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Abstract 
This review summarizes the synthetic strategies for substituted phthalonitriles and 
phthalocyanines. Preparation of alkyl-, aryl-, halo-, nitro-, alkoxy-, aryloxy-, alkylthio-, arylthio-, 
and amino- substituted phthalocyanines along with the derivatives of phthalocyanine carboxylic- 
and sulfoacids is overviewed. Influence of the substituents on the position of Q-band in UV-vis 
spectra of substituted phthalocyanines is also briefly discussed. 
 
Keywords: Phthalocyanines, phthalonitriles, synthesis, structure, electronic spectra  

 
 
 
Table of Contents 
 
1. Introduction 
2. Phthalocyanines with alkyl-, aryl-, alkenyl-, and alkynyl- substituents 

2.1 Phthalocyanines with alkyl- and aryl- substituents 
2.1.1 1,8(11),15(18),22(25)-Tetrasubstituted compounds 
2.1.2 2,9(10),16(17),23(24)-Tetrasubstituted compounds 
2.1.3 Octasubstituted compounds 
2.1.4 Dodecaalkyl- or aryl- substituted phthalocyanines 
2.1.5 Hexadecasubstituted compounds 

2.2 Phthalocyanines with alkenyl- and alkynyl- substituents 
2.3 Trialkylsilyl substituted phthalocyanines 
2.4 Phthalocyanines with substituents connected via a methylene group to the phthalocyanine 

core 
3. Phthalocyanines with electron-withdrawing groups 

3.1 Halogen-substituted phthalocyanines 
3.2 Nitro substituted phthalocyanines 
3.3 Phthalocyanine sulfoacids and their derivatives 

ISSN 1551-7012 Page 136 ©ARKAT USA, Inc. 

mailto:vnemykin@d.umn.edu


Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

3.4 Alkyl- and arylsulfonyl and sulfinil substituted phthalocyanines 
3.5 Phthalocyanines with carboxylic groups and their derivatives 
3.6 Phthalocyanines functionalized with phosphoric acid derivatives 

4. Phthalocyanines with electron-donating groups 
4.1 Aminosubstituted phthalocyanines and their derivatives 
4.2 Hydroxy-, alkoxy- and aryloxy substituted phthalocyanines 
4.3 Alkylthio- and arylthio- substituted phthalocyanines 

5. Phthalocyanines with electron-donating and electron-withdrawing substituents in the 
same benzene ring 

Acknowledgements 
References 
 
 
1. Introduction 
 
The most comprehensive early study of phthalocyanines was conducted by Linstead and co-
workers in 1930s.1 For the first thirty years after their discovery, phthalocyanines were widely 
used as blue and green light-resistant pigments and dyes in the paper and textile industries 
because of their high thermal, chemical, and photochemical stabilities.2 Almost all early 
phthalocyanine complexes were unsubstituted on the periphery and had a low solubility in most 
known solvents even in such high-boiling aromatic solvents as 1-chloro- or 1-bromonaphthalene 
and quinoline, with sulfuric acid was found to be the best solvent for them.  
 Change of the central atom and/or its axial coordination, change of the meso-atoms in the 
phthalocyanine macrocycle, and its peripheral modification3 are the major ways of modifying the 
phthalocyanine structure the last one of which turned out to be the most fruitful. Because the 
scope and limitations of the first two modification approaches are rather well explored, here we 
will discuss only the peripheral modification of the phthalocyanine core. We use here term 
“periphery” for all substituents on the benzene rings of the molecule. The substituents located at 
positions 1, 4, 8, 11, 15, 18, 22, and 25 of the phthalocyanine ring (α-positions, Figure 1) are 
named as α−substituents, while those located at positions 2, 3, 9, 10, 16, 17, 23, and 24 (β-
positions, Figure 1) are regarded as β-substituents. 
 Introduction of peripheral substituents can dramatically increase the solubility of the target 
phthalocyanine in water or common organic solvents and can be used for an accurate tuning of 
optical and redox properties of phthalocyanines designed for a specific high-tech application. 
Peripheral substituents can also be used as anchoring or bridging groups for formation of 
controlled supramolecular assemblies and similar applications (e.g. heterogeneous catalysis).4  
 In addition to traditional applications as dyes and pigments,5 peripherally substituted 
phthalocyanines are currently widely used as industrial catalytic systems;6 photosensitizers for 
photodynamic therapy of cancer;7 materials for electrophotography, ink-jet printing, 
semiconductors, chemical sensors, and electrochromic devices; functional polymers and liquid 
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crystals; nanotechnology;8 and non-linear optics.9 The majority of these applications take 
advantage of the unique optical (specifically low-energy Q-band) and redox properties of 
phthalocyanines which can be fine-tuned using appropriate peripheral substitutions.3  
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Figure 1. Numbering scheme for the phthalocyanine core.  
 
 Peripheral substituents can be introduced into the phthalocyanine core using one of the two 
basic methods. The first approach involves modification of the already existing phthalocyanine 
core using aromatic electrophilic substitution reactions as well as cycloaddition reactions.3,10 The 
second basic approach involves the tetramerization of already substituted phthalocyanine 
precursors, which leads to a controlled number of substituents on the target phthalocyanine.3 The 
useful precursors for this method include substituted derivatives of ortho-phthalic acid (i.e. 
anhydrides, imides, amides, and nitriles) with the nitriles being the most popular choice (Scheme 
1).  
 The two most important synthetic pathways for preparation of the substituted phthalonitriles 
still include phthalic acid transformation (i.e. the ‘acidic’ route which includes the acid – 
anhydride – imide – amide – nitrile sequence) and the Rosenmund-von Braun reaction (i.e. 
transformation of o-dihalides into dinitriles using CuCN), although Diels-Alder and cross-
coupling reactions often provide reliable alternatives. The cyclotetramerization approach (which 
is in general based on fundamental reactions developed by Linstead in the 1930s) will be 
primarily discussed here. It should be noted that since several excellent reviews on the 
preparation and properties of substituted phthalocyanines have already been published3,11-14 some 
partial overlap between what is presented in this review and published material is unavoidable; 
however, we have tried to focus on the introduction of the specific substituents into the 
phthalocyanine core. Since the introduction of the alkyl-, alkenyl-, alkynyl-, aryl(heteroaryl)-, 
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and trialkylsilyl- substituents into the phthalocyanine core only slightly affects their optical and 
redox properties, these peripheral groups will be considered together. Most of the 
phthalocyanines substituted by substituents of the general formula (CH2)nX (in which the 
influence of electron-withdrawing or electron-donating group X is small) will also be described. 
Next, phthalocyanines with at least one electron-withdrawing or electron-donating group per 
isoindole fragment will also be discussed. Finally, phthalocyanines with both electron-donating 
and electron-withdrawing groups in the same isoindole core will be reviewed. 
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Scheme 1 
 
 
2. Phthalocyanines with alkyl-, aryl-, alkenyl-, and alkynyl substituents 
 
2.1 Phthalocyanines with alkyl- and aryl-substituents 
2.1.1 1,8(11),15(18),22(25)-Tetrasubstituted compounds. To date, only a very limited number 
of alkyl-, and aryl-1,8(11),15(18),22(25)-tetra substituted phthalocyanines are known.  
3-Substituted derivatives of phthalic acid are the most common precursors for preparation of the 
1,8(11),15(18),22(25)-tetra substituted phthalocyanines. As in the case of the other 
tetrasubstituted phthalocyanines, all four possible positional isomers (C4h, C2v, Cs, and D2h, 
Figure 2) can be formed during the cyclotetramerization reaction and the size of substituent in 
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the 3-substituted precursor can dictate predominant formation of the least sterically crowded and 
least soluble phthalocyanine of C4h symmetry. It is interesting that the mild reaction conditions 
(i.e. alkoxide promoted cyclotetramerization) lead to formation of the pure least sterically 
crowded isomer of ‘C4h‘ symmetry (since it is metal-free phthalocyanine, the actual symmetry of 
this compound is C2h) in low yield (1%).15 On the other hand, harsh reaction conditions and use 
of a template (e.g. transition-metal ions) result in formation of a mixture of all four possible 
positional isomers in significantly higher yields even in the cases when 3-substituted phthalic 
acids were used as the precursors. Of course, when comparison is possible, 3-substituted 
phthalonitriles result in better yields of phthalocyanines as compared to corresponding phthalic 
acids or anhydrides. For instance, vanadyl 1,8(11),15(18),22(25)-tetraphenyl phthalocyanine can 
be prepared in 90% yield when 3-phenylphthalonitrile was used as the precursor at 180 oC, while 
only 55% yield was observed when 3-phenylphthalic acid and urea were used as the precursors 
at 250 oC.16
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Figure 2. Four possible positional isomers of 1,8(11),15(18),22(25)-tetrasubstituted 
phthalocyanines. 
 
 Catalytic ammonolysis is probably the most important synthetic pathway for the multi-gram 
preparation of 3-alkyl- and 3-aryl-substituted phthalonitriles in a single step.17 The reaction is 
typically conducted using appropriately substituted phthalic acids, anhydrides, or imides, 
gaseous ammonia and a borophosphate catalyst18 at ca. 400 °C. The yields of the target 
phthalonitriles vary between 45 and 80%.  
 Although the Diels-Alder reaction is rarely used for preparation of the 3-substituted 
phthalonitriles, several examples can be found in the literature. For instance, the [4+2] 
cycloaddition reaction between 1-aryl or 1-alkylbutadiene and dichloromaleo(fumaro)nitrile 
results in formation of a cyclic reaction intermediate, which can be aromatized at elevated 
temperature with elimination of hydrogen chloride and formation of the target nitriles (Scheme 
2).19
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Scheme 2 
 
 The dichloromaleo(fumaro)nitrile20 can be easily prepared by the direct chlorination of 
inexpensive succinonitrile with chlorine gas at elevated temperatures.  
 Another analogous reaction pathway for preparation of 3-alkyl substituted phthalonitriles was 
explored by Hanack’s group.21,22 They used as proposed by Cook et al.23-26 the cycloaddition 
reaction between 2-substituted furans and fumaronitrile. Thus, the reaction of 2-heptylfuran and 
fumaronitrile leads to formation of a bicyclic intermediate, which can be aromatized by treatment 
with lithium bis(trimethylsilyl)amide at low temperature with formation of 3-heptylphthalonitrile 
in 28% yield (Scheme 3). 
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Scheme 3 
 
 The palladium catalyzed Suzuki-Miyaura coupling reaction between 2,3-dicyanophenyl 
trifluoromethanesulfonate and phenylboronic acid was also used for preparation of 3-
phenylphthalonitrile in 80% yield.27  
 The interesting route to 3-(2’-cyanophenyl) phthalonitrile with overall yield up to 80% was 
recently proposed28 utilizing reactivity of sodium or lithium salt of phthalonitrile radical anion in 
liquid ammonia at -40oC (Scheme 4).  
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2.1.2. 2,9(10),16(17),23(24)-Tetrasubstituted compounds. Alkyl-, alkenyl, alkynyl-, and aryl 
substituted phthalocyanines with 2,9(10),16(17),23(24)-tetrasubstituted patterns are probably the 
most common and well-explored in the field of phthalocyanine chemistry. 2,9(10),16(17),23(24)-
Tetramethyl-29 and -tetraethyl-30-32 substituted phthalocyanines still have fair solubility in 
common organic solvents and thus have generated only limited scientific interest, while the 
examples of the other, more soluble, analogs are very scarce.33 Preparation of zinc 
2,9(10),16(17),23(24)-tetra(cyclopropyl)phthalocyanine was also reported although the solubility 
of this compound remains low.34  
 Probably the most used and convenient alkyl substituted phthalocyanines is the metal-free 
2,9(10),16(17),23(24)-tetra-tert-butylphthalocyanine35 and its metallic complexes. This 
phthalocyanine was introduced in the late 1960s when a variety of main group, transition-metal 
and lanthanide complexes were described; this was followed by an enormous number of research 
papers reporting studies of this macrocycle.36 Similarly to 1,8(11)15(18),22(25) tetrasubstituted 
phthalocyanines, 2,9(10),16(17),23(24)-tetrasubstituted phthalocyanines exist as a mixture of 
four positional isomers (Figure 2). Since the influence of tert-butyl substituents at “β-peripheral” 
positions of the phthalocyanine core on the electronic structure and thus on the spectroscopic and 
redox properties is negligibly small, such an isomeric mixture is suitable for the majority of 
applications. The presence of bulky tert-butyl substituents on the phthalocyanines results in a 
dramatic increase of solubility of these compounds in a variety of common organic solvents 
without significant shift of the Q-band in the UV-vis spectra as compared to that observed in the 
corresponding unsubstituted analogs.37 Indeed, 2,9(10),16(17),23(24)-tetra-tert-
butylphthalocyanines are readily soluble in saturated hydrocarbons (e.g. hexane or petroleum 
ether), aromatic solvents (benzene, toluene, etc.), and chlorinated hydrocarbons (chloroform, 
dichloromethane, etc.). Moreover, the introduction of the tert-butyl group onto the 
phthalocyanine periphery prohibits their aggregation, which is one of the common phenomena in 
phthalocyanine chemistry. 
 The synthesis of the key precursor 4-tert-butylphthalonitrile starts from inexpensive ortho-
xylene, which undergoes a Friedel-Crafts reaction resulting in formation of 4-tert-butyl-ortho-
xylene35. Its oxidation leads to formation of 4-tert-butylphthalic acid, which represents the 
starting reagent for the so-called ‘acidic route’ to substituted phthalonitriles (substituted phthalic 
acid → anhydride → imide → amide → nitrile), yielding ca 25% of the target nitrile (Scheme 5). 
The large-scale laboratory preparation of 4-tert-butylphthalonitrile was later simplified by using 
a two-step procedure, which first requires the regioselective bromination of readily available 
tert-butylbenzene followed by the classic Rosenmund-von Braun or a palladium-catalyzed 
reaction of 1,2-dibromo-4-tert-butylbenzene with CuCN or Zn(CN)2.38,39 Similarly, the 
preparation of even more sterically crowded 4-adamantylphthalonitriles and the corresponding 
complexes of 2,9(10),16(17),23(24)-tetraadamantyl- and 2,9(10),16(17),23(24)-
tetra(trimethyladamantyl)-phthalocyanines has been reported.40 The increase of steric bulk of the 
substituent can be achieved using triphenylmethyl-41 and (1,1,3,3-tetramethyl)butyl30 substituents 
providing excellent solubility of the target phthalocyanines in non-polar solvents. In addition, 
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several compounds functionalized at the ω-position with amino, ammonium, phosphonate, 
carboxylate, trifluoromethyl and alkoxy groups (-(CH2)n-X type of substituents) as well as 
malonic acid derivatives of 2,9(10),16(17),23(24)-tetrasubstituted phthalocyanines, were 
reported by a number of research groups.42
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Scheme 5 
 
 Since substituents in the 4-substituted derivatives of phthalic acid provide less steric 
crowding during the cyclotetramerization reaction as compared with the corresponding 3-
substituted derivatives, the usual yield of C4h, D2h, C2v, and Cs symmetry regioisomers is close as 
a rule to what would be statistically expected (Cs = 50%, C2v = 25%, C4h = 12.5%, and D2h = 
12.5%). In 1993, Hanack reported successful separation of C2v and Cs isomers of nickel 
2,9(10),16(17),23(24)-tetra-tert-butyl phthalocyanine using direct phase HPLC and MPLC 
methods.43 Eight years later, the isomer distribution in metal-free 2,9(10),16(17),23(24)-
tetraethyl- and In(C6H4CF3-p) 2,9(10),16(17),23(24)-tetra-tert-butylphthalocyanines was tested 
by the same research group.44 The peak area for ‘C4h’ (C4) and ‘D2h’ (D2) isomers was found to 
be the same as predicted by statistics for the cyclotetramerization reaction, while the combined 
area for the ‘C2v’ (C2)/ Cs isomers is expected to be 75%. These new observations are differ from 
those in an earlier publication,45 where it was claimed that the pure C2v isomer of zinc 
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2,9(10),16(17),23(24)-tetra-tert-butylphthalocyanine can be prepared in the reaction between 4-
tert-butylphthalonitrile and zinc powder.  
 A variety of 2,9(10),16(17),23(24)-tetra-aryl substituted phthalocyanines were prepared.16 In 
the case of the phenyl, p-chlorophenyl, and p-nitrophenyl substituents, the solubility of the target 
phthalocyanines in common organic solvents remains quite low. Enhanced solubility can be 
achieved by introduction of ortho-substituents in the isomeric tetraphenyl-Pc due to steric 
hindrance of conjugation of the phenyl groups with the macrocycle. The introduction of even 
more bulky (pentaphenyl)phenyl substituents into phthalocyanines results in high solubility and 
the absence of aggregation properties in these compounds because of the perpendicular 
orientation of the substituents with respect to the phthalocyanine core.46 

 The influence of coplanarity on the position of the Q-band in UV-vis spectra in tetraphenyl-
substituted phthalocyanines was first investigated in the late 1960s (Figure 3).16 First, when π-
conjugation between the phthalocyanine core and aromatic substituents is broken because of the 
presence of a chlorine atom in the ortho-position of the phenyl ring (ortho-chloro substituted 
complexes), the Q-band position is almost indistinguishable from that in an unsubstituted 
phthalocyanine. The partial π-orbital overlap between the aromatic substituents and 
phthalocyanine core in other complexes, however, results in an appreciable (11–27 nm for 
vanadyl complexes) red shift of the Q-band. Similar to the chlorine substituted phthalocyanines, 
the influence of aromatic substituents at the β-positions is significantly smaller compared with 
those located at α-positions (Figure 3).  
 In the case of 2,3,9,10,16,17,23,24-octaphenylphthalocyanine complexes, two phenyl groups 
are located next to each other forcing them out of the phthalocyanine plane. As a result, it can be 
expected that the Q-band in UV-vis spectra in these compounds will be close to the position of 
the Q-band in 2,9(10),16(17),23(24)-tetraphenylphthalocyanines. Indeed, the Q-band is located 
at 691 nm in copper 2,9(10),16(17),23(24)-tetraphenylphthalocyanine, while it is observed at 698 
nm in copper 2,3,9,10,16,17,23,24-octaphenylphthalocyanine. 
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Figure 3. Influence of position and coplanarity of aromatic ring substituents on the position of 
the Q-band. 
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2.1.3 Octasubstituted compounds. So far, only two examples of 1,2,8,9(10,11),15,16(17,18), 
22,23(24,25)-substitution pattern have been described47,48 for chloro- and alkynyl-substituted 
phthalocyanine derivatives. The quite rare 1,3,8,10(9,11),15,17(16,18),22,24(23,25)-type of 
octasubstituted phthalocyanine compounds with octamethyl- and octa-tert-butyl derivatives was 
only published during last decade. An attempt to control the favorable formation of the least 
sterically crowded C4h constitutional isomer of nickel 1,3,8,10(9,11),15,17(16,18),22,24(23,25)-
octa-tert-butylphthalocyanine failed.49 In this case, the isomer distribution pattern was tentatively 
explained to be a result of the specificity of the template tetramerization of the 3,5-di-tert-
butylphthalonitrile precursor which leads to the initial formation of sterically unrestricted 
phthalonitrile-based “dimers”, whereupon further dimerization favors formation of Cs isomer 
(69%). The preparation of 3,5-dimethylphthalonitrile as well as metal-free and double-decker 
lanthanide phthalocyanines with the 1,3,8,10(9,11),15,17(16,18),22,24(23,25)-
octamethylphthalocyanine core was reported in several papers.50 As expected, the solubility of 
these target octasubstituted phthalocyanines is significantly lower as compared to that achieved 
by introduction of the tert-butyl groups.  
 The first report of preparation of the 3,5-di-tert-butylphthalonitrile occurred in 1972, when a 
high-temperature Diels-Alder reaction between 1,3-di-tert-butylbutadiene and dichloromaleo 
(fumaro)nitrile was explored (Scheme 6).19 Twenty-five years later Hanack et al. reported the 
preparation of 3,5-di-tert-butylphthalonitrile starting from 3,5-di-tert-butyl-2-bromoaniline, 
which was transformed into 3,5-di-tert-butyl-2-bromobenzonitrile by a diazotization reaction 
followed by standard the Sandmeyer reaction. 3,5-Di-tert-butyl-2-bromobenzonitrile can be 
easily converted into the target 3,5-di-tert-butyl-phthalonitrile using the Rosenmund-von Braun 
reaction and a similar synthetic strategy was used for preparation of the 3,5-
dimethylphthalonitrile.49  
 Unlike the previously discussed alkylsubstituted phthalocyanines, 1,4,8,11,15,18,22,25-
octasubstituted compounds exist as a single D4h or C4v (metal inside or above the phthalocyanine 
cavity, correspondingly) symmetry isomer because of their symmetric nature.5 Similarly to the 
other alkylsubstituted phthalocyanines, the presence of bulky or long chain alkyl substituents 
results in high solubility of these phthalocyanines in a variety of non-polar solvents. In addition, 
the introduction of long alkyl chains into the 1,4,8,11,15,18,22,25-octasubstituted phthalocyanine 
core results in liquid crystal properties.51,52  
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 Most of this type of phthalocyanine compounds have originated from Cook’s group,53 which 
developed a very elegant way for preparation of the key precursors, e.g. 3,6-
dialkylphthalonitriles, using the Diels-Alder reaction (Scheme 7). The reaction utilizes a readily 
available 2,5-dialkylthiophenes (via a double lithiation-alkylation reaction), which can be 
oxidized to 2,5-dialkylthiophene-1,1-dioxides forming in Diels-Alder reaction with fumaronitrile 
the bicyclic intermediate. The latter undergoes in situ extrusion of a bridging SO2 fragment and 
forms the target 3,6-dialkylphthalonitriles in good yield. Recently, it was found that 2,5-
dialkylfurans are useful precursors for preparation of alkenyl and ω-functionalized 3,6-
disubstituted phthalonitriles.33,54 
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 The alternative reaction pathway developed by Cammidge and Cook for preparation of the 
3,6-dialkylphthalonitrile employs a Negishi coupling reaction between phthalonitrile-3,6-
bistriflate (easily obtained from the commercially available 2,3-dicyanohydroquinone55,56) and an 
alkylzinc halide (Scheme 8).57 The best yields of the alkylzinc halides can be achieved using the 
appropriate alkyl iodides. Typical yields of the target phthalonitriles are 40–50%. It was found 
that reaction of the 5-hexenyliodide and zinc powder in DMF at 45 oC leads to formation of the 
cyclopentylmethylzinc iodide rather than the 5-hexenylzinc iodide. Thus, if the linear alkenyl 
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chains are required at the 3 and 6 positions of phthalonitrile, the Diels-Alder reaction pathway 
(starting from 2,5-dialkenylfuran) can be considered as a preferable synthetic pathway.33 
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Scheme 8 
 
