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Novel heptacyclic tetranuclear titanium complex containing
penta- and hexacoordinated titanium centers was synthesised by
the reaction of bis(o-phenol)phenylphosphine with titanium tet-
rachloride.

The development of new generation titanium complexes
containing ansa-metallocenes and ancillary ligands for synthetic
applications is emerging as a research area of great importance.1

However, the cyclopentadienyl groups are known for reducing
the electropositive character of titanium complexes thereby di-
minishing the reactivity. In order to retain electrophilic character
and coordinative unsaturation at titanium centers, aryloxides,2 or
alkoxides3 with bulky substituents are preferred and such com-
plexes can be potential reagents/catalysts in homogeneous catal-
ysis4 and also in polymerisation processes.5,6 When bulky phe-
nolate ligands are employed instead of metallocenes better
results were obtained in polymerisation of olefins. Incorporation
of phenolate moieties into tertiary phosphines would result in in-
teresting functionalized phosphines, which can form interesting
titanium complexes with rich chemistry and potential catalytic
applications. As a part of our interest7 and of others8 on function-
alized phosphines, herein we report a fortuitous tetranuclear tita-
nium complex of bis(o-phenol)phenylphosphine, [{(iPrO)2-
Ti(�3-O)TiCl(iPrO)((OC6H4)2PPh)}2].
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The reaction of bis(o-phenol)phenylphosphine with TiCl4 in

toluene at �78 �C in the presence of iPrOH affords a mixture of
products as confirmed from the 31P NMR spectroscopic data.9

However, the tetranuclear complex, [{(iPrO)2Ti(�3-
O)TiCl(iPrO)((OC6H4)2PPh)}2] was isolated from the reaction
mixture in low yield by crystallizing it in diethyl ether at room
temperature. The 31P NMR spectrum shows a single resonance
at �17:9 ppm with a shift of 53 ppm indicating the involvement
of phosphorus in the complex formation. The 1H NMR spectrum
of the complex shows only one type of isopropyl groups al-
though, the X-ray structure depicts the presence of both the
bridging and the terminal isopropoxy groups. The isopropyl
groups exhibhit doublets (1.17 ppm) and septets (4.02 ppm) for
–CH3 and –CH groups, respectively. The mass spectral data sup-
port the tetranuclear complex. The structure was established by
single crystal X-ray diffraction studies.10

The perspective view of molecule is shown in Figure 1 with
selected bond parameters. The structure reveals the centrosym-
metric and dimeric nature of the molecule where the phenolato
oxygen and oxo groups bridge the metal centers to result in three
four-membered Ti2O2 rings. The �3-bridging oxygen present in
the compound could be due to the trace amount of atmospheric
oxygen present in the system. The interesting feature of these
rings is their arrangement in 3-D space, which resembles a flat
chair where alternate corners are occupied by titanium and oxy-
gen atoms. The angles Ti(1 3)–O(3 3)–Ti(2) and O(3 3)–Ti(2)–
O(1) are 140.89(8)� and 150.83(6)� indicating that all four-mem-
bered rings are bent with respect to each other. The Ti–Ti dis-
tances of 3.187 and 3.095 �A indicate that there is no true met-
al–metal bond interaction.12 The two central titanium atoms
are penta-coordinated and the other two metal atoms are hexa-
coordinated. The geometry around the Ti(2) is distorted trigonal
bipyramidal where the phenolato oxygen O(1) and �3-bridged
oxo O(3 3) occupy the apical positions and the isopropoxy oxy-
gens O(5), O(6) and �3-bridged oxo O(3) are in the equatorial
plane. Ti(1) is in a distorted octahedral geometry where P, phe-
nolato oxygen O(1) and phenolato oxygen O(2) are trans to �3-
bridged oxo O(3), isopropyl oxygen O(4), and Cl, respectively.
The phenolato groups of bis(o-phenol)phenylphosphine are ar-
ranged in such a way that the oxygen atoms occupy cis positions
with O(1)–Ti(1)–O(2) angle of 88.17(6)�.

There are four types of Ti–O bonds present in complex, aris-
ing from isopropoxy group, phenolato group (monodentate and
bridging), and �3-bridged oxo oxygen. The relatively short
Ti–O (isopropoxy) bond distances (1.761(2)–1.780(2) �A) and
the widening of (iPr)C–O–Ti angles (142.4(2)–148.0(2)�) are

Figure 1. Molecular structure of [{(iPrO)2Ti(�3-O)TiCl-
(iPrO)((OC6H4)2PPh)}2]. Hydrogen atoms are omitted for clari-
ty. Selected bond distances ( �A): Ti(1)–Cl = 2.353(1); Ti(1)–P =
2.563(1); Ti(1)–O(1) = 2.180(1); Ti(1)–O(2) = 1.908(2); Ti(1)–
O(3) = 1.910(1); Ti(1)–O(4) = 1.761(2); Ti(2)–O(1) =
2.020(1); Ti(2)–O(5) = 1.761(2); Ti(2)–O(6) = 1.780(2);
Ti(2)–O(3 3) = 1.957(2).
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consistent with � donation to the metal center. The sequence of
bond order for the oxygen donors towards the titanium center is:
iPrO� >monodentate phenolate��3-oxo> bridged phenolate.
This order shows that the complex obeys the simple rule ‘‘the
strong ligand trans to weak ligand’’ formulated for six coordinat-
ed titanium complexes.13 Thus the weaker phenolate oxygen do-
nors are trans to strong chloro and alkoxide ligands.

In summary, we have synthesised a novel heptacyclic tetra-
nuclear titanium complex containing four different types of oxy-
gen bindings with formal titanium–phosphorus bonds. The pref-
erential binding of soft �-phosphorus atoms to oxophilic
titanium centers is due to the diphenolate substitutents on phos-
phorus centers, which bring the Ti and P atoms in close proxim-
ity to establish Ti–P bonds. Presently, we are making efforts to
cleave the Ti–P bonds in the presence of platinum metals to
make heteronuclear complexes for their possible utility in both
homogeneous and heterogeneous catalysis. The cleaving of
Ti–P bond also induces coordinative unsaturation at titanium
centers.
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