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The reaction of [Tis(OMe)14Cl,] (1) with an excess of AlMe; gave
the cocrystallite [Tiz(«-OMe),(u-Cl)Cl(thf)s]«[Tiz(«-OMe)sCla(thf)s]
(2-3) species in a 1.1 ratio. Similar to 2, [Tiy(«-OEt),(«-Cl)Cls-
(thf)s] (4) was obtained in the reaction of an equimolar mixture of
TiCl; and Ti(OEt), with Al/AIMes. The short distance [2.543(1)a A
in 2:3 and 2.599(1) A in 4] between “Ti(+3)" atoms, their
diamagnetism, and ELF analysis indicate the presence of a Ti—Ti
bond.

dinuclear and diamagnetic “F3)” nonorganometallic spe-

cies2—4, together with X-ray data which exhibit the new
Ti(u-OR)(u-X)Ti core (X = OR, Cl) which displays the

shortest T4--Ti distance between “Ti(3)” atoms.

The precursor [L{OMe)4Cl;] (1) was obtained in the
direct reaction of TiCJ with methanol at=70 °C in 40%?>
Treatment ofl with an excess of AlMg(4 equiv, toluene/
thf, —30 °C; Scheme 1) gave a dark-maroon solution from
which after workup red cubes of cocrystallite {{Li-OMe),-
(u-CIl)Cls(thf)g] - [Tio(u-OMe)Cls(thf)s] (2-3) in a 1:1 ratio

Our knowledge on the interaction among components of in 74% yield were obtained. Similar & red [Tix(u-OEt)-

the inherently very complex Mg4/MgXo/AlEts (M = Ti,
Zr, or V; X = OR or CI) Ziegler-Natta polymerization
catalyst system is still very limited and presents a challédge.

(u-CICls(thf)3] (4) was obtained in the reaction of an
equimolar mixture of TiCJ, Ti(OEt),, Al, and AlMe; (thf,
—60 °C; Scheme 2). Workup that involved thf/toluene

Our research has been long projected on determining the rolerecrystallization afforded a neutral analytically pure sample
of each of the catalyst components that are still extensively of 4 in 20% yield. Addition of more than 1 equiv of AIMe

used in the polyolefin industryWe have shown that in the
reaction of magnesium alkoxide [M@hffo)s] (thffo
2-tetrahydrofurfuroxide) with AlIMgthe methylaluminoxane
[Al 3(us-O)(Me)s] ™ unit is formed, which was isolated and
characterized as a molecular compound, slf{Ad(us-O)-
(thffo)s(Me)e].#2 Very recently we reported the direct com-
plexation of AlMe; by the oxygen atom of the gus-O)
core that emerged in reaction of ZgQith MeOH to give
the molecular solid [ZAl(us-O)(u-OMe)Clg(Me)(thf)s].4

leads most probably to the formation of species containing
a Ti—Me bond and reduces the yield 4f Reduction with

only Al or AIMe3 gave an oily product, purification of which
was demanding and eventually gave a “problematic” result.
Compounds2—4 gave correct microanalyses. They are
insoluble in aliphatic hydrocarbons but are easily soluble in
toluene and halogenated solvents and could be stored under
N, for weeks. Specie2—4 dissolved in thf undergo slowly
decomposition to blue crystalline [Tigthf)s] based on X-ray

The catalyst based on titanium species is much more complexmeasurements of unit cell parameters.

than the zirconium system, and nothing is known about its

The diamagnetism 02—4 was indicated by solid state

intermediates. Here we describe successful syntheses of measurementsThe only EPR parameter recorded was the
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trivial isotropic g value of a single-line signal, which
belonged to ars = 1/, impurity of 1% Ti(Illl) monomeric
specied. The dinuclear structures @-4, suggested by the
diamagnetism in the solid state, were confirmed by an X-ray
crystal structures. The structure of the cocrystallitd is
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Scheme 1. Synthesis of
[Tio(u-OMe)(u-Cl)Cls(thf)s] -[Tio(u-OMe)Cls(thf)s] (2-3)
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Scheme 2. Synthesis of [Ti(u-OEty(u-Cl)Cla(thf)s] (4) Figure 1. The molecular structure of the cocrystallze3. The displace-
. a ment ellipsoids are drawn at the 30% probability level. Selected bond lengths
N O Et O (A): Ti(1):++Ti(2) 2.543(1), Ti(1)-Cl(1) 2.386(2), Ti(1}-CI(2) 2.387(1),
R Al/AIMe; 0 /O\ e Ti(1)—ClI(4) 2.530(3), Ti(2)-CI(3) 2.373(2), Ti(2)-Cl(4) 2.554(3), Ti(1)
+ o 30 % Cl%Ti@Ti—CI 0O(1) 2.016(2), Ti(1¥0(2) 1.964(2), Ti(1}O(3) 1.946(5), Ti(1}0O(10)
o ogt cl 0 o 2.118(2), Ti(2-0(3) 1.857(5), Ti(2}0O(1) 1.978(2), Ti(2)-0O(2) 1.939-
;T( Et Q (2), Ti(2)—0(20) 2.124(2), Ti(2}O(30) 2.122(2).
EtO  OEt

