
ISSN: 0975 -8542 

    Journal of Global Pharma Technology 

www.jgpt.co.inAvailable Online at  

RESEARCH ARTICLE 

©2009-2018, JGPT. All Rights Reserved                                                                                                                                                                                              699 

                                                                                                                                                                                       

Synthesis, Spectral Characterization and Biological Activity of 

Dithiocarbamate-based Ligand and its Metal Complexes  

Farah Z. Al-Obeidi 1, Aeed S. Al-Fahdawi2, Mohamad J. Al-Jeboori3* 

1Department of Chemistry, College of Education for Pure Science, University of Anbar, Iraq. 

2Department of Chemistry, College of Education for Women, University of Anbar, Iraq. 

3Department of Chemistry, College of Education for Pure Science (Ibn Al-Haitham), University of 

Baghdad, Adhamiyah, Baghdad, Iraq. 

Abstract 

This work is based on the synthesis, structural characterization and biological activity of some 

dithiocarbamate-based complexes. The free dithiocarbamate ligand was prepared via several synthetic 

routes including the formation of Schiff-base. The reaction of 2,6-diaminopyridine with benzaldehyde 

resulted in the formation of Schiff-base which reduced to the corresponding diamine by methanolic 

NaBH4. The reaction of diamine with CS2 in a methanolic solution of KOH resulted in the preparation of 

the free dithiocarbamate ligand. Macrocyclic complexes were formed from the reaction of the appropriate 

metal chloride with the ligand in an ethanolic medium. The suggested geometries around metal centres 

were determined using a range of physicochemical and spectroscopic techniques. The analytical and 

spectroscopic data revealed the formation of four and six coordinate complexes. Complexes of the general 

formula [M (L)]2 (where M= Fe(II), Co(II) and Zn(II) indicated metal centres adopt tetrahedral 

geometries. Complexes with the general formula [M(L)(H2O)2]2 (where M= Mn(II), Ni(II), Cu(II) indicated 

octahedral structures around metal centres. Biological activity of the ligand and its complexes against 

four strains of bacteria (Escherichia coli (E. coli), Pseudomonas aeruginosa, Bacillus cereus and 

Staphylococcus aureus) and antifungal activity against two types of pathogenic fungi, Aspergillus niger 

and Aspergillus parasiticus are tested.   

Keywords: Dithiocarbamate ligand; Transition metal complexes; Spectral characterization; Biological 

activity. 

Introduction 

Dithiocarbamates (DTCs) species are 

interesting organic molecules that have 

chelating ability towards transition metal 

ions and representative elements [1, 2].  

 

Their importance encouraged researchers to 

explore intensively the chemistry, synthetic 

routes and mechanisms of reaction of 

sulphur-containing compounds by finding 

new ways to introduce sulphur atom into 

compounds at lower cost and greater yield 

[8]. DTCs and their complexes display 

important applications in biological system 

[3], medicinal chemistry [4], in 

environmental chemistry, materials and 

industrial application [5].  

 

Further, dithiocarbamate (dtc) species are 

promising candidates that have shown 

anticancer, antibacterial and antifungal 

activities [6]. These species have also shown 

a role in medicine. An anticancer example is 

the formation of triazole- dithiocarbamate 

hybrids which are designed to be selectively 

LSD1 in-activators. They are attacking 

gastric cancer cell growth, by invasion and 

migration [7].  

 

Further, dtcs have shown application in 

analytical chemistry. The Si-dtcs compounds 

have shown sensitivity in the determination 

of Pb(II), Cd(II), Cu(II) and Hg(II) from 

aqueous solutions [8]. Laintz et al, used 

selectively lithium bis (trifluoroethyl) 

dithiocarbamate for separation of arsenic(III) 

and antimony(III) from natural water [9].  

 

Furthermore, ammonium pyrolidine 

dithiocarbamate reagent was used as a 

simple, rapid, and environmentally friendly 

precursor for the extraction of cadmium in 

fruit and vegetables, compared with other 

http://www.jgpt.co.in/
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micro-extraction techniques [10]. More, dtc-

compounds have been used in biomedical 

application. Recently, researchers are 

exploring the possibility of replacing 

benzimidazole (dtc), and chalcone- dtcs, 

instead of cis-platinum [11]. 

Experimental 

Materials  

2,6- Diaminopyridine, benzaldehyde, 

methanol, potassium hydroxide, carbon 

disulphide and dimethyl sulfoxide (DMSO) 

were purchased from Sigma-Aldrich and used 

without further purification. Solvents were 

distilled prior to use. 

