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Abstract:

A new ligand 2,3-dihydrobenzo [d] thiazole-2-carboxylic acid (L) has been
prepared from the reaction of ortho amino phenyl thiol with dichloroacetic acid in
mole ratio (1:1). It has been characterized by elemental analysis (C.H.N.), IR, UV-
Vis.spectraand *H, *C-NMR. A new series complexes of the bivalent ions (Co, Ni,
Cu, Pd, Cd, Hg and Pb) and the trivalent (Cr) have been prepared and characterized
too. The structural has been established by elemental analysis (C.H.N.), IR, UV-Vis.
spectra, molar conductivity, atomic absorption and magnetic susceptibility
measurements.

The synthesized complexes were prepared in (1:2) ratio correspond to (Co(ll),
Ni(Il), Cu(ll), Pd(Il), Cd(ll), Hg(ll) and Pb(ll) complexes while in case Cr(lll)
complex is (1:1) ratio (M:L). a, K¢ for (Cr(111), Co(ll), Ni(ll) and Cu(ll)) were
estimated too. The complexes showed characteristics octahedral geometry with the
(O,N) ligand coordinated in bidentate mode except with Pd showed square planer.
The study of biological activity of ligand (L) and its complexes showed various
activities toward Staphylococcus aureusand E. coli.
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Introduction:

The interaction of metal metallozymes, other have directed
complexes with biological system, indirect effect on metal ion
which is the field of bio-coordination metabolism[5]. The elements of
chemistry draws increasing medical importance (Pd, Cu) offer
interest[1,2]. It plays many important potential for design of novel
roles in electron transfer agents, as therapeutic and diagnostic agents[6]
catalysts, and in photosynthesis[3]. also for treatment and understanding of

Inorganic elements play crucial diseases, which  are  currently
roles in biological and biomedical intractable[7]. There have been a lot of
processes and, it is evident that many studies related to the strong association
organic compounds used in medicine between metal complexes and
do not have a purely organic mode of antibacterial activities. Attentions have
action[4], some are activated or bio- been paid during the last decade for the
transformed by metal ions including chemistry of the metal complexes of
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ligands containing nitrogen and
oxygen. This could be due to the
stability of such ligands complexes and

its biological activity in oxidation
catalysis and electro  chemical
analysis[8]. According to above

observation attempt to synthesis anew
chelate ligand was done. In present
work 2,3-dihydrobenzo [d] thiazole-2-
carboxylic acid with (Cr(Ill), Co(ll),
Ni(ll), Cu(ll), Pd(I1), Cd(ll), Hg(ll)
and Pb(ll)) are synthesized and their
physical properties, biological activity
were investigated.

Materials and Methods:
A- Chemicals; All reagents used were
Analar or chemically pure grade

British Drug
Houses (BDH), Merck and
Fluka.Materials;  ortho  amino

phenyl thiol (C¢H;NS), dichloro
acetic acid (C,H,0,Cl),Chromium
trichloridehexahydrate(CrCl;.6H;

0), Cobalt chloride
hexahydrate(CoCl,.6H,0), Nickel
chloride hexahydrate
(NiCl,.6H,0), Copper Chloride
Dihydrate(CuCl,.2H,0),

PaladiumChloride (PdCly),
Cadmium  Chloride  Dihydrate

(CdClI,.2H,0), Mercury Chloride

(HgCly), Lead
Nitrate(Pb(NOs),),Ethanol ~ 99%
(CH3CH,0H),

DimethylFormamide 99.5%
(DMF), DimethylSulphoxide
99.5% (DMSQ), Carbon tetra
Chloride 99.5% (CCly),
Chloroform 99% (CHCls), Toluene
99% (C7Hg).

