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Abstract Four amphipathic cobalt(II), nickel(II), copper

(II), and zinc(II) coordination compounds of tetrakis-a-

(2-methyl-8-quinolinoxy)phthalocyanine are synthesized

using ‘‘DBU catalytic method’’. The titled complexes

are characterized by elemental analysis, mass spectra,

UV-Vis, and IR spectra. In addition, the rates of photo-

generated singlet oxygen and the rate constants of photo-

dynamic oxidation of amino-acid substrate by the

complexes are measured under the optical excitation at

670 nm, and the relations between their structures and

their photosensitivities are discussed.
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One of the most promising new uses of phthalocyanines is

their application in tumor photodynamic therapy (PDT)

as a medical photosensitizer. This application is based on

the so-called photodynamic effect, that is, the photosensi-

tizer is excited by laser via intersystem crossing to generate

an excited triplet which interacts with 3O2 to produce sing-

let oxygen (1O2) as toxic agent for cells to cause tumor

tissue necrosis [1]. The hydrophilic and lipophilic prop-

erties (i.e., amphipathy) of the photosensitizer may influ-

ence its internal transportation and its effect on being

uptaken after passing the cell membrane. Therefore,

proper central metal ions are often selected, or proper

ligands are introduced along the axial direction of the

central metal, or functional groups are introduced around

the phthalocyanin ring to perform combination and struc-

tural regulation to improve the photodynamic activity [2–

5]. In this paper, a kind of tetrakis-a-(2-methyl-8-quinoli-

noxy) phthalocyanine with amphipathy and N heteroa-

tom are synthesized. And the rates of singlet oxygen and

the rate constants of oxidation of tryptophane and tyro-

sine generated by the four titled complexes were measured

by irradiation of laser at 670 nm, and the relations

between their structures and their photosensitivities were

discussed so as to provide foundation for its application in

photodynamic therapy.

1 Experimental

1.1 Instruments and reagents

For spectral and the related analyses, the following instru-

ments were used: PE-983GFourier infra-red spectrograph

(Perkin-Elmer, UK), Lambda-800 UV-Vis spectrograph

(Perkin-Elmer, Germany), Vario EL III Elemental ana-

lysis instrument (Element, Germany), Varian caryeclipse

fluorescent instrument (Varian Instrument, USA), LCQ

Deca XP MAX mass spectrograph (FINNIGAN, USA),

FDGM laser; Shimadzu GC-14C gas chromatograph;

WRS-1A melting point instrument (Shanghai Optical

Instrument Factory), HPLC system with 1525 binary

pump, 2996 diode ultraviolet-visible light detector and

Millennium 32 data processing workstation (Waters,

USA), and Nova-parkC18 chromatographic column with

3.9 mm ID6 150 mm (Waters). All the solvents are rou-

tinely purified, and the metal salts are anhydrous

cobalt dichloride, nickel dichloride, copper dichloride

and zinc acetate, respectively. Other reagents are analyt-

ically pure.

1.2 Syntheses

3-(2-Methyl-8-quinolinoxy) phthalonitrile (prepared in our

lab) was used as the raw material, and the catalytic method

[6] of 1.8-dinitrogen heterobicyclic (5.4.0) undecylenic-7
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(DBU) was used to synthesize the titled complexes. The

reaction route is shown in Fig. 1.

n-Pentanol (10 mL), 3-(2-methyl-8-quinolinoxy) phtha-

lonitrile (0.3390 g, 1.2 mmol), metal salt (0.35 mmol), and

DBU (0.75 mL) were added in sequence into a three-

necked flask (25 mL) which was installed with reflux con-

denser and gas catheter. The mixture was refluxed for 6 h

at 150uC under the protection of nitrogen. Then, it was

cooled to room temperature and mixed solvents (meth-

anol of 25 mL +water of 50 mL) were added to precip-

itate the crude product. This product was filtered and the

filter cake was washed several times with water. The prod-

uct was purified by chromatography on a silica gel column

with 1:30 (V/V) CH3Cl:CH3OH as the eluent, and green

fractions were collected and concentrated. The resulting

residue was purified by the chromatographic column

again. The above steps were repeated for several times.

