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Insofar as
dyeing s concerned, the invention is varticularly directed
to the dyeing of cellulose acetate textile materials with the
metallized azo compounds of the invention, »

The Don-metallized monoazg compounds of our inven-
tion have the formula;

m
A< ;C—N:N—X
N
wherein Ar Tepresents an ortho-arylene radical of the
benzene series and X represents the radical of a phenol

» @ dihydroxy toluene, g dihydroxy-
ether, a dihydroxybenzene mono-
benzyl ether, a trihydroxybcnzene menoalkyl ether, g tri-
hydroxybenzene dialkyl ether, a dihydroxybenzene mono-
alkylacylate, a ﬁ-hydroxye'thoxyphenol, a dimethy] bhenol,
a chlorocresol, g methoxy substituted alkyl phenol,
methy] 3,5-dihydroxybenzoate, 2-nitroresorcing] and 2-
chloro-3,5-dimethyl phenol, wherein the term alkyl as
uszd above refers to an alky] hydrocarbon group having
1 to 4 carbon atoms and wherein the radical designated X
is devoid of substituents other than those indicated above,
The metallized azo compounds of oyr invention com-
prise the 510002z0 compounds having the formula 1 in

complex combination with chromijum, cobalt, copper; iron,

anganese, nicke] angd varadium. The manner of prepar-

‘ing the non-metallized and metallized azo compounds of

our invention jg fully described hereinafter,
As is wel] known, onz of the disadvantages dyed cel-
lulose acetate textile fabricg suffer in comparison with

light and 8as are obtainab]e,
tained by dyeing the cellulose acetate textile material
with the non-metallized dye compounds of the invention
and then treating the dyed cellulose acetate textile mate-
rial with suitable metal salts which cause the original dye
to form metallic complexes which are resistant, for ex-
ample, to the action of washing, light and gas. Thus,
by means of the present invention, the disadvantage noted
above with Tespect to the wash fastness of dyed cellulose

acetate textile Inaterials is either entirely or largely over-
come.

carboxylic acid ester having two to four carbon a_tohjs in
the acid groups thereof. By celluloge alkyl carbozxylic
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acid esters kaving two to four carbon atoms in the acid

groups thereof, we mean to include, for €xample, both
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Hydrolyzed ‘and unhydrolyzed cellulose acetate, csllulose

propionate, cellulose butyrate, cellulose ac’etate-pmpiq-
nate and cellulose acetate-butyrate, Céllulgge acetate
has been particnlarly referrad 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 g Z-aminobenzothiazole
compound having the formula:

¥4 >c;NH,
\N/

phenol, a dimethyl phenol, a chlorocresol, 3 methoxy sub-
stituted alkyl phenol, methy] 3,5-dihydroxybenzoate, 2-
nitroresorcinol and 2~chlor0—3,5-dimethyl phertiol, whérein
the term alkyl as used above refers to an alky! hydrocar-
bon group having 1 t0 4 carbon atoms and wherein the
phenol is devoid of substituents other than those indicated
above. These tompounds, in addition to being dyes for
various materials identified herein, possess the important
broperty of being metallizable, The metallized dyes
formed therefrom have the valuable broperties described
herein. .

The metallized monoazo compounds of our invention
are prepared by treating the non-metallized azo com-
pounds having the Formula T with salts of nickel, cobalt,
copper, chromium, Jnanganese, iron or vanadium,
non-metallized monoazo compounds can be metallized
either ‘on or off the fiber, Metallization can pe carried
out, for example, by treating the non-metallized dye with
a solation or dispersion of the metallizing agent, Al-

fully described hereinafter, N -

Ilustrativé 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 varicus copper
compounds. Thus, nicke] chloride, nicke] bromide, nickel
sulfate, nicks] acetate, nickel cyanide, njcke] formate,
nickel thiocyanate [Ni(SCN),1, cobaltous bromide, co-
baltic chloride, cobaltous chloride, cobaltous acetate,
cobaltous cyanide, cobalt thiocyanate [Co(SCN),1,
cupric chloride, cupric bromide, cupric acetate, cupric
lactate, chromium trichloride, chromiuym tribromide,
chromic sulfate, chromic acetate, chromjum thiocyanate
[Cr(SCN)3], manganese chloride, manganous sulfate,
Mmanganese acetate, manganese thiocyanate [Mn(SCN),3,
ferric chloride, ferric fluoride, ferrous acetate, ferrous
thiccyanate [Fe(SCN) o1, ferric thiccyanate [Fe(SCN),1
and vanadium tribromide, are illustrative of the metalliz-
ing agents that can be employed,

