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The preparation of the 2,3,9,10,16,17,23,24-octabutoxyphthalocyanine zinc complex (1 ) is 
described. The electron-donating groups influence the properties of the compound. The oxidation- 
reduction potentials studied by cyclic voltammetry in solution shift by ca. 20 mV in the cathodic 
direction showing easier oxidation and harder reduction of the ligand of (1 ) compared to  
unsubstituted phthalocyanines. The interaction with iodine results in the formation of iodine 
complexes. The electrical conductivities are mentioned. 

Low molecular weight phthalocyanines exhibit a great variety 
of interesting properties. These are concerned with the 
interaction of electrons with the aromatic nelectron rich 
phthalocyanine system, in solution or in the solid state.'., In 
solution the phthalocyanines show multiple reduction and 
oxidation steps,,., and photocatalytic activity in photoredox 
 reaction^.^.^ In the solid state great variability in the 
electronic conductivity  exist^,^.^ and excellent electro- 
chemical 2 * 8  and photovoltaic 2 * 7 7 9  activities, and 
photoconductivities l o  have been reported. Substituents on 
the phthalocyanine ligand influence the solution and solid- 
state properties to a large degree. Such properties have been 
studied using the 2,3,9,10,16,17,23,24-octacyanophthalo- 
cyanine ' ligand containing strong electron-withdrawing 
 group^.^.^ In this paper we report the synthesis, and some 
properties, of the zinc complex of 2,3,9,10,16,17,23,24- 
octabutoxyphthalocyanine, (l), containing electron-donating 
groups. The zinc complex was selected because, in the 
phthalocyanine core, this metal ion exhibits a stable oxidation 
state during the electrochemical measurements. In contrast to 
the presence of eight methoxy substituents," the eight 
butoxy substituents lead to good solubility in organic 
solvents. This is necessary in order to study the properties 
in the solution state. 

Experimental 
Measurements.-Electrochemical measurements were carried 

out under an argon atmosphere using a three-electrode cell 
(working electrode, Pt wire; reference electrode, Ag-O.1 mol 
dm-, AgNO, in acetonitrile; counter-electrode, Pt sheet) in dry 
distilled solvents containing 3 x 10-4 mol dm-3 (1) and 
recrystallized 0.1 rnol dm-' [NBu",]ClO, with a scan rate of 
200 mV s-'. Measurements on the electrical conductivity were 
performed using pressed powder pellets (two probe method) 
as previously described.' 

1,2- Dibromo-4,5-dibutoxybenzene (2).-Bromine (288 g, 1.8 
mol) was added dropwise, at 1-5 "C, to a solution of 1,2- 
dibutoxybenzene14 (200 g, 0.9 mol) in CCl, (360 cm3) with 
stirring. The solution was shaken with dilute aqueous solutions 
(5%) of NaHSO, (2 x 300 cm3) and NaOH (2 x 300 cm3), 
and then with water. After drying with CaCl, and 
evaporation of the solvent, the viscous oil (50 g) was 
dissolved in a mixture of methanol (50 cm3) and chloroform 
(3 cm3). Pure slightly yellow crystals of (2) precipitated at 

t Non-S.I. units emplryed: bar = lo5 Pa, eV = 1.6 x J. 

U 

-60°C (150 g, 48%), m.p. 29°C (Found: C, 44.00, H, 5.35. 
Calc. for Cl,H2,Br,02: C, 44.25; H, 5.30%). 'H N.m.r. 
(CDCl,), 6 7.05 (2 H, s), 3.95 (4 H, t), and 2.0-2.8 (14 H, 
m). 

