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ABSTRACT

In this present work, we report the synthesis dmtacterization (IR*H NMR,*C NMR, molar conductance, mass
spectra, UV-Visible, thermal analysis, EPR, and BemXRD) of Schiff base namely 4-((3, 5-dibromoy@rbxy
benzylidene) amino) benzene sulphonamide and tial k@mplexes. The bidentate coordination of ligdmeugh
phenolic oxygen and imine nitrogen (-CH=N-) wasfoomed using spectral data. With the help of TGénber of
water molecules in coordination sphere of complexas predicted. The geometry of complexes was peabasing
EPR spectra. In-vitro antimicrobial activity of cpomunds L, L-Cd, L-Cu, and L-Zn was evolved with bacterial
and two fungal strains, In-vitro anticancer actjvitoward HeLa (human cervical cancer cell) was cdrout for
compounds L, L-Cd, L-Cu, L-Zn and L-Mn, whereirGd.shows potent inhibitory effect against Hel a lied.

Key words: Synthesis, 3, 5-dibromo salicylaldehyde, SchiffyaSulphonamide, Metal complexes, Biological
activities

INTRODUCTION

In the development of coordination chemistry, metahplexes of Schiff bases occupy a main role Ttdnsition
metal complexes of Schiff base compounds are useglaavth inhibiting agents for most of bacteria &magi also
they are widely used as potential therapeuticstf@y are useful in health and skin care [3]. Meegptransition
metal ion Schiff base complexes can be appliedicoarly in agrochemical and pharmaceutical indast[4].

More attention on Schiff bases containing halogemma and their metal complexes is due to theimgntbbial
properties [5]. The wide investigations of Schiffses derived from substituted salicyladehydes anidws amines
and their metal complexes is due to their enorntmakgical applications [6-9]. The ligands poss€sand N
donor atoms show broad biological activity and hapecial interest on bonding to metal ions [10,. 1T}he
enhanced biological activities like antitumor, aatiterial and antifungal activities are observeddlicylaldehyde
derivatives, with one or more halo-atoms in thexaatic ring [12, 13]. The synthesis of metal sulphmide
compounds has received much attention due to #@féactive chemotherapeutic nature when employedtHer
prevention and cure of bacterial infections in ham&onsiderable attention has been paid by masgarehers
over the synthesis of sulphonamide derivativesabge of their ability to coordinate with metal atin different
ways [14-18]. Furthermore, the aromatic amino grofipulphonamide derivatives are versatile onesesibican act
as coordinating site as well as reactive site foengical modification. In view of previous findinghere we
synthesized 4-((3, 5-dibromo-2-hydroxy benzylideaehino) benzene sulphonamide (L) derived from 3+ 5
dibromo salicylaldehyde and sulphanilamide, and #s transition (II) metal complexes. The struetuof entire
new compounds were confirmed with the results afctpl and elemental analyses. Moreover we repdfted
antimicrobial screening as well as anticancer @gtagainst HeLa cell line for selected compounds.
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EXPERIMENTAL SECTION

2.1 Materials

All chemicals used in the present workz., sulfanilamide, 3, 5-dibromo salicylaldehyde, CiEH,O,
Ni(CH3COO)4H,0 and Cd(CHCOO)RZ2H,0, ZnCh.6H,0, CoNQ.6H,0 and Mn(NQ),.2H,O were of analar
grade (Sigma - Aldrich). Ethanol and methanol wesed after distillation. The remaining reagentsengrocured
from commercial sources.

2.2 Instrumentation

Carbon, hydrogen and nitrogen (C, H & N) analysesevperformed by Thermofinnigan elemental analyiz&f-
Visible spectra of the ligand and metal complexesearecorded in the range of 200—800 nm using StEM&V-
1650 spectrophotometer. Infrared spectra were decbon Avatar 330 FT-IR, in the range of 4000-480'wsing
KBr pellets.'H and**C NMR spectra (at room temperature) were recordec @ruker Magnet System in 400
MHz/54 mm (Ultra Shield Plus) using DMSO as a sotvand TMS as internal standard. Thermal analysis
(TG/DTA) was carried out using, SDT Q 600 therm@dlsizer in the temperature range 20-1000in nitrogen
atmosphere at a heating rate of°@min™. The mass spectra were recorded by using JEOL GEI\GC-MS.
X-ray diffraction spectra of the Schiff base arsl imetal complexes were carried out with powder@upounds
using XPERT-PRO diffractometer system at 25 °C inahode material [K-Alphal (A) 1.54060, K-Alpha2)(A
1.54443 K-Beta (A)1.39225] and the generator sgdtias 30 mA, 40 kV. EPR spectrum of Schiff basepeop
complex was carried out using JEOL Model JES FAEBR instrument with X- Band frequency: 8.75 - 9@z,
Sensitivity: 7 x 18 spins/0.1mT, resolution: 2.35T, variable temperature in the range -170 to +200Melting
point was measured using Gallenkamp melting pgapagatus. Molar conductance of the entire compouvals
determined in DMSO at room temperature using a CNAD WPA conductivity meter.

