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ABSTRACT

This work includes synthesis and characterization of some binuclear complexes of Zn(Il) and Cd(I1) with mixed
ligands of dithiocarbamate derived from barbituric acid and tertiary phosphines the formed complexes have the
general formula of [M,(BADTC),(Phosphine),],M=2zn(ll),Cd(ll), BADTC=Barbituric acid bis(dithiocarbamate),
Phosphine = dppm, dppe, dppp; n=2,PPhs;n= 4 the synthesized complexes were identified using the micro elemental
analysis (CNH), melting point measurement, molar electrical conductivity and the spectral methods (FT-IR and
'H,P-NMR).Antibacterial activity of ligand and complexes was evaluated with two types of bacteria staphylococcus
aureus (gram positive) and Escherichia coli (gram negative).
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INTRODUCTION

Dithiocarbamate,R,NC(S)S ,are highly versatile mono-anionic chelating ligands which form stable complexes with all the
transition elements. They are capable of stabilizing transition metals in a wide range of oxidation states and frequently
stabilize the metal central in an unusually high apparent formal oxidation states[1-3].In coordination chemistry,
dithiocarbamateact as ligands due to their selectivity and sensitivity to the reaction with transition and non-transition metal
ions. They are also important from biological point of view since they were found to affect many biological processes[4,5].
Moreover, metal dithiocarbamate have diversified applications in the field of rubber chemistry as vulcanization accelerator
and antioxidants [6]. Phosphines and diphosphines are important ligands in transition-metal catalyzed reactions and the
electronic and steric effects of the phosphine have a promotedinfluence on the organic trans-formation that take place at the
transition metal center[7,8].

In the present work we report the Synthesisand characterization of some new complexes obtained by the reactions of Zn(Il)
and Cd(I1) salts with mixed ligands ofdithiocarbamateand tertiary phosphine.

Experimental

IR-spectra were recorded on the( FTIR- 600 Spectrophotometer) in the (400-4000) cm™ range using KBr discs. Micro
elemental analysis (CHN) using (Euro EA 3000). Molar Conductivities for complexes were measured at10 M solution in
DMSO at 25°C using (Cond7110). Melting points were obtained using (Electro thermal9300). The *H-**P-NMR spectra were
performed (solvent DMSO-d°) on (Brucker 400MHz), at the University of Sinop, Turkey.
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Starting materials

Allchemicals and phosphine ligands were commercial products and were used as supplied from Sigma-Aldrich and Alfa-
Asercompunies

Preparation of ligand
barbituric acid bis (dithiocarbamate) (BADTC) was prepared by a previously described method [9].
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Table 1: chemical formula, CHN analysis and some physical properties of the BADTC ligand

Chemical formula Color Melting Micro elemental analysis calculated (found)
point/°C C% H% N% S%
CsHoN,Na,O3S, Light 260-262 22.22 0.62 8.64 39.54
324.31 orange (22.61) (0.55) | (8.12) | (38.91)

Synthesis of Dithiocarbamate complexes with phosphine
Synthesis of [Zn,(BADTC),(dppp):]

This complex was synthesized by the following procedure:

A solution of ZnCl,(0.03g,0.154mmol)in distilled water(5ml) was added toasolution of Na,BADTC (0.025¢,0.154 mmol) in
distilled water (5ml).The mixture was stirred at room temperature for 1hour. The solution colour waschanged from colorless
to white.Then the solution of dppp (0.59,0.154 mmol) in 5ml of acetone was added. The mixture was left to stir for
an2hour.As a consequence, awhite precipitate was formed, whichwas then filtered off and washed with a small amount of
distilled water (3 times) and dried in an oven for 2 hour at 50 °C.

T

he rest of the complexes listed in (Table 2) were synthesized in the same way as mentioned above using a proper number of
moles of the metal salts and ligands.

25°C, stirr2h

INax BADTCH2IMCl+nPhosphine  ———— = [Ma(BADTC)(Phosphine}), |+2NaCl
H0), Acetone - )

n=2 or 4

M=Cad(II} or Zn{IT)

Antibacterial activity

All the newly synthesized compounds were evaluated in vitrofor antibacterial activity against gram positive
(Staphylococcus aureus) and gram negative (Escherichia Coli) bacteria. The tested microorganisms were obtained from
College of Science\Tikrit University. All the newly synthesized compounds were weighed and dissolved in
dimethylsulphoxide (DMSQO) to Prepare stock solution of (40ul) then diluted to prepare other concentration
(0.1,0.001,0.0001) mg/ml by disk diffusion methodusing Mueller-Hinton agar(MH) (Difco, Detroit, MI) was employed as
culture media[10].A 5 ml of compound solution prepared in DMSO was added in the cup under aseptic conditions using
micropipette. A volume of 5ml of DMSO placed in one of the cups as ablank (negative control) and after 24-48 h of
incubation at 37°C, the zones of inhibition were measured in mm. The activity was compared with a known antibiotic,
Ciprofloxacin, Ampicillin and Amoxicillin.
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RESULTS AND DISCUSSION

