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Synthesis and spectroscopic properties of the first
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Abstract—The adenine-containing zinc(II) phthalocyanines 3, 4a, and 4b have been prepared by standard O-alkylation of the
tetrahydroxy analogue 1. These macrocycles exhibit rather strong intermolecular interactions resulting in a poor solubility in
organic solvents and unusual spectral properties that are highly solvent-dependent. Self-assembly of the tetra-adenine phthalocya-
nine 3 and the thymine-containing 9,10-anthraquinone 6 through the Watson–Crick base-pairing interactions has also been
demonstrated by fluorescence quenching experiments. © 2000 Elsevier Science Ltd. All rights reserved.

Phthalocyanine, which was first developed as a pig-
ment, has found widespread applications in materials
science. To name a few, this compound and its substi-
tuted analogues can be used as semiconductors, photo-
conductors, electrochromic displays, optical recording
materials, and gas sensors.1 Apart from their important
contributions in materials science, this class of func-
tional dyes also has potential applications in the treat-
ment of a range of cancers, infectious diseases,2 and eye
and neurodegenerative diseases;3 most of them are re-
lated to the photocytotoxic effects of these compounds.
For the medical applications, it is desirable that the
macrocycles can be substituted with biocompatible moi-
eties which can not only enhance the solubility of these
compounds in biological media, but also promote cellu-
lar recognition and maintain the photoactivity of the
phthalocyanine core by preventing its self-association.4

To date, phthalocyanines conjugated with biological
molecules are rare and only a few examples containing
monosaccharides,5 amino acids,6 and antibodies7 have
been described. Although porphyrin–nucleobase and
nucleoside conjugates have been studied extensively
owing to their potential applications in molecular
recognition, energy- and electron-transfer processes,
and antiviral and anticancer therapies,8 to our knowl-
edge, analogous conjugates based on the structurally
related phthalocyanine have not been reported. In this
paper, we describe the first phthalocyanine–nucleobase

conjugates including their synthesis and spectroscopic
properties.

Treatment of tetrahydroxyphthalocyanine 1 (as a mix-
ture of constitutional isomers)9 with an excess of 9-(2-
bromoethyl)adenine 2a and K2CO3 led to the formation
of adenine-containing phthalocyanine 3 (Scheme 1).
The compound has poor solubility in most organic
solvents and purification could only be achieved by
column chromatography using DMF as eluent. The
unsymmetrical analogues 4a and 4b were also prepared
by treating 1 with an equiv. of (bromoalkyl)adenine 2a
or 2b, followed by the addition of excess 1-bromopen-
tane (Scheme 1). Due to the presence of three pentyloxy
substituents, these unsymmetrical phthalocyanines are
slightly soluble in CHCl3, CH2Cl2 and toluene, but their
solubility in MeOH, EtOH and water is still limited.
Interestingly, the solubility of these compounds in
CHCl3 or CH2Cl2 is greatly increased by the addition of
a small amount of MeOH. All these observations sug-
gest that the intermolecular interactions of these
adenine–phthalocyanine conjugates are substantial,
and apart from the p–p interactions, intermolecular
hydrogen bonding and/or axial coordination of the
zinc(II) center with adenine10 may also play a signifi-
cant role.

All the new compounds were characterized with a range
of spectroscopic methods.11 The absorption spectrum of
3 in DMF showed strong Q and B band absorptions at
682 and 354 nm, respectively, indicating that 3 exists
mainly as a monomeric species in DMF. Upon addition
of CHCl3, the intensity of these two bands decreased,
while a new signal at 630 nm emerged which can be
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ascribed to an aggregated species.12 These results
showed that CHCl3, being a poor solvent for 3, induces
molecular aggregation of this compound. This was

corroborated with a decrease in fluorescence intensity
(lex=615 nm, lem=686 nm) with increasing CHCl3
content.13

Scheme 1.

Figure 1. Absorption spectra and fluorescence quantum yields (inset) of 4a in THF (
), EtOAc (�), toluene (�), MeOH ("),
or CH2Cl2 (	) (1.0×10−5 mol dm−3).
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Figure 2. Schematic diagrams of (a) a head-to-tail or slipped face-to-face dimer of 4a and (b) a normal face-to-face dimer of 4a.

Figure 3. Fluorescence (solid line, excited at 610 nm) and excitation (dash, monitored at 710 nm) spectra of 4a in toluene
(5.0×10−6 mol dm−3).

