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ABSTRACT 
 
3-Nitrophthalic anhydride was reacted with urea and cobalt salt in nitrobenzene under N2 at 185°C and cobalt-
tetraanitrophthalocyanine (CoTNP) was produced. Cobalt-tetraaminophthalocyanine (CoTAP) was produced by 
reduction of CoTNP caused by Sodium borohydride under N2(g). CoTAP and chloromethylpolystyrene was refluxed 
in nitrobenzene or DMF at 180 oC for 12h. The mixture was cooled down to reach the room temperature and then 
solvent removed and the resulting precipitate was washed with water to remove excess CoTAP, and dried it to get a 
light green solid (CoTAP-linked-polymer).  
 
Kaywords  Phthalocyanines, Cobaltetraminophthalocyanine, CoTAP ,Phthalocyanines linked polymer.  
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INTRODUCTION 
 

Phthalocyanines are of interest not only as model compounds for the biologically important porphyrins but also 
because the intensely colored metal complexes are of commercial importance as dyes and pigments [1], the copper 
derivatives being an important blue pigment [2]. Almost 100 years of research on phthalocyanines and related 
compounds have produced an abundance of data on the synthesis and photo physical properties of miscellaneous 
derivatives of these compounds. Today literally thousands of diverse phthalocyanines have been reported in the 
chemical literature. Typically, temperatures around 200 oC and reaction times of hours are needed [3].  Since the 
synthesis of phthalocyanines [4] in the early 1930s, a rich and varied chemistry and technology has developed 
around these interesting materials. There are literally thousands of publications and patents related to phthalocyanine 
and its analogs [5,6]. Phthalocyanines have found a wide range of application in the area of material science because 
of their distinct optical and electrical properties as well as their thermal stability [7], these compounds are prepared 
by reaction between metal salts, urea and phthalonitriles (phthalic anhydride, phthalimide or Phthalic acid)(Scheme 
1). Typically, temperature around 200°C and reaction times of several hours and needed for such reaction. 
Phthalocyanine complexes of transition metals are attractive as potential oxidation catalysts because of their rather 
cheap and facile preparation in a large scale and their chemical and thermal stability. Their macro cyclic structure 
resembles that of porphyries’ complexes widely used by nature in the active sites of oxygenase enzymes [8]. 
Phthalocyanines constitute a remarkably versatile class of compound with divers’ technological applications [9-10]. 
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Sarah D’Souza et al. synthesised monoamino functionalized ZnPc derivatives for the first time. A monoamino 
functionalized ZnPc complex is attached to carboxylic acid functionalized quantum dots (QDs)[11]. It was reported 
that the metallophthalocyanine end-capped poly(aryl ether sulfone)s were synthesized from the o-phthalonitrile end-
capped polymers. These polymers had high Tg and were soluble in common organic solvents. Mohan Kumar and 
Achar synthesized lead tetranitro phthalocyanine and lead tetraamino phthalocyanine in pure state with very high 
yield (85–90%) for first[12].  
 
Copper and iron were used as the metals in the above preparation. It is always advantageous to synthesize 
amorphous polymers having high glass transition temperatures and excellent thermo-oxidative stability, as they are 
soluble in common organic solvents, and allow for easy solution processing and chemical modification [13–15]. W. 
Wan et al synthesized metal containing end-capped copolymers from 1,2- dicyanobenzene containing bisphenol[16]. 
 

MATERIALS AND METHODS 
 

General 
IR spectra of the compounds were obtained on a Shimadzu IR-435 spectrometer using a KBr disk. The 1H nuclear 
magnetic resonance (1H NMR) spectra were recorded on a Bruker AQS 300 Avance instrument at 300 MHz in 
dimethyl sulfoxide (DMSO-d6) using tetramethylsilane as an internal standard. The progress of reaction was 
followed with thin-layer chromatography (TLC) using silica gel SILG/UV 254 and 365 plates. All the products are 
known compounds and were characterized by comparing the IR, 1H NMR, and 13C NMR spectroscopic data and 
their melting points with the literature values. 
 
Genaral method of phthalocyanines synthesis 
Ammonium molybdate (0.01 mmol, 0.012 g) was added to a solution of phthalic anhydride (10 mmol, 1.48 g), urea 
(50 mmol, 3.00 g), and metal salts (2.6 mmol) in nitrobenzene (15 mL). The mixture was stirred under N2 at 185°C 
for 4 h. The reaction mixture was cooled to room temperature and diluted with toluene (80 mL). The resulting 
precipitate was collected by centrifugation. The solid was washed toluene, water, MeOH/ether (1:9), EtOAc/hexane 
(2:1), filtrated and dried it to afford a dark green solid (2.0 g, 98%) [18]. 
 
Cobalt Tetranitrophthalocyanine(CoTNP) synthesis 
Tetranitro-cobalt-phthalocyanine was prepared according to published procedures [18]; Ammonium molybdate 
(0.01 mmol, 0.012 g) was added to a solution of  3-nitrophthalic anhydride (10 mmol, 1.93  g), urea (50 mmol, 3.00  
g), and metal salts (2.6 mmol) in nitrobenzene (15 mL). The mixture was stirred under N2 at 185°C for 4 h. The 
reaction mixture was cooled and diluted with toluene (80 mL). The resulting precipitate was collected by 
centrifugation. The solid was washed with toluene, water, MeOH/ether (1:9), EtOAc/hexane (2:1), filtrated and 
dried it to afford a dark green solid (2.0 g, 98%). 
 
