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ABSTRACT 
The research involves synthesizing and characterizing a new ligand 
)potassium 5-cyano-3-formyl-1H-indole-1-carbodithioate( containing 
two atoms of the sulfur donor. The ligand was synthesized for 4 hours 
in the presence of alkali base (NaOH) through the reaction of one 
derivative of carbon disulfide and 3-Formyl-1H-indole5-carbonitrile in 
ethanol (as a solvent). Dithiocarbamate ligand was characterized along 
with the melting point using FT-IR, 1H NMR,13C-NMR, elemental 
analysis (C.H.N.S), UV-visible, and ESI-mass spectrum. Four metal 
complexes are prepared under refluxing. The complexes were 
prepared for 4 hours from the reaction of 2 potassium dithiocarbamate 
equivalent ligand with 1equivalent metal salt in refluxing ethanol. For 
other complexes the complexes were characterized by FT-IR, UV-
Visible, molar conductivity, magnetic sensitivity measurements, 
flammable atomic absorption spectroscopy solubility, melting point,  

 
product microanalysis and mass spectroscopy. The biological function 
of the synthesized dithiocarbamate ligand and its complexes has been 
examined using inhibition method for two types of bacteria; one gram 
positive and one gram negative, and one type of pathogenic fungus. 
This will assess their possible antimicrobial activity. 
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 INTRODUCTION     
Dithiocarbamates (DTCs) are a group of small organic 

molecules with a good chelate-to-metal ion capability[1]. 

Numerous studies and reviews have been conducted on 

transition and non-transition metals, suggesting a broad 

variety of anion compounds[2]. Dithiocarbamate ligands are 

more complex compounds consisting of organic sulfur. This 

may be due to the CSS group's low bite angle, which can 

interact with most of the metals in the periodic table, and it 

has the sulfur atoms that can add a single pair of electrons to 

the central metal atom to form the complexes[3]. DTCs can 

be stabilized in a variety of metal oxidation states, 

coordinating geometries and compounds that exhibit broad 

structural variations ranging from monomeric to polymeric 

molecular assemblies Binding properties of 

dithiocarbamates; monodentate, bidentate chelating and 

bidentate bridging varieties define the structural structure so 

that the physical and chemical properties of 

dithiocarbamates are determined.[4]. There are major uses 

of dithiocarbamate and dithiophosphinate complexes.[5] 

Dithiocarbamates are essential materials that have been 

extensively explored in coordination chemistry, medicine, 

and radiopharmaceutical chemistry, sensing engineering, 

materials science, and industry applications. DTCs have 

shown considerable biological activity, including their 

antibacterial function [6]. 

 

MATERIALS 
All needed laboratory chemicals and reagents are available 

commercially and used with no further purification. 

 

Physical measurements 

Elemental analyser (C. H. N. S.) for ligands and their metal 

complexes (Euro EA 3000) was conducted. Using a Biotic 

600 FT-IR spectrophotometer about range 4000-400 cm-1 

and Potassium iodide disks about range 400-200 cm-1on 

Shimadzu 8400s FT-IR, infrared spectra were taken as 

Potassium bromide Disks. Electronic spectra with (UV-Vis) 

spectrophotomete were obtained at room temperature 

Shimadzu 1800 from 200-1000  for 10-3 M solutions in 

dimethyl sulfoxideusing by1.0 cm long quartz cells. Mass 

spectroscopy of electrospray (ES) on the Shimadzu GC-

Mass QPA spectrometer obtained mass spectrum for ligand 

and mass spectrum LC-MSQP50A Shimadzu (E170Ev) for 

complex spectrometer. Ligand Nuclear magnetic resonance 

spectrum was used in Deuterated chloroform using the 400 

MHz Ultra Shield configuration Brucker, originating in 

Germany. Atomic absorption (A.A) technique using a 

spectrophotometer of Shimadzu (A.A 680 GBC 933 plus) to 

determine the metal value of complexes. Molecular 

conductivity calculation is performed at room temperature 

with DMSO solutions using the Jenway 4071 electronic 

conductivity meter. Estimated magnetic moments at 303.8 K 

with a magnetic resistance balance (Sherwood Scientific). 

 

Synthesis the ligand  

Ligands are prepared according to the published 

method [7], with the following minor modifications: 

 

Synthesis of potassium 5-cyano-3-formyl-1H-indole-1-

carbodithioate  

3-Formyl-1H-indole5-carbonitrile (0.340g,0.002 mol) has 

been dissolved in ethanol (12 ml) Dissolved in double 

distilled water (1ml) with 30 minutes of stirring at room 

temperature, potassium hydroxides (0.112 g, 0.002mol) cool 

solution in the Snow bath. To the commixture, add pure CS2 

(0.152 g, 0.002mol) with daily stirring at temperature (0-4 ° 

C) for 4 hours. The brown solution was permitted at room 

temperature, then evaporated until solid brown 

precipitation was completed. The brown solid was collected 
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through filtration and then recrystallized from methanol, 

washed twice with diethylether (10ml), and then dried for 7 

hours at temperature (35 ° C). 

