
German Edition: DOI: 10.1002/ange.201812418Acenes
International Edition: DOI: 10.1002/anie.201812418

Dodecaphenyltetracene
Yonglong Xiao, Joel T. Mague, Russell H. Schmehl, Farihah M. Haque, and
Robert A. Pascal, Jr.*

Abstract: Dodecaphenyltetracene (4), the largest perphenyla-
cene yet prepared, was synthesized from known tetraphenyl-
furan, hexaphenylisobenzofuran, and 1,2,4,5-tetrabromo-3,6-
diphenylbenzene in three steps. The X-ray structure of the deep
red, highly luminescent 4 shows it to be a D2-symmetric
molecule with an end-to-end twist of 9788. The central acene is
encapsulated by the peripheral phenyl substituents, and as
a result, the molecule is relatively unreactive and even displays
reversible electrochemical oxidation and reduction.

More than 20 years ago we reported the synthesis of
octaphenylnaphthalene (1) and decaphenylanthracene (2).[1]

Both molecules are twisted acenes,[2] and 2 displays an end-to-
end twist of 6388. Much more highly twisted polycycles have
since been prepared by benzannulation of the ends of
acenes,[2] with the most recent “world record holder” being
hexacene 3, which displays an astonishing 18488 end-to-end
twist.[3]

However, all prior attempts to prepare the longer perpheny-
lacenes dodecaphenyltetracene[4] and tetradecaphenylpenta-
cene[5, 6] met with failure. We now report the synthesis, spectra,
and crystallographic characterization of the elusive dodeca-
phenyltetracene (4, Scheme 1).

Treatment of a cold solution of tetraphenylfuran[7] (5) and
1,2,4,5-tetrabromo-3,6-diphenylbenzene[5] (6) with 1.3 equiv-
alents of n-butyllithium gave the single aryne adduct, the
dibromoepoxynaphthalene 7, in 44 % yield. A similar treat-

ment of 7 and hexaphenylisobenzofuran[8] (8) gave the
diepoxytetracene 9 in only 10 % yield, no doubt due to
a greater steric impediment to this second aryne addition. The
two oxygen atoms in the product were reduced away by
treatment of 9 with a mixture of TiCl3-AlCl3 and n-butyl-
lithium to give deep red 4 in 32 % yield. However, a similar
synthetic approach failed to yield tetradecaphenylpenta-
cene.[9]

Solutions of dodecaphenyltetracene are magenta with
a longest-wavelength absorption at 566 nm, a red shift of
about 100 nm with respect to that of tetracene itself.[10]

Compound 4 is also strongly luminescent, with a maximum
emission at 613 nm and F = 0.12 (Figure 1).

Single crystals of 4 suitable for X-ray analysis[11] were
obtained upon evaporation of a solution in CHCl3/EtOAc.
Compound 4 crystallized in the space group C2 (No. 5) with
Z = 4, and the asymmetric unit contains two independent half
molecules of 4. Therefore, the structure contains two crys-
tallographically independent tetracenes, each of which pos-
sesses exact C2 symmetry and approximate D2 symmetry in
the crystal. The molecular structure of one of these molecules
is illustrated in Figure 2.

The tetracene core of compound 4 is smoothly twisted,
with overall end-to-end twists2 of 98(1)88 and 96(1)88 for the

Scheme 1. Synthesis of dodecaphenyltetracene.
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two independent molecules, and it is obviously the most
twisted perphenylacene so far prepared. Also significant is the
“picket fence” of phenyl substituents, roughly perpendicular
to, and out of conjugation with the tetracene, which essen-
tially encapsulates the acene in an inert hydrocarbon sheath
(see Figure 2). For this reason, compound 4, like decapheny-
lanthracene (2),[12] displays fully reversible electrochemistry,

with oxidation and reduction observed at + 0.69 V and
@1.50 V, respectively, versus Ag/AgCl (see the Supporting
Information). Nevertheless, compound 4 is not completely
unreactive, and solutions allowed to stand in the presence of
air and light undergo slow decomposition to colorless
oxidation products, as we have observed previously for
other deeply-colored twisted acenes.[5,13]

The conformation of compound 4 is chiral, but it is
unlikely to be configurationally stable under ordinary con-
ditions. As with other twisted acenes, racemization is a multi-
step process with relatively modest barriers,[14] in contrast to
the helicenes, where racemization occurs via a single, difficult
step.[15] At the AM1 level of theory,[16] a four-step racemiza-
tion pathway was identified in which the highest barrier
(DG*

rac) is only 17.3 kcalmol@1 (see the Supporting Informa-
tion). If correct, this corresponds to a half-life of less than
a second at room temperature.

Dodecaphenyltetracene (4) is the largest perphenylacene
yet prepared. Simple steric crowding forces the tetracene to
adopt a twisted ribbon conformation, but, unlike the majority
of twisted polycyclic aromatic compounds,[2] compound 4
lacks rings or functional groups conjugated to the central
acene, such as the benzannulations in 3. In 4, the phenyl
substituents are nearly orthogonal to the rings of the
tetracene core at their points of attachment. Accordingly,
the electronic structure of the central acene is largely
unaltered, as may be seen from the UV spectrum of 4,
which resembles that of tetracene itself except for the
expected red shift.
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