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Europium(11r) phthalocyanine complexes with 8-oxyquinoline
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Europium(ii) phthalocyanine complexes containing 8-oxyquinoline fragments were syn-
thesized. The complexes were identified and structurally characterized by IR and UV-Vis
absorption spectroscopy and mass spectrometry.
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Phthalocyanines (Pc) and their metal complexes are
conventionally used as dyes and pigments. In recent de-
cades, these compounds have also found use as homo-
geneous and heterogeneous catalysts, photosensitizers for
the photodynamic therapy of malignant tumors, active
components of sensor devices, and chemo-, electro-, and
solvatochromic materials. It is the chemo- and electro-
chromic properties discovered in lanthanide phthalo-
cyanine complexes, which were synthesized in the 1960s,
that stimulated the study of this type of complexes.1—3
Lanthanides form several types of compounds with phthalo-
cyanines, which differ in the lanthanide-to-macrocycle
ratio (Ln : Pc). Monophthalocyanine (Ln:Pc=1:1),
sandwich or double-decker (Ln:Pc=1:2), and tri-
ple-decker (Ln : Pc = 2 : 3) complexes are known. Due to
the structural features, the properties of phthalocyanine
complexes can be varied in a wide range by varying the
nature of the substituents in the phthalocyanine ligand; in
the case of monophthalocyanine complexes, by varying
the extracoordinate ligands as well. Extracoordinate
mixed-ligand lanthanide monophthalocyanine complexes
are poorly known. Four types of complexes of this sub-
group, viz., (Pc)Ln(OAc), (Pc)Ln(acac), (Pc)Ln(acac),,
and Li[(Pc)Ln(acac)],b—10 were systematically studied.
The design of new compounds having specific properties
due to a combination of the macrocyclic ring, the lan-
thanide ion, and extracoordinate ligands extends the scope
of their use. Methods for the synthesis and the spect-
roscopic and electrochemical properties of oxyquinol-
ine-substituted divalent metal phthalocyanines were desc-
ribed in the literature.1112 It is known that the introduc-
tion of substituents increases the solubility of phthalocyanine
complexes, which, in turn, makes it possible to prepare
film composites with the use of different procedures. The
aim of the present study was to synthesize europium(iir)

phthalocyanine complexes containing the bulky electron-
donating substituent, viz., the 8-oxyquinoline fragments.

Results and Discussion

We synthesized new europium(1ir) complexes with oxy-
quinoline-substituted phthalocyanine using 4-(quinolin-
8-yloxy)phthalonitrile (1), which was prepared by the
nucleophilic substitution of 8-hydroxyquinoline (8-HQ)
for the nitro group of the 4-nitrophthalonitrile. The reac-
tion was carried out in the presence of K,CO; at room
temperature in DMSO under an argon atmosphere.!!

The mononuclear complex, viz., europium tetra-
(quinolin-8-yloxy)phthalocyanine chloride (2, Eu(Pc!)Cl),
was synthesized in 36% yield from phthalonitrile 1 and
EuCl; in n-pentanol in the presence of 1,8-diazabicyclo-
[5.4.0]Jundec-7-ene (DBU) (Scheme 1). In addition, the
europium(i) diphthalocyanine complex EuH(Pcl)2 3)
was isolated from the reaction mixture in low yield (4%).

Scheme 1

i. EuClz, DBU, n-CgH,;0OH, argon, 130 °C, 3 h
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i. EuCly, DBU, 0-DCB, argon, 180 °C, 24 h
Complex 3 was synthesized in higher yield (29%) by Scheme 3

the reaction of free tetra(quinolin-8-yloxy)phthalocyanine
(4, HyPc!) (see Ref. 11) with anhydrous europium(iir)
chloride in boiling o-dichlorobenzene (o-DCB) in the pres-
ence of DBU under an inert atmosphere during 24 h
(Scheme 2). Under these conditions, no formation of
monophthalocyanine complex 2 was observed.

Phthalocyanine compounds 2 and 3 are highly soluble
in both polar and nonpolar organic solvents, in particular,
in benzene, chloroform, carbon tetrachloride, and ali-
phatic hydrocarbons.

8-Hydroxyquinoline is a bidentate ligand, which is of
interest for the formation of stable complexes with metal
ions due to the steric proximity of the nitrogen atom and
the hydroxy group.

