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Summary: Two new transition metal dithiocarboxylates with general formula R2ML, where R 
=P(C6H5)3, M=Ag(I) (1), Cu(I) (2) and L = Sodium salt of  4-formylpiperazine-1-carbodithioate, 
have been synthesized and characterized by elemental analysis, FT-IR, multinuclear NMR (1H, 13C 
and 31P) and mass spectrometry. The structure of complex (1) has been determined by single-crystal 
X-ray diffraction and illustrated the asymmetric bidentate bonding of the ligand. The crystal 
structure of complex (1) shows a distorted tetrahedral geometry. The inclination of the structure of 
complex (1) towards distorted tetrahedral is due to the steric hindrance of phenyl bulky groups. A 
subsequent antimicrobial study indicates that the compound (2) is considerably active against some 
bacterial and fungal strains while compound (1) shows little or no activity. 
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Introduction 
 

The coinage metals coordination chemistry 
has been a subject of research for decades [1]. 
Silver(I) and copper(I) have renowned structural 
chemistry as is revealed by variety of structural 
motifs adopted by coordination compounds of these 
metals [2, 3]. In silver(I) complexes with phosphine 
and amine ligands the silver(I) atom adopts variable 
coordination numbers [4] while copper(I), on the 
other hand, is an important metal ion, which has a 
strong tendency to form covalent bonds with ligands 
containing S or P donor atoms [5]. Such metal 
complexes exhibit a broad range of applications in 
medicinal chemistry [6], analytical chemistry or in 
industry of polymers [7], as precursor for thin films 
using chemical vapor deposition (CVD) technique 
[8]. Especially, the biomedical applications and uses 
of silver(I) complexes are correlated to their 
antibacterial action [9], which is thought to involve 
interaction with DNA and RNA, leading to inhibition 
of bacterial replication [10]. The first silver complex 
to be used as an antimicrobial agent was silver 
sulfadiazine [11, 12], which is currently under 
clinical use as treatment of burn wounds.  

 

Dithiocarboxylates are valuable metal-
coordinating ligands especially due to significant 
resonance energy imparted by dithiocarboxylate 

anion to the metal complex (Scheme 1), as a 
consequence there is an increased interest for 
inorganic, pharmaceutical and medicinal chemists for 
the development of new drugs. Some metal-based 
dithiocarboxylates, such as ziram 
(zincdimethyldithiocarboxylate) and zineb (zinc 
ethylene-1,2-bisdithiocarboxylate) are already being 
used as fungicides [13]. Lately, there has been an 
extended effort in preparing mixed ligand complexes 
with simultaneous involvement of phosphine with 
some other soft donors on the lookout for the unique 
electronic properties that this combination of ligands 
is likely to transmit to the metal center [14]. Due to 
electronic transmission, nature of these donor atoms 
and inherent properties of metal center these 
complexes could be the potential candidates for their 
biological properties, due possible ease of diffusion 
and the ability to establish secondary interactions 
with the cell constituents [15]. 

 

In the recent study we are reporting the 
synthesis, structural characterization and biological 
activity of two new transition metal complexes with 
triphenylphosphine and sodium salt of 4-
formylpiperazine-1-carbodithioate (L-salt) of 
formula [Ag(C6H9N2S2O){P2(C6H5)6}] (1); 
[Cu(C6H9N2S2O) {P2(C6H5)6}] (2). 

*To whom all correspondence should be addressed. 
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Scheme-1: Resonance forms of the –NCSS– moiety. 
 
Results and Discussion 
 

FT-IR Spectra 
 

The FT-IR spectra of complexes (1) and (2) 
were analyzed in comparison to the sodium salt 
spectrum. IR spectra calculated were also considered 
for comparative purposes. The selected bands and the 
respective assignments for both complexes are 
described in experimental portion. The NaL molecule 
has a dithiocarbamate group (–CS2), that has the 
attractive sites for coordination to metal ions. 

