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a b s t r a c t

Three new Schiff-bases compounds (I-III) were synthesized by a condensation reaction in 1:2 M ratios of
4,40-diaminodiphenyl sulfide and pyrrol/thiophene/furan-2-carboxaldehyde in ethanol. The structural
determinations of the Schiff-bases were identified with the help of elemental analysis then confirmed by
UVeVis, FT-IR and 1H NMR. The products were obtained in excellent yields. On the other hand, the
in vitro antibacterial and antifungal activities of the synthesized compounds were investigated using disc
diffusion method. Schiff bases synthesized individually exhibited varying degrees of inhibitory effects on
the growth of the tested microbial species.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Compounds containing the eC]Ne (azomethine group)
structure are known as Schiff bases, usually synthesized from the
condensation of primary amines and active carbonyl groups [1],
and generally take place under acid, base catalysis or with heat.
Schiff bases are considered as a very important class of organic
compounds, having wide ranges of applications, such as hydroge-
nation, oxidation catalysts [2e13], a reagent of analysis [14], and as
industrial dyes [15,16]. Schiff bases are especially studied due to
their synthetic flexibility, selectivity and sensitivity towards the
metallic ions [17e20]. Schiff base metal complexes have a variety of
biological applications in clinical, pharmacological areas [21,22],
and several derivatives have been used as drugs and their affec-
tivities have been proved as bacteriocides, pesticides, fungicides
and insecticides [23,24]. Some of them which have structural
similarities with natural biological substances have been used as
models in biological macro systems, radiopharmaceuticals for
cancer targeting, oxygen carriers, medical substrates and catalyst
[25,26]. Furthermore, Schiff base Heterocyclic containing nitrogen,
oxygen and sulfur atoms constitute a class of compounds which
shows momentous biological activities [27], such as antiviral ac-
tivity [28], antifungal [29], antioxidant [30], anti-inflammatory
[31], antitumor [32,33], anticancer [34,35], antibacterial activities
[36,37], and antipyretic applications [38].

With the sensitizing of the human being to the pathogenic ef-
fect, there is an increasing need for antibacterial materials in many
application areas such as medical devices, health care, hygienic
application, water purification system, hospital, dental surgery
equipment, textiles, food packaging and storage [39,40].

In this work, we present the synthesis of three new Schiff bases
derived from condensation of pyrrole-2-carboxaldehyde, thio-
phene-2-carboxaldehyde and furan-2-carboxaldehyde with 4,40-
diaminodiphenyl sulfide. The structures of synthesized compounds
were characterized by UVeVis, FT-IR and 1H NMR. Further support
for their structures was derived from elemental analyses. These
Schiff bases were investigated for their antibacterial and antifungal
properties.
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Fig. 1. Synthesis and structure of Schiff bases I-III.
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2. Experimental

All materials were commercially available, were obtained from
Sigma-Aldrich or Fluka, were used as received and without any
further purification.

2.1. Synthesis of Schiff base I

Schiff base 4,40- Bis (2-pyrrole carboxaldehyde) diph�enyl dii-
minosulfide (compound I) was synthesized by condensation of
pyrrole-2-carbaxaldehyde (2.16 g, 10 mmol) with 4,40-dia-
minodiphenyl sulfide (20 mmol) taken in a molar ratio of 1:2. The
absolute ethanol was used as a solvent. The dissolved aldehyde
was added drop wise to the hot solution of 4,40-diaminodiphenyl
sulfide and stirred well using a magnetic stirrer. The color of the
reaction mixture turns yellow. The mixture was heated and kept
at reflux for 3 h and then was cooled overnight at room temper-
ature. Pale yellow product was precipitated out, it was filtered,
washed and recrystallized with ethanol. The yield and melting
point of the product were determined. The reaction scheme is
shown in Fig. 1.

2.2. Synthesis of Schiff base II

4,40- Bis (2-thioph�ene carboxaldehyde) diph�enyl diimino-
sulfide (compound II) was synthesized by the same method as for
I, using thiophene-2-carbaxaldehyde as the reactant and sketched
in Fig. 1. After The mixture was refluxed for 3 h to give a yellow
precipitate. The precipitate was isolated by filtration washed with
ethanol.

2.3. Synthesis of Schiff base III

Furane-2- carbaxaldehyde was dissolved in absolute ethanol
(20 ml) added dropwise to a solution of 4,40-diaminodiphenyl
sulfide (20 mmol) in absolute ethanol (20 ml). The appropriate
reaction mixtures were stirred and refluxed for 3 h under nitrogen.
The red brick precipitate formed after 3 days upon cooling at room
temperature was collected by filtration and then washed with
ethanol, purified product 4,40- Bis (2-furane carboxaldehyde)
diph�enyl diiminosulfide (compound III) was obtained (Fig. 1).

