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The potential of [bmim]Br as an alternative to aprotic dipolar solvents in nickel-catalyzed hydrodehalo-
genation reactions is demonstrated. Hydrodechlorination of pentafluorochlorobenzene proceeds under
the action of zinc in aqueous [bmim]Br. Under the above conditions aromatic C–F bonds also undergo
slow cleavage. The reaction is significantly accelerated in the presence of nickel complexes with 2,20-
bipyridine or 1,10-phenanthroline. In the case of pentafluoroacetanilide highly regioselective ortho-hyd-
rodefluorination leading to the formation of 3,4,5-trifluoroacetanilide is observed.

� 2010 Elsevier Ltd. All rights reserved.
Incompletely halogenated aromatic compounds are useful sub-
strates and precursors in a wide range of organic reactions1 includ-
ing the preparation of various functional materials.2 Partially
fluorinated aromatic compounds are of particular interest for the
synthesis of biologically active substances.3 An approach to the
synthesis of incompletely halogenated compounds is based on
the selective removal of one or more of the halogen atoms from
fully halogenated substrates, which are more readily available for
example in the case of polyfluorinated compounds.4 Hence, the
development of new methods for selective hydrodehalogenation
of aromatic polyhalides is an interesting topic.

Ionic liquids (ILs) are low melting organic salts with properties
useful in synthetic chemistry, catalysis, materials science, etc.5 ILs
are good solvents of both organic and inorganic substrates. In addi-
tion, the use of ionic liquids as solvents for transition metal cata-
lyzed organic reactions makes it possible to isolate easily
reaction products from the reaction mixtures and to recycle the
catalyst-ionic liquid system.5

Numerous studies have been reported which describe catalytic
reactions in ionic liquids.5,6 At the same time, only a few examples
of the catalytic activation of C–Hal bonds in aromatic halides are
known to date with most being palladium-catalyzed reactions of
aryl halides with unsaturated compounds (Heck reaction),7,8 palla-
dium-catalyzed reactions with organoboron compounds (Suzuki
ll rights reserved.

: +7 383 330 80 56.
).
reaction),8,9 carbonylation reactions,10 nickel-catalyzed homocou-
pling reactions11 as well as catalytic hydrodehalogenation of aryl ha-
lides.12 However, there are no known examples of catalytic
activation of aromatic C–F bonds in ionic liquids. In the present work
we have found that an ionic liquid can be used as the reaction med-
ium for the nickel-catalyzed activation of C–F and C–Cl bonds of aro-
matic polyfluorides.

Previously, we reported that hexafluorobenzene (1), octafluoro-
naphthalene (2), pentafluoropyridine (3),13 pentafluorobenzoic acid
(4) or their derivatives,14 as well as pentafluoroaniline deriva-
tives,15,16 undergo hydrodefluorination under the action of zinc in
the presence of catalytic amounts (5 mol % of the substrate) of nickel
complexes with 2,20-bipyridine (Bpy) or 1,10-phenanthroline
(Phen). Mixtures of polar aprotic solvents (DMF, DMA or NMP) and
water were used as the reaction media. The reaction pathway de-
pends on the nature of the solvent, the catalytic complex and the
substrate-zinc molar ratio. In the present work we studied the cata-
lytic hydrodehalogenation reactions of polyfluorinated substrates in
aqueous 1-butyl-3-methylimidazolium bromide ([bmim]Br).

We previously found that nickel complexes with two and three
molecules of 2,20-bipyridine or 1,10-phenanthroline as the ligands
possessed the highest activity among the corresponding coordina-
tion compounds of nickel.16 Therefore we chose the complexes
NiCl2�3Bpy and NiCl2�2Phen as catalysts for the hydrodehalogen-
ation. Hexafluorobenzene (1) undergoes smooth hydrodefluorina-
tion under reductive conditions in the presence of catalytic
amounts of the nickel complexes in aqueous [bmim]Br to give a
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Scheme 1.

Table 1
Hydrodehalogenation of polyfluoroaromatic compounds 1, 13, and 4 in aqueous [bmim]Br17

Entry Substrate Catalyst Conversion, % Productsa (selectivity, %)

1 1 None 35 6 (99); 7 (1)
2 1 NiCl2�3Bpy 96 6 (10); 7 (22); 8 (21); 9 (17); 10 (19); 11 (3); 12 (8)
3 1 NiCl2�2Phen 98 6 (46); 7 (34); 8 (20)
4 13 None 100 6 (96); 7 (1); 8 (3)
5 13 NiCl2�3Bpy 100 6 (34); 7 (27); 8 (29); 9 (4); 10 (6)
6 13 NiCl2�2Phen 100 6 (75); 7 (10); 8 (15)
7 4 None 100 6 (52); 7 (48)
8 4 NiCl2�3Bpy 100 6 (50); 7 (38); 8 (6); 9 (6)
9 4 NiCl2�2Phen 100 6 (16); 7 (62); 8 (8); 9 (14)

a 19F NMR data.

Table 2
Hydrodehalogenation of pentafluoropyridine (3) in aqueous [bmim]Br17

Entry Catalyst Productsa,b (selectivity, %)

1 None 14 (80); 15 (20)
2 NiCl2�3Bpy 14 (11); 15 (59); 16 (12); 17 (18)
3 NiCl2�2Phen 14 (38); 15 (38); 16 (22); 17 (2)

a Conversion of 3 was 100% in all cases.
b 19F NMR data.

