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1 .
This “invention "relates to color photography.
More particulafly, it rélates to processes of color
photography Wherein dye images are produced
during the development of silver salt images and
to photogrdphic elements and -compositions
theréfor. -Still- more - particularly, it relates to

processes of color photography wherein. naph- -

tholsulfonamides of -aromatic.polyamines which
have a reactive position.ortho or para- to the
hydroxyl group are utilized as color coupling
components, dye intermediates, or color formers.

A large number of varied components or dye
jntermediates that couple With the development
product-of an aromatic primary amino color-cou-
pling: developing agents during ‘the development
of ‘reducible -silver: salt have ‘been. proposed for
photographic processes. - They:gre aptly named
color-formers and have such ‘a:structure or con-
tain such ‘components: or:.groups that they form
under . conditions - of - development - quinoneimine
or azomethine dyes. Immobile or non-diffusing
and substantive--color formers of -the -above type
which consist of phenol, naphthol, aniline, naph-
thylamine, aminonaphthol nuclei, and nuclei of
compounds having' a reactive :methylene group,
e. g., acylacetic acidiand cyanoacetic acid, esters,
and amides, pyrazolones, hydrindenes, and cou-
marancnes but which are of sufficient molecular
weight or contain such-groups that they are sub-
stantive to gelatin or nen-diffusing therein have
also been-proposed for such- processes. - In fact,
sulfonamides of various types-have been -sug-
gested, including developer .and emulsion com-
ponent types. Many .of such color formers have
been found to:be commercially unsatisiactory
because -the -dye images: formed- by -their use
decompose - by -the action - of -heat - and light.
Many-have. a deleterious effect on light-sensitive
silver- halide  grains- and -desensitize -the same.
Some reduce the gamma of light-sensitive silver
halide layers below the utility level. Others,
including sulfonamides of 1,5-amino-naphthols,
desensitize ‘and-are not-of -the -proper shade for
a blue-green -or- minus-red color former,

-An object -of-this invention ‘is to “provide new
and useful photographic -color processes. A fur-
ther -object is to provide photographic elements
which contain a neéw-class of naphthol deriva-
tives which are stable to heat. and moisture when
incorporated therein. A still further object is-to
provide photographic elements with such deriva-
tives which-are free ‘from deleterious action on
light-sensitive -silver- halide. grains., ‘A further
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form -heat~cand.: light-stable . dye -images' upon
color-coupling development of reduecible images.
A mmore-specific- object is-to ‘provide photographic
elements with-a dye intermediate which - forms
2 blue-green dye:of the ‘proper spectral char-
acteristics’ for :3=color: photography. - Other -0b-
jeets are to:provide a>new:pProcess of color:pho-
tography-and-compositions: therefor and to. con-
tribute a general advance::to :the cart, - Still
other:objects will"be-apparent{o: those. familiar
with: color ;photography  from ‘the. following : de-
seription.

[It-has been-found:that: naphthol: sulfonamides
of the general:formula:

..?.H

0B

S 0INE—ATHN—$0— -

Wherein a position ortho or pars to the hydroxyl
groups is ‘reactive ‘and-A‘is-the divalent radical
of an organic diamine of at least eight carbon
dtoms-and. having at:least one benzene nucleus
nay-be' prepared in-a practical manner, and are
well stited:for dve intermediates or color formers
in' processes of color photography  utilizing color
coupling procedures in the formation of “dyestuft
images. :

“"The vadical A obvicusly may vary somewhat
and with the imino groups ‘¢onstitute the residue
of various ‘avomatic “digminhes such . as: 1,5-di-
amino naplithalene, 2,2'- 2,4~ and 4,4’-diamino-
stilbenes, para disminodiphienyl ether, benzidine,
1;4-bis (betaaminomethyl) betizene, 1,4-bis(beta~-
aminosthyl) benzene, and the like. The hydro-
carbon nuclei of such residues may contain var-
ioud innocuous ‘Tadicils or groups which do not
enter-into dye coupling reactions with diazo com-
pounds-or developer ‘compenents, 'siich ‘as hydro-
carbon  radicals,  etlier 'groups, halogen groups,
hitro groups,ete. o

“Positions ofthe or para to'the hydroxyl groups
may’ be unsubstitated or’‘may contain’ a reactive
group; e. g.,-a chlorine ‘or 'bromine atom “or-a
siilfonie or carboxylic acid-group.