Physical Measurements 

Elemental analyses (C, H, N and S) for 

compounds were carried using Euro Vector, 

model EA 3000.  

Melting points of compounds were conducted 

using an Electro-Thermal Stuart melting 

point apparatus. Fourier transform infrared 

spectra (FTIR) were recorded on a Shimadzu 

(FT–IR)–8400S spectrophotometer in the 

range (4000 –200 cm –1). Spectra were 

obtained as KBr and CsI discs.  

The electronic spectra for ligands and their 

complexes were measured using a Shimadzu 

UV-Visible 160A Spectrophotometer, in 

DMSO solutions, with (10-3-10-5 M) 

concentration. 1H NMR spectra were recorded 

on a Bruker 500MHz SWISS TS AG. Metal 

content of complexes were determined using 

a Shimadzu (A.A) 620G atomic absorption 

spectrophotometer.  

The conductivity measurements of the 

complexes were recorder at (25 ºC) for (10-3 

mole L-1) solution of the samples in DMSO 

using a Jenway conductivity meter model 

4070. Magnetic moments were determined at 

room temperature with a Sherwood Scientific 

Apparatus. 

Synthesis 

Preparation of Schiff-base N, N-

(pyridine-2,6-diyl) bis (1-phenyl 

methanimine) 

Benzaldehyde (0.5g, 4.6mmol) was added 

with stirring to a mixture of 2,6-

diaminopyridine (0.25g, 2.30mmol) dissolved 

in methanol (25mL), and then 5 drops of 

acetic acid was added to the solution.  

The mixture was allowed to reflux for 3 h, 

and then filtered off. Upon removing solvent 

under reduced pressure, a yellow solid was 

formed which collected by filtration and 

washed with ether (10mL). Yield: 0.46g 

(76.62%). 

Preparation of secondary amine N, N–

dibenzyl-N-N-dimethylpyridine-2,6-

diamine 

To a solution of N, N-(pyridine-2,6-diyl) bis 

(1-phenyl methanimine) (0.25g, 0.87mmol) in 

30mL of dichloromethane/methanol (2:1), was 

added in small portions an excess of NaBH4 

(0.65g, 1.75mmol).  

The mixture was allowed stirring overnight. 

H2O (200mL) was added and the product was 

extracted into CH2Cl2 (4 x 50mL) and then 

washed again with H2O (200mL) and dried 

over K2CO3. Filtration followed by solvent 

removal under vacuum gave the product as 

yellow oil. Yield: 0.37g (61.7 %). 

Synthesis of Potassium Pyridine-2,6-

diylbis (benzylcarbamodithioate) (L) 

To a mixture of (0.25g, 0.87mmol) of 

secondary amine (1) dissolved in (25mL) 

methanol, was added a solution of KOH 

(0.12g, 2.19mmol) dissolved in (2mL) 

methanol. The mixture was allowed to stir in 

an icy bath for 30 min, and then a solution of 

CS2 (0.13g, 1.75mL) was added and the 

mixture kept stirring for 18 h.  

After that the potassium dithiocarbamate 

salt that obtained was collected by filtration, 

washed with MeOH (5mL) and dried under 

vacuum. Yield: 0.58g (68.83 %). 

General Synthesis of Macrocyclic-based 

Complexes 

 An ethanolic solution (25 mL) of 1 mmol of 

the metal chloride salt was added with 

stirring into an ethanolic solution of the 

ligand (1 mmol) in ethanol (25 mL). The 

reaction mixture was stirred at room 

temperature for 24 h. 

 

A solid was formed, which was collected by 

filtration, washed by methanol (5 mL) and 

then dried under vacuum. Elemental 

analysis data, colours, and yields for the 

complexes are given in (Table 1). 

Biological Activity 

The biological activity of the ligand and  
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selected complexes, [Co (L)]2, [Cu(L)(H2O)2]2 

and [Zn(L)]2, was studied on four different 

types of bacteria and two types of fungi. 

Determination of Bacteriological 

Activity 

Tested solutions were performed on the 

ligand and some of its complexes using 

DMSO solution. The concentrations were (50, 

100, 150, 200) mg / mL.  

 

The minimum and maximum limits of these 

concentrations (50 and 200) mg/mL were 

selected for biological activity. Bioactivities 

were investigated using agar-well diffusion 

method [12].  

