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Abstract

The reaction of 5-nitro-2,1-benzisothiazole-3-diazonium hydrogensulphate with anilines, N-alkylanilines and diphenylamine gives
N-substituted 3-(4-aminophenyldiazenyl)-5-nitro-2,1-benzisothiazoles 2 and isomeric 1-(5-nitro-2,1-benzisothiazol-3-yl)-3-substituted-3-phe-
nyltriazenes 1. The predominant reaction products are triazenes 1, being present up to 95% in reaction products. A larger amount of azo com-
pounds 2 are formed in the reaction of 5-nitro-2,1-benzisothiazole-3-diazonium with diphenylamine (about 45%), with N-alkyl-3-methylanilines
and 3-methylaniline (as much as 50%). The triazenes formed are extraordinarily stable in acid medium (the decomposition half-lives in
0.5 mol l�1 H2SO4 in aqueous acetic acid (1:1 v/v) are in the order of hours), which is explained by a different site of their protonation: while
1,3-diaryltriazenes are protonated at the eNHeN]Ne group, triazenes 1 are protonated at the heterocyclic nitrogen. The triazenes 1 formed by
azo coupling reaction with anilines containing primary amino group undergo an acidebase reaction in methanolic solutions, connected with
distinct change in colour, which indicates a considerable acidity of the proton in eNHeN]Ne grouping.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In the production of the azo dyestuff C.I. Disperse Blue 148
by azo coupling of 5-nitro-2,1-benzisothiazole-3-diazonium
hydrogensulphate with methyl-3-(N-ethyl-N-phenyl)amino-
propanoate it was found that the resulting blue dyestuff con-
tains small amounts of an unknown orange dyestuff; in spite
of its low content, this substance strongly worsens the hue
of the main blue dye (makes it duller). The presence of this
orange substance was also found in commercial brands of
C.I. Disperse Blue 148, where it usually represents a dominant
impurity. We have found out that the unknown substance is
1-(5-nitro-2,1-benzisothiazol-3-yl)-3-ethyl-3-phenyltriazene 1b,
which is formed by azo coupling reaction of 5-nitro-2,
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1-benzisothiazole-3-diazonium hydrogensulphate with N-eth-
ylaniline. N-Ethylaniline represents a usual impurity in the
coupling component, methyl-3-(N-ethyl-N-phenyl)aminopro-
panoate (due to incomplete conversion in the addition reaction
of N-ethylaniline to methyl propenoate). Triazene 1b is a prod-
uct of the azo coupling reaction taking place at the secondary
amino group of N-ethylaniline, whereas the azo coupling reac-
tion at the aromatic ring of N-ethylaniline proceeds to a slight
extent only, and the expected azo dye 2a is formed in small
amount (Scheme 1).

We have found that also other N-substituted anilines like
N-ethylaniline react with 5-nitro-2,1-benzisothiazole-3-diazo-
nium hydrogensulphate. The main (prevailing) product of
the azo coupling reaction is always 1-(5-nitro-2,1-benzisothia-
zol-3-yl)-3-substituted-3-phenyltriazene of general formula 1,
while the azo compounds (N-substituted 3-(4-aminophenyldia-
zenyl)-5-nitro-2,1-benzisothiazoles) of general formula 2 are
formed as side products only (Scheme 2).
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The way of preparation and the properties of triazenes 1aef
(R1¼ CH3, R2¼H; R1¼ C2H5, R2¼H; R1¼ C6H5, R2¼H;
R1¼ n-C4H9, R2¼H; R1¼ n-C4H9, R2¼ CH3; R1¼
CH2CH2CN, R2¼ CH3; R1¼ CH2CH2OH, R2¼ Cl) were
published in our earlier paper [1]. The above-given triazenes
were characterised by elemental analysis, 1H and 13C NMR
spectra and APCI mass spectra. In three cases, X-ray structural
analyses were also carried out with R1¼C6H5, R2¼H and
R1¼ CH2CH2OH, R2¼ Cl [1] and with R1¼ n-C4H9,
R2¼H [2]. The triazenes are brilliant orange substances
with lmax w 460 nm and 3max w 2.5� 104 l mol�1 cm�1.
They are surprisingly stable in acid media in contrast to the
1,3-diaryltriazenes so far known, which are rapidly split in
acid medium to give the diazonium ion and amine [3e5].
We have found out that 1-(5-nitro-2,1-benzisothiazol-3-yl)-3-
ethyl-3-phenyltriazene is decomposed in 0.5 mol l�1 H2SO4

in aqueous acetic acid (1:1 v/v) at 25 �C to give 5-nitro-2,
1-benzisothiazole-3-diazonium with a half-life t1/2¼ 417 min
[1]. We ascribe the high stability of triazenes 1 to the different
sites of protonation of these substances, as compared with 1,
3-diaryltriazenes. While 1,3-diaryltriazenes are protonated at
the NH group of triazene grouping, triazenes 1 are presumably
protonated at the heterocyclic nitrogen [1].

2. Results and discussion

Further triazenes have been prepared by the reaction of
5-nitro-2,1-benzisothiazole-3-diazonium hydrogensulphate with
N-substituted anilines, whereby their number published in
Ref. [1] was extended by compounds 1gen. The substituents
were chosen with regard to potential practical exploitation of
these substances (Table 1). In several cases, from the azo cou-
pling reaction mixtures we have also isolated the isomeric azo
compounds 2aee, in which the azo coupling reaction had
taken place at the aromatic ring (Table 2).

