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Abstract : The reactions of titanium(1v) chloride with salicylidene-2-aminopyridine (sapH) and alkyl xanthate (KS,COR)
inthe 1 : 1 and 1 : 2 molar ratio(s) yield complexes of the type [(1-CD);Tiy(CDy(sap)y] (1), [(n5-CsH5) Tiy(p-Ch,(m*-
S,COR);] (2) (where R = Cglly3) and [(CD);Ti(sap),] (3) respectively. The complex 2 has been further treated with so-
dium salts of Schiff base (derived from isatin and aniline) and tetraisopropoxyaluminate in equimolar ratio to produce
mixed ligand complexes of the type [(n5-C5lL5),Ti(m?-S,COR)(sb)] (4) and [(n3-C5H5), Tim>-S,COR)(-OPri),{AKOPF)})
(5) respectively. All these complexes have been characterized by elemental analysis (Ti, Cl, C, II, N and 8) and spec-
troscopic data [UV-visible, IR, NMR (I and 13C), FAB-MS] and PXRD as well as thermogravimetric analysis.
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Introduction

In the recent years coordination compounds have been
used in various fields!. The bidentate xanthate ligand by
virtue of its low charge and relative small size is particu-
larly well suited for stabilization of higher co-ordination
states of metals2. The literature of metal xanthates is quite
extensive; there are very few complexes3. Some of the
xanthate compounds show microbial activity?. Schiff base
plays a vital role in the field of coordination chemistry
due to their preparative accessibility, diversity and struc-
tural variability>. The high reactivity, specificity and a
number of the applications of Schiff bases in industry,
agriculture, medicine and in analytical chemistry and syn-
thesis of macrocyclic ligands have also been employedS.
Titanium microparticles have been used as filler in the
production of a polyether-block-amide (Pebax 5533) based
composite for medical application. Schiff base complexes
of titanium were investigated as precatalysts for ethylene
and propene polymerizationg.

In view of the above fact we are extending our previ-
ous efforts for enriching titanium chemistry®. We there-
fore report herein, the synthesis and physicochemical
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characte-.zation of chloro-(Schiff base) complexes of
titanium(1v) and mixed ligand complexes of bis(cyclopen-
tadienyl)titanium(1v) containing alkyl xanthate, Schiff bases
and aluminium isopropoxide moieties.

Results and discussion

The reactions of titanium(lv) chloride with sodium
salt of Schiff base; salicylidene-2-aminopyridine (sapH)
in1:1and1:2 molar ratio(s) produce complexes of the
type [(C1);Ti(sap)] (1) and [(C1),Ti(sap),] (3) respectively.
according to the following chemical equations :

CH;0H/CgH,
[TiCl,)+ (sap)Na ——————— [(CI);Ti(sap)] + NaCll
Reflux 1
CH30H/CgHg
ITiCl4] + 2(sapNa ——————— [(C1), Ti(sap),] + 2NaCHl
Reflux 3

Whereas, when bis(cyclopentadienyl)titanium(1v) dichlo-
ride was treated with potassium salt of alkyl xanthate in
11 1 molar ratio yielded complex [(CsHs), Ti(CI)}S,COR)|
(2) (where R = n-CgH,3) which is shown by following
chemical equation :
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THF/Benzene )
|Cp,TiCl,] + KS,COR — > [Cp,Ti(CIXS,COR)] + KCH
Reflux 2

Sodium salts of Schiff bases; isatin-aniline (SIA) and isatin-
2-nitroaniline (SIN) (such as NaSIA and NaSIN) and
tetraisopropoxyaluminate were added in THF/benzene
solution of monochloro-bis(cyclopentadienyl)titanium(iv)
hexyl xanthate to afford complexes of the type
[Cp,Ti(sb){S,COR)] (4) and [szTi(SZCOR){Al(OPri)4}]
(5) which can be represented by the following chemical
equations :
THF/Benzene

[Cp, Ti(C1)(S,COR)] + Na[sb] ———
Reflux

[Cp,Ti(sb) (S,COR)] + NaCIl
4

. THF/Benzene
[Cp,Ti(CIXS,COR)) + Na[Al(OPr');] ————
Reflux

[Cp,Ti(S,COR){AI(OPr) }] + NaCll
5
(where sb = SIA or SIN)

All these complexes are coloured solid and are soluble

in common organic solvents such as THF, CH;0H and
DMF.

