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Abstract 

In this study, the new phthalonitrile derivative, axially di-(4-{[(1E)-(4-methoxyphenyl)methylene]amino}phenoxy) substituted Si(IV) 

phthalocyanine and peripherally tetra-(4-{[(1E)-(4-methoxyphenyl)methylene]amino}phenoxy) substituted Cu(II), Mn(III) phthalocyanines have 

been synthesized and characterized. Then electrochemical measurements of axially di- and peripherally tetra-(4-{[(1E)-(4-

methoxyphenyl)methylene]amino}phenoxy) group substituted Si(IV), Cu(II), Mn(III) phthalocyanines were investigated with cyclic 

voltammogram (CV) technique. The redox properties of  Si(IV), Cu(II), Mn(III) phthalocyanines show that MnIII center into the Pc cavity  increased 

the redox richness of the phthalocyanines, with the addition of metal-based electron transfer processes to the ring-based ones while SiIV and CuII 

show only ring-based electron transfer processes.  
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1. Introduction

Phthalocyanines, which obey the Huckel rule (4n+2) 

with their 18-π electron system, constitute a unique class 

of macro heterocyclic compounds [1]. They are high-

conjugated synthetic macrocyclic compounds 

containing four isoindole units with 18 π electrons [2]. 

Also have very good thermal and chemical stability [3]. 

Because of their distinctive chemical structures and full 

aromatic delocalization, they are widely popular and 

used in many high-tech industries. [4]. For example, it is 

used in many fields such as thin film [5], non-linear 

optics (NLO) [6,7], dye-sensitized solar cells (DSSCs) 

[8,9], electrochemistry [10–12], photodynamic therapy 

(PDT) [13–15]. Although these compounds have a wide 

range of applications, they have low solubility and a 

high tendency to aggregate [16]. In other words, Pcs are 

poorly soluble in common organic solvents [17]. The 

synthesis of soluble Pcs by adding functional groups to 

the molecule has therefore been the focus of much 

research. Pcs can be easily substituted from peripheral, 

non-peripheral and axial positions [18]. The kind of the 

central metal atom and the location of the substituents 

on the phthalocyanine ring are used to categorize 

phthalocyanines [19]. Tetra-substituted Pcs can be 

produced by various substitutions of peripheral or non-

peripheral regions of the ring structure, while axially 

substituted ones can be obtained by bonding to the 

phthalocyanine ring at axial positions on the central 

metal atom. [20–22].  

Phthalocyanines are known to have redox properties 

[23]. To improve these compounds' suitability for use in 

various electrochemical applications, it is important to 

improve the redox activity of metallophthalocyanines 

(MPcs) [24,25]. Complexation with redox-active metal 

cations has been observed to boost the redox activity of 

Pc [26]. The addition of redox-active groups to the Pc 

ring is another method of improving the redox 

properties of these molecules. [27,28]. In this way, the 

absorption of phthalocyanines shifts from the visible 

region to the near IR or UV region, causing optical 

transitions. [29,30]. As a result, phthalocyanines 

electrical and optical characteristics may be controlled 

and are used in a variety of application, including 

sensors, dye-sensitized solar cells (DSSCs), 

nanobiotechnology and nonlinear optics (NLO) [7]. 
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With this in mind, we have synthesised a new series 

of phthalocyanine derivatives to investigate their 

electrochemical properties. The electrochemical 

properties of the synthesised NP2-SiPc, NP2-MnPc and 

NP2-CuPc compounds were determined by cyclic 

voltammetry (CV) technique. 