Triazenes 1aek were fully characterised by both 1H and
13C NMR spectra (Tables 3 and 4). In triazenes 1lem, due
to tautomeric exchange of the proton between nitrogen atoms
N(1) and N(3) of triazene grouping, the signals of carbon
atoms in 13C NMR spectrum are so broadened that a part of
them cannot be identified at all. In the case of azo compounds
2, the signals of carbon atoms of phenylazo group are consid-
erably broadened due to the partial double bond character
of the CeN bond adjacent to azo group and the therewith
connected hindered rotation [1]. Therefore, triazenes 1lem
and azo compounds 2bee were only characterised by their
1H NMR spectra (Table 5).

Approximate molar ratios of triazenes 1 and corresponding
isomeric azo compounds 2 (formed by azo coupling reaction
in benzene ring) obtained from various substrates are given
in Table 1. These ratios were determined spectrophotometri-
cally using the two-component azo coupling reaction mixtures
containing always the orange triazene 1 (lmax below 470 nm)
and the blue azo dyestuff 2 (lmax above 560 nm). In the cases
of the triazenes whose corresponding isomeric azo dyestuffs
were isolated in pure state the isomer ratios (i.e. 1b/2a,
1c/2b, 1e/2c, 1l/2d, 1n/2e) were also determined by means
of HPLC. The procedures of separation and determination
are described in more detail in Section 4. The results obtained
by the two methods were in good agreement (Table 1).

In the azo coupling reactions, triazenes 1 usually distinctly
predominate over azo dyestuffs 2, the ratios 1/2 being affected
by the structure of the coupling (passive) component to a cer-
tain extent, too. The methyl group at 3-position (R2¼CH3;
Scheme 2) increases the reactivity of o-position of aromatic
ring towards C-coupling reaction, which results in an increase
in the azo dyestuff content (to the detriment of the triazene)
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Table 1

Survey of triaze

Compound lectron spectra Triazene 1 versus dye 2 ratio

in azo coupling

max

nm)

3max� 10�4

(l/mol cm)

Spectrophotometric HPLC

1a (R1¼CH3, 61 2.36 92:8 e

1b (R1¼C2H5, 63 2.48 95:5 96:4 (1b:2a)

1c (R1¼ Ph, R 67 2.50 59:41 53:47 (1c:2b)

1d (R1¼ nBu, 68 2.35 84:16 e

1e (R1¼C2H4C 57 2.55 51:49 54:46 (1e:2c)

1f (R1¼C2H4O 58 2.30 92:8 e

1g (R1¼ nBu, 65 2.71 96:4 e

1h (R1¼C2H4O 62 2.33 89:11 e

1i (R1¼C2H4C 53 2.37 88:12 e

1j (R1¼ benzy 62 2.49 85:15 e

1k (R1¼ nBu, 60 2.23 93:7 e

1l (R1¼H, R2 14, 540 2.37, 3.39

(Fig. 1)

86:14 89:11 (1l:2d)

1m (R1¼H, R 41, 543 2.44, 3.14

(Fig. 2)

85:15 e

1n (R1¼H, R2 19, 535 2.48, 3.11 52:48 56:44 (1n:2e)
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nes prepared

Elemental analysis data (calc./found) M.p. ( �C) E

%C %H %N %S %Cl l

(

R2¼H) 53.32/53.37 4.15/3.94 22.21/22.35 10.17/10.23 e 217e218 4

C14H11N5O2S (313.33 g/mol)

R2¼H) 55.04/55.09 4.00/3.94 21.39/21.43 9.79/9.92 e 170e171 4

C15H13N5O2S (327.36 g/mol)
2¼H) 60.79/60.99 3.49/3.53 18.66/18.83 8.54/8.42 e 181e182 4

C19H13N5O2S (375.40 g/mol)

R2¼ CH3) 58.52/58.59 5.18/5.11 18.96/18.96 8.68/8.64 e 120e121 4

C18H19N5O2S (369.44 g/mol)

N, R2¼CH3) 55.73/56.18 3.85/3.85 22.94/23.16 8.75/8.33 e 185e187 4

C17H14N6O2S (366.40 g/mol)

H, R2¼Cl) 47.69/47.95 3.20/3.18 18.54/18.68 8.49/8.40 9.38/9.54 191e192 4

C15H12N5O3SCl (377.81 g/mol)

R2¼H) 57.45/57.53 4.82/4.77 19.70/19.95 9.02/9.10 e 125e127 4

C17H17N5O2S (355.41 g/mol)

H, R2¼H) 52.47/52.06 3.82/3.79 20.40/20.17 9.34/9.39 e 184e186 4

C15H13N5O3S (343.36 g/mol)

N, R2¼H) 54.54/54.59 3.43/3.34 23.85/23.92 9.10/9.10 e 214e216 4

C16H12N6O2S (352.37 g/mol)

l, R2¼H) 61.68/61.91 3.88/3.90 17.98/18.11 8.23/8.19 e 178e179 4

C20H15N5O2S (389.43 g/mol)

R2¼ Cl) 52.37/52.55 4.14/4.09 17.96/17.66 8.22/8.35 9.09/9.37 148e149 4

C17H16N5O2SCl (389.86 g/mol)

¼H) 52.17/52.21 3.03/3.01 23.40/23.22 10.71/10.64 e 198e201 4

C13H9N5O2S (299.31 g/mol)
2¼Cl) 46.78/46.61 2.42/2.52 20.98/21.07 9.61/9.49 10.62/10.71 188e190 4