Electronic spectra :

The UV-visible absorption spectra of all these com-
plexes showed broad band at ~500 nm, which originate
probably due to the charge-transfer transitions. The ab-
sence of unpaired electron in the complexes ruled out
d-d transition®.

Infrared spectra :

The IR bands appeared in the region ~3000 cm™! for
Vic-Hy ~ 1450 cm™! for vic_cyand ~990 cm™! for §c_p)
in the complexes are originated due to cyclopentadienyl
ring. The characteristic one band ~2980 cm™! showed
the pentahapto (1) nature of the cyclopentadienyl ring!©.

The xanthate ion can behave as a monodentate or
bidentate ligand in these complexes. All the xanthate
ligands exhibit four characteristic bands around 1260,
1110, 1055 and 555 cm™!, correspond to V(c=s), V(C-s)»
Vic-0) and V(g g, stretching vibrations, respectively!!.
The V(c=s) stretching bands were observed in the range
1072-1066 cm™! are lower shifted at ~20 cm™! in the
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complexes as confirmed coordination through sulphur
atom. This was further confirmed by the appearance of
new bands around 335-319 cm™! assignable to v r;_g,’.
The bands appeared in the range 1628-1624 cm™! in the
ligands due to v(c_y!'2 which get shifted to lower fre-
quency 1618-1600 cm™! in the complexes suggesting the
coordination of the azomethine nitrogen to titanium metal.
The most significant broad band at 3465 cm™! assignable
to Voy group disappears in the metal complexes showing
the deprotonation of phenolic proton on complexation and
subsequent formation of M-O bond. Bands appeared in
the range 1270-1269 cm! may be ascribed to the v(c_g)
stretching frequency, which was shifted to higher fre-
quency region suggesting the coordination through oxy-
gen atom to the metal ion!3. In titanium(1v) chloro com-
plexes, terminal titanium chloride v r;_cy) stretching fre-
quencies observed!® in the range 390-375 cm™! consis-
tent with six-coordination at titanium. Whereas v ti_cibr
stretching frequency was observed at ~230 cm! and
~245 cm!, attributable!? to two bridging modes through
(1-CI) between two metal atom indicated by lowering in
frequency. The appearance of new bands in the range
430-500 cm~! and 415-397 cm™! assigned o V(ri_g,'®
and V(Ti-N)lo respectively. The spectra of alkoxo-bridged
(bimetallic) complex exhibited typical frequencies for
metal-alkoxy group v(c_g).1i at 1162-1128 cm™! for
terminal isopropoxy group and at 991-952 cm™! for bridg-
ing isopropoxy groups. The band observed at 622-590
cm-! has been showed for vai_0)' -

1H NMR spectra :

A strong signal appeared in the proton NMR spectra
of Schiff base ligands at & 12.65 ppm due to phenolic
proton's, whereas this signal was disappeared in its cor-
responding titanium(1v) complexes which is the indica-
tion for coordination through phenolic oxygen to tita-
nium metal after deprotonation of phenolic proton. An-
other signal was observed at 3 8.64 ppm due to azomethine
proton which gets shifted downfield (& 10.23-8.9 ppm)
in the spectra of complexes. This suggested that coordi-
nation takes place through azomethine nitrogen to the
metal ion!®. The signal was appeared at & 11.2 ppm in
the spectra of the ligands due to NH of isatin ring whereas
this signal was disappeared in their metal complexes®. In
addition, there appeared sharp singlet near 8 6.52-6.65
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ppm?2° showing the rapid rotation of the ring about the
metal ring axis. The chemical shifts appeared at & 7.8-
8.4 ppm in spectra of ligands due to aromatic ring pro-
tons which shifted slightly downfield in the complexes2!.
In complex 5, the methine protons of the terminal and
the bridging isopropoxy groups were observed at 8 3.90-
3.99 ppm and & 4.06-4.25 ppm, respectively, while the
corresponding methyl protons were observed in the re-
gion 6 1.15-1.19 ppm and & 1.19-1.22 ppm as a doublet,
indicating that these are magnetically nonequivalent.

