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A synthesis for racemic ethylene-bis(4,5,6,7-tetrahydro-l-indenyl)titanium 
dichloride is described. The molecular structures of this compound, of its nzeso- 
isomer and of a binaphtholate complex of the (S,S)-enantiomer have been 
determined. Cleavage of this binaphtholate complex gives the pure (S,S)- 
enantiomer. 

Introduction 

ansa-Metallocene derivatives with suitably substituted covalently-bridged 
ring ligands represent a class of particularly stereorigid, chiral organometallic 
compounds [Z] _ For a practical utilization of compounds of this type as chiral 
hydride- or alkyl-transfer agents, easily accessible synthetic routes would be a 
prerequisite. We have found that ansa-metallocenes with ethylene-bridged tetra- 
hydroindenyl ligands are advantageous in this regard, since in their synthesis, by 
way of ethylene-bridged bis(indeny1) precursors, the formation of otherwise 
rather troublesome substitutional isomers [2] is completely suppressed by 
the almost total discrimination of the indenyl anion against alkylation in 
position 2. The synthesis still involves a stereochemical ambiguity with respect 
to the ligation at the titanium center which can lead either to the desired 
chiral complex with both s-ubstituents on opposite sides or to a meso-isomer 
with both substituents on the same side of the titanocene framework. It was 

* For part III. see ref. 1. 
** To whom correspondence should be addressed. 
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found that this problem could be resolved, however, in a rather unexpected 
manner _ 

Results 

I. Synthesis of racemic ethylene-bis(4,5,6,7-tetrahydro-I-indenyl)titanirrm di- 
chloride (2) 

When 1,2-bis( 3-indenyl)ethane, prepared essentially as described by Marechal 
and Lepert [ 3 J 
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reaction temperatures favoring formation of racemic product *_ During bydro- 
genation of the resulting product mixtures with palladium on charcoal, the 
mesu isomer is transformed into the tetrahydro product si~ificantly faster 
than the rat-isomer thy~o~enatio~ with Adam’s catalyst (PtOz) did not show 
such differentiation). SurprisingIy, however, a gradual conversion of the meso- 
into the me-isomer is observed when a solution of the tetr~~droi~de~~yl com- 
plexes in glyme at room temperature is exposed to sunlight for a period of 
8-10 days_ This transformation is complete within 3-4 h if the solution is irra- 
diated with a high-pressure mercury lamp_ That this reaction is truly a conver- 
sion of the mesu-ligated complex to its racemic counterpart, rather than merely 
a selective destruction of the mezzo-component of the hydrogenation product 
mixture, is evident from an analogous reaction of chromatographically purified 
meso-compound 2, from which the racemate 1. is obtained in almost quantita- 
tive yield. Since the racemate separates (as rhombus-shaped crystals) much 
more easily from most solvents than its 17zeso-isomer, pure crystalline 3 can 
thus be obtained from this reaction sequence without the need for chroma- 
to~phi~ separation from stereoisomers. 

2. Separafion of enantiomers 
Pure (S,S)-I ** was obtained by enantio-selective reaction with (S)-(-)-l,l’- 

bi-Z-naphthol. A mixture of racemic 1 with 0.5 equivalents of (S)-binaphthol [‘7] 
was stirred in toluene solution at 70°C with an excess of sodium metal; the 
product was c~romato~aphed after removal of most of the solvent and of 
excess sodium on a silica gel column at -UYC with a tolu~ne~petroleum ether 
eluent, The first colored zone contained, as judged from NMR and mass spec- 
tral analysis, the desired ethylene-bridged bis(tetr&ydroindenyl)titan&m 
binaphtholate derivative, This compound could be isolated, from toluene or 
CH2C12 as dark red crystais. By X-ray structural analysis (see below) the 
product was identified as e~hylene-b~(~,~,6,~-te~~y~o-~S~-~-indeny~~ti~- 
nium(IV)-{S)-1’-l”-bi-%naphtholate ((S,S)-l:(S)-l’-3). The ‘H NMR spectrum 
shows that the reaction of the ansa-titanocene racemate with S-binaphthol 
yields pure (S,S)-1 : (S)-l’-3 without any detectable (R,.ZZ)-I :(S)-1’ diastereomer. 
There is no indication, even in the clearly separated and structurally sensitive 
cy~lopenta~enyl proton region, of any signal assignable to such a diastereomer. 
AppareniZy, the compie[exr formation between the chiral titanocene and the 
b~aphtbola~e ligand is sterically so demanding that it can proceed only if both 
moieties have the same sense of &ii&y. The optical rotation of this product, 
measured in ClX13 solution, was found to be fat] gj8 = 3100” (I cm, 40 mg/ 
LOO ml). 

