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A new phenoxy–imine and phenoxy–ketone heteroligated
titanium complex was obtained by hydrolysis of one of the
two imine moieties of a bis(phenoxy–imine)Ti complex. X-ray
diffraction analysis revealed that the complex assumes an
octahedral coordination geometry with a cis-phenoxy-O’s and
cis-Cl’s disposition. NMR studies demonstrated that the com-
plex does not undergo disproportionation. In association with
methylaluminoxane, the complex behaved as a non-living-type
single-site catalyst for ethylene polymerization.

Among the several types of non-metallocene olefin poly-
merization catalysts,1 of note are group 4 transition-metal com-
plexes of bis(phenoxy–imine) including bis(phenoxy–ketimine)
(known as FI Catalysts) that were developed at Mitsui Chemi-
cals.2 With appropriate cocatalysts, these complexes display
many distinctive and practical features, including high activity,
precise control of molecular weight and molecular weight distri-
bution, highly syndioselective and isoselective propylene poly-
merization, and living ethylene and/or propylene polymeriza-
tion.2–4

One way to expand the framework of the phenoxy-based
catalyst family is to devise mixed ligand complexes. In fact,
phenoxy–imine/Cp complexes, phenoxy–imine/pyrrolide–
imine complexes, and structurally-diverse phenoxy–imine ligat-
ed complexes have already been reported by us and others.5,6

However, there have been no reports covering the synthesis
and olefin polymerization behavior of transition metal com-
plexes bearing different phenoxy-based ligands, even though
such complexes may give information on the structure and cata-
lytic performance relationships. Herein, we report the first exam-
ple of a titanium complex that possesses both phenoxy–imine
and phenoxy–ketone chelate ligands (a heteroligated phenoxy-
based titanium complex). Additionally, we discuss its molecular
structure, stability against disproportionation, and its catalytic
behavior for the polymerization of ethylene by comparing it with
the parent FI Catalyst.

A heteroligated complex 2 was unexpectedly obtained dur-
ing the synthesis of a conventional homoligated complex 1
(Figure 1). After the collection of purified complex 1, the filtrate
(a CH2Cl2/n-pentane solution of complex 1 and impurities) was
left in contact with air, and yielded a small amount of crystalline
product. NMR spectroscopy and mass spectrometry revealed
that these crystals have the structure that we now assign to com-
plex 2.7 Subsequent trials to prepare complex 2 deliberately were
successful and reproducible. Namely, the slow introduction of
water by way of vapor diffusion with the aid of n-pentane into
a benzene solution of complex 1 afforded distinctive reddish-
brown crystals of complex 2 (isolated yield: 17–29%).

We were interested in the coordination geometry of the het-
eroligated titanium complex 2, since it has been reported that an
existing bis(phenoxy–imine)Ti complex favors a trans-phenoxy-
O and cis-Cl disposition in a distorted octahedral structure,2

whereas a related bis(phenoxy–aldehyde)Ti complex is known
to assume a cis-phenoxy-O and cis-Cl arrangement.8 DFT calcu-
lation studies show that, among the six possible isomers that are
labeled a–f in Figure 2, complex 2 favors the conformation
adopted by isomer c, with the two phenoxy-O’s in cis-positions.

The molecular structure of the heteroligated complex was
established by X-ray crystallographic analysis.9 As shown in
Figure 3, the complex assumes a distorted octahedral geometry
with a cis-phenoxy-O, cis-Cl, and trans-N/Cl arrangement,
which agrees with the prediction of DFT calculations. The cis-
relationship between the phenoxy-O’s is rare for a phenoxy–
imine-based transition-metal complex.10 An important feature
of this complex is that the chlorines occupy mutually cis-coordi-
nated sites, which is potentially significant for generating an ef-
ficient polymerization active center. It is interesting to note that
the two chelate ligands coordinate differently, i.e., the dihedral
angle between the [N, C12, C6, C1, O1] least-squares plane
and the [N, Ti, O1] plane is as large as 28.12�, while the [O2,
C21, C26, C32, O3] least-squares plane and the [O2, Ti, O3]
plane with a dihedral angle of 8.66�.11

NMR studies demonstrate that complex 2 exists predomi-
nantly as a single isomer in both CDCl3 and C6D6 solutions.7

The aromatic regions of the 1H and 13CNMR spectra show nine
or eighteen discrete peaks, respectively, meaning that the phenyl
group attached to the imine-N has non-equivalent ortho- and
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Figure 1. Homoligated complex 1 and heteroligated complex
2.
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Figure 2. Calculated relative formation energies (kJ/mol) of
the possible isomers of complex 2. Neutral oxygens are labeled
with asterisk.
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meta-positions. This observation can probably be ascribed to the
restricted rotation of the phenyl group on the NMR time scale,10a

due to steric congestion derived from the ethyl group on the
imine-C.

