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Dehydrocupling of phenylsilane

Mixed bent sandwich titanium(IV) complexes containing the
donor-substituted [2-{diisopropylamino)ethyljcyclopentadi-
enyl (CsH,CH,CH,NiPr, = Cp") ligand are described. The
highly moisture-sensitive metallocene dichloride
(CsH4CH;CH,NNIPr,)(CsH,SiMe3)TiCl, (1) was synthesized
by reaction of CpMLi with CpSTiCl; (CpS = CsH,SiMe;).
Complex 1 reacts with one equivalent of HCl with protona-
tion of the amino group to give the air- and water-stable
metallocene  dichloride-hydrochloride [(CsH,CH,CH,-
N(H){Pr,)(CsH,SiMe3)TiCl;]*Cl™ (2). The structure of 2 was
determined by a single-crystal X-ray diffraction study. Com-

pounds 1 and 2 are precursors for ethylene polymerization
catalysts. The reaction of 2 with one equivalent of Na*B[3,5-
(CFa),Cglla]s afforded the borate [(CsH,CH;CH,N(H)Pr,)-
(CsH,SiMe;)TiCl,) Y B[3,5-(CF3),CeHsls  (3). The dimethyl
compound (CsHCH,CH,NiPro){(CsH,SiMe3)TiMe, (4) was
obtained by reaction of 1 with two equivalents of meth-
yllithium. The diphenoxy complex (CsH,CH,CH,-
NiPr;)(CsH,SiMe3) Ti(OPh), (5) was prepared analogously
with a stoichiometric amount of lithium phenoxide. Com-
pounds 4 and 5 show remarkable activity in the catalytic de-
hydrocoupling of phenylsilane.

Introduction

The chemistry of donor-functionalized cyclopentadienyl
systems is a rapidly growing area for various reasons!! ~!3),
Under appropriate conditions, the donor atom can coordi-
nate reversibly to the metal center in addition to the cyclo-
pentadieny] system and temporarily block a vacant coordi-
nation site. Furthermore, enhanced water solubility may be
achieved by quaternization of the amino group in the side
chainBe:9:3],

Very recently, we introduced the [2-(diisopropylamino)-
ethyl]cyclopentadienyl ligand (Cp™ = CsH,CH,CH,NiPr,,
Figure 1) into the chemistry of titanium and zirconium by
synthesizing the bent sandwich complexes Cp’MR, and
CpiMCI, X 2 HCI (M = Ti, Zr)l'al,

Figure 1. The [2-(diisopropylamino)ethyl]cyclopentadieny! ligand

-
?x}

Some of the chemical and physical properties of these
compounds are changed dramatically from those of the
nonfunctionalized species. The metallocene dichlorides and
also the hydrochlorides are excellent precatalysts in the
polymerization of ethylene. The alkyl and alkoxy derivatives
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catalyze the dehydrogenative coupling of phenylsilane to
oligosilanes.

In an extension of our studies, we now report on the syn-
thesis of mixed bent sandwich titanium complexes of the
type CpNCpSTiR;, (Cp® = CsH,SiMe;) with only one diiso-
propylaminoethyl-substituted  cyclopentadienyl ligand
(Cp™). Special emphasis is placed on the catalytic activity
of such compounds as precursors in homogeneous Ziegler-
Natta ethylene polymerization!'¥l and in the dehydrocoupl-
ing of phenylsilanel'™,

Results
1. Syntheses

Treatment of a solution of CpSTiCl; in toluene with a
suspension of one equivalent of Cp™Li in ether leads to
the formation of the desired metallocene dichloride
(CsH,CH,CH,;NiPr,)(CsH,SiMe;)TiCl, (1), which can be
isolated as an amorphous, orange-red solid in 53% yield
(Scheme 1).

Complex 1 shows excellent solubility in polar solvents
such as THF and only moderate solubility in nonpolar sol-
vents such as benzene. An amorphous solid of 1 precipitates
immediately from a concentrated benzene solution. This so-
lid can only scarcely be redissolved. It is a coordination
polymer and not a decomposition product!'®, However, in
dilute solution a complete characterization of 1 is possible.
TH-NMR spectroscopy indicates the presence of mono-
meric species (vide infra). In contrast to the non-donor-
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Scheme 1. Synthesis of the N-functionalized titanocene dichloride
1, N-protonated titanocene dichloride-hydrochloride 2
and N-functionalized titanocenedichloride-borate 3

. (CsH4SiMe;)TiCly
(C5H4CH2CH2N1'Pr2)L1 e —
toluene/EL,0

(C5H4CH2CH2N ZPrz)(C5H4SiMC3)Ti Clz
1
HCl
1 —_—

CH:OH
[(CsH4,CH,CH,N(H)iProJ(CsH,SiMes) TiCly ) Cl

2

1 NaBR}, E,0

R’ = 3,5-(CF+),CcH;

[(C5H4CH2CH2N(H)IPrz)(C5H4SlMC3)T1C12] * BR:;7
3

functionalized metallocene dichlorides Cp,TiCl,!'? and
CpCpSTiCLU'¥, 1 is extremely moisture-sensitive. Reaction
takes place in protic solvents such as methanol or water,
and N-protonated species of unknown composition are
formed.

