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ABSTRACT

A series of Schiff basg4-9) were assayed for antibacteri8l. @ureus, E. faecalis P. aeruginosay
antifungal (C. albicans and A. nigerctivities using disc diffusion method. Among thempounds tested
[bis(p-methoxybenzaldimino)phenyldisulfideh showed the most favourable antibacterial and [dNGN-
dipicolinyldene)diazadiphenyldisulfidef antifungal activities with MICs of 1 mg/mL and 0®2ng/mL

againstS. aureusandC. albicansrespectively.
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INTRODUCTION

The rapid emergence of multidrug
resistant organism poses a significant threat to
global health. Schiff bases bearing sulphur,
aryl or heterocyclic groups having nitrogen
are known to possess biological activities (Shi
et al., 2007; Ye et. al., 2007; Chandra et al.,
1997; Thangadurai and lhm, 2004; Temiz et
al., 1998). Disulfide-containing compounds
are reported to possess wide variety of
biological activities including anti HIV
(Sharmeen et al., 2001), antibacterial (Turos et
al., 2008; Bhowon et al., 2001), antifungal,
inhibition of blood platelet aggregation
(Okachi et al., 1985). It has been reported that
the presence of aromatic or heteroaromatic
groups such as pyridine, furan and thiophene
(Thangadurai and Ihm 2004; Li-Xia et al.,
2006) enhances the antibacterial activity. The
electron donating or electron withdrawing
properties of the different substituents on the
phenyl ring also influence the antibacterial or

antifungal activity (Yalcin et al., 1992;
Thangadurai and Natarajan 2001; Mazumder
et al., 2005).

In the present work, a series of Schiff
bases having different substituents on the
phenyl ring have been selected as the target
structures for the comparison of antimicrobial
effects.

MATERIALSAND METHODS

All the chemicals used were AR/GR
grade. The microorganisms were clinical
strains obtained from the Central laboratory,
Victoria Hospital, Mauritius. Schiff bases 1-7
were synthesised by reacting bis(2-
aminophenyl)disulfide with the corresponding
aldehydes (Bhowon et al., 2005) wh@and9
by the reaction of vanillin and 2-aminophenol
or 2-aminobenzoic acid (Uppiah et al., 2009).

The ligands were screendd vitro for
their antibacterial activities against the gram-
positive bacteria Staphylococcus aureus,
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Enterococcus faecalisand gram-negative
bacteria Pseudomonas aeruginosaand
antifungal activity againsAspergillus niger
and Candida albicansusing the agar disc
diffusion method. Bacteria were cultured in
Mueller Hinton Agar and the fungiC.
albicans in Sabouraud Dextrose whilé\.
niger was in Potato Dextrose. 10 pL of the
compounds 1-9) dissolved in DMSO was
placed on the sterile paper disc (5 mm) and
transferred onto the surface of the agar
containing the microorganism. The petri
dishes for bacteria andC. albicans were
incubated at 37°C for 24 hrs and 48 hrsAor
niger. The diameter of the zone of inhibition
was recorded and tests were run in duplicates.
DMSO was used as negative control.
Ampicillin (8 mg/mL) was used as positive
control for bacteria and Nystatin (0.08
mg/mL) for fungi.
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RESULTS

The structures of the Schiff bases were
confirmed by the analytical and spectral data.
The results are summarized in Table 1. The
Schiff bases X-9) (Figure 1) were evaluated
for their antibacterial and antifungal activity
against gram positivés. aureus E. faecalis
and gram-negative. aeruginosabacteria and
the fungiA. nigerandC. albicans The results
of antibacterial and antifungal activities of the
compounds at 100 mg/mL are given in Figure
2 and 3. Table 2 comprises timevitro results
of antibacterial and antifungal activities of the
compounds under study expressed as
minimum inhibitory concentrations (MICs)
ranging from 1 to >100 mg/mL.

DISCUSSION

Aromatic substituents at different
positions in the compound$1-9) having
different  electronic  characteristic  and
lipophilicity influence the biological activity.
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Figure 1. Structures of Schiff bases.
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Figure 2: Antibacterial activity of the compounds at 100 mb/
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Figure 3: Antifungal activity of the compounds at 100 mg/mL.
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Table 1: Analytical and spectral data of the Schiff bak&s

