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ABSTRACT OF THE DISCLOSURE

Ligands or co-ordinating .agents which will form a
co-ordination complex -with a -metal and which also
include a silver halide developing function particularly
a paradihydroxyphenyl silver halide developing function
or a substituted derivative thereof, thereby making them
additionally useful in photography.

This application is a division of application Ser. No.
881,323 filed Dec. 1, 1969, now Pat, No. 3,629,336 which
is a continuation-in-part of application Ser. No. 487,054,
filed Sept. 13, 1965 and, now abandoned.

This invention relatés to' novel compounds and, more
particularly, to a novel class.of ligands containing a silver
halide developing radical or a radical which, upon hydrol-
ysis, will provide a silver-halide developing radical.

As is well known in the art} ligands are co-ordinating
agents which will form a co-ordination complex with a
metal, Those atoms of the ligand which are linked directly
to the metal cationi are called ‘co-ordinating or donor
atoms and each metal ion requires several of these atoms
to make up its co-ordimation number. According to the
number of co-ordinating -atoms which it contains, the
complex-forming agent or ligand is said to be uni-dentate
(one “tooth”) or multi-dentate, e.g., bi-dendate, ter-
dentate, etc. Ligands are further classified as organic or
inorganic. In organic ligands, the co-ordination atoms
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(generally O, N or S) are attached to the carbon skeleton -

of an organic molecule. One particularly useful applica-
tion of such compotunds is in the field of dye technology
to form a stable metal-dye complex, also commonly
referred to as a metallized dye.
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The present invention is directed to a novel class of "

substantially colorléss organic ligands which are useful
in. photography.

.~A primary object  of this invention therefore is to
provide a novel class of-ligands. ..

Another object of this invention is to provide a novel
class of ligands which contain a silver halide developing
radical and hence are useful photographic developers.

Still another object is to provide a novel class of ligands
of the foregoing description which are particularly useful
as intermediates in-the preparation of metallized dyes,
which in turn may be employed in photographic products,
processes and compositions for forming color images.

Other objects of the invention will in part be obvious
and will in part appear hereinafter.
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The invention accordingly comprises the products and

processes involving the several ‘steps and the relation and
order of one or more of stich steps with respect to each
of the others, and the product possessing the features,
properties and the relation of elements which are exem-
plified in the following detailed disclosure, and the scope
of the application of which will be indicated in the claims,

For a fuller understanding of the nature and objects of
the invention, reference should be had to the following
detailed description, "~ o

As was mentioned previously, the novel ligands of this
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invention confain a silver halide developing radical or a
radical which upon hydrolysis will provide a silver halide
developing radical, e.g., a protected dihydroxyphenyl
radical. These compounds may be represented by the
following formula:

(A)

wherein Y is a radical comprising a silver halide develop-
ing substituent or a protected derivative thereof, and Z
is a ligand radical, i.e., a radical of a substantially color-
less compound containing one or more co-ordinating or
donor atoms for forming a metal complex.

As examples of silver halide developing substituents,
mention may be made of phenyl or naphthyl nuclei con-
taining at least a hydroxy and/or amino substituent ortho
or para to another such substituent. Silver halide devel-
oping substituents of the foregoing description are per se
well known in the field of photography (see, for example,
Photography, Its Materials and Processes, 6th edition, by
Neblette, published by D. Van Nostrand Company, Inc.,
(1962), pp. 231-234). A preferred group of developing
substituents are the hydroquinonyls, including substituted
derivatives thereof, e.g., chloro, methyl, phenyl, and/or
methoxy-substituted derivatives of hydroquinone, As
examples of useful substituted hydroquinones, mention
may be made of the following: methylhydroquinone;
p-methylphenyl hydroquinone; chlorohydroquinone; meth-
oxy-hydroquinone; 2,6 - dimethyl-hydroquinone; 2,6-di-
methoxyhydroquinone; 2 - methoxy - 6 - methyl-hydroqui-
none; 2,3-dimethylhydroquinone; 2,5,6-trimethyl-hydro-
quinone, etc.

As examples of protected derivatives, mention may be
made of protected dihydroxyphenyl radicals such as p-di-
acetoxyphenyl, p-dicathyloxyphenyl, p-dimethoxyphenyl,
p-dibenzyloxyphenyl, etc. These protected dihydroxy-
phenyl radicals are also per se well known. in the art.. -

