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ABSTRACT

Ditolyldithiophosphates of titanium correspondimg[(CsHs), Ti{S,P(OAry},Clo.] (Ar = 0-, m-, p-CHCgH,, p-Cl-
m-CHCgH3; n = 1 and 2) have been synthesized and charastdriby elemental analyses, IR, mass and
heteronuclear NMR'H, *C and*'P) spectroscopic analyses. The combined DTA/DT@nileanalysis of [{(p-
CH3CgH40),PS},Ti(CsHs),] has yielded final thermolysis product as JiSyclic voltammetry probed the redox
capabilities of [{(m-CHCH4O),PS},Ti(CsHs),]. Comparison of antimicrobial activity of the ligds and
complexes has shown that the complexes are maetiedf than the ligands. The in vitro cytotoxicastigations
against the cultivated human cell lines revealaat the titanium complexes are more active.
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INTRODUCTION

In recent decades the field of drug designing le@sm @ surge toward pharmaceuticals that are inmrgamature
[1]. A variety of increasingly féective titanocene derivatives have been developedise as chemotherapeutic
agents since titanocene dichloride was discovarqbssess antitumor characteristics [2]. In fa@nbcene is the
first non-platinum coordination complex to undermical trials [3]. The transition metal complexesth sulfur
based donors are of significant interest as symtfetalogs for the active sites of metalloproteinses these are
known to possess affinity toward sulfur ligands [Bhe interest in this research area has growniderably in the
recent years [5].

The biological aspect of dithiophosphates has heelh established in the rapidly growing field of ggphorus-
sulfur chemistry [6-9]. The dithiophosphates haeeeived much attention for their extensive applicest as
biocides [10] analytical reagents [11], antiwead antioxidant additives in motor oils [12]. Cyclioltammetry has
been used to study the electrochemistry of the memwpounds. The examination of electrochemistry of
bis(cyclopentadienyl)titanium dichloride has demntoated a single electron redox process [13]. Furthiee
dependence of standard potential on steric behatigyclopentadienyl rings has also been obsertdfl Recently,
the complexes of alkylenedithiophosphates wittitene and zirconocene have been reported [134brjever,
no attention has yet been given to ditolyldithiogploate complexes of titanocene. Considering thenising
antitumor properties of titanocene dichloride ies®d reasonable to investigate the titanium conaeglexith
ditolyldithiophosphates using titanocene. Moreowensidering the extensive biological featuresitahbcene and
the ligand, the antimicrobial as well as cytotostiteening studies have been reported herein.

EXPERIMENTAL SECTION

Titanocene dichloride (Himedia) was used as sugplBolvents (toluene and dichloromethane) werélldistand
dried before use. The sodium saltsxpO’-(o-, m, p-, p-Cl-m-ditolyl)dithiophosphates were synthesized accaydin
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to the literature procedure [18]. Moisture was fahe excluded throughout the experimental manipialas by
using standard Schlenk’s techniques. Infrared spagere recorded in the range of 4000-200*a@n a Perkin
Elmer-spectrum RX1 FT-IR spectrophotometer as K&ltegs. The'H, °C and*'P NMR spectra were recorded in
CDCl; on a Bruker Avance Il 400 (400 MHz) using TMS ateinal reference folH and**C NMR and HPOQ,
(85%) as external reference foP NMR. The ESI mass spectra were recorded on VS gpectrophotometer. The
thermogram was analyzed by using Perkin Elmer, di@nTG/DTA instrument. Recrystallized alumina sapl
holder was used and the heating rate of@@er minute. The thermogram was recorded in theéeature range
from 30 °C to 1000°C. The experiment was carried out under a flow @téb0 mL per minute of nitrogen
atmosphere. The cyclic voltammogram was recordedetrom Autolab. The potential is applied betweér t
reference electrode (Ag/AgCl) and the working etet¢ (Gold electrode) and the current is measuetdden the
working electrode and the counter electrode (Riatinvire). 0.1 M phosphate buffer solution (pH =)7AMas used.
Titanium was estimated gravimetrically as 7i@8]. Chlorine was estimated by Volhard’'s meth@&][lElemental
analyses (C, H, N, S) were conducted using the &heah Analyser Vario EL-III.