Compound M.P. IR (cm? HNMR
v(C=N)
1 140 1624 8.51(s, 2H), 8.01-7.87(m, 4H), 7.57-
bis(benzyldiimino) phenyl disulfide 7.54(m, 6H), 7.28-7.22(m, 8H)
2 173 1610 8.98(s, 2H), 8.40(d, 2H), 7.66(d, 2H),
bis(o-chlorobenzyldiimino) phenyl disulfide 7.26-6.58(m, 12H)
3 168 1620 8.59(s, 2H), 8.36(m, 4H), 8.15(m,
bis(o-nitrobenzyldiimino) phenyl disulfide 4H), 7.64(m, 2H), 7.26-7.13(m, 6H)
4 165 1615
bis(mmethoxybenzyldiimino) phenyl disulfide
5 170 1619 8.42(s, 2H), 8.05(d, 4H), 7.65(d, 2H),
bis(p-methoxybenzyldiimino) phenyl disulfide 7.16-6.99(m, 10H), 3.89(s, 6H)
6 140 1623 8.67-8.65(d, 2H), 8.60(s, 2H), 8.34-
0,0'-(N,N-dipicolinyldene)diazadiphenyldisulfide] 8.30(d, 2H), 7.82-7.75(t, 2H), 7.62-
7.58(d, 2H), 7.36-7.31(t, 2H), 7.19-
7.04(m, 6H)
7 108 1620 8.28(s, 2H), 7.68-7.61(m, 4H),
bis(o-furyldiimino) phenyl disulfide 7.15(td, 4H), 7.05(m, 4H), 6.5(m, 2H)
8 154 1626 8.82(s,1H), 7.26(d, 2H), 7.08(d, 2H),
N-o-hydroxyphenyl (vanillaldimine) 6.95-6.86(m, 3H), 6.34(s, 1H), 5.58(s,
1H), 3.81(s, 3H)
9 164 1624 9.74(s, 1H), 7.66(d, 1H), 7.41(d, 1H),

4-[(4-hydroxy-3-methoxy benzylidine (amino)

benzoic acid

7.38(s,1H), 7.19(t, 1H), 6.95 (d,1H),
6.71(d, 2H), 6.47(t, 1H), 3.81(s, 3H)

Table 2: Thein vitro antimicrobial activity of the compounds 1afid standard drugs (MIC in

mg/mL).
Compound Microorganism

S. aureus E.faecalis P. aeruginosa C.albicans A.niger
1 >100 >100 >100 0.05 100
2 100 >100 100 10 100
3 >100 >100 >100 100 >100
4 100 >100 >100 10 100
5 1 >100 1 0.05 1
6 10 10 10 0.025 1
7 100 >100 100 10 10
8 10 100 1 10 100
9 100 >100 10 10 100
BAD 100 100 100 1 10
Ampicillin <8 <8 <8
Nystatin <0.08 <0.08
DM SO - - - - -
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The presence of a strong electron
withdrawing group (N@ connected on the
benzene ring reduced the antibacterial
activity. It may be suggested that the presence
of a highly electronegative group is having a
negative inductive effect as it is pulling
electrons away from the Schiff base
(Mazumder et al., 20055k having a methoxy
(OCH,) group in the para position exhibited
greater antibacterial activity agairst aureus
andP. aeruginosacompared tel where OCH
is in the meta position. This is due to the fact
that there is considerable conjugative effect in
paracompared to meta position. Although ClI
is an electron withdrawing it donates electron
to the system by mesomeric effect and
therefore2 having ortho Cl was active against
S. aureugndP. aeruginosa.

Based on the results obtained, the structure of
disulfides was modified by introducing
heterocyclic moieties containing oxygen and
nitrogen donor groups. The compound
containing pyridine moiety showed good
bacterial inhibition againstS. aureus, E.
faecalis,and P. aeruginosaSurprisingly, the
introduction of furan moietyr showed little
activity onS. aureusandP. aeruginosa.

In order to evaluate the importance of
disulfide linkage, compound8, 9 with no
sulfur linkage but containing lipophilic groups
such as OH, COOH were investigated and
they showed MICs value in the range of 1 to
>100 mg/mL. The presence of liphophilic and
pyridine group showed enhanced activity
againste. faecalis.

The antifungal activity of compounds
1-9 showed a similar trend as that observed
for antibacterial activity. The presence of
electron withdrawing groups such as Cl and
NO, causes a significant reduction against the
tested fungal strain by about 45 to 70%
respectively. The presence of electron
donating group such as methoxyl group at the
meta position reduces the activity compared to
1 while at para position comparable activity
was observed. Replacing the phenyl moiety by
the pyridine ring, an enhanced activity was
observed forC. albicansand A. niger having
MIC values of 0.025 mg/mL and 1 mg/mL
respectively. Absence of disulfide linkage in
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compounds 8, 9 showed a reduction of
antifungal activity.

Conclusion

The structure-activity relationship of
these Schiff base derivatives indicated that the
presence of electron withdrawing groups
decreases the activity while the presence of
methoxy group at para position plays an
important role in eliciting inhibition of all
bacteria and fungi assayed. The high efficacy
exhibited by compouné clearly reveals that
the presence of pyridine enhanced the activity
considerably. The presence of disulfide
linkage is important for antifungal activity.
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