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This invention relates to the -s_tabilization of

light-sensitive silver-halide emulsions, and more
particularly to the use of 5,7-diketo-3,4,6-triaza.-
indolizines as stabilizers. |

It is known in the art that light-sensitive emul-
sions, such as gelatin silver-halide emulsions,

have a decided tendency to fog. The fog may

be of two types, namely, yellow fog and chemical
(gray) fog. The yellow fog, sometimes referred
to as color fog or dichroic fog, is essentially a
colloidal deposit of silver, the color intensity and
general appearance of which are determined by
the minute particle size and degree of subdi-
vision. The fog is chiefly yellow in color and is
most apparent in the lighter portions of a nega-
tive. The color may vary, however, and the col-

loida] silver particles may, for example, appear
green by reflected light and yvellow or red by
transmitted light. The so-called chemical fog,
or gray fog, on the other hand, is the more com-
mon and is formed in g number of ways. It may
he caused by premature exposure, by excessive
ripening of the emulsion, or by the storage of
the film, particularly at high temperatures or
for unusually long periods of time,.

The primary object of the present invention
is to provide stabilizers or fog inhibiting agents
which tend to prevent the formation of chemical
fog, in light-sensitive silver-halide emulsions.

A further object is to provide stabilizers or
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anti-fogging agents for light-sensitive silver-

halide emulsions, which do not lower the sensi-
tivity of the emulsicn, and Which increase its
stability.

Still further objects and advantages will appear
from the following specification.

We have found that the above obJects are ac-
complished by utilizing 5,7-diketo~3,2,6-triaza-
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indolizines characterized by a structure corre-
sponding to the follc}wmg general formula:

aN’ \N
}

AN N/ - %N/ |
wherein R may be hydrogen Or halogen, e. g.,
chlorine or bromine, and Ri1 may be hydrogen,
aliphatic, such as alkyl, e. g., methyl, ethyl,
propyl, butyl, amyl, and the like, alkoxy, e. g.,
methoxy, ethoxy, propoxy, Lutoxy, ete., carbalk-
0Xy, e. g., carbomethoxy, carbethoxy, ca,rboprIOp-
oxy, etc., carboxy, or halogen of the same value
as R.
It should be noted that the usefulness of the
compounds represented by the above general

0=C‘3

formula is not dependent upon the nature of the
phenyl ring so long as the phenyl ring, whether

it be substituted or dlsubsututed is a part of the

indolizine nucleus.

The method for the preparation of the 9,7-
diketo-3,4,6-triaza-indolizines is given in Beil-
stein, 26, page 497. The method employed con-
sists of reacting 1 mol of an o-phenylenediamine
with 3 mols of cyanogen bromide in the presence
of 4 mols of sodium or potassium hicarbonate.
Since it is impossible to determine the exact
course of the reaction with respect to the two
amino groups of the o-phenylenediamine, the

specific location of the phenyl substituents in the

resulting indolizine cannot. be ascertained with
reasonable accuracy. Accordingly, therefore, it
was deemed desirable, for the sake of clarily,
to resort to the prefix “z” in naming the phenyl
substituents in the examples. For the same rea-
son, it was deemed advisable to list the following
SpEClﬁC indolizines prepared according to the
above procedure with the corresponding o-phen-
ylenediamines from which they were obtained.

| n-Phénylenedjam.iﬁés

Indolizinesﬂ
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o-Phenylenediamines Indolizines
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3,4-diaminobenzoic acid

5,7-diketo-4,5,6,7-tetrabydro-3,4,6-triaza-1,2-(z-carboxybenzo)-indolzine
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The f ollomng examples will serve to illustrate
certain ways in which the stabilizers of our in-

vention have been prepared and applied, but are
not to be construed as limiting the invention,

