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Abstract

A series of hetarylazoindole dyes were obtained by coupling 2-methyl, 2-phenyl, 1,2-dimethyl and 1-methyl-2-phenylindoles with diazotized
2-amino-1,3,4-thiadiazoles and 3-amino-5-mercapto-1,2,4-triazole. The dyes were characterized by UVevis, FT-IR, 1H NMR, LCeMS or MS
spectroscopic techniques and elemental analysis. The solvatochromism of the dyes was evaluated with respect to visible absorption properties in
various solvents. The colours of the dyes were discussed with respect to the nature of heterocyclic rings and to the substituents therein; the
effects of acid and alkali on the visible lmax of the dyes are also reported. In addition, X-ray diffraction analysis of the crystal structure of
2-phenyl-3-(5-ethyl-1,3,4-thiadiazol-2-yldiazenyl)-1H-indole revealed that the dye was in the azo form and that intra- and intermolecular
NeH/N hydrogen bonds link the molecules to form infinite chains in the [001] direction. The asymmetric unit of the dye contained two
independent molecules.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

It has been known for many years that the azo compounds
are most widely used class of dyes due to their versatile appli-
cation in various fields such as the dyeing of textile fibres, the
colouring of different materials, in biological-medical studies
and advanced applications in organic synthesis [1e9]. They
can also be used as materials for non-linear optics and for stor-
age of optical information in laser disks [10e12]. Their optical
properties depend not only on the spectroscopic properties of
the molecules, but also on their crystallographic arrangements
[13,14].

In recent years, many heteroaromatic systems have been
used either as coupling components or diazo components in

* Corresponding author. Tel.: þ90 312 2021128; fax: þ90 312 2122279.

E-mail address: znseferoglu@gazi.edu.tr (Z. Seferoğlu).
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azo dyes to enhance colour strength and brilliant shades for
synthetic fabrics. In this connection, both pyridones and pyra-
zolones have found wide utilization in textile industry as cou-
pling components for the synthesis of azo and azamethine dyes
[15e17]. It has also been reported that dyes made using hetero-
cyclic amines, such as 2-aminothiazole and 2-aminothiophene
derivatives as diazo components tend to show bathochromic
shifts when compared to analogous dyes derived from benze-
noid compounds [9,18e22]. On the other hand, it is well
known that monoazo dyes prepared from enol-type coupling
components exhibit azoehydrazone tautomerism. Determina-
tion of azoehydrazone tautomerism in solid state and in solu-
tion is quite interesting both from a theoretical viewpoint, and
from practical standpoint since the tautomers have different
technical properties and dyeing performance [23].

We have recently reported the synthesis of some new bis-
hetarylazo dyes such as hetarylazopyridones [17], hetarylazo-
pyrazolones [24], hetarylazoquinolines [25] and hetarylazoindoles
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[26,27], which exhibit strong solvent dependence in their
absorption spectra. In solution, these dyes theoretically may
be involved in azoehydrazone tautomerism. Furthermore,
several data in our studies on visible absorption spectra of bis-
hetarylazo dyes have suggested the manifestation of intercon-
nected azoehydrazone and acidebase equilibria. It has been
reported that such interconnected equilibria was also observed
in some hetarylazo compounds [2,24,28e35]. In this work,
we aimed to find new data for supporting the structures of
bis-hetarylazo dyes in solution and solid state. Although
a few patents describe the application on textile materials of
some cationic and neutral hetarylazoindole derivatives [36e
43], synthesis of bis-hetarylazoindoles and solvatochromic be-
haviours were not investigated.

With this object in view, we now report here the synthesis
of a new series of hetarylazoindole dyes using 2-methyl and
2-phenylindoles as coupling components which may be in-
volved in azoehydrazone tautomerism. For comparison, we
prepared 1,2-disubstituted derivatives of these dyes as model
compounds from 1,2-disubstituted indoles as coupling com-
ponents which exist solely in azo form. Then, we studied the
effect of the solvents, acid and base on the visible absorption
spectra of the dyes. The crystalline and molecular structures
of dye 6 obtained by X-ray diffraction analysis were also
discussed.
2. Results and discussion

The hetarylazoindole dyes (1e8 and 1ae8a) were prepared
by coupling 2-methylindole, 1,2-dimethylindole, 2-phenylin-
dole and 1-methyl-2-phenylindole with diazotized 2-amino-
1,3,4-thiadiazole, 2-amino-5-methylthio-1,3,4-thiadiazole,
and 2-amino-5-ethyl-1,3,4-thiadiazole, 3-amino-5-mercapto-
1,2,4-triazole in nitrosylsulphuric acid (Scheme 1). The dyes
(1e8 and 1ae8a) were obtained generally in excellent yields
(91e77%); the structure of these dyes was verified by elemen-
tal analysis and by spectroscopic methods (FT-IR, Mass and
1H NMR). Physical and spectral data of dyes prepared are
given in Section 3. The dyes prepared from 2-methylindole
(1, 3, 5 and 7) and 2-phenylindole (2, 4, 6 and 8) may exist
in two possible tautomeric forms, namely azo form A and hy-
drazone form B, as depicted in Scheme 2. The deprotonation
of two tautomers leads to the common anion C.

The infrared spectra of the dyes 1e8 (in KBr) showed
weak and broad bands within the range 3462e3180 cm�1,
due to eNH band of the indole rings. These bands were not
observed in the infrared spectra of the dyes prepared from
1,2-dimethylindole and 1-methyl-2-phenylindole (1ae6a). In
addition, the infrared spectra of the dyes 7a and 8a (in KBr)
showed broad bands within the range 3418e3264 cm�1, due
to eSH and eNH bands of the triazole ring. The other nmax
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Scheme 2. Azoehydrazone tautomeric forms and anionic form of hetarylazoindole dyes (1e8).
values at 3085e3005 cm�1 (aromatic CH) and at 2986e
2851 cm�1 (aliphatic CH) were recorded. 1H NMR spectra
of the dyes showed eNH peaks in the range 13.21e
12.49 ppm in DMSO-d6 except for the 1,2-dimethylindole
and 1-methyl-2-phenylindole derivatives. In our previous
study, in the 1H NMR spectrum of 2-phenyl-3-(2-thiazol-2-yl-
diazenyl)-1H-indole in CDCl3, eNH proton signal was lo-
cated at 8.95 ppm which could be attributed to eNH proton
of indole ring at 1-position, and when the 1H NMR spectrum
of 2-phenyl-3-(2-thiazol-2-yldiazenyl)-1H-indole was mea-
sured in DMSO-d6, the eNH peak shifted to downfield by
3.88 ppm and appeared at 12.83 ppm [44]. The downfield
chemical shift of the eNH proton signal in DMSO-d6 is prob-
ably attributed due to intermolecular hydrogen bonding be-
tween indole ring eNH and DMSO. Assignments for the
indole eNH proton signal of coupler moiety supported the
1H NMR data for 2-methyl and 2-phenylindole derivatives
in DMSO-d6 and CDCl3 [45].

To determine the tautomeric forms of the dyes in solid
state, X-ray data for dye 6 were recorded (Table 1). Suitable
single crystals were obtained by slow evaporation from etha-
nol in one week. The asymmetric unit of the dye 6, containing
two crystallographically independent molecules, was denoted
by primed and unprimed labels (Fig. 1). The atomic coordina-
tes are given in Table 2. The bond lengths and angles (Table 3)
were in normal ranges [46].