B- Instruments;Elemental analysis for
the new ligand (L) and complexes
were determined by calibration
type: Linear Regression Euro EA
elemental analysis were made in
Al-al-BeytUniversity, Amman-
Jordan and Babel University.
Melting Points were determined by
Gallen-Kamp  apparatus.H,*C-
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NMR spectra were recorded in
DMSO using Bruker Model; Ultra
shield 300 MHz origin,
Switzerland ( Jordan) in CH300
using DMSO as an internal
standard.IR spectra were recorded
as KBr discs in the range (4000-
400) cm™ using Shimadzu- FTIR.
UV-Visible  spectra  were
recorded by Shimadzu UV-Vis 160
ultraviolet  spectrophotometer  at
25°Cusing 1 Cm quartz cell and
examined at the range of (200-1100)
nm at 10° M in DMSO.Atomic
absorption (A.A.) technique has been
measured usinga Shimadzu AA680G
atomic absorption spectrophotometer
at the laboratories of Ibn- Sinaa
Company. Molar conductivity of the
complexes were measured on PW 9526
digital conductivity in DMSO at 107
M.Magnetic  susceptibility  balance,
Model, MsB-MK; are made in Al-
Nahrain University.

Preparation:

Synthesis of 2,3-
dihydrobenzo[d] thiazole-2-carboxylic
acid(L) ortho amino phenyl thiol
(0.125gm,  0.001mol) anddichloro
acetic acid (0.129gm, 0.001mol) in
ethanol (15cm®) was stirred for 6
hours. The precipitate was filtered and
recrystallized from hot absolute
ethanol, fine yellow crystals were
obtained (m.p. 104°C, yield 82%) and
it's soluble in most organic solvent as
indicated in Table(1).

Synthesis of metal complexes:
One mole of ethanolic solution
of metal salts was added to two moles
of the ligand (L) except with Cr-
complex the ratio was (1:1)
[CrCl3.6H,0] (0.26gm,1.00mmol),

CoCl,.6H,0 (0.24gm,1.00mmol),
NiCl,.6H,0 (0.24gm,1.00mmol),
CuCl,.2H,0 (0.169gm,1.00mmol),
PdCl; (0.170gm,1.00mmol),
CdCl,.2H,0 (0.22gm,1.00mmol),
HgCl, (0.27gm,1.00mmol),
Pb(NO3),(0.33gm, 1.00mmol) was
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added to (0.181gm. 1.00mmol) in Cr*®
complex and (0.362gm. 2.00mmol) in
the cases of Co*%, Ni*%, Cu*? Pd*“
Cd*?, Hg* and Pb*? of the ligand (L).
At room temperature the mixture was
stirred for 6 hrs. The product was

filtered and washed with distilled water
and dried under vacuum. The color
melting point, yield, metal analysis and
solubility of the ligand and it is
complexes are given in Table (1).

Table (1): Color, melting point, yield, metal analysis and solubility for the ligand
(L) and it's complexes

No. Compound N;ﬁgngnOI color oT('gé:;C,) Yti)/ild COZIetaI anall_|>;;i)s found’\fii;allculated,)w% solubility

EtoH,CCls,
oo | 3222 o | wve | @ | 3 | o2 | 22 e
2 | L-CrCluH;0 o Green 188°C 75 ég:gg) &:gg) (3%91) (ﬂgi) DMF, DMSO
3 L,-CoCl, S:gg Violet 142°C 62 ég:g;) é:gg) (gzgg) (ﬁ:gg) DMF, DMSO
4 L-NiCl, S:gg Green 196°C 74 ég:g}n é:gi) (g:gg) (ﬂ:gg) DMF, DMSO
5 L,-CuCl, g:(l’g Blue 186°C 75 (gg:g% é:g% (g:gg) (g:;g) DMF, DMSO
6 L,-PdCl, 52(1)3 Brown | 198(dec) 84 (gg:g;) é:g;) (gzig) (ig:;g) DMF, DMSO
7 Lo-CdCl g:gg yléri]:vtv 192(dec) 91 (gg:ig) é:gg) (giié) ég:géz‘) DMF, DMSO
8 L,-HgCl, 2% Brown | 204(dec) 88 (ggég) éég) (j:i?) (31:2411) DMF, DMSO
9 | LrPb(NOs), o% yt'lci’:\fv 146°C 78 ; ; (3322'_687) DMF, DMSO

Dec.= decomposition.

Results and discussion:

Synthesis and characterization
of the ligand 2,3-dihydobenzo [d]
thiazole-2-Carboxylic acid. The ligand

Cl

SH o
+ \ V4
/C_C—‘OH
|
NH, H
Ortho amino Dichloro
Phenyl thiol acetic acid

1- Elemental analysis (C.H.N) for
the ligand:

The ligand was characterized
by (C.H.N) analysis as shown in Table
Q).

