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Abstract: 

The current study involved preparation of ligand [2,5-bis-(2-(diphenyl methylene) hydrazineyl)-1,3,4-

thiadiazole] (L1) from reacting between thiadiazole derivative [ (2,5-dihydrazineyl-1,3,4 -thiadiazol) and 

Benzphenone by the ratio (1:2)  . 

Attended the transitional elements ions complexes [Cr
+3

, Fe
+3

, Co
+3

, Ni
+2

, Cu
+2

] with ligand (L1) 

Complexes were diagnosed using the precision analysis of elements (C.H.N), Infrared spectrum (FTIR), 

Spectrum of Nuclear Magnetic Resonance proton (
1
H-NMR), Mass spectroscopy, measurement magnetic 

sensitivity and measurement molar conductivity the results were practical exactly matching with the 

molecular and structural formulas of the proposed compound .Hyperchem was used to draw ligand (L1) and 

its complexes and to show the distribution of electronic density. 

Data obtained indicates that the stereochemistry figure of the complexes [Cr
+3

, Fe
+3

, Co
+3

] was octahedral 

, the proposed stereochemistry figure of the complexes [Ni
+2

, Cu
+2

] is square planer. 

A study was conducted testing the biological activity for the prepared ligand (L1) and its complexes 

against two types of bacteria staphylococcus aureus and Escherichia coli compared to the standard inhibitor 

(Cipro.), the results obtained confirmed that ligand(L1) and their complexes did not show any biological 

activity towards the bacteria aureus staphylococcus aureus, while the ligand(L1) and their complexes showed 

different activity twards the second type of bacteria Escherichia coli, some showed greater activity than the 

standard inhibitor and some showed less activity than the standard inhibitor. 
 

Keyword: Mass spectral, Thiadiazole, Metal complexes, staphylococcus aureus, Escherichia coli. 
 

1. Introduction: 

Heterocyclic chemistry has now become a 

separate field of chemistry with long history, 

present society and future prospects. Nitrogen, 

oxygen and sulfur are considered the most hetero 

atoms known. Heterocyclic compounds are 

considered one of an important type of organic 

compounds due to their implication in drugs and 

industrial studies (Ibtisam, K. J et. al.2012 and 

Carey, F et. al.1980). A little work has been done 

concerning the preparation and investigation of the 

metal complexes having 1,3,4- thiadiazole nucleus. 

Metal complexes has been used as photographic 

layer stabilizer (Khalil, K. Abid et. al.2006), and in 

marine anti-fouling and anti- corrosion paints 

(Rajendran, et. al.; 1995). The ligand has also been 

used as an analytical reagent in the detection and 

determination of metal ions (David, B. T et. al.
 

2006)
 
. Mono and disubstituted 1,3,4-thiadiazole 

ligands and their complexes have pharmacological 

properties (Margaret et. al.; 1960). Five membered 

aromatic systems containing three hetero atoms at 

symmetrical positions have been studied due to 

their interesting physiological properties (Sabir, H
 

et. al.; 2008), 1,3,4-Thiadiazole can act as a ligand 

and its complexes have a wide variety applications 

especially as antifungal and antibacterial agents 
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(Samee, W et. al.2011 and- Kumar, J et. al.2010). 

1,3,4-Thiadiazole was first described in 1882 by 

Fischer and further developed by Busch and his 

coworkers. The advent of sulfur drugs and the later 

discovery of mesoionic compounds greatly 

accelerated the rate of progress in this field 

(Stellings et. al.; 1986). 

Thiadiazole is a 5-membered ring system 

containing hydrogen-binding domain, sulfur atom, 

and two electron donor nitrogen system (–N=C–S) 

that exhibit a wide variety of biological activity. 

They occur in four isomeric forms in the nature 

viz. 1,3 ,4 -thiadiazole (1); 1,2,3- thiadiazole (2); 

1,2,4-thiadiazole (3); and 1,2 ,5- thiadiazole (4) 

five-member ring (Gupta R et. al. 2005) . 

(Figure1). 
 

 
 

 

 

Among these four types of thiadiazole, 1, 3, 

4thiadiazole is well known. 1,3,4-Thiadiazole and 

its derivatives continue to be of a great interest to a 

large number of researchers owing to their great 

pharmaceutical and industrial importance (Holla B 

et. al.2002). 

