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ABSTRACT

A condensation reaction of 4-acetamidobenzaldehyde with 2-aminobenzothiazole, 2-amino-4-
methylbenzothiazole, 2-amino-4-methoxybenzothiazole, 2-amino-4-chlorobenzothiazole, 2-amino-6-
nitrobenzothiazole and 6-(methylsulfonyl)benzothiazole to form tridentate Schiff bases was used. These
Schiff bases have been converted into their Zn(II) chelates. These Schiff bases and Zn(1l) chelates of the type
[M(L);]JCl, have been characterized by physical, spectral, and analytical data. The Schiff bases act
tridentately and are proposed to have octahedral geometry. These compounds have also been screened for
their antibacterial properties against pathogenic bacterial species i.e., Escherichia coli, Staphylococcus
aureus, and Pseudomonas aeruginosa.

INTRODUCTION

Benzothiazoles are well known biologically active compounds'™®. Much research has been focused®" to
highlight the ligational and biological behavior of Schiff bases and their derivatives. The azomethine linkage
(CH=N), is significant feature that makes them interesting candidates''™" for biological activities as well as in
the coordination chemistry. The biological activity of certain compounds is related to their ability"*'* to form
complexes with the metal ions which may induce through coordination a “lock geometry” of the apoprotein
metal binding site so that only certain substances are able to become attached to the framework'®'” formed by
this interaction. Many of the anticancer drugs are versatile ligands,'® some of which exhibit increased
anticancer activity when administered in the form of their metal complexes'*>. It has been suggested™’
despite some controversy that certain types of cancers are virus-caused”'. The interaction between the metal
ion and the ligand with cancer-associated viruses might represent an important route in designing new
anticancer therapies”. The inverse process, i.e., coordinating a metal ion from an important biomolecule, for
instance a zinc finger ;Z)rotein, has recently been used to design novel antiviral therapies, targeted against
virus-causing infections®*?>, All these observations and the essential role of azomethine linkage attracted our
attention to synthesize some benzothiazole derived Schiff bases (HL'-HL®) (Fig 1) and their Zn(II) chelates
(Table 2) and to study their biological behavior via their coordination with the expectation that this alteration
may result in achieving new targets in synthesizing and designing of compounds that could fight agressively
against antibiotic resistant strains. These synthesized compounds have been characterized by physical,
spectral and analytical data and also screened for their antibacterial activities against pathogenic bacterial
species i.e., Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa.

O« _CHs .
Y R=4-H (L")
HN R=4-CH, (L?)

N
o \ R=4-OCH,(L?)
R=— >_N%c R=4-Cl (L)
g H R=6-NO, (L%

R=6-SO,CH;, (L%
Fig 1. Structure of Schiff bases

EXPERIMENTAL

Material and Methods

All chemicals and solvents used were of Analar grade. All metal(Il) salts were used as chlorides. IR spectra
were recorded on a Philips Analytical PU 9800 FTIR spectrophotometer. UV-Visible spectra were obtained
in DMF on a Hitachi U-2000 double-beam spectrophotometer. C, H and N analyses was carried out by
Butterworth Laboratories Ltd. Conductance of the metal complexes was determined in DMF on a Hitachi
YSI-32 model conductometer. Magnetic measurements were made on solid complexes using the Gouy
method. Melting points were recorded on a Gallenkamp apparatus and are uncorrected.
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Preparation of the Schiff base (L")

2-Aminobenzothiazole (1.5 g, 0.01 M) in ethanol (10 mL) was added to a hot ethanol solution (30 mL) of 4-
acetamidobenzaldehyde (1.6 g, 0.01 M). Then 2-3 drops of conc.H,SO, were added and the mixture refluxed
for 2 h. On cooling, a solid product was fonned which was filtered, washed with ethanol, then with ether and
dried. Crystallization from hot ethanol gave L'. The same method was applied for the preparation of L2-L° by
using the corresponding reagents in the same molar ratio.

