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Abstract—Copper(Il) phthalocyanine containing four 17-membered dioxa-triaza macrocycles has been syn-
thesized starting from copper(II) phthalocyanine substituted 1,2-bis(ethoxycarbonylmetoxy) and 3,3’-diam-
inodipropylamine. This copper(II) phthalocyanine was used in the extraction of alkali metals and alkaline
earth metal picrates from aqueous media. The structures of the compounds are proposed according to elemental
analysis, 'H, *C NMR, IR, UV-VIS and MS spectral data. © 1997 Elsevier Science Ltd
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Although the first synthesis of a phythalocyanine was
reported in 1907 when Braun and Tcherniac heated
o-cyancbenzamide at a high temperature [1], the first
systematic description for phthalocyanines was intro-
duced by Linstead’s group [2]. The growing use of
phthalocyanines as commercial dyes [3], catalysts,
optical and electrical materials [4], during the last
decade has encouraged research on the synthesis of
new derivatized materials which differ from one ano-
ther in the central metal ion or in the peripheral sub-
stituents [5]. In spite of this extensive interest,
synthetic routes to phthalocyanine derivatives are
relatively few, covering mainly phthalonitrile deriva-
tives and aromatic 1,2-dibromo compounds [3,4]. On
the other hand, the role of various inbuilt and
appended functional groups in the macrocycle on the
selective recognition characteristics towards metal cat-
ions has led to the design of macrocycles suitable as
specific ionophores [6]. The ionophores containing
ether and amide moieties exhibit selectivities toward
alkaline earth metal cations [7].

Ionophores are small lipophilic molecules that are
dissolved in lipid bilayers and carry ions as hydro-
phobic complexes through the bilayer barrier [8]. The
role of various inbuilt and appended functional
groups in macrocycles on their selective recognition
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characteristics towards main groups of transition
metal cations has led to the design of macrocycles
carrying suitable ionophores [9]. Peripheral sub-
stitution of phthalocyanines with  ethoxy-
carbonylmethoxy chains or macrocyclic ionophore
moieties dramatically enhances their solubility [10] in
organic solvent as chloroform and dichloromethane.
Although the “hard” ether-oxygen containing mac-
rocycles show binding preference towards “hard” alk-
ali and alkaline earth metal cations, the incorporation
of “soft” sulfide or amine linkages for ether linkages
shifts their preference towards “soft”” heavy metal cat-
ions [11] such as, lead, silver, thallium, etc.

We have previously synthesized nitrogen—oxygen
mixed donor macrocycles substituted phthalocyanine
which are soluble in common organic solvents. In
the present paper, we describe novel phthalocyanines
carrying symmetrical ethoxycarbonylmethoxy chains
or 17-membered macrocyclic ionophore units.

RESULTS AND DISCUSSION

The first step in the synthetic procedure outlined
in Scheme 1 is the formation of the 1,2-bis
(ethoxycarbonylmethoxy)-4,5-dibromobenzene 2.
Compound 2 was prepared from 4,5-dibromocatechol
[12] and ethyl bromoacetate in dry acetonitrile con-
taining anhydrous K,CO; as the base and tri-
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(DMB0,20 C)

Scheme 1.

ethylbenzylammonium chloride as the solid-liquid
phase-transfer catalyst [6]. Our first goal was to pre-
pare a 17-membered macrocyclic ionophore with 1,2-
dibromo substitution on the benzene moiety by a

product similar to those reported earlier for the con-
densation of 1,2-bis(ethoxycarbonylmethoxy)benzene
with  3,3-diaminodipropylamine. The dibromo
derivative would then be converted into a copper
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phthalocyanine. However, all efforts to accomplish
this reaction failed in the last step (Scheme 2). No
phthalocyanatocopper was detected in a number of
trials to convert the dibromo compound carrying the
17-membered macrocyclic ionophore directly in high-
boiling solvents such as quinoline, DMF or in pyridine
at reflux temperature in a sealed tube. Treatment of 2
with CuCN gave 3 in 24.2% yield after purification.
Conversion of 3 into a derivative of ionophore 4 was
accomplished by the macrocyclization with 3,3’-diam-
inodipropylamine in DMSO media by using the high
dilution technique.

Characterization of the novel compounds involved
a combination of methods including elemental analy-
sis, mass spectrometry, 'H and *C NMR, UV-VIS
and IR spectroscopy. The mass spectrum of 2, show-
ing a molecular ion at m/z = 440, confirmed the pro-
posed structure. The elemental analyses of 2
corresponds to C,,H,,OBr,. Comparison of IR spec-
tral data clearly indicates the conversion of phenolic
groups into carbonylethoxy derivatives by the dis-
appearance of OH bands and appearance of the C=0
and CH, bands at 1750 and 2940 cm™! in 2, respec-
tively. The '"H NMR spectrum of 2 in (CD;),SO exhi-
bited signals for C—H (aromatic) (6 = 7.30 ppm),
OCH, (é = 4.86) and ethyl protons (6 = 4.17and 1.19
ppm). More detailed information about the structure
of 2 was provided by '*C NMR spectroscopy. The
amide carbon resonance was found at 6 = 168.16
ppm, the aromatic carbon with substituted —OCH,—
groups, resonances at 6 = 147.30 ppm, and the pro-
tonated aromatic carbons was observed at § = 114.78
ppm. The carbon resonances which belong to the Br
substituted aromatic, —OCH,— and aliphatic ethyl
carbons were observed at & = 118.75, 65.59, 60.69 and
13.91 ppm, respectively, as expected.

