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Abstract 

In the present study, new Schiff base compound (Z)-4-((quinolin-2-ylmethyleneamino)methyl)phenol (3) and phthalonitrile derivative 

(Z)-4-(4-((quinolin-2-ylmethyleneamino)methyl)phenoxy)phthalonitrile (4) were synthesized in the first step. Then, zinc (II) (Pc-5), cobalt 

(II) (Pc-6) and copper (II) (Pc-7) phthalocyanines containing Schiff base group including quinoline on peripheral positions were 

synthesized. All new compounds were characterized by general spectroscopic techniques. Aggregation properties of the obtained 

metallophthalocyanines were researched in polar and apolar solvents. 
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1. Introduction

Phthalocyanine complexes (Pcs) exhibit amazing 

physical and chemical properties. Phthalocyanines 

(Pcs) are versatile and stable aromatic macrocycles, 

they can also add a large number of metallic and non-

metallic ions to the ring core. Due to the electronic 

and optical properties of Pcs, they have a great 

number of application areas. The most important 

disadvantage of unsubstituted Pcs is their poor 

solubility in prevalent polar and apolar solvents. 

Therefore, the solubility properties of Pcs are 

important for their usability in many applications. 

The solubility properties of phthalocyanines can be 

increased by adding long-chain alkyl, alkoxy, 

alkylthio, and bulky groups at the peripheral 

positions [1-5]. 

Aggregation is an important event for 

phthalocyanine complexes. Two types of aggregation 

are observed in the substituted phthalocyanines. 

These are called H-aggregation (face-to-face) and J-

aggregation (side-to-side) [1,2]. In general, while 

phthalocyanine aggregation ensues a decrease in 

intensity of the Q band corresponding to the 

monomeric species, a new, broader, and blue-shifted 

band with increasing intensity is seen. The H-

aggregation corresponding to blue-shifted is seen as 

a lower wavelength shift in Pcs. On the contrary, the 

J-aggregation corresponding to red-shifted is 

observed as a higher wavelength shift and is rarely 

seen in phthalocyanines [6-10]. 

Alkaloids containing nitrogen atoms are 

compounds that exhibit natural biological activity 

[11,12]. The quinolines are an important hetero-ring 

alkaloid obtained from coal tar and Cinchona (Quina) 

tree. Due to quinoline rings in its structures, these 

compounds show wide biological activity such as 

anti-malaria, anti-bacterial, anti-fungal, antitumor, 

anti-asthma, anti-inflammatory, and HIV replication 

inhibitor [13-22]. Many quinolines are ligands used in 

coordination chemistry as a N or O atom donor for 

chelating with metals [23-26]. 

Schiff base compounds formed with azo and 

azomethine groups are called azo-containing Schiff 

bases. These compounds are usually synthesized by 

condensation of an azo aldehyde with primary amine 
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[27]. Schiff bases play an important role in the 

development of organic synthesis and coordination 

chemistry. Their complexes in the literature are 

generally formed by transition metals [28]. 

As seen in the literature, there are few studies on 

the effect of aggregation properties of 

phthalocyanines containing quinoline. In our 

previous studies, we synthesized phthalocyanine 

compounds peripheral tetra substituted containing a 

quinoline group [29-31]. We wondered how different 

quinoline groups on the Schiff base impress 

aggregation properties of phthalocyanine 

compounds. In this work, we have planned to 

prepare phthalocyanine compounds containing 

substituted (Z)-4-((quinolin-2-ylmethyleneamino)- 

methyl)phenol as substituents on peripheral 

positions and investigated their aggregation 

properties. We used 2-quinolinecarboxaldehyde (1) 

and 4-hydroxybenzylamine (2) compounds during 

the synthesis of the Schiff base compound because the 

long-chain and bulky groups increase the solubility 

of phthalocyanine compounds. The solubility of 

phthalocyanines is important for their applications. 

