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ABSTRACT OF THE DISCLOSURE

A silver halide photographic emulsion layer adapted to
be color developed with a p-phenylenediamine derivative,
comprising a colored coupler represented by the gen-
eral formula (I)

Rr—-({f—-——ﬁ-—H=N—R2
N C—0H
AN
X3 Xi
Xz

wherein R; represents a member selected from the group
consisting of an alkyl group, an acylamino group, an
N-arylamino group and a sulfonamido group; R, rep-
resents a member selected from the group consisting of
a phenyl group, an alkyl-substituted phenyl group, an
acylamino-substituted phenyl group, an alkoxy-substituted
phenyl group, a sulfo-substituted phenyl group, a naphthyl
group, an alkyl-substituted naphthyl group, an acylamino-
substituted naphthyl group, an alkoxy-substituted naphthyl
group, a sulfo-substituted naphthyl group and a pyrazolyl
group; and X;, Xy and X3 each represents a member
selected from the group consisting of a hydrogen atom,
an alkyl group, a halogen atom, an acylamino group, an
alkylcarbamoyl group, a sulfonamido group, an alkoxy
group, an aryloxy group, a sulfonic acid group, an alkali
metal salt of said sulfonic acid group, an ammonium
salt of said sulfonic acid group, a carboxyl group, an
alkali metal salt of said carboxyl group and an am-
monium salt of said carboxyl group, and a colorless
coupler represented by the general formula (II)

Rp—C———CHj

Xy -Xa

Xa

wherein R;, X; and X; have the same significance as
in the above mentioned formula (I) and X, represents
a member selected from the group consisting of a sul-
fonic acid group, an alkali metal salt of said sulfonic
acid group, an ammonium salt of said sulfonic acid
group, a carboxyl group, an alkali metal salt of said
carboxyl group and an ammonium salt of said carboxyl
group.
——— N ——"

The present invention relates to a process for inhibit-
ing a fogging action during color development and more
particularly to a process for preventing color fogging in
developing a silver halide photographic emulsion con-
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taining a coupler having —N=N—R group (wherein R
represents a substituted or unsubstittued aryl group or
heterocyclic residual group) into the 4th position of
pyrazolone or a pyrazolone derivative using a p-phenyl-
enediamine derivative as a color developing agent.

It has been well known that the distortion of color
reproduction in a color negative-positive process by sub-
tractive color process is caused by undesirable spectral
absorption characteristics of dyes formed by the color
development. As a process for compensating for such
undesirable absorption characteristics of the dyes, mask-
ing has been generally adopted and for this purpose the
use of a yellow-colored coupler prepared by introducing
the —N=N—R group (wherein R is a substituted or un-
substituted aryl group or heterocyclic residual group)
into the 4th position of pyrazolone derivative was dis-
closed by U.S. Patent 2,455,170. When a photographic
sensitive layer prepared by adding such a coupler in a
silver halide photographic emulsion is exposed and color-
developed with a p-phenylenediamine derivative, a
magenta dye is formed from the coupler at the exposed
portions as a negative image while the remaining coupler
forms at the unexposed portions a yellow positive image.

When the exposed silver halide is developed using a
p-phenylenediamine derivative as the color developing
agent, the oxidation product of it is coupled with these
couplers in 4-position of them and also the azo group
is liberated at the same time. However, the use of the
colored coupler in this case is accompanied with the
following two difficulties. The first point is that since
the extinction coefficient of the colored coupler having
the —N=N—R group (where R is a substituted or un-
substituted aryl group or heterocyclic residual group) is
too high, the masking effect is liable to become excessive.
Hence, it is necessary to control masking and as the meth-
ods, for example, the following two methods are known.
One of them is shown by U.S. Patent 2,428,054 in which
the colored coupler is incorporated in one emulsion layer
together with a colorless coupler. The other is disclosed
by U.S. Patent 2,688,539 in which two emulsion layers
having the same color sensitivity are formed, one of
them being incorporated with the colored coupler and
another being incorporated with a colorless coupler.

