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2,596,926 

PREPARATION OF AZINE OYE MAGES 

Robert C. Gunther, Easton, Pa., and Vsevolod 
Tulagin, Phillipsburg, N.J., assignors to Gen 
eral Aniline & Film Corporation, New York, 
N.Y., a corporation of Delaware 

Application December 16, 1949, Serial No. 133,464 
(C. 95-2) 8 Claims. 

1. 
The present invention relates to the forma 

tion of azine dye images while using color de 
velopers insuring the formation of brilliant dye 
images of proper color rendition. 

U. S. Patent 2,486,440 granted to Willy A. 
Schmidt and Wsevolod Tulagin on November 1, 
1949, describes the basic method of producing 
azine dyestuff images by color developing silver 
halide emulsions with a 2,4-diamino-aniline in 
the presence of a color former. 
The azine dyes produced by this method have 

unusual stability, particularly when compared 
with the quinonimine or azomethine dyes formed 
while using the older developers of the p-phenyl 
enedianine type, 

Despite the many recognized advantages of the 
azine method, there are certain disadvantages 
to which considerable study has been given in 
an effort to effect their elimination. One such 
disadvantage is the fact that the energy of deu 
velopment and of color coupling is not all that 
could be desired. A more serious problem, which 
manifests itself particularly in the development 
of mutilayer film, is a loss of color rendition in 
the azine images formed in Such material through 
the phenomenon known as "proximity develop 
ment.' 
As is known, the conventional material em 

ployed at the present time in color photography 
is an integral tripack consisting essentially of 
three Superimposed silver halide emulsion lay 
ers, the bottom layer being sensitized to red, the 
middle layer to green, and the top layer to blue. 
When such a tripack is exposed, the red den 
sities of the picture are recorded in the bottom 
layer, the green densities in the middle layer, and 
the blue densities in the top layer. According 
to customary practice, the image formed in the 
respective layers is complimentary in color to the 
light rays for which the particular layer is sen 
sitized. 
One of the best modes of constructing such 

tripacks involves the utilization in each of the 
three silver halide emulsion layers of a color 
former which is rendered non-diffusing in the 
emulsions. Where such tripacks are of the revers 
ible type, they are processed by developing first 
in a black and white developer, and finally in 
a color forming developer. 

In the color development of such a tripack 
with a 2,4-diamino-aniline, the color developer 
reduces in any one layer the silver halide re 
maining after the first development and is itself 
oxidized to an active state capable of coupling 
with the color former present in that layer to 
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form a positive dye image. Consequently in 
any one layer the amount of dye produced will 
be a function of the amount of residual silver 
halide in that layer and the resulting dye. Will 
be formed imagewise. Thus in each of the three 
layers of the tripack, one of the primary color 
densities (blue in the top layer, green in the 
middle layer, and red in the bottom layer) is 
accurately recorded in the form of a positive 
complimentary dye image. 
The coupling reaction between the migratory 

Oxidized developer and the immobile color form 
ers in each layer is normally rapid so that the 
Oxidized developer travels only a very short dis 
tance before encountering the Color former mol 
ecule and coupling therewith. It often happens, 
however, that some dye may be produced in a 
particular layer by the coupling of a color form 
er in that layer with an oxidized developer mol 
ecule that originated not in that particular lay 
er but in one of the adjacent layers. Typically 
an oxidized developer molecule originating in the 
red sensitive layer may “escape' from this layer 
Without Coupling and migrate to the green Sensi 
tive layer to couple with the color former mol 
ecule in that layer. As a result there Will be 
produced in the green sensitive layer a certain 
amount of magenta, dye which records not the 
green densities of the original picture, but red 
densities which should have been confined to the 
bottom or red sensitive layer. This migration of 
Oxidized developer from one layer to an adjacent 
layer is the phenomenon known as proximity de 
velopment. 
We have now discovered that the development 

of silver halide emulsions with a 2,4-diamino de 
veloper in the presence of a color former may 
be effected while realizing the advantages of (1) 
more energetic development of positive silver 
halide; (2) more energetic color coupling with 
resultant increase in dye formation efficiency, 
and (3) more brilliant dye images through in 
proved color rendition (suppression of proximity 
development), by adding to the 2,4-diamino 
developer a Small quantity of a pyridine deriva 
tive. Thus coupling reactions which proceed very 
slowly or not at all with an ordinary azine de 
veloping Substance in the conventional carbonate, 
sulfite and bromide solution, are greatly ac 
celerated by the addition of the pyridine deriva 
tive to the solution. 

