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INTRODUCTION

This review iltustrates the advances in titanivm chemistry as reported in the literature for
1993. The emphasis is rainly on coordination compounds with some references to organometaliic
compounds which may be pertinent. It is based on a search of volumes 118, 119 and 120 of
Chemical Abstracts. In addition, major inorganic chemistry journals have been searched separately
for the calendar year 1993, A review of complexes of sterically hindered thiolate ligands including
those of titanium has appeared {1].

11 TITANIUM{TY)

111 Complexes with halide ligands

Studies on the eleceronic structure of MCly (M = Ti, Zr and Hf) molecules by the multiple-
scattering Xot (MS-Xot) method have been conducted in order to obtain energies for charge-wransfer
encrgy gaps [2]. The results are consonant with those observed experimentally,
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Interesting examples of the symbiosis of classical Werner coordination and organometaliic
chemistry have been synthesised [3]. The reaction of [CpaTi(CO)2] with [CpaTiF2) led to the
formation of the complexes (1) and (2). An X-ray structure for the former revealed the salient
feature to be a distorted octahedral TiFg moiety, When the central Ti atom was replaced by
aluminium the resulting compound was isostzuctural with (}). The TipF2 and AlTiF; rings are
unsymmetrical while the central Ti and Al atoms are surrounded by the four-membered rings in a
propeller-tike manner, A metal-metal bonded interaction is not indicated: Ti-Ti = 3.2577(10) and
ALTi = 3.1132(2) A, These complexes have been studied by EPR speciroscopy.
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112 Complexes with oxygen donor ligands

The coupled substitution of Nb{IV} and Si(IV) for Ti(IV) and P(VYAsS(V) in KTiOPO4
{KTP} and KTiOAsO4 (KTA) has given rise to a new series of non-lincar optical materials,
KTi.xNbyOX 148104 (X = P, As, x =0 - 0.4 ) [4]. The niobium subseitation in KTP and KTA
did not destroy the second harmonic generation (SHG) response indicating the importance of the a0
electronic configuration of the transition metal ion in determining the non-linear optical property of
KTP and related materials.

An EXAFS multishell analysis of a titanium silicate shows that double Si-O-Ti bridges
formed between [TiOy| ard the [$i04] framework tetrahedra are pardally hydrolysed in the
presence of water [3]. As a result, a switch from edge-sharing to comer-sharing bording between
the two units occurs as shown in (3.

Interest in the use of heterodimeallic alkoxides as potential precursors for dimetallic oxides
kas fed to a study on the nature of intermediates in the hydrolysis of mixed-metal alkoxides [6]. In
particular, partial hydrolysis of [LiTi{OiPr)s]2 yielded [LiTi(O!Pr)3]4 which has been characterised
by 'H and 13C NMR specoscopy and solid-state X-ray crystallography. Titanium and oxygen
atoms are located in a middle layer with Li atoms in the layers above and below, supported by
alkoxide bridges.
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Heterodimetallic Pt-Ti complexes which may have chemotherapeutic potential in cancer
treatment have been synthesised recently [7]. These complexes contain a classical platinum
coondination compound linked o an organometallic titanium group vig a bridging hydroxypyridine
ligand. Itis thought thar with properly designed hydrolysis properties, complexes of this type may
cross the cell wall intact and function as DNA chelators with titanium binding to an external
phosphate and platinum binding to internal nitrogen donors, The crystal structure of rans-
[PiCI2(DMSOYNCsHs-2-OTi{Cs5Hs)2CH)] has been obtained and reveals platinum in a square
planar environment with the chloride ions retaining their rrans-orientation while the titanium centre
has a distorted tetrahedral coordination.
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An IR speciroscopic investigation on a large-pore §-Tt zeolite has been conducted and a new
assignment for the charactenstic 960 cm™! IR band (Si-Oa—-Tia*'stretchin g vibration} has been
proposed {8). The structural model features a changeable titanium coordination environment
dependen: on the presence of guest molecules. In essence, titanivm coordinates to four framework
oxygen atoms but also may interact with cne or two more ligands (H20 or OH™) due o its large
covalent radius thereby increasing its coordination five- or six-fold. Negative charges may be
delocalised by resorance with the formation of 8i-OR groups (R =EyN* or HY) (4).
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The synthesis, structure and alcohelysis of n3-1,3-bis(irimethylsilyl)-
eyclopentadienyltitanium ¢is-1,3,5-cyclohexanetrialkoxide have been described [9). An X-ray
structure indicates that the cyclopentadienyltitanium unit is bound via titanium 10 the trialkoxide and
the average Ti-O bond distance is 1.830(2)A. When this complex was reacted with 3 molar
equivalents of methano! or ethancl in benzene, no exchange was seen after 3 hours at room
temperature. When 3 molar equivalents of phenol were used, exchange occurred immediately with
the precipitation of ¢is-1,3,5-cyclchexanciriol whereas when the complex was dissolved in ethanol
complete exchange cccurved in 15 minutes.