2. 2. Experimental  

2.1. Synthesis 

2.1.1. 4-(4-{[(1E)-(4-methoxyphenyl)methylene]amino} 

phenoxy)phthalonitrile (NP2-CN) 

NP2-OH (1.2 g, 5.3 mmol), 4-nitrophthalonitrile (915 mg, 

5.3 mmol) and dry K2CO3 (2.2 g, 15.9 mmol) were 

dissolved in anhydrous DMF (20 mL) at 60 C and under 

nitrogen atmosphere for stirred 4 days. Then, reaction 

mixture was poured into water. NP2-CN was 

crystallized from ethanol. Yield: 1.56 g (84%). FT-IR 

(ATR) ν (cm-1): 3077 (Ar-H), 2970-2854 (Aliph. C-H), 2232 

(C≡N), 1627, 1601, 1575, 1509, 1481, 1459, 1305, 1279, 

1244, 1208, 1176, 1088, 1018, 952, 845, 828, 758. 1H-NMR 

(400 MHz, DMSO-d6), (δ): 8.58 (s, 1H, =CH), 8.12 (d, 1H, 

Ar-H), 7.91 (d, 2H, Ar-H), 7.80 (s, 1H, Ar-H), 7.42-7.36 

(m, 3H, Ar-H), 7.24 7.09 (d, 2H, Ar-H), 7.09 (d, 2H, Ar-

H), 3.84 (s, 3H, -OCH3). 13C-NMR (100 MHz, DMSO-d6), 

 
 

Figure 1. The synthesis of axially di- and peripherally tetra-(4-{[(1E)-(4-ethoxyphenyl)methylene]amino}phenoxy) group substituted 

metallophthalocyanines (i) K2CO3, 60 °C, DMF. (ii) Toluene, NaH, 110 °C. (iii) n-pentanol, CuCl2, MnCl2, DBU, 160 °C 
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(δ): 162.48, 161.81, 160.72, 151.87, 149.79, 136.77, 131.00, 

129.30, 123.47, 122.93, 122.24, 121.68, 117.15, 116.39, 

115.88, 114.76, 108.49, 55.90. MS (ESI), (m/z): 353.44 [M]+.  

2.1.2. Synthesis of axially di-(4-{[(1E)-(4-methoxyphenyl) 

methylene]amino}phenoxy) substituted silicon(IV) 

phthalocyanine (NP2-Si) 

SiPcCl2 (100 mg, 0.16 mmol), NP2-OH (75 mg, 0.32 

mmol) and NaH (7 mg, 0.32 mmol) in toluene (15 mL) 

was under nitrogen atmosphere stirred for 1 day at       

110 C. After evaporating the solvent, the product was 

subjected to column chromatography which is placed 

aluminium oxide using CHCl3:CH3OH (100:1) as solvent 

system. Yield: 91 mg (56%). IR (ATR) max/cm-1: 3052 (Ar-

H), 2961-2850 (Aliph. C-H), 1603, 1575, 1508, 1493, 1429, 

1335, 1292, 1254, 1160, 1122, 1095, 1078, 1018, 911, 882, 

828, 759, 732. 1H-NMR. (400 MHz, CDCl3), (:ppm): 9.65-

9.62 (m, 8H, Pc-Hα), 8.37-8.35 (m, 8H, Pc-H), 7.85 (d, 4H, 

Ar-H), 7.49 (s, 2H, Ar-H), 7.01 (d, 4H, Ar-H), 6.75 (d, 4H, 

Ar-H), 5.53 (d, 4H, Ar-H), 3.75 (s, 3H, -OCH3). 13C-NMR 

(100 MHz, CDCl3), (δ:ppm): 164.58, 156.82, 149.60, 

135.56, 132.00, 131.12, 130.90, 129.78, 123.85, 119.75, 

117.79, 114.29, 113.87, 55.58. UV-Vis (THF): max, nm (log 

): 676 (5.03), 609 (4.35), 352 (4.74). MALDI-TOF-MS m/z: 

993.45 [M]+. 

