Dyes and Pigments 8 (1987) 381-388

Syntheses and Characteristics of Infrared Absorbing 2:1
Nickel Complex Dyes

Sung Hoon Kim, Masaru Matsuoka,* Masahito Yomoto,
Yuko Tsuchiya and Teijiro Kitao

Department of Applied Chemistry, College of Engineering,
University of Osaka Prefecture, Sakai, Osaka 591, Japan

(Received 8 January 1987; accepted 9 February 1987)

SUMMARY

Some 2:1 nickel complex infrared absorbing dyes were synthesized by the
reaction of phenylenediamines, 2-aminobenzenethiols and 2-aminobenzene-
selenols with nickel( II) chloride. These dyes generally absorbed infrared light
over 860 nm, but those from phenylenediamines absorbed at 780-800 nm,
which is the most favorable wavelength region for semiconductor laser optical
recording dye medium. Introduction of alkyl and/or amino groups into the
parent dye greatly improved the solubility in organic solvent and these dyes
could be applied by the wet coating method to prepare dye medium.

1 INTRODUCTION

There is a current interest in the development of near-infrared absorbing
dyes which are used as the functional dyes for optical recording media and
for protection in the optical filter. As gallium-arsenic (GaAlAs) semi-
conductor lasers with wavelengths of 800-830 nm are now being used as a
light source for optical information-processing systems such as optical disk
file equipment and laser beam printing, the dye media have to absorb light
over 700 nm.! We have previously reported some naphthoquinones®* and
anthraquinones* which absorbed infrared light at 700-830nm and had
good properties as dye medium. Some dithiols have been described as metal

* To whom all correspondence should be addressed.
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ion indicators® and can form 2:1 metal complexes which absorb in the
infrared region, and some of them have been evaluated for possible use in
optical recording media.® The dithiols are colorless, but their 2:1 metal
complexes strongly absorb at 700-950 nm. The dithiol metal complexes also
act as singlet oxygen quenchers and can be used to protect the photo-
oxidation of the infrared dye of the optical memory disk.” In this paper, we
report the syntheses of a new series of 2:1 nickel complex infrared dyes
obtained from phenylenediamines and related compounds.

2 RESULTS AND DISCUSSION
2.1 Preparation of 2:1 nickel complex dyes

General procedures to prepare the 2:1 nickel complex dyes 1-3 are shown in
Scheme 1. The reaction of toluene-3,4-dithiol with nickel(II) chloride in the
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(i), (i), (iii) NL LS T +
\©: —_— Z~©: /Nl\ /@—Z NBu,
YH Y X

1-3

1 X=Y=5,Z=CH,

2 X=NH,Y=S,Z=H
3 X=NH,Y=Se, Z=H

Scheme 1. (i) KOH or K; (ii) NiCl, . 6H,0; (iii) (»-C4H,),NBr.

presence of potassium hydroxide or potassium gave a green 2:1 nickel
complex which was subsequently treated with tetra-n-butylammonium
bromide to give to a cation-exchanged 2:1 nickel complex dye 1. Dye 2 was
prepared similarly from 2-aminobenzenethiol. Dye 3 was prepared by the
metal exchange reaction of zinc 2-aminobenzeneselenate with nickel(IT)
chloride. Zinc 2-aminobenzeneselenate was prepared by the modified
method described in the literature.®

2.2 Preparation of 2:1 nickel complex dyes from phenylenediamines

The syntheses of the 2:1 nickel complex dyes were carried out by a method
similar to that shown in Scheme 1 but the dyes obtained were not ionic, but
neutral, as shown by their physical properties such as NMR spectra, TLC
analysis and elemental analysis. The formation of these dyes 4a—4h proposed
is as shown in Scheme 2. It is proposed that the treatment of
phenylenediamines with potassium hydroxide or potassium gives a
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4a X=Y=72Z=H
4 X=Z=H, Y=Me
4c X=H, Y=Z=Me
4d X=Z=H, Y=NO,
4e X=7Z=H, Y=Et
4f X=Z=H,Y=Bu
4g X=NH,, Y=H, Z=Et
4h X=NH,, Y=H,Z=Bu