We examined the possibility of preparing extracoordi-
nate mixed-ligand europium(iir) complexes. It was shown
that this type of complexes is formed by the reaction of
phthalocyanine H,Pc with europium 8-hydroxyquinoline
complex (5, Eu(Q)3) in 0-DCB (Scheme 3). As a result,
we isolated the europium monophthalocyanine complex
Eu(Pc)(Q)(HQ) (6) in 14% yield. This complex is readily
soluble in most of organic solvents (acetone, DMF, meth-
anol, and chloroform).

The yield of monophthalocyanine complex 6 prepared
directly from phthalonitrile and Eu(Q); (5) in n-pentanol
was only 2%, the complex being additionally coordinated
by solvent molecules.

The resulting compounds were characterized by mass
spectrometry, elemental analysis, and IR and UV-Vis ab-
sorption spectroscopy.

UV-Vis absorption spectroscopy is a valuable method
for the investigation, identification, and quantitative de-
termination of phthalocyanines and their analogs.13:14 Al-
most in all cases, the synthesis of lanthanide phthalocya-

i. HoPc, EuCly, 0-DCB, argon, 180 °C, 24 h

nine complexes resulted in the formation of mixtures of
bis- and mono-derivatives. The composition of the reac-
tion products can be determined by UV-Vis spectroscopy
already in the first step of the analysis of the reaction
mixtures. The absorption spectra of the europium(i)
monophthalocyanine complexes show two intense absorp-
tion bands at 300—400 nm (the Soret band) and 660—700 nm
(Qband). The absorption band of the reduced form of bis-
phthalocyanine is observed at 630 nm. The UV-Vis ab-
sorption spectrum of 6 is identical to those of usual unsub-
stituted metal phthalocyanines, whereas the absorption
bands of substituted complexes 2 and 3 containing the
8-oxyquinoline fragment are bathochromically shifted due
to the extension of the n-system (Table 1).

IR spectroscopy allows one to determine the purity of
the phthalocyanine complexes, to be more precise, the
absence of the unconsumed starting compounds, viz., free
phthalocyanine, whose characteristic absorption band is
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Table 1. UV-Vis absorption spectra of europium(iin) phthalo-
cyanine complexes 2, 3, and 6

Comp- Solvent Amax/NM

lexes /1y

2 DMF 683 (0.73), 335 (0.27)
MeOH 680 (0.46), 335 (0.19)

3 DMF 685(0.22), 634 (0.43), 342 (0.46)
MeOH 684 (0.21), 636 (0.53), 339 (1.12)

6 DMF 673 (1.88), 607 (0.43), 330 (0.90)
MeOH 673 (0.85), 608 (0.17), 332 (0.58)

observed at 1007 cm~!, and phthalonitrile, whose cha-
racteristic absorption band of cyano groups appears at
2220 cm~!. The IR spectra of all the resulting complexes
have absorption bands of the phthalocyanine ligand (1605,
1565, 1314, 1082, and 791 cm™!). In the IR spectra of
substituted complexes 2 and 3, the absorption bands at
1245 cm~! are assigned to Ar—O—Ar stretching vibra-
tions. The IR spectra of complex 6 show an intense ab-
sorption band at 1100 cm~! due to chelation with the
involvement of the nitrogen atom.

The mass spectra of complexes 2, 3, and 6 also con-
firm their structures. The mass spectrum of double-decker
complex 3 contains the intense molecular ion peak
[Eu(Pcl),]~ at m/z 2320; the mass spectrum of the mono-
phthalocyanine complex contains the ion peak
[Eu(Pc!)Cl + Cl]~ at m/z 1308. Mixed-ligand complex 6
is characterized by a peak at m/z 977 corresponding to
[M + Na]™*, which confirms the formation of the complex
Eu(Pc)(Q)(HQ).

To sum up, europium tetra(quinolin-8-yloxy)phthalo-
cyanine chloride (Eu(Pc!)Cl), europium octa(quinolin-8-
yloxy)diphthalocyanine (EuH(Pcl)z), and europium bis-
(8-hydroxyquinoline)phthalocyanine (Eu(Pc)(Q)(HQ))
were synthesized for the first time.