13¢ NMR spectra -

The spectra of organotitanium(iv) complexes showed
a considerable shift of the signals towards the lower field
as compared to the ligands. The complexes showed one

22

193

243

It is observed in the complex 5 that methyl carbon
signals of the terminal and the bridging isopropoxy groups
were observed at 24.11-25.25 ppm and 25.21-26.12 ppm
respectively, while methine carbons of the terminal and
the bridging isopropoxy groups were observed at 59.88-
60.50 ppm and 61.26-63.92 ppm respectively.

FAB-MS spectra :

FAB-MS spectrum of complex [Cl3Ti(sap)], (1)
(Fig. 1) showed an important peak at m/z 699, which
corresponds to the dimeric molecular association; the
dimerization takes place through bridging chlorine atom
between two titanium(IV) centers. Several peaks were ob-
served in mass spectrum at /m/z 699, 625, 598, 519, 485,
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Fig. 1. FAB-MS spectrum of complex [(1-Cl);Tix(sap),(Clp)] (1).

resonance at & 117 ppm due to cyclopentadienyl ring.
The appearance of carbon signal of the -CS, group at §
135.0 in the ligands, which get shifted down field in the
complexes confirming the bidentate nature of the CS,
ligand group. The spectra of complexes showed signals
in the range & 160.97-154.30 ppm due to azomethine
carbon indicated the coordination of azomethine nitrogen
to the titanium metal. Signals were observed at 8 163.63~
158.80 ppm in titanium(Iv) complexes due to phenolic
carbon which assigned coordination of phenolic oxygen
to the metal via metal oxygen bond formation.

443, 401, 383, 355, 325, 281, 249, 207, 193, 133 due to
fragmentation of complex. The fragmentation pattern is
shown in Scheme 1.

The FAB-MS spectrum of [Cp,TiCI(S,COR)]; (2) (Fig.
2) showed a molecular ion peak at m/z 780 which corre-
sponds to the molecular weight of the complex in the
dimeric nature. The fragmentation pattern of the complex
2 is given in Scheme 2. The spectrum of the compiex
[Cp,Ti(S,COR)(SIA)] (4) showed a peak at m/z 576, cor-
responds to molecular weight of the complex in its mono-
meric form (Fig. 3). It also showed several peak indicat-
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Scheme 1. FAB-MS fragmentation pattern of complex [(u-Cly)Tiy(sap)a(Chyl (D).
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Fig. 2. FAB-MS spectrum of complex [(ﬂs-C5Hs)4Ti2(nz‘SZCOR)z(u-CI)Z] ).
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Fig. 3. FAB-MS spcctrum of complex [(1n3-CsHs),Ti(n2-S,COR),(SIA)] (4).

ing the fragmentation of ligand from complex by the
formation of radical cation. The fragmentation pattern of
this complex is shown in Scheme 3.

Thus these spectral data suggest that the Schiff base
ligands [salicylidene-2-aminopyridine (sapH), isatin-aniline
(SIA) and isatin-2-nitroaniline (SIN)] and xanthate ligand
act as monobasic, bidentate chelating agents. On the ba-
sis of above studies, the chloro-bridged structures may be
tentatively proposed.

