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a b s t r a c t

New highly organosoluble metallophthalocyanines (M = Zn, Co, Ni and Cu) bearing four [4-(3,3,6,
6-tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xanthen-9-yl)phenoxy] substituents at peripheral
positions have been prepared by tetramerization of 4-[4-(3,3,6,6-tetramethyl-1,8-dioxo-dodecahydro-
1H-xanthen-9-yl)phenoxy]phthalonitrile in 2-(dimethylamino)ethanol using microwave irradiation or
conventional heating. Ni(II), Co(II) and Cu(I) chloride were employed in order to synthesize the correspond-
ing metal phthalocyanines and Zn(OAc)2 was used for the preparation of the zinc phthalocyanines. 4-[4-
(3,3,6,6-Tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydro-1H-xanthen-9-yl)phenoxy]phthalonitrile was
obtained by nucleophilic displacement of the nitro group in 4-nitrophthalonitrile with 9-(4-hydroxy-
phenyl)-3,3,6,6-tetramethyl-3,4,6,7-tetrahydro-2H-xanthene-1,8(5H,9H)-dione. 9-(4-Hydroxyphenyl)-3,
3,6,6-tetramethyl-3,4,6,7-tetrahydro-2H-xanthene-1,8(5H,9H)-dione was synthesized efficiently from
dimedone and 4-hydroxybenzaldehyde. All the phthalocyanines are soluble in DMSO, DMF, CHCl3, THF,
CH2Cl2, and CH3CN. The new compounds were characterized by IR, NMR, and UV–vis spectroscopy, elemen-
tal analysis and thermogravimetric analysis.

� 2011 Elsevier Ltd. All rights reserved.
Significant interest has been focused on the synthesis of phthal-
ocyanines (Pc) due to their applications as liquid crystals,1,2 solar
cells,3,4 electrochromic displays,5 in photodynamic therapy of can-
cer,6,7 in semiconductor devices,8 gas sensors,9–11 non-linear op-
tics,12 laser dyes,13 Langmuir–Blodgett films14 and various
catalytic processes.15

The solubility of phthalocyanines is very important for the
investigation of their chemical and physical characteristics and is
influenced by the nature of the substituents on the periphery of
the Pc ring. The main limitation in the applications of metallopht-
halocyanine complexes is their low solubility in common organic
solvents.16

Water-soluble phthalocyanines have received great attention
with regard to photodynamic efficacy,17a but the purification of
these compounds can be a problem. Furthermore, aggregation
(especially in aqueous media) is a very common phenomenon in
this family of compounds.17b

Organo-soluble phthalocyanines are, therefore, important and
potentially useful materials. The insolubility of phthalocyanines
in organic solvents can be overcome by the introduction of
organo-solubilizing substituents into the ring system.18

A number of phthalocyanines bearing apolar groups, such as
bulky substituents,19 long-chain groups (e.g., alkyl and alkoxy),20

N-tosyl derivatives21 and crown ethers22 have been reported.
ll rights reserved.

: +98 861 4173406.
.

Xanthenes have been of much interest due to the broad spec-
trum of their pharmaceutical and biological properties which in-
clude anti-inflammatory,23 antibacterial,24 and antiviral
activities25 as well as their efficiency in photodynamic therapy
(PDT)26 and as antagonists toward the paralyzing action of zoxazo-
lamine.27 Furthermore, xanthenes are employed in laser technol-
ogy.28 Among the xanthenes developed thus far, it is known that
octahydroxanthene derivatives can be applied as fluorescent
fuels29 and as antispasmodics.30

The development of new systems that can target specific cells
for PDT relies on a connection between biological subunits and
the photosensitizer. We expect that the conjugation of phthalocy-
anines with xanthene moieties may improve their organosolubili-
ty, and PDT effects.

This information encouraged us to design highly organosoluble
metal (Zn, Ni, Cu and Co) phthalocyanines 6–9 containing four 9-
(4-hydroxyphenyl)-3,3,6,6-tetramethyl-3,4,6,7-tetrahydro-2H-xan
thene-1,8(5H,9H)-dione moieties (Scheme 1).

