-

PCT | WORLD INTELLECTUAL PROPERTY ORGANIZATIO

International Bureau )

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4 : (11) International Publication Number: WO 87/ 02048
C09B 17/02 /| B41M 526 Al (43) International Publication Date: 9 April 1987 (09.04.87y

(21) International Appli'cation Number:  PCT/US85/01920| Published
With international search report.
(22) International Filing Date: 7 October 1985 (07.10.85)

(71) Applicant: MINNESOTA MINING AND MANU-
FACTURING COMPANY [US/US]; 3M Center,
P.O. Box 33427, Saint Paul, MN 55133 (US).

(72) Inventors: MILLER, Alan, G. ; BALCHUNIS, Robert,
J. ; P.O. Box 33427, Saint Paul, MN 55133 (US).

(74) Agents: WEINSTEIN, David, L. et al.; P.O. Box 33427,
Saint Paul, MN 55133 (US).

(81) Designated States: AT (European patent), BE (Euro-
pean patent), CH (European patent), DE (European
patent), FR (European patent), GB (European pa-
tent), IT (European patent), JP, LU (European pa-
tent), NL (European patent), SE (European patent).

(54) Title: NOVEL PHENAZINE DYES

(57) Abstract

Phenazine dyes, more particularly, phenazine dyes suitable as intermediates for leuco phenazine dyes. Essentially all
of the phenazine dyes capable of providing red, orange, and magenta hues have unsubstituted amine groups at the 3- or 7-
position, or both. Acylation in the 10-position is a well-known method of providing stabilized leuco phenazine dyes. How-
ever, phenazine dyes known in the art, such as phenosafranine, which are red, magenta and the like, do not provide the
original dye color upon reduction, acylation and reoxidation. In addition, a phenazine dye acylated at the 10-position and
containing a free amine group at the 3- and/or 7-positions provides a very unstable leuco dye form in an imaging system
containing a metal nitrate, due to the presence of the unsubstituted amine group. This invention provides 3,7-diamino
phenazine dyes having at least one electron-withdrawing substituent on at least one of the groups attached to the nitrogen
atoms of the amine groups at the 3- and 7-positions. The group containing the electron-withdrawing substituent can be se-
lected from (1) a substituted alkyl group, and (2) a substituted aryl group. These dyes can be used to prepare reduced leuco
dyes that are capable of being oxidized to provide red, yellow, magenta, and orange colors. The dyes in their leuco form
can be made to possess sufficient stability to avoid premature oxidation in imaging systems. The oxidized form of the
phenazine dyes has good stability to heat and light.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

AT Austria FR France ML Mali

AU  Aaustralia GA Gabon MR Mauritania
BB Barbados GB United Kingdom MW Malawi

BE Belgium HU Hungary NL Netherlands
BG Bulgaria IT TItaly NO Norway

BJ Benin JP  Japan ’ RO Romania

BR  Brazil KP Democratic People’s Republic SD Sudan

CF  Central African Republic of Korea SE  Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland LI  Liechtenstein SU Soviet Union
CM Cameroon LK SriLanka TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco US  United States of America

FI  Finland MG Madagascar




WO 87/02048 PCT/US85/01920

10

15

20

25

30

35

1 |
-‘]..

NOVEL PHENAZINE DYES

: BACKGROUND OF THE INVENTION

l This invention relates to phenazine dyes, and
more particularly, to phenazine dyes suitable as
intermediates for leuco phenazine dyes.

Phenazine dyes have been used for many industrial
purposes for over 100 years. Well known examples of
phenazine dyes include Heliotrope B, and phenosafranine.
Essentially all of the phenazine dyes capable of providing
red, orange, and magenta hues have unsubstituted amine
groups at the 3- or 7-position, or both.

