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Abstract 

A variety of I- and 3-substituted alkylindenes (R = H, Me, Et. rerr-butyl, MesSi) as well as 2-methylindene and 3-(methylthio)indene 
have been prepared in good yields. The substituted indenes were converted into trimethylsilyl derivatives via reactions of intermediate 
organolithium complexes with chlorotrimethylsilane. The corresponding titanium complexes, (R-Ind)TiCl,, were synthesized in excellent 
yield from reactions of the trimethylsilyl derivatives with TiCl,. The titanium complexes were evaluated as styrene polymerization 
catalysts in toluene solution when activated by methylaluminoxane. Activities increased in the order: Cp < H,Ind < Ind < I-(Me)Ind < 
2-(Me)Ind. A steep drop in activity was observed when R = Et, tert-butyl, and Me+, corresponding to an increase in the steric bulk of 
the substituent in the catalyst precursor. 1-(MeS)IndTiCl, was found to be ineffective as a styrene polymerization catalyst. Syndiospeci- 
ficities of the titanium complexes were generally very good (65-98%). 
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1. Introduction 

In recent years (q5-cyclopentadienyl)trichloro- 
titanium (CpTiCl,) and its analogs have been demon- 
strated to be effective syndiospecific catalyst precursors 
for the Ziegler-Natta polymerization of styrene [I]. 
Several groups have observed that replacement of a 
cyclopentadienyl ligand by an indenyl ligand in various 
organometallic complexes resulted in significant en- 
hancement of the rate of ligand substitution [2]. We 
recently synthesized (q5-indenyl)trichlorotitanium, In- 
dTiC1 3, and demonstrated that replacing a cyclopentadi- 
enyl ligand by an indenyl ligand in this series doubled 
the catalytic activity, increased the syndiospecificity, 
and stabilized the resulting catalyst at elevated tempera- 
tures in styrene polymerizations compared with CpTiCl, 
[3]. In order to investigate more fully this phenomenon, 
we have synthesized a variety of alkyl-substituted in- 
denyltrichlorotitanium complexes, and have compared 

* Corresponding authors. 

their relative catalytic activities toward styrene when 
activated with methylaluminoxane (MAO). 

2. Results 

2.1. Synthesis of catalyst precursors 

l- and 3-substituted alkylindenes [4] (Scheme l), 
1 -(trimethylsilyl)indene [5] (Scheme 11, 2-methylindene 
[6] (Scheme 21, and 1-(methylthio)indene [7] (Scheme 
1) were prepared in 75598% yields using modifications 
of literature methods. In the case of methyl-, ethyl-, and 
tert-butyllindenes, the specific 1- or 3-isomers isolated 
were found to be solvent mediated. The substituted 
indenes were converted into trimethylsilyl derivatives 
via reactions of intermediate organolithium analogs with 
chlorotrimethylsilane. The corresponding titanium com- 
plexes were synthesized in excellent yields via reactions 
of the trimethylsilylindene derivatives with Tic1 4, using 
procedures described for analogous cyclopentadienylti- 
tanium complexes [8] (Schemes 1 and 2). 4,5,6,7-Tetra- 
hydroindenyltrichlorotitanium (H ,-IndTiCl j) was syn- 
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thesized in quantitative yield using an approach similar 
to that described by Samuel [9] (Scheme 3). Synthetic 
details and ‘H NMR spectral data for these compounds 
are given in the Experimental section. 

2.2. Polymerization results 

Comparative polymerizations of styrene using the 
various catalyst precursors were carried out by injecting 
42 ml of toluene, followed by injection of 5.0 ml of 
styrene (previously dried over CaH, for 12 h and 
distilled from CaH,), followed by injection of 3.2 ml of 
3.1 M MAO, into 250 ml crown-capped pressure bottles 
sealed under inert atmosphere and brought to constant 
50 “C. At this time the solutions were stirred for 10 min 
to scavenge impurities. Polymerizations were initiated 
by injection of 0.5 ml of 5 mM titanium precursor 
solution. Polymerization reactions were run for 30 min 
and quenched by the addition of 100 ml of 10% HCl- 
methanol. The resulting polymers were filtered, dried, 
and weighed (for calculation of activity). The bulk 
polymers were extracted using a Soxhlet extractor for 
12 h in 2-butanone, dried, and weighed (for calculation 
of percentage syndiotactic polystyrene) [lo]. These re- 
sults are summarized in Table 1. 

Activation of a catalyst precursor does not always 
occur immediately. In order to compensate for any 
possible differences in activation times for the various 
precursors, and obtain a better comparison of the rela- 
tive activities of the catalyst precursors, we also ‘aged’ 
or ‘ preactivated’ the catalyst before exposure to 
monomer solution. Preactivation and polymerization 
were carried out in separate bottles. 

Preactivations were conducted by injecting 31.9 ml 
of toluene, followed by 8.1 ml of 3.1 M MAO into 
bottle 1 (previously sealed under inert atmosphere) and 
the solution stirred for 10 min to scavenge impurities. 
10 ml of the titanium precursor solution (1.25 mM) was 
injected into bottle 1 and stirred for 10 min to achieve 
activation. 

