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A series of novel functionalized triphenylene discotic dimers was synthesized starting
from 2-hydroxy-3,6,7,10,11-pentaalkoxytriphenylene. Nitration of monohydroxypentaalkoxy-
triphenylene gave the mononitromonohydroxypentaalkoxytriphenylene which was alkylated
with 2-bromoethanol. The resulting alcohol was coupled with various diacids. These com-
pounds are unique in that they possess an electron withdrawing group (and consequently a
large dipole moment) connected directly to the aromatic core. It is well known that connecting
two discotic molecules together via a spacer (discotic dimers) stabilizes the columnar
mesophase signi® cantly and often leads to the formation of glassy materials. The introduction
of functionality into LCs allows the variation of their properties on a wide scale and opens
the route to new synthetic supramolecular systems for various device applications.

Molecular architecture and functionalization are two is well suited for one dimensional energy transfer and
charge migration [3, 4].important aspects in the molecular engineering of liquid

Among discotic LCs, triphenylene derivatives playcrystalline (LC) materials [1]. In general, all opto-
an important role. These thermally and chemicallyelectronic LC device con® gurations need to control a
stable materials can easily be prepared and puri® ed. Thefew physical parameters, such as the supramolecular
very high charge carrier mobility in various mesophasesorder of the mesophase, the stability of the mesophase,
of these materials make them suitable for use in oneprocessability and electronic properties of the LC material.
dimensional conductors [4], photoconductors [5] andA combination of these properties in a compound requires
light emitting diodes [6]. One dimensional energy transferdesign and synthesis of novel functionalized discotic
has also been studied extensively in these materials [7].dimers, oligomers, polymers or networks. Here we report

The importance of polymeric LCs has been wellthe ® rst examples of functionalized discotic dimers which
established [8]. Ringsdorf ’s group realized the synthesiscan be considered as a prepolymer and are well suited
of polymeric discotic LCs by preparing mono- andfor model studies.
di-functionalized triphenylene derivatives and convertedSince their discovery [2], there has been an ever
them into side chain and main chain polymers [9].increasing interest in the synthesis of new monomeric,
Discotic oligomers in general, or dimers in particular,oligomeric and polymeric discotic LCs because of their
represent ideal model compounds for discotic poly-remarkable properties, such as conductivity, photo-
mers or networks, due to their ease of puri® cation andconductivity, ferroelectrical and optoelectrical switch-
characterization and the possibility of freezing, in theiring, electroluminescence, photovoltaic and optical data
columnar phase, to a glassy state. Discotic twins basedstorage properties [3, 4]. It has been recognized that
on a benzene core were ® rst reported by Lillya andthe supramolecular structure of disc-shaped molecules
Murthy [10]. Recently, several other dimers based on
a benzene core were reported by Zamir et al. [11].
Praefcke and co-workers also found a biaxial nematic*Author for correspondence; e-mail: uclcr@giasbg01.vsnl.net.in
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1568 Preliminary communication

phase in the discotic twins formed by alkynylarene ethers The synthesis of the (nitro) functionalized triphenylene
dimers is shown in the scheme. The precursor monomer,[12]. They also reported discotic dimers based on scyllo-

inositol [13]. Examples of other discotic dimers include 1-nitro-2-hydroxy-3,6,7,10,11-pentabutyloxytriphenylene 1

was prepared and characterized as previously reportedderivatives of phthalocyanine [14], cyclotetraveratrylene
[15] and a combination of rod- and disk-like mesogenic [24]. Compound 1 is not very stable and has to be

functionalized rapidly after isolation. Therefore, weunits [16]. Three types of triphenylene-based discotic
dimers are known: (1) where two triphenylene molecules alkylated it with 2-bromoethanol to obtain the alcohol

2. Compound 2 was easily converted to variousare connected via an alkyl chain spacer [17, 18]; (2) where
two triphenylene molecules are connected via two alkyl functionalized dimers by condensing with di� erent

diacids or diacid dichlorides. All the compounds appearchains [18]; and (3) a special type of dimer, T̀he Wheel
of Mainz,’ in which the spacer is a rod-like molecule homogeneous on TLC. Mass, 1 H NMR, 1 3C NMR, IR

and UV spectra of the products were found to be in[19].
As mono- and di-functionalized triphenylenes are the good agreement with the structure.

