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Abstract - 2,9,16,23-Tetra(3-pyrldyloxy)phthal~ey~nine has been prepared by the reaction 
of lithium chloride with 5-(pyridy1oxy)-1.3-diiminoisoindaline in 2-(dimethylamino)- 

ethanol solutim followed by demetallation. The zinc chelate of the phthaloeyanine has 

been prepared in a similar condensation reaction using zinc chloride. 

The usual method for the synthesis of metallo-phthaloeyanines involves heating of reaction 

mixtures containing phthalonitrile or phthalic acid, urea, ammonium chloride, metal salts and a 

catalyst such as ammonium molybdate. It has been shown that the sequence of reactions leading to 

the formation of metsllo-phthalocyanines involves the template condensation of diiminoisoindoline 

which is formed in the reaction mixture.ls2 Other methods used for the synthesis of metallo- 

phthalocyanines, such as treatment of phthalonitrile with metal alkoxides or the electrolysis of 

an ethanolic solution of phthalonitrile, have also been shown to involve intermediate compounds 

formed from diiminoi~oindolines.'.~ Good yields of etello-phthalocyenine are obtained by the 

condensation of diiminoisoindoline in the presence of metal salts5 and metal free phthalocyanines 

with eubstituents in the ring system have been prepared by the slow auto-condensation of 

diiminaisoindoline and related compeunds in refluxing 2-(dimeth~1amino)ethanol.~ To prepare 

novel phthalocyanines containing substituent groups which could degrade in severe reaction 

conditions it was thought advisable to utiliee metal-template condensation reactions involving 

diiminoisoindoline containing the appropriate substituent groups. Diiminoisoindaline can be 

prepared by alnmoniation of phthalonitrile.' H m v e r ,  substituted phthalooitriles have 

traditionally required arduous preparations. Recently it has been shown that nucleophilie 

substitution of various electroo-withdrawing groups on aryl rings can be facilitated by specific 

activation. For instance, nitrophthalimide and 4-nitrophrhalonitrile react with nucleophilic 

reagents to give the substituted imides and nitriles in goad yield.' The substituent groupe 

introduced by this reaction m y  be stable towards ammoniatian such that reaction with ammonia 

provides the substituted diiminoisoindoline which may be used to produce the substituted 

phthalocyanines. 
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The solubility properties of the phthalocyanines are influenced by the nature of the peripheral 

groups. The range of such groups capable of effecting water solubility is small, the usual 

functional groups used for this purpose being sulphonic or earboxyl groups. To extend the range 

of substituents capable of water solubilisation of the phthalocyanine the strategies of syntheses 

outlined here have been used to introduce peripheral pyridyloxy groups which upon protonation are 

converted to the pyridinium eationic form which endows water solubility on the macrocyclic 

compaund.The formation of phthalocyanine from the condensation reaction of substituted 

diiminoisoindoline could result in the formation of various isomers. In the absence of structural 

information the compound is tentatively assigned as 2,9,16,23-tetra(3-pyridyloxy)phtha1~~yanine 

which offers minimal hindrance by the peripheral 3-pyridyloxy groups. There is no chromatographic 

evidence to indicate the presence of isomers in the phthaloeyanine product obtained by the 

synthesis outlined here. 

2,9,16.23-tetra(3-pyridyloxy)phth~loeyani (tpopc) in the form of its lithium(1) or zinc(I1) 

chelate was prepared by the sequence of the reaction scheme. Treatment of 4-nitrophthalimide with 

ammonia in methanol solution leads to formation of the corresponding amide. Reaction of 4- 

nitrophthalamide with thionyl chloride in cold N,N-dimethylformamide (DUN affords 4- 

nitrophthalonitrile, which reacts with benzyltrimethylammonium pyridin-3-blate in dimethyl 

eulphoxide (DMSO) to give 4-(3-pyridy1oxy)phthalonitrile. This latter product when reacted with 

ammonia in methanol solution forms 5-(3-pyridy1oxy)-l,3-diiminoisoindoline. 

Condensation of the substituted diiminoisoindoline in 2-(dimethy1amino)ethanol containing lithium 

chloride leads to the formation of the dilithium form of the phthaloeyanine (tpopc) which when 

treated with dilute hydrochloric acid followed by neutralization with ammonia gives the free base 

form of the phthalocyanine. The yield of phthalocyanine (tpopc) obtained by this process is not 

large (16%). However, in the absence of lithium chloride only vestigial quantities of phthalo- 

eyanine (tpopc) are formed from the reaction mixture. In the presence of anhydrous rinc(I1) 

chloride the yield of phthalocyanine (tpopc) increased to about 20% in the form of its zinc(I1) 

ehelate. 

