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Abstract

Complexes of S-benzyldithiocarbazate (SBDTC) with lighter and heavier metals, viz.. Cr(III),
Fe(III), Sb(III), Zr(IV), Th(IV). and U(VI) have been prepared and characterized by elemental
analyses, conductivity measurements, and spectral studies. The complexes were all prepared
in alkaline media with the compositions of [Cr(SBDTCA)3]. [Fe(SBDTCA)3], [Sb(SBDTCA)3],
[Sb(SBDTCA)2Cl.H2O], [Zr(O)(SBDTCA)2.H2O], [Th(SBDTCA)(NO3)3-H2O)]. and
[U(O)2(SBDTCA)2]. The complexes were all hexa-coordinated with bidentate, uninegative
chelation of the ligand. [Fe(SBDTCA)3], [Sb(SBDTCA)3] and [Sb(SBDTCA)2Cl.H2O] were
strongly effective against bacteria, Pseudomonas aeruginosa and Bacillus cereus giving clear
inhibition zones. The compounds were poor antifungal.
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Introduction
There has been a lot of interest in the coordination chemistry of dithiocarbazic acid and
its Schiff bases with transition metal ions over the past two decades1'8. Reports on
complexation of these ligands with non-transition metals are lacking. It was found that
complexes of these ligands with non-transition metal, tin, in particular, were strongly
active against melanoma, renal carcinoma, and leukemia9. We extended our studies to
lighter and heavier metals including Sb(III) to discover their potential as biologically
active agents. We present herein the syntheses and characterization of the complexes of
SBDTC with Cr(III), Fe(III), Sb(III), Zr(IV), Th(IV) and U(VI) ions, and report on their
biological potential.

Preparation of S-benzyldithiocarbazate (SBDTC)
It was prepared as previously reported2.

11.4g of potassium hydroxide was dissolved in 70.0 ml of 90% ethanol. This was
followed by the addition of 10.Og of hydrazine hydrate. The solution was then cooled to
0°C in an ice-salt bath. 15.2g of carbon disulphide was added dropwise with constant
stirring for a period of an hour.

Two layers had formed. The upper layer was yellow-green in colour, while the
other was brown. The brown layer was then separated and dissolved in 60 ml of cold
40% ethyl alcohol. The mixture was kept in an ice-salt bath. With vigorous stirring, 25g
of benzyl chloride was added to the cooled mixture. The stirring was continued for about
30 minutes after the complete addition of benzyl chloride. A white product had formed.
The product was filtered off, washed with water and dried. This was followed by
recrystallization in diethyl ether and the final product was dried in a vacuum desiccator.
Yield was 17g and the melting point was recorded to be 124°C2.

Genera] method for the preparation of metal complexes

Potassium hydroxide( 0.4g, 0.0076 mole) was dissolved in ethanol (50ml ) to
which S-benzyldithiocarbazate (1.5g) was dissolved. The solution was filtered, and was
treated with a solution of stoichiometric amount of appropriate metal salt dissolved in the
same solvent (~50ml). The mixture was heated and kept in an ice-salt bath to cool it
down to around 5 - 0°C. The product was isolated and washed with ethanol. It was dried
in a vacuum desiccator over P2Os.The metal salts that had been used were chromium(III)
chloride, iron(III) chloride, antimony(III) chloride, zarconyl nitrate(IV) hydrate,
thorium(IV) nitrate, and uranyl(VI) chloride.

Physical measurements

The analyses for carbon, hydrogen and nitrogen were carried out at the University
of Trieste, Italy. The carbon, hydrogen and nitrogen contents in the complexes were
determined by the combustion of samples in the ce-440 Elemental Analyzer. The IR
spectra in KBr pellets were recorded using the FflR Perkin Elmer 1750X infrared
spectrophotometer. The molar conductance of 10"3 solution of the metal complexes in
dimethyl sulphoxide (DMSO) were measured at 29°C by a Jenway 4310 conductivity
meter and a dip-type cell with platinised electrode..



