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INTRODUCTION

In template method, a metal ion can play an important
role in directing the reaction towards the desired ligand product,
or aiding its isolation. Example for template method is the
reaction between ethylene diamine and 2,5-dihydroxyaceto-
phenone in the presence of acetate uranyl solution [1-6]. When
the change of amines or aldehydes can be obtained an assort-
ment of Schiff bases. Thus synthesis of large number of Schiff
bases with different structural features could be possible with
ease. They can have additional donor atoms like phosphorus,
oxygen, sulphur, etc. which makes them good donor atoms
for metal ion complexation and for mimicking biological
systems. They can be functionalized by the insertion of appro-
priate groups in the aliphatic or aromatic chains [7]. Template
method has been used to prepare compounds that have remark-
able topologies, such as helicates, rotaxanes and catenanes
[8]. Schiff base complexes of Mn(II), Fe(III), Co(II), Ni(II),
Cu(II) and Zn(II) have been prepared via template method
using L-histidine, quinoxaline-2-carboxyaldehde and metal ion
[9]. As well as template method used to prepare complexes
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derived from the macrocyclic ligands in the presence of
CrCl3·6H2O. The ligands and their complexes have been
characterized in different physical techniques and evaluated
for their pesticidal, nematicidal and antimicrobial activities
[10]. Nickel(II) complexes of substituted dibenzotetraaza-
[14]annulenes have been synthesized by template reactions
starting from either 1,2-diamines with β-diketones or 1,5-benzo-
diazepinium salts in the presence of Ni(II) contain symmetrical
macrocycles [11]. The complexes of Cr(III), Mn(III) and Fe(III)
have been prepared by template condensation of oxalyldihy-
drazide and benzil in methanolic medium forming metal
complexes of type [M(C32H24N8O4)X]X2 where M = Cr(III),
Mn(III), Fe(III) and X = Cl−, NO3

−, CH3COO−. The complexes
have been characterized by elemental analyses, molar conduc-
tivity, magnetic susceptibility measurements and spectral
studies such as UV-visible, NMR, FT-IR, etc. On the basis of
these studies, a five coordinate square pyramidal geometry has
been proposed for all these complexes, biological activities of
the metal complexes have been tested in vitro against a number
of pathogenic bacteria to evaluated their inhibiting potentiality
[12]. Murphy et al. [13] prepared cobalt and copper complexes



by template method through mixing metal acetate (1 mol) and
salicyaldehyde (2 mol) and 3-aminopropyltriethoxysilane
(2 mol) using acetonitrile as solvent. In this paper, we reported
the synthesis Co(II), Sn(II) and Sn(IV) complexes by template
reaction via 3-aminopropyltriethoxysilane and salicylaldehyde
with metal chlorides by using absolute ethanol as solvent.

EXPERIMENTAL

All the solvents and chemicals were supplied by (Sigma-
Aldrich) and used without purification. Elemental analysis
(CHNS) of complexes was estimated using (EuroEA Elemental
Analyzer). The molar conductance of complexes was measured
by preparing 10-3 M solutions in DMSO solvent using Digital
conductivity Meter-WT-700-inolab at room temperature. UV-
visible spectra were recorded in DMSO on a Shimadzu UV-
1800 spectrophotometer. FT-IR spectra of the complexes were
recorded using KBr pellets in Shimadzu spectrophotometer
in the region of 4000-400 cm-1. Magnetic susceptibility were
measured for complexes by Auto magnetic susceptibility
balance Sherwood Scientific. The proton nuclear magnetic
resonance (1H NMR) spectra were recorded in DMSO-d6 solu-
tion using tetramethylsilane (TMS) as the internal standard in
400 MHz NMR spectrophotometer.

