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ABSTRACT 

The eflects of suhstituents on the diazotization and coupling reactions of o- 

hydroxyanilines have been studied. When the substituent is a strong electron- 
withdrawing group, e.g. MOz, the resulting substituted 2-hydroxy-l- 
benzenediazonium chloride is highly acidic, even in aqueous hydrochloric acid 
solution. It deprotonates and forms the corresponding substituted I,2- 
benzoquinone-1-diazide. For less electron-withdrawing or even electron- 
releasing substituents, the so-generated diazonium chlorides are soluble in the 
aqueous hydrochloric acid solution. These diazotizedproducts are isolated as 
hexafluorophosphate salts. The coupling reactions between various diazotized 
products of o-hydroxyanilines and 2-hydroxy-3-naphthanilide are shown to 
proceed through the 1,2-benzoquinone-I-diazide intermediate, regardless of 
their original structure. Synthetic results show that the substituted 1,2- 
benzoquinone-I-diazide intermediate is only reactive when it is activated by a 
substituent that is more electron-withdrawing than the chloro group. 

1 INTRODUCTION 

Charge control agents (CCA) are additives that are used in a dry toner to 
maintain and regulate the charge level of a toner in the developer.’ For 
negative black toner application, acidified carbon blacks have been found to 
serve a dual function in toners.’ They are black colorants as well as negative 
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Aizen Spilon Black TRH 
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-NH- 0 0 

CCAs. Recent work by Birkett and Gregory as well as researchers at 
Hodogaya showed that 1:2 Cr/azo complexes, such as Bontron S31 and 
Aizen Spilon Black TRH (Formula l), are effective negative CCAs. They not 
only enhance the negative charging in toners, but also improve the copy 
quality. 3 - 5 Macholdt and Sieber6T7 further showed that, among the 6-7 differ- 
ent chemical classes that were examined in their CCA study, azo pigments 
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and their chromium complexes were the most potent negative CCA classes 
found. Prompted by these findings, we felt that a structure-property 
relationship study on the charging characteristic of Cr/azo complexes was 
warranted. Only with such knowledge can the rational design and synthesis 
of materials with improved charging properties be achieved. We therefore 
initiated a systematic effort to synthesize a number of azo ligands by 
coupling substituted o-hydroxyanilines with 2-hydroxy-3-naphthanilide. 
Strong substituent effects on both diazotization and coupling reactions were 
observed. The subsequent effects are discussed in terms of an electronic 
effect. 

2 EXPERIMENTAL 

2.1 Materials 

Picramic acid was purchased as the sodium salt from Sigma; it was converted 
to the free acid with hydrochloric acid and then purified by solvent 
extraction. 2-Amino-4nitropheno1(96%), 2-amino-5nitropheno1(99”/0), 5- 
chloro-2-hydroxyaniline (97%), 2-aminophenol (99”/), 2-amino-p-cresol 
(97%), anhydrous sodium acetate (gold label) and ammonium hexafluoro- 
phosphate (99O/) were obtained from Aldrich. NJ-Dimethylformamide 
(DMF), acetone, concentrated hydrochloric acid, sodium nitrite and diethyl 
ether (anhydrous) were reagent certified grade from Fisher. All these 
materials were used as received. 2-Hydroxy-3-naphthanilide was bought 
from Aldrich. It was recrystallized from a mixture of DMF and water before 
use. 

2.2 General techniques 

Melting points were taken on a capillary melting point apparatus (Thomas 
Hoover) and were uncorrected. Infrared spectra were determined on a 
Perkin-Elmer model 1750 FTIR. i3C NMR spectra were recorded in 
DMSO-d, (from Merck) on a Bruker AM 360 spectrometer. Elemental 
analyses were performed by Galbraith laboratories. 

2.3 Diazotization of substituted +hydroxyanilines 

A dispersion of the hydrogen chloride salt of a substituent a-hydroxyanaline 
was prepared by stirring 0.02mol of the o-hydroxyaniline in an aqueous 
solution containing 8 ml of concentrated HCl and 80ml of water. The 
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dispersion was then cooled to 0-5°C by an ice-water bath. An aqueous 
NaNO, solution (2g in 5 ml of water) was added dropwise over about 
30min. When the substituent was a NO, group, the diazotized product 
precipitated out of the solution as a yellow solid. In this case, the product 
was isolated by filtration and purified by washing with cold water and cold 
methanol. When the substituent was Cl, H or CH,, the diazotized solution 
was dark brown. A concentrated aqueous solution of ammonium 
hexafluorophosphate (O-04 mol) was added and the precipitated hexafluoro- 
phosphate salt was isolated by filtration. 

