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18- -6,  
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. 

  366 . ,  94 , 58 , 50 

. 

, 5- ,  

,  

,  435 , 
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1. -, - -

. 

1.1 -, -  [21,23] 

 – - (1), 3,5- - (2), 3- (3)  4-

- (4), 2,3,5,6- (5)  2,3,4,6- - (6), 3- -2,4,6- - (7),  2,4,6-

 (8)  -33÷160 

- (9, 10, 11, 12, 13),  -  (14, 15, 16, 17, 18, 19, 20, 21, 22)  

 (23, 24, 25) (  1). 

 1 

N F

Y
F

X

F N F

Y
NH2

X

F

N NH2

Y
NH2

X

F
NH3

NH3

1, 2, 3 9, 10, 11
N NH2

Y
NH2

X

H2N

NH3

23, 24, 25

N F

Y
NH2

X

H2N

NH3

NH 3

17

14, 15, 16

X=Y=F (1, 9, 14, 23)
X=Y= l (2, 10, 15, 24)
X=F, Y=Cl (3, 11, 16, 17, 25)  

N F

F
X

F

F N NH2

F
X

F

F N NH2

F
X

F

H2N

NH3 NH3

4, 5 12, 13 18, 19

X = Cl (4, 12, 18), H (5, 13, 19)  
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N F

Y
F

F

N F

Y
NH2

F
NH3

6, 7, 8
N NH2

Y
NH2

F
20, 21, 22

N NH2

Y
F

F

Y = F (6, 20), Cl (7, 21), H (8, 22)

NH3

 
 (1–8), -  

,  

.  

 (–33 – 60 ° ),  (60 – 120 ° )  

(>140 ° )  

 60–90% ,  

 ~99% .  

 

, ,  

. 

1.2 -  

 [21] 

,2,3,4,5,6-  (26), ,2,3,5,6-  (27), -

 (28)  (29) - (<20 º )  

 (~70 º ) , - 

 2 

CF3
F

F3C

F

F
F

NH3

CF3
F

F3C

F

F
NH2

CF3
F

F3C

NH2

F
NH2

NH3

28 32 35

NH2 NH2H2N
NH3NH3 FF F F F F

CF3
F

F

F

F
X

NH3

CF3
F

F

F

F
NH2

CF3
F

F

NH2

F
NH2

NH3

29 33 36

CF3
F

F

NH2

F
X

+

26, 27 30 31 34

X = F (26); X = H (27, 31)

 
 (30, 31, 32, 33)  

(34, 35, 36)  (>80%) (  2). 



 10 

1.3 ,  2,6-  2,7- -

 [22] 

 (37)  15 º  

2-  (38)  >90%.  

 37  38  1,6-, 1,7-, 2,6-  

2,7-  (39, 40, 41, 42, )  ~70%-  

2,7-  42 (  3),  

 7 .  2,7/2,6-  (41/42)  

 2-X-  (X= –NH (43), NH2 (38), NHAc (44))  

:  41  

 38  37  NaNH2 ,  

 2,6-  (42) –  2-  (45)  

. ’-

 (41+42),  2,7-  2,6-  41  42,  

 38,  

 18- -6  ( .  1.5).  

,  

 

.  5). 

 3 

F FF F F F
NH2

NHHN NH2Na
NH3 liq

(Ac)2O

1) NH3
2) OH - / H2O

COCH3

NH2Na NH3 liq

F F
NH2

H2N
F F

H2N

NH2

+

93 : 4 16 : 76 : 3

F F

F F
H2N NH2

F F
H2N

NH2

+ +

NH3 liq
42 41 40 39

41+42, 63%

18- -6

NH3 liq

38

42 + 40

18- -6

42, 80%

42 + 41 + 39

18- -6

41, 50%

37

43 44

 



 11 

1.4 -  [21, 24] 

 (46)  

180÷220 °  1,3-  1,4-  (47  48, 

),  2,4,5- -1,3-  (49),  

 (  

). ,  47  

 200  °  

 49;  NH4F  FeCl3  

 2,5- -1,3-  (50) (  4). 