2.1. Synthesis obisg(cyclopentadienyl)©O,0’-o-ditolyldithiophosphato)titaniumchloride(IV)
[{(0-CH3CeH40).PS}Ti(C sH5)Cl] (1)

Complex () was prepared by addition of dichloromethane smu(20 mL) of titanocene dichloride, £65),TiCl,,
(0.75 g, 3.01 mmol) to a dichloromethane soluti@®® (mL) of sodiumO,O’-o-ditolyldithiophosphate, o-
CH3CgH40),PSNa, (1.00 g, 3.01 mmol) dropwise with constantristiy which was accompanied with increasing
intensity of red color of the solution. The cortewere refluxed for 3 h with constant stirringilititere was no
further change in the bright red color of the reactmixture. The precipitated sodium chloride wamoved by
filtration using a funnel fitted with G-4 disk. Themoval of volatiles from the filtrate imacuo yielded [{(o-
CH3CgH40),PS}TI(CsH5),Cl] as red solid. Yield: 1.43 g (91%); M.Pt.. 218-2%€; Anal Calcd. for
Co4H-40,PSCITi: Calculated (%): C, 55.13; H, 4.63; S, 12.£1, 6.78; Ti, 9.15, Found (%): C, 54.83; H, 4.51; S
12.02; Cl, 6.59; Ti, 8.97; FTIR (cfx 1239.4, s (P)-O-C], 973.4, sWP-O—(C)], 859.2, sW=S], 681.7, m
[VP-S], 431.9, W\[Ti-S], 363.2, w §Ti—Cl]; *"H NMR (CDCk, ppm): 2.2 (s, 6 H, C), 6.6 (d, 2 19), 6.9 (d, 2 H),
7.2 2H), 7.3t 2H),5.7 (s, 10 H, H5); *'P NMR (CDCL, ppm): 91.42°C NMR (CDCL, ppm): 20.8 (Ch),
121.9 (©), 124.6 (), 129.5 (¢), 130.1 (C), 138.3 (C), 147.7 (C), 121.3 (GHs); ESI MS M/ (%): [{(o-
CHyCeH40)PS}ITi(C 5Hs)o(CI)]=522.8(7); [{(0-CH3CsH40).PS}Ti(C sHs)o] = 487.4 (5); [{(GH40).PS}Ti(CsHs)]

= 457.3 (11); [(QPS)Ti(CsHs),] = 305.2 (8); [(GHs),Ti] = 178.1 (14); §-CH;CeH,O] = 107.1 (78).

2.2. Synthesis obig(cyclopentadienyl)©O,0’-m-ditolyldithiophosphato)titaniumchloride (V)
[{(m-CH3CeH40),PS}Ti(C sH5),Cl] (2)

Complex @) was synthesized as red solid according to théopob as described for compleX){ sodiumO,O’-m-
ditolyldithiophosphate,n-CHsC¢H,0),PSNa, (1.00 g, 3.01 mmol) and titanocene dichloridg% g, 3.01 mmol)
were used. Yield: 1.40 g (89%); M.Pt.: 220-221 Anal. Calcd. for G4H,,0,PSCITi: Calculated (%): C, 55.13; H,
4.63; S, 12.27; Cl, 6.78; Ti, 9.15, Found (%): 8,95; H, 4.42; S, 12.13; Cl, 6.66; Ti, 8.89; FTI&(): 1243.9, s
[V(P)-O-C], 967.3, sP—O—(C)], 846.6, sWP=S], 662.6, m{P-S], 437.8, w{Ti-S], 386.3, w {Ti—Cl]; '"H NMR
(CDCls, ppm): 2.3 (s, 6 H, C¥, 6.5(s,2 1), 6.7 (d, 219, 6.8 (d, 2 1), 7.0 (t, 2 M), 5.8 (s, 10 H, ¢Hs); *P NMR
(CDCls, ppm): 93.3°C NMR (CDCE, ppm): 19.9 (CH), 113.4 (&), 132.5 (€), 120.5 (C), 127.2 (C), 128.9 (C),
152.5 (C), 117.4 (GHs).