2.4 Coupling reactions between the diazotized products of substituted @ 
hydroxyanilines and 2-hydroxy-3-naphthanilide 

The above diazotized products were dissolved in - 80 ml of cold DMF in a 
500 ml three-neck flask, which was surrounded by an ice-water bath. A cold 
DMF solution containing 5.3 g of 2-hydroxy-3-naphthanilide in N 80 ml of 
DMF was introduced over a period of - 30 min. A brown solution was 
obtained. A cold solution containing 10 g of NaOAc in 150 ml of water was 
added into the DMF mixture over 30 min. After the addition was completed, 
the product mixture was stirred at room temperature overnight. The 
coupling product, if formed, was isolated by filtration. It was then purified 
by washing with warm water (2 x 250 ml, at N 8O”C), acetone (3 x 250 ml) 
and ether. After vacuum drying, a purified monoazo compound was 
obtained. The synthetic data and the spectroscopic properties of these 
materials are tabulated in Tables 1 and 2. 

3 RESULTS AND DISCUSSION 

3.1 Effect of substitution on the diazotization of o-hydroxyanilines 

Substituted o-hydroxyanilines could be diazotized in an aqueous hydro- 
chloric acid solution at O-SC. When the substituent was a nitro group, the 
diazotized products pr~ipitated out of the reaction liquor and were isolated 
by filtration as yellow or orange solids. When the substituent was less 
electron-withdrawing than a nitro group, such as Cl, H and CH,, the 
diazotized products were soluble in the reaction mixture and were isolated as 
hexadluorophosphate salts using ammonium hexafluorophosphate as 
precipitating agent. The isolated products were yellow or orange yellow 
solids. The reactions are summarized in Scheme 1. The yields and the 
spectroscopic properties of these materials are given in Table 1. 
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OH OH 

NH, 
NaNO,/HCI X=NO, 

X 
-HCI 

x=i NH4PF6 
CH, I 

OH 

Scheme 1 

The diazotized products were characterized by IR and solution 13C NMR 
spectroscopy (Table 1). In the IR spectra, none of them exhibited any N-H 
stretchings that are characteristic of the starting o-hydroxyanilines. In 
addition to the aromatic C-H stretches at 3100 +_20cm-‘, very charac- 
te+ristic bands, attributable either to a diazo (C=N=N) or a diazonium 
(N&I) group, are observed at 2150-2250cm-‘.8-‘Z Although there is a 
trend (except Structure I) that this band shifts to higher frequencies, from 
2200 to 2250cm-‘, as the substituent becomes increasingly electron- 
releasing, the IR data along do not allow a clear distinction between the 
diazo and diazonium functions. 

The ’ 3C NMR spectra of all diazotized products were studied in DMSO- 
d6. All the compounds showed a characteristic upfield carbon resonance at 
90-100 ppm, attributable to the carbon adjacent either to a diazonium or a 
diazo group.13v14 Chemical-shift assignments were first made with the 
diazotized product of o-hydroxyaniline. The chemical shifts of all other 
compounds were assigned based on known substituent induced shifts.i5 The 
data are tabulated in Table 1. Due to the strong substituent effect on the 
chemical shift of Cl, a clear distinction between a diazo or a diazonium 
functionality again cannot be made from the 13C NMR data. 

Anderson et al.16-’ ’ reported the determination of the dipole moment of 
the diazotized product of 2-hydroxy-3,5-dibromoaniline and they con- 
cluded from the low dipole moment that the diazotized product is 3,5- 
dibromo-1,2-benzoquinone-1-diazide. Without product isolation, they 
further generalized that the structure of the diazotized product of o- 
hydroxyaniline is 1,2-benzoquinone-1-diazide. As shown later in this paper, 
this generalization is incorrect. The diazotized product from o- 
hydroxyaniline as a diazonium salt. 

When the o-hydroxyaniline was substituted with a nitro group, the 
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diazotized product precipitates out of the aqueous hydrochloric acid 
solution (Scheme 1). One the other hand, when the substituent is Cl or CH, 
or H, the diazotized product remained in the aqueous hydrochloric acid 
solution. The diazotized product was isolated as a hexafluorophosphate salt. 
Thus, in the case of nitro substituted o-hydroxyanilines, if these diazotized 
products are diazonium salts, the counter anion would be a choride anion. In 
this work, we synthesized 2-hydroxyl- 1-benzenediazonium chloride in acetic 
acid using the n-amyl nitrite method.” This diazonium chloride and the 
diazotized product from 2-hydroxy-3,5-dinitroaniline (I) were dissolved in a 
mixture of water and DMF (1:l) separately. The two solutions were then 
titrated with an aqueous solution of AgNO,. While white precipitates of 
AgCl with a recovery of 99.7% of theory (after vacuum drying) were 
obtained for the 2-hydroxy-1-benzenediazonium chloride solution, no 
precipitate was observed for the solution containing the diazotized product 
from I. The absence of the chloride anion leads to the conclusion that the 
diazotized product from I is 3,5-dinitro-1,2-benzoquinone-1-diazide. By 
analogy (Scheme l), the diazotized products from o-hydroxyanilines II and III 
are l,Zbenzoquinone-I-diazides also. We also propose that, in the case 
of o-hydroxyanilines IV, V and VI, the diazotized products are the 
diazonium chlorides. These diazonium chlorides are soluble in aqueous 
solution and the products can only be isolated when precipitated as 
hexafluorophosphate salts. 

