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Abstract  

The present work includes the synthesis of mannich and Schiff bases [dichloro(N{3-(5-

furfuralidene)-1,3,4-thiadiazole-2-hione} methylpyrazole)] cadimium(II)[A3], by reacting (5-amino-

2-thione-1,3,4-thiadiazole) with furfuraldehyde and pyrazol to form new mannich base [3-pyrazole 

amino methyl-2-thione-5-amino-1,3,4-thiadiazole][A1].Reaction of this derivative with cadimium 

chloride to give complex with tetrahedral geometry [dichloro(N{3-(5-amino-2-thione-1,3,4-

thiadiazole)} methyl pyrazole)]Cadmium(II)[A2] ,this [A2] complex on further reaction with 

furfuraldhyde to give new Schiff base compound [A3]. The products [A1,A2 and A3] were 

characterized by FT-IR and elemental analysis (C.H.N).[A3]act as aligand coordinating with various 

valent metal ions {Mn(II), Pd(II), Fe(III), Au(III) ,V(IV) and Pt(IV)}.The prepared complexes were 

identified and their structural geometries were suggested by using elemental analysis (C.H.N), 

Flame atomic absorption technique, FT-IR and UV—Vis Spectroscopy , in addition to magnetic 

susceptibility and conductivity measurements. The study of the nature of the complexes formed in 

mixture of chloroform-ethanol solution, following the mole ratio method, gave results which were 

compared successfully with those obtained from solid state studied. The apparent stability constant 

of the complexes have been studied with the time and their color were stable for more than (4) 

hours, as well as the molar absorptivities have been calculated. the antibacterial activity for the 

ligand (A3) and their metal complexes (R1-R6) were studied against two selected micro-organisms 

(Shigella flexneri, as gram negative) and (Staphylococcus aurous, as gram positive), also the 

minimal inhibitory concentration (MIC) have been studied to determined the low concentration for 

inhibition. Further more the antifungi activity against two micro-organism (Candida albicans and 

Aspergillus flavus) were studied for the ligand and their metal complexes. 

 

Introduction 

Thiadiazole derivatives, especially               

those of 2-thio-1,3,4-thiadiazole-5-substituted,   

were reported to have different interesting 

biological activities
(1-3)

. In continuation of 

previous work
(4)

, the synthesis and 

characterization of the mannich base derived 

from 5-phynyl-2-thione-1,3,4-thiadiazole and 

diphynyl amine was described along with a 

number of its transition metal complexes and 

were found that a synergic effect in the 

bioactivity took place upon complexation and 

different structural behavior was reported 

depending on the type of the metal besides the 

ligand structure. These results promote us to 

continue our work, and we here synthesis a 

new mannich base derivative of this 

hetrocyclic ring with involving imino group,to 

be used as a ligand to form a new type of 

bimetallic complexes toward some transition 

metal ions {V(IV), Mn(II), Fe(III), Pd(II), 

Au(III) and Pt(IV)} to investigate the 

introduction the imino moiety in the structure 

of mannich base derivative of mercaptothi-

azole ring and coordination behaviour, then 

compare the biological activity of the ligang 

and their complexes with the main ring 

structure. 

 

Experimental : 

All chemicals were of highest purity and 

were used as received. 

(A)-Preparation of the ligand  
 

(1)-Preparation
 
[N{3-(5-amino-2-thione-1, 3, 

4-thiadiazole) methyl pyriazole}] (A1) 

(A1) was prepared as described in our 

previous work 
(4-7)

, starting from thio 

semicarbazid to prepare the -2-thione-5-

amino-1,3,4-thiadiazole, which was then 

reacted with pyrazol in the presence of 

formaline to get the final product [A1]. 
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Scheme (1) :The following scheme illustrate the structures of                 

(A1),(A2) and (A3). 

(2)-Preparation [dichloro (N{3-(5-amino-2-

thione-1,3,4-thiadiazole)methyl 

pyrazole}] cadimium (II) (A2). 

Ethanolic solution of cadimium chloride 

(0.52 mmol) was added to ethanolic solution of 

(A1) (1.15 mmol) with stirring. The white 

precipitate was formed immediately upon 

stirring at room temperature. Stirring was 

continued for one hour to ensure a completion 

of reaction. The product was filtered off, 

washed with hot ethanol, followed by cold 

water and then dried under vacuum. 
 

(3) Preparation of [dichloro (N{3-(5-

furfuralidene)-2thione-1,3,4-thiadiazole} 

methyl pyrazole] Cadimium (II) (A3). 
 

To a hot ethanolic solution of (A2) 

(0.01mole), a solution of furfuraldehyde (0.01 

mole) in (25 ml) ethanol was added with 

catalytic amount of glacial acetic acid, the 

reaction mixture was refluxed for (3)hours on 

cooling the separated solid was filtered and 

recrystallized form ethanol. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The physical properties of (A1),(A2) and 

(A3) are shown in Table (1) and were 

identified by elemental analysis (C.H.N)and 

FT-IR. 
 