2.3. Synthesis obig(cyclopentadienyl)©O,0’-p-ditolyldithiophosphato)titaniumchloride(IV)
[{(p-CH3CsH4,0).PS}Ti(C sHs)Cl] (3)

Complex 8) was synthesized as red solid according to théopob as described for compleX){ sodiumO,QO’-p-
ditolyldithiophosphate, -CHsC¢H40),PSNa, (1.00 g, 3.01 mmol) and titanocene dichlorid&’§ g, 3.01 mmol)
were used. Yield: 1.41 g (90%); M.Pt.: 224-225 Anal. Calcd. for G4H,,0,PSCITi: Calculated (%): C, 55.13; H,
4.63; S, 12.27; Cl, 6.59; Ti, 9.15, Found (%): @,9.; H, 4.48; S, 12.09; Cl, 6.61; Ti, 8.93; FTI&™(): 1267.2, s
[v(P)-0O-C], 978.2, sWP—-O—(C)], 831.4, sW=S], 672.5, m{P-S], 429.6, w{Ti-S], 375.8, w {Ti—Cl]; '"H NMR
(CDCls, ppm): 2.1 (s, 6 H, C¥), 6.8 (d, 4 B9, 7.1 (d, 4 % 5.8 (s, 10 H, €Hs); **P NMR (CDC}, ppm): 91.23°C
NMR (CDCl;, ppm): 20.4 (Ch), 127.2 (&9, 129.7 (C), 132.6 (C?), 153.3 (C), 118.4 (GHs).

2.4. Synthesis obig(cyclopentadienyl)©O,0’-p-chloro-m-ditolyldithiophosphato)titaniumchloride(1V)
[{(p-Cl-m-CH3CeH30),PS}TiI(C 5Hs):Cl] (4)

Complex @) was synthesized as red solid according to theopobas described for comple¥){ sodiumO,O’-p-Cl-
m-ditolyldithiophosphate, g-Cl-m-CHsCgH30),PSNa, (1.00 g, 2.49 mmol) and titanocene dichlorid&? g, 2.49
mmol) were used. Yield: 1.35 g (92%); M.Pt.: 22122¢; Anal. Calcd. for GJH»,0,PSCI;Ti: Calculated (%): C,
48.71; H, 3.75; S, 10.84; Cl, 17.97; Ti, 8.09, Fab({): C, 48.54; H, 3.59; S, 10.78; Cl, 17.76; 1B7; FTIR (cm
: 1226.9, s (P)-O-C], 956.0, sWP-O—(C)], 877.7, sW=S], 687.4, m {P-S], 444.8, w\Ti-S], 368.5, w
[VTi—Cl]; '"H NMR (CDCk, ppm): 2.2 (s, 6 H, Cl, 6.3 (s, 2 B, 6.5 (d, 2 19, 7.1 (d, 4 M), 5.9 (s, 10 H, ¢Hy);
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3P NMR (CDCL, ppm): 94.2;°C NMR (CDC}, ppm): 19.1 (CH), 119.4 (é), 121.8 (€), 128.5 (C), 129.6 (C),
131.7 (©), 151.5 (C), 117.1 (GHs).

2.5. Synthesis obig(cyclopentadienylbis(O,O’-o-ditolyldithiophosphato)titanium(1V)
[{(0-CH3CeH40):PS}-Ti(CsHs)] (5)

Complex 6) was synthesized as red solid according to theopobtas described for comple%){ sodiumO,O’-0-
ditolyldithiophosphate,d-CH;C¢H,O),PSNa, (1.00 g, 3.01 mmol) and titanocene dichlori@d8T g, 1.49 mmol)
were used. Yield: 1.08 g (90%); M.Pt.: 239-240) Anal. Calcd. for GgH3s04P,S,Ti: Calculated (%): C, 57.28; H,
4.81; S, 16.10; Ti, 6.01, Found (%): C, 57.19; 3% S, 15.93; Ti, 5.83; FTIR (c¢hrt 1253.1, s\(P)-0-C], 982.1,
s [WP-0—(C)], 807.4, sW/P=S], 661.4, myP-S], 442.5, w\Ti-S], 372.3, w yTi—Cl]; '"H NMR (CDCk, ppm): 2.3
(s,12H,CH),65(d, 4H1),6.7(d, 4H),70(@ 4H), 7.2 4H), 5.8 (s, 10 H, ¢Hs); *'P NMR (CDC}, ppm):
92.1;3C NMR (CDCE, ppm): 18.1 (CH), 117.2 (€), 128.8 (C¢), 135.8 (C), 134.3 (C), 136.2 (C), 149.2 (C),
120.1 (GHs).