 

Synthesis of potassium 5-cyano-3-formyl-1H-indole-1-

carbodithioate complexes 

A general method for achieving dithiocarbamate complexes 

was used and the following: Complexes were prepared from 

the reaction of 2 potassium dithiocarbamate salt equivalent 

(DTC) as ligand in ethanol with 1 metal salt equivalent as 

the central ion (2:1). In a round bottom bottle, a volume 

(100) ml containing a dithiocarbamate ligand salt was added 

metal chloride solution in 10ml of absolute ethanol. The 

reaction mixture was unstable and warmed under reflux for 

4 h. The complex was gathered through filtration, washed 

with excess methanol and diethyl ether, dried at room 

temperature for 48 h [8,9]. 

 

RESULTS AND DISCUSSION 
This research has identified dithiocarbamate ligand. 

Synthesis thise ligand was based on the reaction with CS2 

that was obtained between NH group. (KL) was synthesized 

by combining 3-Formyl-1H-indole5-carbonitrile with 

carbon disulfide in the presence of KOH as a base The use of 

ethanol as a solvent scheme (1) indicates that in the mole 

ratio (1:1). The complexes were prepared from the ligand 

KL reaction with metal chloride salts in (2:1) mole ratio 

heated under ethanol reflux to produce pure complexes 

where isolated at moderate yield, as shown in scheme (2) 

Where M= Co+2, Ni+2, Cu+2, and Au+3. 

 

 
Scheme 1: Synthetic of ligand KL 

 
Scheme 2: Synthetic of [M(L)2( H2O)2]H2Oand[Au(L)2(H2O)(Cl)]complexes 
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The ligand and complexes were prepared and then 

characterized by elemental analysis, melting points, 

spectroscopic methods (FT-IR, UV-Vis, A.A, mass 

spectroscopy), molar conductivity, and measurements of 

magnetic sensitivity. Table (1) explains the physical 

properties of ligand and complexes. 

 

Table 1: Physical characteristics and elemental analysis of the ligand DTC 

The Compounds Molecular 

Wt. 

Yield 

(%) 

M. P (ºC) Colou

r 

Found (calcd.) (%) 

C H N    S M 

C11H5KN2OS2 283.95 
70.5

1 
   213-215 

Pale 

yellow 

46.15 

(46.46 ) 

1.26 

(1.77 ) 

9.53 

(9.85) 

21.92 

(22.55) 
 

 [Co(L)2(H2O)2]H2O  
603.57 

 
66.2 207-209 

Light 

blue 

43.57 

(43.78) 

2.58 

(2.67) 

9.18 

(9.28) 

20.65 

(21.25) 

9.15 

(9.76) 

 

[Cu(L)2(H2O)2]H2O 
608.18 71.3 190-192 Gray 

43.14 

(43.45) 

2.22 

(2.65) 

9.39 

(9.21) 

20.54 

(21.09) 

9.99 

(10.45) 

 

[Ni (L)2(H2O)2]H2O 
603.33 70.8 204-206 White 

43.51 

(43.80) 

2.52 

(2.67) 

9.62 

(9.29) 

20.24 

(21.26) 

9.42 

(9.73) 

   [Au(L)2(H2O) Cl] 741.02 69.7 211-213 
Dark 

yellow 

35.23 

(35.66) 

1.05 

(1.63) 

7.76 

(7.56) 

17.04 

(17.31) 

26.13 

(26.58) 

*= decomposed; m.p=  melting point;    Calc.= Calculated      

 

The 1H-NMR, 13C-NMR and Mass spectra for the ligand 

KL 

The 1H-NMR spectrums for the ligand KL in (Fig. ). 

showed the characteristic chemical shift of the solvent 

DMSO-d6 

-C=O  

group[10]. The singlet signal at =8.48 ppm are assigned to 

protons for CH (benzene ring), The doublet chemical shift 

at =8.40 ppm is assigned to the proton for CH (benzene 

ring), The doublet chemical shift at =7.69 ppm is assigned 

to the proton for CH (benzene ring) and a chemical shift 

=7.60 ppm is assigned to the proton for CH (indol ring) 

