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New Schiff base has been prepared from 2-sulphanilamidothiazole and 2-hydroxy-3-methoxy benzaldehyde in
ethanolic media and then complexed with Mn(ll), Co(ll), Ni(ll), Cu(ll) and Zn(ll) ions. The synthesized ligand and

complexes were characterised by Elemental analysis, Molar conductance ,Magnetic susceptibility, IR, UV, TH & 13C NMR, EPR
and Fluorescence studies.The spectral data of the complexes have revealed bidentate complexing nature of the Schiff base
ligand through phenolic oxygen and azomethine nitrogen atoms. The Schiff base ligand and the complexes were screened
for antimicrobial activity and fluorescent behaviour. From the analytical and spectral data, the stoichiometry has been found
to be 1:2 for all the complexes. An octahedral structure has been proposed. All the new complexes were found to be active

against bacteria and fungi.

INTRODUCTION

Sulpha drugs which are derivatives of a compound p-amin-
obenzenesulfonamide commonly known as sulfanilamide,
were the first effective chemotherapeutic agents widely
used for the cure of bacterial infections in humans. They are
termed as sulfonamides, due to the presence of sulfonamide
group (-SO,NH,). Many sulpha drugs like sulphapyridine, sul-
phathiazoel, sulphamethoxazole possess SO,NH moiety as
an important toxophoric function'. The direct use of tran-
sition metal salts as antimicrobial agents cannot be recom-
mended as they are very toxic to host animals. It has been
reported that the metal complexes showed greater activity
compared with free ligands?. Transition metal complexes of
these ligands are developed due to their chelating capability,
structural flexibility, electrical as well as magnetic properties®.
Sulpha drugs are metabolic inhibitors of folic acid in micro-
organisms. The drug combination of sulphamethoxazole-
trimethoprim is an antimicrobial agent that is frequently used
for prophyl axis to prevent pneumocystis carionii pneumonia
in AIDS patients and in other immunocompromised individu-
als®. Sulfonamide derivatives are found to be anti-angiogen-
ic, antitumour, anti-inflammatory and anti-tubercular agents
57 In addition, the chemotherapeutic usefulness of sulfa
drugs against infections caused by fungus paracoccidioides
brasiliensis has been reported?®.

The interest in metal based sulfonamides was stimulated by
the successful introduction and preparation of Ag(l) and Zn(ll)
sulphathiazole and sulphadiazine complexes to prevent vari-
ous bacterial infections.’

As part of our investigation into designing new chelating
agents from biologically active compounds, we are interest-
ed in synthesizing the Schiff base ligand derived from 2-sul-
phanilmidothiazole and 2-hydroxy-3-methoxybenzaldehyde
and its metal complexes. It is aimed to characterize the
complexes by analytical and spectral studies to propose a
suitable structure. The complexes are subjected to biologi-
cal studies also. The ligand and its metal complexes were
characterized by Elemental analysis, Molar conductance and
Magnetic susceptibility measurements, IR, UV, 'TH& 3C NMR
and ESR. The biological activities are also studied against
gram positive and gram negative bacterial and fungi organ-
isms for Schiff base ligand and its complexes. The structure
of Schiff base ligand proposed in the present work is given
in Figure 1
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Figure 1 Structure of the ligand

EXPERIMENTAL

All the chemicals used were of analytical reagent grade (AR)
and of highest purity available . Solvents were purified and
dried according to the standard procedures. All metal (Il) com-
pounds were used as acetate salts. IR spectra of the com-
plexes were recorded in KBr pellets with a Perkin Elmer RX1
FT-IR Spectrophotometer in the 4000-400cm™ range. The
electronic spectra were recorded in DMF on a Perkin Elmer
Lambda 35 spectrophotometer in the 190-1100 nm range.
The "H& *C NMR spectra were recorded on a Bruker 400MHz
FT-PMR spectrometer (DMSO-d,). Elemental analysis of the li-
gand and complexes were obtained using Elementar Vario EL
CHN rapid analyser. The X-band EPR Spectrum were recorded
on a Bruker ESP X-band EPR Spectrometer using powdered
samples at a microwave frequency 9450MHz. Magnetic sus-
ceptibilities were measured on a Automagnetic Susceptibility
meter (MSB-Auto) at room temperature. Melting points were
determined using melting point apparatus (Elico) and are
uncorrected. Conductivity measurements for the complexes
were carried out on Elico Conductivity Bridge and a dip con-
ductivity cell using dimethyl formamide as solvent. Fluores-
cence spectra of the complexes were recorded using Perkin
Elmer LS 45 Spectrofluorometer.

