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2,9,16,23-Tetra-p-n-butylbenzyloxy-, 2,9,16,23-tetradiphenylrnethoxy-, 2,9,16,23-tetramethoxymethoxy-, and 1,8,15,22- 

tetra-p-n-butylbenzyloxyphthalocyanines were synthesized from the appropriate phthalonitriles. Metal-free phthalocyanines 
were converted to their zinc derivatives. Cleavage from the appropriate precursor with trifluoroacetic acid produced 2,9,16,23- 
tetrahydroxyphthalocyanine and 1,8,15,22-tetrahydroxyphthalocyanine and their zinc derivatives. NMR spectroscopy revealed 
that all the 2,9,16,23-tetrasubstituted phthalocyanines are the usual mixtures of the 2,9,16,23, 2,9,16,24, 2,9,17,24, and 
2,10,16,24 isomers, but the two 1,8,15,22-tetrasubstituted phthalocyanines were formed as pure single isomers. 

CLIFFORD C. LEZNOFF, MOUGANG Hu, COLIN R. MCARTHUR, YONGNIAN Qn'l et JOHAN E. VAN LIER Can. J. Chem. 72, 1990 
(1994). 

Utilisant les phtalonitriles approprits comme produits de dCpart, on a synthCtisC les 2,9,16,23-tCtra-p-n-butylbenzyloxy-, 
2,9,16,23-tttraphtnylmCthoxy-, 2,9,16,23-tCtramtthoxym6thoxy- et 1,8,15,22-tttra-p-n-butylbenzyloxyphtalocyanines. On a 
transform6 les phtalocyanines libres de mttal en dCrivts zinciques. Le clivage du prtcurseur approprik avec de l'acide trifluoro- 
acttique conduit h la 2,9,16,23-tttrahydroxyphtalocyanine et h la 1,8,15,22-tCtrahydroxyphtalocyanine et h leurs dCrivts zin- 
ciques. La RMN rtvttle que toutes les phtalocyanines tCtrasubstitu6es en 2,9,16,23 sont formCes des mClanges habituels des 
isombres 2,9,16,23, 2,9,16,24, 2,9,17,24 et 2,10,16,24; toutefois, les deux phtalocyanines substitu6es en 1,8,15,22 sont des 
isomkres purs. 

[Traduit par la rtdaction] 

Introduction 
The first synthesis of 2,9,16,23-tetrahydroxyphthalocyanine 

was reported in 1987 (1) and its phototoxicity in the photody- 
namic therapy (PDT) of cancer tumours (2-5) investigated (1, 
6-8). Previously, it was shown that changes in the length of the 
spacer group (8) on hydroxyphthalocyanine affected the photo- 
toxicity and in this study we also wished to show variation in the 
position of the hydroxy group on the phthalocyanine ring. The 
above compound was prepared by the boron tribromide cleav- 
age of 2,9,16,23-tetraneopentoxyphthalocyanine, as the desired 
synthesis from a hydroxyphthalonitrile only resulted in decom- 
position of the starting material ( I ) .  Although the preparation 
was basically successful, the reaction conditions were quite crit- 
ical and the yields were sometimes inadequate because of the 
incomplete cleavage of the substituted phthalocyanine precur- 
sor and the slow decomposition of the tetrahydroxyphthalocya- 
nine under the attempted reaction conditions. In addition, 
purification of 2,9,16,23-tetrahydroxyphthalocyanine was per- 
formed on a silica gel column and the tetrahydroxyphthalocya- 
nine either decomposes on silica gel or is poorly recovered from 
that media. For example, when a small-scale sample (50 mg) of 
2,9,16,23-tetrahydroxyphthalocyananine was purified, the 
recovery achieved was only 53%, while on a larger scale 
(1.26 g), the recovery from the column was only 22% (1). Thus, 
new synthetic and purification methods need to be discovered 
for the preparation of tetrahydroxyphthalocyanines. Since 
2,9,16,23-tetrahydroxyphthalocyanine was originally obtained 
as a mixture of related isomers, the development of new meth- 
ods to easily prepare other polyhydroxyphthalocyanines, these 

'~u thor  to whom correspondence may be addressed. 

mixtures or, more desirably, pure single isomers for PDT were 
sought. 

Benzyl (9), diphenylmethyl (lo), and trityl (11) groups are 
often used to protect phenolic and hydroxy groups (12). These 
protecting groups are more easily removed than neopentyl moi- 
eties to give free phenolic-type functional groups using differ- 
ent methods (13). The methoxymethyl ether moiety (MOM) (or 
its analogs) is also a useful protecting group for phenols (14). 
We examined the possibility of preparing tetrahydroxyphthalo- 
cyanines by using different kinds of reagents to deprotect the 
hydroxy blocking groups of the substituted phthalocyanines. 
In addition, a new procedure was developed to purify tetra- 
hydroxyphthalocyanine. 

Identically tetrasubstituted phthalocyanines are almost 
always synthesized as mixtures of statistical isomers consisting 
of the 2,9,16,23, 2,9,16,24, 2,9,17,24, and 2,10,16,24 isomers, 
and very few studies have been directed toward the exclusive 
formation of one isomer of a tetrasubstituted phthalocyanine 
(15). Although the 2,9,16,23-tetraneopentoxyphthalocyaninato 
zinc(I1) (16) and 2,9,17,24-tetra-tert-butylphthalocyaninato 
zinc(I1) (17) were produced as pure isomers; several reaction 
steps were used and only low yields were obtained. The synthe- 
sis of a single isomer of I,2-naphthalocyanine has been 
achieved (18) due to the steric constraints of the benzo substit- 
uents, but other 1,8,15,22-tetrasubstituted phthalocyanines gave 
mixtures of isomers that in one example could be separated by 
high performance liquid chromatography (HPLC) (19). In this 
paper we report the exclusive synthesis of two 1,8,15,22-tetra- 
substituted phthalocyanines and their zinc derivatives as pure 
single isomers in high yields under common conditions. We 
examined the 'H NMR and I3c NMR spectra of these pure com- 
pounds and compared these spectra with those of the phthalocy- 
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a ( O A c ) z  

anines produced as mixtures of statistical isomers. Analyses of 
these spectra revealed that all the 2,9,16,23-tetrasubstituted 
phthalocyanines were indeed mixtures of isomers (for conve- 
nience numbered as the 2,9,16,23 derivatives only) but that the 
1,8,15,22-tetrasubstituted phthalocyanines were produced as 
pure single compounds. 