 Finally, it was shown that 3-alkyl-6-arylsubstituted phthalonitriles can be prepared by the 
multistep reaction between dicyanoacetylene and 1-alkyl-4-arylcyclohexa-1,3-diene.58 Alkoxide-
initiated or transition-metal templated cyclotetramerization reactions of 3,6-dialkylphthalonitriles 
in alcohols afford metal-free or transition-metal 1,4,8,11,15,18,22,25-octaalkylphthalocyanines, 
respectively. Alternatively, transition-metal 1,4,8,11,15,18,22,25-octaalkylphthalocyanines can 
be prepared by standard metalation of metal-free phthalocyanine precursors.57 Taking into 
consideration the restrictions provided by eight alkyl substituents at αα-peripheral positions, it is 
not surprising that the yields of metal-free and transition-metal 1,4,8,11,15,18,22,25-
octaalkylphthalocyanines (prepared by a direct cyclotetramerization reaction) are in general 
lower than those from similar reactions of 4- and 4,5-alkylsubstituted phthalonitriles. For 
instance, refluxing of 3,6-dibutylphthalonitrile in a butanol/lithium butanolate mixture results in 
formation of metal-free 1,4,8,11,15,18,22,25-octabutylphthalocyanine in 20% yield, while the 
similar cyclotetramerization of isomeric 4,5-dibutylphthalonitrile leads to formation of metal-
free 2,3,9,10,16,17,23,24-octabutylphthalocyanine in 38% yield. Interestingly, although in 
general substituted 1-amino-3-iminoisoindolenines are better precursors for formation of metal-
free substituted phthalocyanines as compared to the respective phthalonitriles, the 3,6-dialkyl-1-
amino-3-iminoisoindolenines cannot be prepared by the usual methods, probably because of the 
steric restrictions provided by the alkyl substituents.59 Some caution should be used in 
preparation of metal-free 1,4,8,11,15,18,22,25-octaalkylphthalocyanines also because their 
formation depends upon the order of the added reagents.60,61 For instance, when freshly cut 
lithium was added to a solution of 3,6-dihexylphthalonitrile in pentanol, formation of metal-free 
1,4,8,11,15,18,22,25-octahexyl-29H,31H-tetrabenzo[b,g,l,q]-[5,10,15]triazaporphyrin (Scheme 
9) was observed as a by-product, along with the expected 1,4,8,11,15,18,22,25-
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octahexylphthalocyanine. The relative yields of these two macrocycles depend on the nature of 
the alcohol and the amount of added lithium. For instance, when pentanol was used as a solvent, 
addition of 2.1 equivalents of lithium resulted in a 5:95 tetrabenzotriazaporphyrin: 
phthalocyanine ratio, while increasing the amount of lithium up to 19 equivalents shifted this 
ratio to 23:77.  
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Scheme 9 
 
 Although aryl substituents in 1,4,8,11,15,18,22,25-octaaryl substituted phthalocyanines are 
expected to provide more steric strain compared with 1,4,8,11,15,18,22,25-octaalkyl compounds, 
Kobayashi et al. were able to prepare several transition-metal 1,4,8,11,15,18,22,25-
octaphenylphthalocyanines.59 The available X-ray crystal structures of these complexes clearly 
suggest a highly distorted phthalocyanine core, which leads to a tremendous red-shift of the Q-
band in UV-vis spectra. Of course, increase of steric hindrance by phenyl substituents compared 
to the more conformationally flexible alkyl groups results in very low yields of the target 
compounds. The initial 3,6-diphenylphthalonitriles used in the above mentioned tetracyclization 
reaction was prepared using a Diels-Alder reaction between 1,4-disubstituted butadiene and 
dichloromaleo(fumaro)nitrile. Alternatively, 3,6-diaryl- or 3,6-bis(heteroaryl)phthalonitriles can 
be prepared using the Suzuki cross-coupling reaction between readily available 3,6-
bis(trifluoromethanesulfonyloxy)phthalonitrile and aryl(heteroaryl) boronic acids.55,56 

 The unsubstituted metal-free phthalocyanine can be very selectively, if not exclusively, 
lithiated and then deuterated to the ‘α-peripheral’ positions at low temperature.62 Thus, reaction 
of H2Pc and lithium 2,2,6,6-tetramethylpiperidine (Li-TMP) in the presence of D-TMP at -23 oC 
leads to selective formation of 1,4,8,11,15,18,22,25-octadeuterophthalocyanine.  
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 Similar to 1,4,8,11,15,18,22,25-octasubstituted phthalocyanines, 2,3,9,10,16,17,23,24-
octasubstituted phthalocyanines exist as a single isomer. The bromination of the 1,2-
dialkylbenzenes followed by the Rosenmund-von Braun reaction, and tetracyclization is one of 
the most effective ways for preparation of the 2,3,9,10,16,17,23,24-octaalkyl substituted 
phthalocyanines.63 Although some 1,2-dialkylbenzenes are commercially available, the 
corresponding 2,3,9,10,16,17,23,24-octaalkylphthalocyanines have low solubility and thus have 
little academic interest. Introduction of longer alkyl chains usually can be achieved by the 
catalytic coupling of ortho-dihalobenzenes with the appropriate haloalkanes following by 
bromination and finally Rosenmund-von Braun reactions (Scheme 10).  
 Alternatively, cross-coupling reactions between 4,5-dichlorophthalonitrile and alkylzinc 
halides can be used for preparation of 4,5-dialkylphthalonitriles.33 Finally, as shown in the late 
1980s, alicyclic alkyl substituents can be introduced onto the phthalocyanine core by the ‘acidic’ 
methodology presented in Scheme 11.64 An alternative reaction pathway for preparation of 6,7-
dicyano-1,1,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene starts from the bromination reaction 
of commercially available 1,1,4,4-tetramethyl-1,2,3,4-tetrahydronaphthalene, following by the 
Rosenmund-von Braun reaction.65 Phthalocyanines prepared from this nitrile as well as their 
alicyclic five-membered analogs66 have, like tetra-tert-butylphthalocyanines good solubility in 
common organic solvents, and moreover the presence of alicyclic substituents on the molecule 
does not significantly affect their optical properties. Metal-free phthalocyanine can be used as a 
luminescence sensor for laser-induced singlet oxygen generation in solution.67   
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 The preparation of other interesting sterically crowded, so-called ‘concave’ phthalocyanine 
complexes, also includes an initial Diels-Alder reaction between anthracene and 4,5-
dibromobenzyne generated in situ from 4,5-dibromoanthranilic acid (Scheme 12).68  
 The resulting 2,3-dibromotriptycene can be introduced into the Rosenmund-von Braun 
reaction to afford 2,3-dicyanotriptycene in moderate yield. The latter can be easily cyclized into 
the corresponding sterically crowded phthalocyanine complexes using general methods for the 
preparation of substituted phthalocyanines. The sterically crowded triptycene skeleton creates a 
double ‘concave’ cavity, while not affecting the optical properties of phthalocyanines. 
 The smaller and larger ‘concave’ tetraazaporphyrin and 2,3-naphthalocyanine analogs can be 
prepared in the similar Diels-Alder transformation sequences (Schemes 13 and 14). For instance, 
2,3-dicyanodibenzobarrelene can be prepared by the reaction between anthracene and dimethyl 
acetylenedicarboxylate followed by formation of the amide and the nitrile under standard 
reaction conditions.69-71 The Diels-Alder reaction of anthracene with chloromaleo(fumaro)nitrile 
can be also used for preparation of 2,3-dicyanodibenzobarrelene.72,73  Direct 
cyclotetramerization reactions of this nitrile using a magnesium template lead to formation of a 
small cavity “concave” tetraazaporphyrin (Scheme 13).69,71-73  
 The reaction pathway for preparation of the “concave” analog of 2,3-naphthalocyanine 
complexes is presented in Scheme 14. It starts from dimethyltriptycene, which can be further 
brominated by a radical mechanism using N-bromosuccinimide to result in formation of 1,2-
bis(dibromomethyl)triptycene in high yield. This compound as well as many other substituted 
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1,2-bis(dibromomethyl)benzenes [for instance 4-adamantyl-1,2-bis(dibromomethyl)benzene], 
which can be prepared in a similar way, is an extremely useful precursor for Diels-Alder 
reactions between in situ generated diene and an appropriate dienophile (e.g. fumaronitrile).74-76 
 The reaction intermediate can be easily aromatized by elimination of two hydrogen bromide 
molecules with formation of 2,3-dicyano-(4,5-dibenzobarelleno)naphthalene, which under 
regular template high-temperature reaction conditions generates the target “concave” 2,3-
naphthalocyanines.77

 Similar to 2,3,9,10,16,17,23,24-octaalkyl substituted phthalocyanines, their phenyl analogs 
can be prepared by the cyclotetramerization reaction of 4,5-diphenylphthalonitrile, which can be 
prepared by the high-temperature Diels-Alder reaction between 2,3-diphenylbutadiene and 
dichloromaleo(fumaro)nitrile. 
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Scheme 13  
 
2.1.4 Dodecaalkyl- or aryl- substituted phthalocyanines. Although there are several reports of 
the preparation of dodecasubstituted phthalocyanines, “all alkyl” or “all aryl” dodecasubstituted 
phthalocyanines are yet to be reported.  
 
2.1.5 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecasubstituted compounds. The Diels-
Alder reaction is, probably, the easiest synthetic approach for the preparation of tetrasubstituted 
phthalonitriles, which can, at least theoretically, form 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-
hexadecasubstituted phthalocyanines. The key precursors for this [4+2] cycloaddition reaction 
are well-documented tetrasubstituted cyclopentadienone (‘cyclone’)78 compounds, which can 
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usually be prepared by a condensation reaction between α-diketones and ketones with two αCH2 
groups (Scheme 15). The Diels-Alder reaction between appropriate ‘cyclone’ and 
chloromaleo(fumaro)nitrile or fumaronitrile leads to formation of bicyclic intermediates A, 
which can be aromatized either by a bromination/elimination reaction sequence or simply by 
heating the reaction mixture.79 The typical yields of the target tetrasubstituted nitrile vary with 
the nature of the substituted diene and were found to be between 16 and 73%. Use of readily 
available tetrasubstituted cyclopentadienone precursors allows preparation of several 
tetrasubstituted phthalonitriles with both aryl- and alkyl-substituents on the benzene ring.  
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 Sterically hindered nitriles can be used for preparation of low-symmetry phthalocyanine 
analogs using the so-called sterically-controlled method (Scheme 16).80 In this method, the low-
symmetry phthalocyanines can be prepared by cross-condensation of sterically hindered and 
sterically unhindered phthalonitriles A and B, respectively. Target compounds can be easily 
separated by preparative TLC, while the yields of the isolated reaction products follows the order 
of increase of steric hindrance, i.e. AAAA>AAAB>ABAB>AABB>ABBB. Although steric 
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interactions between phenyl groups located at the 1,4-positions of each isoindole fragment 
prevent direct formation of hexadecaphenylsubstituted transition-metal phthalocyanines, the 
analog zinc complexes substituted at the 1,4,8,11,15,18,22,25-positions can be prepared using a 
modified approach in low yield.81  
 Another synthetic strategy for preparation of tetrasubstituted phthalonitriles was explored by 
Hanack et al. (Scheme 17).82 The reaction sequence starts by iodination of 1,2-dibromo-4,5-
dialkylbenzene with formation of 1,2-dibromo-3,6-diiodo-4,5-dialkylbenzene. Further selective 
coupling reactions between 1,2-dibromo-3,6-diiodo-4,5-dialkylbenzene and an appropriate 
alkyne leads to formation of 1,2-dibromo-3,6-dialkynyl-4,5-dialkylbenzene, which can be 
transformed into the corresponding phthalonitrile by the Rosenmund-von Braun reaction. 
Finally, reduction of the tetrasubstituted acetylenic phthalonitriles leads to formation of the target 
tetraalkylphthalonitriles. 
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Scheme 16 
 
 Taking into consideration steric restrictions induced by substituents at the α-peripheral 
positions, it is not surprising that only a few examples of 1,2,3,4,8,9,10,11,15,16,17,18, 
22,23,24,25-hexadecaalkyl- or aryl substituted phthalocyanines have been reported in the 
literature. Two of hexadecaalkyl substituted nickel phthalocyanines were prepared by Hanack et 
al. by template condensation of the respective tetraalkyl substituted phthalonitriles in octanol for 
7 days.82 Interestingly, when tetra(n-hexyl)phthalonitrile was used, the yield of the target nickel 
hexadecahexylphthalocyanine is low (< 1%), while a similar template condensation of 3,6-
diheptyl-4,5-dimethylphthalonitrile results in a 10% yield of the target phthalocyanine. So far, all 
attempts to obtain hexadecaphenyl phthalocyanine by template condensation of 
tetraphenylphthalonitrile failed to provide the target compound. On the other hand, a 
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cyclotetramerization reaction of tetrapyrazolylphthalonitrile in hydroquinone at 180 oC leads to 
formation of metal-free hexadecapyrazolylphthalocyanine in 70% yield.83  
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Scheme 17 
 
2.2 Phthalocyanines with alkenyl- and alkynyl-substituents  
Several synthetic strategies for preparation of vinyl-containing phthalonitriles have been 
proposed since the early 1990s, when Leznoff et al. reported the synthesis of cis-1,2-bis(3,4-
dicyanophenyl)ethene.84 In general, reduction of the carbon-carbon triple bond, a Rosenmund-
von Braun reaction, and various coupling reactions were suggested for preparation of the target 
alkenylphthalonitriles with a typical example shown in Scheme 18.85  
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 Although preparation of alkenyl-substituted phthalonitriles was described by the Leznoff, 
Hanack, Kimura and Torres groups, in most cases these compounds were used for synthesis of 
asymmetric phthalocyanines, while to date, there are only a few examples on the preparation of 
alkenyl-containing symmetric phthalocyanines, which include the metal-free 
2,9(10),16(17),23(24)-tetravinylphthalocyanine reported by Hanack in 1993.85 This compound 
was prepared by a cyclotetramerization reaction of 1,3-dihydro-1,3-diimino-5-vinyl-isoindole in 
DME and the product was characterized by IR-, UV-vis, and 13C CP/MAS-NMR spectroscopy. 
In addition, several star-shaped stilbenoid phthalocyanines with extended π-conjugated oligo(p-
phenylenevinylene)s were reported by Kimura et al.85 The target nitriles for these compounds 
were prepared using the Michaelis-Arbuzov and Wittig-Horner reaction sequences (Scheme 19). 
 Unlike 2,9(10),16(17),23(24)-tetra-alkenyl substituted phthalocyanines, their tetra-alkynyl 
substituted analogs are relatively abundant. The target 4-alkynyl substituted phthalonitriles can 
be prepared by palladium-catalyzed coupling reactions between 4-iodophthalonitrile and specific 
terminally monosubstituted acetylenes.86 Cyclotetramerization of 4-alkynylphthalonitriles leads 
to formation of the target 2,9(10),16(17),23(24)-tetra-alkynyl substituted phthalocyanine 
compounds. If alkynyl substituents are sensitive to the reaction conditions, formation of 
oligomeric materials, which originate from partial degradation of the alkynyl chain, can also be 
observed. Several interesting phthalocyanine-porphyrin assemblies connected via the -C≡C- 
fragment were reported by Lindsey and co-workers.87 In each of these assemblies, the 
2,9(10),16(17),23(24)-tetraalkynyl substituted phthalocyanine core is connected to four or eight 
porphyrin units resulting in interesting redox and photophysical properties. The introduction of 
the alkynyl substituents into the phthalocyanine core can also be achieved by the Sonogashira 
coupling reaction using 2,9(10),13(14),23(24)-tetraiodophthalocyanines as was demonstrated in 
the preparation of the deoxyribose-phthalocyanine conjugate.88  
 So far, the only example of the 1,2,8,9,15,16,22,23-octakis substitution pattern was described 
in 1999 by Leznoff and co-workers.48 A palladium-catalyzed coupling reaction between 3,4-
dibromophthalonitrile and tert-butylacetylene results in formation of 3,4-bis(tert-
butylethynyl)phthalonitrile in 40% yield. This nitrile undergoes a cyclotetramerization reaction 
with lithium 1-pentanolate and results in formation of a single C4h (ignoring inner protons) 
isomer of 1,2,8,9,15,16,22,23-octakis(3,3-dimethyl-1-butynyl)phthalocyanine in 35% yield. 
Formation of a single isomer in this reaction is not surprising taking into consideration the size 
and conformational rigidity of tert-butylacetylene groups at the α-peripheral positions of the 
phthalocyanine core. Similar palladium catalyzed couplings between alkynes and 3,4-
diiodophthalonitrile were also explored by Leznoff et al.48 
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 The preparation of 4,5-dialkynyl substituted phthalonitriles and their respective 
2,3,9,10,16,17,23,24-octaalkynyl substituted phthalocyanines was explored in detail by Leznoff 
and Torres in the 1990s. The original preparation of 4,5-dialkynylphthalonitriles was 
accomplished using a simple Heck coupling reaction between 4,5-dibromo- or diiodo-
phthalonitrile and the corresponding substituted or terminal alkynes in the presence of a 
palladium catalyst (Scheme 20). Alternatively, 4,5-dialkynyl substituted phthalonitriles can be 
prepared by the Diels-Alder reaction between dimethylenehexadiynes and dicyanoacetylene, 
followed by a hydrogen subtraction reaction with DDQ.  
 In the case when 4,5-disubstituted phthalonitriles have alkyl or silyl terminal groups directly 
connected to the acetylene moieties, the target 2,3,9,10,16,17,23,24-octaalkynyl substituted 
phthalocyanines can be prepared with reasonable yields by a direct cyclomerization reaction in 
the presence of a metal salt (if necessary) in DMAE, with or without continuous ammonia gas 
flow.48 The 2,3,9,10,16,17,23,24-octaalkynyl substituted phthalocyanines with terminal -C≡C-H 
groups, however, must be prepared by modification of the peripheral -C≡C-R substituents. For 
instance, they can be prepared by cleavage of the C-Si bond in C≡C-SiMe2Bu-t using 
tetrabutylammonium fluoride under mild conditions (Scheme 21).48 In addition, in situ 
deprotection of tert-butyldimethylsilyl groups with tetrabutylammonium fluoride and “clicking” 
of terminal acetylene substituents with alkylazides in the presence of copper(I) ions results in a 
highly efficient and quantitative route to the octatriazole-functionalized phthalocyanines. It has 
been demonstrated that these triazole containing phthalocyanines can form well-defined 
supramolecular structures when doped with zinc triflate.89 

 

2.3 Trialkylsilyl substituted phthalocyanines  
4-Trimethylsilylphthalonitrile and isomeric 3-trimethylsilylphthalonitrile were first prepared by 
Hopff and Gallegra in 1968 using the ‘acidic’ synthetic pathway starting from the corresponding 
trimethylsilylphthalic acids, or by catalytic ammonolysis of their anhydrides with gaseous 
ammonia and borophosphate catalyst.18 4-Trimethylsilylphthalic anhydride and 4-
trimethylsilylphthalonitrile were the starting compounds for preparation of 
2,9(10),16(17),23(24)-tetrakis(trimethylsilyl)-phthalocyanines, the first soluble in organic 
solvents phthalocyanine derivatives with bulky silyl substituents. Trimethylsilylphthalic acids 
were obtained by the coupling reaction between 4- or 3-chloro-o-xylene and 
trimethylsilylchloride in the presence of sodium in benzene, with subsequent oxidation of the 
resulting trimethylsilyl-o-xylenes.  
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Scheme 21 
 
 An alternative preparation of the 3-trimethylsilylphthalonitrile was reported by Chen et al., 
who used a direct silylation reaction of unsubstituted phthalonitrile. Upon its 
cyclotetramerization, metal-free 1,8(11),15(18),22(25)-tetrakis(trimethylsilyl)phthalocyanine 
was prepared.90 The target phthalocyanine is readily soluble in chlorinated hydrocarbons and 
gives a single 29Si NMR peak at δ = -2.366 ppm relative to TMS. 
 Chen et al. suggested that the direct lithiation of the phthalocyanine core predominantly, if 
not exclusively, occurs at the α-peripheral positions of the phthalocyanine ring, and this can be 
used to selectively introduce α-peripheral substituents onto the phthalocyanine core. Thus, 
treatment of the unsubstituted metal-free phthalocyanine with lithium 2,2,6,6-
tetramethylpiperidine in the presence of chlorotrimethylsilane results in formation of a mixture 
of trimethylsilyl-substituted phthalocyanines, H2Pc(SiMe3)n (n = 2–4), which can be separated by 
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column chromatography. The yield of tetrakis(trimethylsilyl)phthalocyanine depends upon the 
phthalocyanine : base ratio. For instance, when this ratio is 1 : 7.8, the yield of 
tetrakis(trimethylsilyl)phthalocyanine is 13%, which can be increased if a 1 : 32 ratio is used.62,90 
It is interesting to note that despite the bulkiness of the trimethylsilyl groups, all four possible 
isomers of H2Pc(SiMe3)4 were observed in the 29Si NMR spectrum. Similarly, lithiation of the 
zinc phthalocyanine followed by treatment with Me3SiCl leads to formation of polysilylated zinc 
phthalocyanine.91

 The silylated analogs of octaalkylsubstituted phthalocyanines are presented in a single report 
in which 1-imino-5,6-bis(trimethylsilyl)-1H-isoindol-3-amine (prepared from 4,5-
bis(trimethylsilyl)-1,2-benzenedicarbonitrile in four steps with an overall yield of 32%) was used 
for preparation, in a pentanol/DBU mixture in the presence of appropriate metal salts, of the 
corresponding zinc and manganese 2,3,9,10,16,17,23,24-
octakis(trimethylsilyl)phthalocyanines.92  
 
2.4 Phthalocyanines with substituents connected via a methylene group to the 
phthalocyanine core 
Phthalocyanines with substituents connected via a methylene group to the phthalocyanine core 
represent another important class of substituted phthalocyanine compounds. These complexes 
can be prepared using two major synthetic strategies – by the cyclotetramerization reaction of 
appropriately substituted phthalonitriles or by substitution reactions on the phthalocyanine 
macrocycle.  
 Thus, by reaction of 4-bromomethylphthalonitrile with triethylphosphite 4-
diethoxyphosphinylmethylphthalonitrile was synthesized; this is the starting compound for the 
preparation of the corresponding diethoxyphosphinylmethyl substituted phthalocyanines 
(Scheme 22).93

 The typical synthetic pathway for preparation of 4,5-disubstituted phthalonitriles with 
ArCH2X groups is presented in Scheme 23.94 The bromination of o-xylene results in formation 
of 4,5-dibromo-o-xylene, which can be converted into 4,5-dimethylphthalonitrile under the 
regular Rosenmund-von Braun reaction conditions. This nitrile then can be converted into 1,2-
bis(bromomethyl)-4,5-dicyanobenzene by a radical chain halogenation reaction. Finally, 
nucleophilic substitution of the bromine atoms at the benzylic positions in 1,2-bis(bromomethy)-
4,5-dicyanobenzene leads to formation of the target 4,5-disubstituted phthalonitriles. 
Alternatively, 4,5-dibromo-o-xylene can be brominated under radical chain bromination 
conditions to form 1,2-dibromo-4,5-bis(bromomethy)benzene. 1,2-Dibromo-4,5-
bis(bromomethyl)benzene then undergoes the Rosenmund-von Braun reaction to form 1,2-
bis(bromomethyl)-4,5-dicyanobenzene, which can be converted into the target 4,5-disubstituted 
phthalonitriles. In the majority of cases, alcohols and thiols were used in the final nucleophilic 
substitution step, although several examples of aminosubstituted analogs are also present in the 
literature. 
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Scheme 23 
 
 Chloromethylation of the phthalocyanine core represents the second synthetic strategy for 
preparation of phthalocyanines with substituents connected to the phthalocyanine core via a 
methylene group. This reaction results in formation of tetra- and octa-
chloromethylphthalocyanine macrocycles as a mixture of unknown positional isomers. These 
chloromethylphthalocyanines can be used as the universal precursors for preparation of a variety 
of functionalized phthalocyanine derivatives. Thus, polysubstituted phthalocyanine metal 
complexes of general formula PcM[CH2PO(OR)2]n where M=AlX, Zn, SnX2, SiX2, TiO, R=H, 
Et, X = OH, OPOR(OR), Br, n = 4-8, can be prepared from corresponding chloromethylated 
phthalocyanines and trialkylphosphites using the Arbuzov-Michaelis reaction (Scheme 24).95

 Such compounds are highly soluble in water and do not aggregate in aqueous solutions.  
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Scheme 24 
 