The (_R,R)-enantiomer of 7.) lefk over after reaction of the racemate with (S)- 
binaphthol, can be recovered in partly purified form by eluting the silica gel 
:olumn after elution of the binaphtholate complex with CN2C12 saturated 
with gaseous HCI. ***. 

* The dark green ethyieae l&findenyl) complex with the wide cy,P-protan splitting Is directly tram- 
formed by hydrogenation over PtO#Q into the ~~,~)-ie~y~o~deny~ complex. and is thus. 
probably the rffc-stereoisomer, 

** Notation of stereoisomers according to the Cahn-Ingoid-i?reiog notation <extended to &ix& 
m~~oeenes as out.&%?d by ScNii@ [7] refers to configuration of bridgehead C atoms I and ‘i. 

** The product thus obtained has a speciEc rotation. 5x1 CHC13 solution, of ~~~1~~s = +Z-140° 
(1 cm. 23.2 mg/lOO ml), indicating approximately 75% optical purity, 
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The binaphtholate complex 3 is cleaved to (S,S)-1 and free (S)-binaphthol by 
treatment with gaseous HCl in dry toluene at 0°C. An attempted chromato- 
graphic separation of (S,S)-1 from free (S)-binaphthol on silica gel with toluene 
as eluent was unsuccessful. The two components can be cleanly separated, 
however, by treating the reaction mixture in petroleum ether suspension with 
an excess of methyliithium *_ The titanocene dimethyl derivative formed in 
this manner is readily soluble in petroleum ether and is thus easily separated 
from the insoluble dilithium binaphtholate side-products. By treatment of a 
solution of the dimethyl derivative in toluene/petroleum ether with gaseous 
HCl, (S,S)-1 is regenerated and separates as NMR-spectrally pure microcrystalline 
material. The specific rotation of this product in CHCl, was [a] 3z5 = -3300” 
(1 cm, 50 mg/lOO ml). 

3_ Crysial and molecular structures of compounds 1, 2 and 3 
Space groups, cell parameters and X-ray diffraction intensities were deter- 

mined on a Syntex-P3 four-circle diffractometer at 228 K (MO-K,, X 0.71069 & 
graphite monochromator, o-scan with 1.8 < cn < 29.3” min-’ for 1,1.4 < GJ < 
29.3” min-’ for 2 and 2.3 < cj < 29.3” min-’ for 3, and 2 < 26 < 44” for all 
three compounds. One standard reflection was measured for every 100 reflec- 
tions during data collection as a check on crystal and instrumental sta!Glity. 

The crystals of compound 1 are monoclinic, space group Cc; a 1621.2(17), 
b 1004.6(8), c 1235.7(g) pm, a 90”, 6 122.59(7)“, y 90”; 4 crystallographically 
equivalent molecules per unit cell (2 each of opposite chirality); V = 1696 X 
lo6 pm3; dcalcd_ = 1.49 g/cm3; absorption coefficient p 8.3 cm-‘. Compound 2 
forms rhombic crystals, space group Pbca; a 1495.2(17), b 1363.3(15), c 
1735.2(17) pm, cr = fi = y = 90”; 8 crystallographically equivalent molecules per 
unit cell; V = 3537 X lo6 pm’; dcalcd_ = 1.41 g/cm3; absorption coefficient p 8 
cm-‘, Compound 3 was found to be monoclinic, space group P21; a 937.5(4), 
b 1420(l), c 1186.9(6) pm, Q = 90”, /1= 108.37(4)“, y = 90”; 2 crystallographic- 
ally equivalent molecules with identical chirality per unit cell; V = 1499 X lo6 
pm3; dcalcd_ = 1.32 g/cm3; absorption coefficient ~3.4 cm-‘. 

