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Summary: The synthesis and structural characterization
of titanium(IV) dialkyl complexes ligated by a new
tetradentate C2-symmetric aminotroponiminate ligand
are reported. Included are rare examples of thermally
stable titanium diethyl and di-n-butyl complexes and an
η2-imine complex.

Titanium(IV) dialkyl complexes have been extensively
studied for use in catalytic and stoichiometric chemistry.
Numerous combinations of ancillary ligands and differ-
ent alkyl groups have been used in the preparation of
these molecules. The instability of compounds having
short-chain alkyl ligands with â-hydrogen atoms, how-
ever, has rendered difficult their isolation and charac-
terization. Apart from two recently described diisobutyl
compounds,1,2 there are no examples to the best of our
knowledge of thermally stable titanium(IV) dialkyl
complexes containing noncyclic alkyl ligands with â-hy-
drogen atoms.3,4 Here we describe the synthesis of a
family of thermally stable compounds in this class made
accessible with the aid of a new C2-symmetric ami-
notroponiminate ligand. This chemistry has also allowed
us to access a stable titanium(IV) η2-imine derivative.

Early studies in titanocene chemistry revealed that
complexes such as Cp2TiR2 (R ) n-Bu) rapidly decom-
pose to equimolar mixtures of alkene and alkane, results
consistent with â-elimination.5,6 Decomposition of Cp2-
Ti(n-Bu)2 or Cp2Ti(Et)2 in the presence of PMe3 yielded
Cp2Ti(PMe3)2, and with the use of modified Cp ligands
it was possible to isolate the olefin complexes.7,8 The
orientation of the alkyl group with respect to the metal
center is a key factor in determining the feasibility of
the â-elimination reaction. When the Ti-CR-Câ-H
dihedral angle is 0°, the orientation of the alkyl group
is optimal for â-elimination, as demonstrated by the
preparation of a thermally stable Cp2Ti(CH2)4 metalla-
cycle.6

We were interested in preparing dialkyltitanium(IV)
complexes in order to expand the scope of previously
described carbonyl coupling chemistry.9 The ligand
originally employed, Me2ATI- (ATI ) aminotropone-
iminate), was unsuitable for this purpose since treat-
ment of [TiCl2(Me2ATI)2] with â-hydrogen-containing
alkyl anions afforded either [Ti(Me2ATI)3] or [Ti2Cl2(Me2-
ATI)4].10 We therefore linked the two aminotroponimi-
nate ligands with a spacer, trans-1,2-diaminocyclohex-
ane, to provide more rigid and stable complexes. In this
report we present two dramatic results that arise from
this change in the geometrical properties of the ATI
ligand: (1) the isolation and characterization of ther-
mally stable titanium(IV) diethyl and di-n-butyl com-
plexes and (2) the preparation of a titanium η2-imine
complex. The new C2-symmetric ligand allows com-
pounds to be isolated and characterized that are un-
stable in the unlinked Me2ATI- system while retaining
their interesting chemical reactivity.

The desired ligand was prepared by treating trans-
(R,R)-1,2-diaminocyclohexane with a suitably activated
aminomethyltropolone in CH2Cl2.11 The new C2-sym-
metric ligand [H2{(MeATI)2Cy}] (1) was isolated as an
analytically pure yellow solid on a 2-3 g scale in 44%
yield. Reaction of 1 with [TiCl2(NMe2)2]12 in benzene
gave [TiCl2{(MeATI)2Cy}] (2) as a dark green solid in
82% yield (Scheme 1). Dark purple THF solutions of
[TiCl2{(MeATI)2Cy}] reacted cleanly with 2 equiv of
MeMgCl to afford [TiMe2{(MeATI)2Cy}] (3) in 69% yield
after crystallization. The X-ray structure of 3 reveals a
C2-symmetric aminotroponiminate ligand that is nearly
planar.13 The Ti-C distances of 2.141(2) and 2.167(2)

(1) Warren, T. H.; Schrock, R. R.; Davis, W. M. Organometallics
1998, 17, 308-321.

(2) Baumann, R.; Stumpf, R.; Davis, W. M.; Liang, L.-C.; Schrock,
R. R. J. Am. Chem. Soc., in press.

(3) Dimitrov, V.; Thiele, K.-H.; Schenke, D. Z. Anorg. Allg. Chem.
1985, 527, 85-94.

(4) Gais, H.-J.; Vollhardt, J.; Lindner, H. J.; Paulus, H. Angew.
Chem., Int. Ed. Engl. 1988, 27, 1540-1542.

(5) Chang, B.-H.; Tung, H.-S.; Brubaker, C. H., Jr. Inorg. Chim. Acta
1981, 51, 143-148.

(6) McDermott, J. X.; Wilson, M. E.; Whitesides, G. M. J. Am. Chem.
Soc. 1976, 98, 6529-6536.