Physical and spectral techniques were used for the identification of synthesized complexes. The solid prepared complexes
are soluble in some common solvents such as DMSO, DMF, THF. The molar conductivity values for allprepared complexes
were in the range of (0.12-0.28) mole™,cm™homin DMSO solvent of 10? M at 25°C (Table 2) indicate that complexes are
non-electrolyte[11]. This is consistent with the stoichiometry for the complexes [M,(BADTC), (Phosphine),]. The micro
elemental analysis measurements for all complexes gave approximate values when are compared with theoretical values,
(Table2) includes some physical properties and (CHN) results for the synthesized complexes.

Table 2: some physical properties, CHN values , conductance data and yield% of the complexes decomposition*
Infrared spectra:-

The prominent infrared spectral data of prepared ligand and its complexes are given in ( Table 3).
N Complexes Color M.P/°C yield | Molar cond./ Micro elemental analysis
0 % mole™ ,cm™ calculated (found)
hom
C% H% N%
1| [Zny(BADTC),(dppm),] | White | (114-115) 78 0.13 15.14 3.32 3.85
(15.12) (3.30) | (3.84)
2 | [Zn,(BADTC),(dppe),] White | (137-138) 80 0.12 51.79 3.53 3.77
(51.78) (3.54) | (3.76)
3 | [Zny(BADTC),(dppp)-] White | (157-158) 68 0.15 52.42 3.73 3.70
(52.40) (3.70) | (3.69)
4 | [Zny(BADTC),(PPhs).] White | (174-175) 77 0.27 58.10 3.71 3.23
(58.8) (3.70) | (3.20)
5 | [Cdz(BADTC),(PPh),] White | (174-175) 66 0.28 55.11 3.52 3.06
(55.9) (3.50) | (3.05)
6 | [Cd,(BADTC),(dppm),] | White | (113-114) 70 0.26 48.04 3.12 3.61
(48.03) (3.11) | (3.50)
7 | [Cd2(BADTC),(dppe).] White | (135-136) 72 0.18 48.70 3.32 3.55
(48.69) (3.30) | (3.53)
8 | [Cd2(BADTC),(dppp):] White | (<300)* 75 0.19 49.35 3.51 3.49
(49.34) (3.50) | (3.47)

The IR spectra of the complexes were compared with the free ligand spectrum in order to determine the coordination sites that
may be involved in bonding .

InBADTC the infrared bands observedat 166%cm™,133 _cm'::l:l 125 e Jandi1 107 cnrthave been assignedto wC=0, v

(C e N g g (0 222ee S) pazpectively[§].

In IR spectra of all complexes , the C=0 stretching vibration are shifted to higher values1670-1691cm! suggesting that the
carbonyl group is not involved in bonding in coordination with central metal ion[12].

Also, the complexes spectra showed bands at 1330-1398 cm! whichis assigned to (C-==N) group and those values, indicating

that(CN) sroup is not coordinated [13].

A noticeable shift to lower frequencies for bands of (€ =====5Y (801.1020) e ! and (1101-1066)cm! in the complexes were
observed .

The (€ ==22=5) frequencies canbe used for distinguishing between the mono and bidentate binding of dithiocarbamate ligand
dithiocarbamate ligand with the metalion [14].

The new bands in the region (513-493 cm™)and (1406-1429 cm™)were assigned tou(P-C) and v(P-Ph) respectively indicating
that phosphine ligands are coordinated with metal center [15].
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Table 3: IR data of synthesized complexes and ligands( cm™)

Seq. Compounds V(C-H) | V(C-H) | V(C=0) | V(C=S) v V(C- | V(P-Ph) | V(C-P)
Arm. Aiph. S)
BADTC 3058m 2813m 1668m 1126m 1537w 1107m
1 [Cd,( BADTC),(dppp).] | 3055m 2906 1670w | 1101m 1598s 993m 1406s 513m
2 [Cd,( BADTC),(dppe),] | 3022s 2929m 1668w | 1088m 1577m 993w 1427s 505s
3 [Cdy( 3002m 2920w 1691w 1091m 1575w 995w 1429s 503m
BADTC),(dppm),]
[Cd,( BADTC),(pphs)s] | 3001w 2945w | 1685m | 1086w 1558s 991m 1429s 549w
[Zn,(BADTC),(dppp)21] 3018s 2929s 1658m 1093s 1579m 997m 1423s 505s
6 [Zn,( BADTC),(dppe),] | 3008m 2925m 1679w | 1091m 1575m 995w 1429s 505s
2806
7 [Zn,( 3004s 2918w 1691m 1095w 1570m 991w 1413s 493m
BADTC),(dppm),]
8 [Zn,( BADTC)(pphs)s] | 3005w 2925w 1682s 1085w 1550s 994m 1422s 493s
NMR results

