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ABSTRACT

The novel dinitrile compound (3) and peripherally tetra 2-(4-benzyloxyphenyl)ethanol substituted metal-free (4), zinc(II)
(5), cobalt(IT) (6) and copper(Il) (7) phthalocyanines were synthesized and characterizated for the first time in this study.
Electrochemical characterization of metal-free and metallophthallocyanines were determined by using cyclic voltammetry (CV)
and square wave voltammetry (SWV) techniques. Metal-free and metallophthalocyanines having redox inactive centers (Zn*,
Cu™?) showed similar Pc based electron transfer processes. On the other hand, Co" metal ion behaves as redox active cations in the
core of the Co- phthalocyanine. Therefore, Co- phthalocyanine gives one metal based reduction reaction [Co"Pc-2] / [CoIPc] .

Yeni tetra-2-(4-benziloksifenil)etanol siibstitiie metalsiz ve
metalloftalosiyaninlerin sentezi ve elektrokimyasal 6zellikleri

OZET

Yeni dinitril bilesigi (3) ve periferal tetra 2-(4-benziloksifenil)etanol substitute metalsiz (4), ¢inko(II) (5), kobalt(II) (6) ve bakir(II)
(7) ftalosiyaninlerin sentezi ve karakterizasyonu bu calismada ilk defa gergeklestirilmistir. Metalsiz ve metalloftalosiyaninlerin
elektrokimyasal 6zellikleri siklik voltametri (CV) ve kare dalga voltametri (SVW) teknikleri kullanilarak incelenmistir. Metalsiz
ve redoks inaktif merkezlere sahip olan metalloftalosiyaninler (Zn*2, Cu™) benzer ftalosiyanin temelli elektron transfer prosesi
gostermistirler. Diger yandan Co- ftalosiyanin komplekslerinin merkezindeki Co' metal iyonu redoks aktif katyon olarak

davranmaktadir. Dolayisiyla, Co- ftalosiyanin metal temelli indirgenme reaksiyonu [Co"Pc?]/[Co'Pc?]"! gostermistir.

1. Introduction

Phthalocyanines (Pcs), porphyrin derivative macrocyclic compounds
containing highly delocalized electronic constitution have high
thermal determination and optical features and they are useful in areas
like as chemical detectors [1-3], electrochromic imaging systems [4],
non-linear optics [5], solar cells [6], photo-voltaic optics, molecular
electronics [7], semiconductors [8], liquid crystals [9], optical
storage devices [10], laser dyes [11], catalyst [12] and photo dynamic
therapeutic agents (PDT) [13].

The main drawback of the unsubstituted Pc is its insolubility
and aggregation because aggregation and insolubility of Pcs limits
their usage in many technological applications. So scientists have
been focused on synthesize of non-aggregated and soluble Pcs. The
bulky substituents can change the solubility, aggregation properties,
electrochemical and electronic absorption behaviors [14].

The electrochemistry of Pcs, especially MPcs containing
redoxactive metal centers, have attracts great attention due to
their rich metal- and ligand-based redox properties [15]. The
electrochemical properties of MPcs with redox active metal
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centers are immensely affected by different ingredients such
as the nature of the supporting electrode and solvents, the
existence of oxygen, nature and position of the substituents [16].

Although there are many investigations about the synthesis of
Pcs containing different benzyloxyphenyl groups and investigation of
their different properties [17-18], the electrochemical behaviors of a
benzyloxyphenyl substituted metal free Pc and MPcs (Zn(II), Co(II)
and Cu(Il)) were performed for the first time in this study.

2. Materials and Methods

All reactions were carried out using schlenk system and under dry
and oxygen free nitrogen atmosphere. DMF (dimethylformamide)
was dried and purified as described by Perrin and Armarego [19].
2-(4-Benzyloxyphenyl)ethanol (1), and 4-nitrophthalonitrile (2)
were bought from Sigma-Aldrich. 'H NMR, C NMR spectra were
measured by a Varian XL-200 NMR spectrometer and chemical shifts
were recorded (3) relative to Me,Si o(tetramethylsilane) as standard.
IR spectra were recorded on a Perkin-Elmer Spectrum One FT-IR
spectrometer with ATR technique. The MS spectra were recorded on
a Thermo Quantum Access Mass spectrometer with H-ESI probe.
UV-Vis spectral measurements were performed by Perkin Elmer
Lambda 25 spectrometer, using 1 cm path length cuvettes at room
temperature. Melting points were measured by an electrothermal
apparatus.