2- 'H-NMR
ligand:

The'H-NMR  spectrum of the
ligand (L) are summarized in the
chemical. The chemical shift at (6 4.04

spectrum for the
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was obtained by the reaction of one
moleof the ortho amino phenylthiol
and one mole of dichloro acetic acid;

S o
\c——C//—OH + 2HCI
yd

'i‘ H

H

2,3- Dihydrobenzo [d]
Thiazole — 2- Carhoxvlic

Ethanol
stirring 6hrs.

ppm) is assigned for (N-H) proton.
The chemical shift at (6 4.88 ppm)
belongs to the (N-C-H). Chemical
shift of aromatic protons showed at (&
7.1- 5 7.6 ppm). A weak signal is
appeared at higher chemical shift
(610.67 ppm) for one proton could be
attributed of the electron with drawing
group (COOH)[8].
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3-BC-NMR spectrum for the ligand

(L):

BC_NMR of the free ligand
shows the signals of the Caromatic carbon
of the bezene ring were observed at
(6108- 6136 ppm.). A signal at (666.22
ppm.) assigned to the carbon have one

Fig. (1): The *H-NMR spec

tru

m of the ligand (L)

hydrogen (HC-NH). This leaves the
signal at (6170 ppm.) correspond to the
carboxylic group. The signal at (6140
ppm.) assigned to (=C-NH) and
asignal at (640 ppm.) due to the
solvent[9].
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Fig (2): The “C-NMR spectrum of the ligand (L). 4-Infrared spectrum for the
ligand (L) and complexes.

The infrared spectrum of the
ligand in the solid state does not
contain the v(S-H) which appears in

the starting material
orthoaminophenylthiol at (2500-2600)
cm™ region. This indicates the
displacement of SH  hydrogen

orthoaminophenylthiol by means of >
CH-C=0[10], Furthermore new bands
were observed at 2852cm™ due touC—
H aliphatic[11]. Bands in the
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(3335)cm™, (1608)cm™, (1307)cm™ are
diagnostic of primary aromatic amine.
Thecarboxylate group va(COO),
and vs(COO") appeared at (1583)cm™
and(1560)cm™[12]. Bands at
(1246)cm™,(1020)cm™  (669)cm™ are
due to(S-CH)[13]. Infrared spectra
have been used to determine whether
coordination occurs through the
aromatic(-NH-) and(S—CH-) or only
through aromatic(—-NH-) in ligand (L).
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Fig. (3): Infrared Spectrum of the Ligand (L)
The infrared spectra of all formation of new absorption bands for

complexes showed the multi bands in
the range (3587- 3392) cm™ are split or
broader. The carboxylate group
Va5(CO0Y), and vs(COO") appeared at
(1556-1593) cm™ and (1500-1546)cm™
all that indicateda linkage between the
oxygen of carboxylate group with the
metal[14]. Bands at (1604-1610)cm’
'and  (1301- 1317)cm™ with the

the coordination bands (M-N) in the
region (503-551)cm™. Suggesting the
coordination through nitrogen
atom[15]. While the bands at (449-
486)cm™ assigned to v(M-0O), these
bands confirm the coordination of the
oxygen atom of caboxylate group with
metal ions in complexes[16].

Table (2): Characteristic stretching vibrational frequencies (cm™) located in the
FT-IR of the ligand (L) and it's complexes.

