɢɞɨɢɥɶɧɵɣ 

ɮɪɚɝɦɟɧɬ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɝɟɬɟɪɨɰɢɤɥɚ. 

 

 

 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 4 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 

 Ȼɟɧɡɨɮɟɧɚɡɢɧɨɜɵɣ ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɵ 4 ɩɥɨɫɤɢɣ, ɚ ɞɥɢɧɵ ɫɜɹɡɟɣ ɜ ɧɟɦ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɥɢɱɢɢ ɨɛɳɟɣ ɫɨɩɪɹɠɟɧɧɨɣ ɫɢɫɬɟɦɵ. Ɇɨɥɟɤɭɥɚ 4 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ ɞɥɢɧɨɣ 2.48 Å 

ɦɟɠɞɭ ɝɪɭɩɩɨɣ Ɉɇ ɜ ɩɨɥɨɠɟɧɢɢ 5 ɢ ɚɬɨɦɨɦ ɚɡɨɬɚ ɦɟɡɢɬɢɥɢɦɢɧɨɝɪɭɩɩɵ, 

ɩɚɪɚɦɟɬɪɵ ɫɜɹɡɢ O-H...N:  r(O-H) 0.82Å, r(H...N) 1.74 Å, ɭɝɨɥ ɩɪɢ ɇ 148.3. 
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Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 4. 

 

6-[Ɇɟɡɢɬɢɥɢɦɢɧɨ(4-ɦɟɬɢɥɮɟɧɢɥ)ɦɟɬɢɥ]-2-ɦɟɬɢɥɛɟɧɡɨ[ɚ]ɮɟɧɚɡɢɧ-5-

ɨɥ (4). Ɋɚɫɬɜɨɪ 1 ɦɦɨɥɶ ɩɢɪɪɨɥɞɢɨɧɚ 2 ɜ 5 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɞɚɭɬɟɪɦɚ Ⱥ 

ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 185-187ɋ 1 ɱ, ɪɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɹɥɢ. Ɉɫɬɚɬɨɤ 

ɯɪɨɦɚɬɨɝɪɚɮɢɪɨɜɚɥɢ ɧɚ ɤɨɥɨɧɤɟ (130 ɫɦ) ɫ ɫɢɥɢɤɚɝɟɥɟɦ 100-150 ɧɦ, ɷɥɸɟɧɬ 

– ɛɟɧɡɨɥ, ɫɨɛɢɪɚɹ ɩɟɪɜɭɸ ɠɟɥɬɭɸ ɮɪɚɤɰɢɸ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɭɞɚɥɹɥɢ, ɨɫɬɚɬɨɤ 

ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɰɢɤɥɨɝɟɤɫɚɧɚ. ȼɵɯɨɞ 61%, ɬ.ɩɥ. 275-276°ɋ 

(ɰɢɤɥɨɝɟɤɫɚɧ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), , ɫɦ-1: 3400 ɲ (Ɉɇ). ɋɩɟɤɬɪ 

əɆɊ 1ɇ (ȾɆɋɈ-d6), , ɦ.ɞ.: 2.15 ɫ (3ɇ, Ɇɟ), 2.25 ɫ (3ɇ, Ɇɟ), 2.27 ɫ (3ɇ, Ɇɟ), 

2.28ɫ (3ɇ, Ɇɟ), 2.30 ɫ (3ɇ, Ɇɟ), 6.85-8.20 ɝɪ. ɫ (13ɇ, 2ɋ6ɇ4+ɋ6ɇ3+ɋ6ɇ2), 10,22 

ɫ (1ɇ, Ɉɇ). ɇɚɣɞɟɧɨ, %: ɋ 82.58, ɇ 5.86, N 8.45. C34H29N3O. ȼɵɱɢɫɥɟɧɨ, %: ɋ 

82.40, ɇ 5.90, N 8.48. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 4.  

Ʉɪɢɫɬɚɥɥ ɜɵɪɚɳɟɧ ɢɡ ɰɢɤɥɨɝɟɤɫɚɧɚ, C34H29N3O. Ʉɪɢɫɬɚɥɥɵ ɬɪɢɤɥɢɧɧɵɟ: 

a = 8.165(2), b = 12.691(3), c = 13.211(3) Å, α = 96.63(3), ȕ = 98.35(3), Ȗ = 

100.88(3)°, V  = 1315.6(5) Å3, Ɇ = 495.6, dɜɵɱ. = 1.251 ɝ/ɫɦ3, Z = 2, 
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ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ-1. ɉɚɪɚɦɟɬɪɵ ɹɱɟɣɤɢ ɢ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɨɬɪɚɠɟɧɢɣ ɢɡɦɟɪɟɧɵ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 

(«KUMA DIFFRACTION») ɫ χ-ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ ω/2Θ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ CuKα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 3.42 < 2Θ < 

80.22. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5446 ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ. ɉɨɩɪɚɜɤɢ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (ȝ = 0.593ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ 

ɭɬɨɱɧɟɧɢɟɦ ɆɇɄ ɜ ɚɧɢɡɨɬɪɨɩɧɨɦ ɩɪɢɛɥɢɠɟɧɢɟ R-ɮɚɤɬɨɪɚ 0.0995. 

Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɭɬɨɱɧɟɧɢɟ ɩɪɢɜɟɥɨ ɤ ɡɧɚɱɟɧɢɸ R1 = 0.0569. ȼɫɟ ɪɚɫɱɟɬɵ 

ɩɪɨɜɟɞɟɧɵ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX-97 [6]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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1989, 25, 1045. 
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36, 6547. 
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5. Ʌɢɫɨɜɟɧɤɨ ɇ.ɘ., Ⱥɥɢɟɜ Ɂ.Ƚ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ. ɀɈɪɏ, 2010, 46, 941. 

6. Sheldrick G.M. SHELX-97. Programs for Crystal Structure Analysis. 

University of Göttingen, Germany, 1997. 
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4-Ȼɟɧɡɢɥɚɦɢɧɨ-3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-5H-ɮɭɪɚɧ-2-ɨɧ 

 

ɋɬɪɭɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɚɰɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɨɜ ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ 

ɨɠɢɞɚɬɶ ɩɪɨɹɜɥɟɧɢɹ ɭ ɧɢɯ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ 

ɞɟɥɚɸɬ ɷɬɢ ɧɟɭɫɬɨɣɱɢɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜɟɫɶɦɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɞɥɹ 

ɢɡɭɱɟɧɢɹ [1-3]. 

ɋɨɨɛɳɚɥɨɫɶ ɨ ɬɨɦ, ɱɬɨ ɝɟɧɟɪɢɪɭɟɦɵɣ ɩɭɬɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ 1-ɛɟɧɡɢɥ-4,5-ɞɢɛɟɧɡɨɢɥ-1ɇ-ɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ (1) ɩɪɢ 

247-250°ɋ ɛɟɧɡɨɢɥ[N-ɛɟɧɡɢɥ(ɮɟɧɢɥɝɥɢɨɤɫɢɥɢɦɢɞɨɢɥ)]ɤɟɬɟɧ (2) 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨ ɰɢɤɥɢɡɭɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-4,5-

ɞɢɝɢɞɪɨ-3H-ɮɭɪɨ[3,2-ɫ]ɢɡɨɯɢɧɨɥɢɧ-2-ɨɧɚ (3), ɨɤɢɫɥɹɸɳɟɝɨɫɹ ɜ ɭɫɥɨɜɢɹɯ 

ɬɟɪɦɨɥɢɡɚ ɞɨ 3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-4H-ɮɭɪɨ[3,2-ɫ]ɢɡɨɯɢɧɨɥɢɧ-2-ɨɧɚ (4) [4]. ȼ 

ɤɚɱɟɫɬɜɟ ɜɟɪɨɹɬɧɨɣ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 1,5-

ɩɪɨɬɨɬɪɨɩɧɵɣ ɫɞɜɢɝ ɜ ɦɨɥɟɤɭɥɟ ɢɦɢɞɨɢɥɤɟɬɟɧɚ 2 ɫ ɩɨɫɥɟɞɭɸɳɟɣ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɟɣ ɞɨ 4-ɛɟɧɡɢɥɢɞɟɧɚɦɢɧɨ-3-ɛɟɧɡɨɢɥ-5-

ɮɟɧɢɥ-3H-ɮɭɪɚɧ-2-ɨɧɚ (5). ɉɨɫɤɨɥɶɤɭ ɨɫɬɚɜɚɥɫɹ ɧɟɪɟɲɟɧɧɵɦ ɜɨɩɪɨɫ, ɤɚɤɨɣ 

ɪɟɚɝɟɧɬ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ, ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ ɬɟɪɦɨɥɢɡ 

ɩɢɪɪɨɥɞɢɨɧɚ 1 ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɪɚɫɲɢɪɢɬɶ ɩɪɢ-

ɜɟɞɟɧɧɭɸ ɪɚɧɟɟ ɫɯɟɦɭ.  

Ɍɟɪɦɨɥɢɡ ɫɨɟɞɢɧɟɧɢɹ 1 ɩɪɢ 233-236°ɋ ɜ ɞɚɭɬɟɪɦɟ Ⱥ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ, ɧɚɪɹɞɭ ɫ ɮɭɪɨɢɡɨɯɢɧɨɥɢɧɨɧɨɦ 4, ɞɜɭɯ ɦɢɧɨɪɧɵɯ ɩɪɨɞɭɤɬɨɜ - 

4-ɛɟɧɡɢɥɚɦɢɧɨ-3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-5H-ɮɭɪɚɧ-2-ɨɧɚ (6) ɢ 1-ɛɟɧɡɢɥ-4,5-

ɞɢɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-5H-ɩɢɪɪɨɥ-2-ɨɧɚ (7). ɉɨ-ɜɢɞɢɦɨɦɭ, ɫɨɟɞɢɧɟɧɢɹ 6 ɢ 7 

ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɢɧɨɮɭɪɚɧɨɧɚ 5 ɢ 

ɢɫɯɨɞɧɨɝɨ ɩɢɪɪɨɥɞɢɨɧɚ 1. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɮɭɪɚɧɨɧɚ 6 ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɨɬɟɤɚɧɢɟ [1,5]-ɩɪɨɬɨɬɪɨɩɧɨɣ 

ɦɢɝɪɚɰɢɢ ɜ ɦɨɥɟɤɭɥɟ ɚɰɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɚ 2 ɢ ɩɨɫɥɟɞɭɸɳɟɣ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɰɢɤɥɢɡɚɰɢɢ ɫ ɭɱɚɫɬɢɟɦ ɤɟɬɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɢ 

ɟɧɨɥɶɧɨɣ ɝɪɭɩɩɵ Ɉɇ. 
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ɐɢɤɥɢɡɚɰɢɹ ɢɦɢɧɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɢɞɪɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɢɡɨɯɢɧɨɥɢɧɚ ɬɢɩɚ ɰɢɤɥɢɡɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ 5 ɜ ɫɨɟɞɢɧɟɧɢɹ 3 ɬɪɟɛɭɟɬ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɩɪɢɫɭɬɫɬɜɢɹ ɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɜɟɪɨɹɬɧɨ, 

ɞɨɫɬɚɬɨɱɧɨɣ ɹɜɥɹɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɫɬɟɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢ 

ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɚɤɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɚɤɰɢɹɯ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ ɬɟɪɦɨɥɢɡɟ 4,5-ɞɢɚɪɨɢɥ-

1-ɛɟɧɡɢɥɩɢɪɪɨɥ-2,3-ɞɢɨɧɚ 1 ɨɤɢɫɥɢɬɟɥɹɦɢ ɜɵɫɬɭɩɚɸɬ ɫɚɦɨ ɢɫɯɨɞɧɨɟ ɫɨ-

ɟɞɢɧɟɧɢɟ 1 ɢ ɩɪɨɦɟɠɭɬɨɱɧɨ ɨɛɪɚɡɭɸɳɢɣɫɹ ɢɦɢɧɨɮɭɪɚɧɨɧ 5. 

Ⱦɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɨɟɞɢɧɟɧɢɹ 6 ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ [5].  
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Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ 6 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 6. 

 

ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɨɛɳɟɩɪɢɧɹɬɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɜɹɡɟɣ ɡɧɚɱɟɧɢɣ ɢ ɤɨɦɦɟɧɬɚɪɢɟɜ ɧɟ 

ɬɪɟɛɭɸɬ. Ɉɛɪɚɳɚɟɬ ɥɢɲɶ ɜɧɢɦɚɧɢɟ ɡɚɦɟɬɧɨ ɭɞɥɢɧɟɧɧɨɟ ɞɥɹ ɞɜɨɣɧɨɣ ɫɜɹɡɢ 

ɪɚɫɫɬɨɹɧɢɟ ɋ6=ɋ7 ɜ ɮɭɪɚɧɨɜɨɦ ɤɨɥɶɰɟ, ɪɚɜɧɨɟ 1.383 Å. Ɉɞɧɚɤɨ ɩɨ ɞɚɧɧɵɦ 

Ʉɟɦɛɪɢɞɠɫɤɨɝɨ ɛɚɧɤɚ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ (ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɪɚɛɨɬɵ ɫ R ≤ 

0.06) ɜ ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɪɚɧɨɧɚ ɞɚɧɧɚɹ ɫɜɹɡɶ ɧɚɯɨɞɢɬɫɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 

ɡɧɚɱɟɧɢɣ: 1.291-1.399 Å. 

Ɉɪɢɟɧɬɚɰɢɹ ɛɟɧɡɨɥɶɧɨɝɨ ɢ ɛɟɧɡɢɥɚɦɢɧɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɮɭɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɟɬ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɜɨɞɨɪɨɞɧɚɹ 

ɫɜɹɡɶ N4-H4…O3 ɞɥɢɧɨɣ 2.77 Å [r(O…H) = 2.16 Å], ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ 

C15N4C7C6 ɪɚɜɟɧ 179.4°, C7C6C22Ɉ3 – 7.7°. 

ɇɟɤɨɬɨɪɵɣ ɪɚɡɜɨɪɨɬ ɛɟɧɡɨɢɥɶɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɩɨ ɫɜɹɡɢ ɋ6-ɋ22, ɜɢɞɢɦɨ, 

ɨɛɭɫɥɨɜɥɟɧ ɭɩɚɤɨɜɤɨɣ ɦɨɥɟɤɭɥ ɜ ɤɪɢɫɬɚɥɥɟ. Ɏɟɧɢɥɶɧɨɟ ɤɨɥɶɰɨ ɢ ɞɜɚ ɚɬɨɦɚ 

ɜɨɞɨɪɨɞɚ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɋ15 ɧɚɯɨɞɹɬɫɹ ɩɨ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɨɬ ɩɥɨɫɤɨɫɬɢ 

ɮɭɪɚɧɨɜɨɝɨ ɤɨɥɶɰɚ, ɢ ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ C7N4C15C16 ɪɚɜɟɧ -94.5°. ɉɥɨɫɤɨɫɬɶ 

ɮɟɧɢɥɶɧɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɋ8 ɨɪɬɨɝɨɧɚɥɶɧɚ ɩɥɨɫɤɨɫɬɢ ɩɹɬɢɱɥɟɧɧɨɝɨ 

ɰɢɤɥɚ, ɢɦɟɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɝɨ ɫɬɪɨɝɨ ɛɢɫɟɤɬɪɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɢ ɰɢɫ-
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ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɮɟɧɢɥɶɧɨɦɭ ɡɚɦɟɫɬɢɬɟɥɸ ɛɟɧɡɢɥɚɦɢɧɧɨɣ ɝɪɭɩɩɵ. Ʉɪɨɦɟ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨɣ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ, ɬɟ ɠɟ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ 

ɨɛɪɚɡɭɸɬ ɜ ɤɪɢɫɬɚɥɥɟ ɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɞɥɢɧɨɣ 2.90 Å 

ɫ ɦɨɥɟɤɭɥɨɣ, ɫɜɹɡɚɧɧɨɣ ɰɟɧɬɪɨɦ ɫɢɦɦɟɬɪɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ 

ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɦɨɥɟɤɭɥɵ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ 

ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɧɵɯ ɜɨɞɨɪɨɞɧɨɫɜɹɡɚɧɧɵɯ ɞɢɦɟɪɧɵɯ ɚɫɫɨɰɢɚɬɨɜ. 

 

3-Ȼɟɧɡɨɢɥ-5-ɮɟɧɢɥ-4H-ɮɭɪɨ[3,2-ɫ]ɢɡɨɯɢɧɨɥɢɧ-2-ɨɧ (4) , 4-

ɛɟɧɡɢɥɚɦɢɧɨ-3-ɛɟɧɡɨɢɥ-5-ɮɟɧɢɥ-5H-ɮɭɪɚɧ-2-ɨɧ (6) ɢ 1-ɛɟɧɡɢɥ-4,5-

ɞɢɛɟɧɡɨɢɥ-3-ɝɢɞɪɨɤɫɢ-5H-ɩɢɪɪɨɥ-2-ɨɧ (7). Ɋɚɫɬɜɨɪ 1.98 ɝ (0.005 ɦɨɥɹ) 

ɫɨɟɞɢɧɟɧɢɹ 1 ɜ 5 ɦɥ ɞɚɭɬɟɪɦɚ Ⱥ [6] ɜɵɞɟɪɠɢɜɚɥɢ 25 ɦɢɧ ɩɪɢ 233-236°ɋ, 

ɨɯɥɚɞɢɥɢ, ɜɵɩɚɜɲɢɣ ɤɪɚɫɧɵɣ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 4 ɨɬɮɢɥɶɬɪɨɜɚɥɢ; ɜɵɯɨɞ 

22%, ɬ.ɩɥ. 281-283°ɋ (ɫ ɪɚɡɥ., ɢɡ ɞɢɨɤɫɚɧɚ) [3]. ȼ ɦɚɬɨɱɧɵɣ ɪɚɫɬɜɨɪ ɞɨɛɚɜɢɥɢ 

30 ɦɥ ɝɟɤɫɚɧɚ, ɜɵɩɚɜɲɢɣ ɫɦɨɥɢɫɬɵɣ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɚɥɢ. Ɇɟɬɨɞɨɦ 

ɞɪɨɛɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɫɦɟɫɢ ɋɇɋl3-ɝɟɤɫɚɧ ( 1 : 1 )  ɜɵɞɟɥɢɥɢ 

ɫɨɟɞɢɧɟɧɢɹ 6 ɢ 7. ȼɵɯɨɞ ɫɨɟɞɢɧɟɧɢɹ 6 5%, ɬ.ɩɥ. 207-209°ɋ. Ɇɚɫɫ-ɫɩɟɤɬɪ, 

m/z: 369 [Ɇ]+. ɂɄ-ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3260 (NH), 1720 

(ɋ2=0), 1620 (ɋ3ɋ=Ɉ). ȼɵɯɨɞ 7 5%, ɬ.ɩɥ. 201-203°ɋ (ɫ ɪɚɡɥ.). ɂɄ-ɫɩɟɤɬɪ 

(ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 3110 (Ɉɇ), 1685 (ɋ2=Ɉ), 1630 (PhCO). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z: 397 [Ɇ]+. ɇɚɣɞɟɧɨ, %: ɋ 74.97; ɇ 5.03; N 3.48. C25H19NO4. 

ȼɵɱɢɫɥɟɧɨ, %: ɋ 75.55; ɇ 4.82; N 3.52.  

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 6. Ʉɪɢɫɬɚɥɥɵ 

ɫɨɟɞɢɧɟɧɢɹ 6 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: ɚ = 13.727(3), b = 

12.281(2), ɫ = 12.071(2) Å, ȕ = 104.43(3)°, V =  1971.4(6) Å3, Ɇ =  368.39, dɜɵɱ 

= 1.241 ɝ/ɫɦ-3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ21/ɫ. ɇɚɛɨɪ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ χ-ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ Θ-

-ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ CuKα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ 

ɭɝɥɨɜ 3° < Θ < 80°. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 4314 ɧɟɡɚɜɢɫɢɦɵɯ ɪɟɮɥɟɤɫɨɜ. ɉɨɩɪɚɜɤɢ 
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ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ (µ = 0.660 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ 

ɫɢɧɬɟɡɚ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɜ ɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) 

ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɡɚɜɟɪɲɟɧɨ ɩɪɢ R = 0.045 ɩɨ 1611 ɨɬɪɚɠɟɧɢɹɦ ɫ I ≥ 2σ(I). ȼɫɟ 

ɪɚɫɱɟɬɵ ɩɪɨɜɟɞɟɧɵ ɧɚ PC/AT ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX-86 [7] ɢ 

SHELX-93 [8]. 
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2-(3-ɩ-Ȼɪɨɦɮɟɧɢɥ-2-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-4-ɨɤɫɨ-6-ɩ-ɬɨɥɢɥ-3,4-ɞɢɝɢɞɪɨ-2Н-

1,3-ɨɤɫɚɡɢɧ-5-ɢɥ)-3-ɩ-ɬɨɥɢɥɯɢɧɨɤɫɚɥɢɧ 

 

Ɂɚɦɟɳɟɧɧɵɟ 5-ɚɪɢɥ-4-ɯɢɧɨɤɫɚɥɢɧɢɥ-ɮɭɪɚɧ-2,3-ɞɢɨɧɵ ɩɪɢ ɬɟɪɦɨɥɢɡɟ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɸ ɢ ɝɟɧɟɪɢɪɭɸɬ 3-ɚɪɢɥ-2-

ɯɢɧɨɤɫɚɥɢɧɢɥ(ɚɪɨɢɥ)ɤɟɬɟɧɵ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɜɫɬɭɩɚɸɬ ɜ ɪɟɚɤɰɢɢ [4+2]-

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫ ɤɚɪɛɨɧɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɫ 

ɚɥɶɞɟɝɢɞɚɦɢ ɢ ɤɟɬɨɧɚɦɢ [1, 2]. 