When the meta] complex is formed on a cellulose alkyl
arboxyl

2-amino - 6 ~'methylsulfonylbenzothiazole, 2 - amino-
6 - ethyl - sulfonylbenzothiazole, 2 - aming - 6 . n-
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propy]sulfonylbenzothiazole, 2 - amino - 6 -1 - butyl-
sulfonylbenzothiazole, 2 - aminobenzothiazole - 6 - N-
methylsulfonamide, 2 - aminobenzothiazole - 6 - N-
ethylsulfonamide, 2 - aminobenzothiazole - 6 = N - n-
propylsulfonarnide, 2 . aminobenzothiazole - 6-N-n-
butylsulfonamide, 2 - amino - 6 - methoxybenzothiazole,
2 -amino - 6 - ethoxybenzothiazole, 2 - amino - 6 - n-
propoxybenzothiazole, 2 .amino-6-1- butoxybenzo-
‘thiazole, 2-amino-6- methylbenzothiazole, 2 - amino-
6 - ethylbenzothiazole, 2 - amino - 6 -1 - propylbenzo-
thiazole, 2 - amino - 6 - 1 - ‘butylbenzothiazole, 2-
amino - 6 - 8 - hydroxyethylbenzothiazole, 2 - amino-
6-v- hydroxypropylbenzothiazole, 2 - amino - 6 - o-
hydroxybutylbenzothiazole, 2 - amino -6 - acetylamino-
benzothiazole, 2 - amino-6-n- propionylaminobenzo-
thiazole, 2 - amino -6 -1n- butyrylaminobenzothiazole,
2 - amino - 6 - thiomethylbenzothiazole, 2 - amino - 6-
thiocyanobenzothiazole; 2 . amino - 6 - cyanobenzo-
.thiazole, 2 - amino - 6 - triﬂuoromethylbenzothiazole,
2 - amino - 6 - chlorobenzothiazole, 2 - amino - 6-
nitrobenzothiazole, 2 - amino - 4,7 - dimethoxybenzo-
thiazole, 2 - amino - 5,6 - dimethoxybenzothiazole, 2-
amino - 4,7 - diethoxybenzothiazole, .and 2 - amino-
4,6-dimethy}benzothiazole are representative of the 2-
aminobenzothiazole compounds used in the preparation
of the azo compounds of our invention.-

Catechol, resorcinol, 1,3,5-trihydroxybenzene, 1,2,3-
trihydroxybenzene, orcinol (2,4-dihydroxy toluene), re-
sorcinol monomethyl ether, resorcinol monoethyl ether,
resorcinol mono-n-propyl ether, resorcinol mono-n-butyl
ether, catechol monomethyl ether, catechol monoethyl
-gther, catechol mono-n-propyl ether, catechol mono-n-
butyl ether, hydroquinone monomethyl ether, hydroqui-
none monoethyl ether, hydroquincne mono-n-propyl
ether, hydroquinone mono-n-butyl ether, catechol mono-
benzyl ether, resorcinol monobenzyl ether, hydroquinone
.monobenzyl ether, 1,3,5-trihydroxybenzene monomethyl
ether, 1,3,5-trihydroxybenzene monoethyl ether, 1,3,5-tri-
‘hydroxybenzene mono-n-propyl ether, 1,3,5-trihydroxy-
benzene mono-n-butyl ether, 1,2,3-trihydroxybenzene
monomethyl ether, 1,3,5-trihydroxybenzene dimethyl
ether, 1,3,5-trihydroxybenzene diethyl ether, 1,3,5-trihy-
'dl.'oxybenzene di-n-propyl ether, 1,3,5-trihydroxybenzene
di-n-butyl ether, 1,2,3-trihydroxybenzene dimethyl ether,
1,2,3-trihydroxybenzene diethyl ether, 1,2,3-trihydroxy-
benzene di-n-propyl ether, 1,2,3-trihydroxybenzene di-n-
butyl. ether, resorcinol monoacetate, resorcinol mono-n-
propionate, resorcinol mono-n-butyrate, hydroquinone
monoacetate, hydroguincne mono-n-propionate, hydroqui-
none mono-n-butyrate, 3—,3-hydroxyethoxyphenol, 4-g-hy-
droxyethoxyphenol, 2,4-dimethylphenol, 3,4-dimethyl-
phenol, 2-chloro-4-methylphenol, 4-methoxy-2-methyl-
phenol, A-methoxy-2-ethylphenol, 4-methoxy-2-tertiary-
butylphenol, 4-methoxy-3-methylphenol, 4-methoxy-3-
ethylphenol, 4—methoxy-3-tertiarybutylphenol, methyl 3,5-
dihydroxybenzoate, 2-nitroresorcinol and 2-chloro-3,5-di-
methylphenol, for example, are illustrative of the phenolic
compounds used in the preparation of the azo compounds
of our invention.

The non-metailized monoazc dye compounds of our
ijnvention have varying utility for the dyeing of cellulose
alkyl carboxylic acid esters having two to four carbon
atoms in the acid groups thereof, nylon, acrylonitrile
polymers, such as polyacrylonitrile and acrylonitrile graft
polymers, and polyesters, such as polyethylene terephthal-
ate. After application to these materials, usually in the
form of textile materials, the dye may be metallized
thereon, if desired. The metallized azo compounds of
our invention can be applied by ordinary dyeing or
printing techniques to nitrogenous textile materials such
as wool, silk, nylon and acrylonitrile polymers, for ex-
ample. Coloration 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

. corporated in
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‘can be an interpolymer such as

' mide, an acrylate,

4

form if desired. Also the metallizing agent can be in-
the spinning dope, the fiber spun as usual
and then dyed with the. non-metallized monoazo com-
pounds to form the metal complex on the fiber. The
new metallized dyes of our invention are preferably
formed by heating the non-metallized azo dye with the
metallizing agent in organic solvents, such as, for example,
cellulose acetate, -cellulose acetate-propionate, acryloni-
trile polymers, polyamides, ethylene glycol monomethyl
ether and formamide.

Both the non-metallized and metallized monoazo com-
pounds of our invention are dyes for fibers prepared from
graft polymers obtained by graft polymerizing acryloni-

trile alone or together with one or more other mono-

ethylenic - monomers with a preformed polymer. The
preformed polymer can be a homopolymer (a polymer
prepared by polymerization of a single monomer) of it
a copolymer (a polymer
prepared by the simultaneous polymerization in a single
reaction mixture of two monomers) or a terpolymer (2
polymer prepared by the simultaneous polymerization in
a single reaction mixture of three monomers), or the like,
and the graft polymers for which the dyes are particul-
larly useful are those containing at least 59, by weight
of combined acrylonitrile grafted to the preformed
polymer molecule.

