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Abstract 

The structures of both ethylenebis( nS-tetrahydroindenyl)titanium dichloride (1) 
and its zirconium analog 2 have been redetermined in the centric space group Z2/c 
(non-standard setting of C2/c) at room temperature. Arguments are presented that 
suggest that the original space group (Cc) in the published X-ray structures of 
compounds 1 and 2 was incorrectly selected. An improved modification to the 
literature route that allows the preparation of multi-gram amounts of 1 and 2 is also 
described. 

Introduction 

Interest in the preparation of chiral ansa-metallocene derivatives of the Group 4 
transition elements [l-4] has been aroused recently by the discovery that such 
compounds, i.e. ethylenebis($-tetrahydroindenyl)-titanium and -zirconium dichlo- 
rides 1 and 2, respectively (see Scheme 1) [2,3] serve as precursors to highly active 
soluble Ziegler-Natta catalysts for the preparation of isotactic polypropylene [5-71. 

In connection with a synthetic program aimed to determine the utility of such 
compounds in asymmetric synthesis, we required major amounts of the title com- 
pounds. The existing literature preparations required few steps but proceeded in 
poor overall yields. We report herein an improved route to the title compounds that 
facilitates the preparation of multi-gram amounts. During the course of this work 
the X-ray structures of the title compounds were redetermined in the centric space 
group 12/c. We demonstrate here that this space group is apparently the correct one 
for these compounds by comparision to the structure of compound 1 determined in 
Ic. 
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Crystal data for compounds I and 2 
The crystal, intensity collection and refinement data for compounds 1 and 2 are 

presented in Table 1. In each case because of the much reduced values of fi, the 
non-standard I-centred setting was selected in preference to the C-centred cells of 
the original determinations [2,3]. This follows standard crystallographic practice. 
Epoxy-coated crystals were mounted on a Syntex P2, diffractometer equipped with 
MO-K, radiation (X 0.71069 A). Accurate unit cell constants were determined from 
1.5 general reflections (20 < 28 < 30 o ) well distributed in reciprocal space. During 
the data collections, standard reflections were monitored every 100 measurements; 
these exhibited only minor fluctuations. 

The structures were solved by Patterson and Fourier techniques and refined by 
full-matrix least squares methods. With Z = 4 and the possibility of two-fold 
symmetry in these compounds, solution in either Ic or 12/c was considered. 
However, a Wilson plot did not appear to particularly favour either although at low 
E values, the distribution was more typically centric. 

Final positional and isotropic thermal parameters for 1 and 2 in 12/c are 
collected in Table 2. Bond lengths and angles for compounds 1 and 2 in 12/c are 

Table 1 

Crystal, intensity collection and refinement data for 1 and 2 

1 2 

Compound formula TiCl 2C,0Cq, 
- 

ZrCl,C,,H,, 
Molecular weight 383.22 426.44 
Crystal class monoclinic monoclinic 

a (A) 72.340(l) 12.598(2) 

h (A) 10.088(l) 10.092(2) 

c (A) 14.144(l) 14.302(2) 

P (“) 104.97(l) 105.38(l) 

v (A’) 1701.0(3) 1753.2(5) 
Space group 12/c 12/c 

3 kal, (g cm ) 1.496 1.616 
Z 4 4 
F(OOO) 800 X72 

T(K) 298+1 298+1 
p (MO-K,) (cm- ‘) 8.29 9.17 
Crystal size (mm) 0.22 x 0.22 x 0.25 0.20 x 0.22 x 0.23 
Transmission factors 0.77-0.86 0.76-0.86 
Scan method 8-28 0-28 
Scan speed (” min-‘) 3.45-29.30 3.45-29.30 
Scan width (O ) about K,, - Km2 + 0.85 i0.85 
28 range (“) (3.2 < 28 < 50) (3.2 < 28 < 50) 
Standard reflections 0.60; 316 0.60: 316 
Standard variation (%) +2 *2 
Independent reflections 1508 1553 
Ohs. reflections (I 2 30(Z)) 1250 1443 
R(fina1 incl. H) u 0.029 0.024 
Rwh 0.033 0.029 