 

The disappearance of  a vibration signal at 
3200 cm-1 in L-salt due to N-H bond stretching in 
R2NH (secondary amine) indicates, the formation of a 
ligand. The C–S and C–N stretching vibrations 
provide information about the coordination behavior 
of dithiocarboxylate ligand to metal atoms, and thus 
give a clue about structure of complexes. A single 
sharp band for symmetric ν(CS2) at 995 cm-1 for (1) 
and 992 cm-1 for (2) indicate bidentate coordination 
of L-salt [16]. The ν(C-N) at 1436 cm-1 in L-salt was 
found to be shifted to such a wave number in 
complexes which is intermediate between C-N single 
bond (1250-1360 cm-1) and C=N double bond (1640-
1690 cm-1), owing to the electron delocalization 
towards the central metal. The unaltered strong band 
due to aldehydic carbonyl group at 1666 cm-1 
confirms the non-involvement of this group in 
coordination [17].  

 

The slight shift towards higher frequencies 
of the symmetric vibrations of the ν(C–P), 1086 cm-1 

for complex (1) and 1090 cm-1 for complex (2) as 
compared to the corresponding bands of the free 
triphenylphosphine (1080 cm-1), can be explained 
either by the transfer of p-electron density from the 
benzene ring to the unfilled d-orbitals of the ligand 
donor atom (phosphorus) or by the back donation of 
electron density from the filled d-orbitals of the metal 
to the vacant d-orbitals of the ligand through d–d, 
bonding. Both of these factors strengthen the P–C 
bond and hence instead of a decrease, a slight 
increase in v(P–C) is noticed [18]. 
 

NMR Spectra 
 

In the 1H NMR spectra of the complexes 
(Table-1), the presence of proton resonances for the 
ligand moiety as well as for the phenyl groups 
attached to metal atom confirmed the formation of 

the complexes. In each case, the ligand protons 
appeared as three sets of signals as expected; two 
multiplets due to the piperazine moiety and a singlet 
due to the aldehydic proton. A complex pattern in the 
aromatic region due to the phenyl ring protons was 
observed. The phenyl proton appears as three 
multiplets as: 7.25–7.31 (m, H β), 7.34–7.40 (m, H γ, 
δ). However the nJ [108Ag, 1H] and nJ [63.5Cu, 1H] 
coupling constants could not be set up because of 
their complex multiplet patterns. On the basis of the 
values obtained for the ortho protons chemical shift 
minus those for the meta and para protons a 
tetrahedral geometry can be proposed for both the 
compounds [19]. The aldehydic part of L-salt at 8.16 
ppm in the ligand negligibly moved to 8.15-8.18 ppm 
in the complexes, indicating that it is not affected by 
complexation. 

 
Table-1: Crystal refinement data for complex (1). 

Moiety Formula C42H39N2OP2S2Ag 
Formula Weight (g.mol-1) 821.70 

Crystal system triclinic 
Space group P-1 

a, (Ao) 12.338(4) 
b, (Ao) 13.077(4) 
c, (Ao) 15.597(5) 
α, (o) 77.187(4) 
β, (o) 70.944(4) 
γ, (o) 63.001(4) 
V, Å3 2111.3(12) 

θ range for data collections (o) 2.77-27.20,3762 
Z 2 

Number of reflections 8128 

For (Fo ≥ 4.0 σ (Fo)) 
5897 

Rint = ∑ [|Fo
2 - Fo

2
 (mean)|]  / ∑ [Fo

2] 0.1024 

For Fo > 4.0 σ (Fo) 
wR(F2) = [∑ [w(Fo

2 - Fc
2)2]  / ∑ [w(Fo

2)2]]1/2 

0.1528 

Color, habit colorless, platelet 
Approx. crystal dimension, mm 0.47 x 0.26 x 0.12 

 
The 13C NMR chemical shifts due to the 

‘CS2’ carbon atom in the investigated complexes 
were found to be shifted upfield due to deshielding 
effect of metal atoms upon complexation to the 
ligand. In present study, complex (1) and (2) display 
1J [108Ag-13C] being of the order of 640 Hz and 641 
Hz, respectively. These values confirm a monomeric 
tetrahedral geometry in solution for these complexes 
[20]. Further, the 13C chemical shifts of the ipso-
carbon at 138 ppm and 139 ppm for complex (1) and 
(2) respectively, confirm the tetrahedral geometry 
around Ag [21]. A negligible variation for aldehydic 
carbon at 161.3 ppm in L-salt in both the complexes 
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confirms its non-involvement in coordination to 
metal atom.  

