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This invention relates to photography and more partic-
ularly to products, compositions and processes for the
development of photosensitive silver halide elements,

It is one object of the present invention to provide
novel processes and compositions for the development of
silver halide emulsions, in which novel colored silver
halide developing agents are used.

Anocther object is to provide novel processes and com-
positions for the development of silver halide emulsions,
in which the novel silver halide developing agent is capa-
ble of developing an exposed silver halide emulsion and
imparting a reversed or positive colored image of the
developed image to a superposed image-receiving material.

Further objects are to provide said novel silver halide
developing agents, and novel products, processes and com-
positions suitable for use in preparing monochromatic
and multichromatic photographic images by the employ-
ment of said novel silver halide developing agents.

Other objects of the invention will in part be obvious
and will in part appear hereinafter.

The invention accordingly comprises the processes in-
volving the several steps and the relation and order of
one or more of such steps with respect to each of the
others, and the products and compositions possessing
the features, properties and the relation of elements which
are exemplified in the following detailed disclosure, and
the scope of the application of which will be indicated
in the claims,

The objects of this invention may be accomplished by
the use of certain novel dyes which have the ability to
develop an exposed silver halide emulsion; thus these
dyes may be referred to as dye developers. These novel
dyes or dye developers will be further described herein-
after.

The dye developers and the photographic processes and
compositions disclosed herein are particularly useful in
the treatment of an exposed silver halide emulsion, where-
by a positive dye image may be imparted to another ele-
ment, herein referred to as an image-carrying or image-
receiving element,

U.S. Patent No. 2,983,606, issued May 9, 1961, to
Howard G. Rogers, discloses diffusion transfer processes
wherein a photographic negative material, such as a pho-
tographic element comprising an exposed silver halide
emulsion, is developed in the presence of a dye developer
to impart to an image-receiving layer a reversed or posi-
tive dye image of the developed image by permeating into
said emulsion a suitable liquid processing composition
and bringing said emulsion into superposed relationship
with an appropriate image-receiving layer. The inven-
tive concepts herein set forth provide novel dye developers
which may be advantageously used in such processes.

In carrying out the process of this invention, a photo-
sensitive element containing a silver halide emulsion is
exposed and wetted with a liguid processing composition,
for example by immersing, coating, spraying, flowing, etc.,
in the dark, and the photosensitive element superposed
prior to, during or after wetting, on an image-receiving
element. In a preferred embodiment, the photosensitive
element contains a layer of dye developer, and the liquid
processing composition is applied ta the photosensitive
element in a uniform layer as the photosensitive element
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is brought into superposed position with an image-receiv-
ing element. The liquid processing composition permeates
the emulsion to provide a solution of dye developer sub-
stantially uniformly distributed therein. As the exposed
silver halide emulsion is developed, the oxidation prod-
uct of the dye developer is immobilized or precipitated in
situ with the developed silver, thereby providing an image-
wise distribution of unoxidized dye developer dissolved
in the liquid processing composition, This immobiliza-
tion is apparently due, at least in part, to a change in
the solubility characteristics of the dye developer upon
oxidation, and especially as regards its solubility in alka-
line solutions. It may also be due, in part, to a tanning
effect on the emulsion by the oxidized developing agent.
At least part of this imagewise distribution of unoxidized
dye developer is transferred, by imbibition, to a super-
posed image-receiving layer, The image-receiving layer
receives a depthwise diffusion, from the emulsion, of un-
oxidized dye developer, without appreciably distributing
the imagewise distribution thereof, to provide a reversed
or positive, colored image of the developed or negative
image. The image-receiving element may contain agents
adapted to mordant or otherwise fix the diffused, un-
oxidized dye developer. Imbibition periods of approxi-
mately one minute have been found to give good results,

- but this contact period may be adjusted where necessary

to compensate for variations in temperature or other con-
ditions. The desired positive image is revealed by sep-
arating the image-receiving layer from the silver halide
emulsion at the end of the imbibition period.

The dye developers of this invention may be utilized in
the photosensitive element, for example in, on or behind
the silver halide emulsion, or they may be utilized in the
image-receiving element or in the liquid processing com-
position. In a preferred embodiment, a coating or layer
of the dye developer is placed behind the silver halide
emulsion, ie., on the side of the emulsion adapted to be
located most distant from the photographed subject when
the emulsion is exposed and preferably also adapted to
be most distant from the image-receiving layer when in
superposed relationship therewith. Placing the dye de-
veloper behind the emulsion layer, as in the preferred
embodiment, has the advantage of providing increased
contrast in the positive image, and also minimizes any
light-filtering action by the colored dye develeper. In
this preferred embodiment, the layer of dye developer
may be applied by using a coating solution containing,
e.g., about 0.5 to 8%, by weight, of the dye developer.
Similar concentrations may be used if the dye developer
is utilized as a component of the liquid processing com-
position. In an especially useful mode of disposing the
dye developers in the photosensitive elements, the dye
developer is dissolved in a water-immiscible solvent and
then dispersed in a gelatin coating solution.

The liquid processing composition which is used in the
processes herein disclosed comprises at least an aqueous
solution of an alkaline compound, for example, diethyl-
amine, sodium hydroxide or sodium carbonate, and may
contain the dye developer. In some instances, it may
contain an additional silver halide developing agent. If
the liguid processing composition is to be applied to the
emulsion by being spread thereon, preferably in a rela-
tively thin, uniform layer, it may also include a viscosity-
increasing compound constituting film-forming material
of the type which, when spread over a water-absorbent
base, will form a relatively firm and relatively stable
film. A preferred film-forming material is a high molec-
ular weight polymer such as a polymeric, water-soluble
ether inert to an alkali solution, as, for example, a hy-
droxyethyl cellulose or sodium carboxymethyl cellulose.
Other film-forming materials or thickening agents whose
ability to ‘increase viscosity is substantially unaffected
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when left in solution for a long period of time may also CH,»,COO
be used,
The novel dye developers of this invention may be rep- @
resented by the following formula:
o 5

) Q—(Z)-1—N H—(”J—R—O—Y

CH;COO

wherein Q is a dihydroxyphenyl silver halide developing

radical, e.g., p-dihydroxyphenyl, o-dihydroxyphenyl, and p-(2,5-dlacetosyphenylmethyl) aniline

nuclear substituted derivatives thereof, e.g., alkyl and/or 10 OCH;

halogen substituted derivatives; Z is phenylene, lower

alkylene, or lower phenalkylene; m is a positive integer NH;

from 1 to 2; R is a lower alkylene radical; and Y is an

azo dye radical; said —O— substituent being bonded - éHa

directly to a nuclear carbon atom of the azo dye radical, 15 (2-methoxy-5-methyl) anlline

e.g., to a nuclear carbon atom of an aromatic or hetero-

cyclic substituent of the dye radical. ) The following compounds are representative of pre-
As examples of lower alkylene radicals which may be ferred dye developers within the scope of the above-men-

employed for said Z and/or R substituents, mention may tioned formulae:

be made of methylene, ethylene, ethylidene, propylene, gg
isopropylene, etc.

