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SUMMARY 

The reaction of l-a~i~oanthraqu~~a~e (I) and l,S-dia~inoa~t~raquinone 
(2) wirh a,/&msaturated ketones in the presence of anhydrous alaminium 
chior~de ied to thefaci~e~ormation of new substituted dihydroanthra~yridine- 
quinones 3 in a one-stage synthesis. 2-Aminoanthraquinone failed to react 
under identical conditions. The investigations were extended to the reaction of 
I and 2 with acrylonitrile, methyl acrylate. methyl methacrylate and diethyl 
etho.~~?met~ylenemaionate to yield the substituted am~naanthraquinones 4. 
The new compounds were evaluated as disperse dyes on polyester. 

1 INTRODUCTION 

Reactions of aminoanthraquinones with a&unsaturated esters or nitriles 
have been previously reported. iM4 Thus, several ~-(anthraquinonyl)-~- 
aminopropionic acids and ~-(anthraquinonyl)-~-aminopropionitriles have 
been synthesised by reacting aminoanthraquinones with methyl acrylate 
and acrylonitrile respectively in the presence of sulphuric acid in a sealed 
tube at 100-l 15°C for 36 h. These compounds are of interest as disperse dyes 
having improved fastness properties. l Disperse dyes with excellent fastness 
properties have been synthesised by reacting 1-amino-4-substituted 
anthraquinones with methyl acrylate or acrylic acid in the presence of 
sulphuric acid. 2-4 In this communication, investigations of the reaction of 
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l-amino- and l,%diaminoanthraquinones with a&unsaturated ketones in 
the presence of anhydrous aluminium chloride as an acid catalyst are 
presented. The reactions led to the facile formation of new substituted 
dihydroanthrapyridinequinones (3) in a one-stage operation. 

2 RESULTS AND DISCUSSION 

I-Aminoanthraquinone (1) and 1,5-diaminoanthraquinone (2) were reacted 
with acetone and methyl ethyl ketone (MEK) in the presence of an excess of 
anhydrous aluminium chloride as catalyst. Excess of the ketone was used as 
solvent and the reactions were carried out at reflux temperatures. The 
ketones, by a process of self-condensation in the presence of anhydrous 
aluminium chloride, were converted into the corresponding cc&unsaturated 
ketones, which then reacted with the aminoanthraquinones to yield the new 
substituted dihydroanthrapyridinequinones (3a-3f). Whilst the reactions of 

3a: R=CH,, R’=H,R*=H 
3b: R = C,H,, R’ = H, R2 = CH, 

3c: R=CH,, R’=NH,, R2=H 
3d: R = C,H,, R’ = NH,, R* = CH, 

3a-3d 

H3C 

d 

R Cl-i3 

3t53f 

3e: R=CH,, R’=H 
3f: R = C,H,, R’ = CH, 

the ketones with 1-aminoanthraquinone gave good yields of the products 3a 
and 3b, the reactions with l$diaminoanthraquinone were sluggish and the 
products 3c, 3e and 3f were obtained in lower yields. The reaction of 1,5- 
diaminoanthraquinone with MEK yielded 3f as the sole product. The 
formation of product 3d, analogous to 3c, was not observed. Under identical 
conditions, 2-aminoanthraquinone failed to react. Pyridinoanthraquinones 
have been previously synthesised by first preparing ‘anthraquinonyl 
aminoacrylates’ and the subsequently cyclising them in diphenyl ether at 
2oo”c.5-7 

The investigations were extended to the reaction of 1 and 2 with other cr,/3- 
unsaturated compounds such as acrylonitrile, methyl acrylate, methyl 
methacrylate and diethyl ethoxymethylenemalonate, to yield the substituted 
aminoanthraquinones 4a-4e. Similar reactions had been previously effected 
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6’ 
*“, 

N-CH2CH2COOCH3 

0 0 
4a 4b 

H3COOCH2C H2C-N,H..0 

4d 

o...“, 7 ,COOC2Hg 
N-C=C 

‘COOC2H5 

4e 

under sealed-tube conditions in the presence of sulphuric/acetic acid at 
about 1 10”C’-3 using reaction times of 36-72 h. The reaction conditions 
reported in this present work involve reflux for only about 8 h. Further, the 
products 4a-4e were obtained in better yields (45-60%). A discrepancy in 
the melting points of the products (4a, 4b and 4d) was observed compared 
with those reported earlier. ‘J The compounds 4 synthesised in the present 
work were purified by column chromatography and their structures 
confirmed by visible, IR and ‘H-NMR spectral analyses. In general, the 
condensations were carried out by refluxing equimolar quantities of 1 or 2 
and ct,/?-unsaturated compounds in ethylene dichloride in the presence of 
two molar equivalents of anhydrous aluminium chloride. However, the 
reaction of 1 with diethyl ethoxymethylenemalonate could be accomplished 
at 30°C to yield 4e in quantitative yield. Earlier workers had carried out the 
reaction in refluxing xylene for 4 h to obtain 4e in 92% yield.5 

The structures of the dyes 3a-3e and 4a4e were assigned on the basis of 
their visible, IR and ‘H-NMR spectral data (Table 1). The microanalytical 
data for C, H and N (Table 2) were in accordance with the assigned 
structures. These dyes were applied to polyester and the shades produced, 
pick-up and fastness properties are recorded in Table 3. 

