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ɺʚʝʜʝʥʠʝ 

 

ʆʙʦʙʱʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘʢʦʧʠʚʰʝʛʦʩʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʦʙʰʠʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʚʦʡʩʪʚʘʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʬʦʨʤʝ ʙʘʟ ʜʘʥʥʳʭ 

ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʥʳʭ ʩʚʦʡʩʪʚ, 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʘʢ ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʤʦʛʘʝʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʜʠʟʘʡʥ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʟʘʜʘʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʂʦʥʝʮ XX ʚʝʢʘ ʠ ʥʘʯʘʣʦ XXI ʚʝʢʘ ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ ʧʦʷʚʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʚʠʪʠʝʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɺʦʟʥʠʢʣʘ 

ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʭʠʤʠʠ. 

ʆʱʫʱʘʝʪʩʷ ʜʝʬʠʮʠʪ ʙʘʟ ʜʘʥʥʳʭ ʦ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʠʤʝʶʱʠʭ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʘʬʝʜʨʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʪʘʨʝʡʰʠʭ 

ʢʘʬʝʜʨ ʵʪʦʛʦ ɺʋɿʘ. ʉʦ ʚʨʝʤʝʥʠ ʝʝ ʩʦʟʜʘʥʠʷ (1922ʛ.) ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʥʘ ʢʘʬʝʜʨʝ 

ʨʘʙʦʪʘʣʠ ʚʠʜʥʳʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʥʘʫʢʠ. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʳʩʷʯʠ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʠʭ ʧʨʠʟʥʘʥʠʝ ʢʘʢ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʳ ʧʫʙʣʠʢʘʮʠʡ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʦʥʦʛʨʘʬʠʡ, ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʪʘʪʝʡ, ʚʳʜʘʯʝʡ ʘʚʪʦʨʩʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ, ʧʘʪʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʠʝʤ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ ʧʦ ʝʸ ʥʘʫʯʥʦʡ ʪʝʤʘʪʠʢʝ 

ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ.  ʆʜʥʘʢʦ ʩʚʝʜʝʥʠ̫  ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʨʦʟʥʝʥʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ. 

ʅʘʢʦʧʠʚʰʠʡʩʷ ʦʙʱʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʦʙʱʸʥ ʚ ʥʘʩʪʦʷʱʝʡ ʤʦʥʦʛʨʘʬʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦ-ʩʫʱʝʩʪʚʫ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ N,O,S,-ʩʦʜʝʨʞʘʱʠʭ ʢʘʨʙʦ- ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʪʦʪ ʢʦʣʣʝʢʪʠʚʥʳʡ ʪʨʫʜ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ ʩʦʜʝʨʞʠʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʫʶ 

ʧʦʜʙʦʨʢʫ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʀʂ-, ʋʌ-, ʗʄʈ 
1
ʅ, 

13
ʉ, ʜʚʦʡʥʦʡ 

ʨʝʟʦʥʘʥʩ) ʦʨʠʛʠʥʘʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʨʷʜʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʢʘʬʝʜʨʳ. ʄʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ, ʚʢʣʶʯʘʝʪ ʪʘʙʣʠʮʳ ʠ ʨʠʩʫʥʢʠ ʩʧʝʢʪʨʦʚ ʢʣʶʯʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʢ ʥʠʤ ʢʦʤʤʝʥʪʘʨʠʠ. 

ʄʦʥʦʛʨʘʬʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ, ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʫʨʩʦʚʳʭ, ʚʳʧʫʩʢʥʳʭ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʘʝʤʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ 

(ʙʘʢʘʣʘʚʨ, ʩʧʝʮʠʘʣʠʩʪ, ʤʘʛʠʩʪʨ), ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʟʫʯʝʥʠʠ ʦʙʱʠʭ, 

ʩʧʝʮʠʘʣʴʥʳʭ, ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʦʚ. 

 

ʧʨʦʬ. ɸ.ʇ.ʂʨʠʚʝʥʴʢʦ 
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ʀ.ʅ. ʂʣʦʯʢʦʚʘ, ɸ.ɸ. ɸʥʠʩʴʢʦʚ, ʄ.ʇ. ʑʝʢʠʥʘ 

ɻʣʘʚʘ 1. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʘʟʦʣʦʚ ʠ ʘʟʠʥʦʚ 
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1. 2-ʆʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʳ 

N

R3

OH
R1

R

N
OH

R1

R

R2

 
1 a- ʠ                                                                    2 ʘ-ʟ 

R=H, Me                                    R=H, Me            

R
1
=H, Me, Ph                              R

1
=H, Me, Ph, i-C4H9, t-C4H9, (CH2)2N(CH3)2   

R
3
=H, Me                                    R

2
=H, C2H5, i-C3H7  

N
OH

R1

R2

OH

N
OH

R1

Ar
 

                              3 ʘ-ʛ                                                                      4 ʘ-ʝ 

R
1
=H, Me                                         R

1
=H, Me    

R
2
=H, C2H5, i-C3H7                         Ar=C6H5, C6H4-mCH3, C6H4-pOCH3,  

                                                                C6H4-poC2H5, C6H4-pBr 
 

1.1. ʀʂ ʩʧʝʢʪʨʳ 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ 1 - 4 ʠʤʝʶʪ ʩʭʦʜʥʳʡ ʨʠʩʫʥʦʢ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʟʘʤʝʱʝʥʠʷ ʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʤ ʮʠʢʣʝ.  

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ, ʩʥʷʪʳʭ ʚ ʚʠʜʝ ʧʦʣʠʘʩʩʦʮʠʘʪʦʚ (ʪʦʥʢʠʡ ʩʣʦʡ), ʚ ʦʙʣʘʩʪʠ 3400-3200 

ʩʤ-
1
 ʠʤʝʝʪʩʷ ʰʠʨʦʢʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ  ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʩʚʷʟʘʥʥʦʡ ʤʝʞ- ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. ɺ ʥʝʟʘʤʝʱʝʥʥʳʭ ʧʦ ʘʟʦʪʫ 

ʧʠʨʨʦʣʠʜʠʣʘʣʢʘʥʦʣʘʭ ʥʘ ʬʦʥʝ ʵʪʦʡ ʧʦʣʦʩʳ ʧʦʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ 3270-3260 ʩʤ-
1
 , 

ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧʳ N-H ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʇʣʦʩʢʠʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ N-H ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʣʘʙʳʭ ʠʣʠ ʩʨʝʜʥʠʭ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ 

1650-1630 ʩʤ-
1
 (ʨʠʩ. 1.2.1). ɺʩʝ ʧʠʨʨʦʣʠʜʠʣʘʣʢʘʥʦʣʳ ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʦʙʣʘʩʪʠ 1170-1000 ʩʤ
-1
, ʩʚʷʟʘʥʥʦʝ ʩ ʫʯʘʩʪʠʝʤ ʛʨʫʧʧʳ ʉ-ʆ-ʅ ʚ ʩʢʝʣʝʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. ʋ 

ʧʝʨʚʠʯʥʳʭ ʩʧʠʨʪʦʚ ʦʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 1090-1060 ʩʤ
-1
. ɺ N-ʤʝʪʠʣʦʢʩʠʘʣʢʠʣ-

ʧʠʨʨʦʣʠʜʠʥʘʭ ʠʤʝʝʪʩʷ ʧʦʣʦʩʘ n
S 

CH3 ʚ N-CH3 ʚ ʠʥʪʝʨʚʘʣʝ 2730-2780 ʩʤ
-1
. ɺʘʣʝʥʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʉ-ʅ ʚ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧʘʭ  ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʙʦʢʦʚʦʡ ʮʝʧʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 2940-2915 ʩʤ
-1

 (n
ɸS 

CH2) ʠ 2870-2845 

(n
S 

CH2). ɼʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧ ʉʅ2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1480-1470 ʩʤ
-1
. ɺ ʘʨʠʣʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʘʭ 1 ʜ, ʝ, 2 ʞ, 4 ʘ, 

ʙ ʧʦʷʚʣʷʝʪʩʷ ʩʣʘʙʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 3080-3030 ʩʤ
-1 

(n
 
=C-ʅ ʚ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ), 

1620-1470 (ʩʢʝʣʝʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ) ʠ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʥʝʧʣʦʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ (dʉʅ) ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ʚ ʤʦʥʦʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʣʘ ʧʨʠ 

750-730 ʩʤ
-1

 ʠ 700 ï 690 ʩʤ
-1
;  ʚ ʤʝʪʘʟʘʤʝʱʝʥʥʳʭ ï ʧʨʠ 860-840 ʩʤ

-1
 , 750-730 ʩʤ

-1
, 700-690 

ʩʤ
-1
; ʚ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʳʭ ï ʧʨʠ 850-830 ʩʤ

-1
 (ʨʠʩ. 1.2.3. ʠ 1.2.4). 

ɺ ʩʧʝʢʪʨʘʭ ʨʘʩʪʚʦʨʦʚ ʩʧʠʨʪʦʚ, ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚ 

ʦʙʣʘʩʪʠ 3400-3200 ʩʤ
-1
, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧʳ ʆʅ, ʩʤʝʱʘʝʪʩʷ 

ʛʠʧʩʦʭʨʦʤʥʦ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10
-3
 ʤʦʣʴ/ʣ ʚ ʩʧʝʢʪʨʘʭ 

ʩʧʠʨʪʦʚ 1-4 ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 3640-3630 ʩʤ
-1
 ʠ 3370-3170 ʩʤ

-1
, 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʠ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʟʙʘʚʣʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʧʦʣʦʩʫ ʢ ʢʦʣʝʙʘʥʠʶ ʩʚʦʙʦʜʥʦʛʦ 

ʛʠʜʨʦʢʩʠʣʘ, ʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ï ʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (ɺɺʉ). 



 

 8 

1.2. ʇʨʠʤʝʨʳ ʀʂ ʩʧʝʢʪʨʦʚ 

 

 

 

 
ʈʠʩ.1.2.1. ʀʂ-ʩʧʝʢʪʨ 3-(5-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (ʮʠʩ-2 ʙ) 

(UR-20: ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʛʝʢʩʦʭʣʦʨʙʫʪʘʜʠʝʥ) 
 

 

 

 

 

 

 
ʈʠʩ1.2.2 ʀʂ-ʩʧʝʢʪʨ 3-(1,5-ʜʠʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (ʮʠʩ-1 ʙ) 

(UR-20: ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʛʝʢʩʦʭʣʦʨʙʫʪʘʜʠʝʥ) 
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ʈʠʩ. 1.2.3. ʀʂ-ʩʧʝʢʪʨ 3-(1-ʬʝʥʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (4 ʘ) 

(UR-20: ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʛʝʢʩʦʭʣʦʨʙʫʪʘʜʠʝʥ) 

 
ʈʠʩ.1.2.4. ʀʂ-ʩʧʝʢʪʨ (1-ʧ-ʵʪʦʢʩʠʬʝʥʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (4 ʛ) 

(UR-20: ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʛʝʢʩʦʭʣʦʨʙʫʪʘʜʠʝʥ) 

 

1.3. ʉʧʝʢʪʨʳ ʗʄʈ 
1
ʅ 

 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ
1
ʅ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ 1 ï 4 (ʪʘʙʣ. 1.3.1) ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʳʭ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ ʦʪ 1 ʜʦ 3 ʤ.ʜ. 
ɼʦʙʘʚʣʝʥʠʝ ʪʷʞʝʣʦʡ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʶ. 

ɺ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʣʘʣʢʘʥʦʣʘʭ 1 ʙ-ʛ ʩʦʜʝʨʞʘʱʠʭ ʘʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʚ 
ʧʦʣʦʞʝʥʠʠ ʉ5 ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʩʛʥʘʣ ʤʝʪʠʥʦʚʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʠ ʉ2 ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ 
ʮʠʢʣʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 2.12-2.18 ʤ.ʜ., ʧʨʠ ʉ5 ï 2.20-2.37 ʤ.ʜ. (ʨʠʩ 1.5.1, 1.5.2 ). ɺʚʝʜʝʥʠʝ 
ʘʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʝ 1 ʠʣʠ 5 ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ  ʮʠʢʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ 
ʦʙʦʠʭ ʩʠʛʥʘʣʦʚ ʚ ʩʣʘʙʳʝ ʧʦʣʷ. ʇʨʦʪʦʥʳ ʛʨʫʧʧʳ ʉʅ2-ʆʅ ʨʝʟʦʥʠʨʫʝʪ ʚ ʦʙʣʘʩʪʠ 3.52-3.98 ʤ.ʜ. 
ʇʨʦʪʦʥʳ ʛʨʫʧʧʳ CH3-N ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʥʛʣʝʪʘʤʠ ʧʨʠ 2.11-2.25 ʤ.ʜ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 
ʦʩʪʘʣʴʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʠ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ 
ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 1.52-1.89 ʤ.ʜ. ʚ ʚʠʜʝ ʩʣʦʞʥʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ. ʎʠʩ- ʠ ʪʨʘʥʩ- ʠʟʦʤʝʨʳ ʠʤʝʶʪ 
ʙʣʠʟʢʠʡ ʨʠʩʫʥʦʢ ʩʧʝʢʪʨʦʚ (ʪʘʙʣ. 1.3.1). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʨʫʛ ʜʨʫʛʫ ʩʠʛʥʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ 
ʙʦʣʝʝ, ʯʝʤ ʥʘ 0.05-0.15 ʤ.ʜ. ʈʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʭʘʨʘʢʪʝʨʝ ʧʦʛʣʦʱʝʥʠʷ 
ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠʟʦʙʫʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɺ ʩʧʝʢʪʨʝ ʮʠʩ-ʠʟʦʤʝʨʘ 2 ʘ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 
ʚʠʜʝ ʜʚʦʡʥʦʛʦ ʜʫʙʣʝʪʘ ʚ ʪʨʘʥʩ-ʠʟʦʤʝʨʝ 2 ʙ ï ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʜʫʙʣʝʪʘ, ʚʩʣʝʜʩʪʚʠʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ ʠʟʦʙʫʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʠ ʥʘʣʠʯʠʷ 
ʟʘʢʨʝʧʣʝʥʥʦʡ ʢʦʥʬʦʨʤʘʮʠʠ. ʉʧʝʢʪʨʳ ʗʄʈ

1
ʅ ʥʝʢʦʪʦʨʳʭ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʟʦʤʝʨʦʚ 

ʦʢʩʠʣʧʠʨʨʦʣʠʜʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.5.1, 1.5.2. 
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ʊʘʙʣʠʮʘ 1.3.1  

 

ʉʧʝʢʪʨʳ ʗʄʈ
1
ʅ ʩʪʝʨʠʦʠʟʦʤʝʨʥʳʭ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ, ʉʅʉl3, ʤ.ʜ. 

 

ʉʦʝʜʠʥ. 

N ʧ/ʧ 

 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 

 

ʅʘ 

 

ʅb 

ʅ ʘʨʠʣ 

ʠʣʠ 

ʉʅ3 - N 

 

CH2OH 

ʉʅ3-5 ʠʣʠ 

ʘʨʠʣ-5 

ʆʩʪʘʣʴʥʳʝ 

ʉʅ2, ʉʅ 

 

R-Ar  

1 2 3 4 5 6 7 8 9 
 

 

ʮʠʩ-1 ʙ N

CH3

Hb Ha

CH3
(CH2)2CH2OH

 

 

 

2.18 ʤ 

 

 

2.37 ʤ 

 

 

2.25 ʩ 

 

 

3.58 ʤ 

 

 

1.12 ʜ 

 

 

1.66 ʤ 

 

 

__ 

 

 

ʮʠʩ-2 ʘ N

CH3

Hb Ha

CH3
(CH2)2CH2OH

CH3

CH-CH2

 

 

 

2.12 ʤ 

 

 

2.30 ʤ 

 

 

2.20 ʩ 

 

 

3.52 ʤ 

 

0.81 ʜ 

0.85 ʜ 

 

 

1.66 ʤ 

 

 

__ 

 

 

ʪʨʘʥʩ-2 ʙ CH-CH2

CH3

(CH2)2CH2OH

CH3
Ha

Hb

N

CH3

 

 

 

2.12 ʤ 

 

 

2.20 ʤ 

 

 

2.14 ʩ 

 

 

3.67 ʤ 

 

 

0.81 ʜ 

 

 

1.85 ï 1.17 ʤ 

 

 

__ 

 

 

ʮʠʩ-1 ʜ N
H

Hb Ha

(CH2)2CH2OHC6H5
 

 

 

2.62 ʤ 

 

 

3.14 ʪ 

 

__ 

 

 

3.98 ʪ 

 

 

7.30 ʤ 

 

 

1.52 ʤ 

 

__ 
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ʊʘʙʣʠʮʘ 1.3 1. ʇʨʦʜʦʣʞʝʥʠʝ 

 

1 2 3 4 5 6 7 8 9 
 

ʪʨʘʥʩ-1 ʠ 
N

CH3

Hb

Ha

(CH2)2CH2OH

C6H5

 

 

 

2.46 ʤ 

 

 

3.19 ʪ 

 

 

2.11 ʩ 

 

 

3.65 ʤ 

 

 

7.29 ʤ 

 

 

1.76 ʤ 

 

 

__ 

 

4 ʘ 

C6H4-CH3-ʤ

(CH2)2CH2OH

Ha
Hb

N
Hb

 

 

 

3.34 ʤ 

 

 

3.08 ʪ 

 

 

7.06 ʤ 

6.37 ʤ 

 

 

 

3.56 ʪ 

 

 

__ 

 

 

1.89 ï 1.58 ʤ 

 

 

2.28 ʩ (3ʅ) 

 

4 ʙ 

C6H4-OC2H5-ʧ

(CH2)2CH2OH

Ha
Hb

N
Hb

 

 

 

3.35 ʤ 

 

 

3.07 ʪ 

 

6.76 ʜ 

6.54 ʜ 

 

 

3.60 ʪ 

 

__ 

 

 

1.87 ï 1.57 ʤ 

 

3.94 ʢʚ (2ʅ) 

1.34 ʪ (3 ʅ) 
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1.4. ʉʧʝʢʪʨʳ ʗʄʈ
13
ʉ 

ɼʣʷ ʦʪʥʝʩʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩ  ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʨʘʩʯʝʪ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʷʜʝʨ 
13
ʉ ʧʦ ʘʜʜʠʪʠʚʥʳʤ ʩʭʝʤʘʤ [ 1 ], ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ off-

ʨʝʟʦʥʘʥʩʘ, ʠʟʤʝʨʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ, ʚʚʝʜʝʥʠʝ ʜʝʡʪʝʨʦʤʝʪʦʢ, ʫʯʝʪ 

ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʣʘʙʦʧʦʣʴʥʳʭ ʩʜʚʠʛʦʚ ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʨʠ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʪʦʤʘʭ ʠ  a-, b-, g-ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ [ 2 ]. 

ɺʚʝʜʝʥʠʝ ʦʢʩʠʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʝ 2 ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʧʨʠʚʦʜʠʪ, ʩʦʛʣʘʩʥʦ a- ʠ b-ʵʬʬʝʢʪʫ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʢ ʩʣʘʙʦʧʦʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʠʛʥʘʣʦʚ ʉ2 ʠ ʉ3 

(ʨʠʩ. 1.5.6), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 59.86 ʠ 31.71 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʣʴʥʦʧʦʣʴʥʳʡ 

ʩʜʚʠʛ ʷʜʝʨ  ʉ4 ʠ ʉ5 (25.30 ʠ 46.05 ʤ.ʜ.), ʩʦʛʣʘʩʥʦ g-ʵʬʬʝʢʪʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʩʞʘʪʠʠ ʟʘ ʩʯʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʩʠʘʣʢʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʩ ʧʠʨʨʦʣʠʜʠʥʦʚʳʤ ʮʠʢʣʦʤ. ɼʝʟʵʢʨʘʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʣʘʙʦʧʦʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ ʉ8. ɼʣʷ ʚʩʝʭ ʧʝʨʚʠʯʥʳʭ 

ʧʠʨʨʦʣʠʜʠʣʧʨʦʧʘʥʦʣʦʚ ʦʥ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 61.25 - 63.00 ʤ.ʜ.  

ɺ ʩʦʝʜʠʥʝʥʠʷʭ 1 ʙ, ʜ, 2 ʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʦʤ ʨʘʜʠʢʘʣʘ ʚ ʧʷʪʦʤ 

ʧʦʣʦʞʝʥʠʠ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʛʝʪʝʨʦʮʠʢʣʘ, ʢʨʦʤʝ 

ʉ5 , ʘ ʪʘʢʞʝ ʙʦʢʦʚʦʡ ʮʝʧʠ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 1.5.3.-1.5.4). ʉʠʣʴʥʳʡ ʩʣʘʙʦʧʦʣʴʥʳʡ 

ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʉ5 ʚ ʩʦʝʜʠʥʝʥʠʠ ʮʠʩ ï 2 ʜ, ʠʤʝʶʱʝʤ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʦʙʲʝʤʥʳʡ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʡ 

ʨʘʜʠʢʘʣ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 

ʪʝʤ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʩʦʝʜʠʥʝʥʠʠ ʮʠʩ ï 2 ʜ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʤʘʛʥʠʪʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ 

ʮʠʩ ï 3 ʘ, ʮʠʩ ï 2 ʛ ʛʝʤʠʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʉʅ3 ʠʟʦʧʨʦʧʠʣʴʥʦʛʦ ʠ ʠʟʦʙʫʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʤʘʛʥʠʪʥʦ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ (ʨʠʩ. 1.5.5). 

ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʦʚ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʣʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ N-ʤʝʪʠʣʧʠʨʨʦʣʠʜʠʥʘ [ 1, 2 ]. 

N
2

34

5

24.30 ʤ.ʜ.

56.70 ʤ.ʜ.

CH3   
ɺʚʝʜʝʥʠʝ ʦʢʩʠʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʣʦʞʝʥʠʝ 2 ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (1 e), 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ NH-ʧʠʨʨʦʣʠʜʠʥʘʭ, ʧʨʠʚʦʜʠʪ ʢ ʩʣʘʙʦʧʦʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʠʛʥʘʣʦʚ ʉ2 ʠ ʉ3 ʠ ʢ 

ʩʠʣʴʥʦʧʦʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʠʛʥʘʣʘ ʘʪʦʤʘ ʉ4 (ʨʠʩ. 1.5.5) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ a-, b- ʠ g- ʬɻʬʝʢʪʘʤʠ. 

ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʉ8, ʩʚʷʟʘʥʥʦʛʦ  ʩ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ, ʧʨʦʷʚʣʷʶʪʩʷ, ʢʘʢ ʚ ʜʨʫʛʠʭ 

ʩʣʫʯʘʷʭ, ʚ ʦʙʣʘʩʪʠ 62 - 63 ʤ.ʜ. ɺʳʙʦʨ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʉ6 ʠ ʉ7 ʜʝʣʘʝʪʩʷ, ʢʘʢ ʠ 

ʜʣʷ NH-ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʝʨʚʠʯʥʳʭ ʩʧʠʨʪʦʚ 

ʢʦ ʚʪʦʨʠʯʥʳʤ ʉ7 ʥʘʙʣʶʜʘʝʪʩʷ b-ʵʬʬʝʢʪ, ʠ ʝʛʦ ʩʠʛʥʘʣ ʩʤʝʱʘʝʪʩʷ ʚ ʩʣʘʙʳʝ ʧʦʣʷ, ʘ ʜʣʷ ʩʠʛʥʘʣ 

ʉ6 - g-ʵʬʬʝʢʪ, ʠ ʝʛʦ ʩʠʛʥʘʣ ʧʝʨʝʭʦʜʠʪ ʚ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʧʦʣʷ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʮʠʩ ï 2 ʛ, ʮʠʩ ï 3 ʙ, ʮʠʩ ï 2 ʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʩʧʠʥʦʚʦʡ ʨʘʟʚʷʟʢʠ ʦʪ 

ʧʨʦʪʦʥʦʚ ʧʦʟʚʦʣʠʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ  ʤʝʪʠʣʴʥʳʭ, ʤʝʪʠʣʝʥʦʚʳʭ ʠ 

ʤʝʪʠʥʦʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ (ʨʠʩ. 1.5.3, 1.5.6, 1.5.7). 

ʉʧʝʢʪʨʳ ʗʄʈ 
13
ʉ ʜʣʷ ʨʘʮʝʤʘʪʘ ʮʠʩ ï 1 ʙ ʠ ʦʧʪʠʯʝʩʢʠʭ ʘʥʪʠʧʦʜʦʚ, ʠʟ ʥʝʛʦ 

ʧʦʣʫʯʝʥʥʳʭ, ʠʜʝʥʪʠʯʥʳ (ʨʠʩ.1.4.8). 
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ɼʣʷ ʚʪʦʨʠʯʥʳʭ ʩʧʠʨʪʦʚ ʮʠʩ ï 1 ʛ, ʮʠʩ ï 1 ʟ, 1 ʞ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʛʝʪʝʨʦʮʠʢʣʘ ʙʣʠʟʢʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʩʧʠʨʪʦʚ ʮʠʩ ï 1 ʙ, ʮʠʩ ï 2 ʚ, 1 ʘ 

ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʦʝ ʩ ʧʝʨʚʳʤʠ ʩʪʨʦʝʥʠʝ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ (ʪʘʙʣʠʮʘ 1.4.1). 

ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ  ʪʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ   ʬʝʥʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ʘʟʦʪʫ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ 

ʮʠʢʣʘ ʚ ʩʦʝʜʠʥʝʥʠʠ 4 ʚ (ʨʠʩ. 1.5.9) ʥʝ ʜʝʟʵʢʨʘʥʠʨʫʝʪ, ʩʦʛʣʘʩʥʦ b-ʵʬʬʝʢʪʫ, ʧʦʣʦʞʝʥʠʷ ʉ2 ʠ 

ʉ5, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʩʣʫʯʘʝ ʚʚʝʜʝʥʠʷ ʚ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʛʨʫʧʧʳ ʉʅ3 (ʥʘ +6.35 ʠ + 11.45 

ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʠʟʤʝʥʷʝʪ ʠʭ ʧʦʣʦʞʝʥʠʝ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (-1.67 ʠ +2.18 ʤ.ʜ), ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʚ ʩʦʧʨʷʞʝʥʠʠ ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ  ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ. ʆʪʥʝʩʝʥʠʝ ʩʠʛʥʘʣʦʚ ʉ6 ʠ ʉ7 ʚ 

ʩʦʝʜʠʥʝʥʠʠ 4 ʚ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʝ ʜʝʡʪʝʨʦʤʝʪʢʠ ʚ ʧʦʣʦʞʝʥʠʠ ʉ6. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ 
13 
ʉ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ   [4] ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ  ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʦʚʳʭ ʠʥʢʨʝʤʝʥʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ 

(ʪʘʙʣʠʮʘ 1.4.2, 1.4.3). ʉʜʚʠʛʦʚʳʝ ʠʥʢʨʝʤʝʥʪʳ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʚʳʟʚʘʥʥʳʝ a-, b- ʠ g-ʵʬʬʝʢʪʘʤʠ, 

ʜʣʷ ʩʧʠʨʪʦʚ 1ʘ ʠ 1 ʚ, 1 ʝ ʠ 1 ʞ, 2 ʚ ʠ 1 ʛ, 1 ʙ ʠ 1 ʟ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʪʨʦʝʥʠʝʤ ʪʦʣʴʢʦ 

ʦʢʩʠʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ. ʆʙʲʝʤʥʳʝ ʨʘʜʠʢʘʣʳ ʧʨʠ ʉ5 ʠ ʉ4 

ʛʝʪʝʨʦʮʠʢʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʮʠʩ-ʧʦʣʦʞʝʥʠʠ ʢ ʟʘʤʝʩʪʠʪʝʣʶ (ʩʦʝʜʠʥʝʥʠʷ 2 ʜ, 3 ʘ, 3 ʙ, 2 ʝ), 

ʚʳʟʳʚʘʶʪ, ʦʯʝʚʠʜʥʦ, ʩʠʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʯʪʦ ʥʘʭʦʜʠʪ 

ʚʳʨʘʞʝʥʠʝ ʚ ʙʦʣʴʰʠʭ a-ʩʜʚʠʛʦʚʳʭ ʠʥʢʨʝʤʝʥʪʘʭ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʦʩʣʘʙʣʝʥʠʠ b-

ʵʬʬʝʢʪʘ (2 ʘ, 2 ʝ). 

ɺ ʝʜʠʥʩʪʚʝʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ (2 ʝ) ʦʙʥʘʨʫʞʝʥ ʩʠʣʴʥʳʡ ʩʣʘʙʦʧʦʣʴʥʳʡ ʩʜʚʠʛ ʘʪʦʤʘ 

ʫʛʣʝʨʦʜʘ ʛʨʫʧʧʳ CH3 ï N. ʉʦʝʜʠʥʝʥʠʷ 2 ʜ ʠ  ʝ, ʚʝʨʦʷʪʥʦ, ʥʘʩʪʦʣʴʢʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʯʪʦ 

ʩʦʟʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʩ ʯʝʤ ʩʚʷʟʘʥʘ 

ʤʘʛʥʠʪʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʪʨʝʭ ʛʝʤʠʥʘʣʴʥʳʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʦʤʦʞʜʝʥʥʦʩʪʠ ʮʠʢʣʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 1 ï 2 ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʘʩʪʘʥʠʝ ʩʤʝʱʝʥʠʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʘʤʠ 1 ʘ, 1 ʞ, 1 ʝ, ʥʝ ʠʤʝʶʱʠʤʠ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ (ʪʘʙʣʠʮʘ 1.4.2). ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʢʦʥʬʦʨʤʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʴʥʳʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʘʤʝʩʪʠʪʝʣʠ ʛʝʪʝʨʦʮʠʢʣʘ  ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʦʢʩʠʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚ ʙʦʢʦʚʦʡ ʮʝʧʠ ʩʦʝʜʠʥʝʥʠʡ 1 ʚ, ʞ, ʛ, ʟ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʚ ʙʣʠʟʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʦʜʦʙʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʵʨʠʪʨʦ- ʠ ʪʨʝʦ- ʠʟʦʤʝʨʦʚ. ʇʦʩʣʝʜʥʠʝ 

ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʥʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʘ ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
13
ʉ ʨʠʩ (1.5.12, 1.5.13) [4, 5]. ʇʨʝʠʤʫ-

ʱʝʩʪʚʝʥʥʘʷ ʢʦʥʬʦʨʤʘʮʠʷ ʵʪʠʭ ʠʟʦʤʝʨʦʚ ʦʙʫʩʣʦʚʣʝʥʘ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʠʣʴʥʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɺ ʩʧʝʢʪʨʝ ʘʮʝʪʘʪʘ 1 ʞ-ʦɸʩ ʩʠʛʥʘʣʳ ʘʪʦʤʦʚ ʉ6 ʠ ʉ8 ʩʤʝʱʘʶʪʩʷ ʚ 

ʩʣʘʙʳʝ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 4 ʠ 2.5 ʤ.ʜ., ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʠ 

ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʘʮʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʩʠʛʥʘʣʘʤʠ ʘʥʘʣʦʛʠʯʥʳʭ ʘʪʦʤʦʚ ʠʩʭʦʜʥʦʛʦ ʘʤʠʥʦʩʧʠʨʪʘ 1 ʞ. 

 
 

 

 

 



 

 14 

ʊʘʙʣʠʮʘ 1.4.2. 

  
Cʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʦʢʩʠʘʣʢʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ  

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 
 

 

ʉʦʝʜʠʥ. 

N ʧ/ʧ 

 

 

ʕʪʘʣʦʥ 

 

Dd, ʤ.ʜ. 

ʉ6 

 

Dd, ʤ.ʜ. 

ʉ7 

 

Dd, ʤ.ʜ. 

ʉ8 

2 ʙ 1 ʘ 0.51 -0.08 0.00 

2 ʛ 1 ʘ 1.05 -0.37 0.69 

2 ʜ 1 ʘ 0.36 -0.37 0.75 

3 ʘ 1 ʘ -0.82 -0.71 -0.67 

2 ʛ 1 ʘ 0.72 0.39 -0.23 

2 ʘ 1 ʝ -0.31 -1.13 -0.22 

2 ʝ 1 ʝ 0.70 -0.30 0.23 

3 ʙ 1 ʝ -0.74 -0.34 -0.09 

1 ʛ (ʵ) 1 ʚ (ʵ) 0.57 -0.07 0.40 

1 ʛ(ʪ) 1 ʚ (ʪ) 0.35 -0.50 0.58 

1 ʟ (ʵ) 1 ʞ (ʵ) 0.91 -0.41 0.40 

1ʟ (ʪ) 1 ʞ (ʪ) 0.98 -0.96 0.58 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʥʝʢʦʪʦʨʳʭ ʷʜʝʨ ʫʛʣʝʨʦʜʘ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ 

ʠ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʨʫʛʠʭ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʨʦʣʠʜʠʥʘ [ 5-7 ]. ʊʘʢ, ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʢ 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʚʝʣʠʯʠʥʳ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʛʥʘʣʦʚ ʘʪʦʤʘ ʉ8 ʚ ʦʙʣʘʩʪʠ 61 ï 63 ʤ.ʜ. ʜʣʷ 

ʧʝʨʚʠʯʥʳʭ ʠ ʚ ʦʙʣʘʩʪʠ 66 ï 67 ʤ.ʜ. ʜʣʷ ʚʪʦʨʠʯʥʳʭ ʩʧʠʨʪʦʚ (ʨʘʩʩʯʠʪʘʥʦ 62.51, 67.99 ʤ.ʜ.). 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʘʪʦʤʦʚ ʉ2 (58.67 ï 59.35 ʤ.ʜ.), ʉ3  (30.88 ï 

31.79 ʤ.ʜ.), ʉ6 (32.84 ï 33.89 ʤ.ʜ.), ʉ7 (30.13 ï 30.50 ʤ.ʜ.) ʜʣʷ NH-ʧʠʨʨʦʣʠʜʠʥʠʣʧʨʦʧʘʥʦʣʦʚ 

ʙʝʟ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʛʝʪʝʨʦʮʠʢʣʘ. ɺʝʣʠʯʠʥʳ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʧʝʨʚʠʯʥʳʭ ʩʧʠʨʪʦʚ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ ʪʘʢʦʚʳʭ ʜʣʷ 

ʧʠʨʨʦʣʠʜʠʥʠʣʘʣʢʘʥʦʣʦʚ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʦʝ ʩ ʧʝʨʚʳʤʠ ʩʪʨʦʝʥʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʧʦʣʦʞʝʥʠʠ 5 ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ ʢ 

ʙʦʣʝʝ ʦʙʲʝʤʥʳʤ ʟʘʤʝʪʠʪʝʣʷʤ ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʘʪʦʤʘ ʉ5 ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʝ ʧʦʣʝ. ʉ 

ʚʚʝʜʝʥʠʝʤ ʤʝʪʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʢ ʘʪʦʤʫ ʘʟʦʪʘ, ʦʯʝʚʠʜʥʦ, ʚʦʟʨʘʩʪʘʝʪ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 5 

ʧʠʨʨʦʣʠʜʠʥʦʚʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʟʥʘʯʝʥʠʷʭ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʦʢʩʠʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʠ ʛʝʪʝʨʦʢʦʣʴʮʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʚ ʗʄʈ
13
ʉ ʛʠʜʨʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

1.4.1-1.4.3, ʨʠʩ 1.5.3-1.5.13. 
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ʊʘʙʣʠʮʘ 1.4.1. 

 
ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 

13
ʉ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʦʚ, ʉʅʉl3, ʤ.ʜ. 

CH2CH2CHOH
N

R
R4

R
1

R
2

R
3

1
2

34

5

6 7 8

 
ʉʦʝʜʠʥ. 

N ʧ/ʧ 

 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 

 

ʉ2 

 

ʉ3 

 

ʉ4 

 

C5 

 

ʉ6 

 

ʉ7 

 

ʉ8 

 

R 

 

R
1 

 

R
2 

 

R
3 

 

R
4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 

 

1 ʘ 
CH2CH2CH2OH

N
H

1
2

34

5

6 7 8

 

 

59.86 

 

31.70 

 

25.30 

 

46.05 

 

32.84 

 

30.50 

 

61.82 

     

 

 

ʮʠʩ-3 ʘ 

CH2CH2CH2OH

N
H

1
2

3
4

5

6 7 8

CH3

CH3 CH

 

 

58.74 

 

37.29 

 

49.55 

 

47.38 

 

32.02 

 

29.79 

 

61.25 

   

21.91 

(CH3 ) 

20.76 

32.67 

(CH) 

  

 

 

ʮʠʩ-2 ʚ  
CH2CH2CH2OH

N
H

1
2

34

5

6 7 8

CH3

 

 

59.35 

 

31.79 

 

33.25 

 

54.54 

 

33.35 

 

30.42 

 

61.82 

    

21.06 
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ʊʘʙʣʠʮʘ 1.4.1. ʇʨʦʜʦʣʞʝʥʠʝ 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 

 

ʮʠʩ-2 ʛ 

CH3

CH3

876

5

4
3

2
1

H
N

CH2CH2CH2OHCH-CH2

 

 

58.67 

 

30.88 

 

31.55 

 

57.31 

 

33.89 

 

30.13 

 

62.51 

   45.54 

(CH2 ) 

29.99 

(CH) 

22.76 

22.46 

(CH3 ) 

 

 

 

ʮʠʩ-2 ʜ 

CH3

CH3
876

5

4
3

2
1

H
N

C CH2CH2CH2OHCH3

 

 

58.89 

 

31.31 

 

31.20 

 

68.57 

 

33.20 

 

30.12 

 

62.57 

   25.87 

(C) 

26.43 

(CH3 ) 

 

 

 

1 ʚ *  

CH3

876

5

4
3

2
1

H
N

CH2CH2CHOH

 

 

ʘ 59.43 

ʙ 58.91 

 

31.52 

 

25.36 

 

46.02 

 

46.10 

 

32.81 

 

32.11 

 

37.40 

 

36.73 

 

66.86 

 

66.41 

 

23.62 

 

23.52 

    

 

ʮʠʩ-1 ʛ  
CH3

876

5

4 3

2
1

H
N

CH2CH2CHOH

CH3  

 

ʘ 58.92 

ʙ 60.01 

 

32.27 

 

30.81 

 

33.34 

 

33.12 

 

54.41 

 

54.74 

 

33.38 

 

32.46 

 

37.33 

 

36.23 

 

67.26 

 

66.99 

 

 

23.64 

   

21.24 

 

22.10 

 

 

 

1 ʝ 

876

5

4 3

2
1

N

CH2CH2CH2OH

CH3  

 

66.21 

 

29.54 

 

22.38 

 

57.50 

 

30.50 

 

30.15 

 

62.78 

     

40.81 
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ʊʘʙʣʠʮʘ 1.4.1. ʇʨʦʜʦʣʞʝʥʠʝ 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 

 

3 ʙ 876

5

4 3

2
1

N

CH2CH2CH2OH

CH3

C2H5

 

 

66.26 

 

36.99 

 

36.80 

 

62.11 

 

29.76 

 

29.21 

 

62.69 

   

28.66 

(CH2 ) 

12.76 

(CH3) 

  

40.57 

 

 

ʮʠʩ-1 ʙ 

876

5

4 3

2
1

N

CH2CH2CH2OH

CH3

CH3

 

 

65.88 

 

27.84 

 

26.41 

 

62.70 

 

31.22 

 

30.54 

 

62.55 

    

18.50 

 

38.12 

 

 

ʮʠʩ-2 ʘ 

CH3

CH-CH2
CH2CH2CH2OH

N

1
2

3
4

5

6 7 8

CH3

CH3

 

 

65.59 

 

27.47 

 

26.26 

 

65.51 

 

30.19 

 

29.02 

 

62.56 

   42.89 

(CH2 ) 

25.74 

(CH) 

23.88 

21.63 

(CH3) 

 

38.32 

 

ʮʠʩ-2 ʝ 

CH3

CH2CH2CH2OH

N
C 1

2

3
4

5

6 7 8

CH3

CH3

CH3

 

 

68.84 

 

28.69 

 

25.85 

 

76.72 

 

31.20 

 

29.85 

 

63.01 

    

35.25 

(C) 

27.12 

(CH3) 

 

44.65 
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ʊʘʙʣʠʮʘ 1.4.1. ʇʨʦʜʦʣʞʝʥʠʝ 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
 

 

1 ʞ 

876

5

4 3

2
1

N

CH2CH2CHOH

CH3

CH3

 

 

ʘ 

65.78 

ʙ 

 

29.50 

 

29.21 

 

 

21.64 

 

 

56.90 

 

30.35 

 

29.88 

 

35.90 

 

35.81 

 

66.15 

 

66.40 

 

 

23.56 

    

39.95 

 

40.05 

 

 

ʮʠʩ-1 ʟ* 
CH3

CH3

CH2CH2CHCH3

N

1
2

34

5

6 7 8

OH

 

ʘ 

66.31 

ʙ 

66.72 

 

29.82 

 

28.30 

 

26.51 

 

25.77 

 

62.57 

 

62.73 

 

31.26 

 

30.86 

 

34.85 

 

35.49 

 

67.63 

 

67.26 

 

24.60 

 

23.97 

   

18.58 

 

19.07 

 

38.05 

 

38.67 

 

4 ʚ 

C6H5

CH2CH2CH2OH

N

1
2

34

5

6 7 8

 

 

58.19 

 

29.12 

 

23.34 

 

48.23 

 

29.26 

 

30.16 

 

62.34 

    147.27 

115.23 

129.00 

111.83 

 

 

 

1 ʞ -ʦɸʩ 

CH3

CH2CH2CHOCOCH3

N

1
2

34

5

6 7 8

CH3

 

 

66.32 

 

30.90 

 

22.71 

 

57.80 

 

34.02 

 

35.95 

 

68.97 

 

24.47 

169.19 

(CO) 

20.36 

(CH3 CO) 

   

38.41 
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ʊʘʙʣʠʮʘ 1.4.3. 

ʉʜʚʠʛʦʚʳʝ ʠʥʢʨʝʤʝʥʪʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʉ(i)  ʚ ʦʢʩʠʘʣʢʠʣʧʠʨʨʦʣʠʜʠʥʘʭ 

N
R

R
1

R
2

R
3

OHR
4

 
ʉʦʝʜʠʥ.      Dd, ʤ.ʜ. ʉi 

N ʧ/ʧ 

 

R R
1 

R
2 

R
3 

R
4 

a b g 

1 2 3 4 5 6 7 8 9 

1 ʘ 

1 ʚ (ʵ) *  

1 ʚ (ʪ) 

2 ʝ 

1 ʞ (ʵ) 

1 ʞ (ʪ) 

H 

CH3 

CH3 

H 

CH3 

CH3 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CH3 

CH3 

CH3 

12.76 

12.33 

11.81 

9.51 

9.08 

9.08 

 

 

 

ʉ2 

6.00 

5.82 

5.82 

5.24 

5.20 

4.91 

 

 

 

ʉ3 

-0.40 

-0.34 

-0.34 

-1.92 

-2.66 

-2.66 

 

 

 

ʉ4 

-1.05 

-1.08 

-1.00 

0.80 

0.20 

0.20 

 

 

 

 

C5 

2 ʚ  

1 ʛ (ʵ) 

1 ʛ (ʪ) 

1 ʙ 

1 ʟ (ʵ) 

1 ʟ (ʪ) 

H 

CH3 

CH3 

H 

CH3 

CH3 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

H 

H 

H 

CH3 

CH3 

CH3 

8.49 

8.39 

8.64 

5.20 

5.835

5.67 
 

 

 

ʉ5 

7.95 

7.98 

7.76 

4.03 

4.13 

4.87 

 

 

 

ʉ4 

0.09 

0.75 

-0.71 

-1.70 

-1.20 

0.61 

 

 

 

ʉ3 

-0.51 

-0.51 

1.10 

-0.33 

0.94 

0.53 

 

 

 

ʉ2 

2 ʛ 

2 ʘ 

2 ʜ 

2 ʝ 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

i-C4H9 

i-C4H9 

t-C4H9 

t-C4H9 

H 

CH3 

H 

CH3 

11.26 

12.01 

22.52 

19.22 
 

 

ʉ5 

6.25 

3.88 

5.90 

3.47 
 

 

ʉ4 

-0.82 

-2.07 

-0.39 

0.85 
 

 

ʉ3 

-1.19 

-0.62 

-0.99 

2.63 
 

 

C2 

3 ʘ 

3 ʙ 

 

H 

H 

H 

H 

 

i-C3H7 

C2H5 

 

H 

H 

H 

CH3 

14.25 

14.22 
 

 

ʉ4 

5.59 

7.45 
 

 

ʉ3 

1.33 

4.61 
 

 

 

-1.12 

0.05 
 

 

ʉ2 
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1.5 ʇʨʠʤʝʨʳ ʩʧʝʢʪʨʦʚ ʗʄʈ 
1
ʅ, 

13
ʉ 

 

 
ʈʠʩ. 1.5.1. ʗʄʈ 

1
ʅ ʩʧʝʢʪʨ ʮʠʩ-3-(1,5-ʜʠʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ(ʮʠʩ-1ʙ) 

(Varian Fʊ-80, CDCl3) 

 

 

 
ʈʠʩ.1.5.2. Cʧʝʢʪʨ ʗʄʈ 

1
ʅ ʮʠʩ-3-(1-ʤʝʪʠʣ-5-ʠʟʦʙʫʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ (ʮʠʩ-2 ʘ) 

(Varian Fʊ-80, CDCl3) 
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ʈʠʩ. 1.5.3. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ { H} 3-(2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (1 ʘ) 

(Varian Fʊ-80, CDCl3) 

 

 

 
ʈʠʩ. 1.5.4. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ {H} ʮʠʩ-3-(5-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (2 ʚ) 

(Varian Fʊ-80, CDCl3) 

 



 

 22 

 

 

 
ʈʠʩ. 1.5.5. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ  ʮʠʩ-3-(5-ʠʟʦʙʫʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (2 ʛ) 

(Varian Fʊ-80, CDCl3) 

ʘ) ʩʧʝʢʪʨ ʩ ʧʦʣʥʦʡ ʨʘʟʚʷʟʢʦʡ ʦʪ ʧʨʦʪʦʥʦʚ; 

ʙ) ʩʧʝʢʪʨ ʦʬʬ-ʨʝʟʦʥʘʥʩʘ. 

 

 

 

 
ʈʠʩ. 1.5.6. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ  {H} ʮʠʩ-3-(5-ʪʨʝʪ-ʙʫʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ) -ʧʨʦʧʘʥʦʣʘ-1 (2 ʜ) 

(Varian Fʊ-80, CDCl3) 

 

 

 

 



 

 23 

 
ʈʠʩ. 1.5.7. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ  {H} 3-(1-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ) -ʧʨʦʧʘʥʦʣʘ-1 (1 ʝ) 

(Varian Fʊ-80, CDCl3) 

 

 

 

 
ʈʠʩ. 1.5.8. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ  {H} ʮʠʩ-3-(1-ʤʝʪʠʣ-4-ʵʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ) -ʧʨʦʧʘʥʦʣʘ-1 (3 ʙ) 

(Varian Fʊ-80, CDCl3) 

ʘ) ʩʧʝʢʪʨ ʩ ʧʦʣʥʦʡ ʨʘʟʚʷʟʢʦʡ ʦʪ ʧʨʦʪʦʥʦʚ; 

ʙ) ʩʧʝʢʪʨ ʦʬʬ-ʨʝʟʦʥʘʥʩʘ. 
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ʈʠʩ. 1.5.9. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ {H} ʮʠʩ-3-(1-ʤʝʪʠʣ-5-ʠʟʦʙʫʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (2 ʘ) 

(Varian Fʊ-80, CDCl3) 

ʘ) ʩʧʝʢʪʨ ʩ ʧʦʣʥʦʡ ʨʘʟʚʷʟʢʦʡ ʦʪ ʧʨʦʪʦʥʦʚ; 

ʙ) ʩʧʝʢʪʨ ʦʬʬ-ʨʝʟʦʥʘʥʩʘ. 

 

 

 
ʈʠʩ. 1.5.10. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ {H} ʮʠʩ-3-(1,5-ʜʠʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (1 ʙ) 

(Varian Fʊ-80, CDCl3) 

ʘ) (-) (2R, 5S)-ʠʟʦʤʝʨ; ʙ) (+) (2S, 5R)-ʠʟʦʤʝʨ, ʚ) (°) ʨʘʮʝʤʘʪ 
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ʈʠʩ. 1.5.11. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ {H} 3-(1-ʬʝʥʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʧʨʦʧʘʥʦʣʘ-1 (4 ʚ) 

(Varian Fʊ-80, CDCl3) 

 

 

 

 
ʈʠʩ. 1.5.12. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ {H} 4-(1-ʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʙʫʪʘʥʦʣʘ-2 (1 ʞ) 

(Varian Fʊ-80, CDCl3) 
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ʈʠʩ. 1.5.13. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ {H} ʮʠʩ-4-(1,5-ʜʠʤʝʪʠʣ-2-ʧʠʨʨʦʣʠʜʠʥʠʣ)-ʙʫʪʘʥʦʣʘ (1 ʟ) 

(Varian Fʊ-80, CDCl3) 

 

 

 

2. ɼʠ(ʪʨʠ)ʘʟʘʮʠʢʣʦʘʣʢʘʥʳ 

 

2.1 ʀʂ ʠ ʗʄʈ
1
ʅ, ʗʄʈ

13
ʉ ʩʧʝʢʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʸʥʥʳʭ 

ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ, ʧʠʧʝʨʘʟʠʥʦʚ, 1,2,4-ʧʝʨʛʠʜʨʦʪʠʘʟʠʥʦʚ 

 
ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʳʱʝʥʥʳʭ 

ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ ʦʜʥʦʛʦ ʛʝʪʝʨʦʘʪʦʤʘ, ʩʣʝʜʫʶʱʠʭ ʪʠʧʦʚ. 