Examyple I

O
|
=
C
\/\N/

5,7-diketo-4,5,8,7-tetrahydro-3,4,6-triaza-1,2-benzo-indolizine

Seven grams of o~-phenylenediamine were dis-
solved in 200 cc. of 50% ethyl alcohol to which
was added 28 grams.of potassium bicarbonate
dissolved in 150 cc. of water. To this solution
were added 22.5 grams of cyanogen bromide dis-
solved in 50 cc. 'of 959% ethyl alcohol with rapid
stirving. The temperature rose slowly to 90-60°
C., and the crude product precipitated shortly
after the addition. The final product was re-
crystallized from glacial acetic acid as colorless

microscopic rpnsms which did not melt below |

320° C. |
E:cam'ple I
0O
I
S 0\
HN |
| | -~CHzs
H
5,7-diketo-4,5,6,7-tetrahydro-3,4,6-triaza-1,2-(z- methyibenzo)

mdolmne

Wicht grams of 3,4-diaminotoluene were dis-

solved in 200 cc. of 50% ethyl alcohol to which
were added 28 grams of potassium bicarbonate
dissolved in 150 cc. of water.
were added 22.5 grams of cyanogen bromide dis-
solved in 50 cc. of 95% ethyl alcohol with rapid
st1rr1ng The temperature rose slowly to 50-60°
C. after this addition with the formation of a

precipitate. The final product was crystallized
from glacial acetic acid as colorless microscopic
prisms which did not melt below 320° C.

- Exomple Il

-

)
C

Cl

SRIR 7-diketo-4,5,8,7-tetrabydro-3,4,6-triaza-1,2- (2- ohlorobenzo)-
indolizine

Nine and three-tenths grams of 1,2-diamino-
4-chlorobenzene were dissolved in 200 cc. of 70%
ethyl alcohol. To this solution were added a solu-
tion of 22.5 grams of cyanogen bromide in 50 cc.
of ethyl alcohol, followed by 28 grams of potas-
sium bicarbonate dissolved in 150 cc. of wafter.

The mixture was stirred continuously. A precipi-

tate was gradually formed and the reaction ap-

peared to be complete in one hour. The pre-
| elpltate was purified by dissolving it in 10% so-
“dium hydroxide solution, digested for 10 minutes
" with charcoal, filtered, and reprecipitated with di-

Iute hydrochloric acid. Microscopic buff-colored-

To this solution
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6
prisms were obtamed whlch d1d not melt below |
320° C.

In the preparation of an emulsion containmg
the stabilizers used according to our invention, a
solution of the stabilizer in a suitable solvent, such
as alcohol or an alcohol-water mixture, adjusted
to a neutral or slightly alkaline pH, i. e.,, pH 7.5
to 10, is made up and the solution mixed Wlth the
emulsion at any point during its preparation, but
preferably during ripening or just prior to coat-
ing in concentrations varying from 25 mg. to 250
meg. per liter of emulsion. The actual concentra-
tion employed will depend upon the type of emul~
sion used and varies somewhat W1th the compound
used. |

The method of testing the stabilizers employed
in the following examples consists of coating two
film strips, such as cellulose acetate, with the same
emulsion, one ‘with and one without any sta-
bilizer, storing the emulsions in an incubator for
six days at 50° C., then exposing, developing, fix-
ing, and waehlng the same under standard con-
ditions. ‘The fog density or blackening produoed
in the uneXposed areas in the two emulsions is
then measured in s transmlssmn densitometer of
standard type. | A

The follomng exa,mples will serve to 111ustrate

certain ways In which the stab1lizers of our in-

vention have been applied, but are not to be con-
strued as lumting the mventmn |

E:nomple IV

To 1 kllogram of en ordina,ry gela,tm sﬂver--
bromoiodide emulsion, 100 mgs. of the com-

pound of Example I were added Just prior to

coating. This emulsion, coated on a suitable

support, was incubated for 3 to 5 days at 50° C.
At the same time, a smular ooatmg w1th the same
emulsion but oontammg no stabilizer was also
incubated as a reference type Both emulsions
1mmed1etely after coating gave a fog density of
0.02 upon photographlo development. After the
mcuba,tlon period, these two eoatmgs were €X-

‘posed and developed together in a suitable de-

veloper. It was noted that the referenoe type

containing no stabilizer had a fog densaty of

0.28, whereas the stablllzed ooatmg had e, fo'rT .