[11,12]. The 13C-NMR spectrum of a ligand KL, (Fig. ). in 

DMSO-

which can be attributed to carbon atom C1 for HC=O 

group[13]. The carbon atoms C2, C3 resonated with the 

, 24.81 which can be attributed 

to indol ring[14]. The signal at 6.03 ppm, which can be 

attributed to carbon atom C4 for CS2 group [15]. The 

carbon atoms C5 , C6 , C7 , C8 resonated with the chemical 

14.42, 125.41, 104.42 ppm 

respectively[16]. These signals are attributed to aromatic 

carbons .The c

carbon atom C9 for C≡N group[17]. The carbon atoms  C10 

26.63, 

140.17 ppm respectively[16]. Also these signals are 

attributed to aromatic carbons. Finally, the chemical shift at 

. The electrospray 

(+) mass spectrum of KL is obtainable in (Fig.3). The 

spectrum exhibits successive fragments related to ligand 

structure. The parent ion peak for the ligand is observed at 

m/z = which corresponds to (M+H)+ (%) for 

C11H5KN2OS2 ; requires = .95. 
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Figure 1: 1H-NMR spectrum of ligand KL in DMSO-d6 as solvent. 

 

 
Figure 2: 13C-NMR spectrum of ligand KL in DMSO-d6 as solvent. 

 

 
Figure 3: mass spectrum of ligand KL 

 

The Mass Spectra for the complexes 

The mass spectra of some complexes is presented in ( Fig 4-

5).The spectrum exhibits successive fragments related to 

complexes structure. The parent ion peak are observed at 

m/z = 606 and 744 which corresponds to (M+H)+ (%) for 

[Co (L)2(H2O)2] H2O , [Au (L)2(H2O)(Cl)]  ; requires = 

603.57and 741.02 respectively. 
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Figure 4: mass spectrum of complex [Co (L)2(H2O)2]H2O 

 
Figure 5: mass spectrum of complex [Au (L)2(H2O)(Cl)] 

 

The FTIR spectrum for ligand and complexes 

The FTIR spectrum of (KL) shows no bands (disappeared) 

around 3206cm-

stretching vibration [18]. The FTIR spectrum reveals new 

bands at 1463 cm- -N) stretching 

of (N-CS2) moiety [19]. Also, two new bands are revealed by 

the FTIR spectrum at 1002 cm-1 and 921 cm-1 attributed to 

20]. The band at 

1652cm-  for aromatic system [21]. 

The bands at 2829 cm-1 and 1735cm-

(C-H)  group respectively[22]. The band at 

2223 cm- ≡N) group[23]. In addition, 

the spectrum displayed a bands at 1222 cm-1 and 703 cm-1 

attribut S) respectively[24]. 

Characteristic bands are summarised in Tables (2). In the 

continuum of DTC complexes, three essential regions need 

to be investigated. The first is the band in the range 1421

1463 cm-1 corresponding to (NCS2 ̄) stretching vibrations, it 
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should also be noted that the wave number change because 

the electron donation character increases[25]. The second is 

the vibration commitment to the C-S stretching frequency 

in the finger print area within the range 817 1002 cm-1. The 

third important band reveals a distant infrared area of the 

range 308 325 cm-1 it is assigned -S) vibration, 

where its absent in the ligand but exhibited as a result from 

coordination. 

 

Table 2: KL ligand's FTIR spectral information and its complexes 

 

Uv-Vis spectral data for DTC ( KL) and the complexes 

In DMSO solution, the UV-Vis spectrum of KL . Has two 

absorption peaks at (266 nm = 37593 cm-

molar-1 cm-1) and (329 nm = 30395 cm-1

molar-1 cm-1

respectively [26], as shown in Table (3). Most transition 

metal complexes are colored. Such colors vary from ligands 

and transition metal salts, so these colors are considered 

essential indicators of coordination, so the colored 

complexes show different bands of absorption in location 

and strength [27]. 

 

Table 3: Uv Vis spectra of the ligand and complexes in 10 3 M DMSO 

No Complexes Wavenumber max 

molar 1 

cm 1 

Assignment Suggested 

structure nm Cm 1 

1 (KL2) 

 

266 

329 

  37593 

30395 

  1599 

1300 

         

 
 

2 [Co(L2)2(H2O)2]H2O 

 

269 

327 

37174 

30581 

2328 

 1693 

L.F                   

L.F 
Oh 

385 25974 500 C.T 

615 16260 159 4T1g(F)
4T1g(P) 

679 14727 225 4T1g(F)
4A2g(F) 

3  [Ni(L2)2(H2O)2]H2O 

 

270 

347 

 

37037 

28818 

 

1655 

655 

 

L.F                   

L.F 

 

Oh 

489 20449 210 C.T overlap 
3A2g(F)

3T1g(P) 

 

540 18518 200 3A2g(F)
3T1g(F)

 

680 14075 88 3A2g(F)
3T2g(F) 

4  [Cu(L2)2(H2O)2]H2O 

 

265 

319 

 

37735 

31347 

 

1243 

860 

 

L.F                   

L.F 

 

distorted Oh 

460 21739 99 C.T  
 

530 18867 89 2 2T2g 

5 [Au(L2)2(H2O) Cl] 

 

270 

327 

  37037 

30581 

  1793 

1092 

L.F                   

L.F 
Oh 

347 28818 1192 C.T  

 

520 

 

19230 95 

 

3A2g(F)
3T1g(P) 

 

Compound (C=O

) 

(O H) (C

H). arom. 