The 2nd problem is that when a silver halide photogra-
phic emulsion layer containing a colored coupler in
which the hydrogen of the active methylene group has
been substituted with an azo group is developed using
a p-phenylenediamine derivative as color developing
agent, a remarkable fogging action occurs as the develop-
ment proceeds. In spite of the fact that the prevention
of the formation of such fogging is very important,
almost no methods have been known about the pre-
vention thereof. The formation of fogging by such an
azo-substituted colored coupler occurs only when the
p-phenylenediamine derivative is used as the color devel-
oping agent but no fogged silver image is formed when
the same emulsion layer is processed with a developing
agent for black and white photographic materials, such
as, Metol or hydroquinone. However, when a silver halide
photographic emulsion layer is processed with a p-phenyl-
enediamine derivative as the developing agent under the
presence of a diazonium compound, remarkable fogging
is observed. From these facts it can be considered that
the formation of fogging at color development of a
colored coupler with a p-phenylenediamine derivative is
markedly increased by the liberated diazonium com-
pound by-produced when the oxidation product of the
color developing agent formed by fogging peculiar to the
silver halide emulsion at unexposed portions is coupled
with a colored coupler. The formation of such a kind
of fogging can scarcely be prevented by conventional
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fog inhibitors or stabilizers for silver halide photographic
emulsions.

The present invention is concerned with an improved
process for preventing the formation of fogging at color
development with a p-phenylenediamine derivative which
comprises incorporating as a colorless coupler, a pyra-
zolone derivative substituted at the Ist position by a
phenyl group having a carboxyl group or a sulfonic
acid group, or an alkali metal salt or an ammonium salt
of them in a silver halide photographic emulsion layer
containing as a colored coupler, a pyrazolone or a deriva-
tive thereof in which the 4th position is substituted with
—N=N—R group (where R represents a substituted or
unsubstituted aryl group or a heterocyclic residual group).

That is, in accordance with the process of this inven-
tion, the formation of fogging at development with a
p-phenylenediamine derivative as the color developing
agent is prevented effectively by incorporating in a silver
halide photographic emulsion layer contaiinng as a colored
coupler a compound shown by the following general
formula

Rl—C*C—N=N——R3
N C—0H
N/

X2 Xy
X3 (e8}

(wherein R; represents an alkyl group, a substituted alkyl
group, an acylamino group, an N-arylamino group, an
N-substituted arylamino group, or a sulfonamido group;
R represents a phenyl group, a substituted phenyl group,
a naphthyl group, a substituted naphthyl group, or a
heterocyclic residual group; and X;, Xs, and Xj each rep-
resents a hydrogen atom, an alkyl group, a halogen atom,
a substituted alkyl group, acylamino group, an alkylcar-
bamoyl group, a substituted alkylcarbamoyl group, a
sulfoamide group, an alkoxy group, an aryloxy group,
a sulfonic acid group, or a carboxyl group), or an alkali
metal salt or an ammonium salt of the compound, and
containing as a colorless coupler, a compound having
the general formula
Ri—C——CH;

N deo
N,/

Xz (1I1)

(wherein R;, X; and X, have the same significance as
in the above-mentioned formula (I) and X, represents
a sulfonic acid group or a carboxyl group) or an alkali
metal salt or an ammonia salt thereof.

Further, in the process of this invention, a colorless
coupler having the following general formula

g
N\ /C=O
)

X -Xs
X7 (111}

wherein R; has the same significance as in the above-
mentioned formula (I), and X;, Xg and X; each repre-
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sents a hydrogen atom, a halogen atom, an alkyl group,
a substituted alkyl group, an acylamino group, an alkyl-
carbamoy! group, a substituted alkylcarbamoyl group, a
sulfoamide group, an alkoxy group or an aryloxy group
may be used as a masking controlling agent in combina-
tion with the above-mentioned colored coupler of general
formula (I) and the colorless coupler of the general
formula (II) for anti-fogging.

