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Hydrodebromination of bromoarenes
using Grignard reagents catalyzed

by metal ions

Miao Shen® and Wen-Hua Sun®?*

The metal salts, FeCl,4H,0, FeCls, NiCl,, CoCl,, CuBr and some iron complexes were found to be efficient catalysts for
hydrodebromination of bromoarenes under mild reaction conditions with two equivalents of Grignard reagents. Among them,
the iron systems showed the best behavior regarding economic and environmental considerations. All the alkyl Grignard
reagents (except CH;MgCl) and p-tolylMgBr were promising reductive reagents with the formation of their homo-coupling

products. Copyright (© 2008 John Wiley & Sons, Ltd.
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Introduction

Organic halides remain important and versatile in their synthetic
applications both academically and industrially. Despite the fact
that natural organohalogens often possess astonishing biological
activities,!" synthesized organohalogens are commonly classified
as high pollutants due to their toxic effects on the environment.?
In particular, halogenated aromatic compounds have been shown
to be a source of dioxins. Therefore, efficient methods and tech-
niques in dehalogenating and reducing certain organic moieties
contained in these compounds or solvents are very desirable.
Different techniques have been developed in order to solve this
environmental problem, i.e. incineration, pyrolysis and chemical’®
and biochemical degradation.! However, some of them lead
to other halogenated pollutants. As regards low content of
organohalogens in solution, chemical methods®® have demon-
strated to be the most effective and have consequently been
more studied. Among them, the reductive hydrodehalogenation
of organic halides'® represents an attractive alternative to the
more noxious oxidative methods, and catalytic hydrodehalogena-
tion is efficiently accomplished by metals or their low-valency
compounds.[? On the other hand, Grignard reagents have been
reported for effective hydrodehalogenation of aromatic halides
with catalytic amounts of metallocenel”! or metal salts® beyond
their application in organic synthesis./) As an extension, it would
be interesting to use other common metal salts or complexes
as catalysts along with Grignard reagents. Therefore, a general
scanning of transition metals was conducted where Fe, Co, Ni and
Cu salts were found to be effective in hydrodebromination, espe-
cially active catalysts of iron and its complexes. This phenomenon
provides iron compounds as promising catalysts in hydrodebromi-
nation of bromoarenes because of the inherent advantages of iron
as a safe and abundant metal. Herein the preliminary results of
hydrodebromination of bromoarenes by Grignard reagents in the
presence of catalytic amounts of metal salts or complexes are
reported.

Experimental
Materials

All moisture-sensitive reactions were carried out under a nitrogen
atmosphere. Anhydrous tetrahydrofuran (THF) was freshly dis-
tilled from sodium-benzophenone. Other solvents were treated
prior to use by standard methods. All organohalogens were com-
mercially obtained and used without further purification. EtMgBr
(1.0 mol I7") solution in THF was purchased from Aldrich, and
other Grignard reagents were prepared according to literature
procedures.

Instrumentation and analysis

Nuclear magnetic resonance (NMR) spectra were recorded on a
Jeol AL-300 spectrophotometer using CDCl3 as the solvent and
tetramethylsilane (TMS) as internal reference. GC analyses were
preformed on a gas chromatograph Shimadzu GC-14B equipped
with a flame ionization detector using a capillary column (CBP1-
M25-025). GC-MS spectra were obtained with a Hewlett Packard
5973 GC-MS detector system.

General Procedure of hydrodehalogenation

To a solution of the aromatic halide (1.0 mmol) and metal salts or
complexes (0.01 mmol, 1.0% equivalent to the substrate) in THF
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(2ml) was added 2.0 ml EtMgBr THF solution (1.0 M solution,
2.0 mmol, 2.0 equivalents respect to the substrate) at room
temperature under a nitrogen atmosphere, except for FeCl;4H,0
as catalyst with 2.1 ml EtMgBr THF solution (1.0 M solution,
2.1 mmol, 2.1 equivalents with respect to the substrate). The dark
blue mixture changed to deep brown. The reaction was quenched
by addition of water (3 ml). The mixture was extracted with Et,O
(5ml) and examined by GC/FID. The conversion and product
yields were monitored by GC using n-dodecane as an internal
standard, along with response signals by comparing commercially
available samples (n-nonane, n-dodecane, ethylbenzene, anisole,
naphthalene, benzene, toluene, and biphenyl) and purified
products confirmed by NMR spectra. Isolation of solid products was
done by column chromatography (silica gel; petroleum ether/ethyl
acetate).

Results and Discussion

Following the procedure by Takahashi,”# the bromobenzene
reacted with various amounts of EtMgBr (0.5, 1.0, 1.5, 2.0
equivalents referred to bromobenzene) in the presence of 0.01
equivalents of FeCl,4H,0, and the benzene was detected in 24,
47,73 and 96% yields, respectively (Scheme 1). When the reaction
was carried out without FeCl;4H,0, however, the benzene was
not detected.

Owing to the presence of four molecules of water incorporated
with iron dichloride, some Grignard reagent was consumed
by these water molecules. Thus 0.1 equivalent of EtMgBr in
excess was necessary for the reaction with 2.0 equivalents of
EtMgBr to bromobenzene, therefore 2.1 equivalents of EtMgBr to
bromobenzene within the catalytic system of FeCl;4H, 0 achieved

EtMgBr, 1% FeCly4H,0
THF, rt.

Scheme 1. Hydrodebromination of bromobenzene.

