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5 Claims.

Our present invention relates to sensitizing of
photographic emulsions.

It is a continuation-in-part of our appiication
Ser. No. 590,940, filed Feb. 4, 1932.

One- of its objects is to provide such an emul-
sion the sensitivity of which is raised over the
range of wave lengths to which the emulsion is
normally sensitive. Further objects will be seen
from the detailed specification following here-
after. .

‘We have found that the cyanines having intro-
duced in their molecule an amino group or a sub-
stituted amino group and corresponding with the
general Formula 1

(the quinoline
nucleus being
linked in 2 or
4-position)
Y=8, Se-
Y’=S, Se, C(CH3)2,0
R .
W=H, N< » alkyl, alkozxyl,
RI

7 and r’=alkyl

R=H, alkyl, aryl, acyl

R’=H, alkyl o

n=0or 1 . :

X=halide, perchlorate, alkylosulfate, paratol-
uene sulfonate, nitrate, or another suitable
anion, are particularly suited for sensitizing pho-
tographic emulsions. The dyes are character-
ized by their sensitizing efficiency and their sta-
bility against agents used for stabilizing the
emulsions, for instance, potassium bromide.

In the appended claims the expression ‘“an
amino group” is to be understood as including not
only the amino group but also substituted amino
groups. .

The amino group having the radicals R and
R’ may be introduced at any position of the
nuclei, the 5 and 6 positions are preferred for the
nuclei of the kind of the benzthiazole nucleus;
in the case of the quinoline nucleus the 6 and 7
positions are preferred. There may further be
present in the nuclei monovalent radicals, e. g.
alkyl, alkoxyl, halide in any possible position.

(C1. 95—7) .

The unsymmetrical character of the dyes may
have various causes. For instance, Y may differ
from Y’, or if Y and Y’ represent the same rad-
ical, W may be different from the group

for instance, H; or if Y and Y’ represent the

same radical and W represents
/n
N\
BI
the two '
/n
N\
RI

groups may be linked in different positions.
These possibilities are of course only a few of
those which are included:within this invention.

The general Formula 1 comprises three princi-
pal groups of cyanines dyes:

Trimethinecyanines of the Formula 2,

™ .

_r’_ Y EEE

5

3/

r

In the Formulae 2, 3 and 4 the amino group
may take the places 4, 5, 6 and 7. The radical R
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2

may represent H; or alkyl, for instance, methyl
or ethyl; or aryl, for instance, phenyl, naphthyl;
or a substituted aryl; or acyl, for instance, ben-
zoyl, acetyl, propionyl or butyryl. R’ may be
alkyl in the case of R being alkyl or aryl, or R’
is hydrogen in the case of R being hydrogen or
acyl. X may represent any suitable anion that
will precipitate the dye, for instance, a halide,
perchlorate, alkylosulfate, paratoluene sulfonate,
nitrate. r and 7’ represent alkyl, for instance,
methyl, ethyl, propyl, butyl, amyl and thé isomers
of propyl butyl and amyl. W may be H; or

or alkyl, for instance, methyl or ethyl; or alkoxyl,
for instance, methoxy or ethoxy.

The benzthiazole nucleus or the benzselenazole
nucleus may contain besides the amino group one
or several alkyl groups, such as methyl or ethyl
groups, or alkoxyl groups, such as methoxy or
ethoxy groups, or both alkyl and alkoxyl groups.

The introduction of the amino group into the
benzthiazole nucleus causes a displacement of the
range of sensitivity of the dyes towards the re-
gion of longer waves. For instance, the intro-
duction of one diethylamino group into the
benzthiazole nucleus of an unsymmetrical tri-
methinecyanine corresponding with the Formula
2 effects a displacement of the maximum of sen-
sitization of about 30ux towards longer waves
and when introduced into a benzselenazole nu-
cleus one diethylamino group effects a displace-
ment of the maximum of sensitization of about
28up.

As seen there is a slight difference between the
replacement of hydrogenin the benzene nucleus by
a substituted amino amino group in the mole-
cule of the thiocyanines and the selenocyanines.
It is to be understood that the foregoing state-
ment is given only by way of example. Other
radicals which have already been mentioned may
represent R and R’. The replacement of r and
r’ by different radicals is of minor efficiency for
displacing the range of sensitivity. The radi-
cals representing X are of no influence in the
purpose set forth. The influence on the dis-
placement of the sensitization maximum and
on the intensity of the sensitivity can easily be
determined by a few comparative experiments.