The complex CpNCpSTiCl (1) reacts with one equivalent
of hydrogen chloride dissolved in methanol with pro-
tonation of the amino group to give the titanocene dichlor-
ide-hydrochloride [(C5H4CH2CH2N(H)lPrz)(C5H4SlMC3)-
TiCl,]* Cl~ (2) as a red, amorphous solid in high yield
(Scheme 1). Crystallization of the hydrochloride 2 from a
CH,Cl,/toluene solution affords deep red crystals, which
are hygroscopic. It is remarkable that, in contrast to the
metallocene dichloride 1, the hydrochloride 2 is stable
against air and moisture. Compound 2 is very soluble in
polar solvents such as methanol, dimethy! sulfoxide, aceton-
itrile, and even in water, where it is stable for several hours
of exposure; it is insoluble in nonpolar solvents.

Compound 2 reacts with one equivalent of Na™ B[3,5-
CF3),C¢H;]4 in diethyl ether to give in high yield the borate
[(CsH4CH,CH,N(H)iPr;)(CsH4SiMes)TiCl,]* B-
[3,5«(CF3),C¢Hsly (3) (Scheme 1). Compound 3 is an
amorphous, hygroscopic, red solid, which is very soluble in
polar solvents such as diethyl ether, chloroform and di-
methyl sulfoxide and remarkably soluble in benzene. The
stability of 3 against air and moisture is comparable to that
of the hydrochloride 2.

The dimethyl titanium compound (CsH,CH>-
CH,NiPr,}(CsH,SiMe;)TiMe, (4) is obtained in nearly
quantitative yield by the reaction of 1 with two equivalents
of methyllithium in diethyl ether (Scheme 2)!%],

Scheme 2. Synthesis of the N-functionalized dimethyltitanocene 4
from 1 and AN-functionalized dimethyltitanocene 4

from 2
2 MelLi
1 E—O—> (CsH4,CH,CH,NPr, (CsH,SiMe;) TiMe,
t
’ 4
3MeLi,%)_) ) . . .
2 m (C5H4CH2CH2NIPI'2)(C5H4SlM63)T1MCZ
4
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Complex 4 is a moisture-sensitive, yellow oil with a
characteristic odor; it shows a good solubility in polar and
nonpolar aprotic solvents such as THF or hexane. The ther-
mal stability of 4 is remarkable. In contrast to the tempera-
ture- and light-sensitive complex Cp,TiMe,*"l, for which
an autocatalytic, “catastrophic” decomposition is reported,
no decomposition was observed after several days under
inert gas at room temperature. The dimethyl compound 4
is also formed by the reaction of 2 with three equivalents
of methyllithium in diethyl ether (Scheme 2). The first
equivalent of methyllithium deprotonates the N-function to
generate the metallocene dichloride 1, which reacts with the
further two equivalents of methyllithium to form the di-
methyl compound 4.

Treatment of the dimethyl complex 4 with three equival-
ents of HCI dissolved in methanol affords the metallocene
dichloride-hydrochloride 2 in quantitative yield?! (Scheme
2). After the evolution of two equivalents of methane and
the intermediate formation of the metallocene dichloride 1,
the protonation of the N-function in the side chain of the
Cp™ ligand leads to the formation of the metallocene di-
chloride-hydrochloride 2. No decomposition products
were observed.

Treatment of a toluene solution of 1 with two equivalents
of lithium phenoxide affords the diphenoxy derivative
(CsH4,CH,CH,NiPr)(CsHSiMe;3)Ti(OPh), (5) in excellent
yield (Scheme 3).

Scheme 3. Synthesis of the N-functionalized titanocenedipheno-
xide 5

2 PhOLi
1 Skt (CsH4CH,CH;NiPr,(CsH,4SiMe3)Ti(OPh),

toluence/benzene
5

Compound 5§ can be isolated as an orange oil which is
very soluble in aromatic organic solvents. In contrast to the
parent complex Cp,Ti(OPh),*2, 5§ could not be crys-
tallized.

Compounds 1—5 were characterized by 'H-, PC-NMR
and MS data and by elemental analysis.

II. NMR Spectra

The NMR spectra of 1-5 are in agreement with metallo-
cene-type structures with two different pentahapto-bonded
monosubstituted cyclopentadienyl ligands, as shown in Fig-
ure 2.

In the 'H-NMR spectra of 1—5 (see Table 1), a pair of
two pseudotriplets (AA'BB’ pattern) is observed for the hy-
drogen atoms of each cyclopentadienyl ring. The methylene
proton signals of the side chain of the Cp™ ligand appear
as two multiplets, the signals of the isopropyl group are
observed as a multiplet and a doublet. In the spectra of
hydrochloride 2 and borate 3, the methyl signals of the iso-
propyl groups appear as two doublets. The methyl proton
signals of the trimethylsilyl group of the Cp® ligand appear
as a singlet.

