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Synthesis and Characterization of Some Metal Ions with 
2-amino Acetate Benzothiazole 
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Abstract: New metal complexes of the ligand potasium-2-amino acetate benzothiazole with the metal ions
Ni(II), Cu(II), Zn(II), Cd(II) and Sn(II) were prepared in alcoholic medium. The prepared complexes were
characterized by FTIR Spectroscopy, electronic spectroscopy, 1HNMR, 13CNMR, magnetic susceptibility and
conductivity measurements. From the spectral measurements, monomer structures for the complexes were
proposed. Square planar geometry was proposed for the copper complex. The other complexes were
proposed to be tetrahedral.
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INTRODUCTION

Increasing physiological importance of Oxygen
donor organic compounds[1] and active role played by
coordination certain metal ions to them[2,3] have
interested use in synthesizing and studying structural
aspects of metal complexes with some oxygen, sulphur
and nitrogen donor ligands[4].

The aromatic benzothiazole nucleus is associated
with a variety of antihistamine activity, pharmacological
actions[5] such as fungicidal[6] and leishmanicides
activities[7]. These activities are probably due to the
presence of the –N=C-S group. Substituted
benzothiazole have been reported to display diverse
applications as photostablizer and metal complexing
agents[8,10].

The wide range of application of the ligand and its
metal complexes aroused our interest to prepare a new
series of some metal complexes.

MATERIALS AND METHODS

Synthesis  of  Potasium-2-amino Acetate
Benzothiazole: A mixture of 2-amino benzothiazole (0.1
mole) and chloroacetic acid (0.1 mole) in presence of
KOH to make the medium alkaline was refluxed for two
hours to give potasium-2-amino acetate benzothiazole
the yellow precipitate which formed was filtered and
recrystallized from ethanol to give the final product.

The steps of the synthesis of potasium-2-amino
acetate benzothiazole can be shown below.

Preparation of Complexes: Addition of ethanol
solution of the suitable metal salt (Nickel acetate
tetrahydrate, Tin chloride, Copper acetate, Cadmium
acetate dihydrate and Zinc acetate dihydrate) to an
ethanol solution of potasium-2-amino acetate
benzothaizol (HK) in 2:1 (ligand : metal) molar ratios
was carried out. After reflux for half an hour, crystalline
colored precipitates formed at room temperature. The
rustling solids were filtered off, washed with distilled
water, dried and recrystallized from ethanol and dried at
50 0C. Table (1) shows the melting point of the prepared
compounds

Instrumentation: Elemental C, H, N and S analysis
were  carried out on a Fison EA 1108 analyzer, the
FTIR spectra in the range (4000-200) cm-1 cut were
recorded as CsI disc on FTIR.8300 Shimadzu
Spectrophotometer, uv-visible spectra were measured
using Shimadzu Uv-vis. 160 A-Ultra-violet
Spectrophotometer in the range (200-1000) nm. The
magnetic  susceptibility values of the prepared
complexes were obtained at room temperature using
Magnetic Susceptibility Balance of Bruke Magnet
B.M.6,  Atomic absorption measurements of the
prepared complexes were obtained using Shimadzu
680cc-flame. The 1H and 13C nuclear magnetic
resonance spectra were recorded on a jeol 400 MHz
spectrometer in dueteated DMSO, relative to the internal
standard  tetramethylsilane  (TMS).  Melting  points
were  recorded on a hot stage Gallen Kamp melting
point apparatus.   

RESULT AND DISCUSSION

 Infra-Red Spectroscopy:  The ligand was prepared by
the reaction of one mole of potasium-2-amino acetate
benzothiazole  with  one mole of chloro-acetic acid in 

Corresponding Author: Emad Yousif, Department of Chemistry, College of Science, Al-Nahrain University, Baghdad, Iraq. 
E-mail: emad_yousif@hotmail.com

879



J. Appl. Sci. Res., 6(7): 879-882, 2010

Table 1: Physical data for preparation ligand and the complexes.
Compound Melting point 0C Found(Calcd.)%

-------------------------------------------------------------------------------------------------------------------------------
C H N S M

