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 A series of azo dyes incorporated acridine chromophore labelled as 8 (a-d), 10 (a, b), 12 and 14 
were prepared in very good yields starting from 9-chloroacridine 1 followed by amination, 
diazotization and coupling either with rhodanine analogues 6 (a, b) or other coupling partners 9 
(a, b), 11 and 13. FT-IR, 1H-NMR, and mass spectroscopic analysis were used to establish the 
structures of the produced azo dispersed dyes. Moreover, the synthesized azo dyes were used to 
prepare pastes that were used to print polyester fabric using classic silk-screen printing 
techniques. The dyes were tested for color strength and fastness properties, and they showed 
good fastness resistance to washing, rubbing, and perspiration, as well as fastness to sublimation 
and light. The dyes were further screened for their in vitro antibacterial activity against both 
Gram (+) and Gram (-) bacterial species. Most of them showed promising activities against these 
tested organisms. 
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1. Introduction  
 

      Due to their unique structures, synthetic azo dyes are considered as one of the main class of dyes used in different 
application such as anticancer,1-4 antibacterial,1-3 antioxidant,2,5 antitumor,6 and anti-inflammatory.7 The dyeing of different 
textile fabrics by active biological azo structures are the most widely used class of dyes.8 Mono azo dyes based on different 
heterocyclic amine such as acridine moiety have been developed and the product of this type of dyes has higher strength 
and becomes brighter than those obtained from aniline. In addition, heterocyclic azodyes coupling component with 
rhodanine derivatives are very important in industrial and medical applications.9-12 Furthermore, acridines bearing rhodanine 
moiety and azo chromophore are important scaffold in broad spectrum activities in medicinal chemistry due to their diverse 
biological properties such as antimalarial,13 antibacterial,14 anticancer and DNA-intercalating agents.15 The utilizing of N-
heterocyclic such as acridine azo compounds allows them to bind with polyester textile fabrics by printing method is a hot 
point in an antibacterial test. These structures are an advantage by the presence of planner tricyclic fused aromatic system, 
and one or two flexible substituted pharmacophoric groups at different core position on the acridine skeleton.16  
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       Dyes could be affected by push-pull effect, which have an electron donor and an electron acceptor that are joined by 
the dye chromophore. The absorption bands of each dye are usually determined by the donor's capacity to donate electrons 
and the acceptor's ability to release electrons.17 
 
       Successful prints are based on many important elements such as the proper selection of dyes or pigments and the amount 
of dye which are used (colour yielding).18 They also depend on the type of thickener which are used, the composition of 
printing paste, the type of fibre composition and the construction of the fabric which will be printed.19 Textile printing is 
the process for applying colour in artistic design to large volumes of fabrics. We can utilize the printing paste by using dyes 
or pigments. This paste should be viscous which achieved by natural or synthetic thickener.19 
 
       The main objectives of the present study are to synthesize and evaluate the antibacterial properties of new hybrids of 
acridine rhodanine azodye derivatives. Additionally, the applications of these acridine- rhodanine disperse dyes for dyeing 
polyester fibres were studied. 
 

2. Results and Discussion 

2.1. Chemistry  
 

       The synthesis of the target amino acridines (acridin-9-yl) benzene-1,3-diamine 3a or (acridin-9-yl) benzene-1,4-
diamine 3b was obtained in very good yields according to the protocol shown in Scheme 1. The 9-chloroacridine 1 was 
reacted with 1,3-phenylenediamine 2a or 1,4-phenylenediamine 2b in equimolar ratio using DMF as a solvent in presence 
of TEA under refluxing condition for (10 -12 hrs.) to afford 3a and 3b respectively as outlined in Scheme 1. 

 

Scheme 1. Synthesis of 9-aminoacridines 3 

      Moreover, the synthesis of phenolic-rhodanine congers 6a, b was executed via Knoevenagel condensation reaction of 
salicylaldehyde 4 with equimolar ratio of rhodanine derivatives 5a,b in presence of AcONa/AcOH mixture under refluxing 
condition for 4 hrs as given in Scheme 2. 

 

Scheme 2. Synthesis of congers 6 

       The structure elucidations of 6a showed an analytical data consistence with those reported in the literature.21 The 
structure of 6b was elucidated by FT-IR, 1H-NMR and mass spectral techniques. The FT-IR for 6b shows significant 
vibration bands at 3228, 3050, 2924, 1680, 1588 and 1205 cm-1 relating to the presence of (OH), (=CH), (-CH2-), (-C=C-), 
(C=O) and (C=S) groups, respectively. The 1H-NMR characterization of 6b shows doublets at 4.63 ppm which corresponds 
to –CH2- aliphatic, the multiplet at 5.20 ppm relates to the terminal olefinic protons (CH=CH2). The multiplet at 5.83 ppm 
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which assigns the internal olefinic proton CH=CH2, the singlet at 8.07 ppm is related to exocyclic double bond -CH=C< 
and the broad singlet at 10.74 ppm corresponds to the phenolic (OH). Mass spectrum of 6b confirms the expected molecular 
ion peak with expected mass unit. 

