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ABSTRACT

A general and convenient protocol for the electrophilic borylation of aryl Grignard reagents prepared from arylbromides by direct insertion of
magnesium in the presence of LiCl or by Mg/Br exchange with iPrMgCl 3 LiCl has been developed. Various aryl boronic acids were synthesized in a
straightforward manner in excellent yields at 0 �C.

The popularity of arylboronic acids inmodern synthetic
organic chemistry mostly results from their role as
cross-coupling partners in a wide range of transition-
metal-catalyzed coupling reactions. One of the first and,
probably, still the cheapest and most common synthetic
methods for the preparation of arylboronic acids remains
the reaction of an aryllithium or arylmagnesium inter-
mediate with a trialkylborate at low temperature (typically
�78 �C (Li) and up to�10 �C (Mg) followed by an acidic
aqueous workup.1 However, this method has several lim-
itations. The major drawback of the standard reaction
protocols is, first, the need for cryogenic conditions2

during the reaction of the organometallic intermediate
with the trialkylborate. The use of cryogenic conditions
usually minimizes the formation of borinic acid and
borane byproducts, which arise from second and third
additions of the aryl metal reagent onto the borate ester.
Second, it is difficult to apply this method to substrates
bearing functional groups not compatible with organo-
lithium or organomagnesium reagents such as esters and
nitriles. Third, some aryllithium intermediates are unstable
under noncryogenic conditions, as in the case of many

aromatic heterocycles.3 Alternately, arylboronic esters can
be prepared from aryl halides or aryl triflates via the more
recently developed PdCl2(dppf)-catalyzed borylation with
tetra(alkoxy)diboron4 or with dialkoxyboranes such
as pinacolborane.5 The latter method possesses several
advantages. The borylation using pinacolborane is an
atom economical approach, tolerating various functional
groups, being sensitive to air, moisture, and temperature
and mostly chromatography stable.6 However, they are
not suitable for large-scale synthesis because tetraalkox-
ydiboron and dialkoxyhydroborane are expensive.
In 2006 Senanayake et al. reported on a concept of

moderating the reactivity of Grignard reagents, prepared
according to a procedure developed by Krasovskiy and
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Knochel,7 using bis[2-(N,N-dimethylamino)ethyl]ether as
a ligand which allowed the reaction of aryl Grignards with
trimethylborate at 0 �C to deliver the desired boronic acids
after aqueous acidic workup in high yields.8 However, in
most cases the use of expensive aryl iodides has been
necessary. In recent years, elegant examples dealing with
the development of the LiCl-mediated preparation of
Grignard reagents by Knochel and co-workers has been
reported9 where this additive considerably facilitates the
insertion of magnesium into various aromatic and hetero-
cyclic bromides. However, its use in the synthesis of aryl or
hetaryl boron reagents has, to the best of our knowledge,
only once been reported by Kalvins when he improved the
synthesis of 3-(1-adamantyl)-4-methoxyphenyl-boronic
acid.10 They observed that the presence of lithium chloride
allowed the performance of the reaction between the
organomagnesium intermediate and trimethylborate at a
temperature between 0 and 5 �C. This result prompted us
to investigate the preparation of aryl Grignard reagents
starting from cheaper aryl bromides by direct insertion of
magnesium into the C�Br bond in the presence of lithium
chloride or by Br/Mg exchange with iPrMgCl 3LiCl.
In a first experiment, we converted 1-bromo-4-methoxy-

benzene by means of a Br�Mg exchange with Mg in the
presence of LiCl in THF into the corresponding Grignard
reagent. The subsequent addition of 2 equiv of trimethyl-
borate at 0 �C followed by acidic aqueous workup resulted
in the formation of the desired boronic acid in 92% yield
(Table 1, entry 1). To further investigate the scope of the
procedure we have chosen a couple of aryl bromides
bearing different electron-donating and -withdrawing sub-
stituents. If possible arylmagnesium compounds were pre-
pared by direct insertion of magnesium into the C�Br
bond in the presence of LiCl in THF (method A). As
shown in Table 1, the reaction of aryl Grignard reagents
with trimethylborate in the presence of LiCl at 0 �C gives
the desired boronic acids in good yields and therefore has
substantial scope. Sterically unhindered substrates such as
4-dimethylamino- (Table 1, entry 2), 4-trifluoromethyl-
(Table 1, entry 3), 4-chloro- (Table 1, entry 4), and

4-cyanophenyl magnesium bromides (Table 1, entry 5)
were converted with excellent yields into the boronic acids
without increased hydrolysis of the Grignard reagents.
Only the 4-cyano derivative was converted into the

Table 1. Borylation of Aryl Grignard Reagents in the Presence
of LiCl
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presence of LiCl. bMethod B: Br/Mg exchange with iPrMgCl 3LiCl.
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Grignard reagent applying method B, i.e., a Br/Mg ex-
change with iPrMgCl 3LiCl (Table 1, entry 5). In general
the conversion of 4-cyanophenyl bromide into the corre-
sponding Grignard reagent was described by Knochel
using methods A and B.7a,9c In our case method A was
not successful. Beller and co-workers observed the
same problem when using magnesium in the presence of
LiCl to prepare the Grignard reagent from 4-cyanophenyl
bromide.9e

Next, we studied 3-substituted derivatives such as
3-fluoro and 3-trifluoromethoxy (Table 1, entries 6 and 7)
and could show that the boronic acids were obtained in
excellent yields.
All attempts to convert substrates bearing an ester group

such as tert-butyl 4-bromobenzoate or 4-bromophenyl
pivalate into the corresponding Grignard reagents at
temperatures between 0 �C and room temperature failed.
Knochel and co-workers have observed that bromo-sub-
stituted aromatic esters also underwent a magnesium
insertion in the presence of LiCl, but that the resulting
arylmagnesium compounds decomposed rapidly.9c How-
ever, as the protocol allows the presence of a cyano group,
the latter can be converted later on into an ester functional
group.
Sterically hindered substrates such as 2-bromobiphenyl

(Table 1, entry 8), 1-bromonaphthalene (Table 1, entry 9),
and even bromomesitylene (Table 1, entry 10) can be very
efficiently converted into the desired boronic acids apply-
ing protocol A.

The procedure was also successfully applied to more
sensitive substrates such as a tosylate (Table 1, entry 11),
3-bromothiophene (Table 1, entry 12), and a 3-bromopyr-
idine which afforded all the desired boronic acids in high
yields of 74%, 87%, and 65%, respectively.
In summary, we developed a simple and convenient one-

pot procedure for converting cheap aromatic bromides
into the corresponding boronic acids under noncryogenic
conditions. Sterically crowded and electron-rich Grignard
reagents were very efficiently prepared and transformed
into the corresponding boronic acids which are otherwise
difficult to prepare because of the hydrolytic deborylation
during acidic aqueous workup. The methodology is very
tolerant towardmany functional groups; arylmoietieswith
electron-donating and -withdrawing substituents gave the
boronic acids in excellent yields. Even an aryl bromide
bearing a sensitive cyano group could be converted into the
corresponding boronic acid in good yield.
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