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ABSTRACT

In this paper, the synthesis of two interesting resins based on phthalocyanines,
for further photophysical studies, have been described. At first, the synthesis of
a cesium salt of Zn (II) tetra-substituted carboxy-phthalocyanine from
conventional routes, starting from trimellitic anhydride, urea, zine acetate and

ammonium molybdate, has been described . This salt was then covalently

attached to an insoluble functionalized polystyrene matrix, with a known
functionality, to produce a new resin, the functionality of which has been
calculated . The polystyrene matrix carries a nitro group at the o-position of the
methyl group on the benzene ring, which makes the photophysical properties of
the synthesized resins interesting for production of singlet molecular oxygen.

The synthesized resin with a new functionality, has then gone under metal
removal reaction, using aqueous hydrochloric acid in dichloromethane . The
anchored phttralocyanine chromophores have been detached successfully from
the polymeric backbone to produce the free metal tetra-substituted phthalo-
cyanine molecules and the functionalized polystyrene resin.
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INTRODUCTION

The application of sensitization reaction for photo-

sensitized production of singlet molecular oxygen 0 1

( 'Ag) for cancer phototherapies has been a subject of
many studies [1—5] . Porphyrin dyes are good
candidates for this matter [6], and most of the relative

works have used soluble dyes as the photosensitizers.
But Neckers and co-workers [7—9] among others [10--
11 ], have reported some of the advantages of utilizing

an insoluble polymer-supported sensitizer, including

ease of separation from the reaction medium by
simple filtration and higher stability towards

bleaching compared to the free sensitizers in solution.
Like porphyrins, the photosensitizing properties

of phthalocyanines (PC) have been studied for photo-
dynamic therapy (PDT) of tumours [12] . Indeed PCs

appear to be good candidates to replace porphyrins in
the PDT due to their strong absorption in the 680—700

nm region, the spectral region of high penetration in
the skin, and their high chemical and photochemical
stability . Among PCs, those having zinc (II) as the
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central transition ion, because of having significant
effect on fluorescence and phosphorescence quantum
yield of the PC, have been paid special attention [4].

The soluble zinc (II) PC is able to sensitize the
formation of 0 2 ( 'As) both in ethanol and in uni-

lamellar vesicles [4].
Following the work of Vaiduga, et al . [4] on

zinc (H) PC, and the advantages of utilizing an
insoluble polymer supported sensitizer, and the
possibility of removal and insertion of zinc (II) on
similar supported species [6], and also the previous
experience of the author on physical energy transfer
processes [13], all stimulated the start of this research
work . The synthetic aspects of this insoluble poly-
styrene support, PC loading, either having central zinc
(II) transition ion, or the metal free resin, is described
in this paper and the further chemical quenching and
phosphorescence studies will be published elsewhere.

The resin used for the synthesis is a-[4-
bromomethyl-3-nitrobenzamido)benzyl]-poly(styrene-

co-divinylbenzene), the so-called bromomethyl-Nbb
1 . The superiority of this polymer in the solid-
supported compounds for the photoprocesses, has
been reported in many photophysical studies [14—16].

The PC dye is then reversibly and covalently

attached to this matrix.

O stands for polystyrene-co-1%-divinylbenzene

EXPERIMENTAL

The bromomethyl-Nbb-resin 1 with a functionality of

1 .05±0.05 mmol Br per gram of resins, a gift of the

a .Expressed as mmol of the reactive group of the resin
(e .g. Br—CH2—) per gram of the resin . The functionality has
been calculated in the Polymer Department of the
University of Barcelona .

Chemistry Department of University of Barcelona,
Spain, synthesized from commercially available poly-
(styrene-co-1 % -divinyl benzene) [14].

All the starting materials used for preparation
of PCs were obtained from Aldrich Chemical Co . The
solvents used for obtaining spectroscopic data were
ultra pure and obtained from the same company . UV-
Visible spectra were recorded on a Perkin-Elmer
Lambda 5 instrument, and IR spectra on a Perkin-
Elmer FT 681 . 1 H NMR spectra were recorded on a
Varian XL-200 (200 .06 MHz).

The syntheses of phthalocyanines were per-
formed exactly similar to either those reported for Cu
(II) PC derivatives [13], or reported for Co (II) PC
derivatives [17] . All the data are available and could
be released upon requests.