Synthesis of the metal complexes: The new tin cobalt com-
plexes were synthesized using template method by condensing
3-amino-propyltriethoxysilane and salicyaldehyde in the
presence of the respective metal salt. To a hot stirring ethanolic
solution 10 mL of 3-aminopropyltriethoxysilane (2 mol, 0.5 g) and
0.5 mL of salicyaldehyde (2 mol, 0.2 g) was added CoCl2·6H2O
or SnCl2·2H2O or SnCl4·5H2O (1 mol) dissolved in the minimum
quantity of ethanol (5 mL). The resulting solution was heated
under reflux for 2 h. The final product was filtered and washed
with cold methanol several times and lastly dried at 45 ºC for 24 h.

C32H53N2O8ClSnSi2 complex: m.p.: 313 ºC. decomp.
Molar conductivity (µS/cm) is 63 ohm-1 cm2 mol-1. FT-IR (KBr,
νmax, cm-1): 3406 (br), 3140 (w), 2972 (w), 2929 (w), 1739 (w),
1660 (s), 1620 (s), 1550 (s), 1475 (s), 1410 (w), 1355 (w), 1276
(m), 1207 (m), 1155 (s), 1037 (s), 904 (w), 761 (s), 692 (w), 470
(w), 455 (m). Elemental anal. calcd. (%): C, 47.80; H, 6.64;
N, 3.48; Found: C, 48.29; H, 6.47; N, 3.99.

C32H53N2O8Cl3SnSi2 complex: m.p.: 307 ºC. decomp. Molar
conductivity (µS/cm) is 40 ohm-1 cm2 mol-1. FT-IR (KBr, νmax,
cm-1): 3350 (br), 3059 (w), 1646 (m), 1602 (s), 1543 (s), 1479
(s), 1460 (s), 1439 (s), 1382 (m), 1319 (s), 1179 (s), 1130 (w),
1100 (s), 951 (m), 838 (m), 771 (m), 756 (m), 694 (s), 656
(m), 505 (m). Elemental anal. calcd. (%): C, 43.92; H 6.11; N
3.20; Found: C, 44.23; H, 6.53; N, 3.78.

C32H52N2O8CoSi2 complex: m.p.: 288 ºC. decomp. Molar
conductivity (µS/cm) is 22 ohm-1 cm2 mol-1. FT-IR (KBr, νmax,
cm-1): 3433 (br), 3180 (br), 2931 (w), 2360 (s), 1712 (w), 1658
(s), 1606 (s), 1552 (s), 1479 (s), 1411 (w), 1274 (m), 1297
(m), 1091 (w), 900 (m), 763 (m), 698 (w), 588 (w), 503 (w).
Elemental anal. calcd. (%): C, 54.30; H 7.40; N 3.96; Found:
C, 54.54; H, 7.76; N, 3.56.

RESULTS AND DISCUSSION

IR analysis: FT-IR spectra of the complexes have been
studied in order to characterize their structures. In Figs. 1-3,

the characteristic FT-IR spectra of the prepared metal
complexes are shown. In tin complexes (A and B), the bands
around (3450-3420 cm-1) can be exhibited for hydroxyl group
in complexes [14]. The band between 3200-2900 cm-1 for C-H
aromatic and C-H aliphatic, respectively. According to literature
[15,16], azomethine group (-CH=N-) in free ligand (salicyl-
aldehyde with 3-aminopropyltriethyoxysilane) at 1632 cm-1,
while in tin complexes, it appeared between 1660-1658 cm-1

and cobalt complex at 1618 cm-1 due to the coordination of
metal ion with nitrogen of azomethine group (-CH=N-). Other
important stretches are ν(C=C) of aromatic ring observed
between 1479 -1460 cm-1, as well as ν(C-O) where C-O is attached
to aromatic ring, which is found between 1279-1276 cm-1 [15].
The bands around 1280-1200 cm-1 ν(C-O) for ethoxy group.
The bands at 1091-1051 cm-1 are due to the vibration of Si-O
bands in both ligands and complexes. The bands around 760-
686 and 686-500 cm-1 may be attributed to (M-N) and (M-O)
stretching, respectively [17].
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Fig. 1. FT-IR spectrum for A complex
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Fig. 2. FT-IR spectrum for B complex
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Fig. 3. FT-IR spectrum for C complex
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Electronic spectra: The electronic spectra of prepared
complexes were measured in DMSO solvent in 1 × 10-3 M at
room temperature. The UV-visible spectra for tin complexes
pointed two absorption bands between 206-327 nm. These
absorption bands are assigned to both Schiff base transition
(π-π*, n-π*) and charge transfer transition from the metal to
antibonding orbital of Schiff base and these transition is high
intensity due to no subject selection rules [18]. In Fig. 4, UV-
visible spectrum of cobalt complex (C) has showed four
absorption bands at 206 and 325 nm for (π-π*, n-π*), respec-
tively while band at 400-700 nm in cobalt complex belong to
d-d transition in tetrahedral complexes [19].
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Fig. 4. UV-visible spectrum for C complex

