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Abstract

The titanjum methoxo complex Ti(n’-CyH,)Cl,(OMe), prepared from the trichloro complex Ti(v’-CyH,)Cl,, was found to
polymerize e-caprolactone with ring opening significantly more efficiently than analogous cyclopentadienyl derivatives. The crystal
structure of Ti(n>-CyH,)C1,(OMe) was determined and shows a C,-symmetric piano-stool conformation with the strongly m-donating

methoxo group trans to the six-membered ring.

1. Introduction

Mono(cyclopentadienyDtitanium complexes of the
type Ti(m’-CsR)X,; (C,R5=CH;, substituted and
functionalized cyclopentadienyl; X = monoanionic lig-
and) exhibit a variety of interesting polymerization ac-
tivities including syndiospecific styrene [1], ethylene
and o-olefin [2], 1,3-diene [3] as well as living alkyl
isocyanate polymerization [4]. Recently, we have
demonstrated that titanium alkoxo complexes of the
general formula Ti(n’-CsR;)X,(OR’) are capable of
polymerizing e-caprolactone (CL) under ring opening
in a living manner [5]. In the course of these studies, we
noted that the polymerization activity depends on the
cyclopentadienyl ring substitution pattern and also that
B-butyro-lactone is not polymerized by these complexes
[5b]. Herein we wish to report that the indenyl deriva-
tive, Ti(n’-CoH,)C1,(OMe), is by far the most active
initiator in this series.

* Dedicated to Professor Herbert Schumann on the occassion of his
60th birthday.
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2. Results and discussion

When the indenyl trichloro complex Ti(n’-CyH,)Cl,
[6] is treated with lithium methoxide in dichlorometh-
ane—hexane at —40°C and slowly warmed to room
temperature, moisture-sensitive red crystals of Ti(n’-
C,H,)C1,(OMe) can be isolated with a 50% yield.
Analytical, IR, 'H and “C NMR spectroscopy as well
as mass spectrometry (MS) data are consistent with a
piano-stool configuration with C; symmetry (see Fig,
1). Thus the 'H and C NMR chemical shifts for the
indenyl ligand are recorded at significantly higher field
than those of Ti(n’-CoH,)Cl,. The methoxo group
gives rise to a singlet at 4.37 ppm in the 'H and at 71.6
ppm in the “C NMR spectrum. As we have noted
earlier for the complexes of the type Ti(n’-CsR )X,-
(OMe), these values are not very sensitive to the nature
of ring substitution [5d].

Polymerization of CL with a monomer : initiator ratio
of 34:1 and an initiator concentration of 0.03 mol 17!
in toluene at 100°C was almost complete within 60 min.
This activity is by far the highest observed so far for the
mononuclear titanium complexes of this series (Table
1). While characterization of the isolated polycaprolac-
tone is in progress, preliminary analyses appear to
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support a well-defined polymerization mode. Interest-
ingly, upon addition of CL to a solution of Ti(rm’-
C,H )ClZ(OMe) all signals become significantly broad
in the '"H NMR spectrum but sharpen once the polymer-
ization has started. In agreement with our proposed
mechanism for the ring-opening polymerization [5], we
regard this as evidence for the reversible complexation
of the lactone at the d’ titanium center according to

Equation 1
.
1|-i +¢e-CL cl /TIQ"cl
Mu....CI - -CL
CI/ \OMe € o) OMe

O

So far, we have been unable to observe such an equilib-
rium with other mono(cyclopentadienyltitanium com-
plexes [8].

A single-crystal X-ray diffraction analysis of Ti(n’-
C,H,)C1,(OMe) [9] revealed the expected piano-stool
configuration with the indenyl penta—hapto bonded to
the tetravalent titanium center with a ring centroid bond
distance of 197.6 pm (Fig. 1). The molecule resides on
a crystallographic mirror plane. As in many transition
metal indenyl complexes with penta—hapto coordination
[12] the distance from the titanium to the carbon atoms
shared by the five- and six-membered rings is signifi-
cantly longer (247.9(1) ppm compared with 231.6(4)
and 232.7(3) pm). The methoxo group is coordinated as
a pronounced w donor, as evidenced by the short

Clla

Fig. 1. Molecular structure of Tl(T| -CyH;)C1,(OMe). Selected bond
distances and an angle are as follows: Ti-Cl, 227. A1) A Ti-Cl,
247.9(2) A Ti—0(8), 231.6(4) A; Ti-0(9), 232.7(3) A, Ti-0,
173.2(2) A; Ti-Cp(centroid), 197.6 A; Ti-0-C(11), 163.3(1). Ther-
mal ellipsoids are shown at the 50% probability level and all
hydrogen atoms have been omitted for clarity.