ȼɵɞɟɪɠɢɜɚɧɢɟ ɮɭɪɚɧɞɢɨɧɚ (1) ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ ɚɩɪɨɬɨɧɧɨɝɨ 

ɜɵɫɨɤɨɤɢɩɹɳɟɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɚɛɫɨɥɸɬɧɨɝɨ ɩ-ɤɫɢɥɨɥɚ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

138-140ɋ ɜ ɬɟɱɟɧɢɢ 20 ɦɢɧɭɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ N-ɩ-ɛɪɨɦɛɟɧɡɢɥɢɞɟɧ-ɩ-

ɚɧɢɡɢɞɢɧɚ (2), ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫ ɯɨɪɨɲɢɦ ɜɵɯɨɞɚɦɢ 2-(2-ɩ-

ɛɪɨɦɮɟɧɢɥ-3-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-6-ɮɟɧɢɥ-3,4-ɞɢɝɢɞɪɨ-2ɇ-1,3-ɨɤɫɚɡɢɧ-5-ɢɥ)-3-

ɩ-ɬɨɥɢɥɯɢɧɨɤɫɚɥɢɧɚ (3), ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨ ɞɚɧɧɵɦ ɊɋȺ [3].  
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Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɬɟɪɦɨɥɢɬɢɱɟɫɤɨɝɨ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɞɢɨɧɚ 1 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥ-

(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɚ, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɚɪɨɢɥɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɤ C=N-ɫɜɹɡɢ ɢɦɢɧɚ 2. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

ȼ ɦɨɥɟɤɭɥɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɜɫɟ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɥɨɤɚɥɢɡɨɜɚɧɵ, ɛɟɡ 

ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɞɟɥɨɤɚɥɢɡɚɰɢɢ. Ɉɪɢɟɧɬɚɰɢɢ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ 

ɯɢɧɨɤɫɚɥɢɧɨɜɨɦ ɮɪɚɝɦɟɧɬɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ 

ɋ2ɋ1ɋ13ɋ18 37.4° ɞɥɹ ɬɨɥɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ ɋ1ɋ2ɋ3ɋ4 ɞɥɹ ɨɤɫɚɡɢɧɨɜɨɝɨ 

ɤɨɥɶɰɚ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɮɨɪɦɭ ɢɫɤɚɠɟɧɧɨɝɨ ɤɨɧɜɟɪɬɚ, ɩɪɢɱɟɦ ɩɟɪɟɝɢɛ ɩɨ 

ɥɢɧɢɢ Ɉ1…N3 ɫɨɫɬɚɜɥɹɟɬ 39°, ɚ ɨɬɤɥɨɧɟɧɢɟ ɚɬɨɦɚ ɋ6 ɨɬ ɫɪɟɞɧɟɣ ɩɥɨɫɤɨɫɬɢ 

ɨɫɬɚɥɶɧɵɯ ɩɹɬɢ ɚɬɨɦɨɜ ɪɚɜɧɨ 0.52 Ǻ. ȼ ɤɪɢɫɬɚɥɥɚɯ ɨɬɫɭɬɫɬɜɭɸɬ ɜɨɞɨɪɨɞɧɵɟ 

ɫɜɹɡɢ ɢ ɢɧɵɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ. 

2-(3-ɩ-Ȼɪɨɦɮɟɧɢɥ-2-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-4-ɨɤɫɨ-6-ɩ-ɬɨɥɢɥ-3,4-ɞɢɝɢɞɪɨ-

2Н-1,3-ɨɤɫɚɡɢɧ-5-ɢɥ)-3-ɩ-ɬɨɥɢɥɯɢɧɨɤɫɚɥɢɧ (3) [1]. Ɋɚɫɬɜɨɪ 0.001 ɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 0.0011 ɦɨɥɶ N-ɩ-ɛɪɨɦɛɟɧɡɢɥɢɞɟɧ-ɩ-ɚɧɢɡɢɞɢɧɚ (2) ɜ 5 ɦɥ 
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ɚɛɫɨɥɸɬɧɨɝɨ ɩ-ɤɫɢɥɨɥɚ ɜɵɞɟɪɠɢɜɚɥɢ 20 ɦɢɧɭɬ ɩɪɢ 138-140ɋ, ɨɯɥɚɠɞɚɥɢ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 3 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 86%, ɬ.ɩɥ 

180-182°ɋ. ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1:1652 ɲ (CO). ɋɩɟɤɬɪ əɆɊ 1ɇ 

(ȾɆɋɈ-d6), į, ɦ.ɞ.: 2.19 c (3H, Ɇɟ), 2.33 c (3H, CH3), 3.77 ɫ (3H, OMe), 6.82-

8.10 ɝɪ.ɫ. (21H, 5ɋ6ɇ4+C2H). ɇɚɣɞɟɧɨ, %: ɋ 70.07; H 4.49; ȼr 11.97; N 6.31. 

ɋ39ɇ30ȼrN3O3. ȼɵɱɢɫɥɟɧɨ, %: ɋ 70.06; H 4.52; ȼr 11.95; N 6.28.  

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. a = 22.330(4), b = 

12.014(2), c = 12.012(2) Å, α = 90(1), ȕ = 93.20(3), Ȗ = 90,  V = 3217.5(10) Å3, M 

= 668.57, dɜɵɱ. = 1.380 ɝ/ɫɦ3, Z = 4, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ P-21/ɫ. ɇɚɛɨɪ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ 

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

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 2 ɪɚɜɧɨ 50, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 89.6% ɜɨɡɦɨɠɧɨɝɨ 

ɱɢɫɥɚ ɨɬɪɚɠɟɧɢɣ. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 5253 (Rint = 0.0192) ɧɟɡɚɜɢɫɢɦɵɯ 

ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 3063 ɨɤɚɡɚɥɢɫɶ ɫ I  2(I). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ 

ɧɟ ɜɜɨɞɢɥɢ ( = 0.079 mm-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ 

ɩɪɨɝɪɚɦɦɟ SIR92 [4] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ. ȼɫɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ  ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ 

ɚɧɢɡɨɬɪɨɩɧɨɟ  ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELXL-97 [5] ɡɚɜɟɪɲɟɧɨ ɩɪɢ 

R1 = 0.0467, wR2 = 0.1804 ɩɨ 3695 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I) ɢ R1 = 0.1455, wR2 = 

0.2314 – ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ GɈɈF = 0.905. 
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2-(4-Ɉɤɫɨ-6-ɮɟɧɢɥ-3-ɰɢɤɥɨɝɟɤɫɢɥ-2-ɰɢɤɥɨɝɟɤɫɢɥɢɦɢɧɨ-3,4-ɞɢɝɢɞɪɨ-2Н-

1,3-ɨɤɫɚɡɢɧ-5-ɢɥ)-3-ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧ 

 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɮɭɪɚɧɞɢɨɧɚ 1 ɫ ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɨɦ, 

ɩɪɨɜɨɞɢɦɨɦ ɩɭɬɟɦ ɤɢɩɹɱɟɧɢɹ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɨɜ ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ 

ɚɩɪɨɬɨɧɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɩ-ɤɫɢɥɨɥɚ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 138-140ɋ ɜ ɬɟɱɟɧɢɢ 

20 ɦɢɧɭɬ, ɨɛɪɚɡɭɟɬɫɹ 2-(4-ɨɤɫɨ-6-ɮɟɧɢɥ-3-ɰɢɤɥɨɝɟɤɫɢɥ-2-ɰɢɤɥɨɝɟɤɫɢɥɢɦɢɧɨ-

3,4-ɞɢɝɢɞɪɨ-2ɇ-1,3-ɨɤɫɚɡɢɧ-5-ɢɥ)-3-ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧ (3) [1]. 

 

 

 

Ɉɛɪɚɡɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɨɢɫɯɨɞɢɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ 

ɬɟɪɦɨɥɢɬɢɱɟɫɤɨɝɨ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɞɢɨɧɚ 1 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɪɨɢɥ-

(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɚ, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ 

ɚɪɨɢɥɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɋ=ɋ-ɋ=Ɉ ɜ ɤɚɱɟɫɬɜɟ ɞɢɟɧɚ ɤ C=N ɫɜɹɡɢ 

ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ. 
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ɋɬɪɭɤɬɭɪɚ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɞɬɜɟɪɠɞɟɧɚ ɊɋȺ, ɨɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ 

ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

 
Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

ȼɫɟ ɞɜɨɣɧɵɟ ɫɜɹɡɢ ɥɨɤɚɥɢɡɨɜɚɧɵ, ɛɟɡ ɡɚɦɟɬɧɨɝɨ ɜɥɢɹɧɢɹ ɞɟɥɨɤɚɥɢɡɚɰɢɢ. 

ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢɦɟɸɬ ɨɛɵɱɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɡɧɚɱɟɧɢɹ. 

Ɉɪɢɟɧɬɚɰɢɹ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ ɯɢɧɨɤɫɚɥɢɧɨɜɨɦ ɮɪɚɝɦɟɧɬɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ ɋ23ɋ24ɋ25ɋ30 –67.1 ɞɥɹ ɮɟɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ 

ɋ24ɋ23ɋ3ɋ2 –72.2 ɞɥɹ ɨɤɫɚɡɢɧɨɜɨɝɨ ɤɨɥɶɰɚ. Ɉɤɫɚɡɢɧɨɜɨɟ ɤɨɥɶɰɨ ɩɥɨɫɤɨɟ. 

ȼ ɤɪɢɫɬɚɥɥɟ ɨɬɫɭɬɫɬɜɭɸɬ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɢɥɢ ɢɧɵɟ ɭɤɨɪɨɱɟɧɧɵɟ ɤɨɧɬɚɤɬɵ. 

 

2-(4-Ɉɤɫɨ-6-ɮɟɧɢɥ-3-ɰɢɤɥɨɝɟɤɫɢɥ-2-ɰɢɤɥɨɝɟɤɫɢɥɢɦɢɧɨ-3,4-ɞɢɝɢɞɪɨ-

2Н-1,3-ɨɤɫɚɡɢɧ-5-ɢɥ)-3-ɮɟɧɢɥɯɢɧɨɤɫɚɥɢɧ (3). Ɋɚɫɬɜɨɪ 0.001 ɦɨɥɶ 

ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 0.001 ɦɨɥɶ ɞɢɰɢɤɥɨɝɟɤɫɢɥɤɚɪɛɨɞɢɢɦɢɞɚ ɜ 10 ɦɥ ɩ-ɤɫɢɥɨɥɚ 

ɜɵɞɟɪɠɢɜɚɥɢ 20 ɦɢɧɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 138-140ɋ, ɨɯɥɚɠɞɚɥɢ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 70%, ɬ.ɩɥ. 168-170°ɋ. ɂɄ 
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ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 1675 (CO). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, 

ɦ.ɞ.: 1.06-2.40 ɝɪ.ɫ. (20ɇ, 10ɋɇ2), 3.70 ɦ (1ɇ, ɋɇ), 4.56 ɦ (1ɇ, ɋɇ), 7.02-8.14 

ɝɪ.ɫ. (14H, 2Ph+ ɋ6ɇ4). ɇɚɣɞɟɧɨ, %: ɋ 77.70; H 6.47; N 10.05. ɋ36ɇ36N4O2. 

ȼɵɱɢɫɥɟɧɨ, %: ɋ 77.67; H 6.52; N 10.06.  

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. a = 21.438(4), b = 

11.733(2), c = 23.921(5) Å, α = 90, ȕ = 90 , Ȗ = 90, V = 6017(2) Å3, M = 556.69, 

dɜɵɱ. = 1.229 ɝ/ɫɦ3, Z = 8, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Pbca. ɇɚɛɨɪ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 4-ɯ ɤɪɭɠɧɨɦ 

ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ -ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ 

/ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɆɨK-ɢɡɥɭɱɟɧɢɢ. ȼɫɟɝɨ 

ɢɡɦɟɪɟɧɨ 5490 (Rint = 0.0561) ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 3063 

ɨɤɚɡɚɥɢɫɶ ɫ I  2(I). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.606 mm-1). 

ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [2] ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ȼɫɟ ɚɬɨɦɵ 

ɜɨɞɨɪɨɞɚ  ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ ɭɬɨɱɧɟɧɢɟ 

ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 [3] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0561, wR2 = 0.1804 ɩɨ 

3695 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I). GɈɈF = 0.694. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

 

1. Ʌɢɫɨɜɟɧɤɨ ɇ.ɘ., Ɇɚɫɥɢɜɟɰ Ⱥ.ɇ., Ⱥɥɢɟɜ Ɂ.Ƚ. ɀɈɪɏ. 2007, 43, 111. 

2. Altomare A., Cascarano G., Giacovazzo C., Gualardi A. J. Appl. Cryst. 1993, 

26, 343. 