Preparation of Zn(I1)-2-carboxylic Acid-9,16, 23-
Triethyl Carboxylate Phthalocyanine (7)
Phthalocyanine tetraethyl ester (6) of 150 mg (0 .17

mmol) was dissolved in 60 mL solution of aqueous
HCI (10 %) in methanol (2 :1) . The mixture was
stirred at room temperature for 7 h and extracted in
3x30 mL CH2C12 . The combined extracts were
washed with 2 x 50 mL H2O to neutral pH . It was dried

(Na2SO4) and evaporated to dryness in vacuo and the
residue was further dried over P20 5 in hi-vac to a
constant weight, affording 78 mg of a solid residue.

The solid residue was purified by columm
chromatography (silica gel/CH2C1 2—MeOH 9 :1) to

yield 52 mg (36 %) of 7, Elf, =0 .4; IR (KBr, cm-l ):
3520—3370 (—OH), 3350 (NH), 1732 (COesie,), 1705

(CO,~id) UV-vis (DMF), kn, nm (AIA a): 674 (7.2),
614 (4 .8), 452 (3 .1), 342 (2 .4).

Zn(II)-C43 H 25NeO5	C (%) H (%) N (%)

Calculated

	

66 .77

Found

	

66 .41 •
3 .30
3 .28

13 .19
13 .32

Attachment of 8 to Nbb-resin 1
To 784 mg (0 .82 mmol) of the resin (1) (functionality,
F, of 1 .05 mmol Br per gram resin) in a 100 mL
polypropylene syringe equipped with a fitted
polyethylene porous filter in its lower extremity, was
added (4x7 mL) a suspension of 779 mg (0 .82 mmol)

0
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of 8 in DMF . The syringe was filled with nitrogen,
sealed with a septum and lightly vortex mixed in the
dark, at ambient temperature during 24 h . The
resulting dark beads were thoroughly washed with
25 mL x 3 min each, with vigorous vortex mixing: (I)
2 x DMF, (2) 2x 10% AcOH/CH2Cl 2 , (3) 1 xCH 2C12 , (4)
2 x DMSO, (5) 4 xCH 2Cl2, (6) 6 x MeOH . The washed,
dark brown beads were dried to constant weight to
give the resin 9, (1 .14 g; 73% yield; the final
functionality (F) in phthalocyanine was 0 .53 mmol
PCIg resin) .'

IR (KBr, cm-' ) : 3352 (NH), 1732 (C'Oe,tr,),
1652 (C=0,mi,j), 1640, 1550, 1500, 1494, 1414, 1395,
1350 (NO2 ), 1250, 1178, 1162, 1090, 1040, 700
(polystyrene). UV-Vis (CHCI 3 : MeOH = 10:1, sample
manually ground) : nm (A/AJ, 680 (6), 612 (4 .2),
430 (3 .8), 350 (2.0)

Removal of Zn (I1) from Polymer-anchored Zn (II)
PC 9
100 mg (F=0 .53 mmol Zn PCIg resin; 0 .53 mmol Zn
PC) in a 50 mL polypropylene syringe was treated
with a mixture of 10 mL of 3M aqueous HCI and
15 mL CH 2Cl 2 at room temperature, in the dark, under
N2 atmosphere during 2 h . The solvent was filtered
and the resulting resin washed with 3x15 mL each
H 2O, CH 2C12 and MeOH . Then the resin was dried to
constant weight, affording 74 mg (74% yield) of the
metal free resin 10.

IR (KBr, cm- '): 3352 (NH), 1732 (C=Or),
1652 (C=0,,,, ;,5,), 1640, 1550, 1500, 1494, 1414, 1395,
1350 (NO2 ), 1250, 1178, 1162, 1090, 1040, 700
(polystyrene). UV-Vis (CHCI3 : MeOH = 10 :1, sample
manually ground) : nm (A/A,,) 673 (5 .8), 640 (2 .3)
603 (4), 345 (2 .0).

