
INTRODUCTION

Thiosemicarbazone metal chelates have broad applications

in biological and industrial fields1-4. Thiosemicarbazone and

their metal chelates find important applications in the fields

like pharmacology as well as medicine5-6. It is observed that

biological activity of ligand increases on complexation with

different metal ions. Metal complexes of ligands containing

both oximes and thiosemicarbazones are pharmacophores

much less investigated. In view of this the synthesis, characte-

rization, antibacterial and antifungal studies of Fe(II), Co(II),

Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) complexes of biacetyl-

monoxime thiosemicarbazone (BAMOT) and 4-methyl

biacetylmonoxime thiosemicarbazone (MBAMOT) are reported.

EXPERIMENTAL

All chemicals and solvents used were of A.R. grade. The

elemental analysis were performed at HCU, Hyderabad by

using micro analytical techniques. Metals are estimated by

using AAS model Z-6100 (Hitachi Ltd.,). Chlorine is estimated

by using standard procedure7. The IR spectra were recorded

in the range 4000 - 200 cm-1 using KBr discs with Perkin-

Elmer model 1430 and 337. The electrical conductivity

measurements were made in DMF (10-3 M) at room temperature

(27 ± 2 ºC) using a Digisun digital conductivity meter (DI-

909 model). The NMR spectra were recorded in DMSO-d6 on
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NMR spectrophotometer model JEOL Ex-90 FT using TMS

as the reference. The mass spectra of the ligand and metal

chelates were recorded using VG autospec. Mass spectrometer

operating under liquid secondary ion mass spectral (LSIMS)

conditions. In a 100 mL round-bottomed flask, the correspon-

ding ligand8 (50 mmol) was taken in methanol (50 mL) and to

each of this was added thiosemicarbazide (4.55 g, 50 mmol)

in a mixture of 50 mL water and 10 mL glacial acetic acid.

The reaction mixture was boiled under reflux for 2 - 4 h. The

reaction mixture was cooled and the compound obtained was

recrystallized from methanol. Pure white needles of BAMOT

and MBAMOT was obtained. Metal complexes were prepared

by mixing hot aqueous solution of hydrated metal salts and

ligand in the molar ratio of 1: 1 (metal being in slight excess).

To the boiling solution of ligand (10 mmol) in methanol (100

mL) was added to hydrated metal salts (10 mmol) dissolved

in minimum quantity of water and heated under refluxed for

1-2 h in the neutral conditions. Crystalline complexes which

seperated out were collected by filtration washed with hot

water, small quantity of methanol and hexane dried in vaccuo.

RESULTS AND DISCUSSION

 All the metal complexes are stable at room temperature

non-hygroscopic, sparingly soluble in methanol or ethanol and

fairly soluble in DMF and DMSO. The analytical data for both

thiosemicarbazones and their metal chelates are consistent with



CH
3

CH
3

N

N
H

S

NH - R

N

OH

R = H (BAMOT) or CH3 (MBAMOT)

their proposed molecular formulae. The molar conductivity

data (Table-1) of Fe, Co, Ni, Cu, Zn, Cd and Hg complexes of

BAMOT and MBAMOT indicates that all the metal complexes

are electrolytes9 and are monomers. The presence of chloride is

evident only after the chemical decomposition of metal complexes

suggesting the presence of chloride in the complex. The mag-

netic moment values indicate the paramagnetic nature for Fe,

Co, Ni, Cu complexes. The magnetic moment values are observed

as zero for Zn, Cd and Hg complexes and thus show the diamag-

netic nature of these complexes.

The magnetic moment value of [Fe(BAMOT)(H2O)2]2SO4

and [Fe(MBAMOT)(H2O)2]2SO4 is observed as 4.8 and 4.9.