The polymerizations were carried out by injecting 
33.4 ml of toluene, followed by injection of 5.0 ml of 
styrene (purified as described above), followed by injec- 
tion of 1.5 ml of 3.1 M MAO into bottle 2 (previously 
sealed under an inert atmosphere), and the solution 
stirred for 10 min to scavenge impurities. Polymeriza- 

Table 1 
Styrene polymerizations catalyzed by LTiCl, activated with MAO a 

Lb Total A ’ s-PS d T, e Mw f 
yield (X lo-‘) (o/o) 

(g) 
(“0 (x10-3) 

CP 0.749 1.4 67.4 251.5, 259.7 435 
H,Ind 0.992 2.7 89.1 261.5, 270.9 620 
Ind 2.039 3.7 98.2 264.6, 270.8 720 
1 -(Me)Ind 2.791 5.1 89.5 262.5, 271.9 6.50 
2-(MeIInd g 4.426 16.6 90.2 262.5, 272.2 660 
1 _(Et)lnd 1.436 2.6 82.0 262.5, 272.3 430 
I-(Me,C)Ind 0.108 0.196 64.8 261.7, 271.2 95 
I-(Me,Si)Ind 0.402 0.73 86.4 260.7, 268.0 125 
1 -(MeS)Ind 0.100 0.183 80.5 260.3, 268.1 14 

a Polymerizatton conditions: [Ti] = 50 PM; [Al]/[Ti] = 4000; reac- 
Fan time = 0.5 h; Tp = 50 “C; [styrene] = 0.87 M. 

Cp = $-cyclopentadienyl; H,Ind = $-4,5,6,7-tetrahydroindenyl; 
Ind = $-indenyl; Me = methyl; Et = ethyl; Me,C = rerr-butyl; 
Me,Si = trimethylsilyl; MeS = methylthio. 
’ A (activity) = (g bulk polymer)/(mol TiXmol monomer)(h). 
d Percentage s-PS = [(g of 2-butanone msoluble polymer)/(g of bulk 
polymer)] X 100. 
e r,,, melting temperaNre of s-P.S. 
’ M,, calculated by first using solution viscometry to determine the 
intrinsic viscometries of the polymers, then using the Mark-Houwink 
equation. 
’ Reaction ttme = 15 min due to inability to stir the reaction solution. 

tions were initiated by transfer of 10 ml of activated 
titanium catalyst solution (bottle I) to bottle 2 via 
syringe. The polymerization was quenched after 10 min 
by the addition of 100 ml of 10% HCl-methanol. These 
polymerization results are summarized in Table 2. 

Table 2 
Styrene polymerizations catalyzed by LTiCl, preactivated with 
MAO a,b 

LC Total yield Ad s-PS e 

(g) (x 10-7) (%o) 

CP 0.989 5.46 89.2 
H,Ind 1.594 8.80 94.5 
Ind 2.735 15.1 98.1 
1 -(Me)Ind 3.115 17.2 94.2 
2-(Me)Ind 4.502 24.9 94.7 
1 -(Et)Ind 1.648 9.10 92.3 
1 -(Me,C)Ind 0.176 0.97 89.7 
1 -(MexSi)Ind 0.203 1.12 90.3 
1 -(MeS)Ind 0.00 _ 

a Preactivation conditions: [Ti] = 2.5 mM; [AI]/[Ti] = 2000: reaction 
time = 0.16166 h; T, = 25 “C; styrene solution scavenged with 0.1 
M = [MAO]. 
b Polymerization condittons: [Ti] = 50 PM; [Al]/[Ti] = 2000; reac- 
tion time = 0.166h; Tp = 50°C; [styrene] = 0.87 M. 
’ Cp = $cyclopentadienyl: H,Ind = 4,5,6,7-tetrahydroindenyl; Ind 
= $indenyl; Me = methyl; Et = ethyl; Me,C = rerr-butyl: Me,Si 
= trimethylsilyl; MeS = methylthio. 
d A (activity) = (g of bulk polymer)/(moI TtXmol monomer)(h). 
e Percentage s-PS = [(g of 2-butanone msoluble polymer)/(g of bulk 
polymer)] X 100. 
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3. Discussion 4.1. Synthesis of indenyllithium 

The present results demonstrate the importance of 
both electronic and steric effects in styrene polymeriza- 
tions promoted by alkyl-substituted indenyltrichlorotita- 

nium compounds when activated by MAO. The increase 
in activities of Cp < H,Ind < Ind < I-(Me)Ind com- 
plexes is consistent with the concept that electron-re- 
leasing alkyl groups enhance the activity at the elec- 
trophilic metal center, and in general increase the syn- 
diospecificity as well. Remarkably, 2-(Me)IndTiCl, is 

significantly more active than is I-(Me)IndTiC13. Simi- 
lar results are observed for other structurally related 
complexes, and reasons for these differences are under 
current investigation. 

n-Butyllithium (102 ml, 1.6 M, 0.16 mol) was added 
via syringe to a 500 ml side-armed round bottom flask 
fitted with an ovelpressure bubbler containing 250 ml of 

hexane. After the solution was slightly chilled using an 
ice bath, 19 ml (0.16 mol) of freshly distilled indene 
was added and the mixture was allowed to stir overnight 
at room temperature. The supematant liquid was de- 
canted and the white precipitate was washed three times 
with 150 ml portions of fresh hexane. The white precip- 

itate (19.5 g, 99%) was dried under vacuum and stored 
in a glove box for future use. 

