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Synthesis of a Polar Discogen. A New Type of Discotic Mesophase' 
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The synthesis of a discogen based on a phthalocyanine subunit is described; the discogen shows C2" symmetry and 
possesses a high permanent electric dipole moment within the plane of the aromatic macrocycle, leading to a new 
type of discotic mesophase. 

The elaboration of molecular materials is presently being 
actively investigated, and phthalocyanine-based liquid crystals 
have been described.24 We now report a new ligand (1) 
allowing the formation of metallo-organic mesophases. 
Ligand (1) of C2, symmetry contains six alkane chains and two 
cyano-groups; the cyano-groups lead to a permanent electric 
dipole moment which has been estimated to be 7 Debye by the 
vectorial additive method of calculation.5 No other polar 
discogen has been described in the literature.6 

There are few reports on the synthesis of unsymmetrically 
substituted phthalocyanines. The standard condensation of 
two different phthalonitrile derivatives gives hardly tractable 
mixtures of the various possible isomers.7 A solid-phase 
approach has been reported but only analytically impure 
products in poor yields were obtained.* Ligand (1) was 
obtained in fair yields viu the new route in Scheme 1. 
1,2,4,5-Tetracyanobenzeneg was treated with ammonia10 in 
the presence of sodium pentoxide in pentanol to give the 
dicyano-di-imino derivative (3) (100% yield). The 'monoacti- 
vated' compound (3) was condensed with the dialkoxy- 

substituted di-imino derivative2.4.11 (4) (3 equiv.) in 2-N,N-  
dimethylaminoethanol under reflux2-10J1 to give ligand (1) in 
20% yield? after separation by flash chromatography and 
recrystallization from ethyl acetate. 

The 1H n.m.r. spectra of ligand (1) were recorded in 
(CDC12)2 at various temperatures (20-90 "C) and in CC14. 
The spectra are highly dependent upon the temperature and 
the solvent. Absorption spectrometry indicated the formation 
of dimers or higher molecular weight aggregates, as is well 
known for other types of phthalocyanines. 12 In very dilute 
solution, the monomeric form of (1) shows a single n.m.r. 
peak at 6 4.45 for the benzylic protons (CC14) while the 
aggregated forms show three peaks centred at 6 4.67. The 
corresponding octadodecyloxy substituted derivative does 
not show a splitting of the n.m.r. signals whatever the state of 
a g g r e g a t i ~ n . ~  By comparison with n.m.r. results for silicon 
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Scheme 1. Preparation of ligand (1). 

R =  lllvvvw t Ligand (1) was characterized by 'Hand I T  n.m.r., u.v.-visible. and 
i.r. spectroscopy, and elemental analyses. 
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phthalocyanine-siloxane dimers or  oligomers,13 these n.m.r. 
observations may be interpreted in terms of the formation in 
solution of dimers or  higher aggregates in which rotation 
between adjacent macrocyclic rings is hindered and in which 
adjacent macrocyclic rings are staggered. 

The liquid crystalline properties of ligand (1) were studied 
by differential scanning calorimetry and polarized light 
microscopy. A thermotropic mesophase stable between 80 
and > 300 "C is observed. Preliminary X-ray determinations 
at small angles indicate a discotic-type structure; the aromatic 
cores stack in columns, the columns forming a two- 
dimensional hexagonal array.2.6 The centre-to-centre distance 
between the columns is ca. 32.% A. We are currently 
attempting to determine the influence of the electric dipole 
moment on the structure and the degree of organisation within 
the columns. 

As far as we know, a similar type of discotic mesophase has 
not been described previously. The possibility of orienting the 
liquid crystals is under study. 

C.N. R.S., P.I. R. S.E.M., and E.E.C. are acknowledged 
for financial support. We thank M. J.-J. Andre and M. A.  
Skoulios for helpful and stimulating discussions, and M. R. 
Graf for the n.m.r. results. 

Received, 9th November 1984; Corn. I586 

References 
1 For Part 12 of the series Annelides, see R. Knoesel, C. Piechocki, 

and J .  Simon, J. Photochem., in the press. 

2 C. Piechocki, J .  Simon, A. Skoulios, D. Guillon, and P. Weber, 

3 D. Guillon, A. Skoulios, C. Piechocki, J .  Simon, and P. Weber, 

4 C. Piechocki and J .  Simon, Nouveau J .  Chim., in the press. 
5 V. I .  Minkin, 0. A. Osipov, and Y. A. Zhdanov, 'Dipole 

Moments in Organic Chemistry,' Plenum Press, New York, 1970. 
6 S.  Chandrasekhar, Mol. Cryst. Liq. Cryst., 1981, 63, 171; C. 

Destrade, Nguyen Hun Tinb H. Gasparoux, J. Malthete, and 
A. M. Levelut, ibid., 1981, 111; J. Malthete, C. Destrade, 
Nguyen Hun Tinh, and J .  Ja es, ibid., 1981, 64, 233; Nature 
(London),  1982,298,46; J .  C ,  - dbois and J .  Billard, Li4. Cryst. 
Ordered Fluids, 1984,4, 1043. 

7 J .  A. Elvidge and N.  R.  Barot, in 'The Chemistry of Double 
Bonded Functional Groups,' Part 2, ed. S. Patai, Wiley, London, 
1977. 

8 C. C. Leznoff and Tse Wai Hall, Tetrahedron Lett., 1982,23,3023; 
Tse Wai Hall, S.  Greenberg, C. R.  McArthur, B. Khouw, and 
C. C. Leznoff, Nouveau J .  Chim., 1982, 6,  653. 

J .  A m .  Chem. SOC., 1982, 104, 5245. 

Mol. Cryst. Liq. Cryst., 1983, 100, 275. 

9 A. Epstein and B. S. Wildi, J .  Chem. Phys., 1960, 32, 324. 
10 P. J .  Brach, S. J .  Grammatica, 0. A. Ossanna, and L. 

Weinberger, J .  Heterocycl. Chem., 1970, 7,  1403; G. Pawlowski 
and M. Hanack, Synthesis, 1980, 287. 

11 C. Piechocki, Thgse de doctorat 3 ieme cycle, Strasbourg, 1982. 
12 J .  Simon and J-J.  Andrk, in 'Molecular Semiconductors,' eds. C. 

W. Rees and J.-M. Lehn, Springer Verlag, Berlin, 1985; P. D. W. 
Boyd and T. D. Smith, J .  Chem. SOC., Dalton Trans., 1972, 839; 
Z. A. Schelly, D. J .  Harward, P. Hemmes, and E. M. Eyring, J .  
Phys. Chem., 1970, 74, 3040; K.  Bernauer and S .  Fallab, Hefv. 
Chim. Acta, 1961,44,1287; L. C .  Gruen and R. J .  Blagrove, Aust. 
J .  Chem., 1973, 26, 319. 

13 T. R. Janson, A. R. Kane, J. F. Sullivan, K. Knox, and M. E. 
Kenney, J .  A m .  Chem. Soc., 1969,91,5210; J .  B. Davison and K. 
J. Wynne, Macromolecules, 1978, 11, 186. 