C13H8N5O2SCl (333.75 g/mol)

¼CH3) 53.66/53.71 3.54/3.62 22.35/22.24 10.23/10.39 e 183e185 4

C14H11N5O2S (313.33 g/mol)
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Table 2

Survey of azo dyestuffs type 2 prepared by azo coupling reaction in aromatic ring

Compound Formula (M.W.) M.p. ( �C) lmax (nm) 3max� 10�4

(l/mol cm)

Corresponding

isomeric triazene

Method of preparation

2a (R1¼C2H5, R2¼H) C15H13N5O2S (327.36) 228e230 588 3.96 1b See Scheme 2

2b (R1¼ Ph, R2¼H) C19H13N5O2S (375.40) 269e271 579 3.88 1c Preparation from reaction mixture

2c (R1¼C2H4CN, R2¼CH3) C17H14N6O2S (366.40) 239e241 578 3.99 1e Preparation from reaction mixture

2d (R1¼H, R2¼H) C13H9N5O2S (299.31) 180e182 565 3.87 1l Preparation from reaction mixture

2e (R1¼H, R2¼CH3) C14H11N5O2S (313.33) 240e242 573 3.89 1n Preparation from reaction mixture

3 Struct. see Scheme 2 C16H14N5O5S2Na (443.43) >340 585 3.66 e See Scheme 2
from ca 13 up to ca 50% (compare 1e, 1n with 1i, 1l in Table 1).
Likewise, phenyl group at nitrogen atom of the coupling
component (R1¼ Ph; Scheme 2) increases the amount of
isomeric azo dyestuff as compared with that of R1¼ alkyl
(1c versus 1a, 1b, 1d).

Triazenes are also formed in the azo coupling reactions
with anilines containing primary amino group (R1¼H), see
compounds 1l, 1m and 1n, which were obtained by azo cou-
pling of 5-nitro-2,1-benzisothiazole-3-diazonium hydrogensul-
phate with aniline, 3-chloroaniline and 3-toluidine (Table 1).
Spectra of these triazenes in visible region are markedly af-
fected by the pH of their methanolic solutions. In acid medium
(0.05 M acetic acid in methanol) their solutions are yellow (for
1l lmax¼ 414 nm, 1m lmax¼ 441 nm, 1n lmax¼ 419 nm),
whereas in alkaline medium (0.05 M NaOH in methanol)
they are violet (for 1l lmax¼ 540 nm, 1m lmax¼ 543 nm, 1n
lmax¼ 535 nm); see the absorption spectra in Figs. 1 and 2.
The above-described acidebase behaviour is obviously due
to the presence of considerably acidic proton in NH of triazene
grouping. The conjugated base formed by its removal is stabi-
lised by resonance, the structure with free electron pair and
negative charge at heterocyclic nitrogen and classical benze-
noid system being a significant contributor to the resonance
hybrid (Scheme 3).

Azo compounds 2 cannot be obtained by direct azo
coupling reaction of 5-nitro-2,1-benzisothiazole-3-diazonium
hydrogensulphate with N-monosubstituted anilines in accept-
able yield and purity: the obtained mixtures always contain
Table 3
1H and 13C shifts of compounds 1aef in DMSO-d6 (triazenes 1ae1f, see Ref. [1])

N

S

N=N N
O2N R1

R2

33a
4

5

6
7

7a

1´
2´ 3´

4´

5´6´

1a-1n
Pos. no. 1a 1b 1c 1d 1e 1f

dH dC dH dC dH dC dH dC dH dC dH dC

3 e 178.62 e 178.68 e 177.53 e 178.56 e 177.49 e 177.64

3a e 124.84 e 124.82 e 125.15 e 124.71 e 125.19 e 124.99

4 8.97 119.48 8.91 119.39 8.36 119.10 8.86 119.51 9.01 119.71 8.86 119.10

5 e 143.20 e 143.16 e 143.48 e 143.17 e 143.53 e 143.34

6 8.21 122.79 8.19 122.77 8.16 122.90 8.17 122.72 8.18 122.90 8.17 122.67

7 7.84 122.92 7.82 122.90 7.82 122.90 7.79 122.85 7.81 122.75 7.80 122.75

7a e 161.55 e 161.54 e 161.44 e 161.49 e 161.50 e 161.35

1# e 143.20 e 142.05 e a e 142.28 e 142.08 e 144.46

2# 7.72 119.20 7.71 118.99 a a 7.51 119.29 7.55 119.63 7.79 119.10

3# 7.61 129.75 7.60 129.91 a a e 139.51 e 139.47 e 133.87

4# 7.43 126.86 7.42 126.82 a a 7.23 127.56 7.24 127.60 7.41 126.02

5# 7.61 129.75 7.60 129.91 a a 7.44 129.66 7.47 129.62 7.58 131.00

6# 7.72 119.20 7.71 118.99 a a 7.49 116.33 7.52 116.41 7.70 117.94

R2 e e e e e e 2.45 21.24 2.46 21.22 e e
R1b 4.01 35.61 4.65 42.56 a a 4.60 46.76 4.87 42.81 4.66 50.51

1.42 11.12 a a 1.80 27.65 3.22 14.60 3.91 56.44
a a 1.47 19.84 e 118.77 5.20 e

(OH)
a a 1.02 13.65

a Phenyl groups are not equivalent and provide a complicated pattern both in 1H and 13C NMR spectra.
b Arranged according to the increasing distance from nitrogen atom.
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Table 5
1H and 13C shifts of triazenes 1le1n and azo dyes 2ae2f and 3 in DMSO-d6

