Disazo symmetrical stilbene dyes. Synthesis and colour evaluation.

MARIA E. GRAD,"* GEORGETA M. SIMU?, SIMONA G. MUNTEAN'
YInstitute of Chemistry Timisoara of the Romanian Academy, B-dul Mihai Viteazul 24,
RO-300223 Timisoara, Romania
University of Medicine and Pharmacy Victor Babes Timisoara, Faculty of Pharmacy,
Piata Eftimie Murgu 2-4, RO-30003 Timisoara, Romania

*e-mail : marilena_grad@yahoo.com

The synthesis of two new symmetrical disazo direct dyes containing 4,4'-diaminostilbene-
2,2'disulphonic acid as middle component and 3-chlorosalicylanilide and 4-chlorosalicylanilide as
coupling components are presented. The synthesized dyes were analyzed by thin layer
chromatography (TLC), electronic spectra (VIS) and HPLC technique. Their structures were
elucidated by FT/IR and **C-NMR spectroscopy. The CIELAB (1976) colour space was used in all
the colour measurements for the two disazo stilbene dyes under the CIE recommended illuminants:
D65 (natural day light), A (tungsten light), F2 (fluorescent light) and the standard 10° observer
respectively. The colour difference (1Eab") was calculated against one standard.
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Introduction

Azo dyestuffs are considered to be one of the largest chemical groups of dyes
presently in existence and their success is due to simple synthetic procedures involved, the
great structural diversity of available compounds, generally high molar extinction coefficients
and medium to high fastness properties with respect to both light and wetness.*

There are several ways for describing in scientific terms the characteristics of a
particular colour. When colour is assessed on the basis of reflectance measurements, it is
common to consider the three relevant attributes of perception of colour as hue, chroma and
lightness. Nowadays, the mathematical approaches which make use of the concept of colour
space for colour measurement and specification are well known. In one of the most important
of these approaches, the CIELAB equation for the measurement of colour differences makes

use of the visually uniform LAB space.??



In this work, the synthesis, the physicochemical properties and the colorimetric
evaluation of two new disazo direct dyes with symmetrical structure derived from 4,4'-
diaminostilbene-2,2'-disulphonic acid, an accessible, non-carcinogenic middle component *’
are presented.

Results and discussion
The synthesis of the dye with structures shown in scheme 1 involved the bis—diazotization of

4,4'-diaminostilbene-2,2'-disulphonic acid and the coupling reactions of the resultant bis—
diazonium salt with 3-chlorosalicylanilide and 4-chlorosalicylanilide as coupling components in a

Ar —N—N—QCH—CH—Q»N—N—N
SO;H HO,S

where the couplings components Ar for the azo-stilbene dyes are; 1 (for dye I); 2 (for dye

1n);

1:2 molar ratio.
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Structure of the azo-stilbene dyes I and 11 (the atoms position for **C-NMR spectrum)
The bis-diazotization of 4,4'-diaminostilbene-2,2'disulphonic acid was carried out by
the direct method, in a HCI aqueous solution and the resulting bis-diazonium salt was
separated by filtration for the complete removal of the salts, unlike the well known method.®
In the azo coupling reaction, the diazonium ions formed during diazotization give rise to azo
compounds in an electrophilic aromatic substitution. As diazonium ions are relatively weak
electrophilic reagents, the phenolate ion (Ar-O’) and the free amine (Ar-NH;) react more easy

as coupling components than free phenol (Ar-OH) and the ammonium ion (Ar-NH5 *).* In



this regard the coupling reactions were performed in an alkaline aqueous medium (pH around
8), in presence of Na,COg at a temperature around 10°C. It was found that the direct adding of
the alkaline solutions coupling components (3-chlorosalicylanilide and 4-chlorosalicylanilide) to
the acid suspension of the bis-diazonium salt of 4,4'-diaminostilbene-2,2'-disulphonic acid
was optimum for the dye's | and Il synthesis. In the coupling step with the above mentioned
amides of the salicylic acid, a 3% excess of them was used. The reaction time was about 2.5
h. The progress of the coupling reactions was monitored in the usual way and by TLC, when
the formation of the coupled compounds was examined. The dyes were purified by
recrystallization from dioxane:pyridine 90:10 (v:v). This mixture was selected according to
the lower solubility of the basic dominant product in dioxane as compared to the higher one
in pyridine, at high temperatures.

The synthesized disazo dyes were obtained in 80-82% yield and were characterized
by means of TLC, VIS, FT/IR , **C-NMR, spectroscopy and HPLC technique.

