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A series of Co(II), Ni(II) and Cu(II) complexes have been synthesized with newly synthesized Schiff bases
derived from 3-substituted-4-amino-5-mercapto-1,2,4-triazole and isatin. The elemental analyses of the
complexes are confined to the stoichiometry of the type ML2 [M=Co(II), Ni(II) and Cu(II)], respectively,
where L acts as a deprotonated ligand in which sulfur plays an important role in coordination. In view of
analytical, spectroscopic, magnetic and thermal studies, it has been concluded that the Co(II), Ni(II) and
Cu(II) complexes possess octahedral geometry. The redox behavior of the complexes investigated with the
aid of cyclic voltammetry indicated the two-electron transfer process. The antimicrobial studies of Schiff
bases and their complexes against various antibacterial (Escherichia coli, Staphylococcus aureus, Pseu-
domonas aeruginosa and Bacillus subtilis) and antifungal (Aspergillus niger and Pencillium chrysogenum)
species by the minimum inhibitory concentration method revealed that the Schiff bases and some of their
metal complexes possess more healing antibacterial activity.

Keywords: antimicrobial; electrochemical; isatin; NMR; spectral; triazoles

1. Introduction

The S, N and O atoms play a key role in the coordination of metals at the active sites of numerous
metallobiomolecules. The chemistry of 1,2,4-triazole derivatives has attracted widespread atten-
tion due to their diverse biological activities and they are a new class of antimicrobial agents (1, 2)
viz. fluconazole and itraconazole are used as antimicrobial drugs. Hence, the metal complexes of
Schiff bases derived from 1,2,4-triazole derivatives have been the subject of considerable study
(3–8). A number of metal complexes with 1,2,4-triazole Schiff bases have been reported from
our laboratory (9–12). In addition to this, isatin, which is an endogenous indole, and its deriva-
tives have also been shown to exhibit a wide range of biological activities (13–18). Moreover,
it has been largely used as a versatile reagent in organic synthesis to obtain heterocyclic com-
pounds, and as a raw material for drugs (19). Some Schiff bases derived from isatin were prepared
by reaction with amino acids or substituted hydrazines and were subsequently metallated with
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nickel(II), copper(II), zinc(II) or cobalt(II) ions (20, 21). Recently, it has been reported that the
isatin-thiosemicarbazone copper(II) complexes related to the antiviral drug methisazone, were
prepared electrochemically or by usual condensation methods (22). Since triazoles are hetero-
cyclic compounds and Schiff bases derived from isatin often act as versatile chelating agents and
exhibit promising bioactivities, it is likely that isatin–triazoles and their metal complexes might
also exhibit useful biological activity.

Thus, the present study aims to synthesize a new series of Co(II), Ni(II) and Cu(II) complexes
with novel Schiff base molecules derived from 3-substituted-4-amino-5-mercapto-1,2,4-triazole
and isatin. Analytical, spectral, magnetic and thermal characterization techniques are employed.
The electron transfer process of the metal complexes is investigated. In the light of the wide
spectrum of microbial activity, the Schiff bases and their metal complexes were screened for their
antibacterial and antifungal activities.

2. Experimental

2.1. Physical measurements

Carbon, hydrogen and nitrogen were estimated using Elemental Analyzer Carlo Erba EA1108
analyzer. The IR spectra of the Schiff bases and their Co(II), Ni(II) and Cu(II) complexes were
recorded on a HITACHI-270 IR spectrophotometer in the 4000–250 cm−1 region in KBr disc. The
electronic spectra of the complexes were recorded in HPLC grade dimethyl formamide (DMF)
and DMSO on a VARIAN CARY 50-BIO UV-spectrophotometer in the region of 200–1100 nm.
The 1H- nuclear magnetic resonance (NMR), 13C-NMR and 2D NMR spectra of the ligands were
recorded in d6-DMSO on a BRUKER 300 MHz spectrometer at room temperature using TMS
as an internal reference. FAB-mass spectra were recorded on a JEOL SX 102/DA-6000 mass
spectrometer/data system using Argon/Xenon (6 kV, 10A) as the FAB gas. The accelerating
voltage was 10 kV, and the spectra were recorded at room temperature and m-nitrobenzyl alcohol
was used as the matrix. The mass spectrometer was operated in the positive ion mode. The ESR
spectrum was recorded on a Varian-E-4X-band EPR spectrometer and the field set is 3000 G at
modulation frequency of 100 K Hz under liquid nitrogen temperature using TCNE as g marker.
Thermogravimetric analyses data were measured from room temperature to 1000 ◦C at a heating
rate of 10 ◦C min−1. The data were obtained using a PERKIN-ELMER DIAMOND TG/DTA
instrument. Electrochemical behavior of the Co(II), Ni(II) and Cu(II) complexes were studied
on a CHI1110A-Electrochemical analyzer (made in the USA) in HPLC grade DMF containing
0.05 M n-Bu4NClO4 as the supporting electrolyte. The three-electrode system consisted of glassy
carbon (working), platinum wire (counter) and Ag/AgCl (reference) electrodes. Molar conduc-
tivity measurements were recorded on ELICO-CM-82 T Conductivity Bridge with a cell having
cell constant 0.51, and magnetic moment was carried out using Faraday balance.

