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: a) RMgX or RLi; b) PCC, CH2Cl2, 0 °C; R = : a. Me, b. Et, c. i-Bu, d. n-C6H13, e. HC C-, 

f. Ph, g. CH2=CH- 

1. (R)-4- -3-  

 (R)-4- -3-  (1)  ( . 1–3, . 1) 
:  –78 °  1,2-  

–   (3a)   78%;   0  °  100%,   (3a) 
 82%.  1,4-

 (4a  5a),  78%,  1,2-  (3a) – 
22%. uI-BF3 Et2O  

 ( . 4, 5).  3-5, -
 1,4- ,  4 (–78 ° , , Et2O). -

F  10%  5% 
. 5).  ( . 3)  (100%), - -

.  
 (R)-4- -3-  (1)  ( . 6–8) -

.  –78 ° F ( . 6)  65%, -
 1,2-  (3b)  92%. -

 0 °  100%,  71%. -
:  (4b) 

 (5b)  93%  (R,R,R)  (60%). uI-BF3 Et2O 
 1,4-  ( . 9, 10). F  Et2O  

 100  83% ( . 9, 10) . 
 (1)  i-BuMgBr  0 °  Et2O  1,2-  (3c) -

 100%.  –78 °  62% ( . 12) 
. F  1,4-  (4c  5c). 

 100% ( . 13).  
uI-BF3 Et2O  (96%) (R,R,R)  

(4c) ( . 15). 
 1,2-  

 –78  0 °  
 [3]. 

 (R)-4- -3-  (1)   ( . 16)  THF  –78 ° , -
,  1,4- -

,  1,2-  13%  82%.  0 ° -
 84% . -

 1,4- ,  (R,S,R)  (5d) ( . 
18).  Et2O  ( . 19). uI –
 BF3 Et2O  –78 °  ( . 20). 
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 1.  
. 

 %,  
 – )   RMgX T, °C  -

 (%) 
3 (R,R,R)-(4) (R,S,R)-(5) 

1 2 3 4 5 6 7 8 9 
1 MeMgI –78 Et2O – 78 100 0 0 
2 MeMgI 0 Et2O – 100 82 17 1 
3 MeMgI  Et2O – 100 22 67 11 
4 MeMgI –78 Et2O uI–BF3 Et2O 76 0 86 14 
5 MeMgI –78 THF uI–BF3 Et2O 86 0 81 19 
6 EtMgBr –78 THF – 65 92 8 0 
7 EtMgBr 0 THF – 100 71 25 4 
8 EtMgBr  THF – 100 7 33 60 
9 EtMgBr –78 THF uI–BF3 Et2O 100 0 75 25 
10 EtMgBr –78 Et2O uI–BF3 Et2O 83 0 74 26 
11 i-BuMgBr –78 Et2O – 100 62 28 10 
12 i-BuMgBr 0 Et2O – 100 100 0 0 
13 i-BuMgBr  Et2O – 100 0 45 55 
14 i-BuMgBr 0 THF – 100 74 16 10 
15 i-BuMgBr –78 Et2O uI–BF3 Et2O 94 0 96 4 
16 n 6 13MgBr –78 THF – 82 13 77 10 
17 n 6 13MgBr 0 THF – 100 84 16 0 
18 n 6 13MgBr  THF  100 0 21 79 
19 n 6 13MgBr  Et2O – 100 0 42 58 
20 n 6 13MgBr –78 Et2O uI–BF3 Et2O 100 0 37 63 
21 n 6 13MgCl –78 THF – 15 71 14 15 
22 n 6 13MgCl 0 THF – 92 56 29 15 
23 n 6 13MgCl  THF – 100 41 17 43 
24 n 6 13MgCl –78 THF uI–BF3 Et2O 98 0 52 48 
25 HC CMgBr –78 THF – 100 100 0 0 
26 HC CMgBr 0 THF – 67 84 16 0 
27 HC CMgBr  THF – 18 78 16 6 
28 HC CMgBr –78 THF uI–BF3 Et2O 22 12 88 0 
29 PhMgBr –78 THF – 100 100 0 0 
30 PhMgBr 0 THF – 100 82 16 2 
31 PhMgBr  THF – 100 78 16 6 
32 PhMgBr 0 Et2O – 89 93 4 3 
33 PhMgBr –78 Et2O uI–BF3 Et2O 79 0 74 26 
34 PhMgBr –78 THF uI–BF3 Et2O 100 0 72 28 
35 H2=CHMgBr –78 THF uI–BF3 Et2O 82 0 95 5 

36 H2=CHMgBr –78 THF 
uI–BF3 Et2O : 

uCl2 

1.50 : 1.00 
42 0 60 40 

37 H2=CHMgBr –78 THF 
uI–BF3 Et2O : 

uCl2 
1.00 : 1.33 

70 0 100 0 

 (1)  n-C6H13MgCl  –78 ° F  1,2- -
 15% ( . 21).  0 °  1,2- -

 15%,  92%.  
 1,2-  (3d)  15%  100% ( . 23). -

uI – BF3 Et2O -
 98% ( . 24). ,  

 1,4- ,  – 
 ( . 23, 24). 

