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ABSTRACT

Copper (II) and Iron (Ill) complexes of Schiff baiigand namely(2)-3-hydroxy-4-((5-methylthiophen-2-yl)
methyleneamino) benzoic acid derived from the cosaton of 5-methyl-2-thiophene carboxaldehyde with
amino-3-hydroxy benzoic acid were synthesized. Fbkiff base and its metal complexes were strudyural
characterized based on elemental analysis, moladaotance, IR, UV-Visible and EPR spectral andriedr(TG-
DTA) analyses. The FTIR spectra showed that thentigs coordinated to the metal ions in a trideatatanner
through azomethine nitrogen, thiophene sulphur pinenolic OH groups. The molar conductance measumnes e
the complexes in DMF showed non-electrolytic nati®m the EPR spectra an octahedral geometry heenb
proposed for Cu(ll) complex. The synthesized Sbh#e ligand and its metal complexes were screéoretheir
biological activity against bacterial species, t#wam —ve bacteria (Escherichia coli, Enterobacter@enes) and
one Gram +ve bacteria (Staphylococcus aureus). attevity data showed that the metal complexes aoeem
potent /antibacterial than the parent Schiff bagarhd. It has also been observed that concentradfocompounds
played an important role by increasing the degrémbibition as the concentration increases.
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INTRODUCTION

Schiff bases, an important class of ligands play@gortant role in the development of coordinatabremistry as
they can easily form stable complexes with mosteftransition metals [1]. Metal complexes of thehi8 bases
possess numerous applications including antibattenmtifungal [2-5] and other biological applicats, as well as
clinical, analytical and industrial in addition tbeir important roles in catalysis [6-8]. It is kmo that N and S
atoms play a key role in the coordination of metdlshe active sites of numerous metallo-biomolesuMetallo-
organic chemistry is becoming an emerging areeséarch due to the demand for new metal basednateiial

and antifungal compounds [9, 10]. It is known thliophene derivatives exhibit intensive antibaeteand

antitumor activities [11, 12]. Also metal complexd#sSchiff bases with heterocyclic compounds fipglecations as
potential drugs [13]. Keeping in view of the abofeets, we have synthesized a new Schiff base, lieiop
carboxaldehyde derivative viz (Z)-3-hydroxy-4-((®thylthiophen-2-yl) methyleneamino) benzoic acidl ats

Cu(ll) and Fe(lll) metal complexes. The Schiff basel its metal complexes were characterized areksed for
the biological activity. The complexes exhibitedHer lethal effect on bacteria than their pareyerd.
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EXPERIMENTAL SECTION

Materials and physical measurements

All the chemicals and solvents used were of argdade. The IR spectra of the compounds were redandimg a
Thermo-Nicolet FT-IR, Nicolet-200 USA spectrophotter as KBr discs. Electronic spectra of the comgsuin
DMF solution were recorded with Schimadzu UV 18@@ctrophotometer. Molar conductance M) of the
complexes in DMF solution was measured using Ellonductivity bridge at room temperature. EPR speafrthe
Cu(ll) complex was recorded as polycrystalline skma room temperature using Geol XA 200 spectremdtGA
analysis was carried out under nitrogen atmosphitea heating rate 1%C/min using a SDT Q 600 V 20.9 Build
20 analyzer instrument.

Synthesis of ligand

The scheme of preparation of ligand, (2)-3-hydrdx{5-methylthiophen-2-yl) methyleneamino) benzaigd is
shown in (Fig.1). A mixture of 4-amino-3-hydroxy rmmic acid (0.05mol) and 5-methyl-2-thiophene
carboxaldehyde (0.05mol) was taken in methanolrafidxed for 4 hrs at a temperature of 50%0 The yellow
coloured precipitate obtained was removed by filirg washed several times with ethanol and drigdien vacuum
over ROy.

Colour: Yellow, Yield: 80-85 %, Elemental analysfeund (calcd.) for &H1;NOsS: C, 59.59 (59.76); H, 4.20
(4.24); N, 5.20 (5.36); O, 18.37 (18.12); S, 12(19.27) %. IR data (KB, ci); 3325v(0-H), 1585v(C=N), 765
v(C-S-C). HNMR (DMSO-d); 812.53 (broad 1H, -COOH)$9.459 (broad 1H, Ar-OH)88.698 (1H, s,
azomethine)$7.521-7.395 (3H, Aromatic individual peakg),.109-6.931 (2H, thiophene ring d, d 82,527-2.502
(8H, s, CHgroup of thiophene).