The presence of unsubstituted amine groups at the
3- or 7-positions, or both, does not allow one to employ a
simple, direct method to reduce and acylate the dy% at the
10-position without also acylating the dye at the 3- or
7-position or both. 1In a reduced leuco dye which contains
acyl groups at the 10-position as well as the 3- and/or
7-positions, reoxidation under normal conditions removes
only the acyl group at the l0-position, which will yield a
dye form having different absorption properties from that
of the original, unreduced dye containing the unsubstituted
amine group. Therefore, phenazine dyes known‘in the art,
such as phenosafranine, which are red, magenta, and the
like, do not provide the original dye color upon reduction,
acylation and reoxidation. 1In addition, a phenazine dye
acylated at the 10-position and containing a free amine
group at the 3 and/or 7-positions provides a very unstable
leuco dye form in an imaging system containing a metal
nitrate, due to the presence of the unsubstituted amine
group. Thus, there is no known method for providing
phenazine dyes which can be converted to stable leuco forms
and then reoxidized to give orange, red and magenta colors
in a metal nitrate system. Although phenazine dyes
containing substituents at the 3- and 7-positions are well
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known, essentially all of them provide turquoise or blue
colors.

British Patent Specifications 1,443,403 and ‘

1,440,948 describe phenazine dyes for use on cellulosic and

5 other fibers having substituents on the 3- and 7-positions.
These substituents are sulfonated phenyl and sulfonated
benzyl groups. Although these sulfonated groups provide
enhanced water solubility of the dye, they cannot be
converted to stable leuco forms that can be oxidized to

10 form orange, red, or magenta colors. British Patent
Specification 1,193,923 describes phenazine dyes having
long chain alkyl groups attached to the aromatic rings
thereof. Although long alkyl chains reduce the mobility of
and diffusibility of the dyes, they impart a high molecular

15 weight and low solubility, and they cannot be converted to
stable leuco forms that can be oxidized to form orange,

red, or magenta colors.

SUMMARY OF THE INVENTION
20 This invention involves 3,7-diamino phenazine
dyes having at least one electron-withdrawing substituent
on at least one of the groups attached to the nitrogen
atoms of the amine groups at the 3- and 7-positions.
These dyes can be used to prepare reduced leuco
25 dyes that are capable of being oxidized to provide red;
yellow, magenta,>and orange colors. The dyes in their
leuco form can be made to possess sufficient stability to
avoid premature oxidation in imaging systems. The oxidized
form of the phenazine dyes have good stability to heat and

30 light.

35 -
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DETAILED DESCRIPTION

The phenazine dyes of this invention can be
represented by the formula:

RG Rll

5 R7 N RlO
AN - 3
R1 /R

Sy N ~f

-~ \
2 RB 9 R4

RS
10 A_

wherein Rl, Rz, R3, and R4 independently represent

- members of the group selected from unsubstituted

alkyl groups, substituted alkyl groups,

unsubstituted acyl groups, substituted acyl

15 groups, unsubstituted aryl groups, substituted
aryl groups, and hydrogen, provided that at least
one of Rl, Rz, R3, R4 is selected from the group
consisting of substituted alkyl groups and
substituted aryl groups, provided that at least

20 one of the substituents on the substituted alkyl
group or substituted aryl group is an electron-
withdrawing substituent;
R5 represents a member of the group selected from
unsubstituted alkyl groups, substituted alkyl

25 groups, unsubstituted aryl groups, and
substituted aryl groups;
R6, R7, RB, Rg, Rlo, and R

represent members of the group selected from

1 independently

hydrogen, halogens, unsubstituted alkyl groups,
30 substituted alkyl groups, unsubstituted alkoxy

groups, and substituted alkoxy groups; and

A" represents any stable anion, e.g., C17, I~

As used herein, the term "electron-withdrawing
35 substituent" means a group having a Hammett Sigma Parameter
(o) value greater than zero (Lange’s Handbook of Chemistry,
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12th ed., McGraw-Hill, NYL 1979 (pp. 3-134 to 3-137).
Where Rl, Rz, R3, or R4 is an alkyl group, it is
preferred that it contain 1 to 6 carbon atoms. Where Rl,

Rz, R3, or R4 is an aryl group, it is preferred that it be

a ph%nyl or naphthyl group. Where Rl, RZ, R3, or R4 is an

acyl group, i.e., —g—R, it is preferred that R be an alkyl
group having 1 to 10 carbon atoms, a substituted or unsub-
stituted phenyl group, or a substituted or unsubstituted
naphthyl group. When R is a substituted naphthyl or
substituted phenyl group, it is preferred that the substi-
tuents on the naphthyl or phenyl group be electron-
withdrawing substituents. Where Rl, Rz, R3, or &} is a
substituted alkyl or aryl group, the substituents are
preferably electron-withdrawing. Representative examples
of such suitable electron-withdrawing substituents

