ISSN: 0975-8585

Research Journal of Pharmaceutical, Biological and Chemical

Sciences

Synthesis, Characterisationand Study Of Biological Application Of Simple
Mixed Ligand Complexes Of Nickel (I11) With morpholine dithiocarbamate
and Amines Such as Ethylene Diamine, Diethylenetriamine and
Triethylenetetramine.

R Vijayanthimala*, Bharathi Krishnan, Gomathi and M Vijaya.

Department of Chemistry, Ethiraj College for Women,Chennai — 8, Tamilnadu, India.

ABSTRACT

Simple mixed ligand complexes of nickel(ll) with  morpholinedithiocarbamate and aminessuch
asethylene diamine(en),diethylenetriamine(dien), and triethylenetetramine(trien) have been synthesized and
characterized by elemental and thermal analysis, IR, UV-Vis and ESRspectral studies, and magnetic
susceptibility studies.Antibacterial, and Antifungal and activities have also been carried out on these
complexes. All the complexes have shown reasonable activity.

Keywords : Mixed ligand nickel(ll) en/dien/trien - morpholinedithiocabamate complexes, anti bacterial,
antifungal activities .
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INTRODUCTION

The coordination chemistry of dithiocarbamates has been a major subject of great
research interest for a number of years [1-6] .Organic dithiocarbamates are valuable
synthetic intermediates[7], which are ubiquitously found in variety of biologically active
compounds. Dithiocarbamates and their metal complexes have invited much research
attention due to their diverse applications and interesting biological, structural,
magnetic, electrochemical and thermal properties[8-14]. Dithiocarbamates are a class of
metal- chelating ,antioxidant compounds with various applications in medicines for the
treatment of bacterial, fungal infections[15] and even as a possible treatment for AIDS.They
are used as accelerators in vulcanization, as high-pressure lubricants, in agricultural field
as pesticides, analytical and organic chemistry fields[16-25]. While dithiocarbamates
have been known for over a century now, with many thousands having been prepared ,the
vast majority of these contain only simple alkyl substituents. A developing interest in the
area of dithiocarbamate chemistry is the functionalization of backbone such that new
applications and interactions can be developed . This area is still in its early stages but
already interesting applications have been done including the functionalisationof gold
particles , the stepwise build up of multi- metallic arrays, the synthesis of dithiocarbamate-
containing supramolecular systems which can be used for anion binding , the development
of technetium radiopharmaceuticals , etc[26-28].

Experimental Section

The chemicals employed for the preparation are of very pure grade and
usedwithout further purification. The Nickel chloride used for the synthesis is of
analytical grade . Morpholine, carbon disulphide, Ethylene diamine, diethylenetriamine,
triethylenetetraamine are pure grade chemicals from Merck chemicals . The
chloroform used as solvent in all our studies is distilled by standard procedures. The
complexes [Ni(amine)(Morpdtc),] Where amine stands for en/dien/trienwere prepared by
adding equi molar volumes of carbon disulphide to Morpholine and chloroform with
constant stirring under ice cold conditions[2°-4°C] which is added to an equi molar
solution of NaOH in water. A white solid obtained. Then half the molar quantity of
Nickel chloride in water in the presence of same molar quantity of amine
(en/dien/trien) were added to Morpholinedithiocarbamate with constant stirring. A
green precipitate was formed which was filtered and dried in an air oven at 60°C
and recrystallised from chloroform.The nickel present in the complex was estimated
gravimetrically as [Ni(DMG);] where DMG is dimethyl glyoxime. The nitrogen and sulphur
was estimated by Kjelhdhal’s method and bariumsulphate method respectively.TG/DSC
were recorded in NETZSCH STA 449F3 thermal analyser with a heating rate of 10°/min
Magnetic susceptibility studies were carried out using Vibrating magnetometer Lakeshore
VSM 7410.UV-Visible absorption spectra wererecored using a Shimadzu UV 1600 model
spectrometer. The IR spectrum of the complexes were recorded asKBr disc using
SCHIMADZU Spectrometer. The EPR spectra of the en complex was recorded using
JES-FA200 electron spin resonance spectrometer in the region from 1000-8000
gauss.The anti-bacterial activities of the complexes were studied by agar disc diffusion
method?’.
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RESULTS AND DISCUSSION