2.2. Materials

All the chemicals used were of reagent grade. 3-substituted-4-amino-5-mercapto-1,2,4-triazole
was synthesized according to the literature (23, 24). Isatin was recrystallized before using.

2.2.1. Synthesis of Schiff bases (I–IV)

The synthesis of Schiff bases is schematically presented in Scheme 1. The Schiff bases have
been synthesized by refluxing the reaction mixture of hot methanolic solution (30 mL) of
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Scheme 1. Synthesis of Schiff bases I–IV.

3-substituted-4-amino-5-mercapto-1,2,4-triazole (0.01 mol) and hot methanolic solution (30 mL)
of isatin (0.01 mol) for 6–7 h with a few drops of hydrochloric acid. The product obtained after the
evaporation of the solvent was filtered, washed with cold MeOH and recrystallized from MeOH.
Yield (M.P.): 78% (188 ◦C), 76 % (192 ◦C), 81% (195 ◦C) and 79% (196 ◦C) of SB-I, SB-II,
SB-III and SB-IV, respectively.

2.2.2. Synthesis of Co(II), Ni(II) and Cu(II) complexes (1–12)

Methanolic solution (45 mL) of Schiff base (1 mmol) was mixed with methanolic solution (5 mL)
of CoCl2.6H2O/NiCl2.6H2O/CuCl2.2H2O (1 mmol) and refluxed on water bath for 2 h. Then, to
the reaction mixture 2 mmol of sodium acetate was added and refluxion was continued for 2 h.
The separated complex was filtered, washed thoroughly with water and methanol and dried in
vacuum over fused CaCl2. Yield of all the metal complexes lie in the range of 67–73%.

2.3. In vitro antibacterial and antifungal assay

The biological activities of synthesized Schiff bases and their Co(II), Ni(II) and Cu(II) complexes
were studied for their antibacterial and antifungal activities by agar and potato dextrose agar
diffusion method, respectively. The antibacterial and antifungal activities were done at 100, 200
and 500 μg mL−1 concentrations in DMF solvent using four bacteria ( Escherichia coli, Staphylo-
coccus aureus, Pseudomonas aeruginosa and Bacillus subtilis) and two fungi (Aspergillus niger
and Pencillium chrysogenum) strains by the minimum inhibitory concentration (MIC) method
(25). These bacterial and fungi strains were incubated for 24 h at 37 ◦C and for 48 h at 37 ◦C,
respectively. Standard antibacterial (Streptomycin) and antifungal drugs (Nyastatin) were used
for comparison under similar conditions. Activity was determined by measuring the diameter of
the zone showing complete inhibition (mm).
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3. Results and discussion

The Schiff bases (I–IV) form octahedral complexes (1–12) (Table 1) with CoCl2.6H2O/NiCl2.
6H2O/CuCl2.2H2O in methanol. All the Co(II), Ni(II) and Cu(II) complexes are stable and non-
hygroscopic in nature. The complexes are insoluble in common organic solvents but soluble in
DMF and DMSO. The elemental analyses show that the Co(II), Ni(II) and Cu(II) complexes
have 1:2 stoichiometry of the type ML2, where L stands for a deprotonated ligand and exhibit
thiol–thione tautomerism (Figure 1). The molar conductance values are too low to account for any
dissociation of the complexes in DMF, indicating the non-electrolytic nature of the complexes in
DMF (Table 1). Several attempts made to develop the single crystal of the complexes failed due
to insolubility of the complexes in common organic solvents.

3.1. IR spectral studies

The prominent infrared spectral data of Schiff bases and their Co(II), Ni(II) and Cu(II) complexes
are presented in Tables 2 and 3, respectively.