The novel dye developers of this invention may also ® OH 0"
contain an additional silver halide developing radical N— = o
linked to the dye moiety of the molecule through an ap- =N H.
' oH

propriate organic linking group. 25
One useful class of dye developers within the scope
of Formula A may be defined as azonaphthol dye de-

velopers wherein the —O— substituent is bonded di- 0 l
rectly to the naphthalene nucleus in a position meta to the CHséH—G—NH@CHaCH‘—Q
azo linkage. 30 g
A preferred group are naphthol derivatives which may
be represented by the formula: 4-a-[p-(B-2"1,5"" dlhydroxyphenethyl)-phenylcarbamyl] -eth-
oxy-2-[p- (2” 5’/ . dihydroxyphenylmethyl)-phenylazo]-1-
naphthol
(B) OH
' 35 (g 0CH,
N=N—W
i
R NE—(Z)mi— 40 OH
wherein W is the radical of a diazotizable amine, pref- CH;LL)H— —NH
erably of the benzene or naphthalene series and R, Z, m Iol
and Q have the meanings heretofore noted. (',H

As examples of diazotizable amines which may be
employed to prepare substituent W, mention may be made
i . 4-¢-(2/,5’-dihydroxyphenylearbamyl)-ethoxy-2- (2/-
of the following compounds: methoxy) hensiazs 1 naphthol

CH;C00

—_— 50 (3 oH OCH;
CH:—-CH:—@—NH: | l
N=N
| H;
CH,COO 55

p-(B-2,5-diacetoxyphenethyl) aniline ) (]) OH
i CH;(IJH—C—NH—
C:H;00C0 - ||
CH,CO—NH: —NH
@ ? —Q ! 60 4-a-[p-(2’/,5/’-dihydroxyphenyl)- phenylcarba.myl]-ethoxy—2-

2’ -methoxy-5' -methyl) -phenyliazo-1-naphthol

I .
CH;00CO 4) OH

p-(8-2,5-dicathyloxy-phenylacetamido) aniline 65

CH;—COfNH—@—NHz '
p-acetamidoaniline

I OH
70 (l)
0CH; ' CH;CH—%‘-—NH—@—CH:CH
o 0 H
. 4-a-[p-(8-2/7,5''-dihydroxyphenethyl)- phenylcarbamyl 1-

o-anisidine o 75 ethoxy-2- (p-homogentlsammo)-phenylazo-l-naphthol

i



3,207,441
5 8

oH The following compounds are illustrative of other use-
ful dye developers within the scope of the present inven-

N-N—@-CH:OH tion:
10) 0H
|

Cl
— (O — | OH
CHsCH NH@ cmcm—@ 10 6 ,
CH&H——(&—NH«@
-a-[p-(8-25""- dlhydroxyp'henethyl)-phenylcarbamyl]— (0]

ethoxy -2 - [p- (ﬁ 277,57-dihydroxyphenethyl)-phenylazo]- OH

1-naphthol 15 4o (2,5-dibydroxyphenylearbamyl)-ethoxy-2- (2/-chloro-4/-
methyl)-phenylazo-1-naphthol

(11) (I)H

H 0OH
el
N=N— CH:CH.
Q ! '_@ 20 CHy0
OH

| OH
o .
| OH |
0 | CH;CH—C—NH: —CH,CH
(]J i —
CH3;CH—C—NH— 25 (o) [
il 0H
C

OH 4-a-[p-(p-27/,5’/-dihydroxyphenethyl) -phenylearbamyl]-
ethoxy-2- (2/-methoxy)-phenylazo-1-naphthol

(6)

4 - a - [p-(27,5’’-dihydroxyphenyl) -phenylearbamyl J-ethoxy-
- [p - (B - 2,57 - dihydroxyphenethyl) - phenylazo]-1- (12) (I)H

naphtho} 80 N=N- @NH C—CH.
=N— —C— 3

Il

(0]

oH o, , ! on
N=N‘©*CH3 % CHacl:H—c—NH—@oncH,—Q
éHs lol
=

4-a-{p-(B-2’7,5’’-dihydroxyphenethyl) -phenylearbamyll-

| (o]
i ] 40 ethoxy- 5 {p-acetamide)-phenylazo-1-naphthol
H~-C—NH: -
CHOETY @@ 00,
o
N=N—
4-g-[p- (°' ¢, 5//-dihydroxyphenyl) -phenylcarbamyll-ethoxy-2- @
27,4’,6’-trimethyl) -phenylazo-1-naphthol
45

4-a-[ 8-p- (2” 5"-d1hydroxyphenyl)-phenylcarbamyl] -ethoxy-
—( /-methoxy)-phenylazo-1-naphthol

0 m——— ' It will be noted that the preferred group of dye develop-
CHs(IJH—C—NH—< }—@ 55 ers of Formula B, as illustrated by the aforementioned 13

(”) ’ specific compounds, have the developing moiety linked to

the naphthol nucleus. The linking of the developing

4-a-[p-(277,5"- dlhydl‘oxyphenyl)-phenylcarbamyll -ethoxy-2- moiety to the dye moiety according to the present inven-
p-methylphenylazo-1-naphthol tion affords advantages not heretofore obtainable, since it

60 permits W of Formula B to be more readily substituted in

a variety of positions than was heretofore possible when

the developing moiety was linked to this substituent. In

% addition to providing a class of dye developers which may

OH —NH—CH:CH,CH:CH; be readily synthesized, the present invention makes it pos-
N ' 65 sible to prepare a large class of dye developers which may
N=N; contain various substituents contributing to the stability,

spectral absorption characteristics, etc., of the compound.

In other words, the present invention makes it possible to

)

| 0OH - synthesize simply a large number of dye developers having

o 70 slightly different characteristics which may be desired by
CHgéH—C—NH —CHzCH.—@ the practitioner. This factor is particularly advantageous

Il — in multicolor photography where a very exacting and

(!)H delicate balance of dyes is necessary to obtain a multicolor

4 -q- [p- (B2 5 -dihydroxyphenethyl)-phenylearbamyl]- image having spectral absorption characteristics closely

ethoxy—"-[2' (N-butyl)- carbamyl]-phenylazo l-naphthol 75 approximating the original subject matter. By slight modi--
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fications or substitution of various substituents, one skilled
in the art may modify the physical and/or optical charac-
teristics of the dye developers of the present invention to
combine with the other dyes used in the system to obtain
a multicolor image having the desired characteristics of
stability, color, etc.

The preferred compounds of Formulae 1-9 have also
been found, quite unexpectedly, to possess increased sta-
bility to light over azonaphthol dye developers, such as
2 - [p-(B-2’,5’-dihydroxyphenethyl)-phenylazo]-4-isopro-
poxy-1-naphthol, which are described in copending U.S.
application Serial No. 144,816, filed October 18, 1961
(now Patent No. 3,134,672). When subjected to standard
heat stability tests for 40 hours at a temperature of 120°
F., the compounds of Formulae 1-9 showed little or no
change. When subjected to standard light stability tests
with a xenon arc for periods of 40 and 100 hours, these
compounds exhibited substantially increased stability,
showing appreciably less fading than did the aforemen-
tioned prior azonaphthol dye developers.

