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Summary

{[(CsMes)(C;Me,CH,)TiH, Al],0}, - 2C,H, has been obtained by treating
(CsMe;),TiCl with LiAlH,. The complex crystallized in a rhombic unit cell with
parameters; a 24.647(8), b 26.575(9), ¢ 13.519(4) A, space group P . Z=28. The
molecular structure incorporates four (C;Me;)(CsMe,CH,)TiH, Al moieties, inter-
linked by two oxygen-g; atoms. Linkage between Ti and Al atoms is accomplished
via the double hydrogen bridge and the n’-C;Me,CH, methylene group of the ring.

Introduction

Certain authors [1-3] have shown that the activity of catalyst systems of the
Ziegler type depends on small amounts of water added to the system. It has been
determined that traces of water are also catalytic for the homolytic decomposition
of the M—R bond [4]. However, the mechanism of water activation and the structure
of the resultant metallic complexes are as yet unclear. In this light, we conducted
X-ray structural analysis on the product, extracted from the (C;Me;),TiCl/LiAIH,
system, which is catalytic for olefin hydrogenation and isomerization.

* For Part IV see ref. 5.
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Results and discussion

The interaction of (CsMe;),TiCl with lithium aluminiumhydride, depending on
reagent ratio, results in the bimetallic hydride complexes [(C;Me;),TiAlH,], and
(CsMe;),Ti, AIH,CI [5]. [(CsMes),TiAIH,], was isolated and characterized using
structural analysis [5]. An attempt to isolate the second compound at a ratio of
reagents (CsMe,),TiCl/LiAlH, 2/1 unexpectedly yielded a small amount of
greenish-black crystals of a compound containing no chlorine atoms. The composi-
tion and structure of this compound was identified by X-ray structural analysis as
{[CsMe )Ti(C;Me,CH,)H, Al],0}, - 2C;H . The presence of oxygen atoms in the
molecule is most likely to be caused by the partial hydrolysis of the reaction
products by traces of water.

The crystal structure of the complex is a sandwich of {[(C;Me,)Ti-
(CsMe,CH,)H, Al],0}, molecules (I) and two crystallochemically independent
benzene molecules. There are no short intermolecular contacts between them. One
benzene molecule is situated at the beginning of coordinates and has no symmetry.
The other is located over the dense center of the cross-shaped molecule of I and has
“m” symmetry.

The molecule of I consists of four identical (C;Me;)Ti(CsMe,CH,)H, Al moie-
ties bonded by two oxygen bridges (Fig. 1). It has a plane of symmetry that passes
through the Ti(2), Ti(3), Al(2), Al(3) atoms, and several carbon atoms. The wedge-like
(CsMe,)Ti(CsMe,CH, ) sandwiches have a chessboard conformation with geometric
parameters common to compounds with a (C;Me;),Ti moiety. The coordination
environment of the Ti atom is similar to that of the other known complexes of Tilll.
There are two hydrogen bridges in the bisector plane of the wedge-like sandwich,
which link the Ti and the Al atoms. The geometry of the TiH, Al system is close to
that observed for (Cp,TiAlH,),  TMEDA (II) [6], Cp,TiH,AICI, - OEt, (III) [7],
[Cp,TiH, AlH(7': 7;5-C5H4)TiCp(p-}nI)]2 (IV) [8] and [(C;Me;),TiH,AlH,], (V)
[5]. Thus, the Ti-H,, distance (1.7 A) and the H-Ti—-H,, angle (70°) are close to
the corresponding parameters in complexes II (1.6 A and 71°) 6], 111 (1.8 A and
75°), IV (1.8 A and 72°, 76°) [8], and V (1.9 A and 73°) [5]. At the same time, the
Al-H distance in I is somewhat larger than those in compounds 11-V, because the
Al atoms in I are out of the bisector plane of the wedge-like sandwich because of the
formation of a o-bond with a CH, group in one of the rings. This is one of the most
remarkable features of this rather unusual molecule. Although the cyclopentadienyl
7°: ' groups bonded to the Al atom are well known (cf., for instance, [8] and
references therein), there is as yet no description of the C;Me; groups in this
respect. Only one structure — (C;Me)Ti(C;Me,CH, )(u-O,)Ti(CsMes) (V1) [9] - is
known which has the bifunctional C;Me,CH, group linked via a o-bond with the Ti
atom. In I as in VI, the M atom deviates towards the ring, forming a C~M bond,
which leads to folding of the TiX,M diamond along the line X-X, at an angle of
150° in I and 158.8° in VI [9]. Only the Cp-Ti—Cp angle is different, being almost
7° greater in I than in VI (148° and 140.6°, respectively [9]). This is because of
shortening of the X bridges, on moving from VI to 1. It is noteworthy that in V and
in [Cp,TiH,AlH(OMe)], (VII) [10], where there is no Al-ring bond, and the
Ti - - -'Al distance is short, the Cp-Ti—Cp angle is also much smaller (142.2° for V
and 1382, for VII thus avoiding short non-valent contacts, Al - - - H-C.

