
This article was downloaded by: [Tomsk State University of Control Systems and
Radio]
On: 18 February 2013, At: 14:57
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Octaalkyl Esters of
2,3,9,10,16,17,23,24-(29H,31H)-
Phthalocyanineoctacarboxylic Acid:
A New Homologous Series of Discotic
Liquid Crystals
Lothar Dulog a & Andreas Gittinger a
a Institut für Technische Chemie der Universität Stuttgart,
Pfaffenwaldring 55, 7000, Stuttgart, 80, FRG
Version of record first published: 24 Sep 2006.

To cite this article: Lothar Dulog & Andreas Gittinger (1992): Octaalkyl Esters of
2,3,9,10,16,17,23,24-(29H,31H)-Phthalocyanineoctacarboxylic Acid: A New Homologous Series
of Discotic Liquid Crystals, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 213:1, 31-42

To link to this article:  http://dx.doi.org/10.1080/10587259208028714

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand, or costs or damages whatsoever or howsoever caused

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259208028714
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


arising directly or indirectly in connection with or arising out of the use of this
material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
57

 1
8 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst.,  1992, Vol. 213, pp. 31-42 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1992 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

Octaalkyl Esters of 2,3,9,10,16,17,23,24- 
(29 H ,3 1 H)- P ht halocyani neoctacarboxyl ic 
Acid: A New Homologous Series of Discotic 
Liquid Crystals 

LOTHAR DULOG and ANDREAS GlTTlNGER 

2. lnstitut fur Technische Chernie der Universitat Stuttgart, Pfaffenwaldring 55, 
7000 Stuttgart 80, FRG 

(Received April 4, 1991; in final form June 21, 1991) 

The synthesis of a homologous series of octaalkoxycarbonyl-substituted metal-free phthalocyanines (Pc) 
is described. The mesomorDhic DroDerties of these new materials were studied by differential scanning . .  I 

calorimetry (DSC), optical microscopy and X-ray investigations. All compounds show a discotic mes- 
ophase in an extremely large temperature interval including room temperature. X-ray diffraction pat- 
terns of the mesophases confirm that all compounds form a hexagonal columnar mesophase of the type 
Dh. 

Keywords: discotic liquid crystals, phthalocyanineoctacarboxylic acid octaalkyl ester 

INTRODUCTION 

In the field of discotic liquid crystals already some representatives with a phthal- 
ocyanine unit as central core are In most cases the side chains of discotic 
liquid crystalline phthalocyanines are alkoxy chains or alkoxymethylene chains. As 
far as we know there is no discotic mesogen of phthalocyanine described in literature 
with alkoxycarbonyl side chains, so that it seemed interesting to us to synthesize 
and to investigate such a species. The general formula of the synthesized molecules 
is 
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32 L. DULOG AND A. GITTINGER 

0 0  
\ d R 

SCHEME I H,Pc(COOR), 

As expected, these compounds show columnar mesophases which are described in 
the following. 

SYNTHESIS AND CHARACTERIZATION 

In 1985 Wohrle and Hundoff3 described a route to 2,3,9,10,16,17,23,24-(29H,31H)- 
phthalocyanineoctacarboxylic acid. To esterify this compound we used the well 
known method of the alkylation of the anion of carboxylic acids with alkyl bromides 
in a dipolar aprotic solvent under the aid of 1,5-diazabicyclo[5.4.0]undec-5-ene 
(DBU).24,25 The following scheme outlines the complete synthetic route starting 
from 1,2,4,5-benzenetetra~arbonitrile.~~ 

Benzenetetracarbonitrile 1 which we obtained following the optimized synthesis 
decribed by MaroseZ6 condenses in the presence of lithium-propanolate in l-pro- 
panol to the corresponding phthalocyanineoctacarbonitrile 2. The saponification 
of the nitrile groups was carried out under base-catalysis (potassium hydroxide in 
triethylene glycol at 190.C) following the method of Wohrle and H U n d ~ r f ~ ~  with 
slightly changed reaction conditions. It resulted in the phthalocyanineoctacarboxylic 
acid 3, which was esterified with a homologo'us series of alkyl bromides (pentyl 
bromide to dodecyl bromide) to produce the corresponding homologous series of 
phthalocyanineoctacarboxylic acid octaalkyl esters 4 using the DBU-method with 
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DISCOTIC PHTHALOCYANINE DERIVATION 33 
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I C w w n  

acetonitrile as solvent. The purification of the desired products was carried out 
with medium pressure liquid chromatography (MPLC) over silica gel. 

