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Linear Titanoxanes via the Assembling of Bridging and Terminal Oxo—Titanium(IV) Fragments
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Titanoxanes® well exemplify, within the context of metal—
oxo chemistry,* the move from molecular to solid state
properties,’ via the formation of differently shaped aggregates.
This move depends basically on our knowledge of two facts:
(i) the genesis and the chemistry of the titanium—oxygen
functionality;® (ii) the dependence of the molecular topology
of the aggregate on the ancillary ligands used around the metal.

The simplest titanium—oxygen functionalities which can be
considered as building blocks for this goal are the quite common,
unreactive, dimeric [Ti—O—Ti]¢" unit” and the very rare titanyl
[Ti=0]** moiety.” In our design of linear oligomeric and
polymeric titanoxanes, we take advantage of the relationship,
reported here, between the terminal and the bridging titanium—
0XO species.

The starting material we employed is the chlorobis(salicyli-
deneiminato)titanium(IIl) complex [Ti(salen)CI'THF], 1,%° en-
gaged in a series of oxidation and ionization reactions sum-
marized in Scheme 1.

All of the compounds in Scheme 1 have been characterized,
including 5—7, which have undergone X-ray analysis.!® We
should emphasize some important observations related to
Scheme 1: (i) conventional hydrolysis has never been used for
accessing titanoxanes; (ii) the ionization of 2!! is the key step
converting the dimeric [Ti—O~Til®" unit into the titanyl or into

* To whom correspondence should be addressed.

(1) University of Lausanne.

(2) University of Parma.

(3) Babcock, L. M.; Klemperer, W. G. J. Chem. Soc., Chem. Commun.
1987, 858. Babcock, L. M.; Klemperer, W. G. Inorg. Chem. 1989,
28, 2003. Day, V. W.; Eberspacher, T. A.; Klemperer, W. G.; Park,
C. W.; Rosenberg, F. S. J. Am. Chem. Soc. 1991, 113, 8190. Day, V.
W.; Eberspacher, T. A.; Klemperer, W. G.; Park, C. W. J. Am. Chem.
Soc. 1993, 115, 8469. Andrés, R.; Galakhov, M. V.; Martin, A.; Mena,
M.; Santamaria, C. Organometallics 1994, 13, 2159 and references
therein. Carofiglio, T.; Floriani, C.; Roth, A.; Sgamellotti, A.; Rosi,
M.; Chiesi-Villa, A.; Rizzoli, C. J. Organomet. Chem. 1995, 488, 141
and references therein.

(4) (a) Day, V.; Klemperer, W. G. Science 1985, 228, 533. (b) Bottomley,
F.; Sutin, L. Adv. Organomet. Chem. 1988, 28, 339 and references
therein.

(5) (a) Bradley, D. C. Chem. Rev. 1989, 89, 1317. (b) Doeuff, S.; Dromzee,

Y.; Taulelle, F.; Sanchez, C. Inorg. Chem. 1989, 28, 4439. (c) Winter,

C. H.; Lewkebandara, T. S.; Proscia, J. W.; Rheingold, A. L. Inorg.

Chem. 1994, 33, 1227.

(a) McAuliffe, C.; Barrat, D. S. In Comprehensive Coordination

Chemistry; Wilkinson, G., Gillard, R. D., McCleverty, J. A., Eds.;

Pergamon Press: Oxford, England, 1987; Vol. 3; Chapter 31, p 323.

(b) Jeske, P.; Wieghardt, K.; Nuber, B. Inorg. Chem. 1994, 33, 47

and references therein.

(a) Olmstead, M. M.; Power, P. P.; Viggiano, M. J. Am. Chem. Soc.

1983, 105, 2927. (b) Willey, G. R.; Palin, I.; Drew, M. G. B. J. Chem.