Al atoms in the molecule of 1 are non-equivalent in pairs with coordination
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Fig. 1. Molecular structure of the complex {[(nS-CSMes)(ns-CsMe4CH2)Ti(p2-H)2A1]2-p.3-0}2-2C6H6.

numbers of 4 and 5. Coordination polyhedrons differ radically from those described
for Group I and II metal aluminiumhydrides (distorted tetrahedron) and titanium
aluminium hydride complexes 1I-V [5-8] or yttrium complexes [11-12] (distorted
trigonal bipyramid). Thus, the Al(1) and Al(1’) atoms have environments that
approach trigonal pyramids with axial oxygen atoms, while the polyhedra of Al(2)
and Al(3) atoms are best described as tetragonal pyramids, each with two O atoms
at the base and an axial C atom. It should be mentioned that such a pentahedral
configuration is unique to aluminium coordination chemistry. All bond lengths in
the polyhedron at the Al(1) coordination atom, as well as the Ti - - - Al distances, are
naturally smaller than those for the penta-coordinated Al(2) and Al(3) atoms (Table
2). It is also noteworthy that the Ti - - - Al distance for penta-coordinated Al atoms
in I is considerably larger (Table 2) than that found in the structures of complexes
II-V and VII (2.75-2.79 ;\) [5-8,10], although additional bonding does exist via the
p-C:Me,CH, group. It may be assumed that this is because the Al atoms are out of
the bisector plane of the wedge-like sandwich (C;Me;)Ti(C;Me,CH,); greater
Ti - - - Al distance corresponds to a greater Al atom diviation from the bisector
plane, which should result in reduced overlapping of Ti and Al atom orbitals and,
therefore, in a weakened Ti—Al interaction. Earlier [7], we had assumed the
existence of a direct weakened interaction, on the strength of the remarkable
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consistency of the Ti - - - Al distances and their near-equivalence to the sum total of
metal covalent radii.

The central unit of molecule I forms as a result of the dimerization of the
monomer, [(C;Me)Ti(C;Me,CH,)H, Al],0, brought about by the donor--acceptor,
and covalent O — Al bonds. This is a cross-shaped system of four Al atoms bonded
by oxygen p, bridges. The Al(2)-O-Al(3)-O diamond is virtually planar, with
trigonal O atom coordination. Similar bonding is realized in VII, and the
[A1,0,Cl1,,]?" ion [13]; in fact, Al-O bond lengths in these ions are very close to
those in I, although slight asymmetry of the AlO, Al diamond in VII is observed.

The formation of the polynuclear complex I is very interesting. There is no
difficulty in describing the scheme of the reactions that leads to the alumoxane
cycle, provided terminal Al-H bond hydrolysis is accepted as basic (oxidation is
hardly likely, as, Ti'" atoms in this case, would have been the first to be oxidized).
On this condition, the first stage of the process is the hydrolysis of the Ti and Al
hydride complex already formed (from reaction 1), or more likely, direct interaction
of (C;Me,),TiCl with partially hydrolyzed lithium aluminiumhydride (eq. 3). The
unusual stability of the alumoxane AlO, Al cycle is illustrated by the formation of

(CsMe;),TiCl + LiAlH, — (C;Me;),TiH, AlH, + LiCl (1)
H
(CsMe;),TiH, AlH, + H,0 — (CsMe;),TiH, Al (2)
OH
(Ta)
H
(C;Me;),TiCl + LiAIH,OH — (C5M65)2TiH2Al<OH (3)

(a)

complex VII that occurs upon decomposition of the O-C bond in 1,2-dimethoxy-
ethane [10] (eq. 4). It can naturally be assumed that Ia ring closure should take place
under milder conditions, however, contrary to reaction 4, two acidic hydrogen
atoms are retained in the alumoxane cycle of intermediate Ib, which can then
participate in further transformations (eq. 5).

At the same time, to preserve the stoichiometry of complex I, there is a certain

Me
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o
P (CaHTI , I/ ™~ .
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I H
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quantity of non-hydrolyzed complex (C;Me;),TiH,AlH,, in the solution whose
reaction with Ib leads to the hydride form of the octonuclear complex Ic (eq. 6).

[(CsMe,),TiH, Al(H)(OH)], + 2(C;Me, ) TiH, AlH, -

{[(CsMe,),TiH,A{H)]|,0},+ H,  (6)
(1o

To explain the simultaneous transformation of Ic into the final product with the
Al-C bond is difficult. It is probable that the formation of the o-bond is the result
of a fortuitous combination of geometric (close proximity of the weakly acidic H
atom of the methyl group to the hydride H atom), and electronic (changing charges
of interacting H atoms upon formation of alumoxane cycle), factors. The former is
indicated by the absence of H* and H™ interaction in complex VII [10], and" the
latter by the absence of similar interaction in the [(C;Me;),TiH,AlH, ], [5].