The main structural feature of the coupler (II) for
anti-fogging is that the 1st position of the pyrazolone is
substituted with a phenyl nucleus having the directly sub-
stituted water-solubilizable group X,. The coupling rate
of the colorless coupler shown by the general formula
(II) with the oxidation product of a p-phenylenediamine
derivative is very much higher than that of the coupler (I)
or coupler (IIT). Therefore, in the case where the three
couplers (I), (II), and (III) are present together, the
coupler of the type of formula (II) can be coupled with
the oxidation product of the p-phenylenediamine deriva-
tive more predominantly than the couplers (I) and (III).
Further, since the coupling rate of the colored coupler (I)
with the oxidation product is almost the same as that of
the colorless coupler (III), masking can be controlled
suitably.

The colorless coupler (II) cannot be used for con-
trolling masking since in this case coupling of the color-
less coupler (II) occurs predominantly, which cannot
control the masking or gives partial masking only. How-
ever, there occurs no fog formation by the colored coupler
(I). When a small amount of the colorless coupler (II)
is added with the colored coupler (I) or a small amount
of the colorless coupler (II) is added with the colored
coupler (I) and a suitable amount of the colorless coupler
(IIT}, the small amount of the colorless coupler (II) is
first consumed by color development and then coupling
of the couplers (I) and (III) occurs. Therefore, if the
coupler (II) is added in a suitable amount necessary for
preventing color fogging that is determined by the silver
halide emulsion to be used and the developing conditions
to be adopted, the fog formation can be prevented with-
out giving substantially any effect on masking. The suit-
able amount of the colorless coupler (II) for anti-fogging
is about 4-50% by weight based on the amount of the
colored coupler (I).

The colored couplers (I) can be prepared by the same
methods described in U.S. Patents 2,455,170, 2,983,608
and 3,005,712.

The typical examples of the colored coupler (I) that
can be generally used in this invention are as follows:

(I-1)

maor—g—g-vn- >

N C—0H |
../ SO:H

—80;H

5
I-2)

Hascm—?H—CONH—(ﬁ—E}J-—N:N—@—O CH;

CH;—COOH N C—0H
N/
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(1-3) (1-8)
SO:H
HssCxaCHC ONH~ NE-G——G-N=N
N;C1y—CH~CONH—C~— C—N=N— H:COOH N C OH SOH
CH:CO0OH N  C—0OH 6 N :
A4
10
(1-9)
14) O
¢
H,,c,,—tlz—-—-ﬁ—N=N-©-oom 15 / Sy
b dom Hucu—CH—CONm@—NH—C—-—-C—N=N—c )
/ I \\ NH
N HiCOOH C

Cl 20 CH;s
éOzH i

(1-10)
Qc ONH—E—-——%—-N:N—@.NHC OCH;