In addition to the above-mentioned substituents con-
tributing to the silver halide developing function, the
benzene or naphthalene nucleus may contain other sub-
stituents for linking the developing moiety to the ligand
moiety. As examples of such linking substituents, mention
may be made of aminophenalkyl-thio substituents such
as disclosed in U.S. Pat. No. 3,009,958; aminoalkylamino
substituents such as disclosed in U.S. Pat. No. 3,002,997;
aminophenalkyl substituents such as disclosed in U.S.
Pat. No. 3,019,107; alkyl-thio substituents such as dis-
closed in U.S. Pat. No. 3,043,690; aminoalkyl substituents
such as described in U.S. Pat. No. 3,062,884; aminophenyl
substituents such as disclosed in U.S. Pat. No. 3,134,811;
the acyl substituents such as disclosed in U.S. Pat. No.
3,142,564; the aminophenoxy substituents such as dis-
closed in U.S. Pat. No. 3,061,434, etc., as well as the
various linking substituents disclosed in the application
of Elkan R. Blout and Howard G. Rogers, Ser. No.
485,840 filed Feb. 3, 1955. ' ‘

_ The ligand moiety may be selected from the various
groups of organic lagands heretofore known in the art.

As examples of such ligands, mention may be made of
amines such ‘as: i I v

Y—Z

diethylene triamine
2,2"-dipyridyl
ethylenediamine
9,10-phenanthroline
1,2-propylenediamine

y pyridine
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8-hydroxyquinoline

1,2,3-triaminopropane ;
triaminotriethylamine

triethylenetetramine

. diguanide;
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organic acids such as:
citric acid
glycolic acid
glyceric acid )
gluconic acid b
lactic acid
kojic acid
malonic acid
malic acid
oxalacetic acid 10
phthalic acid
salicylic acid
succinic acid
tartaric acid
mercaptoacetic acid; 15
amino acids such as:
asparagine
aspartic acid
ethylenediaminetetraacetic acid 20
glycine
N,N-dihydroxyethylglycine
gylcyl-glycine
proline
anthranilic acid; and 25
diketones and aldehydes such as:
acetylacetone
tropolone
B-methyltropolone 30
salicylaldehyde
a-isopropyliropolone

These and other useful ligands are described, for ex-
ample, in “Instability Constants of Complex Compounds,” 35
Yatsimirskii and Vasilev, Pergamon Press Inc., 1960
(Library of Congress Card No. 60-10220).

One preferred class of ligands comprises the diketones
and di-aldehydes. These may be defined as g-hydroxy-a-
pB-unsaturated carbonyl compounds, or compounds capa- 40
ble of tautomerizing to such a structure, and they may
also be represented by the following formulae:
®) 45

R——g-—CH—-g—Rl

3

and
©) OH 50

{ Nodom

\_x_l
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wherein R and R? are hydrogen, an alkyl, preferably lower
alkyl, alkoxyalkyl, alkylamino, aryl, e.g., phenyl, or a
phenylamino radical, or a substituted derivative of these
radicals, and may be the same or different; R? may be
hydrogen, lower alkyl or a phenyl radical; R3 may be a 60
lower alkyl radical, hydroxy or hydrogen; and X repre-
sents the atoms necessary to complete an aliphatic, aro-
matic or heterocyclic ring. Any of the said R, R?, R2 R3
and/or the ring containing the atoms designated by X 65
may also contain an appropriate radical for linking the

developing moiety, e.g., the linking groups heretofore
noted.

As examples of this class of ligands, (including those -
previously listed), mention may be made of the following: 70

(e}} o o -
cm—g—cm-&—c‘:m
acetylacetone

@

%

CHO

'saﬁcylaldehyde
0H

®)

CHO

OCHy: & . .
p-methoxy salicylaldehyde R T T

4
¢ OH—CH——CH—d—cH

2 +hexane-dlone
(5) :
CHg-CHz—g—CHr-JJ—CHa—-CH.

3.5-heptane-dione
©) 7 o
CH;——(IJT-,CHQTH—C Fs
trifluoroacetylacetone

o o
@-—Nﬁ—g—cm—g;—cm
acetoacetanilide o
1
"—-g‘—CH:

@®

%cetyl—cyclohexandne
9
d_omd
CH;0—CH;—C—CHs—C—CHj
methoxyacetylacetone )

(9a) 0
> i

4 on,

2-acetyl-cyclopentanone

The preferred ligands of this invention which contain
a ligand moiety within the scope of Formula (B) and
(C), e.g., a ligand of Formulae 1-9a, may be: represented
by one of the followmg formulae:

®) oo
Y—R—&—CH:——&I——R‘
(®) o o
RZ—\IJ.:—GH—-&—R: ¥
Loy

(F)

dme
- ,\'Jv-—ﬂ;mf_ :
~x_’ .

(@) o

R Y | .