2.6. Synthesis obisg(cyclopentadienylhis(O,O’-m-ditolyldithiophosphato)titanium(IV)
[{(m-CH3CeH40).PS},Ti(CsHs),] (6)

Complex 6) was synthesized as red solid according to théopob as described for compleX){ sodiumO,0’-m-
ditolyldithiophosphate,n-CH;C¢H,O),PSNa, (1.00 g, 3.01 mmol) and titanocene dichloridST g, 1.49 mmol)
were used. Yield: 1.09 g (91%); M.Pt.: 241-2€2 Anal. Calcd. for GgH3s04P,S,Ti: Calculated (%): C, 57.28; H,
4.81; S, 16.10; Ti, 6.01, Found (%): C, 57.11; t694 S, 15.89; Ti, 5.77; FTIR (chr 1253.5, s\{(P)-O-C], 962.7,
s WP-0—(C)], 865.3, sWP=S], 668.1, m{P-S], 428.1, w\Ti-S], 365.9, w yTi—Cl]; *"H NMR (CDCk, ppm): 2.2
(s,12H,CH), 6.6 (s,41),6.8(d, 4H),6.9(d, 41, 7.1 2H), 5.9 (s, 10 H, ¢Hs); *'P NMR (CDC}, ppm):
93.8;°C NMR (CDCE, ppm): 19.3 (ChH), 113.1 (&), 136.5 (€), 119.7 (C), 124.8 (C), 128.7 (C), 153.0 (C),
116.8 (GHs); ESI MS /2 (%): [{(m-CH;CeH4O)PS},Ti(CsHs)] = 796.8 (9); [{(GH40):PS}2Ti(CsHs)z] =
736.6 (11); [{((GH40):PS}Ti(CsHs)z] = 457.4 (14); [(QPS)2Ti(CsHs)a] = 432.3 (23); [(GHs),Ti] = 178.1 (15); -

2.7. Synthesis obig(cyclopentadienylbis(O,O’-p-ditolyldithiophosphato)titanium(1V)
[{(p-CH3CeH40):PS}2Ti(CsHs)o] (7)

Complex ) was synthesized as red solid according to théopob as described for complek){ sodiumO,O’-p-
ditolyldithiophosphate, gf-CH;C¢H,O),PSNa, (1.00 g, 3.01 mmol) and titanocene dichlori@d8T g, 1.49 mmol)
were used. Yield: 1.10 g (92%); M.Pt.: 245-2@8 Anal. Calcd. for GgH3s04P,S,Ti: Calculated (%): C, 57.28; H,
4.81; S, 16.10; Ti, 6.01, Found (%): C, 57.07; 5% S, 15.97; Ti, 5.90; FTIR (chrt 1287.9, s\(P)-O-C], 997.6,
s WP-0—(C)], 799.3, sWP=S], 658.9, myP-S], 424.9, w\Ti-S], 378.8, w yTi—Cl]; '"H NMR (CDCk, ppm): 2.1
(s, 12 H, CH), 6.9 (d, 8 B9, 7.1 (d, 8 %, 5.8 (s, 10 H, €Hs); *'P NMR (CDCL, ppm): 94.6:*C NMR (CDCE,
ppm): 17.4 (CH), 126.1 (&9, 127.9 (C), 130.3 (C?), 152.2 (C), 118.1 (GHs).

2.8. Synthesis obis(cyclopentadienylhis(O,O’-p-chloro-m-ditolyldithiophosphato)titanium(1V)
[{(p-Cl-m-CH3CH30),PS}.Ti(CsHs),] (8)

Complex @) was synthesized as red solid according to theopobas described for comple¥){ sodiumO,O’-p-Cl-
m-ditolyldithiophosphate,-Cl-m-CH;CsH30),PSNa, (1.00 g, 3.01 mmol) and titanocene dichloridST g, 1.49
mmol) were used. Yield: 1.09 g (91%); M.Pt.: 2432€; Anal. Calcd. for GgH3,0,P,S,Cl4Ti: Calculated (%): C,
48.84; H, 3.67; S, 13.72; Cl, 15.17; Ti, 5.12, Fab#o): C, 48.71; H, 3.55; S, 13.61; Cl, 15.03;3.06; FTIR (cm
): 1273.4, s \(P)-0O-C], 971.4, sWP-0O—(C)], 828.1, sW=S], 662.9, m yP-S], 439.6, w\Ti-S], 369.7, w
[VTi—CI]; *H NMR (CDCk, ppm): 2.1 (s, 12 H, C}, 6.5 (s, 4 ), 6.9 (d, 4 19), 7.3 (d, 2 H), 5.9 (s, 10 H, ¢Hs);
*IP NMR (CDCL, ppm): 92.7;°C NMR (CDC}, ppm): 16.5 (CH), 119.3 (€), 122.8 (€), 125.8 (C), 129.7 (C),
130.6 (C), 150.5 (C), 116.5 (GHs); ESI MS (/2 (%): [{(p-Cl-m-CHyCsH30):PS} 2 Ti(CsHs)2] = 934.6 (9); [{(m-
CHsC6H30),PS}-Ti(CsHs)z] = 792.8 (38); [(QPS)2Ti(CsHs)o] = 432.3 (26); [(GHs)2Ti] = 178.1 (8); p-Cl-m-
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Scheme 1: Ring labelling for NMR spectroscopic aggiments of complexs 1-8 [Fi= CHs (1, 5), H = CH; (2, 4, 6, 8), = CH5 (3, 7), H' =
Cl (4, 8)]

