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Abstract
A series of new antibacterial and antifungal Schiff ’s bases derived from sulfonamides, as well as their transition metal
complexes incorporating cobalt (II), copper (II), nickel (II) and zinc (II) were synthesized, characterized and screened for
their in-vitro antibacterial activity against six Gram-negative (Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis,
Pseudomonas aeruginosa, Salmonella typhi and Shigella dysentriae) and four Gram-positive (Bacillus cereus, Corynebacterium
diphtheriae, Staphylococcus aureous and Streptococcus pyogenes) bacterial strains and for in-vitro antifungal activity against
Trichophyton longifusus, Candida albicans, Aspergillus flavus, Microsporum canis, Fusarium solani, Candida glaberata. The results
of these studies show the metal complexes to be more antibacterial and antifungal as compared to the uncomplexed Schiffs’
bases. The brine shrimp bioassay was also carried out to study the in-vitro cytotoxic properties of these synthesized ligands and
their complexes.
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Introduction

Sulfonamides constitute an important class of drugs [1]

with several types of pharmacological actions. Their

significance appeared when sulfanilamide, an important

analogue of sulfonamide, was reported [2] to be the first

metabolite of an antibacterial drug. Later on, a large

number of sulfanilamide derivatives were synthesized,

characterised and tested for antibacterial [3], antitumor

[4], anti-carbonic anhydrase [5,6], diuretic [7,8],

hypoglycaemic [9], antithyroid [10] or protease inhibi-

tory activity [11,12] among others. Sulfanilamide thus

became the basis for the development of all other types of

medicinally important compounds with a varied

spectrum of biological action. Further extension to this

area highlighted their significant role in enhancing the

biological activity by the formation of first silver (I)

complex of sulfanilamide metal from the sodium salt of

sulfanilamide and silver nitrate [13]. Then other metal

complexes of substituted sulfanilamides were sub-

sequently investigated for biological activity in detail

[14]. These studies attracted the attention of researchers

and thus, several heterocyclic/aromatic sulfonamides

such as acetazolamide, methazolamide, ethoxzolamide,

dichlorophenamide, dorzolamide, or brinzolamide

[6,15] were used as ligands for complexation [16–22]

and their further use as potential biologically active

compounds. Taking the above into account, we have also

commenced a program to explore further into this

potential area of research by designing and investigating
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[23] metal complexes of newly synthesized compounds.

In this respect, we have recently reported [24] the

synthesis and evaluation as CA inhibitors of Schiff’s base

transition metal [Co(II), Cu(II), Ni(II) and Zn(II)]

complexes of sulfanamide-derived salicylaldehyde com-

pounds that wereobtained from sulfonilamideanalogues

i.e. homosulfanilamide, 4-aminoethyl-benzene-

sulfonamide, and 1,3,4-thiadiazole-2-sulfonamide

(1–4) and sulfonamide-derived isatin (5) Figure (1).

These were characterized by standard procedures and

assayed as inhibitors of the physiologically relevant CA

isozymes: hCA I, and hCA II. We have also studied

antibacterial/antifungal activity and cytotoxic properties

of these compounds and their Co(II), Cu(II), Ni(II) and

Zn(II) complexes (6-25) which had not been investi-

gated before for such activities. The results of these

studies show the metal complexes to be more

antibacterial and antifungal as compared to their

uncomplexed Schiffs’ bases.

Materials and methods

Solvents used were analytical grades; all metal (II) were

used as chloride salts. IR, NMR,UV-Visible spectra, C,

H and N analyses, Conductance and Magnetic

measurements were carried out on solid compounds

using the respective instruments and reported [24] by us

elsewhere. In-vitro antibacterial, antifungal and cyto-

toxic properties were studied at HEJ Research Institute

of Chemistry, International Center for Chemical

Sciences, University of Karachi, Pakistan.

Preparation of Schiff’s Base (5)

To an ethanolic (25 mL) solution of sulfonilamide (1.2 g,

0.007 moles) an ethanol solution of isatin (1 g, 0.007

moles) was added with stirring. Then 1 2 drops of conc.

H2SO4 were added and the mixture refluxed for 2 h.

