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Abstract: As the pathogens soon develop resistance to the existing antibiotics, the demand for new and more effective 
anti-microbial agents is a continuous phenomenon. In this paper we are reporting synthesis and spectral data of eight 
Schiff bases of salicylaldehyde with different amines, and evaluation of their anti-microbial activities against different 
bacterial strains. The bases were synthesized by reflux method, and their structures were determined based FT-IR, 1H-
NMR, 13C-NMR and Mass spectrometric data. The Schiff bases synthesized included 2-{[(Z)-(2-hydroxyphenyl) 
methylidene] amino}benzoicacid (SB1), 4-{[(Z)-(2-hydroxyphenyl) methylidene] amino} benzoic acid (SB2),2-
[(naphthalene-2-ylimino)methyl] phenol(SB3),2-2’-[benzene-1,4-diylbis(nitrilomethylylidene)]diphenol (SB4), 2-2’-
[benzene-1,2-diylbis (nitrile-(E)-methylylidene)]diphenol (SB5), 2-[(2-phenylhydrazineylidene)methyl]phenol (SB6), 2-
2’-[ethene-1,2-diylbis(iminomethanediyl)]diphenol (SB7) and 2-[(Z)-(phenylimino)methyl]phenol (SB8). The anti-
microbial activities of synthesized Schiff bases were determined in terms of zones of inhibition and minimum inhibitory 
concentrations (MICs). All the bases showed moderate to good activities against all the tested microorganisms. The 
MICs of most compounds were 100-200µg/mL against different microorganisms. However, it was 50µg/mL for SB1 
against P. aeruginosa (1), SB3 against P. aurantiaca, P. aeruginosa (1), E. coli (2), S. typhi (2) and C. freundii, 
SB4against E. coli (2), S. typhi (1) and S. maltophilia, SB5 against K. pneumoniae and S. typhi (2), SB6 against P. 
aeruginosa (3) and C. freundii, SB7 against E. cloacae and A. lipoferum, andSB8against E. coli (2). Considerably active 
bases may prove to be potential candidates for future antibiotic drugs. 
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INTRODUCTION  
 
Synthesis of numerous Schiff bases, the chemical 
compounds with azomethine, R2C=N-, functionality, have 
been reported since their first discovery by the German 
chemist Hugo Schiff in 1864 (Schiff, 1864; Kumar et al., 
2009; Arulmurugan et al., 2010; Parakash et al., 2011; 
Cleiton et al., 2011). However, the bioactivities of many 
of them are yet to be studied. A Schiff base is synthesized 
by the reaction of a primary amine with an aldehyde or a 
ketone, and those formed from aromatic amines and 
carbonyl compounds are particularly stable due to 
resonance. The Schiff bases derived from salicylaldehyde, 
which has the structural moiety common with acetyl 
salicylate, a celebrated drug, have been reported to have 
considerable bioactivities (Pessoa et al., 2000; Liu et al., 
2004; Redayan, 2012). Schiff bases have been reported to 
possess different bioactivities including antimicrobial 
(Sithambaram et al., 2006; Pannerselvam et al., 2005; 
Gulcan et al., 2012; Raman et al., 2008; Baluja et al., 
2009). The Schiff bases of salicylaldehyde and its 
derivatives have also been prepared and found active 
against different pathogens (Islam et al., 2002; Shi et al., 
2007; Ispir, 2009). 
  
Since the pathogens causing infectious diseases soon 
develop resistance to the existing antibiotics, the 

discovery of new anti-microbial agents is in a constant 
demand (Anderson, 2003; Maeda et al., 2011; Souli et al., 
2008), and Schiff bases constitute one of the classes of 
chemical compounds which hold great promise and are, 
thus, the subject of extensive investigation.  
 
In view of the fact, we planned to synthesize Schiff bases 
of salicylaldehyde with different amines and to study their 
anti-microbial activities. Since Schiff base synthesis is a 
reversible process, conditions have to be optimized to 
maximize the yield, which often pose a serious challenge. 
Equally stimulating is the purification and 
recrystallization of the product. 
  