Finally, a rotary evaporator was used to evaporate the

solvent, and then the product was dried at constant

105uC. Thus, purified products a-(MQO)4PcCo, a-
(MQO)4PcNi, a-(MQO)4PcCu, and a-(MQO)4PcZn

(MQO represents 2-methyl-8-quinolinoxy) were obtained

as blue powders, and the yields were 35.4%, 36.6%, 38.5%,

and 38.0%, respectively.

1.3 Characterization methods

1.3.1 Characterization by elemental analysis, mass

spectrometry, IR spectrometry and UV-Vis spectrometry

In the characterization by MS, chloroform was used as the

solvent and methanol as the diluent. In the characterization

by IR spectrometry, KBr tabletting method was used to

measure the infrared spectrum in the range of 400–

4000 cm21. UV-Vis spectra of the four titled complexes

were measured in the range of 300–900 nm using DMF

as the solvent with the sample concentration at

56 1026 mol?L21.

1.3.2 Detection of complexes’ purity

The purity of the product was detected by high perform-

ance liquid chromatography (HPLC) with DMF andH2O

as the eluent with a flow rate of 1 mL?min21 in a gradient

way as follows: 0–5 min, linear change from 95%
H2O + 5% DMF to 70% H2O + 30% DMF; 5–25 min, lin-

ear change from 70% H2O + 30% DMF to 100% DMF.

The column temperature was 30¡ 2uC and the detected

wavelength was 300–800 nm.

1.4 Test of the rate of photodynamic-generated singlet

oxygen

According to the method in the literature [7], 2,5-

dimethyl furan (DMFU) was employed as the probe to

test the rates of photo-generated singlet oxygen by the 4

titled complexes under laser irradiation. The testing

method was as follows: the methanol solution of a-
(MQO)4PcM (56 1025 mol?L21), DMFU (0.15 mol?

L21), and pyridine (0.1 mol?L21) was accurately pre-

pared with the pyridine as the internal standard. In the

presence of continuous oxygen flow, the laser optical

fiber with the wavelength of 670 nm and optical density

of 150 mW/cm was inserted into the solution for irra-

diation. The samples were taken at regular intervals. The

concentration of DMFU in the solution was tested using

Fig. 1 Scheme for synthesis of tetra-a-(2-methyl-8-quinolinoxy)metallophthalocyanines
i: Anhydrous metal salt, ii: DBU, iii: Pentanol, N2, reflux 6 h
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gas chromatography, and the linear relationship was

obtained by drawing DC(DMFU)-t. From the slope of

the line, we could calculate the rate of consuming DMFU

by phthalocyanine in irradiation, that is, the rate of 1O2

generated by phthalocyanine. The gas chromatograph

was performed by programmed temperature method on a

BONDED PHASE column of 25 cm at 120uC, with N2 as

the carrier gas, the sampler at 150uC, and the testing tem-
perature at 180uC.

1.5 Test of rate constants of photodynamic oxidation of

amino acid substrate

The buffer solution was prepared by dissolving phthalo-

cyanine in mixed solvents with pH 7 composed of 2%
DMF, 2% CEL, 20% 1,2-propylene glycol, and 76% nor-

mal saline to form a solution with a concentration of

1.06 1025 mol?L21. The prepared solution was added to
a reaction container, and the laser irradiation with an

optical density of 210 mW/cm2 and wavelength of

670 nm was performed in the presence of continuous oxy-

gen flow under stirring. The samples were taken at regu-

lar intervals and the fluorescence intensity of amino acid

in the reaction system was tested (where, typtophan lex

was 290 nm and tyrosine lex was 275 nm). This photo-

oxidation process was the first-order reaction.
According to the rate equation of the first-order reaction

2dc/dt5 kc, and that the fluorescence intensity of

amino acid (F) was in direct proportion to its concen-

tration (C), ln(F0/Ft)-t was used to make a graph, whose

slope was the rate constant k.

2 Results and discussion

2.1 Results of EA and MS characterization

The results of EA of the four titled complexes are listed in

Table 1, which indicates that the experimental values are
consistent with the calculated values.