4

composed of two chemically independent J{ifOMe),-
(u-CI)Cls(thf)s] and [Ti(u-OMe)Cls(thf)s] molecules which
are statistically distributed in the crystaThis gives rise to
disorder of the Ti(u-OMe)(u-X) (X = CI, OMe) bridges
observed in the X-ray experiment as shown in Figure 1. The
dimeric structures of the units are composed of two TiCl-
(thf), and TiCh(thf) moieties bridged by ong-Cl and two
u-OMe ligands in2, and threeu-OMe ligands in3. The
dioctahedron is formed by two octahedral Ti(1) and Ti(2)
atoms which share a face defined by O(1), O(2), Cl(4) atoms
and O(1), O(2), O(3) atoms i@ and in 3. Compound4
(Figure 2) possesses structure similar to thai The
only significant difference is that twe-OMe moieties in2

are substituted by twa-OEt groups ind. The very short
Ti-+-Ti distance [2.543(%) A in 2:3 and 2.599(1) A 4]
accompanied by dlam_ag_netlsm of both species might IndlCateFigure 2. The molecular structure of. The displacement ellipsoids
the presence of a FiTi single bond. However, the metal are drawn at the 50% probability level. Selected bond lengths (A):
metal distance is not a good bond criteri8respecially in gl(i)"ﬂ% %-59?(;),gli(éfgg%ZiW?(Zz), Tciflzgl(jg 5.583T(_1)1, Tgll%
the systems where the bridging constraints are substahtial. 2_81)0(2'), Ti((l))LOI((Z))—1.9(7%(25, Ti((l))—'O(Il(O? 2_1(133(2‘)’ Ti§27)¥'0(|{))i.9(72)-
(2), Ti(2)—0(2) 1.946(2), Ti(2)-O(20) 2.145(2), Ti(2O(30) 2.133(2).

(8) Crystal data f0£-3: CirasH315C13 )ioos,soTiz, M= 51}?:{.77, monoclinic,
a=8.306(1) A,b=17.325(2) A,c = 15.949(1) A,o. = 9C°, = ; ; ; ; ; ; ;
100.45(1y, y = 90,V = 2257.0(4) B, T = 100 K, space group2,/ For comparison the simple Ti(IV) OXI(_?Ie_br_ldged dimerfTi
n, Z = 4, (Mo K) = 0.71073 A, 12400 reflections measured, 4565 (¢-O)z(acac)] displays also a short T4 Ti distance, 2.796-

unique reflectionsRn = 0.019). The finalR value was 0.0493 and (1) A2t is, therefore, well possible that both the short
Ry(F?) 0.1144 forl > 20(1). Corresponding values for all dat® =

0.0563 ancRy(F?) = 0.1183. intermetallic s_eparation iB—4 and the digmggngtism result
9) Crysté(il )dgtg for;‘r:7 %glzléﬂz@sﬂlzé lglsf( ?34£.03, gﬁgonzcliné%a; from the particular nature of the-OR bridging ligands.

8.116(2) Ab=17. c=15. o =90°, f = 98.72- . J—

(4, y = 90,V = 2353.2(8) &, T = 100 K. space group2:/n, Z = . We ;ought to further clar_lfy the ngture of.the 'Fln_

4, (Mo K) = 0.71073 A, 11302 reflections measured, 4283 unique interaction in2 and3 computationally using the single-point,

reflections Ryt = 0.0375). The finaR value was 0.0435 anig,(F?) B3LYP/6-3lG(d,p) calculatiods with experimentally de-

0.0791 forl > 20(l). Corresponding values for all dat&®® = 0.0561
andR,(F?) = 0.0838.
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accessed by direct syntheses (Schemes 1 and 2). It seems

most likely that the course of the reactions discussed here

depends on the solution equilibrium. The precipitated solid

from the Al/AlMe; reduction of TiX, (X = CIl, OMe, OEt)

or 1 probably is the least soluble species and causes the shift

of the reaction course t®—4 formation. However, it could

be supposed that chloride ligand2%in4 undergo in solution

substitution by an excess of AlMeo give [Tix(u-OMe)-

(u-Cl)(thf)s3(Me)s] which is relevant to [Ti(u-OMe)(OBu),-
Figure 3. ELF contour plots for the selected planes containing two Ti (Me&)s]*” but up to now was not isolated in pure form. It can
atoms and oxygen atom of opeOMe ligand of2 and3. The arrow shows be expected that these compounds will find application in
the position of attractor located between two Ti atoms. several branches of chemistry such as olefin polymerization,
organic catalysid? sol-gel chemistryt® and many other®
Further studies are needed to determine possible incorpora-
tion of 2—4 into catalytic cycles.

termined geometries. In both species we replaced thf with
dimethyl ether molecules. As expected, the singlet state is
more stable than the triplet one by 6.8 kcal/molZrand
12.4 kcal/mol in3. Since the electron localization function
(ELF)* is an acknowledged tool for the description of the
bonding in molecules and solid3,we performed the
topological analysis of EL¥to clarify the Tk--Ti interaction.

Flgljure 3 dlslplaysd thle grapf;g:al ;e3presenltat|on ?]f tlhe FTLF Supporting Information Available: Experimental procedures,
bt |n. S ec_te planes. Fo=n . COmMpiexes t, e loca the ELF analysis, and two X-ray crystallographic files, in CIF
ELF maximum is found between Ti atoms, and this attractor o, mar This material is available free of charge via the Internet at

can be identified with a F#Ti bond. The obtained results  pyp://pubs.acs.org.
at least on the level of calculations used suggest the presence

of a bonding interaction between metal atoms which could '€020622G

be responsible for the diamagnetism28.

In conclusion, we have discovered a surprising new class (17) Lubben, T. V.; Wolczanski, P. T. Am. Chem. S0d.987, 109, 424.
(18) (a) Yu, C.; Yoon, S.; Choi, H.; Beak, kChem. Commurl997, 763.
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