       The synthesis of azoacridine derivatives 8(a-d), 10(a, b), 12 and 14 requires two components, a diazonium salt and a 
coupling component.  The general synthetic pathway of azo dyes was achieved in two steps; the first step involved reacting 
9-aminoacridine derivatives 3a, b with conc. HCl and NaNO2 solution in a crushed ice bath to produce the corresponding 
non-isolable reactive intermediate, acridine diazonium chloride 7 a, b as shown in Scheme 3. 

 

Scheme 3. Synthesis of diazonium salts 7 

 

        The second step includes the reacting of the diazonium salt 7 a, b (an electrophilic component) with a coupling agent 
rich in electrons such as 6 (a, b), 9 (a, b), 11 and 13 under basic conditions to yield the azo-dye compounds 8 (a-d), 10 (a, 
b), 12 and 14 in very good yields as given in Schemes 4 and 5. 

 

Scheme 4. Synthesis of azoacridine derivatives 8 and 10 
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Scheme 5. Synthesis of azoacridine derivatives 12 and 14 
 
      The structure of azocompounds 8 (a-d), 10 (a, b), 12 and 14 were elucidated by FT-IR, 1H, 13C-NMR and mass spectral 
spectroscopic techniques. The FT-IR spectra for 8 (a-d) shows a characteristic OH broad band ranged from 3706 to 3073 
cm-1, respectively. The NH group for 8 a-d exhibits characteristic broad bands at 3355, 3340, 3448 and 3276 cm-1, 
respectively. Furthermore, the olefinic (CH=C) for 8 a-d shows absorption bands at 3096, 3096, 3034 and 3049 cm-1, 
respectively.  In addition, the carbonyl (>C=O) group for them shows absorption band ranging from 1636, 1636, 1633 and 
1682 cm-1, respectively.  Moreover, the azo (-N=N-) group shows characteristic bands at 1473, 1475, 1477 and 1474 cm-1, 
respectively while the (C=S) shows characteristic bands at 1159, 1205, 1213and 1205 cm-1, respectively.  1H-NMR indicates 
doublet at 4.65 ppm which corresponds to (-CH2) aliphatic for 8b and 8c. Moreover, multiplet appear at 5.18 and 514 ppm 
which assigns terminal olefinic protons (-CH=CH2). In addition, multiplet appear at 5.82 and 5.85 ppm which relate to 
internal olefinic protons (-CH=CH2). Furthermore, singlet appears at 7.73, 8.12, 8.12 and 8.14 ppm for (-CH=C) exocyclic 
double bond for 8a-d, respectively. On the other hand, NH appears at 9.45 and 10.85 ppm for 8c and 8d, respectively. While 
the OH phenolic proton for 8 a-d displayed a broad singlet at 11.73, 11.75, 1175 and 11.75 ppm, respectively. The 13C-
NMR shows signals at 176.77, 176.75, 176.26 and 176.76 ppm corresponding to >C=O while >C=S group exhibits signals 
at 193.50, 193.7, 197.87 and 193.53 ppm for 8a, 8b, 8c and 8d, respectively.  
 
      The FT-IR spectra for 10 (a, b) azocompounds shows a characteristic OH broad band ranging from 3691 to 2735 cm-1. 
The NH characteristic bands appear at 3427 and 3397 cm-1 for 10a and 10b, respectively. While the olefinic (C=C) and azo 
groups show characteristic bands for 10 a and b at 1587 and 1558 cm-1, respectively. The 1H-NMR for 10a shows singlet 
at 10.07 ppm corresponding to proton of NH group. While broad phenolic OH proton for 10a and 10b appears at 11.20 and 
10.85 ppm, respectively. The 13C-NMR for 10a and 10b shows signals which matches with the expected structures. 
 
      The FT-IR spectra for 12 azo compound shows characteristic bands at 3412, 2926, 2185, 1558, 1500 and 1416 cm-1 
corresponding to (NH), (-CH3), (CN), (C=C), (C=N) and (N=N) groups, respectively. The 1H-NMR for 12 indicates singlet 
at 2.19 ppm corresponding to protons of (-CH3) aliphatic. Moreover, the broad 2NH appeared at 9.25 and 10.84 ppm. The 
13C-NMR for 12 shows signal at 24.50 ppm corresponding to the aliphatic carbon (CH3) and signals appear at 117.40 and 
189.94 corresponding to the carbons of CN and C=C, respectively.  
 
      The FT-IR spectra for 14 azo compound shows characteristic bands at 3421, 2920, 1558, 1514 and 1476 cm-1 for (-NH), 
(CH2) aliphatic, (C=C), (C=N) and (N=N) groups, respectively. The 1H-NMR for 14 appears singlet at 3.71 ppm 
corresponding to (-CH2) aliphatic group. Furthermore, the broad singlet 2NH appears at 5.34 and 7.50 ppm. The 13C-NMR 
for 14 shows signals which matches with the expected structure. 
 
