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PROVISIONAL SPECIFICATION

Improvements in and relating to Colour Forming Developers and
Processes of Colour Development

We, Kopax Livmrren, a Company
registered under the Laws of Great
Britain, of Kodak House, Kingsway,
London, W.C.2, do hereby declare the

5 nature of this invention which hag been
communicated to us by Hastman Kodak
Company, a Company organised under
the Laws of the State of New Jersey,
United States of America, of 343, State

10 Street, Rochester, New York, United
States of America, to be as follows: —

This invention relates to improvements
in colour forming developers and in pro-
cesses of colour development for use in

15 connection with colour photography.

It is known that coloured photographic
images may be formed by using a de-
veloper which forms a coloured com-
pound on development. The coloured

20 compound thus formed is deposited adja-
cent to the silver grains of the silver
image during- the development.- It is
also known that a coloured image may
be formed by adding to certain developer
solutions a compound which couples,
during development, with the oxidation
product of the developing agent and
forms a colouring substance which is like-
wise deposited adjacent to  the silver

80 grains of the silver image during de-
velopment. Such a compound, which is

employed in conjunction with a develop-
ing agent for the silver and which
couples with the oxidation product

85 thereof during development, is referred
to herein as a colour coupler.

The present invention concerns new or
improved colour forming developers com-
prising an aromatic amino compound

40 serving ag the developing agent and a
colour coupler as hereinafter defined and
also includes a new or improved colour
development process which consists in
developing a reducible silver salt image

45 in a photographic element with the aid
of an aromatic amino compound in pre-
sence of a colour coupler as hereinafter
defined.

The silver can be removed from the

50 image after colour development leaving

 a clear transparent dye image.

[Price 1[-]

25

The invention also inculdes a photo-
graphic element having at least one layer
containing a clear transparent image
composed essentially of the product re- 55
sulting from the coupling én situ during
development of a colour coupler as here-
inafter defined with the oxidation pro- -
duet of an aromatic amino developing
agent, 60

When a silver halide emulsion con-
taining a latent photographic image is
developed, the silver halide is reduced to
metallic silver and the developing agent
is oxidized. The aromatic diamino com- 65
pounds which have been used as develop-
ing agents form, on oxidation, products
which will couple with colour couplers
during development to form dyes. I¢
such colour couplery are added to the de- 70
veloper solution, -or incorporated in the
emulsion layer, the dye which is thus
formed by coupling during development
is deposited in the gelatine or other
silver halide carrier adjacent to the 75
netallic silver grain. Tt is desirable that
the dyes thus formed should not readily
wander from the place of formation. It
is accordingly desirable that they should
be insoluble in water. They are not 80
physically attached to the silver grain
and therefore the silver may be subse-
quently bleached out of the carrier layer
leaving a pure dye image.

Numerous substances have hitherto 85
been employed or proposed as colour
couplers among which may be mentioned
phenols, naphthols, cresols, nitrophenyl-
acetonitriles and acetoacetic esters. It
has not, however, always been possible
among those hitherto available to select
one which exhibits all the desired com-
bination of properties required for any
specific case. In colour-developing a
gelatino-silver halide emulsion layer it is 95
necessary to select a colour coupler which.
will give just the desired shade in con-
junction with the colours which are pro-
duced in other layers. It is moreover
important to employ a colour coupler 100
which gives a coloured compound which!
is resistant to the normal processing

90
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baths employed, although it may often be
desirable to have one which gives a
colour which can be destroyed and/or re-
moved if desired during some step in the
5 processing. Many of the colour couplers
employed according to the present inven-
tion are suitable in carrying out the pro-
cessing. described in our prior patents
Nos. 427,472, 427,516, 427,518, 427,520,
10 440,082, 440,089 and 447,092.

According to the present invention the
substances employed as colour couplers
are halogen-substituted phenols, cresols
or naphthols. Examples of such colour

15 couplers are:—
o-Chlorophenol
m-~Chlorophenol
o-Bromophenol
o-Todophenol
20 2:5-Dichlorophenol
2:4-Dichlorophenol
2:6-Dibromophenol
2:4:6-Trichlorophenol
Pentachlorophenol
25 Pentabromophenol
2-Chloro-5-hydroxytoluene
3 : 5-Dibromo-o-cresol
Tetrabromo-o-cresol
p-Chlorothymol
80 p-iodothymol
4 :8-Dichloro - 1:5 - dihydroxynaphtha-
lene acetate
2:6-Dibromo - 1:5 - dihydroxynaphtha-
lene
85 The colours given by the colour
couplers named above when used in con-
junction with p-aminodiethylaniline, for
example, as developing agent are blue to
blue-green except Tetrabromo-o-cresol
40 which gives brown,

The aromatic amino compounds which
may be used as developing agents in the
present invention include the mono-di-,
and tri-amino aryl compounds. Among