BM, which is in good agreement with the reported value of

high spin octahedral Fe(II) complexes10. The magnetic moment

value is obtained for [Co(BAMOT)(H2O)2]2Cl2 is 4.88 and for

[Co(MBAMOT)(H2O)2]2Cl2 is 5.0. In the present study, the µeff

value of these complexes indicates the paramagnetic in nature

such an observation confirms the Co(II) in high spin octahedral

environment. The actual µeff value for octahedral complexes

depends upon the extent of orbital angular momentum contri-

bution associated with the 4T1g ground state and the values

usually lie in the range 4.7-5.2 BM11. Generally octahedral

complexes show magnetic moment value in the range 2.9-3.4

BM depending on the magnitude of orbital contribution. In

the present study the µeff values of Ni(BAMOT)]2Cl2 and

Ni(MBAMOT)]2Cl2 are found to be in good agreement with

the reported values of tetrahedral geometry12. The magnetic

moment values of Cu(BAMOT)]2Cl2 and Cu(MBAMOT)]2Cl2

are in good agreement with the reported value of tetrahedrol

geometry13. The magnetic moment values of BAMOT and

MBAMOT complexes of iron, cobalt are in good agreement

with octahedral geometry and Ni, Cu are with tetrahedral

geometry.

IR spectra: The ligand IR bands around at 3400 and 3290

cm-1 are assigned to the asymmetric and symmetric stretching

of free NH2 group. These bands remained unaltered in the

spectra of the complexes, which indicate non-partici-pation

of NH2 in coordination14. A strong band appearing at 1175

and 1134 cm-1 in the spectra of BAMOT and MBAMOT is

shifted to lower frequency indicating the involvement of thio-

keto sulphur in coordination. A strong band observed at 3420

and 3410 cm-1 in the IR spectra of BAMOT and MBAMOT

disappeared in the spectra of all complexes suggesting

deprotonation of oxime OH in the complex formation. The

>C=N (imine band) is observed at 1600 and 1615 cm-1 in the

TABLE-1 
PHYSICAL AND ANALYTICAL DATA OF THE LIGANDS (BAMOT, MBAMOT) AND THEIR METAL CHELATES 

Element analysis (%): Found (calcd.) Ligand/complex  

(yield (%)/colour) 
m.p. (ºC) m.w. Magnetic momentum 

(B.M.) 
Conductance  

(mhos cm2 mol-1) C H N M Cl 
BAMOT  

(90/Yellowish white) 

165 174.0 – – 34.96 
(35.00) 

4.86 
(5.10) 

31.80 
(32.20) 

– – 

[Fe(BAMOT)(H2O)2]2SO4 
(70/Reddish) 

235-237 625.7 4.8 35.0 19.10 
(19.16) 

4.12 
(4.15) 

17.80 
(17.89) 

17.78 
(17.80) 

– 

[Co(BAMOT)(H2O)2]2Cl2  
(65/Reddish) 

232-235 607.0 4.88 45.0 19.73 
(19.76) 

4.25 
(4.28) 

18.36 
(18.40) 

19.37 
(19.41) 

11.60 
(11.60) 

[Ni(BAMOT)]2 Cl2  
(60/Light green) 

220-222 534.4 3.5 25.0 22.45 
(22.50) 

3.38 
(3.41) 

20.89 
(20.91) 

21.88 
(21.92) 

12.97 
(13.21) 

[Cu(BAMOT)]2Cl2  
(85/Green) 

189-191 544.0 2.0 48.0 22.00 
(22.05) 

3.20 
(3.30) 

20.50 
(20.58) 

23.25 
(23.35) 

12.90 
(13.05) 

[Zn(BAMOT)]2Cl2  
(75/Light yellow) 

240-242 547.8 – 20.0 21.87 
(21.92) 

3.27 
(3.31) 

20.39 
(20.45) 

23.81 
(23.84) 

13.12 
(13.0) 

 [Cd(BAMOT)]2Cl2  
(80/Yellow) 

250-252 641.8 – 25.0 18.69 
(18.72) 

2.90 
(2.87) 

17.48 
(17.51) 

35.25 
(35.32) 

11.91 
(11.10) 

[Hg(BAMOT)]2Cl2  
(85/Dark yellow) 

264-268 818.2 – 33.0 14.68 
(14.71) 

2.19 
(2.23) 

30.68 
(30.73) 

49.07 
(49.13) 

8.69 
(8.71) 

 MBAMOT  

(75/Light yellow) 

