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ABSTRACT 

A series of azo pyridone dyes derived by the coupling of 3-cyano-6-hydroxy- 
4-methyl 2 (IH) pyridone with diazotized para  and meta substituted anilines, 
and the Cu(II) complex of the dyes, have been synthesized. The azo dyes and 
complexes have been characterized by elemental analysis, IR, IH NMR and 
UV-visible spectra. The acid dissociation constants of the dyes and formation 
constants of the complexes have been determined spectrophotometrically. 
Substituent effects on these parameters have been discussed. © 1997 Elsevier 
Science Ltd. All rights reserved 

Keywords: azopyridone dyes, complex azo dyes, Cu(II) complexes of 
azopyridone dyes, ionization constants, formation contants, azo-hydrazone 
tautomerism, disperse dyes, substituent effect. 

INTRODUCTION 

It is well established that arylazopyridones have excellent coloration prop- 
erties. ~,2,3 Very few investigations have been published with respect to the 
metal complexes of azopyridone dyes. Wang et al. reported the synthesis of 
some Cr(III) complexes of o,o'-dihydroxyazo pyridone dyes 4 but the Cu(II) 
complexes of azopyridone compounds have not been developed. 

In this work, some azopyridone dyes and their Cu(II) complexes were 
synthesized and spectral properties of the dyes and complexes are compared. 

JPart of this work was presented at X National Congress of Chemistry, 1994, Bursa, Turkey. 
*Corresponding author. 
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The acid dissociation constants of the dyes and formation constant of the 
complexes were also reported. 

E X P E R I M E N T A L  

General 

IR spectra were determined (KBr) with a Mattson 1000 FTIR 
spectrophotometer. ~H N M R  spectra were recorded with a Varian EM60 in 
CF3COOH/CDC13 with TMS as internal reference. Spectrophotometric 
measurements were carried out on a Bausch and Lomb Spectronic 2000 
spectrophotometer. Copper concentration was analyzed using a Philips PU 
9285 model flame AAS. Magnetic susceptibilities were measured with a 
Chistison Scientific Equipment Ltd Gouy Balance model MK-I at room 
temperature, pH measurements were carried out on a Corning M 240 pH 
meter with a combined glass electrode type 476050. 

3-Cyano-6-hydroxy-4-methyl-2 (IH) pyridone was prepared from cyano- 
acetamide and ethyl acetoacetate by the previously reported potassium 
hydroxide method. 5 

General method for preparation of azo pyridone dyes 6 

3-Cyano-6-hydroxy-4-methyl-2 (IH) pyridone (1.50 g 0.01 mole) was dis- 
solved in a solution of KOH (0.56 g, 0.01 mole) in water (4 ml). The resulting 
solution was cooled to 0-5°C and was treated with a cold (0-5°C) solution of 
the appropriate diazonium salt prepared by diazotizing the substituted ani- 
line (0.01 mole) in 2.50 ml concentrated HC1 and 4 ml water with NaNO2 
(0.76 g, 0.01 mole). The resulting diazonium salt liquor was then slowly 
added to the vigorously stirred solution and the mixture was stirred for 30 
min. The precipitated orange solid was collected and washed thoroughly 
with cold water and dried. Crystallization from acetone or acetic acid gave 
orange needles. The yields were 90-95%. Characteristic IR and 1H N M R  
spectral data of the dyes are given in Table 2. 

Preparation of Cu(lI) complexes of the azo dyes 

All complexes were prepared from the azo dyes and copper-II-acetate as 
follows: 

5 mmol azo dye was heated in methanol (250 ml) and a methanolic 
solution (20 ml) of 2.5 mmol copper-II-acetate was added slowly. The mix- 
ture was heated for 8 h under reflux, and the yellow-brown precipitate was 
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filtered, washed with warm water, methanol and ether, and then dried in 

vacuo. Complexes were not recrystallized because of their low solubilities of 
common organic solvents. The yields were in the region 60-78%. Elemental 
analysis and characteristic IR spectral bands of the complexes were tabulated 
in Tables 1 and 2. 