Noncoordination of the diisopropylaminoethyl function
in solution can be assumed for the complexes CpNCpSTiR,
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Table 1. 'TH-NMR data of the new complexes 1-5

CH,™ CpCH, CHN  CHCH, CHCH, SicH,™

1 575,613 (J=2.6Hz) 2.6l 2.93 2.93 0.89 0.30
598,646 (J=23Hz) (m2H) (m2H) (m2H) (d,12H°/=55Hz)

24 6.23,642(J=2.6Hz)  3.50 3.50 3.64 1.41, 1.49 0.21
6.61,685CJ/=23Hz) (m,2H) m2H m2H (24,12H,°/=6.6Hz)

3 599,647 (J=27Hz) 3.36 3.45 3.82 1.28, 1.35 0.05
6.63,687(J=23Hz) (m,4H) (m4H)? (m4H) (2d,12H, °/=6.7/6.8Hz)

4 538,584(J=26Hz)  2.69 2.77 2.99 0.99 0.10
5.98,6.05(CJ/=24Hz) (m2H) (m,2H) (m2H) (d,12H°J=65Hz)

5t 5.83,599(/=26Hz) 245 2.53 2.84 0.85 0.21

592,641 CJ=25Hz) (m4H) (m4H) (@m4H (d 12H J=66Hz)

2t 4H. — M5 9H. — I Measured in CgDs. — ! Measured in CDCl;. — © The proton resonance for the NH group in the solvent
CDCl; appears as a broad singlet at § = 11.2. — [ The proton resonance for the N—H group in the solvent CDCl; appears as a broad
singlet at & = 7.28.

Figure 2. Mixed bent sandwich titanium complexes of the type  all compounds show features consistent with the proposed
CpMNCp®TiR; and CpNCpSTiCl, X HX structures (see Experimental).

SiMe3 SiMej IIL. X-ray Crystal Structure Analysis of 2
Suitable crystals of 2 were obtained by crystallization
Ti(R Ti<C(l:1 from CH,Cly/toluene. A single-crystal X-ray diffraction
R study established the expected bent-metallocene type struc-
x® ture. The molecular structure and selected bond lengths and
e - .
angles are shown in Figure 3.
NiPr,

Figure 3. Crystal structure of 2; the thermal ellipsoids are drawn
at the 50% probability level; the hydrogen atoms attached to the
carbon atoms and the toluene molequle in the unit cell are omitted

CpNCpSTiRZ (1,4,5) CpNCps TiC]2 x HX 2,3) for clarity; selected bond lengths [A] and angles [*}: Ti(1)—CI(1)
2.38)56(14)3, Ti(l)-?l(?g 0%.2:”595C(14)), gi((i)l)—CpON(((f)ntr(é((i’)]) 218?12),

- = ~ Ti(1)—Cp>(centroid .062, (5)~C( 1.505(4), -
R =Cl, Me, PhO X=CLBBS-CF),Cesly 5537 N(1)-C(8) 1.5273), N(1)-H 0.883: CpMcentroid)~

Ti—~CpS(centroid) 131.0, CI(2)~Ti~Cl(1) 94.25

(R = CI 1, Me 4, OPh 5). The signal due to the methyl
protons of the diisopropyl group is observed at ca. § = 0.90.
The two multiplets for the methylene protons appear in the
range & = 2.4—-2.9. The ring-proton signals are observed in
the range § = 54—6.5. These values are nearly identical
with those of the diisopropylaminoethyl-substituted cyclo-
. pentadiene CsHCH,CH,N;Pr,!!2

In contrast, the protonated amino function in
CpNCpSTiCl, X HCI (2) and CpNCpSTiCl, X HB[3,5-
(CF3),C¢Hsly (3) causes a significant change of the 'H-
NMR shifts. All signals of the Cp™ ligand in 2 and 3 show
a remarkable downfield shift compared to all other com-
plexes (see Table 1). Now the signal of the methyl groups
of the isopropyl group is observed in the range & =
1.11—-1.49. The two multiplets for the methylene protons
appear in the range 8 = 3.3—3.6. The ring-proton signals
are observed in the range & = 6.0—6.9.

The signals of the TiMe groups in CpNCpSTiMe, (4) ap-
pear as expected as a singlet at § = 0.12, This chemical shift
value is very similar to that of the complexes CpYTiMe, 14
and Cp,TiMe,P%. The signals of the hydrogen atoms of the
phenoxy groups in CpNCpSTiOPh, (5) show only small
shift differences compared to those of the compounds
CpYTiOPh,*2 and Cp,TiOPh,2. The *C-NMR data of

cen
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Compound 2 forms monomeric units with a protonated
N-function in the side chain. The refined N—H distance is
0.88(3) A. The two chlorine atoms together with the centro-
ids of the cyclopentadienyl rings form a considerably dis-
torted tetrahedral coordination geometry around the ti-
tanium center with angles ranging from 94.25(5)°
{(CI-Ti—Cl") to 131.0° [(Cp)centroid—Ti—(Cp')centroid,
see Table 2]. The pearly planar cyclopentadienyl rings are
in a staggered conformation. The diisopropylaminoethyl
group is arranged at the open side of the sandwich. The
trimethylsilyl substituent is arranged in a lateral position.
This orientation minimizes the steric interaction of the tri-
methylsilyl group with the chlorine atoms and with the
other cyclopentadienyl ring. As displayed in Table 2 all
other average bond parameters for CpNCp TiCl, X HCI (2)
are within the range established for the complexes
CpYTiCL'¥ and Cp,TiCl,23,