Mass spectra of the four titled complexes are shown in

Fig. 2 (a,b,c,d). The molecular weight of a-(MQO)4PcZn

is 1206.59, which is consistent with the largest abundant

peak (1206.3 nm) in Fig. 2(a); the molecular weight of a-
(MQO)4PcCu is 1203.29, which is consistent with the peak

at 1204.5 nm in Fig. 2(b); the molecular weight of a-
(MQO)4PcNi is 1198.3, which is consistent with the

peak at 1199.5 nm in Fig. 2; and the molecular weight

of a-(MQO)4PcCo is 1199.29, which is consistent with

the peak at 1200.4 nm in Fig. 2(d). Hence, we can con-

firm that the synthesized products are the target

Metallophthalocyanines.

2.2 Characterization by IR spectrometry

Table 2 demonstrates that the IR spectra of the 4 titled

complexes are very similar. Figure 3 shows the IR spec-

trum of tetrakis-a-(2-methyl-8-quinolinoxy) phthalocya-

nine zinc. In this figure, the absorption peaks at 1254

and 1087 cm21 belong to asymmetrical stretching vibra-
tion of aromatic oxide bond, the absorption peak at

750 cm21 belongs to stretching vibration of metal nitrogen

(M–N), the absorption peaks at 1603 and 1562 cm21

belong to the stretching vibration of C5C double bond

and the skeleton vibration of phthalocyanin ring, and the

peaks at 2922 and 2855 cm21 are the symmetrical and

asymmetrical stretching vibration of methyl, whereas the

absorption peak of cyano characteristic vibration disap-
pears.

2.3 Characterization by UV-Vis spectrometry

The UV-Vis spectra of the 4 titled complexes in DMF solu-

tion are show in Fig. 4, and their data are shown in Table 3.

The maximum absorption of Q band is near 680 nm, which

is exactly the typical absorption spectral characteristic of
phthalocyanines. Compared with experimental results, it

indicates that the influence of central metal on the Q band

of the complex is more obvious than that on the B band.

The main trend of Q band’s lmax and molar absorptivity of

titled complexes (e) enlarge with the increase of the atomic

number of metal, that is, from Co to Zn, the Q band’s lmax

of the complexes show gradual red shift, and the e value

increases gradually (see Fig. 4 and Table 3).

2.4 Analysis by high performance liquid

chromatography

The results analyzed by high performance liquid chromato-

graphy of the 4 titled complexes are shown in Fig. 5(a,b,c,

d), and the high performance liquid chromatogram of the

reaction precursor 3-(2-methyl-8-quinolinoxy) phthaloni-
trile is shown in Fig. 6. The retention time of the 4 com-

plexes is 18.3 min (Co), 26.7 min (Ni), 21.2 min (Cu), and

20.1 min (Zn), respectively, while the retention time of 3-(2-

methyl-8-quinolinoxy) phthalonitrile is 10.1 min. In Fig. 5

(a,b,c,d), there is no precursor’s peak at 10.1 min, suggest-

ing that in the purification process of phthalocyanines,

unreacted 3-(2-methyl-8-quinolinoxy) phthalonitrile has

been eliminated. What requires explanation is that from
HPLC three-dimensional graphs (Fig. 5) of the phthalo-

cyanines, we can see that the obtained complexes are the

mixture of multiple isomers, and a further separation

Table 1 Elemental analysis data of the metallophthalocyanines

complex C/% H/% N/%

a-(MQO)4PcZn 71.47 (71.67) 3.84 (3.68) 13.10 (13.93)

a-(MQO)4PcNi 72.24 (72.07) 4.25 (3.70) 13.55 (14.01)

a-(MQO)4PcCu 72.50 (71.78) 4.17 (3.68) 14.50 (13.95)

a-(MQO)4PcCo 72.53 (72.06) 3.15 (3.70) 14.56 (14.01)

Note: The data in the brackets are calculated values.
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Fig. 2 MS of the a-(MQO)4PcM
(a) a-(MQO)4PcZn, (b) a-(MQO)4PcCu, (c) a-(MQO)4PcNi, (d) a-(MQO)4PcCo
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needs to use preparative HPLC, which is also an

acknowledged difficult separation throughout the world

at present.

The above results show that the titled complexes can be

obtained in high yields and purities using simple column

chromatographic purification method.