The novel dye developers of this invention may be pre-
pared by reacting a compound of the formula:

0
I

©) Y—-0—R—C—O0H

with a tertiary amine, e.g., trimethylamine, triethylamine,
tripropylamine, tributylamine, methylpiperidine, ethylpi-
peridine, dimethylaniline, ete. (trialkyl amines such as tri-
ethylamine being preferred), to form the ammonium salt
thereof; reacting this ammonium salt with an alkylchloro-
corbonate, e.g., methyl, ethyl, isopropyl, isobutylchloro-
carbonate, etc., to form a mixed anhydride of the formula:

Qo

o
|
(D) Y-—O—R—é—O*y)—-O—alkyl

and thereafter reacting the mixed anhydride of Formula
D with an amine of the formula:

EB) NHz~(Z)-1—Q'

wherein Q’-is a dihydroxyphenyl silver halide developing
radical or a protected derivative thereof, to form the dye
developers of Formula A.

In order to prevent disproportionation of the mixed
aphydride of Formula D, it is necessary to perform the
final two reactions at a reduced temperature at which
disproportionation is precluded, e.g., at or below ¢° C.,
preferably at —5° C., and in an inert solvent which will
not freeze at the particular temperature employed. As
used herein, the term “inert solvent” means a solvent or
mixture of solvents which is chemically inert to or unre-
active with the reactants or the reaction product. As
examples of such solvents, mention may be made of ace-
tone, carbon tetrachloride, toluene, anisole, chloroform,
etc.

While Q' of Formula E may be dihydroxyphenyl silver
halide developing radical, Q’ is preferably a protected
derivative thereof, since any excess of tertiary amine pres-
ent in the reaction mixture will permit reaction of the
unprotected hydroxy groups with the mixed anhydride to
form an ester rather than the desired amide. It will be
appreciated, however, that where care is exercised in avoid-
ing an excess of tertiary amine, it is not necessary to employ
the protected derivatives. As examples of protected di-
‘hydroxyphenyl silver halide developing radicals, mention
may be made of diacetoxyphenyl, dibenzyloxyphenyl, etc.
The protective groups may be removed by hydrolysis in
known manner to form the desired dye developer.

The foregoing synthesis provides a particularly useful
method for preparing the preferred class of dye developers
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of Formula B. In the same manner as described above,
an azo dye of the formula:

(F) oH

N=N—W

I
O-——R-—ﬁz‘—OH
o)

is reacted with a tertiary amine to form. the ammonium salt
thereof; the ammonium salt is then reacted with an alkyl-
chlorocarbonate to form a mixed anhydride of the for-
mula:

(G) OH

N=N—-W

(o]
O-—R—(IIJ—'O—élJ—O—alkyl

and the mixed anhydride is then reacted with an amine
of Formula E to provide the azo dye of Formula B. As
was stated previously, if a protected dihydroxyphenyl sil-
ver halide developing radical is employed in the synthesis,
the azo dye must be hydrolyzed to remove the protective
groups.

In Formulae C to H, it will be appreciated that the
symbolic designations for the various substituents have the
meanings heretofore given with reference to Formulae A
and B. .

Compounds of Formula F and their synthesis are de-
scribed and claimed in copending application Serial No.
262,357 filed concurrently; and compounds of Formula
G and their synthesis, as well as the ammonium salt in-
termediates, are described and claimed in copending ap-
plication Serial No. 262,356, now Patent No. 3,256,269
also filed concurrently. Accordingly, these compounds
and their synthesis comprise no part per se of the present
invention.

The compounds of Formula E may be prepared in a
manner similar to that disclosed in United States Patent
No. 3,019,254, issued January 30, 1962. As examples of
such compounds, mention may be made of 2,5-diacetoxy-
phenyl aniline; 2,5-diacetoxyaniline; 2,5-diacetoxyphenyl-
methyl aniline; g-2,5-diacetoxyphenethyl aniline, etc., in-

- cluding the corresponding aniline hydrochlorides.

Where the starting compounds of Formula C may be
converted to their acid chloride without the necessity of
employing elevated temperatures to form a solution of the
reactants, the novel dye developers of this invention may
also be prepared by the steps of first forming the acid
chloride of the acid of Formula C and thereafter reacting
the acid chloride with a compound of Formula E where
Q' is a protected dihydroxyphenyl silver halide developing
radical. Subsequent hydrolysis of the reaction product
will yield the dye developer. Compounds 7 and 10, for
example, have been prepared by this alternative synthesis.
Where heat is necessary to form the solution, however,
it has been found that any hydroxyl radicals present in
the dye molecule (e.g., the hydroxy substituent on the
naphthalene nucleus of the preferred compounds of For-
mula B are replaced by a chlorine atom.

The following examples show by way of illustration
and not by way of limitation the preparation of the novel
compouads of this invention:

Example 1

a-(4-hydroxy)-1-naphthoxypropionic acid, 1,4-naph-
thoquinone (0.144 mole) and stannous chloride (0.144
mole, anhydrous) were dissolved at room temperature
with stirring in 350 ml. of ethyl lactate. - The solution was
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cooled to 5-10° C. and hydrogen chloride was bubbled
through the solution at a brisk rate for six hours (the
temperature of solution being held at 5-10° C.). The
resultant clear reaction solution was poured into 750 ml.
of a water-ice mixture. The oil which separated upon
standing was separated by decantation of the water phase.
The oily product was washed with a small volume of wa-
ter then hydrolyzed. Nitrogen was bubbled through the
water slurry for 1 hour with stirring. Nitrogen bubbling
was continued while a solution of sodium hydroxide (.28
mole in 150 ml. of water which had been purged for 1
hour with N3) was added over a 5 min. period with stir-
ring (at room temperature). The resultant clear basic
solution was stirred for an additional 15 min. and then
acidified (to a pH of 2) by the slow addition of 6 N hy-
drochloric acid (keeping a nitrogen atmosphere until the
hydrolysis mixture was acidic). The precipitate was dis-
solved in sodium bicarbonate solution, the insoluble im-
purities removed by filtration, and the product was pre-
cipitated from the filtrate by acidification with dilute hy-
drochloric acid. The product obtained had M.P. 154—
161° C. and was purified further by recrystallization from
toluene to yield a-(4-hydroxy)-1-naphthoxypropionic acid,
M.P. 157-155° C., having the following structural for-
mula: :
ox

I
(o] o

| i
CH—CH~-C—O0OH

Elemental analysis of the product as C;3H;504: Found:
C, 67.1; H, 5.2. Calculated: C, 67.2; H, 5.19.

