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ABSTRACT OF THE DISCLOSURE 

This invention relates to photographic processes em 
ploying photographically inert compounds which are sta 
ble in the photographic processing composition but capa 
ble of undergoing cleavage in the presence of an image 
wise distribution of silver ions and/or soluble silver com 
plex containing silver ions made available as a function of 
development to liberate a reagent in an imagewise distri 
bution corresponding to that of said silver ion and/or said 
complex. In one embodiment, the photographically inert 
compound is substantially non-diffusible in the photo 
graphic processing composition and the reagent released 
therefrom as a function of development is diffusible in 
the processing composition. In another embodiment, the 
diffusible reagent released is a diffusible dye. Compounds 
particularly useful for liberating a reagent are 1,3-sul 
phur-nitrogen compounds, e.g., thiazolidines, and their 
vinyl and phenylene analogs. 

BACKGROUND OF THE INVENTION 

(1) Field of the invention 
This invention relates to photographic processes for 

providing an imagewise distribution of a reagent, such as 
a photographically active reagent or a dye and particu 
larly to processes for the formation of color images and 
to photographic products useful therein. 

(2) Description of the prior art 
Diffusion transfer photographic processes are now well 

known. In preparing silver images according to such 
processes, an exposed photosensitive element comprising 
a light-sensitive silver halide emulsion is developed by 
treating the emulsion with a processing composition com 
prising an aqueous alkaline solution of a silver halide 
developing agent and a silver halide solvent. The develop 
able silver halide of the emulsion is reduced to image 
silver by the developing agent while the silver halide 
solvent forms an imagewise distribution of a soluble 
silver complex with the undeveloped silver halide. This 
imagewise distribution of soluble silver complex is, at 
least in part, transferred by imbibition to a superposed 
image-receiving layer where it is reduced to form a silver 
transfer image. 

It has been proposed in U.S. Pat. No. 3,443,941 of 
Howard G. Rogers to utilize certain principles of the silver 
diffusion transfer art in the formation of color images. 
In particular, it has been proposed to utilize the properties 
of the imagewise distribution of silver ions in the solu 
ble silver complex to control imagewise transfer of a 
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2 
color-providing Substance to a suitable receiving stratum 
to provide a color image thereon. 

Included among the color-providing materials disclosed 
as useful in Such a system are (A) normally diffusible 
color-providing materials that are rendered non-diffusible 
upon reaction with silver ions and/or a soluble silver 
complex containing the same and (B) normally non-dif 
fusible color-providing materials that are rendered diffusi 
ble upon reaction with silver ions and/or a soluble silver 
complex containing the same. Such color-providing ma 
terials include complete dyes or dye intermediates which 
form a complete dye upon subsequent reaction. 

It is known that various chemical reactions are assisted 
by silver ion including reactions involving cleavage of a 
compound into one or more fragments. One example of 
a cleavage reaction that is assisted by silver ion is the 
silver ion-accelerated hydrolysis of mono thio analogs of 
tetrahydropyranyl ethers as disclosed in U.S. Pat. No. 
3,068,099. Other examples of such reactions are the silver 
ion-accelerated cleavage of disulfides and of thioesters as 
discussed by L. F. Lindoy, Coordin. Chem. Rev., 4 
(1969), 41-71 and the silver ion-accelerated elimination 
of mercaptain in the preparation of carbodiimides, iso 
cyanates and isothiocyanates as discussed by A. F. Ferris 
et al., J. Org. Chem., 28, 71-74 (1968). Further exam 
ples of such reactions are the selective removal of cer 
tain S-protecting groups from cysteines using silver ion as 
discussed by L. Zervas et al., J. Am. Chem. Soc., 84,3887 
3891 (1962) and the silver ion-accelerated hydrolysis of 
silyl acetylenic compounds as reported in Rec. trav. chim. 
des Pays-Bas 86, 1138 (1967). 

Besides the above reactions, it is also known that heavy 
metal ions, particularly mercuric and silver ions, ac 
celerate cleavage of certain cyclic and linear 1,3-sulfur 
nitrogen compounds, i.e., compounds having a sulfur atom 
and a nitrogen atom, each linked by a single bond to a 
common carbon atom. Such compounds undergo cleavage 
in a stepwise fashion between the S atom and the C atom 
common to the S and N atoms and also between the N 
atom and the common C atom. As discussed in The 
Chemistry of Penicillins, National Academy of Sciences, 
Washington, D.C., pages 926 and 927, the cleavage of thi 
azolidines by mercury salts has become standard prac 
tice in the inactivation of penicillin compounds. It is also 
mentioned in this reference that certain thiazolidine com 
pounds undergo cleavage in the presence of silver ion. 
The cleavage of benzothiazolines accelerated by the pres 
ence of various metal ions including silver ion is reported 
in the aforementioned Lindoy reference, while the cleavage 
of certain linear compounds containing the Sulfur-carbon 
nitrogen configuration assisted by mercuric and silver ions 
is reported by T. Yamaguichi et al., Bulletin of the Chemi 
cal Society of Japan, 40, 1952-1954 (1967). 
Though certain thiazolidine compounds have been used 

in photographic processes, for example, to improve ratios 
of speed to fog as described in U.S. Pat. 3,565,625 such 
compounds have not been used in a photographic system 
to provide an imagewise distribution of a reagent. 

SUMMARY OF THE INVENTION 
According to the present invention, it has been found 

that cleavage reactions assisted by silver ion may be used 
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in photographic processes to liberate a reagent in an image 
wise fashion. For example, it has been found that com 
pounds capable of undergoing cleavage in the presence 
of ionic silver such as those mentioned above, may be 
used to release a reagent as a smaller molecule in an 
imagewise distribution corresponding to the imagewise 
distribution of silver ions made available as a function of 
development of an exposed silver halide layer. 

It is, therefore, the primary object of the present inven 
tion to provide processes employing photographically 
inert compounds which are stable in the photographic 
processing solution but capable of undergoing cleavage 
in the presence of the imagewise distribution of silver 
ions made available in the undeveloped and partially 
developed areas of a silver halide emulsion during proc 
essing of the emulsion to liberate a reagent as a smaller 
molecule, preferably, a photographically active reagent 
or a dye in an imagewise distribution corresponding to 
said imagewise distribution of silver ions. 

It is another object of the present invention to provide 
processes employing photographically inert compounds 
to release an imagewise distribution of an aldehyde. 

It is another object of the present invention to provide 
processes for preparing color images by using, as the 
photographically inert compounds, color-providing con 
pounds which are stable and substantially non-diffusible 
in the photographic processing solution but capable of 
undergoing cleavage in the presence of the imagewise 
distribution of silver ions made available in the unde 
veloped and partially developed areas of a silver halide 
emulsion during processing thereof to liberate a more 
mobile and diffusible color-producing moiety in an image 
wise distribtuion corresponding to said imagewise distri 
bution of silver ions. 

It is a further object of the present invention to pro 
vide photographic products useful in processes for releas 
ing a photographic reagent which contain photographi 
cally inert compounds stable in aqueous media but capable 
of undergoing cleavage in the presence of silver ions made 
available in an imagewise distribution during processing 
of a silver halide emulsion to split off a photographic 
reagent as a smaller molecule in an imagewise distribution 
corresponding to said imagewise distribution of silver 
OS 

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 
disclosure, 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 follow 
ing detailed description taken in connection with the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an enlarged, diagrammatic, fragmentary sec 
tional view illustrating the preparation of a color image 
according to one aspect of this invention; and 
FIG. 2 is a similar view illustrating another aspect of 

the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As noted previously, the present invention is concerned 
with utilizing the imagewise distribution of silver ions 
and/or a soluble silver complex containing the same made 
available as a function of development to effect cleavage 
of a photographically inert compound which may be dif 
fusible or non-diffusible in the photographic processing 
composition to release a reagent as a smaller molecule in 
an imagewise distribution corresponding to the imagewise 
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4. 
distribution of said silver ions and/or said soluble silver 
complex, which reagent also may be diffusable or substan 
tially non-diffusible in the processing composition. 