Table 2. Molecular Dparameters for CpNCpSTiCl, x HCI (2),
CpNTiCLU# and Cp,TiCLR

Compound Ti-CI[A] CI-Ti-Ci[°] Cp-TifA] Cp-Ti-Cp[’]
Cp Cp°TiCl, x HC1(2) 2.3595(14) 94.25(5)  2.062 131.0
2.3856(14)
cpt,TicL™ 2.3682(11)  94.40(5) 2.062 1326
Cp,TiCL™! 2.364(2) 94.53(6) 2059 13097

This demonstrates that the different substitution pattern
of the Cp rings in CpNCpSTiCl, X HCI (2) and
CpYTiCl,!'# does not significantly affect the basic molecu-
lar structure.

IV. Ethylene Polymerization and Phenylsilane Dehydrocoupling

The titanocene dichloride Cp¥CpSTiCl, 1 and the hydro-
chloride CpNCpSTiCl, X HCI 2 are catalyst precursors for
the polymerization of ethylene. In the reaction of the com-
plexes 1 and 2 with 500 equiv. of methylalumoxane (MAQ)
in toluene the solution turns immediately yellow, which
corresponds to the color of the dimethyl compound
CpNCpSTiMe, (4) in this solvent. This is in agreement with
the assumption that MAO acts first as a methylating agent
to form the dimethyl compound as intermediate. The
further equivalents of MAQ abstract one methyl group by
forming cationic species, which are the active catalyst sys-
tem. In the case of the metallocene dichloride-hydrochlo-
ride 2, one equivalent is needed as a deprotonating agent to
form the metallocene dichloride 1 as intermediate. The
further reaction affording the active catalytic species is anal-
ogus to that described above. The reaction mixture was
stirred at ambient temperature and ethylene (atmospheric
pressure) was bubbled through the solution. An HCV
MeOH mixture was added to terminate the polymerization
reaction. The efficiency of the catalyst systems and the
numbers of merit (M, My) of the polyethylene determined
by GPC analysis are summarized in the Experimental sec-
tion. The activities of the catalytic precursors 1 and 2 are
comparable to those of the metallocene derivatives
Cp3TiCL "), CpNTiCL,!2! and CpYTiCl, X 2 HCI(,

1512

High catalytic activity in the dehydrocoupling of phen-
ylsilane was observed for the complexes CpNCpSTiMe; (4)
and CpNCpSTi(OPh), (5). Reaction of these complexes with
phenylsilane at room temperature under inert gas over a
period of several days leads to the production of oligophen-
ylsilane in excellent yields (75%). The polymer products
were recovered by filtration of the reaction solution through
a Florisil column, followed by vacuum evaporation of the
solvent. The oligophenylsilanes thus obtained are extremely
viscous oils.

The oligophenylsilanes synthesized by 4 and 5 exhibit
analytical data similar to those described in the litera-
turel!® 1524, The TH-NMR spectra show broad, unresolved
signals in the range 8 = 4.5 to 5.7, and the ?Si-NMR spec-
tra signals are in the range 8 = ~51 to —68. The character-
istic vgyr and 3g;;; bands are observed at 2090—-2120 cm !
and 912—-918 cm™L, respectively. The mass spectra show
fragments of linear and cyclic oligomers up to the parent
ion of the heptamer(®?. The amounts of linear, cyclic and
branched oligomers have not yet been determined. A de-
tailed analysis of the oligomers will be the subject of
further investigations.

Discussion

Some of the chemical and physical properties of mixed
bent sandwich complexes of the type CpNCpSTiR, are
changed dramatically compared to those of the nonfunc-
tionalized species.

CpNCpSTiCl, (1) is extremely moisture-sensitive. This is
due to the base function of the amino group which supports
the hydrolysis process by trapping the liberated hydrogen
chloride. Furthermore, the solubility of 1 in nonpolar sol-
vents is decreased dramatically in comparison with that of
the parent titanocene derivative Cp,TiCl,.

In sharp contrast to the dichloride 1, the hydrochloride
2 shows excellent solubility and stability in polar protic sol-
vents such as methanol and water. Hydrolysis of the M—CI
bonds was not observed, even after exposure for several
hours. This phenomenon can be explained by a kind of “in-
tramolecular buffer function” of the protonated amino
groupi?®l. These exceptional properties are of special inter-
est with regard to the organometallic chemistry in water[?7.,

The additional functionality in 1 and 2 obviously does
not reduce their catalytic activity. First attempts to use
these compounds in the polymerization of ethylene have
been successful (see IV. Polymerization Reactions). The ac-
tivities of the catalytic precursors CpNCpSTiCl, (1) and
CpNCp®TiCl, x HCI (2) are comparable to those of the
metallocene derivatives CpSTiClL!'44, CpNTiCL,!"2! and Cp
NTiCl, x 2 HCIMal Because of their easy handling due to
their exceptional stability, the hydrochloride 2 is particu-
larly suitable for application in this kind of catalysis. Mech-
anistic studies are in progress concerning coordination of
the N-function during various steps of the catalytic process
to stabilize the intermediate cationic species.