The yields and melting points of the three products were
determined.
Table 1
Diagram of the procedure (technique of dilution in liquid medium).

N� tubes Volume of added antibiotic Intermediate concentratio

1 100 ml of the solution 25 mg/ml 12.5 mg/ml
2 100 ml of the solution 12.5 mg/ml 6.25 mg/ml
3 100 ml of the solution 6.25 mg/ml 3.125 mg/ml
4 100 ml of the solution 3.125 mg/ml 1.56 mg/ml
5 100 ml of the solution 1.56 mg/ml 0.78 mg/ml
2.4. Characterization

All reactions were monitored using thin layer chromatography
(TLC) carried out on 0.25-mm E Merck silica gel plates (60F-254)
and the spots were visualized by UV light. Melting points were
determined on a digital apparatus Koefler Banc while elemental
analyses were carried out with a Perkin-Elmer 240 elemental
analyzer. The UVeVisible spectra were recorded in dichloro-
methane between 200 and 800 nm using JASCO Ve 650 spectro-
photometer with quartz cells of 1 cm path length. A Perkin Elmer
Spectrum one FT-IR spectrometer with the diffuse reflectance
attachment (Miracle Attenuated Total Reflectance Attachment) at a
4 cm�1 resolution in the region 4000-600 cm�1 was employed to
record the infrared spectrum to analyze the functional groups
present in the Schiff bases compounds. Proton NMR spectrum of
these compounds was recorded in CDCl3-d using Me4Si (TMS) as
internal standard on a Bruker Avance III HD 400 NMR spectrometer
at room temperature to confirm its molecular structure.
2.5. Biological activity

2.5.1. Antibacterial activity (in vitro)
The synthesized Schiff bases I-IIIwere screened in vitro for their

antibacterial activity against three referential strains namely,
Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC
27853 Gram-negative, Staphylococcus aureus ATCC 25923 Gram-
positive, and three clinical strains namely Klebsiella pneumoniae,
Proteus mirabilis and Serratia marcescens Gram-negative, isolated in
the microbiology laboratory of the UHC S�etif, using the disc diffu-
sion method [41e43].

Thus, disinfected plates were filled with 12 ml of sterilized
MullereHinton agar medium). Afterwards, 100 mL of particular
bacterium which contained of 0.5 � 106 CFU mL�1 (tantamount
to 0.5 McFarland standards) was dispersed on the plates surfaces
using a sterile swab. The discs which had been impregnated with
(10 mL) the Schiff base compounds with (25 mg/ml in DMSO) and
were placed on the agar surface. The disc soaked in the DMSO
was used as negative control. The plates were incubated at 37 �C
for 24 h, and the diameters of the zones of inhibition were
measured in millimeters (mm). All sample tests were performed
in three replicates to obtain mean ± standard deviation. (S.D.)
values.
n Supplemented volume MH Inoculum Final concentration

280 ml 20 ml 3.125 mg/ml
280 ml 20 ml 1.562 mg/ml
280 ml 20 ml 0.781 mg/ml
280 ml 20 ml 0.39 mg/ml
280 ml 20 ml 0.195 mg/ml



Table 2
Analytical and physical data of Schiff bases synthesized (IeIII).

Compounds molecular formula Color Yield(%) M.P.(�C) Elemental analysis found (Calcl.) (%)

C H N S O

I C22H18N4S yellow 83.12 192 71.34(71.31) 4.75(4.91) 15.34(15.1) 8.35(8.65) e

II C22H16N2S3 yellow 83.14 164 65.45(65.30) 4.08(3.99) 7.19 (7.52) 23.36(23.77) e

III C22H16N2O2S brick red 87.25 142 70.77(70.94) 4.46(4.34) 8.12 (7.52) 7.95 (8.61) 8.16(8.59)

Fig. 2. UVeVis spectrum of 4,40- Bis (2-pyrrole carboxaldehyde) diph�enyl diimino
sulfide.