. density of only 0.08.

Emample V |
Example IV was repeated Wlth the exeeptlon

‘that an equivalent quantity of the oompound of

Example IIT was substituted for the compound

of Example I. After incubation, exposing and

developing side by side with a reference emul-
sion containing no stabilizer, the emulsmn con-
taining the stabilizer had a fog density of only

0.04 whereas the unsta,blhzed type had a fog
density of 0. 30.

Ea:omple VI | .
Example IV was repeated with the exception

~ that an equivalent quantity of the compound of
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Example IT was substituted for the compound of
Example I. The resiults obtained were almost
ldentical Wlth those obtamed in Example I,

Purther experiments ‘have shown that emul-
sions containing stabilizers in aooordanoe with

~our Invention have not only improved keeping -
gualities (i. e., a reduction in the fog produced

by mcubatmn or by long storage) but have
ereatly diminished and, in some cases, completely
eliminated changes of speed to Whloh some
emulsions are susceptible,

The stabilizers, which we have desorlbed and
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employed may be used in various Kinds of emul-
~sions. In addition to being useful in ortho-
chromatic and panchromatic emulsions, they may
also be used in non-sensitized emulsions and X-
ray emulsions.  If used with sensitizing dyes they
may he added to the emulsion before or after the
dyes are added. The dispersing agents for. the
silver-halides may be gelatin or ofther  colioid
suich as water-soluble cellulose derivatives, e. g.,
hydroxy ethyl cellulose, methyl cellulose, carboxy-
oxy-cellulose, low acetyl value cellulose acetate,
ana: the_.like.;f ' _
rloyed in gelatin or other colloid, such as poly-
amides or a mixture of gelatin with a polyamide
as described in United States Patent 2,289,775;
polyvinyl alcohol and jelling compound as de-
scribed in United States Patent 2,249,537; poly-
vinyl acetaldehyde acetal resins and partially
hydrolyzed -acetate resins. described. in United
States Patents 1,939,422 and 2,036,082; cellulose
derivatives e. .g., cellulose nitrate, cellult}se ace~
tate, the lower fatty acid esters of cellulose in-

The stabilizers may also be em-~

5

10

15

20

cluding simple and mixed esters, ethers of cellu-

lose, and the like, as an under or overcoat for the
emulsion, or -as backing la,yer for the support.
Moreover, they may be incorporated in the sup-
port for the sensitive. emulsion layer or in an
intermediate-layer between the sensitive emul-
sion layer and. the support, such as ba,r,w;rtssr coat-
Ing commonly used-in photographic papers, or
they may be mcorpora,ted in a protective layer
coated upon the emulsion surface, or the other-
finished -photographic. material - may
bathed in an alcohol or alcohul-water solutlon
.contammg the sta,blhzer R o

In the accompanymg dra,wmg the var:tous ﬁg—-
ures are enlarged section views of photographic
ma,tenals having . antlfoggmg la,yers made. ac-
cording to our. mventmn o

As shown in PFigure 1, the suppm:'t 1, Whmh
Lmay be of any suitable: ma,terlal stich as glass
cellulose ester,. synthetm resin, or paper, is pro-

vided with an anti-fogging layer &, containing
one -of . said 5,7-diketo-3,4,6-triaza-indolizines

.ref erred to -above. The light- sensitive emulsion
layer 2 is attached to the a,ntl-foggmg layer 3.

| Flgure 2 illustrates a similar material in which
the support ! is coated with a light-sensitive
-emulsion layer 2, and on the latier side there is

nprovided an antl-f ogging layer 3, containing one.

of said 5,7-diketo-3,4 6-ur13,za-mdohzmes |

- Iigure 3. 111ustrates a film or plate of which
the support | bears on one side the light-sensitive
emulsion layer 2, and on the other side an anti-

fogging layer 3 conta,mmg such SNE diketo 3 4.6-

triaza -mdohzme L

. Figure 4. illustrates a, ﬁlm pl&te or paper of

which the support 1 is provided with. the light-

sensitive emulsion layer 2 containing as an anti-
fogging layer such -9, '7 d1keto-3 4 6-triaza-in-
dolizines.