B
substituents include -Cl, -F, -Br, -CN, -NOZ, -0H, -0C-R/,
where R’ is an unsubstituted alkyl group having 1 to 10
carbon atoms, a substituted alkyl group having 1 to 10
carbon atoms and preferably being substituted with one or
more halogen atoms, unsubstituted aryl groups, e.g.,
phenyl,..naphthyl, or substituted aryl groups, e.q.
substituted phenyl, substituted naphthyl, wherein the
substituents are preferably halogen atoms or
halo-substituted alkyl groups, preferably lower alkyl (1-4
carbon atoms). Where Rl,rRz, R3, or R4 is an acyl group,
the acyl group may contain, but is not required to contain,
an electron-withdrawing substituent, since the acyl group
itself is strongly electron-withdrawing. R1 and R2 groups

or the R3 and R4 groups can be joined to form a five or

Rl R3
. ) . /7 /
six-membered ring structure, 1i.e., N ‘>or -N ‘> , wherein
N2 N_4
R R

the members forming the ring include nitrogen and carbon
atoms, and, optionally oxygen and sulfur atoms. R5 can be
an unsubstituted or a substituted alkyl group, having, for
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example, 1 to 6 carbon_atoms, an unsubsqituted or
substituted aryl group, having, for example, 4 to 16 carbon
atoms in a monocyclic or polylcyclic configuration. Where
R5 is an aryl group, it is preferably a phenyl group or a
naphthyl group. Representative examples of R5 include the
phenyl group, the ethyl group, and the p-methoxy phenyl
group. Where R6, R7, R8, Rg, Rlo, or Rll is an alkyl or an
alkoxy group, it is preferred that it contain 1 to 6 carbon
atoms. Where R6, R7, R8, R9, Rlo, or R11 are substituted
alkyl or substituted alkoxy groups, it is preferred that
the substituents be halogens. A represents any stable
anion, preferably Cl™ or I .

Representative examples of phenazine dyes of

the present invention are set forth in Table I.
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The dyes of the present invention can be
colorless when they are in the leuco form, and they can
exhibit a red hue, a magenta hue, an orange hue, or a
purple hue in their oxidized form. While in the colored
form they exhibit excellent resistance to fading or
degradation.

The dyes of this invention can be prepared by the
process described below. A phenylene diamine derivative,
e.g., N,N-diethyl-p-phenylene diamine, an aniline
derivative having no para substituent, e.g.,
N,N-diethylaniline, and an acid, e.g., HCl, are combined in
a solvent, preferably water, in a reaction vessel and
stirred, preferably at or below room temperature (25°C).

An oxidizing agent, preferably sodium dichromate, is added
to the solution to couple the phenylene diamine derivative

and the aniline derivative. Any aniline derivative

" containing an unsubstituted -NH, group or alkylamine

compound containing an unsubstituted —NH2 group is then
added to the mixture. The resulting mixture is then
stirred and optionally heated over a sufficient period of
time to bring about formation of the dye product. To the
resulting solution is added a salt, preferably an ionizable
halide salt, e.g., KI, NaCl, to precipitate the dye
product. The solution is then cooled, and the dye
collected by filtration and dried in air.

In order to prepare dyes of this invention in
high yield and high purity the following procedure can be
followed: _

(1) reacting substantially equimolar amounts of a
p-phenylene diamine derivative having one
substituted amino group with an aromatic
monoamine in the presence of an oxidant in an
aqueous acidic environment, such as an aqueous
solution of potassium dichromate and
hydrochloric acid, preferably at room
temperature {(about 25°C), although the
temperature can vary from -40°C to +80°C,
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(2) reacting the intermediate reaction product
resulting from the foregoing step with a
substantially equimolar amount of a monoamine
having one unsubstituted ?NHZ group in the
presence of an oxidant in an aqueous acidic
environment to produce a phenazine dye,

(3) recovering the phenazine dye in pure form by
adding excess salt, e.g., halide,
fluoroborate, to the product of step (2).

In step (1) of the process, it is important that
the p-phenylene diamine derivative and aromatic monoamine
be present in substantially equimolar amounts, and that
approximately four equivalents of oxidant be present so
that formation of undesired by-products is minimized. For
the same reason, in step (2) of the process, it is
important that the reaction product of step (1) and the
monoamine be present in substantially equimolar amounts,
and that approximately four equivalents of oxidant be
present. An excess of oxidant of up to about 10% in step -
(1) should have no deleterious effect, however, a
deficiency of oxidation in that step is likely to result in
an impure intermediate product, which can ultimately result
in an impure final product.