MATERIALS AND METHODS 
 
Chemicals and equipment 
Salicylaldehyde and most amines were purchased from 
Merck, however, 2-aminobenzoic acid and 4-
aminobenzoic acid from BDH. All other reagents were of 
analytical grade. The standard antibiotics Amoxylin, 
Cefixime and Levofloxacin were purchased from the local 
market. Melting points were determined on Gallenkamp 
melting point apparatus and were uncorrected. The FT-IR 
and UV-Vis spectra were respectively recorded on Varian 
640-IR Spectrometer (cm-1) and UVD-3200 Spectrometer 
at Forman Christian College, Lahore, Pakistan. 1H-NMR 
and 13C-NMR spectra were obtained on Bruker400-MHz 
NMR Spectrometer, while the mass spectra on Varian *Corresponding author: e-mail: dildarahmed@gmail.com 
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MAT 312 Mass Spectrometer at HEJ Research Institute of 
Chemistry, Karachi, Pakistan. 
  
Synthesis of Schiff Bases 
The Schiff bases described in this paper were synthesized 
by refluxing stoichiometric amounts of salicylaldehyde 
and each of the amines at 60-80°C for 3 h. Methanol was 
used as solvent while glacial acetic acid was employed as 
catalyst. The progress of reaction was monitored by thin 
layer chromatography (TLC) on alumina plates. The 
Schiff bases were obtained as coloured precipitates which 
were filtered and washed with distilled water. 
Recrystallization from methanol or ethanol afforded 
crystals of compounds designated as SB1-SB8. 
 
Anti-microbial Studies 
Microorganisms 
Anti-microbial activities of the Schiff bases were studied 
against a number of bacterial strains including Klebsiella 
pneumonia, Enterobacter cloacae, Pseudomonas 
aurantiaca, Pseudomonas aeruginosa (3 strains), 
Escherichia coli (3 strains), Salmonella typhi (2 strains), 
Azospirillum lipoferum, Citrobacter freundii, 
Achromobacter xylosoxidans, Stenotrophomonas 
maltophilia and Enterobacter aerogenes. The microbial 
strains were obtained from Biotechnology laboratories, 
Forman Christian College University, Lahore. All 
bacterial cultures were stored at -20°C until utilized. 
 
Zones of Inhibition 
Agar well diffusion method was employed to determine 
the zones of inhibition following standard protocol (CLSI, 
2005; Ahmed et al., 2012; Kumar et al., 2012). Solutions 
of the compounds were prepared in DMSO. The bacterial 
inoculums were uniformly swabbed on a Mueller-Hinton 
Agar plates. In the dried agar, three wells of 7 mm 
diameter each were dug 33 mm apart from one another 
using a sterile cork borer. Into each well, 100µL of the 
test compound was poured and, for diffusion to take 
place, allowed to stand for 1h. The plates were then 
incubated at 37°C for 24h, after which the zones of 
inhibition were measured. 
 
Minimum Inhibitory Concentration (MIC) 
The agar dilution method was used to evaluate MIC, or 
the minimum inhibitory concentration, values of the 
Schiff bases and the standard antibiotics according to the 
methods based on National Committee for Clinical 
Laboratory Standards (NCCLS, 2006; Kumar et al., 

2012). Solutions of different concentrations (50-
250µg/mL) of each base were prepared by serial dilution 
in Mueller-Hinton Agar (MHA). Bacterial strains were 
then poured into the wells dug into the agar and the plates 
were kept in an incubator at 37°C for 24 h before noting 
the minimum concentrations of each base proved lethal to 
different bacterial strains. 
  
RESULTS  
 
Eight Schiff bases of salicylaldehyde were synthesized 
with different primary amines using reflux method. 
Solvent extraction and chromatographic techniques were 
used to purify the bases and their structures were 
determined on the bases of spectroscopic data. The anti-
microbial activities of the bases were evaluated against a 
number of bacteria strains. Structures of the bases are 
given in table 1. 
 