In the present study, the synthesis, 

characterization, spectroscopic and aggregation 

properties of zinc (II) (Pc-5), cobalt (II) (Pc-6) and 

copper (II) (Pc-7) phthalocyanines bearing four (Z)-4-

((quinolin-2-ylmethyleneamino)methyl)phenol 

groups at the peripheral positions are investigated 

(Scheme 1). These phthalocyanine complexes 

exhibited good solubility in many organic solvents 

such as diethyl ether, DCM, ethyl acetate, THF, 

chloroform, DMF, and DMSO. As a result, the 

influence on aggregation properties of diverse central 

metal ions (zinc (II), cobalt (II), and copper (II)) in new 

phthalocyanine complexes was researched in many 

organic solvents. 

2. Experimental 

 Synthesis 

2.1.1. (Z)-4-((quinolin-2-ylmethyleneamino)methyl) 

phenol (3) 

1.00 g (6.36 mmol) of 2-quinolinecarboxaldehyde (1) 

and 0.78 g (6.36 mmol) of 4-hydroxybenzylamine (2) 

were mixed in the methanol in a round-bottomed 

flask. Then, 15 drops of glacial acetic acid was added 

to the reaction mixture. This mixture was stirred 

under nitrogen atmosphere at reflux temperature for 

48 h. At the end of this period, the reaction mixture 

was cooled and removed under vacuum. The 

resulting crude product was extracted with 

water:chloroform (20:20 v/v). The organic phase was 

dried with MgSO4, filtered and evaporated. The 

purification of the product was made by               

column chromatography on silica gel with 

chloroform: ethanol (50:1 v/v) solvent system. In 

conclusion, (Z)-4-((quinolin-2-ylmethyleneamino)- 

methyl)phenol(the Schiff base derivative) (3) was 

attained as orange solid product. Yield: 0.70 g (42%), 

m.p: 91-94 °C. FT-IR (ATR), υmax (cm-1): 3059 (O-H), 

3009 (Ar-H), 2921-2850 (Aliph. C-H), 1681, 1615, 1596, 

1503, 1450, 1426, 1376, 1237, 1143, 1101, 938, 827, 

752.1H NMR (CDCl3), (δ:ppm): 8.22-8.18 (m, 4H, Ar-

H), 8.04 (m, 1H, Ar-H), 7.84-7.73 (m, 3H, Ar-H), 7.55 

(s, 1H, CH꞊N),7.00 (s, 1H, OH), 6.78(d, 1H, Ar-H), 6.63 

(d, 1H, Ar-H), 3.34 (s, 2H, -N-CH2) 13C NMR (CDCl3), 

(δ:ppm):155.77 (imine carbon), 153.81,152.88, 151.05, 

150.21, 149.77, 147.77, 145.81, 136.41, 136.10, 129.70, 

128.44, 121.79, 120.54, 115.33, 115.08, 58.48 (N-CH2) 

MS (ES+) m/z: Calculated: 262.31; Found: 263.22 

[M+H]+. 

2.1.2. (Z)-4-(4-((quinolin-2-ylmethyleneamino)methyl) 

phenoxy)phthalonitrile (4) 

The Schiff base derivative (3) (0.70 g, 2.67 mmol) and 

4-nitrophthalonitrile (0.46 g, 2.67 mmol) were 

dissolved in dry DMF (15 mL) in a two-necked 

round-bottomed flask. After stirring for 30 min at 50 

°C, anhydrous potassium carbonate (1.11g, 8.01 

mmol) was added in reaction ingredient with small 

portions. The reaction mixture was monitored by 

TLC and stirred at 55 °C for 112 h under N2 

atmosphere. At the end of this period, this mixture 

was poured into ice-water and stirred at room 

temperature. The obtained crude product filtered and 

washed with ethyl alcohol and hexane, then dried in 

a vacuum desiccator. The purification of the product 

was made by column chromatography on silica gel 

with chloroform:ethanol (50:5 v/v) solvent system. 