(7) Binger, P.; Müller, P.; Benn, R.; Rufı́nska, A.; Gabor, B.; Krüger,
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Å are in the expected range for these types of com-
plexes.10 The coordination geometry of 3 is best de-
scribed as skew trapezoidal bipyramidal in contrast to
the cis-octahedral geometry of the unlinked [TiMe2(Me2-
ATI)2] complex.14 It appears that linking the two biden-
tate aminotroponiminate ligands with the trans-diami-
nocyclohexane spacer enforces a geometry in which the
C-Ti-C angle has increased from 86.29(7)° in [TiMe2-
(Me2ATI)2] to 129.77(9)° in 3.10

Treatment of [TiCl2{(MeATI)2Cy}] with EtMgCl (2
equiv, Et2O, -30 °C) generated a red solution that
appeared to be stable at room temperature. The NMR
properties of the product of this reaction were consistent
with [TiEt2{(MeATI)2Cy}] (4). The X-ray structure of
[TiEt2{(MeATI)2Cy}] was determined and is very simi-
lar to the solid-state structure of 3 (Figure 1).15 The
ligand adopts an essentially planar geometry, and the
C-Ti-C angle is 137.2(2)°. The solid-state geometries
of 3 and 4 are similar to that of [TiMe2(salen)] except
that, in this compound, the C-Ti-C angle is 154.9(6)°.
Another important difference between these complexes
is the low thermal stability of [TiMe2(salen)] compared
to that of [Ti(R)2{(MeATI)2Cy}].16 Compound 4 is, to our
knowledge, the first report of a thermally stable tita-
nium diethyl complex. Treatment of 2 with i-BuMgCl,
n-BuMgCl, or Me3SiCH2MgCl (2 equiv, Et2O) afforded
red solutions which yielded [Ti(n-Bu)2{(MeATI)2Cy}]
(5), [Ti(i-Bu)2{(MeATI)2Cy}] (6), and [Ti(CH2SiMe3)2-
{(MeATI)2Cy}] (7), respectively, as thermally robust, red
crystalline solids. The NMR properties of each of these
molecules were consistent with their formulation as C2-
symmetric dialkyl complexes. All of these new dialkyl
complexes can be heated to 70 °C for at least 1 h without
any sign of decomposition. The high thermal stability
of dialkyl complexes 4-7 is intriguing, since [TiCl2(Me2-
ATI)2] reacts with n-BuLi (2 equiv) or i-BuMgCl (1
equiv) to afford [Ti(Me2ATI)3] and [TiCl(Me2ATI)2]2,

respectively.10 Although [TiCl(CH2SiMe3)(Me2ATI)2] can
be prepared, attempts to add a second, bulkier alkyl
group resulted in reduction.

Two possible decomposition pathways available for
â-hydrogen-containing dialkyl complexes are reduction
of the titanium halide precursor by the alkylating agent
and â-elimination or â-abstraction of a mono- or dialkyl
complex. Reduction by the alkyl anion source is the
predominate decomposition pathway in the Me2ATI-

systems, since Ti(III) products have been isolated during
attempts to alkylate [TiCl2(Me2ATI)2]. No products
consistent with such a reduction process have been
isolated in the [TiR2{(MeATI)2Cy}] system. Further-
more, the larger C-Ti-C angles of [TiR2{(MeATI)2Cy}]
complexes relative to those of [TiR2(Me2ATI)2] may
render â-abstraction processes more difficult in the
former case. Electronic effects may also contribute to
the stability of these complexes, but they have not been
delineated. Although there are many factors that con-
tribute to the stability of these dialkyl complexes, it is
clear that the geometric properties of the {(MeATI)2Cy}2-

ligand play an important role.
Once good synthetic routes to 3-7 were in hand, we

wanted to determine whether double alkyl migration
or the formation of bis(iminoacyl) complexes would occur
upon addition of isocyanides to 3. Because the C-Ti-C
angle in 3 is 129.77(9)°, there was a possibility that the
two alkyl groups would add to different isocyanide
ligands rather than the same one. The structure of the
1,2-diaminocyclohexane-linked salen complex [Ti(C2O4)-
(salchxn)], however, suggested that the analogous ATI
ligand might similarly distort to accommodate a double-
migration product.17 When benzene solutions of [TiMe2-

(14) Kepert, D. L. Prog. Inorg. Chem. 1975, 23, 1-65.
(15) Crystal structure analysis of 4: C26H36N4Ti, Mr ) 452.49,

orthorhombic, space group P212121, a ) 8.3814(13) Å, b ) 17.059(3) Å,
c ) 34.520(5) Å, V ) 4935.5(13) Å3, Z ) 8, F(000) ) 1936, T ) 188 K,
R1 ) 0.0556 (wR2 ) 0.1069).

(16) Floriani, C.; Solari, E.; Corazza, F.; Chiesi-Villa, A.; Guastini,
C. Angew. Chem., Int. Ed. Engl. 1989, 28, 64-66.

Scheme 1a

a Reagents: (a) TiCl2(NMe2)2; (b) 2 RMgCl; (c) t-BuNC; (d)
2 Ph2CO.