Results and discussion 

The preparation of 2,9,16,23-tetrasubstituted phthalocyanines 
as mixtures of isomers 

Using a new procedure developed in our laboratory (20, cf. 
ref. 21), 4-nitrophthalonitrile (1) reacted with p-n-butylbenzyl 
alcohol (2) or diphenylmethanol (3) in dimethyl sulfoxide 
(DMSO) at room temperature to give 4-p-n-butylbenzyloxyph- 
thalonitrile (4) or 4-diphenylmethoxyphthalonitrile (5) in 90 or 
92% yield, respectively (Scheme 1). The self-condensation of 4 
or 5 in dimethylaminoethanol gave 2,9,16,23-tetra@-n-butyl- 

benzy1oxy)phthalocyanine (6) or 2,9,16,23-tetra(dipheny1me- 
thoxy)phthalocyanine (7) in 17 or 25% yield, respectively. 
Refluxing the metal-free phthalocyanines (Pcs) 6 or 7 with zinc 
acetate in DMF and toluene gave 2,9,16,23-tetra@-11-butylben- 
zyloxy)phthalocyaninato zinc(I1) (8) or 2,9,16,23-tetra(diphen- 
ylmethoxy)phthalocyaninato zinc(I1) (9), both in 90% yield. 
The zinc derivatives 8 and 9 could be prepared directly from 4 
and 5, respectively (22), in an improved procedure. Thus 4 or 5 
reacted at 100°C with 1,8-diazabicyclo[5.4.0]undec-7-ene 
(DBU) (23) as a base and zinc acetate as a template during 
which ammonia gas was introduced into the reaction. Using this 
one-step improved procedure, 4 and 5 were produced in overall 
yields of 65 and 70%, respectively (Scheme 1). 

Although catalytic hydrogenation (24), catalytic transfer 
hydrogenation (25), iodotrimethylsilane and chlorotrimethylsi- 
lane (26) couldn't efficiently cleave the alkyoxyphthalocyana- 
nines 6 and 7, cleavage of the metal-free protected Pcs under 
reflux conditions with trifluoroacetic acid (TFA) (27) in the 
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presence of a polyalkylbenzene (1,2,4,5-tetramethylbenzene 
(TMB) in this instance) as a benzyl cation scavenger (28) gave 
the desired 2,9,16,23-tetrahydroxyphthalocyanine (10) in 60- 
70% yield. Similarly, cleavage for 5 h of the protected zinc Pcs 
8 or 9 gave 2,9,16,23-tetrahydroxyphthalocyaninato zinc(I1) 
(11) in 84-88% yield. Alternatively, metal-free 10 can be met- 
allated with zinc acetate in DMF-toluene as for 8 to give the 
zinc PC 11. The poor solubility of 10 contributes to the fact that 
11 is more easily prepared via 8 or 9 (Scheme 1). 

Phenols are usually converted to trityl or methoxymethyl 
(MOM) ethers by treatment with base and trityl chloride or 
methoxymethyl chloride. Since 4-hydroxyphthalonitrile (12) is 
unable to react with trityl chloride to give the corresponding 
ether and is unstable to basic conditions, 12  was treated with 
dimethoxymethane (13) or diethoxymethane (14) under acidic 
conditions (29) to give 4-methoxymethoxyphthalonitrile (15) 
and 4-ethoxymethoxyphthalonitrile (16) in 92 and 95% yield, 
respectively. 2,9,16,23-Tetra(methoxymethoxy)phthalocyani- 
nato zinc(I1) (17) was prepared from 15  in 30% yield in a pre- 
vious procedure (23), but similar treatment of 16 gave mostly 
decomposition products. When the improved procedure as 
described for 8 and 9 was used, compound 17 was prepared in 
60% yield. Treatment of 17 with HC1-THF under reflux condi- 
tions gave 10 in 31% yield (Scheme 2). The acidic cleavage 
conditions resulted in demeltallation of the zinc PC so that 10 
and not 11 was isolated. 

Although classical chromatography on silica gel is not suit- 
able for the purification of tetrahydroxyphthalocyanines 
because of either decomposition on silica gel or poor recovery 
from that media, gel permeation chromatography resolved this 
problem and 10 and 11 were readily purified by this latter 
method. 

The preparation of 1,8,15,22-tetrahydroxyphthalocyanine as a 
pure single isomer 

3-Nitrophthalonitrile (18) reacted withp-12-butylbenzyl alco- 
hol (2) as for 4 and 5 to give 3-p-n-butylbenzyloxyphthalonitrile 
(20) in 95% yield. The usual procedures for preparation of 
2,9,16,23-tetrasubstituted phthalocyanines did not subse- 

quently give 1,8,15,22-tetra@-n-butylbenzy1oxy)phthalocya- 
nine (21) and its zinc derivative (22). Phthalocyanines 21  and 
22 could be prepared by heating 20 in a solution of lithium 
octoxide in n-octanol (Scheme 3). Quenching the reaction mix- 
ture with water and methanol gave the metal-free phthalocya- 
nine 21  in 40% yield. When zinc acetate was added to the 
reaction mixture at 100°C and the temperature was controlled 
below or at 100°C, the zinc derivative 22 of the metal-free 
phthalocyanine could be obtained in 80% yield. 1,8,15,22-Tet- 
rahydroxyphthalocyanine (23) and its zinc derivative (24) can 
be prepared as above by cleavage of 21 and 22 with TFA and 
TMB in 25 and 85% yield, respectively. PC 22 can easily be pre- 
pared from PC 21 by refluxing it with zinc acetate in DMF- 
toluene in 85% yield. 

Spectroscopic and physical properties 
NMR spectroscopy of 2,9,16,23-tetrasubstituted phthalocya- 

nines generally exhibits broad absorptions in the aromatic and 
other spectral regions due to the presence of four isomers, but 
occasionally the resonances can be resolved (15,30). Similarly, 
1,8,15,22-tetrasubstituted phthalocyananines or analogs can 
exist as a distribution of four isomers (15,3 1) but in this substi- 
tution pattern steric effects can afford a nonstatistical distribu- 
tion of the four products. More recently, Hanack et al. actually 
separated all four isomers of 1,8,15,22-, 1,11,15,25-, 1,8,18,22-, 
and 1,8,15,25-tetrasubstituted phthalocyanines (19). In con- 
trast, in our research, the 1,8,15,22-tetra@-n-butylbenzyl- 
oxy)phthalocyanine (21) and its zinc derivative (22) were 
produced excl~~sively, presumably due to the greater steric con- 
straints of the p-n-butylbenzyloxy substituent. IH NMR spectra 
of this phthalocyanine (21) and its zinc derivative (22) (Fig. 1) 
show doublet, triplet, and doublet absorbance peaks for protons 
of the phthalocyanine ring in the downfield region, and only 
one single peak at 5.9 ppm for protons of the -OCH2- of the 
benzyl group in 21 and at 6.3 ppm for protons of the -OCH, of 
the benzyl group in 22 (Fig. 1). The I H  NMR spectrum of 
1,8,15,22-tetrahydroxyphthalocyaninato zinc(1I) (24) (Fig. 1) 
shows a singlet at 10.56 ppm (phenol group), a doublet at 8.58- 
8.56, a triplet at 8.28-8.22, and a doublet at 7.83-7.81 ppm for 
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qcN + ROH DMSO 
pcN Li OctoxirJe - 