 (R)-4- -3-  (1)  –78 °  1,2- -
 100% ( . 25).  0 °  

 1,2-  ( . 26). -
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 ( . 27). uI–BF3 Et2O  1,4-  
 (R,R,R)-1,4-  (4e) ( . 28). 

 (1)  PhMgBr F  –78 °  1,2-  
100%.  0 °  82% ( . 30). 

 1,4- .  Et2O  0 °  
. 32)  89%,  (3f). uI – BF3 Et2O 

.  Et2O  
 ( . 33, 34). 

 (R)-4- -3-  (1)  –78  0 ° , -
, , , ,  

. uI – BF3 Et2O -
 1,4-  (4g  5g)  95 : 5 ( . 35). -

 1,4- uI – BF3 Et2O  CuCl2 , -
 [4, 5]. ,  1.33 . CuCl2 -

 4g ( . 37).  CuCl2  0,66 . 
 (42%)  (4g : 5g=60 : 40) ( . 36). 

 13  1  
 (4)  (5). -

 13 ,  Me  i-Pr  1,4-  (4)  (5)  
 l  [6],  
.  

 (4g)  (5g) , -
 (4g) -

 (  4–5  .),   (5g), . 
 (4g) -3 

(3,03 .)  (2,84 .)  (R,S,R)  (5g)  
. -3  (4g) -
-2 -4 (3J=7,4  5,7 ),  (5g) (3J=9,8  10,3 -

),  (4g). 

2. (R)-4- -3-  

 (1)  –78  0 °  Et2O  1,2-  
 ( . 2, . 1, 2).  17%  

 1,2-  23% ( . 3),  1,4-  (R,R,R)  
( ). -  ( . 4–9). 

 –78 °  Et2O ( . 10, 11)  
 (44  67% ),  0 °  ( . 13) .  

 Et2O-  (–78 ° )  1,2- -
 ( . 10).  ( . 10)  1,2- ,  

 67%. 
 (R)-4- -3-  (1)  –78  0 °  Et2O  

1,2-  (3f) ,  21% -
. 

 1,2-  1,4-  Mg- ( )  Li-  
) : 

 
–   – , ; 
–   –   –78  0  °  

,  1,2- ;  – . 
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 2.  
 

,  (%)  
 – )  RLi T, °C , % 

3 (R,R,R)-(4) (R,S,R)-(5) 
1 MeLi –78 Et2O 100 100 0 0 
2 MeLi 0 Et2O 100 100 0 0 
3 MeLi  n-C6H14 17 23 62 15 
4 EtLi –78 Et2O 100 100 0 0 
5 EtLi 0 Et2O 100 100 0 0 
6 EtLi  n-C6H14 20 29 54 18 
7 i-BuLi –78 Et2O 100 100 0 0 
8 i-BuLi 0 Et2O 100 100 0 0 
9 i-BuLi  n-C6H14 35 11 49 40 
10 n 6 13Li –78 n-C6H14 / Et2O 44 94 6 0 
11 n 6 13Li –78 Et2O 67 60 29 11 
12 n 6 13Li 0 Et2O 78 52 38 12 
13 n 6 13Li  n-C6H14 79 19 51 30 
14 PhLi –78 Et2O 100 100 0 0 
15 PhLi 0 Et2O 100 100 0 0 
16 PhLi  n-C6H14 21 100 0 0 

 ( ) 
–   –  –78 °  

 1,2- , ,  (+)-I ,  
 [7].  0 °  1,2- -

 [8],  (  ) – , -
  [3].  

 1,4- , , -
. 

–   –  R -
, . 

 
–   –  ,  ,   

 [9]; 
–   –  [7] -

 1,2- ; ; 
 

–   – ,  
HC CMgBr, , ,  s-  sp- :  

,  [7]; 
–   –   1,4- -

,  -  ; 
–   – -

 (  (R,R,R) ),  –  (R,S,R) . 
 

–   – ,  
 [8, 9]; 

–   –  Et2O F  
 1,4-  [8]; 

 
–   – uI-BF3 Et2O -

,  [9], -
 (R,R,R) ;  CuCl2  [5]. 
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, , 
 Mg-  Li- ,  1,2-  1,4- -

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

.  
 1,2-  ( -

)  –78  0 ° . 

 

 IR Prestige-21 (Shimadzu) . -
 BRUKER AM–300 (  300,13  1  75,47  13 )  CDCl3. 

:  – -
 (  7,27 .),  13  –  CDCl3  77,00 .).  

 COSY (H-H)  COSY ( -H), -
 – .  

 Chrom-5 (  – 1,2 ;  –  SE–30 (5%)+ OV-225 (3%)  
Chromaton N-AW-DMCS (0,16–0,20 );  50–200 ° )  GC-9A «Shimadzu» [  

 25 ,  DB-1 (0.25 ),  80–280 ° ]; 
 – .  «Perkin–Elmer 241-MC». -

 L (60–200 )  «Lancaster» (England). -
 Sorbfil ( ).  