Figure 1. ORTEP diagrams of 4 (top) and 8 (bottom)
showing 50% thermal ellipsoids and atom labels. Selected
bond distances for 4 and 8, respectively (Å): Ti-N(1),
2.068(3), 2.114(2); Ti-N(2), 2.120(3), 2.051(2); Ti-N(3),
2.107(3), 2.127(3); Ti-N(4), 2.097(3), 2.095(2). For a more
complete listing see the Supporting Information.
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{(MeATI)2Cy}] were allowed to react with 1 equiv of
t-BuNC, a complex was obtained that lacked C2 sym-
metry, as revealed by 1H and 13C NMR spectroscopy
(Scheme 1). The N-Me groups of the ligand and the two
Me substituents bound to titanium afforded four in-
equivalent resonances and none corresponding to the
free imine, Me2CdN(t-Bu). The spectroscopic data were
consistent with the η2-imine complex [Ti{η2-Me2CN-
(t-Bu)}{(MeATI)2Cy}] (8), formed by double alkyl migra-
tion to the isocyanide. This assignment was confirmed
by an X-ray structure determination (Figure 1).18 The
metrical parameters of 8 compare well with those of
other titanium η2-imine complexes.19 The C-N bond
distance of 1.417(4) Å and the Ti-N (1.883(2) Å) and
Ti-C bond (2.132(3) Å) lengths are as expected. The
structure is best described as square pyramidal, with
the four nitrogen atoms of the ligand comprising the
base of a square pyramid and the imine ligand occupy-
ing the axial position.

The stabilizing effect of the diaminocyclohexane ligand
is highlighted by the difference in isocyanide reactivity
with analogous Me2ATI- compounds. [TiMe2(Me2ATI)2]
reacted rapidly with t-BuNC to generate dark brown
solutions containing the corresponding free imine, to-
gether with some starting material and paramagnetic
product(s) as determined by NMR spectroscopy. The
reduced titanium species formed are unstable and have
not been isolated.10 It is apparent that, with the
Me2ATI- ligand, double alkyl migration occurs but the
resulting complex is unstable toward loss of the imine.
In contrast, 8 is thermally robust. We attribute the
changes in stability of these two η2-imine complexes in
part to steric factors. Molecular modeling of the putative
[Ti{η2-Me2CN(t-Bu)}(Me2ATI)2] compound reveals steric
interactions between the geminal methyl groups of the
imine and the N-Me groups on the ATI ligand. These
steric clashes contribute to the dissociation of the imine.

Titanium η2-imine complexes are common and have
been prepared previously by the reaction of isocyanides
with four-coordinate, aryloxide-coordinated titanium
dialkyls.20 Upon treatment with suitable pyridine ligands,
these complexes eliminate the imine to yield Ti(II) and
Ti(III) complexes.20,21 The elimination of iminocyclo-
pentenes, produced by the titanocene-induced cycliza-
tion of enynes followed by isocyanide insertion, has also
been reported.22,23 The present results provide an

interesting example of how the stability of an η2 adduct
can be improved by altering the geometric requirements
of the ligand.

The isolation of the thermally stable η2-imine 8 has
afforded us the opportunity to explore its reactivity. In
principle, 8 could serve as a precursor to new unsym-
metrical titanium diamido and amidoalkoxide com-
plexes formed by the insertion of imine and carbonyl
compounds, respectively.24 Reaction of 8 with 2 equiv
of benzophenone yields the diolate complex 9 while 1
equiv of benzophenone affords a mixture of 9 and 8. The
inability to stop the reaction after only one molecule of
benzophenone has reacted is probably due to the strong
driving force to form two titanium-oxygen bonds. The
same outcome is observed with [TiMe2(Me2ATI)2],
t-BuNC and Ph2CO (2 equiv), which gives [Ti(OCPh2-
Ph2CO)(Me2ATI)2].9 This result is consistent with the
formation of a transient η2-imine complex in the Me2ATI-

chemistry. Compound 8 is unreactive toward other
carbonyl compounds and imines under a variety of
conditions.

In conclusion, we have prepared a new C2-symmetric
tetradentate ligand derived from tropolone and trans-
1,2-diaminocyclohexane. The novel coordination geom-
etries enforced by this ligand have resulted in the
isolation of thermally robust titanium dialkyl complexes,
including the first example of an isolable titanium
diethyl complex. A thermally stable η2-imine complex
in which the ligand has distorted to support a pseudo-
square-pyramidal coordination geometry has also been
isolated and characterized. It has not been possible to
prepare such complexes when the Me2ATI- ligand is
employed. The C2-symmetric ligand reported here can
adopt different geometries to stabilize complexes not
accessible in the Me2ATI- system, but the reactivity of
these molecules is not completely inhibited. This dif-
ference is highlighted by the analogous reactivity of both
Me2ATI- and {(MeATI)2Cy}2- titanium dimethyl com-
plexes with isocyanides and benzophenone. Further
investigations into the reactivity of [TiMe2(Me2ATI)2]
with isocyanides will be the subject of a future re-
port.
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