 

The 31P NMR shows splitting due to 1J(P-
Ag) and 1J(P-Cu) coupling. For complex (1) well 
defined peaks were observed at 24.3 and 25.1 ppm, 
about 30 and 31 ppm, respectively, downfield 
compared to the uncomplexed triphenylphosphine (~-
6 ppm). Similarly for complex 2 peaks at 27.1 and 
27.5 ppm, about 33.5 ppm respectively, downfield 
compared to the uncomplexed triphenylphosphine (~-
6 ppm). The 31P NMR spectral results are in 
agreement with previously reported phosphine 
complexes [22]. 
 

Mass Spectra 
 

Fragmentations schemes are predicted for 
the ligand and the metal containing ions observed in 
(1) and (2) and there patterns are shown in Fig. 1 and 
2, respectively. In the mass spectrum of L-salt, a low 

intensity molecular ion peak is observed at m/z (%) 
212 (1.3) while a base peak at m/z (%) 56 (100) for a 
four member heterocycle. Spectra of both complexes 
show no molecular ion (M+.) peak as is generally the 
case for most organometallic compounds [23]. The 
first fragmentation appears to take place either 
through loss of the ligand molecule or the 
triphenylphosphine moiety. For both complexes (1) 
and (2) the former strongly predominates which can 
then lose P(C6H5)3 or CS2 to form further (EE+) ions. 
The last, due to loss of CS2, giving diphenylsilver and 
diphenylcopper species is the most abundant metal 
containing ion formed by the loss of P(C6H5). Ions 
produced by direct loss of P(C6H5)3 provide 
approximately <3% of the current carried by silver 
containing ions, whilst sufficiently larger amount of 
current is carried by copper containing ions through 
this route, with only little amounts of likely metal 
piperazine fragments being observed. 
 

 

 
 
Fig. 1: Proposed fragmentation patterns for C5H9N2OCS2Ag[P(C6H5)3]2; [mass(% of the total positive current 

carried by identified metal-containing ions)]. 
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Fig. 2: Proposed fragmentation patterns for C5H9N2OCS2Cu[P(C6H5)3]2; [mass(% of the total positive current 

carried by identified metal-containing ions)]. 
 
X-ray Structure of Complex (1) 

 
Crystal refinement data for complex (1) is 

given in Table-1, and geometric parameters are listed 
in Table-2 while the molecular structure and packing 
of molecules in a unit cell of compound 1 are 
depicted in Fig. 3 and 4, respectively. The Ag atom is 
coordinated by an asymmetrically bound ligand and 
two phosphorus atoms. The bond lengths of Ag-S1 
and Ag-S2 as well as that of Ag-P1 and Ag-P2 are 
different as shown in Table-2. The crystal structure of 
complex shows a distorted tetrahedral geometry 
which is due to the steric hindrance of phenyl bulky 
groups. The complex is formed as in triclinic form 
with space group of P-1 in which the silver centre is 
coordinated in a distorted tetrahedral geometry by 
bidentate binding units from dithiocarboxylates 
ligand and two triphenylphosphine molecules [24]. 

 

Table-2: Selected bond lengths (Å) and bond angles 
(o) for compound (1). 

