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added to a warm solution of 0.250 g. of D-glutamic acid26 in 
30 cc. of 50y0 ethanol. After evaporation to dryness, the 
salt was dissolved in 80 cc. of diluted alcohol (100:~. of al- 
cohol + 10 cc. of water) and left overnight at 22 . After 
three crystallizations from diluted alcohol, the glutamate 
had a constant m.p. of 136-138'. The salt was dissolved 
in warm water and a little ethanol, the solution was made 

(25) C.lutamic acid was first used by Grob lor the resolution of 
C A. Grob and E. F. Jenny, H r i u .  Chiin. Acta, dihydrosphing-osiiie, 

35,  2106 ( 1 ~ 5 2 ) .  

alkaline with N sodium hydroxide and extracted with ether. 
After evaporation of the ether, the base was converted into 
the triacetyl derivative which was recrystallized from ace- 
tone and melted sharply at 103.5-104°, [o1Iz4~ -12.8". 
The natural triacetyl derivative26 has [ C Y ] ~ ~ D  - 1 1 , 7 O  and 
m.p. 101-102°. 

~ 

(26) H. E. Carter, W. P. Norris, P. J. Glick, G. E. Phillips and R. 
Harris, J .  B i d .  Chem., 170, 269 (1947). 
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Low molecular weight soluble polymeric phthalocyanines have been prepared from mixtures of pyromellitic acid and 
phthalic anhydride and of 3,3',4,4'-tetracarboxydiphenyl ether and phthalic anhydride. The polymers are dark blue- 
green to black powders with fair heat stability and which show visible absorption bands and infrared absorption bands 
characteristic of phthalocyanines. 

Copper phthalocyanine (I) has been found to 
have great thermal stability since i t  can be sub- 
limed under nitrogen a t  560' without decomposi- 
tion.2 The work described in this communication 
was undertaken to see whether this unit might be 
incorporated into a polymeric structure to produce 
an equally thermostable polymer. a 

0 
I 

IIa, X = CO 
b , X  = SO, 

Dyes containing two phthalocyanine residues 
(TIa and b) have been prepared by use of a ratio 
of six parts phthalonitrile to one part of 3,3',4,4'- 
tetracyanobenzophenone and of the same ratios of 
phthalonitrile and 4-cyanodiphenylsulfone-3,3',4'- 

(1) The work discussed herein was initiated as part of the synthetic 
rubber research project sponsored by  the National Science Founda- 
tion and completed under contract number AF-33(616)-3772 with the 
Materials Laboratory of Wright Air Development Center, Wright- 
Patterson Air Force Base, Ohio; Lt. L. E. Coleman, project engineer. 

(2) R. P. Linstead, J. Chem. Soc., 1027 (1934). 

tricarboxylic acid.3 This proves that mixed units 
can be introduced into a phthalocyanine structure 
and hence by use of properly substituted aromatic 
molecules i t  should be possible to arrive ait poly- 
meric phthalocyanines. In  fact, workers a t  the 
Sprague Electric Cos4 have prepared some poly- 
meric phthalocyanines from 3,3',4,4'-tetracyano- 
biphenyl, and Bailar and Drinkard6 have prepared 
polymers from pyromellitic acid and urea under 
phthalocyanine-forming conditions. Howeger, in 
both of these cases the polymeric products are quite 
insoluble and the characterizations of the polymers 
were difficult. 

We have used the principle of introducing mixed 
aromatic systems into the phthalocyanine-f'xming 
teaction to produce linear polymers which are solu- 
ble and more readily studied. Two systems have 
been used with some success. These are pyromel- 
litic acid, phthalic anhydride and urea, anti 3,3',- 
4,4'-tetracarboxydiphenyl ether, phthalic nnhy- 
dride and urea. T t  was hoped that the first would 
give a polymer with the recurring unit shown in 
formula 111 or the second would yield copclymers 
with the recurring unit shown in formula I Y .  It 
is, of course, realized that the individual units in 
the phthalocyanine structure may not be so sym- 
metrically arranged as this idealized case hut the 
over-all structure might be that of a linear polymer 
if the tetrasubstituted and disubstituted aromatic 
units could be introduced into the molecule i.n equal 
molar quantities. 

The 3,3',4,4'-tetracarboxydiphenyl ether was 
prepared from 3,4-dimethylphenol and 4- bromo- 
1,2-dimethylbenzene by making first the aryl ether 
and then oxidizing with potassium permanganate. 