(C≡N

). 

(C=C

) arom. 

 (N-

CS2) 

 

s(CS2) 

-S) 

-Cl) 

-O) 

(H2O) 

(KL2) 1735 - 3055 2223 1652 1463 1002 

921 

- - 

[Co(L2)2(H2O)2]H2O 1737 3550 3066 2223 1650 1421 921 

887 

324 

- 

555 

815 

[Cu(L2)2(H2O)2]H2O 1737 3440 3041 2223 1650 1421 958 

857 

325 

- 

555 

813 

[Ni(L2)2(H2O)2]H2O 1737 3550 3097 2223 1650 1421 919 

817 

312 

- 

587 

817 

[Au(L2)2(H2O)(Cl)] 

 

1737 3552 3065 2223 1660 1423 997 

919 

308 

273 

582 

815 
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Molar conductivities and magnetic susceptibility 

The low values of molar conductivities in DMSO of  Co II, 

Ni II ,Cu II and Au III complexes  are (16.3, 6.7, 19.5, 

10.11ohm-1.cm2.mol 1) respectively indicate that all the 

prepared complexes are non - electrolytes [28]. The Co 

complex magnetic moment measurements show meff value 

in 4.85 B.M. This value is assigned to Co II complex to 

octahedral geometries. Ni-complex gave 2.92 B.M. values. 

The meff value is included in the octahedral array for this 

complex, suggesting a high geometry spin around the ion of 

Ni II .The Cu-complex magnetic moment show a value in 

1.77B.M, that can be attributed to the octahedral geometry 

around Cu II ion. Au III is a diamagnetic complex. Two 

unpaired electrons should be paramagnetic when the 

complex is in complete octahedral configuration. 

Nonetheless, the AuIII ion causes extreme ligand field 

splitting due to the high oxidation state and heavy metal 

character, and the ideal octahedral structure must be 

unstable, as two electrons must occupy eg high-energy 

orbitals. And the tetragonal distortion must occur in order, 

making the AuIII complex diamagnetic. [29]. 

 

The biological activity 

Using inhibition method for two types of pathogenic 

bacteria and one form of pathogenic fungus, the biological 

function of the synthesized dithiocarbamate ligand and their 

complexes was studied. One type of bacteria was 

Staphylococcus aureus, the second was Escherichia coli and 

the pathogenic fungus was Candida. This is to estimate their 

possible function as antimicrobials. DMSO's role in the 

biological activity demonstrated by separate experiments 

accomplished with DMSO's solutions alone. It did not 

exhibit any activity against bacterial strains [30]. Tables (4) 

list inhibition circle diameters in millimeter unit against the 

growth of various microorganisms. (Figure 5) Screen the 

synthesized impact dithiocarbamate compounds on 

bacterial strains and pathogenic fungus. 

 

Table 3: biological activity of KL ligand and its complexes (M(L)2) 

Compounds Staphylococcus 

aureus(G+) 

Escherichi 

coli  

Candida 

Control (DMSO) 0 0 0 

KL 13 14 28 

[Co(L)2(H2O)2]H2O 15 18 13 

[Cu(L)2(H2O)2]H2O 20 21 19 

[Ni(L)2(H2O)2]H2O 15 11 16 

[Au(L)2(H2O)Cl] 17 11 19 

  

 
Figure 5: Evolution of the diameter zone (mm) of KL ligand inhibition and its complexes (M(L)2) against the growth of 

different bacterial strains and pathogenic fungi. 

 

CONCLUSION 
Characterization and ligand preparation, and their 

complexes. The ligand complexes are prepared from the 

reaction of 2 equivalent potassium dithiocarbamate salt 

(DTC) as ligand in ethanol with 1 equivalent metal salt as 

central ion. Physicochemical and spectroscopic methods to 

check bonding mode and over all complex structure have 

been placed in place. These findings lead to the preparation 
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of four coordinate complexes and the structure of 

complexes which is octahedral has been suggested from 

above discussions. The biological activity of the synthesized 

dithiocarbamate ligand and its complexes has been 

examined using inhibition method for two types of bacteria; 

one gram positive and one gram negative and one type 

pathogenic fungus. Determining their possible antimicrobial 

activity .The tests generally show good ligand activity and 

their complexes against the types of bacteria and pathogenic 

fungi. 
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