. :Since the presence of these new compounds
~. _tends to prevent chemical fog whether they are
- incorporated directly into the emulsmn added to

g separate suriace or suhstmtum layer, it 1s un-
derstood that the term. “photographic material”
as employed herein and in the appended claims,
is used in a generic sense to mclude each of

,these possible applications. |

- -Various modifications .of - thls mventmn will

occur -0 persons skilled in the art and it is,

-therefore, understood that the patent granied

shaill only be limifted by the appended claims.
We claim:

1. A phetographic materml comprlcunﬂ* aQ base.
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and a light-sensitive silver-halide emulsion car-
ried thereby, said photographic material contain-
Ing, in-fog inhibiting amount, a compound of the
formula:. | . -

wherein R is a member selected from the class
consisting of hydrogen and halogen, and R is
a member selected from the class consisting of
hydrogen, aliphatic, alkoxy, carbalkoxy, c&rboxy
and halogen groups. -

2. A photographic material compnsmg a base
and a light-sensitive silver-halide emulsion car-

‘ried thereby, said photographic material contain-

ing, in fog inhibiting amount, a 5,7- d1keto-—3 4 6-
tnaza-mdohzme of the formula, |

o J;. é
- \ /X
H

A\

3. A photographic material comprising a base
and g light-sensitive silver-halide emulsion car-

ried thereby, said photographm material con-

taining, in fog inhibiting amount, a 5, 7-diketo-
3.4,6-triaza-indolizine of the formula:

i
SN
AN’ N /\
o=C C '

4. A phatographm material comprismg a base
and a llght-sensmve silver-halide emulsion car-
ried thereby, said photographlc material con-
taining, in fog mhlbltmg amount, a 5, 7- diketo-
3,4 6-triaza- 1nd011z1ne of the formula

i

-_-/G\ L
HN N

Loob
N S
N

Cl

O=—

5. A phofographic ma'terial comprising a base
and gz light-sensitive silver-halide emiulsion con~
taining, in fog inhibiting amount, a 5,7-diketo-
3,4,6-triaza-indolizine ha,vmg the general for-
mula:

0
b
/AN

wherem R is a member selected fmm the class
consisting of hydrogen and halogen, and Ri1 is &

 member selected from the class consisting of

75

hydrogen, aliphatic, alkoxy, ca.rba,lkoxy, carboxy
and halogen groups. .
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6. A photographic material comprising a base
and a light-sensitive silver-halide emulsion con-
taining, in fog inhibiting amount, a 5,7-diketo-
3,4,6-triaza~indolizine of the formula:

B
O
|
/0\
HN N
0=£ é 10
NS Xy
N
H

7. A photographic material comprising a base
and a light-sensitive silver-halide emulsion con- 15
taining, in fog inhibiting amount, a 5,7-diketo-
3,4.6-triaza~indolizine of the formula:

i
C
20
HN/ \Nu
CH
o—t & ﬁ
N/ XN/
N
H o5
8. A photographic material comprising a base
and a light-sensitive silver-halide emulsion con-
taining, in fog inhibiting amount, a 5,7-diketo-
3,4 6-triaza-indolizine of the formula: 20
. |
1
/c
HN \N——-—- |
Cl
ot o 35

Ny SN
H

10
0
‘I:I}

Hb‘I/ | \'N
0=C é
N
H

10. A photographic gelatino silver-halide emui-
sion containing from about 256 mgs. to about 250
mgs. per liter of emulsion of a 5,7-diketo-3.,4,6-
trigza-indolizine of the formula: |

O
u
N
HN N e
| CH
o=t & -"
Ny W/
H .

11. A photographic gelatino silver-halide emul-
sion containing from about 25 mgs. to about
250 mgs. per liter of emulsion of a 5,7-diketo-
3,4,6-triaza-indolizine of the formula:

0
|
SN
HN ler—--—--
N "\N/
H |
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