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This invention relates to photography and more par 
ticularly to products and processes for the development 
of photosensitive silver halide elements. 

It is a primary object of the present invention to pro 
vide novel diffusion-transfer photographic processes and 
products whereby improved control of the transfer of 
mobile dye developer to an image-receiving layer may be 
obtained. 
A further object of the present invention is to provide 

novel photographic processes and products for obtaining 
color images by a diffusion-transfer process wherein a 
dye developer is initially present in the form of a hydro 
lyzable derivative of said dye developer and wherein said 
hydrolyzable derivative is subjected to hydrolysis during 
processing. 
A still further object of the present invention is to 

provide novel photographic processes and products 
wherein a hydrolyzable derivative of a dye developer is 
employed and said derivative is of relatively low mobility 
until hydrolysis occurs. 
A still further object of the present invention is to 

provide photographic processes and products wherein 
hydrolyzable derivatives of dye developers are employed, 
said derivatives being initially nonreactive with an asso 
ciated photosensitive silver halide emulsion and rendered 
reactive by hydrolysis occurring during processing. 
A still further object of the present invention is to 

provide photographic processes and products for use in 
monochromatic and multi-color diffusion-transfer proc 
esses utilizing hydrolyzable derivatives of dye developers, 
which derivatives contain groups removable during photo 
graphic processing, to provide thereby improved color 
rendition. 
A stili further object of the present invention is to 

provide novel processes for the development of silver 
halide emulsions, in which the novel developing agent is 
capable of developing a latent image and imparting a 
positive colored image of said latent image to a super 
posed image-receiving layer. 
A still further object of the present invention is to pro 

vide novel photographic processes and products for ob 
taining color images by diffusion-transfer processes which 
employ hydrolyzable derivatives of dye developers, which 
derivatives comprise the hydrolyzable carbaikoxy and 
carbaryloxy esters of specified dye developers. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. 
The invention accordingly comprises the several steps 

and the relation and order of one or more of such steps 
with respect to each of the others, and the product pos 
sessing the features, properties and the relation of ele 
ments which are exemplified in the following detailed dis 
closure, and the scope of the application of which will 
be indicated in the claims. 

For a fuller understanding of the nature and objects of 
the invention, reference should be had to the following 
detailed description. 
The compounds employed in the present invention 

possess the properties of both a dye and, during the 
photographic processes herein disclosed, a developing 
agent; thus they may be referred to as dye developer pre 
cursors. The nature of these dye developer precursors 
will be described hereinafter. 
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The photographic processes and compositions disclosed 

herein are particularly useful in the treatment of a latent 
image present in a photosensitive element, such as an 
exposed silver halide emulsion, whereby a positive dye 
image thereof may be imparted to another element, here 
in referred to as an image-carrying or image-receiving 
element. 
The copending application of Howard G. Rogers, Serial 

No. 748,421, filed July 14, 1958 (now U.S. Patent No. 
2,983,606, issued May 9, 1961), a continuation-in-part of 
Serial No. 415,073, filed March 9, 1954 (now aban 
doned), discloses diffusion-transfer reversal processes 
wherein a photographic negative material such as a photo 
graphic element comprising an exposed silver halide 
emulsion layer containing a latent image, is processed to 
impart to an image-receiving element a reversed or posi 
tive dye image of said latent image by permeating into 
said emulsion layer a suitable liquid processing composi 
tion and bringing said emulsion layer into superposed re 
lationship with an appropriate image-receiving layer. It 
is an object of this invention to provide additional com 
pounds suitable for use in such processes. 