3. Sheldrick G.M. SHELX-97. Programs for Crystal Structure Analysis. 

University of Göttingen, Germany. 1997. 
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(1Z,3Z)-4-Ƚɢɞɪɨɤɫɢ-1-(3,3-ɞɢɦɟɬɢɥ-6,7-ɞɢɦɟɬɨɤɫɢ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨ-

ɥɢɧ-1(2H)-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɛɭɬ-3-ɟɧ-2-ɨɧ 

 

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]. Ɉɩɢɫɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 5-ɚɪɢɥɮɭɪɚɧ-2,3-ɞɢɨɧɨɜ ɫ 1-

ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ, ɩɪɨɬɟɤɚɸɳɟɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɞɭɤɬɨɜ 

ȕ-ɋɇ-ɚɰɢɥɢɪɨɜɚɧɢɹ ɮɭɪɚɧɞɢɨɧɚɦɢ ɬɚɭɬɨɦɟɪɧɨɣ 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 [6]. ɂɡɜɟɫɬɧɨ, ɱɬɨ 6-ɚɪɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-

ɨɧɵ [6] – ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɚɪɨɢɥɤɟɬɟɧɨɜ ɤ 

ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɟ ɚɰɟɬɨɧɚ – ɦɨɝɭɬ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɟɬɟɪɩɟɜɚɬɶ ɪɟɬɪɨ-

ɪɟɚɤɰɢɸ Ⱦɢɥɶɫɚ-Ⱥɥɶɞɟɪɚ ɢ ɫɥɭɠɢɬɶ «ɢɫɬɨɱɧɢɤɨɦ» ɚɪɨɢɥɤɟɬɟɧɨɜ [7]. ȼ 

ɩɪɨɞɨɥɠɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɨɤɫɨɝɟɬɟɪɨɰɢɤɥɨɜ ɢ 

ɝɟɬɟɪɨɤɭɦɭɥɟɧɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫ ɟɧɚɦɢɧɚɦɢ ɤɥɚɫɫɚ ɢɡɨɯɢɧɨɥɢɧɚ ɛɵɥɨ 

ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɟɧɡɨɢɥɤɟɬɟɧɚ, ɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɪɚɡɥɨɠɟɧɢɟɦ 6-

ɮɟɧɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ, ɫ 1-ɦɟɬɢɥ-3,4-

ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɚɦɢ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 6-ɮɟɧɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ (1) ɫ 

3,3-ɞɢɦɟɬɢɥ-6,7-ɞɢɦɟɬɨɤɫɢ-1-ɦɟɬɢɥ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧɨɦ (2) ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 1:1, ɩɪɨɜɨɞɢɦɨɦ ɩɭɬёɦ ɤɢɩɹɱɟɧɢɹ ɜ ɚɛɫɨɥɸɬɧɨɦ ɬɨɥɭɨɥɟ ɜ 

ɬɟɱɟɧɢɟ 60 ɦɢɧ ɩɪɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɦ ɤɨɧɬɪɨɥɟ ɡɚ ɯɨɞɨɦ ɪɟɚɤɰɢɢ ɫ 

ɯɨɪɨɲɢɦ ɜɵɯɨɞɨɦ ɩɨɥɭɱɟɧ (1Z,3Z)-4-ɝɢɞɪɨɤɫɢ-1-(3,3-ɞɢɦɟɬɢɥ-6,7-

ɞɢɦɟɬɨɤɫɢ-3,4-ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2H)-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɛɭɬ-3-ɟɧ-2-ɨɧ (3), 
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ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɚɧɧɵɦɢ ɊɋȺ [8]. 

 

 

 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢ ɨɩɢɫɵɜɚɟɦɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɪɨɢɫɯɨɞɢɬ 

ɚɰɢɥɢɪɨɜɚɧɢɟ ɝɪɭɩɩɵ ȕ-CH ɬɚɭɬɨɦɟɪɧɨɣ ɟɧɚɦɢɧɨɮɨɪɦɵ Ⱥ ɢɡɨɯɢɧɨɥɢɧɚ 2 

ɛɟɧɡɨɢɥɤɟɬɟɧɨɦ (4), ɝɟɧɟɪɢɪɭɟɦɵɦɢ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɷɥɢɦɢɧɢɪɨɜɚɧɢɢ 

ɦɨɥɟɤɭɥɵ ɚɰɟɬɨɧɚ ɢɡ 6-ɮɟɧɢɥ-2,2-ɞɢɦɟɬɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ (1). 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ. 

ȼ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɤɪɢɫɬɚɥɥɚ ɧɚɯɨɞɹɬɫɹ ɞɜɟ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ 

ɧɟɡɚɜɢɫɢɦɵɟ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɢ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɬɨɥɭɨɥɚ. ȼɫɟ ɞɥɢɧɵ 

ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɞɜɭɯ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ 

ɦɨɥɟɤɭɥɚɯ ɪɚɜɧɵ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɫɨɜɩɚɞɚɸɬ ɫ 

ɚɧɚɥɨɝɢɱɧɵɦɢ ɫɜɹɡɹɦɢ ɜ ɛɥɢɡɤɨɣ ɩɨ ɫɬɪɨɟɧɢɸ ɦɨɥɟɤɭɥɟ (2Z,5Z)-3-ɝɢɞɪɨɤɫɢ-

5-(8,8-ɞɢɦɟɬɢɥ-2,3,8,9-ɬɟɬɪɚɝɢɞɪɨ[1,4]ɞɢɨɤɫɢɧɨ[2,3-g]ɢɡɨɯɢɧɨɥɢɧ-6(7ɇ)-

ɢɥɢɞɟɧ)-1-ɮɟɧɢɥɩɟɧɬ-2-ɟɧ-1,4-ɞɢɨɧɚ [5]. 
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Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

Ɇɨɥɟɤɭɥɚ ɫɨɟɞɢɧɟɧɢɹ 3 ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɚ ɞɜɭɦɹ ɩɪɨɱɧɵɦɢ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɦɢ ɜɨɞɨɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ O2-H2…O1 ɢ N-H…O1. ɇɢɠɟ 

ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɷɬɢɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɞɥɹ ɞɜɭɯ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɯ ɦɨɥɟɤɭɥ. 

 

D-H…A            r(D-H) Å   r(H…A) Å   <DHA°    r(D…A) Å 

O2-H2…O1        1.089        1.458           153.99        2.483 

                          1.208        1.368           148.40        2.478 

N-H…O1            1.043        1.720           140.86        2.613 

                          0.992        1.786           140.93        2.632 

 

Ʉɚɤ ɜɢɞɢɦ, ɷɬɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɞɢɧɚɤɨɜɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɪɛɨɧɢɥɶɧɚɹ ɫɜɹɡɶ ɋ15=Ɉ1 ɪɚɜɧɚ 1.292 Å ɜ ɨɛɟɢɯ 

ɦɨɥɟɤɭɥɚɯ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɞɥɢɧɟɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 

ɫɨɫɬɨɹɧɢɢ ɫɨɟɞɢɧɟɧɢɟ ɫɭɳɟɫɬɜɭɟɬ ɜ ɤɟɬɨɟɧɨɥɶɧɨɣ ɮɨɪɦɟ Ȼ. 
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ɉɨ ɞɚɧɧɵɦ əɆɊ 1ɇ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫɨɟɞɢɧɟɧɢɟ 3 ɜ ɪɚɫɬɜɨɪɟ ȾɆɋɈ-d6 

ɫɭɳɟɫɬɜɭɟɬ ɜ ɜɢɞɟ ɫɦɟɫɢ ɤɟɬɨɟɧɨɥɶɧɨɣ ɮɨɪɦɵ Ȼ ɢ ɞɢɤɟɬɨɧɧɨɣ ɮɨɪɦɵ ȼ ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ 9:1. 

 

(1Z,3Z)-4-Ƚɢɞɪɨɤɫɢ-1-(3,3-ɞɢɦɟɬɢɥ-6,7-ɞɢɦɟɬɨɤɫɢ-3,4-

ɞɢɝɢɞɪɨɢɡɨɯɢɧɨɥɢɧ-1(2H)-ɢɥɢɞɟɧ)-4-ɮɟɧɢɥɛɭɬ-3-ɟɧ-2-ɨɧ (3). Ɋɚɫɬɜɨɪ 2.0 

ɦɦɨɥɶ 2,2-ɞɢɦɟɬɢɥ-6-ɮɟɧɢɥ-4ɇ-1,3-ɞɢɨɤɫɢɧ-4-ɨɧɚ (1) ɢ 2.0 ɦɦɨɥɶ 

ɢɡɨɯɢɧɨɥɢɧɚ 2 ɜ 20 ɦɥ ɚɛɫɨɥɸɬɧɨɝɨ ɬɨɥɭɨɥɚ ɤɢɩɹɬɢɥɢ 60 ɦɢɧ, ɨɯɥɚɠɞɚɥɢ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 3 ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ. ȼɵɯɨɞ 87%, ɬ.ɩɥ. 

142-143°ɋ (ɪɚɡɥ., ɷɬɢɥɚɰɟɬɚɬ). ɂɄ ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), ɫɦ-1: 3385 ɲ 

(NH ɜ ȼȼɋ, OH ɜ ȼȼɋ), 1589 ɲ (CO ɜ ȼȼɋ). ɋɩɟɤɬɪ əɆɊ 1ɇ, į, ɦ.ɞ. (ɮɨɪɦɚ 

Ȼ): 1.28 c (6H, 2Ɇɟ), 2.84 c (2H, C4H2), 3.84 ɫ (3H, OMe), 3.86 c (3H, OMe), 

5.74 c (1H, C1H), 6.23 c (1H, C3H), 6.91 ɫ (1H, CH ɚɪɨɦ.), 7.33 ɫ (1H, CH 

ɚɪɨɦ.), 7.46-7.48 ɝɪ.c (3H, Ph), 7.79-7.81 ɝɪ.c (2H, Ph), 10.47 c (1H, NH), 16.06 c 

(1H, OH); (ɮɨɪɦɚ ȼ): 1.20 c (6H, 2Ɇɟ), 2.78 c (2H, C4H2), 3.82 ɫ (3H, OMe), 

3.83 c (3H, OMe), 4.07 ɫ (2H, C3H2), 5.82 c (1H, C1H), 6.89 ɫ (1H, CH ɚɪɨɦ.), 

7.27 ɫ (1H, CH ɚɪɨɦ.), 7.61-7.63 ɝɪ.c (3H, Ph), 8.01-8.03 ɝɪ.c (2H, Ph), 10.97 c 

(1H, NH). ɇɚɣɞɟɧɨ, %: ɋ 72.68; H 6.84; N 3.67. ɋ23ɇ25NO4. ȼɵɱɢɫɥɟɧɨ, %: ɋ 

72.80; H 6.64; N 3.69.  