N

N
OR3

R2

R3

N N

R1

RR2

n H2O

 
5 ʘ-ʝ                                                              6 ʘ-ʝ 

                      R
2
=H, CH3,COCH3 ,(CH2)2OH,                           R=CH3, C2H5, C6H5, ʤ,ʧ ï(OCH3)2C6H5 

                                   (CH2)2OCOCH3                                                            R
1
=CH3, C6H5, ʤ,ʧ-(OCH3)2C6H3, ʤ-NO2C6H4 

                      R
3
=H, COCH3; n=0,3,6,7,8                                 R

2
=2-Fur, 2-THFur 

 

N

N
OR3

R3O

R2

R2

N

N
OR3

R2

R2

n H2O n H2O

 
7 ʘ-ʛ;  8 ʘ-ʛ                                           7 ʜ;   8 ʜ-ʟ 

                 R
2
=ʅ, CH3,COCH3, (CH2)2OH, (CH2)2OCOCH3           R

2
=H, COCH3,COC2H5; 

                                    (CH2)2NH2; (CH2)NHCOCH3                                                         n=0,1 

                  R
3
=H, COCH3         n=0,1,2,4  
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9 ʘ,ʙ                                                            9 ʚ,ʛ 

                           R=H, COCH3 n=6,7                                      R=H, COCH3 n=2,6 

 

ʆʢʩʠʧʨʦʧʠʣʟʘʤʝʱʸʥʥʳʝ ʜʠ- ʠ ʪʨʠʘʟʘʮʠʢʣʦʘʣʢʘʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʷʟʢʠʝ 

ʙʝʩʮʚʝʪʥʳʝ ʠʣʠ ʩʣʝʛʢʘ ʞʝʣʪʦʚʘʪʳʝ ʞʠʜʢʦʩʪʠ ʩʦ ʩʣʘʙʳʤ ʭʘʨʘʢʪʝʨʥʳʤ ʘʤʠʥʥʳʤ ʟʘʧʘʭʦʤ, 

ʥʝʨʝʜʢʦ ʠʟʤʝʥʷʶʱʠʝ ʩʚʦʝ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʦʪ ʤʘʩʣʦʦʙʨʘʟʥʦʛʦ ʜʦ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠ ʜʘʞʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. ʆʥʠ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʘʮʝʪʦʥʝ ʠ 

ʜʨʫʛʠʭ ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʅʘʣʠʯʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʘʭ 

ʛʝʪʝʨʦʮʠʢʣʦʚ ʵʪʠʭ ʨʷʜʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʚʦʝʦʙʨʘʟʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʳʨʘʞʘʶʱʝʝʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʥʝʢʦʪʦʨʦʡ ʣʘʙʠʣʴʥʦʩʪʠ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʬʘʟʦʚʳʭ ʧʝʨ-

ʝʭʦʜʦʚ. ʇʦʜʦʙʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 2R-N,Nô-ʜʠʘʮʠʣʠʤʠʜʘʟʦʣʠʜʠʥʳ [7]. 

ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʝʨʛʠʜʨʦʘʟʦʣʦʚ ʠ ïʘʟʠʥʦʚ 

ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʠʜʨʘʪʳ [7-9]. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʘʪʥʦʡ 

ʚʦʜʳ ʜʣʷ ʧʠʧʝʨʘʟʠʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʧʳʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0 ʜʦ 4, ʜʣʷ 

ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ - ʦʪ 0 ʜʦ 8, ʘ ʜʣʷ ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʦʚ - ʦʪ 4 ʜʦ 8 ʤʦʣʝʢʫʣ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʘʪʥʦʡ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ, ʜʣʠʪʝʣʴʥʳʤ 

(ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ) ʚʳʩʫʰʠʚʘʥʠʝʤ ʚʝʱʝʩʪʚ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 50é70
ʦ
ʉ ʠ ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 

2é5 ʤʤ.ʨʪ.ʩʪ.. ʂʦʥʪʘʢʪ ʩ ʚʣʘʛʦʡ ʠ ʭʨʘʥʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠʚʦʜʷʪ ʢ ʨʝʤʠʩʩʠʠ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʧʠʧʝʨʘʟʠʥʦʚ 7 ʘ-ʜ, 8 ʝ,ʟ, ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 5 ʘ,ʚ,ʜ ʠ 

ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʘ 9 ʘ ʠʤʝʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʝʞ- ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 3480é3350 ʩʤ
-1

 (vʆʅ ʘʩʩ), ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

7 ʘ-ʜ, 5 ʘ,ʚ ï ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʝʰʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʛʨʫʧʧ ʧʨʠ 3140é3100 ʩʤ
-1

 (v NH), ʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 7 ʛ ʚ ʦʙʣʘʩʪʠ 

3120é3080 ʩʤ
-1

 (v NH2). ɼʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʣʦʩʳ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 1600, 1580, 1520 ʠ 980 ʩʤ
-1
. ɼʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʮʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ 

ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʨʫʧʧʳ ʚ ʩʣʦʞʥʳʭ ʵʬʠʨʘʭ ʠ ʘʤʠʜʘʭ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

1730é1750 ʠ 1640é1660 ʩʤ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʣʠʯʠʝ ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 7 

ʘ-ʜ, 9 ʘ,ʙ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʦʩʘʤʠ ʚʘʣʝʥʪʥʳʭ ʠ ʜʝʬʦʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ C-H ʧʨʠ 

2980é2820 ʩʤ 
ï1

 (vʉH2), 2765-2730 ʩʤ
-1 

(vN-CH3), 1460é1370 ʩʤ
-1

 (ŭʉ-ʅ), 800é650 ʩʤ
-1

 (ŭʉ-

ʅ). ɼʣʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʅ2ʆ ʧʨʠ 3150 (v ʅʆʅ) ʠ 1620-1615 ʩʤ
-1

 (ŭ ʅ-ʆʅ). ɺ ʀʂ-

ʩʧʝʢʪʨʘʭ ʠʤʠʜʘʟʘʣʠʜʠʥʦʚ 6 ʘ-ʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʚʪʦʨʠʯʥʦʡ ʘʤʠʥʦʛʨʫʧʧʳ. ɹʦʣʝʝ ʧʦʣʥʦʝ ʦʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʚ ʀʂ-

ʩʧʝʢʪʨʘʭ ʩʤ. ʪʘʙʣʠʮʳ.2.3.1, 2.3.2, 2.3.5, 2.3.6. 

ʇʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʘʪʦʤʦʚ ʘʟʦʪʘ ʚ ʤʦʣʝʢʫʣʘʭ ʜʠ(ʪʨʠ)ʘʟʘʮʠʢʣʦʘʣʢʘʥʦʚ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʩʣʦʞʥʷʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʧʨʦʪʦʥʦʚ ʠ ʷʜʝʨ 
13
ʉ ʟʘ ʩʯʸʪ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʷʜʝʨ 

14
N ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ 
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ʷʚʣʝʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʷʜʝʨ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʛʝʪʝʨʦʘʪʦʤʘʤʠ, ʯʪʦ ʧʨʦʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʠ ʨʘʩʱʝʧʣʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʩʠʛʥʘʣʦʚ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʛʠʜʨʘʘʟʠʥʦʚ ʠ ïʘʟʦʣʦʚ ʤʝʪʦʜʦʤ ʨʝʟʦʥʘʥʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʩʣʦʞʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʛʠʜʨʘʪʥʦʡ ʚʦʜʳ ʟʘʪʨʫʜʥʷʝʪ ʠʜʝʥʪʠʬʠʢʘ-

ʮʠʶ ʀʂ- ʠ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʚ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʫʜʘʝʪʩʷ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʦʥʥʦʡ ʠ ʗʄʈ 
13
ʉ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʮʝʣʷʭ ʠʜʝʝʥ-

ʪʠʬʠʢʘʮʠʠ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʪʥʝʩʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ, ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʢʘʟʘʥʥʳʭ ʨʷʜʦʚ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʠ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷ (ʪʘʙʣʠʮʳ 2.1.1-2.1.7). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 
1
ʅ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʨʦʪʦʥʦʚ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʚ ʧʦʣʦʞʝʥʠʷʭ 2,4,5 ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 6 ʘ-ʜ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʩʣʘʙʦʡ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴʶ ʚʩʣʝʜʩʪʚʠʝ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʷʜʝʨ ʘʟʦʪʘ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ 6 ʘ, ʛ, 

ʜ ʩʠʛʥʘʣ NCH2CH2N ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʘ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ɸɸô ɺɺô. ʉʠʛʥʘʣ 

ʧʨʦʪʦʥʘ NCHN ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʢʘʢ ʫʰʠʨʝʥʥʳʡ ʩʠʥʛʣʝʪ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʜʣʷ 

ʠʤʠʜʘʟʦʣʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ 2,3-3,2 ʤ.ʜ. (4ʅ >N(CH2)2N< ʠ 4,0 ʠ 

5,1 ʤ.ʜ. ( 1ʅ >NCHN<). 

ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
1
ʅ 4-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʠʜʘʟʦʣʠʜʠʥʦʚ 5 ʘ-ʝ ʩʠʛʥʘʣ ʤʝʪʠʣʝʥʦʚʳʭ 

ʧʨʦʪʦʥʦʚ ʛʨʫʧʧʳ >N-CH2- ʚ ʧʦʣʦʞʝʥʠʠ 4 ʛʝʪʝʨʦʢʦʣʴʮʘ ʨʘʩʱʝʧʣʷʝʪʩʷ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʜʚʦʡʥʦʛʦ ʜʫʙʣʝʪʘ ʚ ʦʙʣʘʩʪʠ 2.32é3.12 ʤ.ʜ.; ʨʘʟʥʠʮʘ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʩʦʩʪʘʚʣʷʝʪ 

0.04é0.12 ʤ.ʜ. ɸʥʠʟʦʭʨʦʥʥʦʩʪʴ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, 

ʜʠʘʩʪʝʨʝʦʪʦʧʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʪʦʥʦʚ. 

ʉʠʛʥʘʣʳ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʛʝʪʝʨʦʮʠʢʣʘ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʫʰʠʨʝʥʥʳʭ ʩʠʥʛʣʝʪʦʚ ʚ ʦʙʣʘʩʪʠ 3.73é3.96 ʤ.ʜ., ʘ ʤʝʪʠʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ ʧʦʣʦʞʝʥʠʠ 5 - ʚ 

ʚʠʜʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʧʨʠ 2.88é3.40 ʤ.ʜ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʤʫʣʴʪʠʧʣʝʪʳ ʚ 

ʩʠʣʴʥʦʤ ʧʦʣʝ ʧʨʠ 1.20é1.27 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʝʪʳʨʝʤ ʧʨʦʪʦʥʘʤ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ 

ʙʦʢʦʚʦʡ ʮʝʧʠ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʙʦʢʦʚʦʡ ʮʝʧʠ, ʛʝʤʠʥʘʣʴʥʳʭ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʝ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʦʩʥʦʚʘʥʠʡ 5 ʘ, ʚ, ʜ ʚ ʚʠʜʝ 

ʤʫʣʴʪʠʧʣʝʪʦʚ ʧʨʠ 3.47é3.55 ʤ.ʜ.,  ʘ  ʜʣʷ  ʘʮʠʣʠʨʦʚʘʥʥʳʭ  ʧʨʦʠʟʚʦʜʥʳʭ 5 ʙ, ʛ, ʝ  ʚ ʚʠʜʝ 

ʪʨʠʧʣʝʪʦʚ ʧʨʠ 3.64é3.68 ʤ.ʜ. 

ɼʣʷ ʩʚʦʙʦʜʥʳʭ ʦʩʥʦʚʘʥʠʡ 5 ʘ ʚ, ʜ ʥʘʙʣʶʜʘʶʪʩʷ ʫʰʠʨʝʥʥʳʝ ʩʠʥʛʣʝʪʥʳʝ ʩʠʛʥʘʣʳ 

ʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʛʝʪʝʨʦʮʠʢʣʘ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʙʦʢʦʚʦʡ ʮʝʧʠ ʚ ʦʙʣʘʩʪʠ 

1.89é2.08 ʠ 4.85é5.16 ʤ.ʜ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʳ 2.3.1-2.3.3). 

ɺ ʩʧʝʢʪʨʝ ʗʄʈ
1
ʅ ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 5 ʙ, 5 ʛ, 5 ʝ ʥʘʣʠʯʠʝ ʘʮʝʪʠʣʴʥʳʭ 

ʛʨʫʧʧ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʠʥʛʣʝʪʦʚ ʧʨʠ 2.02é18 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ 

ʧʣʦʱʘʜʠ ʰʝʩʪʠ ʠ ʜʝʚʷʪʠ ʧʨʦʪʦʥʘʤ (ʪʘʙʣʠʮʳ 2.3.3). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʩʠʛʥʘʣʦʚ ʘʪʦʤʦʚ ʉ3, ʉ6 ʚ ʩʪʨʫʢʪʫʨʝ 1,2,4-

ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʦʚʦʛʦ ʮʠʢʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʗʄʈ 
13
ʉ 5-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-1,2,4-

ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʘ (9 ʙ) ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ ʩʧʠʥʦʚʦʡ ʨʘʟʚʷʟʢʠ ʦʪ ʧʨʦʪʦʥʦʚ: 50.28 ʤ.ʜ. (ʉ3); 

49.84 ʤ.ʜ. (ʉ6). ʈʘʩʱʝʧʣʝʥʠʝ ʩʠʛʥʘʣʘ ʘʪʦʤʘ ʉ5 (47.71, 47.15 ʤ.ʜ.) ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʝʛʦ 

ʭʠʨʘʣʴʥʦʩʪʴʶ. 

ʆʜʠʥʘʢʦʚʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 

ʗʄʈ
1
ʅ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʧʝʨʛʠʜʨʦʘʟʦʣʦʚ ʠ ïʘʟʠʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ. ʀʜʝʥʪʠʯʥʦʩʪʴ ʫʧʦʤʷʥʫʪʳʭ ʩʠʛʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʢʪʨʘʭ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʠʤʠʜʘʟʦʣʠʜʠʥʦʚ ʠ ïʧʠʧʝʨʘʟʠʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ. 
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ʊʘʙʣʠʮʘ 2.1.1. 

 

ʀʂ cʧʝʢʪʨʳ 4-ʛʠʜʨʦʩʢʠʧʨʦʧʠʣʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 5 ʘ-ʝ 

N

N
OR3

R3

R2

nH2O
.

5 a-e  
ˉ  

ʧ/ʧ 

R
2
 R

3 

 
n 

 
n, ʩʤ

-1 

1 2 3 4 5 

 

5 ʘ 

 

H 

 

H 

 

8 
3500 ï 3200 (n OH, NH acc); 3100 (n H-OH); 2924 - 2900 (n

AS
 CH2); 2885-2870 (n

S
 CH2); 1670, 

1650, 1580, 1080, 1020, 930, 780 (d OH, NH acc); 1620-1615 (d H-OH); 1480, 1380, 1310 (d ʉ-ʅ); 

1180 (n C-N) 

 

5 ʙ 

 

 

COCH3 

 

COCH3 

 

3 
3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, CH3); 2885-2870 (n

S
 CH2, CH3); 1620-1615 (d H-OH); 

1730 (n C=O ʩʣ.ʵʬ.); 1680 (n C=O ʘʤʠʜ);1180 (n C-N) 

 

5 ʚ 

 

ʉʅ3 

 

ʅ 

 

7 
3500 ï 3200 (n OH, NH acc); 3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, 

ʉʅ3); 1655, 1615, 1585, 1570, 1550 (d H-OH); 1480, 1404, 1308 (d ʉ-ʅ); 1180 (n C-N); 1080, 

1040 (d OH) 

 

5 ʛ 

 

 

ʉʅ3 

 

COCH3 

 

6 
3500 ï 3200 (n OH, NH acc); 3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, CH3); 2885-2870 (n

S
 CH2, 

CH3); 2770-2730 (n N-CH3); 1730 (n C=O ʩʣ.ʵʬ.); 1680 (n C=O ʘʤʠʜ);1180 (n C-N) 

 

5 ʜ 

 

(ʉʅ2)2ʆʅ 

 

ʅ 

 

8 
3500 ï 3200 (n OH, NH acc); 3100 (n H-OH); 2970 - 2900 (n

AS
 CH2, CH3); 2885-2730 (n

S
 CH2, 

CH3); 1670, 1650, 1580, 1080, 1020, 930, 780 (d OH, NH acc); 1640 (d H-OH); 1420, 1380 (d ʉ-

ʅ); 1180 (n C-N); 1060 (n ʉ-ʆʅ); 950 (d ʉ-ʆʅ) 

 

5 ʝ 

 

 

(ʉʅ2)2ʆɸʩ 

 

COCH3 

 

0 
2924 - 2900 (n

AS
 CH2, CH3); 2885-2870 (n

S
 CH2, CH3); 1730 (n C=O ʩʣ.ʵʬ.); 1680 (n C=O ʘʤʠʜ); 

1180 (n C-N) 
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ʊʘʙʣʠʮʘ 2.1.2. 

 
ʀʂ cʧʝʢʪʨʳ 1,2,3-ʟʘʤʝʱʝʥʥʳʭ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 6 ʘ-ʝ 

N N R

R1

R2

6 a-e 
 

ˉ  

ʧ/ʧ 

R
1
 R

2 

 

R
3 

 
n, ʩʤ

-1 

1 2 3 4 5 

 

6 ʘ 

 

 

ʉʅ3 

 

ʉʅ3 

 

Fur 
3100 (n =ʉ-H ʬʫʨ.ʢʦʣʴʮʘ); 2970-2915 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1565, 1500 (n 

ʉ=ʉ ʬʫʨ.ʢʦʣʴʮʘ); 1475-1460, 790-770 (d ʉH2); 1380 (d ʉʅ3); 1180-1150 (n C-N) 

 

6 ʙ 

 

 

ʉʅ3 

ʤ,ʧ-

(ʉʅ3ʆ)2-

ʉ6ʅ3 

 

Fur 
3120-3100 (n =ʉ-H ʬʫʨ.ʢʦʣʴʮʘ); 3030 (n ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ); 2940 (n

AS
 CH2); 2875 (n

S
 CH2); 

1600, 1485, 1580-1560, 1440-1465 (n ʉ=ʉ); 1270-1230, 1075-1020 (n=ʉ-ʆ-ʉ); 1180-1150 (n C-

N); 770-760, 710-700 (d ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ) 

 

6 ʚ 

ʤ,ʧ-

(ʉʅ3ʆ)2-

ʉ6ʅ3 

 

ʤ-Nʆ2-

ʉ6ʅ4 

 

Fur 
3120-3100 (n =ʉ-H ʬʫʨ.ʢʦʣʴʮʘ); 3030 (n ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ); 2940 (n

AS
 CH2); 2875 (n

S
 CH2); 

1600, 1485, 1580-1560, 1440-1465 (n ʉ=ʉ); 1550-1510 (n
AS

 NO2); 1365-1336 (n
S
 NO2); 1270-

1230, 1075-1020 (n=ʉ-ʆ-ʉ); 1180-1150 (n C-N); 770-760, 710-700 (d ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ) 

 

6 ʛ 

 

 

ʉ6ʅ5 

 

ʉ6ʅ5 

 

THF 
3080-3030 (n ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ); 2940-2915 (n

AS
 CH2); 2845-2870 (n

S
 CH2); 1600, 1485, 1580-

1560, 1440-1465 (n ʉ=ʉ ʘʨʦʤ.ʢʦʣʴʮʘ); 1475-1460, 790-770 (d ʉH2); 1180-1150 (n C-N); 770-

730, 710-690 (d ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ) 

 

6 ʜ 

 

ʉ6ʅ5 

 

ʤ-Nʆ2-

ʉ6ʅ4 

 

8 
3080-3030 (n ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ); 2940-2915 (n

AS
 CH2); 2845-2870 (n

S
 CH2); 1600, 1485, 1580-

1560, 1440-1465 (n ʉ=ʉ ʘʨʦʤ.ʢʦʣʴʮʘ); 1550-1510 (n
AS

 NO2); 1365-1336 (n
S
 NO2); 1180-1150 (n 

C-N); 900-860, 810-760, 725-680 (d ʉʅ- ʘʨʦʤ.ʢʦʣʴʮʘ) 

 

6 ʝ 

 

 

H 

 

Fur 

 

Fur-CH2 
3370-3300 (n Nʉ); 3165-3125 (n =ʉ-H ʬʫʨ.ʢʦʣʴʮʘ); 2970-2915 (n

AS
 CH2); 2885-2870 (n

S
 CH2); 

1565, 1500 (n ʉ=ʉ ʬʫʨ.ʢʦʣʴʮʘ); 1475-1460, 770-745 (d ʉH2); 1230-1020 (n C-N) 
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ʊʘʙʣʠʮʘ 2.1.3. 

 

ʀʂ cʧʝʢʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʧʠʧʝʨʘʟʠʥʦʚ 7 ʘ-ʜ, 8 ʘ-ʟ 

N

R2

nH2O
.

N (CH2)3OR3

R3O(H2C)3

R2

N

R2

nH2O
.

N (CH2)3OR3

R2

 
                                             7 ʘ-ʛ; 8 ʘ-ʛ                                                 7 ʜ; 8 ʜ-ʟ 

 

ˉ  

ʧ/ʧ 

R
2
 R

3 

 

n
 

 
n, ʩʤ

-1 

1 2 3 4 5 

 

7 ʘ 

 

 

ʅ 

 

ʅ 

 

2 
3480, 3320, 3120 (n OH, NH acc); 3100 (n H-OH); 2990 - 2950 (n

AS
 CH2, ʉʅ3); 2885-2850 (n

S
 CH2, 

ʉʅ3); 1670, 1650, 1580, 1080, 1020, 930, 780 (d OH, NH acc); 1620-1615 (d H-OH); 1480, 1380, 

1310 (d ʉ-ʅ); 1180 (n C-N) 

 

8 ʘ 

 

 

ʉʆʉʅ3 

 

ʉʆʉʅ3 

 

1 
3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1620-1615 (d H-OH); 1730 

(n C=O ʩʣ.ʵʬ.); 1680 (n C=O ʘʤʠʜ);1180 (n C-N) 

 

7 ʙ 

 

ʉʅ3 

 

 

ʅ 

 

2 
3350 (n OH); 3100 (n H-OH); 2960 - 2900 (n

AS
 CH2, ʉʅ3); 2885, 2820 (n

S
 CH2, ʉʅ3); 1480, 1404, 

1308 (d ʉ-ʅ); 1180 (n C-N); 1080, 1040 (d OH); 950 (d ʉ-ʆʅ) 

 

8 ʙ 

 

 

ʉʅ3 

 

ʉʆʉʅ3 

 

1 
3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 2770-2730 (n N-CH3); 

1620-1615 (d H-OH); 1730 (n C=O ʩʣ.ʵʬ.); 1180 (n C-N) 

 

7 ʚ 

 

 

ʉʅ2ʉʅ2ʆʅ 

 

ʅ 

 

0 
3380, 3320 (n OH); 2970 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2730 (n

S
 CH2, ʉʅ3); 1640(d OH); 1480, 

1420, 1380 (d ʉ-ʅ); 1180 (n C-N); 1060 (n ʉ-ʆʅ); 950 (d ʉ-ʆʅ) 
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ʊʘʙʣʠʮʘ 2.1.3. ʇʨʦʜʦʣʞʝʥʠʝ 

 
ˉ  

ʧ/ʧ 

R
2
 R

3 

 

n
 

 
n, ʩʤ

-1 

1 2 3 4 5 

 

8 ʚ 

 

 

ʉʅ2ʉʅ2ʆ-

ʉʆʉʅ3 

 

 

ʉʆʉʅ3 

 

1 
3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1620-1615 (d H-OH); 1730 

(n C=O ʩʣ.ʵʬ.); 1180 (n C-N) 

 

7 ʛ 

 

 

ʉʅ2ʉʅ2NH2 

 

H 

 

0 
3380, 3260, 3240, 3130, 3000 (n OH, NH acc); 2980, 2945, 2900 (n

AS
 CH2, ʉʅ3); 2880, 2760, 2730 

(n
S
 CH2, ʉʅ3); 1680, 1640, 1580, 1560, 1520, 940, 760 (d NH, OH);1440, 1420, 1330, 1300 (d ʉ-ʅ); 

1150 (n C-N); 1050, 1020 (n ʉ-ʆʅ) 

 

8 ʛ 

 

ʉʅ2ʉʅ2NH-

COCH3 

 

 

ʉʆʉʅ3 

 

0 
3360  (n NH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1730 (n C=O ʩʣ.ʵʬ.); 1680 (n 

C=O ʘʤʠʜ);1180 (n C-N) 

 

7 ʜ 

 

 

H 

 

H 

 

0 
3480, 3320, 3120 (n OH, NH acc); 2990, 2950 (n

AS
 CH2, ʉʅ3); 2880, 2760, 2730 (n

S
 CH2, ʉʅ3); 

1670, 1650, 1580, 1560, 1020, 930, 780 (d NH, OH);1440, 1480, 1380, 1310 (d ʉ-ʅ) 

 

8 ʜ 

 

 

ʉʆʉʅ3 

 

ʉʆʉʅ3 

 

0 
2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1730 (n C=O ʩʣ.ʵʬ.); 1680 (n C=O 

ʘʤʠʜ);1180 (n C-N) 

 

8 ʝ 

 

 

ʉʆʉʅ3 

 

H 

 

0 
3480, 3320 (n OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1680 (n C=O 

ʘʤʠʜ);1180 (n C-N); 1060 (n ʉ-ʆʅ) 

 

8 ʞ 

 

 

ʉʆʉ2ʅ5 

 

ʉʆʉ2ʅ5 

 

0 
2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1730 (n C=O ʩʣ.ʵʬ.); 1680 (n C=O 

ʘʤʠʜ);1180 (n C-N) 

 

8 ʟ 

 

 

ʉʆʉ2ʅ5 

 

 

H 

 

0 
3480, 3320 (n OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1680 (n C=O 

ʘʤʠʜ);1180 (n C-N); 1060 (n ʉ-ʆʅ) 
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ʊʘʙʣʠʮʘ 2.1.4. 

