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Katsuhira YOSHIDA,* Miwa ISHIGURO, and Yuji KUBO
Department of Chemistry, Faculty of Science, Kochi University,

Akebono-cho, Kochi 780

New metal complex dyes were synthesized by the reaction of
various 6-substituent-5,8-quinolinediones with transition metal
salts. The first absorption bands of these dyes were sensitively
shifted to longer wavelength with increase of electron-donating

power of the 6-substituents and reached to the near infrared region.

Recently near infrared absorbing dyes have attracted considerable attention,
since these organic dyes offer various advantages as optical storage media over
inorganic media.l) As a diode-laser which is now used in the optical recording
systems emits near infrared light (roughly 780-850 nm), the dyes must adequately
absorb the near infrared light. An enormous number of organic dyes have been
synthesized by dye chemists over a century, however, there are scarcely available
dyes which absorb at wavelengths emitted by the diode-laser. Therefore new
molecular designs of dyes which can absorb in the near infrared are desired
earnestly in this new field. We have previously reported the syntheses and
characteristics of two new types of near infrared absorbing dyes, metal complex

2)

dyes with indoaniline-type ligands “’* and naphthoquinone methide near infrared

3). In this paper, we now further report on a new type of near infrared

dyes.
absorbing metal complex dyes with N,O-bidentate ligands (2) of which structures
are shown in Scheme 1.

The free ligands of the complexes, 6-substituent-5,8-quinolinediones (la-g),
were conveniently synthesized from the regioselective 6-aminatio#) and

5)

6-arylation of 5,8-gquinolinedione promoted by metal ions. We have found that

these ligands can easily form metal chelate complexes in which the l-nitrogen atom
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and the oxygen atom of the 8-carbonyl group of 1 coordinate to metal ions (see
Scheme 1), and that the absorption spectra of them generally show a large batho-
chromic shift with increase of absorption intensity for the metal chelate
complexation. As a typical example, Fig. 1 shows a spectral change for the
complex formation of copper(II) perchlorate hexahydrate with 6-(p-N,N-dimethyl-
aminophenyl)-5,8-quinolinedione (1f) in 99% ethanol. The absorption band around
554 nm (Curve 1) due to the free ligand decreased with increase of a new band
around 760 nm. A set of isosbestic points was observed at 452 and 602 nm, which
indicated the presence of a simple equilibrium. The continuous variation method
indicated the formation of a 1:2 metal-1lf complex. In fact, the feature of the
final spectrum (Curve 6) was essentially the same as the absorption spectrum of
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Table 1. Spectral data for the complex formation of M(ClO4)2’6H20 with
6-substituent-5,8-quinolinediones Ql) in 99% ethanol at 25 °C

)

Free ligand (1) Metal ion? Complex (2)
6-substituent (No) A max(€ max) M2+ Amax(e max)b) A maxc) Re maxd)
-R nm nm
-NH-CgH,-Cl  (la)  464(4810) cu®* ® 500(16200) 36 3.37
-NH-C,H,-OMe (1b)  486(4690) cu’’ © 528 (18100) 42 3.86
~NH-CgH,-NMe, (lc) 548(4470) cu’" © 704(19900) 156 4.45
~NH-C.H,-NMe, (lc)  548(4470) nNi’* © 664 (16100) 116 3.60
-NH-C,H,~NMe, (lc) 548(4470) co’" © 650 (15600) 102 3.49
~CH,-NHMe  (ld)  558(7720) cu’t ©) 743 (45390) 185 5.88
-C,H,-NHBu  (le) 567(8320) cu’" f) 756 (48800) 189 5.87
-C,H,~NMe,  (1f) 554(8760) cu’" ©) 760(49200) 206 5.62
~CoH,-NMe,  (Lf) 554(8760) wmi’* ©) 728 (42400) 174 4.84
~C,H,-NMe,  (Lf) 554(8760) co’* ©) 713(37500) 159 4.28
-C,H,~NEt,  (lg) 579(10710) cu’t ©) 769 (58600) 190 5.47

a) Metal salts [Cu(ClO4)2'6H20, Ni(ClO4)2-6H20, and Co(ClO4)2°6H20 1 were
added. b) Determined by spectral changes upon addition of metal salt. c)

A A max = A max(complex) - A max(free ligand). d) Re max = €max (complex)/
€ max (free ligand). e) The final spectrum of the complex was obtained at
[Metal ion]/[l] = 0.5 — 0.7 . f£) The final spectrum of the complex was
obtained at [Metal ionl/[l] = 2.0 — 3.0 .

6)

the isolated 1:2 copper(II) complex of 1f. The similar spectral changes were
also observed when other 6-substituted derivatives of 5,8-guinolinedione and metal
ions were used. Table 1 summarizes the spectral data of various 6-substituent-
5,8-quinolinediones and their metal complexes in 99% ethanol. The first
absorption bands of the free ligands ( A max(free ligand)) are shifted to longer
wavelengths with increasing electron-donating strength of the 6-substituents,

7)

which have already observed in the similarly substituted naphthoquinones and

8)

anthraquinones. Therefore these bands can be ascribed to m- n* transition cf
intramolecular charge transfer character from the 6-substituent to the guinone
carbonyl groups. The details of color-structure relationships of the metal complex
dyes have not been clarified yet and are under investigation, however, it was

observed that the values of the bathochromic shifts (AA max) induced by the complex
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formation become larger with increasing the electron-donating power of the
6-substituent and were in the vast range of 36—206 nm. This result implies that
the first absorption bands of the complexes are more sensitively shifted to longer
wavelength than those of the free ligands depending on the electronic mobility

of a long conjugated system including the 6-substituent. Both the bathochromic
shift(A A max) and the ratio of molecular extinction coefficients (Re max =€ max(
complex)/ € max(free ligand)) were also dependent on the nature of transition metal
ions and increased in the following order: Co(II)<Ni(II)<Cu(II). Consequently,
the Cu(II) complexes with the ligands having strong electron-donating
6-substituents have stronger absorption bands in near infrared region. These dyes
have prospect of many applications not only for optical recording media but also
for protectors in optical filter. Some of the free ligands which show large batho-

chromic shift for the metal complexation can be applied as a metal ion indicator.

The present work was partially supported by a Grant-in-Aid for Scientific
Research (No. 61550641) from the Ministry of Education, Science and Culture.
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