2.1. Materials and Methods: 

 All chemicals used are supplied from Fluka 

and Merck companies and used without any further 

purification. Infrared spectra were performed using 

a Bruker affinity (FT-IR) 8400S spectrophotometer 

in the range (400-4000 cm
-1

) ,Spectra (FT-IR) were 

recoded as potassium bromide(KBr) and (CsI) 

discs, the compounds were determined using an 

elemental analyzer CHNS Model Fison EA 1108, 

(Tehran University, Iran) and melting points were 

obtained using an electrothermal apparatus Stuart 

melting point.
1
H NMR, spectra were measured on 

a Bruker Avance II 400 spectrometer, operating at 

400, 100.6 MHz respectively. Chemical shifts (δ) 

are reported in parts per million (ppm) and TMS as 

an internal standard. Molecular weights were 

determined with TOF MS ES Mass spectra. 

Reactions were monitored by thin layer 

chromatography (TLC) on silica gel (aluminum 

foil-backed, 0.25mm silica gel 60 F254; Merck)., 

plates were visualizing with ultraviolet light or 

iodine.  

2.2. Experimental:  

2.2.1. Synthesis2,5-bis(2-(Diphenylmethylene) 

hydrazineyl)-1,3,4-thiadiazole (L1): 

 

1. Synthesis of 2,5-dimercapto-1,3,4-thiadiazole 

(X1( 

The compound (X1) prepared by the reaction 

(16.5ml, 0.32mole) of hydrazine hydrate with 

(33.7gm, 0.6mole) potassium hydroxide dissolved 

in 200 ml of ethanol absolute and then add 

(0.2mole,13ml) of carbon disulfide, the reaction 

mixture was refluxed for (15hrs), then add (15 ml) 

hydrochloric acid (10%) where thiadiazole derived 

where precipitate the progress of the reaction was 

followed by TLC. After completion, the precipitate 

where filtered and leave to dry and then 

recrystallizes using absolute ethanol  to get the 

yellow glossy crystals (Ahemd Ahmed et. al.2011 

and S. Joshi et. al.2011), yield of the product 

compound 78% and melting point (163-165 ˚C), 

Equation (2). 

 
 

 
 

 

 

 

 

(Figure1) 

 

Equation (2): Synthesis of 2,5-dimercapto-1,3,4-

thiadiazole (X1) 
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2. Synthesis of 2,5-dihydrazieyl-1,3,4-

thiadiazole(X2) 

To 2,5-dimercapto-1,3,4-thiadiazole (X1) (1.5 

g,0.01 mole) dissolved in ethanol, hydrazine 

hydrate (5 mL,0.02 mole) was added drop wise 

with stirring and the mixture was then refluxed for 

(6 h), then the excess solvent was distilled off. 

Filtered the solid resulting which was separated out 

on cooling and recrystallized from ethanol to give 

the crystals Pale yellow color resulting from (X2) 

(2,5-dihydrazino-1,3,4-thiadiazole (Jumat Salimon 

et. al.2010 and Sunny Jalhan et. al.2012), the yield 

of the product compound 71% and melting point 

(198-200˚C), Equation(3) 
 

 

 

 

 

 
 
 

 

 

3. 2,5-bis (2-(diphenyl methylene) hydrazineyl)-

1,3,4-thiadiazole (L1) 

The ligand (L1) was prepared by dissolving 

(3.5gm, 0.02mole) of the compound benzo- 

phenonein (50 ml) of ethanol absolute and add (3-

4drops) of glacial acetic acid, then add (0.01 

mole,1.46gm) of the compound (X2) that dissolved 

in ethanol absolute (50ml) to the mixture in the 

form of a small defenses, the mixture was refluxed 

for (6hr.), the reaction was followed by TLC. After 

completion the precipitate was formed, cooled the 

mixture by using ice path for (1hr), The precipitate 

where filtered, washed and then recrystallizes 

using solution of ethanol (1:1) and water to get 

crystals with cream-colored, where the yield of the 

product compound (82%) and melting point (175-

177 ˚C). 

