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This invention relates to new azo compounds and their
application to the art of dyeing or coloring. More par-
ticularly it relates to certain metallized and non-metal-
lized benzothiazole azo pyrazolone compounds and their
application to the dyeing of various textile materials.
Insofar as dyeing is concerned the invention is particularly
directed to the dyeing of cellulose acetate textile materials
with the metallized azo compounds of the invention.

The non-metallized monoazo compounds of our inven-
tion have the formula:
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wherein Ar represents an ortho-arylene radical of the
benzene series and Y represents the radical of a 5-pyrazo-
lone compound. The metallized azo compounds of our
invention comprise the monoazo compounds having the
Formula I in compléx combination with chromium, co-
balt, copper, iron, manganese, nickel and vanadium.
The manner of preparing the non-metallized and metal-
lized azo compounds of our invention is fully described
hereinafter.

While our invention relates broadly to the non-metal-
lized and the metallized monoazo compounds just de-
scribed, the azo compounds of our invention are repre-
sented for the most part by the non-metallized and the
metallized forms of the azo compounds having the
formula:
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wherein Ar represents an ortho-arylene radical of the
benzene series, R represents a hydrogen atom, a phenyl
radical, a methylphenyl radical, a chlorophenyl radical,
a methoxyphenyl radical, an ethoxyphenyl radical, a
nitrophenyl radical or a 2-benzothiazolyl radicals and R;
represents a methyl group, a carboxyl group, a carbo-
methoxy group, a carboethoxy group, an amino group, a
hydroxy group or a triffuoromethyl group.

As is well known, one of the disadvantages dyed
cellulose acetate textile fabrics suffer in comparison with
some of the dyed competing textile fabrics, such as cotton,
wool and viscose, for example, is lack of fastness to wash-
ing. Many schemes have been proposed to remedy this
situation but all suffer from some significant fault. By
means of our invention dyed cellulose acetate textile ma-
terials having good to excellent fastness to washing, light
and gas are obtainable. These results may be obtained
by dyeing the cellulose acetate textile material with the
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non-metallized dye compounds of the invention and then
treating the dyed cellulose acetate textile material with
suitable metal salts which cause the original dye to form
metallic complexes which are resistant, for example, to
the action of washing, light and gas. Thus, by means of
the present invention, the disadvantage noted above with
respect to the wash fastness of dyed cellulose acetate tex-
tile materials is either entirely or largely overcome. .
While reference has been made to the dyeing of
cellulose acetate textile materials, it is to be understood

* that the invention is generally applicable to the dyeing of
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textile materials made of or containing a cellulose alkyl
carboxylic acid ester having two to four carbon atoms in
the acid groups thereof. By cellulose alkyl carboxylic
acid esters having two to four carbon atoms in the acid
groups thereof, we mean to include, for example, both
hydrolyzed and unhydrolyzed cellulose acetate, cellulose
propionate, cellulose butyrate, cellulose acetate-propionate
and cellulose acetate-butyrate. Celulose acetate has been
particularly referred to because it is the most widely used
cellulose alkyl carboxylic acid ester.

The non-metallized monoazo compounds of our inven-
tion are prepared by diazotizing a 2-aminobenzothiazole
compound having the formula:

]
Ar/ \C—NH:
N\, .#

wherein Ar represents an ortho-arylene radical of the
benzene series and coupling the diazonium compound ob-
tained with a 5-pyrazolone compound. These compounds,
in addition to being dyes for various materials identified
herein, possess the important property of being metal-
lizable. The metallized dyes formed therefrom have the
valuable properties described herein.

The metallized monoazo compounds of our invention
are prepared by treating the non-metallized azo com-
pounds having the Formula I with salts of nickel, cobalt,
copper, chromium, manganese, iron or vanadium. The
non-metallized monoazo compounds can be metallized
either on or off the fiber. Metallization can be carried
out, for example, by treating the non-metallized dye with
a solution or dispersion of the metallizing agent. Al- .
though the metal complex is often formed at room tem-
perature, we prefer to accelerate the process by heating,
usually with steam, for a short time. The preparation
of the metallized monoazo compounds of our invention is
fully described hereinafter. ’

Illustrative of the metallizing agents that can be em-
ployed are the halides, the sulfates, the acetates, the
cyanides, and the thiocyanates of nickel, cobalt, chromium,
manganese, iron and vanadium as well as various copper
compounds. Thus, nickel chloride, nickel bromide,
nickel sulfate, nickel acetate, nickel cyanide, nickel for-
mate, nickel thiocyanate [Ni(SCN),1, cobaltous bromide,
cobaltic chloride, cobaltous chloride, cobaltous acetate,
cobaltous cyanide, cobalt thiocyanate [Co(SCN),1, cupric
chloride, cupric bromide, cupric acetate, cupric lactate,
chromium trichloride, chromium tribromide,  chromic
sulfate, chromic acetate, chromium thiocyanate
[Cr(SCN);1, manganese chloride, manganous sulfate,
manganese acetate, manganese thiocyanate [Mn(SCN),1,
ferric ‘chloride, ferric ‘fluoride, ferrous acetate, ferrous
thiocyanate [Fe(SCN),], ferric thiocyanate [Fe(SCN)4]
and vanadium tribromide, are illustrative of the metalliz-
ing agents that can be employed.

