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ABSTRACT

The present paper deals with the synthesis and characterization of metal complexes of new  Schiff base derived
from Pramipexole(4,5,6,7-Tetrahydro-N6-propyl,2,6-benzothiazolediamine). The bidentate ligand is derived from
the inserted condensation of pramipexole with O-hydroxy benzaldehyde (OHB) in a 1:1 molar ratio. Using this
bidentate ligand, complexes of Cu(ll), Ru(ll) with general formula ML, have been synthesized. The synthesized
complexes were characterized by several techniques using Elemental analysis, IR, NMR, UV-VisSpectrometry, ESR,
Vibrational spin magnetometry, TG-DTA and Conductometric measurements. The elemental analysis data suggest
that stoichiometry to be 1:2[M:L].All the complexes are non electrolytic in nature as suggested by molar
conductance measurements. Infrared spectral data indicate the co-ordination between ligand and central metal ion
through de protanated Phenolic oxygen and azomethine nitrogen. In addition the authors have been screened the
compounds for biological activity. It was found that the compounds have shown activity against the organisms like
Salmonella typhi, Enterococcus faecails and Escherichia coli.
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INTRODUCTION

Coordination complexes are gaining importance gen¢ years especially in the designing of longractirugs in
metabolism. The metal complexes from bidentatenligehave often been studied recently because ioftévénical
applications [1,2] and applications in enhancenwndrug action[3,4]. Transition metals are essérita normal
functioning of living organism and are , therefofegreat interest as potential drugs[5]. The cawton chemistry
of nitrogen donor ligands is an active area ofaes®e A great deal of attention in this area hanldecused on the
complexes formed by metals with bidentate ligansisg both sulfur and nitrogen [6, 7]. The Schifisbs are an
important class of ligands in coordination chernyistrhe study of structural and binding featurevarfious Schiff
base complexes can play an important role in bettelerstanding of the complex biological proceshif6bases
derived from salicylaldehyde are well known forithateresting ligational properties and exclusamplications in
different fields[8-10]. It is well known from thé@drature that Schiff bases derived from pramipexbkve a strong
ability to form metal complexes [11]. The interactiof these donor ligands and metal ions gives ¢exep of
different geometries, and literature survey revehit these complexes are potentially more biokdbyicactive.
Thus, in recent years Schiff bases and their metahplexes have attained much attraction becaustheif
extensive biological activities [12, 13].Keeping thbove fact in our mind and in continuation of earlier work on
transition metal complexes with Schiff bases [1%], the ligand OHBP Schiff base(L) has been synteeks In the
present paper, the synthesis and characterizafigheoligand and its complexes with Cu(ll), Ru(Hye being
reported.

EXPERIMENTAL SECTION
I nstrumentation

The percentage compositions of the elements (CHf®)Xhe compounds were determined using an element
analyzer CHNO model Fison EA 1108.The Infra redctpewere recorded as potassium bromide (KBr) disasg
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a JASCO FT/IR-5300.The 1H (400Hz) nuclear magmesonance spectra were recorded using the ACF28KeBr
Germany Spectrometer. Ultraviolet Spectra wererdsmb using Perkin-Elmer lab India UV-Vis SpectroarefThe
Electron spin resonance spectra were recorded tsndES-FA Series and TG-DTA spectra were recousaty
the SPTQ600 PA, Thermo gravimetric analyses ofhteéal complexes were carried out by using the Regkiner
system in thermal analysis centre Stick Cochin.tidglpoints were measured on a unimelt capillarytimg point
apparatus. All materials used in this investigatiare purchased from Sigma/Aldrich and AR (Mer&dlvents
used were of reagent grade and purified befordoyske standard methods.

Preparation of the ligand and its metal complexes: (Preparation of Pramipexole and O-Hydroxy
benzaldehyde Schiff base (OHBP))

Pramipexole 4.22g (0.02mole) and O- Hydroxy betelayde 2.442g (0.02mole) were dissolved in 25ml of
methanol were taken in 250ml borosil reflectiorslaand 1 ml of triethylamine .The mixture was rgéid for 3
hour on water bath and then cooled to room tempexatream colored sharp needles were separatedndu
washed with methanol and dried in vacuum desicsateer CaCl2 anhydrous.

