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In the field of dye chemistry, the 2: 1-metal 
complex dyes (II) derived from 2-(2'-hydro-
xyarylazo) -5, 8-dichloro-1-naphthols (I) have 
been of much interest1) because of their deeper 
and relatively clear dyeing shades on the 
proteinic fibers as compared with the series of 
complexes studied previously.2,3) This paper 
has been undertaken to obtain fundamental 
information on these azo compounds and their 
metal complexes.

(I)

(II)

Table I shows the electronic absorption 
spectra of compound I (X=H) and its methoxy 
analogue. The characteristic shape of each 
absorption band exhibits almost no change in 
spite of the polarity variation of the media. 
It is noteworthy that both compounds in 
Table I show splittings of the visible absorption 
bands and that such absorption maxima are 
located at markedly longer wavelengths than
those of phenolazo-β-naphthols and phenolazo-

a-naphthols.3) If the azo and the quinonehy-

drazone form coexistl1,3,4,)the azo band should

appear at about 450mƒÊ or at a longer wave-

length than 450mƒÊ. No such absorption can, 

however, be observed at all in a variety of 

solvents. Compound I and/or its derivatives, 

therefore, are considered to have the hydrazone 

structure exclusively. 

Table II shows the electronic absorption 

spectra of the 2: 1-chromium (III)- and cobalt-

(III)- complexes (II) of ligands I, the phenolic 

nuclei of which are substituted by various kinds 

of groups in the 4- or 5-position. Marked 

band-shifts with the complex formation are 

observed over all the spectra, particularly in 

the visible region, resulting in appreciably 

bathochromic displacements and the broad 

deformation of the bands. 

As to the spectra of ligands I, the Amax 

values of the visible absorptions are in the 

region of 513•`570mƒÊ and shift towards shorter 

wavelengths with the introduction of the 

electronegative substituent at the 5-position of 

the phenolic ring. There are characteristic 

inflections close to the main visible bands of 

the ligands and of their metal-complexes in 

Table II. In some ligands I (when X=H and

Fig. 1. Relation between the substituents and 
the shifts of the visible absorption bands 
with complex-formation. 

Full lines, 5-substituted derivatives, single 
marks, 4-substituted derivatives

1) CIBA Ltd., Brit. Pat. 724157; U. S. Pat. 2495244; 
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TABLE I. ELECTRONIC ABSORPTION SPECTRA OF DERIVATIVES OF 2-PHENYLAZO-5, 8-DICHLORO-1-

NAPHTHOL IN VARIOUS SOLVENT

St. Solv.: A standard solvent which denotes 95% aqueous methanol containing 0.1g. of acetic 
acid per liter. 

* Inflection . 
Absorption bands in parentheses are indistinct bands. 

TABLE II. VISIBLE ABSORPTION SPECTRA OF THE DERIVATIVES OF (I) AND THEIR METAL-COMPLEXES

The solvent used is 95% aqueous methanol containing 0.1g. of acetic acid per liter (the
standard solvent).

CH3), the inflection forms an absorption band, 

and its intensity is just that, or almost equal 

to that, of the main band. Regarding the 

complex bands, the inflection is located on the 

shorter or the longer wavelength side of the 

main absorption band of the cobalt (III) or 

the chromium (III) complex respectively; 

generally the more electronegative the substi-

tuent in the phenolic nucleus, the more 

intensive the inflection. 

The degree of the bathochromic shifts of 

the visible absorption bands of I and its 

derivatives with the complex formation, i. e., 

•¢ƒÒ (in cm-1) [(ƒÒmax of a ligand-band)-(ƒÒmax 

of the corresponding complex-band)] is shown 

in Fig. 1. Substituents at the abscissa are 

conveniently arranged in the order of the 

electronegativity at regular intervals.5) In this 

graph, the absorption maxima of the shorter 

wavelength-side band have been taken as the 

location of the visible absorptions of the ligands 

(I, when X=CH3 and H). 

The magnitudes of •¢ƒÒ in these systems are 

smaller than those of the phenolazo-ƒÀ-naphthol 

series but nearly equal to those of the 

phenolazo-ƒ¿-naphthol series discussed in the 

preceding paper.6)

As was described in part III of this study, 

such bathochromic displacements of the bands 

with the complex formation may be ascribed 

mainly to two factors; (i) the polarity of the 

M-O (M, tervalent central metal; O, phenolic 

oxygen) bond, and (ii) the formation of the 

resonance-stabilized system involving the aro-

matic nuclei and the chelate rings. It would 

be reasonable to apply the above consideration 

to the system of this study. 

If factor ii predominates, the perturbation 

of the ƒÎ-electron system by the dƒÎ-p7ƒÎ interac-

tion between the hydrazone group and the 

central metal will be emphasized in a system 

that has a group with a resonance effect as 

the substituent X. For example, a CH3 group 

would cause a larger •¢ƒÒ value than that in 

the case of X=H 6) However, Fig. 1 shows a 

tendency toward a linear increase in the •¢ƒÒ 

value with the increase in the negativity of 

the substituent. This suggests the dominant 

character of factor i. Moreover, the actual 

gradient of the graph becomes markedly steeper, 

taking into account the fact that the ƒÒmax of 

the ligands (X=H and CH3) have been taken 

from the shorter wavelength side bands. 

Although various factors are conceivable in 

accounting for such band shifts, the following 

explanation is considered to be the most 

reasonable: in the 2: 1-metal complexes of 

formula II, there is a steric repulsion between

5) L. P. Hammett, Chem. Revs., 17, 125 (1935); H. H. 
Jaffe, ibid., 53, 191 (1953) ; H. C. Brown et al., J. Am. Chem. 
Soc., 80, 4979 (1958). 

6) Y. Yagi, Part. VII of this study, This Bulletin, 37, 
1878 (1964).
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the chlorine atom and the quinone oxygen atom, 

so that the coplanarity of the chelate ring in-

volving the metal atom and the quinone oxygen 

is much reduced (i.e., factor ii is not effectively 

operative). Thus, an electron-withdrawing 

group such as an -NO2 polarizes the M-O bond 

and increases the polarizability of the absorbing 

system, resulting in the bathochromic displace-

ments of the visible absorption bands. Such 

polarization can probably be attributed to both 

the resonance and the inductive effects, since 

the •¢ƒÒ values of the 4-NO2 derivatives are also 

appreciably large. 

In the metal-complex systems of the previous 

papers, the wavelength locations of the visible 
absorption bands have been in the order, Cr> 

Co. However, this order is reversed in the

greater part of Fig. 1. This is presumably 
because the M-O bond is more ionic in the 
cobalt (III) -complexes than in the chromium-
(III) -complexes. 
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