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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

Ac                               ʘʮʝʪʠʣ 

AIBN                          ʘʟʦʙʠʩʠʟʦʙʫʪʠʨʦʥʠʪʨʠʣ 

Ar                               ʘʨʠʣ 

DBU                           1,8-ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ 

DEAD                        ʜʠʵʪʠʣʘʟʦʜʠʢʘʨʙʦʢʩʠʣʘʪ 

DFT                            ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

DIPEA                        N,N-ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥ  

DMAP                        4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥ 

DME                          1,2-ʜʠʤʝʪʦʢʩʠʵʪʘʥ 

Et                                ɻʪʠʣ 

HMBC                        Heteronuclear Multiple Bond Correlation 

HSQC                         Heteronuclear Single-Quantum Correlation 

LR                               ʨʝʘʛʝʥʪ ʃʘʚʝʩʩʦʥʘ 

m-CPBA                     ʤʝʪʘ-ʭʣʦʨʧʝʨʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ  

NBS                            N-ʙʨʦʤʩʫʢʮʠʥʠʤʠʜ 

NOESY                      Nuclear Overhauser Effect Spectroscopy 

Ph                               ʬʝʥʠʣ 

TBS                            ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣ 

TEA                           ʪʨʠʵʪʠʣʘʤʠʥ 

TMP-OH                    (3,5,6-ʪʨʠʤʝʪʠʣʧʠʨʘʟʠʥ-2-ʠʣ)ʤʝʪʘʥʦʣ 

TMSCl                       ʪʨʠʤʝʪʠʣʭʣʦʨʩʠʣʘʥ 

XSA                            ʢʩʘʥʪʘʥ-OSO3H 

ɼʄʉʆ                        ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ                       ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ɼʄʌ-ɼʄɸ               ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ-ʜʠʤʝʪʠʣʘʮʝʪʘʣʴ 

ɼʊɸ                           ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
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ʂʉʉɺ                         ʢʦʥʩʪʘʥʪʘ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʇʊʉ                           ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ 

ʈʉɸ                            ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ  

ʊɻʌ                           ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

ʊʉʍ                           ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ  

ʗʄʈ                           ʷʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ  
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɻʠʙʨʠʜʥʳʝ ʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʬʘʨʤʘʢʦʬʦʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʬʘʨʤʘʢʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʩʥʠʞʝʥʠʶ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ ʠ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʥʠʤ. ʇʨʠ ʵʪʦʤ, ʬʨʘʛʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʛʠʙʨʠʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʥʘ ʦʜʥʫ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʤʠʰʝʥʴ, 

ʪʘʢ ʠ ʥʘ ʨʘʟʥʳʝ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʩʠʥʪʝʟʫ ʨʘʟʣʠʯʥʳʭ 

ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ.  

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʭʨʦʤʝʥ-4(4ʅ)-ʦʥr, ʭʠʤʠʷ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ. ʉʨʝʜʠ ʧʨʦʠʟʚʦʜʥʳʭ ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚ 

ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɼʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ 

ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ. ʅʘʣʠʯʠʝ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠ ʜʨʘʛ-ʜʠʟʘʡʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʬʘʨʤʘʢʦʬʦʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʦʪʦʨʘ ̫ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʩʠʩʪʝʤ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ 

ʩʠʥʪʝʟʝ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʯʝʪʘʶʱʠʭ ʭʨʦʤʝʥ-4-ʦʥʦʚʳʡ ʠ ʬʫʨʘʥ-2-

ʦʥʦʚʳʡ/ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-ʦʥʦʚʝr ʬʨʘʛʤʝʥʪʳ, ʤʝʭʘʥʠʟʤʘʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʜʘʥʥʳʭ ʦʙ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʶʱʠʭ ʭʨʦʤʝʥ-4-ʦʥʦʚʳʡ ʠ ʜʨʫʛʠʝ 

ʛʝʪʝʨʦʮʠʢʣʳ; ʦʧʨʝʜʝʣʝʥʠʠ ʨʦʣʠ ʠ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʢʘʞʜʦʛʦ ʠʟ 



8 
 

ʬʨʘʛʤʝʥʪʦʚ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ; ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʩʭʝʤ ʦʙʨʘʟʦʚʘʥʠʷ; ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ 3-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ; 

2. ʈʘʟʨʘʙʦʪʢʘ ʫʩʣʦʚʠʡ ʪʠʦʥʠʨʦʚʘʥʠʷ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ ʠ 4-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ 

ʩʝʣʝʢʪʠʚʥʳʤ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 3-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʚ ʨʝʘʢʮʠʠ ʩ 

ʛʠʜʨʘʟʠʥʦʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

4. ʄʦʜʠʬʠʢʘʮʠʷ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʘʩʢʘʜʥʦʡ ʩʫʣʴʬʘ-ʄʠʭʘʵʣ/ɹʘʣʴʜʦʣʴʥʦʡ ʨʝʘʢʮʠʠ; 

5. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʀʂ-, ʋʌ-, ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʚ ʦʜʥʦʤʝʨʥʳʭ 

ʚʘʨʠʘʥʪʘʭ NOESY 1D, ʘ ʪʘʢʞʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʤʝʨʥʳʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ NOESY 2D, HSQC, HMBC), ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 

6. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 3-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʥʜʝʥʩʘʮʠʠ 5-

ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ. ɼʝʪʘʣʴʥʦ 

ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʘ ̫ʩʭʝʤʘ ʨʝʘʢʮʠʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ  ʁʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʜʘʥʥʳʭ ʈʉɸ, ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 3-
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[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʚ ʚʠʜʝ ʠʟʦʤʝʨʘ ʩ E-ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ. 

ʈʘʟʨʘʙʦʪʘʥ r ʧʦʜʭʦʜ r ʠ ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ. ʈʘʩʩʤʦʪʨʝʥ r

ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ. ʉʦʚʦʢʫʧʥʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʚ ʚʠʜʝ ʠʟʦʤʝʨʘ ʩ Z-

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ. 

ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ 

3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ 

ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʠ ʬʫʨʘʥ-2-ʦʥ/ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʦʚ. 

ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ - 5-ʘʨʠʣ-3-[(4-

ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥr, 3-[(2-ʬʝʥʠʣ-5-

ʪʠʦʢʩʦʦʢʩʘʟʦʣ-4(5H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥ, 2-ʬʝʥʠʣ-4-[(4-ʪʠʦʢʩʦ-

4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʦʢʩʘʟʦʣ-5(4H)-ʪʠʦʥ, 3-ʤʝʪʠʣ-4-[(4-ʪʠʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥ, ʦʧʨʝʜʝʣʝʥʦ ʠʭ ʩʪʨʦʝʥʠʝ. 

ʆʙʩʫʞʜʝʥʳ ʩʭʝʤʳ ʨʝʘʢʮʠʡ ʠ ʧʨʠʨʦʜʘ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ 3-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʩ ʛʠʜʨʘʟʠʥʦʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʚ ʜʘʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʷʚʣʷʝʪʩʷ ʭʨʦʤʝʥ-4-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʛʠʜʨʘʟʠʥʘ ʢ ʢʦʪʦʨʦʤʫ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʛʦ ʨʘʩʢʨʳʪʠʝʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʠʨʘʟʦʣʴʥʦʛʦ ʮʠʢʣʘ; 

ʬʫʨʘʥ-2-ʦʥʦʚʳʡ, ʠʟʦʢʩʘʟʦʣ-5-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʜʘʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. 
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ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ ʠ 4-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʩ 

ʧʦʤʦʱʴʶ 1,4-ʜʠʪʠʘʥ-2,5-ʜʠʦʣʘ ʧʦ ɻʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʢʨʘʪʥʦʡ C=C ʩʚʷʟʠ c 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʡ ʩ ʦʜʥʠʤ ʩʧʠʨʦʫʟʣʦʤ, ʚʢʣʶʯʘʶʱʠʭ 

ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

ʉʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ - E. coli, P. aeruginosa. ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʥʘʨʫʞʝʥʘ ʮʠʪʦʪʦʢʩʠʯʝʩʢʘ ̫ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʨʘʢʦʚʦʡ ʦʧʫʭʦʣʠ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ (HeLa), ʘʣʴʛʠʮʠʜʥʘ ̫ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ D. salina. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʨʝʜʣʦʞʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʩʦʯʝʪʘʶʱʠʭ ʭʨʦʤʝʥʦʥʦʚʳʡ ʠ 

ʬʫʨʘʥ/ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)ʦʥʦʚʳʝ ʬʨʘʛʤʝʥʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʧʨʝʧʘʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʤʙʠʥʘʮʠʝʡ ʛʝʪʝʨʦʘʪʦʤʦʚ. ɺ ʭʦʜʝ ʧʝʨʚʠʯʥʦʛʦ ʙʠʦʩʢʨʠʥʠʥʛʘ in vitro ʚ ʯʠʩʣʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʷʚʣʝʥʳ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʢʫʣʴʪʫʨ E. coli, P. aeruginosa, ʘ 

ʪʘʢʞʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʢʦʚʦʡ ʦʧʫʭʦʣʠ ʰʝʡʢʠ 

ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ (HeLa). ɺʳʷʚʣʝʥʘ ʘʣʴʛʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʫʣʴʪʫʨʳ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ D. salina. 

ʇʨʠʦʨʠʪʝʪ ʟʘʢʨʝʧʣʝʥ 4 ʧʘʪʝʥʪʘʤʠ ʈʌ. ʆʧʨʝʜʝʣʝʥʳ ʩʦʝʜʠʥʝʥʠʷ-ʣʠʜʝʨʳ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʧʳʪʘʥʠʡ in vivo. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠ ʤʝʪʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 

ʉʪʨʫʢʪʫʨʫ ʠ ʯʠʩʪʦʪʫ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʉʪʨʦʝʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ rʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ɺɸʂ 1.4.3 

ʆʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʧʦ ʦʪʨʘʩʣʠ ʥʘʫʢ ï çʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠè ʚ ʧ.1 çɺʳʜʝʣʝʥʠʝ 

ʠ ʦʯʠʩʪʢʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè, ʧ.3 çʈʘʟʚʠʪʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʫʪʝʡ ʩʠʥʪʝʟʘ 

ʩʣʦʞʥʳʭ ʤʦʣʝʢʫʣè ʠ ʧ.7 çɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʠʧʘ çʩʪʨʫʢʪʫʨʘ-

ʩʚʦʡʩʪʚʦèè. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʠ ʩʠʥʪʝʟ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚ ʠ 4-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ, ʠʟʫʯʝʥʠʝ ʠʭ 

ʩʪʨʦʝʥʠʷ ʠ ʧʫʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ. 

2. ʊʠʦʥʠʨʦʚʘʥʠʝ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʝʘʛʝʥʪʘ ʃʘʚʝʩʩʦʥʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ ʨʝʘʢʮʠʠ, ʦʙʩʫʞʜʝʥʠʝ ʧʫʪʝʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʚ ʠʟʫʯʘʝʤʦʡ ʨʝʘʢʮʠʠ. 

3. ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ ʠ 4-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʚ 

ʨʝʘʢʮʠʠ ʩ ʛʠʜʨʘʟʠʥʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʤʦʣʝʢʫʣʝ. 

4. ʊʨʘʥʩʬʦʨʤʘʮʠʷ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ 4-

[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 1,4-

ʜʠʪʠʘʥ-2,5-ʜʠʦʣʘ ʚ ʥʦʚʳʝ ʩʧʠʨʦʩʦʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ 

ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

5. ʆʙʲʷʩʥʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʨʝʘʢʮʠʡ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʥʦʚʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʩʪʨʝʯʥʳʭ ʩʠʥʪʝʟʦʚ. 

6. ʀʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ (ʩ 

ʦʧʫʙʣʠʢʦʚʘʥʠʝʤ ʪʝʟʠʩʦʚ) ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: XV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ) ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠè (ʛ. ʉʘʨʘʪʦʚ, 2021 ʛ.), VIII 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʘʨʤʦʙʨʘʟʦʚʘʥʠʝ-

2022è (ʛ. ɺʦʨʦʥʝʞ, 2022 ʛ.), VIII , IX ɺʩʝʨʦʩʩʠʡʩʢʠʭ (ʟʘʦʯʥʳʭ) ʤʦʣʦʜʝʞʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ çɼʦʩʪʠʞʝʥʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ: ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠè (ʛ. ʋʬʘ, 

2023, 2024 ʛʛ.), VII , VIII  ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʤʦʣʦʜʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

çʇʨʦʙʣʝʤʳ ʠ ʜʦʩʪʠʞʝʥʠʷ ʭʠʤʠʠ ʢʠʩʣʦʨʦʜ- ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʛ. ʋʬʘ, 2023, 2024 ʛʛ.), 27th International Electronic 

Conference on Synthetic Organic Chemistry (ʀʩʧʘʥʠʷ, 2023 ʛ.), ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-

2024è (ʛ. ʄʦʩʢʚʘ, 2024 ʛ.), XXXIV ʈʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʨʦʙʣʝʤʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʭʠʤʠʠè (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, 2024 ʛ.). 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʝʥʳ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 1ʅ ʠ 13ʉ, ʚʢʣʶʯʘʷ ʜʚʫʤʝʨʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʛʝʪʝʨʦ- ʠ ʛʦʤʦʷʜʝʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʀʂ- ʠ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 

ʩʪʘʪʝʡ ʚ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ, 4 ʧʘʪʝʥʪʘ ʈʌ ʠ 11 

ʪʝʟʠʩʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʡ.  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (çʈʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ 

ʩʢʘʬʬʦʣʜ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 2H-ʧʠʨʘʥ(ʭʨʦʤʝʥ)-2-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪè;   ʛʨʘʥʪ  ̄

20-03-00446) ʠ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ (çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ 



13 
 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè 

ʧʦʙʝʜʠʪʝʣʷ ʢʦʥʢʫʨʩʘ çʋʯʘʩʪʥʠʢ ʤʦʣʦʜʝʞʥʦʛʦ ʥʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʢʦʥʢʫʨʩʘè (çʋʄʅʀʂè); ʛʨʘʥʪ  ̄18695ɻʋ/2023). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɸʚʪʦʨ ʦʩʫʱʝʩʪʚʣʷʣʘ ʧʦʠʩʢ, ʘʥʘʣʠʟ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʣɻʝʢʪʨʦʥʥʳʝ ʙʘʟʳ 

ʜʘʥʥʳʭ Reaxys, SciFinder, Web of Science. ʉʦʠʩʢʘʪʝʣʴ ʨʝʘʣʠʟʦʚʳʚʘʣʘ 

ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʳʧʦʣʥʷʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʙʦʪʢʝ ʠ ʦʙʩʫʞʜʝʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 174 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ ʩʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, 

ʚʚʝʜʝʥʠʝ, ʯʝʪʳʨʝ ʛʣʘʚʳ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 156 

ʥʘʠʤʝʥʦʚʘʥʠʡ, 81 ʩʭʝʤ, 20 ʪʘʙʣʠʮ, 37 ʨʠʩʫʥʢʦʚ, 3 ʜʠʘʛʨʘʤʤ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʴ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʫʯʠʪʝʣʶ ʠ 

ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ï ʜʦʢʪʦʨʫ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʫ ɸʣʝʚʪʠʥʝ 

ʖʨʴʝʚʥʝ ɽʛʦʨʦʚʦʡ ʟʘ ʧʝʨʝʜʘʯʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʥʘʚʳʢʦʚ, ʘ ʪʘʢʞʝ ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʩʦʜʝʡʩʪʚʠʝ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʨʘʙʦʪʳ, ʢ.ʭ.ʥ. ʆʣʴʛʝ ɸʥʘʪʦʣʴʝʚʥʝ ʄʘʞʫʢʠʥʦʡ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʢ.ʭ.ʥ., ʜʦʮʝʥʪʫ ʄʘʢʩʠʤʫ ɺʠʢʪʦʨʦʚʠʯʫ 

ɼʤʠʪʨʠʝʚʫ (ʇɻʅʀʋ, ʛ. ʇʝʨʤʴ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢ.ʙ.ʥ., ʜʦʮʝʥʪʫ, ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ 

ʠʤʤʫʥʦʭʠʤʠʠ ʀɹʌʈʄ ʈɸʅ ɻʝʥʥʘʜʠʶ ʃʝʦʥʠʜʦʚʠʯʫ ɹʫʨʳʛʠʥʫ ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʠ ʚʩʝʤʫ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʉɻʋ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʟʘ ʧʝʨʝʜʘʯʫ ʙʝʩʮʝʥʥʳʭ ʟʥʘʥʠʡ, ʪʝʩʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ. 
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                                          ɻʃɸɺɸ 1. ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʇʦʩʪʨʦʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʬʫʨʘʥ-2(5H)-ʦʥʦʚʡr / 

ʬʫʨʘʥ-2(3H)-ʦʥʦʚʡr / ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ 

ɻʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʪʦʥʢʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʈʘʟʣʠʯʥʳʝ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʪʨʫʢʪʫʨʫ ʛʠʙʨʠʜʥʳʭ 

ʩʠʩʪʝʤ, ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʥʪʠʥʦʮʠʮʝʧʪʠʚʥʳʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ, 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʜʝʡʩʪʚʠʝʤ [1-8]. ɺʘʞʥrʤ 

ʬʘʢʪʦʨʦʤ, ʩʪʠʤʫʣʠʨʫʶʱʠʤ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʠʭ ʚʳʩʦʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʥʦʚʳʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʥʥʳʝ ʚʝʱʝʩʪʚʘ. 

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʬʫʨʘʥ-2(5H)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

ʈʘʟʨʘʙʦʪʘʥ ʩʠʥʪʝʟ ʥʦʚʭr ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (4) ʥʘ ʦʩʥʦʚʝ ʨʝʠʥʘ (4,5-

ʜʠʛʠʜʨʦʢʩʠ-9,10-ʜʠʦʢʩʦ-9,10-ʜʠʛʠʜʨʦʘʥʪʨʘʮʝʥ-2-ʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ), 

ʧʠʧʝʨʘʟʠʥʘ ʠ ʬʫʨʘʥ-2(5ʅ)-ʦʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ (ʩʭʝʤʘ 1). ʇʝʨʚʦʥʘʯʘʣʴʥʦ, 

ʠʟ ʤʫʢʦʭʣʦʨʦʚʦʡ (ʤʫʢʦʙʨʦʤʦʚʦʡ) ʢʠʩʣʦʪʳ ʨʝʘʢʮʠʝʡ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʶʪ 

ʛʘʣʦʬʫʨʘʥʦʥʳ (3), ʢʦʪʦʨʳʝ ʟʘʪʝʤ N-ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʧʠʧʝʨʘʟʠʥʦʤ (2) 

ʧʨʝʦʙʨʘʟʫʶʪ ʚ ʧʠʧʝʨʘʟʠʥ-ʬʫʨʘʥ-2(5H)-ʦʥʳ (3-ɸ). ʆʙʨʘʙʦʪʢʘ ʨʝʠʥʘ (1) 

ʦʢʩʘʣʠʣʭʣʦʨʠʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʭʣʦʨʘʥʜʛʠʜʨʠʜʘ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʠʧʝʨʘʟʠʥ-ʬʫʨʘʥ-2(5H)-ʦʥʘʤʠ (3-ɸ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʜʫʢʪʦʚ 4 ʩ ʚʳʭʦʜʦʤ 61-86%. ʀʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʛʠʙʨʠʜʦʚ 4 

ʩ ʧʦʤʦʱʴʶ ʄʊʊ ʘʥʘʣʠʟʘ ʥʘ ʢʣʝʪʢʘʭ ʨʘʢʘ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

ʚʩʝʭ ʛʠʙʨʠʜʦʚ 4 ʧʨʦʪʠʚ ʢʣʝʪʦʢ ʨʘʢʘ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ ʧʨʝʚʦʩʭʦʜʠʣʘ ʨʝʠʥ ʠ 

ʨʝʬʝʨʝʥʪʥʳʡ ʮʠʪʘʨʘʙʠʥ (CAR) [9]. 
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ʉʭʝʤʘ 1 

ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʚʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ 

ʢʫʤʘʨʠʥ-ʧʠʧʝʨʘʟʠʥ-ʬʫʨʘʥ-2(5ʅ)-ʦʥʘ (6). ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʦʚ 6 ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʩʭʝʤʘ 2).  