 4 

F F

NH2 NH2

( -, -)NH2

F F

NH2

NH2
160-220 oC + +

46 51 47 ( -),
48 ( -)

49

H
F

NH2

NH2

50

H
NH3

H

 
,  

)  (  

); )  ( ); )  

 – )  

. 

 1.  (46) . 

, % ( ) 
*  T oC 

51 47+48 49 50 
46 NH3  160 95 1–2 – – 
46 NH3  180 42 54 2–3  
46 NH3  200 8–10 72–77 13–16  
46 NH3  210 16 52 30  
46 NH3  220 5 39 44 12 
46 NH3   200 7 92 – – 
46 NH3  220 – 83 (16% – 52) – – 

46 
NH3  

) 
200 19 81 – – 

47 NH3 + NH4F, FeCl3 200 – 43 (47) 45 11 

* P /S  = 0.1 0.2 2 
 

. ,  

 46  NH3 -  



 12 

,  

 47  48, .  

  (52) 

. 1,  5).  

 18- -6. 

 5 

F

NH2

(m-, p-)NH2

F F

NH2

NH2

NH3 )
+ +

46 51 47 (meta-),
48 (para-)

52

H2N
F

NH2

100-220 oC

 

1.5 -  

 [21, 22, 23] 

,  18- -6  

 

,  

 ( .  5). ,  

 18- -6 (1 )  47, 48  

49 (  1 ) ,  ~80%  48  

~10%  47  49 (  6).  

.  

 

:  49  99+)  2,3,5,6-

, .  

 

2–3  «  – ».  

 46:  48 (  97%,  66% 

)  47 (  99%,  67% ),  

 

. 

, -, - -

,  

 

 

. 
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 6 

H

NH2

NH2

F

NH2

NH2

NH2NH2

FF

O

O
O

OO
O

1 11 1

0.1 0.10.8

H , k -1 109114151

1

48 49 47

 

H

NH2

NH2

F

NH2

NH2

F

O

O

O

OO

O

1 1 1

0.6 0.4

114 109H , k -1

49 47

1

 
 

2.  

 [17] 

2.1  [2, 4, 5, 7] 

 ,  

 1-  –33 °C 

 

-  . 

 ,   3-X-  (  =  Cl  (53), Br (54),  I  (55))  

, 

 - (56, 57, 58, 59, 60, 61)  -

(62, 63, 64)  -

. ,  

, . 

,  

 ,  

 3,3'-  (65, 66, 67).   3-

-  -  2- -3',4-

 (68, 69) (  7). 
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 7. 
NO2

X

NO2

X

NO2

X

NO2

X

NO2X

N
HO2N

KOH, O2 Ar
++ + +

OH HO

OH
XNX N

O

X=Cl (53, 56, 59, 62, 65), Br (54, 57, 60, 63, 66, 68), I (55, 58, 61, 64, 67, 69)

Ar
53, 54, 55 56, 59, 62 57, 60, 63 58, 61, 64 65, 66, 67 68, 69

 
  68  69,  2- -3',4-  (70)  

  (71)   53, 54, 55  

 (  8),  

 3- -  -  54, 55  

 71  3- .  

,  

. 

 8. 

NO2

NH2

NO2

X
+

KOH

NH3

NO2X

N
HO2N

NO2

Br, I

KOH
NO2

X

..
NO2 NO2

NH2
7153, 54, 55 68, 69, 70 54, 55 71

X = Cl (53, 70), Br (54, 68), I (65, 69)  
  4-  ( = H (72), F (73), Cl (74), Br (75), I (76), 

NO2 (77))   –  

 –  

.  X=CI, Br, I (74, 75, 76)  5-

-2-  (78, 79, 80),  73  77  

 4-  (81) (  9).  72 

 -   

 -   (82  81)  

 (3–4):1 . 

 9. 
N O2

X

NO2

OH

KOH KOH, O2

NO2

X

OH

= F, N O2 = Cl, Br, I, Ph

72-77 78, 79, 80

X = F (73), Cl (74, 78), Br (75, 79), I (76, 80), NO2 (77)

81
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 2-  ( =F (83),  Cl  (84), Br (85))  

:  84  85 2  

  (82),  

 -  (86, 87)  -  (88  89)  (  10).  