Copper(II) phthalocyanine formation was
accomplished directly by the reaction of the dibromo
derivative 2 with copper(I) cyanide in DMF and pyri-
dine. Although the synthesis of this compound is
rather simple, its isolation is laborious. The overall

yield of pure 3 was ca 24% and it was soluble in
chloroform, dichloromethane, 1,1,2,2-tetrachloro-
ethane and DMF. The reaction sequence in this study
is clearly followed by combination of IR and mass
spectral data. The fast atom bombardment mass spec-
trum of this compound shows a molecular ion peak
at m/z = 1392 [M+1]*. The IR spectral data clearly
indicated the formation of compound 3 by the dis-
appearance of C—Br stretching vibration at 650 cm !
in 2. The other stretching and bending vibrations 3
are very similar to those of 2. The electronic spectrum
of 3 exhibited a partly split 0 band absorption in
CHC, at ca 707 and 678 nm due to the n = n* tran-
sition of this completely conjugated 18= electron sys-
tem [13]. Thus, the spectrum in CHCI, is typical of
monomeric (Q band at ca 678 nm) species [14] in
solution and in polar protic solvents such as methanol
dimeric or oligomeric (Q band at 627 nm) species
prevail.

Copper(II) phthalocyanine containing four 17-
membered macrocyclic ionophores 4 was prepared on
refluxing 3 with the amine compound in DMSO. The
mass spectrum (FAB) of this compound supports the
formation of the macrocyclized copper(II) phthal-
ocyanine (4), the peak at m/z = 1548 corresponding
to [M+1]}*. Also, the elemental analysis of 4 is in
agreement with the calculated value for proposed
structure. The IR spectrum of 4 clearly indicates the
conversion of ethoxycarbonyl substituted copper(Il)
phthalocyanine 3 into the macrocyclized derivative as
seen by formation of the N—H stretching vibrations
at 3340 cm~'. The IR spectrum of this compound
shows amide carbonyl absorption in the range 1600
1675 cm ™! and does not show any hydrogen bonding
between N—H and C=—0 groups [6]. The electronic
spectrum of 4 was recorded in chloroform. This spec-
trum was the same as that of 3; however, there was a
split band on the lower energy side of the Q band
(4 = 682 nm) and an intense absorption at 629 nm,
which are typical of the monomeric species and aggre-
gated phthalocyanine, respectively [15]. Thus, this
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Table 1. % Extraction of alkali or earth alkaline metal pic-
rates from aqueous solution in CHCl,*

Compound Na* K* MG Ca’™* Sr**

4 83.5 75.2 43.7 57.3 37.8

“Organic phase : 1.0 x 107* M ; aqueous phase: 4.0x 107*
M metal picrates.

compound shows a spectrum which is characteristic
for either monomeric and dimeric or oligomeric cop-
per phthalocyanine [16].

The role of ionophore group in directing the binding
selectivity of macrocycles towards alkali and alkaline
earth cations [17] has emphasized the importance of
ionophore studies on amide-ether carrying macro-
cycles. In the present study, we have examined the
ability of chloroform solutions of the macrocyclic ion-
ophore carrying phthalocyanatocopper(Il) com-
pound to extract alkali and alkaline earth metal
picrates from aqueous solution, using the procedure
described by Pedersen [18]. The macrocycle 4 extracts
metal picrates with significantly higher efficiency, but
with selectivity towards Ca" and Sr" (Table 1). This
macrocycle, during complexation with metal cations,
has to make some compensation for removal of its
hydrogen bonding. Picrate salts are preferred in these
experiments because the ion pair structure can be
identified by analysing their optical spectra.

EXPERIMENTAL

'H and “C NMR spectra were recorded on a Varian
XL-300 spectrometer. Infrared spectra were recorded
on a Perkin-Elmer 1600 FT-IR spectrophotometer as
KBr pellets. Elemental analysis of the compounds
were determined by a Hewlett-Packard 185 CHN ana-
lyzer. Fast atom bombardment mass spectra were
measured on a VG AutoSpec from VG Analytical
instrument. UV-VIS absorption spectra of the
phthalocyanines were measured on a GBC 911
spectrophotometer. 4,5-Dibromocatechol [12] was
prepared according to the reported procedure.