Scheme 2. (i) KOH or K; (i) NiCl,.6H,0.

monoanion and not a dianion, which then reacts with nickel(II) ion to give
the neutral dye 4. On the other hand, the formation of 1 is presumed to occur
via the dianion reacting with the nickel(II) cation to give the dianion
complex, which is subsequently oxidized by atmospheric oxygen to give the
monoanion dye 1.° The structural differences between 1-3 and 4 result in the
dyes having different physical properties, especially in their absorption
spectra.

The syntheses using phenylenediamine derivatives as ligands are shown in
Scheme 3.

Introduction of the ethyl and butyl group and/or an amino group greatly
improved the solubility in organic solvent and whilst dyes 4f—4h dissolved
readily in alcohol, dyes 1-3 and 4a—4e showed only very slight solubility in
solvents, except for dimethylformamide.

R R R
(i) (ii)
_ —_—
X NO, X “NH,
NHAc NHY NH,
5a R=Et 6a X=H, Y=Ac, R=Et 9 X=H
Sb R=Bu 6b X=H, Y=Ac, R=Bu 10 X=NH,

7a X=NO,, Y =Ac, R=Et
7b X=NO,, Y =Ac, R=Bu
8a X=H,Y=H,R=Et
8 X=H,Y=H, R=Bu

Scheme 3. (i) HNO,/H,SO,; (i) H,/Raney-Ni.
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2.3 Visible absorption spectra and some properties

It is well known that the 2:1 nickel dithiolene chromophores 14 form a
square-planar structure with nickel as the central metal, and can give rise to
near-infrared absorption at 700-900 nm. The intense absorption of 14 is
clearly due to the n—n* transition of 107r-systems.1°

R = Me, & = 28200
S/' \ R =Ph, £¢=30100

The chromophoric system of 1-3 was concluded to be similar to that of 14,
but 1-3 was isolated as the monoanion of the tetra-z-butylammonium salt.
The molar extinction coefficients (g) of 1-3 were in the region of (1-2-1-4) x
10* and were lower than that of 14. Schrauzer'! has reported that the 4., of
14 changed depending on the oxidation stages; the dianion is colorless but
the monoanion and neutral species are green. On the other hand, dyes 4 were
isolated as neutral species and absorbed at 780-850 nm. The ¢ values of 4
were (2:5-5-3) x 10* and were much larger than those of 1-3. Large
substituent effects on the ¢ values of 4 were observed. Thus, introduction of
long alkyl groups and/or an amino group decreased the ¢ values. The
absorption spectra of 2:1 nickel complex dyes are shown in Table 1 and
typical absorption spectra of 2:1 nickel complex dyes are shown in Fig. 1.

TABLE 1
Absorption Spectra of 2:1 Nickel Complex Dyes®
Dye R X Y Jax (£X107%)
(nm)
1 Y . 4Me S S 890  (140)
2} R N RINBuu H NH S 894  (1-20)
3 Y X H NH Se 858  (1-42)
1-3

4a H H 783 (5:26)
4b 4-Me H 790 (532)
4c NHz HN 4,5-Me, H 806 (3-78)
4d E I I } g 4NO, H 844  (253)
de 4-Ft H 794 (278)
af HzN 4-Bu H 795 —
4g Y 5-Et 3-NH, 790 —
4h 4a—4h 5-Bu 3-NH, 795  (2:90)

“Measured in dimethylformamide in a concentration of 1 x 10~ *mol liter 1.
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Fig. 1. Comparison of the absorption spectra of 2:1 nickel complex dyes 1 (——), 3 (—--)
and 4a (——-).

3 EXPERIMENTAL

The visible spectra were measured using a Shimadzu UV-240 spectro-
photometer. Elemental analyses were recorded on a Yanaco CHN recorder
MT-2. The mass spectra were recorded on a Shimadzu LKB-9000

spectrometer operating at 70eV.

