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INTRODUCTION

The condensation of o-vanillin (2-hydroxy-3-methoxy-
benzaldehyde) with biologically active anthranilic acid (2-
aminobenzoic acid) leads to the formation of a stable Schiff
base. It is an interesting and fascinating member of the family
of Schiff bases containing two aromatic rings with –OH group
at ortho position. The amino acids on condensation with an
aldehyde group has shown conserved activity upon inactivation
of the –NH2 group of the parent anthranilic acid [1-4]. Different
types of Schiff base ligands and their transition metal complexes
have been widely studied for biological [5-8], material [9-12]
and industrial applications [13,14]. In the field of coordination
chemistry the Schiff base ligand have received special attention
as polyfunctional ligands in metal complexes which exhibit a
variety of pharmaceutical activities like antimicrobial, anti-
tuberculosis, antitumoral and antioxidant agents [15-17].
Because of the biological relevance a large no. of transition
metal complexes have been synthesized and explored as model
system in bio-inorganic chemistry [18]. Generally Schiff base
ligands act as chelating ligands and the biological activities of
Schiff base ligands on coordination get enhanced [19-21].
From the fascinating biological activities of Schiff base comp-
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lexes, we made the study of synthesis, characterization and
biological evaluation of some transition metal complexes with
Schiff base ligand derived from o-vanillin and anthranilic acid
i.e., N-(2'-benzoic acid)-2-hydroxy-3-methoxy benzalidine
(BHMBH).

EXPERIMENTAL

All the reagents used for present work of Anal-R grade,
o-vanillin was procured from Aldrich was used without further
purification. Anthranilic acid was prepared by Hoffmann
bromamide method [22] that involves the oxidation of phthal-
imide with aquous sodium hypochloride followed by treatment
with HCl as given in Scheme-I.

The Schiff base was prepared by the condensation of 0.01
M (1.52 g) of o-vanillin and 0.01 M (1.37 g) of anthranilic
acid in ethanolic medium with pH in slightly acidic range
(Scheme-II).

The metal complexes were prepared by refluxing 0.01 M
of metal salt of Mn(II), Fe(II) and Co(II) with 0.02 M (5.42 g)
of Schiff base BHMBH in ethanolic medium for 3-4 h. A little
of sodium acetate was added to make the medium slightly
alkaline followed by the addition of 0.02 M of pyridine or
α-picoline slowly to the boiling solution. The solution was cooled
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to room temperature and was stirred for 20 min where by the
precipitate of complexes appeared which was filtered on
suction and washed with ethanol. It was dried in an electric
oven at 100 °C. Their yield and melting points were recorded.
The % of C, H and N was determined Perkin-Elmer 2400 CHN
elemental analyzer and their molar conductivities were deter-
mined in 10-3 M solution in DMF on conductivity meter CG-
857 Schott-Grate G-mbH. The IR spectra of the ligand and
complexes were recorded on Shimadzu FTIR-8400 spectro-
photometer using KBr disc. Their magnetic susceptibility was
determined at room temperature using Gouy balance while
their electronic spectra were recorded on Perkin-Elmer UV/
vis spectrophotometer Lambda in D.M.F. solution. The %
composition, molar conductivity and magnetic susceptibility
have been given in Table-1.

RESULTS AND DISCUSSION

The molar conductivities values for all the complexes are
around 15 ohm-1 cm2 mol-1 which indicate their non-electrolytic
nature [23-26]. On the basis of % composition and molar con-
ductivity values, complexes are formulated as [ML2X2] where
L = BHMBH and X = pyridine or α-picoline.

Infrared spectra: The important IR-bands of ligands
and complexes have been assigned and interpreted. The free
ligand absorbs strongly at 3540 cm-1 due to phenolic –OH
group stretching vibration [27,28]. This band does not undergo

any change in the IR-spectra of complexes showing its non-
involvement in coordination. This medium band appearing at
3000 cm-1 is assigned to new C-H of phenyl group [29]. The
bands at 1610 and 1525 cm-1 taken in conjugation with new
C-H stretching band affords a ready means of recognition of
aromatic ring in the ligand [30,31]. The medium band appearing
at 2820 cm-1 in the spectra of free ligand is assigned to stret-
ching vibration of C-H bond of methyl group of the ligand [32].
The presence of methoxy group in the ligand is further subs-
tantiated by a medium band at 1160 cm-1 in the IR-spectra of
free ligand due to ν(C-O-C) stretching vibration. This band
also does not suffer any change after complexation which is
indicative of its non-participation in coordination. The weak
band at 2730 cm-1 may be assigned to ν(CH=) moiety of
the free ligand. The sharp band appearing at 1640 cm-1 is
assigned to ν(CH=N) (azomethine group) vibration which
undergoes shift by 30-35 cm-1 in complexes [33,34]. This
indicates the coordination of azomethine nitrogen to the metal
ion in complexes. The band at 1720 cm-1 in the IR spectra of
free ligand is indicative of the presence of aro-COOH group
in the free ligand. In complexes this band gets split into two
bands and appears at 1570-1560 cm-1 and 1410-1400 cm-1 due
to antisymmetric and symmetric stretching of ν(C-O) of