Consequently, the phthalonitrile derivative (4) was 

obtained as straw yellow solid product. Yield: 0.64 g 

(62%), m.p: 137-140 °C. FT-IR (ATR), υmax (cm-1): 3044 

(Ar-H), 2919-2851 (Aliph. C-H), 2231 (C≡N), 1675, 

1617, 1592, 1562, 1484, 1423, 1377, 1278, 1248, 1208, 

1167, 1088, 1015, 950, 830, 756. 1H NMR (CDCl3), 

(δ:ppm): 8.30-8.27 (m, 1H, Ar-H), 8.18 (d, 1H, Ar-H), 

8.08 (m, 1H, Ar-H), 8.00 (m, 2H, Ar-H), 7.91-7.86 (m, 

2H, Ar-H), 7.59-7.46 (m, 2H, Ar-H and CH=N), 7.05 

(m, 3H, Ar-H), 6.72 (d, 2H, Ar-H),  3.45 (s, 2H, N-CH2) 

13C NMR (CDCl3), (δ:ppm): 161.71, 158.02, 152.10, 

147.82, 140.41, 136.89, 136.07, 135.26, 134.96, 129.96, 

129.56, 129.37, 129.18, 127.20, 126.96, 125.75, 123.83, 

121.71, 120.29-120.21 (C≡N), 117.50, 115.35, 114.96, 

108.64, 58.49 (N-CH2) MS (ES+) m/z: Calculated: 

388.42; Found: 388.08 [M]+. 
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2.1.3. General synthesis of metallophthalocyanines (Pc 5-

7)  

The phthalonitrile compound (4) (0.15 g, 0.386 mmol) 

and anhydrous metal salts [Zn(OAc)2 (35 mg, 0.193 

mmol) (for the complex Pc-5), CoCl2 (25 mg, 0.193 

mmol) (for the complex Pc-6) and CuCl2 (26 mg, 

0.193 mmol) (for the complex Pc-7)] were dissolved 

in n-amyl alcohol (3 mL) and immediately after6 

drops of DBU were added. The reaction mixtures 

were heated and stirred at 140 °C in a standard 

Schlenk tube under a nitrogen atmosphere for 20 h. 

After cooling to room temperature, green reaction 

mixtures were precipitated by adding ethanol. The 

obtained green solid products were stirred in ethyl 

alcohol under the N2 atmosphere at reflux 

temperature overnight. Then, this mixture was 

filtered off, washed with ethanol and diethyl ether, 

and then dried in a vacuum desiccator. Finally, all 

metallophthalocyanine complexes (Pc 5-7) were 

obtained as green solids. 

2.1.3.1. Zinc (II) Phthalocyanine (Pc-5) 

Yield: 34 mg (22%), m.p.>300 ºC. FT-IR (ATR), υmax 

(cm-1): 3060 (Ar-H), 2922-2852 (Aliph. C-H), 1645, 

1596, 1504, 1467, 1389, 1318, 1261, 1229, 1164, 1088, 

982, 943, 834, 759. 1H NMR (CDCl3), (δ:ppm): 7.19 (m, 

44H, Ar-H), 3.41 (m, 8H, N-CH2)UV-vis (THF), λmax, 

nm (logε): 677 (4.44), 611 (3.91), 351 (4.47). MALDI-

TOF-MS m/z: Calculated: 1619.08; Found: 1642.08 

[M+Na]+. 

2.1.3.2. Cobalt (II) Phthalocyanine (Pc-6) 

Yield: 22 mg (14%), m.p.>300 ºC. FT-IR (ATR), υmax 

(cm-1): 3060 (Ar-H), 2919-2850 (Aliph. C-H), 1597, 

1504, 1466, 1406, 1329, 1262, 1230, 1093, 1057, 1015, 

956, 872, 828, 753, 662. UV-vis (THF), λmax, nm (logε): 

665 (4.38), 606 (4.03), 339 (4.67). MALDI-TOF-MS m/z: 

Calculated: 1612.63; Found: 1635.63 [M+Na]+. 