CN K2CO3 CN Octanol 

NO2 
OR 

18 19 R = pn-BuPhCH, 20 R = pn-BuPhCH, 

OR 

Toluene 

the three other protons attached to the phthalocyanine ring, 
while 2,9,16,23-tetrahydroxyphthalocyaninato zinc(I1) (11) and 
its precursor 8 and its isomers show multiplets at 10.65- 
10.63 ppm (phenol group), 9.19-9.15, 8.70-8.68, and 7.67- 
7.63 ppm for the other three protons (Fig. 1). The J-modulated 
spin echo (JMOD) I3c NMR spectrum of compound 22 shows 
only singlet NMR absorbance peaks for those identical carbons 
that make up the PC ring. Thus, the NMR spectra support the 
conclusion that 21-24 exist as single isomers. 

Some other physical properties of 21-24, such as the forma- 
tion of crystals and their relatively low solubility, support this 
conclusion. In general, tetrasubstituted Pcs are polymorphic 
solids due to the presence of statistically produced isomers, 
1,8,15,22-Tetra-@-n-butylbenzyloxy)phthalocyanina~o 
zinc(I1) (22) was directly produced as crystalline needles while 
recrystallization from THF gave square crystals. The solubili- 
ties of 21-24 are informative. For example, 2,9,16,23-tetra-@- 
n-butylbenzyloxy)phthalocyanine (6) is very soluble in many 
organic solvents such as dichloromethane, chlorofcrm, DMF, 
THF, and ethyl acetate, but 1,8,15,22-tetra-@-n-butylbenzy- 
loxy)phthalocyanine, its constitutional isomer, does not dis- 

I TFADMB 

solve in most solvents and only slightly in THF and pyridine. 
The UV-visible spectra of 21-24 contrast strongly with those 
of 6, 8, 10, and 11. For example, 24 exhibits a strong Q-band at 
719 nm compared to 10 at 684 nm (1, 32). Although tetrahy- 
droxyphthalocyanines cannot be made directly from hydroxy- 
phthalonitriles, the use of appropriate blocking groups can lead 
to their syntheses both as mixtures of isomers or, in the case of 
23 or 24, as pure single isomers. 

Experimental 
Matheson high-purity argon was used to maintain inert atmosphere 

conditions. Thin-layer chromatography (TLC) was performed using 
silica gel G as the adsorbent. Flash chromatography was performed 
using silica gel of particle size 2 0 4 5  km.  Gel permeation chromatog- 
raphy was performed using Bio-beads, SX-2, 2 0 0 4 0 0  mesh. Melting 
points (mp) were determined using a Kofler hot stage melting point 
apparatus and are uncorrected. Infrared (IR) spectra were recorded on a 
Pye Unicam SPlOOO infrared spectrophotometer using KBr disks. 
Nuclear magnetic resonance (NMR) spectra for protons and carbons 
were recorded on a Bruker AM300 NMR spectrometer. The positions 
of signals are reported in 6 units. (The splitting of the signal is 
described as singlets (s), doublets (d), triplets (t), quartets (q), doublets 
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FIG. 1. The 'H nmr spectra of tetrasubstituted phthalocyaninato zinc(I1) compounds in pyridine-d5 (a, b) and DMSO-d6 (c ,  4 ;  (a )  2,9,16,23- 
tetra@-n-butylbenxyloxy)phthalocyaninato zinc(I1) (8); (b) 1,8,15,22-tetra@-n-butylbenzyloxy)phthalocyaninato zinc(I1) (22); (c )  2,9,16,23-tet- 
rahydroxyphthalocyaninato zinc(I1) (11); ( 4  1,8,15,22-tetrahydroxyphthalocyaninato zinc(I1) (24); *: peaks of solvent. 

of doublets (dd), or multiplets (m).) The ultraviolet-visible spectra 
(UV) were recorded on a Hewlett-Packard HP845 1A diode array spec- 
trophotometer. Mass spectra (MS) were recorded at 70 eV on a VG 
Micromass 16F mass spectrometer in the EI mode. The FAB spectra 
were obtained with a Kratos MS-50 triple analyzer mass spectrometer 
equipped with a FAB ion source of standard Kratos design and Ion 
Tech atom gun. Microanalyses were performed by Guelph Chemical 
Laboratories Ltd., Guelph, Ontario. 

4-p-n-Butylbenzyloxyphthalonitrile (4) 
Method I  (2 I )  
To a solution of 0.52 g (3.0 mmol) of 4-nitrophthalonitrile (1) in 

10 mL of dimethylformarnide (DMF) was added 0.41 g (2.5 mmol) of 
p-n-butylbenzyl alcohol (2) and 1.05 g (7.5 mmol) of finely ground 
potassium carbonate. This reaction mixture was stirred at room tem- 
perature for 96 h and poured into 30 mL of ice-water to give a yellow 
precipitate. The precipitate was collected by filtration, washed with 
cold water, and dried, The crude product was purified by column chro- 
matography on silica gel, using THF-hexane (1595) as eluant. Evap- 
oration of the solvent gave a pale-yellow solid. Recrystallization of the 
solid in THF-hexane 3:7 gave 0.54 g (75%) of 4 as white crystals. 