N
S

N=N

R2

O2N
N

R3

R1

6
7

7a

3a
4

3
1´

2´ 3´

4´

5´6´

2a-2e and 3

Pos. no. 1l 1m 1n 2a 2b 2c 2d 2e 3

dH dH dH dH dC dH dH dH dH dH dC

3 e e e e 181.1 e e e e e 180.9

3a e e e e 126.4 e e e e e 126.6

4 9.48 9.47 9.48 9.01 119.4 9.13 9.09 9.08 9.01 9.00 119.4

5 e e e e 143.7 e e e e e 143.8

6 8.25 8.25 8.25 8.20 122.9 8.27 8.23 8.23 8.19 8.18 122.9

7 7.76 7.83 7.76 7.83 122.9 7.95 7.87 7.87 7.80 7.81 123.0

7a e e e e 162.0 e e e e e 162.0

1# e e e e 143.4 e e e e e 143.5

2# 7.85 7.85 7.68 7.92 128b 8.08 e 7.95 e 7.92 128.0b

3# 7.61 e e 6.82 113c 7.24 6.78 6.82 6.60 7.12 114.0c

4# 7.49 7.78 7.65 e 155.4 e e e e e 153.5

5# 7.61 7.61 7.47 6.82 113c 7.24 6.81 6.82 6.67 7.12 114.0c

6# 7.85 7.53 7.30 7.92 128b 8.08 8.09 7.95 8.03 7.92 128.0b

NH w15 w15 14.8 8.79 e 9.76 8.09 7.45 7.48 e e

R2 e e 2.46 e e e 2.62 e 2.52 e e

R1a e e e 3.34 37.5 7.37 3.65 e e 4.39d 65.6d

e e e 1.28 14.1 7.49 2.89 e e 3.80e 45.7e

e e e e e 7.21 e e e 1.26e 11.7e

a Arranged according to the increasing distance from nitrogen atom.
b Very broad signal.
c Broad signal.
d NCH2SO3Na.
e NCH2CH3.

Table 4
1H and 13C shifts of triazenes 1ge1k in DMSO-d6

Pos. no. 1g 1h 1i 1j 1k

dH dC dH dC dH dC dH dC dH dC

3 e 178.47 e 178.49 e 178.49 e 177.82 e 177.66

3a e 124.81 e 124.75 e 124.75 e 125.14 e 125.11

4 8.84 119.18 8.84 119.36 9.04 119.36 8.80 119.23 8.87 119.05

5 e 143.16 e 143.20 e 143.61 e 143.41 e 143.42

6 8.16 122.71 8.13 122.67 8.21 122.67 8.17 122.78 8.19 122.76

7 7.79 122.82 7.76 122.79 7.84 122.79 7.81 122.89 7.83 122.83

7a e 161.45 e 161.46 e 161.46 e 161.44 e 161.38

1# e 142.26 e 143.20 e 142.16 e 142.40 e 143.42

2# 7.70 119.04 7.73 119.62 7.74 119.62 7.74 119.04 7.77 118.45

3# 7.59 129.85 7.57 129.58 7.61 129.58 7.57 129.87 e 134.24

4# 7.42 126.79 7.40 126.70 7.44 126.70 7.40 126.75 7.45 126.18

5# 7.59 129.85 7.57 129.58 7.61 129.58 7.57 129.87 7.60 131.36

6# 7.70 119.04 7.73 119.62 7.74 119.62 7.74 119.04 7.67 117.41

R2 e e e e e e e e e e
R1a 4.60 46.69 4.69 50.80 4.90 42.90 5.94 50.10 4.61 46.33

1.81 27.60 3.92 56.49 3.24 13.97 e 134.93 1.78 27.45

1.48 19.82 5.21 e 118.80 7.39 127.29 1.48 19.67

(OH)

1.02 13.62 7.39 128.85 1.02 13.54

7.31 127.56

a Arranged according to the increasing distance from nitrogen atom.
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a predominant amount of isomeric triazene 1 (Table 1), and the
presence of the orange triazene 1 completely depreciates the
blue hue of azo dyestuff 2.

The above-mentioned facts contradict claims of several pat-
ents [6e10] describing the preparation of dyestuffs of this struc-
tural type 2 by standard direct azo coupling reaction. Kraska and
Sokolowska-Gajda [11] studied the structure of reaction prod-
ucts from 5-nitro-2,1-benzisothiazole-3-diazonium and six
N,N-dialkylanilines and three N-alkylanilines. The uniformity
of the azo coupling reaction products obtained was checked
by thin-layer chromatography (DC-Alufolien Kieselgel 60,
95% ethanol), and the products were identified on the basis of
IR spectra. The authors ascribed the azo structure to all their
products [11]. The reaction of 5-nitro-2,1-benzisothiazole-3-di-
azonium with tertiary anilines really produces blue azo com-
pounds, which is proved by the presence of absorption band
with lmax¼ 578e600 nm in their spectra, in accordance with
our findings [1]. The authors [11] describe their azo coupling re-
action products with N-alkylanilines (R1¼eCH2CH2COOCH3,
eCH2CH2COOC2H5, eCH2CH2CN) as grey or violet com-
pounds with two bands in visible spectrum (l1 w 482 nm,
l2 w 605 nm) or one very broad band (l w 588 nm). They ex-
plain [11] the properties of the azo coupling reaction products
from N-alkyl- and N,N-dialkylanilines by partial aggregation
of the former substances in solution.