In Figs. 1 to 3 of the accompanying drawing
there are shown spectrograms of emulsions sen-
sitized in accordance with the invention.

Fig. 1 shows the spectrogram of a silver halide
emulsion sensitized with 1.1’-diethyl-5-diethyl-
amino - benzthio-benzselenocarbocyanine iodide,

Fig. 2 shows the spectrogram of a silver halide
emulsion sensitized with 1.1'-diethyl-6.5"-bis-
diethylamino-benzthiocarbocyanine perchlorate,
and

Fig. 3 shows the spectrogram of a silver halide
emulsion sensitized with 1.1’-diethyl-6-diethyl-
amino-5'-ethoxy-benzthiocarbocyanine perchlo-
rate.

The dyes are obtainable according to the de-
sired solubility in form of the bromide, iodide,
perchlorate etc. and are used in a quantity as
usual for the known sensitizing dyes.
tity amounts to 8 to 25 millierams per 1 kg. of

emulsion ready for being cast which contains.

about 9 per cent of gelatin, 4.5 per cent of silver-
halide, the rest being water. We do not wish to

limit our invention exactly to the quantities just

This quan- -

2,086,068

indicated, the most suitable amount will be found
in each particular case by a few simple experi-
ments. The dyes may be added to the emulsion
in form of solutions. Suitable solvents are the
alcohols, for instance, methyl or ethyl alcohol,
which may be used anhydrous or diluted with
water. The dyes may be added to the emulsion
during any stage of its production, however, they
are preferably added to the finished emulsion be-
fore being cast. The dyes may I'kewise be added
by coating the emulsion with them or by bathing
the finished photographic materials in a bath in
which the dye is dissolved.

The production of the 4-, 5-, 6-, or 7-amino
substituted 2-methyl-benzthiazoles serving as a
starting material for preparing the dyes is de-
scribed in Examples 1 to 9. Other bases than
those described in these examples may be pro-
duced in an analogous manner. The method of
preparing our new dyes from the bases is an-
alogous to known methods and illustrated in
Examples 10 to 20.

‘Example 1-—The preparation of 2-methyl-6-
amino-benzo-thiazole corresponding with the

formula
H:N—FI—?
5 2|
3 CH;
N N\NZ

is described in U. S. Patent 1,758,385 and refer-
ence is made thereto.

Example 2.—The base 2-methyl-5-amino-
benzthiazole corresponding with the formula

"N—s
)

2|
I?T//'CHz

is obtained by reducing the corresponding nitro
compound whose method of preparation is known
(cf. F'riess, Ann. 454, page 177), for instance, with
iron and acetic acid. The amino compound is
easily soluble in alcohol, glacial acetic acid and
benzene. It can be easily recrystallized from
water or benzene and forms colorless crystals
which melt at about 103° C,

Ezample 3.—The base 2.6-dimethyl-5-amino-
benzthiazole corresponding with the formula

AN g

HIC\—G

1
H;N: ,5 2' c
2 4 I?I[ H;

can be obtained in two ways.

. According to the first way we proceed as
follows: 2-amino - 4 - acetylamino-toluol corre-
sponding with the formula

HyN. 54

CH;3
1
5 o NH:

5 3
4

N
\COCHx

is first rhodanated with NH: SCN and Br in its
methyl-alcoholic solution in the manner de-
scribed in U. S. Patent 1,787,315 and then with
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product, probably the 2.5-diamino-6-methyl-
benzthiazole corresponding with the formula

obtained from its aqueous solution in form" of
colorless crystals which melt at about 200° C. is
split up by heating the same with an aqueous so-
lution of caustic potassium of about 50 per cent
strength in the manner described in U, S.
Patent 1,788,297 in a compound corresponding
with the formula

CH;

NH,

NH;

The zinc mercaptide of 'this compound is trans-

formed  into the 2.6-dimethyl-5-acetylamino-
benzthiazole with a melting point of about 178°
C. corresponding with the above formula by heat-
ing the aforesaid mercaptide with acetic ahhy-
dride. -

According to the second way 3-chloro-4-
acetylamino-6-nitrotoluene having a melting
point of 143° C. is transformed into 2.6-dimethyl-
5-nitro-benzthiazole forming compact, colorless
crystals when crystallized from alcohol which
melt at about 106° C. . This compound yields the
2.6-dimethyl-5-amino-benzthiazole when reduced
with iron and acetic acid, forming colorless crys-
tals which meli at about 143° C. The thiazole
can be easily acetylated.

