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This inventfon relates to photographic color
forming compounds and particularly to color

forming coupler compounds comprising certain -

acylamino phenols.

The formation of colored photographic images
by coupling the development product of aromatic
amino developing agents with color forming or
coupling compounds is well known. In these
processes the subtractive process of color forma-
tion is ordinarily used and the image dyes are
intended to be of complementary primary colors,
cyan or blue-green, magenta and yellow. The
couplers which produce the cyan dyes are usually

phenols or naphthols, those producing the

magenta dyes are ordinarily pyrazolones or cyano-
acetyl compounds and those producing the yellow
dyes are ordinarily compounds containing 2 meth-
viene group having two carbonyl groups sttached
to it. The dyes produced by coupling are azo-
methines, indamines or indophenols depending
upon the composition of the coupler and of the
developer.

The principal disadvantages which have been
encountered in the use of dyes of this type are
undesirabie light transmission characteristics and
instability of the dyes to heat and light. The
most desirable dyes would be those which trans-
mit two of the primary colors completely ang
absorb the third primary color completely. For
example, the cyan or blue-green dye would absork
red light completely and transmit blue and green
light completely. It should retain thess irans-
mission characteristics over a long period of time
and should withstang reasonabie exposure to heat
and light without appreciable fading or loss of its
light {ransmission characteristics. Many of the
available couplers, however, have been found not
to produce dyes having these desirable char-
acteristics.

Many of the couplers have been incorporated
in photographic emulsicn layers in an inscluble
or dispersed state and react with the developer
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upon photographic develogment o produce a dye

image. In such cases it is usually impraetics;
©0 remove the unused coupler from the emulsion

layer after formation of the dye image. Fre- .

quently this unused coupisr tends to darken or
“print out” on exposure of the finished picture to
iighi and this has the eff :ct of darkening the
highlights of the picturs.

It is, therefore, an object of the present inven-
tion fo provide nove! photographic coupler com-
pounds producing dyes which have desirable
properties with respect to heat and light stability.
A further object is to provide novel couplers
capable of producing blue-green dye images In
photographic emulsion layers. A still further ob-
ject is to provide novel couplers which may be
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incorporated in photographic emulsion layers. A
still further object‘is to provide novel couplers
which may be incorporated in photographic emul-
sion layers and which do not darken appreciably
upon exposure of the flnished picture to light.
Other objects will appear from the following de-
scription of our invention.

These objects are accomplished according to our
invention by the use, as coupler compounds, of
certain acylamino phenols, especially phenoxy-
phenylacylamino phenols and phenoxyalkylacyl-
amino phenols.

The couplers of our invention may be incor-
porated in a photographic emulsion layer-by dis-
solving them in an alkaline $olution and mixing
the solution with the emulsion. According to the
preferred embodiment of our invention, however,
the coupler 'is dissolved in a water-insoluble,
water-permeable material angd the solution is dis-
persed in a silver halide photographic emulsion
having a water soluble colloid, such as gelatin, as
the carrier material. Emulsions produced in this
way have certain advantages which will be pointed
out more particularly hereinafter.

The couplers which we propose to use have the
following general composition:

om
N\ R
A
./ Co-w

where R is H, alkyl, or aryl and R” is alky} or
aryl with or without substituents. Other sub-
stituents (Z) may or may not be present in the
aminophenol nucieus, for exampie, aikyi, aryl ox
halogen.

We prefer to use couplers in which R’ in the
formula above is s phenoxyphenyl or a phe-
noxysalkyl group. Such couplers have beeir foung
to be quite stable to the action of light and pro-
duce dyes having excelient transmission and heat
stability characteristics.