 

The wells were dug in the media with the 

help of a sterile metallic borer with centres at 

least 24 mm. Recommended concentration 

(50 and 200) mg/mL) in DMSO was 

introduced in the respective wells.  

 

The plates were incubated immediately at 

37◦C for 24 hours. Activity was determined 

by measuring the diameter of zones showing 

complete inhibition (mm). 

 

In order to clarify the role of DMSO in the 

biological screening, separate studies were 

carried out with the solutions alone of DMSO 

and they showed no activity against any 

bacterial strains.  

 

All these complexes were found to be 

potentially active against these bacterial 

strains, except for the strain of Bacillus 

cereus bacteria, only [Co (L)] 2 showed an 

effective against it.  

                                                                                      

Determination of Antifungal Activity 

 

The antifungal activity of ligand and some of 

its complexes was studied against two fungal 

cultures, Aspergillus niger and Aspergillus 

parasiticus. Potato dextrose agar (PDA) [13] 

was used in this study.  

 

To prepare the PDA, 1 L of distilled water 

was mixed with 36 g of PDA powder. The 

media was sterilized in autoclave at 121°C 

for 1 h before use. Pour the nutritious 

medium into Petri dishes and the medium 

consists of (17 mL PDA + 3 mL of the 

prepared complex) with the same 

concentrations as above.  

 

These concentrations were inoculated with 

fungus and at the rate of two holes of 

isolation for each concentration, and then the 

spore suspensions were transferred to petri 

plates using the perforated.  

 

It incubated at 25 ° C for 24 hours, and then 

read the results from 1-5 days to a week in a 

row. [14]. 

Results and Discussion                          

The reaction of 2, 6-diaminopyridine with 

benzaldehyde in a mole ratio 1:2 gave the 

required Schiff-base, which reduced to the 

corresponding diamine using NaBH4.  

 

The reaction of diamine precursor with CS2 

in a mole ratio 1:2 resulted in the isolation of 

the dithicarbamate ligand in a good yield, see 

Scheme 1. 

 

 The formation of dithiocarbamate-based 

macrocyclic complexes were achieved from 

the reaction of the ligand with the desired 

metal ion in a 1:1 mole ratio. 

 

 In this method, the metal ion played the key 

role in the self-assembly of the desired 

dinuclear macrocyclic complexes.  

 

Physico-chemical analysis revealed the 

isolation of four and six coordinate complexes 

of the general formula [M(L)]2 (where M= 

Fe(II), Co(II), Zn(II) and [M(L)(H2O)2]2 

(where M= Mn(II), Ni(II), Cu(II), respectively 

(see Scheme 1).  

 

The complexes are air stable solid, 

completely soluble in DMSO and not in 

common organic solvents.  

 

The new ligand and its dinuclear macrocyclic 

complexes were characterised by elemental 

analysis, melting point, conductance, FTIR, 

electronic spectra, mass spectroscopy, 1H- 

NMR and magnetic measurement. The 

analytical data (Table 1) agree well with the 

suggested formulae.  

 

The molar conductance of the complexes in 

DMSO solutions is indicative of their non-

electrolytic nature. 
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Scheme 1: Synthetic route of ligand and its complexes; (A) [M(L)]2; where M= FeII, CoII, ZnII, 

and (B) [M(L)(H2O)2]2; where M= MnII, NiII, CuII.  

FTIR Spectra 

The FTIR spectra of L and its complexes are 

depicted together in Figure (1-A, B, see 

supporting information). FTIR spectra of L 

and its complexes exhibited two bands in the 

region 1604-1573cm-1 that referred to ν(C=N) 

and ν(C=C) of the pyridyl ring. The strong 

band in the range 1480-1492 cm-1 in the 

spectra of complexes are attributed to the 

ν(N-CS2) stretching vibration. This band 

shows an increase of the carbon-nitrogen 

double bond character, compared with the 

free ligand that observed at 1467 cm-1 [16]. 

The νas(CS2), which shows bands at 1124 and 

999 cm-1 in the ligand [17], is shifted and 

appeared around 1045 and 995 cm-1 in the 

complexes.  

