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Abstract: Four new ‘upper rim’ azocalix[4]resorcinarene have been synthesized
by coupling calix[4]resorcinarene with different diazotized aromatic compounds
of sulphanilic acid, anthranilic acid, o-aminophenol, and p-aminobenzoic acid.
The prepared compounds were characterized based on m.p., elemental analysis,
FT-IR, 'H-NMR. These dyes have been used for the dyeing of textile fibres like
cotton and wool. Their fastness properties such as fastness to sunlight, water,
washings, and perspiration have also been studied. The synthesized dyes have
been employed for computerized colour strength determination through colour
matching with known standards. Their L, A*, B* values as well as the colour
difference values such as AL, AA*, AB*, AC, and AH have also been reported.
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Introduction

Dyes'™ and pigments are chemical components that are responsible for much of the colour
in the natural world and which are added to manufactured goods such as textiles, and
foodstuffs to generate a desired colour. Unlike pigments, dyes are soluble in the medium in
which they are applied and hence are absorbed to a certain extent by the material. There
have been very few reports wherein macrocycles such as crown ethers and calixarenes have
been used as components for the preparation of azo dyes. Calix[n]arenas have been mostly
reported as the coupling component for various diazotized aromatic amines*® while amino
crown ether has been used as the diazo component’.
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Calix[4]resorcinarene® are analogues of calixarenes, possessing two hydroxy groups on
benzene rings at extra annular position forming a macrocycle. Calix[4]resorcinarene are
synthesized by the acid-catalyzed cyclocondensation of resorcinol with various aliphatic or
aromatic aldehydes’'?. They have found application as macrocyclic receptor, as dendrimers
in biological systems, nano-capsule, nano- particales, opticalchemosensors, supramolecular
tectons, host molecules, as components in liquid crystals, photo resists, selective
membranes, surface reforming agents, HPLC stationary phase, as ion channel mimics and
metal ion extraction agents'>°. However, no work has been reported wherein derivatives of
calix[4]resorcinarene have been used as the active coloring materials.

Hence, in the present work we are reporting four azocalix[4]resorcinarene derived from
coupling of diazonium salt of sulphanilic acid, anthranilic acid, o-aminophenol, and
p-aminobenzoic acid with calix[4]resorcinarene, with an aim of studying the dyeing
potential of azocalix[4]resorcinarene on textile fibers like cotton and wool.

Experimental

Chemicals and reagents

All the chemicals used were of analytical reagent grade of BDH, E-Merck or Qualigens
unless otherwise specified.

Instrumentation

Melting points were taken in a single capillary tube using a Veego melting point (Model:
VMP-DS, India) apparatus and were uncorrected. Elemental analysis was carried out on
Perkin Elmer, Series II, 2400 elemental analyzer. IR spectra were recorded on Bruker tensor
27 Infrared spectrophotometer as KBr pellets and expressed in cm™. '"HNMR spectra were
recorded in DMSO-d¢ on a Bruker ARX 500 instrument, using tetramethylsilane as internal
standard. Electronic spectra were recorded on Jasco V-570 UV-visible spectrophotometer.
The colour matching spectra were recorded on “Mac beth Colour Eye” spectrophotometer,
with attached computer system.

Synthesis

Calix[4]resorcinarenes was synthesized as described by a previously reported method”® *’.

Synthesis of calix[4]resorcinarene dyes (1-4)

Diazotization of the various amines was effected with NaNO, and HCI. A typical procedure
is described below for Sulphanilic acid (I). Anthranilic acid based azocalix[4]resorcinarene (II),
o-aminophenol based azocalix[4]resorcinarene (III), and p-amino benzoic acid based
azocalix[4]resorcinarene (IV) were obtain using same method in 60-70% yield. The purified
compound were obtained after column chromatography and then characterized.

