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Synthesis of the First Anthraquinone
Copper Complex Displaying a
Columnar Phase Induced by
Noncovalent =-7 Interactions

SANDEEP KUMAR and JAISHRI J. NAIDU

Centre for Liquid Crystal Research, Jalahalli, Bangalore, India

The first synthesis of a novel ligand, 1-hydroxy-2,3,5,6,7-pentahexyloxy-9,10-anthraquinone, is
reported. Analogous to the well-known f-diketone system, 1-hydroxy-2,3,5,6,7-pentaalkoxy-
9,10-anthraquinones also form metal complexes. The first copper complex of discotic liquid
crystalline 1-hydroxy-2,3,5,6,7-pentahexyloxy-9,10-anthraquinone has been prepared. The
metal complex shows a columnar mesophase upon doping with trinitrofluorenone, an electron
acceptor molecule. The mesomorphic behavior was studied by polarizing microscopy and dif-
ferential scanning calorimetry.
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It has already been mentioned in hundreds of publications that the
incorporation of metal into liquid crystalline compounds is of great interest
because such materials are expected to have properties associated with metal
atoms, such as magnetism, electron-rich nature, color, etc., in conjunction
with liquid crystalline properties such as fluidity, processability, supra-
molecular order, etc. In recent years, a considerable amount of research has
been directed towards the synthesis and characterization of new metallo-
mesogens. The chemistry and physics of metallomesogens have recently
been covered in several review articles [1-5].

Both calamitic (rodlike) and discotic (disclike) architecture are known to
form metallomesogens. Like pure organic materials, metallomesogens also
exhibit various mesophases such as nematic, smectic, columnar, cubic, etc.
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p-Diketonates (Figure la) are amongst the most widely synthesized and
studied metallomesogens [1-6]. They exhibit either calamitic or discotic
mesomorphism depending on subtle differences in the molecular structure.
A number of f-diketone derivatives are known to show nematic, smectic,
columnar, and lamellar mesophases [1-6]. f-Diketone complexes that have
both calamitic and discotic features have also been reported [7].

One of the earliest systems reported to form columnar mesophases are
1,2,3,5,6,7-hexahydroxyanthraquinone (rufigallol) derivatives. A number of
alkoxy and alkanoyloxy derivatives are known to show different columnar
mesophases [8]. If we compare the structure of a 1-hydroxyanthraquinone
derivative (Figure 1b) with that of a f-diketone molecule (Figure 1a, keto-
enol form), it can be clearly seen that there is a similarity between the two
systems. Therefore, the rich chemistry that has been developed for the
p-diketone system [1-7] can also be applied to the anthraquinone molecule,
and thus a variety of novel metallomesogens can be prepared.

To verify our idea, we designed a monofunctionalized anthraquinone
derivative 4 (Scheme 1) to prepare its metal complexes. A survey of the
literature reveals that although a number of anthraquinone derivatives are
known to form columnar mesophases [8], monofunctionalized anthra-
quinones having identical peripheral chains are not accessible. Efforts have
been made to prepare monofunctionalized anthraquinone derivatives using
one polar peripheral chain [8f]. However, to investigate structure-property
relationship, the simplicity of a molecule having identical peripheral chains
is generally preferred, and therefore a new strategy has been developed for
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FIGURE 1 Molecular structures of (a) -diketone and (b) anthraquinone systems.



Downloaded by [University of Haifa Library] at 20:42 13 August 2012

SYNTHESIS OF FIRST ANTHRAQUINONE COPPER COMPLEX 125

O OH O OH O OAc

. OR
O‘O — O‘O : O‘O
iii
OH O OH O OR O
iv
O OR
RO. OR
RO ‘ 'I ! OR fo @ OH oR
M=Cu o....0 v
O’M\O
R=C¢Hy3 RO 1 OR RO OR
0 e
RO OR
OR O g5

SCHEME 1| Synthesis of 1-hydroxy-2,3,5,6,7-pentaalkoxy-9,10-anthraquinone and its copper
complex. Reagents and conditions: (i) DMSO, NaOH, RBr, 50°C, 18h, 50%; (ii) DMSO,
KOH, RBr, 60C, 24 h; (iii) Ac,O, pyridine, reflux, 40%:; (iv) Aq. KOH, EtOH, reflux, 80%:;
(v) Cu(OAc),, EtOH, Toluene, 90%.

the preparation of monofunctionalized anthraquinone derivatives having
identical peripheral chains.