Interest in studying the interaction between Zicgler-Natta catalysts and esters bas led to
the preparation and characterization of severat new Ti/Mg complexes containing carboxylate and
phencxy groups [10]. The reaction of [TiMgClg-4EtQAc] with a variety of acids RCOH (R =
CsHs, CeHsCHCH, p-{CH3)3CCsHa. and {CH3)2CCH gave the heterodimetallic carboxylates
[TiMgCL(RCO72)2-2Et0Ac] whereas with pivalic acid, [TiMgCls{(CH3)3CCO2}2-1.25E10Ac]
was obtained. In the corresponding reactions with phenol, [TiMgCls(OCgHs)-1.25E:0Ac) and
[TiMgaCle{lOCgHs)-2EtOQAC] were isolated.

An intercalation compound of HpTigOg with TMpyPH2 has been prepared by a guest-
exchange method using the NPrH;*- HyTigQOg intercalation compound as an intermediate [11]. The
porphyrin was found to be intercalated with an inclined arrangement in the interlayer of HyTi4Og.
Spectroscopic evidence indicates that it is present as the monomeric free-base ion. Fluorescence
studies show the porphyrin is present as a monomer without stacked aggregation; the fluorescence
decays rapidly indicative of interactions between porphyrin molecules in the interlayer space.

Cyclic complexes have been obiained from the reaction of CpeTiCly with a series of
substituted and unsubstituted dibasic phenols, bisphenols and binaphthols in a 1:1 molar ratie in the
presence of sodium amide. The compounds were characterised on the basis of elernenial analysis
and IR and 'H NMR spectroscopies [12).
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The crystal structure of [TiCly(hmpa)y] {where hmpa is hexamethylphosphoric triamide) has
been obtained [13]. The Ti atom is in an octahedral environment with the hmpa ligands bonding to
the Ti atom via their O atorns and in & frans-orientation with respect to each other. The Ti-O bond
length is 1.945(3) A and the average Ti-Ci bond length is 2.328A.

The reaction of TiCly with allyi acetate (CH3CO2CH>CH=CHp) was studied in order to
identify the preference of the coordination centre for the carbonyl oxygen or the C=C bond [14].
The resulting crystalline adduct comprises a centrosymmetric dimer in which each titaninm atom is
surrounded by three terminal Cl asomns, two bridging Cl atoms and one carbenyl O atom of the aliyl
acetate molecule forming an edge-sharing dioctahedron. The Ti....Ti distance is 3.851(4) A and
Ti-O bord lengih is 2.022(2) A.

A new structural family of remarkably stable polyoxotitanate derivatives that display unusual
regioselective alkoxide exchange with alcohols has recently been synthesised [15]. The atkoxides
o1 and o2-ITii2016HOPI6 display very low moistufe sensitivity in alcohol solution, while the
alkoxide [Ti; 1013](0iPr)1g has been identfied as the sole {>95%) reaction product of Ti(OiPr)4 by
approximately a half equivalenti. of water in isopropanol! solution.

The preparation of phosphanyl spacer-substituted metal alkoxides {RORE-X-PPhy (E =Ti,
Zr; X = spacer} has been documented [16]. In particular, the reaction of HPPh; with
{PrO3)E{Q2CCH=CHa) gave (PrO1)E{0,CCHyCHPPh) } whereas {(PrO3)Zr{O;CCHPPho) was
obtained by treatment of {(PrO1}Zr(02CCH2Cl) with LiPPhy. These atkoxides were characterised
by IR and 'H and 3P NMR spectroscopies.

The first examples of dinuclear metallocene type complexes of titanium with the bridging
ligand (dimethyisilylidene}bisicyclopentadieny!) [MeaSi{15-CsHa 3212~ have been prepared and
crystal structures of iwo representative complexes have been obtained [17]. In particular, the
complexes [TiClaCp*alit-n3-n3-(CsHa)2$iMez] and [TiCioCpzlu-n2-1n2-(CsHa)oSiMea] were
obtained. When the latter was hydrolysed the p-oxo derivative [TiClCpla{u-O3in-n3-23-
{CsHzs)28iMes] (5) resulied. These compounds were characterised by elemental analysis, IR, IH,
3¢, and 31P NMR spectroscopies.