In carrying out the process of this invention, a photo 
sensitive element containing a silver halide emulison is 
exposed and wetted with a liquid processing composition, 
for example, by immersing, coating, spraying, flowing, 
etc., in the dark, and the photosensitive element super 
posed, prior to, during or after wetting, on a sheet-like 
support element, which may be utilized as an image 
receiving element. In a preferred embodiment, the photo 
sensitive element contains a layer of dye developer pre 
cursor, and the liquid processing composition is applied 
to the photosensitive element in a uniform layer as the 
photosensitive element is brought into superposed posi 
tion with an image-receiving element. It is also within 
the scope of this invention to apply the liquid processing 
composition prior to exposure, in accordance with the 
disclosure in the copending application of Edwin H. Land, 
Serial No. 498,672, filed April 1, 1955 (now U.S. Patent 
No. 3,087,816, issued March 7, 1963). The liquid proc 
essing composition permeates the emulsion to provide a 
solution of dye developer substantially uniformly dis 
tributed therein. As the latent image is developed, the 
oxidation product of the dye developer is immobilized or 
precipitated in situ with the developed silver, thereby pro 
viding an imagewise distribution of unoxidized dye de 
veloper dissolved in the liquid processing composition, 
This immobilization is apparently, at least in part, due to 
a change in the solubility characteristics of the dye de 
veloper upon oxidation, and especially as regards its solu 
bility in alkaline solutions. It may also be due, in part, 
to a tanning effect on the emulsion by the oxidized de 
veloping agent and to localized exhaustion of alkali due 
to development. At least part of this imagewise distribu 
tion of unoxidized dye developer is transferred, by im 
bibition, to a Superposed image-receiving layer or element, 
said transfer substantially excluding silver or oxdized dye 
developer. Under certain circumstances, the layer of the 
liquid processing composition may be utilized as the 
image-receiving layer. The latter element receives a 
depthwise diffusion, from the emulsion, of unoxidized dye 
developer without appreciably disturbing the imagewise 
distribution thereof to provide a reversed or positive, col 
ored image of the developed image. The image-receiving 
element may contain agents adapted to mordant or other 
wise fix the diffused, unoxidized dye developer. If the 
color of the diffused dye developer is affected by changes 
in the pH of the image-receiving element, this pH may 
be adjusted in accordance with well-known techniques to 
provide a pH affording the desired color. Imbibition pe 
riods of approximately one minute have been found to 
give good results, but this contact period may be adjusted 
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where necessary to compensate for variations in tempera 
ture or other conditions. The desired positive image is 
revealed by stripping the image-receiving element from 
the photosensitive element at the end of the imbibition 
period. 
The compounds of the present invention may be utilized 

in the photosensitive element, for example in, on or be 
hind the silver halide emulsion, or they may be utilized 
in the image-receiving element. In a preferred embodi 
ment, a coating or layer of the compound is placed behind 
the silver halide emulsion, i.e., on the side of the emulsion 
adapted to be located most distant from the photographed 
subject when the emulsion is exposed and preferably also 
adapted to be most distant from the image-receiving ele 
ment when in superposed relationship therewith. Placing 
the dye developer hydrolyzable derivative behind the 
emulsion layer, as in the preferred embodiment, has the 
advantage of providing increased contrast in the positive 
image, and also minimizes any light-filtering action by 
the colored dye developer. In this preferred embodiment, 
the layer of dye developer hydrolyzable derivative may be 
applied by using a coating solution containing about 0.5 
to 8%, by weight, of the derivative. 
The liquid processing composition above referred to 

comprises at least an aqueous solution of an alkaline com 
pound, for example, diethylamine, sodium hydroxide or 
sodium carbonate, and may contain the dye developer. 
In some instancs, it may contain an auxiliary or accelerat 
ing developing agent. If the liquid processing composi 
tion is to be applied to the emulsion by being spread 
thereon, preferably in a relatively thin, uniform layer, 
it may also include a viscosity-increasing compound com 
prising a film-forming material of the type which, when 
said composition is spread and dried, will form a rela 
tively firm and relatively stable film. A preferred film 
forming material is a high molecular weight polymer such 
as a polymeric, water-soluble ether inert to an alkali 
solution, as for example, a hydroxyethyl cellulose or 
sodium carboxymethyl cellulose. Other film-forming ma 
terials or thickening agents whose ability to increase 
viscosity is substantially unaffected when left in solution 
for along period of time may also be used. 
The copending application of Edwin H. Land and 

Howard G. Rogers, Serial No. 669,542, filed July 2, 1957 
now abandoned, the subject matter of which has been 
incorporated in Serial No. 194,359, filed May 14, 1962, 
discloses diffusion-transfer processes of the previously 
disclosed type which employ dye developers in the form 
of hydrolyzable derivatives thereof. These hydrolyzable 
derivatives are disclosed to be initially less mobile and 
thus prevent premature transfer of dye developer which 
might give rise to highlight stain and/or incomplete color 
separation. The present application is principally con 
cerned with novel dye developer hydrolyzable derivatives 
particularly applicable for use in the processes therein 
disclosed. 
The dye developer precursors of the present invention 

comprise dyes, preferably azo, anthraquinone, indophenol, 
indoaniline, and azomethine dyes, characterized in that 
they contain not less than one and not more than two 
groups selected from the group consisting of the carb 
alkoxy and carbaryloxy mono- and diesters of ortho 
and para-dihydroxyphenyl groups and halogen and alkyl 
substituted derivatives thereof. 
The last-mentioned novel hydrolyzable dye developer 

derivatives also may be represented by the formula: 

wherein D represents a dye system, that is, an auxo- 70 
chromophoric system, preferably an azo, anthraquinone, 
indophenol, indoaniline or azomethine dye system; Y is 
a covalent bond or a divalent radical; a is 1 or 2; and 
Z is a group selected from the group consisting of the 
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and para-dihydroxyphenyl groups and halogen and alkyl 
substituted derivatives thereof. 
As examples of divalent radicals, signified by the term 