Similarly, the additional functionality in 4 and 5 obvi-
ously does not reduce the catalytic activity in the
dehydrocoupling of phenylsilane (see IV. Dehydrocoupling
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Reactions). These compounds catalyze the dehydrogenative
coupling of phenylsilane, furnishing oligosilanes in excellent
yields. The analytical data obtained are very similar to
those for the oligophenylsilanes synthesized with the com-
plexes Cp,TiR,"! and CpYTiR,!' as catalysts. Mechan-
istic studies concerning the influence of the additional am-
ino function in this kind of catalysis will also be the subject
of further investigations.

The financial support of the Fonds der Chemischen Industrie (fel-
lowship for T.R.) is gratefully acknowledged. The authors thank
the BASF AG for the polyethylene analysis and for the gift of ethyl-
ene. We [urther thank the Wiico GmbH for valuable gifts of MAO.

Experimental

General: All experiments were carried out under dried, oxygen-
[ree argon using standard Schlenk techniques. When ethylene was
used as a reagent, the gas provided a protective atmosphere. Sol-
vents were dried by using standard procedures and distilled prior
to use. All other reagents were used as purchased. — 'H- (300.1
and 500.1 MHz) and "*C{!H}(75.5 and 125.8 MHz) NMR spectra:
Bruker AM 300 and a Bruker Avance DRX 500 spectrometer.
Chemical shifts for 'H and *C{'H} spectra were recorded in ppm
downfield from TMS and referenced with internal deuteriochloro-
form, deuteriobenzene, deuteriomethanol, deuterium oxide and de-
uteriodimethyl sulfoxide. — Mass spectra: VG AutoSpec instru-
ment. Only characteristic fragments and isotopes of the highest
abundance are listed. — Melting points: Biichi 510 melting point
apparatus, sealed capillaries, uncorrected values. — Elemental
analyses were carried out by Analytisches Labor der Fakultat fiir
Chemie, Bielefeld.

Materials: (CsH,;SiMe3)TiCl;281 and NaB[3,5-(CF3),CeH ;]!
were prepared as described in the literature,

(CsH,CH,CH,NiPr;)( CsH;SiMe; ) TiCl, (1): To a solution of
1.00 g (3.43 mmol) of (CsH,SiMe;3)TiCl; in 40 ml of toluene cooled
to —30°C, a suspension of 3.43 mmol of CpNLi in 20 ml of diethyl
ether [prepared by addition of 2.14 ml (3.43 mmol) of n-hutyllith-
tum (1.6 M in #n-hexane) to a solution of 0.66 g (3.43 mmol) of
Cp™H in diethyl ether] was added dropwise with stirring. The color
of the solution changed immediately from yellow to deep red. The
reaction mixture was allowed to warm to room temperature within
1 h and stirred for an additional 5 h. The solution was filtered and
the solvent was removed in vacuo. The residue was washed with 2
X 20 ml of cold pentane (—30°C), leaving 1 as an orange-red solid.
— M.p.: 170°C (dec.). — Yield 0.82 g (53%). — '"H NMR (C4Dg):
§ = 0.30 (s, 9H, SiCH,), 0.89 (d, J = 5.5 Hz, 12 H, CHCHS), 2.61
(m, 2H, CpCH,), 2.93 (m, 4H, NCH,, CHCHS,), 5.74, 5.97, 6.12,
6.46 (4 m, 8H, CpH). — 3C NMR (C¢Dy): § = 0.10 (SiCH;), 20.9
(CHCH;), 32.8 (CpCH,), 45.5 (CH,N), 47.9 (CHCH,), 113.8,
119.2, 124.5, 128.5, 130.1 (CpC). — Si NMR (CeDe): & = —6.80
(SiCH3). — MS [CI; m/z (%)]: 448 (0.5) [M + 1H*], 413 (1) [M —
CI*), 377 (5) [M — 2 CI*}, 178 (3) [CpN — CHy], 114 (100)
[(iC5H7),NCHZ]. — CyHssCLNTISi (448.38): caled. C 56.25, H
7.86, N 3.12; found C 56.34, H 7,48, N 2.41.