 

ʉʭʝʤʘ 2 

ʇʫʪʴ ɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ N-ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʧʠʧʝʨʘʟʠʥʦʤ 

ʩʦʝʜʠʥʝʥʠʡ 5 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʝ 

I  ʥʝ ʫʜʘʣʦʩʴ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʧʫʪʴ ɹ: 

N-ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 5 ʩʦʝʜʠʥʝʥʠʷʤʠ 3-A, ʢʦʪʦʨʳʡ ʠ ʙʳʣ ʚ ʠʪʦʛʝ 
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ʨʝʘʣʠʟʦʚʘʥ. ʀʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʛʠʙʨʠʜʦʚ 6 ʩ ʧʦʤʦʱʴʶ ʄʊʊ 

ʘʥʘʣʠʟʘ ʥʘ ʢʣʝʪʢʘʭ ʨʘʢʘ ʣʝʛʢʠʭ ʯʝʣʦʚʝʢʘ [10]. 

ʇʨʝʜʣʦʞʝʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ʩʝʨʠʠ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʪʠʧʘ ʘʨʪʝʤʠʟʠʥ-ʧʠʧʝʨʘʟʠʥ-ʬʫʨʘʥ-2(5ʅ)-ʦʥr (9) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʠ 1-[(3R,5aS,6R,8aS,9R,10R,12aR)-3,6,9-

ʪʨʠʤʝʪʠʣʜʝʢʘʛʠʜʨʦ-3H-3,12-ʵʧʦʢʩʠ[1,2]ʜʠʦʢʩʝʧʠʥʦ[4,3-i]ʠʟʦʭʨʦʤʝʥ-10-

ʠʣ]ʧʠʧʝʨʘʟʠʥʘ (7) ʠ ʵʬʠʨʦʚ ʬʫʨʘʥ-2(5ʅ)-ʦʥʦʚ (3) ʚ ʧʨʠʩʫʪʩʪʚʠʠ N,N-

ʜʠʠʟʦʧʨʦʧʠʣʵʪʠʣʘʤʠʥʘ (DIPEA) (8) ʚ CH2Cl2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ʩʭʝʤʘ 3). ɸʙʩʦʣʶʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠ ̫(5S)-3-ʭʣʦʨ-5-[((1S,2R,5S)-2-ʠʟʦʧʨʦʧʠʣ-

5-ʤʝʪʠʣʮʠʢʣʦʛʝʢʩʠʣ)ʦʢʩʠ]-4-(4-((3R,5aS,6R,8aS,9R,10R,12aR)-3,6,9-

ʪʨʠʤʝʪʠʣʜʝʢʘʛʠʜʨʦ-3H-3,12-ʵʧʦʢʩʠ[1,2]ʜʠʦʢʩʝʧʠʥʦ[4,3-i]ʠʟʦʭʨʦʤʝʥ-10-

ʠʣ)ʧʠʧʝʨʘʟʠʥ-1-ʠʣ)ʬʫʨʘʥ-2(5H)-ʦʥʘ (9) ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʉʦʝʜʠʥʝʥʠʷ 9 

ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʧʨʦʪʠʚ 

ʥʝʢʦʪʦʨʳʭ ʨʘʢʦʚʳʭ ʢʣʝʪʦʢ ʯʝʣʦʚʝʢʘ [11]. 

 

ʉʭʝʤʘ 3 

2-ɸʤʠʥʦ-3-ʮʠʘʥʦ-4H-ʭʨʦʤʝʥʳ ʠʩʧʦʣʴʟʫʪʁʩʷ ʢʘʢ ʩʠʥʪʦʥ rʜʣʷ ʩʠʥʪʝʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ one-pot ʨʝʘʢʮʠʠ ʩʘʣʠʮʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ (10), 

ʤʘʣʦʥʦʥʠʪʨʠʣʘ (11) ʠ ʙʫʪʝʥʦʣʠʜʘ ʚ 1,4-ʜʠʦʢʩʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪ-ʙʫʪʦʢʩʠʜ 

ʥʘʪʨʠʷ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ 2-ʘʤʠʥʦ-4-(2-ʬʫʨʘʥʦʥ)-4H-ʭʨʦʤʝʥ-3-
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ʢʘʨʙʦʥʠʪʨʠʣ r(14). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 14 ʚʢʣʶʯʘʝʪ 

ʢʦʥʜʝʥʩʘʮʠ ʁʂʥʝʚʝʥʘʛʝʣʷ ʩʘʣʠʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ (10) ʠ ʤʘʣʦʥʦʥʠʪʨʠʣʘ (11), 

ʮʠʢʣʠʟʘʮʠ ʁ ʇʠʥʥʝʨʘ ʚ ʠʤʠʥʦʭʨʦʤʝʥʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ 12, ʢʦʪʦʨʳʡ ʥʘ 

ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʄʠʭʘʵʣʷ ʩ ʙʫʪʝʥʦʣʠʜ ʘʥʠʦʥʦʤ 13 (ʩʭʝʤʘ 

4) [12]. 

 

ʉʭʝʤʘ 4 

ɿʘʤʝʱʝʥʥʳʝ ʬʫʨʘʥ-2(5ʅ)-ʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ (19), ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʘʢʮʠʝʡ 3-

(ʜʠʤʝʪʠʣʘʤʠʥʦ)-1-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʧʨʦʧ-2-ʝʥ-1-ʦʥʘ (15), ʘʨʠʣʛʣʠʦʢʩʘʣʝʡ 

(16) ʠ ʢʠʩʣʦʪ rʄʝʣɹʜʨʫʤʘ (17). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠ ̫ʬʨʘʛʤʝʥʪʦʚ ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʘ 

ʠ ʬʫʨʘʥ-2(5H)-ʦʥʘ ʥʘ ʦʜʥʦʡ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ. ɸʚʪʦʨʘʤʠ [13] ʧʨʝʜʣʦʞʝʥ 

ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩʦʣʝʡ 18, ʢʦʪʦʨʳʝ ʚʳʜʝʣʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʩʭʝʤʘ 5). 

ʉʭʝʤʘ 5 
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ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘ ̫ one-pot ʨʝʘʢʮʠ ̫ ʠʥʜʦʣʘ (20), 4-

ʤʝʪʦʢʩʠʬʝʥʠʣʛʣʠʦʢʩʘʣ ̫(16) ʠ ʢʠʩʣʦʪ rʄʝʣɹʜʨʫʤʘ (17) ʜʘʝʪ 4-(1H-ʠʥʜʦʣ-3-

ʠʣ)-5-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʫʨʘʥ-2(5H)-ʦʥ (21) ʩ ʚʳʭʦʜʦʤ 74% (ʩʭʝʤʘ 6) [14]. 

 

ʉʭʝʤʘ 6 

ɺ ʨʘʙʦʪʝ [15] ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠ ̫ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʬʫʨʘʥ-2(5H)-ʦʥʦʚʳʡ ʠ ʬʪʦʨʭʠʥʦʣʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ r(ʩʭʝʤʘ 7). 

ɸʤʠʥʠʨʦʚʘʥʠʝ 4-(2-ʙʨʦʤʵʪʦʢʩʠ)-3-ʘʨʠʣʬʫʨʘʥ-2(5H)-ʦʥʦʚ (22) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʪʦʨʭʠʥʦʣʦʥʘʤʠ 23 ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ 

ʢʠʧʷʯʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ʦʉ ʚ ɼʄʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 4-

ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʘ (DMAP) ʠ KI. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʪʝʯʝʥʠʝ 60 ʯʘʩʦʚ, 

ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ - 3-ʘʨʠʣʬʫʨʘʥ-2(5H)-ʦʥ-ʬʪʦʨʭʠʥʦʣʦʥʦʚʳʭ 

ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 24 ʩʦʩʪʘʚʠʣ 32-54%. 

 

ʉʭʝʤʘ 7 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠ ʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥ-

2(5ʅ)-ʦʥʦʚ 27-29 ʠʟ 3-ʘʮʝʪʠʣʬʫʨʘʥ-2(5H)-ʦʥʦʚ (25), ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʣʠʯʥʳʝ 3-ʘʮʝʪʠʣʬʫʨʘʥ-2(5H)-

ʦʥr (25) ʨʝʘʛʠʨʫʶʪ ʩ ɼʄʌ-ɼʄɸ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 3-(3-

ʜʠʤʝʪʠʣʘʤʠʥʦʘʢʨʠʣʦʠʣ)-4-ʬʝʥʠʣ-5,5-ʜʠʘʣʢʠʣʬʫʨʘʥ-2(5H)-ʦʥʘʤ (26). 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ N,N-ʜʠʤʝʪʠʣʘʤʠʥʦʚʠʥʠʣʢʝʪʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 
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26 ʧʦʟʚʦʣʷʝʪ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʠʪʴ ʨʷʜ ʢʦʥʜʝʥʩʘʮʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 27 - 29 (ʩʭʝʤʘ 8) [16]. 

 

ʉʭʝʤʘ 8 

ɺ [17] ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʜʝʥʩʘʮʠʠ 

ʂʥʝʚʝʥʘʛʝʣʷ ʛʘʣʦʠʜʠʨʦʚʘʥʥʳʭ ʬʫʨʘʥ-2(5ʅ)-ʦʥʦʚ 30 ʩ ʟʘʤʝʱʝʥʥʳʤʠ 4-

ʛʠʜʨʦʢʩʠʙʝʥʟʘʣʴʜʝʛʠʜʘʤʠ (31) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 2-

ʤʝʪʠʣʧʠʧʝʨʠʜʠʥʘ ʠ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ r ʩ ʧʦʣʫʯʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ 3,4-ʜʠʛʘʣʦʛʝʥ-5-(4-ʛʠʜʨʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)ʬʫʨʘʥ-2(5H)-ʦʥʦʚ (32). 

ɸʚʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʘʣʴʥʝʡʰʝʝ ʥʘʨʘʱʠʚʘʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ɻʠʜʨʦʢʩʠʙʝʥʟʠʣʠʜʝʥʬʫʨʘʥ-2(5H)-ʦʥʳ (32) ʚʚʝʜʝʥʳ ʚ ʨʝʘʢʮʠʶ 

ʄʠʮʫʥʦʙʫ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʜʠʥʘ (33) ʠʣʠ ʩ (3,5,6-ʪʨʠʤʝʪʠʣʧʠʨʘʟʠʥ-2-

ʠʣ)ʤʝʪʘʥʦʣʦʤ (TMP-OH) (34), ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʛʠʙʨʠʜʥʳʭ ʧʨʦʜʫʢʪʦʚ 

35, 36, ʘʥʘʣʦʛʦʚ ʧʨʝʧʘʨʘʪʘ ʨʦʩʠʛʣʠʪʘʟʦʥʘ, ʩ ʚʳʭʦʜʦʤ 70-80% (ʩʭʝʤʘ 9). 

 

ʉʭʝʤʘ 9 
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3,4-ɿʘʤʝʱʝʥʥʳʝ ʬʫʨʘʥ-2(5ʅ)-ʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʠʥʪʝʟʝ ʨʘʥʝʝ 

ʥʝʠʟʚʝʩʪʥʳʭ ʵʬʠʨʥʳʭ ʧʨʦʣʝʢʘʨʩʪʚ. ʊʘʢ, ʘʚʪʦʨʘʤʠ [18] ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʣʝʢʘʨʩʪʚʘ - O2-

ʘʮʝʪʦʢʩʠʤʝʪʠʣ 1-[2-[4-(4-(4-ʤʝʪʘʥʩʫʣʴʬʦʥʠʣʬʝʥʠʣ)-5H-ʬʫʨʘʥ-2-ʦʥ-3-

ʠʣ)ʬʝʥʠʣʤʝʪʦʢʩʠ-ʢʘʨʙʦʥʠʣ]ʧʠʨʨʦʣʠʜʠʥ-1-ʠʣ]ʜʠʘʟʝʥ-1-ʠʡ-1,2-ʜʠʦʣʘʪʘ (42), 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʨʝʘʢʮʠʝʡ ʤʝʞʜʫ ʢʝʪʦʥʦʤ 37 ʠ ʧ-ʪʦʣʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (38) ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ DBU ʧʦʣʫʯʝʥ 4-(4-(ʤʝʪʠʣʩʫʣʴʬʦʥʠʣ)ʬʝʥʠʣ)-3-

(ʧ-ʪʦʣʠʣ)ʬʫʨʘʥ-2(5H)-ʦʥ (39). ʇʦʩʣʝʜʫʶʱʝʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʝ ʙʨʦʤʠʨʦʚʘʥʠʝ 

ʪʦʣʠʣʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʦʪʦʨʦʤ ʜʘʝʪ ʙʝʥʟʠʣʙʨʦʤʠʜ 40. ʎʝʣʝʚʦʡ O2-

ʘʮʝʪʦʢʩʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ 42 ʧʨʦʣʝʢʘʨʩʪʚʘ PROLI/NO (41) ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ 

ʚʳʭʦʜʦʤ 30% ʢʦʥʜʝʥʩʘʮʠʝʡ 40 ʩ O2-ʘʮʝʪʦʢʩʠʤʝʪʠʣ 1-(2-ʢʘʨʙʦʢʩʠʧʠʨʨʦʣʠʜʠʥ-

1-ʠʣ)ʜʠʘʟʝʥ-1-ʠʡ-1,2-ʜʠʦʣʘʪʦʤ (41) ʚ ɼʄʉʆ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʭʝʤʘ 10). 

 

ʉʭʝʤʘ 10 

ʅʘʛʨʝʚʘʥʠʝ ʘʟʘʣʘʢʪʦʥʦʚ 43 ʩ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʠʭ 

ʨʝʘʢʮʠʷ ʩ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʱʝʥʥʳʤ ʬʝʥʠʣʫʢʩʫʩʥʳʤ ʢʠʩʣʦʪʘʤ 44. ʈʝʘʢʮʠʷ 44 ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʭʣʦʨʢʝʪʦʥʘʤʠ 45 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʩʝʨʠʠ 

ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 46, ʩʦʜʝʨʞʘʱʠʭ ʬʣʫʢʦʥʘʟʦʣʴʥʳʡ ʠ ʬʫʨʘʥ-2(5ʅ)-
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ʦʥʦʚʳʡ ʬʘʨʤʘʢʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩ ʚʳʭʦʜʦʤ 55-73% (ʩʭʝʤʘ 11). ɺʩʝ 

ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 46 ʧʨʦʷʚʠʣʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ, 

ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʧʨʝʧʘʨʘʪʦʤ ʩʨʘʚʥʝʥʠʷ ï ʬʣʫʢʦʥʘʟʦʣʦʤ [19]. 

 

ʉʭʝʤʘ 11 

 ʌʫʨʘʥ-2(5ʅ)-ʦʥʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʥʦʛʠʭ ʚʘʞʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʩʪʘʚ L-ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ 

ʧʦʣʫʯʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ L-ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ-ʬʝʨʫʣʦʚʘʷ (3-

ʤʝʪʦʢʩʠ-4-ʛʠʜʨʦʢʩʠʢʦʨʠʯʥʘʷ) ʢʠʩʣʦʪʘ ʚ ʪʨʠ ʵʪʘʧʘ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʝʨʫʣʘʪʦʚ 47 [20]. ɸʣʢʠʣʠʨʦʚʘʥʠʝ 47 (Ñ)-ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

NaOH ʚ ʚʦʜʥʦ-ʘʮʝʪʦʥʦʚʦʡ ʩʨʝʜʝ (1:1) ʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʬʠʨʳ 48. 

ʂʦʥʜʝʥʩʘʮʠʷ 48 ʠ ʧʨʦʠʟʚʦʜʥʦʛʦ L-ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 49 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

NaHCO3 ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 4-DMAP ʚ 1,4-ʜʠʦʢʩʘʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ 2(E)-3-(4-(3-((R)-2-((S)-2,2-ʜʠʤʝʪʠʣ-1,3-ʜʠʦʢʩʦʣʘʥ-4-ʠʣ)-4-

ʛʠʜʨʦʢʩʠ-5-ʦʢʩʦ-2,5-ʜʠʛʠʜʨʦʬʫʨʘʥ-3-ʠʣʦʢʩʠ)-2-ʛʠʜʨʦʢʩʠʧʨʦʧʦʢʩʠ)-3-

ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʢʨʠʣʘʪʦʚ (50) (ʩʭʝʤʘ 12). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʝʥʠʠ C-3, ʢʦʥʜʝʥʩʘʮʠʷ 

ʧʨʦʭʦʜʠʪ ʠʤʝʥʥʦ ʧʦ ɻʪʦʤʫ ʧʦʣʦʞʝʥʠ,ʁ ʚʦʚʣʝʢʘʷ ʩʠʩʪʝʤʫ ʝʥʜʠʦʣʘ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʫʜʘʣʝʥʠʝ ʟʘʱʠʪʥʦʡ ʛʨʫʧʧʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 51 ʩ ʚʳʭʦʜʦʤ 61-75%. 
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ʉʭʝʤʘ 12 

ɺ ʨʘʙʦʪʝ [21] ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ one-pot ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ - 

ʬʫʨʦ[3,4-b]ʧʠʨʠʜʠʥ-2,5(1H,7H)-ʜʠʦʥʦʚ (54), ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ 

ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʘ - ʬʫʨʘʥ-2(5H)-ʦʥʦʚʳʡ ʠ ʧʠʨʠʜʠʥ-2(1H)-ʦʥʦʚʳʡ. 

ɺr ʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 54 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʦʨʝʘʢʪʦʨʥʦʡ ʢʘʩʢʘʜʥʦʡ ʨʝʘʢʮʠʝʡ ʟʘʤʝʱʝʥʥʳʭ 

ʘʢʨʠʣʘʤʠʜʦʚ 52 ʠ 4-ʛʠʜʨʦʢʩʠ-2-ʘʣʢʠʥʦʘʪʦʚ (53) (ʩʭʝʤʘ 13). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 54 ʠʥʠʮʠʠʨʫʝʪʩʷ Rh(III)-ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʚʩʣʝʜʩʪʚʠʝ 

ʘʢʪʠʚʘʮʠʠ ʠʥʝʨʪʥʦʡ C(sp2)ïH ʩʚʷʟʠ ʘʤʠʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ 

[4+2]-ʘʥʥʝʣʠʨʦʚʘʥʠʝʤ ʠ ʣʘʢʪʦʥʠʟʘʮʠʝʡ ʩ 4-ʛʠʜʨʦʢʩʠ-2-ʘʣʢʠʥʦʘʪʦʤ. 

 

ʉʭʝʤʘ 13 

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʬʫʨʘʥ-2(3H)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

ʇʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 57, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʙʠʥʘʮʠʶ ʬʫʨʘʥ-2(3ʅ)-



23 
 

ʦʥʦʚʦʛʦ ʠ ʧʠʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʦʚ. ʂʦʥʜʝʥʩʘʮʠ ̫ ɓ-ʙʝʥʟʦʠʣʧʨʦʧʠʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 55 ʠ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣ-4-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (56) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʮʝʣʝʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ï 

ʧʨʦʠʟʚʦʜʥʳʤ 3-{(3-ʟʘʤʝʱʝʥʥʳʡʬʝʥʠʣ)-1-ʬʝʥʠʣ-1H-ʧʠʨʘʟʦʣ-4-ʠʣ)-5-(ʘʨʠʣ-3-

ʠʣ)-ʤʝʪʠʣʠʜʝʥ} -ʬʫʨʘʥ-2(3H)-ʦʥʘ (57) ʩ ʚʳʭʦʜʦʤ 19-43% (ʩʭʝʤʘ 14). 

ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 57. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 57 in vitro ʠ ʘʥʘʣʠʟʘ in silico ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ [22]. 

 

ʉʭʝʤʘ 14 

ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 3-ʙʝʥʟʦʠʣʧʨʦʧʠʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 58 ʠ 2-ʭʣʦʨʭʠʥʦʣʠʥ-3-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (59) ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ 

ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ - 5-ʘʨʠʣ-3-[(2-ʭʣʦʨʭʠʥʦʣʠʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʳ (60), ʩʦʜʝʨʞʘʱʠʝ ʜʚʘ ʬʘʨʤʘʢʦʬʦʨʥʳʭ 

ʬʨʘʛʤʝʥʪʘ ï ʭʠʥʦʣʠʥʦʚʳʡ ʠ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʳʡ, ʠ ʦʙʣʘʜʘʶʱʠʝ 

ʧʨʦʪʠʚʦʤʘʣʷʨʠʡʥʳʤʠ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʩʭʝʤʘ 15) [23, 24]. 

 

ʉʭʝʤʘ 15 
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ʀʟʫʯʝʥʘ ʢʦʥʜʝʥʩʘʮʠʷ 5-ʟʘʤʝʱʝʥʥʳʭ ʬʫʨʘʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (62) ʩ 

ʘʣʢʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘʤʠ (61), ʧʨʦʪʝʢʘʶʱʘʷ ʚ ʵʪʘʥʦʣʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ï ʧʠʧʝʨʠʜʠʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ - ʟʘʤʝʱʝʥʥʳʭ 3-(ʬʫʨʘʥ-2-ʠʣʤʝʪʠʣʠʜʝʥ)ʬʫʨʘʥ-2(3H)-ʦʥʦʚ 

(63) ʩ ʚʳʭʦʜʦʤ 60-85% (ʩʭʝʤʘ 16). ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʚʳʭʦʜ 

ʧʨʦʜʫʢʪʦʚ 63 ʥʝ ʟʘʚʠʩʝʣ ʦʪ ʧʨʠʨʦʜʳ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʩʫʙʩʪʨʘʪʘʭ 61, 

ʥʦ ʟʘʚʠʩʝʣ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʘʣʴʜʝʛʠʜʘʭ 62. ɺ ʩʣʫʯʘʝ ʢʦʥʜʝʥʩʘʮʠʠ ʩ 5-

ʘʨʠʣʬʫʨʘʥʢʘʨʙʘʣʴʜʝʛʠʜʘʤʠ ʪʨʝʙʦʚʘʣʦʩʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ 

ʬʫʨʬʫʨʦʣʘ ʠ ʝʛʦ 5-ʘʣʢʠʣ- ʠ 5-ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ. ʕʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʫʩʢʦʨʷʣʠ ʨʝʘʢʮʠʶ ʠ ʫʚʝʣʠʯʠʚʘʣʠ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʢʦʥʜʝʥʩʘʮʠʠ. 

ʕʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʘʷ ʥʠʪʨʦʛʨʫʧʧʘ ʚ ʘʣʴʜʝʛʠʜʝ 62 ʟʘʤʝʪʥʦ ʟʘʤʝʜʣʷʣʘ 

ʨʝʘʢʮʠʶ, ʯʪʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʚʳʭʦʜʝ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ 63 [25]. 

 

ʉʭʝʤʘ 16 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-(1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣ)-4-

ʦʢʩʦʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (64) ʩ 5-ʘʨʠʣʬʫʨʘʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜʘʤʠ (65) [26]. 

ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʪʨʠʵʪʠʣʘʤʠʥʘ. ɺr ʭʦʜ ʮʝʣʝʚʳʭ ʛʠʙʨʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ï (E)-5-(1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣ)-3-((5-ʘʨʠʣʬʫʨʘʥ-2-

ʠʣ)ʤʝʪʠʣʝʥ)ʬʫʨʘʥ-2(3H)-ʦʥʦʚ (66) ʩʦʩʪʘʚʠʣ 81-89% (ʩʭʝʤʘ 17). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ in vitro ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ MTT ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʩʚʦʡʩʪʚʘ 

ʦʙʣʘʜʘʝʪ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ 66, ʚ ʢʦʪʦʨʦʡ R1= R2= R3=H. 
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ʉʭʝʤʘ 17 

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʭʨʦʤʝʥ-4(4H)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 

ʇʦʩʢʦʣʴʢʫ ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚʭʦʜʠʪ ʚ ʧʨʠʨʦʜʥʳʝ [27-31] ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [32-39] ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʥʜʝʥʩʘʮʠʝʡ ʂʥʝʚʝʥʘʛʝʣʷ 6-ʟʘʤʝʱʝʥʥʳʭ 4-ʦʢʩʦ-4ʅ-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (67) ʠ ʬʝʥʠʣʫʢʩʫʩʥʳʭ ʢʠʩʣʦʪ (68) ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʩʫʭʦʤ 

ʧʠʨʠʜʠʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʝʪ-ʙʫʪʦʢʩʠʜʘ ʢʘʣʠʷ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ 

ʩʪʨʫʢʪʫʨʳ - ɽ-3-cʪʠʨʠʣ-4H-ʭʨʦʤʝʥ-4-ʦʥr (69), ʩʦʜʝʨʞʘʱʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩ ʚʳʭʦʜʦʤ 40-83%. 3-ʉʪʠʨʠʣʭʨʦʤʦʥʳ, ʠʤʝʶʱʠʝ ʘʣʣʠʣʦʢʩʠʛʨʫʧʧʫ, 

ʧʦʜʚʝʨʛʥʫʪʳ ʵʪʘʧʫ ʝʝ ʩʥʷʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Pd(PPh3)4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʨʬʦʣʠʥʘ ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʦʤ ʙʝʟʚʦʜʥʦʤ ʊɻʌ (ʩʭʝʤʘ 18). ʆʮʝʥʝʥʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 69. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʝʜʠʥʝʥʠ,̫ ʚʢʣʶʯʘʶʱʠʝ ʢʘʪʝʭʦʣʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʦʙʣʘʜʘʶʪ ʥʘʠʣʫʯʰʠʤʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [40]. 

 

ʉʭʝʤʘ 18 

ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4-ʦʢʩʦ-4ʅ-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ ʩ ʟʘʤʝʱʝʥʥʳʤʠ ʘʮʝʪʦʬʝʥʦʥʘʤʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʨʦʷʚʣʷʶʱʠʭ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 
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ʊʘʢ, ʘʚʪʦʨʘʤʠ [41] ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʦʥʜʝʥʩʘʮʠʷ 6-ʟʘʤʝʱʝʥʥʳʭ 4-ʦʢʩʦ-4ʅ-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (70) ʠ ʟʘʤʝʱʝʥʥʳʭ ʘʮʝʪʦʬʝʥʦʥʦʚ (71) ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ (E)-3-[3-(2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-3-ʦʢʩʦʧʨʦʧ-1-ʝʥ-1-ʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (72). ʈʝʘʢʮʠʷ 

ʭʘʣʢʦʥʦʚ 72 ʩ ʘʮʝʪʘʪʦʤ ʨʪʫʪʠ(II) ʚ ʧʠʨʠʜʠʥʝ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ, ʠʣʠ ʩ ʙʨʦʤʠʜʦʤ 

ʤʝʜʠ(II) ʚ ɼʄʉʆ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 

- 3-{( Z)-[3-ʦʢʩʦʙʝʥʟʦʬʫʨʘʥ-2(3H)-ʠʣʠʜʝʥ]ʤʝʪʠʣ}-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (73). ɺ 

ʨʘʙʦʪʝ [42] ʧʦʣʫʯʝʥʳ ʟʘʤʝʱʝʥʥʳʝ 3-(3-ʙʨʦʤ-4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-2-ʠʣ)-4H-

ʭʨʦʤʝʥ-4-ʦʥʳ (74) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʘʣʢʦʥʦʚ 72 ʩ ʙʨʦʤʠʜʦʤ ʤʝʜʠ(II) ʚ ɼʄʉʆ 

ʧʨʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 10-12 ʤʠʥ (ʩʭʝʤʘ 19). 

 

ʉʭʝʤʘ 19 

ʇʨʦʚʝʜʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 4-ʦʢʩʦ-4ʅ-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (67) ʩ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʤʝʪʠʣʝʥʘʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʘ ʠʤʝʥʥʦ, 4-ʛʠʜʨʦʢʩʠ-2ʅ-

ʭʨʦʤʝʥ-2-ʦʥʘʤʠ (75), 5-ʤʝʪʠʣ-2-ʬʝʥʠʣ-2,4-ʜʠʛʠʜʨʦ-3H-ʧʠʨʘʟʦʣ-3-ʦʥʦʤ (76) ʠ 

4-ʛʠʜʨʦʢʩʠ-6-ʤʝʪʠʣ-2H-ʧʠʨʘʥ-2-ʦʥʦʤ (77) ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2. 

(ʍʨʦʤʦʥ-3-ʠʣ)ʙʠʩ(ʛʝʪʝʨʦʘʨʠʠʣ)ʤʝʪʘʥʳ 78-80 ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ 

çʟʝʣʝʥʦʡ ʭʠʤʠʠè ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʚʳʭʦʜʦʤ 82-89% ʟʘ 6-7 

ʤʠʥ (ʩʭʝʤʘ 20). ɼʘʥʥʳʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʛʦ ʩʢʨʠʥʠʥʛʘ 

in vitro ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 78-80 ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʘʛʝʥʪʘʤʠ [43]. 
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ʉʭʝʤʘ 20 

ʆʩʫʱʝʩʪʚʣʝʥ ʨʷʜ ʩʠʥʪʝʟʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ (ʭʨʦʤʦʥ-3-ʠʣ)ʙʠʩ(ʠʥʜʦʣ-

3-ʠʣ)ʤʝʪʘʥʦʚ (83) ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ 1H-ʠʥʜʦʣʦʚ (82) c 4-ʦʢʩʦ-4ʅ-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜaʤʠ (67, 70, 81) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ XSA ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʩʢʦʣʴʢʫ ʧʦʣʦʞʝʥʠʝ ʉ3 ʠʥʜʦʣʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʘʪʘʢʠ, ʟʘʤʝʱʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʵʪʦ ʧʦʣʦʞʝʥʠʝ. ɺʳʭʦʜʳ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩʦʩʪʘʚʠʣʠ 88-90% [44]. ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [45, 46], 

ʛʜʝ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘʥʠʷ ʩʤʝʩʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 85ï90 

ʦC ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 83 

ʠʤʝʣʠ ʚʳʭʦʜʳ 54-78% (ʩʭʝʤʘ 21). 
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ʉʭʝʤʘ 21 

ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʪʠʧʘ 3-[(4-ʦʢʩʦ-4ʅ-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]-4-ʬʝʥʠʣ-1ʅ-[1,5]ʙʝʥʟʦʜʠʘʟʝʧʠʥ-2(3ʅ)-ʦʥʘ (85) ʧʦʣʫʯʝʥʳ 

ʢʦʥʜʝʥʩʘʮʠʝʡ 4-ʬʝʥʠʣ-1H-[1,5]ʙʝʥʟʦʜʠʘʟʝʧʠʥ-2(3H)-ʦʥʘ (84) ʠ 4-ʦʢʩʦ-4ʅ-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (67) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʚʝʞʝʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʘʮʝʪʘʪʘ 

ʥʘʪʨʠʷ ʩ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 60%. ɺ ʭʦʜʝ ʨʝʘʢʮʠʠ ʧʦʙʦʯʥʦ ʚʳʜʝʣʝʥ 

14-ʭʨʦʤʝʥʠʣʙʝʥʟʦʜʠʘʟʝʧʠʥʦ[2,3:6,5]ʧʠʨʘʥʦ[2,3-b][1,5]ʙʝʥʟʦʜʠʘʟʝʧʠʥ (86) ʩ 

ʚʳʭʦʜʦʤ 33% (ʩʭʝʤʘ 22). ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʜʝʥʩʘʮʠʠ 3-[(4-ʦʢʩʦ-

4ʅ-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-4-ʬʝʥʠʣ-1ʅ-[1,5]ʙʝʥʟʦʜʠʘʟʝʧʠʥ-2(3ʅ)-ʦʥ (85), 

ʚʝʨʦʷʪʥʦ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ 

ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʳ ʜʠʘʟʝʧʠʥʦʥʘ 84. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʘʜʜʫʢʪ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫ  ʁʮʠʢʣʠʟʘʮʠ ʁʧʦʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʠʷ in situ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ, ʟʘʚʝʨʰʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʭʲʷʜʝʨʥʦʡ ʢʦʣʴʮʝʚʦʡ ʩʠʩʪʝʤʳ [47]. 

 

ʉʭʝʤʘ 22 

ʀʤʝʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʝʘʢʮʠʷʤ ʢʦʥʜʝʥʩʘʮʠʠ 4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ ʩ 1,3-ʠʥʜʘʥʜʠʦʥʦʤ ʠ ʧʷʪʠʯʣʝʥʥʳʤʠ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʤʠ ʛʝʪʝʨʦʮʠʢʣʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 87-
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91, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʭʝʤʘ 23) 

[48-51]. 

 

ʉʭʝʤʘ 23 

1.2 ʉʠʥʪʝʟ ʘʨʠʣʠʜʝʥʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3H)-ʦʥʦʚ 

ʈʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʚʢʣʶʯʘʶʱʠʭ 

ʬʫʨʘʥ-2(3H)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʦʙʫʩʣʦʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-

ʧʝʨʚʳʭ, ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ [52-57] ʠ ʦʙʣʘʜʘʶʪ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [58-61]. ɺʦ-ʚʪʦʨʳʭ, ʬʫʨʘʥ-

2(3H)-ʦʥr ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʫʯʘʪʴ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʧʦʩʪʨʦʝʥʠʠ ʛʠʙʨʠʜʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʅʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʩʠʥʪʝʟʫ 3-(ʘʨʠʣʠʜʝʥ)-5-(ʘʨʠʣ/ʘʣʢʠʣ)ʬʫʨʘʥ-

2-(3ʅ)-ʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Pd-ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  

ɺ ʩʪʘʪʴʝ [62] ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ (E)-3-[1-(4-ʭʣʦʨʬʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]-5-

ʬʝʥʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘ (94) ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Z)-2-ʙʨʦʤ-3-(4-

ʭʣʦʨʬʝʥʠʣ)ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪ r(92) ʩ ʬʝʥʠʣʘʮʝʪʠʣʝʥʦʤ (93) ʚ ʨʘʩʪʚʦʨʝ CH3CN 

ʚ ʪʝʯʝʥʠʝ 23,5 ʯ ʠ ʚ ʪʝʯʝʥʠʝ 23 ʯ  ʚ ʧʨʠʩʫʪʩʪʚʠʠ Et3N, Pd(PPh3)4 ʠ CuI. ʉʠʥʪʝʟ 
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ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɽ-ʠʟʦʤʝʨʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ 94 ʩ ʚʳʭʦʜʦʤ 23% 

(ʩʭʝʤʘ 24). 

 

ʉʭʝʤʘ 24 

ʈʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴʥʳʡ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʡ ʩʠʥʪʝʟ ɽ-3-(ʘʨʠʣʤʝʪʠʣʠʜʝʥ)-

5-(ʘʣʢʠʣ/ʘʨʠʣ)ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ (98), ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ɓ-ʘʨʠʣʘʢʨʠʣʦʚʳʝ ʢʠʩʣʦʪʳ (95) ʨʝʘʛʠʨʫʶʪ ʩ ʡʦʜʘʮʝʪʠʣʝʥʘʤʠ (96) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [AuCl(PPh3)]/AgPF6 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Z-ʘʮʠʣʦʢʩʠʡʦʜʘʣʢʝʥʦʚ (97). ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʘʷ 5-ʵʢʟʦ-ʪʨʠʛ-ʨʝʘʢʮʠʷ 

ʄʠʟʦʨʦʢʠ-ʍʝʢʘ Z-ʘʮʠʣʦʢʩʠʡʦʜʘʣʢʝʥʦʚ (97) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʮʝʣʝʚʳʭ E-ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ (98), ʘʥʘʣʦʛʦʚ 

ʠʥʛʠʙʠʪʦʨʘ ʢʠʥʘʟʳ BE-23372M (ʩʭʝʤʘ 25) [63]. 

 

ʉʭʝʤʘ 25 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʤʝʪʦʜʠʢ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʷʜʘ 3-ʙʝʥʟʠʣʠʜʝʥʬʫʨʘʥ-2(3H)-ʦʥʦʚ, ʘʚʪʦʨʘʤʠ [64] 

ʧʦʣʫʯʝʥʳ 3-ʙʝʥʟʠʣʠʜʝʥ-5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥr (98, 104) ʨʝʘʢʮʠʝʡ ɹʝʡʣʠʩʘ-

ʍʠʣʣʤʘʥʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʮʝʪʘʪʘ ɹʝʡʣʠʩʘ-ʍʠʣʣʤʘʥʘ (99) 

ʩ ʘʣʴʜʝʛʠʜʘʤʠ 100 ʚ ʧʨʠʩʫʪʩʪʚʠʠ PPh3 ʠ K2CO3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʜʠʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 101 ʤʝʪʘ-

ʭʣʦʨʧʝʨʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ (m-CPBA) ʧʨʦʪʝʢʘʝʪ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 102, ʢʦʪʦʨʳʝ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʦʙʨʘʟʫʪʁ 3-
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ʙʝʥʟʠʣʠʜʝʥ-4-ʛʠʜʨʦʢʩʠʣʘʢʪʦʥʳ (103). ʃʘʢʪʦʥ r103 ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ 

ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ 98, 104 ʜʝʡʩʪʚʠʝʤ CH3SO2Cl ʠ Et3N (ʩʭʝʤʘ 26). 

 

ʉʭʝʤʘ 26 

ɸʮʝʪʠʣʝʥʦʚʳʝ ʢʠʩʣʦʪʳ ̫ ʚʣʷʪʁʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʢ ʙʳʩʪʨʦʤʫ ʠ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʜʭʦʜʫ ʚ ʩʠʥʪʝʟʝ E-ʘʣʢʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-

2(3ʅ)-ʦʥʦʚ (107), ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ one-pot ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4-ʧʝʥʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪ r (105) ʩ ʘʣʴʜʝʛʠʜʘʤʠ 100, 106 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʋʠʣʢʠʥʩʦʥʘ ʠ 2-ʘʤʠʥʦʧʠʨʠʜʠʥ, ʚ 

ʪʦʣʫʦʣʝ ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʧʨʠ 100 ʦʉ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʮʝʥʝʥʳ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʠ ʘʮʝʪʘʪ ʥʘʪʨʠʷ, ʦʜʥʘʢʦ, ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠ ̫ʥʝ ʧʨʦʪʝʢʘʝʪ (ʩʭʝʤʘ 27) [65]. 

 

ʉʭʝʤʘ 27 

ʈʘʙʦʪʘ [66] ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ in vitro 

ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʳʡ ʠ ʬʫʨʘʥ-2(3ʅ)-

ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-(1H-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣ)-4-

ʦʢʩʦʙʫʪʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (64) ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ 100, 

106, 108 ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʪʨʠʵʪʠʣʘʤʠʥʘ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʚ ʪʝʯʝʥʠʝ 3-4 

ʯʘʩʦʚ, ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï 5-(1ʅ-ʙʝʥʟʦ[d]ʠʤʠʜʘʟʦʣ-2-ʠʣ)-

3-ʘʨʠʣʠʜʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ (109) ʩʦʩʪʘʚʠʣ 52-89% (ʩʭʝʤʘ 28). 

