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2(3)-Tetrakis(allyloxy) substituted phthalocyanine complexes of Zn(II), Pt(II) and Pd(II) have been obtained from 
a phthalocyanine ligand in high yields (up to 90 %). Both thermal and microwave irradiation techniques were 
successfully applied for complexes of Pd(II). Platinum and palladium complexes were synthesized for the first time 
and the new method for the synthesis of zinc complex was proposed. The obtained compounds were characterized 
by a combination of MALDI/TOF mass spectrometry, UV–Vis, and 195Pt NMR spectroscopies. Photochemical properties 
of platinum(II) phthalocyanine were investigated. It was shown that this complex maintained high production of singlet 
oxygen and potentially can be used in photodynamic therapy.
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Синтез и характеристика тетракис(аллилокси)замещенных 
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В работе были получены Zn(II), Pt(II) и Pd(II) комплексы 2(3)-тетракис(аллилокси)замещенных фталоциа-
нинов с высокими выходами (до 90 %). Для комплексов с палладием(II) успешно применялись как сплавление, 
так и микроволновое излучение. Комплексы с платиной и палладием получены впервые, предложен новый ме-
тод синтеза цинкового комплекса. Полученные соединения охарактеризованы комбинацией MALDI/TOF масс-
спектрометрии, электронной и 195Pt ЯМР спектроскопии. Были исследованы фотохимические свойства фта-
лоцианината платины(II), который способен в высокой степени генерировать синглетный кислород и потен-
циально может быть использован в фотодинамической терапии.

Ключевые слова: Фталоцианины, микроволновое излучение, электронная спектроскопия, 195Pt ЯМР 
спектроскопия, цинк(II), платина(II), палладий(II).
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Photodynamic therapy of cancer (PDT) is useful 
method for the treatment of various forms of oncology.[1] 

Phthalocyanine complexes are the most promising photo-
sensitizers (PS) for PDT[2,3] due to their advantages over 
other macroheterocyclic compounds. These compounds are 
characterized by absorbance in the region of 600–800 nm 
in the visible spectrum, corresponding to the therapeutic 
area, and high stability during light exposure. Platinum(II) 
phthalocyanine complexes are characterized by a high 
lifetime of a triplet state,[4] due to which they are poten-
tial candidates for use in PDT, as reported with some 
other platinum complexes.[5,6] One of the main problems 
of phthalocyanine applications in PDT is their poor solubil-
ity in physiological media. For this reason, research is cur-
rently being conducted in the field of search for amphiphilic 
water-soluble compounds, particularly the combination 
of hydrophobic macrocyclic structure of phthalocyanines 
with hydrophilic carbohydrate fragments.[7] PS in clinical 
use often show low selectivity and insufficiently specific 
distribution in the organism.[8,9] In this regard, targeted 
cancer therapy is actively developing, including in the PDT 
method. The structure of the PS is being combined with 
targeted particles, with a linker or directly. The introduction 
of linker into the structure of targeted molecules increases 
the effectiveness of drugs[10,11] and provides binding to vec-
tors, such as peptides, nanobodies or carbohydrates,[12-14] for 
the formation of conjugates, widely used in modern therapy 
for the targeted delivery of the drug to tumor tissues. An 
actual task of our research is the synthesis of phthalocyanine 
metal complexes, modified with linkers of allyl type as 
the peripheral substituents.

We report here the synthesis of several 
2(3)-tetrakis(allyloxy) substituted metallophthalocyanines 
from the corresponding phthalocyanine ligand, which 
was obtained previously from 4-(prop-2-enyloxy)phthaloni-
trile similarly to known procedure.[15]

Zn(II), Pt(II) and Pd(II) were chosen as the central metal 
ions. Zinc complex usually is used as a standard compound 
in photochemical studies of phthalocyanine-based PSs.[16]

For the subsequent creation of linkers containing 
a double bond between the aromatic phthalocyanine system 
and carbohydrate fragments in the described complexes, 
peripheral allyloxy groups were introduced by analogy with 
Refs.[17,18]

Zinc phthalocyanine (O-AllylPcZn) was synthesized 
by interaction of the initial phthalocyanine ligand (O-AllylPcH2) 
with zinc acetate dihydrate – Zn(OAc)2·2H2O – in the pres-
ence of lithium methoxide (MeOLi) in isoamyl alcohol 
(see Supporting Information, SI). Before adding zinc salt, 
it was decided to convert O-AllylPcH2 into the dianion form 
(O-AllylPc2-) by interaction with MeOLi (UV-Vis spectral 
control). The attempts have been made to use 1,8-diazabi-
cyclo[5.4.0]undec-7-ene (DBU) as a base, but in this case it 
was not possible to convert O-AllylPcH2 into a dianion form. 
After the addition of zinc acetate, the reaction was carried 
out by heating under argon for 1.5 hours and desired com-
plex was obtained with 90 % yield.

