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Abstract

Antibacterial Schiff bases derived from 1,2,4-triazoles as well as their metal complexes incorporating cobalt(II), nickel(I),
copper(Il) and zinc(II) have been synthesized and characterized. Physico-chemical studies suggest that an octahedral
geometry for the cobalt(II), nickel(IT) and zinc(I)and square-planer geometry for the copper(II) complexes. These complexes
have been screened for antibacterial activity against three Gram-positive (Staphylococcus aureus, Staphylococcus epidermidis and
Bacillus subtilis) and two Gram-negative (Salmonella typhi and Pseudomonas aeruginosa) bacterial strains, and results compared
with the activity of the free ligands. The metal complexes were found to be more potent against one or more bacterial strains
than the free ligands.
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Abbreviations: B. subulis, Bacillus subulis; CFU, Colony Forming Unit; MHA, Mueller Hilton Agar; MTCC,
Microbial Type Culture Collection and Gene Bank; MIC, Minimum Inhibitory Concentration; P aeruginosa,
Pseudomonas aeruginosa; S. typhi, Salmonella ryphi; SCDA, Soyabean Casein Digest Agar; S. aureus, Staphylococcus
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a major problem for medical purposes [4—6]. The
problem could overcome by the preparation of metal
complexes, using a process of chelation via coordi-
nation of transition metal ions, and development of
their novel antibiotics [7—8]. Schiff bases possess a
strong ability to form metal complexes [9] and they

Introduction

The discovery and development of effective antibac-
terial drugs with novel mechanisms of action has
become an urgent task for infection diseases research
programs [1]. Vancomycin has been a drug of last

report for the treatment of MDR. But the recent
emergence of vancomycin-resistant enterococci
(VRE) and vancomycin-intermediate resistant
Staphylococcus aureus (VISA) is raising serious public
health concern [2]. Novel treatment and prophylaxis
are urgently required to combat such a serious threat
[3]. At the same time most of the antibacterial,
antifungal and/or antiviral drug resistance is becoming

deserve some attention because of their biological
properties [10-13]. The Co(I), Ni(II), Cu(Il)
and Zn(II) complexes of Schiff bases are also
biologically active and they exhibit enhanced activities
as compared to their parent ligands. Triazole
derivatives [14—17] possesses a wide spectrum of
biological activities and therefore Schiff bases contain-
ing a triazole moiety and their metal complexes are
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expected to be bioactive compounds. Continuing our
investigation on the interaction of metal ions with
antibiotics, we report here the synthesis and charac-
terization of fluorobenzyl Schiff bases (Figure 1) and
their metal complexes. These have been screened
against various pathogenic bacterial strains, Staphylo-
coccus aureus MTCC 3160, Staphylococcus epidermidis
MTCC 2639, Bacillus subtilis MTCC 121, Salmonella
typhi MTCC 733 and Pseudomonas aeruginosa MTCC
3541 by the minimum inhibitory concentration
method [18].

Material and Methods

All chemicals and solvents used were of AnalaR grade.
All metal(IT) were used as their acetate salts. Melting
points were determined in open capillaries in an
electrical melting point apparatus. IR Spectra were
recorded on a Beckman IR-20 spectrophotometer in
the region 4000—250cm ™ '. "H NMR spectra were
recorded in DMSO-dg on a Brucker ACF 300
spectrometer at 300 MHz with reference to Me,Si
(0.0 ppm). Electronic spectra of metal complexes were
recorded in the region 1100—200 nm on a Hitachi U-
2000 spectrophotometer. Conductance of the metal
complexes was determined in dry DMF on a
Systronics-306 conductivity meter. Magnetic
measurements were carried out at the Institute
Instrumentation Centre, IITR, Roorkee, on a vibrat-
ing sample magnetometer (model 155). The metal
complexes were analyzed for their metal contents
using standard methods [19]. Thermal analyses of
metal complexes were carried out in atmospheric air
using a Perkin Elmer (Pyris Diamond) Instrument
reference to Alumina Powder at II'TR, Roorkee.