 
 
 

 

 

 

2.2.2. Synthesis of Metal complexes of ligand (L1): 

Complexes of ligand (L1) preparation were 

performed by adding a hot solution of each of 

(0.001mole) [CrCl3.6H2O, FeCl3.6H2O, 

CoCl3.6H2O, NiCl2.6H2O, CuCl2] in absolute hot 

ethanol (20 ml) to (0.47g ,0.001mole) of (L1) in 

absolute ethanol (20 ml). The mixtures were 

refluxed with stirring for four hours, the resulting 

precipitates were filtered and washed with water 

and recrystallized from hot ethanol, and it was then 

dried at room temperature (Ahemd Ahmed et. al. 

2014). Table (1) shows the physical properties of 

the ligand and metal complexes. 
 

 
 

 
 

 

 

Equation (3): Synthesis of (X2) 

 

Figure (4): 2,5-bis(2-(Di phenyl 

methylene)hydrazineyl)-1,3,4-thiadiazole (L1) 

 

Table (1): Physical properties for ligand (L1) and 

its  complexes 
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3.Results and discussion: 

3.1. Elemental Analysis: 

The elemental analysis of the 2,5-bis(2-(Di 

phenyl methylene)hydrazineyl)-1,3,4-thiadiazole 

(L1) has been carried out to identify the 

composition of each element.  
 

 

 
 

 

3.2. IR Spectra: 

FTIR spectrum of compound (L1) was 

characterized by the appearance of absorption 

bands at [(3254)] cm
-1

 due to the vibration of the 

set of (N-H) ʋ and the spectrum showed absorption 

bands at [(3056-3070)] cm
-1

 attributed to the 

aromatic group (C-H), [(1570) and (1580)] cm
-1

 

were attributed to the (C= N) ʋ groups of the 

thiadiazole ring and the azomethine group 

respectively. The spectrum also showed absorption 

bands at sites [(1320,1294,1026)]cm
-1

attributed to 

the structural motion and symmetric and 

asymmetric vibration of the (C-S-C) ʋ group of the 

thiadiazole ring (M.C.H amming et. al.; 1972, D.A. 

Skoog et. al.1964, R. D. Feltham et. al.1964 and 

Nakamoto K et. al.1963. 

The (FTIR) spectrum of [ Cr
+3

 +, Fe 
+ 3

 and 

Co
+ 3

] complexes with compound (L2) showed an 

offset in the beam site of the (N-H) ʋ and at a rate 

of [(113-159)] cm
-1

 indicating consistency through 

this site, in addition to the displacement of the sites 

of the two bands (C = N) ʋ for thiadiazole and 

azomethine, the spectrum showed shift the beam of 

the group (C = N) ʋ and the thiadiazole loop 

towards a higher frequency at a rate of [(10-24), 

(10-69)] cm
-1

respectively. 

Which confirms the consistency of these two 

sites as well, there is further evidence of this 

consistency, the spectra of the complex showed 

new absorption bundles that were not present in the 

free compound spectrum (L2) at the range [(516-

573) and (265-298)] cm
-1

 due to (M-N) ʋ and (M-

Cl) ʋ Respectively. 

Complexes (Ni
+
 and Cu

+2
) with compound (L1) 

showed a shift to a higher frequency in the Packed 

(N-H) ʋ at the range (99-129) cm
-1

. The beam of 

the thiadiazole was characterized by a shift to a 

higher frequency and an average (11-29) cm
-1

 and 

lower frequency (32-44) cm
-1

 for azomethine, New 

matrices were also found in the spectrum of these 

Complexes at (265-298) due to (M-Cl) ʋ. As 

shown in Table (3). 

 
 

 

 
 

 
 

Table (2): (C.H.N.S.) elementary micro analysis of 

the synthesized (L1) 

 

Table (3): gentel infrared absorption of the 

compound (L1) and its complexes 
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Figure (5): The infrared spectrum of the ligand (L1) 

(C28H22N6S) in the KBr disc 

 

Figure (6): IR spectrum of the complex [Cr L1 Cl3] 

in the CsI disc 

 

Figure (7): IR spectrum of the complex [FeL1Cl3] in 

the CsI disc 

Figure (7): IR spectrum of the complex [CoL1Cl3] in 

the CsI disc 

 

Figure (8): IR spectrum of the complex [NiL1Cl2] in 

the CsI disc 

 