45 the monoamine compounds may be men-

tioned the aminophenols and aminocresols
and their halogen substituted derivatives
as well as the amino-vaphthols. The de-
veloping agents wusually used are the
diamino compounds such as para-phenyl- 60
ene diamine and its substitution pro-
ducts. These developing agents may be
substituted in the amino groups or in the
ring or in both, forming compounds such
as the alkyl phenvlene diamines,
toluylene-diamines, alkyl-toluylene di-
amines and aminodiphenylamines. These
compounds are usually kept in the salt
form such as hydrochloride or sulphate
since these are more stable than the
amines themselves. As examples of de-
veloping agents of this class, there may
be mentioned diethyl para-phenvlene
diamine, mono-methyl para-phenvlene
diamine, dimethyl para-phenylene di- 66
amine and ortho-amino-diethylaniline.

The present invention mav be utilised
in the formation of coloured photographic
images on plates or pipes as well as on
films and the dyes will be formed when (0
gelatine or other carrier for the silver
halide is wused. The plates, films or
papers may have differently sensitized
emulsions of the mixed grain tvpe or
superimposed on one side or on both sides
of the support. The dyes formed may
be decolourized by an oxidizing acent
such as chromic acid and colourless
soluble compounds therebv formed. The
bleaching of the dve in this manner need 80
not destroy the silver imace but mav
convert it into a developable silver salt
image which can in turn be coloured.
bleached and recoloured a number of
times. 85

Dated this 21st dav of April, 1937.
W. P. THOMPSON & CO.,
12, Church Street. Liverpool. 1.
Chartered Patent Agents,
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COMPLETE SPECIFICATION

) Improvements in and relating to Colour Forming Developers and
Processes of Colour Development

We, Kopax ILimitep, a Company
registered under the TLaws of Great
Britain, of Kodak House, Kingsway,
London, W.C.2, do hereby declare the

90nature of this invention which has been
communicated to us by Eastman Kodak
Company, a Company organised wunder
the Laws of the State of New Jersey,
United States of America, of 843, State
958treet, Rochester, New York, United
States of America, and in what manner
the same is to be performed, to be par-
ticularly described and ascertained in

and by the following statement:—

This invention relates to improvements 100
in colour forming developers and in pro-
cesses of colour development for use in
connection with colour photography.

It is known that coloured photographic
images may be formed by using a de- 105
veloper which forms a coloured com-
pound on development, The coloured com-
pound thus formed is deposited adjacent
to the silver grains of the silver image
during the development. It is also 110
known that a coloured image may be
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formed by adding to certain developer
solutions or by incorporating in the
gelatino-silver halide emulsion before or
after exposure a compound which
5 couples, during development, with the
oxidation produet of the developing

agent and forms a colouring substance-

which iy likewise deposited adjacent to
the silver grains of the silver image dur-

10 ing development. Such a compound,
which is employed in conjunction with a
developing agent for the silver and which
couples with the oxidation product
thereof during development, is referred

15 {o herein as a colour coupler.

The present invention concerns new or
improved colour forming developers com-
prigsing an aromatic amino compound
serving, ag the developing agent and a

20 colour coupler as hereinafter defined and
also includes a new or improved colour
development process which consists in
developing a reducible silver salt image
in a photographic element with the aid

25 of an aromatic amino compound in pre-
sence of a colour coupler as hereinafter
defined as well as the colour photographic
elements resulting therefrom. It also

__includes photographic sensitive elements

30 having such a colour coupler incorpor-

ated in one or more emulsion lavers.

The silver can be removed from the

image after colour development leaving a

clear transparent dye image.

35 The invention also includes a photo-
graphic element having at least one layer
containing a clear {ransparent image
composed essentially of the product re-
sulting from the coupling in situ, during

40 development of a developable silver salt,
of a colour coupler as hereinafter defined
with the oxidation product of an aro-
matic amino developer agent.

When the silver halide emulsion con-

45 taining a latent photographic image is
developed, the silver halide is reduced to
metallic silver and the developing agent
is oxidized. The aromatic diamino com-
pounds which have been used as develop-

60 ing agents form, on oxidation, products
which will couple with colour couplers
during development to form dyes.  If
such colour couplers are added to the de-
veloper solution, or incorporated in the

55 emulsion layer, the dye which is thus
formed by coupling during development
is deposited in the gelatine or other silver
halide carrier adjacent to the metallic
silver grain. Tt is desirable that the dyes

60 thus formed should not readily wander
from the place of formation. It is
accordingly, desirable that they should
be insoluble in water. They are prob-
ably not physically attached to the silver

65 grain. The silver may be subsequently

bleached out of the carrier layer leaving
a pure dye image. :