Method I I  
A improved method was used to prepare 4. To a solution of 0.52 g 
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I (3.0 mmol) of 1 in 10 mL of dimethyl sulfoxide (DMSO) was added 
. 1 0.41 g (2.5 mmol) of 2 and 0.25 g (1.88 mmol) of finely ground potas- 
. . I  . .  . . . - . . , sium carbonate. The mixture was stirred for 96 h. Then another three 

/ 0.25-g portions of potassium carbonate were added to the mixture in 
! 20-h intervals and the mixture was pumped under vacuum (20) for 

1 5 min in 10-h intervals during the reaction. Ice-water (30 mL) was 
I added with stirring to the mixture. The precipitate was collected by fil- 
/ tration, washed with cold water, and dried. After column chromatogra- 
I phy on silica gel and recrystallization in THF and hexane (3:7), 0.65 g 
I of a white crystalline material 4 was obtained in 90% yield, mp 64.5- 

/ 655°C; IR (KBr, cm-I): 3095, 3040, 2960, 2930, 2860, 2230 (CN), 

. . .  . . .  
1 1590, 1490, 1320, 1250, 1085, 990, 875, 845; 'H NMR (CDCl,) 6: 

. . .  . . . 
. .  . . . . ,  

7.71-7.68 (d, J=4Hz ,  lH),7.32-7.21 (m,6H),5.11 (s,2H),2.65-2.60 - : 1 (t, J=  15 Hz. 2H), 1.65-1.55 (m, 2H), 1.42-1.33 (m. 2H), 0.95-0.90 (t, 
1 J =  15 Hz, 3H); ',c NMR (CDCl,) 6: 161.89, 143.82, 135.20, 131.78, 

128.97, 127.71, 120.09, 119.80, 117.44, 115.69, 107.43,71.14,35.37, 
33.50,22.34, 13.90; MS for (C19Hl,N20), rnlz (relative intensity): 291 
((M + I)+, 18), 247 (19), 147 ((C4H9PhCH2)+, loo), 127 (24), 116 (3% 
104 (47), 91 (41), 78 (30), 64 (27), 51 (25). Anal. calcd. for 
C19Hl,N20: 78.59, H 6.25, N 9.65; found: C 78.21, H, 6.47, N 9.50. 

4-Diphenylmethoxyphthalonitrile (5) 
A procedure previously described for the preparation of 4 (Method 

11) was used to prepare 5 in 92% yield as white crystals, mp 1 5 6  
157°C; IR (KBr, cm-') 3080, 3020, 2950, 2920, 2848, 2230, 2220, 
1575, 1468, 1295, 1180, 1040, 820, 790; 'H NMR (CDCI,) 6: 7.92- 
7.89 (d, J = 9 Hz, lH), 7.70-7.68 (d, J = 2.5 Hz, 6H), 7.55-7.57 (m, 
5H), 7.40-7.29 (m, 6H), 6.78 (s, 1H); ',c NMR (CDCI,) 6: 161.09, 
139.00, 135.15, 129.05, 128.64, 126.74, 121.14, 120.68, 117.44, 
115.54, 115.17, 107.71,83.16; MS for C21H14N,0, rnlz (relative inten- 
sity): 310 (M+, 6%), 285 (48), 237 (32), 167 (Ph2CH+, loo), 152 (58), 
115 (54), 89 (50), 82 (73), 63 (32), 51 (16). Anal. calcd. for 
C2,HI4N2O: C 81.27, H 4.55, N 9.03; found: C 81.50, H 4.48, N 9.21. 

2,9,16,23-Tetra(p-n-butylbenzyloxy)phthalocyanine (6) 
Compound 4 (0.405 g, 1.4 mmol) was suspended in 5 rnL of 2-di- 

methylaminoethanol (DME). The suspension was heated to 80°C and 
the phthalonitrile dissolved. A steady stream of ammonia gas was 
introduced into the solution for 2 h. The temperature was raised to 
reflux and maintained. along with ammonia introduction. for 10 h. The . - 
mixture was cooled to room temperature and centrifugedto give a blue 
solid. The solid was washed with hexane and methanol. Further purifi- 
cation was performed on a flash silica gel column, eluting with THF 
and hexane (29). Evaporation of the solvent gave 0.069 g (17%) of a 
shining blue solid, mp ~320°C; UV-vis (THF) A,,, (log E): 702 (5.00), 
666 (4.97), 638 (4.72), 608 (3.60); IR (KBr, cm-I): 3300 (N-H), 3040, 
3020, 2960, 2940, 2862, 1614, 1505, 1480, 1460, 1380, 1320, 1250, 
1120, 1100, 1015,940, 825,750; 'H NMR (CDC1,) 6: 7.794.95 (m, 
br, 28H), 4.81-4.70 (m, br, 8H), 2.82-2.68 (t, 8H), 1.69-1.58 (p, 8H), 
1.37-1.22 (m, 8H), 1.05-1 .O1 (t, 12H), -5.95 (s, br, 2H); MS (FAB) 
for C76H7404, rnlz (relative intensity): 1164 ((M + 2)+, 48), 1017 
{((M + 2)680 - R)+, 391,870 {((M + 2)680 - 2R)+, 561,724 {((M + 
2 680- 3R)+, 851, 580 ((M - 4R)+, 79. Anal. calcd. for C7,H7,N,04: 
C 78.46, H 6.41, N 9.63; found: C 78.79, H 6.60, N 9.45. 

2.9.16.23-Tetra(dipheny1methoxy)phthalocyanine (7) 
A method previously described for the preparation of 6 was used to 

prepare 7. After collection by centrifugation and washing, the crude 
product was applied onto a flash silica gel column and eluted with tol- 
uene. Evaporation of the solvent gave a shining, blue solid in 25% 
yield, mp >320°C; UV-vis (THF) A,,, (log E): 704 (471), 668 (4.64), 
641 (4.20), 605 (4.02), 390 (4.13), 351 (4.34); IR (KBr, cm-I): 3300 
(N-H), 3030,3010,2820, 1690, 1610, 1500, 1480, 1460, 1400, 1350, 
1325, 1235, 1120, 1100, 1020,750,700; 'H NMR (CDCI,) 6: 8.38- 
808 (m), 7.99-7.80 (m), 7.77-7.29 (m), 7.20-7.10 (m), 6.80-6.7 1 (m, 
8H), -3.92 (b, 2H); MS (FAB) for C,sHs,N,04, rnlz (relative inten- 
sity): 1243 ((M + I)', 13), 1076 {((M + 1)680 - 2R)+, 551,742 {((M + 
1)680 - 3R)+, 651, 576 {((M + 1)680 - 4R)+, 100). Anal. calcd. 
for C,H,,N,04: C 81.14, H 4.66, N 9.01; found: C 81.21, H 4.03, N 
9.15. 

ET AL. 1995 

2,9,16,23-Tetra(p-n-butylbenzyloxy)phthalocyani1ato zinc(II) (8) 
Method I 
Compound 4 (0.81 g, 2.8 mmol) was suspended in 10 mL of DME. 