Preparation of the Zn(IT) complex of L'

A warm ethanol solution (20 mL) of L' (0.02 M) was added to a magnetically stirred solution of cobalt
chloride hexahydrate (0.01 M) in distilled water (25 mL). The mixture was refluxed for 1 h and cooled to
room temperature. On cooling, a precipitates was formed which were filtered, washed with ethanol, acetone
and ether, and dried by suction. Crystallization from aqueous ethanol (30:70) gave the desired metal complex
(1). All other Zn(1T) complexes of L*-L® were prepared respectively following the same method.

Antibacterial studies

The synthesized Zn(II) complexes and the uncomplexed Schiff bases were screened for their antibacterial
act|v1ty against pathogenic bacterial stralns(’, Escherichia coli, Staphylococcus aureus and Pseudomonas
aeruginosa. The paper disc diffusion method?® was adopted for the determination of antibacterial activity.

RESULTS AND DISCUSSION

Physical properties

The Schiff bases (L'-L®) (Fig. 1) were prepared by refluxing an appropriate amount of 4-
acetamidobenzaldehyde with 2-aminobenzothiazole and its substituted 4-methyl, 4-methoxy-, 4-chloro-, 6-
nitro- and 6-(methylsulfonyl)benzothiazole in hot ethanol in 1:1 molar ratio respectively. The structures of
these Schiff bases formed were established with the help of their IR, NMR, and microanalytical data (Tables
1 and 3)

Table I. Physical, Spectral and Analytical Data of the Schiff bases.
Schiff base IR (cm™) Calc (Found) % i Yield
C H N CO | (%)
L' 3190 (ms, NH), 1685, 1540 | 65.1 4.4 142 123 | 68
C16H3N3;0S (s, CONH), 1635 (s, | (65.5)4.5)14.0)
[295.0] HC=N), 1615 (s, C=N).
G- 3190 (ms, NH), 1685, 1540 | 66.0 49 13.6 137 | 62
C,7H,5N;0S (s, CONH), 1630 (s, | (66.3)(4.5)(13.8)
[309.0] HC=N), 1615 (s, C=N).
% 3190 (ms, NH), 1685, 1540 | 62.8 4.6 129 126 | 70
C17H;5N;0,S (s, CONH), 1635 (s, | (62.5)(4.9)12.5)
[325.0] HC=N), 1615 (s, C=N).
L* 3190 (ms, NH), 1685, 1540 | 58.3 3.6 12.7 162 | 65
CigH;2CIN;OS [ (s, CONH), 1635 (s, | (58.5)X3.9)(12.4)
[329.5] HC=N), 1615 (s, C=N), 720
(m, C-CI).
L’ 3190 (ms, NH), 1685, 1540 { 56.5 3.5 16.5 148 | 67
C|5H|2N4O3S (S, CONH), 1635 (S, (569)(32)(163)
[340.0] HC=N), 1615 (s, C=N). ~
L® 3190 (ms, NH), 1685, 1540 | 54.7 4.0 113 155 | 65
C17H|5N30352 (S, CONH), 1635 (S, (548)(42)(1 1 .l)
[373.0] HC=N), 1615 (s, C=N),
1380 (s, SO,).

s=sharp, ms=medium sharp

These Schiff bases were then used for the complexation with Zn(ll) ion. All of the synthesized metal
complexes [(1)-(6)] (Table 2) were air and moisture stable. These were prepared by the stoichiometric
reaction of the corresponding Zn(II) metal salt (as chloride) and the Schiff base in molar ratios M:L of 1:2.
The complexes are amorphous solids, which decompose above 200° C. They are insoluble in common
organic solvents such as ethanol, methanol, chloroform or acetone, but soluble in DMSQ and DMF. Molar
conductance values of the soluble complexes in DMF showed low values (72-76 ohm™'cm’mol™) indicating®’
them to be be electrolytes.