Example II

4 -~ ¢« - [p - (B-2",5"-dihydroxyphenethyl)-phenylcar-
bamyl] - ethoxy - 2-[p-(2”,5”-dihydroxyphenylmethyl)-
phenylazo]-1-naphthol (compound 1).

p-(2,5-diacetoxyphenylmethyl) aniline hydrochloride
(.015 mole) was diazotized with sodium nitrite (015
mole) and hydrochloric acid (.030 mole) in 50 ml. wa-
ter at 0-5°, and the slight excess of nitrous acid was de-
composed with sulfamic acid. The diazonium solution
(0-5°) was added over a 10 minute period to a solution
(at 10°) of a-(4-hydroxy-1-naphthoxy) propionic acid
(.015 mole) in an acetone-water mixture containing so-
dium bicarbonate (excess). The reaction mixture was
acidified with dilute hydrochloric acid to dissolve the so-
dium salt of the dye acid (which had separated during the
coupling) and to precipitate the dye acid, «-[3-p-(2’,5"-
diacetoxyphenylmethyl) - phenylazo - 4-hydroxy-1-naph-
thoxy] propionic acid. A solution of the dye acid (.0083
mole) in dry acetone (minimum volume) was de-aerated
with nitrogen and treated with trimethylamine (dry, .0083
mole). The acetone solution of the triethylammonium
salt of the dye acid was cooled to —5° and isobutylchloro-
carbonate (.0083 mole) was added. The reaction mixture
was stirred at —5° (in a nitrogen atmosphere) for an
additional 25 minutes. An acetone solution (de-aerated
and chilled) of p-(B-2,5-diacetoxyphenethyl) aniline
(.0083 mole) (which had been generated in solution from
the hydrochloride by addition of triethylamine (.0083
mole)) was added with stirring over a 15 minute period
to the acetone solution of the mixed anhydride at —5°
(in a nitrogen atmosphere). The cooling bath was re-
moved and the reaction mixture was stirred overnight.
The reaction mixture was filtered to remove some tri-
ethylamine hydrochloride, the precipitate washed with
acetone and the filtrate and washings concentrated to dry-
ness in vacuo. The glassy residue was washed with water
and dilute acid. The solid was dissolved in methyl Cello-
solve (minimum volume) and the solution was purged
with nitrogen and cooled to 0° C. An oxygen-free aque-
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ous solution of sodium hydroxide (.050 mole) was added
and the solution stirred for 1 hr. at 0° C. maintaining a
nitrogen atmosphere. The solution was acidified with
dilute hydrochloric acid and the precipitate was recrys-
tallized from a mixture of acetone and benzene yielding
4 -a - [p- B - 2”5"dihydroxyphenethyl)-phenylcar-
bamyl] - ethoxy - 2 - [p-(2”,5”-dihydroxyphenylmethyl)-
phenylazo]-1-naphthol, M.P. 194-199° C., Apq,. of 522
my, methyl Cellosolve.

Example 111

4-a-(2’,5’-dihydroxyphenylcarbamyl)-ethoxy - 2 - (2'-
methoxy)-phenylazo-1-naphthol (compound 2).

o-Anisidine (.022 mole) was diazotized with sodium
nitrite (.022 mole) and hydrochloric acid (.066 mole) in
50 ml. of water at 0 to 5°. The cooled diazonium solu-
tion was slowly added (over a ten minute period) to a solu-
tion of .020 mole of «-(4-hydroxy-1-naphthoxy) propionic
acid in an acetone-water mixture containing an excess of
sodium bicarbonate. The sodium salt of the dye acid
which had precipitated from the coupling mixture was con-
verted to the dye acid upon acidification of the coupling
mixture with dilute hydrochloric acid. The precipitated
acid was recrystallized from methyl Cellosolve affording
a-[3-(o-methoxyphenylazo)-4-hydroxy - 1 - naphthoxy]
propionic acid, M.P. 248-249°, in 90% yield. The puri-
fied and dried dye acid (.0145 mole) was dissolved in dry
chloroform (minimum volume) and triethylamine (dry,
.0145 mole) was added. The chloroform solution of the
triethylammonium salt of the dye acid was de-aerated by
bubbling nitrogen through the solution and cooled to —2°.
Isobutylchlorocarbonate (.0145 mole) was added with
stirring and the reaction mixture held at —2° to 0° (Ny
atmosphere) for 25 minutes whereupon the formation of
the mixed anhydride was assumed to be complete, An
acetone solution (de-aerated and chilled) of 2-hydroxy-5-
benzoxy-aniline (.016 mole) was added gradually to the
stirred silution of the mixed anhydride. The temperature
of the reaction mixture was held at —2° during this addi-
tion (ca. 10 min.). The calling bath was then removed
and the reaction mixture was stirred overnight (N atmos-
phere). The reaction mixture was filtered to remove some
triethylamine hydrochloride, the solid washed with ace-
tone, and the filtrate and washings combined. The solu-
tion was concentrated to dryness (in vacuo) and the glassy
residue washed with water and dilute acid. The product
solidified; it was collected on a filter and dried in vacuo.
The solid was dissolved in methyl Cellosolve (minimum
volume) and hydrolyzed in an N, atmosphere as de-
scribed in Example III. The dye developer after recrystal-
lization from a methyl Cellosolve-HyO mixture melted at
254-256° C.

Example IV

4-a-[p-(2”,5" - dihydroxyphenyl) - phenylcarbamyl]-
ethoxy-2-(2’-methoxy-5’-methyl)-phenylazo-1 - naphthol
(compound 3) was prepared in a manner similar to that
set forth in Example III, substituting 2-methoxy-5-methyl
aniline for o-anisidine and p-hydroquinonyl aniline for 2-
hydroxy-5-benzoxy aniline. The isolated dye developer
melted at 251-253° C., exhibited a Agax Of 540 my in
methyl Cellosolve and was found to be soluble in chloro-
form, methylene chloride and alcohols.

Example V

4-a-[p-(g - 2”,5" - dihydroxyphenethyl) - phenylcarb-
amyl]-ethoxy-2-(p-homogentisamido)-phenylazo - 1 - na-
phthol (compound 4) was prepared in a manner similar
to that set forth in Example II substituting dicathyloxy
homogentisamido aniline hydrochloride for p-(2,5-diace-
toxyphenylmethyl) aniline hydrochloride. The isolated
dye developer, 4-a-[p-(B - 2”,5" - dihydroxyphenethyl)-
phenylcarbamyl]-ethoxy-2-(p-homogentisamido) - phenyl-
azo-1-naphthol, melted at 201-209° C., exhibited a Agax.
of 532 mu in methyl Cellosolve and was found to be
soluble in acetone and 5% aqueous sodium hydroxide.
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Example VI

4-a-[p-(B-2",5" - dihydroxyphenethyl) - phenylcarb-
amyl]-ethoxy-2-[p - (8 - 2”,5"" - dihydroxyphenethyl)-
phenyl-azo}-1-naphthol (compound 5) was prepared in a
manner similar to that set forth in Example II substitut-
ing p-(8-2,5-diacetoxyphenethyl) aniline hydrochloride for
p-(2,5 - diacetoxyphenylmethyl) aniline hydrochloride.
The product, 4-a-[p-(8-2",5""-dihydroxyphenethyl)-phen-
ylearbamyl]-ethoxy-2-[p-(8-2"",5" - dihydroxyphenethyl)-
phenylazo]-1-naphthol, melted at 211-215° C. and ex-
hibited a Apay, Of 525 mu in methyl Cellosolve.

Example VII

4-a-[p-(2”,5” - dihydroxyphenyl) - phenylcarbamyl]-
ethoxy-2-[p-(8-2"*,5""-dihydroxyphenethyl) - phenylazo]-
1-naphthol (compound 6) was prepared in a manner sim-
ilar to that set forth in Example II substituting p-(8-2,5-
diacetoxyphenethyl) aniline hydrochloride for 2,5-diace-
toxyphenethylmethyl aniline hydrochloride and p-(8-2,5-
diacetoxyphenyl) aniline for p-(8-2,5-diacetoxyphenethyl)
aniline hydrochloride. The isolated dye developer, 4-a-
[p-(2”,5"-dibydroxyphenyl)-phenylcarbamyl]-ethoxy - 2-
[p-(B-2"",5""-dihydroxyphenethyl) - phenylazo] - 1 - naph-
thol, melted at 136-141° C., exhibited a Amaxz Of 525
mgy in methyl Cellosolve, and was found to be soluble in
acetone, methanol and 5% sodium hydroxide.