The suspension was heated to 100°C and a steady stream of ammonia 
gas passed into the solution for 2 h. To the solution was added 1.5 mL 
of 1,8-diazatricyclo[5.4.0]undec-7-ene (DBU) followed by 546 mg 
(3.0 mmol) of zinc acetate after 0.25 h. The introduction of ammonia 
was continued for 10 h at 100-115°C. The mixture was cooled to room 
temperature and 30 mL of methanol and water (1:l) was added. The 
precipitate was collected by centrifugation, and washed with water, 
methanol, and hexane. Further purification was performed in a flash 
silica gel column by eluting with THF and hexane (23). Evaporation 
of the solvent gave 0.557 g of a shining, blue solid in 65% yield. 

Method 11 
Compound 8 could also be prepared from 6. To 116 mg (0.1 mmol) 

of 6 in 5 mL of toluene and DMF (1 : 1) was added 9 1 mg (0.4 mmol) of 
zinc acetate. The mixture was refluxed for 24 h. The mixture was 
cooled to room temperature and 10 mL of methanol and water (1:l) 
was added. The precipitate was collected by centrifugation, and 
washed with water, methanol, and hexane. The solid was put onto a 
flash silica gel column and eluted with THF and hexane (3:7). Evapo- 
ration of the solvent gave 110 mg (90% yield) of a shining, blue solid 
as pure 8, mp >320°C; UV-vis (THF) A,,, (log E): 682 (5.34), 610 
(4.41), 350 (4.89); IR (KBr, cm-I): 3040, 3010, 2950, 2930, 2860, 
1910, 1735, 1705, 1580, 1532, 1450, 1400, 1325, 1250, 1160, 1100, 
1030, 950, 850; 'H NMR (pyridine-d,) 6: 9.45-9.05 (m, 8H), 7.95- 
7.77 (m, 12H), 7.467.19 (m, 8H), 5.67-5.49 (m, 8H), 2.67-2.63 (t, 
8H), 1.66-1.57 (p, 8H), 1.40-1.28 (m, 8H), 0.93-0.88 (t, 12H); JMOD 
',c NMR (pyridine-d,) 6: 161.41-161.16 (m, 1 x 4C), 153.80-152.84 
(m, 2 x 4C), 143.16143.12 (d, 1 x 4C), 141.30-141.03 (m, 1 x 4C); 
135.11-135.08 (d, 1 x 4C), 132.47-132.20 (m, 1 x 4C), 129.22-129.15 
(d,2x4C),  128.67-128.59 (d,2x4C),  124.17 (m, b, 1 x4C), 118.53 
(m, b, 1 x 4C), 106.98 (m, b, 1 x 4C), 7 1.09 (s, 4C), 35.65 (s, 4C), 33.92 
(s, 4C), 22.65 (s, 4C), 14.12 (s, 4C); MS (FAB) for C76H7,N,04Zn, 
rnlz (relative intensity): 1226 ((M + 2)+, 62), 1079 {((M + 2)680 - R)+, 
631,932 {((M + 2)680 - 2R)+, 571,785 {((M + 2)680 - 3R)+, 671, 
638 {((M + 2)680 - 4R)+, 100). Anal. calcd. for C76H72N804Zn: C 
74.41, H 5.92, N 9.13; found: C 74.00, H 5.80, N 8.82. 

2,9,16,23-Tetra(diphenybnethoxy)phthalocya~nato zinc(l1) (9) 
The methods (Method I and Method 11) previously described for the 

preparation of 8 were used to prepare 9 in 70 and 90% yield, respec- 
tively, as a shining, blue solid, mp >320°C; UV-vis (THF) A,,, (log E): 
679 (5.74), 61 1 (4.71), 351 (5.31); IR (KBr, cm-I): 3030, 3010, 2870, 
1610, 1530, 1450, 1380, 1325, 1250, 1210, 1155, 1100, 1025, 845, 
785; 'H NMR (pyridine-d,) 6: 9.55-9.50 (m, 8H), 8.72-8.07 (m, 4H), 
7.94-7.69 (m, 16H), 7.52-7.37 (m, 28H); 13c NMR (pyridine-d,) 6: 
160.68-160.46 (m, 1 x 4C), 154.91-153.15 (m, 2 x 4C), 142.29 (s, 2 x 
4C), 141.16140.9 (m, 1 x4C), 132.77-132.64 (m, 1 x4C), 129.26 (s, 
4 x 4C), 128.32 (s, 2 x 4C), 127.64 (s, 4 x 4C), 124.44 (m, 1 x 4C), 
119.48-119.39 (m, 1 x 4C), 109.50 (m, 1 x 4C), 82.57 (s, 1 x 4C); MS 
(FAB) for C85H56Ns04Zn, rnlz (relative intensity): 1305 ((M + I)+, 
loo), 11 39 {((M + 2)680 - R)+, 621, 972 {((M + 2)680 - 2R)+, 331, 
805 {((M + 2)680 - 3R)+, 201,638 {((M + 2)680 - 4R)+, 181. Anal. 
calcd. for C,4H,6N,04Zn: C 77.21, H 4.32, N 8.58; found: C 76.88, H 
3.85. N 8.70. 

2,9,16,23-Tetrahydroxyphthalocyanine (10) (1) 
To 60 mg (0.052 mmol) of 6 in 5 mL of trifluoroacetic acid (TFA) 

was added 27.9 mg (0.208 mmol) of 1,2,4,5-tetramethylbenzene 
(TMB). The mixture was refluxed for 15 h. The TFA was evaporated 
and the residue was washed with hexane. The residue was dissolved in 
THF and the solution was put onto a gel permeation column, eluting 
with THF. Evaporation of the solvent gave 18 mg (60%) of 10 as a 
green solid. When 7 was used to prepare 10, the reaction time was 10 h 
and the yield was 70%; UV-vis (2-methoxyethanol) A,,, (log E): 708 
(4.89), 672 (4.85), 639 (4.53), 614 (4.32), 390 (4.40), 342 (4.72), 292 
(4.54), 232 (4.45); IR (KBr, cm-I): 3100-3500 (phenolic group), 1610, 
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1480, 1310, 1200, 1250, 1095, 1010, 930, 820, 740, 710; 'H  NMR 
(DMSO-d,) 6: 10.45 (br, 4H (phenolic group)), 8.48 (m, 4H), 8.10 (m, 
4H), 7.43 (br, 4H), -3.10 (br, 2H); MS (FAB) for C3,HI8N8O4, mlz 
(relative intensity): 578 (M+, 100). Anal. calcd. for C,,HI8N8O4: C 
66.43, H 3.14, N 19.37; found: C 66.28, H 3.21, N 19.01. 