UV-Vis (DMF, nm); 246, 309, 410.

Figure 1. Synthesis of ligand.
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Synthesis of metal complexes

The metal complexes were synthesized by the foligvgeneral procedure. Hot methanolic solution ef lthand
(0.1mol) and hot methanolic solution of correspogdinetal salts (0.05mol) (MX/X; Where M= Cu(ll), Fe(lll);
X=chlorides) were mixed together with constantristg. The mixture was refluxed for 2-3 hrs at 506®°C. On
cooling, coloured solid metal complexes were priggipd out. The products were filtered, washed vetid
methanol and dried. .

1. Culp
Colour: Bluish green, Yield: 76 %, m.p. >380. Anal. Calc. for GH,,CuN,O®S, found (calcd.); C, 53.41(53.46);
H, 3.40 (3.45); N, 4.79 (4.80); O, 16.39 (16.43):18.88 (10.98); Cu, 10.86 (10.88) %. FT-IR (KBmY; 3157
v(0O-H), 15500(C=N), 7460(C-S-C).

UV-Vis (DMF, nm); 206, 252, 379, 417.

2. Fel,

Colour: Brown, Yield: 78 %, m.p. 25tC. Anal. Calc. for GH,FeN,OgS, found (calcd.); C, 54.12 (54.18; H, 3.49
(3.50); N, 4.78 (4.86); O, 16.61 (16.65); S, 11(11.13); Fe, 9.63 (9.69) %. FT-IR (KBr, & 3310v(0-H), 1535
v(C=N), 769v(C-S-C).

UV-Vis (DMF, nm); 213, 367, 441.
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Figure 2. Proposed structurefor metal complexes. Where, M = Cu, Fe.

COOH

HOOC

Antibacterial assay

The ligand and its complexes were tested agairdbdicterial specie€scherichia coliGram —ve) Staphylococcus
aureus(Gram +ve) andEnterobacter aerogeng$ram —ve). These studies were carried out usitgatycline as
standard antibacterial agent by diffusion method, [15]. All strains were isolated from patientsSN'S Medical
college and hospital, Mahabubnagar, India. Thetijeof all the strains was confirmed. The testusioins were
prepared in DMSO. A bacterial suspension was pegpdrom overnight cultures (12 hr) in Nutrient Brot
(Himedia) and turbidity was adjusted equivalen0t6 McFarland Units (approximately’ddu/ml). Aliquots (100
pL) of inoculums were spread over the surface dfrisiot Agar (Himedia) plates with a sterile dispoigaplastic
spreader (Himedia). Sterilized paper discs wergeaddh 10 L of each compound to be tested in dmeentration
of 2.0, 1.0, 0.5 mg/10 pL in DMSO. The plates wiren incubated for 24 h at 8T in Bacteriological incubator
(Thermo Lab). Antibacterial activity was indicatieyl the presence of clear inhibition zones arouedsdémples and
the zones of inhibition formed were measured in mm.

RESULTSAND DISCUSSION

The analytical and physical data of the Schiff Hagmnd and its complexes are presented in Tabldé.complexes
are soluble in DMF and DMSO and are insoluble imeaccommon organic solvents. The analytical datarlkyle
show that the metal to ligand ratio is 1:2 in hi tomplexes. The composition of the complexeslis, Mhere (M

= Cu(ll) and Fe(lll) and L = ligand. The low molapnductance values (Table 1) of *1® solutions in DMF

showed that the complexes are non-electrolytes.

