New, Non-symmetrical 2:2 Phthalocyanines. 1,2,3,4,15,16,17,18-Octaphenyl-9,23(24)-
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The reaction between tetraphenylphthalonitrile and 4-phthalonitrile or 6-tert-butylnaphthalonitrile in the presence of copper(i)
chloride gives a non-statistical mixture of non-symmetrical phthalocyanines from which 2:2 complexes are separated; in the
reaction between substituted phthalo- and naphthalonitriles the 2:2 complex was a major product. The splitting of the Q-band in
the electronic spectra depends on the differences in the electronic structure of the fragments of the non-symmetrical molecule.

The phthalocyanines are an extensive class of macrocyclic
compounds, representatives of which are interesting from both
theoretical and practical points of view.' Their extended -
system creates specific properties which are typical of this class
of compounds. The introduction of functional groups in the
macrocycle over a wide range modifies the electronic structure
of the phthalocyanine ligand. The strongest effect is displayed
on the introduction of nitro groups and linear annelation which
results in the formation of polynitrophthalocyanines and 2,3-
naphthalocyanines, respectively.? In recent years there has been
an increasing interest in non-symmetrical members of this class
of compounds.®* One of the most interesting aspects is the
influence of asymmetric replacement on the electronic
absorption spectra of these compounds. On the other hand,
they have significant practical interest, e.g., for catalytic or
highly-ordered “organic” semiconducting systems.*> In an
earlier communication we described the use of steric hindrance,
created by bulky groups in ortho-dinitriles, for the formation of
a non-statistical mixture of non-symmetrical phthalocyanine
complexes.® In this article we used this strategy for the
formation of new, non-symmetrical phthalocyanine copper(ir)
complexes possessing (except for tetraphenylisoindole) two 4-
nitroisoindole 1 or 6-fert-butylbenzisoindole 2 fragments (2:2

complexes). Scheme 1 illustrates the synthesis of these
complexes.
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and the substances were chromatographed on silica gel using
benzene as eluent. The yield of complex 1 was 14% and of
complex 2, 36%. The complex 2 is a major product of the
reaction between tetraphenylphthalonitrile and 6-zert-butyl-
naphthalonitrile.

The structure of these compounds was confirmed by
elemental analysis data and electronic spectroscopy.! The
complexes synthesized are green crystalline substances (m.p.
> 250 °C), which are readily soluble in many organic solvents
(benzene, chloroform, DMSO, etc.).

The introduction of eight phenyl groups into the molecules
of dinitrophthalocyanine complex 1 appreciably increases its
solubility in organic solvents in comparison with tetra- and
octanitrophthalocyanines.” We investigated the electronic
absorption spectra of compounds synthesized in the range
300-900 nm (Fig. 1, Table 1). They consist of a Soret band in
the range 350 nm and a Q-band in the range 600-800 nm,
which has an oscillatory structure. The splitting of the Q-
band results from a downturn of symmetry from Dy, to Dy,
and a correspoding removal of degeneracy of the lowest
unoccupied molecular orbital. The size of the split depends on
the differences in electronic structure of the fragments of the
non-symmetrical macrocyclic ligand: the greater the
difference, the greater the splitting of the Q-band. The trend
is therefore 3 < 1 < 2, making 19, 29 and 83 nm, respectively.
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Scheme 1 Scheme for the synthesis of non-symmetrical phthalocyanines.

The synthesis of non-symmetrical compounds was
performed at 280-300°C in an argon atmosphere. A mixture
of equimolar amounts of tetraphenylphthalonitrile’” and 4-
nitrophthalonitrile or 6-fert-butylnaphthalonitrile® with a two-
fold excess of copper(1) chloride was melted in a Wood metal-
bath container for 7 h. The cooled melt was treated with
water, 5% aqueous HCI, 5% aqueous NH,OH, water and
was then dried. A mixture of non-symmetrical reaction
products was dissolved in the minimum volume of benzene

This series qualitatively corresponds to the influence of the
substituents mentioned on the position of the Q-band in the
electronic absorption spectra of symmetric phthalocyanine
analogues (Table 1). The spectrum of compound 2 essentially

1 Elemental analysis. Complex 1: found C, 75.71; H, 3.61; N, 10.57%;
calc. for CggHysN19O4Cu: C, 75.37; H, 3.64; N, 10.99%; complex 2:
found C, 82.69; H, 4.90; N, 7.66%; calc. for CosHgsNgCu: C, 82.53;
H, 4.90; N, 8.02%.
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Table 1 Electronic absorption spectra of non-symmetrical phthalo-
cyanines and their symmetrical analogues.

Compound  Solvent A/nm (g €) Ref.
Q Cope
1 Benzene 716 (4.62) 656 (4.38)
687 (4.67) 623 (4.31)
2 Benzene 775 (4.59) 717 (4.25) 352 (4.21)
693 (4.39) 660 (3.67)
635 (3.94)
580 (3.20)
3 THF 694 (4.91) 630 (4.62) 350 (4.70) 6
675 (4.79) 611 (4.61)
Bu}PcCu Toluene 677 (5.40) 646 (4.58) 346 (4.89) 2
609 (4.65)
580-520sh (3.82)
388sh (4.65)
Bu}NcCu Toluene 770 (5.23) 730 (4.80) 330 (5.01) 2
687 (4.62)
650sh (4.26)
410sh (4.62)
380sh (4.68)
(NO,)4PcCu PhNO, 702 682 2
650sh
620sh

represents the superposition of the spectra of phthalo- and
naphthalocyanine copper complexes. Thus, at least for this
complex, it is possible to assume that averaging of the
electronic density in the macrocycle occurs to a lesser extent
by comparison with porphyrin analogues, in which at the
same asymmetry in the electronic spectra only one long
wavelength band is observed.!®
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