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A NEW TRIAL FOR THE SYNTHESIS OF DIRECT DYES TO REPLACE BENZIDINE
TYPE DYE (1) —— TRISAZO DYES FROM 3,5-BIS(p-AMINOPHENYL)-1,2,4-
TRIAZOLE, 2,5-BIS(p~-AMINOPHENYL)-1,3,4-OXADIAZOLE AND 2,5-BIS(p-

AMINOPHENYL) IMIDAZOLE
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New trisazo dyes from 3,5-bis(p-aminophenyl)-1,2,4-triazole and
2,5-bis (p-aminophenyl) -1, 3,4-oxadiazole which are found to have
no toxicity and no carcinogenicity, and 2,5-bis(p-aminophenyl)~
imidazole have been prepared to replace benzidine type dye,
Direct Deep Black EX. Dyeing with these dyes was carried out
on cotton, silk, wool and 6-nylon. These dyes have been shown
to have very good dye-ability and also to be very similar to

benzidine type dye in colour and fastnesses to light and washing.

One of the most important problems in the field of dye chemistry is the carcino-
genicity of benzidine and benzidine dyes. It has been reported that benzidine is

resuscitated as a metabolic product of benzidine dye by rat, mouse, Escherichia coli

and soil bacterial). The interest and demand for non-toxic and antipolluted dyes

have been originated from the discontinuance of benzidine production. By using o-

tolidinez), o—dianisidine3) )

5)

, 4-aminobenzoyl-4'-amino-

7)

, 4,4'-diaminodiphenylsulfide?
6)

, 4,4'-diaminodiphenylamine ', 4,4'-diaminodiphenylurea or 1,5-diamino-

8)

anilide
naphthalene as a diamine to replace benzidine, new type of direct dyes have been
proposed by some dye makers, but the carcinogenicity, substantivity, hue and colour
fastness of those dyes are in serious problem.

The biological toxicity, LD which were determined in female mice by Litchfield-

9)

50

Wilcoxon method”™’, of 3,5-bis(p-aminophenyl)-1,2,4-triazole and 2,5-bis(p-amino-
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phenyl)-1,3,4-oxadiazole were 10g/kg (oral feeding) either. Supposing L050 of

9), these azoles have extremely lower toxicity.

benzidine is 1.25g/kg
The carcinogenicity of 3,5-bis(p-aminophenyl)-1,2,4-triazole and 2,5-bis(p-

aminophenyl) -1, 3,4-oxadiazole were evaluated in young female Sprague-Dawley rats

during 9 months after the oral feeding of 10 doses by the similar method of Griswold,

10)

Jr., et., al. (Table 1). Striking differences in activity between benzidine and

Table 1 The carcinogenicity test to female Sprague-Dawley rats

Potal L No. of No. of Rats with Tumor
Compound Dosage |Observed{0 2 3 4 5 6 7 8 9 Total
mg/rat |Rats (months)
*2 ;
HoN D NH, 25 25 |0 01013 14 15 13 14 14 |16 (5 7F% TUROr 8
MN-Ny Single Tumor 2
HoND)Cuy-C{D)-NH2| 300 25 00 1 1 1 1 2 2 2| 20,0905 ¥ o
A
QN-N‘ *2 .
HoN D) C<g-C-)NH2| 300 25 {00 1 0 0 0 0 2 2| 3EiTe VT 0
HaN NH2
Single Tumor 0
@-soz-@ 300 25, 00 0 0 0 0 0 0 0 o ds M e 0
(Control) _ Single Tumor 1
Sesame 0il 25 000000 1 11 1(Multiple Tumor O

*1 Each rat received 10 equal doses at 3 day intervals, starting at 40 days of age
*2 Decrease by natural extinction of tumors

the related compounds were found. Thus, benzidine was quite active, but triazole and

oxadiazole compounds were considerably less, and 3,3'-diaminodiphenylsulfone had no

10) 11) and 3,3'—dichlorobenzidine12) are

known to have carcinogenicity. On the other hand, 4,4'—diaminodiphenylsulfonelo),

10) 10)

activity. However, o-tolidine , o-dianisidine

4,4'-diaminodiphenylmethane and 4,4'-diaminodiphenylether are reported not or
scarecely to have the activity.