Shimadzu LCMS 2010 V  20  
.  ( ) – 0,05 , -

 –  (50 : 50)  0,03 .  
;  Et2O . 

 1. ,  1,28  (52,8 .) Mg  (52,8 ) RX  
55 .  ( , Ar),  (–78 °C, Ar) 2,00  (13,2 )  
(1)  15 . .  7  –78 °C,  
10  NH4Cl,  1,5  Et2O (3×100 ).  

 NaCl (  pH 7),  MgSO4 .  
,  30 . 

CH2Cl2  5,68  (26,3 )  30 . CH2Cl2 (5 ° , Ar). 
 2 ,  30  Et2O,  15 

,  Al2O3,  Et2O, . -
 SiO2 (  – ). 

 2. ,  1,28  (52,8 .) Mg  (52,8 ) RX  
55 .  ( , Ar),  (0 °C, Ar) 2,00  (13,2 )  (1)  
15 . .  7  0oC  

 1 (  – ). 
 3.  ( , Ar),  1,28  (52,8 .) Mg  2,00  (13,2 ) 

 (1)  15 . ,  (Ar, )  52,8  RX  55  
. .  2 ,  5 ° ,  10 -

 NH4Cl  1 (  – ). 
 4.  RMgX,  79,2  RX  1,93  (79,2 -

) g  30 . ,  (–30 ° , Ar) 7,55  (39,6 ) CuI  30 . 
Et2O,  5 ,  –78 ° ,  5,62  (39,6 ) BF3 Et2  30  

. Et2O.  15  –78 ° ,  2,00  (13.2 )  
(1)   30  .  Et2O.  7  (–78 ° , Ar),  10  

 NH4Cl,  2 , . -
 Et2O (3×120 ).  N Cl,  

Na2SO4  (  – ). 
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 5 . ,  1,93  (79,2 .) Mg  8,47  (8,74 ) 
(79,2 ) CH2=CHBr  80 . F ( , Ar),  7,55  (39,6 ) CuI (–30 ° , Ar), -

 10 ,  –78 °  5,62  (39,6 ) BF3 Et2O, -
 5  3,56  (26,4 ) CuCl2,  5  2,00  (13,2 ) 

 (1)  5 . THF.  7  –78 °C,  10  
 NH4Cl,  1,5 , -

 Et2O (3×120 ).  NaCl (  pH 7), 
 MgSO4  (  – ). 

 5 . ,  1,93  (79,2 .) Mg  8,47  (8,74 ) 
(79,2 ) CH2=CHBr  80 . F ( , Ar),  7,55  (39,6 ) CuI (–30 ° , Ar), -

 10 ,  –78 °  5,62  (39,6 ) BF3 Et2O, -
 5  7,13  (52,8 ) CuCl2,  5  2,00  (13,2 ) 

 (1)  5 . THF.  7  –78 °C,  10  
 NH4Cl,  1,5 , , -

 Et2O (3×120 ).  NaCl (  pH 7), 
 MgSO4  (  – ). 

 6. ,  0,74  (105,6 .) Li  (52,8 ) RX  
53 . Et2O ( , Ar),  2,00  (13,2 )  (1)  15 . Et2O (–78 °C, 
Ar).  7  –78 °C,  10  
NH4Cl,  1,5 , ,  

 1 (  – ). 
 7. ,  0,74  (105,6 .) Li  (52,8 ) RX  

53 . Et2O ( , Ar),  2,00  (13,2 )  (1)  15 . Et2O (0 °C, Ar). -
 7  0 °C,  10  NH4Cl, 

 1,5 , ,  1 
 – ). 

 8.  ( , Ar),  0,74  (105,6 .) Li  2,00  (13,2 ) 
 (1)  15 . ,  (52,8 ) RX  55 . . -

 2 ,  5 ° -
 1 (  – ). 

O

 
(5S)-3,5- -2- 

(1- - 
2- -1-   

  7.  1,94  (3a) (89%), -
, ,  96%, Rf 0,67 (  : 

EtOAc, 2 : 1), [ ]D
21 +119,0  (  7,1, HCl3).  (KBr, , -1): 1676 ( -

).  1  (300,13 , CDCl3, , ., J/ ): 0,98 ( , 3 , J = 5,8, 
3 -5), 1,12  1,15 [ , 6 , J = 7,1, ( 3)2 ], 1,92 ( , 3 , 3 -3), 1,93-2,11 

,  3 ,  -4, -5, -6), 2,27 ( , 1 , J = 13,8, -6),  2,38  ( ,  1 ,  J  =  12,7,  -4), 
2,95 ( , 1 , 3J = 7,1, -2).  13  (75,47 , CDCl3): 20,38  

, 3 -5), 20,90  21,15 [ , ( 3)2 ], 21,26 ( , -2), 27,10 ( , 3 -3), 29,41 
, -5), 42,26 ( , -4), 47,24 ( , -6), 139,75 ( , -2), 153,38 ( , -3), 199,31 ( , -1). 

