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ABSTRACT

The metal complexes of sulfadiazine drug have ghownsiderable importance due to their pronoundelddical
activity. A series of transition metal complexestlud above drug have been prepared and charactérine
elemental analysis, molar conductance, electropiecsa, FT-IR, thermogravimetric analysis, protoMR and
cyclic voltammetry techniques. The electronic speaf the ligand and complexes revealed the octediegtometry
for Ni(ll) and Co(ll)complexes and distorted octdhe& geometry for Cu(ll)complex. The correspondinfyared
spectra suggest that the ligand behaves bidentadecanfirm the presence of water molecules in th@dination
sphere. The NMR spectral studies established clsaimgehemical shift of sulfa-imino proton and fredH,group
of ligand indicating complexation involving thesegps. The thermal stability of the complexes heenbstudied by
thermogravimetric and differential scanning caloeitry, which support the presence of water ligand aretal. The
complexes exhibit an octahedral geometry aroundntie¢al Centre. The cyclicvoltammetric studies &f tietal
complexes showed that all but the cobalt compldaibé an irreversible electron transfer redox pesses. The
cobalt complex, however, revealed a quasi-revezstihavior. The antimicrobial studies of synthebimeetal
complexes and ligand were screened for antibadtesietivity against bacteria such as Escherchia coli
Staphylococcus aureus, Pseudomonousaureginosa atiflirgal activity against P. Aeruginosa and Caradid
albicans species. Metal complexes of sulfadiazing dxert a greater effect on the antimicrobialigities than the
ligand drug
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INTRODUCTION

Sulpha drugs are chemotherapeutic agents whosecuhaestructures contain a 4- amino benzene suffida
moiety. Sulfonamide was introduced in therapy abloaif a century ago for prevention and cure of &aak
infections in humans[1]. Due to low cost, low tdiic and excellent activity against bacterial dses sulfonamides
are among the most widely used as antibacterialtag8ulfadiazine is a sulphanilamide derivati\eg ik used as an
antibacterial as well as an antimalarial drug. Heasve it is mostly used now in combination therapithw
pyrimethamine to treat chloroquine-resistant malagrasite[2-7].

Studies related to new developments in metal bateds are both promising and of great interesthia t
development of therapeutic agents[8,9].In thesefocmovel drugs against chloroquine-resistantnialparasites,
the modification of existing drug by coordinationo ta metal centre has attracted considerable
attentionrecently[10,11].The efficacy of the sulghags can be enhanced upon coordination with tatdai metal
ion[12]. The metal complexes of sulfadiazine druyé gained considerable importance due to theinqunoced
biological activity. The sulfonamides were theftfieffective chemotherapeutic agents to be emplsystematically
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for the prevention and cure of bacterial infectiorhuman beings. Compounds containing the sulfodangroup
have long been used as drugs for diseases. It dvasbeen observed that some of these drugs showaised
biological activity when administered in the forrhmmetal complexes[13]. Thus, the search for mesaielnl drug
with low level of toxicity and high biological awityagainst parasites responsible for malaria hasegl
prominence[14-15]. However complexes containindasdtugs are limited. A few metal complexes of aufugs
containing silver,[16-17] cadmium,[18] and merci§] complexes of sulfadiazine and cadmium[20-2Thplexes
of sulfamethazinehavehave been reported. Many rsutfiidde derivatives possess antibacterial activitluiding
sulfamerazinewhich has strong antibacterial progg2]. This consideration prompted us to syntteesi new
series of sulfadiazine metal complexes to investigheir antimicrobial activities. The antimicrobictivity of
these drugs is believed from the structural resantdd between sulfanilamide group and p-amino benzoid
where the sulpha drug mimics this metabolite amatloFolic acid synthesis in bacteria, thereby cagisiell death.
Many sulfa drugs like sulfadiazine, sulphamethoj@zeulphamerazine possess SO2NH moiety as an famor
toxophoricfunction[23]. It has been reported tha biological activity has been increased when atht@red as
metal complexes than as free ligands.The typicalieation of metal complexes of sulphadiazine hesently
revived the usefulness of these compounds in meg]@4]. Indeed metal sulphadiazine complexes ave winlely
used to prevent bacterial infection during burratimeents. The interest in metal based sulfonamidesstimulated
by the successful introduction and preparation gf(A and Zn (ll) sulphadiazine complexes to preavearious
bacterial infections[25].