Independent reflections with F0 > 40 used for resolving and refining the 
structures: 862 for I,1912 for 2, and 1’707 for 3. Empirical absorption correc- 
tions were applied for all data sets. The structures were solved by direct methods 
(SHELXTL program [ 83 ). The structures were refined using partially anisotropic 
models. A weighting scheme based on counting statistics was used throughout. 
The refinement converged at R, = 0.0575 and R2 = O-0648 for 1 **, R, = 
0.0555 and $2, = 0.0862 for 2, and R1 = 0.0631 and R2 = 0.0746 for 3, where 
R: = (CIIFol - IFcll)/EIF,,I and& = [Zo(lF,,I - lFCl)2~“2/[CwlF,,12]“2. 

Structural data as well as pertinent bond lengths and bond angles of 1,2 and 
3 are listed in Tables 1, 2 and 3. The molecular structures obtained for these 
compounds are represented in Figs. 1,2 and 3. Inspection of the individual 
structures reveals the following features: 

For the chiral ansa-titanocene derivative 1, the expected symmetry axis 

* AItematively. the binaphtholate complex can be transformed directly to the soluble dimethyl 
derivative of <Sk1 by reaction with excess LiCH3 in petroleum ether[diethyl ether. 

** Minimal values were obtained for a fixed cyclopentadienyl geometry with identical C-C distances 

of 142 pm and C-C-C angles of 108O within the five-membered ring. 



TABLE 1 

STRWGTURAL P.4RAMETERS FOR RACE&UC ETHYLENE-BIS(4,S.6.?-TETRAHYL)RO-I-I~I)lENVL)- 

TITANXUM DICUCORIDE (Z$ a 

0.8823<0) 
0.7535(6X 
1.008@(6) 

O.OWCf) 

c&.9167(1 ) 

0.9540_) 

0.852il) 

O-803(11 

0.704(2) 

0.6~~(2~ 
0.698f2) 
0.803(lf) 

0*849(21 

0*892(1) 
0.80021) 

0.814(l) 

O.SlS(ll 
O.B70(2) 

l&57(2> 
1.12X(2> 

1.073(lf 
O.%%(T) 

0.908fl) 

0238Xt2) 
0.0831(73 
0_0796~6) 
f&432(2) 

0_373(2) 

0*252<Z(zt 

0.236(2> 

O-143(2) 

~-26~(3~ 

0.257(2~ 
0.379191 
0.34’712) 

0.554(3> 

O-435(1 1 
0.37JXU 

0.250f3) 
O-239(1 j 

0.123i2) 
(x&95(2) 

O-265(3> 

0.376(23 
0.354(l) 

0.569(2) 

0.3lOS(O) 
&2287(B) 
0.3890(92 

0.412(Z) 

0.494(3) 
0.542<2) 

0_4BO@) 

0.52sGv 

~.~~2(2~ 

0.366(Z) 

0.35?/2) 
0.409~2) 

0.333(3) 

%2@8(2) 
D_f33<2> 

O-086(2) 
0.131(2) 

0.106(21 
0*X16(2) 

0.24812) 
0.275(2) 

0.207f2) 

0.27%(2) 

2.0(6) 
3.2(7) 

2.9(8 1 

2_0(75 

?..I.(51 

2.7w 
Z-7(6) 

s.ec7> 
wxs> 

2.X9) 

2.0(6> 

l-2(66) 
X.6(6) 

X.5(53 

3.2(7) 
2.4(7) 

X,6(‘?> 

l.Uijf 
2.6W 

X.6(5) 

Anisatrctpic thermal zxzmmeters b 

Atom U&I w22 v33 u23 lit3 u12 

Ti 1.5fl) l-4(Z) x*7cs --%2(3) M?&(8) -O.5(3) 