Figure (9): IR spectrum of the complex [CuL1Cl2] 

in the CsI disc. 
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3.3.1. 
1
H-NMR Spectra: 

The spectra of proton Nuclear Magnetic 

Resonance 
1
H-NMR of the prepared ligands (L1) 

shown in Figures (15), characterize 
1
H-NMR 

spectrum appearance of multiplet signal at 

chemical shift (δ) at range (7.2-7.7 ppm) due to the 

aromatic ring protons (Robert M. Silverstein et. 

al.2005)
 
(Ar-H), and the appearance of a singlet 

signal at shift (δ) (10.6 ppm) due to the proton (-

NH), ligands (L1) spectra showed a signal at δ2.5 

ppm for the DMSO-d6 solvent (Donald L. Pavia et. 

al.2001and - A Huang, J et. al.2004), As shown in 

Table (4) 

 
 

 

 
 

 
 

 
 

 

 

3.4. Mass spectra: 

Characterize mass spectra of the formazans 

(L1) and its complexes which appearance of 

molecular ion (M+.) at (474 m/z), and the 

fragmentation of (L1) showed the peaks in [397, 

365, 288, 247, 180 and 77 m/z] due 

to{[C22H17N6S]
.+

, [C22H17N6]
.+

, [C16H12N6]
.+

, 

[C15H11N4]
.+

, [C13H10N]
+.

and 

[C6H5]
+.

}respectively, The following figures show 

the mass spectra of the formazans (L1) and their 

complexes. 

 

 
 

 

 

 
 

 
 

 

 
 

 

 

 

 

Table (4): 
1
H-NMR spectra data of prepared 

compound 

Figure (10):
 1
H-NMR spectrum for L1 (C28H22N6) 

 

Figure (11) Mass spectra of (L1) 

Figure (12) Mass spectra of [FeL1Cl3] 
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3.5. Molar Electrical Conductivity: 

The electrical conductivity is regarded as one 

of the important and simple means for knowing 

the ionic formulas of the compounds (I. B. 

Foresman et. al.1996) Molar conductivity 

measured for solid complexes solutions of ions 

[Cr
+3

,Fe
+3

,Co
+3

,Ni
+2

,Cu
+3

] with (L1) 

concentration of 10
-3

 M dissolved in Dimethyl 

sulfoxide (DMSO) each separately at a laboratory 

temperature, has been used distilled water as a 

reference. The results are included in Tables (5) 

was found from the conductivity values of the 

complexes behave neutral compounds (non-

electrolytic) the lack of any adjective-ionic, 

because of the lack of chloride ions out of the 

coordination sphere as counter ions of the central 

ion. The obtained results were appropriate with 

the molecular formulas and stereochemistry 

proposed of the prepared complexes. 
 

 

 

 
 

3.6. Magnetic sensitivity: 

The values of the effective magnetic torque 

(μeff) of the prepared complexes were calculated 

for the purpose of obtaining additional evidence to 

reinforce the conclusion of the proposed structural 

formula of the prepared complexes. The results 

shown in Table (6) showed a decrease in the values 

of the magnetic moments of the prepared 

complexes, which confirms that these complexes 

are of low-pitched type, which means that the 

prepared ligand (L1) are classified as strong ligand, 

the measured results confirmed that the magnetic 

susceptibility value of the iron in the complex are 

(2.3). 

 This confirms the existence of a single 

electron only due to the duplication of the 

remaining electrons, the iron magnetic 

susceptibility values shown in the table below 

confirm an orthopedic contribution, this is evident 

from the value of the actual magnetic torque 

measured in practice was greater than the 

theoretical values when there is only a thermal 

contribution and this confirms that the octagonal 

iron complex. The value of the calculated magnetic 

torque of the chromium ion (Cr
+ 3

) showed three 

single electrons and there is no presence of the 

European contribution. This is consistent with the 

literature. The low values of the calculated 

magnetic torque of nickel and cobalt confirmed 

that their luminescent complexes were of the 

strong ligand, which resulted in the coupling of the 

electrons. The nickel showed a square shape and 

eight octahedral cobalt. The calculated magnetic 

sensitivity values of the copper complex were 

characterized by having one single electron. The 

magnetic momentum values must be approximated 

to the calculated theoretical values, there is no 

Figure (13) Mass spectra of [CuL1Cl2]. 

