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First rational synthesis of dibenzo[ f g, op]naphthacene discotics

SANDEEP KUMAR* and JAISHRI J. NAIDU

Centre for Liquid Crystal Research, P.O. Box 1329, Jalahalli, Bangalore—560 013,
India

(Received 1 November 2000; accepted 28 March 2001 )

A novel, versatile and regiospeci� c synthesis of variable degree substituted dibenzo[ f g, op]-
naphthacene (also named dibenzopyrene) is described which involves the preparation of a
tetraphenyl using a palladium-catalysed cross-coupling of arylboronic acids followed by
photochemical cyclization.

Discotic liquid crystals based on dibenzo[ f g, op]-
naphthacene† have been the subject of many recent
publications. Bock and Helfrich have demonstrated for
the � rst time the existence of ferroelectricity in the
columnar liquid crystals of 1,2,5,6,8,9,12,13-octakis- (S)-
(2-heptyloxypropanoyloxy )dibenzopyrene (DBP) [1, 2].
The synthesis of various octaalkoxy-substitute d DBP
compounds and their photophysica l properties have been
reported by the Ringsdorf and Markovitsi groups [3, 4].
Mesomorphic properties of � ve homologues of the
1,2,5,6,8,9,12 ,13-octaalkoxy- DBPs (see the � gure) and their
charge transfer complexes with 2,4,7-trinitro -9-� uorenone
have been reported by Zamir et al. [5]. The electro-
optical and electromechanical eŒects in these materials
were also reported very recently [6, 7].

In general, the self-assembling of disc-shaped molecules Figure 1. Structure of octaalkoxy—DBP compounds.

due to favourable p-p interactions between the aromatic
cores leads to the formation of discotic liquid crystals
[8]. These materials are becoming of increasing interest

reported columnar plastic phase [12] in some triphenyleneas self-organizing molecular wires through which charge
derivatives was reported to be 1 Ö 10 Õ 2 cm2 V Õ 1 s Õ 1.or excitons can migrate rapidly [9]. Conductivity
Extremely high charge carrier mobility, comparable toalong the molecular columns was reported to be several
that of organic single crystals (1 Ö 10 Õ 1 cm2 V Õ 1 s Õ 1 ),orders of magnitude higher than that observed for the
has been observed in the highly ordered helical phaseorganic polymers [10]. Charge carrier mobility in the
of hexahexylthiotriphenylen e [13]. Because of thesecommonly observed Colh phase was found [11] to be
properties, the potential applications of these compounds1 Ö 10 Õ 3 cm2 V Õ 1 s Õ 1 while the mobility in the recently
in conducting and photoconducting systems, optical
data storage, light emitting diodes, photovoltaic solar

*Author for correspondence; e-mail: uclcr@giasbg01.vsnl.net.in cells, gas sensors, and other devices have been envisaged
†The naphthacene derivatives have recently been reported

[14].as dibenzopyrene derivatives [1–7]. However, we prefer
From the reported charge mobility results, it has beenthe Chemical Abstracts nomenclature, i.e. dibenzo[ f g, op]-

naphthacene (192-51-8). concluded that the degree of order determines charge
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1436 Preliminary communication

mobility in columnar liquid crystalline materials. It is chains. It is anticipated that removal of the alkoxy chains
from the 1 and 8 positions (way region) will give a betterexpected that an increase in the orbital overlap area

will lead to higher charge mobility. Van de Craats et al. core–core interaction and, therefore, higher charge
carrier mobility.very recently observed a positive eŒect of increasing

the macrocyclic core size on the intracolumnar charge Hitherto, the synthesis of any low degree substituted
DBP discotic liquid crystal is unknown. All the DBPcarrier mobility. Hexabenzocoronenes show remarkably

high charge carrier mobility (0.3 cm2 V Õ 1 s Õ 1 ) in the derivatives so far reported were prepared following the
method of Musgrave and Webster [17] which involvesliquid crystalline phase [15]. The extremely high mobility

of graphite (~3 cm2 V Õ 1 s Õ 1 ) could be due to the larger the oxidation of 3,3 ¾ ,4,4 ¾ - tetramethoxybiphenyl by
chloranil in 70% sulphuric acid to 2,5,6,9,12,13-aromatic core size.

The question of high photoconductivity in DBP hexamethoxydibenzo[ f g, op]naphthacene-1,8-quinone
and its 1,10-quinone isomer. Reductive acetylationdiscotic liquid crystals has recently been addressed by

the Ringsdorf group [3]. Since the larger core has more followed by alkylation resulted in the synthesis of octa-
substituted DBP liquid crystals. Direct oxidation ofdelocalized p electrons than triphenylene, a greater

degree of p-p interaction and hence higher charge carrier tetrapentyloxybipheny l by chloranil to hexapentyloxy-
dibenzo[ f g, op]naphthacene-1,8-quinon e and its con-mobility was expected in these derivatives. However, the

charge carrier mobility in octasubstitute d DBP derivatives version to octapentyloxy-DBP by the above-mentioned
procedure has also been reported by the Ringsdorf groupwas found to be one order of magnitude lower than in

the columnar phase of hexaalkoxytriphenylene s [16]. [3]. We have recently reported that VOCl3 can be
e� ciently utilized under very mild reaction conditionsThis could be because of a less ordered columnar packing

due to steric hindrance caused by the ‘way region’ alkoxy for the preparation of two quinones [18].

Scheme. Synthesis of dibenzo[ f g, op]naphthacene derivatives.
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We have now developed a novel, versatile and regio- optimize the various reaction conditions and to prepare
a series of novel dibenzo[ f g, op]naphthacene derivatives.speci� c synthesis of variable degree substituted dibenzo-

[ f g, op]naphthacene derivatives. The synthesis is based
We are very grateful to Professors S. Chandrasekharon the preparation of tetraphenyl 6 using a palladium-

and H. Ringsdorf for many helpful discussions. We thankcatalysed cross coupling of arylboronic acids followed
Professor A. Srikrishna for providing photolyis apparatusby photochemical cyclization as shown in the scheme.
and helpful discussions. Mr Sanjay K. Varshney isReductive dimerization of 3-bromonitrobenzene 1
thanked for his technical assistance.followed by benzidine rearrangement aŒorded the 4,4 ¾ -

diamino-2,2 ¾ -dibromobiphenyl 2. Tetraazotization of 2
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