1,2-Dibutoxy-4,5-dicyunobe~zene (3).--Compound (2) (57 g, 
0.15 mol) and CuCN (40.5 g, 0.45 mol) were heated in dry 
dimethylformamide (dmf) (1.2 1) for 8 h. The mixture was 
poured into aqueous ammonia solution (5  1) with stirring. The 
isolated product was dissolved in acetone (500 cm3) with 
heating. The residue was washed with aqueous ammonia 
solution and recrystallized three times, on addition of active 
carbon, to give colourless needles of (3) (9 g, 22%), m.p. 137 "C 
(Found: C, 70.35; H, 7.50 N, 10.25. Calc. for Cl,H,,N20,: 
C, 70.55; H, 7.40 N, 10.30%). 'H N.m.r. (CDCl,), 6 7.1 (2 H, s), 
4.0 (4 H, t), and 2.G2.8 (14 H, m). 

Zinc Complex, (l).--Compound (3) (2.18 g, 8 mmol) and 
anhydrous zinc acetate (0.37 g, 2 mmol) were mixed together in 
an ampoule which was flushed with argon and then sealed 
under vacuum. The tube was heated for 4 h at 250 "C. The dark 
green product was treated with 0.001 mol dm-3 aqueous HCl 
(100 cm3) and then acetone (100 cm3). After Soxhlet extraction 
with methanol the reaction product was dried over P,Olo 
under vacuum at 150 "C. Yield 43% (Found: C, 66.45; H, 7.00; 

H, 7.00; N, 9.70 0, 11.10 Zn, 5.65%). U.v.-visible spectrum in 
pyridine 677 ( E  1.32 x lW5 dm3 mol-' cm-'), 645(sh) (0.212), 
610 (0.219), and 362 nm (0.567); in concentrated sulphuric acid: 
827,729,450,3 10, and 280(sh). Field desorption mass spectrum: 

N, 9.80; 0, 10.95; Zn, 5.70. Cak. for C ~ , H ~ O N ~ O , Z ~ :  c, 66.55; 

I 151 ( M  - H ) + .  
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Table. U.v-visible absorptions and half-wave potentials of some phthalocyanines 

~m,x./nm Half-wave potentials in dmf (V us. s.c.e.)O 
A A 

f > r  \ 

Compound dmf H W ,  El(ox.) Ef(red.) Ef'(red.) ,!?!'(red.) Ef'(red.) 
(1) 678, 622, 352 827, 729, 450, 310, 280(sh) 0.50 - 1.06 - 1.53' 
[ZnL']'.d 667, 602, 335 783, 696, 434, 304, 230, 204 0.67 - 0.86 - 1.30 - 1.85 - 2.25 
[ZXIL~]~, '  694,654,400, 345 756(sh), 735,697,663, 390, 340,227, 207 -0.15 - 0.50 - 1.10 - 1.35 
a s.c.e. = saturated calomel electrode. * In pyridine. Unsubstituted phthalocyanine zinc complex. Half-wave potentials from refs. 3 and 4. 
2,3,9,10,16,17,23,24-Octacyanophthalocyanine zinc complex. 

Iodine Complex of (1) prepared from Solution.--Complex (1) 
(231 mg, 0.02 mmol) was dissolved in toluene (200 cm3). A 
solution of iodine (5.1 mg, 0.02 mmol) dissolved in toluene (200 
cm') was added with stirring. The resulting black precipitate 
was filtered off by suction and dried (20.3 mg, 69%) {Found: C, 
51.70; H, 5.50; I, 21.45; N, 7.40, 0, 8.80. Calc. for 

7.60,0,8.70%). 
C64H8,I2.5N8O&l [(1).(12)1.25]: c, 52.20; H, 5.50; I, 21.55; N, 

Iodine Complex of (1) prepared from Gaseous Iodine,-(1) 
(50.0 mg, 0.043 mmol) and iodine (50 mg, 0.2 mmol) were placed 
in a desiccator in separate trays at 100 mbar. The maximum 
weight increase was 8.5 mg after ca. 24 h. [Composition after 
weight increase: ( l)412)0. ,.I 