When the metal complex is formed on a cellulose alkyl
carboxylic acid ester, siich as cellulose acetate fiber, the
use of a metal thiocyanate appears to be advantageous
and is preferred. Nickel thiocyanate appears t¢ be es-
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pecially useful and particular claim is laid to its use.
Next to nickel thiocyanate the use of cobalt throcyanate is
preferred
2-amino-6- methylsulfonylbenzothrazme 2 - amino-6-
ethylsulfonylbenzothiazole, 2-amino-6-n-propylsulfonyl-
benzothiazole, 2 - amino-6-n-buiylsulfonylbenzothiazole,
2-amincbenzothiazole-6-N-methylsulfonamide, - 2-amino-
benzothiazole-6-N-ethylsulfocnamide, - 2 - aminobenzothi-
azole-6-N-n-propylsulfonamide;  2-amincbenzothiazole-6-
N-p-butylsulfonamide, 2-amino-6-methoxybenzothiazole,
2-amino-6-ethoxybenzothiazole, 2 - amino-6-n-propoxy-
benzothiazole, 2-amino-6- n-butoxybemothlazole, 2-aminc-
6-methylbenzotmazole
2-amino-6-n-propylbenzothiazole, 2-amino-6-n-butylben-
zothiazole; ' 2 - amino-6-g-hydroxyethylbenzothiazole, 2-
amino-6-y-hydroxypropylbenzothiazole, 2-amino-6-5-hy-
droxybutylbenzothiazole, - 2-amino-6-acetylaminobenzothi-
azole, 2 - amino - 6-n-propionylaminobenzothiazole, 2-
arnino-6-n-butyrylaminobenvot}ﬁazole © 2 - amino-6-thio-
methylbenzothiazole, 2-amino- -thlocyanobenzothlazole
2-amino-6- cyanobenzothlazole ‘2-amino-6= trxﬁuoromethyl—
benzothiazole, 2-aminc-6-chlorobenzothiazole, 2-amino-6-
nitrobenzothiazole, 2-amino‘-4,7-dimethpxybenzothiazole,
2-amino-5,6- dlrnmhoxybenzothrazole 2-amino - 4,7 - di-
ethoxybenzothlazole, and" 2-ammo 4,6- drmethylbenzothl-
azole are Tepr! esentative of‘the 2-amincbenzothiazole com-
pounds used in the preparation of the azo compounds of
our invention. =
3-methyl - 5 - pyrazolone, 3 - carboxy - § - pyrazolone,
3-carbomethoxy-3-pyrazolone,
lone, 3-amino-5-pyrazolone, 3-hydroxy-5-pyrazolone, 3-

3 - carboethoxy-5-pyrazo- 2
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2 - amino-6-ethylbenzothiazole,
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graft polymers obtained by graft polymerizing acryloni--
trile aione or together with one or more other mono--
ethylenic monomers with a preformed polymer. The pre--
formed polymer can be a homopolymer (a polymer pre-
pured by polymerization of a single monomer) or it can
be an interpolymer such as a copolymer (a polymer pre-
pared by the simultaneous polymerization in a single re-
action mixture of two monomers) or a lerpolymer (a
polymer preparved by the simultaneous polymerization in
o singie reaction mixture of three monomers), or the
like, and the graft polymers for which the dyes are par-
ncuiar}y useful are. those . containing at least 5% by
weight of combined acrylonitrile grafted to the pre-
formed polymer molecule.

The graft polymers which can be dyed using the non-
metailized and metallized dyes are thus polymers hav-
ing ‘directed placement of the polymerized monomeric
units in the graft polymer, molecule as distinguished from
the random ‘distribution obtained in interpolymers which
are prepared by simultaneous polymerization of all of the
monomeric materials. in the polymer. - The preformed
polymer-can be either a homopolymer of any of the
well-known polymerizable monomers containing a single
—CH=(C< greup and :desirably a CH;=C< group,
or an interpolymer of .two or more ‘of such mono-
mers; and the grafting can be eifected with the preformed

- homopolymer or interpolymer in the polymerization mix-

“trifluoromethyl-S-pyrazolone, 1-phenyl-3-methyl-5S-pyrazo- °

lone, 1 - phenyl-3-amino-5-pyrazolong; - 1-phenyl-3 - hy-
droxy-3-pyrazolone, 1-(2-benzothiazolyl)-3-amino-5-py-
razolone, 1-phenyl-3-methyl-5-p-nitrophenyl -pyrazolone,
3-phenyl-5-pyrazoione, 1-phenyl-3-carbomethoxy-5-pyraz-
olone, 1-phenyl-3-carboethoxy-5-pyrazolone, 1,3-dimethyl-
5-pyrazolone; 1-p-nitro-phenyl-3-methyl-5-pyrazolone,  1-
o-nitrophenyl-3-methyl-5-pyrazolone, = ‘1-p-methylphenyl-
3-methyl-5-pyrazolone, 1-p-methoxyphenyl-3-amino-5-py-
razolone, 1-p-methylphenyl-3-amino-5-pyrazolone, 1-o-
chlorophenyl-3-amino-5-pyrazolone, 1-p-chlorophenyl-3-
amino-5-pyrazolone, 1-p-ethylphenyl-3-methyl-5-pyrazo-
lone, 1-p-chlorophenyl-3-methyi-5-pyrazolone, 1-(2-ben-
zothiazolyl)-3-methyl-5-pyrazolone * and = 1-(2-benzothi-
azolyl)-3-carbomethoxy-5-pyrazolone; for 'example, -are
illustrative of the ‘pyrazolone compounds used in the pre-
paration of the azo compounds ‘of ‘our invention.

The - non-metallized monoazo dye compounds of our
invention have varying’ utility for the dyeing of cellulose
alkyl carboxyhc acid esters having two 'to four carbon
atoms .in the acid groups. thereof, nylon, acrylonitrile
polymers, such a polyacrylonitrile and acrylonitrile graft
polymers, ‘and polyesters, such as polyethylene terephtha-
late. After application to these materials, usually in the
form of textile materials, the dye may be metallized there-
on, if desired. The metallized azo compeounds of our in-
vention can be applied by ordinary dyeing or printing
techniques to nifrogenous textile materials such as wool,
silk, nylon and acrylonitrile polymers, for example. Color-
ation can also be effected by incorporating the non-
metallized or metallized azo compounds into the spinning
dope, spinning the fiber as usual and ‘converting the non-
metallized azo compounds to their metallized form if
desired. Also the metallizing agent can be incorporated
in the spinning dope, the fiber spun as usval and then
dyed with. the non-metallizéd monoazo compounds to
form the metal complex on the fiber. The new metallized
dyes of our invention aré preferably formed by heaung
the non-metallized azo dve with the metalhzmg agent in
organic solvents, such as, for example,. cellulose acetate,
cellulose acetate-propionate; acrylonitrile : poiymers pol-
ymides, ethylene glycol monomethyl ether and formamide.