1,2-Bis(ethoxycarbonylmetoxy)-4,5-dibromobenzene,

@

A solution of 4,5-dibromocatechol (5.9 g, 25 mmol)
and ethylbromoacetate (8.35 g, 50 mmol) in dry ace-
tonitrile (30 cm?®) containing anhydrous K,CO; (6.95
g, 50 mmol) and triethylbenzylammonium chloride
(100 mg) was refluxed in an oil-bath at 90°C for 5 h.
After completion of the reaction which was monitored
by TLC [acetone : petroleum ether (1 : 1)], the reaction
mixture was cooled to room temperature and filtered
and then was washed with ethyl acetate. The combined
solution was removed under reduced pressure and the
residue was recrystallized from acetone, giving 1 as a
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colourless solid and dried in vacuo ; yield 7.9 g (72%),
m.p. 89°C. '"H NMR (DMSO-d) : 6 7.30 (s, 2H), 4.86
(s, 4H), 4.17 (q, 4H), 1.19 (t, 6H). *'C NMR (DMSO-
de) : 6 168.16 (C=0), 147.30 (C—O0), 118.75 (C—Br),
114.78 (arom. CH), 65.59 (CH,0), 60.69 (CH,), 13.91
(CH,). IR (KBr pellets) : 3060, 2985, 2940, 1750, 1583,
1550, 1458, 1430, 1345, 1224, 1195, 1158, 1040, 875,
843, 781, 660 cm~'. Mass spectrum (FAB positive) :
mjz = 440 [M]*. Found: C, 38.0; H, 3.4. Calc. for
CsH,(Br,O,: C, 38.2; H, 3.6%.

[2,3,9,10,16,17,23,24-Octakis(ethoxycarbonylmethoxy)
phthalocyaninato]copper(Il), (3)

1,2-Bis)ethoxycarbonylmethoxy)-4,5-dibromo-
benzene (1) (4.4 g, 10 mmol) was dissolved in 12 cm?
of DMF and was mixed with CuCN (2.36 g, 26 mmol)
and pyridine (3 cm’) in a Schlenk tube under argon
atmosphere at room temperature. When the reaction
mixture was heated to 175°C for 2 h and was con-
tinued for another 12 h and stirred, the colour of the
mixture became dark green. After cooling, con-
centrated NH; (50 cm?®) and ethanol (300 cm?®) were
added to this solution and air was passed through for
24 h. The precipitated crude product was filtered off
and refluxed with acetone to remove the unchanged
organic material. The precipitate was also refluxed
with a solution of NaCN in water~ethanol (1:2) for
3 h (twice) to remove the excess of CuCN and then
was refluxed with ethanol. After cooling to room tem-
perature, the dark green product was filtered off,
washed with ethanol and diethyl ether and was com-
pletely dried over P,O,, at 60°C in a vacuum oven,
yield of a dark green solid 0.84 g (24.2%), m.p. 327°C.
IR (KBr pellets) : 3028, 2945, 1743, 1600, 1505, 1422,
1365, 1345, 1270, 1210, 1150, 1121, 1060, 1010, 870
cm™! UV-vis (CHCly) 4., (log &) 707 (4.89), 678
(5.09), 605 (4.74), 385 (4.11), 346 (4.51), 278 (4.73),
255 (4.19). Mass spectrum (FAB positive):
m/z = 1392 [M+1]*. Found: C,55.0; H,4.4;N,7.8.
Calc. for CoiHgNO0,,Cu: C, 55.2; H,4.6; N, 8.0%.

Tetrakis[macrocycle-phthalocyaninato]copper(Il), (4)

Compound 3 (0.6695 g, 0.5 mmol) and DMSO (20
cm®) were mixed in a glass tube which was sealed with
argon. When the reaction mixture was heated to 90°C,
3,3'-diaminodipropylamine (0.39 g, 3 mmol) was
added for 10 h and the reaction was continued at the
same temperature for 48 h. After cooling to room
temperature, the dark green product was evaporated
under vacuum to yield an oily crude product. Then
the product was washed with ethanol and diethyl ether
and was purified by column chromatography (silica
gel: EtOH-CH,Cl,), to yield 0.165 g (21.5%) of dark
green solid, m.p. 296°C. IR (KBr pellets) : 3340, 3035,
2953, 1690-1675, 1596, 1514, 1415, 1376, 1349, 1287,
1163, 1120, 1047, 1002, 881 cm~'. UV-vis (CHCl;)
Amax (log €) 682 (5.23), 611 (5.08), 432 (4.38), 379
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(4.65), 342 (4.72), 284 (4.89), 251 (4.31). Mass spec-
trum (FAB positive) : m/z = 1548 [M+1]*. Found:
C, 55.6; H, 5.3; N, 17.9. Calc. for C,;Hg;N,,0,,Cu:
C,558;H,54; N, 18.1%.

Extraction measurements

In this work, the chloroform solution (25 cm?) car-
rying 4 (1.0 x 103 M) was shaken with aqueous solu-
tion (25 cm®) containing alkali or earth alkaline metal
picrates (4.0 x 107> M) for 3 h at 25°C in a constant
temperature circulator. The concentration of picrates
were determined spectrometrically at A, 352-356
nm.
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