After cooling to room temperature, the solution was

filtered and left overnight at room temperature, which

led to the formation of a crystallized product. The

crystallized product thus obtained was filtered and

recrystallized from ethanol: chloroform (50%) to give

the orange-red desired product (68%). Purification was

checked by TLC, which indicated a single spot. All other

Schiff’s bases (1–4) were prepared following the same

method as reported elsewhere [23,24].

Preparation of coordination compounds (6–25)

To a hot ethanol (25 mL) solution of sulfonamide 1–5

(0.02 moles) an aqueous solution of the corresponding

metal(II) salt (0.01 M) was added. The mixture was

refluxed for 3 h and the obtained solution filtered and

reduced to half of its volume by evaporation of the

solvent in vacuo. The concentrated solution was left

overnight at room temperature, which led to the

formation of a solid product. This mixture was filtered

and the solid washed with ethanol (2 £ 15 mL) and

dried. Recrystallization from 50% aqueous ethanol gave

the desired product. Unfortunately only microcrystal-

linepowders could be obtained,which could not beused

for X-ray structural determinations. In fact this is the

usual technical problem related to the thorough

characterization of this type of metal complex [19].

Antibacterial bioassay (in-vitro)

The synthesized compounds were screened for

antibacterial activity against six Gram-negative bac-

terial strains i.e. Escherichia coli, Klebsiella pneumoniae,

Proteus mirabilis, Pseudomonas aeruginosa, Salmonella

typhi and Shigella dysenteriae and four Gram-positive

Figure 1. Structure of Schiff’s Bases
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bacterial strains i.e. Bacillus cereus, Corynebacterium

diphtheriae, Staphylococcus aureous and Streptococcus

pyogenes using the agar well diffusion method [25,26].

Two to eight hours old bacterial inoculums containing

approximately 104 2 106 colony forming units

(CFU)/ml were used in these assays. The wells were

dug into the media with the help of a sterile metallic

borer with centres at least 24 mm. Recommended

concentration (100ml) of the test sample (1 mg/ml in

DMSO) was introduced into the respective wells.

Other wells supplemented with DMSO and the

reference antibacterial drug, imipenum, served as

negative and positive controls respectively. The plates

were incubated immediately at 378C for 20 h. Activity

was determined by measuring the diameter of zones

showing complete inhibition (mm). Growth inhibition

was compared with the standard drug. In order to

clarify any participating role of DMSO or DMF in the

biological screening, separate studies were carried out

with the solutions alone of DMSO and DMF and they

showed no activity against any bacterial strains.

Antifungal activity (in-vitro)

Antifungal activities of all compounds were studied

against six fungal cultures. Sabouraud dextrose agar

(Oxoid, Hampshire, England) was seeded with

105 (cfu) ml21 fungal spore suspension and trans-

ferred to petri plates. Discs soaked in 20 ml (10mg/ml

in DMSO) of all compounds were placed at different

positions on the agar surface. The plates were

incubated at 328C for seven days. The results were

recorded [27] as zones of inhibition (mm) and

compared with those for the standard drugs micon-

azole and amphotericin B.

Cytotoxicity (in-vitro)

Brine shrimp (Artemia salina leach) eggs were hatched

in a shallow rectangular plastic dish (22x32 cm), filled

with artificial seawater, which was prepared with

commercial salt mixture and double distilled water.

An unequal partition was made in the plastic dish with

the help of a perforated device. Approximately 50 mg

of eggs were sprinkled into the large compartment,

which was darkened while the minor compartment

was opened to ordinary light. After two days nauplii

were collected by a pipette from the lighted side.

A sample of the test compound was prepared by

dissolving 20 mg of each compound in 2 ml of DMF.

From this stock solutions 500, 50 and 5mg/ml were

transferred to 9 vials (three for each dilutions were

used for each test sample and LD50 is the mean of

three values) and one vial was kept as control having

2 mL of DMF only. The solvent was allowed to

evaporate overnight. After two days, when the shrimp

larvae were ready, 1 mL of seawater and 10 shrimps

were added to each vial (30 shrimps/dilution) and the

volume was adjusted with seawater to 5 mL per vial.

After 24 h the number of survivors was counted

[28,29]. Data were analyzed by Finney computer

program to determine the LD50 values [30].

