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ABSTRACT

Some new disperse azo dyes based on Schiff base of ninhydrin and 4-amino phenol were
prepared by coupling of various diazo solution of benzene derivatives. The resultant dyes were
characterized by elemental analyses as well as IR and NMR spectral studies. The UV-Visible
spectral data have also been discussed in terms of structural property relationship. All the
disperse azo dyes were applied on polyester textile fibers. The percentage dye bath exhaustion
and fixation on the polyester fibers have been found to be very good. The dyied fabrics showed
moderate to very good light fastness and washing fastness properties.
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INTRODUCTION

The chemistry of ninhydrin has been studied extemgi Much of the work has been directed
toward the reaction of amines with ninhydrin[1,2yinhydrin is a triketo compound used in the
detection and estimation of amino acids. The readtetween ninhydrin and amino acids has
been studied extensively[3]. The glycine and nimhydeaction is an example of nucleophilic
addition of amino to carbonyl group and proceedsht formation of Schiff bases[4]. These
Schiff base may be having good biological actigitieecause ninhydrin is it self an important
reagent in bimolecular reaction. The area for sggithof azo dyes bases on these Schiff bases
has not been developed so far. Hence it was tooexphe studies of azo dyes based on these
Schiff base.

The present paper describes the synthesis of théf $ase(3) of ninhydrin (1) and 4-amino
phenol(2). Thus, Schiff bas€3) was synthesized as shown in the reaction schembelnext
stage, Schiff bas@) was coupled with the dizonium solution of vari@iematic amine$a-q)

to yield monoazo dye&ba-q). The resultant dyes were characterized by elerhantlyses as

78



P. S. Patd et al J. Chem. Pharm. Res,, 2010, 2(6):78-85

well as IR and NMR spectral studies. The UV-Visibfgectral data have also been discussed in
terms of structural property relationship. All thesperse azo dyes were applied on polyester
textile fibers.

EXPERIMENTAL SECTION

Ninhydrin and absolute ethanol, which were usedeveég A.R. grade. All the other chemicals
used were of laboratory grade and were furtherfipdrby crystallization. Melting points were
determined by the open capillary method and wereomwacted. The UV-Visible absorption
spectra were measured in dimethylformamide (DMF) @ SHIMADZU A-20
spectrophotometer. The UV-Visible spectra of aleslyvere obtained for solution (1.0 x™10
mg/ml) prepared. The C, H, N contents of all theedyvere estimated by Thermofinigan
Elemental analyzer (Italy). IR spectra were recdr@€Br disc) on a FTIR-8400 Shimadzu IR
spectrophotometetH NMR Spectra of all dyes were obtained on Brukemshield 300 MHz
spectrophotometer.

2-[(4-hydroxyphenyl)imino]-1H-indene-1,3(2H)-dione (3)
Schiff base containing C=N bond were synthesizedraling to the method of the various Schiff
base derivatives available in the literature[5-7].

The schiff base has been synthesized by addingttteolic solution of Ninhydrin (0.1 mole)

with ethanolic solution of 4-amino phenol (0.1 njole equimolar ratio. The reaction mixture
was then refluxed on a water bath for about 1-2rdolihe condensation product was filtered,
thoroughly washed with ethanol, re-crystallized amigd. TLC using silica gel monitored the
purity of the synthesized compounds. The yieldhaf product was 85% and the melting point
was 2206C

Synthesis of Azo dyes (5a-q)
Procedures for the synthesis of azo dyes from tijpe of phenols are well invented in the
literature[8-10].

Preparation of the Diazonium Solution (4a-q)

Amines (0.02 moldp-q) the mixture of concentrated hydrochloric acid awdter were
dissolved in a conical flask. A thermometer wasc@thin solution and the flask in a bath of
crushed ice. The solution was stirred until the gerature of the solution falls belowG
Dissolve Sodium nitrite (1.378 gm) in water (13.8.nt was cooled to @ with the help of the
ice bath. Then the sodium nitrite solution (2-3ané time) added gradually in to the cold aniline
hydrochloride solution, with good stringing. Themigerature was kept betweeft33C. The
reaction mixture shows the positive test of nitragsl on starch iodide paper. (i.e. blue colour is
obtained on the potassium iodide-starch paper).

