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26%, n = 2-3  

G.G.Yakobson, N.E.Mironova, A.K.Petrov, N.N.Vorozhtsov, 
Zh. Obshch. Khim., 1966, vol. 36, p. 147.

N.N.Vorozhtsov, V.E.Platonov, G.G.Yakobson, 
Izv. Acad. Nauk SSSR, Ser. Khim., 1963, p.1524.
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C6Br6
450-500oC
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C6F5Br + C6F4Br2 + C6F3Br3

6% 8-9%

21%20%
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KF

450-500oC
C6Cl6



3

27%
C6F5H

HCl

SbF5;   25-30oC
C6F5Cl

C6F5Cl
SbF5;   80oC

NaCl
C6F5H

17%

V.V.Brovko, V.A.Sokolenko, G.G.Yakobson, 
Zh. Org. Khim., 1974, vol. 10, p. 300.



4

25%

60-65oC

E.Nield, R.Stephens, J.C.Tatlow, 
J.Chem.Soc., 1959, p. 166.

P.N.Dobronravov, V.D.Shteingarts, 
Zh. Org. Khim., 1977, vol. 13, p.1679.
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Cl2 + SbF5

SO2ClF;   -70oC
C6F5Cl

81%
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20%SO3 + AlBr3

Br2
C6F5H



5

M.Hellmann, A.J.Bilbo, W.J.Pummer, 
J.Am.Chem.Soc., 1955, v.77, p.3650.   
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M.Hellmann, A.J.Bilbo, 
J.Am.Chem.Soc., 1953, v.75, p.4590.

E.Nield, R.Stephens, J.C.Tatlow, 
J. Chem. Soc., 1960, p.3800.  
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J.Antonucci, L.Wall, J. Res. NBS., 1966, vol.70a, p.473.
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Flow system

Purity of the crude reaction products 96-99%  

Yields of the target products 
Cl (84-95%), Br (68-91%)

Ar
f
SH

X2
Ar

f
X

X = Cl (400oC); Br (500oC)

∆
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~500oC

~500oC
С6F5Br

69%

С6F5Br
82%

93%

90%

90%

Br2

Br2

~400oC
C6F5SSC6F5

Cl2 
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~400oC
C6F5SCl
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С6F5Cl Cl2
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3.6Cl2 3.7Cl2

0.24Cl2

4.2Cl2

+

~145oC ~400oC

~300oC

~300oC

~ 1          :          1

C6F5SH

~ 5        :        3

C6F5SCl C6F5SH C6F5Cl

C6F5SSC6F5

C6F5Cl C6F5SCl+
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C6F5SCl

.

-10oC

20oC

Cl2

Cl2
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C6F5SH

P.Sartori, A.Golloch, Chem. Ber., 1970, b.103, 3936. 
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F F
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400oC

Br2

Cl2

Br  F F

Cl F F

FF SH
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N

Cl
Cl

Cl

Cl

Cl N N

Cl

N

ClCl
F F F+ +

KF

∆

450-480oC (autoclave)

R.D.Chambers, J.Hutchinson, W.K.R.Musgrave, 
J.Chem.Soc., 1964, p.3573
R.E.Banks, R.N.Haszeldine, J.V.Latham, I.M.Young, 
Chem.and Ind., 1964, p.835.
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Cl Cl
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57%
400oC

Cl2
Cl Cl F FFF SHHS
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DMF,  47oC ~400oC

82% 87%
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isomeric composition:

1,3,5: 69%
1,2,4: 13%
1,2,3: 18%1,2: 17%

1,4: 6%
1,3: 77%

11-12%

+ C6F3Cl3

13-14%20-22% 19-21%

C6F4Cl2+C6F6 + C6F5Cl
KF

460-470oC
C6Cl6
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1. G.P.Tataurov, L.N.Pushkina, N.I.Gubkina, V.F.Kollegov, S.V.Sokolov, 
    Zh. Obshch. Khim., 1967, v.37, p.674.

Nuc

FF

Cl
Cl

Cl

Cl

2. N.Ichikawa, S.Hayaski, Nippon Kagaku Zasshi, 1968, v.89(3), p.321;
    Chem. Abstr., 1968, v. 69, p.67021.
3. R.D.Chambers, D.Close, D.L.H.Williams, 
   J. Chem. Soc., 1980, p.778.

