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The directed ortho metalation of arenes is one of the most
powerful methods for the elaboration of complex aromatic
compounds.1,2 The deprotonation of the arene usually
requires a strong base, such as an alkyllithium, and a
directing group such as a secondary3 or tertiary4 amide, an
oxazoline,5 an ether,6 an R-amino alkoxide,7 a carboxylic
acid,8,9 or a carbamate.10 The resulting aryllithium can react
with a variety of electrophiles including alkylating agents,
aldehydes, amides, chloroformates, silylating agents, and
trialkyl borates. Amides and oxazolines can serve as latent
carboxylic acids in the directed metalation; however, they
require harsh conditions for their hydrolysis. The use of
alkyllithium bases also limits functional group compatibility,
for example, by not allowing for the presence of a bromine
or iodine atom on the arene due to competing halogen-metal
exchange. We were recently faced with the challenge of
preparing a boronic acid using a directed ortho metalation
with a directing group that can be hydrolyzed to a carboxylic
acid under mildly basic conditions. Herein, we report the
development of the neopentyl ester as a directing group in
the ortho metalation of arenes using lithium diisopropyla-
mide (LDA) as the base and triisopropyl borate as the
electrophile.
Esters have received comparatively little attention as

directing groups, and LDA has received very little attention
as a base for the directed metalation of arenes,11 although
it has been used successfully for the deprotonation of
substituted pyridines.12,13

In 1975, Beak reported that alkyl benzoates can be
deprotonated with lithium 2,2,6,6-tetramethylpiperidide
(LTMP) in THF and that the resulting anions self-condense
yielding o-benzoylbenzoates.14 In 1983, Martin extended
this methodology and demonstrated that the anions obtained
from ethyl and isopropylbenzoate react with trimethylsilyl
chloride as an in situ trap to provide the silylated products

in 38% and 90% yield, respectively.15 In both of these
metalations with LTMP, LDA proved to be insufficient to
affect the deprotonation. In 1989, Eaton showed that a
methyl ester was a better directing group than a diethyla-
mide in the ortho magnesiation of p-carbomethoxy-N,N-
diethylbenzamide with bis(2,2,6,6-tetramethylpiperidino)-
magnesium.16 Surprisingly, the preparation of an alkyl-
benzoate ortho substituted by a boronic acid has never been
described.17
When using esters as directing groups, we found that it

was necessary to have the electrophile present in the
reaction mixture as the aryllithium is generated in order to
avoid condensation with another molecule of the benzoate
ester, giving a benzophenone. The base must be unreactive
toward the electrophile but of sufficient strength to depro-
tonate the arene. We found that LDA was compatible with
trimethylsilyl chloride and triisopropylborate, giving o-
(trimethylsilyl)benzoates and o-boronylbenzoates, respec-
tively.18
After several alkylbenzoates were screened, the neopentyl

ester proved to be the directing group of choice because of
its ease of preparation and stability under the lithiation
conditions. The neopentyl ester of the boronic acids thus
prepared also showed enhanced stability toward hydrolysis
in subsequent two-phase Suzuki couplings.19
The preparation and metalation of neopentyl esters is

operationally simple. Esterification of benzoic acids 1
proceeds using 2,2-dimethyl-1-propanol (2 equiv) and a
catalytic amount of sulfuric acid in toluene (∼0.5 M) (Scheme
1). Metalation and in situ boration are accomplished by
treating a THF solution (0.4-0.5 M) of neopentyl esters 2
and triisopropyl borate (2.6 equiv) with LDA (1.1-1.6 equiv
of a 2.0 M solution in THF/heptane).20 The reaction mixture
is stirred under the conditions described in Table 1, quenched
by pouring into 1 N HClaq, and extracted with toluene. The
crude boronic acid is then treated with diethanolamine (1.1
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Scheme 1a

a Key: (a) 2,2-dimethyl-1-propanol (2.0 equiv), cat. H2SO4, toluene;
(b) (i) LDA (1.1-1.6 equiv), B(O-i-Pr)3 (2.6 equiv), THF, (ii) diethano-
lamine (1.1 equiv).
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equiv) and concentrated to a solid. The advantage of
generating diethanolamine complexes 3 is that they provide
very stable high melting solids.21,22 Moreover, the dietha-
nolamine adducts can be hydrolyzed back to boronic acids
with mild aqueous acids.23
As shown in Table 1, the lithiation of neopentyl benzoates

esters was successful with a variety of substrates. In most
cases, the reaction is rapid at -78 °C, although the 4-meth-
oxy-substituted ester required reaction at 0 °C.24 The
lithiation of the 4-fluoro-substituted substrate 2d proved to
be problematic because of the directing capability of fluo-
rine.25 It is the only substrate where the boron was not
introduced regioselectively ortho to the ester group. Al-
though the reaction proceeded very smoothly at -78 °C, a
2:1 mixture of products favoring the product metalated ortho
to the ester was obtained. Fortunately, trituration of the
crude mixture with 2-propanol provided the desired product
3d in pure form. Interestingly, while the addition of
TMEDA had very little effect on the regioselectivity,26 the
presence of DMPU (2.0 equiv) led to selective deprotonation
ortho to the fluorine (17:1 HPLC ratio). In the case of the
3-fluoro-substituted ester 2h, preferential deprotonation was
observed between the two directing groups in 90% yield.
Although excess LDA and triisopropyl borate is used in these
reactions, only one boron is introduced onto the arene. In

general, the reaction proceeds best when the arene is
substituted with an electron-withdrawing group. Unacti-
vated arenes such as neopentyl benzoate and 4-tert-butyl-
neopentyl benzoate were converted to the corresponding
diisopropylamides, and no directed metalation was observed.
A major advantage of employing LDA rather than an

alkyllithium for the deprotonation is that it allows for the
presence of a bromide in the substrate (e.g., 2a and 2f).
Furthermore, the resulting boronic acid obtained from the
directed metalation can be used in subsequent reactions,
such as the Suzuki coupling with iodobenzene illustrated
in Scheme 2.27 Diethanolamine complex 3a was hydrolyzed
under biphasic conditions, and the crude boronic acid was
coupled with iodobenzene under standard conditions using
only 0.25 mol % of Pd(PPh3)4 to provide biphenyl 4 in 66%
yield.
In summary, the neopentyl ester is an efficient directing

group for the ortho metalation of arenes using LDA as the
base and triisopropyl borate as an in situ trap. This
methodology allows for the preparation of a new class of
boronic acids with o-carbonyl substituents, which are useful
in Suzuki couplings. The mild reaction conditions required
for the metalation could potentially be extended to other
electrophiles and prove to be useful for multiple applications.
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Table 1. Formation and Metalation of Arylneopentyl
Esters

R ester
%

yield product
conditions

(T (°C), time)
equiv
of LDA

%
yield

4-Br 2a 100 3a -78, 5 min 1.1 84
4-CF3 2b 99 3b 0, 30 min 1.1 74
4-OMe 2c 100 3c 0, 3 h 1.6 70
4-F 2d 99 3d -78, 15 min 1.1 52a
4-Cl 2e 93 3e -78, 10 min 1.2 90
2-Br 2f 91 3f -78, 10 min 1.2 88
2-CF3 2g 77 3g -78, 1 h 1.2 93
3-F 2h 82 3h -78 to -40, 3 h 1.2 90

a This represents an isolated yield of pure 3d after trituration
from i-PrOH. Analysis of the HPLC indicated that the reaction
was in near-quantitative yield but provided a 2:1 ratio of lithiation
ortho to the ester over the fluorine.

Scheme 2
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