For the Preparation of Cu(ll) and Ru (ll) metalaride salts were used. Dissolve 3.1532g(0.01 Mélagwly
synthesized ligand in adequate of methanol. To ghlstion, aqueous solution of 1.3434 g(0.01Mole)ila718g
(0.01Mole) metal chlorides, and 1 ml of Sodium atet The mixture was refluxed for 6hours in a watah and
then cooled to room temperature, light green colodark brown colored sharp needles were sepamitdrhe
coloured metal complexes were washed with water thaed methanol, and were recrystalised from etmet a
dried in vacuum dessicator over CaCl2 anhydrous. flamental analysis was carried out for the newhthesized
ligand metal complexes. The prepared metal complesere in 1:2 ratio. Ligands and metal complexesical
data was tabulated in Table-1.

Table-1: Analytical data of the ligand and their metal complexes

Complex
OHBP [ Cu(OHBP)X,| Ru(OHBP}X,
Molecular weight 315.324 730.188 767.17
Co lour cream Light green  Dark brown
Yield 73 72 74
M.P 160-162 182-184 190-192
C % Calculated 64.76 55.87 53.14
Found 64.45 55.66 52.98
HY% Calculated 6.66 6.29 5.99
Found 6.06 6.12 5.44
ElementalN % Calculated 13.33 11.50 10.94
Analysis Found 13.11 11.23 10.56
0% Calculated 5.079 8.764 8.342
Found 4.999 8.223 8.001
Calculated - 8.70 13.16
M%
Found - 8.22 12.99

RESULTSAND DISCUSSION

Infrared spectral analysis

Infrared spectra were recorded with a JASCO FT/BREb Spectrometer (4000-400dn using KBr pellets. By
utilizing this spectroscopy, the presence of imgatrtfunctional groups in the compound can be ifiedti Table2
through light on the observation made in analyzRgpectra of ligand and metal complexes. The gldiR spectra
are presented in the Fig.1, 2 and 3.

Interpretation of OHBP and Cu(ll) and Ru(l1)complexes

The Infrared spectrum of the ligand was compardt thie spectra of Cu(ll) and Ru(ll) complexekeTata was
summarized in table along their assignment. The&ypR spectra were shown in Fig.1, 2 and 3. TRespectrum
of the ligand has shows broad band at 1648 iy which was assigned to dw€=N stretching of azomethine
group. In complexes this band was shifted to lovegjions, 1621 cit and 1600 cif{* for Cu(ll) and Ru(ll)
complexes respectively, suggesting the invokeimof azomethine group(>C=N) group in compt®n. This
was due to the reduction of electron density ondgien. There by indicating the coordination of thetal in
through the nitrogen atoms.

The IR spectra of metal chelates shows the disappea of they(OH)™®! bond at 3424 cr. It indicates the proton

displacement from the Phenolic (OH) group on comxgtien. Thus bonding of the metal ions to the ldmmoinder
investigation takes place through a covalent linthwxygen of the Phenolic group. The IR spectraCafll) and
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Ru(ll) metal complexes exhibit a broad baftaround3440 ciiand 3419 cimrespectively, which can be assigned
to v(OH) of water molecules associated with complesmfation. New bands were observed in the complexes,
which were not observed in ligand. The bands até#and 772 cit were assigned to stretching frequencies of
(M-0), the band at 480ctand 490ci[*®were assigned to the stretching frequencies (Melpectivel{*>.

Table-2: Theimportant IR bandsof the Ligand and Their Metal Complexes

Compound OH(Water)vOH (Phenolic) v C=N| vN-H |vM-OJvM-N| vC-H
OHBP - 3424 1648 3320 - - | 2958
Cu(OHBP)2 3440 - 162[1 3347 | 744| 480 278
Ru(OHBP) 3419 - 1600 3322 | 772 490 275

IR spectrum of OHBP ligand
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IR spectrum of Ru(OHBP), complex
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NMR Spectrum of OHBP Ligand and its M etal complexes

TheH NMR spectra of ligand and metal complexes in DM&0as solvent were given in fig,4and5.The chemical
shift values of the ligand and metal complexes veérawn in Table-3. Ligand showssingletat6.3gp which is
due to protons bonded to Schiff base group. On ¢exafion this band was shifted to low field regidh§6ppm
and 7.5ppm for Cu (II) and Ru (ll) complexes resiwety. This shift indicates the shielding of azdhiee. The
aromatic ring protons forms a multiplet at 6.374@m, methelene protons forms a singlet in theoréybppm-
1.70ppm hydroxyl protoff? shows singlet at 5.71ppm, which was disappearéukicomplexes.