Examp)é Vil

4-a-[p-(2”,5” - dihydroxyphenyl) - phenylcarbamyl]-
ethoxy-2-(2’,4’,6’-trimethyl)-phenylazo-1-naphthol (com-
pound 7) was prepared in a manner similar to that set
forth in Example 111, substituting mesidine for o-anisidine
and p-hydroquinonyl aniline for 2-hydroxy-5-benzoxy
aniline. The isolated dye developer, 4-«-[p-(2”,5”-dihy-
droxyphenyl)-phenylcarbamyl]-ethoxy-2 - (2°,4',6" - tri-
methyl)-phenylazo-1-naphthol, melted at 129-134° C.,, ex-
hibited a Amgax, of 520 mp in methyl Cellosolve, and was
found to be soluble in acetone, ethanol and chloroform.

Example IX

4-q-[p-(2”,5"" - dihydroxyphenyl) - phenylcarbamyl]-
ethoxy-2-p-methylphenylazo-1 - naphthol (compound 8)
was prepared in a manner similar to that set forth in Ex-
ample III, substituting a p-toluidine for o-anisidine and
p-hydroquinonyl aniline for 2-hydroxy-5-benzoxy aniline.
The isolated dye developer, 4-«-[p-(2”,5" - dihydroxy-
phenyl)-phenylcarbamyl]-ethoxy-2-p-methylphenylazo - 1-
paphthol, melted at 261-260° C. and exhibited a Amax, 0f
525 my in methyl Cellosolve.

Example X

4-a-[p-(8-2"5" - dihydroxyphenethyl) - phenyl-
carbamyl] - ethoxy - 2 - [2’ - (N - butyl) - carbamyl]-
phenylazo-1-naphthol (compound 9) was prepared in a
manner similar to that set forth in Example III. In lieu
of using o-anisidine, methyl anthranilate was diazotized
and coupled with «-(4-hydroxyl-naphthoxy) propionic
acid. The resulting dye, «-(3-0-carbomethoxyphenylazo-
4-hydroxy-1-naphthoxy) propionic acid, was then reacted
with n-butylamine and the mixed anhydride of the result-
ing product was formed in the manner illustrated in Ex-
ample III. The dye developer was prepared from the
mixed anhydride by substituting g-hydroquinonylethyl an-
iline for 2-hydroxy-5-benzoxy aniline, according to the
procedure of Example III. The isolated dye developer,
4-a- [p-(8-2"5" - dihydroxyphenethyl) - phenyl-
carbamyl} - ethoxy - 2 - [2’ - (N - butyl) - carbamyl]-
phenylazo-1-naphthol, melted at 156-164° C. and exhib-
ited a Apax. of 515 mu in alcohol.

Example XI
4-a- (2,5 - dihydroxyphenylcarbamyl) - ethoxy - 2-
(2’ - chioro - 4’ - methyl) - phenylazo - 1 - naphthol (com-
pound 10) was prepared in a manner similar to that set
forth in Example III, substituting 2-chloro-4-methyl ani-
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12 .
line for o-anisidine. The product, 4-a-(2’,5’-dihydroxy-
phenylcarbamyl) - ethoxy - 2 - (2’ - chloro - 4" - methyl)-
phenylazo-1-naphthol, melted at 237-240° C., exhibited
a Amax. Of 520 mp in methyl Cellosolve, and was found
to be soluble in ethanol. :

Example XII

4-a-[p-(8-2"5" - dihydroxyphenethyl) - phenyl-
carbamyl] - ethoxy - 2 - (2’ - methoxy) - phenylazo - 1-
naphthol (compound 11) was prepared in a manner sim-
ilar to that set forth in Example III, substituting g8-hydro-
quinonylethyl aniline for 2-hydroxy-5-benzoxyaniline.
The isolated dye developer, 4-a-[p-(g-2",5"-dihydroxy-
phenethyl) - phenylcarbamyl] - ethoxy - 2 - (2’ - meth-
oxy)-phenylazo-1-naphthol, melted at 133-136° C., and
was soluble in methyl Cellosolve and aqueous sodium hy-
droxide.

Example XIIT

4-a-[p-(8-2"5" -dihydroxyphenethyl) - phenyl-
carbamyl] - ethoxy - 2 - (p - acetamido) - phenylazo - 1-
naphthol (compound 12) was prepared in a manner sim-
ilar to that set forth in Example III by using p-acetamido-
aniline in place of o-anisidine and g-hydroquinonylethyl
aniline in place of 2-hydroxy-5-benzoxy aniline. The re-
sulting product, 4 - « - [p - (8 - 2”,5” - dihydroxyphen-
ethyl) - phenylcarbamyl] - ethoxy - 2 - (p - acetamido)-
phenylazo-1-naphthol, melted at 244° C,, exhibited a Appx.
of 531 mu in methyl Cellosolve, and was soluble in ace-
tone and dilute aqueous sodium hydroxide.

Example XIV

4-0-[p-(8-2",5" -dihydroxyphenethyl) - phenyl-
carbamyl] - ethoxy - 2 - (2’ - methoxy) - phenylazo - 1-
naphthol (compound 13) was prepared in a manner sim-
ilar to that set forth in Example 111, using a p-hydroquin-
onyl aniline in place of 2-hydroxy-5-benzoxy aniline. The
resulting product, 4 - « - [B - p - (2”,5" - dihydroxy-
phenyl) - phenylcarbamyl] - ethoxy - 2 - (2’ - methoxy)-
phenylazo-1-naphthol, melted at 194-197° C., exhibited
a Amax. Of 535 mp in methyl Cellosolve and was soluble
in methyl Cellosolve, ethanol and acetone.

The following examples show by way of illustration and
not by way of limitation the photographic utilization of
the novel compounds of this invention: -

Example XV

A photosensitive element was prepared by coating a
gelatin subcoated film base at a speed of 10 feet/minute
with a solution comprising 0.43 g. of 4-«-[p-(8-2",5""-di-
hydroxyphenethyl) - phenylcarbamyl] - ethoxy - 2 - [p-
(2'7,5" - dihydroxyphenylmethy!) - phenylazo] - 1 - naph-
thol (Formula 1) dissolved in 10 cc. of 2% cellulose ace-
tate hydrogen phthalate in a 50:50 mixture, by volume, of
acetone and tetrahydrofuran. After this coating dried, a
igreen-sensitive silver iodobromide emulsion was coated on
at a speed 5 feet/minute and allowed to dry. This photo-
sensitive element was exposed for 2 seconds and processed
by spreading, between the thus exposed photosensitive
element and a superposed image-receiving element, an
aqueous processing composition comprising:

Water o cc-- 100
NaOH e g__ 5.17
Hydroxyethyl cellulose

(high viscosity) [commercially available from

Hercules Powder Co., under the trade name of

“Natrasol 250”1 e g~ 4.0
Benzotriazole ___ g 23
Sodium thiosuifate e __ g.. 1.15
N-benzyl-a-picolinium bromide . .___ g _ 23

The image-teceiving element comprised a 2:1 mixture, by
weight, of polyvinyl alcohol and poly-4-vinylpyridine on
a baryta paper support. After an imbibition period of
approximately one minute, the image-receiving element

~was separated and contained a magenta positive image.
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Example XVI

The procedure described in Example XV was repeated,
except that the dye developer was dispersed in a layer of
gelatin. The coating solution from which the dye devel-
oper was coated was prepared by adding 0.75 g. of the
dye developer dissolved in 1 cc. of cyclohexanone and 5
cc. of di(tetrahydrofurfuryl)adipate. This mixture was
agitated in a Waring blender for one minute with a solu-
tion of 5 g. of 10% gelatin solution, 1.33 cc. of water,
and 1 cc. of Alkanol B. After washing with water, 5 cc.
of the resulting dye dispersion was added to 10 cc. of wa-
ter containing .75 cc. of saponin and two drops of suc-
cinaldehyde, and then coated on the gelatin subcoated film
base at a speed of 10 feet/minute. Exposure and process-
ing in the manner described in Example XV yielded a ma-
genta positive image having a dpay. 2.50 and a dpy,.
of 0.50.

