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Stabilization of a Cationic Ti Center by a Ferrocene
Moiety: A Remarkably Short Ti —Fe Interaction in
the Diamide {[(1°-CsH4NSiMes)Fe]TiCl} ,?*
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and the Chemical Sciencesd¥Hion, Lawrence Berkeley

National Laboratory, Berkeley, California 94720-1460 Figure 1. ORTEP (50%) plot oR. Fluorine and hydrogen atoms (except
Receied May 11, 2001 H1, H2, and H3) and the silicon-bound methyl group have been omitted.
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Catalytic activation of Ti dialkyl complexes is frequently

Incorporation of electron-rich transition metals is known to accomplished by the abstraction of an alkide group with a strong
stabilize carbocations and other positively charged organic Lewis acid, e.g., B(€Fs)s or [PhC][B(CsFs)4] (TB), resulting in
fragments. For example, incorporation of a ferrocenyl substituent g Ti—alkyl cation® Generally, B(GFs); affords a more stable
allowed for the first observation of an otherwise highly unstable species due to the better coordinating ability of Meg{
cyclopropyl catior?. Extending this concept to stabilization of compared to that of B((s),~. On the other hand, the TB-
electron deficient and cationic early transition metal complexes activated species tend to have higher catalytic activity.
is an interesting possibility in the context of Ziegtdatta olefin Reaction of1 with B(CsFs); in tolueneds resulted in the
polymerization. Coordinatively unsaturated cationic Ti and Zr jmmediate formation of a dark-purple solution. The resulting
complexes have been established as active species in this procesgaterial is highly fluxional in solution even at 205 K, as gauged
but their high reactivity often renders them unstable and difficult py 14 NMR. Nonetheless, thEB NMR spectrum showed a sharp
to characterizé. resonance at-11.0 ppm consistent with the formation of a

We recently reported a series of Ti complekespported by tetrahedral borate [C4B(CsFs)s]~ anion (eq 1). In pentane, the
a ligand based on I;tliaminoferrocené jn particular [¢>-CsH,-

NSiMe;),Fe]TiMe, (LTiMe, 1). In addition to the bis-amido donor
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N N eB(CeFsle same reaction gave a dark, cloudy solution, which yielded dark-

SiMes SiMey 2 red crystals oR (64%) on standing. Elemental analysis and X-ray
crystallography confirms the formulation 8fas [LTiMe][CH;B-
(CeFs)3] (Figure 1)? As found in related specié8,the borate
methyl group interacts with the Ti. Nevertheless, the T{11)
bond distance (2.297(4) A) for the borate methyl group is
significantly longer than the FC(12) distance (2.081(5) A) for
the terminal methyl group. The dihedral angle between the two
Cp rings is 7.64, almost twice that in (neutrall, and the
N—Ti—N angle has opened up to 145.2Q2)importantly, the
resulting Fe-Ti distance in2 is 3.07 A, some 0.25 A shorter
(than in1. These changes are consistent with the formation of a
weak Fe-Ti donor bond stabilizing the cationic Ti center.

On the basis of the structure of [LTiMe][MeB{Es)s] we

1

system was well suited for the study of the interaction between
an electron-rich ferrocene group and an electron-deficient Ti
center. In the solid state, the dimethyl complex features a pseudo-
tetrahedral Ti, although the-NTi—N angle of 138 is somewhat
larger than the tetrahedral angles normally found in Ti bis-amido
complexe$. While in 1 the Fe-Ti distance of 3.32 A precludes
any significant direct metalmetal interaction, our study of the
activation of LTiMe with B(CsFs); and [PRC][B(CgsFs)4] shows
that the resulting cationic species are stabilized through a direc
Fe—Ti interaction. Here we present the results of this study.
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Figure 2. ORTEP plot of5 showing side and top views of the dication.
Hydrogen atoms and silicon-bound methyls have been omitted.
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suitable for X-ray diffraction have not yet been obtained and the
exact coordination geometry at Ti remains uncertain.

Using 0.5 equiv of TB in chlorobenzerk- resulted in
formation of the methyl-bridged, dinucleat. Its 'H NMR

spectrum shows a silyl resonance at 0.34 ppm, a TiMe resonanc
at 0.87 ppm, and two ferrocenyl pseudo-triplets at 4.40 and 3.02
ppm. The presence of a single TiMe resonance integrating to 9

H indicates rapid exchange between bridging/terminal methyl
groups. The compound can be thought of as a LTiMation
coordinated by a neutral LTiMemolecule!!

The polymerization activity of2 and 3 was tested with

1-hexene. Both compounds are active at producing short-chain

oligomers of 5-6 monomer units. As expecteglis a more active
catalyst thar2, producing 102 g (oligomer)/(mmol cataly<gt)).
The *H NMR spectrum of the oligomer shows a characteristic
olefinic resonance at 5-3.4 ppm, indicating an internal double
bond. Therefore, we postulate thiaH elimination is the chain-
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and 0.83 A shorter than ih This distance is equal to the sum of
covalent radii® for Fe and Ti and is well within the range reported
by Selegue et al. and Gade and co-workers for Hesingle bonds
in (Cp)Fe(CO) -coordinated titanium complexé%.

Such close approach of Ti to Fe results in the distortion of the
complex compared té and2. The dihedral angle between the
Cp rings has increased to 12°8and, unlike in1 and 2, Ti is
found out of the plane formed by Fe, N1, and N2. The geometry
around Ti is best described as trigonal bipyramidal with N1, N2,
and Cl residing in the equatorial plane while Fe and CI* are in
the axial positiond” The Ti—Cl bond (2.505(2) A) for the chloride
trans to Fe is longer than the-TCI* bond (2.377(2) A)).

An Fe—M dative bond in ferrocene-containing complexes was
first reported by Seyferth and co-workers in 1983 for the
palladium complex [(6HsS)Fe]Pd(PP¥),*® where a weak Fe
Pd dative bond stabilizes an otherwise three-coordinate Pd center.
Despite the fact that a number of related systems containing late
metals have been reported sirfié¢o the best of our knowledge
(a) 2 and5 (and possibl\8 and4) represent the first examples of
a ferrocene group stabilizing an electron-deficient early transition
metal center through an Fé/ dative bond and (bp contains
the shortest FeM bond for a ferrocene-containing bimetallic
compound.

The Fe-Ti dative interaction in the cationic Ti complexes
exemplifies the Lewis-basic behavior of ferrocene. Although not
a strong base in solution, gas-phase measurements show that its
proton affinity lies between that of Nqind MeNH.2° In solution,
protonation of ferrocene has been shown to occur at 3ton;
furthermore, in many cases electrophilic substitution reactions

€roceed through initial formation of an F& dative bond,

followed by transfer of the electrophile to the &gJnderstanding
the interaction between Fe and strong Lewis acids has, therefore,
attracted much interest. Compounésand 5 may serve as
constrained models for such interactions.

Work in progress aims to more fully understand the nature of
the Fe-Ti interaction by using spectroscopic and electrochemical
techniques, and to extend this chemistry to other metals.
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by the resulting T+hydride cation.
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afforded dark-purple crystals shown by elemental analysis to be

[LTIiCI][B(C 6Fs)4 ] (5), i.e., the result of CkLCl, activation by3
(eq 2). The X-ray crystal structure bfrevealed its dimeric nature
(Figure 2)*? The dicationic dimer resides on a crystallographic
inversion center and contains a planagCli core. Analogous

transformations leading to a dimeric dication have been reported

for Zr'3 and very recently for T# In our system5 is the major
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of the solid-state structure is an extremely shortFedistance
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