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ABSTRACT: Thiosemicarbazone and N (4) thiosemicarbazone were synthesized by refluxing 5-chloro 2-hydroxy
acetophenone and thiosemicarbazide in the mole ratio 1:1.The complexes of thiosemicarbazone with Cr (111) chloride
were synthesized by refluxing thiosemicarbazone and Cr (111) chloride in the mole ratio 1:3.The thiosemicarbazones
and complexes were characterized by means of Elemental analysis,ESI-MS,FT-IRspectroscopy,UV-Visible
spectra,EPR spectra, Nuclear Magnetic Resonance (*HNMR and *C-NMR) spectroscopy magnetism and conductivity
measurement. The metal complexes and thiosemicarbazone were tested against bacterialparasites. The free radical
scavenging activity of synthesized compounds was screened for antioxidant activity. It was found that the chromium
complexes are more biologically active than thiosemicarbazone.

KEYWORDS:Bioactivemetalcomplexes,EPR,antimicrobialactivity.antioxidant activity,1:3 ratio

I. INTRODUCTION

Thiosemicarbazones and their metal complexes have been studied widely as they generate through a variety of
biological properties such as anticancer, antitumour, antifungal, antibacterial, antimalarial, antitilarial, antiviral and
anti-HIV activities [1-8].Earlier research revealed that the biologically active thiosemicarbazone molecules were planar
consisting of pyridine ring or a NNS tridentate system [9]. The biological activity of thiosemicarbazones is also
depended on parent aldehyde or ketone [10, 11]. The presence of a bulky group at the terminal nitrogen raises the
activity [12]. The presence of bulky groups at the N (4) position of the thiosemicarbazone moiety together with an
additional binding site greatly affects biological activity [13-15]. In recent years the biological and medicinal
properties of transition metal complexes of thiosemicarbazones, Pd (IlI) and Pt (IlI) complexes of 5-
chlorosemicarbazones,Pd (I1) and Pt (I1) complexes of 5-chloro 1-3-dihydro-3-[2-(phenyl)-ethylidene]-2H-indoi-2-one-
hydrazine carbothiomide have been studied, synthesized and tested for their antimicrobial activity. The results showed
that the compounds exhibit antimicrobial properties and the metal chelates show better inhibitory effects than the parent
ligands. The study suggests the increased lipophilic character of these complexes may be responsible for their
enhanced biological potency [16].

Il. LITERATURE SERVE

The stereochemistry of many Cr (111) complexes have been studied [17-22].Many Cr (11l) complexes are known to
exhibit fluoresce and or phosphoresce.luminescene studies of Cr (111) complexes have been of significant importance in
understanding of their stereochemistry.J.R.Perumareddi [23] sumarized the theory of cubic and non-cubic ligand fields
on Cr (I1) complexes.The structure of the two six coordinate paramagnetic complexes of Ni (Il) with tridentate
thiosemicarbazones of isoquinoline-1-craboxaldehyde and pyridine-2-aldehyde have been  determined
[24,25].Chromium finds applicationsin biological systems wherein Cr (l11) ion is required in trace amounts for sugar
and lipid metabolism [26].Chromium activates enzymes,mailtains protein stability and enhances carbohydrate
metabolism [27-30].Chromium compounds may lower the glucose levels in diabetic patients [31].
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Considering the above applications it is desirable to synthesize and characterize the Cr (111) complexes with

Schiff base. The present research work reports the synthesis, spectral characterisation and biological evaluation of six
coordinate complexes of Cr (111) with 5-dichloro 2-hydroxy acetophenonethisemicarbazones.

I11. MATERIALS AND METHODS

A.R.grade chemicals were used for the synthesis.magneticmoment was measured at room temperature by Faraday
method. IR spectra were recorded in the range 4000-200 cm™ range. NMR spectra were recorded in the mixture of
CDCl; and DMSO-dg (1:1 v/v) with a Bruker AC-300F 300MHz spectrometer. Thermal stability was determined by
carrying out thermogravimetricanalysis..Metal in the complexes was estimated by standerdized E.D.T.A.

IV. EXPERIMENTAL

Synthesis of thiosemicarbazone L;

Ethanolic solutions of 5-chloro 2-hydroxy acetophenone was added to ethanolic solution ofthiosemicarbazide in the
mole ratio 1:1.The reaction mixture was refluxed for three hours.. The pale yellow product obtained oncooing was
filtered and washed with hot water then cold ethanol and finally with ether. The compound was then purified in etanol
and dried in vacuum.

