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ABSTRACT

Condensation of primary amines with 4,8-dinitroanthrarufin (DNAR) and
4,5-dinitrochrysazin (DNCZ) at room temperature afforded the corre-
sponding 4-arylamino-, and 2,4(2,6)-dialkylamino-, 2,6-(2,7)-diaryl-
amino-anthraquinone blue dyes. It is proposed that the initial enol-ketone
tautomerism from DNAR and DNCZ facilitates formation of the 4-aryla-
mino derivatives. The possibility of the formation of the reactive species
1,2,9,10-tetrahydro-1,2,9,10-tetraoxoanthracene and 1,2,5,6,9,10-hexa-
hydro-1,2,5,6,9,10-hexaoxoanthracene( XI and X1I), oxidised from ketone
Jorms of DNAR and DNCZ (IX and X) by cupric ion and air, is also dis-
cussed. 1998 Elsevier Science Ltd

Keywords: dinitroanthrarufin, dinitrochrysazin, enol-ketone tautomer-
ism, tetraoxoanthracene, hexaoxoanthracene, cupric ion, disperse.

1 INTRODUCTION

4,8-Dinitroanthrarufin (DNAR) and 4,5-dinitrochrysazin (DNCZ) are
widely utilized in the synthesis of blue disperse dyes. Thus, the condensation
of DNAR and DNCZ with alkylamines and arylamines affords the corre-
sponding 4-alkylaminol [1, 2] 4-arylamino [3], 4-arylamino-5(8)-amino [3], and
8-(5-) amino-4-alkylamino derivatives [1, 2] and 1-alkylamino-4-arylamino-
5-nitro(and-5-amino) [4], 1.5-bis(alkylamino)-4-arylamino [4], 1,4-bis(aryla-
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mino)-5-nitro (and-5-amino) [5], 1,4,5-tris(arylamino) [5], S-alkylamino-1,4-
bis(arylamino) [5], 4,8-,4,5- and 5,8- bis(arylamino) [6], 4,8(4,5)-bis(alkyla-
mino), [1, 2] and 1,4,5,8-tetrakis(arylamino) [7, 8] derivatives. They were
prepared by reaction with excess amine at high temperature (above 100°C).
However, 2-substituted and 2,6- and 2,7-disubstituted derivatives can be
prepared by stirring excess reagents such as thiophenol and thioglycol with
DNAR and DNCZ at room temperature [9, 10]. We now report the con-
densation of DNAR (and DNCZ) with excess arylamines (and alkylamines)
in the presence (and in the absence) of cupric acetate at room temperature to
give 4-arylamino-5(8)-nitro (I and II), 2,6-(2,7)-bis(arylamino)-4,8-(4,5-)
diamino (III and IV), 2.4-bis(alkyl- and aryl-amino)-8-nitro(V), and 2,6-
bis(alkylamino)-4,8-dinitro(VI) derivatives, and possible mechanisms for
them are discussed.
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2 EXPERIMENTAL

2.1 Preparation of dyes I and 11

DNAR (0.5 g) and aniline (4 g) were stirred in 20 ml N,N-dimethylformamide
(DMF) at room temperature for 25h. The mixture was stirred into 200 ml
10% aqueous hydrochloric acid. The blue solid was filtered, washed neutral
with water and recrystallised from 2-methoxyethanol (0.34 g, 60%) in dark
brown needles with a metallic lustre, m.p. 222°C-224°C, of 4-anilino-8-
nitro-1,5-dihydroxyanthraquinone (I.1). From DNAR or DNCZ and the
appropriate arylamines were similarly obtained dyes 1.2, 1.3 and 1I.1-11.3
(Table 1).

2.2 Preparation of dyes III, IV, V and VI

The above procedure (Section 2.1) was repeated in the presence of 0.33¢g
cupric acetate. Relevant data on yield and A, are given in Table 1.