 
ʀʂ cʧʝʢʪʨʳ 5,6-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-1,2,4-ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʦʚ 9 ʘ-ʛ 

RN

N
R

R
N

OR RN
N
R

R
N

OR

nH2O nH2O

 
9 ʘ, ʙ                                                                  9 ʚ, ʛ 

 
ˉ  

ʧ/ʧ 

R n
 

 
n, ʩʤ

-1 

1 2 4 5 

 

9 ʘ 

 

 

ʅ 

 

6 
3500-3100 (n OH, NH acc); 3100 (n H-OH); 2924 - 2900 (n

AS
 CH2); 2885-2870 (n

S
 CH2); 1670, 1650, 1580, 

1080, 1020, 930, 780 (d OH, NH acc); 1620-1615 (d H-OH); 1480, 1380, 1310 (d ʉ-ʅ); 1180 (n C-N) 

 

9 ʙ 

 

 

ʉʆʉʅ3 

 

7 
3380-3100 (n H-OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1620-1615 (d H-OH); 1730        

(n C=O ʩʣ.ʵʬ.); 1680 (n C=O ʘʤʠʜ);1180 (n C-N) 

 

9 ʚ 

 

ʅ 

 

2 
3460-3100 (n ROH, NH acc, n H-OH); 2960 - 2920 (n

AS
 CH2); 2885-2870 (n

S
 CH2); 1650, 1660, 1540, 1030, 

950, 780 (d OH, NH acc); 1620-1615 (d ʅ-ʆʅ);1470, 1460, 1380 (d ʉ-ʅ); 1170 (n C-N) 

 

9 ʛ 

 

 

ʉʆʉʅ3 

 

6 
3360-3150 (n H-OH); 2924 - 2900 (n

AS
 CH2, ʉʅ3); 2885-2870 (n

S
 CH2, ʉʅ3); 1630 (d H-OH); 1730 (n C=O 

ʩʣ.ʵʬ.); 1180 (n C-N); 1680 (n C=O ʘʤʠʜ) 
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ʊʘʙʣʠʮʘ 2.1.5. 

 
ʉʧʝʢʪʨʳ ʗʄʈ 

1
ʅ 4-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 5 ʘ-ʝ 

 

R2HN

N
OR3 nH2O

R3
 

5 ʘ-ʝ 

 

ˉ  

ʧ/ʧ 

R
2
 R

3 

 

n
 

 
d, ʤ.ʜ. (CDCl3)

 

1 2 3 4 5 

 

5 ʘ 

 

 

ʅ 

 

ʅ 

 

8 
1.25 ʤ 4ʅ (ʉʅ2ʉʅ2), 

1.91 ʫʰ.ʩ2ʅ (Nʅ), 

2.40 - 2.44 ʜʜ 2ʅ (N-ʉʅ2 -ʉʅ), 

Jɸɺ = 5.5 ɻʮ, Jɺɸ =  5.5 ɻʮ, 

2.88 ʤ 1H (N-ʉʅ), 

3.50ʤ 2ʅ (ʉʅ2-ʆʅ), 

3.73ʫʰ.ʩ 2ʅ (N-ʉʅ2-N), 

3.90-4.30 ʤ (ʅ20), 

5.16 ʫʰ.ʩ 1 H (ʆʅ) 

 

5 ʙ 

 

 

ʉʆʉʅ3 

 

ʉʆʉʅ3 

 

3 
1.25 ʤ 4ʅ (ʉʅ2ʉʅ2), 

2.10 c 9H (COCH3), 

2.92 ʤ 1ʅ (N-ʉʅ), 

3.00-3.12 ʜʜ 2ʅ (N-ʉʅ2-ʉʅ); 

Jɸɺ= 7.0ɻʮ, JɺA= 7.0ɻʮ, 

3.68 ʪ 2ʅ (ʉʅ2-ʆʉʆ), 

3.82 ʫʰ.ʩ 2ʅ (N-ʉʅ2-N), 

3.96 - 4.54 ʤ (ʅ2ʆ) 

 

5 ʚ 

 

ʉʅ3 

 

 

ʅ 

 

7 
1.20 ʤ 4ʅ (ʉʅ2ʉʅ2), 

2.08 ʩ1H (Nʅ), 

2.12 ʩ ɿʅ (N-ʉʅ3), 

2.53 - 2.58 ʜʜ 2ʅ (N-ʉʅ2-ʉʅ). 

Jɸɺ = 5.5 ɻʮ, J BA=  5.5 ɻʮ, 

2.80 ʤ 1H (N-ʉʅ), 

3.53 ʤ 2ʅ (ʉʅ2-ʆʅ), 

3.86ʫʰ.ʩ2ʅ(ʂ-ʉʅ2-ʂ), 

3.95 - 4.40 ʤ (ʅ2ʆ), 

5.11 ʩ 1H (ʆʅ) 
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ʊʘʙʣʠʮʘ 2.1.5. ʇʨʦʜʦʣʞʝʥʠʝ 

 
1 2 3 4 5 

 

5 ʛ 

 

 

ʉʅ3 

 

 

ʉʆʉʅ3 

 

6 
1.20ʤ4ʅ (ʉʅ2ʉʅ2), 

2.02 ʩ ɿʅ (ʉʆʉʅʟ), 

2.12 ʩ ɿʅ (N-ʉʅ3), 

2.26 - 2.32 ʜʜ 2ʅ (N-ʉʅ2 -ʉʅ). 

Jɸɺ= 6.4ɻʮ, Jɺɸ= 6.4ɻʮ, 

3.20 ʤ 1H (N-ʉʅ), 

3.64 ʪ 2ʅ (ʉʅ2-ʆʉʆ), 

3.86 ʫʰ.ʩ 2ʅ (N-ʉʅ2-N), 

3.98- 4.60 ʤ (ʅ20), 

5.11 ʩ 1H (ʆʅ) 

 

5 ʜ 

 

 

ʉʅ2ʉʅ2ʆʅ 

 

ʅ 

 

8 

1.22ʤ 4ʅ (ʉʅ2ʉʅ2), 

1.89 ʫʰ.ʩ1ʅ (Nʅ), 

2.43 ʪ 2ʅ (N-ʉʅ2-ʉʅ2ʆʅ), 

2.58 - 2.66 ʜʜ 2ʅ (N-ʉʅ2 -ʉʅ), 

Jɸɺ =  6.0 ɻʮ, Jɺɸ = 6.0 ɻʮ, 

2.89 ʤ 1H (N-ʉʅ), 

3.47 -3.55 ʤ 4ʅ (ʉʅ2-ʆʅ), 

3.88 ʫʰ.ʩ 2ʅ (N-ʉʅ2-N), 

4.12-4.40ʤ (ʅ2ʆ), 

4.85 ʩ 1H (ʆʅ) 

 

5 ʝ 

 

ʉʅ2ʉʅ2ʆ-

ʉʆʉʅ3 

 

 

ʉʆʉʅ3 

 

0 
1.27 ʤ 4ʅ (ʉʅ2ʉʅ2), 

2.18 ʩ 9ʅ (ʉʆʉʅ3), 

2.32 - 2.36 ʜʜ 2ʅ (N-ʉH2-ʉʅ), 

Jɸɺ = 6.4 ɻʮ, Jɺɸ =  6.4 ɻʮ, 

3.10 ʪ 2ʅ (N-ʉʅ2-ʉʅ2ʆʅ), 

3.40 ʤ 1H (N-ʉʅ), 

3.68 ʪ 4ʅ (ʉʅ2-ʆʉʆ), 

3.96 ʫʰ.ʩ 2ʅ (N-ʉʅ2-N) 
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ʊʘʙʣʠʮʘ 2.1.6. 

 
ʉʧʝʢʪʨʳ ʗʄʈ 

1
ʅ ʧʨʦʧʠʣʧʠʧʝʨʘʟʠʥʦʥʦʚ ʠʤʠʜʘʟʦʣʠʜʠʥʦʚ 6 ʘ-ʝ 

N N R

R1

R2

6 a-e 
 

ˉ  

ʧ/ʧ 

R R
1 

 

R
2 

 
d, ʤ.ʜ. (CDCl3)

 

1 2 3 4 5 

 

6 ʘ 

 

 

ʉʅ3 

 

ʉʅ3 

 

Fur 
0.8-1.12 ʪ ɿʅ (-ʉʅʟ); 

1.3-1.56 ʜ ɿʅ (ʉʅ3-ʉʅ<); 

2.3 - 3.53 ʤ 6ʅ (-ʉʅ2N<, >Nʉʅ2ʉʅ2 N<); 

3.53 ʤ 1 ʅ (>NʉʅN<), 3.60 ʩ 2ʅ (Fur-ʉʅ2-N<); 

6.32 ʤ 2ʅ (ɓ-Fur); 7.16 ʫʰ.ʩ 1H (Ŭ-Fur) 

 

6 ʙ 

 

 

ʉʅ3 

ʤ,ʧ-

(ʉʅ3ʆ)2-

ʉ6ʅ3 

 

Fur 
2.73 ʫʰ. ʩ 4ʅ (NCH2CH2N); 

3.30 ʢʚ. (ʉʅ3ʉʅ2); 

3.57 ʩ 2ʅ (Fur-ʉʅ2-N<); 

3.81 - 3.85 ʩ. 6ʅ (ʆʉʅ3); 6.20 ʩ 1ʅ (>N-ʉʅ-N); 

6.84 ʤ ɿʅ (ʉʙʅ3); 7.26 ʤ ɿʅ (Fur) 

 

6 ʚ 

ʤ,ʧ-

(ʉʅ3ʆ)2-

ʉ6ʅ3 

 

ʤ-Nʆ2-

ʉ6ʅ4 

 

Fur 
2.70-2.74 ʤ 4H (NCH2CH2N); 

3.56 c. 2H (Fur-ʉʅ2-N<); 

3.80-3.86 c. 6H (OCH3); 

6.21 c. 1H (>NʉʅN<); 

6.80-6.88 ʤ. 7H (ʉʙʅ3, ʉʙʅ4); 

7.20-7.24 ʤ. 3H (Fur) 

 

6 ʛ 

 

 

ʉ6ʅ5 

 

ʉ6ʅ5 

 

THF 

1.63-1.75 ʤ 4H (b-THF); 

2.35 - 2.57 ʤ 4ʅ (>NCH2 ʉʅ3 N<); 

3.22 ʤ 2ʅ (ʊʅF-ʉʅ2-N<); 

3.5 ʩ 2ʅ (>N-ʉʅ2-ʉʆR); 

3.80- 3.82 ʤ ɿʅ (Ŭ-ʊʅF), 

5.15 ʩ (>N-ʉʅ-N<), 7.22 - 7.51 ʤ 10ʅ (ʉ6ʅ5) 

 

6 ʜ 

 

ʉ6ʅ5 

 

ʤ-Nʆ2-

ʉ6ʅ4 

 

8 
1.32-1.85 ʤ 4H (b-THF); 

2.38 - 2.87 ʤ 4ʅ (>Nʉʅ2 ʉʅ2 N<); 

3.27 ʤ 2 ʅ (ʈh-ʉʅ2-N<); 

3.5 ʩ 2ʅ (>N-ʉʅ2-ʉʆR); 

3.62 - 3.91 ʤ ɿʅ (Ŭ-ʊʅF); 5.15 ʩ (>N-ʉʅ-N< 

7.22 - 7.51 ʤ 5ʅ (ʉ6ʅ5), 8.09 - 8.36 ʤ 4ʅ (ʉ6ʅ4) 

 

6 ʝ 

 

 

H 

 

Fur 

 

Fur-CH2 
3.05 ʤ 4ʅ (>N ʉʅ2 ʉʅ2N<); 

3.74 ʩ 2ʅ (Fur-ʉʅ2-N<); 

4.40 ʩ (>N-ʉʅ-N<); 

6.17 ʤ 1H (-ʉʅ=N); 

6.36 ʤ 4ʅ (ɓ-Fur), 7.33 ʩ 2ʅ (Ŭ-Fur) 
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ʊʘʙʣʠʮʘ 2.1.7. 

 
ʉʧʝʢʪʨʳ ʗʄʈ 

1
ʅ, 

13
ʉ (ʜʠ)ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʧʠʧʝʨʘʟʠʥʦʚ 7 ʘ-ʜ, 8 ʜ 

 

N
R

nH2O
.

R
N (CH2)3OH

HO(H2C)3 N
H

nH2O
.

N
H CH2CH2CH2OH

N
COCH3

nH2O
.

COCH3

N CH2CH2CH2OCOCH3

 
7 ʘ-ʝ                                        7 ʜ                                                  8 ʜ 

 

ˉ  

ʧ/ʧ 

R ʗʄʈ 
1
ʅ, d, ʤ.ʜ. 

1 2 3 

 

7 ʘ 

 

 

ʅ 
1.78 ʤ 8ʅ (ʉʅ2ʉʅ2), 

2.62 ʜ 4ʅ (N-ʉʅ2) J = 6.5 ɻʮ, 

3.02 ʤ 2ʅ (N-ʉʅ), 

3.74 ʤ 4ʅ (ʉʅ2-ʆʅ), 4.28 ʩ 2ʅ (ʆʅ). 

5 .13 ʩ 2ʅ (NH) 

 

7 ʙ 

 

 

ʉʅ3 
1.80 ʤ 8ʅ (ʉʅ2ʉʅ2), 

2.29 ʤ 4ʅ (N-ʉʅ2), 

2.97 ʤ 2ʅ (N-ʉʅ), 

2.63 ʩ 6ʅ (N-ʉʅʟ), 

3.6ʙ ʤ 4ʅ (ʉʅ2-ʆʅ), 

4.69 ʩ 2ʅ (ʆʅ). 

 

7 ʚ 

 

ʉʅ2ʉʅ2ʆʅ 
1.87 ʤ 8ʅ (ʉʅ2ʉʅ2 ʙʦʢ.ʮʝʧʠ), 

2.88ʤ 10ʅ (N-ʉʅ2, N-ʉʅ), 

3.77 ʤ 8ʅ (ʉʅ2-ʆʅ), 

4.66 ʩ 2ʅ (ʉʅ2(ʉʅ2)nʆʅ) 

 

7 ʛ 

 

 

ʉʅ2ʉʅ2NH2 
1.82 ʤ 8ʅ (ʉʅ2ʉʅ2 ʙʦʢ.ʮʝʧʠ), 

2.58 ʤ 6ʅ (N-ʉʅ, N-ʉʅ2 ʛʝʪʝʨʦʮʠʢʣʘ), 

3.08 ʤ 8ʅ (Nʉʅ2ʉʅ2N), 

3.58 ʤ 4ʅ (ʉʅ2-ʆʅ), 

5.94 ʩ 4ʅ (Nʅ2) 

4.30 ʩ 2ʅ (ʆʅ) 

ʗʄʈ (
1
ʅ ï 

13
ʉ), d, ʤ.ʜ 

 

7 ʜ 

 

Ƅ 
52.1 (C1); 53.3 (C2); 

52.8, 52.6 (ʉ3; ʉ4); 

18.9 (ʉ5); 25.8 (ʉ6); 64.8 (ʉ7) 

 

8 ʜ 

 

 

Ƅ 
52.1 (ʉ1); 53.3 (ʉ2); 52.8, 51.4 (ʉ3;ʉ4); 

28.9 (ʉ5); 22.6 (ʉ6); 67.8 (ʉ7); 171.6 (ʉ8); 

169.1, 169.8 (ʉ10; ʉ12); 21.4 (ʉ9); 20.4, 20.1 (ʉʠ; ʉ13) 
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2.2. 1,3,5-ɿʘʤʝʱʝʥʥʳʝ ʧʠʨʘʟʦʣʠʥʳ 
 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʨʠʣ- ʠ 

ʬʫʨʬʫʨʠʠʜʝʥʟʘʤʝʱʸʥʥʳʭ ʧʠʨʘʟʦʣʠʥʦʚ 10 ʘ-ʛ. 

ɺ ʮʝʣʷʭ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʩʠʛʥʘʣʦʚ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʝ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʦʚ ʬʫʨʬʫʨʠʣʠʜʝʥʢʝʪʦʥʦʚ 11 ʘ-ʛ, ʷʚʣʷʶʱʠʭʩʷ ʘʮʠʢʣʠʯʝʩʢʠʤʠ ʠʟʦʤʝʨʘʤʠ 

ʧʠʨʘʟʦʣʠʥʦʚ 10 ʘ-ʛ. 

O

R1

N

R2

HN

SH2N

O

R1

N

R2

N
H2N

S
 

                                                   10 ʘ-ʛ                                                             11 ʘ-ʛ 

                                                                          R
1
=CH3, C6H5 

                                                                          R
2
=H 

                                                                          R
1
+R

2
=(CH2)2,(CH2)3 

 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʘʨʙʘʟʦʥʦʚ 11 ʘ-ʛ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʪʠʦʘʤʠʜʥʳʭ ʛʨʫʧʧ ʚ 

ʠʥʪʝʨʚʘʣʝ 3460-3230 ʩʤ
-1 
(ɜ NH2, NH), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʪʨʝʤʷ ʤʘʢʩʠʤʫʤʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʝʨʚʠʯʥʦʡ ʪʠʦʘʤʠʜʥʦʡ ʛʨʫʧʧʳ ʚ ʧʠʨʘʟʦʣʠʥʘʭ 10 ʘ-ʛ 

ʧʨʦʷʚʣʷʶʪʩʷ ʨʘʩʱʝʧʣʷʶʱʝʡʩʷ ʧʦʣʦʩʦʡ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ɜ NH2 3380-

3360), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ. 

ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
1
ʅ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ 

ʪʠʦʢʘʨʙʘʤʠʜʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʜʘʶʱʠʝ ʨʘʟʜʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʜʣʷ ʧʝʨʚʠʯʥʦʡ (1.8-2.0) ʠ 

ʚʪʦʨʠʯʥʦʡ ʪʠʦʘʤʠʜʥʦʡ (9.32-10.55) ʛʨʫʧʧʳ. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ
13
ʉ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣ Ŭ-ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʨʘʥʦʚʦʛʦ ʮʠʢʣʘ. ɺ ʧʠʨʘʟʦʣʠʥʘʭ ʵʪʦʪ ʘʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʩʳʱʝʥʥʳʤ ʠ ʜʘʸʪ 

ʨʝʟʦʥʘʥʩʥʳʡ ʩʠʛʥʘʣ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ (51.6-53.9 ʤ.ʜ.), ʪʦʛʜʘʢʘʢ ʚ ʪʠʦʢʘʨʙʘʟʦʥʘʭ sp
2
-

ʛʠʙʨʠʜʠʟʦʚʘʥʥʳʝ Ŭ,ɓ-ʫʛʣʝʨʦʜʥʳʝ ʘʪʦʤʳ ʙʦʢʦʚʦʡ ʮʝʧʠ ʨʝʟʦʥʠʨʫʶʪ ʚ ʦʙʣʘʩʪʠ (115-156 ʤ.ʜ.). 

ʄʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʨʘʛʤʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ 

ʪʠʦʩʝʤʠʢʘʨʙʘʟʦʥʘ 11 ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʝʨʚʠʯʥʦʛʦ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʠʣʠ ʚʳʙʨʦʩ ʚʩʣʝʜʩʪʚʠʝ ʩʢʝʣʝʪʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ 

ʙʠʩʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʡ ʩʦʧʨʷʞʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʠ ʬʨʘʛʤʝʥʪʘ ʪʠʦʤʦʯʝʚʠʥʳ: 
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O

R1

N

R2

HN

SH2N

+ e

-2 m

11  a

tr  21.55

O

R1

N

R2

HN

SH2N

m/Z 209

O
CH2

+.

m/Z 94 (96)

C6H6O

N
N
H

NH2

CH

S

m/Z 114 (54)

C3H4N3S

O
N

CH3

m/Z 133 (14)

C8H7NO

N
H

NH2

S

m/Z 74 (18)

CH3N3S

+.

+.
+.

+.

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʬʨʘʛʤʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 10ʘ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʳʚ ʩʚʷʟʝʡ ʧʦ Ŭ-ʧʦʣʦʞʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʤʠʛʨʘʮʠʝʡ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ. ʊʘʢ, ʬʨʘʛʤʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ 2-

ʢʘʨʙʘʤʦʠʣ-3-ʬʫʨʠʣ-5-ʤʝʪʠʣ-4ʅ-ʧʠʨʘʟʦʣʠʥʘ (10 ʘ) ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʜʣʷ ʧʠʨʘʟʦʣʠʥʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʚʠʯʥʦʛʦ ʦʩʢʦʣʦʯʥʦʛʦ ʠʦʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʛʠʜʨʦʘʟʠʨʠʥʦʚʳʡ 

ʮʠʢʣ. 

+ e

-2 e

m/Z 209

+.

O

m/Z 102 (100)

C3H6N2S

CH3

N N
H2N

S10 a

tr  23.1

O
CH3

N N
H2N

S

- Fur
- CH2CN

N

SH2N

+.

 
 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʨʘʟʦʣʠʥʦʚ 10 ʘ-ʛ ʠ ʪʠʦʢʘʨʙʘʟʦʥʦʚ 11 ʘ-ʛ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2.2.1.-2.2.3. 
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          ʊʘʙʣʠʮʘ 2.2.1. 

 ʀʂ ʩʧʝʢʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʢʘʨʙʘʟʦʥʦʚ ʠ ʧʠʨʘʟʦʣʠʥʦʚ (10 - 11) 

O

R1

N

R2

HN

SH2N

O

R1

N

R2

N
H2N

S
 

                                                                                        10 ʘ-ʛ                                             11 ʘ-ʛ 

ˉ R
1 

R
1
+R

2
 ɜ, ʩʤ

-1 

10ʘ CH3 ____ 3331, 3325 (ɜNH2); 3115-3025 (ɜ =CH); 1660,1607 (ɜ C=C); 1189 (ɜ C=S); 760,825 (ŭ =ʉʅ) 

10ʙ C6H5 ____ 3321, 3320 (ɜNH2); 3100-3000 (ɜ =CH); 1660,1665 (ɜ C=C); 1180 (ɜ C=S); 760,820 (ŭ =ʉʅ) 

10ʚ ____ (CH2)3 

3311, 3309 (ɜNH2); 3100-3020 (ɜ =CH); 2880 (ɜ CH2,CH); 1650 (ŭ NH); 1600,1580, 1560 (ɜ C=C); 1200 (ɜ C=S); 820 (ŭ 

=ʉʅ) 

10ʛ ____ (CH2)4 3408, 3395 (ɜNH2); 3108 (ɜ =CH); 2960-2830 (ɜCH2,CH); 1690 (ɜ C=C); 1562, 1510 (ɜ C=CFu); 1470, 1360 (ŭCH2,CH); 1190 (ɜ C=S); 700 (ŭC=S) 

11 ʘ CH3 ____ 3240-3200 (ɜNH); 3362, 3340 (ɜNH2); 3150-3100 (ɜ =CH); 2980-2860 (ɜ CH3,CH); 1605 (ɜ C=C); 1200 (ɜ C=S) 

11ʙ C6H5 ____ 3243-3212 (ɜNH); 3323, 3310 (ɜNH2); 3145-3112 (ɜ =CH); 2973-2863 (ɜ CH); 1605 (ɜ C=C); 1195 (ɜ C=S) 

11ʚ ____ (CH2)3 

3330, 3150 (ɜNH2); 3401 (ɜNH); 3120-3000 (ɜ =CH); 2940-2860 (ɜCH3,CH); 1660,1665 (ɜ C=C); 1210 (ɜ C=S);1180, 765, 

850 (ŭ =ʉʅ) 

11ʛ ____ (CH2)4 

3200, 3111 (ɜNH2); 3400 (ɜNH); 2950-2900 (ɜ =CH); 2860 (ɜ CH); 1660 (ŭ NH); 1640, 1580, 1560 (ɜ C=C); 1200 (ɜ C=S); 

760, 830 (ŭ =ʉʅ) 
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ʊʘʙʣʠʮʘ 2.2.2. 

Cʧʝʢʪʨʳ ʗʄʈ 
1
ʅ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣʠʥʦʚ ʠ ʪʠʦʢʘʨʙʘʟʦʥʦʚ 

(10- 11) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

ˉ R
1 

R
1
+R

2
 ʗʄʈ

1
ʅ, ŭ, ʤ.ʜ., CDCI3, DMSO 

10ʘ CH3 ____ 

10.24 

3.21  

2.31-2.59 

6.41-6.79 

7.56 

2.21 

c 2H NH2 

m 1ʅ ʉʅ-N- 

m 2ʅ ʉʅ2 

c 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

c 3ʅ CH3 

10ʙ C6H5 ____ 

10.26 

3.25  

2.30-2.64 

6.44-6.48 

7.36 

7.50-7.88 

c 2H NH2 

m 1ʅ ʉʅ-N- 

m 2ʅ ʉʅ2 

c 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

c 5ʅ Ph 

10ʚ ____ (CH2)3 

1.32-1.94 

2.11 

6.25 

6.45-6.53 

7.73 

9.31 

m 6H (CH2) 

c 1H (CH) 

c 1H (CH - N) 

c 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

c 2H NH2 

10ʛ ____ (CH2)4 

1.20-2.10 

2.08 

4.10 

6.06-6.35 

7.37 

9.42 

m 8H (CH2) 

c 1H (CH) 

c 1H (CH-N) 

c 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

c 2H NH2 

11 ʘ CH3 ____ 

2.12 

10.53 

1.89 

5.66 

6.30-6.50 

7.74 

c 3ʅ CH3 

c 2H NH2 

c 1H NH 

c 2ʅ =ʉʅ- 

m 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

11ʙ 
C6H5 ____ 

10.32 

1.93 

5.71 

6.32-6.46 

7.56 

7.60-7.65 

c 2H NH2 

c 1H NH  

c 2ʅ =ʉʅ- 

m 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

m 5H Ph 

11ʚ ____ (CH2)3 

9.67 

1.85 

6.33-6.37 

6.46-6.52 

7.74 

7.79-7.83, 6.69-6.75 

3.00-3.17 

c 2H NH2 

c 1H NH 

m 1ʅ =ʉʅ- 

c 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

m 5H Ph 

m 6ʅ CH2 

11ʛ ____ (CH2)4 

1.76-1.96 

6.33 

6.50-6.53 

7.76 

9.56 

1.55 

m 6H (CH2) 

c 1H (=CH) 

c 2ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu 

c 2H NH2 

c 1H NH 
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ʊʘʙʣʠʮʘ 2.2.3. 

