
5009 
Journal of Applied Sciences Research, 8(10): 5009-5017, 2012 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 

 

ORIGINAL ARTICLES 
 

Corresponding Author: Fatma A. Mohamed, Textile Research Division, National Research Centre, 12622 Dokki, Cairo, 
Egypt 

  E-mail; fatmaali_611@yahoo.com 

Synthesis and application of reactive dyes with 3-Amino-2-thioxo-4-thiazolidinone 
nucleus 
 
Fatma A. Mohamed and Ahmed  K.A. 
 
Textile Research Division, National Research Centre, 12622 Dokki, Cairo, Egypt 
 
ABSTRACT 
 
 The dyes are synthesized by diazotisation and coupling reactions. Firstly, synthesised 3-Amino-2-thioxo-4-
thiazolidinone (N-Aminorhodanine) reactive moiety and coupled with diazonium salts then the system of disazo 
dye condensed with dichlorotriazine or  bismonochlorotriazine(bis MCT) or both monochlorotriazine and 
sulphatoethylsulphone (MCT/SES) reactive groups, thus yielding the new target reactive dyes based on Thioxo-
4-thiazolidinone reactive moiety of monofunctional, bishomofunctional monochlorotriazine (bis MCT) and 
heterobifunctional monochlorotriazine / sulphatoethylsulphone (MCT/SES) disazo reactive dyes. The 
synthesised dyes were applied to cotton fabrics under the typical exhaust dyeing conditions and their dyeing 
properties were investigated. The structures of these dyes are characterised and confirmed by melting point, 
elemental analysis, infrared, ultraviolet-visible spectroscopy (UV/VIS) and nuclear magnetic resonance (1H-
NMR) data. These reactive dyes based on Thioxo-4-thiazolidinone reactive moiety of monofunctional and 
bifunctional reactive dyes are used to dyeing cotton, different concentration of dye and different time to get the 
optimum conditions for dyeing.  
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Introduction 
 
 Reactive dyes are marketed mainly as powders, but other physical forms of these products have gained in 
importance. Dyes are now expected to be deducted in order to minimize hygiene-related problems in the 
workplace.  
 Moreover, the growing trend toward automated dye works has encouraged the development of more readily 
meterable products. Reactive dyes should also display good cold water solubility. These demands are all met by 
liquid dyes—highly concentrated, aqueous solutions—and by solids supplied in the form of pourable granules 
and finished powders (Von der Eltz, 1987), (Beckmann et al. , 1989), (Link and Moreau, 1989), (Zysset, 1989), 
(Gröbel et al., 1991) 
 The incorporation of two reactive groups into a single dye molecule is a well established route to increased 
fixation efficiency: all of the leading ranges of dyes for the batch wise dyeing of cellulose with reactive dyes 
now incorporate two or more such groups. Amongst the earliest examples to be exploited commercially were the 
Procion H-E dyes, which possess two similar monochlorotriazine groups. 
 Novel bis-sulphatoethylsulphone, which incorporates two ureido groups, has been claimed by DyStar to fix 
and build-up in the presence of reduced concentrations of salt. In this case the ureido groups might be expected 
to increase substantivity, resulting in a lower salt requirement (Taylor, 2000). A series of bis-
sulphatoethylsulphone reactive dyes have been synthesized and their application properties studied (Limin and 
Zhenghua, 1998) and (Zhenghua and Limin, 1998).  
 Many such derivatives have been described: the most commonly encountered combinations include 
vinylsulphone with monofluorotriazine (Ciba-Geigy, 1996)  , (Hoechst, 1997), (Bayer, 1995), vinylsulphone 
with 2,4-difluoropyrimidine (Bayer, 1995), vinylsulphone with 2,4-difluoro-5-chloro-pyrimidine (Bayer, 1995), 
2,4-difluoropyrimidine with monofluorotriazin (Bayer, 1994) and 4-fluoro-5chloro- pyrimidine with mono-
halotriazine (Bayer, 1993, 1994). 
 Thiazolidine derivatives, especially 4-thiazolidinones are peroxisome proliferator-activated receptors 
(PPAR-receptors) agonists showing hypoglycemic, anti-inflammatory and antineoplastic activities (Murphy and 
Holder, 2000). Antitumor properties of 4-thiazolidinones and related heterocycles are most probably related to 
their affinity to anticancer biotargets, such as JNKstimulating phosphatase-1 (JSP-1) (Cutshall et al., 2005), 
tumor necrosis factor TNFα (Carter et al., 2001), antiapoptotic biocomplex Bcl-XL-BH3 (Degterev et al., 2001), 
integrin αvβ3 receptor (Dayam et al., 2006), etc. Combination of thiazolidine template with benzothiazole 
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moiety is a perspective approach for drug-like molecules build-up, considering that benzothiazole derivatives 
have a wide spectrum of pharmacological activities (Stanton and Gambari., 2008)  
 Also, This compound with several functional group, is an attractive ligand for synthesis of metal 
complexes, and investigation of their's bonding modes.The antimicrobial activity of the title compound, 3-
Amino-2-thioxo-4-thiazolidinone,(I), suggested the investigation of other 3-substituted Rhodanines by the 
principles of isosterism . (Holmberg and prakt, 1910), (Sandstorm and Arkiv, 1955), (Allen and Kennard, 1993), 
(Van der Helm et al., 1962) , (Sheldrick, 1997). 
 Herein, we report the design, synthesis and docking studies of a series of novel rhodanine derivatives as IN 
inhibitors. All these compounds were further tested against human apurinic/apyrimidinic endonuclease 1 
(APE1) to determine their selectivity (Kavya et al.,   2010) 
 The aim of the present work is to synthesize related dichlorotriazine, bismonochlorotriazine and 
heterobifunctional monochlorotriazine/ sulphatoethylsulphone based on 4-thiazolidinone derivatives  as 
chomophoric system and investigate their dyeing properties on cotton. 
 