Infrared spectra

IR spectra of the Schiff bases showed the absence of bands at 1735 and 3420 cm™ due to catbonyl v(C—O)
and v(NH,) stretching vibrations and, instead, appearance of a strong new band at ~1635 cm ' assigned

the azomethine v(HC=N) linkage. This suggested that amino and aldehyde moieties of the starting reagents
no more existed and have been converted into their corresponding Schiff bases (Fig.1). The comparison of
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the IR spectra of the Schiff bases and their Zn(II) chelates indicated that the Schiff bases were coordinated to
the metal atom in three ways, thus representing the ligands acting in a tridentate manner.

Table 2. Physical, Spectral and Analytical Data of the Zn(II) Chelates.

Metal chelate/ Yield [ M.P IR (cm™) Amax Calc (Found)%
Mol. Formula (%) (°C) (ecm™) C H N
(1) [Zn(L'),]ClL, 60 208- 1625 (s, HC=N), 1600 (s, | 27,445 | 529 3.6 11.6
[726.4] 210 | C=N), 1670, 1535 (s, CONH), (53.2)(3.2)(118)
C3,H6ZnCLNgO,S, 530 (ms, M-N), 455 (ms, M-O)
@) [Zn@L)ICl, |60 215 | 1625 (s, HC=N), 1595 (s, | 27,415 | 54.1 40 111
[754.4] 217 | C=N), 1675, 1535 (s, CONH), (54.5)(4.4)(11.0)
C34H30ZnCLN¢O,S, 530 (ms, M-N), 460 (ms, M-O)
Q) [Zn(L),ICl, 58 202- | 1620 (s, HC=N), 1600 (s, | 27,410 | 51.9 3.8 107
[786.4] 204 | C=N), 1675, 1530 (s, CONH), (51.7)(3.5)(10.9)
C34H30ZnCLNgO,S, 525 (ms, M-N), 460 (ms, M-O)
@ [Zn(L),ICl, 61 218- | 1625 (s, HC=N), 1595 (s, | 27.425 | 505 32 1.1
[759.9] 20 | C=N), 1675, 1535 (s, CONH), (50.7)(3.3)(11.5)
CaoH»4ZnClLNgO,S, 525 (ms, M-N), 455 (ms, M-O)
(5) [Zn@L)Cl, | 61 211- [ 1625 (s, HC=N), 1595 (s, | 27425 | 47.0 2.9 137
[816.4] 213 | C=N), 1675, 1535 (s, CONH), (47.4)(2.5)(13.5)
C1yH,4ZnCLNROS, 525 (ms, M-N), 455 (ms, M-O)
(6) [Zn(L"),]Cl, 62 220- | 1625 (s, HC=N), 1595 (s, | 27,465 | 462 3.4 95
[882.4] 222 | C=N), 1675, 1535 (s, CONH), (46.6)(3.3)(9.7)
C4H30ZnClLNgOgS, 525 (ms, M-N), 455 (ms, M-0)

s=sharp, ms=medium sharp

The band appearmg at 1635 cm™ due to the azomethine was shifted to lower frequency by ~10-15 cm™
indicating®® participation of the azomethine nitrogen in the complexation.

The band at 1615 cm™ assigned to the benzothiazole ring v(C=N) nitrogen also shifted to lower frequency by
~15-20 cm™ which was indicative of the involvement of ring nitrogen of the benzothiazole moiety in
chelation.

A medium strong band appearing at 3190 cm™' and assigned to v(NH) remained unchanged providing thus a
clue that the NH group in not involved in the coordination. However, bands at 1685 and 1540 cm™ assigned
to amido group v(-CONH) in the Schiff bases were not found at the same frequencies in the spectra of their
Zn(I) complexes but shifted to lower frequency by 10-15 cm™ indicating, in turn, the coordination of the
amido oxygen v(-C=0) to the metal atom.

Further conclusive evidence of the coordination of these Schiff bases with the Zn(II) metal atom was shown
by the appearance of weak low-frequency new bands at 525-530 and 455-460 cm". These were assigned’

the metal-nitrogen v(M-N) and metal-oxygen v(M-O) respectively. These new bands were observable only in
the spectra of the metal complexes and not in the spectra of its uncomplexed Schiff bases, thus confirming
the participation of these hetero groups (O or N) in the complexation.

