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Abstract o
A new series of transition metal complexes of Cu(Il)and Zn(II) were synthesized

o the Schiff base ligands derived from 2-amino-6-nitrobenzothiazole with various
aromatic aldehydes such as 4-Methylbenzaldehyde, 4-Ethylbenzaldehyde, 2-Hydroxybenzaldehyde
and 4-Hydroxybenzaldehyde.The synthesized ligands and their metal (II) complexes were
oharacterized by AAS studies, magnetic susceptibility, molar conductance measurements,

yv-Vis, IR, and NMR spectroscopy techniques. The Schiff bases and their complexes
were screened for antimicrobial activity.
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1. INTRODUCTION

Heterocyclic compounds containing 5 and 6 membered ring may be considered as
important therapeutic agents!. Many research studies have been done in the analysis of
Schiff bases of heterocyclic ligands in the past three decades. Benzothiazole is a
privileged bicyclic ring system with significant biological properties such as antimicrobial?,

anticancer™!, anthelmintic!! and anti-diabetic'2. In the 1950s, a number of 2-aminobenzothiazoles
| were intensively studied, as the 2-amino benzothiazole scaffold is one of privileged
structure in medicinal chemistry and reported cytotoxic on cancer cells'®. In recent j.rears
Organic materials have been studied for non linear optical property which is used in
°Plical communications. In this context we are interested to synthesize the Schiff bases
ot 2-Amino 6-Nitrobenzothiazole with various aromatic aldehydes. This work reports the
Chﬂ_l‘ﬁlcterizatiun of the Schiff bases and their metal(I) complexes. The antimicrobial
activity of the synthesized compounds has been tested and compared.
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2 m:PERIMENTAL

All the chemicals nitl‘ohenznthiaz |
¢ cocthyibenzakdehy de. 4-cthyibenzaldehyde, 4-hydroxybenzaldehyde, 2-hydroxy benzalg h:de.
: €hyde,

<nd Zinc chlorides were of analytical reagent grade. Commerecia] solventg
. . W
n used for the preparation of the ligands and metal(I) complexes. M ?re
. 0
(107 mol/dm?) at room temperature were measured o ar
Tl an

used in the present work, viz. 2-amino-6.

Copper
gictilled and the
conductivities in DMSO
£LICO CM-180 digital conductivity meter. Magnetic susceptibility measurements of the
complexes were eslized by a Gouy balance using copper sulfate pentahydrate a5 the
calibrant. The IR spectra were recorded on SHIMADZU FT-IR Aﬂ"mjty-spectrnphqtnmeter
- the 4000400 cm range using KBr pellets. The NMR spectra were recorded on a
Bruker DRX-300 MHz NMR spectrometer in DMSO(d6) and CDCls as solvents with,
retramethylsilane (TMS) as the internal reference. The absorption spectra were recordeq
using & SHIMADZU 1800 spectrophotometer between 200-1100 nm by using suitable

solvent.

9 1. Synthesis of ligands (L' to LY)
An ethanolic solution of 2-amino 6-nitrobenzothiazole (0.050 mol) was added to

ethanolic solution of aldehyde (0.050 mol) (4-methyl benzaldehyde, 4-ethyl benzaldehyde,
4-hydroxy benzaldehyde, 2-hydroxy benzaldehyde) and the mixture was stirred. The
completion of the reaction mixture was monitored by TLC. The precipitated yellow coloured
Sehiff hases were filtered, washed and dried. The scheme of the synthesis is shown in Figure 1.
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Figure 1. Scheme of the synthesis of ligands L to L¢
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,: 2.2. Synthesis of metal(II) complexes

| All the complexes were prepared from hydrated metal salts. To a solution of 20

- mmol of Schiff bases (L! to L*) in 25 mL ethanol was added 10 mmol of MClz: 2.H.0 (M =

. Cu(Il) and Zn(II)). The solution was stirred for 2 h and the resulting solid product was
i filtered, washed with ethanol and dried under vacuum.