Synthesis of Schiff base ligand :

(L) The Schiff base was prepared by the condensation of
equimolar amounts of 2-sulphanilamidothiazole and 2-hy-
droxy-3-methoxy benzaldehyde in minimum quantity of eth-
anol. The resulting mixture was then refluxed on a water bath
for 5 hours. A pale orange coloured solid mass separated
out on cooling is filtered , washed and dried over anhydrous
CaCl, in a desiccator. The purity of the ligand was checked by
melting point, TLC and spectral data. The ligand is insoluble
in some common organic solvents viz.acetone, benzene and
soluble in polar solvents viz.DMF, DMSO.

Synthesis of metal complexes:
Metal complexes were synthesized by mixing the hot solu-
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tion of ligand (0.004 mole) in minimum quantity of dimethyl
formamide and ethanolic solution of metal acetates (0.002
mole). The resulting mixture was then refluxed in a water
bath for 6 hours. The complexes obtained in each case were
cooled, filtered and washed with ethanol several times to re-
move any excess of the ligand. Finally the complexes were
washed with anhydrous diethylether and dried in a desicca-
tor.

RESULTS AND DISCUSSION
The Schiff base ligand is synthesized by using equimo-
lar quantities of 2-sulphanilamidothiazole and 2-hydroxy-
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3-methoxy benzaldehyde and is complexed with metal ac-
etates according to the following equations

MICHCOOhob, 0 + 2L =b=F A HaO): +2CHCO0H +uHa0

sefim

reflux

The metal complexes derived vary in their colour. All the
complexes are stable, non-hygroscopic and coloured solids.
The results of the elemental analysis(Table 1) of the Schiff
base and their complexes are in good agreement with those
calculated for the suggested formula and agree with a 1:2
metal to ligand stoichiometry for all the complexes.

TABLE 1

Physical Characteristics and Microanalytical data of Schiff base ligand and their complexes

S.No ggg\nﬁéxes Colour Molecular Formula  |M.P -C Yiild %imgﬂ?dr’%ngl ,ilis (%) |s CN|A_ohm'mZmol’
L 52.44) ((3.85) |(10.70) ((16.45

1 orange  |C;;H,N,O,S, 160 |75 82500 85 (1048 [Yeas | |

2 |MnL,H,0)) |Pale yellow [C,H,N,O,S,Mn  [220 |60  |47-88)|3:69\0.68) ((18.70) 16 12 40

3 |[CoL,H,0),] |Darkbrown |C,H,N0105Co (260 |65 |(3684)|(3:07) @68 1140916 12,37

4 [INLHOL vellow  |C H,NOSNI  [270 |70 |3883 ]3¢ |FoD) (1409 15 |2.94

5 | [CuLH,0),] Darkbrown [C,H,NO,S,Cu (230 |70  |(4827) |36 |029) (14O 16 1237

6 |ZnLH,0),] |Paleyellow |C,H,NO,Szn (275 |60 |3639|3¢d (@27 (145816 |6.02

Molar Conductance and Magnetic Susceptibility Meas- TABLE 2

urements: IR and Electronic spectral data

The observed molar conductances of all the complexes in ] R spectral data  om-! Electronic

10-*M DMF solution are found within the range of 2.0-9.0 Ligand/ P ! spectra

ohm-'cm2mol”' showing their non-electrolytic nature. The Complexes Y(O-H) y(C=N) y(M-N) y(M-O) |data, cm"’

magnetic data for Co " and Ni " complexes is consistent 42 105 and

with octahedral geometry around the metal ion for both L 3433|1562 |- - 527

the complexes. The magnetic moment value of 1.92 BM MnL(H.O)] 3371 [1617 |567 470 34 866

for Cu (ll) complex lies in the range expected for d? sys- 2 :

tem which contains one unpaired electron with octahedral [CoL,(H,0),] |3441 |1627 |556 472 37,717 and

