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Abstract 

A series of trans-1,2-cycloalkylene-bridged bis(indenyi)MC! 2 complexes (M - Ti. Zr, HO with bridging hydrocarbyl moieties ranging 
from five- to eight-membered flags, and their corresponding bis(tetrahydroindenyi)MCl: complexes were prepared. In each case a 
mixture of two racem-like (rl, rl') and one mesoolike (ml) diastereoisomers was obtained. Chromatographic separation and recrystalliza- 
tion gave the pure ansa-bis{tetrahydroindenyl)TiCI 2 complexes 7a-ml, 7b-rl, 7b-ml, and 7¢-ml with bridging cyclopentylene, cyclohexy- 
lene, and cycloheptylene moieties, respectively, that were characterized by X-ray diffraction. Activation of the Ti-. Zr-. and Hf.complexes 
with methylalumoxane gave active homogeneous Ziegler catalysts that were employed in propene polymerization reactions. In each case 
the meso-like diastereoisomers were practically inactive compared to the isomeric racem-like systems, as could be expected tYom the 
pronounced shielding of the metal center observed in the X-ray crystal structure analyses of the meso-like trans-1,2-cycloalkylene-bi~l- 
(4,5,6,%tetrahydroindenyl)]TiCI, complexes. © 1997 Elsevier Science S.A. 

Ko'wotds: Ansaomelall{~enes; Zietder calalysls; Propene polymerization: Isolactic polypropylene; Ansaometallocene dichloride structures 

1. Intrmluetlon 

The homogeneous Group 4 metallocene Ziegler catao 
lysts are receiving an ever increasing attention lately [1 ]. 
Their performance as selective wolefin polymerization 
catalysts depends very critically on the structure of the 
bent m~:~allocene framework. For practical applications, 
where stereochemical control is essential, mostly ansa- 
metallocene systems are used [2]. Some efforts have 
been made to further improve the original Brintzinger 
ansa-metallocenes, the ethylene-bis(indenyl)- and 
-bis(tetrahydroindenyl)MX: systems [3] (see also Ref. 
[4]), by making them contbrmationally still more rigid. 
it was thought that this might be achieved by making 
the ethylene bridge of the ansa-metallocene system part 
of a carbocyclic or heterocyclic ring system [5,6] (for a 
discussion of the conformational properties of ansa- 
metallocene complexes see e.g. Ref. [7]', see also Ref. 
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[8]). As it turned out this did not in a general way lead 
to a markedly improved catalyst performance, but, as 
shown by Rieger and coworkers [6.7], surprisingly 
opened a substantial reactivity gap between (the stereo° 
selective) racem-like diastereomeric systems and their 
(unselective) meso-like congeners. It was demonstrated 
for the singular example of the trans.l.2ocyclohexyo 
lene-bis(indenyl)ZrCl:/methylalumoxane (MAO) cata- 
lyst system that the reactivity difference between the 
respective diastereomers was so pronounced that it was 
not necessary to remove the undesired meso.like isomer 
to obtain a highly isotactic polypropylene product. At 
the time when this observation was reported we had 
almost completed a similar study using the complete 
series of fused ring ansa-zirconocenes and selected ex- 
amples of the corresponding ansa-titanocenes with an- 
nulated ring sizes ranging from five to eight [9]. This 
investigation provided a broader view of the reactivity 
and selectivity pattern of such systems. We also were 
able to obtain several of the cycloalkylene-bis(tetrahy- 
droindenyi) titanocene dichloride catalyst precursors 
isomerically pure and characterized them by X-ray 
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diffraction, which gave us a basis for understanding the 
~ e d  differences in catalyst behavior between the 
diastereorneric an~-metallocene Ziegler systems. 

2. R ~ t s  and dlscu~ion 

3 4 

(cH,). I'-,. Mcl. 

M = Z r ,  n =  !-4:  4a-d 

M = Ti, n = !-3: 6a-c 

M = H f ,  n = 2 , 3 :  8b,c 

2.1. S3~thesis ~ the memllocene cornplexes 

synthesis of the series of ring-fused ansa-metal- 
locenes was carried out conventionally. The cy- 
cloalkenes were lrans-dihydroxylated and then the diois 
convened to ~ i r  ditosylates (la-d). The tosylates 1 
were then trea~d with a little over two molar equiva- 
lents of indenyl lithium. Usually the substitution reac- 
tion required several days in tetrahydrofuran at reflux 
temperatures to go to completion, in each case the 
3-substip,,~ ! cycloaikylene-bddged indene systems (2) 
we:~ o~,ttned. Subsequent deprotonation was achieved 
by ,reatment with n-butyl lithium. The corresponding 
trans-l.2-bis(lithioindenylidene) cycloalkanes (3a-d) 
were isolated in good yields as oils and characterized by 
1H and I~C NMR spectroscopy (for detail see Section 
3). For the purpose of c o m ~ s o n  (see below) we have 
also prepared the corresponding ligand system 3e by the 
~me method stoning from 1.2-pfopandiol (~e Scheme 
I). 

The cycloalkyleneobridged bis°indenyl lithium 
reagents 311=d were re . ted with ZrCl~, 2THF in reo 
fluxing tetr~#ml~ran (24h). This gave ri~ in each 
ea~ to the tbrmation of a mixture of three diastereoo 
merit an~aometallocene complexes due to the premnce 
of two homochiral stereogeni~ centers at the trans. 
cy¢loalkylene unit (relmh,e steret~hemistry R e ,/¢" ) 
and two newly formed planar chiral I osubstiluted (indeo 
nylhransition metal complex moieties. Thus, two of the 
ansa=metalloeene diastereomers are characterized by 
ste~hemical  descriptors (R*,R',p.R',poR') and 
( R ' ,R ' ,p~S ' ,p .S"  ) respectively. Their metallocene 

M = Z r ,  n =  1-4: ~ - d  

M = T i ,  n =  1-3: ?a-c 

4e 5e 
Scheme  2. 

configuration is as in a rac-ansa-metallocene, and hence 
we have termed these isomers racem-like [i.e. 4a-d (rl) 
and 4a-d (rr)]. The remaining diastereoisomer has the 
relative configuration of (R ' ,R* .p-R ' ,p .S") :  it conse- 
quently is temled meso-like [i.e. 4a-d (ml)] (for related 
stereocbemical situations encountered at metallocene 
systems ~e e.g, ReX, [10]). 

A closely related situation is found when the reagent 
3e is reacted with ~ireoniumotetrachloride. Again, a 
mixture of three diastereoisomors is fi)rmcd, two of 
which are racemolike [4e (rl), 4e (rr) with relative 
configurations (R',poR',poR ~ ) and ( R ' , p ~ S ' , p , S ' )  
resistively] and the third is mesoolike [4e (ml), ( R',po 
R',poS" )] (see Scheme 2). 

A statistical rhrr:ml diastereomeric ratio is expected 
to be obtained in the ansa-metallocene fomlation unless 

~cH~. ] ...... qc! 

qI~ ~ I-4~ 

T,~CI .oB.L~ ( 

OH 

,~heme I, 

.-UuL| 

.~d 
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Table I 
Diastereomeric ratios (rl:ri':ml) of the two racem-like and the mesa- 
like diastereomeric Group 4 ansa-metallocenes as they were obtained 
directly from the syntheses 

Compound M Yield M.p. ri:ri':ml 
(%) (decamp., °C) 

4a Zr 47 145 19:!3:68 
4b Zr 44 ,,- 190 25:25:50 
,11¢ Zr 60 174 25:i5:60 
441 Zr 53 141 17:13:70 
4e Zr 86 163 40:14:44 

8b Hf 65 152 23:!7:60 
8¢ Hf 54 155 16:3:81 

6a Ti 42 180 42:2:56 
6b Ti 30 216 15:11:74 
6¢ Ti 48 224 30:7:63 

special stereochemicaily controlling factors are present. 
As can be seen from Table 1 in the case of the 
cycloalkylene-bis(I-indenyl)zirconium dichloride com- 
plexes ,la-d diastereomeric ratios close to statistical 
have indeed been obtained, although there seems to be a 
tendency to a slightly favored formation of the mesa-like 
isome~ in several cases. This is also observed in the 
ansa-hafnocene complexes 8b and lie, that were pre- 
pared analogously. The ansa-zirconocene dichloride 
complex 4e seems to represent an example with a 
slightly different tendency of diastereoisomer fortnation. 
A markedly larger amount of one of the racem-like 
isomers is obtained, at the expense of the mesa-like 
form. In all cases the racem-like and mesa-like dia- 
stereoisomers could readily be distinguished by their tH 
and t~C NMR spectra due to their characteristic molecuo 
lar symmetry properties. Thus each of the C:-symmetric 
racem-like diastereomers exhibits only a pair of indenyl 
2- and 3-CH sets of signals, whereas the lower symmeo 
try (Ct) of the mesa-like tbrms gives rise to tbur such 
methine resonances (tbr details see Section 3). 

Catalytic hydrogenation (H2/Pt /CH:CI:)  [11] of 
4a-e  gave the corresponding ansa-alkylene-bis[l- 
(4,5,6,7-tetrahydroindenyi)]ZrCl., complexes in good 
yield. The diastereomeric ratio was, of course, not 
changed during this procedure except tbr close to negli- 
gible alterations caused by the work-up procedure. 

The preparation of the ansa-titanocene complexes 
was carried out by reacting the deprotonated ligand 
systems 3a-e with TiCI 3, followed by oxidation using 
FeCI 3 [12]. The ansa.cycloalkylene-bis(indenyi)titanium 
dichlorides were then directly hydrogenated to give the 
corresponding bis(tetrahydroindenyi)TiCI2 systems 
7a-e in good yield after filtration through a short 
column of deactivated (silanated) silica gel. The rl:rl' :ml 
diastereomeric ratios were found to be in a similar range 
as observed for the related zirconium complexes. Only 

7a seems to be a notable exception exhibiting a rela- 
tively large content of one of the racem-like forms (see 
Table 1). 

