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Abstract

The compound (2-mercaptobenzothiazole) (2-MBT) react with formaline and dicyclohexyl
amine to form new mannich base [3-dicyclohexyl amino methyl -2- mercaptobenzothiazole] [E].
The product was characterized by (FT-IR ,*H.N.M.R and C.H.N.S). (E) was used as a ligand for
preparation mono ligand complexes of metal ions [Mn(I1), Co(Il), Ni(ll), Cu(Il) and Zn(I1)] on the
one hand and mixed ligand complexes of the same metal ions using the preparation mannich base
(E) as a primary ligand and the amino acid tryptophan (Trp.) as a scondary ligand on the other hand.
The prepared mono and mixed ligand complexes were isolated in the solid state and characterized
by (FT-IR and Uv-Vis) Spectroscopy, (elemental analysis and flame atomic absorption) techniques
as well as (magnetic susceptibility and conductivity) measurements. Based on the results of these
diagnoses which showed that the metal ions was coordinated with (E) by nitrogen atom of amino
methyl group and sulfer atom of thiocarbonyl group on the mono and mixed ligand complexes, in
addition of coordination of (Trp.) on the mixed ligand complexes by oxygen atom of carboxyl
group and nitrogen atom of the free amine group. The antibacterial activity for ligands (E and Trp.)
and their mono and mixed ligand complexes were studied against two selected micro-organisms
(Escherichia coil ) and (staphylococcus aureus), the minimal inhibitory concentration (MIC ) have
been also studied to determined the low concentration for inhibition , two antibiotics (Ampicillin
and Amoxicillin) have been chosen to compare their activity with those of the new compounds. The
results showed higher activity of the new compounds relative to the chosen antibiotics .Furthermore
the antifungl activity against two micro-organism (penicillum Spp and Aspergillus flavus) were
studied for ligands (E and Trp.) and their mono and mixed ligand complexes. The results showed
great enhancement of activity of the all complexes relative to that of their respective ligands. This
was attributed to the synergetic effect between the metel ion and the ligand, in addition to the
differences in the structural varities.

Introduction amino methyl moiety in the structure mercapto
Benzothiazole derivatives were among the benzothiazole ring which is known to passes a
various heterocyclic that have received a greet therapeutical applications, as well as to
deal of attention during the last years, investigate the coordination behavior of the
especially as anti microbial agents®?. Most of new derivative toward number transition metal
the substitution have been carried out at the ions by preparing mono and mixed ligand
2-and 3-positions of the benzothiazole ring®®). complexes and to compare the biological
Since 2-thion benzothiazole does contain the activity of the mannich base and their mono
(-N-C=S) moiety, which have hard (N)besides and mixed ligand complexes with the main
soft (S) atoms and have a well established ring structure.
biological activity®5®, The synthesis and
characterization of the mannich bases derived Experimental
from heterocyclic rings and different aliphatic (A) Physical measurements and analysis
amines were described along with a number of Melting points were recorded on
their transition metal complexes®?. Mixed gallenkamp Melting point apparatus and were
ligand complexes of mannich bases play an uncorrected. FT-IR spectra were recoded using
important role in biological system@'?, In the (FT-IR8300 Schimadzu in the range of (200-
present paper describes the preparation of a 4000) cm?® for complexes by using
new mannich base , in attempt to introduce the (CSI disc) and Fouror transform Infrared
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spectrophotometer-shimadzu in the range
of (400-4000)cm™ for ligand by using
(KBr disc)). *H.N.M.R spectra was recorded
using (Bruker Spectropin Ultra Shield TM
Magnets 300 MHZ) Spectrophotometer.
Electronic spectra were obtained using
UV-1650PC Schimadzu Spectrophotometer at
room  temperature, the  measurements
were recorded using a concentration of
(10*M) of the complex in chloroform as a
solvent. The metal content  was
estimated  Spectrophotometerically  using
atomic  absorption  Schimadzu  AA670
Spectrophotometer. The elemental analyses
(C.H.N.S) were obtained using EA-034.mth.
Conductivity measurements were obtained
using Corning conductivity meter 220, these
measurements were obtained in DMF solvent
using concentration of (102 M) at 25C°,
Magnetic susceptibility measurements were
obtained at 25C° on the solid state applying
Faraday's method using Bruker BM6
instrument.
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(B) Material and Methods
All chemicals were of highest purity and
were used as received.