Biological activities : Anti-microb assay

Four pathogenic microbials were used to test the biological potentials of the
ligand and the metal complexes,
i- Bacillus cereus 1447 (Gram positive bacteria)
ii- Pseudomonas aeruginosa 60690 (Gram negetive bacteria)
iii- Aspergillus ochraceous 398 (Fungi)
iv- Candida albicans (Fungi)

Disc diffusion experiments were used to test anti-microbial activities. All the
procedures were done in the laminar flow cabinet to ensure sterility. Sterile cotton-buds
were dipped into the microb culture stock. A dry agar plate surface was inoculated using
the streaking method. For bacteria, neutrien agar was used and for fungi, potato dextrose
agar was used. Streaking was done at 60°C to ensure that the growth of microbs were the
same. Whatman No 1 filter paper discs of 6mm diameters were impregnated into the
stock solution of the complexes ( 10- 25mg/ml ) and dried under sterile conditions. The
dried discs were then placed on the previously inoculated agar surface. The plates were
incubated for 24 hours at 30°C. Antimicrobial activity was indicated by the presence of
clear inhibition zones around the discs.

Results and Discussion

In alkaline medium, S-benzyldithiocarbazate (SBDTC) deprotonates and acts as a
bidentate uninegative ligand2 (Figure la) forming stable complexes of compositions
[Cr(SBDTCA)3], [Fe(SBDTCA)3], [Sb(SBDTCA)3], [Sb(DTCA)2Cl.H2O],
[Zr(O)(SBDTCA)2.H2O], [Th(SBDTCA)(NO3)3.H2O] and [U(O)2(SBDTCA)2] [
SBDTCA = anion of SBDTC ( Fig. 1 )]. The analytical data are presented in Table 1.

( M = metal)

(la)

The deprotation and consequent coordination are evident from non-electrolytic nature of [Fe(SBDTC)3] and
[Cr(SBDTC)3] comlexes in DMSO. Attempts to prepare complexes in a neutral medium were unsuccessful.
The basicity of the medium creates thiolate anionic site in situ thus enhancing nucleophilicity of the ligand.
Molar conductivity data for these complexes are given in Table 2. The antimony analogue produces ions
according to the following scheme,

[Sb(SBDTCA)3]° + DMSO • [Sb(DMSO)3]
3+ + 3SBDTCA"

giving 3 : 1 electrolytes. This is being reflected in the higher molar conductance values of
the complex in DMSO. The Th(IV) and Sb(III) complexes seem to be behaving as 3:1
electrolytes in DMSO. The complexes presumably undergo solvation according to the
following schemes :



[Th(SBDTCA)(NO3)3.H2O] + DMSO • [Th(SBDTCA)(DMSO)3.H2O]3+ + 3NO3"

[Sb(SBDTCA)2Cl.H2O] + DMSO • [Sb(DMSO)3r + CF + 2SBDTCA

Zr(IV) complex showed a molar conductance value characteristic of 2:1 electrolyte in DMSO which is
explained by the solvation10,

[Zr(O)(SBDTCA)2.H2O] + DMSO * [Zr(O)(DMSO)2.H2O]2+ +2SBDTCA"

The conductivity data for U(VI) suggested that they behave essentially as non-electrolytes in DMSO.
Probably the charge-effects play an important role in stabilizing the metal-ligand bondings. For U6* ion
evidently the greater coulombic interaction between U6+ and SBDTCA precludes the dissociation of the
anionic SBDTCA ligand.

SBDTC exhibits bands at 3250 cm"1 and 3180 cm"1 which are attributed to the asymmetric and
symmetric stretching modes of the NH2 groups. These bands are shifted to lower frequencies upon
coordination ( Table 3 ). Band at 3300 cm"1 of the free SBDTC which arises from the secondary NH group,
disappears upon coordination, further supporting the above contention on coordination ( Fig la ). The IR
spectrum of SBDTC exhibits a strong band at 953 cm'1 which can be assigned to the v(C=S) of the free
ligand. This band disappears in the IR spectra of the metal complexes thus supporting the thiolate anion
coordination.The uranium complex displays bands at 896 cm"1 and 854 cm"1 assignable to (U=O) modes.
The splitting of the band presumably appears because of cis- orientation of U=O groups in the crystal lattice
as for a trans- structure, a single band would have been expected.

