


2 

 

   ......................................................................................... 6
 ........................................................................................................................................ 8

 1.     -  
 -   (  ) ............................................ 16

1.1.   1-   ................................ 16
1.1.1.     1,2-  ............. 17
1.1.2.    -   ... 26
1.1.3.     ,   

  ................................................................................................ 29
1.1.4.    1-   ....................... 44

1.2.     ................................................... 46
1.2.1.   ........................................................................ 46
1.2.2. (2- )  ......................................................................... 55
1.2.3. 3,4-  ................................................................................................... 64

1.3.  -   -   ( ) ..... 73
1.3.1. ,    .......................................................... 74
1.3.2. ,    ................................... 75
1.3.3.  -    ............................... 79
1.3.4. ,    ................................... 84
1.3.5. ,    .................................... 88
1.3.6.    ........................................................... 94

 2.       – 
-       

(  ) ......................................................................................................... 99
2.1.    ( )     

      ....................................................... 101
2.1.1.  ( )  ( )   .............................. 102
2.1.2.  - ( )  ( )   ..... 106
2.1.3.   ( )    ,  

   ............................................................................................. 110
2.1.3.1.   [1+2]-   

( )  ( )    ............................... 112
2.1.3.2.  [3+2]-    
  .  ( )   ....... 116
2.1.4.  [ ( ) ]  ( )  
    [1+2]-    ...................................... 119
2.1.4.1.  [1+2]-     .................................. 122
2.1.4.2.  ( )    ................. 124
2.1.4.3.  [3+2]-  ( )  
   ........................................................................................................................... 126

2.2.   1-   1-
  .............................................................................. 128



3 

2.2.1.    1- . 
   1-   .......................... 128
2.2.2.  -   ............................................... 137

2.3. 1,1-     . 
       ................................................................................ 140

2.3.1.      
 ................................................................................................. 145

2.4.        
  ........................................................................................................... 147

2.4.1.  -( )  ............................................................. 147
2.4.2.       

  ....................................................................................................... 149
2.4.2.1.   [6.1.0]   ............. 149
2.4.2.2.   [6.1.0]  . ................. 152
2.4.2.3.   [6.1.0]   ........... 154
2.4.2.4.      

[6.1.0]      ............................................. 156
2.4.3.        

 (167  177) –    ...................... 158
2.4.4.  - - -  – -  

   ............................................................. 163
2.4.4.1.  ,    ................................................. 164
2.4.4.2.  ,   ,   -

.  -     
   ............................................................................................................................. 166

2.5.  -     –  
,        

. ................................................................................................................................. 169
2.5.1.  4- [2.2]    1- [2.3] -5-

  (195  196) ......................................................................................... 170
2.5.2.  5- [2.3] -1-  (201)  5-

[2.3] -1-  (202)  ...................................................... 173
2.5.3.        

 .  5- [2.3] -1- - 
  (213) ..................................................................................................... 183

2.5.4.  -      
  .......................................................................................................... 187

 3.   ..................................................................................... 192
3.1.    .   11–16 [422] ............ 193
3.2.       20–22 [422]* ......... 196
3.3.    .   43–55, 59, 

-N-  56–58,   60 [423, 424]* .......................... 198
3.4.   [425]* .................................................................................................... 206



4 

3.5.    .  1-  
65–71,   72  73, -N-  75–79[425]* ................. 206
3.6.  1-     

 –Pd/C.  1-  80–86 [424]* ..... 214
3.7.  1-    
  Zn–  .  1-  100–103  
[426, 427]* .............................................................................................................................. 219
3.8.  1- .  1-

  87–93, 104–107  [424, 426, 427]* ....................... 221
3.9.  - .  1-

 108–113 [429]* ................................................................. 224
3.10.  - .  1-

  114–120  [429]* .................................................. 227
3.11.  1,1-  121 [430]*   123, 127–130 
 [423]*  ..................................................................................................................................... 230

3.11.1.  1-    
  1-  .   

 127–130 [423]* ......................................................................................... 232
3.12.     ........................................ 234

3.12.1.     .  
 39, 40, 138–141 [431, 432]* ............................................... 234

3.12.2.    .  
 134, 142–146  [431, 432]* ....................................................... 237

3.12.3.   .   
 135, 148–151  [431, 432]* ................................................ 239

3.12.4.   136, 152–156 [431, 432]* .................................................... 241
3.12.5.     132, 157–161 [431, 432]* ................. 243

3.13.     – - 
    [432, 442]* ............................................ 246

3.13.1.   .   
 163  172 ............................................................................................................................ 246
3.13.2.   .  TMS-  
  165  170 ............................................................................................................. 247
3.13.3.  4-( ( ) ) [2.2] -1-   

 (167) [442]* ......................................................................................................... 248
3.13.4.  10-( ( ) ) [7.1.0.04,6] -5- 

  (177) [432]* ..................................................................................... 252
3.14.  - - -  [443]* ................................................. 254

3.14.1.     186–189 ......................................... 254
3.14.2.     178–181 ........................................................ 255
3.14.3.  -  190–194 ........................................................... 256

3.15.  4- [2.2]  (195)   
1- [2.3] -5-   (196) [446–448]* .................................... 259



5 

3.15.1.  1-    
  1-  .  

  197  198 ..................................................................................................... 259
3.15.2.  .   

 199  200 ..................................................................................................... 260
3.15.3.  .   
 195  196 ............................................................................................................................ 261

3.16.  5- [2.3] -1-  (201)  5- [2.3] - 
-1-   (202) ........................................................................................... 262

3.16.1.   .  -   
 205, 209, 210 .......................................................................................................... 263

3.16.2.  - .   204  212 .................................... 266
3.17.     .  5-

[2.3] -1-   (213) ............................................. 268
3.17.1.    .   

 219  220 ...................................................................................................... 268
3.17.2.  [1+2]-     
 .   224–226 ................................................... 269

3.18.        
–   5-  233–238 ............................. 273

3.19.  5- .  5-  
 237  239 ................................................................................................................................ 274

    .......................................................................................... 277
  ................................................................................................................. 279

 



6 

   

 – 1-  ; 

 – - ( ) ; 

 –   ; 

 – -  ; 

-  – - ; 

 –  ; 

 – ; 

 –    ; 

 – N,N- ; 

 –  -  ; 

 –  ; 

 –   ( )  ; 

 – - ; 

 – - ; 

 –  ; 

 – ; 

 – ; 

 –  ; 

 – ( )  ; 

 –  ; 

 – ; 

 – ; 

 –   ( )  ; 

 – 5- -2,7,8- [3.2.1] ; 

ACC – 1-  ; 

AIBN – ; 

CAN –   ; 

Cbz – ; 

COD – ; 

DAST – Et2NSF3; 

DBDMH – N,N- ; 

DBU – ; 

DDQ – 2,3- -5,6- -1,4- ; 



7 

DCC – ; 

DIAD –    ; 

DIBAL-H – ; 

DIEA – ( ) ; 

DMAP – 4- ; 

DME – ; 

DPPA – ; 

EDC – N- -N’- ; 

Fmoc – ; 

HOBt – 1- ; 

GSPRs – ,   G- ; 

KHMDS –  ; 

LDA –  ; 

LiHMDS –  ; 

mGluRs –   ; 

MCPBA – -  ; 

Mts – ; 

Mtt – 4- ; 

MW –  ; 

NBS – N- ; 

NMM – N- ; 

NMP – N- ; 

 –  ; 

TBS – - ; 

TBTU – [ -1- ( ) ]  

; 

TFA –  ; 

TMS – . 



8 

 

       

        

  .     

      . . .   .  

          

 – ,     

 .      

  .      ,  

        

  .        

        

           

 . ,        

,          

   .    

        

      . 

  - ,       

,    ,   , 

        

    . 

      

 ,         

  .    ,  

   ,  ,  .    , 

         – - . 

     ,   ,   

  ,   .   

      ,    .  

          

         

-         

  .        

         



9 

  : 1-   ( ), 
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    . 1-    
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 «   »,      
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 ,      

.  

    

         

,   [1+2]-    

  ,   .    



10 

    ,  ,   
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.  
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      ,    

    1-  . 
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 1.     -
  -   (  ) 

       

  ( )   . 

           

        

    ,    

   . 

         

   [1–5]  2000-  ,   

 1-   ( ),  

  ( ),   -   -

  ( ),  . .    

 .  

1.1.   1-    

        . 

    , , 1-

  (1) ( ) [6],  ((S, S)-2) [7], 

 ((S, S)-3) [8], allo-  ((R, S)-2) [9]  allo-  

((S, R)-3) [10]         (  1). 

           

 -      

 [11, 12],        [13, 14]. 

 

H2N

CO2H
H2N

CO2H

Et

H

H2N

CO2H

Me

H

HO2C

NH2

Et

H

H2N

CO2H

H

Me

HO2C

NH2

H

1 (S, S) -2 (S, S) -3 (R, S) -2 (S, R) -3 4  
 1.   . 

       ,   

 ,       , 

       

 (4),       NS3/4A 
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   .     ,   , 

         

    (  [15],  [16], 

 [17],  [18],  [19]   [20]),   

    4,      

    [21–23]. 

          

 .         

    ,   

,  : 

1)     1,2- ; 

2)    -   ; 

3)      ,   

 ; 

4)   . 

1.1.1.     1,2-  

     ,     

 [24]   ,      1-

  (1)      

1,2-        

        (  

1). 

 

 1. 
Br

Br

CO2Et

CO2Et

+

CO2Et

CO2Et

CO2H

NH2

NaOEt

EtOH
1  

      1,2-  

        .  

,  - -  1,2- ,   

   -       

-     6    (  2) [25]. 
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 2. 

Br

Br

CO2Et

CO2Et

+
a, b Et

H

CO2Bu-t
HO2C

Et

H

CO2Bu-t
H2N

c, d

5, 49% 6, 48%  

a – NaOH, , H2O; b – 1) KOBu-t, H2O–Et2O; c – Et3N,  (DPPA), C6H6, 2-

; d – Bu4NF,  (T ).  

      1   

    7 (  ’  [26]),  

   1- -2-       

           

   1 [27] (  3). 

 3. 

 
NMP – N- . 

   9,      

, -1,4- -2-    -    

          

  10 [28] (  4),      

         . 

  [28]     (1R, 2S)-  

 8     -  11.  

 4.  

 
    N-   

       

      ,  
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    .    

  13    Lipase PS  Novozym-365  

  (1R, 2S)-  (1S, 2R)-   N-  

     12,  [29] (  5). 

 5.  

 
 

       

14 -1,4- -2-       N-  

       

 [30, 31].   15    

   ,      -

 ( )       

(1R, 2S)-      16 (  6) [30].  

 6. 

 

     N-  

 N-  17,   1,2-   
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    18, 

     -    

   19.     19  

HCl     4 [32] (  7).  

  17    2-     

     (DBU) 

    21,    1-

-2- -   22 [33].  

        N-

,    . [34],   

    . 

 

 7. 

 
a – NaOH, n-Bu4NI, CH2Cl2; b – 1) NaOBu-t, T ; 2) ; c – 1N HCl, H2O–MeOH; d – i-PrNH, 

EtOH; e – DBU. EtOH. 

      ,     

   1,4- -2-   ,  

         

    23,  

         

    -     4 

(  8) [35].  
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 8. 

 
a – 1) NaOMe, MeOH; 2) NH3, NaOMe, MeOH; b –  , DBU, MeOH; c – 1) Boc2O, 

–4-  (DMAP); 2) NaOMe, MeOH. 

      

   1,2- ,      

,       . [36–39]     

            

 . ,       

   25    26   

   27  28,       

.       ,     

       2- -  29 

 30     [36, 37] (  9). 

 9. 

O
X

H

CO2R

CO2R

+

O

CO2RH

O

CO2RH

CONH2AcO

CO2RH

NHBocAcO

(1S, 5R)-27, (36%, 93% d.e.)
(1R, 5S)-28, (48%, 99% d.e.)X=Cl (25), OTf (26)

R=Me (27, 29), t-Bu (28,30)

a b

c

(1S, 2R)-29, (73%, 93% d.e.)
(1R, 2S)-30, (83%, 99% d.e.)

CO2RH

NHBocHO

d

 
a - NaOMe/MeOH  8;  NaH, C6H6, 15- -5, r.t.  9; b - 1) NH3/CH3OH; 2) Ac2O; c – Pb(OAc)4, tBuOH;  

d -  K2CO3, MeOH, 70ºC; 

   1,2-    (R)-  (S)-32, 

     -  (S)-  (R)-31,  

          

 –  (1R, 5S)-  (1S, 5R)-28 (  c  10   (S)-32) [38, 39]. 
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 10. 
OH

OBn

OH
S

O

O

OBn

O

O

CO2
tBu

CO2
tBu CO2

tBu

CO2
tBu

O

CO2
tBuH

O

H

BnO

ca

b

(R)-31 (S)-32, 93% (1S, 5R)-28, 75%76%

a – 1) SOCl2, CCl4; 2) NaIO4, MeCN, RuCl3 ( .); b – NaH, DME; c – 1) H2, Pd/C, EtOAc; 2) TsOH ( .), 

CHCl3. 

 

   28      1- -2-

  ( ) [37].  

 (1S, 5R)-28   (1S, 2R)-2- -  33   

    9,      33  

      (1S, 2R)-2,3-  34 (  

11). 

   (1R, 2R)-  34  -

   (1S, 5R)-28    .  

      35   36  

      (1R, 2R)-34 

(  11) [37].  

   (1R, 2S)-   28      

  34. 

 11. 

O

CO2
tBuH

O

CO2
tBuH

NHBocHO

CO2HH

NH2MeS

CO2
tBuH

NHBocMeS

O

NHBocH

O

NHBocH

CONH2n-BuO2C

NHBocH

CNn-BuO2C

a b c

d e f

(1S, 5R)-28

(1S, 2R)-33, 59% 81% (1S, 2R)-34, 80%

35 36, 62%83%

NH2
H

CO2HMeS

(1R, 2R)-34  
 – 1) NH4OH; 2) 2) Ac2O, NEt3, CH2Cl2, . DMAP ;3) Pb(OAc)4, tBuOH; 4) K2CO3, MeOH, 70 °C; b – 1) 

MsCl, NEt3, CH2Cl2; 2) NaSMe,  ( ); c – 1) TFA, CH2Cl2; 2) Dowex-H+; d – 1) 

  (TFA), CH2Cl2; 2) DPPA, NEt3, t-BuOH; e – 1) NH4OH; 2) CH3(CH2)4COCl, NEt3, 

DMAP; f – TsCl, Py. 
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     (1R, 2R)-  34  

 ,     28    

    (S)-32   [39].    

      

   37    . 

       

   (1R, 2R)-  – -

 (1R, 2R)-38 (  12). 

 12. 

CO2EtH

CO2EtBnO

NHBocH

CO2EtBnO

NHBocH

CO2HMeSS
OO

O O

CO2Et

CO2Et

OBn

a

b c

(S)-32 37, 70% 90% 38, 53%  
a – NaH,  (DME); b – 1)Na2CO3, EtOH; 2) DPPA, NEt3, t-BuOH; c – 1) ) H2, Pd/C, EtOAc; 2) 

MsCl, NEt3, CH2Cl2; 3) NaSMe, ; 4) NaOH, EtOH. 

 

  (1R, 2S)-30      

 -     41.    

-   30          

   .       

   40       

 41 (  13).       

  30      

 41 [40]. 

 13.  

 
a – PPh3, CBr4, Et3N; b – 1) HCl/AcOEt; 2) TFA, CH2Cl2; c – P(OMe)3, ; d – 1) 6M HCl; 2) Dowex. 

    42,    

 ,   41    

         

  44.     4   44, 

    42   41 (  14) [41].  
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 14.  

 

S
OO

O O

a b-d

(S)-41 43, 55 % 44, 94 %

MeO

+

O

N

MeO

t-Bu

O
O

N

MeO

t-Bu

O

OMe

HO2C

H2N

OMe

(R)-42  
a – NaHMDS, ; b – 1) HCl, H2O,   (MW); 2) NaOH, MeOH, MW; 3) Dowex. 

 

      47,   

  one-pot ,     2-  

  45 [42].        

,       46, 

       

    47 (  15).  

 

 15.  

S
OO

O O

CO2Pr-i

CO2Pr-i

a b

45 46, 50% 47, 65%

Cl

CO2Pr-i

CO2H*HNBn2+

CO2Pr-i

NH2*TsOH

 
a – 1) LiOBu-t, ; 2)   (KHMDS), ; 3) Me4NOH; 4) Bn2NH; b 

– 1) 15-% H3PO4; 2) ClCOOEt, NaN3, t-BuOH; 3) TsOH. 

 

   ,      

 - -  49.   49  48  

        

 50,        

 51,         

    52.   52    

,        , 

        

   53,      

  (  16) [43]. 
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 16.  

S
O

O O

O

a

50, 45%

OBn
+

CO2Bu-t

CO2Bu-t

t-BuO2C CO2Bu-t

BnO

t-BuO2C NHBoc

HO

HO2C NH2

N S

N

HO

b e-h

52, 45% 53, 5 %

c, d

t-BuO2C CO2H

BnO

51, 45%

48
49  

a – NaH, DME; b – NaIO4, RuCl3*H2O, MeCN–H2O; c – 1) ClCO2Et, Et3N, ; 2) NaN3, H2O; 3) t-BuOH; d – 

K2CO3, MeOH; e –  – , CH2Cl2; 2) KCN, NH4OH, MeOH; f – NaOH, H2O2, –EtOH; g – 

N- , Py; h – CF3COOH, CH2Cl2. 

 

        

  3,4-    54,   

(1R, 2R)-1,2- -1,2-  [44].        

 -  (1S, 2S)-2,3- -  55 (  17). 

 

 17. 

O
O

S

Ph

O
O

NaH, DME CO2EtH

Ph

Ph

CO2Et

CO2Et CO2Et
H

CO2EtH

CO2HPh

H

Ph

CO2HH

NHBocPh

H

54, 81% 55, 95%72% 55%

a b

Ph Ph

 
a - NaIO4, MeCN, RuCl3 ( .); b - 1) DPPA, NEt3, t-BuOH; 2) NaOH, MeOH; 

       (S)-17  

         (S)-56. 

      (1S, 2R)-

 allo-   3 (  18) [45].  

 

 18. 

S
O O

OO

Me

+ MeN

H

O

O

Ni
H2N Me

HO2C H

(S)-56 (1S, 2R)-3, 96%;74%

a bNi
O

N

N

N

Ph

O
Ph

O

(S)-17  
a – t-BuOK, ; b – 1) 2N HCl; 2) Dowex-50; 
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   2,3-      . [46] 

     57  

,     4-     

 58.        

  ( ),        

   (1S, 2S)-59  (1S, 2R)-59 (  19). 

 

 19. 

N O

Ph

NC

O
Br

N O

Ph

CN

H

O
O

NHH OH

Ph

NH

CO2MeH

HO

Ph

OH

CO2MeH

NHHO

Ph OH
O

NH

O

Ph

OH
H

+ +

LDA

CO2H

NH2H

HO

CO2MeH

NH2HO

HO
57

(1S, 2S)-59

75%

58, 80%

a

b
b

CO2HH

NH2HO

O
O

NH2H
(1S, 2R)-59

c
c

 
a – 1) ; 2) NaOH; 3) HCl; 4) SOCl2/MeOH; b – 1) H2, Pd/C; 2) ;  -  NaOH.  

1.1.2.    -   

   ,   

-    ,      

   . ,   

         1   [47] (  20). 

         

60,         61.  

    61    

  1. 
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 20. 

CHO Cl Cl

OMe

Cl OH

CN

Cl NHR

CN

Cl N=C

CN

N=C

CN

R

Ph

R/

Ph

NH2

CO2H

77%

61, 100%

80%

a b

d e g

73-82%

1, 98%

c

60, 67-77%   
a – HCl, MeOH; b – HCl, NaCN, ; c – NH2R, MeOH, R=H, Bn; d - 1) HCl; 2) (C6H5)2C=NH (R=H)  1) 

 ( ), (COCl)2, NEt3, CH2Cl2 (R = Bn); e - K2CO3; g – 1) 1N HCl; 2) 6N HCl, ; 3) 
K2CO3, MeOH. 

  (1R, 2S)-    4   

 -   63,    

       

  3,4- -1-   62 (  21) [48].  

  63        

         64     

   (1R, 2S)-4. 

 21.  

HO N=CHPh2

CO2Et

N=CHPh2

CO2Et

NH2

CO2H

64, 15%

a b

(1R,2S)-4 14%63, 99%

N=CHPh2

CO2Et

O

1% Pd

62  
a – 1) MsCl, Et3N; 2) NaH, ; b – 1) HCl(aq); 2) K2CO3, MeOH. 

-        

 .       (S)-2,3-  68 

[49]   65 (  22). 

 22. 
CO2Me

CO2MeBr

CO2MeMe

CO2MeMe

CO2HMe

CO2HMe

CO2CH2CF3Me

CO2CH2CF3Me

CO2CH2CF3Me

CO2HMe

CO2CH2CF3Me

NHCO2EtMe

CO2HMe

NH2Me

65 58% 87%; 66, 60%;

(S)-68, 75%67, 62%; 34%

a b c

d e

 
a – NaBH4, MeOH; b – 1M NaOH, MeOH; CF3CH2OH, DCC, DMAP; c – ; d – 1) DPPA, Et3N, ; 

2) EtOH; e – 6 N NaOH; 
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    . [50]    -  

(S)-      2,3-  68.   69 

       -  70, 71, 

         

      NaH    2,3-

.   ,     

      (1R)-  (1S)-  

 68 (  23). 

 23. 

CO2Me

N
O

OMe
Br
Me

CO2Me

N
O

Me
Br
Me

MeO

CO2Me

N
O

Me
Br
Me

MeO

Me

Me

CO2Me

N

O

OMe
Me

Me

CO2Me

N

O

OMe Me

Me CO2Me

N
O

MeO
Me

Me CO2Me

N
O

MeO

CO2H

NH3Cl

Me

Me

NH3Cl

CO2H

Me

Me

69

71, 25%70, 20%

(R)-68, 45%;(S)-68, 60%

a

b ,
d

e e

b ,
d

 
a – 1) NaBH4; 2) SOCl2; 3)    ( ); b – NaH, ; c – 

NaOMe, MeOH; d –  ; e – 1) NaBrO3, CAN; 2) NaBH4, H2O; 3) HCl; 

 

       1    

 D, L-  72 [51].      72 

  ,     

  73      74, 
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     NaH    

   1 (  24). 

 24. 

MeS CO2H

NH2

NH2

CO2H

1, 45% ( 48)72

MeS CO2Me

NHPht

73

Me2S CO2Me

NHPht

MeOSO3

74

a b c

 
a – 1)  , t°C; 2) SOCl2; 3) MeOH; b – Me2SO4, PhMe; c – 1) NaH, ; 2) HCl(aq). 

   4-    ,   

   75     

    -  1- -1,2-

  76 (  25) [52]. 

 25. 

MeO2C CO2Me

NPhthBr

CO2MeH

NPhthMeO2C

CO2HH

NPhthHO2C

75 76, 65%83%

a b

 
a – NEt3, EtOH; b – NaI, AlCl3; 

1.1.3.     ,   
  

 
       

   .       

 ,  ,     

.         

      , -   

  .  

   , -   

,  ,    ,    1,3-  

       

    ,    

 .     

      . 

    77    

 -1,2-  78 [53–54].   

     79    
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  2,3-   80 [53].    

   79 (R1, R2 = Ph)   N- -  -1,2-

-  81 [54],        

        

 (1R, 2S, 3R)-  (1R, 2S, 3S)-81.   -   

      82 (  26) [54–56]. 

 26. 

R1 N

O

O

Ph R1 N

O

O

Ph

R2
R2

R1

CO2Me

NHCOPh

Ph

Ph

CO2Me

NHBoc

Ph

Ph

CO2Me

N(Boc)COPh

Ph

Ph

CO2Me

NHBoc

Ph

Ph

CO2Me

NHBoc

Ph

Ph

CO2H

NH3Cl

Ph

Ph

CO2H

NH3Cl

a b

f

g

g

77 (±)-78, 82-90%

(±)-81, 94%

(1R, 2S, 3R)-81 (1R, 2R, 3R)-82, 97 %

(1R, 2S, 3S)-82, 96%

d e

(1R, 2S, 3S)-81

R1, R2 = Ph

R2

R1

CO2H

NH2

c

79,92- 99%

80, 46-96%

R1, R2 = Ar

91%

 
a – PhCHN2, Et2O; b – MeONa, MeOH; c – 1) 4N HCl, AcOH; d – Boc2O, DMAP; e – NH2NH2; f – ;  g– 1) 

KOH, MeOH; 2) HCl(aq). 

   83    

        86.  

  83  ,   

   86     

       85 [57] (  27). 

    (>20 ) -  

 87        

[58].     88    

,         2-

     (  28).    
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  88      (S)-2-

     90a  90b.  

 27. 

N

O

O

Ph N

O

O

Ph

Me

CO2Me

NHCOPh

a b

h

j

j

83 (±)-84, 85%

(±)-85

(1R)-85

c d

(1S)-85

Me

Me Me

Me

Me
Me

CO2Me

N(Boc)COPhMe

Me

CO2H

NHBocMe

Me

NHBoc

CO2HMe

Me

CO2H

NHBocMe Me

CO2H

NH3ClMe

Me

NH3Cl

CO2HMe

(1R)-86, 99%

(1S)-86, 99%

93 % 89 %

 
a –CH2N2, EtOAc; b – MeONa, MeOH; c – Boc2O, DMAP; d – NH2NH2*H2O; h – ;  j – 1) KOH, MeOH; 

2) 3N HCl, EtOAc. 

 

 28. 

CF3

Ph

C

NHAc

b

c

90a, 33 %

R1 N

O

O

R2 R1 N

O

O

R2

a

87 (±)-88, 51-95 %

CF3

O

N
H

Bn

CO2Me

CF3

Ph

C

NHAc

O

N
H

Bn

CO2Me

90b, 36 %

CF3

Ph

CO2H

NH3Cl

Bn

MeO2C NH2

R1 = Alk, Ar
R2 = Me, Ph

R1 = Ph
R2 = Me

R1 = Ph
R2 = Me

89, 98 %

dr = 47:1 - 99:1

 
a – MeCN, 80°C, 9  . -  NaCl; b – 1N HCl, 80°C; c – 1) 120 °C; 2)  .  

  [59, 60]     , -  

     91,    

 .  ,      2-

        

  -      

  2-   92,       
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  2-Boc-        -

 93 (   29). 

 29. 
CO2PNB

NHBoc
CO2PNBR

NHBocH
b

O
R

TsNHNH2 NNHTs
R

CO2Me

NHAc

CO2MeH

NHAcR

91

93

(Z)-92

a

R = Ph, p-MeOC6H5, p-MeC6H5, p-FC6H5, m-TBSOC6H5
PNB = -

 
a –1)   (LiHMDS), , –78°C; 2) ClFeTPP (0.01 .), , ; b - 1) 

LiHMDS, , -78°C; 2) , . 

       

    .  2-(N-

)  95      

     -    

  (  30).   96 

      2- -2-  

 [61]. 

 30.  

O

Alk

TsNHNH2 NNHTs

Alk

CO2Me

NHAc
CO2MeAr

NHAcAlk

94 96

Ar Ar

a

b CO2HMe

NH2Ph

97, 84%
Ar = Ph
Alk = Me

44-86 %
dr 63:33 - 90:10

95

 

 

     , -   

   -    

.    2-(N- )  95  

      -   -   

 98,     .  (Z)-  (E)-

 98     99   100,  

[62] (  31). 
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 31. 

N2HC CO2Me+
CO2Me

NHAc

CO2MeH

NHAcMeO2C

CO2MeMeO2C

NHAcH

CO2HH

NH3ClHO2C

C C
O

O
O

H NH3Cl

a

b

b

(Z)-98, 35%

(E)-98, 35%

99, 15%;

100, 60%;

95

 
a – 1) CHCl3, r.t.; 2) ; b – 1) NaOH, H2O; 2) 2N HCl. 

    ,  , 

   [3+2]-     ( , 

) .   [1+2]-   

   ,      

   ,       

.         

[63, 64],         

  -  -   101. 

    101     

      [63],       

         

       [64] (  32).   

     102     

 (Z)-  (E)-    103   . 

 32. 

CO2Me

NHR

a a/

c

c101
R = Boc, Ac

CO2MeH

NHRF3C

b

CO2MeH

NHRF3C

NHRH

CO2MeF3C

CO2HH

NH2F3C

NH2H

CO2HF3C

(Z)-103, 78-99%

(E)-103, 71-99%

102, 23-86%

 
a – 1) CF3CHN2, Rh2OAc4, CH2Cl2; a/ – 1) CF3CHN2, CH2Cl2, 70°C;  b – ; c – 1) 6N HCl. 
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       -   

     [65–68].    

       

     .   -

 104 -d       ( )-

 105.       (R)-

  104 d     Rh2Oct4   

.         [65] 

(  33). 

 33. 

N2

CO2R*

Ph

Ph

Ph

H CO2R*

Ph

Rh2L4

104 a-d
(E)-105

H

Ph CO2R*

Ph

(Z)-105

+

 
104 R  L 105, E/Z 

a (S)-CH(CH3)CO2Me OAc 84/16 

b (S)-CH(iPr)CO2Me OAc 89/11 

c (S)-CH(iBu)CO2Me OAc 90/10 

d 
O

H
O

 

O2C(CH2)6CH3 97/3 

   (1R, 2R)-105d    

    106      (1R, 2R)-2-

 ACC 107 (c  34) [65]. 

 34. 

(1R,2R)-105d

CO2HPh

H CO2

106

O

H
O

Me

Me

NH2
Ph

H CO2H

(1R,2R)-107, 22% ( 105d)

a b
Ph

H CO2

Ph

O

H
O

Me

Me
 

a – NaIO4, MeCN, RuCl3;  b – 1) DPPA, NEt3, t-BuOH;  2) 6N HCl. 
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    2- -      

  [66, 67]. ,   N-( )-(S)-

      108    

  ( )-   109   

.      

        ,   

     , ,  

   (  35). 

 

 35. 

N2

CO2R1

Ph

Ph

Ph

H CO2R1

Ph(1S,2S)-109

N

H
O

O

108

Rh2L*
4

L* =
O2S

C6H4-R2  
R1 R2 T ºC ee, %, 131 

Me 4-tBu- 25 CH2Cl2 73 

Me 4-tBu- 25  90 
iPr 4-tBu- 25 CH2Cl2 43 
iPr 4-tBu- 25  76 
tBu 4-tBu- 25 CH2Cl2 9 
tBu 4-tBu- 25  50 

Me 
4- Me 

(CH2)11 
-78  98 

Me 4-Cl-C6H4 -78  97 

 

  (1S, 2S)-109     (1S, 2S)-  

(1R, 2S)-  2- -  107     

  (  36).       

(1R, 2R)-  (1S, 2R)-107   (1R, 2R)-109,   

       (R)-  

 Rh [66, 67]. 
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 36. 

CO2MeH

Ph

Ph

CO2MeH

CO2HPh

CO2HH

NH3ClPh

CO2MeH

CO2MePh

CO2HH

CO2HPh

NH3ClH

CO2HPh

(1S,2S)-109

a

b

c

d

(1S,2S)-107

(1R,2S)-107  
 – RuCl3/NaJO4; b – K2CO3, Me2SO4; c – OH–; d – DPPA, NEt3, t-BuOH. 

 1,1-       

    S-   111, 

     Boc-  2,2- -  112 [68] 

(  37). 

 37. 

N2

CO2Me

Ph

Ph

Ph CO2Me

Ph

N
H

O

O
Rh

Rh
SO2p-But-C6H4

Ph

Ph
NHBocPh

Ph CO2Me

NHBocPh

Ph CO2H

111, 86% (ee 97%);

4

112, 86%;

a

b c

90%110
a – 0 ºC, 24 ; b – 1) NaIO4, MeCN, RuCl3; 2) DPPA, NEt3, t-BuOH; c – LiOH, MeOH. 

      ,   

     ,   

  ,       

 .  ,      

 [1+2]- .   ,   

  ,      .  

      113 

       114a  114b,  

    [69].     

   114a     

 (115   115 b)       116   116 b. 

      114b    
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   1- -4-   

116 c  116 d (  38).  

 38. 

TBDMSOH2C

TBDMSOH2C

CO2Et

CO2Et

TBDMSOH2C

CO2Et

CO2Et

TBDMSOH2C

CO2H

CO2Et

TBDMSOH2C

CO2Et

CO2H
TBDMSOH2C

CO2Et

NHBoc

TBDMSOH2C

NHBoc

CO2Et

HOH2C

CO2Et

NHBoc

HOH2C

NHBoc

CO2Et

HO2C

CO2H

NH2

HO2C

NH2

CO2H

+ +

TBDMSOH2C

CO2H

CO2Et

TBDMSOH2C

CO2Et

CO2H

TBDMSOH2C

NHBoc

CO2Et

TBDMSOH2C

CO2Et

NHBoc

HOH2C

NHBoc

CO2Et

HOH2C

CO2Et

NHBoc

HO2C

NH2

CO2H

HO2C

CO2H

NH2

+

113

114a, 11%

114b, 53%;

90% 30%

21%;

63%;

116 , 65%;

116b, 61%;

78% 32%

54%

35%

116c, 71%

116d, 68%

a

b c d

e

e

e

e

d
cb

115a

115b

115c

115d

a – 1) (EtO2C)2CN2, Rh(OAc)2, CH2Cl2; 2) ; b -  NaOH, EtOH; c – EtOCOCl, NaN3, ; 2) t-BuOH; d – 
1) Bu4NF, ; 2) ; e – 1)  ; 2) 6 N HCl; 3) Dowex;  

       

  117     2- -  120 [70].    

 ,        

       2-

-  118 (  39).  

 39. 

OTBDMS
CO2Me

CO2Me

OTBDMS

CO2Me

NHBoc

OH

CO2Me

NHBoc

OHC

CO2Me

NHBoc

3H

OH

CO2Me

NHBoc

3H

SeAr

CO2Me

NHBoc

3H

CO2H

NH3Cl

3H

a
b c d

e f g

117

120, 83%;

78% 118, 64% 55%;

119, 78%;
67% 49%;  

a – N2C(CO2Me)2, Rh2(CO2Me)2; b –  1)NaOH, MeOH; 2) ClCH2CO2Et, NaN3, tBuOH; 3) DPPA, NEt3, t-BuOH; 
4) DOWEX-20W; c – 1) N-  (NBS), Ph3P, CH2Cl2; 2)   (PCC), CH2Cl2; d 
– NaB3H4, MeOH, ; e – 1) NBS, Ph3P, CH2Cl2; 2) 2-NO2-C6H4-SeCN, NaBH4, EtOH; f – -

  (MCPBA), iPr2NH, PhMe; g – 1) NaOH; 2) 5% HCl.  

       118   

       .   
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 119    2- -  120,     

  (  39). 

         

 121   [71]   [72]   -

,     (  , ) 

     (  40)    

Rh2(S-NTTL)4.    122  123      

     2-     

       , . .  

      . 

 40. 

R1

R2

Z

N2

+

R1 = Ar, Alk, OBu
R2 = H, Alk

Rh2(S-NTTL)4

122, 53-85%
dr = 99:1 - 85:15

N

O

CN

N

O

R1

R2

ee = 87-96%

N

CO2
-t-Bu

OO
(S)-NTTL =

CH2Cl2

123, 24-92%
dr = 90:10 - 95:5

ee = 87-97%

CO2Me

N

O

R1

R2

Rh2(S-NTTL)4

CH2Cl2

Z = CN, CO2Me

Z = CNZ = CO2Me

121

 
a – Rh2Oct4 (Rh2(OPiv)4   R1 = Alk, R2 = F), CH2Cl2; b – Zn, HCl, i-PrOH. 

      , , 

  ( )  , ,     

  ,        

       , 

       . , 

      NO2-   -

,    21    

       1-

 (     

      ). 

     ( )     

    .  ( )  124  

 ,   (  , ) 
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,    Rh (II) [73, 74]    

 1-  125   Zn–HCl–i-PrOH  

  126,    

    [74, 75] (  41). 

 

 41. 

CO2R

NO2

a b

124

R1

R2

O2N CO2Me

N2

+

R1

R2

125, 39-92%
dr = 95:5 - 53:47

CO2R

NH2

R1

R2

126, 54-93%
R1 = Ar, Alk
R2 = H, F, Alk  

a – Rh2Oct4 (Rh2(OPiv)4   R1 = Alk, R2 = F), CH2Cl2; b – Zn, HCl, i-PrOH. 

 

      

( )           

      .   -

         

  -    

   ( )   [76].  

   (dr > 90:10, ee > 90 %)    

  [( ) ]     

   (II) [77],       

        

     -  [78–80].  

 ( )        

    [77]. 

 -  127    

        

(Rh2(S-TCPTTL)4)     -   Z-

-   128 (  42),      

   ( )    

    E- .   

 128  -     -   

   Cl       

    [81]. 
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 42.  

a b

127

Ar

O2N C(O)PMP

N2

128, 54-91%

dr > 95:5; ee > 87%
129, 65%

PMP = C6H4OMe-p

NO2

Ar

PMP(O)C NH2

Ar

PMPO2C NHBoc

Ph

HO2C

107, 89%

(Rh2(S-TCPTTL)4)
CH2Cl2

Rh
Rh O

O

Bu-t

N

Cl
Cl

Cl

Cl

O

O

4

(Rh2(S-TCPTTL)4) =

 

 ,    
 , -      

 ,       1-

 .    

     -     

        2-

  .  

 , -   130 a–d  

         

 131 a–d.      (1S, 2R)-2-

-  2  3 [82, 83] (  43). 

 43. 

N

X

O

Ph

R N

X

O

Ph

R

H CO2HH

NH2
R

130 (X=O, R=Me)
130b (X=NBoc, R=Me)
130c (X=O, R=Et)
130d (X=NBoc, R=Et)

(1S, 2R)-2 (R=Et)
(1S, 2R)-3 (R=Me)

(CH3)2S-CH2

O

a b

131a (X=O, R=Me, dr=90/10)
131b (X=NBoc, R=Me, dr=92/8)
131c (X=O, R=Et, dr=90/10)
131d (X=NBoc, R=Et, dr=96/4)

a – a – NaH, ; b – 1) HCl; 2) , EtOH. 

       

  132    1-

 133 –    

(  44).       

    -  107.  

 ,    ,  
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        132   

 [84]. 

 44.  

+
CO2Et

NPht

132

S R

Br NPht

CO2Et
R

a

R = Ph

b

NH2

CO2Et
Ph

c

NH2

CO2H
Ph

R = C(O)NAlk2, C(O)Ph, Ar,
CH2=CH, PhCH=CH, TMSCH=CH

133, 67-98% 107, 107%
dr = 3:1 - 99:1

78 %

a – Cs2CO3, DME; b – NH2NH2*H2O, MeOH–CH2Cl2; c – 4M HCl.  

4-   137      

 N- - -  134  , 

          

 .     135  

        16  

(  45).  -    137  

    ,  /   

  [43]. 

 45.  

NHBoc

CO2Bu-t

134

CO2Bu-t

NHBoc
EtO2C

a c

135, 68%
dr = 99:1

b

CO2Bu-t

NHBoc

NH2

H2N(O)C

CO2Bu-t

NHBoc

N
S

N
OH

136, 34% 137, 74%
 

a – Me2S=CHCO2Et, PhH; b – 1)   (DIBAL-H), Et2O; 2)  – , 

CH2Cl2; 3)  KCN, NH4OH, MeOH; 4) NaOH, H2O2, –EtOH; c – 1) N- , Py; 2)  4M HCl, H2O.  

        , 

 in situ      ,   

   [85] (  46).    

  [1+2]-  ( )   , 

    ,       

   ( ) .  ,  

( ) ,     

,       -     
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  -    [86].  

1-  125      

 . 

 46. 

 

CO2R

NO2

a
R1

R2

O2N CO2Me
+

R1

R2

125, 63-91%
dr = 90:10 - 100:0

CO2H

NH2

R1

R2

R1 = Ar, Alk
R2 = H, Alk

1) [H]

2)

 
a – PhI=O (  PhI(OAc)2), Rh2(OPiv)4, Na2CO3, PhH.  

      1-

     138  

 139 [87].   ,  

 140   140 b     .  

 140   140 b       

     2,3-  (R)-  (S)-86 (c  47).  

 47. 

N

O

O

But

PhOC

N

O

O

But
PhOC

N

O

O

ButPhOC

Me

Me

Me

Me

CO2HMe

NH2
Me

CO2HMe

NH2
Me

139

PPh3 CMe21)
138

2)

140 , 30%

140b, 30%

(S)-86, 60%

(R)-86, 62%

a

a

 
a - – 6N HCl, ; 2) , EtOH. 

      
  ( ) ,   

   ,  -  2-  

141     -    

142,    Z-142    ,  

  Z-  E-  (  48,   
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    ).    

    Z-142     143,     

   2-      

 2-  -    (   

)     (  , 

, ,   ) [88, 89]. 

 48.  

CO2Me

N(Boc)2

CO2MeMeO2C

N(Boc)2F

CO2MeHOH2C

N(Boc)2F
142, 93 %

dr 1:1

143, 60%

CO2H

NH2F

Y

CO2H

NH2F

Z

CO2MeOHC

N(Boc)2F

CO2MeClH3N(H2C)2

N(Boc)2F

Z = CO2H, PO3H2, SO3H2

Y = CO2H, PO3H2, NHC(=NCbz)NHCbz

CO2Me

N(Boc)2F

a b

c

99%

141

 
a – 1) Et2Zn, ; b – 1) LiOH, –H2O; 2) , Et3N, ; 3) NaBH4, MeOH; c – 2-

 , EtOAc. 

   2,2-   147    

    2-(p- ) -2-  144,     

       ,   

  .    145    

      NHBoc- .  

  146        

 -      147 (  49) [90],  

     ,   

     . 

 49.  

HOH2C

p-MeOC6H4

CH2OTBDPSF

C6H4OMe-pF

NHBocF

C6H4OMe-pF

NH3ClF

CO2HF

a b c

145, 73% 146, 36% 147, 34%144
a – 1) DMAP, t-BuPh2SiCl, CH2Cl2; 2) ClF2CO2Na, ; b – 1) Bu4NF, ; 2) CrO3, H2O–H2SO4; 4) DPPA, 

Et3N, PhMe; 5) t-BuOH, PhMe; c – 1) RuCl3, NaIO4, CCl4, MeCN–H2O; 2) 5% HCl.  
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    ( )   4-

-N- -1,2,3-  148,      

   [1+2]- , ,    

        

  (  50) [91].     

,     

      .  149 

       150   

      . 

 

 50.  

148

NPht

CHO
R2

a

R1 = Ar, CH2=CH, PhCH=CH;
R2 =H, Alk

149, 75-92%
dr > 20:1

N

N

N

PhtN
Ms

+

R1 R1

R2

b

NH2

CO2H
H

R1

150, 73-88%

R2 = H

R1 = Ar, CH2=CH, PhCH=CH;

 
a – 1) 1,2- , 55° ; 2) SiO2; b – 1) NaClO2, NaH2PO4, –H2O–t-BuOH; 2)  3M HCl, 100°C. 

 

1.1.4.    1-   

        

,         

     (IV).   

       

,     . 

  [92]        , -  

 - ,   ,      

 ( )-  1,2-  .    

     1- -1- ,  

    .   

     3,3-     51. 
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 51. 

EtO
CO2Et n-BuMgBr Et

OHH

OEt OEt

OEt

Et

OHH

CHO
Et

OHHa

CO2H

Et

OHH

CH2OH
Et

OMsH

Et
Et

NH2H

Et

CO2HEt

NH2H

92% ( de 100%); 96%

99% 100% (E)-2, 77%;

b c

d

e f g

83%

88%  
a – Ti(Oi-Pr)4; b – 1) Ac2O, DMAP; 2) HCOOH; c –  , SiO2, MW; d – LiAlH4, ; e – 1) 

MsCl; 2) LiAlH4; f – NaN3, Pd(0); g – 1) (CH2SH)2; 2) O3, H2O2;  

         

        , 

         .   

  ,   -  151   

     [93] (  52). 

 

 52. 
O

NBn2

BnO
MgBrR NBn2

CH2OBnR

NH3Cl

CH2OHR

NHBoc

CH2OHRa

NHBoc

CO2HR

151
152 (33-48%) 153

b c d

R = H, Me, Et, n-Pr, i-Pr, n-Bu, (CH2)2OBn

de = 33-60%

 
a - MeTi(Oi-Pr)3; b - H2, Pd/C, MeOH, HCl; c – (Boc)2O, MeOH, ; d – KMnO4, t-BuOH, NaOH; 

       151  154 

     155,   

     50 % ( :Z = 70:30   R = Et). C  

       

   156 [94] (  53). 

 53. 

MgBrR

a

154 155

b c
BnO CN

CO2H

NHBocR

156

R=H, Et, Bn;

CH2OH

NHBocR

CH2OBn

NH2R

 
a - MeTi(Oi-Pr)3; b – 1) H2, Pd/C, MeOH, HCl; 2)(Boc)2O, MeOH, ;  – KMnO4, t-BuOH, NaOH 

   2-  ,    

      ,   
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 C. .   . [95].     

            

1- -2-   157 (  54). 

 54.  

R1

R1

R2

R2

R1-R1 =R2-R2=H, 85%;
R1-R1=(CH2)2, R2-R2=H, 85%;
R1-R1=H, R2-R2=(CH2)2, 85%;

R1-R1 =R2-R2=H, 75%;
R1-R1=(CH2)2, R2-R2=H, 66%;
R1-R1=H, R2-R2=(CH2)2, 28%;

a b c d

R1

R1

R2

R2

CO2
tBu

R1

R1

R2

R2

CO2
tBu

HO2C

R1

R1

R2

R2

CO2
tBu

BocHN

R1

R1

R2

R2

CO2H

R1-R1 =R2-R2=H, 80%;
R1-R1=(CH2)2, R2-R2=H, 14%;
R1-R1=H, R2-R2=(CH2)2, 64%;

157
R1-R1 =R2-R2=H, 89%;

R1-R1=(CH2)2, R2-R2=H, 53%;
R1-R1=H, R2-R2=(CH2)2, 75%;

NH3Cl

 
a – 1) BuLi, , 0°C; 2) Boc2O; b – 1)   (LDA), , –78°C; 2) CO2, –78°C; c – 1) 

ClCO2Et, , NaN3; 2) t-BuOH, PhMe, 0°C; d – 6N HCl, Et2O. 

1.2.     

       -

  ( ),  , 3,4-  

 1.          

 [2, 96],        2000-  

.    10–15    100     

,  ,   ,   ,  

      ,     

  . 

      ,    

  ,   ,  

 .     2-

( )   3,4- . 

1.2.1.   

       

 - ,      

           

[2, 5].  ,       

,       , 

  G-  (GSPRs) [97],     

  [98].    

                                                 
1       :  . .,  . .,  . .,  

. . ,  . .      // . ., . . 2013.  4. . 929–952. 
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,  ,  , 

 ( ) ,    

  [99–103]. 

        

   : 1)     

      ; 2) 

 ; 3)    

 ; 4)      

 . 

 

   
        

      ,      

     ,  , 

       . 

  [104]   .     

    -  

  1,3-      (I)   . 

       158  

         (  55). 

    158     

159.   ,    159 

,      

   2- -2- - ,   

 . 

 

 55. 
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 161     8     

    160,   

 159      (R)- -

 [104]. 

,      

,          

 [105, 106].      

  162  163      

        

   MIRC (MIRC – Michael Initiated Ring Closure, , 

   )   -    

   ,   -  (  56).  

      

    ,   

     . 

 

 56. 

 
 

   ,    

    ,     

    ,    

 [107–109].        

 164,     , 

  165,       

   [108].   1,2- –   1,3- –  

     ,       166 

(  57). 
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 57. 

TolS(O)CH2Cl

3

R=CH2OEt, CH2O(CH2)3Ph

O
R

R

Cl

S(O)Tol

R

R

R

R

Bn2N

CO2But

S(O)Tol
Cl

R

R

Bn2N

CO2But

MgCl
Cl

Bn2NCH2CO2But

LDA/THF, -45oC
88-90%

iPrMgCl

, -78oC

R
R NBn2

CO2But

R

R CO2But

NBn2

164
165

166  

      
       

   ,   

    ,      [4+2]-

. 

     .       

   2-  2-  [110–115].  

 2-  167     

        

 .        

   ,       

   168,        . 

       

,      

 (  58) [110, 111]. 

 58. 

 
DCC – . 



50 

        

      

          

  (  59).      

    169    [112]. 

 59. 

 
 ,         

    - .    

             

       170,  

     (  60) [113]. 

 60. 

 
       

  2-   171.   

     [114],    

 172       

  (  61) [115].    171   

   -     

    [114, 115]. 

 61. 
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    - -  [116–118] 

       N-  

173,          

(  62) [118].         

   -     

  174.    N-

     . 

 62. 

 
    1,3-   

     1,3-  ,    , 

 ,    , , 

,      

 [119–121]. 

  [119]    1,3-  

    .  

        

  (I)    (L)     5- -

[2,4]  175    (  63). 

 63. 

 
       5-

,       

     (  ),   
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 (  ) [120–123].      

    176 [120]  3-

 177 [121],    

   (  64).      

,   ,   in situ   

   . 

 64. 

 

     
 

 ,       

        

   ,     

 -   ,   ,   ,   

 ,     . 

    177     

       (S)-

 [124, 125] (  65)     

,      

 [98]. 

 65. 

 
    ,  

        (belactosin A) 

[126]      [127],    

    ,   

  (R)-  (S)-  [128].     
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  178 (S)- -    

    179  

 [129].      180 

       181, 

  2-   (   66   

 ). 

 66. 

 
          

  [114, 130–132].   [130]    

      

      (i)   

(COD)    .45   182  

- -     -    

   183,      

     184     

(  67). 

 67. 

 
       

185        

      [114].  

  papain,   Carica papaya, (R)-  (S)-  186 

        (99% ee) (  68). 

  ,     ,  

  NADH        

(R)-   185 (100% ee).    

    NADH [132].  
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 68. 

      

     - ,   ,  
,        

  ,      
   (  ` ) [26, 133].    

    -   
 ,     - -  , -

 -  [134–137].      
-    ,      

  ,     . 
   187    N-  -   

  ,     
,      188 

    ( , 2,3- -5,6- -1,4-
 (DDQ), N,N-  (DBDMH)  .).   

  –   189 –   190  
   ,      

     -  (  69). 
 69. 

 
 . 
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    192    

       191     

  ,     DDQ  

DBDMH (  70) [135–137]. 

 70. 

 

1.2.2. (2- )  

2-   ,   ,  

-    ,      

     (mGluRs).     

       

         

 .  

  (2- )  
  [138]     3- -  

        

      mGluRs.  

         193  

    [139]  3-( )  

 194  (  71).    2- -2-

     [140]. 

 71. 
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  196      

 194     ,  

    .  

, 3-   (X = NHCOR)  

    196 (X = CH2N3),   

 194    .     3-

  196 (X = Et)      193  

   .  

      mGluRs   

 196 (X=CH2OH),      

 [141],         2-   

3-   mGluRs.         

(S,S,S)-2-(2- )-2-(3-[11C] )   in vivo 

  [142]. 

     , 

  3-    ,    

    [143, 144]. ,    

   3,6-  1,2-     

    197 (  72). 

 72. 

 
          

,  ,        

 ·LDA    .     

          . 

      [144]     3-

  199  200 (  2).  , 

  3-        

       , . .  

          

.  198       
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mGluR2,   ,    200,   199  

  .  -     3-

      

 [145].   

 

 
 2. 3-  . 

      -

          

– LY341495 [146].     [147]      

 201 (  73),     -    

,    .     

   1- -1-   202 [148]  

        , 

 Pd–    -    

 203    204 (  73).   204  

   -  [149] c    

.         -

       [147]. 

          

 ,    1  Na   200    

      (+)-201  (-)-201.  

 73. 

 
      162 –  

  2-  –    

 [150, 151]  (  74).     
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.  

 

 74.  

 
a – 1) LiBH4, MeOH, ; 2) CrO3, Py; 3) (S)-p-TolS(O)NH2; 4) EtAl(OPr-i)CN; 5) ; 6) 

HCl, 6M. 

 

    (2- -

)   - ,      

      (MIRC- ) [152].  

           

 [153–156].        

 -        

       . 

       .   

[154]    -   -  

  205     -   206a-c  

   (  75).      

  207   -    

 . 

 75. 

 

       208,   
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 ,   206b (  75). ,   

          

     [154]. 

[3.1.0] -2,6-   
     

,        

[3.1.0]  .       

  ,      

[3.1.0] -2,6-  .  

 
 3.  LY354740    . 

,  [157]   3-  4-   

 LY354740 209–211 (  3).       

  2- [3.1.0]- -6-  212,  

    [158].       

  211,    212 (  76). 

 76. 

 
     in vitro  

  ,       3  4 

      ,    

 mGlu2/3 ,  mGlu2/3   

 mGlu2 –mGlu3    . 

    [159–162],     

  4- -[159], 4- -[160], 4- -[161]  4-

 [162]   LY4354740.   

  (-)-213,      –  (+)-214 

   77. 
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 77. 

 
 ,   [159]      

     4-   

 ,      

    [157]. 

      [163]  

   ,    (+)-2-

[3.1.0] -2,6-   215a-c    2-

-  2-   216  217 (  4).    

     [164, 165],    [163]  

        

. 

 
 4 (+)-2- [3.1.0] -2,6-     

 . 

  [166]        3 

  [3.1.0]  ,     

  3- -, 3- -  3-  2- -

[3.1.0] -2,6-  ,     

mGluR2.   78     218,   

  219.  

 78. 
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      , 

    ,    –

. 

    ,     

    [3.1.0]    

mGluR2/3   .     

  .5. 

 

H2N

H

H

CO2H

CO2H

X
O

X = F (MGS0028)
X = H (LY418426)

H2N

H

H

CO2H

CO2H

H

F

(MGS0008)

H2N

H

H

CO2H

CO2H

H

Y

Y = H (LY354740)
Y = OH (Ro 65-3479)  

 5.   [3.1.0]  .  

      

[3.1.0]   –    mGluR2/3 –   

    [167].     

       MGS0028 (  5) –  

       . 

     219a,b  

 Et3Al-      (  79). 

        

   . 

 

 79. 

 
TBS – - . 
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      MGS0028 ( . 5) – 

 mGluR2/3 –         43%  

 10-  . 

   (-)-4- -2- [3.1.0] -4,6-

  (LY389795)   S-      

[168].         mGluR2/3   

     .     

    ,   

   .  ,   [169]    

  ,         

       

       

  SO3/    EtOAc–    75%.   

 ,       

  ,      

  35%-       5–6. 

    LY404039      

.  

         

  .     

LY354740 ( . 3)      2mGluR,  

   [170],    

       27%,    (+)-

(R)-( - ) -2-  220 (  80). 

 80. 

 
         

  LY354740 –   (+)-2- -6-

[3.1.0] -2-   –  46%  . 
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      II  mGluRs,  (+)-2- -3-

[3.1.0] -2,6-   (MGS0008),   

  [171].       

  .      

       (+)-MGS0008 

 (    30   )    6.7% 

(  81). 

 81. 

 
(+)-2- [3.1.0] -2,6-  ,   

LY354740 ( . 3),    II  mGLuRs,    

 .          

       .    

           

     .   [172]   

   .      

  LY354740  , , ,   -  N-

,     .    

[173, 174]     2-(2-

) [3.1.0] -2,6-     

    LY354740.     

      .  

       

.           

   .   [175]   

        

      LY354740  210 ( . 3).  

     24–48     (48% 

HBr)      (3N NaOH)    (100 )  

    -   

 (AG1-X8 ,  , : 10%   ).   

     -       
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.       . 

       , ,   

          

    .  

      -

         

,         .  ,  

   ,     

 .       

  ,        

[176–185]. 

1.2.3. 3,4-  

     3,4-     
   ,   

[3.1.0]  .       3,4-  
    ,      
        

  3-      .    
        

 . ,    
       

     –    – 
  .    3,4-   

        [186, 187], 
   5–10         3,4-

,       Merck   
 (Boceprevir)–       

  (  6) [188–190].    ,  
         ( 1– 3  

Cap),  1 –   - , 2 –  3,4-
( ) , 3 –  -   (S)- , Cap – 

-  .      
        3,4-

     ,    
   ,    

[191–204]. 
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N
H
N

O

H
Nt-Bu

H
N

O

O

NH2

O

t-Bu

O

2

1

3

Cap

(Boceprevir)

N
H

CO2Me

H2N

O

O

NH2

H
N

O

H
Nt-Bu

t-Bu

O

OH

 
 6.    . 

  2,5- -1 -  
      3,4-   

  2,5- ,     

  ,      

.      ,  ,  

     .  

     2,5- -1 -   

 3- -2-  .   .     [205] 

     3,4-( )  221   

  -2-   222 (  82).   

    ,  

 N,N-     in situ  

 223     .  

       

223. 

 82. 
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    (S)-    223,  

        224 

      (  83) 

[205].   (S)-223  N,N-     

–          

(2S, 2'R, 3R, 4R)-   221. 

 

 83. 

 
  (S)-   223  ,   

  ,        

  225,       

   226 –   (  84) [206]. 

 84. 

 
        

 Boc-  -2-   222  2,2,2-

     (I),    
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 -   (  85).  

 227  ,     

 227a,b   .   

        

 3,4-  228 a,b [207]. 

 85. 

 
         3,4-  

  N,O-    229 [208–212]. 

     229 (  86)   

        [208].   

 229       

    230.  ,   

  ,   231  

       ,    

. 

 86.  

 
     231  
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 232  233,      

  (  87) [209–210]. 

 87.  

 
     229   

 .  ,   [211]  234   

  229      

      (  

88).  234          235, 

      -   

 ,     . 

 88. 

NO

O

Ph

N
Boc

MeMe

OH
N
H CO2Me

MeMe

HCl
N

MeMe

H
N R1

O

H
NR4

O R3

O R2

O

O

229 234 235

i ii

i:1) BuLi, (Me2CHPPh3)Br, -78oC; 2) LiAlH4, THF, t; 3) H2, Pd/C, Boc2O;
ii: 1) ; 2) TMS-CH2N2; 3) HCl, .

R1 = NHAlk; R2 = R3 = Alk; R4 = OAlk, NHAlk;

 

    229    

       234 –

 236 [212].        

  in situ   (  
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89).    236       

,        

. 

 89. 

Ph
S

Ph

CD3BF4

1) LDA, DME;
2) CD3I, -50- (-60)oC;

3) 229,-30- (-60)oC; NO

O

Ph

CD3D3C

LiAlH4, THF

t N
Bn

CD3D3C

OH

1) NH4OCHO, Pd/C
2) Boc2O, CH2Cl2

N
Boc

CD3D3C

OH

1) NaIO4, RuCl3
2) TMS-CH2N2
3) 4M HCl

N
H CO2Me

CD3D3C

HCl

82 %
98 %

83 % 236, 41 %  
,     237 

,       ,    

       5- -2,7,8-

[3.2.1]  (ABO)  [213].    1,3-

        

    .  

     L-  237  3,4-  

238       99%  (  90). 

 90.  

 

     
      

 3,4-       

  239,        (S)-

.   239     

      240,   

       (  

91) [214].         
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        241   

,     3,4-  242.  

    242    

–        

 243,       

 (2R,1’S,3S,4S)-   244. 

 

 91. 

 
 

  3,4-       

         

,       

     [215].      N,O-

   245       Boc-

  (  92).     

     246, 

         

 3,4-  247.     

     248   249, 

     .  ,  

      250 a,b  

,       

 .      

      249  251. 
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 92. 

O

Boc
N CHO

R1

R2
PPh3

KHMDS, THF, t O

Boc
N

R

R

1) HCl, MeOH 2)
BocNHCH2CO2H
Et3N, MeOH-

79 %
O

N

R

R

NHBoc
O

1)NOBF4, Py
2)

3) Me2C(OMe)2,
BF3/Et2O, Me2CO

O

N

R

R

N2

O

O

N

O

N

R

R

HO

239
R

R

O

t-Bu

NHBoc

N

CO2HO

t-Bu

NHBoc

O

N

O

O

N

O

N

HO
O

t-Bu

NHBoc

N

HO
O

t-Bu

NHBoc

N

CO2HO

t-Bu

NHBoc

R

R

R

R

245, R=Me, Et, -(CH2)2- R=Me, Et, -(CH2)2-

246, R=Me, Et, -(CH2)2- 247, R=Me, Et 248, R=Me, Et, -(CH2)2- 249, R=Me, Et, -(CH2)2-

R=-(CH2)2-

251, R=Me, -(CH2)2-

i

i, ii

iii

iii

iii

H2

PtO2

iv

iv

ivi:Pd(OAc)2, C6H6, t; ii: ; iii:
1) LiAlH4, THF, t; 2) t-BuC(CO2H)NH2,
Et3N; iv: .

250a

250bHMDS - ;

  

          

  -    252, 

       

   (II).  ,     

  Cp*(Cl)Ru(COD)    ,    

  ,       

          

    .       

        

  .     

     -  

 253 (R5 = CO2Me),       

    -    (  93). 

,        

        [216–218]. 

 



72 

 93. 

 

Y R1 R2 R3 R4 R5 
, % 

Z/E 

dr, 

/ 

 

. 

SiMe3 CF3 Cbz H H H 64 100:0 55:45 [216–217] 

SiMe3 CF3 Ts H H H 73 100:0 67:33 [216–217] 

SiMe3 CF3 Boc H H H 68 100:0 50:40 [216–217] 

SiMe3 H H H H E-Ph - * - - [218] 

SiMe3   -(CH2)5- E-Ph - * - - [218] 

SiMe3 H Me H H E-Ph 60 100:0 95:5 [218]7 

SiMe3 H Me H H E- -Bu 60 100:0 100:0 [218] 

SiMe3 H Cbz H H E-Ph 77 100:0 100:0 [218] 

CO2Me CF3 Cbz H H H 64 0:100 55:45 [216–217] 

CO2Me CF3 Ts H H H 73 0:100 67:33 [216–217] 

CO2Me CF3 Boc H H H 68 0:100 50:50 [216–217] 

*   . 

  
      (+)-3-  254 

       

  [219].     

       254  

   255,      

 NaNO2–AcOH   5-   5-  256 (  

94).  256    ,  

          

   257.  ,    

    ,    257  

    .  
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 94. 

 
      

       

,        3-

[3.1.0]  [220].     

 258     .   

   259  in situ      

 260,          

 261 (  95).       

 261,      . 

 

 95. 

 

1.3.  -   -   
( ) 

-        

   ( )    [221–223].2 

        

 A, B,  C.      

   ,    ,  

,     [224–227].   

   ,     

                                                 
2       : Yashin N. V., Chmovzh T. N., Averina E. B., Kuznetsova T. 
S., Zefirov N.S. Synthesis of conformationally restricted analogs of -aminobutyric acid  // Rev. J. Chem. 2014. V. 4. . 253–275. 
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  ,  ,    , 

,  [228–230]. 

          

 -     ,  

      - .  

   -      

          

       .  

     -   

.           

        ,   

 .    (   ) 

        

,              

  ,       

 . 

1.3.1. ,    

       

          

  .   [231–233]     

 162,         -  

(  96).    [231, 232]     162  

   163,     

   N- ,     164 

        .  

    162   c   (  96). 

 96.  

 
a – NBS,  (AIBN) , CCl4; b –  NH3 (aq.). 

 162         -

   - ,      

   [233] (  97).  
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 97. 

 
a – NH2NH2*H2O, EtOH. 

1.3.2. ,    

  [234]      

 -    : 2,3-

 165a–d  3,4-  166a–d (   7).   

 
 7. 2,3-  3,4-  .  

        

165a,b  166a,b     (R)-  167 [235],  

     170a,b, 

   171a,b (  100).      

167         

    168,   N,O-    

       

(1R, 2S)-169.     169    

Mg        -  -  170a,b, 

    (  98). 

 98. 

a – 1) SO2PhCH2CN, NaOEt/EtOH; 2) AcOH; b – 1) Me(MeO)NH2Cl, Et3N, AlCl3, CH2Cl2; 2) TrCl, , 
CH2Cl2; c – 1) Mg, , MeOH; 2) ; d – 1) NaBH4, MeOH, ; 2) t-BuPh2SiCl, , ; 3) Mg, 
MeOH; 4) (COCl)2, ; e – 1) Mg, MeOH; 2) DIBAL-H, CH2Cl2; 3) t-BuPh2SiCl, Et3N, DMAP, .  
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  168     , 

        

        

    -  171a.   

-  171b     : 

       DIBAL-  

          

   171b.  

   -2,3- -  165     

170a          LiAlH4  

  NaBH4   .        Ph3P  CBr4  

     172.     

    Pd/C   Boc2O     Boc-

  173.    Tr-   

 ,    -   -

   ,   Boc-   -      

    165  (  99). 

 99. 

a –1) LiAlH4, , 0 C; 2) NaBH4, , MeOH; 3) NaN3, PPh3, CBr4, ,  0 C; b – H2, Pd/C, Boc2O, , 
MeOH; c – 1) 80% AcOH; 2)  - , CH2Cl2; 3) NaClO2, NaH2PO4, 2- -2- , t-BuOH; 
4) HCl, EtOAc. 

-2,3- -  165b     

.          

,      174.  -    

  .       

      165b (  100). 

 100. 

 
a – 1) LiAlH4, , 0 C; 2) NaBH4, MeOH, ; 3) NaN3, PPh3, CBr4, ; b – H2, Pd/C, Boc2O, , 

MeOH; c – 1) 80% AcOH; 2) CrO3, H2SO4, , 0 C; d – 1) TFA, CH2Cl2; 2) 1 N HCl. 
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 -3,4- -      

 171b (  101).      

     MeOCH2 Ph3Cl    

     ,   -   

 NaBH4    175.     

 -    -    

       

        

 177,        DPPA  

  -   178.     

 ,         

-       166a. 

 

 101. 

 
a – 1) MeOCH2PPh3Cl, NaHMDS, , 0 C; 2) HCl, , 0 C; 3) NaBH4, , MeOH; b – 1) BnBr, NaH, 
Bu4Nl, , , -10 C; 2) Bu4NF, ; c – 1)  – , CH2Cl2, 0 C; 2) NaClO2, 
NaH2PO4, 2- -2- , t-BuOH; d – 1) (PhO)2P(O)N3,Et3N, CH2Cl2; 2) t-BuOH, t C; e – 1) H2, Pd/C, , 
MeOH; 2)  - , CH2Cl2, 0 C; 3) NaClO2, NaH2PO4, 2- -2- , t-BuOH; f – HCl. 
 

  -  166b      

   -  171a (  102).    

         (CrO3, 

H2SO4)    181,        -

3,4- -  166b.  165   165d    

      170a  170b,  

 166c  166d –     171b  171a, 

. 
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 102. 

 
a – 1) MeOCH2PPh3Cl, NaHMDS, , 0 C; 2) HCl, , 0 C; 3) NaBH4, , MeOH; b – 1) BnBr, NaH, 

Bu4Nl, , , -10 C; 2) Bu4NF, ; c – 1)  - , CH2Cl2, 0 C; 2) NaClO2, NaH2PO4, 

2- -2- , t-BuOH; d – 1) (PhO)2P(O)N3,Et3N, CH2Cl2;  2) t-BuOH, t C; e – 1) H2, Pd/C, , MeOH; 2) 

CrO3, H2SO4, , 0 C; f – HCl, 70 C. 

   3,4- -  167b,    

    182   

     ,   -   1,2-

  183 [136] (  103).  

 103. 

 
a – ClCH2CO2Et-NaH,; b – NaOH,  EtOH; c – BH3* ; d – t C, -MeC6H4SO2Cl- ; e –  KCN– ; f 

– NH2NH2*H20; g – 1) NaNO2, HCI; 2) t C; 3) MeOH. 

     ,      

        ,   

       

  .      

  183       

     ,   

  -   .   

   184      

   ,    

       6b   

   . -3,4- -  6a    
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    ,     

  - -1,2-     65% (  

103). 

         

  2,3- -  190,    

  [237].        

 185  CF3-  -  186    

   187a,b   .  

       

 188 a,b  (R)-     ,   

   - .    

 188    2  (  )   - , 

     Pd/C       

  190      (  104).  

 

 104. 

a – K2CO3, , 80 ; b – 1) NaBH4, CeCl3; MeOH/H2O; 2) ; c – SOCl2, Et3N, CH2Cl2; d – 

NaN3, KI,  , t C; e – H2 Pd/C, EtOH. 

1.3.3.  -    

  [238]    3-  

 – 2,4- -  –  3-  191.   

          

 ,     192   

   NaN3    193.    

       . 

       HCl    

    194 (  105). 
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 105. 

 
a – TSCl, ; b – NH4Br, NH3 (aq); c – NaN3, MeOH/H2O, t C; d – H2, PtO2, MeOH; e – 

HCl, H2O, t C. 

      – -2-

  197a –     

-  195 [236, 239].      195  

       

 196,      

      (  106).  

 106. 

a – 1) NaOH/EtOH; 2) BH3* /Et2O; 3) TSCl/ ; b – KCN/ . 

-2-   197b     198, 

       - -1,2-  

.      198    

    - ,    198 

    .    

    199      

        197b (  107). 

 107. 

a – ClCO2Me/ /Et2O; b – KCN, ; c – NaOH/ EtOH. 

  [240]     -2-

  204.      

  200,    2-   4-    



81 

201a  201b   4:1    204 NaH  .  

   NaOEt/EtOH    (201a:201b 

= 30:70),       201b.  201a  201b  

   .     

 201a   4    202     

 203.        203   

  (1R,2S)-204.  (1S,2R)-   204   

      201b (  108). 

 

 108. 

 
a – NaH, , - 78 ; b – , NaCl, 80 C; c – LiBH4, , 0 ; d – MsCl, Et3N, DMAP, CH2Cl2, 0 C; e – 
NaI, ; f – LiHMDS, , -15 ; g – Li-NH3, -78 C; h –  1M HCl, 80 C. 

  [241–243]     -   

209 –     .   [241]   

     205.         

     206 (  109).  

 

 109. 

 
a – NaH, ; b – (Boc)2O, H2/ Pd(OH)2/C, EtOAc, 1 ; c – KOH, EtOH; d – t C; e – 4N HCl, CF3COOH, 

  CF3COOH.  
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      -    

    - .    207 

       208.  Boc-

      4N HCl, CF3COOH   [242, 243]  

CF3COOH [241].        209 (  

109). 

 

,   ,   -  

  -,    -     ,   

-   ,      

 - .   3-    

 4-      210 [244].    

      ,    

          

     211 (  110). 

 

 110. 

 
a – -  ( ), , –10 C;  b – NaCN, , H2O; c – KOH, H2O, 

; d – H2, Pd/C, MeOH.  

 

  [245]     (1S)-2-

  215      212.   4-

       212  

  .       

 213a  213b,        213   

    85 %;    213a  213b  

 .      213   

  214    (S)-    

215 (  111). 
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 111. 

 
a – Cs2CO3, Br(CH2)2Br; b – 1) LiCl, 2,6- - - -4- - , 140 C; 2) LDA, , –78 ; 3) 

NH4Cl, –78 C, ; c – hirazyme L-2, H2O; d – H2, Pd/C, EtOH/H2O. 

       -2-  

.       [246, 247]  

  - .    [246]    

       

  216,   -        

   217   218a,b    (  

112).     218a,b,  

          2-

  219a,b   .  

 112. 

a – 1) Br(CH2)2OH, ; 2) BrCH2CN, Et3N; b – SOCl2, CH2Cl2, t C; c – t-BuO , ; d – 35% HCl, 50 C; e 

– H2, Pd/C, MeOH; f – Br(CH2)2CHBrCOOEt, K2CO3; g – 5 N HCl; h – H2, Pd(OH)2, 95%-  

. 

    2-   221 a,b 

   -     2,4-

 ,        220   220b, 
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    .     

  221       

 218 (  112) [247]. 

 

1.3.4. ,    

    [248]   ,   

  ,  -4- -2-   223. 

,   223   -  

( - )        . 

  [249, 250],       223  

      222 [251], 

      (  113).     

    [252],    -223   

   222,       (R)- .  

 

 113. 

 
a – HCl, H2O, t C, 98%. 

   [248],    223   

     - ,      

          

[2.2.1]  .    [253]  , 

       223  -   

      3-    

.      226a–c   

[2.2.1] ,       224,    

          

 ,       225,    

       226a–c [254, 255] (  

114).       -    

226b.  
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 114. 

 
R=CH2, R1=Bn: a – 1) TMSCH2MgCl, –30 C; 2) (CF3CO)2O, DMAP, Bu4NBr, KF; b – 1) Na/NH3/ t-BuOH; 2) 4N 

HCl. R=Cl2C, F2C, R1= -MeOBn : a – 1) R2HPO(OEt)2, BuLi; 2)    (CAN); (b) 4 N HCl. 

     -   

-3-       (–)-

222.   4-   231   227  

   [256].   227  1,3- -5,5-

         

    228,      2 

        229.  

 230     Bu3SnH   . 

     230    Na     

         

231 (  115). 

 115. 

 
a – BnBr, KOH, ,  ; b – 1,3- -5,5- , AcOH; c – K2CO3, 
MeOH/H2O; d – 1) ( )  , 0 C; 2) RT, 88%; e – Bu3SnH, AIBN, , t C; f – 
Na/NH3/ t-BuOH; g – 2M HCl, 65 C. 

  236       

        222  233, 

      234 [256]    

.      DAST (Et2NSF3)  

   235,       

    236 (  116). 
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 116. 

 
a –  , 4-  N- , CH2Cl2, 75%; b – DAST, , 85%; c – 
K2S2O8, 64%; d – 2M HCl, 86%. 

    222    -  

   4,5-    239 

[257].        237,   

      

   238,      

       -239.  238   

    -  - ;    

         -239  

-  (  117). 

 117. 

 
a – CH3OH, HCl ( ), t C, 89%; b – 1) HCl (1N); 2) CH3OH, HCl ( ), t C; 3)  ; c – 
FSO2CF2COOSiMe3, NaF, , t C; d – LiOH, /H2O; e – 1) NaBH4, i-PrOH/H2O, 2) AcOH, 80 0C. 

  4,5-   3-  

    [258]   ,  

   -     240  

     241  . 

  242   Pd/C       

        243 (  118). 

 118. 

 
a – AlCl3, 73%; b – 1) MeOH, HCl; 2) H2NOH; 3) H2, Pd/C; c – HCl, 86%. 
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      - - ,  

  - .      

248     244,      

 -      245   

     246,     

[259].       

    246    

   247,     

   -  248 (  119).  

 119. 

 
a – - , 160 0C, 97%; b – 1) HCl/ MeOH, t C, 76%; 2) ; c – 1) LiAlH4, Et2O; 2) SOCl2, 

CHCl3, t C; 3) NaCN, H2O, 100 C; d – 1) MeOH/HCl; 2) H2O; e – (1) H2/Pd/ ;  2)  . 

     -     

    [260].      

Cbz-       ,  

        249,  

         

  -  250 (  120). 

 120. 

 
a – 1) DIBAL-H, , -60 ; 2) LiCl, i-Pr2EtN, Me2O3PCH2CO2Me; b – 1) NaOH, EtOH; 2) H2, Pd/C. 

   (S)- - -    

     252  N-

 251,   ,    

  (S)-  253 [261].    253  

      LiAlH4   
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   254,       

     -  255 (  121).  

 121. 

 
a – NaCl, /H2O (10:1), 110 C; b – LiAlH4, , t C; c – 1) HOOCNH4, Pd/C, MeOH, t C; 2) CbzCl, 

K2CO3, /H2O, -10 C; 3)  , , -10 C; 4) H2, Pd/C, MeOH, 80%. 

1.3.5. ,    

     –    (2-

)   257 [262].     -

  257a      

 2-   256   Rh/C,    

  (  122).  

 122. 

 
a – H2, Rh/C, EtOH, 60 C, 49%. 

-  257b     -       

 258    [262] (  123).  

 123. 

 
a – LiOH*H2O, , H2O, 99%. 

    260    

 259,     (1`R)-   257 

[263].  (1`R)-  261     -  - . 

   261    (2-
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)   262,     

 (1`R)-257      (  124). 

 

 124. 

 
a a – t-BuOK, -18- -6, 86%; b – H3O+, 51%; (c) H2, Pd/C. 

  (1’S,2’S)-257     

   264    263,   S-

  265, -       

 ,      266 [264]. 

         

  (1’S,2’S)-   267,    

       (1’S,2’S)-257 (  125). 

 

 125. 

 
a – TMS-QD*HCl (5 mol %), Et3N, 90%; b –  , ; c – H2/Ni-Re (5 ), 

EtOAc/EtOH, 91%; d – NaOH, , 82%. 