 

ʉʭʝʤʘ 28 

ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 3-ʥʘʬʪʦʠʣʧʨʦʧʠʦʥʦʚʦʡ 

ʢʠʩʣʦʪ r (110) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʣʴʜʝʛʠʜʦʚ 100, 106, 108, 111 ʧʦʣʫʯʝʥʳ 3-

ʘʨʠʣʠʜʝʥ-5-(ʥʘʬʪʘʣʠʥ-2-ʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥr (112) (ʩʭʝʤʘ 29). 3-(4-

ʄʝʪʦʢʩʠʙʝʥʟʠʣʠʜʝʥ)-5-(ʥʘʬʪʘʣʠʥ-2-ʠʣ)ʬʫʨʘʥ-2(3H)-ʦʥ ʧʨʦʷʚʠʣ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʠ ʘʥʘʣʴʛʝʟʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ in 

vitro ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʩʨʘʚʥʝʥʠʷ [67]. 

 

ʉʭʝʤʘ 29 

ʊʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣ[(5-ʬʝʥʠʣʬʫʨʘʥ-2-ʠʣ)ʦʢʩʠ]ʩʠʣʘʥ (113), ʩʦʜʝʨʞʘʱʠʡ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʫ  ʁ ʟʘʱʠʪʥʫ  ʁ ʪʨʝʪ-ʙʫʪʠʣʜʠʤʝʪʠʣʩʠʣʠʣʴʥʫ  ʁ ʛʨʫʧʧʫ 

(TBS), ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʜʦʙʥʳʭ ʩʫʙʩʪʨʘʪʦʤ, ʚʚʦʜʠʤʳʭ ʚ ʨʝʘʢʮʠ ʁ ʩ 

ʘʣʴʜʝʛʠʜʘʤʠ ʠ ʢʝʪʦʥʘʤʠ 100, 114, ʩ ʧʦʣʫʯʝʥʠʝʤ 5-ʬʝʥʠʣ-(3-ʠʣʠʜʝʥ)ʬʫʨʘʥ-

2(3H)-ʦʥʦʚ (98, 115) ʩ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʚʳʭʦʜʘʤʠ 82-94%. ʈʝʘʢʮʠ ʁʧʨʦʚʦʜʠʣʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʠʥʘ ʚ ʪʝʯʝʥʠʝ 4 ʠ 16 ʯʘʩʦʚ (ʩʭʝʤʘ 30). ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 113 ʩ ʘʮʝʪʦʬʝʥʦʥʦʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʩ ʚʳʩʦʢʦʡ E-ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [68]. 
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ʉʭʝʤʘ 30 

ʈʘʥʝʝ ʥʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʉɻʋ ʠʤ. ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ 

ʘʨʠʣʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ (94, 98, 104, 118) ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ 5R-ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ (116) ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʘʣʴʜʝʛʠʜʘʤʠ 100, 111, 117 (ʩʭʝʤʘ 31) [69-72], ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʚʚʦʜʠʣʠʩʴ ʚ 

ʨʝʘʢʮʠʠ ʄʠʭʘʵʣʷ, ʄʘʥʥʠʭʘ, ɺʠʣʴʩʤʘʡʝʨʘ-ʍʘʘʢʘ, ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ, ʘ ʪʘʢʞʝ ʚ 

ʨʝʘʢʮʠʠ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ [73-77]. 

 

ʉʭʝʤʘ 31 

1.3 4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʳ. ʈʝʘʢʮʠʠ ʩ N-

ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ 

4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʪʨʝʭ ʥʝʢɻʚʠʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʮʝʥʪʨʦʚ ʚ ʠʭ ʤʦʣʝʢʫʣʘʭ. 

ʀʥʪʝʨʝʩ ʢ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥ. 

4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜ r(67, 119) ʚ ʨʝʘʢʮʠʠ ʩ ʛʠʜʨʦʭʣʦʨʠʜʦʤ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪ ɹʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʚʳʜʝʣʷʝʤʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ - 2-ʘʤʠʥʦʭʨʦʤʦʥ-3-ʢʘʨʙʦʢʩʘʤʠʜʦʚ (122) ʠʣʠ 3-
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ʘʤʠʥʦ-4H-ʭʨʦʤʝʥʦ[3,4-d]ʠʟʦʢʩʘʟʦʣ-4-ʦʥʦʚ (121), ʜʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ 

ʢʦʪʦʨʳʭ ʠʟʙʳʪʢʦʤ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-

(ʜʠʘʤʠʥʦʤʝʪʠʣʝʥ)ʭʨʦʤʘʥ-2,4-ʜʠʦʥʦʚ (123) (ʩʭʝʤʘ 32). ʈʝʘʢʮʠʷ ʚʢʣʶʯʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 1,4- ʠ 1,2-ʥʫʢʣʝʦʬʠʣʴʥʳʭ ʘʪʘʢ ʤʦʣʝʢʫʣ 

ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠ ʚʦʜʳ ʧʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʘʪʦʤʫ ʉ-2 ʠʣʠ ʟʘʤʝʩʪʠʪʝʣʶ ʉ-3 

ʭʨʦʤʦʥʦʚʦʡ ʩʠʩʪʝʤʳ [78-80]. 

 

ʉʭʝʤʘ 32 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʳ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ one-pot ʨʝʞʠʤʝ 

ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʟʝʣʝʥʳʭè ʨʝʘʛʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʘʤʠʥʦʤʝʪʠʣʝʥ-2-ʛʠʜʨʦʢʩʠʭʨʦʤʘʥ-4-ʦʥʦʚ (126) ʩ ʚʳʭʦʜʘʤʠ 87-93%, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (67) ʠ ʘʤʠʥʦʚ 124, 125 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤ̫ ʛʢʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ï Zn[(L)ʧʨʦʣʠʥ]2 ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʇʦʧʳʪʢʠ ʘʚʪʦʨʦʚ ʦʩʫʱʝʩʪʚʠʪʴ ʜʝʛʠʜʨʘʪʘʮʠʶ 126 

ʠ ʧʦʣʫʯʠʪʴ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 127 ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʫʚʝʥʯʘʣʠʩʴ 

ʫʩʧʝʭʦʤ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ 

ʢʝʪʦ-ʘʤʠʥʥʦʡ ʩʠʩʪʝʤ rʚ ʧʨʦʜʫʢʪʘʭ 126 [81]. ʆʩʥʦʚʘʥʠ ̫ʐʠʬʬʘ 127 ʧʦʣʫʯʝʥʳ 

ʨʝʘʢʮʠʝʡ ʩʫʙʩʪʨʘʪʘ 67 ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ 124 ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï 

ʙʝʥʟʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧ-ʪʦʣʫʦʣʩʫʣʴʬʦʢʠʩʣʦʪʳ (ʇʊʉ) [82, 83] ʠ ʵʪʘʥʦʣʝ 

(ʩʭʝʤʘ 33) [84, 85]. 
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ʉʭʝʤʘ 33 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʩʠʥʪʝʟʝ 3-(ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʝʥ)-2-ʛʠʜʨʦʢʩʠʭʨʦʤʘʥ-4-ʦʥʦʚ 

(130), ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʨʝʘʢʮʠʠ 6-ʟʘʤʝʱʝʥʥʳʭ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (67, 70, 81, 128) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ 129 ʚ ʩʫʭʠʭ 

ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʇʊʉ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʘʤʝʥʘ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʥʘ ʧʨʦʪʦʥʥʳʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʢ 2-ʘʣʢʦʢʩʠ-3-

(ʘʨʠʣʘʤʠʥʦʤʝʪʠʣʝʥ)ʭʨʦʤʘʥ-4-ʦʥʘʤ (131). ʈʝʘʢʮʠʷ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʇʊʉ ʚ ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʩʭʝʤʘ 34) 

[86]. 

 

ʉʭʝʤʘ 34 

ʂʨʦʤʝ ʪʦʛʦ, 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜ (67) ʠ ʘʥʠʣʠʥʳ (124, 125, 

132, 133) ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠ ʙʳʩʪʨʦʤʫ 

ʧʦʜʭʦʜʫ ʚ ʩʠʥʪʝʟʝ ʭʠʥʦʣʠʥʦʚ 134, 135, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩʫʙʩʪʨʘʪʘ 67 ʩ ʥʝʟʘʤʝʱʝʥʥʳʤʠ ʚ ʦ-ʧʦʣʦʞʝʥʠʠ ʘʥʠʣʠʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
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TMSCl, ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʤʦʪʦʨʘ ʠ ʧʦʛʣʦʪʠʪʝʣʷ ʚʦʜʳ, ʚ ɼʄʌɸ ʚ ʪʝʯʝʥʠʝ 

12-24 ʯʘʩʦʚ (ʩʭʝʤʘ 35) [87]. 

 

ʉʭʝʤʘ 35 

ʇʠʨʘʟʦʣʦʧʠʨʠʤʠʜʠʥʳ (139) ʠ ʧʠʨʘʟʦʣʦʧʠʨʠʜʠʥ (140) ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʦʜʥʦʨʝʘʢʪʦʨʥʦʡ ʤʝʪʦʜʠʢʦʡ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 6-ʟʘʤʝʱʝʥʥʳʭ 4-

ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (67, 70, 81, 128, 136) ʠ ʘʤʠʥʦʧʠʨʘʟʦʣʘ 

(137), ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʙʝʟʚʦʜʥʦʤ ʊɻʌ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 1-2 

ʯʘʩʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʛʠʦʠʟʦʤʝʨʘ 140 ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʠʤʠʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʧʦ ʘʪʦʤʫ ʉ-2 

ʭʨʦʤʝʥʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʘ ʩʯʝʪ ʘʪʘʢʠ ʉ-4' ʧʠʨʘʟʦʣʘ, ʚʤʝʩʪʦ ʘʪʦʤʘ ʘʟʦʪʘ N-

2' (ʩʭʝʤʘ 36). ʆʮʝʥʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ in vitro ʧʨʦʜʫʢʪʦʚ 139 ʠ 140 ʩ 

ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʥʘ ʣʝʪʘʣʴʥʦʩʪ ɹ ʘʨʪʝʤʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ 139, ʚ ʢʦʪʦʨʦʤ R=F [88]. ɺ 

ʫʩʣʦʚʠʷʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʥʘʛʨʝʚʘ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʱʥʦʩʪʴʶ 800 W ʥʘ ʩʫʙʩʪʨʘʪʳ 67, 70, 81, 128, 136 ʠ 5-ʘʤʠʥʦ-1-R1-ʧʠʨʘʟʦʣʳ 

(138) ʧʦʣʫʯʝʥʳ ʧʠʨʘʟʦʣʦ[3,4-b]ʧʠʨʠʜʠʥʳ (141) ʩ ʚʳʭʦʜʦʤ 70-92%. ʂʠʥʝʪʠʢʘ 

ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ R, R1 ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ [89]. 
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ʉʭʝʤʘ 36 

ʈʘʙʦʪʘ [90] ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʁ  ʠ ʩʦʯʝʪʘʶʱʠʭ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʭʨʦʤʝʥ-

4(4ʅ)-ʦʥʦʚʳʡ ʠ ʠʟʦʢʩʘʟʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ. ɼʚʫʭʩʪʘʜʠʡʥʘʷ ʨʝʘʢʮʠʷ ï 

ʙʨʦʤʠʨʦʚʘʥʠʝ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (67, 81, 142) N-

ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʦʤ (NBS) ʚ ʢʠʧʷʱʝʤ CCl4 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʠʮʠʘʪʦʨʘ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʙʨʦʤʠʨʦʚʘʥʠʷ AIBN ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ 3-ʘʤʠʥʦ-5-ʤʝʪʠʣʠʟʦʢʩʘʟʦʣʦʤ (143) ï ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ 

ʩʠʩʪʝʤ 144 ʩ ʚʳʭʦʜʦʤ 25-73% (ʩʭʝʤʘ 37). 

 

ʉʭʝʤʘ 37 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 147 ʧʦʣʫʯʝʥʳ ʢʦʥʜʝʥʩʘʮʠʝʡ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (67, 70, 145) ʠ 5-ʘʤʠʥʦ-2-ʤʝʨʢʘʧʪʦ-1,3,4-ʪʠʘʜʠʘʟʦʣʘ (146) ʚ 

ʘʙʩʦʣʶʪʠʟʠʨʦʚʘʥʥʦʤ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ - ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʩ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʱʥʦʩʪʴʶ 150 W (ʩʭʝʤʘ 38). 

ɺʩʝ ʧʨʦʜʫʢʪʳ 147 ʧʨʦʷʚʠʣʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [91]. ʅʘ ʦʩʥʦʚʝ 3-

{(5-ʤʝʨʢʘʧʪʦ-1,3,4-ʪʠʘʜʠʘʟʦʣ-2-ʠʣʠʤʠʥʦ)ʤʝʪʠʣ}-4H-ʭʨʦʤʝʥ-4-ʦʥʘ ʧʦʣʫʯʝʥʳ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Co, Ni ʠ Cu 148, 149, ʢʦʪʦʨʳʝ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 
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ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ in vitro ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʰʪʘʤʤʦʚ [92]. 

 

ʉʭʝʤʘ 38 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ Co, Ni, Cu ʠ Zn 152 ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʘʙʦʪʝ [93], ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʝʥ  rʠʟ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ - 3-[((3-

ʤʝʨʢʘʧʪʦʧʠʨʠʜʠʥ-2-ʠʣ)ʠʤʠʥʦ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (151) ʠ ʛʠʜʨʘʪʦʚ 

ʭʣʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ(II ) (ʩʭʝʤʘ 39). 

 

ʉʭʝʤʘ 39 

4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʳ (67, 70) ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʙʝʥʟʦʪʠʘʟʦʣʠʣʘʤʠʥʦʤʝʪʠʣʝʥʭʨʦʤʘʥ-4-ʦʥʦʚ (155, 156) ʠ 2-

(ʙʝʥʟʦʪʠʘʟʦʣʠʣʘʤʠʥʦ)-3-(ʙʝʥʟʦʪʠʘʟʦʣʠʪʘʤʠʥʦʤʝʪʠʣʝʥ)-ʭʨʦʤʘʥ-4-ʦʥʦʚ (157, 

158) ʚ ʨʝʘʢʮʠʷʭ ʩ ʘʤʠʥʦʙʝʥʟʦʪʠʘʟʦʣʘʤʠ (153, 154). ʈʝʘʢʮʠʷ ʤʝʞʜʫ 

ʵʢʚʠʤʦʣʷʨʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʩʫʙʩʪʨʘʪʦʚ 67, 70 ʠ 153, 154 ʚ 

ʘʙʩʦʣʶʪʠʟʠʨʦʚʘʥʥʦʤ ʵʪʘʥʦʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʇʊʉ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 155, 156 ʩ ʚʳʭʦʜʦʤ 70-76%, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʠʟʙʳʪʢʝ ʘʤʠʥʦʚ 153, 154 ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʩ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʚ ʩʫʭʦʤ ʪʦʣʫʦʣʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʦʙʨʘʟʫʶʪʩʷ 1,4-

ʘʜʜʫʪʳ 157, 158 ʩ ʚʳʭʦʜʦʤ 75-80% (ʩʭʝʤʘ 40) [94]. 

 

ʉʭʝʤʘ 40 

ʈʝʘʢʮʠʷ 6-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥʦʚ (159) ʩ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ 

(67) ʚ ʫʩʣʦʚʠʷʭ ʢʘʢ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʙʩʦʣʶʪʠʟʠʨʦʚʘʥʥʦʤ ʵʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʝʦʞʠʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ - 6-ʛʠʜʨʦʢʩʠ-6,9-ʜʠʛʠʜʨʦʙʝʥʟʦʧʠʨʘʥʦʧʠʨʠʜʦ[2,3-

d]ʧʠʨʠʤʠʜʠʥ-8-ʦʥʦʚ (164), ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʳʭ ʧʠʨʠʜʦʧʠʨʠʤʠʜʠʥʦʚ (160) 

(ʩʭʝʤʘ 41). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 164 ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʥʜʝʥʩʘʮʠʠ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʉ-5 ʠ ʘʤʠʥʦʛʨʫʧʧʳ ʧʠʨʠʤʠʜʠʥʦʚ (159) ʩ 

ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʦʡ ʠ ʦʢʩʦʛʨʫʧʧʦʡ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (67) 

ʯʝʨʝʟ ʠʥʪʝʨʤʝʜʠʘʪ 161, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʩʦʣʴ 

ʧʠʨʠʣʠʷ (162), ʠʣʠ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʝʘʢʮʠʠ, ʤʦʞʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʧʦ ʧʦʣʦʞʝʥʠʶ ʉ-6 ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʜʠʛʠʜʨʦʢʩʠʧʨʦʠʟʚʦʜʥʦʛʦ 163 (ʩʭʝʤʘ 41) [95]. 
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ʉʭʝʤʘ 41 

ɸʚʪʦʨʘʤʠ [96] ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠ ̫ʢʦʥʜʝʥʩʘʮʠʠ 6,8-ʜʠʤʝʪʠʣ-4-ʦʢʩʦ-4ʅ-

1-ʙʝʥʟʦʧʠʨʘʥ-3-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (165) ʩ ʘʤʠʥʦ-6-ʦʢʩʦʧʠʨʠʜʠʥ-3-

ʢʘʨʙʦʢʩʠʣʘʪ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 6,8-ʜʠʤʝʪʠʣ-

4-ʦʢʩʦ-4ʅ-1-ʙʝʥʟʦʧʠʨʘʥ-3-ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜʘ (165) ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʠʣ-2-ʘʤʠʥʦ-4-(4-ʭʣʦʨʬʝʥʠʣ)-5-ʮʠʘʥʦ-1-[(5,6-ʜʠʬʝʥʠʣ-1,2,4-

ʪʨʠʘʟʠʥ-3-ʠʣ)ʘʤʠʥʦ]-6-ʦʢʩʦ-1,6-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥ-3-ʢʘʨʙʦʢʩʠʣʘʪʘ (166) ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʭʨʦʤʘʥʦʥ r167, 169 ʠ 

ʭʨʦʤʝʥʦʥ 168 (ʩʭʝʤʘ 42).  

 

ʉʭʝʤʘ 42 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 6,8-ʜʠʤʝʪʠʣ-4-ʦʢʩʦ-4H-1-ʙʝʥʟʦʧʠʨʘʥ-3-

ʢʘʨʙʦʢʩʘʣʴʜʝʛʠʜ (165) ʨʝʘʛʠʨʫʝʪ ʩ ʘʤʠʥʦʤ 170 ʚ ʩʫʭʦʤ ʢʩʠʣʦʣʝ ʠ ʦʙʨʘʟʫʝʪ 
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ʧʨʦʜʫʢʪ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ - ʧʨʦʠʟʚʦʜʥʦʝ 6,8-ʜʠʤʝʪʠʣ-3-

[ʛʠʜʨʦʢʩʠ(ʘʨʠʣʘʤʠʥʦ)ʤʝʪʠʣ]ʭʨʦʤʝʥ-4-ʦʥʘ (171) ʩ ʚʳʭʦʜʦʤ 52%, ʚʤʝʩʪʦ 

ʦʞʠʜʘʝʤʦʛʦ 1,4-ʘʜʜʫʢʪʘ 172 (ʩʭʝʤʘ 43) [96]. 

