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ABSTARCT 

Drug resistance is a growing problem of 21st century. Therefore, to curb the drug resistant 
microbial infections, in the present study, we synthesized Schiff base, N-(3,5 dichlorosalicylidene)-4-(o-
methoxyphenyl)-2-aminothiazole, by reacting 4-(o-methoxyphenyl)-2-aminothiazole and 3,5 
dichlorosalicylaldehyde by microwave irradiation (a green chemistry approach) and conventional method. 
The as-synthesized Schiff bases were characterized by Uv-Visible, IR, 1H NMR, 13C NMR and GC-MS. 
The Schiff bases have inhibited the biofilm formations in Candida albicans MTCC 227. An amount of 
100 ug of Schiff bases was sufficient to bring about more than 70% inhibition of biofilm in C. albicans. 
The biofilm inhibition by the action of Schiff bases was further evident from optical and scanning electron 
microscopic observations. Our study is the first report of the use of schiff bases as an inhibitor of biofilm 
formation in Candida albicans. The antibiofilm activity shown by Schiff bases is significant in biomedical 
field in controlling biofilm formed by C. albicanss and similar organisms. 
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INTRODUCTION 

The medical community is confronted with the challenges to treat and control 
emerging infectious diseases, and the increasing number of multi-drug resistant microbial 
pathogens.1-5 In this instance, the infection caused by fungi, in particular, by Candida 
albicans is serious owing to physiological attributes (virulences) of C.albicans such as i) 
adhesion to human cells with subsequent invasion,6 (ii) the ability to form biofilm on human 
mucosa, on artificial surfaces such as catheters7,8  and dental devices9,10 and (iii) the ability to 
switch from yeast to hyphal form.11 Amongst these, the biofilm formation is an important 
factor in C. albicans pathogenesis since it is highly resistant to antifungal drugs. This 
resistance in C. albicans is multifactorial and complex, and involves: (i) limited drug 
penetration into the biofilm due to the viscous extracellular matrix, (ii) binding or adsorption 
of drug by the biofilm, (iii) over-expression of genes involved in drug resistance, (iv)  and 
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multidrug tolerance due to persistent cells.12,13 The formation of Candida biofilms is 
clinically relevant because cells immobilized in biofilm are much more resistant to 
antifungal therapies as compared to their planktonic counterparts, and thus, are shielded 
from the host immune defenses.14 Thus, the physiological outcome of biofilm, increased 
drug resistance and pathogenicity, emphasizes the need for new search of new antibiofilm 
agents that can inhibit biofilm formation or destroy preformed biofilm formed by Candida 
species, and in this context, Schiff bases of thiazoles can be considered as a new candidate 
for the control of biofilm in C. albicans and similar organisms.   

Schiff bases (formed by the condensation of primary amines with carbonyl 
compounds) have been widely explored in the field of coordinated chemistry because of 
their synthetic flexibility, selectivity and sensitivity towards transition metals. A number 
reviews on studies of Schiff base metal complexes have been devoted to coordination 
chemistry.15,16 In recent year Schiff received much attention in bioorganic chemistry for the 
synthesis of bioactive agents.17-19  The bioactive potentials in Schiff bases is likely due to the 
coordination of imine nitrogen atom and other active centers available in thiazoles with 
metal ions like Cu (II), Co(II), Ni(II), or Zn(II),20 resulting in the change of  size, shape, 
charge density distribution, and redox potentials of Schiff bases.   

Therefore, in continuation of our previous work18,19 for the the search for the 
bioactive molecule, in the present study, we synthesized N-(3,5 dichlorosalicylidene) -4-(o-
Methoxyphenyl)-2-aminothiazole, by reacting 4-(o-methoxyphenyl) 2-aminothiazole and 3,5 
dichlorosalicylaldehyde by microwave irradiation (a green chemistry approach) and 
conventional method, and studied antibiofilm activity against C. albicans.  