Preparation of the Schiff base Solution

A solution of Schiff bas€3) (2-[(4-hydroxyphenyl)imino]-1H-indene-1,3(2H)-dien(3) (0.02
mole, 5.025 gm) in the solution of sodium hydrox{@e3 gm in 22.1 ml water) was prepared in a
250-ml beaker. The mixture was stirred for few nb@subecause Schiff base was dissolve
sodium hydroxide solution. Cool the solution f&€%y immersion in an ice bath.

Formation of thedye

Stir the Schiff bas€3) solution vigorously and add the diazonium salugoh very slowly,
maintaining the temperature betweeh50C. The mixture was then stirred for 1hr. 8t50C.
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After completion of the reaction, the precipitatess filtered, washed with water and dried to get
colored precipitates. When it was crystallized frabsolute ethanol. The yield of the dye was 60
to 80% and the melting point was uncorrected.

@)
|
|
O 4-aminophenol
Ninhydrin
4 A | -H,0 [2]

o -

2-[(4-hydroxyphenyl)imino]-1H-indene-1,3(2H)-dione
Schiff base

[3]

Ar-N=N'CI" [ 4a-q ]
Diazo salt of aryl amine

ll\ll—Ar
@) N
|
—N OH

Azodyes containing Schiff base

Where Ar = Benzene derivatives (Table No.)

Scheme-1. Synthesis of Azo dyes
Synthesis of the Schiff base (3)

The same procedure was used for the preparatidgesi(5a-q) using various aming®-q). The
whole process for the synthesis is shown in Scheniéie characterization data of dy@a-q)

are given in Table-1.
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Table 1. Physical data for azo dyes

Dye Coupling Yied M.P. Mol. Formul Elemental analysis: found(calcd.)

0 0
No. Component %) (O (Mol.Wt.) o 0% N %
5a  Aniline 68 113 G1H13N304(355.35) 70.9(70.98) 3.6(3.69) 11.7(11.88)
5b  4-nitro aniline 75 127 £H1.N405(400.34) 62.4(63.00) 2.8(3.02) 13.5(13.99)
5c  3-nitro aniline 68 132 £H1,N,05(400.34) 62.9(63.00) 3.0(3.02) 13.8(13.99)
5d  2-nitro aniline 70 116 £H1,N,05(400.34) 62.8(63.00) 2.9(3.02) 13.7(13.99)

5¢  4-bromo aniline 78 126 C21H12ByN;(434.24) 57.9(58.08) 2.7(2.79) 18.3(18.4D)
5 3-chloro aniline 62 102 C21H12CiNs(389.79) 64.6(64.71) 3.0(3.10) 10.7(10.78)
59 4-chloro aniline 60 128 C21H12CIN,(389.79) 64.6(64.71) 3.0(3.10) 10.7(10.78)

5h  4-amino phenol 70 208 28H13N304(371.34) 67.8(67.92) 3.5(3.53) 11.2(11.32)
5i 3-amino phenol 65 229 28H13N304(371.34) 67.8(67.92) 3.4(3.53) 11.2(11.32)
5j 2-amino phenol 60 198 28H13N304(371.34) 67.8(67.92) 3.4(3.53) 11.2(11.32)
5k 4-toludine 72 184 &H15N305(369.37) 71.5(71.54) 4.0(4.09) 11.3(11.38)
5l 3-toludine 68 190 &H15N305(369.37) 71.5(71.54) 4.0(4.09) 11.2(11.38)
5m  2-toludine 64 172 &H15N305(369.37) 71.5(71.54) 4.0(4.09) 11.3(11.38)
5n  4-anisidine 62 121 £H15N304(385.37) 68.5(68.57) 3.9(3.92) 10.8(10.9D)
50  3-anisidine 65 138 £5H15N304(385.37) 68.5(68.57) 3.8(3.92) 10.9(10.90)
5p  2-anisidine 70 112 £H15N304(385.37) 68.5(68.57) 3.8(3.92) 10.8(10.9D)