[(CsHCH>CH>N(H)iPr;)(CsH,SiMe;) TiCl,J* CI™ (2): Com-
pound 1 (350 mg, 0.73 mmol) was dissolved in 10 ml of MeOH
(saturated with HCl gas) and then stirred for ca. 30 min. The solu-
tion was concentrated in vacuo. The residue was washed with 2 X
20 ml diethyl ether, leaving 2 as a red, amorphous, hygroscopic
solid. Yield: 300 mg (85%). The product was crystallized from a
CH,Cly/toluene mixture as red crystals. — M.p.: 163°C (dec.). —
'H NMR (CD;0D): & = 0.25 (s, 9¥1, SiCH,), 1.40, 1.41 2 d, J =
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6.6 Hz, 12H, CHCH;), 3.30 (m, 2H, CpCH,), 3.60 (m, 2H,
NCH,), 3.77 (m, 2H, CHCHS), 6.36 (t, J = 2.7 Hz, 2H, CpH),
6.71 (t, J = 2.5Hz, 2H, CpH), 6.76 (t, J = 2.5 Hz, 2H,CpH), 6.93
(, /= 2.5Hz, 2H, CpH). — '"H NMR (CDCl,): & = 0.21 (s, 9H,
SiCH3), 1.41, 1.49 (2 4, J = 6.6 Hz, 12H, CHCHs), 3.50 (m, 4H,
CpCH,, NCH,), 3.64 (m, 2H, CHCHs,), 6.23 (t, J = 2.6 Hz, 2H,
CpH), 6.42 (t, J= 2.6 Hz, 2H, CpH), 6.61 (t, J = 2.3 Hz, 2H,
CpH), 6.85 (1, J = 2.6 Hz, 2H, CpH), 11.2 (br. m, 1 H, NH). — 'H
NMR: (D,0): 8 = 0.00 (s, 9H, SiCH3), 1.11, 1.12[2 d (1), J = 6.0,
5.5 Hz, 12H, CHCH,), 2.67 (m, 2H, CpCH.,), 3.05 (m, 2H,
NCH,), 3.51 (m, 2H, CHCHS), 6.24 (m, 2H, CpH), 6.42 (m, 4H,
CpH), 6.92 (m, 2H, CpH). — '*C NMR (CD;OD): & = 0.0
(SiCH3;), 17.4, 19.0 (CHCHS), 29.2 (CpCH,), 47.6 (CH,N), 56.7
(CHCHy), 114.7, 122.4, 126.5, 130.1, 131.9, 134.7 (CpC). — ¥Si
NMR (CD;0D): 6 = —6.09 (SiCHj3). — C;H36CLI;NTiSi (484.84):
caled. C 52.02, H 7.48, N 2.88; found C 51.11, H 7.78, N 3.16.

[(CsH,CH,CH,N(H)iPr,)(CsH,SiMe;) TiCl,J* BJ3,5-
(CF;),CsH3]7 (3): A solution of 780 mg (0.88 mmol) of
Na*B[3,5-(CF2),CsH;l7 in 10 ml of diethyl ether was added drop-
wise with stirring at room temperature to a suspension ol 430 mg
(0.89 mmol) of 2 in 30 ml of diethyl ether. The reaction mixture
was stirred for 5 h. The solution was filtered and the residue was
washed with 10 ml of diethyl ether. The combined ethereal phases
were concentrated in vacuo, leaving 3 as a red solid. — M.p.:
103—105°C (dec.). — Yield 1.11 g (96%). — 'H NMR (CDCl,):
§ = 0.24 (s, 9H, SiCHs), 1.28, 1.35 (2 d, /= 6.7, 6.8 Hz, 12H,
CHCH,), 3.36 (m, 2H, CpCH>), 3.45 (m, 2H, NCH,), 3.82 (m,
2H, CHCH,), 5.99 (t, J = 2.7 Hz, 2H, CpH), 6.47 (1, J = 2.7 Hz,
2H, CpH), 6.63 (t, J = 2.3 Hz, 211, CpH), 6.87 (t, J = 2.3 Hz, 2H,
CpH), 7.28 (s, br., 1H, NH), 7.51 (s, br., 4H, para-phenyl H), 7.67
(s, br., 8H, ortho-phenyl H). — 'H NMR ([Dg]DMSO): § = 0.20
(s, 9H, SiCH3), 1.27, 1.28 [2d (t), J = 5.9, 5.7 Hz, 12H, CH-CH3],
3.11 (m, 2H, CpCH,), 3.35 (m, 2H, NCH,), 3.63 (m, 2H,
CHCHs,), 6.40 (m, 2H, CpH), 6.83 (m, 4H, CpH), 6.97 (m, 2H,
CpH). 7.00 (s, br.,, 8H, ortho-phenyl H), 7.67 (s, br., 4H, para-
phenyl H), 8.79 (s, br., 1 H, NH). — 1*C NMR (CDCly): § = —0.40
(SiCH,), 18.1 (CHCH,), 24.2 (CpCH,), 44.0 (CH,N), 55.0
(CHCH,), 111.8, 121.9, 126.3, 129.8, 130.4, 135.5 (CpC), 1179
(p-C), 1291 (q, Jogp = 260 Hz, m-C), 1245 (q, Jer =
273 Hz, CF3), 135.2 (0-C), 161.6 (q, Jo.r = 50 Hz, i-C). — ¥Si
NMR (CDCly): 8= -3.80 (SiCH;). — Cs3HgsNBCLF,,SiTi
(1312.614): caled. C 48.49, H 3.68, N 1.06; found C 47.64, H 4.10,
N 1.10.

( CsH,CH,CH,NiPr,) ( CsH,SiMes) TiMe; (4)

(a) From (CsH,CH,CH,NiPr,){CsH,SiMe;)TiCl, (1)1 MeLi
(1.55 M in diethyl ether; 1.30 ml, 2.00 mmol) was added dropwise
with stirring at —90°C to a suspension of 450 mg (1.00 mmol) of
1 in 40 ml of diethyl ether. The reaction mixture was allowed to
warm slowly to —20°C. After the solvent of the yellow solution
had been removed in vacuo, the residue was extracted with 40 ml
of hexane. The extract was filtered and the solvent was removed in
vacuo, leaving 4 as a yellow oil. Yield 392 mg (96%0).