 

  -     

 3-  .   -3-

  269   2-    

  3-   268    . 

   -270    -   

    .  2-

-3-          

 ,     -    

 -  [252] (  126). 
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 126. 

 
R=H; a – H2, Ni-Ra, NaOH, H2O, 150 C, 80%; b – (Boc)2, , H2O/ , 80%; c – (R)-

, HCl3/ , 131-(80)%,  
R=Me; a – H2, Ni-Re, NaOH, H2O, 150 C, 80%; b – (Boc)2, , H2O/ , 80%. 

        4- -

3-   273     271 

[257].   271   Rh/Al2O3   

   ( , )-  272.   

,        . 

 Cbz-          

273 (  127). 

 127. 

a – H2 (100 ), Rh/Al2O3, H2O, 140 C; b – PhCH2OCOCl, Na2CO3, H2O; c – MeOH, H2SO4( ), t C; d – 
DAST, CH2Cl2; e – Me3SiCl, NaI, CN3CN. 

      5,5- -3-

  277.    

  274,     275 

  2       276,  

           

277 (  128). 

 128. 

 
a – 1) H2 (100 ), Rh/Al2O3, H2O, 90 C; 2) PhCH2OCOCl, Na2CO3, H2O, 38%; b – MeOH, H2SO4( ), t C, 

99%; c –  – , 93%,  d – DAST, , t C, 71%; e – LiOH, /H2O, 52%; f –  H2, Pd/C, 

MeOH, 99%. 
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     280a,b 

       278 [265], 

         –PPh3 

  -  279 ,      – -  279b. 

   279a,b     

   280 ,b (  129). 

 

 129. 

 
a – NaN3, , 50 C; b – H2/PtO2; c – 1) NaN3, , Pd(OAc)2; 2)PPh3. 

       

 .    -4-  

 282     281    

 PtO2 [266], RuO2 [267], Rh/C [268], Rh/Al2O3 [269];     

  -N-  283     

Pd/C [270] (  130).     282,  

    [271–274]      .  

 130. 

 
a – H2/PtO2, H2O,   H2/RuO2, H2O,  H2/Rh/C, H2O,  H2/ Rh/Al2O3, H2O; b – HCOONH4/ 10%-Pd/C, 

MeOH. 

 [275]      

 –  287 –   ,    

       284.    

      285,    

     286.   

        287 

     (  131).  



92 

 131. 

 
a – KHMDS, Ts2O, , -15 , 63%; b – Pd(OAc)2/CH3CP(Ph)2CH2C(Ph)2CH3, t-BuOH, CO, K3PO4, , 

100 , 78%; c – HCl, , 97%. 

    287     

   288 [276].    289 

         

 N-   290,      

   287 (  132). 

 132. 

 
a – NaH, , 53%; b – 1) LiAlH4, , 50%; 2) (COCl)2, , CH2Cl2, 58%; 3) RuCl3, NaIO4, CCl4, 69%; c 

– 1) BBr3, CH2Cl2, -78ºC; 2) HCl, H2O, 50 %. 

 294,  - ,    

  .       

    291   

   292  .  -

  293      294 [277] (  133).  

 133. 

 
a – NaOEt/ EtOH, t C, 66%; b – H2, Ni-Ra, 120 C,  p ( ), 72%; c – HCl, 84%. 

  ,  ó  , 

 3- [4.1.0]   (295).     
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 Cbz-  296       

   3-  297    

Sm–Hg c       [278] (  

134). 

 134. 

 
a – 1) Hg-Sm, CH2ICl, ; 2) CrO3, H2SO4, . 

     295    [279] 

(  135).       

298  299    - ,    

 300  301, ,      

  295.       

   N- -3-  302,      

      303,  

       

 304,         

 295.   

 135. 

 
a – PhS+(O)N(CH3)2CH2

-, NaH, , 15%; b – , , 64%; c – BF3*Et2O, Et3SiH, CH2Cl2, 78%; d – 1) LiOH, 
H2O/MeOH/ ; 2) TFA, CH2Cl2, 90%; e – 1) LiOH, H2O/MeOH; 2) HMDS, TBTU, i-Pr2EtN, CH2Cl2, 48%; f – Cl3CCOCl, 
Et3N, , 98%; g – PhS+(O)N(CH3)2CH2

-, NaH, , 11%; h – HCl, mw, 100 C; i – (MeOOC)2=N2, Rh2(OAc)4, PhCl, t 
C, 64%;  j – N2H4*H2O, MeOH, t C, 69%; k – 1) Boc2O, DMAP, /CH2Cl2; 2) , ; 3) BF3*Et2O, 

Et3SiH, CH2Cl2, 78%; l – 1) LiOH, H2O/MeOH/ ; 2) , CH2Cl2, 90%. TBTU – [ -1-
( ) ]  . 
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1.3.6.    

 ,  ,  -  

 ,       - . 

  ,  ,    .  

    305, 306   [280]  

   4-      -2-  

 -2-   307  308.    307   

   -     ,   308  

         

(  136).  

 136. 

 
 

 
a – Pd(PPh3)4, Zn(CN)2, ; b – Boc2O, NaBH4, NiCl2 6H2O ( .), MeOH; c – LiOH H2O, MeOH, H2O; d – 6 

N HCl; e – NBS,  , CCl4; f – 1) NaN3, ; 2) Boc2O, H2, Pd-C, EtOAc. 

       309,  

   3-   ,  

       310  

 ,       

      310 (  137) [280].   

 137. 

 
X=O; a – NaOH, MeOH, 93%; b – BH3 , , 86%; c – PPh3, CCl4, CH2Cl2, 86%; d – 1)NaN3, ; 2) 

Boc2O, H2, 86%; e – LiOH H2O, MeOH, H2O, 86%; f – 6 N HCl, 78%. 

X=S; a – NaOH, MeOH, 87%; b – BH3 , , 62%; c – PPh3, CBr4, CH2Cl2, 64%;  d – 1) NaN3, ; 2) 

Boc2O, H2, 72%; e – LiOH H2O, MeOH, H2O, 90%; f – 6 N HCl, 82%. 
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  5- -2-   311   

    5-  312,   

        -

 313 (  138).    4-  

   4- -2-   [280]. 

 138. 

 
 a – NH2OH HCl, K2CO3, H2O, 57%; b – Boc2O, H2, 82%; c – LiOH H2O, MeOH, H2O, 84%; d – 6 N HCl, 72%. 

  [281]       . 

  2-   314  2-  315,   

     316,   

          314 (  

139) [281]. 

 139. 

 
a –  nBuLi, , -40 0 ; b – CO2, , -40 0 ; c – 1 M HCl, t 0C, 11%. 

  46       

317 ,b,        – .   

    318 ,b,    ,  

    -  -  318  

   317 ,b. [281] (  140). 

 140. 

 
a – TrCl, NEt3, , 75%; b – 1) PO3Et2CH2COOEt, NaH; 2) , t 0C; 3) t 0C ;  c – 1 M HCl, t 0C. 
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   319    N-

  320   2   

  .      

 321     319     (  141) 

[281]. 

 141. 

 
a –  nBuLi, , -15 0 ; b – 1-(3- )-4- -2,6,7- [ 2.2.2] , , -10 0 , 14%; c 

– 1M HCl, t 0C, 53%. 

       322 

     323,      

     (  142) [282]. 

 142. 

N
H

OH

-H2O
N

HOCH2CO2H

N

CHCOO

HOCH2CO2
-

N
H

CH2CO2H

323 322, 90%

HOCH2CO2H

 
  2-   324   

 ,      

 –   325   Fe– , 

    (  143) [283]. 

 143. 

 
a –  NaH, CH(O)NEt2, 2- -1- , 55-60 0 ; b – CF3CO2H, (C2H5)3SiH, CH2Cl2, 22 0C; c – Fe, 

CH3CO2H, 115 0C; d – NaOH, . 
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 3-   3-( -2- )  

 326     327     

        [284] (  144). 

 144. 

 
a – PhCH2CN, NaH, , 73%; b – NaOH, EtOH, 73%. 

  [285, 286]     328 –   

 -   .    

   329    [286]    

 [285].   52      

 328     329   PPh3  

   .    

 MoO2Cl2( )2    [286]    

   330 (  145). 

 145. 

  
a –  PPh3, o- , 91%; b – NaOH, H2O, EtOH, 99%. 

   ,       

     ,     

        .  

           

      ,  ,   

.  ,         

      .    

       

      ( )  . 

 ,       

        ,   

        ,   

,    . ( )    



98 

           

    ,        

        , 

         

.           

  ( )     ,  

             , 

      ,    

.  
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 2.      
 – -      

 (  ) 

 
        

,    ,  ,  
.  . .   .,    –  

     
 [287–289]. 

         
        

 ( ),    -    
  .     

        : 
1)  , 2)   ,  3) 1,2-  

 , 4)   .  
       

       ,  , 
        

     -  ,  , 
     [11, 12, 290, 291]. 

   3 [292–294]  ,  
 ,     ,    

  .      
 1-   ( )  -

 ( ),     (  1).  

 

 1.     -  . 
                                                 
3            

           . . 
    . . . . .  
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  ,       

      ,  

-  [293–294].   2    

,        

   . 

 

 2. -   . 

      ,  

    -     

 [295, 296].       

    .     

            

      , 

    ,     

 3.          

      

        [297–306]  

       .  

 

 3.  -   
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   ,       

     – -   ,   

,     .    

 ,  , 1,2-    

,    .   

           . 

         

        

      ( ), 

  .      

 ,   ,   

       ,  

   –  ,   ,   

  , . . .    

     . 

2.1.    ( )    
       

  [1+2]-      

      

      –  

  –        

     .    

          

,            

   .    ,  

    ,  ( )  

( ), - ( )  ( )  

[( ) ]  ( ).     

 ,       

    1. 
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 1. 

NH2

P(O)(OH)2

NH2

P(O)(OEt)2

NO2

P(O)(OEt)2

COOBut

P(O)(OEt)2

O2N P(O)(OEt)2

N2

ButOOC P(O)(OEt)2

N2

NO2

CO2EtO2N CO2Et

N2 NH2

CO2H

NH2

CO2Et

 
 

2.1.1.  ( )  ( )   

,         

     ,       

 ,         

 . 

         – 

 -       – 

  ,   , 

        

    .  , 

    -  [307],     

         .  

,      , 

  ,   — , Se—Se [308, 309], C—S [310]  S—S [308], 

     1,3-    

 ,        

 [1+2]-  [307, 311].    

         

. 
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        [1+2]-

  -   ,    

        , 

  ,  ,   ,      

. 

         

 [312] (  2).        , 

  ( )  2,        

 .      

 ,     [312]  , 

      ,   

   . 

 2. 

NH

O

O

NCH2P(O)(OEt)2

O

O1, 53% , 68%

H P(O)(OEt)2

N2

a - 1) CH2O; 2) HBr, H2SO4; 3) P(OEt)3; b - N2H4; c - NaNO2, AcOH

a b c

P(O)(OEt)2

NH2

2

 
       3   

     –        

   (II)    (  1).    

    11    2-  

   54:46    71%.     1  

   11    

        1.2–2.5 . .    13   

          6.06–

14.88 . .          

  13           

  1JC  = 164–166 .     

   ,   ,  

   13.54  14.88 . .     1JCP 191  195 .   

   13      126.12–140.0 . .  , 

  .  
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 1.     . 

Rh2(OAc)4

5 . %+
H P(O)(OEt)2

N2

P(O)(OEt)2

48-55  
  , %* 

Ph  
3 Ph P(O)(OEt)2  

11

71  

(dr = 54:46) 

 
4 P(O)(OEt)2  

12

75 

MeOOC

 
5 

MeO2C

P(O)(OEt)2

13 

63 

(dr = 58:42) 

 
6 

P(O)(OEt)2

 
14

55 

(dr = 53:47) 

EtO  
7 

EtO P(O)(OEt)2  
15 

86 

(dr = 52:42) 

O  
8 

O

P(O)(OEt)2

 
16 

72** 

(dr = 62:38) 

-C4H9  
9 

-C4H9 P(O)(OEt)2  
17

17** 

COOMe

 
10 

COOMe

P(O)(OEt)2

 
18 

15** 

*         . 
**       31 . 
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3JC,P      –  3JC,P = 8  

 - ,     -    3JC,P  

 ,  3 .      

    13    ,     

  -   11.      31  

  ,  -  - ,    27.71 

 28.79 . ., . 

       4–10,    1, 

      .  12–

18         

         

.   ,      11, 

        

 ,        1–3 . .,   ,  

   13       

          1JC,  = 160–170 . 

 ,          13–17 . .  
1JC,P = 190–200 ,   ,    

.  13–15         

  .  

 16       ,    

         .   

    16,  

  .    – 

      –   

  16       1H   

  -   3JH
1

H
2 = 10.6, 3JH

3
P = 3.1  (  4). 

       ,   

     16   -

   . 
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O P(O)(OEt)2

H1
H2

H3

3JH,H = 10.6 

3JP,H = 3.1  
 4.  -    -   16 

 

  ,   [1+2]-     

       . ,   

   3, 4, 7  8   

         

    .    ,  1,2-

     –   

 –    ,     

        

.  -1 9   10  

 17  18,     31 ,   

 ,         

      . 

 ,         

           

    ,    

 . 

2.1.2.  - ( )  ( )   

         [1+2]-

       , 

 -  ,      

    ,    

        

 1-   (  3). 

 3.  

NH2

P(O)(OH)2

NH2

P(O)(OEt)2

COOBut

P(O)(OEt)2ButOOC P(O)(OEt)2

N2 CO2H

P(O)(OEt)2
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       -

 18    [313] (  4).    

         19,  

          

. 

 4. 

 

         

,      .  ,    

  [1+2]-       

 –        (II) – 

 20    .    ,  

     [1+2]-  

         

(  2).  ,     20   

          

    5  .  ,   

       , 

  .  

 2.      . 

 

    t °C   20, %  

1 10  CH2Cl2 25 Rh2(OAc)4  15 

2 10  CH2Cl2 42 Rh2(OAc)4  50 

3 10  Cl(CH2)2Cl 60 Rh2(OAc)4  71 

4 10  CH2Cl2 25 CuOTf  0 

5 10  Cl(CH2)2Cl 60 CuOTf  0 
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 ,       
[307, 314, 315],        –   

      ,  
       (  2). 

          
  (  3).      

    ,   
. ,         

     . ,      
   ,       4  5. 

  20–22      
      1 , 13   31 ,   

 .  20  22,    ,  
    ,     

   .     1   20–22  
    ,      

  1.5–3.0 . .         
  13          16–25 .    

  -   ( ) 1J  160–170 , 
        .  

 ,    ,      

    ,     29–
33 . .         

      1J ,  = 185–195 .    31  

     20–22     20–25 
. . 

 3.     . 

 
  , %* 

Ph  
3 

Ph

COOBut

(EtO)2(O)P  
20 

71 

(dr = 59:41) 
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4 

(EtO)2(O)P
COOBut

 
21 

59 

MeOOC

 
5 

MeO2C

P(O)(OEt)2

COOBut

 
22 

72 

(dr = 58:42) 

-C4H9  
9 

-C4H9

COOBut

(EtO)2(O)P  
23 

6** 

COOMe

 
10 

COOMe

P(O)(OEt)2

COOBut

 
24 

10** 

*         
. 

**       31

  ,        

,        

    . ,   -1 9 

  23    6%     31 ,   

 1,2-     –    

–         .   

 10      

  .      

 24      10%,     

  31 .       ,    

 -1,   .  

   ,   ,    

     ,     

 ,   .   

      -

      , 

           

.         , 
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   , ,  

        1-

  ( .  2.1.4). 

2.1.3.   ( )    ,  
  

  ,   ( )  ( )    

   [316],       

          

`   ,          

[317–319]   [320].  ,       

  ,   1-

,       c    

        

.  

    1- , 

   ,     

    ,  -, -  

   -    (  5). 

MeO2C
MeO2C

C
CH2

CO2Me CO2Me
CO2Me

25 4 26 27 10 5

29 30 31 32 33 35

36 6 37 38

Me

39

Me

Me

CO2Et

34

40

28

 

 5. ,     . 

        ( )   

(  5).        ,    [316], 

       (V),  

.      ,  
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       .  , 

         

          

 [321, 322],          

(  5).           

. 

 5. 

CO2Et

H
N2

CO2Et

NO2

N2
-30o C

N2O5

CH2Cl2-CH3CN

PyTfN3, CO2Et

NO2

30% 89%41 42
 

 ,           

      (  6). 

 6.  

N2

CO2Et

NO2

EtO2C NO2
EtO2C N

O

O NEtO2C

O

O

NO2

CO2EtO
N

CO2Et

O

NEtO2C

O

OH

A
B C

Rh(II)

ab c

 
 

  6  [1+2]-  

( )      1-

 (  )    

     .     

    ( )  

     1,3- ,   N-

 (  ),    ,    
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,      (  ).    

,   . 5,    . 

2.1.3.1.   [1+2]-  
( )  ( )    

  ,        

    ,  -, 

-        ( -

) . ,  25   4 

 ,      

 43, 44    (  7).    1H  

 43      2.13  2.38 . ., 

        

 .    13   43   

 ( )     22.4 . . (  

  ),  25.7 . . (  )   70.3 . . 

(    (NO2)(CO2Et) ).    44 

       . 

 7. 

n n

NO2

EtO2C

43, n=1, 85%;
44, n=2, 88%;

25, n=1;
4, n=2;

Rh2(OAc)4

 
 

 (26)   (27)    

( )        

 45  46    (  8).  

 8. 

26, n=1;
27, n=2;

CO2Et

45, n=1, 85% (dr 2.5:1);
46, n=2, 85% (dr 3:1);

n

NO2

n

NO2
CO2Et

n

+

a b

Rh2(OAc)4
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 ,     , 

   ( ) ,   10  5  

 47  48,        . 

      , 

         

 [323]. 

     2-  

 (10)      47 c  

 (52 %).    ,    

   47  50 : 40 : 5 : 1,  

       26  27  

 [1+2]-       10 

(  9). 

 

 9. 

MeO2C

CO2Et

NO2
MeO2C

NO2

CO2EtMeO2CMeO2C

CO2Et

NO2
MeO2C

NO2

CO2Et
+ + +

10
47, 52% (dr 50 : 45 : 5: 1);

Rh2(OAc)4

 
       5  

    48     80 %.    

   5  10      

         

 10.   48        

  3:2 (  10).       

        

     . 

 10. 

MeO2C
NO2

CO2Et

MeO2C

H

MeO2C

H NO2

CO2Et

+

5 48, 80% (dr 3:2)

Rh2(OAc)4

 
1,2-        

       , , -

,         
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. , -  (28)      

 49    -  -  c   (60%).    

  29,   ,  

( )      (70%)   

   50 (  11),    , - ,  

- . 

 11. 
CO2Et

NO2

NO2

CO2Et+

28

29

49, 60% (dr 3:1)

50, 73%

CO2Et

NO2

Rh2(OAc)4

Rh2(OAc)4

 
 

1-  (30),       

 “ ”,        

51    .   ,    

     30    

,          

    (  12).    

 51       ,   

      -

 51, . . ,   

( )      ,   

       -   

     [317–319]. 

 12. 

NO2

Me COOC2H5Me
30 51, 67%;

Rh2(OAc)4
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    ,   

,    [317–319].    , 

    31  32    

     52  53.  

         

     c    

        ( ) . 

   (32)   53  60%,   

  (31)     , , 

- ,         

.   ,   52      

    -    -  ( 13). 

 13. 

n n n n

31, n=1;
32, n=2;

52, n=1, 13%;
53, n=2, 60%;

CO2Et

NO2

Rh2(OAc)4

 
 

 ,   34 ( .   5),    

         

              . 

 33        

   54     

(  14).      54   

   ,         

 ,   . 

 14. 

CO2Et

NO233 54, 68%

Rh2(OAc)4 Rh2(OAc)4

 
 ,   ,  ( ) ,  

,     ,     

    .      
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      –   

.           

 ( ) ,      

      .  

  ( )       

    [1+2]- .    

 ,       

  ,      

  . 

2.1.3.2.  [3+2]-     . 
 ( )    

      

 ,         

       .  

( )  a  1,3-  b    

      -  (  15).  

 15 

NO2

CO2Et
N

EtO2C

O

O
a b  

     ,   

( )     1,3- ,  ,  

    ( )   

  -N-         

[319],           

 [74, 85, 322].  

 ,   ,   

,  N-      

      (  6,  ). ,   

 35  ( )       55 

   N-  56    (6%) (  

16).       N-  

     55  56   2:1   

-    . 
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  55         

 2.5:1  (  16)4. 

 16. 

+
N

O

CO2Et

O

NO2

CO2EtH
+

CO2Et

NO2H

55, 51% (78%, dr 2.5:1)*,35 56, 26% (6%)*

Rh2(OAc)4

 
,     1,3-   N-   

          

   [324]. ,    1   13  -N-

 56    ,      

 .    1   56     

        3.11 (2J = 16.3, 
3J = 7.2)  3.38 (2J = 16.3, 3J = 9.3) . .    13   56   

       35.44 . .,     

           108.35 

. .,         3-

-  N-   [319, 322]. 

    6   36 

   [3+2]- ,      

  N-  57  58,  (  17).  

   6  36,    c ,  

   5-  N-  ,  

  -  ( .  ). 

 17. 

O
N

CO2Et

O

O
N

CO2Et

O

36

6

58, 55%;

57, 50%;

Rh2(OAc)4

Rh2(OAc)4

 
                                                 
4     (   )         

. 
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    ,  ( )  

         1,3-

 .         

 ,   .    

 ,      

   [3+2]-   N-  [325].  

          

         

 (  6,  ).       

 ’    [317–319].  ,      

      -     

        , 

      (  18). 

       

       [317–319].  

 

 18. 

CO2Et

NO2

LnM

CO2Et

NO2

CO2Et
O

N

O

R/

R

R

R

NHO

CO2Et

O

R

R

R

R

R

R

R

R CO2Et

NO2
-MLn

-MLn

 
         37,   

  ,     59,     

    60 (  19).  

      60     

   1:1;   59       

   4:1.    13   60  

  ,    -    (  121–

122   137–138).          

  157–163 . .      60,     

.    1H    60  

     H 5.6–5.9 . .,   
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  ,      H 8.1 . , 

   . 

 19. 

NO2

CO2Et

N

HO

CO2Et

O

59, 24% (dr 4:1)60, 49% (dr 1.1:1)

37

CO2Et

NO2

+ +
Rh2(OAc)4

 
     

  38 ( .  5)     . 

  39  40 ( .  5),   

 ,        

      . 

 ,         

 ,        

  1-  –     

1-     .  

,          

            

 [1+2]- . 

2.1.4.  [ ( ) ]  ( )     
[1+2]-    

      1-

        

 [1+2]-   ,   .  

         

 [326],       . -

,      ,  

    [326] .      

,       ,  

   ,        

         61 (  20). 

 20. 
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   ,       

    62     (  

21). 

 

 21. 

 
 

       ,   

   63.     

       

  64   .    

    21 –   –    

,        

( ) .   ,    

 64           

 .  

    -     

      .   

      [1+2]-

        , 

      4.   

      31  .   

,      ,   

  ,     

.           

    (II)   5-    

(  4). 

 ,    ,  

       –   

   ,     
31 ,    . 
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 4.    [1+2]-    

. 

 
  

5  t   
65 (%) 

1 5 . CH2Cl2 0°C Rh2(OAc)4 30 
2 10 . CH2Cl2 0°C Rh2(OAc)4 45 
3 10 . CH2Cl2 25°C Rh2(OAc)4 53 
4 10 . CH2Cl2 42°C Rh2(OAc)4 70 
5 10 . Cl(CH2)2Cl 60°C Rh2(OAc)4 65 
6 10 . C6H6 80°C Rh2(OAc)4 32 
7 10 . CH2Cl2 0°C CuOTf 0 
8 10 . CH2Cl2 42°C CuOTf 0 
9 10 . CH2Cl2 0°C CuI 0 
10 10 . CH2Cl2 42°C CuI 0 

         
, ,    ,   , 

      -  
 . 

 , ,      ( ) ,  
           

    (  22),     
  [1+2]-    1-

 I (  A).  
 22.  

N2

P(O)(OEt)2

NO2

Rh(II)

(EtO)2(O)P N

O

O

O
N

P(O)(OEt)2

O

B

II

N(EtO)2(O)P

O

O

N(EtO)2(O)P

O

OH

C

III

(EtO)2(O)P NO2

NO2

P(O)(OEt)2

A

I

c

-N2

ba
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       [3+2]-   

 N-   II (  B),    c  

       

,       

 III (  ). 

2.1.4.1.  [1+2]-     

 ,      3–5, 10,    

 25   26    

   (II)     65–70   

    (  23). 

 23. 

 
      

  1 , 13   31 .    -  

 65  67        

 ,        1.6–2.7 . .  

   2-  . - ,  -  

         2JH,H, 

 5–6 . - ,  -       

  .        -,   
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-  3JH, ,       9–12   3–6 

, .    13     

     -  

    ,    

64–67 . .       1J ,   = 213  214 ,    

     ,     
13           1J ,  = 160–170 .  

      2J ,   3J , ,  3–5 .  

  31       65  

67     10–14 . .   

 26        

 ,    4  25;    68  

       73:27,     

   ,     31  

    11.51  12.05 . .       

       

    .  

    ,   

,    1- , 

    5  10  . ,  

 5      

   ,    66   

         60:40.   

 10   , ,  , 

        ,     

 .       

       5  10  ( ) . 

  ,     10      

  69   56:44,       

  4-   .   ,   

  66  69  ,      

  , , ,     

   .  

  ( )     

   ;  70     
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  59:41.    70     

   ,      

 1   13 , .  -     

          

      .   

,     ,     31   

  10–14 . . 

   ,  ( )     

     [1+2]- .    

 ,        

    [3+2]- . 

2.1.4.2.  ( )    

         , 

,    ,    

,        

( ) .       

       

 (  22,  ).  

      ,    -1  

 71  25%.  ,    31  

      72,  

 ,     .  

         

  71  72 (  24).  

 

 24. 
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 71         70:30. 

          

  1- .   72  

          .   

 1    72     

    5.44–5.55  5.63–5.81 . .,     N–OH-

   10.05 . .    13    , 

        120–135 ,  , 

        163.73 

 163.80 . .        31   

         P 0 . . 

      –  32 – 

    ;    31    

   73   –0.21 . .,      

 (  24).       

73            

  .     72,     

  ,       , 

  -     1 ,     

       13 . 

       31 (  5) 

     ; 

  ,      . 

       –   

,         

( ) ,   .  

,        , 

     ,       

   .      

           

  .        

,       

    -  

. 
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2.1.4.3.  [3+2]-  ( )    

         

          

,         – 1,3-

  (  22,  ).  

        ,  

( )     . 

    [1+2]-    

,        1,3- .  

( )      (  25), 

             

  ;    1,3-    

     [3+2]- . 

 25. 

NO2

CO2Et
N

EtO2C

O

O  
 ,          –  

 7, 8, 74       N-  

 75–77 (  26). 

 26. 

O
N

EtO

P(O)(OEt)2

O

O O

N

P(O)(OEt)2

O

EtO

O

O2N P(O)(OEt)2

N2

O2N P(O)(OEt)2

N2

7

8

75, 93%

76, 43%

5% Rh(II), CH2Cl2,

5% Rh(II), CH2Cl2,

O
N

P(O)(OEt)2

O
PhO

PhO

O2N P(O)(OEt)2

N2

74 77, 60%

5% Rh(II), CH2Cl2,

 
     1,3-   N-

    [327]  75–77    
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    ,       

       .    

   1 , 13   31 ,        

    .    N-

 75  77    1        3–4 . ., 

  2-       

 –    = 5–6 . .     76  , 

  - ,   ,   3.85  5.77 

. .  13   ,   =N-     103–107 . .   
1J ,   215 ,       

2-  -   39–45 . .  96–98 . ., .  , 

 2- ,    2J ,  = 12 .  

    N-  75–77    31    

 -,         2–4 

. . 

      ,  

 6.     31 ,     

      78,  N-  79   

  (  27). 

 27. 

 
        

   ,    78  

.      79;   

          . 

        

 78  N-   79,      

   1- .  

 ,         

 ,      ,    
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   1-  –    

 1-  .  

 

2.2.   1-   1-
  

2.2.1.    1- .  
 1-   

  1-    

       

      (  1).  

 1-     1-

     ,  

      .   

  ,     ,   ,  

 .  ,  ,  , 

  1,2-   1-  

         ,   

      .     

       

;        

  –    .   

        

  .      

    ,    

    ,      

    . 

      : 

   -      

,    1-  

   [324]5,       2–Pd/C–

MeOH–HCl.       

    : NH4CO2H–Pd/C [328–329], H2 

                                                 
5           .  [74],   

          Zn–HCl. 
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(2 .)–Ni-Ra [329–331], Zn–AcOH [330, 332, 333], –HCl ( ) [333, 334], NaBH4–

Pd/C [335], HCO2H–Ni-Ra [336].    

    (1–3.5 .)  

    Pd/C [337–338], Pt/C [338]   Ni-Ra [339].  

        

 Ni-Ra–N2H4 HCO2H [340]  N BH4–Ni2B [341]. 

        

    –    

 .       Pd/C–HCO2NH4–

MeOH,           

   44, 48, 49, 50, 53, 55, 59. 

  80–86     

 (  5),        -

  - .      1-

( )   -    

      ,    

   ,   -  CO2Et- .   

         

 . ,    1   80 ,  

    ( H 0.92  1.49 . .),   H = 0.7–0.9 

. .              

44 ( H 1.83  2.14 . .).    13   80   

,    ,    (  41.07 

. .),      2-    

(  29.05 . .)    (   35.41 . ).  -  

 80      m/z = 169  

   [M–C2H4] +, [M–Et]+  [M–Et–C2H4]+  

  m/z = 141, 140  112, . ,    

         

     . 

   ,   [M–CO2Et]+ c 

m/z = 96,         [342]. 
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 5.  -    

 Pd/C–HCO2NH4    .   

 . 

NO2

CO2Et

NH2

CO2H

 Pd/C-HCO2NH4
NH2

CO2Et

NaOH

EtOHMeOH
48 

 
 

  
, 

% (d.r.) 
 

, 

% (d.r.) 

 
NO2

CO2Et
 

44 

 
NH2

CO2Et
 

80 

82 

 
NH2

CO2H
 

87 

89 

 

MeO2C
NO2

EtO2C

48 

 

MeO2C
NH2

EtO2C

 
81 

73  

(3:2) 

 

HO2C
NH2

HO2C

 
88 

69 

(7:5) 

 

NO2

CO2Et
 

 

 

 
49 

 

NH2

CO2Et  
82 

79 

(3.5:1) 

 
NH2

CO2H  
89 

65 

(10:1) 

 

CO2Et
O2N

 
50 

 

CO2Et
H2N

 
83 

89 

 

CO2H
H2N

 
90 

87 
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NO2EtO2C

 
53 

NH2EtO2C

 
84 

88 

 
NH2HO2C

 
91 

84 

NO2

CO2Et  
55 

NH2

CO2Et  
85 

71 

(3:1) 

NH2

CO2H  
92 

92 

(5:1) 

 

CO2Et

NO2

 
59 

CO2Et

NH2

 
86 

68 

(5:1) 
CO2H

NH2

 
93 

70* 

*        . 

,   Pd/C–HCO2NH4      

   43, 45–47 (  7–9)   

 54 (  14)      .  

     43, 45  46   

 ,      .  

   46      

         

 Pd/C. 

 28. 

NO2

CO2Et MeOH

NHOH

CO2Et

46 94, 74%

Pd/C-HCO2NH4

 
 

,       48   2–7 ,  

  46   94 (  28).    13  

     ,   

 ,   50.84 . .       

   10 . .       -
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    -  

[321].  -   94      m/z = 

211.         

   ,    

.        

   46        . 

,    50  59,    

  ,       

Pd/C–HCO2NH4–MeOH    83  86 (  5).  

,      1-

        

  .  

   54  

       ,   

 (2- )  95 (  29). 

 

 29. 
O2N

COEt
Pd/C-HCO2NH4

MeOH

CO2Et

NH2

95, 82%54  
       

      Pd/C–HCO2NH4–MeOH   

      . ,  

     Pd/C  43   

 96, . .      , 

       

 (  30).      96    

  -     .    1  

     ,   

  (  1.29 . )   (  9.8 . ) .   

,    ,    13      

     154.03 . .   

43    (40° )   (2–30 .)     

    . 
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 30. 

NO2

EtO2C

CO2Et

NOH

CH3

H2 (1 ) - 10% Pd/C

43

96, 62%

NaBH4
- 10% Pd/C

MeOH

NO2

HOH2C

97, 70%  
   NaBH4–Pd/C   

( )  43    

   43  ,      

 (  30).   97  

  -  ,   .  

,    1    97      3.96  4.29 

. ,     ,    

  .    13     

        63.07 . . 

 ,       Pd/C 

       1-

. - ,     

  -     ,   

        

(    )  .     

     43    

     (H2 (1 .)–Ni-Ra  N2H4×HCO2H).   

      . 

         

      – . 

         

  [319],  ,      

   .     

   .        

: 0.2  –   HCl.  ,   
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    43    3   

    98.   

  1- -2-       

      99;  

      8 .  ,    

   44  -  HCl   10   

        

  (  31).      98  99 

      -    

.       43    

     :    -

       

 ,     43   .   

  HCl          

,     ,    

 –    ,     

      

. 

 31. 

CO2Et

NO2

CO2Et

NO2

Ph

CO2Et

NO2

HCl, 0.2M

EtOH-H2O

HCl, 0.2M

EtOH-H2O

HCl, 0.2M

EtOH-H2O

Ph CO2Et

Cl NO2

43
98, 63%

99, 69% (dr 1:1);

44

Cl

CO2Et

O2N

8

 
   43       

   .     

        Zn–AcOH. 
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,        

 43, 45–47    100–103     

   (   6). 

 ,       

    1- ,   

   ,   . 

    1-   

  .    80 (  5)   LiOH–

–H2O          .  

  80–86, 100–103 (  5  6)    

 NaOH        2-  .  

 6.  -     

  Zn–AcOH–i-PrOH    .  

  . 

NO2

CO2Et

NH2

CO2H

NH2

CO2Et

NaOH

EtOHi-PrOH

Zn-AcOH

 

  
, 

% (d.r.) 

 , 

% (d.r.) 

NO2

CO2Et
 

43 

NH2

CO2Et
 

100 

89 

NH2

CO2H
 

104 

87 

 

NO2

CO2Et
 

45 

 

NH2

CO2Et
 

101 

91 

(4:1) 

 

NH2

CO2H
 

105 

90 

(3:1) 

NO2

CO2Et

 
46 

NH2

CO2Et

 
102 

76 

(8:1) 

NH2

CO2H

 

106 

85* 
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NO2

CO2Et

CO2Me  
47 

NH2

CO2Et

CO2Me  
103 

80 

(1:1) 

NH2

CO2H

CO2H  
107 

90 

(1:1) 

*        102. 

 

        

      

   EtOH–H2O.     

89, 90  93    , . .    

   HCl       

       – .    

 87–93, 104–107        

(  5  6).        

    - ,    -

. 

 -    87–93, 104–107    

    ,   

  .     

     1   13  , , .  -

        

.         

  ,      [ – ]+  

 . 

 ,        

  1-  ,   

  [1+2]-    ,   

   1- ( )   

   .     

     

 ,      

   .     
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-       

88  107,        . 

 

2.2.2.  -   

 ,       

 ( .  2.1.2)   ( .  2.1.4)    ,  

  ,     1-   

   ( ) ,     

    -    65–68, 70, 71, 

       -  

 

       1-

    . 

  ,       1-

 ,      

   ,      

.  ,       

,     - .   

 ,     -

,      Zn–

AcOH–i-PrOH.  ,  - ,   

,      (  7),    

     ,  108–113  

       (  95%      1  
31 )    .   1    

108–113        

 NH2-    1.5–2.5 . .    , 

    ,        
13            32–36 . .  

  31 , ,        –   

,        10–14 . ., 

   108–113     25–30 . .  
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 7.    - . 

 

  , 
% (d.r.) 

  
 

, 
% (d.r.)

O2N
P(O)(OEt)2

 
65 

H2N
P(O)(OEt)2

 
108 

86 
H2N

P(O)(OH)2

 
114 

95 

MeOOC

P(O)(OEt)2

NO2  
66 

MeOOC

P(O)(OEt)2

NH2  
109 

85 
(2:1) 

MeOOC

P(O)(OH)2

NH2  
115 

82 
(7:3) 

O2N
P(O)(OEt)2

 
67 

H2N
P(O)(OEt)2

 
110 

91 
H2N

P(O)(OH)2

 
116 

94 

O2N
P(O)(OEt)2

 
68 

H2N
P(O)(OEt)2

 
111 

89 
(2:1) H2N

P(O)(OH)2

 
117 

92 
(4:1) 

Ph

O2N
P(O)(OEt)2

 
70 

Ph

H2N
P(O)(OEt)2

 
112 

81 
(2:1) 

Ph

H2N
P(O)(OH)2

 
118 

93 
(7:3) 

-C4H9

O2N
P(O)(OEt)2

 
71 

-C4H9

H2N
P(O)(OEt)2

 
113 

91 
(3:2) 

-C4H9

H2N
P(O)(OH)2

 
119 

87 
(1:1) 

      

114–119    .     

  : - ,    

     [305, 343] , - ,  

  [301, 304, 305].  

      , 

      ,  

      .   ,   

-        

     6N HCl,   
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,       ( .  

2.1.1)  ,      

        .  

      

   ,       

 .  ,     

,  ,    .   

   ,    

       . 

,   -   108–113   

     .   

         

   -   114–119  ,  

  (  7).      

    ,   

         

   ,     108–113 

.      

      114–119  

    .     ,    

        

    .  

       

  .    1   13    

         

- .         

     , , ,    

 31            9–15 

. .  

    120,     

     ,  

       

 115,         

Me3SiBr.          115 

  HCl (  32).   115    
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 5-    1N  HCl,   

         1   13 . 

   120       , 

  .  

 32. 
MeOOC

P(O)(OH)2

NH2

HOOC

P(O)(OH)2

NH2*HCl

1N HCl

H2O

115 120, 95%
dr = 3:1  

 ,       

  1-  ,   

      , 

     

.     

       

,         

.     -   

      120, , 

   ,      

 . 

2.3. 1,1-     . 
      

    ( -

) ,  ,      

    . 

 ,   ,  

  ,     

       

  .    

 –   ,     

           

 – - [339, 344–346]  1,2-  [348], 1,2-

 [349]     [349–352].  

     1,3-  
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 1- -3- .      1- -3-

    [347]. 

        

 – -  121,      

 ,   ,    .  1,3-

 1- -3,3-     ,    

 ,    -     N-

  122 [353].  ,    

,      [3+2]-    

   N-  3-  [354].  

   -       

,          

 [355].   

      121  

     (  33)     -

,     (d4
20 1.43 / 3)  

  ,      800  

(9 . . )      1500    40 . 

 33. 

 
 ,    [356–358]    ,  

           -

        

-   (     ).  

      1,1,1-  (   

  )  N-  3-  [356–358]. 

            1,1-

. 

  ,        

1:2     50     -  121   
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  ,   N-   122    

.          

,     .    

   [3+2]-     ,  

 -1,      

 ,         -

,  ,  121,   -  – 

N-  3-  122. 

       

.  121         

50%       122.  

  1   121      2.29 . .  

   ,     

    19.1      

  (NO2)2    94.92 . .    J  = 172 

        

 . -        

    121. 

  – 1-  123 –     

  .         1,3-

 1- -1-  124 (  34). 

 34. 

125

Br

Br

NO2

Br

NO2
AgNO2 (1 .)

Et2O

124, 22%; 123, 49%;

O
N

NO2

126, 43%;

K2CO3

NaNO2

 
  124     22%   

 1,1- ( )  125  1 . AgNO2  ,  
 125  NaNO2        

   126    . 
  124    K2CO3    

 123   50%.       
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   1 , 13   - .    1   
123    N 2       H 4.52 . . 

     (3J = 2.8, 3J = 6.5 )   -  
   2-    .   

   ( H 1.66  2.15 . .)   
        

  -  (2J= 5.4 ).    13   ,   
,      60.6 . .    1J ,  

 = 191 .          
 ,         

  ( 1J ,  = 164–166 ). 
 ,    1,3-    

       . 
          

 ( )     
   .      

          
 (  8).        

       
        

( ) . 
     ( )  
43–46, 53 (  8)        

     NaOH    
       

(0.5 ,   70–800 ).  123, 127–130    
  - ,     8. 

   ( )  43   
 123,   1   13      

  ,   ( )  124. 
 127, 129  130,     

   44, 46  53   ,   -  
   . 

      128  129  
        7:5  3:1, , 

           
 1 , 13   -  ( .  ). 
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 8.  . 

NO2

CO2Et

1) NaOH, EtOH

2)DMSO, toC
NO2

 

  
, 

% 

 
EtO2C

NO2

 
43 

 

NO2

 
123 

78 

 
NO2

CO2Et
 

44 

 

NO2

 
127 

82 

 
EtO2C

NO2

 
45 

 

NO2

 
128 

52 

(7:5) 

EtO2C
NO2

 
46 

NO2

 
129 

56 

(7:5) 

 
NO2EtO2C

 
53 

 

NO2

 
130 

89 
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  ,      123, 128  129  

  127  130,        

 1-      1-

( ) . 

2.3.1.      
 

      

  ,     

  .        

      .  

     ,  8.4 / .  

        

,       

    [359].  

       

    ,     

        . 

  ,     [339],    

   ;     -

        , 

   26.86 • -1 [360]. 

        121, 123, 

127, 130,     131     

     ,   

   9.       

      99.9%,  ,   

       -  

 (    , , ). 

         

         

        

 .       

         

  (  9).  
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 9.   . 

 
d, 

/ 3 

- u°, 

/  

- H°m ,  

/  
fH°m( ),  

/  
vapH°m ,  

/  
fH°m( ),  

/

 

NO2
 

131 

1.135 
21570

±35 

1877.7 

±3.1 

-17.4 

±3.1 
44.7 27.3 

NO2

NO2  
121 

1.423 
13570

±47 

1787.3 

±7.8 

35.1 

±7.8 
52.7 87.8 

NO2

123 

1.181 
27355

±39 

3094.9 

±4.4 

126.9 

±4.4 
47.7 174.6 

 

NO2

127 

1.172 
29493

±47 

3751.7 

±5.9 

104.4 

±5.9 
49.7 154.1 

 
NO2

130 

1.211 
33114

±47 

5609.1 

±7.8 

-76.2 

±7.8 
80.3 4.1 

 

    9    ,  

     

     .  , 

         

 ,    ,      

 .  

       

   -  -     

 ,       

     . 
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2.4.        
  

        

 ,   ,   

     .   

         

 ,   ,   

,        

  . 

         

      

           

     .  

         

  (c  35). 

 

 35. 

R1

R2 NH

NH

O

O

R1

R2
NH2

CO2H
R1

R2

CHO KCN
(NH4)2CO3

Ba(OH)2

R1

R2

CH2OH

R1

R2

CO2Me

R2

R1

N2CHCO2Me
Rh2(OAc)4

LiAlH4 [O]

 
 ,       

       

     -    

   , , ,   

       . 

2.4.1.  -( )  

 -( )       

 Blighia sapida     ,  , 

   .         
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         L-

. 

         

    -( )  132   

   25  (  36). 

 36. 

25
COOH CH2OH

CHO

NH

NH
O

O

NH2

CO2H

1)BuLi
2)CO2

LiAlH4

KCN
(NH4)2CO3

Ba(OH)2

H2O

133, 70%                                                       134, 80%

135, 88%136, 53%132, 38%

CrO3*Py*HCl

 
  133     

 25        

   2.     

      133   

 134       [361]   

 135. 

 136          

          

  -   - .   

        13    

,      [362, 363],   168.51, 

168.88  185.43, 186.15 . .   .  ,    13  

   ,   ,   

   (  61.63  62.10 . .).  -   136 

     m/z 152. 

          

 (   NaOH, KOH, Ba(OH)2),     ( . HCl, HBr, 

HI, 60%-  H2SO4,     )  [364–367]. 
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,   ,      

,      ,  

      .     

        .  

  136   1N  Ba(OH)2   

 ( )  132   38%.    132  

         

–H2O.      132      

     ,      136. -

   -( )  132  

   [368, 369]. 

2.4.2.       
  

   36,     -

( )  132,       

        28, 

[6.1.0] -2-  37,    136  137 (  10). 

2.4.2.1.   [6.1.0]   

 [1+2]-       

     Rh2(OAc)4     

 -   39, 40, 138–141 

(  10). 

         

  -      ,  

      .     

    ,    

.        

   (51–63%). ,    -1,5  -1,3, 

     ,     

 40  39     139  141, 

,        

     .  139    

         

 40. 
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,   [1+2]-   

   –  ,  ,   

      [370].   

     -  - , 

 - ,    ,  . 

,     1   13      

        3:2   40, 138, 

140  3:1 –    39.  139      

    1:2:2:4     1   13  

 ,          

 .  ,       

 39          

40          

 140. 

 10.      

 .  

R1R2

N2CHCO2Me

Rh (II)

R1

R2

CO2Me

 

  , 
% 

dr** 

 
28 

 

CO2Me

 
138 

51 1.7:1 

 
136 

 

CO2Me

 
40 

53 1.7:1 

 
136 

 

CO2MeMeO2C

139 

7* 1:2:2:4 
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*   139  141         40  
39, . 
**       1  . 
***      . 

- ,       

      

    . 

    39, 40, 138–141    

    1   13 ,      

39, 139, 140    .    1   39, 40, 138–

141    (  0.7–1.1 . .)  ,  

 ,       

  (  3.5–3.6 . .).    39  40  

     (  5.4–5.8 . .). 

   13   39, 40, 138–141    (  20–29 . .) 

        

  1J -  (155–167 ).       

     50–52 . .   1J -  = 146–147 , 

         

 171–175 . .     39  40     

    123–135 . . 

 
137 

 

CO2Me

 
39 

51 3:1 

 
37 

 

CO2Me

 
140 

63 1.6:1 

 
137 

 

CO2Me

CO2Me
 

141 

1* –*** 



152 

 ,  [1+2]-      

      -  

 –      

 . 

2.4.2.2.   [6.1.0]  . 

        

    LiAlH4.       

        . 

    39, 40, 138–140  

  142–146  LiAlH4    [371–373]. 

      ,    

(  11).  142      , 

     143–146      ,  

       . 

 142–146      1   13 , 

    144  146    .  

,   143      -  

  (COSY 1 –1   1 -13 ),     

      ( .  ).  

- ,   142, 143, 145  146    

     ,       – 

  .  144,     

   139,       . 

  1   13   142–146   

      ,    

     ,  

 ,   0.3–0.4 . .     

  .    142–144      

     2.77, 2.85  1.24 . ., ,  

 145  146        

  .  ,      

  3.3–3.6 . .   2 -    3J -  = 6.4–

7.7 .    1   143  145     

      5.56  5.58 . . 



153 

   13       

(  17–28 . .)        

  1J -  153–160 .    59–67 . .     

      1J -  = 141–144 .    143  145    

122–136 . .   13   ,     

  . 

 11.  .  

    *          139.  
**       1  . 
 

LiAlH4

CO2Me CH2OH

Et2O

 

   , 
% 

 

** 
 

CO2Me

 
138 

 

CH2OH

 
142 

74 1.8:1 

 

CO2Me

 
40 

 

CH2OH

 
143 

91 1.7:1 

 

CO2MeMeO2C

 
139 

 

CH2OHHO2C

 
144 

98* - 

 

CO2Me

 
39 

 

CH2OH

 
145 

94 3:1 

 

CO2Me

 
140 

 

CH2OH

 
146 

97 1.6:1 
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     139      144 

       .  

      . 

2.4.2.3.   [6.1.0]   

   142–146     

– ,      -

( )  135. ,  142  

  – ,   147   

      (79%).  ,   

        148–151,    

          

  . ,      

 146  151 (   - )   -  

   151   . 

        ,  

       [374].    

         

  . 

   143–146   ,    

,      (88–92%) 

(  12),     148–151   

          

  . 

     147–151    

 1   13 ,     148, 149  151   -

   . ,       

 ,         

  . 

    147–151      

       ,  

    8.9–9.5 . .  ,   

 ,    3J -  = 4.9–6.6 .   

  149     .    
13    C 8–39 . .       
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    1J -  = 154–168   119–129 , . 

 ,  ,    , 

   ,        (  

30–39 . .)       (  7–15 . .).  

          

(  199–202 . .)   1J -  166–170 .  

 12.   . 

*  147  151     ( –  ),  148–150 –  
  (  ). 

**       1  . 
***           73.  

CH2OH CHO

[O]

 

 * , 
% 

dr** 

 

CH2OH

 
142 

 

CHO

 
147 

79 2.1:1 

 

CH2OH

 
143 

 

CHO

 
148 

91 1.8:1 

 

CH2OHHO2C

 
144 

 

CHOOHC

 
149 

88*** – 

 

CH2OH

 
145 

 

CHO

 
150 

91 3:1 

 

CH2OH

 
146 

 

CHO

 
151 

94 1.6:1 



156 

 

 148  151     -  

.          [ ]+ 

   m/z 150  164, .   148  151  

         ,  

,      [M–CHO]+    m/z 

121  135, . 

 ,  ,      

     

      

. 

2.4.2.4.      
[6.1.0]      

  5-   152–156   147–151  

     -  [375, 376] –  

   KCN  (NH4)2CO3    60   50%-  

-  .  

 152–156      (75–90 %) (  13), 

    ,       

,            

. 

    152–156     

 1   13 .    13   152–156     

,    ,      

,        

  158–170   176–188 . .      

         

  [364]. 

 ,      

          

56–63 . .   153  155     (  123–137 

. .). 
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 13.  ,   . 

KCN, (NH4)2CO3
CHO

HN

NH

O

O

NH2

CO2H

Ba(OH)2

     

CHO

 
147 

NH

NH O

O  
152 

75 

NH2

CO2H  
157 

43 

CHO

 
148 

NH

NH O

O  
153 

80 

NH2

CO2H  
158 

 

52 

CHO

OHC  
149 

NHHN

NH

NH
OO

O

O

 
154 

82 

NH2

CO2H

H2N

HO2C  
159 

42 

CHO

 
150 

NH

NH O

O  
155 

89 

NH2

CO2H  
160 

49 

CHO

 
151 

NH

NH O

O  
156 

91 

NH2

CO2H  
161 

44 

 ,         

   ,     

,           

 ( .  ). 

  152–156       

  ,       157–161  

  (43–52%) (  13). 

    , ,    

     .    ,  

      Ba(OH)2      

    (NH4)2CO3,    



158 

 .  ,      

   .  ,  

 157–161    ,     

   .    2+  

       Dowex-50WX8-100   

   .    

   1 , 13 ,  - .   158 

 161      . 

   1   13      

.         

  ,      

 (  0.5–2.7 . .),      3.5–4.2 . .   

     .     13  

   ,      

,         

-  (  172–179 . .).  ,       

 –    ,   

     . 

 -   157–161      

 (   1%),  [M–NH2]+    -  

 .      

 ,      [ – ]+    

 (    157  161),     (   

 158  160).        

 [ –74]+,    CH(NH2)COOH.  

       , 

       CnH2n  CnH2n+1 [342]. 

 ,         

  ,      

    .  

2.4.3.        
(167  177) –    

       
        . 

         



159 

  ,     
       .    

           
         

 , ,    
 –   . ,      

      
  . 

         

           

     .    

          

  -( )  (132) –  134  

 135. 

 162       135  ,  

   .   162      

- .    1   162   , 

  - ,     4.02 .     

(   3.38–3.62 . ).    13    103.41 . .    

   ,     15.16 . .  60–61 . . – , 

    .  ,   

 162      [1+2]-    

, - , -        

  (  37). 

 

 37. 

CHO

OEt

OEt

N2CHCO2Me, Rh(II)

EtOH

135 162, 50%

CH(OEt)3

 
 

       134 

       

 .    134      

 ,        



160 

  163,      

( )       164,   

10 %        (  

38). 

 38. 

CH2OH CH2OTHP
N2CHCO2Me

Rh(II)

CH2OTHP

CO2Me

163, 93% 164, 10%

TsOH*Py

O

134  
 

      .  

  [1+2]-       165 

   166      (  39). 

 39. 

CH2OH
[Me3Si]2NH

CH2OTMS

165, 80%

N2CHCO2Me

Rh(II)

CH2OTMS

CO2Me

166, 49%134  
    165  166     

  - , -    .  

  -    166     

    4.5:3:3:1.     166 

  ,      

      3.45–3.49 . .    13   

      51.06–51.10 .  ( 3)   173.61–174.47 . . ( = ). 

-       

  166       

  m/z 228,       [M–Me]+, [M–CO2Me]+ 

 [M–CH2OSiMe3]+   m/z 213, 169  125, . 

  166      4-  

(167) (  40).   166     

,     168,       

.  168    -   



161 

- .     168    

   3.5:3:2.5:1,  4-   .  

-   -   168    

 8.75–8.92 . .,      –     

    199.78–200.30 . .  -   168  

    m/z 154. 

  40. 

CH2OTMS

CO2Me

CHO

CO2Me CO2Me CO2H

CO2H

NH2

166 168, 83% 169, 64% 167, 80%

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

EtOH-H2OCH2Cl2

Ba(OH)2

N
H

H
NO

O

 
 169     168   .  

,         . 

 ,         

 ,  8-    ,   

  -    4:3.5:3:2.5:2:1.5:1:1.   169 

       

,      13    167.99–170.21  184.75–

186.70 . .,         174.40–

174.64 . . 

  169   Ba(OH)2      

  167,     8-    

 8:6:5:5:4:3:1:1.  4-  167  

   - .    

  13        172.87–173.95  179.07–181.17 

. .,       167.  , 

  -  -       57.11–58.68 

. ..    1    ( )   

      3.00 – 3.54 . .    3J   

8.6–10.3 .  

 ,     

  ,       

     (  41). 

,    170,    



162 

  145,      

    171. 

 41. 

CH2OH CH2OTMS CH2OTMS

N2CHCO2Me

Rh(OAc)2

145 170, 99% 171, 5% CO2Me

[Me3Si]2NH

 
 

    143  ,  

         

    .    

     143  ,   

   172     (30%) (  42). 

    173     

  ,    ,     

       . 

 173          

  172     .  

   173  ,  4-  ,  

 3:3:1:0.5.   173    

 ;         3.47–

3.53 . .   51.4      174-175 . .    

 . 

 42. 
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

143 172, 99% 173, 30% 174, 80%

175, 98% 176, 48% 177, 45%  
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      173 

         

– - .  174     

 4-     3.5:2:1.5:1,   - .  

  174      

 175,          1 , 
13     ( .  ).      

         

  177,         

 -    . 

  1    177 ,  

      .   

 13      6     

  (  25-27  28-31 . .);      

      172.5  179.7 . ..   

      57.7 . .   - ,    

-  . 

 ,      -   

     ,     

     

     . 

2.4.4.  - - -  – -  
   

   ,       

     .  

,   -  -    

      ,   

 (  43).  

 43. 

NHR

P

O

OR1

OR1

NH2

P

O

OH

OH CHO

P

O

OR1

OR1H

RNH2
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-     -  

    -  [377],   

        

.   - - -   

  ,   .   

,        

   .     

   135, 168, 178–181 (  6),   

    - . 

 
CHO

COOMe

CHO CHOCHOCHO CHO

OHC

178 179 135 180 181 168

 

 6. ,   . 

2.4.4.1.  ,    

       178–181  

     182,   

       183 

[378], 3-   184 [379]     

 185 [380] ( .14).  135      

  133    132 ( . 

 2.4.3.,  26),   168 –    167 ( .  

2.4.3.,  30).  

        

– :         182–185 

  ,       178–181   

.           

         

   [381].      

         

.      14.   ,  

   185,    ,   

.    189, ,     
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   ,      

       .  186–189 

         

   .   1   13   

    ( .  ). 

 14.  ,   . 

CH2OH CHO
CrO3*Py*HCl

COOR LiAlH4
Et2O CH2Cl2  

   , %  , % 
COOH

 
182 

CH2OH

 
186 

96 

CHO

 
178 

44 

COOEt

 
183 

CH2OH

 
187 

86 

CHO

 
179 

54 

COOH

 
184 

CH2OH

 
188 

90 

CHO

 
180 

38 

COOMe

MeOOC

 
185 

CH2OH

HOH2C

 
189 

51 

CHO

OHC

 
181 

47 

       

     [374] c     

 CrO3×Py×HCl,         

         .  

       

 ( .  2.4.2). 

  186–189          

   178–181 (  14).     

 178–180     . 
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 1 .    1   178–181      8.6–9.8 . . 

 ,    ,  

 3J ,  = 5.2–6.8 .     178, 179, 181    0.9–3.1 

. .  ,    ,  

    180      

    2.8–3.2 . .   180  181      

 (  = 4.8–5.9 . .).  

 ,     

          

     6-    , 

   –      

 . 

2.4.4.2.  ,   ,   - . 
 -      

 -    -     
   . ,     

       ( , 
    )       

   [382, 383] (AlCl3, ZnCl2  .)   
 [384–386].        

      , 
     .  

     135, 168, 178–181, 

   -       
   (II),    . .  [387].  

   (5–20 )      -  
190–194    (  15).       

          4 Å.  
  178  ,     

   (II)     , 
       .   

       31 .    135, 
168, 178–180   1-  190–194    70–80 %. 

  -  190–194   
  .     
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  . 

  190–194      
(66–75%) (  15).    181   -   

       
,    (1- )   . - , 

 181           
  . 

 15.  ,   . 

CHO

NHBn

P(O)(OEt)2
HPO(OEt)2, BnNH2

CdI2, ms, mw
 

  ,  , % 

CHO

 
178 

BnHN
P(O)(OEt)2

 
190 

5 70 

CHO

 
179 

BnHN
P(O)(OEt)2

 
191 

8 74 

CHO

 
135 

BnHN
P(O)(OEt)2

 
192 

13 71 

CHO

 
180 

BnHN

P(O)(OEt)2

 
193 

16 68 

COOEt

CHO

 
168 

BnHN
P(O)(OEt)2

COOEt

 
194 

15 66 
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     190–194   

   1 , 31P  13 ,    -   

 .    31P  190  193    21.81  

26.93 . .    ,     

 .    1   , 

 -    1.03–1.39 ( 3)  3.88–4.23 ( 2) . .   

   -     2.20–2.80 . .  

  3J ,H = 8.85–9.23  3J ,  10.6–12.1 .  ,    3.64–

4.06 . .  ,      

  2J a
H

b = 13.14–13.52 ,      

    7.07–7.37 . .    13   190–194 

       

   54.27–60.18 . .,       1JCP = 145–

166 ,   ,     (  51–53 . .)  

-  (  60–63 . .).    190–192  , 

   ,      

 3JC,P = 13.17–16.84  ( .  ). 

   ,     1-   

     ,   

          . 

,     191  192,    

  2   ,   2  , 

  . ,    

 135  -     

,        192  

  2:1.     13C  

 194,  4  ,      7 

   28:22:17:14:9:6:2:2. 

  190  194   c   MALDI-TOF 

  .   190   

  [M]+ c m/z 297.1427,    194 —  [M+1]+ c m/z 

396.1977 .   191–193    

  . 
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 -  190–194     

 -       

     [388]   

  [304].  

 ,        

,   ,        

,     194 –   

   ,   

         

   . 

2.5.  -     –  
,       

 . 

        

 ( )   ,      

   ,   ,      

,      ,     

  .       

 –        .  

          

-   ,    

  ( .  ,  1.3).   

   -     

    .  

        -  

    -   -   

     ,  . .  

 .       

       4- [2.2]  (195) 

 1- [2.3] -5-   (196).  ,   

          

Glu196 ,        Arg104.  

   195     

   .    196   

  ,       
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   ,      

 .     

    195  196   

 7. 

 

 
 7.  4- [2.2]    (195)    1- [2.3] -

-5-   (196). 

      ,  

,    ,   

     

  - . 

2.5.1.  4- [2.2]    1- [2.3] -5-
  (195  196) 

  [1+2]-    , 

      1-

  ( .  2.1),      

  ,  -   -

  – 4- [2.2] -1-   (195)  1-

[2.3] -5-   (196) (  44). 

 

 44. 
COOMe

NO2

COOMe

NH2

COOH

NH2

MeOOC MeOOC

NO2

MeOOC

NH2

HOOC

NH2

COOMe

a

b ca

b c

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

198, 78% 200, 75%

195, 85%

196, 88%

197, 83% 199, 73%10

5

COOMe

MeOOC

COOEt

COOEt

NO2

NO2

d

d

47, 52%

48, 80%
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       1-

      , 

  -   .      , 

       ( .  2.3), 

        1-

 .    47  48  

 ,         , 

        .  

         ,  

,      .  ,  

 1-  47  48   NaOH (1 .) 

         

COOMe- .         

 ,     -4-

[2.2] -1-  (197)  -1- [2.3] -5-

 (198)   .     

      1   13 ,      

   ,   .    

  1     197  198     

 3.5–4 . .,     -   

.    13       , 

  ,  5–7 . .     60–63 . . 

        

      ,     1-

  ( .  2.2.1).    

        

  ,  Zn–AcOH–i-PrOH.  197  

198       199  200   

   .     

  -    1.5–2.3 . .    1    

199  200,        ,  

       . 



172 

    199  200    

        . 

    1-   ( .  2.2.1),  

      .    

195  196       

   ,       

    (  44).      

 ,       

,          199  200 ( . 

 ). 

 .     

 195  196,      -

  -  . 

   195  196   in vivo 6,  

       

      ,  

    .    

      - , 

    « ».     14 

   .  

  195  196    (0.1, 1  10 / )  

    40   .   

      – 1 / . 

       (  – 1 / ). 

        

    (     1.5 ). 

    « »       

   1–2 .       

  6  .      16.  

 

 

                                                 
6            

 . 
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 16.     195  196 

   
/  

  
± ,  %   

 
(   

) 
1 /  30.5±2.3 100 

 1.0 58.3±4.1 191 

 
195 

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

 
196 

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

*         , 0.05. 

      

195         . 

             

 195   0.1 /   10 /       

 .        

    1 /  (  16).    

   195   1.0 /    

  65%       . 

,       196  

 1 /      56%   

  .      

 (10 / ),         

  ,    –  

(  16). 

 ,   in vivo     195  196 

    ,    

195      (  16). 

2.5.2.  5- [2.3] -1-  (201)  5- [2.3] -1-
 (202)   

  ,      

    -   ,   
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    5- [2.3] -1-   

201      – 5- [2.3] -1-  

 202 (  8), . .       

 195  196,    . 

 
 8. 5- [2.3] -1-   (201)  5- [2.3] -

-1-  (202) .  

 

  201   

 202    (  9).  

  201 a,b  202a,b    

       .  

  ,   201 c,d  202 c,d     

.       201 a,b  202a,b, 

    ,    . 

 

 
 9.    201  202.  

 ,     “ ”  201 a,b  202 a,b  

       ,  

       .  

   201 c,d  202c,d      Glu196, 

        ,  

 ,      .  
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     ,  

 201 a,b       Arg104  Glu196,   

       .     

 ,   201 a,b    . 

   201 c,d,    ,    

     . 

      

.  ,        

     .  

    ,    

  201     , 

     202    

 . 

      202      

 5,    

  13,     203    

        204 

(  45). 

 

 45. 

 
 

     13    203 

     (  46).   

 203         13  ,  

   ,        

  ,     . 

 ,        31 ,   ,  

   13.      203  

  -   .  -  

    [ +H]+  m/z 263.1045,  

  203. 
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 46. 

CO2Me

PO3Et2

13

CO2H

PO3Et2

203, 95%

1N HCl

 
           

  ,        

,   . 

    205     

   [389]    -  , 

   206      SOCl2. 

  206       

       . ,     

 ,    207     

 (  ,  47). 

 47.  

P(OEt)2

O

CO2H

1) ClCO2Et, Et3N

2) NaN3, H2O
3) t-BuOH, 82 oC

P(OEt)2

O

H
N

205, dr=1:1, 40%

C

O

O

SOCl2
P(OEt)2

O

COCl

NaN3

DPPA, Et3N, t-BuOH

203

206

204

204

P(OEt)2

O

N3

207

A

B

C
 

     205    

 (DPPA).  [343],      

    .   ,  

   203  DPPA   -    

 ,     205    (  B, 

 47). 
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     205    

      [390].   

    ,     

    .       

  (    )   . 

         

  – 2-   208,    

  -  2-  209   

        (  48). 

 48. 

 
        

 203 (  C,  47)      

      - .  

      205     

 .      -

 ,      205,  

    204       

   202. 

    205,        

 ,       1 , 
13C  31P,   -   .    

    ( H 0.85–1.09 . .)   ( H 

0.70–0.80 . .)   ,  ( H 2.06–2.42 . )  

 (2.67–2.78 . .)   ,    

  -    H 1.34 . . 

   13       

 ,     ,   14.1   15.4 . .  

 – -  192 ,     (  14.8   16.3 . .), 

  ,     (  20.3   20.6 . .). 

       28.3    79.1 . .,  

      -  , 
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,            155.0 . .  

  31P          

 203  :       

   28.35  28.57 . . 

   204   Boc- ,   

   5N        

,    . [391]    

.     ,    

 204     (  49). 

 49. 

b

a - 5N HCl, Et2O; b - 1) Me3SiBr, CH2Cl2; 2) , .

NHBoc

PO3Et2

NH2

PO3Et2

205 204, 85%

NH2

PO3H2

202, 85%

a

 
    204     

  1H, 13C  31P ,   -   .  

     -     . 

 ,      

,           

205  .    31P  204    

    3 t2-       

27.2  27.9 . . 

        

 ,       

.    204    

        202, 

       EtOH–  (  49).  

    202     

  .    1   13      

   ,      

.           
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,         ,     31  

         26.–26.7 . .  

  202       . 

    201    

 , : 1)    3-

( )   184  -    

   , 2)  [1+2]-  

       210  3)  -

      

  (  50). 

  50. 

 
      

       205,   

    -  3-  210  

  184 (  51).     210  

   1   13 .     ,  

    -       H 1.42 

. .,           H 4.92 . .   

  184    ,    

  H  4.79–4.82 .      1    210,   

         13   210   

106.95 . .      142.26 . . –    .  

  13       ,  -

    29.36, 79.28  155.11 . . 

 51. 

 

CO2H
1) ClCO2Et, Et3N

2) NaN3, H2O
3) t-BuOH, 82 oC

NH-Boc

210, 90%184
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    201      

 [1+2]-       

  210.    [1+2]-  

     210        

        5 . %.  

,         210  

,          

–   .   ,     

210    ,      

  -   /   

  .    

, . .  3-     

    ( .  2.1). 

        

 ,        

    ,     

  /    [392–396];    

     .     

   ( ),         

    .  

   210      

   ,       

,           

 211.  

     210  . , 

         

 211    (  52),      

     211   40 %    

    .   

   211      ,  

         

.  

 211          5:4,  

       [1+2]-

   3-  . 



181 

 52.  

 
      211  

  ,       

    .      H 0.94 . ., 

1.10 . ., 1.59 . .      H  1.01 . ., 1.19 . ., 1.55 . .  

 .     -    

  ,        

      .   

   ,    ,  

  1.21–1.22 . .     4.06–4.08 . .   

 .      

      13   ,   

   ,   18.44  20.51 –   , 

 23.49  24.63 . . –   ,       

  24.07  25.03 . .    13      

    172.51  172.61 . . ,       

   14.36 . . (  )     60.22–60.28 . . 

(  ).   -      

    [M+Na]+  m/z 292.1519,   

     211. 

 Boc-    211    5N   

         205  (  53). 

         

 212,        . 

   212      1   



182 
13  ,       -  

.   ,      H 1.02–1.32 . .  

  18.84–24.77 . .       .  

,   212     -  

      ,  

   . 

 53. 

b

a - 5N HCl, Et2O; b - NaOH, H2O; 3) H3O+.

NH3
+Cl-

CO2Et

NH3
+Cl-

CO2H

212, 81% 201, 80%

NHBoc

CO2Et

a

211

 
    ,    

   ,     

    13     .  

     -   

. 

    212    201  

  ,     (1  l)    

(1    NaOH).   212    

     ,    

 . 

          

    85 %.     

      ,   

 201        1N HCl (  

53).  

     201   

     ,    

 ,  H 0.73, 1.03  1.41 . .      H  0.67, 0.94  

1.44 . .   .     -  

    ,     

   .       



183 
13           

16.58  18.35 . . –   ,  27.07  28.42 . . –   

,         21.17  21.75 . .  

      179.57  179.95 . . 

       201 

 202      -   

 . 

2.5.3.        
 .  5- [2.3] -1-

  (213) 

       -  

 ,      (  

)      

 ,      

      ,  

       

(  54).       ,  

,      [397, 398], 

        

 ,        

   .      

       , 

 . 

 54. 

R

CN
n

n=0-2

N2
Z

CN

Z

R

Z = COOEt, PO3Et2

CH2NH2

Y

R

Y = COOH, PO3H2

n
nCH2NH2

Z

R

n

[H]

 
,     4-

( )  214      

   ,        

  215 (  55).       

       214, 

    , ,   



184 

       214. ,   

    215,   

     216, 

   [1+2]-    

        55  

 . 

 55.  

CN
CH COOEtN2

Rh2(OAc)4, CH2Cl2
CN

COOEt

215, 20 %214

CH2NH2

COOH

216  
           

        . 

      

    1,3-   (  56).  

,      -1 217,   

      218,   

        

    [397, 398].    

          

 217,   -2 219  220   6:1, 

.     [399],    

 -1  -2     

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

  218;    -2 219   

 (  56).  

 2-       1H, 13C  31P, 

    .         

         7.40 . .   

7.32 . ., .       

 ,    ,   56.6 . .   2JCP = 164   

   ,   143.6 . .    1JCP = 232    

.    31P      219  

220  :  219,    , 

      19.82 . .,        220,  



185 

      =N-  ,  

      6.74 . . 

 

 56. 

 
      [1+2]-  

    221–223. ,     

 221  222      

    (30–35%)    224  

225,       223    

   226 (  17).   

         

. 

 

 17.       

. 

n

n=0, 1

N2
PO3Et2

Rh2(OAc)4

CH2Cl2, 420C

NC

n

NC

PO2Et2

n=0, 1  
  , % 

 
221 

 
224 

33 

(dr 1:2) 
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  , % 

 
222 

 
225 

35 

(dr 1:1) 

 
223 

PO3Et2

NC
 

226 

49 

(dr 1:1) 

  224–226    

   1H, 13C  31P,   -   . 

        

   –    H 1.13–1.69 

. .,       H 0.60–1.03 . .    

   ,   H 1.26–1.34  

H  4.09–4.21 . ., .     13     

       9.35–16.71 . , 

  ,    ,   

  1JCP,  192 ,      

       9.35–16.50 . .,  

   ,  4–5 ;    

 226       22.8–23.2 . .   

   224–226    

       116.8–122.4 . .     31  

 224–226        27.0–27.9 

. .   2 ,    .  

  224–226    -  

 . 

      213 – 

-     –     

    226    

 (LiAlH4 [371–373], H2–Pd/C [337–338], NaBH4–CoCl2–MeOH [400, 401]). 
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     NaBH4    

 (II).         

 226   ;      

  227         (  

57).    1   13    227  

   ,   ,  H 2.74–2.80 

  48.1–48.5 . .    31P       30.0  30.1 . ., 

    227. 

 57.  

1) Me3SiBr, CH2Cl2

CH2NH2

PO3Et2

CH2NH2

PO3H2

CN

PO3Et2

226 227, 34% 213, 86%

NaBH4, CoCl2

MeOH 2) , CH2Cl2
O

 
    227   

        

      213 (  57),  

      ( .  

). 

 ,    3-   

       

  213 – -   

.  

2.5.4.  -      
  

 -    -

    ,    

,         

    [402].     

 ,     

 ,  , 5-   

      -  [403, 404].  
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  -     , 

  ,       

       

 ( )   ,   

 5-  [405].    

  ,     

     3-  5-

.      5-

-3-   5- -3-     

  5-       

 (  58). 

 

 58.  

 
       

      , -  

    ,  .   

  228  ,     

      10%.   

      , -   228  

       70    2  (  18). 

        229–231,   

 232       -  

 5-  233–238 (  18). 

   1    233–237  

 ,       7.34–7.41 . .,  

   13    –    156.5–157.8  165.4–165.7 . ., 

    . 
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 18. 

N
O NO2

EWG

233-238

+        C(NO2)4EWG
Et3N

     
70 oC, 2 

228-232

 

           EWG 5-  

*, 

% 

228 CO2Me 233 62 

229 CO2Et 234 75 

230 CO2CH2Ph 235 60 

231 CO2But 236 83 

231 CO2Bu-  237 60 

232 PO(OEt)2 238 86 
 

   238    

      1 , 13   31 .     238 

         

   7.3 . .,     13      104 . .  

   ,  18 .    

  ,     , 

      159.5 (JCP = 211 )      

165.5 . ., .     31   238  , 

      –0.12 . . 

      5-  233  238, 

      3-   . 

      « » ,   Zn–

NH4Cl, Zn–CH3COOH, Fe–CaCl2, SnCl2–HCl, SnCl2–EtOH, - –Ni-Ra, 

HCO2NH4–Pd/C,  Al. 

 5-  239  240    

       SnCl2–EtOH  Zn–

AcOH– .     Zn–A OH–i-PrOH 

         3   
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 –10–0    3–4-       

.        (II) 

   5-      

  .      

 ,       

   20 .   SnCl2    

        .  

       5-  239  240, 

      3-  (  19).  

 19. 

 

5- -

 

5- -

 
EWG 

, 

%* 

233 239 COOMe 60 ( ) 
73 ( ) 

238 240 P(O)(OEt)2 90 ( ) 
*     ,    

  
 

 ,    5-  238   

           

    – 5- .   

    (3 )   SnCl2 (7–10 .)   

        240  

 . 

    5-  239  240  

  1   13 , -    (HRMS-ESI)  

 .    13  5-  239  240  

    (3)-  (5)-      

155–164 . .   165–172 . ., .     

    78–82 . .       
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  –   5.4–5.5 . . 

   5-  239  240    

(        , 

)    5-   5-

  241  242 (  59). 

 

 59. 

 
   1   13    241  242  , 

        

.    31    242    

   10 . .       

 ,    

  240. 

 ,       

         –

Et3N    5-      

     ,   

-     . 
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 3.   

  1H, 13C    «Bruker -400» (  
 400.1  100.6 ), “Varian VXR-400” (   400  100 ), “Bruker 

DPX-300” (   300  75 ),   31P   
 «Bruker -400» (    162.0 ).    

    (1 : CDCl3,  = 7.26 . ., -d6,  = 

2.49 . ., CD3OD,  = 3.31 . ., 2 , H 4.79; 13C: CDCl3,  = 77.1 . ., -d6,  = 39.5 

. ., CD3OD,  = 49.0 . ., 2 ,  1.47 . .  3CN   ; 31P: 

85%   H3PO4    ,  = 0 . .).   
     Bruker micrOTOF II  

  (ESI).     
(    – 4500 V)   (    3200 
V) .    — m/z 50 — 3000 ,  —   

 (Electrospray Calibrant Solution, Fluka).    
    ,   ,   — 3 / . 

-  —  (4 / ),   — 180oC.   
    «Carlo Erba 1106». -     “ C 

Finnigan AT ITD-700” (   70 )  PE SCIX API 150 ( , 
 ). -  MALDI-TOF     

 -  «Bruker Daltonic Ultraflex» (  1,8,9- ). 
      Electrothermal 9100.    

        
 ( ) (“Silufol-UV-254”).    

    60 (230-400 mesh, Merck).   
        

  Dowex 50.  
          

  [406]. 
     :  

[407], 1-  [408], 3-  [409], 
[2.2]  [410], [6.1.0] -1-   [411],  [412], 

1,1-  [413], 1,1-  [414],   2-
  [415],  [416.  

    :   
[321, 322],   [418],   [314], -

( )  [419].      
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  :  [420], ( )   [421], 1,1-
( )  [349],  [347], 2-

   [409].  
 ,      , 

, 4- [2.3] , . 
 

3.1.    .   11–16 [422]* 

 .      (10 )  Rh2(OAc)4 
(11 , 0.025 , 5  % Rh)   (1 )      

 (178 , 1 )   (1 ).    
   24    ,  

   .    
       

 (  –   ( ):  ( ) – 1:1). 
  (2- )   (11).  

 ,  71%,    A/B = 54:46.  
Rf = 0.15 ( :  – 1:1).  