NMR spectra

The '"H NMR spectra of the Schiff bases and of their Zn(II) complexes taken in DMSO-d; are listed in Table
3. The Schiff bases exhibited signals due to all the expected protons in their expected region and have been
identified from the integration curve found to be equivalent to the total number of protons deduced from the
proposed structures. These were compared with the reported®' signals of the known comparable compounds
and give further support for the compositions of the new ligands as well as their complexes suggested by their
IR and elemental analyses data. Comparison of the chemical shifts of the uncomplexed Schiff bases with
those of the corresponding Zn(II) complexes show that some of the resonance signals underwent a shift upon
the complexation. In each case, the protons assigned due to aromatic and azomethine (HC=N) moieties were
found at ~ 7.1-8.1 and 6.8 ppm in the spectra of the Schiff bases. The protons due to azomethine and aromatic
groups undergo a downfield shlﬁ of 0.9-1.0 ppm in the complexes indicating coordmatlon of these groups
with the Zn(II) metal atom. 3C NMR spectra likewise showed similar diagnostic features® for the Schiff
bases as well as their Zn(II) complexes.

UV-Visible Spectra

UV-Visible spectral bands of the Zn(II) complexes are recorded in Table 4. The diamagnetic Zn(II)
complexes did not show any d-d bands and thelr spectra are, dominated only by charge transfer bands. The
charge transfer band at 27,410-27,465 cm” was assigned® to the transition 2E —>2T2g, possibly in an
octahedral environment™
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Table 3. 'Hand >*C NMR Data of the Schiff bases and its Zn(II) Complexes.

Schiff base/ '"H NMR “C NMR
Complex (DMSO-ds) ppm (DMSO-d¢) ppm
L5 2.4 (s, 3H, CH;), 6.8 (s, |H, CH=N), 45.6 (CH,), 110.8, 115.5, 120.3, 122.8, 124.6,

7.1-7.2 (m, 2H, aromatic), 7.3-7.4 (m, 2H, | 125.5, 127.2, 128.3, 130.3, 139.2, 142.7,
aromatic), 7.6-7.7 (m, 2H, aromatic), 7.9- | 148.6 (aromatic), 126.7 (C-N), 150.7 (C=N),
8.1 (m, 2H, aromatic), 8.3 (s, |H, NH). 192.3 (C=0).

L* 1.9 (s, 3H, CHs), 2.4 (s, 3H, CH3), 6.8 (s, | 23.2 (CHj3), 45.6 (CH3), 111.7, 116.2, 120.5,
IH, CH=N), 7.1-72 (m, |H, aromatic), | 122.8, 124.6, 125.7, 127.2, 128.3, 130.3,
7.3-7.4 (m, 2H, aromatic), 7.6-7.7 (m, 2H, | 139.2, 142.7, 148.6 (aromatic), 126.7 (C-N),

aromatic), 7.9-8.0 (m, 2H, aromatic), 150.7 (C=N), 192.3 (C=0).
8.3 (s, 1H, NH).
L’ 3.1 (s, 3H, OCHs,), 2.4 (s, 3H, CH3), 6.8 (s, | 55.3 (OCH;), 45.6 (CHs3), 111.8, 116.3,

[H, CH=N), 7.2-7.3 (m, IH, aromatic), | 120.6, 122.8, 124.6, 125.5, 1272, 128.3,
7.4-7.6 (m, 2H, aromatic), 7.7-7.8 (m, 2H, | 130.3, 139.2, 142.7, 148.6 (aromatic), 126.7
aromatic), 7.9-8.0 (m, 2H, aromatic), 8.3 | (C-N), 150.7 (C=N), 192.3 (C=0).

(s, [H, NH).