The graft polymers which can be dyed using the non-
metallized and metallized dyes are thus polymers having
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< group and desirably a CHy=C< group, of
an interpolymer of two or more of such monomers; and
the grafiing can be effected with the preformed homo-
polymer or interpolymer in the polymerization mixture in
which it was formed (. 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 2 homopolymer of
a vinyl pyridine, an acrylamide, a maleamide, a fumara-
a methacrylamide, a methacrylate, an
intoconamide, 2 citraconamide, 2 fumaramate, an
intaconamate, a citraconamate, a maleamate, or a vinyl
ester; or an interpolymer of two or more of such
monomers with each other or of at least one of such
monomers with one or more different monoethylenic
monomers characterized by a ——CH=C< group such as
styrene, acrylonitrile, substituted styrenes, vinyl or vinyli-
dene chlorides, vinyl ethers, dialkyl maleates, alkenyl
ketones, dialky! fumarates, acrylic acid, methacrylic acid,
substituted acrylonitriles, fumaronitrile, ethylene and the
iike.

The graft polymerization is effected by polymerizing
acrylonitrile or a mixture of acryloniirile with any other
monoethylenic monomer, including any of the monomers
enumerated hereinabove, with the preformed tive or dead
homopolymer of interpolymer whereby the acrylonitrile
alone or together with another grafting monomer is com-
bined with the preformed polymer molecule to give 2
graft polymer containing from 3 to 959% 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 oOF different acryl-
amide or methacrylamide.

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

The following'-examples i which. parts are expressed
as parts by weight illustrate our invention,

EXAMPLE 1

50 parts of propionic-acetic (1 : 5) acids were added
at 10° C. to a solution of 3.8 parts of sodium nitrite jn
47 parts of concentrated sulfuric acid 94%). A solu-
tion of 9.1 parts of 2,-amino-6-methoxybenzothiazole in
50 parts of propicnic-acetic (1:5) acids was added be-
low 5° C. 1o the sodium nitrite solution and the result-

‘with cold ‘water until neutra] and dried at 60° C,
parts of the dye compound having the formula:

8
c HSO(II\/\C—N:NQ_O CH;

OH

were- obtained as g reddish-browp powder which dyes
cellulose acetate reddish-orange shades.

EXAMPLE 2

By the use of 9.75 parts of- 2-am1'no-6-nitrobenzo-
thiazole and §.2 parts of phloroglucino] dihydrate in Ex-
ample 1 in place of 2-arn1'no-6-methoxybenzothiazole
and resorcino} monomethy] ether, respectively, 11 parts

of a dye compound which dyes cellulose acetate orange
shades were obtained.

EXAMPLE 3

By the use of 11.1 paris of 2-amino-4,7—dimethoxy~
benzothiazole and 5.5 parts of resorcinol in Example 1
in place of 2-arnino-G-methoxybenzothiazole and resor-
cinol monomethyl ether, Tespectively, 15 parts of a dye
compound which dyes :cellulose acetate orange shades
were obtained.

EXAMPLE 4

A cellulose acetate fabric dyed with a 39 dyeing of
the dye product of Example 1 wag padded with a 29
aqueous solution of nicke] thiocyanate under conditions
such that a 60 to 100% pick-up, based on the weight of
the goods, was obtained. The cellulose acetate fabric was
air dried and then aged in a steam chest at'5 p. s. i. pres-
sure for 20 minutes, The cellulose acetate goods were
then scoured at 6p° C. with Soap-and water, rinsed well
with water and dried. The cellulose acetate fabric was
dyed a navy blue, almost black, shade. No bleeding was
observed when a sample of the dyed fabric was subjected
to a standard AATCC wash test at 160° F. with soap
and water, i igi

metallized dyeing showing no fading after 20 hours’ ex-
bosure on the Fade-Ometer, _

The above example was repeated replacing the nickel
thiocyanate solution with 2% solutions of cobalt thio-
cyanate, chromium thiocyanate and ferricthiocyanate.
The results obtajned are as follows:

—_—

Final Color
on Cellulose
Acetate
Fabric

DMetal Thioeyanate.
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The metallized dyeings thus obtained exhibited the same
excellent fastnsgs properties, particularly with respect. to
laundering, as the metallized dyéing obtained when a 2%

aqueous solution of nickel] thiocyanate was employed as

‘the metallizing agent.

EXAMPLE 5

A cellulose acetate fabric dyed with a 39 dyeing of
the dye product of Example 2 was treated with a 29
of nickel thiocyanate. in accordance
with the procedure described in Example 4, brov
etallized dyeing having good fastness to-light and ‘wagsh-
ing was obtained, )

EXAMPLE

A cellulose acetate fabric dyed with a 3% ‘dyéing of the
dye prodict of Example 3 was treated with a 29 aqueous
solution of nickel thiocyanate in- accordance with the
procedure described . in Example" 4. A violet metallized
dyeing having good fastness to-light and washing 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 solg-
tion of 6 parts of Cuprofix (a mixture of ‘copper sulfate
and a low urea-formaldehyde resin) ‘in 200 parts of wa-
ter and then dried at 110° C. The padded cellulose ace-
tate fabric was then cured at 160° C. for 5 minutes and
thzn scoured at 60° C. with a solution of one part of
Calgon (sodium hexa-meta-phosphate) and 1 part of
Igepal CA (a polymerized ethylene oxide-alkyl phenol
condensation product) in 100 parts-of water, rinsed with
water and dried, The cellulose acetate fabric was colored
a blue shade having good fastness to light and washing,