2.1.3.3. Copper (II) Phthalocyanine (Pc-7) 

Yield: 38 mg (24%), m.p.>300 ºC. FT-IR (ATR), υmax 

(cm-1): 3059 (Ar-H), 2919-2850 (Aliph. C-H), 1646, 

1596, 1504, 1464, 1376, 1318, 1266, 1232, 1156, 1091, 

1052, 1016, 983, 950, 873, 827, 747 UV-vis (THF), λmax, 

nm (logε):677 (4.66), 611 (4.15), 347 (4.66). MALDI-

TOF-MSm/z: Calculated: 1617.25; Found: 1640.25 

[M+Na]+.  

3. Results and discussion 

 Synthesis and characterization 

The synthesis scheme of all compounds was shown 

in Scheme 1. The Schiff base derivative                            

(Z)-4-((quinolin-2-ylmethyleneamino)methyl)phenol 

(3) and phthalonitrile derivative (Z)-4-(4-((quinolin-

2-ylmethyleneamino) methyl) phenoxy) 

phthalonitrile (4) were synthesized in the first step. 

Afterward zinc (II) (Pc-5), cobalt (II) (Pc-6), and 

copper (II) (Pc-7) phthalocyanines containing Schiff 

base were synthesized at peripheral positions. 2-

quinolinecarboxaldehyde (1) and 4-

hydroxybenzylamine (2) were treated with the glacial 

acetic acid in the methanol led to (Z)-4-((quinolin-2-

ylmethyleneamino) methyl) phenol (3). The 

phthalonitrile (4) was acquired by the aromatic 

nucleophilic substitution reaction of 4-

nitrophthalonitrile with (Z)-4-((quinolin-2-

ylmethyleneamino)methyl)phenol (3) using K2CO3 as 

the base in dry DMF. This reaction was performed at 

55 °C under N2 atmosphere for 112 h. Subsequently, 

the metallophthalocyanines zinc (II) (Pc-5), cobalt (II) 

(Pc-6) and copper (II) (Pc-7) phthalocyanines were 

accomplished by the cyclotetramerization of 

phthalonitrile in the presence of anhydrous metal 

salts (Zn(OAc)2, CoCl2 and CuCl2) in n-amyl alcohol 

and in the presence of DBU for 20 h. The structures of 

the new compounds were approved using UV-vis 

(for the metallophthalocyanines), FT-IR (all new 

compounds), 1H NMR (except (Pc-6) and (Pc-7)), 13C 

NMR and LC-MS/MS (for the compounds 3 and 4), 

MALDI-TOF mass spectral data (for all the MPcs). 

The obtained data are consistent with the expected 

structures as indicated in Section 2. 

Some opinions about the structures of the 

products were obtained with the comparison of FT-

IR spectra. In the IR spectrum of Schiff base 

derivative (3) stretching vibrations of OH group at 

3059 cm-1 appeared and this value, in the IR spectrum 

of phthalonitrile derivative (4) disappeared. The 

dinitrile derivative (4) exhibited the characteristic 

C≡N stretching vibrations at 2231 cm-1. Other 

characteristic vibration bands were observed at 3009 

cm-1 (for the compound 3) and 3044 cm-1 (for the 

compound 4) for aromatic C-H stretching; between 

2921-2850 cm-1 (for the compound 3) and between 

2919-2851 cm-1 (for the compound 4) for aliphatic C-H 

stretching. 

The 1H NMR spectra of Schiff base derivative (3) 

and dicyano compound (4) were recorded in CDCl3. 