According to one system of the present invention, a 
photographic process for producing an imagewise distri 
bution of a reagent is provided which includes the steps 
of developing a photosensitive element comprising an 
exposed silver halide emulsion with an aqueous process 
ing composition; forming in undeveloped areas an image 
wise distribution of silver ions; contacting said imagewise 
distribution of silver ions with a photographically inert 
compound capable of undergoing cleavage in the presence 
of silver ions to liberate a reagent; and forming as a func 
tion of contacting said imagewise distribution of silver 
ions with said inert compound, a corresponding image 
wise distribution of said reagent. 

In forming color images according to this system, a 
relatively non-diffusible color-providing compound may 
be present, for example, in a layer associated with a 
light-sensitive silver halide emulsion which, after being 
exposed, is developed with an aqueous alkaline process 
ing Solution including a silver halide developing agent 
and a silver halide solvent. The imagewise distribution 
of silver ions such as contained in the soluble silver com 
plex made available during processing of the emulsion 
migrates to the associated color-providing material which 
undergoes cleavage in the presence of the complex to 
provide an imagewise distribution of a more diffusible 
color-providing moiety. The subsequent formation of a 
color image is the result of the differential in diffusibility 
between the parent material and liberated color-providing 
moiety whereby the imagewise distribution of the more 
diffusible color-providing moiety released in undeveloped 
and partially developed areas is free to transfer. For ex 
ample, where the imagewise distribution of diffusible 
color-providing moiety is a complete dye, it may be 
simply washed away to leave an image associated with 
the emulsion, or it may be transferred by imbibition to 
an image-receiving layer, e.g., a dyeable stratum of the 
character heretofore known in the art to provide a color 
transfer image thereon. 

Besides a color-providing moiety, the smaller molecule 
liberated from the parent compound upon cleavage may 
be any one of various reagents and preferably is photo 
graphically active, such as, a gelatin hardener, a develop 
ment restrainer, toning agent or antifoggant. Depending 
upon the reagent it is intended to liberate, the appropriate 
moiety may be substituted on the parent compound, or 
the parent compound itself upon cleavage may provide 
a fragment possessing the desired photographic activity. 
The respective mobility characteristics of the parent com 
pound and of the liberated reagent may be substantially 
the same, or they may be different as appropriate for a 
given photographic process. 
A differential in diffusibility between the parent com 

pound and the reagent liberated therefrom may be 
achieved in various ways, for example, by using a nor 
mally immobile and non-diffusible parent compound 
which upon cleavage releases a diffusible reagent, or con 
Versely, by using a normally mobile parent compound 
which upon cleavage releases a reagent that is substan 
tially non-diffusible. 
To be useful in the present invention, the parent com 

pound should be photographically inert and stable in the 
processing solution, i.e., should remain intact in the proc 
essing composition in the absence of silver ion at least 
during the processing interval, but should be capable of 
undergoing cleavage in the presence of the imagewise 
distribution of silver ions and/or the imagewise distribu 
tion of soluble silver complex containing silver ions made 
available as a function of development to release a re 
agent, such as, a dye or a photographically active reagent. 
Its rate of cleavage in the presence of silver ion, how 
ever, should be such that an imagewise distribution of 
reagent is obtained that corresponds to the imagewise dis 
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tribution of silver ions or soluble silver complex formed 
in the partially exposed and unexposed areas of the emul 
sion. If the rate of cleavage is excessive, reagent may be 
released to some extent in the exposed areas. 

Illustrated below are examples of compounds which 
may be used to release a reagent, such as, a color-pro 
viding moiety and the silver accelerated cleavage reac 
tions which they undergo. 

O 
SR OE 

H H2O -- Agt - R-S-Ag- -- H+ 

(2) 
R-S-S-R - O -- Agi - R-S-Ag - H -- R-SOH) 

(3) SR 

(1) 
O 

(4) 
H20 -- CHCHCOOR' -- Agh - CHCHCOOR." 

s -- ROH + H+. R NHR AgS NHR' 
(5) O 

H2O - Rsr - Ag - R'S Ag -- RboH - H+ 
(6) 
(CBs)3-SiCSCR -- H2O -- Ag+ --> 

Ag-CSCR -- Hit -- (CH3)3-SiOH) 

R SR" R R. CN 
DN-k -H 2AgCN --> N-k - 2R'SAg 
R SR R YoN 

(8) 

l in -H.H2O -- Agi --> NRH Ag+ + CH,o 
- E. 

For use in the present invention, the above compounds 
may be appropriately substituted with the desired color 
providing or other moiety it is desired to liberate and 
with other group(s) as may be necessary to achieve a 
differential in diffusibility between the uncleaved parent 
compound and the reagent released therefrom. Where 
such a differential in diffusibility is necessary or desired 
for the particular photographic process, the parent com 
pound may be substituted with an immobilizing group or 
"anchor,' that renders the compound substantially non 
diffusible in the processing solution, or, rather than a 
single immobilizing group, the parent compound may be 
substituted with two or more groups which together pre 
clude migration of the compound from its position in the 
photographic element. When several groups together are 
used to immobilize the compound, one or more of the 
groups may be on the fragment to be released as a diffusi 
ble reagent so long as the group(s) does not reduce to 
any appreciable extent the mobility and diffusibility of 
the fragment subsequent to cleavage. 

It will be appreciated that where a single immobilizing 
group is used to anchor the parent compound, its posi 
tion on the compound should be such that upon cleavage, 
it will be on a fragment different from the fragment to be 
released as the diffusible reagent. Depending upon the 
photographic process used and upon the location of the 
parent compound in the photographic element, it may be 
preferable to position the immobilizing group on that 
portion of the parent compound that ultimately forms a 
complex with the silver ion. For example, when producing 
positive transfer images using diffusion transfer tech 
niques, it is preferred to anchor the fragment that will 
complex the silver ion in the photosensitive element to 
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6 
avoid possible staining of the color images formed in the 
image-receiving sheet. 
The selection of a particular immobilizing group(s) 

for anchoring the parent compound will depend primarily 
on whether it is desired to employ only one immobilizing 
group or to employ two or more groups which together 
are capable of anchoring the compound. Where two or 
more groups are employed to immobilize the compound, 
lower alkyl groups, butyl or hexyl, for example, may be 
used to achieve the requisite differential in diffusibility 
between the parent compound and the reagent released. 
Where only one group is used to immobilize the com 
pound, it is more effective to employ, for example, a 
higher alkyl radical such as octyl, decyl, dodecyl, stearyl, 
and oleyl or a carbocyclic or heterocyclic ring having six 
members or more. Where cyclic compounds are employed 
the carbocyclic or heterocyclic immobilizing group may 
be bonded to a single atom or to adjacent atoms of the 
parent molecule and may be bonded to a single atom 
by a valence or ionic bond or through a spiro union. 
As the "color-providing moiety" in forming color 

images according to the present invention, there may be 
used a complete dye or a dye intermediate capable of 
yielding a complete dye upon subsequent reaction, for 
example, upon reaction with a suitable coupler to form 
a complete dye. The coupling reaction may take place 
directly in the image-receiving layer, or it may take place 
in the emulsion layer or in the layer of processing com 
position after which the complete dye formed diffuses 
to the image-receiving layer. 

Complete dyes which may be used as the color-provid 
ing moiety may comprise any of the general classes of 
dyes heretofore known in the art, for example, nitro, azo, 
thiazole, di- and triphenyl methane, cyanine and anthra 
quinone dyes. Dye intermediates include any molecule 
which when released is capable of forming a dye upon 
reaction with another molecule. For example, a dye in 
termediate may be released from a Sulfur-nitrogen com 
pound, e.g. a thiazolidine, which intermediate in turn re 
acts with another molecule to produce a complete dye. 
Photographic processes and products utilizing dye-form 
ing systems wherein an imagewise distribution of a com 
plete dye is produced by the reaction of an aldehyde or 
ketone dye intermediate and a color-forming reagent com 
prises the subject matter of copending U.S. Pat. applica 
tion Ser. No. 155,000 of Louis Locatell, Jr., Frank A. 
Meneghini and Howard G. Rogers filed concurrently here 
with. 
The color-providing moiety, whether a complete dye or 

dye former, may be linked directly to an atom of the 
parent molecule by a valence or ionic bond or through 
a spiro union, or it may be linked indirectly to the par 
ent molecule through an appropriate linking group either 
acyclic or cyclic. Typical linking groups include cycloal 
kyl, such as cyclohexyl;-CONH-;-alkylene-CONH-; 
arylene-CONH-; alkylene; and arylene wherein alkyl 
ene may be ethylene, propylene, butylene and arylene 
may be phenylene. The term color-providing moiety as 
used herein includes any linking group and the moiety 
may contain on the color-providing and/or linking por 
tion various solubilizing substituents, e.g., sulfo, hydroxyl 
or carboxyl groups to adjust its solubility characteristics. 