Me\ ‘ /Me

Co(CTi—_ .~ TiCR(CI)

(5)
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113 Complexes with oxygen and nitragen donor ligands

The preparation of several new titanawanes has been reported {18]. In addition, the relative
rates of displacement of NMes, NEty, and N¢(Pr)3 from (6), (7}, and (8) respectively, by OH- and
-SH compounds has been found to be in the general order 7 >> 6 > 8. This order has been
rationalised based on the relative basicities and steric properties of the NR2 substituents.
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The synthesis and coordination chemistry of 1,4,7-tist5-tert-butyl-2-hydroxyibenzyi)-1,4,7-
triazacyclononane, L, (9) has been reported [19). The reaction of #ivalent first-row iransition metals
with the mianion afforded monomeric pseudo-octahedral complexes. The crystal structure of
[LTi!V]PFg has been determined, the average Ti-OAr distance was found 1o be 1.828A while the
Ti-N bonds vary from 2.221(9) 10 2.244(R)A. Additicnally, elecronic spectral data, magnetic
properiies and the electrochemistry for the new complexes have been reported. A study of the
degree of dp— py bonding in the M—Opnenatate bonds as a funciion of the 4” electronic configuration
of the ceniral metal ion has been carried out. It was found that the fewer the electrons in the g
valence subshell of the respective metal ion the stronger the resulting M-Oghenotaie bonds,
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The uiility of porphyrin ligands in interinetal oxygen, sulfur and selenium atom transfer
involving titanium porphyrin complexes has been discussed [201].

Titanium complexes with ligands derived from 4-amincantipyrine have been synthesised and
characterised by IR and NMR spectroscopy and conductance measurements.J21].

Complexes of titanium and vanadium with the tridemtate diacidic ligands salicylaldehyde
benzoylhydrazone (18) and 2-(2"-hydroxypheny!)-8-quinolinol (11) have been synthesised and
characterised (22). Mass specirometry for the titanium compounds indicates a bis-ligand
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conformation.
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1.4 Complexes with sulfur donor ligands

The high-yield synthesis (up 0 85%) of CpTi(S3CCH1)3 from (’-C7H7TiCp and
dithioacetic acid CH3CS2H has been described [23]. It is the first example of a group IV
organometallic complex possessing dithicacetate ligands. Its X-ray smructure shows it to be
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comprised of discrete seven coordinate molecales in which the Ti{IV) atom is at the centre of a
slighly distorted pentagonal bipyramid. A Cp group occupies one axial site while two didentate
dithicacetate ligands occupy four of the five equatorial sites and the remaining axial and equatorial
sites are spanned by a third didentate dithioacetate ligand. The axial Ti-S distance is 2.545A while
the average equatoriat Ti-§ distance is 2.615A. This compound has been fully characterised by
clemental analysis, 'H and 13C NMR spectroscopy, IR, MS and X-ray crystallography.

Interest in the utility of early mansition mesal thiclate derivatives 10 serve as mesalloligands
and hence as synthons for heterodimetallic complexes has led 1o the development of synthetic routes
to cyclopentadienyltitaniom dithiolate derivatives. The Lewis acidity has been examined via
structural, spectroscopic and theoresical studies [24]. In a relased paper [25], macrocyclic
titanocenedithiolate complexes were synthesised by the reaction of CpoTiCl with extended dithiols
in the presence of base. In particular, Cp2Ti{SCH2>CH1)2S, [CpaTi(SCH2CH?2)2517,
[CpaTiCllz2(SCH2CH2)28, CprTi((SCH2CH2CH2»28), [Cp2TH(SCHCHCH2)28 2,
Cp2Ti((SCH2CH2SCH2)3CH), [CpaTi{((SCHCH28CH2}2CH2)]2, and
Cp2Ti(SCH2CH;SCHR )3, R = CHz, Ph were purified and characterised, Their ability te act as
metalloligands was demonsirated by the interaction of these macrocycles with Ce{). In some
instances, ring size and Lewis acidity of the metal caused a destabilisation of the Ti-S bonds giving
fise to thiolate transfer reactions. A further interesting feature, the mechanism of formation of these
macrocycles was also studied [26]. Elecwwochemical, structural and spectroscopic data suggest that a
radical mechanism involving Ti(HI) in the formation of Ti-S occurs. A weakening of the Ti-Cl bond
upen coordination of the donor ligands is suggested by the data and evidence of the formation and
subseqguent reaction of Ti{IH} species is presented.