A number of methods have been developed for the preparation
of MPcs. Microwave-assisted organic synthesis has attracted con-
siderable attention, due to shorter reaction times, increased yields,
and fewer side reactions.31

The present paper reports both the microwave-assisted and
conventional synthesis of metal (Zn, Ni, Cu and Co) phthalocya-
nines 6–9. These phthalocyanines display good solubility in com-
mon organic solvents such as DMSO, DMF, CHCl3, THF, CH2Cl2

and CH3CN.
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Scheme 1. Synthesis of metallophthalocyanines 6–9.
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The preparation of substituted phthalonitrile derivatives is an
important step in phthalocyanine synthesis. Nucleophilic aromatic
substitution of the nitro group in 4-nitrophthalocyanine is a useful
route to many tetrasubstituted phthalocyanines owing to the rela-
tive ease of this displacement. Using this method, suitable substit-
uents can be introduced into the periphery of the final
phthalocyanine to enhance solubility. The synthetic route to the
compounds presented in this work is shown in Scheme 1.

Compound 3 was prepared via the one-pot pseudo three-com-
ponent condensation of dimedone (1) and p-hydroxybenzaldehyde
(2) using PPA–SiO2 as the catalyst.32 Dicyano compound 5 was ob-
tained by base-catalyzed nucleophilic displacement of 4-nitropht-
halonitrile 4 with 1,8-dioxo-octahydroxanthene 3. The reaction
was carried out at room temperature in anhydrous DMF with
anhydrous K2CO3 as the base. Cyclotetramerization of dinitrile
compound 5 in the presence of anhydrous metal salts [CoCl2, CuCl,
NiCl2 and Zn(OAc)2], gave the desired metallophthalocyanines 6–9
in 2-(dimethylamino)ethanol (DMAE) under microwave irradiation
or via conventional heating. The products were precipitated by
addition of ethanol and filtered. The residues were washed with
ethanol and hot distilled water, respectively. Elemental analysis,
IR, 1H NMR, and UV–vis spectra confirmed the proposed structures
of the synthesized componds.33 Thermogravimetric analysis (TGA)
was used for determining the thermal stability of these complexes.

In the IR spectrum, the formation of compound 3 was confirmed
by the appearance of a new band at 3412 cm�1 related to the OH
group. The disappearance of the OH band of 1,8-dioxo-octahydrox-
anthene 3 at 3412 cm�1 and the NO2 band of 4-nitrophthalonitrile
4 at 1538 and 1355 cm�1, and the appearance of a CN band at
2233 cm�1 indicated the formation of compound 5. After conver-
sion of 5 into phthalocyanines 6–9, this sharp CN vibration was
no longer present.
The 1H NMR spectra were also in good agreement with the
structures of the synthesized compounds. The spectrum of 5 exhib-
ited aliphatic (–CH3, –CH3, –CH2, –CH2 and –CH) protons at d 1.03, d
1.14, d 2.25, d 2.51 and d 4.81, as a singlet, singlet, ABq, broad sin-
glet and singlet, respectively, and the aromatic protons in the low
field region around d 6.91–7.70 as doublets and doublet of dou-
blets. 1H NMR measurements 6 and 7 were precluded due to their
paramagnetic nature. On the other hand, the 1H NMR spectra were
in good agreement with the structures of 8 and 9. The aromatic
protons appeared at d 6.90–7.82 for 8 and at d 7.01–9.10 for 9 while
the aliphatic –CH signals were observed in the range d 1.04–4.72
for 8 and at d 0.90–4.67 for 9.

The UV–vis spectral properties of Pcs have been of intrinsic
interest since their inception. The spectra of MPc complexes con-
sist of two strong absorption regions at 600–700 nm (Q band)
and around 300–400 nm (Soret or B band). The UV–vis spectra of
the phthalocyanines in chloroform are shown in Figure 1. The UV
spectra of CoPc, NiPc, ZnPc and CuPc show single intense bands
at 669, 670, 676, and 677 nm, respectively. There is also a shoulder
at slightly higher energy for all the phthalocyanines. The weaker
absorptions appear at 604, 604, 607, and 610 nm for CoPc, NiPc,
ZnPc, and CuPc, respectively. This is typical of metal complexes
of substituted and unsubstituted metallophthalocyanines with
D4h symmetry.34 The B bands for CoPc, NiPc, ZnPc, and CuPc were
observed at 238, 286; 238, 287; 237, 275, 348; 244 and 333 nm,
respectively.