In the case of the zirconium and hafnium complexes 
our attempts to separate the isomers and obtain some of 
the ansa-metallocene diastereomerically pure have so 
far been without success. In contrast, chromatography at 
silanated silica gel provided us with pure samples of 
several of the major ansa-cycloalkylene-bis(tetrahydro- 
indenyl)titanocene dichloride complexes as single pure 
diastereoisomers. Thus, chromatography of the 7a 
(rl:rl':ml = 42:2:56) mixture with petrol-dichloro- 
methane 10:1 furnished the pure major isomers 7a.rl 
( R f  = 0.41) and 7a-ml (Rf = 0.26). From the mesa-like 
isomer, single crystals suitable for an X-ray crystal 
structure determination were obtained (see below). Sim- 
ilarly, the pure mesa-like isomer and one of the racem- 
like isomers were isolated in sizeable quantities (see 
Section 3) by chromatography of the 7b mixture of 
diastereoisomers [see Table I; Rf = 0.23 (7b-ml), 0.39 
(7b-rl)]. In this case single crystals of both the major 
racem-like and the mesa-like forms, that were suited for 
the X-ray crystal structure analysis, could be obtained 
by recrystallization from dichloromethane. Partial chro- 
matographic separation of the 7e isomers was achieved 
similarly. Here the 7e.ml diastereomer was obtained 
pure (and as single crystals), whereas a 90:10 enriched 
7e.ri-Te-rl' mixture was only obtained after chro- 
matography and repeated recrystallization. 

2.2. X-ray cO,stal structure attalyses of the ansa° 
titanocene complexes 

X-ray crystal structure analyses were carried out with 
the mesa-like ansa-titanocene complexes 7a-ml and "/e- 
ml. and with the pair of racem°iike and mesoolike 
isomers 7b.rl attd ?b-ml. In all these complexes the 
titanium center attains the usual pseudotetrahedral coor- 
dination geometry [13]. The TioCP(centroid) distances 
are in the range between 2.05 A and 2.10A, which is 
similar to that observed for the parent compoun@ ethy- 
lene-bis(tetrahydroindenyl)TiCl2 (rues°'9:2.08 A. race 
9: 2.10,~) [14]. The racem-like complex 7b;rl is C,- 
symmetric. The Ti=CI distance is 2.3396(10)A [15] and 
the CI-Ti=CI angle 94.71(6) °. The corresponding 7b-ml 
isomer shows very similar essential bonding features: 

0 

Ti-CI(I) = 2.360(2) A, Tt-Cl(2) ~ 2.315(2) A. Cl(l)- 
Ti-CI(2) 94.35(7) °, Cp(centroid)=Ti-Cp(centroid) 
129.3 ° (7b-rl: 129.0°). The structural similarity is much 
more pronounced for the 7b.rl-7b-mi pair than for the 
rac-9-meso-9 pair of the 'Brintzinger-ansa-titanocenes' 
(Cp(centroid)-Ti-Cp(centroid): 128 .5°, 129.5°; CI-Ti= 
CI: 96.36 °, 92.7°; a (angle between the plane~ :~f the 
annulated Cp-ring systems) 57.6 °, 58.0 ° [14]. "ibis may 
indicate that the annulated six-membered ring system 
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Fi~, I, Two [woj~Oofl.~ of [ho molectdar ~¢lr~e~ of the ~o~,o!i|ao~¢o~ dichlo~ldc~ 'tb.rl (teh) and ~-,Co9, sho.i.g their close structural 
~imil~city, 

indeed makes the an+a+metailocene mope rigid, it ap+ 
peats that the residual +onformalional flexibility that is 
still fe~tto~ with the unsubstituted ethylene-bridge, and 
thus allows for the differences in structural detail ob. 
served of the rac.9=meso.9 pair, is lost upon introduc- 
lion of the bridging ring systems, which leads to a 
f e e b l e  similarity of the essential structural data in 
the complexes ?b-rl and ?b-ml. Nevertheless, there is a 

r~to~kable structural similarity between the paint  
'Brint~inger.co|nplex' ra('-9 [14] and its 
cyclohexylene°bridged relative ?b-rl. This very close 
structural relation is visualized in Fit}. I. 

in t ~  three meso-like complexes 7e-c.ml the anno- 
iated tetrahydroindenyl six-membercd ring systems are 
arranged in such a way that they perfectly shield one of 
the Ti=CI moieties from above and below (see Fig, 2), 

Table 2 
S e ~  ~tructural I)~rart~t~ of ~sa4itano~ne dichlorides 

Com~-,~ Ti=~ i ) (A) Ti=CK2) (A) 

?~ 2,3~4) 2,31~4) 
~::~)-9 ~ 2,34(1 ) 2.3S(2) 

CI-Ti-CI (de~) TI=D (~) ~ D=Ti=D (deg) ~ (deg) h 

93,98(3) 2.095/2, |01 130.3 57.? 
~ 35(?) 2,084/2.0~) 129,3 .Sg,0 
94,7 if6) 2,102 129,0 57. I 
95,0(2) 2,050/2,083 128,? 59.0 
92.7(4) 2,076/2,081 129.5 58.0 
96,3~2) 2,096 128,.s .S7,6 

AnS~ b ~  the pla~,~ of ~h~ annula~l Cp-rmg systems. 

~ r4~n fn~m Ref, [14], 
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Fig. 2. Two pt'ojections o1' the moh:cular geometries of the nlcso,lik¢ ansaotitanoccne dichloride conlplexes '?a.ml (top), ?h.ml (center). and 7¢.ml 
(bottom). 

This sterical influence even shows up clearly in the 
Ti-CI distances (Table 2). The Ti-CI bond inside the 
'tetrahydroindenyl sandwich' is markedly shorter (by 
about 0.04,~) in each case. This rigid arrangement of 
the shielding annulated cyclohexene ligand moieties is 
likely to make the corresponding sectors in the active 
Ziegler catalysts derived from these systems inaccessi- 
ble for both the incoming monomer (e.g. propene, see 

below) and the growing polymer chain, it appears that 
the increased rigidity of the framework, introduced by 
the cycloalkylene connection, holds the tetrahydroino 
denyl six-membered rings consequently in a pertbct 
shielding position in the meso-like complexes, which 
results in a dramatically reduced catalytic activity of the 
Ziegler catalysts derived from these diastereoisomer0~ 
(see for a comparison Ref. [16]). The siik, ldi,ng is 
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marginally ~uced  on going fi'om a five-membered 
bridge (?a-ml) through the six- to the seven-membered 
ring bridged system (Tc.ml. see Fig. 2). In contrast, the 
racem-like ansa-me~locene system 7b-rl shows no 
special or increased shielding of sectors at the front side 
of the bent metallocene wedge as compared to its parent 
compound rac-9 (see above). 

2.3. Propene polymerization reactions 

Table 3 
A comparison of the propene polymerization activities (in kgpoly- 
mer/(g[Zr]h bar)) of the ansa-zireonocene dichloride/MAO Ziegler 
catalysts ~ in toluene solution at various temperatures 

Metallocene - 15°C O°C 25°(2 50°C 75°C 

4a 0.24 0.38 4.6 10.5 14.2 
46 0.36 !. ! 3 9.4 22. I 24.8 
4¢ O. ! 9 0.47 5.5 t 3.7 22.4 
4d O. ! I 0.2 ! 1.3 3.3 2.4 
4e O. 19 0.90 i 4.9 3 ! .4 59.0 

511 
The ansa-metallocenes were activated by treatment sc 

wi~ a large excess of MAO (AI/M ratios varied be- .~ 
twcen 5 ( ~ - 5 ~ ) .  Mostly the polymerization reactions 
were carried out in dilute toluene solution under 1,4 bar 
of propene. Under these conditions the racem-like 
an~.tit~ocen¢ complex 7a.rl featured a propene poly- 
m e r i z a t i o n  a c t i v i t y  o f  a = 
100 g polypropylene/(g [Ti] h bar) at 0 °C. The obtained 
polymer is isotactic (~C NMR methyl pentade analysis: 
enantiomorphic site control. 94% mmmm) [17] (also. 
for the statistical treatment of the obtained NMR data 
see Ref. [18]) and has a molecular weight of /~,~ 
32000. Thus the rigidity of the 7a-rl framework has 
lead to a slightly better catalyst performance as com- 
pared to the rac.9 reference (a ~ 40, 86% mmmmm. 
M, ~ 13000 at -8 °C  [19]). As expected the corre- 
sponding meso-like aasa-titanocenes 7a-ml and 7b-ml 
~ w e d  no propene polymeri~,ation activity when acti~ 
rated by treatment with MAO, The 7e.ml/MAO catao 
ly~t produced ca, lOOmg of a slightly isotactic 
polypmpylene at 2~ °C (~9~ mmmm', , -  26), This is 
about the same isotacticity a~ wa~ obtained in the 
pro~ne polymerization reaction employing the ~ , ~  
enriched 7e.rl isomers (a- 3.~0. 63% mmmm), So it 
cannot be excluded that the small observed 7e.ml cab 
alytic acttvny actually may have originaled i~m a small 
7e.rl contamination, 

We conclude that the diaste~meric cyclmlkylene- 
f u ~  an~qitan~ene complexes indeed exhibit an enor- 
mous difference in Ziegler catalyst activities. The 
racemdike systems show a normal activity towards 
propene polymerization, whereas the corresponding 
I~iso~like systems appear to be inactive. From the 
obtained structural information it seems likely that this 
large difference in reactivity at the active catalyst stage 
is mainly due to a very effective shielding of two 
C,-symmetry related sectors above and below the bent 
n~talloc~ne o'-phne by the annulated tetrahydroindenyi 
sixomembe~ rags, rigidly held in their position by the 
conformationally rather inflexible backbones of the~ 
very ~tallocenes, 

Unfortunately, the corresponding racem-like and 
me~-Iike s ' - ~ .  ao~,rco~ene dichloride diastereoisomers 
were not o b l a i ~  as pure diastereoisomers. We have. 
however, obtained three mixtures of different composi- 
tion of tl~ trans. 1,2..cyclobeptylene-bis[ I -(4,5,6,7.tetra- 

0.04 0.18 0.74 6,5 8,9 
0.06 0.46 2. I 8.9 18, I 
0,56 0,76 5.4 27,8 36.4 

a In each ca.~ the original mixture of the two racem-like and the 
me.~-lik¢ i~mers were used (see Table I). 