In addition to the above, useful dyes include those 
which are colorless or of a color other than that ulti 
mately desired in a certain environment, such as at a par 
ticular pH level, but upon a change in environment, e.g., 
from acid to alkaline conditions, take on a color change. 
Color-providing materials of this nature include indica 
tor dyes and leuco dyes. It is also contemplated that dyes 
may be employed which undergo a color shift or change 
in spectral absorption characteristics during or after proc 
essing. Such dyes may be referred to as "temporarily 
shifted' dyes. The temporary shift may, for example, be 
effected by acylation, the acyl group being removable by 
hydrolysis in the alkaline processing composition. It is 
also within the scope of the present invention to employ 
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metal complexed or complexable dyes and to employ 
dyes, the non-complexed forms of which are substantially 
colorless, but which, when complexed during or Subse 
quent to image formation, are of the desired color. 
Though some of the compounds enumerated above may 

cleave in the absence of silver ion under extreme condi 
tions, such as strong heating, they are sufficiently stable 
under neutral, acid and alkaline conditions at ambient 
temperatures to remain intact under the processing con 
ditions encountered in conventional and diffusion trans 
fer photography until silver ion becomes available as a 
function of development. However, the reactivities of the 
various compounds toward silver ion may vary and thus, 
some compounds may cleave more rapidly in the pres 
ence of silver ion than others. Accordingly, it will be ap 
preciated that the particular compound selected should 
have the cleavage rate necessary for obtaining an image 
wise distribution of the desired reagent, such as a color 
providing moiety, under the particular processing con 
ditions employed. In diffusion transfer processes, it is de 
sirable that the parent compound cleave in the presence 
of silver ion and/or soluble silver complex containing 
silver ion to release a diffusible color-providing moiety 
such that a transfer image is obtained within a reason 
able processing time. 
Of the aforementioned classes of compounds, the 1,3- 

sulfur-nitrogen compounds have been found especially 
satisfactory. As discussed above, these compounds may be 
linear, or they may be cyclic in structure with either or 
both of the S and N atoms being constituents of the ring 
which should contain at least four atoms. The compounds 
may be saturated or unsaturated provided the S and N 
atoms each are bonded to the common, i.e., intermediate, 
carbon atom by a single bond. 
Among the 1,3-Sulfur-nitrogen compounds that may be 

used in the present invention are those represented in the 
following formulae: 

wherein R1 and R5 each are a monovalent organic radi 
cal and R2, R3 and Reach are hydrogen or a monovalent 
organic radical; 
(II) Rs R 

N/ 
- Z - 

, 

ston-R, 
R. R3 

wherein R2, R3 and R4 have the same meaning as in For 
mula I above; Rs and R on the same or different atoms 
each are hydrogen or a monovalent organic radical and 
taken together represent a substituted or unsubstituted 
carbocyclic or heterocyclic ring; Z represents the atoms, 
preferably carbon atoms, necessary to complete a ring 
system having up to 20 members; 
(III) R R 

R S 2. < 
Yé-N-R, 
R? 

wherein R2, R3, R, R, R and Z have the same mean 
ing as in Formula II above; and 

wherein R2, R3, R8, R and Z have the same meaning as 
in Formula II above. 

Examples of cyclic compounds which may be used in 
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8 
the present invention are thiazolidines, tetrahydro-1,3- 
thiazines, benzothiazolines, benzimidazolines, tetrahydro 
thiophenes, s-trithianes, 1,3-dithianes, tetrahydrothio 
pyrans, 1,3-dithiolanes, pyrrolidines, imidazolidines, hexa 
hydro-s-triazines, piperazines, piperidines, and morpho 
lines. Where the ring contains a nitrogen atom but no 
sulfur atom or where the ring contains a sulfur atom but 
no nitrogen atom, the compound will be appropriately 
substituted with a sulfur or nitrogen-containing group to 
obtain the 1,3-sulfur-nitrogen configuration. For exam 
ple, in Formula IV above, the sulfur-nitrogen configura 
tion may be obtained by selecting as the R2 or R3 group, a 
monovalent organic radical 

or -N-R wherein R4 and Rs have the same meaning 
given above and R is a divalent organic radical. Likewise, 
the desired configuration may be obtained with com 
pounds of Formula III by selecting as R, a monovalent 
organic radical 

E. 

R-s-- 
or by selecting as the R2 or R3 group, a monovalent organic 
radical -S-R wherein R1 has the same meaning given 
above. It will be appreciated that the compound may con 
tain more than one sulfur-nitrogen configuration if it is 
desired to release several smaller molecules. As an illus 
tration, the compound of Formula II may be substituted 
with a cyclic 1,3-sulfur-nitrogen substituent in the 2-posi 
tion through a linking group, such as a methylene group, 
to give, e.g., a bis compound. 

It will be understood that at least one of the substituents 
of the compounds illustrated in the above formulae will be 
the color-providing or other moiety it is desired to re 
lease as the reagent from the parent compound, which 
moiety may be released as an amine, aldehyde, ketone, 
etc., depending upon the position of the substituent on the 
parent. Also, one or more of the R substituents may be 
selected to immobilize the compound in processes where 
it is desired to render the uncleaved parent compound 
substantially non-diffusible in the processing solution, or 
one or more of the R substituents may be selected to en 
hance the solubility of the compound in processes where 
it is desired to render the parent compound diffusible in 
the processing solution. Suitable immobilizing and solu 
bilizing groups have been enumerated above. The posi 
tioning of these groups on the parent compound will de 
pend upon the diffusibility characteristics desired for the 
parent compound and for the smaller molecule released 
upon cleavage in a given process. As noted previously, 
the parent and the reagent liberated therefrom may ex 
hibit the same or different diffusibility characteristics in 
the photographic processing solution. Both may be non 
diffusible, both may be diffusible or one may be diffusible 
and the other non-diffusible. In addition to the immobiliz 
ing and/or solubilizing groups, it will be appreciated that 
R groups may comprise other substituents which do not 
interfere with the use of the compound to liberate a 
selected reagent, such as, a color-providing moiety or a 
photographically active reagent. 

Typical of the substituents that may be used in the 
above formulae include carboxy, sulfo, nitro, hydroxy, 
halo, e.g., chloro and bromo, cyano and hydrocarbon radi 
cals including aliphatic, cycloaliphatic, aromatic and 
heterocyclic radicals. The radicals may possess ethylenic 
or acetylenic unsaturation, and the carbon chains may 
be interrupted by heteroatoms or heteroatom groups, 
such as S, O, N, SO, NH and so forth. Also, the radicals 
may contain substituents, e.g., phenyl, alkyl, alkyl ether, 
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aryl ether, carbalkoxy, carboxy, hydroxy, sulfo, halo, 
cyano, nitro, and alkylamino. 

Examples of suitable radicals are substituted and un 
substituted alkyl groups, such as methyl, ethyl, octyl, do 
decyl; substituted and unsubstituted cycloalkyl radicals, 
such as, cyclohexyl, cyclopenty, cyclooctyl; substituted 
and unsubstituted alkenyl groups, such as, vinyl, allyl, 
butenyl, decenyl, octadienyl, hexatrienyl; substituted and 
unsubstituted cycloalkenyl groups, such as, cyclopentenyl, 
cycloheptenyl, cyclohexadienyl; substituted and unsub 
stituted alkynyl groups, such as, ethynyl, hexynyl, octynyl; 
substituted and unsubstituted aryl radicals, such as, phen 
yl, toly, benzyl and naphthyl; and substituted and un 
substituted heterocyclic groups, such as those having a 
4-, 5- or 6-membered ring and containing O, N, S, and 
combinations thereof derived from, e.g., pyrrole, pyrazole, 
oxazole, thiazole, imidazole, pyrimidine, piperidine, piper 
azine, thiophene, pyrrolidine, azetidine. Where a single hy 
drocarbon moiety is used as the immobilizing group, 
higher acyl radicals such as oleoyl and stearoyl groups 
have been found useful. 