      The mass spectral analysis for all products 8 (a-d), 10 (a, b), 12 and 14 shows the expected molecular ion peaks, which 
confirms the chemical structures. 
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2.2. Colour strength assessments and analyses  

2.2.1. Colour measurements  

Table 1 shows the results of a light reflectance technique used to test the colour strength data of the printed polyester 
fabric using a Perkin-Elmer UV/Vis spectrophotometer.34 

The colour strength (K/S) was calculated as follows: Kubelka-Munk Eq. (1). 

K S⁄ = (1− 𝑅)2𝑅  
(1) 

where R is the decimal fraction of the dyed fabric reflection, K denotes the absorption coefficient, and S denotes the 
scattering coefficient. 

Table. 1. Colour measurements of the printed dyes samples 
Dye Colour 

h d
Absorption λmax (nm) K/S L* a* b* C* h 

8a Yellow 360 16.36 41.02 29.50 33.96 44.98 49.02 
8b Yellow 380 20.90 53.26 12.86 40.90 42.88 72.55 
8c Yellow 370 12.14 57.46 14.88 43.60 46.07 71.15 
8d Yellow 365 15.14 36.93 20.23 28.51 34.96 54.65 
10a Yellow 375 13.36 59.53 13.52 37.78 40.13 70.31 
10b Dark yellow 425 22.58 46.56 12.78 29.17 31.85 66.34 
12 Yellow 365 11.30 37.28 22.68 34.14 35.18 54.80 
14 Brown 410 15.56 52.35 15.97 42.06 44.99 69.21 

Lightness (L*), degree of redness (+ve) and greenness (-ve) (a*), degree of yellowness (+ve) and blueness (-ve) (b*), 
chroma (c*), hue (h) and color strength (K/S) 

 

      In our study, the K/S values for the dispersed dyes; 8 (a-d), 10 (a, b), 12 and 14 was determined by using their 
corresponding wavelengths; 360, 380, 370, 365, 375, 425, 365 and 410 nm, respectively as shown in Table 1. These results 
indicate the depth of dyes which is proportional to the presented quantity of colorant in the dyed fabrics 35. The K/S of 10b 
equal 22.58 is higher than other azo printed dyes due to its higher absorbance value (425) than other printed dyes 8 (a-d), 
10 a and 12. The chroma (saturation) (c*) and hue angle (h°) were determined using the equations 2 and 3 according to the 
reference.36 

* * 2 * 2( ) ( )c a b= +  (2) 

*
1

*tan ah
b

−  
=   

 
 

(3) 

      The hues angels (h°) of the printed dyes 8 (a-d), 10 (a, b), 12 and 14 were shifted towards the reddish direction due to 
the positive values of a*. Also, they were shifted to the yellowish direction due to the positive values of b* as depicted in 
Table 1. 
 

 
2.2.2. Fastness to washing 

      The fastness to washing refers to the ability of dyed fabrics to maintain their colour after being washed at 60 °C for 30 
min with detergents and soaps. The colour change of the printed fabrics and staining is measured accordance to grey scale 
(1, poor; 2, moderate; 3, good; 4; very good; 5, excellent). The dyed printed samples 8 (a-d), 10 b and 14 showed moderate 
to excellent (2-5) results while the dyed printed samples 10a and 12 showed very good to excellent (4-5) results as presented 
in Table 2.  This is because 10 a and 12 penetrate and diffuse well into the fiber structure, preventing the dye molecule from 
reaching the fiber surface.37 

 

2.2.3. Fastness to perspiration 

      Fastness to perspiration refers to the dyed fabric's ability to resist fading and staining when perspired. The colour change 
in acidic and alkaline medium is determined by grey scale. The printed samples 8 (a-d), 10 (a, b), 12 and 14 displayed 
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moderate to excellent results (2-5) as shown in Table 2. This due to the higher the molecular weight of the printed dyes 
which affect the rate of dye removal according to perspiration solution influence.382.2.4. Fastness to rubbing 

      The amount of colour transfer from a dyed fabric surface to an adjacent, undyed fabric surface during rubbing is referred 
to as fastness to rubbing. It is detected according to the standard grey scale (1-5). The printed samples 8 (a-d), 10 a and 14 
showed moderate to excellent results (2-5) while the printed samples 10b and 12 showed very good to excellent results (4-
5) as given in Table 2. This is the due to the high diffusion of dyes 10b and 12 molecules into the fiber than other dyes 8 
(a-d), 10a and 14.39, 40 

3.2.5. Fastness to light 

      Fastness to light refers to how resistant to fading it is when exposed to light. It detected according to the blue scale (1-
8) as (1: very poor, 8: excellent). The printed samples 8 (a-d) and 12 assigned good to very good results (5-6) while the 
printed samples 10 a, b and 14 displayed excellent results (7) as presented in Table 2. This is due to the presence of electron-
donating groups in 8 (a-d) and 12 reduces the brightness attributes.41 
 

Table 2. Fastness properties of the printed dyes 8 (a-d), 10 (a, b), 12 and 14 

Sample Light Washing a) Rubbing Perspiration a) 
St. Alt. Wet Dry St. Alt. 

