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Pharmaceutical Significance 

Of Oxotungsten And 

Oxochromium Complexes Of 

Schiff Bases Derived From 

Thiosemicarbazones 
 

Abstract 

The thiosemicarbazones of bis(5-chlorosalicylaldehyde), 

bis(trifluoroacetylacetone), and their complexes with 

oxotungsten and oxochromium have been produced as 

metal complexes. These complexes have been identified by 

their IR, electronic, molar, and magnetic moment spectra. 

These studies have shown that the metal ion is 

surrounded by an octahedral geometry. Additionally, the 

complexes were examined for potential medicinal uses. 

Microbial agents acquiring drug resistant tendencies,have 

infected human beings,this research explores synthesis 

and characterization of these Schiff base metal complexes 

showing biological properties and were evaluated for their 

in-vitro anti-microbial activity.Antibacterial activity was 

examined by agar plate diffusion technique.Antifungal 

properties were examined by the radial growth method 

using agar-agar culture.The results show that activity 

increases on chelation.This activity is affected by the 

nature of substituents.This in relation to the lipophilicity 

of the ligands and their membrane permeability,is a key 

factor in determining their entry inside the cell. 

Keywords—Chromium complexes, tungsten complexes, Schiff base, 

thiosemicarbazide 

 

Introduction 
“Schiff bases are the condensation products of primary 

amines and compounds containing  carbonyl groups,the 

compounds carrying imine or azomethine (–C=N–) 

functional group and these exhibit useful biological 

activities such as antimicrobial,anticarcinogenic, 

antioxidant, and antitumour activities.In recent years, it is a 

matter of great interest amongst the medical 

microbiologists,to combat microbial resistance.Schiff bases 

and their metal complexes have been screened to show 

prolific antimicrobial and antifungal properties” [1]. 

In continuation of our earlier reports 
2
 on “the medicinal 

significance of Schiff bases and their metal complexes,the 

present communication reports the synthesis of some new 

complexes of Schiff bases derived from condensation of 5-

chlorosalicyldehyde,terephthaldehyde,2,4-pentanedione and 

trifluoroacetyl acetone with 

thiosemicarbazide”.Thecomplexeswerecharacterizedontheb

asisoftheir micro analytical data,elementalanalysis,melting 

points,IR, UV-Vis spectra and magnetic moment properties. 

The magnetic moment data suggests pairing of 

electrons.Theinfraredspectrumofthecomplexes showed 

stretching due to v(C=N) and v(C=S)
3
.Schiff bases are  first 

reported by Schiff.  Schiff bases have gained potency in 

medicinal and pharmaceutical fields due to biological 

activities like anti-inflammatory
4-7

,analgesic
5-

8
,antimicrobial

9-10
,anticonvulsant 

11
,antitubercular

12
,anticancer

13-14
,antioxidant

15
. “Azomethine 

linkage
16

 and cell process mechanism 
17-18

.Studies 

enlightened that metal complexes show greater biological 

activity than free organic compounds 
19,20

. Proliferation of 

biological activity was reported by implementation of 

transition metals into Schiff bases” [21,45] . Schiff bases 

play an influencing role in development of inorganic 

biochemistry.
22-26 

 

 

1. Material and methods 

 

  A. Preparation of Schiff bases 

 

 

Schiff baseswere synthesized by the condensation of 

respective aldehyde and ketone with thiosemicarbazide in the 

ratio of 2:1 in ethanolic solution.
27

.0.91 gm of the 

thiosemicarbazide was dissolved in ethanol and refluxed for 

30 min.Weighed quantity of each reagent is added to the 

flask.Reaction mixture was heated for 6h.The crystals of the 

ligand were obtained and were purified by recrystallization in 

ethanol.
2 

 

 
B. Preparation of metal complexes 
 

Oxotungsten  and oxochromium complexes were synthesized 

by the addition of salt solution in methanol/ethanolic solution  

of ligand in DMSO/THF.The precipitate thus obtained was 

washed with DMSO/THF and dried over fused CaCl2 . 