Experimental: 
 
Materials: 
 
Fabric: 
 
 Mill-scoured and bleached cotton fabric, 130 g/m2, was obtained from Misr El-Mahalla Co., Egypt. The 
fabric was treated with a solution containing 3 g/l non-ionic detergent and 5 g/l sodium carbonate at a liquor 
ratio 50:1 under boiling for 1h, after which time it was thoroughly rinsed and dried at room temperature. 
 
Chemicals: 
 
 Hostapal CV (Clariant, Egypt) was used as a nonionic detergent. 1-aminobenzene-4--sulphatoethyl 
sulphone (PABSES) (96%) were obtained from Amar Impex, Mumbai, India. 4-aminoazobenzene -3,4- 
disulphonic acid (96%) were obtained from Isma Dyestuff and Chemical Co., Egypt. Cyanuric chloride (98%) 
were purchased from Merck Co., USA.  All other chemicals used in this study were of laboratory reagent grade 
and applied without further purification. 
 
Synthesis of 3-Amino-2-thioxo-4-thiazolidinone: 
 
 The dye was synthesized according to literature (Van der Helm et al., 1962) and was purified and 
recrystalized according to the procedure of Sandstorm and was obtained as yellow spears crystal, melting at 92-
93° C. 
 
General procedure: 
 
 The compounds 4-aminoazobenzene -3,4- disulphonic acid (3.57g, 0.01 mol) was dissolved , cooled to 0-5 
˚C and  treated with concentrated hydrochloric acid (5 ml) then a solution of sodium nitrite (0.70 g, 0.01 mol in 
10 ml H2O) was added to obtain the diazonium salt. After complete diazotization, the diazonium salt solution 
was coupled with 3-Amino-2-thioxo-4-thiazolidinone (N-Aminorhodanine) (1.48.207g, 0.01 mole). The 
resultant diazo dye intermediate a was filtrated and dried under vacuum at 50 ˚C. 
 