2.1. Electrochemical measurements
Electrochemical investigations were performed with Gamry Interface
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Fig. 1. Synthetic route of novel phthalocyanine compounds

1000 potentiostat/galvanostat operating three-electrode configuration
at 25°C. Pt disc with a surface area of 0.071 cm? has been used as
working electrode and a Pt wire was utilized as the counter electrode
and saturated calomel electrode (SCE) was employed as the reference
electrode and separated from the bulk of the solution by a double
bridge. Electrochemical grade tetrabuthylammonium perchlorate
(TBAP) in extra pure dichloromethane (DCM) was employed as the
supporting electrolyte at a concentration of 0.10 mol dm?.

2.2. Synthesis

2.2.1. 4-(4-(benzyloxy)phenethoxy)phthalonitrile (3)
2-(4-Benzyloxyphenyl)ethanol (1) (2.00 g. 8.76 mmol) and
4-nitrophthalonitrile (2) (1.52 g. 8.76 mmol) was dissolved in dry
DMF (20 mL). Anhydrous K,CO, (3.63 g 26.28 mmol) was added
portion wise within 2 h. to reaction mixture. The mixture was stirred
at 50 °C for 3 days under inert N, atmosphere. Then the mixture was
poured into 200 mL ice-water, stired for 1 h. at room temperature
and was filtered off. The solid product was crystallized from acetone.
Yield 2.11 g (68 %), mp 105-107 °C. IR (KBr tablet) v__/ cm™
3077, 3040, 2937, 2872, 2226 (C=N), 1594, 1497, 1323, 1257, 1233,
1091, 1010, 827, 732. 'H-NMR (DMSO-d,), (3: ppm): 8.03-8.01 (d,
IH/ArH), 7.77 (s, 1H/ArH), 7.45-7.22 (m, 8H/ArH), 6.96-6.94 (d,
2H/ArH), 5.08 (s, 2H/OCH,), 4.33-4.30 (t, 2H/OCH,), 3.01-2.97 (t,
2H/CH,). "C-NMR (DMSO-d,), (3: ppm): 162.29, 157.50, 137.67,
136.21, 130.47, 130.25, 130.20, 130.16, 128.88, 128.23, 122.10,
128.06, 120.80, 120.57, 116.76, 116.70, 116.18 (C=N), 115.19
(C=N), 114.99, 106.34, 70.14 (OCH,), 69.60 (OCH,), 34.01 (CH,).
MS (ESI), (m/z): Calculated: 354.14; Found: 355.56 [M+H]".

2.2.2. General Procedure for Synthesis of phthalocyanines
4-7)

The mixture of compound (3) (0,2 g. 0,56 mmol), equivalent amounts
of related anhydrous metal salts (for compound 5 Zn(CH,COO),, 6
CoCl,,7 CuCl)) or no metal salts for metal-free compound 4, dry
n-pentanol and 1,8-Diazabicyclo [4.5.0] undec-7-ene (DBU) (5 drops)
was heated to 160 °C and stirred for 24 h. Then, the raw products were
precipitated by hexane. After washing with hot acetone and ethanol,
the products were purified by silica gel column chromatography.

2.2.2.1. Synthesis of metal-free (II) phthalocyanine (4)
Solvent system; chloroform:methanol (100:2). Yield: 102 mg (49%),
mp>300 °C. IR (KBr tablet) v/ cm™': 3288 (-NH), 3061, 3031,
2920, 1608, 1509, 1455, 1380, 1223, 1175, 1009, 820, 743. '"H-NMR
(DMSO-d)), (5: ppm): 7.45-7.24 (m, 40H/ArH), 6.96-6.94 (m, 8H/
ArH), 5.08 (s, 8H/OCH,), 4.36-4.30 (t, 8SH/OCH,), 3.02-2.99 (t, 8H/
CH,). UV-vis (DMF) }__/nm: [(107 &, dm’ mol" cm™)]: 705 (5.10),
672 (5.09), 646 (4.79), 616 (4.64), 345 (5.00). MS (ESI), (m/z):
Calculated: 1419.57, Found: 1421.25 [M+H]".

2.2.2.2. Synthesis of zinc (II) phthalocyanine (5)

Solvent system; chloroform:methanol (100:1.5) as eluent. Yield:
117 mg (56%), mp>300 °C. IR (KBr tablet) v/ cm™: 3062, 3032,
2919, 1720, 1606, 1510, 1488, 1337, 1229, 1045, 822, 731. '"H-NMR

(DMSO-d)), (8: ppm): 7.57-7.24 (m, 40H/ArH), 7.11-7.04 (m, 4H/
ArH), 6.96-6.94 (m, 4H/ArH), 5.10 (s, 8H/OCH,), 4.34-4.30 (t, 8H/
OCH,), 3.02-2.98 (t, 8H/CH,). UV-vis (DMF) A__/nm: [(10~ &, dm’
mol! cm™)]. 682 (5.17), 615 (4.45), 358 (4.84). MS (ESI), (m/z):
Calculated: 1481.48, Found: 1482.96 [M+H]".