Both the non-metallized and metallized meneazo com-
pounds of our invention are dyes for fibers prepared from
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ture in which it was formed (i. e. a live polymer) or with
the preformed polymer isolated from the polymerization
mixture in which it was formed (i. e. a dead polymer).

The preformed polymer desirably is a homopolymer
of a vinyl pyridine, an acrylamide, a maleamide, a
fumaramide, an ~acrylate; a methacrylamide, a meth-
acrylate, an itaconamide, acitraconamide, a fumaramate,
an itaccnamate, a citraconamate, a maleamate, or a. vinyl
ester; or an interpolymer. of .two or more. of such mono-
mers with each other or of 4t least one of such monomers
with one or more different monoethylenic rmonomers char-
acterized by a —CH= group - such -as . styrene,
acrylonitrile, substituted styrenes, vinyl or vinylidene chlo-
rides, vinyl ethers, dialkyl maleates, alkenyl ketones, di-
alkyl fumarates, acrylic acid, methacrylic acid, substituted
acrylonitriles, fumaronitrile, ethylene and the like.

‘The graft polymerization is effected by polymerizing
acrylonitrile or, a mixture of acrylonitrile with any other
monoethylenic monomer, including any of the monomers
enumerated hereinabove, with the preformed live or
dead homopolymer or interpolymer whereby the acryloni-
trile alone or together with another grafting monomer
is combined with the preformed polymer molecule to give
a graft polymer containing from S to 95% by weight of
combined acrylonitrile.

The new azo compounds of our invention are of par-
ticular utility for dyeing fibers prepared from a graft
polymer obtained by graft polymerizing acrylonitrile and
an acrylamide or methacrylamide with a preformed co-
polymer of acrylonitrile and the same or different acryl-
amide or methacrylamide.

U. S. Patent 2,620,324, issued December 2, 1952; U. 8.
Patent 2,649,434, issued August 18, 1953; and U. S.
Patent 2,657,191, issued October 27, 1953, disclose other
typical graft polymers that can be dyed with the new
azo compounds of our invention.

The following examples in which parts are expressed
by weight illustrate our invention.

EXAMPLE 1

" 61 parts of concentrated sulfuric acid (949%) were
addedtoa slurry of 5.7 parts of 2-amino-6-methylsulfonyl-
benzothrazole in 60 parts of water. An exothermic
reaction was observed as the amine passed into solution.
The resulting solution was cooled to —10° C. and a solu-
tion prepared by dissolving 2.1 parts of sodium nitrite in
24 parts of concentrated sulfuric acid was added while
maintaining the temperature of the reaction mixture
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below 5° C. After complete addition of the sodium
nitrite, the reaction mixture was stirred for 2 hours at
about 0° C. The diazonim solution of 2-amino-6-
methylsulfonylbenzothiazole thus formed was added,
with stirring, to a solution of 4 parts of 3-carboethoxy-5-
pyrazolone in 75 parts of propionic-acetic (1:5) acids at
0° C. The reaction mixiure was then stirred for 1 hour
at 5° C. and the mineral acid was made neutral to Congo
red paper by the addition of ammonium acetate. The
reaction mixture was then drowned in 1000 parts of water
and the dye compound which precipitated was recovered
by filtration, washed with water until neutral and dried
under vacuum at about 50° C. 6 to 8 parts of a dye
compound having the formula:

S
H
CH;0.8
AO: \//\C—N=N——(:3—E——-(lf-—OCsz
0=C (o]
N N

were obtained. It dyes cellulose acetate yellow shades.

EXAMPLE 2

A solution of 3.8 parts of sodium nitrite in 45 parts
of concentrated sulfuric acid was added, with stirring, to
a solution of 9.1 parts of 2-amino-6-methoxybenzothiazole
in 50 parts of propionic-acetic (1:5) acids. 50 parts of
propionic-acetic (1:5) acids were then added with stirring
and stirring was continued at 0° C. for 2 hours. The
diazonium solution resulting was then added at 0° C.to a
solution of 11.6 parts of 1-(2’-benzothiazolyl)-3-amino-
S-pyrazolone in 150 parts of propionic-acetic (1:5) acids.
The mineral acid present in the reaction mixture was made
neutral to Congo red paper by the addition of ammonium
acetate. The reaction mixture was then drowned in 1500
parts of cold water and the dye compound which precipi-
tated was recovered by filtration, washed with cold water
until neutral and dried under vacuum at about 60° C.
Sodium acetate can be used in place of ammonium acetate
to neutralize the mineral acid if desired. The dye com-
pound obtained dyes cellulose acetate yellow shades.

EXAMPLE 3

A solution of 3.8 parts of sodium nitrite in 45 parts
of concentrated sulfuric acid was added, with stirring, at
—5° C. to a solution of 11.8 parts of 2-amino-6-methyl-
sulfonylbenzothiazole in 200 parts of 60% sulfuric acid.
The reaction mixture thus obtained was stirred for 1 hour
at about 0° C. and then added to a solution of 8.7 parts
of 1-phenyl-3-methyl-5-pyrazolone in 160 parts of pro-
pionic-acetic (1:5) acids at 0° C. The reaction mix-
ture was then made neutral to Congo red paper by the
addition of ammonium acetate, stirred for 2 hours and
then drowned in 1600 parts of cold water. The dye
compound which precipitated was recovered by filtration,
washed with cold water until neutral and dried at 60° C.
15.5 parts of a dye compound which dyes cellulose acetate
and nylon yellow shades were obtained.

EXAMPLE 4

A solution of nitrosyl sulfuric acid was prepared by
dissolving 3.8 parts of sodium nitrite in 45 parts of con-
centrated sulfuric acid. After cooling the nitrosyl sulfuric
acid mixture to 10° C,, 50 parts of propionic-acetic (1:5)
acids were added and the temperature of the resulting
mixture was brought to 5° C. or lower after which 9.1
parts of 2-aminc-6-methoxybenzothiazole in 50 parts of
propionic-acetic (1:5) acids were added with stirring in
about 15 minutes time below 5° C. After addition of the
2-amino-6-methoxybenzothiazole, the reaction mixture
was held for 2 hours at 5° C. and then stirred into a solu-
tion of 8.3 parts of 1-phenyl-3-amino-5-pyrazolone in
150 parts of propionic-acetic (1:5) acids at 5° C. The
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coupling reaction which takes place was completed by
neutralizing the reaction mixture to Congo red paper with
ammonium acetate following which it was stirred for
2 hours at room temperature. - Following this the reaction
mizture was drowned in 1000 parts of cold water and the
dye product which precipitated was recovered by filtration,
washed well with cold water and dried under vacuum at
50° C. 17.2 parts of a dye compound which dyes cellu-
lose acetate bright yellow shades were obtained.

