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ʋɼʂ 547.78+547.79 

ʉʇʆʈɯɼʅɽʅɯʉʊʔ ɼʆ ʇʈʆʊʆʅɸ ɻɽʊɽʈʆʎʀʂʃɯʏʅʀʍ ʂɸʈɹɽʅɯɺ 

ʉʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʧʨʦʪʦʥʘ (ʈɸ) ʻ ʦʜʥʦʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ [1-4]. ʎʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʢʚʘʥʪʦʚʦʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɿʥʘʯʝʥʥʷ ʮʠʭ ʚʝʣʠʯʠʥ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʨʦʟʯʠʥʫ, ʘʣʝ ʯʘʩʪʽʰʝ 

ʚʘʢʫʫʤʫ. ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʥʽʩʪʴ ʈɸ ʚʽʜ ʦʩʥʦʚʥʦʩʪʽ ʟʘ ʜʘʥʠʭ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ 

ʨʦʟʯʠʥʥʠʢ) ʻ ʟʘʟʚʠʯʘʡ ʩʠʤʙʘʪʥʦʶ. ʊʠʤ ʥʝ ʤʝʥʰ, ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ 

ʧʨʦʪʦʥʘ ʻ ʚʝʣʴʤʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʽʚʥʷ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʦʣʫʢ.  

ɼʣʷ ʢʘʨʙʝʥʽʚ ʚʝʣʠʯʠʥʠ ʈɸ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ, ʘʣʝ ʟʜʝʙʽʣʴʰʝ ʜʣʷ ʧʨʦʩʪʠʭ ʪʠʧʽʚ ʩʧʦʣʫʢ [5-

8]. ʈɸ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʤ̔̔ʜʘʟʦʣ-2- ʣ̔̔ʜʝʥʫ 1 (R = Rǋ = H)  ʽ ʜʝʷʢʠʭ ʧʨʦʩʪʽʠhʭ ʢʘʨʙʝʥʚ̔ ʨʦʟʨʘʭʦʚʘʥʦ ʚ 

ʨʦʙʦʪʘʭ [6, 9] (ʪʘʙʣ.1). ɿʘ ʆʣʜʝʨʦʤ ʽ ʩʧʽʚʨ. ʥʘ MP2 ʨʽʚʥʽ PA ʮʽʻʾ ʞ ʩʧʦʣʫʢʠ 258.4 ʢʢʘʣ/ʤʦʣʴ [9]. ɼʣʷ 1-

ʤʝʪʠʣ-3-ʝʪʠʣʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʫ 1 (R = H, Rǋ = Me, Rǋǋ = Et)  ʂʫʢʩ ʪʘ ʽʥ. ʦʪʨʠʤʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʈɸ 251.3 ʢʢʘʣ/ʤʦʣʴ [10]. ʇʣ̔ʛʦ ʪʘ ɼʝɸʣʴʤʝʡʜʘ [8] ʧʦʚʽʜʦʤʣʷʶʪʴ ʜʣʷ C(OH)2 PA 217.3 ʢʢʘʣ/ʤʦʣʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ
 
ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʨʽʚʥʽ ʪʝʦʨʽ ʾG2(MP2), ʘ ʚ ʨʦʙʦʪʘʭ [6,7] ʫ ʙʘʟʠʩʘʭ B3LYP/6-31G* ʪʘ 

HF/ 6-31G* ʟʥʘʯʝʥʥʷ PA 224.4 ʽ 234.0 ʢʢʘʣ/ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦ.  ʈʦʟʨʘʭʫʥʢʠ ʥʘ ʨʽʚʥʽ MP2/DZ//HF/DZ 

ʜʘʶʪʴ PA ʜʣʷ Ph2C (275.1 ʢʢʘʣ/ʤʦʣʴ) ʽ ʬʣʫʦʨʝʥʽʣʽʜʝʥʫ (272.5 ʢʢʘʣ/ʤʦʣʴ). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʙʽʩ(1,8-

ʜʠʤʝʪʠʣʘʤʽʥʦ)ʥʘʬʪʘʣʽʥʦʤ (ʦʜʥʦʶ ʟ ʧʨʦʪʦʥʥʠʭ ʛʫʙʦʢ) HF/6-31G ʨʽʚʝʥʴ ʜʘʻ ʩʫʪʪʻʚʦ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ 

ʈɸ 246,4 ʢʢʘʣ/ʤʦʣʴ [11]
 
(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 246.5 ʢʢʘʣ/ʤʦʣʴ [12]), ʥʽʞ ʜʣʷ ʛʝʪʝʨʦʮʠʢʣʯ̔ʥʠʭ 

ʢʘʨʙʝʥʽʚ.  

 
ʉʠʩʪʝʤʠ ʟ ʚʠʩʦʢʠʤʠ ʈɸ ʪʘʢʦʞ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʨʦʙʦʪʘʭ [13-15]. 

ɿ ʜʘʥʠʭ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʈɸ ʩʠʣʴʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʷ ʪʝʦʨʽʾ ʽ ʥʘʚʽʪʴ ʽʥʦʜʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʙʘʟʠʩʽʚ. ʊʦʤʫ ʟʽʩʪʘʚʣʝʥʥʷ ʢʨʘʱʝ ʨʦʙʠʪʠ ʧʨʠ ʨʽʚʥʠʭ ʫʤʦʚʘʭ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʨʽʚʥʽ ʪʝʦʨʽʾ B3LYP5/HF/6-311G ʪʘ 

ʟ̔ʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʥʘʚʝʜʝʥʠʤʠ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʢʘʨʙʝʥʽʚ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ 

ʙʘʟʠʩʽ HF/6-311G ʟʥʘʯʝʥʥʷ ʤʘʣʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʘʥʠʭ B3LYP/6-31G* ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ 

ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʢʘʨʙʝʥʽʚ, ʘʣʝ ʜʝʱʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʦʩʪʘʥʥʽʤ ʜʣʷ ʧʨʦʩʪʠʭ ʢʘʨʙʝʥʽʚ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʽʤʦʚʽʨʥʦ, ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʨʘ̔ʥʪ B3LYP/6-31G*. 

ɺ ʮʽʡ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʟʘ ʤʝʪʫ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʟʽʩʪʘʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʈɸ ʜʣʷ ʨʷʜʫ 

ʟʘʤʽʱʝʥʠʭ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʢʘʨʙʝʥʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʡʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʽʰʽ ʪʘ ʥʘʡʤʝʥʰ 

ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʽ ʟ ʥʠʭ ʟʘ ʚʢʘʟʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʫʪʴ ʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʘʙʦ ʣʽʛʘʥʜʽʚ ʚ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʽʟʫ ʦʨʛʘʥʽʯʥʠʭ ʨʝʘʢʮʽʡ [16, 17].   

ʇʨʦʪʦʥʦʬʽʣʴʥʽʩʪʴ ʘʟʦʣʽʣʽʜʝʥʽʚ 

ʈʦʟʨʘʭʫʥʢʠ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʢʘʨʙʝʥʚ̔ (ʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʫ 1, ʾʭ 

ʛʽʜʨʦʚʘʥʠʭ ʘʥʘʣʦʛʽʚ 2, 3, ʙʝʥʟʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʫ 4,  1,2,4-ʪʨʠʘʟʦʣ-5-ʽʣʽʜʝʥʫ 5, ʙʝʥʟʦʪʽʘʟʦʣ-2-ʽʣʽʜʝʥʫ 6, 

ʪʽʘʟʦʣ-2-ʽʣʽʜʝʥʫ 7 ʪʘ ʪʝʪʨʘʟʦʣ-5-ʽʣʽʜʝʥʫ 8) ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʠʷʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʮʠʭ ʚʝʣʠʯʠʥ ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ʩʧʦʣʫʢ. ɺʝʣʠʯʠʥʠ ʈɸ ʟʚʠʯʘʡʥʦ ʟʤʽʥʶʶʪʴʩʷ ʩʠʤʙʘʪʥʦ ʦʩʥʦʚʥʦʩʪʽ, ʪʦʤʫ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʾʾ ʨʽʚʥʷ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦʶ ʻ ʦʮʽʥʢʘ ʛʨʘʥʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʨʽʚʥʝʤ ʈɸ. ʆʩʪʘʥʥʽ 

ʚʝʣʠʯʠʥʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʠʪʘʥʥʷ, ʷʢʽ ʪʠʧʠ 

ʩʪʨʫʢʪʫʨ ʟ ʥʘʡʚʠʱʦʶ ʪʘ ʥʘʡʥʠʞʯʦʶ ʈɸ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ ʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ. ʇʝʨʝʜʙʘʯʝʥʥʷ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʥʝ ʟʘʚʞʜʠ ʣʝʛʢʦ ʟʨʦʙʠʪʠ. ʇʘʨʘʣʝʣʴʥʦ ʧʨʦʚʦʜʠʣʘʩʷ ʦʮʽʥʢʘ ʚʝʣʠʯʠʥ ʘʜʽʘʙʘʪʠʯʥʠʭ ʝʥʝʨʛʽʡ 

ʩʠʥʛʣʝʪʥʦ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ (ES/T), ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʣʝʛʢʽʩʪʴ ʧʝʨʝʭʦʜʫ ʢʘʨʙʝʥʽʚ ʚ ʙʽʣʴʰ 

ʨʝʘʢʪʠʚʥʠʡ ʪʨʠʧʣʝʪʥʠʡ ʩʪʘʥ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʻ ʦʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ ʩʪʘʙʣ̔ʴʥʦʩʪʽ ʮʠʭ ʩʧʦʣʫʢ. 
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ʊʘʙʣʠʮʷ 1 

ʉʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʢʢʘʣ/ʤʦʣʴ) ʨʷʜʫ ʢʘʨʙʝʥʽʚ ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ 
ʉʧʦʣʫʢʘ (R, Rǋ, Rǋǋ) ʈɸ ʈʽʚʝʥʴ ʪʝʦʨʽʾ ʃʽʪ. B3LYP5/ 

RHF/6-311G 

ɸ (ʅ, ʅ, H) 257.3 DZP/ MP2  [5, 18] - 

A (ʅ, ʅ, H) 258.6 HF/ 6-31G*  [9] 250.2 

A (ʅ, ʅ, H) 264.1 MP2  [6]
 

- 

A (H, Me, Me) 258.7 BP86/TZVP 
 
[19]

 
258.1 

A (H, Me, Me) 268.0 B3LYP/6-31+G*  [15] 
 

- 

A (H, Me, Et) 251.3
ʘ
 B3LYP/6-31G*  [10] 259.4 

ɺ (H, H) 256.5 HF/ 6-31G*  [7] 250.2 

ɺ (H, H) 257.3 HF/ 6-31G* [9] - 

ɺ (Me, Me) 275.3 HF/ 6-31G*  [9]
 

267.8 

ɺ (Me, Me) 268.6 B3LYP/6-31G*  [20] - 

ɺ (i-Pr, Me) 275.5 B3LYP/6-31G*  [20] - 

ɺ (Me, i-Pr) 272.4 B3LYP/6-31G*  [20] 270.8 

ɺ (Me, t-Bu) 274.4 B3LYP/6-31G* [20] 272.2 

ʉ(ʆʅ)2 224.4 B3LYP/6-31G* [6] 215.0 

ʉ(ʆʅ)2 234.0  HF/ 6-31G* [6] - 

ʉ(ʆʅ)2 217.3 G2 (MP2) [7] - 

ʉʅ2 224.6 HF/ 6-31G* [6] 212.3 

ʉʅ2 207.0 G2(MP2) [7] - 

ʉF2 212.7 HF/ 6-31G* [6] 164.8 

ʉF2 177.4 G2(MP2) [7] - 

Ph2C 275.1 MP2/DZ//HF/DZ [7] 272.0 

C 272.5 MP2/DZ//HF/DZ [7] 276.9 

NH3 209.8 HF/ 6-31G   [11] 

 

- 

D 246.4 HF/ 6-31G [11] 251.1 

D 246.7 HF/ 6-31G [11] - 

D 241.5 HF/ 6-31G [11] - 

ʇʨʠʤʽʪʢʘ: 
ʘ
 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ; ʈɸ ʜʣʷ ʉF2 172°2 ʢʢʘʣ/ʤʦʣʴ [10], ʧʨʦʪʦʥʥʦʾ ʛʫʙʢʠ D 246.5  ʢʢʘʣ/ʤʦʣʴ 

[12]. 

 
ʉʪʝʨʠʯʥʦ ʫʩʢʣʘʜʥʝʥʽ ʘʜʘʤʘʥʪʠʣʴʥ,̔ ʪʨʝʪ-ʙʫʪʠʣʴʥʽ ʪʘ Dipp-ʧʦʭʽʜʥʽ ʢʘʨʙʝʥʽʚ 1,2,4 ʻ 

ʥʘʡʦʩʥʦʚʥʽʰʠʤʠ ʪʘ ʥʘʡʩʪʘʙʽʣʴʥʽʰʠʤʠ. ʊʽʣʴʢʠ Dipp-ʟʘʤʽʱʝʥʠʡ ʪʽʘʟʦʣʦʚʤʽʩʥʠʡ ʢʘʨʙʝʥ ʪʠʧʫ 7 ʻ 

ʩʪʘʙʽʣʥɹʠʤ [21]. ʅʘʚʽʪʴ ʡʦʛʦ ʘʥʘʣʦʛ ʟ ʤʝʟʠʪʠʣʴʥʦʶ ʛʨʫʧʦʶ ʩʧʦʥʪʘʥʥʦ ʜʠʤʝʨʠʟʫʻʪʴʩʷ. ʊʝʪʨʘʟʦʣ-5-

ʽʣʽʜʝʥ 8 ʥʘʚʽʪʴ ʟ ʘʜʘʤʘʥʪʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʥʝ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ, ʭʦʯʘ ʢʦʤʧʣʝʢʩʠ ʪʝʪʨʘʟʦʣʽʣʽʜʝʥʽʚ 

ʚʽʜʦʤʽ [22]. ɹʝʥʟʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʠ ʥʘʛʘʜʫʶʪʴ ʟʘ ʭʽʤʽʯʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʛʽʜʨʦʚʘʥʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ 

ʢʘʨʙʝʥʠ ʪʘ ʣʝʛʢʦ ʜʠʤʝʨʠʟʫʶʪʴʩʷ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʩʪʝʨʠʯʥʦ ʫʩʢʣʘʜʥʝʥʠʭ ʩʠʩʪʝʤ [23].  

ʈʦʟʨʘʭʫʥʢʠ ʈɸ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ DFT (ʨʽʚʝʥʴ ʪʝʦʨʽʾ B3LYP5, ʙʘʟʠʩʥʠʡ ʥʘʙʽʨ 3-21G (ʈɸ-1) 

ʪʘ 6-311G (ʈɸ-2), (ʥʝʝʤʧʽʨʠʯʥʠʡ ʦʙʤʝʞʝʥʠʡ ʤʝʪʦʜ ʍʘʨʪʨʽ-ʌʦʢʘ ï RHF) (ʪʘʙʣ. 2).  

ʗʢ ʩʚʽʜʯʘʪʴ ʥʘʚʝʜʝʥ ̔ ʜʘʥ̔ (ʪʘʙʣ. 1) ʟʥʘʯʝʥʥʷ ʈɸ ʚ ʙʘʟʠʩʽ 6-311G ʤʝʥʰʽ ʪʘ ʙʣʠʞʯʽ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ (CF2, A (H, Me, Et), D), ʥʽʞ ʚ ʙʘʟʠʩʽ 3-21G. ʆʜʥʘʢ, ʨʦʟʨʘʭʫʥʢʠ ʚ ʦʩʪʘʥʥʴʦʤʫ 

ʚʘʨʽʘʥʪʽ ʰʚʠʜʰʽ ʪʘ ʟʨʫʯʥʽʰʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ. ʊʦʤʫ ʮʽʢʘʚʦ ʙʫʣʦ ʩʧʨʦʙʫʚʘʪʠ ʧʝʨʝʨʘʭʫʚʘʪʠ ʜʘʥʽ 

ʜʣʷ ʙʘʟʠʩʫ 3-21G (x) ʥʘ ʪʘʢʽ ʜʣʷ ʙʘʟʠʩʫ 6-311G (y) ʥʘ ʦʩʥʦʚʽ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (y = kx, ʜʝ k ï 

ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʨʘʭʫʥʢʫ ʟʘ ʜʘʥʠʤʠ  ʜʚʦʭ ʧʝʨʰʠʭ ʢʦʣʦʥʦʢ ʪʘʙʣ. 3, k = 0.975).  

ɿ ʜʘʥʠʭ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʱʦ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʩʝʤʠ ʩʪʨʫʢʪʫʨ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚ ʙʘʟʠʩʽ 6-

311G, ʤʘʡʞʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʜʘʥʠʤʠ ʧʝʨʝʨʘʭʫʥʢʫ ʟʘ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʭʠʙʢʘ 

0.27 %). ʊʦʤʫ ʚʩʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʠʭ ʩʧʦʣʫʢ, ʱʦ ʦʪʨʠʤʘʥʽ ʪʽʣʴʢʠ ʚ ʙʘʟʠʩʽ 3-21G, ʧʝʨʝʨʘʭʦʚʘʥʽ ʟʘ 

ʣ̔ʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʜʘʥʽ ʚ ʜʫʞʢʘʭ, ʜʠʚ. ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮ ̫2 

 ʉʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʈɸ, ʢʢʘʣ/ʤʦʣʴ)
a
 ʪʘ ʝʥʝʨʛʽʾ ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ (ES/T, 

ʢʢʘʣ/ʤʦʣʴ)
b
 ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʢʘʨʙʝʥʽʚ 

ʉʧʦʣʫʢʘ R; R, Rǋ ʘʙʦ R, Ar, Arǋ  PA-1  PA-2 ES/T 

1a   Me, H   265.0  (258.5) 86.4 

1b Mes, H  274.6     267.7 81.8 

1c Dipp, H 275.2 (268.4) 83.5 

1d Ad, H 277.2  (270.4) 88.3 

1e t-Bu, H 269.5 (262.9) 85.5 

1f   Dbp, H 274.2  (267.5) 79.1 

1g  Dtbp, H 269.6  (263.0) 80.5 

1h F5C6, H 253.3  (247.1) 61.3 

1i Me, Ph 271.5 (264.8) 70.8 

1j P(t-Bu)2, t-Bu 270.4 (263.8) 81.5 

1k P(t-Bu)2, Me 266.2 (259.7) 83.3 

2a Mes 273.8     (267.1) 75.0 

2b Ad 276.3  (269.5) 76.7 

3 Mes  247.9   241.4 29.6 

4a Me  264.2  (257.7) 79.1 

4b Ad  274.9  (268.1) 76.0 

5a t-Bu, Ph, Ph 265.3    258.1 70.8 

5b t-Bu, Ph, Mes       265.9  (259.4) 71.6 

5c t-Bu, Ph, Dipp      265.0  (258.5) 70.8 

5d t-Bu, Ph, o-Me2NC6H4 265.5  (259.0) 74.1 

5e Ad, Ph, Dipp        267.1  (260.5) 70.0 

5f t-Bu, Ph, F2C6H3 257.8  (251.5) 71.1 

5g t-Bu, Ph, F3C6H2 255.4  249.6   71.9 

5h t-Bu, Ph, F5C6      251.7   245.5     72.3 

5i t-Bu, Ph, p-NO2C6H4 252.1  (245.9) 42.5 

5j  t-Bu, Ph, 2,4-(NO2)2C6H3 253.6  (247.4) 84.5 

5k Me, H, Me 250.3 (244.2) 85.3 

5l Ph, Ph, Ph 256.4 (250.1 ) 68.1 

6 Me     253.2    247.3 60.2 

7a Me 249.9    244.2 62.4 

7b Dipp 253.2 (247.0) 59.5 

8 Me -    229.4 87.9 

ʇʨʠʤʽʪʢʘ:
 ʘ 
ɺʝʣʠʯʠʥʠ ʈɸ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʘʤʠ DFT (B3LYP5, RHF, 3-21G (PA-1) ʪʘ 6-311G (PA-2))  

                  
b
 ɺʝʣʠʯʠʥʠ ES/T ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ DFT (B3LYP5, HF, 3-21G) 

                  
c
  Ad ï ʘʜʘʤʘʥʪʠʣ, Mes ï ʤʝʟʠʪʠʣ, Dipp ï 2,6-ʜʽʽʟʦʧʨʦʧʽʣʬʝʥʽʣ, Dbp ï 2,6-ʜʠʙʝʥʟʛʽʜʨʠʣʬʝʥʽʣ, 

Dtbp ï 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʽʣ 

ʊʘʙʣʠʮʷ 3 

ɼʘʥʽ ʧʝʨʝʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥ ʈɸ (ʢʢʘʣ/ʤʦʣʴ) ʢʘʨʙʝʥʽʚ ʟ ʙʘʟʠʩʫ 3-21G ʥʘ ʙʘʟʠʩ 6-311G 
ʉʧʦʣʫʢʘ ʈɸ (3-21G) ʈɸ (6-311G) ʈɸ (6-311G)

a
 ʇʦʭʠʙʢʘ, % 

1b 274.6 267.7 267.9 0.07 

3 247.9 241.4 241.8 0.17 

5a 265.3 258.1 258.8 0.27 

5f 251.7 245.5 245.5 0 

5g 255.4 249.6 249.1 -0.20 

6 253.2 247.3 247.0 -0.12 

7 249.9 244.2 243.8 -0.16 

ʇʨʠʤʽʪʢʘ: 
a
 ɼʘʥʽ ʧʝʨʝʨʘʭʫʥʢʫ ʚʝʣʠʯʠʥ ʈɸ ʟ ʙʘʟʠʩʫ 3-21G ʥʘ 6-311G 

ɿ ʜʘʥʠʭ ʪʘʙʣ. 2 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʥʘʡʧʨʦʪʦʥʦʬʽʣʴʥʽʰʠʤʠ ʩʧʦʣʫʢʘʤʠ ʫ ʚʢʘʟʘʥʦʤʫ ʨʷʜʫ ʻ 

ʘʜʘʤʘʥʪʠʣʴʥʽ ʧʦʭʽʜʥʽ ʽʤʽʜʘʟʦʣʽʣʽʜʝʥʽʚ 1d, 2b, 4b (ʈɸ 270.4, 269.5, 268.1 ʢʢʘʣ/ʤʦʣʴ ʚ ʙʘʟʠʩ̔ 6-311G). 

ʅʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʥʠʭ ʘʨʦʤʘʪʠʯʥʽ ʧʦʭʽʜʥʽ ʟ Mes, Dipp ʪʘ Dbp-ʟʘʤʽʩʥʠʢʘʤʠ (1b,c,f, 2a ï ʈɸ 267.5ï268.4 

ʢʢʘʣ/ʤʦʣʴ), ʜʝʱʦ ʤʝʥʰʝ ʪʨʝʪ-ʙʫʪʠʣʴʥʽ ʪʘ ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʘʥʽʣʴʥʽ ʧʦʭʽʜʥʽ (262.9ï263.8 

ʢʢʘʣ/ʤʦʣʴ). 1,2,4-ʊʨʠʘʟʦʣ-5-ʽʣʽʜʝʥʠ ï ʧʦʤʽʪʥʦ ʤʝʥʰ ʧʨʦʪʦʥʦʬʽʣʴʥʽ (ʜʣʷ ʪʨʠʬʝʥʽʣʟʘʤʽʱʝʥʦʛʦ 

ʧʦʭʽʜʥʦʛʦ ɽʥʜʝʨʩʘ 5l ʈɸ 250.1 ʢʢʘʣ/ʤʦʣʴ, 1-ʪʨʝʪ-ʙʫʪʠʣ-3,4-ʜʠʬʝʥʽʣʟʘʤʽʱʝʥʦʛʦ 258.1 ʢʢʘʣ/ʤʦʣʴ, 

ʥʘʡʦʩʥʦʚʥʽʰʝ 1-Ad, 4-Dipp-ʧʦʭʽʜʥʝ ï ʈɸ 260.5 ʢʢʘʣ/ʤʦʣʴ). ʅʠʞʯʦʶ ʛʨʘʥʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʘ ʈɸ ʻ 

ʪʝʪʨʘʟʦʣ-5-ʽʣʽʜʝʥ 8 (ʈɸ 229.4 ʢʢʘʣ/ʤʦʣʴ), ʜʘʣʽ ʡʜʝ 4,5-ʜʽʦʢʩʦʽʤʽʜʘʟʦʣʽʜʠʥ-2-ʽʣʽʜʝʥ 3 (ʈɸ 
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241,4 ʢʢʘʣ/ʤʦʣʴ). ʅʘʡʥʠʞʯʽ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ ʩʝʨʝʜ ʧʦʭʽʜʥʠʭ 1,2,4-ʪʨʠʘʟʦʣ-5-ʽʣʽʜʝʥʽʚ 

ʚʠ̫ ʚʣʷʶʪʴ ʧʦʢʠ ʥʝ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 1,4-ʜʠʤʝʪʠʣʟʘʤʽʱʝʥʝ ʧʦʭʽʜʥʝ 5k (ʈɸ 

244.2 ʢʢʘʣ/ʤʦʣʴ), ʧʝʥʪʘʬʣʫʦʨʦʬʝʥʽʣʟʘʤʽʱʝʥʘ ʩʧʦʣʫʢʘ 5f (ʈɸ 245.5 ʢʢʘʣ/ʤʦʣʴ) ʪʘ ʧ-ʥʽʪʨʦʟʘʤʽʱʝʥʘ 

ʩʧʦʣʫʢʘ 5 ̔(ʈɸ 245.9 ʢʢʘʣ/ʤʦʣʴ). ʅʠʟʴʢʽ ʚʝʣʠʯʠʥʠ ʈɸ ʪʘʢʦʞ ʚʠʷʚʣʷʶʪʴʩʷ ʜʣʷ ʪʽʘʟʦʣʦʚʤʽʩʥʠʭ ʢʘʨʙʝʥʽʚ 

6 (ʈɸ 247.3 ʢʢʘʣ/ʤʦʣʴ) ʪʘ 7 (ʈɸ 244.2 ʢʢʘʣ/ʤʦʣʴ). ɺʚʝʜʝʥʥʷ ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʘʥʽʣʴʥʠʭ ʟʘʤʽʩʥʠʢʽʚ 

ʙʽʣʷ ʘʪʦʤʘ ʥʽʪʨʦʛʝʥʫ (1j , k) ʚʝʜʝ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥ ʈɸ ʚʽʜʥʦʩʥʦ ʪʘʢʠʭ ʪʨʝʪ-

ʙʫʪʠʣʴʥʠʭ ʧʦʭʽʜʥʠʭ (ʧʦʨ. ʈɸ ʜʣʷ 1ʝ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʠʞʝʥʥʶ ʚʝʣʠʯʠʥ ʈɸ ʩʧʨʠʷʻ ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʛʝʪʝʨʦʘʪʦʤʽʚ (ʥʽʪʨʦʛʝʥʫ, 

ʩʫʣʴʬʫʨʫ) ʚ ʢʽʣʴʮʽ, ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʘʪʦʤʽʚ (ʬʣʫʦʨʫ) ʘʙʦ ʛʨʫʧ (ʥʽʪʨʦ) ʚ ʘʨʦʤʘʪʠʯʥʦʤʫ 

ʟʘʤʽʩʥʠʢʫ. ʇʽʜʚʠʱʝʥʥʶ ʈɸ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʛʝʪʝʨʦʘʪʦʤʽʚ ʚ ʢʽʣʴʮʽ ʘʜʘʤʘʥʪʠʣʴʥʽ (ʢʨʘʱʽ, 

ʥ̔ ʞ ʪʨʝʪ-ʙʫʪʠʣʴʥʽ) ʪʘ ʘʣʢʽʣʘʨʦʤʘʪʠʯʥʽ (Mes, Dipp) ʟʘʤʽʩʥʠʢʠ.   

ɺʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʘʨʦʤʘʪʠʯʥʦʩʪʽ ʮʠʢʣʫ ʯʘʩʪʦ ʚʝʜʝ ʜʦ 

ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ. ʊʘʢ, ʜʣʷ ʧʝʥʪʘʬʣʫʦʨʦʟʘʤʽʱʝʥʦʾ ʩʧʦʣʫʢʠ ES/T  

ʙʽʣʴʰ ʥʽʞ ʥʘ 20 ʢʢʘʣ/ʤʦʣʴ ʤʝʥʰʘ, ʥʽʞ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʘʨʦʤʘʪʠʯʥʦ ʟʘʤʽʱʝʥʠʭ ʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʽʚ. ʊʝ ʞ 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʧʨʦ ES/T ʜʣʷ ʥʽʪʨʦʬʝʥʽʣʢʘʨʙʝʥʫ 5 ̔ (42.5 ʢʢʘʣ/ʤʦʣʴ), ʘʣʝ ʜʣʷ ʜʠʥʽʪʨʦʬʝʥʽʣʟʘʤʽɦ ʝʥʦʾ 

ʩʧʦʣʫʢʠ 5j  ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʜʘʪʢʦʚʘ ʜʝʩʪʘʙʽʣʽʟʘʮʽʷ ʪʨʠʧʣʝʪʥʦʛʦ ʩʪʘʥʫ ʩʧʦʣʫʢʠ ʽ ES/T ʧʽʜʚʠʱʫ̒ ʪʴʩʷ ʜʦ 

ʨʽʚʥʷ ʩʧʦʣʫʢʠ 5ʘ. ɿʥʠʞʝʥʽ ʚʝʣʠʯʠʥʠ ES/T ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʝʥʰ ʘʨʦʤʘʪʠʯʥʠʭ ʘʟʦʣʽʣʽʜʝʥʽʚ 6,7 (ES/T 

59.5ï62.4 ʢʢʘʣ/ʤʦʣʴ) ʪʘ ʦʩʦʙʣʠʚʦ ʜʣʷ ʥʝʘʨʦʤʘʪʠʯʥʦʛʦ ʢʘʨʙʝʥʫ 3 (ES/T 29.6 ʢʢʘʣ/ʤʦʣʴ).  ʊʠʤ ʥʝ ʤʝʥʰ, 

ʜʣʷ ʝʣʝʢʪʨʦʥʦʟʙʽʜʥʝʥʦʛʦ ʘʣʝ ʘʨʦʤʘʪʠʯʥʦʛʦ ʢʘʨʙʝʥʫ 8  ES/T ʚʠʩʦʢʘ (ES/T 87.9 ʢʢʘʣ/ʤʦʣʴ).  

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʢʘʨʙʝʥʠ 3,8 ʛʝʥʝʨʫʚʘʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʟ ʧʝʨʝʭʽʜʥʠʤʠ 

ʤʝʪʘʣʘʤʠ [24,25], a ʩʧʦʣʫʢʠ 1ʘ-f [26ï32], 1j ,k, 2a, 5a-c, e-g, l, 7b [21,33ï39] ʚʠʜʽʣʝʥʦ ʚ 

ʽʥʜʠʚʽʜʫʘʣʥɹʦʤʫ ʩʪʘʥʽ.  

ʂʘʨʙʝʥʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʪʦʥʦʬʽʣʴʥʽʩʪʶ 

ɼʨʫʛʦʶ ʛʨʫʧʦʶ ʩʧʦʣʫʢ, ʱʦ, ʷʢ ʚʠʷʚʠʣʦʩʷ, ʟʜʘʪʥʽ ʧʨʦʷʚʣʷʪʠ ʧʽʜʚʠʱʝʥʫ ʧʨʦʪʦʥʦʬʽʣʴʥʽʩʪʴ, ʻ 

ʩʧʦʣʫʢʠ ʜʽʘʤʽʥʦʢʘʨʙʝʥʦʚʦʛʦ ʨʷʜʫ 9,10, ʧʽʨʘʟʦʣ-5-ʽʣʽʜʝʥʠ 12,13, ʢʘʨʙʝʥʠ ʟ ʜʽʽʤʽʥʦʚʠʤ ʬʨʘʛʤʝʥʪʦʤ 

14,15, ʤʝʟʦʡʦʥʥʽ ʢʘʨʙʝʥʠ 16 ʪʘ ʩʧʦʣʫʢʠ ʟ ʬʦʩʬʦʨʘʥʦʚʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 17, 18 (ʪʘʙʣ.4). 

ɽʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʡ ʚʧʣʠʚ ʥʘ ʢʘʨʙʝʥʦʚʠʡ ʮʝʥʪʨ ʘʪʦʤʽʚ ʥʽʪʨʦʛʝʥʫ ʚ ʩʧʦʣʫʢʘʭ 9,10 ʚʝʜʝ ʜʦ ʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʴ ʈɸ, ʘʣʝ ʥʝ ʧʝʨʝʚʘʞʘʻ ʥʘʡʚʠʱʠʭ ʈɸ ʜʣʷ ʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʽʚ 1 ʪʘ ʽʤʽʜʘʟʦʣʽʥ-2-ʽʣʽʜʝʥʽʚ 2. ʊʘʢ, 

ʜʣʷ ʪʝʪʨʘʽʟʦʧʨʦʧʽʣʜʽʘʤʽʥʦʢʘʨʙʝʥʫ 9b ʈɸ ʩʢʣʘʜʘʻ 267.7 ʢʢʘʣ/ʤʦʣʴ. ʎʠʢʣʽʯʥʽ ʧʦʭʽʜʥʽ 5,6-ʜʠʛʽʜʨʦ-4ʅ-

ʧʽʨʠʤʽʜʠʥ-2-ʽʣʽʜʝʥʫ 10, ʦʩʦʙʣʠʚʦ ʘʣʢʽʣʘʨʦʤʘʪʠʯʥʽ ʧʦʭʽʜʥʽ 10ʘ-d ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʈɸ ʥʘ ʨʽʚʥʽ 

267.0ï275.4 ʢʢʘʣ/ʤʦʣʴ. ʉʫʪʪʻʚʦ ʟʥʠʞʫʻʪʴʩʷ ʈɸ ʜʣʷ ʧʦʭʽʜʥʦʛʦ 11 (258.3 ʢʢʘʣ/ʤʦʣʴ), ʚʥʘʩʣʽʜʦʢ 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʛʦ ʝʬʝʢʪʫ ʢʘʨʙʦʥʽʣʴʥʠʭ ʛʨʫʧ. ɺ ʧʽʨʘʟʦʣʽʣʽʜʝʥʽ 12 ʚʠʩʦʢʘ ʧʨʦʪʦʥʦʬʽʣʴʥʽʩʪʴ, 

ʽʤʦʚʨ̔ʥʦ, ʟʫʤʦʚʣʝʥʘ ʩʧʝʮʠʬʽʯʥʦʶ ʜʦʥʦʨʥʦʶ ʜʽʻʶ ʮʠʢʣʽʯʥʦʛʦ ʛʽʜʨʘʟʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ (ʈɸ 276.4 

ʢʢʘʣ/ʤʦʣʴ). ʎʷ ʜʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʽ ʚ ʧʽʨʘʟʦʣʽʥ-5-ʽʣʽʜʝʥʽ 13, ʚ ʷʢʦʤʫ ʧʨʠ ʥʝʚʠʩʦʢʦʤʫ ʈɸ (253.9 

ʢʢʘʣ/ʤʦʣʴ) ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʫ ʮʠʢʣʽʯʥʫ ʩʪʘʙʽʣʽʟʘʮʽʶ ʩʧʦʣʫʢʠ (19.5 ʢʢʘʣ/ʤʦʣʴ) ʧʨʦʪʠ 9.4 ʢʢʘʣ/ʤʦʣʴ 

ʜʣʷ ʽʤʜ̔ʘʟʦʣʽʥ-2-ʽʣʽʜʝʥʫ ʪʠʧʫ 2 [40].  

 
ʇʦʜʘʣʴʰʠʡ ʩʪʨʠʙʦʢ ʫ ʚʝʣʠʯʠʥʽ ʈɸ ʟʥʘʭʦʜʠʤʦ ʜʣʷ ʜʽʽʤʽʥʦʢʘʨʙʝʥʫ 14 ʪʘ ʽʤʽʥʦʘʤʽʥʦʢʘʨʙʝʥʫ 15 

(289.9ï296.4 ʢʢʘʣ/ʤʦʣʴ), ʟʫʤʦʚʣʝʥʠʡ ʟʥʘʯʥʦʶ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʶ ʜʽʻʶ ʢʦʥôʁ ʛʦʚʘʥʦʛʦ 

ʽʤʽʜʘʟʦʣʽʣʽʜʝʥʽʤʽʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ ʥʘ ʢʘʨʙʝʥʦʚʠʡ ʮʝʥʪʨ. ɸʣʝ ʜʣʷ ʮʠʭ ʩʧʦʣʫʢ, ʱʦ ʧʦʢʠ ʥʝ 
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ʩʠʥʪʝʟʦʚʘʥʽ, ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʩʠʥʛʣʝʪʥʦ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ (ʦʜʠʥ ʽʟ ʢʨʠʪʝʨʽʾʚ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʢʘʨʙʝʥʫ) ʪʘ ʧʜ̔ʚʠʱʫʻʪʴʩʷ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʠʤʝʨʠʟʘʮʽʾ.  

ʊʘʙʣʠʮʷ 4 

ʉʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʈɸ, ʢʢʘʣ/ʤʦʣʴ)
a
 ʪʘ ʝʥʝʨʛʽʾ ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ (ES/T, 

ʢʢʘʣ/ʤʦʣʴ)
b
 ʢʘʨʙʝʥʽʚ ʟ ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

ʉʧʦʣʫʢʘ R ʘʙʦ R, Rǋ (Ar) PA-1  PA-2 ES/T 

9a   Me, Me   274.2  (267.8) 38.3 

9b i-Pr, i-Pr  282.5     (275.6) 33.3 

9c Me, Ph 273.5 (266.8) 33.6 

10a Me 273.7 (267.0) 63.8 

10b   Mes 282.3 (275.4) 61.6 

10c  Dipp 282.0 (275.1) 58.9 

10d Ad 281.9 (275.0) 59.9 

11 Mes 264.8 (258.3) -1.8 

12 Me 283.4 (276.4) 46.8 

13 Me 260.3 (253.9) 45.0 

14 Ph  303.9  (296.4) 14.3 

15 Ph, Me  297.2  (289.9) 29.6 

16a Ph 290.6 (283.5) 49.6 

16b Mes 300.2 (292.8) 54.5 

17 - 325.2 (317.2) 40.8 

18 - 317.2 (309.4) 33.8 

ʇʨʠʤʽʪʢʘ:
 ʘ 
ɺʝʣʠʯʠʥʠ ʈɸ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʘʤʠ DFT (B3LYP5, RHF, 3-21G (PA-1) ʪʘ 6-311G (PA-2))  

                  
b
 ɺʝʣʠʯʠʥʠ ES/T ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ DFT (B3LYP5, HF, 3-21G) 

ʄʝʟʦʡʦʥʥʽ ʢʘʨʙʝʥʠ 16b ʻ ʪʝʞ ʜʦʩʪʘʪʥʴʦ ʧʨʦʪʦʥʦʬʽʣʴʥʠʤʠ, ʦʩʦʙʣʠʚʦ ʩʧʦʣʫʢʘ 16b (ʈɸ 

292.8 ʢʢʘʣ/ʤʦʣʴ), ʘʣʝ ʪʝʪʨʘʬʝʥʽʣʟʘʤʽʱʝʥʘ 16a ʧʦʤʽʪʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ʾʡ (ʈɸ 283.5 ʢʢʘʣ/ʤʦʣʴ).  

ɼʣʷ ʬʦʩʬʦʨʘʥʽʚ 17, 18 ʚʝʣʠʯʠʥʠ ʈɸ ʚʠʷʚʠʣʠʩʷ ʥʘʡʚʠʱʠʤʠ  (317.2 ʽ 309.4 ʢʢʘʣ/ʤʦʣʴ 

ʚʽʜʧʦʚʽʜʥʦ).  

ʆʯʝʚʠʜʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʩʧʦʣʫʢ 16 ʥʘ ʟʨʦʩʪʘʥʥʷ ʧʨʦʪʦʥʦʬʽʣʴʥʦʩʪʽ ʚʧʣʠʚʘʻ ʧʦʣʷʨʥʘ ʙʫʜʦʚʘ 

ʤʝʟʦʡʦʥʥʠʭ ʢʘʨʙʝʥʽʚ, ʘ ʜʣʷ ʬʦʩʬʦʨʘʥʽʚ 17,18 ʾʭ ʽʣʽʜʥʘ ʬʦʨʤʘ. ɼʣʷ ʤʝʟʦʡʦʥʽʚ 16 ʘʪʦʤ ʢʘʨʙʦʥʫ ʉ4, ʘ ʚ 

ʬʦʩʬʦʨʘʥʘʭ 17,18 ʢʘʨʙʝʥʦʚʠʡ ʘʪʦʤ ʢʘʨʙʦʥʫ ʥʝʩʫʪʴ ʧʝʚʥʠʡ ʚʽʜô̒ ʤʥʠʡ ʟʘʨʷʜ ʧʨʠ ʟʘʛʘʣʴʥʽʡ 

ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʤʦʣʝʢʫʣʠ (ʚʢʣʘʜ ʽʣʽʜʥʦʾ ʛʨʘʥʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ 17ɸ). 

ʉʧʦʣʫʢʠ 14-18 ʩʣʽʜ ʚʚʘʞʘʪʠ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʡʧʨʦʪʦʥʦʬʽʣʴʥʽʰʠʤʠ ʩʝʨʝʜ ʥʝʡʪʨʘʣʴʥʠʭ ʢʘʨʙʝʥʽʚ.  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʝʥʝʨʛʽʾ ʩʠʥʛʣʝʪʥʦ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʜʣʷ ʧʨʦʪʦʥʦʬʽʣʴʥʠʭ ʢʘʨʙʝʥʽʚ 9-18 

ʚ ʮʽʣʦʤʫ ʧʦʤʽʪʥʦ ʤʝʥʰʽ, ʥʽʞ ʜʣʷ ʩʧʦʣʫʢ 1-8, ʘ ʜʣʷ ʜʝʷʢʠʭ ʩʪʨʫʢʪʫʨ (11, 14) ʟʥʘʯʥʦ ʤʝʥʰʽ (ʪʘʙʣ. 4).  

ɻʽʧʝʨʦʩʥʦʚʥʽ ʪʘ ʛʽʧʝʨʥʫʢʣʝʦʬʽʣʴʥʽ ʢʘʨʙʝʥʠ (ʘʥʽʦʥʦʢʘʨʙʝʥʠ) 

ʉʫʪʪʻʚʠʡ ʧʨʠʨʽʩʪ ʫ ʚʝʣʠʯʠʥʽ ʈɸ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʨʷʜʫ ʢʘʨʙʝʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʩʚʦʾʡ 

ʩʪʨʫʢʪʫʨʽ ʘʥʽʦʥʥʽ ʮʝʥʪʨʠ (ʘʥʽʦʥʦʢʘʨʙʝʥʠ). ɺʦʥʠ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ ʩʪʘʙʽʣʴʥʦʤʫ ʩʪʘʥʽ ʪʽʣʴʢʠ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʟ ʤʝʪʘʣʘʤʠ.  

ʄʦʞʣʠʚʽ ʜʚʘ ʪʠʧʠ ʪʘʢʠʭ ʩʧʦʣʫʢ: ʩʧʦʣʫʢʠ ʟʽ ʩʣʘʙʢʦʦʩʥʦʚʥʠʤ ʘʥʦ̔ʥʥʠʤ ʮʝʥʪʨʦʤ (ʬʝʥʦʢʩʠʜ,  

ʬʝʥʪʽʦʢʩʠʜ, ʪʦʱʦ) ʪʘ ʩʧʦʣʫʢʠ ʟ ʚʠʩʦʢʦʦʩʥʦʚʥʠʤ ʮʝʥʪʨʦʤ (ʢʘʨʙʘʥʦ̔ʥʠ, ʽʤʽʜʠ, ʪʦʱʦ).   

 
ɺ ʪʘʙʣ. 5 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʟʽ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ ʜʣʷ ʧʦʜʽʙʥʠʭ ʢʘʨʙʝʥʦʚʠʭ ʩʧʦʣʫʢ ʟ 

ʥʠʟʴʢʦʦʩʥʦʚʥʠʤʠ ʘʥʽʦʥʥʠʤʠ ʮʝʥʪʨʘʤʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ DFT (B3LYP5, RHF, 6-31G).  
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ʊʘʙʣʠʮʷ 5 

ʉʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʈɸ, ʢʢʘʣ/ʤʦʣʴ) ʨʷʜʫ ʦʢʩʠʜʦ- ʪʘ ̔ʤʽʜʦ-ʘʥʽʦʥʥʠʭ HBN- ʢʘʨʙʝʥʽʚ 
 ʉʧʦʣʫʢʘ ʈɸ EC-Cu+ EC-K+ 

19 462.5 398.6 229.9 

20 431.7 346.1 - 

21 408.7 286.9 145.8 

22ɸ 258.6 145.7 51.4 

22ɺ 286.3 172.7 57.4 

22ʉ 330.5 220.5 - 

23 352.1 271.6 92.2 

24 422.1 - - 

25 337.2 221.4 77.1 

ʇʨʠʤʽʪʢʘ. ɺʝʣʠʯʠʥʠ ʈɸ, EC-Cu+  ʪʘ EC-K+ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ DFT (B3LYP5, RHF, 6-31G) 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʛʽʜʨʦʢʩʠ-ʬʦʨʤʘ ʢʘʨʙʝʥʫ 22ɸ (ʈA 258.3 ʢʢʘʣ/ʤʦʣʴ) ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 

ʧʨʦʪʦʥʦʬʽʣʴʥʽʩʪʶ ʤʘʡʞʝ ʥʘ ʨʽʚʥʽ ʨʦʜʦʥʘʯʘʣʴʥʦʾ ʩʧʦʣʫʢʠ ʙʝʟ ʛʽʜʨʦʢʩʠʣʴʥʦʾ ʛʨʫʧʠ 5ʘ 

(258.1 ʢʢʘʣ/ʤʦʣʴ), ʘʣʝ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʻʪʴʩʷ ʪʘʢʠʤ ʜʣʷ ʘʥʽʦʥʥʠʭ ʬʦʨʤ ʟ ʧʨʦʪʠʡʦʥʦʤ 22ɺ (286 

ʢʢʘʣ/ʤʦʣʴ) ʪʘ ʙʝʟ ʥʴʦʛʦ 22ʉ (330 ʢʢʘʣ/ʤʦʣʴ). 

ʆʨʪʦ-ʟʘʤʽʱʝʥʽ ʩʧʦʣʫʢʠ 23,24 ï ʱʝ ʧʨʦʪʦʥʦʬʽʣʴʥʽʰʽ (PA 352 ʽ 422 ʢʢʘʣ/ʤʦʣʴ). ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, 

ʱʦ ʈɸ ʟʚʠʯʘʡʥʦ ʟʤʽʥʶʶʪʴʩʷ ʩʠʤʙʘʪʥʦ ʜʦ ʦʩʥʦʚʥʦʩʪʝʡ, ʪʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʚʢʘʟʘʥʽ ʩʧʦʣʫʢʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʡʦʩʥʦʚʥʽʰʠʭ ʩʝʨʝʜ ʢʘʨʙʝʥʽʚ.  

ɺʠʩʦʢʽ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʽʚ ʚʢʘʟʘʥʠʭ ʢʘʨʙʝʥʽʚ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʪʘʢʦʞ ʟ ʽʥʰʠʤʠ ʢʘʪʽʦʥʘʤʠ ï 

ʧʝʨʝʭʽʜʥʠʭ ʪʘ ʥʘʚʽʪʴ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ɺ ʪʘʙʣ. 5 ʥʘʚʝʜʝʥʽ ʪʘʢʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʝʥʝʨʛʽʾ ʟ ʢʘʪʽʦʥʘʤʠ 

ʢʫʧʨʫʤʫ(ɯ) (EC-Cu+) ʪʘ ʢʘʣʽʶ (EC-ʂ+). ɽʥʝʨʛʽʾ ʟʚôʷʟʢʽʚ ʟ ʢʘʪʽʦʥʦʤ ʢʫʧʨʫʤʫ(ɯ) ï ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʽ ʪʘ ʣʠʰʝ 

ʥʝʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʚʝʣʠʯʠʥʘʤ ʈɸ. ɿ ʢʘʪʽʦʥʦʤ ʢʘʣʽʶ ʟʥʘʯʝʥʥʷ ʤʝʥʰʽ, ʘʣʝ ʚʦʥʠ ʙʣʠʟʴʢʽ ʘʙʦ ʟʥʘʯʥʦ 

ʙʽʣʴʰʽ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʘ ʚʝʣʠʯʠʥʘ ʜʣʷ 18-ʢʨʘʫʥ-6 (89 ʢʢʘʣ/ʤʦʣʴ) ï ʚʽʜʦʤʦʛʦ ʢʦʤʧʣʝʢʩʦʥʫ ʢʘʣʽʶ.  

ʆʪʞʝ, ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʘʥʽʦʥʦʢʘʨʙʝʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʩʠʣʴʥʠʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ 

ʢʘʪʽʦʥʽʚ, ʟʥʘʯʥʦ ʩʠʣʴʥʽʰʠʤʠ ʟʘ ʚʽʜʦʤʽ ʜʦʥʦʨʠ ʝʣʝʢʪʨʦʥʽʚ. ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ ʟʚ'ʷʟʦʢ ʈɸ ʟ ʦʩʥʦʚʥʽʩʪʶ, 

ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʘʟʠʚʘʻʤʦ ʛʽʧʝʨʦʩʥʦʚʥʠʤʠ ʪʘ ʛʽʧʝʨʥʫʢʣʝʦʬʽʣʴʥʠʤʠ (ʅɺN) [41,42]. 

ɺʠʩʦʢʽ ʦʩʥʦʚʥʽ ʪʘ ʥʫʢʣʝʦʬʽʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʷʚʣʷʶʪʴ ʦʢʩʠʜʦ-, ʩʫʣʴʬʽʜʦ-, ʬʦʩʬʽʜʦʚʤʽʩʥʽ 

ʘʨʦʤʘʪʠʯʥʽ ʧʦʭʽʜʥʽ ʢʘʨʙʝʥʽʚ. ʆʜʥʘʢ, ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʪʘʢʦʞ ʜʣʷ ʥʽʪʨʦʛʝʥʦ- ʪʘ ʢʘʨʙʦʥʦʚʤʽʩʥʠʭ ʪʘ 

ʩʧʦʨʽʜʥʝʥʠʭ ʢʦʥôʁ ʛʦʚʘʥʠʭ ʢʘʨʙʝʥʦʚʠʭ ʩʠʩʪʝʤ. ɿ ʜʘʥʠʭ ʪʘʙʣ. 5 ʚʠʜʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʈɸ, EC-Cu+, EC-ʂ+ 

ʜʣʷ ʽʤʽʜʦʢʘʨʙʝʥʫ 25 ʜʦʩʠʪʴ ʚʠʩʦʢʽ. ʋ ʚʠʧʘʜʢʫ ʢʘʨʙʦʥʦʚʤʽʩʥʠʭ HBN-ʢʘʨʙʝʥʽʚ ʤʦʞʣʠʚʠʡ ʧʝʨʝʥʦʩ 

ʨʝʘʢʮʽʡʥʦʛʦ ʮʝʥʪʨʫ, ʢʦʣʠ ʽʥʦʜʽ ʥʝʢʘʨʙʝʥʦʚʠʡ ʮʝʥʪʨ ʩʪʘʻ ʥʘʡʦʩʥʦʚʥʽʰʠʤ.  

ɿʚʠʯʘʡʥʦ ʛʽʧʝʨʦʩʥʦʚʥʽ ʩʠʩʪʝʤʠ ʥʽʪʨʦʛʝʥ- ʪʘ ʢʘʨʙʦʥ-ʘʥʽʦʥʥʦʛʦ ʪʠʧʫ, ʥʘʧʨʠʢʣʘʜ 25-31, ʽʩʥʫʁ ʪʴ ʟ 

ʢʘʪʽʦʥʘʤʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ʋ ʚʩʽʭ ʮʠʭ ʩʪʨʫʢʪʫʨʘʭ ʦʩʥʦʚʥʽʩʪʴ ʢʘʨʙʝʥʦʚʠʭ ʮʝʥʪʨʽʚ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ (ʥʘ 75-120 ʢʢʘʣ/ʤʦʣʴ, DFT, B3LYP5, 3-21G, RHF) ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʠʭ (ʥʘʧʨʠʢʣʘʜ, 

ʘʥʽʦʥ-ʧʨʦʪʦʥʦʚʘʥʠʭ) ʢʘʨʙʝʥʽʚ ʟʘʚʜʷʢʠ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʟ ʘʥʽʦʥʥʦʛʦ ʮʝʥʪʨʫ ʥʘ 

ʢʘʨʙʝʥʦʚʠʡ ʘʪʦʤ (ʪʘʙʣ. 6).  

 

ʊʘʙʣʠʮʷ 6 

ʉʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʢʢʘʣ/ʤʦʣʴ) ʨʷʜʫ ʢʘʨʙʦʥ- ʪʘ ʥʽʪʨʦʛʝʥ-ʘʥʽʦʥʥʠʭ HBN-ʢʘʨʙʝʥʽʚ 25-31, 

ʾʭ ʥʝʢʘʨʙʝʥʦʚʠʭ ʮʝʥʪʨʽʚ ʪʘ ʘʥʽʦʥ-ʧʨʦʪʦʥʦʚʘʥʠʭ ʬʦʨʤ 
ʉʧʦʣʫʢʘ ʈɸ (anion-Crb) ʈɸ (non-Crb) ʈɸ (ʅ

+
-anion-Crb) 

25 337.2 331.0 260.2 

26 347.8 345.5 272.5 

27 351.2 337.6 270.6 

28 363.5 357.0 278.0 

29 361.3 381.9 272.5 

30 367.8 382.9 265.7 

31 351.4 323.4 258.8 

ʇʨʠʤʽʪʢʘ. ɺʝʣʠʯʠʥʠ ʈɸ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ DFT (B3LYP5, RHF, 3-21G) 
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ɺ ʚʠʱʝʥʘʚʝʜʝʥʽʡ ʩʧʦʣʫʮʽ 25 ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ ʈɸ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʽʚ ʩʪʘʶʪʴ 

ʙʣʠʟʴʢʠʤʠ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ (C
5
  ̔C

an
 331.0 ʽ 337.2 ʢʢʘʣ/ʤʦʣʴ), ʘ ʫ ʚʠʧʘʜʢʫ ʚʠʜʽʣʝʥʦʛʦ ɼʘʥʦʧʫʣʦʩʦʤ 

ʩʧʦʣʫʢʠ 26 [43](ʙʝʟ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ) ʥʘʚʽʪʴ ʙʣʠʞʯʝ (347.8  ̔ 345.5 ʢʢʘʣ/ʤʦʣʴ), ʘʣʝ 

ʢʘʨʙʝʥʦʚʽ ʮʝʥʪʨʠ ʦʩʥʦʚʥʽʰʽ.  ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʘʧʨʷʤʦʢ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʬʽʣʽʚ ʟ ʪʘʢʠʤʠ ʢʘʨʙʝʥʘʤʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʞʦʨʩʪʢʦʩʪʽ ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ ʽ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʧʘʨʪʥʝʨʽʚ. ɺ̔ʜʥʦʩʥʦ 

ʘʥʽʦʥʘ 25 ʚ ʬʦʩʬʽʜ-ʘʥʽʦʥʽ 27 ʨʽʟʥʠʮʷ ʤʽʞ ʢʘʨʙʝʥʦʚʠʤ ʪʘ ʘʥʽʦʥʥʠʤ ʮʝʥʪʨʘʤʠ ʩʪʘʻ ʩʫʪʪʚ̒ʽʦh  ʁ (13.6 

ʧʨʦʪʠ 6.2 ʢʢʘʣ/ʤʦʣʴ). 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʛʽʧʦʪʝʪʠʯʥʦʾ ʙʽʮʠʢʣʽʯʥʦʾ ʩʠʩʪʝʤʠ 28 ʦʩʥʦʚʥʽ ʮʝʥʪʨʠ ʙʣʠʟʴʢʽ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʈɸ 

(C
2
 363.5, C

an
 357.0 ʢʢʘʣ/ʤʦʣʴ) ʜʦ ʪʘʢʠʭ ʚ ʚʽʜʦʤʠʭ ʢʦʤʧʣʝʢʩʘʭ 29. ɺ ʨʘʟʽ ʱʝ ʥʝ ʦʪʨʠʤʘʥʠʭ ʘʥʦ̔ʥʥʠʭ 

ʢʘʨʙʝʥʽʚ 30 ʙʽʣʴʰʘ ʈɸ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʝʢʟʦʮʠʢʣʽʯʥʠʭ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ (C
an

 381.9, C
2
 361.3 ʢʢʘʣ/ʤʦʣʴ ʽ 

C
an

 382.9, C
2
 367.8 ʢʢʘʣ/ʤʦʣʴ). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʘʥʽʦʥʥʘ ʘʟʠʥʦʚʘ ʩʠʩʪʝʤʘ 31 ʤʘʻ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʈɸ ʜʣʷ 

ʢʘʨʙʝʥʦʚʦʛʦ ʘʪʦʤʘ ʉ
2
 (ʈɸ 351.4 ʢʢʘʣ/ʤʦʣʴ), ʥʽʞ ʜʣʷ ʘʪʦʤʘ ʉ5 (323.4 ʢʢʘʣ/ʤʦʣʴ).    

ʋ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʽʚ ʩ ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʚʝʣʠʯʠʥʠ ʈɸ ʟʤʝʥʰʫʶʪʴʩʷ ʟʥʘʯʥʦ. ʊʠʤ ʥʝ ʤʝʥʰ, 

ʪʘʢʽ ʢʦʤʧʣʝʢʩʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʡʦʩʥʦʚʥʽʰʠʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʤʧʣʝʢʩʘʤʠ ʥʝʡʪʨʘʣʴʥʠʭ ʢʘʨʙʝʥʽʚ.  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 4-Li -ʧʦʭʽʜʦʛʦ ʽʤʽʜʘʟʦʣ-2-ʽʣʽʜʝʥʫ 29 (C2) ʟʥʘʯʝʥʥʷ PA ʩʪʘʥʦʚʠʪʴ 284.9 ʢʢʘʣ/ʤʦʣʴ, ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 4-K-ʧʦʭʽʜʥʦʛʦ 293.3 ʢʢʘʣ/ʤʦʣʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʈɸ) ʪʘ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʽʚ ʢʘʨʙʝʥʽʚ ʟ ʢʘʪʽʦʥʘʤʠ ʢʫʧʨʫʤʫ(ɯ) (EC-Cu+) ʪʘ 

ʢʘʣʽʶ (EC-ʂ+) ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʝʥʝʨʛʽʷʤʠ ʢʘʨʙʝʥʽʚ, ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ ʪʘ ʧʨʦʪʦʥʘ ʘʙʦ ʢʘʪʽʦʥʘ 

ʤʝʪʘʣʫ. ɿʘʛʘʣʴʥʽ ʝʥʝʨʛʽʾ ʟʥʘʭʦʜʠʣʠ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʫ DFT (ʙʘʟʠʩʠ 

B3LYP5, HF/3-21G, 6-31G, 6-311G) ʫ ʚʘʢʫʫʤʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʠ Firefly 7.15. ɸʜʽʘʙʘʪʠʯʥʽ 

ʝʥʝʨʛʽʾ ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ (ES/T) ʟʥʘʭʦʜʠʣʠ ʪʘʢʦʞ ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʝʥʝʨʛʽʷʤʠ ʢʘʨʙʝʥʽʚ ʚ 

ʩʠʥʛʣʝʪʥʦʤʫ ʪʘ ʪʨʠʧʣʝʪʥʦʤʫ ʩʪʘʥʘʭ. 

ɺʠʩʥʦʚʢʠ  

1. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʘʨʙʝʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʥʘʯʥʦ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʈɸ, ʧʨʠʯʦʤʫ 

ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪʴ ʙʘʟʠʩʥʘ ʮʠʢʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʤʝʥʰʠʡ ï ʟʘʤʽʩʥʠʢʠ.  

2. ɿʘ ʩʪʨʫʢʪʫʨʦʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ ʪʠʧʠ ʢʘʨʙʝʥʽʚ:  

ʘ) ʥʠʟʴʢʦʦʩʥʦʚʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʙʽʣʴʰʝ ʜʚʦʭ ʘʪʦʤʽʚ ʥʽʪʨʦʛʝʥʫ ʚ ʮʠʢʣʽ, ʛʝʪʝʨʦʘʪʦʤʠ (ʩʫʣʴʬʫʨʫ), 

ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʽ ʟʘʤʽʩʥʠʢʠ (ʈɸ 229-252 ʢʢʘʣ/ʤʦʣʴ);  

ʙ) ʚʠʩʦʢʦʦʩʥʦʚʥʽ, ʱʦ ʤʽʩʪʷʪʴ ʽʤʽʥʦ-, ʘʤʽʥʦ- ʪʘ ʽʣʽʜʥʽ ʛʨʫʧʠ ʚ ʮʠʢʣʽ, ʝʣʝʢʪʨʦʥʦʜʦʥʦʨʥʽ 

ʟʘʤʽʩʥʠʢʠ, ʤʝʟʦʡʦʥʥʽ ʢʘʨʙʝʥʠ (ʈɸ 265-317 ʢʢʘʣ/ʤʦʣʴ);  

ʚ) ʛʽʧʝʨʦʩʥʦʚʥʽ ʪʘ ʛʽʧʝʨʥʫʢʣʝʦʬʽʣʴʥʽ (HBN) ʘʥʽʦʥʥʽ ʢʘʨʙʝʥʠ (ʈɸ 330-462 ʢʢʘʣ/ʤʦʣʴ), ʚ 

ʩʪʨʫʢʪʫʨʽ ʷʢʠʭ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʘʥʽʦʥʥʠʡ ʮʝʥʪʨ (ʛʝʪʝʨʦʘʪʦʤʥʠʡ ʘʙʦ ʢʘʨʙʦʥʦʚʠʡ) ʥʘ ʢʘʨʙʝʥʦʚʠʡ 

ʘʪʦʤ ʢʘʨʙʦʥʫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʦʥôʁ ʛʘʮʽʾ ʥʘʚʽʪʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʠʟʴʢʦʦʩʥʦʚʥʠʭ ʘʥʽʦʥʥʠʭ ʮʝʥʪʨʽʚ.   

ʈɽɿʖʄɽ 

ɺ ʩʪʘʪʪʽ ʥʘʚʦʜʷʪʴʩʷ ʜʘʥʽ ʢʚʘʥʪʦʚʦʭʽʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʝʣʠʯʠʥ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʜʦ ʧʨʦʪʦʥʘ (ʈɸ) 

ʪʘ ʝʥʝʨʛʽʡ ʩʠʥʛʣʝʪʥʦ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʜʣʷ ʨʷʜʫ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʪʘ ʘʮʠʢʣʽʯʥʠʭ ʢʘʨʙʝʥʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʈɸ ʻ ʬʫʥʢʮʽʻʶ ʪʠʧʫ ʢʘʨʙʝʥʫ, ʪʠʧʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʟʘʤʽʩʥʠʢʽʚ. ɺʽʜʟʥʘʯʘʶʪʩɹʷ 

ʪʨʠ ʦʩʥʦʚʥʽ ʪʠʧʠ ʩʧʦʣʫʢ ʟʘ ʨʽʚʥʝʤ ʈɸ: ʥʠʟʴʢʦʦʩʥʦʚʥʽ, ʚʠʩʦʢʦʦʩʥʦʚʥʽ, ʛʽʧʝʨʦʩʥʦʚʥʽ ʪʘ 

ʛʽʧʝʨʥʫʢʣʝʦʬʽʣʴʥʽ (HBN) ʢʘʨʙʝʥʠ. 

ʈɽɿʖʄɽ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥ ʩʨʦʜʩʪʚʘ ʢ ʧʨʦʪʦʥʫ (ʈɸ) ʠ 

ʵʥʝʨʛʠʡ ʩʠʥʛʣʝʪʥʦ-ʪʨʠʧʣʝʪʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʜʣʷ ʨʷʜʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʝʥʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʈɸ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʠʧʘ ʢʘʨʙʝʥʘ, ʪʠʧʘ ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʆʪʤʝʯʘʶʪʩʷ ʪʨʠ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʫʨʦʚʥʶ ʈɸ: ʥʠʟʢʦʦʩʥʦʚʥʳʝ, ʚʳʩʦʢʦʦʩʥʦʚʥʳʝ, ʛʠʧʝʨʦʩʥʦʚʥʳʝ ʠ 

ʛʠʧʝʨʥʫʢʣʝʦʬʠʣʴʥʳʝ (HBN) ʢʘʨʙʝʥʳ. 

SUMMARY 

The article provides the data of quantum-chemical calculations of the proton affinity (PA) and the 

energy of the singlet-triplet splitting for a number of heterocyclic and acyclic carbenes. It is shown that the 

value of PA is a function of the carbene type, type and position of substituents. There have been three types 

of compounds on the level of PA: low basic, highly basic and hyperbasic and hypernucleophilic (HBN) 

carbenes. 
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ʄ. ɺ. ʂʘʯʘʻʚʘ, ʉ. ɻ. ʇʽʣʴʦ, ʉ. ɺ. ʇʦʧʽʣʴʥʽʯʝʥʢʦ,  

ɺ. ʄ. ʇʨʦʢʦʧʝʥʢʦ, ɺ. ʉ. ɹʨʦʚʘʨʝʮʴ  
ɯʥʩʪʠʪʫʪ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

ʋɼʂ: 547.787.1 

ʉʀʅʊɽɿ ʊɸ ɺʀɺʏɽʅʅʗ ʇʈʆʊʀʇʋʍʃʀʅʅʆɰ ɸʂʊʀɺʅʆʉʊɯ ʅʆɺʀʍ 
ʇʆʍɯɼʅʀʍ 5-ɸʄɯʅʆ-1,3-ʆʂʉɸɿʆʃ-4-ʂɸʈɹʆʅɯʊʈʀʃɯɺ 

ʈʦʟʚʠʪʦʢ ʭʽʤʽʾ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʭʽʜʥʠʭ 1,3-ʦʢʩʘʟʦʣʫ ʟʫʤʦʚʣʝʥʠʡ ʫʩʧʽʰʥʠʤ ʧʦʰʫʢʦʤ ʩʝʨʝʜ 

ʥʠʭ ʧʦʭʽʜʥʠʭ ʙʽʦʘʢʪʠʚʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ɿʦʢʨʝʤʘ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʷʜ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ 

ʙʽʦʣʦʛʽʯʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 5-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʽʚ, ʷʢʽ ʚʠʷʚʠʣʠʩʷ ʝʬʝʢʪʠʚʥʠʤʠ 

ʽʥʛʽʙʽʪʦʨʘʤʠ ʧʽʨʫʚʘʪʢʽʥʘʟʠ [1], ʧʨʦʪʝʾʥʢʽʥʘʟʠ ʉʂ2 [2], ʘʤ̔ʥʦʛʣʢ̔ʦʟʠʜʤʦʜʠʬʽʢʫʶʯʠʭ ʬʝʨʤʝʥʪʚ̔ [3], 

ʤʦʥʦʘʤʽʥʦʢʩʠʜʘʟʠ [4], ʣʽʧʦʢʩʠʛʝʥʘʟʠ [5, 6], PHIP(2) [7], ʘ ʪʘʢʦʞ ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʧʫʭʣʠʥʥʫ [8, 9] ʪʘ 

ʘʥʪʠʤʽʢʨʦʙʥʫ [10] ʘʢʪʠʚʥʽʩʪʴ. 

ɺʜ̔ʦʤʦ ʪʘʢʦʞ, ʱʦ ʬʘʨʤʘʢʦʣʦʛʽʯʥʘ ʜʽʷ ʩʠʥʪʝʪʠʯʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʟʥʘʯʥʦ  ʁʤʽʨʦ  ʁ

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʬʘʨʤʘʢʦʬʦʨʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʭ ʩʢʣʘʜʫ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ 

ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 2-ʘʤʽʥʦʝʪʠʣʘʤʽʥʽʚ, ʧʦʻʜʥʘʥʫ ʟ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʷʢ 

ʧʽʨʠʜʦ[2,3-d]ʧʽʨʠʜʘʟʠʥ-5(6ʅ)-ʦʥ [11], 1,3,5-ʪʨʠʘʟʠʥ [12] ʪʘ ʪʽʻʥʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ [13], ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʻ ʩʠʥʪʝʟ ʽʥʰʠʭ ʛʝʪʝʨʦʮʠʢʣʽʚ, ʟʦʢʨʝʤʘ ʧʦʭʽʜʥʠʭ 1,3-ʦʢʩʘʟʦʣʫ, ʷʢʽ ʤʽʩʪʷʪʴ ʟʘʣʠʰʢʠ ʪʘʢʠʭ ʘʤʽʥʽʚ.  

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʩʧʦʣʫʢ 3 ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʘ ʨʝʘʢʮʽʷ ʜʠʭʣʦʨʦʘʢʨʠʣʦʥʽʪʨʠʣʽʚ 1 ʟ 

2-ʘʤʽʥʦʝʪʠʣʘʤʽʥʘʤʠ 2, ʷʢʘ ʦʧʠʩʘʥʘ ʨʘʥʽʰʝ ʜʣʷ ʽʥʰʦʛʦ ʪʠʧʫ ʘʤʽʥʽʚ [14]. ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʘ 

ʚʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʫ ʩʫʭʦʤʫ ʪʝʪʨʘʛʽʜʨʦʬʫʨʘʥʽ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ 



ʆʈɻɸʅɯʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 12 

ʝʢʚʽʤʦʣʷʨʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʨʝʘʛʝʥʪʽʚ 1 ʪʘ 2 ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʜʚʦʭ ʝʢʚʽʚʘʣʝʥʪʽʚ ʪʨʠʝʪʠʣʘʤʽʥʫ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʭʦʜʠ ʦʢʩʘʟʦʣʽʚ 3 ʩʪʘʥʦʚʣʷʪʴ 65-88%. 
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ʉʢʣʘʜ ʪʘ ʙʫʜʦʚʘ ʟʘʤʽʱʝʥʠʭ 2-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʽʚ 3 ʥʘʜʽʡʥʦ ʧʽʜʪʚʝʨʜʞʝʥ ̔

ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ (ʪʘʙʣ. 1), ʩʧʝʢʪʨʘʤʠ ɯʏ, ʗʄʈ 
1
ʅ ʪʘ ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʘʤʠ (ʪʘʙʣ. 

2). ɯʏ ʩʧʝʢʪʨʠ ʾʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʤʫʛʘʤʠ ʧʦʛʣʠʥʘʥʥʷ ʛʨʫʧ CN (2202-2215 ʩʤ
-1
) ʪʘ NH (3176-3312 

ʩʤ
-1
). ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 

1
ʅ ʧʦʨʷʜ ʟ ʩʠʛʥʘʣʘʤʠ ʟʘʤʽʩʥʠʢʽʚ R

1
, R

2
,
 
NR

3
R

4
 ʧʨʠʩʫʪʥʽ ʭʘʨʘʢʪʝʨʥʽ ʩʠʛʥʘʣʠ 

ʫʛʨʫʧʫʚʘʥʥʷ CHCH2NH ʧʨʠ ŭ 3.33-4.10 ʤ.ʯ. ʪʘ ŭ 7.68-8.47 ʤ.ʯ. ʄʦʣʝʢʫʣʷʨʥʽ ʧʽʢʠ ʡʦʥʽʚ ʚ ʭʨʦʤʘʪʦ-ʤʘʩ-

ʩʧʝʢʪʨʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʤ. 

ʇʨʦʪʠʨʘʢʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠʚʯʘʣʠ ʫ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ 

ʧʨʦʛʨʘʤʠ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʨʘʢʫ ʉʐɸ (National Cancer Institute, Bethesda, Maryland, USA) 

ʥʘ 60 ʣʽʥʽʷʭ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ï ʣʝʡʢʝʤʽ ʾ(ʣʽʥʽʾ CCRF-CEM, HL-60 (TB), K-562, MOLT-4, RPMI-8226, 

SR), ʤʝʣʘʥʦʤʠ (ʣʽʥʽʾ LOX IMVI, MALME-3M, M14, MDA-MB-435, SK-MEL-2, SK-MEL-28, SK-MEL-

5, UACC-257, UACC-62), ʨʘʢʫ ʣʝʛʝʥʽʚ (ʣʽʥʽʾ A549/ATCC, EKVX, HOP-62, HOP-92, NCI-H226, NCI-

H23, NCI-H322M, NCI-H460, NCI-H522), ʪʦʚʩʪʦʾ ʢʠʰʢʠ (ʣʽʥʽʾ COLO 205, HCC-2998, HCT-116, HCT-

15, HT29, KM12, SW-620), ʤʦʟʢʫ (ʣʽʥʽʾ SF-268, SF-295, SF-539, SNB-19, SNB-75, U251), ʷʻʯʥʠʢʽʚ 

(ʣʽʥʽʾ IGROV1, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8, NCI/ADR-RES, SK-OV-3), ʥʠʨʦʢ (ʣʽʥʽʾ 

786-0, A498, ACHN, CAKI-1, RXF 393, SN12C, TK-10, UO-31), ʧʨʦʩʪʘʪʠ (ʣʽʥʽʾ PC-3, DU-145) ʽ ʛʨʫʜʝʡ 

(ʣʽʥʽʾ MCF7, MDA-MB-231/ATCC, HS 578T, BT-549, T- 47D, MDA-MB-468). ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ in vitro ʧʨʠ ʜʽʾ ʨʝʯʦʚʠʥʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 1Ŀ10
-5 
ʄ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʠʟʥʘʯʘʣʠ ʚʽʜʩʦʪʦʢ 

ʨʦʩʪʫ (GI) ʢʣʽʪʠʥ ʣʽʥʽʡ ʨʘʢʫ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ (ʢʦʥʪʨʦʣʴ ï 100%) [15-18]. 

ʈʝʟʫʣʴʪʘʪʠ ʩʢʨʠʥʽʥʛʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʤʽʱʝʥʥʽ 5-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʠ 3 ʥʝ 

ʧʨʦʷʚʠʣʠ ʚʠʨʘʞʝʥʦʾ ʧʨʦʪʠʨʘʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʪʘʙʣ. 3), ʧʨʦʪʝ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʩʢʨʠʥʽʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʘʣʠ ʟʤʦʛʫ ʚʩʪʘʥʦʚʠʪʠ ʜʝʷʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʚôʷʟʢʫ çʩʪʨʫʢʪʫʨʘ ï ʜʽʷè. 

ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʧʦʤʽʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʦ ʣʽʥʽʾ ʨʘʢʫ ʤʦʟʢʫ SNB-75 16-ʪʠ ʽʟ 28 ʩʧʦʣʫʢ 

(ʩʧʦʣʫʢʠ 3.1, 3.3, 3.4, 3.5, 3.7, 3.8, 3.9, 3.15, 3.17, 3.18, 3.19, 3.20, 3.21, 3.22, 3.25, 3.26 ʟ GI<90%). 

ʉʪʫʧʽʥʴ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ (GI) ʚ ʥʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 67.21õ87.62%. ʎʷ ʚʠʙʽʨʢʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʽʚʥʷʪʠ, ʷʢʠʤ ʯʠʥʦʤ ʟʘʤʽʩʥʠʢʠ NR
3
R

4
, R

1
, R

2
 ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʢʪʠʚʥʽʩʪʴ. 

ɿʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʟʘʣʠʰʢʫ ï NR
3
R

4
. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʤʽʩʪʠʪʠ 

ʟʘʣʠʰʢʠ ʘʤʽʥʽʚ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʷʜʫ: ʜʠʤʝʪʠʣʘʤʽʥ > ʧʽʨʦʣʽʜʠʥ > ʤʦʨʬʦʣʽʥ å 

ʧʽʧʝʨʠʜʠʥ.  

ɿʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ʚ ʧʦʣʦʞʝʥʥʽ 2 ʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ ï R
1
. ɺʠʱʫ 

ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʣʷʶʪʴ ʩʧʦʣʫʢʠ ʟ ʘʣʢʽʣʴʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ (ʚʦʥʠ ʙʽʣʴʰ ʘʢʪʠʚʥʽ, ʥʽʞ ʨʝʯʦʚʠʥʠ ʟ 

ʘʨʦʤʘʪʠʯʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ), ʚʧʣʠʚ ʷʢʠʭ ʤʦʞʥʘ ʨʦʟʤʽʩʪʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʷʜʫ: Et å i-Pr > t-Bu å Me > 

i-Bu.  

ɿʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ï R
2
. ʂʨʘʱʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʠʣʠ ʩʧʦʣʫʢʠ, ʱʦ 

ʤʽʩʪʷʪʴ 2-ʤʝʪʦʢʩʠʘʨʠʣʴʥʠʡ ʪʘ ʬʫʨʠʣʴʥʠʡ ʬʨʘʛʤʝʥʪʠ. 

ɿʘʛʘʣʴʥʘ ʧʦʤʽʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʤʽʯʝʥʘ ʽ ʜʦ ʣʽʥʽʾ ʨʘʢʫ ʥʠʨʦʢ UO-31 17-ʪʠ ʽʟ 28 ʩʧʦʣʫʢ (ʩʧʦʣʫʢʠ 

3.2, 3.4, 3.5, 3.6, 3.8, 3.14, 3.15, 3.16, 3.17, 3.18, 3.19, 3.20, 3.21, 3.22, 3.23, 3.25, 3.26 ʟ GI<90%). 

ʉʪʫʧʽʥʴ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ (GI) ʚ ʥʠʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 77.25õ88.92%.  

ɿʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʟʘʣʠʰʢʫ ï NR
3
R

4
. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʤʽʩʪʠʪʠ 

ʟʘʣʠʰʢʠ ʘʤʽʥʽʚ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʫ ʥʘʩʪʫʧʥʦʤʫ ʨʷʜʫ: ʜʠʤʝʪʠʣʘʤʽʥ å ʧʽʨʦʣʽʜʠʥ > ʤʦʨʬʦʣʽʥ å 

ʧʽʧʝʨʠʜʠʥ.  

ɿʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ʚ ʧʦʣʦʞʝʥʥʽ 2 ʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ ï R
1
. ʅʝ 

ʚʽʜʤʽʯʝʥʦ ʚʠʨʘʞʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ʫ ʨʷʜʫ Me, Et, i-Pr, t-Bu, Ph, ʬʫʨʘʥ. 

ʅʘʷʚʥʽʩʪʴ i-Bu ʟʘʤʽʩʥʠʢʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʨʝʯʦʚʠʥ (ʩʧʦʣʫʢʘ 3.24). 

ɿʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ï R
2
. ʂʨʘʱʫ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʷʚʠʣʠ ʩʧʦʣʫʢʠ, ʱʦ 

ʤʽʩʪʷʪʴ 2-ʤʝʪʦʢʩʠ- ʪʘ 4-ʤʝʪʦʢʩʠʘʨʠʣʴʥʽ ʛʨʫʧʠ ʘʙʦ ʬʫʨʠʣʴʥʽ ʪʘ ʪʽʻʥʽʣʴʥʽ ʟʘʤʽʩʥʠʢʠ.  

ɿʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʽ ʩʧʝʮʠʬʽʯʥʘ ʜʽʷ ʦʢʨʝʤʠʭ ʩʧʦʣʫʢ. 



