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  [1+2]-      
      

    –   ,     
         

  .      
        ,    

           
.    ,    

  ,  ( )  ( )  
[ ( ) ]  ( ).  , ,   

           
,        ,  

        
. 

1.    ( )     
      

1.1.  ( )  ( )   
        – 

 -       – 
  ,   , 

        
    .   

         
 .         1 (  1).  

 1. 

NH

O

O

NCH2P(O)(OEt)2

O

O

1. CH2O, 97%
2. HBr, H2SO4, 69%

3. P(OEt)3, 78%

1. N2H4

2. NaNO2, AcOH

1 2 , 68%

H P(O)(OEt)2

N2

 
       [1+2]-

     ,   .  
         
,     ,   ,    [1+2]-

       . 
 ,       3–6    
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  ,     9–
12    (  2).       

  –   7   8. 
 2. 

Ph

P(O)(OEt)2

MeOOC

P(O)(OEt)2

P(O)(OEt)2

H P(O)(OEt)2

N2

Rh (II)

Ph

COOMe

EtO

O

EtO

P(O)(OEt)2

O

P(O)(OEt)2

P(O)(OEt)2

9, 71%

10, 75%

11, 55%

12, 63%

13, 86%

14, 72%

3

4

5

6

7

8

 
        

  . ,       -1 
    31    15%,     

    .   
     –   

. 
 ,         

           
    ,    

 .  

1.2.  - [ ( )]  ( )  
 

         [1+2]-
        , 

 -  ,     
.         -

    15    (  3). 
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 3. 

 
      [1+2]-   

 ,  ,      
  .       

   -  17–19,   
   3, 4, 6       

 . (  4). 
 4. 

 
 ,     ,    

   -       
      ,    , 

    .  
 
1.3.   ( )   
[ ( ) ]   ,    

   ( )   
    1-   1-

 –   1-
 ,   , 1- -

 .     -  
     [1+2]-    

( )   ( )  ( )   ( )  
     ,   

,    . 
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      ,    
       (V),   

N2O4   .        
         (  5). 

 5. 
CO2Et

H
N2

CO2Et

NO2

N2
-30o C

N2O5

CH2Cl2-CH3CN

PyTfN3, CO2Et

NO2r.t.
30% 89%  

      .    
        (V)    

 ,      , 
         . 

,     ,      
    .    , 

         
 20 (  6).        20  

       
 21,         

       . 
 6. 

 
         [1+2]-

        .  
,         

        (  7, 
 ,   ). 

    ,     
          a. 

[1+2]-     ,    -
    I,    

 (  A)    .      
   1,3-  b   -N-   II 

(  B,  [3+2]- ),     
 c,        

    III (  C,  ). 
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 7. 

 
 ,    ,   ,  

          
   Rh2(OAc)4    
 31–47       (  8).    

       ,  
      

  -     . 
 8. 

24

29
6

4

26

30

28

27

22

23
C

H

H

CO2Me

39, Z = CO2Et, 52%
45, Z = PO3Et2, 25%

37, 13%

NO2

Z

MeO2C CO2Me

NO2EtO2C

32, Z = CO2Et, 85%
43, Z = PO3Et2, 58%

NO2

Z
38,  68%

NO2

EtO2C

35,  73%

CO2Et
O2N

25

+ Rh(II)
Z = CO2Et, PO3Et2

33, Z = CO2Et,  88%
44, Z = PO3Et2, 65%

O2N

Z

36,  60%

NO2EtO2C

MeO2C

NO2Z

40, Z = CO2Et, 80%
46, Z = PO3Et2, 68%

CO2Et
NO2

41, 60%

31, Z = CO2Et, 85%
42, Z = PO3Et2, 52% 

NO2

Z

NO2

CO2Et

34, 85%

Ph

NO2

PO3EtPh

47,  73%

3

N2
Z

NO2
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        , 

,    ,   

 , ,   ,      

  .        

  ( ) . ,  -1 48     

   49       

50, 54   25%,        

  51  53,       

,        .   

 26         

    52 (  9).  

         

      .  

 9. 

 
       7, 8, 55   

5, 56, 57       [3+2]-  – 
-N-  58–60, 62, 64–66 (  10  11). ,     

–   7, 8, 55 – N-   58–60   
    (  10). 

 10.  

 
 

    5, 56  57    , 
-N-  62, 64–66, ,      

 61  63 (  11). 
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 11. 

