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The Carboxylic Acid Group as an Effective Director of Ortho-Lithiation
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Summary: Treatment of PhCOzH in tetrahydrofuran
with 2.2 equiv of a 1:1 sec-butyllithium/N,N,N’,N’-tet-
ramethyl-1,2-ethylenediamine complex at —90 °C gave
0-LiC¢H,CO.Li, which was treated with electrophiles to
give 0-RC¢H,CO:H (R = Me, SMe, Cl, Br) in good yields.

The directed ortho-lithiation of substituted benzenes
is a powerful method for the preparation of synthetically
useful aryllithium intermediates. Early developments,
initially by Gilman and Hauser! with subsequent con-
tributions from many other laboratories,? expanded the
scope of this reaction to a variety of substituted aromatic
and olefinic systems.

From all the ortho-directing groups one type stands
out as being particularly useful for subsequent elabora-
tions, i.e., carboxylic acid-derived directing groups which
include amides, esters, a-amino alkoxides, oxazolines,
acetals, imidazolidines, imidazoles, and cyclohexylimines.?
Sterically demanding groups such as N,N-diethylbenza-
mides have been studied the most extensively and have
found widespread application;?*~%* however, the major
problems associated with their use are their great
resistance to hydrolysis?ef5 and the paucity of methods
for their transformation to other useful functionalities.

Research in the field of ortho-directed aromatic meta-
lations has also included studies of ortho-directing sub-
stituents that undergo side-chain metalation prior to ring
ortho-metalation to give dimetalated species.® With the
discovery that certain derivatives of aromatic carboxylic
acids, such as secondary benzamides, thioamides, and
arenehydroxamates,”® can be lithiated directly in their
ortho-position, a useful, reliable, and simple new method
for regiospecific introduction of virtually any substituent
became available.

® Abstract published in Advance ACS Abstracts, July 1, 1994.
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Conventional wisdom indicates that the carboxylic acid
group itself is incompatible with the lithiation conditions.
For example, in their review, Gschwend and Rodriguez®
concluded that “the direct ortho-lithiation of arylcarboxy-
lic acids is generally not feasible because of the increased
electrophilicity of the carboxylate group. Thus, treatment
of lithium benzoate with an additional equivalent of an
organolithium reagent leads to addition rather than
metalation, providing useful ketone syntheses”.!! How-
ever this situation is not universally true, since the
carboxylate group from benzene aromatic systems was
described in a few examples to be resistant to addition
of the alkyllithium base at low temperature (ie., <—78
°C).1218 Furthermore, lithiations in the position ortho to
the carboxylic acid group were reported in a few special
cases: for example, Davies and Davies42 have described
the formation at —78 °C and trapping by trimethylsilyl
chloride of the dianion derived from 3-thiophenecarboxy-
lic acid and LDA, while Knight and Nott have found that
sequential treatment of 3-furancarboxylic acid with LDA
followed by either deuterium oxide or methyl iodide leads
only to the 2-substituted derivative, implying that the
corresponding dianion can indeed be formed.10.!4b:16
Since it has been well established that the o positions of
five-membered heterocycles are generally deprotonated
much more readily than benzenoid systems,l® we rea-
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soned that under suitable conditions the oxygen atom of
lithium benzoate might still coordinate with an organo-
lithium reagent (kinetic effect)®® and/or might stabilize
an o-lithium atom (thermodynamic effect)!” thus facilitat-
ing dianion formation. It was, therefore, not only of
theoretical, but also of considerable practical interest to
test the feasibility of this concept.

We report evidence for the ortho-lithiation of the
lithium salts of benzoic acids to give new members in the
family of dilithiated species. The directed metalation of
commercial benzoic acid was achieved conventionally
with 2.2 equiv of s-BuLi/TMEDA in THF at —90 °C.18
Quenching the orange ortho-lithiated carboxylate 1 with
such electrophiles as methyl iodide, dimethyl disulfide,
hexachloroethane, and 1,2-dibromotetrachloroethane led
in 48—65% yields*® to isolated, purified ortho-substituted
benzoic acids 2a—d.?° Under the very basic conditions
of this reaction, no benzylic deprotonation of the product
o-toluic acid (2a) occurred as indicated by the absence of
any o-ethylbenzoic acid product. The dilithiation which
provides the dianion 1 may be considered as a new
example of the complex-induced proximity effect process
(CIPE).2!

CO,H CO,Li CO,H
BuLi Li | 2.EX,-78°C
1. s-BuLi/TMEDA _
-90 °C, THF 3. H;0
1 2a: E = Me (65%)
b: E = SMe (52%)
c: E=Cl (48%)
d: E = Br (55%)

To assay quantitatively the ability of a carboxylic acid
functionality to direct ortho-lithiation, an intramolecular
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Scheme 1
OoH CO,H
Me
OMe —>» OMe
3a: 2-OMe 4a: 2-OMe, 6-Me (45%)
b: 4-OMe b: 4-OMe, 2-Me (66%)
c: 3-OMe ¢. 3-OMe, 2-Me (36%)
CO,H
OMe
Me
4c' (9%)
CONEt, CONEt,
Geon —"os
5a: 2-CO,H 6a: 2-CO,H, 6-Me (49%)
b: 4-CO,H b: 4-CO,H, 2-Me (65%)
COZH
7 (66%)

competition was carried out by using o- and p-methoxy-
benzoic acids (3a,b). Exposure of 3a,b to s-Buli and
TMEDA and then quenching with methyl iodide led in
45 and 66% isolated yields, respectively, to methylation
exclusively adjacent to the carboxylic acid group (Scheme
1).1922 Metalation of m-chlorobenzoic acid (7) gave the
anticipated result of metalation at the site mutually ortho
to both substituents. Condensation of the dilithio inter-
mediate with DMF followed by acid-catalyzed cyclization
gave as a sole product a 66% yield of phthalide 8. The
1,3-CO,LiOMe system showed an astonishingly low regio-
selectivity: metalation of m-anisic acid (3¢) using s-BuLi/
TMEDA followed by condensation with methyl iodide
produced a crude product which appeared to be a mixture
of two isomers 4¢ and 4c’, in a ratio of approximately
80:20.19.23

The tertiary amide, which was reported first by Beak
and Brown to be a very good ortho-directing function,*®13d¢
seems to be more activating than the carboxylic acid
group: reaction of N,N-diethylphthalamic acid (5a)* and
N,N-diethylterephthalamic acid (5b)!%d¢ gave predomi-
nantly methylation adjacent to the amide function and
6a,b were isolated in 49 and 65% yields, respectively.

We have shown here that suitable conditions have
indeed been found under which lithium benzoate anions
can be made to undergo effective and regiospecific ortho-
lithiation, as evidenced by several trapping experiments.
Despite the moderate strength of CO,Li functionality as
an ortho-lithiation director, the synthetic potential of
metalated compounds bearing a carboxylic acid group,
which can be used for subsequent modification, is clearly
enormous.!®" Development of this metalative approach
for synthesis of contiguously tri- and tetrasubstituted
benzoic acids, as well as studies of the underlying
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structure—stability relationships of ortho-lithiated lithium
benzoate, are currently in progress in our laboratories.
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