 

 

ʊʘʙʣʠʮʷ 1 

ɺʠʭʦʜʠ, ʢʦʥʩʪʘʥʪʠ ʪʘ ʜʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ 5-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʽʚ 3.1-3.28 

ˉ R
1
 R

2
 NR

3
R

4
 ɺʠʭʽʜ, % ʊ.ʧʣ., 

0
ʉ 

ɿʥʘʡʜʝʥʦ, % 
ʌʦʨʤʫʣʘ 

ʈʦʟʨʘʭʦʚʘʥʦ, % 

C H N C H N 

3.1 Me 4-MeC6H4 Me2N 72 128-129 67.52 7.08 19.63 C16H20N4O 67.58 7.09 19.70 

3.2 Me 4-MeOC6H4 Me2N 80 91-93 63.99 6.75 18.44 C16H20N4O2 63.98 6.71 18.65 

3.3 Me 4-Me2NC6H4 Me2N 76 102-104 65.17 7.38 22.30 C17H23N5O 65.15 7.40 22.35 

3.4 Me 2-MeOC6H4 Me2N 86 119-120 63.99 6.71 18.60 C16H20N4O2 63.98 6.71 18.65 

3.5 Me ʬʫʨ-2-ʠʣ Me2N 79 95-97 60.00 6.21 21.47 C13H16N4O2 59.99 6.20 21.52 

3.6 Me ʪʽʻʥ-2-ʽʣ Me2N 78 93-95 56.52 5.85 20.21 C13H16N4OS 56.50 5.84 20.27 

3.7 Me ʬʫʨ-2-ʠʣ ʧʽʨʦʣʽʜʠʥ-1-ʽʣ 75 105-107 62.91 6.34 19.50 C15H18N4O2 62.92 6.34 19.57 

3.8 Me ʪʽʻʥ-2-ʽʣ ʧʽʨʦʣʽʜʠʥ-1-ʽʣ 76 106-107 59.56 6.00 18.49 C15H18N4OS 59.58 6.00 18.53 

3.9 Me Ph ʧʽʧʝʨʠʜʠʥ-1-ʽʣ 88 95-97 69.66 7.12 18.00 C18H22N4O 69.65 7.14 18.05 

3.10 Me ʬʫʨ-2-ʠʣ ʧʽʧʝʨʠʜʠʥ-1-ʽʣ 82 92-94 63.99 6.73 18.61 C16H20N4O2 63.98 6.71 18.65 

3.11 Me ʪʽʻʥ-2-ʽʣ ʧʽʧʝʨʠʜʠʥ-1-ʽʣ 78 81-83 60.75 6.38 17.44 C16H20N4OS 60.73 6.37 17.71 

3.12 Me Ph ʤʦʨʬʦʣʽʥ-1-ʽʣ 75 102-104 65.37 6.47 17.81 C17H20N4O2 65.37 6.45 17.94 

3.13 Me ʬʫʨ-2-ʠʣ ʤʦʨʬʦʣʽʥ-1-ʽʣ 86 127-128 59.61 6.03 18.59 C15H18N4O3 59.59 6.00 18.53 

3.14 Me ʪʽʻʥ-2-ʽʣ ʤʦʨʬʦʣʽʥ-1-ʽʣ 81 128-130 56.54 5.75 17.56 C15H18N4O2S 56.59 5.70 17.60 

3.15 Et 2-MeOC6H4 Me2N 78 80-82 64.97 7.06 17.79 C17H22N4O2 64.95 7.05 17.82 

3.16 Et 2-ClC6H4 Me2N 78 87-89 60.30 6.00 17.51 C16H19ClN4O 60.28 6.01 17.57 

3.17 i-Pr 2-MeOC6H4 Me2N 77 91-92 65.85 7.36 17.00 C18H24N4O2 65.83 7.37 17.06 

3.18 i-Pr ʬʫʨ-2-ʠʣ Me2N 69 67-69 62.50 6.97 19.49 C15H20N4O2 62.48 6.99 19.43 

3.19 i-Pr ʪʽʻʥ-2-ʽʣ Me2N 65 69-71 59.19 6.62 18.45 C15H20N4OS 59.18 6.62 18.40 

3.20 t-Bu Ph Me2N 85 109-110 69.23 7.75 17.97 C18H24N4O 69.20 7.74 17.93 

3.21 t-Bu ʬʫʨ-2-ʠʣ Me2N 77 79-81 63.58 7.32 18.49 C16H22N4O2 63.56 7.33 18.53 

3.22 t-Bu ʪʽʻʥ-2-ʽʣ Me2N 76 82-84 60.36 6.94 17.50 C16H22N4OS 60.35 6.96 17.59 

3.23 t-Bu ʬʫʨ-2-ʠʣ ʧʽʨʦʣʽʜʠʥ-1-ʽʣ 73 109-111 65.80 7.40 17.02 C18H24N4O2 65.83 7.37 17.06 

3.24 i-Bu Ph Me2N 65 62-64 69.25 7.78 17.86 C18H24N4O 69.20 7.74 17.93 

3.25 Ph ʬʫʨ-2-ʠʣ Me2N 80 130-131 67.12 5.73 17.21 C18H18N4O2 67.07 5.63 17.38 

3.26 ʬʫʨ-2-ʠʣ ʬʫʨ-2-ʠʣ Me2N 75 98-100 61.64 5.23 17.69 C16H16N4O3 61.53 5.16 17.94 

3.27 ʬʫʨ-2-ʠʣ ʪʽʻʥ-2-ʽʣ Me2N 83 94-96 58.54 4.95 16.97 C16H16N4O2S 58.52 4.91 17.06 

3.28 ʪʽʻʥ-2-ʽʣ ʬʫʨ-2-ʠʣ Me2N 88 135-137 58.48 4.86 16.93 C16H16N4O2S 58.52 4.91 17.06 

1
3 



 

 

ʊʘʙʣʠʮʷ 2 

ʉʧʝʢʪʨʘʣʴʥʽ ʜʘʥʥʽ 5-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʽʚ 3.1-3.28 

ˉ ɯʏ ʩʧʝʢʪʨ (KBr), ɜ, ʩʤ
-1
 ʉʧʝʢʪʨ ʗʄʈ

1
ʅ (ɼMʉO-d6), ŭ, ʤ.ʯ. 

ʄʘʩ-ʩʧʝʢʪʨ 
[M+1], m/z 

1 2 3 4 

3.1 
1062, 1186, 1453, 1604, 1649, 2202 

(CN), 3176 (NH) 
2.10 ʩ (6ʅ, N(ʉʅ3)2), 2.19 ʩ (3ʅ, ʉʅ3), 2.30 ʩ (3ʅ, ʉʅ3), 3.38-3.77 ʤ (3ʅ, ʉʅ,  CH2), 7.10 ʩ (4ʅ, C6H4), 7.69 ʪ (1ʅ, 

NH) 
285 

3.2 
1184, 1236, 1251, 1512, 1608, 1650, 

2204 (CN), 3270 (NH) 
2.10 ʩ (6ʅ, N(ʉʅ3)2), 2.20 ʩ (3ʅ, ʉʅ3), 3.39-3.72 ʤ (3ʅ, ʉʅ,  CH2), 3.75 ʩ (3ʅ, ʆʉʅ3), 6.86 ʜ (2ʅ, C6H4), 7.11 ʜ (2ʅ, 

C6H4), 7.68 ʪ (1ʅ, NH) 
301 

3.3 
1069, 1353, 1523, 1608, 1671, 2210 

(CN), 3275 (NH) 
2.03 ʩ (6ʅ, N(ʉʅ3)2), 2.19 ʩ (3ʅ, ʉʅ3), 2.87 ʩ (3ʅ, N(ʉʅ3)2), 3.33-3.75 ʤ (3ʅ, ʉʅ, CH2), 6.69 ʜ (2ʅ, C6H4), 7.02 ʜ (2ʅ, 

C6H4), 7.82 ʪ (1ʅ, NH) 
314 

3.4 
1028, 1180, 1458, 1490, 1607, 1650, 

2208 (CN), 3181 (NH) 
2.12 ʩ (6ʅ, N(ʉʅ3)2), 2.17 ʩ (3ʅ, ʉʅ3), 3.39-3.57 ʤ (2ʅ, CH2), 3.75 ʩ (3ʅ, ʆʉʅ3), 4.08 ʪ (1ʅ, ʉʅ), 6.86ï7.25 ʤ (4ʅ, 

C6H4), 7.71 ʪ (1ʅ, NH) 
301 

3.5 
1099, 1427, 1607, 1673, 2212 (CN), 

3267 (NH) 
2.17 ʩ (6ʅ, N(ʉʅ3)2), 2.23 ʩ (3ʅ, ʉʅ3), 3.42-3.67 ʤ (2ʅ, CH2), 3.99 ʪ (1ʅ, ʉʅ), 6.94ï7.40 ʤ (3ʅ, ʬʫʨʘʥ), 7.88 ʪ (1ʅ, 

NH) 
261 

3.6 
1040, 1069, 1607, 1672, 2212 (CN), 

3267 (NH) 
2.17 ʩ (6ʅ, N(ʉʅ3)2), 2.23 ʩ (3ʅ, ʉʅ3), 3.42-3.72 ʤ (2ʅ, CH2), 3.99 ʪ (1ʅ, ʉʅ), 6.94ï7.38 ʤ (3ʅ, ʪʽʦʬʝʥ), 7.86 ʪ (1ʅ, 

NH) 
277 

3.7 
1145, 1194, 1251, 1604, 1643, 2207 

(CN), 3230 (NH) 
1.63 ʩ (4ʅ, N(ʉʅ2)4), 2.21 ʩ (3ʅ, ʉʅ3), 2.49 ʩ (4ʅ, N(ʉʅ2)4), 3.48-3.65 ʤ (2ʅ, CH2), 3.83 ʪ (1ʅ, ʉʅ), 6.23ï7.52 ʤ (3ʅ, 

ʬʫʨʘʥ), 7.85 ʪ (1ʅ, NH) 
287 

3.8 
1191, 1602, 1642, 2207 (CN), 3237 

(NH) 
1.68 ʩ (4ʅ, N(ʉʅ2)4), 2.18 ʩ (3ʅ, ʉʅ3), 2.53 ʩ (4ʅ, N(ʉʅ2)4), 3.38-3.72 ʤ (2ʅ, CH2), 3.87 ʪ (1ʅ, ʉʅ), 6.95ï7.38 ʤ (3ʅ, 

ʪʽʦʬʝʥ), 7.86 ʪ (1ʅ, NH) 
303 

3.9 
1116, 1204, 1606, 1670, 2209 (CN), 

3286 (NH) 
1.19-1.52 ʤ (6ʅ, N(ʉʅ2)5), 2.21 ʩ (3ʅ, ʉʅ3), 2.22-2.57 ʤ (4ʅ, N(ʉʅ2)5), 3.40-3.81 ʤ (3ʅ, ʉʅ, CH2), 7.18ï7.33 ʤ (5ʅ, 

ʉ6ʅ5), 7.62 ʪ (1ʅ, NH) 
311 

3.10 
1099, 1148, 1187, 1604, 1644, 2206 

(CN), 3292 (NH) 
1.22-1.52 ʤ (6ʅ, N(ʉʅ2)5), 2.24 ʩ (3ʅ, ʉʅ3), 2.19-2.55 ʤ (4ʅ, N(ʉʅ2)5), 3.40-3.71 ʤ (2ʅ, CH2), 3.79 ʪ (1ʅ, ʉʅ), 6.21ï

7.52 ʤ (3ʅ, ʬʫʨʘʥ), 7.69 ʪ (1ʅ, NH) 
301 

3.11 
1098, 1204, 1605, 1668, 2211 (CN), 

3274 (NH) 
1.25-1.57 ʤ (6ʅ, N(ʉʅ2)5), 2.24 ʩ (3ʅ, ʉʅ3), 2.25-2.55 ʤ (4ʅ, N(ʉʅ2)5), 3.40-3.75 ʤ (2ʅ, CH2), 4.01 ʪ (1ʅ, ʉʅ), 6.90ï

7.35 ʤ (3ʅ, ʪʽʦʬʝʥ), 7.72 ʪ (1ʅ, NH) 
317 

3.12 
1099, 1143, 1607, 1667, 2211 (CN), 

3270 (NH) 
2.19 ʩ (3ʅ, ʉʅ3), 2.25-2.42 ʤ (4ʅ, N(ʉʅ2)4ʆ), 3.40-3.82 ʤ (7ʅ, ʉʅ, CH2, N(ʉʅ2)4ʆ), 7.21ï7.35 ʤ (5ʅ, C6H5), 7.72 ʪ 

(1ʅ, NH) 
313 

3.13 
1112, 1139, 1206, 1609, 1663, 2212 

(CN), 3286 (NH) 
2.24 ʩ (3ʅ, ʉʅ3), 2.24-2.55 ʤ (4ʅ, N(ʉʅ2)4ʆ), 3.40-3.75 ʤ (6ʅ, CH2, N(ʉʅ2)4ʆ), 3.81 ʪ (1ʅ, ʉʅ), 6.27ï7.54 ʤ (3ʅ, 

ʬʫʨʘʥ), 7.76 ʪ (1ʅ, NH) 
303 

3.14 
1112, 1137, 1608, 1663, 2210 (CN), 

3312 (NH) 
2.23 ʩ (3ʅ, ʉʅ3), 2.30-2.55 ʤ (4ʅ, N(ʉʅ2)4ʆ), 3.40-3.75 ʤ (6ʅ, CH2, N(ʉʅ2)4ʆ), 4.00 ʪ (1ʅ, ʉʅ), 6.90ï7.41 ʤ (3ʅ, 

ʪʽʦʬʝʥ), 7.82 ʪ (1ʅ, NH) 
319 

3.15 
1243, 1491, 1601, 1648, 2204 (CN), 

3179 (NH) 
1.17 ʪ (3ʅ, ʉʅ3), 2.12 ʩ (6ʅ, N(ʉʅ3)2), 2.52 ʢ (2ʅ, ʉʅ2), 3.35-3.65 ʤ (2ʅ, CH2), 3.75 ʩ (3ʅ, ʆʉʅ3), 4.09 ʪ (1ʅ, ʉʅ), 

6.85ï7.25 ʤ (4ʅ, C6H4), 7.69 ʪ (1ʅ, NH) 
315 

1
4 



 

 

1 2 3 4 

3.16 
1037, 1186, 1476, 1600, 1643, 2204 

(CN), 3177 (NH) 

1.15 ʪ (3ʅ, ʉʅ3), 2.19 ʩ (6ʅ, N(ʉʅ3)2), 2.50 ʢ (2ʅ, ʉʅ2), 3.38-3.78 ʤ (2ʅ, CH2), 4.10 ʪ (1ʅ, ʉʅ), 7.22ï7.46 ʤ (4ʅ, 
C6H4), 7.84 ʪ (1ʅ, NH) 

 
320 

3.17 
1242, 1491, 1598, 1644, 2202 (CN), 

3177 (NH) 
1.18 ʩ (3ʅ, ʉʅ3), 1.20 ʩ (3ʅ, ʉʅ3), 2.12 ʩ (6ʅ, N(ʉʅ3)2), 2.77-2.83 ʤ (1ʅ, ʉʅ), 3.31-3.69 ʤ (2ʅ, CH2), 3.75 ʩ (3ʅ, 

ʆʉʅ3), 4.10 ʪ (1ʅ, ʉʅ), 6.85ï7.26 ʤ (4ʅ, C6H4), 7.70 ʪ (1ʅ, NH) 
329 

3.18 
1018, 1060, 1595, 1650, 2202 (CN), 

3190 (NH) 
1.20 ʩ (3ʅ, ʉʅ3), 1.23 ʩ (3ʅ, ʉʅ3), 2.14 ʩ (6ʅ, N(ʉʅ3)2), 2.79-2.88 ʤ (1ʅ, ʉʅ), 3.48-3.65 ʤ (2ʅ, CH2), 3.81 ʪ (1ʅ, 

ʉʅ), 6.26ï7.52 ʤ (3ʅ, ʬʫʨʘʥ), 7.79 ʪ (1ʅ, NH) 
289 

3.19 
1064, 1592, 1648, 2207 (CN), 3183 

(NH) 
1.20 ʩ (3ʅ, ʉʅ3), 1.23 ʩ (3ʅ, ʉʅ3), 2.17 ʩ (6ʅ, N(ʉʅ3)2), 2.79-2.91 ʤ (1ʅ, ʉʅ), 3.41-3.75 ʤ (2ʅ, CH2), 3.98 ʪ (1ʅ, 

ʉʅ), 6.94ï7.39 ʤ (3ʅ, ʪʽʦʬʝʥ), 7.86 ʪ (1ʅ, NH) 
305 

3.20 
1070, 1452, 1475, 1501, 1590, 1648, 

2207 (CN), 3244 (NH) 
1.23 ʩ (9ʅ, ʉʅ3), 2.13 ʩ (6ʅ, N(ʉʅ3)2), 3.39-3.78 ʤ (3ʅ, ʉʅ, CH2),  7.20ï7.33 ʤ (4ʅ, C6H5), 7.74 ʪ (1ʅ, NH) 313 

3.21 
1031, 1117, 1453, 1477, 1582, 1638, 

2215 (CN), 3228 (NH) 
1.27 ʩ (9ʅ, 3ʉʅ3), 2.14 ʩ (6ʅ, N(ʉʅ3)2), 3.45-3.67 ʤ (2ʅ, CH2), 3.81 ʪ (1ʅ, ʉʅ), 6.27 ï 7.53ʤ (3ʅ, ʬʫʨʘʥ), 7.82 ʪ (1ʅ, 

NH) 
303 

3.22 
1094, 1153, 1456, 1591, 1649, 2206 

(CN), 3184 (NH) 
1.26 ʩ (9ʅ, 3ʉʅ3), 2.17 ʩ (6ʅ, N(ʉʅ3)2), 3.42-3.85 ʤ (2ʅ, CH2), 3.97 ʪ (1ʅ, ʉʅ), 6.95ï7.37ʤ (3ʅ, ʪʽʦʬʝʥ), 7.87 ʪ (1ʅ, 

NH) 
319 

3.23 
1105, 1144, 1456, 1594, 1649, 2209 

(CN), 3186 (NH) 
1.25 ʩ (9ʅ, 3ʉʅ3), 1.64 ʩ (4ʅ, N(ʉʅ2)4), 2.45 ʩ (4ʅ, N(ʉʅ2)4), 3.50-3.68 ʤ (2ʅ, CH2), 3.82 ʪ (1ʅ, ʉʅ), 6.21ï7.55ʤ (3ʅ, 

ʬʫʨʘʥ), 7.86 ʪ (1ʅ, NH) 
329 

3.24 
1021, 1069, 1175, 1246, 1494, 1595, 

1643, 2206 (CN), 3249 (NH) 
0.91 ʩ (3ʅ, ʉʅ3), 0.94 ʩ (3ʅ, ʉʅ3), 1.87-2.03 ʤ (1ʅ, ʉʅ), 2.13 ʩ (6ʅ, N(ʉʅ3)2), 2.36 ʜ (2ʅ, CH2), 3.39-3.81 ʤ (3ʅ, ʉʅ, 

CH2),  7.20ï7.33 ʤ (4ʅ, C6H5), 7.74 ʪ (1ʅ, NH) 
313 

3.25 
1236, 1447, 1498, 1584, 1628, 2215 

(CN), 3236 (NH) 
2.21 ʩ (6ʅ, N(ʉʅ3)2), 3.55-3.85 ʤ (2ʅ, CH2), 4.03 ʪ (1ʅ, ʉʅ), 7.00ï7.79 ʤ (8ʅ, ʬʫʨʘʥ, C6H5), 8.33 ʪ (1ʅ, NH) 323 

3.26 
1010, 1473, 1490, 1619, 1650, 2210 

(CN), 3300 (NH) 
2.15 ʩ (6ʅ, N(ʉʅ3)2), 3.56-3.80 ʤ (2ʅ, CH2), 3.86 ʪ (1ʅ, ʉʅ), 6.30ï7.77 ʤ (6ʅ, ʬʫʨʘʥ), 8.34 ʰ.ʩ. (1ʅ, NH) 313 

3.27 
1082, 1619, 1651, 2213 (CN), 3246 

(NH) 
2.19 ʩ (6ʅ, N(ʉʅ3)2), 3.52-3.83 ʤ (2ʅ, CH2), 4.03 ʪ (1ʅ, ʉʅ), 6.62ï7.77 ʤ (6ʅ, ʬʫʨʘʥ, ʪʽʦʬʝʥ), 8.38 ʰ.ʩ. (1ʅ, NH) 329 

3.28 
1232, 1593, 1633, 2213 (CN), 3238 

(NH) 
2.17 ʩ (6ʅ, N(ʉʅ3)2), 3.52-3.82 ʤ (2ʅ, CH2), 4.04 ʪ (1ʅ, ʉʅ), 7.03ï7.72 ʤ (6ʅ, ʬʫʨʘʥ, ʪʽʦʬʝʥ), 8.47 ʰ.ʩ. (1ʅ, NH) 329 

 

1
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ʊʘʙʣʠʮʷ 3 

ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ 5-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʽʚ 3.1-3.28 ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 1Ŀ10
-5
 

ˉ 
ʉʝʨʝʜʥʷ 
ʤʽʪʦʪʠʯʥʘ 
ʘʢʪʠʚʥʽʩʪʴ, % 

ɼʽʘʧʘʟʦʥ ʤʽʪʦʪʠʯʥʦʾ 
ʘʢʪʠʚʥʦʩʪʽ, % 

ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʣʽʥʽʾ ʢʣʽʪʠʥ ʽ ʤʽʪʦʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ (GI<90), % 

1 2 3 4 

3.1 93.84 56.48õ115.75 

ʃʝʡʢʝʤʽʷ CCRF-CEM ï 89.26, K-562 ï 88.60, MOLT-4 ï 83.82, RPMI-8226 ï 
74.76, SR ï 76.51. ʈʘʢ ʣʝʛʝʥʽʚ NCI-H226 ï 86.49, NCI-H23 ï 89.43, NCI-
H522 ï 83.31. ʈʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ HCT-116 ï 86.17, HT29 ï 67.58. ʈʘʢ ʤʦʟʢʫ 
- SNB-75 ï 86.17. ʈʘʢ ʥʠʨʦʢ RXF 393 ï 73.67. ʈʘʢ ʧʨʦʩʪʘʪʠ  PC-3 ï 56.48. 
ʈʘʢ ʛʨʫʜʝʡ MDA-MB-231/ATCC ï 89.63, MDA-MB-468 ï 66.36. 

3.2 100.76 83.50õ113.13 ʈʘʢ ʥʠʨʦʢ UO-31 ï 83.50. 

3.3 104.79 85.46õ123.30 
ʈʘʢ ʣʝʛʝʥʽʚ HOP-92 ï 86.85. ʈʘʢ ʤʦʟʢʫ SNB-75 ï 85.46. ʄʝʣʘʥʦʤʘ UACC-
257 ï 89.39. 

3.4 101.40 78.07õ127.30 
ʈʘʢ ʣʝʛʝʥʽʚ EKVX ï 89.25. ʈʘʢ ʤʦʟʢʫ SNB-75 ï 83.32. ʈʘʢ ʥʠʨʦʢ A498 ï 
89.15, CAKI-1 ï 87.37, UO-31 ï 78.07. ʈʘʢ ʛʨʫʜʝʡ MDA-MB-321/ATCC ï 
88.08, T-47D ï 89.61. 

3.5 101.154 78.19õ122.21 
ʈʘʢ ʣʝʛʝʥʽʚ NCI-H226 ï 88.81. ʈʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ KM12 ï 78.19. ʈʘʢ ʤʦʟʢʫ 
- SNB-75 ï 82.83. ʈʘʢ ʥʠʨʦʢ UO-31 ï 87.44. 

3.6 97.53 79.53õ116.81 
ʃʝʡʢʝʤʽʷ HL-60(TB) ï 86.90. ʈʘʢ ʣʝʛʝʥʽʚ HOP-92 ï 79.53. ʈʘʢ ʪʦʚʩʪʦʾ 
ʢʠʰʢʠ HCC-2998 ï 85.48. ʈʘʢ ʥʠʨʦʢ UO-31 ï 81.31. ʈʘʢ ʧʨʦʩʪʘʪʠ  DU-145 ï 
79.85. 

3.7 101.46 78.47õ125.20 
ʈʘʢ ʤʦʟʢʫ SNB-75 ï 82.17. ʈʘʢ ʥʠʨʦʢ A498 ï 78.47, CAKI-1 ï 86.92, SN12C 
ï 89.68. ʈʘʢ ʛʨʫʜʝʡ MCF7 ï 86.37, MDA-MB-231/ATCC ï 81.43, T-47D ï 
88.28. 

3.8 100.92 86.74õ118.19 
ʈʘʢ ʣʝʛʝʥʽʚ A549/ATCC ï 87.68. ʈʘʢ ʤʦʟʢʫ - SNB-75 ï 87.62. ʈʘʢ ʥʠʨʦʢ 
UO-31 ï 80.61. ʈʘʢ ʧʨʦʩʪʘʪʠ  DU-145 ï 86.74. 

3.9 104.31 87.35õ124.47 ʈʘʢ ʤʦʟʢʫ - SNB-75 ï 87.35. 

3.10 103.82 85.70õ127.06 ʈʘʢ ʣʝʛʝʥʽʚ HOP-92 ï 88.15. ʈʘʢ ʥʠʨʦʢ A498 ï 85.70. 

3.11 97.08 65.55õ118.11 

ʃʝʡʢʝʤʽʷ CCRF-CEM ï 89.49, K-562 ï 81.30, RPMI-8226 ï 77.33, SR ï 
76.76. ʈʘʢ ʣʝʛʝʥʽʚ NCI-H522 ï 83.16. ʈʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ HCT-116 ï 85.12, 
HT29 ï 71.46. ʄʝʣʘʥʦʤʘ UACC-62 ï 87.31. ʈʘʢ ʥʠʨʦʢ RXF 393 ï 87.09. ʈʘʢ 
ʧʨʦʩʪʘʪʠ  PC-3 ï 65.55. ʈʘʢ ʛʨʫʜʝʡ MDA-MB-468 ï 69.75. 

3.12 100.19 86.29õ120.57 
ʈʘʢ ʣʝʛʝʥʽʚ HOP-62 ï 86.29. ʄʝʣʘʥʦʤʘ M14 ï 89.68. ʈʘʢ ʛʨʫʜʝʡ BT-549 ï 
89.96. 

3.13 106.30 91.26õ122.16 ī 

3.14 103.59 86.50õ121.78 
ʈʘʢ ʥʠʨʦʢ UO-31 ï 88.92. ʈʘʢ ʧʨʦʩʪʘʪʠ DU-145 ï 86.50. 
 

3.15 101.23 67.21õ122.78 
ʈʘʢ ʤʦʟʢʫ SNB-75 ï 67.21. ʈʘʢ ʥʠʨʦʢ UO-31 ï 85.83. ʈʘʢ ʛʨʫʜʝʡ MCF7 ï 
89.00, T-47D ï 83.28. 

3.16 102.69 86.96õ117.43 
ʈʘʢ ʣʝʛʝʥʽʚ NCI-H522 ï 89.50. ʄʝʣʘʥʦʤʘ UACC-257 ï 89.15. ʈʘʢ ʥʠʨʦʢ 
UO-31 ï 86.96. 

3.17 100.07 73.56õ117.21 
ʈʘʢ ʣʝʛʝʥʽʚ EKVX ï 88.09, HOP-92 ï  79.92, NCI-H226 ï 89.47, NCI-H23 ï 
89.52. ʈʘʢ ʤʦʟʢʫ - SNB-75 ï 73.56. ʄʝʣʘʥʦʤʘ LOX IMVI ï 88.42. ʈʘʢ ʥʠʨʦʢ 
UO-31 ï 86.53. ʈʘʢ ʛʨʫʜʝʡ MDA-MB-321/ATCC ï 87.46. 

3.18 98.07 75.27õ115.03 

ʃʝʡʢʝʤʽʷ SR ï 89.40. ʈʘʢ ʤʦʟʢʫ SNB-75 ï 75.27. ʄʝʣʘʥʦʤʘ M14 ï 89.33, 
SK-MEL-2 ï 87.75. ʈʘʢ ʷʻʯʥʠʢʽʚ NCI/ADR-RES ï 89.74. ʈʘʢ ʥʠʨʦʢ TK-10 ï 
89.85, UO-31 ï 85.95. ʈʘʢ ʛʨʫʜʝʡ MDA-MB-321/ATCC ï 86.61, BT-549 ï 
84.31. 

3.19 97.70 79.26õ111.21 
ʈʘʢ ʣʝʛʝʥʽʚ HOP-92 ï 83.18, NCI-H23 ï 89.61. ʈʘʢ ʤʦʟʢʫ  SNB-75 ï 81.52. 
ʄʝʣʘʥʦʤʘ LOX IMVI ï 88.11. ʈʘʢ ʷʻʯʥʠʢʽʚ NCI/ADR-RES ï 87.78. ʈʘʢ 
ʥʠʨʦʢ UO-31 ï 79.26. ʈʘʢ ʛʨʫʜʝʡ HS 578T ï 83.79. 

3.20 104.06 85.07õ116.36 ʈʘʢ ʤʦʟʢʫ SNB-75 ï 87.13. ʈʘʢ ʥʠʨʦʢ A498 ï 85.07, UO-31 ï 87.83. 

3.21 98.85 79.97õ114.41 

ʈʘʢ ʣʝʛʝʥʽʚ  NCI-H23 ï 89.24. ʈʘʢ ʤʦʟʢʫ  SNB-75 ï 79.97. ʄʝʣʘʥʦʤʘ M14 ï 
88.45. ʈʘʢ ʷʻʯʥʠʢʽʚ NCI/ADR-RES ï 89.92. ʈʘʢ ʥʠʨʦʢ A498 ï 89.45, UO-31 
ï 84.86. ʈʘʢ ʛʨʫʜʝʡ MCF7 ï 86.77, MDA-MB-231/ATCC ï 81.48, BT-549 ï 
82.44, T-47D ï 87.35. 

3.22 99.47 76.30õ120.17 
ʈʘʢ ʣʝʛʝʥʽʚ  NCI-H522 ï 86.58. ʈʘʢ ʤʦʟʢʫ  SNB-75 ï 76.30. ʈʘʢ ʷʻʯʥʠʢʽʚ 
NCI/ADR-RES ï 89.73. ʈʘʢ ʥʠʨʦʢ A498 ï 78.13, UO-31 ï 77.25. 
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1 2 3 4 

3.23 99.09 79.45õ117.01 
ʈʘʢ ʣʝʛʝʥʽʚ  HOP-92 ï 83.85. ʄʝʣʘʥʦʤʘ LOX IMVI ï 89.28. ʈʘʢ ʥʠʨʦʢ 
CAKI-1 ï 89.97, UO-31 ï 79.45. ʈʘʢ ʧʨʦʩʪʘʪʠ DU-145 ï 86.19. ʈʘʢ ʛʨʫʜʝʡ 
MCF7 ï 89.19, MDA-MB-231/ATCC ï 84.40, MDA-MB-468 ï 86.35. 

3.24 104.43 88.02õ124.44 ʈʘʢ ʛʨʫʜʝʡ HS 578T ï 88.02. 

3.25 98.03 76.24õ117.71 

ʃʝʡʢʝʤʽʷ RPMI-8226 ï 76.24. ʈʘʢ ʣʝʛʝʥʽʚ  NCI-H23 ï 89.89. ʈʘʢ ʤʦʟʢʫ SNB-
75 ï 82.67. ʄʝʣʘʥʦʤʘ LOX IMVI ï 88.30. ʈʘʢ ʷʻʯʥʠʢʽʚ OVCAR-4 ï 79.42, 
NCI/ADR-RES ï 82.52. ʈʘʢ ʥʠʨʦʢ CAKI-1 ï 84.68, UO-31 ï 78.66. ʈʘʢ 
ʧʨʦʩʪʘʪʠ PC-3 ï 79.77, ʈʘʢ ʛʨʫʜʝʡ MDA-MB-231/ATCC ï 88.70, T-47D ï 
88.13, MDA-MB-468 ï 82.58. 

3.26 96.37 65.26õ115.62 

ʈʘʢ ʣʝʛʝʥʽʚ  HOP-62 ï 88.78, NCI-H226 ï 86.20, NCI-H23 ï 88.02. ʈʘʢ 
ʪʦʚʩʪʦʾ ʢʠʰʢʠ KM12 ï 70.22. ʈʘʢ ʤʦʟʢʫ SNB-75 ï 78.19. ʄʝʣʘʥʦʤʘ M14 ï 
89.86. ʈʘʢ ʷʻʯʥʠʢʽʚ OVCAR-4 ï 87.37. ʈʘʢ ʥʠʨʦʢ UO-31 ï 83.40. ʈʘʢ ʛʨʫʜʝʡ 
MCF7 ï 65.26, T-47D ï 86.07, MDA-MB-468 ï 86.55. 

3.27 103.25 52.43õ129.73 ʈʘʢ ʛʨʫʜʝʡ MCF7 ï 52.43, MDA-MB-468 ï 76.39. 

3.28 99.23 80.76õ128.83 

ʃʝʡʢʝʤʽʷ RPMI-8226 ï 80.76. ʈʘʢ ʣʝʛʝʥʽʚ HOP-62 ï 87.20, NCI-H226 ï 
87.93. ʈʘʢ ʤʦʟʢʫ SNB-75 ï 86.74. ʄʝʣʘʥʦʤʘ LOX IMVI ï 89.91, UACC-62 ï 
89.40. ʈʘʢ ʷʻʯʥʠʢʽʚ NCI/ADR-RES ï 87.82. ʈʘʢ ʥʠʨʦʢ CAKI-1 ï 88.23. ʈʘʢ 
ʧʨʦʩʪʘʪʠ PC-3 ï 86.97. ʈʘʢ ʛʨʫʜʝʡ MCF7 ï 82.17, MDA-MB-231/ATCC ï 
86.36, MDA-MB-468 ï 82.82. 

 

ʊʘʢ, ʦʢʩʘʟʦʣ 3.1 (NR
3
R

4
 = Me2N, R

1
 = Me, R

2
 = 4-MeC6H4) ʤʘʻ ʚʠʨʘʞʝʥʫ ʧʦʤʽʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ 15 

ʣʽʥʽʷʭ ʨʘʢʫ (GI<90%), ʟ ʷʢʠʭ 6 ʻ ʜʦʩʠʪʴ ʧʦʤʽʪʥʠʤʠ (GI<80%). ɺʽʜʩʫʪʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʟ ʽʥʰʠʤʠ ʩʧʦʣʫʢʘʤʠ, 

ʱʦ ʤʽʩʪʷʪʴ ʜʠʤʝʪʠʣʘʤʽʥʦʛʨʫʧʫ ʚ ʘʤʽʥʥʽʡ ʢʦʤʧʦʥʝʥʪʽ ʪʘ ʟʘʣʠʰʦʢ ʤʝʪʠʣʫ ʫ ʧʦʣʦʞʝʥʥʽ 2 ʦʢʩʘʟʦʣʴʥʦʛʦ ʮʠʢʣʫ 

(ʩʧʦʣʫʢʠ 3.2-3.6), ʥʘʚʦʜʠʪʴ ʥʘ ʜʫʤʢʫ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʩʘʤʝ ʪʦʣʽʣʴʥʦʛʦ ʟʘʣʠʰʢʫ.  

ʆʢʩʘʟʦʣ 3.11 (NR
3
R

4
 = ʧʽʧʝʨʠʜʠʥ-1-ʽʣ, R

1
 = Me, R

2
 = ʪʽʻʥ-2-ʽʣ) ʤʘʻ ʧʦʤʽʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ 11 ʣʽʥʽʷʭ 

ʨʘʢʫ (GI<90%), ʟ ʷʢʠʭ 5 ʜʦʩʠʪʴ ʧʦʤʽʪʥʽ (GI<80%). ʇʦʨʽʚʥʷʥʥʷ ʾʾ ʽʟ ʩʧʦʣʫʢʘʤʠ 3.9, 3.10 ʪʘ ʽʟ ʩʧʦʣʫʢʘʤʠ 3.6, 

3.8, 3.14 ʚʢʘʟʫʻ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʩʘʤʝ ʬʨʘʛʤʝʥʪʽʚ ʪʽʦʬʝʥʫ ʪʘ ʧʽʧʝʨʠʜʠʥʫ ʥʘ ʧʨʦʷʚ ʧʨʦʪʠʨʘʢʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ.  

ʆʢʩʘʟʦʣ 3.22 (NR
3
R

4
 = Me2N, R

1
 = t-Bu, R

2
 = ʪʽʻʥ-2-ʽʣ) ʤʘʻ ʧʦʤʽʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ 5 ʣʽʥʽʷʭ ʨʘʢʫ 

(GI<90%), ʟ ʷʢʠʭ 3 ʜʦʩʠʪʴ ʧʦʤʽʪʥʽ (GI<80%). ʇʦʨʽʚʥʷʥʥʷ ʽʟ ʩʧʦʣʫʢʘʤʠ 3.6, 3.19, 3.22, 3.27 ʽʟ ʟʤʽʥʦʶ 

ʟʘʣʠʰʢʫ R
1
 ʧʦʢʘʟʫʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʫ ʜʽʾ ʥʘ ʧʝʚʥʽ ʣʽʥʽʾ ʢʣʽʪʠʥ ʨʘʢʫ. ɸ ʟʤʽʥʘ ʘʨʦʤʘʪʠʯʥʠʭ ʟʘʤʽʩʥʠʢʽʚ R

2
 

ʫ ʨʷʜʫ 3.20, 3.21, 3.22 ʧʦʢʘʟʫʻ ʟʘʛʘʣʴʥʠʡ ʨʽʩʪ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʬʝʥʽʣʴʥʦʛʦ ʟʘʣʠʰʢʫ ʜʦ 

ʪʽʻʥʽʣʴʥʦʛʦ ʪʘ ʬʫʨʠʣʴʥʦʛʦ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʟʘʧʠʩʘʥʽ ʥʘ ʧʨʠʣʘʜʽ Varian Mercury (400 ʄɻʮ) ʫ ɼʄʉʆ-d6, ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥʜʘʨʪ ï 

ʊʄʉ. ɯʏ ʩʧʝʢʪʨʠ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ Vertex-70 ʫ ʪʘʙʣʝʪʢʘʭ KBr. ʍʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʠ ʟʘʧʠʩʫʚʘʣʠ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽ Agilent 1100 Series, 

ʦʩʥʘʱʝʥʦʤʫ ʜʽʦʜʥʦʶ ʤʘʪʨʠʮʝʶ ʽʟ ʤʘʩ-ʩʝʣʝʢʪʠʚʥʠʤ ʜʝʪʝʢʪʦʨʦʤ Agilent LC\MSD SL. ʇʘʨʘʤʝʪʨʠ ʭʨʦʤʘʪʦ-

ʤʘʩ-ʘʥʘʣʽʟʫ: ʢʦʣʦʥʢʘ ï Zorbax SB-C18, 1.8 ʤʢʤ, 4.6Ĭ15 ʤʤ; ʨʦʟʯʠʥʥʠʢʠ ʘ) MeCN-H2O 95:5, 0.1% CF3COOH; 

ʙ) 0.1% ʚʦʜʥʘ CF3COOH; ʧʦʪʽʢ ʝʣʶʝʥʪʘ ï 3 ʤʣ/ʭʚ; ʦʙôʻʤ ʚʚʝʜʝʥʥʷ ï 1 ʤʢʣ; ʋʌ ʜʝʪʝʢʪʦʨʠ ï 215, 254, 285 

ʥʤ; ʭʽʤʽʯʥʘ ʡʦʥʽʟʘʮʽʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ. ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʚʠʢʦʥʘʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʦʾ 

ʭʽʤʽʾ ɯʥʩʪʠʪʫʪʫ ʙʽʦʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʪʘ ʥʘʬʪʦʭʽʤʽʾ ʅɸʅ ʋʢʨʘʾʥʠ. ʊʝʤʧʝʨʘʪʫʨʠ ʪʦʧʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʠ ʥʘ 

ʧʨʠʣʘʜʽ Fisher-Johns.  

