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An ortho-metalation protocol has been developed, which permits the survival of a bromine substituent in
p-bromoanisole. Eight derivatives of the generated ortho-lithiated intermediate have been prepared. A
neglected metalation concept is being explored here; one which proposes that minimizing the pKa differ-
ence between the aryl substrate and the conjugate acid of the metalating agent will lead to a regiospecific
and selective metalation process.
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1. Introduction

Metalation reactions are rendered safer and greener by running
them in hydrocarbon solvents. Initially, we had anticipated that
‘activated’ hydrocarbon solvents, those containing equivalents of
THF or fractional equivalents of TMEDA, would support ortho-lith-
iations in yields approaching those attained in the conventional
ether solvents.1 Actually, far more efficient and atom-economical
ortho-lithiations of several common aryl substrates can be realized
utilizing this approach.2 Also discovered was the realization that
activated hydrocarbon media made possible more focused
ortho-lithiations. These include prevention of lateral metalation
in p-methylanisole,3 preservation of the p-Cl substituent in p-
chloro-anisole4 and avoidance of a contaminating dimetalation in
the metalation of 1,2- and 1,4-dimethoxybenzene.5 All of the above
were accomplished using the common metalating agent, n-BuLi.

In this Letter, we describe a strategy for preservation of an aryl-
Br substituent while simultaneously maintaining our hydrocarbon
media atom-economy preoccupation. Metalation of p-BrA in acti-
vated hydrocarbon solvent with n-BuLi afforded significant
amounts of the undesired halogen/metal exchange. Taking a clue
from the literature,6 we metalated p-BrA with phenyllithium, not
in ether solvent but in hydrocarbon media.7 We eventually found
conditions that allowed 50–60% yields of the o-TMS derivatized
product to be realized as determined by uncorrected GC analysis.

What might a chemist do to expand the utility of ortho-lithia-
tion reactions? One answer to this question is to devise reaction
systems where substituents normally sensitive to metalation con-
ditions can survive the process. Our approach has been to design
metalating reagents that will be minimally aggressive towards
such substituents while still providing the necessary hydrogen/
lithium exchanges. A tightrope needs to be walked here, one that
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bridges the gap between the nucleophilicity and the basicity of a
particular metalating agent. Additionally, we wish to design a sys-
tem that will address current environmental concerns.

A successful approach to walking the tightrope was put forward
at an early stage by both Gilman et al.6a and Wittig et al.6b for the
ortho-lithiation of p-BrA. For this aryl substrate, the bromine sub-
stituent is readily susceptible to halogen/metal exchange and so
experiences ortho-lithiation conditions at great risk. Their ap-
proach was to use a metalating agent, phenyllithium, somewhat
weaker in basicity than alkyllithium reagents, but much less nucle-
ophilic than these reagents (Eq. 1). As stated above, examination of
this process in our laboratories but utilizing hydrocarbon media
indicated that yields approaching 60% ortho-lithiation could be
achieved. There is the caveat, of course, that metalations involving
PhLi generate benzene, a listed carcinogen. It would be difficult to
implement this process on a large scale by utilizing PhLi, given
safety and green chemistry concerns:

OCH3

Br

PhLi

OCH3

Br Li

PhH+ +

ð1Þ

If an aryl metalating agent is the key, the reason likely lies in the
realm of aryllithiums being less basic and even less nucleophilic
than alkyllithiums. If the production of benzene is undesirable,
then let us use an aryllithium reagent of similar basicity, but one
with even less nucleophilicity than PhLi. This reagent must be
readily accessible. We herein propose use of ortho-lithiodimethy-
laniline (o-LiDMA).8

o-LiDMA has been difficult to prepare in the past. Recently, we
have developed a reproducible preparation of this intermediate
with yields P90%.2 Once this intermediate has been generated in
hydrocarbon media, the o-LiDMA evidently forms a complex, pre-
sumably an aryllithium dimer, and settles from solution. From this
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Table 1
ortho-Substituted p-bromoanisoles

Reactant o-Derivative % Isolated Yield Mp (�C) (uncorrected)

Lit. Observed

Benzaldehyde –CHPhOH 58 76.4–78.412

Benzophenone –CPh2OH 65 127–128 98.6–9912

Cyclopentanone
HO

69 67.5–69.112

Cyclohexanone
HO

74 93.9–97.612

CH2=N+Me2I� –CH2NMe2 28 oil
TMS-Cl –TMS 60 58–58.510 56.7–57.7
Hexachloroethane –Cl 67 65.8–67 66.5–68.212

