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The present invention is concerned with photosensitive 
silver halide emulsions and more particularly with photo 
sensitive silver halide emulsions which have silver halide 
developing agents disposed therein. 
An object of the present invention is to provide photo 

sensitive silver halide emulsions, having silver halide de 
veloping agents disposed therein, which are stable on 
storage and which after exposure can be developed by 
a simple treatment with an alkaline Solution. 

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

sessing the features, properties and the relation of com 
ponents 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. 

It has long been known to incorporate photographic 
developing agents into photosensitive silver halide emul 
sions so that such emulsions may be developed by means 
of a simple treatment with an alkaline solution. Gen 
erally, in incorporating the developers in the emulsion, 
it has been found necessary to place them in an in 
active condition so as to prevent fogging and staining 
on storage. 

It has been discovered, in accordance with the present 
invention, that good stability on storage may be achieved 
by forming cyclic boronic esters of the developers and 
disposing them in this state in the photosensitive ele 
ments. Upon treatment with alkali, after exposure the 
cyclic esters readily hydrolyze and the developers are 
free to develop the latent image. 

Generally, the developers which can be formed into 
cyclic esters are the cy,3-enediol developers. According 
to Kendall's rule, c,3-enediol developers are compounds 
which contain in their molecular structure a segment hav 
ing the following formula: 
(A) -C=C- 

OE OF 

or when said segment undergoes a tautomeric shift: 
(B) -CH-C- 

O. O. 

Such segments may be part of an aromatic ring such 
for example as in: 
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1,2-dihydroxynaphthalene 
or part of an aliphatic or heterocyclic structure such for 
example as in: 
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Especially useful results have been obtained using the 
orthodihydroxyaryl developers. 

Boronic acids for use in preparing the cyclic esters are 
boric acid derivatives in which one of the -OH groups 
has been replaced by an organic radical. Generally, such 
acids may be represented by the formula: 

R-B 

OH 

wherein R is an organic radical, e.g., an alkyl group 
Slich as an ethyl, propyl, octyl, octadecyl radical; an 
aralkyl group such as a benzyl radical, an aryl group 
Such as a phenyl, naphthyl, or biphenyl radical; etc. 
As will be understood, R in the cyclic esters of this in 
vention may be any organic radical because, as set forth 
above, it is split off by hydrolysis and does not take 
part in the development of the silver halide emulsions. 

Cyclic esters within the present invention may be rep 
resented by the formulae: 

O O 

YE/ 
k 

and 

wherein R is an organic radical, each X is a hydrogen 
or alkyl radical and Z represents the atoms which com 
plete a heterocyclic or aromatic ring. 
As an example of a cyclic ester which has been found 
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especially useful, mention may be made of the phenyl 
boronic acid ester of catechol, i.e.: 

- CO-> 
The photosensitive elements of the present invention 

may be prepared by dispersing the cyclic esters in con 
ventionally prepared silver halide emulsions and coating 
the resulting dispersion on a suitable support. In a pre 
ferred method of preparing the dispersion, the cyclic esters 
are first dissolved in an organic solvent and then added, 
with stirring, to the aqueous emulsion coating solution. 
Usually the esters will be insoluble in the aqueous solu 
tions and precipitate out to form a fine dispersion. 

After exposure, the developers may be rendered active 
by treating the photosensitive element with an alkaline 
solution. Such alkaline solutions bring about hydrolysis 
of the esters to produce the free developers and the boronic 
acid side product. Usually the pH of the alkaline solu 
tions, used for activation, may be varied to Suit particu 
lar needs. In preferred embodiments, an alkaline solu 
tion having a pH in excess of 9 is employed. 
The cyclic esters for use in this invention may be pre 

pared by a simple condensation reaction between the 
boronic acid and the c.6-enediol developer. 
The following nonlimiting example illustrates the prep 

aration of a cyclic developer within the scope of the pres 
ent invention. 

Example 1 
10 g. of catechol was dissolved in 20 cc. of hot water 

and added with stirring to 10 g. of phenylboronic acid 
which was dissolved in 150 cc. of hot water. The prod 
uct crystallized out on cooling. 
The following nonlimiting example illustrates the prep 

aration and use of a photosensitive element within the 
scope of this invention. 

Example 2 
A coating solution was prepared by mixing together 

the following: 26 cc. of a stabilized iodobromide silver 
halide emulsion, 4.00 cc. of a 12.5% solution of catechol 
benzene boronate in methanol, 2.00 cc. of a 10% saponin 
solution in water, a wetting agent and 0.8 cc. of a 10% 
acetic acid solution. The resulting coating Solution was 
applied to a suitable support. 
The photosensitive element prepared in Example 2 

was tested in a diffusion transfer process. In this test 
the emulsion was exposed and wet with a processing 
solution comprising: 
Water, cc. --------------------------------- 200 
Sodium hydroxide, g. ------------------------ 10.34 
Sodium carboxymethylcellulose, g. ------------ 3.06 
Sodium thiosulfate, g. ----------------------- 2.0 
and superposed on an image-receiving sheet containing 
silver precipitating agents. In about 1 minute a sharp 
clear diffusion transfer image was obtained. 

It should be understood that, when desired, the cyclic 
esters may be placed in layers in the photosensitive ele 
ments other than the silver halide emulsion layers. Thus, 
for example, the esters may be incorporated in reagent 
layers, barrier layers, separation layers, etc. In Such 
embodiments, the cyclic structure will prevent prema 
ture fogging if the developers should migrate into the 
silver halide emulsion layer. 
The photosensitive elements of the present invention 

may be used, for example, in conventional photographic 
processes; in the preparation of relief images; in gelatin 
transfer processes; in silver-complex diffusion transfer 
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processes, color processes, color diffusion transfer proc 
esses, etc. 

Since certain changes may be made in the above 
product without departing from the scope of the inven 
tion herein involved, it is intended that all matter con 
tained in the above description shall be interpreted as 
illustrative and not in a limiting sense. 
What is claimed is: 
1. A silver halide emulsion comprising a cyclic ester 

of a boronic acid and an af3-enediol silver halide de 
veloping agent. 

2. A silver halide emulsion comprising a compound 
selected from the group represented by the formulae: 

X---x 
O O 
N / 

and 

wherein R is an organic radical, each X is a hydrogen 
or alkyl radical and Z represents the atoms which com 
plete a heterocyclic or aromatic ring. 

3. A silver halide emulsion comprising a cyclic ester 
of catechol with phenyl boronic acid. 

4. A photographic product comprising a plurality of 
layers including a silver halide emulsion layer, at least 
one of said layers having disposed therein a cyclic ester 
of a boronic acid and an a,6-enediol silver halide de 
veloping agent. 

5. A photographic product comprising a plurality of 
layers including a silver halide emulsion layer, at least 
one of said layers having disposed therein a compound 
selected from the group represented by the formulae: 

O O 
N / 

and 

wherein R is an organic radical, each X is a hydrogen or 
alkyl radical and Z represents the atoms which complete 
a heterocyclic or aromatic ring. 

6. A product as defined in claim 5 wherein said com 
pound is a cyclic ester of catechol with phenyl boronic 
acid. 
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