 1H (CDCl3, , . .),    : 1.06–1.15 (3H+3H, OCH2CH3,  
A  B), 1.17–1.20 ( , 1 +1 , c-Pr-CH2,    B), 1.21–1.30 ( , 1 +1 , c-Pr-CH2, 

   B), 1.33–1.41 (3 +3 , OCH2CH3,    B), 1.44–1.54 ( , 1H,c-Pr-CH, 
 B), 1.57–1.68 ( , 1H, c-Pr-CH,  ), 2.41–2.57 ( , 1H+1H, c-Pr-CH,   

 ), 3.60–3.89 ( , 4H, 2×OCH2CH3,  A), 4.08–4.16 ( , 4H, 2×OCH2CH3,  B), 
7.09–7.11 ( , 1H+1H, Ar-CH,    ), 7.17–7.21 ( , 1H+1H, Ar-CH,    

), 7.24–7.29 ( , 2H+2H, Ar-CH,    ), 7.36–7.38 ( , 1H+1H, Ar-CH,   
 ).  

 13  (CDCl3, , . .),  : 9.06 ( , 1JC,  = 164 , 2JC,P = 4.7 , c-Pr-CH2), 13.54 
( , 1JC,P = 195 , 1JC,  = 165 , c-Pr-CH), 16.19 ( , 1JC,  = 127 , 2JC,P = 5.9 , 
O 2 3), 16.25 ( , 1JC,  = 127 , 2JC,P = 5.6 , O 2 3), 21.10 ( , 1JC,  = 162 , 
2JC,P = 3.4 , c-Pr-CH), 61.08 ( , 1JC,  = 143 , 2JC,P = 5.7 , O H2 H3), 61.36 ( , 1JC,  = 
143 , 2JC,P = 6.4 , O H2 H3), 126.12 ( , 1JC,  = 160 , Ar-CH), 126.62 ( , 1JC,  = 160 

, 2×Ar-CH), 129.46 ( , 1JC,  = 160 , 2×Ar-CH,), 136.76 ( , 3JC,P = 7.5 , Ar-C).  

 13  (CDCl3, , . .),  : 12.68 ( , 1JC,  = 166 , 2JC,P = 5.7 , c-Pr-CH2), 14.88 
( , 1JC,P = 191 , 1JC,  = 165 , c-Pr-CH), 16.43 ( , 1JC,  = 127 , O 2 3), 16.49 ( , 
1JC,  = 127 , O 2 3), 21.81 ( , 1JC,  = 161 , 2JC,P = 4.9 , c-Pr-CH), 61.93 ( , 1JC,  
= 145 , 2JC,P = 5.9 , O H2 H3), 61.96 ( , 1JC,  = 145 , 2JC,P = 5.9 , O H2 H3), 

                                                 
*        *      .  
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126.50 ( , 1JC,  = 161 , Ar-CH), 127.79 ( , 1JC,  = 160 , 2×Ar-CH), 128.53 ( , 1JC,  = 160 
, 2×Ar-CH), 140.07 ( , 3JC,P = 3.06  Ar-C). 

 31P (CDCl3, , . .): 27.71 (  ), 28.79 (  ). 
  13 19 3P, %:  61.42,  7.48. , %:  61.38,  7.53.  

  ( [2.3] -1- )   (12).  
 ,  75%.  

Rf = 0.45 ( :  – 1:1).  

 1H (CDCl3, , . .): 0.71 ( , 3JH,H = 6.4 , 3JH,H = 9.8 , 2JH,P = 4.3 , 1H, c-Pr-CH), 
0.93 ( , 3JH,H = 9.8 , 3JH,H = 4.8 , 2JH,P = 9.8 , 1H, c-Pr-CH2), 1.05 ( , 3JH,H = 4.8 , 
3JH,H = 6.4 , 2JH,P = 18.7 , 1H, c-Pr-CH2), 1.27 ( , 3J ,  = 7.1 , 3H, CH2CH3), 1.30 ( , 
3J ,  = 7.1 , 3H, CH2CH3), 1.93–2.14 ( , 4H, 2×c-Bu-CH2), 2.20–2.27 ( , 1H, c-Bu-CH2), 
2.43–2.56( , 1H, c-Bu-CH2), 3.97–4.13 ( , 4 , 2× CH2CH3).  

 13  (CDCl3, , . .): 15.35 ( , 1JC,H=155 , 1JC,P=192 , c-Pr-CH), 16.40 ( , 1JC,  = 
127 , O 2 3), 16.46 ( , 1JC,  = 127 , O 2 3), 17.18 ( , 1JC, =164 , 2JC,P=5.7 

, c-Pr-CH2), 17.29 ( , 2JC, =138 , c-Bu-CH2), 25.64 ( , 2JC,P=5.8 , C ), 28.45 ( , 
2JC, =138 , 3JC,P = 6.6 , c-Bu-CH2), 30.89 ( , 2JC,  = 138 , 3JC,P = 4.5 , c-Bu-CH2), 
61.24 ( , 1JC,H = 147 , O H2 H3), 61.30 ( , 1JC,H = 147 , O H2 H3).  

 31P (CDCl3, , . .): 29.22.  
  10 19 3P, %  55.05,  8.78. , %:  54.90,  8.62.  

  1-( ) [2.3] -5-   (13). 
 ,  63%,    A/B = 58:42. 

Rf = 0.4 ( :  – 1:1). 

 1H (CDCl3, , . .),    : 0.73–0.82 ( , 1H+1H, c-Pr-CH,  
  ), 0.90–1.16 ( , 2H+2H, c-Pr-CH2,    ), 1.13–1.18 ( , 6H+6H, 2× CH2CH3, 

   ), 2.09–2.19 ( , 1H, c-Bu-CH2,  ), 2.27–2.37 ( , 1H+1H, c-Bu-CH2, 
   ), 2.39–2.48 ( , 1H+1H, c-Bu-CH2,    ), 2.54–2.63 ( , 1H, c-Bu-

CH2,  ), 2.64–2.79 ( , 1H+1H, c-Bu-CH2,    ), 3.13–3.29 ( , 1H+1H, c-
Bu-CH,    ), 3.63 ( , 3H, CO2CH3,  B), 3.64 ( , 3H, CO2CH3,  ), 
3.96–4.10 ( , 4H+4H, 2× CH2CH3,    ).  

 13  (CDCl3, , . .),  : 16.25 ( , 1JC,  = 127 , 2× CH2CH3), 16.61 ( , 1JC,P 
= 192 , 1JC,  = 163 , c-Pr-CH), 16.83 ( , 1JC,  = 162 , 2JC,P = 6 , c-Pr-CH2,  

), 21.99 ( , 2JC,P = 5 , ,  A),  33.30 ( , 1JC,  = 139 , c-Bu-CH2), 33.36 ( , 
1JC,  = 139 , c-Bu-CH2), 33.57 ( , 1JC,  = 137 , c-Bu-CH), 51.58 ( , 1JC,  = 127 , 

O2CH3), 61.26 ( , 1JC,  = 146 , 2× CH2CH3), 175.35 (CO2Me). 

 13  (CDCl3, , . .),  : 9.57 ( , 1JC,P = 192 , 1JC,  = 165 , c-Pr-CH), 16.26 
( , 1JC,  = 162 , c-Pr-CH2), 16.30 ( , 1JC,  = 127 , 2× CH2CH3), 22.56 ( , 2JC,P = 6 , 

), 30.92 ( , 1JC,  = 141 , 3JC,P = 7 , c-Bu-CH2), 32.13 ( , 1JC,  = 138 , 3JC,P = 6 
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, c-Bu-CH2), 33.45 ( , 1JC,  = 139 , c-Bu-CH), 51.51 ( , 1JC,  = 127 , O2CH3), 61.32 
( , 1JC,  = 146 , 2× CH2CH3), 174.95 (CO2Me). 

 31P (CDCl3, , . .): 28.02 (    ). 
  12 21 5P, %  52.17,  7.66. , %:  51.88,  7.62. 

  ( [2.0.2.2] -1- )   (14).  
 ,  55%,    /  = 53:47. 

Rf = 0.35 ( :  – 1:1). 

 1H (CDCl3, , . .)    : 0.08–0.13 ( , 1H, c-Pr-CH2), 0.15-0.21 ( , 
1H, c-Pr-CH2), 0.24–0.30 ( , 1H, c-Pr-CH2), 0.32–0.39 ( , 1H+1 , c-Pr-CH2), 0.40–0.43 ( , 
1H, c-Pr-CH2), 0.67–0.72 ( , 1H+1 , c-Pr-CH2), 0.77–0.82 ( , 1H+1 , c-Pr-CH2), 0.93–1.00 
( , 1H, c-Pr-CH2), 1.13–1.18 ( , 1H, c-Pr-CH2), 1.20–1.30 ( , 6 +6 , 2× CH2CH3), 1.94–
1.96 ( , 1 +1 , c-Pr-CH), 1.99–2.05 ( , 2H+1 , c-Bu-CH2), 2.07–2.24 ( , 2H+2 , c-Bu-
CH2), 2.56–2.61 ( , 1H, c-Bu-CH2), 3.96–4.07 ( , 4 +4 , 2× CH2CH3). 

 13  (CDCl3, , . .)    : 8.30 (c-Pr-CH2), 8.73 (c-Pr-CH2), 9.89 (c-
Pr-CH2), 10.14 (c-Pr-CH2), 10.36 ( , 1JC,P = 186 , c-Pr-CH), 12.00 ( , 1JC,P = 192 , c-Pr-
CH), 13.94 ( , 2JC,P = 6 , c-Pr-CH2), 14.07 (c-Pr-CH2), 16.33 (2× CH2CH3), 16.38 
(2× CH2CH3), 20.88 (c-Bu-CH2), 23.22 ( ), 24.55 ( , 3JC,P = 6 , ), 25.62 ( , 3JC,P = 
7 , c-Bu-CH2), 27.49 (2×c-Bu-CH2), 30.88 ( , 2JC,P = 5 , ), 31. 48 ( ), 61.30 
(2× CH2CH3), 61.35 (2× CH2CH3). 

 31P (CDCl3, , . .)    : 28.59, 29.69. 
  12 21 3P, %  59.00,  8.67. , %:  58.81,  8.80. 

  (2- )   (15).  
 ,  86%,    A/B = 52:48.  

Rf = 0.6 ( :  – 1:1).  

 1H (CDCl3, , . .),    : 0.88–1.14 ( , 2H+2H, c-Pr-CH2,  
  ), 1.17 ( , 3J ,  = 7.1 , 3H, CH2CH3,  ), 1.18 ( , 3J ,  = 7.1 , 3H, 
CH2CH3,  ), 1.21–1.26 ( , 1H+1H, c-Pr-CH,    ), 1.27–1.33 ( , 6H+6H, 

2×P(OCH2CH3),    ), 3.48–3.62 ( , 2H+2H, c-Pr-CH2+CH2CH3,    ), 
3.67–3.75 ( , 1H+1H, CH2CH3,    ), 4.01–4.17 ( , 4H+4H, 2×P(OCH2CH3), 

   ).  

 13  (CDCl3, , . .)    : 10.95 ( , 2JC,P = 6 , c-Pr-CH2,  
B), 11.13 ( , 2JC,P = 5 , c-Pr-CH2,  A), 11.82 ( , 1JC,P = 192 , c-Pr-CH,  A), 
12.48 ( , 1JC,P = 194 , c-Pr-CH,  B), 14.78 (OCH2CH3,    ), 16.26 ( , 2JC,P 
= 6 , 2×P(OCH2CH3),    ), 56.01 ( , 2JC,P = 7 , CHOEt,    ), 
61.40 ( CH2CH3,  ), 61.45 ( CH2CH3,  ), 61.82 ( CH2CH3,  B), 
61.88 ( CH2CH3,  B), 66.43 ( , 4JC,P = 7 , OCH2CH3,    ).  

 31P (CDCl3, , . .): 27.26 (  ), 27.36 (  ). 
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  9 19 4P, %  48.64,  8.62. , %:  48.61,  8.84. 
  (2- [4.1.0] -7- )   (16).  

O P(O)(OEt)2

H1
H2

H3  
 ,  (72 %),    A/B = 62:38.   

          35%. 
Rf = 0.15 ( :  – 1:1). 

 1H (CDCl3, , . .): 0.78 ( , 3JH
1

H
2 = 10.6 , 3JH

1
H

3 = 6.0 , 2JH
1

P = 4.9 , 1H1, c-Pr-
CH), 1.30 ( , 3J , =7.1 , 6H, 2×OCH2CH3), 1.38–1.43 ( , 1H2, c-Pr-CH), 1.94–2.18 ( , 2H, 
c-Hex-CH2), 2.19–2.27 ( , 1H, c-Hex-CH2), 3.31–3.36 ( , 1H, CH2O), 3.69–3.73 ( , 1H, 
CH2O), 3.80-3.83 ( , 3JH

3
H

2 = 6.6 , 3JH
3

H
1 = 6.0 , 2JH

3
P = 3.1 , 1H3, c-Pr-CH), 4.07–

4.18 ( , 4H, 2×OCH2CH3).  

 13  (CDCl3, , . .): 15.41 ( , 1JC,  = 163 , 2JC,P = 5 , -Hex- ), 16.16 ( , 1JC,H = 
131 , 3JC,P = 6 , -Hex-CH2), 16.32 ( , 1JC,H = 130 , OCH2CH3), 16.38 ( , 1JC,H = 127 

, OCH2CH3), 16.14 ( , 1JC,P = 192 , 1JC,  = 168 , c-Pr-CH), 20.92 ( , 1JC,H = 130 , -
Hex-CH2), 53.89 ( , 1JC,H = 164 , 2JC,P = 7 , -Hex- O), 60.92 ( , 1JC,H = 146 , 2JC,P 
= 6 , CH2CH3), 61.63 ( , 1JC,H = 147 , 2JC,P = 6 , CH2CH3), 64.61 ( , 1JC,H = 144 , 
CH2O).  

 31P (CDCl3, , . .): 25.99. 

3.2.       20–22 [422]* 

 .      (10 )  
  (11 , 0.025 , 5  % Rh)   (1 )   

    (178 , 1 )   (1 ).   
         

24 ,     .  
      

(  — :  – 1:1). 
-   1-( )-2-  

 (20).  
 ,  71%,    A/B = 59:41  

Rf = 0.50 (50% EtOAc/ ). 

 1H (CDCl3, , . .),    : 1.04 ( , 9 , 3×CH3,  ), 1.07–1.10 
( , 6H, 2× CH2CH3, 3J ,  = 7.1 ,  B), 1.37 ( , 6H, 2× CH2CH3, 3J ,  = 7.1 , 

 ), 1.49–1.53 ( , 9 , 3×CH3,  ), 1.75–1.92 ( , 2 , c-Pr-CH2,  ), 1.99–



197 

2.13 ( , 2 , c-Pr-CH2,  B), 2.84–2.93 ( , 1H, c-Pr-CH,  ), 2.94–3.05 ( , 1H, c-
Pr-CH,  B), 3.53–3.88 ( , 4H, 2× CH2CH3,  ), 4.15–4.30 ( , 4H, 2× CH2CH3, 

 B), 7.20–7.38 ( , 5H+5H, Ph,    ).  

 13  (CDCl3, , . .),  : 16.17 ( , 1JC,  = 127 , 3JC,  = 6 , 2 3), 16.23 
( , 1JC,  = 127 , 3JC,  = 6 , 2 3), 17.93 ( , 1JC,  = 165 , c-Pr-CH2), 28.00 ( , 
1JC,  = 127 , 3× 3), 29.13 ( , 1JC,P = 197 , -Pr-C), 33.23 ( , 2JC,  = 165 , c-Pr-CH), 
61.50 ( , 1JC,  = 146 , 2JC,  = 6 , CH2CH3), 61.87 ( , 1JC,  = 146 , 2JC,  = 7 , 

CH2CH3), 82.10 (Me3 ), 127.15 ( , 1JC,  = 160 , Ar-CH), 127.71 ( , 1JC,  = 160 , 2×Ar-
CH), 130.00 ( , 1JC,  = 160 , 2×Ar-CH), 135.20 ( , 3JC,  = 5 , Ar-C), 169.09 (CO2t-Bu).  

 13  (CDCl3, , . .),  : 15.48 ( , 1JC,  = 166 , c-Pr-CH2), 16.38 ( , 1JC,  = 
127 , 3JC,  = 7 , 2 3),16.45 ( , 1JC,  = 127 , 3JC,  = 7 , 2 3), 27.43 ( , 
1JC,  = 127 , 3× 3), 29.56 ( , 1JC,P = 188 , -Pr-C), 29.87 ( , 2JC,  = 162 , c-Pr-CH), 
62.54 ( , 1JC,  = 146 , 2JC,  = 7 , CH2CH3), 62.60 ( , 1JC,  = 146 , 2JC,  = 7 , 

CH2CH3), 81.57 (Me3 ), 127.22 (, 1JC,  = 160 , Ar-CH), 128.04 ( , 1JC,  = 160 , 2×Ar-
CH), 129.09 ( , 1JC,  = 159 , 2×Ar-CH), 134.73 (Ar-C), 165.38 (CO2t-Bu). 

 31P (CDCl3, , . .): 20.90 (  ), 23.42 (  ). 
  18 27 5P, %  61.01,  7.68. , %:  60.94,  7.80. 

-   1-( ) [2.3] -1-  
 (21).  

 — CH2Cl2.  ,  59 %.  
Rf = 0.35 ( :  – 1:1).  

 1H (CDCl3, , . .): 1.29–1.37 ( , 6H, 2× CH2CH3), 1.47 ( , 9H, 3×CH3), 1.56–1.59 ( , 
2H, c-Pr-CH2), 1.91–2.01 ( , 1H, c-Bu-CH2), 2.05–2.23 ( , 3H, c-Bu-CH2), 2.29–2.38 ( , 1H, 
c-Bu-CH2), 2.63–2.71 ( , 1H, c-Bu-CH2), 4.08–4.21 ( , 4H, 2× CH2CH3).  

 13  (CDCl3, , . .): 16.30 ( , 1JC,  = 137 , c-Bu-CH2), 16.36 ( , 1JC,  = 127 , 2× 

2 3), 25.32 ( , 1JC,  = 162 , c-Pr-CH2), 28.06 ( , 1JC,  = 127 , 3× 3), 28.72 ( , 
1JC,  = 138 , c-Bu-CH2), 29.35 ( , 1JC,  = 138 , 2JC,P = 6 , c-Bu-CH2), 30.38 ( , 1JC,P = 
194 , -Pr-C), 35.07 ( , 2JC,P = 3 , C ), 61.78 ( , 1JC,  = 143 , 3JC,P = 7 , 

CH2CH3), 61.85 ( , 1JC,  = 143 , 3JC,P = 8 , CH2CH3), 81.53 (Me3 ), 167.20 ( , 2JC,P 
=9 , CO2t-Bu).  

 31P (CDCl3, , . .): 22.25. 
  15 27 5P, %  56.60,  8.55. , %:  56.52,  8.58. 

1- -   5-   1-( ) [2.3] -
1,5-   (22).  

 72 %,    A/B = 58:42.  
Rf = 0.20 ( :  – 1:1).  
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 1H (CDCl3, , . ., J, )    : 1.30–1.38 ( , 6H+6H, 2× CH2CH3, 
   ), 1.47 ( , 9H, 3×CH3,  B), 1.48 ( , 9H, 3×CH3,  ), 1.59–1.68 ( , 

2H+2H, c-Pr-CH2,    ), 2.29–2.55 ( , 3H+2H, c-Bu-CH2,    ), 2.58–
2.65 ( , 1H, c-Bu-CH2,  ), 2.87–2.94 ( , 1H+1H, c-Bu-CH2,    ), 3.14–
3.30 ( , 1H+1H, c-Bu-CH,    ), 3.68 ( , 3H, OCH3,  B), 3.71 ( , 3H, OCH3, 

 ), 4.07–4.18 ( , 4H+4H, 2× CH2CH3,    ).  

 13  (CDCl3, , . .)    : 16.44 ( , 1JC,  = 127 , 2 3, 
   ), 16.49 ( , 1JC,  = 127 , 2 3,    ), 25.01 ( , 1JC,  = 167 

, c-Pr-CH2,  ), 25.16 ( , 1JC,  = 167 , c-Pr-CH2,  A), 28.13 ( , 1JC,  = 127 
, 3× 3,    ), 29.76 ( , 1JC,P = 194 , -Pr-C,  A), 30.50 ( , 1JC,P = 192 
, -Pr-C,  B), 31.46 ( , 1JC,  = 143 , c-Bu-CH2,  ), 31.96 ( , 1JC,  = 140 
, 2JC,P = 6 , c-Bu-CH2,  ), 32.23 ( , 1JC,  = 142 , c-Bu-CH2,  ), 32.31 

(C ,  ), 32.34 (C ,  ), 32.96 ( , 1JC,  = 138 , -Bu-CH,  ), 
32.98 ( , 1JC,  = 138 , -Bu-CH,  A), 33.11 ( , 1JC,  = 142 , c-Bu-CH2,  B), 
51.80 ( , 1JC,  = 149 , OCH3,  B), 51.91 ( , 1JC,  = 149 , OCH3,  A), 61.98 
( , 1JC,  = 143 , 3JC,P = 6 , 2× CH2CH3,  ), 62.15 ( , 1JC,  = 145 , 3JC,P = 6 

, 2× CH2CH3,  B), 82.05 (Me3 ,    ), 166.97 ( , 2JC,P =8 , CO2t-Bu, 
, ), 167.09 ( , 2JC,P =9 , CO2t-Bu,  ), 174.87 (CO2Me,  B), 175.66 

(CO2Me,  A).  

 31P (CDCl3, , . .): 21.50, 21.55. 
  17 29 7P, %  54.26,  7.72. , %:  54.08,  7.77. 

3.3.    .   43–55, 
59, -N-  56–58,   60 [423, 424]* 

 .      (10 )  
  (11 , 0.025 , 5  % Rh)   (1 )   20 

    (160 , 1 )   (1 ).  
   2 ,     . 1-

 (  -N- )    
      (  

– 0–25% EtOAc/ ). 

  1- - [2.2] -1-   (43). 
 ,  85%. 

Rf 0.45 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 1.12-1.26  (4 , 2 2, cy-Pr), 1.30  (3 , 3, 3J = 7.1), 
2.13  (1 , aHb, 2J a

H
b =5.7), 2.38  (1 , aHb, 2J b

H
a = 5.7), 4.28  (2 , 2, 3J = 7.1). 
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 13  (CDCl3, , . .): 7.13 ( 2, cy-Pr), 7.92 ( 2, cy-Pr), 14.09 ( 3), 22.45 ( 2, cy-
Pr), 25.72 ( spiro), 62.70 ( 2), 70.33 ( ), 164.93 ( 2Et).  

- , m/z, (I ., %): 168 (8), 156 [M- 2 5]+ (2), 140 [M- 2 5]+ (16), 129 (3), 111 
(68), 65 [ 5 5]+ (75), 53 (30), 39 [ 3 3]+ (62), 29 [ 2 5] (100). 

, %:  51.71,  6.12 8 11NO4. , %:  51.89,  5.95. 
  1- - [2.3] -1-   (44). 
 ,  88%. 

Rf 0.50 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ):  1.27  (3 , 3, 3J = 7.2), 1.83  (1  aHb, 2J a
H

b = 6.8), 
1.90-2.10  (2H, cy-Bu), 2.14  (1 , aHb, 2J b

H
a = 6.8), 2.20-2.35  (2H, cy-Bu), 2.40-2.60  

(2H, cy-Bu), 4.27-4.15  (2H, OCH2).  

 13  (CDCl3, , . ., 1J - , ): 13.90 (CH3, 1J -  = 127), 15.37 (CH2, cy-Bu, 1J -  = 139), 
24.87 (CH2, cy-Pr, 1J -  = 168), 27.66 (CH2, cy-Bu, 1J -  = 139), 28.19 (CH2, cy-Bu, 1J -  = 
138), 38.18 ( spiro), 62.28 (OCH2, 1J -  = 151), 72.07 (C), 164.25 (COOEt).   

, %:  54.36,  6.67, N 7.11. C9H13NO4. , %:  54.26,  6.58, N 7.03. 
  1- - [2.0.2.1] -1-   (45).  

  ,  85 %,   A/B = 2.5:1.  
Rf  0.50 ( :  – 4:1).  

 1  (CDCl3, , . ., J, )  A: 0.78-0.87  (2 , 2, cy-Pr), 0.88-0.98  (2 , 2, 
cy-Pr), 1.24  (3 , 3, 3J = 7.1), 1.50  (1 , aHb, 2J a

H
b = 5.0),  1.62  (1 , aHb, 2J b

H
a = 

5.0), 2.01  (1 , aHb, 2J a
H

b = 6.0), 2.39  (1 , aHb, 2J b
H

a = 6.0), 4.20  (2 , 2, 3J = 
7.1). 

 1  (CDCl3, , . ., J, )  B: 0.78-0.87  (2 , 2, cy-Pr), 0.87-0.98  (2 , 2, 
cy-Pr), 1.29  (3 , 3, 3J = 7.1), 1.45  (1 , aHb, 2J a

H
b = 5.0), 1.61   (1 , aHb, 2J b

H
a = 

5.0), 2.14  (1 , aHb, 2J a
H

b = 6.0), 2.25  (1 , aHb, 2J b
H

a = 6.0), 4.28  (2 , 2, 3J 
=7.1,).  

 13  (CDCl3, , . .)  A: 3.15 ( 2, cy-Pr), 5.55 ( 2, cy-Pr), 12.81 ( 2, cy-Pr), 
14.03 ( 3), 15.63 ( spiro), 22.11 ( 2, cy-Pr), 29.58 ( spiro), 62.54 ( 2), 70.00 ( ), 164.34 
(COOEt).  

 13  (CDCl3, , . .)  B: 5.00 ( 2, cy-Pr), 5.60 ( 2, cy-Pr), 12.57 ( 2, cy-Pr), 
13.90 ( 3), 16.50 ( spiro), 21.92 ( 2, cy-Pr), 30.38 ( spiro), 62.49 ( 2), 70.01 ( ), 164.81 
(COOEt).  

- , m/z, (I ., %): 194 (2), 183 [M- 2 4]+ (3), 182 [ - 2 5]+ (2), 166 [M- 2 5]+ 
(3), 155 (4), 91 [ 7 7]+ (86), 92 (18), 77 (34), 65 [ 5 5]+ (41), 53 (31), 39 [ 3 3]+ (47), 29 
[ 2 5]+ (100).  

, %:  57.08,  6.30 10 13NO4. , %:  56.87;  6.16. 
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  1- - [2.0.3.1] -1-   (46). 
 ,  85 %,    A/B = 3:1.  

Rf 0.60 ( :  – 4:1).  

 1  (CDCl3, , . ., J, ): 1.08  (1 , CHaHb, 2JH H
b = 5.7,  ), 1.13  (1 , 

CHaHb, 2JH H
b = 5.9,  ), 1.16  (1 , CHaHb, 2JH

b
H

a = 5.9,  ), 1.22  (1 , 
CHaHb, 2JH

b
H

a = 5.7,  ), 1.29  (3 , 3, 3J = 7.1,  ), 1.32  (3 , 3, 3J = 7.1, 
 ), 1.87  (1 , CHaHb, 2JH H

b = 5.3,  ), 1.87-2.30  (6H+6H, cy-Bu,   
), 1.94  (1 , CHaHb, 2JH H

b = 5.4,  ), 2.16  (1 , CHaHb, 2JH
b

H
a = 5.4, 

 ), 2.40  (1 , CHaHb, 2JH
b

H
a 5.4,  ), 4.27  (2H, CH2O, 3J = 7.1,  ), 

4.28  (2H, CH2O, 3J = 7.1,  B).  

  13  (CDCl3, , . ., 1J - , ):  : 13.69 (CH3, 
1J -  = 127), 16.78 (CH2, 

cy-Bu, 1J -  = 138), 18.09 (CH2, cy-Pr, 1J -  = 163), 21.58 (CH2, cy-Pr, 1J -  = 168), 25.19 
(CH2, cy-Bu, 1J -  = 138), 27.97 (Cspiro, cy-Pr/cy-Pr), 28.28 (CH2, cy-Bu, 1J -  = 135), 32.57 
(Cspiro, cy-Bu/cy-Pr), 62.13 (OCH2, 1J -  = 149), 70.28 (C), 164.03 (CO2Et). 

  13  (CDCl3, , . ., 1J - , ):  B: 13.68 (CH3), 16.51 (CH2, cy-Bu), 17.62 
(CH2, cy-Pr), 21.57 (CH2, cy-Pr), 27.11 (CH2, cy-Bu), 27.63 (CH2, cy-Bu), 28.29 (Cspiro, cy-
Pr/cy-Pr), 33.63 (Cspiro, cy-Bu/cy-Pr), 62.29 (OCH2), 70.38 (C), 164.85 (CO2Et). 

, %:  58.91,  6.62 11 15NO4. , %:  58.66;  6.71. 
4-   1-   1- [2.2] -1,4-  

 (47).  
-  ,  52 %,    A/B/C/D = 50:45:5:1). 

Rf 0.50 ( :  – 4:1). 

  1  (CDCl3, , . ., J, )  A: 1.22  (3 , 3, 3J = 7.1), 1.67  (1 , 
a b c, 2J a b  = 5.2, 3 J a c = 8.0), 1.76  (1 , a b c, 2J b a  = 5.2, 3J b c = 5.6), 

2.10  (1 , CHaHb, 2JH H
b = 6.7), 2.30  (1 , a b c, 2J c a  = 8.0, 3J c b = 5.6), 2.43  

(1 , CHaHb, 2JH
b

H
a = 6.7), 3.64  (3 , 3), 4.23  (2 , 2O, 3J = 7.1).  

 1  (CDCl3, , . ., J,  )  B: 1.23  (3 , 3, 3J = 7.1), 1.65-1.70  (2 , 
H2 ), 2.21  (1 , CHaHb, 2JH H

b = 6.7), 2.33  (1 , CHaHb, 2JH
b

H
a = 6.7), 2.40-2.45  (1 , 

H2 ), 3.63  (3 , 3), 4.22  (2 , 2O, 3J = 7.1).  

 1   (CDCl3, , . ., J, )  C: 1.33  (3 , 3, 3J = 7.1), 1.58  (1 , 
a b c, 2J a b  = 5.2, 3J a c = 8.2), 1.84  (1 , a b c, 2J b a  = 5.2, 3J b c = 5.4), 2.23 

 (1 , CHaHb, 2JH H
b = 6.2), 2.37  (1 , CHaHb, 2JH

b
H

a = 6.2), 2.51  (1 , a b c, 2J c a  = 
8.2, 3J c b = 5.4), 3.64  (3 , 3), 4.35  (2 , 2O, 3J = 7.1).  

 1   (CDCl3, , . ., J, )  D: 1.34  (3 , 3, 3J = 7.1), 1.74  (1 , 
a b c, 2J a b  = 5.2, 3 J a c = 8.1), 1.87  (1 , a b c, 2J b a  = 5.2, 3J b c = 5.5), 

2.22  (1 , CHaHb, 2JH H
b = 6.3), 2.34  (1 , a b c, 2J c a  = 8.1, 3J c b = 5.5), 2.39  

(1 , CHaHb, 2JH
b

H
a = 6.3), 3.66  (3 , 3), 4.31  (2 , 2O, 3J = 7.1).  
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 13  (CDCl3, , . ., 1J - , )  A: 13.47 (CH3, 1J -  = 127), 14.24 (CH2, cy-Pr, 
1J -  = 168), 21.04 (CH, cy-Pr, 1J -  = 172), 21.22 (CH2 cy-Pr, 1J -  = 170), 31.07 (Cspiro), 52.02 
(OCH3, 1J -  = 147), 63.04 (OCH2, 1J -  = 149), 69.60 (C), 163.93 (CO2Et), 171.07 (CO2Me). 

 13   (CDCl3, , . ., 1J - , )  B: 13.8 (CH3, 1J -  = 127), 14.9 (CH2, cy-Pr, 1J -  
= 167), 20.2 (CH, cy-Pr, 1J -  = 171), 21.3 (CH2, cy-Pr, 1J -  = 170), 30.9 (Cspiro), 52.1 (OCH3, 
1J -  = 147), 62.9 (OCH2, 1J -  = 149), 69.4 (C), 163.6 (CO2Et), 171.2 (CO2Me).  

 13   (CDCl3, , . .)  C: 14.0 (CH3), 14.3 (CH2, cy-Pr), 21.7 (CH, cy-Pr), 22.3 
(CH2, cy-Pr), 30.5 (Cspiro), 51.9 (OCH3), 62.8 (OCH2), 72.3 (C), 163.3 (CO2Et), 170.5 (CO2Me).  

 13  (CDCl3, , . .)  D: 13.9 (CH3), 14.2 (CH2, cy-Pr), 21.6 (CH, cy-Pr), 21.9 
(CH2, cy-Pr), 30.6 (Cspiro), 51.9 (OCH3), 62.3 (OCH2), 67.9 (C), 164.3 (CO2Et), 171.1 (CO2Me).  

- , m/z (I ., (%)): 212 [M-OCH3]+ (6), 198 [M-OC2H5]+ (7), 197 [M-NO2]+ (8), 169 
(45), 167 [M-OC2H5-OCH3]+ (63), 156 (30), 137 (42), 123 (37), 65 [ 5 5]+ (42), 53 (71), 39 
[ 3 3]+ (80). 
5-   1-   1- [2.3] -1,5-  

 (48). 
 ,  80%,    A/B = 60:40.  

Rf = 0.55 ( :  – 4:1).  

 1  (CDCl3, , . .): 0.99 ( , 3J ,  = 7.1 , 3H+3H, OCH2CH3,    ), 1.59 ( , 
2JH H

b = 7.1 , 1 , CHaHb,  ), 1.65 ( , 2JH H
b = 6.8 , 1 , CHaHb,  ), 1.85 

( , 2JH
b

H
a = 7.1 , 1 , CHaHb,  ), 1.91 ( , 2JH

b
H

a = 6.8 , 1 , CHaHb,  ), 
2.00–2.35 ( , 3H+3H, c-Bu- ,    ), 2.45–2.60  (1H+1H, c-Bu- ,    

), 2.85–3.10  (1H +1H, c-Bu- ,    ), 3.37 ( , 3H, CH3,  ), 3.41 ( , 3H, 
CH3,  ), 3.98 ( , 2H+2H, OCH2CH3,   ).  

 13  (CDCl3, , . .),  A: 13.30 (OCH2CH3), 26.97 (c-Pr-CH2), 30.01 (c-Bu-CH2), 
30.57 (c-Bu-CH2), 31.73 (c-Bu-CH), 34.71 ( ), 51.22 (OCH3), 61.97 (OCH2CH3), 71.53 
(C(NO2)), 163.41 (CO2Et), 174.05 (CO2Me). 

 13  (CDCl3, , . .),  B: 13.30 (OCH2CH3) 27.05 (c-Pr-CH2), 29.94 (c-Bu-CH2), 
30.87 (c-Bu-CH2), 31.23 (c-Bu-CH), 33.79 ( ), 51.16 (OCH3), 61.97 (OCH2CH3), 70.76 
(C(NO2)), 163.31 (CO2Et), 173.38 (CO2Me).  

  C11H15NO6, %:  51.36,  5.88, N 5.45. , %:  51.33,  5.90, N, 5.46. 
  9- - [6.1.0] -9-   (49).  
 ,  60%,   A/B = 3:1.  

Rf 0.65 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 1.16  (3H, OCH3, 3J= 7.1,  ), 1.18  (3H, OCH3, 3J= 
7.1,  A), 1.88-1,96  (6H+6H, cy-Oct,   ), 2.03-2.44  (8H+8H, 
cy-Oct,   ), 4.15  (2H+2H, OCH2,   ).  
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 13  (CDCl3, , . .):  A: 13.49 (CH3), 22.85 (2 CH2, cy-Oct), 26.13 (2 CH2, 

cy-Oct), 28.24 (2 CH2, cy-Oct), 34.18 (2 CH, cy-Oct), 61.21 (OCH2), 72.33 (C), 162.17 
(COOEt).  

 13  (CDCl3, , . .):  B: 13.43 (CH3), 23.09 (2 CH2, cy-Oct), 26.24 (2 CH2, 

cy-Oct), 28.53 (2 CH2, cy-Oct), 32.15 (2 CH, cy-Oct), 61.16 (OCH2), 72.32 (C), 166.64 
(COOEt).  

, %:  59.94,  7.63. C12H19NO4. , %:  59.75,  7.88. 
  1’- [ [6.1.0] -9,2’- ]-1’-

  (50). 
 ,  73%. 

Rf 0.70 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 0.95-1.14  (2H, cy-Oct), 1.25-1.65  (10H, cy-Oct), 1.29  
(3 , 3, 3J = 7.1), 1.70-1.85  (2H, cy-Oct), 1.94  (1 , CHaHb, 2JH H

b = 5.5), 2.17  (1 , 
CHaHb, 2JH

b
H

a = 5.5), 4.10-4.30  (2H, OCH2).  

 13  (CDCl3, , . .): 13.94 (CH3), 19.37 (CH2, cy-Pr), 22.20 (CH), 22.85 (CH), 24.08 

(CH2, cy-Oct), 24.22 (CH2, cy-Oct), 26.35 (2 CH2, cy-Oct), 28.49 (CH2, cy-Oct), 28.54 (CH2, 
cy-Oct), 34.39 (Cspiro), 70.23 (C), 61.93 (OCH2), 164.78 (CO2Et). 
 , %:  62.84,  7.89. C14H21NO4. , %:  62.90,  7.92. 

  1- -5- - [2.1.0] -5-   (51). 
-  ,  67%. 

Rf 0.40 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 1.33  (3 , 2 3, 3J = 7.2), 1.36  (3 , 3), 1.47-1.54  
(1H), 1.98-2.09  (1H), 2.18-2.36  (2H), 2.76-2.80  (1H), 4.35  (2 , 2O, 3J = 7.2).  

 13  (CDCl3, , . ., 1J - , ): 12.94 (CH3, 
1J -  = 129), 13.98 (CH3, 

1J -  = 128), 18.50 
(CH2, cy-Bu, 1J -  = 140), 27.97 (CH2, cy-Bu, 1J -  = 142), 37.11 (CH, cy-Bu/cy-Pr, 1J -  = 
183), 41.41 (C, cy-Bu/cy-Pr), 62.28 (OCH2, 1J -  = 144), 79.60 (C), 161.79 (CO2Me).  

, %:  54.60,  6.64. C9H13NO4. , %:  54.26,  6.58. 
  7- - [2.0.2.1] -7-   (52). 
 ,  13%.  

Rf 0.50 ( :  – 4:1).  

 1  (CDCl3, , . ., J, ): 1.00-1.06  (2 , cy-Pr), 1.08-1.12  (2 , cy-Pr), 1.29  (3 , 

3, 3J 7.1), 1.30-1.37  (2 , cy-Pr), 1.39-1.43  (2 , cy-Pr), 4.29  (2 , 3J = 7.1, 2).  

 13  (CDCl3, , . .): 6.69 (2 2, cy-Pr), 6.97 (2 2, cy-Pr), 13.74 ( 3), 28.54 

(2 spiro), 62.02 ( 2), 73.20 ( ), 164.32 (CO2Me).  

- , m/z, (I ., %): 211 [M]+  (1), 183 [M-C2H4] (1), 182 [M-C2H5] (4), 166 [M-
OC2H5] (9), 153 (29), 137 (52), 121 (24), 119 (28), 108 (42), 106 (58), 93 (72), 92 (70), 91 
[ 7 7]+ (89), 77 (77), 65 [ 5 5]+ (80), 53 (69), 39 [ 3 3]+ (67). 
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  9- - [3.0.3.1] -9-   (53).  
 ,  60%. 

Rf 0.50 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 1.27  (3 , 3, 3J = 7.2), 2.20-1.95  (8H, cy-Bu), 2.40-2.25 
 (4H, cy-Bu), 4.23  (2H, OCH2, 3J = 7.2).  

 13  (CDCl3, , . .): 14.26 (CH3), 15.62 (2 CH2, cy-Bu), 24.42 (2 CH2, cy-Bu), 24.65 

(2 CH2, cy-Bu), 42.72 (2 spiro), 62.12 (OCH2), 74,76 (C), 164.42 (COOEt).  
, %:  60.41,  7.19, N, 5.98. C12H17NO4. , %:  60.24,  7.16, N 5.85. 

  2- -1-   (54). 
 ,  68%. 

Rf 0.45 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 1.29  (3 , 3, 3J = 7.2), 2.05-2.15  (2H, CH2, Cy-Bu), 2.32-
2.41  (1H, CH2, Cy-Pr), 2.43-2.49  (1H, CH2, Cy-Pr), 2.79-2.98  (4H, CH2, Cy-Bu), 4.27  
(2 , 2O, 3J = 7.2). 

 13  (CDCl3, , . ., 1J - , ): 13.94 (CH3, 
1J -  = 128), 17.44 (CH2, cy-Bu, 1J -  = 138), 

20.60 (CH2, cy-Pr, 1J -  = 169), 30.93 (CH2, cy-Bu, 1J -  = 137), 31.19 (CH2, cy-Bu, 1J -  = 
138), 62.71 (OCH2, 1J -  = 149), 66.27 (C), 107.81 (C=), 140.14 (=C), 164.15 (CO2Et). 

, %:  56.78,  6.22 C10H13NO4. , %:  56.86,  6.20. 
  2- - -2-   (55).  
 ,  51%,    A/B = 2.5:1. 

Rf 0.45 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 0.20-0.35  (2H+2H, cy-Pr,   ), 0.40-0.50  
(1H+1H, cy-Pr,   ), 0.55-0.65  (1H+1H, cy-Pr,   ), 0.75-
0.85  (1H+1H, cy-Pr,   ), 1.25  (3 , 3, 3J = 7.1,  ), 1.31  (3 , 

3, 3J = 7.1,  A), 1.62  (1 , C-CHaHb-CHc, 2JH
a
H

b = 6.8, 3JH
a
H

c = 9.7,  ), 
1.68  (1 , C-CHaHb-CHc, 2JH

a
H

b = 6.7, 3JH
a
H

c = 8.9,  A), 1.81  (1 , C-CHaHb-CHc, 
2JH

b
H

a = 6.7, 3JH
b

H
c = 10.7,  A), 1.87  (1 , C-CHaHb-CHc, 2JH

b
H

a = 6.8, 3JH
b

H
c = 8.5, 

 ), 2.04  (1 , C-CHaHb-CHc-CHd, 3JH
c
H

a = 9.7, 3JH
c
H

b = 8.5, 3JH
c
H

d = 5.8,  ), 
2.33  (1 , C-CHaHb-CHc-CHd, 3JH

c
H

a = 8.9, 3JH
c
H

b = 10.7, 3JH
c
H

d = 6.0,  A), 4.21-4.36 
 (2H+2H, OCH2,   ).  

  13  (CDCl3, , . ., J, ):  : 3.50 (CH2, cy-Pr, 1J = 160), 4.09 (CH2, cy-
Pr, 1J = 161), 8.18 (CH, cy-Pr, 1J = 159), 13.93 (CH3, 

1J = 127), 21.47 (CH2, cy-Pr, 1J = 166), 
33.51 (CH, cy-Pr, 1J = 166), 62.58 (OCH2, 1J = 147), 70.29 (C), 163.10 (CO2Et).  

  13  (CDCl3, , . ., J, ):  B:  2.77 (CH2, cy-Pr, 1J = 160), 3.49 (CH2, cy-
Pr, 1J = 161), 8.05 (CH, cy-Pr, 1J = 159), 13.92 (CH3, 

1J = 127), 20.54 (CH2, cy-Pr, 1J = 166), 
32.43 (CH, cy-Pr, 1J = 166), 62.83 (OCH2, 1J = 147), 71.14 (C), 165.78 (CO2Et). 

, %:  54.65,  6.91 9 13NO4. , %:  54.26;  6.58. 
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  2- -5- -4,5- - -3-   
(56).  

 ,  26 %.  
Rf 0.15 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 0,34-0.38  (1H, cy-Pr), 0.40-0.44  (1H, cy-Pr), 0.59-0.71  
(1H, cy-Pr), 1.10-1.21  (2H, cy-Pr), 1.19  (3 , 3, 3J = 7.1), 3.11  (1 , C-CHaHb-CHc, 
2JH

a
H

b = 16.3, 3JH
a
H

c = 7.2), 3.38  (1 , C-CHaHb-CHc, 2JH
b

H
a = 16.3, 3JH

b
H

c = 9.3), 4.07-4.51  
(1 , ), 4.16  (2H, CH2O, 3J = 7.2).  

 13  (CDCl3, , . .): 1.10 (CH2, cy-Pr), 2.96 (CH2, cy-Pr), 13.52, 14.07, 35.44 (=C-CH2), 
61.27 (OCH2), 80.12 (OCH), 108.35 (C=N), 158.70 (CO2Me).  

, %:  54.39,  6.41 9 13NO4. , %:  54.26;  6.58. 
  6- -5-o -6- - [2.0.4.2] -6- -7-   

(57).  
-  ,  50%. 

Rf 0.15 ( :  – 4:1).  

 1   (CDCl3, , . ., J, ):  0.67-0.50  (3H, cy-Pr), 1.11-1.02  (1H, cy-Pr), 1.30  (3 , 

3, 3J = 7.2), 1.86-2.10  (2H, cy-Bu), 2.28-2.40  (1H, cy-Bu), 2.60-2.75  (1H, cy-Bu), 3.38 
 (2H, CH2), 4.27  (2H, OCH2, 3J = 7.2). 

  13   (CDCl3, , . ., 1J - , ): 8.95 (CH2, cy-Pr , 1J -  = 161), 10.43 (CH2, cy-Pr , 1J -  = 
163), 22.55 (CH2, cy-Bu, 1J -  = 140), 29.82 (Cspiro), 34.27 (CH2, cy-Bu , 1J -  = 137), 39.83 
( H2C=, 1J -  = 139), 61.79 (OCH2 , 1J -  = 147), 84.17 (C-O), 109.04 (C), 159.21 (COOEt).  

, %:  58.66,  6.71, N, 6.22. C11H15NO4. , %:  58.86,  6.70, N 6.31. 
 

  5,5- -2- -4,5- - -3-  
 (58).  

-  ,  55%.  
Rf 0.20 ( :  – 4:1).  

 1   (CDCl3, , . ., J, ): 0.38-0.50  (8H, cy-Pr), 1.01-1.10  (2H, cy-Pr), 1.24  (3 , 

3, 3J = 7.1), 3.06  (2H, CH2), 4.01  (2H, OCH2, 3J = 7.1).  

 13   (CDCl3, , . .): 0.15 (2 CH2, cy-Pr), 1.11 (2 CH2, cy-Pr), 14.10 (CH3), 18.17 

(2 CH, cy-Pr), 39.35 ( H2C=), 61.48 (OCH2), 82.30 (C-O), 109.07 (=C), 158.85 (COOEt). 
, %:  60.18,  7.03, N, 5.57. C12H17NO4. , %:  60.24,  7.16, N 5.85. 

 
  2- - [7.1.0.01,3] -2-   (59). 
 ,  24%,    A/B = 4:1. 

Rf 0.70 ( :  – 4:1). 
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 1   (CDCl3, , . ., J, ): 1,35-2.30  (11H+11H, Cy-Oct,   ), 0.81  
(1 , CHcCHaHbCspiro, 2JH

a
H

b = 5.5, 3JH
a
H

c = 5.6,  ), 0.90  (1 , CHcCHaHbCspiro, 2JH
a
H

b 
= 5.5, 3JH

a
H

c = 5.8,  A), 1.02  (1 , CHcCHaHbCspiro, 2JH
b

H
a = 5.5, 3JH

b
H

c  = 9.1,  
A), 1.04  (1 , CHcCHaHbCspiro, 2JH

b
H

a = 5.5, 3JH
b

H
c  = 9.5,  B), 1.27  (3 , 3, 3J = 

7.1,  B), 1.31  (3 , 3, 3J = 7.1,  ), 2.48  (1 , C-CHCHaHb, 3JHH
a = 6.3, 

3JHH
b  = 6.4,  B), 2.89  (1 , C-CHCHaHb, 3JHH

b = 5.3, 3JHH
a  = 7.6,  A), 4.12-

4.28  (2H+2H, OCH2,   ).  

  13  (CDCl3, , . ., 1J - , ):  : 10.40 (CH2, cy-Pr, 1J -  = 165), 14.02 
(CH3, 

1J -  = 127), 18.54 (CH, cy-Pr, 1J -  = 160), 20.25 (CH2, cy-Oct, 1J -  = 130), 24.14 (CH2, 
cy-Oct), 25.42 (CH2, cy-Oct), 27.89 (CH2, cy-Oct), 31.19 (CH2, cy-Oct), 32.55 (Cspiro), 34.12 
(CH, cy-Pr, 1J -  = 164), 62.24 (OCH2, 1J -  = 148), 72.93 (C), 163.29 (CO2Et). 

  13  (CDCl3, , . .):  B: 10.17 (CH2, cy-Pr), 14.03 (CH3), 18.54 (CH, cy-
Pr), 20.12 (CH2, cy-Oct), 24.30 (CH2, cy-Oct), 25.93 (CH2, cy-Oct), 27.67 (CH2, cy-Oct), 31.20 
(CH2, cy-Oct), 32.56 (Cspiro), 33.09 (CH, cy-Pr), 62.61 (OCH2), 73.84 (C), 165.57(CO2Et). 

, %:  61.54,  7.58. C13H19NO4. , %:  61.64,  7.56. 
  N- [6.1.0] -2- -1- -N- -   

(60). 
 49% (    A/B = 1.1:1).  

Rf 0.15 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 0.50  (1 , CHcCHaHbC, 2JH
a
H

b = 6.5, 3JH
a
H

c = 7.6,  
A), 0.57  (1 , CHcCHaHbC, 2JH

a
H

b = 6.1, 3JH
a
H

c = 6.6,  B), 0,85-1,05  (1H+1H, 
Cy-Pr,   ), 1.32  (3 , 3, 3J = 7.1,  ), 1.38  (3 , 3, 3J = 7.1, 

 A), 1.45-2.30  (8H+8H, Cy-Oct,   ), 2.61-2.82  (1H+1H, Cy-Oct, 
  ), 4.26  (2H, CH2O, 3J = 7.1,  ), 4.37  (2H, CH2O, 3J = 7.1, 

 B), 5.64  (1H, CHa=CH-C, 3JHH
a = 11.8,  ), 5.72  (1H, CHa=CH-C, 3JHH

a = 
11.6,  B), 5.81-5.96  (1H+1H, CH2CH=CH,   ), 8.1 . . (1H+1H, 
NOH,   ).  

  13  (CDCl3, , . ., 1J - , ):  : 14.08 (CH3, 
1J -  = 129), 20.90 (CH2, 

cy-Pr, 1J -  = 162), 22.77 (CH2, cy-Oct, 1J -  = 125), 26.04 (CH, cy-Pr, 1J -  = 159), 28.26 
(CH2, cy-Oct, 1J -  = 125), 29.53 (CH2, cy-Oct, 1J -  = 123), 29.65 (CH2, cy-Oct, 1J -  = 123), 
42.14 (C), 62.78 (OCH2, 1J -  = 149), 121.93 (CH=, 1J -  = 161), 137.58 (CH=, 1J -  = 152), 
157.14 (C=O), 161.62 (C=O).  

  13  (CDCl3, , . ., J, ):  B: 13.99 (CH3, 
1J -  = 127), 20.74 (CH2, cy-

Pr), 23.96 (CH2, cy-Oct), 26.33 (CH, cy-Pr), 28.58 (CH2, cy-Oct), 29.54 (CH2, cy-Oct), 29.64 
(CH2, cy-Oct), 41.62 (C), 62.30 (OCH2, 1J -  = 150), 122.29 (CH=, 1J -  = 161), 137.16 (CH=, 
1J -  = 145), 160.97 (C=O), 163.65 (C=O).  

, %:  61.56,  7.86, N 5.69. C13H19NO4. , %:  61.64,  7.56, N 5.53. 



206 

3.4.   [425]* 

( )  (64).  
   32–35°C  -2-  70 (5 , 25.8 )  

Ac2O (2.5 , 26.8 )       
HNO3 (1.79 , 1.18 , 28.4 )  Ac2O (1.79 , 1.65 , 17.5 ), ,  

    35°C.      1  
   ,    H2O (15 )   

 1 .     (3×15 ),   MgSO4, 
         . 

 ( )  (2.03 , 10.32 , 40%)   -  
. . . 100°C (1  . .) [421]. 

 1H (CDCl3, , . .): 1.38 ( , 3JH,H = 7.1 , 6H, 2×OCH2CH3), 4.24-4.30 ( , 4H, 
2×OCH2CH3), 4.95 ( , 2JP,H = 15.4 , NO2CH2P). 

 31P (CDCl3, , . .):  9.62. 

[ ( ) ]  ( ).  
  ( )  71 (3.3 , 16.8 )  . CH3CN (10 )  

0 °C       0.52   
 (35.6 , 18.5 )   .   

    0 °C     (2.87 , 37.0 
).      ,    

10 ,       .   
    (  — 50% EtOAc/ )  
   (2.36 , 10.6 , 63%)    , 

      . . . 35–36°C [326]. 

 1H (CDCl3, , . .): 1.36 ( , 3JH,H = 7.1 , 3H, OCH2CH3), 1.37 ( , 3JH,H = 7.1 , 3H, 
OCH2CH3), 4.32-4.34 ( , 4H, 2×OCH2CH3).  

 31P (CDCl3, , . .): –1.05.  
  C5H10N3O5P, %: C, 26.91; H, 4.52; N, 18.83. , %: C, 26.99; H, 4.67; N, 

18.77. 

3.5.    .  1-

 65–71,   72  73, 

-N-  75–79[425]*  

 .      (10 )  
  (11 , 0.025 , 5  % Rh)    (1 )  

 1     (223 , 1 )   (1 ). 



207 

    1 ,     . 
        

  (  – 50% EtOAc/ ). 
  (1- [2.3] -1- )   (65).  

 ,  65%. 
Rf = 0.35 ( :  – 1:1). 

 1H (CDCl3, , . .): 1.27 ( , 3JH,H = 7.1 , 3H, OCH2CH3), 1.29 ( , 3JH,H = 7.1 , 3H, 
OCH2CH3), 1.93 ( , 2JH,H = 6.1 , 3JH,P = 10.4 , 1H, c-Pr-CH2), 1.94-2.16 ( , 5H, c-Bu-H), 
2.18 ( , 2JH,H = 6.1 , 3JH,P = 6.2 , 1H, c-Pr-CH2), 2.57-2.65 ( , 1H, c-Bu-H), 4.21-4.30 ( , 
4H, 2×OCH2CH3).  

 13  (CDCl3, , . .): 15.50 ( , 1JC,H = 138 , c-Bu-CH2), 16.29 ( , 1JC,H = 128 , 
OCH2CH3), 16.35 ( , 1JC,H = 128 , OCH2CH3), 28.28 ( , 1JC,H = 166 , 3JC,P = 4 , c-Pr-
CH2), 27.98 ( , 1JC,H = 139 , c-Bu-CH2), 28.31 ( , 1JC,H = 139 , c-Bu-CH2), 39.25 (C ), 
63.46 ( , 1JC,H = 149 , OCH2CH3), 63.57 ( , 1JC,H = 149 , OCH2CH3), 67.62 [ , 1JC,P = 213 

, C(NO2)PO(OEt)2].  

 31P (CDCl3, , . .): 11.43. 

 ( ):  2985, 2941, 2914, 2871, 1537, 1419, 1348, 1265, 1165, 1099, 1051, 1022, 974, 
860, 850, 797, 598, 567 -1.  

  C10H18NO5P, %: C, 45.63; H, 6.89; N, 5.32. , %: C, 45.34; H, 6.78; N, 
5.29. 

  1-( )-1- [2.3] -5-  
 (66).  

 ,  68%,    A/B = 60:40.  
Rf = 0.3 ( :  – 1:1). 

 1H (CDCl3, , . .)    : 1.30–1.36 ( , 6H+6H, 2×OCH2CH3, 
 A  B), 1.90–1.98 ( , 1 , c-Pr-CH2,  A  B), 2.19–2.23 ( , 1 , c-Pr-CH2, 
 A  B), 2.33–2.60 ( , 3H+3H, c-Bu-H,  A  B), 2.84–2.92 ( , 1H+1H, c-Bu-

H,  A  B), 3.15–3.25 ( , 1H+1H, c-Bu-H,  A  B), 3.63 ( , 3H, COOCH3, 
 B), 3.66 ( , 3H, COOCH3,  A), 4.18-4.29 ( , 4H+4H, 2×OCH2CH3,  A 

 B). 

 13  (CDCl3, , . .)    : 16.29 ( , 1JC,H = 128 , OCH2CH3, 
 A  B), 16.24 ( , 1JC,H = 128 , OCH2CH3,  A  B), 27.82 ( , 1JC,H = 167 

, c-Pr-CH2,  A), 27.90 ( , 1JC,H = 167 , c-Pr-CH2,  B), 30.82 ( , 1JC,H = 138 
, c-Bu-CH2,  A), 31.30 ( , 1JC,H = 140 , 3JC,P = 4 , c-Bu-CH2,  A), 31.39 

( , 1JC,H = 138 , c-Bu-CH2,  B), 31.83 ( , 1JC,H = 142 , c-Bu-CH,  B), 32.16 
( , 1JC,H = 140 , 3JC,P = 3 , c-Bu-CH2,  B), 32.30 ( , 1JC,H = 142 , c-Bu-CH, 

 A), 35.31 (s, C ,  B), 36.39 (s, C ,  B), 51.95 ( , 1JC,H = 147 , 
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COOCH3),  B), 52.03 ( , 1JC,H = 147 , COOCH3),  A), 63.58 ( , 1JC,H = 149 
, 3JC,P = 5 , OCH2CH3,  A  B), 63.71 ( , 1JC,H = 149 , 3JC,P = 7 , OCH2CH3, 

 A  B), 66.63 [ , 1JC,P = 211 , C(NO2)PO(OEt)2,  B], 67.50 [ , 1JC,P = 212 , 
C(NO2)PO(OEt)2,  A], 174.08 (s, COOCH3,  B), 174.86 (s, COOCH3,  A). 

 31P (CDCl3, , . .): 10.71 (  B), 10.77 (  A). 

 ( ):  2987, 2914, 2872, 1736, 1539, 1439, 1348, 1263, 1205, 1165, 1020, 976, 868, 
796, 578 -1. 

  C12H20NO7P, %: C, 44.86; H, 6.27; N, 4.36. . %: C, 44.93; H, 6.32; N, 
4.33.  

  (1- [2.2] -1- )   (67). 
   0 °C     . 

 ,  52%. 
Rf = 0.35 ( :  – 1:1).  

 1H (CDCl3, , . .): 1.02–1.07 ( , 1H, c-Pr-H), 1.17–1.27 ( , 2H, c-Pr-H), 1.34 ( , 3JH,H = 
7.1 , 3H, OCH2CH3), 1.35 ( , 3JH,H = 7.1 , 3H, OCH2CH3), 1.40–1.44 ( , 1H, cy-Pr-H), 
2.22 ( , 2JH,H = 5.2 , 3JH,P = 8.6 , 1H, c-Pr-CH2), 2.50 ( , 2JH,H = 5.2 , 3JH,P = 3.3 , 
1H, c-Pr-CH2), 4.21–4.31 ( , 4H, 2×OCH2CH3).  

 13  (CDCl3, , . .): 6.45 ( , 1JC,H = 166 , c-Pr-CH2), 8.86 ( , 1JC,H = 166 , 3JC,P = 3 
, c-Pr-CH2), 16.35 ( , 1JC,H = 128 , OCH2CH3), 16.38 ( , 1JC,H = 128 , OCH2CH3), 

23.04 ( , 1JC,H = 168 , c-Pr-CH2), 27.03 ( , 2JC,P = 4 , C ), 63.61 ( , 1JC,H = 149 , 
OCH2CH3), 63.65 ( , 1JC,H = 149 , OCH2CH3), 63.35 [ , 1JC,P = 214 , C(NO2)PO(OEt)2]. 

 31P (CDCl3, , . .): 11.97. 

 ( ):  2998, 2990, 2950, 2930, 2880, 1550, 1445, 1400, 1375, 1350, 1270, 1170, 1105, 
1060, 1038, 990, 940, 800, 760, 675 -1. 

  C9H16NO5P, %: C, 43.38; H, 6.47; N, 5.62. , %: C, 43.35; H, 6.62; N, 
5.75. 

  (1- [2.0.2.1] -1- )   (68). 
 ,  58%,    A/B = 73:27.  

Rf = 0.3 ( :  – 1:1). 

 1H (CDCl3, , . .),  : 0.73–0.77 ( , 1H, c-Pr-H), 0.79–0.89 ( , 2H, c-Pr-H), 
0.92–0.96 ( , 1H, c-Pr-H), 1.30 ( , 3JH,H = 7.1 , 4JP,H = 0.8 , 3H, OCH2CH3), 1.31 ( , 
3JH,H = 7.1 , 4JP,H = 0.8 , 3H, OCH2CH3), 1.44 ( , 2J ,H = 5.1 , 1H, c-Pr-CH2), 1.64 ( , 
2J ,H = 5.1 , 1H, c-Pr-CH2), 2.21 ( , 1 , 2J ,H = 5.3 , 3JH,P = 8.4 , 1H, c-Pr-CH2), 2.31 
( , 1 , 2J ,H = 5.3 , 3JH,P = 3.1 , 1H, c-Pr-CH2), 4.19–4.29 ( , 4H, 2×OCH2CH3). 

 1H (CDCl3, , . .),  : 0.83 ( , 2J ,H = 5.8 , 3JH,H = 9.6 , 3JH,H = 4.4 , 
1H, c-Pr-H), 0.92 ( , 2J ,H = 5.6 , 3JH,H = 9.1 , 3JH,H = 4.4 , 1H, c-Pr-H), 1.04 ( , 
2J ,H = 5.8 , 3JH,H = 9.1 , 3JH,H = 4.3 , 1H, c-Pr-H), 1.20 ( , 2J ,H = 5.6 , 3JH,H = 9.6 
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, 3JH,H = 4.3 , 1H, c-Pr-H), 1.31 ( , 3JH,H = 7.1 , 4JPH = 0.8 , 3H, OCH2CH3), 1.32 ( , 
3JH,H = 7.1 , 4JPH = 0.6 , 3H, OCH2CH3), 1.42 ( , 2J ,H = 5.1 , 1H, c-Pr-CH2), 1.61 ( , 
2J ,H = 5.2 , 3JH,P = 3.2 , 1H, c-Pr-CH2), 2.07 ( , 2J ,H = 5.2 , 3JH,P = 8.8 , 1H, c-Pr-
CH2), 2.50 ( , 2J ,H = 5.2 , 3JH,P = 3.1 , 1H, c-Pr-CH2), 4.17–4.26 ( , 4H, 2×OCH2CH3). 

 13  (CDCl3, , . .),  : 2.46 (c-Pr-CH2), 5.70 (c-Pr-CH2), 12.92 ( , 3JC,P = 4 , c-
Pr-CH2), 14.92 (C ), 16.33 (OCH2CH3), 16.39 (OCH2CH3), 22.52 (c-Pr-CH2), 30.60 ( , 2JC,P 
= 4 , C ), 63.56 (OCH2CH3), 63.62 (OCH2CH3), 65.17 [ , 1JC,P = 214 , 
C(NO2)PO(OEt)2]. 

 13  (CDCl3, , . .),  : 5.81 (c-Pr-CH2), 6.11 (c-Pr-CH2), 12.60 (c-Pr-CH2), 16.28 
( , 3JC,P = 7 , OCH2CH3), 16.34 ( , 3JC,P = 7 , OCH2CH3), 17.23 ( , 3JC,P = 4 , C ), 
22.88 (c-Pr-CH2), 32.55 ( , 2JC,P = 2 , C ), 63.37 ( , 2JC,P = 7 , OCH2CH3), 63.55 ( , 
2JC,P = 7 , OCH2CH3), 64.79 [ , 1JC,P = 215 , C(NO2)PO(OEt)2]. 

 31P (CDCl3, , . .),  : 11.51. 

 31P (CDCl3, , . .),  : 12.05. 

 ( ):  2998, 2955, 2920, 2880, 1540, 1400, 1350, 1270, 1170, 1105, 1070, 1032, 990, 
950, 895, 805, 780, 750 -1. 

  C11H18NO5P, %: C, 48.00; H, 6.59; N, 5.09. , %: C, 48.05; H, 6.81; N, 
5.14. 

  1-( )-1- [2.2] -4-  
 (69).  

 ,  25%,    A/B = 56:44.  
Rf = 0.35 ( :  – 1:1). 

 1H (CDCl3, , . .)    : 1.33–1.38 ( , 6H, 2×OCH2CH3,  
A), 1.36 ( , 3JH,H = 7.1 , 3H, OCH2CH3,  B), 1.37 ( , 3JH,H = 7.1 , 3H, OCH2CH3, 

 B), 1.61 ( , 2JH,H = 5.6 , 3JH,H = 8.7 , 1H, c-Pr-CH2,  A), 1.81 ( , 2JH,H = 
5.4 , 3JH,H = 5.5 , 1H, c-Pr-CH2,  B), 1.88 ( , 2JH,H = 5.4 , 3JH,H = 8.8 , 1H, c-
Pr-CH2,  B), 1.90 ( , 2JH,H = 5.6 , 3JH,H = 5.5 , 4JH,P = 2.6 , 1H, c-Pr-CH2, 

 A), 2.22 ( , 2JH,H = 5.9 , 3JH,P = 9.0 , 1H, c-Pr-CH2,  A), 2.23 ( , 2JH,H = 
5.5 , 3JH,P = 8.8 , 1H, c-Pr-CH,  B), 2.35 ( , 2JH,H = 6.0 , 3JH,P = 8.7 , 1H, c-
Pr-CH2,  B), 2.49 ( , 2JH,H = 6.0 , 3JH,P = 3.7 , 1H, c-Pr-CH2,  B), 2.53 ( , 
2JH,H = 5.5 , 3JH,H = 8.7 , 1H, c-Pr-CH,  A), 2.60 ( , 2JH,H = 5.9 , 3JH,P = 3.5 , 
1H, c-Pr-CH2,  A), 3.70 (s, 3H, OCH3,  A), 3.74 (s, 3H, OCH3,  B), 4.22–
4.26 ( , 4H+4H, 2×OCH2CH3,  A  B). 

 13  (CDCl3, , . .)    : 14.01 (c-Pr-CH2,  A  B), 15.95 
(OCH2CH3,  B), 15.98 (OCH2CH3,  B), 16.25 ( , 3JC,P = 6 , OCH2CH3,  
A), 16.38 ( , 3JC,P = 6 , OCH2CH3,  A), 20.46 (c-Pr-CH2,  A), 22.02 (c-Pr-CH2, 

 B), 22.32 (c-Pr-CH,  A), 22.39 (c-Pr-CH,  B), 32.38 (C ,  A  
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B), 52.13 (COOCH3,  A), 52.33 (COOCH3,  B), 63.82 ( , 3JC,P = 7 , OCH2CH3, 
 B), 63.86 ( , 3JC,P = 7 , OCH2CH3,  A), 63.96 ( , 3JC,P = 7 ,OCH2CH3, 
 A), 64.07 ( , 3JC,P = 7 ,OCH2CH3,  B), 64.91 [ , 1JC,P = 214 , 

C(NO2)PO(OEt)2,  A], 64.96 [ , 1JC,P = 212 , C(NO2)PO(OEt)2,  B], 171.12 
(COOCH3,  A), 171.52 (COOCH3,  B). 

 31P (CDCl3, , . .): 10.38 (  B), 10.41 (  A). 

 ( ):  3000, 2978, 2942, 2928, 2880, 1735, 1550, 1435, 1400, 1350, 1280, 1210, 1185, 
1060, 1050, 990, 900, 810 -1 

  C11H18NO7P, %: C, 43.00; H, 5.91; N, 4.56. , %: C, 43.07; H, 5.83; N, 
4.68. 
 

  (1- -2- )   (70).  
 ,  73%,    A/B = 59:41. 

Rf = 0.35 ( :  – 1:1). 

 1H (CDCl3, , . .)    : 1.11 ( , 3JH,H = 7.1 , 4JH,P = 0.8 , 3H, 
OCH2CH3,  B), 1.13 ( , 3JH,H = 7.1 , 4JH,P = 0.8 , 3H, OCH2CH3,  B), 1.40 
( , 3JH,H = 7.1 , 4JH,P = 0.8 , 3H, OCH2CH3,  A), 1.45 ( , 3JH,H = 7.1 , 3H, 4JH,P = 
0.8 , OCH2CH3,  A), 2.19 ( , 2JH,H = 6.6 , 3JH,H = 9.8 , 3JH,P = 10.4 , 1H, 

 A), 2.38 ( , 2JH,H = 6.0 , 3JH,H = 9.4 , 3JH,P = 10.8 , 1H,  B), 2.54 ( , 
2JH,H = 6.0 , 3JH,H = 10.6 , 3JH,P = 3.9 , 1H,  B), 2.69 ( , 2JH,H = 6.6 , 3JH,H = 
9.2 , 3JH,P = 6.3 , 1H,  A), 3.32 ( , 3JH,H = 9.2 , 3JH,H = 9.8 , 3JH,P = 13.4 , 
1H,  A), 3.45 ( , 3JH,H = 9.4 , 3JH,H = 10.6 , 3JH,P = 6.3 , 1H,  B), 3.78 
( , 2JH,H = 10.3 , 3JH,H = 7.1 , 3JH,P = 9.2 , 1H, OCH2CH3,  B), 3.89 ( , 3JH,H 
= 7.1 , 3JH,P = 8.0 , 2H, OCH2CH3,  A), 4.29–4.42 ( , 2H + 2H, OCH2CH3, 

 A  B), 7.24-7.41 ( , 5H + 5H, Ar-CH,  A  B). 

 13  (CDCl3, , . .),  : 16.35 ( , 3JC,P = 7 , OCH2CH3), 16.42 ( , 3JC,P = 7 , 
OCH2CH3), 18.64 (c-Pr-CH2), 33.57 (c-Pr-CH), 664.15 ( , 2JC,P = 7 , OCH2CH3), 64.31 ( , 
2JC,P = 7 , OCH2CH3), 66.49 [ , 1JC,P = 207 , C(NO2)PO(OEt)2], 128.13 (Ar-CH), 128.59 
(2×Ar-CH), 128.80 (2×Ar-CH), 131.25 (Ar-C).  

 13  (CDCl3, , . .),  : 16.07 (OCH2CH3), 16.13 (OCH2CH3), 21.21 (c-Pr-CH2), 
37.17 (c-Pr-CH), 63.15 ( , 2JC,P = 7 , OCH2CH3), 3.64 ( , 2JC,P = 7 , OCH2CH3), 65.95 [ , 
1JC,P = 214 , C(NO2)PO(OEt)2], 128.16 (Ar-CH), 128.51 (2×Ar-CH), 129.68 (2×Ar-CH), 
132.76 ( , 3JC,P = 4 , Ar-C). 

 31P (CDCl3, , . .),  : 12.52. 

 31P (CDCl3, , . .),  : 10.38. 

 ( ):  2998, 2940, 2925, 2885, 1545, 1455, 1398, 1350, 1268, 1205, 1170, 1108, 1075, 
1065, 1030, 900, 870, 785, 715 -1. 
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  C13H18NO5P, %: C, 52.18; H, 6.06; N, 4.68. , %: C, 52.38; H, 6.19; N, 
4.79. 

  (2- -1- )   (71).  
 ,  25%,    A/B = 73:27.  

Rf = 0.3 ( :  – 1:1). 

 1H (CDCl3, , . .)    : 0.88 ( , 3H, 3JH,H= 7.1 , CH2CH2CH3, 
 A), 0.91 ( , 3H, 3JH,H= 7.1 , CH2CH2CH3,  B), 1.30–1.39 ( , 3H+3H, CH2, 

 A  B), 1.35 ( , 6H, 3JH,H= 7.1 , OCH2CH3,  A), 1.39 ( , 6H, 3JH,H= 7.1 , 
OCH2CH3,  B), 1.47–1.53 ( , 2H+2H, CH2,  A  B), 1.64–1.70 ( , 1H+1H, 
CH2,  A  B), 1.78–1.85 ( , 1H+1H, c-Pr-H,  A  B), 1.91–2.08 ( , 2H+1H, c-
Pr-H,  A  B), 2.19–2.24 ( , 1H, c-Pr-H,  B), 4.17–4.25 ( , 4H+4H, 
2×OCH2CH3,  A  B).  

 13  (CDCl3, , . .)    : 13.75 (CH2CH2CH3,  A), 13.86 
(CH2CH2CH3,  B), 16.24 ( , 3JC,P = 5 , OCH2CH3,  A  B), 16.28 ( , 3JC,P = 5 

, OCH2CH3,  A  B), 20.55 (c-Pr-CH2,  A), 22.09 (CH2,  A), 22.16 
(CH2,  B), (CH2,  B), 23.59 (c-Pr-CH2,  A), 26.34 (CH2,  A), 27.53 
(CH2,  B), 29.55 (c-Pr-CH,  A), 30.42 (CH2,  A), 31.00 (CH2,  B), 
34.84 (c-PrCH,  B), 63.58 (OCH2CH3,  B), 63.64 (OCH2CH3,  B), 63.89 
( , 2JC,P = 6 , OCH2CH3,  A), 64.02 ( , 2JC,P = 6 , OCH2CH3,  A), 64.23 ( , 
1JC,P = 212 , C(NO2)PO(OEt)2,  B), 64.99 ( , 1JC,P = 213 , C(NO2)PO(OEt)2,  
A).  

 31P (CDCl3, , . .): 12.90 (  B), 13.65 (  A). 

 ( ):  2995, 2970, 2945, 2880, 1540, 1485, 1450, 1395, 1360, 1270, 1175, 1070, 1030, 
985, 900, 885, 800, 760 -1. 

  C11H22NO5P, %: C, 47.31; H, 7.94; N, 5.02. , %: C, 47.20; H, 7.95; N, 
5.06. 

  {[ -2- -1- ( ) ] }   
(72).  

 ,  30%,    A/B = 82:18.  
Rf = 0.15 ( :  – 1:1). 

 1H (CDCl3, , . .)    : 0.86–0.93 ( , 3H+3H, CH2CH2CH3, 
 A  B), 1.34–1.40 ( , 3H+3H+1H+1H, 2×OCH2CH3 + CH2,  A  B), 1.99–

2.12 ( , 2H+2H, CH2,  A  B), 4.17–4.28 ( , 2H+2H+1H+1H, 2×OCH2CH3 + CH2, 
 A  B), 5.44–5.55 ( , 1H+1H, =CH,  A  B), 5.63–5.81 ( , 1H+1H, =CH, 
 A  B), 10.06 ( . , 1H+1H, N—OH,  A  B). 

 13  (CDCl3, , . .)    : 13.61 (CH2CH2CH3,  A), 13.67 
(CH2CH2CH3,  B), 16.24 (OCH2CH3,  A  B), 16.30 (OCH2CH3,  A  
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B), 22.06 (CH2,  A), 22.54 (CH2,  B), 30.47 (CH2,  B), 34.31 (CH2,  
A), 50.29 ( , 3JC,P = 5 , CH2N,  A), 52.23 (CH2N,  B), 64.44 (OCH2CH3, 

 A  B), 64.51 (OCH2CH3,  A  B), 121.96 (CH=,  B), 122.18 (CH=, 
 A), 135.05 (CH=,  B), 136.11 (CH=,  A), 163.80 ( , 1JC,P = 233 , C=O, 
 A), 163.73 ( , 1JC,P = 233 , C=O,  B). 

 31  (CDCl3, , . .): –1.98 (  B), 0.47 (  A). 

 ( ):  3170, 3000, 2980, 2940, 2880, 1640, 1540, 1470, 1450, 1400, 1240, 1175, 1085, 
1070, 985, 900, 815, 780 -1. 

  C11H22NO5P, %: C, 47.31; H, 7.94; N, 5.02. , %: C, 47.42; H, 8.12; N, 
5.08. 

  {[1,1'- ( )-1'- -1- ( ) ] }-
  (73).  

 ,  50%. 
Rf = 0.2 ( :  – 1:1). 

 1H (CDCl3, , . .): 1.37 ( , 3JH,H= 7.1 , 6H, 2×OCH2CH3), 1.84–1.89 ( , 2H, c-Bu-
CH2), 2.27–2.31 ( , 2H, c-Bu-CH2), 2.36–2.38 ( , 2H, c-Bu-CH2), 2.54–2.57 ( , 2H, c-Bu-
CH2), 2.58–2.63 ( , 2H, c-Bu-CH2), 4.22–4.29 ( , 4H, 2×OCH2CH3), 5.90–5.92 ( , 1H, =CH), 
10.05 (br. s, 1H, N—OH). 