geometry '°. Zn (ll) Complexes are found to be diamag- - :

netic as expected. The observed magnetic moment value INIL,H,0),] 13443 |1618 |546 466 36,358

of 5.85BM for the Mn (Il) complex suggests the octahedral

geometry. [CuLH,0),] [3442 [1606 (550 |476 38291 and

Infrared Spectra: 34,140 and

The structurally significant IR bands for free ligand and [2nL,(H,0),] 3366|1610 |55T 466 :

its complexes have been reported in Table 2. Schiff base
showed a strong absorption band at 1562 cm' characteris-
tic of v (C=N) whereas the broad band at 3433 cm™' charac-
teristic of hydrogen bonded v(O-H) stretching vibration'2.
The azomethine v(>C=N) band at 1562 cm™" in Schiff base
is shifted to higher frequency in Mn(ll),Co(ll),Ni(ll),Cu(ll),
and Zn(ll) by 55,65,56,44and48cm'respectively which in-
dicated the co-ordination of azomethine nitrogen on com-
plexation™ .The shifting of phenolic (OH) at 3433 cm™ in all
the complexes suggests the coordination of phenolic xy-
gen after deprotonation'. The linkage with oxygen atom
is further supported by the appearance of a band in the
region around 420-464 cm' which may be assigned to v
(M-O)'s. A further evidence of the coordination of the N
atom of the Schiff base with the metal atom was shown
by the appearance of a new weak frequency band at 512-
578cm™ assigned to the metal nitrogen v(M-N)*. These
new bands were observed only in the spectra of the metal
complexes and not in Schiff base which confirmed the
participation of the donor groups. The band in the ligand
and in the complexes almost remain unchanged indicat-
ing that this -SO, group is not participating in coordina-
tion. This is confirmed by the unchanged v(S-N) and
v(C-S) modes appearing around 941cm” and 860cm™ re-
spectively. The ring nitrogen (=N-) of the Schiff base does
not take part in coordination, supported by unchanged
band around 1250 cm™.

'H &'*C NMR Spectra:

The "H NMR Spectra of Schiff base and its complexes were
recorded in DMSO (d,). The azomethine proton (-CH=N-
) in Schiff base appeared at 8 = 8.9 ppm has been shifted to
downfield in metal complexes. This confirms the coordination
by azomethine nitrogen . The aromatic protons in Schiff
base appeared in the range at 8 6.55 to 7.86 ppm and metal
complexes in the range 8 6.39 to 8.61 ppm. The disappearance
of phenolic -OH proton signal at § 12.76 ppm confirms the
coordination by phenolic oxygen to metal ion'™. The C-nmr
spectral data (imine at 8 165.1 ppm, aromatic C-OH at § 123.83-
127.85 ppm) for ligand supports the proposed structure.

Electronic Spectra:

The electronic spectra and magnetic moment of the ligand
and its metal complexes are listed in Table 2. Electronic
spectrum of the ligand shows two high intensity bands at
39,521cm™ and 42,105cm™ indicate m — ™ and n — n*
transitions respectively of the ligand moiety'. The electronic
spectrum of the Mn(ll) complex shows a band at 34866 cm'
assignable to ‘A, —*E_ . The electronic spectra of Co(ll)
complex displaysqbands at 37,717 and 36523 cm™'. The first
band corresponds to intra ligand transition of the organic
moiety and the latter corresponds to *T, (F) - * T, (P) sug-
gesting octahedral geometry of this complex?'. Ni(ll) com-
plex shows absorption band at 36358 cm™ which is due to
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*A, = T, .The Cu(ll) complex displays two bands at 38201
and 34,607cm™. The first band is attributed to intra ligand
transition and the second band corresponds B, — ’E .
Zn(ll) complex displays high intensity bands at 34140 and
33612 cm™. This may be due to Ligand — Metal charge
transfer spectra®®. The probable structure of complexes pro-
posed in the present work is given in Figure 2.
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Figure 2 Structure of the Complex

EPR Spectra:

A powder ESR spectrum of Cu(ll) complex were record-
ed at room temperature at 9780MHz. Both parallel and
perpendicular features of Cu are resolved in the spectra,
which are characteristic of axial symmetry. The g value of
Cu(ll) complex is found to be 2.0095 confirms the pres-
ence of unpaired electron in the dxzryzorbital of Cu(ll).The g
value are very close to those reported for a number of dis-
torted Cu(ll) complex. Moreover, the observed g value is
less than 2.3, suggests the covalent nature of metal-ligand
bonds in the complex. The lines of this type usually ob-
served are either due to the intermolecular spin exchange,
which may broaden the lines or to the occupancy of the
unpaired electron in the degenerate orbital. The nature
and pattern of the EPR spectra (Figure 3) suggests an al-
most octahedral environment? around the Cu(ll) complex.