When a ratio of three moles of phthalic anhydride 
to one mole of either of the above tetrasubstituted 
aryl acids was heated under phthalocyanine-form- 

(3) A. Bucher, U. S. Patent 2,492,732 (December 27, 1949). 
(4) Sprague Electric Co. Final Report under contract No, D . A . -  

36-039-SC-87 to the United States Signal Corps, May l i  through 
October 15, 1952; ASTIA AD No. 6116. 

( 5 )  W. C. Drinkard, Ph.D. Thesis under Professor J. 13. Bnilar. 
University of Illinois, 195G. 
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ing conditions, reaction occurred. The colored 
substance produced was partially a simple metal 
phthalocyanine and partly the desired polymer 
Fortunately the less symmetrical polymeric mate- 
rial was somewhat soluble in dimethylformamide 

1 
I e/ ~ I 

T-hletal- 1- 

/ \  
I11 0 , 

grams (0.85 mole) of 3,4-dimethylphenol and 40 g. (0.704 
mole) of potassium hydroxide were heated to 150' for 15 
minutes, then cooled to 90" at which point 92.5 g. (0.496 
mole) of 4-bromo-o-xylene was added in one batch; 0.5 g. 
of copper powder was added and the mixture was brought 
t o  reflux at 148". After 15 minutes, liquid was distilled 
from the reaction flask through a 12-inch Vigreux column. 
The temperature in the flask rose from 148 to 247". The 
reaction mixture was cooled and treated with 25 g. of sodium 
hydroxide dissolved in 750 ml. of water. The product was 
extracted with chloroform. The chloroform solution was 
washed with water and saturated sodium chloride solution 
and dried over anhydrous magnesium sulfate. The chloro- 
form was removed on the steam-bath and the product dis- 
tilled; 5.6 g. of forerun, b.p. 103-107", was discarded. 
The product, b.p. 196-202" (12 mm.), was collected in 
75.9% yield (85.5 g.). Three recrystallizations from 
methanol gave white crystals, m.p. 58-59.2". 

Anal. Calcd. for CI6Hl80: C, 84.90; H, 7.97. Found: 
C, 84.88; H, 8.26. 

3,3',4,4'-Tetracarboxydiphenyl Ether.-Crude 3,3',4,4'- 
tetramethyldiphenyl ether (17.95 g., 0.0795 mole) was dis- 
solved in 400 ml. of pyridine and 200 ml. of water. The 
solution was heated until reflux and then 50 g. (0.316 mole) 
of solid potassium permanganate was added as rapidly as 
was necessary to maintain the refluxing temperature. After 
the addition was complete, the suspension was refluxed for 
one hour, filtered hot through a Celite filter bed, washed 
with pyridine and water, and the light yellow filtrate evapo- 
rated to 50 ml. under vacuum. The residue was dissolved 
in a solution of 35 g. of sodium hydroxide in 500 ml. of water. 
The basic solution was oxidized and filtered exactly as be- 
fore, using 65 g. of potassium permanganate. The excess 
permanganate was destroyed with ethanol. The filtrate 
from this oxidation was cooled to 5' and acidified to p H  1. 
The acid solution was allowed to stand overnight and the 
white precipitate was collected by filtration and washed with 
a small portion of cold water; 6.9 g. (25.17,) of product was 
isolated and recrystallized by dissolving in hot acetone and 
precipitating with Skellysolve C. The product, m.p.  229- 
2 3 1 . 5 O  dec., Tras a white powder. 

3naZ. Calcd. for C l ~ H l o O ~ :  C, 55.50; H,  2.79. Found: 
C, 55.57;  H, 2.70. 

Pyromellitic Acid-Phthalic Anhydride Phthalocyanine 
Polymers. Using Both Copper Salts and Molybdate.- 
Three arid eighty-one hundredths grams (0.015 mole) of 
pyromellitic acid (or 3.27 g. if pyromellitic anhydride was 
used), 6.66 g. (0.04: mole) of phthalic anhydride, 40 g. of 
urea and 0.4 g. (0.0032 mole) of ammonium molybdate vvere 
mixed in an oil-bath a t  120" and the temperature then was 
raised to 170'. TT'hen the reaction mixture turned black, 
3.6 g. (0.036 mole) of cuprous chloride and 1 g. (0.008 mole) 
of ammonium molybdate mixed with 5 g. of urea were added. 
The reaction mixture was shaken and heated to 200' for 
three hours; 1.8 g. (0.018 mole) of cuprous chloride, 0.1 g. 
(0.0008 mole) of ammonium molybdate and 10 g. of urea 
were then added. The heating was continued for three 
hours a t  200'. 