| C—0H
HyCuy—CH—CONHI \N/

H~COOH
C1

Cl—

I 1
&5 H;C—-G——C-—N:N—@—O CH; 1
i - CONE-C——C-N=N- —CH;
AN Il\g Il

C—O0H
e 40
HyCis—CH-COOH \N/ 80;H
CH;—COOH
Cl— cl

{ _ 45
NHC 0 CH—C1sHas

H;—COOH <l31

(1-6)
CONH~?—ﬁ—N=N—©—o CH;
1& C—0H
Hu3Ciw—CHCONH \N/
S0:H
Cl cl
&

—0H ]
802

(1-12)
HasCls—(”J—ﬁ-—N=N
N C
NS

(I-7) H3C0nC 0NH—C———%‘-—N=N—-ﬁ-————ﬁ-—CH3
N C—OH C N

/ \ / SO:H

RO

SO0H So. 75
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(I-13) » (I1-5)
HusOy— 0 —N=N— MyCypCONH—C——CH,
N C—0H | IUI =0
N/ S0H =
N
5 I
CH;
dom 10 x
3 SOH
and
(1)-14) Caly (L6
Hqu—@—OCHCONH-(ll—l(lJ—N:NQ—OCHs 15 HaanCONH—QNH—C———CHz
(g I\lf C—0H II\II (|3=0
sHip A4 A4
N N
i
Cl cl
20
COOH
f
and
The typical examples of the colorless coupler (II) for 25 (a1
anti-fogging that can be generally used in this invention HisCyC ONH-—C CH;
are as follows;
N /C=O
(X1-1) HyCyp—C~———CHs N
[ 30 )
N\ /C=O
N
[
35 S
SO;H
o The typical examples of the colorless coupler (III) for
| masking control that can be generally used in this inven-
40 tion are as follows;
(111-1)
CHy—C——CH;
_ —C—o-CH. N C=0
(11-2) H3uCpr i CH; 45 N
NI |
N
50
—Co0H |
NHCOCH—CsHzs
CH;—COOH
(11-3)
H3;Cyp—CONH~C——CH; 55 (I11-2)
N C=0 HuCwCHCONH—-C——CH;
N/ ] |
N S0;H N /C=0
\N
60 !
S0;H
(11-4)

65
—C ONH~~C———CHjs (11L-3)

HOON ;/: & /(I:=o QCONH—-E———?E
HyCuC ONH
3 15] \N & d—o

CH:C00H ) 70 HuCw—CHCONH N -
CH:—COOH |
a1

Cl—
S0:H 75




3,476,560

9

(IIL-4)
e
oo
HiCru—~CH~CONH \N/
S0:H |
|
OCH;3
(II1-5)
—C ONH—(Hj—-—?Ha
! C C=0
Hy;Cis—CHCONH \N/
H;—~COO0H
|
OCH;
(111-6)
CONH‘—-(HJ—CHz
1 oo
H;CisCHCONH N
H;COOH
01—| a1
&
and
(I11-7)
@—com&—o—-—cm
C:Hs Il (l}
! N =0
H;Cs —0—CHCONH \N
sHn
Cl— Cl
|
Cl

The invention will be. further illustrated by the fol-
lowing examples in which the term “part” means “part
by weight.”

Example 1

A color sensitizing agent for giving green sensitivity
was added 100 parts of a silver iodobromide photographic
emulsion prepared by a conventional method. The
emulsion was then added with 20 parts of a 5% alkaline
aqueous solution of colored coupler (I) and 3 parts of a
5% alkaline aqueous solution of colorless coupler (II)
for anti-fogging and coated onto a substratum-coated film
base. Thus obtained film sample was processed for 10-15
minutes at 20° C. in a developing solution using as the
color developing agent N,N - diethyl - p - aminoaniline
and then subjected to bleaching and fixing. The processed
sample measurement is taken as the green-light density of
color fog, the results being as follows:

30

40

55

60

65

5

TABLE 1
Color fog density
Colorless ———— oo
coupler 10 15
(II)  minutes minutes 1
None 0,44 0.88
II-1 0.15 0. 21
II-2 0.11 0.14
II-3 0,14 0. 21
II-4 0. 20 0.29
None 0.24 0.38
II-1 0.12 0.14
11-2 0.10 0.14
II-5 0.14 0,20
I8 0.08 0.11
-7 0.13 0.15
None 0.38 0.65
II-1 0.18 0,24
None 0.30 0.44
I-1 0,14 0.21
None 0.27 0.40
II-1 0,09 0.14
None 0. 39 0.77
II-1 0.16 0.26
None 0.20 0.31
II-1 0.11 0.14
None 0,35 0. 56
II-1 0.14 0.19
None 0.41 0.74
JI-1 0,17 0.25
None 0. 33 0. 51
II-1 0.12 0.18
None 0.22 0.34
II-1 0.10 0.14
1 Developing time.
Example 2

Five grams (5 g.) of colored coupler (I-14) was dis-
solved in 10 g. of dibutyl phthalate and the solution was
dispersed in 100 g. of a 10% aqueous gelatin solution
together with a dispersing agent. Example 1 was repeated
with the exception that 23 parts of thus obtained dis-
persion was used instead of 20 parts of the 5% alkaline
aqueous solution of colored coupler (I). The results of
the fog density obtained by color development are shown
in the following table.