“Y,” suitable for use in the practice of the present inven 
tion, mention may be made of: divalent organic radicals 
such as alkylene radicals, preferably lower alkylene 
radicals such as ethylene, isopropylene, etc.; Sulfonamido; 
sulfamyl; carboxamido; carbamyl; aryleris radicals such 
as phenylene, etc.; aralkylene radicals such as phenethyly 
etc.; acyl radicals such as 

O 

-( >alkylene- etc. 
and divalent radicals which contain both hetero and 
carbon atoms as constituent components, as for example, 

O 

-(D- -S-, etc. 
A preferred group of compounds of the present inven 

tion comprise the hydrolyzable dye developer derivatives 
of the formula: 

s 
Anthraquinone- Yi 

-o-, 3. 
wherein each R is an alkyl or aryl group; a has the same 
significance as previously set forth; and Y is an alkylene 
group, preferably a lower alkylene group such as, 
methylene, ethylene, propylene, trimethylene, etc. 

In addition to the substituents specifically designated on 
the phenyl nucleus of the aforementioned generic for 
mula, the phenyl nucleus may be substituted by halogen, 
alkoxy, alkyl, etc., radicals, that is, radicals so substituted 
as not to impair the respective silver halide developing 
function of the phenyl group when said group is sub 
jected to hydrolysis by the photographic processing com 
position. 
The novel dyes of the present invention may be pre 

pared by reacting a dye developer, preferably an azo, 
anthraquinone, indophenol, indoaniline, or azomethine 
dye developer, having not less than one and preferably 
not more than two ortho-dihydroxyphenyl or para-di 
hydroxyphenyl groups and halogen and alkyl substituted 
derivatives thereof with an alkyl and/or an aryl halo 
formate such as a bromo- or chloroformate, preferably 
a chloroformate. Where the dye developer has additional 
available reactive hydroxyl groups, reaction may occur 
at such additional groups. 
The variance of the mole ratios of reactants, that is, 

the mole ratios of the respective haloformate to dye de 
veloper molecule provides either the desired mono- or 
bis-esters of the dihydroxybenzene nuclei or mixtures 
thereof. A decrease in the mole ratio of the respective 
haloformate to dye developer molecule effects an in 
creased formation of the mono-ester. 
As examples of suitable haloformates useful in the 

practice of the present invention, mention may be made 
of: methyl chloroformate, ethyl chloroformate, n-propyl 
chloroformate, n-butyl chloroformate, n-amyl chloro 
formate, n-hexyl chloroformate, 2-ethylhexyl chloroform 
ate, dodecyl (lauryl) chloroformate, octadecanyl (stearyl) 
chloroformate, benzyl chloroformate, phenyl chloro 
formate, naphthyl chloroformate, etc. 
The preparations of numerous of the dye developers 

preferred for use in synthesizing dye developer precursors 
of the present invention are set forth in the following 

carbalkoxy and carbaryloxy mono- and diesters of ortho- 75 copending U.S. applications: 
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Serial No. 445,171, filed July 22, 1954, in the name of 
Richard S. Corley, now abandoned; 

Serial No. 449,514, filed August 12, 1954, in the names 
of Elkan R. Biout and Myron S. Simon, now aban 
doned; 

Serial No. 471,542, filed November 26, 1954 in the names 
of Eikan R. Blout, Saul G. Cohen, Milton Green, 
Howard G. Rogers, Myron S. Simon, and Robert B. 
Woodward, now abandoned, the subject matter of 
which has been incorporated in Serial No. 1,442 and 
Serial No. 1443, both filed January 11, 1960, the 
former in turn now abandoned, the subject matter of 
which has been incorporated in Serial No. 401,714, 
filed October 5, 1964; 

Serial No. 473,458, filed December 6, 1954, in the names 
of Elkan R. Blout, Saul G. Cohen, Milton Green, and 
Myron S. Simon (now U.S. Patent No. 3,077,402, 
issued February 12, 1963); 