R“—‘-— \'é—-g—Rﬂ-Y
sx. . - X .
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wherein: R is an alkylene radical having from 1-6 carbon
atoms or a substittient chosen from-the "group consisting
of SIS

R! is an alkylene tadical having from 1-6 carbon atoms;
Each R? is hydrogen or an alkyl radical having from 1-6
carbon atoms; :

R3 is an alkylene radlcal havmg from 1-6 carbon atoms; *

Rt is hydrogen or an alkyl radical having 1-6 carbon
atoms,

RS is an alkylene rad1ca1 having from 1-6 carbon atoms;

R8 js an alkyl radical having from 1-3 carbon atoms, an
alkoxy radical having:from 1<3 carbon atoms or H;

X represents . the: atoms’ necessary. to complete a cyclo-
pentane, cyclohexane or a benzene ring; and

Y is ortho or paradihydroxyphenyl or methyl or methoxy
substituted derivatives thereof.
As examples of ligands contémplated by the present in-

vention, mention may ‘'be made of the following com-

pounds: .
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(18)

(19)

) @)

(21)

22)

23)

24)

.. (25)

o wm
HO éH—CHa—g—NH—yl—NH—g-NHl
60 i
OH | .
| NH NH NH
@—CH;—QH;—&—NE—%—N H—g—N Hy
g .

éH—CHr—g—NH—g-—NH—PJ—NHz

HCo

OH

NH—&—CH:—&—CH:

HC

H s
(o] oH
| o]
g—cm—cm@
o . om
CH,

CHg—é H--NH~-CH;—CH;—N. H—CHz—-CHz—-N H;

OH

NH~CHy—CH;—NH—CH;—CH;—NH

BN

—C??h—QHaLCH;—E-—cH:—g—CHa

]



(26)

0COO0C:H;
0COO0CH;

@n

O0C00C;Hs ]

(28)

(29)

oH o 0

Q—cm—cm-@-cm—cm—cm-g—cm—g—cmcm
: S T ’ :

(30)

OH

[o} 0
CH:)r—g—CHs—g—CHa

@n OH

o o
NE—{—cn—d—cmcm—cm,

(32)

cm»-@—i’:—cm—g—(cm);—cm

(33) OH

(@) o] o
cm-(cm),-g—cn—&_-’(cm)acm

@Am-cnrcm-@»m—g—cm—&-cm-cm—cm .
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(45)

o

“n

(48)

(49) B

CHz(CHz)z

- —(CH2)3<©
-~ OCHiCH; -

OH

z él(cn,),— Q

(52) OH

JJ}(CHa).—
CHs0

The preparation of the novel ligands of this invention
will be readily apparent to those skilled in the art in the
light of the foregoing disclosure and illustrative examples.
In general, these ligands can be prepared by appropriate
reactions between compounds providing the Y and Z
moieties. In the case of hydroxy-containing developing
substituents, e.g., dihydroxyphenyl substituents such as
hydroquinonyl, it may be advisable or necessary to pro-

(50)

(31)

10

kylation, benzylatlon or acylatlon The preparatlon of
such protected developing substituents is per se known in
the art. The protectlve groups may be removed subse-
quently by hydroylsis in- known manner to provxde the
corresponding developer substituent. ) .

By way of illustration, compounds: such as the hgand
of Formula 10 may be prepared by a substitution reac-
tion involving replacement of an alkoxy group on. the

- compound providing the ligand moiety with the designated
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tect the hydroxy groups during this reaction, e.g., by al- 75

amino group of a compound providing the developer
‘moiety.

By way of further 111ustrat10n, figands such as that rep-
resented by Formula 11 may be prepared by appropriate
reaction between a bromoalkyl substituent on a protected
dihydroxyphenyl radical and the phenolic hydroxyl group
on the compound providing the ligand moiety, e.g., by re-
acting 2-bromomethyl-1,4-diacetoxy-benzene with 2,4-di-
hydroxy-benzaldehyde, followed by hydrolysis with so-
dium hydroxide to remove the protective groups.

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

EXAMPLE 1

21.6 g. of aminophenethylhydroquinone and 50 ml. of
ethyl acetoacetate were heated on a steam bath overnight
and then refluxed for 2% hours at 130° C. The excess
ester was distilled off at 100° C. under vacuum. The
residue was then ftriturated with 1:1 ethyl acetate and
ligroin. Three recrystallizations from nitromethane gave
4.45 g. of the ligand of Formula 10, M.P. 145.5-146.5° C.

EXAMPLE 2

To a mixture of 33.4 g. of 1-N-morpholinocyclohexane
in 150 ml. of benzene was added 33 g. of 2,5-biscathyloxy-
phenylacetyl chloride. The mixture was stirred for one
hour and then refluxed for one-and one-half hours. The
resulting solid was filtered and washed with ether. The
filtrates were then shaken with dilute hydrochloric acid
and the solvents were evaporated. The copper chelate of
the resulting g-diketone product was formed in 95%
ethanol with 20 g. of cupric acetate at about 60° C., The
mixture was cooled and the solid copper complex was
collected. This complex was then decomposed by stirring
with methylene chloride and 10% sulfuric acid. Evapora-~
tion of the solvent left 15.4 g. of an oil which crystallized
to a solid (Formula 26) melting at 58-65° C. Hydrolysis
of the cathyloxy groups with sodium hydroxide under
nitrogen yielded the free ligand-developer, M.P. 200-201°
C. of Formula 12.