Therefore, an inference that the toxicity and the carcinogenic activity of the
benzidine related compound may be lowered considerably or extremely by introduction
of heterocyclic group such as triazole, oxadiazole and imidazole, or interposed group
such as sulfone, methylene and ether between the two benzene rings of benzidine, may

be drawn, and this matter constitutes a pattern of substitute component for benzidine.
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By the way, while investigating the reaction of nitriles with hydrazine hyd-

15), we have found that the reaction of p-amino benzonitrile with hydrazine

rate
hydrate in the presence of mercaptoethanol and hydrazine dihydrochloride offers a
convenient synthetic route to 3,5-bis(p-aminophenyl)-4-amino-1l,2,4-triazole. This
compound reacts with nitrous acid to eliminate N-amino group and then to form

tetrazonium salt, which is continuously treated with suitable coupling components

to obtain dye corresponding to benzidine type ones.

1. HSCH2CHoOH

HoNGD-CN  +  H2NNHZ-H20 > H N{C}»C\N,C<CJrNH2

2. HaNNHp-2HCI N
HoN OH
WD : 9
NaN0/ CN?*CJ*Iﬁnf\*CJ*wQ Na03s sogha
N 2. I NQ
NHg
NH2 HaN OH HoN OH
HoN )= N-@-C\N,C-@-N N“ __. HgN@-N N@C\Nk@n N“N )

Na03$S SO3Na Na03S SO3Na

Several black direct dyes were prepared from 3,5-bis(p-aminophenyl)-4-amino-

1,2,4-triazole (mp 225-7°C), 2,5-bis(p-aminophenyl)-1,3,4-oxadiazole (mp 299-301

16) 17) as a diamine to

°C) and 2,5-bis(p-aminophenyl)-4-aminoimidazole (mp 185°C)
replace benzidine of Direct Deep Black EX type dye. The preparation was conducted
by a normal method by coupling tetrazotized substituted diamines with H-acid and
subsequently with m-phenylenediamine under acidic condition, and then coupling
benzene diazonium salt with H-acid part of these compounds under alkaline condition.
These dyes were purified by the cellulose column chromatography using ammonia-water

18)

solution developer. The Rf and the Rm values on cellulose thinlayer plate "Abisel

SF" and the absorption maximum values determined in 2 x 10_5 mole per litre pH 10
(Na2C03-Na2B407
The dyeing with these dyes was carried out on cotton (under mild alkaline con-

) buffer solution at room temperature were shown in Table 2.

dition), silk, wool and 6-nylon (under acidic condition) (the liquor ratio, 20:1; the
dye, 10% on the weight of fibre), and their applicability, colour and colour fastness
were examined. The measurement of colour was done by determining reflectances with a
Shimadzu Spectrophotometer model RC-330 and Adams Chromatic Values with a Hitachi
Electronic Computer model HITAC-10. The light fastness was determined by a pro-

gression comparing with the Gakushin blue scale using a Toyo Rika Fade-O-tester model
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FA-1 and the washing fastness was determined by the method of JIS 1.0844-1970(Table 3).

Table 2 Rf, Rm and absorption maximum values of the direct dyes

of the type NH2 HaN OH
HN-C-N=N - KD H=N A 1D
Na03S SO03Na
*1 *2 . . *3
Rf Values Rm Values Absorption Maximum
28 $NH OH (3) O-cu,0m(3) | 288nm,0H (3)| O)CH,0H (3)

Dye : : : : Amax €max

X H,0(7) DMF (2) H,0(7) DMF (2) 4
: : (nm) (x10 °)
No. H,0(2) H,0(2)

403 1.7

1 _— 0.067 0.43 1.124 0.123 597 2.0
NNy 410 1.9

2 -C\N,C- 0.03 0.40 1.510 0.176 479 2.5
i 590 1.7

N-Ng | 394 -

3 -C‘O’C_ 0.01 0.38 1.996 0.213 493 -

610 -

H

LNy 379 2.1

4 -C~N,C- 0.08 0.40 1.061 0.176 500 2.6
i 678 1.3

*] On cellulose thinlayer plate "Abisel SF"
*2 Rm=log(l/Rf-1)
*3 In 2x10-5mol/1 pPH 10 (Na2C03—Na2B4O7) buffer solution at room temperature