(B)- Preparation of metal complexes[R1-R6] 

Ethanolic solution of
 
 each of the following 

metal ion salts (0.82 mmol) [VoSO4.xH2O, 

MnCl2.2H2O, FeCl3.9H2O, PdCl2 (PhCN)2, 

HAuCl4.H2O and H2PtCL6.6H2O] was added 

to ethanolic solution (1.21mmol )of (A3)with 

stirring . The mixture was heated under reflux 

for one hour during this time a precipitate was 

formed. The product of complex was filtered 

off, washed with hot ethanol, followed by cold 

water and then dried under vacuum. 
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(C)- Study of complex formation in solution  

Complexes of (A3) with metal ions were 

studied in solution using mix (chloroform-

ethanol) as a solvent, in order to determined 

[M:(A3)] ratio in the complex following molar 

ratio method
(8,9)

. A series of solutions were 

prepared having a constant concentration       

(10
3

 M) of the metal ion and (A3). The 

[M/(A3)]ratio was determined from the 

relationship between the absorption of the 

absorbed light and the mole ratio of[M:(A3)]. 

The results of complexes formation in solution 

were listed in Table (1). 
 

(D)- Stability constant of complexes (R1-R6)  

The conditional or apparent
(9)

 stability 

constant of the (1:1) (metal : ligand) complex 

were evaluated as fallows:  

Two sets of solutions were prepared, the 

first set of solutions were formulated             

to contain stoichiometric amount (1 ml) of 

(10
3

 M) ligand to (1 ml) of (10
-3

 M) of metal 

ion by placing into a three series of (10 ml) 

volumetric flask. The solution of the colored 

complexes were diluted to the mark with 

(ethanol-chloroform). The second set were 

formulated to contain five fold excess (5 ml) 

of (10
3

 M) ligand, by placing into a three 

series of (10 ml) volumetric flasks followed 

by addition of (1 ml) of (10
3

 M) of metal ion 

solution, the volumes were then completed to 

the mark with (ethanol-chloroform) mixture. 

The absorbance (As and Am) of the solution 

were messured at (λmax) of maximum 

absorption. The stability constant (K), and the 

molar absorptivity (εmax) have been calculated, 

were listed in Table (4). 
 

(E)-
 

Study of biological activity for 

Mannich–Schiff bases and its complexes 

(R1-R6)  

The biological activity of the prepared 

compounds (A1,A2 andA3) and their respective 

complexes (R1-R6) were studied against 

selected types of bacteria which include 

(Shigella flexneri) and (Staphylococcus 

aurous) were cultivated in nutrient agar 

medium.  

Two in vitro techniques were proceeded 

for studying antibacterial activity against the 

two strains, DMSO was used as a solvent and 

as a control, for both techniques the 

constructions of the compounds in this solvent 

were (10
-3

 M). The first technique was the 

Disc Sensitivity Test
(10)

, this method involves 

the exposure of the zone of inhibition toward 

the diffusion of micro-organism on agar plate. 

The plates were incubated for 24hr. at 37 C
o
, 

the zone of inhibition of bacterial growth 

around the disc was observed.  

The second technique was to get the 

sensitivity of each micro-organism toward the 

new compounds by determining the minimal 

inhibitory concentration (MIC) which was a 

achieved by using Tube Dilution Method
(10)

. 

The (MIC) of the new compounds for each 

micro-organism was measured at the lowest 

concentration of the compound required to 

inhibit the growth of this micro-organism, 

these tubes containing different concentrations 

of the new compounds were incubated at 37 

C
o
 for 45hr. Furthermore, the compounds (A1, 

A2 and A3) and metal complexes  [R1-R6] were 

tested for their in vitro growth inhibitory 

activity against a pathogenic fungi,i.e.Candida 

albicans and Aspergillus flavus on potato 

dextrose agar medium and incubated at 30 C
o
 

for 72 hr., DMSO was used as a solvent and as 

a control, the concentration of the compounds 

in this solvent were( 10
3

 M ). 
 

Physical measurements and analysis  

Melting points were recorded on Gallen 

kamp melting point apparatus and were 

uncorrected. FT-IR spectra were recorded 

using FT-IR.8300 Shimadzu in the range of 

(4000-200) cm
-1

 and samples were measured 

as (CsI) disc. Electronic spectra were obtained 

using UV-1650 PC Shimadzu Spectrophoto-

meter at room temperature. The measurements 

were recorded using concentration of (10
3

 M) 

of the complex in chloroform. The metal 

content was estimated spectrophotmetrically 

using atomic absorption Shimadzu AA670 

Spectrophotometer. The elemental analysis 

(C.H.N.S) were obtained using EA-034.mth . 

Conductivity measurements were obtained 

using Corning conductivity meter 220, these 

measurements were obtained in DMF solvent 

using concentration of (10
3

 M) at 25 C
o
 . 