Synthesis of diazo monofunctional dichlorotriazine reactive dyes: 
  
General Procedure:  
 
 Cyanuric chloride (1.86 g, 0.01mol) was stirred in acetone (50 ml) containing a few amount of crushed ice 
at 0-5 oC in an ice/salt bath till a clear solution was obtained. A solution of diazo dye intermediatesa (5.16g,  
0.01mol) in water (30 ml) was adjusted at pH 6-7 by sodium carbonate solution and then added, portion wise, 
and the reaction mixture was stirred at  0-5 oC for 4h, the dye 1 was filtered off and dried at 40 oC under vacuum 
(scheme 1). 
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Scheme 1: 
Dye 1: yellow, m.p. >300°C, yield 87%, λmax (H2O) 385 nm. 
C18H9N9O7S4Na2 CL2(708) [M+-1] = 707, Calcd: C, 30.50; H, 1.27; N, 17.79; S, 18.07 %, found: C, 30.55; H, 
1.20; N, 17.70; S,  18.17 %. IR (, cm-1): 3468 (NH), 3055 (CH aromatic), 1690 (C=O)), 1500 (N=N). 1HNMR 
(, ppm): 4.22 (s, 1H, thiazolidinone) 7.01-7.85 (s, 2H, naphthyl H), 7.97(d 3H, naphthyl H) 8.98 (t, 2H, 
naphthyl H), ), 11.31 (s, 1H, NH),13.21 (s,2H,2 x  OH).  
 
Synthesis of bisazo bifunctional bismonochlorotriazine reactive dyes: 
 
General Procedure:  
 
 The same procedure for preparation diazo monofunctional dichlorotriazine reactive dyes repeated (7.08g, 
0.01mol) and after that a neutral solution of 1,4-phenylendiamine (0.58g, 0.005 mole) was drop wisely added to 
reaction solution. The respective bisazo bifunctional bismonochlorotriazine reactive dyes (Bis MCT) was 
obtained; via precipitation by sodium chloride solution (10% w/v), the dye 2 was filtered off and dried at 40 oC 
under vacuum (scheme 2). 
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Scheme 2: 
Dye 2: brown,  m.p. >300°C, yield 87%, λmax (H2O) 392nm. 
C42H24N20O14S8Na 4 CL2(1451) [M++1] = 1452 , Calcd: C, 34.73;  H, 1.65; N, 19.29; S, 17.64 %, found: C, 
34.76; H, 1.60; N, 19.82; S,  17.42 %. IR (, cm-1): 3450-3440 (3 NH), 3055 (CH aromatic), 1680 ( 2 bis C=O)), 
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1550(2 x2 bis N=N). 1HNMR (, ppm): 4.52 (s, 2H, 2 x thiazolidinone ), 8.07(t, 4H, 2 x naphthyl H) 8.99(d, 6H, 
2 x naphthyl H), 7.41-7.95 ( s, 4H, 2 x n aphthyl H), 11.41 (s, 1H, NH) 
 
Synthesis of disazo heterobifunctional monochlorotriazine/ sulphatoethylsulphone (MCT/SES) reactive dyes:  
 
General Procedure:  
 
 Cyanuric chloride (98%, 1.88 g, 0.01mole) was suspended in acetone (20 ml) containing a few amount of 
crushed ice and the suspension was stirred in an ice/salt bath below 5°C till a clear solution was obtained. A 
solution of diazo a (5.18g, 0 .01mol) was added, portionwisely. The pH was maintained at 4.5-5 by 
simultaneous addition of sodium carbonate solution. The solution was stirred for a further 2h at 0-5 °C to the 
reaction mixture over 20 min. 4-aminobenze-β-sulphatoethylsulphone (PABSES) (98%, 2.86 g; 0.01 mole) in 
water (50 ml) was added to this mixture at the same temperature,then after added the temperature was allowed 
to rise to 8°C. Sodium carbonate solution was added portionwisely to raise the pH value to 6-6.5. The 
temperature was then slowly raised to 30-35°C whilst further sodium carbonate was added until the pH 
remained at 6.5-7.  
 The reaction products were precipitated using sodium chloride solution (10 % w/v), filtered off and dried at 
40°C under vacuum. The bifunctional disazo reactive dyes thus produced, were purified by the same method 
described in monofunctional dyes (scheme 3) 
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Scheme 3: 
Dye 3: brown,  m.p. >300°C, yield 89%, λmax (H2O) 395nm. 
C26H18N10O13S6Na 3 Cl (973.5 ) [M+-1] = 972.5  , Calcd: C, 32.04;  H, 1.84; N, 14.38; S, 19.72 %, found: C, 
32.76; H, 1.60; N, 14.82; S,  19.48%. IR (, cm-1): 3455-3400 (2 NH), 3050(CH aromatic), 1699 (C=O)), 
1500(2 N=N). 1HNMR (, ppm): 3.45 (t, 2H, CH2(SES)), 3.99 (t, 2H, CH2(SES)) 4.82 (s, H, thiazolidinone ), 7.41-
7.95 (t, 4H, naphthyl H) 8.07-8.22 (d, 10H, naphthyl H), 8.71-8.99 ( s, 4H, naphthyl H), 11.61 -11.68(s, 2H, 
NH) 
 