~W> 4”8<4> 3.2@) 4.3C-1) -%5(3) 3.5(@ -2.2<33 

c=r(W 4.9(zi) 3.8(4) 4.3(4) l-913) 3.8(4> 3.3(4) 

In&ratomie distances nnd band angles 
T++c!1(1) 235.269) CI(Q--Ti-C1C21 S&Z@) 

TG-C1f2) 23&6(S) 

Ti-KXX) 236(2) Ti--C(X) 2&(2) 

Ti--C(zj 234(2) Ti-C(& 229(2(23 

Ti--CGXI 244(2f Ti-c@;?) 23812, 

Ti-CBa) 25l4) Ti--G(3tij 254(3) 

Ti--C(7a) 2&(2) Ti--c(%?a) 256(2j 
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i TABLE3 

i STRUCTURAL PARABIETERS FOR ETHYLENE-BIS(4.5.6.7-TETRAHYDRO-(Sbl-INDENYL)- 

TITANIUM-(S)-l'.l--BI-2-NAPHTHOLATE (3) 

Atom s/a r/b z/c B 

Ti 

cm) 
O(2) 
C(l) 
C(2) 
H(2) 
C(3) 
H(3) 
C(3a) 
C(4) 
H(4-1) 
H(4-2) 

C(5) 
H<5-1) 
H(5-2) 

C(6) 
H<6-1) 
H<6-2) 

C(7) 
H<i-1) 
H(7-2) 

C(7a) 

C(8) 
H<S-1) 
H(8-2) 

ai) 
cm 
H<% 
as, 
H(s) 
C&x) 
CCZ, 
H<&l) 
H&2) 

c<s> 
H&l) 
H&2) 

cm 
H&%-l) 
H(&2) 

cc0 
H<?-1) 
H<%2) 
C(?a) 

cm 
H(k) 
H&2) 

C<1') 
C<2') 
C(3') 
W3') 

C(4') 
Hc4') 
C(4a') 

C(5') 

O-7554(2) 
0.7746(7) 

0.7225(8) 
0.616(l) 
0.581(l) 
0.607 
0.500<1) 
0.462 
0.4840) 
0.404(l) 
0.461 
0.306 
O-388(2) 
0.368 

0.304 
O-523(2) 
0.506 
0.607 
0.563(l) 
0.661 
0.490 

0.559(l) 
0.704(l) 
0.646 
0.728 
0.924(l) 
0.926(l) 

0.888 
0.998(l) 
1.017 
1.034(l) 
1.120(l) 
1.078 
1.223 
1_115<2) 
1.018 
1.192 
1.137(2) 
1.232 
1.138 
1.013(l) 
0.921 
1.046 
0.988(l) 
0.852(l) 
0.920 
0.829 
0.683(l) 
0.681(l) 
0.585(l) 
0.593 
0.482(l) 
0.418 
0.469(l) 
0.355<1) 

0.2740(O) 
O-3548(5) 

O-1609(5) 
0.310<1) 
0.377(l) 
0.442 
0.330(l) 
0.358 
0.234(l) 
0.154(l) 
0.138 
0.175 

0.069(l) 
0.015 
0.078 
0.048(l) 

-0.009 
0.039 
0.127(l) 
0.117 
0.128 
0.218(l) 
0.329(l) 

0.368 
0.271 
0.328(l) 
0.226(l) 

0.183 
0.203(l) 
0.140 
0.285(l) 
0.298(l) 
0.257 
0.282 
0.398(l) 
0.409 

0.406 
0.468(l) 
0.455 
0.530 
0.465(l) 
0.491 
0.502 
0.364(l) 
0.381(l) 

0.383 
0.445 
0.270(l) 

0.349(l) 
0.427<1) 

0.483 
0.422(l) 

0.475 
0.339(l) 
0.332(l) 

0.8271(l) 
0.7017<6) 

O-7312(6) 
0.962(l) 
0.868(l) 
0.875 
0.761(l) 
0.684 
0.788(l) 
0.709(l) 
0.657 
0.662 
0.777(l) 
0.724 
0.806 
0.879(l) 
0.917 
0.850 
0.973(l) 
1.028 
1.015 
0.914(l) 