Serial No. 478,922, filed December 30, 1954, in the names 
of Elkan R. Blout, Marilyn R. Cohler, Milton Green, 
Myron S. Simon and Robert B. Woodward, now 
abandoned, the subject matter of which has been in 
corporated in Serial No. 824,785 and Serial No. 
824,786, both filed July 3, 1959, now abandoned, the 
subject matters of which have been incorporated in, 
respectively, Serial No. 233,461, filed October 26, 1962 
(now U.S. Patent No. 3, 135,606, issued June 2, 1964), 
and Serial No. 318,827, filed October 25, 1963; 

Serial No. 485,342, filed January 31, 1955, in the name 
of Richard S. Corley (now U.S. Patent No. 2,983,603, 
issued May 9, 1961); 

Serial No. 485,840, filed February 3, 1955, in the names 
of Elkan R. Blout and Howard G. Rogers; 

Serial No. 521,874, filed July 13, 1955, in the names of 
Elkan R. Blout, Milton Green, Myron S. Simon, and 
Howard G. Rogers, now abandoned, the subject matter 
of which has been incorporated in Serial No. 799,427, 
filed March 16, 1959 (now U.S. Patent No. 3,076,820, 
issued February 5, 1963); 

Serial No. 522,848, filed July 18, 1955, in the names of 
Elkan R. Bout, Sydney Kasman and Myron S. Simon, 
now abandoned, the subject matter of which was in 
corporated in Serial No. 799,425, filed March 16, 1959 
(now U.S. Patent No. 3,076,808, issued February 5, 
1963); 

Serial No. 612,045, filed September 25, 1956, in the names 
of Elkan R. Blout, Milton Green and Howard G. 
Rogers, now abandoned, the subject matter of which 
has been incorporated in Serial No. 144,816, filed 
October 18, 1961 (now U.S. Patent No. 3,134,672, 
issued May 26, 1964); 

Serial No. 612,052, filed September 25, 1956, in the names 
of Milton Green and Howard G. Rogers, now aban 
doned, the subject matter of which has been incorporat 
ed in Serial No. 165,930, filed January 12, 1962 (now 
U.S. Patent No. 3,135,604, issued June 2, 1964); 

Serial No. 612,053, filed September 25, 1956, in the name 
of Myron S. Simon, now abandoned, the subject matter 
of which has been incorporated in Serial No. 196,523 
and Serial No. 196,524, both filed May 21, 1962 (the 
former now U.S. Patent No. 3,183,089, issued May 11, 
1965, the latter now U.S. Patent No. 3,134,765, issued 
May 26, 1964); 

Serial No. 612,054, filed September 25, 1956, in the names 
of Helen P. Husek and Myron S. Simon, now aban 
doned, the subject matter of which has been incorporat 
ed in Serial No. 197,259 and Serial No. 197,283, both 
filed May 24, 1962 (the former now U.S. Patent No. 
3,134,763, issued May 26, 1964); 

Serial No. 612,055, filed September 25, 1956, in the name 
of Helen P. Husek, now abandoned, the subject matter 
of which has been incorporated in Serial No. 192,354, 
and Serial No. 192,355, both filed May 4, 1962 (the 
former now U.S. Patent No. 3,134,762, issued May 26, 
1964); 
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Serial No. 663,905, filed June 6, 1957, in the names of 

Milton Green and Howard G. Rogers, now abandoned, 
the subject matter of which has been incorporated in 
Serial No. 193,293 and Serial No. 193,326, both filed 
May 8, 1962 (the former now U.S. Patent No. 
3,173,906, issued March 16, 1955); 

Serial No. 669,969, filed July 5, 1957, in the name of 
Milton Green, now abandoned; 

Serial No. 678,439, filed August 15, 1957, in the name of 
Myron S. Simon, now abandoned, the subject matter 
of which has been incorporated in Serial No. 232,584 
and Serial No. 232,585, both filed October 23, 1964 
(the former now U.S. Patent No. 3,131,061, issued 
April 28, 1964); 

Serial No. 680,403, filed August 26, 1957, in the name of 
Milton Green, now abandoned, the subject matter of 
which has been incorporated in Serial No. 316,498, 
filed October 16, 1963; 

Serial No. 680,434, filed August 26, 1957, in the name 
of Milton Green, now abandoned, the subject matter 
of which has been incorporated in Serial No. 230,287 
and Serial No. 230,288, both filed October 12, 1962; 