TS 2.4 (s, 3H, CH3), 6.8 (s, |H, CH=N), 45.6 (CHs), 111.9, 116.7, 120.4, 122.8, 124.6,
7.2-7.3 (m, 1H, aromatic), 7.4-7.6 (m, 2H, | 125.6, 127.2, 128.3, 130.3, 139.2, 142.7,
aromatic), 7.7-7.8 (m, 2H, aromatic), 7.9- | 148.6 (aromatic), 126.7 (C-N), 150.7 (C=N),
8.1 (m, 2H, aromatic), 8.3 (s, 1H, NH). 192.3 (C=0).

L’ 2.4 (s, 3H, CH3), 6.8 (s, [H, CH=N), 45.6 (CH5), 111.8, 116.8, 120.4, 122.8, 124.7,
7.2-7.3 (m, 1H, aromatic), 7.4-7.6 (m, 2H, | 125.5, 127.3, 128.3, 130.3, 139.3, 142.7,
aromatic), 7.7-7.8 (m, 2H, aromatic), 7.9- | 148.6 (aromatic). 126.7 (C-N). 150.7 (C=N),
8.1 (m, 2H, aromatic), 8.3 (s, 1H, NH). 192.3 (C=0).

I3 3.6 (s, 3H, SO,CH;) 2.4 (s, 3H, CH3), 6.8 | 58.8 (SO-CH;), 45.6 (CH3), 111.9, 115.5,
(s, IH, CH=N), 7.2-7.3 (m, 1H, aromatic), | 120.4, 122.9, 124.6, 125.6, 127.2, 128.4,
7.4-7.6 (m, 2H, aromatic), 7.7-7.8 (m, 2H, | 130.3, 1393, 142.8. 148.6 (aromatic), 126.8
aromatic), 7.9-8.1 (m, 2H, aromatic), 8.3 | (C-N), 150.7 (C=N), 192.3 (C=0).

(s, 1H, NH).

) 2.6 (s, 3H, CHs), 7.0 (s, |H. CH=N), 45.6 (CH3), 110.9, 115.5, 120.4, 122.8, 124.7,
7.2-7.3 (m, 2H, aromatic), 7.3-7.4 (m, 2H, | 125.5, 127.2, 128.4, 130.3, 139.3, 142.7,
aromatic), 7.6-7.7 (m, 2H, aromatic), 7.9- | 148.7 (aromatic), 126.7 (C-N), 150.9 (C=N),
8.1 (m, 2H, aromatic), 8.4 (s, 1H, NH). 192.5 (C=0).

2) 1.9 (s, 3H, CHs), 2.6 (s, 3H, CH3), 6.9 (s, { 23.2 (CH3;), 45.6 (CH3), 111.8,

IH, CH=N), 7.2-7.3 (m, 1H, aromatic), | 116.3, 120.5, 122.8, 124.6, 125.8, 127.2,
7.4-7.5 (m, 2H, aromatic), 7.6-7.7 (m, 2H, | 128.4, 130.3, 139.2, 142.7, 148.6 (aromatic),
aromatic), 7.9-8.0 (m, 2H, aromatic), 8.4 | 126.7 (C-N), 150.9 (C=N), 192.5 (C=0).

(s, [H, NH).

3) 3.1 (s, 3H, OCHj3), 2.6 (s, 3H, CH3), 7.0 (s, | 55.3 (OCH;), 45.6 (CH;), 111.8, 1164,
1H, CH=N), 7.3-74 (m, 1H, aromatic), | 120.6, 122.8, 124.7, 125.5, 127.2, 128.4,
7.5-7.6 (m, 2H, aromatic), 7.7-7.8 (m, 2H, | 130.3, 139.3, 142.7, 148.6 (aromatic), 126.7
aromatic), 7.9-8.0 (m, 2H, aromatic), 8.4 | (C-N), 150.8 (C=N), 192.5 (C=0).

(s, lH, NH).

@) 2.6 (s, 3H, CH3), 7.0 (s, |H, CH=N), 45.6 (CHy), 111.9, 116.8, 1204, 122.8, 124.7,
7.2-7.3 (m, 1H, aromatic), 7.5-7.7 (m, 2H, | 125.6, 127.2, 128.4, 130.4, 1392, 1428,
aromatic), 7.8-7.9 (m, 2H, aromatic), 8.0- | 148.6 (aromatic), 126.7 (C-N), 150.9 (C=N),
8.1 (m, 2H, aromatic), 8.4 (s, |H, NH). 192.5 (C=0).

