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Abstract

For the first time perfluoroaromatic organozinc compounds were obtained by direct action of zinc on C–F bonds
in the presence of metal salts (SnCl2, CuCl2, ZnBr2). The reactions are accelerated by ultrasound. The scope of
the method can be extended to polyfluoroaromatics which contain other halogen atoms (Cl) in the aromatic ring.
© 2000 Elsevier Science Ltd. All rights reserved.

Organozinc compounds are well known organometallics1 but their use in synthetic organic chemistry
except for the Reformatsky reaction is limited as they were replaced by the more active organolithium
and organomagnesium compounds. Recently, the relative stable organozinc compounds are used as
precursors in order to prepare more reactive organometallics by transmetalation procedures.2 Therefore,
simple methods for the synthesis of organozinc compounds from accessible precursors are desired.
Perfluorinated zinc aromatics are directly formed from iodo- and bromoarenes and zinc or dimethylzinc.3

Activated arenes with C–Cl bonds can also be used.4,5 In contrast, there are no reports in the literature
on the direct formation of a C–Zn bond from a C–F bond in a perfluoroarene. There are few examples
concerning the direct insertion of other metals into a Carom.–F bond but the yields are poor.6,7

We have found that aryl zinc compounds2a–d are formed at room temperature from perfluoroarenes
1a–d by reaction with zinc in DMF in the presence of SnCl2 (Scheme 1).8 The corresponding organozinc
compounds were characterized by19F NMR spectra.9 All signals can be assigned as signals from fluorine
located in the aromatic part of the molecule or from the corresponding CF3 groups. The signals of
the ortho-fluorine in perfluorozinc arenes are characteristically shifted compared to the perfluorinated
precursor as reported in the literature for other perfluorometallic aromatics.10 Fluoride signals of Zn–F
were not observed in our spectra. Thus, the insertion of zinc into the C–F bond is accompanied by an
F–Cl exchange resulting in the formation of ArZnCl species.

� Corresponding author.

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PI I: S0040-4039(00)00527-X

tetl 16806



3818

Scheme 1.

In analogy to reports in the literature11 we observe an equilibrium between Ar2Zn and Ar-Zn-Hal
species in solution, but the content of the Ar-Zn-Hal species directly depends on the amount of the
catalyst SnCl2. The addition of ZnBr2 to the reaction solution shifted the equilibrium nearly completely
to the Ar-Zn-Hal species whereas KF does not influence the products ratio at all. Other solvents and salts
can also be used for the reaction. However, the reaction rate decreased in THF or if ZnBr2 or CuCl2 was
used. Furthermore, perfluorodiaryls were especially found as by-products if the reaction was promoted
by CuCl2. The reaction failed without addition of salts. It is possible to use ultrasound or heating to
accelerate the formation of the organozinc compounds. As far as the perfluorinated arene precursor is
concerned, we found the following range of substrate reactivity (Scheme 2):

Scheme 2. Percentage conversion of perfluoroarenes with Zn/SnCl2 in DMF (sonication, 20°C, 10 h)

Scheme 2 represents the conversion of the starting compounds into perfluorozincarenes under similar
conditions.12 Without the application of ultrasound the conversion of octafluorotoluene is reduced from
25% to less than 10%. No reaction was found for hexafluorobenzene and perfluoro-p-xylene at room
temperature even after 24 h. Pentafluoropyridine always gives, irrespective of the salt used, an amount of
perfluorobipyridyl. If water is added to the reagents mixture, hydrodefluorination takes place.

To confirm the formation of organozinc compounds2 the reaction mixture was treated with water,
bromine and copper (II) chloride, respectively. The reaction products3–5 (Scheme 3) are obtained in
good yield.13 The reaction of 4-tetrafluoropyridylzinc2cwith copper(I) chloride gives the corresponding
copperarene.14

Scheme 3.

It was also interesting to evaluate the reaction of chloropolyfluoroarenes under the conditions applied
for the formation compounds2a–d. Thus, chloropentafluorobenzene reacts with zinc in the presence of
SnCl2 at room temperature to give pentafluorophenyl zinc chloride after 40 h in 60% yield. After five
days starting material was not detectable by19F NMR spectroscopy. The ratio of C6F5ZnCl:(C6F5)2Zn
(11.5:1) determined in DMF:CDCl3 (1:1) at room temperature was similar to literature data.11
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