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ABSTRACT

A twistacene, 6,8,15,17-tetraphenyl-1.18,4.5,9.10,13.14-tetrabenzoheptacene (3), was synthesized using a mild and novel bisbenzyne precursor.
It was characterized by X-ray crystallography, NMR, UV-vis, and IR spectroscopies, as well as cyclic voltammetry and DFT calculations. The
heptacene derivative possesses a nonpropeller twist topology and is unusually stable for a highly conjugated oligoacene. In addition, it is
fluorescent, with a quantum efficiency of 15%. Distortion from planarity, mostly due to the phenyl substituents, causes only marginal changes
in electronic properties and is beneficial for redox reversibility, which is required for efficient OLED devices.

The linear polyacenek, members of a family of polycyclic  detrimental, dimerization and polymerizatidmhus far, the
aromatic hydrocarbons (PAHS), are linearly fused benzenoidlongest isolated known system with only moderate stability
hydrocarbons that in the recent past have been of interestis hexacene (= 6)4

from fundamental and applied perspective€urrently,

pentacene (i 5) is the most widely studied and promising

organic semiconductor candidate for field effect transistor

(FET) applications and organic photodioddésonger acenes

are expected to exhibit a smaller band gap, which should

make them potentially more interesting materials for mo-

lecular electronics. However, it is well documented that the ~ Twisted PAHs are topologically interesting molecules that
preparation of these linearly extended benzenoid moleculeshave been studied in detail, mostly by Pascalho has

is plagued by facile photooxidation, insolubility, and most designed, synthesized, and characterized many of these
contorted molecules up to “pentacen2’(Figure 1)> We

postulated that the added rigidity inherent in the twisted
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Several “double-barrel” bisbenzynes that are based on
benzobistriazolé! 1,4-dihalobenzen®,and iodonium-triflate
salt® have been reported. Despite their high reactivity with
furan, arynes generated from benzobistriazole and 1,4-
dibromobenzene precursors were incompatible \GithWe
are aware of only one other bisbenzyne produced through a
fluoro-desilylation mechanism of a phenyl-[2,4,5-tris(tri-
methylsilyl)phenyl] iodonium triflate salt. However, that
particular hypervalent iodine aryne precursor involves a two-
step process with isolation of a synthetic intermediate (where
one of the remaining TMS groups is a latent iodonium i8n),
whereas in our case, the bisbenzyne is generated in one pot
from precursofb.

Considering the limited number of 1,4-benzadiyne precur-
sors known, generation of bisbenzyne franrequires
extremely mild conditions, especially for a “double-bart&l”
system. In a recent report, the preparation 2a was

topology, together with strategically located phenyl substit- successfully demonsFrated through bigcycloaddition between
uents (perpendicular to the acene plane), could serve as & Phenanthrene-derived cyclone (similar & and the
viable strategy to obtain stable polyacenes. These featuredisbenzyne derived from a b|S|odon|um-carboxyIate pre-
should inhibit substantially the dimerization observed with cursor>* Unfortunately, the chromatography-mediated iso-
the larger oligoacenes such as heptaderémately allowing lated yield of the corresponding “pentacene” derivative was
full characterization in the solid state. More importantly, to Only 1.2%, likely as a result of the high temperature required
serve as functional materials in OLEDs, the electronic 0 generate the aryne. In comparison, the bisbenzyne precur-
properties should be retained even under moderate twisting.S0" 5, based on benzotrimethylsilyl triflate, afforded “hep-
Here we report the synthesis of a “twistace@gFigure 1) tacene’3 directly in 22% yield.

through a very mild bisbenzyne generation and demonstrate The X-ray crystal structure & (Figure 2§ shows a twisted

its favorable electronic properties and high thermal stability. topology that is unique and quite different from the reported

Further, it was gratifying to learn, in collaboration with our

Figure 1. “Pentacene” derivative®>dand “heptacene” derivative
3.

colleagues in the School of Engineering, that ind@effords
excellent light-emitting diodes (white light, low turn-on
voltage, high luminancé).

In analogy with the synthesis &5 compound3’ was
assembled using benzyne-trapping chemistry. Bisbenzyne
precursor5 was prepared by triflate formation of hydro-

quinone4 in pyridine, Scheme %? Sequential aryne forma-

Scheme 1
HO]@[TMS Tf,O/pyridine Tf0:©iTMS
—_—
T™S OH 88% ™S OTf
4 5

tion from precursob triggered by TBAF (tetrabutylammo-
nium fluoride)1° followed by trapping with 2 equiv of the
pyrano-diphenylcyclopentadienoBe cleanly afforded as
a bright orange powder.

(6) Yang, Y.; Xu, Q.; Duong, H. M.; Wudl, F. Manuscript is in
preparation.
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Figure 2. X-ray structure of3; (right) space filling representation
viewed from the longitudinal axis of pyrene.

twisted PAH§*Pand essentially identical to the phenanthrene
analogue2a® In the molecular unit the terminal pyrene
(penanthrer®® moieties arecoplanar (see space filling

(7) Characterization 03: 'H NMR (ODCB, 400 K, 500 MHz)) 8.56
(s, 2H), 7.98 (d, 4H) = 7.93 Hz), 7.71 (s, 4H), 7.68 (d, 4H,= 7.93 Hz),
7.33—7.41 (m, 20H), 7.24 (t, 4H, = 7.93 Hz); elemental analysis found
C 95.12, H 4.76; calcd C 95.39, H 4.61; MALDI-TOF MS found 830.2940,
calcd 830.2974.

