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Abstract 

A series of metal complexes of  Bis(Cyclopentadienyl)Titanium(IV) Derivatives 

WithAcenaphthenequinone Thiosemicarbazones are prepared and characterized 

on the basis of elemental analyses, electrical conductance, magnetic moment & 

spectral data (Electronic spectra , Infrared spectra, Proton Magnetic, Resonance 

spectra, 13CNMR spectra). The antibacterial activity of 

Bis(Cyclopentadienyl)Titanium(IV) Derivatives WithAcenaphthenequinone 

Thiosemicarbazones screening against gram positive Bacillus subtilis and gram 

negative Escherichia coli. 

 

Introduction 

Thiosemicarbazones (R'R²C²=N³-N2(H)-C1(=S)N1R³R4) constitute 

animportant class of N, S-donor ligands1, and their coordination chemistry 

wasinitially explored during the early sixties2 The synthesis of thiosemicarbazones 

involves condensation of a ketone, or an aldehyde with athiosemicarbazide under 

ambient conditions 3-5 Akbar Ali and Livingstonein 1974 first reviewed the 

chemistry of thiosemicarbazones along with other N,S-donor ligands, followed by a 

review by Campbell6 in 1975. The subsequentdevelopments in metal-

thiosemicarbazone chemistry were reviewed by Padhyeand Kauffman 7 in 1985, 

West et al. in 1991-19938, 9 and Cases et al in1999-2000. These reviews have 

described several aspects ofthiosemicarbazones such as synthesis of metal 

complexes, spectroscopicproperties, crystal structures, and biological 

applications10,11 
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Thiosemicarbazone ligands exist as thione-thiol tautomers and can bind to 

the metal center in the neutral  or the anionicforms. A number of bonding modes 

have been observed  forthe thiosemicarbazones in their neutral or anionic forms. 

Acenaphthenequinone thiosemicarbazones show peculiar 

biologicalproperties as a free ligand differently from other 

thiosemicarbazones.Rodriguez-Arguelles et al. reported12 the synthesis and 

spectroscopic (NMR,IR) characterization of ligand and its complexes obtained by 

reaction of thesethiosemicarbazones with chlorides and acetates of Fe(II), Ni(II), 

Cu(II) and Zn(II) They described the crystal structures of the ligands and studied 

biologicalproperty of the free ligands and its complexes and compared with respect 

to 

their activity on erythroid differentiation, cell proliferation and retrovirus releaseon 

Friend erythroleukemia cells (FLC). 

This paper describe the synthesis and characterization of 

Bis(Cyclopentadienyl)Titanium(IV) Derivatives with new ligands drived from 

Acenaphthenequinone Thiosemicarbazones of 2-chloroaniline/4-chloroaniline / o-

toludine/P- toludine and simple thiosemicarbazide.  

 

 

 

Structure of ligands – 
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Preparation of complexes 

A systematic study of the reaction of 

bis(cyclopentadienyl)titanium(IV)dichloride with acenaphthenequinone 

thiosemicarbazones (molar ratio 1:1) inanhydrous tetrahydrofuran in the presence 

of triethylamine may be representedby the following equation: 

 

 

Complexes are soluble in dimethylformamide, 

dimethylsulphoxide,nitrobenzene and tetrahydrofuran. The molar conductance of 

the complexes inDMF is in the range observed for non-electrolytes in this solvent. 

Magneticsusceptibility measurements show that the complexes are diamagnetic. 

Electronic Spectra 

The electronic spectra of the complexes show a broad band in the22500-

23600 cm-1 region which can be assigned to charge transfer, a result inaccord with 

their (n-1)d°nso electronic configuration. The ligands show bands at35000 cm-1 and 

28000 cm-1, which are assigned to nπ * transitionsassociated with imine and 

thioamide functions of the thiosemicarbazonesmoieties, respectively. These bands 

shift slightly to higher frequencies in theirrespective complexes. 
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Infrared Spectra 

Theinfrared spectral bands of the acenaphthenequinonethiosemicarbazones 

and their corresponding titanium (IV) complexes are carried out. 