EXPERIMENTAL 

Materials and methods 

All the chemicals used in present study were of A. R. Grade. 4-(o-methoxyphenyl)-
2-aminothiazole was synthesized according to the procedure available in literature21. The 
solvents were dried according to the standard procedures and distilled before use.               
UV-Visible spectra were recorded in ethanol on Shimadzu A 600UV-Visible spectrometer. 
IR spectra were recorded in KBr pellets on Shimadzu FT-IR 8400 spectrometer. 1H NMR 
spectra were recorded in CDCl3 using TMS as the standard on Varian 300MHz spectrometer. 
GC-MS were recorded on Shimadzu GC-MS QP 5050 mass spectrometer. Microwave 
mediated reactions were carried out in Onida-power conventional 25 DLX microwave          
oven. 
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Synthesis of thiazole Schiff base (conventional method) 

A solution of 3,5-dichlorosalicylaldehyde in ethanol was added to the ethanolic 
solution of 4-(o-methoxyphenyl)-2-aminothiazole in equimolar quantity. The mixture               
was refluxed in a water bath for 30 min. The Schiff bases, thus formed, N-(3,5 
dichlorosalicylidene)-4-(o methoxyphenyl)-2-aminothiazole was filtered at suction, 
recrystallized form ethanol and dried under vacuum. Purity of Schiff bases was checked by 
molecular weight determination, elemental analysis and TLC.  

Synthesis of thiazole Schiff base (microwave assisted) 

4-(o-Methoxyphenyl)-2-aminothiazole (1 mmole) and 3,5 dichlorosalicylaldehyde            
(1 mmole) were mixed with each other in mortar-pestle and the reaction mixture was placed 
in small conical flask at room temperature, then 1 mL alcohol was added. The mixture was 
then exposed to microwave irradiation at 10% power for 10-20 sec. (Scheme 1). Completion 
of the reaction was tested by TLC. The reaction mixture was then cooled to room 
temperature. The yellow colored Schiff base was obtained, which was recrystallized from 
ethanol and dried under reduced pressure.  

Antibiofilm activity 

In short, 100 uL of 107 cells/mL of C. albicans (grown overnight in yeast peptone 
dextrose broth) in water were allowed to adher to the surface of 96 well polystyrene plate. 
The un-adhered cells were gently washed with phosphate buffer saline (PBS). 100 uL of 
Roswell Park Memorial Institute (RPMI) medium containing of different concentrations             
(0-500 ug/L) of Schiff bases were added to each well, and incubated for 24 hrs at 37oC.  
After 24 hrs of incubations, the medium supernatant were removed, and the biofilm formed 
was gently washed with PBS and further incubated with 100 uL of 5 mg/mL 3-(4,5-
Dimethylthiazol-2-yl)-2,5 Diphenyltetrazolium Bromide) (MTT) solution. After 6 hrs of 
incubations, 100 uL of dimethyl sulfoxide were added to each well and optical density was 
recorded on 540 nm (Multimode Plate Reader, Thermo-Fisher, India). For, scanning electron 
microscopy (SEM), the washed biofilm was incubated with 4% glutaraldehyde solution for 
overnight at 4oC, and  dehydrated in a series of ethanol (10-100%, each 15 mins), and 
observed for the biofilm at 1000X magnification under SEM (Joel, JSM).  

RESULTS AND DISCUSSION 

Synthesis of Schiff base 

The Schiff base was synthesized by reacting equimolar amounts of 4-(o-
methoxyphenyl)-2-aminothiazole and 3,5 dichlorosalicylaldehyde under microwave 



 N. N. Karale: Antibiofilm Activity of…. 2538 

irradiation. Schiff base was yellow crystalline solids having sharp melting points 190 oC. It 
is soluble in common organic solvent like acetone, alcohol, chloroform, carbon tetrachloride, 
etc. The Schiff base is having a molecular formula of C17H12N2O2SCl2 and gave satisfactory 
data of elemental (C, H and N) analysis. The reaction time, percentage yield and melting 
points of the Schiff bases were given in Table 1. We found that microwave irradiated 
synthesis of Schiff bases is a convenient and rapid synthetic method resulting in good yield 
of the expected product and is 180 times faster than the conventional method of the synthesis 
which requires 20 to 30 min heating on water bath. The reaction time, percentage yield and 
melting points of the Schiff bases were given in Table 1. 

Table 1: Comparative account of synthesis of Schiff base by conventional and 
microwave methods 

S. No. 
Conventional method Microwave method Melting Pt. 

(oC) Yield (%) Time (min.) Yield (%) Time (sec.) 