hydroindenyl)]ZrCl: 5c. Fractionating crystallization of 
the original 25:15:60 mixture of the 5e.rl, 5c.rr. and 
5e-ml isomers gave a mixture that was enriched in the 
meso-like form (12:7:81 ratio) plus a fraction that was 
depleted in this isomer (32:18:50). These three mixtures 
were employed in .separate propene polymerization ex- 
periments (MAO activated, A h Z r -  600, 25°C in 
toluene solution at 1,4bar propene pressure). All three 
experiments produced almost identical polypmpylene 
samples (M,~ ~ 17000. isotactic, enantiomorphic site 
control, ca. 95% mmmm), but with very different activi- 
ties [a~750gpolypropylene/(g[Zr]hbar) with the 
12:7:81 rl:rl':ml mixture: a ~ 1500 (25:15:60): a ~ 2200 
(32:18:50)]. This indicates that the meso-like cycloalky° 
leneofu~d ansaometallocene catalyst system also in the 
case of zirconium is practically inactive in propene 
polymerization as compared to the racem°like di° 
astereoisome~. Therefore, the series of ansaozircono~ 
cene complexes 4 and $ was employed as catalysts in 
homogeneous MAO-activated propene polymerization 
reactions as mixtures of the three diastereoisomers di- 
rectly as they were obtained from the synthesis (see 
above and Table I). This provided some information 
about systematic trends of essemial features of these 

Table 4 
A comparison of ille i~aeticities ('~ mmmm ~) of l~lypmpylene 
formed at the au~°~ircoaocene dichloride/MAO catalysis in toluene 
a~ various tem~ratures" 

Me~Ik~ene 15 °C J'~ " °C - ( ( 25 50~C 70~C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4m 93 91 ~ ~6 83 
4b > 95 V5 O4 92 77 

~ ~ ~1 ~7 7~ 
4d 89 89 84 79 56 
4e > 95 95 95 ~) 76 

Sa 95 95 94 8v 79 
5¢ > 9~ > 95 95 82 43 
$e > 95 > 95 94 81 63 

Detenuined by i~C NMR pentade analysis. 
*" See f ~ n ~ e  a in Table 3. 
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Table 5 
Molecular weights (M,~ × 1000) of the polypropylenes formed at the 
ansa-zirconocene dichlonde/MAO Ziegler catalysts in toluene solu- 
tion at various temperatures" 

Metallocene - 15°C O°C 25°C 50°C 70°C 

41t 75 51 28 I I 3.8 
4b 162 42 26 7 2.8 
4c 69 38 24 7 2.8 
411 62 35 24 !0 5 
4e 94 55 28 7 4 

Ka 33 25 9 5 3.3 
5¢ 45 27 16 2.6 1.4 
r,~ 54 44 15 6 1.6 

a See footnote a in Table 3, 

polymerization reactions in dependence of the size of 
the fused cycloalkylene ring system. For the purpose of 
a comparison the simple acyclic systems 4e and Se were 
included in this systematic study as a reference. The 
trends of several characteristic features of the propene 
polymerization reactions (isotacticities, molecular 
weights, polymerization activity, and their temperature 
dependence) are summarized in Tables 3-5. 

The data featured in Table 3 to Table 5 show that the 
differences in Ziegler catalyst performance among the 
4 a - d / M A O  (and their respective tetrahydroindenyl 
offsprings $) are marginal. There appears to be a slight 
trend indicating that the six-membered annulated system 
4b represents the optimum in the series. This is cer- 
tainly true for the stereoselectivity and probably also 
holds for the activity values. However, it has to be 
stressed that the differences in these respective numbers 
are rather small. It seems to he evident l'rom the data 
given in the tables th,tt the catalyst performance in 
general seems to l'all slightly ofT towgtrds the eight° 
membered ring system (4d), although the open°chain 
ansa-metallocene references (4e, Se) (for related sys. 
terns see Ref. [20]) are better with regard to catalyst 
activities and stereoselectivities (under analogous condi- 
tions the original 'Brintzinger-system' rac,-9/MAO 
gave at 25°C a polvpropylene sample showing 94% 
mmmm, a = 8.7, M,~ --- 27 000). Only at the highest 
polymerization temperatures did the small ring fused 
ansa-zirconocene dichloride/MAO catalysts seem to 
give rise to slightly higher isotacticities, a trend that is 
even more pronounced when the polymerization reac- 
tions are carried out in liquid propene under 'technical 
conditions'. "~ 

In comparing the activity data one must bear in mind 
that only the racem-like isomers of the systems 4a-d 
and 5a,e appear to serve as the active components in 
these catalyst systems. Since these represent only the 

nfinor isomers of these complexes obtained from the 
direct syntheses, the actual activity values must proba- 
bly be regarded to be about two to four times higher, 
which brings them in close proximity to the open chain 
references (4e, 5e). However, as a separation of the 
respective isomers has turned out to be impractical, the 
use of the cycloalkylene-bridged ansa-metallocenes does 
probably not offer any advantage over the simple ansa- 
metailocene catalyst precursors described in the litera- 
ture [1-4]. However, these systems may provide a 
simple entry into optically active ansa-metallocenes (via 
their optically pure trans-l,2-alkandiol-precursors), 
whose catalytic and stoichiometric use in organic syn- 
thesis is foreseeable [21] (see also Ref. [22]). 

Eventually, the hafnium system 8b (23:17:60 mix- 
ture) was also tested in a propene polymerization reac- 
tion. As expected, the catalyst activity was low (a = 
67gpolypropylene/(g[Hf]hbar) at 25°C) and an iso- 
tactic polypropylene was obtained ( > 95% mmmm, M,7 
= 46000). 

3. Experimental section 

All reactions were carried out in an inert atmosphere 
(argon) using Schlenk-type glassware or in a glovebox. 
Solvents (including deuterated solvents) were dried and 
distilled prior to use. Instruments used for characteriza- 
tion include Bruker WP 200 SY and AC 200 P NMR 
spectrometers (~H: 200MHz, ~'~C: 50MHz). Nicolet 5 
DXC FT.IR specti~,meter, Finnigan MAT 312 and Varo 
Jan MAT CH7 MSospectrometers (70eV), FossoHeraeus 
CHN.Rapid (CH elemental analyses), DuPont 910 DSC. 
Silica gel was silanated by adding trichloromethylsilane 
to 0.063 mm silica gel (Merck) in cyclohexane. Xoray 
crystal structure analyses: Enraf Nonius CAD4 diffra¢o 
tometer; programs used: SH~LX 86. SCHAKAt Prol~ne 
polymerization reactions and polymer analyses were 
carried out analogously as previously described by us 
[10]. 1,2-Diol starting materials and their respective 
tosylates or mesylates were prepared by standard litera- 
ture procedures. For clarity the two racem-like metal- 
locene isomers are marked A and B, and the mesoolike 
metallocene diastereomer is marked C in the description 
of the NMR spectra of these respective compounds. A 
non°syst~,matic atom numbering scheme is used 
through,rot Section 3, denoting the cycloalkylene carbon 
centers as !' to n'. while numbering the indene frame- 
work in the usual way (i.e. I to 9). 

3.1. Preparation of the trans- 1.2,bis(indenyi)cych,alo 
kanes, general procedure 

TWe thank the Htmchst metallocene group tbr helping us to carry 
out the polymerization experiments in liquid propene. 

n-Butyl lithium (105 mmol) in n-hexane is added 
dropwise to a solution of 100retool of indene in 100ml 
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TXF. ~ rnixtUrre is th~n stirred for 2 h at ambient 
temperature. At 0*C a solution of 45 mmol of the 
ditosylate of the respective 1,2-cycloalkane dioi, dis- 
solved in 150ml of THF, is added. The mixture is 
stirred for 5 h at ambient temperature and then refluxed 
at 50*C for 3 - 4days. The mixture is hydrolyzed with 
150ml of water, and 150ml of ether is added. The 
organic phase is separated and washed with water (3 x ). 

combined aqueous layers are extracted with ether 
(2 X 5Oral), The combined ethereal ph~es are dried 
(NazSO4L and the solvent is removed in vacuo. Oily 
products are purified by column chromatography, solids 
by rec~stallization, 

3.1.1. trans- l.2-Bisf 3-indenyl)cyclopentane 2a 
l ~ n y l  lithium was formed by treatment of 43.6g 

(0.38 moil of indene in 300ml of THF with 225 ml of a 
1.6M solution of n-butyl lithium in n-hexane, trans- 
1.2-Cyclopentylen-bis(p-toluolsuifonate) (In. 62.0 g, 
O.15mol). dissolved in 30Oral of THF. was added and 
the reaction mixture refluxed for 72 h. then hydrolyzed 
and extracted with ether to give 2a as a viscous oil. 
yield 35g (78%). For characterization an aliquot was 
purified by chromatography (silica gel, ether-pentane 
5:1). 'H NMR (CDCI~): 8 ~, !.80-2.21 (m. 6H. Y-. 
5'-H): 3.40 (m, 4H, I-H); 3,62 (m. 2H. !'-. 2'-H); 6.29 
(m, 2H, 2-H): 7.11=7.63 (m, 8H, 4- to 7-H). ~C NMR 
(CDCI~): B--24.8 (=CH;. C-4'); 32,8 (CH:. Co3', 
o~'): 38,0 (=CH:, C-I): 43,4 (=CH. C°l'. C-2'); 119.9. 
124,1,124,7, 126.2, 126,8 (~CH. C-2.-4 to-7); 145.3, 
145,8, 147.9 (=C, Co3, ..8, ..9). IR (KBr): P (era :~ )~- 
3052.29~7. 2868. 1607. 14~, 1402. 973. 775. 714. MS 
(El, 70eV): m/z (%)-298  (M*, 18), 182 (38), 120 
(56), 105 (100), 84 (78), 77 (66), 67 (84). Anal, ealcd, 
for C:~H:; (298,43) C, 92,60: H, 7.43; found: C, 92,10: 
H, 7,81. 

3.1.2. trans~ 1.2,Bis~ 3,indenyDcyclohexane 2b 
Inde~ (28.9g, 0.25mol), dissolved in 200ml of 

THF, was treated wi$138 ml of n-butyl lithium solu- 
tion in hexaae (0,22 moll at 0 °C, After 3 h a soludon of 
zrans~i,2ocyclohexylen.bis( p-toluolsullonate) Ib 
(42,$ g, O, IOmol) in 200ml of THF was added. Work-up 
after 72 h of reflux and recrystallization from acetone 
yielded 9,4g (30% of 2b as a solid, re.p, 146°C ~H 
NMR (CDCI~): i$~ I.SI (m, 4H); 1,88; 2,20 (each m, 
each 2H): 3.10 (m, 6H, I~, I'-, 2'-H); 6.02 (br s, 2H, 
2oH); 7,12 (t, 2H, 5-H, ~J,, ~ 7.3 Hz); 7,25 (t, 2H, 6°H, 
~d~.~tt " 7,3 Hz): 7,36 (d, 2H, 4-H, '~JHt~ ~ 7,2 Hz); 7,43 
(d, 2H, 7~H, ~J,H" 7,2Hz), t~C NMR (CDCI~): $ ~  
26,8, 34,4, 37,7 (=CH,, Col, -3'. -4', -5', -6~); 40,6 
(-CH, C~i',-2'); 118.9, 123,6, 124.1, 125,7, 126,6 
(~CH, C=2, ~ to-7); 144,7, 145,3, 1"48,2 (C-indene, 
C-3,-8. -9), IR (KBr): i~ (cm =~ ) = 3065, 2923, 2882, 
1604, 1457, 1390, 972, 767, 718, MS (El, 70eV): m/= 
(%)~ 312 (M +, 35), 196 (I00), 115 (70), 81 (50), 77 

(30). Anal. calcd, for C24H24 (312.45) C, 92.26; H, 
7.74; found: C. 92.06; H, 7.69. 