Ag-S1 2.6182(15) P1-C7 1.816(5) 
Ag-S2 2.6313(15) P1-C13 1.836(5) 
Ag-P1 2.4241(15) P1-C19 1.809(5) 
Ag-P2 2.4675(17) P2-C25 1.838(6) 
S1-C1 1.719(5) P2-C31 1.813(5) 
S2-C1 1.703(5) P2-C37 1.830(5) 

S1-Ag-S2 68.45(4) Ag-P1-C7 110.64(18) 
S1-Ag-P1 123.66(5) Ag-P1-C13 117.83(16) 
S1-Ag-P2 102.32(4) Ag-P1-C19 115.05(16) 
S2-Ag-P1 117.04(4) Ag-P2-C25 117.77(16) 
S2-Ag-P2 111.96(5) Ag-P2-C31 110.32(19) 
P1-Ag-P2 121.56(5) Ag-P2-C37 116.29(17) 

Antibacterial Activity 
 
The antimicrobial properties of the free 

ligand and its complexes was evaluated against five 
different strains of bacteria (Gram-positive and 
Gram-negative) and reported in Table-3. None of the 
free ligand and triphenylphosphine showed any 
significant antimicrobial activity against all bacterial 
strains. The copper chelate exhibited a moderate 
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inhibitory activity, and silver chelate showed weak 
effect only against Gram-positive bacteria. 
 
Table-3: Antibacterial activity of the free ligand salt 
and its Silver(I) and Copper(I) complexes  

Zone of Inhibition of samples in 
diameter (mm) Bacterium 

L-salt PPh3 (1) (2) 

Standard 
Druga 

Bacillus subtilis 10 06 08 16 30 
Stephlococcus aureus 16 08 09 19 37 

Shigella flexenaria 10 12 07 23 35 
Salmonella typhi 08 13 08 19 32 
Escherichia coli 13 06 06 17 30 

a Standard drug = Imipenem 
 

 
 
Fig. 3: Crystal structure of complex 1. 
 

 
 
Fig. 4: Unit cell representation of complex (1) 

viewed along b-axis. 
 
 

Biocidal Activities 
 

Since copper chelates have an enhanced 
antimicrobial activity, the metal seems to play a 
relevant role in the activity of this compound, [25] 
that can be explained in the light of chelation theory 
[26]. As chelation considerably reduces the polarity 
of the metal ion due to partial sharing of metal 
positive charge with donor groups and secondly due 
to p-electrons delocalization within the whole 
chelating ring, such chelation could enhance the 
lipophilic character of the central metal atom, and 
hence permeation through the lipid layer of the cell 
membrane. Therefore Copper(I) complex have a 
greater chance of interaction with the nucleotide 
bases. This trend could further be explained on the 
basis of ease of diffusion of lighter molecules (low 
molecular weight) through the bacterium cell 
membrane than the heavier ones. 
 

Regarding the mechanism of antibacterial 
effects of silver complex it has been reported that the 
nature of the atom coordinated to Silver(I) atom and 
its bonding properties, i.e. the ease of ligand 
replacement impart maximum activity rather than the 
solubility, charge, chirality, or degree of 
polymerization of the complexes [27]. In our study 
since silver is attached to highly stable Ag(I)–S and 
Ag(I)–P bonding so it is probable that ligand 
replacement to a new Ag–S (biological ligand) 
complex is not feasible. Almost all compounds with 
Ag(I)–P bonds investigated thus far have shown no 
activity against bacterial strains [28]. Thus, complex 
(1), showed almost no antibacterial activity against 
gram negative bacteria while a slight activity for 
gram positive bacterium may be due to the ease of 
permeation of the complexes owing to the simplicity 
of the cell wall of these strains. 
 
Antifungal Activity 

 
The agar tube dilution protocol method was 

employed to test the antifungal activities of the 
synthesized compounds against five different strains 
of fungi, and the results are shown in Table-4. In 
general Copper(I) complex is more active than 
silver(I) complex and corresponding ligands against 
all fungi. However, Silver(I) compound shows some 
activity against Aspergillus fumigates and 
Aspergillus niger. High activity of Copper(I) is 
regular with high lipophilicity, low mol weight and 
feasible permeability to cytoplasm where compounds 
interact to cause extensive K+ discharge and the 
organism dies [29].  
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Table-4: Antifungal activity of the free ligand salt and its Silver(I) and Copper(I) complexes. 
Tested Fungi 

