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ABSTRACT

Au(lI1), Mn(I1) and Ru(lll) complexes of dithiocarbamate have been synthesized and characterized by elemental
analysis and spectral studies (IR, 1H and 13C-NMR). The single crystal X-ray structure of the Au complex revealed
that the complex contains a Au centre with a distorted tetrahedral coordination sphere in which the di nuclear Au
complex resides on a crystallographic inversion centre and each Au atom is coordinated to four S atoms from the
dithiocarbamate moiety. The course of the thermal degradation of the complexes has been investigated using thermo
gravimetric and differential thermal analyses techniques. Thermogravimetric analysis of the complexes show a
single weight loss to give MS (M = Au, Mn ,Ru) indicating that they might be useful as for biological activity.
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INTRODUCTION

Dithiocarbamates are versatile ligands capablemhing complexes with most of the elements and abitabilize
transition metals in a variety of oxidation stafés This property of stabilizing high oxidationasts in metal
complexes reflects strong o-bonding characteridtithese ligands. Although the sulphur atoms dfidi@éarbamato
ligands possess o-donor and n-back-donation clesistats of the same order of magnitude, thesentlgehave a
special feature in that there is an additionalectbn flow from nitrogen to sulphwia a planar delocalized-
orbital system, as shown below: This effect resultstrong electron donation and hence a high mlealensity on
the metal leading to its next higher oxidatiortes{2]. While dithiocarbamate complexes have besywi for over
a century, with many thousands having been prepated vast majority of these contain only simplé&yhl
substituents such as methyl and ethyl. A developitigrest in the area of dithiocarbamate chemigtrthe
functionalization of the backbone such that newliagfions and interactions can be developed. Ties & still in
its early stages but already interesting potemipglications have been noted including the funeti@ation of gold
complex, the stepwise build-up of multi metallicaass, the synthesis of dithiocarbamate-containupga molecular
systems which can be used for anion binding, theeldpment of technetium radiopharmaceuticals [1].
Dithiocarbamates are a class of metal-chelatintipxdant compounds with various applications indwee for
the treatment of bacterial and fungal infectioms] possible treatment of AIDS [3]. In this view, synthesized Mn
(I complex with 2-hydroxy 3-methyle pyridine amdsulphur donor ligand such as hexadentate dahiaenate
sodium salt.We have synthesized dithiocarbamateptms and characterized by elemental analysesUIR,
Visible, 1H NMR and 13C NMR spectroscopic studiEse antibacterial activities of synthesized compatsuwere
studied against two Gram-negative species, Esdhiartoli, Klebsiella pneumoniae and two Gram-pusispecies,
Staphylococcus aureus and Bacillus subtilis and, ifio vitro antifungal activity against, Candida iains,
Aspergillus flavus, Aspergillus nigar.
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MATERIALSAND METHODS

The reagents and solvents were of analytical gradgdroxy 3-methyle pyridine , carbondisulfide wegurchased
from Merck Company. 1H and 13C NMR measurement®wecorded on a Bruker 300 spectrometer (300 and 75
MH, respectively) in CDCI3 using TMS as the intdrreference. IR spectra of the compounds as KBrsdigere
recorded in the range of 400 — 4000 cm-1 with atdéat 1000 FT spectrometer. Melting points of sudfoide
derivatives were determined on a Gallenkamp meltivigt apparatus and are uncorrected Powder Xiffrpation
(XRD) was carried out on a Philips diffractometéiX¢pert Company with monochromatized Cw Kadiation. The
micro dilution both method was used to determireahtibacterial activity of compounds against taetéria:

Synthesis of dithicarbomate ligond

The ligand was prepared by the addition of 12.1 (R mol) of carbon disulphide (density 1.2) intoiae cold
solution of sodium hydroxide (8 g, 0.2 mol) dissavin 10 mL of distilled water. To the solution,.20 mL of 2-
amino 3-hydroxy pyridine(density 0.985) was added and the mixture wasesdtifor about 2 h while ensuring the
temperature was less than 4 °C. A yellowish-whakdsproduct separated out which was filtered, veasiith
small portion of ether. Pure [NagdsN,OCS2)] was obtained by recrystallization from apetoYield: 84%.
Selected IR, (cm-1): 1444v(C=N), 1252v(C2—N), 941, 100%(S=C=S), 339®(0—H), 16125(0—H).