Synthesis of ligands

4-amino-5-mercapto-s-triazole (AMT) and 4-amino-
5-mercapto-3-methyl-s-triazole (AMMT) were pre-
pared by the reported procedure [20]. Schiff bases
namely, 4-(4-fluorobenzalideneamino)-5-mercapto-s-
triazole (FBMT) and 4-(4-fluorobenzalideneamino)-5-
mercapto-3-methyl-s-triazole (FBMMT), were prepared
by refluxing a mixture of equimolar quantities of
different s-triazoles (AMT and AMMT) with

N—/N

LLR=H
L% R=CH,

Figure 1. Structure of the Schiff bases.

4-fluorobenzaldehyde in ethanol. The product was
filtered and recrystallized from the same solvent.

Synthesis of metal(Il) chelates

Aqueous ethanolic solution of metal acetates of
Co(II), Ni(II), Cu(Il) and Zn (II) were added to the
hot ethanolic solution of the ligands in different molar
ratios, which resulted in the precipitation of metal
derivatives. The products so formed were filtered,
washed with warm water, ethanol and finally with
acetone and dried on a water bath.

In vitro antibacterial assay

All the synthesized ligands and their corresponding
metal(II) chelates were screened in virro for their
antibacterial activity against the above mentioned
bacteria using the minimum inhibitory concentra-
tion(MIC) method. MIC is the lowest concentration
of the antimicrobial agents that prevents the develop-
ment of visible growth after overnight incubation [18].
The MIC of chemically synthesized compounds
against test bacteria namely Staphylococcus aureus
(MTCC 3160), Staphylococcus epidermidis (MTCC
2639), Bacillus subtilis (IMTCC 121), Salmonella typhi
(MTCC 733) and Pseudomonas aeruginosa (MTCC
3541) was determined by reported methods [21]. All
the test cultures were streaked on SCDA and
incubated overnight at 37°C. Turbidity of all the
bacterial cultures was adjusted to 0.5 McFarland
standard [22] by preparing bacterial suspension of
3—5 well-isolated colonies of same morphological type
selected from a SCDA plate culture. The cultures
were further diluted 10-fold to give an inoculum size
of 1.2 X 107 CFU/ml. A stock solution of 4 mg/ml of
each compound was prepared in DMSO and was
appropriately diluted to give final concentrations of
64,32, 16,8,4,2,1,0.5,0.25,0.12,0.06, 0.03 pg/ml.
Standard antibiotics (linezolid and cefuroxime axetial)
were also diluted in a same manner. 320 ul of each
dilution was added to 20 ml molten and cooled MHA
(separate flasks were taken for each dilution). After
thorough mixing, the medium was poured into
sterilized petri plates. The test bacterial cultures
were spotted in a predefined pattern by aseptically
transferring 5 pl of each bacterial culture on the
surface of solidified agar—agar plates and the plate
incubated at 35°C for 24 h.

Results and discussion
Chemistry

The ligands (Table I) were soluble in ethanol and
methanol. All the metal(II) chelates were stable at
room temperature, non-hygroscopic, insoluble in
water and many common organic solvents, infusible



at high temperature and were all considered to be
polymeric in nature. The molar conductance values of
102 M solutions of the metal complexes in dry DMF
lie in the range 5—13Q ' cm®mol !, indicating their
non-electrolytic nature. Structures of the Schiff bases
were assigned with the help of IR, 'H NMR and
analytical data (Table I).

IR spectra

IR spectra of the ligands reported in Table I, show
characteristic bands due to v(N-H) and v(S-H) at
~3250 and ~2700cm !, respectively [23]. Another
band at ~ 1100 cm ™ is assigned to v(C=S) [23]. The
deprotonation of thiol group is indicated by the
absence of a band in the metal complexes (Table II) at
~2700cm ', which appears due to v(S—H) in the
spectra of ligands indicating the complexation of the
metal atom to the sulphur. In the spectra of metal
chelates a new band appears in the region 745-
768 cm” ' which is assigned to v(C—-S) and further
confirms coordination through the sulphur atom. The
band in the region 316—382 cm ™! in the far IR-spectra
further confirms metal-sulphur bond formation
(Table IIT).

The presence of coordinated water in the complexes
[23] is indicated by a broad trough band in the region
3600-2800 cm ™ ' and two weaker bands in the region
832-840cm™ ' and 700-722cm” ' due to the
v(—OH) rocking and wagging mode of vibrations,
respectively [24]. A strong band in the region 1715—
1750 cm ™! has been assigned to v(OOCCHS,) in the
(1:1) (metal:ligand) complexes.