The thermal behaviour of all the compounds wasprecursor molecules for the preparation of discotic
dimers, oligomers and polymers, several research groups investigated by polarizing optical microscopy and

di� erential scanning calorimetry (Perkin-Elmer DSC7)are currently working on their synthesis [20]. The
functionalization, however, is restricted to hydroxy with heating and cooling rates of 10ß C minÕ

1 . Data
from heating and cooling cycles are collected in thegroups, and the desirable possibility to change or tune

the electronic properties of the molecule cannot be table. The peak temperatures are given in ß C and the
numbers in parentheses indicate the transition enthalpyaccomplished in this way. Most triphenylene discotic

LCs are colourless, low ¯ uorescent materials and thus (DH ) in kJ molÕ 1 .
their use in many applications is limited. In an e� ort to
enhance the ¯ uorescence as well as the mesogenicity of
triphenylene discotic LCs, we have synthesized a number
of new monofunctionalized triphenylene and mixed tail
triphenylene discotics bearing conjugative electron with-
drawing substituents attached directly to the tripheny-
lene core [21]. In order to induce molecular dipoles,
colour etc., Boden’s group has recently nitrated the
triphenylene discotics at the 1-position [22, 23]. We
have recently reported that not only the single ring but
all the three rings of hexaalkoxytriphenylene can be
nitrated easily [24]. Hitherto, only these two types
of functionalized discotic materials have been known.
We anticipated that hybridization of these two varieties
of functionalized discotics would lead to extremely
important novel double functionalized derivatives; one
type of functional group could be used to tune the
electronic nature of the molecule, and at the same time
the other may be utilized to convert them into a pro-
cessable dimer, oligomer or polymer. Here, we present
a ® rst step towards this goal by describing the synthesis
of functionalized discotic dimers based on a triphenylene

Scheme. Synthesis of functionalized triphenylene dimers.core.

Table. Phase transition temperatures (ß C) and enthalpies (kJ molÕ 1 , in parentheses) of nitrotriphenylenes. Cr= crystal,
Colh = hexagonal columnar liquid crystalline phase, I= isotropic.

Compound Heating scan Cooling scan

3a Cr 198.8 (75.0) I I 169.1a (17.6) Colh 146.7 (28.5) Cr
3b Colh 163.0 (17.1) I I 160.9 (17.0) Colh

3c Colh 144.9 (11.8) I I 142.5 (4.0) Colh 135.2 (2.7) Colh

a Metastable.
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All the liquid crystalline materials mentioned above
show the classical textures of columnar mesophases
upon cooling from the isotropic liquid. These textures
are very similar to known textures for Colh phases and
miscible with those of the well characterized Colh phase
of mononitro-hexaalkoxytriphenylenes [22, 24]. On ® rst
heating, the functionalized dimer 3a with the shortest
connecting chain, gives only one peak in the DSC at
198.8ß C with a large DH, corresponding to a transition
from the crystalline solid state to the isotropic liquid
state. Upon cooling from isotropic liquid it comes to a
metastable Colh phase at about 169.1ß C. This mono-
tropic mesophase has a high crystallization tendency,
which starts in the mesophaseand is complete at 146.7ß C.
On subsequent heating, this material starts to decompose,
as evident from its colour change and the appearance of
two broad melting peaks in the DSC run. On the other
hand its higher homologues were found to be very stable
on several heating and cooling cycles. Compound 3b
on heating shows a sharp transition to the isotropic
liquid at 163ß C. The transition reappears on the cooling
cycle with very limited supercooling. The optical texture
at 140ß C (obtained upon cooling) is shown in the
® gure, (a). The room temperature texture shown in the
® gure, (b), was retained for several days. The material is
highly viscous and it is possible that it has formed a
glass but we did not observe any clear glass transition
in the DSC run. The mesophase also shows no sign
of crystallization on keeping at room temperature for
more than four months or cooling to Õ 50ß C. Similar
behaviour has also been reported in the phthalocyanine-
and triphenylene-based discotic dimers [14, 17]. It

