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Abstract 

Titanium complexes Ti('rls:-qt-CgH6SiMe2NCMe3)X 2 (X ~ CI, Me, CH2SiMe 3, CH2Ph) containing the tert-amido-functionalized 
indenyl ligand CgH6SiMe2NCMe 3 have been synthesized by the reaction of the dilithium derivative Li2[CgH6SiMezNCMe3] with TiC! 3 
(TI-IF) 3 followed by oxidation or by the alkylation of the dichloro derivative. Unexpectedly, the reaction of CgH6(SiMe3)(SiMe2CI) with 
TiCi,, does not give Ti('qS-CgH6SiMezCI)CI 3, 
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1. Introduction 

Titanium complexes with one amido-functionalized 
cyclopentadienyl ligand are currently attracting consid- 
erable attention as components of novel single-site poly- 
merization catalysts [!-3]. In particular, they have been 
shown to promote the efficient copolymerization of 
ethene with I.alkenes, such as I-octene, to give new 
;y~s of elastomeric po!yolefin [4]. While preliminary 
studies on the structure~activity relationship of these 
novel catalysts have appeared [5], thorough understand- 
ing of the various effects caused by the iigand periphery 
remains unachieved. Based on the significant difference 
of indenyi ligands [6], we have attempted to prepare 
linked amido-indenyl ligands and their titanium com- 
plexes. The limited stability of mono(indenyl)titanium 
complexes was expected to be improved by the intro- 
duction of the linked amido-functionality. 

2. Results and discussion 

In an attempt to carry out the synthesis of titanium 
complexes with an indenyl ligand with an additional 
amido-function, we tested the reaction of (l-chlorodi- 
methylsilyl)(3-trimethylsilyl) indene [7a] with TiCI4 
(Scheme ! ). The trichloro complex was planned to react 
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[7b] with LiNHR to give the amido-indenyl complexes. 
At the moment, however, the reaction to form the 
trichloro complex Ti('qS-CgH6SiMe2CI)CI3 does not 
appear to proceed in the desired fashion in our hands. 

Therefore, we turned to the mote conventional 
method of assembling the ligand first. The addition of 
LiNHCMe 3 to a cooled solution of CgHTSiMe2Ci [8] in 
hexmae, at 0°C, gave C9HTSiMe2NHCMe~! in 70% 
yield as a colorless oil (Scheme 2). T h e ' H  NMR 
spectrum of C9HTSiMe 2 NHCMe 3 shows muitiplets tbr 
the protons of the six-membered ring, whereas the 
protons of the five-membered ring appear as three dis- 
tinct signals. The tert-butyl group gives rise to a singlet 
in the expected region and the two diastereotopie methyl 
groups of the silicon bridge appear as two separate 
singlets. 

The ligand with an additional trimethylsilyl group in 
3 position with respect to the lateral chain has also been 
synthesized in a similar way and made ,analogous com- 
plexes accessible. 

The addition [2] of the dilithium salt Li2[C9H 6- 
SiMe2NCMe 3] to a suspension of TiCI3(THF) 3 in THF, 
followed by oxidation using PbCI 2 [9] produced the 
amido-indenyl complex Ti('qs: ~q)-C9H6SiMe2- 
NCMe3)CI 2 (la) (Scheme 2) as a dark red solid in over 
90% yield. 

The t H NMR spectrum of complex la shows multi- 
plets in the aromatic region due to the protons of the 
six-membered ring and the proton in 3 position. The 
proton in 2 position appears as a doublet at 6.55 ppm. 
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Scheme 1. 

For the lateral chain a pattern similar to that found in 
the t H NMR of the ligand is observed. The solubility of 
the~dichloro complex lb is significantly increased due 
to the additional SiMe 3 group in the amido-indenyl 
ligand. 

The addition of methylmagnesium chloride or (tri- 
methylsilyl)methylmagnesium chloride in the appropri- 
ate stoichiometric ratio to a solution of la in hexane at 
-78°C produced Ti(~Is:~I-CgH6SiMe2NCMe3)Me2 
(Xa) and Ti(~ s : ~It-C9H6SiMe2NCMe3)(CH2SiMe3)2 
(3a) in 49% and 42% yields respectively (Scheme 2). 
The new complexes 2a and 3a were isolated as yellow 
oils which, so far, have resisted crystallization. 