The reactions were found to be dependent on the quantity of anhydrous 
aluminium chloride used. In the presence of an equimolar quantity of the 
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He/ H20 

0 
3a 

Scheme 1 

Lewis acid, the reaction gave insignificant yields of the anthrapyridine- 
quinones (3). More than a two-fold excess of aluminium chloride was 
necessary to obtain reasonably good yields of 3. The multiple role of 
aluminium chloride involved its complex formation with aminoanthra- 
quinone to generate the intermediate I, catalysing the in situ generation of 
a$-unsaturated carbonyl compounds such as mesityl oxide II, and the 
subsequent polarisation of II. Probable mechanistic pathways are shown in 
Scheme 1. 

In the first step, the nucleophilic attack of I takes place at the electron- 
deficient centre in II to form the intermediate complex III. Cyclisation of III 
via dehydration would give rise to the product as an aluminium chloride 
complex. The complex on subsequent hydrolysis and acidification would 
yield 3. The failure of /6aminoanthraquinone to react in a similar manner 
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could be attributed to its inability to form a complex of the type I. On the 
other hand, the reactions involved during the formation of 4 did not go 
beyond the N-condensation stage. This could be explained on the basis of 
the inability of the ester carbonyl to form a complex with aluminium 
chloride similar to that in HI’. 

The visible spectra of the dyes 3a-3f and 4a-4e (Table 1) were recorded in 
dimethylformamide solutions. The polar effect of the alkyd substituents and 
the presence of an additional conjugated double bond in the dihydro- 
pyridine ring of 3a-3f result in a considerable bathochromic shift in these 
dyes compared with the parent aminoanthraquinones. In comparison with 
the dyes 3, the dyes 4 showed hypsochromic shifts of about 25-70 nm, due to 
their restricted conjugation. In general, the mono condensation dyes derived 
from 1-aminoanthraquinone were found to have extinction coefficients 
around 6000, whereas the bis condensation dyes derived from 1,5- 
diaminoanthraquinone showed an increase in E values to 10 00&17 000. 

The dyes 3 gave violet to bluish-violet shades of relatively poor light and 
sublimation fastness. The dyes 4 produced yellow to violet shades on 
polyester and, in general, showed moderate to good lightfastness depending 
on the N-substitution. Sublimation fastness was moderate to poor with the 
exception of the dye 4e which showed good light and sublimation fastness. 
The dyeing properties are recorded in Table 3. 

3 EXPERIMENTAL 

Melting points are uncorrected. Visible spectra were recorded on a Beckman 
doubie-beam spectrophotometer model 216. Infrared spectra were recorded 
on Perkin-Elmer infrared spectrometer model 137B. ‘H-NMR spectra were 
recorded on a Varian 80A FT-NMR spectrometer using tetramethylsilane 
as internal standard. 

3.1 General procedure for the synthesis of anthrapyridinequinon~ 3 

The aminoanthraquinone (0.01 mol) was stirred in acetone or methyl ethyl 
ketone (50 ml) and anhydrous aluminium chloride (0.025 mol) was added. 
The reaction mixture became warm and turned bluish-violet. The solution 
was then refluxed for 12 h, excess ketone distilled off and the residue treated 
with cold dilute hydrochlo~c acid. The product was filtered, washed with 
water and dried. The products were purified by column chromatography on 
silica gel using benzene-petroleum ether (1:l) as eluent and by recrystallis- 
ation from benzene or benzene-petroleum ether mixtures. Spectral data are 
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summarised in Table 1. Yield, physical properties and elemental analytical 
data are recorded in Table 2. 

3.2 General procedure for the synthesis of dyes 4 

Anhydrous aluminium chloride (O-02 mol) was added to a stirred mixture of 
the aminoanthraquinone (0.01 mol) and the appropriate a&unsaturated 
carboxylic ester (O-015 mol). The reaction mixture became warm and a clear 
blue solution was obtained. The solution was refluxed for 5 h (except in the 
case of 4e when stirring at 30°C for 1 h was sufficient). At the end of the 
reaction, ethylene dichloride was removed by distillation. The residue was 
treated with cold dilute hydrochloric acid and the product filtered, washed 
with water and dried. Purification was effected by column chromatography 
on silica gel using benzene as eluent and by recrystallisation from benzene or 
benzene-petroleum ether mixtures. Spectral data, yields, physical properties 
and microanalytical data are recorded in Tables 1 and 2. 
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