OH S OH
Il Con. H2804
o * HaN-NH-C-NH, - ﬁ
Cl Cl C=N-NH-C - NH,
CH,
CH,

SCHEME - |

Synthesis of thiosemicarbazone L,

Ethanolic solutions of 5-chloro 2-hydroxy acetophenone was added to ethanolic solution of N(4) methyl
thiosemicarbazide in the mole ratio 1:1.The reaction mixture was refluxed for three hours.. The pale yellow product
obtained oncooing was filtered and washed with hot water then cold ethanol and finally with ether. The compound was
then purified in etanol and dried in vacuum.

OH OH
ﬁ Con. H,SO,4
+H2N-NH-C-I?IH - .

A I
Cl CH, cl C=N-NH-C-NH
CHy | CH,
CH,
SCHEME - I

Synthesis of thiosemicarbazone L;
Ethanolic solutions of 5-chloro 2-hydroxy acetophenone was added to ethanolic solution of N (4) phenyl
thiosemicarbazide in the mole ratio 1:1.The reaction mixture was refluxed for three hours.. The pale yellow product
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obtained oncooing was filtered and washed with hot water then cold ethanol and finally with ether. The compound was
then purified in etanol and dried in vacuum.

OH H
3 Con. H,S0, ©
+ HN-NH-C-NH — -~ .
Cl © En A I
6Hs cl C=N-NH-C-NH
CHs | CeHs
CH,
SCHEME - III

Synthesis of complex ML;

The complex of the type ML; was synthesized by refluxing ethanolic solutions ofthiosemicarbazones
(0.01mole),CrCl;.6H,0O in the mole ratio 1:3 for fourhours.One gram of sodium acetate was added. Thebrownproduct
obtained was fitered and washed with hot water,cold absolute ethanol and then ether and dried in vacuum.

OH 1 CI'C13
+ HoN-NH-C-NH
O A
Cl R

CH,

CH
i &

C=N-NH-C-NH 1

a
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R= H,CH,, C,H;

SCHEME - IV
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TABLE 1 PHYSICAL PROPERTIES:

Compounds Colour Empirical Formula Molar conductance | Magnetic
Ohm™*cm?mole™ Moment B.M.
L, Yellow CoHip N3OSCI - -
L2 Yellow C10H12N3OSCI - -
L3 Yellow C15H14N3OSCI - -
CrL, Brown C27H27N903S3C|3cr 40 3.83
CrL, Brown C30H33N903S3C|3cr 45 3.89
Cr L3 Brown C45H39N903S3C|3Cr 54 3.94

Physical data of ligand and its complexes is presented in Table 1. The complex and all adducts are in soluble in ethanol
and soluble in DMF. Molar conductance measured in DMF solution of these complexes indicates non electrolyte. The
electronic ground state is “F and the ground state in an octahedral field is “A,g.The moments,asexpected, lie between
spin-only value and that predicted by the euation.The 1magnetic moments do not vary appreciably with temperature.
H-NMR L,
Signals at 13, 3.40 ppm are assigned to — OH, - CH; protons respectively. Thiosemicarbazone does not show any peak
corresponds to S-H proton, indicating it exists in thioketo form. Absence of 2NH proton signal suggests enolisation of
2NH — C = S group to 2N=C-SH. Little low field position of “NH (7.8 ppm) could be attributable to the deshielding
caused by — N = C( of the system N=CSH = NH). Arlgmatic protons show multiples at 7.00, 7.25 and 7.50 ppm range.
C-NMR L,
119.18 (C = C), 131.38 (C = C), 128.27 (C = C - Cl), 130.77 (C = C), 123.15 (C = C), 155.97 (C = C — OH), 160.06
(C =N),180.0 (C=S),16.2 (C-CHy).