An examination of the deviations from the least-squares
planes through the individual rings showed that all of the
rings are planar. The indole ring systems were planar, with
dihedral angles of 2.28(9)� and 1.32(11)� between rings
A(N1/C3eC5/C10) and B(C5eC10) and between rings
A0(N10/C30eC50/C100) and B0(C50eC100). In the closely re-
lated compounds, 3-(4-chlorophenyldiazenyl)-1-methyl-2-
phenyl-1H-indole 17 [47], N-{4-[(2-phenyl-1H-indol-3-yl)
diazenyl]phenyl}acetamide 18 [48], ethyl[2-(2-phenyl-1H-in-
dol-3-yldiazenyl)-1,3-thiazol-4-yl]acetate 19 [49], ethyl-2-{2-
[(1-methyl-2-phenyl-1H-indol-3-yl)diazenyl]thiazol-4-yl}acetate

Table 1

Crystallographic data

Empirical formula C18H15N5S

Formula weight 333.41

Color/shape Red/block

Temperature (K) 294(2)

Wavelength (Å) 0.71073

Crystal system Monoclinic

Space group P21/c

a (Å) 15.1778(5)

b (Å) 14.4514(2)

c (Å) 15.4628(4)

b (�) 94.687(2)

Volume (Å3) 3380.28(15)

Z 8

Dcalc (g cm�3) 1.310

m (mm�1) 0.200

Crystal dimensions (mm) 0.35� 0.25� 0.20

2qmax (�) 61.14

No. of reflections measured 10334

No. of reflections observed [I> 2s(I )] 6932

No. of variables 515

R 0.0769

Rw 0.1891

Largest diffraction peak and hole (e Å�3) 0.594 and �0.340

Maximum shift in final cycles 0.000
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20 [50], 1-methyl-2-phenyl-3-(1,3,4-thiadiazol-2-yldiazenyl)-
1H-indole 2a [51] 1,2-dimethyl-3-(thiazol-2-yldiazenyl)-1H-
indole 21 [52], 3-(5-ethyl-1,3,4-thiadiazol-2-yldiazenyl)-1-
methyl-2-phenyl-1H-indole 6a [53] and 3-(6-methoxybenzo-
thiazol-2-yldiazenyl)-1-methyl-2-phenyl-1H-indole 22 [54], the
observed A/B and/or A0/B0 dihedral angles were 1.56(11)
and 0.77(12)� in (17), 1.63(14)� in (18), 0.99(10)� in (19),
0.59(7)� in (20), 4.26(7)� in (2a), 2.07(9) and 2.04(9)� in
(21), 0.59(12)� in (6a) and 1.16(7)� in (22). The orientations
of rings C(S1/C1/N4/N5/C2), D(C11eC16) and C0(S10/C10/
N40/N50/C20), D0(C110eC160) with respect to the indole ring
systems might be described by the dihedral angles of 5.83(6)�,
27.98(8)� (for the unprimed molecule) and 8.87(6)�, 36.78(9)�

(for the primed molecule), respectively.
As can be seen from the packing diagram (Fig. 2), intra-

and intermolecular NeH/N hydrogen bonds (Table 4) linked
the molecules to form infinite chains along the [001] direction.
Dipoleedipole and van der Waals interactions were effective
in the molecular packing. These results suggested that the
dyes prepared exist in azo form in solid state.

Fig. 1. An ORTEP-3 [58] drawing with the atom numbering scheme. Displace-

ment ellipsoids are drawn at the 50% probability level for non-H atoms.

Table 2

Selected bond lengths (Å) and angles (�)

S1eC1 1.729(3) S10eC10 1.726(2)

S1eC2 1.724(3) S10eC20 1.717(3)

N1eC4 1.357(3) N10eC40 1.351(3)

N1eC5 1.390(3) N10eC50 1.384(4)

N2eN3 1.289(3) N30eN20 1.292(3)

N2eC3 1.363(3) N20eC30 1.359(3)

N3eC1 1.396(3) N30eC10 1.382(3)

N4eN5 1.380(3) N40eN50 1.383(3)

N5eC2 1.296(4) N50eC20 1.300(3)

C1eN4 1.299(3) N40eC10 1.308(3)

C2eS1eC1 86.54(12) C20eS10eC10 86.68(12)

C4eN1eC5 110.20(19) C40eN10eC50 110.3(2)

N3eN2eC3 115.11(19) N30eN20eC30 116.3(2)

N2eN3eC1 109.92(19) N20eN30eC10 110.07(19)

C1eN4eN5 111.1(2) C10eN40eN50 112.2(2)

C2eN5eN4 113.6(2) C20eN50eN40 111.9(2)

N4eC1eN3 121.2(2) N40eC10eN30 120.9(2)

N4eC1eS1 114.94(18) N40eC10eS10 114.19(18)

N3eC1eS1 123.84(17) N30eC10eS10 124.89(17)

N5eC2eS1 113.8(2) N50eC20eS10 115.0(2)

N2eC3eC4 121.2(2) N20eC30eC40 120.1(2)

N2eC3eC10 131.2(2) N20eC30eC100 132.6(2)
2.1. Solvent effects on absorption spectra of the dyes

Since the tautomeric equlibria strongly depend on the na-
ture of media, the behaviour of hetarylazoindole dyes in vari-
ous solvents was studied and also effect of acid and base on the
absorption spectra of the dyes prepared was investigated. For
this purpose, the absorption spectra of hetarylazoindole dyes
(1e8) were measured in various solvents at a concentration
of approximately 10�6e10�8 M and were compared with
those of corresponding model compounds (1ae8a) which
contain 1,2-disubstituted indole ring. The results are given in

Table 3

Atomic coordinates and equivalent isotopic displacement parameters

x y z Ueq

S1 0.03055(4) 0.77382(5) 0.03164(4) 0.06188(18)

N1 �0.14850(14) 1.07410(14) �0.20833(13) 0.0575(5)

N2 �0.00904(12) 0.92125(12) �0.08321(12) 0.0513(4)

N3 0.07578(13) 0.91300(13) �0.07881(13) 0.0572(5)

N4 0.18509(14) 0.81649(15) �0.01101(16) 0.0706(6)

N5 0.19576(15) 0.74220(16) 0.04496(17) 0.0741(6)

C1 0.10245(15) 0.83992(15) �0.02375(15) 0.0545(5)

C2 0.12234(19) 0.71289(18) 0.07246(17) 0.0662(6)

C3 �0.04277(15) 0.99062(15) �0.13565(14) 0.0501(5)

C4 �0.13446(15) 1.00503(15) �0.14939(14) 0.0518(5)

C5 �0.06831(16) 1.10790(16) �0.23238(15) 0.0556(5)

C6 �0.0527(2) 1.1800(2) �0.28819(18) 0.0723(7)

C7 0.0340(2) 1.2023(2) �0.2978(2) 0.0823(9)

C8 0.1031(2) 1.1535(2) �0.2540(2) 0.0786(8)

C9 0.08793(17) 1.08115(19) �0.19946(17) 0.0622(6)

C10 0.00017(15) 1.05761(15) �0.18754(14) 0.0523(5)

C11 �0.20881(15) 0.96071(16) �0.11092(15) 0.0551(5)

C12 �0.29173(19) 0.9587(2) �0.1560(2) 0.0763(8)

C13 �0.3627(2) 0.9195(3) �0.1181(2) 0.0922(10)

C14 �0.3525(2) 0.8838(3) �0.0366(2) 0.0887(10)

C15 �0.2706(2) 0.8849(2) 0.0087(2) 0.0775(8)

C16 �0.19858(19) 0.92276(19) �0.02786(16) 0.0634(6)

C17 0.1170(2) 0.6332(2) 0.1332(2) 0.0890(9)

C18 0.0404(3) 0.5739(4) 0.1138(4) 0.198(3)

S10 0.55406(5) 0.27847(5) 0.12019(5) 0.0720(2)