3. Synthesis of 4-((3, 5-dibromo-2-hydroxy benzylehe) amino) benzene sulphonamide (L)

The Schiff base ligand was synthesized by reflux@nd-dibromosalicylaldehyde (0.02 mol) with sulfamide
(0.02 mol) in methanol (50 mL) for 6 h. After thelwent has been removed by evaporation in vacubendsultant
product was filtered, dried, washed several timéh Wwot methanol and recrystallized. The recrystatl product
was dried under vacuum over anhydrous GaRéd colour solid, yield 90 %. m.p. 220-222. Anal. Calc. for
C1aH10N,SOBr, (%): C (35.97), H (2.32), N (6.45); found: C (35981 (2.23), N (6.41). MW: 434.09. K™
cmmol™): 4.42. IR (KBr, cm'): 3317Vas,n(NHy), 32404,{NH5),1625V(C=N), 1155V,5,(SO;), 1230v(C—OH).

'H NMR (DMSO - ¢, 400MHz) 6 ppm: 14.150 (OH, phenolic, 1H), 9.039 (HC=N, 1fM)998-7.635(aromatic
protons, 6H), 7.454(N§ 2H).*C NMR (DMSO — ¢, 400MHz)8: 164.18 (HC=N, 1C), 156.94 — 122.06 (Aromatic
carbons, 12C). MS (GC), m/z (%):'WB3.78.

3.1 Synthesis of complexes

A methanolic solution of ligand (0.002 mol) was etxwith metal chloride or nitrate or acetate (0.68#) keeping
metal ligand ratio 1:1. The mixture was refluxed 4oh. The solid product precipitated on coolingswallected by
filtration and washed with hot methanol until theshings become colourless. The product was driagdaum
over CaC}. All metal complexes are coloured and stable t@iadl moisture.

4-((3, 5-dibromo-2-hydroxy benzylidene) amino) bereme sulphonamide. Cd (L-Cd):Red colour solid. Yield 45
%. m.p. 180-182C. Anal. Calc. for GH;¢N>-SOBr,Cd (%): C (28.12), H (2.51), N (4.37); found: C @8), H
(2.60), N (4.58). MW: 640.566. KQ™ cnfmol™): 2.24. IR (KBr, cm’): 3323,n{NH,), 3230,n{NH,),
1632(C=N), 115%45,n(SO,), 123%(C-OH),833(H,0, coord) 558(M — 0), 45&(M — N).'H NMR (DMSO -
ds,400MHzp ppm: 8.839 (HC=N, 1H), 8.007-7.635 (aromatictpns, 6H), 7.456 (NH 2H) , 1.910 (CH
1H).**C NMR (DMSO - ¢,400MHz) : 199.01(COO, 1C), 160.81 (HC=N, 1C), 156.49 —.9@(Aromatic carbons,
12C), 20.14(CH, 1C) MS(GC ), m/z (%): M : 640.566

4-((3, 5-dibromo-2-hydroxy benzylidene) amino) bereme sulphonamide. Ni (L-Ni): Green colour solid. Yield
30%. m.p. >30C°C. Anal. Calc. for GH1eN,SOBroNi (%): C (30.70), H (2.74), N (4.77); found: C (36), H
(2.81), N (4.82). MW: 586.846 KQ™ cnfmol™): 2.16. IR (KBr, cm): 3300asym (NH,), 3200 veyn{NH,),
1635)(C=N), 1158 45,{SO), 1203(C—OH), 831(H0, coord) 55¥(M — O), 455(M — N).MS(GC) , m/z (%): M
*:586.830

4-((3, 5-dibromo-2-hydroxy benzylidene) amino) bereme sulphonamide. Cu (L-Cu):Brown colour solid. Yield

40%. m.p. 200-202C. Anal. Calc. for GH;13N,SOBr,CICu (%): C (27.48), H (2.30), N (4.93); found:(Z7.62),
H (2.39), N (5.02). MW: 568.105 KQ™" cnfmol™): 2.82. IR (KBr, cm'): 3315,,i(NH2), 3225,,{NH,),
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1636)(C=N), 1158,5,(SO,), 1236/(C—OH), 842(H,0, coord) 55¢(M — O), 47&(M — N).MS(GC), m/z (%): M
. 568.105
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Scheme -1- 4 -((3, 5-dibromo-2-hydroxy benzyliden@mino) benzene sulphonamide Metal complexes

