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Abstract—A simple one-pot method for the synthesis of 6-fluoro- and 6,7-difluoro-1-naphthoic acid is described. 6-Fluoro-1-naph-
thoic acid can be converted into 7-fluoro-1-naphthoic acid in three straightforward steps.
� 2007 Elsevier Ltd. All rights reserved.
Fluorine substitution at the site of metabolic oxidation
in aromatic and heteroaromatic rings is a tool in medic-
inal chemistry, which may increase the stability of com-
pounds.1 Although fluorinated benzene derivatives are
used extensively and are often commercially available,
fluorinated naphthalene derivatives have seen only a
limited use. Synthetic routes via tetralones are an unam-
biguous and well established way to achieve 6- or 7-flu-
oro substitution patterns in 1-naphthyl derivatives.2–5

Subsequent cyanide addition to the ketone group for
example, followed by dehydration, aromatisation and
then nitrile hydrolysis allows the introduction of a car-
boxylic acid at C-1.6 Employment of fluorophenyl acetic
acids achieves an early introduction of the carboxylate
moiety but the aromatisation step is more complicated
and some transformations involve the use of diastereo-
meric mixtures.7

We herein describe a convenient and simple synthetic
route to achieve 6- and 7-fluoro substitution in 1-naph-
thoic acids. In addition to its simplicity, this method is
particularly attractive as it circumvents the handling of
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potentially carcinogenic b-aminonaphthalenes in a
Balz-Schiemann introduction of the fluorine atoms to
the naphthalene core.8,9 The direct formation of 1-naph-
thoic acids using benzene derivatives, 2-furanoic acid
and aluminium chloride has been described previously10

(Scheme 1). The use of methyl furoate instead of the acid
seems to increase the overall yield in the case of chloro-
benzene although the ester is partially hydrolysed during
the work-up.11

We found that the application of this procedure to
fluorobenzene12 gives remarkably pure 6-fluoro-1-naph-
thoic acid 113 in one step without the need for chromato-
graphic purification or further derivativisation.14 1,2-
Difluorobenzene underwent a similar cyclisation with
6,7-difluoro-1-naphthoic acid 215 being obtained in a
slightly lower yield. Interestingly, this reaction does
not allow the incorporation of a bromine atom into
the final naphthalene. Attempted cyclisations with
bromobenzene and 1-bromo-4-fluorobenzene yielded
1-naphthoic acid 316 and 6-fluoro-1-naphthoic acid 1,
respectively. In the case of the more sterically hindered
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Table 1.

Starting material (solvent) Product Yield (%)

Fluorobenzene

F

CO2H

1
23

1,2-Difluorobenzene

F

F

CO2H

2
12

Bromobenzene

CO2H

3
10

1-Bromo-4-fluorobenzene

F

CO2H

1
10

1,3-Difluorobenzene No cyclisation —

1-Chloro-2-fluorobenzene

Y

CO2H

X X : Cl, Y : F

X : F, Y : Cl

4

5
24
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1,3-difluorobenzene, no naphthoic acid product could
be isolated under comparable reaction conditions. The
analogous treatment of 1-chloro-2-fluorobenzene pro-
vided an inseparable mixture of naphthoic acids 4 and
517 in a ratio of 1.7:1. This implies that a fluorine atom
directs the regioisomeric outcome of this reaction
slightly more than a chlorine atom (Table 1).

One important aspect of this cyclisation reaction is the
ease of extraction of 1-naphthoic acids into saturated
sodium hydrogen carbonate solution. This physical
property is the basis for the simple work-up and iso-
lation of the final products in all cases listed in Table
1.18 It is noteworthy that the extension of the bicarbon-
ate extraction duration and the use of larger aliquots
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Scheme 2. Proposed mechanism.
improved the yield of isolated 6-fluoro-1-naphthoic acid
1 from 23% to 56%. In the case of the failed 1,3-difluoro-
benzene reaction the bicarbonate extraction led to an
almost quantitative recovery of 2-furanoic acid.

The remarkable selectivity by which this reaction pro-
duces 6-substituted 1-naphthoic acids can be explained
by an initial electrophilic substitution at the para-
position of the benzene ring (Scheme 2). Successive re-
aromatisation, tautomerisation and protonation of the
furan ring then allows a second electrophilic attack to
form a highly strained spiro-intermediate that rear-
ranges to a bicyclic system by the migration of the more
electron rich bond a to the meta-position. A second
equivalent of aluminium chloride promotes the b-elimi-
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nation to form the dihydronaphthalene intermediate
that aromatises under these conditions. Aqueous
work-up hydrolyses the aluminium adduct and liberates
1-naphthoic acid 1.

The relative ease by which the naphthalene scaffold can
be assembled in this way makes the synthesis of other b-
substituted naphthalenes feasible. For example a classi-
cal copper/quinoline decarboxylation19 of 6-fluoro-1-
naphthoic acid 1 gave the 2-fluoronaphthalene 6 in a
good yield (Scheme 3). Friedel–Crafts acylation20,21 of
2-fluoronaphthalene 6 takes place regioselectively at
the 8-position to form ketone 7,22,23 we found that a
slow increase of the reaction temperature over a period
of several hours provides a quantitative conversion.
Successive oxidation with sodium hypochlorite finally
allowed the isolation of 1-naphthoic acid 8 in four
simple steps overall.

In conclusion, we have developed a very convenient
method for the preparation of gram quantities of 6-flu-
oro- and 6,7-difluoro-1-naphthoic acids (1 and 2, respec-
tively) in a one-pot process. Decarboxylation of 6-
fluoronaphthoic acid 1 followed by the regioselective
Friedel–Crafts acylation of 2-fluoronaphthalene 6 pro-
vided an easy access to a 1,7-disubstituted naphthalene
derivative 7 which could be oxidised to 7-fluoro-1-naph-
thoic acid 8 with bleach.
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