5q  a-napthyl amine 55 107  fH;N;04(404.40)  74.0(74.07) 3.7(3.73) 10.3(10.3b)

Dyeing of polyester fabric
Dyeing of polyester fabric was performed using @cpdure reported in the literature[11-13].

Pretreatment of Polyester: Polyester pattern (2.0 gm) was introduced into aatical flask
containing distilled water (100 ml). 2/3 portion thfe flask was immersed into a thermostate
bath. Temperature was raised and maintained’a€86r 10 minutes. The polyester pattern was
then taken out of the flask, squeezed very welkddand subsequently used for dyeing.

Preparation of Dye Bath: For 2% dyeing, a dye under study (40 mg) was dissbin possible
minimum quantity of miscible solvent like DMF. To 260 ml conical flask containing the
solution of dispersing agent (i.e.dodamal) 100 mglistilled water to obtain a fine aqueous
dispersion of the dye. The dye solution was thetheddvith continuous stirring into a dye pot
containing the solution of dispersing agent. Thalteolume of the solution in the dye bath was
100 ml. Thus, the MLR was maintained 1:50.

Dyeing: The dye bath was set at’8D and this temperature was maintained for 20 ragufhe
pretreated polyester fabric (2.0 gm) was introduotadl the dye bath. The temperature was then
raised up to 70C. The temperature from 7C to 136 C was raised within 1 hour at the rate of
1° C per 1 minute. Dyeing was carried out at thisgerature for 1 hour. After 1 hour, the dye
bath was cooled. The dyed polyester pattern wabkedaseveral times with cold water (100 ml).
This water was collected in a volumetric flask (2B containing DMF (40 ml). The combined
solution of the residual dye liquor collected frahe dye bath and washing water were then
diluted to 250 ml with water. After diluting 25 rof this solution was pipetted out for further
dilution to 50 ml with water. 1ml of this conseqtieolution was further diluted to 10 ml with
DMF. The absorbance of this diluted solution wassueed.
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Thus, the dyed polyester pattern was obtained.alt then rinsed and scoured in a detergent
solution (Lissapol, 100 ml, 0.2%) at %50 for 25 minutes. The dyes polyester fabric patteas
rinsed again and dried.

Colour fastness tests : Fastness to light was sextda accordance with BS:1006-1978. The
wash fastness was tested in accordance with ISL989-

Exhaustion and fixation: The percentage dye batmaestion and fixation of the dyed fabric
were calculated by known methds[14-16].

RESULTSAND DISCUSSION

(2-[(4-hydroxyphenyl)imino]-1H-indene-1,3(2H)-dien(3) has been synthesized by adding the
methanolic solution of ninhydrin and 4-amino phemokquimolar ratio. The reaction mixture
was the refluxed on a water bath for about 1-2 fiodmines (a-q) in the mixture of
concentrated hydrochloric acid and water were ¢issbthe solution was stirred until the
temperature of the solution falls belo® 6. Sodium nitrite solution was cooled t8 O and
added gradually in to the cold aniline hydrochlergblution with good stringing the temperature
was kept between °®° C. Thus, preparation of diazonium solutidda-q). (2-[(4-
hydroxyphenyl)imino]-1H-indene-1,3(2H)-dion€3) was dissolve sodium hydroxide solution.
Cool the solution to 5C. Stir the schiff bas€) solution vigorously and add the dizonium salt
solution (4a-q) very slowly, maintaining the temperature betwe®8%C. After completion of
the reaction, to get colored dyé=-q) precipitates.