Tablel: Analytical data and other details of the ligand and metal complexes

S. Molecular Formula Colour | m.p Elemental Analysis % Found (calculated) Molar conductance
No. formula weight % yield | °C C H N [¢) S M (ohm'mor*cn?)
L HL 261.30 Y?:'!f%v 126 (ggjgg) (jéé) (gég) (i;:g;) (g:g%
Bluish
2. Cu(Ly 58412 | green 300 (23:3(15) (giig) (j.;g) (12222) (igigg) (igigg) 16
3. Fe(L) 57642 | “gang | 250 (gﬁg) é'ég) (14.78% (1222@) (ﬁ:ﬁ) (8123) 21
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Figure 3(a). IR spectrum of the ligand
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Figure 3(b). IR spectrum of the Fe(l11) complex.
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Infrared spectra
The IR spectral data of the ligand and its compexee presented in Table 2. The IR spectrum ofteff base

ligand and a representative system of Fe(lll) cemplre shown in Fig. (3(a) and (b)). In the Schi#ée ligand, th
strong band observedt 4584 cn® can be assigned to(C=N) azomethine stretching vibration [16].
complexation, this band was shifted to lower fremuyein the range 15:-1550 cnt, indicating the coordination
azomethine nitrogen to the central metal ions. dabrband oserved at 3325 cihdue to phenoli—OH group of
the free ligand was found to be absent in caséh@fcomplexes which gives a strong evidence forlithend
coordination around the metal ion in its deprotedebrm. Thiophene ring +S-C) showed absorjon band at 780
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cm™ in the ligand spectra. This band shifted to lowegfiency 746 c™in case of Cu(ll) complex and to higt
frequency in Fe(lll) complex, suggesting the mapttion of thiophene sulphur in complexation [1Zhordinatior
of azomethie nitrogen and phenolic OH groups are further icowfd by the presence of new bands in the re
450-457 crit and 547-652 crhwhich are assignable to (M-N) andv (M-O) stretching vibrations. From the
spectra, it may be concluded that the Schise ligand is tridentate and coordinates throughptienolic oxygen
azomethine nitrogen and thiophene sulf

Table2. |R-spectral data of theligand and its metal complexes

Compound  v(O-H) v(C=N) v(C-SC) v(M-N) v(M-O)

Ligand 3325 1585 765
Cu(L), 3157 1550 746 450 547
Fe(L), 3310 1535 769 457 652

'H NMR Spectra

The structure of ligand was confirmed *H NMR spectra. ThéH NMR spectra of ligand recorded in DM-ds
solvent (Fig.3) showed well resolved signals fag tirotons present in the ligand. The spectrum éslilbroac
signals até 9.459 and at 12.53 ppm which may be assigned &mgilt OH and carboxylic COOH proto
respectively. A sharp singlet observec 6 8.698 ppm may be assigned to the azomethine grAupinglet
corresponding to the three protons of methyl graafpthiophene is appeared&®R.527%-2.502 ppm. A doublet and
doublet of doublet are appeared in the rang& AtL0¢-6.931 ppm due to two ptons of thiophene ring. Signe
observed ab 7.5217.395 ppm are due to three protons of aromatic fimgase of all the complexes, the prot
due to azomethine and thiophene ring undergo shifards downfield, indicating the coordination bése roups
with the metal ions. And also signals due to hygtaroup (OH) were found absent in the spectraahglexes
indicating the deprotonation of the hydroxyl graamq the involvement of oxygen atom in complexn.

%5 14 13 12 M 10 9 8 7 6 5 4 3 2 1 0  ppm

Figure4. *H-NMR Spectrum of theligand

EPR spectra

The EPR spectra of the complex provide informatibout the extent of delocalization of unpaired tetet The «
values calculated for Cu(ll) complex from EPR spee¢Fig.4) are presented in Table 3. The getric parameter G,
which measures the exchange interaction betweercapper centres in the polycrystalline sample far(Ig
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complex has been calculated by using the expres&ien(g -2)/(g.-2). According to Hathaway [18-20], if G >4,
the exchange interaction is negligible, if G <4pdicates considerable exchange interaction irsttiel complexes.
In case of Cu(ll) complex, the calculated G vakitess than four, indicating the existence of atersible exchange
interaction in the solid complex. The trend g g > ¢.(2.0023) observed in case of Cu(ll) complex shothed the
unpaired electron is localized in,g, orbital of the Cu(ll) ion [21]. The spectral stadirevealed that the Cu(ll) ion

coordinated to the ligand is in a octahedral geoyreet shown in fig 1.