2-R
1
-5-[2-R

2
-2-NR

3
R

4
-ʝʪʠʣʘʤʽʥʦ]-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʠ 3.1-3.28. ʉʫʤʽʰ 0.01 ʤʦʣʴ ʦʜʥʦʛʦ ʟ̔ 

ʜʠʭʣʦʨʦʘʢʨʠʣʦʥʽʪʨʠʣʽʚ 1 [14], 0.01 ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 2-ʘʤʽʥʦʝʪʠʣʘʤʽʥʫ 2 [19] ʪʘ 0.02 ʤʦʣʴ ʪʨʠʝʪʠʣʘʤʽʥʫ ʫ 

50 ʤʣ ʙʝʟʚʦʜʥʦʛʦ ʪʝʪʨʘʛʽʜʨʘʬʫʨʘʥʫ ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʧʨʠ 20-25 Áʉ ʚʧʨʦʜʦʚʞ 48 ʛʦʜ. 

ʆʩʘʜ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, ʨʦʟʯʠʥʥʠʢ ʚʠʜʘʣʷʣʠ ʫ ʚʘʢʫʫʤʽ, ʟʘʣʠʰʦʢ ʦʙʨʦʙʣʷʣʠ ʚʦʜʦʶ, ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, 

ʚʠʩʫʰʫʚʘʣʠ ʽ ʦʯʠʱʫʚʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟʽ ʩʧʠʨʪʫ.  

 

ʈɽɿʖʄɽ 

ʉʠʥʪʝʟʦʚʘʥʽ ʥʦʚʽ ʧʦʭʽʜʥʽ 5-ʘʤʽʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʽʪʨʠʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʬʘʨʤʘʢʦʬʦʨʥʠʡ ʟʘʣʠʰʦʢ 2-

ʘʤʽʥʦʝʪʠʣʘʤʽʥʫ. ɺʠʚʯʝʥʦ ʾʭ ʜʽʶ ʥʘ ʨʷʜ ʣʽʥʽʡ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥʠ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʪʨʫʢʪʫʨʦʶ 

ʪʘ ʘʢʪʠʚʥʽʩʪʶ ʮʠʭ ʩʧʦʣʫʢ.  

ʈɽɿʖʄɽ 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 5-ʘʤʠʥʦ-1,3-ʦʢʩʘʟʦʣ-4-ʢʘʨʙʦʥʠʪʨʠʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʬʘʨʤʘʢʦʬʦʨʥʳʡ ʦʩʪʘʪʦʢ 2-ʘʤʠʥʦʵʪʠʣʘʤʠʥʘ. ʀʟʫʯʝʥʦ ʠʭ ʜʝʡʩʪʚʠʝ ʥʘ ʨʷʜ ʣʠʥʠʡ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʦʡ ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ.  
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SUMMARY  

The new derivatives of 5-amino-1,3-oxazole-4-carbonitriles, containing bioactive 2-aminoethylamine 

fragment were synthesized. Anticancer activity of these compounds was studied.  The relationship between 

structure and activity of these compounds was investigated. 

ʃɯʊɽʈɸʊʋʈɸ 
1. Huryn D.M. Chapter 26 The Molecular Libraries Screening Center Network (MLSCN): Identifying Chemical Probes of 

Biological Systems / D.M. Huryn, N.D.P. Cosford // Ann. Rep. Med. Chem. ï 2007. ï Vol. 42. ï P. 401-416. 

2. ʐʘʙʣʠʢʽʥ ʆ.ɺ. ʇʦʰʫʢ ʩʧʝʮʠʬʽʯʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʧʨʦʪʝʾʥʢʽʥʘʟʠ ʉʂ2 ʽ ʚʘʟʦʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʩʝʨʝʜ ʧʦʭʽʜʥʠʭ 5-ʘʤʽʥʦ-

1,3-ʦʢʩʘʟʦʣʽʚ / ʆ.ɺ. ʐʘʙʣʠʢʽʥ, ʆ.ʇ. ʂʫʭʘʨʝʥʢʦ, ɯ.ʅ. ʗʢʦʚʝʥʢʦ, ʉ.ʄ. ʗʨʤʦʣʶʢ, ɺ.ʉ. ɹʨʦʚʘʨʝʮʴ // Ukrainica 

Bioorganica Acta. ï 2008. ï ʊ. 6, ˉ 1. ï ʉ. 28-36. 

3. Green K.D. Identification and Characterization of Inhibitors of the Aminoglycoside Resistance Acetyltransferase Eis from 

Mycobacterium tuberculosis / K.D. Green, W. Chen, S. Garneau-Tsodikova // Chem. Med. Chem. ï 2012. ï Vol. 7, N. 1. ï 

P. 73-77. 

4. Ju§rez-Jim®nez J. Exploring the structural basis of the selective inhibition of monoamine oxidase A by dicarbonitrile 

aminoheterocycles: Role of Asn181 and Ile335 validated by spectroscopic and computational studies / J. Ju§rez-Jim®nez, E. 

Mendes, C. Galdeano, C. Martins, D.B. Silva, J. Marco-Contelles, M. do Carmo Carreiras, F.J. Luque, R.R. Ramsay // 

Biochim. Biophys. Acta ï Proteins and Proteomics. ï 2014. ï Vol. 1844. N. 2. ï P. 389-397. 

5. ʇʘʪʝʥʪ WO 2015027146. Inhibitors of human 12/15-lipoxygenase / L.K. Van, T.R. Holman, D.J. Maloney, A. Jadhav, A. 

Simeonov, G. Rai; ʟʘʷʚʥʠʢ ʽ ʚʣʘʩʥʠʢ ʧʘʪʝʥʪʫ The General Hospital Corporation, The Regents Of The University Of 

California, Santa Cruz, The United States Of America, As Represented By The Secretary, Department Of Health And 

Human Services; ʟʘʷʚʣʝʥʦ 22.08.2014; ʦʧʫʙʣ. 26.02.2015. 

6. Armstrong M. Human 15-LOX-1 active site mutations alter inhibitor binding and decrease potency / M. Armstrong, C. van 

Hoorebeke, T. Horn, J. Deschamps, J.C. Freedman, C. Kalyanaraman, M.P. Jacobson, T. Holman // Bioorg. Med. Chem. ï 

2016. ï Vol. 24. ï P. 5380-5387. 

7. Cox O.B. A poised fragment library enables rapid synthetic expansion yielding the first reported inhibitors of PHIP(2), an 

atypical bromodomain / O.B. Cox, T. Krojer, P. Collins, O. Monteiro, R. Talon, A. Bradley, O. Fedorov, J. Amin, B.D. 

Marsden, J. Spencer, F. von Delft, P.E. Brennan  // Chem. Sci. ï 2016. ï Vol. 7. ï P. 2322-2330. 

8. ʇʘʪʝʥʪ WO 2015120543. Human androgen receptor dna-binding domain (dbd) compounds as therapeutics and methods 

for their use / A. Tcherkassov, P.S. Rennie, F. Ban, H. Li, E.J.J. Leblanc; ʟʘʷʚʥʠʢ ʽ ʚʣʘʩʥʠʢ ʧʘʪʝʥʪʫ The University Of 

British Columbia; ʟʘʷʚʣʝʥʦ 13.02.2015; ʦʧʫʙʣ. 20.08.2015.    

9. Semenyuta I. 1,3-Oxazole derivatives as potential anticancer agents: Computer modeling and experimental study / I. 

Semenyuta, V. Kovalishyna, V. Tanchuk, S. Pilyo, V. Zyabreva, V. Blagodatnyy, O. Trokhimenko, V. Brovarets, L. 

Metelytsia // Com. Bio. Chem. ï 2016. ï Vol. 65. ï P. 8ï15. 

10. Kovalishyn V. QSAR studies, design, synthesis and antimicrobial evaluation of azole derivatives / V. Kovalishyn, I. 

Kopernyk, S. Chumachenko, O. Shablykin, K. Kondratyuk, S. Pilôo, V. Prokopenko, V. Brovarets, L. Metelytsia // Comp. 

Bio. Bioinfo. ï 2014. ï Vol. 2, N 2. ï P. 25-32. 

11. ʇʘʪʝʥʪ WO 2016036954. Phthalazine derivatives of formula (i) as pcaf and gcn5 inhibitors for use in the treatment of 
cancer / B.K. Albrecht, A. Cote, T. Crawford, M. Duplessis, A.C. Good, Y. Leblanc, S. Magnuson, C.G. Nasveschuk, R. 

Pastor, F.A. Romero, A.M. Taylor; ʟʘʷʚʥʠʢ ʽ ʚʣʘʩʥʠʢ ʧʘʪʝʥʪʫ Genentech, Inc., Constellation Pharmaceuticals, Inc.; 

ʟʘʷʚʣʝʥʦ 03.09.2015; ʦʧʫʙʣ. 10.03.2016. 

12. ʇʘʪʝʥʪ EP 1479397. 2,4,6-triamino-1,3,5-triazine derivative / H. Kubota, T. Suzuki, M. Miura, E. Nakai, K. Yahiro, A. 

Miyake, S. Mochizuki, K. Nakato; ʟʘʷʚʥʠʢ ʽ ʚʣʘʩʥʠʢ ʧʘʪʝʥʪʫ Astellas Pharma Inc.; ʟʘʷʚʣʝʥʦ  14.08.2003; ʦʧʫʙʣ. 

24.11.2004. 

13. Yanagita H. Mechanism of drug resistance of hemagglutinin of influenza virus and potent scaffolds inhibiting its function / 

H. Yanagita, N. Yamamoto, H. Fuji, X. Liu, M. Ogata, M. Yokota, H. Takaku, H. Hasegawa, T. Odagiri, M. Tashiro, T. 

Hoshino // ACS Chem. Biol. ï 2012. ï Vol. 7, N. 3. ï P. 552-562. 

14. ɼʨʘʯ ɹ.ʉ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʩ N-ʘʮʠʣ-2,2-ʜʠʭʣʦʨʚʠʥʠʣʘʤʠʥʘʤʠ ʠ N-ʘʮʠʣ-1-ʮʠʘʥʦ-2,2-

ʜʠʭʣʦʨʚʠʥʠʣʘʤʠʥʘʤʠ / ɹ.ʉ. ɼʨʘʯ, ʕ.ʇ. ʉʚʠʨʠʜʦʚ, ɸ.ɸ. ʂʠʩʠʣʝʥʢʦ, ɸ.ɺ. ʂʠʨʩʘʥʦʚ // ɾʆʨʍ. ï 1973. ï T. 9, ˉ. 9. ï 

ʉ. 1818-1824. 

15. Alley M.C. Feasibility of drug screening with panels of human tumor cell lines using a microculture tetrazolium assay / 

M.C. Alley, D.S. Scudiero, P.A. Monks, M.L. Hursey, M.J. Czerwinski, D.L. Fine, B.J. Abbott, J.G. Mayo, R.H. 

Shoemaker, M.R. Boyd // Cancer Research. ï 1988. ï Vol. 48. ï P. 589-601. 

16. Grever M.R. The National Cancer Institute: cancer drug discovery and development program / M.R. Grever, S.A. 

Schepartz, B.A. Chabner // Seminars in Oncology. ï 1992. ï Vol. 19, N 6. ï P. 622ï638. 

17. Boyd M.R. Some practical considerations and applications of the National Cancer Institute in vitro anticancer drug 

discovery screen / M.R. Boyd, K.D. Paull // Drug Development Research. ï 1995. ï Vol. 34. ï P. 91ï109. 

18. Shoemaker R.H. The NC160 human tumor cell line anticancer drug screen / R.H. Shoemaker // Nature Reviews. ï 2006. ï 

Vol. 6. ï P. 813ï823. 

19. Mºhrle H. Aminolyse von 2-phenylaziridin / H. Mºhrle, R. Feil // Tetrahedron. ï 1971. ï Vol. 27, N. 5. ï P. 1033ï1041. 

ʇʦʩʪʫʧʠʣʦ ʜʦ ʨʝʜʘʢʮʽʾ 04.10.2016  ʨ. 
 



ʆʈɻɸʅɯʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 19 

ʍ. ɭ. ʇʽʪʢʦʚʠʯ, ɸ. ʆ. ʅʝʱʘʜʽʥ, ʖ. ɯ. ɻʦʨʘʢ, ʈ. ɿ. ʃʠʪʚʠʥ, ʄ. ɼ. ʆʙʫʰʘʢ 
ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʋɼʂ: 547.831.8 

1-ʄɽʊʀʃ-1ʅ-ʍɯʅʆʃɯʅ-2-ʆʅ ʋ ʈɽɸʂʎɯɰ ʄɽɭʈɺɽʁʅɸ 
ɺʽʜʦʤʦ, ʱʦ ʧʦʭʽʜʥʽ ʘʨʠʣ(ʛʝʪʘʨʠʣ)ʭʽʥʦʣʽʥ-2-ʦʥʽʚ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʙʘʛʘʪʴʦʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ, ʷʢʽ ʤʘʶʪʴ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʫ, ʢʘʨʜʽʦʪʦʥʽʯʥʫ, ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʪʘ ʘʥʪʠʚʽʨʫʩʥʫ ʜʽʁ[1-6], ʘ ʪʘʢʦʞ ʻ 

ʢʦʨʠʩʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʭʘʨʯʦʚʦ,ʾ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦ ʾʪʘ ʣʘʢʦʬʘʨʙʦʚʦ ʾʧʨʦʤʠʩʣʦʚʦʩʪ ̔ [7-10]. ʊʦʤʫ ʽ 

ʩʠʥʪʝʟ ʪʘʢʠʭ ʨʝʯʦʚʠʥ ʧʨʠʚʝʨʪʘʻ ʟʥʘʯʥʫ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʦʧʠʩʘʥ ̔ʤʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʩʧʦʣʫʢ 

ʪʘʢʦʛʦ ʢʣʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʡ ʛʝʪʝʨʦʮʠʢʣʽʟʘʮʽʾ [11, 12]. ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ 

ʧʨʝʧʘʨʘʪʠʚʥʦ ʚʘʛʦʤʫ ʨʝʘʢʮʽʶ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʩʠʥʪʝʟʽ - ʘʨʠʣʶʚʘʥʥʷ ʥʝʥʘʩʠʯʝʥʠʭ ʩʧʦʣʫʢ ʘʨʝʥʜʽʘʟʦʥʽʻʚʠʤʠ 

ʩʦʣʷʤʠ (ʨʝʘʢʮʽ ̫ʄʝʻʨʚʝʡʥʘ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʩʠʥʪʝʟʫʚʘʣʠ ʚʠʭʽʜʥʠʡ 1-

ʤʝʪʠʣ-1ʅ-ʭʽʥʦʣʽʥ-2-ʦʥ (N-ʤʝʪʠʣʢʘʨʙʦʩʪʠʨʠʣ) 3 ʟʘ ʤʝʪʦʜʠʢʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʦʧʠʩʘʥʦʾ ʚ [13], ʚʠʭʦʜʷʯʠ ʟ ʭʽʥʦʣʽʥʫ 

1. N-ʤʝʪʠʣʶʚʘʥʥʷ ʭʽʥʦʣʽʥʫ ʟʜʽʡʩʥʶʚʘʣʠ ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʦʤ, ʘ ʧʦʪʽʤ ʦʜʝʨʞʘʥʫ ʩʽʣʴ 2 ʦʢʠʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

K3[Fe(CN)6]:  
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ʄʠ ʚʧʝʨʰʝ ʜʦʩʣʽʜʠʣʠ ʚʟʘʻʤʦʜʽʶ 1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2-ʦʥʫ 3 ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʩʦʣʷʤʠ ʜʽʘʟʦʥʽʶ ʚ ʫʤʦʚʘʭ 

ʢʫʧʨʦʢʘʪʘʣʽʟʫ ʽ ʟʥʘʡʰʣʠ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʨʠʣʶʚʘʥʥʷ ʚ ʧʦʣʦʞʝʥʥʷ 3 ʭʽʥʦʣʽʥʦʚʦʛʦ ʢʽʣʴʮʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʟʦʢʨʝʤʘ, ʱʦ ʘʨʝʥʜʽʘʟʦʥʽʡ ʭʣʦʨʠʜʠ 4 ʚʟʘʻʤʦʜʽʶʪʴ ʟ N-ʤʝʪʠʣʢʘʨʙʦʩʪʠʨʠʣʦʤ 3 ʟʘ ʥʘʷʚʥʦʩʪʽ 

CuCl2, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʜʝʨʞʘʪʠ 3-ʘʨʠʣ-1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2-ʦʥʠ 5aïf ʟ ʧʦʤʽʨʥʠʤʠ ʚʠʭʦʜʘʤʠ (20ï30%). 

ʅʘʡʢʨʘʱʝ ʨʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʴ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʪʦʤʽʩʪʴ, ʧʨʠ ʧʦʧʝʨʝʜʥʽʡ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʜʽʘʟʦʩʦʣʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʙʘʨʚʣʝʥʽ ʨʝʯʦʚʠʥʠ ʽ ʚʠʭʽʜ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʥʘʯʥʦ ʟʤʝʥʰʫʪ̒ʴʩʷ. ɺʠʭʦʜʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʯʦʚʠʥ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ.  

N O

CH
3

N O

CH
3

R+ ArN2Cl
CuCl2

3

4

5a-f
 

R = 4-Br (a); 3-NO2 (b); 4-NO2 (c); 4-COCH3 (d); 4-SO2NH2 (e); 2-Cl-4-NO2 (f)  

ʊʘʙʣʠʮʷ 1 

ɺʠʭʦʜʠ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʯʦʚʠʥ 

ʅʦʤʝʨ ʩʧʦʣʫʢʠ ɺʠʭʽʜ, % ʊ.ʧʣ., ÁC (ʨʦʟʯʠʥʥʠʢ ʜʣʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ) 

5a 37% 165ï166 (EtOH) 

5b 34% 148ï149 (EtOH) 

5c 41% 205ï207 (EtOH/DMF) 

5d 32% 151ï152 (EtOH) 

5e 39% >250 (EtOH/DMF) 

5f 35% 182ï183 (EtOH/DMF) 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʧʨʠʣʘʜʘʭ Varian 400 (5a-f ï 
1
H i 5a-d ï 

13
C), ʨʦʟʯʠʥʥʠʢ ɼʄʉʆ-D6 ʪʘ 

Bruker 500 (5e, 5f ï 
13

C), ʨʦʟʯʠʥʥʠʢ CDCl3. ʍʽʤʽʯʥʽ ʟʤʽʱʝʥʥʷ (ŭ, ʤ.ʯ.) ʥʘʚʝʜʝʥʦ ʚʽʜʥʦʩʥʦ ʩʠʛʥʘʣʽʚ ɼʄʉʆ 

ʘʙʦ CDCl3. ʈʝʟʫʣʴʪʘʪʠ ʭʨʦʤʘʪʦ-ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ (ʧʨʠʣʘʜ GC/MS 

Agilent Technologies 6890N/5975B) ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭʥʶ ʯʠʩʪʦʪʫ ʪʘ ʙʫʜʦʚʫ. 

ʄʝʪʦʩʫʣʴʬʘʪ 1- ʤʝʪʠʣʭʽʥʦʣʽʥʽʶ (2) 

ʋ ʪʨʠʰʠʡʢʦʚʫ ʢʦʣʙʫ ʻʤʥʽʩʪʶ 100 ʤʣ, ʷʢʘ ʦʩʥʘʱʝʥʘ ʤʽʰʘʣʢʦʶ, ʟʚʦʨʦʪʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʽ 

ʢʨʘʧʝʣʴʥʦʶ ʣʽʡʢʦʶ ʧʦʤʽʱʘʶʪʴ 3.23 ʛ (0.025 ʤʦʣʴ) ʩʚʽʞʦʧʝʨʝʛʥʘʥʦʛʦ ʭʽʥʦʣʽʥʫ ʽ ʜʦʜʘʶʪʴ ʧʨʠ ʨʦʟʤʽʰʫʚʘʥʥʽ 

ʟʘ 7ï10 ʭʚ. 3.28 ʛ (0.026 ʤʦʣʴ) ʜʠʤʝʪʠʣʩʫʣʴʬʘʪʫ. ʈʝʘʢʮʽʷ ʧʨʦʭʦʜʠʪʴ ʙʫʨʭʣʠʚʦ; ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʾʾ ʧʝʨʝʙʽʛʦʤ 

ʢʦʣʙʫ ʧʝʨʽʦʜʠʯʥʦ ʦʭʦʣʦʜʞʫʶʪʴ ʚʦʜʦ .ʁ ʇʽʜ ʢʽʥʝʮʴ ʨʝʘʢʮʽʾ ʚʤʽʩʪ ʢʦʣʙʠ ʟʘʪʚʝʨʜʽʚʘʻ. ɺʠʭʽʜ ʩʧʦʣʫʢʠ 2 

ʢʽʣʴʢʽʩʥʠʡ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʩʪʫʧʥʽʡ ʩʪʘʜʽʾ ʦʪʨʠʤʘʥʠʡ ʤʝʪʦʩʫʣʴʬʘʪ 1-ʤʝʪʠʣʭʽʥʦʣʽʥʽʶ ʨʦʟʯʠʥʷʶʪʴ ʚ 30 

ʤʣ ʚʦʜʠ. 



ʆʈɻɸʅɯʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 20 

1-ʄʝʪʠʣʢʘʨʙʦʩʪʠʨʠʣ (3) 

ʋ ʧʣʦʩʢʦʜʦʥʥʽʡ ʢʦʣʙʽ ʻʤʥʽʩʪʶ 100 ʤʣ ʛʦʪʫʶʪʴ ʨʦʟʯʠʥ 1.98 ʛ (0.006 ʤʦʣʴ) ʬʝʨʨʠʮʽʘʥʽʜʫ ʢʘʣʽʶ 

(ʯʝʨʚʦʥʦʾ ʢʨʦʚ'ʷʥʦʾ ʩʦʣʽ) ʫ 10 ʤʣ ʚʦʜʠ, ʟʤʽʰʫʶʪʴ ʡʦʛʦ ʟ ʨʦʟʯʠʥʦʤ ʤʝʪʦʩʫʣʴʬʘʪʫ 1-ʤʝʪʠʣʭʽʥʦʣʽʥʽʶ ʚ 5 ʤʣ 

ʚʦʜʠ ʽ ʜʦʣʠʚʘʶʪʴ 3.2 ʤʣ ʙʝʥʟʦʣʫ. ʇʦʪʽʤ ʜʦʜʘʶʪʴ ʟʘ 20ï30 ʭʚ. ʨʦʟʯʠʥ 0.5 ʛ (0.009 ʄ) ʂʆʅ ʚ 5 ʤʣ ʚʦʜʠ 

ʥʝʚʝʣʠʢʠʤʠ ʧʦʨʮʽʷʤʠ, ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʤʽʰʫʶʯʠ ʚʤʽʩʪ ʢʦʣʙʠ ʚʨʫʯʥʫ ʢʨʫʛʦʚʠʤʠ ʨʫʭʘʤʠ, ʘʣʝ ʥʝ ʟʙʦʚʪʫʶʯʠ 

ʾʾ. ʏʝʨʝʟ 30 ʭʚ. ʙʝʥʟʦʣʴʥʠʡ ʰʘʨ ʚʽʜʦʢʨʝʤʣʶʶʪʴ, ʘ ʚʦʜʥʠʡ ʝʢʩʪʨʘʛʫʶʪʴ ʙʝʥʟʦʣʦʤ (20 ʤʣ) ʟʘ 2ï3 ʧʨʠʡʦʤʠ. 

ɺʩʽ ʝʢʩʪʨʘʢʪʠ ʦʙ'ʻʜʥʫʶʪʴ, ʩʫʰʘʪʴ ʥʘʜ ʙʝʟʚʦʜʥʠʤ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʽʶ, ʨʦʟʯʠʥʥʠʢ ʚʽʜʛʘʥʷʶʪʴ, ʘ ʟʘʣʠʰʦʢ 

ʧʝʨʝʛʘʥʷʶʪʴ ʫ ʚʘʢʫʫʤʽ ʧʨʠ 152ï156Áʉ / 3 ʤʤ. ʨʪ. ʩʪ. ɺʠʭʽʜ 63ï67% 1-ʤʝʪʠʣʢʘʨʙʦʩʪʠʨʠʣʫ 3, ʷʢʠʡ ʟʘʩʪʠʛʘʻ ʫ 

ʧʨʠʡʤʘʯʽ. 

3-ɸʨʠʣ-1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2(1H)-ʦʥʠ (5)  

ʉʫʤʽʰ 0.007 ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʤʽʥʫ, 5 ʤʣ ʢʦʥʮʝʥʪʨʦʚʘʥʦʾ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 3 ʤʣ ʚʦʜʠ 

ʥʘʛʨʽʚʘʶʪʴ ʜʦ ʢʠʧʽʥʥʷ. ʆʜʝʨʞʘʥʠʡ ʨʦʟʯʠʥ ʦʭʦʣʦʜʞʫʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 0ï5
ʦ
ʉ, ʚʠʪʨʠʤʫʶʪʴ ʧʨʠ ʮʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ 5 ʭʚ. ɺʠʧʘʜʘʻ ʦʩʘʜ ʛʽʜʨʦʭʣʦʨʠʜʫ ʘʤʽʥʫ. ɼʦ ʦʜʝʨʞʘʥʦʾ ʩʫʩʧʝʥʟʽʾ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʽ ʝʬʝʢʪʠʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʜʦʜʘʶʪʴ ʢʨʘʧʣʷʤʠ ʨʦʟʯʠʥ 0.5 ʛ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ 5 ʤʣ ʚʦʜʠ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʦʜʘʚʘʥʥʷ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʟʘʣʠʰʘʶʪʴ ʥʘ 15 ʭʚ. ʚ ʣʴʦʜʷʥʽʡ ʙʘʥʽ. 

ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʬʽʣʴʪʨʫʶʪʴ, ʬʽʣʴʪʨʘʪ ʜʦʢʨʘʧʫʶʪʴ ʫ ʪʨʠʰʠʡʢʦʚʫ ʢʦʣʙʫ ʟ ʤʽʰʘʣʢʦʶ ʪʘ ʣʽʯʠʣʴʥʠʢʦʤ 

ʙʫʣʴʙʘʰʦʢ, ʷʢʘ ʤʽʩʪʠʪʴ 1.1 ʛ (0.007 ʤʦʣʴ) 1-ʤʝʪʠʣ-2-ʭʽʥʦʣʦʥʫ, 0.05 ʛ ʉuCl2Ā2H2O ʽ 20 ʤʣ ʘʮʝʪʦʥʫ. ɺ ʧʨʦʮʝʩʽ 

ʨʝʘʢʮʽʾ ʚʠʧʘʜʘʻ ʦʩʘʜ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʜʽʣʝʥʥʷ ʘʟʦʪʫ (~2 ʛʦʜ) ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʨʦʟʚʦʜʷʪʴ ʚʦʜʦʶ, ʧʨʦʜʫʢʪ 

ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʶʪʴ ʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ (ʜʠʚ. ʪʘʙʣ. 1) 

3-(4-ɹʨʦʤʦʬʝʥʽʣ)-1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2(1H)-ʦʥ 5ʘ. ɺʠʭʽʜ 37%, ʊ. ʧʣ. 165ï166Áʉ. ʗʄʈ 
1
ʅ, (d, ʤ.ʯ.): 

3.77(ʩ, 3H, CH3); 7.25 (ʪ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.36 (ʜ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.5ï7.65 (ʤ, 6H); 7.77 (ʩ, 

1H, 3-H ʭʽʥʦʣʦʥ). ʗʄʈ 
13
ʉ: 29.9; 114.0; 116.7; 120.5; 122.2; 122.3; 127.4; 128.9; 130.5; 131.2; 135.6; 136.8; 

139.6; 161.1. ɿʥʘʡʜʝʥʦ, %: C 61.02, H 4.09, N 4.32. C16H12BrNO. ɺʠʨʘʭʫʚʘʥʦ, %: C 61.17, H 3.85, N 4.46. 

1-ʄʝʪʠʣ-3-(3-ʥʽʪʨʦʬʝʥʽʣ)ʭʽʥʦʣʽʥ-2(1H)-ʦʥ 5b. ɺʠʭʽʜ 34%, ʊ. ʧʣ. 148ï149Áʉ. ʗʄʈ 
1
ʅ (d, ʤ.ʯ.): 3.69 

(c, 3H, CH3); 7.30 (ʪ, J = 7.4 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.41 (ʜ, J = 7.8 ɻʮ, 1H); 7.85 (ʪ, J = 7.8 ɻʮ, 1H); 7.63ï7.67 (ʤ, 

2H); 7.90 (ʩ, 1H, 3-H ʭʽʥʦʣʦʥ); 8.11 (ʜ, J = 7.8 ɻʮ, 1H, C6H4); 8.19 (ʜ, J = 7.8 ɻʮ, 1H, C6H4); 8.57 (c, 1H, C6H4). 

ʗʄʈ 
13
ʉ: 30.0; 114.1; 120.2; 122.6; 122.7; 123.7; 128.9; 129.2; 129.7; 131.1; 135.1; 137.8; 138.2; 139.8; 148.0; 

175.0.  ɿʥʘʡʜʝʥʦ, %: C 68.32, H 4.14, N 9.76. C16H12N2O3. ɺʠʨʘʭʫʚʘʥʦ, %: C 68.57, H 4.32, N 9.99. 

1-ʄʝʪʠʣ-3-(4-ʥʽʪʨʦʬʝʥʽʣ)ʭʽʥʦʣʽʥ-2(1H)-ʦʥ 5ʩ. ɺʠʭʽʜ 41%, ʊ. ʧʣ. 205ï207Áʉ. ʗʄʈ 
1
ʅ (d, ʤ.ʯ.): 3.81 

(ʩ, 3H, CH3); 7.30 (ʪ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ ); 7.41 (ʜ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.62 ï 7.67 (ʤ, 2H); 7.91 (ʤ, 

3H, C6H4 +3-H ʭʽʥʦʣʦʥ); 8.27 (ʜ, J = 8.6 ɻʮ, 2H, C6H4). ʗʄʈ 
13
ʉ: 30.0; 114.2; 120.2; 122.6; 123.3 (2ʉ); 129.3; 

129.8 (2ʉ); 130.0; 131.4; 131.2; 138.2; 140.0; 143.3; 147.3; 160.8. ɿʥʘʡʜʝʥʦ, %: C 68.49, H 4.34, N 9.87. 

C16H12N2O3. ɺʠʨʘʭʫʚʘʥʦ, %: C 68.57, H 4.32, N 9.99. 

1-[4-(1-ʄʝʪʠʣ-2-ʦʢʩʦ-1,2-ʜʠʛʽʜʨʦ-3-ʭʽʥʦʣʽʥʽʣ)ʬʝʥʽʣ]-1-ʝʪʘʥʦʥ 5d. ɺʠʭʽʜ 32%, ʊ. ʧʣ. 151ï152Áʉ. 

ʗʄʈ 
1
ʅ (d, ʤ.ʯ.): 2.60 (c, 3H, COCH3); 3.75 (c, 3H, NCH3); 7.24 (ʪ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.34 (ʜ, J = 8.2 ɻʮ, 

1H, ʭʽʥʦʣʦʥ); 7.54ï7.60 (ʤ, 2H); 7.76ï7.83 (ʤ, 3H); 7.97 (ʜ, J = 7.4 ɻʮ, 2H, C6H4). ʄʘʩ-ʩʧʝʢʪʨ m/z (I, %): 277 

(ʄ
+
,70), 262 (100), 234 (48), 219 (34), 204 (11), 190 (15). ɿʥʘʡʜʝʥʦ, %: C 78.11, H 5.67, N 4.89. C18H15NO2. 

ɺʠʨʘʭʫʚʘʥʦ, %: C 77.96, H 5.45, N 5.05. 

4-(1-ʄʝʪʠʣ-2-ʦʢʩʦ-1,2-ʜʠʛʽʜʨʦ-3-ʭʽʥʦʣʽʥʽʣ)-1-ʙʝʥʟʝʥʩʫʣʴʬʦʥʘʤʽʜ 5e. ɺʠʭʽʜ 39%, ʊ. ʧʣ. >250Áʉ. ʗʄʈ 
1
ʅ (d, ʤ.ʯ.): 3.69 (ʩ, 3H, CH3); 7.30 (ʪ, J = 7.4 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.41ï7.45 (ʤ, 2H, C6H6); 7.54 (ʜ, J = 8.6 ɻʮ, 1H, 

ʭʽʥʦʣʦʥ); 7.65 (ʪ, J = 7.4 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.80 (ʜ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.87ï7.95 (ʤ, 4H, NH2+C6H4); 8.18 

(ʩ, 1H, 3-H ʭʽʥʦʣʦʥ). ʗʄʈ 
13
ʉ: 30.2; 115.1; 120.4; 122.8; 125.7 (2C); 129.7(3C); 130.0; 131.6; 138.4; 140.0; 

140.5; 143.7; 160.6.  ɿʥʘʡʜʝʥʦ, %: C 61.37, H 4.64, N 9.08. C16H14N2O3S. ɺʠʨʘʭʫʚʘʥʦ, %: C 61.13, H 4.49, N 

8.91. 

3-(2-ʍʣʦʨʦ-4-ʥʽʪʨʦʬʝʥʽʣ)-1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2(1H)-ʦʥ 5f. ɺʠʭʽʜ 35%, ʊ. ʧʣ. 182ï183Áʉ. ʗʄʈ 
1
ʅ (d, 

ʤ.ʯ.):
 
3.70 (c, 3H, CH3); 7.34 (ʪ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.61 (ʜ, J = 8.6 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 7.71 (ʪ, J = 7.8 ɻʮ, 

1H, ʭʽʥʦʣʦʥ); 7.75 (ʜ, J = 8.2 ɻʮ, 1H, C6H3); 7.81 (ʜ, J = 7.8 ɻʮ, 1H, ʭʽʥʦʣʦʥ); 8.08 (ʩ, 1H, 3-H ʭʽʥʦʣʦʥ); 8.26 

(ʜ.ʜ, J=8.2 ɻʮ ʽ 2.3 ɻʮ, 1H, C6H3); 8.39 (ʜ, J = 2.3 ɻʮ, 1H, C6H3). ʗʄʈ 
13
ʉ: 30.2; 115.3; 119.8; 122.5; 122.9; 

124.5; 129.3; 129.8; 132.1; 133.4; 134.6; 139.7; 140.3; 143.3; 148.1; 159.6. ɿʥʘʡʜʝʥʦ, %: C 61.23, H 3.23, N 8.68. 

C16H11ClN2O3. ɺʠʨʘʭʫʚʘʥʦ, %: C 61.06, H 3.52, N 8.90. 

ʈɽɿʖʄɽ 

ɼʦʩʣʽʜʞʝʥʦ ʚʟʘʻʤʦʜʽʶ 1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2-ʦʥʫ ʟ ʘʨʝʥʜʽʘʟʦʥʽʻʚʠʤʠ ʩʦʣʷʤʠ ʚ ʫʤʦʚʘʭ ʢʫʧʨʦʢʘʪʘʣʽʟʫ ʫ 

ʚʦʜʥʦ-ʘʮʝʪʦʥʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʷ ʩʧʦʣʫʢʘ ʘʨʠʣʶʻʪʴʩʷ ʫ ʧʦʣʦʞʝʥʥʷ 3 ʭʽʥʦʣʦʥʦʚʦʛʦ ʷʜʨʘ 

ʟ ʫʪʚʦʨʝʥʥʷʤ 3-ʘʨʠʣ-1-ʤʝʪʠʣʭʽʥʦʣʽʥ-2(1H)-ʦʥʽʚ. 

ʈɽɿʖʄɽ 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-ʤʝʪʠʣʭʠʥʦʣʠʥ-2-ʦʥʘ ʩ ʘʨʝʥʜʠʘʟʦʥʠʝʚʳʤʠ ʩʦʣʷʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʢʫʧʨʦʢʘʪʘʣʠʟʘ ʚ ʚʦʜʥʦ-ʘʮʝʪʦʥʦʚʦʡ ʩʨʝʜʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʘʨʠʣʠʨʫʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ 3 

ʭʠʥʦʣʦʥʦʚʦʛʦ ʷʜʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 3-ʘʨʠʣ-1-ʤʝʪʠʣʭʠʥʦʣʠʥ-2(1H)-ʦʥʦʚ. 
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SUMMARY 

The interaction of 1-methyl-1ʅ-quinolin-2-one with arenediazonium salts under the copper catalytic reaction 

mode has been investigated. It was found that arylation took place in the 3 position of quinolone ring under applied 

conditions to form 3-aryl-1-methylquinolin-2(1H)-one. 
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ʖ. ɺ. ʆʩʪʘʧôʶʢ, ɼ. ɸ. ʌʨʦʣʦʚ, ɺ. ɽ. ʉʢʨʦʙʘʣʘ*, ɸ. ʄ. ɹʘʙʩʴʢʠʡ, ɺ. ʉ. ʄʘʪʽʡʯʫʢ 
ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

*ʂʦʤʫʥʘʣʴʥʘ 5-ʪʘ ʤʽʩʴʢʘ ʢʣʽʥʽʯʥʘ ʣʽʢʘʨʥʷ, ʤ. ʃʴʚʽʚ 
ʋɼʂ 547.789.1 

ʉʀʅʊɽɿ ʊɸ ʇʈʆʊʀʇʋʍʃʀʅʅɸ ɸʂʊʀɺʅɯʉʊʔ  
N-(5-R-ɹɽʅɿʀʃ-1,3-ʊɯɸɿʆʃ-2-ɯʃ)ʊɯʆʌɽʅ-2- ʊɸ N-(5-R-ɹɽʅɿʀʃ-1,3-ʊɯɸɿʆʃ-

2-ɯʃ)-4-ɹʈʆʄʆʊɯʆʌɽʅ-2-ʂɸʈɹʆʂʉɸʄɯɼɯɺ 
ʊʽʘʟʦʣʴʥʠʡ ʮʠʢʣ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʨʷʜʫ ʙʽʦʣʦʛʽʯʥʦ ʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʽ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʊʘʢ, ʘʢʪʠʚʥʠʤ ʭʽʤʽʯʥʠʤ ʮʝʥʪʨʦʤ ʢʦʬʝʨʤʝʥʪʫ ʪʽʘʤʽʥʫ ʻ ʪʽʘʟʦʣʴʥʠʡ 

ʬʨʘʛʤʝʥʪ [1]. ʇʦʭʽʜʥʽ ʪʽʘʟʦʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʝʜʠʮʠʥʽ ʷʢ ʘʥʪʠʙʽʦʪʠʢʠ [2-5], ʘʥʪʠʢʦʥʚʫʣʴʩʘʥʪʠ [6], 

ʧʨʝʧʘʨʘʪʠ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʚʠʨʘʟʢʦʚʦʾ ʭʚʦʨʦʙʠ [7, 8], ʧʨʦʪʠʤʽʢʨʦʙʥʽ ʟʘʩʦʙʠ [9, 10]. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʪʠʧʫʭʣʠʥʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʽʟʥʠʭ ʧʦʭʽʜʥʠʭ 2-ʘʮʠʣʘʤʽʥʦʪʽʘʟʦʣʫ ʚʠʷʚʠʣʠ ʾʭʥʶ ʩʠʣʴʥʫ ʽʥʛʽʙʫʶʯʫ ʟʜʘʪʥʽʩʪʴ 

ʱʦʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥʥʠʭ ʣʽʥʽʡ ʣʶʜʠʥʠ [11-17]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʤʠ ʟʜʽʡʩʥʝʥʦ ʩʠʥʪʝʟ ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʦʭʽʜʥʠʭ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʽʘʟʦʣ-2-ʽʣ)ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜʽʚ 5a-h 

ʪʘ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʽʘʟʦʣ-2-ʽʣ)-4-ʙʨʦʤʦʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜʽʚ 6a-f.  

ɺʠʭʽʜʥʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʮʽʣʴʦʚʠʭ ʘʤʽʜʽʚ ʩʣʫʛʫʚʘʣʠ 5-(R-ʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʘʤʽʥʠ 4a-j . 