Table 3 Adams chromatic values and fastness results of the direct dyes

*1 *2
No. X 2 | welsE o |t wl|eE s |n wleE o | ow
Cotton Silk Wool 6-Nylon
1 —_ | - - |5 3-4 ] - - |5 4] - - s af - - |5 4
N =Ny,

2 -CCXc- | 2.1 -1.0|5 3-4 1.1 0.0 |5 4|2.8 0.7 |5 4|2.7 -2.3|5 a4
3 -dﬁaﬁ‘c- 3.1 -2.4 |5 3-4 (2.5 -1.3 |5 4|4.1 -4.1 |5 4|2.5 -2.0 |5 4
4 -g,ﬂ‘C- 1.6 -2.3 |5 3-4 |2.8 -5.3 |5 4|6.1 1.4 |5 4|4.8 -3.2 5 4
*]1 Adams Colour Order System 1

Colour Difference : 4E=40 {[A(VX-Vy)]2+[o.44(Vz-VY)]2+(o.23AVy)2}§‘ (N.B.S.)
Luminance Difference : 4L=0.234AVy (N.B.S.)
*2 Fastness : L=Light, W=Washing
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As the result of dyeing with these dyes and treating by the above mentioned

method, the good dyeings comparable to that with the Direct Deep Black EX dye were

obtained not only on cotton but also on silk, wool and 6-nylon, and it seems that

they may be used as a black direct dye to replace benzidine type dye. The fastnesses

made no great difference and were generally good because of the deep colour dyeing,

namely the light fastness was graded about 5 and washing about 3-4 or 4.

1)

2)
3)
4)
5)
6)
7)
8)
9)
10)

11)

12)

13)

14)
15)

le)

17)

References and Notes

Mieko Miyakawa, Takashi Harada and Osamu Yoshida, et.al., Medicine and Biology
86, 355, 361 (1973).

Sumitomo Chemical, Japan 73-1698, 39527, 43726, 43727.

Bayer, Ger. Offen. 2,122,166, 2,128,328,

BASF, Ger. Offen. 2,129,774.

Bayer, Ger. Offen. 2,110,772; Japan Kokai 72-32033, 32034.

Bayer, Ger. Offen. 2,140,866.

Bayer, Japan Kokai 73-4522,

Bayer, Ger. Offen. 2,200,586.

J.T.Litéhfield and F.Wilcoxon, J.Pharmac. exp. Ther., 96, 99 (1949).
D.P.Griswold Jr., A.E.Casey, E.K.Weisburger and J.H.Weisburger, Cancer Research
28, 924 (1968).

Z.Hadidian, et.al., J. National Cancer Institute 41, 985 (1968).

Chem. & Engineering News, Feb. 11. P.12 (1974).

D.P.Griswold Jr., A.E.Casay, E.K.Weisburger, J.H.Weisburger and F.M.Schabel Jr.,
Cancer Research 26-I, 619 (1966).

Munemitsu Hoshino, Nature 186, 174 (1960).

Kenzo Konishi, Iroh Yamase, Yoshitaka Ishihara, Katsuhira Yoshida, Yasuhiro
Hongo and Teijiro Kitao, Nippon Kagaku Kaishi 1973, 319.

Shigeru Kurosawa, Shigeyoshi Hara, Keikichi Uno and Yoshio Iwakura, Yukigosei
Kagaku Kyokaishi 29, 733 (1971).

2,5-Bis(p-aminophenyl)-4-aminoimidazole was synthesized by nitration and reduction
of 2,5-diphenylimidazole. The 4-amino group in imidazole ring also eliminated
during tetrazotization process. This evidence was confirmed by the fact that the
compound prepared by coupling this tetrazonium salt with B-naphthol is the same

as the compound derived from p-nitrobenzamidine and w-bromo-p-nitroaniline.



12 Chemistry Letters, 1977

18) A.L8rinc, O.K.Dobozy and F.Péter, J. Soc. Dyers Col. 83, 184 (1967).

(Received September 11, 1976)



