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ABSTRACT 
Three Schiff bases (L1 to L3) were synthesized by refluxing indole-3-carbazaldehyde with three 
different amino acids (valine, threonine and phenylalanine) in the presence of sodium hydroxide. 
The synthesized compounds were purified by recrystallization in ethanol and characterized using 
Infrared spectroscopy, High resolution mass spectrometry, Melting points and CHN microanalysis. 
The Schiff bases were found to be soluble in polar solvent such as methanol and ethanol but 
insoluble in non-polar solvent such as hexane. Data from Infrared spectral study indicated that the 
characteristics band attributed to aldehyde stretching disappeared on the final products and a new 
absorption band observed at 1629-1635 cm-1 was due to the ν(C=N) stretching vibration, which is 
a characteristic band of Schiff base. The CHN analysis of the Schiff bases were consistent with the 
calculated results from the empirical formula of the proposed structure of each compound. ESI-
mass spectra from a methanol solution of the Schiff bases showed singly charged ions at m/z = 
289.09, 291.07 and 315.10 which corresponds to [M+Na]+  singly charged adduct ions of L1 to L3 
respectively. Antibacterial and antifungal assay of the Schiff bases were performed in vitro against 
Stapylococcus aureus, Streptococcus pneumoniae, Salmonella typhi, Escherichia coli, Trichophyton 
tonsurans and Tricophyton rubrum. 
Keywords: Indole-3-carbazaldehyde, amino acids, Schiff base, Electro spray Ionisation -mass 
spectrometry. 

 

INTRODUCTION  
Schiff bases are one of the important classes of 
organic compounds which are characterized by the -
N=CH- (imine) group. They are sometimes referred to 
as azomethines or imines and are synthesized by the 
reaction of aldehyde or ketones with primary amines 
(Loudon and Parise, 2016). The number of amino and 
keto precursors available for condensation reactions 
leading to azomethine compounds is practically 
unlimited. As such, the judicious selection of the two 
precursors allows a perfect control over the denticity 
of the resulting ligands, the nature of the donor 
atoms and the number of the chelating moieties 
(Matius, 2015). 
Schiff base are important class of compounds due to 

their large number of applications owing to their 
characteristic properties such as high synthesis 
flexibility, varied coordinating ability, thermal stability, 
novel structures, biological activities and medicinal 
utility (Pal et al., 2000; Asadi and Sarvestani, 2001; 
Kumar et al., 2003). A number of Schiff bases have 
been reported to possess anti-glycation (Taha et al., 
2014; Khan et al., 2013), antioxidant (Anouar et al., 

2013; Taha et al., 2013 (a)) anti-leishmanial (Taha et 
al., 2013 (b)), antifungal (Sundriyal et al., 2006), 
antitumor (Sinha et al., 2008) and analgesic 
(Chinnasamy et al., 2010) activities. It has been 
suggested that the active pharmacophore (-N=CH-) of 
Schiff bases plays a major role in these significant 
biological activities (Ahmad et al., 2014). However, 
the attached neighboring groups may also affect the 
activity (Satyanarayana et al., 2011). 
Additionally, Schiff bases are important intermediates 
in a number of enzymatic reactions involving 
interaction of an enzyme with an amino or a carbonyl 
group of the substrate (Liimatainen et al., 2000). 
Schiff bases can accommodate different metal centers 
involving various coordination modes allowing 

successful synthesis of homo and hetero-metallic 
complexes with varied stereochemistry (Choudhury et 
al., 2002). This feature is employed for modelling 
active sites in biological systems (Wang et al., 2011)  
Schiff base ligands have been extensively studied in 
coordination chemistry mainly due to their facile 
synthesis, tunable steric, electronic properties, and 
good solubility in common solvents (Shi et al., 2004)

Sinha et al., (2008) synthesized eight novel 
heterocyclic Schiff bases derived from the 
condensation reactions of indole 3-carboxaldehyde 
with different L-amino acids (histidine, glutamic acid, 
aspartic acid, leucine) as well as with some 

aminophenols. The compounds were characterized by 
various spectroscopic methods (IR, MS, 1H NMR). 
Sivasankaran and co-workers in 2016 reported the 
synthesis and characterization of Schiff base ligand 
Indal-4-AAP, derived from indole-3-carboxaldehyde 
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and 4-aminoantipyrine and the in vitro biological 
screening effects of the synthesized compounds were 

tested against various microbial species.  
To contribute to these studies, three new Schiff bases 
were prepared by separately condensing indole-3-
carboxaldehyde with each of the selected amino acids 
(valine, threonine and phenylalanine) via reflux in 
ethanolic solution. In addition to the characterization 
of the Schiff bases by physicochemical and 
spectrophotometric techniques, biological activities of 
the synthesized Schiff bases were examined against 
some microbial strains for evaluation of antibacterial 
and antifungal activities. 
 