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. ɀɟɥɬɵɟ 

ɤɪɢɫɬɚɥɥɵ C23H25NO4∙0.5C6H5CH3 ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: a = 

11.444(2), b = 12.919(2), c = 17.669(2) Å, α = 76.56(1), ȕ = 87.32(1), Ȗ = 

70.62(1),  V = 2395.5(6) Å3, M = 425.51, dɜɵɱ. = 1.180 ɝ/ɫɦ3, Z = 4, 

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. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 2 ɪɚɜɧɨ 

50, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 89.6% ɜɨɡɦɨɠɧɨɝɨ ɱɢɫɥɚ ɨɬɪɚɠɟɧɢɣ. ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 

7578 (Rint = 0.0192) ɧɟɡɚɜɢɫɢɦɵɯ ɨɬɪɚɠɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ 3695 ɨɤɚɡɚɥɢɫɶ ɫ I  
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2(I). ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢ ( = 0.079 mm-1). ɋɬɪɭɤɬɭɪɚ 

ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ ɩɨ ɩɪɨɝɪɚɦɦɟ SIR92 [9] ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ 

ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ȼɫɟ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ, ɤɪɨɦɟ ɇ ɢ ɇ2,  

ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɇ ɢ ɇ2 ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ 

ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ɇɨɥɟɤɭɥɚ ɬɨɥɭɨɥɚ, ɢɡ-ɡɚ 

ɛɨɥɶɲɨɝɨ ɪɚɡɛɪɨɫɚ ɜ ɞɥɢɧɚɯ ɫɜɹɡɟɣ, ɭɬɨɱɧɟɧɚ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɝɟɨɦɟɬɪɢɟɣ. 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ  ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɩɨ ɩɪɨɝɪɚɦɦɟ SHELX-97 

[10] ɡɚɜɟɪɲɟɧɨ ɩɪɢ R1 = 0.0671, wR2 = 0.1804 ɩɨ 3695 ɨɬɪɚɠɟɧɢɹɦ ɫ I  2(I) ɢ 

R1 = 0.1455, wR2 = 0.2314 – ɩɨ ɜɫɟɦ ɨɬɪɚɠɟɧɢɹɦ. GɈɈF = 1.022. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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2-(3-Ɉɤɫɨ-4-ɮɟɧɢɥ-3,4-ɞɢɝɢɞɪɨ-2-ɯɢɧɨɤɫɚɥɢɧɢɥ)-2,4-ɞɢ(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)-

6-ɮɟɧɢɥ-1Н-ɩɢɪɢɞɨ[1,2-a]ɯɢɧɨɤɫɚɥɢɧ-1,3,5-ɬɪɢɨɧ 

 

ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɩɭɬɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɚɰɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɨɜ, ɜ ɤɨɬɨɪɵɯ 

ɢɦɢɞɨɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

Ⱥɥɤɨɤɫɢɤɚɪɛɨɧɢɥ(2-ɨɤɫɨ-1,2-ɞɢɝɢɞɪɨ-3-ɯɢɧɨɤɫɚɥɢɧɢɥ)ɤɟɬɟɧɵ ɜɧɭɬɪɢ-

ɦɨɥɟɤɭɥɹɪɧɨ ɰɢɤɥɢɡɭɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɚɰɢɥɢɪɨɜɚɧɢɹ ɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ 

ɝɢɞɪɨɤɫɢɝɪɭɩɩɵ ɬɚɭɬɨɦɟɪɧɨɣ ɝɢɞɪɨɤɫɢɢɦɢɧɧɨɣ ɮɨɪɦɵ [1]. Ⱥɪɨɢɥ(2-ɨɤɫɨ-

2ɇ-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ)ɤɟɬɟɧɵ ɢ ɚɪɨɢɥ(3-ɚɪɢɥ-2-ɯɢɧɨɤɫɚɥɢɧɢɥ)ɤɟɬɟɧɵ, ɜ 

ɨɬɫɭɬɫɬɜɢɢ ɩɚɪɬɧɟɪɨɜ ɩɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɭɱɚɫɬɜɭɸɬ ɜ ɪɟɚɤɰɢɹɯ [4+2]-

ɰɢɤɥɨɞɢɦɟɪɢɡɚɰɢɢ [2-4], ɩɪɢɱɟɦ ɪɨɥɶ ɞɢɟɧɚ ɢɝɪɚɟɬ ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɵɣ 

ɮɪɚɝɦɟɧɬ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɤɟɬɟɧɚ, ɚ ɪɨɥɶ ɞɢɟɧɨɮɢɥɚ ɫɜɹɡɶ ɋ=ɋ ɤɟɬɟɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɞɪɭɝɨɣ ɦɨɥɟɤɭɥɵ, ɚ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɛɪɚɡɭɸɳɢɯɫɹ [4+2]-

ɰɢɤɥɨɚɞɞɭɤɬɚɯ ɩɪɨɢɫɯɨɞɢɬ [1,3]-ɦɢɝɪɚɰɢɹ ɚɪɨɢɥɶɧɨɣ ɝɪɭɩɩɵ. 

Ⱦɥɹ ɚɥɤɨɤɫɢɤɚɪɛɨɧɢɥ (2-ɨɤɫɨ-1-ɮɟɧɢɥ-ɯɢɧɨɤɫɚɥɢɧ-3-ɢɥ)ɤɟɬɟɧɚ 1, 

ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɬɟɪɦɢɱɟɫɤɢɦ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ 2, ɫɬɪɭɤɬɭɪɧɨ 

ɧɟɜɨɡɦɨɠɧɚ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ [2] ɬɢɩɚ ɢ 

ɢɦɟɸɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɭɱɚɫɬɢɹ ɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɪɟɚɤɰɢɹɯ 

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɤ ɚɥɤɨɤɫɢɤɚɪɛɨɧɢɥɤɟɬɟɧɨɜɵɦ, ɬɚɤ ɢ 

ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɚɦɢ. 

ɉɪɢ ɜɵɞɟɪɠɢɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 2 ɜ ɞɚɭɬɟɪɦɟ Ⱥ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 185-187°ɋ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧ ɨɛɪɚɡɭɟɬɫɹ 2-(3-ɨɤɫɨ-4-ɮɟɧɢɥ-

3,4-ɞɢɝɢɞɪɨ-2-ɯɢɧɨɤɫɚɥɢɧɢɥ)-2,4-ɞɢ(ɷɬɨɤɫɢɤɚɪɛɨɧɢɥ)-6-ɮɟɧɢɥ-1ɇ-ɩɢɪɢɞɨ-

[1,2-a]ɯɢɧɨɤɫɚɥɢɧ-1,3,5-ɬɪɢɨɧ (3), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɚ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɊɋȺ [5].  

ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɢ 

ɩɢɪɪɨɥɨɯɢɧɨɤɫɚɥɢɧɬɪɢɨɧɚ 2 ɤɟɬɟɧ 1 ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɩɭɬɟɦ ɭɱɚɫɬɢɹ ɜ 

ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɞɢɦɟɪɢɡɚɰɢɢ ɚɧɚɥɨɝɢɱɧɨ ɨɩɢɫɚɧɧɨɦɭ ɪɚɧɟɟ [2-4]. ȼ 

ɨɛɪɚɡɭɸɳɟɦɫɹ ɰɢɤɥɨɚɞɞɭɤɬɟ 3 ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɨɩɢɫɚɧɧɨɝɨ ɜ ɪɚɛɨɬɚɯ [2-4] ɞɥɹ 

ɚɪɨɢɥɶɧɵɯ ɚɧɚɥɨɝɨɜ [1,3]ɚɰɢɥɨɬɪɨɩɧɨɝɨ ɫɞɜɢɝɚ ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ, 
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ɜɨɡɦɨɠɧɨ, ɜɫɥɟɞɫɬɜɢɟ ɟё ɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɟɝɤɨ 

ɦɢɝɪɢɪɭɸɳɢɦɢ ɚɪɨɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. 

 

 

 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 3 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 3. 

 

Ɍɪɢɰɢɤɥɢɱɟɫɤɢɣ ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥɵ ɢɦɟɟɬ ɡɚɦɟɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ 

ɩɥɨɫɤɨɝɨ ɫɬɪɨɟɧɢɹ. ɉɢɪɚɡɢɧɨɜɨɟ ɤɨɥɶɰɨ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ ɜɚɧɧɚ. 

ɉɟɪɟɝɢɛɵ ɩɨ ɥɢɧɢɹɦ ɋ8…ɋ11 ɢ ɋ9…ɋ10 ɫɨɫɬɚɜɥɹɸɬ 19.8 ɢ 13.2°, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɨɬɤɥɨɧɟɧɢɹ ɚɬɨɦɨɜ N1 ɢ N2 ɨɬ ɩɥɨɫɤɨɫɬɢ 4-ɯ ɚɬɨɦɨɜ 
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ɭɝɥɟɪɨɞɚ - 0.24 ɢ 0.15 Å. Ɏɟɧɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɚɬɨɦɟ N2 ɢɦɟɟɬ ɫɬɪɨɝɨ 

ɛɢɫɫɟɤɬɪɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ. ɉɢɪɢɞɢɧɨɜɵɣ ɰɢɤɥ ɬɚɤɠɟ ɧɟ ɩɥɨɫɤɢɣ ɢ ɢɦɟɟɬ 

ɤɨɧɮɨɪɦɚɰɢɸ ɤɨɧɜɟɪɬ. ɉɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ N1…ɋ2 ɫɨɫɬɚɜɥɹɟɬ 28.6°. ȼɵɯɨɞ 

ɚɬɨɦɚ ɋ1 ɢɡ ɩɥɨɫɤɨɫɬɢ ɨɫɬɚɥɶɧɵɯ ɩɹɬɢ ɚɬɨɦɨɜ ɤɨɥɶɰɚ ɫɨɫɬɚɜɥɹɟɬ 0.37 Å ɜ 

ɫɬɨɪɨɧɭ ɯɢɧɨɤɫɚɥɢɧɨɜɨɝɨ ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ ɋ2. Ɉɪɢɟɧɬɚɰɢɢ 

ɷɬɨɤɫɢɤɚɪɛɨɧɢɥɶɧɵɯ  ɝɪɭɩɩ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ 

ɋ3ɋ4ɋ5Ɉ4 72.7 ɢ  ɋ3ɋ2ɋ22Ɉ7 144.9°. ɏɢɧɨɤɫɚɥɢɧɨɜɚɹ ɝɪɭɩɩɚ ɩɪɢ ɋ2  

ɩɥɨɫɤɚɹ. Ɍɨɪɫɢɨɧɧɵɣ ɭɝɨɥ ɋ3ɋ2ɋ25N3 ɪɚɜɟɧ 112.6°, ɚ ɩɥɨɫɤɨɫɬɶ ɮɟɧɢɥɶɧɨɝɨ 

ɡɚɦɟɫɬɢɬɟɥɹ ɩɪɢ ɚɬɨɦɟ N4 ɨɪɬɨɝɨɧɚɥɶɧɚ ɩɥɨɫɤɨɫɬɢ ɯɢɧɨɤɫɚɥɢɧɚ. Ⱦɜɨɣɧɵɟ 

ɫɜɹɡɢ ɋ4=ɋ8 ɢ N3=ɋ25 (1.350(3) ɢ 1.273(3) Å ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) 

ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ, ɛɟɡ ɡɚɦɟɬɧɨɝɨ ɭɱɚɫɬɢɹ ɢɯ ɜ ɫɨɩɪɹɠɟɧɢɢ.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɨɥɟɤɭɥɵ ɛɟɧɡɨɥɚ, ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɚɹ ɦɨɥɟɤɭɥɚ ɜɨɞɵ 

ɫɬɚɬɢɱɟɫɤɢ ɪɚɡɭɩɨɪɹɞɨɱɟɧɚ ɩɨ ɞɜɭɦ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦ ɩɨɡɢɰɢɹɦ. 

ɉɨɫɤɨɥɶɤɭ ɨɛɟ ɷɬɢ ɩɨɡɢɰɢɢ ɧɚɯɨɞɹɬɫɹ ɜɛɥɢɡɢ ɰɟɧɬɪɚ ɢɧɜɟɪɫɢɢ ɫ 

ɤɨɨɪɞɢɧɚɬɚɦɢ 0.5 0 0, ɦɨɥɟɤɭɥɚ ɜɨɞɵ, ɮɚɤɬɢɱɟɫɤɢ, ɫɬɚɬɢɱɟɫɤɢ 

ɪɚɡɭɩɨɪɹɞɨɱɟɧɚ ɩɨ ɱɟɬɵɪɟɦ ɩɨɡɢɰɢɹɦ ɫ ɜɟɫɨɦ ¼ ɩɨ ɜɟɪɲɢɧɚɦ ɤɜɚɞɪɚɬɚ ɫɨ 

ɫɬɨɪɨɧɨɣ 1.70 Å. ȼ ɤɪɢɫɬɚɥɥɟ ɨɬɫɭɬɫɬɜɭɸɬ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɢ ɢɧɵɟ 

ɭɤɨɪɨɱɟɧɧɵɟ ɤɨɧɬɚɤɬɵ.  