The IR spectra of the phthalocyanineoctacarboxylic acid octaalkyl esters are in 
agreement with the data published for other metal-free phthalocyanines. Aside 
from the bands of the alkyl side chains at 2950, 2920, 2850 and 1455 cm-l there 
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34 L. DULOG AND A. GITTINGER 

are many signals resulting from the aromatic ring.23 Especially important is the 
band at 1725 cm-l, which is assigned to the ester group, in addition to the absence 
of any other signal in the carbonyl region of the IR spectrum, indicating the 
completeness of the esterification. 

The electronic spectra show a doublet in the Q band region at 704 nm and at 
667 nm typical for metal-free phthal~cyanines.~ The band position is independent 
of th.e side chain length. Furthermore Lambert-Beer's law was found to be valid 
at concentrations from 3 to 3 .  lop5 mol/l indicating no aggregation behaviour 
in this range, in agreement to what has been reported for octasubstituted silicon- 
dihydroxophthalocyanines. l5 

In the 'H-NMR-spectra the detected signals were easily assigned to the aromatic 
protons (singulet), the protons of the -CH2-0- group (triplet) and the other 
aliphatic protons resulting in one multiplet. The inner protons show a very broad 
signal at a chemical shift of - 2.6 ppm similar to what has been observed for other 
me tal-free phthalocy anines. 22 

From the dodecyl ester 9 the l'C-NMR-spectrum has been recorded. While the 
assignment of the signals of the aliphatic carbon atoms is ~traightforward,2~ there 
is only little information concerning the chemical shifts of the four aromatic car- 
b o n ~ . ~ , ~ ~ , ~ ~  A gated decoupled spectrumz7 allowed for the assignment of the proton 
bearing aromatic carbon. The carbon atom of the N-C-N group could be assigned 
by comparison of the chemical shift measured with the data reported in litera- 
ture. 15s2* Because of the small difference in the chemical shift of the two remaining 
signals in the aromatic region of the spectrum, a differentiation between the cor- 
responding carbons was not possible. 

A mass spectrum (FABMS) confirmed the structure of the dodecyl ester. The 
(M + H) + -peak could be detected at 2213 a.u. 

DSCMEASUREMENTS 

Calorimetric investigations of the octaalkoxycarbonyl-phthalocyanines by DSC showed 
an endothermic peak in the case of n = 10, 11 and 12 (n is the number of carbon 
atoms in the alkoxy side chain). In the case of n 5 9 no phase transition could be 
detected in the accessible range from -60°C to +3OO"C. The transition ternper- 
atures and the thermodynamic data derived from the DSC measurements are sum- 
marized in Table I. As the investigations by optical microscopy and X-ray diffraction 
will show, all compounds exhibit a liquid crystalline phase. In the case of the decyl, 
the undecyl and the dodecyl compound the border of the mesophase to lower 
temperatures could be detected by DSC, whereas no clearing point could be ob- 
served. In the other cases neither the conversion to an isotropic liquid nor the 
crystallization takes place in the cited temperature range. 

The rise of the melting point with an increasing number of carbon atoms in the 
alkyl side chain from - 16.8"C for the decyl compound to + 12.1"C for the dodecyl 
compound is in good agreement with the observations published for discotic liquid 
crystalline hexasubstituted t r i p h e n y l e n e ~ ~ ~ - ~ ~  and scylloin~sitols,~~ but it contrasts 
to what has been reported for other octasubstituted phthalocyanines forming col- 
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DISCOTIC PHTHALOCYANINE DERIVATION 35 

TABLE I 

Transition temperatures and thermodynamic data for octaalkyl 
phthalocyanineoctacarboxylates 

~ 

5 
6 
7 
8 
9 

10 
11 
12 

- 
- 
- 
- 
- 

-16.8 
- 0.7 
12.1 

-300 
-300 
>300 
-300 
-300 
-300 
-300 
-300 

no phase transitions could be detected in the range of -60°C 
to 300°C. 

umnar mesophases. 1520 The values of the transition enthalpies and entropies are 
in the expected range compared with similar compounds.*J0J62” Except one example2 
the absence of any polymorphism seems to be typical for discotic liquid crystalline 
octasubstituted phtha10cyanines.l~~~~ Corresponding to these observations we could 
not detect any. 

Noteworthy is the extraordinary large range of existence of the mesophase of 
the discotic liquid crystals presented in this study compared to other liquid crys- 
talline phthalocyanines. We ascribe this fact to the only difference between the 
compounds synthesized by us and the liquid crystalline phthalocyanines known 
before: the nature of the side chains. Obviously the alkoxycarbonyl side chains 
have a stabilizing effect on the mesophase. 