 13  (CDCl3, , . .): 15.56 (c-Bu-CH2), 16.30 (OCH2CH3), 16.36 (OCH2CH3), 25.52 (c-
Bu-CH2), 28.47 (c-Bu-CH2), 30.04 (2×c-Bu-CH2), 64.31 (OCH2CH3), 64.38 (OCH2CH3), 127.81 
(=CH), 148.25 (=C), 164.52 ( , 1JC,P = 231 , C=O). 

 31  (CDCl3, , . .): –0.21. 

 ( ):  3400, 3160, 3000, 2950, 2940, 2890, 2860, 1802, 1645, 1572, 1485, 1444, 1395, 
1372, 1243, 1200, 1175, 1110, 1070, 1032, 990, 978, 807, 785 -1. 

  C13H22NO5P, %: C, 51.48; H, 7.31; N, 4.62. , %: C, 51.29; H, 7.21; N, 
4.93. 

  (5- -2- -4,5- -3- )  
 (75).  

 ,  93%.  
Rf=0.35 ( :  – 1:1). 

 1H (CDCl3, , . .): 1.22 ( , 3JH,H = 7.1 , 3H, CHOCH2CH3), 1.36 ( , 3JH,H= 7.1 , 3H, 
P(O)OCH2CH3), 1.37 ( , 3JH,H = 7.1 , 3H, P(O)OCH2CH3), 3.12 ( , 2JH,H= 17.9 , 3JH,H= 
1.1 , 3JH,P= 2.8 , 1H, CH2), 3.52 ( , 2JH,H= 17.9 , 3JH,H= 6.3 , 3JH,P= 3.3 , 1H, 
CH2), 3.55-3.60 ( , 1H, CHOCH2CH3), 3.85–3.90 ( , 1H, CHOCH2CH3), 4.19–4.28 ( , 4H, 
2×P(O)OCH2CH3), 5.54 ( , 3JH,H= 6.3 , 3JH,H= 1.1 , 1H, CHOCH2CH3). 

 13  (CDCl3, , . .): 14.73 (CHOCH2CH3), 16.01 (P(O)OCH2CH3), 16.04 
(P(O)OCH2CH3), 39.89 ( , 2JC,P = 12 , CH2C=N), 63.61 ( , 2JC,P = 6 , P(O)OCH2CH3), 
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63.75 ( , 2JC,P = 6 , P(O)OCH2CH3), 64.41 (CHOCH2CH3), 98.54 ( , 3JC,P = 10 , 
CHOCH2CH3), 104.71 ( , 1JC,P = 214 , C=N). 

 31  (CDCl3, , . .): 3.21. 

 ( ):  2995, 2950, 2925, 1628, 1480, 1450, 1400, 1380, 1340, 1275, 1215, 1175, 1105, 
1060, 1030, 990, 960, 830, 790, 745 -1. 

  C9H18NO6P, %: C, 40.45; H, 6.79; N, 5.24. , %: C, 40.47; H, 6.95; N, 
5.17. 

  (2- -3 ,5,6,7 - -4 - [3.2-d] -3-
)   (76).  

 ,  43%.  
Rf=0.15 ( :  – 1:1). 

 1H (CDCl3, , . .): 1.33 ( , 3JH,H= 7.1 , 3H, OCH2CH3), 1.34 ( , 3JH,H= 7.1 , 3H, 
OCH2CH3), 1.65–1.75 ( , 3H, CH2), 1.82–1.91 ( , 1H, CH2), 2.20-2.27 ( , 1H, CH), 3.63–3.69 
( , 1H, CH2O), 3.85–3.90 ( , 1H, CH2O), 4.15–4.25 ( , 4H, 2×OCH2CH3), 5.77 ( , 3JH,H = 6.3 

, 1H, OCHO). 

 13  (CDCl3, , . .): 16.18 ( , 3JC,P = 4 , OCH2CH3), 16.24 ( , 3JC,P = 3 , OCH2CH3), 
19.82 (CH2), 20.36 (CH2), 44.05 ( , 2JC,P = 12 , CHC=N), 61.32 (CH2O), 63.81 ( , 2JC,P = 6 

, OCH2CH3), 64.00 ( , 2JC,P = 6 , OCH2CH3), 97.16 ( , 3JC,P = 10 , OCHO), 107.72 ( , 
1JC,P = 212 , C=N). 

 31  (CDCl3, , . .): 3.09. 

 ( ):  2990, 2955, 2880, 1695, 1620, 1460, 1450, 1400, 1370, 1335, 1270, 1230, 1170, 
1120, 1060, 1045, 980, 915, 815, 780, 755 -1. 

  C10H18NO6P, %: C, 43.01; H, 6.50; N, 5.02. , %: C, 42.94; H, 6.69; N, 
4.86. 

  (2- -5- -4,5- -3- )  
 (77).  

 ,  60%. 
Rf=0.3 ( :  – 1:1). 

 1H (CDCl3, , . .): 1.35 ( , 3JH,H = 7.1 , 3H, OCH2CH3), 1.37 ( , 3JH,H = 7.1 , 3H, 
OCH2CH3), 3.42 ( , 2JH,H= 18.2 , 3JH,H= 0.7 , 3JH,P= 2.8 , 1H, CH2), 3.73 ( , 2JH,H= 
18.2 , 3JH,H= 6.4 , 3JH,P= 3.1 , 1H, CH2), 4.20–4.29 ( , 4H, 2×OCH2CH3), 6.10–6.12 ( , 
3JH,H= 6.4 , 3JH,H= 0.7 , 1H, CHOPh), 6.96–6.99 ( , 2H, Ar-CH), 7.04–7.08 ( , 1H, Ar-
CH), 7.26–7.30 ( , 2H, Ar-CH). 

 13  (CDCl3, , . .): 16.23 ( , 3JC,P = 6 , OCH2CH3), 16.25 ( , 3JC,P = 6 , OCH2CH3), 
40.39 ( , 2JC,P = 12 , CH2C=N), 64.04 ( , 2JC,P = 6 , OCH2CH3), 64.20 ( , 2JC,P = 6 , 
OCH2CH3), 96.17 ( , 3JC,P = 10 , CHOPh), 103.97 ( , 1JC,P = 214 , C=N), 117.06 (2×Ar-
CH), 123.49 (Ar-CH), 129.69 (2×Ar-CH), 155.59 (Ar-C). 
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 31  (CDCl3, , . .): 2.72. 

 ( ):  2975, 2940, 2870, 1634, 1606, 1500, 1460, 1345, 1270, 1230, 1165, 1050, 1030, 
974, 860, 810, 780 -1. 

  C13H18NO6P, %: C, 49.53; H, 5.75; N, 4.44. , %: C, 49.38; H, 5.90; N, 
4.46.  

  (6- -5- -6- [2.0.4.2] -6- -7- )  
 (79).  

 ,  65%. 
Rf=0.25 ( :  – 1:1). 

 1H (CDCl3, , . .): 0.50–0.59 ( , 3H, c-Pr-CH2), 0.98–1.03 ( , 1H, c-Pr-CH2), 1.30 ( , 
3JH,H= 7.1 , 3H, OCH2CH3), 1.32 ( , 3JH,H= 7.1 , 3H, OCH2CH3), 1.84–1.98 ( , 2H c-Bu-
CH2), 2.26–2.33 ( , 1H c-Bu-CH2), 2.60–2.67 ( , 1H c-Bu-CH2), 3.27–3.29 ( , 2H, CH2), 4.12–
4.21 ( , 4H, 2×OCH2CH3). 

 13  (CDCl3, , . .): 8.92 ( , 1JC,H = 161 , c-Pr-CH2), 10.35 ( , 1JC,H = 163 , c-Pr-
CH2), 16.19 ( , 1JC,H = 128 , OCH2CH3), 16.25 ( , 1JC,H = 128 , OCH2CH3), 22.56 ( , 
1JC,H = 139 , c-Bu-CH2), 29.51 (C ), 33.81 ( , 1JC,H = 138 , c-Bu-CH2), 41.95 ( , 1JC,H = 
139 , 2JC,P = 11 , CH2C=N), 63.72 ( , 1JC,H = 149 , 2JC,P = 5 , OCH2CH3), 63.76 ( , 
1JC,H = 149 , 2JC,P = 6 , OCH2CH3), 85.19 ( , 3JC,P = 8 , C ), 106.31 ( , 1JC,P = 215 , 
C=N). 

 31  (CDCl3, , . .): 3.66. 

 ( ):  3000, 2950, 2880, 1620, 1460, 1400, 1340, 1270, 1200, 1175, 1165, 1100, 1070, 
1060, 990, 845, 800, 756 -1. 

  C12H20NO5P, %: C, 49.83; H, 6.97; N, 4.84. , %: C, 49.80; H, 7.07; N, 
4.90.  

3.6.  1-    
  –Pd/C.  1- -

 80–86 [424]* 

 .   1  1-   10%-  Pd/C (40 
, 10 . %)  .   (10 )      

  HCO2NH4 (10 ).    
      40 .    

 ,      -  
,        . 

  1- [2.3] -1-   (80). 
 ,  82%. 
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 1  (CDCl3, , . ., J, ): 0.92  (1 , CHaHb, Cy-Pr, 2JH H
b 4.7), 1.22  (3 , 3, 3J = 

7.1), 1.49  (1 , CHaHb, Cy-Pr, 2JH
b

H
a 4.7), 1.79 . . (2H, NH2), 1.81-2.19  (5H, cy-Bu), 

2.29-2.42  (1H, cy-Bu), 4.01-4.19  (2H, OCH2).  

 13  (CDCl3, , . ., 1J - , ): 14.44 (CH2, cy-Bu, 1J -  = 137), 15.55 (CH3, 1J -  = 127), 
26.35 (CH2, cy-Bu, 1J -  = 135), 28.21 (CH2, cy-Bu, 1J -  = 136), 29.05 (CH2, cy-Pr, 1J -  = 
162), 35.41 ( spiro), 41.07 (C), 60.65 (OCH2, 1J -  = 145), 174.87 (COOEt).  

- , m/z, (I ., %): 169 [M]+  (0.5), 141 (8), 140 [M-C2H5]+ (15), 113 (2), 112 [M-
C2H4-C2H5] + (23), 96 [M-CO2C2H5] + (100), 95 (11), 94 (22), 81 (8), 68 (11), 67 (21), 54 (6), 53 
(6), 42 (12), 41 (14), 39 (9), 28 (10). 
5-   1-   1- - [2.3] -1,5-  

 (81). 
 ,  73%,   A/B = 3:2. 

 1   (CDCl3, , . ., J, ) 0,78  (1 , CHaHb, 2JH H
b 5.1,  ), 0,84  (1 , CHaHb, 

2JH H
b 4,8,  ), 1,04  (3 , 3, 3J = 7.1,  ), 1,05  (3 , 3, 3J = 7.1,  

), 1.30  (1 , CHaHb, 2JH
b

H
a 5.1,  ), 1.32  (1 , CHaHb, 2JH

b
H

a 4,8,  ), 1.92-
2.20  (1H+1H, cy-Bu,   ), 2.22 . . (2H+2H, NH2,   ), 
2.47-2.52  (1H+1H, cy-Bu,   ), 2.75-3.09  (3H+3H, cy-Bu,   

), 3.49  (3H, CH3,  ), 3.52  (3H, CH3,  A) ,3.84-4.02  (2H+2H, 
OCH2,   ).  

 13  (CDCl3, , . .):  : 14.23 (CH3), 27.83 (CH2, cy-Pr), 28.92 (CH2, cy-Bu), 
30.87 (CH2, cy-Bu), 32.29 ( spiro), 32.48 (CH, cy-Bu), 41.57 (C), 51.84 (OCH3), 60.96 (OCH2), 
167.70 (COOEt), 175.56 (COOMe).  

 13  (CDCl3, , . ., J, ):  : 14.24 (CH3), 28.13 (CH2, cy-Pr), 29.77 (CH2, cy-
Bu), 31.73 (CH2, cy-Bu), 31.83 ( spiro), 32.10 (CH, cy-Bu), 41.25 (C), 51.82 (OCH3), 60.95 
(OCH2), 167.70 (COOEt), 175.30 (COOMe). 

  9- - [6.1.0] -9-   (82). 
 ,  79%,   A/B = 3.5:1.  

 1  (CDCl3, , . ., J, ): 1,19  (3 , 3, 3J = 7.2,  ), 1,21  (3 , 3, 3J = 7.1, 
 ), 1.20-1.75  (14H+14H,   ), 1.80-2.05  (2H+2H,   

), 4.00-4.15  (2H+2H, OCH2,   ).  
 13  (CDCl3, , . .)  : 14.30 (CH3), 21.29 (2 CH2, cy-Oct), 26.21 (2 CH2, cy-

Oct), 28.97 (2 CH2, cy-Oct), 34.78 (2 CH, cy-Oct/cy-Pr), 41.61 (C), 60.31 (OCH2), 173.93 
(COOEt).  

 13  (CDCl3, , . .):  B: 14.26 (CH3), 20.92 (2 CH2, cy-Oct), 26.38 (2 CH2, cy-

Oct), 28.66 (2 CH2, cy-Oct), 30.23 (2 CH, cy-Oct/cy-Pr), 40.71 (C), 60.68 (OCH2), 177.13 
(COOEt). 
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  1’- [ [6.1.0] -9,2’- ]-1’-
  (83). 

 ,  89%. 

 1  (CDCl3, , . ., J, ): 0.85-2,03  (16H, cy-Oct, NH2), 1.26  (3 , 3, 3J = 7.2), 
1.54  (1 , CHaHb, 2JH H

b 5.5), 1.72  (1 , CHaHb, 2JH
b

H
a 5.5), 4.10-4.40  (2H, OCH2).  

 13  (CDCl3, , . .): 14.90 (CH3), 17.53 (CH2, cy-Pr), 21.90 (CH, cy-Oct/cy-Pr), 23.07 
(CH, cy-Oct/cy-Pr), 25.55 (CH2, cy-Oct), 25.65 (CH2, cy-Oct), 27.71 (CH2, cy-Oct), 27.82 (CH2, 

cy-Oct), 30.10 (2 CH2, cy-Oct), 32.35 (Cspiro), 40.50 (C), 62.99 (OCH2), 172.17 (CO2Et). 

- , m/z, (I ., %): 237 [M]+  (2), 210 (1), 209 (12), 208 [M-C2H5]+ (100), 191 (5), 
190  (8), 180 [M-C2H4-C2H5] + (4), 165 (9), 164 [M-CO2C2H5] + (53), 152 (5), 134 (6), 120 (13), 
106 (12), 94 (22), 79 (28), 71 (11), 67 (24), 55 (30), 41 (24). 

  9- - [3.0.3.1] -9-   (84). 
 ,  88%.  

 1  (CDCl3, , . ., J, ): 1.13  (3 , 3, 3J = 7.1), 1.47 . . (2H, NH2), 1.75-2.15  
(12H, cy-Bu), 4.00  (2H, OCH2, 3J = 7.1).  

 13  (CDCl3, , . .): 14.36 (CH3), 15.02 (2 CH2, cy-Bu), 22.24 (2 CH2, cy-Bu), 24.11 

(2 CH2, cy-Bu), 39.18 (2 Cspiro), 44.24 ( ), 60.72 (OCH2), 171.31 (COOEt). 
 

  2- - -2-   (85).  
-  ,  71%,    A/B = 3:1.  

 1  (CDCl3, , . ., J, ): 0.09-0.18  (1H+1H, Cy-Pr,   ), 0.19-0.31  
(1H+1H, Cy-Pr,   ), 0.34-0.56  (2H+2H, Cy-Pr,   ), 0.67-
0.79  (1H+1H, Cy-Pr,   ), 0.81-0.96  (1H+1H, Cy-Pr,   ), 
1.06  (1 , C-CHaHb-CHc, 2JH

a
H

b = 4.5, 3JH
a
H

c = 9.3,  A), 1.07  (1 , C-CHaHb-CHc, 
2JH

a
H

b = 4.3, 3JH
a
H

c = 8.4,  B), 1.20  (3 , 3, 3J = 7.1,  ), 1.24  (3 , 3, 3J = 
7.1,  A), 1.34  (1 , C-CHaHb-CHc, 2JH

b
H

a = 4.54, 3JH
b

H
c = 7.3,  A), 1.38  (1 , 

C-CHaHb-CHc, 2JH
b

H
a = 4.3, 3JH

b
H

c = 9.5,  ), 1.88 . . (2 +2 , NH2), 4.08  (2H, 
OCH2, 3J = 7,1,  ), 4.16  (2H, OCH2, 3J = 7,1,  A).  

 13  (CDCl3, , . ., 1J - , ):  : 4.74 (CH2, cy-Pr), 5.43 (CH2, cy-Pr), 8.95 (CH, 
cy-Pr), 14.46 (CH3, 

1J -  = 127), 22.34 (CH2, cy-Pr), 36.29 (CH, cy-Pr), 40.91 (C), 60.94 
(OCH2), 175.09 (CO2Et). 

  13  (CDCl3, , . .):  B:  4.21 (CH2, cy-Pr), 4.61 (CH2, cy-Pr), 8.80 (CH, 
cy-Pr), 14.37 (CH3), 23.14 (CH2, cy-Pr), 32.51 (CH, cy-Pr), 39.42 (C), 61.04 (OCH2), 176.46 

(CO2Et). - , m/z, (I ., %): 169 [M]+  (1), 142 (1), 141 (10), 140 [M-C2H5]+ (20), 
122 (3), 113 (2), 112 [M-C2H4-C2H5] + (23), 97 (6), 96 [M-CO2C2H5] + (100), 95 (11), 94 (22), 
81 (8), 80 (7), 68 (11), 67 (21), 55 (7), 54 (6), 53 (6), 42 (12), 41 (14), 28 (10). 
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  2- - [7.1.0.01,3] -2-   (86). 
 ,  68%,    A/B = 5:1.  

Rf 0.70 ( . : , 4:1).  

 1   (CDCl3, , . ., J, ):  : 0.65  (1 , CHcCHaHbCspiro, 2JH
a
H

b = 4.7, 3JH
a
H

c = 
5.0), 0.89  (1 , CHcCHaHbCspiro, 2JH

b
H

a = 4.7, 3JH
b

H
c = 8.5), 1.26  (3 , 3, 3J = 7.1), 1.24-

1.93  (13H, Cy-Oct, NH2), 0.89  (1 , CspiroCHaCHbHc, 2JH
a
H

b = 4.5, 3JH
a
H

c = 9.1), 4.05-4.22 
 (2H, OCH2).  

 1   (CDCl3, , . ., J, ):  B: 0.70  (1 , CHcCHaHbCspiro, 2JH
a
H

b = 4.2, 3JH
a
H

c = 
4.4), 0.81-0.86  (1 , CH2, cy-Pr), 1.27  (3 , 3, 3J = 7.1), 1,24-1.93  (14H, Cy-Oct, NH2), 
4.05-4.22  (2H, OCH2).  

  13  (CDCl3, , . .):  : 8.28 (CH2, cy-Pr), 14.51 (CH3), 18.06 (CH, cy-
Oct/cy-Pr), 20.50 (CH2, cy-Oct), 24.43 (CH2, cy-Oct), 24.79 (Cspiro), 26.45 (CH2, cy-Oct), 27.83 
(CH2, cy-Oct), 31.14 (CH2, cy-Oct), 37.90 (CH, cy-Oct/cy-Pr), 42.53 (C), 60.63 (OCH2), 174.46 
(CO2Et). 

  13  (CDCl3, , . .):  B:7 7.89 (CH2, cy-Pr), 14.71 (CH3), 18.75 (CH, cy-
Oct/cy-Pr), 20.23 (CH2, cy-Oct), 24.27 (CH2, cy-Oct), 26.60 (CH2, cy-Oct), 29.65 (CH2, cy-Oct), 
31.16 (CH2, cy-Oct), 35.27 (CH, cy-Oct/cy-Pr), 43.72 (C), 62.49 (OCH2).  

- , m/z, (I ., %): 223 [M]+  (2), 195 (1), 194 [M-C2H5]+ (61), 180 (4), 176 (8), 166 
[M-C2H4-C2H5] + (4), 152 (12), 150 [M-CO2C2H5] + (100), 149 (25), 148 (55), 128 (13), 120 
(12), 112 (11), 106 (34), 100 (12), 94 (30), 91 (36), 79 (33), 67 (30), 54 (34), 41 (45), 28 (35). 

  1- - [2.0.3.1] -1-   (94). 
    46    NH4CO2H-Pd/C  

     ,    – 2 . 
-  ,  74%,    A/B = 6:1. 

  1  (CD3OD, , . ., J, ): 0.84  (1 , CHaHb, 2JH H
b = 5.2,  ), 0.90  (1 , 

CHaHb, 2JH
b

H
a = 5.2,  ), 0.99  (1 , CHaHb, 2JH H

b = 5.6,  ), 1.02  (1 , 
CHaHb, 2JH

b
H

a = 5.6,  ), 1.22  (3 , 3, 3J = 7.1,  ), 1.34  (3 , 3, 3J = 7.1, 
 ), 1.46  (1 , CHaHb, 2JH H

b 4.9,  ), 1.57  (1 , CHaHb, 2JH H
b = 4.1,  

), 1.72  (1 , CHaHb, 2JH
b

H
a = 4.1,  ), 1.88  (1 , CHaHb, 2JH

b
H

a = 4.9,  ), 
1.90-2.36  (6H+6H, cy-Bu,   ), 4.10-4.35  (2H+2H, CH2O,   

).   13  (CD3OD, , . .):  : 13.53 (CH3), 16.24 (CH2, cy-Bu), 
18.26 (CH2, cy-Pr), 19.27 (CH2, cy-Pr), 27.20 (CH2, cy-Bu), 27.95 (Cspiro, cy-Pr/cy-Pr), 28.59 
(CH2, cy-Bu), 33.54 (Cspiro, cy-Bu/cy-Pr), 50.84 (C), 60.84 (OCH2), 173.33 (CO2Et); -

, m/z, (I ., %): 211 [M]+  (2), 194 [M-OH]+ (1), 183 [M - C2H4]+ (8), 182 [M-C2H5]+ 
(42), .166 [M-C2H4-OH] + (48), 148 (11), 138 [M-CO2C2H5] + (26), 120 (76), 110 (29), 93 (52), 
79(34), 77 (23), 71 (48), 41 (43), 29 (100). 
                                                 
7    spiro  CO2Et     86  . 
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  2- -4- -   (95). 
    54    NH4CO2H-Pd/C  

    ,    – 24 . 
-  ,  82%. 

 1   (CDCl3, , . ., J, ): 1,24  (3 , 3, 3J = 7.1), 1.33-1.48  (2H), 1.50-1.68  (4H), 
1.70-1.87  (3H), 1.92-2.03  (2H), 2.14-2.29  (2H), 3.35-3.44  (1H, CHNH2), 4.08-4.17  
(2H, CH2O).  

 13  (CDCl3, , . .): 14.23 (CH3), 18.35 (CH2), 28.12 (2 CH2, cy-Bu), 32.31 (CH2), 32.64 
(CH2), 35.69 (CH), 52.29 (CH), 60.77 (OCH2), 176.01 (CO2Et). 

  (1- - )   (96). 
  43 (180 , 1 )  10%-  Pd/C (40 , 10 . %)  15  

    24      (1 .). 
 ,     , 

        
 ( :  – 2:1).  110    . 

Rf  0.10 ( :  – 4:1),  62%, . . 45° . 

 1   (CDCl3, , . ., J, ): 0.62-0.71  (2H, CH2, cy-Pr), 0.77-0.84 (2H, CH2, cy-Pr), 1.29 
 (3H, CH3), 1.34  (3 , 3, 3J = 7.1), 4.28  (2 , 2, 3J = 7.1), 9.8 .  (=NOH).  

 13  (CDCl3, , . .): 13.62 (2 CH2, cy-Pr), 14.26 (CH3CH2), 21.67 (CH3C), 22.88 (C), 
61.71 (OCH2), 154.03 (C=N), 163.42 (CO2Et).  

, %:  56.00,  7.40, N 8.12. C8H13NO3. , %:  56.13,  7.65, N 8.18. 
(1- - [2.2] -1- )-  (97). 

   43 (130 , 0.75 )  10%-  Pd/C (30 , 10 . %)  4  
  0°     NaBH4 (70 , 1.75 ).   
    2    .  

,     ,  60   
. 
 70%. 

 1  (D2O, , . ., J, ): 0.91-0.99  (1H, CH2, cy-Pr), 1.01-1.05  (1H, CH2, cy-Pr), 1.17-
1.32  (2 , CH2, cy-Pr), 1.81  (1 , CHaHb

spiro, 2JH H
b = 5.4), 2.34  (1 , CHaHb

spiro, 2JH
b

H
a 

= 5.4), 3.96  (1 , CHaHbOH, 2JH H
b = 13.8), 4.29  (1 , CHaHbOH, 2JH

b
H

a = 13.8). 

 13  (CDCl3, , . .): 6.98 (CH2, cy-Pr), 7.86 (CH2, cy-Pr), 23.25 ( CH2 spiro), 27.76 
( spiro), 63.07 (CH2OH), 71.70 (C). 

  (1- )-   (98). 
   43 (180 , 1 )  EtOH (10 )  2  1 N Cl, 

     2    ,  
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   ,     
  ( , :  – 4:1),  140   . 

Rf 0.45 ( :  – 4:1),  63%. 

 1  (CDCl3, , . ., J, ): 0.83-0.95  (2H, CH2, cy-Pr), 1.03-1.09  (1H, CH2, cy-Pr), 
1.12-1.21  (1H, CH2, cy-Pr), 1.31  (3 , 3, 3J = 7.2), 3.61  (1 , CHaHbCl, 2JH H

b = 12.3), 
3.80  (1 , CHaHbCl, 2JH

b
H

a = 12.3), 4.18-4.36  (2H, CH2O), 5.07  (1H, CH). 

 13  (CDCl3, , . ., 1J - , ): 13.30 (CH2, cy-Pr, 1J -  = 165), 13.69 (CH3, 
1J -  = 128), 

14.05 (CH2, cy-Pr, 1J -  = 166), 23.00 (C), 49.84 (CH2Cl, 1J -  = 149), 63.26 (OCH2, 1J -  = 
149), 90.36 (CH, 1J -  = 151), 163.23 (CO2Et). 

, %:  43.21,  5.30. C8H12ClNO4. , %:  43.35,  5.46. 
  4- -2- -4- -   (99).  

   99   1- -2- -  
. 

Rf 0.60 ( :  – 4:1),  69%,    A/B = 1.1:1. 

 1  (CDCl3, , . ., J, ): 1.30 (3 , 3, 3J = 7.1,  B), 1.31  (3 , 3, 3J = 7.1, 
 ), 2.77-3.20  (2H+2 , CHCH2,   ), 4.29  (2H, CH2O, 3J = 7.1, 
 ), 4.30  (2H, CH2O, 3J = 7.1,  B), 4.91  (1 , ClCHaCHbHc, 3JH

a
H

b = 4.9, 
3JH

a
H

c = 10.8,  A), 4.96  (1 , ClCHaCHbHc, 3JH
a
H

b = 6.8, 3JH
a
H

c = 8.3,  B), 5.15 
 (1 , O2NCHaCHbHc, 3JH

a
H

b = 7.1, 3JH
a
H

c = 7.2,  B), 5.56  (1 , O2NCHaCHbHc, 
3JH

a
H

b = 10.4, 3JH
a
H

c = 3.8,  A), 7.20-7.44  (5 +5 , Ph).  

 13  (CDCl3, , . .):  : 13.95 (CH3), 40.29 (CHCH2), 58.58 (CHCl), 63.60 

(OCH2), 85.82 (CHNO2), 126.87 (2 CH, Ph), 128.59 (CH, Ph), 129.23 (2 CH, Ph), 139.58 (C, 
Ph), 164.12 (CO2Et).  

 13  (CDCl3, , . .):  B: 13.96 (CH3), 40.23 (CHCH2), 58.26 (CHCl), 63.60 

(OCH2), 85.60 (CHNO2), 127.03 (2 CH, Ph), 129.12 (2 CH, Ph), 129.49 (CH, Ph), 139.12 (C, 
Ph), 163.82 (CO2Et).  

, %:  52.84,  4.98. C12H14ClNO4. , %:  53.05,  5.19. 

3.7.  1-    
 Zn–  .  1-

 100–103  [426, 427]* 

 .   1  1-    (600 , 
10 )    (20 )     

   30    ( ).     6  
  ,     NaHCO3  pH 

8  ,    (10 ),   

,     (2 10 ).  
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    (4 5 ),   MgSO4,  
   ,      

 ,        .  
  1- - [2.2] -1-   (100). 

 ,  89%. 

 1  (CDCl3, , . ., J, ): 0.78-1.02  (4H, 2 CH2, cy-Pr), 1.24  (3 , 3, 3J = 7.1), 
1.31  (1 , CHaHb, 2JH H

b = 4.9), 1.80  (1 , CHaHb, 2JH
b

H
a = 4.9), 2.3 . . (2 , NH2), 4.07-

4.27  (2H, CH2O).  

 13  (CDCl3, , . ., 1J - , ): 4.98 (CH2, cy-Pr, 1J -  = 163), 7.17 (CH2, cy-Pr, 1J -  = 
162), 14.30 (CH3, 

1J -  = 127), 22.81 (CH2, cy-Pr, 1J -  = 161), 23.77 (Cspiro), 40.08 (C), 60.66 
(OCH2, 1J -  = 149), 175.43 (CO2Et).  

- , m/z, (I ., %): 155 [M]+  (1), 140 [M-CH3]+ (1), 127 [M- C2H4]+ (12), 126 [M-
C2H5]+ (100), 115 (9), 108 [M-NH2-C2H5]+ (16), 98 [M-C2H4-C2H5] + (17), 82 [M-CO2C2H5] + 
(54), 80 (26), 71 (8), 55 (24), 42 (14). 
 

  1- - [2.0.2.1] -1-   (101).  
 ,  91%,   A/B = 4:1.  

 1  (CDCl3, , . ., J, ): 0.51-0.78  (2 +2 , CH2, cy-Pr), 0.78-1.02  (2H+2H, CH2, 
cy-Pr,   ), 0.82-0.95  (2H+2H, CspiroCH2Cspiro, cy-Pr,   ), 
1.13  (3H, 3, 3J = 7.2,  B), 1.14 (3 , 3, 3J = 7.2,  A), 1.19  (1 , CHaHb, 
2JH

a
H

b 3.5,  A), 1.25  (1 , CHaHb, 2JH
a
H

b 4.0,  B), 1.58  (1 , CHaHb, 2JH
b

H
a 4.0, 

 B), 1.69  (1 , CHaHb, 2JH
b

H
a 3.5,  ), 2.26 . . (2H+2H, NH2,   

), 3.97-4.18  (2H+2H, CH2O,   ). 

 13  (CDCl3, , . .):  : 3.36 (CH2, cy-Pr), 4.81 (CH2, cy-Pr), 12.96 (CH2, cy-Pr), 
14.22 (CH3), 15.41 (Cspiro), 22.89 (CH2, cy-Pr), 28.06 (Cspiro), 41.48 (C), 60.63 (OCH2), 175.21 
(CO2Et). 

  13  (CDCl3, , . .):  B: 4.23 (CH2, cy-Pr), 4.84 (CH2, cy-Pr), 10.36 (CH2, cy-Pr), 
14.39 (CH3), 16.17 (Cspiro), 22.90 (CH2, cy-Pr), 29.13 (Cspiro), 40.23 (C), 60.54 (OCH2), 175.19 
(CO2Et). 

- , m/z, (I ., %): 181 [M]+  (1), 166 [M-CH3]+ (2), 154 [M - C2H4]+ (2), 152 [M-
C2H5]+ (10), 134 (3), 124 [M-C2H4-C2H5] + (6), 109 (7), 108 [M-CO2C2H5] + (100), 106 (17), 93 
(11), 91 (7), 81 (11), 79(14). 

  1- - [2.0.3.1] -1-   (102). 
-  ,  76%,   A/B = 8:1. 

 1  (CDCl3, , . ., J, ): 0.42  (1 , CHaHb, 2JH H
b 5.0,  ), 0.59  (1 , CHaHb, 

2JH
b

H
a 5.0,  ), 0.70  (1 , CHaHb, 2JH H

b 5.2,  ), 0.73  (1 , CHaHb, 2JH
b

H
a 5.2, 

 ), 1.29  (3 +3H, 3, 3J = 7.1,   ), 1.16  (1 , CHaHb, 2JH H
b 3.4, 
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 A), 1.38  (1 , CHaHb, 2JH
a
H

b 4.1,  ), 1.41  (1 , CHaHb, 2JH
b

H
a 3.4,  

), 1.53  (1 , CHaHb, 2JH
b

H
a 4.1,  B), 1.55-2.32  (6H+6H, cy-Bu,   

), 2.65 . . (2H+2H, NH2), 3.91-4.17  (2H+2 , CH2O,   ). 

  13  (CDCl3, , . .):  : 14.22 (CH3), 16.83 (CH2, cy-Bu), 18.51 (CH2, cy-
Pr), 22.27 (CH2, cy-Pr), 27.08 (CH2, cy-Bu), 27.46 (Cspiro, cy-Pr/cy-Pr), 29.09 (CH2, cy-Bu), 
31.87 (Cspiro, cy-Bu/cy-Pr), 42.28 (C), 60.61 (OCH2), 175.37 (CO2Me). 

  13  (CDCl3, , . .):  B: 14.06 (CH3), 16.57 (CH2, cy-Bu), 18.97 (CH2, cy-
Pr), 22.74 (CH2, cy-Pr), 27.08 (CH2, cy-Bu), 27.67 (Cspiro, cy-Pr/cy-Pr), 28.08 (CH2, cy-Bu), 
34.29 (Cspiro, cy-Bu/cy-Pr), 40.46 (C), 60.75 (OCH2), 172.83 (CO2Et). 

- , m/z, (I ., %): 195 [M]+  (1), 180 [M-CH3]+ (1), 167 [M - C2H4]+ (20), 166 [M-
C2H5]+ (35), . 138 [M-C2H4-C2H5] + (94), 124 (10), 122 [M-CO2C2H5] + (71), 120 (73), 106 (22), 
94 (100), 93 (32), 79(28), 77 (23), 67 (20), 42 (26), 29 (21). 
4-   1-   1- [2.2] -1,4-  

 (103). 
 ,  80%,   /  = 50:50.  

 1  (CDCl3, , . .,)    : 1.22 ( , 3J ,  = 7.1 , 3 , O 2 3), 
1.23 ( , 3J ,  = 7.1 , 3 , O 2 3), 1.37 ( , 2J a

H
b = 4.8 , 1 , CHaHb), 1.40-1.43  (1 , 

c-Pr- ), 1.48 ( , 2J a
H

b = 4.8 , 1 , aHb), 1.60–1.66  (2 , c-Pr- 2), 1.80 ( , 2J a
H

b = 
4.8 , 1 , CHaHb),1.92 ( , 2J a

H
b = 4.8 , 1 , aHb); 2.00–2.03  (1 , c-Pr- ), 2.09 ( . 

, 2 , NH2), 2.10–2.13  (2 , c-Pr- 2), 3.67 ( , 3 , 3), 3.68 ( , 3 , 3), 4.09 ( , 
3J ,  = 7.1 , 2 , 2CH3), 4.16 ( , 3J ,  = 7.1 , 2 , 2CH3).  

 13  (CDCl3, , . .)    : 13.47 (c-Pr- 2), 14.27 (OCH2CH3), 
14.30 (OCH2CH3), 15.72 (c-Pr- 2), 19.34 (c-Pr- ), 21.26 (c-Pr- ), 22.65 (c-Pr- 2), 22.66 
(c-Pr- 2), 32.51 ( ), 32.88 ( ), 40.67 (C(NH2)), 40.85 (C(NH2)), 51.68 (OCH3), 51.79 
(OCH3), 61.16 (OCH2CH3), 61.21 (OCH2CH3), 172.77 (CO2Et), 173.06 (CO2Et), 174.28 
(CO2Me), 174.45 (CO2Me).  
MS MALDI-TOF: m/z = 213 [M]+. 

3.8.  1- .  1-
  87–93, 104–107  [424, 426, 427]* 

 .   1-  (1 )  EtOH ( ) 
(5 )  1    NaOH (2 ).    

     48     0.2  HCl  pH 3, 
    ,    

  (2 ),  (Dowex 50,  – 0.9 N  
),  ,     

  –  (1:1). 
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1- - [2.3] -1-   (87). 
 ,  89%. 

 1  (D2O, , . ., J, ): 1.71  (1 , CHaHb, 2JH
b

H
a = 5.9), 1.92  (1 , CHaHb, 2JH H

b = 
5.9), 2.10-2.50  (4H, cy-Bu), 2.52-2.75  (2H, cy-Bu)). 

 13  (CDCl3, , . ., 1J - , ): 15.49 (CH2, cy-Bu, 1J -  = 138), 24.87 (CH2, cy-Pr, 1J -  = 
164), 25.70 (CH2, cy-Bu, 1J -  = 138), 27.08 (CH2, cy-Bu, 1J -  = 136), 33.50 ( spiro), 40.28 (C), 
171.95 (COOH). 

- , m/z, (I ., %): 113 [M-C2H4]+ (16), 96 [M-CO2H]+ (100), 95 (20), 68 [M-CO2H-
C2H4]+ (21), 67 (37), 41 (26), 39 (20). 

, %:  58.61,  7.29 7 11NO2. , %:  59.56;  7.85. 
1- - [2.3] -1,5-   (88). 

 ,  69%,    A/B = 7:5. 

 1  (D2O, , . ., J, ): 1.87  (1 , CHaHb, 2JH H
b 7.4,  ), 1.93   (1 , CHaHb, 

2JH H
b 7.3,  ), 2.03  (1 , CHaHb, 2JH

b
H

a 7.4,  ), 2.09  (1 , CHaHb, 2JH
b

H
a 7.3, 

 ), 2.62-2.95  (4H+4H, cy-Bu,   ), 3.41-3.78  (1H+1H, cy-Bu,  
 ).  

  13  (D2O, , . .):  : 24.47 (CH2, cy-Pr), 28.66 (CH2, cy-Bu),. 30.23 
(CH2, cy-Bu), 30.52 ( spiro), 32.73 (CH, cy-Bu), 40.26 (C), 171.44 (COOH), 178.97 (COOH). 

   13  (D2O, , . .):  B: 24.61 (CH2, cy-Pr), 29.14 (CH2, cy-Bu), 30.04 
(CH2, cy-Bu), 30.95 ( spiro), 32.27 (CH, cy-Bu), 40.03 (C), 171.44 (COOH), 179.33 (COOH). 

- , m/z, (I ., %): 140 [M- CO2H]+ (48), 139 (18), 113 [M-CO2H-CH2-CH]+ (100), 
95 [M-CO2H-CO2H]+ (15), 94 (98), 93 (43), 68 (41), 67 [M-CO2H-CO2H-C2H4]+ (100), 55 (31).  
9- - [6.1.0] -9-   (89). 

 ,  65%,    A/B = 10:1. 

 1  (D2O, , . .): 0.95-1.85  (14H+14H, Cy-Oct,   ). 

  13  (D2O, , . .):  : 21.29 (2 CH2, Cy-Oct), 26.42 (2 CH2, Cy-Oct), 

28.55 (2 CH2, Cy-Oct), 29.97 (2 CH, Cy-Oct/Cy-Pr), 38.59 (C), 174.15 (COOH). 

  13  (CDCl3, , . .):  B:8 20.83 (2 CH2, Cy-Oct), 26.85 (2 CH2, Cy-Oct), 

28.64 (2 CH2, Cy-Oct), 29.48 (2 CH, Cy-Oct/Cy-Pr). 
, %:  65.34,  9.50 , N 7.84. 10 17NO2. , %:  65.54,  9.35, N 7.64. 

1’- [ [6.1.0] -9,2’- ]-1’-   (90).  
 ,  87%. 

 1  (D2O-CF3CO2H, 10:1, , . ., J, ): 0.98-1.60  (14H, Cy-Oct), 1.51  (1 , CHaHb, 
2JH H

b = 5,9), 1,75  (1 , CHaHb, 2JH
b

H
a = 5,9). 

                                                 
8    13            89  

 -      . 
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  13  (D2O-CF3CO2H, 10:1, , . .): 16.62 (CH2, cy-Pr), 21.21 (cy-Oct), 22.08 (cy-
Oct), 24.08 (cy-Oct), 24.55 (cy-Oct), 26.52 (cy-Oct), 26.64 (cy-Oct), 28.83 (cy-Oct), 28.94 (cy-
Oct), 31.30 (Cspiro), 39.61 (C), 173.58 (COOH). 

, %:  68.52,  8.91. 12 19NO2. , %:  68.87,  9.15. 
9- - [3.0.3.1] -9-   (91). 

 ,  84%. 

 1  (D2O, , . ., J, ):  2.05-2.4  (12H, cy-Bu). 

 13  (CDCl3, , . .): 14.94 (2 CH2, cy-Bu), 22.24 (2 CH2, cy-Bu), 23.83 (2 CH2, cy-Bu), 

38.80 (2 spiro), 43.58 (C), 170.48 (COOH). 
- , m/z, (I ., %): 153 [M-C2H4]+ (37), 136 [M-CO2H]+ (60), 120 [M-NH2-CO2H]+ 

(8), 108 [M-CO2H-C2H4]+ (100), 107 (58), 91 (19), 79 (33), 67 (16), 53 (21), 39 (21). 
2- - -2-   (92) [428].  

 ,  92%,    A/B = 5:1. 

 1  (D2O, , . .): 0.35-0.55  (2H+2H, CH2, cy-Pr,   ), 0.60-0.75  
(2H+2H, CH2, cy-Pr,   ), 0.9-1.05  (1 +1 , , cy-Pr,   ), 
1.20-1.50  (1 +1 , cy-Pr,   ), 1.55-1.90  (2 +2 , Cy-Pr,   

). 

  13  (D2O, , . .):  : 4.95 (CH2, Cy-Pr), 5.45 (CH2, Cy-Pr), 8.23 (CH, 
Cy-Pr), 18.03 (CH2, Cy-Pr), 30.50 (CH, Cy-Pr), 40.02 (C), 173.51 (COOH). 

  13  (D2O, , . .):  B: 4.21 (CH2, Cy-Pr), 5.04 (CH2, Cy-Pr), 7.46 (CH, 
Cy-Pr), 17.41 (CH2, Cy-Pr), 27.87 (CH, Cy-Pr), 39.57 (C), 175.02 (COOH). 
2- - [7.1.0.01,3] -2-   (93).  

 ,  70 %. 

 1  (D2O-CF3CO2H, 10:1, , . ., J, )9*: 0.76  (1 , CHcCHaHbCspiro, 2JH
a
H

b = 5,0, 
3JH

a
H

c = 5.2), 0.98-1.60  (13H, Cy-Oct). 
, %:  67.52,  8.91, N 6.63. 12 19NO2. , %:  67.66,  8.78, N 7.17.  

1- - [2.2] -1-   (104) [95].  
 ,  87%. 

 1  (D2O, , . ., J, ): 1.32-1.47  (4H, 2 CH2, Cy-Pr), 2.12  (1 , CHaHb, 2JH H
b = 

6.1), 1,29  (1 , CHaHb, 2JH H
b = 6.1). 

 13  (D2O, , . ., 1J - , ): 5.97 (CH2, cy-Pr, 1J -  = 163), 6.80 (CH2, cy-Pr, 1J -  = 169), 
19.64 (CH2, cy-Pr, 1J -  = 168), 22.53 (Cspiro), 39.08 (C), 172.81 (COOH). 
1- - [2.0.2.1] -1-   (105).  

 ,  90%,    A/B = 3:1. 

                                                 
9     93   13     . 
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 1  (D2O, , . ., J, ): 0.85-1.20  (6H+6H,   ), 1.85  (1 , CHaHb, 
2JH H

b = 6.3,  A), 1.97  (1 , CHaHb, 2JH H
b = 6.2,  ), 2,07  (1 , CHaHb, 2JH

b
H

a 
= 6.2,  B), 2,16  (1 , CHaHb, 2JH

b
H

a = 6.3,  A). 
 13  (D2O, , . .):  : 4.73 (CH2, cy-Pr), 4.99 (CH2, cy-Pr), 12.67 (CH2, cy-Pr), 

15.21 (Cspiro), 18.98 (CH2, cy-Pr), 26.64 (Cspiro), 39.93 (C), 172.55 (COOH). 

  13  (D2O, , . .):  B: 3.68 (CH2, cy-Pr), 4.89 (CH2, cy-Pr), 10.70 (CH2, 
cy-Pr), 15.38 (Cspiro), 18.73 (CH2, cy-Pr), 26.49 (Cspiro), 38.77 (C), 172.55 (COOH). 

, %:  62.59,  7.11. 8 11NO2. , %:  62.73,  7.24. 
1- - [2.0.3.1] -1-   (106)10.  

 ,  85%. 

 1  (D2O, , . ., J, ): 1.38  (1 , CHaHb, 2JH H
b = 5.6), 1.49  (1 , CHaHb, 2JH

b
H

a = 
5.6), 1.96  (1 , CHaHb, 2JH H

b = 6.1), 2.07  (1 , CHaHb, 2JH
b

H
a = 6.1), 2.10-2.55  (6H, Cy-

Bu).  

 13  (D2O, , . .): 15.79 (CH2), 17.95 (CH2), 18.36 (CH2), 26.84 (CH2, cy-Bu), 27.49 
(Cspiro), 27.91 (CH2, cy-Bu), 28.61 (Cspiro), 39.63 (C). 171.97 (COOH).  

, %:  64.79,  7.46. 9 13NO2. , %:  64.65,  7.84. 
1- [2.2] -1,4-   (107).  

 ,   90%,   /  = 50:50.  

 1  (CDCl3, , . .)    : 1.31–1.36 ( , 2 , c-Pr- 2), 1.38–1.44 
( , 2 , c-Pr- 2), 1.53 ( , 2J a

H
b = 6.3 , 1 , CHaHb), 1.61 ( , 2J a

H
b = 6.1 , 1 , aHb), 

B 1.92 ( , 2J a
H

b = 6.1 , 1 , aHb), 1.85 ( , 2J a
H

b = 6.1 , 1 , CHaHb), 1.90–1.93 ( , 1 , 
c-Pr- ), 2.01–2.05 ( , 1 , c-Pr- ).  

 13  (CDCl3, , . .),    : 13.89 (c-Pr- 2), 15.10 (c-Pr- 2), 

18.56 (2 c-Pr- ), 23.78 (c-Pr- 2), 24.57 (c-Pr- 2), 28.26 (2 ), 41.93(C(NH2)), 

42.05(C(NH2)), 171.23 ( 2 ), 171.31 ( 2 ), 175.93 (2 2 ). 

3.9.  - .  1-
 108–113 [429]* 

 .     (1.0 )   
  (0.6 , 10 )   (20 )    

    30    ( )  (1.3 , 
20 ).     3 ,    

    10.  ,   (2×5 ), 
  ,    (3×10 ). 
     (4×5 ),  MgSO4, 

    .    
                                                 
10        102. 
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     (   95%   
  1 ). 

  (1- [2.3] -1- )   (108). 
 ,  86%. 

 1H (CDCl3, , . .): 0.69–0.72 ( , 1H, CH2), 1.17–1.22 ( , 1H, CH2), 1.25–1.29 ( , 6H, 
2×OCH2CH3), 1.85–2.12 ( , 4H, 2×CH2), 2.25 ( . , 2H, NH2), 2.31–2.45 ( , 2H, CH2), 3.95–
4.09 ( , 4H, 2×OCH2CH3). 

 13  (CDCl3, , . .): 16.22 (c-Bu-CH2), 16.26 ( , 3JC,P = 7 , OCH2CH3), 16.32 ( , 3JC,P 
= 7 , OCH2CH3), 25.20 (c-Bu-CH2), 26.87 (c-Pr-CH2), 28.37 ( , 3JC,P = 4 , c-Bu-CH2), 
31.39 (C ), 32.69 [ , 1JC,P = 218 , C(NH2)PO(OEt)2], 62.01 ( , 2JC,P = 7 , OCH2CH3), 
62.11 ( , 2JC,P = 7 , OCH2CH3). 

 31  (CDCl3, , . .): 27.01. 
MS MALDI-TOF: m/z = 234 [M+1]+ 

  1- -1-( ) [2.3] -5-  
 (109).  

 ,  85%,   A/B = 2:1. 

 1H (CDCl3, , . .),    : 0.60–0.64 ( , 1H, c-Pr-CH2,  A), 
0.65–0.70 ( , 1H, c-Pr-CH2,  B), 1.12–1.17 ( , 1H+1H, c-Bu-CH2,  A  B), 
1.18–1.23 ( , 6H+6H, 4×OCH2CH3,  A  B), 1.79 ( . , 2H+2H, NH2,  A  
B), 2.19–2.31 ( , 2H+2H, c-Pr-CH2,  A  B), 2.44–2.58 ( , 2H+2H, c-Bu-CH2, 

 A  B), 3.00–3.05 ( , 1H, c-Bu-CH,  A), 3.10–3.14 ( , 1H, c-Bu-CH,  
B), 3.55 (s, 3H, COOCH3,  B), 3.57 (s, 3H, COOCH3,  A), 3.95–4.03 ( , 4H+4H, 
4×OCH2CH3,  A  B). 

 13  (CDCl3, , . .),    :16.35 ( , 3JC,P = 6 ,  4×OCH2CH3, 
 A  B), 24.54 (c-Pr-CH2,  A), 24.84 (c-Pr-CH2,  B), 27.09 ( , 2JC,P = 4 

,  C ,  B), 27.47 (C ,  A), 28.59 (c-Bu- CH2,  A), 29.35 (c-Bu- 
CH2,  B), 31.15 ( , 3JC,P = 5 , c-Bu- CH2,  A), 32. 00 ( , 3JC,P = 5 , c-Bu- 
CH2,  B), 32.73 (c-Bu-CH,  B), 33.13 (c-Bu-CH,  A), 33.70 [ , 1JC,P = 205 

, C(NH2)PO(OEt)2,  B], 33.97 [ , 1JC,P = 206 , C(NH2)PO(OEt)2,  A], 51.47 
(COOCH3,  B), 51.56 (COOCH3,  A), 61.68 ( , 2JC,P = 6 ,  2×OCH2CH3, 

 B), 61.77 ( , 2JC,P = 6 ,  2×OCH2CH3,  A ), 175.29 (COOMe,  B), 
175.60 (COOMe,  A). 

 31  (CDCl3, , . .): 26.37 (  B), 26.51 (  A). 
MS MALDI-TOF: m/z = 292 [M+1]+ 

  (1- [2.2] -1- )   (110).  
 ,  91%.  
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 1H (CDCl3, , . .): 0.82–0.91 ( , 2H, c-Pr-CH2), 0.94–0.98 ( , 1H, c-Pr-CH2), 1.01–1.06 
( , 1H, c-Pr-CH2), 1.10–1.12 ( , 1H, c-Pr-CH2), 1.28 ( , 3JH,H =7.1 , 4JP,H = 0.5 , 3H, 
OCH2CH3), 1.30 ( , 3JH,H =7.1 , 4JP,H = 0.5 , 3H, OCH2CH3), 1.54–1.59 ( , 1H, c-Pr-CH2), 
2.61 ( . ,2H, NH2), 4.04–4.15 ( , 4H, 2×OCH2CH3).  

 13  (CDCl3, , . .): 3.32 (c-Pr-CH2), 6.85 ( , 3JC,P = 4 , c-Pr-CH2), 16.49 ( , 3JC,P = 7 
, OCH2CH3), 16.54 ( , 3JC,P = 6 , OCH2CH3), 20.09 (c-Pr-CH2), 20.14 (C ), 32.85 [ , 

1JC,P = 208 , C(NH2)PO(OEt)2], 61.80 ( , 2JC,P = 7 , OCH2CH3), 62.09 ( , 2JC,P = 6 , 
OCH2CH3).  

 31  (CDCl3, , . .): 27.28.  
MS MALDI-TOF: m/z = 220 [M+1]+ 

  (1- [2.0.2.1] -1- )   (111).  
 ,  89%,   A/B = 2:1. 

 1H (CDCl3, , . .)    : 0.69–0.75 ( , 1H+1H, c-Pr-CH2,  
A  B), 0.78–0.88 ( , 2H+2H, c-Pr-CH2,  A  B), (0.97–1.01 ( , 1H, c-Pr-CH2,  
A), 1.02–1.08 ( , 1H+1H, c-Pr-CH2,  A  B), 1.11–1.14 ( , 1H, c-Pr-CH2,  B), 
1.19–1.25 ( , 1H+2H, c-Pr-CH2,  A  B), 1.27–1.33 ( , 6H+6H, 2×OCH2CH3, 

 A  B), 1.38–1.39 ( , 1H, c-Pr-CH2,  A), 1.42–1.46 ( , 1H, c-Pr-CH2,  
B), 1.57–1.61 ( , 1H, c-Pr-CH2,  A), 2.45 ( . ,2H+2H, NH2,  A  B),4.13–
4.23 ( , 4H+4H, 2×OCH2CH3,  A  B). 

 13  (CDCl3, , . .),  : 3.43 (c-Pr-CH2), 4.67 (c-Pr-CH2), 12.73 (c-Pr-CH2,), 
16.08 (C ), 16.21 ( , 3JC,P = 6 , 2×OCH2CH3), 18.88 (c-Pr-CH2), 22.84 (C ), 34.20 [ , 
1JC,P = 205 , C(NH2)PO(OEt)2], 61.48 ( , 2JC,P = 6 , 2xOCH2CH3).  

 13  (CDCl3, , . .),  : 5.22 (c-Pr-CH2), 9.48 (c-Pr-CH2), 12.79 (c-Pr-CH2), 14.96 
( , 3JC,P = 5 , C ), 16.16 ( , 3JC,P = 6 ,  2×OCH2CH3), 18.88 (c-Pr-CH2), 24.93 (C ), 
32.55 [ , 1JC,P = 209 , C(NH2)PO(OEt)2], 61.71 ( , 2JC,P = 6 , 2×OCH2CH3). 

 31P (CDCl3, , . .),  : 26.45.  

 31P (CDCl3, , . .),  : 26.90. 
MS MALDI-TOF: m/z = 246 [M+1]+ 

  (1- -2- )   (112). 
 ,  81%,   A/B = 2:1. 

 1H (CDCl3, , . .),    : ( , 3JH,H =7.1 , 3H, OCH2CH3,  
B), 1.15 ( , 3JH,H =7.1 , 3H, OCH2CH3,  B), 1.19–1.32 ( , 1H+1H, c-Pr-CH2,  
A  B), 1.33–1.41 ( , 6H, 2×OCH2CH3,  A), 1.61–1.75 ( , 1H+1H, c-Pr-CH2,  
A  B), 1.87 ( . ,2H+2H, NH2,  A  B), 2.50–2.56 ( , 1H, c-Pr-CH,  B), 
2.67–2.75 ( , 1H, c-Pr-CH,  A), 3.65–3.81 ( , 4H, 2×OCH2CH3,  B), 4.13–4.23 
( , 4H, 2×OCH2CH3,  A), 7.20–7.32 ( , 5H+5H, Ar-CH,  A  B) 
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 13  (CDCl3, , . .),  : 16.62 ( , 3JC,P = 6 ,  2×OCH2CH3), 17.64 (c-Pr-CH2), 
27.42 ( , 2JC,P = 1 ,  c-Pr-CH), 33.54 [ , 1JC,P = 210 , C(NH2)PO(OEt)2], 62.29 ( , 2JC,P = 7 

, OCH2CH3), 62.37 ( , 2JC,P = 7 , OCH2CH3), 126.75 (Ar-CH), 128.14 (2×Ar-CH), 129.28 
(2×Ar-CH), 135.30 (Ar-C).  

 13  (CDCl3, , . .),  : 16.36 ( , 3JC,P = 6 ,  2×OCH2CH3), 18.12 ( , 2JC,P = 3 
, c-Pr-CH2), 31.93 ( , 2JC,P = 3 ,  c-Pr-CH), 35.78 [ , 1JC,P = 206 , C(NH2)PO(OEt)2], 

61.60 ( , 2JC,P = 7 , OCH2CH3), 61.67 ( , 2JC,P = 7 , OCH2CH3), 126.64 (Ar-CH), 127.79 
(2×Ar-CH), 129.70 (2×Ar-CH), 136.40 ( , 3JC,P = 4 , Ar-C). 

 31  (CDCl3, , . .),  : 27.63. 

 31  (CDCl3, , . .),  : 25.77. 
MS MALDI-TOF: m/z = 270 [M+1]+ 

  (1- -2- )   (113).  
 ,  91%,   A/B = 3:2. 

 1H (CDCl3, , . .)    : 0.80–0.85 ( , 3H+3H, 2×CH2CH2CH3, 
 A  B), 0.85–0.90 ( , 2H+2H, 2×CH2,  A  B), 1.13–1.25 ( , 4H+4H, 

4×CH2,  A  B), 1.26–1.29 ( , 6H+6H, 4×OCH2CH3,  A  B), 1.32–1.35 ( , 
1H, c-Pr-H,  B), 1.40–1.50 ( , 2H+2H, c-Pr-H,  A  B), 1.59–1.66 ( , 1H, c-Pr-
H,  A), 2.01 ( . ,2H+2H, NH2,  A  B), 4.00–4.11 ( , 4H+4H, 4×OCH2CH3, 

 A  B). 
1  13  (CDCl3, , . .),  : 14.02 (CH2CH2CH3), 16.45 ( , 3JC,P = 6 , 
2×OCH2CH3), 22.36 (CH2), 22.55 ( , 2JC,P = 3 , c-Pr-CH2), 26.11 (CH2), 27.86 ( , 2JC,P = 4 

, c-Pr-CH), 31.10 [ , 1JC,P = 207 , C(NH2)PO(OEt)2], 31.75 (CH2), 61.95 ( , 2JC,P = 6 ,  
2×OCH2CH3). 

 13  (CDCl3, , . .),  : 16.41 ( , 3JC,P = 6 ,  OCH2CH3), 16.51 ( , 3JC,P = 6 , 
OCH2CH3), 17.96 (CH2CH2CH3), 19.83 ( , 2JC,P = 4 ,  c-Pr-CH2), 22.27 (CH2), 25.21 (CH2), 
28.07 ( , 2JC,P = 3 , c-Pr-CH), 31.79 (CH2), 32.45 [ , 1JC,P = 203 , C(NH2)PO(OEt)2], 61.57 
( , 2JC,P = 7 , OCH2CH3), 61.80 ( , 2JC,P = 7 , OCH2CH3). 

 31P (CDCl3, , . .),  : 29.30.  

 31P (CDCl3, , . .),  : 28.87. 
MS MALDI-TOF: m/z = 250 [M+1]+. 

3.10.  - .  1-
  114–120  [429]* 

 .    (1 )    (3 ) 
        

(0.77 , 5.00 )   (2 ).    3 ,  
   .     (2 ),    
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    (5 ).     
     .     

      . 
(1- [2.3] -1- )   (114).  

 95%, . . 250–252°C. 

 1H (D2O, , . .): 1.49 ( , 2JH,H =6.9 , 3JP,H = 6.1 , 1H, c-Pr-CH2), 1.66 ( , 2JH,H 
=6.9 , 3JP,H = 13.3 , 1H, c-Pr-CH2), 2.22–2.42 ( , 4H, 2×c-Bu-CH2), 2.59–2.64 ( , 1H, c-
Bu-CH2), 2.71–2.78 ( , 1H, c-Bu-CH2). 

 13  (D2O, , . .): 16.68 ( , 1JC,H =139 , c-Bu-CH2), 22.19 ( , 1JC,H =164 , c-Pr-CH2), 
26.46 ( , 1JC,H =138 , c-Bu-CH2), 28.28 ( , 1JC,H =138 , c-Bu-CH2), 29.46 (C ), 35.16 [ , 
1JC,P = 205 , C(NH2)PO(OH)2]. 

 31  (D2O, , . .): 14.71. 
  C6H12NO3P: C, 40.68; H, 6.83; N, 7.91. : C, 40.77; H, 7.06; N, 7.85.  

[1- -5-( ) [2.3] -1- ]   (115).  
 82%,   A/B = 70:30, . . 255°C ( .). 

 1H ( -d6, , . .)    : 0.91–1.02 ( , 1H+1H, c-Pr-CH2, 
 A  B), 1.33–1.46 ( , 1H+1H, c-Pr-CH2,  A  B), 2.24–2.50 ( , 2H+2H, c-

Bu-CH2,  A  B), 2.63–2.76 ( , 2H+2H, c-Bu-CH2,  A  B), 2.90–2.98 ( , 
1H+1H, c-Bu-CH,  A  B), 3.70 ( , 3H, COOCH3,  A), 3.72 (c, 3H, COOCH3, 

 B). 

 31  ( -d6, , . .): 9.00 (  B), 9.83 (  A); 
  C8H14NO5P: C, 40.86; H, 6.00; N, 5.96. : C, 40.89; H, 6.09; N, 5.86. 

(1- [2.2] -1- )   (116).  
 94%, . . 235°C ( .).  

 1H (D2O, , . .): 0.95–1.01 ( , 3H, c-Pr-CH2), 1.06–1.13 ( , 1H, c-Pr-CH2), 1.45 ( , 
2JH,H =6.1 , 3JP,H = 4.3 , 1H, c-Pr-CH2), 1.59 ( , 2JH,H =6.1 , 3JP,H = 10.6 , 1H, c-Pr-
CH2).  

 13  (D2O, , . .): 4.44 (c-Pr-CH2), 6.60 ( , 3JC,P = 3.7, c-Pr-CH2), 16.10 (c-Pr-CH2), 
18.05 ( , 2JC,P = 4.0, C ), 33.99 [ , 1JC,P = 201 , C(NH2)PO(OH)2].  

 31  (D2O, , . .): 13.56.  
  C5H10NO3P: C, 36.82; H, 6.18; N, 8.59. : C, 36.74; H, 6.25; N, 8.45. 

(1- [2.0.2.1] -1- )   (117).  
 92%,   A/B = 4:1, . . 240°C ( .). 

 1H (D2O, , . .),    : 0.66–0.70 ( , 1H, c-Pr-CH2,  B), 
0.74–0.77 ( , 1H, c-Pr-CH2,  A), 0.82–1.00 ( , 3H+3H, c-Pr-CH2,  A  B), 1.26 
(A  AB, 2JH,H =4.4 , 1H, c-Pr-CH2,  A), 1.28–1.30 ( , 1H+1H, c-Pr-CH2,  
A  B), 1.30–1.32 ( , 1H, c-Pr-CH2,  B), 1.37–1.40 ( , 1H, c-Pr-CH2,  B), 1.41–
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1.43 ( , 1H, c-Pr-CH2,  B), 1.43 (B  AB, 2JH,H =4.4 , 1H, c-Pr-CH2,  A), 
1.56–1.60 ( , 1H, c-Pr-CH2,  A). 

 13  (D2O, , . .),  : 4.72 (c-Pr-CH2), 5.04 (c-Pr-CH2), 12.95 ( , 3JC,P = 4 , c-
Pr-CH2), 14.12 (C ), 15.36 (c-Pr-CH2), 21. 97 ( , 2JC,P = 3 , C ), 35.80 [ , 1JC,P = 195 

, C(NH2)PO(OH)2]. 

 13  (D2O, , . .),  : 4.99 (c-Pr-CH2), 5.63 (c-Pr-CH2), 10.54 (c-Pr-CH2), 14.12 
(C ), 15.27 (c-Pr-CH2), 22.68 (C ), 34.40 [ , 1JC,P = 198 , C(NH2)PO(OH)2]. 

 31P (D2O, , . .),  : 11.76. 

 31P (D2O, , . .),  : 11.41. 
  C7H12NO3P: C, 44.45; H, 6.39; N, 7.41. : C, 44.24; H, 6.60; N, 7.28.  

(1- -2- )   (118).  
 93%,   A/B = 7:3, . . 248–250°C. 

 1H (D2O, , . .),    : 1.60–1.72 ( , 2H+1H, c-Pr-CH2,  
A  B), 1.84–1.91 ( , 1H, c-Pr-CH2,  B), 2.85–2.94 ( , 1H+1H, c-Pr-CH,  A  
B), 7.27–7.45 ( , 5H+5H, Ar-CH,  A  B). 

 13  (D2O, , . .),  : 14.00 (c-Pr-CH2), 25.94 (c-Pr-CH), 34.62 [ , 1JC,P = 196 , 
C(NH2)PO(OH)2], 129.00 (Ar-CH), 129.70 (2×Ar-CH), 130.57 (2×Ar-CH), 132.85 (Ar-C). 

 13  (D2O, , . .),  : 14.39 (c-Pr-CH2), 28.10 (c-Pr-CH), 35.62 [ , 1JC,P = 198 , 
C(NH2)PO(OH)2], 127.96 (Ar-CH), 128.86 (2×Ar-CH), 129.96 (2×Ar-CH), 134.96 ( , 3JC,P = 4 

, Ar-C). 

 31P (D2O, , . .),  : 12.95. 

 31P (D2O, , . .),  : 11.63. 
  C9H12NO3P: C, 50.71; H, 5.67; N, 6.57. : C, 50.85; H, 5.59; N, 6.33.  

(1- -2- )   (119).  
 87%,   A/B = 50/50, . . 263–264°C.  

 1H (D2O, , . .),    : 0.81–0.84 ( , 2H), 0.84 ( , 3H, 
CH2CH2CH3), 0.86 ( , 3H, CH2CH2CH3), 1.01–1.08 ( , 2H), 1.20–1.49 ( , 6H+6H), 1.50–1.58 
( , 1H), 1.67–1.75 ( , 1H).  

 13  (D2O, , . .),    : 13.74 ( , 1JC,H = 125 , CH2CH2CH3), 
13.92 (q, 1JC,H = 125 , CH2CH2CH3), 15.64 ( , 1JC,H = 165 , c-Pr-CH2), 16.52 ( , 1JC,H = 165 

, c-Pr-CH2,), 21.41 ( , 1JC,H = 162 , c-Pr-CH), 21.55 ( , 1JC,H = 126 , 2×CH2), 24.85 ( , 
1JC,H = 160 , c-Pr-CH), 26.28 ( , 1JC,H = 128 , 2×CH2), 31.29 ( , 1JC,H = 128 , CH2), 
32.31 ( , 1JC,H = 128 , CH2), 33.84 [ , 1JC,P = 195 , C(NH2)PO(OH)2], 33.99 [ , 1JC,P = 196 

, C(NH2)PO(OH)2]. 

 31  (D2O, , . .),    : 12.85, 14.18. 
  C7H16NO3P: C, 43.52; H, 8.35; N, 7.25. : C, 43.72; H, 8.57; N, 7.30. 
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1- -1- [2.3] -5-    (120).  
  115 (118 , 0.5 )   1N   HCl (2.5 , 2.5 

),  5 ,      120   
    95%.  
  A/B = 3:1, . . 259–261°C ( .).  

 1  (D2O, , . .),  : 1.05 ( , 2JH,H =7.2 , 3JP,H = 5.7 , 1H, c-Pr-CH2), 1.26 
( , 2JH,H =7.2 , 3JP,H = 12.4 , 1H, c-Pr-CH2), 2.24–2.32 ( , 2H, c-Bu-CH2), 2.48–2.53 ( , 
1H, c-Bu-CH2), 2.71–2.76 ( , 1H, c-Bu-CH2), 3.20–3.27 ( , 1H, c-Bu-CH). 

 1  (D2O, , . .),  : 1.10 ( , 2JH,H =7.1 , 3JP,H = 5.7 , 1H, c-Pr-CH2), 1.33 
( , 2JH,H =7.1 , 3JP,H = 12.3 , 1H, c-Pr-CH2), 2.36–2.40 ( , 2H, c-Bu-CH2), 2.54–2.59 ( , 
1H, c-Bu-CH2), 2.65–2.70 ( , 1H, c-Bu-CH2), 3.31–3.38 ( , 1H, c-Bu-CH). 

 13  (D2O, , . .),  : 21.18 ( , 1JC,H = 164 , c-Pr-CH2), 25.52 (C ), 28.65 ( , 
1JC,H = 138 , c-Bu-CH2), 31.07 ( , 3JC,P = 4 , 1JC,H = 139 , c-Bu-CH2), 33.43 ( , 1JC,H = 
141 , c-Bu-CH), 35.98 [ , 1JC,P = 193 , C(NH2)PO(OH)2], 180.22 (CO2H).  

 13  (D2O, , . .),  : 21.18 ( , 1JC,H = 164 , c-Pr-CH2), 25.00 (C ), 29.29 ( , 
1JC,H = 138 , c-Bu-CH2), 31.74 ( , 3JC,P = 4 , 1JC,H = 140 , c-Bu-CH2), 32.72 ( , 1JC,H = 
142 , c-Bu-CH), 35.53 [ , 1JC,P = 194 , C(NH2)PO(OH)2], 179.65 (CO2H). 

 31P (D2O, , . .),  : 10.78. 

 31P (D2O, , . .),  : 10.87. 
  C7H13NO5PCl: C, 32.64; H, 5.09; N, 5.44. : C, 32.63; H, 5.17; N, 5.25 

3.11.  1,1-  121 [430]*   123, 127–
130 [423]* 

    
 ,   N- -N-  (4.12 , 10 

),   (40 )   1      (1.52 , 2.5 
)   (40 )  5 °        30  

 5 ° .      ,  1.30  
 ,  121  122   7:3 (     

1 ). N-  122        –20° , 
 300    122.       820   

  121.11 
1,1-  (121). 

-  ,  62 %, . . 80°  (9 . . .), d4
20 1.423 / 3, Rf = 0.66 

(CHCl3).  

                                                 
11       ( , CHCl3– , 3:1) 

     121         34 %. 
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 1  (CDCl3, , . .): 2.29  (4H, 2 CH2).  13  (CDCl3, , . ., 1J - , ): 19.11 

(2 CH2, 1J -  172), 94.92 (C(NO2)2). 
- , m/z, (I ., %): 133 [M+1]+ (0.1), 132 [M]+ (0.1), 86 [M-NO2]+ (0.4), 56 [M-NO2-

NO]+ (6), 46 [NO2]+ (12), [M-2NO2]+ (32), 31 (100), 30 (87). 
, %:  27.20,  3.23, N 21.22. 3 4N2O4. , %:  27.28,  3.05, N 21.21. 

3- -4,5- -  2-  (122) [358]. 
-  , . . 92 °  (EtOH),  23 %.  

 1  (CDCl3, , . ., J, ): 3.82  (2 , =C 2, 3J = 9.0), 4.73  (2 , O 2, 3J = 9.0). 

 13  (CDCl3, , . .): 28.57 (=C 2), 64.60 (OCH2), 127.32 (=CNO2). 
1-( )-1-( )-  (124).   2.63  (17 ) 

   7  . ,   0 ,   1   
  3  (13 )  125.   

  24   0 ,       
  2 .  ,  ,   

,     .  124 
      ( .  –  

3:1).  0.5   . 
-  ,  22 %, Rf 0.4 ( :  – 3:1). 

 1  (CDCl3, , . .): 0.79-0.93  (2H, CH2, cy-Pr.), 0.95-1.05  (2H, CH2, cy-Pr.), 3.42 c 
(2H, CH2Br), 4.38 c (2H, CH2NO2). 

 13  (CDCl3, , . .): 15.38 (2 CH2, cy-Pr.), 22.38 (C), 40.05 (CH2Br), 80.00 (CH2NO2). 

- , m/z, (I ., %): 193, 195 [M]+ (2), 147, 149 ( -NO2, 20), 119, 121 (5), 107, 109 
(5), 93,95 (5), 67 ( -NO2-Br, 100). 
1- [2.2]  (123).12 

   0.50  (3.6 )    5    
    0.35  (1.8 ) 1-( )-1-

( )  124 (  . ).     
   3–4 .      10  .   

  (4×10 ).     (4×5 ),  

 MgSO4,      .   
  -  .  0.10   

. 
 ,  49%. 

                                                 
12  123      43   78%   , 

   3.11.1.  
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 1  (CDCl3, , . ., J, ): 0.95-1.06  (2H, CH2, cy-Pr), 1.12-1.24  (2H, CH2, cy-Pr), 
1.66  (1H, aHbCHcNO2, 3JH

b
H

c = 6.5, 2JH
b

H
a = 5.4), 2.15  (1 , aHbCHcNO2, 2JH

a
H

b = 
5.4, 3JH

a
H

c = 2.8,), 4.52  (1 , aHbCHcNO2, 3JH
c
H

a = 2.8, 3JH
c
H

b = 6.5). 

  13  (CDCl3, , . ., 1J - , ): 5.93 (CH2, 1J -  = 164.), 8.37 (CH2, 1J -  = 165), 17.91 
(CH2 NO2, 1J -  = 166), 21.32 (Cspiro), 60.63 ( NO2, 1J -  = 191). 

 - , m/z, (I ., %): 114 [M+1]+  (2), 67 [M-NO2]+ (22), 65 [C5H5]+ (37), 55 (28), 53 
(40), 46 [NO2]+ (14), 42 (68), 39 [C3H3]+ (100). 

, %:  52.71,  6.52. C5H7NO2. , %:  53.09,  6.24. 
7- -5- -6- - [2.4] -6-  (126).  

  5.30  (23.2 ) 1,1- -( )  (125)  20  . 
,   0–5 0 ,    3.37  (48.8 

)  .       
,       15 .  

     (18 . . ),   

 (10 )    (3 10 ).    gSO4, 
    ,    

   (SiO2,  –   : 
, 3:1). 
 ,  43%, . . 37–38 0  (  ), Rf 0.60 ( :  – 4:1). 

  1  (CDCl3, , . .): 1.09  (2 , CH2, Cy-Pr), 1.70  (2 , CH2, Cy-Pr), 4.77  
(2 , 2O). 

 13  (CDCl3, , . .): 13.64 (2 2, Cy-Pr), 24.62 ( spiro), 81.96 ( 2O), 165.7 (= NO2). 
, %:  42.19, , 3.94, N, 19.67. 5 6N2O3. , %:  42.25, , 4.23, N, 19.72. 

3.11.1.  1-    
  1-  .  

 127–130 [423]* 

 .   (1.28 ) 1-   1.5  . 
    1.3  1      . 

 30      ,    3.3 

  –  (10:1)    80    0.5 .  

,        (4 15 ). 

    (4 10 )    MgSO4.  
   ,     

 -  (  – – . , 0–10%). 
1- - [2.3]  (127). 

-  ,  82%, Rf 0.65 ( :  – 4:1). 
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 1  (CDCl3, , . ., J, ): 1.36  (1H, aHbCHcNO2, 3JH
b

H
c = 7.2, 2JH

b
H

a = 6.3), 1.85  
(1 , aHbCHcNO2, 2JH

a
H

b = 6.3, 3JH
a
H

c = 3.9,), 1.99-2.43  (6H, CH2, Cy-Bu), 4.06  (1 , 
aHbCHcNO2, 3JH

c
H

a 3.9, 3JH
c
H

b 7.2). 

 13  (CDCl3, , . ., 1J - , ): 15.95 (CH2, cy-Bu, 1J -  = 136), 23.03 (CH2, cy-Pr, 1J -  = 
165), 26.64 (CH2, cy-Bu, 1J -  = 140), 28.69 (CH2, cy-Bu, 1J -  = 141), 33.29 (Cspiro), 63.35 
( NO2, 1J -  191). 

- , m/z, (I ., %): 99 [M-C2H4]+  (1), 81 [M-NO2]+ (24), 79 (25), 57 (100), 53 (52), 
41 (54), 39 [C3H3]+ (48). 

, %:  56.61,  7.34. C6H9NO2. , %:  56.89,  7.13. 
1- - [2.0.2.1]  (128). 

-  ,  52%,   A/B 7:5, Rf 0.70 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ):  A: 0.84-1.04  (4 , 2× 2, cy-Pr), 1.39  (1 , 2J = 
4.9, aHb), 1.54  (1 , 2JH

b
H

a = 5.6, 3JH
b

H
c  = 6.5, aHbCHcNO2), 1.61  (1 , 2J = 4.9, 

aHb), 2.19  (1 , 3JH
a
H

c 3.0, 2JH
a
H

b = 5.6, aHbCHcNO2), 4.31  (1 , 3JH
c
H

a = 3.0, 3JHcHb 
= 6.5, aHbCHcNO2). 

 1  (CDCl3, , . ., J, ):  B: 0.70-0.80  (4 , 2× 2, cy-Pr), 1.32  (1 , 2J = 
4.4, aHb), 1.44  (1 , 2J = 4.4, aHb), 1.65  (1 , 2JH

b
H

a = 5.5, 3JH
b

H
c = 6.4, 

aHbCHcNO2), 1.95  (1 , 3JH
a
H

c = 3.0, 2JH
a
H

b = 5.5, aHbCHcNO2), 4.59  (1 , 3JH
c
H

a = 
3.0, 3JH

c
H

b = 6.4, aHbCHcNO2). 