Conductance measurements: The observed molar conduct-
ances in 10-3 M DMSO solutions for tin complexes were 40-
63 ohm-1 cm2 mol-1, which indicated that conductivity is 1:1,
while for cobalt complex in 10-3 M DMSO solution is 22 ohm-1

cm2 mol-1 [20].
Magnetic moments: The magnetic moment value for A

and B complexes were found to be 0.0 B.M., thus confirming
diamagnetic nature and have octahedral structures. While
magnetic moment value for complex C was 4.4 B.M., which
showed a paramagnetic nature and had tetrahedral shape
because there are lone electrons which had configuration e4t2

3

[6].
1H NMR analysis: 1H NMR spectra of complexes showed

an expected resonances for propyltriethoxysilane (0.57- 4 ppm)

and aromatic ring (6.6 - 7.6 ppm) regions, while the protons
of azomethine group (8.5-9.5 ppm). The 1H NMR spectra of tin
complexes (A and B) show the hydroxyl protons appeared between
δ 10.24-10.73 ppm.

The protons of methylene group (SiCH2CH2CH2) on the
propyl group in all complexes appeared between δ 1.00-0.58
ppm. The methyl protons (CH3CH2OSi) in the methoxy group
appeared between δ 1.47-1.71 ppm. The protons of methylene
group (SiCH2CH2CH2) on propyl group in all complexes appe-
ared between δ 2.00-2.49 ppm. While the protons of methylene
group (SiCH2CH2CH2) appeared between δ 2.49-2.77 ppm near
to azomethine group. The protons of methylene group (CH3CH2-
OSi) in methoxy group appeared between δ 3.34-3.47 ppm.
The methylene protons resonate more downfield than methyl
protons due to close proximity of oxygen atom. In free ligand,
the chemical shift of hydrogen for hydroxyl (-OH) and imine
group -CH=N-found as a singlet at δ 13.6 and δ 8.35 ppm,
respectively [15]. While in synthesized complexes, the chemical
shift of hydroxyl group found at (δ 10.24-10.73 ppm ) and
imine group at (8.5-9.5 ppm), this changes is due to the  coordi-
nation of oxygen and nitrogen with metal ion [14,15]. The
complete 1H NMR spectral data for synthesized complexes
are shown in Table-1.

Proposed structure of complexes: From the results of CHN
elemental analysis, UV-visible, magnetic susceptibility, molar
conductivity and 1H NMR spectra of complexes, the proposed
structure of these compounds were octahedral geometry for tin
complexes and tetrahedral geometry for cobalt complex (Fig. 5).

Antibacterial activity: Antibacterial activity of synthesized
complexes A, B and C were tested by agar-well diffusion tech-
niques as described by Agarry et al. [21]. The wells of 6 mm
diameter were cut on sterile nutrient agar plates and swabbed
with nutrient broth. Bacterial species were collected from
Department of Biology, Mycology Lab., College of Science.
The test bacteria used for assay are Streptococcus pneumoniae
(Gram-negative) and Proteus (Gram-positive). Each well was
loaded 0.25 mL the solution of each complex with concen-
tration (10-3 M in DMSO as solvent) and placed on the already
seeded plates and incubated at 37 ºC. Antibacterial activity of
these complexes evaluated by measuring inhibition zone (IZ)