MATERIALS AND METHOD 
Reagents 
Chemicals (reagent grade) were purchased from 
sigma Aldrich and Alfa Aesar and were used without 
further purification. L-valine, L-threonine, L-

phenylalanine, indole-3-carboxaldehyde and sodium 
hydroxide were used as starting materials for the 
preparation of the Schiff base. All glass wares used 
were thoroughly washed with detergent, soaked in 

5% nitric acid, rinsed with distilled water and dried in 
an oven. 

Instruments 
All weighing was carried out on electric mettle balance 
model AB54, Melting points were determined using a 
digital WRRS-IB Microprocessor melting points 
apparatus. Infrared spectral analyses were recorded 
using Perkin Elmer Infra-red Model 337. High-
resolution mass spectra were recorded by electro 
spray ionization (ESI) technique on Apex-III mass 
spectrometer.  
Synthesis of the Schiff Bases 
Ethanolic solution (20 cm3) of the respective amino 
acid (valine, threonine or phenylalanine) (0.01M) were 
added with continuous stirring to indole-3-
carboxaldehyde (0.01M) dissolved in 10 cm3 ethanol. 
0.4g of NaOH was added to the mixture and was 
refluxed for l hour. The reaction mixture was cooled 
on an ice bath. The product obtained was filtered, 

washed with ethanol (5cm3) then with diethyl ether 
(10cm3) and dried. The crude product was 
recrystallized from aqueous ethanol to give the 
corresponding Schiff base (Zahid et al., 2007).
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Anti-microbial screening 
The synthesized Schiff base and its corresponding 
metal complexes were screened for antibacterial 
activity against bacterial species: Stapylococcus 
aureus, Escherichia coli, Streptococcus pneumoniae 

and Salmonella typhi and antifungal activity against T. 
tonsurans and T. rubrum. 
Anti-bacterial test  
Using an inoculation loop, enough material from an 
overnight culture of the test organism was transferred 

Scheme 1: Synthetic Reactions of the Schiff bases (L1-L3) 
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into a test tube containing normal saline until the 
turbidity of the suspension matched the turbidity of 

the 0.5 Mcfarland standard (as a reference to adjust 
the turbidity of bacterial suspensions) as described by 
clinical laboratory standard institute (CLSI), (2020). 
The standard Inocula of the isolate were swabbed on 
to the surface area of the prepared agar plates. 
Nutrient agar was used as the required medium. The 
Schiff bases were dissolved in dimethyl sulfur oxide 
(DMSO) to produce four different concentrations 40, 
20, 10 and 5μg per disc. A sterilized forcep was used 
to place the prepared disc of the Schiff bases  on the 
already inoculated agar plates at various intervals and 
then incubated at 37 °C for 24hrs (Yusha’u and 
Salisu, 2011). 
 
Anti-Fungal test 
For anti-fungal activity, potato dextrose agar (PDA) 
was used as the required medium. A sterilized forcep 

was used to place the prepared disc of the Schiff 
bases on the already inoculated agar plates at various 

intervals and was left for 3days at room temperature 
(Hassan et al., 2006). The inhibition zone of the Schiff 

base and the corresponding metal complexes were 
measured (in millimeter) around the disc and were 
compared  ketoconazole as the standard drug. 
 
RESULTS AND DISCUSSIONS 
Reaction between indole-3-carboxaldehyde and the 
selected amino acids (valine, threonine or 
phenylalanine) resulted in the formation of yellow to 
pale brown Schiff bases (L1-L3,) which are soluble in 
water and some polar solvents such as methanol, 
ethanol, DMSO etc but insoluble in hexane. 
Percentage yield of the synthesized compounds is 
high within the range 91.05-94.51% as presented in 
table 1. The observed sharp melting point of the 
Schiff bases is within the range 161-168 oC which 
indicates purity of the ligands. The results of 
elemental (CHN) analysis (Table 2) are in good 

agreement with those calculated for the suggested 
formula of the compounds.  