Substitution of the other dye developers whose prepara-
tions are described above in Examples XV and XVI gave
similar positive transfer images.

The dye developers of this invention are also useful
in integral multilayer photosensitive elements for use in
multicolor diffusion transfer processes. As an example
of such photosensitive elements, mention may be made
of the photosensitive elements disclosed and claimed in
the copending U.S. application of Edwin H. Land and
Howard G. Rogers, Serial No. 565,135, filed February 13,
1956, wherein at least two selectively sensitized photo-
sensitive strata are superposed on a single support and
are processed, simultaneously and without separation,
with a single common image-receiving element. A suit-
able arrangement of this type comprises a support carry-
ing a red-sensitive silver halide emulsion stratum, a green-
sensitive silver halide emulsion stratum and a blue-sensi-
tive silver halide emulsion stratum, said emulsions having
associated therewith, respectively, a cyan dye developer,
a magenta dye developer and a yellow dye developer. In
one of the preferred embodiments of photosensitive ele-
ments of this type, the dye developers are disposed in
separate alkali-permeable layers behind the photosensitive
silver balide emulsion stratum with which they are as-
sociated.

The photosensitive elements within the scope of this
invention may be used in roll film units which contain
a plurality of photosensitive frames. The photosen-
sitive elements of this invention are especially useful
in composite roll film intended for use in a “Polaroid
Land Camera,” sold by Polaroid Corporation, Cam-
bridge 39, Massachusetts, or a similar camera structure
such, for example, as the camera forming the subject
matter of U.S. Patent No. 2,435,717, issued to Edwin H.
Land on February 10, 1948. In general, such composite
roll films comprise a a photosensitive roll, a roll of image-
receiving material and a plurality of pods containing an
aqueous alkaline processing solution. The rolls and pods
are so associated with each other that, upon processing
the photosensitive element may be superposed on the
image-receiving clement and the pods may be ruptured
to spread the aqueous alkaline processing solution be-
tween the superposed elements. The nature and con-
struction of the pods used in such units are well known
to the art. See, for example, U.S. Patents Nos. 2,543,-
181 and 2,634,886, issued to Edwin H. Land.

1t will be noted that the liquid processing composition
may contain one or more auxiliary or accelerating silver
halide developing agents, such as p-methylaminophenol
(Metol); 2,4-diaminophenol (Amidol); benzylaminophe-
nol; hydroquinone; a substituted hydroquinone such as
toluhydroquinone, phenylhydroquinone, or 4’-methyl-
phenylhydroquinone; or a 3-pyrazolidone such as 1-phen-
vl-3-pyrazolidone. These silver halide developing agents
are substantially colorless, at least in their unoxidized
form. It is possible that some of the dye developer oxi-
dized in exposed areas may be oxidized by an energy
transfer reaction with oxidized auxiliary developing agent.
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In addition, development may be effected in the pres-
ence of an onium compound, particularly a quaternary
ammonium compound, in accordance with the processes
disclosed and claimed in the copending application of
Milton Green and Howard G. Rogers, Serial No. 50,851,
filed Aungust 22, 1960 (now Patent No. 3,173,786).

The dye developers of this invention may be used also
in conventional photographic processes, such as tray or
tank development of conventional photosensitive films,
plates or papers to obtain black and white, monochro-
matic or toned prints or negatives. By way of example,
a developer composition suitable for such use may com-
prise an aqueous solution of approximately 1-2% of
the dye developer, 1% sodium hydroxide, 2% sodium
sulfite and 0.05% potassium bromide. After development
is completed, any unreacted dye developer is washed
out of the photosensitive element, preferably with an
alkaline washing medium or other medium in which the
unreacted dye developer is soluble. The expression
“toned” is used to designate photographic images where-
in the silver is retained with the precipitated dye, whereas
“monochromatic” is intended to designate dye images free
of silver.

It should be noted that the dye developers of this me-
dium are self-sufficient to provide the desired color

- image and do not depend upon coupling reactions to pro-

30

35

40

45

50

55

60

65

75

duce the desired color. They thus provide a complete
departure from conventional photographic color proc-
esses in which the color is produced by a coupling reac-
tion between a “color former” or “coupler” and the oxi-
dized developing agent, as well as so-called auto-cou-
pling processes in which color is obtained by a reac-
tion of the oxidized developing agent with unoxidized
developing agent.

It will be apparent that, by appropriate selection of
the image-receiving element from among suitable known
opaque and transparent material, it is possible to obtain
either a colored positive reflection print or a colored
positive transparency. Likewise, the inventive concepts
herein set forth are adaptable for multicolor work by the
use of special photographic materials, for example, film
materials of the type containing two or more photosensi-
tized elements associated with an appropriate number of
image-receiving elements and adapted to be treated with
one or more liquid processing compositions, appropriate
dye developers suitable to impart the desired subtractive
colors being incorporated in the photosensitized elements
or in the liquid processing compositions. Examples of
such photographic materials are disclosed in U.S. Pat-
ent No. 2,647,049 to Edwin H. Land.

As example of useful image-receiving materials, men-
tion may be made of nylon, e.g., N-methoxymethyl-
polyhexamethylene adipamide, polyvinyl alcohol, and
gelatin, particularly polyvinyl alcohol or geatin contain-
@ng a dye mordant such as poly-4-vinylpyridine. The
Image-receiving element also may contain a develop-
ment restrainer, e.g., 1-phenyl-5-mercaptotetrazole, as
disclosed in the copending application of Howard G.
Rogers and Harriet W. Lutes, Serial No. 50,849, filed
August 22, 1960.

The dye developers herein set forth are also useful
in the formation of colored images in accordance with the
photographic products and processes described and
claimed in U.S. Patent No. 2,968,554, issued to Edwin
H. Land on January 17, 1961.

The novel compounds herein disclosed are also suit-
able for use as dyes for textile fibres, such as nylon.

In the preceding portions of the specification the ex-
pression “color” has been frequently used. This ex-
pressions is intended to include the use of a plurality of
colors to obtain black.