O

3b  
(5S)-3- -5- -2- 

(1- -
2- -1-   

  7.  2,16   (3b) (91%), -
, ,  97%, Rf 0,62 (  : 

But e, 2 : 1), [ ]D
21 +70,9  (  7,23, HCl3).  (K r, , -1): 1676 ( -

).  1  (300,13 , CDCl3, , ., J/ ): 1,02 ( , 3 , J = 6,0, 
3 -5); 1,08 ( , 3 , J = 7,6, 3 2);  1,09  1,12 [ ,  6 , J = 7,2, (CH3)2C]; 

1,95-2,01 ( , 1 , a-5); 2,03 ( ., 1 , 2J = 10,2, 3J =  10,6,  a-6); 2,31 ( ., 1 ,  
2J = 10,2, 3J = 2,6, e-6); 2,06 ( ., 1 , 2J = 13,7, 3J = 12,3, a-4); 2,38 ( ., 1 ,  
2J = 13,7, 3J = 3,3, e-4); 2,23 ( , 2 , J = 7,6, H2CC-3); 2,83 ( , 1 , J = 7,2, HCC-2). 

 13  (75,47 , CDCl3): 12,23 ( , -2`); 20,48 ( , H3C-5); 20,49  
 21,01 [ , ( H3)2C]; 26,52 ( , H C-2); 27,16 ( , C-1`); 29,81 ( , -5); 39,13 ( , -4); 

46,65 ( , -6); 137,66 ( , -2); 158,31 ( , -3); 198,08 ( , -1). 
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BuiO

3c  
(5S)-5- -2- 

(1- )-3-(2-
-

2- -1-   

  2.  2,43  (89%)  (3c), -
, ,  97%, Rf 0,70 (  : But e, 1:1), 

]D
21 +49,5 (  2,1, H2Cl2).  (KBr, , -1): 1674 ( ). -

, m/z (I ., %): 241,10 (3,13), 227,10 (3,34), 225,10 (5,99), 211,15 (3,95), 
210,10 (29,27), 209 ([ ]+, 100), 207,05 (4,44), 195,10 (3,81), 185,10 (2,50), 
183,05 (2,99), 129,05 (5,69).  1  (300,13 , CDCl3, , ., J/ ): 
0,94 ( , 6 , 3J=6,5, 3H-2`); 0,99 ( , 3H, 3J=6,1, 3 -5); 1,18 [ , 3H, 3J=6,9, 

3)CH]; 1,16 [ , 3H, 3J=6,9, ( 3)CH]; 1,82-1,96 ( , 1 , H-2`); 2,04 ( , 2 ,  

3J=13,5, H-1`); 2,08-2,24 ( , 2 , -6, -6); 2,12-2,25 ( , 1 , -5); 2,19 ( , 1 , 
3J=3,4, 3J=12,7, -4); 2,40 ( , 1 , 3J=4,0, 3J=12,7, -4); 2,77-2,83 ( , 1 , 

3)2CH).  13  (75,47 , CDCl3): 21,10 [ , 2( 3)C-2`]; 21,40  
, 3 -5); 22,50 [ , ( 3)CH]; 22,80 [ , ( 3)CH]; 27,47 ( , ( 3)2CH), 28,10  
, -2`), 29,57 ( , -5), 40,34 ( , C-1`), 43,49 ( , -4), 47,71 ( , -6), 140,03 ( , -2), 

155,95 ( , -3), 199,22 ( , -1). 

C6H13
nO

3d  
(5S)-3- -5- -2-
(1- -

2- -1-   

  6.  2,05   (3d) (66%), -
, ,  99%, Rf 0,68 (  : 

But e, 3:1), [ ]D
21 +31,6  (  0,6, H2Cl2).   (KBr, ,  -1): 1666 ( -

). , m/z (I ., %): 473 (0,6; [2M+H]+), 321 (10,4),  237 (100; 
]+), 153 (4,6).  1  (300,13 , CDCl3, , ., J/ ): 0,85 ( , 3 , 

3J=6,6, H-6`); 0,92 ( , 3H, 3J=6,8, 3C-5); 1,12 [ , 3H, 3J=6,5, (CH3)CH]; 1,15  
, 3H, 3J=6,5, (CH3)CH]; 1,15-1,34 ( , 6 , H-3`, H-4`, H-5`); 1,30-1,42 ( , 2H,  

H-2`); 1,88 ( , 1 , 2J=12,6, 3J=3,3, -6); 1,98 ( , 1 , 2J=12,6, 3J=4,1, -6); 2,03–
2,14 ( , 1 , -5); 2,06-2,20 ( , 2 , H-1`); 2,18 ( , 1 , 2J=12,5, 3J=4,3, -4); 2,32 

, 1 , 2J=12,5, 3J=2,6, -4); 2,8 [ , 1 , J=6,5, (CH3)2CH].  13  
(75,47 , CDCl3): 13,97 ( , -6`), 20,99 [ , (CH3)CH]; 21,16 ( , (CH3)CH, CH3C-5); 
22,52 ( , -5`); 27,31 ( , (CH3)CH]; 28,15 ( , -4`); 29,83 ( , -5); 30,04 ( , -3`); 
31,62 ( , -2`); 34,99 ( , -1`); 40,14 ( , -4); 47,51 ( , -6); 139,34 ( , -2); 157,33 

, -3); 199,54 ( , -1). 