w(0-H) o(C-H) | o(C-H) |o(COO) | v(COO) ) o(M-0) N
No. | Compound Carboxyl v(N-H) Ar. Ali asym. sym. v(C-5) | v(M-N) +v(OH,) eq. UNOs
577 3335(m.br) (fnsif) 1246(m.s)
1 | (CHSNO, 1608(s.5), | 3306(m.br) : 1583(sh) | 1560(w.s) | 1020(m.s)
(m-br) 1307(s.5) 1475(s.5), 669(m.s)
: 1444(m.s) :
- 2952(sh)
2 | Lo | 32 32&3?32"’” 3180, 3061 (fngi?) 1568 1 1504(s.5) iﬁgiﬁmg 503(ms) |  H68(ss)
e (m.br) 1604(s.5), (m.br) 146§(s 9 (m.s) ’ 677(m§) ’ 825(m.s)
1301(m.s) aostss). :
(s.5)
2987(sh)
(3363)(m.br) 2601 1251(sh)
3 | L-CoCl, (fi?) 1610(5.9), 318?]"33356 (m.br) (1;55‘; 1510(m.s) | 1030(ms) | 525(m.s)|  475(m.s)
’ 1301(s.s) ’ 1471(s.s), ’ 671(m.s)
1420(m.s)
(3385 2970(sh) 1226(ms)
4 | L-Nich (fn"'if) 3354)(m.br) 31?;'3884 1473(s5), | 1593(s.) | 1546(m.s) | 1037(m.s) (fnsi) 449(m.s)
) 1317(m.s) ) 1442(m.s) 680(m.s) )
(3380- 2970(sh)
1249(ms)
3587 3200)(mbr) | 3150, 3057 | 2883(sh) | 1579
5 L,-CuCl, (m.br) 1608(m.S). (m.br) 1473(s.5), (ms) 1510(m.s) 16%’353&15)) 520(w.s) 472(m.s)
1307(m.9) 1440(m.s) :
2989(w.s)
(3354)(m.br) 1230(ms)
6 | L-racl, 3570 1608(ms), | 31603053 | 2889(w.s) | 1587 | y550 v | 1031(ms) | 505(m.s) | 470(m.s)
(m.br) 1305(m.s) (m.br) 1473(s.9), (m.s) 644(m.s)
: 1444(m.s) :
2980
w,br)
(3456)(m.br) ( 1249(m.s)
7 | Lecdcl, (ﬁf‘g) 3278,3219(s.5), 316(%]2)060 (fnsz% 1(383'; 1500(m.s) | 1055(m.s) | 513(ms) |  486(m.s)
1608,1305(s.5) AN 669(m.s)
1444(s,5)
2970
(3329- (mibr)
1250(m.br)
! 3566 3828)(mbr) | 31493003 | 2875 1570
8 L-HgCl, (m.br) 1608(s.5), ms) (mibr) (ms) 1510(m.s) 1607313((r:]nss)) 512(m.s) 472(m.s)
1311(s.5) 1475(s,s), ’
1450(m,S)
(3375% (m.)s) 29952m,sg 1247(ms) 9
3490 3302(m.s), | 3178, 3061 | 2890(m.s) | 1563 : 935 (m.s
9 | LePO(NOs) | oy 1608(m.s) ms) | 1475(ss), | (ms) | 1%00(Ms) 1607234(g]”35)) 540(ms) | 470(Ms) | ggh (m)
1303(s.5) 1446(M.9) :

Ar=aromatic, Ali=aliphatic, asm=Asymmetric, sym=symmetric, sh=shoulder, br=broad, m=medium, s=strong, w=weak
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The band characteristic of
coordinated water and (M-O) are seen
in Cr complex in (825)cm™ and (468)
cm® [17]. The Pbcomplexspectrum

exhibit bands at (935) cm™ and
(690)cm™due to coordinate nitrate
ion[18].
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Fig.(4): infrared spectrum of the L, — NiCl,

The U.V-Visible spectrum of ligand
(L) and complexes:

The UV-Visible spectrum of
ligand (L) in DMSO (10 M) solution
exhibited strong absorptionpeaks at

(268nm, 37313cm™), (348 nm,
28735cm™) and (359nm, 27855cm™).
This may attributed to the (nm— n*) and
(n—=*) transition[19].

2.5 P
2.0 \/f‘
£ 1.5
1.0 =
o.5 W/V,NM/M//
200 250 300 350 460
Wavelength (nm)
Fig. (5): The UV-Visible spectrum of ligand (L)
The UV-Visible spectrum of (600nm, 16666cm™), (660nm,

Cr*® complex showed a peak band in
the region (640nm, 15625 cm™) and is
due to “A,g—'T.g[20]. The UV-
Visible spectrum of Co™ complex
showed two peaks in the region

790

15151cm™) due to “Tig—*A.g and
(520nm, 19230cm™) “T,g(F)—*T1g(P)
[21].
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Fig. (6): The UV-Visible spectrum of L,.CoCl,