TABLE-I Elemental composistion and Electronic spectral data

Complexes %N %S5 %Ni Amax(nm)
(theo) (theo) (theo)
exp exp exp
[Ni"(en)(Morpdtc),] (12.64) (28.89) (13.25) 359,401,425,446

13.01 28.60 13.20

[Ni"(dien)(Morpdtc),] (14.40) (26.34) (12.08) 386,398,428
14.88 26.57 13.09

[Ni"(trien)(Morpditc),] (15.88) (24.19) (11.09) 380,398,431
15.23 24.87 11.70

TABLE-Il Thermal decomposistion studies data

Complexes Residue% TGA Point of inflection DSCdata(tempOC)enthaIpychange(j/g)
(theo)exp DTG (OC)
[Ni"(en)(Morpdtc),] (20.47) 375.5,743.0 376.5(84.36)
22.75 774.4(451.5)
[Ni"(dien)(Morpdtc),] (18.6) 371.1,742.6 372.9(57.17)
18.75 770.7(391.9)
[Ni"(trien)(Morpdtc),] (17.14) 181.5,240.5,273.5 179.7(64.56)
18.0 234.5(150.3)
782.5(138.2)
TABLE-IIl IR spectral data
Complexes VN-H Ve Vc-H(amine) Vess VN-C Vs
H(morpholin
e)
INi"(en)(Morpdtc),] 3437 2966. 2914, 1641.,1492. 1355, 1018
2854 1487 1301,1265
[Ni"(dien)(Morpdtc),] 3419 2929 2877 1479 1332 1002
[Ni"(trien)(Morpdtc)-] 3431 2964 2910, 1635,1585.,1492 1357, 1014
2854. 1307
Table IV: Antibacterial studies
Zone of Inhibition Anibiotic
Complexes ORGANISM Concentration(ug/ml)
(Img/ml)
1000 750 500
[Ni”(en)(Morpdtc)z] E. coli 7mm 5mm 2mm 10mm
Pseudomonas aeruginosa 9mm 7mm 6mm 11mm
Staphylococcus aureus 9Imm 7mm 7mm 15mm
Bacillus spp 7mm 7mm 6mm 15mm
Vibrio parahaemolytics 6mm 5mm 3mm 11mm
Ni”(dien)(Morpdtc)z] E. coli 7mm 6mm 5mm 10mm
Pseudomonas aeruginosa 7mm 4mm 2mm 11mm
Staphylococcus aureus 9Imm 7mm 6mm 13mm
Bacillus spp 9Imm 7mm 5mm 14mm
Vibrio parahaemolytics 6mm 4mm 3mm 10mm
[Ni"(trien)(Morpdtc),] E. coli 6mm 5mm 3mm 10mm
Pseudomonas aeruginosa 9mm 7mm 6mm 12mm
Staphylococcus aureus 11mm Imm 6mm 10mm
Bacillus spp 8mm 7mm 6mm 15mm
Vibrio parahaemolytics. 6mm 5mm 3mm 10mm
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Table V: Antifungal studies

Zone of Inhibition Anibiotic
Complexes ORGANISM Concentration(ug/ml) (1mg/ml)
1000 750 500
[Ni”(en)(Morpdtc)z] Candida albicans 6mm 5mm 5mm 6mm
Aspergillusflavours 8mm 7mm 5mm 9mm
Pencillium spp. 8mm 7mm 5mm 10mm
Aspergillusniger 3mm 2mm 1mm 6mm
Trichophyton 7mm 6mm 5mm 8mm
Ni”(dien)(Morpdtc)z] Candida albicans 5mm 5mm 2mm 6mm
Aspergillusflavours 8mm 7mm 5mm 9mm
Pencillium spp. 8mm 7mm 5mm 10mm
Aspergillusniger 3mm 2mm 1mm 6mm
Trichophyton 7mm 6mm 5mm 8mm
[Ni”(trien)(Morpdtc)z] Candida albicans 5mm 5mm 2mm 6mm
Aspergillusflavours 6mm 5mm Amm 9mm
Pencillium spp. 7mm 6mm 6mm 10mm
Aspergillusniger 3mm 2mm 1mm 5mm
Trichophyton 6mm 5mm 5mm 7mm