Since complex 2 is well-suited for use in studying ligand ex-
change between complexes, the stability of complex 2 against
disproportionation was investigated. No peaks arising from com-
plex 1 appear in the 1HNMR spectrum of complex 2 up to 75 �C
in C6D6. Moreover, we observed that complex 2 does not show
any distinct change in its NMR spectrum in CDCl3 over a tem-
perature range between 23 and �50 �C, and that a mixture of
complexes 1 and 2 in C6D6 only exhibits peaks stemming from
each of complexes 1 and 2 at 75 �C.7 These results indicate that
complex 2 is highly robust against disproportionation under the
conditions examined.

In addition to the molecular structure, the ethylene polymer-
ization behavior of heteroligated titanium complex 2 has attract-
ed interest because a bis(phenoxy–imine)Ti complex has (some)
characteristics of living ethylene polymerization, as reported by
us and others,2 and a related bis(phenoxy–aldehyde)Ti complex
does not (which behaves as a multi-site catalyst and provides
broad molecular weight distribution polyethylene).8 Ethylene
polymerization results for complexes 1 and 2 with MAO activa-
tion are compared (25 �C, 5min, atmospheric pressure, toluene
solution, [Ti] = 0.02mM, and [Al] = 5mM). As expected,
complex 1 produced nearly monodisperse polyethylene
(Mw=Mn 1.06, Mn 26200, and activity 266 kg-PE/mol-Ti.h).2
Interestingly, heteroligated complex 2 displayed normal single-
site catalysis and formed polyethylene with a molecular weight
distribution (Mw=Mn) of 2.04 (Mn 10400 and activity 104 kg-
PE/mol-Ti.h). Complex 1 probably generates homotopic poly-
merization sites, while complex 2 apparently forms non-equiva-
lent catalytic sites. At this point, it is not clear how these features
reflect the polymerization catalysis of complexes 1 and 2.
Further studies on heteroligated complexes would provide
insight into the role played by the phenoxy, imine, and carbonyl
donors in the catalytic properties and mechanistic behavior.

In summary, the formation, molecular structure, stability

against disproportionation, and ethylene polymerization behav-
ior of a new Ti complex ligated with phenoxy–imine and phen-
oxy–ketone has been described. The results introduced herein
suggest that only a partial change in the ligand structure can have
a significant effect on complex structure and catalyst perform-
ance. Further investigations are now in progress to define the
scope and limitations of this partial hydrolysis method for the
preparation of transition-metal complexes ligated with phenoxy–
imine and phenoxy–ketone (or aldehyde) from readily-available
bis(phenoxy–imine) complexes.

The authors thank Prof. S. Murai (Osaka Univ.), Dr. M. J.
Mullins, and Dr. A. Valentine for fruitful discussions and
suggestions.
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Figure 3. ORTEP diagram of the molecular structure of com-
plex 2. Ethyl groups are drawn as observed in disorder. Selected
bond lengths ( �A), bond angles (�): Ti–O1, 1.821(2); Ti–O2,
1.863(2); Ti–O3, 2.084(2); Ti–N, 2.198(2); Ti–Cl1, 2.3194(8);
Ti–Cl2, 2.3186(8); O1–Ti–O2, 95.50(8); O1–Ti–N, 81.24(7);
O1–Ti–Cl1, 97.01(6); O1–Ti–Cl2, 99.08(6); O2–Ti–O3,
81.33(7); O2–Ti–N, 89.17(8); O2–Ti–Cl2, 91.98(6); O3–Ti–N,
88.59(8); O3–Ti–Cl1, 85.01(6); O3–Ti–Cl2, 91.15(6); N–Ti–
Cl1, 85.27(6); Cl1–Ti–Cl2, 93.50(3).
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