The free base form of the phthaloeyanine (tpopc) obtained by demetallation of dilithium tpopc is 

soluble in a number of organic solvents which includes DMSO, DMF and pyridine. 

The zinc(I1) ehelate of (tpopc) is soluble in DMSO, DNP, pyridine and in water containing a little 

hydrochloric acid. The electronic spectrum due to an aqueous eolution of zinc(I1) tpopc , 0.1 N 

with respect to hydrochloric acid, points to the presence of extensive solute-solute interaction 

in the aqueous solution of the chelate, as has been found for the water soluble metallo- 

tetrasulphophthalocyanine~.~ 



EXPERIMXNTAL 

3-~~droxypyridine ,  phthalimide, and benzyltrimethylammonium methoxide were obtained from 

comercia1 sources. All solvents  which included dimethyl sulphoxide were dr ied using the  

appropriate procedure, d i s t i l l e d  and stored over molecular sieves.  2-(Dimethylamino)ethanol was 

d i s t i l l e d ,  and the f r a c t i o n  boi l ing a t  134 OC was col lected over molecular sieves. Anhydrous 

z ine(II )  chloride was prepared by heating t o  about 250 *C the hydrated compounds i n  a stream of 

dried nitrogen containing dried hydrogen chloride. 

The infrared spectra  of the various eompounds were recorded using a Jaseo IIUL-1 $pectrophocometer, 

thei r  mass spectra  recorded on a V.G. Micromass 7070F mass spectrometer, t h e i r  proton nuclear 

magnetic resonance spectra  on a Bruker WH 90 spectrometer a t  90 MHz. arid the e l ec t ron ic  spectra  i n  

the u l t r av io le t  and v i s ib le  l i g h t  regions recorded on a Varian 635 epectrophotometer a t  room 

temperature using I cm glass ce l l s .  Melting points were observed with a Buchi SMP-20 apparatus. 

Microanalyses were carr ied out by the CSIRO Microanalytical Service. 

Preparation of 4-oitrophthalamide (3) 

4-Nitrophthalimide (2) (85 g) prepared by the method described i n  the l i t e r a t u r e 9  was s t i r r e d  i n  

methanol (1000 m l )  cooled i n  a s o l i d  carbon dioxidelacetone bath. Liquid ammonia (1000 ml) was 

added t o  the  cold methanol suspension and excess ammonia allowed t o  evaporate o f f .  The product 

precipi ta te  was f i l t e r e d ,  washed with methanol (3  x 150 m l )  and res idua l  solvent removed by a i r  

etresm a t  35 'C. The y ie ld  of product was.98X (91 g). [Pound: C,  45.94; H,  3.17; N. 20.15%. 

C8H7N304 requires  C, 45.94; H, 3.38; N ,  20.0921. Ir spectrum i n  Nujol: u - 3400, 3200 

(-NH2); 1360, I520 (-NO2); 1650 cm-I (-CO). 

Preparation of 4-ni t rophthaloni t r i le  (4) 

A evepension of 4ai t rophthalamide (82 g )  i n  dried DMP (200 m l )  cooled t o  0 Y was added slowly 
. ./ 

(over 20 mid t o  a solut ion of 'thionyl chloride (60 ml) i n  cold DMP." The react ion mixture was 

allowed t o  come t o  room temperature and poured on t o  i ce  (3000 g) t o  separate  the product which 

was f i l t e r e d ,  dr ied and r ec rya ta l l i eed  from a waterDWP solut ion.  Purther r e c r y s t a l l i z a t i o n  was 

carried out by f i r s t  d issolving the product i n  hot ethanol (750 ml) t o  which was added hot water 

(750 ml) t o  give c r y s t a l l i n e  mater ia l  on cooling. Yield of dr ied compound 56.4 g (84%); mp 144 

'C [Pound: C, 55.07; H,  1.73; N ,  24.53%. C8H3N302 requires  C, 55.50; 8, 1.75; N ,  24.77%1. 

