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X2
Ar SH! ——Ar X
f A f

X = CI (400°C): Br (500°C)
Flow system

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

Purity of the crude reaction products 96-99%



Br Cl2
GabeBre UL CArLaR <GSO
~5000C ~4000C
82% 90%
Bro Clo
CgFsBr < | CgF5SSCgF > CgF5Cl
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69% 90%
Clo
CgF5SCI | > CgF5Cl
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93%



CgF5Cl + CgF5SCl
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X = CI (4000C)
Br (500°C)
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X = CI (4000C)
Br (500°C)

13

X
F CFj3
F F
CFj3
93%
87%
CFj3
F X
F F
Ckj3

84%
68%



Cly

~4000C

Bro

~5000C

e Ge

85%

FLX.
F

91%

14



(FpLE)-sH

15




N

91%
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~400°C
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Cl,

>CICI

400°C
57%
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DMF, 479C

Cl

Cl

82%

SH

Cl,

~400°C

Cl

Cl

87%
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KF

CgClg |

460-470°C

20-22%

19-21%
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>CgFg *+ CgFsCl + CgF4Cla|+ CgF3Cl3

13-14% 11-12%
isomeric composition:
1,2: 17% 1:2:3:418%

1,3: 77% 1,2,4: 13%
1,4: 6% 1,3,5: 69%
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Br Br
BI‘2
> +
3500C
ClI Br

Cl
~30 : 1
SH Br
BI‘2
400-4500C
Br Br
69%

Purity of the crude reaction product - 99%
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ZnC|2
CeFsMgBr > (CoFs)2n
Et,O 15%

J.G. Noltes, J.W.G. Van den Hurk. J. Organometal. Chem., 1964, vol.1, p.377.
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C6F5X > C6F5ZnX
X =Br, | guantitatively

(DMF, DMA, DMSO
and other solvents)

CsF=Cl ><— > CgFsZnCl
THF

D.E. Evans, R.F. Phillips. J. Chem. Soc., Dalton Trans., 1973, p.978.
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Cl ZnX
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DMF
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~_Cl Zn N ZNX
B > (=7

N DMF N

/

V.1. Krasnhov, 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.
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R = CF5 (135°C), X=Cl,—<&-R  98% (NMR °F)
CH; (185°C) 61% (NMR °F)
Cl ZnX +
Zn > H,0 (H")
cl glE w2 oS el cl Cl cl
135-145°C
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X =Cl, <&
Cl
Cl ZnX 2 H
Zn H,O (H*) >
Cl H iy Cl H Cl H
135-145°C

Cl
X = Cl, —&)
H

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



Zn / SnCl, / DMF, 20-65°C, 5-24 h 29

ZnY ZnY
CF; <|>/CF3
X CF; CF;

X
FsC,

X = CN, CF3 COOEt Y = Arg, Cl C
98% (NMR °F) 5 CFs, S

Y = —EN, Cl A ’CI

19
94% (NMR 19F) 98% (NMR *°F)

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.l. Krasnov, V.E. Platonov. Zh. Org. Khim., 2006, in press.
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cHelos

X = CF3 CN

H*, H,0 ~80% Br, 75-80% CuCl,| | 55-80%

b o o

N @ H
Al F | ﬁj

N @

X = CF5 CN X = CF5 CN

A.O. Miller, V.I1. Krasnov, D. Peters, V.E. Platonov, R. Miethchen. Tetrahedron Lett., 2000, vol.41,
p.3817.
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ZnX Cl ZnX ClI :
Zn Zn/ 10 mol% SnCl, ZnX
o]0 =GR
F3C DMF  F.C DMF FsC F4C
(2) 70°C 1) 70°C (2) (3)
(2):(3)~1:16
X = Cl, 3-CF3-C4F, X =Cl, 3-CF3-C¢F,

2-Cl-4-CF3-CgF,

H Cl Br i
H H+, Hzo Br2 Br
+ ()< @+@C__> .
F5C F5C F3C F3C
= b ad 6 2l 2 M6

V.1. Krasnov, A.S. Vinogradov, V.E. Platonov. Mendeleev Commun., 2006, in press.
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— o ¥ Yz £ )—cr,

DMF
70°C ~99% (NMR °F)

CF;
Brz

>

Br

90%

Br2
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Cl

e (Zn)
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ZnX

=

= Cl, 3-CF3'C6F4
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R SN SNYap ZnYy
m Cl [ F Cl Zn >F ClI
F F F F F F
CF3 CF3 CF3
Yoo =0Hs A

Yy, = Cl, 3-CF5-CgF, 2-Cl-4-CF3-CgF4

The orientation in nucleophilic substitution:

NMez
Cl HNMe, Cl
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ZnX Br
N Cl  Zn/SnCl, or SnF, (10 mol%bo) N Cl Br, N Cl
| F =lF] > F
Y =
N DMF N N7
R.T. :
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Cl
2= \E,N (el

ZnX
[ > + (-
N DMF N/ N/
70°C
gt R
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Br ZnX |
Zn > @ I, >
DMF
50°C
X =Br, CgFs 74%
|
Zn/ SﬂCIZ |2
DMF > >
70°C
CF3 CF3

= Cl, 4-CF3-C6F4 70%
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CHZZCHCHzBr

CeFsZnX | >C6F5CH2CH:CH2
X = Br, C¢Fs DMF 44%
R.T., 48h
Cl, CqFs 27%
CH,=CHCH,CI
CuClI(1 mol%)
Ars-ZnX >Arf-CH2CH:CH2
DMF
60-65°C, 4h S0
X = Cl, Arg
: @ /\CFS’é’é’é’ ®° 5
CF; CHj CN CO,Et

Ch AryCu ;
Arg-ZnX > / :> Ar¢-CH,CH=CH,
(Ary),-CuZnX
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H,C

CeF

s

CsFs + CcFeH

5

N\

R = (CH3)3C, C6H5

RCOCI

LV

/CH3

DMF
60-65°C, 4h

CgFsZnX

RCOCI

= CH3’ C2H5

DMF
R.T., week

CeFsH
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CHO 0
| S H3C O O HC. o | ©
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ﬂ +
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I.L. Knunyants, Yu.A. Cheburkov, Yu.E. Aronov.
Izv. Akad. Nauk SSSR Ser. Khim., 1966, p.1038.
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60-65°C, 4h
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B
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ST Tl
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Znx N H
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X G s X
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N DMF N NN N
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ZnX R'COCI
CuClI(1 mol%o)
R=F CFE,,CN .
o P > Ri= C2H5, C6H5
X= Al’f, Cl
DMF
_AREO
R 60-65°C, 2h &
58-75%
@) R’
ZnX R'COCI
CuCl(1 mol%
X = Cl, —EN | = > | F R'= CyHs, CoHs
= P
N DMF N
60-65°C, 2h
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(Ary),-CuZnX
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DMF
D) D)
130°C, 43h

anXx Ch; CF,
DMF
1Eeaf e > EG @ @ 65%
140°C, 43h
X =Br, C6F5
. DMF =
\ / 125°C, 22h \ /

ZnX

DMF
DA
125°C, 22h

K= CI, C6F5