Magnetic susceptibility measurements were 

obtained at 25 C
o
 on the solid state applying 

Faraday
'
s method using Bruker BM6 

instrument.  
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Results and Discussion 

The interaction of [A3] with the metal ions 

under study in (ethanol-chloroform) gave a 

crystalline products with different colours 

depending on the metal ion, Table (1). All 

complexes were readily soluble in CHCl3, 

DMF and DMSO, and were found to be stable 

toward air and moisture, as well as they were 

decomposed before melting. The metal to 

ligand ratio were followed molar ratio method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Infrared spectroscopic study 
The FT-IR.spectra of (A1) was 

characterized by bands at (1120), (1068,1089), 

(2864,2952), (3500),(950) and (660)cm
1

, 

these can be assigned to (υC=S), (υN-C=S), 

(υCH2N), (υNH2), (υN-N) and (υC-S-C)  

respectively
(11,12)

. In the (A2) complex a 

negative shift with reduced intensity were 

observed for (C=S), (N-C=S) and (CH2N) 

stretching bands, while no significant change 

in the position of υNH2, υN-N and υC-S-C, these 

clearly indicate that the (A1) act as a bidentate  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

chelating agent by coordinating to the 

cadimium ion through sulpher atom of the 

thione and nitrogen of the amino methyl group 

to form tetrahedral geometry around Cd (II) 

complex
(7,13)

. An analysis the spectrum of (A3) 

ligand of their respective (A2) complex,          

show absence of the absorption band at 

(3500)cm
1

 for υNH2, the appearance of the 

(C=N) stretching mode of azomethine group 

at (1650) cm
1

, are utilized to confirm the 

structure of (A3), furthermore a new band 

Table (1) 

Physical data for [A1,A2 and A3] and complexes [R1-R6]. 
 

COMP. 

No. 

 

Color 

 

Melting 

point C 

Yield 

% 

(Metal analysis) Found (calc.) 
M:L 

Ratio 

Suggested 

formula C% 

 
H% N% 

S% 

 
M% 

(A1) 

 

(A2) 

 

(A3) 

 

[R1] 

 

[R2] 

 

[R3] 

 

[R4] 

 

[R5] 

 

[R6] 

 

Off 

white 

White 

 

Light 
yellow 

Dark 

green 

Light 

brown 

Red-

brown 

Brown 

 

Light 
brown 

Red 

 

162-165 

 

185-188 

 

200-203 

 

215 

 

219 

 

225 

 

212 

 

220 

 

228 

85 

 

90 

 

80 

 

82 

 

75 

 

70 

 

86 

 

75 

 

78 

 

33.61 

33.80 

18.21 

18.16 

27.92 

28.86 

20.88 

21.31 

21..08 

21.31 

17.83 

18.59 

22.34 

22.91 

17.76 

17.35 

16.08 

16.25 

 

3.34 

3.29 

1.69 

1.77 

1.66 

1.75 

1.27 

1.29 

1.85 

1.94 

2.61 

2.54 

1.99 

2.06 

1.43 

1.05 

1.14 

1.23 

33..06 

32.86 

18.37 

17.66 

15.48 

15.30 

10.65 

11.28 

12.97 

11.30 

10.43 

9.86 

10.03 

10.28 

8.84 

9.20 

9.79 

8.62 

30.11 

30.04 

15.94 

16.15 

13.27 

13.99 

15.18 

15.48 

9.63 

10.33 

9.36 

9.02 

8.86 

9.40 

8.10 

8.41 

6.93 

7.88 

- 

 

28.09 

28.36 

23.86 

24.57 

9.03 

8.21 

8.15 

8.87 

8.65 

7.87 

15.58 

15.63 

25.26 

25.89 

24.19 

24.01 

- 

 

1:1 

 

1:1 

 

1:1 

 

1:1 

 

1:1 

 

1:1 

 

1:1 

 

1:1 

 

 

C6H7N5S2 

 

[C6H7N5S2CdCl2] 

 

[C11H8N5S2CdCl2] 

 

[Vo(A3)SO4] 

 

[Mn(A3)Cl2(H2O)].H2O 

 

[Fe(A3)Cl2(H2O)]Cl.4H2O 

 

[Pd(A3)Cl2].Et 

 

[Au(A3)Cl2].Cl 

 

[Pt(A3)Cl3].H2O.Cl 
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Table (2) 

Characteristic stretching vibrational frequencies (cm
-1

) located in the FT-IR of 

[A1,A2 and A3] and complexes [R1-R6]. 
 

Comp υ     

C=S 

υ                    

N-C=S 

υ           

CH2-N 

υ    

C=N 

υ     

N-H 

υ        

C-O-C 

υ         

C-S-C 

υ  

M-O 

υ   

M-N 

υ   

M-Cl 

υ         

O-H 

(A1) 

 

(A2) 

 

(A3) 

 

[R1] 

 

[R2] 

 

[R3] 

 

[R4] 

 

[R5] 

 

[R6] 

 

1120 

(s) 
 

1109 

(m) 

1110 
(m) 
 

1110 

(m) 

1109 

(m) 
 

1110 

(m) 
 

1108 

(m) 
 

1109 

(m) 

1109 

(m) 

1068, 

1089(ms) 

1060, 

1077(m) 