TABLE 1
Synthesis and Characterisation Data of Dyes

Dye R Amount Reaction Weight (g) X (nm)

of arylamines time (h) (vield, % ) in DMF
I.1 H  4.00g aniline 25 0.34(60) 585,620
1.2 CH; 1.53 g p-toluidine 20 0.28(47) 585,621
1.3 OCH; 1.54 g p-anisidine 18 0.31(50) 590,625
I1.1 H 3.00 g aniline 35 0.28(50) 590,610
I1.2 CH; 1.82 g p-toluidine 31 0.26(44) 590,615
I1.3 OCH; 1.60 g p-anisidine 28 0.28(45) 595,620
1.1 H 0.60 g aniline 54 0.38(55) 595,625
111.2 CH;  0.51g p-toluidine 50 0.36(50)* 592,626
Iv.1 CH;  0.60g p-toluidine 54 0.33(45) 600,620
V.1 p-CH;-CgH,  0.50 g p-toluidine 50 0.36(50)* 595,642
V.2 p-OCH;-CgHy 1.55 g p-anisidine 50 0.34(43) 595,642
V.3 n-C4Hg  4.50 g n-butylamine 48 0.52(80) 587,625s
V.4 n-CgHy3 4.50 g n-hexylamine 48 0.64(87) 588,634s
V.5 n-CgH1 4.50 g n-octylamine 48 0.70(85) 591,635s
VL1 n-C4Hg  4.50 g n-butylamine 48 0.55(78) 585,631s

(at 10°C)

VL1 n-C4Hy 20 g aniline 6 0.34(77) 605s,654
VII.2 n-CgH 3 20 g aniline 6 0.31(70) 610s,656
VIL.3 n-CgHy7 20 g aniline 6 0.31(72) 610s,655
VIIL1 n-C4Hy  20g aniline 6 0.29(60) 570s,615
s, shoulder;

4, purified by preparative TLC, 60% II1.2 and 40% V.1.
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2.3 Preparation of dyes VII and VIII

Dye V.3 (0.4g) and 20 g aniline were refluxed for 6 h. The liquor was cooled
to room temperature, then poured into 200 ml 10% aqueous hydrochloric
acid and left to stand overnight. The crystalline material which separated
was filtered and washed neutral with water. Recrystallization from 2-meth-
oxyethanol gave 0.34g (77%) of 2,4-bis(n-butylamino)-8-anilino-1,5-dihy-
droxy-anthraquinone (VII.1), m.p. 280°C.

Dyes VII.2, VII.3 and VIIIL.1 were synthesized by a similar procedure from
V.4, V.5 and VI.1, respectively, as detailed in Table 1.

2.4 General

All dyes were homogeneous on TLC (Merck, silica gel 5748) and were ana-
lytically pure; molecular weights and the absence of any higher molecular
weight impurities were confirmed by mass spectrometry.

Characterisation data were obtained by mass spectrometry (Hitachi M-
52), IR (Hitachi 260 - 50) and "THNMR (Varian VXR-300) (Table 2). Elec-
tronic spectra were recorded on a Shimadzu UV 240 from dye solutions in
DMF (Table 1).

3 RESULTS AND DISCUSSION

Houben has pointed out that «-nitroanthraquinone undergo nucleophilic
displacement in a manner analogous to that undergone by o-dinitrobenzene
[11]. Locher and Fierz [12] showed that the nitro groups in nitroanthraqui-
nones are readily replaced, in much the same way as the halogen atoms in
halogenoanthraquinones, and that a-nitro groups are replaced more readily
than g-groups. The 1-hydroxy group of DNAR and DNCZ could deactivate
the 4-nitro group toward nucleophilic substitution because of its electron-
donating power. Thus, the condensation of DNAR and DNCZ with primary
amines was usually carried out under stringent conditions, e.g. refluxing in
excess primary amines [13] or in water [14] and organic solvents such as 2-
methoxyethanol [15], 2-ethoxyethanol [16], quinoline [15] and 1-pentanol
[17]- For the more reactive primary amines, the use of reaction temperatures
of 120-125°C has been concluded to give the best conditions for avoiding the
formation of bis-aminated derivatives [18]. Hartke ez al. [19] made 4-alkyla-
mino and 2-alkylimino derivatives by stirring 1,2-naphthoquinone-4-sulfonic
acid with primary aliphatic amines at room temperature. 2-Alkylaminoqui-
nizarins have been made by addition of primary aliphatic amines to oxidised
quinizarin under extremely mild conditions via the reactive quinone [20].
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Dyes III and IV, which have good order parameters, may be used in com-
mercially viable liquid crystal devices [21].

Possible mechanisms for the reactions studied here are shown in Schemes
1, 2 and 3, in which reactive species IX and X are stabilized by forming a
complex with curpric ion or cuprous ion.

ON
DNAR I ArNHz
(or DNCZ) =

NO:

[& 11

Reduced
by IX

Scheme 2
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X
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o 0 N
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