2.9. Biological Studies

2.9.1. Antibacterial activity

The antibacterial screening was tested againstpatbogenic bacterid,e. E. coli and E. faciolusby agar well
diffusion technique [19]. Test samples were preganedifferent concentrations (100, 200, 400 an@ §Pm) in
DMSO. Agar medium (20 mL) was poured into eachipdtite and plates were swabbed with broth cultofate
respective micro-organisms and kept for 15 minfesadsorption to take place. Using a puach mm diameter
wells were bored in the seeded agar plates anqulLGif the DMSO solution of each test compound wdded into
the wells. An additional control well without angraple but with an equivalent amount of solvent (O Svas
used as reference in the assay. After holding tatep at room temperature for 2 h to allow diffusiof the
compounds into the agar the plates were incubat&d 4C for 24 h. The antibacterial activity wagsedenined by
measuring the diameter of the inhibition zone. €htre tests were made in triplicates and the noéaime diameter
of zone of inhibition was calculated.

2.9.2. Antifungal activity

The antifungal activity of ligands and a few remmsitive metal complexes was evaluated by the peddood
technigue against pathogenic strain of fungusxysporuni19]. Potato dextrose medium (PDA) was prepared in
flask and sterilized. 100 pL of each test samptefigepared for antibacterial screening) was addeitheé PDA
medium and poured into each sterilized Petri plsitgcelial disks taken from the standard culturewfgus, were
grown on PDA medium for 7 days. These cultures wesed for aseptic inoculation in the sterilizedriPdish.
Standard cultures, inoculated at 28 %C] were used as the control. The efficacy of earhpgde was determined by
measuring the radial fungal growth. The radial gfowf the colony was measured in two directionggtt angle to
each other, and the average of two replicates e@zded in each case. Data were expressed as piroibition
over the control from the size of the colonies. pkeecent inhibition was calculated using the formeul% Inhibition
= ((C-T)/C)x100, where, C is the diameter of thedius colony in the control plate after 96 h incidraand T is
the diameter of the fungus colony in the testetepddter the same incubation period.

2.9.3. Cytotoxicity analysis

The cytotoxicity was measured in vitro using théicated human cell lines: lung adeno carcinomé logt A549,
leukemia cell line THP-1, prostate cancer cell IP€3 and colorectal cancer cell line HCT116. Thahition
capacity was assessed using the sulforhodamineRB)(Protein staining assay by 96-well techniquecdbsd
previously by Skehamet al [20]. The seeded 96-well plates are incubated &h4after addition of test samples.
Then the cells were fixed in 30% TCA (trichloroaceicid) and placed for 1 h at°€@ followed by washing with
distilled water. After air-drying, the fixed cellgsere stained with 0.4% SRB (prepared in 1% acatid)aleft at
room temperature for 30 minutes, washed with 1%i@eeid and dried. Solubilization is carried outhwl0 mM
Tris buffer followed by recording the optical degqiOD) with ELISA reader at 540 nm wavelength.