TABLE-1 
1H NMR SPECTRAL DATA (δ ppm) OF A, B AND C COMPLEXES 

Complex SiCH2CH2CH2 CH3CH2OSi SiCH2CH2CH2 SiCH2CH2CH2 CH3CH2OSi -N=CH Ar-OH 
A 0.60 1.71 2.49 2.76 3.34 8.81 10.24, 10.72 
B 0.57 1.68 2.48 2.77 3.35 8.58 10.24, 10.73 
C 1.03 1.42 2.05 2.49 3.47 9.51 – 
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after 24 h of incubation. Complexes were tested against test
bacteria in triplicates. Amikacin antibiotic was used as control.
The discs were then turned upside down and incubated at 37ºC
for 24 h. Table-2 showed the results of antibacterial activity of
complexes solution in concentration (1 × 10-3 M) measured in
mm. The inhibition zones for antibiotic (amikacin) in strepto-
coccus and proteins were fund to be as 17 and 19 mm, respectively.
The results showed that all synthesized complexes diminished
the bacterial growth. The inhibition zone for compounds A and
C in Streptococcus pneumoniae are less than from antibiotic
(amikacin). While the inhibition zone for compound A in
proteins is larger than amikacin. The inhibition zones recorded
for compounds B and C in proteins bacteria were 15 and 16
mm, respectively. These activities for metal complexes with
both pathogenic bacteria may be explained by polarity concept
[22], where the chelation minimize the polarity of metal atom
mainly because of the partial sharing of its positive charge in
Schiff base, which favors permeation of the synthesized metal
complexes through the lipid layer of cell membrane. The mode
of action of metal complexes may involve hydrogen bonding
via nitrogen azomethine group with active centers of cell ingre-
dients resulting in the interference with normal cell operation.
Furthermore, the content of these compounds from oxygen
atom which may be bind with enzyme leading inactivating
some of the enzymes [23].

Conclusion

The spectral studies indicated that the Schiff base formed
from template reaction with metal ion behaves as a bidentate
ligand through (O,N) atoms. From the elemental analysis, mag-
netic studies, conductance measurements and various spectral
studies it is concluded that the metal:ligand stoichiometric ratio
is 1:2 in all the complexes. in vitro Antibacterial studies of
these complexes are effective against Streptococcus pneumoniae
(Gram-negative) and Proteus (Gram-positive).

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. D. Pawlica, M. Marszalek, G. Mynarczuk, L. Sieroñ and J. Eilmes, New
J. Chem., 28, 1615 (2004);
https://doi.org/10.1039/B409298H.

2. J.-P. Costes, F. Dahan, M.B. Fernandez Fernandez, M.I. Fernandez
Garcia, A.M. Garcia Deibe and J. Sanmartin, Inorg. Chim. Acta, 274,
73 (1998);
https://doi.org/10.1016/S0020-1693(97)05991-4.

TABLE-2 
INHIBITION ZONE OF COMPLEXES SYNTHESIZED AGAINST PATHOGENIC BACTERIA 

Inhibition zone (mm) of bacteria Complexes 
Streptococcus pneumoniae Control AK Solvent DMSO Proteus Control AK Solvent DMSO 

A 16 17 0 20 19 0 
B 17 17 0 17 19 0 
C 15 17 0 15 19 0 

L.S.D. N.S 2.288 

 
3. M.T. Kaczmarek, R. Jastrzab, E. Holderna-Kedzia and W. Radecka-

Paryzek, Inorg. Chim. Acta, 362, 3127 (2009);
https://doi.org/10.1016/j.ica.2009.02.012.

4. P. Mukherjee, O. Sengupta, M.G. Drew and A. Ghosh, Inorg. Chim. Acta,
362, 3285 (2009);
https://doi.org/10.1016/j.ica.2009.02.041.