Although ethyl and terr-butyl substituents also have 
electron-releasing properties, the results in both Tables 

1 and 2 indicate a steep drop in activity corresponding 
to an increase in the steric bulk of the substituent on the 
catalyst precursor. The bulky trimethylsilyl substituent 
also has a correspondingly low activity. An increase in 
the steric bulk of a substituent could interfere with 
monomer coordination and/or migratory insertion pro- 
cesses. In the absence of a bulky substituent, the $- 
ligand can rotate more or less freely to a low energy 
transition state geometry. A bulky substituent could 
present a barrier for this process. 

4.2. Synthesis of I-methylindene 

The substituents in the complexes 1-(Et)IndTiCl, and 
1-(MeSjIndTiCl, have similar steric bulk, but the for- 
mer exhibits much greater activity than does the latter. 
The presence of lone pairs of electrons on the sulfur 
atom presumably have a deleterious effect on the cat- 
alytic activity in these systems. A similar result was 
observed previously when (C,H,NMe,),TiCl, was 
found to exhibit much lower catalyst efficiency for 
ethylene polymerization compared with Cp,TiCl, [ 121. 
In both cases, Lewis acid-base interaction between the 
lone pairs of electrons on the substituent with MAO 
could be responsible for these results. 

A suspension of 10.0 g (0.082 mol) of indenyllithium 
in 250 ml of hexane contained in a 500 ml side-armed 
flask fitted with an overpressure bubbler was chilled to 
0 “C. Iodomethane (5.1 ml, 0.082 mol) was added 
dropwise via syringe to the flask and the mixture al- 
lowed to stir overnight at room temperature. The solu- 
tion was filtered through a Celite plug and the hexane 
removed under vacuum to yield 9.1 g (86%) of a yellow 
oil. The product was distilled at 45-46 YZ/O.OOl mm 
Hg and a colorless oil was obtained which turned 
yellow on standing at room temperature. ‘H NMR 
(CDCl,): 6 7.4-7.0 (m, 4H, arom.), 6.77 (dd, lH, sp’ 
3-position, J(3-2) = 5.6 Hz, J(3-1) = 1.6 Hz), 6.46 (dd, 
lH, sp’ 2-position, J(2-3) = 5.6 Hz, 3(2-l) = 1.6 Hz), 
3.50 (q of t, lH, sp3 l-position, J(l--(CH,)) = 12 Hz, 
J(1,2,&3) = 0.16 Hz), 1.30 (d, 3H, J((CH,)-1) = 12 
Hz). 

4.3. Synthesis of 3-methylindene 

4. Experimental section 

All operations were carried out under an argon atmo- 
sphere using standard Schlenk and glove box techniques 
unless otherwise noted. Methylene chloride was dis- 
tilled under argon from calcium hydride. All other 
solvents were distilled under argon from sodium-potas- 
sium alloy. TiCl, was distilled (trap to trap) from 
copper turnings prior to use. Elemental analyses were 
performed by the Microanalytical Laboratory, Univer- 
sity of Massachusetts, Amherst, MA. ‘H NMR spectra 
were obtained on a Bruker NR-80. Melting points of 
polymers were determined using a Perkin-Elmer Model 
DSC-4 differential scanning calorimeter. 

THF (250 ml> was added to 10.0 g (0.082 mol) of 
indenyllithium in a 500 ml side-armed flask fitted with 
an overpressure bubbler and previously chilled to 0 “C. 
Iodomethane (10.3 ml, 0.165 mol) was added to the 
flask dropwise via a syringe maintaining the tempera- 
ture at 0 “C. After the addition was completed, the 
mixture was allowed to warm to room temperature and 
stirred overnight. The THF was removed under vacuum 
and replaced with 100 ml of hexane. The solution was 
passed through a silica gel column and a bright yellow 
band was collected. The hexane was removed under 
vacuum to yield 9.7 g (91%) of a yellow oil. This 
residue was distilled at 45-46 ‘C/O.001 mm Hg giving 
a colorless oil which turned yellow on standing at room 
temperature. ‘H NMR (CDCI,): 6 7.4-7.1 (m, 4H, 
arom.), 6.11 (m, lH, sp’ 2-position. J(2-1) = 1.6 Hz, 
J(2-(CH,)) = 1.6 Hz), 3.22 (m, 2H, sp3 l-position, 

J(l-2) = 1.6 Hz, J(l-(CH,)) = 1.6 Hz). 2.10 (dd, 3H, 
CH,, J((CH,)-1) = 1.6 Hz, J((CH,)-2) = 1.6 Hz). 
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4.4. Synthesis of 2-methylindene 

Methyllithium (5.4 ml, 1.4 M) was added dropwise 
via a syringe to a solution of 2-indanone [6a] (10.0 g, 
0.076 mol) in 250 ml of diethyl ether (previously 
chilled to 0 “C> and contained in a 500 ml side-armed 
flask fitted with a reflux condenser and overpressure 
bubbler. After the addition was complete, the reaction 
mixture was heated at reflux for 4 h. The solution was 
cooled to 0 “C and 200 ml of water was added drop- 
wise. The water layer was washed twice with 50 ml 
portions of ether and the ether layers were combined 
with the original ether layer. The ether was removed at 
reduced pressure and replaced with 250 ml of benzene. 
p-Toluenesulfonic acid (5.0 mg> was added to the ben- 
zene solution which was then refluxed overnight using a 
conventional Dean-Stark apparatus to remove the water 
produced. The remaining benzene solution was washed 
with 100 ml of saturated Na,C03 solution and dried 
over magnesium sulfate. The benzene was removed at 
reduced pressure and the residue (7.62 g, 77%) was 
distilled at 45-46 “C/O.001 mm Hg to yield a colorless 
oil which darkened on standing at room temperature. ’ H 
NMR (CDCI,): 6 7.45-7.07 (m, 4H, arom.) 6.52 (br s, 
sp* 3-position), 3.25 (br s, 2H, sp3 l-position), 2.15 (s, 
3H, CH,). 