Results and discussion

The Schiff ’s bases 1–5, prepared from aromatic/

heterocyclic sulfonamides and salicylaldehyde, [22]

were shown to behave as a moderate CAIs against

isozyme I, and as much more effective CA II inhibitors

[24]. Since metal complexes of heterocyclic/aromatic

sulfonamides have recently been shown [10–25] to

possess even stronger inhibitory properties, it

appeared of interest to synthesize some metal

complexes of these Schiff ’s bases, mainly due to

their interesting donor system, comprising the nitro-

gen incorporated in the Schiff ’s base moiety as well as

the phenolic OH group. Thus, the Co(II), Cu(II),

Ni(II) and Zn(II) complexes (Table I) of ligands 1–5

have been obtained. It should be noted that similarly

to other ligands investigated in previous studies as

metal complexing sulfonamides with CA inhibitory

properties [19], the compound investigated here acts

as a neutral ligands, and not in the deprotonated state.

These ligands and their complexes were thoroughly

characterized and reported earlier [24] but were

studied only for their CA inhibitory properties.

Antibacterial bioassay

All compounds were tested against six Gram-negative

(E. coli, K. pneumoniae, P. mirabilis, P. aeruginosa,

S. typhi and S. dysenteriae) and four Gram-positive

(B. cereus, C. diphtheriae, S. aureous and S. pyogenes)

bacterial strains (Table I) according to literature

protocol. [25,26] The results were compared with

those of the standard drug imipenum. Compound 1

exhibited significant activity against K. pneumoniae,

E. coli, P. aeruginosa, and S. dysentriae, a moderate

activity against P. mirabilis, S. pyogenes, S. typhi and

S. aureous and, a weak activity against B. cereus and

C. diphtheriae. Compounds 2 and 3 showed enhanced

activity against the same strains as compared to their

analogue compound 1. It was interesting to note that a

methylene and ethylylene carbon chain in these

compounds (1–3) had an impact on the bactericidal

activity. As the carbon chain increased bactericidal

activity was also increased. Compound 4 showed a

significant activity against both Gram-positive and

Gram-negative strains. Compound 5 showed a

significant activity against E. coli, K. pneumoniae,

P. aeruginosa, S. typhi, S. dysenteriae and S. aureous;

a moderate activity against P. mirabilis, C. diphtheriae

and S. pyogenes and, a weak activity against B. cereus.

The structure-activity relationship studies (SAR)

suggested that compound 4 with thiadiazole moiety

was generally found to be more active against a wide
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range of Gram-positive and Gram-negative bacteria as

compared to other compounds. Compounds (1–3)

were found less active than compound 4 and slightly

more active as compared to compound 5.

Cobalt (II), copper (II), nickel (II) and zinc (II)

metal complexes (6–25) of these synthesized ligands/

compounds (1–5) were also screened against the same

bacterial Gram-negative and Gram-positive strains.

It was evident that overall potency of the uncoordi-

nated compounds was enhanced on coordination with

the metal ions.

Antifungal bioassay

The antifungal screening of all compounds was

carried out against Trichophyton longifusus, Candida

albican, Aspergillus flavus, Microsporum canis, Fusarium

solani and Candida glaberate fungal strains according to

the literature protocol [27]. The results were

compared with those from the standard drugs

miconazole and amphotericin B. These results

illustrated in Table II indicate that compound 1

exhibited a significant activity against T. longifusus,

F. solani, C. albican, M. canis and A. flavus; and

a moderate activity against C. glaberata. Compound 2

showed a significant activity against all fungal species

except a moderate activity against C. albicans.

Compound 3 showed a significant activity against all

species. Compound 4 showed a significant activity

against T.longifusus, A. flavus, M. canis, F. solani and C.

glaberata and, a moderate activity against C. albican.

Compound 5 showed a significant activity against

T. longifusus, A. flavus M. canis, and C. glaberata;

a moderate activity against C. albicans and a weak

activity against F. solani. The metal (II) complexes

(6–25) of these compounds relatively showed much

enhanced activity as compared to the uncoordinated

compounds.

Cytotoxic bioassay

All the synthesized compounds were screened for their

cytotoxicity (brine shrimp bioassay) using the protocol

of Meyer et al. [29]. From the data recorded in

Table III, it is evident that only two compounds, 4 and

5 displayed potent cytotoxic activity against Artemia

salina, while the other compounds were almost

inactive in this assay. Compound 4 showed maximum

activity ðLD50 ¼ 110:2mg=mlÞ in the present series of

compounds, whereas the other active compound 5 of

the series demonstrated slightly lesser activity ðLD50 ¼

125:1mg=mlÞ than compound 4. Structure-activity

relationships (SAR) in compounds (1–3) revealed that

cytotoxicity increased with the increase in the number

Table I. In-vitro antibacterial activity data for Schiff’s bases (1–5) and their metal (II) complexes (6–25).