 83  

 (-33 ° )  82. ,  

 2-  (85)   

 72 – ; 4-

 81 –  72,  2- -4-  -6-

 (90  91, ) –  82  81  

. , , 

 « » ,  

. 

 10. 
NO2

OH

NO2
XXHO

NO2 NO2

OH

NO2

OH
X

NO2
OH

NO2
X KOH, O2

NO2

X

OH
+ ++ + +

= F, Cl, Br = Cl, Br = Br

KOH

82 83, 84, 85 86, 87 88, 89 72 81 90 91

 
 1- - (92),  1,5-   1,8-  (93  94, 

)  –33 ° -  

,  - (95, 96, 97)  

 (98, 99, 100)  (  11). ,  

 ,  

.  92 2  –70 °  

 .  

 11. 

R1 NO2

R2

R1

R2

NO2
OH

R1 NO2

OHR2

KOH O2 +

92, 93, 94 95, 96, 97 98, 99, 100

R1=R2=H (92, 95, 98); R1=H, R2=NO2 (93, 96, 99); R1=NO2, R2=H (94, 97, 100)  
, 2  

 

, .  
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.  

 . 

2.2  4-  2-  

 [14, 30] 

,  15–50 °  

 -   ( : 74) 

  ( 1–4)  ( -, - )  

. ,  

 30 °   

 81  

 – -, -  (  12).  

1–4  4-  (101-104) - -

 (105-107)  

 98-99%), . 

 12. 

NO2

Cl OR

NO2
1. ROH, KOH

2. H+

74 101, 102, 103, 104

R = CH3 (101), Et (102), -Pr (103), -Bu (104)

+
N=NCl Cl

N=NCl Cl

O

NH2

Cl

NO2

OH

++

 

NO2

Cl

OO2N

74 105, 106, 107

n = 1 (105), 2 (106), 3 (107)

CH2CH2O n NO2

HO CH2CH2O nH, NaOH

H+
1.

2.

 

 

;  

.  

) ,  

. 

 

,  



 17 

 

 ( ). 

2.3 - ,  

 in situ [1, 13] 

 -  (KO2  K2O2 )  

 

 -70  -40 ° .  

,  

, 

,  

,  

. 

 , -  92–94  KO2  

-   

 95–100.  K2O2  92  94  

 -33 ° -  95, 96  99, 100 . 

 1,2-  1,4- -  95 vs 96  

99 vs 100)  1:(1.0–1.3).  –60 °  

-  -  

.  93 2 2  

 97  98. 

  74  77 2 2  81 , 

 72, 4,4’-  1,3- 2 2  

, 2.  

 

 KOH, K2O2  KO2  

 

-  - . 

3.  

 [17] 

3.1  

 KOH  O2 [3, 4] 

 72  4- -  -  73, 

74, 77 18  16O2  



 18 

81, 82, 78  18  (F, NO2), 

 (  13).  

,  

 

. 

 13. 

NO2

O*H H*O H

143

NO2

X O*H
1. KO*H

2. H+
o-,p-NO2 o-,p-NO2(X) (X)

H*O X

NO2

1. KO*H

2. H+-X

81 72, 73, 74, 77 78, 81/82

X = F, NO2 X = Cl, H

X = F (73), Cl (74, 78), NO2 (77), H (72, 81, 82)

144

O2

 

3.2  1-

 KOH  O2 [6] 

 1-  92  K18OH  16
2  

 18  95  98.  

 18  92: K18 H,  

.  18  

, , 

, ,  

,  

, 2 (  2).  

 92 (  14),   

 

. ,  

 92 2,   92  

2 2,  

-

2 2 . 

,  

92 2, : 

 SNArH  

,  O2. 