In complex 3, the band at 826 cm"1 is tentatively attributed to v(Zr=O) mode. This low value of
4+

anionic a-donor SBDTCA ligands causing weaker coulombic interaction between the Zr4+ and O2" ion.
Zr=O stretching frequency may be arising from the greater charge neutralization of Zr ion by the two
anionic a-donor SBDTCA

Antimicrobial Assay

Preliminary screening for anti-microbial activities of the stock solutions of the
ligand and metal complexes were performed qualitatively using the disc diffusion assay.
Anti-microb activities were measured from the diameter of clear inhibition zone caused
by samples.Three compounds, Fe(SBDTCA)3, Sb(SBDTCA)3 and Sb(SBDTCA)2Cl.H2O
were found to yield clear inhibition zones around the discs ( Table 4 ). The effectiveness
of the bacterial inhibition can be attributed to the typical structures of the bacterial cells.
Fe(SBDTCA)3 is sensitive to Bacillus cereus (gram positive bacteria) while
Sb(SBDTCA)3 showed activity against both Pseudomonas aeruginosa (gram negative
bacteria) and Bacillus cereus (gram positive bacteria). [Sb(SBDTCA)2Cl.H2O] shows
effectiveness against Pseudomonas aeruginosa (gram negetive bacteria) and Bacillus
cereus (gram positive bacteria). It yielded clear inhibition zones around the discs. Very
weak activity was found on Candida albicans fungi while none of the complexes showed
any activity against the Aspergillus ochraceous fungi. The MIC results are recorded in
Table 5. Results showed that [Sb(SBDTCA)2Cl.H2O] is the most effective against
Pseudomonas aeruginosa (gram negetive bacteria) and Bacillus cereus (gram positive
bacteria), and also against Candida albicans. The MIC values o/[Sb(SBDTCA)2Cl.H2O]
against Pseudomonas aeruginosa, Bacillus cereus and Candida albicans fungi were
found to be 331.25, 165.62 and 10500 fig/ml, respectively, indicating that the complexes
have potential against bacteria and fungi. Sb(SBDTCA)3 was the most effective against



Bacillus cereus with only 156.25 |ig/ml needed to show the results while the
corresponding transition metal analogue, Fe(SBDTCA)3i was not active at that
concentration range. Sb(SBDTCA)3 was found to be effective against Pseudomonas
aeruginosa and proved to be bacteriostatic. These seem to reflect that the above
compounds were more effective against bacteria rather than fungi. Similar results were
also observed with metal complexes of tin and aluminium of SBDTC9. We have also
observed that SBDTC with a minimum concentration of 1 mg/ml was found to be
effective against bacterias, Pseudomonas aeruginosa and Bacillus cereus, and also
against Saccharomyces lipolytica fungi9 . A concentration of 2.5-5.0 mg/ml of SBDTC
were also effective against Aspergillus ochraceous and Saccharomyces cereviceae9.

Conclusion

Although the synthesis of SBDTC was reported several years ago, very little is
about its biological activities. This research examined the biological activities of some of
its complexes. Several types of bacteria and fungi have been used: Pseudomonas
aeruginosa (gram negetive bacteria), Bacillus cereus (gram positive), Aspergillus
ochraceous ( fungi) and Candida albicans ( fungi). The study indicates that only the
Fe(III) and Sb(III) complexes were found to be effective anti- microb agents as evident
from the formation of clear and large inhibition zones. Fe(III) complexes were sensitive
to Bacillus cereus (gram positive bacteria) while Sb(ffl) showed activity against
Pseudomonas aeruginosa (gram negetive bacteria) and Bacillus cereus.
[Sb(SBDTCA)2Cl.H2O] was, however, less prominent against Candida albicans fungi.
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Table 1: Analytical data of the complexes