11918  On

131.38
155.97

128.30 123.15

Cl" 43077 16006C = N - NH - C - NH,
180

CH,

16.2
H-NMR L,
NMR signals at 13.00 and 3.00 ppm are assigned to — OH and — CHs protons respectively. The signals at 2.19, 2.25
correspond to *NH and H*N-CH; respectively. Absence of 2NH proton signals suggests enolisationof 2NN - C = S
group to 2N = C — SH. Aromatic protons show multiplet at 6.9, 7.255, 7.45, ppm range.
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BC-NMR L,

118.20 (C = C), 129.70 (C = C), 127.79 (C = C - Cl), 128.05 (C = C), 122.26(C= C), 152.17 (C = C — OH), 155.39 (C
= N), 179.80 (C = S), 31.03 (NH- CH)

118.20 OH
129.70
152.17 S
127.79 122.26 ||
Cl 128.05 C=N-NH-C- NH2
| 155.17 179.80 |
CH3 CHs
31.03
'H-NMR L,

122 (C=C), 135 (C=C), 130 (C=C-Cl), 130.78 (C=C), 125(C=C),165 (C=C-OH),170 (C=N),19 (=C-CHs), 187
(C=S),140 (NH-C=C),128 (C=C),130 (C=C),131 (C=C),130 (C=C),128 (C=C).

BC-NMR L;

130 130
131

(Calcd) found ESI-MS
L;:CgH;o N3OSCI(243.70) 243.11,L,:C10H12 N5OSCI(257.72) 257.15,L5:C15H14 N5OSCI(319.79)
319.41,Cr.L:Cy7H,7NgO3S3Cl5Cr(780.07) 780.91,Cr.L, :CsH33NgO3S5ClsCr(822.15)
822.98,Cr.L3:C45H39N903S3CI3Cr(1008.35) 1008.72.

Mass spectral data confirmed the structure of the thiosemicarbazone and complexes as indicated by molecular ion peak
(M + 1) corresponding to their molecular weights.

V. ANALYTICAL DATA

1.L1:% C 44.91 (44.35),% H 4.88 (4.14),% N 17.92 (17.24), %0 6.06 (6.57) % S 13.71 (13.16)
2.L,% C 46.02 (46.60),% H 4.04 (4.69),% N 16.91 (16.30),%0 6.78 (6.21)% S 12.87 (12.44)

3.Ls :% C56.81 (56.33),% H 4.92 (4.41),% N 13.82 (13.14),%0 5.81 (5.00)% S 10.54 (10.03)

4. Cr.Ly: % Cr 6.03 (6.67), %C 41.07 (41.57), %H 3.96 (3.55), %N 16.81 (16.16)%0 6.81 (6.15) ,
%S 12.74 (12.33).

5. Cr.L,: % Cr 6.93 (6.32), %C 43.12 (43.82), %H 4.82 (4.04), %N 15.86 (15.33), %0 5.13 (5.84
%S 11.01 (11.70).

6.Cr.Ly: % Cr 5.72 (5.16), %C 53.98 (53.60), %H 3.10 (3.90), %N 12.92(12.50), %0 4.10 (4.76)
%S 9.04 (9.54).

On the basis of elemental analysis data,the complexes were found to have 1:3 composition.The calculated and
theerotical values are matched.
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VI. INFRARED SPECTROSCOPIC DATA(cm™)

1.Ly:: v (- OH) 3147; v (C=N) 1624; v (- C = S) 758 (s), 1374 ; v (N = N) 1049; v (*N-H) 2943; v (C — O) 1281.

2.L,:v (- OH) 3225; v (C=N) 1638; v (- C = S) 795, 1358 ; v (N — N) 1049; v (°N-H) 2925; v (C - O) 1388.

3. Ls:v (- OH) 3340; v (C =N) 1678; v (- C =) 790, 1375 ; v (N = N) 1075; v (*N-H) 3240; v (C — O) 1285.

4Cr-L;:v (C=N) 1624,v (C-S) 708, 1310,v(M - N) 430, v (M-O) 525, v (M-S) 325, v (C - O) 1210.

5 Cr.L,:v (C=N) 1638,v (C-S) 715, 1315, v (M - N) 435, v (M - O) 530, v (M-S) 335, v (C - 0) 1215.

6. Cr.L3: v(C=N) 1678,v (C-S) 720, 1320, v (M - N) 440, v (M - O) 540, v (M-S) 340, v (C - O) 1225.

The bands in IR spectra of thiosemicarbazones at 3147,3225,3340 cm™ are due to —OH group.The bands at 2943,2925
and 3240 cm™ are due to v(N-H). The bands at 1624,1638,1678 cm™ due to v (C = N) of the thiosemicarbazone moiety
remain unaffected upon coordination. This shows the no coordination of throughazomethine nitrogen. The
coordination via thiolate sulfur is indicated by decreasev (C=S) [32,33]. The bands at 325-340 cm™ assignable to v (Cr-
S) in the complexes confirm sulfur coordination. The new peaks observed in the range 525-540 cm™ are due to the Cr-
O(phenolic) bond [34-41].This is indicated by decrease in v (C-O).