Structure elucidation 
SB1: 2-{[(Z)-(2-Hydroxyphenyl)methylidene]amino} 
benzoic acid 
M.P: 140°C; yield (87%); molecular mass: 241.2469; IR 
(KBr): υ (cm−1) =1663 (C=N). 1H NMR (400 MHz, 
DMSO), (δppm): 11.6 (s, 1H,H-11b), 8.98 (s,1H,H-6a), 
8.01 (1H, H-7b),7.86(1H, H-9b), 7.5(2H, H-10b, H-8b), 
7.45(1H, H-1a), 7.20(1H, H-3a), 6.95(1H, H-2a), 
6.72(1H, H-4a), 4.89 (1H, H-5a). 13C-NMR(DMSO), δ: 
170.9, 161.5, 160.7 (-CH=N-), 155.4, 135.6, 133.1,130, 
129.5, 128, 122.3, 122.1, 119, 117, 116.MS (m/z): 241 
[M+] 
 
SB2: 4-{[(Z)-(2-Hydroxyphenyl)methylidene]amino} 
benzoic acid 
M.P: 135 °C; yield (89.5%); molecular mass: 241.2469; 
IR (KBr): υ (cm−1) =1658 (C=N). 1H NMR (400 M Hz, 
DMSO), (δppm): 12.9 (s,1H,H-11b), 8.85 (s,1H,H-6a), 
8.02-7.99 (2H, H-9b, H-10b),7.71-7.69(2H, H-8b H-7b), 
7.45(1H, H-1a), 7.12(1H, H-3a), 6.98(1H, H-2a), 
6.74(1H, H-4a), 5.44 (1H, H-5a). 13C-NMR (DMSO), δ: 
172.3, 161.9, 160.5 (-CH=N-), 158.7, 133.1, 132.4(2C), 
129.5, 128, 127.4 (2C), 119, 117.3, 116.MS (m/z): 241 
[M+]. 
 
SB3: 2-[(Naphthalene-2-ylimino)methyl]phenol 
M.P: 255-260°C; yield (79%); molecular mass: 247.1971; 
IR (KBr): υ (cm−1)=1658 (C=N). 1H NMR(400 M Hz, 
CDCl3), (δppm): 8.5(-N=C-H), 7.7(4H,H-7b,8b,11b,12b), 
7.45 (s,1H,H-1a), 7.3 (3H, H-1b,H-9b, H-10b),7.12(1H, 
H-3a), 6.90(1H, H-2a), 6.76(1H, H-4a), 4.66 (1H, H-5a). 
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13C-NMR (CDCl3), δ: 162.3, 159.5 (-CH=N-), 151.4, 135, 
133, 132.7, 131.5, 129.2 (2C), 128.9, 126.8 (2C), 122.4, 
119.8, 119.2, 118.4, 115.7.MS (m/z): 247 [M+]. 
 
SB4: 2-2’-[Benzene-1,4-diylbis(nitrilomethylylidene)] 
diphenol 
M.P: 210-215°C; yield (77%); molecular mass: 316.3602; 

IR (KBr): υ (cm−1) =1665 (C=N). 1HNMR (400 M Hz, 
CD3OD), (δppm): 8.74 (2H, -N=C-H), 7.89 (4H, H-7b, H-
8b, H-9b, H-10b), 7.45 (2H, H-1a, H-1a’) 7.13(2H, H-3a, 
H-3a’), 6.89 (2H, H-2a, 2a’), 6.76 (2H, H-4a, 4a’), 4.5 
(2H, H-5a, H-5a’), 5.2 (1H, H-5a). 13C-NMR(CD3OD), δ: 
161.8, 160.2 (-CH=N-), 152.4 (2C), 132.7, 129.7, 124.5 
(4C), 122.4, 118.3, 117.0.MS (m/z): 316 [M+]. 

Table 1: Structures, molecular formulas and molecular masses of the Schiff bases of salicylaldehyde with different 
amines and IR absorption of C=N, and chemical shift of azomethine proton. 
 

Compound Substituent (R1) Molecular formula Molecular 
mass 

IR υ(cm-1) 
C=N 

1H NMR 
H-C=N (ppm) 

SB1 O

OH

7b
8b

9b

10b

11b

 

C14H11NO3 241.2469 1663 8.98 

SB2 
OOH

10b

9b

11b

7b

8b

 

C14H11NO3 241.2469 1658 8.85 

SB3 

7b8b

11b 12b
13b

9b

10b
 

C17H13NO 247.1971 1658 8.50 

SB4 

  

N

OH

H

7b
8b

9b
10b

4a'
3a'

2a'
1a'

5a'

6a'  

C20H16N2O2 316.3602 1665 8.74 

SB5 OH N
H

6a'
5a'

4a'