Example 4—The base 2.4-dimethyl-6-amino-
benzthiazole corresponding with the formula

TN "’ ' §‘ :
SPNE
, C Hy
is obtained as follows. Acetyl-toluylene-diamine
corresponding with the formula
' CHs

NHj
H

e

HzC-OC/

is by means of SaClz transformed into the thiaz-
thionium-compound in the manner described in

U. S. Patent 1,637,023. When treating this com- .

pound with a solution of caustic alkali according
to U. S. Patent 1,243,710 the corresponding

o-amino-mercaptane corresponding with the

formula
CH;

NHj

SH
4

H;C-0C0

is obtained. By heating this compound with
acetic anhydride it is transformed into 2.4-di-
methyl-6-acetyl-amino-benzthiazole which crys-
tallizes from its aqueous solution in form of col-
orless crystals melting at about 177° C. By
saponification with hydrochloric acid results the

3

2.4-dimethyl-6-amino-benzthiazole which forms

colorless crystals melting at about 118° C,
Example 5.—~The base 2.4.6-trimethyl-7-ami-.

no-benz-~thiazole corresponding with the formula

NH:2
HiC—f " y—S8
]
5 2
N4 3/ CH,
CH;

is obtainable as follows. Amino-acetylamino-
xylidin corresponding with the formula

?Hl
HiN—
CH;

N--H
CO.CH;s

is rhodanated according to U. S. Patent 1,787,315
whereby 2-amino-4.6-dimethyl - 7 - acetylamino-

“benzthiazole corresponding with the formula

H

N/

, Nco.cE

BiC 8
1’

2

32N,

H;

and melting at about 285° C. is obtained. By
boiling this compound with a strong aqueous so-
Iution of caustic alkali according to U. S. Patent
1,788,297 it is spilit up to the corresponding
o-amino-mercaptane, which may be separated
from the reaction mixture in form of the zinc
mercaptide. By heating with acetic anhydride
the 2.4.6-trimethyl- 7 -acetylamino-benzthiazole
is obtainable. After recrystallization from its al-
coholic solution this compound forms coloriess
crystals melting at about 208° C. By saponifi-
cation with hydrochloric acid the 2.4.6-trimethyl-
7-amino-benzthiazole is- obtainable in form of

- colorless crystals melting at about 128° C.

Example 6 —The base 2-methyl-6-dimethylam-
ino-benzthiazole corresponding with the formula

H;C

i/ I%}—cna
has already been described: cf. Bernthsen, Ann.
251, page 29.

Ezample 7—The base 2-methyl-6-diethyl-am-
ino-benzthiazole corresponding with the formula

(CsH)N- —S

3

\ 3 2-CHi

is obtainable analogously to the preparation of
the dimethyl compound (cf: Example 1). .The
chloride forming colorless crystals is easily solu-
ble in water and decomposes when heated to a
temperature of about 160° C. under strong evolu-
tion of gas. If the base is set free from. the
chloride by means of an-aqueous solution of caus-
tic alkall it separates in form of a yellow oil which
solidifles when cooling. ’
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Example 8.—The base 2-methyl-5- dimethyl-

amino-benzthiazole corresponding with the
formula
%
(CH)N-E , g}«cm

is obtainable as follows. p-bromo-dimethylan-
iline is nitrated in a mixture of concentrated ni-
tric and sulfuric acid. The formed p-bromo-
nitro-dimethylaniline (orange crystals) is trans-
formed into p.p’-tetramethyl-diamino-o.0’-dini-
tro-diphenyl-disulfide (red crystals when crys-
tallized from chlorobenzene) by heating it with
the calculated quantity of Na2S:. From this
compound results p-dimethyl-amino-o-gmino-
thiophenol by reduction with sodium sulfide in an
aqueous alkaline suspension. The latter com-
pound is transformed into 2-methyl-5-dimethyl-
amino-benzthiazole by a treatment with acetic
anhydride. The chloride forms colorless crystals
which are insoluble in ether, but easily soluble in
water.