The reaction of la with the THF adduct of dibenzyl- 
magnesium in hexane gave Ti('qS:'qt-CgH6SiMe2 - 
NCMe~XCHzPh) 2 (4a) in 53% yield as red crystals. 

The~tH NMR spectra of the alkyl complexes follow 
the same pattern as observed for the linked amido-inde- 
nyl iigand in la. Owing to the ligand environment the 
two alkyl groups in each of the complexes are inequiva- 
lent. The "H NMR spectrum of the dimethyi complex 

2a shows two singlets for the methyl groups at -0 .60 
and +0.48 ppm; the corresponding ~3C NMR signals 
are at 53.3 and 56.1 ppm. In the case of the bis(trimeth- 
ylsilylmethyl) complex 3a, each of the SiMe 3 groups in 
the alkyl ligands appears as a singlet at -0.21 and 0.00 
ppm, while four AB-type doublets in the region from 
- 1.69 to + 1.63 ppm are assigned to the diastereotopic 
protons of CH 2 groups. For the dibenzyl complex 4a, 
the t H NMR spectrum shows the signals of the phenyl 
groups as unresolved multiplets together with the in- 
denyl ring protons. As in 3a, the protons of the CH, 
groups give rise to four doublets in the region from 
-0.06 to +2.97 ppm. Clearly, the unusually strong 
high-field shift of one of the four CH2-signals in 3a and 
4a is caused by the fairly rigid ligand structure, which 
forces the CH 2-group into the anisotropy region of the 
indenyi ring. A comparable situation was observed for 
the fluorenyl complex Zr(~5:~qLCI3HsSiMe2NCMe3) - 
(CH2SiMe3) ~ [10]. Preliminary tests [11] of the de- 
scribed complexes 1-4 in the copolymerization of ethene 
with styrene gave, at acceptable activities, good rates of 
comonomer incorporation. 

3. E x p e r i m e n t a l  sec t ion  

All experiments were performed under argon using 
standard Schlenk techniques. TiCI~(THF)~ [12] and 
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(PhCH2)2 Mg(THF)2 [ 13] were synthesized according to 
published procedures, lndene (Merck) was distilled prior 
to use. Me2SiCI 2 (Merck), NH:CMea (Aldrich), 
MeMgC! (Aldrich), Me3SiCH2MgCI (Aldrich) and 
BuLi (2.5 M solution in hexane, Aldrich) were used 
as-received. NMR spectra were recorded on a Bruker 
AC 300 spectrometer, and mass spectra were recorded 
on a Varian spectrometer CH 7. 

3.1. CgHrSiMe2NHCMe 3 

LiNHCMe 3 (2.52 g, 31.88 mmol) was dissolved in 
hexane (30 ml) and added to a solution of C 9 H 7 S iMe 2 C! 
(6.6 g, 31.88 mmol) in hexane (50 ml) at 0°C. The 
solution was filtered and the solvent was removed to 
give CgH7SiMe2NHCMe 3 (5.44 g, 70%) as a colorless 
oil, distillable at 66°C at 10 -a mm Hg. ~H NMR 
(CDCI3): -0 .05 ,  0.00 (s, 3 H, Si(CH3)2); 1.26 (s, 9 H, 
C(CH3)3); 3.65 ( " t " ,  1 H, H-I); 6.73 (dd, 1 H, H-2, 
3JHH = 5 H z ,  4,]'!11.1 = 2 Hz): 6.95 (ddd, ! H, H-3, 3Jm~ 

4 S = 5 Hz, JnH = 2 Hz, J rm  = ! Hz); 7.6-7.19 (m, 4 H. 
H-5-8). ~- '~  "uI H} NMR (CDCI~): - 1 . 1 ,  - 0 . 3  
(Si(CH3)2); 33.6 (C(CH~)3); 48.8 (C-l); 49,6 
(C(CHa)a); 121.2, 123.2, 123.8 (C-5-8); 124.8 (C-3): 
128.9 (C-5°8): 136.7 {C-2); 144.6, 145.5 (C-4,9). El-MS: 
m / z  (%) 245 (I) [M+]. 