Cʧʝʢʪʨʳ ʗʄʈ 
13
ʉ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʧʠʨʘʟʦʣʠʥʦʚ ʠ ʪʠʦʢʘʨʙʘʟʦʥʦʚ 

(10ʘ-ʛ- 11ʘ,ʚ) 
ˉ R

1
 R

1 
+ R

2 
ʗʄʈ 

13
ʉ, ŭ, ʤ.ʜ. 

 

 

 

10 ʘ 

 

 

 

ʉʅ3 

 

 

 

ƄƄ 

177.8 

19.9 

148.9 

38.4 

53.6 

143.5 

111.0 

107.9 

154.3 

NH2-C=S 

CH3 

CH3-C=N 

-CH- 

-C-N 

C2(Fu) 

C3(Fu) 

C4(Fu) 

C5(Fu) 

 

 

 

10 ʙ 

 

 

 

ʉ6ʅ5 

 

 

 

ƄƄ 

175.8 

128.9-134.0 

151.7 

36.3 

51.6 

141.5 

110.3 

105.9 

151.3 

NH2-C=S 

=CH-Ar 

Ar-C=N 

-CH- 

-C-N 

C2(Fu) 

C3(Fu) 

C4(Fu) 

C5(Fu) 

 

 

 

10 ʚ  

 

 

 

ƄƄ 

 

 

 

(ʉʅ2)3 

175.8 

160.5 

53.5 

36.4, 23.5, 25.4 

45.8 

142.4 

110.9 

105.2 

150.7 

NH2-C=S 

-C=N 

-C-N 

-CH2- 

-CH- 

C2(Fu) 

C3(Fu) 

C4(Fu) 

C5(Fu) 

 

 

 

10 ʛ 

 

 

 

ƄƄ 

 

 

 

(ʉʅ2)4 

175.5 

150.4 

53.9 

31.4, 25.4, 24.1, 22.6 

43.5 

141.6 

110.7 

105.8 

149 

NH2-C=S 

-C=N 

-C-N 

-CH2- 

-CH- 

C2(Fu) 

C3(Fu) 

C4(Fu) 

C5(Fu) 

 

 

 

11 ʘ 

 

 

 

ʉʅ3 

 

 

 

ƄƄ 

181.3 

14.3 

151.4 

141.9 

125.2 

145.9 

112.7 

111.3 

151.5 

NH2-C=S 

CH3 

CH3-C=N 

=CH- 

Fur-CH- 

C2(Fu) 

C3(Fu) 

C4(Fu) 

C5(Fu) 

 

 

 

11 ʚ 

 

 

 

ƄƄ 

 

 

 

(ʉʅ2)3 

180.7 

149.5 

37.8, 29.6, 33.4 

151.3 

115.9 

145.1 

112.9 

111.0 

150.9 

NH2-C=S 

-C=N 

-CH2 

=CH- 

=CH-Fur 

C2(Fu) 

C3(Fu) 

C4(Fu) 

C5(Fu) 
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2.3. ʇʨʠʤʝʨʳ ʀʂ ʩʧʝʢʪʨʦʚ 

 

 

 
ʈʠʩ 2.3.1. ʀʂ ʉʧʝʢʪʨ ʪʠʦʢʘʨʙʘʟʦʥʘ ʤʦʥʦʬʫʨʬʫʨʠʣʠʜʝʥʮʠʢʣʦʧʝʥʪʘʥʦʥʘ 11 ʚ  

(ʌʉʄ ï 1201; ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʛʝʢʩʘʭʣʦʨʙʫʪʘʜʠʝʥ) 

 

 

 

 

 

ʈʠʩ 2.3.2. ʀʂ ʉʧʝʢʪʨ ʪʠʦʢʘʨʙʘʟʦʥʘ ʤʦʥʦʬʫʨʬʫʨʠʣʠʜʝʥʮʠʢʣʦʛʝʢʩʘʥʦʥʘ 11 ʛ  

(ʌʉʄ ï 1201; ʚʘʟʝʣʠʥʦʚʦʝ ʤʘʩʣʦ, ʛʝʢʩʘʭʣʦʨʙʫʪʘʜʠʝʥ) 
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ʈʠʩ 2.3.3. ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ 2-ʪʠʦʢʘʨʙʘʤʦʠʣ-3-ʬʫʨʠʣ-5-ʤʝʪʠʣ-4 ʅ-ʧʠʨʘʟʦʣʠʥʘ 10 ʘ  

(Varian 400, DMSO-d6) 

 

 

 

 

 

ʈʠʩ 2.3.4. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ ʪʠʦʢʘʨʙʘʟʦʥʘ ʬʫʨʬʫʨʠʣʠʜʝʥʮʠʢʣʦʧʝʥʪʘʥʦʥʘ 11 ʚ (Varian 400, DMSO-d6) 
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ʈʠʩ 2.3.5. ʉʧʝʢʪʨ ʗʄʈ 

13
ʉ 2-ʪʠʦʢʘʨʙʘʤʦʠʣ-3-ʬʫʨʠʣ-5-ʤʝʪʠʣ-4 ʅ-ʧʠʨʘʟʦʣʠʥʘ 10 ʘ  

(Varian 400, DMSO-d6) 

 

 

 

 

 

ʈʠʩ 2.3.6. ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ ʪʠʦʢʘʨʙʘʟʦʥʘ ʬʫʨʬʫʨʠʣʠʜʝʥʮʠʢʣʦʧʝʥʪʘʥʦʥʘ 11 ʚ (Varian 400, DMSO-d6) 
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3. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʠʯʝʩʢʠʭ ʪʠʦʢʘʨʙʘʤʠʜʦʚ ʠ ʨʦʜʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ ʛʠʜʨʘʟʠʥʦʚʳʭ ʨʷʜʦʚ 

 

3.1. ʀʂ, ʗʄʈ 
1
ʅ, 

13
ʉ ʩʧʝʢʪʨʳ ʬʫʨʠʣ(ʬʫʨʬʫʨʠʣʠʜʝʥ)-ʟʘʤʝʱʝʥʥʳʭ 

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʪʠʦʥʦʚ ʠ ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʪʠʦʥʦʚ 
 

ʅʠʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʨʠʣ-, ʬʫʨʬʫʨʠʣʠʜʝʥʟʘʤʝʱʸʥʥʳʭ 

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʪʠʦʥʦʚ 12,13 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʪʠʦʥʦʚ 14,15. ɺ 

ʮʝʣʷʭ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʘʤʠʜʦʚ 12 ʙ,ʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʫʨʬʫʨʠʣʠʜʝʥʢʝʪʦʥʦʚ ʩ ʤʦʯʝʚʠʥʦʡ:  

 

O

N NH

X

R2

R1

R3

O

N NH

X

R3

O

HN NH

S

R
1

 
12 ʘ-ʝ                                            14 ʘ-ʙ                                                15 ʘ-ʟ 

 

O

HN

R2

NH

S

R1

  
13 ʘ-ʙ              

R
1
= ʄʝ, Ph, Ph, C6H4-p-N(Me)2, C6H4-p-Br, C6H4-p-Br          C6H4-p-OCH3, C6H4-p-NO2, Ŭ-Fur, Ŭ-Tiof; 

R
2
=H, Me; 

R
3
=H, , 

CH3

CH3 . 

X=O,S. 

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʘʭ ʦʙʥʘʨʫʞʝʥ ʩʠʛʥʘʣ ʧʨʠ 4.92-5.02 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣʫ 

ʤʝʪʠʥʦʚʦʛʦ ʧʨʦʪʦʥʘ, ʛʝʤʠʥʘʣʴʥʦʛʦ ʘʪʦʤʫ ʘʟʦʪʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥ-2-(ʪʠ)ʦʥʦʚ (12 ʘ-ʝ, 13 ʘ, ʙ) ʠ ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥ-2-ʪʠʦʥʦʚ (14 ʘ, ʙ, 15 

ʘ-ʟ) ʷʚʣʷʶʪʩʷ ʨʘʟʜʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʛʝʪʝʨʦʢʦʣʴʮʘ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ 

ʚ ʩʣʘʙʳʭ ʧʦʣʷʭ (8.75-9.20 ʤ. ʜ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʡ (ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ) ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʳ ʠ 

ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢ ʢʣʘʩʩʫ ʮʠʢʣʠʯʝʩʢʠʭ ʤʦʯʝʚʠʥ (ʪʠʦʤʦʯʝʚʠʥ). ɺ 

ʩʧʝʢʪʨʝ ʗʄʈ 
13
ʉ ʩʦʝʜʠʥʝʥʠʷ 12 ʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʨʫʪʪʦ-

ʩʦʩʪʘʚʫ. ɸʪʦʤ ʫʛʣʝʨʦʜʘ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʩʣʘʙʦʧʦʣʴʥʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ (173.5 ʤ. ʜ.). ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 12-15 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʚʳʩʦʢʦʡ ʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʥʠʣʴʥʦʡ (1640-1660 

ʩʤ
-1
) ʠ ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ (1180-1210 ʩʤ

-1
) ʛʨʫʧʧ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʛʣʦʱʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʆʅ ʠ SH ʝʥʦʣʴʥʳʭ (ʝʥʪʠʦʣʴʥʳʭ) ʬʦʨʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʘʨʙʦʥʠʣʴʥʦʡ 

(ʪʠʦʢʘʨʙʦʥʠʣʴʥʦʡ) ʬʦʨʤʝ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʢʘʨʙʦ, -ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʥʘʩʳʱʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [8]. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥo ʚ ʪʘʙʣʠʮʘʭ 3.1.1, 3.1.2. 



 

 47 

ʊʘʙʣʠʮʘ 3.1.1. 

ʀʂ-ʩʧʝʢʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʠ ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 12 ï 15 

O

N NH

X

R2

R1

R3

O

N NH

X

R3

O

HN NH

S

R1

O

HN

R2

NH

S

R1

 

12 ʘ-ʝ                                                      14 ʘ-ʙ                                               15 ʘ-ʟ                                           13 ʘ-ʙ 

 

ʉʦʝʜʠʥʝʥʠʝ 
R

1 
R

2 
R

3
 X ɜ, ʩʤ

-1 

12 a CH3 H H S 3243-3206 (ɜNH); 3150-3100 (ɜ =CH); 2980-2860 (ɜCH3,CH); 1665 (ɜ C=C); 1203 (ɜ C=S) 

12 ʙ CH3 H H O 3239-3211 (ɜNH); 3150-3100 (ɜ =CH); 2980-2860 (ɜCH3,CH); 1665 (ɜ C=C); 1640 (ɜ C=O) 

12 ʚ C6H5 H H O 3289-3235 (ɜNH); 3115-3025 (ɜ =CH); 1663,1667 (ɜ C=C); 1655 (ɜ C=ʆ); 760,825 (ŭ =ʉʅ) 

12 ʛ C6H5 H H S 3280-3220 (ɜNH); 3100-3000 (ɜ =CH); 1660,1665 (ɜ C=C); 1180 (ɜ C=S); 760,820 (ŭ =ʉʅ) 

12 ʜ C6H5 H 
ɓ - 

ʥʘʬʪʠʣ  
S 3240-3200 (ɜNH); 3150-3100 (ɜ =CH); 2980-2860 (ɜCH3,CH); 1665 (ɜ C=C); 1211 (ɜ C=S) 

12 ʝ C6H5 CH3 H    S 

3260-3220 (ɜNH); 3100-3000 (ɜ =CH); 2930-2860 (ɜCH3,CH) 1663,1668 (ɜ C=C); 1125 (ɜ C=S); 765, 850 

(ŭ =ʉʅ) 

13 ʘ C6H5 H ____ S 

3320-3300 (ɜNH); 3100-3000 (ɜ =CH); 2860 (ɜ CH); 1660 (ŭ NH); 1640, 1580, 1560 (ɜ C=C); 1210 (ɜ C=S); 

760, 830 (ŭ =ʉʅ) 

13 ʙ 
C6H4 -ʨ-

N(ʉʅ3)2 
H ____ S 

3300-3280 (ɜNH); 3100-3020 (ɜ =CH); 2880 (ɜ CH); 1650 (ŭ NH); 1600,1580, 1560 (ɜ C=C); 1196 (ɜ C=S); 

820 (ŭ =ʉʅ) 

14 ʘ ____ ___ H S 

3280 - 3200 (ɜNH); 3100 (ɜ =CH); 2960-2830 (ɜCH2,CH); 1690 (ɜ C=C); 1560, 1510 (ɜ C=CFu); 1470, 1360 

(ŭCH2,CH); 1190 (ɜ C=S); 708 (ŭC=S) 
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ʊʘʙʣʠʮʘ 3.1.1. ʇʨʦʜʦʣʞʝʥʠʝ 
 

ʉʦʝʜʠʥʝʥʠʝ 
R

1 
R

2 
R

3
 X ɜ, ʩʤ

-1 

14 ʙ ____ ___ C8H9 S 
3280 - 3200 (ɜNH); 3100 (ɜ =CH); 2960-2830 (ɜCH2,CH); 1690 1625, 1590, (ɜ C=C); 1560, 1510 (ɜ 

C=CFu); 1470, 1360 (ŭCH2,CH); 1190 (ɜ C=S); 700 (ŭC=S) 

15 ʘ C6H5 ___ ____ S 

3285-3200 (ɜNH); 3100, 3060 (ɜ =CH); 2950-2820 (ɜCH2,CH); 1620, 1580 (ɜ C=C); 1520 (ŭNH); 1203 (ɜ 

C=S); 690 (ŭ=Cʅ); 706 (ŭC=S) 

15 ʙ 
C6H4-ʨ-

Br 
___ ____ S 

3280 - 3200 (ɜNH); 3100 (ɜ =CH); 2960-2830 (ɜCH2,CH); 1690, 1625, 1590, (ɜ C=C); 1560, 1510 (ɜ 

C=CFu); 1470, 1360 (ŭCH2,CH); 1190 (ɜ C=S); 740 (ɜCBr); 711 (ŭC=S) 

15 ʚ 
C6H4-ʨ-

Oʉʅ3 
___ ____ S 

3280-3220 (ɜNH); 3100, 3060, 3050 (ɜ =CH), 2970-2830 (ɜCH2,CH); 1600, 1580 (ɜ C=C); 1525 (ŭNH); 

1210 (ɜ C=S); 860 (ŭ=Cʅʧʘʨʘ); 700 (ŭC=S) 

15 ʛ 
C6H4 -ʨ-

NO2 

___ ____ S 

3200-3180 (ɜNH); 3100, 3060, 3050 (ɜ =CH); 2960-2840 (ɜCH2,CH); 1620, 1600, 1580 (ɜ C=C); 1550, 

1520 (ŭNH); 1230 (ɜ C=S); 860, 800, 680 (ŭ=Cʅʤʝʪʘ); 700 (ŭC=S) 

15 ʜ 
C6H4 -ʨ-

N(ʉʅ3)2 
___ ____ S 

3280 - 3200 (ɜNH); 3100 (ɜ =CH); 2960-2830 (ɜCH2,CH); 1690, 1625, 1590, (ɜ C=C); 1560, 1510 (ɜ 

C=CFu); 1470, 1360 (ŭCH2,CH); 1190 (ɜ C=S); 700 (ŭC=S) 

15 ʞ C4H3O ___ ____ S 

3300 (ɜNH); 3100, 3050, 3020 (ɜ =CH); 2960-2840 (ɜCH2,CH); 1590, 1575 (ɜ C=C); 1520, 1540 (ŭNH); 

702 (ŭC=S);1217 (ɜ C=S) 

15 ʟ C4H3S ___ ____ S 
3280-3220 (ɜNH); 3100, 3060, 3050 (ɜ =CH), 3100 (ɜ CHTi); 2970-2830 (ɜCH2,CH); 1600, 1580 (ɜ C=C); 

1525 (ŭNH); 1210 (ɜ C=S); 860 (ŭ=Cʅʧʘʨʘ); 695 (ŭC=S) 
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ʊʘʙʣʠʮʘ 3.1.2. 

ʗʄʈ 
1
ʅ,

13
C - ʩʧʝʢʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʠ 

ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 12 ï 15 

ʉʦʝʜʠʥʝʥʠʝ R
1 

R
2 

R
3
 X ʗʄʈ 

1
H, ŭ, ʤ.ʜ., CDCI 3 

12 ʘ CH3 H H S 

1.81 

2.05 

4.85 

5.03 

6.12-6.20 

7.33 

ʩ 3ʅ CH3 

ʩ 2H NH 

yʰ. c 1ʅ ʉʅ-N= 

yʰ. c 1ʅ =ʉʅ- 

ʤ 2ʅ ɓ-Fu 

yʰ. c 1ʅ Ŭ-Fu 

12 ʙ CH3 H H O 

1.76 

2.11 

1.71 

4.89 

6.12-6.20 

7.33 

c 3ʅ CH3 

c 2H NH 

yʰ. c 1ʅ ʉʅ-N= 

yʰ. c 1ʅ =ʉʅ- 

ʤ 2ʅ ɓ-Fu 

yʰ. c 1ʅ Ŭ-Fu 

12 ʚ C6H5 H H O 

1.28 

5.12 

5.15 

6.32 

7.12 

7.30-7.72 

c 2H NH 

c 1ʅ ʉʅ-N= 

c 1ʅ =ʉʅ- 

yʰ. c 2ʅ ɓ-Fu 

yʰ. c 1ʅ Ŭ-Fu 

ʤ 5H Ph 

12 ʛ C6H5 H H S 

1.72 

4.98 

5.18 

6.28 

7.15 

7.33-7.68 

ʩ 2H NH 

ʩ 1ʅ ʉʅ-N= 

ʩ 1ʅ =ʉʅ- 

ʫʰ. c 2ʅ ɓ-Fu 

ʫʰ. ʩ 1ʅ Ŭ-Fu 

ʤ 5H Ph 

12 ʜ C6H5 H 
ɓ - 

ʥʘʬʪʠʣ  
S 

2.05 

4.82 

5.49 

6.12-6.20 

7.33 

7.23-7.58 

c 1H NH 

ʫ .h c 1ʅ ʉʅ-N= 

ʫʰ. c 1ʅ =ʉʅ- 

ʤ 2ʅ ɓ-Fu 

ʫ .h c 1ʅ Ŭ-Fu 

ʤ 5H Ph 

12 ʝ C6H5 CH3 H S 

1.71 

9.36, 8.85 

4.82 

6.35, 6.25 

7.28 

7.30-7.52 

c 3H CH3 

c 2H NH 

c 1H C-NH 

c 2H ɓ-Fu 

 c 1ʅ Ŭ-Fu 

ʤ 5H Ph 

13 ʘ C6H5 H ____ S 

4.59 

6.31-6.85 

6.82-7.46 

7.71, 8.0 

c 1H (CH) 

ʤ 3H (=CH) 

ʤ 8H(Ar,Fu) 

2H(NH)
*
 

13 ʙ 
C6H4 -ʨ-

N(ʉʅ3)2 
H ____ S 

4.59 

2.83 

6.31-6.85 

6.82-7.46 

7.71. 8.0 

c 1H (CH) 

c 6H CH3 

ʤ 3H (=CH) 

ʤ 8H(Ar,Fu) 

2H(NH)
*
 

14 ʘ ____ ___ H S 

1.48-2.36 

5.06 

6.24-6.69 

7.26-7.744 

7.0. 7.78 

ʤ 8H (CH2) 

c  1H (CH) 

3H Fu 

3H Fu 

c 2H(NH)
* 
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ʊʘʙʣʠʮʘ 3.1.2. ʇʨʦʜʦʣʞʝʥʠʝ 
ʉʦʝʜʠʥʝʥʠʝ R

1 
R

2 
R

3
 X ʗʄʈ 

1
ʅ, ŭ, ʤ.ʜ., CDCI3 

14 ʙ ____ ___ C8H9 S 

1.48-2.36 
5.06 

6.24-6.69 
7.26-7.744 
6.82-7.46 
7.0, 7.78 

ʤ 8H (CH2) 
c  1H (CH) 

3H Fu 
3H Fu 
ʤ 7H(Ar) 

c   1H(NH)
* 

15 ʘ C6H5 ___ ____ S 

1.33-2.55 
4.92 
6.66 

6.50-7.74 
7.71, 8.0 

ʤ 6H(CH2) 
c 1H (CH) 

c 1H (=CH) 
ʤ 8H(Ar,Fu) 

2H(NH)
*
 

15 ʙ 
C6H4-ʨ-

Br 
___ ____ S 

1.33-2.55 
4.92 
6.66 

6.50-7.74 
7.71, 8.0 

ʤ 6H(CH2) 
c 1H (CH) 

c 1H (=CH) 
ʤ 8H(Ar,Fu) 

2H(NH)
*
 

15 ʚ 
C6H4-ʨ-
Oʉʅ3 

___ ____ S 

1.40-2.72 
3.82 
4.99 

6.60-7.58 
7.92 

ʤ 6H(CH2) 
c 3H (ʆCH3) 
c 1H (CH) 

8H(Ar,Fu=ʉʅ) 
ʩ 2H(NH) 

15 ʛ 
C6H4 -ʨ-

NO2 
___ ____ S 

1.10-2.33 
5.02 
7.0 

7.33-7.59 
9.06;9.24; 

ʤ 6H(CH2) 
c 1H (CH) 

c 1H (=CH) 
ʤ 7H(Ar,Fu) 
ʩ  2H(NH)

*
 

15 ʜ 
C6H4 -ʨ-
N(ʉʅ3)2 

___ ____ S 

1.33-2.55 
2.83 
4.92 
6.66 

6.50-7.74 
7.71, 8.0 

ʤ 6H(CH2) 
ʤ 6H(CH3) 
c 1H (CH) 

c 1H (=CH) 
ʤ 8H(Ar,Fu) 

2H(NH)
*
 

15 ʞ C4H3O ___ ____ S 

1.38-2.44 
5.0 
6.64 

6.78-6.98 
7.22-7.58 
8.1;8.42; 

ʤ 6H(CH2) 
c 1H (CH) 

c 1H (=CH) 
ʤ 4H(ɓ-Fu) 
ʤ 2H(Ŭ-Fu) 
ʩ  2H(NH)

*
 

15 ʟ C4H3S ___ ____ S 

1.38-2.44 
5.3 
6.64 

6.78-6.98 
7.22-7.58 
8.1;8.42; 

ʤ 6H(CH2) 
c 1H (CH) 

c 1H (=CH) 
ʤ 4H(ɓ-Fu, Thiofen) 
ʤ 2H(Ŭ-Fu Thiofen) 
ʩ  2H(NH)

*
 

12 ʝ C6H5 CH3 H S 

127.0 
128.0 
130.0 
131,0 
134,5 
129.4 
16.3 
173.5 
53.8 
142.5 
111.2 
106.7 
152.6 

ʉH (Ar) 
ʉH (Ar) 
ʉH (Ar) 
ʉH (Ar) 
=ʉ-ʉʅ3 
=ʉ-Ar 
CH3 

C (tioamide) 
CH 

CH (Fu) 
CH (Fu) 
CH (Fu) 
CH (Fu) 

*ʩʠʛʥʘʣ ʠʩʯʝʟʘʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ D2ʆ 
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3.2. ʀʂ, ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʳ ʬʫʨʠʣ(ʬʫʨʬʫʨʠʣʠʜʝʥ)-2-ʠʤʠʥʦʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ  

ʠ ïʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 
 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 4-ʬʫʨʠʣ-2-

ʤʠʥʦʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ 16 ʘ, ʙ ʠ 4-ʬʫʨʬʫʨʠʣʠʜʝʥ-2-ʠʤʠʥʦʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ 17 ʘ-ʚ: 

O

HN NH

NH

R1
R1

HN

R3

NH

NH

R4

R2

 

16 ʘ,ʙ                                                           17 ʘ-ʚ 

                              16: R
1
=CH3 (a), C6H5(ʙ);                              17: R

1
=Ŭ-Fur, R

2
=R

3
=H, R

4
=C6H5 (a); 

                                                                        R
1
=Ŭ-Fur, R

2
=R

3
=H, R

4
=C6H4-p-N(CH3)2(ʙ); 

                                                                        R
1
=C6H5, R

2
+R

3
=(CH2)4, R

4
=C6H4(ʚ). 

 

ʅʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 16,17 ʪʨʸʭ ʘʟʦʪ- ʚʦʜʦʨʦʜ ʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧʠʨʦʚʦʢ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʪʦʪʨʦʧʥʦʡ ʪʘʫʪʦʤʝʨʠʠ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʦʪʥʝʩʝʥʠʷ ʢ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʘʫʪʦʤʝʨʥʦʡ ʬʦʨʤʝ. 