The IR spectra of the Schiff bases exhibited characteristic bands due to ν(NH) of isatin in the
region 3110–3198 cm−1. A characteristic strong band at 2693–2702 cm−1 is ascribed to ν(SH)
of triazole and another band around ∼1100 cm−1 is assigned to ν(C=S) (26). These observa-
tions suggest that the Schiff bases exhibit thiol–thione tautomerism (Figure 1). In addition, the
strong band at 1730–1738 cm−1 and a characteristic high intensity band at 1614–1617 cm−1

in the IR spectra of the Schiff bases are assigned to lactonyl carbon ν(C=O) and ν(C=N),
respectively (27).

In comparison with the spectra of the Schiff bases, all the Co(II), Ni(II) and Cu(II) complexes
exhibited the band of ν(C=N) in the region 1590–1603 cm−1, showing the shift of the band to
lower wave numbers and indicating that the nitrogen is coordinated to the metal ion (21, 28, 29).
The band of ν(C=O) in the region 1708–1722 cm−1 in the complexes, showing the shift to lower
wave numbers compared with Schiff bases confirms that the carbonyl oxygen, is coordinated to
the metal ion (30, 31).

The deprotonation of the thiol group is indicated by the absence of a band around ∼ 2700 cm−1

in all the metal complexes, which is due to ν(S−H) of Schiff bases, indicating that the
metal is coordinated through the sulfur atom. This is further supported by the band around
∼ 750 cm−1 in the metal complexes due to ν(C−S). The unaltered position of a band due to
ν(NH) in all the metal complexes indicates that the nitrogen atom of isatin is not involved in
coordination.

The new bands in the region of 452–480 cm−1 in the spectra of the complexes are assigned to
stretching frequencies of (M–N) bonds. The band in the region 333–379 cm−1 of far IR-spectra
is due to metal-sulfur bond formation.

Thus, the IR spectral data results provide strong evidence for the complexation of Schiff bases
with metal (II) ions.

3.2. NMR studies of Schiff bases

The Schiff bases have been characterized by 1H and 13C NMR spectra and also 2D1H-13C HET-
COR to ensure ligand purity in solution, and elucidate the differently positioned proton and
carbon.

The proton NMR of Schiff base III is discussed here and the data of 1H NMR of all the
Schiff bases is presented in Table 4. In the 1H NMR spectrum of the Schiff base (III), the NH
proton of isatin exhibited signals at 11.9 ppm (s, 1H), and the signal observed at 11 ppm (s, 1H)
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Table 1. Elemental analyses of Schiff bases and their Co(II), Ni(II) and Cu(II) complexes along with molar conductance and magnetic moment data.

M% C% H% N% Molar
Compound Empirical conductance, Ohm− μeff
number formula Obsd. Calcd. Obsd. Calcd. Obsd. Calcd. Obsd. Calcd. 1cm2 mole−1 (BM)

SB I C10H7N5OS – – 48.97 48.98 2.85 2.86 28.57 28.57 – –
SB II C11H9N5OS – – 50.96 50.96 3.48 3.47 27.02 27.03 – –
SB III C12H11N5OS – – 52.74 52.75 4.03 4.02 25.65 25.64 – –
SB IV C13H13N5OS – – 54.35 54.36 4.52 4.52 24.39 24.39 – –
1 Co(C10H6N5OS)2 10.46 10.55 42.86 42.93 2.10 2.14 25.13 25.04 17 4.61
2 Co(C11H8N5OS)2 10.24 10.26 45.90 45.91 2.88 2.78 24.23 24.34 21 4.72
3 Co(C12H10N5OS)2 9.71 9.78 47.61 47.76 3.26 3.31 23.23 23.22 19 4.86
4 Co(C13H12N5OS)2 9.26 9.35 49.44 49.44 3.71 3.88 22.26 22.18 23 4.74
5 Ni(C10H6N5OS)2 10.32 10.39 42.91 43.01 2.20 2.15 25.11 25.08 18 3.10
6 Ni(C11H8N5OS)2 10.03 10.10 45.80 45.99 2.78 2.79 24.28 24.39 24 3.08
7 Ni(C12H10N5OS)2 9.56 9.63 47.81 47.84 3.21 3.32 23.26 23.25 17 3.24
8 Ni(C13H12N5OS)2 9.28 9.20 49.49 49.52 3.70 3.80 22.17 22.22 22 3.18
9 Cu(C10H6N5OS)2 11.24 11.19 42.60 42.62 2.20 2.13 24.90 24.86 16 1.75
10 Cu(C11H8N5OS)2 10.76 10.88 45.43 45.59 2.74 2.76 24.18 24.17 25 1.77
11 Cu(C12H10N5OS)2 10.36 10.37 47.39 47.44 3.15 3.29 23.17 23.06 20 1.75
12 Cu(C13H12N5OS)2 9.96 9.92 49.10 49.13 3.98 3.78 22.10 22.04 21 1.74
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Figure 1. Structure of Schiff bases I–IV : thiol–thione tautomerism.