 13  (CDCl3, , . ., 1J - , ):  A: 5.79 (CH2, cy-Pr, 1J -  = 163), 5.96 ( CH2, cy-
Pr, 1J -  = 161), 12.83 (CH2, cy-Pr, 1J -  = 164), 16.89 (Cspiro), 17.53 (CH2, cy-Pr, 1J -  = 166), 
27.18 (Cspiro), 59.71 (CHNO2, cy-Pr, 1J -  = 193). 

 13  (CDCl3, , . ., 1J - , ):  B: 2.78 (CH2, cy-Pr, 1J -  = 165), 5.40 (CH2, cy-
Pr, 1J -  = 163), 12.92 (CH2, cy-Pr, 1J -  = 165), 14.74 (Cspiro), 17.04 (CH2, cy-Pr, 1J -  = 166), 
24.70 (Cspiro), 60.88 (CHNO2, cy-Pr, 1J -  = 196). 

- , m/z (I ., %): 139 [M]+  (2), 93 [M-NO2]+ (11), 91 [ 7 7]+ (100), 77 (90), 65 
[ 5 5]+ (43), 53 (83), 39 [ 3 3]+ (77). 
1- - [2.0.3.1]  (129). 

-  ,  56%,    A/B 7:5, Rf 0.75 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 0.92  (1 , 2JH
a
H

b = 5.3, aHb,  ), 1.01  (1 , 
CHaHb, 2JH H

b = 5.6,  ), 1.06  (1 , CHaHb, 2JH
b

H
a = 5.3,  ), 1.24  (1 , 

CHaHb, 2JH
b

H
a = 5.6,  ), 1.52  (1 , 3JH

a
H

c 6.3, 2JH
a
H

b = 5.5, aHbCHcNO2,  
), 1.65  (1 , 3JH

a
H

c = 6.5, 2JH
a
H

b = 6.7, aHbCHcNO2,  A), 1.76-2.29  (7H+7H), 
4.43  (1 , aHbCHcNO2, 3JH

c
H

a = 6.5, 3JH
c
H

b = 2.8,  ), 4.54  (1 , aHbCHcNO2, 
3JH

c
H

a = 6.3, 3JH
c
H

b = 3.0,  B). 
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  13  (CDCl3, ):  : 16.26 (CH2), 17.29 (CH2), 17.80 (CH2), 27.74 (CH2, 
Cy-Bu), 28.14 (Cspiro, Cy-Pr/Cy-Pr), 28.27 (CH2, Cy-Bu), 31.12 (Cspiro, Cy-Bu/Cy-Pr), 59.52 
(CHNO2). 

  13  (CDCl3, , . .):  B: 16.78 (CH2), 17.11 (CH2), 18.41 (CH2), 25.85 
(CH2, Cy-Bu), 26.96 (Cspiro, Cy-Pr/Cy-Pr), 28.55 (CH2, Cy-Bu), 29.06 (Cspiro, Cy-Bu/Cy-Pr), 
61.21 (CHNO2). 
9- - [3.0.3.1]  (130). 

-  ,  89%, Rf 0.80 ( :  – 4:1). 

 1  (CDCl3, , . ., J, ): 1.92-2.32  (12H, 6 CH2, Cy-Bu), 3.90 c (1H, CHNO2).  
13  (CDCl3, , . ., J, ): 16.75 (2 CH2, cy-Bu, 1J -  = 141), 24.69 (2 CH2, cy-Bu, 1J -  = 

139), 26.13 (2 CH2, cy-Bu, 1J -  = 139), 40.85 (2×Cspiro), 71.17 ( NO2, 1J -  = 187). ). 
, %:  65.13,  8.29, N 8.31. C9H13NO2. , %:  64.65,  7.84, N 8.38. 

3.12.     

3.12.1.     .  
 39, 40, 138–141 [431, 432]* 

 .    (0.1–0.2 )    (40 )  
   (0.3 , 1 . %)     

  1.23 N  ( )  (81 , 0.1 )   24 . 
       .  

,     (    ). 
  [6.1.0] -9-   (138) [433, 434]. 

   (22 , 0.2 )  ( )  (0.1 ,  81  1.23 M 
). 

 ,  51%,    A/B =1.7:1, . . 94–98  / 2 . . 
. 

 1  (CDCl3, , . .): 0.92-1.08  (3 ,  ), 1.14-1.23  (2 ,  B), 1.27-1.43 
 (5 +6H,   ), 1.47-1.69  (5 +5    ), 1.72-1.89  

(1 +1 ,  B), 1.97-2.06  (1 +1 ,  ), 3.59  (3 , 3,   B), 3.60  
(3 , 3,  A). 

 13  (CDCl3, , . ., 1J - , )  A: 24.57 ( , cy-Pr, 1J -  = 163.7), 25.49 
(2× 2, Cy-Oct, 1J -  = 124), 25.74 (2× , cy-Pr,  1J -  = 158), 26.26 (2× 2, Cy-Oct,  1J -  = 
125), 28.94 (2× 2, Cy-Oct, 1J -  = 125), 51.30 ( 3, 1J -  = 146), 174.68 ( Me). 

  13  (CDCl3, , . ., 1J - , )  : 20.62 (2× 2, Cy-Oct, 1J -  = 127), 20.62 
( , cy-Pr,  1J -  = 161), 25.74 (2× , cy-Pr, 1J -  = 163), 27.25 (2× 2, Cy-Oct, 1J -  = 122), 
29.03 (2× 2, Cy-Oct, 1J -  = 125), 50.84 ( 3, 1J -  = 146), 172.63 ( Me). 
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  [6.1.0] -4- -9-   (40) [435, 436].  
  1,5-  (0.2 , 21.6 )  ( )  (0.1 , 81  

1.23 M ). 

 ,  53% (    A/B =1.7:1). . . 81-85  / 
2 . . . 

 1  (CDCl3, , . .): 1.03-1.09  (1 ,  A), 1.21-1.48  (3 +3H,   
), 1.54-1.73  (1 +2H,   ), 1.94-2.22  (5H+6H,   
), 2.30-2.42  (1 , CH2,  A), 3.49  (3 +3H, O 3,   ), 

5.41-5.51  (2H+2H, =,   ). 

 13  (CDCl3, , . ., 1J - , )  : 23.92 ( , cy-Pr, 1J -  = 158.9), 26.31 (2 2, 

Cy-Oct, 1J -  = 121.4), 27.42 (2 , cy-Pr, 1J -  = 155.0), 27.94 (2 2, Cy-Oct, 1J -  = 

127.2), 51.04 (O 3, 1J -  = 146.3), 129.53 (2 =, 1J -  = 153.7), 174.21 ( Me).  
13  (CDCl3, , . ., 1J - , )  : 20.64 ( , cy-Pr, 1J -  = 162.4), 22.33 (2 2, Cy-
Oct, 1J -  = 127.9), 26.72 (2 2, Cy-Oct, 1J -  = 131.9), 27.25 (2 , cy-Pr, 1J -  = 155.0), 
50.55 (O 3, 1J -  = 146.1), 129.06 (2 =, 1J -  = 152.4), 172.08 ( Me). 

  [7.1.0.04,6] -5,10-   (139) [436].  
  1,5-  (0.2 , 21.6 )  ( )  (0.1 , 81  

1.23 M ).        40 
   . -  (2:1),  139 ( -  

)        7 %. 

 1  (CDCl3, , . .): 0.91-1.05  (4 , 4 CH, cy-Pr), 1.23  (2 , 2 Hb aCHc, 3JH
a
H

c = 

4.5, 3JH
a
H

b = 4.5), 1.45-1.58  (4 , 2 2, Cy-Oct), 2.18-2.30  (4 , 2 2, Cy-Oct), 3.60  

(6 , 2 O 3). 

  13  (CDCl3, , . .; 1J - , ): 27.06 (4 2, Cy-Oct, 1J -  = 127.3), 28.31 (2 , cy-

Pr, 1J -  = 164.4), 29.12 (4 , cy-Pr, 1J -  = 160.4), 51.57 (2 O 3, 1J -  = 146.5), 174.43 

(2 Me). 
, %:  66.75,  8.24. 14 20 4. , %:  66.67,  7.94.  

  [6.1.0] -2- -9-   (39) [437]. 
  1,3-  (0.2 , 21.6 )  ( )  (0.1 , 81  

1.23 M ). 

 ,  51% (    A/B = 3:1), . . 82-89 / 2  . 
. 

 1  (CDCl3, , . .): 0.95-1.15  (2H+1 , CH, cy-Pr,   ), 1.32-2.11  
(8 +9H,   ), 2.29-2.43  (1H+1H,   ), 3.63  (3H+3H, 
O 3,   ), 5.31-5.41  (1 +1H, CH=,   ), 5.62-5.84  
(1 +1H, CH=,   ). 



236 

 13  (CDCl3, , . .)  : 24.95 ( 2, Cy-Oct), 25.54 ( , cy-Pr), 26.18 ( , cy-
Pr), 26.31 ( 2, Cy-Oct), 29.18 ( 2, Cy-Oct), 29.64 ( , cy-Pr), 29.70 ( 2, Cy-Oct), 51.18 
(O 3), 123.27 ( =), 135.27 ( =), 174.15 ( Me). 

 13  (CDCl3, , . .)  : 20.76 ( , cy-Pr), 21.03 ( 2, Cy-Oct), 22.51 ( , cy-
Pr), 25.65 ( 2, Cy-Oct), 26.00 ( , cy-Pr), 29.02 ( 2, Cy-Oct), 30.20 ( 2, Cy-Oct), 50.60 
(O 3), 122.06 ( =), 134.86 ( =), 170.90 ( Me). 
 

  [7.1.0.01,3] -2-   (140) [438].  
  [6.1.0] -2-  (0.15 , 18.3 )  ( )  (0.1 , 

81  1.23 M ). 

 ,  63% (    A/B = 1.6:1), . . 100-102  / 2  
. . 

 1  (CDCl3, , . .)    : 0.51  (1 , aHbCHc, 3JH
a
H

c = 5.0, 
3JH

a
H

b = 5.0,  ), 0.56  (1 , aHbCHc, 3JH
a
H

c = 5.0, 3JH
a
H

b = 5.0,  B), 0.72-

0.82  (1 +1H, 2 CH, Cy-Pr,   ), 0.86-1.88  (13 +13H,   
), 3.48-3.57  (3 +3H, O 3,   ). 

  13  (CDCl3, , . ., 1J - , )  : 9.07 (CH2, cy-Pr, 1J -  = 160.8), 17.53 ( , 
cy-Pr, 1J -  = 157.7), 22.74 (CH2, Cy-Oct, 1J -  = 124.0), 22.85 (CH2, Cy-Oct, 1J -  = 124.0), 
24.23 ( , cy-Pr, 1J -  = 166.6), 26.84 ( spiro), 27.15 ( , cy-Pr, 1J -  = 161.0), 28.83 (CH2, 
Cy-Oct, 1J -  = 125), 29.52 ( 2, Cy-Oct, 1J -  = 124), 31.62 (CH2, Cy-Oct, 1J -  = 123), 50.77 
(OCH3, 1J -  = 146), 173.79 ( Me). 

 13  (CDCl3, , . ., 1J - , )  B: 9.79 (CH2, cy-Pr), 17.53 ( , cy-Pr), 20.20 
(CH2, Cy-Oct), 23.19 (CH, cy-Pr), 23.77 ( 2, Cy-Oct), 24.07 ( spiro), 26.10 ( 2, Cy-Oct), 
27.47 (CH, cy-Pr), 27.56 ( 2, Cy-Oct), 30.59 (CH2, Cy-Oct), 50.52 (OCH3), 172.37 ( Me). 

, %:  73.98,  9.22. 12 18 2. , %:  74.23,  9.28. 
  [7.1.0.02,4] -3,10-   (141). 

       39   
 . -  (2:1)    141 ( -  )  

     1%. 

 1  (CDCl3, , . .): 0.90-1.03  (2 , 2 , cy-Pr), 1.12-1.41  (8 , 2, Cy-Oct), 1.75-

1.80  (2 , 2 CHa bCHc, 3JH
b

H
c = 8.5, 3JH

b
H

a = 8.5), 2.12-2.24  (2 , 2 CHb aCHc, 3JH
a
H

c 

= 8.5, 3JH
a
H

b  = 8.5), 3.63  (6 , 2 3). 

 13  (CDCl3, , . .): 24.44 (2 , cy-Pr), 27.08 (2 2, Cy-Oct), 28.38 (2 , cy-Pr), 

28.38 (2 2, Cy-Oct), 29.12 (2 , cy-Pr), 51.04 (2 O 3), 173.43 (2  Me). 
, %:  66.74,  8.01. 14 20 4. , %:  66.67,  7.94. 
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3.12.2.    .  
 134, 142–146  [431, 432]* 

 .   LiAlH4 (0.05 , 1.9 )  .  (60 )   
    (0.05 )   (20 )   0.5 . 

   1 ,    0     (10 ).  
   15 %    (45 ).   

,     (3×15 ).     
MgSO4,  .       

      . 
(2- - )-  (134) [373]. 

 ,  80 %. 

  1  (CDCl3, , . ., J, ): 0.83-0.96  (1H, Cy-Pr), 1.20-1.31  (1H, Cy-Pr), 1.63-1.69  
(1H, Cy-Pr), 2.49  (1H, OH), 3.43  (1 , aHbCHc, 3JH

a
H

c = 6.6, 2JH
a
H

b 3.2), 3.55  (1 , 
aHbCHc, 3JH

b
H

c = 6.4, 2JH
b

H
a = 3.2), 5.38  (1H, =CH2), 5.44  (1H, =CH2). 

 13  (CDCl3, , . ., 1J - , ): 8.15 (CH2, cy-Pr, 1J -  = 163), 17.83 (CH, cy-Pr, 1J -  = 
163), 65.12 (OCH2, 1J -  = 144), 104.04 (=CH2, 1J -  = 160), 133.00 (C).  

[6.1.0] -9- -  (142) [439]. 

 ,  74%,    A/B = 1.8:1, . . 100–103  / 2  
. . 

 1  (CDCl3, , . .): 0.38-0.51  (1 , CH, cy-Pr,  A), 0.64-0.73  (1 , CH, cy-Pr, 

 B), 0.83-1.13  (2H+2H, 2 CH, cy-Pr   ), 1.19-1.34  (5 +5H, CH2, 
Cy-Oct,   ), 1.40-1.64  (5 +5H, CH2, Cy-Oct,   ), 1.71-
1.79  (2 , CH2, Cy-Oct,   B), 1.88-1.97  (2 , CH2, Cy-Oct,   ), 2.77 .  

(1 +1H, 2 ,   ), 3.37  (2 , 2 , 3J -  = 6.4,  ), 3.61  (2 , 

2 , 3J -  = 7.7,  B).  

 13  (CDCl3, , . .; 1J - , )  A: 21.28 (2 , cy-Pr, 1J -  = 155), 26.14 ( , 

cy-Pr, 1J -  = 157), 26.54 (2 2, Cy-Oct, 1J -  = 121), 26.58 (2 2, Cy-Oct, 1J -  = 121), 

29.69 (2 2, Cy-Oct, 1J -  = 121), 66.61 ( 2 , 1J -  = 143). 

  13  (CDCl3, , . .; 1J - , )  B: 18.74 (2 , cy-Pr, 1J -  = 157), 20.27 ( , 

cy-Pr, 1J -  = 153), 21.56 (2 2, Cy-Oct, 1J -  = 129), 26.45 (2 2, Cy-Oct, 1J -  = 121), 

29.66 (2 2, Cy-Oct, 1J -  = 121), 59.62 ( 2 , 1J -  = 141). 
[6.1.0] -4- -9- -  (143) [436].  

 ,  91%,    A/B = 1.7:1, Rf 0.34 ( . : 
, 5:1). 
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CH2OH
1

23
4

5

6 7
8

9

10

 
 1  (CDCl3; , . .)  A: 0.50-0.58  (1 , 9 ), 0.62-0.75  (2 , 1,8 ), 1.22-1.40 

 (2 , 2,7
2), 1.92-2.23  (4 , 2,7

2, 3,6
2), 2.11-2.31  (2 , 3,6

2), 2.85 .  (1 , ), 
3.36  (2 , 2 , 3J -  = 6.4), 5.56  (2 , =). 

  1  (CDCl3; , . .)  B: 0.88-0.94  (2 , 1,8 ), 0.92-1.09  (1 , 9 , cy-Pr), 
1.14-1.57  (2 , 2,7

2), 1.81-2.15  (4 , 2,7
2, 3,6

2), 2.20-2.40  (2 , 3,6
2), 2.85 .  

(1 , ), 3.60  (2 , 2 , 3J -  = 7.5), 5.56  (2 , =). 

 13  (CDCl3, , . ., 1J - , )  A: 21.58 (2 , Cy-Pr, 1J -  = 155), 26.58 

(2 2, Cy-Oct, 1J -  = 124), 28.11 (2 , Cy-Pr, 1J -  = 155), 28.54 (2 2, Cy-Oct, 1J -  = 

126), 66.10 ( 2 , 1J -  = 141), 129.61 (2 =, 1J -  = 153). 

  13  (CDCl3, , . ., 1J - , )  B: 18.32 (2 , Cy-Pr, 1J -  = 159), 19.93 ( , 

Cy-Pr, 1J -  = 159), 23.28 (2 2, Cy-Oct, 1J -  = 125), 27.17 (2 2, Cy-Oct, 1J -  = 125), 

59.02 ( 2 , 1J -  = 141), 129.15 (2 =, 1J -  = 153). 
 
(10- [7.1.0.04,6] -5- )-  (144). 

  1.0  (0.004 )  139  100    0.3  (0.008 ) 
LiAlH4       4 .    

      . 
 ,  98%, Rf 0.09 ( . : , 4:1). 

 1  (CDCl3, , . .): 0.65-0.82  (6 , 6 CH, cy-Pr), 0.90-1.03  (4 , 2 CH2, Cy-Oct), 

1.24 .  (2 , 2 ), 2.15-2.38  (4 , 2 CH2, Cy-Oct), 3.44  (4 , 2 2 , 3J -  = 6.7). 

 13  (CDCl3, , . .): 24.12 (4 , cy-Pr), 28.38 (4 2, Cy-Oct), 29.36 (2 , cy-Pr), 

67.13 (2 2 ). 
, %:  73.45,  10.37. 12 20 2. , %:  73.47,  10.20.  

 
[6.1.0] -2- -9- -  (145) [440]. 

 ,  94%,    A/B = 3:1, Rf 0.33 ( . : 
, 5:1). 

 13  (CDCl3, , . .)  A: 20.30 ( , cy-Pr), 24.72 ( , cy-Pr), 25.61 ( 2, Cy-
Oct), 26.36 ( , cy-Pr), 27.14 ( 2, Cy-Oct), 29.39 ( 2, Cy-Oct), 30.95 ( 2, Cy-Oct), 66.15 
( 2 ), 125.60 ( =), 134.45 ( =). 

  13  (CDCl3, , . .)  B: 17.62 ( , cy-Pr), 19.92 ( , cy-Pr), 21.26 ( , cy-Pr), 
21.74 ( 2, Cy-Oct), 25.09 ( 2, Cy-Oct), 29.72 ( 2, Cy-Oct), 31.05 ( 2, Cy-Oct), 59.54 
( 2 ), 122.64 ( =), 136.39 ( =). 
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[7.1.0.01,3] -2- -  (146). 
 ,  97%,    A/B = 1.6:1, Rf 0.22 ( . : 
, 5:1). 

 1  (CDCl3, , . .) 0.32  (1 , aHbCHc, 3JH
a
H

c = 4.1, 2JH
a
H

b = 4.0,  ), 0.54  
(1 , aHbCHc, 3JH

a
H

c = 4.2, 2JH
a
H

b = 4.1  B), 0.73  (1 , aHbCHc, 3JH
b

H
c = 8.3, 

2JH
b

H
a = 4.1,  B), 0.79  (1 , aHbCHc, 3JH

b
H

c = 4.2, 2JH
b

H
a = 4.0,  ), 0.97-

1.73  (11 +11H,   ), 1.82-1.93  (3 +3H,   ), 3.57  (2 , 
CH2 , 3J = 6.6,  ), 3.57  (2 , CH2 , 3J = 6.4,  B). 

 13  (CDCl3, , . ., 1J - , )13   A: 7.45 (CH2, cy-Pr, 1J -  = 158), 16.31 
( , cy-Pr, 1J -  = 154), 22.00 ( , cy-Pr), 23.18 ( , cy-Pr), 23.36 ( 2, Cy-Oct), 23.70 
( 2, Cy-Oct), 29.44 ( 2, Cy-Oct), 30.00 ( 2, Cy-Oct), 31.82 ( 2, Cy-Oct), 65.80 
( 2 , 1J -  = 139). 

 13  (CDCl3, , . .)  B: 9.09 (CH2, cy-Pr, 1J -  = 159), 13.69 ( , cy-Pr, 1J -  = 
152), 20.55 ( 2, 1J -  = 122), 21.84 ( , cy-Pr), 22.00 ( , cy-Pr), 25.14 ( 2, Cy-Oct), 
26.67 ( 2, Cy-Oct), 28.15 ( 2, Cy-Oct), 30.92 ( 2, Cy-Oct), 62.06 ( 2 , 1J -  = 141). 

, %:  79.17,  10.75. 11 18 . , %:  79.52,  10.84. 

3.12.3.   .   135, 
148–151  [431, 432]* 

 .      (6.47 , 0.03 )   
 (40 )        

(0.02 ),    (4 ).     
   5–6 .       . 

 ,        
(  – . : , 5:1),     . 
 
2-  (135) [441]. 

       .  

 ,  88%, . . 51–52º  (60  . .), . 84–86  (200  . .) 
[445]. 

 1  (CDCl3, , . ., J, ): 1.68-1.77  (2H, Cy-Pr), 2.31-2.40  (1H, Cy-Pr), 5.58  (1H, 
=CH2), 5.62  (1H, =CH2), 8,62  (1 , OCHa Hb, 2JH

a
H

b = 6.4). 

 13  (CDCl3, , . .): 10.07 (CH2, Cy-Pr), 28.25 (CH, Cy-Pr), 107.51 (=CH2), 127.58 (C), 
197.63 (CHO). 
 

                                                 
13           2-

; 
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[6.1.0] -4- -9-  (148). 
 ,  91%,    A/B = 1.8:1, Rf 0.66 ( :  – 5:1). 

 1  (CDCl3, , . .): 1.01-1.62  (5 +5 ,   ), 1.71-2.43  (6 +6 ,  
 ), 5.45-5.49  (2 +2 , =,   ), 8.90  (1 , , 3J -  = 

4.9,  ), 9.54  (1 , , 3J -  = 5.2,  ). 

 13  (CDCl3, , . ., J - , )  A: 26.30 (2 2, 1J -  = 119, Cy-Oct), 27.21 

(2 , cy-Pr), 27.54 (2 2, 1J -  = 127, Cy-Oct), 38.15 ( , cy-Pr, 1J -  = 165), 129.37 

(2 =, 1J -  = 153), 200.35 ( , 1J -  = 169). 

 13  (CDCl3, , . ., J - , )  B: 23.00 (2 2, 1J -  = 128, Cy-Oct), 26.94 

(2 2, 1J -  = 133, Cy-Oct), 28.09 (2 , cy-Pr, 1J -  = 167), 30.40 ( , cy-Pr), 129.07 

(2 =, 1J -  = 153), 201.94 ( , 1J -  = 169). 

- , m/z (I ., %): 150 [M]+  (2), 149 [M-H]+ (3), 122 (26), 121 [M-CHO]+ (26), 106 
(43), 93 (40), 91 (50), 83 (50), 81 (67), 80 (65), 79 (90), 78 (20), 77 (30), 70 (29), 68 (23), 67 
(100), 65 (20), 55 (26), 54 (32), 53 (35), 41 (57), 39 (57). 
 

[7.1.0.04,6] -5,10-  (149).  

OCH
C

H3
H3'

H2

H1

H2
H4

O

 
 ,  88%, Rf 0.33 ( :  – 1:1). 

 1  (CDCl3, , . .): 1.02-1.27  (4 , CH2, 3J 2
-

1 = 4.3, 3J 2
-

3 = 7.7, 3J 2
-

3 = 7.7), 

1.57  (2 , 1,  3J 1
-

2 = 4.3, 3J 1
-

4 = 4.5), 1.65-1.78  (4 , 2 2, Cy-Oct), 2.25-2.38  

(4 , 2 2, Cy-Oct), 9.08  (2 , 2 4, 3J 4
-

1 = 4.5). 

 13  (CDCl3, , . ., J - , ): 26.95 (4 2, Cy-Oct, 1J -  = 128.9), 29.03 (4 , cy-Pr, 
1J -  =  161.1), 39.19 (2 , cy-Pr, 1J -  = 165.1), 200.35 (2 , 1J -  = 165.9). 

, %:  75.17,  8.44. 12 16 2. , %:  75.00,  8.33. 
 

[6.1.0] -2- -9-  (150) [440]. 
 ,  91%,    A/B = 3:1, Rf 0.50 ( :  – 5:1). 

 13  (CDCl3, , . ., J, )  A: 24.56 ( 2, Cy-Oct), 25.86 ( 2, Cy-Oct), 26.11 
( , cy-Pr), 28.88 ( 2, Cy-Oct), 29.25 ( 2, Cy-Oct), 29.42 ( , cy-Pr), 35.97 ( , cy-Pr), 
122.19 ( =), 135.45 ( =), 199.86 ( ). 

 13  (CDCl3, , . ., J - , )  B: 21.71 ( 2, Cy-Oct), 24.17 ( 2, Cy-Oct), 
25.68 ( , cy-Pr), 28.88 ( 2, Cy-Oct), 30.05 ( 2, Cy-Oct), 30.41 ( , cy-Pr), 35.97 ( , 
cy-Pr), 120.67 ( =), 136.19 ( =), 201.76 ( ). 
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[7.1.0.01,3] -2-  (151). 
 ,  94%,    A/B = 1.6:1, Rf 0.44 ( :  – 5:1). 

 1  (CDCl3, , . .): 0.45-2.30  (30 ,    ), 8.89  (1 , , 3J = 

6.5,  ), 8.89  (1 , , B, 3J = 6.6,  ).  13  (CDCl3, , . ., J - , ) 

 A:14 8.33 ( 2, cy-Pr, 1J -  = 159), 14.85 ( , cy-Pr, 1J -  = 158), 22.76 ( 2, Cy-
Oct, 1J -  = 123), 22.91 ( 2, Cy-Oct, 1J -  = 123), 26.27 ( , cy-Pr, 1J -  = 153), 28.61 ( 2, 
Cy-Oct, 1J -  = 123), 29.40 ( 2, Cy-Oct, 1J -  = 124), 31.53 ( 2, Cy-Oct, 1J -  = 124), 34.10 
( , cy-Pr, 1J -  = 165), 200.79 ( , 1J -  =  170). 

 13  (CDCl3, , . ., J - , )  B: 7.84 ( 2, cy-Pr, 1J -  = 158), 14.69 ( , cy-Pr, 
1J -  =  158), 19.99 ( 2, Cy-Oct, 1J -  = 124), 25.47 ( 2, Cy-Oct, 1J -  =  123), 26.48 ( 2, 
Cy-Oct, 1J -  = 127), 27.67 ( 2, Cy-Oct, 1J -  = 128), 29.71 ( , cy-Pr, Cy-Oct, 1J -  = 162), 
31.01 ( 2, Cy-Oct, 1J -  = 128), 32.84 ( , cy-Pr, 1J -  = 167), 201.21 ( , 1J -  = 166). 

- , m/z (I ., %): 164 [M]+  (1), 163 [M-H]+ (1), 135 [M-CHO]+ (9), 121 [M-CHO-
CH-H]+ (33), 120 [M-CHO-CH2-H]+ (66), 105 (23), 93 (61), 92 (37), 91 (79), 81 (28), 79 (100), 
77 (551), 67 (43), 55 (24), 53 (24), 41 (46), 39 (43). 

3.12.4.   136, 152–156 [431, 432]* 

 .    (0.02 )  50 %-     
(150 )     (0.032 , 4.80 )    (0.078 , 

7.49 ).     58–60    6–24 ,  
 ,   .   

,     .   
.        

 . 
 
5-(2- ) -2,4-  (136). 

 ,  53%,    A/B = 1:1). 

 1  (CD3OD, , . ., J, ):   : 1.10-1.19  (1H, Cy-Pr), 1.25-1.31  
(1H, Cy-Pr), 1.31-1.35  (1H, Cy-Pr), 1.40-2.45  (1H, Cy-Pr), 1.80-2.86  (2H, Cy-Pr), 3.60  
(1 , CHaCHb, 3JH H

b = 6.8), 3.81  (1 , CHaCHb, 3JH H
b = 6.4), 5.50  (1H, =CH2), 5.53  (1H, 

=CH2), 5.58  (1H, =CH2), 5.66  (1H, =CH2). 

 13  (CD3OD, , . .):   : 6.89 (CH2, Cy-Pr), 7.60 (CH2, Cy-Pr), 17.78 

(2 CH, Cy-Pr), 61.73 (CHNH), 62.10 (CHNH), 105.58 (=CH2), 106.32 (=CH2), 132.15 (C), 
132.57 (C), 168.51 (CO), 168.88 (CO), 185.43 (CO), 186.15 (CO). 

- , m/z, (I ., %): 152 [M]+• (4), 113 (47), 100 (9), 81 (100), 66 (14), 53 (41), 44 
(96). 
                                                 
14  spiro    2- . 
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5- [6.1.0] -9- - -2,4-  (152).  
 ,  75%,    A/B = 5:1. 

 1  (CD3OD + CDCl3, , . .): 0.46  (1 , CH, cy-Pr,  A), 0.60-1.69  (10 +11H, 
  ), 1.88-2.14  (4 +4H,   ), 3.61  (1 , , 3J -  = 7.1, 

 ), 3.71  (1 , , 3J -  = 7.1,  ). 

 13  (CD3OD + CDCl3, , . ., 1J - , )  A: 18.61 (CH, cy-Pr, 1J -  = 144.0), 
19.44 (CH, cy-Pr, 1J -  = 152.9), 23.81 (CH, cy-Pr, 1J -  = 158.6), 25.48 ( 2 Cy-Oct), 25.27 

( 2 Cy-Oct), 25.83 (2 2, Cy-Oct, 1J -  = 121.5), 28.76 (2 2, Cy-Oct, 1J -  = 125.7), 
60.38 ( , 1J -  = 144.9), 158.05 ( ), 176.07 ( ). 

 13  (CD3OD + CDCl3, , . ., 1J - , )  B:15 18.07 (CH, cy-Pr), 18.38 (CH, cy-
Pr), 20.41 (CH, cy-Pr), 21.13 ( 2), 21.99 ( 2), 56.35 ( ), 158.05 ( ), 176.40 ( ). 

, %:  62.45,  7.96, N 12.08. 12 18N2 2. , %:  64.86,  8.11, N 12.61. 
5- [6.1.0] -4- -9- - -2,4-  (153). 

 ,  80%,    A/B = 3:1. 

 1  (CD3OD + CDCl3, , . .): 0.60  (2 +2H, 2 CH, cy-Pr,   ), 0.73-
1.64  (4 +4H,   ), 1.95-2.46  (6 +6H,   ), 3.31-3.48  

(1 +1H, ,   ), 5.56-5.67  (2 +2H, 2 =,   ). 

 13  (CD3OD + CDCl3; , . .)  A: 20.22 (CH, cy-Pr), 21.72 (CH, cy-Pr), 27.61 

(2 2, Cy-Oct), 27.96 (CH, cy-Pr), 29.55 ( 2, Cy-Oct), 29.66 ( 2, Cy-Oct), 62.56 ( ), 
130.81 ( =), 130.89 ( =), 170.23 ( ), 188.03 ( ). 

 13  (CD3OD + CDCl3, , . .)  B:16 19.61 (CH, cy-Pr), 27.34 (2 2), 29.25 
( 2), 29.34 ( 2), 58.68 ( ), 130.25 ( =), 130.41 ( =), 168.90 ( ), 187.10 ( ). 
5,10- ( -2,4- -5’- )- [7.1.0.04,6]  (154). 

 ,  82%. 

 1  ((CD3)2SO, , . .): 0.52  (2 , 2 CH, cy-Pr), 0.68-0.91  (4 , 4 CH, cy-Pr), 2.01-

2.13  (4 , 2 CH2), 2.48-2.52  (4 , 2 2), 3.48  (2 , 2 , 3J -  = 5.8). 

 13  ((CD3)2SO, , . .): 20.87 (2 , cy-Pr), 22.33 (2 , cy-Pr), 27.86 (2 , cy-Pr), 

28.09 (2 2, Cy-Oct), 28.27 (2 2, Cy-Oct), 60.21 (2 ), 166.77 (2 ), 183.31 (2 ). 

5- [6.1.0] -2- -9- - -2,4-  (155). 
 ,  89 %,    A/B/C/D = 5:4:1:1. 

 1  (CD3OD + CDCl3, , . .)    : 0.52-2.51  (11 ), 3.80  
(1 , ), 5.32-5.49  (1 , =), 5.58-5.70  (1 , =). 

 13  (CD3OD + CDCl3, , . .)    : 18.93 (CH, cy-Pr), 20.56 (CH, cy-Pr), 

23.56 (CH, cy-Pr), 24.84 (CH, cy-Pr), 26.63 (2 , cy-Pr), 26.91 ( 2, Cy-Oct), 26.97 (CH2, 

                                                 
15  2-        . 
16  , cy-Pr-        . 
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Cy-Oct), 28.27 ( 2, Cy-Oct), 28.37 ( 2, Cy-Oct), 30.57 (2 CH2, Cy-Oct), 32.11 (2 CH2, Cy-

Oct), 62.38 ( ), 62.51 ( ), 126.28 (2 =), 135.80 ( =), 136.01 ( =), 168.77 ((2 ), 
184.83 ( ), 186.50 ( ). 

 13  (CD3OD + CDCl3, , . .)    D:17 18.93 (CH, cy-Pr), 22.29 (CH, cy-Pr), 
22.90 (CH, cy-Pr), 23.00 (CH, cy-Pr), 23.36 ( 2, Cy-Oct), 24.56 ( 2, Cy-Oct), 26.01 (CH, 
cy-Pr), 26.34 ( , cy-Pr), 31.08 (CH2, Cy-Oct), 31.21 (CH2, Cy-Oct), 31.73 (CH2, Cy-Oct), 
123.24 ( =), 124.40 ( =), 137.33 ( =), 138.79 ( =). 
 
5- [7.1.1.01,3] -2- - -2,4-  (156). 

 ,  91 %,    A/B/C/D = 3:3:2:1. 

 1  (CD3OD + CDCl3, , . .)    : 0.32–2.30  (15 ), 3.60–
3.81  (1 ). 

 13  (CD3OD + CDCl3, , . .)    : 8.57 (CH2, cy-Pr), 9.75 (CH2, cy-Pr), 
17.51 (CH, cy-Pr), 17.69 (CH, cy-Pr), 21.83 (Cspiro), 22.11 (CH, cy-Pr), 22.41 (Cspiro), 23.14 
(CH, cy-Pr), 24.17 (CH, cy-Pr), 24.36 (CH, cy-Pr), 24.44 (CH2, Cy-Oct), 24.61 (CH2, Cy-Oct), 
26.71 (CH2, Cy-Oct), 27.85 ( 2, Cy-Oct), 30.22 ( 2, Cy-Oct), 30.32 ( 2, Cy-Oct), 31.03 
(CH2, Cy-Oct), 31.10 (CH2, Cy-Oct), 32.95 (CH2, Cy-Oct), 33.01 (CH2, Cy-Oct), 62.64 ( ), 
62.92 ( ), 165.71 ( ), 166.38 ( ), 183.28 ( ), 184.53 ( ). 

 13  (CD3OD + CDCl3, , . .)     D:18 9.94 (CH2, cy-Pr), 10.59 (CH2, cy-Pr), 
15.29 (CH, cy-Pr), 16.31 (CH, cy-Pr), 18.83 (CH, cy-Pr), 21.49 (Cspiro), 21.55 (Cspiro), 21.83 
(C , cy-Pr), 24.44 (CH2, Cy-Oct), 24.61 (CH2, Cy-Oct), 29.24 (CH2, Cy-Oct), 30.54 ( 2, Cy-
Oct), 32.15 ( 2, Cy-Oct), 33.12 (CH2, Cy-Oct), 60.62 ( ), 60.91 ( ), 165.20 ( ), 166.01 
( ), 183.13 ( ), 184.53 ( ). 

3.12.5.     132, 157–161 [431, 432]* 

 .    (0.056 , 17.64 )   
  (160 ),      (0.02 ). 

       3 ,   
  (0.112 , 10.75 )       12 .  

 .      ,  
     (3–5 ),  HCl  pH 3.   

    (Dowex-50WX8-100)    
 – . 

 

                                                 
17  2-        (C + D)     
(A+B).  
18  2-        (C + D)     
(A+B). 
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(2- )   (132) [369]. 
 ,  38%,    A/B = 1:1, . . 246 º  ( ) ( . 

250 º  ( ) [171]). 

 1  (D2O, , . ., J, ):   : 1.30-1.40  (1H, Cy-Pr), 1.42-1.50  (1H, 
Cy-Pr), 1.64-1.73  (2H, Cy-Pr), 1.97-2.05  (2H, Cy-Pr), 3.46  (1 , CHaCHb, 3JH H

b = 9.9), 
3.60  (1 , CHaCHb, 3JH H

b = 9.8), 5.73  (1H+1H, =CH2), 5.79  (1H+1H, =CH2). 

 13  (D2O, , . .):   : 8.31 (CH2, Cy-Pr), 8.77 (CH2, Cy-Pr), 15.39 (CH, 
Cy-Pr), 15.45 (CH, Cy-Pr), 57.33 (CHNH2), 57.57 (CHNH2), 105.98 (=CH2), 106.15 (=CH2), 
130.59 (C), 130.62 (C), 173.47 (COOH), 173.67 (COOH). 

- [6.1.0] -9- -   (157).  
 ,  43%,    A/B = 4.5:1. 

 1  (D2O, , . .): 0.50-1.10  (3 +3H, 3 CH, cy-Pr,   ), 1.28-1.69  
(10 +10H, cy-Oct,   ), 1.89-2.08  (4 , cy-Oct,   ), 3.48  
(1 , , 3J = 4.6,  ), 3.88  (1 , , 3J -  = 4.6,  ). 

 13  (D2O, , . .)  A: 22.78 (CH, cy-Pr), 23.16 (CH, cy-Pr), 23.71 (CH, cy-Pr), 
25.83 (CH2, cy-Oct), 25.96 (CH2, cy-Oct), 26.37 (CH2, cy-Oct), 26.42 (CH2, cy-Oct), 29.09 

(2 CH2, cy-Oct), 57.44 ( ), 172.11 ( ). 

 13  (D2O, , . .)  B:19 19.09 (CH, cy-Pr), 19.60 (CH, cy-Pr), 20.20 (CH, cy-Pr), 
21.37 (CH2, cy-Oct), 22.10 (CH2, cy-Oct), 52.08 ( ), 172.77 ( ). 

- , m/z (I ., %): 181 [M-NH2]+ (0.7), 152 [M-COOH]+ (100), 123 [M-
CH(NH2)COOH]+ (4), 81 (20), 67 (18), 56 (35). 

- , m/z (I ., %): 181.1226 [M-NH2]+  (0.7), 152.1439 [M-COOH]+ (100), 123.1170 
[M-CH(NH2)COOH]+ (4). 

( [6.1.0] -4- -9- )   (158). 
 ,  52%,    A/B = 3:1. 

 1  (D2O, , . .)    : 0.83  (1 , CH, cy-Pr,  A), 1.03-1.15 
 (1 , CH, cy-Pr,  B), 1.17-1.32  (1 +1H, CH, cy-Pr,   ), 1.44-1.61 
 (2 +2H,   ), 2.03-2.48  (7 +7H,   ), 3.49  (1 , , 3J 

= 9.9,  A), 3.89  (1 , , 3J= 4.6,  B), 5.68-5.80  (2 +2H, 2 =,   
). 

 13  (D2O, , . .)  A: 22.99 (CH, cy-Pr), 23.66 (CH, cy-Pr), 26.05 (CH, cy-Pr), 

26.58 (CH2, cy-Oct), 26.65 (CH2, cy-Oct), 27.99 (2 CH2, cy-Oct), 57.91 ( ), 130.96 ( =), 
131.12 ( =), 172.59 ( OOH). 

                                                 
19  2-        . 



245 

 13  (D2O, , . .)  B: 19.13 (CH, cy-Pr), 20.42 (CH, cy-Pr), 20.59 (CH, cy-Pr), 
23.41 (CH2, cy-Oct), 24.42 (CH2, cy-Oct), 26.82 (CH2, cy-Oct), 27.22 (CH2, cy-Oct), 52.27 
( ), 130.59 ( =), 131.25 ( =), 173.20 ( OOH). 

- , m/z (I ., %): 195 [M]+  (1), 179 [M-NH2]+ (2), 150 [M–COOH]+ (65), 133 (47), 
121 [M–CH(NH2)COOH]+ (32), 93 (32), 91 (81), 79 (72), 77 (22), 74 (74), 67 (100), 56 (41), 44 
(17). 

, %:  56.31,  7.87. 11 18ClN 2. , %:  57.02,  7.83. 
-[10-( )- [7.1.0.04,6] -5- ]-   

(159). 
 ,  42%. 

 1  (D2O, , . .): 0.82-1.48  (8 ), 1.62-1.99  (2 ), 2.21-2.38  (4 ), 8.86  (2 , , 
3J -  = 6.3). 

 13  (D2O, , . .): 32.20 (2 CH, cy-Pr), 32.77 (2 CH, cy-Pr), 33.66 (2 CH, cy-Pr), 

34.12(2 CH2, cy-Oct) , 34.33 (2 CH2, cy-Oct), 64.66 (2 ), 179.68 (2 OOH). 
 

-( [6.1.0] -2- -9- )-   (160).20  
 ,  49%,    A/B/C/D = 4:4:1:1. 

 1  (D2O, , . .)    : 0.98-2.74  (11 ), 3.92  (1 , , 3J -  
= 10.2), 5.77  (1 , =, 3J -  = 10.2), 6.03-6.18  (1 , =). 

 13  (D2O, , . .)    : 22.32 (CH, cy-Pr), 22.77 (CH, cy-Pr), 24.69 (CH, cy-
Pr), 25.63 (CH2, cy-Oct), 25.77 (CH2, cy-Oct), 26.37 (CH, cy-Pr), 26.80 (CH, cy-Pr), 27.05 
(CH2, cy-Oct), 27.12 (CH2, cy-Oct), 29.59 (CH2, cy-Oct), 29.69 (CH2, cy-Oct), 30.44 (CH2, cy-

Oct), 30.50 (CH2, cy-Oct), 31.02 (CH, cy-Pr), 57.60 (2 ), 124.41 ( =), 124.49 ( =), 

136.80 ( =), 137.07 ( =), 172.17 (2 OOH). 

- , m/z (I ., %): 195 [M]+  (1.3), 179 [M-NH2]+ (2.0), 150 [M-COOH]+ (69.0), 133 
(10.0), 121 [M-CH(NH2)COOH]+ (82.3), 93 (56.7), 79 (100.0), 77 (42.0), 67 (50.3), 56 (27.4), 
55 (19.4), 53 (18.9), 44 (31.8). 

-( [7.1.0.01,3] -2- )-   (161). 
 ,  44%,    A/B/C/D = 2:1.6:1.1:1. 

 1  (D2O, , . .): 0.78-0.85  (1 +1H, CH2, cy-Pr), 0.98-1.15  (1 +1H, CH2, cy-Pr), 
1.09-1.22  (1 +1H, CH, cy-Pr), 1.31-1.37  (1 +1H, CH, cy-Pr), 1.39-2.32  (48 ), 2.38-
2.49  (4 , CH2), 3.96  (1 , , 3J -  = 9.9,  ), 4.01  (1 , , 3J -  = 9.6,  

), 4.11  (1 , , 3J -  = 11.1,  ), 4.15  (1 , , ,  D). 

 13  (D2O, , . .)    :21 7.94 (2 CH2, cy-Pr), 8.36 (2 CH2, cy-Pr), 17.15 
(2CH, cy-Pr), 17.65 (2CH, cy-Pr), 23.56 (2CH2), 25.66 (CH2), 26.68 (CH2), 28.85 (CH2), 29.08 

                                                 
20        -      

  . 
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(CH2), 29.87 (2 CH2), 31.73 (2 CH2), 57.16 ( ), 57.71 ( ), 172.76 ( OOH), 173.28 
( OOH). 

 13  (D2O, , . .)  C   D: 9.20 (CH2, cy-Pr), 9.38 (CH2, cy-Pr), 14.93 (CH, cy-
Pr), 15.00 (CH, cy-Pr), 54.57 ( ), 54.81 ( ). 

- , m/z (I ., %): 209 [M]+  (0.3), 193 [M-NH2]+ (0.3), 164 [M-COOH]+ (100), 147 
(23), 135 [M-CH(NH2)COOH]+ (38), 120 (38), 119 (28), 107 (35), 106 (30), 105 (52), 95 (32), 
94 (38), 93 (79), 91 (100), 81 (56), 80 (45), 79 (97), 77 (59), 67 (76), 56 (35), 55 (37), 53 (41), 
44 (47). 

, %:  68.08,  8.92. 12 19N 2. , %:  68.87,  9.15. 

3.13.     – 
-     [432, 

442]* 

2- -1-( )  (162).  
  (0.02 , 0,25 )     135 (0.503 , 6.1 

)  (OEt)3 (1.098 , 7.4 )  .  (1 )    
  50º    12 .       

 (0.15 , 1.4 ),     ,  
.   (0.476 )     

   .  
 ,  50 %, . . 50–55 º  / 2 . . . 

 1  (CDCl3, , . , J, ): 0.97-1.03  (1H, CH, cy-Pr), 1.11  (6 , 2× H3), 1.16-1.22  
(1H, CH, cy-Pr), 1.67-1.77  (1H, CH, cy-Pr), 3.38-3.62  (4 , 2×O H2), 4.02  (1 , , 3J 
= 6.4), 5.30-5.42  (2H, = 2). 

 13  (CDCl3, , . .): 6,71 ( 2, cy-Pr), 15.16 (2×CH3), 18.56 (CH, cy-Pr), 60.98 (CH2O), 
61.22 (CH2O), 103.41 (CH), 104.25 (=CH2), 131.21 (=C). 
3.13.1.  

3.13.1.   .   163  
172 

 .    (0.03 )    (0.045 , 3.78 )  
  (200 ),    – -  

(0.77 ),     4    . 
     NaCl (3 50 ).   

  MgSO4,     . 
 
                                                                                                                                                             
21  CH-   (C+ D)     (A+ B),    

    -        
.  
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2-[2-( ) ] -2 -  (163). 
       . 

 ,  93%,    A/B = 1:1, . . 64–65  / 2  . 
. 

 1  (CDCl3, , . .)    : 0.88-0.96  (1 +1H, , cy-Pr,   
), 1.23-1.34  (1 +1H, , cy-Pr   ), 1.42-4.89  (6H+6 ,  

 ), 3.22  (1 , 2 , 2J -  = 10.5, 3J -  = 7.8), 3.39-3.50  (2 +2H, 2 , 
  ), 3.66  (1 , 2 , 2J -  = 10.5, 3J -  = 6.5), 3.75-3.88  (1 +1H, 2 , 
  ), 4.56-4.63  (1 +1H,    ), 5.32-5.43  (2 +2H, 

2=   ).  

 13  (CDCl3, , . .; 1J - , )    : 8.42 ( 2, cy-Pr, 1J -  = 161), 

8.68 ( 2, cy-Pr, 1J -  = 161), 15.31 (2 , cy-Pr, 1J -  = 168), 19.32 ( 2 , 1J -  = 127), 

19.44 ( 2 , 1J -  = 127), 25.35 (2 2 , 1J -  = 126), 30.50 ( 2 , 1J -  = 127), 30.54 
( 2 , 1J -  = 127), 61.87 ( 2 , 1J -  = 131), 62.03 ( 2 , 1J -  = 131), 69.70 ( 2 , 1J -

 = 136), 69.84 ( 2 , 1J -  = 136), 98.06 ((2 , 1J -  = 162), 103.83 ( 2=, 1J -  = 
164), 103.93 ( 2=, 1J -  = 164), 132.89 ( =, cy-Pr), 133.28 ( =, cy-Pr). 
2-( [6.1.0] -4’- -9’- )-  (172). 

       . 
 ,  99%,    A/B = 1.7:1,  Rf 0.4 ( :  – 5:1). 

 1  (CDCl3, , . .)    : 0.55  (1 , CH, cy-Pr,  B), 0.71  

(1 , CH, cy-Pr,  A), 0.91-0.99  (2 , 2 CH, cy-Pr,  B), 1.27-1.42  (2 , 2 CH, 

cy-Pr,  A), 1.42-2.38  (14 +14H, 14 2   ), 3.29-3.51  (4 , 

2 CH2 ,  A), 3.71-3.87  (4 , 2 CH2 ,  B), 4.57  (1 , CH ,  A), 

4.90  (1 , CH ,  B), 5.50-5.63  (4 , 4 =,   ).  

 13  (CDCl3, , . .)  A: 20.52 ( 2), 22.89 (CH, cy-Pr), 23.43 ( , cy-Pr), 24.74 

( 2), 26.38 ( 2), 26.57 (CH, cy-Pr), 27.97 ( 2), 29.89 (2 2), 31.63 ( 2), 63.07 

( 2 ), 72.25 ( 2 ), 98.87 ( ), 130.99 ( =), 131.04 ( =).  13  (CDCl3, , . .) 
 B: 18.67 (CH, cy-Pr), 19.61 ( , cy-Pr), 19.65 ( , cy-Pr), 20.52 ( 2 ), 26.38 (CH2 ), 

27.97 ( 2), 28.53 ( 2), 28.59 ( 2), 29.89 ( 2), 31.51 ( 2), 63.68 ( 2 ), 65.81 ( 2 ), 
99.57 ( ), 130.49 ( =), 130.56 ( =).  

, %:  76.37,  10.37. 15 24 2. , %:  76.27,  10.17. 

3.13.2.   .  TMS-   165 
 170 

 .    (0.020 )   (5 )   
 (0.012 , 1.93 )   (0.01 ).   

 8 ,       .  
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,  15   ,   (3×5 ).  
   MgSO4,     .  

        . 
(2- )  (165).  

 ,  80%, . . 45–50  / 20  . . 

 1  (CDCl3, , . .): -0.15  (9 , 3 3), 0.57-0.64  (1 ), 0.97-1.56  (1 ), 1.38-1.49  
(1 ), 3.30  (1 , CHc aHb , 2J a b = 12.0, 3J a c = 9.1), 3.64  (1 , CHc aHb , 2J b a = 
12.0, 3J b c = 6.2), 5.38  (2 , 2=).  

 13  (CDCl3, , . .): -0.40 (3 3), 8.55 ( 2, cy-Pr), 18.02 ( , cy-Pr), 65.42 ( 2 ), 
103.82 ( 2=), 133.35 ( =, cy-Pr).  

, %:  61.40,  10.32. 8 16 Si. , %:  61.54,  10.26. 
( [6.1.0] -2- -9- )-  (170). 

-  ,  99%,    A/B = 2.8:1, Rf 0.82 ( . : 
,  1:1). 

 1  (CDCl3, , . .): 0.05  (9 +9 , 6 3,   ), 0.45  (1 , CH, cy-Pr, 

 B), 0.64-0.74  (2 , 2 CH, cy-Pr,  B), 0.78  (1 , CH, cy-Pr,  A), 0.85-

1.12  (2 , 2 CH, cy-Pr ,  A), 1.14-1.39  (2 +2 , 2, cy-Oct,   ), 

1.41-1.67  (2 +2 , 2 2, cy-Oct,   ), 1.72-1.98  (3 +3 , 2, cy-Oct, 
  ), 2.24-2.41  (1 +1 , 2, cy-Oct,   ), 3.43  (2 , 

CH2 ,  A), 3.49  (2 , CH2 ,  B), 5.34  (2 , CH=,   , 3J -  = 
11.3), 5.51-5.61  (1 , CH=,  ), 5.62-5.72  (1 , =,  B).  

 13  (CDCl3, , . .)  A: -0.24 (3 3), 20.42 (CH, cy-Pr), 24.98 ( , cy-Pr), 
25.84 ( 2, cy-Oct), 26.51 ( , cy-Pr), 27.32 (CH2, cy-Oct), 29.56 ( 2, cy-Oct), 31.17 ( 2, 
cy-Oct), 66.42 ( 2 ), 125.90 ( =), 134.46 ( =).  

 13  (CDCl3, , . .)  B:  -0.39 (3 3), 17.72 (CH, cy-Pr), 20.09 ( , cy-Pr), 
21.31 ( , cy-Pr), 21.94 ( 2, cy-Oct), 25.23 (CH2, cy-Oct), 29.95 ( 2, cy-Oct), 31.25 ( 2, 
cy-Oct), 59.90 ( 2 ), 122.88 ( =), 136.34 ( =).  

, %:  69.83,  10.85. 13 24 Si. , %:  69.64,  10.71. 

3.13.3.  4-( ( ) ) [2.2] -1-   
(167) [442]* 

  4-( -2’- ) [2.2] -1-
  (164). 

   163 (0.1 , 16.8 )  ( )  (0.1 , 81  1.23 . 
)      3.12.1. 

 ,  10% (    A/B/C/D = 3.0:2.3:1.5:1). Rf 0.7 
( :  – 5:1). 
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 1  (CDCl3, , . .)    : 0.66-2.00  (12 ), 3.30-3.93  (7 ), 
4.46-4.63  (1 , ). 

 13  (CDCl3, , . .)    : 10.22, 10.32, 10.48, 10.94, 12.08, 
12.19, 12.86, 13.03, 13.11, 14.28, 14.55, 14.64, 16.46 ( , cy-Pr), 16.68 ( , cy-Pr), 17.47 
( , cy-Pr), 17.56 ( , cy-Pr), 17.78 ( , cy-Pr), 17.91 ( , cy-Pr), 17.97 ( , cy-Pr), 18.09 
( , cy-Pr), 19.45 ( 2 ), 19.56 ( 2 ), 19.62 ( 2 ), 19.68 ( 2 ), 25.49 (  

 ), 30.70 (   ), 51.56 (O 3,   ); 
62.01 ( 2 ,   ), 62.28 ( 2 ,   ), 69.71( 2 ), 70.07 
( 2 ), 70.21 ( 2 ), 70.30 ( 2 ), 98.10 ( ), 98.55 ( ), 98.68 ( ), 98.80 
( ), 173.90 (COOMe), 174.00 (COOMe), 174.06 (COOMe), 174.24 (COOMe). 
4-( ) [2.2] -1-    

 (166). 
   165 (0.15 , 15.6 )  ( )  (0.1 , 81  1.23 . 

)      3.12.1. 
 ,  49%,    A/B/C/D = 3.5:3:2:1, . . 67–70 

 / 2  . . 

 1  (CDCl3, , . .)    : -0.78  (9 , Si(CH3)3,  D), -
0.72  (9 , Si(CH3)3,  B), -0.70  (9 , Si(CH3)3,  C), -0.68  (9 , Si(CH3)3, 

 A), 1.08-1.27  (1 , , cy-Pr,   ), 1.44-1.98  (4 , 2, cy-Pr, 
  ), 2.32-2.47  (1 , , cy-Pr,   ), 3.45-4.39  (5 , 

2, 3,   ). 

   13  (CDCl3, , . .):  : -0.72 (3 3, SiMe3), 11.74 (CH2, Cy-Pr), 12.38 
(CH2, Cy-Pr), 18.71 (CH, Cy-Pr), 19.19 (CH, Cy-Pr), 21.67 (Cspiro), 51.07 (OCH3), 64.79 
(CH2O), 174.47 (CO2Me). 

  13  (CDCl3, , . .):  B: -0.68 (3 3, SiMe3), 9.80 (CH2, Cy-Pr), 12.35 
(CH2, Cy-Pr), 19.40 (CH, Cy-Pr), 20.04 (CH, Cy-Pr), 22.66 (Cspiro), 51.06 (OCH3), 65.02 
(CH2O), 174.45 (CO2Me). 

  13  (CDCl3, , . .):  C: -0.74 (3 3, SiMe3), 9.53 (CH2, Cy-Pr), 14.06 
(CH2, Cy-Pr), 17.52 (CH, Cy-Pr), 19.80 (CH, Cy-Pr), 22.84 (Cspiro), 51.09 (OCH3), 64.96 
(CH2O), 173.68 (CO2Me). 

  13  (CDCl3, , . .):  D: -0.78 (3 3, SiMe3), 10.00 (CH2, Cy-Pr), 13.73 
(CH2, Cy-Pr), 19.08 (CH, Cy-Pr), 19.55 (CH, Cy-Pr), 21.06 (Cspiro), 51.10 (OCH3), 63.29 
(CH2O), 173.61 (CO2Me). 

- , m/z, (I ., %): 227 [M-1]+ (0.1), [M-Me]+ (8), 181 (4), 169 [M-CO2Me]+ (14), 
138 (5), 125 [M-CH2OSiMe3]+ (37), 89 [OSiMe3]+ (64), 79 (29), 75 (27), 73 [SiMe3]+ (100), 59 
(22), 45 (12).  

, %:  57.90,  8.85. 11 20 3Si. , %:  57.85,  8.83. 
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  4- [2.2] -1-   (168). 
   166   ,    3.12.3. 

 83% (    A/B/ /D = 3.5:3:2.5:1).  

 1  (CDCl3, , . .): 1.15-1.52  (4 , , cy-Pr,   ), 1.77-2.05  
(2 , 2, cy-Pr,   ), 3.34 c (OCH3,  D), 3.39 c (OCH3,  B), 
3.42 c (OCH3,  A), 3.44 c (OCH3,  C), 8.75  (1 , (O)CHaCHb, 3JH H

b = 6.1, 
 C), 8.76  (1 , (O)CHaCHb, 3JH H

b = 6.2,  A), 8.79  (1 , (O)CHaCHb, 3JH H
b = 

5.0,  D), 8.92  (1 , (O)CHaCHb, 3JH H
b = 5.5,  B).  

  13  (CDCl3, , . .):  : 12.71 (CH2, Cy-Pr), 13.92 (CH2, Cy-Pr), 18.28 
(CHCHO), 25.37 (Cspiro), 29.34 (CHCO2Me), 52.03 (OCH3), 172.49 (CO2Me), 200.21 (CHO). 

 13  (CDCl3, , . .):  B: 13.03 (CH2, Cy-Pr), 13.80 (CH2, Cy-Pr), 18.17 (CHCHO), 
24.98 (Cspiro), 27.73 (CHCO2Me), 52.38 (OCH3), 172.30 (CO2Me), 200.30 (CHO). 

 13  (CDCl3, , . .):  C: 12.23 (CH2, Cy-Pr), 12.83 (CH2, Cy-Pr), 18.35 
(CHCHO), 24.94 (Cspiro), 29.22 (CHCO2Me), 52.08 (OCH3), 172.60 (CO2Me), 200.20 (CHO). 

 13  (CDCl3, , . .):  D: 13.48 (CH2, Cy-Pr), 14.11 (CH2, Cy-Pr), 18.90 
(CHCHO), 25.78 (Cspiro), 27.79 (CHCO2Me), 51.98 (OCH3), 172.90 (CO2Me), 199.78 (CHO). 

- , m/z, (I ., %): 154 [M-1]+  (0.1), 153 [M-1]+(5), 139 [M-Me]+ (8), 125 [M-
CHO]+ (77), 123 (25), 111 [M-Me-C2H4]+ (12), 95 [M-CO2Me]+ (100), 94 (78), 81 (12), 67 (45), 
55 (79), 39 (61). 
4-   (2,5- -4- ) [2.2] -1-  

 (169). 
 ,  64%,    A/B/C/D/E/F/G/H = 

4:3.5:3:2.5:2:1.5:1:1). 

 1  (CDCl3, , . ., J, ):    A, B, C, D, E  F: 0.87-1.72  (5 , y-
Pr), 1.97-2.41  (1 , y-Pr), 3.66 c (OCH3,  ), 3.67 c (OCH3,  A), 3.67 c 
(OCH3,  E), 3.68 c (OCH3,  B), 3.69 c (OCH3,  D), 3.66 c (OCH3,  
F), 3.70  (1 , HNCHaCHb, 3JH H

b = 6.56,  B), 3.71  (1 , HNCHaCHb, 3JH H
b = 7.8, 

 A), 3.74  (1 , HNCHaCHb, 3JH H
b = 7.1,  C), 3.74  (1 , HNCHaCHb, 3JH H

b = 
6.8,  D), 3.76  (1 , HNCHaCHb, 3JH H

b = 7.1,  F), 3.79  (1 , HNCHaCHb, 
3JH H

b = 7.1,  E).22  

  13  (CDCl3, , . .):  : 7.98 (CH2, Cy-Pr), 13.47 (CH2, Cy-Pr), 19.34 
(CH, Cy-Pr), 19.35 (CH, Cy-Pr), 21.80 (Cspiro), 50.99 (OCH3), 61.25 (CHNH), 167.99 (CO), 
174.43 (CO2H), 186.27 (CO).  

                                                 
22   OMe  HNH            

  . 



251 

  13  (CDCl3, , . .):  B: 8.16 (CH2, Cy-Pr), 13.37 (CH2, Cy-Pr), 19.16 
(CH, Cy-Pr), 19.26 (CH, Cy-Pr), 21.82 (Cspiro), 51.06 (OCH3), 60.87 (CHNH), 170.21 (CO), 
174.63 (CO2H), 184.84 (CO).  

  13  (CDCl3, , . .):  C: 9.26 (CH2, Cy-Pr), 12.62 (CH2, Cy-Pr), 19.51 
(CH, Cy-Pr), 19.98 (CH, Cy-Pr), 21.13 (Cspiro), 51.12 (OCH3), 58.97 (CHNH), 170.11 (CO), 
174.42 (CO2H), 186.21 (CO).  

  13  (CDCl3, , . .):  D: 8.63 (CH2, Cy-Pr), 12.22 (CH2, Cy-Pr), 19.53 
(CH, Cy-Pr), 20.01 (CH, Cy-Pr), 20.85 (Cspiro), 51.03 (OCH3), 60.76 (CHNH), 170.02 (CO), 
174.64 (CO2H), 186.70 (CO).  

  13  (CDCl3, , . .):  E: 7.67 (CH2, Cy-Pr), 13.26 (CH2, Cy-Pr), 18.45 
(CH, Cy-Pr), 18.92 (CH, Cy-Pr), 21.24 (Cspiro), 51.43 (OCH3), 61.62 (CHNH), 170.64 (CO), 
174.41 (CO2H), 186.12 (CO).  

  13  (CDCl3, , . .):  F: 8.46 (CH2, Cy-Pr), 14.83 (CH2, Cy-Pr), 17.66 
(CH, Cy-Pr), 18.18 (CH, Cy-Pr), 21.93 (Cspiro), 50.94 (OCH3), 60.99 (CHNH), 170.34 (CO), 
174.42 (CO2H), 184.75 (CO).23 
4-( - ) [2.2] -1-   (167). 

 ,  80%,    A/B/C/D/E/F/G/H = 8:6:5:5:4:3:1:1, 
. . 222-224 ( ). 

 1  (D2O, , . ., J, ):    : 0.76-1.70  (5 , y-Pr), 1.75-2.10 
 (1 , y-Pr), 3.02  (1 , H2NCHaCHb, 3JH H

b = 10.6,  F), 3.18  (1 , H2NCHaCHb, 
3JH H

b = 10.1,  B), 3.23  (1 , H2NCHaCHb, 3JH H
b = 10.3,  C), 3.27  (1 , 

H2NCHaCHb, 3JH H
b = 10.3,  A), 3.29  (1 , H2NCHaCHb, 3JH H

b = 8.4,  D), 3.52 
 (1 , H2NCHaCHb, 3JH H

b = 8.6,  E).24  

  13  (D2O, , . .):  : 9.93 (CH2, Cy-Pr), 12.45 (CH2, Cy-Pr), 18.94 (CH, 
Cy-Pr), 21.35 (CH, Cy-Pr), 23.11 (Cspiro), 58.25 (CHNH2), 173.78 (COOH), 180.27 (COOH). 

  13  (D2O, , . .):  B: 10.06 (CH2, Cy-Pr), 12.73 (CH2, Cy-Pr), 18.65 (CH, 
Cy-Pr), 21.18 (CH, Cy-Pr), 22.91 (Cspiro), 57.37 (CHNH2), 173.95 (COOH), 180.88 (COOH).  

  13  (D2O, , . .):  C: 10.23 (CH2, Cy-Pr), 12.63 (CH2, Cy-Pr), 18.82 
(CH, Cy-Pr), 21.22 (CH, Cy-Pr), 22.49 (Cspiro), 57.72 (CHNH2), 173.61 (COOH), 179.37 
(COOH).  

  13  (D2O, , . .):  D: 11.44 (CH2, Cy-Pr), 12.34 (CH2, Cy-Pr), 19.13 
(CH, Cy-Pr), 20.09 (CH, Cy-Pr), 22.53 (Cspiro), 57.88 (CHNH2), 173.55 (COOH), 180.57 
(COOH).  

                                                 
23        -      

  . 
24   HNH      .  
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  13  (D2O, , . .):  E: 10.17 (CH2, Cy-Pr), 13.32 (CH2, Cy-Pr), 19.86 (CH, 
Cy-Pr), 22.29 (CH, Cy-Pr), 23.02 (Cspiro), 57.11 (CHNH2), 173.08 (COOH), 179.07 (COOH).  

  13  (D2O, , . .):  F: 10.77 (CH2, Cy-Pr), 13.90 (CH2, Cy-Pr), 19.64 (CH, 
Cy-Pr), 23.02 (CH, Cy-Pr), 26.01 (Cspiro), 58.68 (CHNH2), 172.87 (COOH), 181.17 (COOH).  

  13  (D2O, , . .):  G: 10.01 (CH2, Cy-Pr), 13.46 (CH2, Cy-Pr), 19.29 
(CH, Cy-Pr), 20.49 (CH, Cy-Pr), 22.39 (Cspiro), 58.64 (CHNH2), 173.65 (COOH), 180.49 
(COOH).  

  13  (D2O, , . .):  H: 10.70 (CH2, Cy-Pr), 13.57 (CH2, Cy-Pr), 18.11 
(CH, Cy-Pr), 20.53 (CH, Cy-Pr), 22.12 (Cspiro), 58.58 (CHNH2), 173.07 (COOH), 179.28 
(COOH). 
MALDI-TOF ( ): m/z = 186.0 [M+H]+. 

3.13.4.  10-( ( ) ) [7.1.0.04,6] -5-  
 (177) [432]* 

  10-( -2’- )- [7.1.0.04,6] -5-
  (173). 

    172 (0.1 , 23.6 )    (0.1 , 81  1.23 
. )   ,    3.12.1. 

 ,  30%,    A/B/ /D = 3:3:1:0.5, Rf 0.3 ( :  
– 5:1). 

 1  (CDCl3, , . .)    : 0.50-2.25  (20 ), 3.14-3.88  (7 ), 
4.52-4.60  (1 , ). 

 13  (CDCl3, , . .)     : 16.76 ( , cy-Pr), 16.84 ( , 
cy-Pr), 17.33 ( , cy-Pr), 19.58 ( 2 ), 20.08 ( 2 ), 22.69 ( 2 ), 23.76 ( , cy-Pr), 24.28 

( , cy-Pr), 24.78 (CH2 ), 25.06 ( 2), 25.35 (CH2 ), 25.48 (2 2,   ), 25.96 

(2 , cy-Pr,   ), 26.17 (2 , cy-Pr,   ), 27.43 ( 2 ), 

27.61 ( 2), 27.75 (2 2,   ), 27.94 ( , cy-Pr), 29.28 (2 , cy-Pr,  

 ), 30.73 (2 2,   ), 51.42 (2 O 3,   ), 
62.14 ( 2 ,  ), 64.28 ( 2 ,  ), 70.78 ( 2 ,  ), 71.23 ( 2 , 

 ), 98.06 ( ,  ), 98.48 ( ,  ), 174.49 ( O2Me,  ), 
174.90 ( O2Me,  ). 

, %:  70.12,  9.20. 18 28 4. , %:  70.13,  9.09. 
10- - [7.1.0.04,6] -5-     
(174).  

 173 (0.03 , 6.72 )  (0.003 , 0.76 )  -    

 (240 )   55    3 .    
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 ,      
. 

 ,  76%,    A/B/C/D = 3.5:2:1.5:1, Rf 0.1 
( :  – 5:1). 

 1  (CDCl3, , . .)    : 0.51-2.30  (15 ), 3.32  (1 +1H, 
3J -  = 6.8, CH2 ,   ), 3.38  (1 +1H, 3J -  = 6.8, CH2    

), 3.54-3.58  (3 , 3). 

 13  (CDCl3, , . .)    :. 16.55 (CH), 16.79 (CH), 19.32 (CH), 
19.15 (CH2), 19.49 (CH), 19.94 (CH), 20.43 (CH2), 20.58 (CH), 21.45 (CH), 22.48 (CH2), 23.11 
(CH), 23.31 (CH), 23.77 (CH), 25.04 (CH2), 25.67 (CH2), 25.90 (CH), 26.14 (CH), 27.38 (CH2), 

27.57 (CH2), 27.90 (CH), 28.08 (CH), 28.92 (CH), 29.15 (CH), 29.27 (CH), 50.96 (2 OMe), 

51.47 (2 OMe), 59.10 ( 2 ), 59.34 ( 2 ), 66.18 ( 2 ), 66.56 ( 2 ), 172.70 

(2 COOH), 174.69 (COOH), 175.08 (COOH). 
, %:  69.46,  8.89. 13 20 3. , %:  69.64,  8.93. 

  10- [7.1.0.04,6] -5-   (175)  
    174   ,    3.12.3. 

-  ,  98%,    A/B/ /D = 3:2:2:1, Rf 0.15 
( :  – 5:1). 

 1  (CDCl3; , . .)    : 0.69-2.33  (14 ), 3.50  (3 , 3), 
8.81-9.67  (1 , ). 

 13  (CDCl3, , . .)  : 19.05 (2× H, cy-Pr), 19.65 (2× H, cy-Pr), 20.47 ( H, cy-
Pr), 20.63 (2×CH2), 22.57 (2×CH2), 39.37 ( H, cy-Pr), 51.00 (OMe), 172.96 (COOH), 201.09 
(CHO). 

 13  (CDCl3, , . .)  B: 19.48 (2× H, cy-Pr), 21.89 (2× H, cy-Pr), 24.43 ( H, cy-
Pr), 21.30 (2×CH2), 27.49 (2×CH2), 39.05 ( H, cy-Pr), (OMe), 174.80 (COOH), 201.54 (CHO). 

 13  (CDCl3, , . .)  : 20.76 (2× H, cy-Pr), 24.85 (2× H, cy-Pr), 26.94 ( H, cy-
Pr), 26.26 (2×CH2), 28.65 (2×CH2), 38.37 ( H, cy-Pr), 51.00 (OMe), 175.14 (COOH), 202.84 
(CHO). 

 13  (CDCl3, , . .)  D: 24.30 (2× H, cy-Pr), 26.78 (2× H, cy-Pr), 27.56 ( H, cy-
Pr), 22.84 (2×CH2), 26.47 (2×CH2), 38.42 ( H, cy-Pr), 51.49 (OMe), 175.38 (COOH), 203.19 
(CHO). 

, %:  70.04,  8.14. 13 18 3. , %:  70.27,  8.11. 
  10-(2,5- - -4- )- [7.1.0.04,6] -5-
  (176). 

    175   ,    3.12.4. 
 ,  48%,    A/B = 3:2. 
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 1  (CD3OD, , . .):    : 0.65  (1 , CH, cy-Pr), 0.73-1.45  
(9 ), 2.11-2.35 (4 ), 3.52 c (3H, OMe), 3.67  (1 , , 3J = 8.6).  

 13  (CD3OD, , . .)  : 22.38 (CH, cy-Pr), 23.99 (CH, cy-Pr), 28.79 (CH2, cy-

Oct), 29.00 (3 CH2, cy-Oct), 29.07 (CH, cy-Pr), 29.21 (CH, cy-Pr), 33.32 (CH, cy-Pr), 33.45 
(CH, cy-Pr), 52.32 (OMe), 62.84 ( ), 174.51 ( ), 183.45 ( OOH), 192.18 ( ).  

 13  (CD3OD, , . .)  B: 22.38 (CH, cy-Pr), 20.45 (CH2, cy-Oct), 22.15 (CH2, cy-
Oct), 23.99 (CH, cy-Pr), 28.79 (CH2, cy-Oct), 29.00 (CH2, cy-Oct), 29.07 (CH, cy-Pr), 29.21 
(CH, cy-Pr), 33.32 (CH, cy-Pr), 33.45 (CH, cy-Pr), 52.32 (OMe), 62.84 ( ), 174.51 ( ), 
183.45 ( OOH), 192.18 ( ). 
 
10-( ) [7.1.0.04,6] -5-   (177).  

    176   ,    3.12.5. 
 ,  45%,    . 

 1  (D2O, , . .): 1.24  (1 , CH, cy-Pr), 1.29-1.64  (6 ), 1.68  (1 , CH, cy-Pr), 1.89-
1.98  (2 , CH2), 2.66  (4 , CH2), 3.86  (1 , , 3J = 9.9).  

 13  (D2O, , . .): 25.45 (CH, cy-Pr), 25.80 (CH, cy-Pr), 26.99 (CH, cy-Pr), 27.04 (CH2, 
cy-Oct), 27.18 (CH2, cy-Oct), 27.38 (CH2, cy-Oct), 27.43 (CH2, cy-Oct), 28.62 (CH, cy-Pr), 
30.81 (CH, cy-Pr), 30.87 (CH, cy-Pr), 57.75 ( ), 172.49 (COOH), 179.73 (COOH). 

, %:  61.35,  7.42. 13 19N 4. , %:  61.64,  7.56. 

3.14.  - - -  [443]* 

3.14.1.     186–189 

 .     (6.8 , 0.18 )   
 (400 )      1.5     

  (0.16 )   (100 ) ,    . 
        2 ,   

 0º        (15 )   LiAlH4, 
    100  15%-  H2SO4.   ,  

  (3×100 ).     
  NaCl (2×100 )   MgSO4.  , 

        . 
 

 (186) [444]. 
-  ,  96 %. 

 1  (CDCl3, , . .): 0.19–0.23 ( , 2 , c-Pr-CH2), 0.51–0.55 ( , 2 , c-Pr-CH2), 1.07–1.13 
( , 1 , c-Pr-CH), 1.66 ( . , 1 , ), 3.43–3.45 ( , 2 , 2 ). 
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( [2.2] -1- )  (187) [445]. 
-  ,  86%.  

 1  (CDCl3, , . .): 0.61–0.63 ( , 1 , c-Pr-CH2), 0.70–0.73 ( , 2 , c-Pr-CH2), 0.76–0.78 
( , 2 , c-Pr-CH2), 0.94–0.98 ( , 1 , c-Pr-CH2), 1.49–1.14 ( , 1 , c-Pr-CH), 2.11 ( . , 1 , 

), 3.50–3.52 ( , 1 , 2OH), 3.55–3.57 ( , 1 , 2OH). 
(3- )  (188). 

-  ,  90%.  

 1  (CDCl3, , . .): 2.29–2.33 ( , 2 , c-Bu- 2), 2.25–2.40 ( , 1 , c-Bu- ), 2.64–2.70 
( , 2 , c-Bu- 2), 3.51–3.53 ( , 2 , 2 ), 3.83 ( . , 1 , ), 4.68–4.69 ( , 2 , = 2). 

 13  (CDCl3, , . .): 31.58 (c-Bu- ), 34.24 (2CH2, 2×c-Bu- 2), 66.33 (CH2OH), 
106.33 (=CH2), 146.65 (c-Bu-C=). 
(3- -1,2- )  (189). 

-  ,  51%.  

 1  (CDCl3, , . .): 1.55–1.57  (2 , c-Pr-CH), 3.38 ( , 3JH
a
H

c = 9.2 , 2JH
a
H

b = 11.4 
, 1 , aHbCHcOH), 3.57 ( , 3JH

b
H

c = 4.4 , 2JH
b

H
a = 11.4 , 1 , aHbCHcOH), 4.90 

( . , 2 , 2× ), 5.35–5.40 ( , 2 , = 2). 

3.14.2.     178–181 

 .     (15.5 , 72 )  
 (60 )    (36 )   (40 ). 
          

 5 ,     (50 )       
.     ,  25. 

 (178). 
 ,  44%, . . 95–100º  (760  . .), . 97–99º  (760  

. .) [444].  

