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The anti-cancerous and anti-inflammatory potential of two novel Schiff bases was carried out by MTT - 
colorimetric protocol on HeLa cells (cervical disease) and Luminol-improved chemiluminescence assay, 
respectively. The novel Schiff bases 4a and 4b have been synthesized by the reaction of 2-[(1,3-benzothiazol-
2-yl)sulfanyl]-N-[4-(hydrazinecarbonyl)phenyl]acetamide with 3-nitro and 4-nitrobenzaldehyde. 
Characterization of the synthesized compounds was done by using various spectroscopic techniques 
namely FTIR, proton and carbon-13 NMR, Mass spectrometry and elemental analysis. The results were 
in great consistency with the structures of the synthesized compounds and confirmed the formation of the 
targeted compounds. It was found that the compound 4a was potentially anti-inflammatory active while 
the compound 4b was found more active anti-cancerous agent as compared to 4a.

INTRODUCTION

Cancer is a disease, in which a group of cells exhibits 
uncontrolled growth, and damages adjacent tissues, 

spreading to other parts of the body via lymph or blood. 
Now a days, It is  one of the most leading causes of death 
in the world and many efforts have been made to discover 
potent anticancer agents (Sloane, 2009). Efforts have 
been made to screen actinomycetes of various ecological 
niches in Pakistan in order to know their cytotoxic nature 
(Usman et al., 2016). While some scientists focused on 
the synthesis of anti-cancer agents like Schiff bases. 
Schiff bases are a class of organic compounds exhibiting 
many biological applications including anti-cancerous 
activity. Likewise Schiff bases that have the ability to 
inhibit the production of both isozymes cyclooxygenase 
and 5-lipooxygenase are widely explored as potent pain-
killer and anti-inflammatory drugs in comparison to 
non-steroidal anti-inflammatory drugs (Almasirad et al., 
2005). Numerous biological applications of Schiff bases 
encouraged the scientists to synthesize these Schiff bases 
for the last few decades. The conventional method for the 
synthesis of Schiff bases is by mixing aldehydes or ketones 
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with primary amines in equimolar quantities (Patai, 
1970). Schiff bases are among the important class of or-
ganic chemistry showing wide range of biological activ-
ities. The study of novel biologically active Schiff bases 
has been gaining interest of chemists and pharmacists to 
a large extent. Schiff bases are of extraordinary interest 
for chemists since they can be used as beginning material 
in the industrial items synthesis. A lot of Schiff bases had 
been far and wide synthesized due to their pharmaceuti-
cal and industrial applications (Mirkhani et al., 2008) they 
can also act as catalyst for various reactions (Rayati et al., 
2008; Yamada et al., 2006; Chen et al., 2007). Schiff bases 
synthesized from acyl-hydrazide (Greenfield et al., 1990) 
having an extensive variety of biological activities i.e. 
Adriamycin immune conjugates, anti-parasitic proteinase 
inhibiting activity against Trypanosoma brucei, which is 
the major cause of sleeping sickness in people (Cafferey 
et al., 2002) antimyco-bacterial (Kucukguzel and Rollas, 
2002) insecticidal and anti-leishmanial (Bernardino et al., 
2006; Sawada et al., 2003) and distinctive derivatives of 
hydrazide of N-cyanoethyl likewise demonstrated activity 
against β-glucuronidase catalyst (Khan et al., 2002).

In the view of the above information we synthesized 
two novel Schiff bases to evaluate them for activity 
against cervical cancer as well as their anti- inflammatory 
potential. In this article, the synthesis, characterization, 
anti-inflammatory and anti-cancerous activity of two novel 
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Schiff bases (4a and 4b) is described.

MATERIALS AND METHODS

The synthetic scheme for the synthesis of the 

hydrazide and its Schiff bases is shown in Figure 1.
Chemicals used in this project were of analytical 

grade and purchased from E. Merck (Germany), Sigma-
Aldrich (USA) and BDH.

Fig. 1. Schematic plan for the synthesis of Schiff bases (4a and 4b).