O

3e  
(5S)-3- -5- -2-
(1- -

2- -1-   

  1.  1,74  (76%)  (3e), -
, ,  98%, Rf 0,53 (  : 

EtOAc, 1 : 1), [ ]D
21 +5,3  (  0,3, H2Cl2).   (KBr,  ,  -1): 3300 ( ), 

1674 ( ).  1  (300,13 , CDCl3, , ., J/ ): 1,02 ( , 3 , 
3 -5), 1,20 [ , 3 , J=7,1, ( 3)2 H], 1,22 [ , 3 , J=7,1, ( 3)2 H], 1,90–2,08 

, 1 , -5), 2,04 ( , 1 , 2J=12,4, 3J=4,2, a-4), 2,19 ( , 1 , 2J=12,4, 3J=6,6, -4), 
2,48 ( , 1 , 2J=14,1, 3J=2,7, -6), 2,51 ( , 1 , 2J=14,1, 3J=3,1, -6), 3,26 [ ., 

, J=7,1, 3)2], 3,70 ( , 1 , ).  13  (75,47 , CDCl3): 
19,44 [ , (CH3)2C], 20,03 [ , (CH3)2C], 21,88 ( , 3 -5), 29,62 [ , 3)2], 
29,74 ( , -5), 39,85 ( , -4), 46,88 ( , -6), 74,12 ( , ), 82,28 ( , ), 
134,59 ( , -3), 148,62 ( , -2), 198,48 ( , -1). 

OH

2f  
(5R)-5- -2- 
(1- )-1-

- 
2- -1-   

  7.  2,87  (95%)  (2f),  
, ,  97%, Rf 0,72 (  : EtOAc, 

2:1), [ ]D
21 -25,2  (  1,5, HCl3).  (KBr, , -1): 3400 (OH), 1625 ( -

-Ph), 1597 (Ph), 1150 (C-O-H), 1130,  1  (300,13 , CDCl3, , 
., J/ ): 0,84 ( , 3 , J=6,6, 3 -5), 1,02 [ , 3 , J=6,8, ( 3)2 ], 1,12 [ , 3 , 

J=6,8, ( 3)2 ], 1,58-1,69 ( , 1 , -6), 1,73 ( , 1 , 2J=12,7, 3J=6,0, -6), 1,82-
1,94 ( , 1 , -5), 1,82-1,94 ( , 1 , -4), 2,24 ( , 1 , 2J=16,5, 3J=6,0, -4), 2,15 

, 1 , J=6,8, 3)2), 5,83 ( , 1 , 2J=3,0, 3J=4,9, -3), 5,83 ( ., 1 , 
), 7,21 ( , 2 , J=7,6, H-3`, Ph), 7,30 ( , 1 , J=7,6, H-4`, Ph), 7,34 ( , 2 , H-2`, 

Ph).  13  (75,47 , CDCl3): 21,67 [ , (CH3)2C], 23,74 ( , 3 -5), 
25,63 [ , (CH3)2C], 25,69 [ , 3)2], 34,19 ( , -4), 49,89 ( , -6), 78,26 ( , -1), 
122,83 ( , C-3), 126,70 ( , C-2`, Ph), 127,39 ( , C-4`, Ph), 129,09 ( , C-3`, Ph), 
146,56 (c, -1`, Ph), 146,67 (c, -2). 



(R)-4- -3-  1,2-  1,4-  … 81 

O

3f  
(5S)-5- -2- 
(1- )- 

3- - 
2- -1-  

  7.  2,72  (98%)  (3f),  
, ,  97%, Rf 0,75 (  : EtOAc, 

2:1), [ ]D
21 +87,2  (  0,4, H2Cl2).  (KBr, , -1): 3030, 1666 ( -

), 1625 ( -Ph), 1597 (Ph), 1130,  1  (300,13 , CDCl3, , 
., J/ ): 0,97 ( , 3 , J=6,7, 3 -5), 0,98 [ , 3 , J=6,5, ( 3)2 ], 1,12 [ , 3 , 

J=6,5, ( 3)2 ], 2,08 ( , 1 , 2J=12,7, 3J=5,4, -4), 2,21 ( , 1 , 2J=12,7, 3J=6,0, 
-4), 2,15-2,27 ( , 1 , -5) 2,38-2,54 ( , 2 , -6), 2,38-2,54 ( , 1 , 3)2), 

7,09 ( , 2 , J=6,7, H-2`, Ph), 7,23 ( , 1 , J=6,8, H-4`, Ph), 7,28 ( , 2 , J=6,8, H-3`, 
Ph).  13  (75,47 , CDCl3): 20,64 [ , (CH3)2C], 20,95 ( , 3 -5), 
21,33 [ , (CH3)2C], 29,36 [ , 3)2], 29,87 ( , -5), 42,40 ( , -4), 47,63 ( , -6), 
126,83 ( , C-2`, Ph), 127,87 ( , C-4`, Ph), 128,56 ( , C-3`, Ph), 140,12 ( , C-3`, Ph), 
142,14 ( , -2), 155,61 ( , -3), 199,82 ( , -1). 