3.2. Ti(*l "~ : t I t-C, a H~, SiMe2 NCMe ~ )CI: ( la)  

To a cooled at 0°C solution of Cgtl 7SiMe 2 NHCMea 
(3.23 g, 13.17 retool) in hexane (40 ml) was added 
BuLl (10.54 ml of a 2.5 M solution in hexane) via 
syringe to obtain 3.1)4 g (90%) of Li2[C,~lt~,SiMe2° 
NCMe~]. A solution of the dilithium salt (!.91 g. 7.42 
retool) in 'l'HI ~' (40 ml) was added to a suspension of 
TiCI~(THF)a (2.74 g, 7.42 retool) in TtiF' (20 ml) at 

78°C. After warming to room temperature, solid PbCI, 
(2.06 g, 7.42 mmol) was added and the mixture was 
stirred ( i / 2  h). The solvent was removed completely 
trod a ted toluene solution was obtained (3 x 15 ml) 
li'om which a dark ted solid (2.51 g, 94%) precipitated. 
~H NMR (CDCI~): 0.53, 0.79 (s, 3 H, Si(CH:~)2); !.23 
(s, 9 H, C(CH~)3); 6.55 (d, I H, H-2, ~JHt~ = 3 Hz): 
7.76-7.28 (m, 5 H, H-3,5-8). ~aC{~H} NMR (CDCi.~): 
0.9, 3.4 (Si(CH.~)2); 32.2 (C(CH~)~); 63.3 (C(CHa)a); 
98.3 (C-I); !1~'8 (C-3); 126.2, 127.3, 128.2 (C-5-8); 
128.3 (C-2); 129.0 (C-5-8); 134.6, 135.8 (C-4,9). EI-MS: 
m / z  (%) 361 (3) [M +]; 346 (100) [M ÷ -  Me]; 290 (36) 
[M ~-  NCMe~]. Anal. Found: C, 47.92: H, 5.88: N, 
3.66. C t5 H 2~C12 NSiTi. Calc.: C, 49.7 i; H, 5.80; N, 
3.86%. 

3.3. Ti(~l 5 "*l t-Co H~, SiMe : NCMe ~ )Me, (2a) 

A suspension of la  (I.06 g, 3 mmol) in hexane (40 
ml) was cooled at -78°C and then methylmagnesium 

chloride (2.05 ml of a 3 M solution in THF) was added 
via syringe. The mixture was stirred and warmed to 
room temperature. Solvents were removed and hexane 
added to give a yellow solution (3 x 15 ml) which was 
filtered and evaporated to give 2a (0.47 g, 49%) as a 
yellow oil that solidifies to a glassy solid. ~H NMR 
(CDCI3): -0 .60  (s. 3 H, TiCH3); 0.42 (s, 3 H, 
Si(CH3)2); 0.48 (s, 3 H, TiCH3); 0.65 (s, 3 H, 
Si(CH3)2); 1.45 (s, 9 H, C(CH3)3); 6.16 (d, 1 H, H-2, 
3JHH = 3 Hz); 7.72-7.06 (m, 5 H, H-3,5-8). L~C{~H} 
NMR (CDCI3): 1.8, 3.9 (Si(Ctt3)2); 33.8 (C(CH3)3); 
53.3, 56.1 (Ti-CH3); 58.6 (C(CH3)3); 91.3 (C-I); 113.7 
(C-3); 125.1, 125.6, 125.8 (C-5-8); 126.4 (C-2); 127.3 
(C-5-8); 132.6, 132.9 (C-4,9). El-MS: m / z  (%) 306 (8) 
[M ÷ -  Me]; 291 (9)[M ÷ -  2Me]; 276 (10)[M ÷ -  3Me]; 
234 (100) [M + -  2 M e -  NCMea]. Anal. Found: C, 
59.94; H, 8.37; N, 3.98. C~TH27NSiTi. Calc.: C, 63.50; 
H, 8.41; N, 4.36%. 