Determination of pKa values of the azo dyes 

The acid dissociation constants of the dyes were determined spectro- 
photometrically in 80% (v/v) ethanol-water mixture at 27 + 0. I°C and 0.1 M 
ionic strength; the pH meter was accurate to +0.01 pH units and was 
calibrated with standard Beckman buffer solutions of pH 4.01 and 7.00. The 
pH meter readings recorded in ethanol-water solution were converted to 
hydrogen ion concentration as described by van Uitert and Haas. 7 

For the determination of pKa constants, a 50 ml solution of the azo 
pyridone dye was prepared such that it was ~ 1.0× 10 5 M with respect to 
the azo pyridone, 0.1 M HCI and contained 80% (v/v) ethanol-water. The 
test solution was transferred to a thermostatted cell with a water-jacket. The 
pH of the solution was measured and the spectrum was recorded using either 
the ionic medium or 80% (v/v) ethanol as a blank. In both cases, identical 
absorbance values in the wavelength range employed were obtained. The pH 
of the test solution was increased by addition of small volume of 
concentrated carbonate-free potassium hydroxide made up from the same 
solvent. Since the total change in volume did not exceed 1.0%, no correction 
was made for dilution. After each spectral measurement, the pH was 
checked, and in all cases, the two values before and after the spectral 
measurements were found to be the same within the limits of the accuracy of 
the pH meter. In each run 12-16 pH readings were taken and the value of the 
pKa was calculated from each reading using the equation 

pKa = pHi + log 
(Aa - Ai) 

(Ai - Ab) 

where Ai is the absorbance of solution at pHi; and Aa and Ab are the 
absorbance values of the strongly acidic and basic solution of compounds, 
respectively. 

Determination of formation constants of the complexes 

Complex formation equilibria and overall formation constants fl for ML2 
type complexes can be given as 
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TABLE 2 
Spectral Data of Dyes and Complexes 

Compound i)c.~ N Pc=o Vc.o vc~,.o IH NMR,* ppm 

l/l ' 2250/2220 1681,1652/1651 
2/2' 2220/2215 1665,1650/1652 
3/3' 2220/2210 1660,1650/1649 
4/4' 2240/2210 1667,1651/1655 
5/5' 2210/2200 1670,1658/t653 
6/6' 2210/2195 1675,1651/1665 
7/7' 2220/2215 1651,1630/1645 
8/8' 2220/2210 1662,1648/1657 
9/~ 2220/2210 1681,1655/1661 

lO/lff 2240/2210 1674,1662/1660 
l u l l '  2240/2220 1671,1658/1665 

'1281 421 
'1272 463 
'1265 460 
'1271 431 
'1261 438 
q255 487 
q271 457 
q268 461 
q259 443 
q256 451 
q263 469 

5.4, 7.55, 2.76 
5.3, 7.40, 4.01, 
5.4, 7.50, 2.45, 
5.6, 7.35, 2.50 
5.4, 7.50, 2.40 
5.1, 7.85, 2.76 
5.5, 7.45, 2.50, 
5.4, 7.50, 2.46, 
5.2, 7.40, 2.50 
5.3, 7.40, 2.55 
5.1, 7.80, 2.75 

2.71, 1.35 
2.30 

2.35, 1.33 
2.35 

*For azo dyes. 

[ML2] [ML2] 
-- log/~ = log M + 2L ~ ML2/3 [M][L]2, [M][L] 2 

[M], [L] and [ML2] are represented molar equilibrium concentrations of  
metal ion, ligand azo dye and complex species, respectively. Charges are 
omitted for simplicity. 

Complex formation constants of  the dyes with Cu 2 + ion were evaluated 
spectrophotometrically in methanol.  The water-jacketted cell holder of  the 
spectrophotometer  was thermostat ted at 27 + 0.1°C. A series of  solutions of  
known concentrations were prepared for both metal and ligand from the 
stock solutions of  about  10 -4 M for each. Complex solutions were prepared 
by mixing ligand and metal solutions. Metal to ligand mol ratios ranged 
between 25 and 5 in the resulting solutions. Absorbance values of  all 
solutions were measured at maximum wavelength of  the complexes. 
Molar  absorbtivity coefficients o f  metal, ligand and complex (Era, El and Ec, 
respectively) were obtained from the slope of  the plots of  absorbances 
against concentrations. Correlation coefficients, r, were better than 0.996. 

Equilibrium concentrations of  the species were calculated using following 
equations. 

A - A l 
[ M L 2 ]  - - -  

E 
A - A' 

[M]  = C M - -  g 

[L] = CL -- 2 A - A' 
E 

where CM and CL were concentration of  metal and ligand solutions and 
A' = eMCM -1- ELCL, 6 = ~'C -- eM -- 2eL. 
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T A B L E  3 
Visible Absorbtion Maxima, pKa and log/3 Values of the Compounds Studied 

X Dyes Complexes 

,k ....... (nm) )~max- (rim) Xm,x (nm) in pKa Xmax (nm), (ec) log ,8 
in CHCI3 in CH30H C2HsOH- in CH30H 

H20 
80% (v/v) 