2.2.2.3. Synthesis of cobalt (II) phthalocyanine (6)

Solvent system; chloroform:methanol (100:1) as eluent. Yield: 79
mg (38%), mp>300 °C. IR (KBr tablet) v /cm™: 3061, 3032, 2989,
2918, 1608, 1509, 1411, 1230, 1092, 1015, 820, 731. UV-vis (DMF)
A, /am: [(107° &, dm® mol' cm™)]: 670 (5.12), 611 (4.60), 334 (4.93).
MS (ESI), (m/z): Calculated: 1476.48, Found: 1477.71 [M+H]".

2.2.2.4. Synthesis of copper (II) phthalocyanine (7)

Solvent system; chloroform:methanol (100:2.5) as eluent. Yield:
88 mg (42%), mp>300 °C. IR (KBr tablet) v_ _/cm™': 3061, 3032,
2918, 1723, 1607, 1509, 1487, 1343, 1230, 1051, 820, 731. UV-vis
(DMF) & /nm: [(10° &, dm® mol' cm™)]. 683 (5.12), 618 (4.56),
347 (4.83). MS (ESI), (m/z): Calculated: 1480.48, Found: 1543.65
[M+Na+K+H]".

3. Results and Discussion

3.1. Synthesis and characterization

The synthetic procedure of newly prepared structures was showed
in Fig. 1. The substituted phthalonitrile compound 4-(4-(benzyloxy)
phenethoxy)phthalonitrile (3) was obtained from the reaction of
4-nitrophthalonitrile with compound 1 in the presence of K,CO, [20].
The new vibration appeared at 2226 cm™! was the clear indication of
the presence of the nitrile group for compound 3 in the IR spectral
data. The absence of the OH proton signal of compound 1 in '"H-NMR
spectrum and the presence of new peaks of nitrile carbons at 116.18
ppm and 115.19 ppm in the BC-NMR spectrum are the proof of
substitution. Furthermore, [M+H]" peak at 355.56 in the mass spectra
of compound (3) was showed that the compound was successfully
synthesized (fig. 2).

The novel Pcs were characterized by IR, 'H-NMR, mass
spectrometry and UV/Vis. The disappearance of -C=N vibration of
compound 3 in the IR spectra of all novel phthalocyanines, support
the proposed structures. Due to the presence of paramagnetic cobalt
and copper ions the 'TH-NMR spectra of compounds 6 and 7 could
not be determined [21]. The 'H-NMR spectra of phthalocyanines
4, and 5 were taken in DMSO at room temperature. The spectra
of the compounds were very similar. For substituted (4), the
typical shielding of inner core protons could not be observed due
to the probable strong aggregation between Pc molecules at NMR
measurement concentration [22]. The mass spectra of the compounds
4-7 were good correlation with proposed structure (fig. 3). The
absorption spectra of Pcs (4-7) were measured in DMF and Q bands
were observed at 705 and 672, 683, 670 and 682 nm (Fig. 2) and the
shoulders were observed at: 646 and 616, 615, 611, 618, respectively
[23]. Furthermore, B bands were observed at: 345, 358, 334 and 347
nm for 4-7, respectively (Fig. 4).
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Fig. 2. UV-Vis absorption spectra of compounds 4-7 in DMF at 1x10-° moldm

Table 1. Voltammetric data of the phthalocyanines. All voltammetric data
were given versus SCE

Compounds Redox processes ‘E,, "AE (mV) ‘AE,,
R —[H,Pc?]/ [H,Pc?]" -0.79 133
R,—[H,Pc?] "/ [H,Pc*]? -1.12 142
H,Pc
O,—>[H,Pc?]/ [H,Pc']! 0.34 185
O,—[H,Pc']"!/ [H,Pc]? 0.99 191 1.13
R, [Zn"Pc?] / [Zn"Pc]! _1.15 174
R,— [Zn"Pc?]!/ [Zn'"Pe]? -1.52 102
ZnPc
O,— [Zn"Pc?]/ [Zn"Pc']"! 0.61 162
0,-> [Zn"Pc' "/ [Zn"Pe] 1.39 142 1.76
R — [Co"Pc?] / [Co'Pe?]! -0.40 186
0,— [Co"Pc?)/ [Co"Pc] 0.72 190
CoPc 1.12
R,— [Cu"Pc?]/ [Cu'Pe?]! -0.94 162
R, [Cu"Pc?]/ [Cu'Pe] _1.24 175
CuPc
0,- [Cu'Pc?]/ [Cu'Pe-' ]! 0.86 230
0,-> [Cu"Pc']"/ [Cu'Pe?] 1.44 114 1.80

* E,, values (E,*E,)12) were given versus SCE at 0.100 Vs scan rate. *: AE=E -E . AE =E,,

(first oxidation)- E, , (first reduction).