N10 0.36606(16) 0.65693(17) 0.08041(15) 0.0669(6)

N20 0.50810(12) 0.46750(14) 0.12258(13) 0.0589(5)

N30 0.58588(12) 0.46154(14) 0.16293(13) 0.0586(5)

N40 0.68957(13) 0.34726(14) 0.20612(14) 0.0632(5)

N50 0.70529(15) 0.25313(16) 0.20186(16) 0.0729(6)

C10 0.61343(15) 0.37035(17) 0.16626(16) 0.0559(5)

C20 0.6407(2) 0.20969(19) 0.1590(2) 0.0765(8)

C30 0.47280(16) 0.55376(18) 0.11447(16) 0.0590(6)

C40 0.38498(16) 0.56559(18) 0.07983(17) 0.0622(6)

C50 0.43874(17) 0.70674(19) 0.11438(17) 0.0628(6)

C60 0.4467(2) 0.8014(2) 0.1269(2) 0.0744(8)

C70 0.5272(2) 0.8337(2) 0.1616(2) 0.0832(9)

C80 0.5977(2) 0.7738(2) 0.1821(2) 0.0793(8)

C90 0.58979(19) 0.6797(2) 0.16921(19) 0.0703(7)

C100 0.50782(16) 0.64455(18) 0.13636(16) 0.0604(6)

C110 0.31991(16) 0.4972(2) 0.04691(18) 0.0660(6)

C120 0.26057(19) 0.5180(3) �0.0238(2) 0.0826(9)

C130 0.2005(2) 0.4533(3) �0.0571(3) 0.1067(12)

C140 0.1976(3) 0.3677(4) �0.0194(3) 0.1150(14)

C150 0.2543(2) 0.3459(3) 0.0524(3) 0.1002(11)

C160 0.3161(2) 0.4101(2) 0.0850(2) 0.0794(8)

C170 0.6395(3) 0.1068(2) 0.1405(4) 0.1248(16)

C180 0.6947(4) 0.0545(3) 0.1953(3) 0.1451(19)

Ueq¼ (1/3)
P

i

P
jUijaiaj.
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Table 5. We found that the absorption maxima of thiadiazoly-
lazoindole dyes (1e6) and their 1,2-disubstituted derivatives
(1ae6a) generally indicated bathochromic shifts as the polar-
ity of solvent was increased except in acetic acid. Apparently,
these dyes exhibit a strong solvent dependence. The influence
of solvents for dyes increases in the order acetic
acid>DMSO>DMF> acetonitrilewmethanol> chloroform.

The absorption curves of dyes 6 and 6a in various solvents
are shown in Figs. 3 and 4, respectively. Dye 6 showed absorp-
tion maxima at 509 nm in acetic acid, 499 nm in DMSO,
469 nm in DMF, 458 nm in methanol, 440 nm in acetonitrile,
and 437 nm in chloroform. The same trend was observed for
dye 6a [e.g. 499 nm in acetic acid, 450 nm in DMSO,
443 nm in DMF, 445 nm in methanol, 438 nm in acetonitrile,
and 430 nm in chloroform].

In addition, dye 6 exhibited significantly larger bathochro-
mic shifts compared to dye 6a in all solvents used. For in-
stance, Dlmax values are 62 nm for dye 6 and 20 nm for 6a
in DMSO relative to chloroform. As can be seen in Table 5,
the similar results were observed in Dlmax values of the other
thiadiazolylazoindole dyes (1e5) when compared with their
model compounds (1ae5a). On the other hand, dyes 7 and
7a, and 8 and 8a, in which diazonium salts of substituted 3-
amino-5-mercapto-1,2,4-triazole was used as diazo compo-
nents, showed properties somewhat different to those of 1e6

Fig. 2. A partial packing diagram of dye 6 showing hydrogen bonds as dashed

lines. H atoms not involved in hydrogen bonds have been omitted.

Table 4

Hydrogen bond geometry (Å, �)

DeH/A DeH H/A D/A DH/A

N1eH1/N40i 0.87(3) 2.07(3) 2.924(3) 169(3)

N10eH10/N5 0.80(3) 2.08(3) 2.875(3) 174(3)

Symmetry codes: (i) x� 1, 3/2� y, z� 1/2.
and 1ae6a in which substituted diazotized 2-aminothiadia-
zoles were used as diazo components. Absorption maxima
for dyes 7 and 7a, and 8 and 8a did not significantly change
with the polarity of solvents except for acetic acid (e.g. for
dye 7 Dlmax is 7 nm, for dye 7a Dlmax is 4 nm in DMSO rel-
ative to those in chloroform; for dye 7 Dlmax is 50 nm, for dye
7a Dlmax is 21 nm in acetic acid relative to those in
chloroform).

It was also observed that the lmax values of all dyes pre-
pared showed larger bathochromic shifts in acetic acid than
in high polar solvents, e.g. DMSO and DMF, as shown in
Table 5. These large bathochromic shifts in proton-donating
acetic acid were considered due to intermolecular hydrogen
bonding between dye molecules and acetic acid which is capa-
ble of stabilizing the ground state of the dyes leading to a resul-
tant bathochromic shift.

Heterocyclic based azo disperse dyes tend to show larger sol-
vatochromic effects than azo-benzene based dyes because of
increased polarity of the dye system, especially in the excited

Table 5

Influence of solvents on lmax (nm) values of dyes 1e8 and 1ae8a

Dye lmax

DMSO DMF Acetonitrile Methanol Acetic acid Chloroform

1 394s, 469 397s, 467 428 434 477 419

1a 441 437 434 439 443 429

2 496 465 437 454 503 438

2a 452 452 431 444 493 434

3 462 454 445 450 491 442

3a 460 455 451 454 468 451

4 509 484 467 472 521 465

4a 466 465 459 464 510 459

5 469 436 420 434 483 428

5a 442 438 432 440 453 431

6 499 469 440 458 509 437

6a 450 443 438 445 499 430

7 388 388 392 395 431 381

7a 402 397 401 399 419 398

8 411 408 411 410 470 410

8a 394 394 408 405 465 409
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Fig. 3. Absorption spectra of dye 6 in various solvents.
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state. On the other hand, in hetarylazo dyes prepared from en-
amine-type coupling components, their tautomeric equilibria
need to be considered. Hetarylazoindole dyes (1e8) theoreti-
cally may be involved in azoehydrazone tautomerism (Scheme
2). Thus, the role of the azoehydrazone tautomerism in relation
to the visible absorption spectra and solvatochromic behaviour
of the dyes have also been investigated. The visible absorption
spectra of the dyes 1e8 showed one absorption maximum in
all the solvents used, with the exception of the dye 1 in
DMSO and DMF. It is known that two maxima are observed
for compounds exhibiting azoehydrazone tautomerism
[26,27]. These results showed that the dyes 1e8 are in favour
of the predominantly single tautomeric form in the solvents
used. In addition, a comparison between lmax values of the
dyes (1e8) and their corresponding model compounds (1ae
8a), which are in the azo form, in chloroform, methanol and ace-
tonitrile reveals that the additional substitution of methyl group
in the 1-position of indole ring brings about small hypsochromic
shifts of lmax values than 2-methyl and 2-phenyl substituted
dyes, such as in dyes 3 and 3a (Dlmax values are 9 nm in chlo-
roform, 4 nm in methanol and 6 nm in acetonitrile) due to sub-
stituent effect (Table 5). Therefore, we assigned the structures of
the dyes 1e8 to azo form in chloroform, methanol and acetoni-
trile. The small shifts in lmax of the dyes in these solvents are due
to soluteesolvent interactions.