3a' 2a'

1a'

7b 8b

9b

10b

 

C20H16N2O2 316.3602 1653 8.65 

SB6 

  

9b
10b11b

12b

N

H
7b
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C13H12N2O 212.2518 1658 8.46 
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N

H

H2C

OH

H

H
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C16H16N2O2 268.3162 1650 8.14 

SB8 
  

7b 8b
9b

10b11b   

C13H11NO 197.2371 1655 8.57 
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 SB5: 2-2’-[Benzene-1,2-diylbis(nitrilo(E) 
methylylidene)]diphenol 
M.P: 240-243°C; yield (73%); molecular mass: 
316.3602;IR (KBr): υ (cm−1) =1653 (C=N). 1H NMR (400 
M Hz, CDCl3), (δppm): 8.65(2H, -N=C-H), 7.94 (4H, H-
7b, H-8b, H-9b, H-10b), 7.45 (2H, H-1a,H-1a’) 7.25(2H, 
H-3a, H-3a’), 6.89 (2H, H-2a,2a’), 6.79 (2H, H-4a,4a’), 
4.6 (2H, H-5a,H-5a’), 5.14 (1H, H-5a) 13C-NMR(CDCl3), 
δ: 162, 161.1 (-CH=N-), 145.5 (2C), 132.7, 129.9 (2C) 
129.4, 123.8 (2C), 122.4, 118.3, 117.0.MS (m/z): 316 
[M+]. 
  
SB6: 2-[(2-Phenylhydrazineylidene)methyl]phenol 
M.P: 190-198°C; yield (73%); molecular mass: 212.2518; 
IR (KBr): υ (cm−1) = 1658 (C=N). 1HNMR(400 M Hz, 
CDCl3), (δppm): 8.46(-N=C-H) 7.45 (1H, H-1a),7.27 
(1H,H-3a), 7.18 (2H, H-9b, H-11b), 6.95(1H, H-4a), 6.84 
(1H, H-2a), 6.78 (1H, H-10b), 6.64 (2H, H-8b, 12b), 
5.3(1H, H-5a), 4.85 (1H, H-7a), 5.37 (1H, H-5a). 13C-
NMR(CDCl3), δ: 161.4, 147.2 (-CH=N-), 144.6, 131.8, 
131.2,129.4 (2C), 122.7, 118.9, 120, 115.8, 115.5(2C).MS 
(m/z): 212 [M+]. 
  
SB7: 2-2’-[Ethene-1,2-diylbis(iminomethanediyl)] 
diphenol 
M.P: 140-144°C; yield (73%); molecular mass: 
268.3162;IR (KBr): υ (cm−1) =1650 (C=N). 1H NMR (400 
M Hz, CDCl3), (δppm): 8.14 (2H, -N=C-H), 7.39 (2H, H-
4a, H-4a’), 7.1 (2H, 2a, 2a’), 6.9 (2H, 3a, 3a’), 6.79 (2H, 
1a, 1a’), 5.15 (2H, 5a, 5a’), 3.89-3.95 (4H, 7b, 8b, 9b, 
10b). 13C-NMR (CDCl3), δ: 160.6 (2C, -CH=N-), 
159.7,132.4, 130.7, 123.3, 118.5, 117.0, 69.3 (2C). MS 
(m/z): 268 [M+]. 
  

SB8: 2-[(Z)-(Phenylimino)methyl]phenol 
M.P: 140-144°C; yield (73%); molecular mass: 
197.2371;IR (KBr): υ (cm−1) =1655 (C=N). 1H NMR(400 
M Hz, CDCl3), (δppm): 8.57 (-N=C-H), 7.6 (1H, H-4a), 
7.6-7.45 (5H, 7b, 8b, 9b, 10b,11b), 7.1 (1H, 2a), 6.9 (1H, 
3a), 6.79 (1H, 1a), 4.94 (1H, 5a). 13C-NMR (CDCl3), δ: 
161.6, 160.3 (-CH=N-), 154.4, 132.4, 131.1 (2C), 128.6, 
122.4, 121.8 (2C), 119.8, 118.4, 115.7.MS (m/z): 197 
[M+]. 
  