Nuc = KOH, 
     NH2NH2, 
     NaOCH3.  
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~400oC
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Cl

Cl

Cl

Cl

SH Cl

Cl

SH

Cl
Cl

SH

F F F+ +

KSH

DMF, ~30oC
++ FFF

Cl
Cl

Cl

Cl

Cl

Cl

total yield ~85%

~86%
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~30      :         1

+
350oC

Br

Br

F

Br
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FF

SH

Cl
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400-450oC

69%

Br

Br

FF

SH

Br

Br2

Purity of the crude reaction product - 99%
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85%

Br  

Br
F F

~500oC

Br2

FF
SH
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C6F5MgBr
ZnCl2

Et2O
(C6F5)2Zn

15%

J.G. Noltes, J.W.G. Van den Hurk. J. Organometal. Chem., 1964, vol.1, p.377.________________________________________________________

C6F5X
Zn

THF
C6F5ZnX

X = Br, I quantitatively
(DMF, DMA, DMSO 
and other solvents)

C6F5Cl
Zn

THF

C6F5ZnCl

D.E. Evans, R.F. Phillips. J. Chem. Soc., Dalton Trans., 1973, p.978.
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Cl

F
Zn

DMF

ZnX

F

X = Cl, C6F5
Д

V.I. Krasnov, V.E. Platonov. Presented at the Xth Internation Symposium on Fluorine Chemistry, 
Padua, Italy, 1992, paper C19; V.I. Krasnov, V.E. Platonov. J.Fluorine Chem., 1992, vol.58, p.246.

N
F

Cl Zn

DMF
Д

N
F

ZnX

NFX = Cl,
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1) V.I. Krasnov, V.E. Platonov. Zh. Org. Khim., 2000, vol.36, p.1524.
2) A.S. Vinogradov, V.I. Krasnov, V.E. Platonov. Zh. Org. Khim., 2006, in press.

R ClF

R = CF3 (135oC),
       CH3 (185oC)

Zn

DMF
Д

R ZnXF

X = Cl, F R 98% (NMR 19F)
61% (NMR 19F)

Cl

Cl Cl
F
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H
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Cl
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Cl H
F

Zn

DMF
135-145oC

ZnX

Cl H
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H

Cl H
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H
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X

F

ZnY

X

F

Y = Arf, ClX = CN, CF3, COOEt
98% (NMR 19F)

Y = F CF3, Cl
F3C

CF3

F

CF3

ZnY

CF3

F

CF3

Y = NF , Cl

N
F

N

ZnY

F

94% (NMR 19F)

Y = F F , Cl

F F F F

ZnY

98% (NMR 19F)

1) A.O. Miller, V.I. Krasnov, D. Peters, V.E. Platonov, R. Miethchen. Tetrahedron Lett., 2000, 
vol.41, p.3817.

2) A.S. Vinogradov, V.I. Krasnov, V.E. Platonov. Zh. Org. Khim., 2006, in press.

Zn / SnCl2 / DMF, 20-65oC, 5-24 h
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ZnY

X

F
N

ZnY

F

X = CF3, CN

;

ZnY
CF3

CF3

F;

Br
CF3

CF3

F
N

Br

F
XX F F

N NF F

H
CF3

CF3

F
N

H

F

H+, H2O ~80% 75-80% 55-80%Br2 CuCl2

X = CF3, CN

; ;

H

X

F ;

Br

X

F ;

X = CF3, CN

A.O. Miller, V.I. Krasnov, D. Peters, V.E. Platonov, R. Miethchen. Tetrahedron Lett., 2000, vol.41, 
p.3817.
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Cl

F3C
F

Zn Zn / 10 mol% SnCl2

ZnX

F3C
F

ZnX

F3C
F

Cl

F3C
F

ZnX'

(2) (1) (2) (3)

X = Cl, 3-CF3-C6F4 X' = Cl, 3-CF3-C6F4,
        2-Cl-4-CF3-C6F4

(2) : (3) ~ 1 : 1.6

DMF
70oC

DMF
70oC

V.I. Krasnov, A.S. Vinogradov, V.E. Platonov. Mendeleev Commun., 2006,  in press.

H
Cl

FF F(2) (3)
H+, H2O Br2

 ~ 1 : 1.6 ~ 1 : 1.6

Br

F3C
F

Cl

F3C

Br
H

F3C F3C
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CF3

F

Zn / SnF2

DMF
70oC

F3C F CF3FZn

CF3

F

Br

90%

Br2

Br2

~99% (NMR 19F)
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Cl

CF3

X = Cl, 3-CF3-C6F4

e (Zn) Cl

CF3

-.