8a 6 3-4 3-4 2-3 3-4 3-4 4-5 
8b 5 3-4 3-4 2-3 3-4 3-4 4-5 
8c 6 3-4 4-5 4 2-3 3-4 3-4 
8d 6 4-5 2-3 3-4 4-5 2-3 2-3 
10a 7 4-5 4-5 3-4 4 4-5 4 
10b 7 4 3-4 4-5 4-5 4-5 4-5 
12 5 4-5 4-5 4-5 4-5 3-4 4-5 
14 7 3-4 3-4 3-4 4 3-4 4 

a) Alt. (alteration in colour); St. (staining on cotton) 
 

2.2.6. Fastness to sublimation 

     Fastness to sublimation refers to the printed dyes' ability to resist high temperatures and pressure. It was detected 
according to the standard grey scale. The printed dyes samples assigned moderate to excellent results (2-5) as depicted in 
Table 3. This is due to the polarity of the substituent groups which presented in the printed dyes such as OH and NH 
groups.42 
 
Table 3. Sublimation properties of the printed dyes 8 (a-d), 10 (a, b), 12 and 14  

Sample Sublimation fastness Staining on fabric after sublimation 
180 °C 210 °C Polyester Cotton 

8a 4-5 4-5 3-4 4 
8b 4 3-4 3-4 3-4 
8c 4 3-4 4 3-4 
8d 4-5 2-3 3-4 2-3 
10a 4-5 4-5 3-4 3-4 
10b 4-5 4-5 4-5 4-5 
12 4 2-3 3-4 2-3 
14 4-5 4 4-5 3-4 

 

2.3. Antibacterial screening 

      The study of biological activities of acridine- rhodanine hybrid compounds containing azo dye is of great interest to 
explore the synthesis of new and potentially useful product. Table 4 illustrates the outcomes of four washing of polyester 
fabrics dyed with freshly synthetic dyes. It means the starting material (1) has poor antibacterial activity, with inhibition 
zones ranging from 9 to 12 mm. The polyester which loaded with azo dye 8 c compound showed a good activity and was 
found to be highly active against both Gram (+) and Gram (-) bacteria among all tested samples followed by polyester 
loaded with 14 with inhibition zone ranging of (10-16) mm than 8 (a, b), 10 (a, b) and 12 compounds with inhibition zone 
ranging of (9-14) mm. Therefore, by evaluating data analysis obtained highlighted that, for the novel acridine-rhodanine 
hybrid analogues containing azo dyes printed samples 8 (a-d), 10 (a, b), 12 and 14 when compared to the reference 
medication Ampicillin, it displayed a broad spectrum of antibacterial activity with different inhibition zones. The azo 
compound 8c had the best antibacterial activity against S. aureus with inhibition zone of 16 mm which is similar to the 
inhibition zone of 21 mm of the reference medication Ampicillin.  
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      The capability of newly produced azo dyes to attach to the bacterial cell wall and cytoplasmic membrane may explain 
their inhibitory effect, followed by a change in selective permeability function,  leading in cellular component leakage, as 
a result , bacterial death 43. Toxic effects are also caused by the synthesis of new azo-cleaved compounds such as amines 
produced by azo dyes being entered into bacterial cells. Furthermore, by reacting with the thiol group, the newly synthesized 
compounds can inhibit bacterial growth by inactivating protein synthesis44 or  by interacting with phosphorus moieties to 
stop DNA replicationt.45 
 
Table 4.  Antibacterial activity for the printed dyes against Gram (+) and Gram (-) bacteria after 4 washing cycles 

 

3. Conclusions  

      New acridine derivatives incorporated azo dispersed dyes were synthesized, characterized, and evaluated in very good 
yields. The dyes were applied in polyester fabric printing using traditional silk screen printing. Moreover, the fastness 
properties and colour measurement of printed samples showed moderate to excellent results (2-5) towards washing, rubbing, 
perspiration and sublimation fastness properties comparing with grey scale (1-5), while good to excellent results (5-7) 
towards light fastness comparing with blue scale (1-8). The in vitro antibacterial screening of the starting compound (9-
chloroacridine) (1) showed low antibacterial activity than printed azo disperse dyes which showed moderate activity with 
inhibition zones ranging from 9 to 16 mm towards Gram (+) and Gram (-) bacteria strains with the reference drug, ampicillin. 
 