& further requirement considered necessary
with these couplers, as with all couplers of ths
phenol class which react with the develop-
ment product of sromatic aming developers, is
that the ortho-position or the para positicn
with respect to the phenolic hydroxyl grouy
be unsubstituted or substituted with a readily re-
placeable group. In the genersl formula ashove,
we have indicated that there may be an alkyl or
or halogen substituent in the. phenol nucleus.
When the substituent is halogen, it may be pres-
ent even in the para position with respect to the
phenolic hydroxyl group since halogen atoms are
replaceable in the coupling reaction. It is de-
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sirable, therefore, that the position para to the
phenolic hydroxyl group be unoccupied by an ir-
replaceable group.

The following compounds illustrate the general
class which we have found suitable for use as
couplers:

(1) OH

2-(4-phenoxybenzoylamino)-phenol

OH :
NH—C OQ )

2-(4’-tert, amyl-3’-phenoxybenzoylaming) phenol
OH

2)

3, .
@ CH;

NH—C o—én—o—@—c.ﬂ.

2-{a-(4’-tert. butylphenoxy)-propionylamino}-phenol

OH
CH:

NH—C o—-én—o—O-c.Hn

3-{«-(4'-tert. amyl)-phenoxypropionylamino}-phenol

OH . ,
l(l'JH,

2-(n-methyl-n-4"-tert. amyl-8’-phenoxybenzoylamino)-phenol

. OH
NH—COQ
CHs . O—Cuﬂu

2-(4''-tert. amyl-3-phenoxybenzoylamine)-2-methyl-1-phenol

m H
" CH— NH—COQ ‘

3-(4/'-tert. unyl-a pbenoxybenwylamino)-&-methyl-l-phanol

c Nn;co '
CH; . CiHn

3-(4"-tert. amyl-3'-phenoxybensoylamine)-3,6-dimethylphenol

sHuy
3,6-di-(#"-tart. amy}-3'-phenoxy bensoylamino)-1-phenol

1O}

®
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CHs

) (l}Hr
NH-C 0-—& H—O—QC sHu

10] '
(10) oH

8
2-a-(#-tert. amylphenoxy)-butyryl-amino-1-phenol
(11)
2-(4""-tert. amyl-3’-phenoxybenzoylamino)-3,5-dimethyl-1-phenocl
12 CH;
a2 OH é
L
20 NH~C O—CK—O—O-C;Hn
. CH, ’
2-{e{4’-tert. amylphenoxy)-n-butyrylamino]-5-methyl-1-phenol
2 a» om
NH—C OQ
3-(4'-tert. amyl-3’-phenoxybenzoylamino)-4-chloro-1-phenol
o (14 1) §
ag -
c
(o131
~NH—C o—-én—o-@—c.nu
o . #{e-(4"-tert. amylphenoxy)-n-butyrylamino}-6-chloro-phenol
50 3-(4"-tert. amyl-3’-phenoxybensoylamino)-phenol
OH
(18) Colly
Cl —Nn—co—&n—oOcmn
65 ] :
3{a-(4"-tert. amyl-phenoxy)-n-butyrylamino}-8-chlorophenol
€0 {ian OH
CsHy
Nn—,co—én—_o—O—cau
(1]
1
3{a-(#-tert. amaylphenaxy)-n-butyrylamino}4-chloropbenol
i) OH’ )
70 .
Csls
c Nx-co—én_o-o-c.nu

{1 ${e-(#"-tert. amyipbencxy)-a-butyrylamino}-5-chlorophenol
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(as) - OH

Cl . .
CiHs M

NH—CO—(’:H-O-O—C;H::

3 [a-(4'-tert. amylphenoxy)-n-butyrylamino)-2-chlorophenol

@  OH v
) |
O*..Q
- Q. ;
o

2-(4”’-tert. amyl-3’-phenoxybenzoylamino)-6-chlorophenol

21 OH
C3Hs .

B .
—NC—(B—O—Q—C;HH
g H

1
2-a(4’-tert. amylphenoxybutyrylamino)-4-chlorophenol

(22) H
H

? C3Hs
N—é——é]’—OO—C;Hn
o .

