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Summary: (CsHCH;CH3NMeg)TiCls (1) has been pre-
pared in 96% yield as a highly moisture-sensitive solid
which is readily hydrolyzed to a u-oxo derivative (4). The
1H NMR spectrum of 1 is consistent with intramolecular
coordination of the dimethylamino group to titanium.
Compound 1 exhibits relatively low activity as a styrene
polymerization catalyst but is remarkably active for both
ethylene and propylene polymerizations.

Group 4 metallocenes have dominated the homoge-
neous Ziegler—Natta polymerizations of ethylene and
propylene.l"¢ Half-sandwich complexes are better known
as precursors for styrene polymerization catalysts,’
although they are also useful for other olefins.?2 There
is a growing interest in the study of substituted-
cyclopentadienyl—metal compounds that possess a ter-
minal donor group in the side chain.? Intramolecular
coordination has been established for complexes of this
kind.19-13 Coordination of this type could also be
expected to affect both catalytic activity and selectivity.
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We report here the synthesis!4 of {[2-(dimethylamino)-
ethyllcyclopentadienyl}trichlorotitanium (1) and its ap-
plication as a precursor in the catalytic polymerization
of styrene, ethylene, and propylene.

The synthetic method for (CsMes)TiCls!® was adapted
to synthesize (CsH4CHoCHoNMe)TiCl; (1; heredfter
CpN = C;H,CHCH2NMe;). Treatment of the ligand
(CpNH)'€ (32.24 g, 236 mmol) with n-BuLi (148.0 mL,
1.6 M in hexane) in THF (150 mL) at 0 °C and
subsequent reaction with chlorotrimethylsilane (30.0
mL, 236 mmol) at 0 °C for 4 h followed by filtration of
the precipitate, removal of the volatiles, and distillation
at reduced pressure (51—52 °C, 5 x 10~® mm Hg)
afforded (Me3Si)CpN (8) as a pale yellow liquid (44.12
g, 89%). The H NMR spectrum of 3 showed three
singlets in the ratio 1:1:18 corresponding to the tri-
methylsilyl group, together with different signals due
to the dimethylamino group and ring protons on sp® and
sp? carbons!® in a mixture of at least three isomers.!®

Reaction of 3 (8.90 g, 42.5 mmol) with TiCl, (8.06 g,
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solvent and washing with pentane (2 x 100 mL), led to
the formation of CpNTiCl; (1; 11.84 g, 96%) as a yellow
powder pure enough for synthetic purposes. An ana-
lytically pure sample was obtained by recrystallization
from CH,Cl; as a yellow-orange microcrystalline solid.20
The 'H NMR specturm of 1 showed a typical AA'BB’
splitting pattern for the protons of the cyclopentadienyl
ring, two triplets for the protons on the ethylenic side
chain, and a singlet for the dimethylamino protons. An
interesting feature in the spectrum of 1 in CDCl3 is the
downfield shift (ca. 0.4 ppm) observed for the signal of
the methyl groups attached to nitrogen (6 2.69) com-
pared to analogous resonances for 2 (6 2.27) or for 3 (0
2.28) in the same deuterated solvent. Even more
significant is the shift to lower field (ca. 0.7 ppm) of the
signal for the methylene group linked to nitrogen in 1
(8 3.26) relative to the comparable values in 2 (6 2.53)
and 3 (0 2.51), together with a different splitting pattern
for the ethylene group (two distinct triplets instead of
a multiplet). These differences indicate an important
change in the environment of the nitrogen atom in 1.
Similar observations have been made in cobalt!¥ and
molybdenum!?2 compounds by comparing complexes
with noncoordinated and intramolecularly coordinated
dimethylamino groups to the metal center.2! Therefore,
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2 H, J = 6.5 Hz, CHy), 2.69 (s, 6 H, N(CHjs)p); in CgDg 6.33 (t, 2 H,
CsHy), 6.12 (t, 2 H, C;Hy), 2.29 (t, 2 H, J = 6.5 Hz, CHzN), 2.00 (s, 6 H,
N(CH,)p), 1.97 (t, 2 H, J = 6.5 Hz, CH;). Anal. Caled for CoH;4Cls-
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99°). Considering the Fenske—Hall molecular orbital (FHMO) calcula-
tions performed on CpTiCls, it is clear that a Lewis acid—base
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we propose the same intramolecular coordination of the
dimethylamino group in compound 1.