172 188.0 – – 38.18 
(38.20) 

6.38 
(6.43) 

29.80 
(29.82) 

– – 

[Fe(MBAMOT)(H2O)2]2SO4 
(65/Reddish) 

239-241 653.7 4.9 28.0 21.90 
(22.00) 

4.53 
(4.58) 

17.06 
(17.10) 

17.05 
(17.10) 

– 

[Co(MBAMOT)(H2O)2] 2Cl2 
(62/Reddish) 

236-238 634.8 5.0 45.0 22.58 
(22.60) 

4.69 
(4.70) 

17.48 
(17.50) 

18.45 
(18.50) 

11.18 
(11.20) 

 [Ni(MBAMOT)]2Cl2  
(60/Light green) 

224-226 562.4 3.7 24.0 25.58 
(25.60) 

3.87 
(3.90) 

19.86 
(19.90) 

20.85 
(20.90) 

12.56 
(12.60) 

 [Cu(MBAMOT)]2Cl2  

(80/Light green) 

193-195 572.1 2.1 50.0 25.09 
(25.10) 

3.77 
(3.80) 

19.58 
(19.60) 

22.18 
(22.2) 

12.35 
(12.40) 

 [Zn(MBAMOT)]2Cl2  

(70/Light yellow) 

244-246 575.8 – 24.0 24.97 
(25.00) 

3.77 
(3.80) 

19.38 
(19.40) 

22.67 
(22.70) 

12.18 
(12.30) 

 [Cd(MBAMOT)]2Cl2  

(75/Yellow)  

254-256 670.0 – 30.0 21.46 
(21.50) 

3.17 
(3.30) 

16.68 
(16.70) 

33.46 
(33.50) 

10.58 
(10.60) 

 [Hg(MBAMOT)]2Cl2  

(80/Dark yellow) 

268-270 846.0 – 32.0 16.95 

(17.00) 

2.46 

(2.50) 

13.17 

(13.20) 

47.36 

(47.40) 

8.34 

(8.40) 
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IR spectra of BAMOT and MBAMOT respectively. These

peaks are shifted by 10-20 cm-1 in the metal chelates indicating

coordination through azomethine nitrogen15. The appearance

of strong and broad bands at 3500-3400 cm-1 region suggest

the presence of coordinated water molecules for Fe(II) and

Co(II). The bands at 830-800 cm-1 region are assigned to wagging

modes of water molecules in Fe(II) and Co(II) complexes.

Additional bands are observed in far IR spectra of metal comp-

lexes at 500-485 cm-1 and 360-340 cm-1 regions due to ν(M-N)

and ν(M-S) modes respectively and these absorptions support

the coordination4,8 of azomethine nitrogen and thio enol sulfur.

NMR spectra: The study of the NMR spectrum of Cu,

Zn, Cd and Hg metal chelates illustrates the presence of methyl

protons ligand moiety, NH2 protons of thiosemicarbazide

moiety, N-H imino protons and C-methyl protons. The NMR

spectrum of ligand shows different signals at δ 10.45 (imino

protons), δ 7.53 ppm (NH2 protons) of thiosemicarabazide

moiety8 and a singlet at δ 2.48 ppm corresponds to C-methyl.

These signals are not changed in the nmr spectra of the metal

complexes. The nmr spectrum of metal chelates confirms the

non participation of NH2 group and imino NH group in the

coordination with metal ions.

Mass spectra: The mass spectrum of ligand and metal

complexes is recorded under liquid secondary ion mass spectral

conditions16-18. The ligands BAMOT and MBAMOT are gave

the peaks at m/z 166 and 173 Da1 and these values confirms

the molecular weight of the ligands.

The LSIM spectrum of the Fe complex of BAMOT ligand

showed abundant ions at m/z 175 and 626 are corresponding

to ligand and metal chelate i.e., [(ligand – H)]+ and [(2 ligand

+ 2Fe – 2H )]+ respectively. This ion is resulted from the

complex by the decomposition process to get a species with

one charge because mono positive ion only detected under

the mass spectral conditions. The ion at 627 having more abun-

dance than other peaks which supports [ML]2X2 composition.