It was also observed that the differences in the lmax values
between the thiadiazolylazoindole dyes (except dye 3 in
DMSO and dyes 3 and 5 in DMF) and their corresponding
model compounds (in DMSO and DMF) were larger than
those in the other mentioned solvents (e.g. Dlmax values are
44 nm for dye 2, 49 nm for dye 6 in DMSO with the respect
to the dyes 2a and 6a). The similar results were observed
for dyes 1, 3 and 5 in acetic acid (i.e. Dlmax values are
34 nm for dye 1, 23 nm for dye 3 and 30 nm for dye 5 with
the respect to the dyes 1a, 3a and 5a). In addition, the lmax

values of thiadiazolylazoindole dyes in DMSO (except dye
3) and in DMF (except dyes 3 and 5) are strongly shifted bath-
ochromically relative to the other solvents whilst the lmax of
their corresponding model compounds are slightly shifted
bathochromically in DMSO and DMF. This result suggests
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Fig. 4. Absorption spectra of dye 6a in various solvents.
that these dyes may present the different tautomeric form in
DMSO and DMF. However, the chemical shifts of eNH peaks
for dyes 1e6 in DMSO-d6 were nearly the same for dyes 3 and
5 in DMSO-d6. Moreover, comparison with the lmax values of
dyes 3 and 3a in DMSO and dyes 5 and 5a in DMF suggests
that these dyes are in azo form in these solvents. Because the
lmax values of these dyes in above mentioned solvents are
slightly greater than that for their model compounds to the ex-
ten of 1e2 nm as illustrated in Table 5. And, we assigned the
structures of the dyes 3 and 5 as the azo form in DMSO and
DMF, respectively. Therefore, it is reasonable to assume that
the azo form is predominant in these solvents used.

On the other hand, the electronic absorption spectra of the
dye 1 in DMSO and DMF solutions differ significantly from
those in the other dyes (Fig. 5). Thus, the spectra of the dye
1 in DMSO and DMF showed one absorption maximum
with a shoulder at shorter wavelengths (lmax value is 469 nm
with a shoulder at 394 nm in DMSO and lmax value is
467 nm with a shoulder at 397 nm in DMF) whereas it showed
one absorption maximum in the other solvents used (Table 5).
The position of both shoulders is practically closer to their ab-
sorption maxima in chloroform which may be indicated in the
azo tautomer. So, the absorption at longer wavelengths may be
assigned to the hydrazone form. Furthermore, lmax values of
dye 1 showed large bathochromic shifts in DMSO, DMF
and acetic acid with respect to the lmax values in chloroform,
methanol and acetonitrile. In addition, dramatic increases in
lmax values are observed in these solvents in contrast to the be-
haviour of its model compound 1a (e.g. Dlmax values are 50
and 12 nm in DMSO with respect to chloroform for dyes 1
and 1a, respectively). These results suggest that dye 1 was
present in more than one tautomeric form in DMSO and DMF.

The effects of the acid and base on the absorption maxima
of the dye solutions were investigated and the results are
shown in Table 6. The absorption maxima of the thiadiazoly-
lazoindole dyes (1e6) in DMF and methanol were quite sen-
sitive to the addition of base (piperidine and KOH,
respectively) with lmax values of the dyes 1e6 showing large
bathochromic shifts (Table 6) with the exception of dye 1 in
DMF (Fig. 6). When piperidine was added to chloroform
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Table 6

Absorption maxima of dyes 1e8 and 1ae8a in acidic and basic solution

Dye lmax

DMSO DMSOþ
piperidine

DMF DMFþ
piperidine

Methanol Methanolþ
HCl

Methanolþ
KOH

Chloroform Chloroformþ
piperidine

1 394s, 469 386, 473 397s, 467 394, 472 434 466 465 419 424

1a 441 442 437 437 439 474 439 429 428

2 496 497 465 495 454 477 485 438 451

2a 452 448 452 441 444 469 443 434 433

3 462 487 454 486 450 460 475 442 450

3a 460 459 455 456 454 471 456 451 450

4 509 508 484 508 472 488 500 465 471

4a 466 466 465 466 464 478 463 459 458

5 469 474 436 474 434 480 465 428 437

5a 442 441 438 438 440 480 440 431 429

6 499 500 469 500 458 499 489 437 451

6a 450 449 443 444 445 491 444 430 429

7 388 364, 420s 388 362, 431 395 432 383, 420s 381 381

7a 402 382, 425s 397 382, 419s 399 440 384, 422s 398 397, 427s

8 411 410, 469 408 412s, 476 410 466 402, 458s 410 408

8a 394 391, 437s 394 390, 431s 405 456 391, 426s 409 404, 438s

s, shoulder.
solutions, lmax values of the dyes showed a small bathochro-
mic shifts. There was no significant change when piperidine
was added to solutions of the dyes in DMSO with exception
of dyes 1 and 3 which showed a large bathochromic shift. In
the case of dye 1, with the addition of piperidine to their
DMSO and DMF solutions, shoulders were converted to max-
imum and lmax at longest wavelength did not significantly
change (Table 6). A typical example is shown in Fig. 7. It is
interesting that the absorption spectra obtained in basic solu-
tions of DMSO, DMF and methanol for dyes 1e6 are very
similar to the corresponding spectra registered in acetic acid.
Therefore, absorption maxima in these basic solutions are as-
signed to azo tautomer. On the other hand, lmax values of the
dyes in chloroform showed small bathochromic shifts when
piperidine was added, being nearly the same as those observed
in chloroform. This indicates that dyes 1e6 exist in azo form
in chloroform and they are very stable even in basic solutions.
These results are in agreement with those obtained for hetary-
lazoindoles in our previous work [26,27]. On the other hand,
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Fig. 6. Absorption spectra of dye 6 in acidic and basic solutions.
these results are in contrast with those for thiadiazolylazopyr-
idones in previous work [17].

In contrast, absorption curves of triazolylazoindole dyes 7
and 8 are very sensitive to bases and acids. lmax values of
the dyes 7 and 8 showed generally small hypsochromic shifts
and also a shoulder or second maximum at longest wavelength
appeared when a small amount of piperidine was added to
their DMSO, DMF and chloroform solutions and 0.1 M
KOH was added to their methanolic solutions. Such a situation
is consistent with the phenomenon of dissociation rather than
azoehydrazone tautomerism. This equilibrium is supported by
the single isosbestic point in the visible spectra, for example
dye 8 in basic solutions in DMSO and DMF (Fig. 8), and it
could not be an acidebase equilibrium between azo or hydra-
zone tautomers and the corresponding common anion (Scheme
2) resulted by the acid dissociation of the azo or hydrazone
tautomers. Because the similar results were observed in absorp-
tion spectra of their corresponding model compounds (7a and
8a) which do not involve tautomeric hydrogen (Table 6). But
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the dyes 7 and 8 may also exhibit another acidebase equilib-
rium due to acid dissociation of the eSH group or the eNH
group of triazolyl ring to their anions. On the other hand,
lmax values of the dyes 7 and 8, and 7a and 8a in methanol
showed large bathochromic shifts when 0.1 M HCl was added
and being the same as those observed in acetic acid. This in-
dicates that triazolylazoindole dyes exist in the azo form in
acidic media.