1060, 

1078(m) 

1059, 
1077(m) 

1060, 

1077(m) 

1061, 

1077(m) 

1060, 

1078(m) 

1059, 

1078(m) 

1060, 

1077(m) 

2864, 

2952 (s) 

2855, 

2945 (vm) 

2855,2945 

(vm) 

2855,2946 
(vm) 

2854,2946 

(vm) 

2855,2945 

(vm) 

2854,2945 

(vm) 

2854,2944 

(vm) 

2855,2945

(vm) 

 

- 

 

- 

 

- 

 

1650 
(s) 

1643 

(m) 

1641 

(m) 

1641 

(m) 

1642 

(m) 

1640 

(m) 

 

950 

(s) 

949 

(s) 

950 

(s) 

949 
(s) 

942 

(ms) 

941 

(ms) 

949 

(s) 

948 

(s) 

948 

(s) 

- 

 

- 

 

1295 

(ms) 

1286 
(m) 

1283 

(m) 

1285 

(m) 

1293 

(ms) 

1295 

(ms) 

1283 

(m) 

 

660 

(s) 

660 

(s) 

659 

(s) 

660 
(s) 

660 

(s) 

659 

(s) 

652 

(m) 

650 

(m) 

650 

(m) 

- 

 

- 

 

- 

 

515 
(m) 

520 

(m) 

522 

(m) 

- 

 

- 

 

518 

- 

 

481 

(m) 

481 

(m) 

484 
(m) 

484 

(m) 

488 

 

490 

 

489 

 
 

490 

- 

 

389

(w) 

389

(w) 

388
(w) 

389

(w) 

385 

 

388 

 

389 

 
 

392 

- 

 

- 

 

- 

 

- 

 

3435 

 

3450 

 

3504 

 

- 

 

3441 

 

 

appearance at (1295)cm
1

 is a scribed to      

[C-O-C] of [furan ring] stretching 

vibration
(11,12,14)

. When comparison of the 

spectra of (A3) ligand and those of its 

complexes suggests that the (A3) ligand 

coordinates to metal ions [Vo(IV), Mn(II), 

Fe(III), Pd(II), Au(III) and Pt(IV) in four 

different ways: 
 

(1)- In the case of [R1] the (A3) ligand behave 

as bidentate coordinating with the 

vanadium oxide throw both nitrogen of the 

azomethine and oxygen of furan 

ring,where the bands due to (υN-N) and   

(υC-S-C) vibration were still unchanged, 

Table (2). 

(2)- In the case of [R2 and R3] complexes the 

bands due to (υN-N ), (υC=N) and (υC-O-C) 

were shifted to lower frequencies, Table 

(2), while the band related to (υC-S-C) 

vibration was still unchanged, this suggest 

the involvement of nitrogen of azomethin, 

nitrogen of thiadiazol ring and oxygen of 

furan ring in the coordination. 

(3)- In the case of [R4 and R5] the ligand of 

(A3) behaves as bidentate chelating agent, 

and the coordinating sites are nitrogen of 

azomethin group and sulpher atom of the 

thiadiazole ring. Both bonds of (υC=N) and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(υC-S-C) shifted and reduced intensity, 

Table (2), but the bands related to (υN-N ) 

and (υC-S-C) remains in the same region in 

complexation, Table (2). 

(4)- In the case of [R6] complex the bands due 

to (υC-S-C),(υC=N) and (υC-O-C) were shifted 

to lower frequencies side on complexation, 

where the band related to (υN-N ) remain 

unaltered in the spectra of the complex, 

indicating that the nitrogen atom of 

thiadiazole moiety don’t take part in 

coordination, Table (2).   

The behavior of (A3) was further indicated 

by appearance of (M-N), (M-S), (M-O)         

and (M-Cl) bands stretching frequencies 

respectiveely
(15)

, Table (2). As well as a strong 

band was observed at 992 cm
1

 due to (V=O) 

stretching mode in [R1] complex
(15)

, while 

band related to sulfate anion in the same 

complex was observed at 1502 cm
1

, indicated 

a bidentate behavior
(15)

. Abroad band was 

observed around was observed around (3435- 

3504) cm
1

 in the spectra of [R2-R4 and R6] 

complexes, assigned as (υOH) suggested the 

presence of water or ethanol molecule, while a 

weak band observed at 1610 cm
1

 in the 

spectra of [R2] and [R3] complexes suggests 

the presence of coordinated water
(15)

. 
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Electronic spectra, Magnetic susceptibility 

and Conductivity measurements   

As further structural tools, electronic 

spectral, magnetic and conductivity studied 

have been used to confirm the geometry of the 

complexes.  

The electronic spectra of the [R1-R6] metal 

complexes were recorded for their solution in 

chloroform in the range (200-1100) nm. 

[R1] : The dark green spectrum of vanadyl 

(IV) complex show two main absorption 

bands, Table (3) , which are assigned to 

the transition 
2
B2→

2
Eg and 

2
B2→

2
B1   

respectively in a square pyramidal 

geometry
(16-18)

. The magnetic moment 

(2.04 B.M) is higher than spin value of 

the vanadium metal only, this result 

indicates a higher orbital contribution
 

(16,19-21)
. Conductivity measurement in 

(DMF) showed that the complex was 

nonionic, Table (3). 