5. M.A. Neelakantan, F. Rusalraj, J. Dharmaraja, S. Johnsonraja, T. Jeyakumar
and M. Sankaranarayana Pillai, Spectrochim. Acta A Mol. Biomol. Spectrosc.,
71, 1599 (2008);
https://doi.org/10.1016/j.saa.2008.06.008.

6. C.E. Housecroft and A.G. Sharpe, Inorganic Chemistry, Pearson Education
Limited, Edinburgh Gate Harlow Essex: England, edn 4 (2012,).

7. A. Befekadu, M.Sc. Thesis, Synthesis and Characterization of Cu(II) and
Ni(II) Schiff Base Complexes Derived from 2-Hydroxyphenyl Oxoacetal-
dehyde and Ethylenediamine, Haramaya University, Ethiopia (2013).

8. F. Diederich and P.J. Stang, Templated Organic Synthesis, Wiley-VCH,
Weinheim (1999).

9. S. Manju, Ph.D. Thesis, Transition Metal Complexes of Quinoxaline Based
Schiff Base Ligands: Synthesis, Characterization and Catalytic Activity
Study, Cochin University of Science & Technology, Kochi, India (2010).

10. I. Masih, N. Fahmi and Rajkumar, J. Enzyme Inhib. Med. Chem., 28,
33 (2013);
https://doi.org/10.3109/14756366.2011.625022.

11. A.R. Cutler, C.S. Alleyne and D. Dolphin, Inorg. Chem., 24, 2276
(1985);
https://doi.org/10.1021/ic00208a030.

12. D.P. Singh, R. Kumar and J. Singh, Eur. J. Med. Chem., 44, 1731 (2009);
https://doi.org/10.1016/j.ejmech.2008.03.007.

13. E.F. Murphy, L. Schmid, T. Bürgi, M. Maciejewski, A. Baiker, D.
Günther and M. Schneider, Chem. Mater., 13, 1296 (2001);
https://doi.org/10.1021/cm001187w.

14. J.A. Gharamaleki, F. Akbari, A. Karbalaei, K.B. Ghiassi and M.M.
Olmstead, Open J. Inorg. Chem., 6, 76 (2016);
https://doi.org/10.4236/ojic.2016.61005.

15. C. Joubert, M.Sc. Thesis, Heterogenization of Schiff Base Complexes
on Mesoporous Silica and their Application as Catalysts in the Oxidative
Transformation of Alcohols, Stellenbosch University, Stellenbosch,
South Africa (2012).

16. E.F. Murphy, D. Ferri, A. Baiker, S. Van Doorslaer and A. Schweiger,
Inorg. Chem., 42, 2559 (2003);
https://doi.org/10.1021/ic020298p.

17. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordina-
tion Compounds Part A: Theory and Applications in Inorganic Chemistry,
John Wiley & Sons, Inc., edn 6  (2009).

18. I.S. Ahmed and M.A. Kassem, Spectrochim. Acta A Mol. Biomol.
Spectrosc., 77, 359 (2010);
https://doi.org/10.1016/j.saa.2010.03.026.

19. A.B.P. Lever, Inorganic Electronic Spectroscopy, Elsevier Publishing
Company: Amsterdam-London-NewYork (1968).

20. W.J. Geary, Coord. Chem. Rev., 7, 81 (1971);
https://doi.org/10.1016/S0010-8545(00)80009-0.

21. O.O. Agarry, F.A. Akinyosoye and F.C. Adetuyi, Afr. J. Biotechnol., 4,
627 (2005);
https://doi.org/10.5897/AJB2005.000-3114.

22. C. Saxena and R.V. Singh, Adv. Synth. Catal., 336, 707 (1994);
https://doi.org/10.1002/prac.19943360815.

23. K.A.K. Mohammed, H.M. Abdulkadhim and S.I. Noori, Int. J. Curr.
Microbiol. Appl. Sci., 5, 483 (2016);
https://doi.org/10.20546/ijcmas.2016.502.054.

2280  Mihsen et al. Asian J. Chem.

https://doi.org/10.1016/S0020-1693(97)05991-4
https://doi.org/10.1016/S0010-8545(00)80009-0