ɺ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ  ʀʂ-ʩʧʝʢʪʨʦʚ ʩʦʝʜʠʥʝʥʠʡ 16 ʘ,ʙ, 17 ʘ,ʙ ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚʪʦʨʠʯʥʳʭ 

ʘʤʠʥʦ- ʠ ʠʤʠʥʦʛʨʫʧʧ, ʠʤʝʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʝʜʠʥʳʡ ʤʘʢʩʠʤʫʤ ʙʝʟ ʨʘʩʱʝʧʣʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ 3360-340 ʩʤ
-1
. ʆʪʩʫʪʩʪʚʠʝ ʜʚʫʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʠʣʠ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦʣʦʩʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʠ ʙʦʣʝʝ ʤʘʢʩʠʤʫʤʦʚ ʠʣʠ ʧʣʝʯʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʤʠʥʦʛʠʜʨʦʧʠʨʠʤʠʜʠʥʳ 16 ʘ,ʙ, 17 ʘ,ʙ ʠʤʠʥʦʛʠʜʨʦʭʠʥʘʟʦʣʠʥ 17 ʚ ʩʫʱʝʩʪʚʫʶʪ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʠʤʠʥʥʦʡ ʬʦʨʤʝ ʩ ʵʢʟʦʮʠʢʣʠʯʝʩʢʦʡ ʘʟʪ-ʫʛʣʝʨʥʦʡ ʢʨʘʪʥʦʡ 

ʩʚʷʟʴʶ: 

O

HN NH

NH

R1

O

HN N

NH2

R1

R1

HN

R3

NH

NH

R4

R2

R1

N

R3

NH

NH2

R4

R2

 
ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ

1
ʅ 2-ʠʤʠʥʦʜʠʛʠʜʨʦʧʠʨʠʤʠʠʥʦʚ 16 ʠ 2-ʠʤʠʥʦʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 

17 ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳ ʩʠʥʛʣʝʪʥʳʝ ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ (1,982,19 

ʤ.ʜ) ʠ ʠʤʠʥʦʛʨʫʧʧʳ (7,61-7,91 ʤ.ʜ), ʩʠʛʥʘʣʳ ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ, ʨʝʟʦʥʠʨʫʶʱʠʭ ʚ ʩʣʫʯʘʝ 

ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ 16 ʚ ʠʥʪʝʨʚʘʣʝ (5,58 -5,65 ʤ.ʜ.), ʘ ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ ( 7 ʚ ʙʦʣʝʝ 

ʩʣʘʙʦʧʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (6.54-6.96 ʤ.ʜ.) ʇʨʦʪʦʥʳ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ ʜʘʶʪ ʨʘʟʜʝʣʴʥʳʝ 

ʩʠʛʥʘʣʳ ʚ ʦʙʣʘʩʪʠ ʚ ʦʙʣʘʩʪʠ 6.09-7.59 ʤ.ʜ., ʧʨʠʯʝʤ, ʜʣʷ ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ 16 ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʜʫʙʣʝʪʥʦʛʦ ʩʠʛʥʘʣʘ (Ji 3-4 ɻʮ), ʘ ʜʣʷ ʠʤʠʥʦʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 17 ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʰʠʨʠʥʳʡ ʩʠʥʛʣʝʪ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʝʜʠʥʝʥʠʡ 16, 17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

3.2.1, 3.2.2. 
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ʊʘʙʣʠʮʘ 3.2.1. 

ʀʂ ʩʧʝʢʪʨʳ 2-ʠʤʠʥʦ - ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʠ 2-ʠʤʠʥʦ - ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 

16, 17 

                   

    

O

HN NH

NH

R1
R1

HN

R3

NH

NH

R4

R2

  
 16                                                              17 

 

ʉʦʝʜʠʥʝʥʠʝ R
1
 ɜ, ʩʤ

-1
 

 

16 ʘ 

 

 

CH3 
3398 (ɜNH); 3165-3132 (ɜ =CH); 2920-2835(ɜCH3,CH); 1670 (ɜ 

C=C). 

 

16 ʙ 

 

 

C6H5 
3382 (ɜNH); 3075 -3009 (ɜ =CH); 2910-2876 (ɜCH3,CH); 1685 (ɜ 

C=C). 

 

17 ʚ 

 

 

C6H5 
3419 -3405 (ɜNH); 3117-3085 (ɜ =CH); 1669,1677 (ɜ C=C); 

760,825 (ŭ =ʉʅ). 

 

17 ʛ 

 

 

C6H4-p-N(CH3)2 
3395-3390 (ɜNH); 3123-3095 (ɜ =CH); 1655,1673 (ɜ C=C); 

762,823 (ŭ =ʉʅ); 1654 (ŭ NH). 

 

17 ʜ 

 

 

C6H5 
3386-3364 (ɜNH); 3151-3123 (ɜ =CH); 2976 - 2859 (ɜCH3,CH); 

1668 (ɜ C=C). 
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ʊʘʙʣʠʮʘ 3.2.2.  

 ʗʄʈ ʩʧʝʢʪʨʳ 2-ʠʤʠʥʦ-ʜʠʛʠʜʨʦʧʠʨʠʤʠʜʠʥʦʚ ʠ 2-ʠʤʠʥʦ-ʛʝʢʩʘʛʠʜʨʦʭʠʥʘʟʦʣʠʥʦʚ 

16, 17 

 

ʉʦʝʜʠʥʝʥʠʝ R
1
 ʗʄʈ

1
ʅ, ŭ, ʤ.ʜ. CDCI3 

16 ʘ CH3 

1.75 

2.21 

7.91 

5.65 

4.83 

6.27 

6.09 

7.33 

 

 

 

 

 

 

 

 

ʩ 3ʅ CH3 

ʩ 2H,  NH 

ʩ 1H =NH 

c 1ʅ =ʉʅ-  

c 1ʅ ʉʅ-N- 

ʜ 1ʅ ɓ-Fu (J=4 ɻʮ) 

ʜ 1ʅ ɓ-Fu (J=4 ɻʮ) 

. c 1ʅ Ŭ-Fu 

16 ʙ C6H5 

7.52-7.31 

2.19 

7.85 

5.58 

4.83 

6.13 

6.15 

7.36 

 

 

 

 

 

 

 

 

ʤ 5H Ph 

ʩ 2H,  NH 

ʩ 1H =NH 

 c 1ʅ =ʉʅ-  

c 1ʅ ʉʅ-N- 

ʜ 1ʅ ɓ-Fu (J=4 ɻʮ) 

ʜ 1ʅ ɓ-Fu (J=4 ɻʮ) 

c 1ʅ Ŭ-Fu 

17 ʚ C6H5 

4.59 

1.98 

7.79 

6.91-6.54 

6.52 

6.31 

7.78 

7.31-7.06 

 

 

 

 

 

 

 

 

c 1ʅ ʉʅ-N- 

c 2H, NH 

ʩ 1H =NH 

3H (=CH) 

ʫʰ  ʩ 1ʅ ɓ-Fu 

ʫʰ  ʩ 1ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu  

ʤ 5H(Ar) 

17 ʛ 
C6H4-ʨ-

N(CH3)2 

4.48 

2.85-2.87 

2.01 

7.65 

6.89-6.56 

6.43 

6.39 

7.53 

7.51-7.59 

 

 

 

 

 

 

 

 

 

c 1ʅ ʉʅ-N- 

ʤ 6H(CH3) 

c 1H, ʩ 1H NH 

ʩ 1H =NH 

3H (=CH) 

1ʅ ɓ-Fu 

1ʅ ɓ-Fu 

c 1ʅ Ŭ-Fu  

ʤ 4H(Ar) 

17 ʜ C6H5 

4.54 

2.13 

1.75-1.95 

7.61 

6.96-6.59 

7.25-7.13 

 

 

 

 

 

 

c 1ʅ ʉʅ-N- 

c 2HNH 

ʤ 6 ʅ ʉʅ2 

ʩ 1H =NH 

3H (=CH) 

ʤ 10 H(Ar) 



 

 54 

3.3. ʇʨʠʤʝʨʳ ʀʂ, ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʚ 

 

 

 
ʈʠʩ.3.3.1. ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ 4-(Ŭ-ʬʫʨʠʣ)-5-ʤʝʪʠʣ-6-ʬʝʥʠʣ-3,4-ʜʠʛʠʜʨʦ-(1 ʅ) ʧʠʨʠʤʠʜʠʥ-2-ʪʠʦʥʘ 12 ʝ 

(Bruker MSL 400D, DMSO D6) 

 

 

 
ʈʠʩ.3.3.2. ʉʧʝʢʪʨ ʗʄʈ 

1
ʅ 8-ʌʫʨʬʫʨʠʣʠʜʝʥ-4-ʬʝʥʠʣ-3,4,5,6,7,8-ʪʝʪʨʘʛʠʜʨʦ-(1ʅ)-ʭʠʥʘʟʦʣʠʥ-2-ʪʠʦʥʘ 

15 ʞ (Bruker MSL 400D, CDCl3) 

 

 

 



 

 55 

 
 

ʈʠʩ. 3.3.3. ʉʧʝʢʪʨ ʗʄʈ 
13
ʉ 4-(Ŭ-ʬʫʨʠʣ)-5-ʤʝʪʠʣ-6-ʬʝʥʠʣ - 3, 4-ʜʠʛʠʜʨʦ-(1 ʅ) ʧʠʨʠʤʠʜʠʥ-2-ʪʠʦʥʘ 12 ʝ 

(Bruker MSL 400D, DMSO) 

 

 

 

 

ʈʠʩ.3.3.4. ʀʂ ʩʧʝʢʪʨ 4-(Ŭ-ʬʫʨʠʣ)-6-ʬʝʥʠʣ-3, 4-ʜʠʛʠʜʨʦ-(1ʅ) -2-ʠʤʠʥ-ʧʠʨʠʤʠʜʠʥʘ 16 ʙ  

(ʌʄʉ 1201, ʪʘʙʣʝʪʢʠ KBr) 
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ʈʠʩ.3.3.5. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ 4-(Ŭ-ʬʫʨʠʣ)-6-ʤʝʪʠʣ-3,4-ʜʠʛʠʜʨʦ-(1ʅ) ʧʠʨʠʤʠʜʠʥ-2-ʠʤʠʥʘ 16 ʘ (Bruker 

MSL 400D, CDCl3) 

 

 

3.4.  ʀʂ, ʗʄʈ
1
ʅ ʩʧʝʢʪʨʳ ʧʝʨʛʠʜʨʦ-1,3,5-ʪʨʠʘʟʠʥ-(ʪʠ)ʦʥʦʚ ʠ ʧʝʨʛʠʜʨʦ-1,3,5-

ʪʨʠʘʟʠʥʦʚ 
ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 5-ʟʘʤʝʱʝʥʥʳʭ ʧʝʨʛʠʜʨʦ-1,3,5-

ʪʨʠʘʟʠʥ-2-ʦʥʦʚ (18 ʘ-ʜ), 1,3,5-ʪʨʠʘʟʠʥ-2-ʪʠʦʥʦʚ (18 ʝ-ʢ), 2-ʠʤʠʥʦ-ʧʝʨʛʠʜʨʦ1,3,5-ʪʨʠʘʟʠʥʦʚ 

(18 ʣ-ʥ), 1,3,5-ʪʨʠ(ʪʠʦ)ʢʘʨʙʘʤʦʠʣʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʦʚ 19 ʘ-ʚ: 

N

N

NX

R1

R1

R mHCl nH2O

N

N

N

HNR

X

HNR

X

HNR

X

H2O

 
                                  18 ʘ-ʥ                                                          19 ʘ-ʚ 

  R=CH3, CH2COOC2H5, ʊɻʌ-Ŭ-Alk, Fur-Ŭ-CH2, NH2, C8H11. 

  R
1
=H, C6H5,C6H4-CH3; 

  X=O,S,NH;   m=0,1; n=0,3. 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ 1,3,5-ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʦʚ 18 ʘ-ʥ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 18 ʘ-ʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ɜ ʉʆ (1670 - 1660 ʩʤ
-1
). ɺ ʩʧʝʢʪʨʘʭ 

ʧʝʨʛʠʜʨʦʪʨʠʘʟʠʥʪʠʦʥʦʚ 18 ʝ-ʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ɜ ʉ=S ʚ ʪʠʦʘʤʠʜʘʭ (1250-1050 ʩʤ
-1
). 

ɻʠʜʨʦʭʣʦʨʠʜʳ 18 ʘ-ʛ, ʝ,ʞ,ʣ,ʤ  ʠʤʝʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ɜ N
+
HR c ʤʘʢʩʠʤʫʤʘʤʠ 

2700, 2420, 2360, 2220 ʩʤ
-1
. ɼʣʷ 2 ʠʤʠʥʦʧʝʨʛʠʜʨʦ-1,3,5-ʪʨʠʘʟʠʥʦ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʨʘʛʤʝʥʪʘ =N
+
H2, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʷʚʣʷʶʪʩʷ ʨʷʜ ʧʦʣʦʩ ʚ ʠʥʪʝʨʚʘʣʝ 3400-3100 ʩʤ
-1
, ʘ ʪʘʢʞʝ ʧʦʣʦʩʳ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ  ʢ ʢʦʣʝʙʘʥʠʶ ʩʚʷʟʠ ʉ-S (700 ʩʤ
-1
). ɺ ʩʧʝʢʪʨʘʭ ʇʄʈ ʩʦʝʜʠʥʝʥʠʡ 18-19 ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʥʛʣʝʪʥʳʝ ʩʠʛʥʘʣʳ ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʛʝʪʝʨʦʢʦʣʴʮʘ (NCH2N, 

4.40-4.85 ʤ.ʜ.), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʜʚʫʭ ʛʨʫʧʧ ʤʫʣʴʪʠʧʣʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʦʙʣʘʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʥʦʚ (6,70-6,85 ʤ.ʜ., 7,15-7,74 ʤ.ʜ.) [7,9]. 

ʉʚʝʜʝʥʠʷ ʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʝʜʠʥʝʥʠʡ 18, 19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

3.4.1,3.4.2.
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ʊʘʙʣʠʮʘ 3.4.1. 

 ʀʂ ʩʧʝʢʪʨʳ ʧʝʨʛʠʜʨʦ -1, 3, 5-ʪʨʠʘʟʠʥʦʚ 18, 19 

N

N

NX

R1

R1

R mHCl nH2O

N

N

N

HNR

X

HNR

X

HNR

X

nH2O

 
18 ʘ-ʥ                                                          19 ʘ-ʚ 

ʉʦʝʜʠʥʝʥʠʝ 

 
R

1 
R

 
m n X ɜ, ʩʤ

-1 

18 ʘ C6H5 CH3 1 0 ʆ 
2700, 2550,2400 (ɜ

+
NH); 3020 (ɜ =CH); 2930, 2860 (ɜCH3,CH); 1664 (ɜ C=O); 1628 - 1594 (ɜ 

C=C) 

18 ʙ C6H4-ʉʅ3 CH3 1 0 ʆ 
3050, 3030 (ɜ =CH); 2980, 2930, 2880, 2860 (ɜCH3,CH2); 2730, 2420,2240 (ɜ

+
NH); 1620, 

1550 (ɜ C=C); 1680 (ɜ C=O); 1460, 1420, 1350, 1320 (ŭ = CH3,CH2); 820 (ŭ = CH, ʧʘʨʘ 

ʟʘʤʝʱʝʥʠʝ) 

18 ʚ C6H5 CH2ʉʆʆʉ2ʅ5 1 2 ʆ 
3300-3445 (ʅ-ʆ-ʅ); 3114-3058 (ɜ =CH); 2966, 2845, 2781 (ɜCH3,CH2); 2695, 2419,2210 

(ɜ
+
NH); 1551 (ɜ C=C); 1746 (ɜ C=ʆ ʩʣ. ʵʬ.); 1673 (ɜ C=ʆ ʢʘʨʙʘʤʠʜ); 715,695 (ŭ =ʉʅ); 

1459, 1441, 1352, 1321 (ŭ = CH3,CH2); 1214, 1020 (ŭ = C-ʆ-ʉ) 

18 ʛ H CH2ʉʆʆʉ2ʅ5 1 3 ʆ 
3300-3450 (ʅ-ʆ-ʅ, NH2); 3115, 3060 (ɜ =CH); 2969, 2845, 2771 (ɜCH3,CH2); 2695, 

2418,2231 (ɜ
+
NH); 1540 (ɜ C=C); 1756 (ɜ C=ʆ ʩʣ. ʵʬ.); 1669 (ɜ C=ʆ ʢʘʨʙʘʤʠʜ); 694 (ŭ 

=ʉʅ); 1461, 1452, 1356, 1319 (ŭ = CH3,CH2); 1211, 1021 (ŭ = C-ʆ-ʉ) 

18 ʜ C6H5 

O
CH2

 

0 0 O 

3161 (ɜ C-ʅ ʌʫʨʘʥ); 3052, 3025 (ɜ =CH); 2976, 2932, 2881, 2855 (ɜCH2); 2731, 2419,2243 

(ɜ
+
NH); 1621, 1549 (ɜ C=C); 1683 (ɜ C=O); 1460, 1420, 1350, 1320 (ŭ = CH2); 820 (ŭ = CH, 

ʧʘʨʘ ʟʘʤʝʱʝʥʠʝ) 

18 ʝ C6H5 CH3 1 0 S 
3050, 3030 (ɜ =CH); 2980, 2930, 2880, 2860 (ɜCH3,CH2); 2730, 2420,2240 (ɜ

+
NH); 1620, 

1550 (ɜ C=C); 1045 (ɜ C=S); 1460, 1420, 1350, 1320 (ŭ = CH3,CH2); 820 (ŭ = CH) 

18 ʞ C6H5 CH2ʉʆʆʉ2ʅ5 1 0 S 
3109-3042 (ɜ =CH); 2981, 2852, 2775 (ɜCH3,CH2); 1252 (ɜ -N-CS-N); 1187 (ɜ C-O-C); 1053 

(ɜ C=S); 725,692 (ŭ =ʉʅ); 

18 ʟ C6H5 

O
C4H9 i

 

0 0 S 
3052, 3025 (ɜ =CH); 2976, 2932, 2881, 2855 (ɜCH2); 2731, 2419,2243 (ɜ

+
NH); 1621, 1549 (ɜ 

C=C); 1683 (ɜ C=O); 1460, 1420, 1350, 1320 (ŭ = CH2); 1065 (ɜ C-O-C) 
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ʊʘʙʣʠʮʘ 3.4.1. ʇʨʦʜʦʣʞʝʥʠʝ 
ʉʦʝʜʠʥʝʥʠʝ 

 
R

1 
R

 
m n X ɜ, ʩʤ

-1 

18 ʢ C6H5 
O

CH2  
0 0 S 

3165 (ɜ C-ʅ ʌʫʨʘʥ); 3053, 3027 (ɜ =CH); 2971, 2930, 2885, 2853 (ɜCH2); 2729, 2417,2240 

(ɜ
+
NH); 1621, 1550 (ɜ C=C); 1042 (ɜ C=S); 1462, 1418, 1352, 1324 (ŭ = CH2); 1435 (ŭ = 

CH); 

18 ʣ ʅ CH3 1 0 NH 

3450-3280 ʩ ʤʘʢʩ. 3400, 3200(ɜNH3
+ 
); 2700-2250 c ʤʘʢʩ. 2680, 2700, 2300(ɜNH2

+
 ); 2500-

2325 ʩ ʤʘʢʩ. 2480, 2280, 2220(ɜC=NH
+
 ); 2940, 2960(ɜCH2, CH3); 1580, 1630(ŭNH3

+
, NH2

+
, NH ); 

1450, 1380, 1320(ŭCH2, CH3 ); 

18 ʤ ʅ CH2ʉʆʆʉ2ʅ5 1 0 NH 

3400-3250 ʩ ʤʘʢʩ. 3350, 3270, 3180(ɜNH3
+  

); 2750-2200 c ʤʘʢʩ. 2550, 2400, 2340 (ɜNH2
+
 ); 

2500-2350 ʩ ʤʘʢʩ. 2580, 2450, 2320( ɜC=NH2
+
 ); 2940, 2860, 2880(ɜCH2, CH3 ); 1735(ɜʉ=ʆ, ʉʃ. 

ʕʌ.); 1435, 1380(ŭCH2, CH3 ); 1560, 1590 (ŭNH3
+

, NH2
+  
); 1150 (ɜʉ-ʆ-ʉ );  

18 ʥ ʅ C6H5 0 1 NH 

3450-3260 ʩ ʤʘʢʩ. 3400, 3230(ɜNH3
+ 
); 2700-2250 c ʤʘʢʩ. 2650, 2440, 2360(ɜNH2

+
 ); 2500-

2300 ʩ ʤʘʢʩ. 2440, 2360 ( ɜC=NH2
+
 ); 3060, 3000 ( ɜ=ʉʅ );  

2960, 2870(ɜʉʅ2 ); 1560, 1590(ŭNH3
+

, NH2
+

, NH ); 1625(ɜʉ=N ); 1430, 1380(ŭʉʅ2 ); 770, 700( ŭ=ʉʅ)  

19 ʘ ƄƄ ʅ - 1 O 
3600-3150 c ʤʘʢʩ 3400, 3320, 3180 (nʘʩʩ NH2, nʘʩʩ OH ); 2980. 2920. 2860. 2780 (nCH2 ); 1663 

(nC=O ); 1580, 1600(dOH, NH2 ); 1420, 1380, 1340 ( dCH2); 850, 650(dOH, NH2 ) 

19 ʙ ƄƄ ʅ - 1 S 

3500-3150 ʩ ʤʘʢʩ. 3420, 3220 (ɜʘʩʩNH , ɜʘʩʩOH); 3100, 3080(ɜ=ʉʅ ); 2960, 2920, 2870, 2840, 

281 ( ɜʉʅ2, ʉʅ3 )5; 1650, 1580 (ŭOH ,NH2 ); 1625 (ɜʉ=ʉ ); 1450, 1380 (ŭʉʅ2, ʉʅ3 ); 1150(nC=S); 

800, 770, 685 (ŭ=ʉʅ ) 

19 ʚ ƄƄ ʉ8ʅ11 - 1 S 
3500-3060 ʩ ʤʘʢʩ. 3460, 3380, 3160(ɜʘʩʩNH , ɜʘʩʩOH); 3080, 3060(ɜ=ʉʅ); 2930, 2860(ɜʉʅ2); 

1650, 1585(ŭOH ,NH2); 1600(ɜʉ=ʉ); 1180(nC=S); 1375(ŭʉʅ2); 1160(ɜʉ=S); 850, 780, 960(ŭ=ʉʅ) 
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ʊʘʙʣʠʮʘ 3.4.2. 

ʉʧʝʢʪʨʳ ʗʄʈ
1
ʅ ʧʝʨʛʠʜʨʦ - 1,3,5-ʪʨʠʘʟʠʥʦʚ 18,19 

 
ʉʦʝʜʠʥʝʥʠʝ      ʗʄʈ

1
ʅ, ʤ.ʜ., DMSO-d6 

18 ʚ C6H5 CH2ʉʆʆʉ2ʅ5 1 2 ʆ 

1.24 

2.11 

3.92 

4.40 

4.44 

4.75-5.18 

6.78-7.34 

ʤ 3ʅ CH3 

ʢʚ 2ʅ ʉʅ2 

c 2 ʅN - ʉʅ2 - CO 

c 2ʅ N-CH2-N 

c 2ʅ N-CH2-N 

ʤ H2O 

ʤ 10H (C6H5) 

18 ʝ C6H5 CH3 1 0 S 

1.05  

1.63  

4.34 

ʩ 3ʅ (NH) 

c 3H (CH3-N) 

c 4H (-CH2-N) 

19 ʘ - H - 1 O 
2.36  

6.06  

8.21  

c 6H (N-CH2-) 

ʫ .h ʩ. 2H (H2O) 

ʫʰ. ʩ 6H (NH2) 

19 ʙ - H - 1 S 

3.61  

6.15  

9.51  

c 6H (N-CH2-) 

ʫ .h ʩ. 2H (H2O) 

ʫʰ. ʩ 6H (NH2) 

19 ʚ - C8H11 - 1 S 

12.49  

2.15  

5.42  

6.03  

679-6.87  

ʫ .h c 3H (NHC=S) 

c 18H (CH3-Ar) 

c 6 H (N-CH2-) 

c 2H (H2O) 

ʤ 9H (Ar) 
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3.5. ʇʨʠʤʝʨʳ ʀʂ, ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʚ 

 

 
ʈʠʩ. 3.5.1. ʀʂ ʩʧʝʢʪʨ ʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʠʤʠʥʦ-5-ʤʝʪʠʣʛʝʢʩʘʛʠʜʨʦ-1,3,5-ʪʨʠʘʟʠʥʘ 18 ʣ  

(ʌʉʄ 1201, ʪʘʙʣʝʪʢʠ KBr) 

 

 

 

 
ʈʠʩ.3.5.2.ʀʂ ʩʧʝʢʪʨ ʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʠʤʠʥʦ-5-[2ô-ʦʢʩʦ-2ô-ʵʪʦʢʩʠʵʪʠʣ-1ô]-ʛʝʢʩʘʛʠʜʨʦ-1,3,5 - ʪʨʠʘʟʠʥʘ 

(18ʤ) (ʌʉʄ 1201, ʪʘʙʣʝʪʢʠ KBr) 
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ʈʠʩ.3.5.3. ʀʂ ʩʧʝʢʪʨ ʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʠʤʠʥʦ-5-ʬʝʥʠʣʛʝʢʩʘʛʠʜʨʦ-1,3,5-ʪʨʠʘʟʠʥʘ (18 ʥ)  

(ʌʉʄ 1201, ʪʘʙʣʝʪʢʠ KBr) 

 

 

 

 

 
ʈʠʩ.3.5.4. ʀʂ ʩʧʝʢʪʨ ʛʠʜʨʘʪʘ 1,3,5-ʪʨʠʢʘʨʙʘʤʦʠʣʛʝʢʩʘʛʠʜʨʦʪʨʠʘʟʠʥʘ (19 ʘ)  

(ʌʉʄ 1201, ʪʘʙʣʝʪʢʠ KBr) 
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ʈʠʩ. 3.5.5. ʀʂ ʩʧʝʢʪʨ ʛʠʜʨʘʪʘ 1,3,5-ʪʨʠʪʠʦʢʘʨʙʘʤʦʠʣ-N-[2ô,6ô-ʜʠʤʝʪʠʣʬʝʥʠʣ]-ʛʝʢʩʘʛʠʜʨʦʪʨʠʘʟʠʥʘ  

(19 ʚ) (ʌʉʄ 1201, ʪʘʙʣʝʪʢʠ KBr) 

 

 

 

 

 
ʈʠʩ.3.5.6.ʉʧʝʢʪʨ ʗʄʈ

1
ʅ ʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʠʤʠʥʦ-5-ʤʝʪʠʣʛʝʢʩʘʛʠʜʨʦ-1,3,5-ʪʨʠʘʟʠʥʘ (18 ʣ)  

(Varian FT-80, CH3CN) 
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ʈʠʩ.3.5.7.ʉʧʝʢʪʨ ʗʄʈ

1
ʅ ʛʠʜʨʘʪʘ 1,3,5-ʪʨʠʢʘʨʙʘʤʦʠʣʛʝʢʩʘʛʠʜʨʦʪʨʠʘʟʠʥʘ (19 ʘ) (Varian FT-80, CDCl3) 

 

 

 

 

 

 

 
ʈʠʩ.3.5.8.ʉʧʝʢʪʨ ʗʄʈ

1
ʅ ʛʠʜʨʘʪʘ 1,3,5-ʪʨʠʪʠʦʢʘʨʙʘʤʦʠʣ-N-[2ô,6ô-ʜʠʤʝʪʠʣʬʝʥʠʣ]-ʛʝʢʩʘʛʠʜʨʦʪʨʠʘʟʠʥʘ 

(19 ʚ) (Varian FT-80, CDCl3) 
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1. 3-R- ʍʨʦʤʝʥ-2-ʦʥʳ, ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-6-ʦʥʳ, 9-R-ʢʩʘʥʪʝʥ-1-ʦʥr, ʘʨʠʣʙʠʩ-

2H-ʭʨʦʤʝʥ-2-ʦʥ r(1-11) 
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O O
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O OH
1a
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O OH
1b

O

O

O
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O

O
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OOH
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Me

Me

MeO O

4

O O

OH OH

O O

5-8

R1=H(5),N(CH3)2(6), Cl(7), 

OCH3(8)

C6H4 - n-R1

O

O

O C6H4-n -R1

C6H4 - n - R2
OH

R1=H, R2=H (9), 
R1=N(CH3)2 , R2=H (10)
R1=Cl, R2=Cl(11)

9-11

 
 

 

 

1.1. ʋʌ-ʩʧʝʢʪʨʳ 
 

ɺ ʋʌ-ʩʧʝʢʪʨʘʭ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʧʠʨʘʥ-2-ʦʥʦʚ 5,7,8,9,11, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ 

ʢʝʪʦ-ʝʥʦʣʴʥʦʤ ʨʘʚʥʦʚʝʩʠʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʩ ɚʤʘʭ254-293, 304-313, 

325-326 ʥʤ (ʪʘʙʣ. 1.1.1.). 