Table3. EPR-spectral data of the metal complexes

Compound | gu | gt G G| G| G
Cu(L), 250 | 2.26] 1.9313 - - E

Figure5. EPR spectrum of the Cu(ll) complex.
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UV-Visspectra .
Ligand exhibited bands in the region 246, 309 nnclvimay be attributed ta- IT transitions of the thiophene ring

and n-II" transitions of azomethine moiety respectivelyatitition, a broad band at 410nm is due to thé&ln-
transition which is overlapping with the intermaldsr CT from the phenyl ring to the azomethine r[2g]. In
metal complexes, these transitions were found teHifted to lower or higher energy region compathe free

ligand transitions confirming the coordination bétligand to metal ions.

Electronic spectra of the Cu(ll) complex displaymhds at 206, 252, 379 and 417nm which may beresbigl1-
IT transition of thiophene ring,-& Cu charge transfer, i transition of azomethine group and d-d transgtion

respectively.
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Electronic spectra of Fe (lll) complex displayedtds at 213, 367, 441nm. The first two bands arigasd toll-
IT, n-1I' transitions of thiophene ring and azomethine gsogspectively. The band at 441nm can be assigned t
the d-d transitions.

TG-DTA

The Thermo-gravimetry analysis (TG-DTA) of the cdexes are carried out in the temperature range0P@With

a sample heating rate 10/min in a static nitrogen atmosphere. During thatimg of the metal complexes, the TG-
curves undergone a series of thermal changes atsweiith a weight loss of the samples. Cu(ll) ctmpshowed
three steps of decomposition. First stage is oleseat a temperature range of 50-2C0which involves the loss of
water molecules. This dehydration process is acemmep by an exothermic peak and a small endothepidk
centered at about 6C and 100C respectively. Second stage occurred with in éheperature range of 110 to 210
°C. This process is accompanied by a broad exotleredk centered at about 2 Third stage of decomposition
is observed in the temperature range 210 to “850eaving the metal oxide as the decompositioidues This
process is further confirmed by the presence abadexothermic peak centered at 320

Fe(lll) chelate showed two decomposition steps iwitthe temperature range 50-28G. The first step of
decomposition observed in the temperature range2?88C corresponds to the loss of chloride ion. The sectep
occurred at 200-24%C corresponds to the removal of the organic pathefligand leaving metal oxide as residue.
The above degradation process was further confifoyettie presence of two exo-effects centered atrsD150°C
respectively.

Result of Antibacterial activities

Table 4 shows the mean of inhibition zone of tigartid and mixed ligand complexes, which are testetiffarent
concentrations of 0.5, 1 and 2 mg against seveedies of human pathogenic bacteria. The high déseu(ll)

complex i.e 2mg has shown good antibacterial dgtiagainst E. coli, E. aerogenes and Staphylocoecueus
which was known as a resistant to most commeraigbiatic.

The high antibacterial activity of the metal comyale compared to Schiff base ligand can be explaimedms of
chelation theory [23]. Chelation reduces the pojaof the metal ion to a considerable extent du¢hw partial
sharing of its positive charge with the donor gm@and possiblél-electron delocalization over the whole chelate
ring. Reduction in polarity in turn increases tfgophilic character of the chelate and the intéoacbetween the
metal ion and the lipid is favoured. This may résalbreaking down of the permeability barrier bgtcell and
interference with the normal cell processes [24].

Table4 .Antimicrobial activity of ligand and its metal complexes

compound E.coli E.aerogenes S.aureus

NC | PC|05[10]| 20| NC|PC|05|10|20[NC|PC|05|10]20
Ligand 02| 27| - - - 03| 27 - - - 02 21 - - -
Fe(Ly 02| 26| 11| 16| 17/ 02 2 12 1B 12 02 27 13 {12 |19
Cu(L), 01| 25| 12| 19| 22/ 04 26 11 11 14 02 28 14 {6 |19

NC = Negative control (DMSO)
PC = Positive control (Tetracycline)

CONCLUSION

A Schiff base ligand, derived from the condensatidn5-methyl 2-thiophene carboxaldehyde and 4-an8no
hydroxy benzoic acid was synthesized and charaetkriThe metal complexes with Cu(ll) and Fe(llipsowere
prepared. From the IR spectra, it is concluded libahd is tridentate binding to the metal ions;(IQuand Fe(lll)
through azomethine N, phenolic OH and thiophen&h®. biological activity revealed that Cu(ll) complexhibited
maximum inhibition against all the three bacters@ds which was almost greater than the standaibietit used.
The chelation induced significant changes in tlodogiical activity of the ligand.
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