 

,       N-  62  
 61,     N-

 62. - ,       
-N-         

     . 
 ,     : , , 

           
    1-   . 

          
     1- -

        . 

2.   1-   1- -
  

   [1+2]-        
      31–46, 50, 54, 61, 63, 
       1-  .  
  1-   1- -

      
   .     

         , 
     .   -  

       

 ,    –Pd/C, N2H4·HCO2H, NaBH4–Pd/C, 
H2–Ni-Ra, H2–Pd/C.       HCO2NH4–Pd/C, 

          
   33, 35, 36, 40, 41, 54, 63. 

 68–74    ,      
        

75–81 (  1). 
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 1.  -    
 HCO2NH4–Pd/C    .   

 . 

NO2

CO2Et

NH2

CO2H

Pd/C-HCO2NH4
NH2

CO2Et

NaOH

EtOHMeOH

 
 

  , 
%  , 

% 
 
NO2

CO2Et
 

33 

 
NH2

CO2Et
 

68 

82 

 
NH2

CO2H
 

75 

89 

 
NO2EtO2C

 
36 

NH2EtO2C

 
69 

88 

 
NH2HO2C

 
76 

84 

 

NO2

EtO2C

MeO2C

40 

 

MeO2C
NH2

EtO2C

 
70 

73 

 

HO2C
NH2

HO2C

 
77 

69 

 

NO2

CO2Et
 

 

 
41 

 
NH2

CO2Et  
71 

79 

 
NH2

CO2H  
78 

65 

NO2

CO2Et

63 

NH2

CO2Et  
72 

71 

NH2

CO2H  
79 

92 

 

CO2Et
O2N

35 

 

CO2Et
H2N

 
73 

89 

 

CO2H
H2N

 
80 

87 

 

CO2Et

NO2

54  

CO2Et

NH2

 
74 

68 CO2H

NH2

 
81 

70 
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  1-     

    , . . ,    

HCO2NH4–Pd/C     ,   

 ,       

 . ,  1-  31, 34  

   Pd/C     82   84, 

.    NaBH4–Pd/C    31 

        

  (  12). 

 12. 

 

      

        

     Zn–AcOH–i-PrOH.  

      

 31, 32, 34  39 (  2).  85–88  

   ,       

      89–92.  
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 2.  -     

  Zn–AcOH–i-PrOH    .  

     . 

 

  , 
%  , 

% 
NO2

CO2Et
 

31 

NH2

CO2Et
 

85 

89 

NH2

CO2H
 

89 

87 

 
NO2

CO2Et
 

32 

 
NH2

CO2Et
 

86 

91 

 
NH2

CO2H
 

90 

90 

NO2

CO2Et

 
34 

NH2

CO2Et

 
87 

76 

NH2

CO2H

 
91 

85 

NO2

CO2EtMeO2C  
39 

NH2

CO2EtMeO2C  
88 

80 

NH2

CO2HHO2C  
92 

90 

,   Zn–AcOH–i-PrOH    

 - ( )      

  -  17, 42–45, 50 (  3).  

   93–98      

      

.  ,     

 93–98      

       

  99–104    

. 
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 3.  -    

 Zn–AcOH–i-PrOH     .   

1-      . 

 

  , 
%  , 

% 

Ph

O2N
P(O)(OEt)2

 
17 

Ph

H2N
P(O)(OEt)2

 
93 

81 
Ph

H2N
P(O)(OH)2

 
99 

93 

O2N
P(O)(OEt)2

 
44 

H2N
P(O)(OEt)2

 
94 

86 
H2N

P(O)(OH)2

 
100 

95 

O2N
P(O)(OEt)2

 
42 

H2N
P(O)(OEt)2

 
95 

91 
H2N

P(O)(OH)2

 
101 

94 

O2N
P(O)(OEt)2

 
43 

H2N
P(O)(OEt)2

 
96 

89 
H2N

P(O)(OH)2

 
102 

92 

MeOOC

P(O)(OEt)2

NO2  
45 

MeOOC

P(O)(OEt)2

NH2  
97 

85 
 

103 

78* 

-C4H9

O2N
P(O)(OEt)2

 
50 

-C4H9

H2N
P(O)(OEt)2

 
98 

91 
-C4H9

H2N
P(O)(OH)2

 
104 

87 

*          1N HCl. 

 ,        

  -     : 

1)  [1+2]-    , 

  , 2)  -     

   3)  .   17  

-  ,      

 77, 92  103,   -    

   . 
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3. 1,1-     . 