4-((3, 5-dibromo-2-hydroxy benzylidene) amino) bereme sulphonamide.Zn (L-Zn):Orange colour solid. Yield
75 %. m.p. >300C. Anal. Calc. for H1aN,SOBr,ClZn (%): C (27.39), H (2.29), N (4.91); found: €7(46), H
(2.31), N (4.89). MW: 569.955. KQ™ cnfmol™): 2.24. IR (KBr, crm): 332%,(NH,), 323%,,{NH,),
1630(C=N), 115 ,5,,(SO;), 1205(C—-OH), 82%(H,0, coord) 54¥(M — O), 45%(M — N). 'H NMR (DMSO — g,
400MHz) 8 ppm: 8.919 (HC=N, 1H), 7.985-7.634(aromatic pnsta6H), 7.455 (N 2H).*C NMR (DMSO — d,
400MHz)5 : 160.18(HC=N, 1C), 156.69 — 121.69 (Aromatic cafy 12C)MS(GC), m/z (%): Nb669.955

4-((3, 5-dibromo-2-hydroxy benzylidene) amino) bereme sulphonamide. Co (L-Co)Brown colour solid. Yield
90%. m.p. 168-170C. Anal. Calc. for GH;13N3SOBr,Co (%): C (26.46), H (2.21), N (7.12); found: C (28), H
(2.36), N (7.30). MW: 590.048. KQ™ cnfmol™): 2.32. IR (KBr, cm): 3315,(NH,), 3255,,{NH,),

1635)(C=N), 1149,4,(SOy), 1205(C-OH), 82%(H,0, coord),56£(M — O), 463v(M — N).MS(GC), m/z (%): M
"590.536

4-((3, 5-dibromo-2-hydroxy benzylidene) amino) bereme sulphonamide. Mn(L-Mn): Blackish brown colour
solid. Yield 80%. m.p. >30@. Anal. Calc. for GH1aN:SGBr,Mn (%): C (26.64), H (2.23), N (7.16); found: C
(26.84), H (2.41), N (7.30). MW: 586.048 (" cnmol™): 2.46 IR (KBr, cm"): 331%as,(NH2), 32506,:{NH,),
163%(C=N), 115%,5,{SO,), 1236v(C—OH), 831(H20, coord), 554(M — O), 47&(M — N).MS(GC), m/z (%):
M *586.047.

3.2 Biological activities

The antibacterial activity of the synthesized commts was determined against five bacterial straiizs,
Escherichia coli(E. coli), Staphylococcus aureyS. aureul Enterococcus faecali(E. faecali$, P.aurogenesind
K. pneumoniaAmpicillin was used as reference antibacterial &dervitro antibacterial activity was determined by
agar well diffusion method [19] as described in previous work [20].

Antifungal activity of the ligand (L) and its metabmplexes was screened against two fwigi Candidaalbicans
(C. albican$ andA. nigeraccording to the guidelines in the National Conteitfor Clinical Laboratory Standards
(NCCLS) approved standard document M27-A2 [21]e@twmycin was used as reference antifungal ageid. dfl
the synthesized compounds were determined by shiidilon tube method as mentioned in our previwask [20].
For both the activities the concentration of commbwas maintained at 400ug.
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3.3 Anticancer activity:

The anticancer activity was performed at Tata Meah@entre Advanced for Treatment, Research anat&ahn in
Cancer (ACTREC), Khar, Navi Mumbai — 410210, (Heledl line) by SRB assay. The principle behind SRBay
is, under acidic conditions, a bright pink aminokame dye SRB binds dye to basic amino acid residnel CA
(Trichloro acetic acid) fixed cells to provide anstive index of cellular protein content that iiselar over a cell
density range of visible at least two order of niagte [22, 23].

The cell count of trypsinized monolayer cell cuitwvas adjusted to 0.5-1.0%3€ells/ml using 10% new born sheep
serum medium. To each well of the 96 well micreetiplate, 0.1ml of the diluted cell suspension (agpnately
10,000 cells) was added. After 24 hours, when &gbanonolayer was formed, the supernatant wakdticoff,
washed once and 1Q0 of different test compound concentrations werdeatlto the cells in micro titre plates.
Following compounds addition, plates were incubate@7°C for 72 hours in 5% C095% air and 100% relative
humidity. Every 24 hours microscopic examinatiorswearried out and results were recorded. After dizr$y 25ul

of 50% trichloroacetic acid was added to the wgdiatly such that it forms a thin layer over the tasmpounds to
form overall concentration 10 % and incubated mn@in. at 4C. To remove traces of medium, sample and serum
the plates were flicked and washed five times wajn water and then air dried. The air-dried platese strained
with 10Qul SRB and kept for 30 min. at room temperatureeAftraining, the unbound dye was removed by rapidl
washing four times with 1 % acetic acid and thendaied. To solubilize the dye, 100 pl of 10 mM S'hase was
then added and the plates were shaken vigorousl foin. The absorbance was measured using mitceoptader
at a wavelength of 540 nm. The percentage growtibiton was calculated using following formula,

% cell inhibition= 100-{(A-Ap)/ (Ar-Aw)} X100

Where, A = Absorbance value of test compound,
Ap = Absorbance value of blank,
A, = Absorbance value of reference.