2.1.3. Synthesis of peripherally tetra-(4-{[(1E)-(4-

methoxyphenyl)methylene]amino}phenoxy) substituted 

copper(II) phthalocyanine (NP2-Cu) 

NP2-CN (100 mg, 0.28 mmol), dry CuCl2 (19 mg, 0.14 

mmol), dry n-pentanol (2 mL) and 1,8-diazabycyclo 

[5.4.0]undec-7-ene (DBU) (3 drops) was under nitrogen 

atmosphere stirred at 160 °C for 1 day. Then, NP2-Cu 

was precipitated with ethanol. NP2-Cu was purified by 

column chromatography (aluminum oxide) using 

CHCl3:CH3OH (100:2) solvent system. Yield: 33 mg 

(32%). FT-IR (ATR) max/cm-1: 3070 (Ar-H), 2919-2849 

(Aliph. C-H), 1602, 1574, 1508, 1495, 1464, 1400, 1342, 

1311, 1226, 1190, 1161, 1090, 1027, 949, 827, 746. UV-Vis 

(THF): λmax, nm (log ε) 678 (4.98), 610 (4.46), 337 (5.03). 

MALDI-TOF-MS m/z: 1476.35 [M]+. 

2.1.4. Synthesis of peripherally tetra-(4-{[(1E)-(4-

methoxyphenyl)methylene]amino}phenoxy) substituted 

manganese(III) phthalocyanine chloride (NP2-Mn)  

NP2-Mn was prepared using same procedure for the 

NP2-Cu by using dry MnCl2 instead of CuCl2. Yield: 52 

mg (50%). FT-IR (ATR) max/cm-1: 3034 (Ar-H), 2957-2836 

(Aliph. C-H), 1602, 1574, 1508, 1495, 1464, 1399, 1335, 

1311, 1225, 1160, 1073, 1026, 951, 886, 826, 743. UV-Vis 

(THF): λmax, nm (log ε) 723 (4.99), 638 (4.66), 498 (4.32), 

342 (5.17). MALDI-TOF-MS m/z: 1468.48 [M-Cl]+. 

3. Results and discussion 

3.1. Synthesis and characterization 

The general synthesis of peripherally tetra- and axially 
di-(4-{[(1E)-(4-methoxyphenyl)  methylene] amino} 
phenoxy) group substituted metallophthalocyanines is 
given in Fig. 1. The preparation of NP2-CN was succeed 
by the reaction of 4-{[(1E)-(4-methoxyphenyl) 
methylene]amino}phenol [31] with 4-nitrophthalonitrile 
in anhydrous DMF with dry potassium carbonate. 
Silicon phthalocyanine dichloride was treated with NP2-
OH in toluene and NaH led to axially di-(4-{[(1E)-(4-
methoxyphenyl)  methylene] amino} phenoxy) group 
substituted silicon phthalocyanine. Through a 
cyclotetramerization reaction in n-pentanol between 
NP2-CN and a metal salt, Cu(II) and Mn(III)Pcs with 
substituted 4-[(1E)-(4-methoxyphenyl)methylene]ami-
nophenoxy) groups were created peripherally. The 
typical nitrile stretching vibration was visible at 2232 cm-