EXAMPLE 3

EXAMPLE 9

130 parts of concentrated sulfuric acjq (94%) were
added, with stirring, to a suspension of 11.4 parts of
2-amino-6-methyl-sulfonylbenzothiazole in 120 parts of
water. The temperature rose to about 90° C, during the
addition of the sulfuric acid. The resulting solution was
cooled to —10° C.-and a solution of 4 parts of sodium
nitrite in 45 paris of concentrated sulfuric acid was added

C., the diazonium
solution resulting was run into a solution of 7 parts of
hydroquinone monomethyl ether in 125 parts of copionic-
acetic (1:5 acids at 5° C. The mineral acid bresent in
the reaction mixture was made nentra] to Congo red paper

zation, the reaction mixture was allowed to stand for two
hours at room temperature, The reaction mixture wag
then drowned ip 2000 parts of water and the dye produyct
which precipitated wag recovered by filtration, washed
well with cold water and dried. 15.2 parts of a dye com-
pound which dyes cellulose scetate bright orange shades
and which dyes the acrylonitrile grafter polymer spe-
cifically described hereinafter were obtained,

EXAMPLE 10

Example 1 .was Tepeated using. 6.2 parts -of ‘hydro.
quinone monomethyl ether in place of resorcinol mono-
methyl ether. The dye compound obtained dyes cellulose
acetate orange shades and the acrylonitrile. graft polymer
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'_spe_ciﬁcélly described hereinafter. Both of these dyed ma-
terials have good fasiness to light.

EXAMPLE 11

A cellulose acetate fabric dyed with a
the dye product of Example 9 was treated with a 2%
aqueous solution of nickel thiocyanate in accordance with
the procedure described in Example 4. The cellulose
acetate fabric was dyed a deep blue-green shade approx-
jmating that of Caledon Jade Green on coiton. In con-
trast to the original orange colored celiulose acetate fab-
ric which bled badly in an AATCC wash test at 120° F.
and faded after 5 hours’ exposure on the Fade-Ometer,
the green metallized dyeing showed no alteration or bleed-
ing in a standard AATCC wash test at 160 F. using soap
and soda ash and showed only a barely perceptible break
after 20 hours® exposure on the Fade-Ometer.

EXAMPLE 12 '

A cellulose acetate fabric dyed with a 3% dyeing of the
dye product of Example 10 was treated with a 2% aque-
ous solution of nickel thiocyanate in accordance with the
procedure described in Example 4, A green metallized
dyeing having excellent resistance to the action of light
.and laundering was obtained. )

EXAMPLE 13

9.7 parts of 2—amino—6-ethoxybenzothiazole in 50 parts
of propionic—acetic (1:5) acids were cooled to 3° C. and
added to 2 solution of nitrosyl sulfuric acid prepared by
adding the reaction product of 3.8 parts of sodium nitrite
and 46 parts of concentrated suifuric acid to 50 parts of
propionic-acetic {1:5) acids. After stirring the reaction
mixture for two hours between 0° C. and 5° C., a solu-
tion of 7 parts of resorcinol monomethyl ether in 50 paris
of propionic—acetic (1:5) acids was added. After com-
pletion of the coupling reaction which takes place, the
mineral acid present in the reaction mixture Was made
neutral to Congo red paper by the addition of ammonium
‘acetate and the reaction mixture was allowed to stand
for two hours at room temperature. The reaction mix-
ture was then drowned in water and the dye product
which precipitated was recovered by filtration, washed
well with water and dried. 143 parts of 2 dye compound
which dyes cellulose acetate orange shades and the acty-
lopitrile graft polymer specifically described hereinafter
were obtained. Both dyeings possess good fastness to
light.

' EXAMPLE 14

A cellulose acetate fabric dyed with a 39 dyeing of
the dye product of Example 13 was treated with a 2%
aqueous solution of nickel thiocyanate in accordance with
the procedure described in Example 4. A deep blue dye-
ing having excellent fastness G light and washing was

obtained.
EXAMPLE 15

Example 9 was repeated using 6.5 parts of 3,4-dimethyl-
phenol in place of hydroquinone monomethyl ether. The
dye product obtained dyes cellulose acetate orangé shades
and the acrylonitrile graft polymer specifically described

hereinafter. Both dyeings have good fastness 0 light.
EXAMPLE 16

A celllulose acetate fabric dyed with 2 39 dyeing of
‘the dye product of Example 15 was treated with a 2%
agueous solution of nickel thiocyanate in accordance with
“the procedure described in Example 4. A green metal-
"lized dyeing having excellent fastness to light and wash-

ing was obtained.
EXAMPLE 17

130 parts of concentrated sulfuric acid (94%) were
- added, with-stirring, to 2 suspension of 11.4 parts of 2-
.amino—ﬁ-methylsulfonylbenzothiazole in 120 parts of
water. The temperature rose to about 90° C. during the

39, dyeing of
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< {rated ammonium hydroxide

ture was refluxed for two

-dye compound was

addition of the sulfuric acid. - The resulting solution was
cooled to —10° C. and a solution of 4 parts of sodium
nitrite in 45 parts of concentrated sulfuric acid was added
dropwise while maintaining the temperature below —5°
C. After two hours at’ —5° ., the diazonium solutiont
resulting was run into a solution of 7 parts of hydro-
quinone monomethyl ether in 500 parts of water while
keeping the temperature below 5° C. by the addition of
jce. After addition of the diazonium solution the reac-
tion mixture was stirred for one hour without cooling
and then diluted with an equal volume of water. The dye
compound which' precipitated was recovered by filtration,
washed with cold water until neutral and dried. 164
parts of a dye compound identical to that obtained in
Example 9 were thus obtained.