2.2. Substituent effects on absorption spectra
of the dyes in various solvents

Absorption maxima of the dyes prepared indicate that 1-
methyl-2-phenyl substituted dyes (2a, 4a, 6a and 8a) generally
absorb bathochromically compared with the 1,2-dimethyl
substituted dyes (1a, 3a, 5a and 7a) in all solvents used with
the exceptions of dye 8a in chloroform, DMF and DMSO
and dyes 2 and 4a in acetonitrile (Table 7). The largest bath-
ochromic shifts were observed in acetic acid. Thus, dye 1a ab-
sorbs at 443 nm, whereas the analogous dye 2a absorbs at
493 nm as shown in Table 5. On the other hand, lmax values
of the 1-methyl-2-phenyltriazolylazoindole dye 8a show bath-
ochromic shifts in acetic acid, methanol and acetonitrile
whereas it produces hypsochromic shifts in chloroform,
DMF and DMSO when compared with dye 7a.

Although resultant values of Dlmax values can vary accord-
ing to the solvent used, generally the dyes 2ae8a absorb at
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Table 7

Comparison between dyes 1e8 and their corresponding model dyes 1ae8a

Dye lmax

DMSO DMF Acetonitrile Methanol Acetic acid Chloroform

1e1a þ28 þ30 �6 �5 þ34 �10

2e2a þ44 þ13 þ6 þ10 þ10 þ4

3e3a þ2 �1 �6 �4 þ23 �9

4e4a þ43 þ19 þ8 þ8 þ11 þ6

5e5a þ27 �2 �12 þ6 þ30 �3

6e6a þ49 þ26 þ2 þ13 þ10 þ7

7e7a �14 �9 �9 �4 þ12 �17

8e8a þ17 þ14 þ3 þ5 þ5 þ1

Values of lmax: see Table 1.
longer wavelengths than the corresponding 1,2-dimethyl
substituted derivatives. The greatest bathochromic differences
in lmax values appear in acetic acid as solvent. Presumably, the
resonance effect enhanced by an electron-rich phenyl group is
more favoured than the slightly stronger field effect of a methyl
group. When Dlmax value between dyes 1 and 2, 3 and 4, 5 and
6, and 7 and 8 was also compared with those between dyes 1a
and 2a, 3a and 4a, 5a and 6a, and 7a and 8a, respectively, the
resonance effect of phenyl group on the absorption maxima for
dyes 1e8 is greater than their corresponding model com-
pounds and resulted in larger bathochromic shifts (e.g. Dlmax

value is 47 nm for dye 4 relative to dye 3 in DMSO, Dlmax

value is 6 nm for dye 4a relative to dye 3a in DMSO). The
similar results were also observed for dye 2 containing 2-phe-
nyl group in the indole ring as compared with dye 1 containing
2-methyl group in the indole ring in all solvent used with the
exception of DMF in which a very small hypsochromic shift
was observed. Consequently, the effect of phenyl group at
the 2-position of indole ring has a significant effect on colour
in hetarylazoindole dyes. Comparison with Dlmax values of
the dyes (1 to 2; 3 to 4; 5 to 6; and 7 to 8) containing 2-methyl
and 2-phenyl groups suggest that the resonance effect of phe-
nyl group on the absorption maxima for dyes 2, 4, 6 and 8 is
greater than that of their corresponding model compounds
(1ae2a, 3ae4a, 5ae6a and 7ae8a) and resulted in larger
bathochromic shifts (Tables 8 and 9).

Absorption maxima obtained for thiadiazolylazoindole
dyes indicated that electron-donating groups (ethyl and mer-
captomethyl) in thiadiazole ring at 5-position generally absorb
bathochromically when compared with the unsubstituted dyes
(1, 1a, 2 and 2a) in all solvents used with the exception of eth-
ylsubstitued derivatives in DMF (dye 5) and in chloroform
(dye 6a) as shown in Tables 4 and 5.

As the electron-donating ability of the donor group in-
creases from the ethyl to mercaptomethyl derivatives of the
dyes, Dlmax values show bathochromic shifts (e.g. Dlmax value
is 4 nm for dyes 2e6 and 18 nm for dyes 2e4 in methanol;
Dlmax value is 1 nm for dyes 2ae6a and 20 nm for dyes
2ae4a in methanol). This bathochromic shift is attributed to
the stronger electron-donating ability of the methylmercapto
group with respect to the ethyl group at 5-position of thiadia-
zole ring, thus enhancing electron delocalization in the dye
molecule. Moreover, such a substituent effect provided a strong
evidence that the dyes prepared exist solely in one tautomeric
form, namely azo form, in all solvents used.

Table 8

Comparison between dyes based on 1,2-dimethylindole and 1-methyl-2-

phenylindole

Dye lmax

DMSO DMF Acetonitrile Methanol Acetic acid Chloroform

1a/2a þ11 þ15 �3 þ5 þ50 þ5

3a/4a þ6 þ10 �8 þ10 þ42 þ8

5a/6a þ8 þ5 þ6 þ5 þ46 �1

7a/8a �8 �3 þ7 þ6 þ46 �11

Values of lmax: see Table 1.
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It was also observed that lmax values of thiadiazolylazoin-
dole dyes 1e6 and 1ae6a showed large bathochromic shifts in
comparison with analogous triazolylazoindole dyes 7 and 8,
and 7a and 8a in all solvent used as shown in Table 5. These
results show clearly that thiadiazole ring system act as a better
electron donor than triazole ring system.

3. Experimental

3.1. General

The chemicals used in the synthesis of all dyes were
obtained from Aldrich Chemical Company and were used
without further purification. The solvents used were of spec-
troscopic grade.

IR spectra were recorded on a Mattson 1000 FT-IR spectro-
photometer in KBr. 1H NMR spectra were recorded on
a Bruker-Spectrospin Avance DPX 400 MHz Ultra-Shield in
DMSO-d6 and CDCl3 with TMS as internal reference. Chem-
ical shifts are expressed in d units (ppm). Ultravioletevisible
(UVevis) absorption spectra were recorded on Analytikjena
Specord 200 Spectrophotometer at the wavelength of maxi-
mum absorption (lmax) in a range of solvents, i.e. dimethyl-
sulphoxide (DMSO), dimethylformamide (DMF), acetonitrile,
methanol, acetic acid and chloroform. Change of lmax was
investigated when 0.1 ml of piperidine was added to 1 ml of
dye solutions in chloroform, DMSO and DMF, similarly,
when 0.1 ml of base (potassium hydroxide, 0.1 M) or 0.1 ml
of acid (hydrochloric acid, 0.1 M) was added to 1 ml dye so-
lutions in methanol. Mass spectra were recorded on Agilent
5973 Network Mass Selective Detector, SIS (Direct Insertion
Probe), electron impact 70, 100 or 150 eV and on AGILENT
1100 MSD and Elemental analyses were recorded on LECO
CHNS 932 by Turkish Research Council Laboratories (Center
of Science and Technology Research of Turkey). All melting
points were uncorrected and in degree centigrade. The X-ray
data were recorded in the Department of Chemistry, Atatürk
University, Erzurum, Turkey.

3.2. Crystallography

The X-ray diffraction data collection was performed on a Ri-
gaku R-AXIS RAPID-S diffractometer equipped with Mo Ka
(l¼ 0.71073 Å) radiation using w scans. The intensity data
were corrected for Lorentz polarization [55] and absorption
[56] effects. The structure was analyzed using a combination

Table 9

Comparison between dyes based on 2-methylindole and 2-phenylindole

Dye lmax

DMSO DMF Acetonitrile Methanol Acetic acid Chloroform

1/2 þ27 �2 þ9 þ20 þ26 þ19

3/4 þ47 þ30 þ22 þ22 þ30 þ23

5/6 þ30 þ33 þ20 þ24 þ26 þ9

7/8 þ23 þ20 þ19 þ15 þ39 þ29

Values of lmax: see Table 1.
of direct and difference Fourier methods provided by the
SHELXS97 [57] and was refined as a full matrix least square
against F2 for all data by the SHELXL97 [57] computer
programs; all non-hydrogen atoms were refined anisotropically.
H atoms were positioned geometrically, with CeH¼ 0.97
and 0.96 Å, respectively, for methylene and methyl H
atoms, and constrained to ride on their parent atoms, with
Uiso(H)¼ xUeq(C), where x¼ 1.2 for methylene and x¼ 1.5
for methyl H atoms. The remaining H atoms were located in a
difference map and refined isotopically [NeH¼ 0.80(3) and
0.87(3) Å, CeH¼ 0.89(3)e1.05(4) Å and Uiso(H)¼ 0.057(7)e
0.120(13) Å2]. Crystallographic data are summarized in Table
1, the CCDC reference number is CCDC 639701.