4. Experimental 

4.1. Materials and Methods 

     The 1H- and 13C-NMR measurements were obtained on a JEOL ECA500 FT NMR spectrometer at 500 MHz and 100 
MHz, respectively. 1H-NMR samples were measured with 400 MHz Varian. Dimethyl sulfoxide (DMSO-d6) was used as 
solvent for all NMR measurements. Chemical shift (δ) was reported in part per million (ppm) on scale.  Fourier transform 
infrared (FT-IR) spectra were recorded using Thermo Fisher Nicolet IS10, Spectral Analyses Unit. The electron impact 
ionization (EI-MS) was carried on a Thermos Scientific Trace 1310 Mass Spectrometry. UV/Vis absorption spectra for azo 
compounds were measured by Perkin-Elmer UV/Vis spectrophotometer (Model, Lambda 3B). The in vitro antibacterial 
activity analysis was carried out at Micro Analytical Center, Cairo University, Egypt. The melting points (m.p) were 
measured by Stuart scientific melting point apparatus and were uncorrected.  Thin layer chromatography (TLC) was 
performed for all synthetized products on kiesel gel F254 precoated plates (Merck) Solvents such as ethanol, methanol, 
dichloromethane, hexane, dimethylformamide and diethyl ether were used as received without further purification. The 
starting materials were either commercially available as 9-Chloroacridine (99.0%), 1,3-phenylenediamine (99.0%), 1,4-
phenylenediamine (99.0%), rhodanine (97.0%), allyl rhodanine (99.0%), 3-aminocrotonitrile and 4,4`-methylenedianiline 
(97.0%) were bought from Sigma Aldrich. Phenol, α-naphthol (99.0%), salicylaldehyde (99.0%), triethylamine (TEA) 
(99.0%), ethanol (EtOH) (99.0%), concentrated hydrochloric acid (Conc. HCl) (35.4%), glacial acetic acid (Gla. AcOH) 
(99.7%), dichloromethane (DCM) (99.8%), dimethylformamide (DMF) (99.0%), sodium carbonate (Na2CO3) (98.0%), 
sodium nitrite (NaNO2) (98.0%) and sodium lignosulphonate (dispersing agent) (99.5%) were bought from LOBA Chemie. 
Sodium acetate (AcONa) (99.0%) was obtained from East-Chem. Thickener (commercial synthetic thickener) acrylate 
copolymers and Lyprint (sodium salt of nitrobenzene sulfonic acid) were supplied from BASF Company. Polyesters (150 
g/m2) were supplied by Egyptian and developing Co., Cairo, Egypt. All chemicals and solvents were used without any 
further purification using DCM: EtOH (5:1) equivalents as the mobile phase. Compounds 3 (a, b) and 6a were prepared 
according to literature methods.20-22 
 
 
 
 

Compounds 
Inhibition zone diameter (mm) 

Gram (+) Gram (-) 
B. subtilis S. saureus S.  faecalis E. coli N. gonorrhoeae P. aeruginosa 

Ampicillin 26 21 27 25 28 26 
1 12 12 9 12 9 - 

Untreated polyester - - - - - - 

Po
ly

es
te

r 
tr

ea
te

d 
w

ith
 8a 12 12 9 13 11 11 

8b 11 12 10 13 10 10 
8c 13 16 15 15 14 14 
8d 13 12 11 13 12 12 
10a 9 - 9 10 9 - 
10b 13 9 12 14 12 12 
12 14 10 13 13 12 11 
14 12 10 10 12 11 10 
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4.2. General procedure 

4.2.1.  General method for rhodanine analogues 6 

      Condensation of salicylaldehyde (labelled as 4) (0.42 mL, 4 mmol) with rhodanine 5a (0.95 gm, 4 mmol) or allyl 
rhodanine 5a (0.69 gm, 4 mmol) were dissolved in (Gla. AcOH) in presence of AcONa (0.33 gm, 12 mmol). The reaction 
mixture was refluxed   for (3:4 hrs.) until the starting materials were consumed. The progress of the reaction was checked 
by TLC using the mixture of DCM: EtOH (5:1) as eluent. After completion of the reaction, the mixture was cooled and 
poured portion-wise into ice-cold water and the precipitated solid was filtered off, washed several times, recrystallized using 
EtOH and dried in air to afford products 6 (a, b). 
 

4.2.2. Synthesis of 9-azoacridine disperse dyes 8, 10, 12 & 14 

4.2.2.1. Preparation of diazonium salt 7 

      Amine analogues (acridin-9-yl) benzene-1,3-diamine 3a or (acridin-9-yl) benzene-1,4-diamine 3b (0.285 gm, 1.0 mmol) 
were mixed with conc. HCl (4.0 mL, 35.4 %) in glass beaker (25.0 mL) under constant stirring at below 5 °C in an ice bath. 
NaNO2 solution (0.069 gm, 1.0 mmol) in water (3.0 mL) was slowly added to obtain diazonium salt 7(a, b).  
 