4.5. Synthesis of 1 -ethylindene 

The method of preparation was the same as for 
1 -methylindene except that 6.1 ml (0.082 mol) of bro- 
moethane was used instead of iodomethane. The crude 
yield of I-ethylindene was 9.23 g (78%), obtained as a 
yellow oil. A colorless oil was obtained via distillation 
at 55-56 “C/O.001 mm Hg which darkened on standing 
at room temperature. ‘H NMR (CDCl,): S 7.35-7.02 
(m, 4H, arom.). 6.70 (dd, lH, sp* 2-position, J(3-2) = 
5.6 Hz, 5(3-1) = 1.8 Hz), 6.42 (dd, lH, sp2 2-position, 
J(2-3) = 5.6 Hz, 5(2-1) = 1.8 Hz), 3.29 (tt. lH, sp’ 
l-position, J(l-(CH,)) = 8.0Hz, J(l-2&3) = 1.8 Hz), 
2.11-1.10 (m, 2H, CH,), 0.93 (t, 3H, CH,, J(CH,- 
CH,) = 8.0 Hz). 

4.6. Synthesis of 3-ethylindene 

The preparation of 3-ethylindene was the same as 
that for 3-methylindene except that 12.3 ml (0.165 mol) 
of bromoethane was used instead of iodomethane. The 
yellow oil obtained (10.4 g, 89%) was distilled at 
55-56 ‘C/O.001 mm Hg to give a colorless oil which 
darkened on standing at room temperature. ’ H NMR 
(CDCI,): 6 7.40-7.05 (m, 4H, arom.). 6.15 (m, lH, sp2 
2-position), 3.27 (m. 2H, sp3 l-position) 2.54 (q, 2H, 

CH,, J(CH,-CH,) = 8 Hz), 1.25 (t, 3H, CH,. 
J(CH,-CH,) = 8 Hz). 

4.7. Synthesis of a mixture of I-tert-butylindene and 
3-tert-butylindene 

The preparation of tert-butylindene was the same as 
that for 1-methylindene except that 8.9 ml (0.082 mol) 
of 2-chloro-2-methylpropane was used instead of 
iodomethane. A yellow oil was obtained (6.35 g, 45%) 
which was distilled at 65-68 “C/O.001 mm Hg to give 
a pale yellow oil. ‘H NMR analysis of the original 
crude product showed it to be almost exclusively l- 
tert-butylindene, whereas the distilled product was a 
mixture of isomers, 1 -tert-butylindene/3-tert-butylin- 
dene 70:30. ‘H NMR of 1-tert-butylindene (CDCI,): 6 
7.61-7.12 (m, 4H, arom.), 6.79 (dd, lH, sp* 3-position, 
3(3-2) = 5.8 Hz, J(3-1) = 1.8 Hz), 6.52 (dd, lH, sp2 
2-position. 5(2-3) = 5.8 Hz, J(2-1) = 1.8 Hz), 3.51 (t, 
lH, sp3 1 -position, J( l-2&3) = 1.8 Hz), 1.02 (s, 9H, 
3CH,). ‘H NMR of 3-tert-butylindene (CDCl,): 6 
7.69-7.35 (m, 4H, arom.), 6.19 (t, sp2 2-position, J(2- 
1) = 1.5 Hz). 3.26 (d, 2H, sp3 l-position, J(l-2) = 1.5 
Hz), 1.37 (s, 9H, 3CH,). 

4.8. Synthesis of 3-tert-butylindene 

The preparation of tert-butylindene was the same as 
that for 3-methylindene except that 8.9 ml (0.082 mol) 
of 2-chloro-2-methylpropane was used instead of 
iodomethane. The product was isolated as a yellow oil 
(7.2 g, 51%). ‘H NMR (CDCI,): 6 7.69-7.35 (m, 4H, 
arom.), 6.19 (t, sp2 2-position. J(2-1) = 1.5 Hz), 3.26 
(d. 2H, sp3 1 -position, J(l-2) = 1.5 Hz), 1.37 (s, 9H, 
3CH,). 

4.9. Synthesis of 3-CmethylthioJindene 

The preparation of 3-(methylthiohndene was the same 
as that for I-methylindene except that 7.4 ml (0.082 
mol) of dimethyldisulfide was used instead of 
iodomethane. The crude product was obtained as a 
yellow-brown oil (10.04 g, 76%) which was subse- 
quently distilled at reduced pressure (68-70 “C/O.001 
mm Hg) to give a pale yellow oil. ’ H NMR (CDCl 3): 6 
7.50-7.10 Cm, 4H, arom.), 6.07 (t, lH, sp2 2-position, 
5(2-l) = 2.4 Hz), 3.30 (d, 2H, sp3 l-position, J(l-2) 
= 2.4 Hz). 2.36 (s, 3H, S-CH,). 