3.2. Electrochemical Measurements

Electrochemical measurements of Pcs were realized with
CV and SWV measurements in dichloromethane (DCM) /
tetrabutylammoniumperchlorate (TBAP) electrolyte system on
a Pt working electrode. Basic electrochemical parameters, the
assignments of the redox couples and estimated electrochemical
parameters including the half-wave potentials (), peak to peak
potential separations (AEP) and difference between the first oxidation
and reduction processes (AE, ), are derived from the analyses of the
complexes and these data are given in Table 1.

Fig. 3 shows CV and SWYV responses of H,Pc (4) in DCM/
TBAP. During the cathodic potential scans, H,Pc (4) goes two
electrochemically and chemically reversible reduction reactions, R
at-0.79 V (AE =133 mV) and R, at -1.12 V(AE = 142 mV) during
the anodic potential scans. Moreover, two quasi-reversible oxidation
reactions O, and O, are observed at 0.34 V (AEp =185mV), 0.99 V
(AEp = 191 mV). All redox processes are in harmony with the ring
based electron transfer reactions of metal free phthalocyanines in the
literature [24, 25]. Therefore E , AE,AE , data of H,Pc (4) support
proposed structure of the complex.

MPcs having redox inactive ion centers (ZnPc and CuPc) shows
similar CV and SWV responses with those of H,Pc (4) as shown in
Fig. 4 and 5, respectively. ZnPc gives two reductions, R, (quasi-
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reversible) at -1.15 V (AE =174 mV), R, (reversible) at -1.52 V
(AE =102 mV) and two ox1dat10n reactlons O, (quasi-reversible) at
0. 61 \% (AE =162 mV), O, (reversible) at 1.39 V (AE =142 mV). Also,
CuPc gives two (quasi- revers1ble) reductions, R at O 94V (AEp 162
mV), R, at -1.24 V (AEP=175 mV) and two oxidation reactions O,
(irreversible) at 0.86 V (AEP=23O mV), O, (quasi-reversible) at
1.44V (AEP=114 mV) within the potential window of DCM/TBAP
electrolyte system. Incorporation of a metal ion into the core of Pc ring
shift the reduction peaks towards the more negative potentials. This
potential shifts extent AE, , values of the complexes. Redox processes
of metallophthalocyanines studied here are in harmony with reported
metallophthalocyanines having redox inactive ion centers [26, 27].
Pc-Co complexes mainly give metal based reduction process at
around 0 V because of the electron giving to the empty Co(Il) d
orbitals located between the HOMO and LUMO orbitals of Pc ring in
noncoordinating solvents like DCM. Figure 6 represents CV and
SWYV responses of CoPc in DCM/TBAP electrolyte on a Pt working
electrode. CoPc gives one (quasi-reversible) reduction, R, at-0.40 V
(AE =186 mV) and one (quasi-reversible) oxidation reactlon O, at
0. 72 V (AEA=190 mV) within the potential window of DCM/TBAP
electrolyte system. Electrochemical behavior of CoPc is in agreement
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Fig. 7. (a) CV of H,Pc at various scan rates (ranging from 25 to 500 mV.s') on
a Pt working electrode in DCM/TBAP. (b) CV of CoPc at various scan rates
(ranging from 25 to 500 mV.s) on a Pt working electrode in DCM/TBAP.
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with the similar CoPc complexes reported in the literature [28, 29],
which support the proposed structure of the complex synthesized
here. Also, HOMO-LUMO gap of CoPc (AE,, = 1.12 V) is in
compliance with the CoPc reported in the literature [30]. Also, the
peak currents increased linearly with the square root of the scan rates
for scan rates ranging from 25 to 500 mV.s! (for example Figure 7a
for H,Pc, Figure 7b for CoPc), respectively.

4. Conclusions

We synthesized of new 2-(4-benzyloxyphenyl)ethanol substituted
phthalonitrile and its metal-free, zinc(Il), cobalt(Il) and copper(Il)
phthalocyanines for the first time in this work and characterized
these novel compounds FT-IR, '"H-NMR, *C-NMR and mass spectra.
Electrochemistry of H,Pc, ZnPc, CuPc and CoPc are studied in solution
with voltammetric measurements. Electrochemical measurement
results of the compounds promote the proposed structure of the H,Pc
and MPcs. While H,Pc, ZnPc¢ and CuPc gives Pc ring based redox
processes, in addition to the Pc based redox reactions, CoPc presents
only metal based electron transfer reactions and fortify the potential
utilization of the complex in different electrochemical technologies.
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