2.5 Ability of photodynamic generating 1O2

The rates of photodynamic generating 1O2 by the 4 titled

complexes are listed in Table 4. From Table 4, we can see

that the abilities of photodynamic generating 1O2 for

phthalocyanines which contain different central metals

Table 2 Selected IR spectral data and the assignment of a-(MQO)4PcM complex

complex nas (Ar–O–Ar)/cm21 ns (Ar–O–Ar)/cm21 n(C–N)/cm21 n(CH3)/cm
21 n(M–N)/cm21 vibration of phthalocyanin ring/cm21

a-(MQO)4PcZn 1254 1087 1325 2951 750 1603

2922 1562

2855

a-(MQO)4PcNi 1253 1086 1323 2952 749 1601

2916 1561

a-(MQO)4PcCu 1254 1087 1324 2950 750 1602

2922 1561

2868

2857

a-(MQO)4PcCo 1254 1088 1325 2954 751 1603

2923 1562

2868

Fig. 3 IR spectra of the a-(MQO)4PcZn

Fig. 4 UV-Vis spectra of the a-(MQO)4PcM complex in
DMF solution

Table 3 UV/Vis spectra data of a-(MQO)4PcM complex

complex B band Q band e

lmax/nm lmaxnm /mol21?L?cm21

a-(MQO)4PcZn 320 694 1.86 105

a-(MQO)4PcCu 326 695 1.66 105

a-(MQO)4PcNi 320 691 4.86 104

a-(MQO)4PcCo 319 680 7.46 104
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in sequence are: a-(MQO)4PcZn. a-(MQO)4PcCu. a-
(MQO)4PcCo. a-(MQO)4PcNi, indicating that the

central metal ion has noticeable influence on the ability

of photodynamic generating 1O2 for phthalocyanines. In

other words, because of the different electronic structure

of the central metal ion, the ability of generating 1O2 is

obviously different. The general trend is that with the

increase of 3d electronic number, the ability of generat-

ing 1O2 increases, in particular, when Zn2+ which has an

electronic structure of closed shell is as the central metal,

its ability of generating 1O2 for phthalocyanines is stron-

ger, which is consistent with the law reported in literat-

ure [8,9].

2.6 Ability of photodynamic oxidation of amino acid

The rate constants of photodynamic oxidation of tyrosine

and tryptophane by the 4 titled complexes are given in

Table 5. From Table 5, we can see that (1) the same com-

plex has different oxidation abilities towards different

amino acids, and the general trend is that the ability of

oxidizing tryptophane is stronger, which is possibly

because the electrode potentials of redox electron pair of

the two amino acids are different; (2) Different central

metal complexes are different in the ability of oxidation

Fig. 5 The HPLC elution profile of a-(MQO)4PcM
(a) a-(MQO)4PcZn, (b) a-(MQO)4PcCu, (c) a-(MQO)4PcNi, (d) a-(MQO)4PcCo

Fig. 6 The HPLC elution profile of precursor
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of the same amino acid, which indicates that the electronic

structure of central metal ion has noticeable influence on
the ability of amino acid’s oxidation. And the general

trend is that with the increase of 3d electronic number of

the central mental, the ability of oxidation increases,

which is consistent with the data of photosensitive gen-

erating 1O2, and also shows that the phthalocyanines gen-

erate 1O2 and further oxidize the substrate [10] mainly via

type II mechanism. Therefore, when the central metal is

Zn2+, its ability of oxidation of amino acid is stronger, in
particular, the oxidation ability towards tryptophane is

far beyond the other metallophthalocyanines.

3 Conclusions

(1) Four novel metallophthalocyanines have been synthe-
sized using DBU catalytic method and 2-methyl-8-quino-

linoxy as the ligand around the ring. The target products

can be obtained in high yields without the need for per-

forming numerous HPLC separation.

(2) Studies show that the electronic structure of central

metal has the greatest influence on the photosensitivity

of the titled complexes (i.e. abilities of photodynamic gen-

erating 1O2 and photodynamic oxidation of amino acid
substrate), of which the a-(MQO)4PcZn with Zn2+ having

closed shell in the electronic structure as the central metal

has higher photosensitivity, being likely a new generation

photosensitizer.
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