1.1.5  Complexes with tellurium donor ligands

Stable bis-silyliellurolate derivatives of early transition-metal metallocenes have beea
prepared by both metathetical and tellurolysis routes [27). The bis-teliurolates
CpoM(TeSi(3iMez)ilz, M = Ti, Zr, and Hf were obtained in high yields. reaction with strong
unhindered Lewis bases generated isolable Ti(111) species CpoTi[TeSi(5iMes)sL, L = PMes, PEta,
PMePh and 2,6-MepCgHaNC which could be trapped in near-quantitative yields.

116  Complexes with nitrogen donor ligands

Mona-n-cyclopentadienyl-benzamidinate compounds of titanium, zircorium and hafaivm
have been prepared and their ability to act as co-catalysts towards alkene polymerisation has been
investigated [28]. The compound [Ti(7n-CsMes)iMe3SINC{p-CeHqOMeINSiMe3]F2] was
prepared and found to be highly sensitive 10 oxygen and water. Iis crystal structure has been
determined and a preliminary study of its catalytic properties in the polymerisation of ethene and
propene has been reported.

A new class of five coordinate titanium complexes containing a polyfunctional amido ligand
has been synthesised [29]). Trimethylsilylation of the ligand CH(2-CsHaN)CHaNH2); gave the
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corresponding CH(2-CsH4N){CH2NHSiMe3)z which after dilithiation and reaction with
I TiX4(thf)z] (X = Cl or Br) gave the complexes [TiX2{ CH{2-CsHaN}CHyNSiMea)21] as air- and
Inoisture-sensitive orange microcrystalline solids, A single crystal X-ray analysis for the bromide
derivative shows the molecule possesses Cg symmetry with the titanium atom being at the cenre of a
slightly distorted trigonal bipyramid with Ti-N(amido) distances being 1.842(9)A and a Ti-
N(pyridyl} distance of 2.262(12)A. The use of the complexes as potential building blocks in the
synthesis of oligonuclear complexes is being explored.

The synthesis, structures and studies of dynamic properties in solution of titanium amides of
the general type (12) has been described {30].
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The compound [H3CC(CHaNMe)rTiCl); (13) was synthesised. Its X-ray crystal structure
shows it to be a dimer with an idealised (2 symmetry in which bridging amido functions bridge two
halves of the molecule. The titanium interatomic distance of 3.142(3)A rules out any direct
tnteracdon between the two metal centres. The Ti-N distances for the non-bridging arnido functions
lies in the range 1.83%(9) - 1.879(9) A. This dimeric szucture was found to be retained in solution
as shown by 'H- and 13C-NMR spectroscopy. A high degree of ligand dynamics was found and
this was investigated by variable temperature NMR spectroscopic studies and phase sensitive 'H-
NOESY/EXSY spectra. A byproduct of the synthesis [H3yCC(CH2NSiMea )2 (HYCHaNTIX s was
isolated and its erystal structure obtained.

When TiCly and N(SiMes)z were reacted in 2 sealed glass tube the titarivm imide chloride
[Ti(NSiMe3)Clalg was obtained [31). Its crystal structure shows it comprises six titanium atoms
linked together by chlore and trimethylsilylimido bridges in a ring swructure.  Additionally, two
TiCl groups are bound o the ring by two imido bridges.

An @b initip quanwm chemical study of the elimination of small molecules HIX from group 4
(M = Ti, Zr, Hf) amido complexes LaM{NH2}¥X) (X = H, CHs, Cl, NHj and SiHj3 has been
described [32]. This study is pertinent to the rational design of precursors for materials 1o be
synthesised by CVD. Results indicate that the leaving group X plays a crucial role in tuning the
bonding and energetics of the transition state and thus the rate of elimination of HX. The
conclusion is that precursors whose design enhances the metal ransannular hydrogen interaction
lead to lower activation barriers for HX elimination resulting in lower processing temperatures or
higher rates for a given emperature.

Several complexes of titantum with silylated aminophosphorane and sulfodiimide ligands
have been obtained recently [33]. The reaction of TiCly with S(NSiMes); and MeaS(NSiMes)z
gave 1:1 adducts. Reaction of TiClywith (Me3Si}pNPPhoyNPPhyNSiMes gave rise to an exchange
of one silyl group with a TiCl3 moiety, the resulting molecule possesses a titanium atom which is
four-coordinate. Reaction of CpTiCly, Cp*TiCls, and Cp*TiF3 with PhoP{NSiMes)7H did not
resuit in any chelate complexes.