RESULTS AND DISCUSSION

The condensation of sulfanilamide with 3,5-dibrealicylaldehyde in 1:1 molar ratio yields Schiffsieawhich on
further reaction with metal saltgiz CuCh.2H,0, ZnCL.6H,0, Ni(CH;COO).4H,0, Cd(CHCOO),.2H,0,
Co(NG),.2H,0 and Mn (NQ),.2H,0O in metal ligand ratio 1:1 yielded the correspoigdcomplexes, (L-M)which
are given in (scheme 1)

4.1 Physical Properties and UV-Vis spectra
The 1:1 metal ligand ratio of the complexes wadiomed by elemental analysis. The observed moladaotance
of the complexes in DMSO solution (1x34) are non- electrolytes, since it does not hawecmunter ion.

The UV-Vis spectra of entire compounds were reedrith DMSO at room temperature. The spectrum ofitfaend
(L) exhibits two bands at 297 and 442 nm attributed-1 and nit* transition within the ligand. In the spectra of
complexesjrttband remains unaltered, whereasfnbond is blue shifted between 290 and 390 nm regdioe to
the polarization within the >C=N chromophore whazgused by the formation of covalent metal-nitrogend [29].
The above observations confirm the charge trarisiar ligand to metal charge transition (LMCT) [25].

4.2 IR spectra

The structures of newly synthesized ligand andcdmplexes were characterized by FT-IR technique thed
resulting spectra are given in Fig. 1.The ligandduim this investigation is neutral which contaiwe coordination
sites. The peak appeared at 1624" émthe spectrum of ligand due to azomethine gro(P=N) is shifted to higher
frequency (6-15 cif) on metal coordination. This observation helpedauprove the coordination of azomethine
nitrogen with metal [26, 27]. The shifting is due the donation of electron from the lone pair obraethine
nitrogen to the empty d-orbital of the transitiortal atom. Except ligand all the metal complexasashbroad band
at 3454(L-Cd), 3464(L-Ni), 3450(L-Co), 3460(L-Mr441(L-Zn), and 3439cH{L-Cu) may be due te (OH) of
water. The NHstretching vibration band observed at 3317 and @24 ligand, does not show much deviation in
the spectra of complexes. This indicates the ngakement of NH group in complexation.

Similarly, the absorption bands appeared at1325 HrEb cnl due to asymmetric and symmetric stretching
vibration respectively of SOgroup in ligand, appeared with more or less atséime position in metal complexes
suggests the non-involvement of SfBoup in complex formation [28]. In spectra of cdexes, the IR band (H,O)
appeared at 802-850¢rndicating the binding of water molecules to thetahéns [29]. Moreover L-Cd and L-Ni
complexes showed the coordination of acetate gipuphe appearance of new bands due,p(COO) and
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Veyn(€00) at 1572 — 1573 chrand 1415-1442 cihrespectively [30]. L-Co and L-Mn shows two new damt 1381
— 1382 crit and 1205 ci due to the coordination of nitrato group in thembnation complex [31]. A new band
appeared at lower frequency region 524 — 553amd 455 — 470 crhis due to (M-O) and (M-N) coordination
respectively. A sharp band in ligand spectrum apgeat 1230cfh [32] due to(C-OH) stretching vibration of
phenol is shifted to higher or lower frequencycamplexes (L — Cu: 1236¢hL-Cd: 1237crt, L-Ni: 1203cn,
L-Co: 1205cn, L-Mn: 1207cn, L-Zn: 1265cnT) indicates the coordination of phenolic oxygenhwitetal atoms
33].

[ ] Table 1: Powder XRD, hkl calculation for L-Cu complex

Position (M) | d-spacing (A) | Relative intensity (%) B | 1000/ | (1000/3)/ Common factor | hkl
16.1849 5.4765 100.00 29.99205 33.34317 1.7127 011
21.9359 4.052 41.63 16.418} 60.906[15 3.128589 111
25.0189 3.5592 21.80 12.6679  78.93965 4.054923 020
28.8424 3.0955 26.60 9.5821p 104.361 5.360753 210
31.7087 2.8219 31.13 7.9631p 125.5789 6.45066 211
33.9616 2.6397 25.96 6.968016 143.5129 7.37188 - -
44,7707 2.0243 18.22 4.0977Pp 244.034 12.73538 320
45,3437 2 11.25 4 250 12.84184 302
57.3528 1.6065 13.06 2.580842 387.4104 19.90334 133
68.5687 1.3886 17.86 1.9282[l 518.6157 26.63993 143