EXAMPLE 5

Cellulose acetate tricot dyed with a 3% dyeing. of the
dye product of Example 3 was padded with a 2% aqueous
solution of mickel thiocyanate under conditions such that
a 60 to 100% takeup, based on the weight of the goods,
was obtained. The cellulose acetate tricot was dried and
then aged in a steam chest at 5 p. s. i. pressure. -The
cellulose acetate goods were then scoured at 80° C. with
soap and water, rinsed well with water and dried. The
cellulose acetate tricot was dyed a beautiful golden yellow
shade. No bleeding was observed when a sample was
subjected to an AATCC wash test at 160° F. using
sodium carbonate. Further, while the original dyeing
showed a break after only 4 hours on the Fade-Ometer,
the metallized dyeing showed no break whatsoever after
20 hours on the Fade-Ometer,

EXAMPLE 6

Example 5 was repeated using a 2% aqueous solution
of cobalt thiocyanate instead of nickel thiocyanate. A
greener and somewhat duller shade of yellow of equal
light- and wash-fastness properties was obtained.

EXAMPLE 7

A cellulose acetate fabric dyed to a depth of 3% with
the dye product of Example 3 was padded with a solution
of 6 parts of Cuprofix (a mixture of copper sulfate and a
low urea-formaldehyde polymer) in 200 parts of water,
and then dried at 110° C. The padded cellulose acetate
fabric was then cured at 160° C. for 5 minutes and then
scoured at 60° C. with a solution of 1 part of Calgon
(sodium hexa-meta-phosphate) and 1 part of Igepal CA
(a polymerized ethylene oxide-alkyl phenol condensation
product) in 1000 parts of water; rinsed and dried. The
cellulose acetate fabric was colored a golden yellow shade
having excellent fastness to ‘the action of laundering
agents. :
EXAMPLE 8

A 3% dyeing with the dye product of Example 3 was
made on a cellulose acetate yarn containing 1% of
chromium trichloride. The yarn was then steamed at 10
pounds’ pressure for 30 to 40 minutes following which it
was scoured at 80° C. with soap and water and dried. By
this treatment the cellulose acetate yarn is dyed a rich
golden brown shade which has excellent wash fastness.

EXAMPLE 9

1 part of the dye of Example 4, 0.5 parts of ammonium
carbonate and 1 part of nickel acetate in 50 parts of
formamide were heated together at 125° C.-130° C. for
10 hours. Following this the reaction mixture was cooled
to room temperature and drowned in 500 parts of water.
The dye compound which precipitated was recovered by
filtration, washed well with water and dried at 100° C.
1.2 parts of a dye compound which colors nylon, silk,
wool and polyacrylonitrile modified with 10% of 2-
methyl-5-vinyl pyridine orange shades were obtained.

EXAMPLE 10

A solution of nitrosyl sulfuric acid was prepared by
dissolving 3.8 parts of sodium nitrite in 45 parts of
concentrated sulfuric acid. After cooling the nitrosyl
sulfuric acid mixture to 10° C., 50 parts of propionic-
acetic (1:5) acids were added and the temperature of
the resulting mixture was brought to 5° C, or lower after
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which 9.8 parts of 2-amino-6-ethoxybenzothiazole in 50
parts of propionic-acetic (1:5) acids were added. with
stirring in about 15 minutes time below 5° C. After
addition of the 2-amino-6-ethoxybenzothiazole, the re-
action mixture was held for 2 hours at 5° C. and then
stirred into a solution of 8.3 parts of 1-phenyl-3-amino-
5-pyrazolone in 150 parts of propionic-acetic (1:5) acids
at 5° C. The coupling reaction which takes place was
completed by neutralizing the reaction mixture to Congo
red paper with ammonium acetate following which it
‘was stirred for 2 hours at room temperature. Foilow-
ing this the reaction mixture was drowned in 1000 parts
of cold water and the dye product which precipitated
was recovered by filtration, washed well with cold water
and dried under vacuum at 50° C. 17 parts of a dy=
compound which colors cellulose acetate yellow shades
were obtained. It colors the acrylonitrile graft polymer
specifically described hereinafter somewhat redder shades
of yellow having good light-fastness properties.

EXAMPLE 11

A solution of nitrosyl sulfuric acid was prepared by
‘dissolving 3.8 parts of sodium nitrite in 45 parts of con-

centrated sulfuric acid. ~ After cooling the nitrosyl sul- *_

furic acid mixture to 10°°C., 50 parts of propionic-
acetic (1:5) acids were &dded and the temperature of
the resulting mixture was brought to 5° C. or lower
after which 7.6 parts of 2-aminobenzothiazole in 50 parts
of propionic-acetic (1:5) acids were added with stirring
in ‘about 15 minutes time below 5°.C. After addition
of the 2- ammobenzothmzole, the reaction mixture was
held for 2 hours at 5° C. and then stirred into a solu-
tion of 8.3 parts of 1-phenyl-3-amino-5-pyrazolone in
150 parts of propionic-acetic (1:5) acids at.5° C. The
coupling reaction which takes place was completed by
neutralizing the reaction mixture to Congo rted paper
with ammonium acetate following which it was stirred
for 2 hours at rooem temperature. Following this the
reaction mixture was drowned in 1000 parts of cold water
and the dye product which precipitated was recovered by
filtration, washed well with cold water and dried under
vacuum at 50° C. The dye compound obtained colors
cellulose acetate, nylon, wool and the polyacrylonitrile
graft polymer specifically described hereinafter bright
yellow shades which have good fastness to light.
EXAMPLE 12