 19 

 2.  92 ,  18 ,  

 16
2  

 
92 : 18OH 

 
 

* 

 
95 : 98 

; ) 

 
18  95, 

% 2
18  

 
18  98, 

% 2
18  

58: 42 ( )  55: 45 ( ) 18.9 27.8 

50: 50 ( ) 1: 1.5 
 45: 55 ( ) 13.0 30.0 

75: 25 ( )  71: 29 ( ) 32.5 31.8 

69: 31 ( ) 1: 2.5 
 71 : 29 ( ) 32.0 31.2 

85: 15 ( )  88: 12 ( ) 45.0 33.8 

87: 13 ( ) 1 : 4 
 84: 16 ( ) 43.6 33.0 

1: 2.5 (-50 )  90:10 56.6 48.4 

1: 2.5 (+2.5 2
18   30:70 56.7 34.0 

*  – ;  –  

. 

 14 
NO2

OH
NO2

HO

H

H

OH

NO2
O
H

NO2

O H

OHOH

NO2

NO2

2- 4-

OH

*

* *

*

*

*

*

*

*

 

NO2

O2 H

NO2

O2 H

+e

-e.

NO2
O2
H

NO2
O2
H

.

+e

-e
92 + O2

.92 + O2
. 92 + O2

2.
92 + O2

.

NO2

2- 4-  

3.3 -d5 .  

 [8] 

-d5 KOH  

 ( )  

  (kH/kD ~2),  

 (  15).   -

,  2.  
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,  -,  . 

 15. 

NO2

H

NO2

D

NO2

H

NO2

D

OH

OH

H
D

NO2

NO2
OH

OH

Ar
(ArNO2)

O2

Ar
(ArNO2)

O2

2
1

1
1

kH/kD

 
 , ,  

, ,  

 (  16), ( ,  

). 

 16 

H OH

-2e-, H+

NO2

OH

H2O

OH

H2O

O2NO2
H O

NO2

O
NO2

 
,  

 –  

 sp3  – ,  

. 

4.  2,4-  

 SNAr-  

 [17] 

4.1  2,4-

 

 [19] 

 2,4-  

(108) 6 5  ((109,   =  Li  ( ),  Na  ( ),   ( ), Et4N  ( ), Bu4N  ( ))   

 –35 °  (  17) , ,  

,  

 = , N  = Li (  3-5). 
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 17 

= L i (a ), Na ( ), ), Et4N ( ), u4N ( )

= 15- -5 , -18- -6 , , 1 ,4-

NO 2
F

F

OM
NO2

O

F

N O2
F

N O2
NH 2

FO

Ph

Ph
N H3, -35 oC

+ +

108

)

109

110 111

+

 
 3.  108  

 109-  – 109- . 

110/111 ( -/ ) 109-  – 109- , 
/  109-  109-  109-  109-  109-  
0.02 1.4±0.2 2.0±0.1 3.0±0.1 1.7±0.1 1.8±0.1 
0.04 1.36±0.02 2.1±0.1 3.4±0.1 – – 

 4.  108  

 109- . 

109- , /  0.004 0.018 0.03 0.04 0.06 0.07 0.40  
110/111 

( -/ ) 
3.0 
3.0 3.1 3.4 3.4 3.5 3.6 

4.0 6.0  

 5.  108  

 109-  – 109- . 

110/111 ( -/ )  
,  109-  109-  109-  

– – 1.4±0.1 2.1±0.1 3.4±0.1 
15- -5 0.04 1.5±0.2 2.0±0.2 2.5±0.3 

-18- -6 0.04 1.5±0.2 2.0±0.2 2.1±0.2 
 0.04 1.5±0.1 – 3.7±0.2 

1,4-  0.04 – – 3.6±0.4 
 0.24 – – 3.5±0.3 

4.2  2,4-  

 [15] 

 108  

 -  -Y- 6 4 Li  (Y  =   (109),  (112),  (113), 

 (114), -F  (115), -Cl  (116), -F  (117), -Cl  (118))  -  -

 ( -/ : 

110/111  109; 119/120  112; 121/122  113; 123/124  
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 114; 125/126  115; 127/128  116; 129/130  117; 131/132  

 118)  (  6)  

 (  >1) ( . 