(a)

(b)

should be noted that Kranig et al. have reported glass Figure. Optical texture of the dimer 3b at (a) 140ß C, (b) 30ß C
(crossed polarizers, magni® cation Ö 300).formation in triphenylene-based discotic dimers and

trimers but they were unable to detect it by DSC [17].
Compound 3c, on cooling from isotropic liquid, forms substituents in aromatic systems. Its e� ects on mono-

meric triphenylene discotic LCs have previously beenthe columnar mesophase at 142.5ß C and does not
show any textural change down to room temperature. discussed [22, 23]. The present work represents a

novel step towards the preparation of potentially usefulHowever its DSC on cooling shows two peaks at 142.5
and 135.5ß C. In optical microscopy no change is observed functionalized triphenylene-based discotic polymeric

mesogens. The synthesis of various functionalized discoticat the transition at 135.5ß C. X-ray investigations have
yet to be done to assign the nature of these mesophases. oligomers and polymers continues in this laboratory.
On heating, 3c shows two unresolved broad peaks at
the peak temperature 144.9ß C. In both 3b and 3c we We are very grateful to Prof. S. Chandrasekhar for

helpful discussions and gratefully acknowledge the tech-saw no crystal melting transition, but this type of
abnormal behaviour has also been reported for many nical assistance of Mr. Sanjay K. Varshney. We are

indebted to Professor G. J. Vancso for his keen interestother discotic LCs [14, 25].
In conclusion, we report for the ® rst time the synthesis in this work.

and mesophase characterization of three functionalized
triphenylene-based discotic dimeric liquid crystals by con- Appendix

Synthesis of dimers 3a, 3b and 3cnecting two (nitro) functionalized triphenylene derivatives
via ester linkages. These yellow coloured materials Chemicals and solvents (AR quality) were obtained

from E. Merck and used without further puri® cation.with polar nitro group have a broad mesophase range.
The nitro goup is a valuable precursor to a variety of Column chromatographic separations were performed

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1570 Preliminary communication

on silica gel (Merck, Kieselgel 60, 230± 400 mesh) and References

neutral aluminum oxide. Thin layer chromatography [1] Reichert, A., Ringsdorf, H., Schuhmacher, P.,
Baumeister, W., and Scheybani, T., 1996, Compr.(TLC) was performed on aluminum sheets precoated
Supramol. Chem., 9, 313.with silica gel (Merck, Kieselgel 60, F254). NMR and

[2] Chandrasekhar, S., Sadashiva, B. K., andmass spectra were recorded on a 200 or 250MHz
Suresh, K. A., 1977, Pramana, 9, 471.

Bruker Ac 250 NMR spectrometer and Finnigan Mat 90 [3] Chandrasekhar, S., 1998, in Hand Book of L iquid
spectrometer. All chemical shifts are reported in d units Crystals, Vol. 2B, edited by D. Demus, J. Goodby,

G. W. Gray, H.-W. Spiess and V. Vill (Wiley-VCH),down® eld from Me4 Si. UV spectra were recorded on a
Chap. VIII; Chandrasekhar, S., and Kumar, S., 1997,Perkin Elmer Lambda 20 spectrometer; IR spectra were
Sci. Spectr., 8, 66.recorded on a Perkin Elmer Spectrum 1000 spectro-

[4] Boden, N., and Movaghar, B., 1998, Hand Book ofmeter. Compounds 1 and 2 were prepared as reported L iquid Crystals, Vol. 2B, edited by D. Demus, J. Goodby,
earlier [24]. G. W. Gray, H.-W. Spiess and V. Vill (Wiley-VCH),

Procedure (a). A stirred solution of the nitroalcohol 2 Chap. IX.
[5] Adam, D., Closs, F., Frey, T., Funhoff, D.,(100mg, 0.144mmol) in dry THF (1ml containing 4