      

          
 1-  –      

  .  
 ,   ,   

 ,       
       . 

    –   ,   
          

    –     , 
  1,2- . 

        
 – -  105,      

,   ,    .  1- -3,3-
       -   

  N-   106.[1]  , 
   ,      [3+2]-

      N-  3- .[2] 
    -     
  ,        
  .[3] 

      105    
      - ,    

      (  13). 
 13. 

HC(NO2)3
CH2N2

NO2

NO2

H2C N N

N
N

NO2

NO2

-

-

NO2

NO2

O
N

NO2

O

105, 62%

106 23%  

                                                 
[1]  . . , . . , . . , . .  // . , . . 1965, (9), 1644. 
[2] . . , . . , . . , . . , . .  // . , . . 1969, (4), 
2085. 
[3] Y. Kai, P. Knochel, S. Kwiatkowski, J. D. Dunitz, D. Seebach, H.-O. Kalinowski // Helv. Chim. Acta, 1982, 65, 137. 
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  – [2.2]  109     
  .         1,3-

 1- -1-  108 (  14). 
 14. 

107

Br

Br

NO2

Br

NO2
AgNO2 (1 .)

Et2O

108, 22%; 109, 49%;

O
N

NO2

110, 43%;

K2CO3

NaNO2

 
,    1,3-    

       

 . 

          

      

( )  31–34, 36 (  4).     

         

.  ,       

 ( ) 111, 112, 114,    

  113  115.   

           

1-   . 

       

,          

. ,       , 

            

     116,    

        

   . 
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 4.  . 

NO2

CO2Et

1) NaOH, EtOH

2)DMSO-H2O, toC
NO2

 

  , 
% 

 
EtO2C

NO2

 
31 

NO2

 
111 

78 

 
EtO2C

NO2

 
32 

NO2

 
112 

52 

 
NO2

CO2Et
 

33 

NO2

 
113 

82 

 
EtO2C

NO2

 
34 

NO2

 
114 

56 

 
NO2EtO2C

 
36 

NO2

 
115 

89 

 

         

          

     -  -

 116  105,     111, 113, 115 (  5). 

       ,  
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   .   ,   

      ,    ,  

    . 

 5.   . 

 d, 
/ 3 

– u° , 
/  

– H°m ,  
/

fH°m( ),  
/  

vapH°m ,  
/  

fH°m( ),  
/

 

NO2
 

116 

1.135 21570 
±35 

1877.7 
±3.1 

-17.4 
±3.1 44.7 27.3 

NO2

NO2  
105 

1.423 13570 
±47 

1787.3 
±7.8 

35.1 
±7.8 52.7 87.8 

NO2

111 

1.181 27355 
±39 

3094.9 
±4.4 

126.9 
±4.4 47.7 174.6 

 

NO2

113 

1.172 29493 
±47 

3751.7 
±5.9 

104.4 
±5.9 49.7 154.1 

 
NO2

115 

1.211 33114 
±47 

5609.1 
±7.8 

-76.2 
±7.8 80.3 4.1 

4.        

  

        

 ,    

(   ,  1),      

 .       

      ,   

,   ,    

-     . 
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     .  

         

. 

  ,       

       

     -    

   , , ,   

       . 

4.1.  -( )  

 -( )  117      

 Blighia sapida     ,  , 

    .        

     117   

 L- . 

       

      -( )  117 

    22     15. 

 15.  

COOH CH2OH

CHO

NH

NH
O

O

NH2

CO2H

1)BuLi
2)CO2

LiAlH4

O
O

Cl

Cl

DMSO

KCN
(NH4)2CO3

Ba(OH)2

H2O

118, 70%                                                       119, 80%

120, 88%121, 53%117, 38%

22

 

   118    

  22   BuLi    

    2.  -   

    118    
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119       120.  121  

     15,     

1N       117   38%.  

    117   121     

 2-      . 

4.2.       

  

     

       122, 

[6.1.0] -2-  123,    124  125 (  6)   

 15. 

    -   126–130 – 

      –  [1+2]-

        . 

   126–130     

   131–135,      

  (  6). 

  131–135       

–   (  )    (  ). 

 136–140      (79–94 %). 

  5-   141–145   136–140 

      –    KCN  

      .      

  141–145     (75–90%).   

       ( )2,   

     146–150    (42–

52%). 