The elemental analysis data on the complexes Table-l confirm the proposed
composition[Ni(en)(morphdtc),],[Ni(dien)(morphdtc),], [Ni(trien)(morphdtc),] All - the
complexes were found to be completely soluble in chloroform,partially soluble in DMSO
and DMF and insoluble in alcohol and water . The thermal analysis data from TGA/DSC on
the three complexes are furnished in Table-Il . Thethermograms were run upto 1000°C.The
complex starts decomposing around 60°C indicating less thermal stability.The final product
of decomposition corresponded to Nickel Sulphide. The IR spectral data on the complexes
are given in Table -lll.The bands around 3400cm™ is assigned to un.p.The bands around
3000cm'1corresponds to ucy of the Morpholine ring while the aliphatic C-H of the amine
part appear around 2800cm™ and 2900cm™.The bands in the region 1480-1680cm™
corresponds to C=S stretching.The bands around 1000cm™ corresponds to ucs.The bands
in the region 1250-1350cm™ corresponds to N-C stretching. The electronic spectral data are
presented in Table |. The spectra of the complexes show two peaks in the regions 395-
425nm and 425-450nm. As the complexes are ferromagneticand EPR active, these values
must correspond to strong field distorted octahedral Ni(ll) . The peak in the region around
380nm is assigned to Metal to Ligand charge transfer[31].The magnetic susceptibility
studies of these complexes show an increase in mass in the presence of the magnetic field
and the VSM plot of magnetic moment in emu Vs field shows hysteresis loop indicating
Ferro magnetism.As the electronic spectral studies indicate near octahedral environment, a
dimeric or polymeric structure through the C=S sulphur of the dithiocarbamate moiety[31]
is expected.The EPR spectrum of the complex,Figure-1, of [Ni"(en)(Morpdtc),] showed two
signals corresponding to gtat 2.012 and g|| at 1.948.1t is evident from the perpendicular
signal that there is coupling with two nitrogen atoms which resulted in the quintet in the
ratio 1:2:3:2:1. This perhaps proves the point that Nickel is Octahedrally surrounded by two
dithiocarbamate ligands and one ethylene diamine. All the complexes thus have a near Oh
arrangement about Ni(ll) with two chelated morpholinedtc units and an amine
coordinating through two NH, Nitrogen atoms.
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Biological Studies

Antibacterial studies of all the three complexes studied using the disc diffusion
method indicated that the complexes are highly active against all the five bacteriastudied
namely Staphylococcus aureus, Salmonella subtilis, Bacillus subtilis, E. coli and
Pseudomonas aeruginosa compared to the standard antibioticampicillin. The diameter of
the inhibitory zone from anti bacterial studies are presented in Table IV.As the
concentration of the complex increases, the diameter of the inhibitory zone also increases
indicating that the complexes are active. In fact the trien complex shows better activity
against staphylococcus aureus compared to the standard antibiotic.Antifungal activities of
all the three complexes show good activity against the fungus namely Candida albicans,
Aspergillus flavors, Pencillium Spp. Aspergillusniger, Trichophyton. The diameter of the
inhibitory zone from antifungal studies are presented in the Table V.As the concentration of
the complex increases, the diameter of the inhibitory zone also increases indicating an
increased activity.In fact the en complex shows equal activity as standard (Amphotericin B)
against Candida albicans.

CONCLUSION

Extensive biological application of dithiocarbamate complexes such as antibacterial,
antiviral, antifungal etc have made study on dithiocarbamate complexes highly sought after
by chemist. The dithiocarbamate complexes reported here are found to be equally
outstanding.The need for such studies leading to the development of new therapeutic
strategies against bacterial infection becomes more significant and need of the hour,as
bacterial drug resistance to currently administered treatments is ever increasing. We need
to venture into complexes of better activity by cautious choice of metal/ligands which will

lead us to a better future.
ACKNOWLEDGEMENT

The authors acknowledge the Department of Chemistry and Instrumentation Centre
Ethiraj College for Women,Chennai — 8, for the facilities provided and SAIF,IIT Madras, for
recording the various spectra.