3.4. Ti(rl 5 • rl t.Co H6 SiMe, NCMe 3 )(CH 2 SiMe ~ )2 (3a) 

Following a similar procedure described for the 
preparation of 2a, la (I.8 g, 2.9 mmol) was reacted 
with trimethyisilylmethylmagnesium chloride (7.45 ml 
of a I M solution in Et20) to give 3a as yellow oil (0.5 
g, 42%). ~1t NMR (CDCI3): - I . 6 9  (d, I H, 
TiCH2Si(CH3) 3, "aJmt = 10 Hz); -0.21,  0.00 (s, 9 H, 
TiCH2Si(CHa).a); 0.48 (s, 3 H, Si(Cl-la)2); 0.6 (d, ! H, 
TiCH, Si(CHII)~, ~JHH = 10 Hz); 0.71 (s, 3 H, 
Si(CI-I~)2); 1.23 (d, I H, Ti-CH2-Si(CH~)~, ~Jmi = 10 
Hz); 1.46 (s, 9 H, C(CH~)a); 1 .63 (d, I H, 
TiCH~Si(Ctla)a, ~,/ml = I0 Ilz); 6.19 (d, I It, !1-2, 
~,tln I ~ 3Hz); 7.81~7.08 (m, 5 H, H-3,5-8). ~C{~I-I} 
NMR (CDCI~): 1.0 (Si(CH:~):);  1.9, 2.6 
(TiCIt2Si(CII~)~); 4.3 (Si(CIt~)2); 33.7 (¢'(C1t~)~); 
58.6 (C(CHs)~); 72.2 (TiCH,Si(CI-1~)a); 86.7 (C-l); 
88.2 (TiCH2Si(CH ~)~); I I 1.6 (C-3); 125.2 (Co2); 125.3, 
125.4, 125.9, 127.0 (Co5o8); 132.3, 134.1 (Co4,9). El- 
MS: m / z  (%) 465 (2) [M+]. Anal. Found: C, 52.19; H, 
6.29; N, 2.73. C2.aH4.~NSisTi. Calc.: C, 59.35; H, 9.24; 
N, 3.01%. 

3.5. Tiirl 5 "77 I-Co H,~ SiMe 2 NCMe.j )( CH 2 Ph): (4a) 

Hexane (50 ml) was added at -78°C to a mixture of 
In (0.96 g, 2.65 mmol) and the THF adduct of diben- 
zylmagnesium (0.93 g, 2.65 mmol). The mixture was 
stirred at room temperature and all volatiles were re- 
rnoved in vacuo. The residue was extracted with hexane 
(3 x 15 ml), filtered and the led solution was concen- 
trated and cooled overnight to - 30 °C to give 4a as red 
microcrystals (0.66 g~ 53%). i H NMR (CDC! ~): - 0.06 
(d, i H, TiCtI2Ph, J m t  = 9 Hz); 0.29, 0.77 (s, 3 H, 
Si(CH a)z); 1.63 (s, 9 H, C(CH.~)a); 1.68, !.9, 2.97 (d, I 
H, "I'iCH2Ph, ~JHri = 9 Hz); 5.43 ppm (d, 1 H, i-I-2., 
aJnH = 3 Hz); 7.9-6.6 (m, 15 H, H-3,5-8 and phenyl 
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protons). 13C{tH} NMR (CDCI3):  1.3, 3.9 (Si(CH3)2);  
34.2 (C(CH3)3); 60.5 (C(CH3)3); 80.2, 86.1 
(TiCHzPh); 94.4 (C-l); 116.0, 121.2 (C-para Ph); 122.3 
(C-meta Ph); 125.2 (C-5-8); 125.6 (C-meta Ph); 125.7 
(C-ortho Ph); 126.5 (C-3); 127.4 (C-ortho Ph); 127.7, 
127.9, 128.4 (C-5-8); 129.6 (C-2); 133.2, 134.1 (C-4,9); 
146.8, 150.5 (C-ipso Ph). EI-MS: m/z (%) 382 (20) 
[M+-(CHzPh)]; 275 (32) [M + -  2(CH2Ph) - Me]; 234 
(40) [M + -  2(CH2Ph) - SiMe3]. Anal. Found: C, 73.11; 
H, 7.59; N, 3.05. C29H35NSiTi. Calc.: C, 73.50; H, 
7.39; N, 2.95%. 
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