It will be appreciated by those skilled in the art that 
the vinyl and phenylene analogs of the above sulfur-nitro 
gen compounds, including those exemplified in Formulae 
I-IV, are useful in the present invention. The 1,3-sulfur 
nitrogen compounds and their vinyl and phenylene analogs 
may be defined as containing the group, 

wherein X is 

------ or ---- 
--C-C- 

As in the compounds illustrated in Formulae I-IV, the 
above analogs may be substituted with an immobilizing 
group and/or a solubilizing group and with a moiety it is 
desired to release as the reagent, e.g., a color-providing 
moiety. 
Compounds found especially suitable for forming 

images by diffusion transfer are certain cyclic sulfur 
nitrogen compounds where both the S and N atoms are 
included in the ring, particularly thiazolidines and benzo 
thiazolines. These compounds exhibit the desired stability 
in the processing composition, and in the presence of 
silver ions undergo cleavage at the desired rate to release 
a reagent, e.g., a color-providing moiety in an imagewise 
distribution corresponding to that of the silver ions and/ 
or soluble silver complex containing the same made avail 
able in the undeveloped areas of the emulsion. Besides 
exhibiting these characteristics under the highly alkaline 
conditions ordinarily employed in diffusion transfer proc 
esses, they may be employed under neutral and acid con 
ditions as well. Also, it will be appreciated that these 
and other 1,3-sulfur-nitrogen compounds, both cyclic and 
linear, and their vinyl and phenylene analogs may be 
used to liberate an aldehyde in an imagewise fashion to 
produce relief or transfer images by utilizing the harden 
ing effect of aldehydes on gelatin and similar emulsion 
binders. 

Illustrative of the aforementioned cyclic compounds 
particularly useful in forming dye images are those rep 
resented in the following Formulae V and VI, and pref 
erably VI. 

(V) --Z-S, --Z-, 
S N S N-R 
Ne/ and (VI) N/ 
/ / R Y. R Y. 

wherein R2, R3, R4 and Z have the same meaning given 
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10 
above. It will be appreciated that the ring system repre 
sented by Z may be substituted if desired as in the illus 
trative compounds of Formulae to IV. When using these 
compounds in the production of dye images, the color 
providing moiety is preferably but not necessarily substi 
tuted on the carbon atom common to the sulfur and 
nitrogen atoms. If the color providing moiety selected as 
the organic radical R2 and/or R3 is a diffusible dye then 
Ra and/or a group or groups substituted on the ring Z. 
should be capable of rendering the parent compound sub 
stantially immobile in the photographic processing solu 
tion. Alternatively, if the color-providing moiety is a non 
diffusible dye, the R4 and/or a group or groups substi 
tuted on Z should be capable of rendering the parent 
compound diffusible in the processing solution. 

In the present invention, the parent compound may be 
present initially in the photosensitive element in a layer 
or layers other than the layer containing the light-sensi 
tive silver halide emulsion. For example, it may be in a 
layer over the emulsion, in a layer between the support 
and the emulsion, or in two layers, one on either side of 
the emulsion. It may be present in the photosensitive 
layer itself if the compound is inert, that is photograph 
ically innocuous in that it does not adversely affect or 
impair image formation to any appreciable or unaccept 
able extent. If not photographically innocuous, the com 
pound may be modified in a manner which does not inter 
fere with the development process in any way, but which 
deactivates the compound so that it does not affect ad 
versely the light-sensitive emulsion. Preferably, the parent 
compound is contained in a layer separate from the silver 
halide emulsion. If desired, it may be separated from the 
emulsion layer by one or more spacer layers, or it may be 
contained in a layer associated with the image-receiving 
layer in processes such as diffusion transfer where receiv 
ing elements are employed. 
As mentioned previously, the processing compositions 

customarily employed in silver diffusion transfer proc 
esses comprise an aqueous alkaline solution of a silver 
halide solvent and a silver halide developing agent. The 
named ingredients may be present initially in the aqueous 
medium or may be present initially elsewhere in the 
photographic product, for example, in the emulsion and/ 
or image-receiving and/or spacer layers as heretofore 
Suggested in the art. When such ingredients are present 
initially in the film unit, the processing composition is 
formed by contacting the product with a suitable aqueous 
medium to form a solution containing these ingredients. 
Though the use of a silver halide solvent is preferred in 
the processes of the present invention, it is not essential 
since cleavage may be assisted by the silver ion contained 
in the unexposed portions of the emulsion. 
The alkali employed in the processing composition 

may be any of the alkaline materials heretofore used, 
Such as Sodium or potassium hydroxide. The silver halide 
Solvent also may be any of the heretofore known ma 
terials, such as sodium or potassium thiosulfate, sodium 
thiocyanate and uracil. Also, a silver halide solvent pre 
cursor may be used, such as described in copending U.S. 
patent application Ser. No. 99,310 filed Dec. 17, 1970. 
The silver halide developing agent may be selected from 
those commonly employed, such as the diamino benzenes, 
e.g. paraphenylenediamine; aminophenols, e.g., methyl-p- 
aminophenol; and dihydroxybenzenes, e.g., hydroquinone. 
In addition to the aforementioned ingredients, the com 
position may contain antifoggants, preservatives, viscos 
ity-imparting reagents, and other adjuncts as convention 
ally used in the art. It will be understood that the selec 
tion of the above materials is not critical to the practice 
of this invention. 

In the accompanying drawings, FIG. 1 illustrates the 
processing of a photosensitive element to prepare a color 
transfer image in accordance with one embodiment of the 
present invention. As shown therein, an exposed photo 
Sensitive element including a support 10, a layer of color 
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providing material 11 and a light-sensitive silver halide 
emulsion layer 12 is placed in superposition with a receiv 
ing element comprising an image-receiving layer, e.g., a 
dyeable stratum 13 and a support 14 therefor. A process 
ing composition 15 is distributed between the two elements 
as they are brough into superposition. In exposed areas of 
emulsion layer 12, silver halide is reduced to image silver 
while an imagewise distribution of soluble silver complex 
is formed in terms of unexposed areas. This imagewise dis 
tribution is, at least in part, transferred by imbibition to 
layer 11 where it accelerates cleavage of the color-provid 
ing material to release a diffusible color-providing moiety, 
e.g. a dye, in areas corresponding to unexposed areas of 
emulsion layer 12. This, in turn, produces an imagewise 
distribution of the diffusible color-providing moiety, corre 
sponding to unexposed areas of the emulsion layer, which 
is transferred to the receiving layer 13 to form a positive 
color transfer image. 

Processing composition 15 may be applied to the emul 
sion layer by coating, dipping, spraying or any or all of 
the ingredients thereof may be confined initially in a 
frangible container such as disclosed in U.S. Pat, No. 
2,543,181, the container being positioned in the film unit 
so as to be capable upon rupturing of spreading its con 
tents in a substantially uniform layer between the Super 
posed layers. It will be appreciated that the respective 
elements may be placed in superposition following in 
pregnation with the processing composition according to 
procedures known in the art. 

Negative color images also may be obtained by employ 
ing a film unit where the layer of cleavable color-providing 
compound is associated with the receiving element, such 
as illustrated in FIG. 2. As shown therein, an exposed 
silver halide emulsion 12 on a support 10 is processed by 
spreading a processing composition 15 between the emul 
sion layer and a layer of a colored color-providing Ina 
terial 11 on a support 14. In exposed areas of emulsion 
layer 12, silver halide is reduced to image silver, while an 
imagewise distribution of soluble silver complex is formed 
in terms of undeveloped areas of silver halide. This image 
wise distribution is transferred, at least in part, by imbibi 
tion, to layer 11 where it accelerates cleavage of the cleav 
able color-providing compound to provide a diffusible 
color-providing moiety, e.g., dye, in areas corresponding 
to undeveloped areas of the emulsion-layer. Diffusion of 
the diffusible color-providing moiety from the image-re 
ceiving element into the processing composition leaves a 
negative color image in layer 11. 
The film stuctures shown in the figures may be varied, 

for example, by employing one or more interlayers be 
tween those of the emulsion and cleavable parent com 
pound as suggested above or by varying the order of the 
layers and is intended to be illustrative only of product 
structures useful in the preparation of color images accord 
ing to the present invention. 
The following examples are given to illustrate the 

present invention and are not intended to limit the scope 
thereof. 

