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Reaction of Ti(OPri), with propan-2-one, under initially
anhydrous conditions, yields a colourless moisture-sensitive
crystalline product which is structurally identified as the
trinuclear oxoalkoxide [Ti;O{n-OPr);(OPri),{Me,C(O)CH-
=C(0O)CH,C(O)Me,}] containing a coordinated Co ligand
derived from the condensation of propan-2-one.

There is considerable current interest in the identification and
structural characterisation of titanium(1v) polyoxoakoxides of
the general formula[TiOy(OR)ax — 2y] (Wherethevalue of y/xis
defined as the degree of condensation) which comprise
intermediates in the condensation process between molecular
Ti(OR)4 entities and bulk TiO,.1 At present several structurally
characterised titanium(1v) polyoxoakoxides are known, with
y/x values in the range 0.57-1.33, as exemplified by
[Ti16016(OEt)32] and [T|704(0Et)20] The lowest degree of
polycondensation (y/x = 0.33) to be found in these types of
complexes is represented by a single example of a recently
structurally characterised trinuclear oxoalkoxide [TizO(O-
Me)(OPri)g], obtained from the reaction of [Ti(OPri)4] with
water and methanol in isopropyl alcohol solution.t Titanium
alkoxides are themselves widely used as catalysts for esterifica-
tion, transesterification, and condensation reactions, and cross-
linking of ester-containing resins and epoxides.2 The reaction
mechanisms involved in many of these transformations remain
somewhat obscure although they are commonly interpreted in
terms of the intermediacy of simple mononuclear titanium
alkoxide complexes.34

Since the production of condensed titanium(iv) poly-
oxoakoxidesgenerally involvesthe controlled hydrolysis of the
parent akoxides, we reasoned that the ready ability of
aldehydes and ketones to undergo condensation reactions of the
aldol type,# with the co-production of water, might (i) facilitate
such hydrolyseswith a high degree of control and (ii) lead to the
possible isolation and detection of coordinated intermediate
fragments of aldol coupling. Consistent with this idea we have
found that mixing [Ti(OPri),] with freshly distilled dry propan-
2-one and allowing to stand at room temp. under an atmosphere
of dry dinitrogen leads to the deposition of a highly moisture-
sensitive colourless crystalline product from ayellow solution. t
X-Ray crystallographic analysis has shown this to represent the
second example of a presumed family of low-nuclearity
titanium polyoxoakoxides based on a TizOq; core, which is
formulated as

[TizO(u-OPri)3(OPri) { MeC(O)CH=C(O)CH.C(O)Me,}] 1

Themolecular structure of 1% (Fig. 1) containsatrinuclear TizO
core supported by three doubly bridging [O(4), O(4a), O(4b)]
and four monodentate isopropoxide groups. Three of the latter
[O(5), O(5a8), O(5b)] are located on one side of the Tis-
triangular face within which the pz-oxygen atom O(3) is
situated, and the fourth OPri group O(2”) is on the other side
together with the tridentate Cg ligand, which isthe enolate form
of atrimeric condensation product of propan-2-one, 2,6-dime-
thylhept-3-en-2,4,6-triol. The 2,6-oxygen atoms [O(2), O(2)]

of the enolate ligand are each coordinated in a monodentate
manner to separate titanium atoms, while the central four-
coordinate oxygen atom O(1) occupiesatriply bridging position
within interaction distance of all three titanium atoms, yielding
a centra TizOy; core which corresponds to the central
arrangement of three distorted face sharing octahedra found in
[TizO(OMe)(OPri)g] (where a methoxide ligand provides the
second ws-O unit). _

The space group symmetry R3 min the crystal structure of 1
implies a molecular Cs, symmetry. Fig. 2 illustrates the
resulting disorder at the Cy-ligand faceto the Tiz triangle, which
is generated by a crystallographic threefold axis and three
associated mirror planes. Therefore both terminaly arranged
Me,CO units [O(2), C(3), C(4), C(5) and O(2)"), C(3'), C(4),
C(5")] of the enolate ligand and the monodentate isopropoxide
ligand [O(27), C(3"), C(4"), C(5")] occupy crystallographically
identical positions. Beyond it the methyl groups are split over
two positions. In the central ligand unit [-CH=C(O)-CH>-] the
oxygen atom O(1) is located on a fully occupied site (3 m),
while C(1) in « position is symmetrically distributed over three
and C(2) in  position over six sites, resulting in crystallo-
graphicaly identical positions for the sp2 hybridised akenic
centre C(2) and the sp3 hybridised methylene centre C(2').
However owing to the crystal symmetry, both central ligand
bonds C(1)=C(2) [1.320(9) A] and C(1)-C(2) [1.620(9) A] are

Fig. 1 Molecular structure of 1. Selected interatomic distances (A) and
angles (°): Ti(1)--Ti(la) 2.962(2), Ti(1)-O(1) 2.205(4), Ti(1)-O(2)
1.803(3), Ti(1)-O(3) 1.969(4), Ti(1)-0O(4) 2.024(3), Ti(1)-O(5) 1.780(4),
O(1)-C(1) 1.47(2), C(1)-C(2) 1.32(2), C(1)-C(2") 1.62(2), C(2)-C(3)
1.56(2), O(2)-C(3) 1.43(2); C(2)-C(1)-C(2’) 125(1), C(1)-C(2)-C(3)
111(1), C(1)-C(2')-C(3') 131(1).
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Fig. 2 Cg-ligand face of Tis unit illustrating the disorder along the
crystallographic threefold axis. The six remaining OPri ligands have been
omitted for clarity.

chemically as well as crystallographically non-equivalent,
because each one is generated by a different symmetry
operation [relative to C(1)].

