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Substituted magnesium(II) phthalocyanines modified with
dimethylaminophenyl and trimethylaniliniumyl groups were
prepared and characterized. The tetra- and octa-substituted
phthalocyanines with the cationic trimethylaniliniumyl groups
were soluble in water, and the octa-substituted one existed as a
photoactive monomer in water.

Phthalocyanines (pcs) have been extensively investigated
and applied in widely different areas.1 Recently, water-soluble
pcs have been much interested because of their potential use
for photodynamic therapy (PDT).2 When using the pcs for
PDT as well as homogenous photocatalysts in water, one of
the most serious problems of pcs is their aggregating nature in
water, which prevents them from their photocatalytic uses.3 Al-
though many water-soluble pcs with anionic or cationic substitu-
ents are known,4 there have been only a few pc complexes that
exist predominantly as a photoactive monomer even in water.5

We have reported on the application of Suzuki-coupling reaction
for the preparation of pcs substituted with four or eight phenyl-
derivative groups.6 This synthetic procedure has enabled the pe-
ripheral introduction of several kind of phenyl derivatives on the
pc ring. Here, we introduce a synthetic way for tetra- and octa-
substituted Mg(II)pcs with cationic phenyl derivatives through
the mono- or di-substituted phthalonitriles with dimethylamino-
phenyl groups, which were prepared by Suzuki-coupling reac-
tion.

4-N,N-dimethylaminophenyl boronic acid (dmapB(OH)2)
was prepared from 4-bromo-N,N-dimethylaniline via the
Grignard reagents. The coupling reaction of 4-iodo- or 4,5-
dibromophthalonitrile7 with the dmapB(OH)2 was carried out

by similar procedures as described in a previous report
(Scheme 1; 1a, b).6 The completion of the reaction was checked
by GC–MS analysis. After the reaction mixture was filtered, fol-
lowed by evaporation of the solvent, the crude product was pu-
rified by silica-gel column chromatography using benzene as
eluent and recrystallized from ethanol.8 The Mg(II)pcs substitut-
ed with dmap were prepared by the reaction of the corresponding
phthalonitriles and magnesium propoxide (Figure 1; 2a, b).9 The
obtained Mg(II)pcs were subsequently treated with iodomethane
in chloroform for the methylation of dimethylamino groups. The
charged pcs(3a, b) were obtained as the iodide salts, and charac-
terized by ESI-MS.10 As shown in Figure 2, a signal
(m=z ¼ 201:2) corresponding to [C104H112N16Mg]8þ was found
for 3b. This is the first evidence for the formation of an eight-
positively charged species of the pc derivatives.11

The dmap-substituted pcs, 2a and 2b, were soluble in com-
mon organic solvents such as chloroform and benzene. The ab-
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Scheme 1. Reagents and conditions: a) dmapB(OH)2 (1.4
equiv.), K3PO4 (1.4 equiv.), b) dmapB(OH)2 (2.3 equiv.),
K3PO4 (2.3 equiv.), c) Pd(PPh3)4 (3mol%)/1,4-dioxane, at
90 �C.
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Figure 1. Tetra- and octa-substituted MgPcs.

Figure 2. Selected area of the ESI mass spectrum for 3b. (a)
Predicted isotopic pattern for [C104H112N16Mg]8þ. (b) Observed
isotopic pattern.
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sorption spectra of the dmap-substituted pcs showed a Q-band
peak at 711 nm (2a) and 718 nm (2b) in chloroform. The methy-
lated pcs, 3a and 3b, were insoluble in those organic solvents,
but highly soluble in water and in methanol. Absorption spectra
of 3a and 3b in water and in methanol are shown in Figure 3(i).
Both complexes showed a sharp Q-band, coming from their
monomeric species in methanol. However, in water, their spec-
tral features were different from each other. Although 3b showed
a sharp intensive Q-band at 697 nm, 3a showed a broadened
band at 649 nm with a shoulder band at 684 nm. The broadened
band is considered to originate from the aggregated species. As
shown in Figure 3(ii), the fluorescence spectra were observed for
3a and 3b in methanol and for 3b in water, but not for 3a in water
because of the aggregation, where the measured solutions were
set at the same absorbance at the excitation wavelength of
400 nm. That is, 3b predominantly exists as a monomer in water,
which could be due to the fact that there are strong electric repul-
sions among the cationic molecules with the eight positive
charges on the pc ring themselves.