ʇʦʣʦʩʘ ʩ ɚʤʘʭ 254-293 ʥʤ (lgŮ 4.00 -4.33) ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʧʨʝʱʝʥʥʦʤʫ ʧʦ ʩʠʤʤʝʪʨʠʠ ˊ-ˊ* 

ʧʝʨʝʭʦʜʫ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ. ʇʦʣʦʩʘ ʩ ɚʤʘʭ 304-313 ʥʤ (lgŮ 3.94-4.42) ʙʝʥʟʦʧʠʨʘʥ-2-ʦʥʦʚ 

(5,7,8,9,11) ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʢ ʧʦʛʣʦʱʝʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʪʘʢ ʢʘʢ ʣʘʢʪʦʥʥʳʡ 

ʬʨʘʛʤʝʥʪ ʧʨʠʚʦʜʠʪ ʢ ʙʘʪʦʭʨʦʤʥʦʤʫ ʩʤʝʱʝʥʠʶ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʠʣʝʥʠʶ ʵʪʦʡ ʧʦʣʦʩʳ, 

ʢʦʪʦʨʘʷ ʚ ʢʝʪʦʥʥʦʡ ʬʦʨʤʝ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʥʪʝʥʩʠʚʥʳʭ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʡ ʜʣʷ ʝʥʦʣʴʥʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʩ ɚʤʘʭ 325-326 ʥʤ 

(lgŮ 4.20-4.29), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ˊ-ˊ* ʠ n-ˊ* ʧʝʨʝʭʦʜʘʤ ʝʥʢʘʨʙʦʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʢʦʪʦʨʘʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʙʠʩ-2ʅ-ʙʝʥʟʦʧʠʨʘʥ-2-ʦʥʦʚ 5,7,8 (ʨʠʩ.1.1.1.1-1.1.1.5). 
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ʊʘʙʣʠʮʘ 1.1.1. 

ʋʌ ʩʧʝʢʪʨʳ ʟʘʤʝʱʝʥʥʳʭ ʙʠʩ-2H-ʭʨʦʤʝʥ-2-ʦʥʦʚ (5, 7, 8) ʠ 3-(3-ʦʢʩʦ-1,3-R-ʧʨʦʧʠʣ)-4-ʛʠʜʨʦʢʩʠ-2H-ʭʨʦʤʝʥ-2-ʦʥʦʚ ( 9, 11) 
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OH OH

O O

5, 7, 8
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C6H4 - n-R1
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O

O C6H4-n -R1

C6H4 - n - R2
OH

R1=H, R2=H (9), 
R1=Cl, R2=Cl(11)

9, 11

 
ʉʦʝʜʠ-

ʥʝʥʠʝ 
R1 R2 

ʈʘʩʪʚʦʨʠʪʝʣʴ, ɚʤʘʭ, ʥʤ (lgŮ) 

ʀʟʦʧʨʦʧʘʥʦʣ ʍʣʦʨʦʬʦʨʤ ʊʝʪʨʘʭʣʦʨʤʝʪʘʥ ʕʪʘʥʦʣ 
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9 
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(4.32)  

283 
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(4.03) 

_ 
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1.1.1 ʇʨʠʤʝʨʳ ʋʌ - ʩʧʝʢʪʨʦʚ 
 

 
ʈʠʩ. 1.1.1.1ʋʌ ʩʧʝʢʪʨ 4-ʛʠʜʨʦʢʩʠ-3-((4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʬʝʥʠʣʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-

ʦʥʘ (5):1) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, 2) ʚ ʭʣʦʨʦʬʦʨʤʝ, 3) ʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ 4) ʚ ʵʪʘʥʦʣʝ (UV-1800, 5*10
-5
 ʄ) 

 

 

 
ʈʠʩ. 1.1.1.2. ʋʌ ʩʧʝʢʪʨ 3-(4-ʭʣʦʨʬʝʥʠʣ(4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ 

(7): 1) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, 2) ʚ ʭʣʦʨʦʬʦʨʤʝ, 3) ʚ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʝ 4) ʚ ʵʪʘʥʦʣʝ (UV-1800, 5*10
-5
 ʄ) 
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ʈʠʩ. 1.1.1.3. ʋʌ ʩʧʝʢʪʨ 3-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ(4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-

ʦʥʘ (8): 1) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, 2) ʚ ʭʣʦʨʦʬʦʨʤʝ, 3) ʚ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ 4) ʚ ʵʪʘʥʦʣʝ  

(UV-1800, 5*10
-5
 ʄ) 

 

 

 
ʈʠʩ. 1.1.1.4. ʋʌ ʩʧʝʢʪʨ 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-ʜʠʬʝʥʠʣʧʨʦʧʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (9): 

1) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, 2) ʚ ʭʣʦʨʦʬʦʨʤʝ, 3) ʚ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ 4) ʚ ʵʪʘʥʦʣʝ  

(UV-1800, 5*10
-5
 ʄ) 
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ʈʠʩ. 1.1.1.5. ʋʌ ʩʧʝʢʪʨ 3-(1,3-ʙʠʩ(4-ʭʣʦʨʬʝʥʠʣ)-3-ʦʢʩʦʧʨʦʧʠʣ)-4-ʛʠʜʨʦʢʩʠ-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (11): 

1) ʚ ʠʟʦʧʨʦʧʘʥʦʣʝ, 2) ʚ ʭʣʦʨʦʬʦʨʤʝ, 3) ʚ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʤ ʫʛʣʝʨʦʜʝ 4) ʚ ʵʪʘʥʦʣʝ 

 (UV-1800, 5*10
-5
 ʄ) 

 

 

 

1.2. ʀʂ ʩʧʝʢʪʨʳ 
 

ʀʂ ʩʧʝʢʪʨ 3-(1,3-ʜʠʦʢʩʦʙʫʪʘʥ-1-ʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (1), ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʝʥʦʣʴʥʦʡ 

ʬʦʨʤʝ, ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʦʣʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ: ʧʦʛʣʦʱʝʥʠʝ 

ʩʦʧʨʷʞʝʥʥʦʛʦ ʣʘʢʪʦʥʥʦʛʦ ʢʘʨʙʦʥʠʣʘ (1728 ʩʤ
-1
) (ʩʦʚʤʝʩʪʥʦ ʩ çʵʬʠʨʥʦʡ ʧʦʣʦʩʦʡè ʧʨʠ 

1263 ʩʤ
-1
) ʠ ʩʦʧʨʷʞʝʥʥʦʛʦ ʢʘʨʙʦʥʠʣʘ (1680 ʩʤ

-1
). ʅʘʭʦʞʜʝʥʠʝ ʦʜʥʦʡ ʠʟ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ 

ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʰʠʨʦʢʦʡ ʨʘʟʤʳʪʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɜʆʅ ʚ 

ʦʙʣʘʩʪʠ 2500-3200 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʭʝʣʘʪʥʦʛʦ ʪʠʧʘ (ʪʘʙʣ. 1.2.1). 

ɺ ʀʂ ʩʧʝʢʪʨʝ 3-(2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (2) ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ 

ʨʘʟʤʳʪʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʬʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ, ʩʚʷʟʘʥʥʦʛʦ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʚʷʟʴʶ, ʚ ʠʥʪʝʨʚʘʣʝ 3200-2500 ʩʤ
-1
. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩʦʧʨʷʞʝʥʥʦʡ ʣʘʢʪʦʥʥʦʛʦ ʪʠʧʘ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 1717 ʩʤ
-1
, ʩʦʧʨʷʞʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ 

ʦʢʩʠʙʝʥʟʦʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ï ʧʨʠ 1672 ʩʤ
-1

. 

ɺ ʀʂ ʩʧʝʢʪʨʝ 7-(2,4-ʜʠʦʢʩʦ-2H,3H-ʭʨʦʤʝʥ-3-ʠʣ)-6H,7H-ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-

6-ʦʥʘ (3) ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʠʥʪʝʨʚʘʣʝ 

3200-3500 ʩʤ
-1
, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʠʘʩʩʦʮʠʘʪʦʚ.  

ɺ ʀʂ ʩʧʝʢʪʨʝ 9-(5,5-ʜʠʤʝʪʠʣ-1,3-ʜʠʦʢʩʦʮʠʢʣʦʛʝʢʩʘʥ-2-ʠʣ)-3,3-ʜʠʤʝʪʠʣ-

2,3,4,9-ʪʝʪʨʘʛʠʜʨʦ-1H-ʢʩʘʥʪʝʥ-1-ʦʥʘ (4) ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʤʳʪʘʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 3200 ʩʤ
-1
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʘʙʦʡ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʠ ʭʝʣʘʪʥʦʛʦ ʪʠʧʘ. 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʨʘʟʚʝʜʝʥʠʷ ʦʢʩʦʩʦʝʜʠʥʝʥʠʡ 1, 2, 4 ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʪʝʧʝʥʷʭ ʨʘʟʙʘʚʣʝʥʠʷ (10
-1

, 10
-2

, 10
-3

 ʤʦʣʴ/ʣ) ʦʪʤʝʯʘʶʪʩʷ ʩʤʝʱʝʥʠʷ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ 
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ʦʙʣʘʩʪʠ 3500-2500 ʩʤ
-1
. ʀʟʤʝʥʝʥʠʷ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ  1, 2, 4 ʚ ʭʝʣʘʪʥʦʡ ʬʦʨʤʝ ʩ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʂ ʩʧʝʢʪʨ ʨʘʟʚʝʜʝʥʠʷ 7-(2,4-ʜʠʦʢʩʦ-2H,3H-ʭʨʦʤʝʥ-3-ʠʣ)-

6H,7H-ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-6-ʦʥʘ (3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʠʘʩʩʦʮʠʘʪʦʚ (ʨʠʩ. 

1.2.1.1). 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʙʠʩ-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʦʚ (5-8) (ʨʠʩ 1.2.1.2.ʘ) ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʣʘʢʪʦʥʥʦʡ ʠ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧ ʚ 

ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 1710-1680ʩʤ
-1
, ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ rʠ ʧʨʦʩʪʦʡ ʵʬʠʨʥʦʡ ʩʚʷʟʠ ʧʨʠ 3350-

3600ʩʤ
-1

 ʠ 1101-1068ʩʤ
-1
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʝʢʪʨʝ 4-ʛʠʜʨʦʢʩʠ-3-((4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2ʅ-

ʭʨʦʤʝʥ-3-ʠʣ)(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ)-ʤʝʪʠʣ)-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʘ (6) ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʉʅ3 ʛʨʫʧʧ ʧʨʠ 2970, 2740, 1469, 1381 ʩʤ
-1
. ɼʘʥʥʳʝ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʚʥʦʚʝʩʠʠ ʤʝʞʜʫ ʢʝʪʦʥʥʦʡ ʠ ʝʥʦʣʴʥʦʡ ʬʦʨʤʘʤʠ ʩʦʝʜʠʥʝʥʠʡ (5-8) ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ. 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-ʜʠʬʝʥʠʣ)-, 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-(4-

ʭʣʦʨʜʠʬʝʥʠʣ)-, 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣʧʨʦʧʠʣ)-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʦʚ (9-

11) (ʨʠʩ 1.2.1.2.ʙ) ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʦʡ, ʢʘʨʙʦʥʠʣʴʥʦʡ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧ ʧʨʠ 1720-1703ʩʤ
-1

, 1693-1643ʩʤ
-1

 ʠ 3561-3280ʩʤ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʦʩʪʦʡ ʵʬʠʨʥʦʡ ʩʚʷʟʠ ʧʨʦʷʚʣʷʣʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 1097-1084ʩʤ
-1
. ɺ 

ʩʧʝʢʪʨʝ 3-(1-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ)-3-ʦʢʩʦ-3-ʬʝʥʠʣʧʨʦʧʠʣ)-4-ʛʠʜʨʦʢʩʠ-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʘ 

(10) ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʉʅ3 ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 2740, 2980, 1467, 1381ʩʤ
-1

.  

 

 

 

ʊʘʙʣʠʮʘ 1.2.1. 

ʀʂ ʩʧʝʢʪʨʳ 3-R- ʭʨʦʤʝʥ-2-ʦʥʦʚ, ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-6-ʦʥʦʚ, 9-R-ʢʩʘʥʪʝʥ-1-

ʦʥʦʚ, ʘʨʠʣʙʠʩ-2H-ʭʨʦʤʝʥ-2-ʦʥʦʚ (1-11) 

 

 

 

ʉʦʝʜʠ- 

ʥʝʥʠʝ 
R1 R2 

ɜ, ʩʤ
-1
 

OH C=O 
C=O 

(ʣʘʢʪ.) 
COC 

1 - - 3200-2500 1680 1728 1263 

2 - - 3200-2500 1672 1717 1272 

3 - - 3357 - 1717,1719 1274 

4 - - 3200 1668,1672 - 1250 

5 H - 3350 1681 1705 1101 

6 N(CH3)2 - 3400 1680 1710 1100 

7 Cl - 3380 1685 1708 1090 

8 OCH3 - 3600 1680 1710 1068 

9 H H 3561 1693 1720 1097 

10 N(CH3)2 H 3350 1680 1715 1095 

11 Cl Cl 3280 1643 1703 1084 
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1.2.1 ʇʨʠʤʝʨʳ ʀʂ ï ʩʧʝʢʪʨʦʚ 

 

 

 

ʈʠʩ 1.2.1.1 ʀʂ ʩʧʝʢʪʨ ʨʘʟʚʝʜʝʥʠʷ 7-(2,4-ʜʠʦʢʩʦ-2H,3H-ʭʨʦʤʝʥ-3-ʠʣ)-6H,7H-ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-

6-ʦʥʘ (3) (CHCl3/10
-2
,10

-3
,10

-4
 ʤʦʣʴ/ʣ) 
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ʈʠʩ 1.2.1.2. ʀʂ ʩʧʝʢʪʨʳ: ʘ) 4-ɻʠʜʨʦʢʩʠ-3-((4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʬʝʥʠʣʤʝʪʠʣ)-2H-

ʭʨʦʤʝʥ-2-ʦʥʘ (5) (ʪʘʫʪʦʤʝʨʥʘʷ ʬʦʨʤʘ),  

ʙ) 4-ɻʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-ʜʠʬʝʥʠʣ)-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʘ (9) 

 

 

1.3. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʳ 

 

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʝ 3-(3-ʛʠʜʨʦʢʩʠ-1-ʦʢʩʦ-ʙʫʪ-2-ʝʥʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (1b), ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ ʩʦʝʜʠʥʝʥʠʷ:, ʦʪʤʝʯʘʝʪʩʷ ʩʠʥʛʣʝʪ ʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʧʨʠ 

15.80 ʤ.ʜ. (ʪʘʙʣ. 1.3.1.1), ʩʠʥʛʣʝʪʳ ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 8.66 ʤ.ʜ. ʠ 6.89 ʤ.ʜ., ʩʠʥʛʣʝʪ 

ʪʨʝʭ ʤʝʪʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 2.27 ʤ.ʜ ʠ ʤʫʣʴʪʠʧʣʝʪ ʯʝʪʳʨʝʭ ʧʨʦʪʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʣʴʮʘ ʚ ʦʙʣʘʩʪʠ 7.42-7.61 ʤ.ʜ. (ʨʠʩ.1.3.1). 

ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 3-(2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (2) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʛʥʘʣʦʤ 

ʬʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʧʨʠ 11,74 ʤ.ʜ., ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʘ - ʧʨʠ 7,98 ʤ.ʜ. ʄʫʣʴʪʠʧʣʝʪ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 6.81-7.75 ʤ.ʜ. (ʨʠʩ. 1.3.1.2). 

 ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʝ 7-(2,4-ʜʠʦʢʩʦ-2H,3H-ʭʨʦʤʝʥ-3-ʠʣ)-6H,7H-ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-

6-ʦʥʘ (3) ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʚ ʦʙʣʘʩʪʠ 9.09 ʤ.ʜ., ʩʠʛʥʘʣʳ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 7.12-8.21 ʤ.ʜ. ʇʨʦʪʦʥ ʧʨʠ ʪʨʝʪʠʯʥʦʤ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʥʛʣʝʪʦʤ ʧʨʠ 3.47 ʤ.ʜ. (ʨʠʩ 1.3.3). 

ɺ ʗʄʈ
1
ʅ ʩʧʝʢʪʨʝ ʦʢʩʦʩʦʝʜʠʥʝʥʠʷ (4) ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ 

ʩʠʥʛʣʝʪʘʤʠ ʜʚʝʥʘʜʮʘʪʠ ʧʨʦʪʦʥʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 6:3:3 (ʨʠʩ. 1.3.1.4). ʀʟ ʥʠʭ 

ʰʝʩʪʴ ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʜʠʤʝʜʦʥʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʠʤ 

ʩʠʥʛʣʝʪʦʤ ʧʨʠ 0.89 ʤ.ʜ., ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʣʘʙʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʥʝ ʩʧʦʩʦʙʥʦʡ 

ʞʝʩʪʢʦ ʟʘʢʨʝʧʠʪʴ ʛʝʦʤʝʪʨʠʶ ʤʦʣʝʢʫʣʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨ ʩ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʧʩʝʚʜʦ-

ʘʢʩʠʘʣʴʥʦʤ ʠ ʧʩʝʚʜʦ-ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ. 

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʘʭ ʙʠʩʢʫʤʘʨʠʥʦʚ (5-8) (ʨʠʩ 1.3.1.5- 1.3.1.8.) ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ 

ʧʨʦʪʦʥʦʚ ʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ 11.28 ï 11.58 ʤ.ʜ., ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʘ ʧʨʠ 
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ʪʨʝʪʠʯʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʘʪʦʤʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ 6.03- 6.09 ʤ.ʜ. ʄʫʣʴʪʠʧʣʝʪ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʪʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 6.62 ï 8.03 ʤ.ʜ.    

ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʳ 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-ʜʠʬʝʥʠʣ)-2ʅ-ʭʨʦʤʝʥ-2-ʦʥʘ, (9) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʭʦʞʜʝʥʠʠ ʝʛʦ ʚ ʝʥʦʣʴʥʦʡ ʬʦʨʤʝ (ʩʠʥʛʣʝʪ ʝʥʦʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʧʨʠ 

9.84 ʤ.ʜ.) (ʨʠʩ 1.3.1.9). ʉʠʛʥʘʣ ʪʨʝʪʠʯʥʦʛʦ ʧʨʦʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʫʙʣʝʪ ʧʨʠ 4.44 ʤ.ʜ. 

(J=8 ɻʮ), ʉʅ2 ʛʨʫʧʧʳ ïʜʫʙʣʝʪ ʧʨʠ 3.75 ʤ.ʜ. (J=20 ɻʮ). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʗʄʈ 
1
ʅ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-(4-ʭʣʦʨʜʠʬʝʥʠʣ))-, 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-(4-

ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣʧʨʦʧʠʣ))-2ʅ-ʭʨʦʤʝʥ-2-ʦʥr (10, 11) ʩʫʱʝʩʪʚʫʶʪ ʚ ʜʠʢʝʪʦʥʥʦʡ ʬʦʨʤʝ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʜʫʙʣʝʪʦʚ ʤʝʪʠʣʝʥʦʚʦʛʦ ʠ ʤʝʪʠʥʦʚʦʛʦ ʧʨʦʪʦʥʦʚ ʧʨʠ 4.52 ʤ.ʜ. (J 

=12 ɻʮ) ʠ 5.24 ʤ.ʜ. (J =12 ɻʮ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʪʨʠʧʣʝʪ ʤʝʪʠʥʦʚʦʛʦ ʧʨʦʪʦʥʘ ʦʪʤʝʯʝʥ ʧʨʠ 4.21 

ʤ.ʜ. (J =12 ɻʮ). ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʝ ʩʦʝʜʠʥʝʥʠʷ 10 ʦʪʤʝʯʝʥʳ ʜʚʘ ʩʠʥʛʣʝʪʘ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ 

ʧʨʠ 2.79, 2.83ʤ.ʜ.  