1) Preparation of the mannich base (E)

(E) was prepared as described in our
previous work®® An ethanolic solution of
(2-MBT), dicyclohexyl amine and formalin
were taken in (1:1:1) mole ratio, were mixed
under ice-cold condition for one hour to get
the final product (E), scheme (1) The physical
properties of(E) are shown in Table (1). It was
identified by elemental analysis (C.H.N.S),
FT-IR and *H.N.M.R. The result are shown in
Table (1) and (2).

Ll
N TS
S)QS in EtoH

(B

Scheme (1) Preparation of (E).

2) Preparation of the
complexes (S1-Ss)

An Ethanolic solution of each of the
following metal ions salts (0.69 mmole)
[(0.137gm) MnCl,.4H0, (0.16gm)
CoCl,.6H,0, (0.16gm) NiCl2.6H20, (0.11gm)
CuCl2.2H20 and (0.094gm) ZnCl;] was added
to an ethanolic solution (0.69 mmole) of (E)
except in the case of Mn (II) (1.38 mmole) of
(E), with stirring. The mixture was heated
under reflux for (2-3) hours, during this time a
precipitate was formed. The product was
filtered off, washed with hot ethanol, followed
by cold water and then dried under vacuum.
All complexes were identified by elemental
analysis (C.H.N.S), flame atomic absorption,
FT-IR and Uv-Vis Spectrophotometers,
magnetic and conductivity measurements. The

mono ligand

V¢

results obtained are shown in Table (1), (2)
and (3).

3) Preparation
complexes (Se-S10)

Equimolar (0.69mmoils) ethanolic
solution of (E) and alkaline solution of (Trp.)
[(0.038 gm) of KOH was added to
(0.142 gm) of (Trp.) in ethanol] were added
simultaneously to anather ethanolic solution of
metal ions salts [(0.137 gm) MnCl2.4H.0,
(0.16gm) CoCl2.6H20, (0.16gm) NiCl..6H-0,
(0.11gm) CuCl2.2H20 and (0.09gm) ZnCl2],
the mixture was heated under reflux for one
hour, during this time a precipitate was
formed. The product was filtered and wished
with hot ethanol, followed by cold water and
then dried under vacuum. All complexes were
identified by the same methods used with
(S1-Ss) complexes.

of the mixed ligand
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4) Biological activities

The in vitro biological screening effects of
the investigated compounds were tested
against selected types of bacteria which
include (Escherichia coil) as gram negative
and (Staphylococcus aureus) as gram positive
and the fungus, (Penicillum Spp.) and
(Aspergillus niger) by the Well Diffusion
Method41® using agar nutrient as the
medium. Stock solutions (10°3M) were
prepared by dissolving the compounds in
DMSO solution. In a typical procedure, a well
was made on the agar medium inoculated with
microorganisms. The well was filled with the
test solution using a micropipette and the plat
was incubated at 35°C for 72 hours. During
this period, the test solution diffused and the
growth of the inoculated microorganisms was
affected. The second technique was to get the
sensitivity of each microorganism toward the
new compounds by determining the minimal
inhibitory concentration (MIC) which was a
achieved by using Tube Dilution Method®4*,
The (MIC) of the new compounds for each
micro-organism was measured at the lowest
concentration of the compound required to
inhibit the growth of this micro-organism,
these tubes containing different concentrations

of the new compounds were incubated at
37 °C for 45 hours and the antibiotic
(Amoxcillin  and Ampicillin) have been
chosen to compare their activity with those of
the new compounds.

Results and Discussion
(A) Elemental analysis

The interaction of mannich base (E) with
the metal ions (in case of mono ligand
complexes (S:-Ss)) and (E and Trp.) with the
same metal ions (in case of mixed ligand
complexes (Se-S10) under study in ethanol
gave a crystalation products with different
colors depending on the metal ions, Table (1).
All complexes were readily soluble in (CHCl3,
DMF and DMSO) and were found to be stable
toward air and moisture, as well as they were
decomposed before melting. The physical
analytical data of (E) and it's metal complexes
(S1-S10) are given in Table (1). Results
obtained from elemental analysis (C.H.N.S)
and flame atomic absorption are in a
satisfactory agreement with the calculated
values. The suggested molecular formulas also
supported by spectra (FT-IR) and (Uv-Vis)
analysis, furthermore magntic susceptibility
and conductivity measurements.