EXAMPLE 1. 

A solution containing 0.4 g. cellulose acetate hydrogen 
phthalate; 10.0 cc. methanol; 10.0 cc. 2-methoxyethanol 
and 0.4 g. of color-providing compound, 

S B 

was dip coated on a cellulose acetate support at a rate 
of ten feet per minute. On top of the resulting layer was 
dip coated a solution containing 0.2 g. cellulose acetate 
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12 
hydrogen phthalate; 10.0 cc. methanol, and 10.0 cc. 2 
methoxyethanol also at a rate of ten feet per minute. 
Finally, a blue-sensitive silver iodobromide emulsion 
layer was applied which contained 100 mg. per square 
foot silver and 30 mg. per square foot gelatin. 
To determine the difference in transfer of color-provid 

ing moiety obtained with a processing composition con 
taining a silver halide solvent, e.g., sodium thiosulfate, and 
one without silver halide solvent, one portion of the 
photosensitive element prepared above was processed 
without exposure using the processing composition desig 
nated Solution A and the other portion processed without 
exposure using the processing composition designated 
Solution B. 

Ingredients Solution. A Solution B 

Water, ec----------------- 0 00.0 
Sodium hydroxide, g. 2.5 2.5 
Hydroxyethyl cellulose, 3.9 3.9 
Sodium thiosulfate, g--- 2.0 -------------- 

Processing was carried out by spreading each solution 
in a layer 0.0016 inch thick between the photosensitive 
element and the receiving element containing a dyeable 
Stratum that had been superposed therewith. The image 
receiving elements used with the two portions of photo 
sensitive material comprised a layer of a 2:1 mixture by 
weight, of polyvinyl alcohol and poly-4-vinyl pyridine 
over a layer of polyvinyl alcohol coated on a baryta paper 
Support. After an imbibition period of about 30 seconds 
each of the image-receiving and photosensitive elements 
Were Separated and the transfer densities measured. 
The resulting transfer densities for the units processed 
with Solution A and Solution B were 1.56 and 
0.26, respectively. These results illustrated that substan 
tially greater transfer of diffusible dye was obtained in 
the presence of soluble silver hypo complex. 

EXAMPLE 2 

A further experiment was conducted to demonstrate the 
cleavage of the color-providing compound used in Exam 
ple 1. For this experiment, a photosensitive element was 
prepared in the same manner as in Example 1 above 
except that an interlayer comprising 100 mgs. per square 
foot of gelatin was provided between the gelatino silver 
iodobromide emulsion layer and the underlying layer of 
cellulose acetate hydrogen phthalate. The outer silver 
halide emulsion layer was then removed from the element 
with an enzyme solution after which the element was 
divided into three portions. Each of the three portions 
Was Superposed with an image-receiving element and 
treated with Solutions C, D and E, respectively, by spread 
ing Solution, between the Superposed materials in a layer 
0.0016 inch thick. The image-receiving element was pre 
pared in the same manner as that in Example 1 above 
except that an additional layer of a half-butyl ester of 
poly-(ethylene/maleic anhydride) was provided between 
the layer of polyvinyl alcohol and the baryta support. 
The solution employed comprised the following: 

ngredients Solution C Solution D Solution E 
Water, CC--------------------- 100.0 100.0 00. 
Hydroxyethyi Cellulose, g---- 3.9 3.9 Ogg 
Sodium hydroxide, g-------- 5. O 5.0 5.0 
Sodium, thiosulfate, g--- 4.0 4.0 
Silver chloride, g O. 

After an imbibition time of 30 seconds, the superposed 
elements were separated and the transfer densities meas 
ured for each. The densities obtained were 0.15, 0.13 
and 0.95 for the units treated with Solutions C, D and E, 
respectively. From these results it is readily apparent 
that the presence of silver ions as in the soluble silver 
hypo complex is necessary for cleavage to liberate the 
color-providing moiety in image-forming quantities in 
reasonable process times. 

  



3,719,489 
13 

EXAMPLE 3 

A photosensitive element was prepared by coating a 
cellulose acetate support with 186 mgs. per square foot 
of the color-providing compound used in Example 1 
above. On top of the layer of compound there was applied 
a layer containing 100 mgs, per square foot gelatin, and 
finally there was applied a blue-sensitive layer of silver 
iodobromide emulsion containing 33 mgs. per square 
foot of silver and 30 mgs. per square foot of gelatin. 
This element was exposed for one one-hundredth of a 
second to blue light through a density step tablet. There 
after, the exposed element was superposed with an image 
receiving element and a 0.0016 inch layer of processing 
composition was spread therebetween. The image-receiv 
ing element was the same as that used in Example 2. The 
processing composition comprised the following: 

G. 
Hydroxyethyl cellulose ------------------------- 3.9 
Sodium hydroxide ----------------------------- 5.0 
p-Methylamino-phenol ------------------------- 1.6 
Sodium sulfite -------------------------------- 2.0 
Sodium thiosulfate ---------------------------- 2.0 
4-amino-2-methyl-6-methoxy-penol --------------- 0.5 
Water, 100.0 cc. 
After an imbibition period of about 30 seconds, a posi 
tive yellow image was obtained wich had a Dima of 2.75 
and a Dmin. of 0.92 as measured at 400 mp. 

EXAMPLE 4 

Malononitrile and 2-(p-dimethyl-aminophenyl)-3-pro 
pylthiazolidine, 

S 

)-C-son N -. - 

& He - --- a 

were dissolved in N-ethyldodecanamide and dispersed in 
gelatin. The resulting dispersion was coated on a trans 
parent base comprising cellulose triacetate. A photosensi 
tive element comprising a gelatino silver iodobromide 
emulsion carried on a paper base was totally fogged and 
one-half was then developed for ten minutes in a mixture 
of hydroquinone and methyl p-aminophenol, stopped 
with dilute acetic acid, rinsed and dried. Thereafter, the 
dried photosensitive element was superposed with the 
coated sheet prepared above and a 0.034 layer of process 
ing composition was spread therebetween. The processing 
composition comprised the following: 

G. 
Hydroxyethyl cellulose ------------------------ 3.4 
Sodium hydroxide ---------------------------- 5.0 
Titanium dioxide ---------------------------- 50.0 
Potassium thiocyanate ------------------------ 4.0 
Water, 100.0 cc. 
Almost instantaneously, a yellow image was produced 

in the area of the coated sheet corresponding to the 
undeveloped portion of the photosensitive element by the 
following sequence: w 

Ag(CNS)- 
N(CH3) --> 

(a) 
S 

2 
(CH-N-( >-cho 

37 

O 
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(b) CN 

OHe 
(CH9N-(D-CHO -- t H 

N 
CN 

Substantially no yellow dye was visible in the area of 
the coated sheet corresponding to the portion of the 
photosensitive element where silver had been developed. 