 They absorb at longer wavelengths than the corresponding sulfo-derivatives and have 
generated interest as efficient photosensitizers for PDT, allowing deeper located tumors to be 
treated. So, aluminum octakis(diethylphosphinylmethyl)phthalocyanine has intense absorption 
with maximum at 698 nm (ε > 105 M-1cm-1).96 
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 Similar to the preparation of anionic phosphomethylphthalocyanines, water-soluble cationic 
phthalocyanines can be prepared using the octachloromethylphthalocyanine precursor (Scheme 
25). In this case, the reaction of a tertiary aliphatic amine or pyridine leads to formation of a 
quaternary ammonium or pyridinium salt, which (in the case where other tertiary amino groups 
are present) can be transformed into dicationic (per substituent) derivatives.97 Some of these 
derivatives are very active in cancer PDT as well as in antimicrobial photodynamic treatment of 
biologically relevant substances and water. 
 Use of tetra- and octa-chloromethylphthalocyanine precursors also provides the possibility 
for introduction of carborane cages, useful in boron neutron capture therapy. A covalent 
conjugate of cobalt phthalocyanine with carborane –closocarboranylphthalocyanine was 
prepared earlier, starting from dimethyl(3,4-dicyanophenyl)(o-carboranylmethyl)malonate42a and 
other98 precursors. Tetrakis and octakis(chloromethyl)phthalocyanines, when treated with 
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B12H11NH2
2-, form sodium salts of tetrakis and octakis(undecahydro-

closododecacarboranylaminomethyl) phthalocyanines which are soluble in water because of the 
presence of anionic boranyl moieties.99

 
 
3. Phthalocyanines with electron-withdrawing groups 
 
3.1 Halogen-substituted phthalocyanines 
In general, the interest in substituted phthalocyanines with direct C(aryl)-F bonds relates to their 
molecular semiconducting properties.52,100 In spite of the commercial availability of 3-
fluorophthalonitrile, there are only a few reports on the preparation of the corresponding 
phthalocyanines published so far.101  

 Thus, copper and zinc complexes of 1,8(11),15(18),22(25)-tetrafluorophthalocyanines were 
investigated as molecular semiconductor thin films and as prospective compounds for solar 
energy conversion.101a The key precursor for formation of these complexes (3-
fluorophthalonitrile) can be prepared either by an aromatic nucleophilic substitution reaction 
between 3-nitrophthalonitrile and tetramethylammonium fluoride or from 3-
fluorodimethylphthalate, which can be treated first with liquid ammonia and then with 
POCl3/pyridine to form 3-fluorophthalonitrile (Scheme 26).101 4-Fluorophthalonitrile can be 
prepared similarly starting from 4-fluorodiethylphthalate.101c A template cyclotetramerization of 
4-fluorophthalonitrile under normal reaction conditions leads to formation of the target 
2,9(10),16(17),23(24)- tetrafluorophthalocyanines. 
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Scheme 26 
 
 There are three types of octafluorophthalocyanines reported to date. Transition-metal 
1,3,8,10(11,9),15,17(18,16),22,24(25,23)-octafluorophthalocyanines were prepared by the 
diazotization reaction of the corresponding octaaminophthalocyanines followed by the treatment 
of the diazonium salts with NaBF4 at 5 oC.102 Although the reported elemental analyses of these 
complexes are in agreement with the proposed structures, the molar extinction coefficients 
reported for Q- and B-bands (ε = 690 – 6025) are more than an order of magnitude lower than 
the expected (for phthalocyanines) values of ~100,000. Zinc 1,4,8,11,15,18,22,25-
octafluorophthalocyanine was investigated by Mayer et al.101a as a potentially useful compound 
for solar energy conversion. Several transition-metal 2,3,9,10,16,17,23,24-
octafluorophthalocyanines were investigated using photoelectron and photoemission 
spectroscopies, while their optical and redox properties were studied by electro- and 

ISSN 1551-7012 Page 161 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

spectroelectro-chemical methods.101a,103 The starting 4,5-difluorophthalonitrile can be prepared 
using the aromatic nucleophilic substitution reaction between commercially available 4,5-
dichlorophthalonitrile and potassium fluoride, or by a palladium-catalyzed reaction between 1,2-
dibromo-4,5-difluorobenzene and Zn(CN)2.39,101  Metal-free and transition-metal 1,2,3,4,8,9,10, 
11,15,16,17,18,22, 23,24,25-hexadecafluoro phthalocyanines, prepared in the normal way using 
commercially available 3,4,5,6-tetrafluorophthalonitrile, have been intensively studied during 
last decade because of their potential application as low-voltage thin-film transistors.104 Unlike 
unsubstituted phthalocyanine, these compounds are soluble to some extent in a variety of organic 
solvents such as DMF, chlorobenzene, acetone, and chloroform. 
 One of the first reports on the preparation of chlorinated copper phthalocyanines with 
different degrees of chlorination was published in 1959.105 It was found that the copper 
complexes of 1,8(11),15(18),22(25)-tetrachloro-, 2,9(10),16(17),23(24)-tetrachloro-, 1,4,8,11,15, 
18,22,25-octachloro-, 1,2,8,9(10,11),15,16(17,18),22,23(24,25)-octachloro-, 2,3,9,10,16,17,23, 
24-octachloro-, 1,2(3),4,8,9(10),11,15,16(17),18,22, 23(24),25-dodecachloro-, 1,2,3,8(11),9,10, 
15(18),16,17,22(25),23,24-dodecachloro-, and hexadecachlorophthalocyanine can be prepared in 
excellent yields from the corresponding chlorinated phthalic anhydrides, urea, and copper salt. 
Again, when comparisons were possible, the yields of the less sterically crowded polychloro-
containing phthalocyanines were higher compared with those with chlorine atoms located at the 
α-positions.5,105 Another interesting observation was that formation of 
hexadecachlorophthalocyanine from tetrachlorophthalic anhydride and urea leads to the partial 
dechlorination of the phthalocyanine core. The pure hexadecachlorophthalocyanine could be 
prepared from the commercially available tetrachlorophthalonitrile, avoiding urea and other 
potential nucleophiles in the reaction mixture.106,107 After the initial report, a large number of the 
other chlorinated phthalocyanines were published. In the majority of cases, chlorine-containing 
phthalonitriles were used as the key precursors in the cyclotetramerization reaction. It has been 
recently shown108 that yields of chlorinated transition-metal phthalocyanines from chlorinated 
anhydrides can be improved by using an ionic liquid as the reaction media.  
 In general, introduction of chlorine atoms into the phthalocyanine core increases the first 
oxidation potential of the respective phthalocyanine,109 and changes the color of the target 
compounds from blue to green. Indeed, commercial green-colored phthalocyanine-based 
pigments usually contain 14-15 chlorine atoms.110 The position of long wavelength Q-band in 
UV-vis spectra of chlorinated phthalocyanines depends on number and position of chlorine 
atoms in macrocycle – it is red shifted in the case of substituents at α-position, especially in 
polysubstituted compounds (Figure 4). 
 Use of chloromaleonitrile111 for preparation of the methyl 2,3,4-trichloro-5,6-
dicyanobenzoate is a rare example of the Diels-Alder reaction being used for synthesis of 
precursors for phthalocyanines with electron-withdrawing groups.79 The interaction of 
commercially available 1,2,3,4-tetrachloro-5,5-dimethoxycyclopenta-1,3-diene and 
chloromaleonitrile leads to formation of a bicyclic intermediate, which can be aromatized in two 
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steps, first eliminating hydrogen chloride and then unexpectedly eliminating methyl chloride 
from a second unstable bicyclic reaction intermediate.  
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Figure 4. Wavelength of the Q-band in UV-vis spectra of chlorinated vanadyl phthalocyanines.  
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Scheme 27 
 
 The preparation, UV-vis spectra, and electronic structures of several transition-metal 
1,8(11),15(18),22(25)-tetrabromophthalocyanines are available in the literature.112 Their 
preparation can be achieved by the cyclotetramerization reaction between 3-bromophthalonitrile 
and an appropriate metal salt at 220–240 oC. All complexes have limited solubilities in common 
organic solvents, with DMF and DMSO providing the best choices. A similar synthetic strategy 
leads to preparation of transition-metal complexes of 2,9(10),16(17),23(24)-
tetrabromophthalocyanines.112,113 It is interesting to note that the conductivity of doped and 
undoped nickel and copper tetrahalogen substituted phthalocyanines is about 100 times higher 
than for the parent unsubstituted phthalocyanines.114 Not surprisingly, these compounds were 
tested as potentially useful blocks for NO2 gas sensors.115 Also, the copper 
2,9(10),16(17),23(24)-tetrabromophthalocyanine was tested as one of the first phthalocyanines to 
be used in the cumene autoxidation reaction.116 So far, only one example of copper 
1,4,8,11,15,18,22,25-octabromophthalocyanine is known,117 while several reports on preparation, 
characterization, and fluorescence properties of copper and silicon 2,3,9,10,16,17,23,24-
octabromophthalocyanines have been published.118 Both complexes were prepared from the 
corresponding substituted phthalonitriles and cuprous chloride or silicon tetrachloride. 
Hexadecabromophthalocyanines have received less attention than the fluoro- and chloro- 
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analogs, probably because of their lower stability, as confirmed in radiation damage 
experiments.119 

 Several 1,8(11),15(18),22(25)-tetraiodophthalocyanines were prepared either by a direct 
cyclotetramerization reaction between 3-iodophthalonitrile and the appropriate metal salt, or by 
phthalocyanine core modification.88,112,120  
 In the latter case, copper 1,8(11),15(18),22(25)-tetranitrophthalocyanine was first reduced to 
the corresponding tetraamino derivative, which was diazotized and treated with sodium iodide to 
form copper 1,8(11),15(18),22(25)-tetraiodophthalocyanine.121 Similarly, starting from 4-
iodophthalonitrile, several transition-metal 2,9(10),13(14),23(24)-tetraiodophthalocyanines were 
prepared and characterized by a variety of spectroscopic methods.88,112,122 As was mentioned 
earlier, zinc 2,9(10),13(14),23(24)-tetraiodophthalocyanine can be employed in Sonogashira 
reaction to form tetra-deoxyribose-phthalocyanine conjugate88 or other alkynyl substituted 
derivatives useful for photodynamic therapy of cancer.86 Copper 1,4,8,11,15,18,22,25- and 
2,3,10,11,16,17,23,24-octaiodophthalocyanines were prepared by heating the corresponding 
iodine substituted anhydrides with, urea, cupric chloride, and a catalytic amount of TiCl4 in 
trichlorobenzene for about 1 hour.123 Similar to formation of hexadecachlorophthalocyanines, the 
reaction of 3,4,5,6-tetraiodophthalic anhydride with urea, cupric chloride, and a catalytic amount 
of TiCl4 in trichlorobenzene leads to substantial loss of the iodine atoms from the phthalocyanine 
core.  
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Scheme 28 
 
 As usual, the solubility of the halogenated phthalocyanines can be dramatically increased by 
introduction of tert-butyl substituents into peripheral positions. Indeed, metal-free and transition-
metal 1,8(11),15(18),22(25)-tetrahalo-3,10(9),17(16),24(23)-tetra-tert-butylphthalocyanines are 
readily soluble in saturated hydrocarbons, aromatic compounds, and chlorinated solvents.124,125 
Preparation of these compounds can be achieved by using 3-halo-5-tert-butylphthalonitriles, 
which can be prepared by the diazotization reaction of 3-amino-5-tert-butylphthalonitrile 
followed by treatment of the respective diazonium salts with an appropriate halogen salt 
(Scheme 28). Alternatively, a similar diazotization reaction can be conducted on copper 
1,8(11),15(18),22(25)-tetraamino-3,10(9),17(16),24(23)-tetra-tert-butylphthalocyanine.121  

A set of the main-group and transition-metal 2,9(10),16(17),23(24)-tetrachloro(bromo)-
3,10(9),17(16),24(23)-tetranitrophthalocyanines has been recently reported. The required 4-
chloro(bromo)-5-nitrophthalonitriles were prepared from 4-chloro(bromo)phthalimides using 
stereoselective nitration, amidation, and nitrile formation reactions (Scheme 29).126 The nitro 
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group in synthesized octasubstituted phthalocyanines with ortho-located halogen atoms is not 
coplanar with the macrocycle plane, and this reduces its effect on the absorption spectra. 
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Scheme 29 
 
 A separate class of halogenated phthalocyanines consists of chain-fluorinated substituted 
compounds, because fluorinated substituents tend to be among the most powerful electron-
withdrawing groups that can be introduced into phthalocyanine core. The first tetra-, octa-, and 
dodeca-substituted with trifluoromethyl groups phthalocyanine compounds were reported at the 
end of the 1970s by Yagupol'skii et al.101c,127 The presence of trifluoromethyl groups in these 
complexes results in an increase of their solubility in chloro- and nitrobenzene, as well as in 
DMF, while solubility in other common organic solvents remains quite low. Similar to the alkyl 
substituted phthalocyanines, introduction of two trifluoromethyl groups into the α-positions of 
phthalocyanine rings results in better solubility compared with the 2,3,9,10,16,17,23,24-
octakis(trifluoromethyl) analogs. The six steps preparation of the 3,6-bis(trifluoromethyl) 
phthalonitrile is presented in Scheme 30 and, in general, it follows the ‘acidic’ synthetic 
route.127a,128  
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Scheme 30 
 
 Another possibility to introduce perfluoroalkyl substituents into phthalonitriles and thus into 
phthalocyanines is based on the reaction between 3,4,5,6-tetrafluorophthalonitrile and 
perfluoropropene in the presence of cesium fluoride in acetonitrile at -78 oC (Scheme 31).129 This 
reaction leads to formation of 3,6-bis(perfluoroisopropyl)-4,5-difluoro-, 4,5-
bis(perfluoroisopropyl)-3,6-difluoro-, and 3,4,6-tris(perfluoroisopropyl)-5-fluoro-phthalonitrile 
with 4,5-bis(perfluoroisopropyl)-3,6-difluorophthalonitrile being the major product. The 
prepared from it zinc, iron, and cobalt 2,3,9,10,16,17,23,24-octakis(pefluoroisopropyl)-
1,4,8,11,15,18,22,25-octafluorophthalocyanines are rare examples of fluorophthalocyanines 
lacking C-H bonds what results in higher stabilities towards self-oxidation.130 Not surprisingly, 
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the cobalt complex was tested as a prospective catalyst for oxidative C=P bond formation 
reactions.131
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Scheme 31 
 
 Trifluorosulfanyl and trifluorosulfonyl substituted phthalocyanines can be prepared using the 
corresponding 4-trifluoromethylsulfanyl-, 4-trifluoromethylsulfonyl-, and 4,5-
di(trifluoromethylsulfanyl)phthalonitriles.132 Trifluoromethylsulfanyl substituted phthalonitriles 
were prepared starting from the reaction between diethyl 4-iodo- or 4,5-diiodo-phthalate and 
copper trifluoromethylthiolates followed by an amidation reaction with liquid ammonia and then 
a dehydration reaction using phosphorus oxychloride. Oxidation of the trifluoromethylsulfanyl 
group in the abovementioned compounds leads to formation of the diethyl 4- 
trifluoromethylsulfonyl- and 4,5-di(trifluoromethylsulfonyl)-phthalates, of which only the former 
can be amidated with liquid ammonia and eventually converted into substituted 
phthalocyanine.132 Again, the solubility of trifluoromethylsulfanyl- and trifluoromethylsulfonyl 
substituted phthalocyanine in common organic solvents remains low. Interestingly, the 
introduction of any fluorinated substituents into the phthalocyanine core has no significant effect 
on the position of the Q-band in the UV-vis spectra of these complexes, compared with the 
unsubstituted phthalocyanine analogs, although a small bathochromic effect was observed. 
 The solubility of fluoroalkyl complexes can be significantly increased by replacement of the 
trifluoromethyl substituents with fluoroalkoxy groups (Scheme 32).133 The preparation of target 
nitriles can be achieved by nucleophilic aromatic substitution of the nitro group in 4-
nitrophthalonitrile, substitution of fluorine atoms in 3,4,5,6-tetrafluorophthalonitrile, and 
alkylation of aromatic OH bonds. Since the nucleophilicity of fluorinated alcohols is very small, 
it is necessary to transform these into the corresponding alkoxides using an appropriate base 
prior to substitution conducted at elevated temperatures in aprotic polar solvents. 
Phthalocyanines prepared from these nitriles are soluble in a variety of organic solvents and have 
optical properties similar to those observed in tetra-tert-butylphthalocyanines. The electron-
withdrawing nature of fluoroalkoxy groups can be clearly seen from the first oxidation potential 
of the appropriate phthalocyanines. For instance, the oxidation potential of zinc phthalocyanine 
substituted with four OCH2CF3 groups is ~200 mV higher than that observed in zinc 
2,9(10),16(17),23(24)-tetra-tert-butylphthalocyanine.134
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Scheme 32 
 
 Esterification of 4-chlorosulfonylphthalonitrile with fluoroalkyl-containing alcohols leads to 
formation of polyfluoroalkoxysulfonylphthalonitriles, which can be converted into the 
appropriate 2,9(10),16(17),23(24)-tetrakis(fluoroalkoxysulfonyl)phthalocyanines (Scheme 
33).135 These complexes are also highly soluble in a variety of organic solvents, which makes 
them potential candidates for applications in homogeneous catalytic reactions. The 
polyfluoroalkoxysulfonyl groups in these complexes were shown to stabilize both the HOMO 
and LUMO of the complexes in comparison with the alkoxy- or polyfluoroalkoxy-substituted 
analogs. Although never observed (because of solvent electrochemical window limitations) the 
first oxidation potential for zinc 2,9(10),16(17),23(24)-tetra(fluoroalkyl)sulfonylphthalocyanines 
is estimated to be between 1.47 and 1.65 V. 
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Scheme 33 
 
3.2 Nitro substituted phthalocyanines 
Introduction of the nitro group into the α- or β-positions of the phthalocyanine core (Figure 1) is 
a well-known method for preparation of transition-metal phthalocyanines with four electron-
withdrawing groups.5,116,136 The preparation of both 1,8(11),15(18),22(25)- and 
2,9(10),16(17),23(24)-tetranitrophthalocyanine can be easily achieved using 3- and 4-
nitrophthalonitrile, respectively (Scheme 34)112a,137 a method proposed in the late 1960s used the 
more exotic treatment of 1,2-bis(dichloromethyl)-4-nitrobenzene with gaseous ammonia in the 
presence of transition-metal salts.138  
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Scheme 34  
 
 In 1991 a new methodology for synthesis of transition-metal 
1,3,8(11),10(9),15(18),17(16),22(25),24(23)-octanitrophthalocyanines was developed.139 The 
key precursor for preparation of these compounds is 3,5-dinitrophthalonitrile, which can be 
prepared by two different ways using nucleophilic aromatic substitution reactions on either 1,2-
dibromo-3,5-dinitrobenzene or 2-hydroxy-3,5-dinitrobenzonitrile (Scheme 35). Although both 
methods look similar to each other, it is interesting to note that the 3,5-dinitrophthalonitrile can 
be obtained in high yield only by using 2-hydroxy-3,5-dinitrobenzonitrile, because in the case of 
1,2-dibromo-3,5-dinitrobenzene the copper 1,3,8(11),10(9),15(18),17(16),22(25),24(23)-
octanitrophthalocyanine is the major reaction product. The presence of eight strongly electron-
withdrawing groups at both the α- and β-positions of the phthalocyanine ring results in very 
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unusual redox properties of these compounds. Specifically, no phthalocyanine-based oxidation 
was found within the solvent range, while reduction potentials of these complexes are ~1 V more 
positive compared with those observed in alkyl substituted complexes.140 In general, transition-
metal octanitrophthalocyanines are so easily to reduce that special care should be taken for 
solvent purification in order to eliminate any traces of minor reducing agents. For instance, the 
traces of dimethylamine in regular grade DMF can easily reduce cobalt(II) 
octanitrophthalocyanine to the corresponding cobalt(I) compound, which was confirmed by UV-
vis spectra compared with those obtained using the spectroelectrochemical approach.139,140 
Electrochemical and chemical reduction data indeed suggest that the eight nitro groups present in 
octanitrophthalocyanines have more electron-withdrawing power compared with 
2,3,9,10,16,17,23,24-octacyanophthalocyanines.141 The reluctance to undergo oxidation makes 

transition-metal complexes of 1,3,8(11),10(9),15(18),17(16),22(25),24(23)-
octanitrophthalocyanine potentially useful candidates for a variety of oxidative catalytic 
reactions, for instance C-H bond activation in organic compounds.142
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Scheme 35 
 
 The low solubility of 1,8(11),15(18),22(25)-tetranitrophthalocyanines, 2,9(10),16(17),23(24) 
-tetranitrophthalocyanines and 1,3,8(11),10(9),15(18),17(16), 22(25),24(23)-
octanitrophthalocyanines, which are soluble only in dipolar aprotic solvents and acids, has 
stimulated exploratory work on the preparation of nitrophthalocyanines soluble in organic 
solvents. As a result, a synthetic pathway for the preparation of 1,8(11),15(18),22(25)-tetranitro-
3,10(9),17(16),24(23)-tetra-tert-butylphthalocyanines has been developed (Scheme 36).143 

Nitration of readily available 4-tert-butyl-ortho-xylene results in formation of 5-tert-butyl-1,2-
dimethyl-3-nitrobenzene, the methyl groups of which can be oxidized to carboxylic ones by 
potassium permanganate. Treatment of 5-tert-butyl-3-nitro-ortho-phthalic acid sequentially with 
acetyl chloride, urea, concentrated ammonia solution, and finally phosphorus oxychloride leads 
to the target 5-tert-butyl-3-nitro-phthalonitrile. This nitrile can also be obtained using 3-nitro-
4,5-dibromo-tert-butylbenzene by the Rosenmund-von Braun reaction. Macrocyclization of 5-
tert-butyl-3-nitro-phthalonitrile results in formation of 1,8(11),15(18),22(25)-tetranitro-
3,10(9),17(16),24(23)-tetra-tert-butylphthalocyanines which are highly soluble in common 
organic solvents.  
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3.3 Phthalocyanine sulfoacids and their derivatives 
Phthalocyanine sulfoacids and their derivatives - alkali metal salts, sulfoacid esters, sulfamides, 
and sulfones - are an important class of substituted phthalocyanine compounds, mostly used as 
textile and printing dyes and more recently, in photodynamic therapy of cancer and catalysis. A 
general transformation pattern for preparation of phthalocyanine sulfoacids and their derivatives 
is presented in Scheme 37. It was found that direct sulfonation of a variety of metal-free or 
metal-containing phthalocyanines using chlorosulfonic acid in trichlorobenzene leads to 
formation of the corresponding polysulfonated (n = 2–4) phthalocyanine compounds. In the case 
where the central metal is labile under acidic conditions, it can be easily introduced into the 
phthalocyanine cavity by treating the metal-free polysulfonated phthalocyanine, or its alkali 
metal salt, with an appropriate metalating agent.144  
 Water-soluble phthalocyanines with peripheral solubilizing groups are very important for 
photodynamic therapy of cancer (PDT).7,145 The sodium salt of hydroxyaluminum average 
trisulfophthalocyanine (“photosens”) is approved and has been in use for 14 years for PDT in 
Russia for the treatment of cancer of various indications, and the sodium salt of metal-free 
trisulfophthalocyanine (“phthalosens”)146 is undergoing preclinical studies.  
 The use of bio-conjugates of water-soluble phthalocyanines, e.g. biotin-linked assemblies, 
can significantly improve the targeted delivery of the photosensitizer into cancer cells.  Some 
conjugates of phthalocyanines with oligonucleotides can also be used as reagents for 
photosensitized or catalytic DNA modifications. 
 The tetra- and octasulfonamide-containing phthalocyanines with SO2NR1R2 residues that are 
highly soluble in organic solvents without significantly affecting the absorption spectra.147 They 
can be prepared from dicyanobenzenesulfonamides or from the corresponding dibromides and 
CuCN148 as well as by the reaction between phthalocyanine sulfochlorides and appropriate 
amines at room temperature. The anchoring of corresponding sulfochlorides to amino group 
containing silica gels and carbons is, probably, the most useful synthetic pathway for 
heterogenization of transition-metal phthalocyanines.149 These heterogeneous catalysts can be 
used in a variety of catalytic transformations of organic substrates, for instance in oxidation of 
organic thiols to the corresponding disulfides (‘Merox’ process).150  
 The application of phthalocyanines in organic photovoltaic cells and pH sensors requires the 
presence of specifically designed peripheral substituents.151 Some recent examples are the 
rhodamine-phthalocyanine conjugates, which have different optical and electron-transfer 
properties at different values of pH (Figure 5).152 An appropriate Rhodamine B and 6G 
substituents can be linked to the phthalocyanine core via electron-withdrawing imide- or sulfonyl 
groups with formation of the corresponding N-alkylimide or sulfamoyl bonds.  
  In neutral and alkaline media these compounds have typical phthalocyanine electronic 
absorption spectra dominated by Q- and B-bands, while the influence of the closed form of 
rhodamine is negligible. In acidic conditions, however, the lactam ring of the rhodamine 
substituent transforms into an open ionic form, resulting in new, characteristic for rhodamine 
band at 530 nm in addition to phthalocyanine-based transitions. The conjugates with rhodamine 
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B 2-aminoethyl ester perchlorate preserve their spectral characteristics independent of acidity 
(Figure 5). On the other hand, the emission spectrum of the aluminum complex of the rhodamine 
6G phthalocyanine conjugate suggests effective energy transfer from the rhodamine substituents 
to the phthalocyanine core.  
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Figure 5. The open and closed forms of the conjugate of tetra-4-sulfo substituted zinc 
phthalocyanine with the spirolactam of N-(2-aminoethyl)rhodamine 6G.  
 