Table. 2 —Mass loss (%) & Temperature range of TGAurve for the complexes

Complex - Steps -
First Second | Third
L- Cd Temp.6° C | 20-330| 331-900 1000
% Loss 30.0 49.9 20.1
L_Ni Temp.6° C | 20-370| 371-900 1000
% Loss 32.0 55.0 13.0
L_cCu Temp.0° C | 20-360| 361-90Q 100Q
% Loss 34.0 52.5 13.5
L—7n Temp.0° C | 20-370| 371-90Q 100Q
% Loss 34.0 52.0 14.0
L—Co Temp.0° C | 20-370| 371-90Q 100Q
% Loss 33.1 54.74 12.9
L—Mn Temp.6° C | 20-370| 371-900 1000
% Loss 31.0 56.0 13.0

Table 3 Antimicrobial activity of Ligand & metal complexes (zone of inhibitors in mm)

Microbial Strains | L | L-Zn | L--Cu | L-Cd | Positive control
E.coli 15 15 30 11 31
S.aureus 10 11 11 12 28
E.feacalis 16 20 29 25 31
P.aurogenes 12 9 11 - 30
K.pneumonia 14 20 11 12 31
C.albicans 15 21 28 23 25
A.niger 15 22 29 19 24

Table. 4 Parameters Calculated from cell line

Human Cervical Cancer Cell Line HeLa
% Control Growth
Drug Concentrations (ug/ml)
Experiment 1 Experiment 2 Experiment 3 Average Vales

10 20 40 80 10 20 40 80 10 2 4 8 1 0 80

L 65.8 37.7 -12.0 -58.2 62.1 404 -8.8 -6111 440 0.03| -186| -745] 573 36.0 -13.0  -64/6
L-cd 34.7 -11.4| -47.3 -65.4 60.5 24.6 -27|6  -63.4 6.22| -30.4| -77.1| -84.4 40.5 -5.7 507 -742
L-Mn | 97.0 75.3 35.7| -19.4 1173  93. 551 -7|8  30B. 77.5 34.2 | -23.7] 105. 82. 417 -191
L-zn 112.3| 120.9] 98.8 39.4 135[3 1343 1174 5p.711.3| 124.0| 107.8 421 119p 1264 108.0 4438
L-cu 103.6 | 96.8 38.3 -0.9) 130.p  113|8 57|6 1.5 .103102.2| 40.9 6.7 112.4 1043  45.p 5p

4.3'H and **C NMR spectra

NMR is a tool to identify the exact number of pragoas well as carbon in the structure of compourlesNMR
spectra of ligand (L) and its diamagnetic compleXészn and L-Cd) were recorded in DMSO using
tetramethylsilane (TMS) as internal standard. Areepntative spectrum is given in Fig."B. NMR spectrum of
ligand (L) shows a signal @at14.150 ppm with integral value 1 is attributedpteenolic proton [34]. The multiple
signals observed betweéry.635 and 7.998 ppm are due to aromatic protoms.signal appeared &0.039 ppm is
assigned to imine proton (—HC=N-) with an integi@ue one. The signal &t7.454 ppm with an integral value two
is assigned to —NHprotons [35]. The signal appeared for imine prdtorfree ligand até 9.010 ppm is shifted to
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up field in L-Cd and L-Zn complexes indicates thetal nitrogen coordination. A signal, which waselyved ab
14.150 ppm in ligand spectrum has been completshpgeared in L-Cd and L-Zn complex spectra, corithe
involvement of phenolic oxygen in coordination. Madiile a new signal appearedsat.910 ppm corresponding to
three proton integrals attributed to coordinatidracetate group with metal. Taken togethét, NMR spectral
observations support the bidentate nature of ligand

In **C NMR spectra of ligand, signals betwen22.06 and 156.94 ppm are due to aromatic cartire signal
due to imine carbon (-HC=N-) &t64.18 ppm [36] is shifted to up field in the spacif L-Cd and L-Zn complexes
at 5160.81 ppm and$160.18 ppm respectively, indicating the involvemefilzomethine in complex formation.
The *C NMR spectrum of complex L-Zn shows no progressifiange in aromatic carbon compared with free
ligand. However, in L-Cd complex, two signals appeaatd 199.01 ppm and20.14 ppm, confirms the
involvement of acetato group in coordination. Aresgntative spectrum is shown in Fig. 2 &3.