2-a{4/-tert. amylphenoxybutyrylamine)-x.x-dichlorophenol

¢}
Cl—i—
Cl——

(23) Prepared from 2-a(4-tert. amyl henoxybutyrylamino) phenol
by chlorination with sulfuryl chloride

2-e(4'-tert. amylphenoxybutyrylamino) tetrachlorophenol

O CiHs
T g |

H
OH

(29)

3-(a-|4'-tert.amylphenoxyl-butyrylamino)-2-hydroxy diphenyl

{25) oH

. O C:Hjs .
"7 ) |
N—C-—-('}‘-—O‘ CsHy

H
Ci

2-a{#'-tert. amylphenoxybutyry! awino)-5-chlorophenol

{26) CH
1 9
o

2-(4"’-tert. amyl-3’-phenoxy benzoylamino)-3-chlorophenol

CsHu

20 on : E

Ess
/ Q
N
e

2-(N-[4-tert. amyi-3-phenoxybenzyl}-N-benzoylamino)-phenol

These couplers are produced by replacement of
one of the hydrogen atoms of the amine group
of the aminophenol by an acyl group and further
substitution in the acyl group. For example, 1
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moles of the appropriate amine. )

While our couplers may be incorporated direct-
1y in photographic emulsion layers from alkaline
solution, we prefer to dissolve them in a water-
insoluble, water-permeable solvent and to dis-
perse the resulting s« lution in the emulsion layer.
Water-insoluble, water-permeable solvents for the
couplers include materials such as cellulose esters,
natural and synthetic resifis, and high boiling
crystalloidal materials such as triphenyl phos-
phate. Methods for the incorporation of couplers
in this way are described in Martinez U, S, Patent
2,269,158, granted January 6, 1942, Mannes and
Godowsky U. S. Patent 2,304,940 granted Decem-
ber 15, 1942, and Jelley and Vittum U. S. Patent
2 322,027, granted June 15, 1943.

The following examples illustrate our inven-
tion:

Ezample 1

For the incorporation of a coupler in an emul-
sion by dissolving it in a water-permeable, water-
insoluble solvent and dispersing the resulting so-
Iution in the emulsion the following procedure
may be used: , ]

1 gram of 2- (4"’ -tert. amyl-3’-phenoxybenzoyi-
amino) -phenol is dissolved in g mixture of 4 cc.
of N-n-amylphthalimide and 50 cc. of ethyl
acetate. This solution is emulsified with a solu- -
tion of 0.2 gram of sodium lauryl sulfate in 60 cc.
of water by passing the mixture several times
through a colloid mill. The ethyl acetate and
part of the water are evaporated from the emul-
sion by heating on a steam bath while stirring,
leaving a fine dispersion of the solution of coupler
in N-n-amylphthalimide. This dispersion is
added to 100 cc. of a gelatino-silver halide emul-
sicn and coated in the usual manner.

After exposure, this emulsion may be developed
in the following solution:

2-amino-§-diethylaminotoluene HCl_grams.. 2

Sedium suifite do——- 2
Sodium carbonate do 20
Potassium bromide O 2
TWater t0 cmme e i mem——m e liter--- 1

‘After development it may be fixed in the usual

acid-alum fixing bath, washed and the silver re-
moved by successive treatments in ferricyanide-
bromide solutions and hypo.

Ezample 2

Thne direct incorporation of a coupler in an
emulsion i illustrated by the following example:

A solution is prepared containing 1 gram of 2-
(4’’-tert. amyl-3’-phenoxybenzoylamino)-3,5-di-
methyl-1-phenol, 18 cc. of 95% ethyl alcchol and
1 cc. of 209% sodium hydroxide solution. This
selution is mixed with 100 ce. of a melted red-
sensitized gelatino-silver bromide emulsion and to
the resulting mixture is added enough 10% citric
acid solution to bring the pH of the emulsion back
10 its original value, - This emulsion is then coat-
ed in the normal manner and may be processed
as described in Example 1.