We have reproduced the reaction of 5-nitro-2,1-benziso-
thiazole-3-diazonium with 3-(3-methylphenylamino)propane-
nitrile and found out that triazene 1e and azo dyestuff 2c are
formed in approximately equimolecular ratio (Table 1). The

0
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A
bs

or
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Fig. 1. Absorption spectra of products of azo coupling reaction of 5-nitro-

2,1-benzisothiazole-3-diazoniun with aniline. Triazene 1l in methanol in the

presence of 0.05 M acetic acid (acid) and 0.05 M NaOH (base). Isomeric

azo dyestuff 2d in methanol. Concentration always 2.58� 10�5 mol l�1.
absorption spectrum of this two-component mixture is given
in Fig. 4 (for the individual absorption spectra, see Fig. 3).

Azo compounds as chief products of azo coupling reactions
with 5-nitro-2,1-benzisothiazole-3-diazonium hydrogensul-
phate can only be obtained by the application of tertiary
amines (N,N-disubstituted anilines) or by temporary conver-
sion of a secondary amine into tertiary amine through the
replacement of the NH proton by a group that is easily split
off. In this way, the formation of triazenes 1 is excluded.
This method was used in preparation of azo dyestuff 2b by
azo coupling reaction with sodium N-ethyl-N-phenylamino-
methanesulphonate (Scheme 4).

We isolated and characterised both the sodium N-ethyl-
N- [4-(5-nitro-2,1-benzisothiazol-3-yl)diazenylphenyl]amino-
methanesulphonate 3 and the product of its hydrolysis,
3-(4-ethylaminophenyldiazenyl)-5-nitro-2,1-benzisothiazole 2b
(see Table 1). The said procedure gives azo compounds 2 in
high yields.

The stability of triazenes 1 in acid media is unusual.
1-(5-Nitro-2,1-benzisothiazol-3-yl)-3-ethyl-3-phenyltriazene
dissolved in 0.5 mol l�1 H2SO4 in aqueous acetic acid (1:1 v/v)
is decomposed only slowly at 25 �C to give 5-nitro-2,1-benziso-
thiazole-3-diazonium with a half-life t1/2¼ 6.95 h (417 min)
[1]. Similar is also the stability of other triazenes, e.g. 1e
(decomposition half-life t1/2¼ 13.4 h), or 1g (decomposition
half-life t1/2¼ 10.15 h) in the same medium; see Figs. 5 and 6.
A somewhat lower stability in acids was observed with
triazene 1l (decomposition half-life t1/2¼ 1.83 h; again in
the same medium; see Figs. 7 and 8). The formation of 5-
nitro-2,1-benzisothiazole-3-diazonium by decomposition of

0

0,2

0,4

0,6

0,8

1

1,2

350 400 450 500 550 600 650 700

Wavelength [nm]

A
bs

or
ba

nc
e 

[A
U

]

Triazene
 1m (acid)

Triazene
  1m (base)

Fig. 2. Absorption spectra of triazene 1m in methanol in the presence of

0.05 M acetic acid (acid) and 0.05 M NaOH (base) at concentration

3.21� 10�5 mol l�1.
H

N
S

O2N
N N=N

R2

N
S

N=N N
O2N

R2

H

1 (acid) 1 (base)

Scheme 3.
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triazenes 1aek is documented by the formation of violet dye-
stuff with the present 4,5-dihydroxynaphthalene-2,7-disul-
phonic acid (it plays the role of a scavenger of diazonium salt;
the azo compound produced has lmax¼ 590 nm). The diazoni-
um salt set free by the decomposition of triazene does not under-
go azo coupling reaction with the original amine, obviously due
to the high acidity of medium in which the decomposition of
triazene takes place and due to the low concentration of free
amine. Therefore, once formed, triazene 1 cannot be trans-
formed into dyestuff 2 any more.

Triazenes 1l, 1m, 1n formed by azo coupling reactions
with primary anilines and containing NH group in their triazene
groupings (R1¼H) are decomposed to give 3-amino-5-nitro-2,1-
benzisothiazole and not 5-nitro-2,1-benzisothiazole-3-diazonium.
The gradually increasing amount of 3-amino-5-nitro-2,1-ben-
zisothiazole was proved for the first time by repeated measure-
ments of 1H NMR spectra of these triazenes in DMSO-d6

solution (carried out within several days at r.t.), and later on
by goal-directed experiments, when the triazene was dissolved
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absorption spectra of the respective triazene 1e (2.25� 10�5 mol l�1), azo

dyestuff 2c (2.50� 10�5 mol l�1) and their sum in the mixture
P

(1eþ 2c).
in concentrated acetic acid with addition of hydrochloric acid,
and the solution was subsequently stirred at the temperature of
60 �C. TLC chromatography allowed monitoring of gradual
conversion of the triazene into 3-amino-5-nitro-2,1-benziso-
thiazole. After diluting the reaction mixture with water, the
precipitated 3-amino-5-nitro-2,1-benzisothiazole was isolated
with a yield of ca 80%. In the cases of triazenes 1aek, which
are produced by azo coupling reactions with N-monosubsti-
tuted anilines, no splitting is possible except for that giving
the starting 5-nitro-2,1-benzisothiazole-3-diazonium. In the
cases of the triazenes formed by azo coupling reactions with
anilines containing primary amino group (1l, 1m, 1n) tauto-
meric equilibriums are possible (Scheme 5), which may be
the reason for the fact that the decomposition of these tria-
zenes does not give 5-nitro-2,1-benzisothiazole-3-diazonium,
and instead gives diazonium salts derived from the original
coupling (passive) components (aniline, 3-chloroaniline,
3-toluidine), see Scheme 5. Of course, according to the Ham-
meteCurtin principle, the position of tautomeric equilibrium
in triazene grouping does not affect the way of splitting into
diazonium ion.