In this study, the aggregation behavior of the phthalocyanines (
8–9) was investigated in different solvents (chloroform, dichloro-
methane, DMF, DMSO, and THF). While complex 9 did not show
aggregation in these solvents, complex 8 showed aggregation in
DMSO and minimal aggregation in DMF, as judged by the broaden-
ing of the Q band (Tables 1 and 2).



Table 3
Thermal analysis data for 6–9

Pc Temp of dec. �C Mass loss
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Probable
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Figure 1. Absorption spectra of 6–9 in chloroform (c = 2 � 10�5).

Table 1
Absorption data for phthalocyanine 8 in different solvents (c = 3 � 10�5)

Solvent kmax (nm) (loge)

DMSO 673 (4.61), 622 (4.37), 282 (4.89)
DMF 670 (4.81), 606 (4.33), 281 (4.95)
CH3Cl 669 (4.90), 604 (4.35), 287 (4.97), 241 (4.91)
THF 668 (4.85), 603 (4.32), 294 (4.89), 251 (4.83)
CH2Cl2 669 (4.85), 603 (4.31), 285 (4.93), 237 (4.91)

Table 2
Absorption data for phthalocyanines 9 in different solvents (c = 3 � 10�5)

Solvent kmax (nm) (loge)

DMSO 677 (4.76), 610 (4.17), 353 (4.52), 274 (4.69)
DMF 670 (4.81), 606 (4.33), 281 (4.95)
CH3Cl 675 (4.96), 608 (4.33), 350 (4.73), 274 (4.81), 237 (4.85)
THF 671 (4.88), 606 (4.28), 374 (4.66), 289 (4.69), 250 (4.81)
CH2Cl2 679 (4.71), 611 (4.16), 351 (4.57), 237 (4.88)
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The thermal properties of all the synthesized MPcs were ana-
lyzed by thermal gravimetric analysis (TGA) in the temperature
range 30–900 �C under a nitrogen atmosphere with a heating rate
of 10 �C/min. The initial weight loss up to 200 �C was related to the
residual solvent which was typical of a TGA heating run. The ZnPc,
CoPc and CuPc complexes exhibited some degradation steps whilst
NiPc had one distinct degradation step. For all the complexes ex-
cept CuPc, the xanthene moieties were sensitive to decomposition
up to 900 �C and the aromatic rings were stable. CuPc from 240 up
to 781 �C in two steps lost 70.77% of its mass which was attributed
to the four xanthenes and four C6H4O groups. The groups which
can be attributed to weight loss are listed in Table 3. The initial
decomposition temperatures of the compounds are in the order:
Ni > Cu > Co > Zn. No obvious correlation between the transition
metal ions in the phthalocyanine rings and the initial decomposi-
tion temperature was observed.

In conclusion, the metallophthalocyanines 6–9 showed good
solubility in common organic solvents (0.01 g in 5 mL of DMSO,
DMF, CHCl3, THF and CH2Cl2). Furthermore, for the conversion of
dinitrile 5 into metallophthalocyanines microwave irradiation en-
hanced the yield and reduced the reaction times in comparison
with conventional heating. While complex 9 did not show aggrega-
tion, complex 8 showed aggregation in DMSO and minimal aggre-
gation in DMF. The Pcs reported in this work can be considered as
efficient candidates for solution studies requiring the monomeric
form of these materials as in the case of photosensitizers used in
photodynamic therapy.
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(dimethylamino)ethanol (DMAE) (2 mL). The mixture was irradiated at 350 W
for 10 min and then cooled to room temperature. In the next step EtOH was
added and the product was filtered under reduced pressure. Yield: 55%. IR
(KBr) (mmax, cm�1): 2957, 2872, 1670, 1601, 1504, 1469, 1359, 1195, 1165,
1097, 856. UV/vis (CHCl3): kmax/nm: 669, 604, 285, 238. Anal. Calcd for
C124H112CoN8O16: C, 73.40; H, 5.56; N, 5.52. Found: C, 73.00; H; 5.69; N; 5.80.
Method B: A mixture of compound 5 (0.10 g, 0.2 mmol), anhydrous CoCl2

(8.8 mg, 0.067 mmol) and DMAE (10 ml) was refluxed under a nitrogen
atmosphere for 24 h. The above purification method was applied to this
material. Yield: 45%.
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