A. Gulzar et al.
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Synthesis of compound-1
In 10 mL DCM added benzocain (5.0 mmol, 0.825 g) 

and stirred till all the benzocain dissolved in DCM, then 
added potassium carbonate (6.0 mmol, 0.828 g) and stirred 
the mixture using ice bath. Then fitted the dropping funnel 
to the round bottom flask and poured the chloroacetyl 
chloride (6.0 mmol, 0.9 ml) and added drop wise to the 
mixture in the round bottom flask., stirred the reaction 
mixture at 25°C temperature for 18 h. After completion 
of the reaction, checked by TLC, evaporated the DCM, 
added ice to this reaction mixture, stirred and filtered the 
precipitates. The precipitates collected over the filter paper 
were washed with plenty of water. The product in the pure 
form was obtained by recrystalization from boiling water. 
(yield 95-97%).The desired ester (compound-1) which 
separated out was reported earlier (Misra et al., 1976).

Synthesis of compound-2
A mixture of 2-mercaptobenzothiazole (1.0 mmol) in 

dry acetone (20 ml), anhydrous K2CO3 (1.1 mmol), and the 
compound-1 (1.0 mmol) obtained in the previous step was 
stirred at room temperature for 15-16 h. The mixture was 
filtered to remove the salt. Excess of the acetone present in 
the filtrate was distilled; the crude product, was collected 
by filtration, washed with water, and re-crystallized by 
using ethanol (yield 70-75%). 

Synthesis of compound-3
To the mixture of the s-alkylated 2-mercapto 

benzothiazole (compound-2) (1.0 mmol) obtained from 
the above mentioned step dissolved in absolute ethanol 
(20 ml), added hydrazine hydrate (80%, 3.2 mmol), and 
then reflux the reaction mixture with continuous stirring 
for 11-12 h. After completion of the reaction, confirmed by 
the disappearance of the reactant spot in TLC, the reaction 
mixture was poured in cold distilled water and stirred for 
10-15 minutes. Precipitates (white in color) formed were 
collected by filtration, and then washed with water, dried, 
and re-crystallized from ethanol (yield 58-60 %).

Synthesis of Schiff bases
1.0 mmol of Hydrazide (compound-3) obtained in the 

previous step was treated with 1.0 mmol of each aldehyde 
in absolute ethanol (10 ml), 1-2 drops of glacial acetic acid 
were added and reflux the mixture with continuous stirring 
for 4-5 h. After confirmation of the reaction completion 
by TLC, the precipitates formed during the reaction were 
filtered while hot and washing was also done by using 
hot ethanol. The product obtained was dried in air and 
recrystallized by using ethanol (yield 71-73 %).

(E)-2-(benzo[d]thiazol-2-ylthio)-N-[4-{2-(3-
nitrobenzylidene)hydrazine-1- carbonyl}phenyl]

acetamide (4a)

Molecular formula: C23H17N5O4S2, light yellow solid, 
Yield: 71%, m.p: 232°C. 
Molecular weight: 491.54 g/mole.
FTIR (cm-1): 1191: ʋ(C-N-C), 1629: ʋ(C=N), 1665: ʋ(C=O 
Amide), 3195: ʋ (-CH2).
Proton NMR (300 MHz, DMSO-δ): 4.51 (2H,s,S-CH2), 
7.22(1H, t, J=8.1Hz, Ar-H), 7.38 (1H,t, J= 7.2 Hz, Ar-
H), 7.69 (1H d, J = 8.1 Hz, Ar-H), 7.77(1H, t, J= 7.8 Hz , 
Ar-H), 7.87(1H, d, J = 7.8 Hz, Ar-H), 7.92-8.00 (4H , m, 
Ar-H), 8.17 (1H,d, J = 7.2 Hz, Ar-H), 8.27 ( 1H,dd, J1 = 
8.3 Hz, J2= 1.2Hz Ar- H), 8.55-8.58 (2H,m,N=CH, Ar-H ), 
10.86 (1H,s,NH), 12.04 (1H,s,NH).
Carbon-13 NMR (75 MHz, DMSO-δ): 38.25 (S-CH2), 
117.38-148.02 (All aromatic carbons), 144.23 (C=N), 
145.15(C-NO2), 152.27 (C=O), 161.56 (C-S) and 167.83 
(C=O).
Mass spectra: (m/z): 271 (M+- C9H7N2OS2, 3.0 %), 120 
(M+− C15H11N2O2S2, 100 %).
CHN: Anal. Calculated for C23H17N5O4S2: C, 56.20; H, 
3.49; N, 14.25; O, 13.02; S, 13.04; Found: C, 56.18; H, 
3.47; N, 14.23; O, 13.01; S, 13.03.