Anti-microbial Studies 
Anti-microbial activities of all the bases were evaluated in 
terms of Zones of Inhibition and MIC values and the 
results are presented in table 2 and table 3, respectively. 
In this study, three different antibiotic medicines, 
Amoxylin, Cefixime and Levofloxacin, were used as 
standards to have a comparison of the toxicity of the 
synthesized Schiff bases. Different bacterial strains 
showed different sensitivities against these drugs. The 
different response of the different strains of the same 
species of bacteria towards the standard antibiotics and 
the Schiff bases showed different degrees of resistance 
that these microorganisms have developed. 
 
DISCUSSION 
  
The structures of the Schiff bases were elucidated on the 
bases of spectroscopic data. The molecular ion peaks in 
the mass spectra of bases conformed to the calculated 
molecular masses. In 1H NMR spectra the characteristic 
azomethine proton (H-C=N) appeared at its expected 
value (8.14-9.98 ppm), while the azomethine carbon 
resonated at about 160 ppm in the 13C NMR spectra 
(Azam et al., 2007). The C=N stretching absorption 
occurred in its normal region of 1650 cm-1 in the IR 

Table 3: Minimum inhibitory concentrations (MIC values) of salicylaldehyde Schiff bases against different bacterial 
strains 
 

MIC values (µg/mL) Bacterial strains SB1 SB2 SB3 SB4 SB5 SB6 SB7 SB8 
Klebsiella pneumoniae 150 250 100 250 50 250 100 100 
Enterobacter cloacae 200 200 100 100 100 100 50 150 
Enterobacter aerogenes 250 200 150 100 200 100 150 150 
Pseudomonas aurantiaca 250 250 50 150 200 250 200 200 
Pseudomonas aeruginosa (1) 50 100 50 100 150 200 250 250 
Pseudomonas aeruginosa (2) 100 100 200 200 100 100 250 200 
Pseudomonas aeruginosa (3) 200 250 200 200 100 50 250 100 
Escherichia coli (1) 200 100 200 200 200 250 100 200 
Escherichia coli (2) 150 150 50 50 150 250 200 50 
Escherichia coli (3) 300 150 200 100 300 250 100 200 
Salmonella typhi (1) 250 200 100 50 250 200 100 200 
Salmonella typhi (2) 200 200 50 100 50 200 200 100 
Azospirillum lipoferum 150 200 150 100 150 100 50 250 
Citrobacter freundii 100 100 50 150 200 50 100 250 
Achromobacter xylosoxidans 100 100 150 250 150 200 200 200 
Stenotrophomonas maltophilia 150 250 100 50 200 200 200 200 
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spectra which confirmed the structures (Tantaru et al., 
2010). 1H and 13C NMR assignments are shown in Results 
above (Kumar et al., 2010; Shi et al., 2007; Parekh et al., 
2005). Most bases showed moderate to very good anti-
microbial activities. An estimate of the relative toxicity of 
these bases in comparison with the standard antibiotics 
can be had from the tables 2 and 3. The base SB1 
displayed moderate efficacy against most of the tested 
strains. However, it was more potent against P. 
aurantiaca, P. aeruginosa (3), E. coli (2) and C. freundii, 
with zone of inhibition (ZOI, mm) of 25.1±0.13, 
26.0±2.01, 27.0±2.50 and 29.6±1.55, respectively. These 
results are significant as they are comparable to those of 
standard drugs. SB2 showed high toxicity against P. 
aeruginosa (3), A. xylosoxidans and S. typhi (1) with 
efficacy comparable to that of standard antibiotics. SB3 
showed significant toxicity against a number of 
microorganisms including P. aurantiaca, K. pneumoniae, 
P. aeruginosa (2) and E. coli (2). The Schiff base SB4 
had remarkable efficacy against strains of E. coli, P. 
aeruginosa (1), A. lipoferum, C. freundii, A. xylosoxidans 
and E. aerogenes. The Schiff base SB5 was effective 
against K. pneumoniae, P. aeruginosa (1) and A. 
xylosoxidans. SB6 was toxic against E. cloacae, E. coli 
(3) and E. aerogenes. SB7 showed very good 
effectiveness against K. pneumoniae, E. cloacae, P. 
aeruginosa (3), E. coli (1), and A. xylosoxidans. The 
compound SB8 exhibited considerable efficacy against E. 
cloacae, P. aurantiaca, P. aeruginosa (1), P. aeruginosa 
(2), E. coli (1), E. coli (2) and E. aerogenes. The ZOI 
higher than 24 should be regarded as highly significant, 
between 20-24, as moderately significant, while less than 
20 as less significant. Variation in efficacy of compounds 
is due to variation in their structures. 
 