3.3. Preparation of hetarylazoindole dyes
(1e8 and 1ae8a)

Diazotization of various heterocyclic amines was effected
with H2SO4 and NaNO2. A typical procedure used was that
described below for 2-amino-1,3,4-thiadiazole, and all other
dyes were prepared in a similar manner. The obtained com-
pounds were purified by crystallization using ethanol and
then analyzed.

3.3.1. Preparation of 2-methyl-3-(1,3,4-thiadiazol-
2-yldiazenyl)-1H-indole (1)

2-Amino-1,3,4-thiadiazole (0.202 g, 2.0 mmol) was dis-
solved in hot glacial acetic acidepropionic acid mixture
(2:1, 8.0 ml) and was rapidly cooled in an salt/ice bath to
�5 �C. The liquor was then added in portions during 30 min
to a cold solution of nitrosylsulphuric acid [prepared from so-
dium nitrite (0.15 g) and concentrated sulphuric acid (3 ml at
50 �C)]. The mixture was stirred for an additional 2 h at 0 �C.
Excess nitrous acid was destroyed by the addition of urea. And
then, the diazo liquor was slowly added to vigorously stirred
solution of 2-methylindole (0.26 g, 2.0 mmol) which is solved
in glacial acetic acidepropionic acid (3:1, 8.0 ml) and cooled.
The solution was stirred at 0e5 �C for 2 h and pH of the reac-
tion mixture was maintained at 4e6 by simultaneous addition
of saturated sodium carbonate solution. The mixture was
stirred for a further 1 h at 5 �C. The resulting product was fil-
tered, washed with water, dried, and crystallized from ethanol.
2-Methyl-3-(1,3,4-thiadiazol-2-yldiazenyl)-1H-indole gave or-
ange powder (yield: 0.40 g, 82%; mp: 243e244 �C). FT-IR
(KBr) nmax: 3391 (indole eNH), 3050, 3031 (aromatic Ce
H), 2921, 2851 (aliphatic CeH), 1503 (C]C) cm�1; 1H
NMR (DMSO-d6): d 12.78 (br, indole eNH), 9.38 (s, 1H),
8.28 (m, 1H), 7.46 (m, 1H), 7.31 (m, 2H), 2.75 (s, 3H).
Anal. Calcd for C11H9N5S: C, 54.32; H, 3.70; N, 28.81; S,
13.17. Found: C, 54.19; H, 3.69; N, 28.96; S, 13.22%. LCe
MS (m/z, 100 eV): 244 (100%) (Mþ), 158 (89.7%), 130
(32.9%).

3.3.2. 1,2-Dimethyl-3-(1,3,4-thiadiazol-2-yldiazenyl)-
1H-indole (1a)

This dye was obtained from 2-amino-1,3,4-thiadiazole and
1,2-dimethylindole as red crystals (yield: 0.39 g, 77%;
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mp: 191e192 �C). FT-IR (KBr) nmax: 3085, 3005 (aromatic
CeH), 2884 (aliphatic CeH), 1508 (C]C) cm�1; 1H NMR
(DMSO-d6/CDCl3): d 9.38 (s, 1H), 8.30 (m, 1H), 7.68 (m,
1H), 7.39 (m, 2H), 3.83 (s, 3H, eNCH3), 2.78 (s, 3H). Anal.
Calcd for C12H11N5S: C, 56.03; H, 4.28; N, 27.24; S, 12.45.
Found: C, 55.88; H, 4.29; N, 27.33; S, 12.48%. MS (m/z,
70 eV): 257 (Mþ).

3.3.3. 2-Phenyl-3-(1,3,4-thiadiazol-2-yldiazenyl)-
1H-indole (2)

This dye was obtained from 2-amino-1,3,4-thiadiazole and
2-phenylindole as red crystals (yield: 0.52 g, 85%; mp: 304e
305 �C). FT-IR (KBr) nmax: 3223 (indole eNH), 3070 (aro-
matic CeH), 1484 (C]C) cm�1; 1H NMR (DMSO-d6):
d 13.21 (br, indole eNH), 9.43 (s, 1H), 8.42 (m, 1H), 8.09
(m, 2H), 7.62 (m, 4H), 7.41 (m, 2H). Anal. Calcd for
C16H11N5S: C, 62.95; H, 3.61; N, 22.95; S, 10.49. Found: C,
63.00; H, 3.69; N, 22.96; S, 10.48%. LCeMS (m/z, 100 eV):
306 (100%) (Mþ), 220.1 (44.3%), 192.1 (21.9%).

3.3.4. 1-Methyl-2-phenyl-3-(1,3,4-thiadiazol-2-yldiazenyl)-
1H-indole (2a)

This dye was obtained from 2-amino-1,3,4-thiadiazole and
1-methyl-2-phenylindole as orange crystals (yield: 0.50 g,
79%; mp: 185e186 �C). FT-IR (KBr) nmax: 3056 (aromatic
CeH), 2940 (aliphatic CeH), 1478 (C]C) cm�1; 1H NMR
(DMSO-d6): 9.38 (s, 1H), 8.43 (m, 1H), 7.78 (m, 3H), 7.66
(m, 3H), 7.51 (m, 2H), 3.89 (s, 3H, eNCH3). Anal. Calcd
for C17H13N5S: C, 63.95; H, 4.08; N, 21.94; S, 10.03. Found:
C, 63.78; H, 4.02; N, 21.86; S, 10.08%. LCeMS (m/z,
100 eV): 320 (100%) (Mþ), 234.1 (22.2%), 206.1 (10%).

3.3.5. 2-Methyl-3-(5-methylthio-1,3,4-thiadiazol-
2-yldiazenyl)-1H-indole (3)

This dye was obtained from 2-amino-5-methylthio-1,3,4-
thiadiazole and 2-methylindole as red crystals (yield: 0.42 g,
83%; mp: 264e265 �C). FT-IR (KBr) nmax: 3448 (indole e
NH), 3064, 3031 (aromatic CeH), 2928, 2877 (aliphatic
CeH), 1490 (C]C) cm�1; 1H NMR (DMSO-d6): d 12.77
(br, indole eNH), 8.24 (m, 1H), 7.48 (m, 1H), 7.31 (m,
2H), 2.79 (s, 3H, eSCH3), 2.73 (s, 3H). Anal. Calcd for
C12H11N5S: C, 49.32; H, 3.81; N, 24.22; S, 22.15. Found:
C, 49.11; H, 3.89; N, 24.26; S, 22.18%. LCeMS (m/z,
100 eV): 290 (31.4%) (Mþ), 158.1 (100%), 130.1 (29.1%).