- Cl -

CF3

. ZnX

CF3

FF F F
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Cl ClSns
- Sns

F
F

F F

F
F

F F
-

Cl
SnYa,b

F

F F

ClF

F F

ZnYb
Zn

CF3 CF3 CF3 CF3

Ya = Sns, F; 
Yb = Cl, 3-CF3-C6F4,  2-Cl-4-CF3-C6F3

Cl

CF3

HNMe2 Cl
NMe2

CF3

F F

The orientation in nucleophilic substitution:
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N

Cl
F

Zn / SnCl2 or SnF2 (10 mol%)

DMF
 R.T.

N

Cl
F

ZnX

X = , ClN

Cl

F

Br2

N

Cl
F

Br

exlusively

N

Cl
F

ZnX

N

ZnX
F

N

Cl
F

Zn

X = Cl, N

Cl

FNF ,

DMF
70oC

~ 5.3 : 1
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74%X = Br, C6F5

Br

F
DMF
50oC

ZnX

F

I2

I

F
Zn

CF3

F

Zn / SnCl2

DMF
70oC

CF3

F

ZnX
I2

CF3

F

I

70%X = Cl, 4-CF3-C6F4
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X = Br, C6F5 44%

C6F5ZnX
DMF

R.T., 48h

C6F5CH2CH=CH2

Cl, C6F5 27%

CH2=CHCH2Br

Arf-ZnX
Arf-Cu Arf-CH2CH=CH2

CuCl

(Arf)2-CuZnX
;

Arf-ZnX Arf-CH2CH=CH2

CH2=CHCH2Cl
  CuCl(1 mol%)

DMF
60-65oC, 4h 64-87%

Arf =

X = Cl, Arf

CF3

F

CH3

FF F
CF3

F F
N
F

CO2Et

F

CN

F, , , , , ,,
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C6F5ZnX
DMF

R.T., week
DMF

60-65oC, 4h

C6F5H

C6F5HC6F5 C6F5

N
H3C CH3

R = (CH3)3C, C6H5

RCOCl
R = CH3, C2H5

RCOCl
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I.L. Knunyants, Yu.A. Cheburkov, Yu.E. Aronov. 
Izv. Akad. Nauk SSSR Ser. Khim., 1966, p.1038.

R
O

Cl

O

H
N

H3C

H3C
N C OCR

O

C6F5ZnX

N
CH3H3C

F F

(1) (2) (8)

(9)

(9)

(11)

H

Cl
H3C

H3C

N
H
C Y

(10)

C6F5

H3C

H3C

R = C(CH3)3, C6H5

Y = Cl, RCOO

(H3C)2N

(3)

O

R

CHO
Cl

(4)

O

H
Cl

(5)

HClCO

ZnX

F

(6)

H

F

(7)

R'CON(CH3)2
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ZnX

R

F

X = Arf, Cl
R = F, CN, CF3, COOEt

R'COCl

DMF
60-65oC, 4h

H

R

F

R

F

R

F

N

X = NF , Cl

N

ZnX

F

R'COCl

DMF N

H

F
N

F
N

F

N

60-65oC, 4h

X = F F , Cl

F F

ZnX R'COCl

DMF

F F

N

F F
H

FF

60-65oC, 4h
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ZnX

R

F
X = Arf, Cl

R = F, CF3, CN

R'COCl

DMF
60-65oC, 2h R

F

CuCl(1 mol%)

O R'

R'= C2H5, C6H5

58-75%

Arf-ZnX
Arf-Cu

Arf-COR'
CuCl

(Arf)2-CuZnX
; R'COCl

X = Cl, NF

N

ZnX

F
N

F

R'COCl

DMF
60-65oC, 2h

CuCl(1 mol%)

O R'

R'= C2H5, C6H5

68-76%



42

FO2N
125oC, 22h

FO2N FF

ZnX

60%
DMF

X = Cl, C6F5

N F

FF3C

F

ZnX

FF3C F
130oC, 43h

125oC, 22h
N F F

47%

70%

DMF

DMF

X = Br, C6F5

FF3C

CF3

140oC, 43h
FF3C

CF3

F 65%
DMF