C

O

O

. It shows that during complexation the deprotonation

of acid group has occurred followed by its coordination through
oxygen [35,36]. The separation between νassym and νsym of
–COO– group is about 160 cm-1which is indicative of mono-
dentate coordination of the carboxylate ion [37,38]. The IR-
spectra of complexes 1, 3 and 5 display a new band at 760-
750 cm-1 due to the coordination of pyridine through nitrogen
and the complexes no. 2, 4 and 6 show the appearance of a
new band at 810-800 cm-1 due to co-ordination of α-picoline
through nitrogen [39,40]. The new band appearing at 425-
410 and 510-500 cm-1 are safely assigned to ν(M-O) and ν(M-
N) stretching vibration further conform our above assertion
of the coordination mode of the ligand [41].

TABLE-1 
PERCENTAGE COMPOSITION, MOLAR CONDUCTANCE AND MAGNETIC MOMENT (FOUND/CALCULATED) 

Complexes Colour m.p. (°C) M C H N λm (ohm-1 
cm2 mol-1) 

µeff (B.M.) 

Schiff base (BHMBH)  Light yellow  192 – 66.68 (66.42) 4.43 (4.40) 5.00 (5.17) – – 
[MnL2(py)2] Light orange 278 7.12 (7.28) 63.72 (63.58) 4.48 (4.77) 7.33 (7.42) 15.30 5.86 
[MnL2(α-pico)2] Orange 280 6.92 (7.02) 64.58 (64.36) 4.88 (5.11) 7.00 (7.15) 10.60 5.82 
[FeL2(py)2] Green 292 7.28 (7.40) 63.72 (63.49) 4.45 (4.76) 7.32 (7.40) 13.23 5.10 
[FeL2(α-pico)2] Light green 298 7.00 (7.14) 64.46 (64.28) 4.96 (5.10) 6.95 (7.14) 14.45 5.12 
[CoL2(py)2] Light pink 310 7.52 (7.77) 63.46 (63.24) 4.51 (4.74) 7.16 (7.38) 11.51 4.80 
[CoL2(α-pico)2] Light pink 315 7.31 (7.50) 64.34 (63.04) 6.91 (5.08) 6.52 (6.73) 15.10 4.83 
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Magnetic moment and electronic spectra

Mn(II) complexes: The magnetic moment of Mn(II) com-
plexes lies between 5.82-5.86 B.M. which is very close to the
µs value corresponding to five unpaired electrons. It shows
that these complexes are spin free octahedral magnetically
dilute [42]. The electronic spectra of Mn(II) complexes display
three bands which has been given in Table-2 below with their
assignments.

TABLE-2 

Electronic spectral bands (cm-1) 
Complexes 

ν1 ν2 ν3 
[Mn(BHMBH)2(py)2] 20000 24000 30080 
[Mn(BHMBH)2(α-pico)2] 19500 23480 29500 
Assignments: 
ν1: 

6A1g  → 4T1g (
4G) = 20000 & 19500 cm-1

 

ν2: 
6A1g  → 4T2g (

4G) = 24000 & 23480 cm-1
 

ν3: 
6A1g  → 4Eg (

4D) = 30080 & 29500 cm-1 

 
The low intensity of these bands may be attributed to the

spin forbidden transition [43]. The values of different crystal
field parameters have been derived using Tanabe-Sugano
diagram and the values have been displayed in Table-3.

The value of C/B derived for Mn(II) complexes (3.579
and 3.589) is very close to the theoretical value 3.8. The greater
value of Dq for the second complex is due to the effect of the
secondary ligand α-picoline which is a better donor than the
pyridine due to +I effect of –CH3 group at α-position. The values
are in good agreement with those reported for octahedral com-
plexes of Mn(II) [44-46].

Fe(II) complexes: The magnetic moment of Fe(II) comp-
lexes are 5.10 and 5.12 B.M. The values are greater than expected
for 4 unpaired electrons, t2g

4 eg2 (4.898 B.M.) which may be
due to the strong contribution from triply degenerate ground
term, 5T2g in octahedral symmetry. Their electronic spectra
display three bands which indicate the further splitting of both
ground state 5T2g and excited state 5Eg under the influence of
tetragonal distortion. The bands and their assignments have
been given in Table-4.