Compound 1 is exceedingly sensitive to moisture.
Exposure to air or reaction with /; equiv of water leads
to the hydrolysis product [CpNTiClo(HCD)1(1-O) (4). For
example, the reaction of 1 (1.00 g. 3.44 mmol) in CHo,-
Cl; (30 mL) with HyO (31 uL, 1.72 mmol), first at —78
°C followed by slow warming to room temperature,
results in the formatiom of the hydrochloride u-oxo
compound 4 in quantitative yield as a yellow powder.
In its 'H NMR spectrum,?¢ the protons of the am-
monium groups can be observed at low field as a broad
signal (6 12.35, ~45 Hz) due to the electric quadrupole
moment of nitrogen.?s In addition, the dimethylamino
group signal is a doublet with Jun-cuy = 4 Hz, which is
in the range expected for this coupling. It is also
noteworthy that the protons representing the ethylene
side chain in 4 occur as a broad singlet (~15 Hz)
compared to the two triplets observed for 1. This change
is consistent with disruption of the intramolecular
coordination of the dimethylamino group. When com-
pound 1 was hydrolyzed with D20, the low-field broad
singlet was not observed, and the signal due to the
dimethylamino protons occurred as a singlet instead of
a doublet.

Complexes containing half-sandwich dichlorotita-
nium fragments connected to each other via oxo bridges
have been described elsewhere.?®6 Most of them have
been obtained by controlled hydrolysis of the cor-
responding trichloro compound, and in some cases an
auxiliary amine has been used to remove the HCI
byproduct.2” In our case, the presence of the amino
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Table 1. Olefin Polymerization by CpNTiCl; Percursor®

monomer® cocatalyste
run no. pressure (psig) conen (M)  [Ti] (uM) [PhaC*HI[Ti] [ALY/[Ti] 2, (min) vyield(g) activity? x 1076 M, x 1073
1 E 15 0.37 25 MAO 2000 10 0.15 1.98 3.0
2 E 15 0.37 50 MAO 2000 10 0.56 3.62 24
3 E 15 0.37 50 MAO 4000 10 0.77 4.96 2.1
4 P 20 0.78 25 MAO 2000 90 0.79 0.54 32
5 P 20 0.78 50 MAO 2000 90 34 1.16 2.9
6 P 20 0.78 50 MAO 4000 30 1.85 1.90 4.5
7 P 20 0.78 100 MAO 2000 30 2.66 1.37 35
8 P 20 0.78 100 MAO 4000 30 2.97 1.53 34
9 P 20 0.78 100 Ph;CH/TIBA 20 30 0 0 0
10 P 20 0.78 100 Phy,Ct/TIBA 0.5 20 7 0.13 0.56 3.5
11 P 20 0.78 100 Ph;CH/TIBA 20 7 2.19 4.82 4.5

¢ Polymerization conditions: volume, 50 mL of toluene; 7, = 20 °C.*E = ethylene, P = propylene. ¢ TIBA = triisobutylaluminum, PhyC* =

[PhsC1*[B(CeFs)s]~. 4 g of polymer/(mol of Tisfmonomer}h).

group in 1 presumably acts as a driving force to
facilitate its hydrolysis, explaining its high moisture
sensitivity relative even to CpTiCls.