OPTICAL MICROSCOPY 

Optical microscopy confirmed the existence of the liquid crystalline phases. Already 
at room temperature all substances are highly viscous masses, that show birefrin- 
gence between crossed polarizers. On heating to higher temperatures, the sub- 
stances become more fluid and optical textures can be observed, which remain 
stable up to 300°C (see Figure 1). The textures are of a mosaic-like type, which 
already has been reported in the case of columnar me so phase^.^^-^^ They do not 
show any significant difference depending on the chain length. 

X-RAY INVESTIGATIONS 

Since the structure of the mesophases could not be determined solely on the basis 
of the optical textures, X-ray diffraction experiments were carried out. Powder 
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36 L. DULOG AND A. GITTINGER 

FIGURE 1 
polarizers, top: 4b, bottom: 4e). 

Optical textures of liquid crystalline phthalocyanines observed at 200°C (200x, crossed 

diffractogrammes were sufficient to identify the mesophases as D,,-phases accord- 
ing to the nomenclature introduced by Destrade et as will be shown in the 
following. 

Table I1 summarizes the Bragg reflections observed in the small angle region 
and the diameter of the columns calculated from the (1,O)-reflections. 
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DISCOTIC PHTHALOCYANINE DERIVATION 31  

TABLE I1 

Bragg-spacings (in A) of liquid crystalline octaalkyl phthalocyanine- 
octacarboxylates and their assignment in terms of a two-dimensional hexagonal 

lattice." Column diameters D (in A) calculated from the (1,O)-reflections 

1 ,O 21.67 s 23.59 s 23.94 s 25.44 s 
1,1 12.56 w - - 14.73 w 
2,o 10.70 m 11.84 m 12.01 m 12.77 w 
2,f 8.24 m 8.95 m 9.02 m 9.67 w 
3,o 7.31 w 7.87 w 7.96 w - 
2 2  6.13 w - - - 

D 25.02 27.24 27.64 29.38 
~~ ~ 

h,k - 4e (n=9) __ 4 f  (n=lO) - 4g(n=ll)  4h(n=12) 

1 ,o 26.55 s 27.08 s 28.25 s 29.40 s 
1,1 15.41 m 15.83 m 16.27 m 17.06 m 
2,o 13.19 m 13.85 m 14.03 m 14.82 w 
2,1 9.82 w 10.28 w - - 

8.85 w - - 10.28 w 3,o 
2 2  

D 30.66 31.27 32.62 33.95 

- - - 

*All measurements were performed at room temperature (25°C). Relative 
intensities are given as follows: s = strong, m = medium, w = weak. 

All reflections could be indexed according to the formula37 

I - l I 2  

4 
d(h,  k )  = [= (h2 + h . k  + k2) 

where d are the spacings of the Bragg reflections, h and k are the Miller indices 
for the two-dimensional hexagonal lattice and D is the distance between adjacent 
columns. In the wide angle region there is a sharp reflection at 3.5 8, for all 
derivatives which can be assigned to the intercolumnar distance of the phthalo- 
cyanine molecules. This value corresponds to the van-der-Waals distance for ar- 
omatic carbon atoms. The structural unit of this liquid crystalline phase is therefore 
a two-dimensional hexagonal lattice which is formed by columns consisting of 
cofacially arrayed phthalocyanine molecules with the column axis normal to the 
aromatic ring plane. 

The disordered alkyl side chains give rise to a broad amorphous halo located 
around 4.7 8,. Additional sharp reflections in the wide angle region appear at 3.8, 
3.9 and 4.4 8, which cannot be attributed to high order reflections of the two- 
dimensional hexagonal lattice because of their high intensity. Presumably they are 
due to intramolecular scattering within the aromatic phthalocyanine moiety. l5 
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38 L. DULOG AND A. GITTINGER 

Dulog, Gi t tinger 
1400 

0 5 10 15 

n 

FIGURE 2 Plot of the cross section occupied by a single phthalocyanine molecule in a columnar 
stack of the mesophase versus the number of carbon atoms per alkyl side chain. 

The density derived from the X-ray data is 1.1 g for the derivatives bearing 
long aliphatic chains (calculated from the (1,O)-reflections and the measured in- 
tercolumnar distance of the phthalocyanine molecules). This value is in good agree- 
ment with experimental data reported by Guillon et aL2 

The cross section of the cdumns of substituted phthalocyanines is calculated 
from the (1,O)-reflections. The cross section area is plotted versus the number of 
carbon atoms per alkyl side chain n in Figure 2. 