 1  (CDCl3, , . .): 1.03–1.05 ( , 4 , 2×c-Pr-CH2), 1.76–1.84 ( , 1 , c-Pr-CH), 8.87 ( , 
3J ,  = 5.8 , 1 , ). 

[2.2]  (179). 

-  ,  54%, . . 64–65º  (60  . .), . 90 C (125  . 
.) [445].  

 1  (CDCl3, , . .): 0.89–0.91 ( , 2 , c-Pr-CH2), 1.01–1.03 ( , 2 , c-Pr-CH2), 1.60–1.64 
( , 2 , c-Pr-CH2), 2.10–2.14 ( , 1 , c-Pr-CH), 8.98 ( , 3J ,  = 6.8 , 1 , ). 
3-  (180). 

-  ,  38%, . . 69–72  (50  . .).  

                                                 
25    ( >95%)        

   . 
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 1  (CDCl3, , . .): 2.86–3.01 ( , 4 , 2×c-Bu- 2), 3.15–3.20 ( , 1 , c-Bu- ), 4.83–
4.88 ( , 2 , = 2), 9.80 ( , 1 , ). 
3- -1,2-  (181). 

  24 .  
 ,  47%. 

 1  (CDCl3, , . .,): 3.07–3.10 ( , 2 , 2×c-Pr-CH), 5.92–5.93 ( , 2 , = 2), 8.93 ( , 
3J ,  = 5.3 , 1 , ).  
MS MALDI-TOF: m/z = 110 [M]+. 

3.14.3.  -  190–194 

 .     25    (690 
, 5.0 ),  (5.0 ),  (535 , 5.0 ),   

(4 Å)    (II) (91.5 , 0.25 , 5  %).    
  (Daewoo KOR-4125G,  102 )   5–20 .  

         

 (5 / )   3 . -     
  (  — 25–100% EtOAc/ ). 

  [( )( ) ]   (190). 
  5 . 
-  ,  70 %, Rf = 0.45 ( ).  

 1  (CDCl3, , . .): 0.17–0.21 ( , 1 , c-Pr-CH2), 0.36–0.40 ( , 1 , c-Pr-CH2), 0.58–0.63 
( , 2 , c-Pr-CH2), 0.96–1.03 ( , 1 , c-Pr-CH), 1.35 ( , 3J ,  = 7.1 , 3 , O 2 3), 1.36 ( , 
3J ,  = 7.1 , 3 , O 2 3), 1.95 ( . , 1 , NHCH2), 2.20 ( , 1 , 3J ,H = 9.6 , 3J ,  = 
12.6 , PO(OEt)2), 3.97 ( , 2J a

H
b = 13.5 , 1 , PhCHaHb), 4.02 ( , 2J a

H
b = 13.5 ,  

PhCHaHb), 4.18 ( , 3J ,  = 7.1 , 2H, OCH2CH3), 4.20 ( , 3J ,  = 7.1 , 2H, OCH2CH3), 
7.22–7.34 ( , 5 , Ph).  

 13  (CDCl3, , . .,): 2.94 ( , 1JC,H = 161 , c-Pr-CH2), 4.75 ( , 1JC,H = 164 , 3JC,P = 
15 , c-Pr-CH2), 11.15 ( , 1JCH = 164 , c-Pr-CH), 16.50 ( , 1JC,H = 127 , OCH2CH3), 
16.57 ( , 1JC,H = 127 , OCH2CH3), 51.97 ( , 1JC,H = 135 , CH2NH), 58.45 ( , 1JC,H = 132 

, 1JC,P = 157 , ( Et)2), 62.17 ( , 1JC,H = 147 , OCH2CH3), 126.97 (Ar-CH), 128.13 

(2  Ar-CH), 128.30 (2  Ar-CH), 139.89 (Ar-C).  

 31  (CDCl3, , . .): 26.93.  
MS-MALDI-TOF: m/z = 297.1427 [M]+ (  m/z = 297.1494). 
 

  [( )( [2.2] -1- ) ]   
(191). 

  8 . 
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-  ,  74%,    /  = 50:50, Rf = 0.55 ( ). 

 1  (CDCl3, , . .)    : 0.62–0.80 ( , 4 +4 , 2 c-Pr-CH2), 0.93–

1.10 ( , 2 +2 , c-Pr-CH2), 1.32–1.39 ( , 6 +6 , 2 OCH2 3), 1.44–1.50 ( , 1 +1 , c-Pr-
CH), 1.71 ( . , 1 +1 , NHCH2), 2.49 ( , 3J ,H = 10.2 , 3J ,  = 11.8 , 1 , 

( Et)2), 2.65 ( , 3J ,H = 9.1 , 3J ,  = 10.6 , 1 , ( Et)2), 3.80 ( , 2J a
H

b = 13.3 
, 1 , PhCHaHb), 3.86 ( , 2J a

H
b = 13.3 , 1 , PhCHaHb), 3.82 ( , 2J a

H
b = 13.1 , 1 , 

PhCHaHb), 3.86 ( , 2J a
H

b = 13.1 , 1 , PhCHaHb), 4.15–4.23 ( , 4 +4 , 2 2CH3), 7.26–
7.37 ( , 5 +5 , Ph).  

 13  (CDCl3, , . .): 3.76 (c-Pr-CH2), 3.93 (c-Pr-CH2), 5.27 (c-Pr-CH2), 5.73 (c-Pr-CH2), 
10.46 (c-Pr-CH2), 11.50 ( , 3JC,P = 15 , c-Pr-CH2), 13.77 ( ), 14.04 ( , 3JC,P = 17 , 

), 16.17 (OCH2CH3), 16.22 (OCH2CH3), 16.28 (OCH2CH3), 16.34 (OCH2CH3), 17.88 (c-
Pr-CH), 18.30 (c-Pr-CH), 51.89 ( 2NH), 51.96 ( 2NH), 57.05 ( , 1JC,P = 153 , 

( Et)2), 58.58 ( , 1JC,P = 157 , ( Et)2), 61.50 (OCH2CH3), 61. 56 (OCH2CH3), 

61.62 (OCH2CH3), 61.68 (OCH2CH3), 126.59 (2 Ar-CH), 127.77 (2 Ar-CH), 127.84 (2 Ar-

CH, 127.93 (2 Ar-CH), 127.95 (2 Ar-CH), 140.04 (2  Ar-C).  

 31  (CDCl3, , . .): 26.96, 27.18.  
  17 26N 3P, %:  63.14,  8.10, N 4.33. , %:  63.02,  8.17, N 

4.25. 
  [( )(2- ) ]  

 (192). 
  13 . 
-  ,  71%,    /  = 67:33, Rf = 0.45 ( ) 

 1  (CDCl3, , . .)    : 0.87–0.94 ( , 1 , c-Pr-CH2,  ), 

1.15–1.19 ( , 1 , c-Pr-CH2,  ), 1.33–1.37 ( , 6 +6 , 2 OCH2 3,    ), 
1.39–1.42 ( , 2 +2 , c-Pr-CH2,    ), 1.70–1.76 ( , 1 +1 , c-Pr-CH,   

 ), 2.38 ( . , 1 +1 , NHCH2,    ), 2.47 ( , 3J ,H = 9.5 , 3J ,  = 13.0 , 
1 , ( Et)2,  ), 2.54 ( , 3J ,H = 8.9 , 3J ,  = 13.1 , 1 , ( Et)2, 

 ), 3.91–4.06 ( , 2 +2 , 2Ph,    ), 4.16–4.23 ( , 4 +4 , 

2 OCH2 3,    ), 5.45–5.58 ( , 2 +2 , = 2,    ), 7.22–7.35 ( , 
5 +5 , Ph,    ). 
13C  (CDCl3, , . .),  : 7.57 (c-Pr-CH2), 15.58 (c-Pr-CH), 16.25 (OCH2CH3), 
51.70 ( 2NH), 57.01 ( , 1JC,P = 154 , ( Et)2), 61.70 (OCH2CH3), 61.80 (OCH2CH3), 

104.52 (=CH2), 126.61 (Ar-CH), 127.91 (4  Ar-CH), 133.11 ( , 3JC,P = 13 , c-Pr- =), 139.80 
(Ar-C).  
13C  (CDCl3, , . .),  B: 8.70 ( , 3JC,P = 15 , c-Pr-CH2), 15.79 (c-Pr-CH), 16.30 
(OCH2CH3), 51.60 ( 2NH), 56.62  ( , 1JC,P = 157 , ( Et)2), 61.64 (OCH2CH3), 
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61.87 (OCH2CH3), 105.00 (=CH2), 126.70 (Ar-CH), 127.82 (4 Ar-CH), 131.34 (c-Pr- =), 
139.87 (Ar-C).  

 31  (CDCl3, , . .): 26.21 (  ), 26.08 (  ).  
  17 26N 3P, %  62.12,  7.82, N 4.53. , %:  62.01,  7.78, N 4.70. 

  [( )(3- ) ]   
(193). 

  16 . 
-  ,  68 %, Rf = 0.5 ( ) 

 1  (CDCl3, , . .): 1.35 ( , 3J ,H = 7.1 , 3 , 2 3), 1.36 ( , 3J ,H = 7.1 , 3 , 

2 3), 1.76 ( . , 1 , NHCH2), 2.52–2.56 ( , 1 , c-Bu- ), 2.61–2.72  (4 , 2×c-Bu-

2), 2.88 ( , 3J ,H = 8.5 , 3J ,  = 10.0 , 1 , ( Et)2), 3.90 ( , 2J a
H

b = 13.1 , 1 , 
PhCHaHb), 4.07 ( , 2J a

H
b = 13.1 , PhCHaHb), 4.70–4.76  (2 , =CH2), 7.25–7.38  (5 , Ph). 

 13  (CDCl3, , . .): 16.53 (OCH2CH3), 16.58 (OCH2CH3), 31.04 (c-Bu- ), 35.91 (2×c-
Bu- 2), 52.74 ( 2NH), 58.15 ( , 1JC,P = 145 , ( Et)2), 61.82 (OCH2CH3), 61.88 

(OCH2CH3), 105.40 (= 2), 127.07 (Ar-CH), 128.30 (2  Ar-CH), 128.38 (2  Ar-CH), 140.09 
(Ar-C), 145.89 (c-Bu- =).  

 31P (CDCl3, , . .): 27.81.  
  17 26N 3P, %  63.14,  8.10, N 4.33. , %:  63.20,  8.18, N 4.29.  

  [( )(4- [2.2] -1- ) ] -
  (194). 
  15 , Rf = 0.4 ( ) 
-  ,  66 %,    A/B/C/D/E/F/G/H = 

28:22:17:14:9:6:2:2.  

 1  (CDCl3, , . .)    : 0.50–1.31 ( , 4 , 2 c-Pr-CH2), 1.03–

1.22 ( , 9 , 3 OCH2CH3), 1.32–1.50 ( , 1 , c-Pr-CH), 1.72–1.82 ( , 1 , c-Pr-CH), 2.08 ( , 
1H, NHCH2), 2.25–2.80 ( , 1 , ( Et)2), 3.64–3.87 ( , 2 , 2Ph), 3.88–4.15 ( , 6 , 

3 OCH2 3), 7.07–7.27 ( , 5 , Ph).  

 
13C (CDCl3, , . .),  : 12.12 (c-Pr-CH2), 12.33 (c-Pr-CH2), 14.12 (CO2CH2CH3), 

16.38 (2×P(OCH2CH3)), 19.16 (c-Pr-CH), 20.10 (c-Pr-CH), 23.04 ( ), 52.88 (CH2NH2), 
57.98 ( , 1JC,P = 168 , ( Et)2), 60.00 (CO2CH2CH3), 61.96 (P(OCH2CH3)), 62.03 

(P(OCH2CH3)), 126.93 (Ar-CH), 128.00 (4 Ar-CH), 139.81 (Ar-C), 173.43 (CO2Et). 

 
13C (CDCl3, , . .),  B: 12.92 (c-Pr-CH2), 13.05 (c-Pr-CH2), 14.11 (CO2CH2CH3), 

16.44 (2×P(OCH2CH3)), 17.87 (c-Pr-CH), 19.72 (c-Pr-CH), 22.74 ( ), 51.92 (CH2NH2), 
57.12 ( , 1JC,P = 157 , ( Et)2), 60.38 (CO2CH2CH3), 61.77 (P(OCH2CH3)), 61.86 

(P(OCH2CH3)),126.72 (Ar-CH), 128.21 (4 Ar-CH), 139.93 (Ar-C), 172.92 (CO2Et). 

 
13C (CDCl3, , . .),  C: 10.94 (c-Pr-CH2), 11.09 (c-Pr-CH2), 14.04 (CO2CH2CH3), 

16.45 (2×P(OCH2CH3)), 18.66 (c-Pr-CH), 20.17 (c-Pr-CH), 24.03 ( ), 52.00 (CH2NH2), 
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56.70 ( , 1JC,P = 152 , ( Et)2), 60.05 (CO2CH2CH3), 62.09 (P(OCH2CH3)), 62.12 

(P(OCH2CH3)), 126.88 (Ar-CH), 128.11 (4 Ar-CH), 139.90 (Ar-C), 172.81 (CO2Et). 

 
13C (CDCl3, , . .),  D: 9.47 (c-Pr-CH2), 9.55 (c-Pr-CH2), 14.19 (CO2CH2CH3), 

16.50 (2×P(OCH2CH3)), 18.39 (c-Pr-CH), 18.52 (c-Pr-CH), 24.23 ( ), 51.74 (CH2NH2), 
54.27 ( , 1JC,P = 154 , ( Et)2), 60.09 (CO2CH2CH3), 62.28 (P(OCH2CH3)), 62.35 

(P(OCH2CH3)), 126.95 (Ar-CH), 128.61 (4 Ar-CH), 140.05 (Ar-C), 173.18 (CO2Et). 

 
13C (CDCl3, , . .),  E: 9.39 (c-Pr-CH2), 9.42 (c-Pr-CH2), 14.00 (CO2CH2CH3), 

16.20 (2×P(OCH2CH3)), 18.52 (c-Pr-CH), 18.88(c-Pr-CH), 23.21 ( ), 52.07 (CH2NH2), 
55.89 ( , 1JC,P = 154 , ( Et)2), 60.12 (CO2CH2CH3), 61.79 (P(OCH2CH3)), 61.92 

(P(OCH2CH3)), 126.49 (Ar-CH), 128.11 (4 Ar-CH), 140.28 (Ar-C), 173.31 (CO2Et). 

 
13C (CDCl3, , . .),  F: 10.06 (c-Pr-CH2), 10.83 (c-Pr-CH2), 13.90 (CO2CH2CH3), 

16.55 (2×P(OCH2CH3)), 17.30 (c-Pr-CH), 19.85 (c-Pr-CH), 20.78 ( ), 52.15 (CH2NH2), 
57.40 ( , 1JC,P = 157 , ( Et)2), 60.59 (CO2CH2CH3), 61.56 (P(OCH2CH3)), 62.42 

(P(OCH2CH3)), 125.00 (Ar-CH), 130.22 (4 Ar-CH), 140.09 (Ar-C), 174.32 (CO2Et). 

 
13C (CDCl3, , . .),  G  H:26: 10.14 (c-Pr-CH2), 11.29 (c-Pr-CH2), 13.44 (c-Pr-

CH2), 14.20 (CO2CH2CH3), 16.49 (P(OCH2CH3)), 16.14 (P(OCH2CH3)), 20.90 (c-Pr-CH), 21.00 
(c-Pr-CH), 24.51  ( ), 24.70 ( ), 52.23 (CH2NH2), 52.99 (CH2NH2), 60.18 
(CO2CH2CH3), 61.50 (P(OCH2CH3)), 62.17 (P(OCH2CH3)), 173.05 (CO2Et), 174.09 (CO2Et).  

 31  (CDCl3, , . .),  : 26.08. 

 31  (CDCl3, , . .),  B: 26.11. 

 31  (CDCl3, , . .),  : 26.59. 

 31  (CDCl3, , . .),  D: 26.16. 

 31  (CDCl3, , . .),  E: 26.79. 

 31  (CDCl3, , . .),  F: 26.61.27  
HRMS-MALDI-TOF: m/z = 396.1977 [M+1]+ (  m/z = 396.1940). 

3.15.  4- [2.2]  (195)  1-
[2.3] -5-   (196) [446–448]* 

3.15.1.  1-    
  1-  .  

 197  198 

 .   1-  (1.28 )  
  (1.5 )    1   NaOH   

(1.3 ).  30      ,  

  3.3   –  (10:1)    80   

                                                 
26            . 
27            . 
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 0.5 .  ,       

 (4 15 ).     (4 10 )    MgSO4. 
    ,    

   (  – 10% EtOAc/ ). 
  4- [2.2] -1-   (197). 

-  ,  83 %,    A/B = 53:47. 
Rf = 0.6 ( :  – 4:1). 

 1H (CDCl3, , . .)    : 1.55 ( , 2JH,H = 8.3 , 3JH,H = 5.3 , 
1 ,  ), 1.66–1.69 ( , 1 +1 , c-Pr-CH2,    ), 1.76 ( , 2JH,H = 7.3 , 3JH,H 
= 5.9 , 1 ,  ), 1.84–1.88 ( , 1 +1 , c-Pr-CH2,    ), 2.14–2.18 ( , 
1 +1 , c-Pr-CH2,    ), 2.28 ( , 3JH,H = 5.9 , 3JH,H = 3.1 , 1 ,  ), 
2.32 ( , 3JH,H = 7.2 , 3JH,H = 5.3 , 1 ,  ), 3.69 ( , 3 , OCH3,  ), 3.75 ( , 
3 , OCH3,  ), 4.56–4.61 ( , 1 +1 , c-Pr-CH,    ). 

 13C (CDCl3, , . .),  : 15.71 (c-Pr-CH2), 16.79 (c- Pr -CH2), 21.64 (c- Pr-CH), 
27.34 (C ), 52.08 (CO2CH3), 59.88 (CH(NO2)), 172.16 (CO2Me). 

 13C (CDCl3, , . .),  : 13.76 (c-Pr-CH2), 16.97 (c- Pr -CH2), 19.83 (c- Pr-CH), 
27.40 (C ), 52.22 (CO2CH3), 60.09 (CH(NO2)), 171.49 (CO2Me). 

  C7H9NO4, %:  49.12,  5.30, N 8.18. , %:  49,28,  5.33, N, 7.95. 
  1- [2.3] -5-   (198). 

-  ,  78 %,    A/B = 55:45. 
Rf = 0.55 ( :  – 5:1). 

 1H (CDCl3, , . .)    : 1.34–1.41 ( , 1 +1 , c-Pr-CH2,  
  ), 1.79 ( , 2JH,H = 6.6 , 3JH,H = 4.1 , 1 , c-Pr-CH2,  ), 1.82 ( , 2JH,H = 6.6 
, 3JH,H = 4.1 , 1 , c-Pr-CH2,  ), 2.23–2.38 ( , 1 +1 , c-Bu-CH2,    

), 2.39–2.47 ( , 1 +1 , c-Bu-CH2,    ), 2.52–2.64 ( , 2 +2 , c-Bu-CH2, 
   ), 3.18–3.26 ( , 1 +1 , c-Bu-CH,    ), 3.63 ( , 3 , OCH3,  

), 3.66 ( , 3 , OCH3,  ), 4.18 ( , 1 , 3JH,H = 7.3 , 3JH,H =4.1 , 1 , c-Pr-CH2, 
 ), 4.22 ( , 1 , 3JH,H = 7.3 , 3JH,H =4.1 , 1 , c-Pr-CH2,  ). 

 13C (CDCl3, , . .),  : 22.53 (c-Pr-CH2), 29.79 (c-Bu-CH2), 30.44 (C ), 31.81 
(c-Bu-CH2), 32.73 (c-Bu-CH), 51.97 (CO2CH3), 63.41 (CH(NO2)), 174.86 (CO2Me). 

 13C (CDCl3, , . .),  B: 23.04 (c-Pr-CH2), 30.44 (C ), 30.68 (c-Bu-CH2), 31.94 
(c-Bu-CH2), 32.93 (c-Bu-CH2), 51.97 (CO2CH3), 62.76 (CH(NO2)), 174.59 (CO2Me). 

3.15.2.  .   199  
200 

 .    (1.0 )    
 (630 , 10 )   (15 )    
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    30     (1.3 , 20 
).     3 ,    

    8.  ,   (10 ), 
  ,    (4×5 ). 

     (4×5 ),  MgSO4, 
 ,       

.  
  4- [2.2] -1-   (199).  

 ,  73%,    A/B = 50:50. 

 1H (CDCl3, , . .)    : 0.63–0.69 ( , 1 +1 , c-Pr-CH2), 0.98–
1.11 ( , 1 +1 , c-Pr-CH2),1.30–1.39 ( , 1 +1 , c-Pr-CH2), 1.90 ( . , 2 +2 , NH2), 2.35–
2.39 ( , 1 +1 , c-Pr-CH2), 2.53–2.58 ( , 1 +1 , c-Pr-CH), 3.56 ( , 3 +3 , OCH3), 3.84–
3.90 ( , 1 +1 , c-Pr-CH). 

 13C (CDCl3, , . .)    : 12.14 (c-Pr-CH2), 14.54 (c-Pr-CH2), 14.63 
(c-Pr-CH2), 15.63 (c-Pr-CH2), 17.43 (c-Pr-CH), 20.60 (c-Pr-CH), 30.65 (c-Pr-CH), 30.73 (c-Pr-
CH), 32.07 (C ), 32.28 (C ), 51.43 (CO2CH3), 51.51 (CO2CH3), 173.52 (CO2Me), 174.26 
(CO2Me). 
MS MALDI-TOF: m/z = 141 [M]+. 

  1- [2.3] -5-   (200).  
 ,  75%,    A/B = 60:40. 

 1H (CDCl3, , . .)    : 0.43–0.49 ( , 1 +1 , c-Pr-CH2,  
  ), 1.09–1.16 ( , 1 +1 , c-Pr-CH2,    ), 1.92–2.08 ( , 2 +2 , c-Bu-CH2, 

   ), 2.15–2.25 ( , 2 +2 , c-Bu-CH2,    ), 2.30–2.34 ( , 1 +1 , c-
Pr-CH,    ), 3.02–3.10 ( , 1 +1 , c-Bu-CH,    ), 3.51 ( , 3 +3 , 
OCH3,    ). 

 13C (CDCl3, , . .),  : 19.55 (c-Pr-CH2), 27.63 (c-Bu-CH2), 32.84 (C ), 32.89 
(c-Bu-CH2), 33.54 (c-Bu-CH), 33.95 (c-Pr-CH), 51.47 (CO2CH3), 175.62 (CO2Me).  

 13C (CDCl3, , . .),  : 20.26 (c-Pr-CH2), 28.28 (c-Bu-CH2), 32.77 (c-Bu-CH2), 
33.01 (c-Bu-CH), 33.06 (C ), 33.65 (c-Pr-CH), 51.47 (CO2CH3), 175.62 (CO2Me). 
MS MALDI-TOF: m/z = 155 [M]+. 

3.15.3.  .   195  196 

 .    (0.5 )    (2 
)  1      (1.0 ).   

      48 ,   0.2   
l   3,     ,    

  (1 )   (Dowex 50,  — 0.9   
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 ).  ,     
-  (1:1). 

4- [2.2] -1-   (195).  
-  ,  85%, . . 216 °  (  50% . ),   

 A/B = 50:50. 

 1H (CD3OD, , . .)    : 1.41–1.54 ( , 2 +2 , c-Pr-CH2), 1.56–
1.61 ( , 1 +1 , c-Pr-CH2), 1.70–1.75 ( , 1 +1 , c-Pr-CH2), 2.26–2.37( , 1 +1 , c-Pr-CH), 
3.11–3.20 ( , 1 +1 , c-Pr-CH). 

 13C (CD3OD, , . .)    : 9.88 (c-Pr-CH2), 9.98 (c-Pr-CH2), 14.87 
(c-Pr-CH2), 18.08 (c-Pr-CH2), 20.11 (2×c-Pr-CH), 28.41 (c-Pr-CH), 28.53 (c-Pr-CH), 30.59 
(2×C ), 175.95 (CO2H), 176.43(CO2H). 
MS MALDI-TOF: m/z = 129 [M+H]+ 
1- [2.3] -5-   (196).  

-  ,  88%, . . 197 °  (  50% . ),   
 A/B = 50:50. 

 1H (CD3OD, , . .)    : 0.40–0.45 ( , 2JH,H = 5.6 , 3JH,H = 4.3 
, 1 +1 , c-Pr-CH2), 0.89–0.96 ( , 2JH,H = 7.3 , 3JH,H = 6.1 , 1 +1 , c-Pr-CH2), 1.96–

2.09 ( , 2 +2 , c-Bu-CH2), 2.17–2.30 ( , 2 +2 +1 , c-Bu-CH2 + c-Pr-CH), 2.30–2.41 ( , 
1 , c-Pr-CH), 3.05–3.11 ( , 1 +1 , c-Bu-CH). 

 13C (CD3OD, , . .)    : 19.02 (c-Pr-CH2), 20.26 (c-Pr-CH2), 
29.64 (c-Bu-CH2), 30.33 (c-Bu-CH2), 32.31 (C ), 32.47 (C ), 33.70 (c-Bu-CH2), 34.56 (c-
Bu-CH2), 34.96 (c-Pr-CH), 35.32 (c-Pr-CH), 37.62 (c-Bu-CH), 38.35 (c-Bu-CH), 184.41 
(CO2H), 184.68 (CO2H). 
HRMS: m/z = 142.0863 [M+H]+ (  m/z = 142.0864). 

3.16.  5- [2.3] -1-  (201)  5-
[2.3] -1-   (202) 

1-( ) [2.3] -5-   (203)  
     25    490  (1.77 )   1-

( ) [2.3] -5-   13  9  1N  HCl. 
     2    .   

     .  203 (440 ) 
        

. 
 ,   95%,    A/B = 1:1.  

Rf = 0.25 ( ). 
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 1  (CDCl3, , . .)    : 0.76–0.85  (1 +1H, cy-Pr), 0.92–1.07  
(1 +1H, cy-Pr), 1.10–1.21  (1 +1H, cy-Pr), 1.24–1.34  (6 +6 , 2×OCH2CH3), 2.12–2.21  
(1H, cy-Bu-CH2), 2.30–2.40  (1H+1 , cy-Bu-CH2), 2.42–2.52  (1H+1H, cy-Bu-CH2),  2.58–
2.65  (1H, cy-Bu-CH2), 2.67–2.84  (1H+1H, cy-Bu-CH2), 3.15–3.30  (1H+1H, cy-Bu-CH), 
4.00–4.15  (4 +4 , 2×O 2CH3), 8.56 .  (1H+1H, COOH). 

 13  (CDCl3, , . .)    : 14.6 (1JCP = 192 , cy-Pr-CH) 
15.6 (1JCP = 192 , cy-Pr-CH), 16.3 (2×OCH2CH3 + 2×OCH2CH3), 16.6 (2JCP =5  cy-Pr-

H2), 17.0 (2JCP = 5 , cy-Pr- H2), 22.2 (2JCP = 5 , ), 22.8 (2JCP = 5 , ), 31.1 
(3JCP = 5 , cy-Bu- 2), 32.2 (3JCP = 5 , cy-Bu- 2), 33.4 (3JCP = 5 , cy-Bu- 2), 33.5 
(3JCP = 5.48 , cy-Bu- 2), 33.7 (cy-Bu- ), 33.8 (cy-Bu- ), 61.8 (2×OCH2CH3), 61.9 
(2×OCH2CH), 178.2 (COOH), 178.7 (COOH).  

 31P (CDCl3, , . .)    : 28.5, 28.6. 
 HRMS (ESI, m/z)   11H19PO5 [M+H]+, 263.1043; , 263.1045. 

  [5-( ) [2.3] -1- ]   (206) 
   203 (260 , 1.0 )    (150 , 1.25 
)    8    ,    

     .  (235 )  
   . 
-  ,  85%,   A/B = 1:1. 

 1H (CDCl3, , . .)    : 0.87–0.91 ( , 1H+1H, c-Pr-CH), 1.02–
1.21 ( , 2H+2H, c-Pr-CH2), 1.29–1.36 ( , 6H+6H, 2× CH2CH3), 2.33–2.39 ( , 1H, c-Bu-CH2), 
2.50–2.63 ( , 2H+2H, c-Bu- 2), 2.70–2.75 ( , 1H, c-Bu-CH2), 2.85–2.96 ( , 1H+1H, c-Bu-

2), 3.65–3.74 ( , 1H+1H, c-Bu- ), 4.05–4.12 ( , 4H+4H, 2× CH2CH3). 

  13  (CDCl3, , . .)   : 15.10 (1JCP = 193 , c-Pr-CH), 15.69 (1JCP = 
194 , c-Pr-CH), 16.41 (2× CH2CH3), 16.49 (2× CH2CH3), 16.60 (c-Pr-CH2), 16.72 (c-Pr-
CH2), 21.19 ( 2JCP = 6 , ), 21.81 (2JCP = 5 , ), 31.87 (3JCP = 6 , c-Bu-CH2), 
32.85 (3JCP = 7 , c-Bu-CH2), 34.05 (2×c-Bu-CH2), 45.02 (c-Bu-CH), 45.21 (c-Bu-CH), 61.73 
(2× CH2CH3), 61.80 (2× CH2CH3), 178.06 (CO2H), 178.47(CO2H). 

  31P (CDCl3, , . .): 27.54 (    B). 

3.16.1.   .  -   205, 
209, 210 

 .   ,   , 
,      ,  1.23 

 , 5  ,         (–5 
° )  76.59  (1.65 ) .  10      

     227.85   (2.1 ) . 
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    2   (–5 ° ).     101.65  (2.19 
)    0.5    0 °      1.5    

 .        100  

 ,     (3 15 ),   

(3 15 )    MgSO4.     ,  
  3  - .       25  

 - .       
 .        

  . 
-   2-   (209) [390] 

 ,   58%,   A/B = 1:2. 
Rf = 0.5 ( :  – 3:1). 

 1  (CDCl3, , . .)    : 1.08–1.29  (2 +2H, cy-Pr), 1.48  (9  + 
9H, 3×CH3), 2.00–2.25  (1 +1H, cy-Pr), 2.67–2.94  (1 +1H, cy-Pr), 4.39 .  (1H, -NH-), 
5.06 .  (1H, -NH-), 7.10–7.30  (5H+5H, ArCH). 

 13  (CDCl3, , . .)    : 11.93 (1JCH = 165 , cy-Pr-CH2) – 
 A, 16.34 (1JCH = 165 , cy-Pr-CH2) –  B, 22.00 (1JCH = 161 , cy-Pr-CH) –
 A, 24.94 (1JCH=161 , cy-Pr- H) –  B, 29.14 (1JCH=179 , cy-Pr- H) –
 A, 32.49 (1JCH=179 , cy-Pr- H) –  B, 28.43 (1JCH = 127 , 3CH3+3 H3), 

79.29 (C) –  A, 79.51 (C) –  B, 125.98 (CH, ArCH), 126.33 (CH, ArCH), 126.46 
(CH, ArCH), 128.16 (CH, ArCH), 128.31 (CH, ArCH), 128.91 (CH, ArCH), 136.65 (C, ArC), 
140.81 (C, ArC), 156.30 (C=O) –  A, 156.53 (C=O) –  B. 

-   N-(3- )   (210)  
 ,  90 %, . . 62 ° . 

Rf = 0.65 ( :  – 2:1).  
 1  (CDCl3, , . .): 1.42  (9 , 3×CH3), 2.50–2.62  (2 , cy-Bu-CH2), 2.92–3.09  (2 , 

cy-Bu-CH2), 4.09–4.18   (1H, cy-Bu-CH), 4.79–4.82   (2H, CH2), 4.92 .   (1H, –NH–). 

 13  (CDCl3, , . .): 29.36 (3CH3), 40.71 (cy-Bu- 2), 41.70 (cy-Bu- ), 79.28 (C), 
106.95 (= H2), 142.26 (= ), 155.11 (C=O).  
HRMS (ESI, m/z)   10H17NO2 [M+Na]+, 206.1151; , 206.1150. 
 

-   N-[1-( ) [2.3] -5- ]  
 (205). 

 ,  40%,    A/B = 1:1. 
Rf = 0.2 ( :  – 4:1).  

 1  (CDCl3, , . .)    : 0.70–0.80  (1 +1H, cy-Pr), 0.85–1.09  
(2 +2H, cy-Pr), 1.21–1.28  (6 +6 , 2×OCH2CH3),  1.33-1.37  (9H+9H, 3×CH3), 2.06–2.17 
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.  (1H+1 , cy-Bu-CH2), 2.20–2.42  (3 +3 , cy-Bu-CH2), 2.67–2.78  (1 +1 , cy-Bu-CH), 
3.90–4.11  (4 +4 , 2×O 2CH3), 4.20 . . (1H, -NH-), 5.15 . . (1H, -NH-).  

 13  (CDCl3, , . .)    : 14.1 (1JCP = 192 , cy-Pr-CH), 
14.8 (2JCP=5 , cy-Pr- H2), 15.4 (1JCP = 192 , cy-Pr-CH), 16.3 (2JCP=5 , cy-Pr- H2), 16.4 
(2×OCH2CH3 + 2×OCH2CH3), 20.3 (2JCP = 5 , ), 20.6 (2JCP = 5 , ), 28.3 
(3CH3+3 H3),  35.8 (cy-Bu- 2), 37.3 (cy-Bu- 2), 37.9 (2×cy-Bu- 2), 42.1 (cy-Bu- ), 
42.4 (cy-Bu- ), 61.4 (2×OCH2CH3 + 2×OCH2CH3), 79.1 (2×C), 155.0 (2×C=O).  

 31P (CDCl3, , . .)    : 28.35, 28.57. 
HRMS (ESI, m/z)   15H28NO5P [M+H]+, 334.1778; , 334.1774. 
 

-   N-[1-( ) [2.3] -5- ]  
 (211) 

    25 ,     
  ,  180  (0.98 )  210, 6  

CH2Cl2  34  (5  %)    2  .    
         1   

168.9  (1.47 )       (  
 5–10 / ).     .  211 

        
. 

 ,   40%,   A/B = 4:5.  
Rf = 0.1 ( :  – 5:1). 

 1  (CDCl3, , . .)    : 0.94  (2J = 4.8 , 3J = 8.4 , 1 , CH2 
cy-Pr) –   A, 1.01  (2J = 4.5 , 3J = 8.5 , 1 , CH2 cy-Pr) –   B, 
1.10  (2J = 4.8 , 3J = 5.5 , 1 , CH2, cy-Pr) –   A, 1.19  (2J = 4.5 , 3J = 
5.3  1 , CH2, cy-Pr) –   B, 1.21  (3J = 7.1 , 3 , OCH2CH3) –   B, 
1.22  (3J = 7.2 , 3 , OCH2CH3) –   A, 1.40  (9  + 9H, 3×CH3), 1.55  (2J = 
5.5 , 3J = 8.4 , 1 , CH, cy-Pr) –   A, 1.59  (2J = 5.3 , 3J = 8.5 , 1 , CH, 
cy-Pr) –   B, 2.00–2.58  (4H + 4 , CH2, cy-Bu-CH2), 4.06  (3J = 7.1 , 2  , 
O 2CH3) –   A, 4.08  (3J = 7.1 , 2  , O 2CH3) –   B, 4.17–4.30 

 (1 +1 , cy-Bu-CH), 4.76 . . (1 , –NH–)  –   B, 4.82 . . (1 , –NH–)  – 
  A.  

 13  (CDCl3, , . .)    : 14.36 (1JCH = 127 , OCH2CH3 + 
OCH2CH3), 18.44 (1JCH = 164 , cy-Pr- H2), 20.51 (1JCH = 163 , cy-Pr- H2), 23.49 (1JCH = 
168 , cy-Pr- ), 24.63 (1JCH = 167 , cy-Pr- ), 24.07 ( ), 25.03( ), 28.37 (1JCH = 
127 , 3CH3+3 H3), 35.59 (1JCH = 142 , cy-Bu- 2), 37.39 (1JCH = 142 , cy-Bu- 2), 
39.20 (1JCH = 142 , cy-Bu- 2), 39.33 (1JCH = 142 , cy-Bu- 2), 41.76 (1JCH = 142 , cy-
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Bu- ), 42.19 (1JCH = 142 , cy-Bu- ), 60.22 (1JCH = 145 , OCH2CH3), 60.28 (1JCH = 145 
, OCH2CH3), 155.01(2×C), 172.51 (-NH- =O), 172.61 (-NH- =O).  

HRMS (ESI, m/z)   14H23NO4 [M+Na]+, 292.1516; , 292.1519. 

3.16.2.  - .   204  212 

 .      10    (0.148 )    2 
 Et2O.       0 °      9 
 5N  HCl  Et2O.     0 °    4 ,  

  20    .      
,      P2O5. 

 
  5- [2.3] -1-    

(204). 
 ,   85%,   A/B = 1:1. 

 1  (CDCl3, , . .)    : 0.83–1.00  (1 +1H, cy-Pr), 1.05–
1.20  (2 +2H, cy-Pr), 1.25–1.35  (6 +6 , 2×OCH2CH3), 2.20–2.60   (2H+2 , cy-Bu-
CH2), 2.65–2.85 (2H+2H, cy-Bu-CH2)  2.90–3.05  (1 +1 , cy-Bu-CH), 3.95–4.20  (4 +4 , 
2×O 2CH3), 8.70  .  (3H+3H, NH3).  

 13  (CDCl3, , . .)    : 13.1 (1JCP = 192 , cy-Pr-CH), 
14.9 (1JCP = 192 , cy-Pr-CH), 15.5 (2JCP=5 , cy-Pr- H2), 16.4 (2×OCH2CH3 + 
2×OCH2CH3), 16.7(2JCP = 5 , cy-Pr- H2), 20.5 (2JCP = 5 , ), 20.9 (2JCP = 5 , 

), 32.9 (cy-Bu- 2), 33.0 (3JCP = 5 z, cy-Bu- 2), 34.8 (3JCP = 5 z, cy-Bu- 2), 35.9 
(3JCP = 5 , cy-Bu- 2), 42.4 (2×cy-Bu- ), 61.9 (2×OCH2CH3 + 2×OCH2CH3).  

 31P (CDCl3, , . .)    : 27.2, 27.9.  
HRMS (ESI, m/z)   10H20NO3P [M+H]+, 234.1254; , 234.1263. 

  5- [2.3] -1-    (212)  
 ,   81%,    A/B = 2:3. 

 1  (MeOH-d, , . .)    : 1.02–1.32  (1 +1H, cy-Pr), 1.22  
(3 +3H, 3J = 7 , OCH2CH3+ OCH2CH3), 1.55–1.79  (1 +1H, cy-Pr), 2.20–2.90  
(4H + 4 , cy-Bu), 3.88–4.31  (3 +3H , O 2CH3 + cy-Bu-CH), 8.57 .  (3H+3 , NH3

+). 

 13  (MeOH-d, , . .)    : 14.30 (1JCH = 127 , OCH2CH3 

+ OCH2CH3), 18.84 (1JCH = 164 , cy-Pr- H2), 20.17 (1JCH = 163 , cy-Pr- H2), 22.97 (1JCH 
= 168 , cy-Pr- ), 23.80 ( ), 24.25 (1JCH = 167 , cy-Pr- ), 24.77 ( ), 32.63 (cy-
Bu- 2), 34.49 (cy-Bu- 2), 35.55 (cy-Bu- 2), 35.78 (cy-Bu- 2), 42.02 (cy-Bu- ), 42.42 
(cy-Bu- ), 60.46 (1JCH = 145 , OCH2CH3+ OCH2CH3), 172.16 ( =O), 172.24 ( =O). 
HRMS (ESI, m/z)   9H16NO2 [M+ ]+, 170.1179; , 170.1176. 
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5- [2.3] -1-   (202). 
     10 ,     

 ,   30  (0.12 )  204   
(0.4 ),            

  91.8  (0.6 )   (0.24 ).   
 7–8 ,     .    

 (2 ),       (5 ). 
     (18.4 )   

  . 
 ,   85%, . . 293 ° ,    A/B=1:1. 

 1  (D2O, , . .)    : 0.84–0.98  (2 +2H, cy-Pr), 0.99–1.10  
(1 +1H, cy-Pr), 2.28–2.57   (3H+2 , cy-Bu-CH2), 2.66–2.76  (1 , cy-Bu-CH2), 3.84-4.00  
(1 +1H, cy-Bu-CH).28  

 13  (D2O, , . .)    : 14.68 (1JCP = 185 , cy-Pr-CH), 
15.04 (2JCP=5 , cy-Pr- H2), 15.63 (2JCP=5 , cy-Pr- H2), 15.73 (1JCP = 185 , cy-Pr-CH), 
19.21 (2JCP = 5 , ), 19.93 (2JCP = 5 , ), 32.12 (cy-Bu- 2), 33.62 (3JCP = 5 z, 
cy-Bu- 2), 34.78 (3JCP = 5 z, cy-Bu- 2), 35.09 (3JCP = 5 , cy-Bu- 2), 41.68 (cy-Bu-

), 42.01 (cy-Bu- ).  

 31P (D2O, , . .)    : 26.6, 26.7. 
  6H12NO3P (%): C, 40.68; H, 6.83; N, 7.91. : , 40.60; H, 6.99; N, 

7.68. 

5- [2.3]   (201)  
    10   23  (0.11 )  212, 13.2  (0.33 

)  1N  NaOH.        48 
,    0.2  HCl  pH 3,     

,      (2 ),  
(Dowex 50,  – 0.9 N  ),  ,  

     –  (1:1). 
 ,  80%, . . 187 °  (  50% . ),   
 A/B=2:3. 

 1  (MeOD, , . .)    : 0.67  (2J = 4.6 , 3J = 8.2 , 1 , CH2 
cy-Pr) –   A, 0.73  (2J = 4.1 , 3J = 8.1 , 1 , CH2 cy-Pr) –   B, 
0.94  (2J = 4.6 , 3J = 5.6 , 1 , CH2, cy-Pr) –   A, 1.03  (2J = 4.1 , 3J = 
5.5  1 , CH2, cy-Pr) –   B, 1.41  (2J = 5.5 , 3J = 8.1 , 1 , CH, cy-Pr) –  

 B, 1.44  (2J = 5.6 , 3J = 8.2 , 1 , CH, cy-Pr) –   A, 1.91–2.52  
(4H + 4 , CH2, cy-Bu-CH2), 3.47–3.61  (1 +1 , cy-Bu-CH). 
                                                 
28   NH2-   OH-   . 
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 13  (MeOD, , . .)   A: 16.58 (cy-Pr- H2), 21.82 ( ), 28.41 (cy-Pr- ), 
37.73 (cy-Bu- 2), 41.21 (cy-Bu- 2), 43.92 (cy-Bu- ), 180.9 (COOH). 

 13  (MeOD, , . .)    B: 18.41 (cy-Pr- H2), 21.22 ( ), 27.14 (cy-Pr- ), 
39.12 (cy-Bu- 2), 41.11 (cy-Bu- 2), 43.64 (cy-Bu- ), 180.01 (COOH). 

3.17.     .  5-
[2.3] -1-   (213) 

  5- [2.3] -1-   (215)  
    25 ,     

  ,  92  (0.98 )  214, 6  CH2Cl2 
 34  (5  %)    2  .     

        1   168.9  
(1.47 )       (  

 5–10 / ).     .  
(35 )         

. 
 ,  20 %,   A/B = 1:1. 

Rf = 0.1 ( :  – 4:1). 
 1  (CDCl3, , . .)    : 1.09  (2J = 5.0 , 3J = 8.8 , 1 , CH2 

cy-Pr), 1.13  (2J = 5.3 , 3J = 8.8 , 1 , CH2 cy-Pr), 1.22  (2J = 5.3 , 3J = 5.6  1 , 
CH2, cy-Pr), 1.23  (2J = 5.0 , 3J = 5.6 , 1 , CH2, cy-Pr),  1.26  (3J = 7.1 , 3 , 
OCH2CH3), 1.27  (3J = 7.1 , 3 , OCH2CH3), 1.65  (2J = 5.6 , 3J = 8.8 , 1 , CH, cy-
Pr), 1.68  (2J = 5.0 , 3J = 8.8 , 1 , CH, cy-Pr), 2.54–2.74  (4H + 4 , CH2, cy-Bu), 
3.17–3.30  (1 +1 , cy-Bu-CH), 4.09  (3J = 7.1 , 2  , O 2CH3), 4.14  (3J = 7.1 , 2  , 
O 2CH3). 

 13  (CDCl3, , . .)    : 14.33 (1JCH = 127 , 
2×OCH2CH3), 17.61 (1JCH = 144 , cy-Bu-CH), 17.88 (1JCH = 147 , cy-Bu-CH), 19.85 (1JCH 
= 163 , cy-Pr- H2), 20.41 (1JCH = 164 , cy-Pr- H2), 24.12 (1JCH = 168 , cy-Pr- ), 
24.53 (1JCH = 167 , cy-Pr- ), 26.38 ( ), 26.95 ( ), 32.07 (1JCH = 141 , cy-Bu-

2), 33.09 (1JCH = 142 , cy-Bu- 2), 34.55 (1JCH = 142 , cy-Bu- 2), 34.62 (1JCH = 142 
, cy-Bu- 2), 60.54 (1JCH = 147 , OCH2CH3), 60.60 (1JCH = 148 , OCH2CH3), 122.07 

(CN), 122.40 (CN), 171.76 ( ), 171.83 ( ).  HRMS (ESI, m/z)   10H13NO2 
[M+Na]+, 202.0843; , 202.0838. 

3.17.1.    .   219  220 

    25   1.49  (28.09 )  
16  .          

 1  100  (0.56 )  .   
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       5 .  
   .  219 (37 )  220 (6 )   

  ,    . 
  [3- -4,5- -1H- -5- ]   (219) 

 ,  60 %. 
Rf = 0.45 ( ). 

 1  (CDCl3, , . .): 1.28–1.34  (6 , 2×O 2CH3), 3.00–3.24  (2H, CH2), 4.13–4.17 . 
(4 +1H, 2×O 2CH3+ H), 7.40 .  (1 , NH). 

 13  (CDCl3, , . .): 16.37 (3JCP = 3 , OCH2CH3), 16.41 (3JCP = 3 , OCH2CH3), 35.07 
(2JCP = 3 , CH2), 56.61 (1JCP = 164  , CH), 62.95 (2JCP = 6 , OCH2CH3), 63.70 (2JCP = 6 

, OCH2CH3), 114.00 (C=), 122.85 (CN).  

 31P (CDCl3, , . .): 19.82.  
  8H14N3O3P (%): C, 41.68; H, 6.10; N, 18.18. : , 41.48; H, 6.06; N, 

18.2429. 
  [5- -4,5- -1 - -3- ]   (220) 

 ,  10 %. 
Rf = 0.50 ( ). 

 1  (CDCl3, , . .): 1.28–1.34  (6 , 2×O 2CH3), 3.00–3.25  (2H, CH2), 4.54–4.58  
(1 , CH), 4.11–4.21  (4 , 2×O 2CH3), 7.32 .  (1 , NH).  

 13  (CDCl3, , . .): 16.23 (OCH2CH3) 16.32 (OCH2CH3), 39.67 (2JCP = 23 , CH2), 
48.34 (3JCP = 5 , CH), 63.13 (2JCP = 6 ,  OCH2CH3), 63.32 (2JCP = 6  OCH2CH3), 118.30 
(CN), 143.62 (1JCP = 232 , C=). 

 31P (CDCl3, , . .): 6.74. 

3.17.2.  [1+2]-     . 
  224–226 

 .     50 ,   
    ,  25  , 5  

CH2Cl2   115.5  (5 . %)    2  .     
         1  0.88  (5 
)  (   5 / ).   

       2 .  
   .      

    . 

  2-( ) -1-   (224) 
 33 %,   A/B = 1:2. 

                                                 
29       219  220.  



270 

 A: 
 . 

Rf = 0.20 ( ). 

 1  (CDCl3, , . .): 0.92–1.03  (2 , cy-Pr-CH2), 1.13–1.21  (1H, cy-Pr-CH), 1.29  
(3J=7.1 , 3 , OCH2CH3) 1.34  (2J=7.1 , 3 , OCH2CH3), 1.44–1.59  (1H, cy-Pr-CH), 
2.78  (2J=11.0 , 3J=7.6 , 1H, CH2), 2.81  (2J=11.0 , 3J=7.6 , 1H, CH2), 4.11–
4.17  (4 , 2×O 2CH3).  

 13  (CDCl3, , . .: 9.39 (1JCP = 192 , cy-Pr-CH), 9.85 (2JCP = 4 , cy-Pr-CH2), 13.61 
(2JCP = 5 , cy-Pr-CH), 17.15 (3JCP = 5.8 , 2×OCH2CH3), 26.34 (CH2), 62.11 (2JCP = 5.5 ,  
OCH2CH3), 62.76 (2JCP = 6.6 ,  OCH2CH3), 118.79 (CN). 

 31P (CDCl3, , . .): 27.92. 
HRMS (ESI, m/z)   9H16NO3P [M+NH4]+, 235.1212; , 235.1206. 
HRMS (ESI, m/z)   9H16NO3P [M+H]+, 218.0946; , 218.0941. 

 B: 
 . 

Rf = 0.15 ( ). 

 1  (CDCl3, , . .): 0.85–0.97  (2 , cy-Pr-CH2), 1.13–1.27  (1H, cy-Pr-CH), 1.30  
(3J=7.1 , 3 , OCH2CH3) 1.33  (2J=7.1 , 3 , OCH2CH3), 1.58–1.69  (1H, cy-Pr-CH), 
2.58  (2J=18 , 3J=5.7 , 1H, CH2), 2.64  (2J=18 , 3J=5.7 , 1H, CH2), 4.11–4.21  
(4 , 2×O 2CH3). 

 13  (CDCl3, , . .): 9.72 (2JCP = 5 , cy-Pr-CH2),  10.85 (1JCP = 192 , cy-Pr-CH), 
12.37 (2JCP = 3.5 , cy-Pr-CH), 16.44 (3JCP = 5.7 , 2×OCH2CH3), 20.95 (3JCP = 4.3 , CH2), 
62.11 (2JCP = 5.5 ,  OCH2CH3), 62.17 (2JCP = 5.5 ,  OCH2CH3), 116.96 (CN). 

 31P (CDCl3, , . .): 27.38. 

  2-(2- ) -1-   (225) 
 35 %,   A/B = 1:1. 

 A: 
 . 

Rf = 0.25 ( ). 

 1  (CDCl3, , . .): 0.60–0.77  (2 , cy-Pr-CH2), 1.04–1.16  (1H, cy-Pr-CH), 1.27  
(3J=7.1 , 6 , 2×OCH2CH3), 1.29–1.42  (1H, cy-Pr-CH), 1.57–1.74  (2 , CH2), 2.44  
(3J=7.2 , 2H, CH2CN), 4.11–4.17  (4 , 2×O 2CH3). 

 13  (CDCl3, , . .: 10.24 (2JCP = 5.3 , cy-Pr-CH2), 11.00 (1JCP = 196 , cy-Pr-CH), 
16.36 (2JCP = 4.2 , cy-Pr-CH), 16.37 (3JCP = 3.0 , OCH2CH3), 16.43 (3JCP = 3.0 , 
OCH2CH3), 17.13 (CH2CN), 29.53 (CH2), 61.83 (2JCP = 5.5 ,  2×OCH2CH3), 118.88 (CN). 

 31P (CDCl3, , . .): 28.99. 
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HRMS (ESI, m/z)   9H16NO3P [M+H]+, 232.1103; , 232.1097. 
HRMS (ESI, m/z)   9H16NO3P [M+Na]+, 254.0922; , 254.0917. 

 B: 
 . 

Rf = 0.20 ( ). 

 1  (CDCl3, , . .): 0.85–0.97  (2 , cy-Pr-CH2), 1.09–1.19  (1H, cy-Pr-CH), 1.33  
(3J=7.1 , 6 , 2×OCH2CH3), 1.34–1.41  (1H, cy-Pr-CH), 2.02  (2 , 2J=14.2 , 
3J=7.2 , CH2), 2.50  (3J=7.2 , 2H, CH2CN), 4.01–4.17  (4 , 2×O 2CH3). 

 13  (CDCl3, , . .: 9.37 (1JCP = 194 , 1JC  = 157 , cy-Pr-CH), 10.05 (2JCP = 4.0 , 
1JC  = 165 , cy-Pr-CH2), 16.43 (1JC  = 127 , 2×OCH2CH3), 16.47 (1JC  = 158 , cy-Pr-
CH), 17.21 (1JC  = 135 , CH2CN), 24.79 (1JC  = 133 , CH2), 61.61 (1JC  = 147 , 
OCH2CH3), 61.94 (1JC  = 147 , OCH2CH3), 119.56 (CN). 

 31P (CDCl3, , . .): 29.77. 

  5- [2.3] -1-   (226) 
 ,  49 %,   A/B = 1:1. 

Rf = 0.2 ( ). 

 1  (CDCl3, , . .)    : 0.8–0.94  (1 +1H, cy-Pr), 1.03–1.24  
(2 +2H, cy-Pr), 1.30–1.38  (6 +6 , 2×OCH2CH3), 2.42–3.04  (4H+4 , cy-Bu-CH2), 3.29–
3.41  (1 +1 , cy-Bu-CH), 4.02–4.18  (4 +4 , 2×O 2CH3). 

 13  (CDCl3, , . .)    : 15.04 (1JCP = 192 , cy-Pr-CH) 
16.71 (1JCP = 192 , cy-Pr-CH), 16.2 (2JCP=5  cy-Pr- H2), 16.4 (2×OCH2CH3), 16.5 (2JCP = 
5 , cy-Pr- H2), 18.1 (cy-Bu- ), 18.2 (cy-Bu- ), 22.8 (2JCP = 5 , ), 23.2 (2JCP = 5 

, ), 32.7 (3JCP = 5 , cy-Bu- 2), 33.6 (3JCP = 5 z, cy-Bu- 2), 35.0 (3JCP = 5 z, cy-
Bu- 2), 35.1 (3JCP = 5.48 , cy-Bu- 2),  61.6 (2×OCH2CH3), 61.7 (2×OCH2CH3),121.8 
(CN), 122.3 (CN).  

 31P (CDCl3, , . .): 26.97, 27.07. 
HRMS (ESI, m/z)   11H18NO3P [M+H]+, 244.1103; , 244.1116. 
HRMS (ESI, m/z)   11H18NO3P [M+Na]+, 260.0922; , 260.0930. 

  5-( ) [2.3] -1-   (227) 
  ,   ,  125  (0.52 

)  226, 4  MeOH, 14  (0.104 )  CoCl2.   
    (–30 ° )    197.6  

(5.2 )  NaBH4   30–40 .     
,         24 .   

    HCl .    ,  
  (2×6 ).         
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pH 9,          
.      1      2 

 ,     1 ,   (2×6 
),     MgSO4.     

,  44   .  
 ,  34%,   /  = 1:2. 

 1  (MeOD, , . .)    : 0.84–0.94  (1 +1H, cy-Pr), 0.99–
1.13  (2 +2H, cy-Pr), 1.31–1.38  (6 +6 , 2×OCH2CH3), 1.83–2.03  (1H+1 , cy-Bu), 
2.14–2.63  (4H+4 , cy-Bu), 2.74–2.80  (2 +2 , CH2NH2), 4.03–4.17  (4 +4 , 
2×O 2CH3).30  

 13  (MeOD, , . .)   : 15.81 (1JCP = 192 , cy-Pr-CH), 16.75 (3JCP = 5 , 
2×OCH2CH3), 17.97 (2JCP=5  cy-Pr- H2), 24.22 (2JCP = 5 , ), 32.56 (3JCP = 5 , cy-
Bu- 2), 34.14 (cy-Bu- ), 35.10 (3JCP = 5 z, cy-Bu- 2), 48.14 ( H2NH2), 63.05 
(OCH2CH3), 63.10 (OCH2CH3). 

 13  (MeOD, , . .)   : 15.77 (1JCP = 192 , cy-Pr-CH), 16.79 (3JCP = 5 ,  
2×OCH2CH3), 17.82 (2JCP = 5 , cy-Pr- H2),  23.72 (2JCP = 5 , ), 33.43 (3JCP = 5 , 
cy-Bu- 2), 34.35 (cy-Bu- ), 35.43 (3JCP = 5 , cy-Bu- 2), 48.46 ( H2NH2), 63.05 
(2×OCH2CH3), 63.10 (2×OCH2CH3). 

 31P (MeOD, , . .)    : 29.98 –  , 30.05  –  
. 

5-( ) [2.3] -1-   (213) 
      3.10.  

 ,  86 %,   /  = 1:2, . . 179–180 °  (  
). 

 1  (D2O, , . .)    : 0.50–0.81  (3 +3H, cy-Pr), 1.63–
1.77 (2 , 2×cy-Bu- 2   ), 1.78–1.89 (1 , cy-Bu- 2   ), 1.97–2.12 
(3 , 2×cy-Bu- 2   ), 2.15–2.26 (1 , cy-Bu- 2   ), 2.39–2.62 
(2 +1H, cy-Bu-    , cy-Bu- 2   ), 2.94  (2 , CH2NH2, 
3J=7.4 ,  ), 2.99  (2 , CH2NH2, 3J=7.3 ,  ).31  

 13  (D2O, , . .)   : 15.93 (2JCP=5 , cy-Pr- H2), 17.37 (1JCP = 180 , 
cy-Pr-CH), 21.06 (2JCP = 5 , ), 28.08 (cy-Bu- ), 30.66 (3JCP = 5 , cy-Bu- 2), 
33.36 (3JCP = 5 , cy-Bu- 2), 44.28 ( H2NH2).  

 13  (D2O, , . .)   B: 15.72 (2JCP=5 , cy-Pr- H2), 17.54 (1JCP = 181 , 
cy-Pr-CH), 20.71 (2JCP = 5 , ), 28.05 (cy-Bu- ), 31.45 (3JCP = 7 , cy-Bu- 2), 
33.57 (3JCP = 5 , cy-Bu- 2), 44.28 ( H2NH2). 

                                                 
30     .  
31   -  PO3H2-   .  
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 31P (D2O, , . .)    : 22.98 –   .  

3.18.        
–   5-  233–238 

 .   0.30  (2.5 )   2    
  0     0.28  (2.0 ) .  

     5 ,    1  
 , -  .      

   70    2 .     
.      (  – :  – 

10:1; CHCl3:  – 20:1 –     ). 

  5- -3-   (233) 

 ,  110  (62%), . . = 71–72 C, Rf 0.46 (CHCl3). 

 1  (CDCl3, , . ., J, ): 4.01  (3H, CH3), 7.40  (1H, CH). 

 13  (CDCl3, , . .): 53.7 (CH3), 102.4 (CH), 158.0 (C+ ), 165.6 .  (CNO2). 
 (KBr): max 1741 ( ), 1550, 1359 (NO2) -1. 

 %: C 34.91; H 2.19; N 16.40. C5H4N2O5.  %: C 34.90; H 2.34; N 16.28. 

  5- -3-   (234) [449]. 
-  ,  140  (75%); Rf  0.49 (CHCl3).  

 1  (CDCl3, , . ., J, ): 1.46  (3H, CH3, J 7.2), 4.52  (2H, CH2, J 7.2 ), 7.41  

(1H, CH).   13  (CDCl3, , . .): 14.0 (CH3), 63.4 (CH2), 102.3 (CH), 157.6 (C), 
158.3 (C), 165.6 .  (CNO2). 

 (KBr): max 1740 ( ), 1552, 1357 (NO2) -1. 
 %: C 38.65; H 3.24; N 15.25. C6H6N2O5.  %: C 38.72; H 3.25; N 15.05. 

  5- -3-   (235). 

 ,  150  (60%), . . = 61–62 C, Rf  0.57 (CHCl3). 

 1  (CDCl3, , . ., J, ): 5.47  (2H, CH2), 7.37–7.48  (5H, Ph), 7.41  (1H, CH). 

  13  (CDCl3, , . .): 68.8 (CH2), 102.4 (CH), 128.9 (4 , h), 129.1 ( , h), 
134.0 ( , Ph), 157.5(C), 158.1 (C), 165.7 .  (CNO2). 

 (KBr): max 1749 ( ), 1540, 1355 (NO2) -1. 
 %: C 53.29; H 3.33; N 11.24. C11H8N2O5.  %: C 53.23; H 3.25; N 11.29. 

-   5- -3-   (236). 

 ,  180  (83%), . . = 57–58 C, Rf  0.60 (CHCl3). 

 1  (CDCl3, , . ., J, ): 1.61  (9H, 3CH3), 7.34  (1H, CH). 

 13  (CDCl3, , . .): 27.9 (3CH3), 85.6 (C), 102.3 (CH), 156.5 (C), 159.4 (C), 165.4 .  
(CNO2). 
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 (KBr): max 1736 ( ), 1548, 1375 (NO2) -1. 
 %: C 44.98; H 4.49; N 13.11. C8H10N2O5.  %:  44.86; H 4.71; N 13.08. 

  5- -3-   (237). 
-  ,  130  (60%), Rf  0.55 (CHCl3). 

 1  (CDCl3, , . ., J, ): 0.99  (3H, CH3, J 7.3 ), 1.45-1.51  (2H, CH2), 1.77–1.84  
(2H, CH2), 4.46  (2H, CH2, J 6.7 ), 7.41  (1H, CH). 

 13  (CDCl3, , . .): 13.6 (CH3), 19.0 (CH2), 30.4 (CH2), 67.1 (CH2), 102.3 (CH), 157.7 
(C), 158.3 (C), 165.6 .  (CNO2). 

 (KBr): max 1739 ( ), 1550, 1357 (NO2) -1. 
 %: C 44.70; H 4.57; N 13.19. C8H10N2O5.  %: C 44.86; H 4.71; N 13.08. 

 5- -3-  (238). 
 ,  115  (86%), Rf 0.67 (CHCl3:  – 20:1). 

 1  (CDCl3, , . ., J, ): 1.41  (6H, 2CH3, J 7.1 ), 4.29-4.34  (4H, 2CH2), 7.27  
(1H, CH).  

 13  (CDCl3, , . ., J, ): 16.2 (2CH3, JPC 6 ), 64.6 (2CH2, JPC 6 ), 104.2 (CH, JPC 
18 ), 159.5 (C, JPC 211 ), 165.5 .  (CNO2). 

  31  (CDCl3, , . .): –0.12. 
 (KBr): max 2987 (PO), 1554, 1355 (NO2), 1220 (PO) -1. 

 %: C 33.35; H 4.30; N 11.15. C7H11N2O6 .  %: C 33.61; H 4.43; N 11.20. 

3.19.  5- .  5-  237  
239 

  .   5-  (0.3 )  0.5  .   
    285    (II) (1.5 ). 

   3 ,      
,          

  (  pH 7–8).    C Cl3 (3×7 ), 
    MgSO4,     

.       ,  
   19,  2.5. 
 .   5-  233 (127 , 0.6 )  260   

  (4.2 )  6        
 –10–0     140   ( ) (2.2 ). 
     3    ,   

  ,     ,  
  7        

 (  pH 8).    C Cl3 (7×3 ),  
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    MgSO4,     . 
      ,  

   19,  2.5. 
  5- -3-   (239).  

 , .  = 137–139oC, Rf 0.29 ( :  – 5:1). 

 1  (CDCl3, , . ., J, ): 3.18 .  (2H, NH2), 3.84  (3H, CH3), 5.39  (1H, CH).  

 13  (CD3OD/CDCl3, , . .): 52.4 (CH3), 79.4 (CH), 156.8 (C), 161.1 ( ), 171.1 (C). 
 ( . ):  1610, 1655, 1710, 3100, 3430 -1. 

-  HRESI-MS: /z = 143.0451 [( + )]+. C5H7N2O3
+. : /z = 143.0457 

[( + )]+. 

  (5- -3- )   (237). 
 , .  = 90–92oC, Rf 0.20 (CHCl3:MeOH – 20:1). 

 1  (CDCl3, , . ., J, ): 1.36  (6H, 2CH3, J 7.1), 4.17-4.27  (4H, 2CH2), 5.19 .  
(2H, NH2), 5.39  (1H, CH). 

 13  (CDCl3, , . ., J, ): 16.2 (2×CH3, J  6 ), 63.5 (2 2, J  6 ), 82.1 (CH, J  
22 ), 156.6 (C, J  210 ), 169.9 ( , J  13 ).  

 31  (CDCl3, , . .): 5.46. 
 ( . ):  1590, 1650, 3350 -1. 

-  HRESI-MS: /z = 221.0686 [( + )]+. C7H14N2O4
+. : /z = 

221.0691 [( + )]+. 
 %: C 38.48; H 5.75, N 12.53 7 13N2O4    %: C 38.19; H 5.95, N 12.72. 

5- -3-   (241). 
  50  (0.35 )  239  12   –  (3:1) 
   145  (3.5 ) LiOH·H2O.    

    5 ,   .    
 0.2 N  HCl  pH 5.     , 

     (2 ),  (Dowex 50, 
 – 0.9 N  ),  ,    

   –  (2:1). 
 ,  32  (71 %), .  = 124–125oC. 

1H  (D2O,  . .): 5.39 ( , 1H, CH). 
13   (D2O,  . .): 80.4 (CH), 162.3 (C), 167.2 (C=O), 171.1 (CNH2). 

5- -3-   (242) 
  60  (0.28 )  240      

 336  (1.68 ) .     
 1    .     
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,    1.0    3.0  .  
   0–5 º .       

 (3 × 1 ). 
 ,  8  (17 %), .  = 148–149oC. 

1H  (D2O,  . .): 5.50 ( , 1H, CH).  
13   (D2O,  . .): 78.1 (CH), 164.5 (C), 172.6 (CNH2). 
31P  (D2O,  . .): 15.22. 
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Основные результаты и выводы 

1.  Разработаны общие методы синтеза нового поколения конформационно-жестких 

циклопропановых аминокислот и биоизостерных им фосфоновых кислот, которые 

являются аналогами важнейших природных аминокислот, таких как  

1-аминоциклопропанкарбоновая кислота, циклопропилглицин, глутаминовая и γ-

аминомасляная кислоты. На основе предложенных подходов синтезированы пред-

ставительные серии циклопропановых аминокислот, содержащих в своем составе 

напряженные малые циклы, спиросочлененные и 1,2-аннелированные трехчленные 

циклы, гетероциклические фрагменты для увеличения конформационной жесткости. С 

использованием разработанных методов был осуществлен направленный синтез  ряда 

целевых циклопропановых аминокислот, для которых на основании данных 

компьютерного моделирования была предсказана высокая активность по отношению к 

рецепторам глутаминовой и γ-аминомасляной кислот. 

2.  В результате изучения реакций каталитического [1+2]-циклоприсоединения 

нитро(диазо)уксусного эфира (ЭНДА)  на большой выборке субстратов из числа 

олефинов, содержащих малые циклы, установлены закономерности таких реакций и 

разработан эффективный способ получения полициклических 1-

нитроциклопропанкарбоксилатов, содержащих малые циклы в различных сочетаниях. 

3.   Разработан новый препаративный метод получения эфира 

нитро(диазо)метилфосфоновой кислоты (НДМФ) – перспективного диазореагента для 

синтеза -нитроциклопропилфосфонатов – предшественников аминофосфоновых 

кислот циклопропанового ряда. Сравнение реакционной способности трех 

диазофосфонатов – диазометилфосфонового эфира (ДМФ), трет-бутил(диэтокси-

фосфорил)диазоацетата (БФДА) и НДМФ – в реакциях циклопропанирования алкенов 

различного строения показало, что НДМФ существенно более реакционноспособен и 

более удобен для синтеза -аминоциклопропанфосфоновых кислот. 

4.  Установлено, что в зависимости от структуры непредельного субстрата  в реакциях 

ЭНДА и НДМФ с алкенами, в том числе содержащими малые циклы, реализуются три 

направления взаимодействия: 

а) реакции [1+2]-циклоприсоединения, приводящие к образованию 1-

нитроциклопропанкарбоксилатов и 1-нитроциклопропанфосфонатов (основное 

направление реакции); 

б) реакции [3+2]-циклоприсоединения с образованием изоксазолин-N-оксидов, 

содержащих малые циклы (в случае винилциклопропанов и виниловых эфиров); 

в) изомеризация нитрокарбенов в нитрозосоединения, реагирующие с олефинами с 

образованием производных гидроксамовых кислот (в случае алкенов с 

пространственно затрудненной двойной связью). 
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5.  Изучено восстановление α-нитроэфиров циклопропанового ряда и разработан  общий 

трехстадийный метод получения  циклопропановых  аминокислот различного 

строения, в том числе аминокислот триангуланового ряда, а также двух- и 

трехосновных аминокислот, являющихся конформационно-жесткими аналогами 

глутаминовой кислоты. 

6.  На основе спирановых нитроэфиров предложен подход к синтезу 4-

аминоспиро[2.2]пентан-1-карбоновой и 1-аминоспиро[2.3]гексан-5-карбоновой кислот 

– новых конформационно-жестких аналогов ГАМК-рецепторов – проявивших (по 

данным in vivo испытаний) высокую анксиолитическую и транквилизирующую 

активность. 

7.  Предложен универсальный метод получения новых  энергоемких соединений – 

нитротриангуланов на основе реакций гидролиза и декарбоксилирования 

полиспирановых 1-нитроциклопропанкарбоксилатов. Экспериментальным путем 

определены термохимические параметры  для серии модельных нитроциклопропанов, 

содержащих спирановые фрагменты. 

8.   Разработан метод синтеза циклопропилглицинов, исходя из 

циклопропанкарбоксилатов, с помощью которого был синтезирован рацемат 

метиленциклопропилглицина и впервые получен ряд аминокислот 

циклопропилглицинового ряда, содержащих циклооктановый фрагмент. 

9.  Впервые изучена реакция аминофосфорилирования в ряду альдегидов, содержащих 

малые циклы, с использованием которой был синтезирован ряд новых 

аминометилфосфонатов циклопропанового и циклобутанового рядов – синтетических 

предшественников биоизостерных фосфоновых аналогов циклопропилглицина. 

10. Разработаны методы введения второй карбоксильной группировки в молекулы 

полициклических аминокислот, с помощью которых была синтезирована 4-

(аминокарбоксиметил)спиро[2.2]пентан-1-карбоновая кислота – перспективное  

соединение для дальнейшего изучения в качестве лиганда глутаматных рецепторов. 

11. На основе реакции гетероциклизации акцепторнозамещенных алкенов с  

тетранитрометаном в присутствии Et3N разработаны подходы к синтезу новых 

конформационно-жестких и биоизостерных аналогов ГАМК в ряду изоксазольных 

аминокарбовых и аминофосфоновых кислот. 

12.  На основе метиленциклобутанов, содержащих сложноэфирную и нитрильную 

группы в 3-ем положении, с использованием реакций циклопропанирования под 

действием ДМФ и этил(диазо)ацетата и трансформации функциональных групп 

получаемых аддуктов был разработан метод синтеза новых конформационно-жестких 

спирогексановых аналогов ГАМК – 5-аминоспиро[2.3]гексан-1-карбоновой, 5-

аминоспиро[2.3]гексан-1-фосфоновой и 5-аминометилспиро[2.3]гексан-1-фосфоновой  

кислот. 



279 

  

1. Brackmann, F. Natural Occurrence, Syntheses, and Applications of Cyclopropyl-Group-

Containing -Amino Acids. 1. 1-Aminocyclopropanecarboxylic Acid and Other 2,3-

Methanoamino Acids / F. Brackmann, A. de Meijere // Chem. Rev. – 2007. – V. 107,  11. 

– P. 4493–4537. 

2. Brackmann, F. Natural Occurrence, Syntheses, and Applications of Cyclopropyl-Group-

Containing -Amino Acids. 2. 3,4- and 4,5-Methanoamino Acids / F. Brackmann, A. de 

Meijere // Chem. Rev. – 2007. – V. 107,  11. – P. 4538–4583. 

3. Lasa, M. Synthesis of Enantiomerically Pure 1-Amino-2-phenylcycloalkanecarboxylic 

Acids (cnPhe) / M. Lasa, C. Cativiela // Synlett. – 2006. –  16. – . 2517–2533.  

4. Cativiela, . Stereoselective synthesis of quaternary -amino acids. Part 2: Cyclic 

compounds / C. Cativiela, M. D. Diaz-de-Villegas // Tetrahedron: Asymmetry. – 2000. – V. 

11,  3. – P. 645–732. 

5. Salaün J. Cyclopropane Derivatives and their Diverse Biological Activities / J. Salaün // 

Top. Curr. Chem. – 2000. – V. 207. – P. 1–67. 

6. McDonnell, L. Ethylene levels are regulated by a plant encoded 1-aminocyclopropane-1-

carboxylic acid deaminase / L. McDonnell, J. M. Plett, S. Andersson-Gunneras, C. Kozela, 

J. Dugardeyn, D. Van Der Straeten, B. R. Glick, B. Sundberg, S. Regan // Phys. Plant. – 

2009 – V. 136,  1. – P. 94–109. 

7. Uppalapati, S. R. The phytotoxin coronatine and methyl jasmonate impact multiple 

phytohormone pathways in tomato / S. R. Uppalapati, P. Ayoubi, H. Weng, D. A. Palmer, R. 

E. Mitchell, W. Jones, C. L. Bender // Plant J. – 2005. – V. 42,  2. – P. 201–217. 

8. . 2011/0177575 A1 ,  C12N1/00, C12N1/19, C12N1/21, C12P15/02. 

Production of hydrocarbons in microorganisms / A. K. Sing, G. M. Kishore;   

 A. K. Sing, G. M. Kishore. – US201113005691/20110113; . 

13.01.2011; . 21.07.2011;   201113005691/20110113 ( ). – 18 .: . 

9. Hoffman, N. E. Stereospecific Conversion of 1-Aminocyclopropanecarboxylic Acid to 

Ethylene by Plant Tissues / N. E. Hoffman, S. F. Yang, A. Ichihara and S. Sakamura // Plant 

Physiol. – 1982. – V. 70,  1 – P. 195–199. 

10. Pirrung, M. C. Ethylene biosynthesis. 6. Synthesis and evaluation of 

methylaminocyclopropanecarboxylic acid / M. C. Pirrung, G. M. McGeehan // J. Org. 

Chem. – 1986. – V. 51,  11. – P. 2103–2106. 

11. Vagner, J. Peptidomimetics, a synthetic tool of drug discovery / J. Vagner, H. Qu, 

V. J. Hruby // Curr. Opin. Chem. Biol. – 2008. – V. 12. – P.  292–296.  



280 

12.  Talele, T. T. The “Cyclopropyl Fragment” is a Versatile Player that Frequently Appears in 

Preclinical/Clinical Drug Molecules / T. T. Talele // J. Med. Chem. –  2016. – V. 59,  19. 

P. 8712–8756. 

13. Cativiela, C. Recent progress on the stereoselective synthesis of cyclic quaternary -amino 

acids / C. Cativiela, M. Ordóñez // Tetrahedron: Asymmetry. – 2009. – V. 20,  1. – P. 1–

63. 

14. Urman, S. The Constrained Amino Acid b-Acc Confers Potency and Selectivity to Integrin 

Ligands / S. Urman, K. Gaus, Y. Yang, U. Strijowski, N. Sewald, S. De Pol, O. Reiser // 

Angew. Chem., Int. Ed. – 2007. – V. 46,  21. – P. 3976–3978. 

15. Rosenquist, . Discovery and Development of Simeprevir (TMC435), a HCV NS3/4A 

Protease Inhibitor / . Rosenquist, B. Samuelsson, P.-O. Johansson, M. D. Cummings, 

O. Lenz, P. Raboisson, K. Simmen, S. Vendeville, H. de Kock, M. Nilsson, A. Horvath, 

R. Kalmeijer, G. de la Rosa, M. Beumont-Mauviel //  J. Med. Chem. – 2014. – V. 57,  5. – 

P. 1673–1693. 

16. Jiang, Y. Discovery of Danoprevir (ITMN-191/R7227), a Highly Selective and Potent 

Inhibitor of Hepatitis C Virus (HCV) NS3/4A Protease / Y. Jiang, S. W. Andrews, K. R. 

Condroski, B. Buckman, V. Serebryany, S. Wenglowsky, A. L. Kennedy, M. R. Madduru, 

B. Wang, M. Lyon, G. A. Doherty, B. T. Woodard, C. Lemieux, M. Geck Do, H. Zhang, J. 

Ballard, G. Vigers, B. J. Brandhuber, P. Stengel, J. A. Josey, L. Beigelman, L. Blatt, S. D. 

Seiwert // J. Med. Chem. – 2014. – V. 57,  5. – P. 1753–1769. 