2,9,16,23-Tetrahydroxyphthalocyanir~ato zinc(II) (11) (I) 
Treatment of 8 and 9 as previously described for the preparation of 

10 gave 11. The reaction times were 5 h for both cleavage reactions and 
gave 11 in 84 and 88% yield, respectively. Alternatively, compound 11 
could be prepared from 10 by refluxing 10 with zinc acetate in DMF in 
88% yield. Compound 11 was a blue solid, mp >320°C; UV-vis (THF) 
A,,, (log E): 684 (5.00). 672 (4.90), 614 (4.44), 348 (4.83); IR (KBr, 
cm-I): 3 100-3500 (broad signal, phenolic group), 1600, 1475, 1300, 
1240, 1085, 1040,945,745; 'H NMR (DMSO-d,) 6: 10.65-10.63 (m, 
4H (phenolic group)), 9.19-9.15 (m, 4H), 8.70-8.68 (m, 4H), 7.67- 
7.63 (m, 4H); MS (FAB) for C,,H16N80,Zn, mlz (relative intensity): 
640 (M+, 100). Anal. calcd. for C3,HI6N80,Zn: C 59.88, H 2.51, N 
17.46, Zn 10.18; found: C 59.70, H 2.80, N 16.99, Zn 10.51. 

4-Methoxymethoxyphthalonitrile (15) 
Toluenesulfonic acid (TsOH, 150 mg), 4-hydroxyphthalonitrile (12) 

(33) (1.50 g, 10.4 mmol), and dimethoxymethane (13) (10 mL) were 
mixed with 200 mL of dry dichloromethane in a round-bottom flask, 
equipped with a Soxhlet extractor, in which there was a thimble con- 
taining 30 g of 4 A molecular sieves (29). The suspension was pro- 
tected under argon and heated under reflux with stirring. After every 
12 h, 5 mL of fresh 13 was added. After 24 h, the molecular sieves 
were replaced with fresh sieves. As the reaction proceeded, the solid 
gradually dissolved. After 48 h under reflux conditions, the mixture 
was washed twice with 30 mL of a 0.5 M sodium hydroxide solution, 
twice with 30 mL of distilled water, and was dried with magnesium 
sulfate. After filtration and evaporation, 1.81 g of a crude yellowish 
product was obtained. It was then chromatographed on neutral alu- 
mina, eluting with ethyl acetate and hexane (4:6), to give 1.80 g (92%) 
of pure 15 as white yellowish crystals, mp 80-81°C; UV-vis (dichlo- 
robenzene) A,,, (log E): 304 (3.16). 286 (2.60), 278 (2.54); IR (KBr, 
cm-I): 3100, 3060,2980, 2960, 2920, 2220 (CN), 1940, 1780, 1600, 
1560,1495,1450,1420,1320, 1310, 1290,1240 (C-0-C), 1230,1170, 
1090,990,920, 890, 850,730,700,660; 'H NMR (CDC1,) 6: 7.72 (d, 
J=8.7Hz, lH),7.45(d,J=2.4Hz, lH),7.36(dd,J=8.7,2.5Hz, lH), 
5.27 (s, 2H), 3.50 (s, 3H); I3c NMR (CDC1,) 6: 160.41, 135.20, 
121.23, 120.93, 117.44, 115.58, 115.21, 108.34, 94.62, 56.76; MS for 
CIoH,N202, mlz (relative intensity): 188 (M+, 60), 157 (60), 144 (loo), 
127 (90), 115 (30), 100 (60). Anal. calcd. for C,oH8N202: C 63.82, H 
4.38, N 14.93; found: C 63.82, H 4.29, N 14.88. 

4-Ethoxymethoxyphthalonitrile (16) 
4-Hydroxyphthalonitrile (12) (1.50 g, 10.4 mmol) was mixed with 

200 mL of dry dichloromethane in a round-bottom flask equi ped with 
a Soxhlet extractor containing molecular sieves (4 1, 30 g). 
Diethoxymethane (14) (10 mL) and 150 mg of TsOH were added to the 
above suspension. The mixture was then heated under reflux with stir- 
ring. After every 12 h, 5 mL of fresh diethoxymethane was added. 
After 24 h, the molecular sieves were replaced by fresh sieves. As the 
reaction proceeded, the solid gradually dissolved. After 48 h, the mix- 
ture was washed twice with 30 mL of sodium hydroxide solution (0.5 
M), twice with 30 mL distilled water, and was dried with magnesium 
sulfate. After filtration and evaporation, 2.01 g of a yellowish solid was 
obtained. This solid was then further purified on neutral alumina by 
column chromatography using ethyl acetate and hexane (4:6). After 
evaporation of the solvent, the residue was recrystallized from metha- 
nol and water to give 2.00 g (95% yield) of pure compound 16 as white 
or yellowish crystals, mp 56-57°C; UV-vis (dichlorobenzene) A,,, 
(log E): 306 (3.22), 286 (2.71). 282 (2.64); IR (KBr, cm-I): 3120,3075, 
2980, 2935,2900, 2200 (-CN), 1935, 1590, 1560, 1495, 1480, 1410, 
1400, 1320, 1290, 1240 (C-0-C), 1090, 960, 910, 870, 850, 740; 'H 
NMR (CDCl,) 6: 7.72 (d, J=  8.7 Hz, lH), 7.45 (d, J=  2.5 Hz, IH), 7.36 
(dd,J=8.7,2.5Hz, lH),5.32(~,2H),3.74(q,J=7.OHz,2H),1.22(t, 

J = 7.0 Hz, 3H, 3H); ',c NMR (NMR (CDCI,) 6: 160.62, 135.19, 
121.23, 120.93, 117.41, 115.63, 108.19, 93.39, 65.39, 16.01; MS for 
C,lHloN202, mlz (relative intensity): 202 (M+, 10). 157 (40), 144 
(loo), 127 (40), 116 (20), 100 (20). Anal. calcd. for C,,Hl0N2O,: C 
65.35, H 5.27, N 13.80; found: C 65.34, H4.99, N 13.85. 