Ezxample 9—The base 2.4-dimethyl-6-phenyl-

amino-benzthiazole corresponding with the
formula
H
N 7
N—¢ S
/ 1
HiGe s 32 _com
/“ 3
CH,

is obtainable by heating 2-amino-3-methyl-5-
phenylamino-thiophenol-zine (cf. U. S. Patent
1,566,384) with acetic anhydride. After crystal-
lizing the compound from benzene it forms color-
less crystals which melt at about 138° C. and are
easily soluble in benzene, alcohol and glacial
acetic acid.

Ezample 10—For .producing the dye [3-ethyl-
5 - diethylamino - benzthiazole -(2) 1 ~[3-ethyl-6-
ethoxy - benzthiazole-(2).1-trimethine - cyanine-
perchlorate correspending with the formula

s S : S 6 0 CsH;s
L
5 2 __12 5
(C:Hs)zN—\l/\/\I%/—C =C— A‘ I:EI/\‘/
CsHy Cl104 (JJsz

we proceed as follows:

A. 9 grams of 5-diethylamino-2-methyl-benz-
thiazole ethyl-iodide and 6.5 grams of diphenyl-
formamidine are intimately mixed; to this mix-
ture 25 cc. of acetic anhydride are added and the
whole is boiled for 34 hour under reflux (about
140° C.). After cooling the reaction mixture
ether is added drop by drop while stirring the
mixture and rubbing the walls of the vessel.
This procedure is continued until the formation
of crystals occurs at the walls of the vessel.
Now, the dye is precipitated by cooling the re-

action mixture with a freezing mixture and .

filtered off. 'The intermediate product which
melts in its pure state at 218 to 219° C. corre-
sponds probably with the formula

o7 s
e L 5T
(CsH)N—~ §;—c =C—NH.CsHi
C:/Hs\

2,066,968

B. 4 grams of the intermediate product are

boiled with 2 grams of 2-methyl-6-ethoxy-benz-
thiazole-ethyl-iodide and 20 cc. of pyridine for 34
hour under reflux (about 125 to 130° C. The
dye is then precipitated by addition of a few
cc. of an aqueous solution of potassium iodide of
10 per cent strength and water, separated by
filtration, dissolved in alcohol and precipitated
from its alcoholic solution in form of its perchlo-
rate by addition of a few cc. of an agueous so-
lution of sodium perchlorate of 1 per cent
strength and water.

After recrystallization of the dye, its alcoholic
solution shows an absorption maximum at a wave
length of about 600uu.

Incorporated in 'a gelatino-silver-bromide
emulsion containing about 4 per cent of silver
iodide the dye imparts to it a range of sensitivity
from about 500uu to about 7254, with a maxzimum
at about 625uu.

Ezxzample 11—For producing the dye [3-ethyl-
5-diethylamino - benzthiazole-( 2)1 - [ 3 - ethyl-
benzthiazole-(2) 1-trimethinecyanine-perchlorate
corresponding with the formula

/N 3
S S
Ull lli }Ii Hi :
5 2 2 5
(CsHg)N- 3 C=0—-C={3
1) 4 /N_f_ N 4
C:H; ClOg CzHs

4 grams of the intermediate product obtainable

“from 5 -diethylamino - 2 - methyl - benzthiazole-

ethyl-iodide and diphenyl-formamidine in the
manner described in Example 10 sub A, are boiled
with 2 grams of 2-methyl-benzthiazole-ethyl-
iodide and 20 cc. of pyridine for 34 hour under
reflux (125 to 130° C.). The reaction mixture is
worked up in the manner indicated in Exam-
ple 10.

The dye shows in its alcoholic solution an ab-
sorption maximum at a wave length of about
595uu. )

Incorporated in a gelatino-silver-bromide
emulsion containing about 4 per cent of silver
iodide the dye imparts to it a range of sensitivity
from about 510uu to about 720xx with a maximum
at about 635uu.