VII.LELECRONIC SPECTRA
The electronic spectra were recorded in DMF solution. There are spin allowed transitions in high spin states.The ground
state is “A,g.The spin allowed transitions are *A,g (F)—*T.g (F), *Axg (F)—T1g (F) and *A,g (F)—*T.g (P).These
transitions are vi, v, ang v3. The absorbtion band at 34,500 cmis a higher energy band The bands at 31,250,27,777 and
25,641 cm™are due to charge transfer. All transitions indicate octahedral geometry for the complexes [42-45].

VIIIL.EPR SPECTRA

Compounds A maxin CMT g values
Cr.L; 17220,25445,35202 1.92
Cr.L, 17600,25402,35650 1.94
Cr.L; 17802,25330,35200 1.97

The EPR spectra of the complexes were recored at liquid nitrogen temperature.Thevalusof An.x suggested covalent
character in all complexes.The values of g are found in the range 1.92-1.97 indicating 6-coordinated geometry [46-48].

IX TGA ANALYSIS DATA

1.Cr-L: First step, 150 °C, Mass loss 15 % second step, 200 °C, Mass loss, 30 % Third Step 350 °C, Mass loss, 40 %
Fourth Step, 650°C, Mass loss 65 %, Residue 800 °C, % of Cr,05, 19.92 (19.49).

2.Cr.L,:First step, 148 °C, Mass loss 17 % second step,200 °C, Mass loss, 32 % Third Step 355 °C, Mass loss, 50 %
Fourth Step, 660°C, Mass loss, 67%, Residue, 800 °C, % of Cr,03, 18.86 (18.49).

3. Cr.Ls:First step, 150 °C, Mass loss 20 % second step,210 °C, Mass loss, 35 % Third Step 365 °C, Mass loss, 48 %
Fourth Step, 660°C, Mass loss 65 %, Residue 800 °C, % of Cr,03, 15.88 (15.07).

The hydrated layer was removed below 100°C. The TGA data indicated that the decomposition proceeded in
foursteps. The compounds are stable up to about 300°C.In the second step the loss is upto 35%.The organic molecue
was lost upto650°C. The mass lost cooresponding to this step is about 65%. The decomposition was complete and metal
oxide was formed at a temperature about 800 °C.The coordination of metal and increase in coordination number in the
complexes may give thermal stability.
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XANTIBACTERIAL ACTIVITY(WELL DIFFUSION METHOD)

Table.2 % Activity Index Ly, L,,L3, Cr (111) complexes and standered

Compound Staphylococcus aureu Bacilussubtilis Escherichia Coli | Peudomonasaer
uginosa
Gram positive Gram negative

10°M 10°M | 10°M | 10°M | 10°M | 10°M [ 10°M | 10°M
Ly 25 19 27 20 24 19 29 18
L, 28 21 25 21 27 18 28 16
Ls 29 22 27 22 28 17 30 17
Cr.L, 51 42 49 40 52 45 55 46
Cr.lL, 58 44 52 42 54 47 58 48
Cr.L; 60 45 55 45 58 19 67 51
CrCl;.6H,0 112 106 115 | 108 117 109 120 118
Standard 100 100 100 100 100 100 100 100

(Std-Amphiciline)
Zone of inhibition of test compound

X
Zone of inhibition of standard (diameter)

The antibacterial activity was determined using the well diffusion method. Activity was measured in two
different molar concentrations ,10°M, 10* M. The results indicated that the synthesized compounds exhibited
antibacterial activityat low and high concentrations. The complexes showed maximum activity against bacterial species
than free ligand. The increased activity of the synthesized compounds may be due to electron delocalization over the
whole molecule. This increases the lipophilic character of the molecule and favors its permeation through the lipoid
layer of the bacterial membranes. The increased lipophilic character of this molecule may be responsible for its
enhanced potent antibacterial activity. The thiosemicarbazones were found less active than theircomplexes.The
delocalization of m-electrons increases lipophilicity and this facilitates the penetration into lipid membranes, further
restricting proliferation of the microorganisms [49]. In complexes coordination number increases which increases
antimicrobial activity.Staphylococcus aureuand Bacilussubtilisare gram +ve bacterial species and Escherichia
Coli,Peudomonasaeruginosa are Gram (-)In gram negative bacteria the outer membrane is thin and they possess outer
membrane. So, it might not be easy for the complexes to diffuse inside the bacterial cell. The chromium chloride salts
were found more effective than complexes. The Cr?* ions have small size having d*configuration.This increases the
permeability to cellmembrane.But use of metal ion solution to treat bacterial diseases is toxic,so it can be used in
coordination with ligand.The general sequence of % activity index can be represented as -