ɰʭ ʦʪʨʠʤʫʚʘʣʠ ʚʟʘʻʤʦʜʽʻʶ 3-ʘʨʠʣ-2-ʭʣʦʨʦʧʨʦʧʘʥʘʣʽʚ 2a-j  ʟ ʪʽʦʩʝʯʦʚʠʥʦʶ [18]. 3-ɸʨʠʣ-2-ʭʣʦʨʦʧʨʦʧʘʥʘʣʽ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʦʪʨʠʤʘʥʦ ʘʨʠʣʶʚʘʥʥʷʤ ʘʢʨʦʣʝʾʥʫ  ʘʨʝʥʜʽʘʟʦʥʽʻʚʠʤʠ ʩʦʣʷʤʠ. ɸʮʠʣʶʚʘʥʥʷ 5-(R-ʙʝʥʟʠʣ)-1,3-

ʪʽʘʟʦʣ-2-ʘʤʽʥʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʣʦʨʘʥʛʽʜʨʠʜʽʚ ʪʽʦʬʝʥ-2- ʪʘ 4-ʙʨʦʤʦʪʽʦʬʝʥ-

2-ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ.  

ʆʪʨʠʤʘʥʽ ʘʤʽʜʠ 5ʘ-h  ̔6ʘ-f ï ʮʝ ʚʠʩʦʢʦʧʣʘʚʢʽ ʨʝʯʦʚʠʥʠ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʧʦʛʘʥʦ ʨʦʟʯʠʥʥʽ ʫ ʥʝʧʦʣʷʨʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ, ʜʦʙʨʝ ʫ ɼʄʉʆ ʪʘ ɼʄʌɸ.  
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ʇʨʦʪʠʨʘʢʦʚʫ ʘʢʪʠʚʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʠʚʯʘʣʠ ʤʝʪʦʜʦʤ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʩʢʨʠʥʽʥʛʫ ʟʛʽʜʥʦ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʟʜʦʨʦʚôʷ ʉʐɸ ï DTP 

(Developmental Therapeutic Program) ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʨʘʢʫ (ɹʝʪʝʟʜʘ, ʄʝʨʽʣʝʥʜ, ʉʐɸ). ɼʣʷ 

ʩʢʨʠʥʽʥʛʫ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʩʧʦʣʫʢʠ 5b, 5f ʪʘ 6d. ʇʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠʚʯʘʣʠ ʥʘ 60 ʣʽʥʽʷʭ ʢʣʽʪʠʥ 

(ʪʘʙʣ. 1), ʱʦ ʦʭʦʧʣʶʶʪʴ ʤʘʡʞʝ ʚʝʩʴ ʩʧʝʢʪʨ ʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʠʥʠ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʣʝʡʢʝʤʽʾ, 

ʥʝʜʨʽʙʥʦʢʣʽʪʠʥʥʦʛʦ ʨʘʢʫ ʣʝʛʝʥʴ, ʝʧʽʪʝʣʽʘʣʴʥʦʛʦ ʨʘʢʫ ʢʠʰʢʽʚʥʠʢʘ, ʨʘʢʫ ʎʅʉ, ʤʝʣʘʥʦʤʠ, ʨʘʢʫ ʷʻʯʥʠʢʽʚ, 

ʥʠʨʦʢ, ʧʨʦʩʪʘʪʠ ʪʘ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ) ʧʨʠ ʜʽʾ ʨʝʯʦʚʠʥʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 10
-5
 ʤʦʣʴ/ʣ. ʗʢ ʢʽʣʴʢʽʩʥʠʡ ʧʘʨʘʤʝʪʨ 

ʘʢʪʠʚʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʚʽʜʩʦʪʦʢ ʨʦʩʪʫ ʢʣʽʪʠʥ ʣʽʥʽʡ ʨʘʢʫ GP (%) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ [19]. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʪʠʧʫʭʣʠʥʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʷ 1 

ʎʠʪʦʪʦʢʩʠʯʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 10
-5
 ʄ ʥʘ 60 ʣʽʥʽʷʭ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ 

ˉ ʩʧʦʣʫʢʠ 
ʉʝʨʝʜʥʷ ʤʽʪʦʪʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ 60 ʣʽʥʽʡ, % 

ɼʽʘʧʘʟʦʥ ʤʽʪʦʪʠʯʥʦ ʾ

ʘʢʪʠʚʥʦʩʪʽ 60 ʣʽʥʽʡ, % 
ʅʘʡʯʫʪʣʠʚʽʰʽ ʣʽʥʽʾ ʢʣʽʪʠʥ ʽ ʤʽʪʦʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, GP% 

5b 76.18 6.66 ï 106.14 

K-562 (ʣʝʡʢʝʤʽʷ): 31.91% 

SR (ʣʝʡʢʝʤʽʷ): 6.66% 

KM12 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 36.16% 

MDA-MB-435 (ʤʝʣʘʥʦʤʘ): 27.56% 

CAKI-1 (ʨʘʢ ʥʠʨʦʢ): 47.37% 

5f 51.42 -29.41 ï 85.57 

HL-60(TB) (ʣʝʡʢʝʤʽʷ): 29.35% 

K-562 (ʣʝʡʢʝʤʽʷ): 10.18% 

SR (ʣʝʡʢʝʤʽʷ): -5.59 

A549/ATCC (ʥʝʜʨʽʙʥʦʢʣʽʪʠʥʥʠʡ ʨʘʢ ʣʝʛʝʥʽʚ): 30.03% 

NCI-H460 (ʥʝʜʨʽʙʥʦʢʣʽʪʠʥʥʠʡ ʨʘʢ ʣʝʛʝʥʽʚ): 23.81% 

HCT-116 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 31.80% 

HCT-15 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 32.85% 

HT29 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 12.26% 

KM12 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 30.34% 

SW-620 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 24.94% 

MDA-MB-435 (ʤʝʣʘʥʦʤʘ): -29.41% 

MCF7 (ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ): 36.37% 

MDA-MB-468 (ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ): 4.08% 

6d 61.54 -1.59 ï 103.22 

K-562 (ʣʝʡʢʝʤʽʷ): 32.17% 

SR (ʣʝʡʢʝʤʽʷ): -1.59 

NCI-H460 (ʥʝʜʨʽʙʥʦʢʣʽʪʠʥʥʠʡ ʨʘʢ ʣʝʛʝʥʽʚ): 33.41% 

HCT-116 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 31.80% 

HT29 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 29.33% 

SW-620 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): 27.77% 

MDA-MB-435 (ʤʝʣʘʥʦʤʘ): -1.54% 

MDA-MB-468 (ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ): 10.59% 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʤʽʜ 5b ʚʠʷʚʠʚ ʧʦʤʽʨʥʫ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʅʘʪʦʤʽʩʪʴ ʚʚʝʜʝʥʥʷ ʫ 

ʙʝʥʟʠʣʴʥʠʡ ʨʘʜʠʢʘʣ ʘʪʦʤʽʚ ʭʣʦʨʫ ʚ ʧʦʣʦʞʝʥʥʷ 2 ʽ 4 ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ. ʊʘʢ, 

ʩʧʦʣʫʢʘ 5f  ʚʠʷʚʠʣʘʩʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʶ ʱʦʜʦ ʣʽʥʽʾ ʤʝʣʘʥʦʤʠ MDA-MB-435: GP = -29.41% ʪʘ ʣʽʥʽʾ 

ʣʝʡʢʝʤʽʾ SR: GP = -5.59. ɺʘʨʪʽ ʫʚʘʛʠ ʡ ʽʥʰʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʩʢʨʠʥʽʥʛʫ 5f: MDA-MB-468 (ʨʘʢ ʤʦʣʦʯʥʦʾ 

ʟʘʣʦʟʠ) GP = 4.08%; K-562 (ʣʝʡʢʝʤʽʷ): GP = 10.18%; HT29 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ): GP =12.26%. ɺʚʝʜʝʥʥʷ ʞ 

ʙʨʦʤʫ ʚ 4-ʧʦʣʦʞʝʥʥʷ ʪʽʦʬʝʥʦʚʦʛʦ ʮʠʢʣʫ (ʩʧʦʣʫʢʘ 6d) ʧʨʠʚʝʣʦ ʜʦ ʜʝʷʢʦʛʦ ʧʦʥʠʞʝʥʥʷ ʧʨʦʪʠʧʫʭʣʠʥʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʩʢʨʠʥʽʥʛʫ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ çʩʧʦʣʫʢʫ-ʣʽʜʝʨè 5f, ʷʢʫ ʚʽʜʽʙʨʘʥʦ ʜʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʦʣʷʛʘʚ ʫ ʪʝʩʪʫʚʘʥʥʽ ʥʘ 60 ʣʽʥʽʷʭ ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʫ ʛʨʘʜʽʻʥʪʽ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʧôʷʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠ 10-ʢʨʘʪʥʦʤʫ ʨʦʟʚʝʜʝʥʥʽ ï 100ɛM, 10ɛM, 1ɛM, 0.1ɛM ʪʘ 0.01ɛM). ɿʘ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ  ʨʝʟʫʣʴʪʘʪʘʤʠ  ˇʨʫʥʪʦʚʥʦʛʦ in vitro ʩʢʨʠʥʽʥʛʫ ʩʧʦʣʫʢʠ 5f ʨʦʟʨʘʭʦʚʘʥʦ ʪʨʠ ʜʦʟʦʟʘʣʝʞʥʽ 

ʧʘʨʘʤʝʪʨʠ: GI50 ï ʢʦʥʮʝʥʪʨʘʮʽʷ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʪʫ 50% ʢʣʽʪʠʥ ʣʽʥʽʾ, TGI ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʩʧʦʣʫʢʠ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʚʥʝ ʧʨʠʛʥʽʯʝʥʥʷ  ʨʦʩʪʫ, LC50 ï  ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 50%  

ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ GI50 ʽʥʪʝʨʧʨʝʪʫʶʪʴ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʨʽʚʝʥʴ ʽʥʛʽʙʫʚʘʥʥʷ, TGI ï ʷʢ  

ʮʠʪʦʩʪʘʪʠʯʥʠʡ  ʝʬʝʢʪ, ʘ LC50 ʻ ʣʝʪʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʮʠʪʦʪʦʢʩʠʯʥʫ ʜʽʶ. ʗʢʱʦ 

ʣʦʛʘʨʠʬʤʽʯʥʽ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (lʦgGI50, lʦgTGI  ʪʘ lʦgLC50) ʤʝʥʰʝ ʥʽʞ -4.00, ʩʧʦʣʫʢʠ 

ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʘʢʪʠʚʥʽ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ˇʨʫʥʪʦʚʥʦʛʦ in vitro ʩʢʨʠʥʽʥʛʫ ʩʧʦʣʫʢʘ 5f ʧʽʜʪʚʝʨʜʠʣʘ ʚʠʩʦʢʫ ʧʨʦʪʠʧʫʭʣʠʥʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʚʩʽʭ ʣʽʥʽʷʭ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʧʦʢʘʟʥʠʢʠ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ lʦgGI50 ʪʘ lʦgTGI, ʱʦ ʩʪʘʥʦʚʣʷʪʴ 

ʚʽʜʧʦʚʽʜʥʦ -4.87 ʪʘ -4.12. ɼʣʷ ʨʷʜʫ ʣʽʥʽʡ (ʪʘʙʣ. 2) ʜʣʷ ʩʧʦʣʫʢʠ 5f ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʪʘʢʦʞ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ 

ʮʠʪʦʪʦʢʩʠʯʥʠʡ ʝʬʝʢʪ. 

ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʛʣʠʙʣʝʥʦʛʦ ʙʦ̔ʣʦʛʯ̔ʥʦʛʦ ʩʢʨʠʥʥ̔ʛʫ ʘʤʽʜʫ 5f 

ˉ ʩʧʦʣʫʢʠ 
logTGI  

(ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʣʽʥʽʾ) 

logLC50 

(ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʣʽʥʽʾ) 

5f 

NCI-H460 (ʨʘʢ ʣʝʛʝʥʽʚ) -4.88 

NCI-H522 (ʨʘʢ ʣʝʛʝʥʽʚ) -4.88 

HT29 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ) -4.89 

KM12 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ) -4.80 

SF-539 (ʨʘʢ ʎʅʉ) -4.73 

MDA-MB-435 (ʤʝʣʘʥʦʤʘ) -5.31 

SK-MEL-2 (ʤʝʣʘʥʦʤʘ) -4.88 

SK-MEL-5 (ʤʝʣʘʥʦʤʘ) -4.76 

OVCAR-3 (ʨʘʢ ʷʻʯʥʠʢʽʚ) -4.86 

A498 (ʨʘʢ ʥʠʨʢʠ) -4.76 

NCI-H522 (ʨʘʢ ʣʝʛʝʥʽʚ) -4.07 

HT29 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ) -4.03 

SF-539 (ʨʘʢ ʎʅʉ) -4.23 

U251 (ʨʘʢ ʎʅʉ) -4.01 

MALME -3M (ʤʝʣʘʥʦʤʘ) -4.06 

MDA-MB-435 (ʤʝʣʘʥʦʤʘ) -4.27 

SK-MEL-2 (ʤʝʣʘʥʦʤʘ) -4.11 

SK-MEL-5 (ʤʝʣʘʥʦʤʘ) -4.05 

OVCAR-3 (ʨʘʢ ʷʻʯʥʠʢʽʚ) -4.28 

TK-10 (ʨʘʢ ʥʠʨʢʠ) -4.13 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʧʨʠʣʘʜʽ Varian 400 (400 ʄɻʮ), ʨʦʟʯʠʥʥʠʢ ɼʄʉʆ-D6. ʍʽʤʽʯʥʽ ʟʤʽʱʝʥʥʷ 

(ŭ, ʤ.ʯ.) ʥʘʚʝʜʝʥʦ ʩʪʦʩʦʚʥʦ ʩʠʛʥʘʣʫ ɼʄʉʆ (2.50 ʤ.ʯ.).  

ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʘʤʽʜʽʚ 5a-h ʪʘ 6a-f 

ɼʦ ʨʦʟʯʠʥʫ 0.01 ʤʦʣʴ 5-(R-ʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʘʤʽʥʫ 4a-j  ʪʘ 1.5ʤʣ ʪʨʠʝʪʠʣʘʤʽʥʫ ʚ 15 ʤʣ ʜʽʦʢʩʘʥʫ 

ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ 0.01 ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʭʣʦʨʘʥʛʽʜʨʠʜʫ ʚ 20 ʤʣ ʜʽʦʢʩʘʥʫ. ɿʘʣʠʰʘʣʠ ʥʘ 1 ʛʦʜ. ʈʝʘʢʮʽʡʥʫ 

ʩʫʤʽʰ ʚʠʣʠʚʘʣʠ ʚ 100 ʤʣ ʚʦʜʠ. ʆʩʘʜ, ʱʦ ʫʪʚʦʨʠʚʩʷ, ʬʽʣʴʪʨʫʚʘʣʠ ʪʘ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʟ ̔ʩʧʠʨʪʫ ʘʙʦ 

ɼʄʌɸ ʯʠ ʾʭ ʩʫʤʽʰʽ.  

N-[5-(3-ʤʝʪʠʣʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5a. ɺʠʭʽʜ 67%, ʪ.ʧʣ. 113-114Áʉ. 

ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.58 (ʰ.ʩ, 1H, NH), 8.18 (ʩ, 1H), 7.92 (ʜ, J = 4.6 ɻʮ, 1H), 7.31 

(ʩ, 1H), 7.25 ï 7.16 (ʤ, 2H), 7.10 (ʜ, J = 7.4 ɻʮ, 1H), 7.08 ï 7.02 (ʤ, 2H), 4.06 (ʩ, 2H, ʉʅ2), 2.29 (ʩ, 3H, ʉʅ3). 

ɿʥʘʡʜʝʥʦ %: C 60.72; H 4.43; N 8.70. C16H14N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 61.12; H 4.49; N 8.91. 

N-[5-(2-ʬʣʫʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5b. ɺʠʭʽʜ 84%, ʪ.ʧʣ. 141-143Áʉ. 

ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.61 (ʩ, 1H, NH), 8.19 (ʩ, 1H), 7.93 (ʜ, J = 4.4 ɻʮ, 1H), 7.40-

7.37 (ʤ, 1H), 7.35 ï 7.27 (m, 2H), 7.27 ï 7.21 (m, 1H), 7.20-7.16 (ʤ, 2H), 4.14 (s, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 

56.21; H 3.36; N 8.61. C15H11FN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 56.59; H 3.48; N 8.80. 

N-[5-(4-ʬʣʫʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5c. ɺʠʭʽʜ 75%, ʪ.ʧʣ. 175-177Áʉ. 

ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.60 (ʩ, 1H, NH), 8.19 (ʩ, 1H), 7.93 (ʜ, J = 3.8 ɻʮ, 1H), 7.35-

7.31 (ʤ, 3H), 7.23 (ʩ, 1H), 7.17-7.14 (ʤ, 2H), 4.11 (ʩ, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 56.06; H 3.41; N 8.43. 

C15H11FN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 56.59; H 3.48; N 8.80. 

N-[5-(2-ʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5d. ɺʠʭʽʜ 74%, ʪ.ʧʣ. 158-160Áʉ. 

ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.64 (ʰ.ʩ, 1H, NH), 8.20 (ʩ, 1H), 7.94 (ʜ, J = 4.3 ɻʮ, 1H), 7.48-
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7.45 (ʤ, 2H), 7.39 ï 7.25 (ʤ, 3H), 7.26 ï 7.16 (ʤ, 1H), 4.22 (ʩ, 2H, CH2). ɿʥʘʡʜʝʥʦ %: C 53.51; H 3.15; N 8.14. 

C15H11ClN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 53.81; H 3.31; N 8.37. 

N-[5-(3-ʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5e. ɺʠʭʽʜ 70%, ʪ.ʧʣ. 107-109Áʉ. ʉʧʝʢʪʨ 

ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.64 (ʰ.ʩ, 1H, NH), 8.20 (ʩ, 1H), 7.94 (ʜ, J = 4.2 ɻʮ, 1H), 7.39-7.35 (ʤ, 

3H), 7.31 (d, J = 8.0 ɻʮ, 1H), 7.27 (d, J = 7.4 ɻʮ, 1H), 7.24 ï 7.20 (m, 1H), 4.14 (s, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 

53.60; H 3.16; N 8.23. C15H11ClN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 53.81; H 3.31; N 8.37. 

N-[5-(2,4-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5f. ɺʠʭʽʜ 73%, ʪ.ʧʣ. 168-170Áʉ. 

ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.63 (ʩ, 1H, NH), 8.19 (ʩ, 1H), 7.93 (ʜ, J = 4.5 ɻʮ, 1H), 7.63 (ʜ, 

J = 1.3 ɻʮ, 1H), 7.48 (ʜ, J = 8.2 ɻʮ, 1H, ʉ6-ʉ6ʅ3), 7.43 (ʜʜ, J = 8.1, 1.5 ɻʮ, 1H, ʉ3-ʉ6ʅ3), 7.31 (ʩ, 1H), 7.26 ï 

7.18 (ʤ, 1H), 4.21 (ʩ, 3H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 48.43; H 2.65; N 7.40. C15H10Cl2N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 48.79; 

H 2.73; N 7.59. 

N-[5-(2,5-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5g. ɺʠʭʽʜ 81%, ʪ.ʧʣ. 170-172Áʉ. 

ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.66 (ʩ, 1H, NH), 8.20 (ʩ, 1H), 7.94 (ʜ, J = 4.2 ɻʮ, 1H), 7.58 (ʜ, 

J = 2.3 ɻʮ, 1H), 7.51 (ʜ, J = 8.6 ɻʮ, 1H, ʉ3-ʉ6ʅ3), 7.39 (ʜʜ, J = 8.5, 2.4 ɻʮ, 1H, ʉ6-ʉ6ʅ3), 7.35 (ʩ, 1H), 7.26 ï 

7.19 (ʤ, 1H), 4.22 (ʩ, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 48.37; H 2.64; N 7.40. C15H10Cl2N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 48.79; 

H 2.73; N 7.59. 

N-[5-(2-ʭʣʦʨʦ-5-ʪʨʠʬʣʫʦʨʦʤʝʪʠʣʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 5h. ɺʠʭʽʜ 80%, 

ʪ.ʧʣ. 158-160Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.65 (ʩ, 1H, NH), 8.20 (ʩ, 1H), 7.93 (ʜ, J = 4.2 

ɻʮ, 1H), 7.89 (ʩ, 1H), 7.73 (ʜ, J = 8.3 ɻʮ, 1H), 7.68 (ʜ, J = 7.2 ɻʮ, 1H), 7.35 (ʩ, 1H), 7.26 ï 7.20 (ʤ, 1H), 4.33 (ʩ, 

2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 47.33; H 2.44; N 6.73. C16H10ClF3N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 47.71; H 2.50; N 6.95. 

4-ɹʨʦʤʦ-N-[5-(4-ʤʝʪʠʣʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 6a. ɺʠʭʽʜ 70%, ʪ.ʧʣ. 188-

190Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.73 (ʰ.ʩ, 1H, NH), 8.15 (h .ʩ, 1H), 8.04 (ʩ, 1H), 7.31 (ʩ, 

1H), 7.17 (ʜ, J = 7.6 ɻʮ, 2H), 7.15 ï 7.09 (ʜ, J = 7.6 ɻʮ, 2H), 4.05 (ʩ, 2H, ʉʅ2), 2.28 (ʩ, 3H, ʉʅ3). ɿʥʘʡʜʝʥʦ %: C 

48.55; H 3.27; N 7.01. C16H13BrN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 48.86; H 3.33; N 7.12. 

4-ɹʨʦʤʦ-N-[5-(4-ʽʟʦʧʨʦʧʽʣʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 6b. ɺʠʭʽʜ 70%, ʪ.ʧʣ. 190-

192Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.72 (ʰ.ʩ, 1H, NH), 8.15 (ʰ.ʩ, 1H), 8.04 (ʩ, 1H), 7.32 (ʩ, 

1H), 7.19 (ʩ, 4H), 4.06 (ʩ, 2H, ʉʅ2), 2.86 (ʤ, J = 6.7 ɻʮ, 1H, ʉʅ), 1.19 (ʜ, J = 6.8 ɻʮ, 6H, 2ʉʅ3). ɿʥʘʡʜʝʥʦ %: C 

50.93; H 4.03; N 6.56. C18H17BrN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 51.31; H 4.07; N 6.65. 

4-ɹʨʦʤʦ-N-[5-(3-ʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 6c. ɺʠʭʽʜ 77%, ʪ.ʧʣ. 163-

165Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.75 (ʩ, 1H, NH), 8.16 (ʰ.ʩ, 1H), 8.05 (ʩ, 1H), 7.38-7.35 

(ʤ, 3H), 7.31 (ʜ, J = 7.1 ɻʮ, 1H), 7.27 (ʜ, J = 7.3 ɻʮ, 1H), 4.13 (ʩ, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 43.17; H 2.32; N 

6.66. C15H10BrClN2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 43.55; H 2.44; N 6.77. 

4-ɹʨʦʤʦ-N-[5-(2,4-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 6d. ɺʠʭʽʜ 87%, ʪ.ʧʣ. 175-

177Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.81 (ʰ.ʩ, 1H, NH), 8.18 (ʰ.ʩ, 1H), 8.06 (ʩ, 1H), 7.63 (ʩ, 

1H), 7.47 (ʜ, J = 8.3 ɻʮ, 1H), 7.43 (ʜ, J = 7.3 ɻʮ, 1H), 7.33 (ʩ, 1H), 4.21 (ʩ, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 39.89; H 

1.99; N 6.16. C15H9BrCl2N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 40.20; H 2.02; N 6.25. 

4-ɹʨʦʤʦ-N-[5-(3,4-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 6e. ɺʠʭʽʜ 84%, ʪ.ʧʣ. 220-

222Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.80 (ʰ.ʩ, 1H, NH), 8.20 (ʰ.ʩ, 1H), 8.06 (ʩ, 1H), 7.90 (ʩ, 

1H), 7.73 (ʜ, J = 8.3 ɻʮ, 1H), 7.69 (ʜ, J = 7.8 ɻʮ, 1H), 7.38 (ʩ, 1H), 4.33 (ʩ, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 39.85; H 

1.98; N 6.17. C15H9BrCl2N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 40.20; H 2.02; N 6.25. 

4-ɹʨʦʤʦ-N-[5-(2-ʭʣʦʨʦ-5-ʪʨʠʬʣʫʦʨʦʤʝʪʠʣʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜ 6f. 

ɺʠʭʽʜ 89%, ʪ.ʧʣ. 195-197Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
H (500 Mɻʮ, ɼʄʉʆ-d6), ŭ, ʤ.ʯ.: 12.79 (ʰ.ʩ, 1H, NH), 8.20 (ʰ.ʩ, 

1H), 8.06 (ʩ, 1H), 7.59 (ʩ, 2H), 7.38 (ʩ, 1H), 7.30 (ʜ, J = 8.2 ɻʮ, 1H), 4.14 (ʩ, 2H, ʉʅ2). ɿʥʘʡʜʝʥʦ %: C 39.70; H 

1.82; N 5.76. C16H9BrClF3N2OS2. ʆʙʯʠʩʣʝʥʦ, %: C 39.89; H 1.88; N 5.82. 

ʈɽɿʖʄɽ 

ʆʪʨʠʤʘʥʦ ʩʝʨʽʶ ʥʦʚʠʭ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʽʘʟʦʣ-2-ʽʣ)ʪʽʦʬʝʥ- (5a-h) ʪʘ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʽʘʟʦʣ-2-ʽʣ)-

4-ʙʨʦʤʦʪʽʦʬʝʥʢʘʨʙʦʢʩʘʤʽʜʽʚ (6a-f). ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʪʠʧʫʭʣʠʥʥʫ ʘʢʪʠʚʥʽʩʪʴ N-[5-(2-ʬʣʫʦʨʦʙʝʥʟʠʣ)-1,3-

ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜʫ (5b), N-[5-(2,4-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜʫ (5f)  

ʪʘ 4-ʙʨʦʤʦ-N-[5-(2,4-ʜʠʭʣʦʨ)-1,3-ʪʽʘʟʦʣ-2-ʽʣ]ʪʽʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʽʜʫ (6d). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʦʣʫʢʘ 5f 

ʧʨʦʷʚʣʷʻ ʟʥʘʯʥʫ ʮʠʪʦʩʪʘʪʠʯʥʫ ʪʘ ʮʠʪʦʪʦʢʩʠʯʥʫ ʜʽʶ. 

ʈɽɿʖʄɽ 

ʇʦʣʫʯʝʥʦ ʨʷʜ ʥʦʚʳʭ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʠʘʟʦʣ-2-ʠʣ)ʪʠʦʬʝʥ- (5a-h) ʠ N-(5-R-ʙʝʥʟʠʣ-1,3-ʪʠʘʟʦʣ2-ʠʣ)-

4-ʙʨʦʤʦʪʠʦʬʝʥʢʘʨʙʦʢʩʘʤʠʜʦʚ (6a-f). ʀʩʩʣʝʜʦʚʘʥʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ N-[5-(2-ʬʪʦʨʦʙʝʥʟʠʣ)-

1,3-ʪʠʘʟʦʣ-2-ʠʣ]ʪʠʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʠʜʘ (5b), N-[5-(2,4-ʜʠʭʣʦʨʦʙʝʥʟʠʣ)-1,3-ʪʠʘʟʦʣ-2-ʠʣ]ʪʠʦʬʝʥ-2-

ʢʘʨʙʦʢʩʘʤʠʜʘ (5f)  ʠ 4-ʙʨʦʤʦ-N-[5-(2,4-ʜʠʭʣʦʨ)-1,3-ʪʠʘʟʦʣ-2-ʠʣ]ʪʠʦʬʝʥ-2-ʢʘʨʙʦʢʩʘʤʠʜʘ (6d). ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 5f ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ.  



ʆʈɻɸʅɯʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 25 

SUMMARY 

A new series of N-(5-R-benzyl-1,3-thiazol-2-yl)thiophene- (5a-h) and N-(5-R-benzyl-1,3-thiazol-2-yl)-4-

bromothiophene-2-carboxamide (6a-f) was prepared. The anticancer activities of N-[5-(2-fluorobenzyl)-1,3-thiazol-

2-yl]thiophene-2-carboxamide (5b), N-[5-(2,4-dichlorobenzyl)-1,3-thiazol-2-yl]thiophene-2-carboxamide (5f)  and 

4-bromo-N-[5-(2,4-dichlorobenzyl)-1,3-thiazol-2-yl]thiophene-2-carboxamide (6d) was investigated. It was 

established that the compound 5f shows significant cytotoxic and cytostatic effects. 
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ʉʀʅʊɽɿ ɸʈʀʃɿɸʄɯʑɽʅʀʍ  
ɹɯʉ[2-ɸɿʀɼʆ(N,N-ɼɯɽʊʀʃɼʀʊɯʆʂɸʈɹɸʄɸʊʆ(ʆ-ɽʊʀʃɼʀʊɯʆʂɸʈɹʆʅɸʊʆ)-

(2-ʄɽʊʀʃ)ʇʈʆʇɸʅɸʄɯɼɯɺ] 
ʆʨʛʘʥʽʯʥʽ ʘʟʠʜʠ ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʭʽʤʽʾ ʝʥʝʨʛʦʻʤʥʠʭ ʩʧʦʣʫʢ. ɸʟʠʜʦʛʨʫʧʘ ʽʩʪʦʪʥʦ (ʥʘ 250 - 

330 ʢɼʞ / ʤʦʣʴ) ʧʽʜʚʠʱʫʻ ʝʥʪʘʣʴʧʽʶ ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ ʽ ʚʤʽʩʪ ʥʽʪʨʦʛʝʥʫ, ʪʦʤʫ ʦʨʛʘʥʽʯʥʽ ʘʟʠʜʠ ʟʥʘʭʦʜʷʪʴ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʜʦʙʘʚʢʠ ʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʚʚʝʜʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣʠ ʘʟʠʜʦʛʨʫʧʠ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʩʧʦʣʫʢ, ʚʦʥʠ 

ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʘʢʪʠʚʥʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʠ [1]. ʈʽʟʥʦʤʘʥʽʪʥʽ ʧʦʣʽʤʝʨʠ, ʱʦ ʤʽʩʪʷʪʴ ʘʟʠʜʦʛʨʫʧʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʘʢʪʠʚʥʽ ʩʧʦʣʫʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʪʚʝʨʜʠʭ ʨʘʢʝʪʥʠʭ ʧʘʣʠʚ. ʆʨʛʘʥʽʯʥʽ ʘʟʠʜʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʷʢ ʧʨʦʤʽʞʥ ̔ʧʨʦʜʫʢʪʠ ʫ ʩʠʥʪʝʟʽ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʷʢʠʭ 

ʟʘʡʤʘʶʪʴ ʧʦʭʽʜʥʽ 1,2,3-ʪʨʠʘʟʦʣʫ. ɺʦʥʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ, 

ʽʥʩʝʢʪʠʮʠʜʽʚ, ʬʫʥʛʽʮʠʜʽʚ, ʽʥʛʽʙʽʪʦʨʽʚ ʢʦʨʦʟʽʾ, ʦʧʪʠʯʥʠʭ ʚʽʜʙʽʣʶʚʘʯʽʚ ʽ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʊʨʠʚʘʣʠʡ ʯʘʩ ʘʟʠʜʠ ʟʘʣʠʰʘʣʠʩʷ ʚʘʞʢʦʜʦʩʪʫʧʥʠʤ ʢʣʘʩʦʤ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ. ɿʘ ʦʩʪʘʥʥʽ ʜʚʘʜʮʷʪʴ 

ʨʦʢʽʚ ʩʪʘʥʦʚʠʱʝ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʠʣʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʦʨʛʘʥʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʙʽʧʦʣʷʨʥʠʭ ʘʧʨʦʪʦʥʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʽ ʤʽʞʬʘʟʥʦʛʦ ʢʘʪʘʣʽʟʫ [2]. ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʝʨʚʠʥʥʽ ʪʘ ʚʪʦʨʠʥʥʽ ʘʟʠʜʠ 

ʦʜʝʨʞʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʡ ʙʽʤʦʣʝʢʫʣʷʨʥʦʛʦ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʟ ʫʯʘʩʪʶ ʘʟʠʜ-ʡʦʥʘ [2, 3]. 

ɸʨʦʤʘʪʠʯʥʽ ʘʟʠʜʠ ʩʠʥʪʝʟʫʶʪʴ ʚʟʘʻʤʦʜʽʻʶ ʩʦʣʝʡ ʜʽʘʟʦʥʽʶ ʟ ʥʘʪʨʽʡ ʘʟʠʜʦʤ ʘʙʦ ʟʘ ʥʽʪʨʦʟʫʚʘʥʥʷʤ 

ʘʨʠʣʛʽʜʨʘʟʠʥʽʚ [4,5]. 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʟ-ʧʦʤʽʞ ʦʨʛʘʥʽʯʥʠʭ ʘʟʠʜʽʚ ʟʘʡʤʘʶʪʴ ʘʟʠʜʦʢʘʨʙʦʥʽʣʴʥʽ ʧʦʭʽʜʥʽ, ʽʥʪʝʨʝʩ ʜʦ ʷʢʠʭ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʫʪʪʻʚʦ ʟʨʽʩ. ɿʦʢʨʝʤʘ, ʘʮʠʣʘʟʠʜʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʽʟʦʮʽʘʥʘʪʽʚ, 

ʦʩʢʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʝʙʝʟʧʝʯʥʠʡ ʬʦʩʛʝʥ ʽ ʨʝʘʢʮʽʷ ʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ 

(ʨʝʘʢʮʽʷ ʂʫʨʮʽʫʩʘ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤôʷʢʠʭ ʫʤʦʚʘʭ [6]. ɿôʷʩʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʷʤʦʾ ʣʘʢʪʠʤʽʟʘʮʽʾ ʘʟʠʜʥʦʾ ʪʘ 

ʘʤʽʜʥʦʾ ʛʨʫʧ ʚ ʫʤʦʚʘʭ ʚʽʜʥʦʚʥʦʾ ʮʠʢʣʽʟʘʮʽʾ ʟʘ ʪʠʧʦʤ ʨʝʘʢʮʽʾ ʐʪʘʫʜʽʥʛʝʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʨʫʶʚʘʪʠ 

ʧʽʨʦʣʦʧʽʧʝʨʘʟʠʥʦʚʽ ʧʦʭʽʜʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʫ ʙʨʦʤʦʧʽʨʦʣʴʥʠʭ ʘʣʢʘʣʦʾʜʽʚ [7]. ɸʤʽʜʠ ʚ 

ʢʦʤʙʽʥʘʮʽʾ ʟ ʘʟʠʜʘʤʠ ʪʘʢʦʞ ʙʫʣʠ ʘʧʨʦʙʦʚʘʥʽ ʚ ʩʠʥʪʝʟʽ ʮʠʢʣʽʯʥʠʭ ʽʤʽʥʦʩʧʦʣʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʾ ʨʝʘʢʮʽʾ ʘʟʘ-ɺʽʪʪʽʛʘ [8]. ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʟʠʜʦʘʤʽʜʽʚ ʷʢ ʣʘʙʽʣʴʥʠʭ ʩʠʥʪʦʥʽʚ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʭ ʩʧʦʣʫʢ.  

ʅʝʱʦʜʘʚʥʦ ʥʘʤʠ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʝʥʽ ʩʠʥʪʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʢʮʽʡ ɿʘʥʜʤʝʡʻʨʘ, ʄʝʻʨʚʝʡʥʘ ʪʘ 

ʘʥʽʦʥʘʨʠʣʶʚʘʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʘʨʠʣʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʘʨʦʤʘʪʠʯʥʠʭ ʩʦʣʝʡ ʙʽʩʜʽʘʟʦʥʽʶ ʥʘ ʦʩʥʦʚʽ 

ʜʽʘʤʽʥʽʚ ʙʝʥʟʠʜʠʥʦʚʦʛʦ ʽ ʬʝʥʽʣʝʥʦʚʦʛʦ ʨʷʜʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʥʦʚʽ ʚʘʞʢʦʜʦʩʪʫʧʥʽ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʽ 

ʘʨʝʥʠ [9-12]. ʆʜʝʨʞʘʥʽ ʩʧʦʣʫʢʠ ʚʠʷʚʠʣʠʩʴ ʝʬʝʢʪʠʚʥʠʤʠ ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʠʭ ʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʛʽʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʚʧʣʠʚʫ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʪʨʠʚʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

[13]. ʊʦʤʫ, ʟ ʤʝʪʦʶ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ ʥʝʥʘʩʠʯʝʥʠʭ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ ʟʽ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʽ ʫʤʦʚʠ ʦʜʝʨʞʘʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʘʟʠʜʦ-, N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ- ʪʘ ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦʘʨʠʣʶʚʘʥʥʷ ʘʤʽʜʽʚ ʥʝʥʘʩʠʯʝʥʠʭ ʢʠʩʣʦʪ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʫʢʣʝʦʬʽʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʟʠʜ-ʡʦʥʘ ʥʘʤʠ ʧʨʦʚʝʜʝʥʝ ʙʝʟʧʦʩʝʨʝʜʥʻ ʘʟʠʜʦʘʨʠʣʶʚʘʥʥʷ 

ʘʢʨʠʣʘʤʽʜʫ ʽ ʤʝʪʘʢʨʠʣʘʤʽʜʫ. ʇʨʦʪʝ, ʦʯʽʢʫʚʘʥʠʭ ʮʽʣʴʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ï ʙʽʩ(2-ʘʟʠʜʦ-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʽʚ) ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʪʝʪʨʘʬʣʫʦʨʦʙʦʨʘʪʽʚ ʙʽʩʜʽʘʟʦʥʽʶ ʟ ʥʝʥʘʩʠʯʝʥʠʤʠ ʘʤʽʜʘʤʠ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʥʘʪʨʽʡ ʘʟʠʜʫ ʥʝ 

ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ. ʋ ʚʢʘʟʘʥʠʭ ʫʤʦʚʘʭ, ʧʨʦʮʝʩ ʜʝʜʽʘʟʦʥʽʶʚʘʥʥʷ ʚʽʜʙʫʚʘʚʩʷ ʜʦʩʪʘʪʥʴʦ ʽʥʪʝʥʩʠʚʥʦ, ʧʨʦ ʱʦ 

ʩʚʜ̔ʯʠʣʦ ʝʥʝʨʛʽʡʥʝ ʚʠʜʽʣʝʥʥʷ ʘʟʦʪʫ, ʘʣʝ ʢʦʥʚʝʨʩʽʷ ʩʦʣʽ ʙʽʩʜʽʘʟʦʥʽʶ ʧʨʦʭʦʜʠʣʘ ʚ ʥʘʧʨʷʤʢʫ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ ʜʽʘʟʦʛʨʫʧʠ ʥʘ ʘʟʠʜʥʫ ʟ ʧʦʜʘʣʴʰʠʤʠ ʪʨʘʥʩʬʦʨʤʘʮʽʷʤʠ ʫʪʚʦʨʝʥʠʭ ʘʨʠʣʘʟʠʜʽʚ. ɼʘʥʽ ʚʠʩʥʦʚʢʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʧʨʦʜʫʢʪʽʚ ʘʟʦʩʧʦʣʫʯʝʥʥʷ (ʤʦʥʦʟʘʤʽʱʝʥʠʭ ʜʽʘʟʦʙʝʥʟʦʣʽʚ) ʽ ʬʝʥʦʣʽʚ, ʘ 

ʪʘʢʦʞ ʩʤʦʣʦʧʦʜʽʙʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʨʝʯʦʚʠʥ ʥʝʚʩʪʘʥʦʚʣʝʥʦʾ ʙʫʜʦʚʠ ʚ ʝʢʩʪʨʘʢʪʘʭ ʟ ʨʝʘʢʮʽʡʥʠʭ ʩʫʤʽʰʝʡ. 