The oxidation of bis{phthalocyaninato)titaninm(IV) PcoTi and bis(pthalocyaninatotin{I V),
Pec25n with Iy and HNOs generated the species [PeaM(I3)g 66 and [PcMNQ5 respectively (M =
Ti(IV), Sn(IV} [34). Exchange of the NO3™ group with PFg™ has resulted in new products. The
structure of [PepTil{l)p.e6 has been obtained from a low-temperature {(-160°C) single-crystal X-ray
study. Notably, iwo interligand C-C ¢ bonds observed in Pc2Ti are no longer present, two Pc
groups are staggered at an angle of 41.1° and the titanium atom is surrounded by eight inner
nitrogen atoms in the form of a square antiprism with Ti-N bond distances of 2.246(7 }.3«‘ Seuctural
and electronic features of these oxidised species were studied in order to gair a better understanding
of their improved electrical conductivity properties with respect to their precursors PcpTi and PeoSa.

The structure of an allotropic form of [bis(trimethylsilyl)amido]dich!oro(n5-
cyclopentadienyljtitaniom which is used as a precursor for CVD of thin films of ceramic TiN has
been obtained [35]. It is not significantly different from the previously reported monoclinic form.
Titanium is in 2 terahedral envisonment with a noticeably short Ti-N bond length of 1.881(6) A.
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12 TITANIUM(IIL)

12.1  Complexes with halide ligands

The dimetallic complexes (M2(j1-Cl)5Cla(thf)a] where M = Ti or V have been prepared by
recrystallisation of [MClz(thf)3] from dichloromethane [36]. Their crystal structures have been
obtained, and both dimers comprise slightly distorted edge-sharing octahedra with a Ti--Ti
separation of 3.711(3)A anda V-V separation of 3.619(1)A. The metal atoms are surrounded by
two terminal chlorine atoms, two bridging chlorine atoms and two oxygen atoms of the thf
molecules. High catalytic activity for ethene polymerization was deronstrated for the Ti dimer.

122 Complexes with hydride donor ligands

The trinuclear hydride complex [ ({CsMes)aTi(u-H)z 1 Mg] has been synthesised and its X-
ray crystal structure determined {37]. This was prepared by suspending [(CsMes),TiCl>] in dry,
degassed Et30 to which IPrMgCl in Et20 was added. The complex consists of two mutually
perpendicular (CsMes)pTi(p-H)z fragments attached to a central pseudo-tetrahedrally Mg atom by
means of four Ti-H-Mg bridges. The Ti-H distances range from 1.66 1o 1.79A while the Ti-Ti
distance is 5.7A.

Ab initic unrestricted Hartree-Fock (UHF) caiculations have been carried out for the
previously characterised d!-Ti(BHa)z complex using both limited and extended basis sets [38].
Twenty different structures exhibiting different BHq~ coordination modes were studied and results
from these calculations are consistent with those from an electron diffraction study with a € 3 (73,
n 3, 113) structure being the lowest energy one and optimised bond lengths and angles are close to
experimental values. A mechanism for exchange berween bridging and non-bridging hydrogen
atoms has been proposed.

12.3  Complexes with oxygen donor ligands

Slow intramolecular electron transfer in a Ru(IID-Ti{ 11} redox intermediate having a dianion
derived from a dihydroxyquinone as a bridging ligand has been observed [39]. A kinetic study of
TiJIT) reduction of Ru(imen)CQY where CQ is the dianion of chloranilic acid, CClz04% (14) has
been carried out. Reductions by Ti(lH) of Co(trien)Q* and Co(en);SQ* where Q% and SQ*~ are
the dianions of 2,3-dihydroxy-1,4-benzoquinone (15) and squaric acid (16) were also studied.

02 0 o- 0

cl
(14) (15)
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124  Complexes with oxygen and nitrogen donor ligands

The molecular structure of Na| Ti(H2C)(edta))-2H20 has been determined by X-ray analysis
recently [40]. The complex anion has a seven-coordinate and approximately pentagonal bipyramidal
structure in which edta* is a hexadentate i gand and a water molecule occupies one of the five basal
sites.

