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Abstract—Octaazaphthalocyanines with eight phenoxy groups in the peripheral sites are prepared for the first time using the simple
synthetic procedure of heating their pyrazine-2,3-dicarbonitrile precursor in quinoline. This process avoids transetherification, which
has hindered previous attempts at preparing metal-free octaazaphthalocyanines. Metal-containing derivatives were also prepared by
adding the appropriate metal salt to the reaction mixture. Bulky iso-propyl or phenyl groups at the 2,6-positions of the phenoxy
substituents prevent self-association of the octaazaphthalocyanine cores even in the solid state.

© 2007 Elsevier Ltd. All rights reserved.

Phthalocyanine (Pc) and its derivatives are of interest
due to their outstanding electronic and optical proper-
ties. In addition to their extensive role as colourants they
find application in nonlinear optics (including optical
limitation), as photoconductors, liquid crystalline elec-
tronic charge carriers, optical data storage (e.g., as the
laser absorption layer within recordable discs), photody-
namic cancer therapy, solar energy conversion, catalysis
and as the active component of gas sensors.'> The
extended planar shape, four-fold symmetry and stability
also makes the phthalocyanine macrocycle an excellent
building block for use in supramolecular® and polymer
chemistry.*

Analogues of phthalocyanine in which nitrogens replace
some of the carbons within the four fused benzo-substi-
tuents of the phthalocyanine, possess significantly differ-
ent physical properties including colour, oxidation
potential and stability, which may be beneficial for some
of these applications.>® Hence, 1,4,8,11,15,18,22,25-
octaazaphthalocyanine (AzaPc), often termed tetrapy-
razinoporphyrazine in the literature, and its substituted
derivatives have been investigated extensively for appli-
cations as photodynamic therapeutics,”® colourants,'’
catalysts,!! liquid crystals,'?"'* non-linear optical mate-
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rials’ and as a red fluorophore.'®!%!7 This latter
application is of particular interest as the major phtha-
locyanine fluorescence band falls in the near-IR region
and is largely invisible to the human eye whereas AzaPc
has a very strong fluorescence band in the visible spec-
trum. Large aromatic molecules such as the AzaPcs tend
to aggregate strongly in solution and for all of these
particular applications performance is dependent on
the control over the molecular self-association. For
example, the main adsorption band of the AzaPc
chromophore in the visible region (e.g., Q-band,;
Jmax ~ 630 nm whereas for Pc A,,, ~ 680 nm) is broad-
ened and blue-shifted due to the effect of intermolecular
exciton interactions. In addition, self-quenching of the
photo-generated excited state impairs fluorescence and
the ability of the macrocycle to generate the singlet
oxygen responsible for photodynamic activity. Recently
however, we found that the presence of bulky phenoxy
substituents prohibits close self-association of the phtha-
locyanine macrocycle even within solid thin films and
can result in the formation of a remarkable nanoporous
cubic crystal.!® Hence, we undertook the synthesis of the
analogous AzaPc derivatives 2,3,9,10,16,17,23,24-octa-
(2,6-di-iso-propylphenoxy)-1,4,8,11,15,18,22,25-octa-
azaphthalocyanine 1 and 2,3,9,10,16,17,23,24-octa(2,6-
diphenylphenoxy)-1,4,8,11,15,18,22,25-octaazaphthalo-
cyanine 2, both of which contain a sterically hindered
phenoxy substituent at each of the eight peripheral posi-
tions of the macrocycle.
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Scheme 1. Reagents and conditions: (i) K,CO;, DMF, 78 °C, 4 h; (ii)
for AzaPcs (1b-d) and (2b-d): metal salt, quinoline, 160 °C, 24 h; (iii)
for AzPcs (1a) and (2a): quinoline, 160 °C, 24 h.

Pioneering work by Merkved established that a diverse
range of precursors to peripherally substituted AzaPcs
can be made readily via the nucleophilic aromatic substi-
tution of 5,6-dichloropyrazine-2,3-dicarbonitrile using
amine,'? thiol?®® or alkyloxy?! nucleophiles. In most
cases cyclotetramerisation of the precursors using lith-
ium or magnesium alkoxide in refluxing alcohol (i.e.
the Linstead reaction) was found to proceed smoothly
to give the metal-free macrocycle, however, for the
alkyloxy-derived precursors (and some thiol-derived
precursors)? the reaction was accompanied by displace-
ment of the side-chain by the alkyloxide anion initiator.?
For the synthesis of alkoxy derivatives, this problem is
simply avoided by matching the alcohol/alkyloxide with
the alkyloxy side-chain desired in the product. However,
for the synthesis of the desired octaphenoxy-substituted
AzaPcs 1 and 2, we were faced with the problem that
lithium phenolates are not successful for mediating
phthalocyanine formation and, furthermore, that phe-
nolate anions are superior leaving groups, relative to
an alkyloxide, in aromatic nucleophilic reactions such
as the undesired transetherification. Indeed, this latter

problem was previously encountered by Merkved dur-
ing an attempt to prepare octaphenoxy-AzaPc?! and
accounts for the lack of any literature precedent for
phenoxy-substituted AzaPcs in contrast to the many
reports of phthalocyanines with this type of substitu-
ent.?>24* However, we hoped that the use of the bulky
2,6-di-iso-propyl- or 2,6-diphenyl-phenoxy substituents
would hinder the transetherification reaction to allow
a successful preparation of the target AzaPcs.