It is now generally accepted that the reaction of
methylaluminoxane (MAO) with a group 4 metallocene
dichloride produces a catalytically active metallocenium
species. For a half—sandwich case such as CpTiCls, the
cation is likely the 10-electron CpTitMe,Cls-, interme-
diate?® with a coordination number of 3. In the case of
1, the dimethylamino group raises the electron count
to 12 and the coordination number to 4. Such a change
has a marked effect on styrene polymerization. Cp™-
TiCl; (1) when activated with MAO has a relatively low
catalytic activity of 2.7 x 105 g of PS/(mol of Ti'mol of
Sh) (S = styrene, PS = polystyrene); 88% of the PS has
the syndiotactic structure (s-PS, insoluble in refluxing
2-butanone).?® In comparison, under the same condi-
tions, CpTiCly/MAO and IndTiCly/MAO have activities
of 1.4 x 107 and 3.7 x 107 g of PS/(mol of Ti'mol of S*h)
with 67 and 98% yields of s-PS.7 Therefore, the marked
lowering in the catalytic reactivity of 1 toward styrene
is most likely due to the coordination of the dimethyl-
amino group, which destabilizes the complexation of
styrene to titanium?® and affects the stereoselectivity
as well,

CpTiCly/MAO is virtually inactive as a catalyst pre-
cursor for ethylene or propylene polymerization.3! Re-
markably, however, 1 exhibits substantial activities for

(27) Samuel, E. Bull. Soc. Chim. Fr. 1966, 11, 3548,

(28) A metal-activated carbocationic olefin intermediate has also
recently been proposed: Quyoum, R.; Wang, Q.; Tudoret, M.-J.; Baird,
M. C.; Gillis, D. J. J. Am. Chem. Soc. 1994, 116, 6435.

(29) (a) The procedure used to polymerize styrene has been given
in detail in ref 7¢. (b) Best result conditions: [Ti] = 50 uM; AUTi =
4000; T, = 50 °C; t, = 3 h. The Yield of PS was 90 mg.

(30) iambelli, A.; Pellecchia, C.; Oliva, L.; Longo, P.; Grassi, A.
Makromol. Chem. 1991, 192, 223.

these monomers (Table 1).32 It has an ethylene polym-
erization activity of 5 x 10 g of PE/(mol of Tif{CzsH4lh),
giving polyethylene (PE) with M, (2—3) x 105 Even
more impressive is the propylene polymerization be-
havior. The best results were obtained by in situ
alkylation of 1 with triisobutylaluminum and generation
of the cation from it with [PhsC]*[B(CsF5)4]~.2¢3¢ Not
only is the propylene polymerization as high as in the
ethylene case, but the polypropylene molecular weight
is higher than that of the polyethylene. However, the
process is without stereoselectivity, as indicated by the
lack of melting transition in the polypropylene produced.
The effects of the dimethylamino group are therefore
very significant in terms of the catalytic reactivity of 1
compared to that of CpTiCls.

Acknowledgment. J.C.F. is indebted to the MEC
(Spain) for a postdoctoral fellowship.

OM9405293

(31) Comparative studies: A(CpTiClyethylene) = 6.2 x 104 g of
polymer/(mol of Ti[C;HJh) under the same reaction conditions as in
run 3 in Table 1; A(CpTiClg/propylene) = 0 using MAO or [Ph3C]*-
[B(CsF5)4]1~ as cocatalyst under any conditions given in Table 1; A(Cp,-
TiClyethylene) = 1.74 x 107 g of polymer/(mol of Ti{CoHyh) under
the same conditions as in run 3 in Table 1; A(Cp TiCly/propylene) =
2.6 x 10 g of polymer/(mol of Ti{C3Hg}h) (conditions as in run 6 Table
1) and 1.6 x 10° (conditions as in run 11, Table 1).

(32) (a) The procedure used to polymerize ethylene and propylene
has been given in detail in the literature.3® (b) For the polymerization
of propylene with the catalytic system CpNTiClyTIBA/[PhsCl*-
[B(C¢F5)4], the order of addition to the monomer-saturated toluene
was TIBA, Cp™TiCls, stirring for 5 min, and finally [PhsCIHB(CgF5)s].3¢

(33) (a) Reference 6¢. (b) Chien, J. C. W.; Sugimoto, R. J. Polym.
Sci., Part A: Polym. Chem. 1991, 29, 459. (c) Chien, J. C. W.; Wang,
B.-P. J. Polym. Sci., Part A: Polym. Chem. 1990, 28, 15.

(34) (a) Chien, J. C. W,; Tsai, W.-M.; Rausch, M. D. J. Am. Chem.
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Appl. Organomet. Chem. 1998, 7, 71.