A strong band in the region 1593—-1603 cm ™! in the
free ligands assigned to v(—HC=N) exhibits shifting
[25—29] to the higher side in the spectra of complexes
indicating coordination through the azomethine
nitrogen of Schiff bases and this can be explained by
the donation of electrons from nitrogen to the empty
d—orbitals of the metal atoms. Formation of a metal-
nitrogen bond is further supported by the presence of
a band in the region 490—545cm™ .

Thus the IR-spectra of ligands and metal complexes
gives strong evidence for the complexation of the
potentially multidentate ligands (Figure 2).

Electronic spectra and Magnetic measurements

The cobalt complexes (Table III) generally exhibited
two distinct bands in the region 10,940-11,000 and
20,000-21,000cm ™! which may be assigned to
T (F) — “Toe(F)(vy) and T o(F) — T, (P) (v3)
transitions, respectively, and are suggestive of octa-
hedral geometry around the cobalt ions [30-31].
The electronic spectra of Ni(II) complexes showed
d-d bands in the region 10,940-11,000, 15,000—
17,000 and 22,000-26,000cm™!. These are
assigned [30] to the transitions 3A2g(F) — 3ng

Antibacterial metal complexes of Schiff bases

Spectral and analytical data for the Schiff bases.

Table 1.

Calc.(Found) %

Yield

M. Pt.

(%)

"H NMR (DMSO-d¢) (ppm)

IR (cm™ b

(9]

Schiff base

3.1(3.4) 25.2(25.1) 77

48.6(48.3)

11.2 (s,1H,SH), 7.1-8.0 (m,4H,Aromatic-H), 4.3 (s,1H,Triazole-H), 9.8

(s,1H,-CH=N)

3214, 2600, 1603,

1120

143

L! (FBMT) CoH;N,SF

[222.2]

3.8(3.6) 23.7(23.8) 83

50.8(50.9)

13.2 (s,1H,SH), 7.1-7.9 (m,4H,Aromatic-H), 2.4 (s,3H,Triazole-CH3), 10.3

(s,1H,-CH=N)

3200, 2692, 1593,

1092

192

L? (FBMMT) C,o,HoN,SF

[236.3]
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Table II.  Physical and analytical data for the Metal (II) complexes.
Calc.
(Found) %
M. Pt. B. M.
No. Metal Chelate/Mol. Weight/Mol. Formula “C)(d) (Peet) C H N Yield
1. Co(FBMT)OAc.3H,0 [393.3] C;;H;5N;C00sSF >220 4.5 33.5(33.4) 3.8(3.6) 14.2(14.4) 81
2. Ni(FBMT)OAc.3H,0 [393.0] C;;H;5sN,NiO5SF >260 2.9 33.6(33.8) 3.8(3.5) 14.2(14.3) 71
3. Cu(FBMT)OAc.H,0 [361.8] C;;H;;N,CuO;SF >280 1.8 36.5(36.6) 3.0(2.9) 15.4(15.2) 79
4. Zn(FBMT)OAc.3H,0 [399.7] C;1H5N4ZnOsSF >250 - 33.0(33.2) 3.7(3.5) 14.0(13.8) 64
5. Co(FBMT),.2H,0 [537.4] C;3H;6NgC00,S,F, >220 4.7 40.2(39.9) 2.9(3.1) 20.8(20.7) 70
6. Ni(FBMT),.2H,0 [537.2] C;sH;sNgNiO,S,F, >220 2.9 40.2(39.9) 2.9(2.8) 20.8(20.6) 67
7. Cu(FBMT), [506.0] C;3sH,N,CuS,F, >280 2.0 42.7(42.5) 2.3(2.2) 22.1(21.8) 73
8. Zn(FBMT),.2H,0 [543.9] C;3HNsZnO,S,F, >260 - 39.7(39.9) 2.9(2.7) 20.6(20.4) 76
9. Co(FBMMT)OACc.3H,0 [407.2] C;,H;7;N4CoO5SF >280 4.9 35.3(35.4) 4.1(3.9) 13.7(13.8) 76
10. Ni(FBMMT)OAc.3H,0 [407.0] C,,H,;N,NiOsSF >260 3.2 35.4(35.2) 4.1(4.2) 13.7(13.5) 73
11. Cu(FBMMT)OAc.H,0 [375.9] C;,H;5N,CuO5SF >280 1.9 38.3(38.2) 3.6(3.4) 14.9(15.2) 67
12. Zn(FBMMT)OAc.3H,0 [413.7] C1,H7;N4ZnO5SF >260 - 34.8(34.6) 4.1(4.3) 13.5(13.6) 79
13. Co(FBMMT),.2H,0 [564.6] C;0H,oNgC00,S,F, >280 4.8 42.4(42.6) 3.5(3.4) 19.8(19.6) 68
14. Ni(FBMMT),.2H,0 [564.3] C,oH,(NgNiO,S,F, >220 3.1 42.5(42.4) 3.5(3.3) 19.8(19.9) 72
15. Cu(FBMMT),. [534.0] C,0H;,NgCuS,F, >260 1.9 44.9(44.8) 2.9(3.0) 20.9(20.7) 65
16. Zn(FBMMT),.2H,0 [571.0] C,0H,0NgZnO,S,F, >220 - 42.0(42.2) 3.5(3.6) 19.6(19.4) 71