O

4a

O

5a  
(2R,3R,5R)-  (2R,3S,5R)- 

3,5- -2- 
(1-  

  3.  1,66  (76%)  (67:11, -
)   5 , Rf 0,70 ( -Et2O, 2:1). -

 (KBr, , -1): 1712 ( ).  1  (300,13 , CDCl3, , 
., J/ ): 0,72-1,20 ( , 12 , 4 3), 1,44-2,53 ( , 8 , -2, -3, -4, -5, -6, 

-2).  13  (75,47 , CDCl3) (  
): 20,50 (18,79)  22,19 (19,89) [ , (CH3)2C], 22,34 (20,85) ( , 3 -3), 

23,60 (22,35) ( , 3 -5), 29,25 (28,13) ( , -3), 31,13 (30,22) ( , -2), 
33,83 (31,94) ( , -5), 41,82 (35,26) ( , -4), 51,62 (47,46) ( , -6), 64,50 
(61,12) ( , -2), 214,75 (212,18) ( , -1). 

OEt

4b

OEt

5b  
(2R,3R,5R)-  (2R,3S,5R)-3-

-5- -2- 
(1-  

  3.  2,17  (91%)  (33:60, -
) 4b  5b, Rf 0,67 ( –tBuOMe, 2:1). 

]D
21 +4,2 (  0,33, H2Cl2).  (KBr, , -1): 1710 (C= ). -

, m/z (I ., %): 365,25 (19,9; [2M-H]+), 183 (100; [ ]+), 165 (17,6; 
-18]+).  1  (300,13 , CDCl3, , ., J/ ): 0,73–0,85 ( , 

, 3)2), 0,87–1,0 ( , 6 , -2`, 3 -5), 1,10–1,30 ( , 1 , -4), 1,23–
1,37 ( , 2 , -1`), 1,75–1,98 [ , 4 , -2, 3)2, -4, a-6], 2,10–2,18 ( , 

,  -6, -5), 2,18–2,28 ( , 1 , -3).  13  (  
 5b) (75,47 , CDCl3): 11,94 ( , -2`), 18,19 (17,18) [ , 3)2], 

23,33 (22,61) ( , 3 -5), 26,53 (27,83) ( , -1`), 28,27 (27,95) [ , 3)2], 
30,81 (29,51) ( , -5), 36,53 (39,10) ( , -4), 39,42 (40,78) ( , -3), 51,78 
(50,83) ( , -6), 61,86 (61,90) ( , -2), 212,59 (213,05) ( , -1). 

OiBu

4c

OiBu

5c  
(2R,3R,5R)-  (2R,3S,5R)- 

5- -2-(1- )-3- 
(2-  

  3.  2,40  (87%)  (45:55, -
) 4c  5c, Rf 0,71 ( –tBuOMe, 5:1). 

]D
21 +2,93 (  9,84, H2Cl2).  (KBr, , -1): 1710 (C= ). -

, m/z (I ., %):  421 (20,6; [2M+H]+), 211 (100; [ ]+), 193 (15,8; [ -
18]+).  1  (300,13 , CDCl3, , ., J/ ): 0,73-0,80 [ , 12 , 

3)2, 2CH3H-2`]; 0,91 (0,92) ( , 3 , J=6,7, 3 -5); 1,05-1,12 ( , 1 , 
a-4); 1,14-1,23 ( , 2 , -1`); 1,47-1,60 ( , 1 , e-4); 1,82-1,87 [ , 3H, 

3)2, H-2, -2`]; 1,92 ( , 1 , 2J=11,1, 3J=5,8, a-6); 1,98-2,10 ( , 1 , -5); 
2,10-2,25 ( , 1 , -3); 2,28 ( , 1 , 2J=11,1, 3J=3,2, e-6).  13  (  

 5c) (75,47 , CDCl3): 20,53 [ , 3)2], 20,79 
, 3)2], 22,38 ( , -3`), 22,46 ( , 3C-2`), 23,10 (22,55) ( , 3 -5), 

24,98 (24,83) [ , 3)2], 27,89 ( , -2`), 30,78 (34,45) ( , -5), 34,45 
(36,16) ( , -1`), 32,66 (36,16) ( , -3), 36,02 (41,20) ( , -4), 47,48 (51,64) ( , 

-6), 61,93 (61,49) ( , -2), 212,49 (215,27) ( , -1). 
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OnC6H13

4d  
(2R,3R,5R)-3- -5- -

2-(1- )-
 

  3.  1,84  (59%)  (5d), 
, ,  99%, Rf 0,72 (  

 : But e, 3:1), [ ]D
21 +20,0 (  0,072, H2Cl2).  (KBr, , -1): 

1710 (C= ). , m/z (I ., %): 477 (24,9; [2M+H]+), 239 (100; 
]+), 237 (93,8; [ -2]+), 221 (15,7; [ -18]+).  1  (300,13 , 

