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, ,   .  

        

 «   »,      
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,   -   ( 1)    

    ,   1,2-  

 ,      

.  

    

         

,   [1+2]-    

  ,   .    
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.  
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      ,    
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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]. 

 



18 

 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]. 



40 

 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 – . 
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  (  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]. 
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 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). 



80 

 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-



89 

)   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).  
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 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%. 

   ,       

     ,     

        .  

           

      ,  ,   

.  ,         

      .    

       

      ( )  . 

 ,       

        ,   

        ,   

,    . ( )    
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    ,        

        , 

         

.           

  ( )     ,  

             , 

      ,    

.  
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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),  

.      ,  



111 

       .  , 

         

          

 [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,        ,  

       . 
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    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-  . 
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 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, 

    , ,   
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       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). 



199 

 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,   ).  



202 

 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 ). 
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    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). 



214 

 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). 
 



217 

  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=,   ). 
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 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-        . 
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 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. 



250 

  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            

  . 
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  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.  
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 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. 
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