Metal complexes were prepared by refluxing their ethanolic 

solution for 24h.The precipitate thus obtained was filtered and 

washed with hot ethanol and then with hot benzene and dried 

over anhydrous calcium chloride. 
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Preparation of oxochromium complexes 

A methanolic solution of chromium tri chloride was added in 

small quantities with stirring to a hot solution of the ligands in 

methanol.The pH of the solution mixture was adjusted to 5.0 

with NaOAc buffer,in  1:1:3/4 molar ratio and stirring 

continued for 10-15 minutes. 

The contents were refluxed for 5h and observed for change in 

colours.The solid complexes that separated were filtered and  

 

 

 

 

 

 

 

 

 

 

washed with aqueous methanol and dried over P4O10 in 

vacuum, yellow needle shaped crystals appeared. 

 

 

Preparation of oxotungsten complexes 
 

The complex was synthesized by digesting a mixture of the 

ethanolic solution (50mL) of the ligands and the metal in the 

ratio of 1: 2 and acidified aqueous sodium tungstate (2mmol) 

solution(50mL) on the water bath for 1½ hours.  Brown 

complex was formed which was then filtered, washed with hot 

water and ethanol and dried in vacuum. 

 
 

 

2. Analytical studies 
 

Elemental Analysis 
 It was carried out at R.S.I.C.,Dept.,C.D.R.I., Lucknow.The complexes were analysed for metal and chlorine content by standard 

procedure.The values obtained are given in table -1. 

 

 

Conductivity measurement 
Conductivity measurements were carried out at Philips conductivity bridge model PR 9500 with a dip type conductivity cell at 

Department of Chemistry, Bareilly College, Bareilly.The conductances of the complexes were measured in DMF and MeOH at 

10-3 M dilution at 30°C.The values obtained are given in table -2. 
 

I.R. Studies 
 

The infra red studies
34-35

 of ligand and it's metal complexes were recorded in Perkin-Elmer spectrophotometer model 651(US) in 

KBr as well as Nuzol phase from 4000 cm-1 to 200cm-1at R.S.I.C.,Dept.,C.D.R.I., Lucknow. 

The values obtained are given in table -2. 

 

 
Magnetic susceptibility 

 
Magnetic susceptibility of the complexes was determined by  Gouy's method at the Dept.  of Chemistry, University of 

Roorkee
35

.The sample tube was calibrated with copper sulphate.The diamagnetic corrections were made.The values obtained are 

given in table -2. 
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Table-1 Analytical and physical data of the ligands and the complexes

 
Compound % of Metal  

(Found/Calcd.) 

 

% of Hydrogen 

(Found/Calcd.) 

 

% of Carbon 

(Found/Calcd.) 

 

%of Nitrogen 

(Found/Calcd.) 

 

%of Sulphur 
(Found/ Calcd.) 

% of  Chlorine 
(Found/Calcd.) 

bis (5-chlorosalicylaldehyde) thiosemicarbazone 
oxotungsten(IV)chloride 

38.15 
(38.20) 

3.67 
(4.80) 

20.22 
(20.12) 

9.54 
(9.0) 

12. 98 
(12.2) 

7.50 
(7.61) 

bis(terephthaldicarboxaldehyde) thiosemicarbazone 
oxotungsten(IV)chloride 

28.50 
(29.50) 

3.09 
(3.21) 

39.50 
(40.49) 

9.80 
(10.39) 

8.50 
(7.92) 

8.51 
(8.60) 

bis ( 2,4- pentanedione) thiosemicarbazone 

oxotungsten(IV)chloride 

42.10 

(41.17) 

3.06 

(4.70) 

27.01 

(26.56) 

11.01 

(11.63) 

9.02 

(8.86) 

7.13 

(7.14) 

bis (trifluoroacetylacetone)  thiosemicarbazone 
oxotungsten(IV)chloride 

30.21 
(30.09) 

2.67 
(2.02) 

22.01 
(23.70) 

11.01 
(11.63) 

9.02 
(8.86) 

7.00 
(7.50) 

bis (5- chlorosalicyldehyde) oxochromium 

(V)chloride 

26.67 

(25.90) 

1.66 

(2.70) 

31.22 

(30.19) 

8.00 

(7.99) 

9.98 

(10.0) 