1.091<11 

1.126 
l-134 
1.013(l) 
l.OOS<l) 

1.055 
0.921(l) 
0.898 
0.875(l) 
0.786(l) 
0.719 
0.824 
0.739(l) 
0.681 

0.703 
0.839(l) 
0.897 
0.807 
0.902(l) 
0.850 
0.974 
0.932(l) 
1.094(l) 

1.173 
1.065 
0.519<1) 
0.587(l) 
0.542(l) 
0.590 
0.430(l) 

0.399 
0.361<1) 

0.249(l) 

- 
- 
- 
3.6<3) 
4.1(3) 
8.0 
3.4(3) 
8.0 
2-8(O) 
4.2(3) 
8.0 
8.0 
6.1(4) 
8.0 
8.0 
6-O(4) 
8.0 
8.0 
4.6<3) 
8.0 
8.0 
3.?(3) 

4.5<3) 
8.0 
8.0 
3.5(3) 
3.3(3) 
8.0 

3.4(3) 
8.0 
3.2(2) 
4.4<3) 

8.0 
8.0 

6.6(4) 
8.0 
8.0 
6.2(4) 

8.0 
8.0 
5.0<3) 
8.0 
8.0 
3_1<3> 
4.5(3) 

8.0 
8.0 
2.9(2) 
2.7<2) 
3-l(2) 
8.0 

3.8<3) 

8.0 
3.6(3) 
4.2(3) 



TABLE3 <continued) 

Atom x/a s/b L/C B 

H(6') 0.289 0.384 0.218 8.0 

CC6') 0.340(l) 0.249(l) 0.186(l) 4_7(3) 

H(6') 0.26-t 0.244 0.110 8.0 

C(7') 0.433(l) 0.172(l) 0.229(l) 4.8(3) 
W7') 0.419 0.114 0.184 8.0 

C<8') 0.546(l) 0.117(l) 0.337(l) 4-O(3) 
W8') 0.610 0.124 0.367 8.0 

C(8d) 0.569(l) 0.263(l) 0.406(l) 2.7(2) 

c(i’) 0.794(l) 0.193(l) 0.562(l) 2.5<2) 

C(z') 0.806(l) 0.139(l) 0.659(l) 2.3(2) 

C(3') 0.895(l) 0.0560) 0.686(l) 3.2<3) 
H(3') 0.892 0.017 0.751 8.0 - 

C(6) 0.985(l) 0.033(l) 0.618<1) 3.4<3) 
H(T) 1.043 -0.024 0.634 8.0 

C(Za') 0.993(l) 0.092(l) 0.528(l) 3.0<3) 

C(S) 1.103(l) 0.075(l) 0.465(l) 3.8(3) 
H(g) 1.168 0.021 0.484 8.0 

C(Z) 1.114(l) 0.135(l) 0.382(l) 5.0(3) 
H(6') 1.186 0.122 0.341 8.0 

C(Y) 1.025(l) 0.215(l) 0.351(l) 4.8(3) 
H(?'> 1.039 0.258 0.292 8.0 

C(S) 0.916(l) 0.234(l) 0.407(l) 4.0(3) 
H(8') 0.852 O-289 0.385 8.0 
C(8i') 0.900(l) 0.172(l) 0.496(l) 2.8(2) 

Anisotropic thermal parameters b 

Atom B11 B22 833 B23 B13 Bn 

Ti 2.35(8) 2.56(9) 

O(1) 2.6(4) 2.9(4) 

O(2) 3.0(4) 3-l(4) 

Interatomic distances and bond angles 

2.13(a) 0.0(l) 0.0(l) 0.1(l) 

2.2(4) 0.1(3) -0.2(3) -0.4(3) 

2.2(4) OS(3) O-O(3) --0.1(3) 

Ti-O(1) 
Ti-O<2) 

Ti-C(l) 

Ti-C(B) 

T&C(B) 

Ti-C(3a) 
Ti-C(la) 

193.2(7) O(l)-Ti-O(2) 94.4<3) 