Dye purification: 
 
 For convenient dyeing and chemical investigations, it was necessary to purify the synthesised dyes 1-3 from 
impurities (Guo et al., 1993). This was done by dissolving the dyes in dimethylsulphoxide at 45 °C. Inorganic 
impurities were eliminated by filtration and the dye solutions were re-precipitated in n-butanol at room 
temperature. The dyes were filtered, washed with acetone and small portions of diethyl ether then dried in a 
vacuum oven at 40 °C. 
 
Dyeing procedures: 
 
 The dyeing of the reactive dyes was carried out in distilled water using 2 g fabric at a liquor ratio of 40:1. 
The dyebath, prepared at a neutral pH of 2% owf dye concentration, was started at 40 °C for 30 min in the 
presence of 20, 40, 60 and 80 g/l anhydrous sodium sulphate. Sodium carbonate (5–25 g/l) was then added while 
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the temperature was raised to40 °C over 15 min for dye 1 that dyeing was then continued at the desired 
temperature 40°C further 45 min but in case of dyes 2 and 3 the temperature was raised to 60 °C over 15 min 
then continued at the desired temperature 80°C further 45 min. After dyeing, all the dyed samples were rinsed 
with water and extracted with 50% aqueous dimethylformamide (DMF) at the boil for 15 min. 
 
Measurements and Testing: 
 
 All melting points were determined on an electrothermal digital melting point apparatus and are 
uncorrected. IR Spectra were recorded on a Nexus 670 Fourier Transform-infrared (FTIR) spectrophotometer 
(KBr discs). 1HNMR Spectra were measured on a Varian 300 MHZ Spectrometer in deuterated 
dimethylsulphoxide (DMSO-d6) using tetramethylsilane (TMS) as internal reference and the chemical shifts are 
expressed in  ppm. Mass Spectra were performed on HP model MS-5988. The reflectance (R) of the dyed 
fabrics was measured on a datacolor international SF 600 plus. Absorption spectra were measured on a 
Shimadzu UV-2401PC UV/Vs spectro-photometer using distilled water. Microanalyses for C, H, N and S were 
performed on a Vario El Elementar.  
 
Dye Exhaustion: 
 
 For all dyeing, the dye exhaustion was measured by sampling the dyebath before and after dyeing. The dye 
concentration (g/l) of the dyebath was measured on Shimadzu UV-2401PC UV/Vis spectrophotometer at max of 
the dye. The percentage of dye exhaustion (%E) was calculated using Eqn (1): 
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Where, C1 and C2 are the concentrations of the dyebath befor and after dyeing. 
 
Dye Fixation: 
 
 The dye fixation (%F), the percentage of the exhausted dye chemically bound on the wool fabric, was 
measured by refluxing the wool dyed samples in 50% aqueous DMF (20:1 LR) for 15 min to extract the unfixed 
dye (Burkinshaw, et al., 2001). This procedure was repeated until the extract was colorless. The concentration of 
the extract was then measured spectrophoto-metrically at the λmax value of each dye and the dye fixation ratio 
calculated using Eq. 2. 
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Where C3 is the concentration of extracted dye  
 From the dyebath exhaustion (%E) and dye fixation (%F), the total dye fixation (%T), which is the 
percentage of dye chemically bound relative to the total amount of dye used, was calculated for wool dyeings 
using Eq. 3. 
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Colour strength:  
 
 An Ultra Scan PRO spectrophotometer was used to measure the reflectance of the samples and hence, the 
K/S over a wavelength ranging from 390-700 nm. The K/S of untreated and treated cotton fabric. 
 