3.4 Alkyl- and arylsulfonyl and sulfinyl substituted phthalocyanines  
Alkyl- and arylsulfonyl and sulfinyl substituted phthalocyanines can be prepared using standard 
approaches, i.e. macrocyclization reaction of corresponding nitriles,153 
aminoiminoisoindolenines,154 and oxidation of thioalkyl substituents on the phthalocyanine 
core.155 The alkyl- and arylsulfonyl and sulfinyl substituted phthalonitriles can be prepared by 
oxidation of the corresponding alkyl- or arylthiophthalonitriles obtained by nucleophilic aromatic 
substitution reactions between nitro- or chloro-phthalonitriles and an appropriate thiol under 
basic conditions (Scheme 38). Higher reaction temperatures favor formation of the sulfonyl 
substituents, while low reaction temperatures result in isolation of the sulfinyl-containing 
phthalonitriles. Hydrogen peroxide and m-perchlorobenzoic acid were used so far as the oxidants 
for this reaction.94b,156  
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Scheme 38 
 
 Metal-containing tetra- and octasulfonyl- or sulfinylphthalocyaines can be prepared in 
reasonable yields by the direct cyclotetramerization reaction using the corresponding nitriles or 
aminoiminoisoindolenines. The preparation of the metal-free sulfonyl-containing 
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phthalocyanines requires some caution because of possible aromatic nucleophilic substitution of 
the sulfonyl group by alkoxide ion.155 This problem can be overcome by oxidation of 
2,3,9,10,16,17,23,24-octakis(alkylsulfanyl)phthalocyanines to corresponding octakis-
(alkylsulfonyl)phthalocyanines in 53–79% yield using m-chloroperoxybenzoic acid in CH2Cl2.  
 
3.5 Phthalocyanines with carboxylic groups and their derivatives 
Phthalocyanines substituted with carboxylic groups and their derivatives represent another large 
group of macrocycles with electron-withdrawing substituents. To date, 2,9(10),16(17),23(24)-
tetra-, 2,3,9,10,16,17,23,24-octa-, 1,3,8,10(9,11),15,17(16,18),22, 24(23,25)-octa- and 
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecasubstituted patterns are known in this series. 
The parent phthalocyanine carboxylic acids (for instance 2,3,9,10,16,17,23,24-
octacarboxyphthalocyanine) can be prepared by the high-temperature reaction between the 
corresponding anhydrides or imides, urea, and transition-metal salt (Scheme 39).157 The resulting 
imides can be hydrolyzed using concentrated alkali hydroxides in ethanol with formation of 
water soluble salts of phthalocyanine carboxylic acids. Acidification of these salts leads to 
formation of the usually water insoluble phthalocyanine carboxylic acids. Finally, heating of the 
phthalocyanine carboxylic acids in vacuum leads to formation of the corresponding 
phthalocyanine anhydrides (Scheme 39). Alternatively, 2,3,9,10,16,17,23,24-
octacarboxyphthalocyanine can be prepared by hydrolysis of the 2,3,9,10,16,17,23,24-
octacyanoxyphthalocyanine, which can be prepared from 1,2,4,5-tetracyanobenzene.158  
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Scheme 40 
 
 It should be noted, however, that, as expected, the cyclotetramerization reaction of the 
pyromellitic anhydride or imide (Scheme 39) also unavoidably leads to formation of polymeric 
by-products. In order to avoid these polymeric by-products, Opris et al. developed a synthetic 
pathway, as shown in Scheme 40.159 Oxidation of the methyl groups in 1,2-dibromo-4,5-
dimethylbenzene results in formation of 4,5-dibromophthalic acid, which undergoes 
esterification and the Rosenmund-von Braun reaction to form dipentyl 4,5-dicyanophthalate. The 
latter can be cyclotetramerized to give the corresponding phthalocyanine octaesters, which 
finally can be hydrolysed to give the target 2,3,9,10,16,17,23,24-octacarboxyphthalocyanines. 
 Water-soluble alkali salts of phthalocyanine carboxylic acids can be used in catalysis as well 
as medicine. For example, the water-soluble sodium salt of cobalt 2,3,9,10,16,17,23,24-
octacarboxyphthalocyanine, known as “theraphthal”,160 is currently under clinical trials for so-
called catalytic therapy of cancer. In this approach, molecular oxygen can be involved in 
specifically triggered catalytic reactions of transition-metal phthalocyanines with reductants, e.g. 
ascorbic acid, giving reactive oxygen species.161 The pentanuclear tetraplatinate complex (Figure 
6) can be easily prepared by the reaction between octasodium cobalt(II) phthalocyanine-
2,3,9,10,16,17,23,24-octacarboxylic acid and K2PtCl4. In this case, the catalytic activity of cobalt 
2,3,9,10,16,17,23,24-octacarboxyphthalocyanine can be enhanced by the well-known cytotoxic 
properties of platinum(II) fragments.162  
 Esters of phthalocyanine carboxylic acids can be prepared either from the appropriate esters 
of carboxyphthalonitriles163 or by phthalocyanine core modification164 (Scheme 41). In the latter 
case, phthalocyanine carboxylic acids can react directly with appropriate alkyl halides in the 
presence of DBU as a base. Alternatively, phthalocyanine carboxylic acids can first be converted 
the corresponding carboxylic acid chloroanhydrides and then refluxed in the appropriate 
alcohols.165 
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Figure 6. Water-soluble carboxyphthalocyanine derivatives useful for potential application in 
PDT and catalytic therapy of cancer. 
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Scheme 41 
 
 Esters of carboxyphthalonitriles can be prepared in several different ways. For instance, a 
very convenient method for selective preparation of the esters of phthalonitrile starts from the 
esterification of 4,5-dibromophthalic anhydride, which then can be used in the Rosenmund-von 
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Braun reaction with formation of the 4,5-bis(alkoxycarbonyl)phthalonitriles. These nitriles can 
then be easily converted into the appropriate transition-metal phthalocyanines, some of which 
show typical phthalocyanine discotic liquid crystal properties (Scheme 42).166 
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 N-Unsubstituted phthalocyanine tetra- and octacarboximides can be prepared by the direct 
cyclotetramerization reaction between the appropriate anhydrides and transition-metal salts 
(Scheme 39),163,167 or by partial hydrolysis of peripheral cyano substituents.157d,168 N-Substituted 
imides of 2,3,9,10,16,17,23,24-octacarboxyphthalocyanines can be prepared using two major 
strategies (Scheme 43). The first utilizes transformation of the octa-4,5-carboxyphthalocyanine 
anhydrides by reaction with an appropriate primary amino group.152,169 This methodology was 
used for preparation of a large number of water-soluble anionic and cationic conjugates of 
phthalocyanines with α-, β-, and γ-aminoacids, di- and tripeptides, taurine, and β-
diethylmethylammoniummethyl substituents.170 In the case of anionic conjugates with α-, β-, and 
γ-aminoacids, di- and tripeptides, as well as taurine, the reaction was conducted in N-
methylpyrrolidone and directly resulted in the target compounds, while in the case of cationic β-
diethylmethylammoniummethyl substituents the quaternary ammonium salts can be obtained by 
an additional alkylation step using the appropriate alkylating agent. The electronic absorption 
spectra of the quaternary salts demonstrate significant aggregation in aqueous solution, and this 
can be controlled by addition of polar aprotic solvents such as DMSO.  
 An alkylation reaction of the N-unsubstituted phthalocyanine imides was used as an 
alternative way for preparation of the N-substituted phthalocyanine imides. Deprotonation of the 
imide N-H bond was achieved using NaH followed by alkylation of the resulting anion with an 
alkyl bromide.171

 The parent 2,3,9,10,16,17,23,24-octacarboxamide phthalocyanine can be prepared from N-
unsubstituted phthalocyanine tetraimide using aqueous ammonia for 7 days.157d In the majority 
of cases, however, phthalocyanine 2,9(10),16(17),23(24)-tetra- and 2,3,9,10,16,17,23,24-octa 
amides can be prepared by the direct cyclotetramerization reaction between carboxamide-
substituted phthalonitriles and transition-metal salt163,170a,172 or by using an excess of an 
appropriate amine during its reaction with octa-4,5-carboxyphthalocyanine chlorides.173 The 
derivatives of phthalonitrile-4,5-dicarboxamides can be prepared starting from 4,5-
dibromophthaloyl chloride using the standard Rosenmund-von Braun reaction (Scheme 
44).163,170a 

 The terminal ester groups in the target phthalocyanines can be selectively hydrolyzed with 
formation of water-soluble terminal carboxylic acids. The presence of eight substituents in 
phthalocyanines improves their solubility compared with that observed for anionic imide 
analogs. 

ISSN 1551-7012 Page 177 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

R = CONMeCH2COOC2H5,
 CONMeCH2COOH

N
H

O

O
NC

NC

O
N

O
O

N
O

O
O

O
Cl

Cl

Br

Br
O 2)  CuCN

R

R

N
N

N

N

N

N
N

N

R

R

R

RR

R

M

M = Cu,  Zn, Co

MXn

1)

 
 
Scheme 44 
 
 The water-soluble amides of phthalocyanine octacarboxylic acid are complementary to the 
highly organic soluble N-mono- and N-disubstituted amide derivatives of phthalocyanine tetra- 
and octacarboxylic acids reported earlier (Figure 7).163,174  
 Currently, the only reliable way to introduce cyano groups into the phthalocyanine core is to 
use 1,2,4-tricyano-112a,175 or 1,2,4,5-tetracyanobenzene precursors176 although preparation of the 
iron(III) 2,9(10),16(17),23(24)-tetracyanophthalocyanine from the the iron(III) 
2,9(10),16(17),23(24)-tetraaminophthalocyanine has been reported.177 The direct 
cyclotetramerization reaction between 1,2,4-tricyanobenzene or 3,6-dialkyl-1,2,4-
tricyanobenzene178 and transition-metal salt leads to formation of the target phthalocyanines in 
good yields. Similarly, the cyclotetramerization reaction of commercially available 1,2,4,5-
tetracyanobenzene and transition-metal salts results in formation of the transition-metal 
2,3,9,10,16,17,23,24-octacyanophthalocyanines. Unavoidable side-products in this reaction are 
oligomeric and polymeric substituted phthalocyanines. In addition, it can be expected that the 
standard reaction conditions for formation of metal-free 2,3,9,10,16,17,23,24-
octacyanophthalocyanine (refluxing of the 1,2,4,5-tetracyanobenzene with lithium alkoxide in 
alcohol) can result in partial hydrolysis of the terminal cyano groups. Based on MALDI-TOF 
mass spectrometry data it was found, however, that in the case of the room-temperature 
heterogeneous reaction between 1,2,4,5-tetracyanobenzene and sodium methoxide in THF, 
hydrolysis of the terminal cyano groups is negligible.179
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Figure 7. Highly soluble in organic solvents tetra- and octasubstituted phthalocyanine amides.  
 
3.6 Phthalocyanines functionalized with phosphoric acid derivatives  
Phthalocyanines functionalized with phosphoric acid residues are a relatively new class of 
compounds for which only a limited number of 2,9(10),16(17),23(24)-tetrasubstituted derivatives 
with direct C(Pc)-P bonds are known. Preparation of the starting protected phosphoric acid-
containing phthalonitriles can be achieved by coupling reactions of 4-halophthalonitrile (Scheme 
45).180  
 

CN

X CN CNP

CN
O

OEt
EtO

P(OEt)3, NiCl2, 160oC

X = Br, I

or
(EtO)2P(OH), Pd(Ph3P)4

 
 
Scheme 45 
 
 Template cyclotetramerization reactions of the diethyl (3,4-dicyanophenyl)phosphonate with 
transition-metal salts results in formation of the expected copper or zinc 2,9(10),16(17),23(24)-
tetrakis(diethylphosphonate)phthalo-cyanines. Similarly, cyclotetramerization reactions of 
diethyl (3,4-dicyanophenyl)-phosphornate with organic base (DBU) in ethanol results in 
formation of metal-free 2,9(10),16(17),23(24)-tetrakis(diethylphosphonate)phthalocyanine.181 
All of these phthalocyanines can be hydrolyzed in high yields to give the corresponding 
phosphoric acid derivatives.  
 Some metal complexes have also been prepared starting from the corresponding substituted 
phthalic anhydrides as well as by direct phosphorylation of the corresponding unsubstituted 
phthalocyanines. The latter reaction was conducted by heating with dialkylphosphite and tert-
butyl peroxide for several hours.182,183  
 Coupling of the mono- and di-phenylethoxyphosphine with 4-bromophthalonitrile leads to 
formation of ethyl-(3,4-dicyanophenyl)phenylphosphinate and 4-(diphenylphosphinyl) benzol-
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1,2-dicarbonitrile, respectively (Scheme 46); these can be converted into the corresponding 
metal-free or metal phthalocyanines in ~35% yield under standard cyclotetramerization 
conditions.181  
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 Zinc and copper complexes can be hydrolyzed to the corresponding 2,9(10),16(17)23(24)-
tetrakis(phenylphosphinato)phthalocyanines using a sodium hydroxide/methanol mixture. 
 
 
4. Phthalocyanines with electron-donating groups 
 
4.1 Aminosubstituted phthalocyanines and their derivatives 
Although the solubility of the parent 1,8(11),15(18),22(25)- and 2,9(10),16(17),23(24)-
tetraaminophthalocyanines is limited to polar aprotic and halogenated aromatic solvents, these 
macrocycles have attracted attention because they are potentially useful for preparation of 
chemically modified electrodes for electrocatalytic reactions, as well as good candidates for 
immobilization on chemically modified surfaces.184 For instance, a self-assembled 
monomolecular film of the nickel 1,8(11),15(18),22(25)- tetraaminophthalocyanine adsorbed on 
gold electrodes can be used for selective electrochemical detection of epinephrine.185 Based on 
the surface coverage and intensity of the in-plane stretching bands from Raman studies, it has 
been suggested that the cobalt(II) 1,8(11),15(18),22(25)-tetraaminophthalocyanine adopts a 
nearly parallel orientation on the gold surface, while its 2,9(10),16(17),23(24)-isomer adopts the 
perpendicular orientation.186 Besides adsorption, electropolymerization of transition-metal 
tetraaminophthalocyanines can be used for preparation of modified glassy carbon electrodes.187 
The resulting electrodes can be used in the electrocatalytic oxidation e.g. of nitrite to nitrate. 
Typically, tetraaminophthalocyanines can be prepared by hydrolysis of the appropriately 
protected amino groups (e.g. acetamido) or by reduction of nitro group in tetrasubstituted 
phthalocyanines.188 An attempt was reported also of a direct tetramerization of 3- and 4-
aminophthalonitrile, or the corresponding phthalimides, into the corresponding transition-metal 
phthalocyanines (Scheme 47).189 It was found that 3-aminophthalonitrile can indeed form the 
expected transition-metal 1,8(11),15(18),22(25)- tetraaminophthalocyanines upon heating with 
an appropriate metal salt, with or without urea. The reaction of 4-aminophthalonitrile with 
transition-metal salts produces uncharacterized black polymers, while similar reaction in the 

ISSN 1551-7012 Page 180 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

presence of urea results in formation of 2,9(10),16(17),23(24)-tetraureidophthalocyanines. Such 
difference in reactivity can be explained on the basis of steric restrictions in 3-
aminophthalonitrile, which therefore cannot easily participate in the intermolecular nucleophilic 
attack of nitrile group. 
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Scheme 47 
 
 Similar to tetraaminophthalocyanines, preparation of the transition-metal complexes of 
1,3,8,10(11,9),15,17(18,16),22,24(25,23)-octaaminophthalocyanines by the reduction of the 
corresponding 1,3,8,10(11,9),15,17(18,16),22,24(25,23)-octanitrophthalocyanines has been 
reported.190 Another strategy was used by Ahsen et al. for preparation of nickel 
2,3,9,10,16,17,23,24-octaaminophthalocyanine.191 In this approach, the target compound was 
prepared by hydrolysis of the octatosylamido derivative using concentrated sulfuric acid at 100 
oC. The metal-free, nickel, and zinc 2,3,9,10,16,17,23,24-octakis(tosylamido)phthalocyanines 
can be formed from 4,5-dicyano-N,N’-ditosyl-o-phenylenediamine.191  
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Figure 8. Structures and Q-band positions of selected amino and dialkylamino vanadyl 
phthalocyanines.  
 

ISSN 1551-7012 Page 181 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

 Transformation of the peripheral amino groups in amino substituted phthalocyanines into 
their derivatives is rarely used, although preparation of several transition-metal 1,8,15,22-
tetrakis(3-phenylprop-2-enylideneamino)- and 1,8,15,22-tetrakis(p-methoxy-phenylimino) 
phthalocyanines by the reaction between 1,8(11),15(18),22(25)-tetraaminophthalocyanines and 
cinnamaldehyde or anisaldehyde, respectively, have been reported.192 In another example, nickel 
2,3,9,10,16,17,23,24-octaaminophthalocyanine was acylated with excess hexanoyl or lauroyl 
chloride giving in moderate yields 2,3,9,10,16,17,23,24-octahexanoyl- and 
octalaurylamidophthalocyanines, respectively.193  
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Scheme 48 
 
 One of the most convenient methods, which results in formation of the target phthalonitriles 
bearing electron-donating substituents, utilizes nucleophilic aromatic substitution reactions, with 
nitro or bromide leaving group proven to be the best in this reaction. Aromatic nucleophilic 
substitution of the bromine atom in 4-bromophthalonitrile with secondary amines was reported in 
mid 1970s (Scheme 48).194 Similarly, nucleophilic aromatic substitution of bromine in 3-bromo-
5-tert-butylphthalonitrile leads to formation of 3-(N,N-dimethylamino)-5-tert-
butylphthalonitrile.194b Alternatively, 3- and 4-(N,N-dimethylamino)phthalonitrile can be 
prepared by methylation of readily available 3- and 4-aminophthalonitrile with dimethyl sulfate 
in aprotic polar solvents.194 Analogous results can be obtained with the nucleophilic substitution 
reactions of 3- or 4-nitrophthalonitrile with dialkylamino precursors in aprotic polar solvents 
(Scheme 48).194b The substituted phthalonitriles obtained in this way can be easily used in 
reactions with appropriate metal salts to give the corresponding tetrasubstituted phthalocyanines 
bearing electron-donor groups; these are soluble in variety of organic solvents. 
 The other useful precursors for preparation of dialkylamino substituted phthalocyanines are 
3- and 4-dialkylamino substituted phthalimides, which can be easily prepared in high yield by 
aromatic nucleophilic substitution of the bromo or nitro groups in 3- and 4-substituted 
phthalimides.195 Similarly, the aromatic substitution reaction between 4,5-dichlorophthalonitrile 
and tosyl-protected tetraazamacrocyclic precursors in polar aprotic solvents in the presence of 
base results in formation of 4,5-disubstituted tetraazamacrocyclic precursors, which were 
converted into 2,3,9,10,16,17,23,24-tetrakis(tetraaza)substituted phthalocyanines in reasonable 
yields.196 
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Scheme 49 
 
 It is interesting to compare the reactivity of the nitro groups in 3,5-dinitrophthalonitrile 
toward nucleophilic aromatic substitution reactions with dialkylamines as well as other 
nucleophiles.197 Reaction of 3,5-dinitrophthalonitrile with piperidine in DMF in the presence of 
potassium carbonate as a base leads to formation of all three expected nucleophilic substitution 
products bearing one or two piperidine residues. The monosubstituted 3(5)-nitro-5(3)-
piperidinophthalonitriles are interesting examples of precursors which lead to preparation of 
octasubstituted phthalocyanines with push-pull substituents in each isoindole subunit. It was 
shown that an unreacted nitro group in 3(5)-nitro-5(3)-piperidinophthalonitriles can be further 
substituted with a different nucleophile, e.g. phenylthiolate, with formation of 3-piperidino-5-
phenylsulfanyl-phthalonitrile (Scheme 49); this is a useful precursor for preparation of 
1(4),8(11),15(18), 22(25)-tetrapiperidino-3(2),10(9),17(16),24(23)-tetraphenylsulfanylphthalocyanines.  
 