3.1.3. trans- l.2-Bis( 3-indenyl )cycioheptane 2c 
Treatment of 43.9 g (0.10 moll of the ditosylate le in 

200 ml THF with 30 g (0.25 moll of indenyl lithium, in 
situ gene~ted in 250ml of THF, at O°C, followed by 
48h reflux at 50°(2 and work-up as described above 
gave 13.7g (42%) of 2¢, m.p. 105 °C. tH NMR CDCI3): 
8 = 1.50-2.08 (m, iOH, 3'- to 7'-H); 3. I 1 (m, 4H, I-H); 
3.38 (m, 2H. 1% 2'-H); 6. II (br s, 2H, 2-H); 7.00-7.47 
(m. 8H. 4- to 7-H). t3C NMR (CDCi.~): 6 = 27.1, 30.2, 
32.9 (-CH.,. C-Y to -7'); 37.8 ( -CH, ,  C-I); 42.0 
(-CH, C-I ' , -2 ' ) ;  !19.3, 123.4, 124.5, 126.0, 126.3 
(-CH. C-2, C-atom,); 145,1, 145.7, 149.3 (-C, C-3, 
C-arom.). IR (KBr): ~ (cm-~)~ 3052, 2930, 2855, 
1607, 1464, 1402, 1027, 973, 782, 721. MS (El, 70eV): 
m/z (%)= 326 (M +, 28), 210 (74), 167 (85), 141 
(100). 128 (95), 115 (87). Anal. calcd, for C.,sH., 6 
(326.48) C. 91.97; H, 8.03; found: C, 91.76; H, 8.24. 

3. !.4. trans- 1.2-Bis( 3.indenyl )cyclooctane 2d 
Treatment of 34,9 g (0.30 moll of indene in 200 mi of 

THF with 175ml of a 1.6M n-butyl lithium solution 
(0.28mol) in hexane tbilowed by reaction with 59.0g 
(0.13moll of the ditosylate la in 300rnl of THF (60h 
reflux) gave 32.9g (72%) of 2d. Part of the product was 
purified by chromatography at .dlca gel (ether-petrol 
10:1) for characterization, 'H NMR (CDCI~): i ~  
1.47=2.21 (m, 12H, Y° to 8'oH); 3.10 (m, 2H, I'-, 2'-H): 
3.42 (m, 4H. loll); 6.23 (br s. 2H. 2oH): 7.11=7.61 (m, 
8H, 4o ,o 7°H). I~C NMR (CDCI~): 6 ~  25.3, 29.1, 30.3 
(=CH~, C-Y to o8'): 35.4 (~CH, Col', o2'); 36.7 (~CH~, 
Col); 118.2, 122.8, 123.4. 124.7. i24.8 (-CH, C-2, 
Coarom.); 137.8, 147.2, 150.(1 (=C, C-3, C°arom,). IR 
(KBr): i~ (cm =l ) ~ 3052, 2910, 2861, 1614, 1464, 1389, 
775. 727. MS (El, 70eV): m/:  (%)= 340 (M*, 20), 
167 (64), 141 (100), 128 (96), 115 (92), 67 (79). Anal. 
caled, for C:~H~ (340.51)C, 91.71; H, 8,29; ibund: C, 
91.32; H, 8.18. 

3,1,5. 2.BhY 3-hulenylJpropml¢ 2e 
27,9g (O.24mmol) of indene in 200ml of THF was 

treated with 132 ml (0,22 moll of a 1.6 M n-butyl lithium 
solution in hexane, followed by addition of 38.5g 
(O,10mol) of the ditosylate le in 250ml of THF. Work- 
up after 48h at 50°C yielded 18.0g (66%) of 2e as a 
pale yellow oil. IH NMR (CDCI~): /3~ 1.24 (d. 3H, 
3-H, Jlut ~ 6,5 Hz); 2,60-3.08 (m, 3H, I '- , ,-H); 3.22 
(s, 4H, I-H); 6.16 (m, 2H, 2-H); 7.05-7,55 (m, 8H, 
H-4, -7), I~C NMR (C~I~):  ~=  19.8 (-CH~. C-Y); 
31,1 (-CH, C-2'): 34.2 (-CH,, C-I'); 37.6, 37.7 ( -  
CH:, C-I); 119.3, 119.6, 124.0. 124.8, 126.2. 126.3. 
126,6, 128.3, 128,8, 133.1 (-CH, C-2, C-atom.); 143.2, 
144.8, 145.1, 145.2, 146.0, 150.1 t-C, C-3, C-atom.). 
IR(NaCI): i~ (cm -~ ) = 3059, 2971, 2923, 2854, 1696. 
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1607, 1457, 1396, 775, 721. MS (El, 70eV): m / z  
(%)= 272(M +, 18), 156(39), 142 (76), 128 (100), 10S 
(96), 77 (98). Anal. calcd, lbr C,IHa o (272.39) C, 
92.60: H, 7.'40: found: C, 92.55: H, 7.70. 

3.2. Preparation of the tmns-l,2-cycioal~,len-bid l-in- 
denyllithium) compounds 3, general procedure 

100mmol of the substituted indene starting material 
is dissolved in 100ml of THF. At 0°C 105 mmol of 
n-butyl lithium in n-hexane (I.6M) is slowly added. 
The mixture is stirred for 4 h at room temperature. The 
product has precipitated during that period of time and 
is collected by filtration, washed with pentane (2 × 
100ml) and dried in vacuo. Characterization is cmxied 
out by NMR spectroscopy in benzene-d(,-THF-ds. 

3.2.1. trans- l.2-Cyclopent3qen-bLd i-indenyllithium) 3a 
Treatment of 10.0g (33.5 retool) of 2a in 100ml of 

THF with 46. ! ml (73.7 mmol) of 1.6 M n-butyl lithium 
in hexane gave 9.6g (92%) of 3a. ~H NMR (benzene- 
d6-THF-ds 20:1): 6 -  1.79-2.75 (m, 6H, 3'-, 4'-, 5'-H); 
4.19 (m, 2H, i'-, 2'-H): 6.11 (d, 2H, 2-H, ,aj -- 3 2 Hz); ItH 
6.90 (m, 6H, 3-, 5-, 6-H): 7.61 (d, 2H, 4H, adm! 
8. I Hz); 7,92 (d, 2H, 7-H, "~JInl --- 8. I Hz). 

(90,4 mmoi) of 1.6 M but)~l lithium solution in hexane to 
yield 12.9g (89%) of3d, H NMR (benzene-d6-THF-d s 
20:1): 6 = 1,80-2.58 (m, 12H, 3'- to 8'-H); 3.69 (m, 
2H, r-, 2'-H); 6.18 (d, 2H, 2-H, 3Jan = 3.1 Hz); 6.76 
(d, 2H, 3-H, 3JHH = 3.1 Hz); 7.00 (m, 4H, 5-, 6-H); 7.80 
(m, 4H, 4-, 7-H). 

3.2.5. trans-l,2-Propylen-bis( l-indenyllithium) 3e 
5.0g (18.4mmol) of 2e was treated with 24.2ml 

(38.7 mmol) of 1.6 M n-butyl lithium in hexane analo- 
gously as described above to give 4.8 g (96%) of 3e. I H 
NMR (benzene-d6-THF-d 8 20:1): 6 = 1.73 (d, 3H, 3'-H, 
3Jnn = 6.8 Hz): 3.45 (m, 2H, I'-H): 3.96 (m, I H, 2'-H); 
5.74 (d, I H, 2- or 2 *-H, 3JHn = 3.1 Hz): 5.82 (d, I H, 2- 
or ")"-H, 3j - Ha = 3.1Hz); 6.39 (d, IH, 3- or 3 " H ,  
3JnH = 3. I Hz); 6.52 (d, I H, 3- or 3 '-H, ~Jnn = 3.1 Hz); 
6.82 (d, 2H, 4-, 7- or 4"-, 7 "-H; "~JHH = 8.0 Hz); 6.85; 
7.42 (each m, each 2H, 5-, 6-, 5 *-, 6 "-H); 7.77 (d, 2H, 
4-, 7- or 4" -, 7 ~ H, ~Jnn - 8.0 Hz). ~3C NMR (benzene- 
d~,-THF-d~ 20:1): 8--- 15.4 (-CHa,  C-Y); 34.5 ( -CH, ,  
c- r ) ;  36.8 (-CH, C-2'); 89.4, 89.5 (-CH, C-3,-3");  
106.0, I 1 !.3 (-C, C-I, -1" ): 110.9, i 13.0, 115.5, 115.7, 
i 15.8, I 15.9, I 18.9 (double intensity), 120.5, 120.6 
(-CH, C-2, -2", -4 to -7, -4" to -7" ); 124.3, 124.8, 
127. !, 128.3 (-C, C-8, -9, -8", -9" ). 

3.2.2. trans- I. 2- Cycloherylen-his( I- in&,nyllithi,m) 3b 
Analogously as described above 12.09 (38.4mmol) 

of 2b in 100ml of THF was treated with 52.8ml 
(84,5mmol) of a 1.6M nobutyl lithium solution in 
hexane to yield I I.0g (89%) of 3b. ~H NMR (benzene- 
d,=THFodH 20:1): / ~  1.65=2.35 (m, 8H. Yo to 6'-H); 
3,67 (m, 2H, ro. 2'~H); 5.81i (d, 2H, 2°H. ~.1.. ~: 3.2 Hz); 
6.57=6.77 (m, 6H, 3-. 5°. 6-H); 7.30. 7.77 (each d. 2H. 
4~, 7°H, Jml ~ 8.0 |it). NMR (benzene-d,=THF-d~ 
20:1): tS~ 28.8. 38.8 (=CH:,  C-3 ' , -4 ' . -5 ' .  o6'); 44.4 
( -CH,  c . r . . 2 ' ) :  90.0 (=CH, C-3): 112.2 (-CH, C.2): 
114.2, 118.4, 119.9 (=CH, C-4 to -7); Il l .8,  124.7, 
128.3 (=C, C- I, -8, .9). 

