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Abstract. A series of four new Schiff base transition metal complexes [Co(II), Ni(II), Cu(II) and Zn(II)] derived from N-(salicylidene)-L-alanine and N,N,N’,N’-tetramethylethylene-1,2-diamine (tmen) were designed,
synthesized and tested for larvicidal activity against Culex quinquefasciatus, the southern house mosquito,
which is the primary vector of St. Louis encephalitis virus and West Nile virus. All the complexes were characterized by physicochemical and spectral studies such as UV-Visible, FTIR, and EPR. The X-ray crystallographic analysis of Ni(II) complex revealed that, Ni(II) cation is surrounded by nitrogen and oxygen atoms
from the Schiff base ligand, the oxygen atom of a water molecule, and two nitrogen atoms from tmen. Intermolecular hydrogen bonding stabilizes the Ni(II) complex. Results indicated that all the complexes exhibited
higher mosquito larvicidal activity against C. quinquefasciatus.
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1. Introduction
Currently, coordination chemistry occupies a larger
area of inorganic research. Transition metal complexes
derived from Schiff bases have attracted attention of
the researchers for the industry as well as biological
applications.1 Amino acids are the important biological organic compounds and they are very good chelators and can readily form Schiff bases when treated
with aromatic aldehydes and ketones. The Schiff bases
derived from amino acids and o-hydroxy aldehydes or
ketones are tridentates.2–4 Structural studies on binary
and ternary Schiff base metal complexes derived from
amino acids and salicylaldehyde show a variety of
structures as monomers, dimers and polymers.5–7 Transition metal complexes of amino acid Schiff bases are
showing interesting antimicrobial, antipyretic and DNA
cleavage activities.8–11
Mosquitoes are the best known disease vector, transmit harmful diseases such as ﬁlariasis, chikungunya,
dengue and encephalitis.12 Culex, the common house
mosquito are the vectors for transmission of serious
diseases, including West Nile virus, yellow fever, lymphatic ﬁlariasis and malaria.13 According to the report
of WHO, over one million people worldwide die from
mosquito borne diseases every year. Hence it is most
urgent to discover new insecticides, especially against
∗ For
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mosquitoes. As much attention has not been paid to
explore biological activities of the amino acid Schiff
base metal chelates derived from aliphatic chelating
diamines, we synthesizes bioactive transition metal
complexes derived from N-(salicylidene)-L-alanine and
tmen. All the new complexes were characterized by
spectroscopic techniques. Single crystal X-ray crystallographic analysis of Ni(II) complex was done to elucidate the structure further. The biological activities of the
Schiff base and the metal complexes were tested against
the larvae of C. quinquefasciatus. The results revealed
that the new complexes showed good activity against
C. quinquefasciatus.