Ezample 12—The dye [3-ethyl-6-diethylami-
no-benzthiazole-(2) 1 - [ 3 - ethyl-benzelenazole-
(2) 1 trimethinecyanine-iodide corresponding with
the formula

(02H5)2N——ls 7

is produced in the same manner as described in
the foregoing examples by starting from the cor-
responding materials.

The dye shows in its alcoholic solution an ab-
sorption maximum at a wave length of about
600uu.

Incorporated in a gelatino-silver-bromide
emulsion containing about 4 per cent of silver-
iodide the dye imparts to it a range of sensitivity
from about 510z to about 715zx with a maxi-
mum at about 630uu.

Ezample 13—The dye [3-ethyl-5-diethylam-
ino-benzthiazole-(2) ] - [3-ethyl-6-diethylamino-
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" benzthiazole- (2) 1-trimethinecyanine-perchlorate

corresponding With the formula

8 ‘(\N(Czﬁs)z
NS 2|_ b d _|

CgHs 0104 z 5

may be produced by mixing 1.5 grams of the in-
termediate product described in Example 10
with 2.3 grams of 6-diethylamino-2-methylben-
zothiazole-ethyl-iodide and 15 cc. of pyridine,
boiling this mixture for 34 hour under reflux and
working up the reaction mixture as indicated in
Example 10. The dye may likewise be obtained
as iodide.

The alcoholic solution of the dye has an-ab-
sorption maximum at a wave length of about
625um.

Incorporated in - a gelatino-silver-bromide
emulsion containing about 4 per cent of silver
jodide the dye imparts to it a range of sensitivity
from about 510ux to about 730uu with & maximum
at about 655ux.

- Example 14—For producing [3-ethyl-5-diethyl-
amino - benzthiazole - (2) 1 - [1-ethyl - quinoline-

(C:Ha)zN ‘

(2) ]-trimethinecyanine - iodide corresponding
with the f'ormula.
s
1 =
(Csz)zN—k)\a i é é‘L /O
C/ Hs\ Csz

5 grams of the intermediate product obtainable
from 5-diethylamino -2 - methyl - benzthiazole-
ethyl-iodide and diphenyl-formamidine as de-
scribed in Example 10, are boiled for 2% hours
with 4 grams of quinaldine-ethyl-iodide and 15
cc. of pyridine under reflux. The dye which
forms is precipitated by addition of a few cc. of
an agqueous solution -of potassium iodide of 10
per cent strength and water and is recrystallized
from alcohol.

The alcoholic solution of the dye has an ab-
sorption maximum at a wa.ve length of about
615up.

Incorporated in a gelatino-silver-bromide
emulsion containing about 4 per cent of silver
iodide the dye imparts to it a range of sensitive-

" ness from about 515xz to about 730uu with a

60

65

70
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very flat maximum at about 645upu.
Ezample 15—For producing the dye [3-ethyl-

5 5-diethylamino-benzthiazole-(2) 1-[3-methyl-in -

dole-(2) 1-trimethinecyanine iodide correspond-
ing with the formula

gis ad)

CaHs \I ) B

2 grams of the intermediate product obtainable
from 5 - diethyl - 2 - methyl-benzthiazole - ethyl
jodide and diphenyl-formamidine are boiled for

1%, hours with 15 grams of trimethylindol-
methyl-iodide and 10 cc. of pyridine under reflux.
To this mixture while being still warm there are
added a few cc. of an aqueous solution of potas-
sium iodide and water. While cooling the resc-
tion mixture the dye separates in form of its
jodide. Eventually as by-product formed sym-

5

metrical carbo-cyanine from trimethyl-indol- .

ethyl iodide may be removed by fractional crys-
tallization.

In its alcoholic solution the dye shows an ab-
sorption maximum at a wave length of about
585upu. .

Incorporated in a gelatino-silver-bromide
emulsion containing about 4 per cent of silver
iodide the dye imparts to it a range of sensitivity
from about 510xu to about 700xp with a maxi-
mum af about 620uu.

Further dyes which may be prepared according
to the methods described in the foregoing exam-
ples are:

1. [3-ethyl-6-diethylamino-benzthiazole-(2) 1-
[3-ethyl - benzthiazole - (2) ] - trimethinecyanine
perchlorate corresponding with the formula

(CoHp:N—7 ' N\—8 - 8 5
1 1[1 1|1 b 1 Il 1
5 2 N2 5
1%_/—0——-0 ‘_-\I?I
s ]
CsHs ClO4 CiHs

Absorption maximum of the alcoholic solution:
about 600u.. )

Incorporated in & gelatino-silver-bromide
emulsion containing about 4 per cent of silver
iodide the dye imparts to it a range of sensitivity
from about 500uu to about 720ux with a maxi-
mum at about 630up.

