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Scheme 1. Double SNAr on 1,3-difluo
An efficient approach to unsymmetrical halogenated resorcinol diethers has been developed. This synthe-
sis consists of two subsequent nucleophilic aromatic substitutions (SNAr) of unsymmetrical difluoro-
arenes by alkoxides. The novelty of this approach is its control of regioselectivity during the first SNAr,
which occurs at room temperature. Interestingly, the reactivity of competing fluorines was correlated
to their chemical shift in 19F NMR.

� 2008 Elsevier Ltd. All rights reserved.
Table 1
Optimization conditions for the regioselective SNAr on difluoroarene 1
The synthesis of unsymmetrical resorcinol diethers by sequ-
ential alkylation of resorcinol is tedious and low yielding. Very
recently, Toczko and co-workers developed a short and efficient
route to these compounds by performing two successive nucleo-
philic aromatic substitutions (SNAr) of 1,3-difluorobenzene by alk-
oxides (Scheme 1).1 The second fluoride displacement requires
more vigorous conditions than the first one due to the deactivation
by the first alkoxy substituent.

During our synthesis of benzofurans by double lithiation of 2-
bromophenyl ethers according to Sanz’ methodology,2 we needed
an easy and efficient access to differently substituted bromoresor-
cinol diethers. Towards this end, we aimed at modifying Toczko’s
method using a bromo (or iodo) difluorobenzene as a substrate.
In the course of their studies, Toczko and co-workers examined
only the reactivity of unsubstituted difluorobenzenes.1 Thus,
although much work in SNAr of fluoroarenes has been done, as
far as we know, the regioselectivity of this reaction on unsymmet-
rically substituted difluoroarenes remained unexplored.3 To ad-
dress this issue, we surveyed a broad spectrum of parameters
such as the nature of the difluoroarene and of the alkoxide count-
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robenzene.1
eranion, the temperature, and solvent. The goal of this study was to
establish procedures to control the selectivity of the SNAr on vari-
ously substituted difluoroarenes.

Preliminary studies on the SNAr were conducted with 1 and
benzyl alcohol as substrates to investigate the effects of the reac-
tion conditions on the yield and the regioselectivity (Table 1). Per-
forming this reaction at r.t. with t-BuOK as a base afforded the
products 2 and 3 with a 4:1 selectivity, albeit in low yield (entry
1). Replacing t-BuOK by n-BuLi did not change significantly the
yield or the regioselectivity (entry 2). Gratifyingly, the use of
NaH as a base improved the yield to 80% without altering the
regioselectivity (entry 3). Replacing DMF by THF slightly lowered
the yield but further increased the regioselectivity (9:1 ratio)
(entry 4). Lowering the reaction temperature did not improve
the regioselectivity further but diminished the yield to 30%
(entry 5).
Entry Base Solvent Temperature 2:3 Yield (%)

1 t-BuOK DMF rt 80:20 25
2 n-BuLi DMF rt 83:17 20
3 NaH DMF rt 77:23 80
4 NaH THF rt 90:10 70
5 NaH THF 4 �C 90:10 30
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Table 2
SNAr of unsymmetrical difluoroarenes with benzyl alcohol, and 19F NMR chemical shifts of these difluoroarenes

Entry ArF2 Yield (%) Products dFa (ppm)* dFb (ppm)* dFa � dFb

1 95 �103.1 �111.1 8

2 61 �134.4 �139.1 4.7

3 40 �130.9 �134.8 3.9

4 0 (68)** �113.8 �114.9 1.1

* 19F NMR (CDCl3, 200 MHz).
** Solvent: DMSO instead of THF.

Table 3
SNAr of various alcohols with difluoroarene 44

Entry ROH Yield (%) Ratio 5:6

1 MeOH 42 100:0
2 n-BuOH 45 100:0
3 i-PrOH 50 95:5
4 Ph(CH2)3OH 47 95:5
5 CF3CH2OH 15 95:5

6 41 95:5

7 62 91:9

8 t-BuOH 22 95:5
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With conditions for regioselective SNAr in hand, we undertook a
study of substrate generality with a series of unsymmetrical diflu-
oroarenes (Table 2).4 Reactions occurred with an excellent regio-
selectivity ranging from 90:10 to 100:0 in a 40–95% yield. It is
generally accepted that an electron-withdrawing substituent, such
as bromine, orientates the SNAr with the following regioselectivity:
ortho > para > meta, while the electron-donating character of the
methyl group favours the para over the ortho position.3 Surpris-
ingly, 4-bromo-1,2-difluorobenzene did not follow this general
trend (entry 2), as the substitution occurred in majority at the meta
position. The same regioselectivity had been described for the reac-
tion of this difluoroarene with N-hydroxyacetimidate as a nucleo-
phile.5 2,4-Difluorotoluene (entry 4) was unreactive in THF, but
shifting the solvent to DMSO allowed the reaction to be performed
in 68% yield with a 95:5 regioselectivity, which indicates that with
a poorly reactive substrate, the use of DMSO may allow the reac-
tion to be achieved with a good regioselectivity and in a reasonable
yield.

We also examined whether there is a relationship between the
reactivity and the chemical shift of the fluorides, as they are both
partially related to their electron density. Indeed, in each and every
case, the most reactive fluorine was the most deshielded (Table 2).
This observation suggests that it might be possible to predict the
reactivity pattern for other polyfluoroarenes from their 19F NMR
data.

As shown in Table 3, the SNAr reaction proceeded with a high
regioselectivity and reasonable yields with many primary and sec-
ondary alcohols. As expected, reactions with electron deficient tri-
fluoroethanol or sterically encumbered tert-butanol afforded lower
yields (entries 5 and 8).

Next, with the appropriate reactants in hand, we performed a
second fluorine displacement to synthesize variously substituted
halogenated resorcinol diethers, which are important precursors
to benzofurans according to Sanz’s methodology.2 This second SNAr
was performed in DMF at 80 �C, under milder conditions than
those described by Toczko, due to the activation effect of the addi-
tional bromine or iodide1,6 (Table 4).

In conclusion, we have demonstrated that the SNAr of unsym-
metrical difluoroarenes by alkoxides occurs with an unprece-
dented high level of regioselectivity at room temperature. We
have also shown that the most reactive position corresponds to
the most deshielded fluorine in 19F NMR. This method provides
an easy access to variously substituted halogenated resorcinol
diethers.



Table 4
SNAr of various alcohols with benzyloxy-monofluoroarenes6

Entry X ROH Yield (%)

1 Br MeOH 80
2 I MeOH 90
3 I n-BuOH 75
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