Table 2. The important infrared frequencies (in cm−1) of Schiff bases derived from 3-substi-
tuted-4-amino-5-mercapto-1,2,4-triazole and isatin.

Lactonyl, ν(C=O) of ν (NH) of
Compound number indole ring ν(C=N) indole ring ν (SH) ν(C=S)

C10H7N5OS 1732 1615 3198 2702 1102
C11H9N5OS 1730 1616 3185 2701 1098
C12H11N5OS 1738 1614 3110 2693 1100
C13H13N5OS 1730 1617 3192 2698 1095

Table 3. The important infrared frequencies (in cm−1) of metal complexes.

Compound number Indole ring, ν (NH) Lactonyl, ν (C=O) ν (C=N) ν (C-S) ν (M-N) ν (M-S)

Co(C10H6N5OS)2 3202 1721 1603 750 461 361
Co(C11H8N5OS)2 3187 1716 1590 752 455 354
Co(C12H10N5OS)2 3115 1722 1596 758 476 333
Co(C13H12N5OS)2 3194 1711 1592 753 480 379
Ni(C10H6N5OS)2 3196 1718 1602 752 464 365
Ni(C11H8N5OS)2 3181 1714 1592 754 452 358
Ni(C12H10N5OS)2 3114 1715 1590 759 478 341
Ni(C13H12N5OS)2 3194 1713 1601 752 471 376
Cu(C10H6N5OS)2 3198 1715 1598 751 463 363
Cu(C11H8N5OS)2 3183 1711 1596 752 458 351
Cu(C12H10N5OS)2 3114 1722 1591 756 471 338
Cu(C13H12N5OS)2 3196 1708 1602 754 478 378

Table 4. The important 1H NMR and 13C NMR data of Schiff bases.

Schiff base number 1H NMR (d6 DMSO) (ppm) 13C NMR (d6 DMSO) (ppm)

C10H7N5OS 11.6 (s, 1H, NH), 10.1 (s, 1H, SH), 6.1–7.1
(m, 4H, Ar-H), 6.9 (s, 1H, CH of triazole)

113.1, 118.6, 125.5, 126.7, 144.6, 155.2,
(isatin), 139.1 (C=N), 160 (C=O), 185,
172 (triazole)

C11H9N5OS 11.7 (s, 1H, NH), 10.4 (s, 1H, SH), 6.3–7.2
(m, 4H, Ar-H), 2.7 (s, 3H, CH3)

113.1, 118.6, 125.5, 126.7, 144.6, 155.2,
(isatin), 139.5 (C=N), 162 (C=O), 185,
176 (triazole), 34.4(CH3)

C12H11N5OS 11.9 (s, 1H, NH), 11.0 (s, 1H, SH), 6.9–7.5
(m, 4H, Ar-H), 2.2(q, 2H, CH2), 1.3(t, 3H,
CH3)

113.1, 118.6, 125.5, 126.7, 144.6, 155.2,
(isatin), 139.3 (C=N), 165 (C=O), 185,
178 (triazole), 11.1 (CH3), 31.5 (CH2)

C13H13N5OS 12.1 (s, 1H, NH), 11.03 (s, 1H, SH), 6.8–7.6
(m, 4H, Ar-H), 2.4 (t, 2H, CH2), 2.2 (m,
2H, CH2), 1.2 (t, 3H, CH3)

113.1, 118.6, 125.5, 126.7, 144.6, 155.2,
(isatin), 139.3 (C=N), 160 (C=O), 185,
182 (triazole), 11.1 (CH3), 18.8 (CH2),
31.5(CH2)
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is due to S–H proton. The multiplet signals around 6.9–7.5 ppm (m, 4H) are ascribed to aro-
matic protons. The quartet and triplet observed at 2.2 and 1.3 ppm are due to CH2 and CH3,
respectively.