Haarer, D., Ringsdorf, H., Schuhmacher, P.,drops of triethylamine) was cooled to 0ß C. The appro-
and Siemensmeyer, K., 1993, Phys. Rev. L ett., 70,priate diacid dichloride (0.072mmol) in 0.5ml CCl4 457; Adam, D., Schuhmacher, P., Simmerer, J.,was added to this solution. The reaction mixture was
Häussling, L., Siemensmeyer, K., Etzbach, K. H.,

stirred at room temperature for 15 h; it was then poured Ringsdorf, H., and Haarer, D., 1994, Nature, 371, 141;
into ice-cold aqueous 0.1N HCl (10ml) and extracted Simmerer, J., Glusen, B., Paulus, W., Kettner, A.,

Schuhmacher, P., Adam, D., Etzbach, K. H.,with dichloromethane (3 Ö 10ml). The combined ether
Siemensmeyer, K., Wendorff, J. H., Ringsdorf, H.,extracts were washed with water and brine and then
and Haarer, D., 1996, Adv. Mater., 8, 815.dried over anhydrous sodium sulphate. The solvent [6] Stapff, I. H., Stumpflen, V., Wendorff, J. H.,

was removed under vacuum and the resultant product Spohn, D. B., and Mobius, D., 1997, L iq. Cryst., 23, 613.
puri® ed by column chromatography over silica gel. [7] Markovitsi, D., Germain, A., Millie, P., Lecuyer, P.,

Gallos, L. K., Argyrakis, P., Bengs, H., andElution with hexane± dichloromethane a� orded a yellow
Ringsdorf, H., 1995, J. phys. Chem., 99, 1005;solid that was recrystallized from ether± ethyl alcohol.
Marguet, S., Markovitsi, D., Millie, P., Sigal, H.,Yields, 60± 70%.
and Kumar, S., 1998, J. phys. Chem. B, 102, 4697 andProcedure (b). A solution of the appropriate diacid references therein.

(0.072mmol) in dry DMF and carbon tetrachloride was [8] Hand Book of L iquid Crystals, 1998, Vol. 3, edited by
cooled to 0ß C. DCC (0.079mmol); nitroalcohol 2 D. Demus, J. Goodby, G. W. Gray, H.-W. Spiess and

V. Vill (Wiley-VCH).(0.144mmol) and DMAP (5mg) were added to this
[9] Kreuder, W., and Ringsdorf, H., 1983, Makromol.mixture. The reaction mixture was stirred at room

Chem. rapid. Commun., 4, 807; Kreuder, W.,temperature for 24 h. The crude products were puri® ed
Ringsdorf, H., and Tschirner, P., 1985, Makromol.as described above. Yields, 50± 55%. Chem. rapid. Commun., 6, 367.

3a: MS (FAB): M+ . 1440.9. 1 H NMR: d 7.68, s, 2H; [10] Lillya, C. P., and Murthy, Y. L. N., 1985, Mol. Cryst.
7.59, s, 2H; 7.37, 2s, 4H; 4.65, m, 4H; 4.50, t, 4H; 4.25± 4.0, liq. Cryst., 2, 121.

[11] Zamir, S., Wachtel, E. J., Zimmermann, H., Dai, S.,4 unresolved t, 16H; 3.29, t, 4H; 1.89, m, 20H; 1.55, m,
Spielberg, N., Poupko, R., and Luz, Z., 1997, L iq.20H; 1.0, m, 30H.
Cryst., 23, 689.

3b: MS (FAB): M+ . 1468.8. 1 H NMR: d 7.82, s, 2H; [12] Praefcke, K., Kohne, B., and Singer, D., 1990, L iq.
7.75, s, 2H; 7.71, s, 2H; 7.65, s, 2H; 7.44, s, 2H; 4.43, s, Cryst., 7, 589.
8H; 4.3± 4.0, 3 unresolved t, 20H; 2.77, s, 4H; 1.89, m, [13] Kohne, B., Marquardt, P., Praefcke, K., Psaras, P.,

Stephan, W., and Turgay, K., 1986, Chimia, 40, 360.20H; 1.56, m, 20H; 1.0, m, 30H.
[14] Bryant, G. C., Cook, M. J., Haslam, S. D.,3c: MS (FAB): M+ . 1496.8. 1 H NMR: d 7.85, s, 2H;