(E)-2-(benzo[d]thiazol-2-ylthio)-N-[4-{2-(4-
nitrobenzylidene)hydrazine-1-carbonyl}phenyl]

acetamide (4b) 

Molecular formula: C23H17N5O4S2, Yellow solid, Yield: 
73%, m.p: 230°C.
Molecular weight: 491.54 g/mole.
FTIR (cm-1): 1141: ʋ(C-N-C), 1643: ʋ(C=N), 1665: 
ʋ(C=O Amide), 3195: ʋ (-CH2), Proton NMR (300 MHz, 
DMSO-δ): (DMSO) δ: 3.57 (2H, s, S-CH2), 7.15(1H, t, 
J=7.2Hz, Ar-H), 7.33(1H,t, J= 7.8 Hz, Ar-H), 7.73 (2H d, J 
= 8.7 Hz, Ar-H), 7.90-7.99 (4H, m, Ar-H), 8.25-8.32 (4H, 
m, Ar-H), 8.54 (1H,s,N=CH), 10.47 (1H,s,NH), 12.07 
(1H,s,NH).
Carbon-13 NMR (75 MHz, DMSO-δ): 38.28 (S-CH2), 
117.38-152.27 (All aromatic carbons), 148.02 (C=N), 
150.20(C-NO2), 152.27 (C=O), 161.56 (C-S) and 167.83 
(C=O).
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Mass spectra: (m/z): 417(M+- C6H5), (271 (M+- C9H7N2OS2, 
7.0 %), 120 (M+− C15H11N2O2S2, 100 %).
CHN: Anal. Calculated for C23H17N5O4S2: C, 56.20; H, 
3.49; N, 14.25; O, 13.02; S, 13.04.
Found: C, 56.18; H, 3.47; N, 14.23; O, 13.01; S, 13.03.

Elecro-analytical characterization
All the reactions were examined with pre-coated 

aluminum TLC cards. Melting and decomposition points 
were taken by using melting point apparatus (Gallenkamp). 
FTIR spectrum was obtained using nujol mull technique 
on VENUS PHARMA/Agilent technologies Cary 630 
FTIR spectrophotometer. NMR spectrum was obtained in 
DMSO on Brücker /Avance NMR (300 MHz) and internal 
standard used was TMS. Chemical shifts are obtained in 
δ (ppm). Recording of E-I+ Mass spectra was done on a 
Jeol-600H-2 instrument. Conductivity measurements were 
made with the inoLab Cond 720 conductometer using 
DMSO as a solvent at room temperature. To evaluate the 
changes in biological activities of the Schiff bases anti-
cancerous and anti-inflammatory activities was carried out 
and compared their IC50 values, by using standard drugs. 

Anti-cancer assay
Anti-cancer activity of the compounds was assessed 

by using 96 well level bottomed micro plates utilizing 
the standard MTT (3-[4, 5-dimethyl-2-yl]-2,5-diphenyl-
tetrazolium bromide) colorimetric protocol (Mosmann, 
1983). Therefore HeLa cells (cervical disease) were 
refined in Minimum Essential Medium Eagle, provided 
with 5.0 % of fetal bovine serum (FBS), penicillin (100 
IU/mL) and streptomycin (100 µg/mL) in 75 cm2 flakes, 
and kept at 37°C in 5 % carbon dioxide incubator. Quickly 
developing cells were reaped tallied with haemocytometer 
and dilution was done by using a specific medium. Cell 
culture with the convergence of 6×104 cells/mL was 
arranged and presented (100 µL/well) into 96-well plates. 
Medium was removed after the incubation of one night, 
and 200 micro liter of new medium was included with the 
compounds of different concentrations (1-30 µM). After 
48 h, 200 µL MTT (0.5 mg/mL) was supplied to each well 
and further incubated for next 4 h. Accordingly, 100 µL of 
dimethyl sulphoxide was introduced into each well. The 
degree of MTT diminishment to formazan inside cells 
was computed by absorbance measurement at 570 nm, 
utilizing a smaller scale plate peruser (Spectra Max in 
addition, Molecular Devices, CA, USA). Cytotoxic results 
were obtained as their concentration responsible for 50% 
growth retardation (IC50) for HeLa. The % inhibition was 
computed by using the accompanying equation:

The outcomes (% inhibition) were handled by 
utilizing Soft-Max software (Molecular Device, USA).

Anti-inflammatory assay
Luminol-improved chemiluminescence measure was 

performed, as depicted in literature (Helfand et al., 1982) 
Precisely 25 µL of low concentration entire sample of blood 
Hanks Balanced Salt Solution, comprising of CaCl2 and 
MgCl2 (Sigma, St. Louis, USA) with 25 µL of 03 different 
concentrations of the tested compounds (1, 10 and 100 µg/
mL), was incubated, each in triplicate manner. Control 
wells got Hanks Balanced Salt Solution, comprising of 
CaCl2 and MgCl2 and cells only without any compound. 
Test was performed in half zone (white) 96-well plates 
(Costar, NY, USA), which was incubated for 15 min at 
37 ºC, in the indoor regulator chamber of luminometer 
(Labsystems, Helsinki, Finland). When incubation has 
done, 25 µL of serum opsonized zymosan (SOZ) (Fluka, 
Buchs, Switzerland) and 25 µL of intracellular responsive 
oxygen species identifying test, luminol (Research 
Organics, Cleveland, OH, USA) were included into each 
well, away from clear wells (having just HBSS++). The 
level of the ROS was noted in luminometer in term of light 
units (RLU). The reference drug utilized for comparison is 
Ibuprofen having IC50 = 11.2 ± 1.9.

Molecular docking studies
Docking studies have been executed to anatomize the 

interactions between DNA-Ligand using AutoDock v4.2 and 
AutoDock tools v1.5.6 (Morris et al., 1998). To determine 
best possible conformation of anti-cancerous active 
Schiff base in DNA, molecular docking was carried out.

RESULTS AND DISCUSSION

The synthesized Schiff bases were further 
characterized by using various spectroscopic techniques, 
including FTIR, UV-VIS spectroscopy, proton and 
carbon-13 NMR and mass spectrophotometer etc.

FTIR
The appearance of a peak due to (–CH=N) group in 

FTIR spectra in the frequency range of 1629-1643 cm-1 
and absence of NH2 and carbonyl peak confirmed the target 
compound formation. 

Proton NMR
The proton NMR spectrum of Schiff bases (4a-b) 

A. Gulzar et al.
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showed singlet at 12.04-12.07 δ due to NH protons, one 
singlet due to azomethine proton appeared at 8.54-8.55 
δ. The peaks due to twelve aromatic protons (12H) were 
observed in the region of 7.15 - 8.58 ppm as doublets, 
triplets and multiplets. The absence of peak due to the 
protons of NH2 group was also give confirmation to the 
formation of targeted Schiff bases (4a-b). The confirmation 
of the Schiff base formation was also obtained by the 
appearance of singlet peaks in the range of 3.57-4.51 ppm 
and 10.47-10.86 ppm for the protons of S-CH2 and NH 
functionality. Appearance of a multiplet due to two protons 
in the spectra of ‘4a’ was due to merging of a singlet of 
azomethine proton with the proton of the ortho carbon to 
the carbon bearing the electron withdrawing NO2 group at 
meta position.

Carbon-13 NMR
In their Carbon-13 NMR spectra, the peaks due to 

carbonyl group was appeared around 144.23-148.08 ppm. 
S-alkylation of 2-Mercaptobenzothiazole was confirmed 
by the appearance of a signal in the range of 38.25 
-38.28ppm in the Carbon-13 NMR spectra of all the Schiff 
bases. 