The [Mn (L)(H2O)2]2 and [Ni(L)(H2O)2]2 

complexes exhibited two bands at 489, 327 

and 498, 371.7 cm-1, which assigned to ν(Mn-

S) and  ν(Ni-S), respectively confirming the 

anisobidentate chelation mode of the ligand 

[18]. The assignments of prominent bands of 

complexes are tabulated in Table (2) see 

supporting information. L= potassium 

pyridine-2,6-diylbis (benzylcarbamodithioate)  

 

GC-EI (+) Mass Spectrum of L 

The GC-EI (+) mass spectrum of L is depicted 

in Figure (2). see supporting information. The 

spectrum reveals successive fragments 

related to the L structure, with the 

appropriate isotope distribution pattern. The 

parent ion peak for L is observed at m/z = 

517.96 (M)+ (12 %) for C21H17K2N3S4; requires 

=517.58. Peaks observed at m/z = 408.07 (2 

%), 362.08 (2.3 %), 289.16 (55 %), 199.11 (100 

%) and 109.06 (62%) are assigned to 

[C21H17N3S3]+, [C20H16N3S2]+, [C19H19N3]+, 

[C12H13N3]+ and [C5H7N3]+, respectively. 

Scheme 2 (See supporting information) 

illustrates the fragmentation pattern of L. 

Electronic Spectra and Magnetic 

Susceptibility 

The UV-Vis spectral data for [M (L)] 2(where: 

M= Fe II, Co II, Zn II) and [M(L)(H2O)2]2 

(where: M= Mn II, Ni II, Cu II) are depicted in 

Figures (3-9, see supporting in formation). 

The spectra show peaks around 265-367 nm 

assigned to intra-ligand field in the 

complexes [25]. Peaks detected around visible 

region 375-430 nm were attributed to charge 

transfer. The electronic spectra of the Fe (II)  
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complex exhibited peaks at 591nm related to 

5E1
 (D) →5T2

 (D), and the magnetic moments 

value of µeff is 4.12 B.M indicating 

tetrahedral geometry [19]. The electronic 

spectra of the Co(II) complexe exhibited 

peaks around 673 nm assigned to4T1g(F) → 
4T1g(P), which could be attributed to the spin 

allowed d-d transitions in a tetrahedral 

geometry about Co-atom [20]. This data are 

in agreement with the magnetic moment 

value of µeff at 4.06 B.M, for tetrahedral 

geometry around Co atom.  However, the 

spectra of the Zn complex exhibited bands 

around 273, 343 and 426 nm assigned to 

ligands π → π*, n → π* and charge transfer.  

These complexes are diamagnetic as expected 

and normally prefer tetrahedral coordination. 

The electronic spectra of the Mn(II) complex 

exhibited peaks at 622 nm related to 6A 1g → 
4T 1g(G), and the magnetic moments value of 

µeff is 2.48 B.M indicating octahedral 

geometry [21].  The electronic spectra of the 

Ni-complex exhibited peak at 600 nm related 

to 3T2g→ 3T1 g(F), indicating octahedral 

geometry about Ni atom [16]. The magnetic 

moments value of µeff at 3.29 B.M as well as 

the other analytical data is in agreement 

with octahedral geometry around Ni atom. 

The Cu-complex showed peak around 611 

nm, related to 2B1g→ 2Eg confirming an 

octahedral geometry about metal centre [21].   

 1H-NMR Spectra 

The predicted 1H NMR spectrum of the free 

ligand was generated using the Chem Draw 

Professional 15.0 Program [22]. The aim of 

this was to compare the chemical shifts of 

different protons with that recorded for Zn-

complex, (Figure 10). The predicted 1H NMR 

spectrum of the free ligand showed peak at 

δ= 5.85 ppm (2H) referred to (C7,7`-H).  

 

Chemical shift at δ= 7.04 ppm assigned to 

(C8-H). While, resonances in the aromatic 

region at δ = 7.28 ppm equivalent to 10 

protons assigned to (10H, C1, 1`, 2, 2`, 3, 3`, 4, 4`, 5, 

5`-H). Signal at δ= 4.83 ppm. That appeared 

as a singlet, attributed to (-CH2; C6, 6`-H). See 

supporting information Figure (10). The 

recorded 1H NMR spectrum for [Zn (L2)]2 

displays chemical shift at δ=5.25 ppm 

equivalent to four protons assigned to (4H, C 

7,7`,17, 17`-H). The complex indicated signal at 

δ= 6.97 ppm (2H, t, JHH= 7.33 Hz) assigned to 

(C8, C18-H). Chemical shifts collected at 

δ=7.15-7.35 ppm are equivalent to 20 

aromatic protons, which assigned to (C1, 1`, 2, 

2`, 3, 3`, 4, 4`, 5, 5`,11, 11`, 12, 1 2`, 13,1 3`,14, 14`,15, 15`-H) 

protons. Signal at δ=5.10 ppm is related to (C 

6, 6`, 16, 16`-H), that connected to –(N_CS2) 

groups. This signal is shifted downfield, 

compared with the simulation of free ligand. 