One amino group in the p-phenylene diamine
derivative should not be substituted. By selecting certain
substituents for one of the amino groups of the p-phenylene
diamine derivative used in the first step of the process,
the substituted amino group can be given electron
withdrawing properties, thus determining the required
absorption peak of the final dye product. Substitution of
the amino group in the aromatic monoamine used in step (1)
can also determine the absorption peak. The p-substituent
of the aromatic monoamine used in step (2) is preferably
electron donating. However, it has little effect on the
absorption peak of the resulting dye and its identity is

therefore not seriously restricted.
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The oxidant for step (1) is preferably selected
from the group consisting of alkali metal dichromates,
e.g., sodium dichromate. Four equivalents of an oxidant in
acidic solution are added, preferably dropwise, to the
solution with stirring. The oxidant is preferably selected .
from the group consisting of sodium dichromate, potassium
dichromate, managese dioxide, bromine, air, and oxygen.
The most preferred oxidant is an alkali metal dichromate.
It is preferably added in aqueous acid dropwise with
stirring to the agueous acid solution containing the
p-phenylene diamine derivative and the aromatic monocamine.
The reaction is carried out in an aqueous acid environment
wherein the concentration of acid is in the range of 0.1 M
to 5 M, and is preferably 0.5 M to 1.0 M. The acid can be
any mineral acid or strong monocarboxylic acid, and is
preferably selected from the group consisting of hydro-
chloric acid, sulfuric acid, and acetic acid. Because the
reaction is exothermic, the reaction temperature can be
reduced to maintain control. Monohydric alcohols, e.g.,
those having 1 to 6 carbon atoms, such as methanol and
ethanol, can be used to replace all or part of the aqueous
solvent.

In the second step, the oxidants can be milder
than those required for the first step. As in the first
step, it is important that the ratio between the reactants
be approximately equimolar and that approximately four
equivalents of oxidant be employed so that the presence of
unused reactants in the final product is minimized, thus
resulting in a substantially pure final product.

The preferred method of obtaining pure phenazine
dye calls for mixing the product of step (2) with an excess
(e.g., 2 to 4 times the equimolar amount) of a salt which
will precipitate the dye molecule in salt form, such as a
halide salt, preferably alkali metal halide, more

preferably alkali metal iodide, e.g., sodium iodide,

potassium iodide, or a tetrafluoroborate salt, preferably
alkali metal tetrafluoroborate. The salt of the dye which
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forms is insoluble in aqueous acid and precipitates. The
salt can then be further purified by recrystallization from
an organic solvent, e.g., ethanol or methylene chloride.

The p-phenylene diamine derivative utilized in

step (1) is preferably selected from those represented by

the structure

wherein R

1

X represents any anion, for example, Cl~, 504 .

and R2 independently represent a member of the
group consisting of alkyl groups, having, for
example, 1 to 6 carbon atoms, electron
withdrawing groups, for example, cyanoalkyl,
haloalkyl, the group where §i\and R2 together
complete the closed rings -gi;ﬁz)n where n is an
integer from 4 to 7, inclu$ive, and the group

where Rl and R2 along with oxygen form the
closed ring —6 o ,
_/

and R8 independently represent a member of the
group consisting of hydrogen, halogen, alkyl
groups having, for example, 1 to 6 carbon atoms,
and

Br  and CH,COO .

3
If Rl, Rz, R7, R8 is an alkyl group, it can

contain substituents that do not adversely affect the

process of the present invention.

The aromatic monoamine utilized in step (1) is

preferably selected from those having the general

structures
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R9 R9
RO R
N\ N
N— and y II
/ :
R6 R6
5 R10 Rll
wherein R5 and R6 independently represent a member of the
group consisting of hydrogen, alkyl groups
having, for example, 1 to 6 carbon atoms, or R
10 and R6 together form a closed ring such as
-N 0 ’ -N N ’ -N ) 4
i \_/ \../ \
A represents a ring system of 1 or 2 rings fused
15 onto the aromatic ring,

Rg, Rlo, and Rll independently represent a member of
the group consisting of hydrogen, halogen, alkyl
groups, having, for example, 1 to 6 carbon
atoms, alkoxy groups, having, for example, 1 to

20 3 carbon atoms, or
g0 and R’ together along with an amino nitrogen can
form a five or six membered ring such as
e
25 RS/'N (D or
10 11 .