Cobalt tetraaminophthalocyanine(CoTAP) synthesis 
 Sodium borohydride (7.4 g) was added to a solution of tetranitro-cobalt-phthalocyanine (2.5 mmol, 1.95 g) in DMF 
(50 mL). The reaction mixture was stirred under N2 and heated at 60°C for 4 h. The mixture was cooled to room 
temperatue and remove the solvent, then the solid stirringin 200 cc water for 1h and  dried to afford a dark green 
solid (1.2 g, 75%)(Scheme 2, step 2). 
 
CoTAP supported Chloromethylpolystyrene  
A mixture of Tetraamino-cobalt-phthalocyanine (1 mmol, 0.69 g), polystyrene chloromethylated (2% vinyl benzene) 
(4 mmol, 1.4 g), and nitrobenzene or DMF (30 mL) was heated at 180°C (reflux). After 12 h, the mixture was 
cooled to room temperature and remove the solvent, then, the resulting precipitated was washed with water to 
remove excess tetraamino-cobalt-phthalocyanine, filtrated and dried it to afford a light green solid(Scheme 2, step 
3).    
 

RESULTS AND DISCUSSION 
 

Firstly, tetraaminophthallocyanine synthesized and reacted with choromethylpolystyrene to prepare our presented 
heterogenous catalyst. This catalyst was identified by the IR, XRD, SEM and solid UV. The structural information 
about the choromethylpolystyrene (CMPS) and Cobalt-tetraaminophthalocyanine-boned- choromethylpolystyrene 
(CoTAP-bonded-CMPS) composites has been investigated by XRD and the corresponding results are shown in 
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Figure 2.  When we compare the XRD spectrum of polymer (CMPS) Figure 2 (A) with XRD spectrum of AMPCs-
CMPs Figure 2 (B), we see that tetraaminophotocyanine joined with choromethylpolystyrene. Comparison the SEM 
image of polymer Figure 1 (A) with SEM image of CoTAP-bonded-polymer Figure 1 (B) shows that the novel 
phthalocyanine was formed. 
 

 
Figure 1. A: SEM image of (A) polymer, and CoTAP-bonded polymer (B)  
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Scheme 1. General route for phthalocyanine synthesis 

         
Figure 2. Comparison of polymer XRD spectrum (A) and CoTAP-bonded-polymer XRD (B) 
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Scheme 3. Proposed structures(A and B) for {tetraaminophthalocyanine-bonded polymer} 4 
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Figure 3. Solid UV–vis spectra of CoTAP-bonded-polymer

 
Formation of CoTAP supported polymer was confirmed with UV–vis(Figure 3).  Figure 4 shows IR spectra of 
CoTNP (A) and CoTAP(B) so it confirms the formation of CoTAP.  Figure 5 shows the IR spectrums polymer(A) 
and CoTAP supported polymer(B).
 

 
Figure 4. IR Comparison spectrum of CoTNP(A) and CoTAP(B) 

 
Table 4. The yield of oxidation benzhydrol in different 

solvent after 12 h, at 100°C 
 

Number  Solvent  Yield % 
1 Acetonitrile  Negligible  
2 Xylene  Negligible  
3 CH2Cl2 Negligible 
4 DMF 80 
5 DMSO 80 
6 1,4-dioxane  68 
7 Nitrobenzene  77 
8 Diethylenglycol-

dimethylether 
82 

9 Water  Negligible 
10 Solvent free  Negligible 
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Figure 5. IR Comparison spectrum of polymer (A) and CoTAP-bonded-polymer (B). Spectra were taken in KBr plates. 

 
Proposed Mechanism of the aerobic oxidation by using MPCs was in ref. [17]. To select the best solvent, the 
synthesis of CoTNP was examined in different solvents (Table 2). As Table 2 indicates, higher yields and shorter 
reaction times were obtained when the reaction was carried out in diethylenglycoldimethylether. Thus, 
diethylenglycoldimethylether was used as reaction media for all reactions. 
 
Ease of recycling of the catalyst is one of the most advantages of our method. When the reaction was complete, the 
mixture was filtered, the residue was washed with warm ethanol and dried recycled catalyst was reused in the next 
reaction. For the reaction of oxidation of alcohol no significant loss of the product yield was observed when CoTAP-
linked-polymer was used after four times recycling (Table 5). 
 

Table 5. Recovery and Reusable of Catalyst 
 
Number Oxidation reaction Yield% 

1 First 81 
2 Second  79 
3 Third  80 
4 Forth  78 

 
The optimum yields of the products are obtained when 0.0059 g Co (10 mol% or 0.556 g catalyst) is used (Table 4). 
 

Table 6.  Result of reaction with different quantities of catalyst 
 

Yield 
(%) 

Time 
(h) 

M Co(gr) 
MCat(gr) 

Cat 
(mol%) Number 

negligible 6 
0 
0 

0 1 

72 3 
0.00063 
0.273 

5 2 

87 6 0.0059 
0.556 10 3 

86 6 
0.0089 
0.0830 

15 4 

ICP result: 11.49 ppm for 0.05 gr Cat, V=0.05 L 
11.49(ppm) × 0.05(lit)

59(gr/mol)
= 0.0097mmolCo 

 

 
CONCLUSION 

 
In summary, we have developed an efficient method for the synthesis of MPCs-polymer via the condensation of 
amino metallophthalocyanine with chloromethylpolystyrene. CoTAP-linked polymer don’t solve in any solvent. 
This new strategy has several advantages, such as excellent yield, more high recovery of catalyst, simple 
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experimental as well as isolation procedures, and finally, it is in agreement with the green chemistry protocols. In 
this reaction the catalyst can be recovered by filtration and reused. We hope that we reported the synthesis of novel 
metalphethalocyanine was linked with chloromethylpolystyrene, so we developed its efficiency, more easily its 
application of MPCs-polymer and high recovery.  
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