3.2.3. trans- i,2.Qz'lohepo'len.bL~4 i-imh, nyllithium) 3c 
Treatment of 14.09 (42.9mmol) of 2c in 100ml of 

THF with 59 ml (94.4 retool) of a 1.6 M n-butyl lithium 
solution in hexane analogously as described above gave 
12.99 (89%) of 3e. t H NMR (benzene-dt,-THF-d~ 
20:1): 6 =  !.81-2.38 (m, IOH, Y- to 7'-H): 4.03 (in, 
2H, r-, 2'-H); 5,93 (d, 2H, 2-H, ~J = 3.2 Hz): 6.80- i i i i  
7.00 (m, 6H, 3-. 5-, 6-H): 7.49 (d, 2H, 4-H. ~J -~ I t l l  
8.0Hz); 7.91 (d, 2H, 7H, ~,lml =8.0Hz). ~*~C NMR 
(benzene-d,-THF-d x 20:1): 8 = 27.6, 29.4, 38.3 ( -  
CH,,  C-Y to -7'): 46.0 (-CH, c - r ,  -2'); 89.0 ( -Ci t ,  
C-3); II 1.8, 114.8, 115.3, 118.8, 120.3 ( -CIL C-2, C.4 
to -7): 114.6 (-C, C-I); 124.2, 124.4 (-C, C-8, -9). 

3.2.4. trans-l.2-CycloocO'len-bis( i-imlenyllithium) 3d 
Analogously as described above 14.0g (41.1 retool) 

of 2d in IOOml of THF was treated wit~, 56.5ml 

3.3. Preparation of the ansa-zirconocene dichlorides 4. 
general procedure 

Two reagent solutions are prepared, one by dissolv- 
ing IOmmol of ZrCI4.2THF in IO0ml of THF and 
another by dissolving the trans.l,2-cycloalkylen-bis(I- 
indenyllithium) compound ( IO retool) in 10t) ml of THF. 
From two dropping flmnels these two solutions are 
dropped slowly and simultaneously into a Schlenkoflask 
stirred fiw 5 h at room temperature and then stirred at 
reflux temperature (~  50°C) tbr another 24h. Solvent 
is then removed in vacuo. The diastereomeric ratio is 
determined from an aliquot by ~H NMR spectroscopy. 
The remainder of the product is washed with pentane 
(2 x 5Oral), dissolved in dichloromethane (100ml) and 
filtered from the precipitated lithium chloride. Solvent 
was removed from the clear filtrate and the product 
dried in vacuo. 

3.3. I, I t rans . i . 2 -Cyc iopen ty len°b i s (~q  ~-I° 
imh, nyl~]zirconium dichloride 4a 

Analogously as described above 4.0 g (12.9 retool) of 
the lithium compound 3a was reacted with 4.99 
( 12.9 mmo9 of ZrCi4 • 2THF to yield 2.8 g (47%) of ,la, 
m.p. 145°C (decomp.). The diastereomeric ratio 
(racem-like A:racem-like B:meso-like C) was deter° 
mined by integration of the respective indenyl 2-H and 
3-H I i-! NMR resonances (A:B:C-  19:13:68). 'H NMR 
(CDCI~): 8-- !.51-2.40 (m, 18H, 3'-, 4'-, 5'-H): 4.04 
(m, 6H, i-,' 2'-H); 6.03 (d, 0.7H, 2/3-H B, ~JHH ---- 
3.3 Hz); 6.18 (d, !. IH, 2/3-H a ~JnH = 3.3 Hz): 6.42 



A. St¢i~r,~t et aL / Journal ,~" Organomemllic Chemisto" 542 f 1997) ! 91-204 

(d, 2.1H. 2/3-H c. ~JH. ~ 3.3 Hz); 6.57 (d, 0.7H, 2/3- 
I1 ~ e=  == H , Jmt 3.3Hz); 6.37 (d, I.IH. 2/3-H A. 3Jxx 

3.3Hz); 6.44 (d, 2.1H. 2/3-H c, 3Jxx = 3.3Hz); 6.71 
(d. 2.1H, 2/3-H c. 3Jxn = 3.3 Hz); 6,88 (d, 2.1H, 2/3- 
H c. "~Jtm = 3.3 Hz), 7.00-7.92 (m, 24H, 4- to 7-H). IR 
(KBr): b (cm- ~ ) = 3073, 2957, 2875, 1464, 1396, 1348, 
1259, 775, 755. Anal. calcd, for C23H20CI2Zr (458,54) 
C. 60.25; H. 4.40; found: (2, 60.99; H, 4.97. 

3,3.2. [ t rans . l , 2 -Cyc lohexy len -b i s (v l  S-l-  
indenyl)]zirconium dichloride 4b 

Analogously as described above 2.8 g (8.8 retool) of 
the indenyl l ikuta reagent 31) was reacted with 3.3 g 
(8,8mmol) of ZrCl4.2THF to give 1.8g (44%) of 4b 
(A:B:C ratio 25:25:50), m,p. 185-195 °C (decomp,). 'H 
NMR (CDCI~): ~'-1.00-2.35 (m, 24H. 3'- to 6-'H); 
3.37-4.16 (m, 61,1, 1'-. 2'-H): 5,98. 6.38. 6.48. 6.5% 
6.71.6,,84 (each d, 8H, 2/3-H, ~JHH = 3.3 Hz); 6.25 (d. 
4H. 2/3-H. ~JxH- 3.3Hz); 6.97-7.96 (m, 24H, 4- to 
7-H). IR (KBr): ~ (era °~) -3063.  2923, 2858, 1445, 
803, 741. Anal, caicd, for C:~H::CI:Zr (472.57) C, 
61.00; H, 4.69; found: C. 59. l I: H, 5.01. 

3.3.3. l t r a n s . l . 2 . C y c l o h e p t y l e n - b i s ( ~ l  ~- 
indenyl)]zirconium dichloride 4c 

According to the general procedure as described 
above 6.6 g (19,4 mmol) of 3e was reacted with 7.3 g 
(19.4 mmol) of ZrCI~, 2THF to yield 5,7 g (60%) of 4c 
(A:B:C ratio 25:15:~), re,p, 174 °C (decomp,) *H NMR 
(CDCI~): /$-1,40 2,41 (m, 30H. Yo to 7'oH): 3,82, 
4.25 (each m. 6H. I'o° 2'oH); 5.95 (d, I.SH, 2/3H a. 
~J., - 3.3 H~): 6,18 (d, 1.8H, 2/3oH c, ~J,, ~ 3.3 FI~): 
6,22 (d, 0,gH, 2/3oH'. ~JH. "3.3 H~): 6,36 (d, 1~SH, 
2/3°Ha. ~Jrn" 3.3Hz): 6.44 (d. I.I~H. 2/3oH c, ~J,, 

3.3 H~):, 6,&~ (d, I,SH. 2/3oH c. ~JuN "3,3 H~); 6,72 
td, 0,gH, 2/3-H", ~Jn. "3,3 Hz): 6,84 (d, I.SH, 2/3° 
H c. ~J - 3.3 Hz)~ 6.90=7.90 (m, 24H, 4. to 7-H). IR HH 
(K_Br): ~ (era=t) -- 3073, 2930, 2861, 1464, 1348. 809, 
755. Anal. ealcd, for C:sH:~CI,Zr (486.60) C. 61.71; 
H. 4,97: found: C, 60,99; H, 5.37. HRMS, calcd, 
484,03022; found: ~.02866 ,  

3,3,4, [ t r a n s , l , 2 - C y c l o o c t y l e n . b i s f ~  *~,l. 
indenyl) /zi~onium dichloride 4d 

Analogously as described above 5,4 g (15,3 retool) of 
the lithium reagent 3d was reacted with 5,8g 
(15.3mmol) Z~Ia .  2THF to yield 4,1 g (53%) of the 
I~oduet ,td (A:B:C ratio 17:i3:70), m,p, 141 °C (de- 
eomp.) IH NMR (CDCI~): 6 ~  1.23=2.29 (m, 36H. 3 °- 
to 8'°H); 4,31 (m. 6H, I', 2'-H); 5.90 (d, 0,SH, 2/3°H ~, 
~J.. ~ ~3,2 H~).' 6.14 (d, 2,1H, 2/3-H c. ~JHn = 3,2 H~): 
6,22 (d. 1,0H. 2/3-H ^, ~Jn, ~ 3.2 H~): 6.38 (d, O, SH, 
2/3..H ~, ~J~, ~ 3.2H~);, 6.45 (d, 2.1H, 2/3-H c, ~,/.. 

3,2 H~), 6,52 (d, 2,1H. 2/3oH c, ~d.. ~ 3,2 Hz): 632 
(d, 1.0H, 2 /3-H a, ~J,, .- 3.2 Hz);. 6.86 (d, 2.1H, 2 /3-  
H c, ~J,, ~ 3.2 Ht), 6.98.-7.80 (m, 24H, 4- to 7-H). IR 

(KBr): ~ (cm -~ ) = 3072, 2923, 2855, 1464, 1451, 1266, 
809, 748. Anal. calcd, for C,6H2~CI,Zr (500.62) C, 
62.38; H, 5.23; found: C, 63.99; H, 6.07 

3.3.5. [ 1.2-Propylen-bis(715.1 -indenyl)]zircon ium 
dichloride 4e 

The reaction of 5.7g (20.Ommol) of the dilithio 
reagent 3e with 7.6g (20.Ommol) of ZrC! 4 • 2THF was 
carried out analogously as described in the general 
procedure (see above) to yield 7,4 g (86%) of the ansa- 
metallocene dichloride 4e, m.p. 163°C (A:B:C isomer 
ratio: 40:16:44). ~ H NMR (CDCI.~): ~ = 1.57, 1.59, 
!.62 (each d. each 3H, 3'-H, ~JHH ----- 6.7 Hz); 3,20-4.68 
(m. 3H. I'-. 2'-H); 5.90 (d, 0,5 H, 2/3-H n, ~J., "= 
3.4 Hz); 6.04 (d. 1.2H, 2/3-H a ~j , .  ,= 3,.4 Hz); 6, I I 
(d. 1.2H, 2/3-H",  "~JH, ~ 3,4Hz); 6,19 (d, 0,5H, 2/3- 
H", 3J.H = 3.4Hz); 6.32 (d, 1.3H, 2/3-H c, 3JHH----" 
3.4Hz); 6,36 (d. 1,3H, 2/3-H c, 3JHH = 3.4Hz); 6.38 
(d, 1.3H. 2/3-H c, 3Jm~ = 3.4 Hz); 6.45 (d, 1.2H, 2/3- 
HA. "~JHH = 3.4Hz); 6.57 (d, 0.5H, 2/3-H B, "aJHH--'-- 
3.4 HZ); 6.74 (d. 1.2H, 2/3-H ^, "aJHa = 3.4 Hz); 6.77 
(d, i.3H. 2/3-H c. ~JnN = 3.4Hz); 6,90 (d, 0.SH, 2/3- 
H ~. ~JHi~ ~" 3.4 Hz); 6,97-8.00 (m, 8H, 4- to 7-H, 4"- 
to 7 "-H). IR (KBr): i~ (cm ~ ) -~ 3066, 2957, 2868, 
1457. 1355, 809, 761. Anal. calcd, for C,IH~gCI,Zr 
(432.45) C, 58.33; H, 4.20; found: C, 58.98; H, 4.73. 
HRMS, calcd. 431.98195; tbund: 431.98323. 