 

ʉʭʝʤʘ 43 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ ʩ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ï ʛʠʜʨʘʟʠʥʦʤ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʘʟʦʥʦʚ ʠʣʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɸʚʪʦʨʘʤʠ [97, 98] ʠʟʫʯʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 6,8-ʜʠʭʣʦʨ-4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (145) ʚ ʨʝʘʢʮʠʠ ʩ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʦʤ ʧʨʠ ʢʠʧʷʯʝʥʠʠ 

ʚ ɻ ʪʘʥʦʣʝ. ʉʦʛʣʘʩʥʦ [97], (3,5-ʜʠʭʣʦʨ-2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)(1H-ʧʠʨʘʟʦʣ-4-

ʠʣ)ʤʝʪʘʥʦʥ (173) ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʳʪʠʷ ʧʠʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʠʨʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ʆʙʨʘʙʦʪʢʘ ʩʫʙʩʪʨʘʪʘ 145 ʪʝʤ ʞʝ 

ʨʝʘʛʝʥʪʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 6,8-ʜʠʭʣʦʨʭʨʦʤʝʥʦ[4,3-

c]ʧʠʨʘʟʦʣʘ (174) ʩ ʚʳʭʦʜʦʤ 85% ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ [98].  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʢʣʶʯʘʝʪ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ 1,2-

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʙʠʥʫʢʣʝʦʬʠʣʘ ʢʘʢ ʧʦ ʬʦʨʤʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʪʘʢ ʠ ʧʦ ʦʢʩʦʛʨʫʧʧʝ 

ʉ-4, ʠ ʧʨʠ ʵʪʦʤ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʢʨʳʪʠʝʤ ʧʠʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʈʝʘʢʮʠʝʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʠʜʨʘʟʠʥ-ʛʠʜʨʘʪʘ ʢ 6-ʟʘʤʝʱʝʥʥʳʤ 4-ʦʢʩʦ-

4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘʤ (67, 70, 128, 136) ʧʦʣʫʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 

ʛʠʜʨʘʟʦʥʦʚ 175 ʩ ʦʪʣʠʯʥʳʤʠ ʚʳʭʦʜʘʤʠ 94-98% (ʩʭʝʤʘ 44) [99]. ɼʘʥʥʳʡ ʤʝʪʦʜ 
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ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 175 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ çʟʝʣʝʥʦʡ ʭʠʤʠʠè, 

ʧʦʩʢʦʣʴʢʫ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 20 ʤʦʣ. % ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

[Et3NH][HSO4], ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 

120 ʦʉ. 

 

ʉʭʝʤʘ 44 

4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʳ (67, 70, 136) ʨʝʘʛʠʨʫʶʪ ʩ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʘʤʠ (176, 177) ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʙʝʟʚʦʜʥʦʤ ʊɻʌ, ʣʠʙʦ ʚ 

ʵʪʠʣʘʮʝʪʘʪʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʨʘʟʦʣʦʚ (178, 179) ʠʣʠ 

ʛʠʜʨʘʟʦʥʦʚ (180, 181) (ʩʭʝʤʘ 45) [88, 100]. ʀʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ 

(ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ) ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 178-181 in vitro ʥʘ 

ʙʠʙʣʠʦʪʝʢʝ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ ʨʘʢʘ ʯʝʣʦʚʝʢʘ. ʅʘʠʣʫʯʰʠʝ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʩʦʝʜʠʥʝʥʠʝ 181, ʛʜʝ 

R2=R4=R6=F, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʩʠʣʘ ʧʨʝʧʘʨʘʪ ʩʨʘʚʥʝʥʠʷ ï 

ʮʠʩʧʣʘʪʠʥ. 
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ʉʭʝʤʘ 45 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʦʡ, ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

2-ʪʠʦ-5-ʛʠʜʨʦʢʩʠ-5H-[1]ʙʝʥʟʦʧʠʨʘʥʦ[4,3-d]ʧʠʨʠʤʠʜʠʥʦʚ (184), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜ r(67, 70, 128, 136, 

145, 165, 182), ʢʦʪʦʨʳʝ ʚʚʦʜʠʣʠ ʚ ʨʝʘʢʮʠʶ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ (183) ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʚ ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ KOH. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʜʫʢʪʳ 184 ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʫʢʣʝʦʬʠʣʴʥʦʡ 

ʘʪʘʢʠ ʂʆʅ ʧʦ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʉ-2 ʠʩʭʦʜʥʳʭ ʘʣʴʜʝʛʠʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʨʘʩʢʨʳʪʠʝʤ ʧʠʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʥʪʝʨʤʝʜʠʘʪʦʚ I , ʜʘʣʴʥʝʡʰʘ ̫

ʢʦʥʜʝʥʩʘʮʠ ̫ ʢʦʪʦʨʳʭ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ II  ʠ III , ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʨʘʪʥʦʤʫ ʟʘʢʨʳʪʠʶ ʢʦʣʴʮʘ ʜʦ 

ʢʦʥʝʯʥʳʭ ʚʳʜʝʣʝʥʥʳʭ 2-ʪʠʦ-5-ʛʠʜʨʦʢʩʠ-5H-[1]ʙʝʥʟʦʧʠʨʘʥʦ[4,3-

d]ʧʠʨʠʤʠʜʠʥʦʚ (184) (ʩʭʝʤʘ 46). ʅʝ ʠʩʢʣʶʯʘʣʘʩʴ ʨʝʘʣʠʟʘʮʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠ ̫ʨʝʘʢʮʠʠ, ʘ ʠʤʝʥʥʦ ʦʙʨʘʟʦʚʘʥʠʝ (2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)(2-ʪʠʦʢʩʦ-1,2-

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-5-ʠʣ)ʤʝʪʘʥʦʥʦʚ (185), ʦʜʥʘʢʦ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʢʮʠʠ ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ 

[101]. 
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ʉʭʝʤʘ 46 

ʆʧʠʩʘʥʦ ʧʨʝʚʨʘʱʝʥʠʝ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (67) ʚ ʨʝʘʢʮʠʠ 

ʩ ʛʫʘʥʠʜʠʥ ʢʘʨʙʦʥʘʪʦʤ ʧʦ ʄʠʭʘʵʣʶ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ 

ʚʳʛʦʜʥʦʤʫ ʧʫʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-ʘʤʠʥʦ-5-ʛʠʜʨʦʢʩʠʙʝʥʟʦʧʠʨʘʥʦ[4,3-

d]ʧʠʨʠʤʠʜʠʥʘ (187), ʠ ʤʝʥʝʝ ʚʳʛʦʜʥʦʤʫ ʧʫʪʠ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - (2-ʘʤʠʥʦʧʠʨʠʤʠʜʠʥ-5-ʠʣ)(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʤʝʪʘʥʦʥʫ 

(188) (ʩʭʝʤʘ 47) [102]. 

 

ʉʭʝʤʘ 47 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ S-ʤʝʪʠʣʠʟʦʪʠʦʤʦʯʝʚʠʥʳ (189), ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʚʨʘʱʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʩ ʚʳʜʝʣʝʥʠʝʤ 5-ʛʠʜʨʦʢʩʠ-

2-ʤʝʪʠʣʪʠʦ-5ʅ-ʙʝʥʟʦʧʠʨʘʥʦ[4,3-d]ʧʠʨʠʤʠʜʠʥʘ (190) ʩ ʚʳʭʦʜʦʤ 87% ʠ (2-

ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-(2-ʤʝʪʠʣʪʠʦ-ʧʠʨʠʤʠʜʠʥ-5-ʠʣ)ʤʝʪʘʥʦʥʘ (191) ʩ ʚʳʭʦʜʦʤ 10% 

(ʩʭʝʤʘ 48) [103]. 

 

ʉʭʝʤʘ 48 

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 193 ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʛʠʜʨʘʟʠʜʦʚ 192 ʥʘ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜ (67) ʚ ʵʪʘʥʦʣʝ ʧʨʠ 50-100 ʦʉ, ʢʦʪʦʨʦʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʦʡ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʝ (ʩʭʝʤʘ 49). ʆʮʝʥʝʥʘ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ in vitro ʠ in vivo ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʜʫʢʪ 193, ʛʜʝ R=NHC(O)C2H5, ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ 

ʜʝʡʩʪʚʠʝʤ [85, 104].  

 

ʉʭʝʤʘ 49 

ɸʚʪʦʨʳ ʨʘʙʦʪ [105-107] ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ 4-ʦʢʩʦ-

4ʅ-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (196) ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ 6-

ʟʘʤʝʱʝʥʥʳʭ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (67, 70, 136, 194) ʩ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ (195) ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʜʫʢʪʳ 196 ʤʦʛʫʪ ʙʳʪʴ 
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ʧʦʣʫʯʝʥʳ ʚ ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʘʢ ʠ ʧʨʠ 

ʢʠʧʷʯʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ (ʩʭʝʤʘ 50) [105, 106]. ʇʝʨʭʣʦʨʘʪ ʮʠʥʢʘ ʚ ʨʝʘʢʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ, ʥʦ ʠ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʦʣʴ Zn ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʢʪʠʚʘʮʠʠ ʩʫʙʩʪʨʘʪʘ, ʦʙʨʘʟʦʚʘʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ ʥʫʢʣʝʦʬʠʣʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʭʦʜʷʱʝʡ ʛʨʫʧʧʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʦʩʥʦʚʘʥʠʷ 

ʐʠʬʬʘ 196 ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴ  ʁʯʠʩʪʦʪʳ ʠ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ [107]. ɺ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ 2-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʛʠʜʨʘʟʠʥʢʘʨʙʦʪʠʦʘʤʠʜ 

ʚʚʝʜʝʥ ʚ ʨʝʘʢʮʠʶ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʦʣʷʤʠ Zn(II ) , Ni(II) ʠ Cu(II ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʝʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

ʩʫʧʝʨʦʢʩʠʜʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ ʦʙʣʘʜʘʝʪ ʢʦʤʧʣʝʢʩ Cu(II ).  

 

ʉʭʝʤʘ 50 

ʈʝʘʢʮʠʷ 6,8-ʜʠʙʨʦʤ-7-ʛʠʜʨʦʢʩʠ-4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (119) 

ʩ 1,2-N,N-ʙʠʥʫʢʣʝʦʬʠʣʘʤʠ (195, 197) - ʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ, N4- 

ʬʝʥʠʣʪʠʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ, S-ʙʝʥʟʠʣʜʠʪʠʦʢʘʨʙʘʟʘʪʦʤ ʠ ʧʠʨʠʜʠʥ-4-

ʢʘʨʙʦʛʠʜʨʘʟʠʜʦʤ ʚ ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʝ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʠʜʨʘʟʦʥʦʚ 198 ʩ ʚʳʭʦʜʦʤ 54-74%. ʆʜʥʘʢʦ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʠʩʭʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ 119 ʩ ʙʠʥʫʢʣʝʦʬʠʣʘʤʠ 195, 197 ʚ ɼʄʌɸ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʳʜʝʣʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʙʳʣ 4-(3,5-ʜʠʙʨʦʤ-2,4-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʠʣ)-1H-ʧʠʨʘʟʦʣ (199) ʩ ʚʳʭʦʜʦʤ 55-61% (ʩʭʝʤʘ 51). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 199, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʟʦʥʦʚ 198 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʧʦ ʧʦʣʦʞʝʥʠ ʁ C-2, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʪʝʨʤʝʜʠʘʪʫ A. ʈʘʩʢʨʳʪʠʝʤ ʧʠʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʜʘʝʪ ʠʥʪʝʨʤʝʜʠʘʪ B, ʚ 
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ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ (ʪʠʦ)ʘʤʠʜʥʳʭ ʩʚʷʟʝʡ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 199 [80]. 

 

ʉʭʝʤʘ 51 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (67) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʛʫʘʥʠʣʛʠʜʨʘʟʦʥʘ (200) ʚ ʵʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʣʠʙʦ 5H-ʭʨʦʤʝʥʦ[4,3-

d]ʧʠʨʠʤʠʜʠʥʦʚ (201), ʣʠʙʦ ʧʠʨʠʤʠʜʠʥ-5-ʠʣ-(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʤʝʪʘʥʦʥʦʚ 

(202) (ʩʭʝʤʘ 52). ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʠʣʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʛʫʘʥʠʣʛʠʜʨʘʟʦʥʦʚ (200). ʀʟʫʯʝʥ r

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ in vitro ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (201, 202) ʥʘ 

ʜʚʫʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʨʘʢʘ ʯʝʣʦʚʝʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ MTT-ʘʥʘʣʠʟʘ [108].  

 

ʉʭʝʤʘ 52 
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ʀʩʩʣʝʜʦʚʘʥʘ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 6,8-ʜʠʙʨʦʤ-7-ʛʠʜʨʦʢʩʠ-4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (119) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ 

ʛʝʪʝʨʦʘʨʠʣʛʠʜʨʘʟʠʥʘʤ (203, 206). ʂʠʧʷʯʝʥʠʝ ʩʫʙʩʪʨʘʪʘ 119 ʠ 7-ʭʣʦʨ-4-

ʛʠʜʨʘʟʠʥʦʭʠʥʦʣʠʥʘ (203) ʚ ʘʙʩʦʣʶʪʥʦʤ ʵʪʘʥʦʣʝ ʜʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʛʠʜʨʘʟʦʥ 204 ʩ ʚʳʭʦʜʦʤ 61%. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʫʙʩʪʨʘʪʦʚ ʚ ɼʄʌɸ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʠʟʚʦʜʥʦʝ ʭʠʥʦʣʠʥʠʣʧʠʨʘʟʦʣʘ (205) ʩ ʚʳʭʦʜʦʤ 55%. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 1,2-N,N-ʙʠʥʫʢʣʝʦʬʠʣʘ - 3-ʛʠʜʨʘʟʠʥʦ-5,6-ʜʠʬʝʥʠʣ-

1,2,4-ʪʨʠʘʟʠʥʘ (206) ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʨʝʘʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʟʦʥʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʘ ʠʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʠʘʟʠʥʠʣʧʠʨʘʟʦʣʘ (207) ʩ ʚʳʭʦʜʦʤ 46% (ʩʭʝʤʘ 53) [80]. 

 

ʉʭʝʤʘ 53 

ʆʧʠʩʘʥ ʩʠʥʪʝʟ ʛʠʙʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - 1-(4-(4-ʙʨʦʤʬʝʥʠʣ)ʪʠʘʟʦʣ-2-ʠʣ)-

1H-ʧʠʨʘʟʦʣ-4-ʠʣ)(2-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)ʤʝʪʘʥʦʥʦʚ (210) ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ 4-

ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʚ (70, 128, 145, 208) ʩ 1-(4-(4-

ʙʨʦʤʬʝʥʠʣ)ʪʠʘʟʦʣ-2-ʠʣ)ʛʠʜʨʘʟʠʥʦʤ (209) ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʵʪʘʥʦʣʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ KOH (ʩʭʝʤʘ 54) [109]. 
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ʉʭʝʤʘ 54 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ 

ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʳʝ çʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠè ʜʣʷ 

ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ. ʉʠʥʪʝʪʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʳʤʠ ʤʝʪʦʜʘʤʠ ʠʭ ʧʦʣʫʯʝʥʠʷ.  
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ɻʃɸɺɸ 2. ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ1 

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʨʠʣʤʝʪʠʣʠʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʢʣʘʩʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʚʝʜʝʥʠʝ ʚ ʧʦʣʦʞʝʥʠʝ 

ʉ-3 ʛʝʪʝʨʦʮʠʢʣʘ ʨʘʟʣʠʯʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʤʘʩʰʪʘʙ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʘʥʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʜʝʣʘ ̫ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʥʦʛʠʭ ʚʦʧʨʦʩʦʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ.  

ʉʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʭʨʦʤʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʠʤʝʶʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʠʭ ʨʝʘʢʮʠʦʥʥʘ ̫

ʩʧʦʩʦʙʥʦʩʪɹ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʫʢʣʝʦʬʠʣʘʤ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ. ʉ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 4-

ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜ ʧʝʨʩʧʝʢʪʠʚʝʥ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʙʨʠʜʥʳʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ 

ʪʨʝʭ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʭ ʮʝʥʪʨʦʚ: ʩʦʧʨʷʞʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʜʚʦʡʥʦʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʦʡ ʩʚʷʟʠ ʠ ʬʦʨʤʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʦʙʣʘʜʘʶʱʝʡ 

ʥʘʠʚʳʩʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʫʢʣʝʦʬʠʣʴʥʳʤ 

ʨʝʘʛʝʥʪʘʤ. 4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʛʝʪʝʨʦʜʠʝʥʦʚ, ʘ ʪʘʢʞʝ ʠʜʝʘʣʴʥʳʭ ʜʠʝʥʦʬʠʣʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ [110, 111]. ɹʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʫʢʣʝʦʬʠʣʳ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ, ʚ ʭʦʜʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2.1 ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʢʦʥʬʠʛʫʨʘʮʠ ̫ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ -  

3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ  

4-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʠʭ 

ʩʠʥʪʝʟʫ ʷʚʣʷʪʁʩʷ ʦʩʥʦʚʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

1ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʥʫʤʝʨʘʮʠʷ ʩʭʝʤ, ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ. 
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ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʢʘʪʘʣʠʟʝ 

ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʜʠʮʠʥʳ [112].  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʩʠʥʪʝʟʫ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ 

ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʝʥ-4-ʦʥʦʚ, ʬʫʨʘʥ-2-ʦʥʦʚ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʘ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʳ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ ʧʦʜʦʙʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʚ ʩʠʥʪʝʟʝ 4,4-ʜʠʘʨʠʣ-1-(3-

ʭʨʦʤʦʥʠʣ)ʙʫʪʘ-1,3-ʜʠʝʥ-2-ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (4a-f), ʦʧʠʩʘʥ A.K. El-Ziaty ʠ 

ʩʦʘʚʪʦʨʘʤʠ [113]. ʂʦʥʜʝʥʩʘʮʠʷ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (2) ʠ 3-

ʘʨʦʠʣʧʨʦʧʠʦʥʦʚʳʭ ʢʠʩʣʦʪ (1a-c) ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʠʦʥʠʣʭʣʦʨʠʜʘ ʚ N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʮʠʢʣʦʜʝʛʠʜʨʘʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʧʨʠʚʦʜʠʪ ʢ  ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ - 5-ʘʨʠʣ-3-ʭʨʦʤʝʥʠʣʤʝʪʠʣʠʜʝʥʬʫʨʘʥ-2(3H)-ʦʥʦʚ (3a-c) ʚ 

ʚʠʜʝ ʩʤʝʩʠ E ʠ Z ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ (ʩʭʝʤʘ 1) [113]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʙʝʜʠʪʝʣʴʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʪʨʦʝʥʠʷ ʧʦʣʫʯʝʥʥr ʭ ʩʦʝʜʠʥʝʥʠʡ 3a-c ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʦʜʠʪʩʷ. 

 

ʉʭʝʤʘ 1 

ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ 

ʩʪʨʫʢʪʫʨ - 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ ʩ 

ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ. 

ʀʟʚʝʩʪʥʦ [114, 115], ʯʪʦ ʦʙʱʝʧʨʠʥʷʪʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʘʨʠʣʤʝʪʠʣʠʜʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʨʘʥ-2(3H)-ʦʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 4-ʦʢʩʦʘʣʢʘʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʣʴʜʝʛʠʜʘʤʠ ʚ 

ʫʢʩʫʩʥʦʤ ʘʥʛʠʜʨʠʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʟʚʦʜʥʦʛʦ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ. ʆʜʥʘʢʦ, 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (2) ʚ ʨʝʘʢʮʠʠ ʩ 

ʘʨʠʣʟʘʤʝʱʝʥʥrʤʠ 4-ʦʢʩʦʙʫʪʘʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ, 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-

3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ. ʊʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʘʙʩʦʣʶʪʥʳʝ ʵʪʘʥʦʣ ʠ 

ʙʝʥʟʦʣ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ 

ʘʨʠʣʟʘʤʝʱʝʥʥʳʭ 4-ʦʢʩʦʙʫʪʘʥʦʚʳʭ ʢʠʩʣʦʪ ʠʭ ʚʥʫʪʨʝʥʥʠʝ ʮʠʢʣʠʯʝʩʢʠʝ 

ʩʣʦʞʥʳʝ ɻʬʠʨ r- 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥr. 