Table. 4 a Parameters Calculated from cell line

Parameters Calculated from cell line
HelLa LC50 TGI GI50*

L 68.6 39.8 10.9
L-Cd 56.97 22.5 <10
L-Mn >80 68.2 39.3
L-Zn >80 >80 80.4
L-Cu >80 79.6 48.2

LCso— Concentration of drug causing 50 % cell kill
Glso - Concentration of drug causing 50 % inhibitioncedl growth
TGI - Concentration of drug causing total inhibit of cell growth
FGlso- Values of < 10 umg is considered to demonstrateni activity in  of pure case compounds

4.4 X-ray powder diffraction

Powder X-ray diffractometry of the samples was @enied without any further treatment such as hamtlgng. In
addition, the experiments were performed in sphcfabricated sample holders (of a modified polypterprotect
them from the ambient moisture. Among powder X-diffraction analysis of all the compounds, (Fig. ahly
ligand, Cu and Mn complexes display defined shagakp indicating their crystalline nature, wheret®
broadening of peaks in all other complexes mayaksviheir amorphous nature. Amorphous materialsataepict
any significant peak in diffraction pattern [37,]38rystalline nature of the complexes was indidatg comparing
the XRD pattern of the ligand and complexes. The K + I? values are determined for all the complexes by uni
cell calculations. The result reveals that all tbenplexes are tetragonal geometry due to the preseinforbidden
number 7 [39]. A representative calculation is givie Table 1. The structure of complexes couldb®tetermined
due to the unavailability of single crystals. Eaobmplex has specific d values, which can be usedtsin
characterization [40, 41]. The crystallite sizgsafe calculated using the Scherrer equation [42].

t = KMB (COD).rrvrnn. 1)

Wherex is Scherrer constant = 08js the wavelength of X-ray, is the peak position measured in radian, @l
the integral breadth of reflections (in radiat Bbcated at 8 The calculated average crystallite size forrija
28.44 nm and its metal complexes: 28.22 nm (L-@8)68 nm (L-Cd), 28.19 nm (L-Cu), 28.28 nm (L-Z88.39
nm (L-Mn) and 28.41 nm (L-Ni).

4.5 Thermogravimetric Analysis

Thermogravimetric analysis of transition metal ctemps was one of the useful techniques to idertfify
availability of water molecules in complexes aslvaslto know the stability of the metal complexesthe present
study, heating rates were controlled at@0min* under nitrogen atmosphere and weight loss was une@sip to
1000°C (Fig. 5). The weight loss percentage at varidages are summarized in Table 2.

In Cd complex, mass losses were occurred in thegges. The first stage at 20 — 380 corresponds to loss of $O
NH,, GsHj, and one lattice and one coordinated water made¢folund : 30.0 %, cal: 29.9 %). The second stage
decomposition with mass loss of 41.9 % (cal: 41)8a%331 — 900C was attributed to the remaining organic
molecule. Final decomposition of 20.1 % (cal: 20%0¥mass loss was due to CdO.

For Ni complex, the first step is in the temperattange of 20 — 37, with the mass loss of 32.0 % (calc: 32.74
%) may account for SONH,, and GH4and two (one lattice and one coordinated) wateemdés. The second step
occurs within the temperature range 371 — ‘@®&hich corresponds to the removal of organic mdkewith a mass
loss of 55.0 % (calc: 54.53 %). In the final steptal oxide was leaving as residue (found: 13.@dg: 12.72 %)
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Fig:1 IR spectra of Ligand & metal complexes,&) L-Zn (b)L -Mn (c) L-Co (d) L-Cu (e) L-Ni (f) L -Cd (g) Ligand

The thermogram of Cu shows first step of decomjmosin temperature range of 20 to 360with mass loss of 34
% (calc: 34.8%) due to SONH,, CsH, and two water molecules. Both lattice as well asodinated water
molecules was decomposed within this temperatungeraThe remaining organic moiety has been decostbos
from the molecule at 361 — 900 (mass loss, found 52.5 % calc: 52.17 %). Lasgt st@s the removal of residue
metal oxide with a mass loss of 13.5 % (calc: 14.0%

The first decomposition step in Zn complex at terapee range between 20 and 3CGs due to the removal of
SO,, NH,, CsH, and two water molecules (one lattice and onerdaiated water molecule) with mass loss found
34.0 % (calc: 33.71 %). The second step (371-GDindicates the decomposition ofHGBr, (found 52.0 %, calc:
52.10 %). Metal oxide is the stable residue at 1@Found 14.0 %; calc: 13.9 %).
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Fig. 4 Powder XRD of Ligand & metal complexes
L—Mn

In Co complex, the decomposition is characterizgdtbps at 20 -378C, 371- 90F°C and >900C corresponds to
the removal of lattice and co-ordinated water malles, SQ, NH,, and GH,4 (found 33.10 %, calc: 32.56 %),
remaining organic molecule (found 54.0 %, calc784%) and metal oxide (found 12.90 %, calc: 12.69 %