EXAMPLE 18

1.82 parts of the dye compound of Example 17 were
refluxed in 30 parts of acetone and 4 parts of concen-
trated ammonium hydroxide were added following which
a solution of 1.37 parts of nickel acetate tetrahydrate in
30 parts of acetone were also added. The reaction mix-
ture was refluxed for two hours more and then drowned
in 800 parts of water. “The metallized dye compound
which precipitated was recovered by filtration and washed
with water uniil the run off was colorless. The metallized
dye compound was dried at 110° C. 2.0 parts of the
metallized dye compound were obtained. When incor-
porated into films, yarns, etC., of cellulose acetate, it im-
parts thereto deep greenish-blue shades having good fast-
ness properties.

EXAMPLE 19

1.56 parts of the dye product of Example 1 were dis-
solved in 50 parts of ethyl alcohol and 2 solution of 5
parts of ammonium thiocyanate and 2 parts of NiCl,.6H,0
in 15 parts of water were added with stirring. The re-
action mixture thus obtained was heated at 60° Cc-70°
C., with stirring, until no further color change was ob-
served, after which it was drowned in 500 parts of water.
The metallized dye compound which precipitated was
recovered by filiration, washed well with water and dried.
1.65. parts of the metallized dye compound were thus ob-
tained. Attractive shades of blue are obtained when this
metallized dye product is incorporated by known means
into plastic objects. . .

EXAMPLE 20

1.56 parts of the dye compound of Example 10, 2 parts
of NiCly.6Hz0, 2 parts of sodium carbonate and 50 parts
of the monomethyl ether of ethylene glycol were heated
together at 75° C.—80° C. for two hours with stirring.
The reaction mixture was then drowned in 500 parts of
water and the metallized dye product which precipitated
was recovered by fltration, washed well with water and
dried. The metallized dye compound thus obtained im-
parts green shades having good fastness to light and
laundering - when incorporated info a cellulose acetate
dope solution which is then spun into yarao.

EXAMPLE 21

1.81 parts of the dye compound of Example 15 wers
refluxed in 30 parts of acetone and 4 parts of concen-
were added following which
a solution of 1.37 parts of nickel acetate tetrahydrate in
30 parts of acetone were also added. The reaction mix-
hours more and then drowned
in 800 parts of water. The metallized dye compound
which precipitated was recovered by fiitration and washed
with water until the run off was colorless. The metallized
dried at 110° C. 2.0 parts of the
metallized dye compound were obtained. It imparts fast
green shades. when incorporated by known means into
plastic obiects.



) 2,865,009
g .
EXAMPLE 22 The dye compounds of Examples 1, 2 and 3 color the
1.63 parts of the. dye compound of Example 13 were acrylonitrile graft polymer specifically described herein-
refluxed in 30 parts.of acetone-and 4 parts of concentrated . after blue, red and brown shades, respectively.
ammonium hydroxide were added following which a solu- The following tabulation furthier illustrates the mono-
tion of 1.37 parts of nickel acetate tetrahydrate in 30 § azo compounds of our invention and sets forth the colors
parts of acetone were also added. The reaction mixtu{e the non-metallized compounds yield on (1) cellulose
was refluxed for two hours more and then drowned in acetate and (2) an acrylonitrile graft polymer, as well as.

800 parts of water, The metallized dye compound which :
precipitated was recovered by-filtration and washed with ;?:taclﬁlzoer; f(?r;amlelddon cellulct}sc;,l.acgtate vlvlhegbthe»noq—
water until the run off was colorless. The metallized dye 10 - compounds are metallized on the er. The
compound was dried at' 110°-C. 1.7 to 1.8 parts of the preparation of the acry lonitrile graft polymer reierred to
metallized dye compound were obtained. It colors films, in the 'tabulzf‘tlon liv described Immediately following the
filaments, etc., of celluloge acetate blue: shades having  tabulation. “C, A: refers to cellulose acetate, “Origina]”
good fastness properties when incorporated therein by refers to the non-metallized dyeing and “Final” refers to.

known means. , 1 5> - the metallized dyeing,
{ Color on CA Color.on
. ) -Acrylo-
2-Aminobenzothiazols Compound Coupling Component M&leeljllzgng R I(x_;tﬂ]e;
C o : : - Graft

: Original Final Polymer
Original

6-Metho Ni(SCN), violet_..__. |

D | b2 gribydrossbenaone. Co(SCN); grey-vinlet__| .

Do._. : Nl(SCN)z

dull violet___| .

- d e
2-Chloro-4-methylphenol
Do I Y Ao i TTTT

greyy

_...do -
3,4-1()1imethylphenol_
Ot
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Coloron CA Color on
) : Acrylo-
2. Aminobenzothiazole Compound Coupling Component Metallizing nitrile
Agent Gralt
Original Final Polymer
Original

A MethOXY coemocmmmmmmmmmm i mmm == mm Hyd({oquinone monoethyl ether...
TH0. o oemmmmemmmmmmmmm == o O mmmmmmmm ==
5,6 l%imethoxy__-_ 34D imethylphenol.-
PRI PPV et e ey I
Do..- hloro-4-methylphenol.
Do. QO m ez

Resorcinol monomethyl ether.

I I R
2~Ohdloro-4-methylphenol -
R T SRR
3,4-Dimethylphenol...

