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ABSTRACT

The first synthesis of a series of substituted trinaphthylene derivatives via a palladium-catalyzed aryne cyclotrimerization is reported. This
method provides an approach for the preparation of novel disk-shaped polycyclic aromatic hydrocarbons that self-assemble via π-π interactions
and may form columnar liquid crystal phases. Although the trinaphthylenes prepared in this study do not exhibit columnar mesophases,
variable concentration 1H NMR studies provide evidence for aggregation in solution.

Polycyclic aromatic hydrocarbons (PAHs) are of considerable
interest in materials science because their charge transport
properties make them potentially useful in organic optoelec-
tronic devices such as light-emitting diodes, field-effect transis-
tors, and photovoltaics.1 Efficient charge transport in PAHs
stems from the low HOMO-LUMO gap of these compounds2

but also requires effective π-π overlap for charge conduction.
Thus, an understanding of π-π interactions in PAHs is
important for the development of organic charge transporting
materials. Indeed, many substituted PAHs show evidence of
π-π interactions either through aggregation in solution3 or by

forming columnar liquid crystal phases.4 For example, substi-
tuted triphenylenes (1) (Figure 1) are known to exhibit columnar
mesophases and show excellent charge transport properties.5

The fluidity of columnar liquid crystals also facilitates alignment
of the columns, which allows for optimal charge transport.
However, to be useful for device applications, discotic liquid
crystals should exhibit their mesophases over a broad temper-
ature range. Consequently, there has been considerable effort
toward the synthesis of new disk-shaped PAHs bearing periph-

(1) (a) Watson, M. D.; Fechtenkötter, A.; Müllen, K. Chem. ReV. 2001,
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M. M.; Watson, M.; Müllen, K.; Chanzy, H. D.; Sirringhaus, H.; Friend,
R. H. AdV. Mater. 2003, 15, 495–499.

(2) Bendikov, M.; Wudl, F.; Perepichka, D. F. Chem. ReV. 2004, 104,
4891–4945.
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eral alkyl or alkoxy side chains to discover compounds
exhibiting columnar mesophases over a broad temperature
range. Several studies suggest that increasing the size of the
PAH core promotes broad liquid crystalline phases,6 while other
studies indicate that larger cores lead to improved charge
transport properties.7 Williams and co-workers have shown that
a series of benzotriphenylenes (2), where the triphenylene core
is extended by an additional aromatic ring on one side, exhibit
broader columnar phases compared to the analogous tri-
phenylenes.6a Meanwhile, Ong et al. have shown that some
hexaazatrinaphthylenes (3) also exhibit mesomorphism.8 Sur-
prisingly, the closely related hexaalkoxytrinaphthylenes (4),
where the triphenylene core is extended by one aromatic ring,
have not been reported, possibly because no general synthetic
methods provide access to these compounds.9

In this study, we report the first synthesis of substituted
trinaphthylenes 4 using palladium-catalyzed aryne cyclotri-
merization methods. We also report preliminary studies of
the self-assembly of 4 through π-π interactions.

Over the past decade, numerous developments in the transi-
tion-metal-catalyzed reactions of arynes have provided new
routes toward substituted PAHs.10 As a notable example, in
1998 Peña et al. reported the palladium-catalyzed cyclotrim-
erization of arynes to produce triphenylenes (Scheme 1).10a

In this reaction, a trimethylsilylaryl triflate is treated with
fluoride in the presence of a Pd(0) catalyst. The aryne
generated in situ then undergoes cyclotrimerization catalyzed

by palladium. The scope of this methodology is quite broad,
having been applied to the synthesis of a wide variety of
PAHs. Furthermore, similar conditions can be used in the
cocyclotrimerization of arynes with alkynes to form phenan-
threnes.11 Indeed, this cocyclotrimerization methodology has
recently been applied to the synthesis of a series of liquid
crystalline tetrabenzopentaphenes.12 However, the use of
aryne cyclotrimerization for the synthesis of disk-shaped
mesogens is still limited.

Given the versatility of this synthetic methodology, we
sought to apply it to the synthesis of a series of novel
hexaalkoxytrinaphthylenes and to explore the self-assembly
of these compounds. We envisioned that the desired trinaph-
thylenes could be prepared from the appropriately substituted
naphthalene (5) under conditions similar to those described
by Peña et al. (Scheme 2) and that compound 5 could
ultimately be derived from 2,3-dihydroxynaphthalene (6).