Thermogravimetric analysis :

Thermogravimetric analysis is one of the important
techniques for the studies of the thermal reaction sequence
of simple and complex compound??, Thermogravimetric

analysis of complex [Cl3Ti(sap)], (1) was carried out up
to 700 °C (Fig. 4). The % weight loss was measured
from ambient temperature up to 700 °C at heating rate of
10 °C per min. Thermogram shows a gradual mass loss
indicating moisture loss due to hygroscopic nature. The
molecular mass of the complex is 700. Initial weight was
taken 2.8605 mg and final weight found to be 1.752 mg
and the total weight loss was 1 1085 mg. The % weight
loss of the complex is 39.1004% which is equal to the
273.7028 weight of the complex. It is clear that the elimi-
nation of chlorine and organic constituents of the coordi-
nated ligand from the complex molecule. Thus it tends to
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Fig. 4. TGA curve of the complex [(1-C1),Tix(sap)x(Cly)] (1).

go in the formation of monomeric form. Thereafter weight
of the residue is 426.2972. The decomposition continues
up to ~650 °C and reaches to a stable product as stable
metal oxide.

X-ray powder diffraction study :

XRD study of the complex [Cl;Ti(sap)], (1) was made
with the help of X-ray diffraction by powder pattern
method using CuKa: radiation with A = 1.5406 A. The
powder-XRD pattern was recorded in the 20 range be-
tween 15.239 and 81.554 with a step size of 0.0167. The
X-ray powder diffractogram of titanium(iv) complex ex-
hibits amorphous in nature. The PXRD of this complex is
given in Fig. 5.
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The parameters of the prepared material are calcu-
lated for the titanium(Iv) complex 1 which is summarized
in Table 1.

Experimental

All the solvents and reagents were purified by stan-
dard literature procedure?3. The alkylxanthate?, Schiff
bases [salicylidene-2-aminopyridine (sapH)2?, isatin-aniline
(SIA) and isatin-2-nitroaniline  (SIN)23] and sodium
tetraalkoxyaluminate2® were prepared by the reported
method. Titanium tetrachloride and bis(cyclopen-
tadienyl)titanium(1v) dichloride were purchased from
Merck, Germany. Chioride, titanium and sulphur were
estimated as reported method?’. Elemental analyses were



Dubey et al. : Synthesis, reactions and physicochemical characterization of some new mixed ligand erc.

aoo-.
700—.
soo—-
soo-;

400

intensity (counts)

300

200 -

100 — T U T
10 20 30 40

v T T T M Y M |
50 60 70 80 90

2-Theta (deg)

Fig. 5. PXRD of the complex [(1-CD),Tix(sap)y(Cl,)] (1).

Table 1. Parameter of titanium(1v) complex
[(1-CD),Tiy(sap),(Cly] (1)
C,4H,gN,0,ClTi,

Parameters
Empirical formula

Formula weight 700
Wave length (A) 1.5406
Step size 0.01671

Powder used 1.6 Kw

carried out on a Perkin-Elmer series II model 2400. The
electronic spectra of the compound were recorded in DMF
using 10 mm quartz cell on a Perkin-Elmer Lambda 15
UV-Vis spectrophotometer. The infrared spectra of the
ligands and the complexes in the range 4000-200 cm!
were recorded in KBr pellets on Perkin-Elmer 1000 FTIR
spectrophotometer. The NMR spectra of ligands and com-
plexes are recorded in DMSO-dg on Bruker DRX-300
spectrometer at the sweep width of 300 MHz and a weep
time of 300 s. The FAB-mass spectra were recorded on a
JEOL SX 102/DA-6000 mass spectrometer/data system
using Argon/Xenon (6 kV, 10 mA) as the FAB gas. The
thermogravimetric (TG) analysis of the solid complex was
recorded on Mettler Toledo from ambient to 750 °C with
heating rate of 10 °C min~! using nitrogen atmosphere.
The X-ray powder diffraction was carried out at ambient
temperature using Rigaku D/max-2200 PC diftractometer
with Cu-Ka; radiation.