CDCl3, , ., J/ ): 0,78-0,89 ( , 9 , 3 3), 0,89 ( , 3 , J=6,8, -6`), 1,10–
1,30 ( , 10 , -5`, -4`, -3`, -2`, -1`), 1,10-1,30 ( , 1 , a-4), 1,45–1,54 

,  1 ,  e-4), 1,88–2,08 [ , 4 , -2, -3, -5, 3)2], 1,93 ( , 1 , 
2J=11,4, 3J=6,2, a-6), 2,13 ( , 1 , 2J=11,4, 3J=3,5, e-6).  13  
(75,47 , CDCl3): 14,06 ( , -6`), 20,93 [ , 3)2], 21,13 ( , 3 -5), 
22,61 ( , -5`), 27,38 ( , -2`), 28,30 [ , 3)2], 29,25 ( , -3`), 29,63  

, -5), 29,68 ( , -1`), 31,77 ( , -4`), 33,26 ( , -4), 37,44 ( , -3), 47,65  
, -6), 63,16 ( , -2), 215,64 ( , -1). 

OnC6H13

5d  
(2R,3S,5R)-3- - 

5- -2-(1- )-
 

  3.  0,35  (11%) 4d,  Rf 0,72 ( -
 : But e, 3:1).  (KBr, , -1): 1710 (C= ). , 

m/z (I ., %): 477 (24,9; [2M+H]+), 239 (100; [ ]+), 237 (93,8; [ -2]+), 221 
(15,7; [ -18]+).  1  (300,13 , CDCl3, , ., J/ ): 0,86  

, 3 , J=7,1, 3)2], 0,88 ( , 3 , J=6,7, -6`), 0,97 [ , 3 , J=7,1, 
3)2], 1,04 ( , 3 , J=6,7, 3C-5), 1,18-1,37 ( , 10 , -5`, -4`, -3`, 

-2`, -1`), 1,83–1,95 [ , 6 , -2, 3)2, H-3, a-4, e-4, H-5], 1,98 ( , 
, 2J=8,9, 3J=7,0, a-6), 2,28 ( , 1 , 2J=8,9, 3J=2,1, e-6).  13  

(75,47 , CDCl3): 13,91 ( , -6`), 20,74 [ , 3)2], 20,95 [ , 3)2], 
22,51 ( , -5`), 23,19 ( , 3 -5), 25,78 ( , -2`), 29,45 [ , 3)2], 29,45 

, -5), 31,69 ( , -4`), 39,58 ( , -1`), 39,99 ( , -3), 39,99 ( , -4), 50,71  
, -6), 58,65 ( , -2), 212,28 ( , -1). 

O

4e  
(2R,3R,5R)-3- - 

5- -2-(1- )-
 

  4.  0,43  (18%)  (4e), -
, ,  98%, Rf 0,55 ( -

 : EtOAc, 2 : 1).  (KBr, , –1): 3300 ( ), 1710 ( ),. 
 1  (300,13 , CDCl3, , ., J/ ): 1,02 ( , 3 , 3 -5); 1,20 

, 3 , J=7,1, ( 3)2 ]; 1,22 [ , 3 , J=7,1, ( 3)2 ]; 1,90-2,08 ( , 1 , -5); 
2,04 ( , 1 , 2J=12,4, 3J= 4,2, a-4); 2,19 ( , 1 , 2J=12,4, 3J=6,6, e-4); 2,48 

, 1 , 2J=14,1, 3J=2,7, a-6), 2,51 ( , 1 , 2J=14,1, 3J=3,1, e-6), 3,26 [ ., 
, J=7,1, 3)2], 3,70 ( , 1 , H-2`). 

OPh

4f

OPh

5f
(2R,3R,5R)-  (2R,3S,5R)- 
5- -2-(1- )- 
3-  

  4.  2,25  (74%)  (74 : 26,  
) 4f  5f,  Rf 0,62 (  : tBuOMe, 

3:1), [ ]D
21 +23,0 (  0,067, H2Cl2).  (KBr, , -1): 3040, 1710 

), 1597 (Ph), 1150, , m/z (I ., %): 231 (100; [ ]+), 229 
(30; [ ]+).  1  (300,13 , CDCl3, , ., J/ ): 0,88 [ , 3 , 
J=6,7, ( 3)2 ]; 0,97 [ , 3 , J=6,7, ( 3)2 ]; 0,97 [ , 3 , J=6,9, 3 -5]; 
1,63–1,95 ( , 1 , -4); 1,79–2,03 ( , 1 , -5); 1,97–2,12 ( , 1 , -2); 2,14 

, 1 , 2J=12,6, 3J=5,8, -6); 2,31 ( , 1 , 2J=12,6, 3J=6,1, -6); 2,61–2,87 
, 2 , -3, -4); 7,10 ( , 2 , J=6,9, H-2`), 7,18 ( , 2 , J=6,9, H-3`), 7,30  
, 1 , J=6,9, H-4`).  13  (  4f) (75,47 

, CDCl3): 19,54 ( , 3 -5), 21,33 [ , (CH3)2C], 21,48 [ , (CH3)2C], 26,99 
(24,65) [ , 3)2], 29,09 (28,51) ( , -5), 38,29 (33,94) ( , -4), 45,68 
(43,08) ( , -3), 51,68 (48,62) ( , -6), 60,54 (59,19) ( , -2), 126,17 ( , C-2`), 
128,84 ( , C-4`), 129,90 ( , C-3`), 144,88 (141,62) ( , C-1`), 214,31 (213,48) ( , 

-1). 