Figure 3 EPR Spectra for Cu(ll) complex

Fluorescence Spectra:

The Photoluminescence properties of the azo Schiff base li-
gand and their complexes were studied at room temperature
for 10 M solution for all compounds in DMSQO solution. Exci-
tation and emission slit widths were set at 10nm with a scan
speed of 500nm/min. The excitiation spectra of the ligand
show a maximum at 253nm and show an emission peak at
513nm. Generally azo Schiff base systems exhibit fluores-
cence due to intraligand m — * transitions. The fluorescent
data are summarized in Table 3.
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TABLE 3
Fluorescence Characteristic of ligand and its complexes

Complexes  |Excitation Wave-|Fluorescence wave-|Quantum
length®_(hm) |length®__ (nm) Yield
L 253 513 0.49
[MnL,(H,0),] |284 285 0.99
[CoL(H,0),] |273 274 0.99
[NiL,(H,0),] |285 289 0.98
[CuL,(H,0),] |287 288 0.99
[ZnL(H,0),] [290 291 0.99

Antibacterial activity:

The newly synthesized Schiff base ligand and its metal
complexes were screened invitro for their antibacterial ac-
tivity against two gram positive bacteria staphylococcus
aureus(NCLM 2079), Klebsiella aerogenes (NCLM 2098)
and two gram negative E.coli (NCLM 2065), pseudomonas
aeruginosa (NCLM 2036) bacterial strains by disc diffusion
technique as reported in our previous paper®. DMSO was
used as a negative control whereas Ciprofloxacin was used
as positive control.

Antifungal activity:

The newly synthesized Schiff base ligand and its metal com-
plexes were screened invitro for their antibacterial activity
against two fungi aspergillus niger (NCLM 105) and Mucor
(NCLM 108). DMSO was used as a negative control whereas
Nystatin was used as positive control.

All the bacterial and fungus cultures were procured from Na-
tional Chemical Laboratory, Pune and subcultured on nutri-
ent agar. Filter paper discs of diameter 6mm were used and
the diameters of zones of inhibition formed around each disc
after incubating for a period of 72 hours at 25-30°C were re-
corded. All the new complexes showed a remarkable biologi-
cal activity against bacteria and fungus (Table 4). The activ-
ity order of the synthesized compounds can be represented
as Cu(ll) complex>Mn(ll) complex>Co(ll) complex>Zn(l)
complex>Ni(ll) complex >ligand

TABLE 4
Antimicrobial Activity of Schiff base ligand and complexes
3
9 ©
c
Antimicrobial activity 9 s o8 @
of the ligand an 3 % 2 g é =
complexes 22|28 _ |95 5 o
Qo0|lQ0| © 23 o Q9o
85|85 | S| 2 |22
ho|¥o| W |acs| = |<c
Ligand (L) R B B e el e R
[MnL,(H,O),] ++ |ttt [FE [ (A [t
[CoL,(H,0),] SR B B e e e B
[NiL,(H,0),] SR A B B R N B
[Cul,(H,0),] Rl B B e e e N R e
[ZnL,(H,Q),] Fot | [F [ (A [t

Standard= ciprofloxacin 5 g/ disc for bacteria ; Nystatin= 100
units/disc for fungi.

Highly active = +++ (inhibition zone > 15mm) ; Modera-
tively active = ++ (inhibition zone> 10mm) ; slightly ac-
tive = + (inhibition zone >5mm); Inactive = -- (inhibition
zone <5mm)The higher activity of the metal complexes is
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due to effect of metal ions on the normal cell membrane.
From the results it is clear that the metal complexes are
found to have more antimicrobial activity than the parent
ligand?.