[ 1 TR QO mm
Do-.. 4-6-Hydroxyethoxyphenol.
b5 P IS PR S A0 e mm ==

5-M%hoxy. Res%rcinol monomethyl ether-..--
P T O oo o mmmm
Do.. 2-Chlore-4-methylphenol
5 1 T ] [ 0 S
G-M%:hoxy- 2-0hloro—3,5-dimethy1phenol
PO Sy O oo mmmm o mm

NU(SCN)s
Co(SCN):
Ni(SCN)s
Co(SCN):
Ni(SCNY2
Co(SON):

F s SO
violet

Preparation of acrylonitrile graft polymer

3.0 g. of acrylonitrile and 7.0 g. of N-methy! methacryl-
amide were emulsified in 40 cc. of water containing
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-
methy! methacrylamide. The mixture was then cooled to
room temperature, 50 cc. of water added and the mixture
agitated until a homogeneous solution of dope containing
10% by weight of the copolymer resulted.

30.7 g. (3.07 g. of copolymer) of the above prepared
solution or dope of the copolymer were placed in a
jacketed reactor provided with an agitator and heat ex-
changer. There were then added 10 g. of acrylonitrile,
114 c. of water, 0.58 g. of 85% phosphoric acid, 0.1 .
of potassium persulfate, 0.17 g. of potassium metabi-
sulfite, 0.1 g. of tertiary dodecyl mercaptan and 0.56 g.
of a 30% solution in water of N-methyl methacrylamide

and the mixture heated, with stirring, to 35° C. and thea 3

allowed to level off at 37°-39° C. After the heat of poly-
merization had been removed and when the conversion of
the acrylonitrile to polymer had reached 96% or more,
which is usually accomplished in a period of about 12
hours, the temperature was raised to 90°
liquor was removed by centrifuging the polymerization
mixture, the polymer precipitate
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 polyacrylonitrile
product was over 90%. After hammer-milling, the dry
powder, now ready for spinning, was stored in a moisture-
proof container.

The acrylonitrile graft polymer prepared as above and
containing about 18% by weight of N-methyl methacryl-
amide was soluble in N, N-dimethylformamide. Fibers
spun by extruding a solution of the polymer product in
N, N-dimethylformamide into a precipitating bath had a
softening temperature of about 240° C., an extensibility
of about 20-30 percent depending on the drafting and
relaxing conditions, and showed excellent affinity for dyes.

In order that the preparation of the azo compounds of
our invention may be entirely clear, the preparation of
certain intermediates used in their manufacture is de-
scribed hereinafter,

C. The mother :

being resturried twice .

Preparation of 2-amino-6—methylsulfanylbenzothiazole

30 A solution of 200 parts of bromine in 300 parts of acetic
acid was added over the course of about 1 hour to 2
mixture of 171 parts of p-aminophenylmethylsulfone and
202 parts of sodium thiocyanate 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 recovered on the filter
by filtration, washed with acetic acid and then dispersed
in 6000 parts of water. The reaction mixture thus ob-
tained 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 mix-
ture was then cooled, filtered and the reaction product
which collected on the filter was washed well with water
and dried at 120° C. 145 to 160 parts of 2-amino-6-
methy1su1fony1benzothiazole were obtained as light yellow
crystals melting at 226° C-228° C.

35

40

Preparation of 2-acetylamino-6-thiocyanabenzothiazole

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.-
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
holding the temperature of the reaction mixture below
35° C., 14.2 parts of chlorine were passed in and the
reaction 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-

50

75
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benzothiazole melting. at 247° C-249° C. were thus
obtained, = - - o

Preparation of 2-amina-6-ethylsulfonylbvenzothz'azol_e

A solution of 26.4 parts of crystalline sodium sulfide
and 24.9 parts of 2-acetylamino-6-thiocy»anobenzothiazole
in 150 parts of ethyl alcohol were refluxed together for
10 minutes and - after cooling the reaction mixture to
20° C,, 16.3 parts of ethyl iodide were added at one time
and the reaction mixture’ resulting was refluxed for one
hour. The reaction’ mixiure 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—G-ethyIthioben—
zothiazole melting at 168° C.~169° C. were obtained.
It desired, the quality of the product can be checked by
hydrolyzing a little of the product with acid to 2-aming-
6-ethylthiobenzothiazole melting at 137° C—~139° C. -

19 parts of 30% aqueous” hydrogen peroxide were
added to a solution of 15.5 parts of * 2-dcetylamino-6-
ethylthiobenzothiazole in 53 parts of acetic acid while
maintajning ‘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 filtration 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
filtered. 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,
8.5 parts of 2-arn1'no—6-ethylsu1fonylbenzothiazole melt-
ing 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
iodide in place of ethyl iodide. The melting point of the
2-acety1amino-6-isopr0pylthiobenzothiazole formed dur-
ing the process was 174° C.~175° C. while that of the
final preduct 2-amino-6-isopropylsu1fonylbenzothiazole
was 207° C.-209° C. o

2-amino-6—n-pr0pylsulfonylbenzothiazole 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-aming-6-
ethylsulfonylbenzothiazole using 14.3 parts of isobutyl
bromide in place of ethyl iodide. The melting point of
the 2-acety1arnino-6-isobu’tylthiobenzothiazole cbtained
was 167° C.~168° C. while that of the final product 2-
arnino-6-isrobutylsulfonylbenzothiazole was 206° C.-
207° C.