The crystal and molecular structures of three Tilll-edta complex salts have been
obtained [41]. The complexes vielet Ba[Ti{edwa)(H20)]1-6H20, reddish-violet
Nas[Tifedta){H20)2- NaClh-7H,0, and purple K[ Ti{ed1a)}(H20}i-2.5H,0 were found o possess

seven-coordinate and distorted mono-capped wigonal prismatc structures.
125 Complexes with oxygen and phosphorus donor ligands

Using crystailine {Li{p-OCBuzCHaPMes)s]s, & number of pentane-soluble derivatives
including the first monomeric Ti!¥! monomeric alkoxide have been obtained [421. In particular, the
X-ray crystal structure of [TiICIKKOC'BurCH2PMe2)2] shows that there is a distorted trigonal
bipyramidal geomemry about the Ti atom with Ti-O bond lengths 1.841(3) and 1.843(3)A and Ti-P
bond lengths of 2.600{2) and 2.591(1A.

126 Complexes with sulfur donor ligands

A novel mixed-valence, quasi-two-dimensional bismuth calcium titanium(I11/1V} suifide
Big-xCayTis8qg (x = 3.08) has been synthesised and reported as a commensurate structure for the
first dme in the class of misfit-layer compounds [43].

12,7 Complexes with nitrogen donor ligands

The preparation and structural characterization of the first bis(benzamidinatotitanium{Iil)

chloride and uts transformatien into the corresponding borohydride and allyl derivatives has been
reported [44]. The reaction of TiCla(tmen)s and TiClz{thf)s with 2 equivalents of
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PhC[{Me3Si)N}zLi(tmen) in thi gave rise to forest-green crystals of {PhC[(Me3Si)N]2)2Ti(u-
ClyzLi(mmen), (17) in good yield. When the latter was reacted with Li[BHgj, light brown crystals of
[PhC[{Me3Si}N]2}2Ti{BHa), (18) were obtained. A thermally stable Ti(Iil)-allyl derivative
{ PRC(Me3Si)N]2)2Ti(13-allyi} was obtained from the reaction of (17) with (allyl)MgBr in thf.

Ph SiMes Ph SiMe,

Ph “SiMe,

Rare examples of solid-liquid heterogeneous metathesis reactions have recently been
demonsirated [45]. Thermal or frictiopal initiation of mixtures of MClLy(1) (M = Ti, V) and LisNer
Lip0 gave rise to MN, TiyVyN, x =y = 0.5, or MOz in 2-3 seconds via an exothermic solid-liquid
metathesis reaction. In related papers [46] and {47), the generation of crystalline transition metal
niwrides of various compositions MyNy via an exothermic solid-state metathesis reaction and MN
respectively has been reported. The metal nitrides were purified by thf trituration and characterised
by X-ray powder diffraction, scanning electron microscopy, energy dispersive analysis with X-rays,
TRagnetic moment measurements, FTIR spectroscopy and microanalysis.

Studies demonstrating that when a suitable choice of ligand was employed edge-sharing
dioctahedral titanium compounds possessing a Ti-Ti single bond were obizined have been reported
[48]. The dinuclear compounds TizClLyIRNC{HINR]2(u-Clyz, (R = phenyl or bipheayl} whose
crystal structures have been obtained show the coordination sphere of the titanium atoms to be
composed of two bridging and two chelating formamidinate ligands and two bridging chlorine
atomss. The Ti-Ti distances, 2.8950(83A for the phenyl case, and 2.916{3)A for ihe biphenyl
derivative are indicative of a single bond and magnetic susceptibility studies have shown the
biphenyl derivative to be diamagnetic. In addition, stoichiometric analogues MaClg(PMes)s where
M = Ti and Zr have been prepared ang characterised. X-ray crystuallography and magnetic
measurements indicate no appreciable Ti-Ti interaction whereas a Zr-Zr bond exists.

1.3 TITANIUM()
The preparation and characierization of novel (172- acetylene) and bis{aminetitanium(II)

porphyrin complexes has been achieved [49). The preparaiion of {TPPH;)Ti(nz-RCCR’), {(R=R=
CHj, CHyCH3, CgHs;, R = CH3, R' = CH2CH4 ) has been described. These m-complexes were
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found to undergo simple substitution reactions with py and 4-picoline yielding the bis(ligand)
complexes trans-(TPPH2)Ti(py)2 and trans-(TPPH2)Ti(4-picoline)z. The structure of the later
complex was deterrmined by single crystal X-ray diffraction. The two picoline ligands were found to
be coplanar and Ti-Npjc distance is 2.223(3)A while the average Ti-Npyrole distance is 2.047(B)A.
The strong reducing potential of Ti(Il) is evident from its reactions with diazo reagents and

phosphine chalcogenides,
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