The benzenediazonium salt set free does not undergo any
azo coupling reaction with the present 4,5-dihydroxynaphtha-
lene-2,7-disulphonic acid at the given conditions in strongly
acidic medium; see the kinetics of decomposition of triazene
1l; Figs. 7 and 8.

3. Conclusions

It was proved that the azo coupling reactions of N-mono-
substituted anilines with 5-nitro-2,1-benzisothiazole-3-diazo-
nium produce unusually stable triazenes, formed as major
products predominating over product of normal azo coupling
in aromatic ring. This fact complicates the preparation of
azo dyestuffs from N,N-disubstituted anilines used as coupling
(passive) components in which N-monosubstituted anilines are
present as main impurities. Even their small amounts result in
formation of orange, very resistant triazenes that deteriorate
the blue hue of azo dyestuffs e the desired chief products.
A typical example is C.I. Disperse Blue 148. If the triazenes
are formed in this way, they are difficult to remove, because
they exhibit high stability both at high temperatures and in
acidic media.

Triazene 1b was successfully applied as a brilliant orange
disperse dye for PES fibres. For this purpose, it was submitted
to usual fine wet grinding with dispersants and glass pearls.
The dispersion was dried in a spray drier. In the process of
HT-dyeing at 130 �C the dyestuff exhibited no signs of de-
composition. The dyed fibre, however, exhibited low light
fastness (Xenotest 1e2).

For syntheses of usual blue dyestuffs based on N,N-disub-
stituted anilines it is necessary to prevent the formation of
triazenes by the best possible removal of traces of N-monosub-
stituted anilines. An efficient solution to this problem is,
e.g., acetylation with acetic anhydride giving the respective
N-acetyl derivatives, which do not undergo any azo coupling
reaction. This procedure was made use in patent [12].
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Azo dyestuffs of general structure 2, containing one (or
two) hydrogen atom(s) at amino nitrogen of the coupling
(passive) component cannot be obtained by direct azo cou-
pling reaction in good quality and yield. The azo coupling
always produces a mixture of triazene 1 and isomeric dyestuff
2 in various molar ratios. The preparation of dyestuffs of
general formula 2 is possible with temporary conversion of
secondary amine into tertiary amine by replacing the proton
in NH group by an alkyl group that is easy to split off
(see Scheme 4).

4. Experimental

4.1. 3-Amino-5-nitro-2,1-benzisothiazole

3-Amino-5-nitro-2,1-benzisothiazole technical product (fa
Synthesia, Pardubice, Czech Rep.), was rid of traces of 2-amino-
5-nitrobenzonitrile and 2-aminocarbonyl-4-nitrobenzonitrile
by heating in 85% sulphuric acid at 110 �C for 30 min.
Then the solution was diluted with water and alkalised with
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Fig. 5. Spectral record of decomposition of triazene 1g in 0.5 mol l�1 H2SO4 in

aqueous acetic acid 1:1 (v/v) in the presence of 4,5-dihydroxynaphthalene-2,

7-disulphonic acid (2.5� 10�3 mol l�1) at 25 �C. The spectral records were

obtained at time intervals of 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 13, 15, 18, 21,

25, 30, 35, 43 and 54 h from the moment of mixing of the solutions.
aqueous ammonia to pH 10. The suspension formed was heated
to boiling, hot filtered, washed on filter with hot 3% ammonia
solution, then with hot water until neutral, and dried at 105 �C.
No by-products were detected by means of HPLC. The sub-
stance does not melt up to 300 �C, being decomposed above
300 �C in accordance with Ref. [13]. The 1H chemical shifts
(DMSO-d6): 9.11 (1H, d, 4J(4,6)¼ 2.2 Hz, H-4), 7.96 (1H,
dd, 3J(6,7)¼ 9.7 and 4J(4,6)¼ 2.2 Hz, H-6), 7.32 (1H, d,
3J(6,7)¼ 9.7 Hz, H-7), 8.79 (2H, br s, NH2); the 13C chemical
shifts (DMSO-d6): 178.85 (C-3), 117.61 (C-3a), 121.90 (C-4),
138.27 (C-5), 122.56 (C-6), 120.68 (C-7), 160.50 (C-7a).

N-Substituted anilines used as the coupling (passive) com-
ponents were commercial products purchased from Lachema,
Fluka, or SigmaeAldrich.

4.1.1. Diazotisation of 3-amino-5-nitro-2,1-benzisothiazole
in nitrosylsulphuric acid

Solid NaNO2 (3.48 g; 0.05 mol) was added in small por-
tions to 25 ml 96% sulphuric acid (0.45 mol) with stirring
and cooling at such a rate as to prevent the formation of
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found for the initial absorbance A(0)¼ 1.0331 by non-linear regression are

as follows: A(N)¼ 0.27712, rate constant k¼ 0.06831 h�1 (decomposition

half-life t(1/2)¼ ln 2k�1¼ 10.15 h).
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nitrous gases. The solution was stirred and slowly heated to
70 �C until complete dissolution of the present salts. Then it
was cooled with stirring to 25e30 �C, and 9.77 g (0.05 mol)
3-amino-5-nitro-2,1-benzisothiazole was gradually added,
whereupon the reaction mixture was stirred at 25e30 �C for
another 3 h.