Similarly in Mn complex, the first step of decomfim was due to S§ NH,, GH, and two water molecules

(temp range 20 — 37@) with mass loss of 31.0 % (calc : 32.78 %). Thlesequent steps (371 — 9Q) correspond
to the removal of organic part of the ligand (fol&l0 %, calc: 55.13 %) leaving metal oxide asdsi
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Fig. 6 EPR of L — Cu complex

4.6 EPR

EPR studies of Copper (ll) complex (Fig. 6) wasriear out on the X-band at 9.4 GHz under the magrfetid
strength 3000 G. The spectrum was recorded in DMSMom temperature. The spin Hamiltonian paramaédtar
tr;e copper complex are calculated from the spettra.explicit formulae for Cu (II) with a singleeetron in  d%
y-are

Ax = Ay =[x + 2/7 +11/14(g, - )] P ->1
Az=[-x-4I7 +(g-gJ)] P >2
With P = energy unit for dipolar interaction ~ 0508m* and « = 0.23. The trend,;gg.>2.0024 [(A = 184x 10*

cm’> Ai= 94x 10%cmi?; g|| = 2.3413 > g 2.0674] indicated that the copper the one ungagtectron is localized
in dx-y? orbital of the Cu (Il) ion and the spectriglufes are characteristic for the axial symmettyatgonal
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geometry. [43] For copper complex g|| = 2.34 whichn between 2.3 - 2.4, thus shows mixed coppeogen and
copper-oxygen bonds in these chelate [44, 45]. pdmmeter G, determined as G= (g||-2}Z4y The Cu(ll)

complex reported in this paper gave the “G” vauehich are greater than 4 [ i.e 5.1] indicating #xchange
interaction is absent in solid complex [46]. Theding parameters of this complex can be calculafddthe help
of optical spectra of the complex.[47]. The molecwrbital coefficients in-plane — bonding %) and in-planes —

bonding ¢2) were calculated using following expressions [48]

o’ = (Al|/ 0.036) + (gH 2.0023) + 3/7 (g- 2.0023) + 0.004 53
B%= (g|l- 2.0023) E / -80? 54

The spin-orbit coupling constarityalue (- 534 ci) calculated using the relationsgj, = 1/3[g|| + 2] and gay =
2(1-2/ 10Dq), is less than the free Cu (I1) ion (—832 ¢mvhich also supports covalent character [49]héf value
of o? = 0.5, it indicates complete covalent bonding,levttie value of” = 1.0 suggests complete ionic bonding. The

observed value ofo? (0.65) of the complex is less than unity, whictigates that the complex has some covalent
character in the ligand environment. [50]

TOEFS
car 14 TIC=3476080 Basel32%FS #ions=1804 AT= 33
Jop, 611322
(a)
E
o
e
]
433 7899
]
220
5615
2511802
s 3
Il 13"]"[”% 4158 1739580 208 aﬁﬂ 2341834 J 2757187 2977780 mB3w3 407584 377.2508 334 £3905 0663
i iyl bl gl o it bl dil ‘\._l“ it it L ki o o s bl it
iz 10 150 0 B a0 E am
]
cor 43 TID2P31744 BaserG1%FS Hions=1784 RT-122
(R aes
Es
il
%
34566
s
i 54,5650
]
1133478
1421588
16 e osamEn | G1S1005 14134 3670306 1243510 5789577
i - . 4723494 5131166 5431474 505 5365
iz 100 150 200 20 i =0 s =0 E 550 En

Fig 7 GC Mass spectra of ligand a%gomplex(a) Ligal (b) L-Cd
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() (b)

Fig. 8 Anticancer activity: Images of Ligand & metl complexes (a) Reference (b) ligand (c) L — Cd)tl — Cu (e) L-Mn (f) L - Zn

4.7 Mass spectra

The mass spectra of the ligand and its transiti@iamcomplexes were recorded at ambient temperailire
observed molecular ion peaks in the mass spectitaedfgand and its metal complexes have been tsednfirm
the proposed formula mass (Scheme 1). A representlectron impact mass spectrum is shown inFig.