The very closely related structures of 1 and [TisO(OMe)(O-
Pri)o], where formally the tridentate Co-ligand is substituted by
one methoxide and two isopropoxide ligandsillustrates a highly
flexible ligand behaviour on a more or less rigid TizO14 core,
which then can act as a template in the formation of the
Co-triolate ligand by a co-condensation reaction of three enolate
moieties derived from propan-2-one.

Consistent with the structural observations relating to the
identification and characterisation of the coordinated Cg triolate
ligand, GC-MS analysis of the mother-liquors from which the
crystals were isolated confirms the presence of the common
adol condensation products of propan-2-one, namely, 4-me-
thylpent-3-en-2-one (mesityl oxide) and 2,6-dimethylhepta-
2,5-dien-4-one (phorone), together with propan-2-one and
isopropyl alcohal. In addition, *H NMR spectra of the reaction
solutions show the appearance of new resonances at 6 1.87 and
6.09 which may be attributed to the presence of phorone and/or
mesityl oxide and 6 3.56 which is consistent with the presence
of hydroxyl protons present in, for example, diacetone alcohol.
In view of the mild reaction conditions used in the preparative
work, it is not unlikely that initidly formed hydroxylated
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products of condensation are also present in the reacting
solution but are dehydrated to, for example, mesityl oxide,
within the injection ports of the gas chromatograph.

The mechanism by which this unprecedented reaction
product is formed is at present unclear. Notwithstanding an
equilibrium constant (in water) of 2.5 X 10—¢for the enolisation
of propan-2-ones it seems most likely that the initial step in the
reaction the involvement of coordination of propanone in the
enolate form to the titanium centre, followed by the titanium
alkoxide promoted oligomerisation reaction, as indicated in
Scheme 1.8 Such reactions may prove, contrary to conventional
wisdom,34 the involvement of polynuclear rather than mono-
nuclear reaction intermediates. Finally, it should be noted that
the isolation and characterisation of 1 may also be of relevance
to processes occurring during the initial stages of formation of
polyketones.
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T Preparative details: Mixtures of dried, freshly distilled propan-2-one and
[Ti(OPri),] in molar ratios ranging between 1: 1 and 10: 1 were allowed to
stand under an atmosphere of dinitrogen. The solutions were initially
colourless, became yellow over several hours following which large
irregular three-dimensional colourless crystals deposited on standing for
2-3 days. These crystals continued to grow in needle-like columns if the
solutions were allowed to stand for several weeks. The mother-liquors were
decanted from the crystals which were washed severa times with dry
propan-2-one and subsequently dried under vacuum.

Sdlected data for 1: IR(Nujol mull): v(C=C) of unsaturated coordinated
triolate ligand, 1656 cm—1. FABMS (3-noba): m/z 685 [M+ — 59 (OPri)],
627 [M*+ — 117 (OPri + OCzHeg)], 385 [Ti(OPri)(CoH1503)] and 343
[Tio(OH)(OPri)(CgH1503)], isotopic simulations consistent with these
fragments, together with several sequences of higher masses at repeat
intervals of 80 mass units which presumably correspond to the formation of
poly-TiO, cluster ions within the mass spectrometer.

I Crystal data for 1: CsoHegsO11Tis, My, = 744.51, rhombohedral, space
group R3m, a = 17.894(3), ¢ = 21.021(4) A, U = 5829(2) A3, Z = 6,
A =071073A, T = 153(2) K, D = 1.273 Mg m—3, y(Mo-Ka) = 0.651
mm-—1, Data were collected on a Rigaku AFC6S diffractometer using a
crystal of dimensions0.25 X 0.20 x 0.75 mm. Of atotal of 2480 reflections
(26max = 50°), 1271 were independent (R,y = 0.028). The structure was
solved by direct methods (SHELXS-86) and refined by full-matrix least
squareson F2 using al datato final valuesof R; = 0.051 [F > 4cF (1014
reflections)], wR, = 0.139 (all data) (SHELXS-93). Largest featuresin the
final difference map, 0.618 and —0.325 e A—3. All non-hydrogen positions
have been refined anisotropically. Hydrogen positions have been set
geometrically. In addition to the disorder of the Co-ligand face at the central
Tiz unit, which is described in the text, isopropoxide ligands at the opposite
face of themetal plane are disordered and could be refined on two positions.
No restraints have been applied at al in final refinement cycles.
Refinementsin the lower symmetry space groups R3 and R32, respectively,
gave either twinning or occupancy factors of 50% and led to higher Rfactors
in connection with considerable correlation between higher symmetry
dependent parameters. CCDC 182/544.

8§ The authors wish to acknowledge areferee for supporting the inclusion of
a plausible reaction mechanism.
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