It will be appreciated that dye images may be prepared 
in accordance with Example 6 above using different 
color-forming reagents, e.g., different methylene couplers 
and different dye intermediates, e.g., different aldehydes. 
As disclosed in aforementioned copending U.S. patent 

application Ser. No. 155,000, dye images may be pro 
duced by the reaction of an aldehyde or a ketone with 
a color-forming reagent, e.g., a methylene coupler. In 
one embodiment cyclic sulfur-nitrogen compounds con 
taining the group -S-X-N= or preferably 

as part of the ring may be used to release one or both 
of these reagents in an imagewise distribution, which 
reagents upon Subsequent reaction produce a correspond 
ing imagewise distribution of a complete dye. Typical 
cyclic sulfur-nitrogen compounds are illustrated in the 
following formulae: 

- Z 

(a) s 
Z 

N- and (b) 
NX/ Nx/ 

wherein Z represents the atoms, preferably carbon atoms 
necessary to complete a ring-System containing at least 
4 members and usually containing up to about 20 mem 
bers and X has the same meaning given above and pref 
erably is 

-- 
As the color-forming reagent, any compound may be 

used that will react with aldehydes and/or ketones to 
give a colored product. Suitable compounds include meth 
ylene couplers and those reagents used in color tests for 
identifying aldehydes and ketones as reported in the 
literature. The term "methylene coupler' as used herein 
is intended to include compounds containing an active 
methylene group and also compounds containing a reac 
tive methyl group capable of forming a methylene base in 
alkaline media. Typical of compounds possessing a reac 
tive methyl group are quaternary ammonium compounds, 
Such as, pyridinium quaternary ammonium compounds 
having a methyl substituent in the 2 and 4 positions of 
the heterocyclic ring. Examples of 2 and 4 methyl-sub 
stituted pyridinium compounds are those wherein the 
nitrogen atom is substituted by groups, such as, alkyl, 
e.g., methyl, ethyl and propyl; aryl, e.g., phenyl; and 
aralkyl, e.g., phenethyl and benzyl. These compounds may 
be used as the free base or a salt where the anion is a 
derivative of any acid, e.g., a tosylate. 
The couplers containing an active methylene group 

may be characterized as compounds containing a methyl 
ene (-CH-) group bonded directly to at least one 
activating group, such as, a keto, aldehyde, ester or nitrile 
group and usually a carbonyl or nitrile group. The meth 
ylene group also may be bonded to two such activating 
groups, the same or different, and the methylene group 
may be part of an open chain structure or a member of 
a ring system. 

These compounds continuing at least one active meth 
ylene group are generally known in the photographic art 
as useful couplers with color developing agents, e.g., the 
p-phenylene diamine series, to form a dye, as discussed in 
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Mees, The Theory of the Photographic Process, revised 
edition, 1966, pp. 382–395. Any of the methylene cou 
plers commonly used for this purpose may be employed 
in the present invention such as the acylacetic esters; acyl 
acetoacetic esters; malonic acid esters; acetonitriles; acyl 
acetonitriles, aroylacetonitriles; cyanacetic esters; cyan 
acetophenones; cyanacetyl coumarones; cyanacetyl hydra 
zones; acetoacetamides; cyanoacetamides, 1,3-indan 
diones; thioindoxyls; oxindoles; indazoline-3-ones; isoxa 
zole-5-ones; pyrimidazolones; and homophthaimides. 
The coupler employed preferably is colorless, though it 
may be colored depending upon its location in the photo 
graphic element. 

Rather than being coated on the transparent receiving 
element, the layer of color-providing compound and cou 
pler may be associated with the emulsion layer in the 
photosensitive element, e.g., to yield a dye capable of dif 
fusing in the processing composition to form a transfer 
image. By using a transparent receiving element, the re 
Sulting image, when stripped from the photosensitive ele 
ment, may be viewed by transmitted light as a trans 
parency. If the photosensitive element and/or processing 
composition contains a translucent layer of a material 
providing the requisite background, e.g., a white pigment 
such as titanium dioxide, the image may be viewed as a 
reflection print without separating the image-receiving and 
photosensitive elements. Color transparencies and reflec 
tion prints of this type also may be produced in this man 
ner where the diffusible color-providing moiety released 
in a complete dye. 

In the various embodiments of the present invention, 
other silver halide emulsions may be used, such as silver 
chloride, silver bromide, silver bromoiodide, silver chlo 
robromide and silver chlorobromoiodide. Rather than the 
conventional silver halide emulsions, direct positive sil 
ver halide emulsions may be employed. By using such an 
emulsion in Example 4 above, for instance, a negative 
rather than a positive transfer image may be produced. 
Typical materials that may be used as the support for 
the emulsion are paper, glass and plastic materials, e.g., 
cellulose nitrate, cellulose acetate, polyvinyl acetal, poly 
styrene, polyethyleneterephthalate, polyethylene and poly 
propylene. 

While in the foregoing, reference is made to the prep 
aration of a monochromatic image, it will be appreciated 
that the invention is applicable to the formation of multi 
color images. For example, the above-described color 
providing compounds may be employed in photographic 
Systems utilizing integral multilayer photosensitive ele 
ments comprising at least two selectively sensitized silver 
halide emulsion strata with associated color-providing ma 
terial which are processed simultaneously and without 
separation to provide a multicolor image on a single com 
mon image-receiving element. In such a structure, there 
is preferably used a barrier interlayer of silver complex 
scavenger, e.g., silver precipitant, to confine diffusion of 
soluble silver complex to the appropriate thiazolidine stra 
tum. Another useful structure for obtaining multicolor 
images is the screen type negative described in. U.S. Pat. 
No. 2,968,554 issued Jan. 17, 1961 to Edwin H. Land or 
that described in U.S. Pat. No. 3,019,124 issued Jan. 30, 
1962 to Howard G. Rogers. - . . . 
The expression "color” as used throughout the fore 

going specification and in the appended claims is intended 
to include the use of a plurality of colors to obtain black. 
As discussed above, rather than liberating a color-pro 

viding moiety as the reagent, the system of the present 
invention may be used to form an imagewise distribution 
of another reagent, preferably a photographically active 
reagent, in the same manner as color images were formed 
in the foregoing examples. The parent compound, such 
as the compounds illustrated in Equations 1 to 8 above 
may be appropriately substituted to yield the desired pho 
tographic reagent upon cleavage in the presence of silver 
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ions, or the unsubstituted compound itself may be used to 
provide the photographic reagent desired. 
As in the formation of color images, the compounds 

found especially useful in diffusion transfer processes for 
releasing various photographic reagents are those contain 
ing the group 

-S-x-- or -S-X-N= 
and especially 

-- 
Such compounds, as exemplified by thiazolidine, may be 
employed in aqueous media in the presence of silver ion, 

particularly where X is 

to liberate, for example: 
... (a) a silver halide solvent 

COO. COOE 

S - NH - HS NH + CHO 

(b) a gelatin hardener 
S S 

)-en-( - N N 
k k 
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CHO(CH2)2CHIO - 2 Hs NRH 
(c) an antifoggant 

() Y 
N1 

N-N. 
l X-$ n-ad 
- 

N-N - 

| >-s-cho + H6 NRE 
N-N - 

(ii) N-N Ho N-N 
... ." -S-CIO --> - SH-- HCOOH 

N-N -N 
l 

Thiazolidine itself upon cleavage, as illustrated in. Equa 
tion 8 above, yields a fragment containing a mercapto 
group which fragment finds use as a development restrain 
er or antifoggant. This compound also may be used to pro 
duce a secondary amine or a tertiary amine, depending 
upon the N-substituent, and as illustrated above, may be 
used to produce an aldehyde, or where the hydrogen on 
the common carbon atom is replaced by phenyl or other 
substituent, to liberate a ketone. Releasing in imagewise 
distribution of active reagent in this manner affords many 
advantages. For example, relief images may be prepared 
by liberating a gelatin hardener in the unexposed areas, 
and as noted previously, fogging may be controlled more 
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effectively by releasing the antifoggant in an imagewise 
fashion during processing. 

It will be appreciated that the photographic system of 
the present invention may be used to liberate reagents 
other than those specifically mentioned and that the pres 
ent system for releasing a reagent in an imagewise fashion 
may be used with film structures other than those illus 
trated. For example, in diffusion transfer film units the 
negative component comprising at least one light-sensitive 
layer and the positive component comprising an image 
receiving layer may be separate elements as shown above 
which are brought together during processing and therc 
after either retained together as the final print or separated 
following image formation. 

Rather than the photosensitive layer and the image 
receiving layer being in separate elements, they may be in 
the same element. In such a film unit, the image-receiving 
layer is coated on a support and the photosensitive layer 
is coated on the upper surface of the image-receiving 
layer. The liquid processing composition is applied be 
tween the combined negative-positive element and a 
spreading sheet which assists in spreading the liquid com 
position in a uniform layer adjacent the surface of the 
photosensitive layer. 