RESULTS AND DISCUSSION
The reaction of titanocene dichloride, [LiCl,, with sodium salts ofO,0’-(0-, m-, p- and p-Cl-m-
ditolyl)dithiophosphoric acids, {(ArQPS}Na, in 1:1 and 1:2 molar ratio yielded the ditalghiophosphates of

titanocene corresponding to Hds),T{S,P(OAr)}.Clo.] (Ar = 0-, m-, p-CH3CgH,, p-CI-m-CH3CeH3; n = 1 and 2)
as red solid in 89-92% vyield.
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CH,Cl,

(CsH5),TiCl, + n (ArO}PSNa [(CgH5)>TI{S ,P(OAr)} ,Cloil

-n NaCl

Ar = O'CH3CGH4 (1, 5), m'CH3C6H4(2, 6) s p—CH3CGH4 (3, 7) or p-CI-m—CH3C6H3 (4, 8),
n=1(¢-4) or2 68)

Scheme 2: Synthesis of ditolyldithiophosphate deratives of titanium

3.1. Spectral studies

IR spectra of these complexhave been interpreted on the basis of relevamiatiiee reports [15,21-22]. The
comparison of IR spectra of these complexes wiltiay materials has provided seminal informatibwo strong
intensity bands were observed in the region 128226.9 crit and 997.6-956.0 cinfor v(P)-O-C and/P-O—(C)
vibrations of the ditolyldithiophosphate moiety, spectively. The bands fonP=S and vP-S of the
ditolyldithiophosphate moiety were observed in tiegion 877.7-799.3 cthand 687.4-658.9 cf showing
significant shifting of the bands toward lower foeqcy. The presence of a new bandvir-S in the region 444.8-
424.9 cntis indicative of the formation of titanium-sulfuoibd. The weak band in the region 386.3-363.2" @sn
attributed tovTi—Cl in the complexe§-4.

The'H NMR spectra exhibited the chemical shifts for fhietons of the cyclopentadienyl and tolyl moiatytteir
characteristic region without much appreciabletshifie protons of the cyclopentadienyl resonatiénregion 5.7-
5.9 ppm as a singlet. The chemical shift for thehyle(—CHs) protons of the tolyl ring was observed in theioeg
2.1-2.3 ppm as singlet. The phenyl ring protonsmated in the region 6.3-7.3 ppm. Tdyeandm-tolyl ring protons
exhibited four chemical shiftg-tolyl ring protons exhibited two chemical shiftadap-Cl-m-tolyl ring exhibited
three chemical shifts. The splitting patterns of feaks in the spectra of all the complexes wewaddo be
consistent with the predicted structures.

The phosphorus atom of the ditolyldithiophosphateety shows one signal in the region 91.2-94.6 pgepicting
a ~15 ppm upfield shift compared to parent ligafiok singlet signifies the equivalent and symmaeteature of the
phosphorus atom. This range observed>{ér nucleus is consistent with bidentate behaviodidfiophosphate
moiety according to Glidewell [15,21,23].

The *C NMR resonances for the cyclopentadienyl and tolgieties were found retained with a marginal sinift
their values compared to the parent compounds. cBineon nuclei of the cyclopentadienyl ring resoriatéhe
region 116.5-121.3 ppm. The chemical shift for thethyl (—CH) carbon was found in the region 16.5-20.8 ppm.
The carbon nuclei of the phenyl ring have displatfeslr resonance in the region 113.1-153.3 ppne chemical
shifts for C-O carbon ofmeta and para derivatives were found in the region 150.5-153pnp However, the
chemical shift for C—-O carbon oftho derivatives was observed in the region of 147.7:-249m.

The mass spectra of the compledes and 8 represented molecular ion peak ‘[Vat 522.8, 796.8 and 934.6,
respectively. In addition to molecular ion peakesaV other peaks of different fragments were alsseoved, which
were formed after consecutive dismissal of diffegmoups. The occurrence of molecular ion peakédomplexes
is supporting the monomeric nature of the compleXagthermore, the presence of chlorine atoms @&séh
complexes 1) and @) resulted in the appearance of isotopic peaksitatvals of M, M+2 and M+4 in the mass
spectra. The masses of the fragmented ions arel@i@d using one chlorine atom mass equal to 35asritis the
most abundant isotope of chlorine atom.

3.3. Thermal Analysis

The thermogravimetric analysis of the compl&x ({( p-CHsCeH40).PS},Ti(CsHs),] displayed a thermolysis step
that covers a temperature range from 150 to 900 h&€.thermogram (Figure 1) exhibited the charastierdecline
curve for dithiophosphate complexes. The diagnaséight loss of initial weight occurs in the steedescending
segment of the TGA curve. This weight logs. 49.82% at 461.6 °C is due to the formation of the
dithiometaphosphate fragment corresponding to [$Fi(CsHs),], (the calculated weight loss is 49.77%) as an
intermediate product, which agrees with thermognetiic data for dithiophosphates. The weight 1as88%6.6 °C
leading to the formation of the final residue (ti@culated weight loss is 85.94%) is 88.01% ofittigal weight of
the sample (2.07% is attributed to contaminatiotihwther thermolysis products) corresponds tq.TiS
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Figure 1. Graph showing TGA curve of [{-CH3CsH40),PS;}.Ti(CsHs)2]