4.10. Synthesis of I -(trimethylsilyl)indene 

The method of preparation was the same as that for 
1-methylindene except that 10.4 ml (0.082 mol) of 
chlorotrimethylsilane was used instead of iodomethane. 
A pale yellow oil (12.94 g, 85%) was obtained. Upon 
distillation at 78-80 “C/O.3 mm Hg, a colorless oil was 
obtained which turned yellow upon standing at room 
temperature. ‘H NMR (CDCI,): 6 7.5-7.15 (m, 4H, 
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arom.), 6.95 (d, lH, sp2 3-position, J(3-2) = 3 Hz), 
6.65 (d, lH, sp2 2-position, J(2-3) = 3 Hz), 3.55 (s, 
lH, sp3 l-position), 0.01 (s, 9H, Si(CH,),). 

4.14. Synthesis of 1 -trimethylsilyl-3-tert-butylindene 

4.11. Synthesis of I -trimethylsilyl-3-methylindene 

I-Methylindene (5.0 g. 0.038 mol) was dissolved in 
100 ml of hexane contained in a 250 ml side-armed 
flask fitted with a gas inlet connected to an overpressure 
bubbler. To this solution, 24.1 ml of 1.6 M n-butyl- 
lithium (0.038 mol) was added dropwise and the mix- 
ture was stirred overnight at room temperature. The 
supematant liquid was decanted and the white precipi- 
tate was washed with three 100 ml portions of hexane. 
Fresh hexane (100 ml) was introduced to the flask, 5.5 
ml (0.043 mol) of chlorotrimethylsilane was added 
dropwise via a syringe to the stirred suspension, and the 
mixture was allowed to stir overnight. The solution was 
then filtered over a Celite plug and the solvent removed 
under vacuum, leaving 6.52 g (85%) of a yellow oil. 
The crude product was further purified via distillation at 
75-76 ‘C/O.001 mm Hg to yield a colorless oil which 
darkened on standing at room temperature. ’ H NMR 
(CDCl,): 6 7.55-7.11 (m, 4H, arom.), 6.35 (m, lH, sp2 
2-position), 3.40 ( m, lH, sp3 l-position), 2.28 (dd, 3H, 
CH, 3-position, J(CH,-2) = 1.6 Hz, J(CH,-1) = 2.1 
Hz), 0.00 (s, 9H, Si(CH,)?). 

The method of preparation was the same as that for 
1 -trimethylsilyl-3-methylindene except that 17.6 ml 
(0.028 mol) of 1.6 M n-butyllithium was added to 5.0 g 
(0.029 mol) of I-tert-butylindene. The crude product 
was obtained as a yellow oil (5.1 g, 74%) which was 
further purified by distillation at 90-93 oC/O.OOl mm 
Hg to give a pale yellow oil. ‘H NMR (CDCl,): 6 
7.9-7.2 (m, 4H, arom.), 6.40 (d. lH, sp2 2-position, 
J(2-1) = 2.0 Hz), 3.43 (d, 1H. sp3 l-position, J(l-2) 
= 2.0 Hz), 1.50 (s, 9H, 3CH,), 0.04 (s, 9H, Si(CH,),). 

4.15. Synthesis of I,3-bis(trimethylsilyl)indene 

4.12. Synthesis of I -trimethylsilyl-2-methylindene 

The method of preparation was the same as that for 
1 -trimethylsilyl-3-methylindene except that 16.3 ml 
(0.026 mol) of n-butyllithium was added to 5.0 g (0.026 
mol) of I-trimethylsilylindene. The crude product was 
obtained as a yellow oil (5.8 g, 85%) which was further 
purified by distillation at 95-97 “C/O.001 mm Hg to 
give a pale yellow oil. ‘H NMR (CDCI,): 6 7.55-7.33 
(m, 2H, arom.), 7.18-7.07 (m, 2H, arom.), 6.76 (d, lH, 
sp’ 2-position, J(2-1) = 1.8 Hz), 3.52 (d, lH, sp3 
l-position, J(l-2) = 1.8 Hz), 0.24 (s, 9H, Si(CH,), 
3-position), - 0.15 (s, 9H, Si(CH,), 1 -position). 

4.16. Synthesis of I-trimethylsilyl-3-(methylthiohndene 

The method of preparation was the same as that for 
1 -trimethylsilyl-3-methylindene except that 24.1 ml 
(0.038 mol) of 1.6 M n-butyllithium was added to 5.0 g 
(0.038 mol) of 2-methylindene. The crude product was 
obtained as a yellow oil (5.46 g, 71%) which was 
further purified by distillation at 90-93 “C/O.001 mm 
Hg giving a pale yellow oil. ‘H NMR (CDCl,): 6 
7.9-7.2 (m, 4H. arom.). 6.40 (d, lH, sp2 3-position, 
J(3-1) = 2.1 Hz). 3.43 (d, lH, sp3 l-position, J(l-3) 
= 2.1 Hz), 1 SO (s, 3H, CH 3 2-position), 0.04 (s, 9H, 
Si(CH,),)). 

The method of preparation of 1-trimethylsilyl-3- 
(methylthio)indene was the same as that for l-trimethyl- 
silyl-3-methylindene except that 18.8 ml (0.031 mol) of 
1.6 M n-butyllithium was added to 5.0 g (0.03 1 mol) of 
3-(methylthio)indene. The crude product was obtained 
as a yellow oil (5.10 g, 70%) which was further purified 
by distillation at reduced pressure (98-100 C/O.001 
mm Hg). ‘H NMR (CDCl,): 6 7.60-7.15 (m, 4H, 
arom.), 6.30 (d, 1H. sp2 2-position, 5(2-l) = 2.2 Hz), 
3.51 (d, lH, sp3 l-position, J(l-2) = 2.2 Hz), 2.02 (s, 
3H. SCH,), -0.14 (s, 9H, Si(CH,),). 