Calix[4]resorcinarene-sulphanilic acid dye 1(4-{[4,6,10,12,16,18,22,24-octahydroxy-
2,8,14,20-tetramethyl-11,17,23-tris[ (4-sulphophenyl) diazenyl]pentacyclo [19.3.1.1°".
1°5. 1% Joctacosa-1(25),3,5,7(28),9,11,13(27),15,17,19(26),21,23-dodecaene-5-yl]
diazenyl} benzene sulphonic acid)

Sulphanilic acid (1.43 g, 0.0083 M) and 2 mL conc. HCI were added to 15 mL of water and
the resulting solution was cooled to 0°C. Then a solution of NaNO, (0.6 g, 0.0087 M) in 10
mL of water was added drop wise at such a rate to maintain the temperature below 5°C. The
resulting mixture was slowly added to a solution of calix[4]resorcinarene (1g, 0.0018 M)
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and sodium hydroxide (0.8g, 0.02 M) in 20 mL of water at 0-5°C. The reaction mixture was
stirred for 2-4h at the same temperature, and the product was obtained by salting out with
sodium chloride in 60-70 % yield.

Dark brown powder; m.p. > 300° C; Ay 425 nm in DMF; IR (KBr) 3431.73 (-OH),
1598 (-N=N-), 834 (Ar-S) cm™; '"H NMR (DMSO-dg) & 1.63 ppm (d, 12H, CHCH3), § 5.01
ppm (q, 4H, CHCH3), & 7.48-8.03 ppm (m, ArH), 8.34 (s, 12H, OH). Anal. calcd. for
Cs6Hs020NsS4: C, 52.49; H, 3.78; N, 8.75. Found: C, 52.40; H, 3.75; N, 8.70.

Calix[4] resorcinarene-anthranilic acid dye Il (2-{[11,17,23-tris[(2-carboxyphenyl)
diazenyl]4,6,10,12,16,18,22,2  4-octahydroxy-2,8,  14,20-tetramethylpentacyclo
[19.3.1.1°7.1°P. 1] octacosa-1(25),3,5,7(28),9, 11,13(27),15,17,19(26),21,23-
dodecaene-5-yl] diazenyl}benzoic acid)

Brown powder; m.p. > 300° C; Ay 431 nm in DMF; IR (KBr) 3467.38 (OH), 1534.06
(-N=N-), 1631.48 (C=0) cm™; 'H NMR (DMSO-d¢) & 1.65 ppm (d, 12H, CHCH3), 5 4.98
ppm (q, 4H, CHCHj), 8 7.48-8.43 ppm (m, ArH), 8.92 ppm (s, 12 H, OH). Anal. calcd. for
CeoHus016Ng: C, 63.38: H, 4.25; N, 9.85. Found: C, 63.32; H, 4.21; N, 9.79.

Calix[4]resorcinarene-o-aminophenol dye Il 5,11, 17,23-tetrakis[(2-hydroxyphenyl)
diazenyl]-2,8,14,20-tetra methyl-pentacyclo [ 19.3.1.1°7. 15 117 Joctacosa-1(25),3,5,
7(28),9,11,13(27),15,17, 19(26),21,23-dodecaene- 4,6,10,12,16,18,22,24-octol

Reddish brown powder; m.p.> 300° C; Ay, 440 nm in DMF; IR (KBr) 3429.78 (Ar-OH),
1607.38 (-N=N-) cm™; 'H NMR (DMSO-dg) § 1.65 ppm (d, 12H, CHCH;), & 4.88 ppm (g,
CHCH3), 6 7.1-8.0 ppm (m, ArH), & 10.12 ppm (s, 12H OH). Anal. calcd. for CsgHyg0,,Ns: C,
65.62; H, 4.72; N, 10.93. Found: C, 65.42; H, 4.71; N, 10.89.

Calix [4] resorcinarene-p-aminobenzoicacid dye IV (4-{[11,17,23-tris[(4-carboxy
phenyl) diazenyl]4,6,10,12,16,18,22,24-octa hydroxy-2,8,14,20-tetramethyl
pentacyclo [19.3.1.1°7.1°7. 1] octacosa-1 (25),3,5,7(28),9, 11,13(27),15,17,
19(26),21,23-dodecaene-5-yl] diazenyl}benzoic acid)

Brown powder; m.p.> 300° C; Ay 435 nm in DMF; IR (KBr) 3410.49 (Ar-OH), 1517.02
(-N=N-), 1637.27 cm’; '"H NMR (DMSO-dg) 6 1.65 ppm (d, 12H CHCHj3), 8 4.96 ppm
(q, 4H, CHCH3), 6 7.8-8.5 ppm (m, ArH), 9.02 ppm (s, 12H, OH). Anal. caled. for
CeoH4gO16Ng: C, 63.38; H, 4.25; N, 9.85. Found: C, 63.32; H, 4.21; N, 9.79.