[R2] : This complex showed a series of very 

weak and some were narrow bands have 

been observed in Mn(II) spectra, this      

is expected because the only sextet         

term of the (d
5
) configuration in 

octahedral stereochemistry is the 
6
A1g , 

consequently, there can be no spin-

allowed transitions 
(16,22)

, and were 

assigned to
6
A1g→

4
T2g(G),

 6
A1g→

4
T1g 

(G) and 
6
A1g→

4
T1g(4E)  respectively

(16)
. 

The values of racah parameters (10 Dq , 

B
′
 and β ) have been calculated to be 

(10058,810 and 0.89) respectively, the 

value of β (0.89) signifies a fair amount 

of ionic character
(23)

. Magnetic moment 

of the solid complex (5.89 B.M) showed 

a high spin Mn (II) complex
(20,22)

. 

Conductivity measurement showed the 

complex was noionic, Table (3). 

[R3] : Three absorption bands of the brown 

complex were observed at (15021,17890 

and 30112) cm
1

, which are assigned to 

the transitions: 
6
A1g→

4
T1g(G) , 

6
A1g→

4
T2g(G) and ligand→Fe(C.T)

(23-

25)
. The values of (10 Dq, B

′
 and β) came 

out to (6811,620 and 0.48) respectively. 

The magnetic moment is (5.92 B.M) 

with five unpaired electrons and an 

octahedral configuration. Conductivity 

measurement in DMF showed that the 

complex was to be ionic, Table (3). 

[R4] : The prepared brown Pd(II) complex 

showed strong charge transfer band at 

39630 cm
1

, which was extended to the 

visible region, as well as two ligand field 

bands at 22580 and 26334 cm
1

 which 

may be assigned to the transitions : 
1
A1g→

1
B1g and 

1
A1g→

1
Eg

(24,26,27)
, 

respectively. The magnetic moment 

value was (0.68) B.M. conductivity in 

DMF showed that the complex was non 

ionic, Table (3). 

[R5] : The spectrum of this complex gave four 

absorption bands appeared at (16588, 

23799, 31004 and 36016) cm
1

, which 

indicate a square planer 

geometry
(17,24,28,29)

,and were assigned 

to
1
A1g→

3
B1g, 

1
A1g→

1
B1g ,

1
A1g→

1
Eg 

and ligand→Au (C.T) transition 

respectively. The complex was 

diamagnetic and conductivity 

measurements in DMF showed that the 

complex was ionic, Table (3). 

[R6] : The observed magnetic value (2.46 

B.M) of the present platinum (IV) 

complex (d
6
) configuration agree with 

octahedral geometry around Pt(IV) ,this 

result indicates higher orbital 

contribution
(7,16,28)

. The prepared red 

Pt(IV) complex showed three bands at 

(19112,23896 and 29083)cm
1

,and were 

assigned to 
1
A1g→

3
T1g, 

1
A1g→

3
T1g and 

ligand→Pt(C.T) transition respectively
 

(17,28)
. The conductivity measurement 

showed that the complex to be ionic, 

Table (3). 
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Table (3) 

Electronic spectra (CHCl3), magnetic moment (B-M) and conductance (in DMF) for metal 

complexes [R1-R6]. 
 

Comp. 

No. 

Bands 

cm
-1 

Assignment 10 dq 

cm
-1 

Molar 

Cond. 

MS.cm
-1 

Meff. 

B.M 

Suggested 

structure 

[R1] 

 

[R2] 

 

 

[R3] 

 

 

[R4] 

 

 

[R5] 

 

 

 

[R6] 

 

 

 

11784 

17222 

17998 

23034 

25760 

15021 

17890 

30112 

22580 

26334 

39630 

16588 

23799 

31004 

36016 

19112 

23896 

29083 

2B2→
2Eg 

2B2→
2B1 

6A1g→4T1g(G) 
6A1g→4T2g(G) 
6A1g→4T1g(4E) 
6A1g→4T1g 
6A1g→4T2g 

[A3] →Fe(C.T) 
1A1g→1B1g 
1A1g→1Eg 

[A3] →Pd(C.T) 
1A1g→3B1g 
1A1g→1B1g 
1A1g→1Eg 

[A3] → Au(C.T) 
1A1g→3T1g 
1A1g→3T2g 

[A3] → Pt(C.T) 

- 

 

10058 

 

 

6811 

 

 

22580 

 

 

23799 

 

 

 

- 

20.33 

 

15.86 

 

 

64.29 

 

 

18.61 

 

 

72.89 

 

 

 

69.43 

2.04 

 

5.89 

 

 

5.92 

 

 

0.68 

 

 

0.73 

 

 

 

2.46 

Square 

pyramidal 

Octahedral 

 

 

Octahedral 

 

 

Square 

planar 

 

Square 

planar 

 

 

Octahedral 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution study  

1) Molar ratio method  

The molar ratio method were followed to 

determine the M:L ratio. The results of 

complexes in (ethanol-chloroform) as 

(solvents) suggested that the metal to ligand 

ratio was (1:1) for [R1-R6] complexes, which 

were comparable to those obtained from solid 

state study, Table (1). 