(5) 2.6 (s, 3H. CH3), 7.0 (s, |H, CH=N), 45.6 (CH3), 111.8, 116.9, 120.4, 122.9, 124.7,
7.3-7.4 (m, 1H, aromatic), 7.5-7.6 (m, 2H, | 125.5, 127.4, 128.3, 1304, 1393, 142.8,
aromatic), 7.7-7.8 (m, 2H, aromatic), 7.9- | 148.6(aromatic), 126.7 (C-N), 150.9 (C=N),
8.1 (m, 2H, aromatic), 8.4 (s, |H, NH). 192.5 (C=0).

(6) 3.7 (s, 3H, SO,CH;) 2.6 (s, 3H, CH;), 7.0 | 58.9 (SO-CH;), 45.6 (CH,), 1119, 115.6,
(s, IH, CH=N), 7.2-7.3 (m, 1H, aromatic), | 120.5, 122.9, 124.6, 125.6, 127.3, 1284,
7.5-7.7 (m, 2H, aromatic), 7.8-7.9 (m, 2H, | 130.4, 139.3, 142.8, 148.6 (aromatic), 126.8
aromatic), 8.0-8.2 (m, 2H, aromatic), 8.4 | (C-N), 150.9 (C=N), 192.6 (C=0).

(s, 1H, NH).

On the basis of these observations, it is suggested that the Zn(Il) complexes show an octahedral geometry
(Fig 2). The two Schiff base moieties acting as tridentate ligands, accommodate themselves around the Zn(11)
metal atom in such a way that a stable chelate ring is formed thus stabiliising the Zn(Il) chelate.
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(Fig. 2) Proposed structure of the Zn(II) complex.

Antibacterial properties

The title Schiff bases and their Zn(II) chelates were evaluated for their antibacterial activity against the
strains Escherichia coli (a), Staphylococcus aureus (b) and. Pseudomonas aeruginosa (c). The compounds
were tested at a concentration of 30 pg/0.01 mL in DMF solution using the paper disc diffusion method. The
susceptibility zones were measured in diameter (mm) and the results are reproduced in Table 5. The
susceptibility zones measured were the clear zones around the discs killing the bacteria.

All the Schiff bases and their Zn(II) complexes individually exhibited varying degrees of inhibitory effects on
the growth of the tested bacterial species. The antibacterial results evidently show that the activity of the
Schiff base compounds became more pronounced when coordinated to the Zn(II) metal. Our previous studies
have suggested®” that in the chelated complex, the positive charge of the metal ion is partially shared with the
donor atoms and there is n-electron delocalization over the whole chelate ring. This increases the lipophilic
character of the metal chelate and favors its permeation through lipoid layers of the bacterial membranes.
Apart from this, other factors such as solubility, conductivity and dipole moment, influenced by the presence
of the metal ion, may also be the possible reasons for increasing this activity of the ligands upon chelation.

Table 4. Antibacterial Activity Data.

Schiff base/ Microb ial S pecies

Complex (a) (b) (c)
L' ++ +++ ++
[ ++ ++ +
L’ + ++ ++
[ ++ ++ +++
B +++ + ++
L° ++ ++ ++
) +H+ ++++ +++
(2) +++ +++ ++
3) ++++ ++ +++
4) +++ ++++ +++
(5) +++ ++ +++
(6) ++++ ++ ++++

(a)=Escherichia coli, (b)=Staphylococcus aureus, (c)=Pseudomonas aeruginosa

Inhibition zone diameter mm (% inhibition): +, 6-10 (27-45 %); ++, 10-14

(45-64 %); +++, 14-18 (64-82 %), ++++, 18-22 (82-100 %). Percent inhibition values are relative to
inhibition zone (22 mm) of the most active compound with 100 % inhibition.
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