Table 1. Hydrodebromination of bromobenzene with various Grig-

nard reagents
W W

2.1 Equiv. RMgBr
1% FeCl,.4H,0, r.t.

the 100% conversion of bromobenzene and benzene formation
was detected in 99% yield. In an extensive study, other Grignard
reagents also showed good performance towards debromimation
of bromobenzene (Table 1). The alkyl Grignard reagents were
equally efficient in the hydrodebromination, as was p-tolylMgBr.
The homocoupling product of Grignard reagents was formed
almost quantitatively as a byproduct. Quenched with 3 m DCl in
D,0, there was no deuterated product detected, so the hydrogens
for the reduction mostly came from the solvent. This result was
consistent with the observation by the Kharasch group.'"! There
was no significant activity difference between THF and Et,0
solvents, but it was a little lower in toluene. This observation
could be explained in terms of the relative lower solubility
of Grignard reagents in toluene. In addition, the aryl Grignard
reagents such as PhMgBr, PhMgCl and p-MeOPhMgBr did not
efficiently hydrodehalogenate bromobenzene, and the reaction
was not clear.

Encouraged with the above results observed by FeCl,4H,0,
other iron derivatives such as iron (lll) chloride and iron complexes
C1 and C2 (see Scheme 2) were employed as catalysts in
the reaction. All iron salts or complexes were found to be
effective catalysts, quantitatively transforming bromobenzene
into benzene in 10 min (Table 2, entries 1, 2, 3 and 4).

Other metal salts could also enhance the hydrodebromination
of bromobenzene; however, a much longer reaction time was
required. For example, the transformation was completed in 3 h
for NiCl, (Table 2, entry 5) and 6 h for CoCl, (Table 2, entry 6),
respectively. Itrequired alarge amount (10%) of copper (I) bromide
and 6 h to complete such transformation (Table 2, entry 7).

With the above results, either iron salts or complexes demon-
strated the highest activity for hydrodebromination of bromoben-
zene. Considering the practical use, the cheap iron dichloride
(FeCl;4H,0) was selected for further exploration of the reduction
of various aryl halides with the addition of 2.1 equivalents of EtMgBr
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Scheme 2. Structures of C1 and C2.

Entry RMgX Solvent Yield (%)?
1 EtMgBr THF >99
2 EtMgBr Et,0 96
3 i-PrMgBr THF >99
4 n-BuMgBr THF >99
5 n-BuMgCl THF 97
6 n—CanMgBr THF >99
7 n-CgHq7MgBr Et,O >99
8 n-CgH17MgBr Toluene 76
9 n—C1oH21MgBr THF >99
10 n-CyoHz1MgBr Et,O0 >99
1 p-tolyMgBr THF 98
12 p-tolyMgBr Et,0 96

Table 2. Hydrodebromination of bromobenzene using different
catalysts

Entry Catalyst Time (min) Yield (%)
1 FeCI'24H20 10 98
2 FeCl3 10 98
3 (@] 10 >99
4 C2 10 >99
5 NiCl, 180 93
6 CoCly 360 98
7° CuBr 360 96

Conditions: 1.0 mmol bromobenzene; 0.01 mmol FeCl;4H,0; 2.1 mmol
RMgX; 4 mL solvent; room temperature. 2Determined by GC.

Conditions: bromobenzene (1.0 mmol); catalyst (0.01 mmol, 1.0%);
RMgBr (2.1 mmol); THF (4 ml); room temperature.

@ Determined by GGC;

b catalyst (0.1 mmol, 10%).
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Table 3. Hydrodehalogenation of aryl halides
Time  Yield
Entry Substrate Product (min) (%)?
O O e o
Br
e O S
4 MeO OBr MGOO 30 98 (90)
Br
6 PhOBr Ph@ 30 9
Br
7 O: @ 30 99
Br
8 BrOBr @ 30 99
Br,
. D O n oo
Br
/ -\ {\
10 Q\Br S 30 96
N N
11 | | 30 92
Z Z
N~ "Br N
e O O ow o
13 BrOCI @—m 120 94
O O
14 Br@—{ @—{ 120 87 (69)
o~/ o/
O O
15P Br@—{ @—{ 120 89(73)
o— o—

Conditions: aryl halide (1.0 mmol); FeCl;4H,0 (0.01 mmol, 1.0%);
EtMgBr (2.1 equivalents with respect to the substrate); THF (4 ml); room
temperature.? Determined by GC, isolated yield shown in parentheses.
b Reaction carried out at —20°C.

to each bromide-function in the substrate (Table 3).In general, the
reducing system was shown to be effective in the reduction of
all various aryl bromides under mild reaction conditions. The aryl
bromides were easily transformed into the corresponding arene
products. Compared with other hydrodebromination systems,”)
the current system consumed less Grignard reagent under mild
reaction conditions, and gave the homo-coupling products from

alkyl Grignard reagents. In an extensive study, the chlorobenzene
was also investigated with only 8% chlorobenzene transformed
to benzene at room temperature and not obviously improved at
a higher temperature (50 °C). This property was exploited for the
hydrodebromination of bromo-chloroarene to form chloroarene
(Table 3, entry 13). Moreover, it is noteworthy that the reduc-
ing system could effectively hydrodebrominate aryl bromides
with an ester functionality in a short time at low temperature
(Table 3, entries 14 and 15), which could be useful for organic
synthesis.

Conclusion

The metal salts, FeCl;4H,0, FeCls, NiCl,, CoCl,, CuBr and some
iron complexes with benzimidazole ligand are efficient catalysts
for hydrodebromination of bromoarenes under mild reaction
conditions with two equivalents of Grignard reagents. The
economic and safe iron systems were demonstrated to be the most
efficient ones. All the alkyl Grignard reagents, except CH;MgCl,
were shown to be promising reductive reagents with the additional
formation of the corresponding homo-coupling products. From
the environmental point of view, this new finding could be useful
in the final processing of organic compounds with total removal
of bromine from aromatic compounds, and might be useful for
processing chloro-aromatic compounds.
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