3 .4 .  P r e p a r a t i o n  o f  the  a n s a .  
his( tetrahydroindenyl~=ir¢onim, dichlorides f S L general 
l,,~n,e&ooe 

Catalytic hydrogenat ion of tile ansao 
bi~(indenyl)zinzonium dichlorides was carried out ac- 
cording to a related literature procedure [I 1]: to a 
solution of ca, I g of the ansa-bis(indenyl)ZrCl, como 
plex in 60ml of dichloromethane is added 50rag ~af 
PRO:. The suspension is then stirred in an aut{xzlave i or 
7h under 60bar hydrogen pressure. The mixtme is 
filtered and solvent is removed in vacuo, The residu, e is 
taken up in a minimum amount of dicMoromethane :l~d 
filtered through a short chromatography colum~ of 
silanated silica gel with dichloromethane-petrol 5:1. 
Solvent is removed and the residue dried in vacuo. The 
diastereomeric A:B:C ratio is the, determined by inie- 
gration of the ~H NMR tetrahydroindenyl 2-H and 3-H 
r e s o n a n c e s .  

3,4, I, I trans-1,2-Cyclopentyhm-bis4 ~l ~-4,5,6. 7-tetrahy- 
droinde:o,Dlzirconium dichloride 5a 

Hydrogenation of 1,17 g (2,55 retool) of 4a was car- 
tied out as de~ribed above to yield I. I I g (94%) of Sa, 
re,p, I~:~C (decomi~,), the isoiner ratio alter work-up is 
A:B:C = 24:12:64, H NMR (CDCI,~): ~ = 1.02=2.50 
(m, 66H, 4 to 7-H, 3 °-, 4 °-, 50-H); 3.01 (m, 6H, I'-. 
2'-H); 5,72 (d, 0.9H, 2/3-H B, ~JHH -- 3.2 Hz); 5.76 (d. 



A. Steinhorst et aL / Journal of Organonwudlic Chemisto, 542 f 1997~ 191-204 

1.7H, 2/3-H A, 3Jan = 3.2 Hz); 5.96 (d, 1.7H, 2/3-H c, 
3Jan = 3,2 Hz); 6.09 (d, 1.7H, 2/3-H c, 3j ---, 3.2 Hz); 

" 1 t l 1  

6.13 (d, 1.7H. 2/3-H c, 3JHH = 3.2Hz): 6.25 (d, O.9H, 
2/3_H a, 3j,n = 3.2 Hz); 6.31 (d, 1.7H, 2/3-H c, 3jn, 
= 3.2 Hz); 6.44 (d, 1.7H, 2/3-H a, 3JH, = 3.2 Hz). IR 
(KBr): ~" (cm -I ) = 3080, 2943, 2875, 1464, 1266, 1102, 
1027, 809, 741. Anal. calcd, for C_,3H,sCI,_Zr (466.60) 
C, 59.21; H, 6.05; found: C, 61.03; H, 6.57. HRMS, 
calcd. 466.06027; found: 466.05920. 

3.4.2. [trans-l,2-Cyclohexylen-bis(,1L4,5,6,7-tetrahy- 
droindenyl)]zirconimn dichioride 5b 

Hydrogenation of 1.25 g (2.65 mmol) of 4b, carded 
out analogously as described above, gave 1.20 g (97%) 
of gb, m.p. 120°C. In this case a chromatographic 
purification was not necessary. A:B:C isomer ratio 
25:25:50. I H NMR (CDCI3): 6 = 1.00-3.22 (m, 78H, 
4- to 7-H, I'- to 6'-H); 5.53 (d, 3H, 2/3-H a . ,  3jH H = 
3.0Hz); 5.77 (d, 1.5H, 2/3-H c, "aJ,H = 3.0Hz); 6.06 
(d, 1.5H, 2/3-H c, a JaB = 3.0Hz); 6.08 (d• 1.5H, 2/3- 
H c, 3Jnn = 3.0Hz); 6.17 (d, 1.5H, 2/3-H a, "aJHH = 
3.0Hz); 6.41 (d, 1.5H, 2/3-H c, 3J~ m = 3.0Hz); 6.44 
(d, 1.5H, 2/3-H t'.'~,luu ~ 3.0Hz). iJ~ NMR (CDCla): 
~ -43 .1 ,  43.6, 47.4, 48.2 (-CH, C-I',-2'); 103.6, 
104.6, !10.6, 111.4, 115.9, 118.2, 121.3, 123.9 ( - C H ,  

C-2,-3);  !!9.9, 121.6, 125.5, 127.1, 129.8, 131.0, 
132.0, 133.2, 134.2, 135. I, 136. I, 137.2 (C-indene, C- I• 
-8, -9), CH., signals strongly overlapping. IR (KBr): P 
(cm°*)~3073, 2889, 2812, 1461, 1386, 798, 75~. 
Anal. calcd, for C:4Ha,CI~Zr (480.63) C, 59.98; H, 
6.29; found: C, 61.42; H, 6.36. 

3, 4.3. / transo I, 2. Cyclohepo,h,n.hisl r I ~ .4, 5, t~, 7. tetrahy- 
droindenyl)lzirconium dichloride 5c 

Hydrogenation of 1.705 (3.50retool) of 4e yielded 
1.56g (91%) of Se, m.p. 155°C, A:B:C ~ 25:15:60. ~H 
NMR (CDCIo): ~ ~ 1.00-3.5 (2m, 84H, 4° to 7.H, I'° 
to 7'olD, 5,45 (d, I.gH, 2/3-H A, aJnu - 3.0Hz); 5.50 
(d, 0.gH, 2/3-H II, 3J = 3.0Hz); 5.68 (d, i.8H, 2/3- I I H  

H c 3JnH ~3.0Hz): 6.01 (d, 1.8H, 2/3-H c, 3j _ ' I t  H 

3.0Hz); 6.05 (d, 1.8H, 2/3-H c, 3Jm I == 3.0Hz); 6.14 
(d, 1.5H, 2/3-H a, 3j --- 3.0Hz); 6.39 (d, 1.8H, 2/3- Htl 

H c. a J a n -  3.0Hz); 6.42 (d, 0.9H, 2/3-H n, 3jnn = 
3.0 Hz). IR (KBr): P (cm -~ ) - 3086, 2930, 2855, 1464, 
1266, 1102, 1027, 802. Anal. calcd, for C~sH.~CI:Zr 
(494.66) C, 60.70; H, 6.52; tbund: C, 61.02; H, 6.77. 

3.4.4. Itrans-i,2-Cyclooct).'len-bis(tl L4,5,6, 7.tetrahy- 
droindenyl)Jzirconimn dichloride 5d 

A suspension of 1.36g (2.72mmol) of 4d in 7Oral 
dichloro,nethane was hydrogenated and worked up an,~' 
ogously as described above to yield 1.19 g (82%) of :~d• 
m.p. 192°C• A:B:C = 17:14:69. IH NMR (CDCla):$ = 
1.05-3.40 (m• 90H, 4- to 7-H• 1'- to 8'-H)• 5.43 (d• 0.8H• 
2/3-H a 3JHH = 2.9Hz); 5.48 (d• 1.0H• 2/3-HA• 3j • I.~H 

= 2.9 Hz); 5.66 (d, 2. I H, 2/3-H c. 3JHn = 2.9 Hz); 6.02 
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(d, 2.1H, 2/3-H c, 3Jtl H = 2.9 Hz); 6.08 (d, 2.1H, 2/3-  
He• aJua =2.9Hz); 6.13 (d, 0.8H, 2/3-HB~ 3Jrm- 
2.9Hz); 6.39 (d, 2.1H, 2/3-H c, 3Jan =2.9Hz); 6.41 
(d, I.OH, 2/3-H a, a Jan = 2.9 Hz). IR (KBr): ~, (cm- l ) 
= 3068, 2923, 2855, 1464, 1457, 1259, 823, 761. Anal. 
¢alcd. for Cz6H34CI?Zr (508.68) C, 61.39; H, 6.74; 
found: C, 62.99; H, 7.07. HRMS, calcd. 506.10847; 
found: 506.10733. 

3 . 4 . 5 .  [ 1 , 2 - P r o p y l e n - b i s ( t  i 5 . 4 , 5 , 6 , 7 .  
tetrahydroindenyl)]zirconium dichloride 5e 

Hydrogenation of 1.18g (2.73 mmol) of 4e, carried 
out analogously as described above• yielded 1.15g 
(96%) of ge, m.p. (133°C) (decomp. > 194°C). Chro- 
matographic work-up was not necessary in this case; the 
A:B:C isomer ratio is 40:i6:44. IH NMR (CDCI~): 

= 1.24, 1.30, 1.33 (each d, 3H, 3'-H• 3JHH = 6.6 Hz); 
1.57, 1.92• 2.50, 2.99 (each m• 54H• i'-• 4- to 7-H); 3.61 
(m• 3H, 2'-H); 5.52 (d, 1.2H, 2/3-H a 3jH H = 3.0Hz); 
5.59 (d• 1.2H• 2/3-HA ~Jm~ = 3.0 Hz); 5.60 (d• 1.3H, 
2/3-H c, 3 J i t l t -  3.0Hz); 5.61 (d, 1.3H• 2/3-H c, ~JnH 
= 3.0 Hz); 5.83 (d, 0.4H, 2/3-H B• 3jH H = 3.0 Hz); 6.05 
(d, 1.2H• 2/3-H A, "~JH, = 3.0Hz); 6.14 (d, 0.4H, 2/3- 
Ha• "aJmt- 3.0Hz); 6.19 (d, 0.4H• 2/3-H a, ~aJan 
3.0 Hz); 6.23 (d, 12H, 2/3-H A• "~JHH = 3.0 Hz); 6.41 (d, 
0.4H• 2/3-H n, a,lmt = 3.0Hz); 6.43 (d, 1.31t, 2/3-H c. 
"aJHn ----- 3.0 Hz); 6.48 (d• 1.3H• 2/3-H c, ~Jnn = 3.0 Hz); 
IR (KBr): i~ (cm -~) = 3073, 2943, 2861, 1459, 1450• 
1375, 802, 755. Anal. calcd, for C,IHz,CI~Zr (440.57) 
C, 57.25; H, 5.95; lbund: C, 56.63; H, 6.06. 