(F)(v1); *Ag(F) = >T1o(F)(v2) and *An(F) —
3T1g(P)(v3), respectively, consistent with their well
defined octahedral configuration. The electronic
spectra of the Cu(Il) complexes showed one broad
band at ~18,500cm™ !, which is assigned to an
2Eg — 2T2g transition, a characteristic band of square-
planer geometry [30-31] (Figure 2).

The magnetic measurements for Co(II), Ni(II) and
Cu(Il) complexes showed three, two and one unpaired
electrons and the magnetic moment values (4.3-5.2
BM), (2.8-3.5 BM) and (1.7-2.2 BM), respectively,
for Co(II), Ni(II) and Cu(Il) ion suggesting [32]
consistency with their octahedral and square-planer
environment (Figure 2).

NMR spectra

The NMR spectral data of the Schiff bases as well as
their Zn(II) complexes were recorded in DMSO-dg¢
(Tables I and III). The total number of protons
present in the Schiff bases exhibited signals of the
protons in their expected regions. In the PMR spectra
of diamagnetic Zn(II) complexes a shift [33] in
electron density is observed from Schiff bases to its
Zn(II) complexes. This downfield shift in the zinc
complexes is due to the coordination of the
azomethine nitrogen atom of the ligands, with the
metal ion. The deprotonation of the thiol group in
the spectra of Zn(II) complexes was also indicated by
the disappearance of —SH protons.

Thermal studies

The thermal behaviour of all the complexes was
almost the same. Therefore, only two complexes
namely Co(C;oH;sN;4SF)OAc-:3H,0 and Zn(CoHg.

N4SF),-2H,0 are discussed here in detail. In
thermogravimetry (TG) the change in weight of a
complex is recorded as a function of temperature
during heating. The TG curves give information on
the thermal stability and the products formed on
heating. The TG curve is also supported by the
derivative thermogravimetry (DTG) curves.

Thermal analyses of the complexes were carried out
up to 900°C. The DTG curve of Co(C;oH;gN,.
SF)OAc-3H,0O showed the loss of three water
molecules up to 205°C with a mass loss of
4.07% (calc. 4.42%),8.43%(calc. 8.84%) and
13.12%(calc. 13.26%) on the TG curve [34-35].
After 205°C, the decomposition of the organic part up
to 391°C gave metal triazole with a mass loss of
57.15%((calc. 57.74%) on the TG curve and which
was also supported by the DTA curve. All the triazole
part decomposed at the temperature ranging from
391-748°C with a mass loss of 77.05% (calc. 77.64%)
with the formation of CoS as the end product.