2-amino-6—n—butylsulfonylbenzothiazole is
prepared by using 14.3 parts of n-butyl bromide
of isobuty! bromide in the foregoing example,

similarly
in place

Preparation of 2-amz'no-6-triﬂuoromethylsulfonylbenzo—
thiazole

75 parts of bromine in 120 parts of acetic acid were
added gradually with stirring to a solution of 98 parts
of p-aminophenyltriﬂuo'romethylsulfone and 76 parts of
sodium thiocyanate in 700 parts of acetic acid. The
addition of the bromine was begun at room
and the temperature of the reaction mixture was kept
below 35° C, during the addition, The temperature or-
dinarily 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 mineral acid therein neutralized by the
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acefate with good stirring. The pro-
duct which formed was recovered- by filtration, washed
well with cold water and dried at 110° C..33t070 parts
of 2-an3ino-6¢triﬂuorqm'ethylsulfqnylbenzothiazo_le melt-
ing at 206-208° G, were. thus obtained,

addition of sodjum

Preparation of Z-am_inofd-triﬂuorom'ethylbenzofhiazole

12.5 - parts of bromine in 20 parts of acetic acid were
added dropwise, with stitring, to a solution of 12.4 parts
of p-aminobenzotrifluorids and-12.7 parts of sodium thio-
Cyanate in 115 parts of acetic acid- while maintaining the
temperature of the reaétion mixtire bélow 35° C, The
reaction mixture ‘résulting wis ‘stirred for 12- hours: fol-
lowing which thé solid Present therein: was removed: by
filiration. The filtrate was Bouréd- into 1000 parts - of
water and the minera] acid therein was ‘neutralized” by
the addition of sodinin acetate with good ‘agitation.  The
product which formed wag recovered by filtration, washad
well with cold wiater and’ dried under vacuuni at 45° Q.
7.7-10.2 parts’ of Z-amind-6-triﬂu0rc'amethylbenzothiazole

melting at 115,’5'—1 16.5°"C.' were' thus ‘obtained.

Preparation of 2-am;in'o:6-/3-hydroxyethylbenzothiazole

255.7 grams of bromine in 400 cc. of acetic acid were
added gra,dually,,oye‘r, a period of 1 hour with good stir-
Ting to a solution ‘of 219.2 grams “of p-aminophenylethy]
alcohol and 259.2 grams of sodium thiocyanate in 2400
cc. of acetic while maintaining the temperature of the
reaction mixture below 15° C, The reaction mixture
resulting was stirrred for 2 hours at 10° C~12° C. and
the product which formed was recovered on the filter by
filtration and washed with- 300 cc. of acetic acid. The
product filter cake -thus obtained - was dissolved in 1600
cc. of water at about 40°..C, and the reaction mixture
Wwas made alkaline by the addition of sodjum hydroxide.
The reaction mixture thus obtained -was heated to boiling
and then cooled to 15° C, and filtered. The product ob.
tained on the filter: was. washed with water until-neutral
and then dried at 100° C. 206 to 230 grams. of 2-amino-
6-,B-hydroxyethylbenzothiazole were thus obtained in the
form of white crystals melting at 175° C.-177° C.

Another alkali meta] thiocyanate such as potassinum
thiocyanate, for example, can be used in place of sodium
thiocyanate in the foregoing examples, Similarly, another -
alkaline agent, such as sodium carbonate, sodium - bi-
carbonate, potassium carbonate, potassium bicarbonate,

can be used to neutralize the mineral acid in place of
sodium acetate.

The preparation  of p-kaminpphenylt_riﬂuoromethylsul—
fone 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

ester, such as polyethylen‘ev‘te.rcph_thalate, textile materials
and the metallized azg dye compounds. of our invention
can be applied to nitrogenous textile materials such as,
for example, wool, silk, nylon and acrylonitrile polymers,
such as polyacrylonitrile ‘and acrylonitrile graft polymers,
in the form of an aqueous dispersion and are ordinarily
so applied;

To illustrate, the dye compound is finely ground with
a dispersing agent such .as sodium lignin sulfonate,
Turkey red oil, soap, or an oleyl glyceryl sulfate and the
resulting mixture is dispersed in water. The dye bath
thus prepared is heated to- a temperature approximating
5° C=55° C. and the textile material to be dyed is
immersed in the dyebath, following which the tempera-
ture is gradually raised to 80° C.-90° C. and maintained
at this temperature until dyeing is complete, usually one-
half to two hours. From time to time throughout the
dyeing operation, the material is worked to promote even
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dyeing. Upon completion of the dyeing operation, the
textile material is removed from the dye bath, washed
with an aqueous soap solution, rinsed well with water
and dried. In the case of certain of the acrylonitrile
graft polymers described hereinbefore it is necessary to
dye at the boil for an extended period of time. Instances
may be encountered where the fiber is not satisfactorily
colored by the dyeing procedure just described. In these
instances special dyeing techniques, such as the use of
pressure, for example, developed by the art for the
coloration of materials difficult to color may be employed.

Widely varying amounts of dye can be used in the
dyeing operation. The amount of dye used can be, for
example, ¥5 to 3% (by weight) of that of the textile
material although lesser or greater amounts of the dye
can be employed.

The following example iflustrates 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.
are ground with an aqueous solution of sodium lignin
sulfonate 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 2 small
amount of & surface-active agent such as Igepon T

(017H33.CO.N(CH3).CZH4SO3Na)

Nekal BX (sodium alkylnaphthalenesulfonate) of Orvus
(sodium lauryl sulfate-type) has been added. The dye
bath is then brought to the desired temperature 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
dyeing operation, the material is worked to promote even
dyeing.

The expression “propionic-acetic (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 of volume
of propionic acid.