Detachment of PC Chromophores from Polymer
Backbone [18–19]
50 mg of resin 10 was weighed in a polypropylene
syringe and the dark brown beads, at room tempera-
ture and in the dark, were washed (6 x 6 mL x2 min)

' . Final functionality is calculated as F = (0 .82 x0 .73)II .14=
0 .53 mmol.

under vigorous vortex mixing with a nitrogen saturat-
ed and freshly prepared mixture of dioxane : C 2H 5 OH:
4N NaOH (60 :18 :2), and the solvent after each wash-
ing filtered onto a mixture of CHC13 (20 mL) and an
aqueous glycinelHCI buffer (9mL, starting pH 2 .7,
final pH 5-6) . Alternatively, after each alkaline
washing, further washing with pure C 2H3 OH can be
performed as well. The solvent mixture was taken into
a separating funnel, and the aqueous phase was
washed with CHCI3 (4x 50 mL) . The organic fraction
was filtered through paper and evaporated to dryness
to yield 30 mg (60 %) of a brown solid . TLC, UV-vis,
IR and 'H NMR were exactly identical with those
obtained for compound 6.

RESULTS AND DISCUSSION

Zn (II) phthalocyanine tetracarboxamide 3 was
synthesized from trimellitic anhydride and urea, using
zinc acetate and a small amount of ammonium
molybdate. Compound 3 was hydrolyzed with dilute
H2SO4 in situ to the phthalocyanine tetracarboxylic
acid 4 . Treatment of 4 with thionyl chloride under N 2
afforded the tetraacid chloride 5 which reacted with
absolute ethanol in pyridine to give the corresponding
tetraester 6 . Selective hydrolysis of 6 afforded a
mixture, which was separated and purified by column
chromatography to give the monocarboxylic acid 7.

The cesium salt of 7 was obtained by treatment
with cesium carbonate in DMF, which afforded
compound 8.

. The synthesis of polystyrene-bound Zn (II) PC
9 and polystyrene-bound PC 10 could be carried out
in a reverse fashion . One way, which is described in
this paper, starts the synthetic route by trimellitic
anhydride and Zn +2 ion (Figure 1). Then the resin 9
could be treated with dilute HCI (Figure,2) to remove
the metal in high yield.

Another way is to start the synthesis of
chromophore without using Zn+2 ion, which gives
directly 10 and then inserting Zn (II) into polymer-
anchored PC 10 by using Zn(AcO)2 .2H20 in DMF to
give the resin 9.

The process of removal of Zn (II) from 9 to
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and Zinc (11) PMhnlocyia

HOOC
0

(2) Trimeilidc anhydride
H2NOC

HOOC

EtOOC

(1c) zn (n) PC tetraethyl auboxy1u

EtOOC

(7) Zn 09 2- carboxylic acid, 9 .16,23-tndhyt rarboxylete PC

EtOOC COOEtEtOOC

EtOOC
($) Z. (II)-2- ium mbaxylatc, 4, 1623 Methyl carbmryiate

Figure 1 . The route of synthesis for resin 9.
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give the metal free resin 10 requires CH 2C12 as co-
solvent to swell the polymer. In the absence of CH2Cl 2,
elimination of the metal by acid does not occur. It is
known that for a reaction to take place efficiently under
solid supported conditions, a solvent in which the resin'
would go under swelling is required.

Treatment with alkaline/C2 H5OH, as shown in

Figure 3, has been carried out according to the pro-
cedure reported on similar systems [6]. This would
cause detachment of the pigment {chromophores}
from their polymeric derivatives.

The reaction gives only the ester product 6,
which permits the idea of physical absorption of the
phthalocyanine to the polymer to be discarded. The

Nbb

CO2CH 2

EtOOCEtOOC

EtOOC

COOEt

109

Figure 2 . Removal of Zn (II) from chromophore.

Nbb
CO2CH2

EtOOC EtOOC

EtOOC EtOOC

COOEt
+ Nbb resin

COOEt

69

Figure 3 . Detachment of chromophores from their polymer.
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PC tetraethyl ester obtained from the hydrolysis pro-
cedure, was identified to be exactly compound 6. This
indicates that the chromophores were originally
attached to the backbone of the polymer, in the
manner as it is shown in Figure I.

CONCLUSION

The present work has shown that an interesting
functionalized insoluble polystyrene-bound zinc (II)
phthalocyanine resin and the corresponding zinc (II)
free resin could be synthesized via removal of the
metal from the polymer-anchored Zn(II) phthalo-
cyanine. An interesting resin, namely bromomethyl-
Nbb 1 has been selected and used for this purpose.
This resin has a photoactive nitro group at the ortho-
position of the benzylic linkage at the attachment
point of the chromophores to the polymeric backbone,
which also favours the right anchoring of the chromo-
phores. These resins will then be used for further
study of production of singlet molecular oxygen as a
potential for cancer phototherapies.
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