 ,        , 

  15,      , 

  . 
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M
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6 
51
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2O

H

13
1 

74
 

C
H

O

13
6 

79
**

 
N

H

N
H

O

O
 

14
1 

75
 

NH
2

CO
2H

 
14

6 

43
 

 
12

4 

C
O

O
M

e

 
12

7 
53

 
C

H 2
O

H

13
2 

91
 

CH
O

13
7 

91
**

* 
N

H

N
H

O

O
 

14
2 

80
 

N
H

2

C
O

2H
 

14
7 

 

52
 

 
12

4 

C
O

2M
e

M
eO

2C
 

12
8 

7*
 

C
H

2O
H

H
O

2C
 

13
3 

98
 

C
H

O

O
H

C
 

13
8 

88
**

* 

N
H

H
N

N
H N H

O
O

O

O

 
14

3 

82
 

N
H

2 CO
2H

H
2N

HO
2C

 
14

8 

42
 

 
12

5 

C
O

O
M

e

 
12

9 

51
 

C
H

2O
H

13
4 

94
 

C
H

O

13
9 

91
**

* 
N

H

N
H

O

O
 

14
4 

89
 

N
H

2

C
O

2H
 

14
9 

49
 

 
12

3 

C
O

O
M

e

 
13

0 

63
 

C
H

2O
H

13
5 

97
 

C
H

O

14
0 

94
**

 
N

H

N
H

O

O
 

14
5 

91
 

NH
2

CO
2H

 
15

0 

44
 

 
* 

 1
28

 
 

 
 

 
 

 
 

 
 1

27
. 

**
 

 
 

 
 

 (
–

). 
**

* 
 

 
 

 
 (

 
).



29 
 

 

4.3.       
 –    

      
        

 .        
    ,   

         
.           

        
      , , 
    –   

. ,        
      

. 
         

          
      .   
         

    119   120. 
      120   

 ,    151       
[1+2]-     (  16).  , -

,     
      151. 

 16. 

CH2OH

O
CH2OTHP

N2CHCO2Me

Rh(II)

CH2OTHP

CO2Me

CH2OTMS
N2CHCO2Me

Rh(II)

CH2OTMS

CO2Me

H2N
CO2H

CO2H

CHO

OEt

OEt

N2CHCO2Me, Rh(II)

EtOH

120 151, 50%

119

152, 93%

154, 80% 156, 49%

153, 10%

157

TsOH*Py

[Me3Si]2NH

CH(OEt)3
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     119   

     . 

   119         

    152,     

        153,  

 10%       

. 

     .   

    156      

(  16).   156       

4-( )   (157) –  

      

  (  17). 

 17. 

CH2OTMS

CO2Me

CHO

CO2Me CO2Me CO2H

CO2H

NH2

156
158, 83% 159, 64% 157, 80%

CrO3*Py*HCl KCN, (NH4)2CO3

EtOH-H2OCH2Cl2

Ba(OH)2
N
H

H
NO

O

 

       

    . ,  

  160      

  (  18),      

 . 

 18. 

CH2OH CH2OTMS CH2OTMS

N2CHCO2Me

Rh(OAc)2

134 160, 99% 161, 5% CO2Me

[Me3Si]2NH

 
  132    

  .   162    

    (30%),     

   163      167 

(  19). 
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 19. 
CH2OH CH2OTHP CH2OTHP

MeO2C

O N2CHCO2Me

Rh(OAc)2TsOH*Py

H+

CH2OH

MeO2C

CrO3*Py*HCl

CHO

MeO2C MeO2C HO2C

HO2C
NH2

H
N

NH
O

O

Ba(OH)2KCN, (NH4)2CO3

132 162, 99% 163, 30% 164, 80%

165, 98% 166, 48% 167, 45%  

 ,        

-        , 

         

   . 

4.4.  - - -  – -

    

   ,      

     .  

,    -  -  

     ,    

      (  20).  

 20. 

NHR1

P

O

OR2

OR2

NH2

P

O

OH

OH CHO

R1NH2 P

O

OR2

OR2H

 

      -   

  - ,     

     . ,  

 ,   ,   

,      .     
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   120, 175–178,      ,  

  -   (  7). 

 7.  ,   . 