Illustrative of still other film units are those where the 
negative and positive components together may comprise 
a unitary structure, e.g., integral negative-positive film 
units wherein the negative and positive components are 
laminated and/or otherwise physically retained together 
at least prior to image formation. Generally, such film 
units comprise a plurality of essential layers including a 
negative component comprising at least one light-sensitive 
layer, e.g. a silver halide layer and a positive component 
comprising an image-receiving layer which components 
may be laminated together or otherwise secured together 
in physical juxtaposition as a single structure. In the for 
mation of color transfer images, the dye image-providing 
compounds of the present invention may be associated 
with the silver halide layer or layers of the negative com 
ponent. 

Included among such structures are those adapted for 
forming a transfer image viewable without separation, i.e. 
wherein the positive component containing the transfer 
image need not be separated from the negative compo 
nent for viewing purposes. In addition to the aforemen 
tioned essential layers, such film units include means for 
providing a reflecting layer between the image-receiving 
and negative components in order to mask effectively the 
silver image or images formed as a function of develop 
ment of the silver halide layer or layers and any remaining 
associated dye image-providing material and also to pro 
vide a background for viewing the transfer image in the 
receiving component, without separation, by reflected 
light. This reflecting layer may comprise a preformed 
layer of a reflecting agent included in the essential layers 
of the film unit or the reflecting agent may be provided 
subsequent to photoexposure, e.g. by including the reflect 
ing agent in the processing composition. 

These essential layers are preferably contained on a 
transparent support closest to the image-receiving layer 
and preferably include another support positioned on the 
opposed surface of the essential layers so that the layers 
are sandwiched or confined between the support members, 
at least one of which is transparent to permit viewing of 
the final image. Such film units usually are employed in 
conjunction with means, such as, a rupturable container 
containing the requisite processing composition and 
adapted upon application of pressure of applying its con 
tents to develop the exposed film unit. 
Among the color-providing compounds discussed above, 

those compounds comprising a complete dye and a cyclic 
moiety containing the group 

–s--- 
included in the ring wherein the cyclic moiety is capable 
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of undergoing cleavage in the presence of silver ions are 
novel compounds. The dye portion may comprise any one 
of the various classes of dyes, such as, azo, anthraquinone 
and the other dyes enumerated above. The cyclic moiety 
may be derived from any cyclic 1,3-sulfur-nitrogen com 
pound containing at least four members in the ring system 
and containing the aforementioned group as part of the 
ring, the cyclic compound being capable of undergoing 
cleavage in the presence of ionic silver. 
As discussed above, the dye may be linked directly to 

an atom of the cyclic 1,3-sulfur-nitrogen ring system by 
a valence or ionic bond or through a spiro union, or the 
dye may be linked indirectly to the ring system through 
an appropriate linking group either cyclic or acyclic. Pref 
erably, the dye is substituted in the 2-position of the ring 
system, i.e., on the carbon atom common to the sulfur 
and nitrogen atoms. The novel dyes may be diffusible or 
non-diffusible in aqueous processing solution and if non 
diffusible, may contain a bulky group linked directly or 
indirectly to the molecule, usually on the cyclic portion. 
Likewise, the novel dyes may contain solubilizing groups 
to adjust the solubility characteristics, as may be desired. 

Illustrative of the novel dyes containing the specified 
cyclic moiety are the dye-substituted compounds of For 
mula VI above, as exemplified by dye-substituted thiazoli 
dines and benzothiazolines. Specific examples of novel 
dyes within the scope of the present invention are as fol 
lows: 

?-or S 

COOE 

(i) 

O 

(2) 

S-CH, H 

NE 
Cl 

(3) 

{X-N-N 
O-NH-C2Es 

N 

no-O---O-( WS 
(5) S 

-C-N-OS -NN C 

N CH 3. 
datin N 

(4) 





(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

2. 
COO 

NE 

S 

O N= -(D-NO. 

?y 
S- GH, 

e-Co Es 

?c 10H2-n 
S 

( ) 
N-C102-n 

S- OH 

Nas O 
Hic-d-co OE 

H 

S 

S 
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22 
S 

>-(D-CHCH-NH O OH 
N M 

HO3S 

H. Y OE 

(32) 

(33) 
S 

>-CHCH-0 
RD-te-> 

(CH)-N-os-(D-N-N cit 
Y) O N 
& > N/ 
* 

?car 
(35) 

/S 

NN 
h 

(36) -S 

NN 
&HCH, 

The novel dyes may be synthesized in a known manner 
by condensing an aldehyde, for example, a dye-substituted 
aldehyde, such as, DYE-CHO with a compound 
HS-Z-NH2 wherein Z represents the atoms, preferably 
carbon atoms to complete a cyclic 1,3-sulfur-nitrogen 
moiety having up to about 20 members in the ring system. 
For example, the novel dyes may be prepared by con 
densing an aldehyde, 

EO 

one ( > 
N-N-( > 

with 2-amino-ethanethiol or with ortho-amino-thiophenol 
to yield, for example, an azo dye possessing a cyclic 
moiety comprising a thiazolidine or a benzothiazoline 
nucleus. It will be appreciated that a dye-substituted 
ketone may be substituted for the aldehyde in the above 
condensation including cyclic ketones, such as, cyclo 
hexanone where it is desired to prepare spiro derivatives. 
The following detailed example is given to illustrate 

the preparation of the preferred compounds within the 
scope of this invention, and is not intended to be in any 
way limiting. 

Preparation of the compound of Formula 1: 
(a) 52 grams of aniline hydrochloride was dissolved 



3,719,489 
23 

in 165 cc. of 40% hydrochloric acid and cooled to about 
0 C. 28 grams of sodium nitrite was slowly added while 
maintaining the temperature below 5° C. After stirring 
for one hour, a solution of 50 grams of salicylaldehyde 
dissolved in 270 cc. of 10% potassium hydroxide was 
added. Stirring was continued for approximately 15 
minutes. Hydrochloric acid was added to precipitate the 
aldehydic azo dye which was then recrystallized from 
ethanol. 

(b) 5.2 grams of N-decylamino ethanethiol and 15.8 
grams of 2-hydroxy-p-phenylazo benzaldehyde prepared in 
step (a) was dissolved in 250 ml. of ethanol. The solution 
was stirred overnight. The title compound, which precip 
itated out, was recrystallized from ethanol, melting range 
65-66.5 C. 

In addition to the above, the specific dyes of Formulae 
2 to 29 above also were prepared in accordance with the 
foregoing procedure by condensing the appropriate alde 
hydic dye with the selected amino-ethanethiol. 

It will be appreciated that other dyes, either aldehyde 
or ketone dyes, for example, other azo dyes or anthra 
quinone dyes, azomethine dyes, etc., such as, those com 
monly employed in photographic processes for producing 
color images may be condensed with the amino-ethanethiol 
according to the above procedure. Rather than the amino 
ethanethiol, amino-thiophenol or other appropriate amino 
mercapto compound may be used in the condensation reac 
tion to obtain the desired cyclic 1,3-sulfur-nitrogen moiety. 

Since certain changes may be made in the above prod 
ucts and processes without departing from the scope of 
the invention herein involved, it is intended that all mat 
ter contained in the above description shall be interpreted 
as illustrative and not in a limiting sense. 
What is claimed is: 
1. A photographic process for producing an imagewise 

distribution of a reagent, including the steps of develop 
ing a photosensitive element comprising an exposed silver 
halide emulsion with an aqueous processing composition; 
forming in undeveloped areas an imagewise distribution of 
silver ions and/or soluble silver complex; contacting said 
imagewise distribution of silver ions and/or said complex 
with an initially photographically inert compound capable 
of undergoing cleavage in the presence of said silver ions 
and/or said complex to liberate a reagent; and forming as 
a function of contacting said imagewise distribution of 
silver ions and/or said complex with said compounds, a 
corresponding imagewise distribution of said reagent. 

2. A process according to claim 1 wherein said reagent 
is photographically active. 

3. A process according to claim 1 wherein said initially 
inert compound is present in a layer in said photosensitive 
element. 
4. A process according to claim wherein said processing 

composition is an aqueous alkaline solution of a silver 
halide developing agent and a silver halide solvent. 

