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In this study, two 2-aminobenzothiazole derivatives were prepared by the mild
cyclization oxidation process at room temperature. The substituted anilines with
potassium thiocyanate were reacted with bromine in an acetic acid solvent. Then, 2-
aminobenzothiazole and these two synthesized amines were diazotized with nitrosyl
sulfuric acid. They are coupled with 5-chloro-8-hydroxy quinoline to prepare the
corresponding three heteroarylazo dyes. Their solvatochromism was evaluated in
different solvents. The effects of acid and base on the absorption maximum
wavelengths of the compounds were also studied. In each case, the isosbestic points
from the optical spectra indicate that the two species are in equilibrium. For all of the
compounds under investigation, the dependence of the absorbance on the pH value
gives sigmoid curves. The dyes' acidity constants (pKa) were also determined using
the spectrophotometric method in an ethanol-water mixture (80:20, v/v) at 20-23°C.
Besides, density functional theory (DFT) calculations were carried out to compare the
energies of the dyes' proposed azo and hydrazone tautomers.
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Table 1: Preparation of solutions with different pHs.
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Figure 1: The process of preparing 2-aminobenzothiazole derivatives.
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J=7.0 Hz), 6.45 (1H, d, J=4.0 Hz). MS found: [M] * 340.7,
C16HoCIN4OS; requires [M] * 340.02.

Dye(5): Red crystals (0.69 g, 72 %), mp: 168-172 °C. IR
(KBr); v cm™: 3397 (OH), 1587 (C=N), 1500 (N=N).'H NMR
(400 MHz, DMSO-ds); 6 ppm: 9.01 (1H, d, J=4.0 Hz), 8.46
(1H, d, J=8.0 Hz), 8.19 (1H, s), 7.98 (1H, s), 7.84 (1H, dd,
J=8.0, 4.0 Hz), 7.74 (1H, s). MS found: [M] * 407.9,
C16H7CIsN4OS; requires [M] * 407.94.
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2-Amino-6-ethoxybenzothiazole (1): white crystals (Yield:
30 %), Mp: 153-155 °C, FT-IR (KBr): v (cm™): 3443 and
3273 (NHz2), 3075(Aro.-H), 2954(Aliph.-H), 1635(C=N), 1258
(C-0), 'H NMR (400 MHz, DMSO-ds); 7.29(1H, d, J= 2.4
Hz), 7.232(1H,d, J= 8.8 Hz), 7.234 (2H, br, NH2), 6.80(1H,
dd, J=8.8, 2.4 Hz).

2- amino-4, 7-dicholrobenzothiazole (2): White solid (Yield:
80 %), Mp: 115-117 °C, FT-IR (KBr): v (cm™): 3388 and
3228 (NHz2), 3045 (Aro.-H), 1636(C=N), *H NMR (400 MHz,
DMSO-ds); & ppm: 7.75 (1H,s), 7.04 (1H, s), 6.38 (2H, br,
NH2).
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Dye (3): Violet crystals (0.45 g, 66%), mp: 88-91 °C. IR
(KBr); v cmt: 3350 (OH), 1636 (C=N), 1496(N=N), 1372(C-
0). 'HNMR (400 MHz, DMSO-ds); § ppm: & 9.33(1H, d,
J=4.0 Hz), 8.86 (1H, d, , J=8.0 Hz), 8.59 (1H, d, J=10.0 Hz),
8.27 (1H, d, J=3.0 Hz), 8.01 (1H, s), 7.94 (1H, dd, J=8.0, 4.0
Hz), 7.07 (1H, dd, J=10, 3.0 Hz), 2.52 (2H, q, J=6.5 Hz), 1.33
(3H, t, J= 6.5 Hz), MS found: [M] * 383.9, C1sH13CIN4O:S;
requires [M] *384.04.
Dye (4): Violet crystals (1.1 g, 76 %), mp: 156-160 °C. IR
(KBr); v cm™: 3450 (OH), 1631 (C=N), 1596 (N=N). 'HNMR
(500 MHz, DMSO-ds); 6 ppm: 8.77 (1H, d, J=4.0 Hz), 8.65

(1H,s), 8.17 (1H, d, , J=8.0 Hz), 7.73 (1H, d, J=7.0 Hz), 7.52
(1H, dd, J=8.0 , 4.0 Hz), 7.25 (1H, t, J=5.0 Hz), 7.10 (1H, t,
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Figure 2: tHNMR spectrum of compound 4,7-dichloro-2-aminobenzothiazole 2 in DMSO-ds at room temperature.
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Figure 3: The structures of synthesized dyes based on 5-chloro-8-hydroxy quinoline.
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Figure 4: FTIR spectrum of 7-(2-benzothiazolylazo)-5-chloro-8-hydroxyquinoline (dye 4).
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Table 2: Maximum absorption wavelength of the prepared dyes in different solvents in nm.

FOY ) 8- HFY FEY FAY OFY Yai FAY ¥
FFO FIA FE. FVO FFY O F fos b-Y FYE 5

H16 1HNMR in DMSO at 298 K 95/5/13

Current Data Parameters

NAHE Haghjou
e 25 ABI2YBRETZIRE8ND a9 EXPNO 8
o uwmo n o QUMD NDODUMIDN Y I ™~O o v
5 bwo== s 0 ONOCONDWOITMUNTM® o~ PROCNO 1
a cooco T < TmTOoCcOoDD@D®EN NN m m
oo oo @ @ L= = = B = B e e N ~ o~ F2 - Acquisition Parameters
Date_ 20160803
Time 11.27
INSTRUM spect
PROBHD 5 mm ONP  1H/1
PULPROG 2030
Cl " 0 32768
SOLVENT DHSO
C NS 16
bs 0
b S d SHH 10330.578 Hz
FIDRES 0.315264 Hz
a0 1.5860636 sec
—~ 4N N AG 456. 1
oW 4B.400 usec
N N ﬁg Cl d, eand f DE 6.00 usec
TE 298.0 K
OH S 0 5.00000000 sec
MCREST 0.00000000 sec
f MCHRK 0.01500000 sec
=== == CHANNEL f] =====m==
Cl c NuCY H
P1 10.50 usec
PLY -3.00 08
SFO3 500.1330885 MHz
F2 - Processing parameters
a sl 32768
C b SF 500.1300000 MHz
WOH EM
558 0
LB 0.30 Hz
68 0
M h -
—.«-—.—A-J_AAJ;___ 10 NMR plot parameters
cx 20.00 cm
cY 48.06 cm
F1p 9.337 ppm
= = s of |2 i) of |g F1 4669.69 Hz
§ 8 g 8 Uq‘ g : g Fop 6.974 ppm
3 o o 21 = ¥ | £2 34B7.94 Hz
S PPHCM 0.11814 ppm/cm
HZCH 59.08751 Hz/cm
1 0 ) T T 1 " T ety i T v s = i | i i e I
' 78
36! gles ;5 DMSO-ds ;5 0 oS 5 THNMR (ol b s
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Scheme 1: Azo and hydrazone structures of dyes 3-5.
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Figure 6: UV-vis absorption spectral changes of dyes 4(top), 5 (middle) and 5 (bottom) in various solvents.
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Table 3: Acidic dissociation constants and absorption maxima of prepared azo dyes in different pH values.
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Figure 10: The HOMO and LUMO distribution patterns of dyes 3 to 5.
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