1)  –33  –55 ° . 

 18. 

NO2
F

F

OLi
Y

NO2
O

F

NO2
F

NO2
NH2

FOY

Y

NH3,
-35 - -55oC

+ +

108

Y = (109, 110, 111), n (112, 119, 120), n (113, 121, 122),
(114, 123, 124), n-F (115, 125, 126), n-Cl (116, 127, 128),

-F (117, 129, 130), -Cl (118, 131, 132)

110, 119, 121, 123,
125, 127, 129, 131

111, 120, 122, 124,
126, 128, 130, 132

109, 112, 113, 114,
115, 116, 117, 118

 

 6.  -   

 108  109, 112–118  

. 

, /  a 

 -OMe -Me -Me H -F -Cl -F -Cl 

–33 1.12 1.23 1.28 1.36 1.49 1.56 1.67 1.70 

–55 1.20 1.30 1.37 1.45 1.58 – – – 
  / -  ±0.02. 

1/T(-55 oC)(-33 oC)

ln (o-/ -)

Y = -OMe, -Me, -Me, H, -F

 

. 1 

  

:  > 

 >  >  > -F (  7). 
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 7.  -   

 108  Y-C6H4OLi . 

 
 

-OMe -Me -Me H -F 

 
 

–0.40 –0.19 –0.11 0.00 0.04 

/  , 
 

–2.1 0.2 –1.7 0.2 –1.4 0.3 –0.9 0.2 –0.9 0.1 

S /  , 
 

–8.3 0.1 –5.3 0.1 –3.8 0.1 –1.1 0.1 –0.5 0.1 

 ln(o/ )  ln(ko/k ) = ln(Ao/A ) – [( Eo – E )/R] 1/T; 
   /  = E / ; S /  = Rln(Ao/A ). 

,  

 108 (  

. 2) 3, 1  MNDO  

 

,  

 2–3 ,  108  

  (q  – q  ~0.024–0.044). 
OC6H4-YF

NO2

F

OC6H4-YF

F
NO2

A  
. 2 

,  

,  

,  

,  

, .  

, .  

 2-  4-  

 

, . 

4.3  

 2,4-  [20] 

 108  

 -AlkC6H4OLi (Alk = Me (113), Et (133), Pri (134), But (135)) 
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 19)  

33  55  °  ( .  11)  ,   

  (  >1)   Alk  =  Me  (  

-/  121/122), Et (136/137)  

  (  <1)  Alk = Pri (138/139),  

 Alk = But (140/141) ( . 12  3). 

 19 

NO2
F

F

OLi

NO2
O

F

NO2
F

NO2
NH2

FO
NH3,

-35 - -55oC

+ +

108

Alk = n (113, 121, 122), n-Et (133, 136, 137),
n-Pri (134, 138, 139), n-But (135, 140, 141)

121, 136,
138, 140

112, 137,
139, 141

113, 133,
134, 135

Alk

Alk

Alk

 

 11.  -   108 

 -AlkC6H4OLi 33 55 ° . 

, °  -Me -Et -Pri -But 

-33 1.23 1.30 1.03 1.06 
-55 1.30 1.40 0.93 0.96 

 12.  -   

 108  -AlkC6H4OLi . 

Alk -Me -Et -Pri -But 

, 
 

–1.7  0.2 –1.7 0.3 1.7 0.1 2.7  0.2 

S , 
 

–5.3  0.1 –5.2  0.1 7.4  0.1 12.0  0.1 

1/T(-55 oC)(-33 oC)

ln (o-/ -)

Y = -Pri, -But

 

 3 
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,  -  -

 108   

 (  = –

0.35 (Me), –0.49 (Et), –0.62 (Pri), –0.75 (But)): 

 = (–17  5)  + (–23  1)            r = 0.97 

S  = (–66  9)  + (–91  3)             r = 0.98 

,  -  

  -

Me  -Et  -Pri  -But ,  

, ,  -

Me< -Et< -Pri< -But, .  

 

 Alk = Me, Et  

 Alk = Pri, But.   