3.4. Cyclic Voltametric Analysis

Cyclic voltammogramm (Figure 2) of the comple®), ([{( m-CHsCsH40),PS},Ti(CsHs),] at scan rate 100 Vs
exhibited a one-electron reversible reduction wawvés well established that the reduction prodssa reversible
one-electron reduction taking place on titaniume Thclic voltagramm depicts a cathodic peak at8-0/{E,;) and
the anodic peak at 0.56 V {ff The cathodic peak current, and the anodic peak currenf,were found to be -5.8
x 10°A and 5.6 x 10 A, respectively. The one-electron reduction isersible as is indicated by the value fgri
which is close to unity i.e. 1.04.

1ES5 [ T T T =

WE(1).Current (A)

8E6

6E-6

4ES

AES [ -

1 1 1 1
-1 05 0 0.5
Potential applied (V)

Figure 2. Graph showing cyclic voltammetric curve 6[{( m-CH3CsH40).PS;},Ti(CsHs)2]

3.5. Biological Studies

3.5.1. Antibacterial activity

The ligands as well as their few representativeafreeimplexes were screened for their antibactagtvity against
two bacterial specie&ischerichia coli(E. col) and Enterococcus faciolugE. faciolug. The results revealed
insignificant activity toward€. faciolusspecies in comparison & coli. Furthermore, antibacterial activity of the
ligands (6-CHsCgH,0),PSNa and p-Cl-m-CHs;CgH30),PSNa) was studied and compared with the results nbdhi
for antibacterial activity of the titanium complexeA comparative study of the ligands and their plexes
indicates that complexes exhibit higher antimicablzictivity than the free ligands. From the zonerdfibition
values, complexes are found to be more potent thanligands. Increased activity on metal chelatiam be
explained on the basis of chelation theory [24].i¢/bhelation is not the only criterion for antimobial activity, it
is an intricate blend of several contributions sastthe nature of the metal ion and the ligand gg@metry of the
complex, the lipophilicity, the steric, and the phacokinetic factors. It has also been proposeddbacentration
plays a vital role in increasing the degree of lititon because the activity increases with the éase of
concentration. The comparative results achievethése studies have been enlisted in the Table 1.
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Table 1. Comparative antibacterial screening result of complexes

Concentration | Zone of Inhibition (in cm)
Compound (ppm) E. coli. E. fac.
100 0.0 0.0
] 200 0.0 0.0
(CsHs),TiCl, 400 0.0 0.0
800 0.8 0.0
100 0.0 0.0
200 0.0 0.0
(0-CHsCsH,O),.PSNa 400 0.0 0.0
800 0.0 0.0
100 0.0 0.0
200 0.8 0.0
(p-Cl-m-CH3CeH30).PSNa 400 1.1 0.0
800 1.4 0.4
100 0.6 0.0
, 200 0.7 0.0
[(M-CH3CeH40),PS}Ti(C sHs).Cl] 400 0.8 0.0
800 0.9 0.0
100 0.0 0.0
_ 200 0.0 0.0
[(0-CH3CeH40).P S} 2 Ti(CsHs)2 400 0.0 0.0
800 0.6 0.0
100 0.0 0.0
. 200 1.0 0.0
[(p-Cl-m-CH;CeH30).PS} 2 Ti(CsHs)] 200 14 0.8
800 2.1 0.9

3.5.2. Antifungal activity

The antifungal activity of the ligands and few reggntative complexes was also studied againsEtsarium
oxysorum(F. oxysorum fungal species. The complexes exhibited pronoureedungal behavior. The fungicidal
screening data (Table 2) established a linearioalstiip between concentration and percent inhibitithe increase
in antifungal activity is due to faster diffusiori complexes as a whole through the cell membraneue to
combined activity effect of the metal and the lidahoreover, the complexes may also indulge infthmation of
bridge between the coordinated chloride anion wlih active centre of cell constituents. The factapable of
increasing lipophilicity are expected to enhanaedhtifungal activity. The order of antifungal ady was found in
the order of [{()'Cl'm'CH3C6H30)2PS} 2T|(C5H5)2] > [{( m—CH3C6H40)2P&}T|(C 5H5)2C|] > [{( O-
CH3CgH40),PS}5Ti(CsHs),]. This trend is attributed to the presence of cthimatoms. The results of fungitoxicity
analysis have been illustrated as a bar graphgar&i3.