2,9,16,23-Tetra(methoxymethoxy)phthalocyar~inato zinc(I1) (17) 
A suspension of 500 mg (2.66 mmol) of 15 and 2.5 mL of DBU in 

2.5 mL of 1-butanol was stirred and heated under reflux. The phthalo- 
nitrile dissolved after 10-20 min. Then, 170 mg (0.93 mmol) of dried 
zinc acetate was added to the solution. After 24 h under reflux, the dark 
mixture was poured into 150 mL of methanol and water (1: 1) to form a 
precipitate. The precipitate was collected by centrifugation, and 
washed with water, methanol, and hexane. The crude product was then 
purified by column chromatography on neutral alumina, eluting with 
ethyl acetate and hexane (9: 1). Evaporation of the solvent gave 197 mg 
(36.2%) of a dark blue solid 17. When the procedure previously 
described for the preparation of 8 was used to prepare the compound, 
the yield was 60%; UV-vis (2-methoxyethanol) A,,, (log E): 680 
(5.15), 672 (5.16), 610 (4.50), 350 (4.85), 286 (4.46), 240 (4.56); IR 
(KBr, cm-'): 2950 (br), 1610, 1490, 1400, 1350, 1240 (C-0-C), 1210, 
1160, 1050, 1000, 930, 830, 780, 750, 730; 'H NMR (DMSO-d,) 6: 
9.10-7.70 (br, 12H), 5.76 (m, 8H), 3.67 (m, 12H); (pyridine-d,) 6: 
9.54-9.36 (m, br, 8H), 8.71 (m, 4H), 5.79-5.70 (d, 8H), 3.64-3.61 (d, 
12H); I3c NMR (CDC1,) 6: 108-158; JMOD I3c NMR (pyridine-d,) 
6: 159.6 (m, 1 x 4C), 153.9-153.2 (m, 2 x 4C), 141.0-140.8 (m, 1 x 
4C), 133.1 (m, 1 x4C), 124.3-123.5 (m, 1 x4C), 119.6 (m, 1 x4C), 
109.1 (m, 1 x 4C), 95.3 (s, 1 x 4C), 56.3 (s, 1 x 4C). Anal. calcd. for 
C,oH,2N808Zn: C 58.72, H 3.94, N 13.70, Zn 7.99; found: C 58.55, H 
4.10, N 13.62, Zn 8.12. 

2,9,16,23-Tetrahydroxyphthalocyanine (10) from 17 
A solution of 82 mg (0.1 mmol) of 17 in 50 mL of hydrochloric acid 

solution (HC1 and 2-methoxyethanol 1:9) was stirred at 80°C overnight 
and then neutralized with 10% aqueous solution of sodium hydroxide. 
The solution was then poured into a saturated solution of sodium chlo- 
ride (150 mL) to precipitate the phthalocyanine. The precipitate was 
washed twice with water to get rid of sodium chloride and then dis- 
solved in a small portion of DMF and precipitated from toluene to get 
rid of any incompletely hydrolysed phthalocyanine species. This pre- 
cipitate was then preabsorbed onto 2 g of classical silica gel and sub- 
jected to a classical column chromatography on silica gel, eluting with 
ethyl acetate and DMF in increasing amounts of DMF. After evapora- 
tion of the solvent and precipitation from toluene, 47 mg (31%) of 10 
was obtained. 

3-p-n-Butylbenzyloxyphthalonitrile (20) . 
A procedure previously described for the preparation of 4 (Method 

11) was used to prepare 20 in 95% yield as white crystals, mp 70-71 "C; 
IR (KBr, cm-I): 3080, 3020, 2950, 2920, 2850, 2250, 2220, 1575, 
1470, 1295, 1280, 1180, 1040, 840,790; 'H NMR (CDC1,) 6: 7.62- 
7.56 (t, J = 15 Hz, lH), 7.54-7.16 (m, 7H), 5.24 (s, 2H), 2.64-252 (t, 
J =  15.4 Hz, 2H), 1.62-1.57 (m, 2H), 1.39-1.31 (m, 2H), 0.95-0.90 (t, 
J = 14.6 Hz, 2H); I3c NMR (CDCl,) 6: 161.14, 143.68, 134.44, 
131.75, 128.98, 127.34, 125.30, 117.62, 117.22, 115.32, 113.02, 
105.53,71.57,35.38,33.51,22.34, 13.91;MSf0rC,~H,~N~O,mlz(rel- 
ative intensity): 291 ((M + I)+, 18). 247 (20), 147 (C4H,PhCH2+, loo), 
127 (22), 116 (33), 104 (44), 91 (40), 78 (27), 64 (23), 51 (20). Anal. 
calcd. for C9HI8N2O: C 78.60, H 6.25, N 9.65; found: C 78.92, H 6.12, 
N 9.83. 

1,8,15,22-Tetra(p-n-butylbenzyloxy)phthalocyanine (21) 
Lithium (0.30 g) was suspended in 30 mL of n-octanol. The suspen- 

sion was heated to 170°C under stirring and kept for 4 h. The homog- 
enous solution was cooled to 40°C, at which point was added 0.35 g 
(1.2 mmol) of 20 in 4 mL of dried THF. The temperature was raised to 
60°C and the mixture kept stirring for 2 h. Then, the temperature was 
raised to 100°C and stirring was continued for 12 h. The temperature 
was further raised to 120°C, and stirring continued for another 2 h. The 
mixture was cooled to room temperature and the reaction was 
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quenched with methanol and water (1: 1) to form a blue precipitate. The 
precipitate was collected by centrifugation, washed successively with 
water, methanol, and hexane, and dried to give 126.7 mg (40%) of a 
dark-green solid 21, mp >320°C; UV-vis (THF) A,,, (log E): 724 
(4.70), 690 (4.71), 658 (4.02), 627 (2.95), 395 (3.46), 351 (3.96); IR 
(KBr, cm-I): 3310 (N-H), 3010,2960,2920,2860, 1665, 1530, 1440, 
1385, 1240, 1175, 1145, 1110, 1010,925, 850; 'H NMR (pyridine-d,) 
6: 9.48-9.45 (d, J = 7.5 Hz, 4H), 8.34-8.32 (d, J =  7.8 Hz, 8H), 8.27- 
8.22(t,J=15H~,4H),7.91-7.89(d,J=8Hz,4H),7.6&7.63(d,J= 
7.7 Hz, 8H), 5.93 (s, 8H), 2.85-2.80 (t, J =  15 Hz, 8H), 1.83-1.73 (m, 
8H), 1.51-1.42 (m, 8H), 1.01-0.96 (t, J =  15 Hz, 12H), -4.2 (br, 2H); 
MS (FAB) for C79H7,N80,, mlz (relative intensity): 1164 ((M + 2)+, 
68), 1017 {((M + 2)680 - R)+, 561, 870 {((M + 2)680 - 2R)+, 23), 
723 {((M + 2)680 - 3R)+, loo), 578 (((M + 2)680 - 4R)+, 9 1 }. Anal. 
calcd. for C7,H7,N80,: C 78.46, H 6.41, N 9.63; found: C 78.22, H 
6.63, N 9.24. 