Fig. 4. UVeVis spectrum of 4,40- Bis (2-furane carboxaldehyde) diph�enyl diimino
sulfide.
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2.5.1.1. Minimum inhibitory concentration (MIC). The MIC values
were determined as the second applicable test for the investigation
of antibacterial properties of Schiff base compounds, by themethod
of micro dilution of the compounds to test in liquid Mueller-Hinton
(MH) medium. Semi-logarithmic dilutions of reason 2 were carried
out starting from the mother solutions, we obtain intermediate
concentrations going from 12.5 mg/ml to 0.78 mg/ml. The tubes
were inoculated with 20 mL bacterial suspensions containing
0.5.105 CFU/ML of germ, 280 ml of MH was distributed in the tubes,
the concentration of azomethine compounds obtained is then of
3.125 mg/ml to 0.195 mg/ml (Table 1), and incubated at 37 �C for
24 h [44]. The lowest concentration that inhibited the ocular
growth of bacteria (absence of turbidity in the test tubes after in-
cubation for 24 h) was considered as the MIC value.
2.5.1.2. Minimum bactericidal concentration (MBC). The intrinsic
turbidity of compounds in solution necessitated the application of
Fig. 3. UVeVis spectrum of 4,40- Bis (2-thioph�ene carboxaldehyde) diph�enyl diimino
sulfide.
the MBC, the MBC test was used as the third method for the
investigation of antibacterial activities. A loop full of broth of
dilution used for the MIC tests in Muller Hinton broth medium
was spread on agar plates and then incubated at 37 �C for 24 h. For
each series, a witness was carried out without Schiff base. The
dilutions of the bacterial inoculum at a density of 0.5 MF (1/10, 1/
100, 1/1000, 1/10000) were subcultured in streaking on agar
Muller-Hinton to serve as a witness [45]. In this method, obser-
vation of bacterial growth on the surface of agar medium became
possible and therefore recognition of antibacterial activities of
Schiff base compounds was easier with respect to the MIC test.
MBC was defined as the lowest Schiff base concentration in which
99, 9% of the inoculum were killed in comparing with the witness
suspensions.

2.5.2. Antifungal activity
Antifungal activities of three Schiff base compounds were

checked against two fungal strains (Microsporum canis and
Candida albicans) isolated in the microbiology laboratory of the
UHC S�etif. For estimation of the antifungal properties of
Fig. 5. FT-IR spectrum of 4,40- Bis (2-pyrrole carboxaldehyde) diph�enyl diimino sulfide.



Fig. 6. FT-IR spectrum of 4,40- Bis (2-thioph�ene carboxaldehyde) diph�enyl diimino
sulfide.

Fig. 7. FT-IR spectrum of 4,40- Bis (2-furane carboxaldehyde) diph�enyl diimino sulfide.

Fig. 8. 1H NMR spectrum of 4,40- Bis (2-pyrrole carboxaldehyde) diph�enyl diimino
sulfide.

Fig. 9. 1H NMR spectrum of 4,40- Bis (2-thioph�ene carboxaldehyde) diph�enyl diimino
sulfide.
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compounds, blank sterile disks (6 mm in diameter) were saturated
with the test compounds and then the constructed disks with
25 mg of active compound per disk were situated on distinctive
locations of Petri plates containing Sabouraud dextrose agar (SDA)
medium impregnated with 100 mL of fungal spore suspensions
adjusted to a turbidity equivalent to a 0.5 � 106 CFU mL�1for
C. albicans and 105 CFU mL�1 for M. cannis. The prepared plates
were incubated at 27 �C for 7 days for M. canis, and at 37 �C for
48 h for C. albicans [44]. DMSO as a solvent was used as a negative
control. Mention again that all sample tests were reproduced in
three replicates to obtain the mean ± standard deviation. (S.D.)
values.
3. Results and discussion

The synthesized Schiff bases (I-III) are colored solids, non-
hygroscopic, insoluble in water, partially soluble in ethanol but
soluble in DMF, DMSO and CHCl3. The compounds are stable and
have sharp melting point that indicate the purity of these latter.
Table 3
Spectroscopic data (IR) (cm�1) of the Schiff bases synthesized (I-III).