 
Table 1: Physical Properties of the Schiff bases 

Where  L1 = Valine-indole-3-carboxaldehyde Schiff base 
L2 = Threonine-indole-3-carboxaldehyde Schiff base 
L3 = Phenylalanine-indole-3-carboxaldehyde Schiff base 
 

Table 2 : Elemental analysis of the Schiff bases 

Compound % Elemental analysis Observed (Calc) 

C H N 

L1 63.16(63.18) 5.64(5.68) 10.53(10.53 
L2 58.61(57.65) 4.88(4.72) 10.45(10.81) 
L3 68.57(68.80) 4.45(4.81) 8.89(8.92) 

Where  L1 = Valine-indole-3-carboxaldehyde Schiff base 
L2 = Threonine-indole-3-carboxaldehyde Schiff base 
L3 = Phenylalanine-indole-3-carboxaldehyde Schiff base 
 

Infra-red Spectroscopy 
The important IR spectral data are given in Table 3. 
The significant feature in the infrared spectra of the 
synthesized Schiff bases was presence of bands at 
1629, 1632 and 1635 cm-1 (Fig. 1a-1c) which falls 
within the range 1520-1690 cm-1 assignment for 
v(C=N) stretching vibrations (Nakamoto, 2009). This 

suggests the formation of the ligands by reaction of 
indole-3-carbozaldehyde with the respective amino 
acids (valine, threonine or phenylalanine). The 
formation of imine linkage (–C=N-) as well as lack of 
carbonyl (–C=O-) and amino (-NH2-) groups from 

original amino acid and aldehydic compounds, also 
confirms the formation of the Schiff bases. The bands 
observed at 1496, 1438 and 1432 cm-1 in the IR 
spectrum of L1, L2 and L3 Schiff bases (Fig 1a-1c) 
respectively are characteristics of COO- symmetric 
stretching of carboxylic group. Bands at 1570, 1515 
and 1577 cm-1 are due to asymmetric stretching of 

carboxylic group for the Schiff bases L1, L2 and L3 as 
seen in figures 1a-1c respectively. These values a 
close to those reported by Joseyphus et al (2006) and 
Pretsch et al (2000). 

 
  

Compound Molecular Formula Colour Melting Point (oC) Percentage Yield 
(%) 

L1 C14H15N2NaO2 Yellow 161 94.51 
L2 C13H13N2NaO3 Pale yellow 168 91.05 
L3 C18H14N2NaO2 Pale brown 164 92.07 
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Table 3: Infrared Spectra of the Schiff bases  

Where  L1 = Valine-indole-3-carboxaldehyde Schiff base 
L2 = Threonine-indole-3-carboxaldehyde Schiff base 
L3 = Phenylalanine-indole-3-carboxaldehyde Schiff base 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 1: Infrared spectra of (a)Valine-indole-3-carboxaldehyde (L1 ) (b)Threonine-indole-3-carboxaldehyde (L2)

 (c) Phenylalanine-indole-3-carboxaldehyde (L3) 

Mass Spectrometry-ESI 
The high resolution ESI mass spectrum of valine-
indole-3-carboxaldehyde (L1 ) (Fig. 2a) shows a well-
defined peak at m/z = 289.09 which corresponds to 
singly charged sodium adduct [M+Na]+ (Table 4). 
Additionally, base peak at m/z = 440.17 corresponds 
to singly charged potassium adduct in the form 
[M+4K-3H]+ . Similar adduct ions were reported by 
Anneli and Karl (2017), Sricker, et al. (2021) and 
Sulaiman et al., (2022). The esi-mass spectrum of 
Thereonine-indole-3-carboxaldehyde (L2) is shown in 

figure 2b. The base peak at m/z = 291.07 
corresponds to the sodium adduct ion [M+Na]+. The 
high intensity of this peak indicates great stability of 
this ligand in the gas phase (Fig. 2b). In the esi mass 
spectrum of Phenylalanine-indole-3-carboxaldehyde 
(L3) schiff base (Fig. 2c), the molecular ion peak was 
observed at m/z = 315.10 corresponding to the 
molecular weight of the shiff base (L3). It can be 
noted that sodium adduct ion [M+Na]+ at m/z = 
337.09 is also present (Juribašić et al., 2011; Natalia 
et al., 2015).  