As shown in the experimental part, the FT/IR and **C-NMR spectroscopy data agree
well with dyes' s chemical structures.

The VIS absorption spectra of dyes | and 11 present quite similar absorbance values

(458-470nm), according to their related chemical structures.

The chromatographic study was carried out in different elution conditions: absolute
methanol, methanol-water 90%; 85% (v/v) and flow rate ranging from 0.75-1 of mL/min. As
presented in experimental part, the chromatographic separation reveals the presence of a
single dominant product for the three synthesized dyes (I and Il). The obtained results by
means of two distinct analysis methods (spectroscopic and chromatographic), show

unsignificant differences.

Dye (I):

TLC (silicagel plates 60254, iso—propanol:methyl—ethyl ketone:ammonia 25%=4:3:5.5
(v:viv)) (Rp): 0.74;

VIS (50% aqueous MeOH) (Amax/nm, (¢/L mol™ cm™)): 466 (26750);

IR (KBr, cm™): 3412 (stretching of ~OH group), 1639(C=0 stretching of -CO—NHgroup),
1539( 1l amide band), 1231( Il amide band), 679(-NH deformating of secondary amide),
1188(S0O, asym. stretching of —SO3H group ), 1072(SO, sym. stretching of —-SO3H group),
1300(-OH deformating of -OH group), 912,832,776,747(CH-deformating of aromatic ring),
554,449 (skeletal deformating of aromatic ring);



BC-NMR (100MHz, (CDs),SO, 8/ppm): 124.45(Cy), 137.25(Cy), 126.74(Cs), 123.74(Cy),
150.18(Cs), 120.41(Ce), 139.64(C;), 146.82(Cy), 126.31(Cy), 117.21(Cs), 158.09(C.),
119.34(Cs), 119.82(Cs), 166.22(C7), 133.71(Cg), 120.21(Cg), 130.40 (Cig), 124.01(Cir),
133.06 (C12);

HPLC (C18, 83% aqueous MeOH, isocratic elution, flow rate: 0.9mL/min) (A/nm,
(tr/min)):466 (1.40)

Dye (11):

TLC (silicagel plates 66254, iso—propanol:methyl—ethyl ketone:ammonia 25%=4:3:4.5
(v:viv)) (RT): 0.62;

VIS (50% aqueous MeOH) (Amax/nm, (¢/L mol™* cm')): 470 (31231);

IR (KBr, cm™): 3432 (stretching of —OH group), 1635(C=0 stretching of -CO—-NHgroup),
1550( Il amide band), 1240( Il amide band), 700(-NH deformating of secondary amide),
1180(SO, asym. stretching of —SO3H group ), 1076(SO, sym. stretching of —-SO3H group),
1336(-OH deformating of -OH group), 824(CH-deformating of aromatic ring), 520,485,476
(skeletal deformating of aromatic ring)

B3C-NMR (100MHz, (CD3),SO, &/ppm): 125.20(C;), 136.96(C;), 127.79(Cs), 123.21(Cy),
150.73Cs), 121.38(Ce), 138.11(C;), 145.99(Cy), 126.57(Cz), 117.11(Cs), 158.02(Cs),
119.11(Cs), 119.66(Cg), 166.13(C7), 133.71(Cg), 122.32(Cy), 128.57(Cip), 129.12(C11);
HPLC (C18, 83% aqueous MeOH, isocratic elution; flow rate: 1mL/min) (A/nm, tg/min))
:471 (1.55)

CIE 1976 (L*, a*, b*) or CIELAB colour space provides a three-dimensional
representation for the perception of colour stimuli.*"** Because the human retina has three
types of colour photoreceptor, three numerical components are necessary and sufficient to
describe a colour, providing that appropriate spectral weighting functions are used.