Results and Discussion 
The phthalocyanine complex (1) was prepared by the 'nitrile 
method' employing 1,2-dibutoxy-4,5-dicyanobenzene (3). The 
nitrile, (3), was obtained by the reaction of 1,2-dibutoxybenzene 
with Br,, to give 1,2-dibromo-4,5-dibutoxybenzene (2), fol- 
lowed by the Rosenmund-von-Braun reaction with CuCN in 
dmf. All chemicals were inexpensive and available commercially. 
Therefore, large scale preparation of the compounds is possible. 
Unlike the analogous octamethoxy compound,' the octa- 
butoxy-substituted zinc chelate exhibits solubility in organic 
solvents such as toluene, pyridine, dmf, and CCI,. Solubility in 
alcohols, ethers, and dimethyl sulphoxide (dmso) is very poor. 
Complex (1) is a suitable material for the preparation of 
Langmuir-Blodgett films. 

Complex (1) contains electron-donating groups which inter- 
act with electron acceptors. The reaction with iodine leads to 
charge transfer complexes (see Experimental section). Iodine is 
removed by heating the complexes at ca. 50 "C. When dissolved 
in organic solvents complex (1) decomposes after several hours 
or days, depending on the solvent, in the presence of the electron 
acceptor oxygen, and more rapidly in the presence of oxygen 
and irradiation with visible light. Solutions under inert gas with 
exclusion of light are stable over several days. Storage of solid 
(1) does not lead to decomposition. 

The u.v.-visible spectrum of (1) resembles absorptions of 
unsu bs ti t u ted metal-containing ph t halocyanines with D,, sym- 
metry (Table).'.' Therefore the transitions of the chromophore 
have not been altered. In dmf, substituents with electron- 
donating and electron-accepting groups only result in small 
shifts of the long wavelength band (Q band) in comparison 
with unsubstituted phthalocyanines. In concentrated sulphuric 
acid (95-97%) the protonation of the bridging nitrogen 
atoms leads to a strong long-wave shift of the Q 
The degree of shift depends on the extent of protonation. The 
shift increases with increasing basicity of the ligand depending 
on the substituents: octacyanophthalocyanine < phthalo- 
cyanine -= (1). 

Complex (1) exhibits a typical cyclic voltammogram with 
multiple oxidation and reduction waves as reported for other 
phthalocyanines in non-aqueous The products of the 
first oxidation and the reductions (Table) are stable on the 
voltammetric time-scale. From the general shape, all waves 
appear to be reversible one-electron transfers and Nernstian, 
with peak splittings (AEp = Epa - EPc) of the order of 80 
mV. All redox steps are ligand centred. The half-wave potentials 
of the oxidation and reductions exhibit a cathodic shift of ca. 
0.20 mV compared to the unsubstituted zinc phthalocyanine. 
For both phthalocyanines the difference between Ef(ox.) and 
El(red.) which resembles the energy difference between highest 
occupied and lowest unoccupied molecular orbitals (h.o.m.0 and 
1.u.m.o.) is around 1.6 V. In contrast, the cyano groups in octa- 
cyanophthalocyanine lower the h.o.m.0. and 1.u.m.o. orbitals 
by ca. 0.7 eV compared to the unsubstituted phthalocyanine 
(anodic shift of the half-wave potentials). The influence of the 
cyano groups on the average electron density of the ligand is 
stronger than the opposite effect of the alkoxy substituents. 
Also with porphyrins, the dependence of redox behaviour on 
substituents has been described.' 7*18  

As is well known, the interaction of phthalocyanines with 
electron acceptors enhances the electrical conductivity in the 
solid state.'" The conductivity of (1) increases at 25 "C from 
1.4 x lo-" S cm-' to 3.6 x 1W6 S cm-' for ( 1 ) 0 ( 1 ~ ) ~ . ~ ~  
(Table). The conductivity of (1) is similar to that of the 
octacyanophthalocyanine-zinc complex l o  (0 = 2.9 x S 
cm-') but higher than that of the unsubstituted phthalocyanine- 
zinc complex (0 = lo-', S cm-').19 The interaction with iodine 
does not enhance the conductivity by many orders of magnitude 
than already reported for the unsu bs ti t u ted ph thalocyanine- 
zinc c ~ m p l e x . ~ . ~  
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