2) Stability constant of the mannich-schiff 

bases complexes  

The apparent stability constant (K) of the 

[1:1] [Metal : Ligand] were evaluated using 

the following eguation: 

(1 )
K

2C





 

Where (α) is the degree of dissociation, were 

evaluated using the following equation: 

Am As

Am


   

Where (Am= average of three measurements 

of the absorption of solution containing           

the same amount of metal and five fold  

excess of ligand) while (As = average of three  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

measurements of the absorption of       

solution containing a stoichiometric               

amount of ligand and metal ions).                                                                                                                            

Furthermore the molar absorptivity (εmax) for 

all complexes were measured at λmax of 

maximum absorption and were calculated 

from the following equation: Am = εmax b c. 

The results shown in Table (4), indicate 

that [R1-R3 and R6] complexes yield rather 

high stability constant as well as high molar 

absorpitivity contrast to the [R4 and R5], this 

probably due to the different coordination 

behavior of the new ligand toward metal ions. 

As well as the developed color become stabl 

after (one hour) up to (4 hours). 
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Table (4) 

Stability constant and molar absorptivities of mannich Schiff bases complexes at room 

temperature. 
 

Complexes  As Am α K 

L.mol
1 

εmax 

L.mol
1

.cm
1 

λmax 

nm 

[R1] 

[R2] 

[R3] 

[R4] 

[R5] 

[R6] 

0.374 

0.293 

0.398 

0.259 

0.324 

0.336 

0.430 

0.316 

0.453 

0.309 

0.378 

0.399 

0.131 

0.073 

0.121 

0.161 

0.142 

0.157 

4.25×10
5 

1.74×10
6 

6.00×10
5 

3.95×10
5 

4.25×10
5 

5.84×10
5 

3785 

3166 

4532 

2862 

3785 

3991 

756 

498 

506 

438 

430 

515 

 

 

 

 

                   

S

N

N

N

N

O

CH2

N

C

S

VO

S
O O

O O

Cd

Cl

Cl

R1

                

o NN

s sN

CH2
N

N

Cd

Cl

Cl
H

H2O

C

Mn

Cl Cl

H2OR2

 
 

                   

o NN

s sN

CH2
N

N

Cd

Cl

Cl
H

Cl.4H2O

C

Fe

Cl Cl

H2O
R3

               

S

N

N

N

N

O

CH2

N

C

S

Cd

Cl

Cl
R4

H

Pd
Cl

Cl

C2H5OH

 
 

 

          

S

N

N

N

N

O

CH2

N

C

S

R5

H

Au
Cl

Cl

Cl

Cd

Cl

Cl

               

S

N

N

N

N

O

CH2

N

C

S

Cd

Cl

Cl

R6

H

Pt

Cl Cl

Cl H2O
Cl

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Stereochemistry structure of [R1-R6] complexes  

According to the results obtained from                 

the elemental analysis (C.H.N), atomic 

absorption and spectral analyses  the structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

of the above mentioned complexes [R1-R6] can 

be illustrated as follow: 
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Table (5) 

Antibacterial and antifungal activities for [A1,A2,A3] and [R1-R6] complexes (10
3

 mgm.ml
-1

). 
 

Comp. Staphylococcus  

aurous 

Shigella 

 flexneri 

Aspergillus 

 flavus 

Candida  

albicans 

(A1) 

(A2) 

(A3) 

[R1] 
[R2] 

[R3] 

[R4] 
[R5] 

[R6] 

6 

10 

15 

10 
6 

15 

15 
25 

20 

- 

10 

10 

6 
10 

20 

15 
15 

25 

30 

18 

14 

12 
20 

12 

10 
12 

10 

26 

21 

12 

14 
17 

14 

12 
14 

10 

                      Where[ 6-8 (+) , 8-10 (+ +) ,                                            [30-40 (+ + +) , 20-30 (+ + + +) ,              

                                          > 10 (+ + +)]                                                                 10-20 (+ + + + +) ] 

Biological activity  

As a result from the study of antimicrobial 

for (A1), (A2), (A3) and [R1-R6] complexes, 

the following points were concluded :  

1- (A1) Showed a moderate activity against 

the studied bacteria and the fungus, while 

its metal complex (A2) showed a wider 

spectrum of activity toward all types of the 

microorganisms. This difference in 

synergistic effect
(30) 

between the cadmium 

ion and the (A1) molecule, Table (5). 

2- It was of interest to investigate the effect 

of introducing the pharmacologically 

important Schiff base moiety in the 

structure of the prepared (A2) complex and 

their antibacterial with antifungal 

activities. For this purpose six complexes 

were prepared and the results in Table (5) 

show large increase in the activity of all 

complexes, which indicate the importance 

of the Schiff base moiety (imin groups) in 

enhancement of biological activity of the 

studied complexes. 