Richardson, R. M., Ryan, T. G., and Thorne, A. J.,7.76, s, 2H; 7.72, s, 2H; 7.68, s, 2H; 7.44, s, 2H; 4.41, s,
1994, J. mater. Chem., 4, 209.8H; 4.3± 4.0, 3 unresolved t, 20H; 2.42, t, 4H; 1.89, m, [15] Percec, V., Cho, C. G., Pugh, C., and Tomazos, D.,

20H; 1.56, m, 22H; 1.0, m, 30H. 1 3C NMR: d 173.30, 1992, Macromolecules, 25, 1164.
150.27, 150.06, 149.12, 149.04, 148.92, 143.60, 139.64, [16] Fletcher, I. D., and Luckhurst, G. R., 1995, L iq.

Cryst., 18, 175.127.01, 124.68, 124.45, 121.78, 119.17, 114.30, 107.71,
[17] Kranig, W., Huser, B., Spiess, H. W., Kreuder, W.,107.32, 107.01, 106.59, 72.41, 69.53, 69.33, 69.09, 68.56,

Ringsdorf, H., and Zimmermann, H., 1990, Adv. Mater.,63.20, 33.74, 31.39, 31.24, 31.03, 24.29, 19.32 and 13.92.
2, 36; Zamir, S., Poupko, R., Luz, Z., Huser, B.,

UV: lm ax (CHCl3 ) 380, 328, 280nm. IR: nm ax (KBr) 2959, Boeffel, C., and Zimmermann, H., 1994, J. Am. chem.
2936, 2872, 1740, 1616, 1529, 1462, 1433, 1392, 1269, Soc., 116, 1973; Adam, D., Schuhmacher, P.,

Simmerer, J., Häussling, L., Paulus, W.,1178, 1082cmÕ
1 .
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Siemensmeyer, K., Etzbach, K. H., Ringsdorf, H., and [22] Boden, N., Bushby, R. J., and Cammidge, A. N., 1995,
Mol. Cryst. liq. Cryst., 260, 307; Boden, N., Bushby, R. J.,Haarer, D., 1995, Adv. Mater., 7, 276; Kumar, S.,
and Cammidge, A. N., 1995, L iq. Cryst., 18, 673;Schuhmacher, P., Henderson, P., Rego, J., and
Boden, N., Bushby, R. J., Cammidge, A. N., andRingsdorf, H., 1996, Mol. Cryst. liq. Cryst., 288, 211.
Headdock, G., 1995, J. mater. Chem., 5, 2275.[18] Boden, N., Bushby, R. J., and Cammidge, A. N., 1995,

[23] Praefcke, K., Eckert, A., and Blunk, D., 1997,J. Am. chem. Soc., 117, 924.
L iq. Cryst., 22, 113; Boden, N., Bushby, R. J.,[19] Kreuder, W., Ringsdorf, H., Herrmann-Schonherr, O.,
Cammidge, A. N., Duckworth, S., and Headdock, G.,and Wendorff, J. H., 1987, Angew. Chem. int. Ed. Engl., 1997, J. mater. Chem., 7, 601.

26, 1249. [24] Kumar, S., and Manickam, M., 1988, Mol. Cryst. liq.[20] Kumar, S., and Manickam, M., 1998, Synthesis, 1119 Cryst., 309, 291; Kumar, S., Manickam, M.,
and references therein. Balagurusamy, V. S. K., and Schonherr, H., L iq.

[21] Rego, J. A., Kumar, S., and Ringsdorf, H., 1996, Cryst. (in the press).
Chem. Mater., 8, 1402; Rego, J. A., Kumar, S., [25] Zamir, S., Singer, D., Spielberg, N., Wachtel, E. J.,
Dmochowski, I. J., and Ringsdorf, H., 1996, J. chem. Zimmermann, H., Poupko, R., and Luz, Z., 1996, L iq.

Cryst., 21, 39.Soc., chem. Commun., 1031.
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