Further, the use of the pyridine derivative in 
an amount of from 4 grams to 30 grams not only 
energizes the azine color developer so as to pro 
duce a maximum of dye in a minimum of time, 
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but also produces dye images of exceptional clar 
ity and brilliance. 
The improvement in color rendition obtained 

by the use of the pyridine derivatives is attribut 
able primarily to a suppression of proximity de 
velopment by the azine developer. 
We do not know, nor has it been possible to 

ascertain, the particular manner in which the 
pyridine derivative operates to promote this ef 
fect. It is known, however, that the action is 
peculiar to the pyridine derivatives, not evel. 
being shared by other heterocyclic nitrogenous 
bases. Thus we have also employed bases Such 
as piperidine or morpholine, and while finding 
that these when present in the azine color dea 
veloper give satisfactory dye density, unlike the 
pyridine derivatives, the dye formation is ac 
companied by increased proximity development. 
The overall effect is a severe loss in color rendi 
tion which manifests itself in the final image as 
a loSS in color brilliance. Nor have we found any other nitrogenous 
bases capable of operating in the same manner 
as the pyridine derivatives. Attempts to sup 
plant the pyridine derivatives by aliphatic amines 
Such as ethylenediamine, ethylamine and hexar 
methylenediamine, led to an effective energizing 
of azine dye formation. However, as in the case 
of morpholine, piperidine, and the like, the in 
creased dye formation in each instance was ag 
companied by a corresponding loss in color bril 
liance because of a markedly increased proximity 
development. The action which we have found 
to be portrayed by the pyridine derivatives are 
accordingly specific to these particular com 
pounds, and this discovery constitutes a very im 
portant part of the invention. 
The utilization of pyridine derivatives in azine. 

color developers of the 2,4-diamino-aniline class 
for the purpose of obtaining more energetic de 
velopment, more energetic color coupling, and 
more brilliant dyes through suppression of prox. 
imity development, constitute the purposes and 
objects of our invention. 
The 2,4-diamino-anilines which may be em 

ployed as the color developers for the contems 
plated procedure are of the type described in the 
aforementioned Schmidt and Tulagin Patent No. 
2,486,440 and in Gunther application Serial No. 
101,913, filed June 28, 1949, and entitled “Color 
Developers for the Production of Azine Bye 
Images," now Patent No. 2,570,116. m , , - M - . 

Specific examples of such developing agents 
are: 

4 - (3 - hydroxyethylamino) - 6 - (4 - carboxy 
methoxy-phenylamino)-metanilic acid. 

4-(carboxymethylamino)-6-(4-methoxy-phenyl 
amino)-metanilic acid. - - - - - - - - - - . . . - - - - - 

2-(B-sulfoethylamino)-4-phenylamino-aniine. 
4,6-di(B-hydroxyethylamino)-metanilic acid. 
4 - (6 - hydroxyethylamino) - 6 - phenylamino 

metanilic acid. 
2 - (f - hydroxyethylamino) - 4 - (g -sulfoethyl 
amino)-5-methyl aniline. -- ". . . . . . . . . . . . 

4 - (B-hydroxy-5-methyl-ethylamino)-6-phenyl 
amino-metanilic acid. - - , , 4-(a-di(hydroxyethyl) ethylamino) - 6 - (3'-eth 
oxyphenylamino)-metanilic acid. 

4 - (B-hydroxy-ethylamino)-6-methylamino 
metanilic acid. - w - - 

4 - (sulfomethylamino)-6-(methylphenylamino)- 
metanilic acid. - 

Color formers to be used with the aforemen 
tioned developers to give yellow azine dye images 
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4. 
are also described in Gunther application Serial 
No. 101,913. These compounds are typified by the 
fact that they are open chain keto methylene 
Compounds. Examples of Such compounds are: 
Acetoacetanilide. 
N-1-naphthylacetoacetamide. 
N,N'-ethylenebisacetoacetamide. 
p,p'-Biro-acetoacetaniside. 
N-2-naphthylbenzoylacetamide. 
p,p'-Biacetoacetanilide. 
a.a. - Terephthalloyibis-(3-chloro-4,6-dimethoxy 

acetanilide). 
a-Benzoylacetanilide. 