In this study, new octa- and tetra-substituted pcs with tri-
methylaniliniumyl groups were prepared and investigated for
their spectral properties. It was found that the octa-substituted
one was monomeric even in water and promising as a photoca-
talyst and a photosensitizer for PDT.

The authors gratefully acknowledge Kawaken Fine Chemi-
cals Co., LTD. for supplying Pd(PPh3)4. This work was partially

supported by Grant-in-Aid for Scientific Research No. 14740364
from the Ministry of Education, Culture, Sports, Science and
Technology.

References and Notes
1 ‘‘Phthalocyanines, Properties and Applications,’’ ed. by

C. C. Leznoff and A. B. P. Lever, VCH, New York (1989–
1996), Vols. 1–4.

2 I. Rosenthal, Photochem. Photobiol., 53, 859 (1991).
3 A. Harriman and M.-C. Richoux, J. Chem. Soc., Faraday

Trans. 2, 76, 1618 (1980).
4 a) K. Kasuga, H. Hayashi, and M. Handa, Chem. Lett., 1991,

1877. b) D. A. Fernandez, J. Awruch, and L. E. Dicelio,
J. Photochem. Photobiol., B, 41, 227 (1997). c) K. Oda, S.
Ogura, and I. Okura, J. Photochem. Photobiol., B, 59, 20
(2000). d) A. Segalla, C. D. Borsarelli, S. E. Braslavsky,
J. D. Spikes, G. Roncucci, D. Dei, G. Chiti, G. Jori, and
E. Reddi, Photochem. Photobiol. Sci., 1, 641 (2002). e) F.
Giuntini, D. Nistri, G. Chiti, L. Fantetti, G. Jori, and G.
Roncucci, Tetrahedron Lett., 44, 515 (2003).

5 a) P. C. Martin, M. Gouterman, B. V. Pepich, G. E. Renzoni,
and D. C. Schindele, Inorg. Chem., 30, 3305 (1991). b) M. P.
De Filippis, D. Dei, L. Fantetti, and G. Roncucci, Tetrahe-
dron Lett., 41, 9143 (2000).

6 a) T. Sugimori, S. Okamoto, N. Kotoh, M. Handa, and
K. Kasuga, Chem. Lett., 2000, 1200. b) T. Sugimori, M.
Torikata, J. Nojima, S. Tominaka, K. Tobikawa, M. Handa,
and K. Kasuga, Inorg. Chem. Commun., 5, 1031 (2002).

7 C. C. Leznoff, Z. Li, H. Isago, A. M. D’ascanio, and D. S.
Terekhov, J. Porphyrins Phthalocyanines, 3, 406 (1999).

8 Analytical data: 1a: 1HNMR (CDCl3) �: 3.05 (6H, s), 6.82–
6.77 (1H, d), 7.54–7.48 (2H, d), 7.77–7.74 (2H, d), 7.87–7.83
(1H, d), 7.94 (1H, s); Anal. Found: C, 77.56; H, 5.35; N,
16.90%. Calcd. for C16H13N3: C, 77.71; H, 5.30; N,
16.99%. 1b: 1HNMR (CDCl3) �: 2.97 (12H, s), 6.63–6.59
(4H, d), 7.05–7.00 (4H, d), 7.72–7.26 (2H, s); Anal.Found:
C, 78.69; H, 6.19; N, 15.25%. Calcd. for C24H22N4: C,
78.66; H, 6.05; N, 15.29%.

9 Analytical data: 2a: Anal.Found: C, 75.42; H, 5.50; N,
16.12%. Calcd. for C64H52N12Mg: C, 75.85; H, 5.17; N,
16.58%.

10 3a: ESI-MS: m=z calcd. for [C68H64N12Mg]4þ 268.13; found
268.2 3b: ESI-MS: m=z calcd. for [C104H112N16Mg]8þ

201.11; found 201.2
11 A tetra-substituted octa-cationic pc has been reported in

Ref. 5b. However, its MS data shown there was only that
for the fragments of the cationic pc.

Wavelength / nm
300 400 500 600 700 800

A
bs

or
ba

nc
e 

/ a
.u

.

(i)

3a

3b

Wavelength / nm
600 700 800

In
te

ns
ity

 / 
a.

u.

(ii)

3a

3b

Figure 3. Absorption (i) and fluorescence (ii) (� ex ¼ 400 nm)
spectra of 3a and 3b in water (solid line) and in methanol
(dashed line).
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