Numerous substances have hitherto
been employed or proposed as colour
couplers among which may be mentioned 70
phenols, naphthols, cresols, nitrophenyl-
acetonitriles and acetoacetic esters. It
has not, however, always been possible
among those hitherto available to select
one which exhibits all the desired com- 79
bination of properties required for any
specific case. In colour-developing a
gelatino-silver halide emulsion layer it
is necessary to select a colour coupler
which will ‘give just the desired shade in 80
conjunction with the colours which are
produced in other layers. It is moreover
important to employ .a colour coupler
which gives a coloured compound which
is resistant to the mnormal processing 85
baths employed, although it may often
be desirable to have onme which gives a
colour which can be destroyed and/or re-
moved if desired during some step in the
processing. Many of the colour couplers 90
employed according to the present inven-
tion are suitable in carrying out the pro-
cessing described in our prior patents
Nos. 427,472, 427,616, 427,518, 427,520,
440,032, 440,089, and 447,092. 95

Tt has broadly been suggested that
halogenated compounds may be included
among those which can be employed as
colour couplers. Thus specification No.
256213 mentions for this purpose
‘ phenols, crescls, s-naphthol, o-amido-
phenol, trichlor-naphthol,  resorcin-
methyl ether, ~ e-naphthol-sulphonic
acids ’’; specifications Nos. 876,794 and
376,795 state that ° Phenols, naphthols,
cresols, nitrophenylacetonitriles, ethyl
acetoacetate, and their halogenated or
sulphonic acid compounds are typical
members of this type of colour former .
U.S. Specifications Nos. 1,969,452 and 110
1,976,301 give examples of colour de-
veloping solutions containing 8:5-di-
bromo-o-cresol. The present invention
does not, therefore, include the employ-
ment of dibromo-o-cresol as a colour 115
coupler,

So far as we are aware, however, it
has not previously been disclosed that
there is to be found in the halogenated
phenols and naphthols a valuable class of 120
colour formers.

According to the present, invention the
substances employed as colour couplers
are derivatives of benzene or naphthalene
characterised by the presence of one 125
hydroxyl group and one or more halogen
substituents in the ring of the former
and both the rings of the latter, any
other substituent in either case being
only a hydrocarbon radical or radicals 180

100

105
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(subject to the disclaimers hereinafter 7.
appearing). OH
Typical examples of suitable couplers Br Br
are:— 2 : 6-Dibromophenol
1.
0H
cl ) 8.
o-chlorophenol OH
o1/ \Cl- :
2:4:6-Trichlorophenol
2. / - .
OH , ol
m~chlorophenol 9.
Cl 0OH .
, . Cl e
3. Pentachlorophenol
OH cl Cl
Br -l
o-bromophenol )
10.
OH
Y oom Br/\Br
Pentabromophenol
I . Br /Br
o-iodophenol B
11,
* om OH
c1 ' 2-Chloro-5-hydroxytoluene
2:5-Dichlorophenol CH,
Cl
Cl
6 ) 12,
OH - O0H
Cl1 Br CH, ,
2 : 4.Dichlorophenol Tetrabromo-o-cresol
. Br Br
ol . Br
13. OH
__~CH,
—CH
~CH, :
CH, p-chlorothymol
Cl
14, -
oH CH,
—CH
“\CH,
CH, ‘p-iodothymol
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10

15

20

- allowed to dry in air.

25

80

36

15,
0H :
CH.—CH,
o/ \—cr- T CH,
\CHz’—CHZ
2 : 4-Dichloro-6-cyclohexylphenol
Cl
16.
0H
Br
B 2:6-Dibromo - 1:5 - dihydroxynaphtha-
r lene
OH
17.
Cl OH
, 1:5 - Dihydroxy - 2:4:6:8 - tetrachlor-
Cl naphthalene
Cl
0H Cl
These compounds, when present dur- as the alkyl phenylene diamines,;
ing the development of a silver salt with toluylene-diamines, alkyl-toluylene di- 40
an aromatic amino developing agent, amines and aminodiphenylamines.

couple- with the oxidation product of
such developing agent forming a dye
simultaneously with the formation of the
silver image.

2 :4-dichloro-6-cyclohexylphenol  was
prepared by passing chlorine into molten
o-cyclohexylphenol at 80° to 90° C. until
absorption of chlorine ceased and distil-
ling the product.