Serial No. 680,437, filed August 26, 1957, in the names 
of Elkan R. Blout and Myron S. Simon (now U.S. 
Patent No. 3,047,386, issued July 31, 1962); 

Serial No. 680,619, filed August 27, 1957, in the names 
of Elkan R. Blout and Myron S. Simon, now aban 
doned; 

Serial No. 685,081, filed September 20, 1957, in the names 
of Elkan R. Blout, Milton Green, Howard G. Rogers, 
and Myron S. Simon, now abandoned, the subject 
matter of which has been incorporated in Serial No. 
222,656 and Serial No. 222,702, both filed September 
10, 1962 (the former now U.S. Patent No. 3,142,565, 
issued July 28, 1964); 

Serial No. 703,515, filed December 18, 1957, in the name 
of Milton Green, now abandoned; 

Serial No. 707,109, filed January 6, 1958, in the names 
of Elkan R. Blout, Milton Green, Howard G. Rogers 
and Robert B. Woodward, now abandoned; 

Serial No. 709,001, filed January 15, 1958, in the names 
of Milton Green, Helen P. Husek and Sydney Kasman, 
now abandoned, the subject matter of which has been 
incorporated in Serial No. 206,639, filed June 7, 1962; 

Serial No. 709,002, filed January 15, 1958, in the names 
of Milton Green and Helen P. Husek, now abandoned, 
the subject matter of which has been incorporated in 
Serial No. 75,128, filed December 12, 1960 (now U.S. 
Patent No. 3,158,595, issued November 24, 1964); 

Serial No. 709,005, filed January 15, 1958, in the names 
of Sydney Kasman and Helen P. Husek, now abandoned, 
the subject matter of which has been incorporated in 
Serial No. 75,127, filed December 12, 1960, now aban 
doned, the subject matter of which has been incor 
porated in Serial No. 339,615, filed January 23, 1964; 

Serial No. 71,811, filed January 29, 958, in the name of 
Milton Green, now abandoned, the Subject matter of 
which has been incorporated in Serial No. 232,613, filed 
October 23, 1962; 

Serial No. 748,145, filed July 14, 1958, in the names of 
Milton Green and Howard G. Rogers, now abandoned, 
the subject matter of which has been incorporated in 
Serial No. 190,804, filed April 27, 1962 (now U.S. 
Patent No. 3,186,982, issued June 1, 1965); 

Serial No. 755,804, filed August 18, 1958, in the names 
of Elkan R. Blout, Saul G. Cohen, Milton Green and 
Myron S. Simon, now abandoned; 

Serial No. 756,066, filed August 20, 1958, in the name of 
Myron S. Simon, now abandoned; 

Serial No. 771,719, filed November 4, 1958, in the names 
of Elkan R. Blout and Richard S. Corley, now aban 
doned, the subject matter of which has been incor 
porated in Serial No. 193,320, filed May 8, 1962; and 

Serial No. 788,893, filed January 26, 1959, in the names 
of Milton Green and Myron S. Simon, now abandoned, 
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the subject matter of which has been incorporated in 
Serial No. 359,998, filed April 15, 1964. 
As examples of compounds contemplated within the 

Scope of the present invention, mention may be made of 
the following: 

O 
NH-CH-C 

O 
CH3 

O 

CB3 
O d O 

NE- r 
O 

1,4-bis-(3-2',5'-di-(ethoxycarbonyloxy)-phenyl-o- 
methyl-ethyl-amino)-anthraquinone 
(2) Q--O-CH-n 

O 
NBI-CE-CE. 

O 
C3 

Y O-C-O-CEg-n 
O-C-O-CEg-n 

CH s O 
NE-CE-CH 

Y ()--O-CH-n 
1,4-bis-(6-2',5'-di-(n-butoxycarbonyloxy)-phenyl-or 
methyl-ethyl-amino)-anthraquinone 
(3) O-C 

O 
NH-CH-CH 

O 
C3 

Cas 
O 

NE-CH-CH 

-C-O-CH3-n 
1,4-bis-(3-2',5'-di-(n-hexyloxycarbonyloxy)-phenyl-or 
methyl-ethyl-amino)-anthraquinone 
(4) 9-i-o-cult, 

O 
NH-CH-CH 

O 

-N C3 
O 

()--O-Citi, 
O-C-O-C1837 

O O 
N-C-CH 

O 

1,4-bis-(6-2',5'-di- (octadecanyloxycarbonyloxy)-phen yil-o-methyl-ethyl-amino)-anthraquinone. 
The invention will be illustrated in greater detail in con 

junction with the following specific examples which set out 
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8 
of the novel compounds of this invention, which, however, 
are not limited to the details therein set forth and are 
intended to be illustrative only. 