2-(3-Ɉɤɫɨ-4-ɮɟɧɢɥ-3,4-ɞɢɝɢɞɪɨ-2-ɯɢɧɨɤɫɚɥɢɧɢɥ)-2,4-ɞɢ(ɷɬɨɤɫɢɤɚɪ-

ɛɨɧɢɥ)-6-ɮɟɧɢɥ-1Н-ɩɢɪɢɞɨ[1,2-a]ɯɢɧɨɤɫɚɥɢɧ-1,3,5-ɬɪɢɨɧ (3). Ɋɚɫɬɜɨɪ 1.66 

ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 2 ɜ 4 ɦɥ ɞɚɭɬɟɪɦɚ Ⱥ ɜɵɞɟɪɠɢɜɚɸɬ 5 ɦɢɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

185-187°ɋ, ɨɯɥɚɠɞɚɸɬ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɫɨɟɞɢɧɟɧɢɹ 3 

ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ. ȼɵɯɨɞ 40%, ɬ.ɩɥ. 209-211°ɋ (ɫ ɪɚɡɥ., ɢɡ ɛɟɧɡɨɥɚ). ɂɄ-

ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 1720 (ɋɈɈɋ2ɇ5), 1645 (ɋɈ). ɋɩɟɤɬɪ əɆɊ 
1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 1.24 ɬ (3ɇ, ɋɇ3); 1.42 ɬ (3ɇ, ɋɇ3), 4.17 ɤ (2ɇ, ɋɇ2, J = 

7.0 Ƚɰ), 4.50 ɤ (2ɇ, ɋɇ2, J = 7.0 Ƚɰ), 6.40-8.30 ɝɪ.ɫ (18ɇ, 2ɋ6ɇ5+2ɋ6ɇ4). Ɇɚɫɫ-

ɫɩɟɤɬɪ, m/z (I,%): 668 [M]+. ɇɚɣɞɟɧɨ, %: ɋ 68.31; ɇ, 4.25; N, 8.41. C38H28N4O8. 

ȼɵɱɢɫɥɟɧɨ, %: ɋ, 68.26; ɇ, 4.22; N, 8.38. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 3. Ʉɪɢɫɬɚɥɥɵ ɞɥɹ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
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ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɫɨɟɞɢɧɟɧɢɹ 3 ɢɡ ɜɨɞɧɨɝɨ ɛɟɧɡɨɥɚ. ɀɟɥɬɵɟ, ɯɨɪɨɲɨ 

ɨɝɪɚɧɟɧɧɵɟ ɤɪɢɫɬɚɥɥɵ C38H28N4O8·ɋ6ɇ6·ɇ2Ɉ, ɬɪɢɤɥɢɧɧɵɟ: ɚ = 13.556(3), b = 

17.452(3), ɫ = 9.224(2) Å, α = 95.70 (3), ȕ = 104.29 (3), Ȗ = 100.28(3)°, V = 

2061.5(7) Å3, Ɇ = 764.77, dɜɵɱ = 1.232 ɝ/ɫɦ-3, Z =  2 ,  ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 

ɝɪɭɩɩɚ Ɋ1. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 

ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA DIFFRACTION») ɫ χ-

ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ ω/2Θ-ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ CuКα-

ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 2.6 < Θ < 80.3°. ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɥɨɬɧɨɫɬɢ. Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ, ɢ ɭɬɨɱɧɹɥɢɫɶ ɬɨɥɶɤɨ 

ɩɨɡɢɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ 

ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɡɚɜɟɪɲɟɧɨ ɩɪɢ R = 0.0612 ɩɨ 5041 ɨɬɪɚɠɟɧɢɸ ɫ I ≥ 

2σ(I) ɢɡ ɨɛɳɟɝɨ ɦɚɫɫɢɜɚ 8498 ɨɬɪɚɠɟɧɢɣ. GɈɈF = 1.065. ɉɨɩɪɚɜɤɢ ɧɚ 

ɩɨɝɥɨɳɟɧɢɟ ɧɟ ɜɜɨɞɢɥɢɫɶ (ȝ = 0.719 ɦɦ-1). ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ 

ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX-97 [6]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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2-(2-Ɉɤɫɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ)-4-(2,4,6-ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥ)-3-(2,4,6-

ɬɪɢɦɟɬɢɥ-ɛɟɧɡɨɢɥɨɤɫɢ)ɩɢɪɢɞɨ[2,1-с][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,5-ɞɢɨɧ 

 

Ⱥɰɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɵ ɫɨɞɟɪɠɚɬ ɚɰɢɥɶɧɭɸ ɢ ɢɦɢɞɨɢɥɶɧɭɸ ɝɪɭɩɩɵ, 

ɫɨɩɪɹɠɟɧɧɵɟ ɫ ɤɟɬɟɧɨɜɨɣ ɫɜɹɡɶɸ ɋ=ɋ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɦ ɜɫɬɭɩɚɬɶ ɜ 

ɪɚɡɥɢɱɧɵɟ ɪɟɚɤɰɢɢ [4+2]-ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤɚɤ ɜ ɤɚɱɟɫɬɜɟ ɞɢɟɧɨɮɢɥɚ 

ɤɚɤɨɣ-ɥɢɛɨ ɢɡ ɤɪɚɬɧɵɯ ɫɜɹɡɟɣ, ɬɚɤ ɢ ɜ ɤɚɱɟɫɬɜɟ ɞɢɟɧɚ ɚɰɢɥɤɟɬɟɧɨɜɵɦ ɢɥɢ 

ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɚɦɢ. Ɉɞɧɚɤɨ ɞɥɹ ɢɡɜɟɫɬɧɵɯ ɬɢɩɨɜ 

ɚɰɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɨɜ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦɢ ɹɜɥɹɸɬɫɹ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ. ȼɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɰɢɤɥɢɡɚɰɢɹ N-

ɛɟɧɡɢɥɢɦɢɞɨɢɥ(ɚɪɨɢɥ)ɤɟɬɟɧɨɜ, ɝɟɧɟɪɢɪɭɟɦɵɯ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ 

ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɢ 4,5-ɞɢɚɪɨɢɥ-1-ɛɟɧɡɢɥɩɢɪɪɨɥ-2,3-ɞɢɨɧɨɜ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɨɤɢɫɥɟɧɢɹ-ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɦɟɳɟɧɧɵɯ ɮɭɪɚɧ-2-ɨɧɨɜ ɢ ɮɭɪɨɢɡɨɯɢɧɨɥɢɧɨɧɨɜ [1]. N-

Ⱥɪɢɥɢɦɢɞɨɢɥ(ɚɰɢɥ)ɤɟɬɟɧɵ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɨ ɰɢɤɥɢɡɭɸɬɫɹ ɜ ɡɚɦɟɳɟɧɧɵɟ 

4-ɯɢɧɨɥɨɧɵ, ɩɪɢɱɟɦ ɧɚɩɪɚɜɥɟɧɢɟ ɪɟɚɤɰɢɢ ɧɟ ɦɟɧɹɟɬɫɹ ɩɪɢ ɜɜɟɞɟɧɢɢ 

ɡɚɦɟɫɬɢɬɟɥɹ ɜ ɨɞɧɨ ɢɡ ɨɪɬɨ-ɩɨɥɨɠɟɧɢɣ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɥɶɰɚ ɩɪɢ 

ɢɦɢɞɨɢɥɶɧɨɦ ɚɬɨɦɟ ɚɡɨɬɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɜɜɟɞɟɧɢɢ ɡɚɦɟɫɬɢɬɟɥɹ, ɫɩɨɫɨɛɧɨɝɨ 

ɩɪɢɧɢɦɚɬɶ ɭɱɚɫɬɢɟ ɜ ɪɟɚɤɰɢɹɯ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ [2]. 

Ⱥɪɨɢɥ-(2-ɨɤɫɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ)ɤɟɬɟɧɵ, ɝɟɧɟɪɢɪɭɟɦɵɟ ɩɪɢ 

ɬɟɪɦɢɱɟɫɤɨɦ ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɢ 3-ɚɪɨɢɥɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-

1,2,4-ɬɪɢɨɧɨɜ [3], ɹɜɥɹɸɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ N-ɚɪɢɥɢɦɢɞɨɢɥ(ɚɰɢɥ)ɤɟɬɟɧɨɜ, ɜ 

ɤɨɬɨɪɵɯ ɚɪɨɦɚɬɢɱɟɫɤɢɣ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɢɦɢɞɨɢɥɶɧɨɦ ɚɬɨɦɟ ɚɡɨɬɚ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɜɨɜɥɟɱɟɧɢɹ ɟɝɨ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɮɢɤɫɢɪɨɜɚɧ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨ ɨɩɢɫɚɧɧɚɹ ɜɵɲɟ ɰɢɤɥɢɡɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 4-ɯɢɧɨɥɨɧɨɜ 

ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɨɣ. ɉɪɢ ɜɵɞɟɪɠɢɜɚɧɢɢ ɪɚɫɬɜɨɪɚ 3-(2,4,6-ɬɪɢɦɟɬɢɥ-

ɛɟɧɡɨɢɥ)ɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ (1) [4] ɜ ɞɚɭɬɟɪɦɟ Ⱥ ɩɪɢ 

158-160 °ɋ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɜɵɫɨɤɨɩɥɚɜɤɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, 

ɹɜɥɹɸɳɟɟɫɹ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɦɚɫɫɫɩɟɤɬɪɨɦɟɬɪɢɢ 

ɞɢɦɟɪɨɦ 2-ɨɤɫɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ-(2,4,6-ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥ)ɤɟɬɟɧɚ (2).  
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɢɦɟɪɢɡɚɰɢɢ ɚɰɢɥ- 

ɢ ɢɦɢɞɨɢɥɤɟɬɟɧɨɜ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɩɪɨɬɟɤɚɧɢɟ [4+2]-

ɰɢɤɥɨɞɢɦɟɪɢɡɚɰɢɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɨɞɧɚ ɦɨɥɟɤɭɥɚ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ 

ɞɢɟɧɨɮɢɥɚ ɫɜɹɡɶɸ ɋ=ɋ ɤɟɬɟɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɞɪɭɝɚɹ – ɜ ɤɚɱɟɫɬɜɟ ɞɢɟɧɚ 

ɚɰɢɥɤɟɬɟɧɨɜɵɦ (ɩɭɬɶ ɚ) [5] ɢɥɢ ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɵɦ (ɩɭɬɶ b) [6] ɮɪɚɝɦɟɧɬɚɦɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɦɟɳɟɧɧɵɯ ɩɢɪɚɧ-2,4-ɞɢɨɧɚ 3 ɢɥɢ 

ɩɢɪɢɞɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,3,5-ɬɪɢɨɧɚ 4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨ 

ɫɩɟɤɬɪɚɥɶɧɵɦ ɞɚɧɧɵɦ ɬɪɭɞɧɨ ɨɞɧɨɡɧɚɱɧɨ ɫɞɟɥɚɬɶ ɜɵɛɨɪ ɫɬɪɭɤɬɭɪɵ ɞɢɦɟɪɚ. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɤɪɢɫɬɚɥɥɨɜ ɩɪɨɞɭɤɬɚ, ɜɵɪɚɳɟɧɧɵɯ ɜ ɩ-ɤɫɢɥɨɥɟ, 

ɩɨɡɜɨɥɢɥ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɞɭɤɬ ɪɟɚɤɰɢɢ ɤɚɤ 2-(2-ɨɤɫɨ-2H-1,4-

ɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ)-4-(2,4,6-ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥ)-3-(2,4,6-ɬɪɢɦɟɬɢɥ-

ɛɟɧɡɨɢɥɨɤɫɢ)ɩɢɪɢɞɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,5-ɞɢɨɧ (5) [7]. 