In the 1H NMR spectrums of the Cu (ll) and Ru @@mplexes the signal due to azomethine protons slafted
6.3ppm to 6.66-7.5ppm respectively. This shiftindicates the deshielding of the azomethine grohe. aromatic
ring protons that are seen in the 7.2 - 7.3 PPmecome broad and less intense compared with thespmnding
Schiff base. In complexes the aromatic ring protat¥s2-7.3ppm become broad and less intense, ceohpeith
Schiff base. The following complexation to the nhéta2.82ppm in the case of Cu(ll) and Ru (II) cdexes
indicates the complexation of water molecules byrdmation with metal ion.

Table-3: *H NMR Spectrum of the ligands and its metal complexesin DM SO-d6 in ppm

Compound H-C=N Ar-H OH-H2Q CH2 | Ar-OH| N-H

OHBP 6.3 6.37-7.65 - 2.5-1.705.71 8.53
Cu(OHBP), 6.66 6.9-7.32 4717 2.82-2p2 - 9.56
Ru(OHBP), 7.5 6.41-7.0 4.699 | 1.14-2;85 - 8.35

Conductivity measur ements

The molar conductance of complexes in DMF (2M) was determined at 27+20C using Systronic 308adi
reading conductivity bridge. A known amount of doomplexes is transferred into 25ml standard flask
dissolved in diethyl formamide (DMF). The conteate made up to the mark with DMF.

The complex solution is transferred into a clead dry 100ml beaker. The molar conductances of tmptexes
were less than 20 Ohlincm2 moll indicating the Non-electrolytic nature. Theseueal suggest non-electrolytic
nature of the present complexes. The molar condoetaalues of these metal complexes are givereif dile 4.

Table-4: Conductance data for Metal-OHBP Complexes: Cell constant: 1.00

S.No.| Metal Complex Conductlance Specific Qondﬂctanca Molar-Conductance
Ohm- Ohm1 cm Ohm1 cm2 mot
1. Cu(OHBP) 0.00019 x 18 0.00019 x 18 19
2. Ru(OHBP) 0.00020 x 18 0.00020 x 18 20

Electronic spectra

In UV-Visible electromagnetic radiation, the traitwis are associated with the electronic energgltewf the
compound under investigation. The electronic speatrere recorded on a Thermo Spectronic Heylosa
spectrophotometer. The transition metal ions odeua variety of structural environments. Becausehif, the
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electronic structures are extremely varied. Thectsdeic structures have been identified with UVikis
spectroscopy OHBP and its metal complexes:

The electronic spectral of ligand and its metal ptaxes were given in the transitions were repoirtettie Table-5.
Ligand shows signal band at 310 nm, assignefl+4]* transition. In complexes this band was shiftechigher
wavelength regions. New bands were observed itdhgplexes at corresponding to the charge transgasitions.
In high convention spectra of complexes d-d trémsit were observed in visible region.

Table-5: Electronic spectral data

Complexes | Amax of the complex in nm Amax of the ligand in nm
Cu(OHBP), 326 310
Ru(OHBP), 337 310

Electronic spin resonance spectra

In the present study the X-band (~9.3GHz) ESR spaift Cu(ll) and Ru(ll) complexes in DMF were reged at
room temperature and at liquid nitrogen temperafuiNT) on a JES-FA SERIES spectrometer. DPPH radices
used as a field maker.

Analysis of OHBP through ESR spectra of Cu (I1) complex

The ESR spectra of the complex in poly crystalitege exhibit only one broad signal, which is htited to dipolar
broadening and enhanced spin lattice relaxatiomsairopic spectra obtained for these complexesMFat LNT
and representative ESR spectra of Cu (Il) complexe presented inFig.7.Inthislowtemperature spettifour
peaks of small intensity have been identified whéste considered to originate fromy gomponent. The spin
Hamiltonian, orbital reduction and bonding paramet# the Cu(ll) complex was presented in Tabl&lte g and
gL are computed from the spectrum using DPPH freeahes g marker. Kvelson & Neimé#have reported that
g value is less than 2.3 for covalent character iangreater than2.3forioniccharacterofthe metaldaydond in
complexes. Applying this criterion, the covalenntacharacter can be predicted to exist betweemttal and the
ligand complexeg‘”. The trend g>gave> g> 2.0023 observed for the complex suggest thatitipaired electron is
localized in dx2- y2 and dz2 orbital of the cupfiy ions for the complex. It is observed that Queafor these
complexes are greater than four and suggest teat thre no interactions between metal-metal cemeBRMF
medium.