By the use of 75 parts of 3-phenyl-5-pyrazolone in
Example 4 in place of 1-phenyl-3-amino-5-pyrazolone a
dye compound :is obtained which colors the polyacryloni-
trile . graft- polymer specifically described hereinafter
orange shades having good fastness to light. When Ex-
ample 5 was repeated using a 3% dyeing on cellulose
acetate tricot with the product of this example, the cellu-
lose acetate fabric was dyed a bright orange shade hav-
ing good fastness to light and washmg -

EXAMPLE 13

10.4 parts of the dye product of Example 3, 387 parts
of ethylene glycol monomethyl ether-

(HOCH2CH20CH3)

6.8 parts of nickel acetate (Nl[OOCCH3]2 4H;0) and
2.8 parts of sodium carbonate were refluxed together
with stirring for 8 hours. After: cooling, the reaction
mixture was drowned in 4000 parts of water and the
dye compound which precipitated was recovered by fil-
tration, washed well with cold water and dried. 12.2
parts of a dye compound containing 6.03% of nickel
were obtained as a light brown powder. The dye prod-
uct of this example when dispersed by grinding in cellu-
lose acetate dope and extruded in the usual fashion,
produced golden vellow yarn of excellent resistance to
the action of light and wet processing.

16

29

25

35

40

60

60

70

76

" and dried at 60° C.

v 8
"EXAMPLE 14

10.4 parts of the dye product of Example 3, 387 parts
of ethylene glycol monomethyl ether

(HOCH,CH,0CHj;)

6.8 parts of nickel acetate (Ni[OOCCH;15.4H,0) and
2.8 parts of sodium carbonate were refluxed togetiier
with stirring for 8 hours. After cooling, the reaction
mixture was drowned in 4000 parts of water and the
dye compound which precipitated was recovered by fil-
tration and washed ‘well with cold water. The wet dye
cake thus obtained was suspended in. 600 parts of water
and 10 parts of ethylene glycol were added and the re-
sulting mixture was brought to 95° C, with good agi-
tation (an equivalent amount of glycerine, ethylene
glycol monomethyl ether or-other wetting agents can
be used in place of the ethylene glycol). At this point
50 parts of a 16% mnickel thiocyanate solution were
added and the reaction mixture was held at 95° C. to
100° C. for 10 hours. The reaction mixture was cooled
and the dye pigment which had precipitated as recovered
by filtration, washed well with water and dried. 16.6
parts of a metallized dye compound which imparts
beautiful orange shades when properly mcorporated into
plastic materials were obtained.
EXAMPLE 15

il

The dye product of Example 10 was treated'in ac-
cordance with the procedure described in Example 14.
The metallized dye compound obtained similarly im-
parts orange shades when properly mcorporated into
plastic materials.

EXAMPLE 16

Example 4 was repeated using 10.5 parts of 2-aminoc-
4,7-dimethoxybenzothiazole in place of 2-amino-6-meth-
oxybenzothiazole. 17.1 parts of a dye compound which
colors the polyacrylonitrile graft polymer specifically de-
scribed hereinafter golden yellow shades were obtained.
When 10 parts of this dye compound was metallized
exactly in accordance with the procedure described in
Example 13, a metallized dye compound which imparts
fast yellow shades when properly incorporated into
plastic materials was obtained.

EXAMPLE 17

9.1 parts of 2-amino-4-methoxybenzothiazole were di-
azotized in accordance with the procedure described in
Example 4 and the diazonium compound obtained was
added to a solution of 8.7 parts of 1-phenyl-3-methyl-5-
pyrazolone in 160 parts of propionic-acetic (1:5) acids
at 0° C. Upon completion of the coupling reaction, the
reaction mixture was made neutral to Congo red paper
with ammonium acetate and after 2 hours’ further stir-
ring, the reaction mixture was drowned in 1600 parts of
cold water. The dye compound which precipitated was
recovered by filtration, washed until neutral with water
14.5 parts of a dye compound which
colors nylon, and the polyacrylonitrile graft polymer spe-
cifically described hereinafter orange shades were ob-
tained. The nickel complex of this dye compound was
prepared following the procedure described in Example
14.

The following tabulation further illustrates the mono-
azo compounds of our invention and sets forth the colors
the non-metalliized compounds yield on cellulose acetate,
an acrylonitrile” graft polymer and nylon, as well as the
colors obtained on cellulose acetate when the non-metal-
lized compounds are metallized on the fiber. The prep-
aration of the acrylonitrile graft polymer referred to in
the tabulation is described immediately following the tab-
ulation.- “C. A.” refers to cellulose acetate, “Original”
refers to the non-metallized dye compounds and “Final™
refers to the metallized dye compounds.
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2-Aminobenzothiazole
Compound

Coupling Component

Coloron C. A, Color on
Acrylonitrile
Graft Polymer
nd Nylon
Original

Metallizing
Agent

Original

6-] M%hylsmmnyl_____ I

zolone

zoIo ne.

Ni(SCN)s..| yellow. ..
Co(8CN)z.-.}--.do

________________ }orange.
} Do.
} Do.
} Do.
Do.

}red~orange.

}orange.
} Do.
Ni(SCN)s...
Co(S8CN)2.. brown.
Fe(SCN)sa....
Ni(SCN)2...

Co(SON)z - Jorange.

} Do.

} Do.

} Do.

Do.

% Do.

} Do.

} Do.

| »
RSO 1 Do
RSoNY L Do
191?((5811\\11)): } DO'
o -
N | v
- }g old-yellow.
}orange

Oo(SONL } Do
Ni(SCN)a._. } Do,
eN -
St '

red-orange.
Co(8CN)z._.
Ni(SCN)a._..
Co(SCN)z.._
Ni(SCN)s._..
Co(8CN)s...
Ni(SCN)s...{-..d
Co(SCN)s....{

%()range.
} Do.
}brown.
- }orangeA
brown.

!
- }yellow.