Fastness studies and colour matching of dye samples

Scouring of fibres

2.0 g Caustic soda and 2.0 g common detergent in 200 mL water were mixed and 3.5 g
fibres hanks were added. The mixture was boiled for 3h, and then cooled and the hank was
washed thoroughly with water to remove the adhered caustic soda and detergent completely.

Dyeing of fibres
0.25 g Calix[4]resorcinarene dyes was added in 35 mL water and the solution was heated to
50°C. The scoured 3.5 g fibres hanks were then added and the dyeing bath was maintained at

90°C for 30 min. It was then cooled to room temperature and 1.0 g of common salt was added.
The dyed hanks were then removed and rinsed with cold water and dried.
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Fastness to water

Dyed and undyed specimens were immersed in water for 30 min, drained, and placed in a
perspirometer. The change in colour of the dyed cloth and the staining of the undyed cloths
are assessed be means of the standard grey scale.

Fastness of washing

The test specimen was cut into two parts. One part along with undyed cotton or wool was
then added to 0.5% common detergent solution in water at 40°C — 45°C. The solution was
agitated for 30 min. The specimen was removed, rinsed with water, and then dried by
pressing with iron. Change in colour of the dyed specimen and degree of staining of the
undyed specimen was assessed by standard gray scale.

Fastness to perspiration

Since human perspiration can be acidic or alkaline, both acid and alkaline solutions have to be
used for the test. The acidic condition is simulated by preparing a solution containing 10 g
sodium chloride, 1.0 g disodium hydrogen phosphate, and 1.0 g lactic acid per liter. The
alkaline condition is provided by a solution containing 10 g sodium chloride, 1.0 g disodium
hydrogen phosphate, and 4.0 g ammonium carbonate per liter. The tests were carried out in dry
atmosphere at 38 — 40°C in glass test tubes. The test specimen was made up by taking a piece
of the dyed knitted yarn and rolled with the undyed knitted yarn in such a way that the roll just
fits the bore of the test tube. The test specimen were thoroughly wetted with the acid solution
and then inserted in different glass test tube, so that one-third of the roll projects outside. The
four tests correspond to grades 1 to 4 and differ only in the time of treatment i.e. 40 min, 2, 6
and 16h. The change in colour of the dyed yarn and the degree of staining of the undyed yarn
is assessed visually. A similar test is performed with the alkaline solution also.

Fastness to light

The dyed specimen along with standard was exposed to xenotest in which half of the dyed
material was kept unexposed to light. The system was allowed to stand in the light for 10h.
The specimen was then taken away and the exposed site was compared with unexposed site
along with standards.

Colour matching of dye samples

The colour and percentage strength of the dye samples were evaluated by matching
reflectance measurements (colour matching system)™. A chromaticity curve was obtained,
and with the help of the computer, their L, A, B values and colour difference values such as
AL, AA, AB, AC, AH, the total colour and the percentage strength were evaluated.

Results and Discussion

Synthesis and characterizations

In this work, 4 new azo compounds were synthesized by coupling of diazonium salt of
sulphanilic acid, anthranilic acid, o-aminophenol, and p-aminobenzoic acid with
calix[4]resorcinarene. These compounds (I-IV) are shown in scheme 1, were obtained in
quantitative yield.

These compounds were characterized using FT-IR, 'HNMR, and elemental analysis.
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The FT — IR Spectra of all compound I-IV showed a weak band within the range 3500-
3400 cm™ corresponding to —OH, while the other stretching vibration of the N=N group in
the range1610-1515 cm™ was masked by the intense bands due to ring vibration.

The '"H-NMR (DMSO-dg) spectrum showed a doublet at 1.65 ppm for (-CH3), a quartert
at 5.0-4.8 ppm for (-CH), a multiplet from 7.0-8.5 ppm for aromatic protons (ArH), a singlet
at 8.3-10.2 ppm for (-OH).