The ESR parameterg gr-, A| *and AL of the complexes and the energies of d-d traomsitiare used to evaluate
the orbital reduction parameters"(KJ-) the bonding parameters?, the dipolar interaction(By. The observed
Kj <K-L indicates the presence of out of plane Pi-bonditige o values for the present chelates lie in the range
0.42-0.48 and support the covalent nature of thesglexes. Giordano and Bereman suggested thdfidation of
bonding groups from the values of dipolar term Re Teduction of P values from the ion value (0.088gmight

be attributable to the strong covalent bonding. Félees of P obtained for the present complexd®iween 0.029-
0.036cntand remain consistent with bonding of metal ion®xggen and nitrogen donor atoms respectively. The
shape of ESR lines, ESR data together with thetreldic spectral data suggest an octahedral geonf@trihese
complexes?.

Table-6: Spin Hamiltonian and orbital reduction parameters of copper and Manganese complexesin DMF solution

Parameters| Cu(OHBP)
g| 2.04559
gL 1.99000

gave 2.00853
G 3.8201
Ap* 0.0182
AL* 0.0022
Aave * 0.0081
d-d 13500
Ky 0.8891
K1 0.9824
P* 0.036
a2 0.420

M agnetic susceptibility measurements of copper (I11) and Ruthenium (11) complexes

The effective magnetic moment values for all thenptexes are represented in the Table.7.Therearsideyable
orbital contribution and effective magnetic momefus octahedral complex at room temperature. Thgmatc
moments of the present (OHBRJu complex is 4.82 B.M. and the value is less ttenspin only value, it shows
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reduced Para magnetism, which suggest the formatfolow-spin complex having octahedral geometryeTh
magnetic moments of the present (OHBR) complex is 1.79 B.M. and this value is lessittiee spin-only value,
showing reduced paramagnetism, which suggest theataon of flow-spin complex having square planar.

Table-7: Magnetic moments of copper and Ruthenium

Effect. In B.M. Number of unpaired
S.Noj  Metal Complexes Theoretical| Observed electron
1. Cu(OHBP) 4.90 4.82 4
2. Ru(OHBP) 1.68 1.79 1

Thermal analysis

The thermal studies of these complexes are cawigdto know the stability of the complexes on thakrm
decomposition, as well as to know the differenafiproducts that are obtained in thermal decomiposhaving
novel catalytic properties.

Study of OHBP and its Cu (I1) and Ru (I1)metal complexesby TGA-DTA spectra

Thermo analytical data of metal complexes weremginethe Table.8. The representative thermo graere whown

in the fig.8 and 9. The Cu complexes are thermsifble up to 100C. The first stage of the decomposition
corresponding to endothermic dehydration of the merm and the two lattice water molecules are losthe
temperature range 120-1Dto give anhydrous complé¥ The second decomposition stage with two endotteermi
is known as stable intermediate formed around 38DSC?*?Exothermic decomposition express to give the
corresponding metal oxides as final decompositisndpct at a high temperature i.e. above °60QThe
decomposition behaviour of the complexes was oleskirv nitrogen atmosphere. All the experimentalsiass has
shown Table.8. The Ru complexes are thermally staplto 100€C.