Preferably the color formers utilized contain 
a group rendering them non-migratory in the 
emulsion. Examples of such compounds are: 
2- (m-benzoylacetamidophenyl) - 1 - octadecyl-5- 

benzimidazolesulfonic acid. 3,3'-ureylenebis - 5 - p - benzoylacetamidobenz 
amide-benzene sulfonic acid. 2-p-benzoylacetamidobenzamido - 6 stearoyl 
amino-p-toluenesulfonic acid. - - 

2-(p-benzoylacetamidophenyl) - 1 - octadecyl-5- 
benzimidazolesulfonic acid. - - - - p-Cyanoacetyl-3-octadecenylsuccinalic acid. 
Color formers capable of producing magenta, 

dyestuff images are also described in the afores 
mentioned Gunther application as well as in aps 
plication Serial No. 793,533, filed December 23, 
1947 by Tulagin and Coles and entitled “Magenta 
Colored Phenazonium Dyestuff Images, now. Pat 
ent No. 2,524,741. Preferably these color formers 
are: 6-halogen-3-hydroxy quinolines, and pare 
ticularly those which are non-migratory in the 
emulsions. Examples of the latter type go 
pOunds are: w 
6-Stearoylamino - 2 - (2 phenyle 6' bromo8's 
hydroxy cinchoninoyl) -aminotoluene - 4 resuls 
fonic acid 

2-phenyl-6-chloro-3-hydroxy cinchoninoyl octa 
decyl taurine 

6-decoxy-3-(2-phenyl - 6 - bromo - 8 - hydroxy 
cinchoninoyl)-aminobenzene-sulfonic acid 

5 2 - (3-Stearoylaminophenyl)-6-bromo-3-hydroxy. 
cinchoninic acid 

2 - Stearoylamino - 6 - (6 - chloro - 8 - hydroxy 
cinchoninoyi) is aminotoluenes4-sulfonic acid, 
and the like. 
Color formers for the cyan image are also de 

scribed in the aforesaid Gunther application 
Serial No. 101,913 and in U.S. Patent 2445,252, granted July 13, 1948 to Tulagin. Preferably 
these color formers are aryl-Jacid derivatives, particularly those containing a group rendering 
the color former non-migratory in the emulsion. 
Examples of the latter compounds are: 
Dodecyl urethane of g-sulfoethyl-J-acid 
Tetradecyl urethane of p-anisyl J-acid 
2-hexadecyl urethane of phenyl-J-acid 
4-stearoylaminophenyl-J-acid, and the like. 
The pyridine derivatives that may be utilized 

in the 2,4-diamino-aniline color developers are 
those of the following formulae: - 

and 
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wherefn R1 is hydrogen or a lower alkyl group, 
i. e., methyl, ethyl, propylor butyl, or a hydroxy 
alkyl group, such as hydroxymethyl, hydroxy 
ethyl, hydroxypropyl, and the like, R2 is lower 
alkyl or hydroxyalkyl as above and R3, R4 and R5 
are hydrogen, lower alkyl as above Or hydroxy 
alkyl as above. 

Examples Of Such compounds which We have 
found to be effective for our purpose are the 
following: 
. . . 

a. CH 
N 

2-methylpyridine (a-picoline) 
CH 

NN 
4-methylpyridine. (y-picoline) 

C CBs NN/ 
2,6-dimethylpyridine (2,6-lutidine) 

0 N 
2-g-hydroxyethylpyridine 

0 
2-y-hydroxypropylpyridine 

pH,CECH-OH 

O 
4-y-hydroxypropylpyridine 

N O. 
2-aminopyridine 

N NCICO 
2-8-hydroxyethylamino pyridine 

C 

-NE NN 
4-methyl-2-aminopyridine 

gh, O. 

SJ-NHCH, CH, OH N 
4-methyl-2-3-hydroxyethylamino pyridine 

. 
CH 

NH NN 
5-methyl-2-aminopyridine 

s 
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3-methyl-2-ethylaminopyridine 

Most of the above compounds are commercially 
available with the possible exception of those in 
which the amino group in 2-position is substi 
tuted by alkyl or hydroxyalkyl, Such as, for ex 
ample, 3-methyl-2-ethylaminopyridine. These 
compounds, however, are readily obtained by 
alkylation of the amino group in 2-position, 

It will be observed that pyridine itself is ex 
cluded from the scope of the pyridine bases con 
templated for use. This is attributable to the 
fact that pyridine itself is Sufficiently volatile to 
produce toxically hazardous concentrations of its 
Vapors in the confined areas usually used in car 
rying Out photographic processes. Also pyridine 
is objectionable for use by reason of the peculiar 
Odor which it possesses. 
The pyridine bases are added to the developer 

in an amount ranging from 1 to about 40 grams 
per liter. The particular quantity will depend 
upon the developer employed, as well as upon the 
particular dye density required in the color de 
Velopment. 
The color, developers contemplated herein in 