The blue-green-black solid was washed from the flask with 
300 1x1. of boiling water and collected by filtration. The 
inixture was slurried successively with 400 mi. of 185: hy- 
drochloric acid, 600 ml. of water, 500 ml. of ST: ammonium 
hydroxide, 200 ml. of water, 200 ml. of 187; hydrochloric 
acid and 600 ml. of boiling water. The dark powder was 
dried a t  110" and treated in a beaker Trith 200 ml. of di- 
tiiethylforinarnide. The suspension TYBS alloiretl to stand 
for four hours, heated to 60' and filTered w:lrm. Tlie hlue- 
purple insoluble copper phthalocyanine was washed with .X 
nil. o f  chloroform. The green-black tliniethylforn~a~tiitle 
solution was treated with three vijlurnes of  chloroform a n d  
;illowed to stand overnight. 

The precipitated polymer was collected and washed with 
200 ml. of chloroform and dried. The powder was Iilacetl 
in a sublimation apparatus a t  190' ( I1  mm.)  for 10 hours to 
remove a small amount of white impurity which melted he- 
low 250". The dark powder was then slurried twice in 300- 
nil. portions of water and dried a t  110". The polder  K I S  

used directly for analysis. The yield of one run (no. 1) was 
2.9 g. and of the second run (no.  2 )  WRS 2.11 g. The tie- 
scription of the products is given in Table I .  
Using Copper Salts without Molybdate .--.I mixture of 

:3.81 g. (0.15 n:ole) o f  pyoniellitic :icid, 6.66 g.  (0.35 niolrl 
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POLYMERIC PHTHALOCYANINES 

TABLE I 
PROPERTIES OF POLYMERIC PHTHALOCYASIFES 

Nitrogen, 5% Ash, Copper, % 

20.41 1 s  5 11 61 3.8 
Calcd a Foundb 70 Calcd.5 Found 

20.41 19.13 27. OX 3.84 

20 41 22 25 15.87 11.56 14. 77 

20 ,41  19.35 16.51 11.56 15 ,21  

20.41  

20 ,41  

1 5.43" 

7.52 18.76 11.56 13.66 

5 .09  31.92 
(Mo) 

5 .02  21.40 4.32 

15.43 17.81 8.41 8.75" 9 . 2  

Visihled 
absorption, A. 

6980 
6500 
6100 
6670 
6410 
6030 
6680 
6390 
BO10 
6670 
6390 
6020 
6670 
6400 
6020 
6920 
6850 
6580 
6700 
6500 
6030 
6690 
6420 
6040 

1199 

Viscosity in 
dimethylformamide, 

g./lOO ml.  

0.56  (0. Cl06) 

0 .65  (0.014) 

0.83 (0.009) 

0 .38  (0.007) 

0.19 (0.003) 

0.507 (0.007) 

1 . 5 8  (0.10) 

Calculated for the recurring unit 111, assuming five recurring units and terminal carboxyl groups. We are indebted to 
Calculated for the recurring unit IV, assuming 1:hree re- 

d The visible absorption bands were determined for us by Mrs. M. s. Chao with 
Mr. Jozsef Semeth for the Dumas nitrogen determinations. 
curring units and terminal carboxyl groups. 
a Cary recording spectrometer, model 14M. 

of phthalic anhydride and 40 g. of urea was heated to 180' 
and the clear melt was then treated with 6 g. (0.6 mole) of 
cuprous chloride in 10 g. of urea. The temperature was 
then raised to 200-210" for three hours. An additional 3 g. 
(0.3 mole) of cuprous chloride and 10 g. of urea were added 
and the heating continued a t  200-210" for 7 hours. The 
product was then isolated as before except 400 ml. of di- 
methylformamide was used to dissolve the polymeric mate- 
rial. The color of these products ranged from blue-green 
to dark green, and very little copper phthalocyanine was 
isolated. Polymers no. 3 (3.3 g.), no. 4 (3.7 g.) and no. 5 
(1.2 9.) were thus obtained. 