1 when the FT-IR spectra of NP2-CN was investigated. 
The -OH stretching vibration of NP2-OH was vanished. 
Aromatic protons of NP2-CN were seen in the 1H-NMR 
spectrum between 8.12 and 7.09 ppm. Also, =CH and –
OCH3 protons were observed at 8.58 and 3.84 ppm, 
respectively. In the 1H-NMR spectrum of NP2-CN, the 
nitrile carbon atoms of the NP2-CN, were observed at 
115.88 and 114.76 ppm. In addition, the carbon atom of 
methoxy group was seen at 55.90 ppm. The molecular 
ion peak in the mass spectra of NP2-CN was seen at m/z: 
353.44 [M]+. The removal of the OH band in the IR 
spectrum provided unmistakable proof that NP2-Si had 
formed. In the 1H NMR spectrum of NP2-Si, Hα and Hβ 
protons of phthalocyanine ring was shown at 9.65-9.62, 
8.37-8.35 ppm, respectively. The other aromatic protons 
were observed at 7.85, 7.49, 7.01, 6.75, 5.53 ppm. Also, 
protons of methoxy groups appeared at 3.75 ppm as 
singlet. In the 13C-NMR spectrum of NP2-Si indicated 13 
number aromatic and 1 number aliphatic carbon signals. 
In MALDI-TOF MS spectrum of NP2-Si, the molecular 
ion peak was shown at 993.45 [M]+. The disappearance 
of the –C≡N vibration (2232 cm-1) in the IR spectrum of 
NP2-Cu and NP2-Mn indicated the conversion of NP2-
CN to the phthalocyanine ring. Owing to the 
paramagnetic nature of Cu(II) and Mn(III) ion, 1H-NMR 
and 13C-NMR measurements of NP2-Cu and NP2-Mn 
could not be measured [32]. In MALDI-TOF MS spectra 
of NP2-Cu and NP2-Mn the molecular ion peaks were 
found at m/z 1476.35 [M]+, 1468.48 [M-Cl]+, respectively. 
The UV-Visible spectra of NP2-Si, NP2-Cu, NP2-Mn 
were recorded in THF at 1x10-5 M concentration (Fig. 2). 
All phthalocyanines (NP2-Si, NP2-Cu, NP2-Mn) 
showed the Q and B bands in the expected ranges. As 
seen in Fig. 2, the sharp Q bands of NP2-Si, NP2-Cu, 
NP2-Mn were seen at 676, 678, 723 nm, respectively. In 
addition, the peak at 498 nm for NP2-Mn was associated 
with charge transfer absorption [33]. On the other hand, 
the B bands of NP2-Si, NP2-Cu, NP2-Mn were observed 
at 352, 337, 342 nm, respectively. 
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Figure 2. UV-Vis spectrum of NP2-Si, NP2-Cu, NP2-Mn in THF. 

(Concentration = 10 x 10-6 mol dm-3) 

 
Figure 3. CV of NP2-Si 

 
Figure 4. CV of NP2-Cu 

3.2. Electrochemical Measurements 
Electrochemical behaviors of axially di- and peripherally 
tetra-(4-{[(1E)-(4-ethoxyphenyl)  methylene]  amino} 
phenoxy) group substituted metallophthalocyanines 
were recorded using cyclic voltammetry(CV) in 
DCM/TBAP electrolyte at room temperature. The peak 
potential separation (ΔEp), half-wave potential (El/2), the 
potential difference between the first half-peak processes 
(ΔE1/2), are shown in Table 1. 

 
Figure 5. CV of NP2-Mn 

Fig. 3 shows cyclic voltammogram of axially di-(4-

{[(1E)-(4-methoxyphenyl)methylene]amino}phenoxy) 

substituted silicon(IV) phthalocyanine (NP2-Si) in 

DCM/TBAP electrolyte on a Pt working electrode. As 

shown in Fig. 3, NP2-Si illustrated two reduction (R1= -

0.60 V, R2= -1.04 V) and one oxidation (O1 = 1.26 V) 

reaction within the potential windows of the electrolyte. 

Here, axially di-(4-{[(1E)-(4-methoxyphenyl)  methylene] 

amino}phenoxy) substituted silicon(IV) phthalocyanine 

(NP2-Si) have redox inctive Si4+ metal centers. For this 

reason, NP2-Si illustrates only phthalocyanine ring 

based redox responses and the axial (4-{[(1E)-(4-

methoxyphenyl)methylene]amino}ligand on Si center 

do not considerably influence the redox response of the 

phthalocyanine ring [34]. According to the peak analyses 

and shape of the voltammogram, reduction and 

oxidation processes have quasi-reversible character. 

Fig. 4 shows cyclic voltammogram of peripherally 

tetra-(4-{[(1E)-(4-methoxyphenyl)methylene]amino} 

phenoxy) substituted copper(II) phthalocyanine (NP2-

Cu) in DCM/TBAP electrolyte on a Pt working electrode. 