The representative 13C NMR spectrum of the Schiff base III is discussed here. In the repre-
sentative 13C NMR spectrum of the Schiff base III the signal observed at 165 ppm is ascribed
to the lactonyl carbon (C=O) of the isatin. A characteristic signal at 139.3 ppm is assigned to
(C=N). In addition to this, the characteristic signals in the 113.1–155.2 ppm region are assigned
to aromatic carbon, and the signals at 11.1 and 31.5 ppm are due to the CH3 and CH2 group
attached to heterocyclic ring, respectively. The 13C NMR data of all the Schiff bases is given in
Table 4.

In the two dimensional HETCOR NMR spectra, the signals observed are due to the interaction
of proton and carbon in which the proton values are recorded along the y-axis and carbon values
are recorded along the x-axis. The representative 2D spectrum of the Schiff base IV is discussed
here. The interaction of protons and carbons of the aromatic region are well observed in the
spectrum as signals. Also, the resonance due to the interaction of protons and carbons of CH3,
CH2 and CH2 groups attached to the heterocyclic ring are observed as signals at corresponding
coinciding points of the y and x-axis, respectively.

3.3. Electronic spectra

The electronic spectra of Co(II) complexes exhibited absorption bands in the regions 8000–
10,000 cm−1 and 18,000–20,000 cm−1 corresponding to ν1 and ν3 transitions, respectively, which
are attributed to the transitions 4T1g (F)→4T2g (F) (ν1); 4T1g (F)→4T1g (P) (ν3). In the present
investigation, brownish Co(II) complexes show the absorption bands at 8954–8968 and 19,165–
19,182 cm−1 are corresponding to ν1 and ν3 transitions, respectively. These bands are the
characteristic of high spin octahedral Co(II) complex (32). However, ν2 band is not observed
because of its proximity to strong ν3 transition.

The greenish Ni(C12H10N5OS)2 complex exhibited three bands at 10,375, 15,845 and
26,345 cm−1 and attributed to the 3A2g →3T2g (ν1); 3A2g →3T1g (F) (ν2) and 3A2g →3T1g (P)
(ν3) transitions, respectively, which indicate an octahedral geometry around Ni(II) ion (33). The
ligand field parameters are given in Table 5. The value of ν2/ν1 is found to be around 1.527, and
the μeff value is around 3.174, which is within the range of 2.8–3.5 BM, suggesting the octahedral
environment. The values of the nephelauxetic parameter, β, indicate the low covalent character of
the metal-ligand σ bonds (34). Hence the ligand field parameters correlate the electronic spectral
and magnetic properties.

The electronic spectra of Cu(II) complexes display two prominent bands. A low-intensity broad
band of around 14,486 cm−1 is assignable to 2Eg →2T2g transition and another high-intensity band
at 25,582 cm−1 is due to symmetry forbidden ligand → metal charge transfer. On the basis of
electronic spectra distorted octahedral geometry around Cu(II) ion is suggested (35).

3.4. Magnetic studies

The magnetic moments obtained at room temperature are listed in Table 1. The magnetic measure-
ment for Co(II) complexes exhibit magnetic moment values of 4.61–4.86, which are in agreement
with the octahedral range of 4.3–5.2 BM. Ni(II) complexes showed the magnetic moment values
of 3.08–3.24 within the range of 2.8–3.5 BM, suggesting (36) consistency with their octahedral
environment. The Cu(II) complexes showed a magnetic moment of 1.75–1.77 BM, slightly higher
than the spin-only value 1.73 BM expected for one unpaired electron, which offers the possibility
of an octahedral geometry (37).
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Table 5. Ligand field parameters of Ni(II) complexes.

Tranistions (cm−1)

Complex number ν1 ν2 ν3 ν2 Cald. cm−1 Dq cm−1 B1 cm−1 Distortion (%) ν2/ν1 LSFE μeff , Cald. BM β β (%)

Ni(C10H6N5OS)2 10,355 15,814 26,348 16,413 1035 779 3.653 1.527 35.503 3.174 0.738 26.158
Ni(C11H8N5OS)2 10,305 15,836 26,340 16,368 1030 786 3.251 1.537 35.331 3.176 0.745 25.548
Ni(C12H10N5OS)2 10,375 15,845 26,345 16,429 1037 776 3.558 1.527 35.571 3.174 0.735 26.455
Ni(C13H12N5OS)2 10,314 15,824 26,341 16,376 1031 785 3.372 1.534 35.362 3.176 0.743 25.661

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Journal of Sulfur Chemistry 153

3.5. FAB-mass spectral studies

The FAB-mass spectrum of Schiff base III exhibited a molecular ion peaks at m/z 273 which is
equivalent to its molecular weight. The fragmentation peaks at m/z 240, 211 and 145, which are
ascribed to the cleavage of –SH, C2H5 and triazole moiety, respectively, are well observed in the
mass spectrum. Schiff bases I, II and IV showed molecular ion peaks at m/z 245, 259 and 287,
respectively, with all other fragmentation peaks.