4.2 Hydroxy-, alkoxy- and aryloxy substituted phthalocyanines 
The availability of simple methods for preparation of alkoxy- and aryloxy-substituted 
phthalocyanines has resulted in the appearance of an enormous number of compounds of this 
type in the literature.3b 1,8(11),15(18),22(25)-Tetra-, 2,9(10),16(17),23(24)-tetra-, and 
2,3,9,10,16,17,23,24-octasubstituted patterns represent the majority of these compounds, while 
1,4,8,11,15,18,22,25-octa- as well as dodeca- and hexadecasubstituted patterns are quite rare. In 
general, alkylation of phenolic hydrogens,198 aromatic nucleophilic substitution of nitro199 and 
halogeno200 atoms, the Rosenmund-von Braun,201 and Diels-Alder202 reactions can be used for 
preparation of alkoxy- and aryloxyphthalonitriles and their related phthalocyanines. As usual, 
when 3- and 4-substituted phthalonitriles are used in the cyclotetramerization reaction, a mixture 
of all possible isomeric forms is obtained (Figure 2), although as pointed out by Leznoff et al.,203 
the room-temperature template (Zn2+) cyclization of 3-alkoxyphthalonitriles leads to formation 
of a single C4h symmetry 1,8,15,22-tetrasubstituted isomer. This isomer forms not only when 
sterically hindered 3-neopentoxy- and 3-(p-tert-butylbenzyl)oxyphthalonitriles were used but 
also in the case of 3-methoxyphthalonitrile suggesting that electronic influences of strongly 
electron-donating alkoxy groups decrease the activity of the closest nitrile group toward 
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nucleophilic attack during the cyclotetramerization reaction. One precaution which should be 
addressed during preparation of the alkoxysubstituted phthalocyanines is the lability of some 
alkoxy groups during the cyclotetramerization reactions when conducted in alcohols.204 As a 
result it is generally recommended to ‘match’ the alkyl in the substituted phthalonitrile with the 
length of the side chain in the alcohol.  
 Another interesting feature of transition-metal alkoxysubstituted phthalocyanines is the 
prominent basicity of the meso-nitrogen atoms. For instance, the meso-nitrogen atoms in zinc(II) 
1,8(11),15(18),22(25)-tetramethoxyphthalocyanine can be protonated even by water compared 
with the basicity of the unsubstituted analog, which can be protonated by only strong acids.205 
During such protonation reactions in organic solvents, 1,8(11),15(18),22(25)-tetra- and 
1,4,8,11,15,22,25-octa-alkoxyphthalocyanines change the color from green to brown. 
 The alkylation of phenolic hydrogen atoms with appropriate alkyl halides along or in 
combination with the Rosenmund-von Braun reaction is a common synthetic pathway for 
preparation of 3,6- and 4,5-alkoxy- or aryloxysubstituted phthalonitriles and the corresponding 
1,4,8,11,15,18,22,25- or 2,3,9,10,16,17,23,24-octaalkyl(aryl)oxy-phthalocyanines. For example, 
preparation of the 3,6-dialkoxyphthalonitriles can be viewed as an example of an alkylation 
reaction used for preparation of alkoxyphthalo-nitriles (Scheme 50).206 The alkylation reaction 
typically proceeds under slightly basic conditions with a variety of alkyl halides, including those 
with terminal functional groups. These terminal functional groups can then be used for a variety 
of applications (e.g. preparation of water-soluble salts for PDT, coordination of transition-metal 
complexes, preparation of supramolecular frameworks, and heterogeneous catalysis etc.). 
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Scheme 50 
 
 The typical reaction pathways for preparation of alkoxysubstituted phthalonitriles by 
alkylation and Rosenmund-von Braun reactions are presented in Scheme 51.38,207 The key 
precursor, 1,2-dibromo-4,5-dialkoxybenzene can be prepared either from 4,5-dibromocatechol or 
from 1,2-dialkoxybenzene. 4,5-Dibromocatechol can be alkylated using a variety of alkyl halides 
to form 1,2-dibromo-4,5-dialkoxybenzenes. Alternatively, catechol can first be alkylated 
followed by the bromination reaction. Finally, 1,2-dibromo-4,5-dialkoxybenzenes can be 
introduced into the standard Rosenmund-von Braun reaction to form the target 1,2-dicyano-4,5-
dialkoxybenzenes. The strategy presented in Scheme 51 can also be used for preparation of the 
crown-ether (or other macrocycle) substituted phthalocyanines and for the preparation of 
2,3,9,10,16,17,23,24-octasubstituted phthalocyanines with two different substituents on each 
benzo unit. In this case, catechol undergoes stepwise alkylation of its hydroxyl groups with 
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formation of 1,2-dialkoxybenzenes with two different alkoxy groups. Although the Rosenmund-
von Braun reaction is a very simple reaction pathway for preparation of alkoxy- and 
aryloxysubstituted phthalonitriles, the reaction yields depend upon the number and type of 
substituents present in the dibromo precursors.  
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Scheme 51 
 
 Aromatic nucleophilic substitution of nitro groups in 3- and 4-mono, as well as 4,5- and 3,5-
disubstituted phthalonitriles by phenols and thiophenols was reported in 1980.208 This reaction, 
which became a standard method for introduction of ArO and ArS substituents into 3- and 4-
substituted phthalonitriles and the corresponding 1,8(11),15(18),22(25)- and 
2,9(10),16(17),23(24)-tetraalkyl(aryl)oxysubstituted phthalocyanine complexes, proceeds 
smoothly in aprotic polar solvents (DMSO, DMF, MeCN etc) in the presence of large excess of 
potassium carbonate as a base; it affords phthalonitrile precursors in high yields (Scheme 
52).208a,209 In the case of 3- and 4-substituted phthalonitriles, readily available 3- and 4-
nitrophthalonitriles are usually used for aromatic nucleophilic substitution reactions with 
alcohols, phenols, thiols, or thiophenols, while the 4,5-dichlorophthalonitrile is a convenient 
precursor for preparation of 4,5-disubstituted phthalonitriles.  
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 A synthetic strategy for preparation of the 1,4,8,11,15,18,22,25-octaalkoxy substituted 
‘concave’ phthalocyanines was reported by Kenney et al. (Scheme 53).210 In this case, a Diels-
Alder reaction between anthracene and p-benzoquinone leads to formation of triptycene-1,4-
dihydroquinone, which can be chlorinated by the chlorine gas in acetic acid and then used in the 
reaction with potassium cyanide and finally an alkylation reaction. The resulting 2,3-dicyano-
1,4-dibutoxytriptycene can be cyclotetramerized to the corresponding phthalocyanine 
compounds.  
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Scheme 53 

 
 Preparation of transition-metal 1,2,4,5,8,9,10,11,15,16,17,18,22,23,24,25-
hexadecaalkyl(aryl)oxysubstituted phthalocyanines was pioneered by the groups of 
Kobayashi,211 Hanack,212 Ng,213 Leznoff,214 Wöhrle176c and others.215 In all cases, aromatic 
nucleophilic substitution reactions between tetrafluorophthalonitrile and the respective alcohols 
in DMF/K2CO3 was used for preparation of the 3,4,5,6-tetraalkyl(aryl)oxyphthalonitriles in 51-
92% yield (Scheme 54). As was shown by Leznoff and co-workers, the reaction is sensitive to 
the steric properties of the alcohols. For instance, all four fluorine atoms in 
tetrafluorophthalonitrile can be substituted by alkoxygroups when 1-adamantanemethanol or 2-
(1-adamantanyl)ethanol were used, while only three fluorine atoms undergo substitution if more 
sterically crowded 1-adamantanol was used in the reaction.214c

 Introduction of hydroxyl groups into the phthalocyanine core can be achieved by (i) the 
diazotization of aminosubstituted phthalocyanines followed by hydrolysis in the presence of 
copper(II) sulfate;112a,177 (ii) demethylation of methoxy substituted phthalocyanines with BBr3, 
HCl/pyridine, trifluoroacetic acid, or AlCl3;207a,216 (iii) desilylation of OSiMe2(t-Bu) groups with 
HF or metal fluorides;216d (iv) deprotection of OCH2OMe, OCHPh2, or benzylic substituents with 
trifluoroacetic acid;217 and (v) hydrolysis of isopropylidendioxy substituents with strong acids.218 
In a limited number of reports, 2,9(10),15(16),23(24)-tetrahydroxyphthalocyanines were 
prepared either by reaction between the metal-free 2,9(10),15(16),23(24)-
tetrahydroxyphthalocyanine and zinc acetate in DMF/toluene mixture217 or by direct 
cyclotetramerization reaction of 4-hydroxyphthalonitrile and metal salts at 220 oC.216a Metal 
chelation to peripheral hydroxyl substituents in metal-free and nickel 2,3,9,10,16,17,23,24-
octahydroxyphthalocyanines was investigated by the Pierpont216d and Kobayashi216e groups. 
Both groups found that 2,3,9,10,16,17,23,24-octahydroxyphthalocyanines can form stable 
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supramolecular assemblies with appropriate transition-metal complexes. It is interesting to note 
that both partially protonated as well as completely deprotonated nickel 2,3,9,10,16,17,23,24-
octahydroxyphthalocyanines were able to form supramolecular compounds with substituted 
tris(3-p-tert-butylphenyl-5-methyl)pyrazolyl borate (scorpionate) zinc complex.  
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Scheme 54 
 
 Similar to heterobimetallic complex (Figure 6), the electron-donating pyridyloxy substituents 
in zinc 2,9(10),16(17),23(24)-tetrakis(3-pyridyloxy)phthalocyanine can be used as anchor groups 
in the preparation of tetraplatinum(II) derivatives with PtCl2NH3 and PtCl2(dmso) fragments.219 
The platinum fragments in these heterobimetallic complexes are stable in solution up to 90 oC, 
which makes them excellent potential candidates for combined PDT/chemotherapy treatments.  
 Another interesting class of alkoxy- and aryloxy-substituted phthalocyanines are 1:25,11:15- 
and 2:24,10:16-bridged phthalocyanines first explored by Leznoff and Kobayashi research 
groups.220 The precursor phthalonitriles can be prepared by aromatic nucleophilic substitution of 
3- or 4-nitrophthalonitrile with appropriate diols in DMF using K2CO3 as a base (Scheme 55). 
The resulting bisphthalonitriles can be cyclotetramerized into the corresponding symmetric 
bridged phthalocyanines. Their low yields (usually less than 10%) can be explained by the 
expected formation of oligomeric products.  
 As expected, the length of the bridging fragment for preparation of 1:25,11:15-bridged 
phthalocyanines can be significantly shorter compared with the bridging group for preparation of 
2:24,10:16-bridged phthalocyanines.221  
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Scheme 55 
 
4.3 Alkylthio- and arylthio-substituted phthalocyanines  
In general, alkylthio- and arylthio-substituted phthalocyanines can be prepared following many 
of the synthetic procedures for preparation of alkyloxy- and aryloxy-substituted phthalocyanines 
described in the previous section. For instance, aromatic nucleophilic substitution reactions 
between 3-nitro-,208a,222 4-nitro-,208a,223 3,5-dinitrophthalonitrile224 as well as 4,5-
dichlorophthalonitrile,225 3,6-bistosyloxyphthalonitrile,55,226 tetrafluorophthalonitrile227or 
tetrachlorophthalonitrile228 with a variety of thiols and thiophenols in DMF/K2CO3 results in 
formation of the target 3-mono or 4-mono as well as 4,5-di and 3,4,5,6-tetraalkylsulfanyl- or 
diarylsulfanyl-phthalonitriles, which can be cyclotetramerized into the corresponding 
phthalocyanines using standard procedures. As a rule, formation of alkylsulfanyl- and 
arylsulfanyl-phthalonitriles by aromatic substitution reaction proceeds more easily than 
formation of the analogous alkyloxy- and aryloxy-phthalonitriles because of the better 
nucleophilicity of thiolates compared with alkoxides. As a result, aromatic nucleophilic 
substitution of all halogen atoms on alkyl- or aryl-sulfanyl substituents in transition-metal 
hexadecafluoro(chloro)phthalocyanines can be achieved simply by heating of these macrocycles 
with the appropriate thiols or thiophenols in diglyme or quinoline. 
 The Q-band in phenylsulfanyl derivatives is located at longer wavelengths compared with the 
corresponding phenoxy complexes.226a 1,8(11),15(18),22(25)-Tetraphenylthiophthalocyanines 
have a Q-band in the NIR region and are potential candidates for PDT applications.229 Another 
useful property of the alkylsulfanylphthalocyanines is their easy adsorption onto the surface of 
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gold electrodes, which results in the preparation of surface-modified electrodes for a variety of 
electrocatalytic reactions.230  
 
 
5. Phthalocyanines with electron-donating and electron-withdrawing 
substituents on the same benzene rings 
 
Symmetric phthalocyanines bearing both electron-donating and electro-withdrawing substituents 
on the same benzene ring represent a relatively new class of phthalocyanine 
compounds.178,197,206,214c,228,231 The pioneering work on these compounds originates from the 
research groups of Lukyanets, Shaposhnikov, Bekaroglu, Leznoff, and the others. As usual, 
direct cyclotetramerization of appropriately substituted phthalonitriles or aromatic nucleophilic 
substitution of halogen atoms in hexadecahalogenated phthalocyanines have been used.  
 The latter approach was extensively investigated by Leznoff’s group, which studied aromatic 
nucleophilic substitution of the fluorine atoms in zinc hexadecafluorophthalocyanine by oxygen-, 
nitrogen-, sulfur-, and carbon-centered nucleophiles (Scheme 56).214c,232 The distribution of the 
reaction products was monitored by mass spectrometry. Based on these data, it was found that, as 
expected, aromatic nucleophilic substitution of the fluorine atoms results in a broad distribution 
of reaction products rather than formation of individual complexes, although in some cases 
narrowly defined mixtures of polysubstituted products were observed. In general, the average 
number of oxygen-, nitrogen-, sulfur-, and carbon-centered nucleophiles incorporated into the 
reaction product follows their relative nucleophilicity and increases in the order: HNRR’ < RO < 
CN- < RS-.232 The reactivity of zinc hexadecafluorophthalocyanine was further studied in 
substitution reactions with primary and secondary amines as well as tert-butyl esters of 
aminoacids as nucleophiles, using various reaction conditions.233 It was found that mild reaction 
conditions lead to formation of mono- and di-substituted fluorophthalocyanines, while higher 
degrees of substitution can be achieved using amines as solvents. In the case when diamines 
were used as the nucleophiles, reaction products consisted of cyclic substituted phthalocyanines, 
binuclear and trinuclear (amine bridged) compounds, or mixtures of both of these types 
depending on the structure of the diamines used.  
 Aromatic nucleophilic substitution of the nitro group in polysubstituted phthalonitriles 
provides an alternative controllable synthetic strategy for preparation of push-pull symmetric 
phthalocyanines with both electron-donating and electron-withdrawing groups on the same 
benzene ring. It was found that the reaction between 3,5-dinitrophthalonitrile and piperidine 
leads to formation of both 5-nitro-3-piperidonophthalonitrile (major product) and 3-nitro-5-
piperidinophthalonitrile (minor product).197 The former phthalonitrile can be easily converted 
into copper 1,8(11),15(18),22(25)-tetrapiperidino-3,10(9),17(16),24(23)-tetranitro-
phthalocyanine. Besides the polynitrophthalonitriles (which are relatively more difficult to 
prepare), partial nucleophilic substitution in polyhalophthalonitriles can also provide the desired 
push-pull phthalonitriles.228,231 For instance, it was shown that the substitution of a single 
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chlorine atom in 4,5-dichlorophthalonitrile with sulfur-based nucleophiles resulted in formation 
of 4-chloro-5-arylsulfonylphthalonitriles, which were converted into the corresponding 
phthalocyanine compounds.231e Similarly, the reaction between 3,4,5,6-tetrafluorophthalonitrile 
and 1-adamantanol or 1-adamantylamine leads to formation of 4,5-di-(1-adamantyloxy)- or 4,5-
di-(1-adamantylamino)-3,6-difluorophthalonitrile and 4-(1-adamantylamino)-3,5,6-
trifluorophthalonitrile, respectively (Scheme 56).214c These nitriles were converted into the 
corresponding magnesium, nickel, and metal-free phthalocyanines. 
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Scheme 56 
 
 Several cobalt 2,9(10),16(17),23(24)-tetranitro-3,10(9),17(16),24(23)-tetraacetylamino-
phthalocyanines were prepared by cyclotetramerization of the corresponding phthalonitriles.231f 
Hydrolysis of cobalt 2,9(10),16(17),23(24)-tetranitro-3,10(9),17(16),24(23)-
tetraacetylaminophthalocyanine results in formation of 2,9(10),16(17),23(24)-tetranitro-
3,10(9),17(16),24(23)-tetraaminophthalocyanine. 
 Nucleophilic aromatic substitution of the chlorine atoms in tetrachlorophthalonitrile by 
phenols, thiols, and amines is relatively new but is a very promising method for introduction of 
electron-donating groups into the phthalocyanine core.231 It was found that the selectivity and 
degree of substitution predominantly depend on the nature of the nucleophile. For instance, it is 
possible to substitute all chlorine atoms in tetrachlorophthalonitrile with alkyl- and aryl-thiols, 
while only three chlorine atoms can be substituted by aryloxy- and pyridyloxy- groups. 
Moreover, only two chlorine atoms can be substituted by cyclic secondary amines, whereas only 
one chlorine atom can be replaced by monoalkyl-, monoaryl-, and dialkylamine nucleophiles. 
The first point of substitution is independent of the type of nucleophile and always leads to 
formation of 2,4,6-trichloro-5-nucleophilophthalonitrile. When the nucleophiles are aryl and 
alkyl thiols as well as phenols, or cyclic secondary amines, introduction of the second group 
results in formation of 3,6-dichloro-4,5-dinucleophilophthalonitrile; in the case of pyridine-3-ol 
as the nucleophile both 3,6-dichloro-4,5-di(3-pyridyloxy)oxyphthalonitrile and 3,5-dichloro-4,6-
di(3-pyridyloxy)oxyphthalonitrile were observed in the reaction mixture. Finally, when three 
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chlorine atoms are substituted by nucleophiles, only 3-chloro-4,5,6-trinucleophilophthalonitrile 
was observed in the reaction mixture.  
 Similar nucleophilic substitutions in polychlorophthalonitriles already substituted by 
electron-donor group can result in substituted phthalonitriles with two different electron-donating 
groups.231 For example, the room-temperature reaction of 3,4,6-trichlorо-5-
(phenylamino)phthalonitrile with one, two, or three equivalents of phenyl or butyl thiols results 
in formation of pure 3,6-dichloro-4-(aryl or alkylsulfanyl)-5-(phenylamino)phthalonitrile, 3-
chloro-5,6-di(aryl or alkylsulfanyl)-4-(phenylamino)-phthalonitrile, and 3,4,6-tri(aryl or 
alkylsulfanyl)-5-(phenylamino)phthalonitrile, respectively. Another example of such a clean 
transformation is the reaction of 3,6-dichloro-4,5-di(piperidino)benzene-1,2-dinitrile with 
phenylthiol, which exclusively leads to formation of 3,6-di(phenylsulfanyl)-4,5-
di(piperidino)benzene-1,2-dinitrile. If an electron-donor group is already present in the 
substituted polychlorophthalonitrile and is 3-pyridyloxy or phenylsulfanyl, an additional 
nucleophilic substitution leads to a variety of products which originate from a scrambling 
reaction and thus these products are less useful from the synthetic point of view. 3,6-Dichloro-
4,5-di(phenyl or alkyl sulfanyl)benzene-1,2-dinitriles, 3,4,5,6-tetra(phenylsulfanyl)benzene-1,2-
dinitrile, 3,6-dichloro-4,5-di(aryloxy)benzene-1,2-dinitriles, 3,5-dichloro-4,6-di(3-pyridyloxy)-
benzene-1,2-dinitrile, 3,4,6-trichloro-5-(3-pyridyloxy)benzene-1,2-dinitrile, and 3,4,6-dichloro-
5-aminobenzene-1,2-dinitrile can be readily tetramerized to the corresponding transition-metal or 
main group phthalocyanines, which in the majority of cases are only slightly soluble in aprotic 
dipolar solvents (Figure 9). On the other hand, purification of transition-metal 
2,3,9,10,16,17,23,24-octa(substituted amino)-1,4-8,11,15,18,22,25-octachlorophthalocyanines 
was unsuccessful because of the low stability of the target phthalocyanine complexes. 
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Figure 9. Q-band positions in selected examples of chlorinated phthalocyanines bearing 
electron-donating groups. 
 
 
 
 

ISSN 1551-7012 Page 191 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Acknowledgements 
 
Generous support from the NSF (CHE-0809203), Research Corporation (Cottrell College 
Science Award CC6766), and Petroleum Research Foundation (grant 45510-GB3) to VN and 
from the Moscow Government to EL is greatly appreciated. 
 
 
References 
 
1. (a) Linstead, R. P. J. Chem. Soc. 1934, 1022. (b) Dent, C. E.; Linstead, R. P.; Lowe, A. R. J. 

Chem. Soc. 1934, 1033. (c) Robertson, J. M.; Linstead, R. P.; Dent, C. E. Nature 1935, 135, 
506. 

2. (a) Moser, F. H.; Thomas, A. L. The Phthalocyanines, CRC Press: Boca Raton, Fla. 1983; Vol. 2. (b) 
Erk, P.; Hengelsberg, H. In The Porphyrin Handbook; Academic Press: New York, 2003; 
Vol. 19, pp 105 – 149. (c) Herbst, W.; Hunter, K. Industrial Organic Pigments Production, 
Properties, Applications. Wiley-VCH, 3rd Ed. 2004, 638 pp. (d) Berezin, B. D. Coordination 
Compounds of Porphyrins and Phthalocyanines, Wiley: Chichester, 1981. 

3. (a) Sharman, W. M.; van Lier, J. E. In The Porphyrin Handbook Academic Press: New 
York, 2003; Vol. 15, pp1 – 60. (b) McKeown, N. B. In The Porphyrin Handbook; Academic 
Press: New York, 2003; Vol. 15, pp 61 – 124. (c) Rodriguez-Morgade, M. S.; de la Torre, 
G.; Torres, T. In The Porphyrin Handbook; Academic Press: New York, 2003; Vol. 15, 125 
– 160. 

4. (a) Kimura, M.; Shirai, H. In The Porphyrin Handbook; Academic Press: New York, 2003; 
Vol. 19, pp 151 – 177. (b) Thordarson, P.; Nolte, R. J. M.; Rowan, A. E. In The Porphyrin 
Handbook; Academic Press: New York, 2003; Vol. 18, pp 281 – 301. 

5. Phthalocyanines: Properties and Applications; Leznoff, C. C.; Lever, A. B. P., Eds., VCH 
Publishers: New York, 1990 - 1996; Vol. 1-4. 

6. McKeown, N. B.; Budd, P. M. Chem. Soc. Rev. 2006, 35, 675.  
7. Bonnett, R. Chemical Aspects of Photodynamic Therapy. Gordon and Breach Sci. Publ., 

2000.  
8. Elemans, J. A. A. W.; van Hameren, R.; Nolte, R. J. M.; Rowan, A. E. Adv. Mater. 2006, 18, 

1251.  
9. (a) Chen, Y.; Hanack, M.; Blau, W. J.; Dini, D.; Liu, Y.; Lin, Y.; Bai, J. J. Mat. Sci. 2006, 

41, 2169. (b) Flom, S. R. In The Porphyrin Handbook; Academic Press: New York, 2003, 
Vol. 19, pp 179 – 190. 

10. Hedayatullah, M. Compt. Rend. Acad. Sci. Ser. II C 1983, 296, 621. 
11. (a) Rodriguez-Morgade, M. S.; Stuzhin, P. J. Porphyrins Phthalocyanines 2004, 8, 1129.  
12. De la Torre, G.; Claessens, C. G.; Torres, T. Chem. Commun. 2007, 2000. 
13. Rio, Y.; Rodriguez-Morgade, M. S.; Torres, T. Org. Biomol. Chem. 2008, 6, 1877.  
14. Claessens, C. G.; Uwe, H.; Torres, T. Chemical Record. 2008, 8, 75. 

ISSN 1551-7012 Page 192 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

15. Brewis, M.; Clarkson, G. J.; Humberstone, P.; Makhseed, S.; McKeown, N. B. Chem. Eur. 
J. 1998, 4 (9), 1633. 

16. Mikhalenko, S. A.; Luk'yanets, E. A. Zh. Obshch. Khim. 1969, 39, 2129. 
17. Lukyanets, E. A.; Vazhnina, V. A.; Mikhalenko, S. A.; Solov’eva, L. I. Anil-kras. Prom. 

1976, (1), 1. 
18. Hopff, H.; Gallegra, P. Helv. Chim. Acta. 1968, 51, 253. 
19. Mikhalenko, S. A.; Gladyr, S. A.; Luk'yanets, E. A. Zh. Org. Khim. 1972, 8, 341. 
20. Cass, O. W. US 2443494, 1948.  
21. Hanack, M.; Knecht, S.; Polley, R.; Subramanian, L. R. Synth. Metals 1996, 80, 183. 
22. Knecht, S.; Durr, K.; Schmid, G.; Subramanian, L. R.; Hanack, M. J. Porphyrins 

Phthalocyanines 1999, 3, 292. 
23. McKeown, N. B.; Chambrier, I.; Cook, M. J. J. Chem. Soc., Perkin Trans. 1 1990, 1169. 
24. Cook, M. J.; Chambrier, I.; Cracknell, S. J.; Mayes, D. A.; Russell, D. A. Photochem. 

Photobiol. 1995, 62, 542. 
25. Swarts, J. C.; Langner, E. H. G.; Krokeide-Hove, N.; Cook, M. J. J. Mater. Chem. 2001, 11, 

434. 
26. Fourie, E.; Swarts, J. C.; Chambrier, I.; Cook, M. J. J. Chem. Soc., Dalton Trans. 2009, 

1145. 
27. Sugimori, T.; Okamoto, S.; Kotoh, N.; Handa, M.; Kasuga, K. Chem. Lett. 2000, 1200. 
28. Panteleeva, E. V.; Vaganova, T. A.; Lukyanets, E. A.; Shteingarts, V. D. Russ. J. Org. 

Chem. 2006, 41, 1280. 
29. Cuellar, E.A.; Marks, T. J. Inorg. Chem. 1981, 20, 3766. 
30. Beck, A.; Mangold, K. M.; Hanack, M. Chem. Ber. 1991, 124, 2315. 
31. Dieing, R.; Schmid, G.; Witke, E.; Feucht, C.; Dressen, M.; Pohmer, J.; Hanack, M. Chem. 

Ber. 1995, 128, 589.  
32. Hanack, M.; Kamenzin, S.; Kamenzin, C.; Subramanian, L. R. Synth. Metals 2000, 110, 93. 
33. Chambrier, I.; White, G. F.; Cook, M. J. Chem. Eur. J. 2007, 13, 7608. 
34. Tomilova, L. G.; Ivanov, A. V.; Kostyuchenko, I. V.; Shulishov, E. V.; Nefedov, O. M. 