The UV-Visible spectrum of
Ni*? showed a peak at (840nm
11904cm™)  which is due to
SA0—°Tig[22]. Cu™  complex
appeared peak at (610nm, 16393cm™)
is due to 2Eg—?T,g. The brown
Palladium complex exhibited astrong
peak at (405nm,24691cm™) due to
'Big—>'Aig transition[23].The UV-
Visible spectra of Cd*?, Hg** and Pb*?
complexes showed shifted peaks
compared with free ligand (L) are due
to charge transfer[24]. The molar
conductancewere measured in DMSO
solvent and concentration 10° M at
room temperature. The  molar
conductance values of the synthesized
complexes were at the range (1.24-
11.21 ohm™.cm?mole™). These results
suggested non- ionic electrolyte for
complexes[25].

The magnetic moments of
Cr(lll) complex were indicative of
three unpaired electron for Cr(Ill) ion
suggesting  consistency with  their
octahedral environment. The magnetic
moments measurements for the solid
Co(Il) complex are also indicative of
three unpaired electrons per Co(ll) ion
suggesting  consistency with  their
octahedral environment. Ni(ll)
complex showed the magnetic moment
value of (2.8- 3.5) B.M. (Octahedral
range) suggesting consistency with
their octahedral environment. The
magnetic susceptibility measurements
of Cu(Il) complex is 1.98 B.M. which
suggests the presence of one unpaired
electron with octahedral configuration
[26]. Electronic spectra conductance in
(DMSO), magnetic moment (B.M) of
the ligand and it's complexes are given
in Table (3).

Table (3): Electronic spectra in (DMSO), conductance in DMSO, magnetic
moment (B.M) of the ligand (L) and it's complexes

. Assignment Emax A S.(ohm™*cm?.mol™)
No. Compound A(nm)cm bands (L.mol".cm) DMSO (10°M) Mess (B.M)
37313(268) ¥ 2250
1 (L)CsH7SNO, 28735(348) - 2402
27855(359) 2025
36764(272) L.F 1004
2 L-CrCls.H,0 15625(640) Aoger'Tg 379 9.34 371
38314(261) L.F 2312
3 Lz-COClz 19230(520) 4-|—1g(|:)—)2-|—1g(|:) 214 9.34 4.42
15151(660) ‘T1g*Axg 543
NG 35971(278) L.F 1352
4 Lo-NiCl, 11904(840) AgT1g 282 10.52 2.91
) 28985(245) L.F 1045
37313(268) L.F 1440 .
6 Lo-PdCl, 24691(405) 18,0>'Aug 987 9.33 Dia
7 L,-CdCl, 26178(382) Charge-Transfer 1321 10.35 Dia
8 L,-HgCl, 25641(390) Charge-Transfer 843 9.45 Dia
9 L,-Pb(NO3) » 25125(398) Charge-Transfer 1031 1.24 Dia
B.M= Bohr magnation.
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The Study of Cr*3, Co™, Ni*?, Cu*
complexes formation in solution:

The complexes of the ligand
(L) with selected metal ion (Cr**, Co*?,
Ni*?, Cu*®) were studied in solution
using ethanol as solvent, in order to
determine (M:L) ratio in the prepared
complexes, following molar ratio
method[27]. A series of solutions were
prepared having a constant

concentration (C) 10° M of the
hydrated metal salts and the ligand (L).
The (M:L) ratio was determined from
the relationship between the absorption
of the observed light and the mole ratio
(M:L) found to be (1:1) for (Cr*)
complex while(1:2) for (Co™, Ni*,
Cu*®) complexes. The results of the
complexes formation in solutions are
shown in Tables (4 and 5).

Vm = volume of metal in (ml) V= volume of ligand in (ml)