Max. residuals (e k3) 0.34 0.44 
Weighting scheme w-’ 1.8 kO.04 / F,, ( 2.7 - 0.05 / &> ( + 0.0014 1 F;, 1 2 
[Zw( ( F, I - I F, I)2/(N0 - NV)]“2 0.37 0.42 

’ R=(CIIF,l- IFc\l)/13jFoI.h R,=[Cw(I<,I- ~F,1)2]"2/[CwI~,12]'/1. 
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tabulated in Table 3. Anisotropic thermal parameters for 1 and 2 are presented in 
Table 4. A comparison of selected bond lengths for 1 in both Ic and 12/c and final 
positional and isotropic thermal parameters and anisotropic thermal parameters for 
1 in Zc are included as supplementary material (Tables S44S6, respectively). An 
ORTEP plot of zirconocene dichloride 2 including all hydrogen atoms is shown in 
Fig. 1 along with the numbering scheme. 

With compound 1, the refinement in 12,/c proceeded easily and converged with 
R = 0.029 and R, = 0.033. Refinement of I in Zc also proved possibie but it soon 
became apparent that anisotropic refinement of the carbon atoms resulted in 
significant anomalies which were further emphasized in the hydrogen atom isotropic 
thermal parameters. It was also noted that most of the matrix correlation coeffi- 
cients were in the range 0.85-0.95 and hence strongly suggested a missing symmet~ 

Table 3 

Bond lengths (A) and angles (” } for 1 and 2 

M = Ti M = Zr M = Ti M = 21 

M-Cl 
M-C(2) 
M-C(3A) 
C(l)-C(2) 

C(l)-W) 
C(3)-C(3A) 
C(3A)-C(7A) 
C(S)-C(6) 
C(7)-C(7A) 
M-Centroid 
C(2)-H(2) 
C(4)-H(4X) 
C(5)-H(SX) 
C(6)-H(6X) 
C(7)-H(7X) 
C(8)-H(XX) 

Cl-M-Cl’ 
Cl-M-Cent’ 
M-C(I)-C(2) 
M-C(l)-C(S) 
C(2)-C(l)-C(8) 
M-C(2)-C(3) 
C(l)-C(2)-C(3) 
M-C(3)-C(2) 
M-C(3A).-C(3) 
M-C(3A)-Cf7A) 
C(3)-C(3A)-C(7A) 
C(3A)-C(4)-C(5) 
C(5)-C(6)--C(7) 
M-C(7A)--C(l) 
M-C(7A).-C(7) 
C(l)-C(7A)-C(7) 
C(l)-C(8)-C(8)’ 

2.3479(S) 
2.295(2) 
2.516(2) 
1.420(3) 
1.496(3) 
1.397(3) 
1.421(3) 
1.518(4) 
lSOl(3) 
2.096(2) 
0.96(2) 
0.98(3) 
1.04(3) 
1.04( 3) 
0.96(3) 
0.95(3) 

M = Ti 

96.360 
107.81(7) 
68.79(9) 

118.49(9) 
126.07(13) 
76.40( 10) 

107,93(13) 
68.63(10) 
68.76(10) 
72.03(8) 

107.60(13) 
109.52(13) 
112.37(12) 
69.67(9) 

124.47(9) 
128.02(13) 
108.02( 12) 

2.4386(8) 
2.428(3) 
2.601(2) 
1.41513) 
1.507(4) 
1.406( 3) 
1.421(3) 
1.509(4) 
1.508(3) 
2.214(3) 
0.93(3) 
0.9113) 
0.99(3) 
1.01(3) 
1.00(3) 
0.93(3) 

M = Zr 

M-C(l) 
M-C(3) 
M-C(7A) 
C(l)-C(7A) 
C(2)-C(3) 
C(3A)-C(4) 
C(4)-C(5) 
C(6)-C(7) 
C(8)-C(8)’ 