3.3.6. 1,2-Dimethyl-3-(5-methylthio-1,3,4-thiadiazol-
2-yldiazenyl)-1H-indole (3a)

This dye was obtained from 2-amino-5-methylthio-1,3,4-
thiadiazole and 1,2-dimethylindole as orange crystals (yield:
0.51 g, 84%; mp: 246e247 �C). FT-IR (KBr) nmax: 3043 (aro-
matic CeH), 2920 (aliphatic CeH), 1523 (C]C) cm�1; 1H
NMR (DMSO-d6): d 8.30 (m, 1H), 7.53 (m, 1H), 7.30 (m,
2H), 3.83 (s, 3H, eNCH3), 2.78 (s, 3H, eSCH3), 2.73 (s, 3H).
Anal. Calcd for C13H13N5S2: C, 51.49; H, 4.29; N, 23.10; S,
21.12. Found: C, 51.38; H, 4.29; N, 23.06; S, 21.18%. MS (m/z,
70 eV): 303 (Mþ).
3.3.7. 2-Phenyl-3-(5-methylthio-1,3,4-thiadiazol-
2-yldiazenyl)-1H-indole (4)

This dye was obtained from 2-amino-5-methylthio-1,3,4-
thiadiazole and 2-phenylindole as orange crystals (yield:
0.54 g, 85%; mp: 266e267 �C). FT-IR (KBr) nmax: 3462 (in-
dole eNH), 3056 (aromatic CeH), 2986, 2864 (aliphatic
CeH), 1490 (C]C) cm�1; 1H NMR (DMSO-d6): d 13.01
(br, indole eNH), 8.38 (m, 1H), 8.08 (m, 2H), 7.61 (m, 4H),
7.38 (m, 2H), 2.78 (s, 3H, eSCH3). Anal. Calcd for
C17H13N5S2: C, 58.12; H, 3.70; N, 19.94; S, 18.23. Found:
C, 58.01; H, 3.66; N, 19.88; S, 18.12%. LCeMS (m/z,
150 eV): 352 (19.5%) (Mþ), 220.1 (70.8%), 165.1 (48.5%).

3.3.8. 1-Methyl-2-phenyl-3-(5-methylthio-1,3,4-thiadiazol-
2-yldiazenyl)-1H-indole (4a)

This dye was obtained from 2-amino-5-methylthio-1,3,4-
thiadiazole and 1-methyl-2-phenylindole as orange crystals
(yield: 0.58 g, 88%; mp: 269e271 �C). FT-IR (KBr) nmax:
3063 (aromatic CeH), 2949, 2864 (aliphatic CeH), 1496
(C]C) cm�1; 1H NMR (DMSO-d6): d 8.41 (m, 1H), 7.76 (m,
3H), 7.67 (m, 2H), 7.51 (m, 2H), 3.91 (s, 3H, eNCH3), 2.78
(s, 3H, eSCH3). Anal. Calcd for C18H15N5S2: C, 59.18; H,
4.11; N, 19.18; S, 17.53. Found: C, 59.11; H, 4.09; N, 19.06;
S, 17.58%. LCeMS (m/z, 150 eV): 366 (33.0%) (Mþ), 234.1
(69.1%), 206.1 (100%).

3.3.9. 2-Methyl-3-(5-ethyl-1,3,4-thiadiazol-2-yldiazenyl)-
1H-indole (5)

This dye was obtained from 2-amino-5-ethyl-1,3,4-thiadia-
zole and 2-methylindole as yellow crystals (yield: 0.44 g,
80%; mp: 271e273 �C). FT-IR (KBr) nmax: 3442 (indole e
NH), 3064 (aromatic CeH), 2985, 2877 (aliphatic CeH),
1510 (C]C) cm�1; 1H NMR (DMSO-d6): d 12.75 (br, indole
eNH), 8.24 (m, 1H), 7.48 (m, 1H), 7.31 (m, 2H), 3.08 (q, 2H,
eCH2CH3), 2.75 (s, 3H), 1.33 (t, 3H, eCH2CH3). Anal. Calcd
for C13H13N5S: C, 57.56; H, 4.80; N, 25.83; S, 11.81; found:
C, 57.44; H, 4.67; N, 25.88; S, 11.73%. LCeMS (m/z,
100 eV): 272.1 (50.8%) (Mþ 1)þ, 158.1 (100%), 130.1
(52.7%).

3.3.10. 1,2-Dimethyl-3-(5-ethyl-1,3,4-thiadiazol-
2-yldiazenyl)-1H-indole (5a)

This dye was obtained from 2-amino-5-ethyl-1,3,4-thiadia-
zole and 1,2-dimethylindole as red crystals (yield: 0.44 g,
83%; mp: 200e202 �C). FT-IR (KBr) nmax: 3015 (aromatic
CeH), 2939 (aliphatic CeH), 1526 (C]C) cm�1; 1H NMR
(DMSO-d6): d 8.29 (m, 1H), 7.66 (m, 1H), 7.36 (m, 2H),
3.84 (s, 3H, eNCH3), 3.07 (q, 2H, eCH2CH3), 2.75 (s, 3H),
1.33 (t, 3H, eCH2CH3). Anal. Calcd for C14H5N5S: C,
58.95; H, 5.26; N, 24.56; S, 11.23. Found: C, 58.71; H,
5.25; N, 24.38; S, 11.21%. MS (m/z, 70 eV): 285 (Mþ).

3.3.11. 2-Phenyl-3-(5-ethyl-1,3,4-thiadiazol-2-yldiazenyl)-
1H-indole (6)

This dye was obtained from 2-amino-5-ethyl-1,3,4-thiadia-
zole and 2-phenylindole as red crystals (yield: 0.57 g, 85%;
mp: 172e174 �C). FT-IR (KBr) nmax: 3442 (indole eNH),



624 Z. Seferoğlu et al. / Dyes and Pigments 77 (2008) 614e625
3050 (aromatic CeH), 2935, 2900 (aliphatic CeH), 1490
(C]C) cm�1; 1H NMR (DMSO-d6): d 13.01 (br, indole e
NH), 8.41 (m, 1H), 8.09 (m, 2H), 7.62 (m, 4H), 7.41 (m, 2H),
3.08 (q, 2H, eCH2CH3), 1.36 (t, 3H, eCH2CH3). Anal. Calcd
for C18H15N5S: C, 64.86; H, 4.50; N, 21.02; S, 9.61. Found:
C, 64.77; H, 4.44; N, 21.06; S, 9.58%. LCeMS (m/z, 150 eV):
334.1 (18.8%) (Mþ), 220.1 (68.6%), 192.1 (100%).

3.3.12. 1-Methyl-2-phenyl-3-(5-ethyl-1,3,4-thiadiazol-2-
yldiazenyl)-1H-indole (6a)

This dye was obtained from 2-amino-5-ethyl-1,3,4-thiadia-
zole and 1-methyl-2-phenylindole as red crystals (yield:
0.61 g, 88%; mp: 220e222 �C). FT-IR (KBr) nmax: 3056 (aro-
matic CeH), 2940, 2870 (aliphatic CeH), 1498
(C]C) cm�1; 1H NMR (DMSO-d6): 8.42 (m, 1H), 7.76e7.44
(m, 8H), 3.88 (s, 3H, eNCH3), 3.01 (q, 2H, eCH2CH3), 1.3
(t, 3H, eCH2CH3). Anal. Calcd for C19H17N5S: C, 65.71; H,
4.90; N, 20.17; S, 9.22. Found: C, 65.56; H, 4.78; N, 20.10; S,
9.09%. LCeMS (m/z, 100 eV): 348.1 (100%) (Mþ), 234.1
(17.7%), 206.1 (6.1%).