Diphenyl diselenide –SePh 73 92–9313 59.7–61.1
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two-phase system the supernate is syringed off and replaced with
an equal volume of hexanes. In this manner, most unreacted n-BuLi
and DMA are removed. The remaining suspension, considered as
being 75% of the original DMA molarity,9 is then used as the meta-
lating agent for p-BrA (Eq. 2):

OCH3

Br

OCH3

Br Li

DMA+ +

N(CH3)2

Li

ð2Þ

A sustainability component of this approach is that DMA is
recoverable and potentially recyclable from this process by acid
extraction of the product solution.

Treatment of p-BrA in cyclohexane with a slurry of o-LiDMA in
cyclohexane afforded a reaction solution from which small aliquots
were taken over various periods. Each sample was quenched with
chlorotrimethylsilane (CITMS) and analyzed by GC. These studies
revealed that maximum extents of ortho-lithiation of p-BrA were
realized by allowing the metalation to run overnight. Using puri-
fied o-LiDMA solutions (96 ± 2%),9 an equal quantity of p-BrA could
be from 85% to 90% ortho-lithiated.

The literature reveals that our methodology has synthetic
advantage over the use of PhLi in ether. Wittig et al.6b reported a
70% yield of the benzophenone addition product, but this was con-
taminated with a 10% yield of Ph3COH, that is, the product of the
reaction of PhLi with benzophenone. Little (<2%) to no metalating
reagent derived products were noted in our product mixtures. Ea-
born and Walton10 prepared the trimethylsilyl derivative in 44%
yield using the procedure reported by Wittig et al.6b

The use of o-LiDMA, prepared in hydrocarbon solvents, in con-
junction with addition of the derivatizing agent to the generated
o-Li-p-BrA without dissolution, fulfills our preoccupation with
making DoM a greener and safer protocol. The use of ethers is
thereby minimalized. Synthetic results from this protocol are sum-
marized in Table 1.
2. Experimental

2.1. Preparation of o-lithio-p-bromoanisole and subsequent
derivatization

To a clean, dry round-bottomed flask under nitrogen atmo-
sphere were added 1.0 equiv of N,N-dimethylaniline (DMA),
0.15 equiv of TMEDA, 1.0 equiv of n-butyllithium (10 M in hex-
anes) and sufficient anhydrous cyclohexane to bring the reaction
concentration to 2 M. The solution was allowed to stir at 60 �C
for 18–22 h, where upon cooling, a copious precipitate of the o-
LiDMA formed. At this point, the o-LiDMA was 85–91% pure by
TMSCl derivatization and GC analysis. The suspension was trans-
ferred via a syringe equipped with a 14 gauge needle to graduated
centrifuge tubes and was centrifuged for ca. 2 m. The supernate
was removed and replaced with an equal volume of cold anhy-
drous hexanes. Following centrifugation, removal of the hexane
supernate and repetition of the hexane washing process, the now
96 ±% pure o-LiDMA9,11 was diluted to 0.65 M with anhydrous
cyclohexane and was placed in a clean, dry round-bottomed flask
under nitrogen atmosphere. To increase homogeneity and to speed
up the reaction,2 1.0 equiv of anhydrous methyl tert-butyl ether
(based on the 0.75 equiv DMA being carried forward primarily as
o-LiDMA) and 0.75 equiv of p-bromoanisole were added, and the
reaction mixture was allowed to stir at 55–60 �C for 24 h. The
resulting 85–90% o-lithio-p-bromoanisole solution was treated
with the various electrophiles (0.95 equiv with respect to p-BrA)
without dissolution. Use of THF to dissolve the various carbonyl com-
pounds led to products resulting from benzyne formation. The yields
were calculated based on the amount of electrophile.

Continuing our attempts to provide synthetic methods useful to
the industrial community, we made effort to isolate the com-
pounds with convenient and potentially scalable procedures. Thus,
most derivatives were isolated by crystallization and/or trituration
from hexanes. The exceptions were the benzophenone derivative
that was isolated by crystallization from MTBE/hexanes, the phe-
nylselenide derivative that was isolated by column chromatogra-
phy (hexanes/ethyl acetate) and the dimethylaminomethyl
derivative that was isolated by a novel extraction method. This
extraction method employed 0.24 M acetic acid which selectively
protonates the more basic tertiary aliphatic amine but not the ter-
tiary arylamine.
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