Hk 206-208 42.27(43.88) 2.40(2.86) 11.10(11.37) 13.10(13.02)        _
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni(H)2 160-162 45.40(45.69) 3.12(2.98) 11.03(11.84) 14.01(13.55) 12.50(12.40)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu(H)2 146-148 45.94(45.23) 3.37(2.95) 11.00(11.72) 13.30(13.42) 13.05(13.29)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn(H)2 121-123 44.99(45.05) 2.27(2.94) 11.29(11.68) 13.80(13.36) 14.59(13.63)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd(H)2 156-158 41.50(41.03) 2.30(2.68) 11.79(10.63) 12.00(12.17) 22.07(21.34)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sn(H)2 215-217 40.32(40.55) 2.74(2.65) 10.34(10.51) 12.31(12.03) 22.34(22.27)

Table 2: Characteristic absorption bands of potasium-2-amino acetate benzothiazole and its complexes
Compound υ (C=O) cm-1 υ (C-O) cm-1 υ (M-O) cm-1

Hk 1600 1100 -
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni(H)2 1625 1041 465
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu(H)2 1571 929 428
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn(H)2 1602 950 450
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd(H)2 1596 920 495
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sn(H)2 1685 933 426

Table 3: Electronic spectra for the potasium-2-amino acetate benzothiazole and its complexes in DMSO solvent
Compound Color Absorption Bands   (nm) Assigned Transition
Hk Yellow 229 276 π 6 π*
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni(H)2 Pale green 230 282 π 6 π*

410 3A26 3T1 (p)
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu(H)2 Green 231,242 283 π 6 π*

510 2B1g 62A1g
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn(H)2 White 229 242 283 π 6 π*
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd(H)2 White 224 245 281 π 6 π*
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sn(H)2 White 226 275 π 6 π*

Table 4: Magnetic Moment, Conductivity measurements in DMF solvent
Symbol Name Conductivity ohm-1 Magnetic Moment Suggested

cm2mol-1       (B.M) Structure
Hk Potasium-2-amino acetate benzothiozol - - -
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ni(H)2 Bis(2-amino acetate benzothiazol) nickel(II) 15 2.94 Tetrahedral
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cu (H)2 Bis(2-amino acetate benzothiazol)copper(II) 11 1.67 Square Planner
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn(H)2 Bis(2-amino acetate benzothiazol) zinc(II) 12 0.00 Tetrahedral
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd(H)2 Bis(2-amino acetate benzothiazol) cadmium(II) 8 0.00 Tetrahedral
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sn(H)2 Bis(2-amino acetate benzothiazol) tin(II) 10 0.00 Tetrahedral

presence of KOH. The purity of the ligand and its
complexes were checked by TLC using silica gel-G as
adsorbent. Table (1) shows the physical data for the
ligand and the prepared complexes. The data of CHNS
and metal analysis were obtained using flame atomic
absorption technique. The calculated values were in a
good agreement with the experimental values.

The FTIR spectrum of the ligand,  shows a
characteristic stretching absorption bands at 3330 cm-1,
1600 cm-1, 1100 cm-1 and 670  cm-1 assigned to N-H,
C=O,C-O of the carboxylate group  and the stretching of
C-S group respectively.  The reaction between this
ligand with Ni(II), Cu(II), Zn(II), Cd(II) and Sn(II) gave
different  types  of  complexes.  In the free ligand, the 
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Table 5: 1HNMR spectral data (δ,ppm) of the ligand and complexes
Symbol -CH2 aliphatic Aromatic
Ni(H)2 4.24 6.43-7.54
Cu (H)2 4.22 6.54-7.76
Zn(H)2 4.22 6.33-7.87
Cd(H)2 4.22 6.49-7.63
Sn(H)2 4.20 6.65-7.81
Hk 4.19 7.27-8.22

Table 6: 13CNMR spectral data (δ,ppm) of the ligand and complexes
Symbol C=O aliphatic Aromatic
Ni(H)2 159.35 31.64 126.74-116.43
Cu (H)2 159.75 32.45 126.22-116.33
Zn(H)2 159.84 32.42 126.45-116.34
Cd(H)2 159.15 32.05 126.22-115.36
Sn(H)2 158.22 31.44 126.15-115.63
Hk 175.43 42.45. 126.74-115.83

bands at 1600 cm-1and 1100 cm-1 were assigned to the
stretching of C=O and C-O of the hydroxyl in the
carboxylate group. On complexation these bands were
shifted to a lower or higher frequency region. This shift
is probably due to the complexation of the metal to the
ligand through oxygen of the carbonyl group. Stretching
of metal-oxygen bands of the complexes appeared in
low frequency region (426-495) cm-1[11].

