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A series of new metal monophthalocyanine complexes were synthesized from 4,5�iso�
propylidenedioxyphthalonitrile and their spectroscopic and electrochemical properties were
studied. The removal of the protective isopropylidene groups from these compounds afforded
symmetrically substituted octahydroxyphthalocyanines.
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Tetrahydroxyphthalocyanines are of interest as poten�
tial pharmaceuticals for photodynamic therapy.1 The pres�
ence of hydroxy groups in these compounds allows one to
carry out chemical modifications of phthalocyanines.2,3

However, tetrahydroxyphthalocyanines occur as un�
separable mixtures of isomers. The problem of the syn�
thesis of structurally homogeneous complexes can be
solved by preparing symmetrically substituted phthalo�
cyanines (Pc) containing eight hydroxy groups. 4,5�Di�
hydroxyphthalonitrile or its derivatives bearing readily re�
movable protective groups can serve as precursors of these
complexes.

With the aim of preparing symmetrically substituted
polyhydroxyphthalocyanines, we synthesized 4,5�iso�
propylidenedioxyphthalonitrile (5,6�dicyano�2,2�di�
methyl�1,3�benzodioxolane) (1) (Scheme 1).4 It was

found4 that heating of 5,6�dibromo�2,2�dimethyl�1,3�
benzodioxolane (2) with an excess of CuCN afforded
2�bromo�4,5�isopropylidenedioxybenzonitrile (3), which
was then transformed into the target phthalonitrile 1.
However, compound 1 was prepared in a yield of no
higher than 40—50%, because prolonged heating led to
partial debromination of compound 3 giving rise to
3,4�isopropylidenedioxybenzonitrile (4).

By analogy with the published data,5,6 the reaction of
dinitrile 1 with Zn(OAc)2 (5a) in isopentyl alcohol in the
presence of 1,8�diazabicyclo[5.4.0]undec�7�ene (DBU)
afforded zinc 2,3,9,10,16,17,23,24�tetra(isopropylidene�
dioxy)phthalocyanine (6a) (Scheme 2). The use of lan�
thanide acetates 5b—g in this reaction instead of zinc
acetate yielded the corresponding 2,3,9,10,16,17,23,24�
tetra(isopropylidenedioxy)phthalocyanines 6b—g. In an
attempt to synthesize the praseodymium complex, metal�
free phthalocyanine (Me2CO2)4PcH2 (6h) was isolated.

Metal�free phthalocyanine was also prepared by re�
fluxing a mixture of phthalonitrile 1 and lithium methoxide
in isopentyl alcohol followed by treatment with acetic acid.

Complexes of lanthanides were prepared for the pur�
pose of studying the effect of the radius of the rare�earth
element on the absorption maxima in electronic spectra.
In the case of monophthalocyanine complexes, this effect
is weak, but it is substantially enhanced on going to
diphthalocyanines.

By analogy with the published data,4,7 zinc
2,3,9,10,16,17,23,24�octahydroxyphthalocyanine (7a)
was synthesized by dissolving complex 6a in H2SO4 fol�
lowed by treatment with water. The reaction of lutetium

Scheme 1
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monophthalocyanine (6g) with sulfuric acid for 2—3 min
resulted in the removal of the isopropylidene groups (to
give 7g), whereas more prolonged treatment resulted in
demetallation of the complex giving rise to metal�free
2,3,9,10,16,17,23,24�octahydroxyphthalocyanine (7h)
(Scheme 3).

Scheme 3

М = Zn (а), LuOAc (g), 2 H (h)

The MALDI�TOF mass spectra of the complexes were
studied. The mass spectrum of compound 6a has an in�
tense molecular ion peak at m/z 865 with the isotope
splitting characteristic of this type of complexes (Fig. 1).
The mass spectra of complexes 6b—f have peaks at
m/z 950—1000 belonging to the macrocyclic ligands,
which contain the corresponding metal ions and are de�
void of acetate ions. The mass spectrum of compound 6g
has a molecular ion peak (m/z 1035).

The electronic absorption spectra of monophthalo�
cyanines are characterized by an intense Q peak in the
660—675�nm region, which is typical of the Pc2– ion and
corresponds to the electron transition between the π and
π* orbitals. The Soret band has a maximum at 360 nm
(Table 1).