This paper deals with the synthesis, characteozatind Biological studies of Sulfadiazine Drug &hJ ransition
Metal Complexes Derived from N, O Bidentate Ligan@sich complexes attract much attention due tor thei
interesting properties.

EXPERIMENTAL SECTION

The drugs (Sulfadiazine [4-amino-N-pyrimidin- 24y&nzenesulfonamide]), chemical and solvents (Methan
Dimethylsulfoxide (DMSO), 10% Potassium hydroxid&OH) solution and Diethyl ether) used in this studgre
of analytical grade and used as obtained from Akdviithout further purification. The antibacteraadtivities of the
drug/complexes were assessed by using nutrientragdium and antifungal activity by using potato tiese agar
medium. Thdnvitro antibacterial and antifungal assays were perforinedgar Well Diffusion and disc diffusion
method using bacteria such &&phylococcus aureukscherichia coli Pseudomonasaeruginass well as fungi
that include Candida albicans and Aspergilustypdtlices as obtained from the American Type Culodection.
The inoculated organisms in nutrient broth medigetber with the prepared liquid Mueller-Hinton ageere
poured into plates and allowed to solidify. Wellsres bored into the solidified agar medium usindesils 7 mm
corkborer[26,27]. The wells were then filled up lwthe solution of prepared metal complexes anchd¢EOppm)
ensuring that each solution does not spill to tindase of the medium. The plates were allowed amdtfor 1-2
hours and for the proper inflow of the complex ol into the medium before incubating af@7The plates were
observed for the zones of inhibition after 24 hoilitee diameter of inhibition zones was measuredgugiruler with
an accuracy of 0.5mm. A control using only inodolatby DMSO solvent was also carried out.

The elemental analysis (C, H, and N) of the samyds determined at SAIF, Cochin University, Coctand
Kerala. The metal contents were estimated by stdndathods[28].IR spectra were recorded on FT-IRIASI60
PLUS spectrophotometer using KBr pellets. AShimad¥43101PC spectrophotometer was used to record/igV-
spectra using cuvettes of 1 cm path length. Comndtyctmeasurements were carried out in DMSO sohgiof
complexes with an Elico conductivity bridge type ¥ using a dip-type cell with a cell constant dd.1Cyclic
voltammeter measurements were made on PrincetomrelGG-PARC model potentiostat. The thermal analyses
were performed with a Perkin Elmer Diamond instrotat a heating rate of 5 °C/min under a dynamic ai
atmosphere (150 ml/min). All complexes were ingetied in the temperature range 20-800 °C.

Synthesis of complexes containing Sulfadiazine Dasi¢gjgands:

Synthesis of Mnh Complex with Sulfadiazine[M#B,0N10S,0:1] :

To a solution of Sulfadiazine (4-amino-N-(2-pyrinmyl) benzenesulfonamide), (0.590 g, 2mmol) in 2B ah
methanol was treated with a methanolic solutioMahganese (ll) nitrate (0.245 g,1mmol). The reaxtiuxture
was stirred on a magnetic stirrer. The light broevgstalline product formed after 7-8 hrswere cdbelc by
filtration. The solid was washed several times witethanol (50 mL), then with diethyl ether (30 ndgd finally
dried in a vacuum. Mol. Formulé@Complex 1), Mn C,gHgN10S,011: Mol. Wt. 700.93, M.P. 276C, Yield:
0.192g.Colour: Pale brown.

Synthesis of Co, Ni, Cu and Zn complexes with Slifaine: (2-5):
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The metal complexe@-5) were synthesized from the respective precursom8igizine (SD) by adopting a similar
procedure used (with slight modifications) for thgnthesis of the above mentioned complexes. Motmi@
(Complex 2), CoGgHooN10S,0:1: Mol.Wt.704.93,Yield: 0.287 g,Colour-pink; Mol. Foula (Complex 3), Ni
CooHooN10S,011: Mol. Wt. 704.69, Yield: 0.276 g, Colour -pale gre Mol. Formula (Complex 4), Cu
CooH20N105,041: Mol. Wt. 709.55, Yield: 0.215 g, Colour-brown; Mdé-ormula (Complexs), Zn GoH2oN 165,011
Mol. Wt. 711.38, Yield: 0.223 g,Colour -dull white.