The LSIM spectrum of the Fe complex of MBAMOT ligand

showed abundant ions at m/z 189 and 655 along with the

characteristic isotopic clusters of iron atom. The peak corres-

ponding to the complex at m/z 189 is due to ligand and 655 is

due to metal chelate i.e., [(2 ligand + 2Fe – 2H) ]+ ion. The

ion at 655 having more abundance than other peaks, which

supports [ML]2X2 composition. The LSIM spectrum of the

Co complex of BAMOT ligand showed abundant ions at m/z

175 and 608 are corresponding to ligand and metal chelate

i.e., [( ligand – H )]+ and [(2 ligand + 2Co – 2H)]+ ions respec-

tively. The ion at 608 having more abundance than other peaks

which supports [ML]2X2 composition. The LSIM spectrum of

the Co complex of MBAMOT ligand showed abundant ions

at m/z 189 and 636. The peak corresponding to the complex

at m/z 189 is due to ligand and 636 is due to metal chelate i.e.,

[(2 ligand + 2Co – 2H)]+ ion. The ion at 636 having more

abundance than other peaks which supports [ML]2X2 compo-

sition. In the LSIM spectrum of the nickel complex of BAMOT

ligand showed abundant ions at m/z 175 and 536 corresponding

to [(L – H)]+ and [(2L + 2Ni – 2H)]+ ion. The LSIM spectrum

of the Ni complex of MBAMOT ligand showed abundant ions

at m/z 189 and 564 corresponding to [(L – H)]+ and [(2L +

2Ni – 2H)]+ ion. The ion at 564 having more abundance than

other peaks which supports [ML]2X2 composition. In the LSIM

spectrum of the copper, zinc, cadmium and mercury complexes

of BAMOT ligand showed abundant ions at m/z 175 and 545,

549, 643, 819 corresponding to [(L – H)]+ and [(2L + 2M –

2H)]+ ions. The LSIM spectrum of the copper, zinc, cadmium

and mercurry complexes of MBAMOT ligand showed

abundant ions at m/z 189 and 573, 577, 671, 847 corresponding

to [(L – H)]+ and [(2L + 2M – 2H)]+ ions. The ions supports

[ML]2X2 composition. On the basis of physicochemical and

spectral data the metal chelates plausible structure I may be

given as follows. Octahedral geometry is suggested for Fe(II)

and Co(II) complexes. For other metal ions tetrahedral geom-

etry is proposed.
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where, X = water molecule present in Fe(II), Co(II) complexes;

M = Fe(II), Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II); Y

= ½SO4 in Fe(II); chloride ion in Co(II), Ni(II), Cu(II), Zn(II),

Cd(II) and Hg(II) complexes.

Biological activity: The ligands BAMOT, MBAMOT and

their metal complexes were screened for their antifungal and

antibacterial activity19 against some of the pathogenic fungi

and bacteria viz. Bacillus subtillis, E. schochia and Aspergillus

niger. The results of investigation have been presented in Table-2

and observed that the metal complexes showed more biolo-

gical activity than the corresponding ligands.

TABLE-2 
ANTIBACTERIAL AND ANTIFUNGAL ACTIVITIES OF LIGANDS 

(BAMOT, MBAMOT) AND THEIR METAL CHELATES 

Zone of inhibition (mm) 

Compound B. subtillus  
(Gr. +ve) 

E. coli 

(Gr.-ve) 

A. niger 

BAMOT 100 90 80 

[Fe(BAMOT)(H2O)2]2SO4 70 0 0 

[Co(BAMOT)(H2O)2]2Cl2 190 150 120 

[Ni(BAMOT)]2Cl2 100 90 80 

[Cu(BAMOT)]2Cl2 190 150 120 

[Zn(BAMOT)]2Cl2 170 160 160 

[Cd(BAMOT)]2Cl2  180 150 154 

[Hg(BAMOT)]2Cl2  200 185 162 

MBAMOT  100 80 85 

[Fe(MBAMOT)(H2O)2]2SO4  90 75 80 

[Co(BAMOT)(H2O)2]2Cl2 110 85 75 

[Ni(MBAMOT)]2Cl2 100 100 90 

[Cu(MBAMOT)]2Cl2  150 130 130 

[Zn(MBAMOT)]2Cl2  140 120 120 

[Cd(MBAMOT)]2Cl2  150 120 130 

[Hg(MBAMOT)]2Cl2  190 130 130 
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In summary, the ligands biacetyl-monoxime thiosemi-