3 . 3 .  P r e p  a ra  t io n o f  th e a n sa  ° 
bisftetr, ltydroindenyl)titanocene dichloride coml~lexes 
7. getleral procedttre 

A solution ot' the cydoaikyleneobis(indenyllithium) 
reagent 3 (10.Ommol) in 15Oral of THF is added 
dropwise to a suspension of lO.Ommol of TiCI=~ in 
100ml of THF at ambient temperature. The mixture is 
stirred for 2 h at room temperature• then refluxed (50°C) 
lbr 12 h. The mixture is cooled to room temperature and 
then charged with 1.7g (10.5 mmol) of FeCl~ in 50ml 
of THF. Alter 5 h solvent is removed in vacuo. The 
residue is taken up in dichloromethane and washed with 
water (3 × 100ml). The organic phase is dried (MgSO4) 
and the solvent is removed in vacuo. The residue is 
recrystallized from dichloromethane-pentane. The re- 
sulting ansa-bis(indenyl)TiCl~ complexes 6 were still 
not pure (see below) and were• therefore, directly sub- 
jected to subsequent catalytic hydrogenation without 
further spectroscopic characterization: a suspension of 
ca. l g of the respective crude product 6.  prepared as 
described above, is hydrogenated in 50 ml 
dichloromethane with 40rag PIO~ at 60bar hydrogen 
pressure in an autoclave for 6h at room temperature. 
The catalyst is removed by filtration and the solvent 
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e v a p m ~  in vacuo. The residue is taken up in 
dichlommethane and pas~d through a short silanated 
silica gel column. The A:B:C diastereomeric ratio is 

determined by integration of the I H NMR signals 
of ~ 2-H and 3-H tetrahydroindenyl resonances. In 

cases subsequent flash chromatography with 
pe~l-dichloromethane 10:1 at silanated silica gel gave 
several of ~ ~ diastereoisomers of 7. 

3.5.1. [trans- l.2-Cyclopent).ien-bis( ~ls-4,5.6. 7-tetratLv- 
droindenyl)ltitanium dichloride 7a 

2.90g (9.3retool) of the 1.2-cyclopentylen.bis(inde- 
ayllithium) reagent 3a was reacted with 1.43 g 
(9.3rnmol) of TiCl~ analogously as described in the 
general ~ e d u r e  above, Oxi~tion. work-up and re- 
c ry~ l i~ f iou  gave 1.7 g (44%) of the crude product 6a 
[anal, calcd, for C:~H:0CI,Ti (415,2): C. 66.54: H. 
4.86: found: C. 68.12; H. 5.05%] that was hydrogenated 
without further characterization. 1.5g (3.61 retool) of 
the crude titanium complex tm was hydrogenated analo- 
gously as described above to yield 1.6g (97%) of 7a, 
m.p. > 180°C (decomp.). A:B:C isomer ratio 42:2:56. 
Subsequent flash chromatography (silanated silica gel. 
petrol=dichloromethane 10:l) gave 0.60g of the pure 
racem-like diastereoi~mer A (R t ~ 0.41) and 0.75g of 
the recd..like diaslercomer C ( R~ ~ 0.26), Racemolike 
form A: !H NMR (CDCI~): ~ -  1.52 (m, 8H); 1.94 (m. 
6H): 2.58 (m, 6H): 3.10 (m. 2H); 3.42 (m. 2H); 5.77 (d. 
,~H, 2/3-H. ~J~ 3.1Hz): 6.64 (d. 2H. 2/3-H, ~J =- 
3,1H~). ~C NMR (CDCI~): ~+  20,7. 20,9, 22,9. 23,3. 

~' ~ (;-4 to °7, ~3. -4. o, ): 47,9 (=CH, ,6.,, 29.3 (=CH,, ' ' ~' 
~'): 10~.2. 12&7 (=CH. Co2, o3): 131.~, 133.1. Col'. o, 

136.1 (=C. Col. °8, o9). Mesoolike fom~ C: 'H NMR 
(C~l~) :  g ~  1.41=2.70 (m, ~H); 3.04 (m, IH): 3.21 
(m, IH): 3.~ (m, IH): 3.69 (m, IH); 6.17 (d, IH. 
2/3~H, ~J ~ 2.9 H~): 6,30 (d, IH. 2/3oH, ~J - 2.9 H~): 
6~7 (d, IH. 2~3oH, ~ J -  2.gHzk 634 (d, IH. 2/3oH. 
~J -2 .gHz) .  UC NMR (CI~l~): ~ 21.7 (double in- 
tensity), 21.9, 22.0. 23.5, 24,2, 24,8, 25.3. 26.2, 26,8. 
30.9 (=CH~. C-4 to o7, -4" to -7". -Y, -4', -5'); 49.3. 
52.2 (=CH, C-I',-2'): 108,9, 114,7. 125,2, 130,2 (=CH, 
Co2,-3, °2", ~3"): 126.4, 128.2, 131.~. 133.7. 136.1, 
140,5 (=C, C-I, .8, .9..1", -8", .9"), IR (KBr): P 
(cm = ~ ) ~ 3066, 2943, 2875, 1716, ! 4~4. 1266, 911,809. 
Anal. calcd, for C~H,~CI;Ti (423.26) C, 65,27: H, 
6,68; found: C, 64,59; H, 6,62, Single crystals of the 
meso.like 7a diastet~oisomer were obtained from 
dichlorometha~, 

X~t~y crystal structure analysis of 7a-ml: l'om~ula 
C~.~H~Tif'I~, M ~ 423,25, 0,4 × 0,3 × 0,2ram, ~ 
11,928( , b ~  10,414(]), c 15,7,~6(I)A, / ~  
~ ,43( I ) ,  V=  1953,~4)~, ~, p~ ~ 1,439gcm:~, /~ 
7,16¢m~ ~, no absorption correction, Z ~ 4, mt~noclini¢, 
space group P2~/e (No, 14), A~0,71073A, ta-2O 
~ans, 8t~l S teilections collated (±h,  +k, ± I), 
[(sin O)/A],~,, ~ 0,62 A~ ~, 3964 independent and 2761 

observed reflections [ I  ~ 2o'(1)], 235 refined parame- 
ters, R = 0.036. wR z = 0.086, max. residual electron 
density 0.62 ( -0 .24)  e - , ~ - 3  hydrogen atoms calcu- 
lated and riding. 

3.5.2. hrans-l,2-Cyclohexylen-bis(~l ~ - -4.0,6, 7-ten'ahy- 
droindenfl)ltitanium dichloride 7b 

Analogously as described above 3,11 g (9.6 mmoi) of 
3b was reacted with !.48g (9.6 mmoi) of TiCI 3. After 
oxidation and work-up, including recrystallization from 
dichloromethane-pentane 1.33g (32%) of impure 6b 
[as judged from the C,H elemental analysis: calcd, for 
C24H,:Cl:Ti (429.2) C, 67,16; H, 5.17: found: C, 
71.59: H, 6.18%] was obtained, that was directly sub- 
jected to hydrogenation to yield 1,26 g (95%) of 7b as a 
red solid, m.p. > 216"C (decomp,), A:B:C isomer ratio 
15:11:74, Flash chromatography (silanated silica gel, 
petrol-dichloromethane I 0: I ) gave 0.69 g of the meso- 
like diastereomer (Rt = 0.23) and a small amount of 
one of the racem-like isomers ( Rf - 0.39). NMR data of 
the racem-like forms A and B: ~H NMR (CDCI~): 
8 - 1.53 (m. 8H): 1.83 (m, 8H); 2.32 (m, I H); 2.46 (m, 
2H); 2.58 (m. 2H): 2.81 (m, 2H): 3.08 (m, IH): 3.25 
(m, 2H): 5.41 (d, 2H, 2/3-H a. ~J---2.2Hz); 5.50 (d, 
2H. 2/3-H a, ~J =~ 2.2 Hz); 6.39 (d, 2H, 2/3-H A. ~J 
2.2Hz); 6.62 (d, 2H, 2/3-H a. 5,1.= 2.2Hz); meso-like 
isomer C: ~H NMR (CDCI~): 8 ~ 1.32=2.50 (m, 18H): 
2.58=3.37 (3m. 8H); 5.88 (d, IH. 2/3-H, ~J ~ 2.9 Hz): 
6.29 (d. IH, 2/3oH, ~J ~ 2.gHz): 6.38 (d. IH, 2 " / 3 " -  
H. ~J~ 2.9H~); 6,~6 (d. Iit. 2"/3~.H, ~.l~ 2.9H/~). 
~C NMR (C~I~) :  /;~-213 (double intensity), 21.8, 
21.9, 23~3, 24.3. 25.0. 25.1, 25.9, 26.2, 31.2, 35.~ 
(=CH:, Co4 to o7, °4" to o7 ~ . CoY |o o6'): 44,3, 48,1 
(=CH. Col', o2'); 108.t,. 114.6. 125,6, 131.3 (ooCH, 
Co2. -3. o2", o3"): 126,7, 133.9 (double intensity), 
134,4, 137.4, 1403 (=C, Col, -8, ~9, °1", o8", °9 ° ). IR 
( KBr): ~ (cm" ' ) ~ 3086, 2930, 2848, I 716, I ~ 3 ,  1259. 
1048. 816. Anal. calcd. |br C:~H~,CI~Ti (437.29) C, 
65.92: H, 6.91; found: C, 66.70: H, 7.09, Recrystalliza- 
lion from dichloa~methane gave single crystals of the 
mesodike isomer and one racemdike isomer of 7b. 

