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a b s t r a c t

Lewis acid catalyzed Fries rearrangement of 2-fluorophenyl acetate (3) was performed on kg scale. The
ortho 5 and para 4 isomers obtained were separated in an industrially feasible way. Compound 4 was then
converted into fluorinated building block 3-fluoro-4-methoxybenzoyl chloride (1) while compound 5 was
converted into 1,2-diethoxy-3-fluorobenzene (2) in high yields.

� 2014 Elsevier Ltd. All rights reserved.

As many as 30% agrochemicals and 20% pharmaceuticals are
estimated to contain fluorine, including half of the top ten drugs
sold in 2005.1 The applications of fluorinated molecules in pharma-
ceuticals and agrochemicals are continuously increasing owing to
their metabolic stability and also due to their usefulness as bioiso-
stere of the hydrogen atom. An estimated one fifth of pharmaceu-
ticals contain fluorine, including several of the top drugs. Therefore
there is a growing requirement of fluorinated building blocks.

Our literature search revealed that 3-fluoro-4-methoxybenzoyl
chloride (1) and 1,2-diethoxy-3-fluorobenzene (2) (Fig. 1) are key
fluorinated building blocks for the synthesis of several biologically
active molecules.

Fluoro-4-methoxybenzoyl chloride (1) has been used as build-
ing blocks for preparing compounds which are active against vari-
ous diseases. To cite a few examples (a) preparation of potent and
selective agonist of estrogen receptor b ligand capable of treating
inflammatory diseases.2a (b) preparation of inhibitors of heat shock
protein 90, inhibition of which has shown beneficiary effects in the
treatment of cancers and neurodegenerative diseases.2b (c) prepa-
ration of activators of SIRT1 which improves glucose metabolism in
various skeletal muscles, and helps in treatment of type II diabetes
and other metabolic disorders.2c 1,2-Diethoxy-3-fluorobenzene (2)

is a building block in the preparation of 2-iminopyrrolidine deriv-
atives which have shown promising antithrombotic activity.3

Hence we became interested in developing a process for synthe-
sizing these important fluorinated building blocks. The literature
search has revealed 1 and 2 have been prepared using various
approaches. Starting form 3-fluoro-4-methoxybenzoic acid a num-
ber of synthetic approaches toward 1 has been reported in the lit-
erature. The key starting material 3-fluoro-4-methoxybenzoic acid
is synthesized by chromate or permanganate oxidation of 3-fluoro-
4-methoxytoluene,4 carboxylation of 3-fluoro-4-methoxybromo-
benzene,5 or by hydrolysis of 3-fluoro-4-methoxybenzonitrile.6

Hikal has reported a process for the synthesis of 2 via Claisen
rearrangement of allyl-2-fluorophenyl ether followed by Dakin
oxidation and ethylation.7 Asahi and Charna have reported a
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Figure 1. 3-Fluoro-4-methoxybenzoyl chloride (1) and 1, 2-diethoxy-3-fluoroben-
zene (2).
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process for the synthesis of 2 starting from commercially available
2-fluorophenol.8 Another strategy of Asahi and Charna reports
alkylation of 3-fluorocatechol (8).8

The key building block 3-fluorocatechol (8) is accessible via
enzymatic oxidation of fluorobenzene followed by dehydrogenation
of resultant fluoro-diol.9 Corse et al. have reported the synthesis of
3-fluorocatechol (8) starting from 2,3-dimethoxynitrobenzene.10

We envisaged that compounds 1 and 2 can be prepared via Fries
rearrangement of 2-fluoro-phenylacetate (3) (Scheme 1). The ortho
isomer 5 and para isomer 4 can easily be converted into target
compounds 1 and 2.This communication summarizes our efforts
to develop an improved, less expensive, simpler, safer, and easily
scalable manufacturing process for synthesis of 1 and 2 starting
from 4 and 5 respectively.

Valoti et al. reported the synthesis of 3-fluoro-4-hydroxyaceto-
phenone (4) and 3-fluoro-2-hydroxy-acetophenone (5) using Lewis
acid catalyzed Fries rearrangement of 2-fluorophenyl acetate (3).11

We focused our attention on this approach with keeping a goal of
carrying out this transformation on large scale and secondly, to
avoid column chromatography used to separate both isomers 4/5
which would not be a practical proposition during large scale
production.

The substrate for Fries rearrangement 2-fluorophenyl acetate
(3) was synthesized in high yields from commercially available
2-fluorophenol using acetyl chloride and triethyl amine. In order
to study the ratio of ortho/para isomer obtained during the Fries
rearrangement we developed a HPLC method (see Supporting
information) Fries rearrangement was carefully studied using dif-
ferent Lewis acid catalysts and temperatures. Thus, using BF3.OEt2

we did not observe any product formation while the use of TiCl4

gave hydrolyzed product 2-fluorophenol in 75% yield. When 1.1

or 1.2 equiv of AlCl3 was used, we observed product formation
(4/5) in 50% yield.

Based on above results AlCl3 was chosen as a Lewis acid to study
the impact of temperature on the ortho/para selectivity observed
during Fries rearrangement. Toward this goal, Fries rearrangement
was performed at various temperatures ranging from 40 �C to
170 �C. The results are summarized in Table 1. Use of 1.5 equiv of
AlCl3 in the Fries rearrangement gave us consistent results; hence
all the optimizations were carried out using 1.5 equiv of AlCl3. It
was also observed that when the temperature of reaction was in-
creased from 40 �C to 80 �C the reaction rate as well as the percent-
age of conversion of 3 into the product 4/5 increased (entries 1–3).
When the Fries rearrangement was carried out in monochloroben-
zene at 100 �C, the formation of Fries rearranged products 4 and 5
was observed in the ratio of 3.03:1.0 (Table 1, entry 4). At 120 �C
the reaction went to completion with 90% isolated crude yield
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Scheme 1. Synthetic strategy toward 3-fluoro-4-methoxybenzoyl chloride (1) and 1,2-diethoxy-3-fluorobenzene (2).

Table 1
Optimization of reaction conditions for Fries rearrangement
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3 4 5

Entry Solvent Temp (�C)/time (h) % Crudeyield % Conversion# O:P ratio (4:5)§

1 MCB 40/4 84 37.2 2.44:1.0
2 MCB 60/4 86 46.4 1.33:1.0
3 MCB 80/4 85 80.8 2.84:1.0
4 MCB 100/3 90 90.2 3.03:1.0
5 MCB 120/3 90 100 2.84:1.0
6 DCB 150/2 74 100 1.92:1.0
7 DCB 170/2 62 100 1.72:1.0

# In all the reaction AlCl3 (1.5 equiv) was used as a Lewis acid. MCB = Monochlorobenzene, DCB = o-dichlorobenzene.
§ O/P ratios were calculated on the basis of HPLC analysis of reaction mass.
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Figure 2. Flowchart for the separation of Fries rearrangement products.
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