Since certain changes may be made in the above prod-
ucts, compositions and processes without departing from
the scope of the inventioin herein involved, it is intended
that all matter contained in the above descriptioin shall
be interpreted as illustrative and not in a limiting sense.
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What is claimed is:

1. A photographic developer composition comprising an
aqueous solvent, an alkaline material soluble therein, a
silver halide accelerating developing agent which is sub-
stantially colorless in at least the unoxidized form, and
an azo dye developer of the formula:

o}
Q—(Z)m—l—NH—(Ill——R—O—Y

wherein Q is 2 member selected from the group consist-
ing of p-dihydroxyphenyl, o-dihydroxyphenyl, and alkyl
and halogen nuclear substituted p-dihydroxyphenyl and
o-dihydroxyphenyl radicals; Z is 2 member selected from
the group consisting of phenylene, lower alkylene and
phenalkylene radicals; R is an alkylene radical; m is a
positive integer from 1 to 2, inclusive; and Y is the radical
of an azonaphthol dye, said —O— substituent being
bonded directly to a nuclear atom of said dye.

2. A photographic developer composition as defined in
claim 1, wherein Z is a phenethyl radical, R is ethylidene,
m is 2, and Q is p-dihydroxyphenyl.

3. A photographic developer composition as defined in
claim 1, wherein said —O— substituent is bonded in a
position meta to said azo linkage.

4. A photographic developer composition comprising an
aqueous solvent, an alkaline material soluble therein, a
silver halide accelerating developing :agent which is sub-
stantially colorless in at least the unoxidized form, and an
azo dye developer selected from the group coansisting of:

4-o-[p-(B-2",5”’-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-[p-(2”,5”-dihydroxyphenylmethyl ) -
phenylazo]-1-naphthol,

4-¢-(2’,5’-dihydroxyphenylcarbamyl) -ethoxy-2-(2'-
methoxy)-phenylazo-1-naphthol,

4-a-[p-(2",5”’-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-(2’-methoxy-5’-methyl)-phenylazo-
1-naphthol,

4-a-[p-(B-2",5""-dihydroxyphenethyl) -phenylcarbamyli-
ethoxy-2-(p-homogentisamido)-phenylazo-1-naphthol,

4-a-[p-(B-2",5""-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-[p-(8-2"’,5"’-dihydroxyphenethyl)-phenylazo]-
1-naphthol,

4-a-[p-(2”,5"-dihydroxyphenyl) -phenylcarbamyl]-
ethoxy-2-[p-(8-2"",5""-dihydroxyphenethyl)-phenylazol-
1-naphthol,

4-a-[p-2"",5""-dihydroxyphenyl) -phenylcarbamyl]-ethoxy-
2-(2',4’,6’-trimethyl}-phenylazo-1-naphthol,

4-a-[p-(2”,5""-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-p-methylphenylazo-1-naphthol,

4a-[p-(B-2",5""-dihydroxyphenethyl)-phenylcarbamyl]-
ethoxy-2-[2’-(N-butyl)-carbamyl]-phenylazo-1-

" naphthol,

4-«-(2’,5’-dihydroxyphenylcarbamyl)-ethoxy-2-(2’-
chloro-4’-methyl)-phenylazo-1-naphthol,

4-a-[p-(B-2",5""-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-(2’-methoxy)-phenylazo-1-naphthol,

4-a-[p-(B-2",5”-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-(p-acetamido)-phenylazo-1-naphthol, and

4-e-[p-(2”,5"-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-(2’-methoxy)-phenylazo-1-naphthol.

5. A photographic product comprising a support, a sil-
ver halide emulsion in a layer carried by said support and
an azo dye developer in a layer carried by said support
on the same side thereof as said silver halide emulsion,
said azo dye developer being a compound of the formula:

0
Q,-—(Z)m—x—NH——(”)—R—O~Y
wherein Q is a member selected from the group consist-
ing of p-dihydroxyphenyl, o-dihydroxyphenyl, and alkyl
and halogen nuclear substituted p-dihydroxyphenyl and
o-dihydroxyphenyl! radicals; Z is a member selected from
the group consisting of phenylene, lower alkylene and
phenalkylene radicals; R is an alkylene radical; m is a
positive integer from 1 to 2, inclusive; and Y is the radical
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of an azonaphthol dye, said —O— substituent being
bonded directly to a nuclear atom of said azo dye.

6. A photographic product as defined in claim 5, where-
in said azo dye developer is in a layer positioned between
said support and said layer containing said silver halide
emulsion.

7. A photographic product comprising a support, a sil-
ver halide emulsion in a layer carried by said support and
an azo dye developer in a layer carried by said support
on the same side thereof as said silver halide emulsion,
said azo dye developer being selected from the group
consisting of:

4-a-[p-(B-2",5"-dihydroxyphenethyl)-phenylcarbamyl]-
ethoxy-2-[p-(2”,5"-dihydroxyphenylmethyl )-phenyl-
azo]-1-naphthol,
4-«-(2’,5’-dihydroxyphenylcarbamyl)-ethoxy-2-(2'-
methoxy )-phenylazo-1-naphthol,
4-a-[p-(2”,5"-dihydroxyphenyl)-phenylcarbamyl]-ethoxy-
2-(2’-methoxy-5’-methyl)-phenylazo-1-naphthol,
4-a-[p-(B-2”,5”-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-(p-homogentisamido )-phenylazo-1-naphthol,
4-a-[p-(B-2",5""-dihydroxyphenethyl)-phenylcarbamyl]-
ethoxy-2-[p-(5-2",5"'-dihydroxyphenethyl ) -phenyl-
azo]-1-naphthol,
4-a-[p-(2”,5”"-dihydroxyphenyl )-phenylcarbamyl]-
ethoxy-2-[p-(8-2",5"'-dihydroxyphenethyl) -phenyl-
azo]-1-naphthol,
4-a-[p-(2",5"'-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-(2’,4’,6’-trimethyl)-phenylazo-1-naphthol,
4-a-[p-(2”,5""-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-p-methylphenylazo-1-naphthol,
4-a-[p-(B-2”,5”-dihydroxyphenethyl )-phenylcarbamyl]-
ethoxy-2-[2’-(N-butyl)-carbamyl]-phenylazo-1-
naphthol,
4-a-(2',5’-dihydroxyphenylcarbamyl)-ethoxy-2-(2’-
chloro-4’-methyl)-phenylazo-1-naphthol,
4-o-[p-(B-2”,5""-dihydroxyphenethyl ) -phenylcarbamyl]-
ethoxy-2-(2’-methoxy)-phenylazo-1-naphthol,
4-a-[p-(B-2",5’-dihydroxyphenethyl)-phenylcarbamyl -
ethoxy-2-(p-acetamido)-phenylazo-1-naphthol, and
4-a-[p-(2”,5""-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-(2’-methoxy )-phenylazo-1-naphthol.

8. The process which comprises developing an exposed
photosensitive silver halide emulsion with an aqueous
alkaline solution of an azo dye developer of the formula

Q_(Z)m—l—NH—PJ——R—-O—Y

wherein Q is a member selected from the group con-
sisting of p-dihydroxyphenyl, o-dihydroxyphenyl, and
alkyl and halogen nuclear substituted p-dihydroxyphenyl
and o-dihydroxyphenyl radicals; Z is a member selected
from the group consisting of phenylene, lower alkylene
and phenalkylene radicals; R is an alkylene radical; m is
a positive integer from 1 to 2, inclusive; and Y is the radi-
cal of an azonaphthol dye, said —O— substituent being
bonded directly to a nuclear atom of said dye.