Compound

Cr(SBDTCA)3 ( 1 )

Fe(SBDTCA)., ( 2 )

Zr(O)(SBDTCA) :.H2O ( 3 )

Sb(SBDTCA)2Cl.H2O ( 4 )

Sb(SBDTCA)3 ( 5 )

Th(SBDTCA)(NO3),.H2O ( 6 )

U(O)2(SBDTCA)2 ( 7 )

%Carbon

Calc

44.55

44.20

37.6

33.5

40.23

16.5

28.6

Found

44.70

44.30

36.9

33.7

39.94

15.2

28.9

%Hydrogen

Calc

4.67

4.64

3.9

3.3

3.37

1.8

2.5

Found

4.10

4.10

3.8

3.5

3.50

1.7

2.7

% Nitrogen

Calc

12.99

12.92

10.6

9.5

11.74

5.6

8.1

Found

12.97

12.70

10.7

9.8

11.52

11.1

8.4



Table 2: Molar Conductance Data for the complexes

COMPOUND

Cr(SBDTCA)3

Fe(SBDTCA)3

Zr(O)(SBDTCA)2.H2O

Sb(SBDTCA)2Cl.H2O

Sb(SBDTCA)3

Th(SBDTCA)(NO3)3.H2O

U(O)2(SBDTCA)2

A M ^ ' c m ^ o r "

2

4

122

117

126

130

16



Table 3 : Infrared spectral data of the free ligand and its complexes
(band maxima, in cm )a

oo

Compound

SBDTC

Cr(SBDTCA)3

Fc(SBDTCA),

Zr(O)(SBDTCA)2.H2O

Sb(SBDTCA)2Cl.H,0

Sb(SBDTCA)3

Th(SBDTCA)(NO,)3.H2O

U(O)2(SBDTCA)2

v(OH)

-

3388br

3366br

3448br

v(NH)

3300m

-

-

-

v(NH2)

3250m
3185m

-

-

3200m,3
105 m

3200m,3
llOw

3205w,3
1 lOsh

3220vv,3
llOw

3210w,3
115w

v(C=N)

-

1628s

1602m

1624s

1612s

1638m

1630s

1618m

v(CN)
+
v(CS)

1232s
1194s

1248s
1070s

1236s
1069s
1249w
1070w

1510w
1398w

1043m
978m
1384w
1224m

1524m
1400m

v(C=S)

953vs

-

-

-

v(M=O)

M= metal

826vs

896vs
854vs

"Relative band intensities are denoted by v.s, s, in, w, sh and br, meaning very strong, strong, medium,
weak, shoulder and broab, respectively.



Table 4: Qualitative antimicrobial assay results

Compound)

Fe(SBDTCA).,

Sb(SBDTCA)3

Sb(SBDTCA)2Cl.H2O

Weight
(mg)

10.2

10.0

10.5

P.A.
(mm)

21.5

21.9

B.C.
(mm)

7.7

20.9

30.3

C.A.
(mm)

*

A.O.
(mm)

-

Note
P.A
B.C
C.A
A.O

Pseudomonas aeruginosa (gram negetive bacteria)
Bacillus cereus (gram positive bacteria)
Candida albicans (fungi)
Aspergillus ochraceous (fungi)
very weak
no activity



Table 5: Quantitative antimicrobial assay results

Compound

Fe(SBDTCA)3

Sb(SBDTCA).,

Sb(SBDTCA)2CI.H2O

P.A.

-

312.5s
a

331.25a

B.C.

625.00a

156.25a

165.62a

C.A.

-

-

10500a

Note :

P.A. Pseiidomonas aeruginosa (gram negative bacteria)

B.C. Bacillus cereus (gram positive bacteria)

C.A. Candidau albicans (fungi)

No activity

s Bacteriostatic

a Concentration in pg/ml

10


