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ABSTRACT

Oxidative cyclodehydrogenation of hexakis(4-alkoxyphenyl)benzene produces a quantitative yield of an indenofluorene derivative rather than
the expected alkoxy-substituted hexa-peri-hexabenzocoronene (HBC). The structure of the unexpected indenofluorene was established by
X-ray crystallography. The mechanistic considerations for the formation of the indenofluorene derivative led us to devise an alternative synthesis
of elusive alkoxy-substituted HBC—a potentially important, disk-shaped structure for the preparation of liquid crystalline materials for practical
applications in the emerging areas of molecular electronics and nanotechnology.

The study of polycyclic aromatic hydrocarbons (PAH),
such as triphenylenes (TP) and hexa-peri-hexabenzocoro-
nenes (HBC), has attracted considerable attention® since these
materials hold promise for applicationsin the emerging areas
of molecular electronics and nanotechnology.?

It is noteworthy that hexaalkoxytriphenylenes (1) have
been extensively explored as building blocks for the prepara
tion of liquid crystalline materials, owing to their disk-shaped
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structure which allows efficient columnar packing.® Colum-
nar discotic liquid crystals have received considerable
attention as functional materials for applications such as
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photovoltaic solar cells, light emitting diodes, and field effect
transistors.? It can be envisioned that a corresponding HBC
analogue (2), possessing a disk of relatively large size, may
prove to be superior for the preparation of liquid crystalline
materials.>* Unfortunately, the synthesis of the parent
hexaalkoxy HBC (2) has thus far eluded chemists.®> Miillen
and co-workers have reported® that attempted preparation
of 2 from hexakis(4-alkoxyphenyl)benzene via oxidative
cyclodehydrogenation led to a quantitative yield of a phenan-
throgquinone 4, i.e., Scheme 1.

Scheme 1. Postulated Synthesis of Hexaalkoxy-HBC 2
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It was conjectured that a reduction of quinone 4 to the
corresponding hydroquinone 5 followed by O-akylations and
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oxidative cyclization may alow the preparation of the long-
sought hexaalkoxy-HBC 2 (Scheme 1). However, we now
describe that the oxidative cyclization of 3 unfortunately does
not produce quinone 4 but rather an unexpected indeno[1,2-
b]fluorene derivative (7), whose structure is confirmed by
X-ray crystallography. Mechanistic consideration for the
formation of indenofluorene 7 via oxidative cyclodehydro-
genation of 3 now leads us to an alternative route to access
the elusive 2. The details of these preliminary findings are
described herein.

Thus, addition of a solution of FeCl; in nitromethane to a
solution of 3 in dichloromethane at ~0 °C produces a green
solution which was stirred for 1 h while a slow stream of
argon was bubbled through the solution to remove gaseous
hydrochloric acid, which was formed in the reaction. The
standard workup’ afforded a pale yellow solid in quantitative
yield. The 'H/*3C NMR analysis of the above solid suggested
that it is a single compound that has lost two alkyl groups
and two “H” atoms. As such, the preliminary spectral analysis
was in accord with the phenanthroquinone-like structure 4;
however, further experimentation® and X-ray crystallography
showed that it is indenofluorene 7 (i.e., eq 1). Note that the
thermal ellipsoids for the ORTEP representation of 7 (R =
CHs3), in eq 1, are shown in 50% probability, and hydrogens
are omitted for the sake of clarity.

Moreover, both 3a (R = methyl) and 3b (R = n-hexyl)
formed the corresponding indenofluorenes (7a and 7b) upon
oxidative cyclodehydrogenation as judged by the similarity
of their 1H/*3C NMR spectra (Figure S1) and by mass
spectrometry (see the Supporting Information for the details).
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The transformation in eq 1 can be carried out using a
variety of 1-e~ oxidants such as NO*SbClg~,° PhI(O-
COCF3),,'° DDQ—TFA,*? and FeCl; as well as electro-
chemical oxidation.

The oxidative transformation in eq 1 can be reconciled
according to an ECECC mechanism (Scheme 2)**? based

Scheme 2. Postulated Mechanism for the Formation of 7

on the spectroscopic and structural data. Thus, one-electron
oxidation of 3 generates its radical cation where a single
charge is stahilized via quinoidal distortion in such a way
that the radical character is largest at the p-carbon of the
anisyl group (see I1).*® The radica cation |1 undergoes an
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Scheme 3. Synthesis of Hexaalkoxy HBC 2
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intramolecular C—C bond formation to yield a distonic
radical cation (I,).** It isthe distonic nature of this rearranged
radical cation which facilitates the remova of a second
electron at a much lower potentia®® and leads to the
formation of a dication (13).2* The loss of a proton and an
alkyl group produces the fluorene derivative (Is), which in
turn undergoes a similar sequence of ECECC events to
produce indenofluorene 7. Note that indenofluorene 7 does
not suffer further oxidative transformations owing to the fact
that it undergoes oxidation (Eo,x = 1.18 V vs SCE) at a
relatively low potentia to its cation radical which is stable
under the reaction conditions. (See Figures S2 and S3 in the
Supporting Information for a cyclic voltammogram and the
cation radical spectrum of 7, respectively.)