ɹʽʩ[2-N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ(ʆ-ʘʣʢʽʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ] ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ 

ʘʥʽʦʥʘʨʠʣʶʚʘʥʥʷ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʥʠʟʴʢʠʤʠ ʚʠʭʦʜʘʤʠ (<15%), ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʥʫʢʣʝʦʬʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʘʥʽʦʥʦʾʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ï N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪ- ʪʘ ʆ-ʘʣʢʽʣʜʠʪʽʦʢʘʨʙʦʥʘʪ-ʘʥʽʦʥʽʚ.  
ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʜʚʦʩʪʘʜʽʡʥʦʾ ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʾ ʘʤʽʜʽʚ ʥʝʥʘʩʠʯʝʥʠʭ ʢʠʩʣʦʪ 

ʣhʷʭʦʤ ʚʚʝʜʝʥʥʷ ʟʘ ʤʽʩʮʝʤ ʨʦʟʨʠʚʫ ʢʨʘʪʥʦʛʦ ʢʘʨʙʦʥ-ʢʘʨʙʦʥʦʚʦʛʦ ʟʚôʷʟʢʫ ʘʨʦʤʘʪʠʯʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʽ 

ʘʟʠʜʦ(N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʘʣʢʽʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)ʛʨʫʧ. 



ʆʈɻɸʅɯʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 27 

ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʧʨʦʜʫʢʪʠ ʙʨʦʤʘʨʠʣʶʚʘʥʥʷ ʘʢʨʠʣʘʤʽʜʫ ʽ ʤʝʪʘʢʨʠʣʘʤʽʜʫ ʩʦʣʷʤʠ 

ʙʽʩʜʽʘʟʦʥʽʶ ʥʘ ʦʩʥʦʚʽ ʙʝʥʟʠʜʠʥʫ ʪʘ ʡʦʛʦ ʧʦʭʽʜʥʠʭ ï 3,3ô-[(3,3ô-ʜʠʭʣʦʨʦ)-4,4ô-ʜʠʬʝʥʽʣ(ʤʝʪʘʥ, ʩʫʣʴʬʦʥ)ʙʽʩ(2-

ʙʨʦʤʦ-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ)] 1ʘ-h [48, 49], ʷʢʽ ʥʘʜʘʣʽ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʙʽʩ(2-ʘʟʠʜʦ-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ) 2ʘ-

h, ʙʽʩ[2-(N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ] 3ʘ, b ʪʘ ʙʽʩ[2-(ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)-(2-

ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ] 4ʘ, b ʨʝʘʢʮʽʻʶ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʧʽʜ ʜʽʻʶ ʥʘʪʨʽʡ ʘʟʠʜʫ, ʥʘʪʨʽʡ N,N-

ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʫ ʘʙʦ ʢʘʣʽʡ ʝʪʠʣʢʩʘʥʪʦʛʝʥʘʪʫ ʚʽʜʧʦʚʽʜʥʦ. 

 
2-4:  An= N3 (2ʘ-h), Sʉ(S)NEt2 (3ʘ, b), SC(S)OEt (4ʘ, b); X = ï (1ʘ, b, 2ʘ, b, 3ʘ, b), CH2 (1c, d, g, h, 2c, d, g, h, 

4a, b), SO2 (1e, f, 2e, f); R = ʅ (1ʘ-f, 2ʘ-f, 3ʘ, b), Cl (1g, h, 2g, h, 4ʘ, b);  R' = ʅ (a, c, e, g), Me (b, d, f, h) 

ʅʫʢʣʝʦʬʽʣʴʥʝ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʘ ʙʨʦʤʫ ʚ ʩʧʦʣʫʢʘʭ 1ʘ-h ʥʘ ʘʟʠʜ-, N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪ- ʪʘ ʆ-

ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪ-ʡʦʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 20
0
ʉ ʫ ʩʝʨʝʜʦʚʠʱʽ ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʫ. ɺ ʮʠʭ ʫʤʦʚʘʭ ʚʠʭʦʜʠ 3,3ô-

[(3,3ô-ʜʠʭʣʦʨʦ)-4,4ô-ʜʠʬʝʥʽʣ(ʤʝʪʘʥ, ʩʫʣʴʬʦʥ)ʙʽʩ[2-ʘʟʠʜʦ(N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʝʪʠʣʜʠʪʽʦ-

ʢʘʨʙʦʥʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʽʚ)] 2-4 ʩʢʣʘʜʘʶʪʴ 80-92%.  

ʉʠʥʪʝʟʦʚʘʥʽ ʘʟʠʜʦ(N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)ʘʤʽʜʠ 2-4 ï ʢʨʠʩʪʘʣʽʯʥʽ 

ʨʝʯʦʚʠʥʠ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʥʷ 106-208
0
ʉ, ʜʦʙʨʝ ʨʦʟʯʠʥʥʽ ʚ ʩʧʠʨʪʘʭ, ʘʮʝʪʦʥʽ, ʭʣʦʨʦʬʦʨʤʽ. ɺʠʭʦʜʠ, 

ʢʦʥʩʪʘʥʪʠ, ʜʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʨʝʯʦʚʠʥ 2-4 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʘʪʦʤʘ ʭʣʦʨʫ ʚ ʘʨʦʤʘʪʠʯʥʠʭ ʷʜʨʘʭ 3,3ô-[(3,3ô-ʜʠʭʣʦʨʦ)-4,4ô-

ʜʠʬʝʥʽʣʤʝʪʘʥʙʽʩ(2-ʙʨʦʤʦ-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʽʚ)] 1g, h ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʫʯʘʩʪʴ ʚ ʨʝʘʢʮʽʾ ʟʘʤʽʱʝʥʥʷ. ʎʶ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʣʫʢ 2g, h ʪʘ 4ʘ, b. 

ɹʫʜʦʚʘ ʦʜʝʨʞʘʥʠʭ ʩʧʦʣʫʢ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʉʧʝʢʪʨʠ ʗʄʈ 

1
ʅ ʘʟʠʜʦ(N,N-

ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)ʘʤʽʜʽʚ 2-4 ʤʽʩʪʷʪʴ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʘʨʦʤʘʪʠʯʥʠʭ ʷʜʝʨ: ʜʚʘ 

ʜʫʙʣʝʪʠ, ʩʠʥʛʣʝʪʠ ʘʙʦ ʤʫʣʴʪʠʧʣʝʪ ʚ ʜʽʣʷʥʮʽ 7.86-6.97 ʤ.ʯ., ʪʘ ʧʨʦʪʦʥʽʚ ʘʤʽʜʥʦʾ ʛʨʫʧʠ: ʜʚʘ ʩʠʥʛʣʝʪʠ ʚ 

ʜʽʣʷʥʢʘʭ 7.95-7.40 ʽ 7.67-7.22 ʤ.ʯ. ʇʨʦʪʦʥʠ ʉʅ2-ʛʨʫʧ, ʟʚ'ʷʟʘʥʽ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʷʜʨʘʤʠ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʚʦʤʘ 

ʜʫʙʣʝʪʘʤʠ ʜʫʙʣʝʪʽʚ (ʧʦʭʽʜʥʽ ʘʢʨʠʣʘʤʽʜʫ) ʘʙʦ ʜʚʦʤʘ ʜʫʙʣʝʪʘʤʠ (ʧʦʭʽʜʥʽ ʤʝʪʘʢʨʠʣʘʤʽʜʫ) ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ 

3.26-3.04 ʽ 3.15-2.87 ʤ.ʯ. ʇʨʦʪʦʥʠ ʤʝʪʠʥʦʚʠʭ ʛʨʫʧ, ʟʚôʷʟʘʥʠʭ ʟ ʘʟʠʜʦ(N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-

ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)ʛʨʫʧʦʶ ʫ ʚʠʧʘʜʢʫ ʩʧʦʣʫʢ 2a, 2c, 2e, 2g, 3a, 4a ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʨʠʧʣʝʪʘʤʠ ʧʨʠ 4.02-

3.93 ʤ.ʯ., ʘ ʧʨʦʪʦʥʠ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʤʝʪʘʢʨʠʣʘʤʽʜʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʩʧʦʣʫʢ 2ʘ-ʞ ï ʩʠʥʛʣʝʪʘʤʠ ʧʨʠ 1.74-1.44 

ʤ.ʯ. ʉʧʝʢʪʨʠ ʩʧʦʣʫʢ 3a, b, 4a, b ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʷʪʴ ʩʠʛʥʘʣʠ ʧʨʦʪʦʥʽʚ ʝʪʠʣʴʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʥʠʭ ʪʘ ʝʪʠʣʢʩʘʥʪʦʛʝʥʘʪʥʠʭ ʛʨʫʧ ʫ ʚʠʛʣʷʜʽ ʤʫʣʴʪʠʧʣʝʪʽʚ (Nʉʅ2, OCH2) ʽ ʪʨʠʧʣʝʪʽʚ 

(CH3) ʧʨʠ 3.90-3.30 ʪʘ 1.17-1.09 ʤ.ʯ. ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʤʠ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʩ(2-ʭʣʦʨʦ-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʽʚ)] ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʾ 

ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʭʣʦʨʫ. ʇʨʦʪʝ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʽʚ, ʮʽʣʴʦʚʽ ʘʟʠʜʦ(N,N-

ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)ʘʤʽʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʥʝʟʥʘʯʥʠʤʠ (ʜʦ 30%) ʚʠʭʦʜʘʤʠ, ʱʦ 

ʟʫʤʦʚʣʝʥʝ ʙʽʣʴʰʦʶ ʝʥʝʨʛʽʻʶ ʟʚôʷʟʢʫ ʉ-ʉl, ʧʦʨʽʚʥʷʥʦ ʟ ʉ-Br ʚ ʤʦʣʝʢʫʣʘʭ ʭʣʦʨʘʤʽʜʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʢʮʽʾ ʙʨʦʤʘʨʠʣʶʚʘʥʥʷ ʘʤʽʜʽʚ ʥʝʥʘʩʠʯʝʥʠʭ ʢʠʩʣʦʪ, ʟʘ ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʘʨʠʣʶʶʯʠʭ ʨʝʘʛʝʥʪʽʚ ʙʽʩʜʽʘʟʦʥʽʻʚʠʭ ʩʦʣʝʡ, ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʫʚʘʪʠ ʙʽʩ(2-ʙʨʦʤʦ-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ), ʷʢʽ 

ʻ ʟʨʫʯʥʠʤʠ ʩʠʥʪʦʥʘʤʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʧʣʘʥʽ ʩʠʥʪʝʟʫ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʘʨʠʣʘʣʢʽʣʴʥʠʭ 

ʧʦʭʽʜʥʠʭ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʪʘʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʻ ʚʚʝʜʝʥʥʷ ʙʨʦʤʘʤʽʜʽʚ ʚ ʨʝʘʢʮʽʾ ʥʫʢʣʝʦʬʽʣʴʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ, ʱʦ ʨʦʟʰʠʨʶʻ ʩʠʥʪʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʦʜʝʨʞʘʥʥʷ Ŭ-ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʘʤʽʜʽʚ ʟ 

ʚʠʩʦʢʦʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤʠ ʛʨʫʧʘʤʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚ ʫʤʦʚʘʭ ʨʝʘʢʮʽʡ 

ʘʥʽʦʥʘʨʠʣʶʚʘʥʥʷ. 



 

 

2
8 

ʊʘʙʣʠʮʷ 1 

ɺʠʭʦʜʠ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ, ʜʘʥʽ ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʽʚ 3,3ô-[(3,3ô-ʜʠʭʣʦʨʦ)-4,4ô-ʜʠʬʝʥʽʣ(ʤʝʪʘʥ, ʩʫʣʴʬʦʥ)ʙʽʩ(2-ʘʟʠʜʦ(N,N-

ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʽʚ)] (2-4) 

 

ʉʧʦ-

ʣʫʢʘ 

ɺʠʭ̔ʜ, 

% 

T 

ʧʣ.* , 
ʦ
ʉ 

ɿʥʘʡʜʝʥʦ, % 

ʌʦʨʤʫʣʘ 

ʆʙʯʠʩʣʝʥʦ, % 

ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ, d, ʤ.ʯ. 

N S (Cl) N S (Cl) 

2ʘ 90 
148-

150 
29.81 ï C18H18N8O2 29.61 ï 

7.95 ʩ, 7.67 c (4ʅ, NH2); 7.63 ʜ, 7.36 ʜ (8H, -C6H4ïC6H4-); 4.02 ʪ (2H, CHN3); 3.12 ʜʜ, 2.97 ʜʜ 

(4H, CH2) 

2b 92 
153-

154 
27.32 ï C20H22N8O2 27.57 ï 

7.88 ʩ, 7.64 c (4ʅ, NH2); 7.60 ʜ, 7.38 ʜ (8H, -C6H4ïC6H4-); 3.15 ʜ, 3.02 ʜ (4H, CH2); 1.66 ʩ (6H, 

CH3) 

2c 82 
187-

190 
28.50 ï C19H20N8O2 28.55 ï 

7.65 ʩ, 7.34 c (4ʅ, NH2); 7.18 ʩ (8H, -C6H4ïʉʅ2ïC6H4-); 3.93 ʪ (2H, CHN3); 3.89 ʩ (2ʅ, -C6H4ï

ʉʅ2ïC6H4-); 3.04 ʜʜ, 2.87 ʜʜ (4H, CH2) 

2d 84 
191-

193 
26.77 ï C21H24N8O2 26.65 ï 

7.72 ʩ, 7.40 c (4ʅ, NH2); 7.15 ʩ (8H, -C6H4ïʉʅ2ïC6H4-); 3.90 ʩ (2ʅ, -C6H4ïʉʅ2ïC6H4-); 3.18 ʜ, 

3.00 ʜ (4H, CH2); 1.70 ʩ (6H, CH3) 

2e 89 
200-

202 
25.41 7.30 (S) C18H18N8O4S 25.33 7.25 (S) 

7.82 ʩ, 7.59 c (4ʅ, NH2); 7.86 ʜ, 7.53 ʜ (8H, -C6H4ïSO2ï C6H4-); 4.00 ʪ (2H, CHN3); 3.22 ʜʜ, 3.10 

ʜʜ (4H, CH2) 

2f 90 
205-

208 
23.71 7.00 (S) C20H22N8O4S 23.80 6.82 (S) 

7.89 ʩ, 7.66 c (4ʅ, NH2); 7.80 ʜ, 7.48 ʜ (8H, -C6H4ïSO2ïC6H4-); 3.21 ʜ, 3.04 ʜ (4H, CH2); 1.72 ʩ 

(6H, CH3) 

2g 83 
106-

107 
24.30 

15.29 

(Cl) 
C19H18Cl2N8O2 24.29 

15.37 

(Cl) 

7.68 ʩ, 7.44 c (4ʅ, NH2); 7.36 ʩ, 7.29 ʜ, 7.19 ʜ (6H, -C6H3ïʉʅ2ïC6H3-); 3.99 ʪ (2H, CHN3); 3.91 ʩ 

(2ʅ, -C6H3ïʉʅ2ïC6H3-); 3.13 ʜʜ, 3.03 ʜʜ (4H, CH2) 

2h 80 
118-

120 
22.99 

14.50 

(Cl) 
C21H22Cl2N8O2 22.90 

14.49 

(Cl) 

7.70 ʩ, 7.53 c (4ʅ, NH2); 7.41 ʩ, 7.28 ʜ, 7.21 ʜ (6H, -C6H3ïʉʅ2ïC6H3-); 3.90 ʩ (2ʅ, -C6H3ïʉʅ2ï

C6H3-); 3.26 ʜ, 3.14 ʜ (4H, CH2); 1.74 ʩ (6H, CH3) 

3ʘ 87 
194-

195 
10.54 21.48 C28H38N4O2S4 9.48 21.71 

7.53 c, 7.29 ʩ (4ʅ, NH2); 7.45 ʜ, 7.09 ʜ (8H, -C6H4ïC6H4-); 4.01 ʪ (2ʅ, ʉʅSC(S)NEt2); 3.81 -3.23 ʤ 

(8ʅ, ʉʅ2ʉʅ3, 2H, CH2-C6H4); 3.06 ʜʜ (2H, CH2-C6H4), 1.14 ʪ (12ʅ, ʉʅ2ʉʅ3) 

3b 91 
198-

199 
10.01 20.90 C30H42N4O2S4 9.05 20.72 

7.40 c, 7.22 ʩ (4ʅ, NH2); 7.45 ʜ, 7.09 ʜ (8H, -C6H4ïC6H4-); 3.90 -3.21 ʤ (8ʅ, ʉʅ2ʉʅ3, 2H, CH2-

C6H4); 3.15 ʜʜ (2H, CH2-C6H4), 1.44 ʩ (6H, CH3), 1.17 ʪ (12ʅ, ʉʅ2ʉʅ3) 

4ʘ 84 
168-

169 
4.95 

21.00 

(11.53) 
C24H26Cl2N2O4S4 4.63 

21.18 

(11.71) 

7.48 c, 7.36 ʩ (4ʅ, NH2); 7.35 - 7.01 ʤ (6H, -C6H3ïCH2ïC6H3-); 4.12 ʩ (2ʅ, -C6H3ïCH2ïC6H3-); 

4.00 ʪ (2ʅ, ʉʅSC(S)ʆEt); 3.81-3.19 ʤ (4ʅ, ʆʉʅ2ʉʅ3, 2H, CH2-C6H3); 3.01 ʜʜ (2H, CH2-C6H3), 

1.09 ʪ (6ʅ, ʆʉʅ2ʉʅ3) 

4b 86 
173-

174 
4.72 

19.75 

(10.11) 
C27H32Cl2N2O4S4 4.32 

19.80 

(10.95 

7.44 c, 7.38 ʩ (4ʅ, NH2); 7.34 -6.97 ʤ ( 6H, -C6H3ïCH2ïC6H3-); 4.14 ʩ (2ʅ, -C6H3ïCH2ïC6H3-); 

3.77 -3.23 ʤ (4ʅ, ʆʉʅ2ʉʅ3, 2H, CH2-C6H3); 3.09 ʜ (2H, CH2-C6H3), 1.48 ʩ (6H, CH3); 1.12 ʪ (6ʅ, 

ʆʉʅ2ʉʅ3) 

ʇʨʠʤʽʪʢʘ:  * ʨʝʯʦʚʠʥʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʟ ʤʝʪʘʥʦʣʫ. 



ʆʈɻɸʅɯʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 29 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʩʧʦʣʫʢ (2-4) ʟʥʷʪʽ ʚ ɼʄʉʆ-D6 ʥʘ ʧʨʠʣʘʜʽ Bruker Avance DRX-500, ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ 

500 ʄɻʮ, ʟʦʚʥʽʰʥʽʡ ʩʪʘʥʜʘʨʪ ï ʊʄʉ. ɯʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʤʝʪʦʜʦʤ 

ʪʦʥʢʦʰʘʨʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (ʊʐʍ) ʥʘ ʧʣʘʩʪʠʥʘʭ Silufol UV-254 (ʝʣʶʝʥʪʠ ï ʙʝʥʟʦʣ-ʤʝʪʘʥʦʣ, 3:1; ʤʝʪʘʥʦʣ-

ʙʝʥʟʦʣ-ʘʮʝʪʦʥ, 1:2:1).  

3,3ô-[(3,3ô-ɼʠʭʣʦʨʦ)-4,4ô-ʜʠʬʝʥʽʣ(ʤʝʪʘʥ, ʩʫʣʴʬʦʥ)ʙʽʩ(2-ʙʨʦʤʦ- (2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ)] 1a-h 
ʦʜʝʨʞʘʥʽ ʟʘ ʤʝʪʦʜʠʢʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [9, 48]. 

3,3'-[ (4,4'-ʜʠʬʝʥʽʣʙʽʩ(2-ʘʟʠʜʦʧʨʦʧʘʥʘʤʽʜ)] 1ʘ 

ɼʦ ʨʦʟʯʠʥʫ 1.15 ʛ (2,5 ʤʤʦʣʴ) 3,3ô-[(4,4ô-ʜʠʬʝʥʽʣʙʽʩ(2-ʙʨʦʤʦʧʨʦʧʘʥʘʤʽʜʫ)] (1a) ʚ 75 ʤʣ ʙʝʟʚʦʜʥʦʛʦ 

ɼʄʌɸ ʜʦʜʘʚʘʣʠ 1.0 ʛ (15 ʤʤʦʣʴ) NaN3 ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʧʨʦʜʦʚʞ 16 ʛʦʜ. 

ʈʝʘʢʮʽʡʥʫ ʤʘʩʫ ʚʠʣʠʚʘʣʠ ʚ 50 ʤʣ ʚʦʜʠ, ʦʩʘʜ, ʱʦ ʫʪʚʦʨʠʚʩʷ, ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ, ʩʫʰʠʣʠ, ʧʽʩʣʷ 

ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʤʝʪʘʥʦʣʫ ʦʜʝʨʞʘʣʠ 0.86 ʛ (90%) ʩʚʽʪʣʦ-ʩʽʨʠʭ ʢʨʠʩʪʘʣʽʚ ʩʧʦʣʫʢʠ (2a) ʟ ʪ.ʧʣ. 148-150
0
ʉ.  

ɹʽʩ(ʘʟʠʜʦʘʤʽʜʠ) 2b-h ʦʜʝʨʞʘʥʽ ʘʥʘʣʦʛʽʯʥʦ. 

ɿʘ ʮʽʻʶ ʞ ʤʝʪʦʜʠʢʦʶ ʟ ʙʨʦʤʘʤʽʜʽʚ 1 ʽ ʥʘʪʨʽʡ N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʫ (ʢʘʣʽʡ ʝʪʠʣʢʩʘʥʪʦʛʝʥʘʪʫ) 

ʩʠʥʪʝʟʦʚʘʥʽ 3,3ô-[(3,3ô-ʜʠʭʣʦʨʦ)-4,4ô-ʜʠʬʝʥʽʣ(ʤʝʪʘʥ, ʩʫʣʴʬʦʥ)ʙʽʩ[2-(N,N-ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-

ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʠ)] 3-4a, b. 

ʈɽɿʖʄɽ 

ɼʦʩʣʽʜʞʝʥʽ ʫʤʦʚʠ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʚʦʩʪʘʜʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʘʨʠʣʟʘʤʽʱʝʥʠʭ ʙʽʩ[2-ʘʟʠʜʦ(N,N-

ʜʽʝʪʠʣʜʠʪʽʦʢʘʨʙʘʤʘʪʦ, ʆ-ʝʪʠʣʜʠʪʽʦʢʘʨʙʦʥʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʽʜʽʚ] ʥʘ ʦʩʥʦʚʽ ʧʨʦʜʫʢʪʽʚ ʙʨʦʤʘʨʠʣʶʚʘʥʥʷ 

ʘʤʽʜʽʚ ʘʢʨʠʣʦʚʦʾ ʽ ʤʝʪʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪ. 

ʈɽɿʖʄɽ 

ʀʩʩʣʝʜʦʚʘʥʳ ʫʩʣʦʚʠʷ ʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʘʨʠʣʟʘʤʝɦ ʝʥʥʳʭ ʙʠʩ[2-ʘʟʠʜʦ(N,N-

ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʦ, ʆ- ʪɻʠʣʜʠʪʠʦʢʘʨʙʦʥʘʪʦ)-(2-ʤʝʪʠʣ)ʧʨʦʧʘʥʘʤʠʜʦʚ] ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʪʦʚ 

ʙʨʦʤʘʨʠʣʠʨʦʚʘʥʠʷ ʘʤʠʜʦʚ ʘʢʨʠʣʦʚʦʡ ʠ ʤʝʪʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪ. 

SUMMARY 

The conditions of synthesis of arylsubstituted bis[2-azido (N,N-diethyldithiocarbamato, O-

ethyldithiocarbonato)-(2-methyl) propanamides] from bromarylation products of acrylamide and methacrylamide 

were studied and two-step method of synthesis was proposed. 
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ʇʦʩʪʫʧʠʣʦ ʜʦ ʨʝʜʘʢʮʽʾ 27.12.2016  ʨ. 



ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 30 

ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʈ. ɺ. ʂʦʩ, ɯ. ɹ. ʉʦʙʝʯʢʦ, ɺ. ʇ. ʅʦʚʽʢʦʚ, ɺ. ɺ. ʉʝʨʛʝʻʚ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò  

ʋɼʂ 544.33 

ɽʅʊɸʃʔʇɯʁʅʆ-ɽʅʊʈʆʇɯʁʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʈʆɿʏʀʅɽʅʅʗ ʊɸ 
ɿʄɯʐʋɺɸʅʅʗ ʅɯʊʈʆʇʆʍɯɼʅʀʍ ɽʊʀʃʆɺʆɻʆ ɽʉʊɽʈʋ 2-ʎɯɸʅʆ-[3-(4-

ʌɽʅɯʃ)-2-ʌʋʈɸʅ] ɸʂʈʀʃʆɺʆɰ ʂʀʉʃʆʊʀ ʋ ɽʊʀʃɸʎɽʊɸʊɯ 
ɹʽʣʴʰʽʩʪʴ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʭʽʤʽʯʥʽʡ, ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʪʘ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʨʦʟʯʠʥʘʭ. ʄʽʞʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ ʨʦʟʯʠʥʝʥʦʶ 

ʨʝʯʦʚʠʥʦʶ ʪʘ ʨʦʟʯʠʥʥʠʢʦʤ ʤʦʞʫʪʴ, ʷʢ ʧʨʠʩʢʦʨʶʚʘʪʠ, ʪʘʢ ʽ ʩʧʦʚʽʣʴʥʶʚʘʪʠ ʧʨʦʮʝʩ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʨʦʜʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʚ ʧʨʦʮʝʩʽ ʨʦʟʯʠʥʝʥʥʷ 

ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʩʠʥʪʝʟʫ, ʦʯʠʩʪʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʯʠʥʥʠʢʘ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ, ʤʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʯʠʥʥʦʩʪʽ ʥʽʪʨʦʟʘʤʽʱʝʥʠʭ ʝʪʠʣʦʚʠʭ ʝʩʪʝʨʽʚ 2-ʮʽʘʥʦ-

[3-(4-ʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ 

ʤʽʞ ʨʦʟʯʠʥʥʠʢʦʤ ʪʘ ʨʦʟʯʠʥʝʥʦʶ ʨʝʯʦʚʠʥʦʶ. 

ɺʽʜʦʤʦ [1], ʱʦ ʛʝʪʝʨʦʮʠʢʣʽʯʥʽ ʩʧʦʣʫʢʠ, ʧʦʭʽʜʥʽ ʬʫʨʘʥʫ ʧʨʦʷʚʣʷʶʪʴ ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʊʘʢʽ 

ʨʝʯʦʚʠʥʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʚʠʭʽʜʥʽ ʨʝʘʛʝʥʪʠ ʜʣʷ ʩʠʥʪʝʟʫ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ ʘʙʦ 

ʢʦʤʧʦʥʝʥʪʽʚ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. ʊʦʤʫ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʫ ʝʪʠʣʘʮʝʪʘʪʽ ʙʫʣʦ ʦʙʨʘʥʦ ʨʷʜ 

ʨʝʯʦʚʠʥ, ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʤʦʣʝʢʫʣʷʨʥʽ ʬʦʨʤʫʣʠ, ʥʘʟʚʠ ʪʘ ʤʦʣʝʢʫʣʷʨʥʽ ʤʘʩʠ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ ʷʢʠʭ ʧʦʜʘʥʽ ʫ ʪʘʙʣ. 1 

ʊʘʙʣʠʮʷ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ 
ʄʦʣʝʢʫʣʷʨʥʘ ʬʦʨʤʫʣʘ ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ, ʛ/ʤʦʣʴ ʊFUS, K 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(2-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ (I) 

O

N

O

O CH3

NO2

 

C16H12N2O5 312.277 437.0Ñ1.0 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(3-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ (II)  

O

N

O

O CH3

O2N

 
C16H12N2O5 312.277 487.3Ñ1.5 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(4-ʥʪ̔ʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ (III)  

O

N

O

O CH3

O2N

 
C16H12N2O5 312.277 523.8Ñ1.5 

* ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʢʘʧʽʣʷʨʥʠʤ ʤʝʪʦʜʦʤ 

ʉʠʥʪʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʫ ʨʦʙʦʪʽ [2]. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥ ɹʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʨʝʯʦʚʠʥ ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ 4-ʭ ʘʙʦ 5-ʪʠ ʢʨʘʪʥʦʾ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʫ. ɹʫʜʦʚʫ ʨʝʯʦʚʠʥ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʏʠʩʪʦʪʘ ʨʝʯʦʚʠʥ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʦʩʪʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʧʣʘʚʣʝʥʥʷ ʪʘ 

ʚʝʣʠʯʠʥʘʤʠ ʝʥʪʘʣʴʧʽʡ ʧʣʘʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʨʝʯʦʚʠʥ, ʚʟʷʪʠʭ ʧʽʩʣʷ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʈʦʟʯʠʥʥʠʢʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʝʪʠʣʘʮʝʪʘʪ. ʈʦʟʯʠʥʥʠʢ ʧʝʨʝʜ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʯʠʱʘʣʠ ʬʨʘʢʮʽʡʥʦʶ ʧʝʨʝʛʦʥʢʦʶ; ʤʝʪʦʜʦʤ ʛʘʟʦʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ 

ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʩʢʣʘʜʘʚ ʥʝ ʤʝʥʰʝ 99.8 %, ʤʘʩ. 



ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 31 

ɽʥʪʘʣʴʧʽʶ ʪʘ ʝʥʪʨʦʧʽʶ ʨʦʟʯʠʥʝʥʥʷ  ʥʽʪʨʦʧʦʭʽʜʥʠʭ ʝʪʠʣʦʚʠʭ ʝʩʪʝʨʽʚ 2-ʮʽʘʥʦ-[3-(4-ʬʝʥ̔ʣ)-2-

ʬʫʨʘʥ] ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʚʠʟʥʘʯʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʾʭ ʨʦʟʯʠʥʥʦʩʪʽ ʫ ʝʪʠʣʘʮʝʪʘʪʽ. 

ʈʦʟʯʠʥʝʥʥʷ ʨʝʯʦʚʠʥ ʧʨʦʚʦʜʠʣʠ ʚ ʛʝʨʤʝʪʠʯʥʽʡ ʩʢʣʷʥʽʡ ʧʦʩʫʜʠʥʽ ʟ ʪʝʬʣʦʥʦʚʦʶ ʤʽʰʘʣʢʦʶ, 

ʪʝʨʤʦʤʝʪʨʦʤ ʪʘ ʧʘʪʨʫʙʢʦʤ ʜʣʷ ʚʽʜʙʦʨʫ ʧʨʦʙ. ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʚ ʪʝʨʤʦʩʪʘʪʽ ʧʽʜʪʨʠʤʫʚʘʣʠ ʟ 

ʪʦʯʥʽʩʪʶ Ñ 0.1 ʂ. ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʤʽʰʘʣʢʠ ʩʪʘʥʦʚʠʣʘ 50-70 ʦʙ/ʭʚ. ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʘʭ [3] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʝʪʠʣʘʮʝʪʘʪʽ ʧʨʠ ʦʙʨʘʥʦʤʫ ʨʝʞʠʤʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʽʜʯʫʪʥʽ ʟʤʽʥʠ ʨʦʟʯʠʥʥʦʩʪʽ 

ʟʥʠʢʘʶʪʴ ʯʝʨʝʟ 40-45 ʭʚ. ʋ ʚʩʽʭ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʘʭ ʥʘʩʠʯʝʥʥʷ ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʠʣʠ ʫʧʨʦʜʦʚʞ 60 ʭʚ. 

ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʜʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠ ʷʢ ʚ 

ʨʝʞʠʤʽ ʧʽʜʚʠʱʝʥʥʷ, ʪʘʢ ʽ ʧʦʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ ʥʘ ʢʨʠʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʯʠʥʥʦʩʪʽ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʷʛʥʝʥʥʷ, ʩʪʘʥʫ ʙʣʠʟʴʢʦʛʦ ʜʦ ʨʽʚʥʦʚʘʛʠ. 

ʇʨʦʙʠ ʨʦʟʯʠʥʽʚ ʚʽʜʙʠʨʘʣʠ ʩʝʨʽʷʤʠ ʟ 2ï3 ʟʨʘʟʢʽʚ ʽ ʧʝʨʝʥʦʩʠʣʠ ʚ ʙʶʢʩʠ, ʧʦʧʝʨʝʜʥʴʦ ʟʚʘʞʝʥʽ ʟ 

ʪʦʯʥʽʩʪʶ Ñ 0.0002 ʛ. ʇʽʩʣʷ ʟʚʘʞʫʚʘʥʥʷ ʙʶʢʩʠ ʚʽʜʢʨʠʚʘʣʠ, ʩʫʰʠʣʠ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʚ ʪʝʨʤʦʰʘʬʽ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 343ʂ, ʚʠʟʥʘʯʘʣʠ ʤʘʩʫ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ ʢʠʩʣʦʪʠ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʾʾ ʤʦʣʴʥʫ ʯʘʩʪʢʫ ʚ 

ʥʘʩʠʯʝʥʦʤʫ ʨʦʟʯʠʥʽ. ʋ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʽ ʤʘʩʘ ʨʦʟʯʠʥʥʠʢʘ m1, ʤʘʩʘ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ m2, 

ʨʦʟʯʠʥʥʽʩʪʴ ʨʝʯʦʚʠʥ ʚ ʝʪʠʣʘʮʝʪʘʪʽ ʫ ʤʦʣʴʥʠʭ ʯʘʩʪʢʘʭ (ʭ2), ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʷʢʦʾ ʟʜʽʡʩʥʶʚʘʣʠ 

ʨʦʟʯʠʥʝʥʥʷ ʊ. ɺ ʮʽʡ ʞ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʦ ʨʽʚʥʷʥʥʷ 
--

D-D= esolesol HRSx /ln 2 /(RĀʊ), ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ɟ.  

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʯʠʥʥʦʩʪʽ 
-

D esol H  ʽ 
-

D esol S , ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦʮʝʩ 

ʨʦʟʯʠʥʝʥʥʷ ʝʩʪʝʨʽʚ, ʘ ʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʨʽʜʢʫ ʬʘʟʫ ʨʦʟʯʠʥʫ. ʊʦʤʫ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʝʥʪʘʣʴʧʽʾ (ȹmixʅ) ʽ ʝʥʪʨʦʧʽʾ (ȹmixS), ʟʤʽʰʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʚʝʣʠʯʠʥʠ ʝʥʪʘʣʴʧʽʾ (ȹfusʅ) 

ʽ ʝʥʪʨʦʧʽʾ (ȹfusS) ʧʣʘʚʣʝʥʥʷ ʨʝʯʦʚʠʥʠ:  
-

D esol H = ȹfusH + ȹmixH  ʪʘ 
-

D esol S  = ȹfusS + ȹmixS         (1) 

ɽʥʪʘʣʴʧʽʾ ʧʣʘʚʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʘʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʽ Q-1500 D ʩʠʩʪʝʤʠ Paulik - Paulik ï Erdey. ɿʨʘʟʢʠ ʘʥʘʣʽʟʫʚʘʣʠ ʫ 

ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʰʚʠʜʢʽʩʪʶ ʥʘʛʨʽʚʘʥʥʷ 3 ʂ/ʭʚ. ʚ ʘʪʤʦʩʬʝʨʽ ʧʦʚʽʪʨʷ. 

ʊʘʙʣʠʮʷ 2 

ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʯʠʥʥʦʩʪʽ ʥʽʪʨʦʧʦʭʽʜʥʠʭ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ  

2-ʮʽʘʥʦ-[3-(4-ʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʝʪʠʣʘʮʝʪʘʪʽ 

ʊ, ʂ m 1, g m2, g ʭ2Ŀ10
2
 ʊ, ʂ m 1, g m2, g ʭ2Ŀ10

2
 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(2-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, (I) 

 

312.5 

 

 

0.4877 0.0114 0.6552 315.0 

 

0.5203 0.0141 0.7588 

0.6188 0.0146 0.6613 0.548 0.0147 0.7486 

0.6050 0.0146 0.6763 
 

317.4 

 

 

0.6347 0.0186 0.8179 

 

314.6 

 

 

0.5581 0.0149 0.7476 0.5115 0.0150 0.818 

0.5870 0.0159 0.7561 0.5628 0.0165 0.8204 

0.5761 0.0155 0.751  

319.5 

 

0.1824 0.0062 0.9423 

317.1 

0.6055 0.0177 0.8181 0.7276 0.0235 0.9011 

0.5529 0.0161 0.8124 0.6021 0.0195 0.9055 

0.5536 0.0161 0.8139 322.0 

 

 

0.5289 0.0192 1.0138 

319.5 

 

 

0.5679 0.0183 0.8986 0.6434 0.0232 1.0050 

0.6068 0.0196 0.9009 0.5260 0.0191 1.0141 

0.5251 0.0169 0.8972 324.1 

 

 

0.5923 0.0240 1.1305 

305.4 

 

 

0.6549 0.0117 0.4994 0.5186 0.0202 1.0871 

0.5454 0.0100 0.5121 0.5601 0.0219 1.0888 

0.5434 0.0098 0.5037 325.7 

 

 

0.5997 0.0259 1.2039 

307.5 

 

 

0.6672 0.0127 0.5321 0.4530 0.0195 1.2001 

0.5249 0.0102 0.5427 0.5333 0.0241 1.2565 

0.5538 0.0106 0.5371 327.9 

 

0.4798 0.0230 1.3317 

310.0 

 

 

0.6126 0.0135 0.618 0.4549 0.0216 1.3191 

0.4774 0.0104 0.6109 330.0 

 

 

0.5045 0.0266 1.4659 

0.6353 0.0138 0.6092 0.4122 0.0219 1.4768 

315.0 0.6527 0.0175 0.7491 0.3544 0.0185 1.4475 

ln x2=(9.02Ñ0.31)-(4379Ñ97)*1/T; ɟ = 0.995 



ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 32 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(3 ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, (II) 

319.0 

 

1.7282 0.0058 0.0946 344,3 

 

1.5063 0.0137 0.2550 

1.6700 0.0057 0.0962 1.5097 0.0138 0.2563 

1.3708 0.0045 0.0925 
346,3 

 

1.5289 0.0156 0.2861 

321.0 

 

1.6818 0.006 0.1006 1.4946 0.0153 0.2871 

1.6713 0.0062 0.1046 1.5338 0.0154 0.2816 

1.7008 0.0063 0.1044 
348,0 

 

2.0852 0.0213 0.2874 

323.3 

 

1.6499 0.0064 0.1093 1.4846 0.0159 0.3013 

1.6748 0.0066 0.1111 1.4757 0.0168 0.3192 

1.6823 0.0067 0.1122 
333,0 

 

1.4988 0.0090 0.1682 

325.5 

 

1.6642 0.0075 0.1270 1.5047 0.0091 0.1694 

1.7149 0.0077 0.1265 1.4894 0.0089 0.1674 

1.6766 0.0075 0.1261 
335,0 

 

1.5030 0.0098 0.1827 

328.9 

1.6402 0.0084 0.1443 1.5436 0.0098 0.1788 

1.6771 0.0086 0.1445 1.5247 0.0101 0.1865 

1.6667 0.0087 0.1471 
337,0 

 

1.4796 0.0104 0.1970 

341.0 

 

1.5372 0.0126 0.2298 1.5211 0.0109 0.2008 

1.5404 0.0125 0.2284 1.531 0.0111 0.2032 

1.4999 0.0123 0.2308 339,0 

 

1.4652 0.0114 0.2181 

344.3 1.5000 0.0134 0.2505 1.4856 0.0137 0.2208 

ln x2=(6.92Ñ0.26)-(4429Ñ86)*1/T; ɟ = 0.997 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(4-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, (III) 

332.0 

 

3.4368 0.0046 0.0377 
344.7 

 

1.6375 0.0038 0.0654 

3.2352 0.0044 0.0384 1.6792 0.0039 0.0655 

3.0679 0.0039 0.0359 1.6111 0.0039 0.0683 

334.0 

 

3.1875 0.0048 0.0420 
341.5 

 

1.6293 0.0036 0.0623 

3.3997 0.0052 0.0431 1.6313 0.0035 0.0596 

3.5607 0.0053 0.0416 1.6412 0.0034 0.0576 

336.0 

3.3555 0.0053 0.0445 
343.2 

 

1.6217 0.0035 0.0609 

3.4466 0.0057 0.0466 1.6353 0.0038 0.0655 

3.2780 0.0053 0.0456 1.6558 0.0039 0.0664 

338.0 

 

1.6379 0.0029 0.0499 
345.0 

 

1.6446 0.004 0.0686 

1.6471 0.0028 0.0479 1.6554 0.0039 0.0664 

1.6579 0.0029 000493 1.6339 0.0042 0.0725 

340.0 

 

1.6546 0.003 0.0511 
347.0 

 

1.6451 0.0042 0.0720 

1.6415 0.0032 0.0055 1.6661 0.0043 0.0719 

1.6551 0.0031 0.0528 1.6149 0.0043 0.0751 

342.5 

 

1.6360 0.0036 0.0612 
349.0 

 

1.6528 0.0048 0.0810 

1.6274 0.0035 0.0606 1.6119 0.0046 0.0805 

1.6296 0.0036 0.0623 1.6106 0.0048 0.0831 

ln ʭ2=(7.86Ñ0.71)-(5227Ñ241)*1/T; ɟ = 0.983 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʪ ʧʣʘʚʣʝʥʥʷ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʚʨʘʭʦʚʫʻ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʱʦ ʧʦʛʣʠʥʘʻʪʴʩʷ ʟʨʘʟʢʦʤ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ  

ʂĿS = Qfus + Qvap  = moĿȹHfus + ȹmvapĿȹHvap            (2) 

ʜʝ: Qfus ʠ Qvʘʨ ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ (ɼʞ), ʷʢʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʧʨʠ ʧʣʘʚʣʝʥʥʽ ʯʠ ʚʠʧʘʨʦʚʫʚʘʥʥʽ ʟʨʘʟʢʘ, 

ʚʽʜʧʦʚʽʜʥʦ; mo ï ʤʘʩʘ ʟʨʘʟʢʘ (ʛ), ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʯʘʪʢʫ ʡʦʛʦ ʧʣʘʚʣʝʥʥʷ ʊfus; Dmvap ï 

ʚʪʨʘʪʘ ʤʘʩʠ ʟʨʘʟʢʘ (ʤʘʩʘ ʧʘʨʠ, ʛ) ʟʘ ʧʝʨʽʦʜ, ʷʢʠʡ ʚʨʘʭʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʧʽʢʫ S (ʂÖʩ) ʧʽʜ 

ʢʨʠʚʦʶ ɼʊɸ; ʂ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʂ = 0.03668 ï 1.13 10
-4
ʊ + 2.721 10

-7
ʊ

2
; S

2
 = 5.96 10

-8
  

(ɼʞ/ʂÖʩ) [4], DfusH ʠ Dvʘʨʅ ï ʧʠʪʦʤʽ ʝʥʪʘʣʴʧʽʾ ʧʣʘʚʣʝʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʝʯʦʚʠʥʠ (ɼʞ/ʛ). 