Table (4): Continuous variation slop for Table (5): Continuous variation slop for
Cr*®ion A (368nm) Co*?jon A (261nm)
L- CrCl;.H,0O L,- CoCl,
Vm \'% Abs Vm \ Abs
1ml 0.25 0.28 1ml 0.25 0.12
1 0.5 0.59 1 0.5 0.17
1 0.75 0.91 1 0.75 0.24
1 1 1.2 1 1 0.27
1 1.25 1.19 1 1.25 0.37
1 1.5 1.21 1 1.5 0.39
1 1.75 1.22 1 1.75 0.39
1 2 1.19 1 2 0.4
1 2.25 1.18 1 2.25 0.41
1 2.5 1.21 1 2.5 0.39
1 2.75 1.19 1 2.75 0.39
1 3 1.22 1 3 0.41
The stability constant (K;) of Table (6). The solutions were
the (1:1) [metal: Ligand] (eqg.1) or (1:2) measured at (Amax) Of the maximal
[metal: Ligand] (eq.2) complex was absorption. The molar absorptivity
evaluated using the following (emax)(€q.4) has been calculated using
equations: , equation; A= gmax. b.C....... 4)
, 2Kf= l-a/o”C ... (1), K= 1- @ (A) is the average of three
/40" C.... (2), 0= Am — As[An.... (3). measurement  of the  absorption
(o) is the degree of the containing the same amount of metal

dissociation (C) is the concentration of
the complex (102 M). (An) and (As)
are absorbance of the partially and
fully formed complex respectively

ion and three fold excess of ligand, (b)
is the path way of the quartz cell
usually equal (1cm).

Table (6): As, Am, Ks, Amax, OF theCr+3 Co*? Ni*?, cu*?

No. Compound As Anm Formation constant (Ky) Amax NM
1 Cr—complex 1.2 1.22 0. 016 3.843x10° 368
2 Co-complex 0.27 0.41 0.341 4.140x10° 261
3 Ni-complex 0.20 0.31 0.354 3.640x10° 397
4 Cu-complex 0.50 1.01 0.504 9.680x10° 362

Antibacterial activity study:

The antibacterial activity of the
prepared new ligand and it's complexes
were studied against selected types of
microorganisms which include gram
positive bacteria like staphylococcus
aureus and gram negative bacteria like
E.coli, in a gar diffusion method®®,
which is used (DMSO) as a solvent,
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and we are used these Antibiotics disc
which include cephalosporin  as
control. Agar diffusion of
microorganisms on agar plate. The
plates were incubated for [24] hrs. at
(37°C), the zone of inhibition of
bacterial growth around the disc was
observed Table (7).
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Table (7) The effect of ligand and its complexes on gram positive and gram
negative bacteria

Diameter of inhibition zone (mm)at Diameter of inhibition zone (mm)at
c d concentration 1mg|ml concentration 5mg|ml
ompoun E coli Staphylococcus E coli Staphylococcus
- colt aureus - coll aureus
Cephalosporin 26.4 25.8 28.8 26.2
(L)CgH;SNO, 16.6 16.4 17.2 17.8
L-CrCl3.H,0 12.6 12 13.4 14.2
L,-CoCl, 14.4 14 15.6 14.2
L,-NiCl, 16 15.8 16.4 15.6
L,-CuCl, 15 11.6 13.8 14.6
L,-PdCl, 17.4 17 18.4 17
Conclusions:

The measurements (elemental Pb*? with  2,3-dihydrobenzo  [d]
analysis, infrared and electronic thiazole-2-carboxylic acid (L) have
spectra, magnetic susceptibility been prepared and characterized. The
measurements, atomic  absorption bidentate ligand (L) (N,O) is binding
spectroscopy and molar conductivity) metal forming octahedral structure
are used to determined geometry of except Pd*? forming square planer
synthesized. structure as follow;

A new series of complexes of
Cr*3, Co™, Ni*? Ccu*? Pd*?, Cd*?, Hg",

H,0 H
C\l,,/\N\ S s -H H—N S
Cr z X
o] ; H_C/N\q)/ N
Ci T——'CQO | /’r\ |
_—C C
H o~ \O X O/ So
HO\C¢O H H
, M*i = Co, Ni, Cu, Cd, Hg; X=CI
H—C cl M*? = Pb; X = NOsy’
s n-w v HN S ?
Cl/ \ T_H
o~ "o

Antibacterial effects of new [2] Hughes, M.N. 1988.The inorganic
ligand and its complexes indicated that chemistry of biological processes.
the new ligand than its complexes John-Wiley and sons. Ltd., 2" Ed.,
exhibited almost equal or more Amsterdam,pp. 200,
antibacterial activity against both gram [3] William, C.C.; Lock hart C.J., and
positive and gram negative bacteria. Musa, F. H.1986. Preparation and

complexation of polydentand-
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