193~517) Ti-0(12--C<2') X22.8(6) 
Ti-0(2+C(Z') 122.9(6) 

242(l) Ti-C(i) 240(l) 
235(l) Ti-C(% 235(l) 

241(l) T&-C(3) 242(l) 

251(l) T&C<%) 250(l) 
250(l) Ti--C(?a) 249(l) 

aH~drogenatomsbondedtocarbonatomswithd(C-H)=96pmandnonnalangles. b 

referto T= exp(-2n2(U~~h2af2 +.__ t 2U23klb*cf)). 
U, Uijill lo2 pm2 

the unsubstituted ansa-titanocene (CH2)2(C5H4)2TiC12 [9]. The tetramethylene 
substituents attached to the ansa-titanocene framework adopt a cyclohexene- 
like conformation; all the CH, groups bonded to the C,-rings remain in the 
plane of the respective ring ligand within deviations of less than 1”. With four 
of their six C atoms confined to the cyclopentadienyl plane, each tetramethylene 
unit has one methylene group (C atoms4 and 5) folded away from the TiClz 
plane. 



In a small but lughly stgntfrcnnt df+vmtrnn fran the trn5tthst7ttttecl anba-tttathn- 
ccne maloguc, both cyclopentadlrnyl rmg hgands arc twlstcd Hi such a way 
that their tetr~ethylene-substrtuted edges air+ farther rtwmved from the TIC : 
$iirLP &nr_ =&EExr urxsrrS~Dx2zdIMKKF7Eq~~s “GOa dIai;rlrf;lrllr c C,i-ru rr~1sti.y C~,riI\.~ *Ii 
by repulslvc mteractmns between the chloride hgand atoms and the methyltsrc 
g~uups (C al~ms 4 and 4) situated kmmedlately ULPOVC wd below Chute utwms ut 
a dr,stance sE about 315 pm. The severity of these mterartrnns can ha gauged 
by the angle by which the normal on each cyclopentadlt*nyl plant deviates Er~m 
the plane blvoctlng the Cl-TI-CI angle While this twist angle IY nil wlthm error 
Irm~ts for the unsubstltuted olnsa-krtanocene analogue, it IS 7 5 t 1 5” m cem- 
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Fig. 2. Molecular structure of meso-eth~lene-bis<4.5.6.7-tetrah~dro-l-indenyl)titanium dichloride (2). 

pound 1, indicating a firm contact of the chiral ligand framework with both 
in-plane ligands 

In view of this close contact, it is somewhat surprising that of the two equiv- 
alent torsional conformations of an unsubstituted ansa-titanocene framework 
191, compound 1 adopts the one in which both fl-substituents are in a “forward” 
position, i.e. closer to the adjacent TiCl group. Apparently, a crowding of the 
cr-methylene substituents (C atoms 7 and 7) on the backside of the titanocene 
&mework would give rise to even greater repulsions. At any rate, the presence 
of the tetramethylene ring (instead of just a single alkyl substituent in the p 
position) appears to lock the ligand framework into a conformation with enhanced 
steric interactions at both ligand sites_ 
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Fig. 3. Molecular structure of ethylene-bis<4.5.6.7-tetrahydro-<S)-l-indenyl)titanium-(S)-1’.1”-bi-2-naphtholate 

(3). 

The molecular structure of compound 2 identifies it as the meso-isomer of 1. 
In this compound, the two chloride ligands are clearly inequivalent, one of 
them being sterically hindered by tetramethylene units from both top and 
bottom, while the other is essentially unencumbered_ 

In 2, the ethylene bridge is no longer situated on the rear extension of the 
axis bisecting the Cl-Ti-Cl angle; instead it is severely twisted to that side of 
the ligand framework which carries both tetramethylene substituents. This 
distortion allows one of the P-methylene substituents (C atom 4) to reside 
above the TiCl* group, almost midway between the two Cl ligands. A rather 
similar conformation, which appears to relieve some of the repulsive strain, is 
adopted, e.g. by bis(methylcyclopentadienyl)titanium dichloride [lo] _ The 
constraints of the bridged ligand framework of 2 keep the other tetrahydro- 
indenyl moiety in a distinctly less favorable arrangement. 