4.2. 3-Ethyl-3-phenyl-1-(5-nitro-2,1-benzisothiazol-
3-yl)triazene 1b

N-Ethylaniline (6.36 g; 0.0525 mol) was dissolved in 60 ml
1 mol l�1 aqueous HCl (0.06 mol). After the addition of 0.25 g
charcoal and 0.25 g kieselguhr, the mixture was stirred for
10 min and filtered. The obtained solution of N-ethylanilinium
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as follows: A(N)¼ 0.0973, rate constant k¼ 0.37809 h�1 (decomposition

half-life t(1/2)¼ ln 2k�1¼ 1.83 h).
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chloride was treated with 2 g dispersant (C12eC13 sodium
alkyltriethoxysulphate) and, with stirring, 68 g (0.5 mol)
CH3COONa$3H2O. The formed emulsion of N-ethylaniline
was mixed with 450 g finely crushed ice, whereupon the dia-
zonium salt solution (0.05 mol) was added drop by drop
with stirring. The reaction mixture was stirred for 3 h, and
then the orange-brown precipitate of triazene 1b was collected
by suction, the filter cake was washed with 500 ml distilled
water and dried at 80 �C. The yield of crude product was
13.7 g (84%). It was purified by three recrystallisations from
acetone. M.p. 125e127 �C.

4.3. 3-(But-1-yl)-3-phenyl-1-(5-nitro-2,1-benzisothiazol-
3-yl)triazene 1d

N-Phenylbutan-1-amine (7.83 g; 0.0525 mol) was dissolved
in 90 ml 1 mol l�1 aqueous HCl (0.09 mol). After the addition
of 0.25 g charcoal and 0.25 g kieselguhr, the mixture
was stirred for 10 min and filtered. The obtained solution of
N-butylanilinium chloride was treated with 2 g dispersant
(C12eC13 sodium alkyltriethoxysulphate) and, with stirring,
95 g (0.7 mol) CH3COONa$3H2O. The formed emulsion of
N-phenylbutan-1-amine was mixed with 500 g finely crushed
ice, whereupon the diazonium salt solution (0.05 mol) was
added drop by drop. The reaction mixture was stirred for
3 h, and then the orange-brown precipitate of triazene 1b
was collected by suction. The filter cake was washed with
500 ml distilled water and dried at 80 �C. The yield of crude
product was 12.6 g (71%). It was purified by three recrystalli-
sations from acetone. M.p. 170e171 �C.

The other triazenes were prepared in the same way (Table 1).

4.4. Sodium N-ethyl-N-[4-(5-nitro-2,1-benzisothiazol-
3-yl)diazenylphenyl]aminomethanesulphonate 3

Compound 3 was prepared by azo coupling reaction of
5-nitro-2,1-benzthiazole-3-diazonium hydrogensulphate with
sodium N-ethyl-N-phenylaminomethanesulphonate. The latter
compound was prepared by the reaction of N-ethylaniline with
formaldehyde and sodium hydrogensulphite by a procedure
analogous to that used for other alkali aminoalkanesulph-
onates [14,15].

Hydroxymethanesulphonic acid, Na-salt: 252 g Na2S2O5

(content 95%) was dissolved in 400 ml distilled water at
50 �C with stirring, and aqueous solution of formaldehyde
was added gradually. The reaction is exothermic; a controlled
addition of formaldehyde and mild cooling of the reaction
mixture in a water bath kept the temperature of reaction mix-
ture below 70 �C.

Throughout the addition of formaldehyde, the pH of
reaction mixture was monitored: at first it is constant (pH ca
5e6), but after exceeding the stoichiometric amount and
reaching a mild surplus of formaldehyde, the pH value begins
to increase. The addition of formaldehyde was stopped after
reaching pH ca 9. Altogether 212 g, 35.5%, solution of form-
aldehyde (ca 2.51 mol) was added. A small surplus of formal-
dehyde was removed by adding 3 g Na2S2O5, which resulted
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in a pH decrease to ca 7e7.5. The total consumption was
255 g Na2S2O5 (1.25 mol). The reaction mixture was stirred
at 70 �C for 30 min and then cooled to r.t. Yield was 845 g
aqueous solution of sodium hydroxymethanesulphonate with
the concentration of 2.97 mol/kg.

Sodium N-ethyl-N-phenylaminomethanesulphonate: 60.6 g
N-ethylaniline (0.5 mol) was mixed with 177 g solution of
sodium hydroxymethanesulphonate (0.525 mol) prepared in
the above-mentioned way. The reaction mixture was stirred
at 75 �C for 6 h. The originally immiscible system of two
liquids gradually changed into one homogeneous phase. After
the addition of 1 g charcoal and 1 g kieselguhr, the solution
was filtered to give 237 g of yellowish filtrate with the total con-
tent of 0.5 mol sodium N-ethyl-N-phenylaminomethanesulpho-
nate, which corresponds to the concentration of 2.11 mol/kg.

