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Summary. Several new complexes of Sb(III) and Bi(III) with thiosemicarbazones of furfuraldehyde, 
thiophene-2-carbaldehyde, indol-3-carbaldehyde and pyridine-2-carbaldehyde have been prepared 
and characterized by elemental analysis, conductivity, molecular weight determination and IR, 1H- 
and 13C-NMR spectral studies. The ligands form complexes of the type M X 3 L [ M  = Sb(III) or Bi(II1); 
X = chloride; L = ligand] which are found to be non-electrolytes in D M F .  Spectral data indicate that 
the thiosemicarbazones act as bidentate ligands through the azomethine nitrogen and sulphur. 
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Synthese und Strukturuntersuchungen an Komplexen von Sb(III) and Bi(II1) mit 
Thiosemicarbazonen 

Zusammenfassung. Es wurden einige neue Komplexe von Sb(III) und Bi(III) mit Tiosemicarbazonen 
von Furfural, Thiophen-2-carbaldehyd, Indol-3-carbaldehyd und Pyridin-2-carbaldehyd hergestellt 
und mittels Elementaranalyse, Leitf/ihigkeitsmessungen, Molekulargewichtsbestimmungen und IR-, 
1H- bzw. 13C-NMR-Spektroskopie charakterisiert. Die Komplexe sind vom Typ M X 3 L [ M  = Sb(III) 
oder Bi(II1); X= Chlorid; L = Ligand] und sind in D M F  Nichtelektrolyten. Die spektroskopischen 
Daten zeigen, dab die Thiosemicarbazone als zweiz/ihnige Liganden fiber den Azomethin-Stickstoff 
und Schwefel wirken. 

Introduction 

Thiosemicarbazones usually behave as chelating ligands towards transition and 
non-transition metal ions bonding through sulphur and nitrogen atoms, although 
in a few cases they act as unidentate ligands with sulphur as the binding atom. 
After Domagk ' s  et al. original report  I l l  on the antitubercular activity of  thio- 
semicarbazones, the number  of  papers on the pharmacology of  these compounds  
have increased steadily. Thiosemicarbazones have also been found to be active 
against influenza [2], pro tozoa  [3], small pox [4] and certain kinds of  tumour  [-5] 
and have been suggested as having pesticidal [6] and fungicidal [-7] properties. 
Their activity has frequently been thought  to be due to their ability to chelate trace 
metals. Prompted from this, a few non-transit ion metal complexes with these po- 
tential S and N donor  atoms containing ligands have been prepared and studied. 
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Experimental Part 

Chemicals and solvents used were dried and purified by standard methods. Moisture was excluded 
from the glass apparatus using CaC12 guard tubes. The ligands were prepared by reported methods 
[8, 9]. The complexes were analysed by the methods described in Refs. [10, 11]. The molecular 
weights of some representative complexes were determined by Rast's camphor method. IR spectra 
were recorded on a Perkin Elmer 577 grating spectrophotometer using KBr optics. PMR spectra were 
recorded on a Jeol Fx-90 spectrometer in DMSO-d6 at 89.55 MHz. 13C-NMR spectra were recorded 
in DMSO-d6 at 22.49 MHz. 

Synthesis of Sb(III) and Bi(III) Complexes 

The requisite amount of antimony trichloride and bismuthtrichloride were added to the calculated 
amount of ligand in equimolar ratio in dry methanol. The reaction started immediately as indicated 
by a colour change of the contents. To ensure completion of the reaction, the contents were stirred 
on a magnetic stirrer for 8 h. The excess of the solvent was decanted off and the solid derivatives so 
obtained were dried in vacuo. The compounds were then repeatedly washed with cyclohexane and 
again dried in vacuum. The purity was checked by TLC. The analytical data of the resulting products 
are compiled in Table 1. 

Results and Discussion 

The reactions of ant imony trichloride and bismuth trichloride with thiosemicar- 
bazones have been carried out in 1 : 1 molar ratio in methanol: 

l : l  
SbC13 + HN-S M e O H  ~ SbC13NH-S 

1:1 
BiC13 + HN-S M e O H  ~ BiC13NH-S 

The stoichiometry of  the resulting complexes have been confirmed by analytical 
data (Table 1). The compounds are coloured solids and insoluble in all common 
organic solvents except D M F  and D M S O .  The molar conductance values of  10- 3 M 
solutions of  the complexes ( 1 0 - 1 5  ohm-1  cm 2 mol-1)  in D M F  showed them to 
be non-electrolytes. The monomeric nature of these complexes was confirmed by 
their molecular weight measurements. 

In the IR spectra of  the ligands, N H  stretching vibrations were observed at 
3 300 - 2 800 cm-~ which are slightly shifted towards higher frequency; they 

are observed at ~ 3 360cm-1 in the spectra of  the complexes. Two sharp bands 
are observed at ~ 3 310 and 3 420 c m -  1 in the spectra of  the ligands due to symmetric 
and asymmetric modes of  the NH2 group; these bands remain unchanged in the 
complexes, indicating the non-involvement of  this group in the complexes. 

A strong absorption band at ~ 1 620 c m -  1 in the IR spectra of  the ligands has 
been attributed to the presence of  the azomethine (C = N) group. This band shifts 
towards the lower frequency side in the spectra of  the resulting compounds and 
thus indicates the coordination of  the azomethine nitrogen to the metal atom. 