“Tredinaphtholsulfonaniides -of - aromatic “di-
amines described “ahove :seem -to” possess hovel,
unique; and even:surprising properties when they
are incorporated into & 'water: permeable’ colloid
layer, such-as-aigelatin:layer-of a-color yielding
phctographic “element. - These ~properties are
evidenced especially in a multitayer:photographic
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element. . The compounds have solubility char-
acteristics which distinguish them from the sub-
stantive and non-diffusing compounds proposed
by prior art investigators. To be more specific,
the di(1-naphthol-2-sulfonamide) of 1,4-di-
amino-diphenyl ether can be substantially com-
‘pletely removed from a gelatin dispersion con-
taining the compound by washing the same in
heutral, aqueous media, yet when the compound
is utilized in the blue-green layer of a multi-
layer film no loss of color separation is obtained
when the film is processed in a. conventional
manner,

Naphtholsulfony! chlorides which have a re-
active position ortho or para to the alpha hy-
droxyl groups can be utilized for the preparation
of the disulfonamides of diamines of Formula 1.
The disulfonamides, in general, are prepared by
8 simple condensation of the naphtholsulfonyl
chlorides and diamines in the substantial absence
of water, e. g., under anhydrous conditions, or
alternatively in agueous media. A basic agent
such as pyridine, trialkylamines, triethanolamine,
sodium carbonate, sodium hydroxide, sodium
acetate, may be present, if desired. Inert organic
solvents, e. g., ether, acetone, acetic acid, dioxane,
may be used as reaction media, if desired. How-
ever, when the basic agent is also a solvent such
agents need not be used.

The naphthol sulfonyl chlorides may be pre-
pared from naphthol sulfonic acids such as the
1,2- and 1,5-isomers. Prior to the preparation
of the sulfonyl chlorides, however, the phenolic
hydroxyl group should be protected. This may
be accomplished by treatment with chloroformic
ester or by acylation, e. g., with acetic anhydride,
acetyl chloride, ete. The procedyre in Monatsh.,
vol. §3-54, page 105 (1929), may advantageously
be used. The sulfonic acid groups can be con-
verted to sulfonyl chloride groups with phos-
pvhorous pentachloride after the hydroxyl groups
have been taken care of. The preparation of
representative disulfonamides will be outlined
further below.

In making color yielding elements in accord-
ance with this invention, the dinaphtholsulfon-
amides of aromatic diamines may be brought into
solution or fine dispersion with a solvent such as
ethyl alcohol or by means of a hydrotropic agent
and water and then mixed with an aqueous dis-
persion of a water-permeable or reversible colloid,
e. g., gelatin, agar agar, gum arabie, albumin, syn-
thetic gelatin, and other binding agents used in
layers for photographic elements and coated on
a film base or support having a substratum suit-
able for anchoring silver halide layers thereto.
The gelatin dispersions may be coated directly
onto a light-sensitive silver halide layer or stra-
tum or onto a water-permeable layer coated on
such layer or stratum. In the case of color-
yielding elements for contact or imbibition devel-
obment of the type described in U. S. Patents
2,328,034 and 2,369,171, the dispersions may be
coated directly onto a base or support (1) free
from reducible silver salt layers, or (2) in a non-
coactive relationship with a reducible silver salt
layer of such element, e, g., a “subbed” film base:
The dye intermediates also may be admixed with
gelatin silver halide emulsions and coated to form
single or multi-layer photographic elements.
Other dye intermediates which form dyes of the
broper spectral characteristics for 3-color pho-
tography may be used in the other color yielding
layers of the elements,
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The invention will be further illustrated but is
not intended to be limited by the following ex-
amples: c
Example 1

A solution of 2 grams of 1,4-diaminodiphenyl-
ether and 6.5 parts of 1-carbethoxynaphthol-2-
sulfonyl chloride having the formula

?COOCaHs

80301

were admixed in 250 ccs. of dry ether and refluxed
for a period of about 2 hours. Two ccs. of pyri-
dine were added and refluxing was continued for
about 2 hour more. Water was then added to
the-ether solution and the ether was steam dis-
tilleqd off. The viscous semi-solid formed was
dried and digested with absolute alcohol. On
standing the product crystallized and was washed.
with petroleum ether, Further purification and
complete removal of the carbethoxy groups was
accomplished by refluxing the product in an
aquecus alcoholic solution of potassium hydrox-
ide and reprecipitating with acid. The 4,4’-bis
(1 - naphthol ~ 2 - sulfonamidophenyl) ether ob-
tained is a solid having a melting point of 186° C
having the generic formula:

(’)H ?H
@—SOnNH—O—OONH—SO

By using one molar equivalent of the 1-carbeth-
oxynaphthol-2-sulfonyl chloride per Y% molar
equivalent of diamine and reacting these com-
ponents in the same manner, the following re-
sults were obtained with the amines listed below:

-y

Amine Nature of bisulfonamide

p-Xylylenediamine_ __.________________ . Viscous oil.
1,5-Naphthylenediamine..._._.__.______ Solid.
p,p/-Diaminodiphenylmethane _ __.____
4,4’-Diaminodiphenylmethane-3,3’-
dicarboxylic acid.
p-Bis-(a-amincethyl) benzene_____.____

Do.
Solid M. P, 245-248° C,
Solid.

Ezample II

One part of the bisulfonamide of Example I is
dissolved in 15 parts of alcohol and added to 50
parts of 29 by weight of aqueous gelatin. The
total weight of the combined solution is then ad-
mixed with a small amount of water and ad-
mixed with 200 parts of a gelatino-silver halide
emulsion and the resulting emulsion coated upon
a subbed cellulose derivative transparent film
base and dried. After exposure to an object field,
the photographic element is developed in an al-

kaline solution of the following composition:
N-diethyl-p-phenylene diamine  hydro-
. chloride — . _________________ grams.._ 2
Sodium sulfite (anhydrous).______ do____ 5
Sodium carbonate (anhydrous)._.__do___. 20
Water $0- oo ce_--_ 1,000

whereby a dye image is formed in situ with a
metallic silver image. The silver and silver
salts are then removed by means of Farmer’s
reducer and a blue-green dye image of good
spectral qualities remains. The image is a very
stable indophenol dye. A 48 hour exposure to the
carbon arc of a “Fadometer” produces no per-
ceptible change in . either shade or intensity,
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Moreover; 8 Weeks""-stOraée wat71200 FU and 957

relative humidity produces: a:-barely: perceptible
change. C

When" the specifi¢:: bis-naphthosulfonamide:

dyes in the list following: Example I .are incor--
porated in a:light-sensitive silver-halide element; -
exposed and processed in like manner, strong-
blue-green dye images of good spectial-qualities:
which are stable to heat; moisture; and light'are:
R 1

While-the ‘above ‘examplés. are: limited: to.the:
production: of a-single-color-element; the: inven---

formed in-‘each instance. : :

tion is obviously not-liinitedcto that:aspect: On

the conirary, the novel bis-naphtholsulfonamides-

15
structures, including multilayer elements -for:

can be-used‘in photographic elements of various’

mmultiscolor photography, e g., monopacks or bi-
packs:

photography- utilizing the compounds.
Ezample III

Ths following examples are -directed to-
novelcolor yielding: elements: and™ processes of-

20+

A photographic silver halide emulsioxi: con- -

taining 4,4’-bis-(l-naphthol.- 2:- sulfonamido-

phenyl) ether prepared ‘after the'manner stated"

in:Example II is: coated onto:a.transparent cel--

lulose - acetate film-base.. A layer of colloidal’
gilver in gelatin is deposited .onto" the: opposite:

side: of: the film base.. On-the latter:is-coated

asphotographic silver halide: emulsion:containing.

diacetoamino-1,2;4,5-benzo-biszthiazole: as: an:

orange-red .color former:: The element can then.
be: used: for: the production:of..two=color:prints.

in the following manner:: :
The side: containing’ the: color former: of EX-

ample I:is' exposed:-to a- negative’ record of the:
red :aspects .of a colored.object, and.the side.con--

taining. theorange-red. color-former is exposed

to a negative record of the-green:.aspects of.the:

same colored: object:. The-element- is"then de-

veloped for 15 minutes:in.a bath of the following:

composition:

N-diethyl-p-phenylene diamine  hydro-
chloride- —__grams 3

Sodium carbonate. (anhydrous) _.d0O..— 30

Sodium sulfite (anhydrous) ..-.———— do_——- 1

Potassium: bromide o0 25

Water 0o mni€CE o 1,000°

whereby dye images are formed. simultaneously
in the two light-sensitive layers.
and treatment with Farmer’s.reducer, a-colored
representation of the. original.object remains..