Although the constitutive symmetry plane of this meso-structure is clearly 
spoiled by conformational distortions of the molecule, it is apparent that the 
two halves of the molecule would become equivalent by a relatively minor 
torsion of the ansa-ligand framework and by an interchange of the tetrahydro-sl;- 
ring conformations by a twisting mode. 

The structure of compound 3, the S-binaphtholate derivative of compound 
1, retains the essential elements of structure 1. Thus, the ansa-titanocene moiety 
of 3 is again locked in a torsional conformation which puts both P-methylene 
substituents in a “forward” position, thereby increasing interactions with the 
binaphthol moiety. The binaphthol ligand, with a torsional angle of 70” between 
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its two naphthol planes, fits the coordination geometry of the Ti center without 
any noticeable strains *. 

The ansa-titanocene and the binaphtholate parts of the molecule, each 
closely approaching axial symmetry, are kinked relative to each other by 
about 9” at the Ti center. This distortion, probably caused by packing effects, 
results in slightly inequivalent dispositions of the two 0-ligand atoms relative 

to the substituted titanocene framework. Nevertheless, it is clearly apparent 
from structure 3 that a diastereomeric adduct between an (R,R)-enantiomer of 
the substituted ansa-titanocene and an (S)-(-)-binaphthol ligand would (even 
if both moieties were coaxiahy arranged) place the CH, groups (C atoms 4 and 
8) at the front side of the titanocene within a distance of less than 2 A from 
the CH groups in position 3 and 3 of the naphthol rings. Such an (R,R)-1 :(S)-1’ 
diastereomer of 3 would thus involve practically unsurmountable repulsive 
interactions, in accord with our observation that the reaction between racemic 
I and (S)-binaphtholate yields exclusively the (S,S)-1 :(S)-1’ diastereomer 3, in 
which the two interpenetrating parts of the molecule have the same sense of 
chirahty. 

Conclusions 

Ethylene-bridged bis( tetrahydroindenyl)titanium derivatives are now acces- 
sible through a reaction sequence largely uncomplicated by formation of 
stereoisomeric side-products: The meso component of the initial product mix- 
ture is readily converted to the desired racemate by exposure to light. The 
mechanism of this synthetically useful reaction probably involves a reversible 
homolytic metal-ring separation similar to that involved in other photolytic 
reactions of titanocene derivatives [ 131. Because of this photolability of the 
metal-ring linkage, solutions of the pure enantiomers of 1 must be shielded 
from light to prevent their racemization. 

On the other hand, the chiral ansa-titanocene framework of 1 appears to be 
quite resistant towards racemisation during exchange of Ti-bound Iigands. 
Repeated exchanges, e.g. of Cl for CH, ligands by methyllithium and reconver- 
sion of the dimethyl to the dichloro derivative by HCl, leaves the specific rota- 
tion of the product unchanged. This is in accord with the expectation that the 
chirality centers of 1, which are located at the cyclopentadienyl carbon atoms 
rather than at the central Ti atom, should not suffer configurational changes 
upon substitution of ligands in the TiC12 plane. 

We are at present exploring the limits of configurational stability of these 
chiral ansa-titanocenes and of similarly accessible zirconium analogues in more 
highly reactive (e.g. hydride-transferring) reaction systems, as web as the stereo- 
selectivity of their interactions with prochiral olefin and carbonyl substrates. 

* The absolute configuration of 3 as represented in Fig. 3 is based on the configurational assignment 
of [-)-l,l’-bi-%naphthol as the (S)-enantiomer by Akimoto et al. [ill. In accord with this assign- 

ment. we find that the R, and Rz values are slightly increased to 0.0637 and 0.0748. due to 
anomalous dispersion effects. if structure 3 is refined wit? the opposite absolute configuration. 
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Experimental 

All solvents were thoroughly dried and stored under N,. Silanized silica gel 
was prepared from Merck Grade AGO/Silica Gel by reaction with (CH,),SiCl in 
refluxing toluene. 