Dyeing of fibres

The structural and physical properties of the calix[4]resorcinarene-dyes I to IV , reveals that
they may be classified as “Direct dyes” for the dyeing of cotton and wool fibres. Direct dyes
are often known as “Salt dyes” since common salt or glauber’s salt is generally added to the
dye for exhaustion. It is generally seen that direct dyes on cotton, have poor fastness to
washing and light, however the washing and light fastness can be somewhat improved by
various after-treatments on the fibres®.

All after-treatment processes increases the expenditure, time, labor, material, and makes
the process disadvantageous over other dyeing process, i.e., vat dye, mordant dye, azoic dye
etc. It has been seen that the synthesized calix[4]resorcinarene-dyes I to IV, have good
fastness towards washing and light for dyeing cotton and wool fibres without the use of any
after-treatment method.

Effect of dyestuff concentrations

The behaviour of varying dye concentration was studied on the dyeing of the fibre. The
results (Figure 1) showed that with the increase in dye concentration from 0.2 to 0.4% there
was an increase in reflectance on the fibres, which suggest the greater availability of
dyestuff in solution and its penetration into the fibrous material™.
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Figure 1. Effect of concentration of dyes on fibres
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Effect of salt concentration

The effect of varying the concentration of salt (1.0 to 5.0%) was assessed for the dyed
fabrics. The results showed that 3.0 to 5.0% concentration of salt did not have much effect
on the reflectance intensity of the fibre (Figure 2).
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Figure 2. Effect of salt concentration on the dyed fibres
Effect of pH

The cotton fibres were dyed at various pH between 3-10.5 and its effect was studied by the
reflectance measurements. The data showed (Figure 3) that at a lower pH the dyeing was
incomplete, however, the maximum reflectance value was achieved between pH 6.5 and 8
but beyond pH 8, the dyeing capacity decreased gradually.
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Figure 3. Effect of pH on the dyed fibres
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Fastness studies

Fastness to all other agencies e.g. washing, perspiration efc. is assessed on scale of 5. The
change in colour is assessed by visual examination, with reference to five pairs of grey dyed
cloths, each pair representing a visual difference and contrast.

The light fastness of dyeing on the cotton was of the level 5-6. For other fastness tests, a
specimen of dyed fabric was kept in intimate contact with an undyed specimen of the same or
a different fabric and was subjected on the laboratory test. In all cases the change in colour of
the dyed specimen and the staining of the undyed textile was assessed visually using the
standard grey scale. The results show that fastness to water, washing, acidic, and alkaline
perspiration were at the level 3-5, indicating very slight alteration in the shade or lose in depth
of the dye. Same, in the case of staining this was of level 3 to 5 as shown in Table 1 Therefore,
the calix[4]resorcinarene-dyes could be considered as good candidate for dyeing cotton and
wool fibres, due to their easy process of dyeing and normal to high value of fastness.

Table 1. Fastness of the Synthesized Dyes on Cotton and Wool Fibres

Acid Alkaline Light

Calix[4]resorcinarene- Water Washing Perspiration Perspiration Fastness

dyes b ¢ b ¢ a b ¢ a b ¢

a a
I 4 4 4 4 34 4 4 4 4 4 4 4 5
! 4 4 4 4 34 4 4 4 4 4 4 4 5
11 4 4545 4 4 4 4 4545 4 4545 56
v 4 4 45 4 4 45 4 45 4 4 4545 56

a: Alteration in shade of dyed fabric; 5 to 1 : Shade unaltered to shade very much altered.
b: Degree of staining cotton ; 5 to 1 : No staining to very deep staining of adjacent white.
c: Degree of staining wool ; 5 to 1 : No staining to very deep staining of adjacent white.
Light fastness is assessed in the scale of 8 to 1: Best to Poor.