1:5-dihydroxy - 2:4:6:8 - tetrachlor-
naphthalens was prepared by passing
chlorine into a solution of 1:5-dihydroxy
naphthalene in acetic acid while cooling
with running water until the weight had
increased by an amount corresponding to
eight atoms of chlorine per molecule.
The product was then filtered, the filtrate
poured into two volumes of water and
the resulting precipitate filtered off and
Yield 43.5% of
theoretical. ,

The aromatic amino compounds which
may be used as developing agents in the
present invention include the mono-di-,
and tri-amine aryl compounds. Among
the mono-amino compounds may be men-
tioned the aminophenols and aminocresols
and their halogen substituted derivatives
ag well as the amino-naphthols. The de-
veloping agents wusually wused are the
diamino compounds such as para-phenyl-
ene diamine and its substitution pro-
ducts. These developing agents may be
substituted in the amino group or in the
ring or in both, forming compounds such

These compounds are usually kept in the
salt form such as hydrochloride or sul-
phate since these are more stable than
the amines themselves. As examples of
developing agents of this class, there
may be mentioned diethyl para-~
phenylene diamine, mono-methyl para-
phenylene diamine, dimethyl para-
phenylene diamine and ortho-amino-di-
ethylaniline,

As would be expected from the be-
baviour of known colour couplers the
shade of the colour obtained by coupling
generally varies in accordance with the
developing agent selected.

Exampre.

A developing formula which may be
used is the following:—
theoretical.

A
Diethyl para phenylene-
diamine - -

. - 1 gram
Sodium sulphite - - 0.5 gram
Sodium carbonate - - 20 grams
Water - - - - 1 litre

Colour coupler The molecular

equivalent of the

L developing agent
Water miscible solvent,
such as acetone - -

50 ce.
For use, B is added to A.

. The developing agent and the propor-
tiong of the ingredients used in the above

45

50

56

60

65

70
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formula may, of course, be varied. Sol-
vents other than acetone, such as alcohols
may also be used.

The colours formed by the compounds

named above on coupling with the oxi-
dization product of the developer are blue
to blue-green, except in the case of com-
pound No. 12 which gives brown.

Although we have described our inven-
tion with particular reference to the use
of the colour coupler in the developing
solution itself, our invention is in no way
limited to this method. As an alterna-
tive method, the colour coupler may be
incorporated in the photographic layer
before development and either before or
after exposure. It may be absorbed upon
the sensitive silver halide grains.

The present invention may be utilized
in the formation of coloured photographic
images on plates or papers as well as on
films employing gelatine or other carrier
for the silver halide. The plates, films
or papers may have differently sensitized
emulsions of the mixed grain type or
superimposed on one side or on both sides
of the support. The dyes formed may
be decolourized by an oxidizing agent
such as chromic acid and colourless
soluble compounds thereby formed. The
bleaching of the dye in this manner need
not destroy the silver image but may
convert it into a developable silver salt
image which can in turn be coloured,
bleached and recoloured a number of
times.

In specification 458,665 there are de-
scribed and claimed a colour-forming de-
veloper for the process of colour develop-
ment and photographic elements employ-
ing a colour coupler consisting of a
hydroxy diphenyl, examples of which
are halogenated ortho hydroxy diphenyls.
In the present invention we make no
claim to halogenated phenols having a
phenyl substituent ortho to the hydroxyl
group.

Having now particularly deseribed and
ascertained the nature of the said inven-
tion and in what manner the same is to
be performed, as communicated to us by
our foreign correspondents, we declare
that (subject to the foregoing disclaimers)
what we claim is:—

1. A eolour ‘developer™ comprising an

aromatic amine developing agent and
a colour coupler consisting of a derivative
of benzene or naphthalene characterised
by the presence of one hydroxyl group
and one or more halogen substituents in
the ring of the former and both the rings
of the latter, any other substituent in
either case being only a hydrocarhon
radical or radicals.

2. A colour forming developer as
claimed in eclaim 1, in which the de-
veloping agent is an aromatic diamino
compound.

3. A colour forming developer as
claimed in claim 2, in which the aromatic
diamine compound-is an alkyl sub-
stituted phenylene diamine,

4. A process of colour development
which includes developing a reducible
silver salt image with an aromatic amino
developing agent in presence of a colour
coupler as defined in claim 1.

5. A process of colour development
which includes developing a reducible
silver salt image with a colour forming
devgloper as claimed in any of claimg 1
to 4.

6. A photographic element having a
layer containing a clear transparent dye
image ecomposed essentially of the pro-
duct vesulting from the coupling in situ,
during
silver salt, of a colour coupler as defined
in claim 1 with the oxidation product of
an aromatic aming developing agent and
subsequent removal of metallic silver.

7. A sensitive photographic element
having a colour coupler as defined in
claim 1 incorporated in one or more
emulsion layers.

8. The colour forming developers and
methods of colour development employ-
ing the colour couplers hereinbefore par-
ticularly described, in conjunction with
aromatic amino developing agents.

9. In the production of colour photo-
graphic records, especially multi-layer
records, the employment in conjunction
with aromatic amino developing agents
cf colour couplers of the nature herein
defined. - :

Dated this 21st day of April, 1937.

‘W. P. THOMPSON & CO.,
12, Church Street, Liverpool, 1,
Chartered Patent Agents.

Leamington Spa: Printed for His Majesty’s Stationery Office. by the Courier Press.—1938.
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