carbazone (BAMOT), 4-methyl biacetylmonoxime thiosemi-

carbazone (MBAMOT) and their d-block complexes were

synthesized. All the metal(II) complexes plausible structures

are supported by LSI mass spectral data along with physico-

chemical and IR, NMR spectral data. The ligands and their

complexes were screened for their antifungal and antibacterial

activity against some of the pathogenic fungi and bacteria and

observed that the metal complexes are showed more biological

activity than ligands. The authors have developed a simple,

convenient and effective method for the synthesis of complexes.

ACKNOWLEDGEMENTS

The authors thank Dr. M. Vairamani and Dr. S. Prabakar,

Mass Spectrometry Centre, Indian Institute of Chemical Techno-

logy, Hyderabad, India for conducting the mass spectral analysis.

REFERENCES

1. A.A. Spasov, I.N. Yozhitsa and L.I. Bugavea, J. Pharm. Chem., 33  232

(1999).

2. H. Kucukbay, R. Durmaz and E. Orhan, IL Farmaco, 58, 431 (2003).

3. J.S. Casas, M.S. Garcia-Tasende and J. Sordo, Coord. Chem. Rev., 213,

331 (2001).

4. M.E. Hossain, M.N. Alam, M.A. Ali, M. Nazimuddin, F.E. Smith and

R.C. Hynes, Polyhedron, 15, 973 (1996).

5. H. Beraldo, Quimica Nova, 27, 461 (2004).

6. H. Beraldo and D. Gambino, Mini Rev. Med. Chem., 4, 31 (2004).

7. Vogel’s Text Book of Quantitative Chemical Analysis, ELBS, London,

edn. 5, p. 349.

8. K.H. Reddy, M.S. Babu, P.S. Babu and S. Dayanand, Indian J. Chem.,

43A, 1233 (2004); K. Syamasundar and M. Adharvanachari, J. Indian

Chem. Soc., 78, 32 (2001).

9. W.J. Geary, Coord. Chem. Rev., 7, 81 (1971).

10. G.L. Chowdary, S.R. Prasad and Rahman, J. Indian Chem. Soc., 74,

683 (1997).

11. S. Yamada, Coord. Chem. Rev., 1, 415 (1966).

12. B.N. Figgis, Introduction to Ligand Fields, Interscience, New York, p.

220 (1966).

13. D.W. West, A.E. Liberta, S.B. Padhye, R.C. Chikate, P.B. Sonawane,

A.S. Kumbhar and R.G. Yerande Coord. Chem. Rev., 123,  49 (1993).

14. R.A. Haines and K.W. Sun, Can. J. Chem., 46, 3241 (1968); G.R. Burns,

Inorg. Chem., 7, 277 (1968).

15. M.C. Rodriguez-Argüelles, E.C. Lopez-Silva, J. Sanmartin, A. Bacchi,

C. Pelizzi and F. Zani, Inorg. Chim. Acta, 357, 2543 (2004).

16. M. Barber, R.S. Bordoli, G.J. Elliot, R.D. Sedgwick and A.N. Tyier, Anal.

Chem., 54, 645A (1982).

17. S. Prabhakar and M. Vairamani, Mass Spectrom. Rev., 16, 259 (1997).

18. W. Aberth, K.M. Straub and A.L. Burlingame, Anal. Chem., 54, 2029

(1992); J.R. Chapman, Practical Organic Mass Spectrometry, Wiley,

edn. 2, p. 136 (1994).

19. F. Kavanagh, Analytical Microbiology, p. 403 (1963); K.L. Burdon,

Introduction to Microbiology, McMillan Company, New York, p. 102

(1968).

14  Chari et al. Asian J. Chem.