Signal observed at chemical shift ca. δ=2.50 

ppm is due to dimethyl sulfoxide, see 

supporting information Figure (11).  

Biological Activity   

Antibacterial Activity  

 The free dithiocarbamate ligand and its 

metal complexes were screened against 

Staphylococcus aureus, Escherichia coli, 

Pseudomonas aeruginosa and Bacillus cereus 

to assess their potential as an antimicrobial 

agent by disc diffusion method. The 

measured zone of inhibition against the 

growth of various microorganisms is listed in 

Table (2), compared with some standard 

drugs that used in the market, see Tables (3). 

It is found that the metal complexes have 

higher antimicrobial activity than the free 

ligand.  

 

The increased activity of the complexes can 

be explained on the basis of chelation theory 

and Overtone’s model [23]. According to the 

chelation theory, the complex formation could 

help the complex to cross a cell membrane of 

microorganism. This is due the chelation 

significantly reduces the polarity of the metal 

ion and allows partial sharing of the positive 

metal charge with the donor groups. This can 

be done by delocalisation of metal charge into 

the ligand π-system, over the whole of chelate 

system. This will increase the lipophilic 

nature of the metal chelate system which 

prefers its penetration through lipid layer of 

the cell membranes of microorganism [24]. 

 Antifungal Activity 

The free dithicarbamate ligand and it`s 

complexes with Co(II), Cu(II), Zn(II) ions 

were tested against two types of pathogenic 

fungi, Aspergillus niger and Aspergillus 

parasiticus. The obtained results are 

tabulated in Table (4). The inhibitory effect of 

the tested compounds indicated a significant 

inhibitory activity on Aspergillus niger and 

Aspergillus parasiticus at concentration (50-

200 mg/ml). The free dithiocarbamate ligand 

(L) and it`s complexes exhibited higher 

activity against Aspergillus niger and 

Aspergillus parasiticus compared with some 

antifungal medication that used in the 

market, see (Table (5).  
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The overall observation indicated that the 

tested compounds pronounced more biological 

activity, as antifungal and antibacterial

 
Table 1: Colours, yields, melting points, (C, H, N, S) analysis, and molar conductance values complexes 

m.p. ºC 

M%        C            H            N             S M(cm2mol-1) 

Yield 

(%) 

Colour Metal 

ion 

Over 340        10.31     47.36    4.35    7.89   24.08               2.6 

(10.34)  (47.38) ( 4.39) (7.90)  (24.12) 

42.85 Light brown MnII 

 

Over 340        11.23     50.70    3.85    8.45   25.78              3.1 

(11.25)  (50.75) ( 3.88) (8.47)  (25.82) 

14.28 Light brown FeII 

 

180-182          11.77     50.39    3.83    8.39   25.62             12.8 

(11.79)  (50.42)  ( 3.86)  (8.43) (25.64) 

59.52 Light red CoII 

 

280*               10.94     47.03     4.32     7.83    23.91           2.4 

(10.97)  (47.08)  ( 4.37)  (7.85)  (23.95) 

65.07 

 

Light brown NiII 

 

270*               11.74    46.60    4.28     7.76     23.69            17.2 

(11.75)  (46.66)  ( 4.31)  (7.77)  (23.72) 

200-203           12.89     49.75     3.78     8.29   25.29           11.7 

(12.93)  (49.77)  ( 3.90)  (8.32)  (25.33) 

 

67.46 

 

31.74 

Green 

 

Yellow 

CuII 

 

ZnII 

*=Decomposed 

Table 2: The inhibitory effectiveness of a number of compounds studied in the growth of a number of negative and 

positive bacteria (diameter of the inhibition area measured in millimetres)   