R and R together along with carbon atoms of the
aromatic monoamine to which they are joined can
form a five or six membered carbocyclic ring.

: 5 6 9 10 11 . .
30 If R", R°, R, R"°, R°~ is an alkyl group it can

35

contain substituents that do not adversely affect the
process of the present invention. Examples of preferred
substituents for R5 and/or R6 when they are substituted

0
alkyl groups include -Cl, -F, -Br, -CN, -NO,, -OH, —Og—R",
where R’’ is an unsubstituted alkyl group having 1 to 10
carbon atoms, a substituted alkyl group having 1 to 10
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carbon atoms and preferably being substituted with one or
more halogen atoms, unsubstituted aryl groups, e.g. phenyl,
naphthyl, or substituted aryl groups, e.g. substituted
phenyl, substituted naphthyl, wherein the substituents are
preferably halogen atoms or halo-substituted alkyl groups,
prefekably lower alkyl (1-4 carbon atoms). If R ; Rlo, Rll A
is an alkoxy group, it can contain substituents that do not
adversely affect the process of the present invention.

In the second step of the process, to the
solution of dye III can be added a substantially equimolar

quantity of an aromatic amine having the structure

12 represents a member of the group consisting of

hydrogen, halogen, alkyl group having, for
example, from 1 to 6 carbon atoms, alkoxy group
having, for example, from 1 to 6 carbon atoms,
-NR’R", where R’ and R" independently represent
alkyl groups having, for example, from 1 to 6

wherein R

carbon atoms,

13 R14, R15, and R
member of the group consisting of hydrogen,
halogen, and alkyl group having, for example,
from 1 to 6 carbon atoms, or

16, independently represent a

Rl4, R16 together form up to 2 condensed rings, or
Rlz, R14 together form up to 2 condensed rings,
provided that if R13, Rld, Rls, and Rl6 are
12

hydrogen, it is preferable that R™" not be
hydrogen.
) The aromatic monoamine used in the first step of
the process can also be used in the second step. ?rimary
alkyl amines having up to 20 carbon atoms can also be used
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in the second step of the process of this invention.

This process for preparing 3,7-diamino-5~-aryl-
phenazine dyes according to this invention results in dyes
of high purity, e.g., less than about 5% impurity, and in
high yield, e.g., as high as 78%, based on p-phenylene
diamine derivative. '

The dyes of the present invention can be used to
prepare leuco dyes that are useful in thermographic and
photothermographic imaging systems. They are particularly
useful for preparing leuco dyes to be used in the
preparation of transparencies for overhead projection
because the dyes can exhibit long shelf-life in the
unoxidized, colorless state and further exhibit excellent
heat and light stability in the oxidized, colored state.

The leuco forms of the dyes of this invention can
be prepared in the following manner. The dye of the
present invention is dissolved in water, methylene chloride
is added, and the pH is adjusted to about 10. In an inert
atmosphere, the dye is reduced with sodium dithionite.
Acylation can be effected by adding an appropriate acid
chloride. When the reaction is complete, the methylene
chloride layer is isolated and treated with a decolorizing
agent, e.g., Attapulgus clay. Removal of solvent yields
the leuco form of the dye.

The following non-limiting examples will further

illustrate the invention.

Example 1
Synthesis of 3-amino-5-phenyl-7-bis (2-cyanoethyl)amino

phenazinium chloride (Dye C of Table I)
A 3-liter round-bottomed flask fitted with a
mechanical stirrer was loaded with 16.6 g (0.066 mole) of

4-{bis-(2-cyanoethyl)amino) aniline in 800 ml of distilled
water. A 10% excess of aniline (13.56 g, 0.1456 mole) and
200 ml of distilled water were added to the mixture. The
mixture was cooled to 0°C in an ice bath, and 10 g
concentrated hydrochloric acid in 25 ml of water were
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added. Then 6.31 g (0.0883 mole) of sodium dichromate in
25 ml of water was added. The temperature rose to 7°C.
Stirring was continued as 9 ml of concentrated hydrochloric
acid in 25 ml of distilled water was added over a period of
two hours. After 16 hours the temperature had risen to
20°C; The mixture was heated under reflux for 4 hours and
then filtered hot. The filter cake was washed with 1.5
liters of boiling water. The combined filtrates were
concentrated to 1.4 liters and then heated to 75°C as 200 g
of sodium chloride were added.