The FAB-mass spectrum of all the complexes exhibited molecular ion peak equivalent of
their molecular weight along with other fragmentation peaks. Hence only the representative
Co(C12H10N5OS)2, Ni(C12H10N5OS)2 and Cu(C12H10N5OS)2 are discussed here. The spectrum
of Co(C12H10N5OS)2 showed a molecular ion peak M+ at m/z 603 that is the equivalent of
its molecular weight. The fragmentation peaks observed at 476, 331, 204 and 59 correspond to
C4N3H5S, C8N2H5O, C4N3H5S and C8N2H5O, respectively. In case of Ni(C12H10N5OS)2 com-
plex, the molecular ion peak M+ at m/z 602 corresponds to its molecular weight. The complex
exhibited fragmentation peaks at 475, 330, 203 and 58 correspond to cleavages of C4N3H5S,
C8N2H5O, C4N3H5S and C8N2H5O, respectively. The spectrum of Cu(C12H10N5OS)2 complex
exhibited a molecular ion peak M+, equivalent of its molecular weight, at m/z 607 with all other
fragmentation peaks.

3.6. ESR spectrum of Cu(C12H10N5OS)2 complex

The ESR spectrum of one representative Cu(C12H10N5OS)2 has been studied under liquid nitrogen
temperature using TCNE as a g marker. ESR spectrum of Cu(II) complex showed g value 2.00277.
The g‖ and g⊥ values were found to be 2.0156 and 2.1826, respectively. The gav was calculated
to be 2.0602. The Cu(II) complex shows reversed axial (compressed octahedral) with g‖ < g⊥.

3.7. Thermal studies of metal complexes

The thermal behavior of Co(II), Ni(II) and Cu(II) complexes has been studied as a function
of temperature, and it is almost the same. Hence, only the representative Co(C12H10N5OS)2,
Ni(C12H10N5OS)2 and Cu(C12H10N5OS)2 complexes have been discussed here.

The differential thermo-gravimetry (DTG) curve of the Co(C12H10N5OS)2 complex showed
that the two triazole and two isatin moieties were lost in the regions of 215–245, 310–345,
350–395 and 420–475 ◦C corresponding to the mass losses of 23.16% (calc. 23.55%), 20.84
(calc. 21.06%), 21.44% (calc. 21.72%) and 23.92% (calc. 24.04%). Finally, the formation of
metal oxide took place above 500 ◦C. The complex Ni(C12H10N5OS)2 loses all its triazole and
isatin moieties in the regions 240–265, 330–340, 350–385 and 430–475 ◦C, with the mass losses
of 21.01% (calc. 21.09%), 23.16% (calc. 23.42%), 23.82% (calc. 24.08%) and 21.39% (calc.
21.76%). The formation of metal oxide took place at 520 ◦C. In case of Cu(C12H10N5OS)2 com-
plex, the losses of triazole and isatin moieties were found to be in the region 220–240, 315–345,
355–375 and 440–460 ◦C corresponding to the mass losses of 23.11% (calc. 23.23%), 20.27%
(calc. 20.92%), 21.46% (calc. 21.58%) and 23.47% (calc. 23.88%). Finally, the metal oxide
formed at 515 ◦C.

3.8. Electrochemistry

The electrochemical properties of metal complexes, particularly those with sulfur donor atoms,
have been studied in order to monitor spectral and structural changes accompanying electron
transfer (38).
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All the Cu(II) complexes showed similar electrochemical behavior. Cyclic voltammogram
(Figure 2) of one representative Cu(C12H10N5OS)2 complex is discussed here. The oxidation
peak in the 0.6–0.7V region and the associated reduction peak in the 0.150–0.250V region at
a scan rate of 0.1V s−1 is assigned to the Cu(II)/Cu(III) redox couple. In the cathodic region,
an irreversible peak at −1.0059V and a quasireversible peak at −1.7641V are observed corre-
sponding to Cu(II)/Cu(I) and Cu(I)/Cu(0) (39, 40). During the reverse scan, the oxidation of
Cu(I)/Cu(II) skips over and passes to the Cu(III) state. This was confirmed by the ratio of anodic
to cathodic current value of the Cu(II)/Cu(III) couple (Ipa/Ipc = 2).