By extrapolating the straight line in Figure 2 to IZ = 0 the area occupied by the 
phthalocyaninering together with eight surrounding carboxyl groups is seen to be 
245 A2. This value results in a diameter of 17.7 A for the central core which is in 
good agreement with the data reported for similar That implies 
that in the mesophase the plane of the phthalocyanine core is perpendicular to the 
column axis. 

The slope of the straight line can be used to calculate the volume occupied by 
a single methylene group in the mesophase. Taking the inter-ring distance of 3.5 
8, one gets a value of 27.0 w3, which exceeds the volume of a methylene group in 
crystalline paraffin (24 1$3)38 by about 13%. Similar results were found for other 
liquid crystalline phthalocyanines." 

CONCLUSION 

As we could demonstrate in the present study, octaalkyl esters of 2,3,9,10,16,17,23,24- 
(29H,31H)-phthalocyanineoctacarboxylic acid are able to form columnar meso- 
phases of the type Dho. The rather large range of existence of the mesophases from 
temperatures below 0°C up to temperatures above 300°C seems to be of special 
interest, as it reveals the stabilizing effect of the alkoxycarbonyl side chains on the 
mesophases. 
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DISCOTIC PHTHALOCYANINE DERIVATION 39 

EXPERIMENTAL PART 

IR spectra were recorded on a Philips Pye Unicam SP3-200 infrared spectropho- 
tometer, UV/VIS spectra with a Perkin Elmer Lambda 15 spectrometer. NMR 
spectra were measured with Bruker AM 200 and AC 250 spectrometers. Calori- 
metric studies were carried out using a Perkin Elmer DSC 7 and a DuPont DSC 
2100. Optical textures were observed using a Zeiss Photomikroskop with a Leitz 
hotstage 350. X-ray diffraction experiments were performed with a Siemens dif- 
fractometer D 500 using Cu-Ka radiation. 

Alkyl bromides (Aldrich) and 1,5-diazabicyclo[5.4.0]undec-5-ene (DBU) (Ald- 
rich) were used without purification. 
1,2,4,5-Benzenetetracarbonitrile 1 was prepared by the optimized method de- 

scribed by Marose.26 109 g (0.5 mol) 1,2,4,5-benzenetetracarboxylic acid dianhy- 
dride and 100 g (1.65 mol) urea in 500 mi 172-dichlorobenzene were maintained 
at 140°C for 4 h and at 160°C for additional 2 h. The crude 172,4,5-benzenetetra- 
carboxylic acid diimide was filtered with suction, dried in vacuo and stirred in 750 
ml concentrated aqueous ammonia for 16 h to give 114 g (0.46 mol) = 91% 1,2,4,5- 
benzenetetracarboxylic acid tetraamide after drying. The tetraamide was suspended 
in 700 ml dry DMF. 170 ml (2.36 mol) thionyl chloride was added dropwise at a 
temperature of 40 to 50°C in two portions of 100 ml first and of 70 m12 hrs later. 
After stirring for additional 16 h at room temperature the reaction mixture was 
poured on 2 kg of crushed ice. The precipitate was filtered with suction, washed 
with water and recrystallized from toluene. Yield: 59 g (0.33 mol) = 72%. 

13C-NMR (acetone-d,): 6 = 114.4 (CN), 121.2 (C-CN),  139.1 ppm (C-H). 
IR (KBr): u = 3120,3050 (C-H), 2240 (C%N), 1485 (C==C), 915 cm-l (C-H 

2,3,9,10,16,17,23,24-(29H,3lH)Phthalocyanineoctacarbonitrile Z40: 22.3 g (125 
mmol) of 1 was suspended in 1 1 n-propanol, stirred and refluxed vigorously. With 
a dilution-apparatus41 2.07 g (31.3 mmol) of lithium-n-propanolate in 250 ml n- 
propanol was added dropwise (1 drop in 2 s). After completion of the addition the 
reaction mixture was heated for another 20 minutes. The precipitate was filtered 
with suction after cooling, washed with propanol and ether and dried in vacuo. 
Yield: 11.9 g (50%) of a green solid. 

(HC-c--CNN), 145.8 ppm (N=C-N). 

1090 (C-H, pyrrole ring), 1000, 855, 790, 750 (C-H), 700 cm-l (N-H Soap). 

60op). 