5. A process according to claim 1 wherein one of Said 
initially inert compound and said reagent is diffusible in 
said processing composition and the other is substantially 
non-diffusible in said processing composition. 

6. A process according to claim 1 wherein a sheet-like 
element is in superposed relationship with said photosensi 
tive element and said processing composition is distributed 
between said photosensitive and sheet-like elements. 

7. A process according to claim 1 wherein said initially 
photographically inert compound is a compound con 
taining a group selected from 

s -s-x-N- and -S-X-N= 
wherein X is 

---------- 

O 
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8. A process according to claim 7 wherein said con 

pound contains the group 

9. A process according to claim 8 wherein X is 

-- 
10. A process according to claim 9 wherein said comi 

pound is a cyclic compound having a ring System contain 
ing up to 20 members and said 

-s-x-N- 
group is included in the ring. 

11. A process according to claim i0 wherein said cyclic 
compound is a thiazolidine. 

12. A process according to claim 10 wherein said cyclic 
compound is a benzothiazoline. 

13. A process according to claim 9 wherein the reagent 
liberated is an aldehyde. 

14. A photographic process for producing an imagewise 
distribution of a color-providing moiety including the steps 
of developing a photosensitive element comprising an ex 
posed silver halide emulsion with an aqueous processing 
composition; forming in undeveloped areas an imagewise 
distribution of silver ions and/or soluble silver complex; 
contacting said imagewise distribution of silver ions and/or 
said complex with an initially photographically inert com 
pound capable of undergoing cleavage in the presence of 
said silver ions and/or said complex to liberate a color 
providing moiety; and forming as a function of contacting 
said imagewise distribution of silver ions and/or said 
complex with said compound, a corresponding imagewise 
distribution of said color-providing moiety. 

15. A process according to claim 14 wherein one of 
said initially inert compound and said color-providing 
moiety is diffusible in said processing composition and the 
other is substantially non-diffusible in said processing con 
position. 

16. A process according to claim 15 wherein said com 
pound is substantially non-diffusible and said color-pro 
viding moiety is diffusible in said processing composition. 

17. A process according to claim 16 wherein said color 
providing moiety is a diffusible dye. 

18. A process according to claim 17 wherein a sheet-like 
element comprising a dyeable stratum is superposed with 
said photosensitive element and at least a portion of said 
imagewise distribution of diffusible dyes transferred to 
said dyeable stratum to form a color transfer image 
thereon. 

19. A process according to claim 18 wherein said proc 
essing composition is an aqueous alkaline solution of a 
silver halide developing agent and a silver halide solvent. 

20. A process according to claim 4 wherein said 
initially photographically inert compound is a compound 
containing a group selected from 

-S-X-N- and -S-X-N= 

wherein X is 

----------, --( >- 
-( )-- 

2. A process according to claim 20 wherein said inert 
compound contains the group 

-S-X-- 
22. A process according to claim 21 wherein X is 

-C- 

23. A process according to claim 22 wherein said com 
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pound is a cyclic compound having a ring system contain 
ing up to 20 members and said 

-s-x-- 
group is included in the ring. 

24. A process according to claim 23 wherein said cyclic 
compound is a thiazolidine. 

25. A process according to claim 23 wherein said cyclic 
compound is benzothiazoline. 

26. A photographic product comprising first and second 
sheetlike elements, said first element comprising a plu 
rality of layers including a support; a photosensitive silver 
halide emulsion in a layer on said support; in a layer in one 
of said first and second sheet like elements, an initially 
photographically inert compound capable of undergoing 
cleavage in the presence of an imagewise distribution of 
silver ions and/or soluble silver complex to liberate a re 
agent in an imagewise distribution corresponding to said 
distribution of silver ions and/or said complex; and means 
for applying a photographic processing composition com 
prising an aqueous alkaline solution of a silver halide de 
veloping agent and a silver halide solvent in a substan 
tially uniform layer between said emulsion layer and said 
second sheet like element in Superposed relationship there 
with. 

27. A product as defined in claim 25 wherein one of said 
initially inert compound and said reagent is diffusible in 
said processing composition and the other is substantially 
non-diffusible in said processing composition. 

28. A product as defined in claim 27 wherein said com 
pound is non-diffusible and said reagent is diffusible in 
said processing composition. 

29. A product as defined in claim 26 wherein said reagent 
is photographically active. 

30. A product as defined in claim 26 wherein said ini 
tially inert compound is a compound containing a group 
Selected from 

-S-X-N- and -S-X-N- 
wherein X is 

31. A product as defined in claim 30 wherein said com 
pound contains the group 

32. A product as defined in claim 31 wherein X is 

-C- 

33. A product as defined in claim 32 wherein said con 
pound is a cyclic compound having a ring system contain 
ing up to 20 members and said 

group is included in the ring. 
34. A product as defined in claim 33 wherein said cyclic 

compound is a thiazolidine. 
35. A product as defined in claim 33 wherein said cyclic 

compound is a benzothiazoline. 
36. A product as defined in claim 26 wherein said ini 

tially inert compound is present in said first element in a 
layer on the same side of said support as said silver halide 
emulsion layer. 

37. A product as defined in claim 26 wherein said cyclic 
compound is present in a layer in said second element. 
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38. A photographic product comprising a photosensitive 

element comprising a plurality of layers including a Sup 
port; a silver halide emulsion in a layer on said support; 
and in a layer on the same side of said support as said 
silver halide emulsion, an initially photographically inert 
compound capabie of undergoing cleavage in the presence 
of an imagewise distribution of silver ions and/or soluble 
silver complex to liberate a color-providing moiety in an 
imagewise distribution corresponding to said distribution of 
silver ions and/or said complex. 

39. A product as defined in claim 38 wherein said initial 
ly inert compound is a compound containing a group 
selected from 

-S-X-N- and -S-X-N= 

wherein X is 

--, -d-e-, --d-e- 
--O-o-O-- 

40. A product as defined in claim 39 wherein said initial 
ly compound contains the group 

41. A product as defined in claim 40 wherein X is 

-- 
42. A product as defined in claim 41 wherein said 

compound is a cyclic compound having a ring system con 
taining up to 20 members and said 

group is included in the ring. 
43. A product as defined in claim 42 wherein said com 

pound is a thiazolidine. 
44. A product as defined in claim 42 wherein said com 

pound is a benzothiazoline. 
45. A product as defined in claim 39 wherein one of said 

initially inert compound and said color-providing moiety is 
diffusible in aqueous alkaline solution and the other is 
substantially non-diffusible in aqueous alkaline solution. 

46. A product as defined in claim 45 wherein said com 
pound is substantially non-diffusible and said color-pro 
viding moiety is diffusible in aqueous alkaline solution. 

47. A product as defined in claim 46 wherein said color 
providing moiety is a diffusible dye. 

48. A photographc product as defined in claim 47 in 
cluding a superposed image-receiving layer so positioned 
as to be capable of receiving by diffusion transfer an image 
wise distribution of said diffusible dye and means for ap 
plying a photographic processing composition comprising 
an aqueous alkaline solution of a silver halide developing 
agent and a silver halide solvent in a substantially uniform 
layer between said silver halide and said imagewise receiv 
ing layer. 
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CERTIFICATE OF CORRECTION 

Patent No. 3, 719,489 Dated 3/6/73 
Ronald F. W. cieciuch, Roberta R. Luhowy, 

Inventor(s) Frank A. Meneghini, and Howard G. Rogers 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

Col. i., line 20, "ion should be -- ions--. 
Col. 3, line 31, "color-producing" should be --color-providing--. 

Col. 3, line 32, "distribtuion" should be --distribution--. 
Col. 4, line 2, "diffusable" should be --diffusible--. 
Col. 6, line l, after "color" change "images" to --image--. 

Col. ll, line 6, "brough" should be --brought--. 

Col. 12, line 59, "solution" should be -- solutions--. 

Col. 14, line 72, "continuing" should be --containing--. 

Col. 15, line 30, "in" should be --is--. 

Col. 16, line 21, the formula should read as 

COOH COOH 

as a S NH -G HS NH -- CHO - - - 
N1 
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