Table (1)
Physical data for mannich base (E) and its mono and mixed ligand complexes(S1-Sio).

Melting Metal analysis found Calc.

Yellowish
white

point C% | H% | N%

S% M%

Suggested formula

C20H20N2S:

Yellowish
brown

[Mn(C20H20N2S2)2Cl2] H20

Blueish
green

[Co(C20H20N2S2)Cl2] .2H20

Dark
brown

[Ni(C20H20N2S2)Cl2] .2H20

Dark
green

[Cu(C20H20N2S2)CI (H20)]CI(H20)

White

[ZNn(C20H20N2S2)Cl2]

Yellowish
white

[Mn(C20H20N2S2)(C1:H13N202)(H20)2]Cl

Pink

[Co(C20H20N2S2)(C11H13N202)(CI)(H20)]H:
(@]

Yellowish
green

[Ni(C20H20N2S2)(C11H13N202)CI(H20)]

Light
green

[Cu(C2a0H20N2S2)(C11H13N202)CI(H20)]

White

[ZNn(C20H20N2S2)(C11H13N202)(H20)CI]H20




(B) Proton nuclear
spectra of (E)
The nuclear magnetic resonance spectra of

the newly synthesized ligand gave a

satisfactory spectro data and the molecular

structure was assigned on the basis of

'H.N.M.R chemical shifts. The spectra was

determined in DMSO solution as an internal

reference. According to the results obtained
from the chemical shifts spectra, the molecular
structure of the ligand can be illustrated®®,

Fig.(1).

magnetic resonance
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Fig.(1) ‘H-NMR of (E).

(c) Infrared spectroscopic study
The FT-IR spectra of the free ligand
showed bands due to vc=s , UNn-c=s , vcHzn and
ven Which were observed at (1047,1056),
(1373,1595), (2935,2854) and (981)cm™
respectively®”®_ The (E) exhibit different of
coordination patterns as shown by their FT-IR
spectral changes. Table (2), Fig.((2,3) and (4))
1-In the complexes (S1-S10), the band due to
vc=s was shifted to higher frequencies,
Table (2), while the observed change in the
two bands due to vn-c=s group, where the

A

5-Some new bands of weak
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first band has suffered red shift, the second
band was removed in some complexes to
lower frequencies and others about higher
frequencies (Table (2)), indicating of
thiocarbonyl in the coordination89),

2-Observed a change in shape of the two

bands fortresses of aminomethyl group
vcH2n With change in site the first band
where shifted towards lower frequencies,
while the band of vcn in the aminomethyl
group  was  shifted to higher
frequencies”29),

3-In the mixed ligand complexes (Se-Si0),

The v(NH2)asy., sym. Bands of free amino acid
(Trp.) observed at (3079,3039)cm™
respectively®, is shifted to higher wave
number, this reveals that the amino group
is coordinated through nitrogen atom with
the metal ions“®?2. A band observed at
(1665)cm™ due to vcooyasy. In spectra of
(Trp.), was shifted to lower wave number
in the spectra of mixed ligand complexes,
representing coordination of carboxylic
group with metal ions through the oxygen
atom@723),

4-A broad bands were observed around

(3394-3530)cm™ in spectra of some mono
and mixed ligand complexes, assigned as
VoH suggested the presence of water
molecule in the complexes 7).

intensity
observed may be ascribed to vm-N, VMm-cl,
vm-s and vwm-o Which are absent in the
spectra obtained for the ligands®°24),
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Table (2)
Stretching vibrational frequencies (cm™) located in the FT-IR spectra of (E ,Trp.) and its§ mono
and mixed ligand complexes:
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Fig.(2) IR-Spectra of (E).
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(D)  Electronic  absorption  Spectra,
Magnetic susceptibility and Conductivity
measurement

The electronic spectra of the mono and
mixed ligand complexes (Si-Si0) were
recorder their solution in chloroform in the
range of (200-900)nm, Table (3), Fig.((5) and
(6)).

S1:The Uv-Vis spectrum of the yellowish
brown complex show two main absorbation
bands at (20294 and 29674)cm™,which
indicate an octahedral geometry®®. The valus
of racah parameters (10Dq, B', p and v1) have
been calculated to be (12238 cm™,844,0.98
and 11816cm™t), respectively. The effective
magnetic moment at room temperature was
found to be (5.02B.M), which agree well for
low-spin manganese in octahedral

VA

coordination®®.  Conductivity measurment
showed that the complex was to be non ionic.
Table (3).