From the mechanistic considerations in Scheme 2, it was
clear that an alternative C—C bond-forming sequence was
desired to access HBC 2. It was conjectured that if some of
the C—C bonds were preformed in a new precursor of HBC
2, it should be feasible to produce 2 rather than indenofluo-
rene 7.°

Accordingly, we chose 1,3,5-tris(5,5'-di-n-hexyloxy-2-
biphenyl)benzene (10) as a precursor to HBC 2, which was
obtained by a one-pot Suzuki coupling'’ of 3 equiv of

(13) Compare: Chebny, V. J.; Shukla, R.; Rathore, R. J. Phys. Chem. B
2006, 110, 13003-13006, and references cited therein.
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Figure 1. (Left) UV —vis absorption spectrum of 1.75 x 107°M 2
in CH,Cl, at 22 °C. (Right) Concentration-dependent emission
spectra of 2 in CH,Cl, at 22 °C and in the solid state.

boronic acid, derived from 5,5'-dihexyloxy-2-bromobiphenyl
(9) with 1 equiv of 1,3,5-tribromobenzene in the presence
of Pd(0) catalyst. The desired brombiphenyl 9, in turn, was
obtained by a one-pot Suzuki coupling of 3-bromohexy-
loxybenzene followed by a bromination using NBS in
acetonitrile in excellent yield (see Scheme 3). Indeed, when
10 (R = n-hexyl) was subjected to an oxidative cyclodehy-
drogenation using FeCl3 in a mixture of dichloromethane—
nitromethane (3:1), it yielded areadily soluble hexahexyloxy-
HBC 2 as ayellow-orange solid in nearly quantitative yield
(see Scheme 3).

The molecular structure of HBC 2 was established by the
simplicity of its H/*3C NMR spectra'® and was further
confirmed by MALDI mass spectrometry (see Figure $4,
Supporting Information). Note that a calculated isotope
distribution for mass ion of HBC 2 matches the prediction
quite well (see Figure $4 in the Supporting Information).

As detailed in Scheme 3, the mechanism for conversion
of 10 to HBC 2 simply followed a standard ECEC mecha-
nism applicable to other (oxidative) biaryl syntheses.*14
Thus, a coupling of an anisyl-type cation radical (Is) with
the central benzene ring produces a distonic cation radical
(I7) which undergoes aready loss of an electron (I g) followed
by two proton (lg) to form a biaryl-type bond. Multiple
repetitions of the ECEC sequence finally produce HBC 2
(Scheme 3).

With the hexaalkoxy HBC 2 at hand, we examined its
optical characteristicsin dichloromethane at 22 °C asfollows.

(14) (a) The distonic radical cations have ample literature precedent in
the syntheses of a variety of biaryls, see: Hammerich, O.; Parker, V. D.
Adv. Phys. Org. Chem. 1984, 20, 55-190, and references cited therein. (b)
For the feasibility of the dicationic interemediates |3 and Ig in Schemes
2and 3, see: Rathore, R.; Magueres, P. L.; Lindeman, S. V.; Kochi, J. K.
Angew. Chem,, Int. Ed. Engl. 2000, 39, 809-812.

(15) Cyclohexadienyl-type radicals are known to undergo oxidation at
~0 V (vs SCE); see: Haddon, R. C.; Wudl, F.; Kaplan, M. L.; Marshall,
J. H.; Cais, R. E.; Bramwell, F. B. J. Am. Chem. Soc. 1978, 100, 7629—
7633.

(16) Compare: Feng, X.; Wu, J.; Enkelmann, V.; Millen, K. Org. Lett.
2006, 8, 1145-1148.

(17) Anderson, N. G.; Maddaford, S. P.; Keay, B. A. J. Org. Chem.
1996, 61, 9556—-9559.

(18) Owing to the large size of HBC 2, the signals in its *H and °C
NMR spectra were broad at 22 °C but, however, were sharpened at higher
temperatures (90 °C); see Figure S5 in the Supporting Information.
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The absorption and emission spectra of 2 in dichlo-
romethane (Figure 1) showed highly structured absorption
(Amax = 380 nm, log €350 = 4.61) and emission (Amax = 478
and 509 nm) bands. The optical spectra of 2 were charac-
teristically similar to those observed with the alkyl-substituted
HBC derivatives.’® Excited state emission of 2 was also
found to be highly concentration dependent and isin accord
with the observations made with the alkyl-substituted HBC
derivatives.’® For example, at higher concentrations (106
to ~107* M), a lower energy emission band centered near
554 nm, tentatively assigned as excimer-based,'® grow in
intensity at the expense of the higher energy (478 nm) band,
with an apparent bathochromic shift. A further bathochromic
shift of ~30 nm was observed upon increasing the concen-
tration of 2 by afactor of 10 (i.e., 104 to ~1073 M). In the
solid state, the emission of 2 occurs as a broadband at Amax
= 591 nm. The observation of concentration dependent
emission of 2 is tentatively attributed to the formation of
molecular aggregates such as dimers, trimers, tetramers, and
higher-order aggregates.’®

The preliminary X-ray diffraction pattern of 2 was found
to be characteristically similar to those observed for the other
HBC derivatives™ (see Figure S6 in the Supporting Informa-
tion) which are known to display liquid crystalline behavior. %

In summary, we have demonstrated that the oxidative
cyclodehydrogenation of hexakis(4-alkoxyphenyl)benzenes
(3) produces indenofluorenes 7 in quantitative yields rather
than HBC 2, as confirmed by X-ray crystalography. This
finding led us to design an aternative (simple) synthesis of
HBC 2 from an easily synthesized 1,3,5-tris(dial koxybiphe-
nyl)benzene 10. The structure of hexaalkoxy HBC 2 was
confirmed by NMR spectroscopy and MALDI mass spec-
trometry. Moreover, the absorption and emission character-
istics of 2 were found to be similar to those observed with
the other HBC derivatives. The ready availability of
hexaalkoxy HBC 2 should spur theoretical and experimental
interest in the exploration of its materialS properties.
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