The  IR  data  of  the  complexes are shown in
Table (2). The Table lists the stretching frequency (υ)
for some of the characteristics groups exhibited by the
ligand and complexes.

Ultraviolet-Visible Spectroscopy: The ultraviolet
visible electronic spectrum of the potasium-2-amino
acetate benzothiazole (Hk) in DMSO solvent is recorded
in Table (3). Bands at the wavelengths (229 and
276nm), this transition may be attributed to π 6 π*
electronic transition[12]. 

The electronic spectra of the complexes showed, as
expected, different absorptions from that of the free
ligand. In the complexes these bands were shifted to
different wavelength than the corresponding bands in the
ligand as shown in Table (3), which appears in the
wavelength range between 224 to 283 nm.

The ligand field electronic transitions between the
metal d orbitals appear in Ni(II) and Cu(II) bands
located in the visible region[12] at 410 nm for Ni(H)2

assigned to the transition3A2 6 3T1 (p)  and  510 nm for
Cu(H)2 assigned to the transitions 2B1g 62A1g.

The other complexes were diamagnetic as expected
for d10 ionsú so that no (d-d) transition can be expected
in the visible region

Magnetic Susceptibility and Conductivity
Measurements: The experimental magnetic moment for
each metal complexes is listed in Table (4). Magnetic

measurements are widely used in studying transition
metal complexes. The magnetic properties are due to the
presence of unpaired electrons in the partially filled d-
orbital in the outer shell of these elements. These
magnetic measurements give an idea about the electronic
state of the metal ion in the complex. 

The magnetic moment for Ni(II) in any complex is
approximately 2.49 B.M., this value refers to a high spin
tetrahedral structure, while the value of Cu(II) is
approximately 1.67 led to suggest the  square planar
structure[13] which can become in a good agreement with
the data of electronic transitions. Other complexes have
no magnetic moment because its dimagnetic. Molar
conductivity measurement in DMF solvent at 25 ºC
showed that the complexes   were non-electrolyte[14]

Table (4).

Nuclear Magnetic Resonance: The data of proton
NMR  of  the Potasium-2-amino acetate benzothiozol
and its complexes displayed good solubility in DMSO.
The proton nuclear magnetic resonance spectral data
gave additional support for the composition of the
complexes. The observed changes are evidences of
complexion had happened because the chemical shift of
a compound is heavily depended on its electronic
environment. The δ 7.27-8.22 ppm resonance signal
protons of the aromatic ring shifted to the higher field
upon complexation, while the proton of the -CH2

aliphatic group shifted to higher field also[15]. 
The 13CNMR of the ligand and its complexes are

presented in Table (6). The C=O resonance group of the
complexes at (158.46-159.64) ppm where shifted
downfield compared with the position in the free ligand
which appeared at 196.51 ppm. It is most likely that
shift is due to the decrease of electron density at carbon
atoms when oxygen is bonded to metal ion.

Study of Complex Formation in Solution: Complexes
of (Hk) with metal ions were studied in solution using
ethanol as a solvent, in order to determine [M/L] ratio
in the complex follow Molar ratio method[16].

A series of solutions were prepared having a
constant concentration (10-3M) of the metal ion and (L).
The [M/L] ratio was determined from the relationship
between the absorption of the absorbed light and the
mole ratio of [M/L].The results of complexes formation
in solution.

The results of complexes in ethanol, suggest that the
metal to ligand ratio was [1/2] for all complexes which
were  similar  to that obtained from solid state Study.
On the basis of the preceding discussion, the structure of
the complexes suggested as follows:
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Conclusion: The ligand Potasium-2-amino acetate
benzothiozol were successfully synthesized by
condensation method. The ligand was treated to different
metal salts to afford the corresponding complexes.
Square planar geometry was proposed for the copper
complex. The other complexes were proposed to be
tetrahedral. 
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