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Abstract—Pentacene has excellent semi-conducting properties but its practical use in organic thin film transistors (OTFTs) gives rise
to a lot of problems caused by its sensitivity to oxygen and its very low solubility. In order to solve the problems involved in the use
of pentacene, we have synthesized a Diels—Alder adduct of pentacene with thiophosgene.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

During the last few years, the development of organic
thin film transistors (OTFTs) has attracted much inter-
est. The production of OTFTs has been studied because
organic molecules offer the opportunity of deposition
over large surface areas and are compatible with flexible
plastic substrates. A number of organic compounds
have been proposed for use in light-emitting diodes,
field-effect transistors and photovoltaic cells.! Penta-
cene, which is commercially available but expensive,
has shown good field effect mobilities on vacuum-depo-
sition.” However, pentacene has some drawbacks.
Firstly, its poor solubility necessitates the use of vacuum
systems for deposition. Secondly, pentacene is very sen-
sitive to oxidation leading to rapid degradation of the
material unless manipulated under rigorous exclusion
of oxygen.

One can overcome these problems by preparing a pre-
cursor of pentacene by Diels—Alder reaction. Such a pre-
cursor is soluble and can be reconverted to pentacene by
a retro-Diels—Alder reaction. Because of the solubility
and the stability of the precursor, simple methods like
spincoating can be used for deposition and the product
can be conveniently stored and handled. This pathway
was first proposed by Mullen and Herwig.? His product
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however displayed a relative high conversion tempera-
ture (200°C) and required a multistep synthesis.

2. Results and discussion

In order to prepare the Diels—Alder adduct of penta-
cene, we first looked for a suitable way to prepare our
starting material, pentacene itself. The most widespread
method to prepare pentacene was first described by
Bruckner and Tomasz* in 1961. Firstly, pentacenequi-
none (1) is prepared by condensation of o-phthalalde-
hyde and 1,4-cyclohexanedione (Scheme 1). This is a
high yielding reaction and the starting materials are
cheap and readily available.

Secondly, the pentacenequinone can be reduced to pen-
tacene (4) with Al-amalgam. Because of the health and
environmental risks involved in the use of mercury, we
have been looking for an alternative reduction process
of the quinone 1, proceeding in a reproducible and clean
Wasy. LiAlH,4 was found to give the best results (Scheme
2).

When we have a closer look at the reaction sequence, we
see that there are two successive steps needed to obtain
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the pentacene, each consisting of a reduction followed
by elimination of water (Scheme 3). We studied this se-
quence in detail and observed the formation of the prod-
ucts 2 and 3a-b.° Thus, first the two carbonyl groups of
1 are reduced to alcohols. Upon acidification, water is
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expelled from diol 2, affording 3a-b. Diol 2 could be iso-
lated as a mixture of cis- and trans-isomers when the
reduction reaction was worked up carefully only with
acetic acid. Ketone 3a is formed together with the corre-
sponding enol 6-hydroxypentacene (3b). The latter is
insoluble and can not be characterized with NMR-
spectroscopy. However, we suspect its existence because
in the mass spectra, the same m/z value was observed for
the molecular ion of the soluble yellow ketone 3a and a
purple, highly insoluble residue from the same reaction
mixture. The second reduction step, that was carried
out on the crude mixture containing 3a and 3b, gave
pentacene. The amount of pentacene obtained is larger
than the amount of 3a that can be isolated after the first
step, indicating that 3b is present and can be reduced,
probably after tautomerisation to 3a.

To circumvent the purification problems associated with
pentacene, a soluble Diels—Alder adduct has been pre-
pared and purified. After deposition by spincoating,
the adduct can be converted to pentacene by inducing
a retro-Diels—Alder reaction by heating the sample.
We made a Diels—Alder adduct in one step by reacting
pentacene with readily available thiophosgene (Scheme
4).7 After trying several conditions, the best results were
obtained using thiophosgene as a solvent while heating
at 65°C. The primary Diels—Alder adduct could not be
isolated. All attempts resulted in the formation of the
hydrolysed derivative.

During the completion of our studies, another Diels—
Alder adduct for the use in transistors, which has been
made in one step from pentacene and N-sulfinylacet-
amide, has been reported.?

aromatic protons of adduct 5:

H]., H4, Hg., H|1: m4H 7.8 Ppm

Hz, H3, Hg., Hm: m4H 7.5 Ppm

H,, Hy4 and H;, Hy3: 2xs 4H 7.9 ppm
relative to the protons of para-chlorobenzene.

Figure 1. Investigation of the retro-Diels—Alder reaction of product 5 by '"H NMR-spectroscopy in deuterated tetrachloroethane with

para-dichlorobenzene as an internal standard.
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The thermolysis of adduct 5 was studied by '"H NMR
spectroscopy. At 100°C, the reaction reaches an equilib-
rium at a conversion of 25%. However, the retro-
Diecls—Alder reaction reached a 75% conversion after
approximately 3h at 120°C (Fig. 1).

3. Conclusions

We can conclude that we found a new, environmentally
friendlier method to reduce pentacenequinone to penta-
cene. A Diels—Alder adduct with thiophosgene and pen-
tacene was prepared and thermolysis to regenerate
pentacene was found possible at temperatures exceeding
120°C.
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