l,8,15,22-Tetra(p-n-butylbenzyloxy)phthalocyaninato zinc(II) (22) 
Lithium (0.60 g) was suspended in 60 mL of n-octanol. The mixture 

was heated to 170°C and kept stining for 4 h. The homogeneous solu- 
tion was cooled to 40°C, at which point was added 0.52 g (1.79 mmol) 
of 20 in 5 mL of THF. The solution was slowly heated to 100°C and 
underwent a colour change from colourless to green. To the green solu- 
tion was added 326 mg (1.79 mmol) of zinc acetate and the solution 
was kept stining for 12 h at 100°C. The temperature was raised to 
120°C and stimng was continued for another 2 h. The mixture was 
cooled to room temperature and quenched with methanol and water 
(1: 1) to form a shining, blue precipitate. The precipitate was collected 
by centrifugation, washed successively with water, methanol, and hex- 
ane, and dried. The blue solid was examined under a microscope and 
exhibited crystalline needles. Further recrystallization from THF gave 
0.44 g (80%) of shining, blue, square crystals 22. 

Compound 22 can also be prepared from 21. A mixture of 80 mg 
(0.069 mmol) of 15 and 50 mg of zinc acetate in 5 mL of DMF and tol- 
uene (1:l) was refluxed for 24 h. To the mixture was added 10 mL of 
water, and it was then centrifuged to separate a shining, blue solid. The 
solid was washed with water, methanol, and hexane, and dried to give 
76 mg (90%) of a shining, blue solid 22 as needle or square crystals, 
mp >320; UV-vis (THF) A,,, (log E): 696 (5.34), 665 (4.37), 626 
(4.46). 369 (4.45); IR (KBr, cm-I): 3010, 2940, 2920, 2840, 1580, 
1485,1335,1260,1235, 1130, 1090, 1060, 1040, 1020,800,760,735; 
'H NMR (pyridine-d,) 6: 9.44-9.41 (d, J = 7.5 Hz, 4H), 8.34-8.31 (d, 
J=6.6Hz,  8H), 8.24-8.19(t, J =  15.4Hz,4H), 7.88-7.86 (d, J = 8 . 0  
Hz, 4H), 7.68-7.63 (d, J = 7.7 Hz, 8H), 5.9 1 (s, 8H), 2.85-2.80 (t, J = 
15.2 Hz, 8H), 1.83-1.73 (p, 8H), 1.51-1.39 (m, 8H), 1.01-0.96 (t, J =  
14.6 Hz, 12H); JMOD I3c NMR (pyridine-d,) 6: 156.85 (s, 1 x 4C), 
154.18(s, 1 x4C), 154.07 (s, 1 x4C), 143.01 (s, 1 x4C), 142.25 (s, 1 
x4C), 135.20(s, 1 x4C), 130.91 (s, 1 x4C), 129.20(s,2x4C), 128.62 
(s, 2 x 4C), 126.41 (s, 1 x 4C), 116.79 (s, 1 x 4C), 113.68 (s, I x 4C), 
71.40 (s, 14C), 35.84 (s, 4C), 34.20 (s, 4C), 22.72 (s, 4C), 14.25 (s, 
4C); MS (FAB) for C7,H7,N804, mlz (relative intensity): 1226 ((M + 
2)+, loo), 1079 {((M + 2)fs20 - R)+, 88), 932 (((M + 2)fs20 - 2R)+, 
96), 785 {((M + 2)fs20 - 3R)+, 84), 638 {((M + 2)fs20 - 4R)+, 68). 
Anal. calcd. for C7,H7,N804Zn: C 74.41, H 5.92, N 9.13; found: C 
74.21, H 5.18, N 9.07. 

1,8,15,22-Tetrahydroxyphthalocyanine (23) 
To a suspension of 50 mg (0.043 mmol) of 21 in 10 mL of TFA was 

added 25 mg (0.19 mrnol) of TMB. The suspension was refluxed for 
50 h. The TFA was evaporated and the residue was washed with hex- 
ane. The green residue was dissolved in THF and put onto a gel perme- 
ation column, eluting with THF. Evaporation of the solvent gave 
6.2 mg of 23 (25% yield) as a green solid; UV-vis (THF): A,,, (log E): 
743 (4.69), 7.10 (4.69), 680 (4.00), 648 (2.98), 350 (3.40); IR (KBr, 
cm-'): 310&1500 (broad signal, phenolic group), 1620, 1482, 1310, 
1284, 1220, 1200, 1095, 1000, 930, 820, 745, 710cm; 'H NMR 
(DMSO-d6) 6: 10.50 (s, 4H), 8.51-8.45 (d, J = 7.5 Hz, 4H), 8.07-8.05 
(t, J = 15 Hz, 4H), 7.68-7.65 (d, J = 7.5 Hz, 4H), -3.5 (br, 2H); MS 
(FAB) for C3,H18N804, mls (relative intensity): 578 (M+, 100). 

l,8,15,22-Tetrahydroxyphthalocyaninato zinc(II) (24) 
To 109 mg (0.086 mmol) of 22 in 5 mL of TFA was added 46 mg 

(0.35 mmol) of TMB. The mixture was refluxed for 15 h. The TFA was 
evaporated and the residue was washed a few times with hexane. The 
blue solid was dissolved in THF and the solution was put onto a gel 
permeation column, eluting with THF. Evaporation of the solvent gave 
46.8 mg (85%) of 24 as a blue solid; UV-vis (THF) A ,  , (log E): 719 
(4.85), 686 (4.12), 646 (4.13), 344 (4.06); IR (KBr, cm-'): 3 10&3500 
(broad signal, phenolic group), 1650, 1520, 1430, 1360, 1275, 1215, 
1060,925, 840; 'H NMR (DMSO-d6) 6: 10.56 (s, 4H), 8.58-8.56 (d, J 
=7.5 HZ, 4H), 8.28-8.22 (t, J =  15 HZ, 4H), 7.83-7.81 (d, J=7 .7  HZ, 
4H); MS (FAB) for C3,HI6N8O4Zn, mlz (relative intensity): 640 (M+, 
100). Anal. calcd. for C3,HI6N8O,Zn: C 59.88, H 2.5 1, N 17.46; found: 
C 59.74, H 2.33, N 16.89. 
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