The minimum concentrations sufficient to kill the 
microorganisms for most compounds were 100-200 
µg/mL. However, some compounds were toxic even at a 
lower concentration. SB1 against P. aeruginosa (1), SB3 
against P. aurantiaca, P. aeruginosa (1), E. coli (2), S. 
typhi (2), C. freundii, SB4 against E. coli (2), S. typhi (1), 
S. maltophilia, SB5against K. pneumoniae and S. typhi 
(2),SB6 against P. aeruginosa (3), C. freundii, SB7 
against E. cloacae and A. lipoferum, and SB8 against E. 
coli (2) was 50µg/mL. 
 
The difference in susceptibility of different strains of a 
microorganism against standard antibiotics as well as the 
Schiff bases showed different levels of resistance that 
they have developed. 
 
CONCLUSION 
 
In the present study, Schiff bases of salicylaldehyde with 
different primary amines were prepared and characterized 
on the bases of spectroscopic data. The bases exhibited 
considerable anti-microbial activities against a number of 

bacterial strains. Expectedly, various strains of bacteria 
exhibited different susceptibility against the standard 
antibiotic and the Schiff bases which showed difference in 
the resistance, which the microorganisms have developed. 
Further studies may prove some of these bases as suitable 
candidates for future antibiotics particularly useful for 
topical application against infections caused by different 
pathogens.  
 
REFERENCES 
 
Ahmed D, Chaudhary MA, Raza A, Waheed A, Khan SR 

and Ikram M (2012). Comparative study of 
antibacterial activity and mineral contents of various 
parts of Verbena officinalis Linn. Asian J. Chem., 
24(1): 68-72.  

Andersson DI (2003). Persistence of antibiotic 
resistantbacteria. Curr. Opin. Microbiol., 6(5): 452-
456. 

Arulmurugan S, Kavitha HP and Venkatraman BR 
(2010). Biological activities of schiff bases and its 
complexes: A Review, Rasayan J. Chem., 3(3): 385-
410. 

Azam F, Singh S, Khokhra SL and Prakash O (2007). 
Synthesis of Schiff bases of naphtha[1,2-d]thiazol-2-
amine and metal complexes of 2-(2'-hydroxy) 
benzylideneaminonaphthothiazole as potential anti-
microbial agents.J Zhejiang Univ.Sci.B., 8(6): 446-452. 

Baluja S, Parikh J, Chanda S and Vaishnani KP (2009). 
Evaluation of antibacterial activity of some schiff 
bases. J. Indian Chem. Soc., 86: 1338-1342. 

CLSI (2005). Performance standards for antimicrobial 
disk susceptibility tests: Fifteenth informational 
supplement M 100-S15. CLSI, Wayne, PA, USA, 
pp.17-28. 

da Silva CM, da Silva DL, Modolo LV, Alves RB, de 
Resende MA, Martins CVB and de Fátima (2011). 
Schiff bases: A short review of their antimicrobial 
activities. J. Adv. Res., 2(1): 1-8. 

Glucan M, Sonmez M and Berber I (2012). Synthesis, 
characterization and antimicrobial activity of a new 
pyrimidine Schiff base and its Cu (II), Ni (II), Co (II), 
Pt (II) and Pd (II) complexes, Turk. J. Chem., 36: 189-
200. 

Hitomi M, Kimiyo N and Hisako Y (2011). Up to date on 
infection control and nursing cares for drug-resistant 
bacterial infections in home-visit nursing care stations. 
Japanese J. Environ. Infections, 26(5): 285-292. 

Islam MS, Farooque MA, Bodruddoza MAK, Mosaddik 
MA and Alam MS (2002). Antimicrobial and 
toxicological studies of mixed ligand transition metal 
complexes of Schiff bases. Online J. Biol. Sci., 2(12): 
797-799. 

Ispir E (2009). The synthesis, characterization, 
electrochemical character, catalytic and antimicrobial 
activity of novel, azo-containing Schiff bases and their 
metal complexes, Dyes and Pigments, 82(1): 13-19. 