 
  

Compound ν(C=N) νas(COO-) νs(COO-) 

L1 1629 1570 1496 
L2 1632 1515 1438 
L3 1635 1577 1432 
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Table 4: ESI-Mass Spectral data for theSchiff bases 

Where  L1 = Valine-indole-3-carboxaldehyde Schiff base 
L2 = Threonine-indole-3-carboxaldehyde Schiff base 
L3 = Phenylalanine-indole-3-carboxaldehyde Schiff base 
M= Molecular weight of the Schiff base 

 
 
 

 

 

 

 

 

 

 

 

Figure 2: ESI-Mass spectra of (a)Valine-indole-3-carboxaldehyde (L1) (b)Thereonine-indole-3-carboxaldehyde (L2) 

(c) Phenylalanine-indole-3-carboxaldehyde (L3) 

Biological Activity 
The synthesized indole-3-carboxaldehyde amino acid 
Schiff bases were found active against all the tested 
bacterial strains. Valine-indole-3-carboxaldehyde (L1) 

is the most active of the three ligands with inhibition 
zones ranging from 16mm for  Staphylococcus aureus 
and Streptococcus pneumoniae 15mm and 14mm for 
Escherichia coli and Salmonella typhi respectively, at 
40µg/disc (Table 5). Thereonine-indole-3-
carboxaldehyde (L2) is found most active against 
Streptococcus pneumoniae and  Staphylococcus 
aureus at 40µg/disc (Table 5) having inhibition zone 
of 16 and 15mm respectively. Phenylalanine-indole-3-
carboxaldehyde (L3) showed significant activity 
against Salmonella typhi and Escherichia coli (Table 
5). In general, the antibacterial activity results 

revealed that all the three Schiff bases shows weak to 
good activity when compared to control 
(ciprofloxacin). It is also seen that the Schiff bases 
are most active against  Staphylococcus aureus and 

Streptococcus pneumoniae bacterial strains which are 
the Gram positive type. This is because gram positive 
bacteria are more susceptible to antibiotics due to 
absence of outer membrane (Lackna, 2017).  
In the case of anti-fungal activity, Ketoconazole was 
used as positive control and DMSO as negative 
control. All the Schiff bases were found to be active 
against both fungal species at all concentrations. And 
activities increases with increase in concentration of 
the Schiff bases. The results for anti-fungal activities 
are presented in Table 5. 

 

Compound Found m/z Expected m/z Assignment 

L1 289.09 289.27 [M+Na]+ 

L2 291.07 291.24 [M+Na]+ 

L3 315.10 314.22  [M+Na]+ 
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Table 5: Growth Inhibition Zone of Microbes 

Compounds Concentratio

n (µg/disc) 

Zone of inhibition (mm) 

Anti-Bacteria Anti-Fungi 

S. 
aureus 

S. 
pneumoniae 

S. 
typhi 

E. coli T. tonsurans T .rubrum  

L1 40 16 16 14 15 13 13 

20 14 15 12 14 11 11 

10 13 13 11 12 9 10 

5 11 10 10 11 8 8 

L2 40 15 16 14 12 14 16 

20 12 11 11 10 10 14 

10 10 10 9 9 9 11 

5 9 9 8 8 8 9 

L3 40 14 10 15 16 13 14 

20 12 9 11 13 11 12 

10 10 8 9 11 9 8 

5 9 - 8 10 - - 

Ciprofloxacin 10 14 20 32 37 - - 

Ketoconazole  - - - - 34 44 

DMSO - - - - - - - 

Where  L1 = Valine-indole-3-carboxaldehyde Schiff base 
L2 = Threonine-indole-3-carboxaldehyde Schiff base 
L3 = Phenylalanine-indole-3-carboxaldehyde Schiff base 

 
CONCLUSION 
Three Schiff bases were synthesized by refluxing 
indole-3-carbazaldehyde with amino acid in the 
presence of sodium hydroxide. The compounds were 
characterized by solubility tests, melting points, 
elemental analysis, infrared spectroscopy and ESI-
mass spectrometry. IR spectral analysis shows bands 
in the range 1629-1635 cm-1 which suggest the 

formation of imine linkage (-C=N-) between indole-3-
carbazaldehyde and the selected amino acids. Data 
from elemental analysis and high resolution 
electrospray mass spectrometry confirms the 

molecular weight and structures of the Schiff bases. 
The Schiff bases were found to be active against both 
bacterial and fungal species at all concentrations, and 
their activities increases with increase in concentration 
of the Schiff bases. 
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