Example IV

An element for 3-color:prints or:transparencies
can be made by depositing: on:a:cellulose: acetate
filtn base -a. positive. type  non-color-sensitized
silver halide emulsion, which:contains as.a:yellow
color former N-furoylacet-N'-benzoylacetben-

zidine.. The preparation of this compound is
given in U. S. Patent 2,319,426, On the opposite

side.of the base.is-deposited:a panchromatic silver
halide emulsion containing as a color former the
4 4’-bis-(1 - naphthol - 2 - sulfonamidophenyl)
ether. A gelatin layer containing a yellow filter
dye, e. g., tartrazine, is coated on the latter layer.
On this is coated a blue sensitive silver halide
emulsion containing 4,4’- methylene-bis-(m-
stearoylaminophenyl methyl pyrazolene) which
is described in U. S. Patent 2,294,909, This ele-
ment can be used for the production of 3-color
prints as follows:

The light-sensitive layer containing 4,4’-meth-
ylene-bis- (m-stearoylaminophenyl methyl py-

After washing;
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razolone) is exposéd:with blue light to.a negative:
record:of the:greentaspectstof. ascolored subject:
and: on ‘the same: stde: of‘the :support: is: printed:
withred light:the.ret:component negative record:

7 of'tHe subject. The lightssensitive layer on the:

oppositesidé:ofithesupport is exposed ‘with blue:
light to the blue:component negative record ofithe:
subject; The-element.is processed: by-the:pros-
cedure of Example ITII, whereupon:s colored: res:
productionof:thecoriginal’subject is obtained::

; Ezample V

Anelement i somewhat:similar:to -that .of BExs=:
ample IV can:be made-by-placing the-color form=:
ers:im a:separate:gelatin-layer:rather than in:the:
respective silver. halidé:emulsion -layers: Such a:
film: elemeént: mayrcomprise in:order- a film: base,.
a-gelatin-layer-containing’ the di- (1=naphthol-2=:
sulfonamide) « of:: 1;4~diaminodiphenyl - ether; &
red-sensitive: silver: halide-gelatin layer, a‘gelatin:
layer: containing: 4;4'<bis=( l-naphthol-2-sulfon=.
amidopheny]) : ether; a: gelatin: layer. containing:
4:4': - methylene-bis- (m-stearoylaminophenyl:
methy! pyrazolone); as:a:color: former; a.greenx-

_gensitive silver halide gelatintlayer, a gelatin‘lay-

er - containing tartrazine: as: a- yellow: filler: dye;:
a: gelatin:layer. containing: N-furoylacet-N*-ben=-
zoylacetbenzidine,: and: finally:-a- blue-sensitive:
gelatin silver-halidé:layer.. This:-may be-exposed-
to an original:color:scene: and:processed-asifol-
lows: . ©

The exposed element’is: developed-for-15.min=
utes in the following bath:
Hydroguinone .

el GTAMS_ 8
Metol o= e e e o e do.——- 2.
Sodium carbonate (anhydrous) —_.-d0.__- 60"
Sodium sulfife. (anhydrous): - do-—- 40
Potassium bromide o oo do-o-- 3.5
Potassium. thiocyanate  —ceeeeem—an A0ccan. 200
Water 0 oo memen€C—— 1,000

After washing’ for:10" minutes;- the-element” is~
exposedito white light'and-then developed for-25-
minutes-in-the following bath:

N-diethyl-p-phenylene: diamine hydrochlo- -

cride moeemeem e e o grams._ 3=
Sodium:carbonate: (anhydrous) —_..do.___ 30!
Water to: .- e e ————————— e e ce... 1,000¢

' Félowing washing and .removal of. silver with.

Farmer’s reducer,. a positive.color reproduction.
of the original scene is obtained.
The novel bis-naphthol-sulfonamides of aro-

_ matic diamines may  contain .in..the benzene:

nucléi any of’the common substituents which.
give desirable properties. to. dyes.. Such. sub=-
stituents inclide hydroxyl, amino (—NHz), hy-.
drocarbon substituted amino, halogen, alkoxyl,.
hydrocarbon, e. g, alkyl, aryl, and. aralkyl;.car-
boxyl; nitrile, sulfonic, sulfone, sulfinic, sulfide, .
nitro, ete.

The bis-naphthol sulfonamideés of aromatic di-,
amines may be dispersed in gelatin or equivalent
water-permeable reversible colloid binding
agents, e. g., albumin, agar agar, polyglucuronic
acid, etc.: or they may be admixed with resins
or cellulose derivatives and dispersed in such
colloid layers containing light-sensitive materials
or coated on light-sensitive silver salt layers.