 

4.4.2.2. General procedure of coupling 

      The produced diazonium salt 7 (a, b) was stirred for an extra 30 min at 0–5 °C. In another glass beaker (25.0 mL), 
rhodanine analogues 6 (a, b) modified at C-5 position or other coupling partners 9 (a, b), 11, or 13 (1.0 mmol) was dissolved 
in ethanol (5.0 mL) and Na2CO3 (1.0 gm, 10.0 mmol) was added. The reaction mixture was stirred in the ice bath below 5 
°C. The obtained clear diazonium salt solution was added immediately drop by drop in coupling reactions with coupling 
partners 6 (a, b), 9 (a, b), 11, or 13. The mixture was stirred for 2 hrs. The final product was collected by filtration under 
vacuum, washed several times with distilled water and finally air-dried to obtain the azo compounds 8 (a-d), 10 (a, b), 12 
and 14 in very good yields. 
 

4.3 Physical and Spectral Data 

2-(2-Hydroxybenzylidene)-5-thioxodihy drothiophen-3(2H)-one (6b) 
Yellowish powder; yield (0.81 g, 81%); m.p (148-150 ºC); FT-IR (KBr) (cm-1) = 3228 (OH), 3050 (=CH), 2924 (-CH2-), 
1680 (C=O), 1588 (C=C), 1205 (C=S). 1H-NMR (DMSO-d6, ppm): δ = 4.63 (m, 2H, CH2=CH), 5.20 (m, 2H, CH=CH2), 
5.83 (m, 1H, CH=CH2), 6.95-7.73 (m, 4H, CHAr), 8.07 (s, 1H, CH=C), 10.74 (br. s, 1H, OH). EI-MS (m/z) (C13H14NO2S2): 
calcd, 280; found molecular ion peak 279 [M-1] +. 

2-((3-(Acridin-9-ylamino) phenyl) diazenyl)-5-hydroxybenzylidene)-2-thioxothiazolidin-4-one (8a) 
 Yellow powder; yield (0.70 gm, 70 %); m.p (188-190 ºC); FT-IR (KBr) (cm-1) = 3559- 3191(OH), 3355(NH), 3096 (=CH), 
1636 (C=O), 1596 (C=C), 1534 (C=N), 1473 (N=N), 1159 (C=S). 1H-NMR (DMSO-d6, ppm): δ = 7.23- 7.55 (m, 13 H, 
CHAr), 7.73 (s, 1H, CH=C), 8.42 (m, 2H, CHAr), 11.73 (br. s, 1H, OH). 13C-NMR (DMSO-d6,100 MHz) δ: 116.61, 117.61, 
119.78, 120.99, 121.43, 122.54, 123.26, 124.91, 126.79, 127.94, 128.92, 130.27, 131.60, 133.44, 134.49, 137.14, 140.88, 
142.37, 150.00, 151.89, 158.53, 176.77, 193.50. EI-MS (C28H19N5O2S2): Calcd. (533); found molecular ion peak 532 [M-
1] +.  

2-((3-(Acridin-9-ylamino) phenyl) diazenyl)-5-hydroxybenzylidene)-3-allyl-2 thioxothiazolidin-4-one (8b) 

Yellow powder; yield (0.84 gm, 84 %); m.p (178-180 ºC); FT-IR (KBr) (cm-1) = 3573- 3073 (OH), 3340 (NH), 3096 (=CH), 
2991 (CH2), 1636 (C=O), 1595 (C=C), 1533 (C=N), 1475 (N=N), 1205 (C=S). 1H-NMR (DMSO-d6, ppm): δ = 4.65 (d, J = 
8 Hz, 2H, CH2), 5.14 (m, 2H, CH=CH2), 5.85 (m, 1H, CH=CH2), 6.97 (m, 2H, CHAr), 7.23- 7.74 (m, 11H, CHAr), 8.12 (s, 
1H, CH=C), 8.35 (m, 2H, CHAr), 11.75 (s, 1H, OH). 13C-NMR (DMSO-d6,100 MHz) δ: 45.97, 115.99, 116.20, 116.61, 
117.72, 117.72, 118.82, 119.93, 120.46, 120.97, 121.33, 122.28, 124.79, 125.99, 126.52, 126.78, 128.78, 129.87, 130.35, 
131.28, 133.21, 133.42, 140.89, 166.82, 176.75, 193.7. EI-MS (C32H23N5O2S2): Calcd. (573); found molecular ion peak 573 
[M+]. 