2. Experimental
2.1 Materials and Physical Measurements
All the reagents and chemicals were procured from commercial sources and used without further puriﬁcation.
Metal salts such as copper(II) acetate monohydrate,
zinc(II) acetate dihydrate, nickel(II) acetate tetrahydrate and cobalt(II) acetate tetrahydrate were purchased
from Sigma Aldrich. N,N,N’N’-tetramethylethylene1,2-diamine and salicylaldehyde were procured from
Drug House (P) Ltd.
Molar conductance of the complexes was measured in DMF (10−3 M) solution using a direct digital
1113
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conductometer. Magnetic susceptibility measurements
were measured using Guoy balance at room temperature. FTIR spectra of solid complexes were recorded
using KBr pellet in the region of 4000–400 cm−1 on an
AVATAR-330 spectrophotometer. UV-Visible spectra
of the complexes in DMF were recorded in the region of
200–800 nm using a HitachiU-2800 spectrophotometer.
EPR spectra of the complexes were recorded in the solid
state at room temperature using a Bruker EMX -10/2.7
spectrometer.
2.2 Synthesis
To an aqueous solution of L-alanine (0.445 g, 5 mmol)
and KOH (0.5625 g, 10 mmol), an ethanolic solution
of salicyladehyde (0.5 ml, 5 mmol) was added. The
reaction mixture was stirred for about 1 h in a magnetic stirrer at 333 K. The solution turned yellow. To
this an ethanolic solution, appropriate metal salt [copper(II) acetate monohydrate (1.1 g, 5 mmol), cobalt(II)
acetate tetrahydrate (1.25 g, 5 mmol), nickel(II) acetate
tetrahydrate (1.25 g, 5 mmol) and zinc(II) acetate dihydrate (1.11 g, 5 mmol)] was added and the reaction
mixture was stirred for 1 h. Then, N,N,N’N’- tetramethylethylene-1,2-diamine (0.3 mL, 5 mmol) was
added in drops and the mixture was stirred for another
2 h at the same temperature. The resultant product was
ﬁltered, washed with ethanol and dried.
The analytical data of the complexes are as follows: C16 H27 O4 N3 Co: MW: 384.34; M.p. (decomp.):
220◦ C; M = 3 −1 cm2 mol−1 ; Elemental analysis
(% Found /calculated): C: 51.47/50.0; H: 7.83/7.08;
N: 11.48/10.93. C16 H27 O4 N3 Ni: MW: 384.10; M.p.
(decomp.): 295◦ C; M = 4.56 −1 cm2 mol−1 ; Elemental analysis (% Found/calculated): C: 51.50/50.03; H:
6.83/7.09; N: 11.19/10.94. C16 H27 O4 N3 Cu: MW: 388.95;
M.p. (decomp.): 186◦ C; M = 4.56 −1 cm2 mol−1 ; Elemental analysis (% Found /calculated): C: 50.82/49.41;
H: 7.65/7.00; N: 10.95/10.80. C16 H27 O4 N3 Zn: MW:
390.73; M.p. (decomp.): 128◦ C; M = 3.41 −1 cm2
mol−1 ; Elemental analysis (% Found /calculated): C:
50.41/49.17; H: 7.41/6.96; N: 11.08/10.75.
2.3 X-ray Crystallography
Single crystal X-ray diffraction data of the Ni(II) complex were collected on a Bruker Apex-II diffractometer. The green colored crystal of the Ni(II) complex
obtained by slow evaporation of the mother liquor, with
the crystal size of 0.25 × 0.22 × 0.13 mm was mounted
on a glass ﬁber and used for data collection. Crystal
data were collected using graphite monochromatized
Mo-Kα radiation (λ = 0.71073 Å). The structure was

solved by direct methods using SHELXS-97 and
reﬁned by full-matrix least-squares techniques against
F 2 using SHELXL-2014/7.14,15 A summary of pertinent crystal data along with further details of structure
determination and reﬁnement are given in table 1.
2.4 Larvicidal bioassay
Culex quinquefasciatus larvae were collected from the
Zonal Entomological Research Centre, Vellore, Tamil
Nadu, India. Larvicidal activities of the synthesized
metal complexes and the Schiff base ligand were carried out against fourth instar larvae of Culex quinquefasciatus by the previously optimized procedure.16 The
percentage of mortality is reported as the average of
triplicates.

3. Results and Discussion
All the synthesized transition metal complexes are freely soluble in DMSO, DMF, ethanol and partially soluble in water at room temperature. The lower molar conductivity values (3.41–4.56 −1 cm2 mol−1 ) of 10−3 M
complexes in DMF substantiate the non-electrolytic
nature.17
The Co(II) complex showed a magnetic moment
of 4.74 BM, suggesting a high spin octahedral arrangement.18 The magnetic moment of Ni(II) complex was
found to be 2.96 BM, which suggests an octahedral
geometry and the value is within the expected range of
2.83–3.50 BM.19 The Cu(II) complex showed magnetic
moment of 1.92 BM. The observed value is higher than
the spin-only value of 1.73 BM. The Zn(II) complex is
diamagnetic as expected for a d10 conﬁguration.
3.1 Crystal structure of Ni(II) complex
The selected bond lengths and bond angles of the
Schiff base Ni(II) complex are listed in table 2. The
Ni(II) complex crystallizes in the monoclinic system,
with the space group C2/c and with the values a =
30.6834(11) Å, b = 10.4813(4) Å, c = 12.1983(4) Å
and α = 90◦ , β = 106.0906(13)◦ and γ = 90◦ , V
= 3769.3(2) Å3 , Z = 4. An ORTEP view of nickel(II)
complex along with the atom numbering scheme is
shown in ﬁgure 1.
The Ni(II) ion has a distorted octahedral geometry
and is bonded to three oxygen atoms and three nitrogen
atoms. The coordinating atoms are phenolate oxygen
(O2), a carboxylate oxygen atom (O3) and an imine
nitrogen atom (N1) of the Schiff base, two nitrogen
atoms (N2 and N3) of tmen, and an oxygen atom (O1)