Mass spectrum mle 173 (65%), 127 (loo%), 100 (55%). I.R. spectrum i n  Nujol v = 2230 

(-EN), 3100, 1540. 1360 cm-I (-NO2). nmr spectrum (CDC13) 6 = 8.67 (S, 1H); 8.56 (d, J - 
2.3 Hz); 8.09 (d, J - 2.3 Hz, 'H). 
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preparation of knzyltrimthylammonium 3-pyridyloxide 

A methanol solution (20 ml) of 3-hydroxypyridine (5.50 g) was mixed with a 40% solution (26.2 g) 

of beozyltrimethylammonim methoaide in methanol. The mthanol was removed from the reaction 

mixture by distillation at diminished pressure. The residue was heated.to about 70 'C while at 

low pressure. The product was a viecous oil and used without further purification. 

Pre~aration of 4-(3-pvridy1oxy)phthalanitrile (5) 

A dimethyl sulphoxide (25 ml) solution of 4-nitrophthalonitrile (10 g) was added to a dimethyl 

aulphoxide (20 ml) solution of knzyltrimthylammonium 3-pyridyloxide (15 g). The reaction 

mixture turned a deep red calour and after warming slightly for 10 min the solution was poured on 

to ice (50 g) to precipitate the product, which was washed with ice-cold water and dried (10.6 g. 

yield 822). Further recrystallization from ethenol/water solution was carried out (8.2 g, yield 

64%). mp 126 OC. Mass spectrum mle 221 (78%), 193 (10%). 78 (100%). Ir spectrum (Nujol) W 2230 

(-CSN) 1595, 1570 (aromatic ring); 1305-1210 c m l  (aromatic ether). 

Preparation of 5-(3-pyridyoxyl)-1.3-diiminoisoindoline (6) 

Liquid ammonia (50 ml) was added to a suspension of 4-(3-pyridy1oxy)phthalonitrile (8.2 g) in 

methanol (100 ml). The reaction mixture was heated at 100 'C in a steel autoclave for 5 h. 

After cooling and pressure reduction of the product mixture, the methanol was removed at 

diminished pressure. The extremely hygroscopic product is free of original nitrile. Yield 8.6 g, 

981. mp 90 'C (dec.). Mass spectrum m l e  238 (LOO%), 222 (47%). Ir spectrum (Nujol) U - 1640 (- 
C-N); 1550 em-' (cyclic imine). 

Preparation of rine(I1) tetra-(3-pVridyloxy)phtha1ocy~nine (7) 

5-(3-Pyridyloxy)-1.3-diiminoisoindoline (0.3 g) dissolved in 2-(dimethylamino)ethanol (20 ml) was 

added to a solution of rinc(11) chloride (0.05 g) in 2-(dimethy1amino)ethanol (20 ml). The 

reaction mixture was refluxed under nitrogen for 10 ?in. Ethanol was added to the cooled mixture 

to effect a precipitation of the metallophthalocyanine which was collected by centrifugation. The 

green product was washed with ethanol, water and finally with ethanol. The yield of the zinc(1I) 

chelate was 0.12 g (24%). The chelate was air dried at 70 'C. [Found: C, 63.22; H, 3.07; N, 

17.381. ZnC52H26N1204.2H20 requires: C, 63.47; H, 3.07; N, 17.0821. Electronic spectrum 

pyridine A, - 678 nm ( E  1.84 x lo5). 



Preparation of the li~and tetca-(3-pyridyloxy)phthaloc~anine 

The dilithium(1) chelate of t e t r e - ( 3 ~ y r i d y l o * y ) p h t h a l ~ ~ ~ a n i n e  was prepared by the method outlined 

for the preparation of the ninc(I1) chelate using 0.5 g of 5-(3-pyridyloxy)-l,3-diiminoieoindoline 

and 0.05 g of lithium chloride. The dilithium phthalocyanine was isolated from the product 

mixture after removal of 2-(dimethy1amLoo)ethanol at diminished pressure. Treatment of the 

chelate with aqueous hydrochloric acid (50 m l ,  0.1 M) results in dissolution and demetallation and 

allows separation from unreacted material. Neutralization of the solution after filtration with 

concentrated ammonia (specific gravity 0.88) resulted in precipitation of the free base phthalo- 

eyanine. which was washed with ethanol and air dried at 70 OC, yield 0.074 g. 16%. [pound: C, 

67.58; H, 3.72; N, 18.531;. C52H28N1204.2H20 requires: C, 67.82; 8, 3.50; N, 18.25%1. 

Electronic spectrum pyridine A,, - 666 nm (E 1.06 x lo5). 
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