ʅʘʤʠ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥ ʨʷʜ 3-[(2-ʦʢʩʦ-

5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f), ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʢʦʣʠʯʝʩʪʚ 5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ (5a-f), 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʝ [71], ʠ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (2) ʚ 

ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʩʭʝʤʘ 2) [116]. 

 

ʉʭʝʤʘ 2 

ʆʩʫʱʝʩʪʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʚ ʨʝʘʢʪʦʨʝ ʟʘʢʨʳʪʳʭ ʩʦʩʫʜʦʚ (Monowave 50, Anton Paar) ʧʨʠ 
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ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ 

ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦ ʝʝ 

ʚʨʝʤʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʜʦʩʪʠʞʠʤʦ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʥʘʛʨʝʚʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʘʨʘʤʝʪʨʳ ʜʚʫʭ ʨʝʞʠʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʜʚʫʭ ʨʝʞʠʤʦʚ ʩʠʥʪʝʟʘ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 3a-f 
 

ˉ 

ʉʦʝʜ. 

 

ʂʠʧʷʯʝʥʠʝ 

 

ʈʝʘʢʪʦʨʘ 

T, Áʉ Ű, ʤʠʥ P, ʙʘʨ ɺʳʭʦʜ, % T, Áʉ Ű, ʤʠʥ P, ʙʘʨ ɺʳʭʦʜ, % 

3a 118 180 1 70 135 15 4 80 

3b 118 180 1 61 135 15 4 66 

3c 118 60 1 62 135 5 4 63 

3d 118 60 1 82 135 5 4 90 

3e 118 180 1 66 135 15 4 68 

3f 118 180 1 58 135 15 4 60 
ʘʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ 

Monowave 50 (Anton Paar). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʂʥʝʚʝʥʘʛʝʣʷ ʤʝʞʜʫ 

5-ʘʨʠʣʬʫʨʘʥ-2(3ʅ)-ʦʥʘʤʠ (5aïf) ʠ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ (2), 

ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʪʝʨʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚ), ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʪʦʨʘ 

ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤ ̫ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʚ 12 ʨʘʟ) ʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ (ʚ 20 ʨʘʟ) [113], ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ 1-

10%. 

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ 3a-f ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʤʝʪʦʜʘʤʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ ʥʘ 

ʷʜʨʘʭ 1H, 13C ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʤʝʨʥʦʡ 1ʅï1ʅ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ NOESY. ɺ ʀʂ 
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ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 3a-f ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 1764-1755 ʩʤ-1, ʦʪʚʝʯʘʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʣʘʢʪʦʥʥʦʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 1653-1646 ʩʤ-1. 

ʂʣʶʯʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 1ʅ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-

3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ɼʄʉʆ-

d6, ʷʚʣʷʶʪʩʷ ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 9.06-9.10 ʤ.ʜ., 

ʩʠʥʛʣʝʪ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 7.44-7.67 ʤ.ʜ. ʠ 

ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ ʧʨʠ 7.31-7.42 ʤ.ʜ. ɺ 

ʩʣʘʙʦʧʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʚ ʗʄʈ 13ʉ ʩʦʝʜʠʥʝʥʠʡ 3ʘ-f ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʩʠʛʥʘʣʳ ʣʘʢʪʦʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 168.4-168.9 ʤ.ʜ. ʠ ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 175.1-175.2 ʤ.ʜ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʧʦʤʦʱʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ NOESY 2D, ʘ ʪʘʢʞʝ 1D ʩʝʣʝʢʪʠʚʥʦʛʦ NOE ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 3a-f ʩʫʱʝʩʪʚʫʪʁ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ-d6 

ʪʦʣʴʢʦ ʚ ʚʠʜʝ E-ʠʟʦʤʝʨʦʚ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʵʪʦʛʦ ʩʣʫʞʠʪ ʦʪʩʫʪʩʪʚʠʝ 

ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ 1ʅ ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

3a-f, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ NOESY 2D ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʦʩʩ-ʧʠʢʘ. 

ʊʘʢ, ʚ ʩʧʝʢʪʨʝ NOESY 2D 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-

ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ), ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʦʩʩ-

ʧʠʢ ʧʨʠ 7.59/9.09 ʤ.ʜ., ʦʙʫʩʣʦʚʣʝʥʥʳʡ NOE-ʢʦʥʪʘʢʪʦʤ ʧʨʦʪʦʥʘ ʧʦʣʦʞʝʥʠʷ ʉ-

4 ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʧʨʦʪʦʥʘ ʧʦʣʦʞʝʥʠʷ ʉ-2 ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ʨʠʩ. 1). ʇʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ NOESY 

1D ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʡ ʢʨʦʩʩ-ʧʠʢ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʙʣʠʞʝʥʥʦʩʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʨʦʪʦʥʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ 

ʚ ʧʦʣʴʟʫ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʠ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-

ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f). ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʠ 3a-

f ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ 



55 
 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ ʠ ʚʠʥʠʣʴʥʳʤ ʧʨʦʪʦʥʦʤ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. 

 
 

ʈʠʩʫʥʦʢ 1. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ NOESY 2D ʩʦʝʜʠʥʝʥʠʷ 3a ʠ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʢʨʦʩʩ-ʧʠʢ (ŭ ʚ ʤ.ʜ.)  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʘʢʮʠʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 3a-f 

ʧʨʦʚʝʜʝʥʦ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ DFT [117]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ M-base - ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʨʝʘʢʮʠʷʭ ʢʦʥʜʝʥʩʘʮʠʠ 

ʦʙʨʘʟʫʝʪʩʷ ʭʝʣʘʪʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʝ 

ʎʠʤʤʝʨʤʘʥʦʤ ʠ ʊʨʘʢʩʣʝʨ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʢʦʥʬʦʨʤʘʮʠʶ ʢʨʝʩʣʘ [117]. ʕʪʘ 

ʛʠʧʦʪʝʟʘ ʦʪʣʠʯʥʦ ʦʙʲʷʩʥʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ. ʆʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʦ ʣʠʰʴ 

ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʄʝʞʤʦʣʝʢʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʘʢʮʠʡ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ɺ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘʤʠ 

ʫʩʣʦʚʠʷʭ, ʚ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʧʨʝʚʨʘʱʝʥʠʠ, ʝʥʦʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʩʢʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʦʩʣʝʜʫʶʱʘʷ ʘʪʘʢʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ 4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʮʠʢʣʘ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʯʝʪʳʨʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʦʤʝʨʥʳʭ ʘʣʴʜʦʣʝʡ - R1, R2 ʠ S1, S2 (ʩʭʝʤʘ 3). 
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ʉʭʝʤʘ 3 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ (ʬʫʥʢʮʠʦʥʘʣ B3LYP ʩ 

ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6-31G(d,p)), ʠʟʦʤʝʨ R1 ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʪʦʛʦ ʘʣʴʜʦʣʷ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʟʦʤʝʨʘʤʠ 

(ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʦʤʝʨʘ R1  

ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ 3-

[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥ (3ʘ), ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ - E1, E2 ʠ Z1, 

Z2 (ʩʭʝʤʘ 4). 
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ʉʭʝʤʘ 4 

ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʫʩʣʦʚʣʝʥ ʨʘʟʣʠʯʥʳʤ ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʛʨʫʧʧ ʘʪʦʤʦʚ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʘ ʩʯʝʪ ʝʛʦ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʦʜʠʥʘʨʥʦʡ ʉ-ʉ ʩʚʷʟʠ ʚʥʫʪʨʠ ʟʘʢʨʝʧʣʝʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʥʳʤ ʜʘʥʥʳʤ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʘ R1 ʚʳʰʝ, 

ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠʚʝʜʫʪ ʢ ʦʜʥʦʡ ʠʟ ɽ ʬʦʨʤ.  

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʫʜʘʣʦʩʴ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʦʢʘʟʘʪʴ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 3a-f ʥʘ 

ʧʨʠʤʝʨʝ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ 

(3a). ʇʦʜʭʦʜʷʱʠʡ ʢʨʠʩʪʘʣʣ ʩʦʝʜʠʥʝʥʠʷ 3ʘ ʚʳʨʘʱʝʥ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ 
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ʠʟ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʙʝʥʟʦʣʝ. ɼʣʷ ʈʉɸ ʚʳʙʨʘʥ ʢʨʠʩʪʘʣʣ ʨʘʟʤʝʨʦʤ 

0.6Ĭ0.1Ĭ0.02 ʤʤ3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 3ʘ ʩ ʤʘʨʢʠʨʦʚʢʦʡ 

ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3ɸ. ʀʟ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʜʘʣʦʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʢʦʥʝʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 3a-f ʥʘʭʦʜʷʪʩʷ ʚ ɽ1-

ʢʦʥʬʠʛʫʨʘʮʠʠ. 3-[(2-ʆʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-

ʦʥ (3ʘ) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P21 ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ [116].  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʝʜʠʥʝʥʠʷ 3ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʈʝʟʫʣʴʪʘʪʳ ʈʉɸ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (ʜʝʧʦʟʠʪ CCDC 2350345). 

 

 

ɸ ɹ 

ʈʠʩʫʥʦʢ 3. ʆʙʱʠʡ ʚʠʜ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-

ʭʨʦʤʝʥ-4-ʦʥʘ (3a) ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʪʝʧʣʦʚʳʤʠ ʵʣʣʠʧʩʦʠʜʘʤʠ  

(p = 50%) (ɸ); ʬʨʘʛʤʝʥʪ ʫʧʘʢʦʚʢʠ ʩʦʝʜʠʥʝʥʠʷ 3ʘ (ɹ) 

ʊʘʙʣʠʮʘ 2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ 

ʋʛʦʣ (Á) 

C(11)-C(12)-C(16) 117.2(7) C(13)-C(12)-C(11)-C(3) 14.8(12) 

C(11)-C(12)-C(13) 121.6(6) C(12)-C(11)-C(3)-C(2) 7.3(14) 

C(3)-C(11)-C(12) 131.6(7) H(11)-C(11)-C(12)-C(16) 9.3 

C(4)-C(3)-C(11) 121.6(7) C(11)-C(12)-C(13)-H(13) -6.6 

C(12)-C(13)-H(13) 118.4 C(4)-C(3)-C(11)-C(12) -174.1(7) 

ɼʣʠʥʘ ʩʚʷʟʠ (¡) 

ʉ(11)-ʉ(12) 1.439(9) ʉ(2)-ʅ(2) 0.9300 

ʉ(12)-ʉ(13) 1.364(8) ʉ(11)-ʅ(11) 0.9300 

ʉ(12)-ʉ(16) 1.436(9) ʉ(13)-ʅ(13) 0.9300 

ʉ(3)-ʉ(2) 1.487(9) ʉ(3)-ʉ(11) 1.337 (9) 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʜʣʷ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ) ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3ɹ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ, ʩʦʩʪʘʚʣʷʝʪ 4,97 Ȕ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʪʠʧʫ 

ʩʪʝʢʠʥʛʦʚʦʛʦ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʬʝʥʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʝʞʠʪ ʚ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʳʤ ʢʦʣʴʮʦʤ, ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʉ(2)-ʉ(1)-ʆ(1)-ʉ(4)-ʉ(3) ʠ ʉ(5)-ʉ(6)-ʉ(7)-ʉ(8)-ʉ(9)-ʉ(10) ʩʦʩʪʘʚʣʷʝʪ 6.8Á. 

ʍʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ 

ʢʦʣʴʮʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʉ(2)-ʉ(1)-ʆ(1)-ʉ(4)-ʉ(3) 

ʠ ʉ(17)-ʉ(18)-ʉ(19)-ʉ(20)-ʉ(15)-ʉ(14) ʩʦʩʪʘʚʣʷʝʪ 21.1Á. ʇʣʦʩʢʦʩʪʠ ʉ(5)-ʉ(6)-

ʉ(7)-ʉ(8)-ʉ(9)-ʉ(10) ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʠ ʉ(17)-ʉ(18)-ʉ(19)-ʉ(20)-

ʉ(15)-ʉ(14) ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʜ ʫʛʣʦʤ 28.8Á. 

 ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ 3ʘ-f ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ DFT. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʬʫʥʢʮʠʦʥʘʣ B3LYP ʩ ʙʘʟʠʩʥʳʤ ʥʘʙʦʨʦʤ 6-

31G(d,p). 

ʅʘ ʧʨʠʤʝʨʝ ʩʦʝʜʠʥʝʥʠʷ 3ʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʚʩʝʭ 4 

ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ (ɽ1, E2, Z1, Z2) (ʪʘʙʣ. 3). ʇʝʨʚʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʨʨʝʣʷʮʠʶ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ɽ1 ʬʦʨʤʦʡ - ɻ ʪʦ ʫʛʦʣ 

ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ C(14)-C(11)-C(10)-O(9)-ʉ(5)-ʉ(4)-ʉ(3)-ʉ(2)-ʉ(7)-ʉ(6)-

C(5) ʬʝʥʠʣʤʝʪʠʣʝʥʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚʦʛʦ ʠ C(15)-C(16)-O(17)-C(18)-C(21)-

C(22)-C(23)-C(24)-C(19)-C(20) ʭʨʦʤʝʥ-4(4ʅ)-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʘʚʣʷʝʪ 23.7Á ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʚʦʤʫ ʚ ʈʉɸ (25.01Á) (ʨʠʩ. 4); ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʦʣʝʮ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʪʨʫʢʪʫʨ 7.43 ¡ ʠ 7.45 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʪʚʝʨʞʜʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʦʝ ʧʦ 

ʟʥʘʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʅ(33)-ʅ(31), ʨʘʚʥʦʝ 2.18 ¡ ʚ 

ʩʪʨʫʢʪʫʨʝ ɽ1 ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʠ 2.11 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 

ʢʨʠʩʪʘʣʣʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 3ʘ.  
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ʈʠʩʫʥʦʢ 4. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 3ʘ (ʠʟʦʤʝʨ ɽ1) 

 

ʊʘʙʣʠʮʘ 3. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʠʟʦʤʝʨʦʚ (ɽ1, E2, Z1, Z2) ʩʦʝʜʠʥʝʥʠʷ 3ʘ 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ɽ1 ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʪʘʢʦʚʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʳ. ɿʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʦʪʣʠʯʘʶʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʮʠʢʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʬʝʥʠʣʤʝʪʠʣʝʥʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ (ʨʠʩ. 5). 

 3ʘ 

ɽ1 ɽ2 Z1 Z2 

ɼʣʠʥʘ ʩʚʷʟʠ (¡)     

ʉ(14)-ʉ(15) 1.45 1.45 1.45 1.46 

ʉ(15)-ʉ(16) 1.36 1.37 1.37 1.35 

ʉ(15)-ʉ(20) 1.48 1.48 1.49 1.48 

ʉ(11)-ʉ(12) 1.44 1.44 1.44 1.44 

ʉ(12)-ʅ(31) 1.08 1.07 1.08 1.08 

ʉ(14)-ʅ(32) 1.09 1.09 1.09 1.09 

ʉ(16)-ʅ(33) 1.08 1.08 1.08 1.08 

ʋʛʦʣ (Á)     

C(14)-C(15)-C(20) 117.2 126.4 115.2 174.9 

C(14)-C(15)-C(16) 123.9 115.6 125.9 119.2 

C(11)-C(14)-C(15) 129.5 134.1 134.5 126.9 

C(10)-C(11)-C(14) 119.8 117.2 129.7 125.9 

C(15)-C(16)-H(33) 124.1 122.6 123.5 123.4 

C(16)-C(15)-C(14)-C(11) -22.2 179.98 0 139.22 

C(15)-C(14)-C(11)-C(12) -3.8 0.02 -0.004 172.9 

H(32)-C(14)-C(15)-C(20) -16.7 179.97 0 131.4 

C(14)-C(15)-C(16)-H(33) -1.5 -0.001 0 -2.5 

C(10)-C(11)-C(14)-C(15) 177.7 -179.99 0 -11.8 
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ɸ ɹ 

ʈʠʩʫʥʦʢ 5. ʈʘʩʧʦʣʦʞʝʥʠʝ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʮʠʢʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʬʝʥʠʣʤʝʪʠʣʝʥʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ɽ1 

(ɸ) ʠ ʚ ʢʨʠʩʪʘʣʣʝ ʩʦʝʜʠʥʝʥʠʷ 3ʘ ʧʦ ʜʘʥʥʳʤ ʈʉɸ (ɹ) 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ (ʪʘʙʣ. 4) ʪʘʢ ʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʤʝʱʝʥʠʷ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚ 

ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ.  

ʊʘʙʣʠʮʘ 4. ʂʣʶʯʝʚʳʝ ʩʠʛʥʘʣʳ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠʟʦʤʝʨʦʚ (ɽ1, E2, Z1, Z2) ʩʦʝʜʠʥʝʥʠʷ 3ʘ 

 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʦʤʝʨʘ ɽ2 (Z1, 

Z2) ʩʦʝʜʠʥʝʥʠʷ 3ʘ, ʪʦ ʧʦʯʪʠ ʚʩʝ ʜʣʠʥʳ ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʚʷʟʝʡ ʙʫʜʫʪ ʩʦʚʧʘʜʘʪʴ 

ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʈʉɸ. 

ʆʜʥʘʢʦ, ʟʥʘʯʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʠ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʦʪʣʠʯʘʶʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʜʣʷ ʠʟʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʜʝʣʴ ɽ2 ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʘʷ, ʧʨʠʯʝʤ ʜʘʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʘ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ 

(ʆ(25)-ʅ(31)), ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 2.17 ¡ (ʨʠʩ. 6), ʯʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʝʱʝ ʙʦʣʴʰʝʝ ʩʤʝʱʝʥʠʝ ʚ ʩʣʘʙʦʧʦʣʴʥʫʶ ʦʙʣʘʩʪʴ ʚʠʥʠʣʴʥʦʛʦ 

ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

ʂʣʶʯʝʚʳʝ 

ʩʠʛʥʘʣʳ, ʤ.ʜ. 

(ɼʄʉʆ-d6) 

3ʘ 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʘʩʯʝʪ 

    ɽ1  ɽ2 Z1 Z2 

ʉʅFuranone 7.59 7.25 8.89 7.19 7.09 

=ʉʅ- 7.38 8.11 7.31 8.39 7.39 

ʉʅChromone 9.09 9.03 8.75 11.29 8.57 
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ʈʠʩʫʥʦʢ 6. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ) (ʠʟʦʤʝʨ ɽ2) 

ʂʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɽ2, ʝʝ ʠʟʦʤʝʨ Z1 ̫ʚʣʷʝʪʩʷ ʧʣʦʩʢʠʤ, ʢʦʪʦʨʳʡ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ (ʆ(13)-ʅ(33)), ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 2.01 ¡  (ʨʠʩ. 7), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʝʱʝʥʠʶ ʚ ʨʘʩʯʝʪʥʦʤ ʩʧʝʢʪʨʝ ʚ 

ʦʙʣʘʩʪʴ 11.3 ʤ.ʜ. ʧʨʦʪʦʥʘ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ. 

 
ʈʠʩʫʥʦʢ 7. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ) (ʠʟʦʤʝʨ Z1) 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʧʦʩʣʝʜʥʠʤ, ʤʦʜʝʣʴ ʠʟʦʤʝʨʘ Z2 ʠʤʝʝʪ ʝʱʝ 

ʙʦʣʴʰʠʡ ʫʛʦʣ ʤʝʞʜʫ ʬʝʥʠʣʤʝʪʠʣʝʥʬʫʨʘʥ-2-ʦʥʦʚʦʡ ʠ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʡ 

ʧʣʦʩʢʦʩʪʷʤʠ, ʩʦʩʪʘʚʣʷ ̫ 49.7Á, ʚʩʣʝʜʩʪʚʠʝ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʠʤʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ - ʢʠʩʣʦʨʦʜʘ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʠ 

ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʢʦʣʝʮ (ʨʠʩ. 8). 