Fusarium moniliformis Aspergillus niger Fusarium solani Aspergillus fumigatus Alternaria specie Sample Linear 
growth 

% 
inhibition 

Linear 
growth 

% 
inhibition 

Linear 
growth 

% 
inhibition 

Linear 
growth 

% 
inhibition 

Linear 
growth 

% 
inhibition 

Controlb 86  85  85  86  90  
L-salt 71 17.4 81 4.7 79 7.0 83 3.4 82 8.9 
PPh3 66 23.2 77 9.4 78 8.2 78 9.3 80 11.2 
(1) 73 15.1 76 10.5 80 5.8 77 10.4 82 8.9 
(2) 62 27.9 70 17.6 62 27.0 73 15.1 77 14.5 

Clotrimazolea 58 32.5 62 27.0 56 34.1 69 19.8 76 15.6 
a Concentration: 200 µL/mL of DMSO, b Control = DMSO 
 
Experimental 
 
Materials and Methods 

 
1-formylpiperazine, silver nitrate, copper(I) 

chloride and triphenylphosphine were purchased 
from commercial sources (Aldrich, USA) and carbon 
disulphide from Riedal-de-Haën. Various solvents 
such as methanol, ethanol, diethyl ether, chloroform 
and n-hexane, of analytical grade were purchased 
from E-Merk and Fluka and were dehydrated before 
use according to standard procedures [30]. 
 

Melting points were determined in capillary 
tube using electrothermal melting point apparatus 
model MP-D Mitamura Riken Kogyo (Japan) and are 
uncorrected. Microanalysis was done using Leco 
CHNS 932 instrument. The infrared measurements 
were taken as KBr pellets on a Bio-Rad Excalibur 
FT-IR, model FTS 3000 MX spectrophotometer 
(USA) in the frequency range of 4000–200 cm-1. 1H, 
13C, and 31P NMR spectra in solution were taken 
using Bruker AC-300MHz MHFT digital NMR 
spectrometers in chloroform. The chemical shifts are 
reported in ppm relative to the external references, 
tetramethylsilane (TMS) for 1H, 13C and D3PO4 for 
31P shifts. Mass data were recorded on a mass 
spectrometer model JMS 600H using the direct probe 
method and EI+ as a source of ionization. 

 
The X-ray diffraction data were collected on 

a Bruker SMART APEX CCD diffractometer, 
equipped with a 4 K CCD detector. Data integration 
and global cell refinement was performed with the 
program SAINT. The program suite SAINTPLUS 
was used for space group determination (XPREP). 
The structure was solved by Patterson method; 
extension of the model was accomplished by direct 
method and applied to different structure factors 
using the program DIRDIF. All refinement 
calculations and graphics were performed with the 
program SHELXL and PLATON package [31, 32]. 
No classic hydrogen bonds, no missed symmetry 
(MISSYM), but potential solvent-accessible areas 

were detected by procedures implemented in 
PLATON. 
 
Synthesis 
 
Synthesis of sodium 4-formylpiperazine-1-
carbodithioate (NaL) 

 
Stoichiometric amount of 1-

formylpiperazine (1.22 mL, 10 mmol) and sodium 
hydroxide (0.47 g, 10 mmol) in methanol (50 mL) 
was stirred at room temperature for 1 h. To this 
solution, carbon disulfide (0.71 mL, 10 mmol) was 
added drop wise and the mixture was stirred for 3 h 
[15]. The solid product (Scheme-2) was washed with 
diethyl ether and was air dried. 
 