3- The presence of a second metal center in 

one structure, exhibited a greater activity 

against all the studied microorganism 

compared to that of (A3) it self, this 

indicates that dinuclear nature are more 

important than mononuclear analogues. 

4- The results reflect the different effects of 

introducing the metal ion on the (A3) 

ligand structure, where some metal ion 

enhanced activity, while others retarded it, 

this phenomena is known as synergistic 

effect
(30)

. The difference in synergistic 

effect between the metal ion and the ligand 

molecule may be attributed to many 

factors, of these in that [Vo(IV), Mn(II) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and Fe(III)] are considered to be a hard 

metal ion making its complexes to be less 

lipophilic, this will relatively retard its 

permeation through the lipid part of the 

cell membrane .On the other hand the 

[Pd(II),Au(III) and Pt (IV)]are all 

considered to be soft metal ions ,which 

render their complexes to be more 

lipophilic, this will facilitate the 

penetration through the cell wall and effect 

the constituents of the cell
(30)

. 

5- The results of the (MIC) study for the [A1, 

A2 and A3] and the [R1-R6]complexes are 

shown in Table (6). These results indicate 

that some of the new compounds exhibited 

antibacterial activity against the studied 

bacteria at lower concentration, while they 

don't show such activity at higher 

concentration. 

6- Results of the anti fungal activity of the 

new compounds, Table (5)showed that the 

metal ion chelates were more toxic 

compared with their parent ligaund (A3) 

toward the same micro-organism and 

under the identical experimental 

conditions. The increase in the antifungal 

activity of metal chelates may be due to 

the effect of metal ion on the normal cell 

process .These activities may be explained 

by Tweedy's Chelation Theory
(31)

, 

according to which chelation reduces the 

polarity of the metal atom mainly ,because 

of the partial sharing of its positive charge 

with the donor groups of the ligand which 

favors permeation of the complexes 

through the lipid layer of cell 

membrane
(32)

. 
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Table (6)  

Minimal inhibitory concentration (MIC) for [A1,A2,A3] and [R1-R6] complexes (μgm.ml
1

). 
 

Comp. Staphylococcus aurous Shigella flexneri 

0.02 0.075 0.5 2.5 5 0.025 0.075 0.5 2.5 5 

(A1) 

(A2) 
(A3) 

[R1] 

[R2] 
[R3] 

[R4] 

[R5] 
[R6] 

+ 

+ 
MIC 

- 

+ 
+ 

MIC 

+ 
MIC 

+ 

MIC 
- 

MIC 

+ 
MIC 

- 

MIC 
- 

 

MIC 

- 
- 

- 

MIC 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
MIC 

MIC 

+ 
MIC 

MIC 

+ 
MIC 

+ 

MIC 
- 

- 

MIC 
- 

- 

MIC 
- 

 

MIC 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

- 

- 
- 

        Where : (+) Growth , (MIC) 99% , () no growth  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
References  

[1] R.M.Acheson, "An Introduction to the 

Chemistry of Heterocyclic compounds",3
rd

 

Ed., London and New York, (1976). 

[2] J.Wilson and N.Gisvoldds, "Text book of 

organic medical and pharmaceutical 

chemistry", 10
th
 Ed., Edited by: Jaime and 

William, (1985). 

[3] R.Alan, "Hand book of Heterocyclic 

Chemistry", Wiley, Inerscience, New 

York, (2000). 

[4] R.A.M.Al-Hasani,"Preparation,Charateris-

ation and Biological Activities of some 

metal complexes of [N(3-{5-phenyl-2-

thione-1,3,4-thiadiazole}methyl)diphenyl 

amine], accepted in Journal Al-Nahrain 

Universit. 

[5] J.March, "Advanced Organic Chemistry, 

Reaction, Mechanism and Structure",3
rd

 

Ed., Wiely and Sons-Inc., New York, 

(1986). 

[6] R.O.Norman, "Principles of Organic 

Synthesis", Methuen and CO. TD. London, 

(1986). 

[7] R.A.M.Al-Hasani, Ph.D.Thesis, "Synthesis 

and study of some transition metal 

complexes with mannich bases derived 

from 1,2,4-triazole ring", Al-Nahrain 

University Baghdad, Iraq, (2004). 

[8] A.N.Nesmynov and N.V.Nesmeyano, 

"Fundamental of organic chemistry", 

Mirpublishers, Moscow, (1981). 

[9] D.A.Skooge, "Fundementals of analytical 

chemistry", 5
th
 Ed., New York, (1988). 

[10] M.R. Atlas, E.Alfres, P.Brown and C. 

Lawrence, "Laboratory manual  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental Microbiology", Mosby-Year 

Book, Inc., (1995). 

[11] Y.R. Sharma, "Elementary Organic 

Absorption Spectroscopy", S.Chand, New 

Delhi, (1980). 

[12] Silverstain, Bassler and Morrill, 

"Spectrometric Identification of Organic 

Compounds", 4
th

 Ed., (1980). 