H 440 452 454 8.074-0.02 438 (4.88x104) 10.92+0.02 
p-OEt 473 488 494 7.84+0.01 451 (5.98×104 ) 11.15±0.01 
p-Me 452 462 471 8.57±0.02 437(4.61x104) 11.25±0.04 
p-Cl 444 461 466 7.65±0.05 443 (5.83x104) 10.39±0.04 
p-COOH 441 461 469 8.01±0.02 458 (3.69x104) 10.80±0.02 
p-NO2 436 451 461 7.20±0.02 461(5.53x104) 10.43±0.01 
m-OEt 474 466 464 8.06±0.03 439 (4.05x104) 11.44±0.01 
m-Me 472 463 466 8.07±0.05 435(5.92x104) 10.91±0.02 
m-C1 434 460 465 7.30±0.01 437 (4.62x104) 10.87±0.01 
m-COOH 433 456 462 8.31 ±0.02 439 (3.28x 10 4) 10.54±0.05 
m-NO2 426 447 445 6.98+0.02 442(4.71x104) 10.36±0.01 

For determining a formation constant the absorbance values of a series 
metal + ligand mixtures which were prepared from their 10 -5 M solutions as 
1 m l + 9  ml, 1.5 m l +  8.5 ml, etc., were measured. 

Formation constants were calculated for each mixture. Average values and 
standard deviations were calculated and tabulated in Table 3. 

RESULTS AND DISCUSSION 

The structure of the azopyridone dyes (1-11) prepared by coupling 3-cyano- 
6-hydroxy-4-methyl-2 (IH) pyridone with diazotized p- and m-substituted 
anilines and their Cu(II) complexes (1'-11') were shown below. 

I 
H 

CH3 ~ X 

N C o ~ / ' - ~ N / ~ " ~  

H -u~ ~.- N - . .~u  
i I 

x dn  3 

X - H m-OEt, m-Me, m-COOH, m-CI, m-NO2 
p-OEt, p-Me, p-COOH, p-C1, p-N02 
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The dyes prepared may exist in four tautomeric forms, namely A-D 
(Scheme 1). The infrared spectra of all the dyes showed two intense carbonyl 
bands at about 1681 and 1630 cm -1, which were therefore assigned to the 
dikethoydrazone form D. The spectra exhibited a broad band in the region 
3080-3200 cm -1. The low frequency and the broadening of this band suggest 
that these compounds are strongly involved in hydrogen bonding in the solid 
state. The 1H N M R  spectra of dyes exhibit a broad signal near 15.1-15.6 
ppm. This signal corresponds to imine NH proton resonance of the hydra- 
zone form. It has been reported that the hydroxyazo OH proton resonance 
is 3-5 ppm higher than the hydrazone NH proton resonance, s,9 Lycka and 
Machacek l° and Mustroph, ~1 from 13C and ~SN NMR studies of some 
N-alkyl derivatives of azopyridones, concluded that the equilibrium was in 
favour of the diketohydrazone form D in solutions. 

Furthermore, Peng e t  al. 12 have reported the ~H NMR spectra of some 
azopyridone dyes in CDC13; these exist in the hydrazone form D and show 
NH peaks within the range of 14.30-16.09 ppm. These results suggest that 
the dyes prepared exist in the hyrazone form in the solid state and acidic 
solutions. 

Visible absorption maxima of the dyes (Table 3) showed bathocromic 
shifts as the solvent polarity increases. This positive solvatochromism is also 
evident for the hydrazone form.13 

Introduction of an electron accepter substituent into the diazo moiety at 
the para or meta position produces a slight effect (for dye 6 A~,: 4 nm relative 
to dye 1), whereas electron donor substitiuents produce strong bathocromic 
shifts (e.g. dye 2, Ak = 33 nm relative to dye 1) in chloroform. Similiar results 

I "~"v ) l "  N~ N " ~  C N 

H'-O-'~ZN-'~"-OH " - - -  H'-O :~~"-N ¢~'-OH 
(A) (B) 

11 1l 
~ CH 3 - ~ ' / ]  CH 3 

H H 

Scheme ! 
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were also observed in methanol. However, in 80% (v/v) ethanol-water all 
of the substituents produced bathochromic shifts, with the exception of the 
m-nitro substituent. 

All the synthesized complexes were brown insoluble solids. Magnetic 
measurements showed one unpaired electron (#efr=l.78-1.91 BM), as 
expected from the d 9 electronic structure of the Cu 2÷ ion. The results of 
the elemental analysis (Table 1) were in good agreement with those required 
by the suggested formulae. 

In the IR spectra of the complexes (Table 2) the absorbtion of the nitrile 
group shifted to lower frequencies than those for the azo dyes. The com- 
plexes showed one strong single carbonyl absorbtion in the region 1665-1645 
cm -1. The second carbonyl absorbtion band, which appears in the spectra of 
the dyes, was not observed but new bands due to C-O and Cu-O vibrations 
in the range of 1281-1255 cm -j and 476-421 cm ~ appeared in the spectra of  
the complexes. 