The formations of the structure of complexes amnshin Fig.1

HoN

?IN A
A )\N/S\\

Fig.1
M=Mn, Co, Ni, Cu, Zn

RESULTS AND DISCUSSION

Melting point and conductance

The mononuclear complexds5 were in powdery form. These complexes obtainedhfritrates were soluble in
organic solvents such as DMSO and DMF. The amalytilata (melting point and conductance) obtained a
presented iMable 1L The analytical data of these complexes showettthieasolids are stable and can be stored for
months without any significant change in their fatae. The melting points of the synthesized congdeshowed
higher values (above 285) than the parent ligand (SD). This probably iatés the formation of complexes. The
order of melting point of complexds5 is, 1<2<3<4<5 which is also the order of increasing atomic nunmbenay

be due to the increasing ionization potential @& tentral metal ions that enhances the latticeggnas we move
from 1 to 5. The molar conductivity values showed that the caxgé are non electrolytes in the solvent DMSO and
establishes the stability of the complexes.

Table 1: Analytical data of Sulfadiazine and theirMetal complexes

Drug/Complexes Melting Point | Conductivity
Sulfadiazine 253 0.88
(1) [Mn(SD)(H20)(NOs)] NO5 276 0.56
(2)[Co(SDX(H,0) (NO3)] NOs 290 0.56
(3)[Ni(SD)2(H20) (NO;)] NO; 281 0.39
(4)[Cu(SD}(H20) (NOs;)] NOs 310 0.78
(5)[Zn(SD),(H20) (NO;)] NO3 347 0.32

Elemental analysis

The purity of the complexes were derived from CNHnalysis, and the results were found to be odgagreement
with the calculated values given as follows: CompleFound: C, 34.04%; H, 2.44%; N, 18.96%; S, 9.05%; O
24.88%; Mn,7.84%; Mn §H»oN105,01:calcd: C, 34.24%; H, 2.85%; N, 19.97%; S, 9.13%2811%; Mn,8.70%
Complex2 Found: C, 34.95%; H, 2.39%; N, 18.44%; S, 10.1%2815%; C0,9.04%; Co.g1,0N1S,0;;calcd: C,
34.04%; H, 2.83%; N, 19.86%; S, 9.08%; O, 24.97%;9®4%; Complexd Found: C, 34.33%; H, 2.39%; N,
19.06% S, 10.1%; O, 24.15%; Ni,8.78%;Nigd,N 105,01 calcd: C, 34.06%; H, 2.83%; N, 19.86%; S, 9.08%; O,
24.98%; Ni,9.2% ; Compled Found: C, 32.73%; H, 2.45%; N, 19.00%; S, 9.1%;20,73%; Cu, 9.03% Cu
CooH2oN 1050, caled: C, 33.82%; H, 2.81%; N, 19.73%; S, 9.01%;2@.80%; Cu,9.80% Complex Found: C,
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32.13%; H, 2.31%; N, 18.18%; S, 7.98%; O, 24.09%; 0.14% ;Zn GH,0N105,015calcd: C, 33.74%; H, 2.80%;
N, 19.68%; S, 8.99%; O, 24.74%; Zn, 10.05%.

Electronic absorption

The absorption of electromagnetic radiation invlstble and ultraviolet regions of the spectrunutsin changes
in the electronic structure of ions and molecul%fien a molecule is irradiated with visible or wirdet light, it
may undergo an electronic transmission during witighmolecule absorbs a quantum of energy andemtreh is
excited from the ground state to a higher energyestThe amount of energy involved in the excitatie
proportional to the wavelength of light to cause ttansition[28,29]. The electronic spectra of derigand and the
complexes were recorded indM DMSO solution in the range 200-800 nm.