addition to containing the aforementioned 2,4- 
diamino anilines and the pyridine derivative will 
also contain the usual adjuncts such as an al 
kali, i. e., sodium carbonate, a preservative, i.e., 
Sodium Sulfite, and a restrainer, i. e., an alkali 
metal bromide Such as potassium bromide, and 
the like, 
The invention may be carried into effect by 

color development of an exposed silver halide 
emulsion with the 2,4-diamino anilines while IS-. 
ing the color former either in the developer or 
preferably in non-diffusing form in the silver 
halide emulsions. 
The procedure is applicable to negative, posi 

tive or reversible color film, and particularly to 
such film in the form of the conventional tripack 
previously described. 
The invention is further illustrated by the ac 

companying self-explanatory drawings, Figures 
1 and 2 of Which show the effect. On the maxi 
mun dye density of an azine multilayer type 
film as described in Examples VI and VII of vary 
ing the concentration of 2-aminopyridine and 
4-methyl-2-aminopyridine respectively in the 
color developer employed. 

It will be observed that as the concentration of 
the pyridine base in the color developer is in 
creased from 0 to 20 grams per liter, the maxi 
nun dye density increases from about .1 to Over 
2 units. 
The invention is further explained by the foll 

OWing examples but it is to be understood that 
the invention is not restricted thereto. 

Eacample I 
A photographic silver halide emulsion was ex 

posed, developed in a black and white developer, 
re-exposed and developed for 14 minutes in a 
bath of the following composition: 
4,6-di-(phenylamino) metanilic acid 

gaS-- 4.0 
p-Anisyl-J-acid ------------------- do---- 1.5 
Sodium carbonate, monohydrate.----do---- 20 
Sodium sulfite--------------------- do---- 30 
Potassium bromide---------------- do---- 2 
5-methyl-2-aminopyridine --------- do---- 12 
Water to---------------------------- CC.. 1000. 
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The film was washed, bleached in a ferricyanide 
bleach and fixed in an acid-hardening hypo. 
There was obtained an azine cyan dye image of 
exceptional density and brilliance. 

Eacample II 

The procedure is the same as in Example I 
excepting that the pyridine is replaced by 4 
methyl-2-aminopyridine. 

Encample.III 

A multilayer film composed of a red-sensitive 
bottom layer containing (4-stearoylaminophen 
yl)-J-acid and a green-sensitive middle layer 
containing 2 - stearoylamino-6-(6-bromo-8-hy 
droxycinchoninoyl)aminotoluene-4-sulfonic acid 
was exposed through a sharp cutting yellow filter, 
developed in a black and white developer, re 
exposed, and the residual silver halide developed 
for 16 minutes in a solution of the following. 
composition: 
4(g-hydroxyethylamino)-6-phenyls 
amino metanilic: acid.------------grams. 6.0 

Sodium carbonate ----------------do---- 40 
Sodium sulfite --------------------do---- 40 
Potassium bromide ------------------do----- 5 
4 - hydroxypropylpyridine --------- do---, 16 
Water to--------------------------00-- 1000 

After development the film was washed and 
bleached in a ferricyanide bleach. After fixing 
in an acid-hardening hypo, there remained a 
multi-colored dye image of excellent saturation 
and brilliance, 

Eacample IV 
The procedure is: the same as in Example III 

excepting that the 4-hydroxy-propylpyridine is 
replaced by 2-aminopyridine. 

Eacample V 

The procedure is the same as in Example III 
excepting that the 4-hydroxypropylpyridine is 
replaced by 4-methyl-2-8-hydroxyethylamino 
pyridine. 

Eacample VI 
A three layer film composed of a red sensitive. 

bottom layer containing: 
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6-p-(2-N-octadecylacetamido - 5 -sulfophenyl 
carbamyl) N-acetylanilino-1-naphthol-3-sulfon 
ic acid, and a green sensitive middle layer con 
taining: 

2 stearoylamino-6 - (6. chloros. 8-hydroxy-2, 

65, 

0. 

75, 

and 

8 
phenylcinchoninyl) amino. toluene-4-sulfonic 
acid, and a blue sensitive sennulsion: containing: 

{)-cochico (D-k - - N.N- 
- - - dahs. 