4.13. Synthesis of I -trimethylsilyl-3-ethylindene 4.17. Synthesis of indenyltrichlorotitanium 

The method of preparation was the same as that for 
1 -trimethylsilyl-3-methylindene except that 27.1 mI 
(0.035 mol) of n-butyllithium was added to 5.0 g (0.035 
mol) of I-ethylindene. The crude product was obtained 
as a yellow oil (5.46 g, 72%) which was further purified 
by distillation at 82-83 “C/O.001 mm Hg to give a 
colorless oil. ‘H NMR (CDCI,): 6 7.45-6.98 (m, 4H, 
arom.), 6.24 (m, 1H sp2 2-position, 5(2-l) = 1.6 Hz, 
J(2-CH,) = 1.5 Hz), 3.31 (m, lH, sp3 l-position, J(l- 
2) = 1.6 Hz. J(l-CH,) = 2.0 Hz), 2.58 (q of m, 2H, 
CH,, J(CH,-CH,) = 7.5 Hz, J(CH,-2) = 1.5 Hz, 
J(CH,-1) = 2.0 Hz), 1.23 (t, 3H, CH,, J(CH,-CH,) 
= 7.5 Hz), -0.14 (s, 9H. Si(CH,),). 

TiCl, (6.4 ml, 0.058 mol) was added via syringe to 
100 ml of CH,Cl, in a 250 ml side-armed Schlenk 
flask that was fitted with a gas outlet valve connected to 
a mercury overpressure bubbler. 1 -Trimethylsilylindene 
(10.0 g, 0.053 mol) was then added and the dark 
burgundy solution allowed to react overnight at room 
temperature. After the solvent was removed under vac- 
uum, the burgundy residue was washed with 50 ml of 
pentane and dried under vacuum. Recrystallization of 
the residue from a minimum volume of CH,Cl, af- 
forded 13.85 g (97%) of dark red crystals. The dried 
crystals were sublimed at 80 “C/O.001 mm Hg. ‘H 
NMR (CDCl,): 6 7.81 (m, 2H, arom.), 7.55 (m, 2H, 
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arom.), 7.19 (d, 2H, l&3 positiops, ICl-2) = J(3-2) = 
12 Hz), 7.16 (t, lH, 2-position, 5(2-1) = J(2-3) = 12 

7.65-7.35 (m, 2H, arom.). 7.16 (d, lH, 3-position, 
J(3-2) = 3.0 Hz>, 7.04 (d, lH, 2-position, J(2-3) = 3.0 

Hz). Anal. Found: C, 40.18; H, 2.61. CgH,C1,Ti. Calc.: Hz), 1.59 (s, 9H, 3CHJ. Anal. Found: C, 47.75; H, 
C, 40.12; H, 2.62%. 4.70. C,JHISC13Ti_ Calc.: C, 47.97; H, 4.65%. 

4.Z8. Synthesis of I-methyZind~nyltrichIorotitanium 4.22. Synthesis of I -trimethylsil~iindsny~trichloro- 

tifunium 
The method of preparation was the same as that for 

Indenyltrichlorotitanium except that 5.42 g (0.027 mol) 

of 1-trimethylsilyl-3-methylindene was added to 3.2 ml 
(0.027 mol) of TiCl,. The dark-red crystalline product 
was obtained in 94% yield (7.17 gj. ‘H NMR (CDCl,): 

6 7.80-7.33 Im, 2H, arom.), 7.60 (m, 2H, arom.j, 7.13 
(d, lH, 3-position, J(3-2j = 3.3 Hz), 6.93 (d, lH, 
2-position, J(2-3) = 3.3 Hz), 2.76 (s, 3H, CH,). Anal. 
Found: C, 42.53; H, 3.35. C,,,H,Cl,Ti. Calc.; C, 42.38; 
H, 3.20%. 

4.19. Synthesis of 2-methyIindenyltrichZorotitunium 

The method of preparation was the same as that for 

indenyltrichlorotitanium except that 7.07 g (0.027 mol) 

of 1,3-bis(trimethylsilyljindene was added to 3.2 ml 
(c).KB mol) of TiCl,. The dark-red crystalline product 
was obtained in 97% yield (8.92 g), Further purification 
was effected by sublimatian at 110 “C/O.001 mm Hg. 

‘H NMR (CDCI,): S 7.88 (m, 2H, arom.), 7.54 (m, 2H, 
arom.), 7.40 Id, 18, ZGposition, 513-2) = Cl.99 Hz), 
7.26 (d, lH, 2-position, J(2-3) = 0.99 Hz). Anal. 

Found: C, 42.61; H, 4.48. C,,H,,Cl,SiTi. Calc.: C, 
42.19; H, 4.43%. 

The method of preparation was the same as that for 

indenyltrichlorotitanium except that 5.32 g of l-trimeth- 
ylsilyl-2-methylindene (0.26 mol) was added to 3.2 ml 
(0.024 mol) of TiCl,. The dark-red crystalline product 
was obtained in 98% yield (7.29 gj. Further purification 
was effected by recrystallization from CH,Cl, and 

subsequent sublimation at 90 “C/0.001 mm Hg. “H 
NhJR (CDCl,): S 7.73 cm, 2H, arom.>, 7.47 (m, 2H, 
arom.), 7.01 (s, 2H, l- and 3-positions), 2.62 (s, 3H, 
CH,). Anal. Found: C, 42.58; H, 3.19. C,,H,Cl,Ti. 
Calc.: C, 42.38; H, 3.20%. 