Table 2. Comparative antifungal screening resultsfacomplexes

conc (mf;]’; % Inhibition =
Compound e ((C-T)/C)x100
(ppm) | diameter (C =3.2 cm)
(in cm)
100 2.4 25.0
200 1.9 40.6
(0-CHsCosH,0):PSNa 400 15 53.1
800 1.4 56.2
100 2.2 31.3
200 1.9 40.6
(p-Cl-m-CH;3CeH;0),PSNa 400 1.3 59.4
800 0.9 71.9
100 2.2 31.3
, 200 1.8 43.8
[(M-CHsCeH4O),PS)Ti(C sHs).Cl] 200 1.2 62.5
800 1.0 68.8
100 2.4 25.0
_ 200 2.0 37.5
[(0-CH3CsH4O)PS} > Ti(CsHs)2] 200 1.4 56.3
800 1.2 62.5
100 1.9 40.6
, 200 15 53.1
[(p-CI-M-CHsCH:0)P S} 2 Ti(CaHs)] [0 1.0 68.8
800 0.8 75.0

362



Sushil K. Pandeyet al J. Chem. Pharm. Res., 2015, 7(4):356-365

80

70

60

= Complex No.
9 50 .
< M ortho ligand
=
E 40 4 | M para-chloro-meta ligand
= =
E 30 2
m5
20 m8

10

100 200 400 800

Concentration (in ppm)

Figure 3. Comparative results of antifungal screemig data of complexes

3.5.3. Cytotoxicity analysis

Cytotoxic study of the complex [CH;CeH40),PS},Ti(CsHs),] (5) and ligand ¢-CHsCsH40),PSNa against the
cultivated human lung adeno carcinoma cell line $3dukemia cell line THP-1, prostate cancer daé IPC3 and
colorectal cancer cell line HCT116 revealed the imax potential against the prostate cancer cell RC3 while
minimum activity was observed against colon cawedlrine HCT 116 for comples. The ligand showed moderate
cytotoxic activity against all cell lines. The ctdaicity of the ligand is attributed to the preseraf sulfur donor
atoms that bind effectively with DNA and modify tieancer cell processes. Higher potential for compkn be
explained by the fact that titanium protects tlgatid ensuring its arrival intact at the active.dités reported that
cyclopentadienyl moiety of the stable titanocerghidiride is labile under physiological conditionsdahis property
results in binding of (§Hs),TIiCl, to the iron-transport protein transferrin and atmtuces a conformational change
to iron(lll) binding [2,3,25]. The comparative cytaicity data is well illustrated in the form of bgraphs in Figure
4 and Figure 5.
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30 1PC3
RHCTL16

20 1

10 1

1x10-5M 5x10-5M 1x10-4M

Figure 4. Comparative cytotoxic screening data fothe ligand (0-CH3C¢H40),PS:Na
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Figure 5. Comparative cytotoxic screening data fofo-CH3CgH40),P S}, Ti(CsHs),

3.5.4. Structural Features

The suggested structures in these complexes agrdl s the literature reports [15-17,21] and obg@ma of
elemental analysis, IR, NMR', *C and *!P), mass spectral studies and thermogravimetriclysisa
Pentacoordinate and hexacoordinate geometries @rthen titanium(lV) atom (Figure 6) are proposed foe
complexedl-4 and5-8 respectively.

X=H(1,235,6,7) and X=Cl 4, 8)
Figure 6. Proposed geometries of the ditolyldithioposphate complexes of titanium
CONCLUSION

A series of eight nevd,0’-(o-, m-, p-, p-Cl-m-ditolyl)dithiophosphate derivatives of cyclopertgyltitanium has
been isolated. The cyclic voltammetric analysidjmted the one electron reduction of the titaniuenter. A five
and six coordinated titanium atom has been propos#tese complexes. The thermogravimetric analysisluced
TiS, as the final decomposition product. The antimi@bbcreening results revealed appreciable inhipisztion.
Moreover, cytotoxic potential of a complex has bdemonstrated. However, further investigationsessential to
explore the exact mechanism of their cytotoxic praps.
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