The description of colour is based on the interaction of three elements: illuminant,
object, and observer. Illuminants are normally specified in terms of the relative energy
tabulated for each wavelength or wavelength band. The reflectance spectrum of a coloured
sample can be used, in conjunction with the CIE standard observer function and the relative
spectral energy distribution of an illuminant, to calculate the CIE XYZ tristimulus values for
that sample under that illuminant. It is well known that in the CIELAB colour space each
colour has an unique location defined by its cartesian co-ordinates with respect to the axes
L*, a*, and b* (obtained from the tristimulus values according to the CIE 1976 equations,



where L* is the degree of lightness and covered a range from white (100) to black (0) along a
grey scale, a* is the degree of redness and greenness and b* is the degree of yellowness and
blueness). The polar parameters of colour which closely match the visual experience are the
chroma (C*) which represents the saturation of the colour and the hue angle (h°) which
express the hue colour. CIELAB colour difference (AEab*) is based on the Euclidian distance
between two colours represented in the CIE 1976 CIELAB uniform colour space'® The
colour analysis results are shown in table I for dye I, and in table 11 for the dye 11

Table I The spectrophotometric data of the direct dye (1) obtained by using D65, A, F2

illuminants and 10° observer

A A A, Az A
Hluminant Stand. 2%dye 5%dye 8%dye 15%dye
L* 95.20 79.06 73.39 71.10 65.49
a* 0.12 19.02 24.00 24.42 25.65
b* 4.02 2421 33.45 36.88 38.23
D65 X 83.59 59.78 52.01 48.49 40.60
88.10 55.03 45.76 42.34 34.66
z 88.71 36.56 23.57 19.51 14.34
c* 4.02 30.78 4117 44.23 46.04
ho 154 0.90 0.95 0.99 0.98
AEab* 32.02 43.73 47.44 52.01
L* 95.50 82.65 77.82 75.67 70.17
a* 1.23 20.48 26.31 26.87 28.14
b* 4.03 30.27 41.05 44.20 45.55
X 99.47 78.73 71.04 66.82 56.73
A 88.82 61.51 52.90 49.35 41.00
29.34 12.03 7.74 6.49 481
c* 421 36.55 48.75 51.73 53.55
ho 1.28 0.98 1.00 1.02 1.02
AEab* 34.99 48.09 51.63 55.59
L* 95.42 81.08 75.24 73.74 68.28
a* 0.13 12.71 16.13 16.60 17.25
b* 4.27 28.12 38.71 42.72 43.52
X 91.59 66.23 56.69 54.24 45.53
F2 88.61 58.62 48.66 46.29 38.36
57.17 23.30 14.39 12.12 9.10
c* 4.27 30.86 41.93 45.83 46.81
he 154 1.15 1.18 1.20 1.19
AEab* 30.54 43.00 47.11 50.69




Table Il The spectrophotometric data of the direct dye (I1) obtained by using D65, A, F2

illuminants and 10° observer

A A A, As Ay
Illuminant Stand. 2%dye 5%dye 8%dye 15%dye
L* 95.20 77.97 75.95 70.65 66.59
a* 0.12 15.72 18.88 23.57 24.80
b* 4.02 22.82 27.13 34.06 35.26
D65 X 83.59 56.50 54.30 47.48 41.88
88.10 53.16 49.81 41.67 36.09
z 88.71 36.17 30.44 20.57 16.49
Cc* 4.02 27.71 33.06 41.43 43.11
h* 154 0.97 0.96 0.97 0.96
AEab* 29.90 35.45 45.34 49.03
L* 95.50 81.09 79.77 75.29 71.09
a* 1.23 17.90 20.79 25.55 27.12
b* 4.03 28.47 33.25 41.37 42.81
99.47 73.89 72.48 65.43 57.98
A Y 88.82 58.63 56.28 48.75 42.31
z 29.34 11.80 10.09 6.87 5.44
c* 421 33.63 39.21 48.63 50.68
h° 1.28 1.01 1.01 1.02 1.01
AEab* 32.91 38.52 48.94 52.64
L* 95.42 80.20 78.68 73.76 69.47
a* 0.13 10.36 12.79 15.79 16.77
b* 4.27 26.88 31.52 39.27 40.45
91.59 63.43 61.60 53.95 47.21
P Y 88.61 57.04 54.38 46.33 40.00
V4 57.17 23.17 19.72 13.29 10.54
Cc* 4.27 28.81 34.02 42.32 43.79
h° 154 1.20 1.19 1.19 1.18
AEab* 29.11 34.39 44.03 47.53

The lightness (L*) values of the dyes in the white pigment mixture show an indirect
proportionality to the dyes concentrations. The increased values of a* and b* reflect a colour
simultaneous shifting of the dyes both to red and to yellow. At the same time, the hue angle
values (h°), which express better the colour hue modifications suggest a redder colour for the
dye | (obtained using 4,4'-diaminostilbene-2,2'-disulphonic acid as middle component and 3-
chlorosalicylanilide as coupling component) compared to dye Il. Regarding the dye I, increased

values of the chroma (C*) and the colour difference (AE") are recorded. The results shown in



tables I and 11 indicate different colour characteristics under the influence of daylight (D65),

tungsten light (A), and fluorescent light (F2) illuminants (metamerism).