C(3)-H(3) 
C(4)-H(4Y) 
C(5)-H(5Y) 
C(6)-H(6T) 
C(7)-H(7Y) 
C(8)-H(8Y) 

2.388(2) 
2.395(2) 
2.479(2) 
1.409(3) 
1.412(4) 
1.499(3) 
1.530(4) 
1.532(3) 
1.532(4) 

0.94(3) 
0.96(3) 
0.97(3) 
0.95(2) 
0.97(3) 
0.93(2) 

M = Ti 

2.490(2) 
2.510(3) 
2.564(2) 
1.416(3) 
1.408(4) 
1.501(4) 
1.527(4) 
1.530(4) 
1.532(4) 

0.93(3) 
0.96(3) 
0.98/3) 
0.93(3) 
0.91(3) 
0.99(3) 

M = Zr 

98.58(2) 
108.04(7) 
70.90(11) 

116.72(10) 
126.57(15) 
76.66(11) 

108.26(U) 
70.26(11) 
70.51(11) 
72.59(9) 

107.26(14) 
109.24(14) 
112.67(75) 
70.90(10) 

125.X4(10) 
128.17(14) 
109.27(14) 

Cl-M-Cent 105.89(7) 
Cent-M-Cent 128.47(9) 
M-C(I)-C(7A) 76.74( 8) 
C(2)-C(l)-C(7A) 107.27( 13) 
C(7A)-C(l)-C(8) 126.63( 13) 
M-C(2)-C(1) 75.97(9) 
M-C(3)-C(3A) 78.31(9) 
C(2)-C(3)-C(3A) 108.66(13) 
M-C(SA)-C’(4) 129.04(10) 
C(3)-C(3A)-C(4) 129.82(14) 
C(4)-C(3A)-C(7A) 122.34(13) 
C(4)-C(5)-C(5) 111.49(13) 
C(6)-C(7)-C(7A) 112.33( 12) 
M-C(7.4)~C’(3A) 74.92(9) 
C(I)-C(7A)-X(-/A) 108.45(12) 
C(3A)-C(7A)-C(7) 123.07(12) 

106.X8(7) 
125.23(10) 
76&l(9) 
107.28(14) 
126.13(14) 
75.70(10) 
77.62(9) 
106.69(E) 
126.93111) 
129.94/l@ 
122.52(15) 
111.74(15) 
111.88(14) 
75.48(9) 
108.47(14) 
122.X9(14) 
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element. In spite of these anomalies, the refinement converged at R = 0.027 and 
R, = 0.029. Inspection of the structure of compound 1 determined in Ic, reveals 
that C-H bond lengths between primed and unprimed atoms are different, as 
expected, but are in some cases unreasonabIy different. For example the bond 
C(7)-H(7X) at 1.19 A is nearly twice that of C(7)‘-H(7X)’ (0.60 A, see Fig. 1 for 
numbering). Neither value is of course reasonable for C--H single bond. Similar, 
though less marked discrepancies are also seen in a number of the Ti-C and C-C 
distances. It would seem chemically intuitive, based on these results, that fc is not 
the proper choice of space group for compound 1. 

In compound 2, refinement in 12/c proceeded normally and converged at 
R = 0.024 and R, = 0.029. Accentric refinement of 2 with anisotropic thermal 
parameters gave several atoms with non-positive definite temperature factors and 
any attempt to include hydrogen atoms in the refinement just resulted in aimless 
wandering of these atoms. It proved impossible to reduce the R value below 0.05. It 
was therefore concluded that 12/c is the correct space group for both compounds 1 
and 2. Although, a lower value of R,% was obtained by solution of the structure of 1 
in space group Ic, this is viewed as being the resuit of increasing the number of 
parameters from 154 (12/c) to 305 (Ic) [9*]. 