The ligand exhibits a band at around 275 nm whéctiue to the intra ligand -r*transition. The peak at320 nm is
assigned tomtransition of imine group and the transitions acmg in the range of 275-300nm are due tarh -
transitions of carbonyl group.[30] High spin Mn)(domplexes are weakly coloured due to spin forbdd-d
transition. The d-d bands of Compléare not well defined and submerged in the tailhaf $trong inter ligand
transitions or charge transfer bands. The octahedizlt Comple2 showed two bands in the visible region. The
absorption band at 552 nm may be assigned ;{4 qtransition and a band at 571nm is attributed {g4T
4T,.The Complex4 showed a broad band at 760nm attributable tp -2E,@@ssuming the distorted octahedral
geometry. The electronic spectrum of Compledisplaysthree bands in the visible region. Thedbain422 nm is
assigned to 34 -3T,¢(P),a second band at 455nm is assigned #g 3,4 and a third band, centered at about 542
nm, is attributed to 34 -3T,4 These assignments are in accordance with octdlgsbemetry of CompleX

FT-IR Spectra

Infrared spectroscopy is used for identifying fumeal groups in pure organic and inorganic Compaurihe
absorption of infrared light brings about the viima of the molecules[31-36].An infrared spectrungmates from
the different modes of vibration and rotation ofalecule. The infrared spectrum of a compound tiisut the
functional groups that are present in compoundsfilexes. When the ligand forms a complex with a ineta,

there is a shift in the frequency of the regiordizappearance of the region indicated that thentiga involved in
the complexation[37].The infrared spectroscopy lesn used to study the mode of coordination of Bltligands
and their metal complexes.

The IR spectra of the free ligand and its metal plemes were measured in the region of 4000-40C0acm
proposed assignments for the spectral bands anensio Table 2Tentative band assignments (Hof some
characteristic bands of sulfadiazine and theirteelaystems were reported.The IR spectra of allpbexes show a
broad band at around 3440 cm-1 and a strong bameebr1610-1655 cthThese may be assigned to asymmetric
O-H stretching, which indicates the presence otwatolecule in the complexes[38].

Table 2: Important infrared frequencies (cni?) of pure drug and their metal complexes

Assignment Sulfadiazine | Complex | Complex | Complex | Complex | Complex
9 cm? L em® | (2cm? 3)em? (4)em? (5)cm?
vN-H (as) ofNH, 3425(vs) 3420 3410 3331 3419 3429
vN-H (sy) 3360(vs) 3355 3357 3355 3268 3362
v(SO,)aswa(SO,-N)moiety 1325(vs) 1342 1411 1370 1408 1350
v S(SGQ-N)moiety 1155 1126 1133sh 1120 1103 112§
v(S-N) 945(s) 973,941 1018 979 980 977
v(C=N) 11%%2&’55)) iggg 1610sh | 1627 1611 1640
682 684
v(M-N) - 613 658 603 602 650
v(C-S) - 973 - 979 902 977

In the IR spectrum of pure sulfadiazine, intensedsaappear at 3423 ¢nand 3360 cm-1, which were assigned to
thev (Hzas)@Ndv (nsymyibrations[38]. The symmetrical 3360 ¢rand asymmetrical 3425 ¢imodes ofva(N-H)and
vas(NH2) vibration undergo only slight changes ie tpectra of the present Complexe$ indicating that
NH2group of free ligand is not affected by coordima to the metal ions. However, thg-ystretching vibration
bands that occur at 1652 and 1580"@nthe free sulfadiazine get shifted in all com@exand thus confirm the
complexation of the metal ions through thepyrimydimitrogen atom of sulfadiazine. Similarly, in thmetal
complexes Figures.2, 3the vsn) band shifted to higher wave number by about 27#B. This observation
confirmed the coordination of metal ions to suléaine through sulphonamido N atom. The sharp aed$e bands
at 1325 and 1155chare assigned to the asymmetric and symmeigisy) modes respectively. These bands are
shifted to lower values with respect to those efligand,suggesting no interaction with the metalAs SQ group
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is not involved in metal bonding, this shift may dhee to hydrogen bonding effects. The bands @@ 680cm
region for complexes maybe assigned to théVI-N) stretching vibration of the coordinated Nowt of the
ligand.Further, IR spectra of all complexes exhitgtv bands at 480-570, 420-460 twich may be assigned to
M-O, M-N stretching modes respectively [39-41].Cdexes showed an adsorption band at 149%cwhere the
free nitrate is known to absorb [42, 43]. All comxeés(1-5) exhibit a band around 1350 ¢oorresponding to
monodentate nitrate groups. From the IR spectrthe@fcomplexes and free ligand, it is concluded thatligand
behaves bidentate and is coordinated to the nwtaliia pyrimidinyl and sulfonamido N atom.
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Fig 2 FT-IR Spectrum of Complex (1)
so—f., e — / A