In going from phthalocyanines 6 to octahydroxy de�
rivatives 7, the Q band is bathochromically shifted by
13—15 and 20 nm for the metal�containing phthalocya�
nines and metal�free phthalocyanine, respectively.

Compound λmax/nm Compound λmax/nm
6a 670 7a 685
6g 668 7g 681
6h 658, 692 7h 678, 712

The typical spectra of the complexes under study are
shown in Figs. 2 and 3.

Earlier, the electrochemical properties of rare�earth
monophthalocyanines have been studied only for unsub�

Scheme 2

M = Zn (a), SmOAc (b), EuOAc (c), TbOAc (d), DyOAc (e),
 YbOAc (f), LuOAc (g), 2 H (h)

Fig. 1. Mass spectrum of complex 6a: a, overall view, b, molecular ion peak.
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stituted complexes in oxidation,8 where two single�elec�
tron processes were observed. The redox potentials of
lutetium 1,2�naphthalocyanine (the cathodic and anodic
regions) were also reported.9

The electrochemical properties of zinc, terbium, and
lutetium complexes (6a, 6d, and 6g, respectively) were
studied by cyclic voltammetry on a graphite electrode
(pyrolyzed polyacrylonitrile). The cyclic voltammogram

of compound 6g is shown in Fig. 4. For each of the three
complexes under study, we observed two single�electron
redox transitions both in the oxidation and reduction,
whose potentials are given in Table 2. At a potential sweep
rate of 100 mV s–1, all redox transformations are quasi�
reversible (the potential difference between the direct and
reverse peaks was 60—160 mV), except for the second
oxidation process of the lanthanide complexes for which
reverse peaks were absent. The irreversibility of the sec�
ond oxidation process of lanthanide monophthalocyanines
has also been found earlier.8 We observed that after oxida�
tion at the second wave, the starting compound was re�
generated only partially.

For comparison, Table 2 gives the redox poten�
tials of unsubstituted lutetium monophthalocyanine
PcLiOAc (8), unsubstituted zinc phthalocyanine PcZn (9),
zinc octabutoxyphthalocyanine (10), and zinc tetra�
neopentyloxyphthalocyanine (11). It can be seen that the
introduction of the electron�withdrawing isopropylidene�
dioxy group into the phthalocyanine macrocycles causes a
shift of the redox potentials of the complexes in the ca�
thodic direction compared to the potentials of the un�
substituted complexes due to an increase in the electron
density on the phthalocyanine rings. For complex 6a, shifts

Table 1. Positions of absorption bands in the electronic absorp�
tion spectra of solutions of phthalocyanines 6a—h (CHCl3)

Compound λmax/nm

(Ме2СО2)4РсZn (6a) 363, 600, 638, 665
(Ме2СО2)4РсSmОАс (6b) 357, 420, 610, 676
(Ме2СО2)4РсEuОАс (6c) 359, 410, 602, 671
(Ме2СО2)4РсTbОАс (6d) 353, 417, 606, 677
(Ме2СО2)4РсDyОАс (6e) 358, 418, 604, 675
(Ме2СО2)4РсYbОАс (6f) 360, 410, 607, 677
(Ме2СО2)4РсLuОАс (6g) 355, 410, 605, 676
(Ме2СО2)4РсH2 (6h) 348, 421, 593, 653, 693
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Fig. 2. Electronic absorption spectra of compounds 6g (1, 2) and
7g (3) in CHCl3 (1) and DMF (2, 3).

Fig. 3. Electronic absorption spectra of compounds 6h (1) and
7h (2) in DMF.
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Fig. 4. Cyclic voltammogram of complex 6g (graphite electrode,
MeCN, 0.05 M Bun

4NBF4, Ag|AgCl|KCl, ν = 100 mV s–1, 20 °C):
a, cathodic region, b, anodic region.
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of the potential in the cathodic direction are smaller than
those for the tetra� and octaalkoxy�substituted complexes.
Therefore, the isopropylidenedioxy groups exhibit appar�
ently the lower electron�withdrawing ability than two
alkoxy groups at the same positions of the phthalocyanine
macrocycle. A decrease in the ionic radius of lanthanide
leads to a shift of the potentials of redox transitions in the
anodic direction, which is consistent with the data pub�
lished earlier for the first oxidation process of unsubstituted
lanthanide monophthalocyanine complexes.8

Experimental

The 1H and 13C NMR spectra were recorded on a Bruker
AC�200 instrument (200 and 50.3 MHz, respectively) in CDCl3
or (CD3)2SO with Me4Si as the internal standard. Thin�layer
chromatography was carried out on Silufol UV�254 plates. Mass
spectra were measured on Finnigan MAT INCOS�50 (EI, 70 eV,
direct inlet) and VISION�2000 (MALDI�TOF) instruments.