(8) For details, see Supporting Information.
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model in Figure 2), while the central anthracene component ||| N

(red in Figure 1), is twisted out of plane, adopting a

nonpropeller conformation. The twist conformation3fs 7

more dramatic than that reported for the par@éat The —TcB

torsional angles measured at C1-C2—-C3—C4 and Cl14—

C15-C17-C18in3are 20.8 and 23.0, respectively, Figure

2. The same torsional angles fowere reported to be only

4.0°and 6.2° The C2-€3 and C15-€17 bonds ir8 (Figure

2) are significantly longer (1.48 A) than the rest of theC

bonds. In both molecules, the twist is induced by steric

encumbrance stemming from the phenyl substituents (at C1)

and hydrogen atoms (at C4) $and hydrogen atoms at C1

and C4 in7. However, sinc@ has four phenyl substituents, : : : -

the hydrogen-to-arene effect is more pronounced than the 00 pe0r A med  HOC el B9

hydrogen-to-hydrogen effect observed T Hence, not Wavelength (nm)

gnexpe_ctedly, the degree of deformation fris more Figure 3. UV—vis spectrum of3; inset is a magnified view of the
ramatic. In théH NMR, spectrum the C33 protons resonate 425—550 nm region.

at 8.56 ppm, while the C9 (C10) protons resonate at 7.71

ppm, similar to the corresponding protons in phenanthrene

(7.69 ppm) and (7.62 ppm). twisting of thesr system. Overall, théya of 3 falls between
tetracene (475 nm) and pentacene (582 nm), i.e., considerably
longer wavelength than anthracene, the longest, non-cross-
conjugated moiety i8. In addition,3 is strongly fluorescent
with 15% quantum efficiency and essentially zero Stokes
shift8

Cyclic voltammetry (CV) of tetrabenzoheptaceanea-
sured in 0.1 M tetrabutylammonium perchlorate (TBAP)/
ODCB showed that the oxidation and reduction processes
are chemically and electrochemically reversible (Figure 4).

Absorbance (a.u.)

425 450 475 500 525 550

To shed more insight into the structure3)fve performed
DFT (B3LYP) calculations using the 6-31G(d) basis %et.
The fully optimized structure i (C2—C3=1.484 A, C+

C2—C3—C4= 21.6°) is very similar to the X-ray structure, _

indicating that twisting is an intrinsic property 8fand not

due to crystal packing. Pascal et*ahlso reached similar 0151 AN
conclusions for compounda. The twist observed i8 is 0.10

somewhat counterintuitive. We anticipate the phenyl sub-

stituents to favorr-stacking, and as a result they would point € 005

toward the same general direction, inducing a propeller $ o000

conformation. Indeed, the twisted conformer exhibited in the E

X-ray structure is not a global minimum. Another conformer 008 B =8V 0.65V
of 3,6 where the entire acene skeleton is twisted in one 0.10 "

direction, leading to a nearly perpendicular arrangement of o5 ]

a terminal pyrene unit (C9—C10—C9'-C1&’ 86°), is 2.8 T Lseyv :

20 -5 40 05 00 05 10

kcal/mol lower in energy. E (V) vs Ag/Ag’

The absorption spectrum 8f(Figure 3) was measured in
o-dichlorobenzene (ODCB) and 1,2,4-trichlorobenzene (TCB). Figure 4. Cyclic voltammogram of 1 M 3 in 0.1 M TBAP/
The spectra in both solvents are nearly identical, displaying ODCB (three cycles).
a longest absorptiokmax at 530 nm. Despite (or perhaps due
to) the significant twisting in3, the absorption is ap-
proximately 24 nm red-shifted compared to its paf@(ftmax From the CV experiment, the HOME.UMO gap,
= 506 nm in TCB)!%3The bathochromic effect is most likely ~ AEwomo-Lumo, iS 2.5 eV, in agreement with the value of
a result of a combination of the phenyl substituents and 2.3 €V derived from the U¥vis data. These values also
agreed well with the calculated result [2.6 eV, B3LYP/

(13) Winling, A.; Russell, R. AJ. Chem. Soc., Perkin Trans.1D98, 6-31G(d)]. Furthermore, both calculation and experimental
3921. i

(14) This notation refers to bisbenzyne precursor where both arynes are results placed the HOMELUMO gap of 3 right between
promoted in one reaction. tetracene (calcd 2.8 eV, exptl 2.6 eV) and pentacene (calcd

(15) () Clar, E.Polycyclic Hydrocarbons; Academic Press: London, 2.2 eV, exptl 2.1 eV). The HOMO @, at —4.7 eV, is 0.2
é%gmz\ﬁg.z, P 200. (b) Ferguson, G.; Parvez, Atta Crystallogr.1979, eV higher than the HOMO of tetracene, while both the

(16) See3ain Supporting Information. LUMO of 3 and tetracene are located aR.1 eV. The
Org. Lett., Vol. 5, No. 23, 2003 4435



s Thermogravimetric analysis performed under nitrogen showed

a remarkable thermal stability, with weight loss observed
only beyond 410°C (Figure 5). Differential scanning
calorimetry also showed no sign of decomposition or melting

100

& 801 up to 400°C.
2 o] In conclusion, we developed a swift synthesis of a hew
) 40 heptacene derivative using a bisbhenzyne approach. Like its
2 20 phenanthrene analogéfethe new acene possesses a non-
propeller twist topology that is unusually stable. Distortion
04 from planarity causes only marginal changes in electronic
200 400 600 800 1000 properties and is beneficial for redox stability, required in
Temperature (°C) OLEDs. Taking into account the exceptional stability of our
relatively short twistacene, we are extending this approach
Figure 5. TGA of 3. for syntheses of longer “oligotwistacenes”
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