L o o e e L e e e e L e e e UL T e e e e e e B
4000 3800 3200 2800 2400 2000 1800 1600 1400 1200 1000 800

1em

Fig. 3 FT-IR Spectrum of complex (4)

Nuclear magnetic resonance (NMR) spectroscopy

Nuclear magnetic resonance is concerned with thgneta properties ofcertain atomic nuclei. It shothe
differences in the magnetic properties of thevariouclei present and deduced in large measuretivaiosition of
thesenuclei are within the molecule. The NMR stsidiéll also reveal the change in the chemical shifthe
complexes and the ligands as a result of complexafi#4, 45]. The ENMR spectra of sulfadiazine and its
complexes were recorded in DMSO-d6 solution usiMfSTas internal standard. The protons in the ligsinifted
downfield due to the metal ions [46-49]. Thespeofrthe ligand show broad signals at 7.74-6.56 ppich 4.1 ppm
due to aromatic and N-H proton of free Mébpectively. The signals at 5.5-4.2ppm indicage@aH proton of water
molecule. NMR spectral studies of ComplH¥ig.4) revealed changes in the chemical shift and iitieie$ bands
in relation to that of the free ligand. This magirate the formation of complexes. Upon complexatibe sulfa-H
imino proton signal disappeared suggesting theleav&inding of sulfonamido nitrogen to metal atom.

206



Mothilal K. K. etal J. Chem. Pharm. Res,, 2016, 8(8):202-211

1o ) ] T 5 5 a = 2 a o

Fig.4 H'NMR Spectrum of Complex (1)

Chemical shift

TGA, DSC and DTA studies

Thermal gravimetric analysis (TGA) is a method lafrimal analysis in which changes in physical aneihgbal
properties of complexes and drugs are measurediasction of increasing temperature froifCOto 800°C (with
constant heating rate). Thermal stability, oxidatiand combustion, all of which are possible intetgtions of TGA
traces, will also be discussed. From thermal sgjadiemplexation should occur between drugs andlmeta

The thermal studies of sulfadiazine and its comgdexwere carried out and their thermo gramsare gigen
(Fig.5andb). In the TGA of pure ligand, There is no changea@60°Cwhich indicates water molecule is absentin
the ligand. Thermal studies show that compleke€s decompose mainly in three steps. The first stephi
temperature range % -270°C shows an endothermic peak. The mass loss in thespes12(°C -145
°Ccorresponds to elimination of coordinated watetemuale and nitrate ion. The second step in the &zatpre
range of150C -200°C reveals an endothermic peak at “®@@aused by the loss of the uncoordinated nitaie i
The third step in the temperature range Z2628CF°C caused by the loss of organic ligand. From tiselte metal
oxide, the metal content was calculated. A plateas obtained after heating above 8D@vhich corresponds to the
formation of the stable metal oxide.