Bacillus 

cereus 

Staphylococcus aureus Psedomonase 

aeruginosa 

Escherichia coli Conc. Comp 

-- 

-- 
-- 
-- 

-- 

-- 

-- 

27 

50 

200 

L 

-- 

-- 

-- 

-- 
23 

45 

-- 
-- 

50 

200 

[Zn(L)]2 

-- 

42 

40 

50 

24 

55 

30 

35 

50 

200 

[Co(L)]2 

-- 
-- 

-- 
-- 

-- 

30 
29 

32 

50 

200 

[Cu(L)(H2O)2]2 

(--) = No inhibition zone  

Table 3: The inhibitory activity of a number of control factors (antibiotics) in the growth of a number of positive and 

negative bacteria (diameter inhibition in millimeters)                                          
Bacillus 

cereus 

Staphylococcus 

aureus 

Psedomonase 

aeruginosa 

Escherichia coli Conc Names of  

Standard drugs 

Comp 

33 

38 

28 

36 

36 

39 

20 

34 

50 

200 

Tetracycline 1 

20 

40 

27 

38 

26 

40 

-- 
-- 

50 

200 

Ampicillin 2 

40 

45 

38 

44 

21 

41 

27 

36 

50 

200 

Streptomycin 3 

 

10 

30 

30 

50 

25 

50 

25 

25 

50 

200 

Ciprofloxacin 4 

 
Table 4: The inhibitory effectiveness of a number of compounds studied in the growth of a number of fungi (diameter 

of the inhibition area measured in millimetres)   

Aspergillus parasiticus Aspergillus niger Conc Comp 

Control = 43 mm Control = 45 mm 

--  
-- 

-- 

-- 
50 

200 

L 

3 
-- 

4 
-- 

50 

200 

[Zn(L)]2 

-- 
-- 

-- 

-- 
50 

200 

[Co(L)]2 

8 

-- 

11 
-- 

50 

200 

[Cu(L)(H2O)2]2 

-- ) )=No growth of fungi  

Table 5: The inhibitory activity of a number of control factors(antibiotics) in the growth of a number of fungi 

(diameter inhibition in millimeters                                                                             

Conclusion 

The synthesis and characterization of 

dithiocarbamate-based ligand and some of its 

macrocyclic complexes are descried. The 

ligand was performed via three steps. This 

was based on the formation of Schiff base 

which reduced to the corresponding diamine 

using NaBH4. The reaction of diamine with 

Aspergillus parasiticus Aspergillus niger Conc Names of Standard 

drugs 

Comp 

17 

10 

10 

5 

50 

200 

Nystatin 1 

26 

10 

5 

2.5 

50 

200 

Griseofulvin 
 

2 
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CS2 in presence of KOH gave the required 

ligand, which reacted with metal ions to give 

a series of complexes. The mode of bonding 

and overall structures of the complexes were 

determined through physico-chemical and 

spectroscopic methods. These results 

revealed that Fe(II), Co(II) and Zn(II) 

complexes adopt tetrahedral geometries 

about the metal centre. While, complexes of 

Mn(II) Ni(II) and Cu(II) indicated octahedral 

structures around metal centre. Biological 

activity of the complexes was evaluated 

among the different bacterial strains and 

fungal strains. Among the pathogens 

(Escherichia coli (E. coli), Pseudomonas 

aeruginosa, Bacillus cereus and 

Staphylococcus aureus) and fungi, 

Aspergillus niger and Aspergillus parasiticus, 

were highly susceptible to the complexes.  
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                                              SUPPORTING INFORMATION 

 
Fig 1-A: FTIR Spectra of L and its complexes with MnII, FeII and CoII metal ions 
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Fig 1-B. FTIR Spectra of L and its complexes with NiII, CuII and ZnII metal ions 

 
Fig 2: The GC-EI (+) mass spectrum of L 
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Fig 3: Electronic spectrum of L in DMSO solution 

 

Fig 4: Electronic spectrum of [Fe(L)]2 in DMSO solution 

 

 
Fig 5: Electronic spectrum of [Co (L)]2 in DMSO solution 

 

 
Fig 6: Electronic spectrum of [Zn (L)]2 in DMSO solution 
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Fig 7: Electronic spectrum of [Mn(L)(H2O)2]2 in DMSO solution 

Fig 8: Electronic spectrum of [Ni(L)(H2O)2]2 in DMSO solution 

Fig 9: Electronic spectrum of [Cu(L)(H2O)2]2 in DMSO solution 

 

Fig 10: The simulated 1 H NMR spectrum of L 
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Fig 11: 1H NMR spectrum of [Zn (L1)]2 in DMSO-d6 solution 

 

 
Scheme 2: The fragmentation pattern of L 
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