(b) From [(CsH,CH,CH,N(H)iPr,)(CsH,SiMe;) TiCl]* CI-
(2): Analogous procedure with three equivalents of MeLi as de-
scribed above for 1. Yield 94%. 'H NMR (CgDg): 8 = 0.10 (s, 9H,
SiCHa), 0.12 (s, 6 H, TiCH,), 0.99 (d, J = 6.5 Hz, 12H, CHCH,),
2.69 (m, 2H, CpCH.), 2.77 (m, 2H, NCHy), 2.99 (m, 2H,
CHCH,), 5.38 (t, J = 2.6 Hz, 2H, CpH), 5.84 (t, /= 2.6 Hz, 2H,
CpH), 598 (t, J = 2.4 Hz, 2H, CpH), 6.05 (t, J = 2.4 Hz, 2H,
CpH). — BC NMR (CyDyg): & = 0.1 (SiCH,), 21.1 (CHCH,3), 33.8
(CpCH,), 45.7 (TiCHs;), 47.4 (CH,N), 48.7 (CHCH3), 110.4, 115.5,
117.1, 120.1, 129.4 (CpC). — 2°Si NMR (C¢Dy): & = —7.3 (SiCH3).
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— MS [CL; miz (%)]: 392 (3) [M — CHZ], 377 (64) [M* — 2 CHa],
114 (100) [(iC3H,);NCH7]. C»3H,NSiTi (407.55): caled. C 67.78,
H 10.13, N 3.43; found C 67.46, H 10.30, N 3.46.

(CsH,CH>CH,NiPr,) (CsH,SiMe;) Ti( OPh), (5): PhOLi (4.24
mmol) in 20 ml of benzene [prepared by addition of 2.85 ml (4.24
mmol) of #-butyllithium (1.49 M in n-hexane) to a solution of 0.39
g (4.24 mmol) of phenol in benzene] was added dropwise with stir-
ring to a suspension of 0.95 g (2.12 mmol) of 1 in 30 ml of toluene
cooled to —30°C. The reaction mixture was allowed to warm to
room temperature within 4 h and then stirred for 14 h. The solution
was filtered and the solvent was removed in vacuo, leaving § as an
orange-colored oil. Yield 1.01 g (85%). — 'H NMR (C¢Dy): & =
0.21 (s, 9H, SiCHs;), 0.85 (d, J = 6.6 Hz, 12H, CHCHj;), 2.45 (m,
2H, CpCHa), 2.53 (m, 2H, NCH,), 2.84 (m, 2H, CHCHj3), 5.83
(t, J = 2.6 Hz, 2H, CpH), 5.92 (t, J = 2.5 Hz, 2H, CpH), 5.99 (t,
J = 2.6 Hz, 2H, CpH), 6.41 (t, J = 2.5 Hz, 2H, CpH), 6.86 (m,
6H, ortho- and para-PhH), 7.11 (t, J = 7.4 Hz, 4H, meta-PhH). —
BC NMR (CgDg): 8 = —0.30 (SiCH3), 21.0 (CHCH;), 32.4
(CpCH,), 45.7 (CH,N), 48.4 (CHCHS), 113.1, 119.2, 123.3, 129.6,
130.5, 137.8 (CpC), 115.6 (ortho-PhC), 118.6 (para-PhC), 129.4
(meta-PhC), 170.7 (PhC). — 2°Si NMR (C¢Dy): & = —7.24 (SiCH3).
— MS [CL m/z (%)]: 564 (1) [M + 1H*], 471 (1) [M — PhO*],
378 (1) [M — 2 PhO*], 114 (52) [(iCsH;),NCH;], 95 (27)
[CsH-0*], 73 (8) [SiMei]. C13HLsNO,TiSi (563.69): caled. C 70.31,
H 8.04, N 2.48; found C 69.69, H 8.38, N 2.15.

Polymerization Studies. Ethylene (BASF AG) was used without
further purification. Methylalumoxane (MAO) was obtained from
Witco, (Bergkamen, Germany) as a 10 wt.-% toluene solution
(4.9% wt.-% aluminium, density ~0.9 g/ml, average molar mass of
the MAO oligomers 900—1100 g/mol). All polymerization reac-
tions were performed in toluene solution at room temperature. The
ethylene polymerization reactions took place under a pressure of |
atm ethylene.

Ethylene Polymerization Studies

(a) With (CsH;CH,CH,NiPR;)(CsH;SiMe;)TiCl, (1): MAO
(10.9 ml, 18.1 mmol) was added under ethylene to 16.2 mg (36.1
pmol} of 1 in 10 ml of toluene. After 2 h the polymerization was
quenched by pouring the solution into acidified methanol. The
product was filtered off, washed with water and acetone and dried
to constant weight. Yield 0.90 g, productivity: 12 kg PE
(M][CoH b)Y M. 15237, My S185, Mw/My: 2989 [1]
(dl/g) 0.38.