 

Table (5): Molar electrical conductivity of (L1) 

complexes 
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European contribution, and it is suggested that the 

copper complex is a square rather than a 

tetrahedron, Because the strong ligand will push 

the electron in the (3d) orbital to (4p), which is 

confirmed by the theoretical study. 

 

 

 

 
 

 

 

 

 

 

3.7. Study of the electronic density of the ligand 

(L1) using Hyperchem: 

Hyperchem was used to draw the prepared 

ligand (L1) using the PM3 (R. D. FELTHAM et. 

al.1964) method and the Electrostatic Potential 

Distribution. The study of the electrical voltage of 

the molecule is very important for finding effective 

sites in the molecular system,  

The voltage was drawn for the prepared ligand 

(L1), As shown in the forms below. 

 
 

 

 

Through spectroscopic and analytical studies 

of the thiadiazole derivative (L1) and  its 

complexes, it was concluded that ligand (L1) is an 

eight-surface complex with the salts of the triple 

oxidation element[Cr
+3

,Fe
+3

,Co
+3

] While the 

square complexes of the standard with the salts of 

the two elements of the transition of oxidation 

[Ni
+2

,Cu
+3

], As shown in the forms below. 

 
 

 

 

 

 

 

3.8. Evaluation Biological Activity of ligand(L1) 

and its complexes3-8-: 

With a view to explore the possibility of 

obtaining biologically useful complexes that 

contain 1,3,4- thiadiazole ring system, such 

biological activity prompt us to prepare some new 

series containing the above mentioned unite. The 

antimicrobial activity of these compounds was 

determined by the ager diffusion method (G.P. 

Ford et. al.1993 and Thakar A et. al.2010) used 

were Staphylococcus aureus and Escherichia coli. 

In this method a standard 5mm diameter sterilized 

filter paper disc impregnated with the compound (1 

mg per 1 ml of acetone) was placed on an agar 

plate seeded with the test organism. The plates 

were incubated for 24 hours at (37
0
C). The zone of 

inhibition formed was measured in mm and are 

represented by (+), (+ +) and (+ + +) depending 

upon the diameter and clarity, Table (7). The 

preliminary screening result reveal that compound 

Table (9): Magnetic effect (μeff) of prepared ligands 

(L1) complexes 

 

Figure (14): Distribution of electronic density in 

(L1). 

Figure (15): The geometric shape of the chromium 

and nickel complex of (L1) 
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(L1)  and its  complexes exhibits highest 

antibacterial activity against Escherichia coli and 

no biological effect was shown towards bacteria 

Staphylococcus aureus   .The results shown in the 

table (7) and Figures (16) to (17). 

 

 
 

 

 

 

 
 

Note: +++ Very good Inhibition, ++ Good 

Inhibition, + middle Inhibition, - Not Inhibition. 
 

 
 

 

 

 
 

 

 
 

 

 

 

 

4. Conclusions: 

1. The triangular metal ions (Cr 
+3

, Fe 
+ 3

, Co 
+ 3

) 

with thiadiazole derivative (L1) gave the eight-

surface complexes, while the binary metal ions 

(Ni 
+ 2

 and 2 Cu 
+2

) gave a square level. 

2. Through the results of the magnetic sensitivity 

measured for the prepared complexes, it was 

confirmed that the prepared is strong ligand 

3. Spectral studies, which included the results of 

the infrared spectra (FTIR), finite element 

analysis, 
1
H-NMR spectrum and mass 

spectrometry, as well as molar electrical 

conductivity measurements and magnetic 

susceptibility, confirmed the molecular and 

structural formulas of the proposed compound 

(L1) and its complexes. 

4. Ligand (L1) prepared from 1,3,4-Thiadiazole 

derivative and its Complexes showed a strong 

inhibitory effect to medium strength against a 

type of negative bacteria (Escherichia coli) 

While the ligand did not show the record or its 

Complexes any biological effect on the bacteria 

positive type (Staphylococcus aureuse). 
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Figure (17): Biological effectiveness of ligand  (L1) 

against E. coli on the right and Staph  at the left 
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