The sequence for thermal degradation of the complex
Co(CoHgN4SF)OAc-3H,0 are given below:

50—205°C
—

CO(C 10H18N4 SF)OAC3H20
—3H,0

CO(C 10H18N4 SF)OAC205 j91°C

Orgmoiety

1-748°C
—

. 39
Co — s — triazole CoS

—s—triazole

The thermoanalytical curve of Zn(CoHgN4SF),-2-
H,O showed three clear steps in the ranges 70—220°,
220-520° and 520-730°C. The two water molecules
were lost up to 220°C with a mass loss of 2.98%
(calc. 3.31%) and 6.21%¢(calc. 6.63%) on the TG



Table III. Spectral data for the metal(II) chelates.
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No. IR (cm™ ) Amax (cm™ 1) '"H NMR (DMSO-d¢) (ppm)
1. 3600-2800,1745,1607,837,750,715,520,300 10,940, 20,533 -
2. 3600-2800,1728,1607,838,755,710,509,320 10,940, 16,584, 23,753 -
3. 3600-3200,1730,1621,836,740,720,540,372 18,519 -
4. 3600-2900,1750,1610,838,745,714,524,316 - 7.2—8.0(m,4H,Aromatic-H),9.93(s,1H,— CH=N),4.5(s, 1 H, Triazole-H)
5. 3600-2900,1607,837,752,706,496,345 10,940, 20,533 -
6. 3600-2800,1607,838,750,720,530,360 10,952, 16,584, 22,271 -
7. 3600-3200,1627,838,768,715,520,352 19,047 -
8. 3600-3200,1608,836,758,700,545,320 - 7.2-8.0(m,4H,Aromatic-H),9.89(s,1H,—- CH=N),4.4(s,1 H, Triazole-H)
9. 3600-2800,1720,1602,837,745,710,526,375 10,941, 20,533 -
10. 3600-2800,1715,1601,837,756,717,508,324 10,952, 15,649, 25,510 -
11. 3600-3100,1721,1600,836,764,720,490,340 18,416 -
12. 3600-3100,1725,1600,832,750,719,510,380 - 7.2-8.0(m,4H,Aromatic-H),10.85(s,1H,— CH=N),2.5(s,3H, Triazole-C H)
13. 3400-2800,1598,837,741,722,520,366 10,953, 20,533 -
14. 3600-2800,1603,836,751,715,525,355 10,952, 16,694, 25,706 -
15. 3600-3100,1597,840,745,717,511,358 18,382 -
16. 3600-3100,1599,832,755,712,548,382 - 7.2-8.0(m,4H,Aromatic-H),10.79(s,1H,-CH=N),2.4(s,3H, Triazole-C H5)
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Table IV. Minimum inhibitory concentration (MIC) (w.g/ml) for
six compounds against test microorganisms using the agar dilution
assay technique.

Compounds Sa* Se Bs St Pa
L! 8 8 64 8 16
L? 4 0.03 4 16 16
2 0.25 2 8 16 16
6 0.06 0.06 16 32 32
9 0.03 4 16 32 32
13 4 8 32 64 4
Linezolid 2 8 16 32 32
Cef. Axetial 32 16 32 16 32

*Sa-S. aureus (MTCC 3160), Se-S. epidermidis (MTCC 2639),
Bs-Bacillus subtilis (MTCC 121), St-S. typhi (MTCC 733) and
Pa-Pseudomonas aeruginosa (IMTCC 3541).

(Table IV). The compounds were tested at different
concentrations in DMSO solution using the MIC
assay. The antibacterial results show that the activity
of the ligands became more pronounced and
significant when coordinated to the metal ions. This
enhancement in activity may be due to an efficient
diffusion of the metal complexes into the bacterial cell
and/or interaction with the bacterial cell [36—39]. Out
of the six compounds tested, L2, 2, 6 and 9 possessed
very good activity against Gram-positive bacteria
namely S. epidermidis, S. aureus, B. subtilis. The
minimum inhibitory concentration 0.03 ng/ml was
shown by L? and 9 against S. aureus, S. epidermidis,
respectively. Compound 6 showed a MIC 0.06 pg/ml
against S. aureus, S. epidermidis followed by compound
2, which showed a MIC 0.25 pg/ml against S. aureus.
The minimum inhibitory concentration ranging from
2 to 16 wg/ml was shown by all the compounds (L', L2,
2, 6, 9 and 13) of the series against all test bacteria,
namely, S. aureus, S. epidernudis, B. subtilis, S. typhi
and R aeruginosa (Table IV). The antibacterial activity
of these compounds was also compared with two
commercial antibiotics, namely, linezolid and cefur-
oxime axetial.
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