(b) With [(CsH,CH,CH,N(H)iPr,)(CsH,SiMe;)TiCl,]* CI~
(2): MAO (25 ml, 42 mmol) was added under ethylene to 38.0 mg
(84.7 umol) of 2 in 20 m! of toluene. After 3.13 h the polymeri-
zation was quenched by pouring the solution into acidified meth-
anol. The product was filtered off, washed with water and acetone
and dried to constant weight. Yield 3.6 g; productivity: 14 kg PE
(IMI[CoHJh) ™Y My,: 24163; My 7601 Myw/My: 3209 [n]
(dl/g) 0.34.

Phenylsilane Polymerization Studies:

{a) With (CsH,CH,CH,NiPr,;}(CsH,SiMe;)TiMe, (4): Phen-
ylsilane (2.38 g, 21.7 mmol) was added under argon to 126 mg
(0.31 mmol) of 4 in 5 ml of toluene. Evolution of gas commenced.
After 3 d at room temperature the solution was filtered through a
column of Florisil. The polymer was recovered by elution with 40
ml of toluene followed by vacuum evaporation of the cluent. The
product was obtained as a colorless, extremely viscous liquid. Yield
1.66 g (70%). — 'H NMR (C¢D¢): 4.49—5.70 (m, (PhSiH),
6.80—7.95 (m, PhH). — 2Si NMR (CsDg): —51.4—(—62.3). MS
[EL; miz (%)]: 105 (100) [PhSi*], 106 (33) [PhSiH™], 107 (30)
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[PhSiH7], 133 (4) [PhSif], 183 (2) [Ph,SiHT], 210 (13) [Ph,Sif],
240 (5) [PhoSi;H*], 259 (39) [PhaSi*], 266 (6) [Ph,Sij], 287 (7)
[PhsSiz ], 315 (4) [PhsSi7 ], 343 (8) [Ph,Siz], 372 (4) [PhySisH ], 421
(6) [PhuSi;H*], 450 (7) [Ph,SisHZ], 636 (4) [PheSigHZ], 741 (1)
[Ph,Si;H{]. — IR (KBr): Vg = 2087.3, 912 cm ™.

(b) With (CsH,CH,CH,NiPr,)(CsH,SiMe;)Ti(OPh), (5):
Phenylsilane (848 mg, 8.07 mmol) was added under argon to 65.0
mg (115 pmol) of 5 in 10 ml of toluene. Evolution of gas com-
menced. After 3 d at room temperature the solution was applied
to a column of Florisil. The polymer was recovered by elution with
20 ml of toluene followed by vacuum evaporation of the eluent.
The product was obtained as a colorless, extremely viscous liquid.
Yield 490 mg (75%). — 'H NMR (CgDg): 4.49—5.20 (m, (PhSiH),
6.90—7.80 (m, PhH). — 2Si NMR (C¢Dg): —59—(—68). — MS [EI,
miz (%0)]: 105 (100) [PhSi™], 106 (52) [PhSiH ], 107 (34) [PhSiH7],
133 (6) [PhSiF], 183 (97) [Ph,SiH™], 210 (25) [Ph,SiF], 240 (15)
[Ph,SisH™], 259 (82) [Ph5Sit], 266 (5) [Ph,Sif], 287 (22) [PhsSif],
316 (15) [PhsSizH™], 343 (6) [PhsSif], 376 (5) [Ph;ySisH{], 421 (6)
[PhySisH ™, 453 (12) [Ph,SisHZ], 636 (1) [PheSigHg ] — IR: Vg =
2122, 918 cm~".

Crystal-Structure Determination®!) of 2-toluene: Empirical for-
mula: CogHayCI;NSITI; molecular mass: 576.98; crystal size: 1.00
% 0.40 X 0.10 mm; crystal color: red; crystal system: triclinic; space
group: PI; a = 7.603(4) A b= 13.053(5) A, c= 16.60(1) A; o=
109.91(3)°; B = 94.84(4)%; v = 98.03(4)% V' = 1517.9(13) A%, Z =
25 degteq. = 1.262 glem®; p = 0.603 mm™'; radiation: Mo-K,, (A =
0.71073 A), F(000) = 612; diffractometer: Siemens P2;; scan type:
®; temperature: 173 K; 20, = 55°; absorption correction: none;
reflections collected 7492 (+h, +k, +/); independent reflections:
6968 (Ri,, = 0.0342); all non-hydrogen atoms were refined aniso-
tropically, H(1) refined isotropically, hydrogen atoms of methyl
groups refined with idealized geometry with Uggy = 1.5 Ueq of the
corresponding C atom, other hydrogen atoms refined at calculated
positions using a riding model with Uleq) = 12 Uq) parameters re-
fined: 319; structure solution: direct methods; Rg = 0.0464 for 4762
reflections with 7 > 2067; wRE = 1183 for all data (6965 reflections);
w = {l/c*(F2) + (0.0572 P)}] where P = (F2 + 2 F2)/3; largest
difference peak and hole: 0.4 and ~0.4 e//oﬁ; programs: Siemens
SHELXTL plus/SHELXL-93.
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