TABLE-4 

Electronic spectral bands (cm-1) 
Complexes 

ν1 ν2 ν3 
[Fe(BHMBH)2(py)2] 8300 17400 20000 

[Fe(BHMBH)2(α-pico)2] 8700 18380 20100 

Assignments: 
5Eg  → 5B2g (ν1); 

5Eg  → 5A1g (ν2); 
5Eg  → 5B2g (ν3) 

 
Various crystal field parameters have been derived from

the electronic spectral bands and values have been displayed
in Table-5.

The values obviously show that there is appreciable
amount of distortion in octahedral symmetry of Fe(II) comp-
lexes.

TABLE-5 

Complexes Dq(xy) 
(cm–1) 

Dq(z) 
(cm–1) 

Ds  
(cm–1) 

Dt  
(cm–1) 

[Fe(BHMBH)2(py)2] 1170 5709 1557 2594 
[Fe(BHMBH)2(α-pico)2] 1140 5746 1488 2632 

 
Co(II) complexes: The magnetic moment of Co(II) comp-

lexes have been found 4.80 and 4.83 B.M. These values are in
good agreement with the values reported for octahedral comp-
lexes of Co(II) [47,48]. Cobalt(II) complexes display three
bands in their electronic spectra. The spectral band with their
assignment have been displayed in Table-6.

TABLE-6 

Electronic spectral bands (cm-1) 
Complexes 

ν1 ν2 ν3 
[Co(BHMBH)2(py)2] 7200 15250 19300 

[Co(BHMBH)2(α-pico)2] 7300 15360 19450 

Assignments: 
4E1g  → 2T2g (ν1); 

4T1g  → 4A2g (ν2); 
4T1g  → 4T1g(P) (ν3) 

 
Various crystal field parameters have been derived by

using reported equations [49] and the values have been shown
in Table-7.

TABLE-7 

Complexes ν2/ν1 
10 Dq 
(cm–1) B (cm–1) β (%) 

[Co(BHMBH)2(py)2] 2.12 10605 731.4 24.59 
[Co(BHMBH)2(α-pico)2] 2.104 11992 648.24 33.17 

 
Values of different crystal field parameters are in good

agreement with the reported values for octahedral values for
octahedral Co(II) complexes with slight distortion [50,51]. The
tentative structure of the metal complexes may be given as:
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M = Mn(II), Fe(II), Co(II), Ni(II), Cu(II)
X = pyridine and α-picoline

Biological evaluation: The ligand as well as complexes
were screened for their in vitro antibacterial activity against

TABLE-3 

Complexes Dq (cm-1) B (cm-1) C (cm-1) β (%) C/B 

[Mn(BHMBH)2(py)2] 1034.47 862.06 3084.98 0.1136 3.579 

[Mn(BHMBH)2(α-pico)2] 1063.63 844.15 3029.89 0.137 3.589 
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Gram-positive bacteria Bacillus subtilis, Staphylococcus aureus
and Gram-negative bacteria Escherichia coli and Klebsilla
pneumonia by disc diffusion method using nutrient Agar as
medium and streptomycin as control. The in vitro antifungal
activities of the ligand and its metal complexes have been tested
against the fungi Asepergillus flavu and Fusariumoxy by well
diffusion method on potato dextrose agar as the medium and
clotrimazole as control. The compounds were dissolved in
DMSO and solution of different concentration like 50 ppm
and 100 ppm were prepared separately. The well mode on agar
medium was inoculated with microorganism. The well was
filled with the test solution using a micro pipette and the plate
was incubated 24 h for bacteria at 35 °C and 72 h for fungi at
30 °C. During this period the test solution got diffused and the
growth of inoculated microorganism was effected. The
inhibition zone was developed at which the concentration was
noted down. All the determinations were performed thrice and
activity index of compounds was determined using the expression:

Inhibition zone by test compound 

(diameter in mm)
Activity index (%) 100

Inhibition zone by control compound 

(diameter in mm)

= ×

The results have been displayed in Tables 8 and 9. It is
obvious from the results that the ligand and its metal complexes
show positive activity towards Gram-positive and Gram-
negative bacteria and also to the fungi. It is also clear that the
biological activity of the ligand gets enhanced appreciably
in complexes. The activity of the ligand may be attributed to
azomethine linkage in it. The increased activity of the metal
complexes can be ascribed to the increase in lipophilic nature

of complexes due to chelation [52]. All Mn(II) complexes show
the highest activity which may be due to its toxic nature [53].

Conclusion

On the basis of forgoing study of the transition metal
complexes it may be concluded that the ligand acts as mono
anionic bidentate coordinating through azomethine nitrogen
and deprotonated carboxylic acid oxygen forming a six
membered chelate. The complexes are octahedral with slightly
tetragonal distortion. The ligand as well as its complexes are
active against Gram-positive and Gram-negative bacteria and
also against both the fungi. The biological activity of ligand
gets enhanced after complexation with transition metal ions.
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