The couplers proposed according to our inven-
tion yield dyes having better absorption charac-
teristics and fastness to light and heat than dyes
from previously known couplers suitable for addi-
tion to emulsion layers to produce cyan dyes. This
stability of the coupler is particularly evident

where the coupler is incerporated in the emulsion

as a dispersion in & water-insoluble, water-
permeable carrier material as described in EX-
ample 1. The dyes resuliing from the incorpora- -
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tion of a coupler in this way are appreciably more
stable to heat and light than those incorporated
in the emulsion by direct mixing as deseribed in
Example 2. Another important advantage of the
couplers of our invention is that they do not
darken upon exposure of the finished picture to
light. This is important because in those proc-
esses where couplers are added to the emulsion
layers and the unused portion cannot easily be
removed, the finished, pictures contain residual
coupler. If the coupler turns dark upon exposure
to light, the finished picture wili darken in the
highlights on exposure to light and degrade the
purity of the resulting picture.

In the development of exposed silver halide
emulsion layers using the couplers of our inven-
tion, any color-forming developer containing a
primary amino group may be used. These in-
clude developers having two primary amino

groups as well as those having one of the amino 2

groups substituted or having substituents in the
ring such as alkyl phenylenediamines. These
compounds are usually employed in the salt form
such as the hydrochloride or the sulfate which
are more stable than the emines themselves.
Suitable compounds are diethyl-p-phenylene-
diamine hydrochloride, monomethyl-p-phenyl-
enediamine hydrochloride, dimethyl-p-phenylene
diamine hydrochloride and 2~-amino-5-diethyl-
aminotoluene hydrochloride,. The p-aminophe-
nols and their substitution products may also be
used where the amino group is unsubstituted.
All of these developers have an unsubstituted
amino group which enables the oxidation prod-
uct of the developer to couple with the color
forming compounds to form g dye image.

Our couplers may be incorporated in gelatino-
silver halide emulsion layers or in silver halide
emulsions in other carriers such as water-solu-
ble organic esters of cellulose or synthetic resins.
The carrier may be supported by a transparent
medium such as glass, cellulose ester or a non-
transparent reflecting medium such as paper or
an opaque cellulose ester. The emulsion may be
coated as a single layer on the support or as
superposed layers on one or both sides of the
support. The superposed layers may be differen-
tially sensitized and the dyes formed therein by
coupling may be bleached by an oxidizing agent
such as chromic acid to colorless soluble com-
pounds. The destruction of the dye in this way
does not destroy the silver image and the silver
image may be developed, bleached and developed
to color images in superposed layers as described,
for example, in Mannes and Godowsky U. S.
Patent No. 2,113,329. Since the couplers of our
invention produce cyan dyes, they will usually
be incorporated in the red-sensitive emulsion lay-
er of a multilayer coating although they may be
Incorporated in layers otherwise sensitized when
false colors are to be produced.

The examples and compounds set forth in the
present specification are illustrative only and it
is to be understood that our invention is to be

taken as limited only by the scope of the append--

ed claims,

We claim:

"1. A color-forming photographic emulsion com-
prising a gelatino-silver halide layer containing
dispersed particles of a water-insoluble, water-
permeable material having dissolved therein an
acylamino phenol selected from the class con-
sisting of phenoxyphenyl acylamino phenols and
phenoxyalkyl acylamino phenols capable of cou-
pling with the development product of primary
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aromatic amino developing agents to form a
heat-stable dye.

2. A color-forming photographic emulsion com-
prising a gelatino-silver halide layer containing
dispersed liquid particles of a water-insoluble,
water-permeable material = having dissolved
therein an acylamino phenol selected from the
class consisting of phenoxyphenyl acylamino

.phenols and phenoxyalkyl acylamino phenols ca-

pable of coupling with the development product
of primary aromatic amino developing agents to
form a heat-stable dye.