Fastness Testing: 
 
 The dyed samples were washed-off using 2 g/l nonionic detergent at 80°C for 30 min, and tested according 
to ISO standard methods (Methods of tests for colour fastness of textiles and leather, 5th ed. Bradford: SDC, 
1990). The specific tests were ISO 105-X12 (1987), ISO 105-C02 (1989), ISO 105-E04 (1989), and ISO 105-
B02 (1988) corresponding to colour fastness to rubbing, washing, perspiration and light, respectively.  
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Results and Discussion 
 
Dye Characterization: 
 
 The dyes of both systems 1, 2 and 3 revealed, in their IR spectra C=O absorption modes at 1680-1699cm-1 
due to oxo functions of 3-Amino-2-thioxo-4-thiazolidinone core. The IR spectra of compounds 1,2  and 3 
exhibted NH stretching modes in the 3468- 3400 cm-1region. 1HNMR of all dyes 1-3 revealed the appearance of 
singlet (1H each) at δ4.22-4.82 and 3.94-4.00 ppm due to CH2 of the sulphatoethylsulphone moiety. The 
bifunctional MCT/SES reactive dye 3 revealed, in their 1HNMR spectra, two singlets (1H each) around δ11.61 -
11.68(s, 2H, NH) ppm integrating for two NH linkages on the MCT moiety. 
 Analysis of the observed spectral data confirmed the assignment for C-6 coupling mechanism via the 
diazotized reactive systems.  
 In the mass spectra of the reactive dye 1, the existing [M+-1] ion m/z 708 confirmed the respective 
molecular formula C18H9N9O7S4Na2 Cl2 this dye. A peak at m/z 1452 representing [M++1] ion was also observed 
molecular formula C42H24N20O14S8Na 4 Cl2 of dye 2. A peak at m/z 972.5 representing [M+-1] ion was also 
observed molecular formula C26H18N10O13S6Na 3 Cl of dye 3  
 
Application of dyes: 
 
Effect of salt concentration: 
 
 The primary exhaustion of each dye initially increases with increasing salt concentration. However, dye 
2seems to exhibit extensive higher exhaustion values than dyes 1, 3.  It can be seen from Figure 1 that the (bis 
MCT) show higher primary exhaustion values than the MCT/SES dye and dichlorotriazine. This feature of (bis 
MCT) dyes can be attributed to their exceedingly higher molecular size compared with the MCT/SES dyes; 
therefore these dyes are expected to have good substantivity to cotton during the primary exhaustion stage.  
 The higher primary and secondary exhaustion values obtained for MCT/SES dye 3 than dye 1 means that at 
the fixation stage the probability of dye-fibre covalent reaction would increase, resulting in higher fixation 
values of the heterobifunctional MCT/SES dyes compared to the monofunctional dye. This feature of MCT/SES 
dyes can also be attributed to their higher reactivity of being bifunctionally reacted with cotton through their 
vinylsulphone precursor of SES group and the additional fixation of MCT group in comparison with the 
monofunctional reaction of the monochlorotriazine 

 On the other hand, increasing the neutral exhaustion temperature at dyes 2 and 3 from 40 to 80 °C, at any 
level of salt concentration, leads to a further increase in dye uptake for both dyes. Also, the secondary 
exhaustion and fixation yield of both dyes 1, 2 and 3 which were also investigated after the addition of 20 g/l 
sodium carbonate. 
 

 
 
Fig. 1: Primary exhaustion (Ep %) of dyes 1, 2 and 3 (2% owf) applied on cotton at different sodium sulphate 

concentration.     
 
Effect of alkali concentration: 
 
 The effect of variation in sodium carbonate concentration at fixation temperatures was assessed at the same 
exhaust dyeing condition using 60 g/l sodium sulphate at 40 °C for dye 1 and 80°C for dyes 2 and 3. The results 
proved that the exhaustion and total fixation of dye 2 are higher values than   dyes 1 and 3  at any of given 
dyeing conditions  Figures 2. It is also clear that the exhaustion and total fixation values of dyes 1, 2 and 3  
increase with sodium carbonate concentration (5g/l -25 g/l)   within the range of fixation temperature studied (40 
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°C-80 °C ), reaching a maximum yield at 80°C for dyes 2 and 3  in  the presence of 25 g/l sodium carbonate 
concentration. 