Physical properties of dyes

All melting points are uncorrected. The dyes wastallized from absolute ethanol. The yield of
the dye was 60% to 80 %. The purity of the dyesewarecked by TLC using ethyl-benzene
(1:4) as the solvent system. When adsorbed onta slhromatography plates, the dyes produced
a single colour spot.

Infrared spectra

All the disperse azo dyes possess important clerstot functional groups like azo group (-
N=N-), Phenolic group (-OH), Ketones group (C=0O3hi# bases bond (-C=N-), and aromatic
nucleus etc.

Aromatic C—H stretching bands occur between 321893&1" in all the spectra. Phenolic (-
OH) group remains unchanged during the reactionh 6 these spectra is observed in the rang
of 3019-3098 cribroad band as the indication of presence of phewotiup (-O-H) in all there
disperse azo dyes. In the present study, the dispEzo dyes give an absorption band in the
region of 1514-1599 cihlt shows the presence of an azo group (-N=N-)aicheof the disperse
azo dyes molecules. Infrared spectra of all thpedise azo dyes, an absorption band is observed
in the region of 1605 to 1686 chalue to C=N (schiff base bond) in all the dyes.

The other noteworthy absorption bands that arersbden these spectra are stated below:
The bands around 1472 ¢nand 1346 cm observed due to —NQgroup for the5b, 5¢c and

5d.The band around 1284 &nobserved due to —NHgroup for the5h, 5i and 5j.The band
around 2812 chobserved in the spectra &f, 50 and5p dyes which might be due to -O-CH3

group.
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'H NMR spectra

Nuclear magnetic resonance (NMR) spectroscopy et value in the structural elucidation of
synthetic dyes than ultraviolet or infrared spestapy in terms of structural information derived
form the spectrum. These NMR spectra were takendyg Acetonitrile-g solvent. The delta
values are given in ppm. Observation of all thés&IMR spectra indicates that these spectra are
almost identical due to the fact that all contaignals for phenolic hydroxyl group (Ar-OH)
protons and aromatic protons. In 31 NMR spectra, a signal appeared n&at.93(5) t0
1.95(5) can be assigned to a proton of acetonfgikes a solvent[17-18].

Table 2. Colour shad, Amax NM, % Exha.,% Fixa.,Wash and Light fastness data

Dye Colour shade  Absorption log € Exha-  Fixa- Fastness properties
No. On polyester Amax NM ustion tion washing light
% %

5a Fawn Dream 398 1.8325 59.45  69.05 2 3
5b Yellow Charm 406 1.8751 56.65  78.02 3 4
5¢c Yellow Loris 413 1.9638 6145 74.73 3 4
5d Light Ochre 418 1.9912 5450  79.59 2 3
5e Brandy 402 1.5052 52.15  80.15 3 3
5f Grand Canyon 395 1.9138 63.33 77.02 2-3 3-4
5g Ginger Bread 380 1.4472 62.83  79.66 2 4
5h Rustic Charm 403 1.9294 61.35 79.26 3 3
5i Copper Leaf 420 1.5563 56.28  78.23 3 4
5j Brown Sugar 425 1.8975 66.15 71.50 2 3-4
5k Light Biscuit 437 2.0212 66.35 72.61 2-3 3
5l Red Marble 428 1.9494 63.47  72.23 3 3-4
5m Rustic Pottery 433 1.8751 65.08  65.50 2 4
5n Rich Tan 427 1.8573 63.50 75.63 3 4
50 Warm Glow 432 1.9138 66.75  72.87 2 3
5p Balsam Brown 410 1.8388 58.95 71.20 3-4 4
5q Ivory 397 1.6532 63.68 72.32 3 3-4

The data of important signals observed in all disp@zo dyes spectra are given below:

5a: 8.213 (s, 1H, -OH), 6.734 — 7.946 (m, 12H, Ar88) 8.145 (s, 1H, -OH), 6.428 — 8.245 (m,
11H, Ar-H)5c: 7.837 (s, 1H, -OH), 6.784 — 7.969 (m, 11H, Ardd) 8.312 (s, 1H, -OH), 6.861
— 7.849 (m, 11H, Ar-Hbe: 8.346 (s, 1H, -OH), 6.524 — 8.327 (m, 11H, Ar8f) 7.961(s, 1H, -
OH), 6.631 — 8.174 (m, 11H, Ar-HBg: 7.997 (s, 1H, -OH), 6.017 — 7.586 (m, 11H, ArS5t)
8.147 (s, 1H, -OH), 8.175 (s, 1H, -OH), 6.367 —27.6m, 11H, Ar-H)5i: 7.998 (s, 1H, -OH),
7.998 (s, 1H, -OH), 6.379 — 7.751 (m, 11H, Arf5i) 8.167 (s, 1H, -OH), 8.143 (s, 1H, -OH),
6.460 — 8.261 (m, 11H, Ar-Hpk: 2.534 (s, 3H, -CH3), 8.167 (s, 1H, -OH), 6.749.816 (m,
11H, Ar-H) 5I: 2.467 (s, 3H, -CH3), 7.964 (s, 1H, -OH), 6.334.872 (m, 11H, Ar-H)om:
2.485 (s, 3H, -CH3), 8.104 (s, 1H, -OH), 6.540 864. (m, 11H, Ar-H)5n: 3.264 (s, 3H, -
OCH3), 7.968 (s, 1H, -OH), 6.240 — 7.846 (m, 11HHA 50: 3.279 (s, 3H, -OCH3), 7.924 (s,
1H, -OH), 6.734 — 7.946 (m, 11H, Ar-3p: 3.281 (s, 3H, -OCH3), 8.006 (s, 1H, -OH), 6.561 —
8.237 (m, 11H, Ar-Hpq: 8.106 (s, 1H, -OH), 6.267 — 8.314 (m, 14H, Ar-H)

UV-Visible spectra

The disperse azo dyes dissolved in DMF (N, N, -dnyleformamide) as a solvent. Visible
spectra of all disperse azo dyes were obtaineddartion (1.0 x 18 mg./ml.) prepared. The
concentration of the dye in the solution was 1.0xbig./ml. From the visible spectrum, the
values ofimax and the absorbance corresponding toAthg were read and molar extinction co-
efficient () values are estimated using Lambert—Beer's equaSpectral data are reported in
Tables: Il. Examination of all data and spectralves reveals the following characteristics. The
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molar extinction coefficiente] of all the dyes is of the order of 10t has been observed that all
dyes absorb at higher wavelength.

Dyeing properties of dyes

The disperse dyg5a-q) were applied at 2% depth on polyester fabrics. dyes gave excellent
uniformity of colouration on polyester fabrics atig overall fastness properties of the dyes are
shown in Tables Il. These dyes are gave yellowrohar balsam brown hues with brighter and
deeper shades with high tinctorial strength anctkat levelness on the fabric. The variation in
the shades of the fabric results from both thereadand position of the substituent present on the
diazotized compound. The results of the exhausifahe dye bath and the fixation of the dyed
fabric are given in Table II.

CONCLUSION

Examination of the percentage dye bath exhaustata df all disperses azo dyes shows good
dye bath exhaustion. All disperse azo dyes shosepeage dye bath exhaustion ranging from 52
to 67 %. The percentage fixation of disperse azsdhows better fixation. Whatever amount of
dye had exhausted from the dye bath had got fixethe fiber. So it resulted in good dye bath

exhaustion and almost 66 to 81 % fixation. Thithesstriking feature of these disperse azo dyes.

The light and wash fastness of all patterns dydH disperses azo dyes show fairly good to very
good fastness properties. The shades of the fgiweén in the thesis are based on ‘Nerolac Paint
Shade Card’ and ‘Asian Paint Shade Card'.
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