Diameter of zones showing complete inhibition of growth (mm)

Compound (a) (b) (c) (d) (e) (f) (g) (h) (j) (k)

1 L1 16 17 11 16 12 17 06 05 10 11

2 L2 18 18 14 17 16 18 08 10 12 13

3 L3 20 20 16 18 18 19 12 13 14 15

4 L4 22 22 18 19 19 20 15 14 15 17

5 L5 16 14 10 15 20 14 06 10 11 15

6 Co(L1)2Cl2 20 24 21 20 21 22 18 18 18 19

7 Co(L2)2Cl2 22 23 20 22 22 21 20 16 17 20

8 Co(L3)2Cl2 22 22 21 20 22 21 19 17 20 20

9 Co(L4)2Cl2 13 23 19 20 21 22 18 18 21 19

10 Co(L5)2Cl2 22 24 21 20 22 20 20 19 20 20

11 Cu(L1)2Cl2 23 24 22 24 23 22 20 20 18 21

12 Cu(L2)2Cl2 23 25 20 22 23 22 20 18 19 21

13 Cu(L3)2Cl2 24 23 23 23 22 20 21 20 20 20

14 Cu(L4)2Cl2 22 22 24 24 21 21 20 18 18 20

15 Cu(L5)2Cl2 22 24 24 22 21 23 22 16 18 19

16 Ni(L1)2Cl2 23 25 22 25 21 22 23 15 18 19

17 Ni(L2)2Cl2 20 24 22 23 23 22 21 16 19 18

18 Ni(L3)2Cl2 22 23 22 24 22 22 23 15 20 18

19 Ni(L4)2Cl2 24 24 20 23 22 21 20 16 18 19

20 Ni(L5)2Cl2 23 25 24 22 22 21 19 17 18 18

21 Zn(L1)2Cl2 23 24 22 22 21 24 20 15 20 20

22 Zn(L2)2Cl2 24 25 21 22 23 22 21 17 17 19

23 Zn(L3)2Cl2 22 23 19 22 21 24 20 15 18 20

24 Zn(L4)2Cl2 24 23 19 22 22 23 21 15 17 20

25 Zn(L5)2Cl2 23 24 20 22 21 23 20 18 20 19

Imipenum 30 25 30 32 30 34 32 30 35 35

Ligand: . 15 mm ¼ significant activity; 7–14 mm ¼ moderate activity; , 7 mm ¼ weak activity.

(a) ¼ Escherichia coli, (b) ¼ Klebsiella pneumoniae, (c) ¼ Proteus mirabilis, (d) ¼ Pseudomonas aeruginosa, (e) ¼ Salmonella typhi, (f) ¼ Shigella

dysentriae, (g) ¼ Bacillus cereus, (h) ¼ Corynebacterium diphtheriae, (j) ¼ Streptococcus pyogenes, (k) ¼ Staphylococcus aureous. Imipenum ¼

standard drug.
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of methylene groups. It was also observed that the

cytotoxic properties of these compounds decreased on

coordination with the metal ions.

The enhancement in antibacterial and antifungal

activity on coordination with the metal ions is

probably due to the presence of donor systems in the

uncoordinated compounds and may inhibit enzyme

production, since the enzymes, which require these

groups for their activity, appear to be especially more

susceptible to deactivation upon coordination/chela-

tion. Chelation reduces the polarity of the metal ion

because of the partial sharing of its positive charge

with the donor groups and possibly the p-electron

delocalisation within the whole chelate ring system

thus formed during coordination. This process of

chelation thus increases the lipophilic nature of the

central metal atom, which in turn favours its

permeation through the lipoid layer of the membrane

[31–35]. It has also been observed that some moieties

such as the azomethine linkage or heteroaromatic

nucleus introduced into such compounds exhibit

[36–40] extensive biological activities that may be

responsible for the increase in hydrophobic character

and liposolubility of the molecules in crossing the cell

membrane of the micro-organism and hence enhance

the biological utilization ratio and activity of the

compounds.
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