Example I 
0.538 gram (10 3 mol.) of 1,4-bis-(3-hydroquinonyl-or 

methyl-ethyl-amino)-anthraquinone, the preparation of 
which is disclosed in the aforementioned copending appli 
cation Serial No. 478,922 (now abandoned, the subject 
matter of which has been incorporated in Serial No. 
824,785 and Serial No. 824,786, both filed July 3, 1959, 
in turn now abandoned, the subject matter of which has 
been incorporated in, respectively, Serial No. 233,461, 
filed October 26, 1962 now U.S. Patent No. 3,135,606, 
issued June 2, 1964), and Serial No. 318,827, filed October 
25, 1963) is dissolved in 10 cc. of purified, anhydrous 
dioxane which has been deaerated with nitrogen. 1 cc. of 
1.015 N (108 mol.) of sodium hydroxide is added to the 
solution in an atmosphere of nitrogen. 0.15 cc. (0.1645 
gram, 108 mol.) of n-hexyl chloroformate is added to the 
solution. The resultant solution is stirred for 10 minutes, 
acidified with 10% hydrochloric acid, evaporated to dry 
ness, and dried in a vacuum desiccator overnight over po 
tassium hydroxide. The product is washed with ice water 
to yield 0.65 gram of a blue-black glistening crystalline 
solid, 1,4-bis-(5-2',5'-di-(n-hexyloxycarbonyloxy)-phen 
yl-o-methyl-ethyl-amino)-anthraquinone. An infrared 
absorption spectrum of the product showed the presence 
of characteristic ester bonds at 1780 cm.1 and the ab 
sence of alcoholic hydroxyl group bonds. 

Example 2 
0.538 gram (103 mol.) of 1,4-bis-(3-hydroquinonyl 

c-methyl-ethyl-amino)-anthraquinone is dissolved in 10 
cc. of purified, anhydrous dioxane which has been 
deaerated with nitrogen. 1 cc. of 1.015 N (108 mol.) 
of sodium hydroxide is added to the solution in an atmos 

0.13 cc. (0.137 gram) of n-butyl 
chloroformate is added to the solution. The resultant 
solution is stirred for 10 minutes and the solvent removed 
by evaporation. A yield of 0.6 gram of 1,4-bis-(6-2',5'- 
di - (n-butoxycarbonyloxy)-phenyl-o-methyl-ethyl-ami 
no)-anthraquinone is obtained after washing with ice 
water and drying. 

Example 3 
0.538 gram (108 mol.) of 1,4-bis-(3-hydroquinonyl-or 

methyl-ethyl-amino)-anthraquinone is dissolved with heat 
ing in 100 cc. of purified, anhydrous dioxane which has 
been deaerated with nitrogen. 1 cc. of 1.015 N sodium 
hydroxide is added to the solution in an atmosphere of 
nitrogen. 0.318 gram (108 mol.) of octadecanyl chloro 
formate is added to the solution. The resultant solution 
is stirred for 10 minutes in an atmosphere of nitrogen, 
acidified with 10% hydrochloric acid, evaporated to dry 
ness, washed with ice water and dried in a vacuum desic 
cator over potassium hydroxide. The resultant product, 
0.75 gram of 1,4-bis - (6-2',5'-di-(octadecanyloxycar 
bonyloxy) - phenyl - or - methylethyl-amino)-anthraqui 
none, exhibits a melting point at 92 to 117 C. An in 
frared absorption spectrum of the product showed the 
presence of characteristic ester bonds at 1780 cm. and 
the absence of alcoholic hydroxyl group bonds. 

Example 4 
0.538 gram (108 mol.) of 1,4-bis-(3-hydroquinonyl 

ox-methyl-ethyl-amino)-anthraquinone is dissolved with 
heat in 10 cc. of purified, anhydrous dioxane which has 
been deaerated with nitrogen. 10 cc. of 0.1 N sodium hy 
droxide is added to the solution in an atmosphere of ni 
trogen. 0.108 gram (108 mol.) of ethyl chloroformate 
is added to the solution. The resultant solution is heated 
on a steambath and swirled in an atmosphere of nitro 
gen, acidified with 10% hydrochloric acid, evaporated to 
dryness, washed with ice water and dried in a vacuum representative preparations and photographic utilization 75 desiccator over potassium hydroxide. The yield com 
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prised 0.45 gram of crystalline, 1,4-bis-(3-2',5'-di-(eth 
yloxycarbonyloxy) - phenyl - c. - methyl-ethyl-amino)- 
anthraquinone. 