"C-NMR (DMSO-d,): 6 = 110.0 (C-H), 115.3 ( E N ) ,  124.5 (C-CN), 136.5 

IR (KBr): u = 2230 (C%N), 1625, 1560, 1490, 1465, 1315 (C-C), 1155 1130 

UV/VIS (H,SO, conc.): A = 748 (A,,,, E = 14. lo7 cm2/rnol), 694,666,315 nm. 
2,3,9,10,16,17,23,24-(29H731H)-phtha1ocyanineoctacarboxy1ic acid 3u: 9.7 g (13.1 

mmol) of 2 was heated together with 12.1 g (216 mmol) KOH and 2.5 g (139 mmol) 
water in 90 ml triethyleneglycol for 7 days at 190°C under inert gas atmosphere 
and exclusion of light. After that period the ammonia evolution had ceased. The 
reaction mixture was filtered and acidified with 260 ml 1 molar HCl solution. The 
blue product was filtered, washed with water, diluted in 200 ml 1 molar NaOH 
solution and precipitated again with 210 ml 1 molar HCl solution. The precipitate 
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40 L. DULOG AND A. GITTINGER 

was filtered with suction, washed with water and ether and dried in vacuo. Yield: 
8.2 g (72%) of a blue solid. 

13C-NMR (D,O/NaOD): 6 = 179 (COOH), 159, 141, 122 ppm (C arom.). 
IR (KBr): u = 3400 (0-H), 1705 (C==O), 1450, 1365, 1275 (C-C), 1080 

(pyrrole ring), 1010, 795, 745, 715 (C-H), 620 cm-' (C-C). UV/VIS (DMSO): 
h = 705 (A,,,, E = 17. lo7 cm2/mol), 681, 345 nm. 
2,3,9,10,16,17,23,24-(29H,31H)-phthalocyanineoctacarboxylic acid octaalkyl es- 

ter 4: In a 100 ml round bottomed flask equipped with a reflux condensor and a 
magnetic stirrer 100 mg (0.116 mmol) of 3, 1.86 mmol of alkyl bromide and 283 
mg (1.86 mmol) of DBU in 20 ml acetonitrile were refluxed for 16 h under inert 
gas atmosphere and exclusion of light. After cooling at room temperature the 
reaction mixture was diluted with 80 ml water and extracted with chloroform. From 
the organic phase the solvent was removed in vacuo. The product was purified by 
MPLC (silica gel 15 km, chloroform). Yield: 26-38%. Data from elemental analysis 
are collected in Table 111. 

IH-NMR (CDCI,): 6 = -2.6 (N-H), 0.8-2.0 (m, alkyl), 4.6 (--O-CH,-), 
9.4 ppm (arom.). 
IR (KBr): u = 2950, 2920, 2850 (C-H), 1725 (C=O), 1455 (-CH2-), 1280, 

1180 (C-C), 1085 (pyrrole ring), 1015 (C-H), 745 (-CH2-), 665 cm-' (C-(2). 
UV/VIS (DMSO): h = 704 (A,,,, E = 18-107 cm2/mol), 667, 347 nm. 
Spectral data for the dodecyl compound: FABMS: 2213 (M + H) + , 13C-NMR 

TABLE I11 

Elemental analysis of octasubstituted phthalocyanines 5 

%C %H %N 
n found calc. found calc. found calc. 

5 
6 
7 
8 
9 

10 
11 
12 

67.74 67.30 6.76 
69.44 68.64 7.55 
70.59 69.79 7.88 
71.46 70.80 8.37 
71.93 71.68 8.58 
72.99 72.47 8.92 
73.13 73.18 9.15 
73.79 73.81 9.45 

6.92 
7.46 
7.93 
8.34 
8.70 
9.02 
9.31 
9.56 

8.15 
7.09 
7.20 
6.72 
6.38 
5.92 
5.77 
5.32 

7.85 
7.28 
6.78 
6.35 
5.97 
5.63 
5.33 
5.06 

n formula molecular weight 

5 
6 
7 
8 
9 

10 
11 
12 

80H 98N8016 

B e H  1 t 4NB01 6 

9SH1 30NB01 6 

'1 ~ 3 4 ~ 1  46N801 6 

'1 12H162NB016 

C720H178N8016 

C128H194N8016 

C136H210N8016 

1427.7 
1539.9 
1652.1 
1764.3 
1876.6 
1988.9 
2101.0 
22 13.2 
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(CDCI,): 6 = 14.1 (-CH,, 'JC-H = 125 Hz), 22.7 (-CHz-CH,), 26.2 
(-O-CHz4-H2-), 28.8-29.8 (7 inner alkyl carbons), 31.9 (<-Hz<Hz-CH,), 
66.7 (--O-CHz-, 'JCpH = 147 Hz), 124.5 (C-H arom., 'JC-H = 171 Hz), 
134.6, 137.4 (arom.), 150.2 (N-C==N), 167.6 ppm (-CCO-). 
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