7.90 

(7.81) 

bis (terephthaldicarboxaldehyde) thiosemicarbazone 
oxochromium(V)chloride 

17.57 
(18.29) 

2.55 
(2.78) 

56.50 
(56.65) 

12.33 
(11.81) 

8.80 
(9.40) 

7.00 
(7.3) 

bis ( 2,4- pentanedione) thiosemicarbazone 

oxochromium(V)chloride 

20.55 

(19.23) 

3.98 

(3.31) 

40.0 

(41.01) 

12.00 

(13.14) 

9.50 

(10.0) 

9.33 

(9.6) 

bis (trifluoroacetylacetone ) thiosemicarbazone 
oxochromium(V)chloride 

39.04 
35.90 

1.93 
(2.21) 

43.09 
(40.82) 

8.00 
(8.40) 

6.00 
(6.0) 

7.00 
(7.10) 

 

 

 

 

Table-2 Analytical and physical data of the ligands and the complexes 

 

 

Compound Colour 

Molar inductance 

 (Ώ-1cm2 mol -2) 

M=O/M-Cl 

 

ʋ (C=S) 
cm-1 
L-M shift

 

Magnetic 
Moment 
(B.M.) 

 

M.P 
(°C) 

L/C 

ʋ(C=N) 
cm-1 
L-M shift

 

DMF Me OH      

[(CSALTSC)2WOCl4] 

Dark brown 
6.77 8.0 300/700 1800-1600 1.50 201/230 1625-1600 

[(TALDICTSC)2WOCl4] 
Yellow 

4.99 7.5 312/712 1500-1401 1.20 212/225 1630-1610 

[(PDIOTSC)2 WOCl4] 

 Brownish yellow 
6.20 6.0 310/707 1500-1300 1.02 215/237 1500-1457 

[(TFAATSC)2WOCl4] 
Dirty yellow 

8.33 8.7 330/711 1615-1500 1.57 210/240 1525-1497 

[(CSALTSC)2CrOCl] 

Yellowish brown 
7.82 6.0 323/720 1500-1405 2.82 240/255 1515-1500 

[(TALDICTSC) 2CrOCl] 

Brown 
6.91 7.9 315/705 1628-1600 2.56 256/265 1600-1595 

[(PDIOTSC) 2CrOCl] 

Yellowish pink 
6.74 8.6 325/715 1630-1610 1.08 230/245 1650-1640 

[(TFAATSC)) 2CrOCl] 
Yellowish white 

7.60 8.2 301/700 1576-1550 2.20 240/248 
1590-1480 
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Table-3 Antibacterial screening at 2 µg disc (Zone formation in mm) MIC(µg ml
-1

) 

 
Compound S. aureus(mm) B.subtilis(mm) 

[(CSALTSC)2WOCl4] 

Dark brown 
9.0 8.0 

[(TALDICTSC)2WOCl4] 

Yellow 
6.0 8.0 

[(PDIOTSC)2 WOCl4] 

 Brownish yellow 
7.0 8.9 

[(TFAATSC)2WOCl4] 

Dirty yellow 
8.9 8.7 

[(CSALTSC)2CrOCl] 

Yellowish brown 
10.9 10.0 

[(TALDICTSC) 2CrOCl] 

Brown 
10.7 11.3 

[(PDIOTSC) 2CrOCl] 

Yellowish pink 
9.3 11.0 

[(TFAATSC)) 2CrOCl] 

Yellowish white 
9.6 

10.0 

 

 
Antimicrobial Screening 

in vitro
40

antifungal activity
11,12,13

 was evaluated by the radial growth method using agar disc method against various species using 

distilled water,glucose,starch and agar-agar adding a requisite amount of the compound after being dissolved in DMF so as to 

obtain certain final concentrations. 

 

in-vitro
40

 antibacterial study: A solution of all the complexes were prepared in DMSO
28

 in such a manner that 20µL  contained 40 

µg of the sample.Filter paper discs were taken in a petri dish and the solution was applied on the disc with the help of a micro 

pipette.Thus disc containing  40 µg of sample was prepared.With the use of sterile forceps, the sample-impregnated disc were 

gently placed on solidified agar plates seeded with the organisms to guarantee contact with the media. For 24 hours, the plates 

were placed in a refrigerator set at 4°C so that the substances absorbed into the discs would have enough time to diffuse into the 

media.The plates were then incubated for 24 hours at 370°C. After a 24-hour incubation period, the complexes' antibacterial 

efficacy was assessed by measuring the zone of inhibition on a transparent scale in terms of millimeters.The results are shown in 

tables 3 (antibacterial) and 4 (fungicidal), respectively. 
 