The mixture was cooled to room temperature,
chilled in an ice bath, and the solid was then recovered by
filtration to give 14.651 g (yield = 51.6%). (Amax=537 nm

in methanol).

Example 2
Synthesis of 3-amino-7-bis(2-cyancethyl)amino-2,4-di-

methyl-5-p-methoxyphenylphenaziniumiodide (Dye J of
Table I) '

An Erlenmeyer flask was loaded with 1.0 g (0.004
mole) of N,N-bis(2-cyanoethyl)-p-phenylenediamine
hydrochloride, 1.0 g concentrated hydrochioric acid, 0.5 g
(0.004 mole) 2,5-dimethylaniline, and 100 ml methanol. As
the resulting mixture was being stirred at room
temperature, 0.8 g (0.0027 mole) of sodium dichromate
dihydrate (NaZCr207 2H,0) in 3 g H,0 was added dropwise.
After two minutes, 0.5 g (0.004 mole) of p-anisidine in 3 g

methanol was added.  After about 20 minutes, an additional

0.5 g (0.0017 mole) of Na,Cr,0- ZHZO in 2 g H,0 was added.
After the mixture was stirred for about 1 hour, the
solution, which was dark red in color, was reduced in
volume and 50 ml of water was added. The solution was
heated, and the liquid decanted. Water (50 ml) was added
to the residue, and this solution was heated, and the water
decanted. The combined aqgueous solutions were treated with
diatomaceous earth (CeliteR) and filtered hot. To the hot

solution was added 5.0 g of potassium iodide to precipitate

-
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the dye in the form of a salt. The so}ution was cooled,
the dye recovered by filtration, and dried in air. The
yield was 1.8 g (78%). The wave lengths were as follows:

Amax = 533 nm in Hzo
Amax = 532 nm in CH3OH
Amax =

529 nm in CHZCl2

Example 3
Preparation of 3-(4-(phenylsulfonyl)-benzamido)

5-phenyl-7-bis(2 cyanoethyl) amino-5,10-dihydro-10

(4-(phenylsulfonyl) benzoyl) phenazine from Dye C (Table I)

o This example demonstrates preparation of a leuco

dye suitable for use in a thermally imageable composition.

A 1-liter 3-necked flask was fitted with a
Claisen head with two dropping funnels, a mechanical
stirrer, and a pH electrode. A solution containing 5.0 g
(0.012 mole) of the dye prepared in Example 1, 210 ml of
watef and 0.2 g of ethylene diamine tetraacetic acid was
added to the flask and stirred, while 256 ml of methylene
chléride was added. The system was closed and flushed with
argon, the pH adjusted to 10, then 2.44 g (0.014 mole) of
sodium dithionite was added. The solution turned orange
and the pH dropped to 3.7. Agueous sodium hydroxide
solution (25%) was added to bring the pH to 4.5, and then
7.53 g (0.027 mole) of 4-phenyl sulfonyl benzoyl chloride
in 60 ml of methylene chloride was added dropwise. The pH
was raised to 10-11. After an additional 50 minutes, the
methylene chloride layer was removed and dried over calcium
sulfate. The solution was treated twice with 10 g of
Attapulgus clay and filtered. The solvent was then
evaporated, leaving 8.14 g of solid (79% yield).

The thus-prepared leuco dye was tested in the
following formulation:

0.19 g leuco dye

0.75 g (1%) phenidone in tetrahydrofuran

0.13 g (5%) catechol in ethanol
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0.075 g phthalic acid
3.0 g tetrahydrofuran
0.13 g Ni(NO3)2
0.25 g phenol 7
5 8.0 g 15% polyvinylidene chloride (Sar-anR 220) in
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methyl ethyl ketone

The solution was coated at 3 mils (75 um) on 4
mil (100 wm) polyester film and dried at 160°F for 2
minutes. The dried film was imaged at a rate of 1.7 inches
per second on a 3M Model 45 infrared transparency film
machine. Image stability was tested on the stage of a 3M
Model 66 projector. The temperature on the stage was 63°C.
The results are shown in TABLE II. )