Mass spectrum of the ligand shows peakmét 433.789 is corresponding to molecular ion M. Thgandd has
fragmented up to 61 mass number. The mass spdatcamplexes L-Cd, L-Ni, L-Cu, L-Zn, L-Co and L-Mmsw a
prominent peak at 640.566, 586.83, 568.105, 569.8986.538 and 586.047 respectively, which are ctesi with
the molecular mass of the respective metal complexehe spectral data prove that the ratio betweetal and
ligand is 1:1 as described in Scheme 1.
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Fig. 9:- Anticancer activity: Growth curve

4.8 Antibacterial activity

The Schiff base and its L-Cu, L-Zn and L-Cd compke were examined for theim vitro antibacterial activity
against five human pathogenic bacteiia ¢oli, S. aureus, E. faecalis, P. aurogenes angrieumonin by well
diffusion method using streptomycin as referende fieference drug streptomycin is also tested$aaritibacterial
activity at the same concentration under the camdit similar to that of the test compounds conegian. By
measuring the size of inhibition diameter, the spsbility of bacterial strain towards the compoasrisijudged. The
inhibition zone of bacteria in all compounds iseagivin Table 3. The minimum inhibition concentratigvIC)
values of the compounds and reference againsetipective bacterial strains were ranging betweeb52q.g /ml

and 6-12.5ug /ml, respectively. The obtained results sugdest the metal complexes are more active than ligand
and less active than the reference againstabd#cteria tested.

Among the compounds tested, highest activity wamdofor L-Cu complex towards the bacterial straigscoli,
and E. faecalis However, L-Cd and L-Zn, (MIC: 20-60ug/ml) shovederate activity against bacterial straibe
tested complexes L-Cu, L-Cd, L-Zn, possess higdiiibitory power over the bacterial strein faecalis herein the
zone of inhibitions are 29, 25 and 20 mm respeltildore activity exhibited in metal complexes thidwe ligand is
due to its chelation, which reduces the polarityrngftal ion in complexes and thus favoring its pextioa through
lipoid layer of microorganisms [51].

4.9 Antifungal activity

The compounds, which were used for antibacterialyasis, were used to test their antifungal actiagyainst
candida albicans,and A. niger by well diffusion method. The growth inhibition z®rof compounds against
microorganisms is summarized in Table 3. The MI@ies of the compounds and refereacephotericin BAMB)
against the respective fungal strains were rangietyveen 20-10Qug / ml 0.03-16ug / ml, respectively. The
experimental results were compared with the refareat the same concentration of the test compouatrding
to the zone of inhibition, we conclude that all theee complexes show good inhibition activity togdsathe fungal
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strain candida albicans,and A. niger. Among the three complexes tested, in L-Cu, we fohigher zone of
inhibition than the positive control usgetom the results, it has been observed that thgafuactivity depends upon
the nature of metal ion.

4.10 Anticancer activity

We investigated than-vitro anticancer effects of newly synthesized ligandgh)l its metal complexes (L—-Cd, L—
Cu, L-Mn and L-zZn) on malignant cell line (humarmvieal HelLa cell) growth using sulforhodamine B t&io
(SRB) assay protocols [52] in order to assess #rgicancer effects. Since the solubility of theted compounds in
agueous medium was poor, they were dissolved in OMBy using SRB protocols, each drug was testdduat
dose levels (10, 20 40, 80 pg/ml). Appropriate fesicontrol (reference) Adriamycin (ADR) was us@deach
experiment and each experiment was repeated thAreeresults, in terms of ITGI and LGyare summarised in
Table 4.

Using ADR as reference molecule, the obtained dataaled that the 50% inhibition concentration gal(Gk) are
moderate to good activity ranging from <10 to 8@gIml. In particular, L-Cd potently inhibited Hela# <10 pg/mi
like ADR, whereas the remaining compounds modeyateiibited HelLa with GJ, value range of 10.9 to 80.4
pa/ml. In general, inhibitory effects of the compds are in order L-Cd > L > L-Mn > L-Cu > L-Zn.
Corresponding images are shown in Fig. 8.

Meanwhile, concentration of drug that producesltmtaibition of the cells (TGI) shows 22.5 and 3u8/ml for
compound L-Cd and L respectively, exhibited moréepb Moderate activity was found in L-Mn, and L;Cu
whereas no activity was found in L-Zn. Among fowsd level of compounds, maximum inhibitory actiwtas
found at 80 pug/ml (Fig. 9). Percentage control dhoresults of compound L and L-Cd are in line wigierence
ADR.

CONCLUSION

The present study reports the synthesis, spectdlitldermal characterization of a ligand 4-((3, Brdmo -2-
hydroxy benzylidene) amino) benzene sulphonamidkitartransition metal complexes. Using IR and Nbfpiectra
of compounds, we conclude that the ligand has lmeendinated with metal atom as bidentate manneautiir
phenolic oxygen and imine nitrogen. Thermogramserifre complexes prove the presence of one codstirend
one lattice water molecule. EPR result supports tdtieagonal geometry in complexes. The resultsnefitro
antimicrobial activities predict higher activity somplexes than in ligand. Finally the anticanagtivity of L, L—
Cd, L-Mn, L-Zn, and L-Cu were examined againstaleell line, and found good activity in L-Cd when
compared with reference ADR. Thus the order ofvdgtis L-Cd > L > L-Mn > L-Cu > L-Zn.
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