[13] N. Raman, S. Esthar and C. Thangaraja, 

"A New Mannich base and its transition 

metal (II) complexes, synthesis, structural, 

characterization and electrochemical 

study", J.Chem Sci., 16(4),(2004). 

[14] A.C. Hiremath and N.V. Huggi, 

"Complexes of Co(II), Ni(II) and               

Cu(II) with 4-substituted-1-(2-furoyl) 

thiosemicarbazides", J. Ind. Chem. Soc., 

LXIII (2), (1986). 

[15] N. Nakamoto, "Infrared Spectro of 

Inorganic and Coordination Compound", 

4
th
 Ed., Wiley, interscience, New York, 

(1986). 

[16] B.N. Figgis, "Introduction to ligand 

field", John-Wiely and Sons, Inc., New 

York, (1966). 

[17] D.Nicholis, "Complexes and First-Row 

transition element" Translated by Dr. 

W.I.Azeez, (1984). 

[18] U.N. Kumari and C.P. Singh, 

''Oxovanadium (IV) Complexes with 

Thiohydrazide derivatives'' J. Ind. Chem. 

Soc., LVII(8), (1990). 

[19] K. Burger, ''Coordination  Chemistry, 

Experimental methods'', London Bult/ 

Worths and CO. Pubjishers.Ltd.,(1973). 



Journal of Al-Nahrain University                        Vol.10(2), December, 2007, pp.39-49                                     Science 

 49 

[20] P.V.Rao and N.M. Ganorkar, ''Synthesis 

and Structural studies of Vo(IV), Mn(II), 

Fe(II), Co(II) Ni(II) and Cu(II) Complexes 

of N-(4-methyl-8-acetoumbelliferony-

lidene)-N
′
-(isonicotinoyl) hydrazine'' , Ind. 

J. Chem, 27 A,12, (1988). 

[21] R. A. M. Al-Hasani, M. Sc. Thesis,                                                     

''Synthesis and study of some transition 

metal complexes of 1,3,4-oxadiazole 

derivatives'', Al-Mustansirya university, 

Baghdad, Iraq, (1999). 

[22] A.H. Jassim, ''Synthesis, Spectroscopic 

and Thermogravimetric Studies of Hg(II) 

and Mn(II) Chelates of Oxadizole and 

Triazole thio derivatives'',Iraqi. J.Sci,39A 

(3),(1998). 

[23] A. B. P. Lever, ''Inorganic Electronic 

Spectroscopy'', Elsevier Publishing 

Company, New York, London, (1968). 

[24] I.C.Ballhausen,''Introduction to Ligand 

Field Theory'', New York, Toronto-

London, (1962). 

[25] M. Alaudeen and C. Prabhakaran, 

''Synthesis and Characterization of Fe(III) 

complexes of N-(2-thienylidene)-N
′
-

isonicotinoyl hydrazine,N-(2-furylidene)-

N
′
-salicyloylhdrazin and N-(2-

thienylidene)-N
′
-salicyloylhydrazine', Ind. 

J. Chem.,35A, 23, (1996). 

[26] A.Antipas and M.Gouterman,''Electronic 

states of Co, Ni, Rh and Pd Complexes''  

J.Am.  Chem.Soc.,105,10,(1983). 

[27] W.J.Surga and B.Lenarcik,''Coordination 

Compounds of 2-mercapto-1-Methylim-

idazol with Pt(II), Pd(II), Rh(III) and 

Ru(III)'', Trans. Met. Chem., 15, 11, 

(1990). 

[28] R.J.Puddephatt, ''The Chemistry of Gold'', 

Elsevier science publishers, (1986). 

[29] S.A. Cotton, ''Chemistry of Precious 

Metals'', 1
st
 Ed., Blackie Aand P,John-

Wiely and Sons,Inc., New York, 

London,(1997). 

[30] M.N.Hughesy, "The inorganic chemistry 

of biological process", 2
nd

 Ed., John-Wiely 

and Sons, Ltd., (1988). 

[31] B. G. Tweedy, "Phytopathology", 55,7, 

(1964). 

[32] J. Nallasamy, "Complexes of Pt(II) , 

Pd(II), and Ru(III) with 4-substituted-3-

mercapto-5-phenyl-4H-1,2,4-triazoles", 

Trans. Met. Chem.,26, 34, (2001). 

dichloro[N{3-(5-furfuralidene)-1,3,4-thiadiazole 

-2-thione}methylpyrazole].cadimium (II) (A3)  

5-amino-2-thione-1,3,4-thiadiazle

(3-pyrazole amino methyl-2-thione-

5-amino-1,3,4-thiadiazole) (A1)(A1

dichloro (3-pyrazole amino methyl-2-

thione-5-amino-1,3,4-thiadiazole).Cadimium 

(II).(A2) (A2)

 (A3)

 A1 A2A3 

 (A3)

C.H.N

4

A3

R6-R1  Shigella 

flexneriStaphylococcus aurous

MIC

Candida albicans(Aspergillus fla .