2.2. Synthesis of Au complex

An H20 solution AuCI3.6H20 (1 mmol) and an H20 sio of the 2-Amino 3-hydroxy pyridine (1 mmol) veer
mixed with stirring. ligand was then added drommeith vigorous shaking. Dark green complexes sdpdrout,
which were filtered, washed thoroughly with H2Orgestallized from CH3CI and driekh vacuo over P205. Yield:
95%, m.p. 250 C°. Anal. Calc. for C12H12AuN4S@@w = 569.70): C, 25.31; H, 2.12; N, 9.84; S, 22.52und
C, 25.21; H, 2.11; N, 9.82; S, 22.50. IR (KBr) (dn330, 2995.83, 2673.46, 1622.85, 1470.36,NNIR (CDCI3,
TMS, 60MHz): & (ppm) 4.0,5.0.6.47,7.07.7.87., °C NMR (CDCI3, TMS, 7545 MHz):
114.8,125.9,139.8,140,75,192.12Molar conductancesuarement for the complex is 30261 mol-1cm2

Soectroscopic Analysis

The IR spectra of the complexes and the ligand werapared and assigned on careful comparison. Tinege
regions are of interest in dithiocarbamate compsutite 1580-1450 cm-1 region primarily associatéth the
stretching of the &N of NCS2-; the 1060—940 cm-1 region, associated wit—CSS); and the 420-250 cm-1
region which is associated witliM—S) [8]. The strong bands at about 1450 —1491 cm-dllithe complexes are
attributed to the/(C—N) stretching vibration. This band is observed &veer frequency in the free ligand (1430-
1454 cm-1) and indicates an increase of the canitomgen double bond character, caused by electron
delocalization toward the metal center upon coatitim to the metal atoms [1]. It is found that twordination
mode of alkyl-aryl dithiocarbamate ligands with gpol2 metals is bidentate by the sulfur atoms T2jis is
consistent with the crystal structure of the meyamomplex. The/(CS2)asym and(CS2)sym which appear at 1055
cm-1 and 961 cm-1 in the ligand [3] are replacedstrgng singlet at about 1000 cm-1 in all the caxes
indicating that the dithiocarbamate moiety is syrrinally coordinated to the metal ions [4]. It Haeen shown that
the presence of only one band in the 1000 + 70 cmeglon is characteristic of a bidentate nature tfor
dithiocarbamate moiety, while the splitting of th@&me band within a difference of 20 cm-1 in the esaegion is
due to the monodentate binding of dithiocarbamatend [5]. Thev(C—H) stretching for the methyl group is
shown in the region 2925-2850 cm-1 while the-l& bending modes appeared as an intense band al@%d
cm-1 in all the compounds [6]. Th§=C—H) stretching of the aromatic ring which occurglstly above 3000
cm-1 [7] is observed between 3057 and 3080 cm-lewiF-C—H) bending modes of the aromatic ring occurred
around 700 cm-1 [27,28]. The spectra of both thend and the complexes showed two bands in therrddi20—
1550 cm~-1 that may be assigned {&€=C) of the aromatic ring. The-MS vibration occurs at far infra red region.

The 1H NMR of the complexes contain a sharp singl@tresponding to three protons, in the regior-3.84 ppm,
ascribed to hydrogen linked directly with N atonesizined in dithiocarbamate. A downfield &y 0.4—0.6 ppm as
compared to the chemical shifts of dimethyl ditlhidzamate (observed in the rarige 3.26-3.40) [7] is observed.
The difference could be due to the effect of tlectebnegativity of nitrogen atom compared to alkgtbon [10]. It
is shown that the coordinated dithiocarbamate grisumore electronegative than in the case whezsetls no
coordination [11]. The multiple signals observedfie regiond = 7.87—-6.40 ppm are attributed to the protons of
phenyl rings. 13C NMR spectra of the complexes lkhiieak signals in the region 114-192.10 ppm assig
NCS2 carbon atoms of the dithiocarbamate moieS8amals observed at 47.24, 45.40, and 48.78 pprthéoAu,
Mn and Ru complexes respectively correspond to yhetirbon attached to the nitrogen atom. The sgdak to
the carbons of aryl groups were exhibited betwe®h1I7-126.31, 128.55-126.44, and 139.65-125.38ippime
Au, Mn and Ru complexes respectively
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Thermal Analyses of the Complexes