All the Co(II) and Ni(II) complexes exhibited two quasireversible peaks. The representative
current value of the Co(C12H10N5OS)2 complex is given in Figure 3. A cyclic voltammogram of
Co(II) displays two reduction peaks, the first at Epc = −1.0078V with an associated oxidation
peak at Epa = −0.2123V and second reduction peak at Epc = −1.7897V with an associated
oxidation peak at Epa = −0.7038V corresponding to the Co(II)/Co(I) and Co(I)/Co(0), respec-
tively. The value of �Ep is 0.7955 and 1.0859 at a scan rate of 0.1V s−1 for the first and
second redox couples, respectively. This value increases from �Ep = 0.7542V at 0.05V s−1

to �Ep = 0.7955 at 0.1V s−1 indicating a kinetic inhibition of the electron transfer process (41).
The cyclic voltammograms with varied scan rates 0.025, 0.5 and 0.1V s−1 (Figure 4) give the
further evidence for the quasireversible nature of the Co(II) (3) complex.

A current value of Ni(C12H10N5OS)2 (7) (Figure 5) shows two reduction peaks corresponding to
the Ni(II)/Ni(I) and Ni(I)/Ni(0), first one at Epc = −0.9874V with an associated oxidation peak
at Epa = −0.1646V and second reduction peak at Epc = −1.6363V with an associated oxidation
peak at Epa = −0.7080V, respectively. The value of �Ep is 0.8228 and 0.9283 at a scan rate of
0.1V s−1 for first and second redox couples, respectively, gives the evidence for quasireversible
nature of Ni(II) complex.

3.9. In vitro antimicrobial assay

The antimicrobial results are systematized in Tables 6 and 7. From the antibacterial studies, it
is inferred that the Schiff bases (I–IV) were found to be potentially active against S. aureus and
B. subtitlis, and moderately active against P. auregenosa. All the Co(II) (1–4) and Cu(II) (9–12)

Figure 2. Cyclic voltammogram of Cu(C12H10N5OS)2 complex (11).
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Figure 3. Cyclic voltammogram of Co(C12H10N5OS)2 complex (3) at a scan rate 0.1V s−1.

Figure 4. Cyclic voltammogram of Co(C12H10N5OS)2 complex (3) at a scan rate 0.1, 0.05 and 0.025V s−1.

complexes showed high antibacterial activity against S. aureus and B. subtilis. In particular, com-
plexes 2, 3, 4, 9, 10, 11 and 12 showed higher activity than the respective Schiff bases. This higher
activity of the metal complexes compared with Schiff bases may be due to the change in structure
due to coordination, which makes the metal complexes act as more powerful and potent bactereo-
static agents, thus inhibiting the growth of the microorganisms (42–44). It is suspected that factors
such as solubility, conductivity, dipole moment and cell permeability mechanism (influenced by
the presence of metal ions) may be the possible reasons for the increase in activity (45, 46).

In case of antifungal activity, the Schiff bases and their Co(II), Ni(II) and Cu(II) complexes
were found to be inactive or moderately active. Thus, the data revealed that the newly synthesized
compounds possess higher-antibacterial activity than the antifungal nature.
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Figure 5. Cyclic voltammogram of Ni(C12H10N5OS)2complex (7) at a scan rate of 0.1.

Table 6. Antimicrobial results of Schiff bases.

Growth inhibition against
Growth inhibition against bacteria in mm fungi in mmConcentration

Compound (μg ml−1) S. aureus B. subtilis P. auregenosa E. coli A. niger P. crysogenum

C10H7N5OS 100 11 8 11 6 10 7
200 15 12 13 7 12 8
500 22 21 17 8 13 10

C11H9N5OS 100 12 7 11 7 11 8
200 13 14 14 7 11 8
500 22 20 16 9 13 10

C12H11N5OS 100 12 10 12 7 7 7
200 13 12 13 7 7 8
500 20 18 20 9 10 8

C13H13N5OS 100 13 9 11 6 7 7
200 15 11 14 9 9 9
500 21 18 20 10 10 9

Streptomycin 500 28 29 35 25 – –
Nyastatin 500 – – – – 26 25

Note: Less than 12 mm – inactive; 12–16 mm – moderately active; above 16 mm – highly active.