The synthesis of monofunctionalized anthraquinones and their conver-
sion to metal complexes are shown in Scheme 1. Rufigallol [9] and its
tetracther were prepared following the reported procedure [8]. Further
alkylation of the tetraether to prepare pentaalkoxy (monofunctionali-
zed) derivatives results in the formation of a mixture of unreacted
(tetraalkylated), pentaalkylated, and hexaalkylated products. All efforts to
isolate pure monohydroxypentaalkoxyanthraquinone were futile. With
the idea that the tetraalkoxy-diacetoxyanthraquinone, pentaalkoxy-mono-
acetoxyanthraquinone, and hexaalkoxyanthraquinone may have significantly
different R; values on a chromatographic column, the crude product was
acetylated using an excess of acetic anhydride and pyridine. As expected, all
the three products now can be separated readily by classical column chro-
matography. The pentaalkoxy-monoacetoxyanthraquinone was hydrolyzed
to afford the desired monofunctionalized anthraquinone derivative. The
copper complex was prepared using standard reaction conditions [6].
Charge transfer complex of the copper complex 5§ was prepared by mixing
equimolar amount of 5 and trinitrofluorenone in dichloromethane followed
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FIGURE 2 Optical texture of 1-hydroxy-2,3,5,6,7-hexyloxy-9,10-anthraquinone 4 obtained
on cooling from the isotropic liquid at 25°C (crossed polarizers, magnification x 100).

by removal of solvent under high vacuum. All the compounds were fully
characterized from their spectral analysis.

The thermal behavior of all the compounds was investigated by polarizing
optical microscopy using a Mettler FPS2HT hot stage and central processor
in conjunction with Leitz DMRXP polarizing microscope and by differ-
ential scanning calorimetry (DSC7 Perkin-Elmer). The ligand, 1-hydroxy-
2,3,5,6,7-pentaahexyloxy-9,10-naphthaquinone 4 was isolated as semisolid
upon the addition of ethyl alcohol to the ethereal solution of pure material.
It was filtered, washed with ethyl alcohol, and dried under vacuum. Upon
heating, it transforms into the isotropic phase at 115.4°C (AH 8.5Jg™'). On
cooling this isotropic liquid, well-defined texture of columnar phase appears
at 113.5°C (AH 7.7J g~ "). The mesophase remains stable down to room
temperature (Figure 2). Conversely, the copper complex of the compound
was found to be nonmesogenic. DSC of compound 5 shows a crystal to
isotropic phase transition at 171°C (AH 26Jg~'). However, the material
displays columnar phase when doped with trinitrofluorenone. The viscous
1:1 molar charge transfer complex transforms into the isotropic phase 232°C
(AH 5.5Jg™") on heating. Upon cooling, classical textures of columnar
phase appears at about 229°C and remain stable down to room temperature.
Photomicrograph of the texture of a binary 1:1 mixture of compound 5 and
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FIGURE 3 Photomicrograph of the texture of a binary 1:1 mixture of compound 5 and
TNF obtained on cooling from the isotropic liquid at 200°C (crossed polarizers magnification
% 200). The texture resembles well the usual texture of columnar phase.

TNF at 200°C is shown in Figure 3. Full characterization of the mesophase
by X-ray diffraction studies will be reported in due course. Mesophase
induction and stabilization due to charge-transfer interactions in metallo-
mesogens as well as in classical liquid crystals is well documented [10].
The synthesis of new anthraquinone ligand opens many exciting
possibilities. A variety of novel symmetrical and unsymmetrical (e.g.,
a combination of anthraquinone and f-diketone ligands) metallomesogens
incorporating various metals such as Cu, Ni, Pd, VO, TI, etc., can be rea-
lized. Metal bridged novel symmetrical and unsymmetrical trimers and
polymers can also be prepared. Work in these directions is in progress.
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