Synthesis of [(u-Cl),Tiy(sap)(Cl) d (1) :

A freshly prepared sodium salt of salicylidene-2-
aminopyridine (1.816 g, 9.16 mmol) in methanol (20 cm?)
was added in methanolic solution of anhydrous titanium(iv)
chloride (1.738 g, 9.16 mmol) in 1 : 1 molar ratio with
constant stirring. The reaction mixture was allowed to

reflux for ~4 h, during which time the colour of the
solution become orange. The precipitated NaCl (0.534 g,
9.16 mmol) was removed by filtration, followed by dry-
ing under reduced pressure to afford brown coloured solid
which was purified by recrystallisation from methanol.
Yield : (2.53 g, 79%) (Found : C, 40.00; H, 2.34; N,
7.5; Cl, 29.15; Ti, 13.48. Calcd. for C4H;gN40,ClTi, .
C, 41.14; H, 2.57; N, 8.00; Cl, 30.00; Ti, 13.71%).

Synthesis of [(Cl),Ti(sap),] (3) :

Similar procedure was adopted for the synthesis of
complex 3 by interaction of titanium(IV) chloride and so-
dium salt of Schiff base in 1 : 2 molar ratio(s). Yield :
(2.06 g, 77%) (Found : C, 56.02; H, 3.13; N, 9.75; Cl,
12.89; Ti, 8.93. Calcd. for Co4HgN4O,Cl,Ti : C, 56.25;
H, 3.52; N, 10.94; Cl, 13.67; Ti, 9.38%).

[(1P-CHs) (Tip(nP-S,COR) o (u-Cl) 5] (2) :

A freshly prepared solution of bis(cyclopentadienyl)-
titanium(1v) dichloride (0.567 g, 2.3 mmol) in tetrahy-
drofuran (30 ml) was added to THF/benzene solution of
potassium hexyl xanthate (0.50 g, 2.3 mmol) with con-
stant stirring and refluxed for ~6 h. The filtrate was
concentrated to ~30 ml. To this petroleum ether (~30
ml) was added and the solution was allowed to stand
overnight to obtain light yellow coloured compound
[(CsHs), Ti(S,COR)(C1)] which was dried under reduced
pressure and recrystallised from methanol/chloroform.
Yield : (0.583 g, 65%) (Found : C, 52.25; H, 5.42: Cl.
8.53; S, 16.33; Ti, 12.04. Calcd. for C34H44Cl,0,S,Ti, :
C, 52.31; H, 5.90; Cl, 8.97; S, 16.41; Ti, 12.31%).

[(1-C5Hs),Ti(P-S,COR) (sb)] (4) :
Chlorobis(cyclopentadienyl)titanium hexyl xanthate
complex (0.89 g, 2.30 mmol) in THF/benzene mixture
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was added to a stirred solution of sodium salt of isatin-
aniline (SIA) (0.56 g, 2.30 mmol) and refluxed at room
temperature for ~6 h The filtrate was dried under re-
duced pressure. The product was found to be [(CsHs),-
Ti(S,COR)(SIA)] (4). Yield : (0 82 g, 62%) (Found . C,
64 55, H, 5.24; N, 4 82; S, 10 96, Ti, 8.28. Calcd for
C3,H;3,N,0,8,T1: C, 64.58, H, 5 56; N, 4.86; S, 11.11;
Ti, 8.33%).

The same synthetic procedure was adopted for reac-
tion of titanium hexyl xanthate with other Schitf base
isatine-2-nitroaniline (SIN)

[(P-CsH ), T (11%-S,COR) (u-OPr') ,{Al(OPr),)] () :

Chlorobis(cyclopentadienyl)titanium hexyl xanthate
complex (042 g, 1.08 mmol) in THF (~30 ml) was
added to the THF/benzene (~ 30 ml) solution of sodium
tetraisopropoxyaluminate (0.303 g, 1.08 mmol). The re-
action mixture was stirred with refluxing for ~6 h. The
light yellow coloured precipitate was filtered and dried
under reduced pressure. The complex was further crys-
tallized by THF-benzene mixture Yield : (0.47 g, 70%)
(Found ' C, 55.55; H, 8.03; Al, 4.24; S, 10 13; Ti, 7.35.
Calcd. for C,9Hs;AlOsS,Ti : C, 56 31, H, 8 25; Al,
437; S, 1030; Th, 7.77%)
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