  
ʈʠʩʫʥʦʢ 8. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ) (ʠʟʦʤʝʨ Z2) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 

ʛʝʦʤʝʪʨʠʠ (ʨʘʩʩʪʦʷʥʠʷ, ʚʘʣʝʥʪʥʳʝ ʠ ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ) ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʘʥʥʳʭ (ʗʄʈ 1ʅ, ʚ ʪʦʤ ʯʠʩʣʝ NOESY 1D ʠ 2D) ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ ʷʩʥʦ ʧʦʢʘʟʳʚʘʶʪ 

ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʨʝʦʠʟʦʤʝʨʘ E1. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʛʝʦʤʝʪʨʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʧʨʦʮʝʩʩʘ (R ʠ 

S ʘʜʜʫʢʪʦʚ) ʢʦʥʜʝʥʩʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʝʨʝʦʠʟʦʤʝʨʘ ɽ, ʢʘʢ ʧʨʦʜʫʢʪʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʦʛʦ R1 ʠʟʦʤʝʨʘ. 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 3a, 3ʩ, 3f, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʝ ʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʘʫʢʩʦʭʨʦʤʳ, 

ʟʘʧʠʩʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ (ʉ = 2Ț10-5 ʤʦʣʴ/ʣ) (ʨʠʩ. 9). ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷʨʥʦʩʪʠ 

ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʪʨʦʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʬʫʨʘʥ-2-

ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʧʨʦʜʫʢʪʳ 3a, 3ʩ, 3f ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʪʨʠ ʧʦʣʦʩʳ 

(ʭʣʦʨʦʬʦʨʤ, ʵʪʘʥʦʣ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ˊŸˊ* ʠ nŸˊ* ʧʝʨʝʭʦʜʘʤ ʧʨʠ 215-248 

ʥʤ, 281-298 ʥʤ ʠ 384-408 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʩʪʚʦʨʝ ɼʄʉʆ ʥʘʙʣʶʜʘʪʁʩʷ 

ʥʝ ʪʨʠ, ʘ ʜʚʝ ʧʦʣʦʩʳ (ʩʚʷʟʘʥʦ ʩ ʛʨʘʥʠʮʝʡ ʧʨʦʧʫʩʢʘʥʠʷ ɼʄʉʆ) ʧʨʠ 280-296 ʥʤ 

ʠ 396-416 ʥʤ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 215-248 ʥʤ (ʦʪʩʫʪʩʪʚʫʝʪ ʚ ɼʄʉʆ) ʠ 

280-298 ʥʤ ʦʪʚʝʯʘʶʪ ʬʫʨʘʥ-2-ʦʥʦʚʦʤʫ ʠ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʘʤ. 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʦʙʘ ʬʨʘʛʤʝʥʪʘ.  
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ʈʠʩʫʥʦʢ 9. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-

3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ 3a, 3ʩ, 3f, ʟʘʧʠʩʘʥʥʳʝ ʚ CHCl3, EtOH, 

ɼʄʉʆ 

ɺ ɼʄʉʆ, ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʵʪʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʤ (3ʘ) ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʛʠʧʝʨʭʨʦʤʥʦʤʫ ʵʬʬʝʢʪʫ ʧʦʣʦʩʳ ʧʨʠ 403 ʥʤ (A = 3.30). ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

çʨʦʜʦʥʘʯʘʣʴʥʦʛʦè ʩʦʝʜʠʥʝʥʠʷ ʢ 3-[(5-(4-ʭʣʦʨʬʝʥʠʣ)-2-ʦʢʩʦʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʫ (3ʩ), ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʨʦʪʦʥʥʦʛʦ 

ʥʝʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʭʣʦʨʦʬʦʨʤʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʧʨʠ 391 ʥʤ (A = 2.39), ʥʦ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʛʠʧʝʨʭʨʦʤʥʳʡ ʵʬʬʝʢʪ,  

ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʨʠʝʥʪʘʮʠʦʥʥʳʤʠ, 

ʠʥʜʫʢʮʠʦʥʥʳʤʠ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʩ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʤ ʟʘʤʝʩʪʠʪʝʣʝʤ (-Cl). ɿʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ 3-[(2-ʦʢʩʦ-5-

ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥ (3ʘ) ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʦʣʷʨʥʦʡ ʛʨʫʧʧʳ - ʩʦʝʜʠʥʝʥʠʝ 3f, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʥʝʧʦʜʝʣʝʥʥʫʶ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ (-OCH3-ʛʨʫʧʧʘ), ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʦ ʚʩʝʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʠʡ 3a ʠ 3c, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʱʝʡ ʮʝʧʠ ʩʦʧʨʷʞʝʥʠʷ (ʨʠʩ. 

10, ʪʘʙʣ. 5). 
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ʈʠʩʫʥʦʢ 10. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-[(2-ʦʢʩʦ-5-

ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ 3a, 3ʩ, 3f 

ʊʘʙʣʠʮʘ 5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ 3a, 3ʩ, 3f ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ  

 ̄

ʉʦʝʜ. 

ɚmax, ʥʤ (ɸ) 

CHCl 3 EtOH ɼʄʉʆ 

3ʘ 

248 (1.18) 244 (1.39) - 

298 (0.45) 294 (0.49) 294 (1.13) 

386 (1.24) 384 (1.33) 403 (3.30) 

3ʩ 

248 (2.17) 241(0.21) - 

288 (0.97) 298 (0.11) 296 (0.37) 

391 (2.39) 393 (0.21) 396 (1.09) 

3f 

246 (0.98) 215 (3.18) - 

281 (0.66) 281 (1.05) 280 (0.24) 

408 (1.15) 406 (1.06) 416 (0.42) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʜʘʥʥʳʭ ʈʉɸ, ʜʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʚ ʚʠʜʝ ʠʟʦʤʝʨʘ ʩ E-ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ. 

ʈʘʩʰʠʨʷ ̫ʤʝʪʦʜ rʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʝʩʢʦʣʴʢʦ ʬʘʨʤʘʢʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʤʙʠʥʘʮʠʝʡ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʧʨʝʧʘʨʘʪʦʚ ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʚʝʪʝʨʠʥʘʨʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʢʘʢ ʩʠʥʪʦʥ rʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʘʣʢʘʣʦʠʜʥʳʭ 

ʩʢʝʣʝʪʦʚ, ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʦʚ ʠ ʙʠʦʩʝʥʩʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [118, 119], ʥʘʤʠ 

ʧʦʣʫʯʝʥ ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ ï ʘʟʘʣʘʢʪʦʥ 7. 4-[(4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥ (7) ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ 

ʩʧʦʩʦʙʫ ʕʨʣʝʥʤʝʡʝʨʘ ï ʇʣʝʭʣʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʚ 1977 ʛʦʜʫ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʥʘʠʙʦʣʝʝ ʧʨʝʧʘʨʘʪʠʚʥʦ ʫʜʦʙʥʫ  ʁʢʦʥʜʝʥʩʘʮʠ ʁ4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʢʘʨʙʘʣʴʜʝʛʠʜʘ (2)  ʠ ʛʠʧʧʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ (6)  ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʧʠʦʥʦʚʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʠ ʙʝʟʚʦʜʥʦʛʦ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʩ ʚʳʭʦʜʦʤ 82% (ʩʭʝʤʘ 5) [120]. 

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [120] ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ, ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʩʚʝʜʝʥʠʷ ʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʩʪʨʦʝʥʠʷ 

ʘʟʘʣʘʢʪʦʥʘ 7. ʇʨʦʜʫʢʪ 7 ʪʘʢʞʝ ʧʦʣʫʯʝʥ ʠʟ 2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (6ʘ). 

 

ʉʭʝʤʘ 5 

ʇʨʝʜʣʦʞʝʥʳ ʜʚʘ ʚʝʨʦʷʪʥʳʭ ʧʫʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʛʠʧʧʫʨʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʩʭʝʤʘ 6). ʇʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʤʫ ʧʫʪʠ ɸ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʮʠʢʣʠʟʘʮʠʶ ʛʠʧʧʫʨʦʚʦʡ ʢʠʩʣʦʪʳ (6) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 2-

ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (6ʘ), ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩ 4-ʦʢʩʦ-
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4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ (2) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ 7. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʫʪʴ ɹ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʧʝʨʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʤʝʞʜʫ ʩʫʙʩʪʨʘʪʘʤʠ 6 ʠ 2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʤʝʜʠʘʪʘ I, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʜʘʝʪ ʧʨʦʜʫʢʪ - 4-

[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥ (7). 

 

ʉʭʝʤʘ 6 

4-[(4-ʆʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥ (7) 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʤʝʪʦʜʘʤʠ ʀʂ, ʗʄʈ 1ʅ, 13ʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʀʂ ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 7 ʦʪʤʝʯʝʥʳ: ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʣʘʢʪʦʥʥʦʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1793 ʩʤ-1, ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1649 ʩʤ-1 ʠ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʉ=N ʚ ʛʝʪʝʨʦʩʠʩʪʝʤʝ ʧʨʠ 1613 ʩʤ-1. 

ʈʝʟʫʣʴʪʘʪʳ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʝʩʪʠ ʧʦʣʥʦʝ 

ʩʦʦʪʥʝʩʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 7. ʉʤʝʱʝʥʠʝ 

ʩʠʛʥʘʣʘ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1ʅ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ Z-ʠʟʦʤʝʨʘ ʧʨʦʜʫʢʪʘ 7, ʢʦʪʦʨʳʡ ʚ ʩʣʫʯʘʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ E-ʠʟʦʤʝʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʧʦʣʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Z-

ʠʟʦʤʝʨʦʤ, ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ [121, 

122]. 

ɺ ʗʄʈ 1ʅ ʩʧʝʢʪʨʝ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-

ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (7) (ʨʠʩ. 10), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ CDCl3, 
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ʢʣʶʯʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʨʠ 9.73 ʤ.ʜ. ʠ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ 

ʚ ʦʙʣʘʩʪʠ 7.71-7.76 ʤ.ʜ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 13ʉ ʩʦʝʜʠʥʝʥʠʷ 7 ʚ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʳʭ 

ʩʠʛʥʘʣʦʚ ʦʪʤʝʯʘʶʪʩʷ: ʩʠʛʥʘʣ ʣʘʢʪʦʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 166.0 ʤ.ʜ. ʠ 

ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 174.9 ʤ.ʜ.  

 

 

 

 

 

 ʈʠʩʫʥʦʢ 10. ʗʄʈ 1ʅ ʩʧʝʢʪʨ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-

ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (7) (CDCl3) 

ʇʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ 4 ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ (ɽ1, E2, 

Z1, Z2) (ʨʠʩ. 11, ʪʘʙʣ. 6) 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-

5(4H)-ʦʥʘ (7) ʩ ʧʦʤʦʱʴʶ DFT ʨʘʩʯʝʪʦʚ. 

       

                         E1                                                                E2 

          

                            Z1                                                                Z2 

ʈʠʩʫʥʦʢ 11. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (7) 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ (ʪʘʙʣ. 6), ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʩʧʝʢʪʨʝ NOESY 2D ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ ʠ ʧʨʦʪʦʥʦʤ ʧʦʣʦʞʝʥʠʷ ʉ-2 ʭʨʦʤʝʥ-4-

ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (7) ʚ ʚʠʜʝ ʩʪʝʨʝʦʠʟʦʤʝʨʘ Z1. 

ʊʘʙʣʠʮʘ 6. ʂʣʶʯʝʚʳʝ ʩʠʛʥʘʣʳ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠʟʦʤʝʨʦʚ (ɽ1, E2, Z1, Z2) ʩʦʝʜʠʥʝʥʠʷ 7 

 

ɼʣʷ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (7) 

ʟʘʧʠʩʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʨʘʟʣʠʯʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ (ʉ = 2Ț10-5 ʤʦʣʴ/ʣ) (ʨʠʩ. 12). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦ 

ʣɻʝʢʪʨʦʥʥʳʤ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤ 3a, 3ʩ, 3f, ʧʨʦʜʫʢʪ 7 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚ ʨʘʩʪʚʦʨʝ ʭʣʦʨʦʬʦʨʤʘ ʠ ʵʪʘʥʦʣʘ ʪʨʠ ʧʦʣʦʩʳ, ʘ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ - ʜʚʝ ʧʦʣʦʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ˊŸˊ* ʠ nŸˊ* ʧʝʨʝʭʦʜʘʤ. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʚ ʜʠʘʧʘʟʦʥʝ 372-381 ʥʤ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʥʦʩʠʪʩʷ ʩ nŸˊ* ʧʝʨʝʭʦʜʘʤʠ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʦʧʨʷʞʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ ʠʟʤʝʥʷʝʪ ʧʨʦʬʠʣʴ ʧʦʛʣʦʱʝʥʠʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 12, ʦʜʥʘʢʦ ʚʳʟʳʚʘʝʪ ʥʝʙʦʣʴʰʦʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʛʠʧʦʭʨʦʤʥʳʤ ʵʬʬʝʢʪʦʤ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ. ʉʤʝʥʘ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʭʣʦʨʦʬʦʨʤʘ ʥʘ ɼʄʉʆ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʜʚʠʛʫ 

ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʥʘ 5 ʥʤ. 

ʂʣʶʯʝʚʳʝ 

ʩʠʛʥʘʣʳ, 

ʤ.ʜ. (CDCl3) 

7 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʘʩʯʝʪ 

    ɽ1  ɽ2 Z1 Z2 

=ʉʅ- 7.76 8.72 7.54 8.23 7.28 

ʉʅChromone 9.73 11.12 8.53 10.56 8.56 
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ʈʠʩʫʥʦʢ 12. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-

3-ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (7), ʟʘʧʠʩʘʥʥʳʝ ʚ CHCl3, EtOH, 

ɼʄʉʆ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]-2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-

ʦʥ (7) ʚ ʨʝʘʢʮʠʠ ʕʨʣʝʥʤʝʡʝʨʘ ï ʇʣʝʭʣʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ Z-ʠʟʦʤʝʨʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʪʦʤ ʯʠʩʣʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʩʦʟʜʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʚʘʞʥʳʝ ʩʢʘʬʬʦʣʜʳ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʢʘʢ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʧʨʠʢʣʘʜʥʦʤ ʘʩʧʝʢʪʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʟʘʤʝʥʘ 2-ʬʝʥʠʣʦʢʩʘʟʦʣ-5(4H)-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʫʙʩʪʨʘʪʘ 7 ʥʘ 3-

ʤʝʪʠʣʠʟʦʢʩʘʟʦʣ-5(4ʅ)-ʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ. 3-ʄʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥ (10) ʧʦʣʫʯʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ 

ʘʮʝʪʦʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ (8), ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜʘ (9) ʠ 4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (2) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʩ ʚʳʭʦʜʦʤ 87% 

(ʩʭʝʤʘ 7) [123]. 

 

ʉʭʝʤʘ 7 

ɺʝʨʦʷʪʥʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ 10 ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʭʝʤʘ 8): ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʘʮʝʪʦʫʢʩʫʩʥʳʡ ʵʬʠʨ (8) 

0

0,5

1

1,5

2

2,5

235 285 335 385 435
ʆ
ʧ
ʪ
ʠ
ʯ
ʝ
ʩ
ʢ
ʘ
ʷ
 
ʧ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ

ɚ(ʥʤ)

CHCl3

EtOH

ɼʄʉʆ



71 
 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʢʩʠʣʘʤʠʥ ʛʠʜʨʦʭʣʦʨʠʜʦʤ (9), ʦʙʨʘʟʫʷ ʵʪʠʣ 3-

(ʛʠʜʨʦʢʩʠʠʤʠʥʦ)ʙʫʪʘʥʦʘʪ (ʦʢʩʠʤ) I, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʜʝʥʩʘʮʠʶ 

ʂʥʝʚʝʥʘʛʝʣʷ ʩ 4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʢʘʨʙʘʣʴʜʝʛʠʜʦʤ (2), ʬʦʨʤʠʨʫʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ II . ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ ʤʝʞʜʫ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʥʪʝʨʤʝʜʠʘʪʘ III , ʢʦʪʦʨʳʡ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʪʝʨʷʝʪ ʦʜʥʫ ʤʦʣʝʢʫʣʫ EtOH ʠ 

ʦʙʨʘʟʫʝʪ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥ 

(10). 

 

ʉʭʝʤʘ 8 

ʉʪʨʫʢʪʫʨʘ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-

5(4H)-ʦʥʘ (10) ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʀʂ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʦʩʪʘʚ ï ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺ ʗʄʈ 1ʅ ʩʧʝʢʪʨʝ ʧʨʦʜʫʢʪʘ 

10, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ CDCl3, ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʧʨʠ 10.43 ʤ.ʜ., ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ 

ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ=ʉ ʩʚʷʟʠ ʧʨʠ 8.06 ʤ.ʜ., ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʦʚ CH3-ʛʨʫʧʧʳ ʧʨʠ 

2.35 ʤ.ʜ. (ʨʠʩ. 13). 
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ʈʠʩʫʥʦʢ 13. ʗʄʈ 1ʅ ʩʧʝʢʪʨ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10) (CDCl3) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 3-ʤʝʪʠʣ-4-[(4-

ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥ (10) ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ 

CDCl3 ʚʠʜʝ Z-ʠʟʦʤʝʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ NOESY 2D ʠ NOESY 1D. ʊʘʢ, ʚ ʩʧʝʢʪʨʝ NOESY 2D 3-ʤʝʪʠʣ-

4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10) ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʨʦʩʩ-ʧʠʢ ʧʨʠ 8.06/2.35 ʤ.ʜ., ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ NOE-ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ 

ʧʨʦʪʦʥʦʤ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʉ=ʉ ʩʚʷʟʠ ʠ ʧʨʦʪʦʥʘʤʠ CH3-ʛʨʫʧʧʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʦʪʦʥʦʤ 

ʧʦʣʦʞʝʥʠʷ ʉ-2 ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʧʨʦʪʦʥʘʤʠ CH3-ʛʨʫʧʧʳ, ʯʪʦ 

ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ Z-ʢʦʥʬʠʛʫʨʘʮʠʠ. ʉʪʘʙʠʣʴʥʦʩʪʴ Z-ʬʦʨʤʳ, ʚʝʨʦʷʪʥʦ, 

ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʦʢʩʦʛʨʫʧʧʳ ʠʟʦʢʩʘʟʦʣ-5-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʠ ʘʪʦʤʦʤ 

ʚʦʜʦʨʦʜʘ ʧʨʠ ʉ-2 ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [124, 125]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚ 

ʧʦʣʴʟʫ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʩʣʫʞʠʪ ʩʤʝʱʝʥʠʝ ʚ ʦʙʣʘʩʪʴ 10.43 ʤ.ʜ. ʧʨʦʪʦʥʘ ʭʨʦʤʝʥ-

4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1ʅ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʜʣʷ 3-[(2-

ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) (9.06-9.10 

ʤ.ʜ.). 

ʉ ʧʦʤʦʱʴʶ DFT ʨʘʩʯʝʪʦʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʛʝʦʤʝʪʨʠʠ ʚʦʟʤʦʞʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ (ɽ1, E2, Z) (ʨʠʩ. 14, ʪʘʙʣ. 7) 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ 
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ʨʘʩʩʯʠʪʘʥʥʳʭ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ 10 ʚ ʚʠʜʝ 

Z-ʠʟʦʤʝʨʘ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ. 