= 2.3. Estimation of percentage of metal
The percentage of metal in the complexes was estimated by Atomic Absorption
- Spectroscopy studies at BSR lab, Jayaraj Annapackiam College for Women. 5 mg of the
:5 complex was dissolved in 2 ml of DMSO and the solution is made up to 50 mL with
| Double Distilled water. Standard solutions (1000 ppm, 100 ppm, 10 ppm and 1ppm) of
ti metal salts of Copper and Zinc were prepared in DD water. Different metal filters were
% ‘ used for running the analysis for estimation. Comparing with the amount of metal ion
| present in the standard solutions, the amount of metal in the metal complezes was
| estimated graphically.

| 2.4. Antimicrobial activity screening
| Antimicrobial activity of the compounds was tested in vitro by the well diffusion
I method!¢ against the bacteria Staphylococcus aureus, Escherichia coli and Pseudomonas

against Candida albicans cultured on potato dextrose agar as medium. All the bacterial
strains mentioned above were incubated in Nutrient Broth (NB) at 37° C for 24 h and
fungal isolates were incubated in PDA broth at 28° C for 2 to 3 days. The well each of 5
mm in diameter was made in Muller Hinton agar using cork borer. The test solution was
prepared in 10 moles litre! concentration (DMSO) and then 100 pL of the solution was
transferred into each well. The plates were incubated for 24 h at 37° C and examined for
clear inhibition zone around the well.

3. RESULTS AND DISCUSSION

The Schiff base ligands were obtained as low melting solids and stored in vacuum
desiccators. The ligands form stable complexes in ethanol medium. The percentage of
metal in the complexes was estimated by Atomic Absorption Spectroscopy technique.
The analytical data of the ligands and the complexes together with their physical
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, . won in the Table 1. All the ligands coordinate in bidentate fashion, The
properties are given re partially soluble in ethanol, chloroform and acetonitrile byt
metal (I.I) cnmplexsleﬁ :ts such as DMF and DMSO. The low values of conductance in
miuble .m ?ulﬂf :E: the complexes are non-electrolytes!s. The estimated percentage
le*;ISOf i:j:::zn (II) in the complexes were in good agreement with the calculated data

ata 0

for the 1:2 (M:L) ratio.

Table 1. Physical characterization and molar conductance of the ligands and

metal(I) complexes
% of metal Axt (mho em?
Compounds g)'fx‘gl- . calculated Color mol)
(observed)

L 297 - Yellow -
[Cu(L1)2Cle] 728.4 8.72 (8.06) Brown 07
(Zn(L):Cle] 730.6 9.00 (8.51) Yellow 04

L2 311 - Yellow -
[Cu(L?):Cl] 756.4 8.40 (7.92) Brown 05
[Zn(L2):Cl:] 758.6 8.67 (8.11) Yellow 04

L3 299 - Yellow -
[Cu(L3)2Cle] 732.4 8.67 (8.12) Brown 10
[Zn(L3),Clz) 734.6 8.95 (8.21) Yellow 07

L# 299 - Yellow -

[Cu(L#).] 661.5 9.60 (9.11) Brown 07
[Zn(L4):] 663.7 9.91(9.53) Yellow 05
3.1. IR Spectra

In IR spectrum of the free ligands, (L' to L4) the frequencies at 1653-1649 cm!
are assigned to azomethine group (v (CH=N)). The bands at 1523 -1517 cm’ are
attributed to stretching vibration of C=N group of thiazole ring (v(C=N)). In the spectrd
of the metal (II) complexes of Lt to L? the frequencies at 1653-1649 cm™ and 1523-1517
cm™ are shifted to lower values (1651 to 1504 cm- and 1517-1493 cm) confirming g
cmrdin.a tion of the azomethine nitrogen and ring nitrogen®® of benzothiazole grov?
;:::;il:el}; to the. metal jon. In the spectra of metal (II) complexes L' to L+ the

€ Irequencies 653-516 cm! are assigned to M-N mode!”-!®, The spectrum of the
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i . ligand L¢ shows a band at 3454 em! due to phenolic OH group. The absence of this band
. in the spectrum of metal complexes evidences the coordination of deprotanated phenolic
) - group to the metal(II) ion. In the spectra of metal (II) complexes of L¢, the stretching
; - frequencies 712-742 cm are assigned to M-O vibrations 2,

- 3.2. 'H-NMR spectra
l ' 'H-NMR (300 MHz, DMSO-ds, &/ppm) spectrum of the Schiff base ligands

| exhibited the following signals: The 'HNMR spectrum of L! : 8.35 § (s,1H, azomethine

proton), 7.46 — 6.93 & (m, aromatic protons), 1.63 (s, 3H, methyl protons) L2 :8.41 & (s,
- 1H, azomethine proton), 7.40 — 6.94 (m, 7H, aromatic protons), 1.89 8 (q, 2H, methylene
 protons), 1.63 (t, 3H, methyl protons), L? : 8.45 § (s,1H, azomethine proton), 7.26 — 6.95
6 (m, aromatic protons), 11.23 (s, phenolic proton), L¢ : 8.40 & (s,1H, azomethine proton),
. 7.36 —6.94 § ( m, aromatic protons), 11.34 (s, phenolic proton).