 
 

 
 

,

% 
 

,

% 
 ,% 

COOH

 
168 

CH2OH

 
171 

96 
CHO

 
175 

44 

PhH2CHN
P(O)(OEt)2

 
179 

70 

COOEt

 
169 

CH2OH

 
172 

86 

CHO

 
176 

54 

PhH2CHN
P(O)(OEt)2

 
180 

74 

COOH

 
118 

CH2OH

 
119 

80 
CHO

 
120 

88 

PhH2CHN
P(O)(OEt)2

 
181 

71 

COOH

 
170 

CH2OH

 
173 

90 
CHO

 
177 

38 

PhH2CHN

P(O)(OEt)2

182 

68 

 COOEt

CH2OSiMe3

 
174 

 COOEt

CHO

178 

95 

PhH2CHN
P(O)(OEt)2

COOEt

183 

66 

,   ,    

  118, 168–170      : 

–  (  7).      

    LiAlH4  ,  

        

.     178    

   174 (  7). 
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  -          

 -        . 

 ,        

          

 (      . . )    . 

          

 ,   .    

   120, 175–178    

           

 .        

   4 Å.       (  

 5–20 )      - .  

     -  179–183   

    (  7). 

       -

         

      .   

    183,  

      

      157. 

5.       –  

-       

        

 ( )   ,      

   ,   ,      

,      ,     

  .       

 –        .  

          

-   ,    

 .     

 -        

 .  
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    1    -

     -   -

       ,  . . 

  .     

        4-

[2.2]  (184)  1- [2.3] -5-  

 (185).  ,       

      Glu196 ,   

     Arg104.    

 184        .  

  185     

,         

 ,      

 .    184  185,  

    ,    2. 

 
 2. 4- [2.2]  (184)  1- [2.3] -

-5-   (185).  

      ,  

,    , , 

   ,   

  - . 

5.1.  4- [2.2]    1- [2.3] -

5-   (184  185) 

       

        , 

 -    – 4- [2.2] -

1-   (184)  1- [2.3] -5-   (185). 

        1-

  75–81, 89–92    
                                                 
1        .     . . ., 

. . . . . 
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     , 

  -    (  21  22,  b).  , 

  -  39 0.5    NaOH  

       .  

      –    

,     4- [2.2] -1-

 (186)   .    186 

   Zn–AcOH–i-PrOH,     

 187     .    

187   NaOH     

 184 (  21). 

 21. 
COOMe

NO2

COOMe

NH2

COOH

NH2

COOMe

a b c

a - , Rh2(OAc)4; b - 1) NaOH, MeOH; 2) DMSO-H2O, 60oC; c - Zn, AcOH, i-PrOH; d - NaOH, EtOH

184, 85%186, 83% 187, 73%29

COOMe

COOEt

NO2 d

39, 52%

 
        

 185 (  22),     184    

-   .  

 22. 

MeOOC MeOOC

NO2

MeOOC

NH2

HOOC

NH2

b ca

a - , Rh2(OAc)4; b - 1) NaOH, MeOH; 2) DMSO-H2O, 60oC; c - Zn, AcOH, i-PrOH; d - NaOH, EtOH

188, 78% 189, 75% 185, 88%6

MeOOC

COOEt

NO2 d

40, 80%

 
   184  185   in vivo 

,2        

     ,  

    .   184 

 185    (0.1, 1  10 / )    

.     « »    

      1–2 .    

 . 8.    184  185    

                                                 
2         

  . 
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 ,    184  

    (  8). 

 8.     184  185 

   
/  

  
± ,  %   

 
(   

) 
1 /  30.5±2.3 100 

 1.0 58.3±4.1 191 

 184 
0.1 61.3±8.9 201 
1.0 50.2±3.5 165 
10 69.1±5.7 227 

 185 
0.1 35.5±2.8* 116 
1.0 47.8±3.3 157 
10 59.1±3.4 194 

*         , 0.05. 
 

5.2  5- [2.3] -1-  (192)  5-

[2.3] -1-   (194) 

  ,      

    -   ,   

    5- [2.3] -1-  

 192      – 5- [2.3] -1-

  194, . .      

  184  185,    

. 

     192  194  

-  ,  « »   ,  

        , 

       Arg104  Glu196  

,         

.  ,       

      .  

   ,     

 192     ,       

  194     

. 

    192    

 , : 1)     
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3-( )   170  -    

    , 2)  [1+2]-

        190 

 3)  -      

   (  23).  