Tridentate Schiff base transition metal complexes
Table 1.
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Crystal data and structure reﬁnement for Ni(II) complex.

CCDC Deposition number

1404754

Crystal data
Chemical formula
Mr
Crystal system, space group
Temperature (K)
a, b, c (Å)
β (◦ )
V (Å3 )
Z, ρ (g cm−3 )
Radiation type
μ (mm−1 )
Crystal size (mm)

C32 H54 N6 Ni2 O8
768.23
Monoclinic, C2/c
296
30.6834 (11), 10.4813 (4), 12.1983 (4)
106.0906 (13)
3769.3 (2)
4, 1.354
Mo Kα
1.05
0.35 × 0.22 × 0.10

Data collection
Diffractometer
Absorption correction
No. of measured, independent and
observed [I > 2σ (I )] reﬂections
Rint
(sin θ/λ)max (Å−1 )
Reﬁnement
R[F 2 > 2σ (F 2 )], wR(F 2 ), S
No. of reﬂections
No. of parameters
H-atom treatment
ρmax , ρmin (e Å−3 )
Data completeness
Theta(max)

Bruker APEX-II CCD diffractometer
–
14445, 3320, 2899
0.019
0.595
0.031, 0.090, 1.04
3320
230
H atoms treated by a mixture of independent
and constrained reﬁnement
0.70, −0.42
0.999
24.999

Table 2. Selected bond lengths (Å) and angles (deg) for
the Ni(II) complex.
N1—Ni1
N2—Ni1
N3—Ni1
Ni1—O2
Ni1—O3
Ni1—O1
N1—Ni1—O2
N1—Ni1—O3
O2—Ni1—O3
N1—Ni1—O1
O2—Ni1—O1
O3—Ni1—O1
N1—Ni1—N3
O2—Ni1—N3
O3—Ni1—N3
O1—Ni1—N3
N1—Ni1—N2
O2—Ni1—N2
O3—Ni1—N2
O1—Ni1—N2
N3—Ni1—N2

1.9985(19)
2.253(2)
2.133(2)
2.0090(15)
2.0431(15)
2.1171(18)
90.75(7)
81.79(7)
172.34(6)
94.44(8)
92.62(7)
86.25(7)
177.11(8)
90.90(7)
96.63(7)
87.86(8)
95.03(8)
93.73(7)
88.70(7)
168.51(8)
82.49(8)

Figure 1. An ORTEP view of Ni(II) complex with the
numbering scheme.
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of the water molecule. The Ni1-N2 (imine) [2.253(2) Å]
bond is longer than Ni1-N3 (tmen) [2.133(2) Å] and
Ni1-N1 (tmen) [1.999(2) Å] bonds. Among the Ni-O
bonds, the Ni-O1 [2.117(2) Å] bond to the coordinated
oxygen atom of the water molecule is longer than the
Ni-O2 [2.009(2) Å] and Ni-O3 [2.009(2) Å] bonds.
3.2 Crystal packing
As shown in ﬁgure 2, the O–H. . .O intermolecular
hydrogen bonds are formed between the water molecule
and the uncoordinated oxygen atom of the Schiff base
ligand, along the symmetry coordinate x,y,z. Along the
c-axis, Ni(II) complex exhibits a butterﬂy shaped layered 2D chain with centrosymmetry due to hydrogen
bonding.20 The crystal packing is effectively stabilized
by the hydrogen-bonding interactions.
3.3 Spectroscopic characterization
The UV-Visible spectra of the Schiff base and the metal
complexes (ﬁgure S1) were recorded at room temperature in DMF (10−3 M). The electronic spectral bands
shown by the Schiff base ligand at 27,778 cm−1 and
37,037 cm−1 correspond to n → π* and π → π*
transitions of C=N and aromatic chromophores,