Mendeleev Commun. 2002, 149.  
35. (a) Mikhalenko, S. A.; Barkanova, S. V.; Lebedev, O. L.; Lukyanets, E. A. Zh. Obshch. 

Khim. 1971, 41, 2735. (b) Lukyanets, E. A.; Mikhalenko, S. A.; Kovshev, E. I. Zh. Obshch. 
Khim. 1971, 41, 934. 

36. (a) Hanack, M.; Metz, J.; Pawlowski, G. Chem. Ber. 1982, 115, 2836. (b) Tomilova, L. G.; 
Rodionova, G. N.; Lukyanets, E. A. Koord. Khim. 1979, 5, 549. (c) Vul'fson, S. V.; Kaliya, 
O. L.; Lebedev, O. L.; Lukyanets, E. A. Zh. Obshch. Khim. 1976, 46, 179. (d) Dolotova, O. 
V.; Bundina, N. I.; Derkacheva, V. M.; Negrimovsky, V. M.; Minin, V. V.; Larin, G. M.; 
Kaliya, O. L.; Lukyanets, E. A. Zh. Obshch. Khim. 1992, 62, 2064. 

37. Electronic Spectra of Phthalocyanines and Related Compounds, Lukyanets, E. A. (Ed.), 
Cherkassy, 1989, pp 1-95. 

ISSN 1551-7012 Page 193 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

38. Kovshev, E. I.; Solov'eva, L. I.; Mikhalenko, S. A.; Lukyanets, E. A. Zh. Vsesoyuz. Khim. 
Obs. Mendel. 1976, 21, 465. 

39. Iqbal, Z.; Lyubimtsev, A.; Hanack, M. Synlett 2008, 2287. 
40. Gal'pern, M. G.; Dikolenko, E. G.; Donyagina, V. F.; Isaev, S. D.; Kozlov, O. F.; Lukyanets, 

E. A.; Mikhalenko, S. A.; Yurchenko, A. G. Zh. Obshch. Khim. 1980, 50, 2390.  
41. Kudrik, E. V.; Islaikin, M. K.; Smirnov, R. P. Mendeleev Commun. 1996, 47. 
42. (a) Kahl, S. B.; Li, J. Inorg. Chem. 1996, 35, 3878. (b) Sener, M. K.; Guel, A.; Kocak, M. B. 

J. Porphyrins Phthalocyanines 2003, 7, 617. (c) Kasim Sener, M.; Koca, A.; Guel, A.; 
Kocak, M. B. Polyhedron 2007, 26, 1070. (d) Sener, M. K.; Gul, A.; Kocak, M. B. Trans. 
Metal Chem. 2008, 33, 867. (e) Bayar, S.; Dincer, H. A.; Gonca, E. Dyes Pigments 2008, 80, 
156. 

43. Hanack, M.; Meng, D.; Beck, A.; Sommerauer, M.; Subramanian, L. R. J. Chem. Soc., 
Chem. Commun. 1993, 58. 

44. Gorlach, B.; Dachtler, M.; Glaser, T.; Albert, K.; Hanack, M. Chem. Eur. J. 2001, 7, 2459. 
45. Gaspard, S.; Maillard, P. Tetrahedron 1987, 43, 1083. 
46. Kimura, M.; Sakaguchi, A.; Ohta, K.; Hanabusa, K.; Shirai, H.; Kobayashi, N. Inorg. Chem. 

2003, 42, 2821. 
47. Mikhalenko, S. A.; Korobkova, E. V.; Luk'yanets, E. A. Zh. Obshch. Khim. 1970, 40, 400. 
48. Leznoff, C. C.; Li, Z.; Isago, H.; D'Ascanio, A. M.; Terekhov, D. S. J. Porphyrins 

Phthalocyanines 1999, 3, 406. 
49. Rodriguez-Morgade, S.; Hanack, M. Chem. Eur. J. 1997, 3, 1042. 
50. (a) Kalashnikova, I. P.; Zhukov, I. V.; Magdesieva, T. V.; Butin, K. P.; Tomilova, L. G.; 

Zefirov, N. S. Russ. Chem. Bull. 2001, 50, 1299. (b) Magdesieva, T. V.; Zhukov, I. V.; 
Tomilova, L. G.; Korenchenko, O. V.; Kalashnikova, I. P.; Butin, K. P. Russ. Chem. Bull. 
2001, 50, 396. (c) Savenkova, N. S.; Kuznetsova, R. T.; Okorokova, E. V.; Svetlichnyi, V. 
A.; Mayer, G. V.; Kalashnikova, I. P.; Tomilova, L. G. Proceedings of CAOL 2005, 
International Conference on Advanced Optoelectronics and Lasers, 2nd, Yalta, Ukraine, 
Sept. 12-17, 2005, 2005, 2, 23-26. 

51. McKeown, N. B. Science of Synthesis 2004, 17, 1237. 
52. McKeown, N. B. Phthalocyanine Materials: Structure, Synthesis and Function. 1998; pp 1 - 

200. 
53. Sakamoto, K.; Kato, T.; Cook, M. J. J. Porphyrins Phthalocyanines 2001, 5, 742. 
54. Chambrier, I.; Cook, M. J.; Mayes, D. A.; MacDonald, C. J. Porphyrins Phthalocyanines 

2003, 7, 426. 
55. Burnham, P. M.; Cook, M. J.; Gerrard, L. A.; Heeney, M. J.; Hughes, D. L. Chem. Commun. 

2003, 2064. 
56. Al-Raqa, S. Y. J. Porphyrins Phthalocyanines 2006, 10, 55. 
57. Cammidge, A. N.; Tseng, C.-H.; Chambrier, I.; Hughes, D. L.; Cook, M. J. Tetrahedron 

Lett. 2009, 50, 5254. 
58. Lauk, U. H.; Skrabal, P.; Zollinger, H. Helv. Chim. Acta 1985, 68, 1406. 

ISSN 1551-7012 Page 194 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

59. Kobayashi, N.; Higashi, R.; Tomura, T. Bull. Chem. Soc. Japan 1997, 70, 2693. 
60. Cammidge, A. N.; Cook, M. J.; Hughes, D. L.; Nekelson, F.; Rahman, M. Chem. Commun. 

2005, 930. 
61. Khene, S.; Cammidge, A. N.; Cook, M. J.; Nyokong, T. J. Porphyrins Phthalocyanines 

2007, 11, 761. 
62. Chen, M. J.; Fendrick, C. M.; Watson, R. A.; Kinter, K. S.; Rathke, J. W. J. Chem. Soc., 

Perkin Trans. 1 1989, 1071. 
63. (a) Pushkarev, V. E.; Shulishov, E. V.; Tomilov, Y. V.; Tomilova, L. G. Mendeleev 

Commun. 2007, 17, 218. (b) Pushkarev, V. E.; Ivanov, A. V.; Zhukov, I. V.; Shulishov, E. 
V.; Tomilov, Yu. V. Russ. Chem. Bull. 2004, 53, 554. (c) Li, Z.; Lieberman, M. Inorg. 
Chem. 2001, 40, 932. (d) Ohta, K.; Jacquemin, L.; Sirlin, C.; Bosio, L.; Simon, J. New J. 
Chem. 1988, 12, 751. (e) Camenzind, M. J.; Hill, C. L. J. Heterocycl. Chem. 1985, 22, 575. 

64. Mikhalenko, S. A.; Solov'eva, L. I; Lukyanets, E. A. Zh. Obshch. Khim. 1988, 58, 2618.  
65. Nemykin, V. N.; Struntz, N. Unpublished results. 
66. Mikhalenko, S. A.; Solov'eva, L. I.; Lukyanets, E. A. Zh. Obshch. Khim. 1991, 61, 996. 
67. Krasnovsky, A. A. Jr; Schweitzer, C.; Leismann, H.; Tanielian, C.; Lukyanets, E. A. 

Quantum Electronics 2000, 30, 445. 
68. Gal'pern, M. G.; Donyagina, V. F.; Shalaev, V. K.; Skvarchenko, V. R.; Bundina, N. I.; 

Mekhryakova, N. G.; Kaliya, O. L.; Lukyanets, E. A. Zh. Obshch. Khim. 1982, 52, 715.  
69. Fitzgerald, J. P.; Lebenson, J. R.; Wang, G.; Yee, G. T.; Noll, B. C.; Sommer, R. D. Inorg. 

Chem. 2008, 47, 4520.  
70. Schwenninger, R.; Schlogl, J.; Maynollo, J.; Gruber, K.; Ochsenbein, P.; Burgi, H.-B.; 

Konrat, R.; Krautler, B. Chem. Eur. J. 2001, 7, 2676. 
71. Oliver, S. W.; Smith, T. D. J. Chem. Soc., Perkin Trans. 2 1987, 1579.  
72. Kopranenkov, V. N.; Rumyantseva, G. I.; Luk'yanets, E. A. Zh. Obshch. Khim. 1972, 42, 

2586. 
73. Kopranenkov, V. N.; Goncharova, L. S.; Luk'yanets, E. A. Zh. Obshch. Khim. 1988, 58, 

1186. 
74. Oksengendler, I. G.; Kondratenko, N. V.; Luk'yanets, E. A.; Yagupol'skii, L. M. Ukr. Khim. 

Zh. (Russ. Ed.) 1980, 46, 507.  
75. Kopranenkov, V. N.; Makarova, E. A.; Luk'yanets, E. A. Zh. Org. Khim. 1981, 17, 358. 
76. Wheeler, B. L.; Nagasubramanian, G.; Bard, A. J.; Schechtman, L. A.; Kenney, M. E. J. Am. 

Chem. Soc. 1984, 106, 7404. 
77. Shatskaya, T. A.; Gal'pern, M. G.; Skvarchenko, V. R.; Luk'yanets, E. A. Zh. Obshch. Khim. 

1987, 57, 2364. 
78. (a) Tidwell, T. T. Sci. Synth. 2006, 23, 679. (b) Knoelker, H.-J. Chem. Rev. 2000, 100, 2941. 
79. Mikhalenko, S. A.; Lukyanets, E. A. Zh. Org. Khim. 1970, 6, 171. 
80. (a) Tomilova, L. G.; Ovchinnikova, N. A.; Khused, Y. Z.; Lukyanets, E. A. 2-nd Intern. 

Sym. Chemistry of Functional Dyes, Kobe:Japan, 1992, 17.(b) Kobayashi, N.; Ashida, T.; 
Osa, T. Chem. Lett. 1992, 2031. (c) Subbotin, N. B.; Nemykin, V. N.; Voloshin, Y. Z. 

ISSN 1551-7012 Page 195 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Mendeleev Commun. 1993, 121. (d) Nemykin, V. N.; Subbotin, N. B.; Kostromina, N. A.; 
Volkov, S. V. Mendeleev Commun. 1995, 71. (e) Nemykin, V. N.; Subbotin, N. B.; 
Kostromina, N. A.; Volkov, S. V.; Lukyanets, E. A. Zh. Neorg. Khim. 1995, 40, 1183. (f) 
Linssen, T. G.; Hanack, M. Chem. Ber. 1994, 127, 2051. 

81. (a) Fukuda, T.; Homma, S.; Kobayashi, N. Chem. Commun. 2003, 1574. (b) Fukuda, T.; 
Ishiguro, T.; Kobayashi, N. Tetrahedron Lett. 2005, 46, 2907. (c) Kobayashi, N.; Higashi, 
R.; Tomura, T. Bull. Chem. Soc. Japan 1997, 70, 2693. 

82. Eberhardt, W.; Hanack, M. Synthesis 1998, 1760. 
83. Fernandez-Castano, C.; Foces-Foces, C.; Llamas-Saiz, A. L. New J. Chem. 1996, 20, 1081. 
84. (a) Vigh, S.; Lam, H.; Janda, P.; Lever, A. B. P.; Leznoff, C. C.; Cerny, R. L. Can. J. Chem. 

1991, 69, 1457. (b) Leznoff, C. C.; Terekhov, D. S.; McArthur, C. R.; Vigh, S.; Li, J. Can. J. 
Chem. 1995, 73, 435. 

85. (a) de la Escosura, A.; Claessens, C. G.; Ledoux-Rak, I.; Zyss, J.; Martinez-Diaz, M. V.; 
Torres, T. J. Porphyrins Phthalocyanines 2005, 9, 788. (b) Akai, I.; Okada, A.; Kanemoto, 
K.; Karasawa, T.; Hashimoto, H.; Kimura, M. J. Lumin. 2006, 119-120, 283. (c) Gonzalez-
Cabello, A.; Vazquez, P.; Torres, T.; Guldi, D. M. J. Org. Chem. 2003, 68, 8635. (d) 
Kimura, M.; Narikawa, H.; Ohta, K.; Hanabusa, K.; Shirai, H.; Kobayashi, N. Chem. Mater. 
2002, 14, 2711. (e) Schweikart, K.-H.; Hanack, M.; Luer, L.; Oelkrug, D. Eur. J. Org. 
Chem. 2001, 293. (f) Gouloumis, A.; Liu, S.-G.; Sastre, A.; Vazquez, P.; Echegoyen, L.; 
Torres, T. Chem. Eur. J. 2000, 6, 3600. (g) Torres, T.; De la Torre, G.; Garcia-Ruiz, J. Eur. 
J. Org. Chem. 1999, 2323. (h) Gonzalez, A.; Vazquez, P.; Torres, T. Tetrahedron Lett. 1999, 
40, 3263. (i) De La Torre, G.; Torres, T. J. Porphyrins Phthalocyanines 1997, 1, 221. (j) Ali, 
H.; Cauchon, N.; van Lier, J. E. Photochem. Photobiol. Sci. 2009, 8, 868. (k) Beck, A.; 
Hanack, M. Chem. Ber. 1993, 126, 1493.  

86. (a) Maya, E. M.; Haisch, P.; Vazquez, P.; Torres, T. Tetrahedron 1998, 54, 4397. (b) Li, J.; 
Lindsey, J. S. J. Org. Chem. 1999, 64, 9101. 

87. (a) Li, J.; Lindsey, J. S. J. Org. Chem. 1999, 64, 9101. (b) Li, J.; Diers, J. R.; Seth, J.; Yang, 
S. I.; Bocian, D. F.; Holten, D.; Lindsey, J. S. J. Org. Chem. 1999, 64, 9090. (c) Miller, M. 
A.; Lammi, R. K.; Prathapan, S.; Holten, D.; Lindsey, J. S. J. Org. Chem. 2000, 65, 6634. 

88. Reddy, M. R.; Shibata, N.; Yoshiyama, H.; Nakamura, S.; Toru, T. Synlett 2007, 628. 
89. Juricek, M.; Kouwer, P. H. J.; Rehak, J.; Sly, J.; Rowan, A. E. J. Org. Chem. 2009, 74, 21. 
90. Chen, M. J.; Rathke, J. W.; Sinclair, S.; Slocum, D. W. J. Macromol. Sci., Chem. 1990, A27, 

1415. 
91. Guo, L.; Meng, F. S.; Gong, X. D.; Xiao, H. M.; Chen, K. C.; Tian, He. Dyes Pigments 

2001, 49, 83. 
92. Baumann, M.; Bevierre, M.-O.; Bogdanova, N.; Xie, X. Thin Solid Films 1996, 288, 239. 
93. Boyle, R. W.; van Lier, J. E. Synlett 1993, 351. 
94. (a) Allcock, H. R.; Neenan, T. X. Macromolecules 1986, 19, 1495. (b) Sakamoto, K.; Ohno-

Okumura, E. J. Porphyrins Phthalocyanines 1999, 3, 634. (c) Sakamoto, K.; Ohno-
Okumura, E. J. Porphyrins Phthalocyanines 1999, 3, 634. (d) Piechocki, C.; Simon, J.; 

ISSN 1551-7012 Page 196 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Skoulios, A.; Guillon, D.; Weber, P. J. Am. Chem. Soc. 1982, 104, 5245. (e) Blower, M. A.; 
Bryce, M. R.; Devonport, W. Adv. Mater. 1996, 8, 63. (f) Gumus, G.; Ozturk, Z. Z.; Ahsen, 
V.; Gul, A.; Bekaroglu, O. J. Chem. Soc., Dalton Trans. 1992, 2485. (g) Pawlowski, G.; 
Hanack, M. Synthesis 1980, 287. (h) Wang, C.; Bryce, M. R.; Batsanov, A. S.; Stanley, C. 
F.; Beeby, A.; Howard, J. A. K. J. Chem. Soc., Perkin Trans. 2 1997, 1671. 

95. Meerovich, G. A.; Lukyanets, E. A.; Yuzhakova, O. A.; Torshina, N. L.; Loschenov, V. B.; 
Stratonnikov, A. A.; Kogan, E. A.; Vorozhtsov, G. N.; Kunetz, A. V.; Kuvshinov, Y. P.; 
Poddubny, B. K.; Volkova, A. I.; Posypanova, A. M. Proc. SPIE Int. Soc. Optic. Engineer. 
1997, 3191, 193. 

96. Meerovich, G. A.; Yuzhakova, O. A.; Kaliya, O. L.; Lukyanets, E. A. Proc. SPIE, 1996, 
2924 (Photochemotherapy: Photodynamic Therapy and Other Modalities II), 86. 

97. Makarov, D. A.; Yuzhakova, O. A.; Slivka, L. K.; Kuznetsova, N. A.; Negrimovsky, V. M.; 
Kaliya, O. L.; Lukyanets, E. A. J. Porphyrins Phthalocyanines 2007, 11, 586. 

98. (a) Tsaryova, O.; Semioshkin, A. D.; Wöhrle, D.; Bregadze, V. I. J. Porphyrins 
Phthalocyanines 2005, 9, 268. (b) Giuntini, F.; Raoul, Y.; Dei, D.; Municchi, M.; Chiti, G.; 
Fabris, C.; Colautti, P.; Jori, G.; Roncucci, G. Tetrahedron Lett. 2005, 46, 2979. (c) Friso, 
E.; Roncucci, G.; Dei, D.; Soncin, M.; Fabris, C.; Chiti, G.; Colautti, P.; Esposito, J.; De 
Nardo, L.; Rossi, C. R.; Nitti, D.; Giuntini, F.; Borsetto, L.; Jori, G. Photochem. Photobiol. 
Sci. 2006, 5, 39. (d) Zakharkin, L. I.; Guseva, V. V.; Abramov, I. G.; Balagurova, E. V. 
Russ. J. Gen. Chem. 2000, 70, 1296. 

99. Zhizhin, K. Yu.; Malinina, E. A.; Goeva, L. V.; Chernyavskii, A. S.; Ivanov, S. V.; 
Lukyanets, E. A.; Solntsev, K. A.; Kuznetsov, N. T. Dokl. Akad. Nauk 1997, 357, 206. 

100.  (a) Bouvet, M.; Pauly, A. Encyclopedia of Sensors 2006, 6, 227-269. (b) Li, L.; Tang, Q.; 
Li, H.; Hu, W.; Yang, X.; Shuai, Z.; Liu, Y.; Zhu, D. Pure Appl. Chem. 2008, 80, 2231 

101. (a) Mayer, T.; Weiler, U.; Kelting, C.; Schlettwein, D.; Makarov, S.; Wöhrle, D.; Abdallah, 
O.; Kunst, M.; Jaegermann, W. Solar Energy Mater. Solar Cells 2007, 91, 1873. (b) 
Lehmann, H.-D.; Eberhardt, W.; Hanack, M. J. Membrane Sci. 1998, 147, 49. (c) 
Oksengendler, I. G.; Kondratenko, N. V.; Luk'yanets, E. A.; Yagupol'skii, L. M. Zh. Org. 
Kh. 1977, 13, 2234. 

102. Reddy, K. R. V.; Harish, M. N. K.; Fassiulla, K. M. H.; Moinuddin, K. J. J. Fluor. Chem. 
2007, 128, 1019. 

103. (a) Brinkmann, H.; Kelting, C.; Makarov, S.; Tsaryova, O.; Schnurpfeil, G.; Woehrle, D.; 
Schlettwein, D. Phys. Stat. Solidi A 2008, 205, 409. (b) Bayo, K.; Bayo-Bangoura, M.; 
Mossoyan-Deneux, M.; Lexa, D.; Ouedraogo, G. V. Compt. Rend. Chim. 2007, 10, 482. (c) 
Oison, V.; Koudia, M.; Abel, M.; Porte, L. Phys. Rev. B 2007, 75, 035428/1. (d) Murdey, R.; 
Sato, N.; Bouvet, M. Mol. Cryst. Liq. Cryst. 2006, 455, 211. (e) Bayo, K.; Mossoyan, J. C.; 
Ouedraogo, G. V. Spectrochim. Acta, Part A 2004, 60A, 653. (f) Anderson, T. L.; Komplin, 
G. C.; Pietro, W. J. J. Phys. Chem. 1993, 97, 6577. 

104. (a) Shen, Q.; Cao, Y.; Liu, S.; Steigerwald, M. L.; Guo, X. J. Phys. Chem. C 2009, 113, 
10807. (b) Yang, R. D.; Park, J.; Colesniuc, C. N.; Schuller, I. K.; Royer, J. E.; Trogler, W. 

ISSN 1551-7012 Page 197 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

C.; Kummel, A. C. J. Chem. Phys. 2009, 130, 164703/1. (c) Roberts, M. E.; Queralto, N.; 
Mannsfeld, S. C. B.; Reinecke, B. N.; Knoll, W.; Bao, Z. Chem. Mater. 2009, 21, 2292. (d) 
Liu, S.; Becerril, H. A.; LeMieux, M. C.; Wang, W. M.; Oh, J. H.; Bao, Z. Adv. Mater. 
2009, 21, 1266. (e) Ye, R.; Baba, M.; Suzuki, K.; Mori, K. Thin Solid Films 2009, 517, 
3001. (f) Wei, Z.; Xu, W.; Hu, W.; Zhu, D. Langmuir 2009, 25, 3349. (g) Roberts, M. E.; 
Mannsfeld, S. C. B.; Tang, M. L.; Bao, Z. Chem. Mater. 2008, 20, 7332. (h) Kim, K.; Kwak, 
T. H.; Cho, M. Y.; Lee, J. W.; Joo, J. Synth. Metals 2008, 158, 553. 

105. Shigemitsu, M. Bull. Chem. Soc. Jap. 1959, 32, 691.  
106. Christendat, D.; David, M.-A.; Morin, S.; Lever, A. B. P.; Kadish, K. M.; Shao, J. J. 

Porphyrins Phthalocyanines 2005, 9, 626. 
107. Dini, D.; Calvete, M. J. F.; Hanack, M.; Chen, W.; Ji, W. ARKIVOC 2006, 77.  
108. Safari, N.; Jamaat, P. R.; Shirvan, S. A.; Shoghpour, S.; Ebadi, A.; Darvishi, M.; Shaabani, 

A. J. Porphyrins Phthalocyanines 2005, 9, 256. 
109. L’Her, M.; Pondaven, A. in: The Porphyrin Handbook; 2003, Vol. 16, 117 – 169. 
110. Gregory, P. J. Porphyrins Phthalocyanines 2000, 4, 432. 
111. Shevchenko, V. I.; Kukhar, V. P. Zh. Obshch. Khim. 1966, 36, 725.  
112.  (a) Shaposhnikov, G. P.; Maizlish, V. E.; Kulinich, V. P. Russ. J. Gen. Chem. 2005, 75, 

1830. (b) Somashekarappa, M. P.; Keshavayya, J.; Sherigara, B. S. Spectrochim. Acta, Part 
A 2003, 59A, 883. (c) Ilatovskii, V. A.; Dmitriev, I. B.; Rudakov, V. M.; Shaposhnikov, G. 
P.; Komissarov, G. G. Khim. Fizika 2000, 19, 84. (d) Osipov, Yu. M.; Shaposhnikov, G. P.; 
Kulinich, V. P.; Smirnov, R. P. Khim. Geterotsikl. Soed. 1989, 74. (e) Maizlish, V. E.; 
Shaposhnikov, G. P.; Snegireva, F. P.; Mochalova, N. L.; Smirnov, R. P. Izv. Vysshikh 
Ucheb. Zaved., Khim. Khimich. Tekhnol. 1988, 31, 42. 