 
 
Fig. 2: Secondary exhaustion (E %) and total fixation (T %) of dyes 1, 2 and 3 (2% owf) applied on cotton at 

different sodium carbonate concentration   
 
Effect of dye concentration: 
 
 The primary and secondary exhaustion and total fixation yield of the dye on cotton fabric were examined 
using different depth of shades (1-5% owf) at 40 °C for dye 1 and 80°C for dyes 2 and 3.. The results are given 
in Figure3 show that dye 2 is higher exhaustion and fixation than dyes 1 and 3. These result also indicate that 
the the lower dye concentration exhibited a higher extent of exhaustion and total fixation than the higher depth 
of shade because when the dye concentration increase,it leads to increase in dye aggregation and thus it reduces 
the dye penetration in the fibre. Also at high dye concentration the number of available dye sites on the fibre 
decreases.  

 
Fig. 3: Exhaustion (E %) and total fixation (T %) at different  concentrations of dyes 1, 2 and 3 applied on 

cotton  at 60 g/l sodium sulphate and 25 g/l sodium carbonate  
Colorimetric and Fastness properties: 
 
 The colour yield and fastness properties of the reactive dyes 1, 2 and 3 on cotton were evaluated. The 
results given in Table II show that colour fastness to rubbing, washing and perspiration of all the 
aforementioned dyes are excellent to good and are approximately the same, depending on the proportion of the 
dye fixed. Also the colourimetric CIE L*a*b* C*h° data of the dyed cotton fabrics using both dyes 1, 2 and 3 
are shown in Table I 
 
Table 1: Colorimetric data of the dyed cotton fabric using dyes 1, 2and 3 (2% owf). 

Dye ∆ E K/S L* a* b* C* h° 
1 83.76 9.80 67.62 8.34 46.73 49.43 80.29 
2 69.65 6.92 61.41 13.29 30.05 32.86 66.15 
3 71.50 10.18 55.19 15.41 42.75 45.45 70.18 

 
Table II: Fastness properties of dyed cotton fabrics using dyes 1, 2 and 3 (2% owf). 

Dye Fastness to 
rubbing 

washfastness Fastness to Perspiration Light 
Alkaline Acidic 

Dry Wet Alt SC SW Alt SC SW Alt SC SW 
1 4 4 4 4 4 4 4 4 4 4 4 4 
2 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5-6 
3 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5-6 

Alt. colour change of dyed sample; SC, staining on cotton; SW staining on wool. 
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Conclusion: 
 
 The dyes has been synthesized by synthesised 3-Amino-2-thioxo-4-thiazolidinone (N-Aminorhodanine) 
reactive moiety and coupled with diazonium salts then the system of disazo dye condensed with dichlorotriazine 
or bismonochlorotriazine(bis MCT) or both monochlorotriazine and sulphatoethylsulphone (MCT/SES) reactive 
groups, thus yielding the new target reactive dyes based on Thioxo-4-thiazolidinone reactive moiety of 
monofunctional, bishomofunctional monochlorotriazine (bis MCT) and heterobifunctional monochlorotriazine / 
sulphatoethylsulphone (MCT/SES) disazo reactive dyes. 
 The main purpose of this investigation was to design and synthesise reactive dyes based on a heterocyclic 
chromophoric moiety. The results assessed for dyeing indicate high quality dyeing properties. However, the 
homobifunctional (bis MCT) dyes showed higher exhaustion and fixation values, colour yield and fastness 
properties this feature of (bis MCT) dyes can be attributed to their exceedingly higher molecular size compared 
with the MCT/SES dyes; therefore these dyes are expected to have good substantivity to cotton during the 
primary and secondary exhaustion.  
 These dyes were applied on cotton The results assessed for dyeing  showed higher exhaustion and fixation 
values, colour yield and fastness properties . The novel dyes were evaluated as reactive dyes for exhaust dyeing 
of cotton. The investigated dyes displayed good build –up on fabric. The availability of starting materials, the 
simplicity of synthetic procedures and the high quality dyeing properties of the title dyes lead to valuable 
achievements for commercial use in reactive dye applications.  
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