3.3.13. 2-Methyl-3-(5-mercapto-1,2,4-triazol-3-yldiazenyl)-
1H-indole (7)

This dye was obtained from 3-amino-5-mercapto-1,2,4-tria-
zole and 2-methylindole as dark yellow powder (yield: 0.45 g,
88%; mp: 228e229 �C). FT-IR (KBr) nmax: 3403e3191 (indole,
triazole eNH and thiol eSH), 3035 (aromatic CeH), 2915,
2870 (aliphatic CeH), 1458 (C]C) cm�1; 1H NMR (DMSO-
d6): d 14.33 (br, triazole eNH), 12.49 (br, indole eNH), 8.27
(m, 1H), 7.43 (m, 1H), 7.24 (m, 2H), 2.78 (s, 3H). Anal. Calcd
for C11H10N6S: C, 51.16; H, 3.88; N, 32.56; S, 12.40. Found:
C, 51.11; H, 3.89; N, 32.48; S, 12.33%. LCeMS (m/z,
100 eV): 259.0 (64.6%) (Mþ 1)þ, 158.1 (100%), 130.2
(41.4%).

3.3.14. 1,2-Dimethyl-3-(5-mercapto-1,2,4-triazol-3-
yldiazenyl)-1H-indole (7a)

This dye was obtained from 3-amino-5-mercapto-1,2,4-tria-
zole and 1,2-dimethylindole as yellow powder (yield: 0.45 g,
91%; mp: 239 �C dec.). FT-IR (KBr) nmax: 3418e3264 (triazole
eNH and thiol eSH), 3018 (aromatic CeH), 2920 (aliphatic
CeH), 1589 (C]C) cm�1; 1H NMR (DMSO-d6/CDCl3):
d 14.11 (br, triazole eNH), 13.13 (br, eSH), 8.21 (m, 1H),
7.38 (m, 1H), 7.20 (m, 2H), 3.88 (s, 3H, eNCH3), 2.72 (s,
3H). Anal. Calcd for C12H12N6S: C, 52.94; H, 4.41; N, 30.88;
S, 11.76. Found: C, 52.77; H, 4.33; N, 30.96; S, 11.68%. LCe
MS (m/z, 100 eV): 273.0 (100%) (Mþ 1)þ, 172.0 (95%),
144.1 (52.4%).

3.3.15. 2-Phenyl-3-(5-mercapto-1,2,4-triazol-3-yldiazenyl)-
1H-indole (8)

This dye was obtained from 3-amino-5-mercapto-1,2,4-tria-
zole and 2-phenylindole as dark yellow powder (yield: 0.54 g,
85%; mp: 265e267 �C). FT-IR (KBr) nmax: 3404e3180 (indole,
triazole eNH and thiol eSH), 3064, 3020 (aromatic CeH),
1450 (C]C) cm�1; 1H NMR (DMSO-d6): d14.51 (br, triazole
eNH), 13.82 (br, eSH), 12.58 (br, indole eNH), 8.22
(m, 1H), 8.08 (m, 3H), 7.88e7.61 (m, 5H). Anal. Calcd for
C16H12N6S: C, 60.00; H, 3.75; N, 26.25; S, 10.00. Found: C,
59.79; H, 3.66; N, 26.26; S, 9.87%. LCeMS (m/z, 100 eV):
321.0 (7.6%) (Mþ 1)þ, 308.1 (45.6%), 220.1 (10.6%), 193.1
(100%).

3.3.16. 1-Methyl-2-phenyl-3-(5-mercapto-1,2,4-triazol-3-
yldiazenyl)-1H-indole (8a)

This dye was obtained from 3-amino-5-mercapto-1,2,4-tria-
zole and 1-methyl-2-phenylindole as orange crystals (yield:
0.59 g, 89%; mp: 218e219 �C). FT-IR (KBr) nmax: 3404 (tria-
zole eNH and thiol eSH), 3056 (aromatic CeH), 2928
(aliphatic CeH), 1471 (C]C) cm�1; 1H NMR (DMSO-d6):
d 14.48 (br, triazole eNH), 13.77 (br, eSH), 8.47 (m, 1H),
8.38 (m, 1H), 7.72e7.21 (m, 7H), 3.82 (s, 3H, eNCH3). Anal.
Calcd for C17H14N6S: C, 61.08; H, 4.19; N, 25.15; S, 9.58.
Found: C, 59.95; H, 4.19; N, 25.16; S, 9.44%. LCeMS (m/z,
100 eV): 335.1 (7.2%) (Mþ 1)þ, 322.1 (12.2%), 234.1 (15%),
207.1 (28.4%).

4. Conclusions

A series of bis-hetarylazoindole dyes were obtained
by the coupling of 2-methyl, 2-phenyl, 1,2-dimethyl and
1-methyl-2-phenylindoles with diazotized 2-amino-1,3,4-
thiadiazoles and 3-amino-5-mercapto-1,2,4-triazole in
nitrosylsulphuric acid. The solvatochromic behaviours and
substituent effects in various solvents were evaluated. The
results indicated that these dyes were strongly dependent
on solvents and show generally bathochromic shifts as the
polarity of solvents was increased. The absorption maxima
of dyes shifted bathochromically in the sequence acetic
acid>DMSO>DMF> acetonitrilewmethanol> chloroform.

The results of solvent effects on the absorption spectra of
the dyes indicated that the azo structure is predominant in so-
lution. X-ray crystallographic data showed that the bis-hetary-
lazoindole dyes exist in the azo form too. As a results of the
introduction of electron-donating substituents into the thiadia-
zole ring lmax shifts bathochromically in all solvent used.
Also, the thiadiazolylazoindoles absorb bathochromically
compared with their triazolyl analogues.

To determine the azoehydrazone tautomerism of the dyes
in solid state, the structure of 2-phenyl-3-(5-ethyl-1,3,4-thia-
diazol-2-yldiazenyl)-1H-indole (dye 6) was determined by
the X-ray diffraction analysis. It was shown that the dye exists
in azo form. The asymmetric unit of the dye contains two crys-
tallographically independent molecules; in each molecule, all
of the rings are planar and the indole ring systems are also
nearly planar. The crystal packing is stabilized by intra- and
intermolecular NeH/N hydrogen bonds, linking the mole-
cules to form infinite chains along the [001] directions.
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[27] Seferoğlu Z, Ertan N. Heteroat Chem 2007;18(6):622.

[28] Peng Q, Li M, Gao K, Cheng L. Dyes Pigments 1990;14:89.

[29] Peng Q, Li M, Gao K, Cheng L. Dyes Pigments 1992;18:271.

[30] Hodges GR, Lindsay Smith JR, Oakes J. J Chem Soc Perkin Trans 2 1998:617.

[31] Bell SJ, Mazzola EP, Coxon B. Dyes Pigments 1989;11:93.
[32] Bell SJ, Mazzola EP, Di Novi MJ, Reynolds WF, Nielsen KW. J Hetero-

cycl Chem 1991;28:641.

[33] Wojciechowski K, Szadowski J. Dyes Pigments 2000;44:137.

[34] Zollinger H. Azo and diazochemistry. London: Interscience Pub.; 1961.

p. 322e332.

[35] Dakiky M, Nemcova I. Dyes Pigments 2000;44:181.

[36] Dorsch HL, Raue R. US Patent 4,104,268; 1978.

[37] Dorsch HL, Raue R. CH Patentschrift CH 568 441 B5; 1975.

[38] Dorsch HL, Raue R. CH Patentschrift CH 562 853 A5; 1975.

[39] Dorsch HL, Raue R. German Patent DT 1 405 313; 1975.

[40] Yamada K, Kenkyusho KK. JA Patent 7 245 172-R; 1972.

[41] Rhyner P, Illy H. CH Patent 341 248; 1959.

[42] Dorsch HL, Raue R. DE Patent 2 228 147 A1; 1973.

[43] Hohmann K, Mohr R, Hahnke M. US Patent 4,046,752; 1977.
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