(Yield: 1.98g, 88%), M.p. 168-170 oC. 
Elemental Anal. Calc. for C6H9N2OS2: C, 33.91; H, 
4.23; N, 13.18; S, 30.14. Found: C, 32.36; H, 3.39; N, 
12.45; S, 31.58. FT-IR (cm-1): 993 ν(C-S), 1436 ν(C-
N), 1666 ν(C=O). EI-MS, m/z (%): [C5H10N2O].+ 114 
(47.4), [C4H9N2].+ 85 (52.7), [CS2H].+ 77 (6.6), 
[C3H5NO].+ 71 (4.6), [C2H3NO].+ 57 (48.3), 
[C2H4N2].+ 56 (100.0). 1H NMR (CDCl3, ppm): 8.15 
(s, H4), 3.38–3.44 (m, H3,3´), 4.28-4.34 (m, H2,2´). 13C 
NMR (CDCl3, ppm): 213.2 (C-1), 51.4 (C-2), 50.6 
(C-2´), 45.5 (C-3), 39.6 (C-3´), 161.3 (C-4) 
 
Procedure for synthesis of 
bis(triphenylphosphine)silver(I) 4-formylpiperazine-
1-carbodithioate (1) 

 
Appropriate molar ratios of 

triphenylphosphine and silver nitrate were added to 
ethanolic solution of ligand (50 mL) and the mixture 
was refluxed for 6 h with constant stirring. Soluble 
product was isolated by filtration and was rotary 
evaporated to get the desired products (Scheme-2). 
The product obtained was recrystallized from 
chloroform, n-hexane mixture (4:1). The numbering 
scheme of ligand-salt and groups attached to silver is 
given in Scheme-2. 
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Scheme 2: Synthesis of ligand-salt and its silver(I) and copper(I) compounds. 
 

(Yield: 2.13 g, 86%), M.p. 154-156 oC. 
Elemental Anal. Calc. for C42H39N2OS2P2Ag (Mr = 
821.7): C, 61.33; H, 4.74; N, 3.40; S, 7.78. Found: C, 
59.92; H, 4.49; N, 3.21; S, 7.01. FT-IR (cm-1): 995 
ν(C-S), 1426 ν(C-N), 1666 ν(C=O), 3058 ν(C6H5), 
1086 ν(C–P). EI-MS, m/z (%): [AgP(C6H5)3].+ 370 
(2.5), [Ag(C6H5)2].+ 262 (100.0), [Ag(C6H5)].+ 183 
(79.1), [CS2AgP2].+ 708.0 (1.8), [CS2Ag].+ 184 (15.7), 
[Ag].+ 108 (51.7). 1H NMR (CDCl3, ppm): 8.16 (s, 
H4), 3.38–3.41 (m, H3,3´), 4.26-4.34 (m, H2,2´), 7.25–
7.31 (m, H β, β´ 12H), 7.34–7.40 (m, H γ, γ´, δ 18H). 
13C NMR (CDCl3,ppm): 211.7 (C-1), 51.2 (C-2), 50.2 
(C-2´), 45.0 (C-3), 39.7 (C-3´), 161.4 (C-4) 134.0 (C-
α), 129.7 (C-β), 128.7 (C-γ), 128.5 (C-δ) 
 
Procedure for synthesis of 
bis(triphenylphosphine)copper(I) 4-formylpiperazine-
1-carbodithioate (2) 

 
Appropriate molar ratios of 

triphenylphosphine and copper(I) chloride were 
added to ligand in ethanol (50 mL) and the mixture 
was refluxed for 6 h with constant stirring. Soluble 

product was isolated by filtration and was rotary 
evaporated to get the desired products (Scheme-2). 
The product obtained was recrystallized from 
chloroform, n-hexane mixture. The numbering 
scheme of ligand-salt and groups attached to silver is 
given in Scheme-2. 

 
(Yield: 1.48 g, 68%), M.p. 198-200 oC. 