ɺ ʪʘʙʣ. 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʧʣʘʚʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ʟʘ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ (ʊfus) 



ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 33 

ʊʘʙʣʠʮʷ 3 

ɽʥʪʘʣʴʧʽʾ ʧʣʘʚʣʝʥʥʷ ʥʽʪʨʦʟʘʤʽʱʝʥʠʭ ʟʨʘʟʢʽʚ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ  

2-ʮʽʘʥʦ-[3-(4-ʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ  

ɿʨʘʟʦʢ m0, ʛ Dmvap, ʛ S, ʂÖʩ qvap, ɼʞ 
DfusH, 

ʢɼʞ/ʤʦʣʴ 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(2-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, I 

ʄ = 312.281 ʛ/ʤʦʣʴ; ʊfus=437.0Ñ1.0ʂ;    ʂ = 0.03939 ɼʞ/ʂÖʩ 

1 0.2010 0.00004 574.3 0.00874 35.13 

2 0.1803 0.00001 509.0 0.00232 34.72 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 34.93 Ñ 0.86 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(3-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, II 

ʄ = 312.281 ʛ/ʤʦʣʴ; ʊfus=487.3Ñ1.5ʂ;    ʂ = 0.04637 ɼʞ/ʂÖʩ 

1 0.1999 0.00250 802.1 0.63098 57.1 

2 0.1976 0.00134 832.2 0.33932 60.4 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ: 58.7 Ñ 7.3 

ɽʪʠʣʦʚʠʡ ʝʩʪʝʨ 2-ʮʽʘʥʦ-3-[5-(4-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, III  

ʄ = 312.281 ʛ/ʤʦʣʴ; ʊfus=523.8Ñ1.5ʂ;    ʂ = 0.05230 ɼʞ/ʂÖʩ 

1 0.1986 0.00184 930.7 0.53022 75.7 

2 0.1740 0.00151 833.2 0.43457 77.4 

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 76.6 Ñ 3.4 

ʆʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʝʥʽ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢ 

ʝʥʪʘʣʴʧʽʾ ʧʣʘʚʣʝʥʥʷ ʨʝʯʦʚʠʥ ʟʥʘʡʜʝʥʽ ʟʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ɼʊɸ ʘʥʘʣʽʟʫ. ʎʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʭʦʜʷʪʴ ʟʘ 

ʤʝʞʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʫ ʷʢʠʭ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʯʠʥʥʦʩʪʽ ʨʝʯʦʚʠʥ ʚ 

ʝʪʠʣʘʮʝʪʘʪʽ. ʊʦʤʫ, ʟ ʤʝʪʦʶ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʨʘʭʫʥʦʢ 

ʚʝʣʠʯʠʥ ȹfusH ʪʘ ȹfusS, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʊfus, ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 298ʂ, ʟʘ ʷʢʦʾ ʪʘʙʫʣʶʻʪʴʩʷ ʙʽʣʴʰʽʩʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʫ [5], ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4. ʊʘʢʦʞ ʫ  ʪʘʙʣ. 4 ʧʨʝʜʩʪʘʚʣʝʥʽ  ʟʥʘʯʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʚʝʣʠʯʠʥ ʟʤʽʰʫʚʘʥʥʷ ʨʝʯʦʚʠʥ ʟ ʝʪʠʣʘʮʝʪʘʪʦʤ.  

ʊʘʙʣʠʮʷ 4 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʣʘʚʣʝʥʥʷ ʪʘ ʨʦʟʯʠʥʥʦʩʪʽ ʝʪʠʣʦʚʠʭ ʝʩʪʝʨʽʚ  

2-ʮʽʘʥʦ-3-[5-(2,3,4-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʝʪʠʣʘʮʝʪʘʪʽ ʟʘ 298ʂ 

ʈʝʯʦʚʠʥʘ 
ȹsolH

0 
ȹmixH

0 
ȹfusH

0 
ȹsolS

0 
ȹmixS

0 
ȹfusS

0 

ʢɼʞ/ʤʦʣʴ ɼʞ/ʤʦʣʴĀK 

I  36.4Ñ0.8 9.7Ñ1.2 34.93Ñ0.86 74.9Ñ2.6 13.80Ñ2.9 79.9Ñ1.3 

II  36.82Ñ0.7 -4.98Ñ0.9 58.7Ñ7.3 57.5Ñ2.2 -28.28Ñ8.2 120.5Ñ7.5 

III  43.46Ñ2.0 -8.64Ñ4.1 76.6Ñ3.4 65.4Ñ5.9 -34.07Ñ7.1 146.2Ñ3.7 

ʗʢ ʚʽʜʦʤʦ [6], ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʪʠ ʟʤʽʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʝʥʝʨʛʽʾ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ 

ʟʚ'ʷʟʢʽʚ, ʷʢʽ ʨʦʟʨʠʚʘʶʪʴʩʷ ʚ ʤʦʣʝʢʫʣʘʭ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʨʦʟʯʠʥʽʚ. 

ʇʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʥʪʘʣʴʧʽʾ ʟʤʽʰʫʚʘʥʥʷ ʜʣʷ  ʨʝʯʦʚʠʥʠ I ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʪʝʤʧʝʨʘʪʫʨ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ ʚ ʜʘʥʽʡ 

ʨʝʯʦʚʠʥʽ ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʪʠʪʠ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʥʽʞ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʨʦʟʯʠʥʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʯʦʚʠʥ II-III, ʜʝ ʚʥʘʩʣʽʜʦʢ 

ʨʦʟʯʠʥʝʥʥʷ ʚʠʜʽʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʽʾ ʜʣʷ ʨʦʟʨʠʚʫ ʥʘʷʚʥʠʭ  ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʚʽʜô̒ ʤʥʽ ʟʥʘʯʝʥʥʷ  ȹmixH
ʦ
  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʮ̔ ʘʥʦ-3-[5-(ʥʽʪʨʦʬʝʥʽʣ)-2-

ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦ ʾ ʢʠʩʣʦʪʠ ʪʘ ʾʾ ʥʽʪʨʦʟʘʤʽʱʝʥʠʭ ʧʦʭʽʜʥʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ ʟ ʝʪʠʣʘʮʝʪʘʪʦʤ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ʨʝʯʦʚʠʥ ʫ ʨʦʟʯʠʥʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʮʠʭ ʨʝʯʦʚʠʥ. 

ʈɽɿʖʄɽ 

ɿʘ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʨʦʟʯʠʥʥʦʩʪʽ ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʮʽʘʥʦ-3-[5-(2-ʥʽʪʨʦʬʝʥʽʣ)-2-

ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ, (I), ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʮʽʘʥʦ-3-[5-(3-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ 

ʢʠʩʣʦʪʠ (II), ʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ 2-ʮʽʘʥʦ-3-[5-(4-ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʘʥ]ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ (III ), ʫ 

ʝʪʠʣʘʮʝʪʘʪʽ ʨʦʟʨʘʭʦʚʘʥʦ ʧʘʨʮʽʘʣʴʥʽ ʝʥʪʘʣʴʧʽʷ ʪʘ ʝʥʪʨʦʧʽʷ ʨʦʟʯʠʥʝʥʥʷ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʝʥʪʘʣʴʧʽʾ 

ʧʣʘʚʣʝʥʥʷ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʜʘʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʘ 298 ʂ, 

ʨʦʟʨʘʭʦʚʘʥʦ ʝʥʪʘʣʴʧʽʾ ʪʘ ʝʥʪʨʦʧʽʾ ʟʤʽʰʫʚʘʥʥʷ ʧʨʠ 298 ʂ.  
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ʈɽɿʖʄɽ 

ʇʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʮʠʘʥʦ-3-[5-(2-ʥʠʪʨʦʬʝʥʠʣ) -

2-ʬʫʨʘʥ] ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ, (I), ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʮʠʘʥʦ-3-[5- (3-ʥʠʪʨʦʬʝʥʠʣ) -2 -ʬʫʨʘʥ] ʘʢʨʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ (II), ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 2-ʮʠʘʥʦ-3-[5-(4-ʥʠʪʨʦʬʝʥʠʣ) -2-ʬʫʨʘʥ] ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (III), ʚ 

ʵʪʠʣʘʮʝʪʘʪʝ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʮʠʘʣʴʥʳʝ ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʨʘʩʪʚʦʨʝʥʠʷ. ʉ ʫʯʝʪʦʤ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘ 

298 ʂ, ʨʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʩʤʝʰʝʥʠʷ ʧʨʠ 298 ʂ. 

SUMMARY 

For the temperature dependence of the solubility of ethyl 2-cyano-3-[5-(2-nitrophenyl)-2-furan]acrylic 

acid (I), 2-cyano-3-[5-(4-nitrophenyl)-2-furan]acrylic acid (II), 2-cyano-3-[5-(5-nitrophenyl)-2-furan]acrylic 

acid (III), in ethylacetate enthalpy and entropy of dissolution were calculated. Taking into account the 

enthalpy of fusion determined using the differential thermal analysis and adjusted to 298K, enthalpies and 

entropies of mixing at 298 K were calculated.  
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò 

*ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʋɼʂ 544.3 

ʊɽʈʄʆɼʀʅɸʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʅɯʊʈʆʌɽʅɯʃʔʅʀʍ ʇʆʍɯɼʅʀʍ 
ʆʂʉʀʄʋ ʌʋʈʌʋʈʆʃʋ 

ɼʠʟʘʤʽʱʝʥʽ ʧʦʭʽʜʥʽ ʬʫʨʘʥʫ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʪʘ ʭʽʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʬʝʥʽʣʴʥʽ ʧʦʭʽʜʥʽ ʦʢʩʠʤʫ ʬʫʨʬʫʨʦʣʫ ʧʨʦʷʚʣʷʶʪʴ ʩʧʘʟʤʦʣʽʪʠʯʥʽ [1], 

ʩʫʜʠʥʦʨʦʟʰʠʨʶʚʘʣʴʥʽ [2], ʢʘʨʜʽʦʪʨʦʧʥʽ [3] ʪʘ ʘʥʪʠʚʽʨʫʩʥʽ [4] ʚʣʘʩʪʠʚʦʩʪʽ. ɿʥʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʥʠʭ ʩʧʦʣʫʢ ʜʦʟʚʦʣʠʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʾʭ 

ʫʯʘʩʪʽ ʪʘ ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʾʭ ʧʨʦʚʝʜʝʥʥʷ. 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ 5-(2-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2 ʦʢʩʠʤʫ, 5-(3-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2 ʦʢʩʠʤʫ ʪʘ 5-

(4-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2 ʦʢʩʠʤʫ ʥʘʚʝʜʝʥʽ ʥʘ ʩʭʝʤʽ 1. 

NO2

O
NOHCH

 (ʆ)   NO2

O
NOHCH

 (ʄ) 

NO2
O

NOHCH

 (ʇ) 
ʉʭʝʤʘ1. ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ 

ɼʦʩʣʽʜʞʝʥʽ ʩʧʦʣʫʢʠ ʦʜʝʨʞʘʥʽ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: ʩʫʤʽʰ 0.023 ʤʦʣʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 5-

(ʥʽʪʨʦʬʝʥʽʣ)-2-ʬʫʨʠʣ-ʢʘʨʙʘʣʴʜʝʛʽʜʫ, 0.03 ʤʦʣʴ ʛʽʜʨʦʢʩʠʣʘʤʽʥʫ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʪʘ 2 ʛ ʧʣʘʚʣʝʥʦʛʦ 

ʘʮʝʪʘʪʫ ʥʘʪʨʽʶ ʫ 20 ʤʣ ʝʪʘʥʦʣʫ ʢʠʧôʷʪʠʣʠ ʚʧʨʦʜʦʚʞ 4 ʛʦʜ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʚ 
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ʩʫʤʽʰ ʜʦʜʘʣʠ 30 ʤʣ ʚʦʜʠ. ʆʜʝʨʞʘʥʠʡ ʦʩʘʜ ʚʽʜʬʽʣʴʪʨʦʚʫʚʘʣʠ ʪʘ ʪʨʠʯʽ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʫʚʘʣʠ ʟ 

ʝʪʘʥʦʣʫ. ɹʫʜʦʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ʜʘʥʠʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ 

ʟʘʧʠʩʫʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ Varian 600 (600 ʄɻʮ). ʗʢ ʨʦʟʯʠʥʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ - ɼʄʉʆ-d6. 

ʍʽʤʽʯʥʽ ʟʤʽʱʝʥʥʷ (ŭ. ʤ.ʯ.) ʥʘʚʝʜʝʥʽ ʚʽʜʥʦʩʥʦ ʩʠʛʥʘʣʫ ɼʄʉʆ ʪʘ ʘʮʝʪʦʥʫ. ɼʘʥʽ ʩʧʝʢʪʨʽʚ ʗʄʈ 
1
H 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 

ʉʧʝʢʪʨʠ ʗʄʈ 
1
ʅ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ 

ʉʧʦʣʫʢʘ ʍʽʤʽʯʥʽ ʟʤʽʱʝʥʥʷ, ŭ, ʤ.ʯ. 

ʆ 

6.96 (ʜ, J = 3.5 ɻʮ, 1H, fur). 7.41 (ʜ, J = 3.5 ɻʮ, 1H, fur), 7.47 (ʩ, 1H, CH), 7.64 (ʪ, J = 8.7 ɻʮ, 1H, 

C6H4), 7.78 (ʪ, J = 8.1 ɻʮ, 1H, C6H4), 7.88 (ʜ, J = 8.0 ɻʮ, 1H, C6H4), 7.91 (ʜ, J = 7.2 ɻʮ, 1H, C6H3), 

11.20 (ʩ, 1H, NOH). 

ʄ 

7.32 (ʜ, J = 3.3 ɻʮ, 1H, fur), 7.43 (ʜ, J = 3.3 ɻʮ, 1H, fur), 7.68 (ʩ, 1H, CH), 7.74 (ʪ, J = 8.0 ɻʮ, 1H, 

C6H4), 8.19 (ʜ, J = 7.7 ɻʮ, 1H, C6H4), 8.24 (ʜ, J = 7.9 ɻʮ, 1H, C6H4), 8.53 (ʩ, 1H, C6H4), 8.05 (ʩ, 1H, 

NOH)
 

ʇ* 

12.10 (ʩ, 0.18H, ʩʠʥ-OH), 11.56 (ʩ, 0.82H, ʘʥʪʠ-OH), 8.30 (ʤ, 2H), 8.10 (ʩ, 0.82H, ʘʥʪʠ-CH), 8.00 

(ʜ, J = 8.9 ɻʮ, 0.36H, ʩʠʥ-C6H4), 7.97 (ʜ, J = 8.9 ɻʮ, 1.64H, ʘʥʪʠ-C6H4), 7.67 (ʩ, 0.18H, ʩʠʥ-CH), 

7.45 (ʜ, J = 3.6 ɻʮ, 0.18H, ʩʠʥ-fur), 7.41 (ʜ, J = 3.6 ɻʮ, 0.82H, ʘʥʪʠ-fur), 7.36 (ʜ, J = 3.6 ɻʮ, 0.18H, 

ʩʠʥ-fur), 6.91 (ʜ, J = 3.6 ɻʮ, 0.82H, ʘʥʪʠ-fur) 

* ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʥʪʠ-ʩʠʥ ʢʦʥʬʦʨʤʝʨʽʚ 9:41 (~1:4.55) 

 

ɽʥʝʨʛʽʶ ʟʛʦʨʥ̫ʥʷ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʣʦʨʠʤʝʪʨʘ ɺ-08-ʄɸ ʟ ʽʟʦʪʝʨʤʽʯʥʦʶ 

ʦʙʦʣʦʥʢʦʶ (Ñ0.003 ʂ). ɽʥʝʨʛʝʪʠʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ (W=14901Ñ11 ɼʞ/ɺ) 

ʚʠʟʥʘʯʘʣʠ ʩʧʘʣʶʚʘʥʥʷʤ ʝʪʘʣʦʥʥʦʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʤʘʨʢʠ ʂ-1 (ʚʤʽʩʪ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 99.95% 

ʤʘʩ.), ʪʝʧʣʦʪʘ ʟʛʦʨʥ̫ʥʷ ʷʢʦʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʘ ɼʞʝʩʩʫʧʘ ʩʪʘʥʦʚʠʪʴ æUʉ = -26434.4 ɼʞ/ʛ. 

ɼʦʩʣʽʜʞʝʥʽ ʨʝʯʦʚʠʥʠ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʚʝʨʜʦʤʫ ʘʛʨʝʛʘʪʥʦʤʫ ʩʪʘʥʽ. ʇʝʨʝʜ 

ʧʨʦʚʝʜʝʥʥʷʤ ʜʦʩʣʽʜʫ ʾʭ ʧʝʨʝʪʠʨʘʣʠ ʚ ʭʘʣʮʝʜʦʥʦʚʽʡ ʩʪʫʧʮʽ, ʪʘʙʣʝʪʫʚʘʣʠ ʫ ʧʨʝʩ-ʬʦʨʤʽ ʪʘ ʧʦʤʽʱʘʣʠ ʚ 

ʧʣʘʪʠʥʦʚʫ ʯʘʢhʫ. ɿʨʘʟʢʠ ʩʧʘʣʶʚʘʣʠ ʚ ʪʝʨʠʣʝʥʦʚʽʡ ʘʤʧʫʣʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʠʩʥʝʥʥ ̫ʟʨʘʟʢʘ ʜʦ 

ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʫ. ɿʘʧʘʣʶʚʘʥʥʷ ʟʨʘʟʢʽʚ ʚ ʫʤʦʚʘʭ ʜʦʩʣʽʜʫ ʽʥʽʮʽʶʚʘʣʠ ʨʦʟʨʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʯʝʨʝʟ 

ʥʽʭʨʦʤʦʚʫ ʜʨʦʪʠʥʫ, ʱʦ ʧʽʜʧʘʣʶʚʘʣʘ ʙʘʚʦʚʥʷʥʫ ʥʠʪʢʫ. ʇʦʯʘʪʢʦʚʠʡ ʪʠʩʢ ʢʠʩʥʶ, ʧʦʧʝʨʝʜʥʴʦ 

ʦʯʠʱʝʥʦʛʦ ʚʽʜ ʛʦʨʶʯʠʭ ʜʦʤʽʰʦʢ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʚʦʜʠ, ʩʪʘʥʦʚʠʚ 3.0 ʄʇʘ. ʇʦʯʘʪʢʦʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʣʦʚʥʦʛʦ ʧʝʨʽʦʜʫ ʫ ʚʩʽʭ ʜʦʩʣʽʜʘʭ ʩʪʘʥʦʚʠʣʘ 298.15 ʂ. 

ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ʤʦʥʦ- 

ʪʘ ʜʽʦʢʩʠʜʫ ʢʘʨʙʦʥʫ, ʩʘʞʽ ʪʘ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ. ʂʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʦʛʦ ʜʽʦʢʩʠʜʫ ʢʘʨʙʦʥʫ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʤʝʪʦʜʦʤ ʈʦʩʩʽʥʽ [5] ʟ ʪʦʯʥʽʩʪʶ Ñ 1Ŀ10
-4 
ʛ. ʅʘʜʽʡʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧʽʜʪʚʝʨʜʞʝʥʘ ʩʝʨʽʻʶ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʽ ʩʧʘʣʶʚʘʥʥʷ ʝʪʘʣʦʥʥʦʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ. ɺʤʽʩʪ ʤʦʥʦʢʩʠʜʫ ʢʘʨʙʦʥʫ ʢʦʥʪʨʦʣʶʚʘʣʠ ʚ 

ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʨʫʙʦʢ ʟ ʪʦʯʥʽʩʪʶ Ñ 5Ŀ10
-6 
ʛ. ʂʽʣʴʢʽʩʪʴ ʩʘʞʽ, ʷʢʘ 

ʫʪʚʦʨʶʚʘʣʘʩʷ ʥʘ ʩʪʽʥʢʘʭ ʧʣʘʪʠʥʦʚʦʾ ʯʘʰʢʠ, ʚʠʟʥʘʯʘʣʠ ʟʚʘʞʫʚʘʥʥʷʤ ʟ ʪʦʯʥʽʩʪʶ Ñ 5Ŀ10
-6
 ʛ. ɺʤʽʩʪ HNO3 

ʚʠʟʥʘʯʘʣʠ ʪʠʪʨʫʚʘʥʥʷʤ 0.1ʥ ʨʦʟʯʠʥʦʤ NaOH. 

ɽʥʝʨʛʽʶ ʟʛʦʨʷʥʥʷ (UC(298,15))ʚ ʫʤʦʚʘʭ ʜʦʩʣʽʜʫ ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ 1: 

ʪʘʙʣ

ʘʩʢʥ
B

m

qqqqTW
U

++--DÖ
=D- )15,298(          (1) 

ʜʝ mʪʘʙʣ ï ʤʘʩʘ ʟʨʘʟʢʘ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʟʛʦʨʽʣʘ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜ ; W ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ 

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ, ȹT ï ʽʩʪʠʥʥʝ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ; qʥ, qʢ, qʩ, qʘ ï  ʧʦʧʨʘʚʢʠ ʥʘ ʪʝʧʣʦʪʠ 

ʟʛʦʨʷʥʥʷ ʥʠʪʢʠ, ʫʪʚʦʨʝʥʥʷ ʨʦʟʯʠʥʫ ʥʽʪʨʘʪʥʦʾ ʢʠʩʣʦʪʠ, ʫʪʚʦʨʝʥʥʷ ʩʘʞʽ ʪʘ ʟʛʦʨʷʥʥʷ ʪʝʨʠʣʝʥʦʚʦʾ 

ʘʤʧʫʣʠ ʚʽʜʧʦʚʽʜʥʦ; mexp/mcalc.ï ʧʦʚʥʦʪʘ ʟʛʦʨʷʥʥʷ ʩʧʦʣʫʢ ʚ ʫʤʦʚʘʭ ʜʦʩʣʽʜʫ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ (ɼʞ/ʛ) ʚ ʫʤʦʚʘʭ ʙʦʤʙʠ: ʥʠʪʢʘ ï 16704.2; 

ʫʪʚʦʨʝʥʥʷ HNO3 ï 59000; ʩʘʞʘ ï 32800 [6]. ʂʽʣʴʢʽʩʪʴ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʩʧʘʣʶʚʘʥʥʷ 1 ʛ ʙʘʚʦʚʥʷʥʦʾ ʥʠʪʢʠ, ʩʪʘʥʦʚʠʪʴ 1.6284 ʛ. ʇʝʨʚʠʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʛʦʨʷʥʥʷ ʨʝʯʦʚʠʥ ʪʘ ʧʦʚʥʦʪʘ ʾʭ ʟʛʦʨʷʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2. 

ɿʤʽʥʫ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʨʝʘʢʮʽʾ ʟʛʦʨʷʥʥʷ ʩʧʦʣʫʢ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ (DʉU
ʦ
) ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

DʉU
ʦ
=DUɺ+p             (2) 

ʜʝ DUɺ ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʟʛʦʨʷʥʥʽ ʩʧʦʣʫʢ ʚ ʫʤʦʚʘʭ  

ʢʘʣʦʨʠʤʝʪʨʠʯʥʦʛʦ ʜʦʩʣʽʜʫ, ʢɼʞ/ʤʦʣʴ; p ï ʧʦʧʨʘʚʢʘ ʋʦʰʙʝʨʥʘ ʫ ʢɼʞ/ʤʦʣʴ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ 

[7]:  

100/)
2

4
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+-ÖÖÖÖ=p           (3) 



ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 36 

ʜʝ ʈ ï ʪʠʩʢ ʢʠʩʥʶ ʚ ʙʦʤʙʽ (ʘʪʤ.); a, b, c ï ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ, ʛʽʜʨʦʛʝʥʫ ʪʘ ʦʢʩʠʛʝʥʫ ʚʽʜʧʦʚʽʜʥʦ ʫ 

ʤʦʣʝʢʫʣʽ ʩʧʦʣʫʢʠ. 

 

ʊʘʙʣʠʮʷ 2 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʟʛʦʨʷʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ 

mʪʘʙʣ, ʛ ȹT, ʂ qʥ, ɼʞ qʢ, ɼʞ qʩ, ɼʞ qʘ, ɼʞ DUɺ, ɼʞ/ʛ mʝʢʩ/mʪʝʦʨ 

5-(2-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

0.170195 0.306788 111.3 9.4 38.2 488.0 23508 0.9996 

0.190055 0.306326 118.1 8.9 23.6 - 23473 0.9995 

0.219475 0.352733 124.4 8.9 39.5 - 23521 0.9998 

0.139450 0.253434 106.7 7.7 22.3 412.4 23463 0.9995 

0.185485 0.331385 119.5 11.8 27.6 473.7 23509 0.9999 

0.227655 0.365865 121.1 10.3 25.9 - 23484 0.9997 

0.159940 0.287505 110.5 9.8 29.0 433.1 23507 0.9998 

DUɺ ʩʝʨ = 23495Ñ21 ɼʞ/ʛ, W=14901Ñ11 ɼʞ/ɺ 

5-(3-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

0.147055 0.30184 88.6 12.4 27.7 994.8 23322 0.9999 

0.268435 0.460200 94.5 14.8 28.2 499.8 23382 0.9995 

0.157370 0.253327 120.7 7.1 27.4 - 23349 0.9997 

0.296960 0.470822 102.6 18.9 29.7 - 23316 0.9999 

0.211560 0.370223 103.5 15.6 27.8 484.2 23356 0.9998 

0.173395 0.305069 97.4 12.1 28.3 419.5 23329 0.9995 

0.239780 0.415666 99.0 9.8 28.0 516.1 23342 0.9996 

DUɺ ʩʝʨ = 23342Ñ21 ɼʞ/ʛ, W=14901Ñ11 ɼʞ/ɺ 

5-(4-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

0.258615 0.467546 100.5 10.4 27.1 855.3 23308 0.9997 

0.117475 0.244776 87.0 4.1 19.4 841.0 23279 0.9995 

0.210800 0.397172 129.4 13.0 25.6 891.5 23292 0.9999 

0.225245 0.417304 114.9 11.8 27.2 861.3 23341 0.9996 

0.188690 0.364953 121.2 13.0 35.1 945.8 23283 0.9999 

0.124880 0.233058 104.1 4.7 23.8 473.6 23336 0.9998 

0.205720 0.360752 106.5 14.2 27.7 486.0 23316 0.9995 

DUɺ = 23308Ñ23 ɼʞ/ʛ, W=14901Ñ11 ɼʞ/ɺ 

 

ʉʪʘʥʜʘʨʪʥʫ ʝʥʪʘʣʴʧʽʶ ʟʛʦʨʷʥʥʷ ʨʝʯʦʚʠʥ ʟʥʘʭʦʜʠʣʠ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʧʨʘʚʢʫ  ʥʘ  ʨʦʙʦʪʫ  

ʨʦʟʰʠʨʝʥʥʷ DʉH
ʦ
=DʉU

ʦ
+DnRT, ʜʝ Dn ï ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʤʦʣʽʚ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʨʝʘʢʮʽʾ ʛʦʨʽʥʥʷ ʩʧʦʣʫʢ: 

Ca Hb Oc Nd (ʢʨ) + (a+b/4-c/2) O2 (ʛ)  =  a CO2 (ʛ) + (b/2) H2O + (d/2) N2 (ʛ) 

ʉʪʘʥʜʘʨʪʥʽ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ʨʝʯʦʚʠʥ ʫ ʢʦʥʜʝʥʩʦʚʘʥʦʤʫ ʩʪʘʥʽ ʟʥʘʭʦʜʠʣʠ  ʟʘ  ʨʽʚʥʷʥʥʷʤ 

DfH
ʦ
(ʉʘʅbʆʩNd(ʪʚ))

 
= ʘĿDfH

ʦ
(ʉʆ2,ʛ) + b/2ĿDfH

ʦ
(ʅ2ʆ,ʨʽʜ) - DʉH

ʦ
(ʉʘʅbʆʩNd(ʪʚ)), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ  ʚʝʣʠʯʠʥʠ: 

DfH
ʦ
(ʉʆ2,ʛ) = ï393.512°0.045 ʢɼʞ/ʤʦʣʴ, DfH

ʦ
(ʅ2ʆ,ʨʽʜ) = ï285.830°0.040 ʢɼʞ/ʤʦʣʴ [7]. ɺ ʪʘʙʣ. 3 

ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ (ʢɼʞ/ʤʦʣʴ) DUɺ, DʉU
ʦ
, DʉH

ʦ
, DfH

ʦ
(ʪʚ) ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ. ʊʫʪ ʽ 

ʥʘʜʘʣʽ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʨʦʟʨʘʭʦʚʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʠʪʝʨʽʶ 

ʉʪʴʶʜʝʥʪʘ ʜʣʷ 5% ʨʽʚʥʷ ʟʥʘʯʠʤʦʩʪʽ. 

ʊʘʙʣʠʮʷ 3 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʡ ʪʘ ʝʥʪʘʣʴʧʽʡ ʟʛʦʨʷʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ (ʢɼʞ/ʤʦʣʴ) 

DUɺ  ́ DʉU
ʦ
 DnRT DʉH

ʦ
 DfH

ʦ
(ʪʚ) 

5-(2-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

-5455.4Ñ4.8 4.4 -5459.8Ñ4.8 2.5 -5457.3Ñ4.8 -14.6Ñ4.8 

5-(3-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

-5419.9Ñ4.9 4.4 -5424.3Ñ4.9 2.5 -5421.8Ñ4.9 -50.1Ñ4.9 

5-(4-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

-5412.0Ñ5.3 4.4 -5416.4Ñ5.3 2.5 -5413.9Ñ5.3 -58.0Ñ5.3 

ʊʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʩʧʦʣʫʢ ʪʘ ʝʥʪʘʣʴʧʽʾ ʩʫʙʣʽʤʘʮʽʾ ʚʠʟʥʘʯʘʣʠ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʝʬʫʟʽʡʥʠʤ ʤʝʪʦʜʦʤ ʂʥʫʜʩʝʥʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʪʝʛʨʘʣʴʥʦʾ ʝʬʫʟʽʡʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʢʦʥʩʪʨʫʢʮʽʷ ʢʘʤʝʨʠ ʪʘ ʤʝʤʙʨʘʥ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʽʜʽʙʨʘʥʽ 

ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [8].  
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ɺʘʢʫʫʤʥʘ ʩʠʩʪʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʦʩʷʛʘʣʘ ʨʦʟʨʽʜʞʝʥʥʷ 0.1 ʇʘ ʟʘ 20Ñ15 ʩ. ʄʘʩʫ ʨʝʯʦʚʠʥʠ (ȹmef), ʱʦ 

ʝʬʫʥʜʫʚʘʣʘ ʫʧʨʦʜʦʚʞ ʜʦʩʣʽʜʫ, ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʽʟʥʠʮʝʶ ʤʘʩʠ ʢʘʤʝʨʠ ʜʦ ʪʘ ʧʽʩʣʷ ʜʦʩʣʽʜʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʘʛ ɺʃʈ-200 ʟ ʪʦʯʥʽʩʪʶ Ñ5Ŀ10
-5
 ʛ. ʊʦʯʥʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʘ (ʊ) ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʝʬʫʟʽ ʾ(Ű) ʩʪʘʥʦʚʠʣʠ Ñ0.5 ʂ ʽ Ñ5 ʩ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ ʚʠʟʥʘʯʘʣʠ ʚ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʪʠʩʢʫ ʧʘʨʠ ʝʪʘʣʦʥʥʦʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʤʘʨʢʠ ʂ-1 (ʚʤʽʩʪ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 99.95% ʤʘʩ.) ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 322.7ï354.1 ʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʙʦʨʫ ʟ ʪʨʴʦʭ ʤʝʤʙʨʘʥ, ʜʽʘʤʝʪʨʘʤʠ 2.05, 

2.10 ʪʘ 2.05 ʤʤ, ʚʽʜʧʦʚʽʜʥʦ, ʪʦʚʱʠʥʦʶ 0.09 ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ ʙʫʣʠ ʦʧʨʘʮʴʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʪʘ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ:  

lnP(ʇʘ)=(33.72Ñ1.81)-(10727Ñ619)Ŀ1/T; R=0.9849. 

ɽʥʪʘʣʴʧʽʷ ʩʫʙʣʽʤʘʮʽʾ ʙʝʥʟʦʡʥʦʾ ʢʠʩʣʦʪʠ, ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʨʽʚʥʷʥʥʷ, ʩʪʘʥʦʚʠʪʴ 89.2°5.1 ʢɼʞ/ʤʦʣʴ 

(ʊʩʝʨ=343 ʂ) ʽ ʮʽʣʢʦʤ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 90.1Ñ0.6 ʢɼʞ/ʤʦʣʴ (ʊʩʝʨ=353ʂ) 

ʨʦʙʦʪʠ [9].  

ɺʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʽʚ ʟ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʩʧʦʣʫʢ ʘʥʘʣʦʛʽʯʥʝ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʽʚ ʟ ʙʝʥʟʦʡʥʦʶ ʢʠʩʣʦʪʦʶ. ʃʝʪʢʽ ʜʦʤʽʰʢʠ, ʷʢʽ ʤʦʛʣʠ ʩʧʦʪʚʦʨʠʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʜʘʣʷʣʠ ʥʘ 

ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ). ʎʶ ʩʪʘʜʽʶ ʚʚʘʞʘʣʠ 

ʟʘʚʝʨʰʝʥʦʶ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʨʘʟʢʘ ʚʽʜʪʚʦʨʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ Ñ1% ʟʘ ʬʽʢʩʦʚʘʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʇʝʨʚʠʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʬʫʟʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʈ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʊ), ʚ ʷʢʠʭ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 4.  

 

ʊʘʙʣʠʮʷ 4 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʩʫʙʣʽʤʘʮʽʾ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ 

ʊ, ʂ t, ʩ 
ʇʝʨʰʘ ʤʝʤʙʨʘʥʘ ɼʨʫʛʘ ʤʝʤʙʨʘʥʘ ʊʨʝʪʷ ʤʝʤʙʨʘʥʘ 

Dm, ʛ ʈ, ʇʘ Dm, ʛ ʈ, ʇʘ Dm, ʛ ʈ, ʇʘ 

5-(2-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

387.1 7236 0.00555 0.3380 0.00575 0.3397 0.00610 0.3730 

388.2 3640 0.00315 0.3819 0.00340 0.3999 0.00350 0.4261 

396.6 3634 0.00710 0.8714 0.00760 0.9050 - - 

397.1 3659 0.00705 0.8599 0.00875 1.0350 0.00885 1.0840 

377.4 10843 0.00355 0.1425 0.00450 0.1752 0.00395 0.1592 

378.9 10838 0.00440 0.1770 0.00465 0.1815 0.00480 0.1939 

381.3 10844 0.00655 0.2642 0.00635 0.2484 - - 

lnP = (-13449Ŀ1/TÑ921)  + (33.79Ñ2.38), ɟ = 0.9821 

5-(3-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

402.5 7234 0.00477 0.2963 0.00500 0.3013 0.00490 0.3056 

405.4 7240 0.00679 0.4229 0.00740 0.4472 0.00665 0.4160 

406.0 7240 0.00771 0.4806 0.00790 0.4777 0.00790 0.4945 

408.7 7235 0.00860 0.5382 0.00925 0.5616 0.00940 0.5908 

410.2 7234 0.00835 0.5236 0.00845 0.5140 0.00815 0.5132 

419.8 7222 0.01920 1.2200 0.01735 1.0700 0.01775 1.1330 

395.7 10822 0.00485 0.1997 0.00495 0.1977 0.00495 0.2046 

407.2 10824 0.00925 0.3862 0.00910 0.3686 0.00935 0.3921 

407.5 10825 0.01105 0.4615 0.01145 0.4639 0.01130 0.4740 

394.1 10828 0.00335 0.1376 0.00350 0.1394 0.00340 0.1402 

390.0 10827 0.00250 0.1021 0.00260 0.1030 0.00260 0.1067 

lnP = (-13109Ŀ1/TÑ790)  + (31.40Ñ1.96), ɟ = 0.9736 

5-(4-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤ 

414.6 3619 0.00175 0.2205 0.00180 0.2200 0.00175 0.2215 

418.0 3619 0.00250 0.3163 0.00245 0.3007 0.00245 0.3113 

422.9 3696 0.00360 0.4486 0.00375 0.4534 0.00370 0.4630 

425.1 3622 0.00380 0.4845 0.00425 0.5257 0.00410 0.5249 

425.1 3626 0.00385 0.4903 0.00400 0.4942 0.00540 0.4988 

428.9 3625 - - 0.00545 0.6765 0.00390 0.6939 

lnP = (-13664Ñ797)Ŀ1/T  + (31.49Ñ1.89), ɟ = 0.9888 
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ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʣʽʥʽʡʥʦʾ ʬʦʨʤʠ ʨʽʚʥʷʥʥʷ ʂʣʘʧʝʡʨʦʥʘ-ʂʣʘʫʟʽʫʩʘ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ 

ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʡ ʩʫʙʣʽʤʘʮʽʾ ʪʘ ʩʝʨʝʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽʥʪʝʨʚʘʣʽʚ ʚʠʟʥʘʯʝʥʥʷ ʊʩʝʨ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʠʭ ʨʝʯʦʚʠʥ ʩʪʘʥʦʚʣʷʪʴ: DsubH = 111.8Ñ7.7 ʢɼʞ/ʤʦʣʴ, ʊʩʝʨ = 387.3 ʂ ʜʣʷ ʆ;. DsubH = 109.0Ñ6.6 

ʢɼʞ/ʤʦʣʴ, ʊʩʝʨ = 404.9 ʂ ʜʣʷ ʄ;. DsubH = 113.6Ñ6.6 ʢɼʞ/ʤʦʣʴ, ʊʩʝʨ = 421.8 ʂ ʜʣʷ ʇ.  