Using Only Molybdate .-The same amount of reagent 
as above was used except in place of cuprous chloride 18.51 
g. (0.015 mole) of ammonium molybdate was added a t  first 
and 2 g. of this reagent and 10 g. of urea were added after 
two hours of heating. This mixture was heated only four 
hours. The product was a black powder readily soluble in 
100 ml. of dimethylformamide; polymer no. 6, 0.8 g., was 
thus obtained. 
3,3',4,4'-Tetracarboxydiphenyl Ether-Phthalic Anhydride 

Polyphthalocyanines. Using Copper and Molybdenum.- 
-1 mixture of 3.46 g. (0.01 mole) of 3,3',4,4'-tetracarboxydi- 
phenyl ether, 4.44 g. (0.03 mole) of phthalic anhydride, 25 g. 
of urea and 0.4 g. of ammonium molybdate was heated a t  
120" and then this temperature was raised gradually to 170'. 
Then 1 g. of ammonium molybdate, 3.6 g. of cuprous chlo- 
ride and 5 g. of urea were added and the temperature was 
raised to 202" for six hours, then 1.8 g. of cuprous chloride 
in 10 g. of urea was added rind the heating continued for 
three hours. The product (no. 7, 5.7 g.) was isolated as in 
previous cases. It was a soluble greenish-black powder. 

Using Copper Alone.--.$ mixture of 3.46 g. of 3,3',4,4'- 
tetracarboxydiphenyl ether, 4.44 g. of phthalic anhydride, 
25 g. of urea and 6 g. of cuprous chloride was heated as be- 
fore to 170" for four hours and then 3 g. of cuprous chloride 
and 10 g. of urea were added and heating was continued for 
8 hours. Purification was carried out as before. Only 200 
ml. of dirnethylformamide was required to dissolve the dark 
green powder. 

Analyses .-Combustion analyses were carried out in oxy- 
gen a t  900°, but gave unsatisfactory results and the carbon 

Polymer no. 8, 3 g., was thus obtained. 

and hydrogen values were meaningless. We have since 
learned8 that phthalocyanines must be burned a t  a t  least 
1000" to obtain good values. Dumas nitrogen analyses 
gave satisfactory results. Copper was determined by weigh- 
ing the ash left on heating the samples a t  350" in an electric 
oven for three hours and then a t  550' for two hour:, and de- 
termining the weight of the copper oxide residue. Copper 
was also determined iodometrically by fusing the polymers 
with excess sodium bisulfate a t  dull red heat for one to two 
hours, cooling the residue, dissolving in water and titrating 
with potassium iodide and sodium thiosulfate. 

Inherent Viscosities.-Samples weighing exactly 0.0150 
g. were dissolved in a volumetric flask in 100 ml. of dimethyl- 
formamide, the undissolved material was separai ed, and 
weighed again to determine the amount of product in solu- 
tion. The viscosities were determined in an Ostwald vis- 
cometer a t  25'. The time of flow for this solution was com- 
pared to  that of the solvent. 

Properties of the Polymeric Phthalocyanines.-.ls noted 
above, the polymeric materials were powders which varied 
in color depending on the metal or metals present and the 
method of preparation. They were of varying degrees of 
solubility in dimethylformarnide and usually those with 
higher viscosities (molecular weight?) were more soluble. 
The properties and analyses are collected in Table I .  

Infrared.-Ebert and Gottlieb? reported that copper 
phthalocyanine in a Nujol mull gave fairly sharp bands a t  
8.8, 9.1, 9.2, 11.5, 12.8 and 13.3 f i ,  whereas the metal-free 
dye had in addition a band a t  10 f i .  We checked bands a t  
8.8, 9.1, 11.1, 12.7 and 13.4 in our preparation of copper 
phthalocyanine. Polymer no. 1, which was a mixed metal 
salt of the product from pyromellitic acid and phthalic 
anhydride in a Nujol mull, gave bands a t  6.9, 10.6, 11.1, 
12.9, 13.3 and 13.9 p.  Polymer no. 8, which was the copper 
salt of the product prepared from 3,3',4,4'-tetraca rboxydi- 
phenyl ether and phthalic anhydride, gave bands a t  8.5, 9.4, 
10.4, 12.8 and 13.6 p .  

URBANA, ILLINOIS 

(8) Private communication from Dr. G. F. Palfrey, Organic Chemi- 
cals Department, R I. dii Pont de Nemours an,l Company U'ilming- 
ton, Delaware. 