S2 : The measured magnetic moment was
(4.62B.M) this show the cobalt ion it's bluish
green complex to be paramagnetic with (d”)
configuration in a tetrahedral geometry®®. The
electronic spectrum of cobalt complex shows
three bands at (14514, 16667 and 19802)cm™,
these bands have been assigned to the
transition  ‘A—*T:  (P)®32).  Assuming
tetrahedral symmetry around Co (ll) ion. The
values of racah parameters (10Dq, B", p and
v2) have been calculated to be (3769.2cm™,
698, 0.62 and 6310cm™) respectively. The
value of B(0.62) signifies a fair a mount of
covaleat character in metal to nitrogen and
sulfer bonds. While the value of (10Dq) to be
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(3769.2)cm™, one should expect aband due the
transition *A—*T>(F) in the infrared region at
(3749)cmt, which couldnt to be observed in
the spectrum of the cobalt (I1) complex™?.
Conductivity in DMF showed that the complex
was non ionic, Table (3).

S3: The electronic spectrum of nickel (I1)
complex exhibits two main absorption band,
Table (3) which are assigned to the two
transition  'Aig—'Ag and 'Aig—'Eg
respectively in the a square-planer geometry
(2528)  Magnetic moment of the complex
(0.08B.M) is higher than spin value of the
nickel metal only, this result indicate a orbital
contribution®.  Conductivity ~measurement
showed that the complex was non ionic.
Table (3).

Sa: The Uv-Vis spectrum of copper
complex in chloroform solution displays a
broad band at 11161 cm™ and a well-defined
shoulder a round 23809 cm’, attributable to
2B1g—2Eg and 2Big—2Asg transitions which
strongly favour square-planar geometry a
round the central metal ion®?%  The
broadness of the band can be taken as an
indication of distortion from perfect planar
symmetry. This is further supported by the
magnetic  susceptibility value (2.05B.M).
Conductivity  measurement  showed the
complex was ionic, Table (3).

Ss and Sio: The complexes of zinc (1) are
colorless and was diamagnetic as expected for
(d9) ijon, since the Uv-Vis spectra of the band
position was compared with that of the ligand
only. The conductivity measurements indicate
a non ionic behavior, Table (3). Thus from the
data obtained from FT-IR spectrum and flame
atomic absorption, atetrahedral geometry a
round Zn (I1) ion®),

Se: The brown manganese complex show
two absorption bands which were observed at
(15385 and 19920) cm™. The spectrum was a
typical of octahedral Mn (11) complex®?®3 The
values of racah parameters (10Dq, B’, B and
v3) have been calculated to be (11313cm™,
839, 0.97 and 29690cm™) respectively. The
ueff value Table (3), which agree well for low-
spin®”,  conductivity measurement showed
that the complex was to be ionic, Table (3).

S7: The prepared bink complex showed
two bands at (15385 and 18450) cm™, which
indicate an octahedral geometry®Y. These

Vol.17 (¥), June, 2014, pp.73-84
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bands have been assigned to the transition
‘Tig—*A9(F) and*T1g—*T1g(P), the values
of racah parameters (10Dq, B", B and v1) have
been calculated to be (9450cm™, 700, 0.72 and
8100cm™) respectively. Magnetic moment of
solid complex, Table (3) showed a higher
orbital contribution®®. Conductivity in DMF
showed that the complex was to be ionic,
Table (3).

Ss: The solution spectrum of the yellowish
green exhibits intense bands at (12987, 14425
and 24525)cm™.The position of these bands is
agreement with that reported for octahedral
geometry®?, The effective magnetic moment
at room temperature was found to be
(3.25B.M), which agree well with octahedral
geometry  around  Ni(ll)  complex®@®,
conductivity measurement showed that the
complex was non ionic, Table (3).

So: The electronic spectrum of copper (1)
complex show one band at (16949)cm™, this
band has been assigned to the transition
’Eg—2T.g which indicate an octahedral
geometry®®, Magnetic moment of solid
complex, Table (3) showed a higher orbital
contribution. Coductivity in DMF showed that
the complex was to be non ionic, Table (3).
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Table (3)
Electronic spectra (CHCI3z), Magnetic moment (B.M) and Conductance in (DMF) for mono and
mixed ligand complexes.