TABLE 2
Color fog density
Colorless
coupler 10 15
I minutes minutes
None 0.28 0. 4
II-1 0.12 0.16
II-3 0.11 0.17
II-4 0.15 0.22
Example 3

A color sensitizer for giving green sensitivity was added
in 100 parts of a silver iodobromide photographic emul-
sion prepared by a conventional method, the emulsion was
added with 10 parts of a 5% alkaline aqueous solution
of colored coupler (I), 15 parts of 5% alkaline aqueous
solution of colorless coupler (III) for masking control,
and 2 parts of a 5% alkaline solution of colorless coupler
(II) for anti-fogging, and coated onto a substratum-
coated film base followed by drying. The film sample
was color-developed as in Example 1 and the color fog
density of the unexposed portions was detected. The re-

sults are shown in Table 3.
TABLE 3
. Color fog
Colorless  Colorless density
coupler coupler (10 min.
(I (III)  develop.)
Colored coupler (I):
I-2 None II1-5 0.34
11 I11-5 0.15
None nI-2 0.48
II-1 Ii-2 0.27
-2 1112 0.16
None II1-3 0.28
1I-2 II1-3 0.14
Example 4

Into 10 g. of dibutyl phthalate were dissolved 1.0 g.
of colored coupler (I) and 2.0 g. of colorless coupler
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(I11) for masking control, and the solution was dispersed
in 100 g. of a 10% aqueous gelatin solution together with
a dispersing assistance. Example 3 was repeated with the
exception that 30 parts of the dispersion was used instead
of the alkaline aqueous solution of colored coupler (I)
and colorless coupler (III). The procedure was also re-
peated by using the dispersion added with 2 parts of a
5% alkaline aqueous solution of colorless coupler (II)
for anti-fogging. When the samples were color-developed
as in Example 1, the fog density of the unexposed por-
tion was as follows:

TABLE 4

Color fog
Colorless  Colorless density
coupler eoupler (10 min,
(In (I10) dev.)

............................ None III-7 0
................... II-1 IT1-7 0.12
............................ -2 TI1-7 0.09

As shown the above examples, by carrying out the
color development of a silver halide photographic emul-
sion layer containing colored coupler (I) while incor-¢
porating in the emulsion layer colorless coupler (II),
the formation of color fog can be remarkably prevented.

What is claimed is:

1. A silver halide photographic emulsion layer adapted
to be color developed with a p-phenylenediamine deriva-
tive, comprising a colored coupler represented by the
general formula (I)

wherein R; represents a member selected from the group
consisting of an alkyl group, an acylamino group, an N-
arylamino group and a sulfonamido group; R, represents
a member selected from the group consisting of a phenyl
group, an alkyl-substituted phenyl group, an acylamino-
substituted phenyl group, an alkoxy-substituted phenyl
group, a sulfo-substituted phenyl group, a naphthyl group,
an alkyl-substituted naphtyl group, an acylamino-substi-
tuted naphthyl group, an alkoxy-substituted naphthyl
group, a sulfo-substituted naphthyl group and a alkyl-
substituted pyrazolyl group; and X;, Xy and Xj each
represents a member selected from the group consisting
of a hydrogen atom, an alkyl group, a halogen atom,
an acylamino group, an alkylcarbamoyl group, a sul-
fonamido group, an alkoxy group, an aryloxy group, a
sulfonic acid group, an alkali metal salt of said sulfonic
acid group, an ammonium salt of said sulfonic acid group,
a carboxyl group, an alkali metal salt of said carboxyl
group and an ammonium salt of said carboxyl group,
and a colorless coupler represented by the general formula
In
Ry—~C——CH,

N =0
N/

Xy X4

X3

wherein Ry, X; and X, have the same significance as in the
above mentioned formula (I) and X, represents a member
selected from the group consisting of a sulfonic acid
group, an alkali metal salt of said sulfonic acid group, an
ammonium salt of said sulfonic acid group, a carboxyl
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group, an alkali metal salt of said carboxyl group and
an ammonium salt of said carboxyl group.