It should be noted that the zinc complex was also 
obtained by the method[15] based on 4-(prop-2-enyloxy)
phthalonitrile with 38 % yield. Comparison of methods 
shows that the proposed method is characterized by a much 
shorter reaction time (1.5 hours compared to 16 hours) 
and less time-consuming method of purification – column 
chromatography was not required. 

In the synthesis of O-AllylPcPt(II) and O‑AllylPcPd(II), 
the above method of obtaining a zinc complex did not give 
results due to the insufficient high temperature for the com-
plexation and low solubility of PtCl2 and PdCl2 in isoamyl 
alcohol. In connection with this a new method was developed. 
The complex was synthesized from O-AllylPcH2 and PtCl2 or 
PdCl2 in the presence of DBU in benzonitrile. An impor-
tant feature of this reaction is the preliminary generation 
of the PtCl2(PhCN)2 or PdCl2(PhCN)2 complexes obtained 
by the interaction of chlorides with benzonitrile, which 
increases its solubility in the reaction medium. After addi-
tion of O-AllylPcH2, the reaction was carried out by heating 
under argon for 8 hours and the target complex was obtained 
with 85 % yield. Both thermal and microwave irradiation 
techniques were successfully applied for complexes of Pd(II) 
(Scheme 1).

In the UV-Vis spectra of the complexes intense absorp-
tion is observed in the 340–350 nm region and at the Q-band 
(680–690 nm). 

The structure of the prepared complexes was proved 
by MALDI-TOF mass spectrometry.

In the spectrum of the O-AllylPcZn sample (Figure S1) sig-
nal m/z = 800.066 is observed, corresponding to the claimed 
structure and the signal m/z = 760.029, which corresponds 

Scheme 1. Synthesis  of  O-AllylPcZn,  O-AllylPcPt(II)  and  O-AllylPcPd(II) complexes.
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to the particle ZnPc(O‑Allyl)3O‑, formed as a result of frag-
mentation while the spectrum registration. The spectrum 
of O‑AllylPcPt(II) sample (Figure S2) also contains the desired 
signal at m/z = 931.106, and the signal at m/z = 767.152 cor-
responding to the PcPt(II)O-

4 particle formed as a result 
of fragmentation. Isotopic distributions for complexes cor-
respond to theoretically calculated ones. 

Platinum(II) phthalocyanine complex was character-
ized by 195Pt NMR spectroscopy (Figure S3). The spectrum 
contains signal at δ = –3200.664 ppm, which is in agreement 
with the literature data.[19,20]

The object of photochemical research in the work 
was platinum(II) phthalocyanine O-AllylPcPt(II). 

The phosphorescence lifetime estimated using 
the phosphoroscope method described in[21] is 0.8 ms. The 
phosphorescence measurements show that the triplet states 
of the studied compounds are significantly higher than 
the singlet 1Δg‑state of oxygen, which is a prerequisite for 
high photosensitizing activity.

The quantum yield of singlet oxygen generation 
was determined by a relative method using a chemical trap 
(diphenylisobenzofuran, DPBF) and tetraphenylporphine 
(TPP) as the standard compound (see Supporting Infor-
mation). The experimental data and the value of singlet 
oxygen quantum yield for platinum(II) phthalocyanine are 
presented in Table 1.

In conclusion, we have obtained 2(3)-tetrakis(allyloxy) 
substituted metallophthalocyanine complexes of Zn(II), 
Pt(II) and Pd(II) from the phthalocyanine ligand. Platinum 
complex was synthesized for the first time with 85 % yield 
and characterized by physicochemical methods. Both 
thermal and microwave irradiation techniques (600 W, 8 
min) were successfully applied for complexes of Pd(II). For 
the synthesis of zinc complex a new method was proposed 
with a higher yield (90 %) compared with the literature. 

Values of singlet oxygen quantum yields were obtained for 
the platinum(II) complex, showing a significant advantage 
relative to the standard compound (TPP).
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