Preparation of acrylonitrile graft polymer

3.0 g. of acrylonmitrile and 7.0 g. of N-methyl meth-
acrylamide were emulsified in 40 cc. of water contain-
ing 0.15 g. of potassium persulfate and 0.01 g. of tertiary
dodecyl mercaptan. The emulsion was heated at 60° C.
until 94% or more of the monomers had copolymerized.
This result is usually accomplished by heating for about
12 hours. The copolymer contained approximately 30%
by weight of acrylonitrile and 70% by weight of N-
methyl methacrylamide. The mixture was then cooled
to room temperature, 50 cc. of water added and the mix-
ture agitated until a homogeneous solution of dope con-
taining 10% by weight of the copolymer resnlted.

30.7 g. (3.07 g. of copolymer) of the above prepared
solution or dope of the copolymer were placed in a

)acketed reactor provided with an agitator and heat ex- (4] acrylonitrile product was over 90%.

65

70

changer. There were then added 10 g. of acrylonitrile,
114 cc. of water, 0.58 g. of 85% phosphoric acid, 0.1 g.
of potassium persulfate, 0.17 g. of potassium metabisul-
fite, 0.1 g. of tertiary dodecyl mercaptan and 0.56 g. of a
30% solution in water of N-methyl methacrylamide and
the mixiure heated, with stirring, to 35° C. and then
allowed to level off at 37°-39° C. After the heat of
polymerization had been removed and when the con-
version of the acrylonitrile to polymer had reached 96%
or more, which is uvsually accomplished in a period of
about 12 hours, the temperature was. raised to 90° C.
The mother liquor was removed by centrifuging the poly-
merization mixture, the polymer precipitate being reslur-
ried twice with water and centrifuged to a 70% moisture
cake. The cake was dried under vacuum at 80° C. in
an agitated dryer. The overall yield of modified poly-
After hammer-



11
mllhng, the dry powder, now ready for spmmng, was
stored in a moisture proof container..
The acrylonitrile graft polymer prepared as above and
containing about 18% by weight of N-methyl meth-
acrylamide ‘was

sibility of about 20-30-percent depending on the draft-
ing and relaxing conditions, and showed excellent af-
finity for dyes.

soluble in N,N-dimethylformamide. -
Fibers spun by extruding a solution of the polymer prod-
uct in N,N-dimethylformamide into a precipitating bath -
had a softening temperature of about 240°-C., an exten- -
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In order that the preparation of the azo compounds of

our invention may be entirely clear, the preparatlon of.

certain intermediates used in their manufacture is de-

scribed hereinafter.
Preparation of 2-amino—6—methylsulfonylbenzothiazole

A solution of 200 parts of bromine in 300 parts of '

acetic acid was added over the course of about 1 hour

to a mixture of 171 parts of p- ammophenylmethylsul-,
fone and 202 parts of sodium thiccyanate in' 1750 parts.

of acetic acid. The temperature was held below 35° C.
during the addition and after complete ‘addition of ‘the
bromine-acetic acid mixture, the reaction.mixture was
stirred for 18 hours. The reaction product was recov-
ered on the filter by filtration, washed with acetic acid
and then dispersed in 6000 parts of water. The reaction
mixture thus obtained was heated to boiling and then
an alkali such as caustic soda or sodium carbonate was

added until the pH of the reaction mixture was about

6. The reaction mixture was then cooled, filtered and
the reaction product which collected on the filter was
washed well with water and dried at 120° C.
160 parts of 2-amino-6-methylsulfonylbenzothiazole
were obtained as light yellow crystals melting at 226°
C.-228° C. -

Preparation

To a solution of 18.6 parts of aniline and 30.4 parts
of ammonium thiocyanate in 300 parts of acetic acid at
15° C., 14.2 parts of chlorine were bubbled in'at 15° C.—

of 2-acetylamino-6-thiocyanobenzothiazole

17° C. 30 minutes after addition of the chlorine 15.6

parts of sodium acetate 'and 30.4 parts of ammonium
thiocyanate were added to the reaction mixture. While

145 to-

15

-30

40

45

holding the temperature of the reaction mixture below ]

35° C,, 14.2 parts of chlorine were passed in and the re-
action mixture was stirred overnight at room tempera-
ture. The solid present in the reaction mixture was re-
covered by filtration, washed with 50 parts of acetic acid
and then suspended in 600 parts of water. The mixture
thus obtained was heated to boiling and filtered. 30
parts of sodium acetate were added to the filtrate and

the solid which precipitated was collected at 70° C. on-

a filter, washed with 200 parts of cold water and dried at
100° C. 30 parts of a product melting at 187° C.~188° C
were thus obtained. )

30 parts of ‘acetic anhydride were added at 80° C. to a
solution of 52.6 parts of the above product in 81 parts
of acetic acid, and the temperature of the reaction mix-
ture was held at 80° C.—90° C. for one hour. The re-
action mixture was then poured into 1000 parts of cold
water and the product which precipitated was recovered
by filtration, washed with 500 parts of water and then
dried at 60° C. 62 parts of 2-acetylamino-6-thiocyano-
benzothiazole melting at 247° C—249° C. were thus
obtained. :

Preparation of 2-amino-6-ethylsulfonylbenzothiazole

A solution of 26.4 parts of crystalline sodium sulfide
and " 24.9 parts of 2-acetylamino-6-thiocyanobenzothi-
azole in 150 parts of ethyl alcohol were refluxed together
for 10 minutes and after cooling the reaction mixture
t0.20° C., 16.3 parts of ethyl iodide ‘were added at one
time and *he reaction mixture resulting was refluxed for

50

55

60

85

70
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one hour. The reaction mixture was then poured into
1000 parts of water and the product which precipitated
was recovered by filtration, washed well with water and
dried at 60° C. 23.6 parts of 2-acetylamino-6-ethylthio-
benzothiazole ‘melting at 168° C.~169° C. were ob-
tained. If desired, the quality of ‘the product can be
checked by hydrolyzing a little of the product with acid
to 2-amino-6-ethylthiobenzothiazole meltmg at 137° C.—-

T 139° C.