Figure 2. Crystal packing of Ni(II) complex viewed along
b-axis. Intermolecular hydrogen bonding is shown in dotted
lines.

respectively.21 In the electronic spectrum of the Schiff
base Co(II) complex, the bands observed at 15822
and 25974 cm−1 are assigned to 4 T1g (F)→4 A2g (F) and
4
T1g (F)→4 T2g transitions, respectively, which are the
characteristic bands for an octahedral geometry around
Co(II) ion.22
For an octahedral complex of d8 metal ions, the spinallowed transitions are 3 A2g →3 T2g (F), 3 A2g →3 T1g (F)
and 3 A2g →3 T1g (P). Accordingly, the electronic spectrum of the Ni(II) complex exhibited three absorption
bands at 16,617 cm−1 , 25,510 cm−1 and 35,971 cm−1 ,
thus providing an octahedral geometry around Ni(II)
ion.18 For copper(II) complex, the band that appeared
at 15,873 cm−1 is attributed to 2 Eg → 2 T2g transition.
While, the band observed at 25,974 cm−1 is assigned
to the charge transfer transition.23 The diamagnetic
zinc(II) complex did not show any d-d transition.24
The charge transfer band of Zn(II) complex appeared
at 26,954 cm−1 and an additional band appeared at
37,037 cm−1 which could be attributed to intraligand
transition.
The characteristic FTIR spectral data of the complexes (ﬁgures S2 to S5 in Supplementary Information)
are given in table 3.
The FTIR spectra of all the complexes exhibited an
intense band in the region 1598–1639 cm−1 . This is
attributed to the coordination of imine nitrogen with
the metal ions.24 The coordinating mode of carboxylate groups can be investigated using FTIR spectra.
For bidentate chelating or bridging mode the separation between υas (COO− ) and υs (COO− ) of the carboxylate group is signiﬁcantly less when compared to that
of the free carboxylate anion value, while the separation is more than the free anionic value in case of
unidentate mode.25,26 In the present case, the difference
between asymmetric and symmetric stretching frequencies was found to be greater than that of free carboxylate anion (185 cm−1 ). This conﬁrmed the monodentate coordination of the carboxylate anion present in the
Schiff base ligand. All the complexes showed a broad
band around 3200 cm−1 , which conﬁrms the presence of
coordinated or lattice water molecule.23 The FTIR spectral band found between 1272–1291 cm−1 supported the
coordination of phenolic oxygen with the metal ions.
The bands that appeared in the range 450–480 cm−1 and
514–534 cm−1 conﬁrmed the formation of M-O and MN coordination, respectively.27 In accordance with the
X-ray crystallographic structure of Ni(II) complex, the
FTIR spectral data of all the complexes revealed that
the metal ion is coordinated through phenolic oxygen,
imine nitrogen and oxygen atom present in the carboxylate group of the Schiff base ligand besides water
molecule.

Tridentate Schiff base transition metal complexes
Table 3.
cm−1 .

FTIR spectral data of the Schiff base metal complexes in

Complex

C=N

COO−
(υas )
(υs )

[CoL1 L2 X]
[NiL1 L2 X]
[CuL1 L2 X]
[ZnL1 L2 X]