'H-NMR spectrum of BADTC:-

The 'H-NMRspectrum of the ligand Barbituric acid bis (dithiocarbamate) was measurement in DMSO-d°
solventandshowed singlet at6H(3.25) from the chemical shift and the integration this signal is assigned to (CH,) protons,
(figures 1) shows the spectra of (Na,BADTC).
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Figure 1: *H NMR spectrum of (Na,BADTC)

The *H and *'P-NMR data for Some prepared complexes using DMSO-d°® as a Solvent are given in (Table 4,5), and
(figures2,3) shows the spectra of [Zn, (BADTC) , (dppp) 2] [16,17].
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Figure 2: {*H}-"*PNMR spectrum of complex [Zn, (BADTC) , (dppp) 2]
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Figure 3: * H-NMR spectrum of [Zn, (BADTC) , (dppp) 2]

Table 4: {*H}-*'P-NMR dataof some prepared complexes

NO Complex oP
1 [Zn,(BADTC),(dppm),] 25.80 P-Zn
2 [Zn,(BADTC),(dppp)2] 14.34 P-Zn
3 [Cdx(BADTC),(dppm),] 42.68 P-Cd

Measured in CDCl;

Table 5: '"H-NMR spectral datafor some complexes

NO Complexes

1- | "H-NMR(DMSO-d®): 87.46-7.55(23H,Phos)and 87.78-7.85(16H,Phos)for 8 aromatic , 81.73(8H,2CH,ligand
phos) , 62.70(4H,CH,,ligand BADTC)ppm.

2- | '"H-NMR(DMSO-d®): §7.46-7.57(23H,phos)and 87.57-7.81(16H-phos)for 8 aromatic , §1.95(2CH,,ligand dppp)
82.92(CH,,ligand BADTC).ppm

Anti-bacterial activity

The synthesized dithiocarbamate ligand and its complexes were tested against two types of bacteria Staphylococcus aureus
(gram positive) and Escherichia coli (gram negative). DMSO was used as solvent and as a control. The concentration of the
compound in this solvent were (1 x 10*)(1 x 10%) and (1 x 10?)mg/ml. The disc sensitivity test method was used, the
incubation was held for 24 hours at 37 °C. The measured inhibition zones against amounts of growth of two types of bacteria
are summarized in (Table 6) and (Figure 4)show theThe inhibition zone of the complex [Zn, (BADTC), (dppp)2].

The results revealed that some of the metal complexes have nearly the same activity or to be more active in comparison with
the ligands and that means upon complexation.

Antibiotics have been used are: Ciprofloxacin, Ampicillin, Amoxicillin
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Table 6: Results of antibacterial study of complexes and prepared ligands

()= Seq Comp. Conc. Pseudomonas Staphylococcus no
No. mg/ml aeruginosa aureus
1x10* - +
B.ADTC 1x10° - +
1x107? + +
1 [Zn,(B.ADTC),(dppm)] 1x10" + -
1x10° ++ +
1x102 ++ +
2 [Cd2(B.ADTC)2(dppp)2] 1x10" + -
1x10% ++ +
1x102 - +
3 [Cdy( B.ADTC 1x10* - +
)2(dppe).] 1x10°% + ++
1x102 + +H+
4 [zn,(B.ADTC 1x10" - +
)2(dppe).] 1x10° - ++
1x107? + ++
inhibition

(+) = Inhibition of 5 - 15 mm diameter
(++)=Inhibition of 2 - 15 mm diameter
(+++)=Inhibition of 25 to 35 mm diameter

Figure 4: The inhibitionzone of the complex [Zn, (BADTC), (dppp).] against bacteria Pseudomonas aeruginosa
Conclusions
Based on analytical and spectral results, the BADTC acts as a monodentate ligand via the use of FT-IR apparatuswhich is
bonded with the metal ions through a single sulfur atom while phosphine ligands is coordinated with the metal ions in a
different modes ,pphs; wascoordinated as a monodentate ligand,dppm coordinate through one phosphine atom behaved and
dppe and dpppbehaved as a bidentate ligands.

The geometrical structures for synthesized complexes can be proposed as follows:

*Tetrahedral structure for Zn(lI1), Cd(Il) complexes
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