Conclusion :

The coordination ability of the newly synthesized Schiff base
has been proved in complexation reaction with Mn(ll), Co(ll),
Ni(ll), Cu(ll) and Zn(ll) ions. IR, UV, '"H NMR and magnetic
measurements of the ligand and its complexes confirms the
suggested coordination of the ligand through azomethine
linkage. Based on these facts, an octahedral structure has
been proposed for all complexes. The process of chelation
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that are potent against pathogens. In general, all the syn-
thesized complexes can serve as potential photoactive ma-
terials, as indicated from their characteristic fluorescence
properties.

ACKNOWLEDGEMENTS

The authors express their gratitude to UGC- SERO, Hy-
derabad for financial assistance. The authors express their
gratitude to The Secretary, Seethalakshmi Ramaswami Col-
lege, Tiruchirappalli, Tamilnadu, India for providing labora-
tory facilities. The timely help and suggestions given by the
faculty members of the PG and Research Department of
Chemistry are greatly acknowledged.

dominantly affects the biological activity of the complexes

3 {3\ [ 1.Mukta jain, Sampat Nehra, Nematicidal, Fungicidal and Bactericidal Activities of Manganese (Il) complexes with Heterocyclic Sulphonamide
Imine, Metal Based Drugs, 2002: 9: 1-2. 2. Robin R Coombs, Melissa K. Ringer, Johanna M. Blacquire, Joshwa C. Smith, J.Scott Neilsen,