TABLE II
Time on stage of Model 66 Projector
Optical Density

0 hour 3 hours 6 hours 14 hours
back- back- back- back-
" Filter image ground image ground image ground image ground
yellow .49 .07 .46 .08 W47 .09 47 .10
red 11 04 .10 .04 .10 .05 .10 .05
green .85 .07 .81 .08 .82 .09 .82 .11
blue .53 .09 .53 .09 .53 .09 .54 .10

The high optical density readings of the image
with the green and blue filters éhow that red is the
predominant hue of the dye. The Mmax is 540 nm as compared
with Amax of 587 nm of Heliotrope B. The retention of
these density readings after 14 hours on the stage of the
projector attest to the light and heat stability of the
dye; the retention of the low optical density readings of
the background attest to stability of the leuco compound
which is the dye precursor.

4
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_ Example 4
Synthesis of 3,7—di(N—methyl,N—Z,Z,Z—trifluoroethyl)—
amino-5-(4-methylphenyl) phenazinium chloride (Dye B of

Table I)

‘ Into a l-liter 3-necked flask equipped with a
stirrer was added p—(N-methyl—N—Z,Z,2-trifluoroethyl)—amino
aniline (1.40 g, 0.0058 M) and N—methyl—N—Z,2,2—trifluotd—
ethyl aniline (0.764 g, 0.0041 M) with 250 ml of deionized
water. The mixture was stirred vigorously as 1.55 g of
concentrated hydrochloric acid in 10 ml of water was added.
After 10 minutes, 2.31 g of sodium dichromate (0.0078 M) in
20 ml of water was added over a period of several minutes.
After 5 minutes, p-toluidine was added (0.624 g, 0.0058 M);
over the next 45 minutes, 1.2 g of concentrated
hydrochloric acid was added. The solution was warmed to
42°C and stirred overnight at this temperature. After
being heated to reflux temperature for 22.5 hours, the
mixture was filtered hot, and the filter cake washed with
hot water. The aqueous filtrate was concentrated from 650
ml to 275 ml in a rotary vacuum dryer.

" The procedure for the reduction was that
described in Example 2, using p-phenylsulfonylbenzoyl
chloride as the acylating agent. The Amax of the oxidized
dye was 547.7 nm; its color was perceptibly more red than
that of Heliotrope B (Amax - 587 nm).

The leuco dye was evaluated in a formulation
identical to that of Example 3 except for the use of a
different dye. The procedure for evaluation was the same
as that employed in Example 3. The film exhibited imaging
characteristics as shown in the following table.
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_ TABLE III _
Optical Density
Filter image background
yellow .38 ' .04
5 red .08 .03
green 1.10 - .05
blue .48 .07
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From the foreqgoing table, it can be seen that the

dye in the oxidized form is red in color.

Various modifications and alterations of this
invention will become apparent to those skilled in the art
without departing from the scope and spirit of this
invention, and it should be understood that this invention
is not to be unduly limited to the illustrative embodiments

set forth herein.
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1. 3,7-Diamino phenazine dye having at least one
electron-withdrawing substituent on at least one of the
groups attached to the nitrogen atoms of the amine groups
at the 3- and 7-positions.

2. Phenazine dye represented by the formula:

R6

R?\ .

= |O]
_ N \T/
R2/ R8

wherein Rl, RZ, R3, and R independently represent a member

selected from the group consisting of
unsubstituted alkyl groups, substituted alkyl
groups, unsubstituted acyl groups, substituted
acyl groups, unsubstituted aryl groups,
substituted aryl groups, and hydrogen, provided
that at least one of Rl, Rz, R3, R4

from the group consisting of unsubstituted and

is selected

substituted acyl groups, substituted alkyl
groups, and substituted aryl groups, provided
that at least one of the substituents on the
substituted alkyl group or substituted aryl
group is an electron-withdrawing substituent;

R~ represents a member selected from the group
consisting of unsubstituted alkyl groups,
substituted alkyl groups, unsubstituted aryl
groups, and substituted aryl groups;
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R6, R7, R8, Rg,tho, and R1
represent members of the group selected from

hydrogen, halogens, unsubstituted alkyl groups,

substituted alkyl groups, unsubstituted alkoxy

groups, and substituted alkoxy groups; and

! independently -

A~ represents any stable anion.