3.1 Preparation of 2:1 nickel complexes (general method)

Toluene 3,4-dithiol (1 g, 6:4 mmol) was added to a solution of potassium
(0-5g, 12-8 g-atom) or potassium hydroxide (13 mmol) in 15ml of absolute
ethanol. An ethanol solution (15ml) of nickel(II) chloride hexahydrate
(074 g, 3-2mmol) was added to the mixture, whereupon an intense green
color appeared. Tetra-n-butylammonium bromide (2 g, 6:2mmol) in 15ml
of absolute ethanol was added to the mixture, which was then allowed to
stand for 2 h at room temperature with occasional stirring. The mixture was
cooled in ice and the separated precipitate was filtered, washed with 2-
propanol and ether, and then dried in air. The product was dissolved in 20 ml
of warm acetone and filtered. The filtrate was concentrated under reduced
pressure and 2-propanol was added to precipitate the complex. The product
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was filtered, washed and dried. The crude material (0-56 g) was recrystallized
twice from ethanol-acetone (3:1, v/v) to give 0:3 g of dark blue crystals.

Other nickel complexes were prepared by similar procedures. In the cases
of phenylenediamines as ligands, the neutral dyes 4 were obtained.

3.2 4-Ethyl- and S-ethyl-3-amino-1,2-phenylenediamine

4-Ethylaniline (10 g) in 5% aqueous hydrochloric acid (700 ml) was reacted
with acetic anhydride (121 ml) in the presence of aqueous sodium acetate
(97 g) in water (600 ml). The mixture was stirred at 5°C for 1 h. The separated
product was collected by filtration, washed with water and recrystallized
from ethanol to give 5a in 83% yield. Compound 5a (6:16 g, 0:0378 mol) in
conc. sulfuric acid (41 g) was nitrated with the mixed acid [60% nitric acid
(4-15 g) and conc. sulfuric acid (423 g)] at 5°C for 1-5h. The mixture was
poured into water and the resulting product was separated and washed with
aqueous sodium carbonate to give 7a. The 3-nitro compound 6a was mainly
obtained at the reaction temperature of 18°C. Hydrolysis of 6a with sodium
hydroxide was carried out under reflux for 2 h. The mixture was poured into
water and neutralized with aqueous hydrochloric acid. The separated
precipitate was filtered, washed with water and dried.

Compound 8a in ethanol was hydrogenated at 60°C in the presence of
Raney nickel (12 g) for 2h in an autoclave. Solvent was evaporated under
reduced pressure and the resulting amine was then reacted without further
purification with nickel(II) chloride. Butyl analogs were synthesized using
the same conditions (Scheme 3).

3.3 Preparation of zinc 2-aminobenzeneselenate (13)

o-Nitroaniline (13-8g) in 60ml of 18% aqueous hydrochloric acid was
diazotized at 0-5°C with aqueous sodium nitrite (7 g). Potassium
selenocyanide (14-4 g) was added to the solution and the mixture stirred for
0-5h. The separated product was collected by filtration and washed with
water to give o-nitrophenylselenocyanide (11) in 78% yield.

The selenocyanide (18-5 g) in ethanol (1000 ml) was hydrolyzed with 30%
aqueous sodium hydroxide at 30°C for 1-5h. The separated product was
filtered, washed with ethanol and water to give o0,0'-dinitrodiphenyl-
diselenide (12)in 67% yield. The diselenide (3 g, 75 x 1073 mol)in acetic acid
(60ml) was reduced with zinc powder (9-8 g) under reflux for 0-5h. The
solution was cooled at 50°C, 18% aqueous hydrochloric acid (64 ml) added
and the liquor filtered. The filtrate was neutralized with aqueous sodium
acetate and the separated product was filtered and washed with water to give
zinc 2-aminobenzeneselenate (13) in 98% yield. Some properties and
characterization data of the products are summarized in Table 2.
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