 . ,  PhOLi  -F-

C6H4OLi ( -F:  0.13)  –0.9 ,  -Pri-

C6H4OLi   +1.7  ,   -But-C6H4OLi  

 +2.7 . ,   -

, ,  , , 

,  -Pri  -But . 

   

 108  -  

 – G   

. ,  

. 

4.4  

 [11] 

 -  

 -   (– G° = G°  G°  = 

R R + F F + P P)  ,   (R),  

 (F)  (P)  

, , ,  

 R- . , -

,   ( -(–R)  -(–R)),  
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 – G°  (–R) 

 

 ( . 13).  

 F ,  R/ F 

. 

 13.  ( R/ F)   – G , , )  

 -  -(–R)-  « » (NH2, NMe2, OH, 

OMe, Me, H, F, Cl)  « » (Me, H, F, Cl) . 

 R F) -(–R) R F) -(–R) 

 »* »** » 

 1.22 ± 0.06 1.16 ± 0.04 0.56 ± 0.03 

 0.64 ± 0.07 0.84 ± 0.05 0.36 ± 0.05 

 0.60 ± 0.11 0.93 ± 0.07 ~0 

* « »: NH2, NMe2,  OH,  OMe,  Me,  H,  F,  Cl  –   

, . 

** « »: , Me, H, F, Cl – , 

. 

,  ( R F)  G°   

,  

R F > 1),  -

. 

4.5  

 2,4-  

   [12] 

R F  ln( / )  

 108  X-C6H4OLi ,  

, R F  - G° ,  

 « » -(–R)-  -(–R)- , , ,  

 ( ). 

,  -(–R)-  ( R/ F)  = 1.21  

 ( R/ F)  = 1.16  

 ( .  14),    

 ( R/ F)  = 0.61 –  ( R/ F)  = 0.56. ,  
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 SNAr-  

. 4)  

(–R)- , -

. 

 

O

-,p-

OH

-,p-

- Go

 

 

 

 

vs 

O

-,p-

O

-,p-

F o-,p-NO2

ln(ko-/ kp -)

 

. 4 

 14.  ( R F vs R F)   – G  ( )  

ln( ) (NH3)  - (–R)- . 

 -(–R)  

R/ F  1.22 ± 0.06 (r = 0.871) 
 

R/ F .  1.16 ± 0.04 (r = 0.941) 

NH3 R F .  1.21 ± 0.01 (r = 0.993) 

 

 

 SNAr- ,  

 

, .  

,  

 SNAr-  « »  

. 

5.  

 

5.1  [27, 25, 

32, 31, 28] 

  ( )  

 

 (  

),   (  

- ), ,  
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.  

. 

  

.  

 (  1) .  – 

, 

,  

 (  

20).  a)  

; ) 

 ( ,  

, ) . 

 20 

NMP 70o

80-150 oC

+

,
250-350 oC N A

O

O
N B3

O

O m

O A
O

O
O

O

O

H2N-B-NH2+

B-HN A
O

O

O

O

NH-B
OHOH

n

N A
O

O
N B1,2--

O

O n

20oC

NMP

,
140-180 B1 = F CF3

N
F

X

F FB3 =

N A
O

O
N B2

O

O n
N A

O

O
N

O

O m

NH2OH2NH2N-B2-NH2

B2 =

...

O
+

142, 143

146, 147,
148, 149

B2 18, 19

144, 145

 
 142  143  2,4-  (34)  

 4,4’-  (6FDA)  

4,4’-  (ODPA), ,  

 (  
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20).  CF3   

 

, ,  (330–
345 °C),  (T5>500 °C).  

 142  143  

,  UV-vis 

 (  450 nm  > 95%). ,  

cut-off  142  311 nm,  

; cut-off  143  357 nm . 

 144  145,  

,  ODPA  2,7-  2,6-

 (42  41, )  80 °C 

 

 (  20).  

 –  

, , , .  

144,  (42:41=4:1),  

. 

 146, 147, 148  149, ,  6FDA -

 ((X = Cl (18), OPyF,  H  (19), NH2 (23))  

 (  20).  