The color yielding elements may contain
light-sensitive layers composed of simple or
mixed silver halides which may contain the usual
sensitizers, desensitizers, stabilizers, fog inhibi-
tors, emulsion hardeners, etc. Suitable types in-
clude silver chloride, silver bromide, silver chloro-
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bromide, silver chloride-bromide-iodide, silver

bromide-iodide, etc., which may contain cyanine,

carbocyanine, polymethine cyanine, cyazine, car-
bocyazine, pseudocyanine, kryptocyanine, mero-
cyanine, rhodanine, ete., salts and bases. The
siiver halide layers are anchored to the supports
by means of the usual subbing solutions. Such
selutions are also useful for anchoring dye com-
ponent layers to bases.

The products of this invention are not limited
in their utility to any one process of color

10

photography. They may be used with other color )

coupling developing agents than those specifi-
cally described in the examples. The diamino
aryl compounds such as para-phenylene-diamine
and its substitution products are preferred.
These developers may be substituted in the amino
groups. as well as in the ring, preferably the
former, to constitute compounds such as the
mono- and di-alkyl arylenediamines, including
the mono- and di-alkyl naphthylenediamines,
alkyl phenylenediamines and alkyl toluylenedi-
amines. The compounds, of course, must have
one free primary or unsubstituted amino group
which enables the oxidation product of the de-
veloper to couple with the color forming com-
pounds. As examples of developers of the class
described, there may be mentioned p-aminoc-di-
ethylaniline, 1,4-naphthylenediamine, 4-diethyl-
amino-1-naphthylamine. The salis of the bases
which may be organic or inorganic are, in gen-
eral, more soluble and more stable than the free
bases. The hydrochlorides and sulfates have
great utility in preparing the developing solu-
tions. Hydrazines as set forth in U. S. Patent
2,209,929 may also be used according to the proc-
ess of U. S. Patent 2,339,213.

The bi-naphtholsulfonamides of Formulia 1 are
believed to be new compounds. Their use in
photographic processes, as stated above, leads to
superior, unique, and unexpected results. ‘The
spectral quality of quinoneimine dyes produced
by color coupling development of two represen-
tative dyes shown in the spectro photometric
curves of the drawing evidence their superior
broperties. Fig. 1 is that of a minus red Wratten
filter. Fig. 2 is that of the quinoneimine dye
from N-diethyl-p-phenylene diamine hydrochlo-
ride and the bi-(Naphthol-1,2-sulfonamide) of
1,4-bis- (betaaminoethyl) benzene and Fig. 3 is
that of the quinonsimine dye from N-diethyl-p-
phenylenediamine hydrochioride and the color
former of Example I.

The compounds seem unique in that they may
be used in multilayer Alms without loss of color
separation but they can be washed from a gela-
tin dispersion by washing in neutral agueous
media. This indicates they are not substantive
or non-diffusing in the ordinary sense.

The blue-green or minus red characteristics
of the dyes formed upon color development of
images with the color formers of this invention
shown in the curves evidences that they are well

15
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sulted for processes of multi-color photogtaphy.

In addition to their outstanding spectral quali-
ties of the dye images produced in color develop-
ment procedures, the compounds have excellent
stability to heat and light. A further advantage
resides in the fact that the color formers do not
desensitize silver halide emulsions and reduce
gamma below the utility level. The color form-
€rs, moreover, seem Uo increase the relative sen-

sitivity of emulsions exposed to white and blue )

light, whereas previously proposed sulfonamides
of aminonaphthols desensitize such emulsions.

This application is 5 division of application
Serial Number 483,333, filed April 16, 1643, now
Patent Number 2,395,484, issued February 26,
1946.

As many apparently widely different embodi-
ments of this invention may be made without
departing from the spirit and scope thereof, it
is to be understood that the invention is not to
be limited except as defined in the appended

claims.
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I claim:

1. A process of color photography which com-
prises developing g reducible silver salt image
with a color coupling developing agent in the
bresence of a 4,4’-bis-(1-naphthol-2-sulfon-
amidophenyl) ether.

2. A process of color photography which com-
prises developing a reducible silver salt image
with an aromatic primary amino color develop-
ing agent in the presence of 4,4’ -bis-(1-naph-
thol-2-sulfonamidophenyl) ether and removing
the silver and silver salts.

3. A photographic element -comprising a sup-
port having at least one light-sensitive silver
halide layer and at least one water-permeable
stratum containing 4,4’-bis~-(1-naphthol-2-sul-
fonamidophenyl) ether.

4. A photographic element comprising g sup-
port bearing a light-sensitive silver halide col-
loid layer containing a 4,4’-bis(1-naphthol-2-sul-
fonamidophenyl) ether.
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