May-June 2014 RJPBCS 5(3) Page No. 1836



[1]

[2]
3]
[4]
[5]
[6]
[7]
[8]

[9]
[10]
[11]

[12]
[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]

[26]
[27]
[28]
[29]

[30]
[31]

ISSN: 0975-8585

REFERENCES

Marcotrigiano G, Pellazani GC, Preti C, Tosi G. Bull.Chem.Soc.Jpn.1975;48

:1018.

Preti C, Tosi G, ZanniniP.J.Mol.Struc. 1980;65:283.

Preti C, Tosi G, AnorgZ.Allg.Chem. 1976;419:185.

Sovilj SP, Vu-Kovi G, Babi K, Sabo TJ, Macura S, Jurani N. J.coord.Chem. 1980;65:283.
Sovilj SP, Babi K. Synth.React.Inorg.Met.-Org.Chem. 1999;29:1655.

Yatrishah R, JyothesenoDhrubo and Patel. J.Chem.Pharm.Res.2010;2(2):581.

Joris SJ,AspilaKl,ChakrabartiCL.J.Phys.Chem. 1970;74:860.

(a) Boas U,Jakobsen MHJ. Chem. Soc., Chem. Commun. 1995.(b) ElgemeieGH,Sayed
SH. Synthesis 2001;1747. (c) Mukerjee AK, Ashare R. Chem. Rev. 1991; 91: 1. (d) Boas
U, Gertz H, Christensen JB,Heegaard PMH. Tetrahedron Lett. 2004; 45: 269.

Scarcia V,Furlani A, Fregona D, Faraglia G, Sitran S.Polyhedron.1999;18 2827-2837 .
Breviglier ST, Cavalheiro ET, Chierice GD. Thermochim. Acta.2000;356: 79-84.
Cavalheiro ETG, lonshiro M, Marion G, Breviglieri ST and chierice GD.Transition
Met.chem.2000;25:69-72.

Siddigi KS, Nishat N.Synth.React.INORG.Met.-Org.Chem.2000;30:1505-1518.

Cesur H, Yazicilar TK, Bati B, Yilmaz VT. Synth.React.lnorg.Met,-Org.Nano-
Met.Chem.2001;31(7):1271-1283.

Faraglia G, Fregona D, Sitran S, Giovagnini L, Marzano C, Baccichetti F, Casellato,
Graziani.J.Inorg.Biochem.2001;83:31-40.

Onwudiwe DC ,Ajibade PA.Int.J.Mol.5ci.2011;12:1964-1978.

Hill JO, ChirawongaramS,J.Thermal Anal. 1994;41:511.

Sharma AK. ThermochimActa. 1986;104: 339.

Magee RJ, Hill JO. Rev.Anal.Chem.1985; 5:8.

Bond AM,Martin RL.Coord.Chem.Rev.1984;23:54.

Sengupta SK,KumarS.Thermochim.Acta. 1984;72:349.

Hill JO, Magee RJ. Rev. Inorg Chem.1981;3: 141.

Coucovanis D.Progr.Inorg Chem.1979;26:301.

Coucovanis D.Progr.Inorg Chem.1970;11:233.

Hulanicki A.Talanta 1967;14:1371.

Thorn GD, Ludwig RA. The Dithiocarbamates and Related Compounds. Elsevier.
Amsterdam,1962.

E R Knight, N H Leung, A L Thompson,G Hogarth and J D E T Wilton Ely,Inorg.
Chem,2009,48,2866.

SairaNaeem, Andrew J. P. White,Graeme Hogarth, and James D. E. T. Wilton-
Ely,Organometallics 2010, 29, 2547—-2556.

Berry DJ Torres Martinde Roales R, Charoenphun P, Blower PJ.,Mini Rev . Med.
Chem.2012 12(12), 1174.

Bauer AW, W M MKirby,] C Sherris and M Turck., Am J ClinPathol, 1966,36,493.
Inorganic electronic spectroscopy by Lever ABP.2" Ed. ELSEVIER.1984;534.

Kalin KD.Prog.lnorg.Chem.,53,John Wiley&Sons,Inc,New Jersey.2005;71

May-June 2014 RJPBCS 5(3) Page No. 1837