Exampie 5 
A photosensitive element is prepared by coating a 

gelatin-coated film base with a solution containing 4% 
of 1,4-bis-(3-2',5'-di-(n-hexyloxycarbonyloxy)-phenyl)- 
ox-methyl-ethyl-amino)-anthraquinone (Formula 3 as pre 
pared in Example 1), in a 4% solution of cellulose acetate 
hydrogen phthalate in a 50:50 mixture, by volume, of ace 
tone and tetrahydrofuran. After this coating has dried, a 
silver iodobromide emulsion is applied. This photosensi 
tive element is exposed and processed by spreading an 
aqueous liquid processing composition comprising: 

Percent 
Sodium carboxymethyl cellulose --------------- 4.5 
1-phenyl-3-pyrazolidone ---------------------- 0.2 
Sodium hydroxide --------------------------- 2.5 
Potassium bromide -------------------------- 0.2 
6-nitrobenzimidazole ------------------------- 0.16 
2,5-bis-ethyleneiminohydroquinone ------------- 0.6 
between said photosensitive element and an image-receiv 
ing element as said elements are brought into superposed 
relationship. The image-receiving element comprises a 
cellulose acetate-coated baryta paper which has been 
coated with a solution comprising 10% N-methoxymethyl 
polyhexamethylene adipamide in 80% aqueous ethanol. 
After an imbibition period of approximately 1 minute, the 
image-receiving element is separated and contains a cyan 
positive dye image of the photographed subject. 

Repetition of substantially the same procedure as set 
forth in Example 5, utilizing the dyes of Formulae 1, 2 
and 4, respectively, results in the formation, in the image 
receiving layer, of a reversed positive cyan dye image 
of the photographed subject. 

In certain instances, the sensitivity of an associated sil 
ver halide emulsion may be affected by a reaction be 
tween the associated dye developer and a sensitizer em 
ployed in said silver halide emulsion, or by means of a 
displacement of sensitizing dye absorbed on the silver 
halide, resulting in decreased sensitivity. It has been 
found that the employment of the hydrolyzable deriva 
tives of the present invention as precursors to the ulti 
mately desired dye developers offers a means of restrict 
ing the mobility of the respective dye developers and of 
thus avoiding or reducing such desensitizing side reactions 
as might otherwise occur during storage of the photosen 
sitive product. 

It has been found that replacement of the dye develop 
er, 14 - bis-(6-2',5'-dihydroxyphenyl)-a-methyl-ethyl 
amino)-anthraquinone, by its hydrolyzable dye developer 
precursor set forth as Formula 2, in photosensitive ele 
ments prepared according to the procedure of Example 
5, results in an extension of the spectral sensitivity range 
of the photosensitive element from 550 mu to 650 mg. 

It will be noted that the liquid processing composition 
may, and in the above example does, contain at least 
one auxiliary developer, such as p-methylaminophenol 
Metoll, 2,4-diaminophenol Amidol, benzylaminophe 

nol, or a 3-pyrazolidone, such as 1-phenyl-3-pyrazolidone 
Phenidone. The preferred auxiliary developer is 1 

phenyl-3-pyrazolidone. This auxiliary developer serves 
to accelerate and possibility initiate the action of the dye 
developer. A portion of the dye developer may be oxi 
dized by an energy transfer reaction with oxidized auxil 
iary developer. 
The compounds of this invention may be used also in 

conventional photographic processes, such as tray or tank 
development of conventional photosensitive films, plates 
or papers containing said compounds to obtain black-and 
white, monochromatic or toned prints or negatives. By 
way of example, a processing composition suitable for 
such use may comprise an aqueous solution of approxi 
mately 1% sodium hydroxide, 2% sodium sulfite and 

5 

O 

15 

25 

30 

40 

50 

55 

60 

65 

70 

75 

O 
0.05% potassium bromide. After development is com 
pleted, any unreacted dye developer is washed out of 
the photosensitive element, preferably with an alkaline 
Washing medium or other medium in which the unreacted 
dye developer is soluble. The expression "toned” is used 
to designate photographic images wherein the silver is 
retained with the precipitated dye, whereas "monochro 
matic' is intended to designate dye images free of silver. 

It should be noted that the compounds of this inven 
tion are self-sufficient to provide the desired color image 
and do not depend upon coupling reactions to produce 
the desired color. They thus provide a complete depar 
ture from conventional photographic color processes in 
which the color is produced by a coupling reaction in 
volving the oxidized developing agent. 