 

,  30.000 4,4'-  

(ODA)  

,  

 ( ).  

,  

.  146, 147, 148  149,  

 

. 5). 

 

 (  

) . 
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                                      ( )                                                                            ( )  

. 5. ( ) ; ( ) . 

 (150)  110 

°C  4- -3,5,6-

 (151),  

 4- -3,5,6-  (152),  

 

 AB-  (  21). 

 21 

O
O

O

F
H2N

152

O

O

F
H2N OH

OH

151

O

O

F OH
OH

150

NH3, 110 0C c-Hexyl-N=C=N-c-Hexyl

CH3CN

 
 

 ( )  (153)   n  =  10–12.   

,  

 ( 2),  

 (  22). 

 22 

O

O

N

O

O

O
H2N

160 °C, 20
+ 180 °C, 20

O

O

N
H2N

O

O

O

10H2O

N

O

O

OH
OH N

H

O
OH-CO2

~30%10

F

F

F
F

F

F

153152
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 153 , , 

.  

,  153  

.  153  (1.0–1.7 µm), 

,  

 C–H  O–H, -

 ( . 6). 

 
. 6. 

5.2  18- -6  

 [26, 29, 33]. 

,  

 

, , , 

, .  

 

.  

 

 

 ( ) .  

 

,  

, , . 

 ,  

-154 -155  18- -6 -1,4-  -1,3-  (48 

 47  -  , ), -156  

-157 -2,6-  -2,7-  (41  42 - - -

, )  1D-  

.  
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 ( . 7). 1D  ( )  

, , ,  

. 

O
O

O

OO
O

+H2N-BF-NH2 H2NBF NH2 H2N BF NH2

n  
. 7 

 

:  

 – « »  « » ( . 8  8b, ).  

 

;  .  

 

: ,  

.  

 .  1D  

 «- -»,  

)  ( . 8),  

. 

 
. 8. 

,  - -  

-154 -156)  ( HU
–1),  

- -  ( -155 -157).  ,  HU  -  

 ( -154 -155) , HU -  -  

 ( -156 -157).  ,  HU  

 ( )  ( . 9). 

 

- . 

  1D  

 18- -6  
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 -158, -159 -160  

 – 2,4,5- -, 2,5,6- -4- -, 2,5- -4,6-

)- -1,3-  (49, 34  35, ). 18- -6  

 ( -161, -162, -163, -164 -165)   1:1   

 2,6-  2,4- : 3,5- -  -4- -2,6-

 (19  18, ), 3,6- -, 3,5,6- -  3,5- -6- - 

2,4-  (20, 14  15, ).  

 

,  

. 

NH2H2N
FF

NH2H2N
F

NH2

FF

H2N

l

NH2

F

H2N

-

-

H

18- -6*

18- -6*

* 18- -6

* 18- -6
115

101

109

151

 
. 9 

 ,  ( , 

, )  (CF3  Cl)   -

, 

    

 18- -6. 

 

-155  A-158  A-165  

,  1D  ( . 10). 

 

. ,  2,6-  ( -161, -162),  

,   (  
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)  ( -158, -159, -163, -164, -155, -160)  

 (l )   ~1.25  Å  ( .  10).   

  

:  

- ( -163 -164)  ( -159 -158)  

 ( -155 -160) l  0.5–1.0 Å. 

N NH2H2N

F
Cl

F

N NH2H2N

F
H

F N
NH2H2N

H
F

N
NH2H2N

F
F

NH2H2N

H
F

F

F

NH2H2N

F3C F

F

F

NH2H2N

F
F

F

F

l , A 14.21 14.24 15.50 15.60

15.50 15.68 16.10

o

F F

NH2H2N

F3C
F

F

F3

16.44

162 161 163 164

155159 158 160

N
NH2H2N

Cl
F

Cl

17.00

2,6-

2,4-

165

 
. 10 

  

.  

 ( -155, -160)  

 (F vs CF3)  lU  0.35 Å.  

 ( -158, -159, -163, -164)  

l  (0.18 Å), . 