3.3. Electronic absorption spectra
E The UV-Vis spectra of the complexes were recorded in DMSO solution. The
,1 copper(Il) complexes of L! to L? exhibit a d—d band in the region 10,000 — 9,267 cm-1. This
i‘i band may be assigned to 2B1; — %A, transition, characteristic for a distorted octahedral
| structure?!. The copper(II) complex of L* shows a band at 12650 cm! assignable to the
2B,y — 2Ai, transition, characteristic for a distorted square-planar geometry??. The
zinc(II) complexes of Li to Ls exhibits intraligand charge transfer bands in the region
928329 em! —and 26178 cm! which are attributed to =n-n* and n-n* transitions
respectively. The zinc(II) complex of Ls shows bands 29670 ¢cm and 26235 cm! assigned

to intraligand charge transfer bands.

3.4, Magnetic moments of metal(II) complexes

Magnetic susceptibility measurements give sufficient data to characterize the
structure of the metal complexes. Magnetic moment measurements of compounds were
carried out at 25°C.

The magnetic moment value of copper (II) complex of L# is 1.75 BM suggesting
square planar environment??. The magnetic moment values of copper(II) complexes of L
to L? are in the range 1.81 — 2.08 BM indicating the octahedral coordination. The higher
magnetic moment value than the spin only value (1.73 BM) might be due to orbital
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Tyution, The zine comploxes aro found to be dinmagnoetic due to d-10 configuration |
contributaoth ’ .

cod structures of the complexes are shown in the Figure 2,
sod struetures

The propt

On the basis of above discussion the following structures are proposed for the

comploxes.
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M= Cu(11) and Zn(ll) - Ly ch
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Figure 2. Proposed geometry of the complexes lig

ur

3.6. Antimicrobial screening
The ligands and the complexes exhibit antifungal activity. From the zone of 4.
inhibition it is shown that the some of the ligands and complexes are resistant to
Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa. Some metal ni
complexes are found to be more potent than the ligands against bacterial and fungal co
strains. The different substituents in the Schiff bases have very lesser effect in the b¥
antimicrobial activity. The metal complexes of L? have no antifungal activity. The data SC?

showing the zone of inhibition is given in the Table 2. i
Table 2. Antimicrobial activit 1 'gm
y data of the ligand and metal(II) complexes j,
(Zone of inhibition in mm) the
Compounds E.Coli | P.Aeruginosa | S.Aureus | C.Albicans act
L 04 05 03 10
[Cu(LY), Cly] R 10 12 12 A
[Zn(L1),Cl,) R . 13 12
—_L R R R O
___[Cu(Ly),Cly) R R Per
__[Zn(L2),01,) R R ]}:E II;J ~
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Compounds E.Coli | P.Aeruginosa | S.Aureus | C.Albicans
; : L? R R 12 12
% [Cu(L#)2Cl.] R 12 10 14
= [Zn(L3)Cl] R R 10 15
L¢ R R 12 12
= [Cu(L#),] R 12 14 14
(Zn(L#).] R R 15 14
b Standard 17 17 18 19
f It is observed that, in a complex, the positive charge of the metal is partially
‘| shared with the donor atoms present in the ligand and there may be m-electron

T delocalization over the whole chelating system?+26, This increases the lipophilic

| character of the metal chelate and favors its permeation through the lipoid layer of the
| bacterial membranes. So the metal complex can become more active than the free

ligand. Therefore, the metal complexes show greater antifungal activities than the
uncoordinated ligand and free metal ion.

4. CONCLUSIONS

i In this work the Cu(II) and Zn(II) complexes of Schiff bases of 2-amino-6-
nitrobenzothiazole are synthesized and characterized. The ligands and their metal
complexes are studied by various physicochemical techniques such as metal estimation
by AAS, UV-vis, NMR and IR. All the synthesized ligands and complexes have been
screened for antimicrobial activity. All the metal [Cu(Il) and Zn(II)] complexes of
synthesized ligands (L! to L?3) show octahedral geometry. Distorted square planar
geometry is proposed for the copper complex of L+*. The Zine(II) complex of L# coordinate
in a tetrahedral fashion. Ligands and complexes possess lesser antimicrobial activity
than the standard drugs., The synthesized compounds possess very less antibacterial
activity and appreciable antifungal activity.
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