19 parts of 30% aqueous hydrogen peroxide were
added to a solution of 15.5 parts-of 2-acetylamino-6-
ethylthiobenzothiazole in 53 parts of acetic acid while
maintaining the temperature of the reaction mixture be-
tween 80° C.~90° C. The reaction mixture was main-
tained at this temperature for one hour and then poured
into 500 parts of cold water. The solid present in the
Teaction mixture-was recovered by filiration and then
suspended in a mixture of 800 parts of water and 100
parts of concentrated hydrochloric -acid. The reaction
mixture thus obtained was heated to boiling and then fil-
tered. The filtrate was neutralized ‘with sodium acetate,
cooled to 25° C. and filtered. ‘The product collected
on the filter was washed with cold water and dried at 60°
C. 85 parts of 2-amino-6-ethylsulfonylbenzothiazole
melting at 173° C.~175° C. were thus obtained.

Preparation of 2-amino-6-isopropylsulfonylbenzothiazole

This compound was prepared in accordance with the
procedure described for the preparation of 2-amino-6-
ethylsulfonylbenzothiazole using 17.76 parts of isopropyl
icdide in'place of ethyl iodide. The melting point of the
2-acetylamino-6-isopropylthiobenzothiazole formed dur-
ing the process was 174° C.~175° C. while that of the
final product 2-amino- 6-1sopropylsulfonylbenzothlazole
was 207° C.-209° C,

2-amino-6-n-propylsulfonylbenzothiazole  is similarly
prepared by the use of 17.76 parts of n-propyl iodide in
place of isopropyl iodide in the foregoing example.

Preparation of 2-amino-6-isobutylsulfonylbenzothiazole

This compound was prepared in accordance with the
procedure described for the preparation of 2-amino-§-
ethylsulfonylbenzothiazole using 14.3 parts of isobutyl
bromide in place of ethyl iodide. The melting point of
the = 2-acetylamino-6-isobutylthiobenzothiazole obtained
was 167° C.-168° C. while that of the final product 2-
ammo-ﬁ-lsobutylsulfonylbenzothxazole was 206° C.-
207° C.

2-amino-6-n- butylsulfonylbenzothlazole is 31m11arly pre-
pared by using 14.3 paris of n-butyl bromide in place of
isobutyl bromide in the foregoing example.

Preparation of 2-amino-6-trifluoromethylsulfonylbenzo-
© thiazole

75 parts of bromine in 120 parts _of acetic acid were
added gradually with stirring fo a solution of 98 parts of
p-aminophenyltrifluoromethylsulfone and 76 parts of so-
dium thiocyanate in 700 parts of acetic acid. The addi-
tion of the bromine was begun at room temperature and
the temperature of the reaction mixture was kept below
35° C. during the addition. The temperature ordinarily
rises to about 32° C. The reaction mixture resulting was
stirred for 24 hours at room temperature following which
it was poured into 5000 parts of cold water and the min-
eral acid therein neutralized by the addition of sodium
acetate with good stirring. The product which formed
was recovered by filtration, washed. well with cold water
and dried at 110° C. 33 to 70 parts of 2-amino-6-tri-
fluoromethylsulfonylbenzothiazole melting at 206-208° C.
were thus obtained.

" Preparation of 2—amma~6-tnﬂuoromerhylbenzothxazate
125 parts of bromine in 20 parts of acetic acid were

~ added dropwise, with stirring, to a solution of 12.4 parts

of p-aminobenzotrifluoride and 12.7 parts of sodium thio-
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cyanate in 115 parts of acetic acid while maintaining the
temperature of the reaction mixture below 35° C. The
reaction mixture resulting wus stirred for 12 hours fol-
lowing which the solid present therein was removed by
filtration. The filtrate was poured into 1000 parts of
water and the mineral acid therein was neutralized by the
addition of sodium acetate with .good agitation. The
product which formed was recovered by filtration, washed
well with cold water and dried under vacuum at 45° C.
7.7-10.2 parts of 2-amino-6-trifluoromethyibenzothiazole
melting at 115.5-116.5° C. were thus obtained.

Another alkali metal thiocyanate such as potassium
thiocyanate, for example, can be used in place of sodium
thiocyanate in the last two of the foregoing examples.
Similarly, another alkaline agent, such as sodium car-
bonate, sodium bicarbonate, potassium carbonate, potas-
sium bicarbonate, ammonium acetate or potassium ace-
tate, for example, can be used to neutralize the mineral
acid in place of sodium acetate.

The preparation of p-aminophenyltrifluoromethylsul-
fane is described in British Patent 485,592.

The non-metallized monoazo dye compounds of our
invention can be applied to cellulose alkyl carboxylic acid
esters having 2 to 4 carbon atoms in the acid groups there-
of, nylon, an acrylonitrile polymer, such as polyacryloni-
trile and acrylonitrile graft polymers, and polyester, such
as polyethylene terephthalate, textile materials and the
metallized azo dye compounds of our invention can be
applied to nitrogenous textile materials such as, for exam-
ple, wool, silk, nylon and acrylonitrile polymers, such as
polyacrylonitrile and acrylonitrile graft polymers, in the
form of an aqueous dispersion and are ordinarily so ap-
plied.

To illustrate, the dye compound is finely ground with a
dispersing agent such as sodium lignin sulfonate, Turkey
red oil, soak, or an oleyl glyceryl sulfate and the result-
ing mixture is dispersed in water. The dye bath thus pre-
pared is heated to a temperature approximating 45° C.—
55° C. and the textile material to be dyed is immersed
in the dyebath, following which the temperature is grad-
nally raised to 80° C-90° C. and maintained at this tem-
perature until dyeing is complete, usually one-half to two
hours. From time to time throughout the dyeing opera-
tion, the material is worked to promote even dyeing.
Upon completion of the dyeing operation, the textile ma-
terial is removed from the dye bath, washed with an aque-
ous soap solution, rinsed well with water and dried. In
the case of certain of the acrylonitrile graft polymers de-
scribed hereinbefore it is necessary to dye at the boil for
an extended period of time. Instances may be encoun-
tered where the fiber is not satisfactorily colored by the
dyeing procedure just described. In these instances spe-
cial dyeing techniques, such as the use of pressure, for
example, developed by the art for the coloration of ma-
terials difficult to color may be employed.

Widely varying amounts of dye can be used in the dye-
ing operation. The amount of dye used can be, for ex-
ample, ¥5 to 3% (by weight) of that of the textile mate-
rial although lesser or greater amounts of the dye can be
employed.