Soc., Dalton Trans. 1994, 1799. (c¢) Wieghardt, K.; Quilitzsch, U.;

Weiss, J.; Nuber, B. Inorg. Chem. 1980, 19, 2514. (d) Bodner, A;

Jeske, P.; Weyhermiiller, T.; Wieghardt, K.; Dubler, E.; Schmalle,

H.; Nuber, B. Inorg. Chem. 1992, 31, 3737. (e) Jeske, P.; Haselhorst,

G.; Weyhermiiller, T.; Wieghardt, K.; Nuber, B. Inorg. Chem. 1994,

33, 2462. (f) Smith, M. R.; Matsunaga, P. T.; Andersen, R. A. J. Am.

Chem. Soc. 1993, 115, 7049.

(8) Pasquali, M.; Marchetti, F.; Landi, A.; Floriani, C. J. Chem. Soc.,
Dalton Trans. 1978, 545.
(9) The synthesis of 1 is available as supplementary material.

(10) Details are given only for 7; Ti—O distances for § and 6 are reported

in the text.

(11) The synthesis of 2 is available as supplementary material.

0020-1669/95/1334-2495%$09.00/0

(6

=

@

~

Scheme 1

2 ['1‘|] ———> Cl—| [TI]—O—[Ti]—CI {CI—[Ti]—O=[Ti]—S}®

THF
THF

TN

s—m]—o—m]— }@
4

-s

3,y

{ S—[T'|]=O—-[Ti]—0—[Tn—S}@
5

-s

+3,-Y

{ S—[‘ﬁ]=O—[Ti]—O—[Ti]—O=[Ti]—S}@

6

=28

-{--[Ti]=O—[Ti]—-O—[T|]—O=[Ti]-]-?
7

—‘@ S = solvent
Y = [TiLCh®

counteranion = BP

- QO

CH=N N=CH

a source of the titanyl functionality, i.e. [Ti=O-Ti]¢*. To
obtain a good yield of the polymeric species, an excess of
NaBPhy, which promotes the ionization of the Ti—Cl bond, has
to be used. The CI™ ion either is removed as NaCl or remains
bonded to a [Ti(salen)] fragment.

In Scheme 1 the titanyl unit, which has a high intrinsic
basicity compared to that of [VO]**,'? competes with THF,
acetone, the oxygen atoms from the Schiff base, and eventually
H;O in binding the cationic forms. We were able to trap the
titanyl unit, which is still considered almost a curiosity, in
complexes 5—7. Such a relatively long life of the titanyl unit
allowing it to be trapped could be ascribed to the absence of
protic sources during the reactions carried out under nonhy-
drolytic conditions. It is well-known that titanyl undergoes very
facile proton-assisted transformations.!?!? The kinetic lability
of titanium(IV), especially in the cationic forms, allows the
simultaneous presence of the various species reported in Scheme
1, as shown by NMR. Under thermodynamic control, however,
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a single compound is obtained in the solid state. In fact, it is
possible to isolate the three products 5—7 on the basis of their
behavior in each of the three different solvents. Compound 5
is synthesized in THF, while compound 7 is isolated from dry
acetone and compound 6 is isolated from acetone/H,O. The
reported Bronsted basicity of these solvents is in the order H,O
> THF > acetone,'# and for this reason each solvent competes
differently with the oxygen of the titanyl unit. The replacement
of a o- and z-donating ligand such as Cl™ in 2 by a pure
o-donating solvent makes possible the rearrangement to the
titanyl form in 3, where the bridging oxygen establishes now a
double bond with the titanium having lost C1~. Such a species
becomes a titanyl source. In a very competitive solvent such
as THF a single solvent molecule will be replaced in 4 by the
titanyl from 3 leading to 5, which can be isolated only in the
case of THF. When the reaction is carried out in less
competitive solvents, such as acetone, the replacement of both
solvent molecules in 4 occurs, leading to 6. In the case of dry
acetone, the two terminal weakly bonded solvent molecules are
lost by 6, leading to the polymeric form 7, while when wet
acetone is used instead, the polymerization is prevented and
the tetramer 6, having two terminal water molecules, is isolated.
The transformation of 6 to 7 implies the replacement of the
terminal solvent molecules by the oxygens from the Schiff base
of another tetrameric unit. Complex 7' should be considered
as derived from the polymerization of the tetrameric unit 6.
Details are given only for the structure of 7, containing the three
building blocks, the Ti—O—Ti, Ti==0, and oxygen from
neighboring Schiff base, mentioned above, in a titanoxane
structure.,

