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With the quaternized derivatives (4a and 5a), the synthesis of new Zn(Il) and Co(Il) phthalocyanines (4
and 5) substituted with 2-(azepan-1-yl)ethoxy moieties are reported. Photochemical and photophysical
properties of quaternized Zn(II) and Co(II) phthalocyanines (4a and 5a) are investigated in both dimethyl
sulfoxide (DMSO) and water, while non ionic derivatives in DMSO only. General trends are described for
fluorescence quantum yields, fluorescence lifetimes, singlet oxygen quantum yields and photodegrada-
tion quantum yields. In this work, the effect of substituents and the nature of the metal atoms on the
photochemical and photophysical parameters of new phthalocyanines are discussed. The quaternized
compounds exhibit excellent solubility in water, making them potential photosensitizers for use in pho-
todynamic therapy (PDT) of cancer. This study also showed that the water-soluble quaternized Zn(II)
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phthalocyanines strongly bind to blood plasma proteins such as bovine serum albumin (BSA).

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Phthalocyanines (Pcs) are widely used in the design of new
materials such as stable dyes, catalysts, building blocks for nanos-
tructures, active components of optical sensors, semiconductor
and electrochromic devices, memory systems, liquid crystal color
displays, photoelectric transformers of solar energy, etc.[1-5]. Met-
allophthalocyanines (MPcs) attract more attention due to additive
magnetic or biological properties of metals which they are incor-
porated.

Recently, pcs have also been widely used as photosensitizers
in photodynamic therapy (PDT). PDT is a binary treatment that
involves the activation of a tumor-localized photosensitizer with
red light. The excited photosensitizer in triplet state reacts with
molecular oxygen and forms singlet oxygen that destroys malig-
nant tissues [6,7]. For PDT applications, it is important that MPcs
exhibit high absorption coefficients (¢ >10° M~ cm~1) in visible
region and a long triplet lifetime to produce singlet oxygen [8-13].

In order to overcome the insolubility of unsubstituted phthalo-
cyanine parent molecule, peripheral groups have been extensively
used to enhance solubility. In this sense, long alkyl, alkyloxy, alkyl-
sulfanyl or bulky apolar groups lead to soluble products in common
organic solvents while anionic or cationic substituents (e.g. sulfo
groups, carboxy groups, ammonium groups) result with products
soluble in aqueous media [14,15].
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During the last decade, our group has been heavily engaged
with the synthesis of phthalocyanines and porphyrazines with
substituents such as quaternized amino groups, and multicyclic
aromatic rings [16-19]. Water soluble phthalocyanines have
appeared as attractive photosensitizers for photodynamic therapy
[20-22]. One limitation of these photosensitizers is their high ten-
dency to form aggregated species in aqueous solution. An efficient
strategy for number of practical uses might be to add some groups
to inhibit aggregation. In this paper we report the synthesis and
investigation of photochemical and photophysical properties of
some phthalocyanines and their quaternized derivatives bearing
four 2-(azepan-1-yl)ethoxy groups which enable the molecules to
dissolve in number of organic solvents as well as water.

In this work, the synthesis, characterization and spectro-
scopic behaviour as well as photophysical (fluorescence quantum
yields and lifetimes) and photochemical (singlet oxygen and
photodegradation quantum yields) properties of new tetrakis-
[2-(azepan-1-yl)ethoxy substituted non-ionic (4 and 5) and
quaternized ionic (4a and 5a) Zn(Il) and Co(II) phthalocyanine com-
plexes (Fig. 1) are presented. The aim of our ongoing research is to
synthesize water-soluble phthalocyanines to be used as potential
PDT agents.

2. Experimental
2.1. Materials

All reagents and solvents were of reagent grade quality and
were obtained from commercial suppliers. 2-(Azepan-1-yl)ethanol
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Fig. 1. Synthesis of phthalocyanines (4, 4a, 5 and 5a). (i) K,CO3, N2, DMF, 50°C, 48 h, (ii) for compound 4 Zn(CH3COO), and for compound 5 anhydrous CoCl,, pentan-1-ol,

DBU, reflux, Ny, 48 h; (iii) dimethyl sulfate, DMF, 120°C, 12 h.

was purchased from Aldrich. 1,3-Diphenylisobenzofuran (DPBF)
and 9,10-antracenediyl-bis(methylene)dimalonoic acid (ADMA)
were purchased from Fluka. All solvents were dried and purified
as described by Perrin and Armarego [23]. 4-Nitrophthalonitrile
[24] was synthesized and purified according to well-known
literature.

2.2. Equipment

The IR spectra were recorded on a Ati-Unicam Mattson 1000 FT-
IR spectrophotometer. 'H NMR spectra were recorded on a Varian
Mercury 200 MHz spectrometer in CDCl3 and DMSO-dg. Chemi-
cal shifts were reported () relative to Me4Si as internal standard.
Mass spectra were measured on a Micromass Quatro LC/ULTIMA
LC-MS/MS spectrometer. Elemental analyses were performed with
Thermo Finnigan Flash EA 1112 at 950-1000°C.

Absorption spectra in the UV-vis region were recorded with
a Shimadzu 2001 UV spectrophotometer. Fluorescence excitation

and emission spectra were recorded on a Varian Eclipse spectroflu-
orometer using 1 cm path length cuvettes at room temperature.

Photo-irradiations were done using a General Electric quartz
line lamp (300W). A 600nm glass cut off filter (Schott) and a
water filter were used to filter off ultraviolet and infrared radi-
ations, respectively. An interference filter (Intor, 670 nm with
a band width of 40nm) was additionally placed in the light
path before the sample. Light intensities were measured with
a POWER MAX5100 (Molelectron detector incorporated) power
meter.

2.3. Photophysical parameters

2.3.1. Fluorescence quantum yields and lifetimes

Fluorescence studies of substituted Zn(II) phthalocyanine com-
plexes (4 and 4a) were studied in DMSO. The substituted Co(II)
phthalocyanine complexes (5 and 5a) did not show fluores-
cence due to paramagnetic behavior of Co(II) atom. Fluorescence
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