Computerized colour matching

The samples were evaluated with the ‘Mac beth Colour Eye’ computer colour matching system
with illuminants Dgs with 10° observer. The results on colour coordinates of the samples are
given in Table 2, 3. Taking the various reactive dyes as standard, the reflectance measurements
were made. The standard was selected on the basis of maximum match shade with the
synthesized dyes. It should not be difficult to visualize the appearance of shade and draw some
meaningful interference from the L, C and H specification of the colour. The hue angle tells us
about the colour itself i.e. whether the colour is yellow, green, red, purple, or blue. The chroma
tells us about the purity of the colour, while the colour (light or dark) is reflected by the value L.
The results showed that AL value were negative for dye I and III on cotton fibre and dye I and II
on wool fibre, which suggests that these compounds are darker then the standard taken against
them. The chroma value (AC) was negative for all except dye II on cotton fibre as well as wool
fibre, with duller effect, which suggests the leasing effect of these dyes

It can be further seen how L, A, B, C, H colour specifications are able to define any
colour in a meaningful manner, which is very easy to understand, compared to the
trichromatic coordinate.



Table 2. Colour Coordinate values for calix[4]resorcinarene-dyes on cotton fibre

Compd.

No L* A* B* C* H AL AA AB AC AH AE % strength
I 73.30 4.19 22.135 22.528 79.249 -0.056 -0.127 -0.14 -0.161  0.098 0.197 100.23
(73.356) (4.317)  (22.275) (22.689)  (79.00)
II 52.794 25.495 49.401 55.592 62.677 0.060 0.079  0.175 0.192  0.010 0.201 98.74
(52.734) (25.416) (49.226) (55.40) (62.667)
III 67.776 8.739 29.655 30.916 73.551 -0.018 0.028 -0.074  -0.063 - 0.081 99.86
(67.794) (8.711)  (29.729) (30.979) (73.639) 0.048
v 60.057 10.137 19.909 22.341 62.991 0.046 -0.210 -0.088 -0.018 0.227 0.232 99.85
(60.011) (10.347) (19.820) (22.359) (62.409)
Table 3. Colour coordinate values for calix[4]resorcinarene-dyes on wool fibre
C(;\Impd' L* A* B C* H AL AA  AB  AC AH AE %
0. strength
73.128 4.224 22.22 22.618 79.205
1 (73356)  (4317)  (22.275) (22.689)  (79.00) -0.2208 -0.093 -0.055 -0.072 0.081 0.252 98.67
52.362 25.616 49.343 55.596 62.539
11 (52734)  (25416) (49.226) (5540)  (62.667) -0.372  0.200 0.117 0.196 -0.124 0.434 95.58
68.092 8.645 29.523 30.763 73.649
11T (67.794)  (8711) (29729) (30.979) (73.639) 0.298 -0.066 -0.206 -0.216 0.005 0.368 102.5
60.283 10.096 19.871 22.289 63.041
v 60.011) (10347) (19.820) (22.359)  (62.409) 0.272  -0.251 0.050 -0.070 0.246 0.373 101.501

P01
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Conclusion

Diazo-coupling reactions are shown in Scheme 1. This pathway is the most convenient to
give the best yield of diazo-coupling calixresorcinarene compound. We studied the diazo-
coupling reaction of calix[4]resorcinarene with sulphanilic acid, anthranilic acid,
o-aminophenol, and p-aminobenzoic acid

The newly synthesized calix[4]resorcinarene based azo dyes were studied for their
fastness towards various agencies like light, washing, perspiration etc on cotton and wool
fibres. These dyes have shown good fastness properties and the dyeing process was found to
be easy, requiring no after treatment processes. Further studies are underway to explore the
complexation properties of these dyes with transition metal ions and rare earths in solution
as well as in solid state.

NH, N=NCI
R, R,
NaNO,+ HCI
—_—
0-5°C
R, 2

Amino Derivative

) R,=H; R, = SO,H
Il) R, = COOH; R,=H
MR,=OH; R,=H
IV) R, = H; R, = COOH

R\

Dye | calix[4]resorcinarene-sulphanilic acid dye

Dye Il calix[4]resorcinarene-anthranilic acid dye N
Dye lll calix[4]resorcinarene-o-aminophenol dye I
Dye IV calix[4]resorcinarene-p-aminobenzoic acid dye N

RZ
calix[4]resorcinarene-dyes

Scheme 1. Synthetic route for calyx[4]resorcinarene -dyes
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