Azo coupling reaction proper: 50.24 g (0.106 mol) of aque-
ous solution of the sodium N-ethyl-N-phenylaminomethane-
sulphonate prepared in the above-given way was dissolved
in 140 ml water, and 250 g CH3COONa$3H2O (1.84 mol)
and 600 g ice were added to it with stirring. Then, the solution
of diazonium salt (0.1 mol) was added drop by drop. The re-
action mixture was stirred 10 h, and the separated solid dye-
stuff was filtered off. The yield was 130.4 g aqueous paste
with the dry matter content of 34%, which represents 44.3 g
dry crude dyestuff 3 (yield 93%). According to thin-layer
chromatographical analysis (Silufol, ethyl acetate/toluene/
formic acid 85% 3:2.5:2.7 v/v/v), the obtained dyestuff con-
tained, beside the main component 3, a small amount of tria-
zene 1b, and traces of blue dyestuff 2a formed by hydrolysis
of dyestuff 3. In order to obtain the pure substance 3, we finely
ground 10 g dry crude compound 3, and triazene 1b and azo
compound 2a were removed by repeated extraction with
dichloromethane in a Soxhlet extractor. The undissolved resi-
due of compound 3 after the extraction was recrystallised six
times from methanol. The yield of pure compound 3 was 5.2 g.

4.5. 3-(4-Ethylaminophenyldiazenyl)-5-nitro-2,1-
benzisothiazole 2a

Compound 2a was prepared from azo dyestuff 3 by split-
ting off of CH2SO3

� group by hydrolysis: 100 g aqueous
paste (34 g dry matter) of crude dyestuff 3, prepared in the
above-described way was mixed with 500 ml 10% HCl, the
suspension was stirred and heated to 75 �C, and then stirred
at this temperature for 60 min. The course of hydrolysis of
compound 3 giving azo dyestuff 2a was monitored by TLC
(Silufol, n-hexane/acetone 5:3). After the finished hydrolysis,
the reaction mixture was diluted with 500 ml water and cooled
to r.t. The separated azo dyestuff 2a was collected by suction;
the filter cake was washed with ca 700 ml water until neutral,
and dried. The yield was 28.7 g crude azo dyestuff 2a (90% re-
ferred to compound 3; 84% referred to the starting diazonium
salt). After three crystallisations from ethanol, M.p.
228e230 �C.

4.6. Preparation of triazene 1e beside the isomeric azo
dyestuff 2c by separation of reaction mixture after
the azo coupling reaction

The filter cake after the azo coupling reaction of 5-nitro-
2,1-benzthiazole-3-diazonium with 3-(3-methylphenylamino)-
propanenitrile was repeatedly mixed at 60 �C in a mixture of
N,N-dimethylformamide/methanol/acetic acid (10:10:1 v/v/v),
and the reaction suspension was filtered. The filtrate after cool-
ing to r.t. mainly separated triazene 1e, whereas the azo dye-
stuff 2c predominantly remained dissolved. The triazene was
filtered off, and the dyestuff in the filtrate was precipitated
by dilution with water and isolated by filtration. The said pro-
cedure was repeated several times. The separated crude com-
ponents were then purified by repeated recrystallisations from
acetone. An analogous procedure was adopted for separation
of the reaction mixtures of triazene 1c and azo dyestuff 2b.

4.7. Preparation of triazene 1n beside the isomeric azo
dyestuff 2e by separation of reaction mixture after
azo coupling reaction

The filter cake after the azo coupling reaction of 5-nitro-
2,1-benzthiazole-3-diazonium with 3-methylaniline was
repeatedly mixed with a mixture of acetone/ammonia (1:1 v/
v), heated to boiling and hot filtered. The filtrate predominant-
ly contained the violet ammonium salt of triazene 1n (which is
very soluble in alkalis), whereas predominantly undissolved
was the less soluble azo dyestuff 2c. The filtrate was diluted
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with water and neutralised with acetic acid to separate the
crude triazene. The separated crude components were then
purified by repeated recrystallisations from acetone. Similar
method was used to isolate triazene 1l and isomeric azo dye-
stuff 2d from the reaction mixture.

4.8. Decomposition of triazene 1n in acids giving
3-amino-5-nitro-2,1-benzisothiazole

Triazene 1n (2 g) was dissolved in concentrated acetic acid
(50 ml) with addition of concentrated hydrochloric acid
(10 ml). The solution was stirred at 60 �C. TLC (Silufol,
toluene/ethyl acetate 5:1 v/v) was used for monitoring the
gradual transformation of triazene into 3-amino-5-nitro-2,
1-benzisothiazole. The triazene disappeared after 3 h. The reac-
tion mixture was diluted with water to total 1 l volume, stirred,
and the separated solid was collected by suction to give 0.98 g
3-amino-5-nitro-2,1-benzisothiazole (ca 80% of theoretical
yield). An analogous way was also adopted to test the decom-
position of triazenes 1l and 1m.

The 1H and 13C NMR spectra were measured with a Bruker
AVANCE 500 spectrometer at the frequencies of 500.13 and
125.77 MHz, respectively. The measurements were carried
out with the substances dissolved in DMSO-d6 at 25 �C.
The chemical shifts are referenced to the central signals of
the multiplet of the solvent: d(1H) 2.55, d(13C) 39.6.

The electronic spectra of the substances dissolved in
methanol and the kinetics of decomposition of triazenes in
0.5 mol l�1 H2SO4 in aqueous acetic acid (1:1 v/v) were mea-
sured at 25 �C by means of a diode array spectrophotometer
Hewlett Packard 8453.
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2004;C60:143e5.

[3] Zollinger H. Diazo chemistry I. Aromatic and heteroaromatic com-

pounds. Weinheim: Wiley VCH; 1994 [chapter 13.2] p. 391e444.

[4] Saunders KH, Allen RML. Aromatic diazo compounds. 3rd ed. London:

Arnold; 1985.
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