Table-4 Response of the test compound(1mg/ml) against fungi 

 
Compound Rhizopus species 

(conc.in  ppm) 
Aspergillus species 
(conc. in ppm) 

 200 100 50 200 100 50 

[(CSALTS)2 WOCl4] 60 56 45 65 78 46 

[(TALDICTSC)2 WOCl4] 67 55 40 66 65 42 

[(PDIOTSC)2 WOCl4] 65 50 45 75 58 45 

[(TFAATSC)2WOCl4] 85 49 44 80 67 43 

[(CSALTSC)2CrOCl] 71 58 46 71 70 35 

[(TALDICTSTSC)2 CrOCl] 88 56 41 80 55 41 

[(PDIOTSC)2 CrOCl] 60 63 43 77 49 42 

[(TFAA TSC)2CrOCl] 70 53 37 76 49 38 
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Results and discussion 

All the complexes formed were found to be soluble in ethanol and insoluble in water. The molar conductance of all complexes of 

oxotungsten and oxochromium are found to be of non conductive nature (4.9-8.6 Ώ
-1

cm
2
 mol ) in DMF and MeOH indicating the 

non electrolytic nature of the complexes. 

The oxotungsten (IV) chloride  and oxochromium (V) chloride complexes show magnetic moment values in the range of 1.20-

2.82 B.M. which corresponds to the diamagnetic nature of these complexes. 

The electronic spectral bands
 6,7

of the present oxotungsten (IV) complexes show similar absorption peaks. The spectral bands at 

16060-12900 cm
-1 

indicated octahedral environment for these complexes. A moderately intense band observed in the region of 

14000-14560 cm
-1 

has been assigned to unresolved band resulting from dxy→dyz, dxz(2B2→2E1) and the third band at 20600-

26000 cm
-1 

may either be assigned to the transaction dxz→ dz2 (2B2→ 2A1) which emerge from the low energy charge transfer.   

Thecomplexesweresubjectedtochemical analysis and results for the proposed complexes fall in the expected range of 

experimentally calculated values. 

The IR spectra of the ligands indicated two bands i.e., n(C=N)  n(C=S)[35],which on complexation, shifted to lower frequencies  

clearly indicated the coordination through nitrogen of (C=N) group and sulphur of (C=S) group [10]. 

 The IR spectra of the complexes also exhibited more bands which may be due to (M=O)stretching at ~300 cm
-1

and (M- Cl) at ~ 

700cm
-1

stretching(Table- 2.) 

 
 

 

Pharmaceutical significance 

 
Antibacterial

14,15
 and antifungal 

16,28
 activities of the schiff 

bases and their metal complexes have been reported here. 

Complexes have been evaluated for their  antifungal activities 

against rhizopus and aspergillus species at various 

concentrations
28-34

.The MIC values were listed in table-

4.Antibacterial activities are observed (table-3) as zones in 

mm.S.aureus and aspergillus species showed prominent 

activity.Anticarcinogenic
17,18 

 antifungal, and antitubercular 
19-

20
 properties of the complexes are well known.All the 

complexes were screened for antibacterial and antifungal 

activities as shown in tables 3 and 4, respectively.Schiff bases 

are known to be potent chelating agents
41-44 

showing  analgesic 

properties
5-8

,antimicrobial
9-10

,anticonvulsant
11

  antitubercular
12

 

, anticancer
13,14

,antioxidant
15

.and anti-inflammatory 

properties
36-40 

 

 

Conclusion 

Schiff bases have been widely explored for their 

biological,medicinal and catalytic applications.Recently 

discovered compounds inthis category are gaining 

pharmaceutical importance.Schiff base complexes have 

promising antimicrobial properties. Further investigatory 

studies demand analyses of  the SAR and mode of action  in 

clinical applications.
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