
TETRAHEDRON
LETTERS

Tetrahedron Letters 43 (2002) 5343–5347Pergamon

Synthesis and characterization of novel metal-free
phthalocyanines substituted with four diazadithiatetraoxa or

diazahexaoxamacrobicyclic moieties
Ahmet Bilgin and Yasar Gök*

Department of Chemistry, Karadeniz Technical University, 61080 Trabzon, Turkey

Received 5 April 2002; revised 3 May 2002; accepted 13 May 2002

Abstract—The new metal-free phthalocyanines 9,10-fused symmetrically in the peripheral positions with four diazadithiatetraoxa
and diazahexaoxamacrobicycles, respectively, have been synthesized by bicyclotetramerization of isoindolinediimine derivatives of
cryptands 7 and 8 and characterized by elemental analysis, IR, 1H and 13C NMR, UV–vis and MS spectroscopic data. © 2002
Published by Elsevier Science Ltd.

Phthalocyanine derivatives have attracted considerable
attention as a consequence of their diverse optical,
electronic and coordination properties which have led
to wide-ranging research for over 60 years.1 These
compounds have been prepared for various applica-
tions in the areas of non-linear optics, liquid crystals,
electrochromic processes involving thin films, gas or
chemical sensors, photosensitizers, catalysts, and for
mercaptan oxidations and as therapeutic agents in
pharmacology.2 A disadvantage of metal-free and
metallophthalocyanines is their limited solubility in
common organic solvents. For most of these applica-
tions, metal-free or metallophthalocyanines with long
alkyl or alkoxy chains or macrocyclic polyether
moieties3 had to be synthesized in order to facilitate the
above mentioned purposes and to enhance solubility.

Lehn and co-workers in 1969 succeeded in combining
the chemical features of two closely related classes,
macrocyclic diamines and macrocyclic polyethers, in
forming the azapolyoxamacrocycles, which are known
as cryptands.4 These compounds show extraordinary
solubility and selectivity towards specific alkali and
alkaline earth metal cations leading to complexation in
aqueous and organic solutions, indeed more so than
macrocyclic polyethers.5 The attachment of benzo rings
into the bridging polyether strands of cryptand 2.2.2
results in cryptand 2.2.2B. The benzo-substituted

cryptands are hydrated less extensively than the unsub-
stituted ones due to the combined effects of decreased
cavity size and their increased hydrophobicity.6

In this study, we describe the synthesis and characteri-
zation of a new class of metal-free phthalocyanines, the
diazadithiatetraoxa or diazahexaoxamacrobicycles and
phthalocyanines which may allow novel functionalized
materials to be prepared of importance for analytical
chemistry as new kinds of alkali or alkaline earth metal
extraction agents.

We report here the synthesis and structural properties
of macrobicyclic compounds 4 and 5 prepared in high
yield by the 1:1 reaction of 4,13-diaza-18-crown-6 17

and a 25% excess of 1,2-bis(2-iodoethylmercapto)-4,5-
dicyanobenzene 28 or 1,2-dibromo-4,5-bis(2-iodo-
ethoxy)benzene 3,9 a three-fold excess of Cs2CO3, and
0.25 equiv. of NaI in acetonitrile (Scheme 1). Final
purification by recrystallization or chromatography
afforded products 4 and 5 in 74% (mp 204°C) and 72%
(oily) yields, respectively. These compounds 4 and 5
displayed the expected molecular ion peaks at m/z=506
[M]+ and 582.1 [M]+. The transformation of the substi-
tuted phthalonitrile 410 into the isoiminoindoline
derivative 711 was performed according to Linstead.12

The isolation of this product required column chro-
matographic separation on silica gel using methanol–
chloroform (8:2) as eluent and gave an 84% yield [mp
215°C (decomp.)]. 1H and 13C NMR spectra of this
product indicated the formation of 7. This was also
supported by the presence of the characteristic molecu-
lar ion peak at m/z=523 [M]+ in the mass spectrum
obtained using the FAB technique.
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Scheme 1. The synthesis of the metal-free phthalocyanines.