The pyrazine-2,3-dicarbonitrile precursors to AzaPcs 1
and 2, 5,6-bis(2,6-di-iso-propylphenoxy)pyrazine-2,3-
dicarbonitrile 3 and 5,6-bis(2,6-diphenylphenoxy)pyr-
azine-2,3-dicarbonitrile 4, respectively, were prepared
from the reaction between the appropriate phenol
and 5,6-dichloro-pyrazine-2,3-dicarbonitrile®*2> in good
yield (Scheme 1).%° Initial attempts at AzaPc formation
using a mixture of lithium pentoxide/pentanol gave rea-
sonable crude yields of macrocycle but "H NMR analy-
sis indicated substantial substitution of phenoxy groups
for pentyloxy side-chains. However, metal ion template
reactions in quinoline using zinc acetate, nickel acetate
or cobalt(Il) chloride gave the appropriate metallated
AzaPcs in good isolated yield (50-55%) with complete
retention of the phenoxy substituents. Surprisingly,
heating precursor 3 in quinoline gave a rapid colour
change consistent with macrocycle formation prior to
the addition of the metal salt. Analysis of the reaction
mixture confirmed that the desired metal free AzaPc
(1a) had formed with the complete retention of the
phenoxy substituents. Based upon this simple proce-
dure, AzaPc (1a) was prepared in a very reasonable yield
of 40% requiring only recrystallisation for purification.
This procedure was also successful for the synthesis of
metal free AzaPc (2a) from precursor 4.2 All AzaPcs
gave spectroscopic data consistent with their structures
including clusters of peaks, which correspond to the
calculated isotope composition of the molecular ion by
matrix assisted laser desorption ionisation mass spec-
troscopy (MALDI-MS).

The formation of the metal free AzaPcs (1a) and (2a)
simply by heating its precursor in quinoline is surprising
as this is not a successful procedure for making phthalo-
cyanines from phthalonitriles. The use of a hindered
base such as 1,8-diazabicyclo’*-undec-7-ene (DBU) in
conjunction with an alcohol can be used with phthalo-
nitriles to prepare metal free phthalocyanines®® but it
is probable that under these conditions, precursors 3
and 4 would undergo transetherification prior to macro-
cycle formation. It is known that phthalonitriles con-
taining electron-withdrawing substituents undergo
cyclotetramerisation under relatively mild condi-
tions?>?* and it could be that in this case it is the elec-
tronic properties of the pyrazine ring that encourages
macrocycle formation even without the introduction of
an alkyloxide nucleophilic initiator or metal ion
template.

As anticipated, AzaPcs (1a) and (2a), along with their
metal ion-containing derivatives (1b-d) and (2b-d)
(M =2Zn*", Ni*' and Co’"), show none of the
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Figure 1. UV-visible adsorption spectrum of AzaPc (1b) (a) in THF
solution (¢ =1.2x 107> M cm ) and (b) from a solvent cast film.

characteristic spectroscopic indications of self-associa-
tion in solution (Fig. 1). For example, the appearance
of UV-visible spectra (e.g., position and shape of the in-
tense Q-band at /A, = 607 and 645 nm)* and '"H NMR
spectra (e.g., chemical shift of internal hydrogens at
0 =—2.05ppm)**® were independent of concentration.
Furthermore, the UV-visible spectra of spin-coated
films of AzaPcs (1a—d) and (2a—d) were identical to those
obtained from dilute solutions indicating that the AzaPc
chromophore is not perturbed by intermolecular exciton
effects even in the solid state.?' The high quality of these
films and their intense red fluorescence might be of value
for device fabrication (e.g., sensors or organic light emit-
ting diodes) and suggests an approach to reducing the
adverse effects of aggregation when using AzPc deriva-
tives as photosensitisers in PDT.? Furthermore, the
surprisingly simple method for the preparation of
AzaPcs (1a) and (2a) involving heating the pyrazinedi-
carbonitrile precursor in quinoline could be employed
for the synthesis of other metal-free AzaPcs for which
nucleophilic displacement of substituents is likely to be
a problem.20-21:8
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