In the 1H NMR spectra of phthalonitrile (4), the signal 

OH group belonging to Schiff base derivative (3) 

disappeared as predicted after the conversion of this 

compound. In the 1H NMR spectra of Schiff base 

derivative (3) and dicyano compound (4), the 

aromatic protons were observed among 8.20-6.59 

ppm (for the compound 3) and 8.30-6.65 ppm (for the 
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compound 4). The 13C NMR spectra of the dinitrile 

compound demonstrated that the nitrile group of 

carbon atoms was observed between 120.29-120.21 

ppm (for 4). The mass spectra of Schiff base derivative 

(3) and dicyano compound (4) were measured by the 

LC-MS/MS spectral data and molecular ion peaks 

were specified at m/z: 263.22 [M+H]+, 388.08 [M]+ 

respectively (Fig. 1). 
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Scheme 1. Synthesis of Schiff base compound (3), phthalonitrile derivative (4) and metallophthalocyanines (Pc-5, Pc-6 and Pc-7). Reagents 

and conditions (i) Methanol, glacial acetic acid, reflux temperature, N2; (ii) N2, K2CO3, DMF, 55°C; (iii) N2, n-amyl alcohol, DBU, Zn(OAc)2, 

CoCl2 and CuCl2, 140°C. 
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Figure 1. Mass spectra of the compounds 3 and 4. 

 

In the FT-IR spectra of metallophthalocyanines, 

vibration bands were observed at 3060 cm-1 (for the 

complexes Pc-5 and Pc-6) and 3059 cm-1 (for the 

complex Pc-7) for aromatic C-H stretching; between 

2922-2852 cm-1 (for the complex Pc-5), 2919-2850 cm-1 

(for the complexes Pc-6 and Pc-7) for aliphatic C-H 

stretching. The 1H NMR spectra of the synthesized 

phthalocyanine complex (Pc-5) was recorded in 

CDCl3 and this MPc complex exhibited broad 

chemical shift when compared with that of 

corresponding Schiff base derivative (3) and dicyano 

compound (4). In the 1H NMR spectra of MPc 

complex (Pc-5), the aromatic protons were observed 

at 7.19 ppm (for the complex Pc-5). In the mass 

spectra of phthalocyanine complexes acquired by the 

MALDI-TOF technique, the molecular ion peaks 

were observed at m/z:  1642.08 [M+Na]+ for Pc-5, 

1635.63 [M+Na]+ for Pc-6 and 1640.25 [M+Na]+ for Pc-

7.  

The UV-vis spectra of the synthesized all new 

peripheral zinc (II) (Pc-5), cobalt (II) (Pc-6) and 

copper (II) (Pc-7) phthalocyanines were registered in 

THF at a concentration of 1.0 x 10-5 M. All of the 

obtained phthalocyanine complexes (Pc-5, Pc-6, and 

Pc-7) exhibited a spectrum similar to non-aggregated 

Pcs. The UV-vis spectra of peripheral zinc (II) (Pc-5), 

cobalt (II) (Pc-6) and copper (II) (Pc-7) 

phthalocyanines exhibited sharp and intense 

absorption band belonging the typical Q-bands at 677 

nm (logε = 4.44) for Pc-5, 665 nm (logε = 4.38) for Pc-

6 and 677 nm (logε = 4.66) for Pc-7 with a lower 

wavelength vibronic band at 611 nm (logε = 3.91) for 

Pc-5, 606 nm (logε = 4.03) for Pc-6 and 611 nm (logε = 

4.15) for Pc-7.The B-band absorptions for these 

complexes were exhibited at 351 nm (logε = 4.47) for 

Pc-5, 339 nm (logε = 4.67) for Pc-6 and 347 nm (logε = 

4.66) for Pc-7. 
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Figure 2. The ground state electronic absorption spectra of Pc-5, Pc-6, and Pc-7 in different solvents.  

 

 
Figure 3. The ground state electronic absorption spectra of Pc-5, Pc-6 and Pc-7 in THF at different concentrations (2.0×10−6 to 12×10−6 M). 