                 

                     E1                                                                      E2 

 

Z 

ʈʠʩʫʥʦʢ 14. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10)  

ʊʘʙʣʠʮʘ 7. ʂʣʶʯʝʚʳʝ ʩʠʛʥʘʣʳ ʗʄʈ 1ʅ ʩʧʝʢʪʨʦʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠʟʦʤʝʨʦʚ (ɽ1, E2, Z) ʩʦʝʜʠʥʝʥʠʷ 10 

 

 

ʀʩʩʣʝʜʦʚʘʥʳ ɻʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨ rʧʦʛʣʦʱʝʥʠʷ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10) (ʉ = 2Ț10-5 ʤʦʣʴ/ʣ). ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʣʷʨʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʙʨʘʥ ï ʵʪʘʥʦʣ, ʧʦʣʷʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ 

ï ɼʄʉʆ, ʥʝʧʦʣʷʨʥʦʛʦ ʘʧʨʦʪʦʥʥʦʛʦ ï ʭʣʦʨʦʬʦʨʤ (ʨʠʩ. 15). 

ʂʣʶʯʝʚʳʝ 

ʩʠʛʥʘʣʳ, 

ʤ.ʜ. (CDCl3) 

10 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʘʩʯʝʪ 

    ɽ1  ɽ2 Z 

=ʉʅ- 8.06 8.54 7.57 8.73 

ʉʅChromone 10.43 8.64 8.98 11.61 
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ʈʠʩʫʥʦʢ 15. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10), ʟʘʧʠʩʘʥʥʳʝ ʚ CHCl3, EtOH, 

ɼʄʉʆ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥ (10), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʭʣʦʨʦʬʦʨʤ, ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 366 ʥʤ (ɸ = 0.974), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ nŸˊ* ʧʝʨʝʭʦʜʫ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʭʣʦʨʦʬʦʨʤʘ ʢ ʵʪʘʥʦʣʫ, ʷʚʣʷʶʱʝʛʦʩʷ ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ (ɚ = 435 ʥʤ), 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʛʠʧʝʨʭʨʦʤʥʳʤ ʵʬʬʝʢʪʦʤ (ɸ = 1.469), ʯʪʦ ʚʝʨʦʷʪʥʦ 

ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʩʦʣʴʚʘʪʘʮʠʠ, ʘ ʠʤʝʥʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʢ ʩʧʝʢʪʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʨʘʩʯʝʪʥʳʭ 

ʜʘʥʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 3-ʤʝʪʠʣ-4-[(4-ʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʠʟʦʢʩʘʟʦʣ-5(4H)-ʦʥʘ (10) ʚ ʚʠʜʝ ʠʟʦʤʝʨʘ ʩ Z-ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʜʚʦʡʥʦʡ C=C ʩʚʷʟʠ. 

2.2 ʊʠʦʥʠʨʦʚʘʥʠʝ 3-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʬʫʨʘʥ-2(3ʅ)-ʦʥʦʚ ʠ  

4-[(ʭʨʦʤʝʥʠʣ)ʤʝʪʠʣʠʜʝʥ]ʦʢʩʘʟʦʣ(ʠʟʦʢʩʘʟʦʣ)-5-(4ʅ)-ʦʥʦʚ ʨʝʘʛʝʥʪʦʤ 

ʃʘʚʝʩʩʦʥʘ 

ʉʦʯʝʪʘʥʠʝ ʚ ʦʜʥʦʡ ʛʠʙʨʠʜʥʦʡ ʤʦʣʝʢʫʣʝ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʘʨʙʦʥʠʣʴʥʫʶ 

ʛʨʫʧʧʫ ʩ ʨʘʟʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʜʝʣʘʝʪ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʦʯʝʥʴ 
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ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʇʨʝʚʨʘʱʝʥʠʝ ʦʢʩʦʛʨʫʧʧʳ ʚ ʝʝ 

ʪʠʦʘʥʘʣʦʛ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʟ-ʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʠ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʩʝʨʫ. ʊʠʦʘʥʘʣʦʛʠ ʣʘʢʪʦʥʦʚ, 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ ʢʝʪʦʥʦʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ.  

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, 

ʫʜʦʙʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʪʠʦʥʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʨʝʘʛʝʥʪ ʃʘʚʝʩʩʦʥʘ 

(2,4-ʙʠʩ-[ʧ-ʤʝʪʦʢʩʠʬʝʥʠʣ]-1,3-ʜʠʪʠʘʬʦʩʬʝʪʘʥ-2,4-ʜʠʩʫʣʴʬʠʜ), ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʷʤʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʘʣʴʜʝʛʠʜʦʚ, ʢʝʪʦʥʦʚ, 

ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ, ʣʘʢʪʦʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʦʘʥʘʣʦʛʠ ʩ ʚʳʩʦʢʠʤʠ 

ʚʳʭʦʜʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-

4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʳ (12a-f) ʪʠʦʥʠʨʦʚʘʥʠʝʤ 3-([2-ʦʢʩʦ-

5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʩʝʣʝʢʪʠʚʥʳʤ 

ʪʠʦʥʠʨʫʶʱʠʤ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ (11) ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ 1:1 ʚ 

ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʩʭʝʤʘ 9, ʪʘʙʣ. 8) [126, 127].  

 

ʉʭʝʤʘ 9 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʪʠʦʥʠʨʦʚʘʥʠʷ 

ʥʘʤʠ ʚʳʧʦʣʥʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʦʚ (12a-f). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʙʝʥʟʦʣʝ (80 Áʉ) ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 65-75 ʤʠʥ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʫʦʣʘ (90 Áʉ) ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ 

ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ. ʇʦʩʣʝʜʫʶʱʠʝ ʧʦʧʳʪʢʠ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦʩʪʠʛʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ Monowave 50 (Anton Paar). ʅʘʠʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʥʫʪʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʦʣʫʦʣʝ, ʛʜʝ ʚʨʝʤʷ 

ʧʨʝʚʨʘʱʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ, ʘ ʚʳʭʦʜ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʣ 70-90%. 

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ (110Áʉ) ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 12a-f, ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʩʤʦʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʠʦʥʠʨʦʚʘʥʠʝ 3-[(2-ʦʢʩʦ-5-

ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ (ʪʘʙʣ. 8).  

ʊʘʙʣʠʮʘ 8. ʇʘʨʘʤʝʪʨʳ ʜʚʫʭ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʦʚ (12a-f) 

ˉ  

 

ʂʠʧʷʯʝʥʠʝ 

 

ʈʝʘʢʪʦʨʘ 

ɹʝʥʟʦʣ ʊʦʣʫʦʣ ɹʝʥʟʦʣ ʊʦʣʫʦʣ 

T, 
oC 

Ű,  

ʤʠʥ 

ɺʳʭʦʜ, 

% 

T, 
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ʤʠʥ 

ɺʳʭʦʜ, 
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Ű, 

ʤʠʥ 

ɺʳʭʦʜ, 

% 

12a 80 70 55 90 50 59 90 3 50 65 95 8 70 

12b 80 75 56 90 50 58 90 3 50 72 95 10 76 

12c 80 60 59 90 40 60 90 3 35 78 95 20 85 

12d 80 60 62 90 35 61 90 3 35 80 95 20 87 

12e 80 60 55 90 35 58 90 3 40 77 95 10 80 

12f 80 65 64 90 40 70 90 3 45 82 95 10 90 

ʘʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʘʢʪʦʨʘ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʦʚ 

Monowave 50 (Anton Paar). 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-

2(3H)-ʦʥʦʚ (12a-f) ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ 

ʛʨʫʧʧʳ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʦʙʣʘʩʪʠ 1776-1754 ʩʤ-1, ʠʩʯʝʟʘʝʪ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ=O ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 

1653-1646 ʩʤ-1, ʠ ʧʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 1190-1169 ʩʤ-1.  

ʂʣʶʯʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 1ʅ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-

ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʦʚ (12a-f), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 

ɼʄʉʆ-d6, ʷʚʣʷʶʪʩʷ: ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 
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8.92-8.94 ʤ.ʜ., ʩʠʥʛʣʝʪ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠ 

7.40-7.62 ʤ.ʜ. ʠ ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʨʠ 7.75-7.83 ʤ.ʜ. 

ʋʙʝʜʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʚʝʜʝʥʠʷ ʪʠʦʢʩʦʛʨʫʧʧʳ ʚ ʩʪʨʫʢʪʫʨʫ 3-[(2-

ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʷʚʣʷʶʪʩʷ 

ʩʧʝʢʪʨʳ ʗʄʈ 13ʉ, ʧʦʩʢʦʣʴʢʫ ʦʪʣʠʯʥʘʷ ʦʪ ʢʠʩʣʦʨʦʜʘ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ 

ʩʝʨʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʝʪʦʥʥʳʤ. ɺ ʩʣʘʙʦʧʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʚ ʗʄʈ 13ʉ 

ʩʦʝʜʠʥʝʥʠʡ 12ʘ-f ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ ʣʘʢʪʦʥʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʧʨʠ 

168.3-168.8 ʤ.ʜ. ʠ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʨʠ 200.6-200.9 ʤ.ʜ. (ʨʠʩ. 16). 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 16. ʗʄʈ 13ʉ ʩʧʝʢʪʨ 5-(4-ʭʣʦʨʬʝʥʠʣ)-3-[(4-ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-

3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʘ (12b) (ɼʄʉʆ-d6) 

ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 12a-f ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʉ=ʉ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʠʩʭʦʜʥʳʭ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣʝʥ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ 

(3a-f),  ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʚʠʜʝ 

ʩʤʝʩʠ Z- ʠ ɽ-ʠʟʦʤʝʨʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʳ (12a-f), 

ʢʘʢ ʠ ʩʫʙʩʪʨʘʪʳ 3a-f, ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʩʪʚʦʨʝ ɼʄʉʆ-d6 ʚ ʚʠʜʝ E-ʠʟʦʤʝʨʦʚ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʩʣʫʞʠʪ ʦʪʩʫʪʩʪʚʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʗʄʈ 1ʅ 

ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 12a-f, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ NOESY 2D ʢʨʦʩʩ-

ʧʠʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ NOE-ʢʦʥʪʘʢʪʦʤ ʧʨʦʪʦʥʘ ʧʦʣʦʞʝʥʠʷ ʉ-4 ʬʫʨʘʥ-2-
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ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʧʨʦʪʦʥʘ ʧʦʣʦʞʝʥʠʷ ʉ-2 ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

(ʨʠʩ. 17).  

 

 

 

ʈʠʩʫʥʦʢ 17. ʌʨʘʛʤʝʥʪ ʩʧʝʢʪʨʘ NOESY 2D ʩʦʝʜʠʥʝʥʠʷ 12b (ʩʣʝʚʘ) ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʢʨʦʩʩ-ʧʠʢ ʩʦʝʜʠʥʝʥʠʡ 12a-f (ʩʧʨʘʚʘ) (ŭ ʚ ʤ.ʜ.)  

ʅʘʜʝʞʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ɽ-ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 12a-f ̫ʚʣʷʶʪʩʷ 

ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʦʜʭʦʜʷʱʠʡ ʢʨʠʩʪʘʣʣ ʩʦʝʜʠʥʝʥʠʷ 12ʘ 

ʚʳʨʘʱʝʥ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ. ɼʣʷ ʈʉɸ 

ʚʳʙʨʘʥ ʢʨʠʩʪʘʣʣ ʨʘʟʤʝʨʦʤ 0.55Ĭ0.05Ĭ0.02 ʤʤ3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 5-

ʬʝʥʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʘ (12ʘ) ʩ 

ʤʘʨʢʠʨʦʚʢʦʡ ʘʪʦʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 18. ʇʨʦʜʫʢʪ 12ʘ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c ʩ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʈʉɸ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (ʜʝʧʦʟʠʪ CCDC 2380788). 

 

ʈʠʩʫʥʦʢ 18. ʆʙʱʠʡ ʚʠʜ 5-ʬʝʥʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʘ (12a) ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʪʦʤʦʚ ʪʝʧʣʦʚʳʤʠ 

ʵʣʣʠʧʩʦʠʜʘʤʠ (p = 50%) 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʝʥʠʣʴʥʳʡ 

ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʝʞʠʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʬʫʨʘʥ-2-ʦʥʦʚʳʤ 

ʢʦʣʴʮʦʤ, ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʉ(3)-ʉ(4)-ʆ(1)-ʉ(1)-ʉ(2) ʠ ʉ(15)-ʉ(16)-

ʉ(17)-ʉ(18)-ʉ(19)-ʉ(20) ʩʦʩʪʘʚʣʷʝʪ 6.4Á. ʍʨʦʤʝʥ-4-ʪʠʦʥʦʚʳʡ ʬʨʘʛʤʝʥʪ 

ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʫʛʦʣ 

ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʉ(3)-ʉ(4)-ʆ(1)-ʉ(1)-ʉ(2) ʠ ʉ(7)-ʉ(6)-ʉ(10)-ʉ(9)-ʉ(11)-

ʉ(12)-ʉ(13)-ʉ(14)-ʉ(8)-ʆ(3) ʩʦʩʪʘʚʣʷʝʪ 16.6Á, ʪ.ʝ. ʜʣʷ 5-ʬʝʥʠʣ-3-[(4-ʪʠʦʢʩʦ-

4H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʘ (12a) ʭʘʨʘʢʪʝʨʥʦ ʤʝʥʴʰʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʣʘʥʘʨʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ 3-[(2-ʦʢʩʦ-5-

ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʤ (3ʘ) (ʨʠʩ. 19).  

  

                                 ɸ                                                                   ɹ 

ʈʠʩʫʥʦʢ 19. ʈʘʩʧʦʣʦʞʝʥʠʝ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʛʦ ʮʠʢʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʬʝʥʠʣʤʝʪʠʣʝʥʬʫʨʘʥ-2-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ɸ) ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚʦʛʦ ʮʠʢʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʬʝʥʠʣʤʝʪʠʣʝʥʬʫʨʘʥ-2-

ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ (ɹ) ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʦ ʜʘʥʥʳʤ ʈʉɸ  

ʉʝʨʘ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ S1 ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʙʳʪʴ ʢʦʧʣʘʥʘʨʥʦʡ ʩ 

ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʤʝʞʜʫ ʫʛʣʘʤʠ 

ʩʚʷʟʠ S(1)-C(10)-C(9) [121.6(2)Á] ʠ S(1)-C(10)-C(6) [122.7(2)Á]. ɼʣʠʥʘ ʩʚʷʟʠ 

C(10)-S(1) ʩʦʩʪʘʚʣʷʝʪ 1.643 (3) ¡ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ C=S. ɸʥʘʣʦʛʠʯʥʦ, ʢʘʢ ʠ ʚ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʝ (3ʘ), ʜʣʷ 12ʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ -́́  ʩʪʵʢʠʥʛʘ ʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɺʦʟʤʦʞʥʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 5-ʘʨʠʣ-3-[(4-ʪʠʦʢʩʦ-4H-ʭʨʦʤʝʥ-3-

ʠʣ)ʤʝʪʠʣʝʥ]ʬʫʨʘʥ-2(3H)-ʦʥʦʚ (12a-f) ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʩʭʝʤʝ 10. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣʳ çʜʠʤʝʨʘè ʨʝʘʛʝʥʪʘ ʃʘʚʝʩʩʦʥʘ (11) ʥʘ ʜʚʝ 

ʯʘʩʪʠʮʳ MeO-C6H4-P
+(S)S-  ʜʠʩʫʣʴʬʠʜʘ(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʬʦʩʬʠʥʘ 13, ʟʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮʳ 13 ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʭʨʦʤʝʥ-
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4-ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʫʙʩʪʨʘʪʦʚ 3ʘ-f, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ 14a-f. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʘʟʣʦʞʝʥʠʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ 12a-f. 

 

ʉʭʝʤʘ 10 

ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-

ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʥʝʩʢʦʣʴʢʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʠ ʪʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʩʭʝʤʘ 11). 

ʅʘʤʠ ʥʝ ʠʩʢʣʶʯʘʣʘʩʴ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʪʠʦʥʠʨʦʚʘʥʠʷ ʧʦ 

ʬʫʨʘʥ-2-ʦʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ ʠʩʭʦʜʥʳʭ 3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f), ʘ ʪʘʢʞʝ ʪʠʦʥʠʨʦʚʘʥʠʷ ʩʨʘʟʫ ʧʦ ʜʚʫʤ 

ʬʘʨʤʘʢʦʬʦʨʥʳʤ ʬʨʘʛʤʝʥʪʘʤ ʩ ʧʦʣʫʯʝʥʠʝʤ 3-[(5-ʘʨʠʣ-2-ʪʠʦʢʩʦʬʫʨʘʥ-3(2H)-

ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʪʠʦʥʦʚ (17). ʆʜʥʘʢʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʪʠʦʥʠʨʦʚʘʥʠʷ ʩʫʙʩʪʨʘʪʦʚ 3a-f (ʪʠʧ ʘʢʪʠʚʘʮʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʟʙʳʪʢʘ ʪʠʦʥʠʨʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ), ʧʦʣʫʯʠʪʴ ʧʨʦʜʫʢʪʳ 16 ʠ 17 ʥʝ ʫʜʘʣʦʩʴ. 
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ʉʭʝʤʘ 11 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʠʦʥʠʨʦʚʘʥʠʷ ʣʘʢʪʦʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ  ʬʫʨʘʥ-2-

ʦʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʘʩʯʸʪʳ ʚ ʚʘʢʫʫʤʝ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ - ʪʦʣʫʦʣʘ, ʨʝʘʢʮʠʠ 

3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʩ 

ʨʝʘʛʝʥʪʦʤ ʃʘʚʝʩʩʦʥʘ ʧʦ ʬʫʨʘʥ-2-ʦʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʘ ʪʘʢʞʝ ʪʠʦʥʠʨʦʚʘʥʠʠ 

3-[(2-ʦʢʩʦ-5-ʘʨʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʦʚ (3a-f) ʧʦ 

ʭʨʦʤʝʥ-4-ʦʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚʳʙʨʘʥ 3-[(2-

ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥ (3ʘ) (ʨʠʩ. 20, 21). 

ʇʨʝʜʧʦʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ (TS1 ʠ TS2), 

ʩʪʨʫʢʪʫʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʠʨʦʮʠʢʣʠʯʝʩʢʠʤ ʠʥʪʝʨʤʝʜʠʘʪʘʤ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤ r ʪʠʦʥʠʨʦʚʘʥʠʷ 3-[(2-ʦʢʩʦ-5-ʬʝʥʠʣʬʫʨʘʥ-

3(2H)-ʠʣʠʜʝʥ)ʤʝʪʠʣ]-4H-ʭʨʦʤʝʥ-4-ʦʥʘ (3ʘ) ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʬʨʘʛʤʝʥʪʦʚ 

ʨʘʩʩʯʠʪʘʥʘ ʚ ʨʘʤʢʘʭ DFT/B3LYP/6-31G(d) ʩ ʧʦʣʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʠ 

ʠ ʘʥʘʣʠʟʦʤ ʛʝʩʩʠʘʥʦʚ (ʨʠʩ. 20, 21). 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʨʝʘʢʮʠʠ ʪʠʦʥʠʨʦʚʘʥʠʷ 3ʘ ʧʦ ʬʫʨʘʥ-2-ʦʥʦʚʦʤʫ 

ʬʨʘʛʤʝʥʪʫ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 15.76 ʢʢʘʣ/ʤʦʣʴ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʨʝʘʢʮʠʠ 

ʪʠʦʥʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʞʝ ʩʫʙʩʪʨʘʪʘ ʧʦ ʭʨʦʤʝʥ-4-ʦʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ ʩʦʩʪʘʚʣʷʝʪ 

17.24 ʢʢʘʣ/ʤʦʣʴ. 

 