Experimental

All reagents (analytical grade) were from Fluka and Aldrich
and were used without additional purification. The solvents were
purified according to standard procedures immediately before
use. All syntheses were carried out under an argon atmosphere.
Silica gel 60 (40—63 um, Merck) was used for column chroma-
tography. 4-(Quinolin-8-yloxy)phthalonitrile (1) and tetra-
(quinolin-8-yloxy)phthalocyanine (4) were synthesized according
to known procedures.!! Europium 8-hydroxyquinoline complex
(5) was synthesized according to a method described earlier.15
Anhydrous europium(ii) chloride was prepared according to
a procedure published earlier.16

The electrospray ionization mass spectra (ESI-MS) were ob-
tained on a Bruker Esquire LC instrument. The UV-Vis absorp-
tion spectra were measured on a Perkin—Elmer Lambda 25 spec-
trophotometer in 0.5- and 1.0-cm quartz cells (DMF as the
solvent). The IR spectra were recorded on a Perkin—Elmer Spec-
trum 1000 spectrometer in Nujol mulls.

Europium(1m) tetra(quinolin-8-yloxy)phthalocyanine chloride,
Eu(Pc)Cl (2). A mixture of compound 1 (0.84 g, 3.1 mmol),
EuCl; (0.10 g, 0.39 mmol), and DBU (0.41 g, 2.7 mmol) in
n-pentanol (5 mL) was refluxed with stirring for 3 h. The reac-
tion mixture was cooled, the products were precipitated with
hexane, the precipitate was extracted with acetone in a Soxhlet
apparatus, and the solvent was removed in vacuo. The product
was isolated by column chromatography on silica gel eluting
successively with acetone and DMF. Elution with acetone af-
forded the complex Eu(HPc!)(Pc!) (3) in a yield of 38 mg (4%);
elution with DMF gave the major product, viz., the complex
Eu(Pch)Cl (2), in a yield of 0.18 g (36%) as the dark-blue solid.
Found (%): C, 63.09; H, 2.91; N, 13.59. C¢gH34N;,04EuClL.
Calculated (%): C, 64.20; H, 2.83; N, 13.21. IR, v/cm~': 1245
(Ar—O—Ar), 1605, 1565, 1314, 1082, 791 (Pc!). MS (ESI), m/z:
1308 [M + CI]~.

Europium(mmr)  octa(quinolin-8-yloxy)diphthalocyanine,
Eu(HPc)(Pcl) (3). A mixture of phthalocyanine 4 (0.42 g,
0.39 mmol), EuCl; (0.10 g, 0.39 mmol), and DBU (0.41 g,
2.7 mmol) in 0-DCB (5 mL) was refluxed with stirring for 24 h.
The reaction mixture was cooled, the products were precipitated
with hexane, the precipitate was extracted with acetone in
a Soxhlet apparatus, and the solvent was removed in vacuo. The
product was isolated by column chromatography on silica gel
(acetone as the eluent). The complex Eu(HPc!)(Pc!) (3) was
obtained in ayield 0f 0.26 g (29%). Found (%): C, 70.58; H, 3.11;
N, 14.02. C3¢H73N,404Eu. Calculated (%): C, 70.31; H, 3.14;
N, 14.48. 1R, v/cm™!: 1245 (Ar—O—Ar), 1605, 1565, 1314, 1082,
791 (Pcl). MS (ESI), m/z: 2320 [M]~.

Europium (1) bis(8-hydroxyquinoline)phthalocyanine,
Eu(Pc)(Q)(HQ) (6). A mixture of phthalocyanine (H,Pc) (0.26 g,
0.51 mmol), Eu(Q); (5) (0.30 g, 0.51 mmol), and DBU (0.56 g,
3.6 mmol) in 0-DCB (5 mL) was refluxed with stirring for 24 h
under argon. The reaction mixture was cooled, the products
were precipitated with hexane, the precipitate was extracted with
acetone in a Soxhlet apparatus, and the solvent was removed
in vacuo. Complex 6 was obtained in a yield of 0.07 g (14%).
Found (%): C, 62.01; H, 3.26; N, 14.15. C5,H,9N;(O,Eu. Cal-
culated (%): C, 62.96; H, 3.04; N, 14.69. IR, v/cm~!: 1065 (Pc),
1596 (Ar), 1565 (Pc), 1496 (Ar), 1314 (Pc), 1100 (C—0), 1082 (Pc),
792 (Pc), 603 (Eu—0). MS (ESI), m/z: 977 [M + Na] ™.
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