ɉɨ-ɜɢɞɢɦɨɦɭ, ɤɟɬɟɧ 2 ɩɪɢɧɢɦɚɟɬ ɭɱɚɫɬɢɟ ɜ [4+2]-ɰɢɤɥɨɞɢɦɟɪɢɡɚɰɢɢ ɜ 

ɤɚɱɟɫɬɜɟ ɞɢɟɧɚ ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ (ɩɭɬɶ b), ɩɪɢɱɟɦ ɜ 

ɨɛɪɚɡɭɸɳɟɦɫɹ ɞɢɦɟɪɟ 4 ɩɪɨɢɫɯɨɞɢɬ [1,3]-ɚɰɢɥɨɬɪɨɩɧɚɹ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ [8] 

ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɟɞɢɧɟɧɢɹ 5. 

ɋɬɪɨɟɧɢɟ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 5 ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Рисуɧɨк 1. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 5. 

 

Ɋɚɫɫɬɨɹɧɢɹ ɋ18-ɋ19 1.352, ɋ20-ɋ21 1.349 ɢ N10-C24 1.273 Å 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɜɨɣɧɵɦ ɫɜɹɡɹɦ. Ɉɫɬɚɥɶɧɵɟ ɫɜɹɡɢ ɬɚɤɠɟ ɢɦɟɸɬ ɨɛɵɱɧɵɟ ɞɥɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɜɹɡɟɣ ɡɧɚɱɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɥɟɤɭɥɚ ɫɭɳɟɫɬɜɭɟɬ ɜ 

ɮɨɪɦɟ ɫ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ ɛɟɡ ɡɚɦɟɬɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ 

ɦɟɠɞɭ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɟɟ ɝɪɭɩɩɚɦɢ. Ɉɤɫɚɡɢɧɨɜɨɟ ɤɨɥɶɰɨ ɬɪɢɰɢɤɥɢɱɟɫɤɨɝɨ 

ɩɢɪɢɞɨɛɟɧɡɨɤɫɚɡɢɧɨɜɨɝɨ ɮɪɚɝɦɟɧɬɚ ɧɟ ɩɥɨɫɤɨɟ. ɉɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ Ɉ1…N9 

ɫɨɫɬɚɜɥɹɟɬ 171.5°. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜ ɦɨɥɟɤɭɥɟ, ɜɟɪɨɹɬɧɨ, ɫɭɳɟɫɬɜɭɟɬ 

ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ ɋ15-ɇ15...O6. Ɋɚɫɫɬɨɹɧɢɟ ɋ15...O6 

ɪɚɜɧɨ 2.65 Å, ɚ ɇ15...O6 – 2.0 Å. ɍɝɨɥ ɩɪɢ ɚɬɨɦɟ ɜɨɞɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 124°. 

ȼɢɞɢɦɨ ɷɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɭɞɥɢɧɟɧɢɟ ɫɜɹɡɢ ɋ22=O6 1.240 Å ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ ɱɟɬɵɪɶɦɹ ɫɜɹɡɹɦɢ ɜ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩɚɯ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɟɞɟɥɚɯ 1.185-1.214 Å. Ɉ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ 

ɋ15-ɇ15...O6 ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɚɤɠɟ ɫɥɚɛɨɩɨɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ (9.05 ɦ.ɞ.) 
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ɫɢɝɧɚɥɚ ɞɚɧɧɨɝɨ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ ɜ ɫɩɟɤɬɪɚɯ əɆɊ 1ɇ. ɉɥɨɫɤɚɹ 

ɛɟɧɡɨɤɫɚɡɢɧɨɜɚɹ ɝɪɭɩɩɚ ɩɪɢ ɚɬɨɦɟ ɋ21 ɨɛɪɚɡɭɟɬ ɫɨ ɫɪɟɞɧɟɣ ɩɥɨɫɤɨɫɬɶɸ 

ɬɪɢɰɢɤɥɢɱɟɫɤɨɝɨ ɮɪɚɝɦɟɧɬɚ ɭɝɨɥ 120°, ɚ ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ ɋ22ɋ21ɋ24ɋ23 

ɪɚɜɟɧ -62.7°. Ʉɚɪɛɨɧɢɥɶɧɵɟ ɝɪɭɩɩɵ ɋ31=Ɉ3 ɢ ɋ41=Ɉ5 ɧɟ ɤɨɩɥɚɧɚɪɧɵ ɫ 

ɩɥɨɫɤɨɫɬɹɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɢɦɟɬɢɥɛɟɧɡɨɥɶɧɵɯ ɝɪɭɩɩ – ɭɝɨɥ 

Ɉ3ɋ31ɋ32ɋ33 ɪɚɜɟɧ -31.0°, ɚ Ɉ5ɋ41ɋ42ɋ43 -39°. Ɉɪɢɟɧɬɚɰɢɹ 

ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥɶɧɨɣ ɝɪɭɩɩɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɢɪɢɞɨɛɟɧɡɨɤɫɚɡɢɧɨɜɨɝɨ 

ɮɪɚɝɦɟɧɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɪɫɢɨɧɧɵɦ  ɭɝɥɨɦ ɋ18ɋ19ɋ31ɋ32 114°, ɚ 

ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥɨɤɫɢɝɪɭɩɩɵ – ɋ19ɋ20Ɉ4ɋ41 -51°. ɉɪɢ ɷɬɨɦ ɚɬɨɦɵ 

ɤɢɫɥɨɪɨɞɚ Ɉ3 ɢ Ɉ5 ɬɪɚɧɫ-ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ, 

ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ ɚɬɨɦɵ ɋ31, ɋ19, ɋ20 ɢ Ɉ4. ɉɥɨɫɤɨɫɬɢ 

ɬɪɢɦɟɬɢɥɛɟɧɡɨɥɶɧɵɯ ɝɪɭɩɩ ɩɚɪɚɥɥɟɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ.  

ȼ ɤɪɢɫɬɚɥɥɟ ɨɬɫɭɬɫɬɜɭɸɬ ɭɤɨɪɨɱɟɧɧɵɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɧɬɚɤɬɵ. 

ɍɩɚɤɨɜɤɚ ɦɨɥɟɤɭɥ ɬɚɤɨɜɚ, ɱɬɨ ɨɛɪɚɡɭɸɬɫɹ ɤɚɧɚɥɵ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ «ɫ» 

ɤɪɢɫɬɚɥɥɚ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɦɨɥɟɤɭɥɵ ɩ-ɤɫɢɥɨɥɚ (ɪɢɫɭɧɨɤ 2). 

 

2-(2-Ɉɤɫɨ-2H-1,4-ɛɟɧɡɨɤɫɚɡɢɧ-3-ɢɥ)-4-(2,4,6-ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥ)-3-

(2,4,6-ɬɪɢɦɟɬɢɥɛɟɧɡɨɢɥɨɤɫɢ)ɩɢɪɢɞɨ[2,1-с][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,5-ɞɢɨɧ (5). 
Ɋɚɫɬɜɨɪ 1.44 ɝ (0.04 ɦɨɥɶ) ɫɨɟɞɢɧɟɧɢɹ 1 ɜ 10 ɦɥ ɞɚɭɬɟɪɦɚ Ⱥ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ 

158-160°ɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ, ɨɯɥɚɞɢɥɢ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɨɬɮɢɥɶɬɪɨ-

ɜɚɥɢ. ȼɵɯɨɞ 0.5 ɝ (36%), ɬ.ɩɥ. 272-274°ɋ (ɫ ɪɚɡɥ., ɢɡ MeCN). ɂɄ-ɫɩɟɤɬɪ 

(ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 1740 (ɋɈɈ), 1655 (ɋ1=O, ɋɈɋ6ɇ2), 1598 (ɋ=ɋ, 

C=N). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.): 2.15 ɫ (12ɇ, 4 ɨ-ɋɇ3), 2.29 ɫ (6ɇ, 2 

ɪ-ɋɇ3), 7.19 ɦ (11ɇ, ɋ6ɇ4+ɋ6ɇ3+2ɋ6ɇ2); 9.05 ɦ (1ɇ, ɋ10ɇ). Ɇɚɫɫ-ɫɩɟɤɬɪ, m/z: 

666 [Ɇ]+. ɇɚɣɞɟɧɨ, %: ɋ 72.19; ɇ 4.46; N 4.29. C40H30N2O8. ȼɵɱɢɫɥɟɧɨ, %: ɋ 

72.06; ɇ 4.54; N 4.20. 
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Рисуɧɨк 2. Ɏɪɚɝɦɟɧɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫɨɟɞɢɧɟɧɢя 5. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 5. Ʉɪɢɫɬɚɥɥɵ ɞɥɹ 

ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ 

ɫɨɟɞɢɧɟɧɢɹ 5 ɢɡ ɩ-ɤɫɢɥɨɥɚ. ɂɞɟɧɬɢɱɧɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ 

ɢɡ MeCN ɢ ɩ-ɤɫɢɥɨɥɚ, ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ Ɍɋɏ ɧɚ ɩɥɚɫɬɢɧɚɯ Silufol UV-

254, ɷɥɸɟɧɬ – ɛɟɧɡɨɥ : ɷɮɢɪ (5 : 1). ɋɨɟɞɢɧɟɧɢɟ 5 ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɫ ɩ-

ɤɫɢɥɨɥɨɦ ɜ ɷɤɜɢɦɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. Ʉɪɢɫɬɚɥɥɵ C40H30N2O8∙ɋ6ɇ4(ɋɇ3)2 

ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɦɨɧɨɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɢ: ɚ = 11.452(2), b = 20.516(4), ɫ = 

16.701(3) Å, ȕ = 94.42(3)°, V = 3912.2(12) Å3, Ɇ = 772.82, dɜɵɱ 
= 1.312 ɝ/ɫɦ-3, Z 

=  4 ,  ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Ɋ21/ɫ. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ 

ɩɨɥɭɱɟɧ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA 

DIFFRACTION») ɫ χ-ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ Θ–2Θ-ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 
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ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ CuКα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 3.4 < Θ < 80.2°. 

ȼɫɟɝɨ ɢɡɦɟɪɟɧɨ 8358 ɧɟɡɚɜɢɫɢɦɵɯ ɪɟɮɥɟɤɫɨɜ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ 

ɜɜɨɞɢɥɢ (µ = 0.728 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɡɚɞɚɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢ, ɢ ɭɬɨɱɧɹɥɢɫɶ ɬɨɥɶɤɨ ɩɨɡɢɰɢɨɧɧɵɟ 

ɩɚɪɚɦɟɬɪɵ. Ɍɟɩɥɨɜɵɟ ɩɚɪɚɦɟɬɪɵ ɮɢɤɫɢɪɨɜɚɥɢɫɶ ɜ 1.2 (1.5 ɞɥɹ ɦɟɬɢɥɶɧɵɯ 

ɝɪɭɩɩ) ɪɚɡɚ ɛɨɥɶɲɢɦɢ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ. 

ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) ɭɬɨɱɧɟɧɢɟ ɆɇɄ 

ɡɚɜɟɪɲɟɧɨ ɩɪɢ R = 0.042 ɩɨ 1746 ɨɬɪɚɠɟɧɢɹɦ ɫ I ≥ 2σ(I). ȼɫɟ ɪɚɫɱɟɬɵ 

ɩɪɨɜɟɞɟɧɵ ɧɚ PC/AT ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɪɨɝɪɚɦɦ SHELX86 [9] ɢ SHELX93 [10]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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1-ɩ-Ȼɪɨɦɮɟɧɢɥ-2-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-4-ɩ-ɬɨɥɭɨɢɥɩɢɪɢɦɢɞɢɧɨ[4,3-

c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-3,5-ɞɢɨɧ 

 

Ⱦɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɟ 3-ɚɰɢɥɩɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-

ɬɪɢɨɧɨɜ ɩɨɡɜɨɥɹɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ ɡɚɦɟɳɟɧɧɵɟ ɚɰɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɵ, ɧɟ 

ɢɦɟɸɳɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ ɰɢɤɥɢɡɚɰɢɣ 

ɢ ɫɩɨɫɨɛɧɵɟ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɚɯ [1]. 