4.23. Synthesis of i-f thiomethyl~indenyCtrichbru- 

titanium 

4.20, Synthesis of I -ethylinderzyitrichlnmtitanium 

The method of preparation was the same as that for 
indenyltrichlorotitanium except that 4.08 g of I- trimeth- 
ylsilyl-3-ethylindene (0.028 mol) was added to 3.2 ml 
(0.029 mol) of TiCI,. The dark-red crystalline product 
was obtained in 96% yield (7.93 g)_ Further purification 
was effected by sublimation at 1 IO ‘C/O.001 mm Hg. 
‘H NMR (CDCl,); 67.79 (m, 2H, arom.), 7.51 (m, 2H, 

arom.), 7.13 (d, lH, 3-position. J(3-2) = 3.4 Hz), 7.00 
(d, 1 H, 2-position, J(2-3) = 3.4 Hz), 3.21 (q, 2H, CH,, 

J(CH,-CH,) = 7.4 Hz), 1.42 (t, 3H, CH,, J(CH,- 
CH,) = 7.4 Hz). Anal. Found: C, 44.54; H, 3.73. 
C,,H,,C13Ti. CaIc.: C. 44.42; H, 3.72%, 

TiCI, (3.2 ml, 0.029 mol) was added via syringe to 

100 ml of CH,Cl, in a 250 ml side-armed Schlenk 
flask fitted with a gas outlet valve connected to a 
mercury overpressure bubbler. 1 -Trimethylsilyl-3- 
(thiomethyl)indene (6.58 g, 0.028 mol) was added drop- 
wise and the dark green solution was allowed to react 
overnight at room temperature. After the solvent was 
removed under vacuum, the brown-green residue was 
extracted with 100 ml of toluene. The extracts were 
transferred via a filter cannula to a 200 ml Schlenk tube, 

and were concentrated to ca. 50 ml. The green concen- 
trate was then eluted with toluene through Biobeads to 
yield a blue-green band and a second yellow band. The 
blue-green solution was concentrated and cooled to 
-20 “C. Blue-green needles were formed, removed 
from the supematant liquid and dried under vacuum 

(4.06 g. 46%). ‘H NMR (CDCI,): 6 7.68 (m, 2H, 
arom.), 7.49 (m, 2H, arom.). 7.03 (d, lH, 3-position, 
J(3-2) = 3.4 Hz), 6.87 (d, IH, 2-position, J(2-3) = 3.4 
Hz), 2.80 (s, 3H, CH,). Anal. Found: C, 38.17; H, 3.05. 
C,,H,Cl,STi. WC.: C, 38.07: H, 2.88%. 

4.24. Synthesis uf 4,5,6,7-tetrahydroindenyltrichloroti- 

tanium 
4.21, Synthesis of I-tert-butylindenyltric~lorotituniunz 

The method of preparation was the same as that for 
indenyttrichlorotitanium except that 6.74 g of l-tri- 
methyl-3-rerr-butylindene (0.028 mol) was added to 3.2 

ml (0.029 mol) of TiCl,. The dark-red crystalline prod- 
uct was obtained in 41% yield (8.26 81. Further purifica- 
tion was effected by sublimation at 1 IO “C/O.001 mm 

Hg. ‘H NMR (CDCI,): S 8.1-7.7 (m, ZH, arom.), 

A burgundy-colored solution of 3.0 g (0.011 mol) of 
indenyltrichlorotitanium in 100 ml of CH,Cl, and 0.227 

g (0.001 mol) of PtO, were sealed under argon in a 250 
ml stainless steel Parr reactor with a glass liner and 
fitted with a mechanical stirrer. The reaction mixture 

was pressured with H, to 800 psig and allowed to react 
for 15 h. T’he orange solution was removed, concen- 
trated, and chilled to - 20 “C. Orange crystals (3.01 g, 
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100%) were isolated and dried under vacuum. ‘H NMR 
(CDCl,): 6 7.05 (t, lH, 2-position, 5(2- 1,3) = 3.2 Hz). 
6.65 (d, 2H, l- and 3-positions, J(1,3-2) = 3.2 Hz), 
3.45-2.60 (m, 4H, 5- and 6-positions), 2.15-1.55 (m, 
4H, 4- and 7-positions). Anal. Found: C, 39.46; H, 4.03. 
CgH,,C1,Ti. Calc.: C, 39.53; H, 4.05%. 