Absorption bands occurring at ca. 3000 cm-1 for v(C-H), ca. 1420 cm-1 for v(C-C) 

and ca. 1020 cm-1 for v(C-H) in all the complexes are assigned to 

thecyclopentadienyl group and indicate that these groups are π-bonded to 

themetal. 

These ligands can exist either as a thione or the thiol tautomeric forms oras 

an equilibrium mixture of both forms, since they have a thioamide,      -NH-(C=S) 

function. The infrared spectra in the solid state do not show any v (S-H)band but 

exhibit a medium v(N-H) band at ca. 3150 cm-1, Indicating that in thesolid state, 

they remain mainly in the in the thione form However, insolution they readily 

convert to the thiol tautomeric form [v (S-H) at -2480-2520 cm-1] with the 

concomitant formation of titanium(IV) complexes of theprotonated mercapto form 

of the ligands. The infrared spectra of the complexesalso show a new band at ca. 

610 cm-1 owing to conversion of C=S to C-S- Thenew band in the complexes at ca. 

380-390 cm-1 is assigned to v(Ti-S) andshows that sulphur is bonded to titanium 

atom. The band appearing at ca. 3160cm-1, v(N(3) -H), in the ligand remain almost 

at the same position in the complexes. The ligands show a strong band at ca. 

1670 cm-1 assignable to v(C=O) which remains almost at the same position in the 

complexes indicatingthe non-involvement of keto group in bond formation with 

titanium.  

The v(C=N) shift of thiosemicarbazones from 1570-1500 cm-1 to 

lowernitrogens N (1) However, the loss of N (2) H's from the 

thiosemicarbazonesenergy in the spectra of the complexes indicates coordination 

of the iminemoiety, by thione-thiol tautomerism produces additional carbon 

nitrogen doublebands, N(2)=C(S) which is Indicated by the appearance of a band 

at ca. 1600cm-1 in the complexes. Bands at caπ∂∂. 460 cm-1 are assigned to v(Ti-

N) andsupport coordination of imine nitrogens. The v(Ti-Cl) bands have 

beenassigned in the 330-320 cm-1 region. 
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Proton Magnetic Resonance Spectra 

The proton magnetic resonance spectra of the complexes have been recorded 

in deuterated dimethylsulphoxide. A comparison of theligands with the complexes 

leads to the following conclusions: 

1. The 6.55-6.80 signal may be assigned to the cyclopentadienyl ringprotons and 

indicate the rapid rotation of the ring about the metal ring axis. 

2.  The free ligands show a signal at 12.5, assigned to the N(2)-H protonThis 

signal disappears in the complexes which is indicative of thedeprotonation. 

Another signal at ca. 10.55 appears, which may beassigned to the N(3)-H 

proton. This remains almost at the same position inthe complexes. 

3.  The aromatic protons (8.10-7.85 ppm range) practically unaffected 

bycomplexation. 

 

13C NMR Spectra 

The 13C magnetic resonance spectra of the ligands and thecorresponding 

complexes were recorded in DMSO. Thecompound show cyclopentadienyl 

peak at ca. 117.8 (relative to TMS). Thenon-coordination of ketonic group in the 

complex shows the position of thepeak assigned at the lower field to this group, 

188.3 ppm in the free ligandand 188.0 ppm in the complex. The C2 signal at 

138 1 ppm is deshieldedwith respect to the free ligand (139.3 ppm), in 

agreement with theparticipation of N(1) in the coordination. The signals of the 

ring carbons between 137.5 and 118.5 ppm in the ligand suffer only small 

changes in thecomplex. A considerable shifts takes place in the position of 

C=N, ca. 150ppm (in ligands) indicating coordination through azomethine 

nitrogen. 