Condensation of four molecules of the isoiminoindoline
derivative into the metal-free phthalocyanine 913 was
carried out in 2-(dimethylamino)ethanol at reflux for 48
h under argon and afforded the target compound 9 in
55% yield (mp >300°C) as a green amorphous solid after
purification by using column chromatography on silica
gel [chloroform:petroleum ether (6:4)]. In the preparation
of 9, the isoiminoindoline route is more convenient than
the phthalonitrile route since the reaction conditions

employing isoiminoindolines are mild in comparison to
those employing phthalonitriles.14 The 1H NMR spec-
trum of the tetrameric metal-free phthalocyanine 9
showed the typical shielding of inner core protons as a
broad resonance at �=−3.85 ppm which was attributed
to the NH protons and identified easily with deuterium
exchange. The mass spectrum of 9 contained a strong
peak at m/z=2027.2 [M]+ for the parent ion, which can
be attributed the formation of phthalocyanine.
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The conversion of the dibromo compound 515 into the
dicyano analogue 616 was the most problematical step
in the synthesis of target compound 7: reaction with
CuCN in dry DMF at 140°C produced dicyano deriva-
tive 6 in an optimized yield of 42% (mp 224–226°C)
after chromatographic separation from undesired side
products. The structure proposed for this new com-
pound is consistent with the data obtained from its
elemental analysis, IR, 1H and 13C NMR spectroscopic
data. The FAB mass spectrum of 6 exhibits an intense
peak at m/z=474 due to [M]+, which is in accordance
with the proposed structure.

The usual synthetic route involving the reaction of
substituted dinitrile 6 in the presence of the strong, but
not nucleophilic base, 1,8-diazabicyclo[5.4.0]undec-7-
ene under reflux in dry pentanol17 or hydroquinone in a
sealed tube was applied to synthesize the metal-free
phthalocyanine 10. However, all efforts to accomplish
this reaction failed and no phthalocyanine was
observed. The best way of synthesizing 10 was found to
involve conversion of 6 into the diiminoisoindoline
derivative 818 with ammonia at reflux temperature for 8
h under argon in 67% yield (mp 246–248°C) and then
to react this product with 2-(dimethylamino)ethanol at
reflux to give up to a 37% yield of product 10 (mp
>300°C). Spectroscopic data, elemental analysis and
FAB mass spectra were entirely consistent with the
structures of compound 8 and the target phthalocya-
nine structure 10.19 The 1H and 13C NMR spectra of 10
in CDCl3 gave the characteristic signals expected for

macrobicycles and the phthalocyanine moiety. In addi-
tion, the inner core protons of 10 could not be observed
in the 1H NMR spectrum as observed for other metal-
free phthalocyanines.20 The mass spectrum of 10
obtained by the FAB technique using a m-nitrobenzyl
alcohol matrix, showed a molecular ion at m/z=1899
[M+1]+ and a fragmentation pattern closely following
that of 8 indicating the high stability of the phthalocya-
nine moiety.

The UV–vis spectra of compounds 9 and 10 in chloro-
form at room temperature are displayed in Fig. 1.
These spectra show the two characteristic intense bands
of metal-free phthalocyanines, the Q and B bands
(325–349 nm). The split Q band for compounds 9 and
10, which is characteristic of metal-free phthalocya-
nines, is observed at �=736, 706, 671 and 685, 662, 618
nm suggesting monomeric species, respectively. While
the monomeric species with D2h symmetry show two
intense absorptions of comparable intensity around 700
nm, those having D4h symmetry give only a single
absorption in this region. These two absorptions
around 700 nm21 are due to the ���* transition of the
fully conjugated 18� electron system.
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Figure 1. UV–vis spectra of 9 (dotted line) in chloroform and 10 (solid line) in pyridine.
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