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Abstract

A series of partially fluorinated naphthalene, anthracene, and chrysene derivatives have been synthesized by a convenient one-pot
reaction of multi-fluorinated aromatics and 1,4-dilithio-1,2,3,4-tetraaryl-1,3-butadiene that was generated in situ from the reduction
of diphenylacetylene derivatives with lithium naphthalenide.
� 2008 Elsevier Ltd. All rights reserved.
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Polycyclic aromatic acenes (PAH) have received con-
siderable interest in the past few decades due to their poten-
tial application for the construction of organic electronic
devices.1 Tuning of molecular properties, such as solubility,
stability, and charge mobility by functionalization is the
most active aspect in current synthetic research for PAH.
Especially, there has been increasing interest in the incorpo-
ration of fluorine into acenes, which may contribute to tun-
ing the electronic properties, and altering p-stacking in the
solid state by exploiting aryl–fluoroaryl interactions.2–8

Recently, Watson and Piers independently reported the
synthesis of partially fluorinated polycyclic aromatic com-
pounds by lithium–bromine exchange of 2,20-dibromobiar-
yls and nucleophilic substitutions of aromatic fluorines.2,3

Anthony reported the synthesis of partially fluorinated
pentacenes via quinone routes.4 Xi prepared the partially
fluorinated naphthalene derivatives from the reaction of
1,4-dilithio-1,3-dienes and hexafluorobenzene.5 Swager
and co-workers also reported the synthesis of a series of
fluorine-containing tetracene derivatives with N-methyl-
1,2,3,4-tetrafluoroisoindole as a synthetic building block.6
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Very recently, Tilley’s group published their efforts on
developing an n-type organic semiconductor by using
9,10-dichlorooctafluoroanthracene as a viable building
block.7

Here, we present the results of our initial studies aimed
at establishing a new one-pot synthetic protocol to synthe-
size partially fluorinated acenes. This method allowed us to
synthesize a series of partially fluorinated naphthalene,
anthracene, and chrysene derivatives.

The preparation of 1,4-dilithio-1,2,3,4-tetraaryl-1,3-
butadiene 2 from the reaction of diphenylacetylene deriva-
tives with metal lithium has been well studied,9 and now is
commonly used in the synthesis of silole derivatives.10 Our
continuing interest in the construction of ladder-type
p-conjugated molecules by the reductive cyclization of
acetylene derivatives11 led us to investigate the reduction
of diphenylacetylene with lithium naphthalenide (LiNaph)
and to expand this reaction in the synthesis of other ladder
molecules.

We found that by the treatment of 1a (R = H) with
1 equiv of LiNaph at room temperature, 1,4-dilithio-
1,2,3,4-tetraphenyl-1,3-butadiene 2a was produced in mod-
erate to good yield within 5 min, which was indicated by the
formation of 1,2,3,4-tetraphenyl-1,3-butadiene when the
reaction mixture was quenched with water. In this reaction,
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the use of 1 equiv of LiNaph was crucial. When 2 equiv or
more of LiNaph was used, 1,2-dilithio-1,2-diphenyl-ethyl-
ene was the major product.12

Then, we examined the reaction of 2a prepared in situ
from 1a with hexafluorobenzene. Thus, the treatment of
2a with 1 equiv of hexafluorobenzene in THF followed
by workup and chromatographic purification produced
3a as a white solid in 30% yield.13,14 Similarly, starting
from 1b produced 3b in 29% yield (Scheme 1).

Interestingly, during the purification of 3a, a trace
amount of 4a was isolated as a byproduct. This result sug-
gests that terminal fluorine-substituted ‘unsymmetrical’
naphthalene 3 and central fluorine-substituted ‘symmetri-
cal’ anthracene 4 could be synthesized with this one-pot
procedure. As a test, the reaction between 2a and
0.5 equiv of hexafluorobenzene was carried out and, as
expected, 4a was obtained in 7% yield as a bright-yellow
solid15 (Scheme 2).

Encouraged by the results, we further investigated the
reaction of 2a with perfluoronaphthalene (C10F8), expect-
ing that the procedure would provide a simple synthetic
way to produce partially fluorinated tetracene 5. However,
chrysene 6 was produced as the major product when 2a was
treated with 0.5 equiv of C10F8, which was isolated as a
yellow solid in 9% yield, while the expected 5 was not
obtained. Similarly, anthracene 7 was not the major com-
ponent in the mixed products when the reaction was car-
ried between 2a and the excess amount of C10F8.
Compound 7 was only isolated in 2% yield together with
6% of phenanthrene 8.
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Scheme 1. Reagents and conditions: (i) LiNaph (1 mol amt.), THF, rt,
5 min; (ii) C6F6 (excess), THF, rt, 2 h.
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Single crystals of 3a and 4a suitable for X-ray diffraction
were obtained from THF/ethanol and CH2Cl2/hexane
solution, respectively. Their molecular structure is shown
in Figure 1. Compound 3a crystallized in the orthorhombic
space group Pbca. It has a partial face-to-face antiparallel
p-stacking motif with the shortest C–C contact of 3.35 Å
between two antiparallel molecules. The anthracene core
of 4a shows a coplanar conformation which is different
from that of highly twisted decaphenylanthracene,16 which
can be attributed to the reduced size of substituents at 9, 10
positions from phenyl groups to fluorine.

Though all attempts to prepare single crystal of 6, 7, and
8 failed, their structures could be determined by the analy-
sis of 1H, 19F NMR, high resolution mass spectra (HRMS),
and UV–vis spectra.17 Compounds 7 and 8 have exactly the
same molecular weight as indicated by their HRMS data.
However, their 19F NMR spectra are distinguishable from
each other. There are only three resonance signals for 7 but
six for 8 in the 19F NMR spectra. This fact suggests the
existence of six different types of fluorine atom in com-
pound 8, while 7 has more symmetric structure. Further
elucidation of structures of 7 and 8 was also conducted
by means of the combination of 2D homo- and hetero-
nuclear experiments (see Supplementary data).

The data of UV–vis spectra also prove the assignment of
molecular structures. The normalized UV–vis spectra and
emission spectra of acene derivatives 3a, 4a, and 6–8 are
shown in Figures 2 and 3, respectively. For the linear acene
3a, 7, and 4a, both the absorption and emission maxima
shift to longer wavelength with the increase of p-conju-
gation. The non-linear 6 and 8 show a similar trend. In
the area of longer wavelength, the non-linear isomer 8

exhibits broader absorption peaks, while 7 has some of
the fine vibronic structures. Notably, both 7 and 4a show
typical absorption band arising from anthracene backbone.

In summary, we report a convenient one-pot synthesis of
highly aryl-substituted fluorinated acenes by the reaction



Fig. 1. ORTEP drawings of compounds (a) 3a and (b) 4a (50%
probability for thermal ellipsoids. Hydrogen atoms are omitted for
clarity).
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Fig. 3. Normalized emission spectra of acene derivatives in THF.
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of multi-fluorinated aromatics and 1,4-dilithio-1,2,3,
4-tetraaryl-1,3-butadiene generated in situ from the
reduction of diphenylacetylene derivatives with lithium
naphthalenide. This new protocol is expected to provide
a facile entry to a variety of substituted fluorine-containing
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Fig. 2. Normalized absorption spectra of acene derivatives in THF.
polycyclic aromatic hydrocarbons, which have potential
application as new materials for organic electronic devices.
Studies involving the optimization of the reaction condi-
tions, examination of the applicable scale for acetylene
derivatives, and the electronic properties of the present
compounds are underway.
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