5-((4-(Acridin-9-ylamino) phenyl) diazenyl)-2-hydroxybenzylidene)-2-thioxothiazolidin-4-one (8c) 

Yellow brown powder; yield (0.75 gm, 75 %); m.p (136-138 ºC); FT-IR (KBr) (cm-1) = 3706- 3191 (OH), 3448 (NH), 3034 
(=CH), 1633 (C=O), 1590 (C=C), 1518 (C=N), 1477 (N=N), 1213 (C=S). 1H-NMR (DMSO-d6, ppm): δ = 6.25 (d, J = 10 
Hz, 2H, CHAr), 6.91- 7.71 (m, 11 H, CHAr), 8.12 (s, 1H, CH=C), 8.44 (m, 2H, CHAr), 9.45 (s, 2H, NH), 11.75 (br. s, 1H, 
OH). 13C NMR (DMSO-d6,100 MHz) δ: 116.60, 117.32, 118.72, 119.78, 121.58, 122.53, 123.77, 124.90, 125.98, 126.77, 
128.94, 130.25, 131.60, 132.76, 133.41, 137.14, 140.88, 149.99, 157.31, 176.26, 197.87. EI-MS (C28H19N5O2S2): Calcd. 
(533); found while molecular ion peak 533 [M+]. 
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5-((4-(Acridin-9-ylamino) phenyl) diazenyl)-2-hydroxybenzylidene)-3-allyl-2-thioxothiazolidin-4-one (8d) 

Yellow powder; yield (0.80 gm, 80 %); m.p (136-138 ºC); FT-IR (KBr) (cm-1) = 3662- 3118 (OH), 3276 (NH), 3049 (=CH), 
2927 (-CH2), 1682 (C=O), 1593 (C=C), 1516 (C=N), 1474 (N=N), 1205 (C=S). 1HNMR (DMSO-d6, ppm): δ = 4.65 (d, J = 
8 Hz, 2H, CH2), 5.18 (m, 2H, CH=CH2), 5.82 (m, 1H, CH=CH2), 6.98 (m, 2H, CHAr), 7.33- 7.99 (m, 11H, CHAr), 8.14 (s, 
1H, CH=C), 8.45 (m, 2H, CHAr), 10.85 (br. s, 1H, NH) , 11.75 (s, 1H, OH). 13C-NMR (DMSO-d6,100 MHz) δ: 46.00, 
116.62, 117.76, 119.91, 120.99, 122.55, 123.79, 124.92, 126.78, 127.95, 129.68, 131.61, 133.45, 134.49, 137.14, 140.88, 
142.37, 151.90, 157.63, 158.54, 166.79, 176.76, 193.53. EI-MS (C32H23N5O2S2): Calcd. (573); found molecular ion peak 
573 [M+]. 

 (4-((3-(Acridin-9-ylamino) phenyl) diazenyl) naphthalen-1-ol (10a) 

Yellow powder; yield (0.69 gm, 69 %); m.p (288-290 ºC); FT-IR (KBr) (cm-1) = 3662- 2735 (OH), 3427 (NH), 1587 (C=C), 
1520 (C=N), 1475 (N=N). 1H-NMR (DMSO-d6): δ = 6.82- 7.29 (m, 10H, CHAr), 7.42- 8.21 (m, 8H, CHAr), 10.07 (s, 1H, 
NH), 11.20 (S, 1H, OH). 13C-NMR (DMSO-d6,100 MHz) δ: 115.90, 117.18, 118.53, 12.86, 122.28, 126.77, 130.14, 131.56, 
132.15, 132.76, 133.80, 135.09, 136.45, 138.42, 139.77, 141.13, 142.10, 143.08, 145.40, 150.76, 155.04. EI-MS 
(C29H20N4O): Calcd. (440); found molecular ion peak 440 [M+]. 
 

4-((4-(Acridin-9-ylamino) phenyl) diazenyl) phenol (10b) 
Dark yellow powder; yield (0.65 gm, 65%); m.p (210-212 ºC); FT-IR (KBr) (cm-1) = 3691- 2765 (OH), 3397 (NH) 1558 
(C=C),1514 (C=N), 1475 (N=N). 1H-NMR (DMSO-d6): δ = 6.69- 7.72 (m, 10H, CHAr),7.47- 8.10 (m, 6H, CHAr), 10.85 (br. 
s, 1H, OH). 13C-NMR (DMSO-d6,100 MHz) δ: 115.89, 118.87, 119.41, 120.18, 124.26, 127.34, 129.16, 129.62, 130.50, 
131.27, 131.75, 141.43, 141.80, 151.37. EI-MS (C25H18N4O): Calcd. (390); found molecular ion peak 391 [M+1]+. 

2- ((4-(Acridin-9-ylamino) phenyl) diazenyl)-3-iminobutanenitrile (12) 

Yellow powder; yield (0.69 gm, 69 %); m.p (100-102 ºC); FT-IR (KBr) (cm-1) = 3412 (NH), 2926 (-CH3), 2185 (CN), 1558 
(C=C), 1500 (C=N), 1416 (N=N). 1HNMR (DMSO-d6): δ =2.19 (s, 3H, CH3), 6.65-7.50 (m, 10H, CHAr), 8.43 (m, 2H, 
CHAr) 9.25 (br. s, 2H, NH2), 10.84 (s, 1H, NH). 13C-NMR (DMSO-d6,100 MHz) δ: 24.50, 109.07, 117.40, 118.41, 120.80, 
122.35, 126.83, 128.74, 129.56, 130.29, 131.02, 134.55, 149.33, 150.03, 189.94. EI-MS (C23H18N6): Calcd. (378); found 
molecular ion peak 379 [M+1]+. 