The UV–vis spectrum of 4a is also solvent-dependent.
As shown in Fig. 1, the spectra recorded in relatively
polar solvents such as THF and ethyl acetate show a
single Q band at 677 nm, which is characteristic of
monomeric species. In CH2Cl2 or toluene, the Q band is
split and slightly red-shifted. The two Q band absorp-
tions were found to follow the Beer–Lambert law in
CH2Cl2 (from 6.3×10−6 to 1.0×10−4 mol dm−3). In
MeOH, the spectrum displays a rather weak Q band at
677 nm and the band attributable to the aggregated
species at 633 nm, suggesting that 4a exhibits a rather
high aggregation tendency under these conditions.

According to the molecular exciton model,12c,14 the
red-shifted Q bands observed for 4a in CH2Cl2 and
toluene may be attributed to a head-to-tail dimer (Fig.
2a), or a so-called J-aggregate, while the blue-shifted Q
band observed in MeOH is due to a face-to-face dimer
(Fig. 2b), or a so-called H-aggregate, which is com-
monly seen in many phthalocyanine systems.12 The
appearance of additional Q band at longer wavelength
was also found for zinc(II) phthalocyanines with four
3-pentyloxy15 or 2-ferrocenylethoxy moieties.16 This
band, however, is of a different nature with that ob-
served in this case. For these macrocycles, the relative
intensity of the ‘normal’ Q band and the red-shifted Q
band decreases with decreasing concentration of ph-
thalocyanine which is in contrast to the present case in
which both Q bands for 4a strictly follow the Beer–
Lambert law.

Methanol thus appears to play a crucial role in con-
trolling the mode of aggregation of 4a. This solvent
also has a great influence on the spectral properties of
4a in CH2Cl2. Upon addition of a small amount of
MeOH (up to 4%), the split Q band coalesced and
intensified, and the fluorescence quantum yield in-
creased from 0.03 to 0.30, showing that MeOH is very
effective on disrupting molecular association of 4a in
CH2Cl2.

As shown in the inset of Fig. 1, the fluorescence quan-
tum yield of 4a also depends on the solvent. The values
observed in THF and ethyl acetate (ca. 0.30) are typical
for monomeric zinc(II) phthalocyanines,17 while those
measured in CH2Cl2, toluene or MeOH are significantly
lower due to the formation of some kinds of dimers.
Fig. 3 shows the fluorescence and excitation spectra of
4a in toluene. It can be seen that the excitation spec-
trum closely resembles the absorption spectrum, show-
ing that the two absorption bands in the red region
belong to the same species (i.e. the slipped face-to-face
dimer), which is emissive. It is worth noting that
dimeric and aggregated phthalocyanines are normally
not fluorescent due to an efficient internal conversion,
and to our knowledge only one exception has been
reported so far.18

The assignment of a slipped face-to-face dimer for the
red-shifted Q bands of 4a was further supported by the
spectral features of 4b. The absorption spectra of 4b in
various solvents such as THF, CHCl3, toluene, CH2Cl2,
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Scheme 2.

Figure 4. Stern–Volmer plots for the fluorescence quenching of 3 in DMF/THF (9:1) (3.0×10−6 mol dm−3) by 6 (
) or
9,10-anthraquinone (	).

or MeOH showed only a single Q band at ca. 680 nm.
Although the absorption intensity as well as the fluores-
cence quantum yield was solvent-dependent, split and
red-shifted dimeric bands were not observed. This
might arise from the larger separation between the
phthalocyanine core and the adenine moiety in 4b
compared with 4a, which hinders the formation of a
stable cofacial dimer such as the one shown in Fig. 2(a).

To investigate the base-pairing effects of these adenine-
containing phthalocyanines, the fluorescence quencher
6, which contains a thymine moiety, was prepared by
standard nucleophilic substitution of 5 with thymine
(Scheme 2). Fig. 4 shows the Stern–Volmer plots for
the fluorescence quenching of 3 with 6 and unsubsti-
tuted 9,10-anthraquinone. It can be seen that the
fluorescence quenching is much faster when a thymine
moiety is linked to the quencher, suggesting that the
Watson–Crick base-pairing interactions between the
adenine and thymine moieties are present. Such non-
covalent interactions have been found to be important
in the construction of supramolecular systems of por-
phyrin-nucleobase conjugates in which photo-induced
electron- and energy-transfer processes occur read-
ily.8b,19 Under similar conditions, fluorescence quench-
ing of 4a and 4b was found to be slow and the rate
virtually did not depend whether or not a thymine
moiety is linked to the quencher, suggesting that the
two-point adenine–thymine interactions are rather
weak in these mono-adenine systems.

In summary, we have reported the first nucleobase-con-
taining phthalocyanines 3, 4a, and 4b. Due to the
presence of adenine substituent, these compounds pos-
sess strong intermolecular interactions which result in a
poor solubility in common organic solvents and un-
usual spectral features.
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