Several new bands in the complexes at ~ 410, 350 and 300 cm-1 are due to 
v(Sb ~ N)  12, v(Sb ~ 8) 13 and v ( S b - C I )  14 respectively and in case of  the bismuth 
complexes new bands at ~428,  280 and 254cm -1 are due to v(Bi ~ N) 15, v(Bi 
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Table2. 1H-NMR spectral data (8, ppm) of thiosemicarbazones of furfural and pyridine-2-carbal- 
dehyde and their Sb(III) and Bi(III) complexes (8/ppm) 

Ligands and Compounds Aromatic -NH Azomethine -NH2 

C4H3OCH:N.NHC.S.NH2 
SbC13(C4H3OCH:N.NH.C.S.NH2) 
BiC13(C4H3OCH:N.NH.C.S.NH2) 
CsH4NCH:N.NH.C.S.NH2 
SbC13(CsH4NCH:N.NH.C.S,NH2) 
BiC13(CsH4NCH:N.NH.C.S.NH2) 

7 .68-  6.60 m 11.40 s(b) 8.00 s 2.40 s(b) 
8.08 - 6.68 m 11.68 s(b) 8.48 s 2.80 s(b) 
8.00-  6.96 m 11.84 s 8.56 s 2.88 s(b) 
8.48 - 7.52 m 11.76 s(b) 8.64 s 2.94 s(b) 
8.64-  7.76m 12.00 s(b) 8.96s 2.96 s(b) 
8 .32-  7.68 m 12.00 s(b) 8.84 s 2.80 s(b) 

~-- S)  16 and v(Bi-C1) 17 respectively; these bands are absent in the spectra of the 
ligands which supports the proposed coordination in these complexes. 

The participation of both N and S atoms of the ligands in bonding is further 
supported by 1H- and 13C-NMR spectral studies. 

1H and 13C-NMR 

The ~H-NMR spectral data of the ligands and their antimony and bismuth com- 
plexes are given in Table 2. 

A sharp singlet is observed for -NH at 8= 11.40 and l l.76ppm. This signal 
shifts downfield in the adducts indicating the involvement of sulphur in bonding 
with Sb and Bi. The signals at 8.00 and 8.64 ppm are observed in the ligands due 
to the proton attached to the > C = N group. The signals shift downfield in the 

3 
~ / ~  • 7 / N H 2  

2 (C~'~" ? . N H _ _ C .  / 

N/ Us 
H/ "- , , , . . . . .~  M ~ M = S b  or Bi 

/ ! \  
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spectra of adducts in comparison to their original position in the ligands indicating 
the coordination of azomethine nitrogen to the metal atom. 

The involvement of thiolic sulphur and azomethine nitrogen in complexation 
is further confirmed by the 13C NMR spectral data. 

Table 3. 13C-NMR spectral data of pyridine-2-aldehyde thiosemicarbazone and its Sb complex (chem- 
ical shift in ppm, for the numbering see the formula of the complex) 

C-No. 1 2 3 4 5 6 7 

Ligand 142.12 123.36 119,46 135.70 148.40 152.2 176.99 
Complex 139.30 123.80 120.65 137.90 146.87 146.77 167.54 



Complexes of Sb(III) and Bi(III) 319 

The 13C-NMR spectral da ta  o f  C s H 4 N C H : N N H C : S N H 2  and  
SbC13(CsH4NCH:NNHC:SNH;)  are summar ized  in Table3.  The chemical  shifts 
o f  the carbon  a toms a t tached  to azomethine  ni t rogen and  thiolic sulphur  clearly 
show the involvement  o f  these a toms in the complexat ion.  

On the basis o f  spectral evidences the fol lowing tentat ive structures m a y  be 
proposed:  

Acknowledgement 

One of the authors (Mrs. Kiran Singh) is highly thankful to U.G.C., New Delhi, for awarding 
Research Associateship. 

References 

[1] Domagk G., Behnisch R., Mietzsch F., Schmidst H. (1946) Naturwissenschaften 33:315 
[2] Orlova N. N., Aksenova V. A., Selidovkin D. A., Bogdanova N. S., Pershin G. N. (1968) Russ. 

Farm. Toxic. 348 
[3] Butler K. (1968) U.S. Patent, 3245, 382 
[4] Bauer D. J., Vincent L. St., Kempe C. H., Downe A. W. (1963) Lancet II: 494 
[5] Petering H. G., Buskirik H. H., Underwood G. E. (1964) Cancer Res. 64:367 
[6] Johnson C. W., Joyner J. W., Perry R. P. (1952) Antikiot. Chemother. 2:636 
[7] Benns B. G., Gingras B. A., Bayley C. H. (1961) Appl. Microbiol. 8:353 
[8] Akber All M., Livingstone S. E., Phillips D. J. (1973) Inorg. Chim. Acta 7:179 
[9-] Akber Ali M., Livingstone S. E., Phillips D. J. (1973) Inorg. Chim. Acta 7:531 

[10] Singh K., Singh R. V., Tandon J. P. (1988) Polyhedron 7:151 
[l l]  Singh K., Singh R. V., Tandon J. P. (1987) Synth. React. Inorg. Met.-Org. Chem. 17:385 
[12] God R. G., Ridley D. R. (1971) Inorg. Nucl. Chem. Letts. 7:21 
[13] Otera J., Okawara R. (1968) J. Organometal Chem. 11:299 
[14] Giusti A., Peyrone G., Giliberti E. (1982) Polyhedron 1:655 
[15] Alonzo G., Consiglio M., Bertazzi N., Preti C. (1985) Inorg. Chim. Acta 105:51 
[16] Cosassas E., Visa T. (1986) Polyhedron 5:1513 
[17] Allman T., Goel R. G., Prashad H. S. (1978) . Organometal. Chem. 166:369 

Received June 11, 1991. Accepted June 24, 1991 