3. The dye of claim 2 wherein R1 is selected
from the group consisting of NCCHZCHZ—, CF4CH,~.

4. The dye of claim 2 wherein R2 is selected

from the group consisting of NCCHZCHZ—, -CH,.

5. The dye of claim 2 wherein R3 is selected
from the group consisting of NCCHZCHZ«, CF3CH2—, —CH3,

~CH2—<§§> , H.

6. The dye of claim 2 wherein R4 is selected

from the group consisting of NCH,CH, -, —CH3, H,

0 0 ¢l " <E3\ 0
Q) A Y - AO-en
0

-g—<::>—soz—<::> , ~ci,~(O)

7. The dye of claim 2 wherein Rsﬂis selected
from the group consisting of phenyl, methoxyphenyl,
methylphenyl.

8. The dye of claim 2 wherein A is Cl~ or I~

£33
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9. A process for preparing phenazine dyes
comprising the steps of
(1) reacting, in an aqueous acidic environment in the
presence of approximately 4 equivalents an
oxidant, substantially equimolar amounts of a
p-phenylene diamine derivative and ah aromatic
monoamine having one unsubstituted -NH, group,
(2) reacting, in an aqueous acidic environment in the
presence of approximately 4 equivalents an
oxidant, substantially equimolar amounts of the
product of step (1) and a monoamine, and
(3) recovering a substantially pure phenazine dye by
adding a salt to precipitate the dye.

10. The process of claim 9 wherein the
p-phenylene diamine derivative is represented by the

following structure:

.R7
Oy
XH+H,N— -N
2 N2
R
R8

wherein Rl and R2 independently represent alkyl groups
or electron withdrawing groups, or
R™ and R2 together represent the closed rings
7\
~N (CHZ)
N

where n represents an integer from 4 to 7

nl

inclusive, or
R™ and R2 together with oxygen represent the

/7 N\

closed ring -N o ,
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R3 and R4 independently represent hydrogen or
alkyl groups,

X represents an anion.

. 11. The process of claim 9 wherein the aromatic
monoamine in step (1) is represented by the following
structure:

R9 R9
5 or 5 \
R R
6~ 6~
R / \ R
RlO Rll

wherein R5 and R6 independently represent a member of
the group consisting of hydrogen, alkyl

groups, oOr R5 and R6

‘together form a closed
ring,

A represents a ring system of 1 or 2 rings
fused onto the aromatic ring,

R7, RS and R9 independently represent a member
of the group consisting of hydrogen, ‘
halogen, alkyl groups, alkoxy groups, or

R6 and R8 together along with an amino nitrogen
can form a five or six membered ring, or

R7 and R9 together along with the carbon atoms
on the aromatic monoamine to which they are
joined can form a five or six membered

carbocyclic ring.

12. The process of claim 9 wherein the monoamine
of step (2) is represented by the following structure:

210
gl3 A g4
©
RlS \\]' ~ R16
NH

L)
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wherein R represents hydrogen, alkyl group, alkoxy
group, dialkylamino group, halogen,
R11 and R12 independently represent hydrogen,
alkyl group,
R13 and Rl4 independently represent hydrogen,
alkyl group,
R12 and R14 together form 1 or 2 condensed
rings, or
10 12
r*Y and R*“ together form 1 or 2 condensed

rings.

13. The process of claim 9 wherein the monoamine
of step (2) is primary alkyl amine having up to 20 carbon
atoms.

14. The process of claim 9 wherein the monoamine
of step (2) is represented by the following structure:

R R
5 \ or 5
RA\ Q R
S~ 7
RlO Rll

wherein R5 and R6 independently represent a member of
the group consisting of hydrogen, alkyl
groups, Or R5 and R6 together form a closed
ring,

A represents a ring system of 1 or 2 rings

fused onto the aromatic ring,

R7, R8 and R9 independently represent a member
of the group consisting of hydrogen,
halogen, alkyl groups, alkoxy groups, Or

R6 and R8 together along with an amino nitrogen
can form a five or six membered ring, or
R7 and R9 together along with the carbon atoms

on the aromatic monoamine to which they are
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joined can form a five or six membered

carbocyclic ring.

15. The process of claim 9 wherein the recovery
step is conducted by adding halide salt or ‘
tetrafluoroborate salt to precipitate the dye. '
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