Table 3
Hydrodehalogenation of pentafluoroacetanilide 5 in aqueous [bmim]Br17

Entry Catalyst Time, h Conversion, % Productsa (selectivity, %)

1 None 7 0 —
2 NiCl2�3Bpy 0.5 100 18 (65); 19 (35)
3 NiCl2�2Phen 2 100 18 (99); 19 (1)

a 19F NMR data.
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mixture of partially fluorinated benzenes 6–12 (Scheme 1; Table 1,
entries 2 and 3). In polyfluorinated benzenes containing at least
one hydrogen atom elimination of the next fluorine atom occurs
at the ortho- and para-positions relative to the hydrogen atoms.

Under comparable conditions NiCl2�2Phen (Table 1, entry 3)
was less active than NiCl2�3Bpy (Table 1, entry 2). In the presence
of NiCl2�2Phen a high conversion of 1 was observed, but only
mono- and bis-defluorinated polyfluorobenzenes 6, 7, and 8 were
detected as the reaction products. In the absence of the catalyst
the conversion of 1 was only 35% (Table 1, entry 1) and pentaflu-
orobenzene (6) was the major product.

In contrast to hexafluorobenzene (1), pentafluorochlorobenzene
(13) underwent complete hydrodechlorination even in the absence
of the catalyst (Scheme 1; Table 1, entry 4). This demonstrates that
the aromatic C–Cl bond is much more reactive than the aromatic
C–F bond. Addition of catalytic amounts of NiCl2�3Bpy led to the
formation of a mixture of partially fluorinated benzenes 6–10 (Ta-
ble 1, entry 5). In the presence of NiCl2�2Phen the formation of only
small amounts of 7 and 8 was observed (Table 1, entry 6).

The hydrodefluorination reaction of pentafluorobenzoic acid (4)
was accompanied by decarboxylation of substrate 4 and partially
fluorinated benzoic acids. Only the formation of fluorinated ben-
zenes 6–9 was observed (Scheme 1; Table 1, entries 7–9). This re-
sult differs from that obtained when the hydrodefluorination of
acid 4 was carried out in DMF.14 In the absence of the nickel com-
plex the formation of pentafluorobenzene (6) and 1,2,4,5-tetraflu-
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orobenzene (7) in approximately equal amounts was observed
(Table 1, entry 7). The content of product 7 in the reaction mixture
was significantly higher than that of the non-catalytic hydrodeflu-
orination reactions of substrates 1 and 13. Hence the hydrodefluo-
rination reaction of 4 is faster than the decarboxylation reaction.

Without the catalyst the para-hydrodefluorination of 4 occurred
similarly to that of the reaction of acid 4 in DMF18 and aqueous
ammonia.19 Addition of catalytic amounts of NiCl2�3Bpy or NiCl2�2-
Phen led to a moderate increase in the selectivity of the ortho-hyd-
rodefluorination reaction, but 1,2,4,5-tetrafluorobenzene (7) was
the major product (Table 1, entries 8 and 9).
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In the absence of the catalyst, pentafluoropyridine (3) under-
went two types of transformation with participation of the fluorine
atom at C-4: non-catalytic hydrodefluorination to form 2,3,5,6-tet-
rafluoropyridine (14) and nucleophilic substitution with water to
give 4-hydroxy-2,3,5,6-tetrafluoropyridine (15) (Scheme 2; Table
2, entry 1). In the presence of the nickel complexes the C–F bonds
at positions 2 and 6 of substrate 3 were activated (Table 2, entries 2
and 3). In this reaction, NiCl2�3Bpy was more active than
NiCl2�2Phen.

Unlike all the above described compounds, pentafluoroacetani-
lide (5) did not react with zinc in the aqueous [bmim]Br without
the catalyst (Table 3, entry 1). In the presence of catalytic amounts
of the nickel complexes highly regioselective activation of the aro-
matic C–F bonds ortho to the NHCOCH3 group of acetanilide 5 was
observed. 3,4,5-Trifluoroacetanilide (18) was the major product of
the reaction (Scheme 3). A side reaction was the further hydrode-
fluorination of 18 to form 3,4-difluoroacetanilide (19). The rate of
the side reaction depends on the nature of the nickel complex. In
the presence of NiCl2�3Bpy, the complete conversion of 5 was
achieved in 30 min (Table 3, entry 2). Moreover, 19 was also formed
with a selectivity of 35%. In this case NiCl2�2Phen demonstrates the
optimum catalytic activity and selectivity. Compound 5 was con-
sumed completely in 2 h (Table 3, entry 3) and 3,4,5-trifluoroace-
tanilide (18) was obtained with a selectivity of 99%. A method for
the preparation of 3,4,5-trifluoroaniline (20) from pentafluoroace-
tanilide 5 was developed based on this result (Scheme 4).20

We assume that the above-mentioned reactions involve the
generation of zero-valent nickel complexes as a result of the inter-
action of Ni(II) compounds with Zn.21 The Ni(0) species can react
with the substrate in two ways. In the first case, the initial oxida-
tive addition of the Ni(0) complex to the C–F bonds leads to the
corresponding organonickel compounds which undergo hydrolysis
with formation of the hydrodehalogenation product.22 The second
route involves formation of a hydride complex which acts as the
reactive intermediate.14

Thus, in the present work we have demonstrated the potential
of [bmim]Br as a solvent for hydrodehalogenation reactions. In
general, chlorine atoms bonded to the aromatic ring are more reac-
tive than fluorine atoms. As a consequence, hydrodechlorination
occurs at a reasonable rate even in the absence of a catalyst,
whereas the presence of nickel complexes with 2,20-bipyridine or
1,10-phenanthroline ligands are required for the activation of
aromatic C–F bonds. With pentafluorobenzoic acid, reductive
defluorination was complicated by decarboxylation. Catalytic hyd-
rodefluorination of pentafluoroacetanilide (5) leads to highly regio-
selective formation of 3,4,5-trifluoroacetanilide (18) in high yields.
We have shown that [bmim]Br can serve as an alternative to the
aprotic dipolar solvents.
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