EXAMPLE 3

33.4 g. of gentisaldehyde were condensed with 24.2 g.
of acetylacetone in 150 ml. of benzene, using 7 ml. of
piperidine as catalysts to form gentisylidene acetlyacetone,
M.P. about 180° C., having the following structural
formula:

1
_ CHz— —c—g-cm‘
oH

H-

H

5.0 g. of the latter compound was hydrogenated in 100 ml.
of methanol over a Raney nickel catalyst until the theo-
retical amount of hydrogen was absorbed to yield the de-
veloper-ligand of Formula 13.

EXAMPLE 4

To a mixture of 16.7 g. of 1-N-morpholino-cyclopen-
tene and 16.7 g. of triethylamine in 150 ml. of benzene
was added 16.5 g. of 2,5-bis-cathyloxy-phenylacetyl chlor-
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ide. Formation of the copper complex followed by decom-
posmon w1th methylene chloride and evaporation of the
solvent, all in the manner described i in Example 2, ylelded
9.2 g: of the ligand of Formula27. "

*The ‘free ligand: developer (Formula 14) may be ob-
tained by hydrolysis of “the cathyloxy groups thh sodium
hydrox1de under a blanket of mtrogen

. As was mentioned prev10usly, the novel class of hgands
‘of this invention and the protected ‘derivatives thereof are
particularly useful as intermediates in the preparatlon of

metallized dyes-which in turn may be employed in photo- -

graphlc products, processes and compositions for formmg
‘color images.

These metallized dyes and the preparation thereof utiliz-
ing the novel ligands of this invention are described and
claimed in the copending application of Elbert M. Idelson,
Ser. No. 798,438, filed Feb. 11, 1969.

The ligands of Formulae D, E, F, and G may also be
employed in the preparation of the 1:1 chromium-com-
plexed dyes which are described and claimed in the appli-
cation of Elbert M. Idelson, Ser. No. 486,853, now U.S.
Patent No. 3,453,107.

The compounds of this invention may further be em-
ployed in the various processes for developing a photo-
exposed silver halide emulsion to form a visible image. For
example, they may be employed in diffusion transfer proc-
esses wherein an aqueous alkaline processing composi-
tion containing a silver halide developing agent and a silver
halide solvent is applied to an exposed silver halide emul-
sion to reduce exposed areas of the emulsion to image
silver while forming in terms of unexposed areas an image-
wise distribution of a soluble silver complex which is trans-
ferred, by imbibition, to a superposed silver-receptive
stratum to form a positive silver image thereon.

The following examples illustrate this use of the com-
pound of this invention.

EXAMPLE 5

A standard silver iodobromide emulsion was exposed
and the thus exposed negative was then developed with a
processing composition comprising:

G
Potassinm hydroxide — 112
Hydroxyethyl cellulose 3.9
Ligand of Formula 10 0.94
Water: 100.0 cc.

After one minute development was stopped by immers-
ing the emulsion in an acetic acid bath for two minutes
to provide a negative image.

EXAMPLE 6

A standard silver iodobromide emulsion was exposed
and the thus exposed megative was then developed by
spreading between the’ emulswn and a superposed image-
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receiving element at a gap of 0. 0026" a processing com-
position, comprising: ) : ‘ niy

: G.
Hydroxyethyl cellulose wucwwl o nuiolt, 36.6
Sodium sulfite : - 26
Sodium thiosulfate 74
6-nitrobenzimidazole 10
Sodium hydroxide 42.5
Ligand of Formula 10 41.5

Water: 830 cc.

After 10 seconds, the i 1mage-rece1vmg element was sepa-
rated to reveal a positive silver transfer image.

In the photographic processes’ of Examples 5 and 6,
the ligand was employed in its free deveioper form. How-
ever, it will be apprecmted that it may be added to the
processing composmon in its protected form, in which
case hydrolysis in situ in the alkaline composition pro-
vides the free dihydroxyphenyl. developmg function. ~

Since certain changes may be made-in the above prod-
uct and process without departmg from the scope of the
invention herein involved, it is mtended that all matter
contained in the above description shall be interpreted
as illustrative and not in a limiting sense.

What is claimed is: o

1. A compound of the formula

OH:. .

e
—R—g—-om—o-"-m

" , C
wherein R is a radical chosen from the group consist-

ing of

and R1 is an alkylene radical having from 1-6 carbon
atoms; R¢ is hydrogen or an alkyl radical having from
1-6 carbon atoms. -

2. A compound of the formula

@—CH;—CH@NH—&—CH:—&—CH;
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