113. (a) Bazanov, M. I.; Petrov, A. V.; Zhutaeva, G. V.; Turchaninova, I. V.; Andrievski, G.; 
Evseev, A. A. Russ. J. Electrochem. 2004, 40, 1198. (b) Sokolova, T. N.; Suslova, E. E.; 
Lomova, T. N.; Zaitseva, S. V.; Zdanovich, S. A. Zh. Neorg. Khim. 2002, 47, 1460. (c) 
Achar, B. N.; Jayasree, P. K. Synth. Metals 2000, 114, 219. 

114. Achar, B. N.; Jayasree, P. K. Synth. Reactiv. Inorg. Metal-Org. Chem. 2000, 30, 719. 
115.  (a) Pakhomov, G. L.; Pakhomov, L. G.; Bagrov, A. M. Khim. Fizika 1995, 14, 108. (b) 

akhomov, G. L.; Shaposhnikov, G. P.; Spektor, V. N.; Pakhomov, L. G.; Ribo, J. M. Izv. 
Akad. Nauk, Ser. Khim. 1996, 236. (c) Pakhomov, L. G.; Pakhomov, G. L., Jr. Synth. Metals 
1995, 71, 2299. 

116. Kropf, H.; Hofmann, H. Tetrahedron Lett. 1967, 659. 
117. Mikhalenko, S. A.; Surovtseva, A. P.; Luk'yanets, E. A. Anilinokrasochnaya 

Promyshlennost, 1976, (11), 1. 
118. (a) Zeug, A.; Meyer, M.; Lo, P.-C.; Ng, D. K. P.; Roeder, B. J. Porphyrins Phthalocyanines 

2005, 9, 298. (b) Huang, J.-D.; Wang, S.; Lo, P.-C.; Fong, W.-P.; Ko, W.-H.; Ng, D. K. P. 
New J. Chem. 2004, 28, 348. (c) Lo, P.-C.; Wang, S.; Zeug, A.; Meyer, M.; Roder, B.; Ng, 
D. K. P. Tetrahedron Lett. 2003, 44, 1967. (d) Venugopala Reddy, K. R.; Keshavayya, J. 
Dyes Pigments 2002, 53, 187. 

ISSN 1551-7012 Page 198 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

119. (a) Koshino, M.; Kurata, H.; Isoda, S. Microscopy Microanal. 2007, 13, 96. (b) Elanwar, I. 
M.; El-Ghaffar, M. A. Abd; El Nabawy, O. M.; Zikry, A. A. F. Polym.-Plastics Technol. 
Engineer. 1998, 37, 41. (c) Dorset, D. L. Acta Cryst., Sec. A 1997, A53, 356. (d) Bayo, K.; 
Saba, A.; Ouedraogo, G. V.; Terzian, G.; Benlian, D. J. Mol. Struct. 1992, 271, 19. (e) 
Smith, D. J.; Fryer, J. R.; Camps, R. A. Ultramicroscopy 1986, 19, 279. 

120. Turker, L.; Oker, L. Dyes Pigments 1990, 13, 81. 
121. Somashekarappa, M. P.; Reddy, K. R. Venugopala; Harish, M. N. K.; Keshavayya, J. J. 

Teach. Res. Chem. 2004, 11, 1. 
122. Bazanov, M. I.; Osipov, Yu. M. Izv. Vysshikh Uchebn. Zaved., Khim. Khimich. Tekhnol. 

1989, 32, 53. 
123. Suzuki, S.; Bansho, Y. Kogyo Kagaku Zasshi 1969, 72, 712.  
124. (a) Derkacheva, V. M.; Barkanova, S. V.; Kaliya, O. L.; Luk'yanets, E. A. Studies Surface 

Sci. Catal. 1991, 66, 461. (b) Barkanova, S. V.; Derkacheva, V. M.; Kaliya, O. L.; 
Luk'yanets, E. A. Zh. Obsh.. Khim. 1988, 58, 1415. 

125. Rakitin, Yu. V.; Minin, V. V.; Larin, G. M. Koord. Khim. 1988, 14, 1090. 
126. Shishkina, V.; Maizlish, V. E.; Shaposhnikov, G. P.; Smirnov, R. P. Russ. J. Gen. Chem. 

1998, 68, 813. 
127. (a) Oksengendler, I. G.; Kondratenko, N. V.; Lukyanets, E. A.; Yagupol'skii, L. M. Zh. Org. 

Khim. 1977, 13, 1554. (b) Oksengendler, I. G.; Kondratenko, N. V.; Lukyanets, E. A.; 
Yagupol'skii, L. M. Zh. Org. Khim. 1978, 14, 1046. 

128. Chen, M. J.; Fremgen, D. E.; Rathke, J. W. J. Porphyrins Phthalocyanines 1998, 2, 473. 
129. Gorun, S. M.; Bench, B. A.; Carpenter, G.; Beggs, M. W.; Mague, J. T.; Ensley, H. E. J. 

Fluor. Chem. 1998, 91, 37. 
130. (a) Lapok, L.; Schnurpfeil, G.; Gerdes, R.; Gorun, S. M.; Suvorova, O.; Kudryavtseva, G. 

S.; Woehrle, D. J. Porphyrins Phthalocyanines 2009, 13, 346. (b) Keil, C.; Tsaryova, O.; 
Lapok, L.; Himcinschi, C.; Woehrle, D.; Hild, O. R.; Zahn, D. R. T.; Gorun, S. M.; 
Schlettwein, D. Thin Solid Films 2009, 517, 4379. (c) Gerdes, R.; Lapok, L.; Tsaryova, O.; 
Woehrle, D.; Gorun, S. M. J. Chem. Soc., Dalton Trans. 2009, 1098. (d) Gorun, S. M.; 
Rathke, J. W.; Chen, M. J. J. Chem. Soc., Dalton Trans. 2009, 1095. (e) Minnes, R.; 
Weitman, H.; Lee, H.-J.; Gorun, S. M.; Ehrenberg, B. Photochem. Photobiol. 2006, 82, 593. 
(f) Lee, H.-J.; Brennessel, W. W.; Lessing, J. A.; Brucker, W. W.; Young, V. G. Jr.; Gorun, 
S. M. Chem. Commun. 2003, 1576. (g) Bench, B. A.; Beveridge, A.; Sharman, W. M.; 
Diebold, G. J.; Van Lier, J. E.; Gorun, S. M. Angew. Chem., Int. Ed. 2002, 41, 747. 

131. Bench, B. A.; Brennessel, W. W.; Lee, H.-J.; Gorun, S. M. Angew. Chem., Int. Ed. 2002, 41, 
750. 

132. Barkanova, S. V.; Iodko, S. S.; Kaliya, O. L.; Kondratenko, N. V.; Luk'yanets, E. A.; 
Oksengendler, I. G.; Tomilova, L. G.; Yagupol'skii, L. M. Zh. Org. Khim. 1979, 15, 1770.  

133. Kondratenko, N. V.; Nemykin, V. N.; Lukyanets, E. A.; Kostromina, N. A.; Volkov, S. V.; 
Yagupol’skii, L. M. J. Porphyrins Phthalocyanines 1997, 1, 341  

ISSN 1551-7012 Page 199 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

134. Gal'pern, M. G.; Talismanova, T. D.; Tomilova, L. G.; Lukyanets, E. A. Zh. Obshch. Khim. 
1985, 55, 1099. 

135. Kondratenko, N. V.; Tretyakova, I. N.; Lukyanets, E. A.; Volkov, S. V.; Orlova, R. K.; 
Nemykin, V. N.; Yagupolskii, L. M. Dyes Pigments 1999, 41, 101. 

136.  (a) Brach, P. J.; Grammatica, S. J.; Osanna, O. A.; Weinberg, L. J. Heterocycl. Chem. 1970, 
7, 1403.(b) Metz, J.; Schneider, O.; Hanack, M. Inorg. Chem. 1984, 23, 1065. (c) 
Somashekarappa, M. P.; Keshavayya, J. Synth. React. Inorg. Met.-Org. Chem. 1999, 29, 
767. (d) Borodkin, V. F.; Smirnov, R. P. Izv. Vys. Ucheb. Zaved., Khim. Khim. Tekhnol. 
1960, 3, 915. (e) Boscornea, C.; Grigoriu, N.; Tarabasanu-Mihaila, D.; Robu, M. Rev. de 
Chim. 2008, 59, 371. (f) Bahadoran, F.; Dialameh, S. J. Porphyrins Phthalocyanines 2005, 
9, 163. (g) Safari, N.; Jamaat, P. R.; Pirouzmand, M.; Shaabani, A. J. Porphyrins 
Phthalocyanines 2004, 8, 1209. (h) Chauhan, S. M. S.; Kumar, Anil; Srinivas, K. A. Chem. 
Commun. 2003, 2348. (i) Stuchinskaya, T. L.; Maizlish, V. E.; Kundo, N. N.; Smirnov, R. P. 
Zh. Prikladnoi Khim. 1993, 66, 1039. (j) Villagra, E.; Bedioui, F.; Nyokong, T.; Canales, J. 
C.; Sancy, M.; Paez, M. A.; Costamagna, J.; Zagal, J. H. Electrochim. Acta 2008, 53, 4883. 
(k) Ogunsipe, A.; Chen, J.-Y.; Nyokong, T. New J. Chem. 2004, 28, 822. (m) Ogunsipe, A.; 
Nyokong, T. J. Mol. Struct. 2004, 689, 89. (n) Borisenkova, S. A.; Erokhin, A. S.; Novikov, 
V. A.; Rudenko, A. P. Zh. Org. Khim. 1975, 11, 1977. (o) Zwart, J.; Van Wolput, J. H. M. 
C. J. Mol. Catal. 1979, 5, 51.  

137. (a) Lunardi, C. N.; Rotta, J. C. G.; Tedesco, A. C. Current Org. Chem. 2007, 11, 647. (b) 
Kharisov, B. I.; Mendez, U. O.; Kharissova, O. V. J. Coord. Chem. 2008, 61, 353. (c) 
Chauhan, S. M. S.; Kumari, P.; Agarwal, S. Synthesis 2007, 3713. (d) Achar, B. N.; Kumar, 
T. M. M.; Lokesh, K. S. J. Porphyrins Phthalocyanines 2005, 9, 872. (e) Kopylovich, M. 
N.; Kukushkin, V. Yu.; Haukka, M.; Luzyanin, K. V.; Pombeiro, A. J. L. J. Am. Chem. Soc. 
2004, 126, 15040. (f) Woehrle, D.; Buck, T.; Huendorf, U.; Schulz-Ekloff, G.; Andreev, A. 
Makromol. Chem. 1989, 190, 961. 

138. (a) Shiryaeva, L. S.; Klyuev, V. N. Tr. Tambovsk. Inst. Khim. Mashinostr. 1969, (3), 101. 
(b) Klyuev, V. N.; Shiryaeva, L. S. SU 260044 1969. 

139. Negrimovsky, V. M.; Derkacheva, V. M.; Kaliya, O. L.; Lukyanets, E. A. Zh. Obshch. 
Khim. 1991, 61, 460. 

140. Tse, Y.-H..; Kobayashi, N.; Lever, A. B. P. Coll. Czech. Chem. Commun. 2001, 66, 338. 
141. (a) Giraudeau, A.; Louati, A.; Gross, M.; Andre, J. J.; Simon, J.; Su, C. H.; Kadish, K. M. J. 

Am. Chem. Soc. 1983, 105, 2917. (b) Louati, A.; El Meray, M.; Andre, J. J.; Simon, J.; 
Kadish, K. M.; Gross, M.; Giraudeau, A. Inorg. Chem. 1985, 24, 1175. 

142. (a) Barkanova, S. V.; Kaliya, O. L. J. Porphyrins Phthalocyanines 1999, 3, 180. (b) Banfi, 
S.; Cavazzini, M.; Coppa, F.; Barkanova, S. V.; Kaliya, O. L. J. Chem. Soc., Perkin Trans. 
2, 1997, 1577. (c) Barkanova, S. V.; Derkacheva, V. M.; Dolotova, O. V.; Li, V. D.; 
Negrimovsky, V. M.; Kaliya, O. L.; Lukyanets, E. A. Tetrahedron Lett. 1996, 37, 1637. 

143. (a) Mikhalenko, S. A.; Lukyanets, E. A. Zh. Org. Khim. 1975, 11, 2216. (b) Mikhalenko, S. 
A.; Lukyanets, E. A. Anilino-kras. Prom. 1975, (3), 3. (c) Syrbu, S. A.; Glazunov, A. V.; 

ISSN 1551-7012 Page 200 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Semeikin, A. S. Izv. Vysshikh Ucheb. Zaved., Khim. Khimich. Tekhnol. 2006, 49, 122. (d) 
Valkova, L.; Borovkov, N.; Pisani, M.; Rustichelli, F. Langmuir 2001, 17, 3639. 

144. (a) Vorozhtsov, G. N.; Derkacheva, V. M.; Kazachkina, N. I.; Lukyanets, E. A.; Feofanov, 
A. V.; Fomina, G. I.; Chissov, V. I.; Yakubovskaya, Russ. RU 2183635, 2002. (b) 
Derkacheva, V. M.; Vazhnina, V. A.; Kokoreva, V. I.; Lukyanets, E. A. Russ. RU 2181736, 
2002. 

145. (a) Ben-Hur, E.; Chan, W.-S. In The Porphyrin Handbook; Academic Press: New York, 
2003, Vol. 19, pp 1 – 36. (b) Wainwright, M. Anti-Cancer Agents Med. Chem. 2008, 8, 280. 
(c) Ogura, S.-I.; Tabata, K.; Fukushima, K.; Kamachi, T.; Okura, I. J Porphyrins 
Phthalocyanines 2006, 10, 1116. 

146. (a) Feofanov, A.; Grichine, A.; Karmakova, T.; Kazachkina, N.; Pecherskikh, E.; 
Yakubovskaya, R.; Lukyanets, E.; Derkacheva, V.; Egret-Charlier, M.; Vigny, P. 
Photochem. Photobiol. 2002, 75, 527.(b) Lukyanets, E. A. J. Porphyrins Phthalocyanines 
1999, 3, 424. 

147. Solov’eva, L. I.; Mikhalenko, S. A.; Chernykh, E. V.; Lukyanets, E. A. Zh. Obshch. Khim. 
1982, 52, 90. 

148. Mikhalenko, S. A.; Solov'eva, L. I.; Surovtseva, A. P.; Lukyanets, E. A. SU 925948, 1982. 
149. (a) Buck, T.; Wöhrle, D.; Schulz-Ekloff, G.; Andreev A. J. Mol. Cat. 1991, 70, 259. (b) 

Nemykin, V. N.; Polshyna, A. E.; Borisenkova, S. A.; Strelko, V.V. J. Mol. Cat. A, 2007, 
264, 103. (c) Borisenkova, S. A.; Kalashnikova, T. E.; Mokshin, V. M.; Gal'pern, M. G.; 
Samigulina, N. N.; Lukyanets, E. A. Zh. Fiz. Khim. 1987, 61, 2995. (d) Akopyants, Y. G.; 
Borisenkova, S. A.; Kaliya, O. L.; Derkacheva, V. M.; Lukyanets, E. A. J. Mol. Cat. 1993, 
83, 1. 

150. Basu, B.; Satapathy, S.; Bhutnagar, A. K. Catal. Rev. 1993, 35, 571. 
151. Dini, D.; Hanack, M. In The Porphyrin Handbook; Academic Press: New York, 2003, Vol. 

17, pp 1 – 36. 
152. (a) Derkacheva, V. M.; Mikhalenko, S. A.; Solov'eva, L. I.; Alekseeva, V. I.; Marinina, L. 

E.; Savina, L. P.; Butenin, A. V.; Lukyanets, E. A. Russ. J. Gen. Chem. 2007, 77, 1117. (b) 
Kuznetsova, N.; Makarov, D.; Derkacheva, V.; Savvina, L.; Alekseeva, V.; Marinina, L.; 
Slivka, L.; Kaliya, O.; Lukyanets, E. J. Photochem. Photobiol., A, 2008, 200, 161. 

153. Maya, E. M.; Vazquez, P.; Torres, T. Chem. Eur. J. 1999, 5, 2004. 
154. Sastre, A.; Rey, B. del; Torres, T. J. Org. Chem. 1996, 61, 8591. 
155. Tylleman, B.; Gbabode, G.; Amato, C.; Buess-Herman, C.; Lemaur, V.; Cornil, J.; Gomez-

Aspe, R.; Geerts, Y. H.; Sergeyev, S. Chem. Mater. 2009, 21, 2789. 
156. (a) Del Rey, B.; Keller, U.; Torres, T.; Rojo, G.; Agullo-Lopez, N. S.; Marti, C.; Brasselet, 

S.; Ledoux, I.; Zyss, J. J. Am. Chem. Soc. 1998, 120, 12808. (b) Claessens, C. G.; Torres, T. 
Eur. J. Org. Chem. 2000, 1603. 

157. (a) Boston, D. R.; Bailar, J. C., Jr. Inorg. Chem. 1972, 11, 1578. (b) Solov'eva, L. I.; 
Barsukova, G. F.; Lebedev, O. L.; Kaliya, O. L.; Luk'yanets, E. A. Zh. Prikl. Spektr. 1977, 
26, 753. (c) Shirai, H.; Maruyama, A.; Takano, J.; Kobayashi, K.; Hojo, N.; Urushido, K. 

ISSN 1551-7012 Page 201 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Makromol. Chem. 1980, 181, 565. (d) Woehrle, D.; Huendorf, U. Makromol. Chem. 1985, 
186, 2177. (e) Wang, B.; Ma, H.-Zh. Synth. React. Inorg. Met.-Org. Chem. 2004, 34, 1009. 
(f) Maizlish, V. E.; Shaposhnikov, G. P.; Snegireva, F.P.; Kolesnikova , T.E.; Velichko 
A.V.; Smirnov V.P. Izv. Vysshikh Ucheb. Zaved., Khim. Khimich. Tekhnol. 1992, 35, 37. 

158. Shaposhnikov, G. P.; Maizlish, V. E.; Kulinich, V. P. Russ. J. Gen. Chem. 2005, 75, 1480. 
159. Opris, D. M.; Nuesch, F.; Lowe, C.; Molberg, M.; Nagel, M. Chem. Mater. 2008, 20, 6889. 
160. Kaliya, O. L.; Lukyanets, E. A.; Vorozhtsov, G. N. J. Porphyrins Phthalocyanines 1999, 3, 

592.  
161. Vol'pin, M. E.; Krainova, N. Yu.; Moskaleva, I. V.; Novodarova, G. N.; Vorozhtsov, G. N.; 

Gal'pern, M. G.; Kaliya, O. L.; Lukyanets, E. A.; Mikhalenko, S. A. Izv. Akad. Nauk, Ser. 
Khim. 1996, 2105. 

162. (a) Mytsyk, V. M.; Nemykin, V. N.; Volkov, S. V. Ukr. Khim. Zh. 2003, 69, 3. (b) Dolotova, 
O. V.; Kaliya, O. L. Russ. J. Coord. Chem. 2007, 33, 111.  

163. Solov'eva, L. I.; Lukyanets, E. A. Zh. Obshch. Khim. 1980, 50, 1122. 
164. Mo, X.; Chen, H.-Z.; Wang, Y.; Shi, M.-M.; Wang, M. J. Phys. Chem. B 2005, 109, 7659. 
165. (a) Kutureva, V.; Baziakina, N.; Maximova, K.; Morozova, V.; Schnurpfeil, G.; Wohrle, D.; 

Suvorova, O. J. Porphyrins Phthalocyanines 2008, 12, 832. (b) Zhang, L.; Xu, Q.-F.; Lu, J.-
M.; Yao, S.-C. Guangpuxue Yu Guangpu Fenxi 2007, 27, 773. (c) Wang, Y.; Chen, H.-Z.; 
Li, H.-Y.; Wang, M. Mater. Sci. Engin., B 2005, B117, 296. 

166. (a) Solov'eva, L. I.; Lukyanets, E. A. Anil.-kras. Prom. 1976, 9, 1. (b) Tylleman, B.; Gomez-
Aspe, R.; Gbabode, G.; Geerts, Y. H.; Sergeyev, S. Tetrahedron 2008, 64, 4155. (c) 
Sergeyev, S.; Debever, O.; Pouzet, E.; Geerts, Y. H. J. Mat. Chem. 2007, 17, 3002. (d) 
Dulog, L.; Gittinger, A. Mol. Cryst. Liq. Cryst. A 1992, 213, 31. 

167. Kuznetsova, N. A.; Gretsova, N. S.; Derkacheva, V. M.; Mikhalenko, S. A.; Solov'eva, L. I.; 
Yuzhakova, O. A.; Kaliya, O. L.; Luk'yanets, E. A. Russ. J. Gen. Chem. 2002, 72, 300. 

168. (a) Baker, D. J.; Boston, D. R.; Bailar, J. C., Jr. J. Inorg. Nucl. Chem. 1973, 35, 153. (b) 
Woehrle, D.; Schulte, B. Makromol. Chem. 1985, 186, 2229. 

169. (a) Li, X.; Sinks, L. E.; Rybtchinski, B.; Wasielewski, M. R. J. Am. Chem. Soc. 2004, 126, 
10810. (b) Kobayashi, N.; Nishiyama, Y.; Oya, T.; Sato, M. J. Chem. Soc., Chem. Commun. 
1987, 390. (c) Kobayashi, N.; Ohya, T.; Sato, M.; Nakajima, S. Inorg. Chem. 1993, 32, 
1803. 

170. (a) Mikhalenko, S. A.; Solov'eva, L. I.; Lukyanets, E. A. Russ. J. Gen. Chem. 2004, 74, 451. 
(b) Mikhalenko, S. A.; Solov'eva, L. I.; Lukyanets, E. A. Russ. J. Gen. Chem. 2004, 74, 
1775. (c) Mikhalenko, S. A.; Solov'eva, L. I.; Lukyanets, E. A. Russ. J. Gen. Chem. 2005, 
75, 1489. 

171. Kobayashi, N.; Sudo, K.; Osa, T. Bull. Chem. Soc. Japan 1990, 63, 571. 
172. Shklyaev, A. A.; Selyutin, G. E.; Shakot'ko, N. I.; Mikhalenko, S. A. Izv. Akad. Nauk SSSR, 

Ser. Khim. 1984, 1280. 

ISSN 1551-7012 Page 202 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

173. (a) Chau, L.-K.; Osburn, E. J.; Armstrong, N. R.; O'Brien, D. F.; Parkinson, B. A. Langmuir 
1994, 10, 351. (b) Osburn, E. J.; Chau, L.-K.; Chen, S.-Y.; Collins, N.; O'Brien, D. F.; 
Armstrong, N. R. Langmuir 1996, 12, 4784. 

174. (a) Fujiki, M.; Tabei, H.; Kurihara, T. J. Phys. Chem. 1988, 92, 1281.(b) Rai, R.; Saxena, 
A.; Ohira, A.; Fujiki, M. Langmuir 2005, 21, 3957. (c) He, J.; Benkoe, G.; Korodi, F.; 
Polivka, T.; Lomoth, R.; Kermark, B.; Sun, L.; Hagfeldt, A.; Sundstroem, V. J. Am. Chem. 
Soc. 2002, 124, 4922. (d) Fujiki, M.; Tabei, H.; Kurihara, T. Langmuir 1988, 4, 1123. 

175. (a) Hanack, M.; Lange, A.; Grosshans, R. Synth. Metals 1991, 45, 59. (b) Hanack, M.; Osio 
Barcina, J.; Pohmer, J.; Witke, E. Polymer Preprints 1994, 35, 204. (c) Gavrilin, E. V.; 
Shishkina, O. V.; Shaposhnikov, G. P.; Maizlish, V. E.; Kulinich, V. P.; Smirnov, R. P. Zh. 
Obsh. Khim. 1996, 66, 1732. 