Compounds n(NeH) n(CH)Ar n(CeH)as,s n(�CH]N�) d(N

I 3429 3114 2960e2840 1612 15
II e 3074 2940e2886 1615 e

III e 3047 2920e2813 1619 e
Their structures were established through elemental analyses and
spectroscopic data (UVeVis, IR and 1H NMR). Physical measure-
ments and analytical data of these Schiff bases (I-III) are given in
Table 2, analytical data agree well with the formula of the products
obtained and they are confirmed by UVeVis, IR and 1H NMR
spectra.
3.1. Elemental analyses

The formulation of the Schiff bases (I-III) synthesized were
confirmed by their elemental analysis. Which have been arrived at
by estimating the carbon, hydrogen, nitrogen, oxygen and sulfur
contents of their structures. The results of C, H, N, O and S per-
centage are in agreement with the composition suggested for the
compounds synthesized.
eH) n(C]C) n(CeNeC) n(CeSeC) n(CeOeC) n(SeC)

65 1551 1079 e e 730
1571 e 847 e 699
1504 e e 1222 747



Fig. 10. 1H NMR spectrum of 4,40- Bis (2-furane carboxaldehyde) diph�enyl diimino
sulfide.
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3.2. Spectroscopic studies

3.2.1. UVevis analysis
The UVeVis spectra of Schiff bases (I-III) synthesized are pre-

sented in Figs. 2e4 respectively. The electronic absorption spectra
of compound synthesized I showed two bands in the UV region.
The former band at 229 nm is assigned to transitions p/ p* of the
aromatic rings and latter at 349 nm corresponding to n / p*
Table 4
Antibacterial activity of Schiff bases synthesized (I-III), against Gram-positive and Gram

compounds E. coli P. aeroginosa S. aureus

I 10.00 ± 0.00 0.00 8.00 ± 0.5
II 13.00 ± 0.50 0.00 8.00 ± 1.0
III 13.00 ± 0.50 0.00 8.00 ± 0.0
DMSO 0.00 0.00 0.00

All of the data are expressed as the means ± standard deviation (SD) of triplicate measu

Fig. 11. Antibacterial activity of Schiff bases compounds (I-I
transitionwithin the azomethine group [26,46,47]. Similarly, bands
observed at 229 nm, 356 nm in II and at 228 nm, 347 nm in III. The
absorption two bands at 268 and 300 nm are observed in the
spectra of the Schiff base II, are which are assigned to p/ p* and n
/ p*, transition respectively. While the compound III exhibit band
at 275 nm, which may be attributable to the p/ p* transition. It is
seen also from the absorption spectra that the compounds (I-III)
absorb weakly in the visible region at low concentrations.
3.2.2. FT-IR analysis
The IR spectra of Schiff bases (I-III) synthesized are presented in

Figs. 5e7 respectively, the significant infrared bands of the com-
pounds synthesized are given in Table 3. The IR spectrum of I shows
a new strong band assigned to azomethine (HC]N) stretching vi-
brations appeared at 1612 cm�1 confirming the formation of Schiff
base. Similarly, the bands at 1615 cm�1 and 1619 cm�1 in II and III
correspond to (HC]N) linkage respectively [48e52]. A weak ab-
sorption bands in the region 3120-3040 cm�1 assigned to the CH
aromatic stretching vibrations, in addition the symmetric stretch-
ing vibrations of (CeH) all bands occurred in the regions 2960-
2810 cm�1 in all compounds respectively. The band at 3429 cm�1 in
I is assigned to (�NH) stretching vibrations of the pyrrole rings and
at 1079 cm�1 is due to (CeNeC) [52]. The IR spectra of II exhibits
band at 847 cm�1 which ascribed to (CeSeC) stretching vibrations
of the thiophane rings [30,54], while the band at 1022 cm�1 in
compound III correspond to (CeOeC) stretching vibrations of the
furan rings [55]. The various absorption bands in the range
-negative bacteria [zone of inhibition (mm)].

k. pneumoniae P. mirabilis S. marcescens

0 7.00 ± 0.00 7.00 ± 0.50 7.00 ± 0.00
0 8 00 ± 0.50 7.00 ± 1.00 7 0.00 ± 0.50
0 7.00 ± 0.50 7 0.00 ± 0.50 7.00 ± 0.00

0.00 0.00 0.00

rements.

II) against Gram-positive and Gram-negative bacteria.



Table 5
MIC and MBC (mg/mL) inhibitory results of various Schiff bases synthesized (I-III).

Compounds E. coli P. aeruginosa S. aureus K. pneumoniae P. mirabilis S. marcescens

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

I N.D. < 0.195 N.D. N.A. N.D. No MBC N.D. N.A. N.D. N.A. N.D. N.A.
II N.D. < 0.195 N.D. N.A. N.D. N.A. N.D. No MBC N.D. No MBC N.D. No MBC
III N.D. < 0.195 N.D. N.A. N.D. N.A. N.D. No MBC N.D. No MBC N.D. No MBC

N.A.: no activity; N.D.: not possible to detect.