The structure of 7'¢ consists of linear tetramers (Ti(1),Ti-
(2),Ti(2”),Ti(1”)) linked in zigzag chains by bridging salen units
(see Ti(1")) (Figure 1). The sequence of the Ti—O(oxo)
distances and Ti—O—Ti angles, in agreement with the proposed
structure of 7, is particularly significant: Ti(1)—O(5), 1.672(6)
A; Ti(2)—0(5), 2.046(6) A; Ti(2)—0(6), 1.815(2) A; Ti(1)~
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suspension was then stirred at room temperature for 12 h, and the
solid was filtered off. The solution was evaporated to dryness and the
red residue treated with Et;0O (100 mL) to yield a red product (55%).
Crystals suitable for X-ray analysis were grown in deuterioacetone,
and they contain acetone of crystallization in a titanium:acetone =
2:1 ratio. Anal. Calcd for C112HosB2NgO11Tis: C, 69.23; H, 4.98; N,
5.77. Found: C, 69.67; H, 5.51; N, 5.64. '"H NMR ((CD3);CO, room
temperature): J 3.8-4.6 (m, 16 H, C;Ha), 6.4-7.0 (m, 24 H, Ph), 7.1
(1, 16 H, BPhy), 7.2-7.4 (m, 8 H, Ph), 7.4-7.6 (m, 24 H, BPhs), 8.32
(s, 4 H, CH), 8.34 (s, 4 H, CH).

(16) Crystal data for 7: Ce4HseNgO)1Tiz2C24H20B2C3Ds0, M = 2055.2,
monoclinic, space group P2)/n, a = 13.816(3) A, b = 16.611(6) A, ¢
=22.262(4) X B =10147(2)°, V=5007(2) A3, Z=2, D, = 1.363
g cm3, F(000) = 4404, Mo Ka radiation (A = 1.541 78 A, s = 31.80
cm!), crystal dimensions 0.08 x 0.14 x 0.18 mm. The structure was
solved by SHELX 89 and anisotropically refined for all the non-
hydrogen atoms. For 4476 unique observed reflections [/ > 20(/)]
collected at 7= 123 K (5 < 26 < 140°) and corrected for absorption,
the final R value was 0.073 (unit weights).
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Figure 1. SCHAKAL view showing the tetrameric (Ti(1),Ti(2),Ti-
(27),Ti(1”) cations in complex 7 running along the [001] axis assembled
in a polymeric form vig the Schiff base oxygen shared with another
tetrameric unit (see Ti(1")). Selected bond lengths (A) and angles
(deg): Ti(1)—0O(1") = 2.297(6), Ti(1)~O(5) = 1.672(6), Ti(2)—0O(5)
= 2.046(6), Ti(2)—0(6) = 1.815(2); O(1)—Ti(1)—~0(5) = 167.9(2),
Ti(1)—0O(5)—Ti(2) = 163.1(3), O(5)—Ti(2)—0(6) = 167.8(1), Ti(2)—
0(6)—Ti(2”) = 180.0(—). Prime and double prime denote transforma-
tions of —x, ~y, —z and 1 — x, —y, —z, respectively.

O(5)—Ti(2), 163.1(3)°; Ti(2)~0(6)—-Ti(2"), 180°. They should
be compared with the Ti~O and Ti=O sequences in § [Ti—
O, 1.92(2) A; Ti=0, 1.72(2) A; S = THF] and 6 [Ti—O,
1.817(1) A; Ti—0, 2.036(4) A; Ti=0, 1.701(4) A; S = H,0].
Appropriate recent references to the Ti—O and Ti=O bond
distances are found in refs 6e,f.

This report deals with a simple strategy to generate a rare
titanyl species from a quite conventional fragment and how to
assemble them with the assistance of an appropriate ancillary
ligand in a linear titanoxane.
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