Heat Flow (W/g)
N
Il
Weight (%)

40

0 200 400 600 800
Temperature (°C)

Fig.5. Superimposedthermogravimetric ((a)TG), diffeential thermo gravimetric ((b)DTG) and differentia | scanning calorimetric
((c)DSC) curves for complex (2)under Matmosphere; heating rate:16C/min
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Fig. 6.Superimposedthermogravimetric ((a)TG), diffeential thermogravimetric ((b)DTG) and differential scanning calorimetric
((c)DSC) curves for complex (5)under batmosphere; heating rate:16C/min

Cyclic Voltammetry

Cyclic voltammetry (CV) has become an important andely used electro analytical technique in margaa of
chemistry. It is widely used to study a varietyreflox processes, for obtaining stability of reatfproducts, the
presence of intermediates in oxidation-reductiomctiens, reaction and electron transfer kinetiak @he
reversibility of a reaction [50-53]. Cyclicvoltaminie behaviors of complexes were recorded in thmgeafrom +2
to -2V. From cyclic voltammetry data, we can analythe redox property of metal in synthesized comple
Cyclicvoltammetricbehaviour of ComplexXie$ were recorded in the range from+2Vto -2V at a ged® of 50mVs

! With the increasing scan ratesEp value also increases and there is a negatifteo$hihe cathodic peak potential
with increasing sweep rate giving further evidefarethe quasi-reversible Co (11)/Co () cougfég.7). Complexes
(1, 3-5 showed reduction at the potential range of-0.b¥ Q.5 V and the reduction process is found to be
irreversible in naturerg. 8).

0.0003 —
0.0002 —
0.0001 —
0.0000 —

-0.0001 —

CURRENT

-0.0002

-0.0003

-0.0004 y —— —— y .
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

VOLTAGE

Fig.7.Cyclicvoltammogram of complex (5) in DMSO wih 0.5 M NBwCIO 4assupporting electrolyte and scan rate of 50mVis
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Fig.8Cyclicvoltammogramof complex(2) in DMSO with 05 M NBu,ClO sassupporting electrolyte and scan rate of 50mVs

Antimicrobial studies

The invitro antimicrobial activity of sulfadiazine and its rmb€Complexed -5 was evaluated against gram positive,
gram negative bacteria and fungi. The antimicrolaielivities of all complexes were measured by meéagu
inhibition zone observed around the tested matefihimetal complexes show increased zone of iitbiwhen
compared with the ligand sulfadiazine against bactand fungi under study. Complex8s4and 5 were active
against both gram positive (staphylococci) and graegative (E.coli and pseudomonousauerginosa) fiecte
whereas Complexésand?2 show lesser activityHig. 9(a)). Except Comple, Complexed, 2,4and ®xhibit lethal
antifungal activity towards CandidaAlbicans, where@omplexes3,4and 5 were found to be active against
aspergillusflavus ifrig. 9(b). On comparing the antibacterial and antifungaiviis of the metal complexes, it is
observed that at the concentration level of 10ppomplexes3and4 gave promising results. It could be observed
that the metal complexes have shown promising t®sawimpared to the ligand sulfadiazine drug. Theeased
inhibition activity of the metal complexes can bglained on the basis of Tweedy’s Chelation theat{/[

€ 16 -
€ 14 -
£ 12 A
€ 10 -
£ 8
g 6 1 H pseudomonous
£ 47
5 (2)‘ B staphylococi
o h .
S N % % ™ o @ E-coli
'b&&
&
complexes

Fig. 9 (a): Antibacterial activity of Drug/complexes
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Fig. 9 (b): Antifungal activity of Drug/complexes
CONCLUSION

The present work focuses on the synthesis, chaizatien and biological studies of transition matamplexes X-

5) containing sulfadiazine drug as ligands. The cétmal information obtained from these complexesins
agreement with the data reported in this paperdasethe elemental and thermal analyses, NMRstudies IR
and thermal studies confirmed the presence of watdecule and nitrate ion in the coordination sphafr[M (SD)
2(H20) (NO;)].NOs. All the complexes have octahedral coordinatiorwimich the metal ions are coordinated to
sulfadiazine molecule as bidentateligand, wateremde and nitrate ion as monodentateligands. Th&gmle
structure of metal complexes were shown below arteh. Cyclic voltammetry studies of the metal céemps (,
3-5) and complexX revealed the irreversible and quasi-reversiblealaetron transfer redox processes respectively.
Antimicrobial study reveals that metal complexesvéhanore bioligical activity than the free ligandhel
antimicrobial activity of sulfadiazine drug enhadagpon complexation with metal ions particularly @opper(ll)
and Zinc(ll) ion.
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