Elemental Anal. Calc. for C42H39N2OS2P2Cu (M = 
776.5): C, 64.83; H, 5.01; N, 3.60; S, 8.23. Found: C, 
63.96; H, 4.69; N, 3.52; S, 7.93. FT-IR (cm-1): 992 
ν(C-S), 1424 ν(C-N), 1666 ν(C=O), 3059 ν(C6H5), 
1090 ν(C–P). EI-MS, m/z (%): [Cs2CuP2(C6H5)6].+ 
663.5 (3.6), [CuP(C6H5)3].+ 325.5 (12.3), 
[Cu(C6H5)2].+ 217.5 (78.0), [Cu(C6H5)].+ 140.5 (62.1), 
[CuS].+ 95.5 (12.5), [Cu].+ 63.5 (21.7). 1H NMR 
(CDCl3, ppm): 8.18 (s, H4), 3.49–3.53 (m, H3,3´), 
4.23-4.29 (m, H2,2´), 7.27–7.34 (m, H β, β´ 12H), 
7.37–7.41 (m, H γ, γ´, δ 18H). 13C NMR (ppm): 
210.2 (C-1), 50.5 (C-2), 49.6 (C-2´), 45.0 (C-3), 39.8 
(C-3´), 161.9 (C-4) 136.6 (C-α), 134.7 (C-β), 129.6 
(C-γ), 129.0 (C-δ) 
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Antibacterial Activity 
 
The synthesized compounds (1-2) were 

tested for antibacterial activity against five different 
bacterial strains including, Staphylococcus aureus 
(G+), Bacillus subtilis (G+), Escherichia coli (G_) 
Salmonella typhi (G_) and Shigella flexenari (G-), 
using the agar well diffusion method [33] with 
Imipenem (C12H17N3O4S) as a standard drug for 
comparison. 0.75 mL of the broth culture containing 
~105 colony forming units per mL of the test strain 
was added to the 75 mL of nutrient agar medium at 
37 °C, mixed well, and then poured into a 14 cm 
sterile Petri plate. The media were allowed to 
solidify, and wells were dug with a sterile metallic 
borer having 8mm diameter. Then dimethyl 
sulphoxide (DMSO) solution of test sample at 2 
mg/mL was added to the respective wells. DMSO 
served as negative control and the standard 
antibacterial drug Imipenem were used as positive 
controls. The plates were incubated aerobically at 37 
°C for 24 h. The activity was determined by 
measuring the diameter of zone showing complete 
inhibition (mm). Thereby zones were precisely 
measured with the aid of a vernier caliper (precision 
± 0.1 mm). The growth inhibition was calculated 
with reference to the positive control. 
 
Antifungal Activitry 

 
Antifungal activity against five fungal 

strains Fusarium moniliformis, Alternaria species, 
Aspergillus niger, Fusarium solani, Mucor species, 
and Aspergillus fumigatus was determined with the 
agar tube dilution method [33]. Screw-caped test 
tubes containing Sabouraud dextrose agar (SDA) 
medium (4 mL) were autoclaved at 121 oC for 15 
min. The tubes were allowed to cool to 50 oC and 
non-solidified SDA was loaded with 66.6 µL of 
compound pipetted from the stock solution (12 
mg/mL in DMSO) to make 200 µL/mL final 
concentration. Tubes were then allowed to solidify in 
a slanting position at room temperature. Each tube 
was inoculated with a 4 mm diameter piece of 
inoculum from 7 days old fungal culture. The media 
supplemented with DMSO and Clotrimazole (200 
µL/mL) were used as negative and positive controls, 
respectively. The tubes were incubated at 28 oC for 7 
days; then growth was determined by measuring 
linear growth (mm) and growth inhibition was 
calculated with reference to the negative control. 
 

The inhibition of fungal growth, expressed 
in percentage terms, was determined using the 
Vincent equation [34]: 
 

Inhibition % = 100(C-T)/C 
 
where C is the diameter of fungal growth for a 
control and T is the diameter of fungal growth for the 
sample. 
 
Conclusion 

 
Sodium salt of the ligand (NaL) was 

synthesized successfully. The NaL was then used for 
the synthesis of Ag(I) and Cu(I) complexes. It may 
be concluded that the ligand coordinate through 
sulpher atoms to the Ag and Cu atoms in asymmetric 
manure leading to the formation of distorted 
tetrahedral geometry around the metal atom that is 
conformed by the X-ray structure of complex (1). 
The synthesized compounds show moderate 
antifungal and antibacterial activities. 
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