 N-(4-((2-Amino-5-(4-aminobenzyl) phenyl) diazenyl) phenyl) acridin-9-amine (14) 

Brown powder; yield (0.75 gm, 75 %); m.p (128-130 ºC); FT-IR (KBr) (cm-1) = 3421 (NH), 2920 (CH2), 1558 (C=C), 1514 
(C=N), 1476 (N=N). 1H-NMR (DMSO-d6): δ = 3.71 (s, 2H, CH2), 5.34 (br. s, 4H, NH), 6.43-7.70 (m, 19H, CHAr), 7.50 (br. 
s, 1H, NH). 13C-NMR (DMSO-d6,100 MHz) δ: 113.46, 113.92, 114.01, 115.51, 117.32, 118.66, 119.41, 119.72, 123.55, 
123.94, 125.67, 128.88, 129.03, 129.32, 129.40, 131.08, 131.27, 131.23, 137.18, 137.84, 146.30, 146.59. EI-MS (C32H26N6): 
Calcd. (494); found molecular ion peak 494 [M+]. 

 

4.4. Textile Printing 

4.4.1. Preparation of printing paste 

      The paste used for application of the printing polyester fiber was shown in Table 5. 

Table 5. The printing pastes composition 
Dye 4.0 gm 

Thickener 75 gm 
Lyprint 3.0 gm 

Sodium dihydrogen phosphate 5.0 gm 
Sodium lignosulphonate 1.0 gm 

Water 12.0 gm 
Total 100.0 gm 

 

4.4.2. Colour fastness tests  

     Fastness properties including washing, perspiration, rubbing, light and sublimation of the dyed polyester fabrics were 
evaluated according to the standard ISO methods.23-27 
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4.5. Determination of antibacterial activity 

     The azo disperse dyes 8 (a-d), 10  (a, b), 12 and 14 were assayed in vitro for antibacterial activity against Gram (+) 
bacteria called Staphylococcus aureus ATCC6538, Bacillus subtilis ATCC6633 and Streptococcus faecalis and Gram (-) 
bacteria called Escherichia coli ATCC8739, Pseudomonas aeruginosa ATCC9022 and Neisseria gonorrhoeae using the 
standard diffusion method.28 
 
     The bacterial strain was monitored by inoculation and incubation individually in to Lysogeny broth media for 24 hrs. at 
35±2 oC.. Then in aseptic conditions, 100.0 µL of each bacterial strain (1x108 CFU/mL) was placed into petri dishes on 
Muller Hinton agar media. 1.0 cm2 of printed poly ester was applied to the steeded Muller Hinton agar plates and placed in 
the refrigerator for 24 hours before incubation at 352 oC after incubation process, the diameters (inhibition zones (mm)) of 
each plate were observed around the fabric samples. 
 

      The antibacterial assay of each of loaded polyester fabrics were recorded after four washing cycles as the following 
treatments; (A) is Ampicillin (standard disc ,antibacterial agent) as positive control, (B) is the starting material 1 (9-
chloroacridine), (C) is the untreated polyester fabrics as negative control, (D) is the polyester fabrics which loaded with azo 
dyes (8 (a-d), 10 (a, b), 12 and 14).29 

      The antibacterial activity was obtained as the following method, the tested bacteria (100.0 µL) were grown in fresh 
media (10.0 mL) until they reached a count of approximately 108 cells/mL for each bacteria 30, 31. The bacterial suspension 
(100.0 µL) was spread on agar plates that matched the broth in which they were held. The isolated colonies of each organism 
that could be pathogenic should be chosen from primary agar plates and susceptibility checked using the disc diffusion 
process. 32. Plates with Gram (+) and Gram (-) bacteria were incubated at 35-37 oC for (24-48 hrs.), while Candida albicans 
yeast was incubated at 30 oC for (24-48 hrs.) (24-48 hrs.). The diameters of the inhibition zones were recorded in millimetres 
29. The standard discs of reference drug (Ampicillin, antibacterial agent) were served as positive controls for antibacterial 
activity while filter discs which were impregnated in 10.0 µL of solvent (deionized water, chloroform, DMSO) were used 
as a negative control. Blank paper disks (Schleicher & Schuell, Spain) (a diameter = 8.0 mm) were soaked in 10.0 µL of 
the tested concentration of the stock solutions and placed on the agar. The chemical will diffuse from the disc into the agar 
only around the disc. The size of chemical infiltration around the disc will be determined by the chemical's solubility and 
molecular size. The area of no growth around the disc is the zone of inhibition or clear zone which was determined by 
placing organism on the agar and wasn’t be grown in the area around the disc due to its sensitivity to the chemical. The 
zone diameters of the disc diffusion were determined using the slipping callipers of the National Committee for Clinical 
Laboratory Standards.30, 31 The methods based on agar, such as E test and disc diffusion, can be good alternatives to broth-
based methods because they are simpler and faster.33 
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