 23. 

b ca

a - 1) ClCO2Et, Et3N; 2) NaN3, H2O; 3) t-BuOH, 820C; b - N2CHCO2Et, Rh2(OAc)4, CH2Cl2, 420C;
c - 1) 5N HCl, Et2O; 2) NaOH, H2O; 3) H3O+.

170

CO2H NHBoc
NHBoc

CO2Et

NH3
+Cl-

CO2H

190, 90% 191, 40% 192, 65%

 
   ,      

 170         

 ,         

,       

(DPPA),     

      , 

         

   ,    

      .   

       190   

 170 (  23).  

        

190    ,    -

 .       

          

,      194 (  24) 

      

  6 ,  ,  , 

    12    -

     , 

       192.   
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    194 (  24).   

       . 

 24. 

b ca

a - N2CHPO3Et2, Rh2(OAc)4, CH2Cl2, 420C; b - 1) 1N HCl; 2) ClCO2Et, Et3N; 3) NaN3, H2O;
4) t-BuOH, 820C; c - 1) 5N HCl, Et2O; 2) Me3SiBr, CH2Cl2; 3) , .

6

CO2Me
NHBoc

PO3Et2

NH2

PO3H2

CO2Me

PO3Et2

12, 63% 193, 38% 194, 72%

 

5.3.        
 .  5- [2.3] -1-

  (209) 
      -   

,      (  

)   ,    

 ,      

      ,  

      

 (  25).       , 

 ,     , 

        

,        

   .      

 [1+2]-       

,  .  

 25. 

 

,     3-

( )  195  , ,   
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    ,     

     196 (  26).    

        

  195,        

( ,         

 195). ,     196, 

      

  197,      

       25  

 . 

 26. 

 

          

        . 

      

    1,3-   (  27).  

,      -1 199,   

      198.  ,   

         

    199,   -2 200  201  

 6:1, .    ,  

   -1  -2   

  Mo(CO)6 (  5  20 . %).     

          

198;    -2 200    (  27). 
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 27. 

 

      [1+2]-  

    202–204. ,     

 202  203      

      205  206,    

   204      

 207 (  9).     

       . 

 9.      

 . 

 
  , % 

 
202 

 
205 

33 

 
203 

 
206 

35 

 
204 

 
207 

49 
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      209 – 

-     –    

     207   

  (LiAlH4, H2–Pd/C, NaBH4–CoCl2–MeOH).  

    NaBH4    

 (II).        

  207   ;     

   208        

.     208   

       

      209 (  28). 

 28.  

1) Me3SiBr, CH2Cl2

CH2NH2

PO3Et2

CH2NH2

PO3H2

CN

PO3Et2

207 208, 34% 209, 86%

NaBH4, CoCl2

MeOH 2) , CH2Cl2
O

 

5.4  -      
   

  -     , 

  ,       

       

 ( )   ,   

 5- .    

  ,     

     3-   5-

. 

     210   211 

      -  

 5-  212  213.  ,   

  212  213    

214  215     SnCl2–EtOH  Zn–AcOH–i-PrOH; 

      (II)    

  214  215 (  29).  
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 29. 

 

   5-  214  215    

5-   5-   216  217, 

  -  (  )   

(  30). 

 30. 

 

          

        

         

          

        

.        

 ,        

. 

    

1.       -  

      ,  

    ,    

1-  , ,   -

 .      -

   ,     

  ,   1,2-   

,      

.       

      ,    
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       -  . 

2.      [1+2]-  

( )   ( )        

,   ,      

     1-

,      

. 

3.        

( )   ( ) –   

  -  –  

   .   

   –   ( ), 

- ( )  ( )   –   

    ,   

        -

 . 

4. ,           

    ,      ,  

  : 

)  [1+2]- ,    1- -

  1-  (  

 ); 

)  [3+2]-    -N- , 

   (      ); 

)    ,     

    (     

   ). 

5.   -       

        

 ,      ,   - 

  ,  -   

 . 

6.         4- -

[2.2] -1-   1- [2.3] -5-   
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 –  -   -  – 

 (   in vivo )    

 . 

7.         – 

       

 1- .   

       

,   . 

8.     ,   

,       

      

 ,   . 

9.       ,  

 ,        

     – 

     

. 

10.         

 ,       

4-( ) [2.2] -1-   –   

        . 

11.         

   Et3N      

-         

   . 

12.   ,     

  3-  ,      

   ( )      

       -

    – 5- [2.3] -1-

, 5- [2.3] -1-   5- -

[2.3] -1-   . 
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