1 90 30 98 10 190 

We found that microwave irradiated synthesis of Schiff bases is a convenient and 
rapid synthetic method resulting in good yield of the expected product and is 180 times 
faster than the conventional method of the synthesis which requires 20 to 30 min heating on 
water bath.  

Structural characterization of Schiff base   

The UV–Visible spectrum of Schiff base exhibits λmax at 396 nm. UV-Vis spectra of 
the Schiff bases exhibit an intense band at ~400 nm. The UV-Vis spectrum of 2-aminothiazole 
exhibits an intense band at ~275 nm and other aromatic amino compounds with comparable 
structures exhibit absorption22,23 at ~300 nm. The shifting of absorption band towards higher 
wavelength (~ 400 nm) in the present Schiff bases may be due to extended conjugation in 
the molecule.24 The IR spectrum of Schiff base in KBr shows IR (cm-1): ν(O-H) 3456, 
ν(C=N) 1630, ν(C-O) 1236, ν(C-S-C) 675 and phenyl and thiazole ring vibrations 1578, 
1480, 1347,1165. The IR spectra of the Schiff bases exhibit ν(O-H), ν(C=N), ν(C-O) and 
ν(C-S-C) modes at ~ 3430 - ~3460, ~1640, ~ 1280 and ~660 cm-1 respectively, and these 
values are in accordance with the earlier reports.21  The ν(OH) mode is broad and weak and 
this may due to hydrogen bonding between phenolic OH and nitrogen of the azomethine 
group forming a six membered ring.25  
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Scheme 1: Reaction of N-(3,5 dichlorosalicylidene)-4-(o-methoxyphenyl)-2-

aminothiazole 

The 1H NMR spectrum of Schiff base shows signals at (CDCl3, TMS, δ ppm) 3.94 
(3H, s, Ar-OCH3), 7.15 (1H, s, H-thiazole), 7.15 to 8.12 (7H, m, Ar-H), 8.12 (1H, s, 
benzylidenimin), 9.40 (1H, s, Ar-OH). The assignments of NMR signals show close 
resemblance with the earlier results (Silverstein et al, 1991). The 13C NMR spectrum of 
Schiff base shows signals at (CDCl3, TMS, δppm) 206.77, 192.71, 170.41, 163.71, 156.96, 
133.40, 129.60, 121.01, 118.50, 111.69, 60.00, 54.73, 47.68, 39.51, 29.79, 20.67, 14.03. 
Mass spectra of Schiff base represented by m/z (relative intensity %) is described as: 
378/380* (60.97/41.46) (M+ peak) (Molecular Formula: C17H12N2O2SCl2), 345 (14.63), 232 
(14.63), 215 (17.07), 189 (39.02), 164 (14.34), 146 (36.58), 132 (100), 121 (39.02), 102 
(19.51), 91 (17.07), 77 (26.82), 63 (7.31), 45 (9.75), The peaks marked with (*) are isotopic 
peaks. 

Antibiofilm activity 

The major clinical concern in fungi-related infections arise due to the ability of such 
fungi to form fungal  biofilm, and are a major clinical concern as these structured microbial 
communities present in biofilm are characterized by increased resistance to antifungal 
therapy.7 This intrinsic increased tolerance of biofilm to antimycotics renders current 
treatment options for fungal biofilm insufficient.  

Therefore, confronted with this problem, in present study we attempted biological 
application of Schiff bases, N-(3,5 dichlorosalicylidene)-4-(o-methoxyphenyl)-2-
aminothiazole, as an antibiofilm agent. When the adhered cells of C. albicans was subjected 
to various concentrations of Schiff bases, and observed for the formation of biofilm. It was 
observed that Schiff bases inhibit biofilm formations in a concentration dependent manner. 
Whereas the biofilm formed by C. albicans was 100% in control (0 ug/mL), it’s formation 
decreased with increasing concentrations (Fig. 1). A drastic decrease in biofilm formations 
(approximately 75%) was observed at 125 ug/mL of Schiff bases.   
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Fig. 1: Biofilm formation in Candida albicans at different concentration of                       

Schiff bases 

When the structures of biofilm at 25 ug/mL of Schiff bases under SEM was analyzed, 
we observed circular to oval shaped of C. albicans, indicating inhibition of biofilm 
formation (Fig. 2). Under controlled conditions, when cell of C. albicans, were allowed to 
adhere to the surface of polystyrene plate, they are usually circular to oval shaped. When 
these cells acquired nutrients present in the RPMI medium, they divided and re-divided, and 
ultimately formed entangled mycelia structures with polysaccharide matrix around (biofilm).  
However, due to inhibitory action of the Schiff bases, cells of C. albicans did not divide, and 
were observed as circular to oval shaped, thus indicating biofilm inhibitions in C. albicans.   