References 

[l] (a) N. Ishihara, T. Seimiga, M. Kuramoto and M. Uoi, Macro- 
molecules. 19 (1986) 2464, (b) N. Ishihara, Eur. Pat. Appl. 
210 615, 1986, to Idemitzu Kosan Co.; (c) N. Ishihara, M. 
Kuramoto and M. Uoi, Eur. Pat. Appl. 224096, 1986, to 
Idemitzu Kosan Co.; (d) C. Pellechia, P. Longo, A. Grassi, P. 
Ammedola and A. Zambelli, Makromol. Chem. Rapid Commun., 
8 (1987) 277; (e) N. Ishihara, M. Kuramoto and M. Uoi, Eur. 
Pat. Appl. 275 943. 1988, to Idemitzu Kosan Co.; (f) K. Funaki, 
M. Kuramoto and N. Ishihara, Eur. Pat. Appl. 276 801. 1988. to 
Idemitzu Kosan Co.; (g) H. Maozawa, N. Tomotsu and M. 
Kuramoto, Eur. Pat. Appl. 322 663, 1988, to Idemitzu Kosan 
Co.; (h) N. Ishihara, M. Kuramoto and M. Uoi, Macro- 
molecules, 21 (1988) 3356; (i) R. Cambell, Jr. and J.G. Hefner, 
Int. Pat. Appl. WO.88/10275, 1988, to Dow Chemical Co.; (j) 
A. Zambelli, L. Oliva and C. Pellechia, Macromolecules. 22 
(1989) 2129; (k) R.E. Campbell, Jr., US Pat. 5 066 741. 1991, 
to Dow Chemical Co.: (I) J.C.W. Chien and Z. Salajka, J. 
Polym. Sci. Parr A:, 29 (1991) 1253; (m) A. Zambelli, C. 
Pellechia, L. Oliva, P. Longo and A. Grassi. Mabomol. Chem., 
192 (1991) 223; (n) C. Pellechia, P. Longo, A. Proto and A. 
Zarnbelli, Makromol. Chem. Rapid Commun., 13 (1992) 265; 
(0) Z. SaIajka, S.-H. Dong and J.C.W. Chien, Macromolecules, 
25 (1992) 3199; (p) T.H. Newman, US Pat. 5 237 069, 1993, to 
Dow Chemical Co.; (q) R.E. Campbell, Jr., US Pat. 5 206 197, 
1993, to Dow Chemical Co.; (r) R.E. Campbell. Jr. and N. 
Deline, Int. Pat. Appl. WO.93/03067, 1993, to Dow Chemical 
Co.; (s) H. Kucht, A. Kucht, J.C.W. Chien and M.D. Rausch, 
Appl. Organomet. Chem., 8 (1994) 393; (t) T. Quyoum, Q. 
Wang, M.-J. Tudoret, M.C. Baird and D.J. Gillis, J. Am. Chem. 
Sot.. 116 (1994) 6435. 

121 

131 

[41 
[51 

161 

[71 

b31 

[91 
1101 

[Ill 

[I21 

(a) A.J. Hart-Davis and R.J. Mawby, J. Chem. Sot. A, (1969) 
2403; (b) A.J. Hart-Davis, C. White and R.J. Mawby, Inorg. 
Chim. Acra, 4 (1970) 431; (c) A.J. Hart-Davis, C. White and 
R.J. Mawby, Inorg. Chim. Acra, 4 (1970) 441; (d) D.J. Jones 
and R.J. Mawby, Inorg. Chim. Acra, 6 (1972) 157; (e) P. 
Caddy, M. Green, E. O’Brian, L.E. Smart and P. Woodward, 
Angew. Chem. Inr. Ed. Engl.. I6 (1977) 648; (f) M.E. Rerek, 
L.-N. Ji and F. Basolo, J. Chem. Sot. Chem. Commun. (1983) 
1208; (g) M.E. Rerek and F. Basolo, J. Am. Chem. Sot., 106 
(1984) 5908; (h) M. Cheong and F. Basolo. Organometaliics, 7 
(1988) 2041. 
T.E. Ready, R.O. Day, J.C.W. Chien and M.D. Rausch, Macro- 
molecules, 26 (1993) 5822. 
A.-M. Weidler, Acta. Chem. Scan., 17 (1963). 2724. 
L.H. Sommer and N.S. Marans, J. Am. Chem. Sot., 73 (1951) 
5138. 
(a) J.E. Horan and R.W. Schiessler, Org. Synrh., 41 (1961) 53; 
(b) J. Cologne and G. Weinstein, Bull. Sot. Chem. Fr., 19 
(1952) 462. 
K. Hartke and A. Schllling-Pindur. Lie&s Ann. Chem., (1984) 
552. 
(a) P. Jutzi and A. Seufert, J. Organomer. Chem., 169 (1979) 
373; (b) A.M. Cardoso, R.J.H. Clark and S. Moorhouse, J. 
Chem. Sot. Dalton Trans. (1980) 1156: (c) M. Mena, M.-A. 
Pellighelli, P. Royo, R. Serrano and A. Tiripicchio, J. Chem. 
Sot. Chem. Commun. (1986) 1118. 
E. Samuel, J. Organomet Chem., 19 (1969) 87. 
It is well established that 2-butanone insoluble polystyrene is 
either syndiotactic [I] or isotactic ill]. Analysis of 13C NMR 
data on these two types of polymer [la,d,h,ll], have demon- 
strated that the ipso-carbon of the benzene ring in syndiotactic 
polystyrene and isotactic polystyrene have different shifts: 6 
s-PS = 145.13, S i-PS = 146.24 (in 1,2+trichlorobenzene, 130 
“C). The 2-butanone insoluble polystyrene fractions obtained in 
our experiments using CpTiCl, and IndTiC13 gave 13C NMR 
shifts for the ipso-carbon as 6 = 145.350 and 145.353 respec- 
tively (in 1.2,~trichlorobenzene, 130 “C). 
(a) L. Cazzaniga and R.E. Cohen, Macromolecules. 22 (1989) 
4125; (b) P. Longo. A. Grassi, L. Oliva and P. Ammendola, 
Makromol. Chem., 191(1990) 237. 
A. Kucht, H. Kucht, W. Song, M.D. Rausch and J.C.W. Chien, 
Appl. Organomet. Chem.. 8 (1994) 437. 