Palladium (Il) Schiff base complexes derived from sulfanilamides and aminobenzothiazoles, Transition metal chemistry, 2005:30:411-418. 3.Walcourt.A,Loyevsky
M, Lovejoy D.B, Gordeuk V. R, Richardson D, Novel aroylhydrazone and thiosemicarbazone iron chelators with antimalarial activity against chloroquine resistant
and sensitive parasites, International journal of Biochemistry and cell Biology, 2004:36(3):401-407.. 4. Gomathi. V and Selvameena. R, “Synthesis, characterisation
and Biological Studies of complexes of 3D transition metals and with Schiff Base derived from Sulfadiazine and 2-acetylnaphthalene”, International Journal
of Recent Scientific Research, 2013: 4 ,94-97. 5.Shivakumar K, Shashidhar P, Vithalreddy , Halli M B,Synthesis, Spectral Characterisation and biological activity
of benzofuran Schiff bases with Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll) and Hg(ll) Complexes, Journal of Coordination Chemistry , 2008:61(14): 2274-2287. 6.Rajesh D.
Hunashal and D. Satyanarayana, One Pot Synthesis of 3-(substituted phenoxymethyl)-6-phenyl/substituted phenoxymethyl-1,2,4-triazolo[3,4-b][1,3,4]thiadiazole
derivatives as Antimicrobial Agents, Int J Pharm Bio Sci , 2012:3(4): 183 - 192. 7.Tarafder M T H, Ali M A, Wee D J, Azahari K, Silong S , Crowse K A,Complexes of a
tridentate ONS Schiff base —Synthesis & biological properties, Transition metal Chemistry, 2000:25(4):456-460. 8.Hahn RC, Morato conciecao YT, Santos NL, Ferreira
JF, Hamdan JS,Disseminated paracoccidioido mycosis correlation between clinical and in vitro resistance to ketoconazole and trimethoprim sulphamethoxazole,
Mycoses, 2003:46:342-347. 9. Zahid H Chohan and Muhammad M Naseer, Metal Based sulfonamides: Synthesis, Characterisation, antibacterial, antifungal and
cytotoxic properties of pyrrolyl and theenyl-derived compounds, Applied Organometallic Chemistry, 2007:21:728-738. 10.Valarmathy G, Subbalakshmi R, Synthesis,
Characterisation and Antimicrobial Screening of Mn(ll),Co(ll), Ni(ll), Cu(ll), Zn(ll), complexes with Schiff base derived from 2-sulphanilamidopyridine and 2-hydroxy-
3-methoxybenzaldehyde, Asian Journal of Chemistry, 2013:25(4):2077-2079. 11.Maruya R C, Patel P and Rajput S, Synthesis and characterization of mixed -ligand
complexes of Cu(ll), Ni(ll), Co(ll), Zn(ll), Sm(Ill) and U(V)O2 with Schiff base derived from sulfa drug sulfamerazine and 2,2'-bipyridine,Synthesis and reactivity in
inorganic and metal-organic chemistry , 2003:33(5):801-816. 12. Gomathi. V and Selvameena. R, “Synthesis, characterisation and Biological Studies of complexes
of 3D transition metals and with Schiff Base derived from Sulfadiazine and 2-acetylnaphthalene”, International Journal of Recent Scientific Research, 2013:4 :94-
97. 13. Maurya R C and Patel P, Synthesis, magnetic and special studies of some novel metal complexes of Cu(ll), Ni(ll), Co(ll), Zn(Il),Nd(lll) and U(V)O2 with
Schiff base derived from sulfa drugs, Spectroscopy Letters, 1996:32(2):213-236. 14. Zahid H Chohan, Sabuhi mushta g,Antibacterial Co(ll) and Zn(ll) complexes of
pyrazine derived NNO & NNN donor Schiff bases, Pakistan Journal of Pharmaceutical Sciences, 2000: 13(1):21-27. 15.Gomathi V and Selvameena R, Synthesis,
characterization and biological activity of Schiff Base Complexes of Sulfa Drug with Metals of life ,Asian Journal of Chemistry, 2013: 25(4): 2083-2086. 16.Zahid H
Chohan, Hazoor A. Shad, Faiz-ul, Hassan Nasim ,Synthesis, characterization and biological properties of sulfonamide derived compounds and their transition metal
complexes, Applied organometallic chemistry, 2009: 23:319-328. 17.Aboaly M M and Khalil M M H,Synthesis and spectroscopic study of Cu(ll), Ni(ll) and Co(ll)
complexes of the ligand salicylidene-2-aminothiophenol, Spectroscopy Letters , 2001:34: 495-504. 18. Suraj b. ade1, M.N. Deshpande and D.G. Kolhatkar, Synthesis,
Characterization, Spectral studies and antimicrobialactivity of 2-[1-(2-hydroxy-phenyl)-ethylidene amino]-4-methylphenolwith complexes of Cd(ll) and Hg(ll) ions, Int J
Pharm Bio Sci, 2012: 3(2):174-181. 19.Dhanaraj C J, Nair M S , Synthesis, Characterisation and antimicrobial studies of some Schiff base metal(ll) complexes, Journal
of Co ordination Chemistry , 2009: 62(24):4018-4028. 20. Farag M AAltal bawy, Gehad G Mohammed, Mohammed | A , Synthesis, characterization and biological
activity of some transition metals complexes with Schiff base derived from 4-amino-5-phenyl-4h-1,2,4-triazole-3-thiol and p-methoxysalicylaldehyde, Asian Journal
of chemistry, 2010:22(9): 7291-7307. 21.Lee J D. “Concise Inorganic chemistry” 5th edition, Blackwell science publishers, 1999: 967. 22.R.T.Vashi, S B Patel and
himanshu patel, synthesis, Characterisation and antifungal activity of 2-[(8-hydroxy quninolyl)-5-Amino methyl]-3-94-bromophenyl-6-bromo3(H)-quniazolin-4-one and
its metal chelates, Int J Pharm Bio Sci, 2013:4(1),172-178. 23.Lever ABP, Inorganic electronic Spectroscopy, Elsevier Amsterdam. (1994). 24. Gulnur Kesar Karaoglan,
ulvi Avciata , Ahmet Gul,Synthesis, Characterisation of a new Schiff base and its metal complexes, Indian Journal of chemistry, 2007:46A(8): 1273-1276. 25. Gomathi.
, Selvameena. R, Subbalakshmi. R and Valarmathy. G, “Synthesis characterisation and antimicrobial studies of Schiff Base complexes of Mn(ll), Co(ll) Ni(ll), Cu(ll) and
Zn(ll) derived from 3-aminophenol and 2-hydroxynaphthaldehyde”, International Journal of Recent Scientific Research, 2013: 4 :80-83. 26.Saleh AA etal, Synthesis,
Spectral and magnetic studies of mononuclear and binuclear Mn(ll), Co(ll), Ni(ll) and Cu(ll) complexes with semicarbazone ligands derived from sulfonamide, J CoOrd
Chem, 2003:56:467-480.

46 = INDIAN JOURNAL OF APPLIED RESEARCH