Metal salt > Standard > complexes > ligand.
The % activity index decreases on dilution ie it is more in concentrated solution.

% Activity Index =
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FIG NO.1

Antimicrobial Assay

120 A
« 100 - lStaphonc_o_ccus aureu
§ 80 - Gram positive 10-3M
> 60 1 m Staphylococcus aureu
2 40 1 Gram positive 10-4M
Q
< 20 1 m Bacilus subtilis 10-3M
=S 0 -
99 9 3999 g . .
5565 % ¢ m Bacilus subtilis 10-4M
© 3
o »
S m Escherichia Coli Gram
Compounds negative 10-3M

The above bar graph indicates maximum activity at higher concentration than at lower concentration.More activity was
observed in case of Gram (-) bacteria than gram positive bacteria.The activity index was more in Gram (-) bacteria.

XI. ANTIOXIDANT STUDY

Antioxidant studies on the thiosemicarbazone metal complexes have been analysed by DPPH assay. DPPH is stable
free nitrogen radical and the assay determines the ability of the compound to reduce DPPH radical. The antioxidants
can act by converting the unpaired electrons to paired ones. The decrease in absorbance at 517 nm is the measure of
test compound to reduce DPPH radical that acts as an antioxidant which is indicated by the formation of yellow colour.

Each extract or standard (from 21 mg/ml to 21 g/ml) was added to 2 ml of DPPH in methanol
solution in a test tube. After incubation at 37°C for 30 min, the absorbance of each solution was determined at 517 nm
using spectrophotometer. The corresponding blank readings were also taken and the remaining DPPH was calculated.
Icso value is the concentration of the sample required to scavenge 50 % DPPH free radical lower the absorbance of the
reaction mixture indicated higher free radical scavenging activity [50]. The results of antioxidant activity are presented
in Table No. 3

Table.2 % RADICAL SCAVENGING EXHIBITED BY Ly,L,,L;Cr (11) COMPLEXES

Complex 20 pg/mi 40 pg/ml 60 pg/mi 80 pg/ml | 3100 1Cs, value
pg/ml
Ly 69.76 76.74 79.06 79.06 81.39 14.33
L, 72.09 74.41 76.74 76.74 79.06 13.87
Ls 72.09 74.41 76.74 76.74 79.06 13.87
Cr.L, 30.00 45.00 45.00 55.00 62.50 72.72
Cr.L, 3.33 7.50 17.50 17.50 35.00 142.85
Cr.Ls 10.00 12.50 20.00 30.00 37.50 133.33
Vit. C 39.53 46.51 58.13 60.46 65.11 51.00

Lower the absorbance of the reaction mixture indicated higher free radical scavenging activity [51]. Complexes
showed better % scavenging activity at higher concentration.
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Fig No.2

Antioxidant activity

160 -
= 140 A
? 120 m 20 pg/mi
()
> 100
© W 40 pg/ml
S 80 Mg
3 60 ® 60 pg/ml
E 40 m 80 pg/ml
S 20 = 3100 pg/ml

0
m IC50 value

L1 L2 L3 Crll Cr.L2 CrlL3 Vvit.C

Compounds

The above bar graph indicates % radical scavenging activity.More activity was observed in the complexes
XI1. CONCLUSION

The thiosemicabazones synthesized are tridentate ONS donors.The spectral data indicates octahedral geometry for
complexes.The complexes are paramagnetic. TGA data indicates thermal stability of the complexes. The compounds are
thermally stable upto200°C.The decomposition took place in foursteps.The EPR spectral data indicate covalent
charactracter and 6-coordination in the complexes.The complexes showed growth inhibitory activity against gram +ve
and (-) bacterial species.The activity is more at 10°M concentration.The metal salts showed more inhibition.The
complexes showed radical scavenging.
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