(R)-4- -3-  1,2-  1,4-  … 83 

O

4g  
(2R,3R,5R)-3- -5- -

2-(1- )-
 

  5 .  1,54  (65%)  (4g),  Rf 0,68 
 : tBuOMe, 3:1), [ ]D

21 + 4,5° (  3,69; l3).  
(KBr, , -1): 3078 (CH2=CHR), 3015 (CH2=CHR), 1708 (C=O), 1654 (C=C), 
915 (C=C).  1  (300,13 , CDCl3, , ., J/ ): 0,73  0,82  

, 6 , J=6,8, ( 3)2 ); 0,91 ( , 3 , J=6,7, C 3C-5); 1,59 ( , 1 , 2J=12,0, 
3J=4,9, 3J=9,8, a-4); 1,73-1,83 [ , 1 , ( 3)2 ]; 1,85-1,94 ( , 1 , e-4); 
2,03-2,12 ( , 1 , -5); 2,07 ( , 1 , 3J=7,4, 3J=5,1, -2); 2,08 ( , 1 , 2J=7,7, 
3J=12,4, a-6); 2,28 ( , 1 , 2J= 7,7, 3J=2,1, e-6); 3,03 ( , 1 , 3J=7,4, 
3J=5,7, 3J=4,9, -3); 4,98 ( , 2 , 2J=16,7, 3J=11,4, -2`); 5,52 ( , 1 , 
2J=16,7, 3J=11,4, 4J=5,4, -1`).  13  (75,47 , CDCl3): 20,18  

, 3 -5); 20,87  21,92 [ , 3)2]; 29,53 ( , -5); 27,94 [ , 3)2]; 
34,50 ( , -4); 40,88 ( , -3); 47,59 ( , -6); 60,86 ( , -2); 116,53 ( , -2`); 
136,87 ( , -1`); 213,70 ( , -1). 

O

5g  
(2R,3S,5R)-3- -5- -

2-(1- )-
 

  5 .  0,34  (14%)  (5g),  Rf 0,68 
 : EtOAc, 4:1), [ ]D

21 -3,5 (  0,41,  H2Cl2).  
(KBr, , -1): 3078 (CH2=CHR), 3015 (CH2=CHR), 1708 (C=O), 1654 (C=C), 
915 (C=C).  1  (300,13 , CDCl3, , ., J/ ): 0,73  0,82  

, 6 , J=6,8, ( 3)2 ]; 0,91 ( , 3 , J=6,7, C 3C-5); 1,59 ( , 1 , 2J=12,0, 
3J=10,3, 3J=13,4, a-4); 1,73-1,83 [ , 1 , ( 3)2 ]; 1,85-1,94 ( , 1 , e-4); 
2,03 - 2,12 ( , 1 , -5); 2,07 ( , 1 , 3J=10,3, 3J=5,5, -2); 2,08 ( , 1 , 
3J=12,4, 2J=7,7, a-6); 2,28 ( , 1 , 2J=7,7, 3J=2,1, e-6); 2,84 ( , 1 , 
3J=10,3, 3J=4,1, 3J=9,8, -3); 4,98 ( , 2 , 2J=16,8, 3J=11,3, -2`); 5,74 ( , 

, 2J=16,8, 3J=11,3, 4J=5,9, -1`).  13  (75,47 , CDCl3): 2,33 
, 3)2]; 18,73 ( , 3 -5); 22,22  22,31 [ , 3)2]; 31,46 ( , -5); 

24,13 [ , 3)2]; 41,66 ( , -4); 44,18 ( , -3); 51,57 ( , -6); 60,09 ( , -2); 
114,87 ( , -2`); 140,83 ( , -1`); 211,80 ( , -1). 
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Ishmuratov G.Yu.1,2*, Bannova A.V.2, Latypova E.R.2, Musluchov R.R.1, Tuchvatshin V.S.2, Talipov R.F.2 (R)-4-
MENTHEN-3- NE IN THE REACTIONS 1,2- AND 1,4-ADDITION OF MAGNESIUM- AND ORGANOLITHIUM 
REAGENTS 

1Institute of Organic Chemistry, USC RAS, pr. Oktiabria, 71, Ufa, 450054 (Russia), e-mail: insect@anrb.ru 
2Bashkir State University, st. Zaki Validi, 32, Ufa, 450074 (Russia), -mail: lelvirar@mail.ru 
The influence of temperature, nature of magnesium and organolithium reagents, solvent, catalyst on the processes 1,2- 

and 1,4-addition to the enone system of (R)-4-Menten-3-one were studied. Optimal conditions for the synthesis of 1,2 - and  
1,4-adducts were identified. 

Keywords: (R)-4-menthen-3- ne, adducts of 1,2- and 1,4-addition, organomagnesium reagent, organolithium reagent. 
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