To prepare the requisite substituted naphthalyne precursor
(5), our synthesis began with 2,3-dihydroxy-6,7-dibro-
monaphthalene (7), which can be prepared in two steps from
2,3-dihydroxynaphthalene as reported by Cammidge et al.13

(see Scheme 3). Subsequent alkylation furnished the corre-
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Figure 1. Disk-shaped hexaalkoxytriphenylenes and extended
analogues.

Scheme 1. Palladium-Catalyzed Aryne Cyclotrimerization
Developed by Peña et al.10a

Scheme 2. Synthetic Approach for the Preparation of
Substituted Trinaphthylenes
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sponding 2,3-dialkoxy-6,7-dibromonaphthalenes (8).14 Com-
pound 8 was subjected to lithium-halogen exchange using
n-BuLi at -100 °C in THF (using a liq. N2/Et2O bath), and
the aryllithium was trapped with trimethyl borate. The crude
boronic acid was then oxidized using H2O2 to produce the
desired substituted naphthol (9). To prevent aryne formation
from the ortho-bromo-aryllithium, the lithium halogen
exchange was carried out at -100 °C.15 Following the
approach developed by Peña et al., compound 9 was
converted to the corresponding trimethylsilyl ether (10) using
hexamethyldisilazane. After removal of volatiles under
vacuum, compound 10 was used in the next step without
further purification. Treatment of 10 with n-BuLi, followed
by triflic anhydride, furnished the trimethylsilyl triflate aryne
precursor (5). The palladium-catalyzed cyclotrimerization
was carried out by slowly adding a solution of tetrabutyl-
ammonium fluoride to a mixture of 5 and 10% Pd(PPh3)4 in
a 2:1 mixture of dry CH3CN/THF. These conditions fur-
nished the desired trinaphthylenes in moderate yield.

The mesomorphic properties of 4 were investigated by
variable-temperature polarized optical microscopy. Surpris-

ingly, neither compound showed any evidence of liquid
crystallinity but rather showed distinct transitions between
crystalline solid and isotropic liquid on both heating and
cooling. In contrast, hexa(hexyloxy)triphenylene (HAT6)
exhibits a columnar mesophase from 67 to 97 °C,16 while
the analogous hexaazatrinaphthylene 3 exhibits a broad
mesophase range from 187 to 230 °C.8b

Although compounds 4a and 4b do not exhibit columnar
mesophases, variable concentration 1H NMR studies showed
that the chemical shift of the aromatic protons changed as a
function of concentration. Solutions of 4a in CDCl3 displayed
upfield shifts at higher concentration, which is consistent with
aggregation through π-π stacking interactions. A plot of
the chemical shift of the most deshielded aromatic signal as
a function of concentration (Figure 2) was fitted to a curve

for monomer-dimer aggregation17 and yielded a dimeriza-
tion constant, K, of 3.8 M-1. A similar plot of the other
aromatic resonance yielded a similar fit with the same
equilibrium constant (see Supporting Information). It is
noteworthy that the aggregation is still observed in benzene-
d6. The results are consistent with dimerization in solution
and reflect a relatively weak self-association compared to
other disk-shaped PAHs.3 For example, some hexabenzo-
coronene derivatives show association constants up to 104

M-1.18 Although 4 possesses a large aromatic core that may
be expected to favor π-stacking interactions, the core is also
electron rich, which may electrostatically disfavor strong
association. Furthermore, the shape of the core may allow
for a staggered stacking arrangement where π-π overlap is
less effective.

In summary, we have prepared a series of novel trinaph-
thylenes via palladium-catalyzed aryne cyclotrimerization.
Although these alkoxy-substituted trinaphthylenes did not

(14) Chen, Z.; Swager, T. M. Org. Lett. 2007, 9, 997–1000.
(15) While the lithium-halogen exchange proceeded in good yield for

9a and 9b, the reaction failed for the derivatives with longer alkyl chains
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(18) Kastler, M.; Pisula, W.; Wasserfallen, D.; Pakula, T.; Müllen, K.

J. Am. Chem. Soc. 2005, 127, 4286–4296.

Scheme 3. Synthesis of Trinaphthylenes 4a and 4b

a Cammidge et al.13

Figure 2. Plot of 1H NMR chemical shift of aromatic signal vs log
concentration (dots), fitted to a curve using a monomer-dimer
model (line). See Supporting Information for more details.
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exhibit any mesomorphic properties, compounds of this type
may exhibit interesting electronic properties. We are currently
investigating the effect of structural modifications on the self-
assembly as well as mesomorphic properties of these
compounds.
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