1598
1637
1639
1623

1520
1558
1543
1575

1319
1340
1327
1344

The paramagnetic nature of the complexes was investigated with the help of EPR spectroscopy. Except
Cu(II) complex, all the other complexes were found
to be EPR inactive at room temperature. Absence of
EPR signal from zinc(II) complex could be attributed
to the diamagnetic as expected for the d10 conﬁguration of Zn(II). Due to large zero-ﬁeld splitting, octahedral Ni(II) (S=1) was found to be EPR inactive.28,29
The EPR spectrum of the Cu(II) complex (ﬁgure S6)
in a polycrystalline state measured at room temperature
exhibit an isotropic signal, without any hyperﬁne interaction with giso value 2.1. This value is greater than that
of free electron and hence indicates an increase of the
covalent nature of the bonding between the metal ion
and the ligand.30 The Co(II) complex is EPR inactive at
room temperature, as expected for octahedral geometry
of high-spin complex.31
3.4 Larvicidal activity
The larvicidal activity of the complexes was performed
against Culex quinquefasciatus and the values were
noted. All the complexes showed moderate to stronger
toxic effect against Culex quinquefasciatus. The percentage of mortality values of the complexes are listed
in table 4.
The mortality was found after 24 h of exposure
period for the Schiff base transition metal complexes.
The highest mortality of 90% was observed for Cu(II)
Table 4.
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υ = [υas− υs ]
201
218
216
231

M-O

M-N

476
480
468
450

534
534
514
520

and Ni(II) complexes. The mortality of Co(II) and
Zn(II) complexes were found to be 55% and 80%,
respectively. The average larval mortality data were
subjected to statistical analysis for calculating standard
deviation and chi-square values for synthesized metal
complexes. The calculated values were lesser than table
value hence, the results with p < 7.81 were considered
to be statistically signiﬁcant.
4. Conclusions
In the present work, four new Schiff base transition
metal complexes were synthesized and characterized
by spectroscopic studies such as UV-Visible, FTIR,
and EPR. The single crystal X-ray analysis of Ni(II)
complex conﬁrmed the distorted octahedral geometry around Ni(II) ion. Intermolecular O–H. . .O hydrogen bonds between the water molecule and the noncoordinated oxygen atom of the Schiff base stabilize
the molecular structure. Based on physicochemical and
spectral studies, an octahedral geometry has been proposed for the other complexes. The results of in vitro
larvicidal studies against C. quinquefasciatus revealed
that the complexes possess effective larvicidal activity
when compared to the Schiff base ligand. In particular,
the Cu(II) and Ni(II) complexes showed potent activity
against C. quinquefasciatus. Further investigations have
to be carried out to establish the efﬁcacy of larvicidal
activities of these complexes.

Statistical analysis of Schiff base and its metal complexes against fourth instar larvae of Culex quinquefasciatus.

Compound

4 mg/200 mL

[CoL1 L2 X]
[NiL1 L2 X]
[CuL1 L2 X]
[ZnL1 L2 X]
L1

55 ± 6.29
90 ± 5.87
90 ± 5.28
80 ± 6.92
10 ± 2.00

Concentration/%Mortality± SD
2 mg/200 mL 1 mg/200 mL 0.5 mg/200 mL
40 ± 3.66
65 ± 5.27
50 ± 6.28
55 ± 6.19
0.5 ± 0.00

20 ± 1.5
65 ± 4.60
45 ± 6.86
45 ± 6.86
0

10 ± 2.00
25 ± 15.45
30 ± 4.75
25 ± 15.45
0

LC50
mg/200L

LC90
mg/200 mL

χ2

2.7
1.0
1.3
1.3
0

4.86
1.8
2.34
2.34
0

13.76
18.24
20.14
18.79
0

df
3

Mean value of triplicates; Control-Nil mortality; df- signiﬁcant at p < 7.81; LC50 -lethal concentration that kills 50% of the
exposed larvae; LC90 -lethal concentration that kills 90% of the exposed larvae.
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Supplementary Information (SI)
Supplementary X-ray crystallographic data for Ni(II)
complex (CCDC 1404754) can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1EZ, UK; Fax: (+44)
1223-336-033 or e-mail: deposit@ccdc.cam.ac.uk).
UV-Visible spectra (ﬁgure S1), FTIR (ﬁgures S2 to S5)
and ESR (ﬁgure S6) of the complexes are given in Supplementary Information. Supplementary Information is
available at www.ias.ac.in/chemsci.
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