The MIC of some selected compounds, which showed significant activity against selected
bacterial and fungi species, were determined. The MIC results of these compounds are presented
in Table 8. The results indicated that these compounds were the most active in inhibiting the
growth of the tested organisms at a 10 μg ml−1 concentration.

4. Conclusion

In this study, the Co(II), Ni(II) and Cu(II) complexes with isatin–triazole Schiff bases were
synthesized and characterized. On the basis of different techniques, it is proposed that all the
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Table 7. Antimicrobial results of metal complexes.

Growth inhibition against
Growth inhibition against bacteria in mm fungi in mm

Compound Conc. (μg ml−1) S. aureus B. subtilis P. auregenosa E. coli A. niger P. crysogenum

Co(C10H6N5OS)2 100 7 8 8 7 9 7
200 16 13 15 8 9 8
500 22 20 21 10 13 8

Co(C11H8N5OS)2 100 8 7 9 8 8 8
200 14 15 16 8 10 8
500 24 22 19 12 14 8

Co(C12H10N5OS)2 100 11 7 8 6 8 8
200 18 14 14 7 10 8
500 23 21 19 9 13 13

Co(C13H12N5OS)2 100 12 8 9 7 7 7
200 18 14 16 7 10 9
500 24 23 21 10 14 11

Ni(C10H6N5OS)2 100 7 7 8 7 7 8
200 7 10 8 7 7 8
500 7 13 10 8 12 10

Ni(C11H8N5OS)2 100 7 8 8 8 7 7
200 8 10 8 8 8 8
500 8 12 12 8 8 10

Ni(C12H10N5OS)2 100 9 7 8 7 7 8
200 11 7 8 7 10 8
500 14 7 8 9 13 10

Ni(C13H12N5OS)2 100 10 7 8 8 7 8
200 12 9 9 9 9 8
500 13 9 9 10 11 11

Cu(C10H6N5OS)2 100 7 8 7 7 6 8
200 12 14 12 7 8 8
500 22 24 17 7 12 8

Cu(C11H8N5OS)2 100 8 8 8 8 7 7
200 14 18 16 10 9 8
500 26 24 22 10 10 8

Cu(C12H10N5OS)2 100 7 8 7 7 7 9
200 15 12 16 7 10 9
500 21 23 24 10 13 12

Cu(C13H12N5OS)2 100 8 8 7 8 7 9
200 14 15 16 9 9 11
500 23 22 21 12 11 12

Streptomycin 500 28 29 35 25 – –
Nyastatin 500 – – – – 26 25

Note: Less than 12 mm – inactive; 12–16 mm – moderately active; above 16 mm – highly active.

complexes possess octahedral geometry (Figure 6) and the Schiff bases act as versatile tridentate
ligands coordinated to metal ion through carbonyl oxygen, nitrogen and sulfur atoms.

The electrochemical properties of the metal complexes investigated in DMF showed most
significant two-electron transfer processes. From the in vitro antibacterial and antifungal activity
against representative bacterial and fungal strains, it is evident that the Schiff bases and their
Co(II) and Cu(II) complexes were found to possess high antibacterial activity.
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Table 8. Results of minimum inhibitory concentration (μg/ml).

Compound S. aureus B. subtilis P. auregenosa E. coli A. niger P. crysogenum

C10H7N5OS 10 10 – – – 25
C11H9N5OS 10 10 – – 25 25
C12H11N5OS 10 25 10 – – –
C13H13N5OS 10 25 25 >100 25 –
Co(C10H6N5OS)2 25 10 15 25 25 –
Co(C11H8N5OS)2 25 10 25 10 10 –
Co(C12H10N5OS)2 10 10 10 – >100 25
Co(C13H12N5OS)2 10 10 10 >100 10 >100
Ni(C10H6N5OS)2 – 25 – >100 25 25
Ni(C11H8N5OS)2 – >100 >100 >100 >100 25
Ni(C12H10N5OS)2 10 – – >100 10 >100
Ni(C13H12N5OS)2 >100 – – >100 – –
Cu(C10H6N5OS)2 10 10 >100 >100 25 –
Cu(C11H8N5OS)2 10 >100 10 25 >100 –
Cu(C12H10N5OS)2 10 10 10 25 10 25
Cu(C13H12N5OS)2 10 10 15 10 >100 25

Figure 6. Structure of metal complexes.
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