The o-hydroxyanilines I-III are substituted by one or more nitro groups. 
The formation of o-benzoquinonediazides from these compounds suggests 
that the diazonium chlorides of I-III are actually formed. Due to the strong 
electron-withdrawing nature of the nitro and the diazoniumig groups, the 
OH protons in these diazonium chlorides become very acidic, even in 
aqueous hydrochloric acid solution. These nitro substituted o- 
hydroxydiazonium salts deprotonate and form the corresponding sub- 
stituted o-benzoquinonediazides. 

When the substituent is less electron-withdraw.ing or even electron- 
releasing, the substituted o-hydroxydiazonium salts are presumably not as 
acidic and remain as diazonium chlorides in the hydrochloric acid solution. 
The diazonium salts become isolable when precipitated as hexafluorophos- 
phate salts. 

3.2 Effect of substituent on the coupling reaction 

Attempts were made to couple the diazotized products from I-V with 2- 
hydroxy-3-naphthanilide in DMF. Sodium acetate was used as a base 
catalyst for the reaction. The synthetic data, along with the physical 
properties of the monoazo dyes are tabulated in Table 2. All synthesized 
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dyes are high melting, red-brown solids. They exhibit characteristic carbonyl 
stretches between 1655 and 1678cm-‘. The frequencies are higher than 
those in the couplers and are attributable to the amide C=O stretches in the 
monoazo dyes. 

The synthetic data indicate that there is a strong substituent effect on the 
coupling reaction. For relatively electron-rich diazonium salts, such as 2- 
hydroxybenzene- 1 -diazonium and 2-hydroxy-5-methylbenzene-l- 
diazonium hexafluorophosphate, monoazo dyes, if formed, are probably 
less than 5%. Although the coupling product solutions are red in color, 
analyses of the recovered solids reveal that the product solutions consist 
primarily of the coupler. The use of higher reaction temperatures and 
stronger bases (NaOH and triethanolamine) did not result in any yield 
improvement. 

The diazonium group is known to be a very powerful electron- 
withdrawing group. rg The o-hydroxydiazonium salts in Table 1 are 
expected to be acidic. It is then anticipated that the addition of the aqueous 
sodium acetate solution to the coupling mixtures would result in 
deprotonation of the o-hydroxydiazonium salts, forming the corresponding 
1,2-benzoquinone-1-diazides. Thus, substituted 1,2-benzoquinone-1-diazides 
are intermediates of the coupling reaction. The inability of 5-methyl-1,2- 
benzoquinone-1-diazide and l,Zbenzoquinone-1-diazide to couple with 2- 
hydroxy-3naphthanilide to form products simply indicates that these 1,2- 
benzoquinone-l-diazides are not strong enough electrophiles for the 
coupling reaction. 

To support the above model, we synthesized 2-methoxybenzene-l- 
diazonium hexafluorophosphate and examined its coupling reaction with 
2-hydroxy-3-naphthanilide (Scheme 2). Under identical coupling con- 
ditions, a monoazo dye was isolated in 75% yield.2’ This observation 
suggests that the lack of coupling reactions from the diazotized products of 

Scheme 2 
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o-hydroxyanilines V and VI is indeed due to the low reactivity of the 1,2- 
benzoquinone-1-diazide intermediates. We have shown above, that a 
diazonium salt bearing an electron-releasing substituent is still reactive in 
the coupling reaction. 

4 CONCLUSIONS 

It has been shown that there is a strong substituent effect on the 
diazotization of substituted o-hydroxylanilines in aqueous hydrochloric 
acid solution. When the substituent is strongly electron-withdrawing, such 
as a nitro group, the diazotized product, a nitro substituted 2-hydroxy-l- 
benzenediazonium chloride, deprotonates and forms a nitro substituted 1,2- 
benzoquinone-1-diazide. The nitro substituted 1,2-benzoquinone-1-diazide 
usually precipitates out of the product solution. For less acidic diazotized 
products, the diazonium chlorides are soluble in the aqueous solutions. 
These diazonium salts are isolable as hexafluorophosphate salts using 
ammonium hexafluorophosphate as a precipitating agent. 

A strong substituent effect on the coupling reaction is also observed. 
Evidence is provided that all the coupling reactions proceed through the 
1,2-benzoquinone-1-diazide intermediate. Our data show that 1,2- 
benzoquinone-1-diazides are reactive in the coupling reaction only when 
they are activated by an electron-withdrawing group that is more potent 
than the chloro group. 
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