3. A color-forming photographic emulsion com-
prising a gelatino-silver halide layer contain-
ing dispersed particles of a water-insoluble,
water-permeable material having dissolved
therein a phenoxyphenyl acylamino phenol cou-
pler capable of coupling with the development
product of primary aromatic amino developing
agent to form a heat-stable dye.

4. A color-forming photographic emulsion com-
prising a gelatino-silver halide layer containing
dispersed particles of a water-insoluble, water--
permeable material having dissolved therein a
phenoxyalkyl acylamino phenol coupler capable
of coupling with the development product of pri-
mary aromatic amino developing agents to form
a heat-stable dye.

5. A color-forming photographic emulsion com-
prising a gelatino-silver halide layer containing
dispersed liquid particles of a water-insoluble,
water-permeable material having dissolved there-
in a phenol coupler having a phenoxyphenyl acyl-
amino group in a position other than the para )
position with respect to the phenolic hydroxy!
group.

6. A color-forming photographic emulsion com-
prising a gelatino-silver halide layer containing
dispersed liquid particles of a water-insoluble,
water-permeable material having dissolved there-
in a phenol coupler having a phenoxyalkyl acyl-
amino group in a position other than the para
position with respect to the phenolic hydroxyl
group.

7. A gelatino-silver halide emulsion for color
bhotography containing a substantially non-dif-
fusing, non-obscurative color-forming compound
having the following structural formula:

OoH

!\/‘.‘N

where R is selected from the class consisting of
hydrogen, alkyl groups, and aryl groups, and R’
is selected from the class consisting of phenoxy-
phenyl and phenoxyalkyl groups, and the posi-
tion para to the phenolic hydroxyl group is un-
occupied by an irreplaceable group.

8. The method of producing s blue-green pho-
tographic image in a gelatino-silver halide emul-
sion layer which comprises exposing the layer
and developing it with a primary aromatic amino
developing agent in the presence of a coupler
compound present in said emulsion layer prior
to development, said coupler compound having
the formuila:

CO-—R’

OH

—N
CO~R’
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where R is selected from the class consisting of
hydrogen, alkyl groups, and aryl groups, and R’
is selected from the class consisting of phenoxy-
phenyl and phenoxyalkyl groups, and the position
para to the phenolic hydroxyl group is unoccu-
pied by an irreplaceable group.

9. The method of producing a blue-green pho-
tographic image in a gelatino-silver halide emul-
sion layer which comprises exposing the layer
and developing it with a primary aromatic amino
developing agent in the presence of a coupler
compound present in said emulsion layer prior
to development, said coupler compound having
_the formula:

QII
i

! AN

\/ = Co-¥

where R is hydrogen and R’ is selected from the
class consisting of phenoxyphenyl and phenoxy-
alkyl groups, and the position para to the phenolic
hydroxyl group is unoccupied by an irreplaceable
group.

10. The method of producing & blue-green pho-
tographic image in a gelatino-silver halide emul-
sion layer which comprises exposing the layer
and developing it with a primary aromatic amino
developing agent in the presence of a coupler
compound present in said emulsion layer prior
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to develdﬁment, said coup’lér compound having
the formula: :
OH

R
_N/
\c 0—R’
where R is hydrogen and R’ is a phenog:yphenyl
group, and the position para to the phenolic hy-_
droxyl group is unoccupied by an irreplaceable
group. )

11.. The method of producing a blue-green pho-
tographic image in a gelatino-silver halide emul-
sion layer which comprises exposing the layer
and developing it with a primary aromatic amino
developing agent in the presence of a coupler
compound present in said emulsion layer prior
to development, said coupler compound having
the formula: .

. oH .

- R
I
N

CO~—R’
where R is hydrogen and R’ is a phenoxyalkyl
group and the position para to the phenolic hy-
droxyl group is unoccupied by an irreplaceable
group. . .
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