The thermal properties of the complexes were stdieTGA and DSC in the temperature ranging front@®2800
°C under nitrogen atmosphere. The content of agodat component in a complex changes with its cositipn
and structure. These can be determined based alosses of these components in the thermogravangats of
the complex. The pertinent thermal decompositicdia fiar the complexes are presented in their dedi@a pattern
and the DSC curves of the complexes are presentEdyure 2. The compounds start decomposing abb0e°@
and the thermogram for each complex exhibits tvatintit decomposition steps at 219, 270, 168 and 430, 361
°C for the Au, Mn and Au complexes respectivelyeTinst decomposition step stretches beyond 50mMCexhibits
65-70% weight loss. This corresponds to decomposif the organic moiety [10] leaving behind metalfide as
the end product. The slight weight loss (<2%) obséiin the mercury complex around 185 °C could dmibed to
the presence of entrapped water or solvent molefll$¢ The absence of any thermal change befors thi
temperature is reached indicates that samplesuctisting did not take place before the degradapicocesses
started [12], and also demonstrates their highnthéstability. The second decomposition temperastiretches to
around 650 °C in Au and Mn complexes but less @@ °C in Ru complex. The products correspond & th
respective metal oxides except in the Hg complegrethe thermogram indicates volatilization). Thesgnce of
oxygen and sulfur in the end product of the zind aadmium complexes at 800 °C, as shown by the EExXlt
(Figures 3 and 4), may indicate oxysulfate whichbably have formed due to the oxidation of theidalflt is
evident from the thermogram (Figure 1) that theddgplex has the least thermal stability as prevjoabserved
[13].

Antifungal activity.

In the current study (Table 1) of some synthesizmuiplexes were tested against pathogenic fungahstsuch as
Candida albicans, Aspergillus flavus and Aspergilhiger. Ketoconazole was used as reference drugrigi. The

minimum inhibitory concentrations (MICs) by micraih dilution assays (MDA) are 180-297g/mL. The

complexes had highest in vitro antifungal activitgainst pathogenic fungal strains. The reasonHerhighest
activity might be related to the presence of ditaitbamate group in the [Au (AHMP)2 complex.

Tablel. In vitro antifungal studiesof the complexes

S.NO Complex Candl(lj\‘;;;b' cans Aspergillus | Aspergillus niger
01 AHPDTC 223 218 180
02 Au(AHPDTC) 250 206 271
03 Mn(AHPDTC) 226 274 200
04 Ru (AHPDTC) 228 296 297

Where, MDA: Micro-dilution activity

In vitro antibacterial study

In the antibacterial study (Table 2) of some sysited complexes were tested against pathogeniertacstrains
such as Escherichia coli, Klebsiella pneumoniae &taphylococcus aureus and Bacillus subtilis usheg disc
diffusion method. Gentamycin was used as referesmegy for bacteria. In general, the compounds showed
significant antibacterial activity and the bactegtaains with the zone of inhibition, 23 mm at minim inhibitory
concentration (MIC) of 30.Qg/disc.

Table2. In vitro antibacterial studies of the complexes

S.No Complex —— - - Zone_ Of Inhibition - —
Escherichia coli | Klebsiella pneumonia | Staphylococcus aureus | Bacillus subtilis
01 AHPDTC 14 15 17 13
02 Au(AHPDTC) 30 19 25 24
03 Mn(AHPDTC) 25 26 19 22
04 Ru (AHPDTC) 27 27 22 21

CONCLUSION

Au(l),Mn(Ill) and Ru(ll) complexes of 2-amino 3-hgaky pyridine have been synthesized and charaetbrizy
elemental analyses and spectroscopic techniquas. ¢amrdinate geometries are proposed for the Auéihd
Mn(ll) complexes. Single crystal X-ray structuretb® Ru(lll) complex revealed that the complex imeatic and
the coordination geometry around each Au atondis@rted tetrahedral..
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