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The electronic properties of pentacene are exceptionally well-
known, making it a common benchmark in the field of organic
electronics.1 Higher acenes, however, remain virtually unknown.
Hexacene has received some crystallographic attention and appears
in the solid state to follow a homologous series with tetracene and
pentacene; however, there was insufficient data to actually solve
and refine the structure.2 Its low stability, combined with poor
solubility, has made its preparation and study difficult.3 Heptacene
is even less well understood. Of the few reported syntheses, all
have been called into question.4 The only characterization data
reported to date are a combustion analysis5 and a UV-vis spectrum
with estimated NIR bands.6 While fullerene adducts of heptacene7

and several examples of benzannulated heptacene have been
reported,8 none of these derivatives exhibit the unique electronic
properties expected of the heptacene chromophore. Theoretical
treatments of the acene family over the last several decades predict
an array of properties for the higher acenes,9 and controversy still
exists over whether acenes as small as heptacene even possess a
closed-shell ground state.10

Our work on soluble functionalized pentacene has shown that,
in addition to providing increased solubility and improved crystal-
line order for device applications, the silylethynylation of acenes
led to an increase in stability,11 leading us to believe that this
strategy might yield improved stability and solubility for higher
acenes. We report here the application of our silylethynylation
methods to the synthesis and characterization of hexacene and
heptacene derivatives.

We followed the same two-step sequence to prepare function-
alized higher acenes that was used for substituted pentacenes
(Scheme 1).11a Our recent work with 7-ringed acenedithiophenes

demonstrated that the TIPS group, although often used as a
protecting group for alkynes in Diels-Alder reactions,12 is not
sufficiently bulky to prevent Diels-Alder addition of the alkyne
across reactive longer acenes.13 This level of reactivity was also
clearly an issue with the carbocyclic acenes, as neither of the TIPS-
substituted higher acenes (1, 3) were stable in solution or in the
solid state. As with the acenedithiophenes, use of the bulkier alkyne
tri-tert-butylsilyl (TTBS) acetylene led to a dramatic increase in
stability. Chromatographic purification of the deep-green solution

of hexacene2 followed by recrystallization led to faceted green
blocks well suited to study by single-crystal X-ray diffraction
(Figure 1). Although a small amount (9%) of disorder is apparent
in the hexacene backbone,14 analysis of the crystalline order of2
revealed a two-dimensionalπ-stacked arrangement similar to that
of pentacene derivatives exhibiting high hole mobility.15 While the
aromatic backbone of2 is planar to within 0.1 Å, the alkynes are
bent dramatically, presumably to alleviate the strains of crystal
packing. Hexacene2 is quite soluble, allowing full spectroscopic
characterization. Cyclic voltammetry revealed one reversible oxida-
tion at 0.660 V vs SCE and a reversible reduction at-0.925 V vs
SCE. The low reduction potential is in part due to the presence of
the silicon functional group, a factor that has been implicated in
the increased stability of silylethynyl-substituted pentacene.11b The
electrochemical HOMO-LUMO gap is 1.58 eV, which corresponds
with the 790 nm (1.57 eV) HOMO-LUMO gap derived from the
absorption spectrum (Figure 3). While solutions of2 decompose
slowly in the presence of air and light, the crystals can be stored in
the dark for several months with no noticeable decomposition.

In stark contrast to hexacene2, the TTBS heptacene4 was only
sparingly soluble and marginally stable. Even under rigorously
oxygen-free conditions, solutions of4 decomposed within a day,
and this decomposition accelerated when the solution was concen-
trated during attempted crystallization. The material was stable
enough to obtain the UV-vis-NIR and proton NMR spectra, both
of which support the structure4.

According to our empirical model for engineering the solid-state
order of functionalized pentacene, crystalline derivatives are most
easily obtained when the diameter of the solubilizing group is 35-
50% of the length of the acene.11a Because the bulky TTBS group
has a diameter slightly less (30%) than that size for heptacene, the
even larger tris(trimethylsilyl)silyl (TTMSS) acetylene (diameter
∼40% the width of heptacene) was used for the addition to
heptacenequinone. Following addition of SnCl2, the reaction mixture
turned a pale yellow-green color. Aqueous workup followed by

Scheme 1

Figure 1. X-ray crystal structure of2.
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chromatography on silica gel yielded a solution of heptacene5,
which upon concentration and cooling yielded tiny, yellow-green
flattened needlelike crystals (Figure 2). The crystals shattered if
cooled below 150 K, but were stable at 200 K. Despite their size,
diffraction was sufficiently sharp from one of the largest single
needles (crystal size 0.15× 0.02× 0.005 mm, mass ca. 15 ng) for
structure solution. The asymmetric unit contained one and two
halves molecules of5 with extensive disorder in the TTMSS groups.
Nonetheless, the structure of heptacene5 is unambiguous (Figure
2).16 As with hexacene2, the aromatic core of heptacene5 is
essentially planar.

While solutions of5 decompose in a few hours when exposed
to air, the crystals are relatively stable, remaining unchanged for
up to a week exposed to air and laboratory lighting. Heptacene5
is very soluble, allowing characterization by1H and13C NMR, as
well as cyclic voltammetry. The oxidation (0.470 V vs SCE) and
reduction (-0.830 V vs SCE) potentials again show an electro-
chemical HOMO-LUMO gap that matches well with the gap
extracted from the absorption edge of the optical spectrum (1.30
eV redox, 1.36 eV (912 nm) optical).

While there has been speculation that unsubstituted heptacene
may possess an open-shell ground state, the sharp1H NMR signals
obtained for4 and5 confirm that these functionalized heptacenes
are closed-shell species. Analysis by EPR spectroscopy further
supports the closed-shell nature of these compounds.

The absorption spectra of2 and 5 are presented in Figure 3.
Hexacene2 has its longest-wavelengthλmax at 738 nm, correspond-
ing to a 100-nm red-shift compared to that of a similarly substituted
pentacene. Unlike2, heptacene5 shows strong evidence for
aggregate formation in its absorption spectrum. The longest-
wavelength absorption in a good solvent (CH2Cl2) is atλmax ) 852
nm, with a pronounced shoulder at 825 nm. In a poor solvent
(hexanes) this absorption is blue-shifted toλmax ) 835, with a
second sharp peak atλmax ) 810 nm. Nevertheless, the fusion of
an additional aromatic ring leads to a further∼100 nm red-shift in
absorption compared to hexacene. A plot of the absorption edge
of silylethynylated acenes anthracene-heptacene versus 1/(acene
length) yields ay-intercept of 0.16 eV, suggesting a small but
nonzero energy gap for the corresponding polymer, polyacene.
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Figure 2. X-ray crystal structure of heptacene5.

Figure 3. Electronic absorption spectra of2 and 5 in dichloromethane.
(Inset) Spectra of2 and5 in dichloromethane and of5 in hexane.
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