176. (a) Gopakumar, T. G.; Tang, H.; Thiel, W. R.; Hietschold, M. J. Phys. Chem. C 2008, 112, 
7698. (b) Sergeyev, S.; Pouzet, E.; Debever, O.; Levin, J.; Gierschner, J.; Cornil, J.; Aspe, 
R. G.; Geerts, Y. H. J. Mater. Chem. 2007, 17, 1777. (c) Shinohara, H.; Tsaryova, O.; 
Schnurpfeil, G.; Woehrle, D. J. Photochem. Photobiol,, A 2006, 184, 50. (d) Yonekura, T.; 
Ohsaka, T.; Kitamura, F.; Tokuda, K. J. Porphyrins Phthalocyanines 2005, 9, 54. (e) Xiang, 
H.-Q.; Tanaka, K.; Kajiyama, T. Langmuir 2002, 18, 9102. 

177. Somashekarappa, M. P.; Keshavayya, J. Synth. React. Inorg. Met.-Org. Chem. 2001, 31, 
811. 

178. Makhseed, S.; McKeown, N. B. J. Porphyrins Phthalocyanines 2003, 7, 125. 
179. Nemykin, V. N.; Kobayashi, N.; Mytsyk, V. M.; Volkov, S. V. Chem. Lett. 2000, 546.  
180. Sharman, W. M.; Kudrevich, S. V.; van Lier, J. E. Tetrahedron Lett. 1996, 37, 5831. 
181. Maerkl, G.; Gschwendner, K.; Roetzer, I.; Kreitmeier, P. Helv. Chim. Acta 2004, 87, 825. 
182. Yuzhakova, O. A.; Lukyanets, E. A.; Tkach, I. I. Russ. RU2103921, 1998. 
183. Yuzhakova, O. A.; Lukyanets, E. A. Russ. RU2181735, 2002. 
184. (a) Tse, Y.-H.; Janda, P.; Lam, H.; Zhang, J.; Pietro, W. J.; Lever, A. B. P. J. Porphyrins 

Phthalocyanines 1997, 1, 3. (b) Tau, P.; Nyokong, T. J. Electroanal. Chem. 2007, 611, 10. 
(c) Sivanesan, A.; John, S. A. Biosens. Bioelectr. 2007, 23, 708. 

185. Sivanesan, A.; John, S. A. Electroanalysis 2008, 20, 2340. 
186. Sivanesan, A.; John, S. A. Langmuir 2008, 24, 2186.  
187. Nombona, N.; Tau, P.; Sehlotho, N.; Nyokong, T. Electrochim. Acta 2008, 53, 3139. 
188. (a) Jung, S.-H.; Choi, J.-H.; Yang, S.-M.; Cho, W.-J.; Ha, C.-S. Mat. Sci. Engineer., B. 

2001, B85, 160. (b) Pan, Y.; Chen, W.; Lu, S.; Zhang, Y. Dyes Pigments 2005, 66, 115. (c) 
Sorokin, A. B.; Mangematin, S.; Pergrale, C. J. Mol. Cat. A. 2002, 182-183, 267. (d) 
Tararykina, T. V.; Maizlish, V. E.; Galanin, N. E.; Shaposhnikov, G. P.; Bykova, V. V.; 
Usol'tseva, N. V. Russ. J. Org. Chem. 2007, 43, 1719. 

189. Mikhalenko, S. A.; Solov'eva, L. I.; Ivanova, T. M.; Lukyanets, E. A. Zh. Obshch. Khim. 
1985, 55, 1106. 

ISSN 1551-7012 Page 203 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

190. (a) Reddy, K. R. V.; Keshavayya, J. Synth. React. Inorg. Met.-Org. Chem. 2002, 32, 1235. 
(b) Fasiulla; Khan, M. H. M.; Harish, M. N. K.; Keshavayya, J.; Reddy, K. R. V. Dyes 
Pigments 2008, 76, 557. 

191. Yueksel, F.; Guel, G. A.; Lebrun, C.; Ahsen, V. New J. Chem. 2005, 29, 726. 
192. (a) Khan, M. H. M.; Reddy, K. R. V.; Keshavayya, J. J. Coord. Chem. 2009, 62, 854. (b) 

Khan, M. H. M.; Fasiulla; Keshavaya, J.; Venugopala Reddy, K. R. Zh. Neorg. Khim. 2008, 
53, 73. 

193. Yuksel, F.; Tuncel, S.; Ahsen, V. J. Porphyrins Phthalocyanines 2008, 12, 123. 
194. (a) Mikhalenko, S. A.; Lukyanets, E. A. Zh. Obshch. Khim. 1976, 46, 2156. (b) Mikhalenko, 

S. A.; Derkacheva, V. M.; Lukyanets, E. A. Zh. Obshch. Khim. 1981, 51, 1650. (c) 
Lukyanets, E. A.; Vazhnina, V. A.; Gal'pern, M. G.; Talismanova, T. D. USSR, SU 652173, 
1979. 

195. Derkacheva, V. M.; Lukyanets, E. A. USSR, SU 919310, 1981. 
196. (a) Celenk, E.; Kantekin, H. Dyes Pigments 2008, 80, 93. (b) Kantekin, H.; Biyiklioglu, Z. 

Dyes Pigments 2007, 77, 98. (c) Biyiklioglu, Z.; Kantekin, H.; Oezil, M. J. Organomet. 
Chem. 2007, 692, 2436. 

197. Negrimovsky, V. M.; Derkacheva, V. M.; Lukyanets, E. A. Zh. Obshch. Khim. 1989, 59, 
1688. 

198. (a) Durmus, M.; Ayhan, M. M.; Gurek, A. G.; Ahsen, V. Dyes Pigments 2008, 77, 570. (b) 
Galanin, N. E.; Kudrik, E. V.; Shaposhnikov, G. P. Russ. J. Org. Chem. 2008, 44, 225. (c) 
Liu, J.-Y.; Jiang, X.-J.; Fong, W.-P.; Ng, D. K. P. Org. Biomol. Chem. 2008, 6, 4560. (d) 
Kasuga, K.; Yashiki, K.; Sugimori, T.; Handa, M. J. Porphyrins Phthalocyanines 2005, 9, 
646. (e) Contakes, S. M.; Beatty, S. T.; Dailey, K. K.; Rauchfuss, T. B.; Fenske, D. 
Organometallics 2000, 19, 4767. (f) Krapcho, A. P.; Petry, M. E.; Hacker, M. P. J. Med. 
Chem. 1990, 33, 2651. 

199. (a) Cosimelli, B.; Roncucci, G.; Dei, D.; Fantetti, L.; Ferroni, F.; Ricci, M.; Spinelli, D. 
Tetrahedron 2003, 59, 10025. (b) Kluev V. N.; Berezin B. D.; Shiryaeva L. S. Izv. Vysshikh 
Ucheb. Zaved., Ser. Khim. Khimich. Tekhnol. 1970, 13, 997. (c) Siegl, W. O. J. Heterocycl. 
Chem. 1981, 18, 1613. (d) Leznoff, C. C.; Hall, T. W. Tetrahedron Lett. 1982, 23, 3023. (e) 
Chen, X.; Salmon, T. R., III; McGrath, D. V. Org. Lett. 2009, 11, 2061. (f) Uenlue, S.; 
Yarasir, M. N.; Kandaz, M.; Koca, A.; Salih, B. Polyhedron 2008, 27, 2805. 

200. (a) Kantar, C.; Agar, E.; Sasmaz, S. Dyes Pigments 2008, 77, 487. (b) Iqbal, Z.; Hanack, M.; 
Ziegler, T. Tetrahedron Lett. 2009, 50, 873. (c) Tau, P.; Nyokong, T. J. Porphyrins 
Phthalocyanines 2006, 10, 1040. (d) Chauke, V.; Ogunsipe, A.; Durmus, M.; Nyokong, T. 
Polyhedron 2007, 26, 2663. (e) Bian, Y.; Chen, X.; Wang, D.; Choi, C.-F.; Zhou, Y.; Zhu, 
P.; Ng, D. K. P.; Jiang, J.; Weng, Y.; Li, X. Chem. Eur. J. 2007, 13, 4169. (f) Woehrle, D.; 
Eskes, M.; Shigehara, K.; Yamada, A. Synthesis 1993, 194. 

201. (a) D'Souza, F.; Maligaspe, E.; Ohkubo, K.; Zandler, M. E.; Subbaiyan, N. K.; Fukuzumi, S. 
J. Am. Chem. Soc. 2009, 131, 8787. (b) Lee, C.-H.; Guo, J.; Chen, L. X.; Mandal, B. K. J. 
Org. Chem. 2008, 73, 8219. (c) Li, R.; Ma, P.; Dong, S.; Zhang, X.; Chen, Y.; Li, X.; Jiang, 

ISSN 1551-7012 Page 204 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

J. Inorg. Chem. 2007, 46, 11397. (d) Kalashnikova, I. P.; Zhukov, I. V.; Tomilova, L. G.; 
Zefirov, N. S. Russ. Chem. Bull. 2005, 54, 2094. (e) Sielcken, O. E.; Van Tilborg, M. M.; 
Roks, M. F. M.; Hendriks, R.; Drenth, W.; Nolte, R. J. M. J. Am. Chem. Soc. 1987, 109, 
4261. 

202. (a) De la Hoz, A.; Diaz-Ortiz, A.; Fraile, J. M.; Gomez, M. V.; Mayoral, J. A.; Moreno, A.; 
Saiz, A.; Vazquez, E. Synlett 2001, 753. (b) Drager, A. S.; O'Brien, D. F. J. Org. Chem. 
2000, 65, 2257. (c) Cookson, R. C.; Dance, J.; Godfrey, M. Tetrahedron 1968, 24, 1529. (d) 
Bryant, G. C.; Cook, M. J.; Ryan, T. G.; Thorne, A. J. Tetrahedron 1996, 11, 434. 

203. Leznoff, C. C.; Hu, M.; Nolan, K. J. M. Chem. Commun. 1996, 1245. 
204. Cook, M. J.; Daniel, M. F.; Harrison, K. J.; McKeown, N. B.; Thomson, A. J. J. Chem. Soc., 

Chem. Commun. 1987, 1086. 
205. Derkacheva, V. M.; Kaliya, O. L.; Lukyanets, E. A. Zh. Obshch. Khim. 1983, 53, 188. 
206. Cook, M. J.; Dunn, A. J.; Howe, S. D.; Thomson, A. J. J. Chem. Soc., Perkin Trans. 1 1988, 

2453. 
207. (a) Hu, M.; Brasseur, N.; Yildiz, S. Z.; van Lier, J. E.; Leznoff, C. C. J. Med. Chem. 1998, 

41, 1789. (b) Wöhrle, D.; Schmidt, V. J. Chem. Soc. Dalton Trans. 1988, 549. (c) Toupance, 
T.; Ahsen, V.; Simon, J. J. Am. Chem. Soc. 1994, 116, 5352. (d) Duro, J. A.; de la Torre, G.; 
Torres, T. Tetr. Lett. 1995, 36, 8079. 

208. (a) Derkacheva, V. M.; Lukyanets, E. A. Zh. Obshch. Khim. 1980, 50, 2313. (b) 
Derkacheva, V. M.; Iodko, S. S.; Kaliya, O. L.; Lukyanets, E. A. Zh. Obshch. Khim. 1981, 
51, 2319. (c) Hall, T. W.; Greenberg, S.; McArthur, C. R.; Khouw, B.; Leznoff, C. C. Nouv. 
J. Chim. 1982, 6, 653. (d) Oliver, S. W.; Smith, T. D. Heterocycles 1984, 22, 2047. 

209. Meerovich, I. G.; Smirnova, Z. S.; Oborotova, N. A.; Lukyanets, E. A.; Meerovich, G. A.; 
Derkacheva, V. M.; Polozkova, A. P.; Kubasova, I. Y.; Baryshnikov, A. Y. Proc. SPIE. 
2005, 5973, 59730I.  

210. Rihter, B. D.; Bohorquez, M. D.; Rodgers, M. A. J.; Kenney, M. E. Photochem. Photobiol. 
1992, 55, 677. 

211.  Kobayashi, N.; Sasaki, N.; Higashi, Y.; Osa, T. Inorg. Chem. 1995, 34, 1636. 
212.  (a) Eberhardt, W.; Hanack, M. Synthesis 1997, 95. (b) Youssef, T. E.; Hanack, M. J. 

Porphyrins Phthalocyanines 2002, 6, 571.  
213. Perry, J. W.; Mansour, K.; Lee, I.-Y. S.; Wu. X.-L.; Bedworth, P. V.; Chen, C.-T.; Ng, D.; 

Marder, S. R.; Miles, P. Science 1996, 273, 1533.  
214. (a) Bhardwaj, N.; Andraos, J.; Leznoff, C. C. Can. J. Chem. 2002, 80, 141. (b) Leznoff, C. 

C.; Black, L. S.; Hiebert, A.; Causey, P. W.; Christendat, D.; Lever, A. B. P. Inorg. Chim. 
Acta 2006, 359, 2690. (c) Causey, P. W.; Dubovyk, I.; Leznoff, C. C. Can. J. Chem. 2006, 
84, 1380. 

215. (a) Nagamura, T.; Miura, M.; Fujita, H.; Sakaguchi, H.; Sonoda, T.; Kobayashi, H. J. 
Photopolym. Sci. Technol. 1995, 8, 129. (b) Tian, M.; Yanagi, S.; Sasaki, K.; Wada, T.; 
Sasabe, H. J. Opt. Soc. Am. B 1998, 15, 846. (c) Plater, M. J.; Jeremiah, A.; Bourhill, G. J. 

ISSN 1551-7012 Page 205 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Chem. Soc., Perkin Trans. 1 2002, 91. (d) Makhseed, S.; Al-Sawah, M.; Samuel, J.; Manaa, 
H. Tetrahedron Lett. 2009, 50, 165. 

216. (a) Maizlish, V. E.; Shaposhnikov, G. P.; Kulinich, V. P.; Shishkina, O. V.; Smirnov, R. P. 
Zh. Obsch. Khim. 1997, 67, 846. (b) Van der Pol, J. F.; Neeleman, E. ; van Miltenburg, J. C.; 
Zwikker, J. W.; Nolte, R. J. M.; Drenth, W. Macromolecules 1990, 23, 155. (c) Leznoff, C. 
C.; Vigh, S.; Svirskaya, P. I.; Greenberg, S.; Drew, D. M.; Ben-Hur, E.; Rosenthal, I. 
Photochem. Photobiol. 1989, 49, 279. (d) Ruf, R.; Lawrence, A. M.; Noll, B. C.; Pierpont, 
C. G. Inorg. Chem. 1998, 37, 1992. (e) Kobayashi, N.; Muranaka, A. Chem. Commun. 2000, 
1855. 

217. Leznoff, C. C.; Hu, M.; McArthur, C. R.; Qin, Y. Can. J. Chem. 1994, 72, 1990. 
218. (a) Cho, I.; Lim, Y. Mol. Cryst. Liq. Cryst. 1988, 154, 9. (b) Ivanov, A. V.; Svinareva, P. A.; 

Zhukov, I. V.; Tomilova, L. G.; Zefirov, N. S. Russ. Chem. Bull. 2003, 52, 1562. 
219. (a) Nemykin, V. N.; Mytsyk, V. M.; Volkov, S. V.; Kobayashi, N. J. Porphyrins 

Phthalocyanines 2000, 4, 551. (b) Nemykin, V. N.; Mytsyk, V. M. Ukr. Khim. Zh. 2000, 66, 
67. 

220. (a) Leznoff, C. C.; Drew, D. M. Can. J. Chem. 1996, 74, 307. (b) Kobayashi, N. Chem. 
Commun. 1998, 487. 

221. Kobayashi, N.; Kobayashi, Y.; Osa, T. J. Am. Chem. Soc. 1993, 115, 10994. 
222. (a) Tau, P.; Nyokong, T. J. Chem. Soc., Dalton Trans. 2006, 4482. (b) Lo, P.-C.; Cheng, D. 

Y. Y.; Ng, D. K. P. Synthesis 2005, 1141. (c) Giuntini, F.; Nistri, D.; Chiti, G.; Fantetti, L.; 
Jori, G.; Roncucci, G. Tetrahedron Lett. 2002, 44, 515. 

223. (a) Salih Agirtas, M.; Yildiko, U. J. Coord. Chem. 2008, 61, 2781. (b) Asli Esenpinar, A.; 
Bulut, M. Dyes Pigments 2008, 76, 249. (c) Zhang, L.; Huang, J.; Ren, L.; Bai, M.; Wu, L.; 
Zhai, B.; Zhou, X. Bioorg. Med. Chem. 2008, 16, 303. (d) Yarasir, M. N.; Kandaz, M.; 
Koca, A.; Salih, B. J. Porphyrins Phthalocyanines 2006, 10, 1022. (e) Guerol, I.; Durmus, 
M.; Ahsen, V.; Nyokong, T. J. Chem. Soc., Dalton Trans. 2007, 3782. (f) Atilla, D.; 
Durmus, M.; Guerek, A. G.; Ahsen, V.; Nyokong, T. J. Chem. Soc., Dalton Trans. 2007, 
1235. (g) Alvarez-Mico, X.; Calvete, M. J. F.; Hanack, M.; Ziegler, T. Synthesis 2007, 2186. 
(h) Agirtas, M. S.; Bekaroglu, O. J. Porphyrins Phthalocyanines 2001, 5, 717. 

224. Barkanova, S. V.; Volkov, K. A.; Vorozhtsov, G. N.; Luzhkov, Yu. M.; Luk'yanets, E. A.; 
Meerovich, G. A.; Meerovich, I. G.; Negrimovskii, V. M.; Stratonnikov, A. A.; Umnova, L. 
V. Russ. RU 2340615, 2008. 

225. (a) Morkved, E. H.; Pedersen, F. M.; Afseth, N. K.; Kjosen, H. Dyes Pigments 2007, 77, 
145. (b) Ceyhan, T.; Yuksek, M.; Yaglioglu, H. G.; Salih, B.; Erbil, M. K.; Elmali, A.; 
Bekaroglu, O. J. Chem. Soc., Dalton Trans. 2008, 2407. (c) Kostka, M.; Zimcik, P.; Miletin, 
M.; Klemera, P.; Kopecky, K.; Musil, Z. J. Photochem. Photobiol., A 2006, 178, 16. (d) 
Matemadombo, F.; Maree, M. D.; Ozoemena, K. I.; Westbroek, P.; Nyokong, T. J. 
Porphyrins Phthalocyanines 2005, 9, 484. (e) Adachi, K.; Chayama, K.; Watarai, H. 
Langmuir 2006, 22, 1630. (f) Adachi, K.; Watarai, H. Bull. Chem. Soc. Japan 2004, 77, 
2011. (g) Ozoemena, K. I.; Nyokong, T. Inorg. Chem. Commun. 2003, 6, 1192. (h) Simao, 

ISSN 1551-7012 Page 206 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

D.; Alves, H.; Belo, D.; Rabaca, S.; Lopes, E. B.; Santos, I. C.; Gama, V.; Duarte, M. T.; 
Henriques, R. T.; Novais, H.; Almeida, M. Eur. J. Inorg. Chem. 2001, 3119. 

226. (a) Kobayashi, N.; Ogata, H.; Nonaka, N.; Lukyanets, E. A. Chem. Eur. J. 2003, 9, 5123. (b) 
Mbambisa, G.; Nyokong, T. Polyhedron 2008, 27, 2799. (c) Mbambisa, G.; Tau, P.; 
Antunes, E.; Nyokong, T. Polyhedron 2007, 26, 5355.  

227. Ohno-Okumura, E.; Sakamoto, K.; Kato, T.; Hatano, T.; Fukui, K.; Karatsu, T.; Kitamura, 
A.; Urano, T. Dyes Pigments 2002, 53, 57.  

228. Volkov, K.A.; Avramenko, G. V.; Negrimovsky, V. M.; Lukyanets, E. A. Russ. J. Gen. 
Chem. 2007, 77, 1108. 

229. Meerovich, G. A.; Meerovich, I. G.; Gurevich, D. G.; Vorobyov, S. I.; Pevgov, V. G.; 
Smirnova, Z. S.; Oborotova, N. A.; Lukyanets, E. A.; Loschenov, V. B.; Baryshnikov, A. Y. 
Proc. SPIE 2008, 7022, 702210/1. 

230. (a) Mbambisa, G.; Nombona, N.; Nyokong, T. Microchem. J. 2009, 93, 60. (b) 
Matemadombo, F.; Durmus, M.; Togo, C.; Limson, J.; Nyokong, T. Electrochim. Acta 2009, 
54, 5557. (c) Nombona, N.; Geraldo, D. A.; Hakuzimana, J.; Schwarz, A.; Westbroek, P.; 
Nyokong, T. J. Appl. Electrochem. 2009, 39, 727. (d) Nyokong, T. J. Porphyrins 
Phthalocyanines 2008, 12, 1005. 

231. (a) Volkov, K. A.; Negrimovsky, V. M.; Avramenko, G. V.; Lukyanets, E. A. Russ. J. Gen. 
Chem. 2008, 78, 1794. (b) Volkov, K. A.; Avramenko, G. V.; Negrimovsky, V. M.; 
Lukyanets, E. A. Russ. J. Gen. Chem. 2008, 78, 1787. (c) Volkov, K. A.; Avramenko, G. V.; 
Negrimovsky, V. M.; Lukyanets, E. A. Russ. J. Gen. Chem. 2007, 77, 1126. (d) 
Shaposhnikov, G. P.; Maizlish, V. E.; Kulinich, V. P. Zh. Obshch. Khim. 2007, 77, 148. (e) 
Merey, S.; Bekaroglu, O. J. Chem. Soc., Dalton Trans. 1999, 4503. f) Zharnikova, M. A.; 
Balakirev, A. E.; Maizlish, V. E.; Shaposhnikov, G. P. Russ. J. Gen. Chem. 2002, 72, 131. 
(g) Balakirev, A. E.; Maizlish, V. E.; Balakireva, O. V.; Shaposhnikov, G. P.; Bykova, V. 
V.; Usol'tseva, N. V. Russ. J. Gen. Chem. 2004, 74, 295. 

232. Leznoff, C. C.; Sosa-Sanchez, J. L. Chem. Commun. 2004, 338. 
233. Leznoff, C. C.; Hiebert, A.; Ok, S. J. Porphyrins Phthalocyanines 2007, 11, 537. 
 

ISSN 1551-7012 Page 207 ©ARKAT USA, Inc. 



Special Issue Reviews and Accounts ARKIVOC 2010 (i) 136-208 

Authors' biographies 
 

 
Victor N. Nemykin was born in 1968, received his M.S. in organic chemistry from Kiev State 
University, Kiev, Ukraine, in 1993, and his Ph.D. in inorganic chemistry from the Institute of 
General and Inorganic Chemistry, Kiev, Ukraine, in 1995. He is currently associate professor at 
the Department of Chemistry and Biochemistry, University of Minnesota Duluth. He has co-
authored more than 90 publications including several patents and book chapters. His research 
interests include chemistry of porphyrins and phthalocyanines, bio-inorganic chemistry of 
molybdenum, and computational chemistry. 
 

 
Evgeny A. Lukyanets was born in Ternopol region, Ukraine. His M.S. (1961), Ph.D. (1965) 
degrees were earned at Moscow State University, and Doctor of Chemical Sciences (1979) – at 
Moscow Institute of ChemicalTechnology. Professor, speciality Organic chemistry (1980). He is 
working in Organic Intermediates and Dyes Institute (NIOPIK, Moscow) from 1964 as senior 
scientist, currently as chief chemist and head of laboratory. He is an author of about 500 
scientific publications and patents. His main research interests are in the fields of synthesis and 
applications of functional dyes - dyes for non-traditional applications, especially of 
phthalocyanine derivatives and their nearest structural analogues, and organic luminescent 
compounds. During last years the main topics of his investigations are photodynamic therapy and 
fluorescent diagnostics. He is laureate of two state awards in the field of new technologies. 

ISSN 1551-7012 Page 208 ©ARKAT USA, Inc. 