    
Fig. 2: Effect of Schiff bases on biofilm of C. albicans 

The exact reason for the antibiofilm action of Schiff bases is subject of further 
research, but a hypothetical reason, based on current literature on biofilm of C. albicans, 
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suggests disruptions of lipid metabolism responsible for the biosynthesis of plasma 
membrane.26  When we surveyed the literature, we found that there are numerous reports of 
the anti-biofilm studies exploring natural products or its derivatives.27 However, examples of 
synthetic compounds as anti-biofilm agents are few. The scaffolds of the chemical structures 
explored till date to study the anti-biofilm activities are aminothiazoles, substituted 
pyrimidinium salts, substituted imidazoles, TAGE-triazole conju-gates and 4-thiazolidinones 
derivatives.27-32 Thus, vast reportier of the chemical scaffolds are yet unexplored as an anti-
biofilm agent. As mentioned earlier, the establishment of chronic infections takes an 
advantage of biofilm, the disruption of biofilm is expected to reduce the pathogenicity of 
many biofilm forming pathogens. When we reviewed literature survey for the use of Schiff 
bases for antibiofilm activity, we were surprised to find that there are no reports on the 
antibiofilm activity of Schiff bases on C. albicans, instead there are few reports on the 
antifungal activity as discussed following. Rehman et al. (2004)33 showed that a 
concentration of 500 ppm of N-(Salicylidene)-2-hydroxyaniline is required to inhibit the 
activity of phytopathogenic fungi, Alternaria brassicae and A. brassicicola, Guo et al.34, 
showed antifungal activity against Botrytis cinerea and Colletotrichum lagenarium by          
26-33% and 35-38% at 1000 ppm of Schiff bases, chitosan-derived Schiff bases, 
Karthikeyan et al.35 showed antifungal activity against Aspergillus fumigatus, A. flavus, 
Trichophyton mentagrophytes, and Penicillium marneffei by 6.3-12.5 ug/mL of 2,4-dichloro-
5-fluorophenyl Schiff bases, Echevarria et al.36 showed antifungal activity against 
Trichophyton rubrum and Epidermophyton floccosum respectively at 820-980 uM and 200-
930 uM of Piperonyl-derived Schiff bases, Pandeya et al.37 reported antifungal activity 
against Microsporum audouinii and M. gypseum respectively at 2.4 to 9.7 and 1.2 to 9.7 
ug/mL of Isatin-derived Schiff bases. In present study, we also attempted microwave-
assisted synthesis of Schiff bases since it is eco-friendly and has advantageous over the 
conventional heating method owing to shorter reaction time, experimental simplicity, 
selectivity of products, and easy working up procedures.38-40 

Thus, the Schiff base, N-(3,5 dichlorosalicylidene)-4-(o-Methoxyphenyl)-2-
aminothiazole has shown a new bioactive applications as an agent inhibiting biofilm 
formations in C. albicans. This is important in the view of the antimicrobial resistance 
shown by the cells residing inside biofilm. The as-synthesized Schiff base can also be 
viewed as an antibiofilm agent against other biofilm forming organisms. Our study is the 
first report of the use of schiff bases as an inhibitor of biofilm formation in Candida albicans. 

CONCLUSION 

The conventional and microwave-assisted method successfully synthesized Schiff 
base, N-(3,5 dichlorosalicylidene)-4-(o-Methoxyphenyl)-2-aminothiazole. However, the 
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microwave-assisted method for Schiff bases synthesis is feasible over the conventional 
method. The as-synthesized compound shows the typical characteristics of Schiff bases. The 
as-synthesized Schiff bases showed an antibiofilm activity against C. albicans, which is 
significant against the organisms residing inside the biofilm. The SEM analysis further 
validated the biofilm inhibitions in C. albicans by N-(3,5 dichlorosalicylidene)-4-(o-
methoxyphenyl)-2-aminothiazole. 
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