Experimental 

All solvents were reagent grade and were purified as required by distillation. 
Tetrahydrofuran and toluene were distilled from Na/benzophenone. Dichloro- 
methane and HMPA were dried over and distilled from CaH,. Indene was purified 
and dried by distillation from LiAlH, and 1,2-dibromoethane was distilled from 
CaCl, immediately prior to use. TiCl, . ZTHF and ZrCl, - 2THF were prepared as 
described in the literature [lO]. Hydrogenations were performed in an Autoclave 
Engineers stirred pressure reactor. ‘H NMR and ‘“C NMR were obtained using a 
Bruker AM-250 or WP-80 spectrometer. Chemical shifts are recorded in ppm using 
TMS as an internal standard in CDCI, solution unless otherwise noted. 

Indene (23.2 g, 0.2 mol) was dissolved in 350 ml of dry THF at 0 o C under argon 
atmosphere. n-Butyllithium (88 ml of a 2.5 ilrl solution in hexane) was added 
dropwise to the solution over 30 min at this temperature with stirring. HMPA (38 
ml, 0.22 mol) was added to the resulting suspension to give a deep brown-red 
solution. The solution was added cooled to -7g” C (acetone/dry ice bath) and 
1,2-dibromoethane (9.5 ml, 0.11 mol) in 50 ml of THF was added dropwise over 1 h 
by addition funnel. The resulting purple solution was warmed slowfy to room 
temperature and quenched at 0°C by the addition of saturated NH,Cl solution 
(100 ml). The two phase mixture was diluted with petroleum ether (30-60°C) and 
the organic layer washed well with water followed by saturated CuSO, solution to 
remove HMPA. The organic extract was dried over MgSO,. filtered and con- 
centrated in vacua to provide an oily solid. 

* Reference numbers with asterisks indicate notes in the list of references. 
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Crystallization from acetone and ethanol provided 16.X g (65% yield) of the titlt’ 
compound (m.p. 120-122°C’. lit m.p. [8] 121-122°C). ‘H N:MR (250 hlHz) 7.48 (d, 
J 6.9 Hz. 2H). 7.40 (d. J 7.3 Hz. 2H). 7.31 (t. ./ 7.3 Hz. 2H). 721 cd. .I (3.9 Hr. 3H). 
6.29 (br s. 2H). 3.35 (br Y, 4H). 2.95 (hr s, 41-I). 

1 t?teso- and rtrc-Eth~~lenell,.s(q‘-rndc?rll’l)titunirrrrl dichloride (4 uml S/ _. 
1.2-Ris-3-indertyle~hane ( 10 g. 3X.7 tnmol) \j.as dissoI\:ed in 250 ml of dry THF 

and the solution cooled to 78°C‘. n-Butyllithium (34.0 ml c-tf a 2.5 -21 \oIution in 
hexane) w;~s added droputbe over 15 min to the suspension The paic red suspension 
was allowed to wtrm to room temperature at which point the d&ion dissolved !o 
give a deep red solution. In a qarate flask. 13.0 p of Tic‘1 j 3l‘HF (3X.9 tiimol) ~;is 
dissolved in 250 ml of THF. The contents of both flahks were added simuI~ane<~usly 
via two cannular tc a third flask containing 100 ml of dr\ THF with Ltgorous 
stirring over ca. 2 h at room temperature. After the addition \vas ~~mplcte ga~~us 
HCI \vas bubbled through the deep brown solution for 30 5 and the sof\,r’nt retrto\ed 
in vacua to provide a deep green oil) solid. The residue u ah taken IUP tn ether. 
filtered and washed copiousI> v,ith ether until the filtrate aa> nearly ~~olarlc~s. The 
solid was washed with 4 .%I HCI (10 ml), water (10 ml). ethanol (2 x lfj ml) and 
ether (2 i( IO ml). The dark brou n solid u’as dried in L;IIU) to pro\ i(lc S.’ g (6O’E) of 
a mixture of the title compounds. ‘H NMR (X0 MHz.): 7.7 7.1 (III. XH )* h.Q,2 (d. .I 
3.2 Hz,). 6.79 (d, .I 3.2 Hzi. 6.4X (d. ./ 3.2 Hz). 6.04 (d. .i ?.Z HT. total 411). 
4.05- 3.55 (tn. 4H). 