9. The process which comprises developing an exposed
photosensitive silver halide emulsion with an aqueous
alkaline solution of an azo dye developer selected from
the group consisting of:

4-a-[p-(B-2”,5"-dihydroxyphenethyl)-phenylcarbamyl]-
ethoxy-2-[p-(2”,5""-dihydroxyphenylmethyl )-phenyl-
azo]-1-naphthol,

4-a-(2',5’-dihydroxyphenylcarbamyl)-ethoxy-2-(2’-

- methoxy }-phenylazo-1-naphthol,

4-e-[p-(2",5"-dihydroxyphenyl)-phenylcarbamyl]-ethoxy-
2-(2'-methoxy-5’-methyl) -phenylazo-1-naphthol,

" 4-a-[p-(B-2",5"-dihydroxyphenethyl)-phenylcarbamyl]-

ethoxy-2-(p-homogentisamido ) -phenylazo-1-naphthol,
4-a-[p-(B-2”,5""-dihydroxyphenethyl ) -phenylcarbamyl]-

ethoxy-2-[p-(8-2"",5""-dihydroxyphenethyl )-phenyl-

azo]-1-naphthol,
4-a-[p-(2”,5"-dihydroxyphenyl)-phenylcarbamyl]-
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ethoxy-2-[p-(8-2",5”"-dihydroxyphenéthyl) -phenyl-
azo]-1-naphthol,

4-o-[p-(2”,5”-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-(2’,4’,6’-trimethyl) -phenylazo-1-naphthol,

4-a-{p-(2”,5"”-dihydroxyphenyl)-phenylcarbamyl]-
ethoxy-2-p-methylphenylazo-1-naphthol,

4-¢-[p-(B-2",5"-dihydroxyphenethyl)-phenylcarbamyl]-
ethoxy-2-[2’-(N-butyl)-carbamyl]-phenylazo-1-
naphthol,

4-¢-(2’,5’-dihydroxyphenylcarbamyl )-ethoxy-2-(2’-
chloro-4’-methyl)-phenylazo-1-naphthol,

4-a-[p-(B-2",5”-dihydroxyphenethyl )-phenylcarbamyl]-
ethoxy-2-(2’-methoxy )-phenylazo-1-naphthol,

4-a-[p-(B-2",5"-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-(p-acetamido)-phenylazo-1-naphthol, and

4-a-[p-(2”,5"”-dihydroxyphenyl) -phenylcarbamyl]-

- ethoxy-2-(2’-methoxy)-phenylazo-1-naphthol.

10. In a process of forming a photographic image in
color, the steps which comprise developing an exposed
silver halide emulsion with an aqueous alkaline process-
ing solution containing a compound of the formula:

0

Q—(Z)m—x—NH—(”]—R—O-—Y

wherein Q is a member selected from the group consist-
ing of p-dihydroxyphenyl, o-dihydroxyphenyl, and alkyl
and halogen nuclear substituted p-dihydroxyphenyl and
o-dihydroxyphenyl radicals; Z is a member selected from
the group consisting of phenylene, lower alkylene and
phenalkylene radicals; R is an alkylene radical; m is a
positive integer from 1 to 2, inclusive; and Y is the radical
of an azonaphthol dye, said —O-— substituent being
bonded directly to a nuclear atom of said dye, to pro-
vide in said emulsion a predetermined distribution of
unoxidized dye developer, and transferring at least part
of said distribution of said unoxidized dye developer, by
imbibition, from said emulsion to an image-receiving
material in superposed relationship with said emulsion
to impart to said image-receiving material a positive dye
image of the developed image.

11. The process as defined in claim 18 wherein said
dye developer is disposed prior to exposure in the photo-
sensitive element containing said emulsion, and the solu-
tion containing said dye developer is formed by permeat-
ing said photosensitive element with an alkaline aqueous
liquid capable of solubilizing said dye developer.

12. The process as defined in claim 10 wherein said
liguid is introduced by being spread in a substantially uni-
form layer between said photosensitive element and said
image-receiving material as said element and material
are brought into superposed relation.

13. The process as defined in claim 12 wherein said
liquid contains a thickener for increasing viscosity and
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facilitating the spreading thereof between said photo-
sensitive element and said image-receiving material.

14. The process as defined in claim 10 wherein said
dye developer is dissolved in the aqueous alkaline solu-
tion prior to application thereof to said exposed emulsion.

15. In a process of forming a photographic image in
color, the steps which comprise developing an exposed
silver halide emulsion with an aqueous alkaline process-
ing solution containing a member selected from the group
consisting of:

4-g-[p-(B-2',5’-dihydroxyphenethyl) -phenylcarbamyl]-
ethoxy-2-[p-(2”,5"'-dihydroxyphenylmethyl)-phenyl-
azo]-1-naphthol,
4-a-(2’,5'-dihydroxyphenylcarbamyl ) -ethoxy-2-(2"’-
methoxy)-phenylazo-1-naphthol,
4-¢-p-(2”,5"-dihydroxyphenyl )-phenylcarbamyl]-
ethoxy-2-(2'-methoxy-5’-methyl)-phenylazo-1-naphthol, .
4-a-[p-(B-2",5""-dihydroxyphenethyl ) -phenylcarbamyl]-
ethoxy-2-(p-homogentisamido )-phenylazo-1-naphthol,
4-a-[p-(B-2’,5’-dihydroxyphenethyl)-phenylcarbamyi]-
ethoxy-2-[p-(B-2",5"'-dihydroxyphenethyl ) -phenyl-
azo]-1-naphthol,
4-a-[p-(2’,5’-dihydroxyphenyl)-phenylcarbamyl]-ethoxy-
2-[p-(p-2”,5"-dihydroxyphenethyl ) -phenylazo]-1-
naphthol, ,
4-a-[p-(2”,5"’-dihydroxyphenyl)-phenylcarbamyl]-ethoxy-
2-(2',4’,6’-trimethyl)-phenylazo-1-naphthol,
4-a-[p-(2”,5"-dihydroxyphenyl)-phenylcarbamyl]-ethoxy-
2-p-methylphenylazo-1-naphthol,
4-o-[p-(B-2"",5""-dihydroxyphenethyl )-phenylcarbamyl]-
ethoxy-2-[2'-(N-butyl)-carbamyl]-phenylazo-1-
naphthol,
4-¢-(2"",5""-dihydroxyphenylcarbamyl)-ethoxy-2-(2’-
chloro-4’-methyl)-phenylazo-1-naphthol,
4-a-[p-(B-2",5""-dihydroxyphenethyl)-phenylcarbamyl]-
ethoxy-2-(2’-methoxy)-phenylazo-1-naphthol,
4-a-[p-(p-2”,5""-dihydroxyphenethyl ) -phenylcarbamyl]-
ethoxy-2-(p-acetamido)-phenylazo-1-naphthol, and
4-a-[p-(2",5"-dihydroxyphenyl) -phenylcarbamyl]-
ethoxy-2-(2’-methoxy)-phenylazo-1-naphthol,

to provide in said emulsion a predetermined distribution
of unoxidized dye developer, and transferring at least part
of said distribution of said unoxidized dye developer, by
imbibition, from said emulsion to an image-receiving
material in superposed relationship with said emulsion
to impart to said image-receiving material a positive dye
image of the developed image.
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