The first stage of the decomposition correspondingxothermic dehydration of the complex and the tattice
water molecules are lost in the temperature rang@-260C to give anhydrous complexes. The second
decomposition stage with two exothermic is knowas stable intermediate formed between 270@40
Exothermic decomposition express to give treesponding metal oxides as final decompmsitproduct at

a high temperature i.e. above %20The decomposition behaviour of the complexes oserved in nitrogen
atmosphere. All the experimental mass loss has shbable.8. At high temperatures, the correspondiegal
oxides were formed, as stable products. All theeeirpental percentage mass loss was compared veitballculated
weights. Based on thermal data it was shown tleasthbility order of the complexes was Cu (I1)>(Ru

Table8: Thermal analytical data of the Ligand and their metal complexes

Molecular Weight of theg Temperature %of
Complex X=H20 A complex takg Range during | fraction of|  Probable assignment
weight in gms . . 2 ;
inmgs |weight loss in OC weight
Loss of 2H20 molecule.
120-140 15.64
[Cu.L2.X2] ] Loss of two L molecules.
L= C;7H21N3SO 730.18 8.1910 380-440 64.53 Remaining residue
Above 600 10.77
Corresponds to CuO.
Loss of 2H20 molecule.
220-260 11.33
[Ru.L2.X2] ) Loss of two L molecules.
L= Ci/H21NsSO 767.17 12.1630 270-440 52.81 Remaining residue
Above 650 7.55
Corresponds to RuO.

Biological activity

The author in this present investigation attemptedind out antibacterial activity of ligand andeth metal

complexes against Salmonella typhi, Enterococcesdits and Escherichia coli choosing serial pajmr ohethod
Table 9.The results of the biological activity betmetal complexes indicated the following factscaparative
study of the ligand and their complexes indicaked the metal chelates exhibited higher antibaatetivity than
that of the free ligand. The increase in the antéxgal activity of metalchelates was found du¢h® effect of metal
ion on the metal chelates which could be explaioedhe basis of overtones concept and chelatiooryh@®n

chelation the polarity of the metal ion reducedtgreater extent due to the overlap of the ligathitad and partial
sharing of positive charges of metal ion with dogooups. It was further noted that the delocaloratif electrons
over the whole chelate ring enhanced the lipopitijliof the complexes. This increase dlipophilliéit! hanced the
penetration of the complexes into lipid membrang lalocking the metal sites on enzymes of microoigran

The zones of inhibition of the ligand metal com@exvere in the Table.9. The activity was comparid zone of
inhibition was measured in mm and reported in 0f(Ilf) and Ru(ll) Complexes of Schiff, is found e more.
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Table9: Antibacterial Activity of the Metal complexes Total Area of Zone of clearancein mm

S.No. | Compound Salmonella Typhi | Enterococcus Faecails | Escherichia coli
OHBP 10 12 15
2 Cu(OHBP) 12 18 18
Ru(OHBP) 14 16 17
CONCLUSION

The outcome of the above results confirms the stometry of the complexes to be 1 : 2 [M: L] asigaded by
elemental analysis and conductometric measuremiitspectra suggest that the ligand behaves asthideand
coordinates to the central metal ion through azbmetnitrogen and phenolic —OH group. This has Heether
confirmed on the basis of NMR spectral studies.sTtan the basis of above physicochemical and spesttrdies
the complexes are found to have higher biologictiVties as compared to the respective ligandthedparent drug
that, somehow, justifies the purpose of the re$eamark. The present work will be further extendedtte synthesis
of metal complexes using other biologically actimetals and evaluation of their biological acti\stieAll the metal
complexes carry on charge and are thermally staesuch no single technique is independent ddiptiag final
structures of the complexes.
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IR spectra of cu -OHBP complex
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IR Spectra of Ru- OHBP complex
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NMR spectra of Cu- OHBP complex

% BEEs’ g " é
;‘ LR Nng 3 ?“ o
o T N S - =
| NIV | D
4H i i)
L - ] L
= T T T T i t

1[Jk 2 8 7 [ 5 4 3 2 1 D

! T A

.-:| - ro_ o o~

1208



J. Sreeramulu et al J. Chem. Pharm. Res., 2014, 6(4): 1198-1209

TG-DTA of OHBP Cu complex

File:c/TA/Data/SDT/RMR/CHEMD15
Sarnple :Cu-OHBPP OperatorRMR
Size :9.2024mg DSC-TGA Run Date:17-NOV-2013 13:22
Method :Ramp Instrument: SDTQE00 V20.9 Build 20
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TG-DTA of OHBP Ru complex

Sample :Ru-OHB File:c:TA/DatalSDT/RMRICHEM013

+ Operator:RMR
f,‘:;,gf-.g?,“m';“ DSC-TGA Run Date:16-NOV-2013 15:30
g Instrument: SDTQB00 V20.9 Build 20
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