ɽʥʪʘʣʴʧʽʾ ʩʫʙʣʽʤʘʮʽʾ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʣʠ ʚ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʘʭ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʫʤʦʚʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʝʥʪʘʣʴʧʽʡ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʟ 

ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʦ 298 ʂ ʥʝʦʙʭʽʜʥʽ ʚʝʣʠʯʠʥʠ ʟʤʽʥʠ ʾʭ ʪʝʧʣʦʻʤʥʦʩʪʽ 

ȹCp ʧʽʜ ʯʘʩ ʩʫʙʣʽʤʘʮʽʾ. ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙʨʘʭʫʥʢʫ ȹCp ʩʢʦʨʠʩʪʘʣʠʩʴ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʨʦʟʨʘʭʫʥʢʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʫ [10]: 

DsubH298 = DsubHʊʩʝʨ + (0.259Ñ0.041)ĿʄĿ(ʊʩʝʨ ï 298)          (4) 

ʜʝ ʄ ï ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ ʨʝʯʦʚʠʥʠ (ʛ/ʤʦʣʴ). ʇʽʩʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʝʥʪʘʣʴʧʽʡ ʩʫʙʣʽʤʘʮʽʾ ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ ʧʨʠ 298 ʂ. ʎʽ ʞ 

ʚʝʣʠʯʠʥʠ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʘʜʠʪʠʚʥʦʶ ʩʭʝʤʦʶ ɹʝʥʩʦʥʘ [11]. ɿʥʘʯʝʥʥʷ ʽʥʢʨʝʤʝʥʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 5. 

 

ʊʘʙʣʠʮʷ 5 

ɿʥʘʯʝʥʥʷ ʽʥʢʨʝʤʝʥʪʽʚ ʜʣʷ ʩʭʝʤʠ ɹʝʥʩʦʥʘ 

 

ɿʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʡ ʩʫʙʣʽʤʘʮʽʾ, ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ʚ ʛʘʟʽ ʧʨʠ 298 ʂ, ʚʠʟʥʘʯʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʝʦʨʝʪʠʯʥʦ, ʘ ʪʘʢʦʞ ʨʽʟʥʠʮʽ ʤʽʞ ʥʠʤʠ (ŭ) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 6. 

 

ʊʘʙʣʠʮʷ 6 

ʈʦʟʨʘʭʫʥʦʢ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ʚ ʛʘʟʽ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ (ʢɼʞ/ʤʦʣʴ) 

ʈʝʯʦʚʠʥʘ DsubH298 DfH
ʦ
(ʪʚ) 

DfH(ʛ) DfH(ʛ) 
ŭ 

ʝʢʩʧ. ʨʦʟʨ. 

ʆ 117.2 -14.6 102.6 56.7  45.9 

ʄ 115.4 -50.1 65.3 56.7 8.6 

ʇ 121.0 -58,0 63.0 56.7 6.3 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 6, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ ʜʣʷ 

ʄ ʪʘ ʇ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʽ ʪʘ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ʚʝʣʠʯʠʥʠ ʜʣʷ ʆ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʠ 

ʜʦʚʦʣʽ ʙʣʠʟʴʢʽ ʜʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʪʝʦʨʝʪʠʯʥʦ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʠʤʠ ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʘʜʠʪʠʚʥʦʶ ʩʭʝʤʦʶ ʟʥʘʯʝʥʥʷʤʠ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ ʜʣʷ 

ʦʨʪʦ-ʽʟʦʤʝʨʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʦʶ ʮʠʢʣʽʟʘʮʽʻʶ ʟʘ ʚʦʜʥʝʚʠʤ ʟʚô̫ ʟʢʦʤ (ʉʭʝʤʠ 2 

ʪʘ 3). ʋʯʘʩʪʴ ʫ ʮʽʡ ʮʠʢʣʽʟʘʮʽʾ ʦʢʩʠʛʝʥʫ ʟ ʥʽʪʨʦʛʨʫʧʠ ʜʣʷ ʆ ʩʧʨʠʯʠʥʷʻ ʙʽʣʴʰʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ. 

 
ʉʭʝʤʘ 2. ɺʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʚ ʤʦʣʝʢʫʣʽ 5-(2-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤʫ 

ʌʨʘʛʤʝʥʪ ȹfH298, ʢɼʞ/ʤʦʣʴ ʌʨʘʛʤʝʥʪ ȹfH298, ʢɼʞ/ʤʦʣʴ 

O-(Cd)2 -137.2 Cd-(O)(CB)
 

36.1 

Cd-(O)(H) 36.0 CB-(H) 13.8 

Cd-(Cd)(H) 28.4 CB-(Cd) 23.8 

Cd-(Cd)(O) 37.2 CB-(NO2) -0.5 

Ni-(OH)
 

-17.2 ʌʫʨʘʥʦʚʠʡ ʮʠʢʣ -25.9 
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ʉʭʝʤʘ 3. ɺʥʫʪʨʽʰʥʴʦʤʦʣʝʢʫʣʷʨʥʽ ʚʟʘʻʤʦʜʽʾ ʚ ʤʦʣʝʢʫʣʘʭ 5-(3-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤʫ  

ʪʘ 5-(4-ʥʽʪʨʦʬʝʥʽʣ)-ʬʫʨʠʣ-2-ʦʢʩʠʤʫ 

ʈɽɿʖʄɽ 

ʄʝʪʦʜʦʤ ʙʦʤʙʦʚʦʾ ʢʘʣʦʨʠʤʝʪʨʽʾ ʩʧʘʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʽ ʝʥʪʘʣʴʧʽʾ ʟʛʦʨʷʥʥʷ ʥʽʪʨʦʬʝʥʽʣʴʥʠʭ 

ʧʦʭʽʜʥʠʭ ʬʫʨʠʣ-2 ʦʢʩʠʤʫ. ʈʦʟʨʘʭʦʚʘʥʽ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. 

ɯʥʪʝʛʨʘʣʴʥʠʤ ʝʬʫʟʽʡʥʠʤ ʤʝʪʦʜʦʤ ʂʥʫʜʩʝʥʘ ʜʦʩʣʽʜʞʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ 

ʧʘʨʠ, ʟʘ ʷʢʠʤʠ ʨʦʟʨʘʭʦʚʘʥʽ ʝʥʪʘʣʴʧʽʾ ʩʫʙʣʽʤʘʮʽʾ. ʈʦʟʨʘʭʦʚʘʥʽ ʝʥʪʘʣʴʧʽʾ ʫʪʚʦʨʝʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ 

ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ. ʇʦʨʽʚʥʷʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʽ ʚʝʣʠʯʠʥʠ ʝʥʪʘʣʴʧʽʡ ʫʪʚʦʨʝʥʥʷ ʚ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʽ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʘʜʠʪʠʚʥʦʶ ʩʭʝʤʦʶ ɹʝʥʩʦʥʘ.  

ʈɽɿʖʄɽ 

ʄʝʪʦʜʦʤ ʙʦʤʙʦʚʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʩʞʠʛʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ ʥʠʪʨʦʬʝʥʠʣʴʥʭr 

ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʠʣ-2-ʦʢʩʠʤʘ. ʈʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʥʪʝʛʨʘʣʴʥʳʤ ʵʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʂʥʫʜʩʝʥʘ ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ. 

ʈʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʘʜʜʠʪʠʚʥʦʡ ʩʭʝʤʝ ɹʝʥʩʦʥʘ. 

SUMMARY 

The enthalpies of combustion of nitrophenyl derivatives furyl-2-oxime were specified by burning 

bomb calorimetry method. The enthalpies of formation of the studied compounds in the solid state were 

calculated. By integral Knudsen effusion method the temperature dependences of saturated vapor pressure 

were investigated, on which calculated the enthalpies of sublimation. The enthalpies of formation of the 

studied compounds in gaseous state were calculated. The experimentally obtained enthalpies of formation in 

gaseous state and theoretically calculated by Benson additive scheme for studied compounds were compared. 
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ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ 
*ʅʘʮʽʦʥʘʣʴʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʤ. ʂʠʾʚ 

 ʋɼʂ 546.47 

ɼʆ ʇʀʊɸʅʅʗ ʉʀʅʊɽɿʋ ʇʆɼɺɯʁʅʆɻʆ ʅɸʊʈɯʁɼʀɸʄʆʅɯʁ ʌʆʉʌɸʊʋ 
ɻɽʂʉɸɻɯɼʈɸʊʋ Na(NH4)2PO4Ŀ6H2O  

ɼʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʩʠʥʪʝʟʫ ʪʘ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʜʚʽʡʥʠʭ ʬʦʩʬʘʪʽʚ ʘʤʦʥʽʶ ʪʘ ʥʘʪʨʽʶ ʤʘʻ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʢʣʘ  ̔ʬʣʶʩʫ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ ʧʨʠ 

ʧʘʷʥʥʽ, ʘ ʪʘʢʦʞ ʷʢ ʨʝʛʫʣʷʪʦʨʽʚ ʢʠʩʣʦʪʥʦʩʪʽ, ʝʤʫʣʴʛʘʪʦʨʽʚ ʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʚ ʭʘʨʯʦʚʽʡ ʽ 

ʭʣʽʙʦʧʝʢʘʨʩʴʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1-5]. ɿʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ ʧʦʜʚʽʡʥʽ ʬʦʩʬʘʪʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʤʽʩʪʪ̫ʴ 

ʦʜʥʦʯʘʩʥʦ ʤʘʢʨʦʝʣʝʤʝʥʪʠ ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ ï ʥʘʪʨʽʡ, ʥʽʪʨʦʛʝʥ ʪʘ ʬʦʩʬʦʨ, ʘ ʪʦʤʫ ʪʘʢʦʞ 

ʤʦʞʣʠʚʝ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ [6-8].  

ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʦʧʠʩʘʥʦ ʦʜʝʨʞʘʥʥʷ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ ʥʘʪʨʽʶ-ʘʤʦʥʽʶ, ʷʢʠʡ ʟʘ  ʩʢʣʘʜʦʤ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʚʦʟʘʤʽʱʝʥʠʭ, ʢʠʩʣʠʭ ʬʦʩʬʘʪʽʚ - NaNH4ʅPO4 [9, 10], ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ 

ʨʦʟʯʠʥʽʚ NH4H2PO4 ʽ Na2CO3 ʪʘ (NH4)2HPO4 ʽ NaCl ʟ ʥʘʩʪʫʧʥʠʤ ʾʭ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ ʽ ʧʦʩʪʘʜʽʡʥʦʶ 

ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʮʽʣʴʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʽʥʰʠʭ ʩʦʣʝʡ. ʊʘʢʦʞ ʚʽʜʦʤʦ ʦʜʝʨʞʘʥʥʷ  NaNH4ʅPO4Ā4H2O  

ʨʝʘʢʪʠʚʥʦʾ ʯʠʩʪʦʪʠ (ʯ.ʜ.ʘ.) ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʚ ʛʘʨʷʯʽʡ ʚʦʜʽ Na2HPO4Ŀ12H2O ʽ NH4Cl ʟ ʥʘʩʪʫʧʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʜʦ 10 
ʦ
ʉ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʧʨʦʜʫʢʪʫ, ʚʠʭʽʜ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 71% [11] 

ʅʝʜʦʣʽʢʦʤ ʮʠʭ ʤʝʪʦʜʽʚ ʻ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʩʪʴ ʨʝʘʢʮʽʡʥʦʾ ʤʘʩʠ, ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʚʦʩʘʜʞʝʥʥʷ 

ʨʘʟʦʤ ʟ ʮʽʣʴʦʚʠʤ ʧʨʦʜʫʢʪʦʤ ʽʥʰʠʭ ʩʦʣʝʡ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʪʨʠʟʘʤʽʱʝʥʦʛʦ  ʬʦʩʬʘʪʫ ʥʘʪʨʽʶ-

ʘʤʦʥʽʶ. 

ʉʝʨʝʜ ʧʦʜʚʽʡʥʠʭ ʘʤʦʥʽʡʥʠʭ ʬʦʩʬʘʪʽʚ ʚʽʜʦʤʦʩʪʽ ʧʨʦ Na(NH4)2PO4 ʚʽʜʩʫʪʥʽ ʘʙʦ ʦʙʤʝʞʝʥʽ[1-3, 6-

11].  ʊʦʤʫ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʫʤʦʚ ʦʜʝʨʞʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʠʤʠ ʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʽʟʫ ʧʦʜʚʽʡʥʦʛʦ ʥʘʪʨʽʡʜʠʘʤʦʥʽʡʬʦʩʬʘʪʫ ʛʝʢʩʘʛʽʜʨʘʪʫ Na(NH4)2PO4Ŀ6H2O. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʇʦʜʚʽʡʥʠʡ ʥʘʪʨʽʡʜʠʘʤʦʥʽʡʬʦʩʬʘʪ ʛʝʢʩʘʛʽʜʨʘʪ Na(NH4)2PO4

.
6H2O ʦʜʝʨʞʫʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʝʪʦʜʠʢʠ [12] ʧʨʠ ʟʤʽʰʫʚʘʥʥʷʤ ʨʦʟʯʠʥʫ NaH2PO4Ā2H2O ʟ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʘʤʽʘʢʫ 

ʧʨʠ 0 ï 5 Áʉ ʽ ʚʠʪʨʠʤʫʚʘʥʥʷʤ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚʧʨʦʜʦʚʞ 48 ʛʦʜ. ʜʦ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʮʽʣʴʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʋʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ: 

NaH2PO4 + 2NH3 Na(NH4)2PO4. 

ʗʢ ʚʠʭʽʜʥʽ ʨʝʘʛʝʥʪʠ ʜʣʷ ʩʠʥʪʝʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ NaH2PO4

.
2H2O (ʯ.ʜ.ʘ.), ʘ ʪʘʢʦʞ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʘʤʽʘʢʫ (23õ25% ʤʘʩ.) (ʯ.ʜ.ʘ.). 

 ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʤʝʪʦʜʠʢʦʶ: ʥʘʚʘʞʢʫ NaH2PO4Ā2H2O ʤʘʩʦʶ 40.0 ʛ ʨʦʟʯʠʥʷʣʠ ʚ 

50 ʤʣ ʚʦʜʠ (34%-ʥʠʡ ʨʦʟʯʠʥ NaH2PO4), ʘ ʧʦʪʽʤ ʜʦ ʨʦʟʯʠʥʫ ʥʘʪʨʽʡ ʜʠʛʽʜʨʦʬʦʩʬʘʪʫ ʜʦʜʘʚʘʣʠ 

ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʘʤʽʘʢʫ (22-23%) ʦʙôʻʤʦʤ 100 ʤʣ (2.5 ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʢʽʣʴʢʦʩʪʽ NH3 ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʨʝʘʢʮʽʾ), ʩʫʤʽʰ ʧʦʤʽʱʘʣʠ ʚ ʭʦʣʦʜʠʣʴʥʫ ʢʘʤʝʨʫ ʧʨʠ 0 ï 5 Áʉ ʪʘ  ʚʠʪʨʠʤʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 

48 ʛʦʜ. ʜʦ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʧʨʦʜʫʢʪʫ. ʆʩʘʜ ʚʽʜʜʽʣʷʣʠ ʚʽʜ ʤʘʪʦʯʥʦʛʦ ʨʦʟʯʠʥʫ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʽ 

ʚʠʪʨʠʤʫʚʘʣʠ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 15õ25Áʉ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʘʣʠ 

ʧʦʣʽʜʠʩʧʝʨʩʥʠʡ ʢʨʠʩʪʘʣʽʯʥʠʡ ʧʨʦʜʫʢʪ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʨʦʜʫʢʪ ʚʽʜʧʦʚʽʜʘʚ 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʽ Na2OĿP2O5Ŀ4NH3Ŀ14H2O, ʤʦʣʝʢʫʣʷʨʥʘ ʬʦʨʤʫʣʘ ʨʝʯʦʚʠʥʠ Na(NH4)2PO4Ā6H2O.  

ɼʣʷ ʩʠʥʪʝʟʦʚʘʥʦʛʦ Na(NH4)2PO4
.
6H2O:  

ʨʦʟʨʘʭʦʚʘʥʦ, %: Na2O  ï 11.82; P2O5 ï 27.07; NH3 ï 13.00; H2O ï 48.11; 

ʟʥʘʡʜʝʥʦ, %:  Na2O ï  11.50; P2O5 ï 26.31; NH3 ï 13.00; H2O ï 49.19. 

ɺʤʽʩʪ ʥʘʪʨʽʶ
 
ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʫʤô̫ ʥʝʚʦʾ ʬʦʪʦʤʝʪʨʽ ʾ [13], ʈ2ʆ5 ï ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ 

[14], ʘʤʽʘʢ ï ʚʽʜʛʦʥʢʦʶ ʥʘ ʘʧʘʨʘʪʽ ʉʝʨʝʥʴʻʚʘ [14], ʚʤʽʩʪ ʚʦʜʠ ʽ ʘʤʽʘʢʫ ï ʟʘ ʨʽʟʥʠʮʝʶ ʚʪʨʘʪʠ ʤʘʩʠ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʚʧʨʦʜʦʚʞ 2 ʛʦʜ. ʧʨʠ 750Áʉ.  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅïʋʄ1, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʦʥʦʭʨʦʤʘʪʠʯʥʝ CuKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʗʢ ʤʦʥʦʭʨʦʤʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʦʥʦʢʨʠʩʪʘʣ ʛʨʘʬʽʪʫ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʜʠʬʨʘʛʦʚʘʥʦʤʫ ʧʫʯʢʫ. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʥʽʤʘʣʠ ʤʝʪʦʜʦʤ ʢʨʦʢʦʚʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʢʫʪʽʚ 2Ū 4-80Á
 
. ʂʨʦʢ ʩʢʘʥʫʚʘʥʥʷ ʩʢʣʘʜʘʚ 

 
0,05Á, ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʚ ʪʦʯʮʽ 3-9 ʩ. ɿʘʨʝʻʩʪʨʦʚʘʥʽ 

ʜʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ ʘʧʨʦʢʩʠʤʫʚʘʣʠ ʬʫʥʢʮʽʻʶ ʧʩʝʚʜʦ-ʌʦʡʛʭʪʘ, ʚʠʜʽʣʷʶʯʠ KŬ1 ï ʢʦʤʧʦʥʝʥʪ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʪʚʝʨʜʠʭ ʜʠʬʦʩʬʘʪʽʚ, ʽʥʜʠʮʽʶʚʘʥʥʷ 



ʅɽʆʈɻɸʅɯʏʅɸ, ɸʅɸʃɯʊʀʏʅɸ ʊɸ ʌɯɿʀʏʅɸ ʍɯʄɯʗ 

ʅʘʫʢ. ʟʘʧ. ʊʝʨʥʦʧ. ʥʘʮ. ʧʝʜ. ʫʥ-ʪʫ. ʉʝʨ.: ʭʽʤʽʷ, ˉ23 (2016) 41 

ʨʝʥʪʛʝʥʦʛʨʘʤ ʪʘ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʧʨʦʛʨʘʤʘʤʠ ʜʣʷ ʈʉ ɸʊ/XT, ʨʦʟʨʦʙʣʝʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʠʢ [15ï18].  

ʉʧʝʢʪʨʠ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʟʨʘʟʢʽʚ ʟʘʧʠʩʫʚʘʣʠ ʚ ʦʙʣʘʩʪʽ 4000 ï 400 ʩʤ
-1
 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Specordï75IR. ɿʨʘʟʢʠ ʜʣʷ ʟʡʦʤʦʢ ʛʦʪʫʚʘʣʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʝʪʦʢ ʥʘ ʦʩʥʦʚʽ KBr, ʜʝ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʩʢʣʘʜʘʣʘ 0.3 ï 0.5% ʤʘʩ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʅʘ (ʨʠʩ. 1) ʥʘʚʝʜʝʥʽ ɯʏ ʩʧʝʢʪʨʠ ʚʠʭʽʜʥʦʛʦ ʜʠʛʽʜʨʦʬʦʩʬʘʪʫ ʥʘʪʨʽʶ NaH2PO4
.
2H2O ʩʝʨʝʜʥʴʦʛʦ, 

ʧʦʜʚʽʡʥʦʛʦ ʢʠʩʣʦʛʦ ʬʦʩʬʘʪʫ ʥʘʪʨʽʶ-ʘʤʦʥʽʶ, ʛʽʜʨʦʬʦʩʬʘʪʫ ʘʤʦʥʽʶ ʪʘ  ʦʜʝʨʞʘʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ 

ʬʦʩʬʘʪʫ ʥʘʪʨʽʶ ʘʤʦʥʽʶ . ɺ (ʪʘʙʣ. 1) ʥʘʚʝʜʝʥʽ ʤʘʢʩʠʤʫʤʠ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ɯʏ ʩʧʝʢʪʨʘʭ ʟ 

ʚʽʜʥʝʩʝʥʥ̫ʤʠ. 

ʊʘʙʣʠʮʷ 1 

ʏʘʩʪʦʪʠ  (ʩʤ
-1
) ʤʘʢʩʠʤʫʤʽʚ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʥʘ ɯʏ ʩʧʝʢʪʨʘʭ ʬʦʩʬʘʪʽʚ 

NaH2PO4Ā2H2O  NaHNH4PO4
.
4H2O Na(NH4)2PO4

.
6H2O (NH4)2ʅPO4 ʉʤʫʛʠ ʚʽʜʥʝʩʝʥʥʷ 

3450ʧʣ. 

3300-2700ʰʧ. 

2815ʩ. 

 

3350-2700ʰʧ. 

3350 ʧʣ. 

3240ʩʨ. 

2880ʩʣ. 

2720 ʧʣ. 

3250-2650ʰʧ. 

3185ʩʣ. 

3046ʩʨ. 

2945ʩʣ. 

2900ʧʣ. 

2885ʩʣ. 

2814ʩʨ. 

3250-2500ʰʧ. 

 

ɡ(-OH),  

ɡas(-NH) 

 

2400 ʩʨ. 2415 ʩʣ. 

2220ʩʣ. 

2175ʧʣ. 

1945ʩʣ. 

1920ʩʨ. 

 

2210ʩʨ. 

 

1945ʩ. 

 

 

2205ʩ. 

2025ʧʣ. 

1942ʩ. 

ɡ(-OH (POH))  

 

1710ʧʣ. 1718ʩʣ. 

1700ʩʨ. 

1715ʩʨ. 1716ʩʨ. 

1702ʧʣ. 

ŭ (H2O) 

1636ʩ. 1600ʧʣ. 1670ʩʣ. 

1645ʩʣ. 

1675ʩʣ. 

1645ʩʣ. 

1620ʩʣ. 

ŭ(H2O), ŭas(NH4
+
) 

 1486ʩʨ. 

1466ʩʣ. 

1448ʩʣ. 

1510 ʧʣ. 

1465ʩ. 

1410ʩʣ. 

1516ʩʨ. 

1455ʩ. 

1410ʩʨ. 

ŭs(NH4
+
) 

 

1300ʩ. 

1240 ʩʨ. 

 

1245ʩ. 

 

1240ʩʣ. 

1210ʩʣ. 

 

1220ʩ. 

ŭ(ʈʆʅ) 

 

1164ʩ.-1100ʧʣ.     ɡas(PO2) 

1050ʩ. 

 

1060ʩ. 1074ʩ. 

1060ʩ. 

1025ʩʣ. 

1052ʩ. 

1015ʧʣ. 

ɡs(PO2), ɡas(PO3), 

ɡas(PO4) (PO) 

 

985ʩʨ. 

935ʩ. 

995ʩ.  

950ʩ. 

900ʩʨ. 

 

946ʩ. 

900ʩ. 

ɡs(PO3) 

ɡas(PO2) (H2)) 

ɡs(PO4) (PO) 

870ʩ. 

830ʩʣ. 

884ʩ. 

814ʩʣ. 

860ʧʣ. 850ʩʣ. ɡs(PO) (H)) 

ɡs(PO2) (H2)) 

725ʩʣ. 

 

690ʩʨ. 

668ʩʣ. 

700ʩʣ. 

646ʩʣ. 

 

668ʩʣ. 

ɔ(ʈʆʅ) 

 

 610ʩ.   ŭas (OPO) 

565ʩʨ. 

535ʩ. 

510ʩʣ. 

548ʧʣ. 

534ʩ. 

554ʩʨ. 

530ʩ. 

554ʩ. 

530ʩ. 

ŭas(ʈʆ4), ŭ(ʆ3ʈOô), 

ŭ(ʆ2ʈO2ô) 

 

 

424 

 460ʧʣ. 

425ʩʨ. 

460ʩʨ. 

445ʧʣ. 

ŭs(ʈʆ4), ŭ(ʆ3ʈOô) 

 

ɿʘ ʜʘʥʠʤʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚ ʩʧʝʢʪʨʽ ʧʦʜʚʽʡʥʦʛʦ ʥʘʪʨʽʡʜʠʘʤʦʥʽʡʬʦʩʬʘʪʫ  ʚ ʦʙʣʘʩʪʽ 3250-

2650 ʩʤ
-1  
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʠʣʴʥʘ ʰʠʨʦʢʘ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ 

ʚʦʜʠ ʪʘ ʡʦʥʘ ʘʤʦʥʽʶ, ʷʢʘ ʟʤʽʱʝʥʘ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʧʝʢʪʨʘʤʠ Na3PO4
.
12H2O, Na2ʅPO4

.
2H2O, 

NaH2PO4
.
2H2O, NaHNH4PO4

.
4H2O ʚ ʥʠʞʯʫ ʦʙʣʘʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʷʢ ʽ ʚ ʛʽʜʨʦʬʦʩʬʘʪʫ ʘʤʦʥʽʶ ʚʥʘʩʣʽʜʦʢ 

ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʛʨʫʧʠ ïNH. 

ɺ ʦʙʣʘʩʪʽ 2250-1545 ʩʤ
-1  
ʧʨʠʩʫʪʥʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʽ ʤʦʞʣʠʚʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ 

ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ïʆʅ ʛʨʫʧʠ ʚʦʜʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʚʦʜʥʝʚʠʡ ʟʚ'ʷʟʦʢ ʟ ʦʨʪʦʬʦʩʬʘʪʥʠʤ ʘʥʽʦʥʦʤ[19]. 
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ʋ ʩʧʝʢʪʨʘʭ ʚʩʽʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1 ʪʘ ʚ ʪʘʙʣ. 1 ʫ ʜʽʘʧʘʟʦʥʽ1700-1600 ʩʤ
-1  

 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚʦʜʠ, ʘ ʚ ʘʤʦʥʽʡʥʠʭ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʢʦʣʠʚʘʥʥʷ, 

ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʝʬʦʨʤʘʮʽʡʥʦ ʘʩʠʤʝʪʨʠʯʥʠʭ ʛʨʫʧʠ NH4
+
. ɺʠʜʽʣʠʪʠ ʟ ʩʫʧʝʨʧʦʟʠʮʽʾ ʭʘʨʘʢʪʝʨʥʽ 

ʢʦʣʠʚʘʥʥʷ ʚʦʜʠ ʽ ʡʦʥʘ ʘʤʦʥʽʶ ʥʝʤʦʞʣʠʚʦ. 

ʆʜʥʦʯʘʩʥʦ ʚ ʜʽʣʷʥʮʽ 1516-1410 ʩʤ
-1 
ʬʽʢʩʫʶʪʴʩʷ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ, ʭʘʨʘʢʪʝʨʥʽ ʪʽʣʴʢʠ ʜʣʷ ʡʦʥʫ 

NH4
+
 ï ʜʝʬʦʨʤʘʮʽʡʥʦ ʘʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ʫʩʽʭ ʘʤʦʥʽʡʥʠʭ ʬʦʩʬʘʪʘʭ, ʣʠʰʝ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ  ʚʽʜ  ʦʜʥʦʟʘʤʽʱʝʥʠʭ ʜʦ ʪʨʠʟʘʤʽʱʝʥʠʭ ʬʦʩʬʘʪʽʚ ʘʤʦʥʽʶ [19, 

20, 21]. 

ɺ ʦʙʣʘʩʪʽ 1300-1200 ʩʤ
-1
 ʢʠʩʣʠʭ ʬʦʩʬʘʪʽʚ (ʪʘʙʣ.1) ʨʦʟʤʽʱʝʥʘ ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ, ʷʢʘ 

ʚ̔ ʜʥʦʩʠʪʴʩʷ ʜʦ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ŭ(ʈʆ(ʅ)), ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʨʦʪʦʥʦʚʘʥʠʭ ʬʦʩʬʘʪʽʚ [19], ʘ 

ʜʣʷ ʘʤʦʥʽʡʥʠʭ ï ʢʦʣʠʚʘʥʥʷ ʛʨʫʧ ʈïʆ ʚ ʣʘʥʮʶʛʫ ïʈïʆïHïNH3 [22, 23], ʷʢʽ ʩʣʘʙʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ 

Na(NH4)2PO4
.
6H2O. 

ɸʩʠʤʝʪʨʠʯʥʽ ʽ ʩʠʤʝʪʨʠʯʥʽ  ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʬʦʩʬʘʪʥʠʭ ʛʨʫʧ ʅ2ʈʆ4
-
, ʅʈʆ4

2-
, ʈʆ4

3-
 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʷʭ 1160-900 ʩʤ
-1  
ʫ ʚʠʛʣʷʜʽ ʩʠʣʴʥʠʭ ʽ ʩʝʨʝʜʥʽʭ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ. 

ɺ ʩʧʝʢʪʨʘʭ ʫʩʽʭ ʢʠʩʣʠʭ ʬʦʩʬʘʪʽʚ ʧʨʦʷʚʣʷʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʚ ʜʽʣʷʥʮʽ 884-814 ʩʤ
-1
 ʥʘ ʦʩʥʦʚʽ 

ʽʟʦʪʦʥʽʯʥʦʛʦ ʟʤʽʱʝʥʥʷ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʝʧʣʦʱʠʥʥʦʛʦ  ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʛʨʫʧʠ ʅïʆïʈ [19], 

ʷʢʽ ʩʣʘʙʦ ʚʠʨʘʞʝʥʽ ʚ  ʩʧʝʢʪʨʽ   Na(NH4)2PO4
.
6H2O  ʫ ʚʠʛʣʷʜʽ ʧʣʝʯʘ ʧʨʠ  860 ʩʤ

-1
. 

ʉʣʘʙʢʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ 725-600 ʩʤ
-1
,
 
ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʣʠʚʘʥʥʷʤ ʛʨʫʧ ̔

ʆʈʆ ʩʝʨʝʜʥʽʭ ʬʦʩʬʘʪʽʚ ʽ ʣʽʙʨʠʮʽʡʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ɔ(ʈʆʅ) ʚ ʢʠʩʣʠʭ ʧʨʦʪʦʥʦʚʘʥʠʭ ʬʦʩʬʘʪʘʭ. ɺ 

ʜʽʘʧʘʟʦʥʽ 565-410 ʩʤ
-1  
ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʡʥʽ ʩʠʤʝʪʨʠʯʥʽ ʽ ʘʩʠʤʝʪʨʠʯʥʽ  ʢʦʣʠʚʘʥʥʷ ʛʨʫʧ 

ŭs(ʈʆ4), ŭ(ʆ3ʈOô)[21, 24]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʽ ɯʏ ʩʧʝʢʪʨʽʚ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʪʨʫʢʪʫʨʫ ʦʜʝʨʞʘʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ 

ʥʘʪʨʽʡʜʠʘʤʦʥʽʡ ʬʦʩʬʘʪʫ ʛʝʢʩʘʛʽʜʨʘʪʫ.  
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ʈʠʩ. 1. ɯʏ-ʩʧʝʢʪʨʠ ʬʦʩʬʘʪʽʚ ʩʝʨʝʜʥʽʭ, ʢʠʩʣʠʭ, ʧʦʜʚʽʡʥʠʭ ʥʘʪʨʽʶ ʽ ʘʤʦʥʽʶ:  

Na3PO4
.
12H2O ï 1; Na2ʅPO4

.
2H2O ï 2; NaH2PO4

.
2H2O ï 3; NaHNH4PO4

.
4H2O ï 4; Na(NH4)2PO4

.
6H2O ï 

5; (NH4)2ʅPO4 ï 6. 

 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʧʦʜʚʽʡʥʦʛʦ ʥʘʪʨʽʡʜʠʘʤʦʥʽʡ ʬʦʩʬʘʪʫ 

Na(NH4)2PO4
.
6H2O (ʨʠʩ. 2) ʚʩʪʘʥʦʚʣʝʥʦ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʫ ʛʨʫʧʫ P2/m, ʷʢʘ ʤʘʻ ʤʦʥʦʢʣʠʥʥʠʡ ʪʠʧ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: a =  22,107(15) ¡; b =5,356(4) ¡; c = 

13,478(4) ¡; ɓ = 109,99Á(ʪʘʙʣ.2). ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʽʜʦʤʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʢʠʩʣʦʛʦ 

ʥʘʪʨʽʡʘʤʦʥʽʡ ʬʦʩʬʘʪʫ NaNH4HPO4
.
4H2O, ʷʢʠʡ ʤʘʻ ʪʨʠʢʣʠʥʥʠʡ ʪʠʧ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ ʈ-1(2) ʪʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: a =  10,636(0) ¡; b =6.918(7) ¡; c 

= 6.435(9) ¡; Ŭ = 90,46Á; ɓ = 97,87Á; ɔ = 109,20Á[25]. 
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ʈʠʩ. 2. ʐʪʨʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʘ Na(NH4)2PO4

.
6H2O 

ʊʘʙʣʠʮʷ 2 

ʈʝʥʪʛʝʥʦʛʨʘʬʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʨʘʟʢʫ ʢʨʠʩʪʘʣʽʯʥʦʛʦ Na(NH4)2PO4
.
6H2O 

ˉ 2Ū d exp. I  H K L  

1 8,52 10,3748 3 2 0 0  

2 8,97 9,8622 42 2 0 -1 

3 13,62 6,5028 100 2 0 -2 

4 13,95 6,3492 11 0 0 2 

5 15,43 5,7413 7 3 0 -2 

6 17,93 4,9467 10 1 1 -1 

7 18,60 4,7706 26 2 1 0 

8 19,01 4,6691 16 1 1 1 

9 20,07 4,4242 3 5 0 -1 

10 21,04 4,2230 25 0 0 3 

11 24,39 3,6501 29 5 0 -3 

12 25,88 3,4430 24 2 1 -3 

13 26,99 3,3036 9 1 0 -4 

14 27,33 3,2628 37 4 0 -4 

ˉ 2Ū d exp. I  H K L  

15 27,83 3,2055 4 4 1 -3 

16 28,16 3,1695 17 0 0 4 

17 30,15 2,9640 8 7 0 0 

18 30,70 2,9122 62 6 1 0 

19 31,05 2,8803 19 6 0 -4 

20 31,32 2,8559 13 2 1 -4 

21 31,51 2,8391 12 4 0 3 

22 33,47 2,6772 17 0 2 0 

23 36,18 2,4830 7 2 2 -2 

24 37,55 2,3956 13 3 2 1 

25 37,72 2,3848 11 4 1 -5 

26 38,79 2,3216 23 6 0 3 

27 40,95 2,2039 7 1 1 5 

28 41,48 2,1768 7 1 0 -6 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʚʠʜʽʣʝʥʦ ʟ ʚʦʜʥʦ-ʘʤʽʘʯʥʠʭ ʨʦʟʯʠʥʽʚ ʢʨʠʩʪʘʣʽʯʥʠʡ  ʥʘʪʨʽʡʜʠʘʤʦʥʽʡ ʬʦʩʬʘʪ 

ʛʝʢʩʘʛʽʜʨʘʪ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʢʣʘʜʫ Na(NH4)2PO4
.
6H2O. ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʽʜʪʚʝʨʜʞʝʥʦ  ʩʢʣʘʜ, ʚʣʘʩʪʠʚʦʩʪʽ, ʥʘʷʚʥʽʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʠ ʽ ʡʦʥʫ ʘʤʦʥʽʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɯʏ-

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʽʚ ʦʜʝʨʞʘʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʚʽʜʦʤʠʤʠ ʩʧʦʣʫʢʘʤʠ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʾʾ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʘʥʘʣʽʟʦʤ.  

ʈɽɿʖʄɽ 

ʆʜʝʨʞʘʥʦ ʢʨʠʩʪʘʣʽʯʥʠʡ ʧʦʜʚʽʡʥʠʡ ʥʘʪʨʽʡʜʠʘʤʦʥʽʡ ʬʦʩʬʘʪ ʛʝʢʩʘʛʽʜʨʘʪ Na(NH4)2PO4
.
6H2O ʟ 

ʚʦʜʥʦ-ʘʤ̔ʘʯʥʠʭ ʨʦʟʯʠʥʽʚ. ʉʢʣʘʜ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʚʯʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧʣʝʢʩʫ ʘʥʘʣʽʟʽʚ 

(ʭʽʤʽʯʥʦʛʦ, ɯʏ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʪʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ). ɺʩʪʘʥʦʚʣʝʥʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʜʘʥʽ: a =  

22,107(15) ¡; b =5,356(4) ¡; c = 13,478(4) ¡; ɓ = 109,99Á, ʧʨʦʩʪ. ʛʨ. P2/m, ʤʦʥʦʢʣʠʥʥʘ ʩʠʥʛʦʥʽʷ. ʊʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʽʥʪʝʨʧʨʝʪʦʚʘʥʦ ɯʏ ʩʧʝʢʪʨʠ ʦʜʝʨʞʘʥʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʬʦʩʬʘʪʫ. 

ʈɽɿʖʄʄɽ  

ʇʦʣʫʯʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʚʦʡʥʦʡ ʥʘʪʨʠʡʜʠʘʤʤʦʥʠʡ ʬʦʩʬʘʪ ʛʝʛʩʘʛʠʜʨʘʪ Na(NH4)2PO4
.
6H2O ʠʟ 

ʚʦʜʥʦ-ʘʤʤʠʘʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʠʟʫʯʝʥʳ ʤʝʪʦʜʘʤʠ ʢʦʤʧʣʝʢʩʘ  ʘʥʘʣʠʟʦʚ 

(ʭʠʤʠʯʝʩʢʦʛʦ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌɸ). ʋʩʪʘʥʦʚʣʝʥʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: a =  22,107(15) 

¡; b =5,356(4) ¡; c = 13,478(4) ¡; ɓ = 109,99Á, ʧʨʦʩʪʨ. ʛʨ. P2/m, ʤʦʥʦʢʣʠʥʥʘʷ ʩʠʥʛʦʥʠʷ. ʊʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʀʂ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʬʦʩʬʘʪʘ.  

SUMMARY 

Crystalline double sodium-diammonium phosphate hexahydrate Na(NH4)2PO4
.
6H2O was obtained 

from water-ammonia solutions. The chemical composition and properties of synthesized compound were 

studied by chemical, IR spectroscopy, XRPD methods. The following crystallographic data were obtained: a 

=  22,107(15) ¡; b =5,356(4) ¡; c = 13,478(4) ¡; ɓ = 109,99Á, simple. f. P2/m, monoclinic. IR spectra of 

obtained double phosphate were studied and interpreted.  
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