Mass spectra
As a final point, molecular ion peaks in MS spectra 

were confirmed the synthesis of the targeted Schiff bases. 
Mass spectra are in great consistency with the NMR results 
of the synthesized Schiff bases.

Conductance measurements 
The conductivity measurement values of the 

synthesized Schiff bases listed in Table I were measured 
in DMSO at room temperature. Very low conductance 
values of the synthesized compounds revealed that all the 
compounds were non-electrolytes. 

Electronic spectra
The electronic spectral data of Schiff bases is also 

listed in Table I. The electronic absorption spectra of the 
synthesized compounds in DMSO were obtained in UV-
visible region. The absorption spectra consisted of a strong 
band located in the range of 339-370 nm credited to n to 
π* transition of the azomethine group. Another strong 
band of higher energy in the spectra of the compounds was 
associated with π to π* transition of aromatic part of the 
compounds.

Anti-cancer activity
Anti-cancer activity of the novel Schiff bases were 

also tested in order to know their cytotoxic nature. The 
anti-cancer activity was recorded as their IC50 values for 

HeLa. The results, obtained for the evaluated compounds 
are shown in Table II. Results of the ligands (4a and 4b) 
were compared with the anti-cancerous activity of the 
standard drug Doxorubicin.

Table I.- Conductivity and electronic spectral data of 
the Schiff Bases (4a-b).

Compound Conductance (µS/cm) Absorption (Nm)
4a 6.78 252, 339
4b 10.91 295, 370

Table II.- Anti-Cancerous activity of the Schiff bases 
(4a-b). Standard drug Doxorubicin having IC50 value 
= 1.2 ± 0.4.

Compound Conc. ( mg/ml) % Inhibition IC50±SD
Doxorubicin 30 µM 71 1.2 ± 0.4
4a 30 µg/ml 13 Inactive
4b 30 µg/ml 77 10.1 ±1.1

Anti-inflammatory activities
The synthesized Schiff bases (4a and 4b) were also 

evaluated for their anti-inflammatory potential and their 
IC50 values were recorded (Table III). The activity was 
observed in the following order: Ibuprofen > 4a > 4b 
compared with standard drug Ibuprofen having IC50 value 
11.2±1.9 µg/ml.

Table III.- Anti-inflammatory activity of the Schiff 
bases (4a-b). Standard drug Ibuprofin having IC50 
value = 11.2 ± 1.9.

Compound Conc. ( mg/ml) % Inhibition IC50±SD
4a 25 µg/ml 66 28.2 ±5.2
4b 25 µg/ml 56 56.6 ±0.4

Molecular docking simulations
Among several drug targets of anticancer therapy, 

chemical agents targeting DNA have been known to 
produce significant effects against cancer and have been 
very interesting area for medicinal chemists since long. 
Chemical agents may bind with DNA structure in three 
possible ways, they may bind to the major groove or to 
the minor groove of DNA or they may bind across the 
DNA helix by intercalation as in case of Doxorubicin. 
To rationalize the anticancer potential of our synthesized 
anti-cancer active Schiff base 4b, molecular docking was 
carried out. Schiff base ‘4b’ poses highest binding affinity 
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of -14.81Kcal mol-1 and from visualization it is evident that 
it binds to the narrow minor groove of the DNA double 
helix.

Fig. 2. Selected binding pose of ligand 4b with DNA 
double helix.

CONCLUSION

The synthesized novel Schiff bases were synthesized, 
characterized electro-analytically and evaluated for their 
anti-cancerous and anti-inflammatory activities. All the 
spectroscopic results confirmed the formation of the 
targeted Schiff bases. From the anti-cancerous results 
of the synthesized compounds, it is concluded that the 
compound 4b having electron withdrawing ‘NO2’ group 
at its para position, was proved to be active anti-cancerous 
agent as compared to the compound 4a having this group 
at meta position to the azomethine group. While in case of 
anti-inflammatory activity compound 4a proved to a little 
bit more active as compared to 4b.
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