The following example illusirates one satisfactory way
in which the fibers of the acrylonitrile graft polymers can
be dyed using either the non-metallized or metallized azo
compounds of our invention. 16 milligrams of dye are
ground with an aqueous solution of sodium lignin sulfo-
nate until well dispersed or alternately the dye can be
dissolved in 5 cc. of hot ethylene glycol monoethyl ether.
The dispersion or solution, as the case may be, is then
poured into 150 cc. of water to which a small amount of
a surface-active agent such as Igepon T

(C17H33.CO.N(CH3) .C2H4SO3N3)

Nekal BX (sodium alkylnaphthalenesulfonate) or Orvus
(sodium lauryl sulfate-type) has been added. The
dye bath is then brought to the desired temperature
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and 5 grams of well wet-out fibers of the graft polymer
are added thereto. Dyeing is continued until the proper
shade is reached. From time to time throughout the dye-
ing operation, the material is worked to promote even
dyeing. :

The expression “propionic-aceti¢c (1:5) acids” refers to
a mixture of propionic and acetic acids in which there
are five parts by volume of acetic acid to 1 part by vol-
ume of propionic acid. ‘ ‘ s

The non-metallized azo compounds dye nylon sub-
stantially the same shade as they dye acrylonitrile poly-
mers. .

Acrylonitrile graft polymers including those of the type
specifically described hereinbefore are described and
claimed in Coover U. S. application Serial No. 408,012,
filed February 3, 1954, 2-amino-6-trifiioromethylsulfon-
ylbenzothiazole is described and claimed by. Straley and
Fisher U. 8. application Serial No. 413,954, filed March 3,
1954 (now abandoned). 2-amino-6-triftuoromethylbenzo-
thiazole is described and claimed by Straley and Fisher
U. S. application Serial No. 413,955, filed March 3, 1954
(now abandoned). v :

We claim:

1. As a composition of matter, the azo compounds
selected from the group consisting ‘of monoazo com-
pounds and their metal complexes -containing a metal
selected from the group consisting of chromium, cobalt,
copper, iron, manganese, nickel and vanadium, said
monoazo compounds having the formula:

S

7 N\

Ar C—N=N-—-Y

&

wherein Ar represents an ortho-arylene radical of .the
benzene series devoid of a sulfonic acid group and Y
represents the radical of a 5-pyrazolone compound.

2. A complex metal compound which contains one of
the metals selected from the group consisting of chro-
mium, cobalt, copper, iron, manganese,, nickel and vana-
dium in complex combination with a’monoazo compound
having the formula:

8
At/ \C—N=N—Y
Z
N

wherein Ar represents an ortho-arylene radical of the
benzene series devoid of a sulfonic acid group and Y
represents the radical of a 5-pyrazolone compound.

3. A complex metal compound which contains one of
the metals selected from the group consisting of chro-
mium, cobalt, copper, iron, manganese, nickel and vana-
dium in complex combination with a monoazo com-
pound having the formula:

/ s\ T
A{ O C—N=N—b——0—R,
N Z
N 0= N
\I}T/
h:3

wherein Ar represents an ortho-arylene radical of the
benzene series devoid of a sulfonic acid group, R repre-
sents a member selected from the group consisting of a
hydrogen atom, a phenyl radical, a methylphenyl radical,
a chloropheny! . radical, a methoxyphenyl radical, an
ethoxypheny! radical, a nitrophenyl radical and a 2-
benzothiazolyl radical and R; represents a member
selected from the group consisting of 2 methyl group, a
carboxyl group, a carbomethoxy group, a carboethoxy
group, an amino group, a hydroxy group and a trifluoro-
methyl group.

4. Complex nickel compounds of the monoazo com-
pounds having the formula set forth in claim 3.

5. Complex cobalt compounds of the monoazo com-
pounds having the formula set forth in claim 3.
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6. Process for the manufacture of azo compounds con- 1L A complex nickel compound of the azo com-
taining nickel in complex union which comprises reactmg pound having the formula:
a monoazo compound having the formula set forth in L : ‘s
claim 2 with nickel thiocyanate. (. CH;0 H

7. ‘Process for the manufacture of azo compounds com- & : g_N_N__é___C_O
taining mickel in complex union which comprises reactmg : . / o0 (l} |
a monoazo compound having the formula set forth in :
claim 3 with nickel thiocyanate.

8. The monoazo compounds having the formula: H

19 12 The‘l"ézo compoun_d having the formula:

: : s
7 N\ s
Ar\ /C—N=N_Y CH30:8 \ H
oo Dot s N ’ B Cf-N=N—é——-C—GH3
wherein Ar represents an ortho-arylene radical of the ben- / 0___.([; : j\k
LN .

zene series devoid of a sulfonic acid group and Y repre- 18 . \N/
sents the radical of a 5-pyrazolone compound. 1
9. The monoazo compounds having the formula: ’

Ar o-N_N—o-———o—R; ' 20
7 ob
TN S 13. The azo compound having the formula:

. . | ; S
- o . : R g CH:0 "
wherein Ar represents an ortho-arylene radical of the ben- 25 ] C—N—N—(:}———-C—Q
_ \N/

zene series devoid of a sulfonic acid group, R represents 0=0

a member selected from the group consisting of a hy- ;

drogen atom, a phenyl radical, a methylphenyl radical, a H

chloropheny! radical, a methoxyphenyl radical, an ethoxy- - o .

phenyl radical, a nitrophenyl radical and a 2-benzo- 30 - References Cited in the file of this patent

;hiazog/ll radical and thx refp"reseng1 ia member selg:ctec} UNITED STATES PATENTS

rom the group comsisting of a methyl group, a carboxy )

group, a :arbomethoxy group, a carboethoxy group, an 2 ?ig’ggz IS-Icc?lggrg—e}_ot——ai “““““““ %::ﬁ gg, %ggg

Z::S: group, a hydroxy group and a trifluoromethyl 25 2218299  Schmid . Oct. 15, 1940
2,441,612 Argyleetal. .___..______ May 18, 1948

10. A complex nickel compourd of the azo compound
having the formula:

8

CH;0:8 v g

C—N=N—é—-—C—CHs 40

/ o=«£\N/1'&

45