Acetonitrile of analytical grade used for electrochemical
studies was purified according to a procedure described ear�
lier.13 o�Dichlorobenzene of high�purity grade was passed
through a column with neutral Al2O3 immediately before use;
Bun

4NBF4 (Aldrich) was twice recrystallized from PriOH of
special�purity grade and dried in vacuo at 110 °C.

Electrochemical measurements were carried out with a
P�5827 potentiostat, a PR�8 programmator, and a two�coordi�
nate PDA1 recorder using a three�electrode scheme on a graph�
ite electrode (pyrolyzed polyacrylonitrile, Sspec = 12 m2 g–1,
m ∼1 mg) at 20 °C. Acetonitrile and o�dichlorobenzene were
used as the solvents. The concentrations of the supporting elect�
rolyte Bun

4NBF4 were 0.05 and 0.15 mol L–1, respectively. Plati�
num wire was used as the auxiliary electrode and a saturated
Ag/AgCl/KCl electrode was used as the reference electrode.
Oxygen was removed from the cell by a stream of dry argon.
Voltammetric curves were recorded by cyclic voltammetry at a
sweep rate of 100 mV s–1. The measured peak potentials were
recalculated taking into account the resistance of the electro�
lyte, which was calculated from the shifts of the anodic and
cathodic peaks of oxidation of ferrocene according to the equa�

tion (E c – E a) – 0.059 = IR, where E c and E a are the cathodic
and anodic peak potentials, respectively, I is the sum of the
currents of the cathodic and anodic processes, respectively, and
R is the resistance of the electrolyte. The concentrations of the
complexes under study were 1•10–4—3•10–4 mol L–1.

4,5�Isopropylidenedioxyphthalonitrile (1) was prepared ac�
cording to a procedure described by us earlier.4

3,4�Isopropylidenedioxybenzonitrile (4) was obtained in the
chromatographic isolation of compound 1 (SiO2 column, ben�
zene as the eluent). Yield 15—22%, m.p. 75—76 °C. 1H NMR,
δ: 1.71 (s, 6 H, CMe2); 6.77 (d, 1 H, H(5), 3J = 8 Hz); 6.96 (d,
1 H, H(2), 4J = 1.75 Hz); 7.18 (dd, 1 H, H(6), 4J = 1.75 Hz,
3J = 8 Hz). 13C NMR, δ: 25.97 (Me); 104.23 (C(1)); 109.02
(C(5)); 111.28 (C(2)); 119.32 (CN); 120.21 (OCO); 127.79
(C(6)); 147.81 (C(3)); 151.37 (C(4)). MS (m/z): 865 [M]+.
Calculated (%): C, 68.56; H, 5.18; N, 8.00. C10H9NO2.
Found (%): C, 68.80; H, 5.33; N, 8.11.

Metal 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanines 6a—g (general procedure). A mixture of
dinitrile 1 (0.5 g, 2.5 mmol), DBU (0.378 g, 2.5 mmol), and the
corresponding metal acetate (0.625 mmol) was refluxed in
isopentyl alcohol (5 mL) under argon until the reaction was
completed (5—7 h). The reaction was monitored by TLC. After
completion of the reaction, light petroleum (25 mL) was added
to the reaction mixture. The precipitate that formed was filtered
off, washed with a small amount of light petroleum, and dried in
air. Phthalocyanine complexes were isolated by repeated extrac�
tion of the resulting powders with hot EtOAc. The phthalocya�
nines thus formed were purified by preparative TLC (Silufol
UV�254, EtOAc).

Zinc 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine (6a). Yield 64%. 1H NMR, δ: 2.21 (s, 24 H,
C(2)Me2); 8.72 (s, 8 H, H arom.). MS (m/z): 865 [M]+.
Found (%): C, 61.10; H, 3.68; N, 12.86. C44H32N8O8Zn. Cal�
culated (%): C, 61.01; H, 3.72; N, 12.94.