2. The emulsion layer according to claim 1 wherein the
amount of said colorless coupler is about 4-50% by
weight of the amount of said colored coupler.

3. The emulsion according to claim 1 wherein silver
halide photographic emulsion further contains a color-
less coupler for masking control represented by the
general formula (IIT)

Ry—C——-CH,
N C=0
\,./
Xg—— X
N
Xy

wherein R; has the same significance as in the formula
(I) shown in claim 6 and X5, X, and Xy each represents
a member selected from the group consisting of a hy-
drogen atom, a halogen atom, an alkyl group, an acyl-
amino group, an alkylcarbamoyl group, a sulfonamido
group, an alkoxy group, and an aryloxy group.

4. The emulsion layer according to claim 1 wherein
the colored coupler of the formula (I) is a compound
selected from the group consisting of:

mor gl >

N  C—0H {
\N/ 80:H

SO;H

Hucm—g H~C ONH—ﬁ—ﬁ—N=N—©—OCH3

H:CO0H N, C—0H
N7

80;H

H3:Crs— CH—C ONH— C——-C—N=N.
CH;CO0H N\ C—OH

N /C-—OH
N

—~C1

SO:H
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H.c—c-———-c—N—N-Q—OCH. Hucw—(ﬁ-—?—N:N—Q
\ N\ /(LJ-—OH o

N/ N !

5 [

SOH
NHCOCH—-O;;H” 10 0
cm—coon

15
_coNH--Ic—?_N=N_<;>_oGH3
ST om i
B I .

SO;H ./ SOH
20 N .
Cl Cl |
& o5
CH;
and
e i e
CH;CO0H & }J—OH | 30 m,0; ocncozm—c-c-zq:m@-ocm
NN,/ 50;H |
N N, —0H
CsHy ./
N’
35 Cl— Cl
cl
CH. . . .
(E * 40 5 The emulsion layer according to claim 1 wherein
N the colorless coupler of the formula (II) is a compound
: / N selected from the group consisting of:
HyCy—CH-CONE~ NH—-—(I}—C——N :N-C 111 -
HCO0H 1\& g \ / H“c"_i CHa
\N/ ¢ 45 C=0
) da, Ny
50 ‘ _s0.°H
0

: @-CONH—G—C-N=N-©-NHCOCH3
e s

i —0H
HyCi-CH-CONH

N
Hy—COOH
HyCyp—C——CH;
cl
60 N =0
Ol— \N/
65 —COO0H
-CONE-G——C-N= -Qom
N dom HyCy—C ONH-CO——CH;
H3;C1s-CH-CONH \N/ S0sH I deo
H,—~COOH
— 70 N
Cl— cl

S0:H
(03] 75
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comng—on

I
i N C=0
HyuCisCHCONH N
CH:COOH |

80;10

HyCyOONH—C——CH,
Vo =0
\N/
|
| CH;

|
S0:H

Hj;CpCO NH——@—NH—C ——CHj;
b

N2
N

COOH

and

HaﬁCnCONH—(")——CHa
N\ =0
N

!
S0sH

6. The emulsion layer according to claim 3 wherein |,

the colorless coupler of the formula (III) is a compound
selected from the group consisting of:

CH;—C——CHj;
N C=0
AN
N

NHCOCH—C sy
H;—COOH

HuCiCHC ONH‘—(I}——?Hg
80:H N C=0
N,/
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CONH—C——CHj;
N C=0
H;CsCHCONHE \N/
CH;—COOH |
Cl
Cl-
comg—gn
| N C=
Hy;Cie—CH—CONH \N/
SO;H
{
OCH;
@—c ONH—~C-——CH;
II\H |
| C=0
H;;Cis—CHCONH \
H;+—~COOH |
OCH;
@—c ONH~G——OH;
] t o o
HyuCuCHC ONH .
H;CO0H
Cl Cl
&
and
@—c ONH~C——CH;
C3H; ll |
| | N C=0
Han-—-@—O—-—CHCONH N/
ésHu l
Cl Cl
|
Cl
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