X-ray crystal s~ructure aaaly~s analysis of 7b-ml: 
formula C~4H~,TiCI,, M ~ 437,28, 0.4 x 0.3 x 
0.2ram, a ~ 12.550(I), I ~  10.693(I), c ~  15.692(I),~. 
~ 9 0 , 2 4 ( I )  °, V~ 2106,6(3)~, ~ g,~,. ~ 1,37~gcm =~ 
/x ~ 6,67 cm ~ ,  no absorption con~ction, Z ~ 4, mono, 
clinic, space group P2a/c (No, 14), A =0.71073~,, 
c~20 scans. 4839 reflections collected ( ± h, - k. :L I). 
[(sin 0)/A],,~ ~ 0,62 A==~, 4278 independent and 1844 
observed reflections [ I ~ 2 tr( I)], 244 refined parame- 
ters, R ~ 0,057, wR ~' ~ 0, 115, max. residual electron 
density 0,52 ( -0 ,30)  e ° A ° .  hydrogen atoms calcu- 
luted and riding, 

X-ray crystal structure analysis of 7b-rl: formula 
C:,~H~oTiCI,, M = 437,28, 0,5 × 0.5 × 0.3 ram, a = 
11.458(2), b = 10,686(4), c =  17.810(5),~, V = 
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2180.7(11) ~3, p¢~1¢ = 1.332 gcm- 3 ~ = 6•44 era- ~, no 
absorption correction, Z = 4, orthorhombic, space group 
Pbcn (No. 60), A =0.71073~., ¢a-20 scans, 4906 re- 
flec6"ms collected (±h, +k, - i ) ,  [(sin O)/A]m, ~ = 
0.62 A-~, 2223 independent and 1475 observed re|?ec- 
tions [ i _< 2 ~r ( I ) ] ,  ! 23 refined paran~eters, R = 0.041, 
wR---O.lOa, max. residual electron density 0.50 
( -  0.26) e-  A-3, hydrogen atoms calculated and riding• 

3.5.3. [n'ans-l,2-Cyclohepo, len-bis(rls-4,5.6.7-wtrahv- 
droindenyl)Jtitanium dichloride 7c 

Analogously as described above 2.50 g (7.4 mmol) of 
3e was reacted with 1.14g (7.4mmol) of TiCi 3 to give 
1.57 g (48%) of the crude ansa-metallocene product 6e 
[anal. calcd, for C.,sH_,4CI.,Ti (443.3): C, 67.74; H, 
5.46; found: C, 72.01; H, 5.62%], that was directly 
subjected to catalytic hydrogenation to give ca. 1.6g 
(quant.) of 7c. m.p. > 224°C (decomp.), A:B:C ratio 
30:7:63. Flash chromatography (conditions see above) 
gave 0.42 g of a mixture of the racem-like isomers A 
and B (Rf ffi 0.42), from which further crystallization 
gave a 90% enriched sample of one of the racem-like 
forms (A), and 1.05 g of the meso-like isomer (Rf--- 
0.22) of 7e. NMR data of the racem-like isomer A: ~H 
NMR (CDCla): 6 = 1.58-2.07 (m, 18H); 2.25 (m, 2H); 
2.43 (m. 2H): 2.60 (m, 2H): 3.11 (m, 2H); 3.26 (m, 
2H); 5.46 (m, 2H. 2/3-H, .aj _-2.2 Hz); 6.62 (d. 2H. 
2 /3 .H ~j I~ = 2.2 Hz). ' C NMR (CDCI ~):/~ = 21.6, 21.8, 
21.9, 23.8, 24.3, 26.6, 37.3 ( - C H , ,  C-4 to -7. -3' ,) 
~7'): 45.4 (=CH, C-I', -2'); 108.7, 128.1 (-CH, C-2, 
-3); 128.5, 136.2, 136.7 (=C, C-I, -8, -9); meso-like 
isomer C: ~H NMR CDCI~: 6 ~  1.53 (m, 81ol); 1.78 (m. 
8H); 1.98 (m, 4H): 2.29 (m, 4H); 2.61 (m, 2H); 3.25 
(m, I1ol); 3.50 (m, IH); 5.77 (d, IH, 2/3°H, ~J ~ 2.9 Hz); 
6.27 (d, IH, 2/3°H, ~J = 2.gHz): 6.30 (d, IH, 2/3-H, 
:~J~ 2.9Hz): 6.57 (d, IH, 2/3°H, ~J~ 2.gHz). t'~C 
NMR (CDCI~): 8 =  20.7, 20.7, 20.8, 21.0, 22.3, 23.4, 
24.0, 24.3, 25.2, 25.2, 26.2, 32.2, 37.7 (=CH :. C-4 to 
-7, -4" to-7 ", -3' to -7'); 45.4, 48.3 (-CH, C-I', -2'): 
107.1, 112.5, 124.6, 130.5 ( -CH,  C - 2 , - 3 , - 2 " , - 3 " ) ;  
124.6, 131.0, 133.1. 133.3, 136.3, 139.8 (-C. C-I , -8 ,  
-9, -i ", -8 ", -9" ). IR (KBr): ~ (cm -I ) -- 3086, 2936. 
2861, 1498, 1464, 1437, 1048, 823. Anal. caicd, for 
C~H~CI,Ti  (451.31) C, 66.53; H, 7.15; found: C, 
68.63; H. 7.00. Single crystals of the meso-like 7c 
diastereoisomer were obtained from dichloromethane. 

X-ray crystal structure analysis of 7e-ml: tbrmula 
C:~H~TiCi:, M = 423.25, 0.3 x0.15 x 0.15mm. a = 
i!.179(3), b = 12.460(2), c = 15.735(5),~, V -  

o] 
2191.7(10)A, P~,d,. = 1.368gcm a, /.t = 6.43cm= ~, no 
absorption correction, Z = 4, orthorhombic, space group 
Pm~21 (No. 33), A =0.71073,~, to=20 scans, 1954 
reflections collected ( 5: h, + k, + I). [(sin 0)/A],,,,,~ = 
0.58A-~, 1921 independent and 768 observed reflec- 
tions [ i < 2tr(/)], 253 refined parameters, R = 0.063, 
wR:= 0.132, max. residual electron density 0.28 

( -0 .32)  e-  ~, hydrogen atoms calculated and riding. 
Due to the poor crystal quality (weakly diffracting) the 
accuracy of this analysis is rather low. 

Further information about the X-ray structure analy- 
ses can be obtained from the Fachinformationszentrum 
Karls~he, D-76344 Eggenstein-Leopoldshafen, on 
quoting the depository numbers CSD-405758, 405759, 
405760 and 405761, the names of the authors, and the 
journal citation. 

3.6• Preparation of the ansa-cycloalkylen- 
bis(indenyl)hajhium dichlorides 8. general procedure 

A solution of 5.0mmol HfCI4.2THF in 100ml of 
THF and a solution of 2.5 mmol of the respective 
dilithium reagent 3 in 100ml of THF are added drop- 
wise simultaneously into 100ml of THF at room tem- 
perature. The mixture is then stirred for 5 h at ambient 
temperature and then for 24h at 50°C. Solvent is 
removed in vacuo, the residue taken up in 100ml of 
dichioromethane and the precipitated lithium chloride 
removed by filtration. Solvent is evaporated from the 
clear filtrate in vacuo and the remaining solid product 
washed with pentane. 

3.6.1. [ t rans- l ,2-Cvclohexylen-bis(~q ~-l- 
indenyl)]h~iimn dichloride 8b 

Following the general procedure as described above 
0.40g (l.23mmol) of 3b was reacted with 0.58g 
(I.25 retool) of HfCI4.2THF to yield 0.45 g (65%) of 
8b, m.p. 152 °C (decomp.), A:B:C isomer ratio 23:! 7:60. 
~H NMR (CDCI~): 8 = 1.30-2.23 (m, 24H); 3.80 (m, 
6H); 5.85 (d, 1.0H, 2/3oH l~. ~J~ 3.3Hz); 6.13 (d, 
1.0H. 2/3-H",  ~./~-3.3Hz); 6.15 (d, 1.8H, 2/3-H c, 
~J = 3.3 Hz)', 6.28 (d, 1.4H, 2/3-H A. °~J = 3.3 Hz); 6.34 
(d, 1.8H, 2/3-H c, '~J = 3.3 Hz); 6.51 (d, 1.8H, 2/3°H c. 
~J ~ 3.3 Hz); 6.59 (d, 1.4H, 2/3°H A, ~J ~ 3.3 Hz); 6,74 
(d, 1.8H, 2/3-H c, °~J = 3.3Hz); 6.91=7.60 (m, 18H), 
7.78 (m, 6H). IR (KBr): ~ (cm °~ ) = 3079, 2930, 2855, 
1468, 1457, 1273, 816, 741. Anal. calcd, for 
C:4H.%~CI,Hf (559.83)C, 51.49; H, 3.96; found: C, 
53.05; H, 4.05. 

3.6.2. [ t rans . l , 2 -Cyc iohep ty l en -b i s (~  "~-l° 
indenyl)]hqfiaiuna dichloride 8c 

Analogously as described above 0.89g (2.63mmol) 
of 3e was treated with 1.23g (2.65mmol) of HfCI4. 
2THF to give 0.81 g (54%) ofSc, m.p. 155°C (decomp.), 
A:B:C ratio 16:3:81. ~H NMR (CDCI3): 8=  1.41-2.18 
(m, 30H); 3.73 (m, 6H); 5.85 (d, 0.2H, 2/3-H 13, 3j = 
3.4Hz); 6.10 (d, 2.4H, 2/3-H c. ~J= 3.4Hz); 6.13 (d, 
1.0H, 2/3-H A. ~J-'-3.4Hz); 6.26 (d, 0.2H, 2/3-H B, 
~J = 3.4 Hz); 6.35 (d, 2.4H, 2/3-H c, ~J = 3.4 Hz); 6.45 
(d, 2.4H, 2/3-H c. ~J = 3.4 Hz); 6.59 (d, 1.0H, 2/3-H A, 
• aJ--3.4Hz); 6.72 (d, 2.4H, 2/3-H c, ~J=3.4Hz); 
6.87-7.49 (m, 18H): 7.70 (m, 6H). IR (KBr): ~ (cm -I)  
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~ ~ ,  2930. 2855, 1 ~ ,  1459. 1396, 1348, 1259, 
802, 741. Anal. caicd, for C2sH,4CI2Hf (573.86) C, 
52,33: H. 4.22; found: C, 53.78; H, 4.53. 
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