Samarium 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine acetate (6b). Yield 22.4%. MS (m/z): 951
[M – AcO]+. Found (%): C, 54.28; H, 3.50; N, 11.06.
C46H35N8O10Sm. Calculated (%): C, 54.69; H, 3.49; N, 11.00.

Europium 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine acetate (6c). Yield 31%. MS (m/z): 952
[M – Ac]+. Found (%): C, 54.32; H, 3.47; N, 10.98.
C46H35N8O10Eu. Calculated (%): C, 54.61; H, 3.49; N, 11.07.

Terbium 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine acetate (6d). Yield 74.5%. MS (m/z): 959
[M – AcO]+. Found (%): C, 54.18; H, 3.52; N, 10.96.
C46H37N8O10Tb. Calculated (%): C, 54.23; H, 3.46; N, 11.00.

Dysprosium 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine acetate (6e). Yield 48%. MS (m/z): 963
[M – AcO]+. Found (%): C, 54.10; H, 3.51; N, 10.71.
C46H37N8O10Dy. Calculated (%): C, 54.04; H, 3.45; N, 10.96.

Ytterbium 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine acetate (6f). Yield 48%. MS (m/z): 972
[M – AcO]+. Found (%): C, 53.12; H, 3.47; N, 10.79.
C46H37N8O10Yb. Calculated (%): C, 53.49; H, 3.42; N, 10.85.

Lutetium 2,3,9,10,16,17,23,24�tetra(isopropylidenedi�
oxy)phthalocyanine acetate (6g). Yield 45%. MS (m/z):
1035 [M]+. Found (%): C, 53.46; H, 3.37; N, 10.68.
C46H37N8O10Lu. Calculated (%): C, 53.39; H, 3.41; N, 10.83.

2,3,9,10,16,17,23,24�Tetra(isopropylidenedioxy)phthalo�
cyanine (6h). A mixture of dinitrile 1 (0.5 g, 2.5 mmol) and

Table 2. Potentials of redox transitions of lanthanide and zinc
monophthalocyanine complexes

Com� Solvent E/V Refer�
plex

Oxidation Reduction
ence

6a a o�DCB b 0.59 1.27 –0.99 –1.37 c

6d a MeCN 0.38 1.23 d –1.17 –1.50 c

6g a MeCN 0.46 1.28 c –1.13 –1.51 c

8 a MeCN 0.59 1.31 –1.08 –1.50 c

9 e DMF 0.67 — –0.86 –1.30 10

10 b DMF(Py) 0.50 — –1.06 –1.53 11

11 e o�DCB b 0.47 1.13 –1.17 –1.55 12

a vs. Ag|AgCl|KCl.
b o�DCB is o�dichlorobenzene.
c The present study.
d The peak potential, the redox process is irreversible.
e vs. SCE.
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MeOLi (0.19 g, 5 mmol) was refluxed in isopentyl alcohol (5 mL)
under argon for 6 h. After completion of the reaction, AcOH
(0.5 mL) was added. The solvent was evaporated in vacuo and
the residue was purified by column chromatography (Al2O3,
CHCl3) to give a blue powder in a yield of 0.32 g (64%).
MS (m/z): 802 [M]+. Found (%): C, 65.70; H, 4.53; N, 13.86.
C44H34N8O8. Calculated (%): C, 65.83; H, 4.27; N, 13.96.

Zinc 2,3,9,10,16,17,23,24�octahydroxyphthalocyanine (7a).
Zinc 2,3,9,10,16,17,23,24�tetra(isopropylidenedioxy)phthalo�
cyanine (6a) (0.15 g) was dissolved in concentrated H2SO4
(5 mL). Immediately after complete dissolution, the resulting
solution was poured onto ice. The precipitate that formed was
filtered off, washed with water to the neutral reaction, dried,
and reprecipitated with hexane from DMF. Yield 94%. 1H NMR,
δ: 10.14 (s, 8 H, OH); 8.68, (s, 8 H, H arom.). MS (m/z):
705 [M]+. Found (%): C, 54.56; H, 2.32; N, 15.91.
C32H16N8O8Zn. Calculated (%): C, 54.45; H, 2.28; N, 15.87.

Lutetium 2,3,9,10,16,17,23,24�octahydroxyphthalocyanine
acetate (7g) was prepared analogously. Yield 72%. MS (m/z):
815 [M]+.
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