On the basis of elemental analysis, electrical conductance and spectraldata, 

the following structure for the [(C5H5)2TiCI (L)] complexes are proposed  
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ANTIBACTERIAL ACTIVITY 

Transition metals and their complexes have evolved great interest due 

totheir biological potential, unusual structural aspects, unique stereo andmagneto 

chemistry. Azomethines constitute one of the most important classesof biologically 

active ligands providing potential binding sites through nitrogenand sulphur/oxygen 

donor atoms. The case of formation of a variety of metalcomplexes from these 

ligands like thiosemicarbazones, semicarbazones,dithiocarbazates and 

benzothiazolines speak for their spectacular progress inbioinorganic chemistry. 

The different modes of bonding produce appreciablechanges in biochemical 

properties of metal and are of tremendous interest dueto the current focus in the 

study of sulphur nitrogen donor ligands and theircomplexes 13-20Azomethines and 

their derivatives are known to exhibit a widerange of pharmacological properties 

such as anticancerous 21 andantibacterial 22-23 

The antibacterial activity was focused against two bacteria, viz, Gram-

positive Bacillus subtilis and Gram-negative Escherichia coli. 
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Bacillus subtilis 

Bacillus subtilis, known as the Hay bacillus or Grass bacillus, is a Gram-

positive, catalase-positive bacterium commonly found in soil. A member of the 

genus Bacillus, B. subtilis is rod shaped and has the ability to form a 

tough,protective endospore, allowing the organism to tolerate extreme 

environmentalconditions. It is not considered a human pathogen; it may 

contaminate food rarely causes food poisoning B. subtilis produces the proteolytic 

enzymesubtilism B subtilis spores can survive the extreme heating that is often 

use tocook food, and it is responsible for causing Ropiness- a sticky, 

stringyconsistency caused by bacterial production of long chain polysaccharides 

Escherichia coli 

Escherichia coli, commonly known as E.coli is a Gram-negativebacterium 

that is commonly found in the lower intestine of warm-bloodedorganisms 

(endotherms). Serotype 0157:H7, strain of E.coll causes seriousfood poisoning in 

humans, and are occasionally responsible for costly productIt is a facultative 

anaerobic and non-sporulating, cells are typicallyrod shaped and are about 2 μm 

long and 0.5 μm in diameter, with a cell volumeof 0.6-0.7 μm. Virulent strains of 

E.coli can cause gastroenteritis, urinarytract infections and neonatal meningitis. In 

rare cases, virulent strains are alsoresponsible for hemolytic-uremic syndrome 

(HUS). peritonitis, mastitis,septicemia and Gram-negative pneumonia. 

The antibacterial activity was evaluated by the paper -disc platemethod The 

nutrient agar medium (peptone, NaCl and agar agar) and 5mmdiameter paper 

discs of Whatmann No. 1 were used. The compounds weredissolved in a suitable 

solvent at 1000 ppm concentrations. The filter paperdiscs were soaked in different 

solution of the compounds, dried and thenplaced in the petriplates previously 

seeded with the test organism (Gram-positive Bacillus subtilis and Gram-negative 

Escherichia coli. The plates wereincubated for 24h at 30±1°C and the inhibition 

around each disc was measuredin mm. 

The results show that activity increases on chelation.The activity of the 

ligands is affected by the nature of substituent relation to the lipophilicity of the 

http://www.ijrti.org/


©2024IJRTI|Volume 9,Issue 12 December 2024 |ISSN:2456-3315 

IJRTI2412058 InternationalJournalforResearchTrendsandInnovation(www.ijrti.org) a545 
 

ligands and their membrane permeability, akey factor in determining their entry 

inside the cell. 

The results lead to following conclusions. 

a) The complexes are slightly more toxic than the parent ligands  

b) The presence of chloro group at the phenyl ring of the ligandsincreases the 

antibacterial activity of the derivatives. 

c) The compounds exhibit a better effect on the Gram-negative form 
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