As shown in Fig. 4, two reduction and one oxidation 

processes are observed at −0.97 V (R1), −1.04 V (R2), and 

Table 1. Electrochemical data of NP2-Si, NP2-Cu, NP2-Mn. All 

potentials were given versus SCE 

Pcs Redox Processes Label aE1/2 (V) 
bEp 

(mV) 
cE1/2 

NP2-Si 

[L2SiIVPc2−]/[L2SiIVPc3−]1− R1 -0.60 135 

1.86 [L2SiIVPc3−]1−/[L2SiIVPc4−]2− R2 -1.04 141 

[L2SiIVPc2−]/[L2SiIVPc1−]1+ O1 1.26 152 

NP2-Cu 

[CuIIPc2−]/[CuIIPc3−]1− R1 -0.97 202 

2.09 [CuIIPc3−]1−/[CuIIPc4−]2− R2 -1.56 154 

[CuIIPc2−]/[CuIIPc1−]1+ O1 1.12 156 

NP2-Mn 

[Cl1− MnIIIPc2−]/[Cl1− MnIIPc2−]1− R1 -0.17 96 

1.29 
[Cl1− MnIIPc2−]1−/[Cl1− MnIPc2−]2− R2 -1.01 129 

[Cl1− MnIPc2−]2−/[Cl1− MnIPc3−]3− R3 -1.51 138 

[Cl1− MnIIIPc2−]/[Cl1− MnIIIPc1−]1+ O1 1.19 141 

a: E1/2 values ((Epa+Epc)/2)  were given versus SCE at 0.100 Vs-1 scan rate. 
b: ∆Ep= Epa-Epc. c: E1/2 = E1/2 (first oxidation)- E1/2 (first reduction) 
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1.26 V (O1) with the cyclic voltammogram of NP2-Cu. 

These redox processes are easily attributed to the 

electron transfer reaction of phthalocyanine ring owing 

to the redox inactivity of the Cu2+ cation. According to 

the peak-to-peak separation (ΔEp), R1 has irreversible, R2 

and O1 have quasi-reversible character.  

Fig. 5 shows cyclic voltammogram of peripherally 

tetra-(4-{[(1E)-(4-methoxyphenyl) methylene]amino} 

phenoxy) substituted manganese(III) phthalocyanine 

chloride (NP2 Mn). Peripherally tetra-(4-{[(1E)-(4-

methoxyphenyl)methylene]amino}phenoxy) substituted 

manganese(III) phthalocyanine chloride (NP2-Mn) 

shows different redox behaviors than NP2-Si and NP2-

Cu, because NP2-Mn has redox active metal center 

(Mn3+). For this reason, NP2-Mn shows metal-based 

reduction processes in addition to the phthalocyanine 

ring-based electron transfer reactions [35–37]. Here NP2-

Mn shows two metal-based reductions at −0.17 V (R1), 

−1.01 V (R2) and one phthalocyanine ring-based 

reduction at −1.51 V (R3) during the cathodic potential 

scans. On the other hand, during the anodic potential 

scans, one phthalocyanine ring-based oxidation at 1.19 V 

(O1) is observed. According to the peak-to-peak 

separation (ΔEp), R1 has reversible, R2, R3 and O1 have 

quasi-reversible character. 

4. Conclusion  

In this work, Si(IV), Cu(II), Mn(III) phthalocyanines 

substituted with (4-[(1E)-(4 methoxyphenyl) methylene] 

aminophenoxy) groups were synthesized and analyzed 

by FT-IR, NMR, UV-Vis, mass spectroscopy. The redox 

behaviors of axially di- and peripherally tetra-(4-{[(1E)-

(4-methoxyphenyl)methylene]amino}phenoxy) group 

substituted metallophthalocyanines were determined. 

Electrochemical results of NP2-Si, NP2-Cu, NP2-Mn 

were in compatible with the responses of the similar 

metallophthalocyanines. While NP2-Si and NP2-Cu, 

only showed phthalocyanine ring based redox 

processes, NP2-Mn showed rich redox responses and 

both metal-based and phthalocyanine ring based redox 

processes. NP2-Mn showed two metal-based and one 

phthalocyanine ring-based reduction reactions. The 

addition of Mn3+ cation to the phthalocyanine ring 

significantly changed the redox richness of 

phthalocyanines. 
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