Hafiz Muhammad Adeel Sharif et al 

Pak. J. Pharm. Sci., Vol.28, No.2, March 2015, pp.449-455 455

Kumar S, Dhar DN and Saxena PN (2009). Applications 
of metal complexes of Schiff bases: A Review. J. 
Scientific and Industrial Res., 68: 181-187. 

Kumar S, Kumar P and Sati N (2012). Synthesis and 
biological evaluation of Schiff bases and azetidinones 
of 1-naphthol. J. Pharm. Biol. Sci., 4(3): 246-249.  

Kumar S, Niranjan MS, Chaluvaraju KC, Jamakhandi CM 
and Kadadevar D (2010). Synthesis and antimicrobial 
study of some Schiff bases of sulfonamides, J. Curr. 
Pharmaceut. Res., 1: 39-42. 

Liu WL, Zou Y, Ni CL, Ni ZP, Li YZ, Yao YG and Meng 
QJ (2004). Synthesis and characterization of copper 
(II) Schiff base complexes derived from 
salicylaldehyde and glycylglycylglycine, Polyhedron, 
23(5): 849-855. 

NCCLS (2006). Methods for dilution antimicrobial 
susceptibility tests for bacteria that grow aerobically, 
(7th ed). Approved standard, M7-A7. Wayne, 
Pennsylvania, pp. 11-14. 

Pannerselvam P, Nair RR, Vijayalakshmi G, Subramanian 
EH and Sridhar SK (2005). Synthesis of Schiff bases of 
4-(4-aminophenyl)-morpholine as potential 
antimicrobial agents. Eur. J. Med. Chem., 40: 225. 

Parekh J, Iinamdhar P, Nair R, Baluja S and Chanda S 
(2005). Synthesis and antibacterial activity of some 
Schiff bases derived from 4-aminobenzoic acid. J. 
Serb. Chem. Soc., 70(10): 1155-1161. 

Pessoa JC, Cavaco I, Correia I, Costa D, Henriques RT 
and Gillard RD (2000). Preparation and 
characterization of new oxovanadium (IV) Schiff base 
complexes derived from salicylaldehyde and simple 
dipeptides. Inorg. Chim. Acta., 305(1): 7-13. 

Prakash A and Adhikari D (2011). Application of schiff 
bases and their metal complexes-A Review, Intern. J. 
Chem. Tech. Res., 3(4): 1891-1896. 

Raman N, Fathima SSA and Raja JD (2008). Designing, 
synthesis and spectral characterization of schiff base 
transition metal complexes: DNA cleavage and 
antimicrobial activity studies. J. Serbian Chem. Soc., 
73(11): 1063-1071. 

Redayan MA (2012). Synthesis, Spectroscopic and 
antibacterial studies of Zinc (II) Complexes Derived 
from Salicylaldehyde, Leucylalanine and 
Glycylglycine.  J. Baghdad for Sci., 9(3): 532. 

Schiff H (1864). Mitteilungenausdem University 
ätslaboratorium in Pisa: Eineneue Reiheorganischer 
Basen. Justus Liebigs Ann. Chem., 131: 118-119. 

Shi L, Ge HM, Tan SH, Li HQ, Song YC, Zhu HL and 
Tan RX (2007). Synthesis and antimicrobial activities 
of Schiff bases derived from 5-chloro-salicylaldehyde, 
Eur. J. Med. Chem., 42(4): 558-564. 

Sithambaram KM, Jagadesh PD, Poojary B and 
Subramanya BK (2006). Synthesis and antimicrobial 
activity of new Schiff bases containing coumarin 
moiety and their spectral characterization. Bioorg. 
Med. Chem., 14: 7482. 

Souli M, Galani I and Giamarellou H (2008). Emergence 
of extensively drug-resistant and pandrug-resistant 
Gram-negative bacilli in Europe. Euro. Surveill., 
13(47): pii=19045. Available online: 
http://www.eurosurveillance.org/ViewArticle.aspx?Art
icleId=19045. 

Tantaru G, Vieriu M and Poiata A (2010). Synthesis and 
antimicrobial evaluation of different Schiff bases and 
their complexes, Natura Montenegrina, 9(3): 889-895.

 