2-(p-benzoylacetaminophenyl) - 1 - Octadecyl 
5-benzimidazole sulfonic acid was eXposed, de 
veloped in a black and white developer, reeX 
posed, and the residual silver halide developed 
for 18 minutes in a solution of the following 
composition: 
4-(B-hydroxyethylamino)-6-phenyl 
amino metanilic acid ---------------g-- 5 

Sodium carbonate --------------------g-- 40 
Sodium sulfite ----------------------- g-- 40 
Potassium bromide ------------------- 8.-- 3 
2 - aminopyridine --------------------g-- 15 
Water to --------------------------- CC. 1000 

After development the film was washed, 
bleached in a ferricyanide bleach. After fixing 
in a 20 per cent Sodium thiosulfate Solution 
there remained a tri-colored dye image of Su 
perior brilliance and Saturation, 

Eacample VII 
The procedure is the same as in Example VI 

excepting that the 2-aminopyridine is replaced 
by 4-methyl-2-amino pyridine. 
We cairn: 
1. In the process of producing brilliant azine 

dye images through improved color rendition 
Which comprises developing an exposed silver 
halide emulsion in the presence of a color former 
capable of reacting With the oxidation products 
of a 2,4-diaminoaniline to yield an azine dye 
inage with a developing agent containing a 2,4- 
diamino aniline and a small quantity of a pyri 
dine derivative Selected from the class consisting 
of those of the following formulae: 

wherein R1 is selected from the class consisting 
of hydrogen, lower alkyl and hydroxyalkyl, Ra 
is selected from the class consisting of lower alkyl 
and hydroxyalkyl, and R3, R4 and R5 are a mena 
ber of the class consisting of hydrogen, hydroxy 
alkyl and lower alkyl. . 

2. The process as defined in claim in which 
the pyridine derivative is added in an amount of 
from 1 to 40 grams per liter of Solution. 

3. In the process of producing subtractively 
colored azine dye images in a tripack, each silver 
halide emulsion layer of which is sensitized to 
one of the primary colors and reach silver halide 
emulsion layer of which contains a color former 
capable of reacting with the oxidation prod 
ucts of a 2,4-diaminoaniline to yield an azine 
dye image complimentary in color to the light 
for which the layer is Sensitized by exposing 
the tripack and developing the same with a 
color developer containing as the effective de 
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veloping agent a 2,4-diamino aniline, the in 
provement which involves the Suppression of 
proximity development by incorporating in the 
color developer a pyridine derivative Selected 
from the class consisting of those of the follow 
ing formulae: 

and 

wherein R1 is Selected from the class consisting 
of hydrogen, lower alkyl and hydroxyalkyl, R2 
is selected from the class consisting of lower 
alkyl and hydroxyalkyl, and R3, R4 and R5 are 
a member of the class consisting of hydrogen, 
hydroxyalkyl and lower alkyl. 

4. The process as defined in claim 3 in which 
the pyridine derivative is added to the color 
developer in an amount of from 1 to 40 grams 
per liter of Solution. 

5. The process of producing azine dye images 
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in a tripack, each silver halide emulsion layer 
of which is sensitized to One of the primary 
colors, the red sensitive layer containing an aryl 
J-acid non-migratory in the emulsion as a color 
former, the green sensitive layer containing a 
6-halogen-8-hydroxy quinoline non-migratory in 
the emulsion as a color former, and the blue 
sensitive layer containing an Open chain keto 
methylene compound non-migratory in the emul 
Sion as a color former, which comprises ex 
posing the tripack and color developing the 
same with a developer containing a 2,4-diamino 
aniline and a pyridine derivative Selected from 
the class consisting of those of the following 
formulae: 

and 
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wherein R1 is Selected from the class consisting 
of hydrogen, lower alkyl and hydroxyalkyl, R2 is 
selected from the class consisting of lower alkyl 
and hydroxyalkyl, and R3, R4 and R5 are a 
member of the class Consisting of hydrogen, hy 
droxyalkyl and lower alkyl. 

6. The process as defined in claim 5 wherein 
the pyridine derivative is present in the color 
developer in an amount of from about 1 to 40 
grams per liter. 

7. The process as defined in claim 5 wherein 
the 2,4-diamino aniline is a metanilic acid de 
rivative containing an hydroxyalkylamino group 
in the 4-position. 

8. A color forming developer for the pro 
duction of brilliant azine dye images comprising 
an aqueous solution of a 2,4-diamino aniline 
and a small amount of pyridine derivative se 
lected from the class consisting of those of the 
following formulae: 

R1 R 

NN/ 
and 

Rs 

Rs NY 
NN Ye, 

wherein R1 is selected from the class consisting 
of hydrogen, lower alkyl and hydroxyalkyl, R2 is 
selected from the class consisting of lower alkyl 
and hydroxyalkyl, and R3, R4 and R5 are a 
member of the class Consisting of hydrogen, hy 
droxyalkyl and lower alkyl. 

ROBER. C. GUNTHER, 
WSEVOLOD TULAGIN. 
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