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Abstract—Multi-substituted partially fluorinated aromatic compounds, such as naphthalene derivatives could be readily prepared
by the reaction of 1,4-dilithio-1,3-dienes with hexafluorobenzene via double nucleophilic substitution. When these dilithium reagents
were treated with hexachlorobenzene, chloropentafluorobenzene or bromopentafluorobenzene, chlorine–lithium or bromine–lith-
ium exchange reactions, instead of nucleophilic substitution, took place.
� 2006 Elsevier Ltd. All rights reserved.
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Aromatic p-stacking interaction is widespread in nature
and is one of the most important subjects in supramole-
cular chemistry.1 Especially, fluorinated aromatic com-
pounds show unique stacking fashion.2,3 Recently,
Watson group and Piers group independently reported
the synthesis and crystallographic analysis of partially
fluorinated condensed aromatic compounds by lith-
ium–bromine exchange of 2,2 0-dibromobiaryls and
nucleophilic substitutions of aromatic fluorines.4,5

Anthony and co-workers recently reported the synthesis
and characterization of partially fluorinated pentac-
enes.6 Takahashi and co-workers have developed
synthetic methods of naphthalene derivatives from
CuCl-mediated reaction of zirconacyclopentadienes
with 1,2-diiodobenzenes.7,8

We have been interested in the chemistry and synthetic
applications of 1,4-dilithio-1,3-dienes 1.9–20 Due our
continuing interest in reactions of these di-lithio
reagents with multi-functional substrates,19,20 we inves-
tigated the reactions of 1 with C6F5X (X = F, Cl, Br),
expecting the formation of multi-substituted fluorinated
aromatic compounds.4–6 In this letter, we would like to
report the preliminary results.
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Reaction of 1,4-dilithio-1,3-dienes 1, generated in situ
from their corresponding diiodo compounds 2,10,18,21

with 1.1 or 1.2 equiv of C6F6 at room temperature affor-
ded the partially fluorinated naphthalene derivatives 3 in
good to high isolated yields (Scheme 1). Intermolecular
nucleophilic substitution followed by consequent intra-
molecular nucleophilic substitution is assumed to be
the essential process leading to 3.4,5,22,23 Representative
examples are given in Table 1. The naphthalene deriva-
tives with different substitution patterns could be
prepared conveniently by following the procedure
described in Scheme 1. DME was added in some cases
to accelerate the reaction process.24

It has been reported that fluorinated aromatic com-
pounds show unique p-stacking fashions.2–5 We sub-
jected naphthalene derivatives 3a and 3f to single-
crystal X-ray structural analysis to determine their
solid-state arrangement, which are shown in Figures
1–3. Figures 1 and 2 represent the structures of 3a and
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Table 1. Reaction of dilithiobutadienes 1 with C6F6 affording partially
fluorinated aromatic compounds 3a

Dilithio reagent 1 Product 3 Yieldb (%)
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Li

Et
Et

Et
Et
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Et
Et

Et
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F
F
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Li
Li

Bu

Bu

1c

Bu

Bu F
F

F
F

3c 74

Li
Li

Bu

Bu

1d Bu

Bu F
F

F
F

3d 67

Li
Li

Hex

Hex

1e

F
F

F
F

Hex

Hex

3e 72

Li
Li

Pr
Pr

1f

Pr
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a Reaction conditions are given in Scheme 1.
b Isolated yields.

Figure 1. X-ray structure of 3a.

Figure 2. X-ray structure of 3f.

Figure 3. Crystal packing for 3a and 3f. Views perpendicular to
molecular planes.
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3f, respectively,25 while Figure 3 shows the crystalline
packing of 3a and 3f. Preliminary results demonstrate
that these partially fluorinated multi-substituted naph-
thalene derivatives also show unique stacking fashions
as reported.4–6 Further applications of these multi-
substituted fluorinated aromatic compounds, including
study of their opto-electronic materials properties, are
in progress.

For comparison of reactivities, C6Cl6 was used instead
of C6F6. Interestingly, no nucleophilic substitution was
observed. As shown in Scheme 2, chlorine–lithium ex-
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change reaction took place to afford the 1,4-dichloro-
1,3-diene derivative 4a as the sole product in 54% iso-
lated yield. C6Cl6 behaved as a chlorinating reagent.26–29

When one of the six fluorines of C6F6 was replaced by a
chlorine (C6F5Cl) or a bromine (C6F5Br), the reaction
with 1a afforded its corresponding chlorine–lithium
exchange product 4a or bromine–lithium exchange
product 4b, respectively, in high isolated yields (Scheme
2).26–29 Upon halogen–lithium exchange between 1a and
C6F5X, C6F5Li must be formed in addition to 4a or 4b.
It is known that C6F5Li can generate tetrafluorobenzyne
species, which can be trapped by dienes via [4+2] cyclo-
addition.29 Thus an experiment shown in Scheme 3 was
carried out. The [4+2] cycloaddition product 5,29e in
addition to 4b (84% isolated yield), was obtained in
57% isolated yield.
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