It should be noted that it is within the scope of this 
invention to use mixtures of the compounds to obtain 
a desired color. 

It will be apparent that, by appropriate selection of the 
image-receiving element from among suitable known 
opaque and transparent materials, it is possible to obtain 
either a colored positive reflection print or a colored posi 
tive transparency. Likewise, the inventive concepts here 
in set forth are adaptable for multicolor work by the use 
of special photographic materials, for example, film ma 
terials of the type containing two or more photosensitized 
elements associated with an appropriate number of image 
receiving elements and adapted to be treated with one 
or more liquid processing compositions, appropriate dye 
developer hydrolyzable derivatives suitable to impart the 
desired subtractive colors being incorporated in the pho 
tosensitized elements. 

Examples of such photographic materials are disclosed 
in U.S. Patent No. 2,647,049 to Edwin H. Land. 
The inventive concepts herein set forth are also adapt 

able for the formation of colored images in accordance 
with the photographic products and processes described 
and claimed in the copending application of Edwin H. 
Land, Serial No. 448,441, filed August 9, 1954, (now 
U.S. Patent No. 2,968,554 issued December 17, 1960), 
and also the copending application of Edwin H. Land 
and Howard G. Rogers, Serial No. 565,135, filed February 
13, 1956. 

In the preceding portions of the specification the 
expression "color” has been frequently used. This ex 
pression is intended to include the use of a plurality 
of colors to obtain black, as well as the use of a single 
black dye developer precursor. 

Since certain changes may be made in the above 
products and processes without departing from the scope 
of the invention herein involved, it is intended that all 
matter contained in the above description shall be inter 
preted as illustrative and not in a limiting sense. 
What is claimed is: 
1. A process of forming transfer images in color which 

comprises the steps of exposing a photosensitive element 
containing a silver halide emulsion and a dye selected 
from the group consisting of anthraquinone dyes char 
acterized in that they contain not less than one and not 
more than two groups selected from the group consisting 
of the carbalkoxy and carbaryloxy mono- and diesters 
of ortho- and para-dihydroxyphenyl groups and halogen 
and lower alkyl nuclear substituted derivatives thereof; 
contacting said exposed photosensitive element with an 
aqueous alkaline solution; thereby providing hydrolysis 
of said ester groups and development of the exposed silver 
halide emulsion; immobilizing said dye in developed areas 
of said photosensitive element, as a function of the point 
to-point degree of exposure of said emulsion; thereby pro 
viding an imagewise distribution of mobile dye, in un 
developed areas of said photosensitive element; and trans 
ferring, by imbibition, at least a portion of said imagewise 
distribution of mobile dye to a superposed image-receiving 
element to impart thereto a dye image. 
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2. The process of forming transfer images in color 
as defined in claim 1, wherein said dye is disposed in a 
separate liquid-permeable layer superposed on said silver 
halide emulsion and an aqueous alkaline solution contain 
ing said dye in hydrolyzed form is formed by permeating 
said photosensitive element with an aqueous alkaline 
liquid capable of hydrolyzing and solubilizing said dye. 

3. The process of forming transfer images in color as 
defined in claim 2, wherein said aqueous alkaline liquid 
is introduced by being spread in a substantially uniform 
layer between said photosensitive element and said image 
receiving element as said elements are brought into super 
posed relationship. 

4. A process of forming transfer images in color as 
defined in claim 1, wherein said hydrolyzable dye 
comprises 1,4-bis-(3-2',5'-di-(n-hexyloxycarbonyloxy)- 
phenyl-o-methyl-ethyl-amino)-anthraquinone. 

5. The process of forming transfer images in color as 
defined in claim 1, wherein said hydrolyzable dye com 
prises 1,4-bis-(o-2',5'-di-(n-butoxycarbonyloxy)-phenyl 
o-methyl-ethyl-amino)-anthraquinone. 

6. The process of forming transfer images in color as 
defined in claim 1, wherein said hydrolyzable dye com 
prises 1,4-bis-(3-2',5'-di-(octadecanyloxycarbonyloxy)- 
phenyl-o-methyl-ethyl-amino)-anthraquinone. 

7. The process of forming transfer images in color 
as defined in claim 1, wherein said hydrolyzable dye con 
prises 1,4-bis-(6-2',5'-di-(ethoxycarbonyloxy)-phenyl-o- 
methyl-ethyl-amino)-anthraquinone. 
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