Materials and Methods

The chemicals employed in this study as p.a. commercial products were provided by AcrOs
Organic Co, Lachema Co, S. C. Chimopar S. A., Fluka Co. Merck Co., S.C. Azur S.A. and
Monicolor S. A.

The thin layer chromatography (TLC) data were taken from silica gel (60F-254) plates
(Merck). The solvent system employed was: iso—propanol:methyl—ethyl ketone:ammonia
25%.

Electronic absorption spectra (VIS) of dyes in 50% aqueous MeOH solution (c=1.0x107
mol/dm®) were performed on a CECIL CE 7200 spectrophotometer in the range 306:800n m.
The HPLC study has been performed on a JASCO ensemble, using a diode-array UV-VIS
detector. The dyes’s purity was investigated using a C18 (25x0.46mm), Sum column and an
83% aqueous MeOH solution as mobile phase. The HPLC method consists of an isocratic
elution and a flow rate of 0.9-1mL/min.

The FT/IR spectra were recorded on a JASCO FT/HR200 spectrometer in the range 400 -
4000cm™.

The *C-NMR spectra were recorded as solution in DMSQ-d6 using a BRUKER AVANCE
DRX-400 spectrometer with tetramethylsilane (TMS) as the internal standard.

The colour parameters were measured using a MINOLTA 3200d spectrophotometer.
Synthesis of the dyes | and 11

A mixture of 1.95 g of 95% 4,4'-diaminostilbene- 2,2"-disulphonic acid (0.005 mol), 10 mL
distilled water and 30% NaOH aqueous solution was cooled to 5°C. Then, 3mL (0.03 mol) of
32% HCI were added to the mixture. The resulting suspension was bis-diazotised with 0.71 g
of 98% solid NaNO, (0.0101 mol) at 5°C and a pH value around 1. The mixture was
maintained under stirring for 1 hour for the completion of the diazotation reaction. Finally,
the excess of the nitrous acid was destroyed by urea. The obtained bis-diazonium salt was
filtered out and the precipitate was washed with distilled water. Thereafter, 2.86 g of 95%
coupling components (3-chlorosalicylanilide and 4-chlorosalicylanilide), (0.011 mol) were
dissolved in 10% NaOH aqueous solution and the previously obtained bis-diazonium salt was
suspended in 20 mL distilled water. The coupling reactions were carried out by direct treating

of the bis-diazonium salt suspensions with the alkaline solutions of the above mentioned



coupling components. The pH of the reaction mixture was maintained around 8 by periodic
addition of 10% Na,COs aqueous solution. The temperature did not exceed 10°C. The
coupling reactions were controlled in the conventional method (drop reaction with an alkaline
solution of 1-amino-8-naphtol-3,5-disulphonic acid (acid H) and with the diazonium salt of 4-
nitroaniline). After the complete addition of the alkaline solutions of the coupling
components, the mixtures were maintained under stirring for 2 hours for the completion of
the coupling reactions. The dyes were separated by precipitation from an acid solution
(pH=6-6.5) by addition of 10% HCI solution. The crude dyes were collected by filtration,
washed with dimethyl-ketone, methanol and dried. Thereafter, the dyes were purified by
recrystallization from dioxane:pyridine 90:10 (v:v).

Colour assessment

The samples were layed on a cellulosic substrate (wood) and were differentiated by the dyes
concentration and the titanium dioxide (P.W.6; C.l1. 77 891). Further details on the general
procedure may be found in reference.® The colour analysis was carried out by measuring the
CIELAB parameters for the CIE D65/10°, A/10° and F2/10° illuminant/observer conditions.
The hue angle (h°), and the chroma (C*) were derived from these values. The colour

difference (AEab*) was calculated confronted by one white standard\

Conclusions

Two new disazo symmetrical direct dyes containing 4,4’-diaminostilbene-2,2'-
disulphonic acid as middle component and 3-chlorosalicylanilide and 4-chlorosalicylanilide as
coupling components were synthesized and characterized.The spectroscopy data (VIS, FT/IR,
BC-NMR), the chromatographic data (TLC and HPLC) and the colour analysis data (CIELAB)
support explicitly the proposed related chemical structures for the synthesized dyes.

The colour differences (AEab”) calculated against one standard reveal a good

colouring power of the dyes I and Il in the white pigment mixture
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