Table 6
Antifungal activity of Schiff bases synthesized (I-III) [zone of inhibition (mm)].

Compounds C. albicans M. canis

I 14.50 ± 0.86 15.33 ± 0.57
II 13.50 ± 0.50 11.00 ± 1.00
III 14.50 ± 0.86 7.00 ± 0.00
DMSO 0.00 0.00

All of the data are expressed as the means ± standard deviation (SD) of triplicate
measurements.
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1500e1580 cm�1 assigned to C]C stretching vibrations of the ar-
omatic rings, moreover (CeS) stretching vibrations observed at
740-690 cm�1 in all three Schiff bases (I-III).
3.2.3. RMN 1H analysis
The NMR 1H spectra confirm the identity of the newly synthe-

sized Schiff bases, in order to identify their structures. The 1H NMR
spectra of compounds I-III synthesized (Figs. 8e10) displayed the
azomethine protons (eHC]N) at 8.68 ppm, 9.68 ppm, and
8.39 ppm respectively as singlets [30,56] and aromatic protons at
6.42e7.89 ppm range as multiplets [57]. Furthermore, pyrrole eNH
proton appear as a singlet at 10.06 ppm for the compound I [48].
The appeared signals of all the protons of the Schiff bases I-IIIwere
found as to be in their expected region.
Fig. 12. Antifungal activity of
3.3. Biological activity

3.3.1. Antibacterial activity (in vitro)
The antibacterial properties of news Schiff base compounds

against five bacteria strains such as E. coli, P. aeruginosa, S. aureus,
K. pneumoniae, P. mirabilis and S. marcescens, were evaluated by
disc diffusion method. Muller Hinton agar was used to culture the
bacteria.

The experimental details and zone of inhibition in respect
antibacterial activity of three synthesized (I-III) Schiff bases against
the pathogenic bacterial strains which are given in Table 4 and their
graphical representations are shown in Fig. 11. These experimental
observations indicated that the new compound I have been shown
moderate inhibition zone in E. coli, lower activity in S. aureus,
K. pneumonia, P. mirabilis and S. marcescens, and whereas they
showed no activity in P. aerugenosa. While the Schiff base com-
pounds II and III have a good activity against E. coli, lower activity
against S. aureus, K. pneumonie, P. mabilis and S. marcescens. While
it, did not show any activity on P. aeruginosa. The MBC values
revealed that, the all synthesized compounds (I-III) have nearly the
same effect bactericidal (�0.195 mg ml�1) in the case of E. coli
bacterium, and hadn't bactericidal effect on bacteria that had a
lower sensitivity by the disc diffusion method (Table 5).
3.3.2. Antifungal activity (in vitro)
The antifungal activity of the compounds was tested against

C. albicans, and M. cannis, and the diameters of the zone of
Schiff bases compounds.
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inhibition (in mm) of the compounds are listed in Table 6, and their
graphical representations are shown in Fig. 12. The compound I
significantly prevented the growth of M. cannis (15.33 mm in
diameter), the same activity was shown against C. albicans but was
lower for M. cannis. The compounds II and III showed the good
effect on C. albicans. Against M. cannis the compound II exhibited a
medium effect but III a low effect.

4. Conclusion

Three new Schiff bases: 4,40-Bis (2-pyrrole carboxaldehyde)
diph�enyl diimino sulfide (I), 4,40-Bis (2-thioph�ene carboxaldehyde)
diph�enyl diimino sulfide (II) and 4,40- Bis (2-furane carbox-
aldehyde) diph�enyl diimino sulfide (III) were synthesized. Their
structures were established through UVeVis, FT-IR and 1H NMR
spectral data and elemental analyses. The FT-IR spectra clearly
indicated the presence of functional groups in the compounds I-III
and the IR of each compound synthesized confirms the formation of
imines bond (-C]N-). FT-NMR spectra analysis confirmed the
molecular structure of these compounds. The elemental analyses of
the Schiff bases I-III synthesized reveal good agreement with the
proposed structures. Furthermore, the new synthesized com-
pounds were tested for their antimicrobial activities against some
pathogenic strains. All the compounds exhibited an antibacterial
activity against E. coli, the strain Pseudomonas aerugenosa was not
sensitive to any of the compounds. The compound I was more
active especially on M. cannis and III show best antifungal activity
against theM. cannis. The results also indicate that the difference in
the chemical structure of the derivative of 2- carboxaldehyde af-
fects the biologic activity of the news compounds. Of this study can
be useful to researchers attempting for future work to study the
biological activities of the Schiff base complexes.
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