, ,  

 

,  

 –  1D 

. 

 

 ( . 15). ,  

 « »,  

(i) ; (ii)  

, . 
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 15. -154 – -165 ( ) 

 Tmax
a /°  H  b –1 H b /k –1 

-154 133 170 151 

-155 93 123 109 

-156 166 108 115 

-157 131 95 101 

-158 99 134 114 

-159 97 121 120 

-160 92 76 83 

-161 122 175 143 

-162 138 168 149 

-163 126 151 124 

-164 125 129 110 

-165 93 135 124 
a . 
b H  ( –1) – , 

H  (k –1) – . 

 

 ( )  

 -(  18- -6: H  = 500±49  (25±3)l , 8 , 

 R = 0.954,  SD = 6.7. 

 
. 11 

  

 18- -6  

,  1D  
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 ( ) .  

,  

 ( .  1). 

5.3  2,6- ,  

 [9, 10, 16, 18] 

  ,  

,  

 SNAr-  SNArH ,  

, ,  

,  

, , 

. 

  )  -  

 

.  

  -

 -

 (  23)  1,3-  (166)  2,6-

-  (167  169) . 

 23 

FF

166

FF
Alk

167-169

-
1) NH2 / NH3

2) -AlkCl

-Alk = H3 (167); C2H5 (168); -C4H9 (169)  
   167 (  24)  

-, -  170, 171  172, , 

, -  

 (173, 174, 175, 176  177),  

. 

 24 

FF
CH3

167

FF
CH2Cl

170

FF
CHCl2

171

FF
C l3

172

Cl2

UV
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FF
CHCl2

171

FF
CH2Cl

170

FF
CHO

173

H2SO4 - SO3H2)6N4

AcOH

FF
l3

172

FF
COCl

175

FF
CONH2 (COOH, COOAlk)

176, 177

ZnO

to

NH3 (H2O, AlkOH)

FF
CN

174

1) RSO2NH2

2) NaOH/ 2O

NH3/O2

V2O5

H2O2/NaOH

H2O/PriOH

 
  ,  167  172  175  176,  

 (2,6- , 177)  2-  3-  

, ,  

. 
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1. ,  

 –  –  

 SNAr-   SNArH . ,  

 SNAr-  

. , 

 

. ,  

 

, . 

 

2. -, - ,  

,  

, ) ,  

;  

. ,  

,  

,  230–240 ° -  

, . 

- , , 

- ,  

 18- -6. 

 

3. ,  

 

 -  

. ,  ( 2 2 2)  

O2  1- -, 1,5-  1,8-  

 -  ,  2-  4-  –  

,  3-

. ,  

 - 

 - . 
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-   

. 

 

4.  « »  ( 18 )   

 1-  

.  

 SNArH , -

, ,  

 sp3  

;  1-  

  

 O2. 

 (kH/kD)   

, 2,   

,  

. 

 

5.  

)  

. 

,  (4-Cl-, 4-

Br-  4-I- )  (2-  4-F- , -

),  (2-Cl-, 2-

Br- ).  3- 2  

 I   Cl    2,6-

,  SNArH  

.  

,  

. 

 

6.  2,4-

6 4  

 M (Li, Na, K, Et4N, -Bu4N)  X (H, -Me, -OMe, -F, -Cl, -

Me, -F, -Cl),   ( , , 

) . ,  M = Li  
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  ,  -

. 

 2,4-

 X-C6H4OLi  

 -  S . 

,   (  > 1): 

)  -

e > -Me > -Et > -Me > H > -F,  

 

; 

)  -Me  -Et  

  Pri, 

 -But, . , 

 

. 

, ,  

 

,  

. 

 

7. ,  3-  4-  

 2,4-  

 (– G ) 

.  

,  SNAr- ,  

,  

,  

.  

 – G  -   

,  (F),  (R)  

 (P) ,  

 R-  

. , , 

,  

. ,  
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,  ( R F)  lg( / )  X 

 2,4-  X-C6H4OLi ,  

 

. 

 

8. P  

 

-  

,  

.  ( )  
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