Table 1. Relative activities of some titanium half-sandwich com-
plexes of the type Ti(n’-CsR)C1,(OMe) towards e-caprolactone
ring-opening polymerization

CsR, Activity  8(30C) S(*°Ti) of
(min)® of OCH, " Ti(n’-CsR)Cl; €
(ppm) (ppm)
CsH; 315 72.6 -390
CsH,(SiMe,) 120 725 -361
1,3-C,H4(SiMe,), 96 723 —-332
C4H, 15 71.6 —267

® Activity measured as time required for the reaction to reach 50%
conversion at 100°C. Conditions: 0.051 mmol of the titanium com-
plex was mixed with 1.342 mmol of CL lactone in a total solution
volume of 0. 75 ml of toluene-dg in a 5 mm NMR tube.

® In CDCl,. © See [7].

titanium oxygen bond length of 173.2(2) pm and the
obtuse angle at the oxygen of 163.3(1)°. The most
notable feature of the crystal structure is that the
molecule adopts a conformation in which the strongly
w-donating methoxo group is trans to the annulated
benzene ring of the indenyl ligand. Furthermore, the
coordination of the TiCl,(OMe) fragment at the indenyl
ligand is characterized by a slip distortion of 17 pm
(difference between the Ti—Cp(centroid) and Ti-
Cp(normal) distances) as well as a fold angle for the
five-membered ring of 5.2° [12].

Dramatic reactivity enhancements by substituting in-
denyl for the cyclopentadienyl ligand have precedents
mainly for the electron-rich transition metal complexes
such as rhodium complexes [13] although Group 4
metal complexes of bridged bis(indenyl) ligands gener-
ally appear also to be more reactive in the metallocene-
catalyzed a-olefin polymerizations [6,14]. We are at
present investigating whether the ligand effect in d°
titanium complexes observed in the ring-opening poly-
merization activity may be correlated with electronic
and steric effects of the five-membered ligand [15]. To
this end, we are at present studying various ring-sub-
stituted indenyl derivatives of the general type Ti(n’-
C4R,)C1,(OMe) as initiators for the lactone polymer-
ization.

3. Experimental section

All experiments were performed under argon using
standard Schienk techniques. (IndenyDtrichlorotitanium
was synthesized according to a modified literature
method [6] using freshly prepared (trimethylsilyl)indene
and titanium tetrachloride. NMR spectra were recorded
on a Bruker AC 300 spectrometer, and mass spectra on
a Varian spectrometer CH7.

3.1. Dichloro(indenyl)methoxotitanium

A solution of n-butyllithium (2.4 ml of 1.5 M solu-
tion in hexane) was diluted with hexane (10 ml) and
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treated with dry methanol (150 ul, 119 mg, 3.7 mmol)
at room temperature. After the end of gas evolution, the
mixture was cooled to —40°C and treated with a solu-
tion of (indenyDtrichlorotitanium (1.0 g, 3.7 mmol) in
dichloromethane (20 ml). The reaction mixture was
slowly warmed to ambient temperature, filtered and
concentrated. Layering with hexane and cooling to
—78°C afforded red needles (yield in two crops, 500
mg (50%); melting point, 160°C (decomposition)). 'H
NMR (CDCl,): & 4.37 (s, 3 H, OCH,), 6.82 (m, 1 H,
H-2), 6.87 (m, 2 H, H-1, H-3), 7.45 (m, 2 H, H-4, 7),
7.80 (m, 2 H, H-5, 6) ppm. “C{'H} NMR (CDCl,): &
71.6 (OCH,), 111.7 (C-1,3), 120.0 (C-2), 125.4 (C-4,7),
128.8 (C-5,6), 129.5 (C-8,9) ppm. IR (KBr): v 3094 w,
2924 s, 2854 s, 1462 m, 1377 m, 1341 w, 1102 br m
(v(C-0)), 828 m, 744 m, 401 w cm™'. MS (electron
compact): m/z (%) 264 (8) [M™*], 233 (1) [M*-OCH,],
229 (1) [M*—Cl], 198 (1) [M*—-2Cl], 115 (100)
[C¢HF1, 83 (13) [TiCl*]. Anal. Found: C, 45.00; H,
3.99. C,,H,,Cl,0Ti calc.: C, 45.33; H, 3.80%.
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