Maximum Suggested
absorption Band assignment : ' geometry

Dmax(Cm'l)

11816 (Cal.) 5A1g—*T1g(G)
20294 5A18(S)—*T29(G)
29674 bA1g(S)—*A1g+*EQ(G)
36765 CT
3749 4Po—*To(P)

6310 (Cal.) P2—4T2 (F)
16994 ATy (P)
16129 A1g—1Ag
23310 A1g—'Eg
11161 ?B.g’EQ
23809 2Big—?Aug

15385 5A12(S)—"T1g(G)
19920 5A18(S)—*T2g(G)
29690(Cal.) | ®Aig(S)—*A1g(G)+Eg(G)
8100 (Cal.) "Tig—*T2g(F)
15385 Tig—*Asg(F)
18450 “Tig—*T1g(P)

12987, 3A2g—3T2g (F)
10715 (Cal.) YAog—T1g (F)

14425
24595 3A2g—°3Tag (P)

16949 2Eg—?Tog

20
1.0
[
15 0.8 1o
0.6 . N
210 $ . B
0.4
N
05 .
0.2
0.0 0.0
200 300 400 500 600 700 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
Fig.(5) UV-VIS. of(E). Fig.(6) UV-VIS. of(Sy).
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Biological Studies

The free ligands (E and Trp.) and their
mono and mixed ligand complexes (S1-S10)
were screened in vitro for their ability to
inhibit the growth of representative [(E.coli) as
gram negative] and [(Staph. aureus) as gram
positive]. Furthermore the (MIC) study for the
ligands (E and Trp.) and their metal complexes
(S1-S10) are shown in Table (5). Also the
study was done against (Aspergillus flaveus
and penicillum Spp) fungus, in DMSO as a
solvent, Table (4).

As a result from the above mentioned
studies, the following points were concluded:-

a). (E) was active against Staph., while not
active against E.coli , compared with (Trp.)
which active against both types of bacteria,
Table(4).

b). All mono ligand complexes(Si-Ss)
showed highly active against two types of
bacteria compared the ligand active prepared
them, while the mixed ligand complexes
(Se-S10) showed high active compared to mono
ligand complexes, as well as on the active of
ligands (E and Trp.), Table (4).

c).The results of the (MIC) study are
shown in Table (5), these result indicate that,
both mono and mixed ligand complexes were
more active than ligands (E and Trp.) where
can complexes inhibiting the growth of

Vol.17 (¥), June, 2014, pp.73-84
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bacteria and the concentration are very less
when compared with the concentration of the
point inhibition of ligands (E and Trp.).

d). Study of the antibacterial and
antifungal  activities revealed that the
mannich base (E) derived from (2-
Mercaptobenzothiazole) (2-MBT) and their
mono and mixed ligand complexes, exhibited
a greater activity against all the studied micro-
organisms compared to that of (2-MBT) it
self®. This indicate that introductions of the
amino methyl group on the benzothiazole
derivative ring were raise the killing zone.

e). Results of the antifungal activity of the
new compounds, Table (4) showed that the
metal ion chelates were more toxic compared
with their parent ligands (E and Trp.) toward
the same micro-organism and under the
identical  experimental  conditions.  The
increase in the antifungal activity of metal
chelates may be due to the effect of the metal
ion on the normal cell process. These activities
may be explained by Tweedy’s Chelation
theory®®, according to which chelation
reduces the polarity of the metal atom mainly,
because of the partial sharing of its positive
charge with the donor groups of the ligand,
which favours permeation of the co (plexes
through the lipid layer of cell membrane®®

Table (4)
Antibacterial and antifungal activities for Mannich base and tryptpphan and their mono and

mixed ligand (10 mgm.ml?

complexes.

___Comp.No. | FEcoli Staph Aureus | Asp Flavus | Penci. SPP.

Control DMSO

E

Trp.

S1

S,

Ss3

Sa

Ss

Se

S7

Sg

So

Where:-
30-40(+++)
20-30 (++++)
10-20 (+++++)
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Table (5)
Minimal inhibitory concentration (MIC) for Mannich base and Trp. and their mono and mixed
ligand complexes (zgm. ml?).

Escherichia coli

Staphylococcus aureus

2
o

= 2
o o

S1

S2

S3

S4

Ss

Se

+{+ |+ [+ +[|+[+]+

S7

Sg

So

Sio

Ampicillin

Amoxicillin
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