A mixt;re of rut- and Illr~.so-ethyIenebis( -rl-indenvl)titaliium dichloride (6.05 g. 
16.1 mmol) and PtO, (250 mg. 

: 
1.10 tnmol) in 70 ml of dry (.‘I-I,CI, \tax hqdro- 

genated at 1000 pst tn an stirred reactor for 8 h. The deep red >Ltspcnsion ~~1s 
diluted with additional CH~CI - (300 ml). filtered through C‘rlitc and cnnccntrated 
in vacua to provide 5.87 g of a mixture of tTte.ytj- and rcic,-ethvIenehi\( q’-tetrah\dro- 
indenvI)titanocene dichloride (95’;). The solid was recrqstaili~ed from dr\, t<~Iuene t\\ 
provide 3.1 g of pure compound 1. The mother liquor \vIltcli ~~ontarnetl mainI\ the 
rneso diastereomer [ 11 “1 LVH\ concentrated in L acuo and di,aol\,cd tn .iOO ml of dry 
THF. The solution was piaced in ;I water-jacketed glass photoI\&. \‘r‘>hL aI &I 
irradiated for 6 h using ;t medium pressure Hg lamp 1450 W Hano\sia) under 
nitrogen. During this period cry\taIs of thz racemic diastereomer sep;traied out. The 
mixture was diluted with C‘H,CIJ and then concentrated in ~acuo. The red holid 
was recrystallized frotn toluene 14.) provide an additi~>naI I .X ~ (7 c)f pure matcrtal (Si5 
cotnhinrd yield). Single crystals of 1 suitable for X-m> diffraction L\ere ~>btained h\ 
cooling a hot saturated toluene solution. ‘II NMR (250 MHL): 6.60 ccl. J 3.0 El;. 
2Hj. S.S7 (d. J 3.0 HL. 2II). 3.49 ?.W (m, 6I-I). 2.7-2.5 (IU. 4lHj, 2.34 2.30 (dt. ./ 
16.5, 5.9 Hz. 2H). 1.96.-1.86 (m. JH). 1.75 1.54 (m. 4H). ‘-‘C- NMR (350 k1Hz): 
137.8. 134.7. 12x.9. 126.3. 111.5. 27.9. 24.5. 24.2. 21,s (?I..,. 

The procedure described above for the titanium analog was foIlo\+ed using 5.0 g 
(19.4 mmol) of 1.2-bis(indenvl)ethane, 7.4 g (39.5 mmol) of ZrC’I, 27HF and 17.0 
ml of n-hutyllithium (2.5 ,V in hesanes) to provide 4.2 II_ 01‘ the title ccmpound 
(52T’) as a bright yellow \oIid. ‘H NMR (X0 MHz,. COD,) 7.15 6.75 (tn. XH). 6.4~~ (d. 
J 3.0 Hz. 2H). 5.76 (d. J 3°C) Hz. 2H). 3.01 (s. 4H). 
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5. rat-Ethylenebis($-tetrahydroindenyl)zirconium dichloride (2) 
Compound 5 (4.2 g, 10.0 mmol) and PtO, (100 mg, 0.44 mmol) in 70 ml of 

CH,Cl, was hydrogenated as described above for the titanium analog. The resulting 
pale yellow suspension was diluted with CH,Cl, (300 ml), filtered through dry 
Celite and concentrated in vacua. The residue was dissolved in hot toluene and 
cooled to provide 2.70 g of the title compound (70%). Single crystals of compound 2 
suitable for X-ray diffraction were grown from hot saturated toluene solution. ‘H 
NMR (250 MHz) 6.32 (d, J 2.3 Hz, 2H), 5.61 (d, J 2.3 Hz, 2H), 3.12 (s, 4H), 3.02 
(t, J 7.0 Hz, 2H), 2.96 (t, J 7.1 Hz, 2H), 2.65-2.38 (m, 8H), 2.00-1.80 (m, 2H), 
1.65-1.44 (m, 2H). 13C NMR (250 MHz) 113.7, 132.1, 124.3, 119.4, 108.5, 28.6, 24.5, 
24.3, 22.4, 22.3. 
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