Ɍɟɪɦɨɥɢɡ 3-ɩ-ɬɨɥɭɨɢɥɢɪɪɨɥɨ[2,1-ɫ][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-1,2,4-ɬɪɢɨɧɚ (1) 

ɩɪɢ 156-159°ɋ ɜ ɩɪɢɫɭɬɫɜɢɢ ɩ-ɛɪɨɦɛɟɧɡɢɥɢɞɟɧ-ɩ-ɚɧɢɡɢɞɢɧɚ (2) ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ 1-ɩ-ɛɪɨɦɮɟɧɢɥ-2-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-4-ɩ-ɬɨɥɭɨɢɥɩɢɪɢɦɢɞɢɧɨ[4,3-

c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-3,5-ɞɢɨɧɚ (4), ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧɚ ɩɨ ɞɚɧɧɵɦ 

ɊɋȺ [2]. 
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ɋɨɟɞɢɧɟɧɢɟ 4 ɨɛɪɚɡɭɟɬɫɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɬɟɪɦɨɥɢɬɢɱɟɫɤɨɝɨ 

ɞɟɤɚɪɛɨɧɢɥɢɪɨɜɚɧɢɹ ɩɢɪɪɨɥɛɟɧɡɨɤɫɚɡɢɧɬɪɢɨɧɚ 1 ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɚɪɨɢɥ(ɢɦɢɞɨɢɥ)ɤɟɬɟɧɚ 3, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɪɟɚɤɰɢɢ [4+2]-

ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢɦɢɞɨɢɥɤɟɬɟɧɨɜɵɦ ɮɪɚɝɦɟɧɬɨɦ ɤ C=N-ɫɜɹɡɢ ɢɦɢɧɚ 2. 

Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ 4 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ. 

 

 

Рисуɧɨк. Ɉɛɳɢɣ ɜɢɞ ɦɨɥɟɤɭɥы ɫɨɟɞɢɧɟɧɢя 4. 

 

ȼɫɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɜ ɦɨɥɟɤɭɥɟ ɧɚɯɨɞɹɬɫɹ ɜ ɢɧɬɟɪɜɚɥɚɯ 

ɡɧɚɱɟɧɢɣ, ɨɛɳɟɩɪɢɧɹɬɵɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɜɹɡɟɣ, ɢ ɤɨɦɦɟɧɬɚɪɢɟɜ ɧɟ 

ɬɪɟɛɭɸɬ. ɉɢɪɢɦɢɞɢɧɨɜɵɣ ɰɢɤɥ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ ɢɫɤɚɠɟɧɧɨɣ ɜɚɧɧɵ. 

ȼɵɯɨɞɵ ɚɬɨɦɨɜ ɋ11 ɢ ɋ13 ɢɡ ɩɥɨɫɤɨɫɬɢ ɨɫɬɚɥɶɧɵɯ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ ɰɢɤɥɚ 



 126 

ɫɨɫɬɚɜɥɹɸɬ 0.51 ɢ 0.07 Å ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɟɪɟɝɢɛ ɩɨ ɥɢɧɢɢ N7…N8 ɪɚɜɟɧ 

36.6°, ɚ ɩɨ ɥɢɧɢɢ ɋ10…ɋ12 – 6.4°. ɩ-Ȼɪɨɦɮɟɧɢɥɶɧɵɣ ɡɚɦɟɫɬɢɬɟɥɶ ɩɪɢ ɚɬɨɦɟ 

ɋ13 ɢɦɟɟɬ ɚɤɫɢɚɥɶɧɭɸ ɨɪɢɟɧɬɚɰɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɬɟɪɨɰɢɤɥɚ, ɚ ɟɝɨ 

ɩɥɨɫɤɨɫɬɶ ɨɛɪɚɡɭɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ N7N8C13 ɭɝɨɥ 112.2°. Ɍɨɪɫɢɨɧɧɵɣ ɭɝɨɥ 

ɋ29ɋ28ɋ13N8 ɪɚɜɟɧ 20.9°. ɉɥɨɫɤɢɣ ɦɟɬɨɤɫɢɮɟɧɢɥɶɧɵɣ ɮɪɚɝɦɟɧɬ ɦɨɥɟɤɭɥ 

(ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ ɋ38ɋ37Ɉ6ɋ4 – 177.7°) ɨɪɬɨɝɨɧɚɥɟɧ ɩɥɨɫɤɨɫɬɢ ɋ13N8ɋ12 

ɢ ɛɢɫɫɟɤɬɪɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ. Ɉɪɢɟɧɬɚɰɢɹ ɬɨɥɭɨɢɥɶɧɨɣ 

ɝɪɭɩɩɵ (ɬɨɪɫɢɨɧɧɵɣ ɭɝɨɥ Ɉ4ɋ20ɋ21ɋ22 – 166.8°) ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɬɟɪɨɰɢɤɥɚ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɬɨɪɫɢɨɧɧɵɦɢ ɭɝɥɚɦɢ: ɋ10ɋ11ɋ20ɋ21 –89.8°, 

ɋ11ɋ20ɋ21ɋ22 –10.5°. Ɉɤɫɚɡɢɧɨɜɵɣ ɰɢɤɥ ɢɦɟɟɬ ɤɨɧɮɨɪɦɚɰɢɸ ɫɢɥɶɧɨ 

ɭɩɥɨɳɟɧɧɨɣ ɜɚɧɧɵ. Ɉɬɤɥɨɧɟɧɢɹ ɝɟɬɟɪɨɚɬɨɦɨɜ ɨɬ ɩɥɨɫɤɨɫɬɢ ɱɟɬɵɪɟɯ ɚɬɨɦɨɜ 

ɭɝɥɟɪɨɞɚ ɫɨɫɬɚɜɥɹɸɬ 0.14 ɢ 0.12 Å ɞɥɹ ɚɬɨɦɨɜ Ɉ2 ɢ N7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ 

ɭɝɥɵ ɩɟɪɟɝɢɛɚ 11.9° ɢ 10.2°. Ɇɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɢ 

ɭɤɨɪɨɱɟɧɧɵɟ ɤɨɧɬɚɤɬɵ ɜ ɤɪɢɫɬɚɥɥɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

 

1-ɩ-Ȼɪɨɦɮɟɧɢɥ-2-ɩ-ɦɟɬɨɤɫɢɮɟɧɢɥ-4-ɩ-ɬɨɥɭɨɢɥɩɢɪɢɦɢɞɢɧɨ[4,3-

c][1,4]ɛɟɧɡɨɤɫɚɡɢɧ-3,5-ɞɢɨɧ (4). Ɋɚɫɬɜɨɪ 0.005 ɦɨɥɟɣ ɫɨɟɞɢɧɟɧɢɹ 1 ɢ 0.01 

ɦɦɨɥɶ ɫɨɟɞɢɧɟɧɢɹ 2 ɜ 17 ɦɥ ɞɚɭɬɟɪɦɚ Ⱥ ɜɵɞɟɪɠɚɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 156-

159°ɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ, ɨɯɥɚɞɢɥɢ, ɫɨɟɞɢɧɟɧɢɟ 4 ɨɬɮɢɥɶɬɪɨɜɚɥɢ. ȼɵɯɨɞ 48%, 

ɬ.ɩɥ. 279-280°ɋ (ɫ ɪɚɡɥ., ɢɡ ɆɟɋN). ɂɄ-ɫɩɟɤɬɪ (ɜɚɡɟɥɢɧɨɜɨɟ ɦɚɫɥɨ), Ȟ, ɫɦ-1: 

1760 (ɋ5=Ɉ), 1665 (ɋɈ), 1645 (ɋ3=Ɉ). ɋɩɟɤɬɪ əɆɊ 1ɇ (ȾɆɋɈ-d6), į, ɦ.ɞ.: 2.55 

ɫ (3 ɇ, ɋɇ3), 3.77 ɫ (3ɇ, Ɉɋɇ3), 7.88 ɦ (17ɇ, 4ɋ6ɇ4+ɋ1ɇ). ɇɚɣɞɟɧɨ, %: ɋ 

64.38; ɇ, 3.71; Br, 13.53; N, 4.58. C32H23BrN2O5. ȼɵɱɢɫɥɟɧɨ, %:ɋ 64.55; ɇ, 

3.89; Br, 13.42; N, 4.70. 

 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢя 4. ɏɨɪɨɲɨ ɨɝɪɚɧɟɧɧɵɟ 

ɤɪɢɫɬɚɥɥɵ ɪɨɦɛɢɱɟɫɤɨɣ ɫɢɧɝɨɧɢɢ: ɚ = 6.342(1), b = 21.608(4), ɫ = 18.812(4) 

Å, V = 2578.0(8) Å3, Ɇ = 593.43, dɜɵɱ = 1.534 ɝ/ɫɦ-3, Z =  2 ,  ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 

ɝɪɭɩɩɚ Ɋ212121. ɇɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɬɪɚɠɟɧɢɣ ɩɨɥɭɱɟɧ ɜ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɱɟɬɵɪɟɯɤɪɭɠɧɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɄɆ-4 («KUMA 
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DIFFRACTION») ɫ χ-ɝɟɨɦɟɬɪɢɟɣ ɦɟɬɨɞɨɦ Θ-2Θ-ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 

ɦɨɧɨɯɪɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ CuКα-ɢɡɥɭɱɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 3 < Θ < 80°. 

ȼɫɟɝɨ ɢɡɦɟɪɟɧ 3071 ɧɟɡɚɜɢɫɢɦɵɣ ɪɟɮɥɟɤɫ. ɉɨɩɪɚɜɤɢ ɧɚ ɩɨɝɥɨɳɟɧɢɟ ɧɟ 

ɜɜɨɞɢɥɢ (ȝ = 2.569 ɦɦ-1). ɋɬɪɭɤɬɭɪɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɹɦɵɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɫɟɪɢɟɣ ɪɚɫɱɟɬɨɜ ɤɚɪɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. 

Ⱥɬɨɦɵ ɜɨɞɨɪɨɞɚ ɨɛɴɟɤɬɢɜɧɨ ɥɨɤɚɥɢɡɨɜɚɧɵ ɢɡ ɪɚɡɧɨɫɬɧɨɝɨ ɫɢɧɬɟɡɚ, 

ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨɫɥɟ ɭɬɨɱɧɟɧɢɹ ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ ɜ ɢɡɨɬɪɨɩɧɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ. ɉɨɥɧɨɦɚɬɪɢɱɧɨɟ ɚɧɢɡɨɬɪɨɩɧɨɟ (ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ) 

ɭɬɨɱɧɟɧɢɟ ɆɇɄ ɡɚɜɟɪɲɟɧɨ ɩɪɢ R = 0.036 ɩɨ 1493 ɨɬɪɚɠɟɧɢɹɦ ɫ I ≥ 2σ(I). 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɜɨɞɨɪɨɞɚ ɧɟ ɭɬɨɱɧɹɥɢ, ɚ ɡɚɮɢɤɫɢɪɨɜɚɥɢ 

ɜ 1.2 (ɞɥɹ ɦɟɬɢɥɶɧɵɯ ɝɪɭɩɩ ɜ 1.5) ɪɚɡɚ ɛɨɥɶɲɢɦɢ, ɱɟɦ ɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɧɟɜɨɞɨɪɨɞɧɵɯ ɚɬɨɦɨɜ. ȼɫɟ ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɧɚ Ɋɋ/ȺɌ ɩɨ ɩɪɨɝɪɚɦɦɚɦ 

SHELX-86 [3] ɢ SHELX-93 [4]. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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