 

 

ʊʘʙʣʠʮʘ 1.3.1 
 

ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʳ 3-R- ʭʨʦʤʝʥ-2-ʦʥʦʚ, ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-6-ʦʥʦʚ, 9-R-ʢʩʘʥʪʝʥ-

1-ʦʥʦʚ, ʘʨʠʣʙʠʩ-2H-ʭʨʦʤʝʥ-2-ʦʥʦʚ (1-11) (CDCl3, DMSO-d6, ŭ, ʤ.ʜ.(J, ɻʮ)) 
 

ʉʦʝʜʠ-

ʥʝʥʠʝ 
R1 R2 

OH 

(ʩ) 
=C-H 

CH 

(ʘʨʦʤ) 

ʉʅ 

(ʪʨʝʪ) 
ʉʅ2 ʉʅ3 

1 -  15.80 6.89(ʩ), 

8.66(ʩ) 

7.42-7.61 

(ʤ, 4ʅ) 

_ _ 2.27 (ʩ, 3ʅ) 

2 -  11.74 7.98 (ʩ) 6.81-7.75 

(ʤ, 8ʅ) 

_ _ _ 

3 -  9.09 _ 7.17-8.21 

(ʤ, 12ʅ) 

3.47 .(ʩ) _ _ 

4 -  10.42 _ 6.96-7.10 

(ʤ, 4ʅ) 

5.06 (ʩ) 2.00-2.51 

(ʤ, 8ʅ) 

0.89-1.05 

(ʩ, 12ʅ) 

5 H  11.29, 

11.52 

_ 7.22-8.05 

(ʤ, 13ʅ) 

6.09 _ _ 

6 N(CH3)2  11.46 _ 6.67-8.03 

(ʤ, 12ʅ) 

6.04 _ 2.93 

7 Cl  11.31, 

11.54 

_ 7.17-8.08 

(ʤ, 12ʅ) 

6.04 _ _ 

8 OCH3  11.28, 

11.49 

_ 6.82-8.03 

(ʤ, 12ʅ) 

6.03 _ 3.77 

9 H H 9.84 _ 7.15-8.08 

(ʤ, 12ʅ) 

4.44 (J 8) 3.75 (J 20 ) _ 

10 N(CH3)2 H _ _ 6.99-7.82 

(ʤ, 11ʅ) 

5.24 (J 12) 

4.21 (J 12) 

4.52 (J 12) 2.79, 2.83 

11 Cl Cl _ _ 7.13-7.97 

(ʤ, 10ʅ) 

4.85(J 12) 

3.69(J 12)                         

4.42(J 12) _ 

 



 

 75 

1.3.1 ʇʨʠʤʝʨʳ ʗʄʈ
1
ʅ ʩʧʝʢʪʨʦʚ 

 
ʈʠʩ. 1.3.1.1 ʗʄʈ 

1
ʅ ʩʧʝʢʪʨ 3-(3-ʛʠʜʨʦʢʩʠ-1-ʦʢʩʦ-ʙʫʪ-2-ʝʥ-2-ʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (1b) (Bruker MSL-400, DMSO-d6) 
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ʈʠʩ. 1.3.1.2. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 3-(2-ʛʠʜʨʦʢʩʠʙʝʥʟʦʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (2) (Bruker MSL-400, ʉDCl3) 
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ʈʠʩ. 1.3.1.3. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 7-(2,4-ʜʠʦʢʩʦ-2H,3H-ʭʨʦʤʝʥ-3-ʠʣ)-6H,7H-ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-6-ʦʥʘ (3) (Bruker MSL-400, ʉDCl3) 
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ʈʠʩ. 1.3.1.4. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 9-(2-ʛʠʜʨʦʢʩʠ-4,4-ʜʠʤʝʪʠʣ-6-ʦʢʩʦʮʠʢʣʦʛʝʢʩ-1-ʝʥ-1-ʠʣ)-3,3-ʜʠʤʝʪʠʣ-2,3,4,9-ʪʝʪʨʘʛʠʜʨʦ-1H-ʢʩʘʥʪʝʥ-1-ʦʥʘ (4)  

(Bruker MSL-400, ʉDCl3) 
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ʈʠʩ 1.3.1.5. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 4-ʛʠʜʨʦʢʩʠ-3-((4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʬʝʥʠʣʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (5) (Varian 400, ʉDCl3) 
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ʈʠʩ 1.3.1.6. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 3-(4-ʜʠʤʝʪʠʣʘʤʠʥʦʬʝʥʠʣ(4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (6) (Varian 400, ʉDCl3) 
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ʈʠʩ 1.3.1.7. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 3-(4-ʭʣʦʨʬʝʥʠʣ(4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (7) (Varian 400, ʉDCl3) 
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ʈʠʩ 1.3.1.8 ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 3-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ(4-ʛʠʜʨʦʢʩʠ-2-ʦʢʩʦ-2H-ʭʨʦʤʝʥ-3-ʠʣ)ʤʝʪʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (8) (Varian 400, ʉDCl3) 
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ʈʠʩ 1.3.9. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 4-ʛʠʜʨʦʢʩʠ-3-(3-ʦʢʩʦ-1,3-ʜʠʬʝʥʠʣʧʨʦʧʠʣ)-2H-ʭʨʦʤʝʥ-2-ʦʥʘ (9) (Varian 400, ʉDCl3) 
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2. ʆʢʪʘʛʠʜʨʦʭʨʦʤʝʥʦʢʩʘʥʪʝʥ-1-ʦʥʳ, ʧʝʨʭʣʦʨʘʪ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʦʢʪʘʛʠʜʨʦ-

ʭʨʦʤʝʥ[2,3,4 kl]-ʢʩʘʥʪʝʥ-5-ʠʣʠʷ, ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ[a]ʥʘʬʪʦ[1,2,3 fg]ʪʝʪʨʘʮʝʥ-5-ʦʥ, 

ʧʝʨʭʣʦʨʘʪ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪ ʦʢʩʦʥʠʷʙʝʥʟʦ [a]ʥʘʬʪʦ[1,2,3 fg]ʪʝʪʨʘʮʝʥʘ, 

ʧʠʨʘʥʦʭʨʦʤʝʥʳ (12 - 21) 
 

O

O

OH
O

O

O

O

OO

Me

Me

Me

MeO

C

O

CH3

O

OO

Me

Me

Me

MeOH

O

O

Me O
OH

O

O

OH
O

O

O BF4

ClO4

O

O

OH
O

O

O

O O

Me

Me

CH3

CH3O
OH

BF4 O O

Me

Me

Me

MeO
OH

ClO4

O

O C6H4-R2

C6H4-R1
O

12
13 14

15

16
17

18 19 R1=Cl, R2=H (20)
R1=Cl, R2=Cl (21)

20, 21

 
 

 

2.1. ʀʂ ʩʧʝʢʪʨʳ 
 

ɺ ʀʂ ʩʧʝʢʪʨʝ 11a-ʛʠʜʨʦʢʩʠ-4bH,5H,11aH-6,11,12,17-ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ[a]ʥʘʬ-

ʪʦ[1,2,3-fg]ʪʝʪʨʘʮʝʥ-5-ʦʥʘ (12) ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʢʝʪʘʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ 3424 ʩʤ
-1

. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʧʠʢʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʘʣʝʥʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ O-H ʛʨʫʧʧʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʜʣʷ 7-(2,4-ʜʠʦʢʩʦ-2H,3H-ʭʨʦʤʝʥ-3-ʠʣ)-

6H,7H-ʭʨʦʤʝʥʦ[4,3-b]ʭʨʦʤʝʥ-6-ʦʥ (3) ʠ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʥʘ 67 ʩʤ
-1

 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʦʢʩʦʩʦʝʜʠʥʝʥʠʷ 12 ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ. ʃʘʢʪʦʥʥʳʡ ʢʘʨʙʦʥʠʣ, 

ʩʦʧʨʷʞʸʥʥʳʡ ʩ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ, ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1724 ʩʤ
-1
, ʵʬʠʨʥʘʷ 

ʩʚʷʟʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʧʨʠ 1243 ʩʤ
-1 
(ʪʘʙʣ. 2.1.1). 

ɺ ʀʂ ʩʧʝʢʪʨʝ 5ʘ-ʘʮʝʪʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-1-ʦʢʩʦ-1,2,3,4,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-

5aH-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥʘ (13) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʢʘʢ 

ʩʦʧʨʷʞʝʥʥʦʡ, ʪʘʢ ʠ ʜʣʷ ʥʝ ʩʦʧʨʷʞʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ï 1673 ʠ 1737 ʩʤ
-1
. ɺ ʦʙʣʘʩʪʠ 

ʯʘʩʪʦʪ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩʠʛʥʘʣʦʚ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. 

 ɺ ʀʂ ʩʧʝʢʪʨʝ 5a-ʛʠʜʨʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-2,3,4,5a,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-

1H-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥ-1-ʦʥ (14) ʠʤʝʝʪʩʷ ʧʦʣʦʩʘ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʚʘʣʝʥʪʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1650 ʩʤ
-1
. ʏʘʩʪʦʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 3650 ʩʤ
-1

 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʣʫʢʝʪʘʣʷ ʣʘʢʪʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ  ʩʦʝʜʠʥʝʥʠʷ (12) 5a-ʛʠʜʨʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-

2,3,4,5a,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-1H-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥ-1-ʦʥ (14) ʥʝ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʦʯʝʚʠʜʥʦ ʧʦ ʧʨʠʯʠʥʝ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, 
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ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʣʠʯʠʝʤ ʦʙʲʝʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ (ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ) ʚ ʮʠʢʣʦʛʝʢʩʘʥʦʚʦʤ 

ʢʦʣʴʮʝ. 

 ɺ ʀʂ ʩʧʝʢʪʨʝ 10a-ʛʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-4H,10aH-ʧʠʨʘʥʦ[2,3-b]ʭʨʦʤʝʥ-4-ʦʥʘ (15) ʠʤʝʝʪʩʷ 

ʩʠʛʥʘʣ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʜʚʦʡʥʦʡ ʩʚʷʟʴʶ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1681 ʩʤ
-1
. ʉʠʛʥʘʣ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʦʙʦʜʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʦʪʤʝʯʝʥ ʧʨʠ 3647 ʩʤ
-1
. ʕʬʠʨʥʳʝ 

ʩʚʷʟʠ =C-O-C ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 1262 ʠ 1061 ʩʤ
-1

. 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ (16) ʠ  ʧʝʨʭʣʦʨʘʪʘ (17) 11a-ʛʠʜʨʦʢʩʠ-5-ʦʢʩʦ-

5H,11aH-6,11,12-ʪʨʠʦʢʩʘ-17-ʦʢʩʦʥʠʷʙʝʥʟʦ [a]ʥʘʬʪʦ[1,2,3-fg]ʪʝʪʨʘʮʝʥʘ  ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ, ʦʪʚʝʯʘʶʱʠʝ ʧʦʛʣʦʱʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ: BF4
ľ
 ʧʨʠ 1060 ʩʤ

-1
 ʠ ClO4

ľ
 ʧʨʠ 1104 ʩʤ

-1
. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʢʘʞʜʦʤ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʣʝʙʘʥʠʷ C=O ʩʚʷʟʝʡ 

Ŭ,ɓ-ʥʝʧʨʝʜʝʣʴʥʳʭ ʣʘʢʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ 1721 ʠ 1719 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʢʝʪʘʣʴʥʳʡ 

ʛʠʜʨʦʢʩʠʣ ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 11a-ʛʠʜʨʦʢʩʠ-

4bH,5H,11aH-6,11,12,17-ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ[a]-ʥʘʬʪʦ[1,2,3-fg]ʪʝʪʨʘʮʝʥ-5-ʦʥʘ (4) ʚ ʚʠʜʝ ʫʟʢʦʡ 

ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʠ 3429-2438 ʩʤ
-1
, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʷʚʣʝʥʥʫʶ ʚ ʨʷʜʫ ʧʦʣʫʢʝʪʘʣʝʡ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʠ ʧʝʨʭʣʦʨʘʪʘ 8a-ʛʠʜʨʦʢʩʠ-7,7,11,11-ʪʝʪʨʘʤʝʪʠʣ-

13-ʦʢʩʦ-6,7,8,8a,10,11,12,13-ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥ[2,3,4-kl]-ʢʩʘʥʪʝʥ-5-ʠʣʠʷ  (18, 19) ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʦʩʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʧʨʷʞʝʥʥʦʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 1665 

ʠ 1660 ʩʤ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʜʣʷ ʘʥʠʦʥʦʚ ɺF4

-
 ʠ ClO4

- 
ʧʦʣʦʩʳ ʦʙʥʘʨʫʞʝʥʳ 

ʧʨʠ 1062 ʩʤ
-1

 ʠ 1050 ʩʤ
-1

.. 

ɺ ʀʂ ʩʧʝʢʪʨʘʭ 4-(4-ʭʣʦʨʬʝʥʠʣ)- 2-ʬʝʥʠʣ-, 2,4-ʙʠʩ(4-ʭʣʦʨʬʝʥʠʣ)4ʅ,5ʅ-ʧʠʨʘʥʦ[3,2-

c]ʭʨʦʤʝʥ-5-ʦʥʦʚ (20, 21) (ʨʠʩ 2.1.1.1) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʣʘʢʪʦʥʥʳʭ 

ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠ 1720 ʩʤ
-1

 ʠ 1715 ʩʤ
-1

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʬʠʨʥʳʝ ʩʚʷʟʠ =C-O-C 

ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 1110 ʠ 1095 ʩʤ
-1

. 

 

 

 

ʊʘʙʣʠʮʘ 2.1.1. 

ʀʂ ʩʧʝʢʪʨʳ ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥʦʢʩʘʥʪʝʥ-1-ʦʥʦʚ, 

ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ[a]ʥʘʬʪʦ[1,2,3-fg]ʪʝʪʨʘʮʝʥ-5-ʦʥʦʚ, ʧʝʨʭʣʦʨʘʪʘ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 

ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥʢʩʘʥʪʝʥ-5-ʠʣʠʷ, ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʠ  ʧʝʨʭʣʦʨʘʪʘ ʦʢʩʦʥʠʷʙʝʥʟʦ 

[a]ʥʘʬʪʦ[1,2,3-fg] ʪʝʪʨʘʮʝʥʘ, ʧʠʨʘʥʦʭʨʦʤʝʥʦʚ (12 - 21) 

 

 

ʉʦʝʜʠ- 

ʥʝʥʠʝ 
R1 R2 

ɜ, ʩʤ
-1
 

OH C=O 
C=O 

(ʣʘʢʪ.) 
COC 

12 - - 3424 - 1724 1243 

13 - - - 1673 - 1242 

14 - - 3650 1650 - 1250 

15 - - 3647 1681  1262, 1061 

16 - - 3429 - 1721 1274 

17 - - 3838 - 1719 1275 

18 - - 3641 1665 - 1237 

19 - - 3650 1660 - 1234 

20 Cl H - - 1720 1110 

21 Cl Cl - - 1715 1095 
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2.1.1.ʇʨʠʤʝʨʳ ʀʂ - ʩʧʝʢʪʨʦʚ  

 
 
 

ʈʠʩ. 2.1.1.1 ʀʂ ʩʧʝʢʪʨ: ʘ) 4-(4-ʍʣʦʨʬʝʥʠʣ)-4ʅ,5ʅ-ʧʠʨʘʥʦ[3,2-c]ʭʨʦʤʝʥ-5-ʦʥʘ (20), ʙ) 2-ʌʝʥʠʣ-,  

2,4-ʙʠʩ(4-ʭʣʦʨʬʝʥʠʣ)-4ʅ,5ʅ-ʧʠʨʘʥʦ[3,2-c]ʭʨʦʤʝʥ-5-ʦʥʘ (21) 
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2.2. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʳ 

 

ɺ ʗʄʈ 
1
H ʩʧʝʢʪʨʝ 11a-ʛʠʜʨʦʢʩʠ-4bH,5H,11aH-6,11,12,17-ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ [a]ʥʘʬʪʦ 

[1,2,3-fg]ʪʝʪʨʘʮʝʥ-5-ʦʥʘ (12) (ʨʠʩ. 2.2.1.1.) ʥʘʨʷʜʫ ʩ ʩʠʛʥʘʣʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 

6.98-8.06 ʤ.ʜ. ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʧʦʣʫʢʝʪʘʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ 

ʧʨʠ 2.10 ʤ.ʜ. ʉʠʛʥʘʣ ʧʨʦʪʦʥʘ ʧʨʠ ʪʨʝʪʠʯʥʦʤ ʘʪʦʤʝ ʫʛʣʝʨʦʜʘ ʩʤʝʱʘʝʪʩʷ ʥʘ 2.1 ʤ.ʜ. ʚ ʩʣʘʙʦʝ 

ʧʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʜʣʷ 1,5-ʜʠʦʢʩʦʩʦʝʜʠʥʝʥʠʷ 3 (ʪʘʙʣ. 2.2.1). 

ɺ ʗʄʈ 
1
ʅ 5ʘ-ʘʮʝʪʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-1-ʦʢʩʦ-1,2,3,4,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-

5aH-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥʘ (13) (ʨʠʩ 2.2.1.2.) ʥʘʙʣʶʜʘʪʁʩʷ  ʩʠʛʥʘʣʳ ʤʫʣʴʪʠʧʣʝʪʘ ʚʦʩʴʤʠ 

ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ 2.09-2.44 ʤ.ʜ., ʩʠʥʛʣʝʪ ʪʨʝʭ ʧʨʦʪʦʥʦʚ ʘʮʝʪʠʣʴʥʦʛʦ ʤʝʪʠʣʘ. 

ɺ ʧʦʣʦʞʝʥʠʠ 5.19 ʤ.ʜ. ʦʙʥʘʨʫʞʝʥ ʩʠʥʛʣʝʪ ʪʨʝʪʠʯʥʦʛʦ ʧʨʦʪʦʥʘ. ɺ ʦʙʣʘʩʪʠ 0.99-1.12 ʤ.ʜ. 

ʨʝʟʦʥʠʨʫʶʪ 12 ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʪʦʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 6.95-

7.09 ʤ.ʜ.  

ɺ ʗʄʈ
1
ʅ ʩʧʝʢʪʨʝ 5a-ʛʠʜʨʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-2,3,4,5a,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-

1H-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥ-1-ʦʥʘ (14) (ʨʠʩ.2.2.1.3.) ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʳʨʝ ʩʠʥʛʣʝʪʘ ʚʦʩʴʤʠ 

ʤʝʪʠʣʝʥʦʚʳʭ ʧʨʦʪʦʥʦʚ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ ʚ ʦʙʣʘʩʪʠ 2.07-2.44 ʤ.ʜ. ɺ ʧʦʣʦʞʝʥʠʠ 

5.18 ʤ.ʜ. ʦʪʤʝʯʘʝʪʩʷ ʩʠʥʛʣʝʪ ʪʨʝʪʠʯʥʦʛʦ ʧʨʦʪʦʥʘ. ɺ ʦʙʣʘʩʪʠ 0.99-1.08 ʤ.ʜ. ʨʝʟʦʥʠʨʫʶʪ 12 

ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʪʦʥʳ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 6.92-7.10 ʤ.ʜ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʩʠʛʥʘʣ ʧʦʣʫʢʝʪʘʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʦʪʤʝʯʝʥʠ ʧʨʠ 9,60 ʤ.ʜ. 

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʝ 10a-ʛʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-4H,10aH-ʧʠʨʘʥʦ[2,3-b]ʭʨʦʤʝʥ-4-ʦʥʘ (15) 

(ʨʠʩ. 2.2.1.4.) ʦʪʤʝʯʘʝʪʩʷ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ ʧʦʣʫʢʝʪʘʣʴʥʦʛʦ ʛʠʜʨʦʢʩʠʣʘ ʧʨʠ 3.56 ʤ.ʜ. ʉʠʛʥʘʣʳ 

ʚʠʥʠʣʴʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 8.12 ʠ 6.19 ʤ.ʜ., ʩʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ 

- ʧʨʠ 1.91 ʤ.ʜ. ʄʫʣʴʪʠʧʣʝʪ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 7.25-7.65 ʤ.ʜ. 

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʘʭ ʪʝʪʨʘʙʦʨʬʪʦʨʘʪʘ 16 (ʨʠʩ. 2.2.1.5) ʠ ʧʝʨʭʣʦʨʘʪʘ 17 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʩʠʥʛʣʝʪʳ ʧʦʣʫʢʝʪʘʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠ 4.88 ʠ 

3.62 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʠʛʥʘʣʳ ʧʨʦʪʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ ʧʨʦʷʚʣʷʶʪʩʷ ʩʝʨʠʝʡ 

ʩʠʛʥʘʣʦʚ ʚ ʦʙʣʘʩʪʠ 7.08-8.23 ʤ.ʜ.  

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʘʭ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 18 (ʨʠʩ. 2.2.1.6.) ʠ ʧʝʨʭʣʦʨʘʪʘ 19 ʩ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʜʚʠʛʘʤʠ ʚ ʦʙʣʘʩʪʠ 2.16-2.29 ʤ.ʜ. ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʳʨʝ ʩʠʥʛʣʝʪʘ ʚʦʩʴʤʠ ʤʝʪʠʣʝʥʦʚʳʭ 

ʧʨʦʪʦʥʦʚ. ɺ ʦʙʣʘʩʪʠ 1.05-1.22 ʤ.ʜ. ʨʝʟʦʥʠʨʫʶʪ 12 ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʪʦʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 7.00-7.22 ʤ.ʜ., ʘ ʩʠʥʛʣʝʪʳ ʧʦʣʫʢʝʪʘʣʴʥʳʭ 

ʛʠʜʨʦʢʩʠʣʦʚ ʨʝʟʦʥʠʨʫʶʪ ʧʨʠ 7.96 ʠ 8,00 ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʘʭ ʧʠʨʘʥʦʭʨʦʤʝʥʦʚ 20, 21 (ʨʠʩ. 2.2.1.7. ʠ 2.2.1.8.) ʦʪʤʝʯʘʶʪʩʷ 

ʜʫʙʣʝʪʳ ʤʝʪʠʥʦʚʦʛʦ ʠ ʚʠʥʠʣʴʥʦʛʦ ʧʨʦʪʦʥʦʚ ʧʨʠ 4.97 ʤ.ʜ. (J = 12 ɻʮ), 4.66 ʤ.ʜ. (J = 8 ɻʮ) ʠ 

6.69 ʤ.ʜ. (J = 12 ɻʮ), 5.76 ʤ.ʜ. (J = 8 ɻʮ). ʄʫʣʴʪʠʧʣʝʪ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʧʨʦʷʚʣʷʝʪʩʷ 

ʧʨʠ 7.22- 7.91 ʤ.ʜ. 
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ʊʘʙʣʠʮʘ 2.2.1. 

 

ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʳ ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥʦʢʩʘʥʪʝʥ-1-ʦʥʦʚ,  ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ[a]ʥʘʬʪʦ 

[1,2,3-fg]ʪʝʪʨʘʮʝʥ-5-ʦʥʦʚ, ʧʝʨʭʣʦʨʘʪʘ ʠ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 

ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥʢʩʘʥʪʝʥ-5-ʠʣʠʷ, ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ ʠ  ʧʝʨʭʣʦʨʘʪʘ ʦʢʩʦʥʠʷʙʝʥʟʦ 

[a]ʥʘʬʪʦ[1,2,3-fg] ʪʝʪʨʘʮʝʥʘ, ʧʠʨʘʥʦʭʨʦʤʝʥʦʚ (12 - 21)  

(CDCl3, DMSO-d6, ŭ, ʤ.ʜ.(J, ɻʮ)) 

 

ʉʦʝʜʠ-

ʥʝʥʠʝ 
R1 R2 

OH 

(ʩ) 
=C-H 

CH 

(ʘʨʦʤ) 

ʉʅ  

(ʪʨʝʪ) 
ʉʅ2 ʉʅ3 

12 - - 2.10 _ 6.98-8.06 

(ʤ, 12ʅ) 

5.57 _ - 

13 - - _ _ 6.95 -7.09 

(ʤ, 4ʅ) 

5.19 (ʩ) 2.09-2.44 

(ʤ, 8ʅ) 

0.99-1.12 

(ʩ, 12 ʅ),  

2.29 (ʩ, 3ʅ) 

14 - - 9.60 _ 6.92-7.10 

(ʤ, 4ʅ) 

5.18 .(ʩ) 2.07-2.44 

(ʤ, 8ʅ) 

0,99-1.13 

(ʤ, 12ʅ) 

15 - - 3.56 6.19 (ʩ), 

8.12 (ʩ) 

7.25-7.65 

(ʤ, 4ʅ) 

_ _ 1.91 (ʩ, 3ʅ) 

16 - - 4.88 _ 7.08-7.83 

(ʤ, 12ʅ) 

_ _ _ 

17 - - 3.62 _ 7.17-7.72 

(ʤ, 12ʅ) 

_ _ _ 

18 - - 7.96 _ 7.00-7.21 

(ʤ, 4ʅ) 

_ 2.16-2.18 

(ʤ, 8ʅ) 

1.04-1.18 

(ʩ, 12ʅ) 

19 - - 8.00 _ 7.02-

7.22(ʤ, 4ʅ) 

_ 2.16-2.29 

(ʤ, 8ʅ) 

1.05-1.22 

(ʩ, 12ʅ) 

20 Cl H _ 6.69 (J12) 7.22-7.91 

(ʤ, 13ʅ) 

4.97 (J 12) _ _ 

21 Cl Cl _ 5.76 (J 8) 7.24-7.96 

(ʤ, 12ʅ) 

4.66 (J 8) _ _ 
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2.2.1 ʇʨʠʤʝʨʳ ʗʄʈ 
1
ʅ ʩʧʝʢʪʨʦʚ 

 
 

ʈʠʩ 2.2.1.1 ʗʄʈ 
1
H ʩʧʝʢʪʨ 11a-ʛʠʜʨʦʢʩʠ-4bH,5H,11aH-6,11,12,17-ʪʝʪʨʘʦʢʩʘʙʝʥʟʦ [a]ʥʘʬʪʦ [1,2,3-fg]ʪʝʪʨʘʮʝʥ-5-ʦʥʘ (12) (Varian 400, ʉDCl3) 
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ʈʠʩ.2.2.1.2. ʗʄʈ 

1
H ʩʧʝʢʪʨ 5ʘ-ʘʮʝʪʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-1-ʦʢʩʦ-1,2,3,4,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-5aH-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥʘ (13) (Varian 400, ʉDCl3) 
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ʈʠʩ.2.2.1.3. ʗʄʈ 
1
H ʩʧʝʢʪʨ 5a-ʛʠʜʨʦʢʩʠ-3,3,7,7-ʪʝʪʨʘʤʝʪʠʣ-2,3,4,5a,6,7,8,13b-ʦʢʪʘʛʠʜʨʦ-1H-ʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥ-1-ʦʥʘ (14) (Varian 400, ʉDCl3) 



 

 92 

 

 

ʈʠʩ. 2.2.1.4. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 10a-ʛʠʜʨʦʢʩʠ-2-ʤʝʪʠʣ-4H,10aH-ʧʠʨʘʥʦ[2,3-b]ʭʨʦʤʝʥ-4-ʦʥʘ  (15) (Bruker MSL-400, ʉDCl3) 
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ʈʠʩ.2.2.1.5. ʗʄʈ 
1
H ʩʧʝʢʪʨ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 11a-ʛʠʜʨʦʢʩʠ-5-ʦʢʩʦ-5H,11aH-6,11,12-ʪʨʠʦʢʩʘ-17-ʦʢʩʦʥʠʷʙʝʥʟʦ[a]ʥʘʬʪʦ[1,2,3-fg]ʪʝʪʨʘʮʝʥʘ (16) 

(Bruker MSL-400, ʉDCl3) 
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ʈʠʩ.2.2.1.6. ʗʄʈ 
1
H ʩʧʝʢʪʨ ʪʝʪʨʘʬʪʦʨʙʦʨʘʪʘ 8a-ʛʠʜʨʦʢʩʠ-7,7,11,11-ʪʝʪʨʘʤʝʪʠʣ-13-ʦʢʩʦ-6,7,8,8a,10,11,12,13-ʦʢʪʘʛʠʜʨʦʭʨʦʤʝʥʦ[2,3,4-kl]ʢʩʘʥʪʝʥ-5-ʠʣʠʷ 

(18) (Bruker MSL-400, ʉDCl3) 
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ʈʠʩ 2.2.1.7 ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 4-(4-ʭʣʦʨʬʝʥʠʣ)-2-ʬʝʥʠʣ-4ʅ,5ʅ-ʧʠʨʘʥʦ[3,2-c]ʭʨʦʤʝʥ-5-ʦʥʘ (20) (Varian 400, ʉDCl3) 
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ʈʠʩ 2.2.1.8. ʗʄʈ 
1
ʅ ʩʧʝʢʪʨ 2,4-ʙʠʩ(4-ʭʣʦʨʬʝʥʠʣ)-4ʅ,5ʅ-ʧʠʨʘʥʦ[3,2-c]ʭʨʦʤʝʥ-5-ʦʥʘ (21) (Varian 400, ʉDCl3) 

 