The fact that (C;Me;),TiH,AlH, is a dimer in the crystal state [S] points to
another possible route to the formation of I, with the first stage as described in eq.
7. This scheme is possible because it explains the formation of the Al-C o-bond
(second stage) in the coordination-unsaturated intermediate Id with equivalent Al
atoms; Al atoms in Ic are non-equivalent in pairs.

H
W
O
[feme, T+ RO e (CoMey), TiH Al AIHTI(CMes),
2 \H/ I
H
& (CMe,),TiHAl—O—AMTi (C;Me, ), ——= Y41 %)

H H
{1d)

It should be pointed out that the schemes discussed above on the formation of 1
are assumptions, however, it is our belief that they provide a realistic account of the
way this compound is formed and, moreover, can be useful in the discussion of the
reasons behind stronger or weaker catalytic activity of compounds and systems of
the Ziegler type upon activation with water. Hence, in accordance with [14], the
intermediate Ic should possess high catalytic activity in reactions of olefin izomeri-
zation, as two coordination-unsaturated Al atoms (coordination number 4) and two
mobile terminal H atoms are combined in its structure.

Experimental

Synthesis of {{(CsMe)Ti(C.Me CH,)H,Al] 0}, -2C,H,. (CsMes),TiCl (0.253
g, 0.715 mmol) synthesized according to ref. 15 was dissolved in 22 ml of benzene to
this was added 0.357 mmol of LiAlH, in 1.4 ml of ether. The dark-green solution
was evaporated to 4 ml in vacuo and kept under argon for four days. During this
time, a small amount of dark-green crystals precipitated. They were separated out
and dried in vacuo.

The crystal was placed in a thin-walled glass capillary. The periods of the
rhombic unit cell are a 24.647(8), b 26.575(9), ¢ 13.519(4) A, space group P,

ma?
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TABLE 2

THE MAIN BOND LENGTHS (A) AND VALENCE ANGLES (°) OF THE COMPLEX
{[(CsMes) (CsMe,CH)Ti(po-H) 2 All-p3-0},- 2CcHe

(Ti-C) 2,36(4) ° (C-C) 1,39(6) “ (C-0O) 1,56(6) *
Ti(1)-H(1) 1,63(6) Al(1)-H(1) 1,70(6) Al(1)-0 1,752(6)
Ti(1)-H(Q) 1,84(5) AK1)-H(2) 1,84(7) Al(2-0 1,857(7)
Ti(2)-H(3) 1,72(6) Al(2)-H(3) 1,70(6) Al(3)-0 1,843(7)
Ti(3)-H(4) 1,66(7) Al(3)-H(4) 1,84(8) Al2) - - - Al(3) 2,809
AK1)-C(6) 2,00(1) Al(2)-C(24) 2,05(2) Al(3)-C(36) 2,03(2)
Ti(1) - - - Al(1) 2,739 Ti2) - - - Al(2) 2,854 Ti(3) - - - Al(3) 2,681(2)
HO)-Ti1)-HZ) 71(3) Al(1)-0-Al(2) 128,9(4) Al(1)-C(6)-C(1) 92(1)
H(3)-Ti(2)-H(3) 63 Al(1)-0-Al(3) 132,3(4) Al(2)-C(24)-C(21)  93(1)
H(@#)-Ti(3)-H@#) 75 Al(2)-0-Al(3) 98,8(3) Al(3)-C(36)-C(33)  97(1)
O-Al(1)-H(1)  123(2) 0-Al(2)-0 80,7 0-Al(3)-0 81,4
O-Al(1)-H(2) 1192 0-Al(2)-C(24) 116,2(4) 0-Al(3)-C(36) 116(1)
O-AI(1)-C(6) 125,3(5) O-Al(2)-H(3) 96(2) 0-AI(3)-H(4) 97(2)
C(6)-Al(1)-H(1) 104(2) 0-Al(2)-H(3) 139 0-Al(3)-H(4) 146
C(6)-Al(1)-H(2) 101(2) C(24)-Al(2)-H(3) 102(3) C(36)-Al3)-H(4)  94(2)
H(1)-Al(1)-H(2) 70(3) H(3)-Al(2)-H3) 60 H(1)-Al(3)-H(4) 67
Ti(1) * 147,6 - Ti(2) ° 148,6 Ti(3) 147,8

4 E.s.d. in parentheses. * Dihedral angle of wedge-like sandwich at titanium atom.

Z = 8 (for {[(CsMe;)Ti(CsMe,CH,)H,Al],0}, - 2CcHy), peyeq 118 g/c’ A CAD
autodiffractometer was used to measure 2089 reflections (Mo-K,, graphite mono-
chromator, 8/26 scanning, 8_,, 22°), where 1223 reflections, with I > 26(7), were
used in the calculations. The small number of reflections is due to the small size of
the crystal and its partial decomposition during analysis.

The structure was the solved by a combination of direct and Patterson methods
and refined to R = 0.07. Hydride H atoms were found from Fourier syntheses. The
remaining H atoms were excluded from calculations.

Atom coordinates and thermal parameters are presented in Table 1, the main
interatomic distances and valent angles in Table 2.
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