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

Acrylonitrile graft polymers inclnding 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 - triftuoromethyl-
sulfonylbenzothiazole is described and claimed by Straley
and Fisher U. S. application Serial No. 413,954, filed
March 3, 1954, now abandoned. 2-amino-6-trifluoro-
methylbenzothiazole is described and claimed by Straley
and Fisher U. S. application Serial No. 413,955, filed
March 3, 1954, now. abandoned.

We claim:

1. A complex metal compound which contains one of
the metals selected from the group consisting of
chromium, cobalf, copper, iron, manganese, nickel and
vanadium in complex combination with a monoazo com-
pound having the formula:

8
At/ \C—-N=N—X
AN

wherein Ar represents an ortho-arylene radical of the
benzene series devoid of a sulfonic acid group and X rep-
resents the radical of a phenol selected from the group
consisting of dihydroxybenzene, trihydroxybenzene, di-
hydroxy toluene, dihydroxybenzene monoalkyl ether, di-
hydroxybenzene monobenzyl ether, trihydroxybenzene
monoalkyl ether, trihydroxybenzene dialkyl ether, diby-
droxybenzene monoalkylacylate, ﬂ-hydroxyethoxyphenol,
dimethy! phenol, chlorocresol, methoxy substituted alkyl
phenol, methyl 3,5-dihydroxybenzoate, 92-nitroresorcinol
and 2-chloro-3,5-dimethyl phenol, wherein the term alkyl
.as used above refers to an alkyl hydrocarbon group hav-
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ing 1 to 4 carbon atoms and wherein the radical desig-
nated X is devoid of substituents other than those indi-
cated above.

2. Complex mnickel compounds of the monoazo com-
pounds having the formula set forth in claim 1.

3, Complex cobalt compounds of the monoazo com-
pounds having the formula set forth in claim 1.

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

s
Ar/ \C-N=N—X
N\ #

wherein Ar represents an ortho-arylene radical of the
benzene series devoid of a sulfonic acid group and X
represents the radical of dihydroxybenzene monoalkyl
ether, wherein the term alkyl refers to an alkyl hydro-
carbon group having 1 to 4 carbon atoms and wherein
said dihydroxybenzene monoalkyl ether radical is devoid
of other substituents.

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

CH;
S |
g0
AN
N

C—N=N CHs

H

wherein Ar represents an ortho-arylene radical of the
benzene series.
6. A monoazo compound having the formula:
s
/ N\
Ar\ P
N

O—N=N—X

wherein Ar represents an ortho-arylene radical of the
benzene series devoid of a sulfonic acid group and X
represents the radical of a phenol selected from the group
consisting of dihydroxybenzene, trihydroxybenzene, di-
hydroxy toluene, dihydroxybenzene monoalkyl ether, di-
hydroxybenzene monobenzyl ether, trihydroxybenzene
monoalkyl ether, trihydroxybenzene dialkyl ether, dihy-
droxybenzene monoalkylacylate, ﬁ-hydroxyethoxyphenol,
dimethy! phenol, chlorocresol, methoxy substituted alkyl
phenol, methyl 3,5-dihydroxybenzoate, 2 nitroresorcinol
and 2-chloro-3 ,5-dimethyl phenol, wherein the term alkyl
as used above refers to an alkyl hydrocarbon group hav-
ing 1 to 4 carbon atoms and wherein the radical desig-
nated X is devoid of substituents other than those indi-
cated above.

7. A monoazo compound

5]

7N
Ar

7
\N/

having the formula:
C—N=N—-X

wherein Ar represents an ortho-arylene radical of the
benzene series deveid of 2 sulfonic acid group and
represents the radical of dihydroxybenzene monoalkyl
ether, wherein the term alkyl refers to an alkyl hydro-
carbon group having 1 to 4 carbon atoms and wherein
said dihydroxybenzene monoalkyl ether radical is devoid
of other substituents.
8. A monoazo compound having the formula:

CH;
8 |

Ar/ N oN=N —CHs
AN
N
B
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wherein Ar rfepresents an ortho-arylene radical of the
benzene series devoid of a sulfonic acid group.
9. The azo compound having the formula:

S
N)C—N:NO-O CH;

om

10. The azo compound having the formula:
ocH,

CH;0

CH:0
C—N=N—,

e -

11. The azo compound having the formula:

8 OCH;
CH;0,8 \ L
y C_NzN‘Q
7 )
12. The azo compounds having the formula;
CH;
—CH;

s
CHi08 \C-—N=N
e -

13. The azo compounds having the formula:

8
o0 \C-—N= OCH;,
7
H

14. A complex nickel compound of the azo compound
of claim 9,

15. A complex nicke] compound of the azo compound
of claim 10,
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16. A complex nicke] compound of the azo compound
of claim 11,

17. A complex nickel compound of the azo compound
of claim 12.

18. A complex nicke] compound of the azo compound
of claim 13.

19. As a composition of matter, the azo compounds
selected from the 8roup consisting of monoazo com-

azo compounds having the formula:
8

Ar/ \C—-N=N—~X
\N%

hydroxy toluene, dihydroxybenzene monoalkyl ether, di-
hydroxybenzene monobenzyl ether, trihydroxybenzene

nol, dimethyl phenol, chloracresol,
alkyl phenol, methy] 3,5-dihydroxybenzoate, 2-nitro-
resorcinol and 2—chloro-3,5-d1'methyl phenol, wherein the
term alkyl as used above refers to an alkyl hydrocarbon
group having 1 to 4 carbon atoms and wherein the
radical designated X is devoid of substituents other than
those indicated above,
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