 Aggregation studies 

Aggregation is a co-planar association of macrocyclic 

rings and forms the assembly of monomers to dimers 

and higher-order aggregates. When the molecules 

aggregate, new bands come out in the absorption 

spectra. The reason is the formation of aggregation 

when the intermolecular attraction force between 

phthalocyanine molecules is stronger than the Pc-
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solvent association [32,33]. Pcs have a high 

aggregation affinity on account of the interactions 

between their 18-π electron systems, which decreases 

their solubility property in many solvents and 

seriously affect their areas of usage. The aggregation 

behavior of MPcs depends on the nature of the 

temperature, the concentration-nature of the solvent, 

the substituents, and the complexed metal ion [34, 

35]. 

In this paper, the aggregation behaviors of the 

peripheral tetra substituted zinc (II) (Pc-5), cobalt (II) 

(Pc-6) and copper (II) (Pc-7) phthalocyanines were 

researched in various solvents such as DMF, DMSO, 

THF, diethyl ether, DCM, ethyl acetate and 

chloroform to select an appropriate solvent for the 

usage of their in many applications (Fig. 2). The 

absorption intensities of Q bands showed significant 

changes by these solvents. If we look at the 

aggregation studies, the zinc (II) (Pc-5) 

phthalocyanine did not exhibit any aggregation in all 

studied solvents on account of sharp Q band 

intensities. Also, the cobalt (II) (Pc-6) phthalocyanine 

exhibited aggregation (H-aggregation) in DMSO and 

ethyl acetate, however, it did not demonstrate any 

aggregation in the other studied solvents. In addition 

to these, Q band of the copper (II) (Pc-7) 

phthalocyanine considerably reduced in diethyl ether 

and ethyl acetate and it exhibited aggregation (H-

aggregation) in these two solvents.  

The aggregation behaviors of the                              

MPcs (Pc-5, Pc-6, and Pc-7) were examined at                                    

different concentrations in THF (Fig. 3). When the 

concentration increased, the absorption intensity of 

the Q band also increased and a new band due to the 

formation of aggregated species in THF was not 

observed. Beer-Lambert law was applied for all 

studied MPcs in the concentrations ranging from 

2.0×10−6 to 12×10−6 M. The studied MPcs (Pc-5, Pc-6, 

and Pc-7) did not exhibit any aggregation at these 

concentration ranges in THF.  

4. Conclusion 

In conclusion, the present study has been explained 

the synthesis, spectroscopic properties, and 

investigation of the effect on aggregation        

properties of various central metal ions in                           

synthesized MPcs. The Schiff base derivative                                                          

(Z)-4-((quinolin-2-ylmethyleneamino)methyl)phenol                                      

(3), phthalonitrile derivative (Z)-4-(4-((quinolin-2-

ylmethyleneamino)methyl)phenoxy) phthalonitrile 

(4) and peripheral tetra substituted zinc (II) (Pc-5), 

cobalt (II) (Pc-6), and copper (II) (Pc-7) 

phthalocyanines were synthesized for the first time. 

The all new compounds were identified by general 

spectroscopic techniques. Because the aggregation 

and solubility of phthalocyanines are important for 

their applications, we used 4-hydroxybenzylamine 

(2) containing long chain and 2-

quinolinecarboxaldehyde (1) including bulky group. 

Thus, metallophthalocyanine complexes exhibited 

good solubility in many organic solvents such as 

diethyl ether, DCM, ethyl acetate, THF, chloroform, 

DMF, and DMSO. The effects of concentration and 

solvent on the aggregation behavior of the new 

metallophthalocyanine complexes were researched. 

The effects of solvent on the aggregation behavior 

were investigated for MPcs (Pc-5, Pc-6, and Pc-7) in 

diethyl ether, DCM, ethyl acetate, THF, chloroform, 

DMF, and DMSO. All synthesized MPcs did not 

exhibit aggregation in chloroform, THF, and DCM. 

Besides, the effects of concentration on the 

aggregation behavior were examined for MPcs (Pc-5, 

Pc-6, and Pc-7) in THF. The all studied MPcs did not 

demonstrate any aggregation in the concentrations 

ranging from 2.0×10−6 to 12×10−6 M. 
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