The visible absorbtion maxima of all the complexes (except 6') shifted to 
lower wavelength; A~.ma× values were in the range 3-37 nm. The absorbtion 
maximum of the complex 6' in the visible region shifted bathochromically. 

Ionization constants of the dyes 

The pKa values of dyes 1-11 determined by the spectrophotometric titration 
method at 27 4- 0. I°C in 80% (v/v) ethanol-water mixture are given in Table 3. 
The absorption pattern was in each case characterized by the presence of two 
maxima in the ranges of 416-430 nm and 445-494 nm for the anionic and 
molecular species, respectively. The absorption spectra of the dyes in both 
strongly acidic and neutral solution were found to be the same. As the pH 
value of the solution increased the height of the former band increases and 
simultaneously that of the latter band decreases. Spectra recorded at differ- 
ent pH values in each case showed an isospestic point. This indicates that 
two species are in equilibrium. 

Figure 1 shows the spectra of dye 2 at different pH values, taken as a 
typical example of the series. The spectral characteristics of the dyes are in 
agreement with Peng's results.~4 Therefore, the higher absorption frequencies 
of the dyes studied in basic solutions was assigned to the common anion E, 
which is the common conjugate base of both tautomers, as shown in Scheme 2. 

The pKa values of  the dyes were found to be within the range 6.98-8.57. 
Substituents in the diazo component  do not exhibit the expected effect on 
pKa values. The pKa values for the dyes with electron-withdrawing sub- 
stituents seem to be smaller than those for the dyes with electron-donating 
substituents. These results are also consistent with those of N-alkyl derivatives 
obtained in aqueous solutions. ~5 In addition, no linearity has been observed 
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1 . 0  - -  

0 . 8  - 

pH 

I. 8.7 
2. 6.5 
3. 5.2 
4, 10.2 3 

/ "x\ 

i I \ 
4 

I 
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, "  t 2 

A o.~ / \ ~ . . . .  • 

I \ ' . '" "" 
i f " , X \  f f  ".. , / / ~k~,.~.~ '- ', 

o.4 - / \ X \  ", 
,,," ", 

O. 2 "'\,\ \ • , ,, / ",,\ , . :y  , ;  ",, \ ' . . ,  
o.o I I ~ 

3(10 400 500 6(/(I 

X (nm) 

Fig. 1. Visible absorbtion spectra of dye 2 at different pH values. 

x-~ ~H3 
~ N ~ - N  CN 

H"-O H ~ O  

(°) 1L I 
X ~ _ N I N ~ C N  

O"'-~ -/" O 
(F) 

KT X ~ N ~ N ' ~  CN 
_ .  

H (C) 

lb 
x - ~  qH3 
/ ~ ' /~N ¢ N ~ J ~  cN 

< - i). X~H/. 0 
(E) 

Scheme 2 
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L i g a n d  1 

- -  - -  M e t a l  

. . . .  C o m p l e x  1' 
/ 'N 

/ \ 
/ \ 

/ \ 
/ \ 

/ \ 
\ ,,"r, -, 

A \ // 

] ~ ' - - - " -  I : : - ~ - ' F  ~ ' ~ ' - " ~ - " - ' - - " :  ' ' -  
2 0 0  3 0 0  4 0 0  4 3 9 4 5 2  5 0 0  

X (nm) 

Fig. 2. UV-visible absorbtion spectra of Cu 2+ ion, ligand dye ! and complex 1'. 

between ~-max Of dyes 1-11 and Hammett substituent constants in 80% (v/v) 
ethanol water solvent system. The discrepancy from linearity may be attrib- 
uted to the solvent system used, since the tautomeric equilibria are strongly 
affected by type of solvent used.16 

Formation constants of the complexes 

Formation constants of the ML2 type complexes of the azo dyes 1'-11' are 
given in Table 3. The UV-visible absorbtion spectra of Cu 2 + ion, ligand azo 
dye ! and complex 1' are shown in Fig. 2 as an example. 

Log fl values of-C1, -COOH and -NO2 substituted complexes were lower 
than those of unsubstituted complex (1'). This is an expected result, since 
electron-withdrawing groups decrease the basicity of donor atoms and hence 
the chelation ability of the ligands decrease. On the other hand log fl values 
of Me and OEt substituted complexes were higher than those of complex 1', 
since these groups increase the basicity of donor atoms (N and O) in the 
ligand molecules. Hence it may be concluded that more stable complexes 
are formed by stronger bases. 

The log/3 value of m-Me substituted complex (8') was almost the same as 
that of unsubstituted complex (11.91 and 11.92, respectively). Similiar results 
was also observed for pKa values of dyes 8 and 1 (8.07 for each). 
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