17. Scola, P. M. The Discovery of Asunaprevir (BMS-650032), An Orally Efficacious NS3 

Protease Inhibitor for the Treatment of Hepatitis C Virus Infection / P. M. Scola, L.-Q. Sun, 

A. X. Wang, J. Chen, N. Sin, B. L. Venables, S.-Y. Sit, Y. Chen, A. Cocuzza, D. M. Bilder, 

S. V. D’Andrea, B. Zheng, P. Hewawasam, Y. Tu, J. Friborg, P. Falk, D. Hernandez, S. 

Levine, C. Chen, F. Yu, A. K. Sheaffer, G. Zhai, D. Barry, J. O. Knipe, Y.-H. Han, R. 

Schartman, M. Donoso, K. Mosure, M. W. Sinz, T. Zvyaga, A. C. Good, R. Rajamani, K. 

Kish, J. Tredup, H. E. Klei, Q. Gao, L. Mueller, R. J. Colonno, D. M. Grasela, S. P. Adams, 

J. Loy, P. C. Levesque, H. Sun, H. Shi, L. Sun, W. Warner, D. Li, J. Zhu, N. A. Meanwell, 

F. McPhee // J. Med. Chem. – 2014. – V. 57,  5. – P. 1730–1752. 

18. Llinàs-Brunet, M. Discovery of a Potent and Selective Noncovalent Linear Inhibitor of the 

Hepatitis C Virus NS3 Protease (BI 201335) / M. Llinàs-Brunet, M. D. Bailey, N. Goudreau, 

P. K. Bhardwaj, J. Bordeleau, M. Bös, Y. Bousquet, M. G. Cordingley, J. Duan, P. Forgione, 

M. Garneau, E. Ghiro, V. Gorys, S. Goulet, T. Halmos, S. H. Kawai, J. Naud, M.-A. 

Poupart, P. W. White // J. Med. Chem. – 2010. – V. 53,  17. – . 6466–6476. 

19. Llinàs-Brunet, M. Structure Activity Study on a Novel Series of Macrocyclic Inhibitors of 

the Hepatitis C Virus NS3 Protease Leading to the Discovery of BILN 2061 / M. Llinàs-



281 

Brunet, M. D. Bailey, G. Bolger, C. Brochu, A.-M. Faucher, J. M. Ferland, M. Garneau, E. 

Ghiro, V. Gorys, C. Grand-Maître, T. Halmos, N. Lapeyre-Paquette, F. Liard, M. Poirier, M. 

Rhéaume, Y. S. Tsantrizos, D. Lamarre // J. Med. Chem. – 2004. – V. 47,  7. – . 1605–

1608. 

20. Harper, S. Discovery of MK-5172, a Macrocyclic Hepatitis C Virus NS3/4a Protease 

Inhibitor / S. Harper, J. A. McCauley, M. T. Rudd, M. Ferrara, M. DiFilippo, B. Crescenzi, 

U. Koch, A. Petrocchi, M. K. Holloway, J. W. Butcher, J. J. Romano, K. J. Bush, K. F. 

Gilbert, C. J. McIntyre, K. T. Nguyen, E. Nizi, S. S. Carroll, S. W. Ludmerer, C. Burlein, J. 

M. DiMuzio, D. J. Graham, C. M. McHale, M. W. Stahlhut, D. B. Olsen, E. Monteagudo, S. 

Cianetti, C. Giuliano, V. Pucci, N. Trainor, C. M. Fandozzi, M. Rowley, P. J. Coleman, J. P. 

Vacca, V. Summa, N. J. Liverton // ACS Med. Chem. Lett. – 2012. – V. 3,  4. – . 332–

336. 

21. Sun, L.-Q. Discovery of a Potent Acyclic, Tripeptidic, Acyl Sulfonamide Inhibitor of 

Hepatitis C Virus NS3 Protease as a Back-up to Asunaprevir with the Potential for Once-

Daily Dosing / L.-Q. Sun, E. Mull, B. Zheng, S. D’Andrea, Q. Zhao, A. X. Wang, N. Sin, B. 

L. Venables, S.-Y. Sit, Y. Chen, J. Chen, A. Cocuzza, D. M. Bilder, A. Mathur, R. 

Rampulla, B.-C. Chen, T. Palani, S. Ganesan, P. N. Arunachalam, P. Falk, S. Levine, C. 

Chen, J. Friborg, F. Yu, D. Hernandez, A. K. Sheaffer, J. O. Knipe, Y.-H. Han, R. 

Schartman, M. Donoso, K. Mosure, M. W. Sinz, T. Zvyaga, R. Rajamani, K. Kish, J. 

Tredup, H. E. Klei, Q. Gao, A. Ng, L. Mueller, D. M. Grasela, S. Adams, J. Loy, P. C. 

Levesque, H. Sun, H. Shi, L. Sun, W. Warner, D. Li, J. Zhu, Y.-K. Wang, H. Fang, M. I. 

Cockett, N. A. Meanwell, F. McPhee, P. M. Scola // J. Med. Chem. – 2016. – V. 59,  17. – 

. 8042–8060. 

22. Meanwell, N. A. 2015 Philip S. Portoghese Medicinal Chemistry Lectureship. Curing 

Hepatitis C Virus Infection with Direct-Acting Antiviral Agents: The Arc of a Medicinal 

Chemistry Triumph / N. A. Meanwell // J. Med. Chem. – 2016. – V. 59,  16. – . 7311–

7351. 

23. Neelamkavil, S. F. Discovery of MK-8831, A Novel Spiro-Proline Macrocycle as a 

PanGenotypic HCV-NS3/4a Protease Inhibitor / S. F. Neelamkavil, S. Agrawal, T. Bara, C. 

Bennett, S. Bhat, D. Biswas, L. Brockunier, N. Buist, D. Burnette, M. Cartwright, S. 

Chackalamannil, R. Chase, M. Chelliah, A. Chen, M. Clasby, V. J. Colandrea, I. W. Davies, 

K. Eagen, Z. Guo, Y. Han, J. Howe, C. Jayne, H. Josien, S. Kargman, K. Marcantonio, S. 

Miao, R. Miller, A. Nolting, P. Pinto, M. Rajagopalan, R. T. Ruck, U. Shah, A. Soriano, D. 

Sperbeck, F. Velazquez, J. Wu, Y. Xia, S. Venkatraman // ACS Med. Chem. Lett. –  2016. – 

V. 7,  1. – . 111–116. 



282 

24. Ingold, C. CXLIII. The influnce of substituents on the formation and stability of 

heterocyclic compounds. Part I. Hydantoins / C. Ingold, S. Sako, J. Field-Thorp // 

J. Chem. Soc, Trans. – 1922. – V. 121. – P. 1177–1198. 

25. Rancourt, J. Peptide-Based Inhibitors of the Hepatitis C Virus NS3 Protease: Structure-

Activity Relationship at the C-Terminal Position / J. Rancourt,  D. R. Cameron, V. Gorys, 

D. Lamarre, M. Poirier, D. Thibeault, M. Llinas-Brunet // J. Med. Chem. – 2004. – V. 47,  

10. – P. 2511– 2522. 

26. O’Donnell, M. J. The Enantioselective Synthesis of -Amino Acids by Phase-Transfer 

Catalysis with Achiral Schiff Base Esters / M. J. O’Donnell // Acc. Chem. Res. – 2004. – 

V. 37,  8. – . 506–517. 

27. Allwein, S. P. Convenient Synthesis and Isolation of 1-Aminocyclopropane-1-

carboxylicAcid (ACC) and N-Protected ACC Derivatives / E. A. Secord, A. Martins,  J. V. 

Mitten,  T. D. Nelson, M. H. Kress, U. H. Dolling // Synlett. – 2004. –  14. – P. 2489–

2492. 

28. Beaulieu, P. L. Synthesis of (1R,2S)-1-Amino-2-vinylcyclopropanecarboxylic Acid Vinyl-

ACCA) Derivatives: Key Intermediates for the Preparation of Inhibitors of the Hepatitis C 

Virus NS3 Protease / P. L Beaulieu. Beaulieu, J. Gillard, M. D. Bailey, C. Boucher, J.-S. 

Duceppe, B. Simoneau // J. Org. Chem. – 2005. – V. 70,  15. – . 5869–5879. 

29. Chaplin, D. A. Dynamic kinetic resolution of dehydrocoronamic acid / D. A. Chaplin, M.E. 

Fox, S. H. B. Kroll // Chem. Commun. – 2014. – V. 50,  44. – P. 5858–5860.  

30. Belyk, K. M. Enantioselective Synthesis of (1R,2S)-1-Amino-2-

vinylcyclopropanecarboxylic Acid Ethyl Ester (Vinyl-ACCA-OEt) by Asymmetric Phase-

Transfer Catalyzed Cyclopropanation of (E)-N-Phenylmethyleneglycine Ethyl Ester / K. M. 

Belyk, B. Xiang, P. G. Bulger, W. R. Leonard, J. Balsells, J. Yin, C.-Y. Chen // Org. Process 

Res. Dev. – 2010. – V. 14,  3. – P. 692–700. 

31.  Lou, S. Concise asymmetric synthesis of a (1R, 2S)-1-amino-2-

vinylcyclopropanecarboxylic acid-derived sulfonamide and ethyl ester / S.  Lou, N. Cuniere, 

B.-N. Su, L. A. Hobson // Org. Biomol. Chem. – 2013. – V. 11,  39. – P. 6796–6805. 

32. Kawashima, A. Asymmetric synthesis of (1R,2S)-1-amino-2-vinylcyclopropanecarboxylic 

acid by sequential SN2–SN2  dialkylation of (R)-N-(benzyl)proline-derived glycine Schiff 

base Ni(II) complex / A. Kawashima, C. Xie,  H. Mei,  R. Takeda, A. Kawamura, T. Sato, 

H. Moriwaki, K. Izawa, J. Han, J. L. Aceña, V. A. Soloshonok // RSC Adv. – 2015. – V. 5, 

 2. – P. 1051–1058. 

33. Belokon, Y. N. Asymmetric synthesis of enantiomerically and diastereoisomerically 

enriched 4-[F or Br]-substituted glutamic acids / Y. N. Belokon, V. I. Maleev, T. F. 



283 

Saveleva, M. A. Moskalenko, D. A. Pripadchev, V. N. Khrustalev and A. S. Saghiyan //  

Amino Acids. – 2010. – V. 39,  5. – P. 1171–1176. 

34. Belokon, Y. N. (S)-2-[N-(N’-Benzylprolyl)amino]benzophenone (BPB) – a reagent for the 

synthesis of optically pure a-amino acids / Y. N. Belokon // Janssen Chim. Acta. – 1992. –V. 

10,  2. – P. 4–12. 

35. Crane Z. D. Synthesis of Methyl-1-(tert-butoxycarbonylamino)-2-

vinylcyclopropanecarboxylate via a Hofmann Rearrangement Utilizing Trichloroisocyanuric 

Acid as an Oxidant / Z. D. Crane, P. J. Nichols, T. Sammakia, P. J. Stengel  // J. Org. Chem. 

– 2011. – V. 76,  1. – P. 277–280. 

36. Burgess, K. Asymmetric syntheses of all four stereoisomers of 2,3-methanomethionine / K. 

Burgess, K.-K. Ho // J. Org. Chem. – 1992. – V. 57,  22. – . 5931–5936. 

37. Burgess, K. Asymmetric syntheses of protected derivatives of ornithine- and arginine-2,3-

methanoIogs // K. Burgess, K.-K. Ho // Tetrahedron Lett. – 1992. – V. 33,  39. – . 5677–

5680. 

38. Burgess, K. Synthesis of a valuable cyclopropyl chiron for preparations of 2,3-

methanoamino acids / K. Burgess, K.-K. Ho, C.-Y. Ke // J. Org. Chem. – 1993. – V. 58, 

 14. – . 3767–3768. 

39. Burgess, K. Large Scale Syntheses of N-Protected 2,3-Methanomethionine Stereoisomers // 

K. Burgess, C.-Y. Ke // Synthesis. – 1996. – V. 12. – P. 1463–1467. 

40. Sibille, P. Synthesis and Biological Evaluation of 1-Amino-2-

PhosphonomethylcyclopropanecarboxylicAcids, New Group III Metabotropic Glutamate 

Receptor Agonists / P. Sibille, S. Lopez, I. Brabet, O. Valenti, N. Oueslati, F. Gaven, C. 

Goudet, H.-O. Bertrand, J. Neyton, M. J. Marino, M. Amalric, J.-P. Pin, F. C. Acher // J. 

Med. Chem. – 2007. – V. 50,  15. – P. 3585–3595. 

41. Jakubowska, A. Cyclic sulfates as useful tools in the asymmetric synthesis of 1-

aminocyclopropane-1-carboxylic acid derivatives / A. Jakubowska, G. Zuchowski, K. Kulig 

// Tetrahedron. Asymmetry. – 2015 – V. 26,  21/22. – P. 1261–1267. 

42. Tang, W. A Practical Asymmetric Synthesis of Isopropyl (1R,2S)-Dehydrocoronamate / W. 

Tang, X. Wei, N. K. Yee, N. Patel, H. Lee, J. Savoie, C. H. Senanayake // Org. Process Res. 

Dev. – 2011. – V. 15,  5. – P. 1207–1211. 

43.  Nielsen, S. D. A highly selective agonist for the metabotropic glutamate receptor mGluR2 // 

S. D. Nielsen, M. Fulco, M. Serpi, B. Nielsen, M. B. Hansen, K. L. Hansen, C. Thomsen, R. 

Brodbeck, H. Bräuner-Osborne, R. Pellicciari, P.-O. Norrby, J. R. Greenwood, R. P. Clausen 

// Med. Chem. Commun. – 2011. – V. 2,  11. – P. 1120–1124. 

44. Moye-Sherman, D. Conformational Preferences of RNase A C-Peptide Derivatives 

Containing a Highly Constrained Analogue of Phenylalanine // D. Moye-Sherman, S. Jin, I. 



284 

Ham, D. Lim, J.M. Scholtz, K. Burgess // J. Am. Chem. Soc. – 1998. – V. 120,  37. – P.  

9435–9443. 

45. Debache, A. Belokon's Ni(II) complex as a chiral masked glycine for the diastereoselective 

synthesis of 2-substituted 1-aminocyclopropane carboxylic acids // A. Debache, S. Collet, P. 

Bauchat, D. Danion, L. Euzenat, A. Hercouet, B. Carboni // Tetrahedron: Asymmetry. – 

2001. – V. 12,  5. – . 761–764. 

46. Aitken, D. J. First asymmetric Synthesis of carnosadine / D.J. Aitken, J. Royer, H.-P. 

Husson // Tetrahedron. – 1993. – V. 49,  29. – . 6375–6380. 

47. Gaucher, . Diastereoselective Preparation of Cyclopropane Amino Acids: Synthesis of 

Norcoronamic Acid / A. Gaucher, J. Ollivier, J. Salaun // Synlett. – 1991. –  3. – . 151–

153. 

48. Fox, M. E. Catalytic asymmetric synthesis of ethyl (1R,2S)-dehydrocoronamate / M. E. Fox, 

I. C. Lennon, V. Farina // Tetrahedron Lett. – 2007. – V. 48,  6. – P. 945–948. 

49. Salgado. A. Synthesis of (1S)-1-amino-2,2-dimethylcyclopropane-1-carboxylic acid via PLE 

mediated hydrolysis of bis (2,2,2-trifluoroethyl) 2,2-dimethylcyclopropane-1,1-

dicarboxylate / A. Salgado, T. Huybrechts, A. Eeckhaut, J. Vander Eycken, Z. Szakonyi, F. 

Fulop, A. Tkachev, N. De Kimpe // Tetrahedron. – 2001. – V. 57,  14. – P. 2781–2786. 

50. Easton, C. Synthesis of (R)- and (S)-2,3-methanovaline as the hydrochloride salts, through 

manipulation of the N-phthaloyl group of an (S)-leucine derivative for the recall of 

stereochemistry / C. Easton, N. L. Fryer, A. J. Ivory, E. R. T. Tiekink // 

J. Chem. Soc., Perkin Trans. 1. – 1998. – . 22. – P. 3725-3729. 

51. Dobrydnev, A. V. Synthesis of the First Representatives of Spiro-1 6-isothiazolidine-1,1,4-

triones / A.V. Dobrydnev, M. V. Popova, N. Saffon-Merceron, D. Listunov, Y. M. 

Volovenko // Synthesis. – 2015. –  47. – P. 2523–2528. 

52. , . .    N- -4-  

    / . . , . . , . . , 

. . , . . , . .  // . , c . . – 2001. – 4. – P. 

619–622. 

53. Pan, C. Diastereospecific synthesis of trans-2.3-diaryl-1-aminocyclopropanecarboxylic acid 

/ C. Pan, G. Su, J. Qin // Org. Prep. Proc. Int. – 2005. – V. 37,  3. – P. 239–246. 

54. Jimenez, A.I. Synthesis of 1-Deoxy-4-thio-D-ribose starting from Thiophene-2-carboxylic 

acid / A.I. Jimenez, P. Lopez, L. Oliveros, C. Cativiela // Tetrahedron. – 2001. – V. 57, 

 28. – . 6019–6026. 

55. Casanovas, J. N-Acetyl-N’-methylamide derivative of (2S,3S)-1-amino-2,3-

diphenylcyclopropanecarboxylic acid: theoretical analysis of the conformational impact 

produced by the incorporation of the second phenyl group to the cyclopropane analogue of 



285 

phenylalanine // J. Casanovas, A. I. Jimenez, C. Cativiela, J. J. Perez, C. Aleman. // J. Org. 

Chem. – 2003. – V. 68,  18. – . 7088 – 7091. 

56. Jimenez, A.I. A g-turn induced by a highly constrained cyclopropane analogue of 

phenylalanine (c3diPhe) in the solid state / A. I. Jimenez, C. Cativiela, M. Marraud // 

Tetrahedron Lett. –  2000. – V. 41,  28. – P. 5353 – 5356. 

57. Jimenez, A. I. Synthesis and HPLC Enantioseparation of the Cyclopropane Analogue of 

Valine (C3Val) / A. I. Jimenez, P. Lopez, C. Cativiela // Chirality. – 2005. – V. 17,  1. – 

P. 22–29. 

58. Zhu, C.-L. Brine-Stabilized 2,2,2-Trifluorodiazoethane and Its Application in the Synthesis 

of CF3 Substituted Cyclopropane Amino Acids/ C.-L. Zhu, L.-J. Yang, S. Li, Y. Zheng, 

J.-A. Ma // Org. Lett. – 2015. – V. 17,  14. – P. 3442–3445. 

59. Adams, L.A. Diastereoselective Synthesis of Cyclopropane Amino Acids Using Diazo 

Compounds Generated in Situ / L.A. Adams, V.K. Aggarwal, R.V. Bonnert, B. Bressel, R.J. 

Cox, J. Shepherd, J. de Vicente, M. Walter, W.G. Whittingham, C.L. Winn // J. Org. Chem. 

– 2003. – V. 68,  24. – . 9433–9440. 

60. Aggarwal, V.K. Application of Chiral Sulfides to Catalytic Asymmetric Aziridination and 

Cyclopropanation with In Situ Generation of the Diazo Compound / V.K. Aggarwal, E. 

Alonso, G. Fang, M. Ferrara, G. Hynd, M. Porcelloni // Angew. Chem. Int. Ed. – 2001. – V. 

40,  8. – . 1433–1436. 

61. Zhu, C. Transition-Metal-Free Cyclopropanation of 2 Aminoacrylates with 

N Tosylhydrazones: A General Route to Cyclopropane Amino Acid with Contiguous 

Quaternary Carbon Centers / C. Zhu, J. Li, P. Chen, W. Wu, Y. Ren, H. Jiang // Org. Lett. – 

2016. – V. 18,  6. – P. 1470–1473. 

62. , . .      

  / . . , . . , . .  // . . . – 

2002. – . 72, 1. – . 93–97. 

63. Mykhailiuk, P.K. A Convenient Route to Trifluoromethyl-Substituted Cyclopropane 

Derivatives / P.K. Mykhailiuk, S. Afonin, A.S. Ulrich, I.V. Komarov // Synthesis. – 2008. – 

 11. – P. 1757–1760. 

64. Artamonov, O. S. Simple and Efficient Procedure for a Multigram Synthesis of Both trans- 

and cis-1-Amino-2-(trifluoromethyl)cyclopropane-1-carboxylic Acid / O.S. Artamonov, 

P.K. Myhailiuk, N.M Voievoda, D.M. Volochnyuk, I. V. Komarov / Synthesis. – 2010. – 

 3. – P. 443–446. 



286 

65. Davies, H. M.  -Hydroxy esters as chiral auxiliaries in asymmetric cyclopropanations by 

rhodium(II)-stabilized vinylcarbenoids / H. M. Davies, N.J.S. Huby, W.R. Cantrell, J.L. 

Olive // J.  Am. Chem. Soc. – 1993. – V. 115,  21. – . 9468–9479. 

66. Davies, H. M. Asymmetric synthesis and fragmentation reactions of 2-alkyl- and 2, 4-

dialkyl-3-iodo-1-oxocyclohexan-2, 4-carbolactones. Single enantiomer preparation of , -

butenolides, 2-alkyl-4-hydroxy-2-cyclohexen-1-ones and butyrolactones / H.M. Davies, N. 

Kong // Tetrahedron Lett. – 1997. – V. 38,  24. – . 4203–4206. 

67. Davies, H. M. Novel dirhodium tetraprolinate catalysts containing bridging prolinate ligands 

for asymmetric carbenoid reactions / H. M. Davies, S.A. Panaro // Tetrahedron Lett. – 1999. 

– V. 40,  29. – . 5287–5290. 

68. Moye-Sherman, D. Asymmetric synthesis of 3-phenyl-2,3-methanophenylalanine developed 

by panning catalysts in a library format / D. Moye-Sherman, M.B. Welch, J. Reibenspies, K. 

Burgess // Chem. Commun. – 1998. –  21. – . 2377–2378. 

69. Pellicciari, R. Spiro[2.2]pentane as a Dissymmetric Scaffold for Conformationally 

Constrained Analogues of Glutamic Acid:� Focus on Racemic 1-Aminospiro[2.2]pentyl-

1,4-dicarboxylic Acids / R. Pellicciari, M. Marinozzi, E. Camaioni, M. Nunez, G. 

Costantino, F. Gasparini, G. Giorgi, A. Macchiarulo, N. Subramanian // J. Org. Chem. – 

2002. – V. 67,  16. – . 5497–5507. 

70. Zhao, Z. Synthesis of Labeled 1-Amino-2-methylenecyclopropane- 1-carboxylic Acid, an 

Inactivator of 1-Aminocyclopropane-1-carboxylate Deaminase / Z. Zhao, H. Liu // 

J. Org. Chem. – 2002. – V. 67,  8. – . 2509–2514. 

71. Marcoux, D. trans-Directing Ability of Amide Groups in Cyclopropanation: Application to 

the Asymmetric Cyclopropanation of Alkenes with Diazo Reagents Bearing Two Carboxy 

Groups / D. Marcoux, A.B. Charette // Angew. Chem. Int. Ed. – 2008. – V. 47,  . 52. – P. 

10155–10158. 

72. Marcoux, D. TfNH2 as Achiral Hydrogen-Bond Donor Additive to Enhance the Selectivity 

of a Transition Metal Catalyzed Reaction. Highly Enantio- and  Diastereoselective 

Rhodium-Catalyzed Cyclopropanation of Alkenes Using -Cyano Diazoacetamide / D. 

Marcoux, S. Azzi, A.B. Charette // J. Am. Chem. Soc. – 2009. – V. 131,  20. – P. 6970–

6972. 

73. Charette, A.B. Synthesis of -Nitro- -diazocarbonyl Derivatives and Their Applications in 

the Cyclopropanation of Alkenes and in O–H Insertion Reactions / A. B. Charette, R. P. 

Wurz, T. Olleview // Helv. Chim. Acta. – 2002. – V. 85,  12. – . 4468–4484. 

74. Wurz, R.P. An Expedient and Practical Method for the Synthesis of a Diverse Series of 

Cyclopropane -Amino Acids and Amines / R. P. Wurz, A. B. Charette // J. Org. Chem. – 

2004. – V. 69,  4. – P. 1262–1269. 



287 

75. Pons, H. Rhodium-Catalyzed Cyclopropanation of Fluorinated Olefins: A Straightforward 

Route to Highly Functionalized Fluorocyclopropanes / A. Pons, H. Beucher, P. Ivashkin, G. 

Lemonnier, T. Poisson,A. B. Charette, P. Jubault, X. Pannecoucke // Org. Lett. – 2015. – V. 

17,  7. – P. 1790–1793. 

76. Charette, A. B. Progress towards asymmetric intermolecular and intramolecular 

cyclopropanations using -nitro- -diazo carbonyl substrates / A. B. Charette, R. Wurz // J. 

Mol. Cat. – 2003. – V. 196,  1/2. – P. 83–91.  

77. Zhu, S. Acceptor/Acceptor-Substituted Diazo Reagents for Carbene Transfers: Cobalt-

Catalyzed Asymmetric Z-Cyclopropanation of Alkenes with -Nitrodiazoacetates / S. Zhu, 

J. A. Perman, X. P. Zhang // Angew. Chem. Int. Ed. – 2008. – V. 47,  44. – P. 8460–8463. 

78. Doyle, M. P. Exceptional Selectivity in Cyclopropanation Reactions Catalyzed by Chiral 

Cobalt(II) Porphyrins / M. P. Doyle // Angew. Chem. Int. Ed. – 2009. – V. 48,  5. – P. 

850–852. 

79. Xu, X. Highly asymmetric intramolecular cyclopropanation of acceptor-substituted 

diazoacetates by Co(II)-based metalloradical catalysis: iterative approach for development 

of new-generation catalysts / X. Xu, J. V. Ruppel, S. Lopez de Mesa, L. Wojtas, X.P. Zhang 

// J. Am. Chem. Soc. – 2011. – V. 133,  39. – P. 15292–15295. 

80. Zhu, S. A general and efficient cobalt(II)-based catalytic system for highly stereoselective 

cyclopropanation of alkenes with -cyanodiazoacetates / S. Zhu, J. A. Perman, X.P. Zhang // 

J. Am. Chem. Soc. – 2010. – V. 132,  37. – P. 12796–12799. 

81. Lindsay, V. N. G. Experimental Evidence for the All-Up Reactive Conformation of Chiral 

Rhodium(II) Carboxylate Catalysts: Enantioselective Synthesis of cis-Cyclopropane r-

Amino Acids / V. N. G. Lindsay, W. Lin, A.B. Charette // J. Am. Chem. Soc. – 2009. – V. 

131,  45. – P. 16383–16385. 

82. Abellan, T. Asymmetric synthesis of -amino acids from , -(Z)- didehydroamino acid 

derivatives with 1,2,3,6-tetrahydropyrazin- 2-one structure / T. Abellan, B. Mancheno, C. 

Najero, J. M. Sansano // Tetrahedron. – 2001. – V. 57,  30. – . 6627–6640. 

83. Chinchilla, R. New Chiral Didehydroamino Acid Derivatives from a Cyclic Glycine 

Template with 3,6-Dihydro-2H-1,4-oxazin-2-one Structure: Applications to the Asymmetric 

Synthesis of Nonproteinogenic r-Amino Acids / R. Chinchilla, L. R. Falvello, N. Galindo, C. 

Najera // J. Org. Chem. –  2000. – V. 65,  10. – . 3034-3041. 

84. Zhou, R. Stereoselective Synthesis of 1-Aminocyclopropanecarboxylic Acid Derivatives via 

Ylide Cyclopropanation of Dehydroamino Acid Derivatives / R. Zhou, X. Deng, J. Zheng, 

Q. Shen, X. Sun, Y. Tang // Chin. J. Chem. – 2011. – V. 29,  5. – . 995–1000. 



288 

85. Wurz, R.P. Hypervalent Iodine (III) Reagents as Safe Alternatives to -Nitro- -

diazocarbonyls / R.P. Wurz, A.B. Charette. // Org.Lett. – 2003. – V. 5,  13. – P. 2327–

2329. 

86. Moreau, B. Expedient Synthesis of Cyclopropane -Amino Acids by the Catalytic 

Asymmetric Cyclopropanation of Alkenes Using Iodonium Ylides Derived from Methyl 

Nitroacetate / B. Moreau, A.B. Charette // J. Am. Chem. Soc. – 2005. – V. 127,  51. – . 

18014–18015. 

87. Chinchilla, R. Synthesis of (R)- and (S)-2,3-methanovaline from (2S)-N-benzoyl-2-tert-

butyl-4-methylene-1,3-oxazolidin-5-one / R. Chinchilla, C. Najera, S. Garcia-Grandas, A. 

Menendez-Velazquez // Tetrahedron Lett. – 1993. – V. 34,  36. – . 5799–5802. 

88. Milanole, G. Synthesis of Fluorinated Cyclopropyl Amino Acid Analogues: Toward the 

Synthesis of Original Fluorinated Peptidomimetics / G. Milanole, S. Couve-Bonnaire, J.-F. 

Bonfanti, P. Jubault, X. Pannecoucke // J. Org. Chem. – 2013. – V. 78,  2. – P. 212-223. 

89. Lemonnier, G. -Amino- -fluorocyclopropanecarboxylic acids as a new tool for drug 

development: Synthesis of glutamic acid analogs and agonist activity towards metabotropic 

glutamate receptor 4 / G. Lemonnier, C. Lion, J.-C. Quirio, J.-P. Pin, C. Goudet, P. Jubault // 

Bioorg. Med. Chem. – 2012. – V. 20,  15. – P. 4716–4726. 

90. Liu, C.-H. Studies of 1 Amino-2,2-difluorocyclopropane-1-carboxylic Acid: Mechanism of 

Decomposition and Inhibition of 1 Aminocyclopropane-1-carboxylic Acid Deaminase / C.-

H. Liu, S.-A. Wang, M. W. Ruszczycky, H. Chen, K. Li, K. Murakami, H. Liu // Org. Lett. – 

2015. – V. 17,  13. – P. 3342–3345. 

91. Alford, J. S. Expanding the Scope of Donor/Acceptor Carbenes to N Phthalimido Donor 

Groups: Diastereoselective Synthesis of 1 Cyclopropane R Amino Acids / J. S. Alford, H. 

M.L. Davies // Org. Lett. – 2012. – V. 14,  23. – P. 6020–6023. 

92. Racouchot, S. Titanium-Mediated Diastereoselective Formation of (E)- or (Z)-2-Substituted 

1-Vinylcyclopropanols: Scope and Limitation, Applications / S. Racouchot, I. Sylvestre, J. 

Ollivier, Yu.Yu. Kozyrkov, A. Pukin, O.G. Kulinkovich, J. Salaun // Eur. J. Org. Chem. – 

2002.  –  13. – .  2160–2176. 

93. Kordes, M. A New Short Access to Amino Acids Incorporating an Aminocyclopropyl 

Moiety from N,N-Dibenzylcarboxamides / M. Kordes, H. Winsel, A. de Meijere // Eur. J. 

Org. Chem. – 2000. –  18. – . 3235–3245. 

94. Bertus, . Ti(II)-Mediated Conversion of -Heterosubstituted (O, N, S) Nitriles to 

Functionalized Cyclopropylamines. Effect of Chelation on the Cyclopropanation Step P. 

Bertus, J. Szymoniak // J. Org. Chem. – 2002. – V. 67,  11. – .  3965–3968. 



289 

95. Brandl, M. Convenient Preparation of -Amino Acids with Bicyclopropylidene and Other 

Methylenecyclopropane Moieties M. Brandl, S.I. Kozhushkov, M. Tamm, D.S.. Yufit , A.K. 

Howard, A. de Meijere // Eur. J. Org. Chem. – 1998. –  12. – . 2785–2795. 

96. , . .   ,     

  -  / . . , . . , 

. .  //    , . . 

. .  – 1996,  11. – . 136–155. 

97. Hoveyda, H.R. Optimization of the Potency and Pharmacokinetic Properties of a 

Macrocyclic Ghrelin Receptor Agonist (Part I): Development of Ulimorelin (TZP-101) from 

Hit to Clinic / H. R. Hoveyda,  E. Marsault, R. Gagnon, A. P. Mathieu, M. Vézina, A. 

Landry, Z. Wang, K. Benakli, S. Beaubien, C. Saint-Louis, M. Brassard, J.-F. Pinault, L. 

Ouellet, S. Bhat, M. Ramaseshan, X. Peng, L. Foucher, S. Beauchemin, P. Bhérer, D. F. 

Veber, M. L. Peterson, G. L. Fraser // J. Med. Chem. – 2011. – V. 54,  24. – . 8305–

8320. 

98. Howard-Jones, A. R. Interactions of Isopenicillin N Synthase with Cyclopropyl-Containing 

Substrate Analogues Reveal New Mechanistic Insight / A. R. Howard-Jones, J. M. Elkins, I. 

J. Clifton, P. L. Roach, R. M. Adlington, J. E. Baldwin, P. J. Rutledge // Biochemistry. – 

2007. – V. 46,  16. – . 4755–4762. 

99. Xiong, Y. The discovery of a potent and selective lethal factor inhibitor for adjunct therapy 

of anthrax infection / Y. Xiong,  J. Wiltsie, A.Woods, J. Guo, J. V. Pivnichny, W. Tang, A. 

Bansal, R. T. Cummings, B. R. Cunningham, A. M. Friedlander, C. M. Douglas, S. P. 

Salowe,  D. M. Zaller, E. M. Scolnick, D. M. Schmatz, K  Bartizal, J. D. Hermes, M. 

MacCossa, K. T. Chapman // Bioorg. Med. Chem. Lett. – 2006. – V. 16,  4. – P. 964–968. 

100.Vallin, K. S. A. N-1-Alkyl-2-oxo-2-aryl amides as novel antagonists of the TRPA1 receptor 

/ K. S. A. Vallin, K. J. Sterky, E. Nyman, J. Bernström , R. From, C. Linde, A. B. E. 

Minidis, A. Nolting, K. Närhi, E. M. Santangelo, F. W. Sehgelmeble, D. Sohn, J. Strindlund, 

D. Weigelt // Bioorg. Med. Chem. Lett. – 2012. – V. 22,  17. – . 5485–5492. 

101.Garbaccio, R. M. Kinesin spindle protein (KSP) inhibitors. Part 3: Synthesis and evaluation 

of phenolic 2,4-diaryl-2,5-dihydropyrroles with reduced hERG binding and employment of 

a phosphate prodrug strategy for aqueous solubility / R.M. Garbaccio, M. E. Fraley, E. S. 

Tasber, C. M. Olson, W. F. Hoffman, K. L. Arrington, M. Torrent, C. A. Buser, E. S. Walsh, 

K.Hamilton, M. D. Schaber, C. Fernandes, R. B. Lobell, W. Tao, V. J. South, Y. Yan, L. C. 

Kuo, T. Prueksaritanont, D. E. Slaughter, C. Shu, D. C. Heimbrook, N. E. Kohl, H. E. 

Huber, G. D. Hartman //  Bioorg. Med. Chem. Lett. – 2006. – V. 16,  7. – . 1780–1783. 

102.Ghidini, E. Discovery of Ipragliflozin (ASP1941): A novel C-glucoside with 

benzothiophene structure as a potent and selective sodium glucose co-transporter 2 (SGLT2) 



290 

inhibitor for the treatment of type 2 diabetes mellitus / E. Ghidini, M. Delcanale, R. De 

Fanti, A.Rizzi, M. Mazzuferi, D. Rodi, M. Simonato, M. Lipreri, F. Bassani, L. Battipaglia, 

M. Bergamaschia, G. Villetti // Bioorg. Med. Chem. – 2006. – V. 14,  10. – . 3263–3279. 

103.Cumming, J. N. Structure based design of iminohydantoin BACE1 inhibitors: Identification 

of an orally available, centrally active BACE1 inhibitor / J. N. Cumming, E. M. Smith, L. 

Wang, J. Misiaszek, J. Durkin, J. Pan, U. Iserloh, Y. Wu, Z. Zhu, C. Strickland, J. Voigt, 

X.Chen, M. E. Kennedy, R. Kuvelkar, L. A. Hyde, K. Cox, L. Favreau, M. F. Czarniecki, 

W. J. Greenlee, B. A. McKittrick, E. M. Parker, A. W. Stamford // Bioorg. Med. Chem. Lett. 

–  2012. – V. 22,  7. – P. 2444–2449. 

104.Pellicciari, R. Synthesis, Molecular Modeling Studies, and Preliminary Pharmacological 

Characterization of All Possible 2-(2‘-Sulfonocyclopropyl)glycine Stereoisomers as 

Conformationally Constrained L-Homocysteic Acid Analogs / R. Pellicciari, M. Marinozzi, 

A. Macchiarulo, M. C. Fulco, J. Gafarova, M. Serpi, G. Giorgi, S. Nielsen, C. Thomsen //  J. 

Med. Chem. – 2007. – V. 50,  19. – P. 4630–4641. 

105.Amori, L. Synthesis and preliminary biological evaluation of (2S,1 R,2 S)- and (2S,1 S,2 R)-

2-(2 -phosphonocyclopropyl)glycines, two novel conformationally constrained l-AP4 

analogues / L. Amori, M. Serpi, M. Marinozzi, G. Costantino, M. G. Diaz, M. B. Hermit, C. 

Thomsenb and R. Pellicciari // Bioorg. Med. Chem. Lett. –  2006. – V. 16,  1. – P. 196–

199. 

106.Marinozzi, M Synthesis and preliminary pharmacological evaluation of the four 

stereoisomers of (2S)-2-(2 -phosphono-3 -phenylcyclopropyl)glycine, the first class of 3 -

substituted transC1 2 -2-(2 -phosphonocyclopropyl)glycines / M. Marinozzi, M. Serpi, L. 

Amori, M. G. Diaz, G. Costantino, U. Meyer, P. J. Flor, F. Gasparini, R. Heckendorn, R. 

Kuhn, G. Giorgi, M. B. Hermit, C. Thomsend and R. Pellicciari // Bioorg. Med. Chem. – 

2007. – V. 15,  9. – P. 3161–3170. 

107.Satoh, T.  Synthesis, including asymmetric synthesis, of 1-substituted cyclopentenes from 

cyclobutanones with one-carbon ring-expansion by 1,2-carbon-carbon insertion of 

magnesium carbenoids / T. Satoh, Y. Awata, Y. Kato, S. Ogata, M. Ishigaki, S. Sugiyama, 

H. Saitoh // Tetrahedron. – 2011. – V. 67,  6. – P. 1102–1113. 

108.Satoh, T.  A versatile synthesis, including asymmetric synthesis, of bicyclo[n.1.0]alkanes 

from cyclic ketones via the magnesium carbenoid 1,3-CH insertion as a key reaction / T. 

Satoh, S. Ogata and D. Wakasugi // Tetrahedron Lett. – 2006. – V. 47,  40. – P. 7249–

7253. 

109.Ogata, S. A synthesis of bicyclo[n.1.0]alkanes having tert-butyl carboxylate or acetamide 

moiety via the intramolecular 1,3-CH insertion of magnesium carbenoids / S. Ogata, H. 

Saitoh, D. Wakasugi, T. Satoh // Tetrahedron. – 2008. – V. 64,  24. – P. 5711–5720. 



291 

110.Limbach, M. High yielding selective access to spirocyclopropanated 5-oxopiperazine-2-

carboxylates and 1,4-diazepane-2,5-diones from methyl 2-chloro-2-cyclopropylideneacetate 

/ M. Limbach, V. S. Korotkov, M. Es-Sayed, A. de Meijere // Org. Biomol. Chem. – 2008. – 

V. 6,  20. – P.  3816–3822. 

111.Limbach, M. Facile synthesis of structurally diverse 5-oxopiperazine-2-carboxylates as 

dipeptide mimics and templates M. Limbach, A. V. Lygin, V. S. Korotkov, M. Es-Sayed, A. 

de Meijere // Org. Biomol. Chem. – 2009. – V. 7,  16. – P. 3338–3342. 

112.Nötzel, M. W. Part 151. Cyclopropyl Building Blocks for Organic Synthesis /  M. W. 

Nötzel, D. Frank, T. Labahn, J. Magull, A. de Meijere // Eur. J. Org. Chem. – 2009. –  11. 

– . 1683–1686. 

113.Limbach, M. Addition of Indole to Methyl 2-Chloro-2-cyclopropylideneacetate en Route to 

Spirocyclopropanated Analogues of Demethoxyfumitremorgine C and Tadalafil / M. 

Limbach, S. Dalai, A. Janssen, M. Es-Sayed, J. Magull,  and A. de Meijere // Eur. J. Org. 

Chem. – 2005. –  3. – P. 610–617. 

114.Larionov, O. V. Practical Syntheses of Both Enantiomers of Cyclopropylglycine and of 

Methyl 2-Cyclopropyl-2-N-Boc-iminoacetate O. V. Larionov, A. de Meijere // Adv. Synth. 

Catal. – 2006. – V. 348,  9. – P. 1071–1078. 

115.Limbach, M. Methyl 2-(Benzyloxycarbonylamino)-2-cyclopropylideneacetate: A Versatile 

Building Block for Cyclopropyl-Containing Amino Acids / M. Limbach, A. Lygin, M. Es-

Sayed, A. de Meijere // Eur. J. Org. Chem. –  2009. –  9. – P. 1357–1364. 

116.Shao, L.-X. Montmorillonite KSF-Catalyzed One-Pot, Three-Component, Aza-Diels–Alder 

Reactions of Methylenecyclopropanes with Arenecarbaldehydes and Arylamines / L.-X. 

Shao, M. Shi // Adv. Synth. Catal. – 2003. – V. 345,  8. – P. 963–966. 

117.Shi, M. The Lewis Acids Catalyzed Aza-Diels Alder Reaction of Methylenecyclopropanes 

with Imines / M. Shi, L.-X. Shao, B. Xu // Org. Lett. – 2003. – V. 5,  4. – P.  579–582. 

118.Zhu, Z.-B. Brønsted Acid or Solid Acid Catalyzed Aza-Diels–Alder Reactions of 

Methylenecyclopropanes with Ethyl (Arylimino)acetates / Z.-B. Zhu, L.-X. Shao, M. Shi. // 

Eur. J. Org. Chem. – 2009. –  15. – P. 2576–2580. 

119.Liu, T.-L. Stereoselective construction of a 5-aza-spiro[2,4]heptane motif viacatalytic 

asymmetric 1,3-dipolar cycloaddition of azomethine ylides and ethyl cyclopropylidene 

acetate / T.-L. Liu, Z.-L. He, H.-Y. Tao, Y.-P. Cai, C.-J. Wang // Chem. Commun. – 2011. – 

V. 47,  9. – P. 2616–2618. 

120.Cordero, F. M. Synthesis of -Cyclopropyl- -homoprolines / F. M. Cordero, M. Salvati, C. 

Vurchio, A. de Meijere, A. Brandi // J. Org. Chem. – 2009. – V. 74,  11. – P. 4225–4231. 



292 

121.Zanobini, A. A New Three-Component Cascade Reaction to Yield 3-Spirocyclopropanated 

-Lactams / A. Zanobini, A. Brandi, A. de Meijere // Eur. J. Org. Chem. – 2006. –  5. – P. 

1251–1255. 

122.Cordero, F.M. New Synthesis of -Lactams by Ethylene Extrusion from Spirocyclopropane 

Isoxazolidines / F. M. Cordero, F. Pisaneschi, A. Goti, J. Ollivier, J. Salaun, A. Brandi // J. 

Am. Chem. Soc. – 2000. – V. 122,  33. – P. 8075. 

123.Brandi, A. Heterocycles from Alkylidenecyclopropanes / A. Brandi, S. Cicchi, F. M. 

Cordero, A. Goti //  Chem. Rev. – 2003. – V. 103,  4. – P. 1213–1270. 

124.Hartz, R. A. A Strategy to Minimize Reactive Metabolite Formation: Discovery of (S)-4-(1-

Cyclopropyl-2-methoxyethyl)-6-[6-(difluoromethoxy)-2,5-dimethylpyridin-3-ylamino]-5-

oxo-4,5-dihydropyrazine-2-carbonitrile as a Potent, Orally Bioavailable Corticotropin-

Releasing Factor-1 Receptor Antagonist / R. A. Hartz, V. T. Ahuja, X. Zhuo, R. J. Mattson, 

D. J. Denhart, J. A. Deskus, V. M. Vrudhula, S. Pan, J. L. Ditta, Y.-Z. Shu, J. E. Grace, K. 

A. Lentz, S. Lelas, Y.-W. Li, T. F. Molski, S. Krishnananthan, H. Wong,  J. Qian-Cutrone, 

R. Schartman, R. Denton, N. J. Lodge, R. Zaczek, J. E. Macor, J. J. Bronson // J. Med. 

Chem. – 2009. – V. 52,  23. – P. 7653–7668. 

125.Leahy, D.K. Development of an Efficient Synthesis of Two CRF Antagonists for the 

Treatment of Neurological Disorders / D. K. Leahy, J. Li, J. B. Sausker, J. Zhu, M. A. 

Fitzgerald, C. Lai, F. G. Buono,  A. Braem,  N. de Mas, Z. Manaloto, E. Lo, W. Merkl, B.-

N. Su, Q. Gao, A. T. Ng, R. A. Hartz // Org. Proc. Res. Dev. – 2010. – V. 14,  5. – P.  

1221–1228. 

126.Yoshda, K. Three-dimensional structure-activity relationship study of belactosin A and its 

stereo- and regioisomers: development of potent proteasome inhibitors by a stereochemical 

diversity-oriented strategy / K. Yoshida, K. Yamaguchi, A. Mizuno, Y. Unno, A. Asai, T. 

Sone, H. Yokosawa, A. Matsuda, M. Arisawa, S. Shuto // Org. Biomol. Chem. – 2009. – V. 

7,  9. – P. 1868–1877. 

127.Watanabe, M. Synthesis of a series of 3,4-methanoarginines as side-chain conformationally 

restricted analogues of arginine / M. Watanabe, K. Yamaguchi, W. Tang, K. Yoshida, R. B. 

Silverman, M. Arisawa, S. Shuto // Bioorg. Med. Chem. – 2011. – V. 19,  20. – P.  5984–

5988. 

128.Kazuta, Y. Development of Versatile cis- and trans-Dicarbon-Substituted Chiral 

Cyclopropane Units:� Synthesis of (1S,2R)- and (1R,2R)-2-Aminomethyl-1-(1H-imidazol-

4-yl)cyclopropanes and Their Enantiomers as Conformationally Restricted Analogues of 

Histamine / Y. Kazuta, A. Matsuda, S. Shuto // J. Org. Chem. – 2002. – V. 67,  5. – P.  

1669–1677. 



293 

129.Yoshida, K. Synthesis of 2,3- and 3,4-Methanoamino Acid Equivalents with Stereochemical 

Diversity and Their Conversion into the Tripeptide Proteasome Inhibitor Belactosin A and 

Its Highly Potent Cis-Cyclopropane Stereoisomer / K. Yoshida, K.Yamaguchi, T. Sone, Y. 

Unno, A. Asai, H. Yokosawa, A. Matsuda, M. Arisawa, S. Shuto // Org. Lett. – 2008. – V. 

10,  16. – P. 3571–3574. 

130.Jibao, X. Synthesis of Cyclopropane-containing Building Blocks via Ir-Catalyzed 

Enantioselective Allylic Substitution Reaction / X. Jibao, Z. Chunxiang, Y. Shuli, Chin // J. 

Chem. –  2010. – V. 28,  9. – P. 1525–1528. 

131.Singh, O.V. Iridium(I)-catalyzed regio- and enantioselective allylic amidation / O. V. Singh, 

H. Han // Tetrahedron Lett. – 2007. – V. 48,  40. – P. 7094–7098. 

132.Parker, W. L. Preparation of (S)-1-Cyclopropyl-2-methoxyethanamine by a 

Chemoenzymatic Route Using Leucine Dehydrogenase / W. L. Parker, R. L. Hanson, S. L. 

Goldberg, T. P. Tully, A. Goswami // Org. Process Res. Dev. – 2012. – V. 16,  3. – P.  

464–469. 

133.O’Donnell, M. J. The Synthesis of Amino Acid Derivatives by Catalytic Phase-Transfer 

Alkylations / M. J. O’Donnell,  T. M. Eckrich //  Tetrahedron Lett. – 1978. – V. 19,  47. – 

. 4625– 4628. 

134.Niwa, Y. Tandem N-Alkylation C-Allylation Reaction of -Imino Esters with 

Organoaluminums and Allyltributyltin / Y. Niwa, M. Shimizu // J. Am. Chem. Soc. – 2003. 

– V. 125,  13. – P. 3720–3721. 

135.Shimizu, M. Conjugated imines and iminium salts as versatile acceptors of nucleophiles / M. 

Shimizu, I. Hachiya, I. Mizota // Chem. Commun. – 2009. –  8. – P.  874–889. 

136.Shimizu, M. A New Synthetic Method for -Alkoxycarbonyl Iminium Salt and Its Reaction 

with Nucleophiles / M. Shimizu, H. Itou, M. Miura // J. Am. Chem. Soc. – 2005. – V. 127, 

 10. – P. 3296–3297. 

137.Hata, S. Synthesis of , -Disubstituted -Amino Esters: Nucleophilic Addition to Iminium 

Salts Generated from Amino Ketene Silyl Acetals / S. Hata, H. Koyama, M. Shimizu // J. 

Org. Chem. – 2011. – V. 76,  23. – P.  9670–9677. 

138.González, R. C3 -cis-Substituted carboxycyclopropyl glycines as metabotropic glutamate 

2/3 receptor agonists: Synthesis and SAR studies  / R. González, I. Collado, B. L. de Uralde, 

A. Marcos, L. M. Martín-Cabrejas, C. Pedregal, J. Blanco-Urgoiti, J. Pérez-Castells, M. A. 

Fernández, Sh. L. Andis, B.G. Johnson, R. A. Wright, D. D. Schoepp, J. A. Monn // Bioorg. 

Med. Chem. – 2005. – V. 13,  23. – P.  6556–6570. 

139.Collado, I. 2S,1’S,2’R,3’R)-2-(2’-Carboxy-3’-hydroxymethylcyclopropyl) Glycine Is a 

Highly Potent Group 2 and 3 Metabotropic Glutamate Receptor Agonist with Oral Activity  

/ I. Collado, C. Pedregal, A. B. Bueno, A. Marcos, R. González, J. Blanco-Urgoiti, J. Pérez-



294 

Castells, D. D. Schoepp, R. A. Wright, B. G. Johnson, A. Kingston, E. D. Moher, D. W. 

Hoard // J. Med. Chem. – 2004. – V. 47,  2. – P.  456–466. 

140.Risgaard, R. Development of 2 -Substituted (2S,1 R,2 S) 2- (Carboxycyclopropyl)glycine 

Analogues as Potent N Methyl D aspartic Acid Receptor Agonists / R. Risgaard, S. D. 

Nielsen, K. B. Hansen, C.M. Jensen, B. Nielsen, S.F. Traynelis, R.P. Clausen // J. Med. 

Chem. – 2013. – V. 56,  10. – . 4071–4081. 

141.Wheeler, W. G. (2S,1 S,2 R,3 R)-2(2 -Carboxy-3 -hydroxymethylcyclopropyl)glycine-[3H], 

a potent and selective radioligand for labeling group 2 and 3 metabotropic glutamate 

receptors  / W. J. Wheeler, D. K. Clodfelter, P. Kulanthaivel, C. Pedregal, E. A. Stoddard, R. 

A. Wright, D. D. Schoepp // Bioorg. Med. Chem. Lett. – 2005. – V. 15,  2. – P.  349–351. 

142.Wang, J.-Q. Radiosynthesis of PET radiotracer as a prodrug for imaging group II 

metabotropic glutamate receptors in vivo / J.-Q. Wang, Zh. Zhang, D. Kuruppu, A.-L. 

Brownell // Bioorg. Med. Chem. Lett. –  2012. – V. 22,  5. – P.  1958–1962. 

143.Avery, T. D. A Concise Route to -Cyclopropyl Amino Acids Utilizing 1,2-Dioxines and 

Stabilized Phosphonate Nucleophiles / T. D. Avery, B. W. Greatrex, D. S. Pedersen, D. K. 

Taylor, E. R. T. Tiekink // J. Org. Chem. – 2008. – V. 73,  7. – P.  2633–2640. 

144.Stanley, N. J. A new metabotropic glutamate receptor agonist with in vivo anti-allodynic 

activity / N. J. Stanley, M. R. Hutchinson, T. Kvist, B. Nielsen, J. M. Mathiesen, H. 

Bräuner-Osborne, T. D. Avery, E. R. T. Tiekink, D. S. Pedersen, R. J. Irvine, A. D. Abell, 

D. K. Taylor // Bioorg. Med. Chem. – 2010. – V. 18,  16. – P.  6089–6098. 

145.Pellicciari, R. Design, synthesis and preliminary evaluation of novel 3 -Substituted 

carboxycyclopropylglycines as antagonists at group 2 metabotropic glutamate receptors / R. 

Pellicciari, G. Costantino, M. Marinozzi, A. Macchiarulo, L. Amori, P. Josef Flor, F. 

Gasparini, R. Kuhn, S. Urwyler // Bioorg. Med. Chem. Lett. – 2001. – V. 11,  24. – P.  

3179–3182. 

146.Ornstein, P.L. 2-Substituted (2SR)-2-Amino-2-((1SR,2SR)-2-carboxycycloprop-1-

yl)glycines as Potent and Selective Antagonists of Group II Metabotropic Glutamate 

Receptors. 1. Effects of Alkyl, Arylalkyl, and Diarylalkyl Substitution  / P. L. Ornstein, T. J. 

Bleisch, M. B. Arnold, R. A. Wright, B. G. Johnson, D. D. Schoepp // J. Med. Chem. – 

1998. – V. 41,  3. – P. 346–357. 

147.Sakagami, K. Synthesis, in vitro pharmacology, and pharmacokinetic profiles of 2-[1-

amino-1-carboxy-2-(9H-xanthen-9-yl)-ethyl]-1-fluorocyclopropanecarboxylic acid and its 6-

heptyl ester, a potent mGluR2 antagonist / K. Sakagami, A. Yasuhara, Sh. Chaki, R. 

Yoshikawa, Ya. Kawakita, A. Saito, T. Taguchi, A. Nakazato // Bioorg. Med. Chem. – 2008 

– V. 16,  8. – P.  4359–4366. 



295 

148.Saito, A. A stereoselective preparation of 1-fluorocyclopropane-1-carboxylate derivatives 

through radical addition of fluoroiodoacetate to alkenes followed by intramolecular 

substitution reaction  / A. Saito, H. Ito, T. Taguchi //  Tetrahedron. – 2001. – V. 57,  35. – 

P. 7487–7493. 

149.Bucherer, H. T. Syntheses of hydantoins I. Reactions of -hydroxy and -aminonitriles / H. 

T. Bucherer, W. J. Steiner // J. Prakt. Chem. – 1934. – B. 140. – S. 291–316. 

150.Chanthamath, S. Highly Stereoselective Synthesis of Cyclopropylphosphonates Catalyzed 

by Chiral Ru(II)-Pheox Complex / S. Chanthamath, S. Ozaki, K. Shibatoni, S. Iwasa // Org. 

Lett. – 2014. – V. 16,  11. – . 3012–3015. 

151.Midura, W. H. Asymmetric synthesis of conformationally constrained L-AP4 analogues 

using chiral sulfinyl auxiliary / W. H. Midura, J. Krysiak, A. Rzewnicka, A. Supe , P. 

y wa, A. M. Ewas // Tetrahedron. – 2013. – V. 69,  2. – . 730–737. 

152.Little, R. D. MIRC (Michael Initiated Ring Closure) Reactions Formation of Three, Five, 

Six and Seven Membered Rings / R. D. Little, J. R. Dawson // Tetrahedron Lett. – 1980. – 

V. 21,  27. – P.  2609–2612. 

153.Lucas, S. Allenyl ketones as versatile Michael acceptors for the addition of chelated enolates 

/ S. Lucas, U. Kazmaier // Synlett. – 2006. –  2. – P. 255–258. 

154.Schmidt, C. Efficient Stereoselective Syntheses of Constrained Glutamates via Michael-

Induced Ring Closing Reactions / C. Schmidt, U. Kazmaier // Eur. J. Org. Chem. – 2008. – 

 5. – P. 887–894. 

155. Kazmaier, U. Synthesis of Furanoid Amino Acids via a Domino Michael-/ Aldol-

Addition/Cyclization-Approach / U. Kazmaier, C. Schmidt // Synlett. – 2009. –  16. – P. 

2625–2628. 

156.Kumar, P. Enantio- and diastereocontrolled conversion of chiral epoxides to trans-

cyclopropane carboxylates: application to the synthesis of cascarillic acid, grenadamide and 

L-( )-CCG-II / P. Kumar, A. Dubey, A. Harbindu. // Org. Biomol. Chem. – 2012. – V. 10, 

 34. – . 6987–6994. 

157.Dominguez, C. Methyl Substitution of 2-Aminobicyclo[3.1.0]hexane 2,6-Dicarboxylate 

(LY354740) Determines Functional Activity at Metabotropic Glutamate Receptors:� 

Identification of a Subtype Selective mGlu2 Receptor Agonist / C. Dominguez, L. Prieto, M. 

J. Valli, S. M. Massey, M. Bures, R. A. Wright, B. G. Johnson, S. L. Andis, A. Kingston, D. 

D. Schoepp, J. A. Monn // J. Med. Chem. – 2005. – V. 48,  10. – P.  3605–3612. 

158.Monn, J. A. Design, Synthesis, and Pharmacological Characterization of (+)-2-

Aminobicyclo[3.1.0]hexane-2,6-dicarboxylic Acid (LY354740):� A Potent, Selective, and 

Orally Active Group 2 Metabotropic Glutamate Receptor Agonist Possessing 

Anticonvulsant and Anxiolytic Properties / J. A. Monn,  M. J. Valli, S. M. Massey, R. A. 



296 

Wright, C. R. Salhoff, B. G. Johnson, T. Howe, C. A. Alt, G. A. Rhodes, R. L. Robey, K. R. 

Griffey, J. P. Tizzano, M. J. Kallman, D. R. Helton, D. D. Schoepp // J. Med. Chem. – 1997. 

– V. 40,  4. – P. 528–537. 

159.Henry, S.S. Improved Synthesis of C4 - and C4 -Methyl Analogues of 2-

Aminobicyclo[3.1.0]hexane-2,6-dicarboxylate / S. S. Henry, M. D. Brady, D. L. T. Laird, J. 

C. Ruble, D. L. Varie, J. A. Monn // Org. Lett. – 2012. – V. 14,  11. – P.  2662–2665. 

160.Monn, J. A. Synthesis and Pharmacological Characterization of C4-Disubstituted Analogs of 

1S,2S,5R,6S 2-Aminobicyclo[3.1.0]hexane-2,6- dicarboxylate: Identification of a Potent, 

Selective Metabotropic Glutamate Receptor Agonist and Determination of Agonist-Bound 

Human mGlu2 and mGlu3 Amino Terminal Domain Structures / J. A. Monn, M. R. 

Reinhard, S. S. Henry, P. J. Goldsmith, C. D. Beadle, L. Walton, T. Man, H. Rudyk, B. 

Clark, D. Tupper, S. R. Baker, C. Lamas, C. Montero, A. Marcos, J. Blanco, M. Bures, D. 

K. Clawson, S. Atwell, F. Lu, J. Wang, M. Russell, B. A. Heinz, X. Wang, J. H. Carter, C. 

Xiang, J. T. Catlow, S. Swanson, H. Sanger, L. M. Broad, M. P. Johnson, K. L. Knopp, R. 

M. A. Simmons, B. G. Johnson, D. B. Shaw, D. L. McKinzie // J. Med. Chem. – 2015. – V. 

58,  4. – . 1776–1794. 

161.Monn, J. A. Synthesis and Pharmacological Characterization of 4-Substituted-2- 

Aminobicyclo[3.1.0]hexane-2,6-Dicarboxylates: Identification of New Potent and Selective 

Metabotropic Glutamate 2/3 Receptor Agonists / J. A. Monn, M. J. Valli, S. M. Massey, J. 

Hao, M. R. Reinhard, M. G. Bures, B. A. Heinz, X.-S. Wang, J. H. Carter, B. G. Getman, G. 

A. Stephenson, M. Herin, J. T. Catlow, S. Swanson, B. G. Johnson, D. L. McKinzie, S. S. 

Henry // J. Med. Chem. – 2013. – V. 56,  11. – . 4442–4455. 

162.Monn, J. A. Synthesis and Pharmacological Characterization of C4-(Thiotriazolyl)-

Substituted-2-Aminobicyclo[3.1.0]hexane-2,6-Dicarboxylates. Identification of 

(1R,2S,4R,5R,6R)-2-Amino-4-(1H-1,2,4-triazol-3-ylsulfanyl)bicyclo[3.1.0]hexane-2,6-

dicarboxylic acid (LY2812223), a Highly Potent, Functionally Selective mGlu2 Receptor 

Agonist / J. A. Monn, L. Prieto, L. Taboada, J. Hao, M. R Reinhard, S. S. Henry, C. D. 

Beadle, L. Walton, T. Man, H. Rudyk, B. Clark, D. Tupper, S. R. Baker, C. Lamas, C. 

Montero, A. Marcos, J. Blanco, M. Bures, D. K. Clawson, S. Atwell, F. Lu, J. Wang, M. 

Russell, B. A. Heinz, X. Wang, J. H. Carter, B. G. Getman, J. T. Catlow, S. Swanson, B. G. 

Johnson, D. B. Shaw, D. L. McKinzie / J. Med. Chem. – 2015. – V. 58,  18. – . 7526–

7548. 

163.Wheeler, W. J. The synthesis of isotopically labeled (+)-2-aminobicyclo[3.1.0]hexane-2,6-

carboxylic acid and its 2-oxa- and 2-thia-analogs / W. J. Wheeler, D. D. O’Bannon, J. H. 



297 

Kennedy, J. A. Monn, R. W. Tharp-Taylor, M. J. Valli, F. Kuo // J. Label. Compd. 

Radiopharm. – 2005. – V.  48,  8. – P.  605–620. 

164.Wheeler, W. J. The synthesis of three isotopomers of LY354740, a potent and selective 

group II metabotropic glutamate receptor agonist / W. J. Wheeler, J. A. Monn, M. J. Valli, 

D. D. O’Bannon // Abstracts of the 5th Int. Conf. Isotopes (25–29 April, 2005). – Brussels, 

2005. – P. 18. 

165.Wheeler, W. J.  The synthesis of C-14 labeled LY379268 and LY389795 , potent and 

selective group II metabotropic glutamate receptor agonists / W. J. Wheeler, M. C. Spence, 

F. Kuo // Abstracts of the 5th Int. Conf. Isotopes (25–29 April, 2005). – Brussels, 2005. – P. 

18. 

166.Yasuhara, A. Synthesis, in vitro pharmacology, and structure–activity relationships of 2-

aminobicyclo[3.1.0]hexane-2,6-dicarboxylic acid derivatives as mGluR2 antagonists / A. 

Yasuhara, K. Sakagami, R. Yoshikawa, Sh. Chaki, M. Nakamura, A. Nakazato // Bioorg. 

Med. Chem. – 2006. – V. 14,  10. – P. 3405–3420. 

167.Tan, L. Stereoselective Syntheses of Highly Functionalized Bicyclo[3.1.0]hexanes:� A 

General Methodology for the Synthesis of Potent and Selective mGluR2/3 Agonists / L. 

Tan, N. Yasuda, N. Yoshikawa, F. W. Hartner, K. K. Eng, W. R. Leonard, F.-R. Tsay, R. P. 

Volante, R. D. Tillyer. // J. Org. Chem. – 2005. – V. 70,  20. – P.  8027–8034. 

168.Monn, J. A. Synthesis and Metabotropic Glutamate Receptor Activity of S-Oxidized 

Variants of ( )-4-Amino-2-thiabicyclo-[3.1.0]hexane-4,6-dicarboxylate:� Identification of 

Potent, Selective, and Orally Bioavailable Agonists for mGlu2/3 Receptors / J. A. Monn, S. 

M. Massey, M. J. Valli, S. S. Henry, G. A. Stephenson, M. Bures, M. Hérin, J. Catlow, D. 

Giera, R. A. Wright, B. G. Johnson, Sh. L. Andis, A. Kingston, D. D. Schoepp // J. Med. 

Chem. – 2007. – V. 50,  2. – P.  233–240. 

169.Waser, M. Process Development for a Key Synthetic Intermediate of LY2140023, a Clinical 

Candidate for the Treatment of Schizophrenia / M. Waser, E. D. Moher, S. S. K. Borders, 

M. M. Hansen, D. W. Hoard, M. E. Laurila, M. E. LeTourneau, R. D. Miller, M. L. Phillips, 

K. A. Sullivan, J. A. Ward, Ch. Xie, Ch. A. Bye, T. Leitner, B. Herzog-Krimbacher, M. 

Kordian, M. Müllner // Org. Process Res. Dev. – 2011. – V. 15,  6. – P. 1266–1274. 

170.Krysiak, J. Constrained cycloalkyl analogues of glutamic acid: stereocontrolled synthesis of 

(+)-2-aminobicyclo[3.1.0]hexane-2,6-dicarboxylic acid (LY354740) and its 6-phosphonic 

acid analogue / J. Krysiak, W. H. Midura, W. Wieczorek, L. Siero , M. Miko ajczyk // 

Tetrahedron Asymmetry. – 2010. – V. 21,  11/12. – P.  1486–1493. 

171.Sakagami, K. Scalable Synthesis of (+)-2-Amino-3-fluorobicyclo[3.1.0]hexane-2,6-

dicarboxylic Acid as a Potent and Selective Group II Metabotropic Glutamate Receptor 



298 

Agonist / K. Sakagami, T. Kumagai, T. Taguchi, A. Nakazato // Chem. Farm. Bull. – 2007. 

– V. 55,  1. – P. 37–43. 

172.Bueno, A.B. Dipeptides as Effective Prodrugs of the Unnatural Amino Acid (+)-2-

Aminobicyclo[3.1.0]hexane-2,6-dicarboxylic Acid (LY354740), a Selective Group II 

Metabotropic Glutamate Receptor Agonist / A. B. Bueno, I. Collado, A. de Dios, C. 

Domínguez, J. A. Martín, L. M. Martín, M. A. Martínez-Grau, C. Montero, C. Pedregal, J. 

Catlow, D. S. Coffey, M. P. Clay, A. H. Dantzig, T. Lindstrom, J. A. Monn, H. Jiang, D. D. 

Schoepp, R. E. Stratford, L. B. Tabas, J. P. Tizzano, R. A. Wright, M. F. Herin // J. Med. 

Chem. – 2005. – V.  48, 16. – P. 5305–5320. 

173.Coffey, D.S. An efficient synthesis of LY544344·HCl: a prodrug of mGluR2 agonist 

LY354740 / D. S. Coffey, M. K. Hawk, S. W. Pedersen, R. K. Vaid // Tetrahedron Lett. – 

2005. – V. 46,  43. – P. 7299–7302. 

174.Fennell, J.W. Use of Silyl Ester and Enamine Protection for an Efficient Alternate Synthesis 

of (1S,2S,5R,6S)-2-[(2 S)-(2 -Amino)propionyl]aminobicyclo[3.1.0]hexane-2,6-dicarboxylic 

Acid Hydrochloride (LY544344·HCl / J. W. Fennell, M. J. Semo, D. D. Wirth, R. K. Vaid // 

Synthesis. – 2006. –  16. – P. 2659–2664. 

175.Hao. J. Simple conversion of fully protected amino acids to zwitterions / J. Hao, M. 

Reinhard, S. S. Henry, E. P. Seest, M. D. Belvo, J. A. Monn // Tetrahedron Lett. – 2012. – 

V. 53,  12. – P.  1433–1434. 

176.Fell, M.J. Activation of metabotropic glutamate (mGlu)2 receptors suppresses histamine 

release in limbic brain regions following acute ketamine challenge / M. J. Fell, J. S. Katner, 

B. G. Johnson, A. Khilevich, J. M. Schkeryantz, K. W. Perry, K. A. Svensson // 

Neuropharmacology. – 2010. – V. 58,  3. – P. 632–639. 

177.Nordquist, R. E. Pharmacological characterization of senktide-induced tail whips / R. E. 

Nordquist, T. M. Ballard, B. Algeyer, M. Pauly-Evers, L. Ozmen, W. Spooren // 

Neuropharmacology. – 2010. – V. 58,  1. – P.  259–267. 

178. Erikson, A. H. The intestinal absorption of a prodrug of the mGlu2/3 receptor agonist 

LY354740 is mediated by PEPT1: In situ rat intestinal perfusion studies  / A. H. Eriksson, 

M. V. S. Varma, E. J. Perkins, C. L. Zimmerman // J.  Pharm. Sci. – 2010. – V. 99,  3. – P. 

1574–1581. 

179. Fischer, B. D. Morphine in Combination with Metabotropic Glutamate Receptor 

Antagonists on Schedule-Controlled Responding and Thermal Nociception  / B. D. Fischer, 

E. I. Zimmerman, M. J. Picker, L. A. Dykstra //  J. Pharmacol. Exp. Ther. – 2008. – V. 324, 

 2. – P. 732–739. 

180. Rorick-Kehn, L. M. Pharmacological and Pharmacokinetic Properties of a Structurally 

Novel, Potent, and Selective Metabotropic Glutamate 2/3 Receptor Agonist: In Vitro 



299 

Characterization of Agonist (–)-(1R,4S,5S,6S)-4-Amino-2-sulfonylbicyclo[3.1.0]-hexane-

4,6-dicarboxylic Acid (LY404039 / L. M. Rorick-Kehn, B. G. Johnson, J. L. Burkey, R. A. 

Wright, D. O. Calligaro, G. J. Marek, E. S. Nisenbaum, J. T. Catlow, A. E. Kingston, D. D. 

Giera, M. F. Herin, J. A. Monn, D. L. McKinzie, D. D. Schoepp // J. Pharmacol. Exp. Ther. 

– 2007. – V. 321,  1. – P.  308–317. 

181. Liechti, M.E. Interactive effects of the mGlu5 receptor antagonist MPEP and the 

mGlu2/3 receptor antagonist LY341495 on nicotine self-administration and reward deficits 

associated with nicotine withdrawal in rats / M. E. Liechti, A. Markou // Eur. J. Pharmacol. 

– 2007. – V. 554,  2–3. – P.  164–174. 

182. Bespalov, A. Habituation Deficits Induced by Metabotropic Glutamate Receptors 2/3 

Receptor Blockade in Mice: Reversal by Antipsychotic Drugs / A. Bespalov, A.-L. Jongen-

Rêlo, M. van Gaalen, S. Harich, H. Schoemaker, G. Gross // J. Pharmacol. Exp. Ther. – 

2007. – V. 320,  2. – P. 944–950. 

183. Erreger, K. Subunit-Specific Agonist Activity at NR2A-, NR2B-, NR2C-, and NR2D-

Containing N-Methyl-d-aspartate Glutamate Receptors / K. Erreger, M. T. Geballe, A. 

Kristensen, P. E. Chen, K. B. Hansen, C. J. Lee, H. Yuan, P. Le, P. N. Lyuboslavsky, N. 

Micale, L. Jørgensen, R. P. Clausen, D. J. A. Wyllie, J. P. Snyder, S. F. Traynelis // Mol. 

Pharmocol. – 2007. – V. 72,  4. – P.  907–920. 

184. Rorick-Kehn, L. M. Improved Bioavailability of the mGlu2/3 Receptor Agonist 

LY354740 Using a Prodrug Strategy: In Vivo Pharmacology of LY544344 / L. M. Rorick-

Kehn, E. J. Perkins, K. M. Knitowski, J. C. Hart, B. G. Johnson, D. D. Schoepp, D. L. 

McKinzie // J. Pharmacol. Exp. Ther. – 2006. – V. 316,  2. – P.  905–913. 

185.Adewale, A.S. Pharmacological Stimulation of Group II Metabotropic Glutamate Receptors 

Reduces Cocaine Self-Administration and Cocaine-Induced Reinstatement of Drug Seeking 

in Squirrel Monkeys / A. S. Adewale, D. M. Platt, R. D. Spealman. // J. Pharmacol. Exp. 

Ther. – 2006. – V. 318,  2. – P.  922–931. 

186.Fujimoto, Y. Synthesis and x-ray analysis of cis-3,4-methylene-L-proline, the new natural 

amino acid from horse chestnuts, and of its trans isomer / Y. Fujimoto, F. Irreverre, J. M. 

Karle, I. L. Karle, B. Witkop // J.Am. Chem. Soc. – 1971. – V. 93,  14. – P.  3471–3477. 

187.Cheng, H. The development and SAR of pyrrolidine carboxamide 11 -HSD1 inhibitors / H. 

Cheng, J. Hoffman, P. Le, S. K. Nair, S. Cripps, J. Matthews, C. Smith, M. Yang, S. 

Kupchinsky, K. Dress, M. Edwards, B. Cole, E. Walters, C. Loh, J. Ermolieff, A. Fanjul, G. 

B. Bhat, J. Herrera, T. Pauly, N. Hosea, G. Paderes, P. Rejto // Bioorg. Med. Chem. Lett. – 

2010. – V. 20,  9. – P.  2897–2902. 

188. Ghosal, A. Characterization of Human Liver Enzymes Involved in the Biotransformation 

of Boceprevir, a Hepatitis C Virus Protease Inhibitor / A. Ghosal, Y. Yuan, W. Tong, A.-D. 



300 

Su, C. Gu, S. K. Chowdhury, N. S. Kishnani, K. B. Alton // Drug Metabol. Dispos. – 2011. 

– V. 39,  3. – P. 510–521. 

189.Laurent, D. R. St. HCV NS5A replication complex inhibitors. Part 2: Investigation of 

stilbene prolinamides / D. R. St. Laurent, M. Belema, M. Gao, J. Goodrich, R. Kakarla, J. O. 

Knipe, J. A. Lemm, M. Liu, O. D. Lopez, V. N. Nguyen, P. T. Nower, D. O’Boyle II, Y. 

Qiu, J. L. Romine, M. H. Serrano-Wu, J.-H. Sun, L. Valera, F. Yang, X. Yang, N. A. 

Meanwell, L. B. Snyder // Bioorg. Med. Chem. Lett. –  2012. – V. 22,  19. – P.  6063–

6066. 

190.Romine, J. L. Inhibitors of HCV NS5A: From Iminothiazolidinones to Symmetrical 

Stilbenes / J. L. Romine, D. R. St. Laurent, J. E. Leet, S. W. Martin, M. H. Serrano-Wu, F. 

Yang, M. Gao, D. R. II O’Boyle, J. A. Lemm, J.-H. Sun, P. T. Nower, X. Huang, M. S. 

Deshpande, N. A. Meanwell, L. B. Snyder // ACS Med. Chem. Lett. – 2011. – V.  2,  3. – 

P. 224–229. 

191.Arasappan, A. Practical and efficient method for amino acid derivatives containing -

quaternary center: application toward synthesis of hepatitis C virus NS3 serine protease 

inhibitors / A. Arasappan, S. Venkatraman, A. I. Padilla, W. Wu, T. Meng, Y. Jin, J. Wong, 

A. Prongay, V. Girijavallabhan, F. G. Njoroge // Tetrahedron Lett. – 2007. – V. 48,  36. – 

P.  6343–6347. 

192.Vela´zquez, F. Application of Ring-Closing Metathesis for the Synthesis of Macrocyclic 

Peptidomimetics as Inhibitors of HCV NS3 Protease / F. Vela´zquez, S. Venkatraman, W. 

Wu, M. Blackman, A. Prongay, V. Girijavallabhan, N.-Y. Shih, F. G. Njoroge // Org. Lett. – 

2007. – V.  9,  9. – P.  3061–3064. 

193. Bogen, S. Hepatitis C virus NS3-4A serine protease inhibitors: SAR of new P1 derivatives 

of SCH 503034 / S. Bogen, A. Arasappan, W. Pan, S. Ruan, A. Padilla, A. K. Saksena, V. 

Girijavallabhan, F. G. Njoroge // Bioorg. Med. Chem. Lett. – 2008. – V. 18,  14. – P.  

4219–4223. 

194.Venkatraman, S. Potent inhibitors of HCV-NS3 protease derived from boronic acids  / S. 

Venkatraman, W. Wu, A. Prongay, V. Girijavallabhan, F. G. Njoroge // Bioorg. Med. Chem. 

Lett. – 2009. – V. 19,  1. – P. 180–183. 

195.Arasappan, A. Toward Second Generation Hepatitis C Virus NS3 Serine Protease Inhibitors: 

Discovery of Novel P4 Modified Analogues with Improved Potency and Pharmacokinetic 

Profile / A. Arasappan, A. I. Padilla, E. Jao, F. Bennett, S. L. Bogen, K. X. Chen, R. E. Pike, 

M. Sannigrahi, J. Soares, S. Venkatraman, B. Vibulbhan, A. K. Saksena, V. Girijavallabhan, 

X. Tong, K.-C. Cheng, F. G. Njoroge // J. Med. Chem. – 2009. – V. 52,  9. – P.  2806–

2817. 