2. [3-ethyl-6-diethylamino-benzthiazole-(2) 1-
[3-ethyl-benzselenazole-(2) 1 - trimethinécyanine
iodide corresponding with the formula

 (CaHpN—f 7 8 so—("7
(CsHz):N—fg j’ﬁ - I‘I ll 6
2 A hl2 5|
32 é_é =BG
B 2Hg
1Hs
Incorporated in a gelatino-silver-bromide

emulsion containing about 4 per cent of silver
jodide the dye imparts to it a range of sensitivity
from about 520xx to about 710xp, with a maxi-
mum at about 630uu.

3. [3-ethyl-6- diethylamino-benzthiazole-(2) 1-
[3-ethyl-6-ethoxy-benzthiazole-(2) 1-trimethine-
cyanine-perchlorate corresponding with the for-

Cz{ls\CIO4 (B;Hg
Absorption maximum of the alcoholic solution:
about 603 wu.

Incorporated in a gelatino-silver-bromide

emulsion containing about 4 per cent of silver

jodide the dye imparts to it a range of sensitivity
from about 500z to about 730ux with a maxi-
mum at about 645u.

It is to be understood that our invention is not
limnited to the foregoing examples nor to the
specific details given therein. Numerous other
embodiments are possible and we contemplate as
included within our invention all such modifica-
tions and equivalents as fall within the scope of
the appended claims.

The formulae of the dyes given herein repres-

‘ent the molecular structure of our new dyes so

far as to our actual knowledge. If, however,; in
future it should become evident that the formu-

lae do not exactly correspond to the dyes this
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fact will not affect our invention since the dyes
will be easily identified by the method of produc-
ing the same which has been fully described in
the examples. The maxima of sensitivity of our
dyes are all very flat and the values indicated may
not be regarded too critical.

What we claim is:

1. A photographic material which comprises a
silver halide emulsion containing a trimethine-
cyanine salt which is unsymmetrical when the
salt-forming anion is disregarded and which con-
tains an amino group in at least one of the nuclei.

2. A photographic material which comprises a
silver halide emulsion containing a carbocyanine
salt, which is unsymmetrical when the salt-form-
ing anion is disregarded, corresponding with the
formula

Y fthe] qumlf»hne
ucleus

) 1 —w Il}nked in e2“(]1%

Z=\ 4 position)
Y =S8, Se
YI S Se, C(CHa)z,

/
W=H, N , alkyl, alkoxyl
R’

r and r’=alkyl )
R =H, alkyl, aryl, acyl,
=H, alkyl
X is an anion capable of precipating a carbocy-
anine dye.

2,066,968

3. A photographic material which comprises a
silver halide emulsion containing {3-ethyl-6-di-
ethylamino-benzthiazole-(2) 1-[3-ethyl - benzsel-
enazole-(2) J-trimethinecyanine iodide corre-
sponding with the formula

(CsHYN— 7 8 se—rf 7

=)

tua—m
CI)_
—m

=\N/' 4

I C:Hs
C:H;s
4. A photographic material which comprises a
silver halide emulsion containing [3-ethyl-6-di-
ethylamino-benzthiazole-(2) 1-[3-ethyl-6-ethoxy-
benzthiazole-(2) 1-trimethinecyanine perchlorate
corresponding with the formula:

(cszN—m J_ l‘/O_oc,m

CzHu 0104 (/2Ha

5. A photographic material which comprises a
silver halide emulsion containing [3-ethyl-5-di-
ethylamino - benzthiazole - (2)1 ~ [3 - ethyl - 6-
diethylamino - benzthiazole - (2)] - trimethine -
cyanine perchlorate corresponding with the
formula:

ﬁ—s 11 ¥ J, — /NN,
(CsHgaN—E 32' - —_|23 g

AN NN

ot Yoo, Hy

WALTER DIETERLE.
WALTER ZEH.
WERNER ZERWECK.
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