301 

196.Bogen, S. L. Toward the Back-Up of Boceprevir (SCH 503034): Discovery of New 

Extended P4-Capped Ketoamide Inhibitors of Hepatitis C Virus NS3 Serine Protease with 

Improved Potency and Pharmacokinetic Profiles  / S. L. Bogen, W. Pan, S. Ruan, L. G. Nair, 

A. Arasappan, F. Bennett, K. X. Chen, E. Jao, S. Venkatraman, B. Vibulbhan, R. Liu, K.-C. 

Cheng, Z. Guo, X. Tong, A. K. Saksena, V. Girijavallabhan, F. G. Njoroge // J. Med. Chem. 

– 2009. – V. 52,  12. – P. 3679–3688. 

197.Ren, S. Synthesis of [14C]boceprevir, [13C3]boceprevir, and [D9]boceprevir, a hepatitis C 

virus protease inhibitor  / S. Ren, P. Royster, C. Lavey, D. Hesk, P. McNamara, D. 

Koharski, V. Truong, S. Borges // J. Label Compd. Radiopharm. – 2012. –  V. 55,  3. – P. 

108–114. 

198.Nair, L. G. Design and synthesis of novel fluoro amino acids: synthons for potent 

macrocyclic HCV NS3 protease inhibitors / L. G. Nair, S. Bogen, F. Bennett, K. Chen, B. 

Vibulbhan, Y. Huang, W. Yang, R. J. Doll, N.-Y. Shih, F. G. Njoroge // Tetrahadron Lett. – 

2010. – V. 51,  23. – P. 3057–3061. 

199. Nair, L. G. Synthesis of sterically hindered 3,5,5-trimethyl 2,6-dioxo tetrahydro pyrimidine 

as HCV protease inhibitors / L. G. Nair, S. Bogen, R. J. Doll, N.-Y. Shih, F. G. Njoroge // 

Tetrahadron Lett. – 2010. – V. 51,  9. – P. 1276–1279. 

200.Luo, X. Practical Synthesis of Quinoxalinones via Palladium-Catalyzed Intramolecular N-

Arylations / X. Luo, E. Chenard, P. Martens, Y.-X. Cheng, M. J. Tomaszewski // Org. Lett. 

– 2010. – V. 12,  16. – P.  3574–3577. 

201.Arasappan, A. Discovery of Narlaprevir (SCH 900518): A Potent, Second Generation HCV 

NS3 Serine Protease Inhibitor / A. Arasappan, F. Bennett, S. L. Bogen, S. Venkatraman, M. 

Blackman, K. X. Chen, S. Hendrata, Y. Huang, R. M. Huelgas, L. Nair, A. I. Padilla, W. 

Pan, R. Pike, P. Pinto, S. Ruan, M. Sannigrahi, F. Velazquez, B. Vibulbhan, W. Wu, W. 

Yang, A. K. Saksena, V. Girijavallabhan, N.-Y. Shih, J. Kong, T. Meng, Y. Jin, J. Wong, P. 

McNamara, A. Prongay, V. Madison, J. J. Piwinski, K.-C. Cheng, R. Morrison, B. Malcolm, 

X. Tong, R. Ralston, F. G. Njoroge // Med. Chem. Lett. – 2010. – V. 1,  2. – P. 64–69. 

202.Velazquez, F. Cyclic Sulfones as Novel P3-Caps for Hepatitis C Virus NS3/4A (HCV 

NS3/4A) Protease Inhibitors: Synthesis and Evaluation of Inhibitors with Improved Potency 

and Pharmacokinetic Profiles / F. Velazquez, M. Sannigrahi, F. Bennett, R. G. Lovey, A. 

Arasappan, S. Bogen, L. Nair, S. Venkatraman, M. Blackman, S. Hendrata, Y. Huang, R. 

Huelgas, P. Pinto, K.-C. Cheng, X. Tong, A. T. McPhail, F. G. Njoroge // J. Med. Chem. –

2010. – V. 53,  8. – P.  3075–3085. 

203.Nair, L. G. P4 capped amides and lactams as HCV NS3 protease inhibitors with improved 

potency and DMPK profile / L. G. Nair, M. Sannigrahi, S. Bogen, P. Pinto, K. X. Chen, A. 



302 

Prongay, X. Tong, K.-C. Cheng, V. Girijavallabhan, F. G. Njoroge // Bioorg. Med. Chem. 

Lett. – 2010. – V. 20,  2. – P.  567–570. 

204.Mandal. P. K. Potent and Selective Phosphopeptide Mimetic Prodrugs Targeted to the Src 

Homology 2 (SH2) Domain of Signal Transducer and Activator of Transcription 3 / P. K. 

Mandal, F. Gao, Z. Lu, Z. Ren, R. Ramesh, J. S. Birtwistle, K. K. Kaluarachchi, X. Chen, R. 

C. Bast, W. S. Liao, J. S. McMurray // J. Med. Chem. – 2011. – V. 54,  10. – P. 3549–

3563. 

205.Brackmann, F. An Access to 3,4-(Aminomethano)proline in Racemic and Enantiomerically 

Pure Form / F. Brackmann, H. Schill, A. de Meijere // Chem. Eur. J. – 2005. – V. 11,  22. 

– P. 6593–6600. 

206.Chen, K. X. Potent and selective small molecule NS3 serine protease inhibitors of Hepatitis 

C virus with dichlorocyclopropylproline as P2 residue / K. X. Chen, B. Vibulbhan, W. 

Yang, K.-C. Cheng, R. Liu, J. Pichardo, N. Butkiewicz, F. G. Njoroge // Bioorg. Med. 

Chem. – 2008. – V. 16,  4. – P. 1874–1883. 

207.Mihailiuk, P.K. Synthesis of Trifluoromethyl-Substituted Proline Analogues as 19F NMR 

Labels for Peptides in the Polyproline II Conformation / P. K. Mihailiuk, S. Afonin, G. V. 

Palamarchuk, O. V. Shishkin, A S. Ulrich, I.V. Komarov // Angew. Chem., Int. Ed. – 2008. 

– V. 47,  31. – P.  5765–5851. 

208.Zhang, R. Cyclopropanation Reactions of Pyroglutamic Acid-Derived Synthons with 

Akylidene Transfer Reagents / R. Zhang, A. Mamai, J. S. Madalengoitia // J. Org. Chem. – 

1999. – V. 64,  2. – P.  547–555. 

209.Zhang, R. Pseudo-A(1,3) Strain as a Key Conformational Control Element in the Design of 

Poly-l-proline Type II Peptide Mimics / R. Zhang, F. Brownewell, J. S. Madalengoitia / J. 

Am. Chem. Soc. – 1998. – V. 120,  16. – P.  3894–3902. 

210.Flemer, S. Strategies for the Solid-Phase Diversification of Poly-l-proline-Type II Peptide 

Mimic Scaffolds and Peptide Scaffolds Through Guanidinylation / S. Flemer, A. 

Wurthmann, A. Mamai, J. S. Madalengoitia // J. Org.Chem. – 2008. – V. 73,  19. – P.  

7593–7602. 

211.Venkatraman, S. Discovery of (1R,5S)-N-[3-Amino-1-(cyclobutylmethyl)-2,3-dioxopropyl]- 

3-[2(S)-[[[(1,1-dimethylethyl)amino]carbonyl]amino]-3,3-dimethyl-1-oxobutyl]- 6,6-

dimethyl-3-azabicyclo[3.1.0]hexan-2(S)-carboxamide (SCH 503034), a Selective, Potent, 

Orally Bioavailable Hepatitis C Virus NS3 Protease Inhibitor:� A Potential Therapeutic 

Agent for the Treatment of Hepatitis C Infection / S. Venkatraman, S. L. Bogen, A. 

Arasappan, F. Bennett, K. Chen, E. Jao, Y.-T. Liu, R. Lovey, S. Hendrata, Y. Huang, W. 

Pan, T. Parekh, P. Pinto, V. Popov, R. Pike, S. Ruan, B. Santhanam, B. Vibulbhan, W. Wu, 

W. Yang, J. Kong, X. Liang, J. Wong, R. Liu, N. Butkiewicz, R. Chase, A. Hart, S. 



303 

Agrawal, P. Ingravallo, J. Pichardo, R. Kong, B. Baroudy, B. Malcolm, Z. Guo, A. Prongay, 

V. Madison, L. Broske, X. Cui, K.-C. Cheng, Y. Hsieh, J.-M. Brisson, D. Prelusky, W. 

Korfmacher, R. White, S. Bogdanowich-Knipp, A. Pavlovsky, P. Bradley, A. K. Saksena, A. 

Ganguly, J. Piwinski, V. Girijavallabhan, F. G. Njoroge // J. Med. Chem. – 2006. – V. 49,  

20. – P.  6074–6086. 

212.Morgan, A. J. Design and synthesis of deuterated boceprevir analogs with enhanced 

pharmacokinetic properties / A. J. Morgan, S. Nguyen, V. Uttamsingh, G. Bridson, S. 

Harbeson, R. Tung, C. E. Masse // J. Label. Comp. Radiopharm. – 2011. – V. 54,  9. – P. 

613–624. 

213.Oba, M. Novel stereocontrolled approach to conformationally constrained analogues of l-

glutamic acid and l-proline via stereoselective cyclopropanation of 3,4-didehydro-l-

pyroglutamic ABO ester / M. Oba, N. Nishiyama, K. Nishiyama // Tetrahedron. – 2005. – V. 

61,  35. – P. 8456–8464. 

214.Brackmann, F. An Improved Synthesis of 3,4-(Aminomethano)proline and Its Incorporation 

into Small Oligopeptides / F. Brackmann, N. Colombo, C. Cabrele, A. de Meijere // Eur. J. 

Org.Chem. –  2006. –  19. – P.  4440–4450. 

215.Hendrata, S. Syntheses of dipeptides containing (1R,5S)-6,6-dimethyl-3-

azabicyclo[3.1.0]hexane-2(S)-carboxylic acid (4), (1R,5S)-spiro[3-azabicyclo[3.1.0]hexane-

6,1 -cyclopropane]- 2(S)-carboxylic acid (5) and (1S,5R)-6,6-dimethyl-3-

azabicyclo[3.1.0]hexane-2(S)-carboxylic acid (6) / S. Hendrata, F. Bennett, Y. Huang, M. 

Sannigrahi, P. A. Pinto, T.-M. Chang, C. A. Evans, R. Osterman, A. Buevich, A. T. McPhail 

// Tetrahedron Lett. – 2006. – V. 47,  36. – P. 6469–6472. 

216.Eckert, M. Tandem Catalytic Carbene Addition/Bicyclization of Enynes. One-Step 

Synthesis of Fluorinated Bicyclic Amino Esters by Ruthenium Catalysis / M. Eckert, F. 

Monnier, G. T. Shchetnikov, I. D. Titanyuk, S. N. Osipov, L. Toupet, S. Derier, P. H. 

Dixneuf // Org.Lett. – 2005 – V. 7,  17. – P.  3741–3743. 

217. Eckert, M. Ruthenium-Catalysed Synthesis of Fluorinated Bicyclic Amino Esters through 

Tandem Carbene Addition/Cyclopropanation of Enynes / M. Eckert, S. Moulin, F. Monnier, 

I. D. Titanyuk, S. N. Osipov, T. Roisnel, L. Toupet, S. Derier, P. H. Dixneuf // Chem. Eur. J. 

–  2011. – V. 17,  34. – P. 9456–9462.  

218.Bray, C. V. One-Step Synthesis of Strained Bicyclic Carboxylic and Boronic Amino Esters 

via Ruthenium-Catalysed Tandem Carbene Addition/Cyclopropanation of Enynes / C. V. 

Bray, H. Klein, P.H. Dixneuf, A. Mace, F. Berree, B. Carboni, S. Derien // Adv. Synth. 

Catal. – 2012. – V. 354,  10. – P.  1919–1925. 



304 

219.Nair, L. G. A Facile and Efficient Synthesis of 3,3-Dimethyl Isopropylidene Proline From 

(+)-3-Carene / L. G. Nair, A. Saksena, R. Lovey, M. Sannigrahi, J. Wong, J. Kong, X. Fu, 

V. Girijavallabhan // J. Org. Chem. – 2010. – V. 75,  4. – P.  1285–1288. 

220.Li, T. Efficient, Chemoenzymatic Process for Manufacture of the Boceprevir Bicyclic 

[3.1.0]Proline Intermediate Based on Amine Oxidase-Catalyzed Desymmetrization / T. Li, J. 

Liang, A. Ambrogelly, T. Brennan, G. Gloor, G. Huisman, J. Lalonde,  A. Lekhal, B. Mijts, 

S. Muley, L. Newman, M. Tobin, G. Wong, A. Zaks, X. Zhang // J. Am. Chem. Soc. – 2012. 

– V. 134,  14. – P.  6467–6472. 

221.Rudolph, U. Diversity and Functions of GABA Receptors: A Tribute to Hanns Möhler, Part 

A / U. Rudolph. – Academic Press, 2015. – 282 p. 

222.Rudolph, U. Diversity and Functions of GABA Receptors: A Tribute to Hanns Möhler, Part 

 / U. Rudolph. – Academic Press, 2015. – 284 p. 

223.Möhler, H. Different role of GABA receptors in anxiety / D. S. Charney, P. Sklar, J. D. 

Buxbaum, E. J. Nestler // Neurobiology of mental illness. – Oxford University press, 2013. – 

. 567–579. 

224.Atack, J. R. GABAA receptor alpha2/alpha3 subtype-selective modulators as potential 

nonsedating anxiolytics / J. R. Atack // Curr. Top. Behav. Neurosci. – 2010. –  2. – . 

231–260. 

225.Atack, J. R. GABAA receptor subtype-selective modulators. I. 2/ 3-selective agonists as 

non-sedating anxiolytics / J. R. Atack // Curr. Top. Med. Chem. – 2011. – V. 11,  9. – . 

1176–1202. 

226.Atack, J. R. GABAA receptor subtype-selective modulators. II. 5-selective inverse agonists 

for cognition enhancement / J. R. Atack // Curr. Top. Med. Chem. – 2011. – V. 11,  9. – . 

1203–1214. 

227.Atack, J. R. GABA(A) receptor subtype-selective efficacy: TPA023, an alpha2/alpha3 

selective non-sedating anxiolytic and alpha5IA, an alpha5 selective cognition enhancer / J. 

R. Atack // CNS Neurosci. Ter. – 2008. – V. 14,  1. – . 25–35. 

228.M hler, H. The GABA system in anxiety and depression and its therapeutic potential / H. 

M hler // Neuropharmacology. – 2012. – V. 62, . 1. – P. 42–53. 

229.Rudolph, U. GABAA receptor subtypes: Therapeutic potential in Down syndrome, affective 

disorders, schizophrenia, and autism / U. Rudolph, H. M hler // Annu. Rev. Phrmacol. 

Toxicol. – 2014. –  54. – . 483–507. 

230.M hler, H. The rise of new GABA pharmacology / H. M hler // Neuropharmacology. – 

2011. – V. 60, . 7/8. – P. 1042–1049. 



305 

231.Liu, S. Structure-activity relationships for inhibition of papain by peptide Michael acceptors 

/ S. Liu, R.P. Hanzlik // J. Med. Chem. – 1992. –  V. 35,  6.–  P. 1067–1075. 

232.Höfling, S. B. Heinrich. Radiochemical F-fluoroarylation of unsaturated -, -, -amino 

acids, application to a radiolabelled analogue of baclofen / S.B. Höfling, C. Hultsch, H.-J. 

Wester, M.R. Heinrich // Tetrahedron. – 2008. – V. 64,  52. – P. 11846–11851. 

233.Balenovic, K. Contribution to the knowledge of -aminocrotonic acid. Vinylogs of -amino 

acids / K. Balenovic, I. Jambresic, B. Urbas // J. Org. Chem. – 1954. – V. 19,  10. – P. 

1589–1593. 

234.Kazuaki, N. Cyclopropane-based conformational restriction of GABA by a stereochemical 

diversity-oriented strategy: Identification of an efficient lead for potent inhibitors of GABA 

transports / N. Kazuaki, Y. Mamie, I. Soichiro, S. Akihiro, K. Shuhei, K. Takaaki, M. Eiji, I. 

Yoshihiko, H. Wataru, K. Takahiro, Y. Shizuo, A. Mitsuhiro, M. Masabumi, S. Satoshi // 

Bioorg. Med. Chem. – 2013. – V. 21,  17. – P. 4938–4950. 

235.Kazuta, Y. Development of Versatile cis- and and trans-Dicarbon-Substituted Chiral 

Cyclopropane Units:� Synthesis of (1S,2R)- and (1R,2R)-2-aminomethyl-1-(1H-imidazol-4-

yl)cyclopropanes and their enantiomers as conformationally restricted analogues of 

histamine / Y. Kazuta, A. Matsuda, S. Shuto // J. Org. Chem. – 2002. – V. 67,   5. – P. 

1669–1677. 

236.Kennewell, P.D. Synthesis of y-aminobutyric acid analogues of restricted conformation. Part 

1. The 2-aminocycloalkylacetic acids / P.D. Kennewell, S.S. Matharu, J.B. Taylor, R. 

Westwood // J. Chem. Soc. Perkin Trans. 1. – 1982. – P. 2553–2562. 

237.Keita, M. Access to novel amino trifluoromethyl cyclopropane carboxylic acid derivatives / 

M. Keita, R. De Bona, M. Dos Santos, O. Lequin, S. Ongeri, T. Milcent, B. Crousse // 

Tetrahedron. – 2013. – V. 69,  15. – P. 3308–3315. 

238.Sobotka, S. 3-Aminocyclobutane-1-carboxylic acid: Synthesis and some neurochemical 

propertie / S. Sobotka // Coll. Czech. Chem. Commun. – 1982. – V. 47,  9. – P. 2440–

2447. 

239.Park, K.-H. Cyclic amino acid derivative / K.-H. Park, M.J. Kurth // Tetrahedron. – 2002. – 

V. 58,  43. –  P. 8629. 

240.Galeazzi, R. From Pyrrolidin-2-ones to 3-aza 2oxobicyclo[3.2.0]heptanes. Synthesis of both 

enantiomers of cis-2-aminomethylcyclobutane carboxylic acid, a conformationally restricted 

analogue of GABA / R. Galeazzi, G. Mobbili, M. Orena // Tetrahedron. – 1999. – V. 55,  

1. – P. 261–270. 

241.Carruthers, N. N. A straightforward synthesis of azetidin-3-ylacetic acid / N. N. Carruthers, 

S.-C. Wong, T.-M. Chan // J. Chem. Res. Synop. Part S. – 1996. – . 9. – P. 430–431. 



306 

242. . 2007/0244092 A1 ,  A61K31/4184, A61K31/454, A61K31/5377, 

C07D403/02, C07D413/02. Therapeutic compounds / W. Brown, L. Ziping, D. Page, Z. 

Qadoumi, S. Srivastava, M. Tremblay, C. Walpone, Z.-Y  Wei, H. Yang;   

 Astrazeneca AB. – US20070735528/20070416; . 16.04.2007; 

. 18.10.2007;  20070735528/20070416 ( ). – 17 .: . 

243. . 2011/086853 A1 ,  A61K31/4184, A61K31/454, A61K31/5377, 

A61P1/00, A61P25/22, A61P25/28, A61P35/00,  C07D405/06, C07D413/142. Therapeutic 

compounds / W. Brown, L. Ziping, D. Page, Z. Qadoumi, S. Srivastava, M. Tremblay, C. 

Walpone, Z.-Y  Wei, H. Yang. – US20090575673/20091008; . 08.10.2009; . 

14.04.2011;  20090575673/20091 ( ). – 111 .: . 

244.Anderson, A. G. The Synthesis of azetidine-3-carboxylic acid / A.G.  Anderson, R. Lok // J. 

Org. Chem. – 1972. – V. 37,  24. – P. 3953–3955. 

245.Futamura, Y. Efficient route to (S)-azetidine-2-carboxylic acid / Y. Futamura, M. Kurokawa, 

R. Obata, S. Nishiyama, T. Sugai // Biosci. Biotechnol. Biochem. – 2005. – V. 69,  10. – 

P. 1872–1897. 

246.Couty, F. Practical asymmetric preparation of azetidine-2-carboxylic acid / F. Couty, G. 

Evano, M. Vargas-Sanchez, G. Bouzas // J. Org. Chem. – 2005. – V. 70,  22. – P. 9028–

9031. 

247.Ma, S.-H. Preparation of enantiopure 2-acylazetidines and their reactions with 

chloroformates / S.-H Ma, D.  Ha Yoon, H.-J. Haa, W.K. Leeb  // Tetrahedron Lett. – 2007. 

– V. 48,  2. – P. 269–271. 

248.Qiu, J. Inhibition and substrate activity of conformationally rigid vigabatrin analogues with 

-aminobutyric acid aminot / J. Qiu, J. M. Pingsterhaus, R.B. Silverman // J. Med. Chem. – 

1999. – V. 42,  22. – P. 4725–4728. 

249.Evans, C.T. Potential use of carbocyclic nucleosides for the treatment of aids: chemo-

enzymatic syntheses of the enantiomers of carbovir / C.T. Evans, S.M. Roberts, K.A. 

Shoberub, A.G. Sutherlandb // J. Chem. Soc. Perkin. Trans. 1. – 1992. – P. 589–592. 

250.Kam, B. L. Carbocyclic sugar amines: synthesis and stereochemistry of racemic -and -

carbocyclic ribofuranosylamine, carbocyclic lyxofuranosylamine, and related compounds / 

B.L. Kam, N.J. Oppenheimer // J. Org. Chem. – 1981. – V. 46,  16. – P. 3268–3272. 

251.Jagt, J.C. Diels-alder cycloadditions of sulfonyl cyanides with cyclopentadiene. Synthesis of 

2-azabicyclo[2.2.1]hepta-2,5-dienes / J.C. Jagt, A.M. van Leusen // J. Org. Chem. – 1974. – 

V. 39, 4. – P. 564– 566. 

252.Rodríguez-Vázquez, N. Synthesis of cyclic -amino acids for foldamers and peptide 

nanotubes / N. Rodríguez-Vázquez, S. Salzinger, L.F. Silva, M. Amorín, J.R. Granja // Eur. 

J. Org. Chem. – 2013. – V.17. – P.  3477–3493. 



307 

253.Choi, S. Design of a onformationally restricted analogue of the antiepilepsy drug vigabatrin 

that directs its mechanism of inactivation of -aminobutyric acid aminotransferase / S. Choi, 

P. Storici, T. Schirmer, R.B. Silverman // J. Am. Chem. Soc. – 2002. – V. 124,  8. – P. 

1620–1624. 

254.Pan, Y. Design, synthesis, and biological activity of a difluoro-substituted conformationally 

rigid vigabatrin analogue as a potent -aminobutyric acid aminotransferase inhibitor / Y. 

Pan, J. Qiu, R.B. Silverman // J. Med. Chem. – 2003. – V. 46,  25. – P. 5292–5293. 

255.Yuan, H. Structural modifications of (1S,3S)-3-amino-4-difluoromethylene-

cyclopentanecarboxylic acid, a potent irreversible inhibitor of GABA aminotransferase / H. 

Yuan, R.B. Silverman // Bioorg. Med. Chem. Lett. – 2007. – V. 17,  6. – P. 1651–1654. 

256.Qiu, J. A new class of conformationally rigid analogues of 4-amino-5-halopentanoic acids, 

potent inactivators of -aminobutyric acid aminotransferase / J. Qiu, R.B. Silverman // J. 

Med. Chem. – 2000. – V. 43,  4. –  P. 706–720. 

257.Wang, Z. Syntheses and evaluation of fluorinated conformationally restricted analogues of 

GABA as potential inhibitors of GABA aminotransferase / Z. Wang, R.B. Silverman //  

Bioorg. Med. Chem. – 2006. – V. 14, 7. – P. 2242–2252. 

258.Grunewald, G. L. Conformational and steric aspects of the inhibition of phenylethanolamine 

N-methyltransferase by benzylamines / G.L. Grunewald, D.J. Sall, J.A. Monnld // J. Med. 

Chem. – 1988. – V. 31,  2. – P. 433–444. 

259.Nielsen, L. GABA agonists and uptake inhibitors. Synthesis, absolute stereochemistry 

absolute stereochemistry, and enantioselectivity of (R)-( - )-and (5')-(+)-homo- -proline / L. 

Nielsen, L. Brehm, P. Krogsgaard-Larsen // J. Med. Chem. – 1990. – V. 33, 1. – P. 71–77. 

260.Fülep, G.H. New highly potent GABA uptake inhibitors selective for GAT-1 and GAT-3 

derived from (R)- and (S)-proline and homologous pyrrolidine-2-alkanoic acids / G.H. 

Fülep, C.E. Hoesl, G. Höfner, K.T. Wanner  // Eur. J. Med. Chem. – 2006. – V. 41. – P. 

809–824. 

261.Ye, W. Chiral bicyclic guanidine as a versatile br nsted base catalyst for the 

enantioselective Michael reactions of dithiomalonates and b-KetoThio esters / W. Ye, Z. 

Jiang, Y. Zhao, S. Li Min Goh, D. Leow, Y.-T. Soh, C.-H. Tana // Adv. Synth. Catal. – 

2007. – V. 349,  11/12. – P. 2454–2458. 

262.Tilley, J.W. Analogs of Ac-CCK-7 incorporating dipeptide mimics in place of Met-Gly / 

J.W. Tilley, J.W. Danho, S.-J. Shiuey, I. Kulesha, J. Swistok; R. Makofske, J. Michalewsky, 

J. Triscaris D. Nelson, S. Weatherford, V. Madison, D. Fryt, C. Cookt // J. Med. Chem. – 

1992. – V. 35,  21. – P. 3774–3783. 



308 

263.Takeda, T. The asymmetric Michael reaction of (2R, 3S)-3,4-dimethyl-2-phenylperhydro-

1,4-oxazepine-5, 7-dione with 1-nitrocyclohexene / T. Takeda, T. Hoshiko, T. Mukaiyama // 

Chem. Lett. – 1981. – V. 10,  6. – P. 797–800. 

264.Shen, L.-T. Highly enantioselective -amination of , -unsaturated acyl chlorides with 

azodicarboxylates: efficient synthesis of chiral -ymino acid derivatives / L.-T. Shen, L.-H. 

Sun, S.Ye // J. Am. Chem. Soc. – 2011. – V. 133,  40. – P. 15894–15897. 

265.Murahashi, S.-I. Palladium(0)-catalyzed azidation of allyl esters. Selective synthesis of allyl 

azides, primary allylamines, and related compounds / S.-I. Murahashi, Y. Taniguchi, Y. 

Imada, Y. Tanigawa // J. Org. Chem. – 1989. – V. 54,  17. – P. 3292–3303. 

266.Freifelder, M. Hydrogenation of pyridinecarboxylic acids with platinum catalyst / M. 

Freifelder // J. Org. Chem. – 1962. – V. 27,  11. – P. 4046. 

267.Freifelder, M. Reductions with ruthenium. II. Its use in the hydrogenation of pyridines / M. 

Freifelder, G.R Stone // J. Org. Chem. – 1961. – V. 26,  10. – P. 3805–3808. 

268.Freifelder, M. Hydrogenation of substituted pyridines with rhodium on carbon catalyst / M. 

Freifelder, R.M. Robinson, G.R. Stone // J. Org. Chem. – 1962. – V. 27,  1. – P.  284–285. 

269. . 3159639 ,  C07D211/34, C07D211/60, C07D211/62. Catalytic 

hydrogenation of pyridylcarboxylic acids and pyridylalkylcarboxylic acids / M. W. 

Frelfelder;    – Abbot Lab. – US 19620224201/19620917; 

. 17.09.1962; . 01.12.1964;  19620224201 19620917 ( ). – 2 .: 

. 

270.Zacharie, B. A mild procedure for the reduction of pyridine N-oxides to piperidines using 

ammonium format / B. Zacharie, N. Moreau, C. Dockendorff // J. Org. Chem. – 2001. – V. 

66,  15. – P. 5264–5265. 

271.Wenkert, D. Hydrogen peroxide oxidation of -(N,N-dialkyl)aminoketones / D.Wenkert, K. 

Eliasson, M.D. Rudisill // J. Chem. Soc., Chem. Commun. – 1983. –  7. – P. 392–393. 

272.Terasawa, J.-I. Orientation of carboxylation reaction by contact glow discharge electrolysis / 

J.-I. Terasawa. K. Harada // Chem. Lett. – 1980. – V. 9,  1. – P. 73–76. 

273.Singer, S.S. Alicyclic nitrosamines and nitrosamino acids as transnitrosating agents / 

S.S. Singer, B.B. Cole // J. Org. Chem. 1980. – V. 45,  24. – P. 4931–4935. 

274.Walter, M. Novel Betaines of the Hexaalkylguanidinio-carboxylate Type / M. Walter, G. 

Maas // Zeitschrift fur Naturforschung B. – 2009. – V. 64,  11/12. – P. 1617–1624. 

275.Reeves, D.C. Palladium catalyzed alkoxy- and aminocarbonylation of vinyl tosylates / D.C. 

Reeves, S. Rodriguez, H. Lee, N. Haddad, D. Krishnamurthy, C.H. Senanayake // Org. Lett. 

– 2011. – V. 13,  9. – P. 2495–2497. 



309 

276.Meng-Yang, C. An efficient synthesis of N-alkyl-4-substituted-3H-pyridine-2,6-dione. 

Synthesis of isoguvacine and MDL-11,939 / C. Meng-Yang, C. Shui-Tein, C. Nein-Chen // 

 Heterocycles. –  2002. –  V. 57,  12. –  P. 2321–2334. 

277.McElvain, S.M. Piperidine Derivatives. XV. The Preparation of 1-Benzoyl-3-carbethoxy-4-

piperidone. A Synthesis of Guvacine / S.M. McElvain, G. Stork. // J. Am. Chem. Soc. – 

1946. – V. 68,  6. – . 1049–1053. 

278. . 5164402 A ,  C07D209/00, C07D401/04, C07D471/04, C07K5/06191. 

Azabicyclo quinolone and naphthyridinone carboxylic acids / K. E. Brighty;   

 – Pfizer Inc. – US19910650835/19910204; . 04.02.1991; . 

17.11.1992;  19910650835/19910204 ( ). – 42 .: . 

279.Napolitano, C. Synthesis of 3-azabicyclo[4.1.0]heptane-1-carboxylic acid / C. Napolitano, 

M. Borriello, F. Cardullo, D. Donati, A. Paio, S. Manfredini // Tetrahedron. – 2010. – V. 66, 

 29. – P. 5492– 5497. 

280.Hawker, D.D. Synthesis and evaluation of novel heteroaromatic substrates of GABA 

aminotransferase / D.D. Hawker, R.B. Silverman // Bioorg. Med. Chem. – 2012. – V. 20,  

19. – P. 5763–5773. 

281.Hack, S. Development of imidazole alkanoic acids as mGAT3 selective GABA uptake 

inhibitors / S. Hack, B. Wörlein, G. Höfner, J. Pabel, K.T. Wanner // Eur. J.  Med. Chem. – 

2011. – V. 46,  5. – P. 1483–1498. 

282.Eryshev, B. Y. Indole derivatives. 127. Investigation of the alkylation of indole by 

polyesters / B. Y. Eryshev, Y.I. Smushkevich, N.N. Suvorov // Chem. Heterocycl. Comp. – 

1985. – V. 21,  4. – P. 433–435. 

283.Bunce, R.A. 1,2,3,9-Tetrahydro-4H-carbazol-4-one and 8,9-dihydropyrido-[1,2-a]indol-

6(7H)-one from 1H-indole-2-butanoic acid / R.A. Bunce, B.  Nammalwar // J. Heterocyclic 

Chem. – 2009. – V. 46,  2. – P. 172–177. 

284.Vedachalam, M. A facile preparation of 2-alkylindoles – potential intermediates for 

alkaloids /  M.Vedachalam, B.Mohan, P.C.Srinivasan // Tetrahedron Lett. – 1983. – V. 24, 

 33. – P. 3531–3532. 

285.Curiel, D. Combined study of anion recognition by a carbazole-based neutral tripodal 

receptor in a competitive environment / D. Curiel, G. Sánchez, C. Ramírez de Arellano, A. 

Tárraga, P. Molina // Org. Biomol. Chem. – 2012. – V. 10,  9. – P. 1896–1904. 

286.Sanz, J. Dioxomolybdenum(VI)-catalyzed reductive cyclization of nitroaromatics synthesis 

of carbazoles and indoles / R. Sanz, J. Escribano, M. R. Pedrosa,  R. Aguado, F. J. Arnaiz // 

Adv. Synth. Catal. – 2007. – V. 349,  4–5. – P. 713–718. 



310 

287.Zefirov, N.S. Triangulanes: stereoisomerism and general method of synthesis / N.S. Zefirov, 

S.I. Kozhushkov, T.S. Kuznetsova, O.V. Kokoreva, K.A. Lukin, S.S. Trach, B.I. Ugrak. // J. 

Am. Chem. Soc. – 1990. – V. 112,  21. – P. 7702–7707. 

288.Lukin, K.A. Spiroannulated cyclopropanes / K. A. Lukin, N. Z. Zefirov // The Chemistry of 

cyclopropyl group / Z. Rappoport // John Willey & Sons, 1995. – Ch. 15. – P. 861–885. 

289. , . .  / . . , . . , . .  // . , 

. . – 1995,  44. – . 1613–1622. 

290.Galeazzi, R. Modeling and Synthesis of Conformationally Restricted Amino Acids / R. 

Galeazzi, G. Mobbili, M. Orena // Curr. Org. Chem. – 2004. – V. 8,  18. – P. 1799–1829.  

291.The Practice of Medicinal Chemistry / C. Wermuth.  [et al.] – Academic Press, 2015. – 

902 p. 

292.Radchenko, E.V. Molecular Modeling of the Transmembrane Domain of mGluR2 

Metabotropic Glutamate  Receptor and the Binding Site of Its Positive Allosteric 

Modulators / E. V. Radchenko, D. S. Karlov, V. A. Palyulin, N.S. Zefirov // Dokl. Biochem. 

Biophys. – 2014. – V. 454,  1. – P. 13–16.  

293.Osolodkin, D. I. Molecular modeling of ligand-receptor interactions in GABA(C) receptor / 

D. I. Osolodkin, V. I. Chupakhin, V.A. Palyulin, N.S. Zefirov // J. Mol. Graph. Model. – 

2009. – V. 27,  7. – P. 813–821. 

294. , . .     

-   A-  / . . , . . 

, . . , . . , . .  // . . – 2008. – . 422,  

2. – . 204–207.  

295.Brown, N. Bioisosters in Medicinal Chemistry / Brown, N.  – Weinheim: Wiley-VCH 

Verlag GmbH & Co. KGaA, 2012. – 256 p. 

296.Brown, N. Scaffold Hopping in Medicinal Chemistry / N. Brown – Weinheim: Wiley-VCH 

Verlag GmbH & Co. KGaA, 2014. – 328 p. 

297.Midura, W.H. Asymmetric Synthesis of (1S,2R)-1-Amino-2-

methylcyclopropanephosphonic Acid: A Phosphonic Analogue of (–)-Norcoronamic Acid – 

Influence of Stereochemistry on Regioselectivity in Sulfoxide–Metal Exchange/ W. H. 

Midura, A. Rzewnicka // Synlett. – 2014. –  25. – P. 2213–2216.  

298.Midura, W.H. Asymmetric synthesis of (R)-[2,2-2H2]-1-aminocyclopropane-1- phosphonic 

acid (ACPP derivative) conformationally constrained ACC analogue using a chiral sulfinyl 

auxiliary / W. H. Midura,  A. Rzewnicka // Tetrahedron. Asymmetry. – 2013. – V. 24,  

15–16. – . 937–941.  



311 

299.Wasek K. An efficient approach to the synthesis of enantiomerically pure trans-1-amino-2-

(hydroxymethyl)cyclopropanephosphonic acids / K. Wasek, J. Kedzia, H. Krawczyk // 

Tetrahedron. Asymmetry. – 2010. – V. 21,  17. – . 2081–2086. 

300.Goulioukina, N. S. 1,3-Dipolar cycloaddition of diazoalkanes onto dimethyl 1-

(formylamino)ethylenephosphonate: a new route to 1-aminocyclopropanephosphonic acids 

and 3-phosphorylated pyrazoles / N. S. Goulioukina, N. N. Makukhin, I. P. Beletskaya // 

Tetrahedron. – 2011. – V. 67,  49. – . 9535–9540. 

301.Tesson, N. Synthesis of (1S, 2S)- and (1R, 2R)-1-amino-2-methylcyclopropane-phosphonic 

acids from racemic methylcyclopropanone acetal / N. Tesson, B. Dorigneux, A. Fadel // 

Tetrahedron: Asymmetry. –  2002. – V. 13,  20. – . 2267–2276. 

302.Jaszay, Z. M. Unusually Large Reactivity Differences in the Transformation of 

Cyclopropane Lactones to 1-Aminocyclopropane-1-phosphonic Acids and Their Carboxylic 

Acid Analogues / Z. M. Jaszay, G. M. Keseru, G. Clementis, I. Petnehazy, K. Kovats, L. 

Toke // Heteroat. Chem. – 2001. – V. 12,  2. – . 90–96.  

303.Fadel, A. Synthesis of Enantiomerically Pure (1S,2S)-1-Aminocyclopropanephosphonic 

Acids from (2S)-Methylcyclopropanone Acetal / A. Fadel, N. Tesson // Eur. J. Org. Chem. – 

2000. –  11. – . 2153–2159. 

304.Fadel, A. Preparation of enantiomerically pure (1S,2S)-1-aminocyclopropanephosphonic 

acid from methylcyclopropanone acetal via spirophosphonate intermediates / A. Fadel, N. 

Tesson / Tetrahedron: Asymmetry. – 2000. – V. 11,  9. – . 2023–2031. 

305.Fadel, A. Useful Synthesis of 1-Aminocyclopropanephosphonic Acid from Cyclopropanone 

Acetal. / A. Fadel // J. Org. Chem. – 1999. – V. 64,  13. – . 4953–4955. 

306.Hercouet, A. Asymmetric synthesis of a phosphonic analogue of (–)-allo-norcoronamic acid 

/ A. Hercouet, M. L. Corre, B. Carboni // Tetrahedron Lett. – 2000. – V. 41,  2. – . 197–

199. 

307.Marmor, R.S. Copper-catalyzed decomposition of some dimethylphosphono-substituted 

diazoalkanes / R.S. Marmor, D. Seyferth // J. Org. Chem. – 1971. –V. 36,  1. – P. 128–

136. 

308.Prasad, K. A new method of carbon extension at C-4 of azetidinones / K. Prasad, P. 

Kneussel, G. Schulz, P. Stuetz // Tetrahedron Lett. – 1982. – V. 23,  12. – P.  1247–1250. 

309.Mikolajczyk, M. Insertion of -phosphorylcarbene moiety into S–S and Se–Se bonds. 

Synthesis of dithio- and diselenoacetals of formylphosphonates / M. Mikolajczyk, M. 

Mikina, P.P. Graczyk, P. Ba czewski // Synthesis. – 1996,  10. – P.  1232–1238. 

310.Hashimoto T.  Design of Axially Chiral Dicarboxylic Acid for Asymmetric Mannich 

Reaction of Arylaldehyde N-Boc Imines and Diazo Compounds / T. Hashimoto, K. Maruoka 

// J. Am. Chem. Soc. – 2007. – V. 129,  33. – P. 10054–10055. 



312 

311.Charette A.B. Catalytic asymmetric synthesis of cyclopropylphosphonates — catalysts 

scope and reactivity / A.B. Charette, J.E. Bouchard // Can. J. Chem. – 2005. – V. 83,  6/7. 

– P.  533–542. 

312.Seyferth, D. Novel diazo alkanes and the first carbene containing the dimethyl phosphite 

group / D. Seyferth, P. Hilbert, R.S. Marmor // J. Am. Chem. Soc. – 1967. – V. 89,  18. – 

P. 4811–4812. 

313.Hanson, P.H. Intramolecular cyclopropanation reactions en route to novel P-Heterocycles / 

P.H. Hanson, K.T. Sprott, A.D. Wrobleski // Tetrahedron Lett. – 1999. – V. 40,  8. – P.  

1455–1458. 

314.Seyferth, D. Some reactions of dimethylphosphono-substituted diazoalkanes.  

(MeO)2P(O)CR transfer to olefins and 1,3-dipolar additions of (MeO)2P(O)C(N2)R / D. 

Seyferth, R.S. Marmor, P. Hilbert // J. Org. Chem. – 1971. – V. 36,  10. – P. 1379–1386. 

315.Charette, A.B. Catalytic asymmetric synthesis of cyclopropylphosphonates — catalysts 

scope and reactivity / A.B. Charette, J.E. Bouchard // Can. J. Chem. – 2005. – V. 83,  6/7. 

– P.  533–542. 

316.Schollkopf, U. Synthesen von Nitro-diazoessigsäureestern, Nitro-cyan- und Nitro-

trifluormethyl-diazomethan / U. Schollkopf, P. Tonne, H. Schaefer, P.Markusch // Liebigs 

Ann. Chem. – 1969. – V. 722,  1. – P. 45–51. 

317.O`Bannon, P.E. The synthesis of nitrocyclopropanes from nitrodiazomethanes // P.E. 

O`Bannon, W.P. Dailey // Tetrahedron Lett. – 1989. – V. 30,  32. – P.  4197–4200. 

318.O`Bannon, P.E. Catalytic cyclopropanation of alkenes with ethyl nitrodiazoacetate. A facile 

synthesis of ethyl 1-nitrocyclopropanecarboxylates / P.E. O`Bannon, W.P. Dailey // J. Org. 

Chem. – 1989. – V. 54,  13. – P.  3096–3101. 

319.O`Bannon, P.E. Nitrocyclopropanes from nitrodiazomethanes. Preparation and reactivity / 

P.E. O`Bannon, W.P. Dailey // Tetrahedron. – 1990. – V. 46,  21. – P.  7341–7358. 

320.O`Bannon, P.E. Synthesis of 3-nitrocyclopropenes / P.E. O`Bannon, W.P. Daile // J. Org. 

Chem. – 1991. – V. 56,  6. – P.  2258–2260. 

321.Charette, A.B. Trifluoromethanesulfonyl Azide:� A Powerful Reagent for the Preparation 

of -Nitro- -diazocarbonyl Derivatives / A.B. Charette, R.P. Wurz, T. Ollivier // J. Org. 

Chem. – 2000. – V. 65,   26. – P. 9252–9254. 

322.Charette, A.B. Synthesis of -Nitro- -diazocarbonyl Derivatives and Their Applications in 

the Cyclopropanation of Alkenes and in O–H Insertion Reactions / A.B. Charette, R.P. 

Wurz, T. Ollivier // Helv. Chem. Acta. – 2002. – V. 85,  12. – P.  4468–4484. 

323. , . .      

        



313 

: . … . . : 02.00.03, 02.00.10:  10.02.2004 / 

  . – ., 2004, 230 .– .: . 195–225. 

324.Seebach, D. Nitration of the DHBA Cyclopropanecarboxylate Enolate – a New and Efficient 

Route to 1-Aminocyclopropane-1-carboxylic Acid / D. Seebach, R. Häner // Chimia. – 1985. 

– V. 39,  11. – P.  356–357. 

325. , . .     / . . , 

. . , . . , . . , . .  // . . – 2002. – . 

382,  1. – . 71–73. 

326.Regitz, M. Untersuchungen an Diazoverbindungen und Aziden, XXXII. 

Substitutionreaktionen am Diazokohlenstoff von Diazomethylphosphorylverbindungen / M. 

Regitz, B. Weber, U. Eckstein // Liebigs Ann. Chem. – 1979. –  7. – P. 1002–1019. 

327.Seebach, D. 1,3-Dipolar cycloaddition of N-oxides and nitrones to olefins / D. Seebach, R. 

Häner // Chimia. – 1985. – V. 39,  11. – V. 356–357. 

328.Ram, S. A general procedure for mild and rapid reduction of aliphatic and aromatic nitro 

compounds using ammonium formate as a catalytic hydrogen transfer agent / S. Ram, R.E. 

Ehrenkaufer // Tetrahrdron Lett. – 1984. – V. 25, 32. – P.  3415–3418. 

329.Sawamura, M. Enantioselective Allylation of Nitro Group-Stabilized Carbanions Catalyzed 

by Chiral Crown Ether Phosphine Palladium Complexes / M. Sawamura, Y. Nakayama, 

W.-M. Tang, Y. Ito // J. Org. Chem. – 1996. – V. 61,  26. – P. 9090–9096. 

330.Fu, Y. Sterically Hindered C , -Disubstituted -Amino Acids:� Synthesis from -

Nitroacetate and Incorporation into Peptides / Y. Fu, J. Hammarström, T.J. Miller, F.R. 

Fronczek, M.L. McLaughlin, R.P. Hammer // J. Org. Chem. – 2001. – V. 66,  21. – P. 

7118–7124. 

331.Formicola, R.S. Convenient preparation of amino acid derivatives with two 13C labels  / 

R.S. Formicola, E. Oblinger, J. Montgomery // Tetrahrdron Lett. – 1999. – V. 40,  48. – P. 

8337–8341. 

332.Battersby, A.R. Biosynthesis of porphyrins and related macrocycles. Part 29. Synthesis and 

chemistry of 2,2-disubstituted 2H-pyrroles (pyrrolenines) / A.R. Battersby, M.G. Baker, 

H.A. Broadbend, C.J.R. Fookes, F.J. Leeper // J. Chem. Soc., Perk. Trans. I. – 1987. – P. 

2027–2043.  

333.Formicola, R.S. A New Synthesis of -Amino Acid Derivatives Employing Methyl 

Nitroacetate as a Versatile Glycine Template / R.S. Formicola, E. Oblinger, J. Montgomery 

// J. Org. Chem. – 1998. – V. 63,  11. – P. 3528–3529.  

334.Baldwin, J. E. Synthesis of , -unsaturated amino acids / J.E. Baldwin, S.B. Haber, C. 

Hoskins, L.I. Kruse // J. Org. Chem. – 1977. – V.  42,  7. – P.  1239–1241. 



314 

335.Petrini, M. Reduction of Aliphatic and Aromatic Nitro Compounds with Sodium 

Borohydride in Tetrahydrofuran Using 10% Palladium-on-Carbon as Catalyst / M. Petrini, 

R. Ballini, G. Rosini // Synthesis. – 1987,  8. – P. 713–714. 

336.Gowda, D. C. Nickel-Catalyzed Formic Acid Reductions. A Selective Method for the 

Reduction of Nitro Compounds / D.C. Gowda, A.S.P. Gowda, A.R. Baba, S. Gowda // 

Synth. Commun. – 2000. – V.  30,  16. – P.  2889–2895. 

337.Larionov, O.V. Rational synthesis of all the four stereoisomers of 3-(trans-2-

aminocyclopropyl)alanine / O.V. Larionov, S.I. Kozhushkov, M. Brandl, Y.N. Belokon, A. 

de Meijere // Mendeleev Commun. – 2003. – V. 13,  5. – P. 199–200. 

338.Norris, T. Synthesis of trovafloxacin using various (1 ,5 ,6 )-3-azabicyclo[3.1.0]hexane 

derivatives / T. Norris, T.F. Braish, M. Butters, K.M. De Vries, J.M. Hawkins, S.S. Massett, 

P.R. Rose, D. Santafianos, C. Sklavounos // J. Chem. Soc., Perk. Trans. 1. – 2000. –   10. 

– P. 1615–1622.  

339. Hass, B. Nitration of Cyclopropane in the Vapor Phase. Nitrocyclopropane/  B. Hass, H. 

Shechter // J. Am. Chem. Soc. – 1953. – V. 75,  6. – P.  1382–1384. 

340.Gowda, S. Application of hydrazinium monoformate as new hydrogen donor with Raney 

nickel: a facile reduction of nitro and nitrile moieties / S. Gowda, D.C. Gowda // 

Tetrahedron. – 2002. – V. 58,  11. – P.  2211–2213. 

341.Osby, J. O. Rapid and efficient reduction of aliphatic nitro compounds to amines / J. O. 

Osby, B. Ganem // Tetrahedron Lett. – 1985. – V.  26,  52. – P.  6413–6416. 

342.  -    / . .  [  .]. – .: 

 “ / ”, 2001. –  286 . 

343.Erion, M. D. 1-Aminocyclopropanephosphonate: Time-Dependent Inactivation of 1-

Aminocyclopropanecarboxylate Deaminase and Bacillus stearothermophilus Alanine 

Racemase by Slow Dissociation Behavior / M.D. Erion, C.T. Walsh // Biochemistry. – 1987. 

– V. 26,  12. – . 3417–3425. 

344.Lampman, G. M. Convenient syntheses of cyclopropanecarboxylic acid, ethyl 

cyclopropanecarboxylate, cyclopropanecarbonitrile, and nitrocyclopropane / G.M. 

Lampman, D.A. Home, G.D. Hager // J. Chem. Eng. Data. – 1969. – V. 14,  3. – P.  396–

397. 

345.Zhang, J.-M.  Organocatalytic conjugate addition of 1-bromonitroalkanes to , -unsaturated 

aldehydes: synthesis of nitrocyclopropanes / J.-M. Zhang, Z.-P. Hu, S.-Q. Zhao, M. Yan // 

Tetrahedron. – 2009. – V. 65,  4. – P. 802–806. 

346.Wade, P.A. Polynitro-substituted strained-ring compounds. Synthesis, mechanism of 

formation, and structure of trans-dinitrocyclopropanes / P.A. Wade, W.P. Dailey, P.J. Carrol 

// J. Am. Chem. Soc. 1987. – V. 109,  18. – P.  5452–5456. 



315 

347. . 3769355 A ,  C07C201/12, C07C2101/02, Y02P20/582. Preparation of 

nitrocyclopropane from 3-chloro-1-nitropropane / J. Bacha, C. Selwitz;   

 Gulf research development Co. – USD3769355/19730205 ; . 

05.02.1973; . 30.10.1973;  19730329566/19730205 ( ). – 4 .: . 

348.Wade, P.A. Polynitro-substituted strained-ring compounds. 2. 1,2-Dinitrospiropentanes / 

P.A. Wade, P.A. Kondracki, P.J. Carroll // J. Am. Chem. Soc. – 1991. – V. 113,  23. – P. 

8807–8811. 

349.Kohler, E.P. Studies in the cyclopropane series. XII. Nitrocyclopropanes / E. P. Kohler, S. F. 

Darling // J. Am. Chem. Soc. – 1930. – V. 52,  1. – P. 424–432. 

350.Kohler, E.P. Studies in the cyclopropane series. XI. Cyclopropane derivatives with a 

tertinary nitro group attached to the ring / E.P. Kohler, J.P. Alien // J. Am. Chem. Soc. – 

1928. – V.  50,  3. – P.  884–892. 

351.Russell, G.A. Reactions of resonance stabilized anions. 34. Synthesis of nitrocyclopropanes 

by cyclization of -chloro- -nitrocarboxylic esters and derivatives / G.A. Russell, M. 

Makosza, J. Hershberger // J. Org. Chem. – 1979. – V. 44,   8. – P.  1195–1199. 

352.Brown, W.G. Alkali Sensitivity of a Dinitro Compound in the Cyclopropane Series / W.G. 

Brown, F.H. Greenberg // J. Org. Chem. – 1966. – V. 31,  2. – P.  394–396. 

353. , . .   -    

.  / . . , . . , . . , . . 

 // . , . . – 1965. –   9. – . 1644–1648. 

354. , . .        / 

. . , . . , . . , . . , . .  // . 

, . . – 1969. –  4. – . 2085–2086. 

355.Kai, Y. Structure, Synthesis, and Properties of Some Persubstituted 1,2-Dintroethanes. In 

Quest of Nitrocyclopropyl-Anion Derivatives / Y. Kai, P. Knochel, S. Kwiatkowski, J.D. 

Dunitz, D. Seebach, J.F.H Oth, H.O. Kalinowski // Helv. Chim. Acta. – 1982. – V. 65,  1. 

– P. 137–161. 

356. , . .        

 / . . , . . , . . , . .  // 

. , . . – 1971. –  7. – . 1560–1562. 

357. , . . O-     1,3-  -

 / . . , . . , . . , . .  

// .  . – 1965. – . 161,  1. – .  136–137. 

358. , . .         

 / . . , . .  // . , . . – 1970. – 

 4. – .  948–949. 



316 

359. , . .     

  / . . , . . , . . , 

. . , . . , . . , . .  // . . . – 

1993 – . 67,  6. – . 1145–1148. 

360.Burcat, A. Thermodynamic Properties of Ideal Gas Nitro and Nitrate Compounds / A. 

Burcat // J. Phys. Chem. Ref. Data. – 1999. – V. 28,  1. – P. 63–131. 

361.Mancuso, A. J. Activated Dimethyl Sulfoxide: Useful Reagents for Synthesis / A.J. 

Mancuso, D. Swern // Synthesis. – 1981. – 3. – P.  165–185. 

362.Monn, J. A. Synthesis, Pharmacological Characterization, and Molecular Modeling of 

Heterobicyclic Amino Acids Related to (+)-2-Aminobicyclo[3.1.0]hexane- 2,6-dicarboxylic 

Acid (LY354740):� Identification of Two New Potent, Selective, and Systemically Active 

Agonists for Group II Metabotropic Glutamate Receptors / J.A. Monn, M.J. Valli, S.M. 

Massey // J. Med. Chem. – 1999. – V. 42,  6. – P. 1027–1040. 

363.Monn, J. A. Design, Synthesis, and Pharmacological Characterization of (+)-2-

Aminobicyclo[3.1.0]hexane-2,6-dicarboxylic Acid (LY354740):� A Potent, Selective, and 

Orally Active Group 2 Metabotropic Glutamate Receptor Agonist Possessing 

Anticonvulsant and Anxiolytic Properties / J.A. Monn, M.J. Valli, S.M Massey, R.A. 

Wright, C.R. Salhoff, B.G. Jonson, T. Howe, C.A. Alt, C.A. Rhodes, R.L. Robey, K.R. 

Criffey, J.P. Tizzano, M.J. Kallman,  D.R. Helton, D.D. Schoepp // J. Med. Chem. – 1997. – 

V. 40,  4. – P. 528–537. 

364.Horwell, D. C. Synthesis of nonpeptide analogue of -conotoxin MVIIA / D.C. Horwell, 

M.J. McKiernan, S. Osborne // Tetrahedron Lett. – 1998. – V. 39,  47. – P.  8729–8732. 

365.Ornstein, P.L. 2-Substituted (2SR)-2-Amino-2-((1SR,2SR)-2-carboxycycloprop-1-

yl)glycines as Potent and Selective Antagonists of Group II Metabotropic Glutamate 

Receptors. 1. Effects of Alkyl, Arylalkyl, and Diarylalkyl Substitution / P.L. Ornstein, T.J. 

Bleisch, M.B. Arnold, R.A. Wright, B.G. Johnson, D.D. Schoepp // J. Med. Chem. – 1998. – 

V. 41,  3. – P. 346–357. 

366.Ornstein, P.L. 2-Substituted (2SR)-2-Amino-2-((1SR,2SR)-2-carboxycycloprop-1-

yl)glycines as Potent and Selective Antagonists of Group II Metabotropic Glutamate 

Receptors. 2. Effects of Aromatic Substitution, Pharmacological Characterization, and 

Bioavailability / P.L. Ornstein, T.J. Bleisch, J.H. Kennedy, R.A. Wright, B.G. Johnson, J.P. 

Tizzano, D.R. Helton, M.J. Kallman, D.D. Schoepp // J. Med. Chem. – 1998. – V. 41,  3. 

– P.  358–378. 

367. Blagoeva, I. B. Alkaline hydrolysis of hydantoin, 3-methylhydantoin, and 1-acetyl-3-

methylurea. Effect of ring size on the cleavage of acylureas / I. B. Blagoeva, I. G. Pojarlieff, 

V. S. Dimitrov // J. Chem. Soc., Perk. Trans. 2. – 1978. –  9. – P. 887–892. 



317 

368.Kurokawa, N. The palladium(II)-assisted syntheses of (±) -(methylenecyclopropyl)glycine 

and (±)trans- -(carboxycyclopropyl) glycine, two bioactive amino acids / N. Kurokawa, Y. 

Ohfune // Tetrahedron Lett. – 1985. – V. 26,  1. – P. 83–84. 

369.Ohfune, Y. Acyclic stereocontrolled synthesis of ( )-detoxinine / Y. Ohfune, H. Nishio, // 

Tetrahedron Lett. – 1984. – V. 25,  37. – P.  4133–4136. 

370.Doyle, M.P. Catalytic methods for metal carbene transformations / M.P. Doyle // Chem. 

Rev. – 1986. – V. 86,  5. – P.  919–939. 

371.Ashby, E. C. Mechanism of lithium aluminum hydride reduction of ketones. Kinetics of 

reduction of mesityl phenyl ketone / E. C. Ashby, J. R. Boone // J. Am. Chem. Soc. – 1976. 

– V. 98,  18. – P. 5524–5531.  

372.Kenner, J. CCXXXIX.—Formation of six- and seven-membered rings from derivatives of 2 

: 2 -ditolyl / J. Kenner, E.E. Turner // J. Chem. Soc. – 1911. – V. 99. – P.  2101. 

373.Heiner, T. Intramolecular Diels-Alder reactions of furans with a merely strain-activated 

tetrasubstituted alkene: Bicyclopropylidene / T. Heiner, S.I. Kozhushkov, M. Noltemeyer, T. 

Haumann, R. Boese, A. de Meijere // Tetrahedron. – 1996. – V. 52,  37. – P. 12185–

12196. 

374.Corey, E. J. Pyridinium chlorochromate. An efficient reagent for oxidation of primary and 

secondary alcohols to carbonyl compounds / E.J. Corey, J.W. Suggs // Tetrahedron Lett. – 

1975. – V. 16,   31. – P.  2647–2650.  

375. , . .    .  / . . , . . 

, . .  // . . . – 1999. – . 35,  2. – .  244–247. 

376.Ware, E. The Chemistry of the Hydantoins / E. Ware // Chem. Rev. – 1950. – V. 46,   3. – 

P.  403–470. 

377. , . .   -    

 / . . , . . , . . , . .  // 

. . – 1993. – . 62,  3. – . 284–302. 

378. , . . 2-       

/ . . , . . , . . , . . , . .  // 

. . . – 1989. – . 25,  8. – . 1645–1651. 

379.Gajewski, J. J. Axially dissymmetric molecules. Characterization of the four 1-carbethoxy-

4-methylspiropentanes / J.J. Gajewski, L.T. Burka //  J. Org. Chem. – 1970. – V. 35,  7. – 

P. 2190–2196. 

380.Gilchrist, T. L. Addition reactions of esters of Feist’s acid / T.L. Gilchrist, C.W. Rees // J. 

Chem. Soc. (C). – 1968. –  7. – P.  776–778. 



318 

381.Hall, D.M. 143. 9:10-Dihydrophenanthrenes. Part I. The formation of 9:10-

dihydrophenanthrene from 2:2 -disubstituted diphenyls / D.M. Hall, M.S. Lesslie, E.E. 

Turner // J. Chem. Soc. – 1950. – P. 711–713. 

382. , . .  - :     

 / . . , . .  // . . – 1998. – V. 67,   10. – P.  940–

968. 

383.Ordóñez, M. M. An overview of stereoselective synthesis of -aminophosphonic acids and 

derivatives / M. M. Ordóñez, H. Rojas-Cabrera, C. Cativiela // Tetrahedron. – 2009. – V. 65, 

 1. – P.  17–49. 

384.Matveeva, E. D. A novel catalytic three-component synthesis (Kabachnik-Fields reaction) of 

-aminophosphonates from ketones / E.D. Matveeva, T.A. Podrugina, E.V. Tishkovskaya, 

N.S. Zefirov //  Synlett. – 2003. – 15. – P.  2321–2324. 

385. , . .      

 -  / . . , . .  // . . .– 

2006. – . 42,  8. – . 1254–1255. 

386. , . .    “one-pot”-  -  

  -  / . . , . . , . . , 

. .  // . , . . – 2006. –  7. – . 1164–1169. 

387.Pavlov, V. Yu. Microwave-assisted synthesis of -aminophosphonates derived from 

formylporphyrins of natural origin. / V.Yu. Pavlov, M.M. Kabachnik, E.V. Zobnina, G.V. 

Ponomarev, I.P. Beletskaya // Synlett. – 2003. – 14. – P.  2193–2198. 

388.Trauner D. On the Conformations of Halichlorine and the Pinnaic Acids: Nitrogen Inversion 

as a Possible Determinant of Biological Profile / D. Trauner, D.G. Churchill, S.J. 

Danishefsky // Helv. Chim. Acta. – 2000. – V. 83,  9. – P.  2344–2351. 

389.Applequist, D. E. Small-ring compounds. XV. Methylenecyclobutene and related substances 

/ D.E. Applequist, J.D. Roberts // J. Am. Chem. Soc. – 1956. – V. 78, 16. – P. 4012 – 

4022. 

390.Weinstock, J. J. A modified urtius reaction / J. J. Weinstock // J. Org. Chem. – 1961. – 

V.26, . 9. – P. 3511. 

391.Kozhushkov, S.I. Scalable synthesis of (1-cyclopropyl)cyclopropylamine hydrochloride / 

S.I. Kozhushkov, A.F. Khlebnikov, R.R. Kostikov, D.S. Yufit, A. de Meijere // Beilstein J. 

Org. Chem. – 2011. – V. 7. – P. 1003–1006. 

392.Shimamoto, K. Synthesis of four diastereomeric L-2-(carboxycyclopropyl)glycines. 

Conformationally constrained L-glutamate analogs / K. Shimamoto, M. Ishida, H. 

Shinozaki, Y. Ohfune // J. Org. Chem. – 1991. – V. 56,  13. – P. 4167–4176. 



319 

393.Pellicciari, R. D-3,4-‘cyclopropylglutamate’ isomers as NMDA receptor ligands: synthesis 

and enantioselective activity / R. Pellicciari, B. Natalini, M. Marinozzi, J.B. Monahan, J.S. 

Snyder // Tetrahedron Lett. – 1990. – V. 31,  1. – P. 139–142. 

394.Shimamoto, K. Syntheses and conformational analyses of glutamate analogs:  2-(2-carboxy-

3-substituted-cyclopropyl)glycines as useful probes for excitatory amino acid receptors / K. 

Shimamoto, Y. Ohfune // J. Med. Chem. – 1996. – V. 39,  2. – P. 407–423. 

395.Shimamoto, K. Syntheses of trans-3 -substituted-CCG-IV analogs and their characterization 

to ionotropic glutamate receptors / K. Shimamoto, Y. Shigen, T. Nakajima, N. Yumoto, S. 

Yoshikawa, Y. Ohfune // Bioorg. Med. Chem. Lett. – 1996. – V. 6,  20. – P. 2381–2386. 

396.Ohfune, Y. Synthesis of L-2-(2,3-dicarboxyclopropyl)glycines. Novel conformationally 

restricted glutamate analogues / Y. Ohfune, K. Shimamoto, M. Ishida, H. Shinozaki // 

Bioorg. Med. Chem. Lett. – 1993. – V. 3,  1. – P. 15–18. 

397.Moniotte, P.G. The role of copper(I) complexes in the selective formation of oxazoles from 

unsaturated nitriles and diazoesters / P.G. Moniotte, A.J. Hubert, P. Teysie // J. Organomet. 

Chem. – 1975. – V. 88,  1. – . 115–121.  

398.Chi, G. Ethyl 3-trifluoro-2-diazo-propionate as a potentially useful CF3-containing building 

block: preparation and [Rh(OAc)2]2-catalysed reaction with nitriles / G. Chi, Y. Xu // J. 

Chem. Soc. Chem. Commun. – 1989. –  10. – . 607–608.  

399.Ivanova, O.A. [3+2] Cycloaddition of diazocarbonyl compounds to 1,1-dinitroethenes: 

Synthesis of functionalized gem-dinitrocyclopropanes / O.A. Ivanova, E. M. Budynina, E. 

B. Averina, T. S. Kuznetsova, Yu. K. Grishin, N. S. Zefirov // Synthses. – 2007. –  13. – 

. 2009–2013.  

400.Osby, J.O. Studies on the mechanism of transition-metall-assisted sodium borohydride and 

lithium alumohydride reductions / J. O. Osby, S. W. Heinzman, B. Ganem // J. Am. Chem. 

Soc. – 1986. – V. 108,  1. – . 67–72.  

401.Chung, S. K. Selective reduction of mono- and disubstituted olefins by sodium borohydride 

and cobalt (II) / S. K. Chung // J. Org. Chem. – 1979. – V. 44,  6. – . 1014–1016. 

402.Giomi, D. Methods and Applications of Cycloaddition Reactions in Organic Syntheses / D. 

Giomi, F.M. Cordero, F. Machetti // Comprehensive Heterocyclic Chemistry / A. Katrizky 

[et al.]. – Oxford: Elsevier, 2008. – V. 4. – P. 367–386. 

403.Krogsgaard-Larsen, P. A new class of GABA agonist / P. Krogsgaard-Larsen, G.A. 

Johnston, D. Lodge, D.R. Curtis // Nature. – 1977. – V. 268. – P. 53–55. 

404.Wafford, K. A. Gaboxadol – a new awakening in sleep / K. A Wafford, B. Ebert // Cur. 

Opin. Pharm. – 2006. – V. 6,  1. – P. 30–36.  



320 

405.Volkova, Yu. A. Unexpected heterocyclization of electrophilic alkenes by tetranitromethane 

in the presence of triethylamine. Synthesis of 3-nitroisoxazoles / Yu. A. Volkova, E. B. 

Averina, Yu. K. Grishin, T. S. Kuznetsova, N. S. Zefirov, P. Bruheim // J. Org. Chem. – 

2010. – V. 75,  9. – . 3047–3052.  

406.Perry, D. D. Purification of laboratory chemicals / D. D. Perry, W. Armarego, D. R. Perrin. 

–  Oxford: Pergamon Press, Int. Ed, 1966. – 362 p. 

407.de Meijere, A. A new general approach to bicyclopropylidenes / A. de Meijere, S. I. 

Kozhushkov, T. Spaeth, N. S. Zefirov // J. Org. Chem. – 1993. – V. 58,  2. – P. 502–505. 

408.Person, A. L. A Simple Synthesis of 1-Methylcyclobutene / A. L. Person, D. M. Thamattoor 

// Synth. Commun. – 1999. – V. 29,  17. – P. 2973–2978. 

409.Cripps, H. N. Chemistry of Cyclobutanes. I. Synthesis of Methylenecyclobutanes / H. N. 

Cripps, J. K. Williams, W. H. Shakery // J. Am. Chem. Soc. – 1959. – V. 81,  11. – P. 

2723–2728. 

410.  . .     

   (II) / . . , . . , . . , . . 

, . .  // . . . – 1988. – . 24,  8. – . 1644–1648. 

411.Osborn, . L. Dehydrohalogenation of Halo- and Dihalocyclopropanes / C. L. Osborn, T. C. 

Shields, B. A. Shoulders, J. F. Crause, H. V. Cortes, P. D. Gardner // J. Am. Chem. Soc. – 

1965. – V. 87,  14. – P. 3158–3162. 

412.Crawford, R. J. The pyrolysis of 3-vinyl-1-pyrazoline and 3-vinyl-1-pyrazoline-5,5-d2, and 

its relation to the vinylcyclopropane to cyclopentene rearrangement / R. J. Crawford, D. M. 

Cameron // Canad. J. Chem. – 1967. – V. 45,  7. – P. 691–696. 

413. , . .     1,1-  / . . , 

. .  // . . . – 1963. – T. 33,  12. – C. 4019–4020. 

414. , . .  .-      

    1,1-  / . . , . . 

, . . , . , . -  // . . . – 1986. 

– . 22,  1. – . 110–121. 

415.Sternberg, E. Synthesis of silylated methylenecyclopropanes / E. Sternberg, P. Binger // 

Tetrahedron Lett. – 1985. – V. 26,  3. – P. 301–304. 

416.Ford-Moore, A. H. The reaction between trialkyl phosphites and alkyl halides / A. H. Ford-

Moore, J. H. Williams // J. Chem. Soc. – 1947. – P. 1465–1467. 

417.Evans, D. A. Studies directed towards the total synthesis of morphine alkaloids / D. A. 

Evans, C. H. Mitch // Tetrahedron Lett. – 1982. – V. 23,  3. – P. 285–288. 

418.Newman, M.S. Ethyl diazoacetate / M. S. Newman, G. F. Ottmann, C. F. Grundmann // Org. 

Synth. – 1963. – Coll. V. 4. – P. 424–426. 



321 

419.Regitz, M. -Diazo-phosphinoxide und -phosphonester — synthese und einige 

eigenschaften / M. Regitz, W. Anschütz, W. Bartz, A Liedhegener // Tetrahedron Lett.–  

1968. – V. 9,  27. – P.  3171–3174. 

420. , . .    / . . . – : . 

 , 1952. – . 3. – . 411–413. 

421. , . .    / . . , . . 

, . . , . .  // . . . – 1976. – . 46,  4. – 

.  940–944. 

422. , . .       

[1+2]-      / . . , 

. . , . . , . . , . .  // . . – 2013. – 

 450,   2. – . 547–552. 

423. , . . C    / . . , . . , 

. . , . . , . . , . .  // . . C . . – 

2001. –  11. – . 2008–2012. 

424.Yashin, N.V. Catalytic cyclopropanation of methylenecyclobutanes using ethyl 

nitrodiazoacetate. Synthesis of spirohexane amino acids / N. V. Yashin, E. B. Averina, 

S. M. Gerdov, T. S. Kuznetsova, N. S. Zefirov // Tetrahedron Lett. – 2003. – V. 44,   45. – 

. 8241–8244. 

425.Chemagin, A.V. Diethyl Nitrodiazomethylphosphonate: Synthesis and Reactivity towards 

Alkenes / A. V. Chemagin, N. V. Yashin, Yu. K. Grishin, T. S. Kuznetsova, N. S. Zefirov // 

Synthesis. – 2010. –  2. – . 259–266. 

426.Yashin, N.V. Reduction of 1-nitrospiro[2.2]pentanecarboxylates: Convenient synthesis of 

novel polyspirocyclic cyclopropane amino acids / N. V. Yashin, E. B. Averina, 

Yu. K. Grishin, T. S. Kuznetsova, N. S. Zefirov // Synthesis. – 2006. –  2. – . 279–284. 

427. , . .    1- [2.2] -1,4-  

 / . . , . . , . . , . . , . .  // 

. . – 2008. – . 419,   6. – . 772–774. 

428.Pirrung, M. Cyclopropyl-Substituted Aminocyclopropane Carboxylic Acid (Cyclopropyl-

ACC)—an Investigation of the Mechanism of Ethylene Biosynthesis / M. Pirrung, G.M. 

McGeehan. // Angew. Chem., Int. Ed. – 1985. – V. 24,  12. – P.  1044–1045. 

429.Chemagin, A.V. Synthesis of -Aminocyclopropylphosphonic Acids / A. V. Chemagin, N. 

V. Yashin, Yu. K. Grishin, T. S. Kuznetsova, N. S. Zefirov // Synthesis. – 2010. –  19. – 

. 3379–3383. 



322 

430.Budynina, E. M. The first synthesis of 1,1-dinitrocyclopropane / E.M. Budynina, 

E.B. Averina, O.A. Ivanova, N.V. Yashin, T.S. Kuznetsova, N.S. Zefirov // Synthesis. – 

2004. –  16. – . 2609–2610. 

431. , . .     -( )  / 

. . , . . , . . , . .  //  . . 2. – 

. – 2002. – . 43,   4. – . 246–247. 

432. , . .      / 

. . , . . , . . , . . , . .  //  

. . 2 . – 2005. – . 46,   5. – . 314–328. 

433.Akiyoshi, S. Eight-membered Ring Compounds. I. Reaction of Cyclo ctatetraene with Ethyl 

Diazoacetate / S. Akiyoshi, T. Matsuda // J. Am. Chem. Soc. – 1955. – V. 77,  9. – P.  

2476. 

434.Hubert, A. J. Rhodium(II) Carboxylates: Novel Highly Efficient Catalysts for the 

Cyclopropanation of Alkenes with Alkyl Diazoacetates / A.J. Hubert, A.F. Noels, A.J. 

Anciaux, P. Teyssie // Synthesis. – 1976. –  9. – P.  600–602. 

435.Anciaux, A. J. Transition-metal-catalyzed reactions of diazo compounds. 1. 

Cyclopropanation of double bonds / A.J. Anciaux, A.J. Hubert, A.F. Noels, N. Petiniot, P. 

Teyssie // J. Org. Chem. – 1980. – V.  45,  4. – P.  695–702. 

436.Dehmlow, E. V. Some reactions of bicyclo[6.1.0]non-4-enes and tricyclo[7.1.0.44,6]decanes 

/ E.V. Dehmlow, O. Pluckebaum // J. Chem. Research., Synopses. – 2001. –  4. – P. 131–

132. 

437.Japenga, J. J. Synthese von Bicyclo[3.2.n]alka-2,6-dienen und Bicyclo[3.2]alka-2,4-dienen 

aus 1,3-cycloalkadienen / J. J. Japenga, G.W. Klumpp, M. Kool // Rec. Trav. Chim. – 1978. 

– V. 97,   1. – P.  7–9. 

438.  . .      

    / . . , . . , . . , 

. . , . . ,  . .  // . O . . – 2000. – . 36,  2. – 

. 228–233. 

439.Thies, R. W. Synthesis of cyclodec-3-en-1-ols by acid-catalyzed two-carbon ring expansion 

/ R.W. Thies, J.E. Billigmeier // J. Org. Chem. – 1973. –V. 38,  9. – P.  1758–1759. 

440.Dauben, W.G. Thermal valence isomerization of cis-fused bicyclic cyclobutenes. A study of 

orbital symmetry control / W.G. Dauben, D.M. Michno // J. Am. Chem. Soc. – 1981 – V. 

103,  9. – P.  2284–2292. 

441.Le Corre, M. New Convenient Access to Optically Active Methylidenecyclopropylcarbinols  

/ M. Le Corre, A. Hercouet, B. Bessieres // J. Org. Chem. – 1994. – V. 59, 18. – P.  5483–

5484. 



323 

442.Averina, E. B. Synthesis of (±)-(2-methylenecyclopropyl)glycine and (±)-4-

[(amino(carboxy-methyl)]spiro[2.2]pentane-1-carboxylic acid / E. B. Averina, N. V. Yashin, 

Yu. K. Grishin, T. S. Kuznetsova, N. S. Zefirov // Synthesis. – 2006. –  5. – . 880–884. 

443.Yashin, N.V. Synthesis of novel -aminophosphonates containing small rings / 

N. V. Yashin, E. V. Villemson, A. V. Chemagin, E. B. Averina, M. M. Kabachnik, 

T. S. Kuznetsova // Synthesis. – 2008. –  3. – . 464–468. 

444.Young, L. B. Cerium (IV) oxidation of organic compounds. Preparation of 

cyclopropanecarbaldehyde from cyclopropanemethanol  / L. B. Young, W. S. Trahanovsky 

// J. Org. Chem. – 1967. – V. 32,  7. – P. 2349–2350. 

445.Hartmann, W. Stereospezifische Synthese von 1,2-Halohydrinestern in der Cyclobutanreihe 

/ W. Hartmann, H.-G. Heine, D. Wendisch // Tetrahedron Lett. – 1977. – V. 18,  26. – P. 

2263–2266. 

446. . 2468000  ,  61  31/195, 61  25/18, 07  229/46. 

   –   

       

    / . . , . . , . . , . . ; 

   . . . – 20110108063/20110303; . 

03.03.2011; . 27.11.2012, . .  33. – 8 c.: . 

447. . WO2012/118409 2,  07 229/50, 07 2103/94. Spirocyclic cyclopropanoic 

amino acids – analogues of gamma-aminobutyric acid, with limited conformational 

mobility, and drugs on the basis of thereof / N. V. Yashin, A. V. Chemagin, T. S. 

Kuznetsova, N. S Zefirov;    M. E. Zapolsky. – 

WO2012RU00146/20120229; . 29.02.2012; . 07.09.2012. – 18 .: . 

448. , . .   -   

   / . . , . . , . . , 

. . , . . , . . , . .  // . . C . . – 

2015. –  9. – C. 2178–2181. 

449.Diamantini, G. Nitroisoxazoles by Manganese(IV) Oxide Oxidation of Nitro-4,5-

dihydroisoxazoles / G. Diamantini, E. Duranti, A. Tontini // Synthesis. – 1993. –  11. – P. 

1104–1108.  

 
 


	Yashin Dissertatsiya1-276
	Диссертация  Яшин final 277-278
	Yashin Dissertatsiya 279-323