1. 

THF were cooled to -78°C and 4.2 ml 
(ca. 39 mmol) of TiCL were added. The yellow suspension was heated to reflux 
under Nz, and to the refluxing, well-stirred suspension the solution of 38 mmol 
of dilithio-1,2-bis(indenyl)ethane (obtained as described above) was added all 
at once through the dropping funnel, whereupon the reaction mixture turned 
dark brown-green. The heating was stopped and the mixture stirred for about 
15 min until it had cooled to room temperature. Gaseous HCl was then bubbled 
through for about half a minute, and the solvent was then removed in vacua. 
The subsequent purification steps were conducted without inert gas protection. 

The residue obtained after removal of solvent was washed on a Biichner 
funnel with several portions of diethyl ether until the filtrate was essentially 
colourless. The solid was then washed with 10% aqueous HCl, water, ethanol 
and diethyl ether. After drying in vacua, 3.3 g (8.7 mmol; 22% of theoretical 
yield) of a dark greenish brown powder were obtained, and this consisted of a 
mixture of racemic and of meso-ethylene-bis( l-indenyl)titanium dichloride. 

In the mass spectrum, parent ions of composition C,0H,6TiC12+ were observed 
at m/e = 

together with 75 mg of a lO%-palla- 
dium-on-charcoal catalyst (Merck No. 807104), in 30 ml of dry dimethoxy- 
ethane. Hydrogenation was carried out at a starting pressure of 30 psi of H,. 
After 8 hours, the catalyst was removed by filtration and the red solution was 
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TABLE 4 

tH NMR DATA FOR COMPOUNDS 1_4ND 2 

rlX-1 

Chemical 

shift 

(6. porn) 

Relative 

intensitv 

(splitting) 

meso- 

Chemical Relative 

shift intensity 
(6. mm) (splitting) 

Assignment 

6.58 (d. 3 Hz) 2 

5.55 (d. 3 Hz) 2 

3.2-3.0 (ml 6 

2.6-2.5 (ml 4 

2.4-2.3 (m) 2 

2.0-1.8 (m) 4 

1.6-l-4 (ml 4 

6.44 (d. 3 Hz) 2 

6.29 (d. 3 Hz) 2 

3.2-3-O (ml 6 
2.7-2.5 (ml 2 
2.5-2.2 (m) 4 

2.2-l-9 (m) 4 
1.65-1.45 (In) 4 

H(2) 
H(3) 
CHz 

CH2 
CH? 

CH2 
CHZ 

evaporated to give 0.72 g (70%) of a red powder, consiting of a mixture of the 
two stereoisomers. Alternatively, the hydrogenation was performed under 100 
bar of H2 with Pt& (Degussa) as catalyst. In this case, yields were around 90%. 

For the chromatographic separation, 0.28 g of this product mixture, dissolved 
in ca. 4-5 ml of toluene, was put onto a 30 cm column containing ca. 60 ml 
of silanized silica gel in petroleum ether at -20°C. Elution with toluene/petro- 
leum ether (l/2) gave two well-separated red fractions. Evaporation of solvent 
led to the spontaneous crystallisation of the racemate 1 from the first and of 
the meso-compound 2 from the second of these fractions. Both products 
have identical mass spectra, with parent ions at m/e = 386-382 showing 
appropriate isotope ratios and fragment ions corresponding to loss of one or 
two Cl and HCl particles, as well as a substituted fulvene species CloHi2TiC1. 
Elemental analysis: Found C, 63.16, H 6.41, Cl 19.04. Caled_: C 62.82, H 6.28, 
Cl 18.58%. The products are further characterized by the ‘H NMR data given 
in Table 4. 

For the conversion of meso- to the racemate 1, the crude reaction mixture 
was exposed to sunlight for l-2 weeks or irradiated for 4 h with a Hanovia 
125W mercury irradiation set with quartz vessel and dichromate solution as 
light filter (cf. ref. 13) partial evaporation and decant&ion of the supernatant 
liquid gave well-shaped rectangular crystals of 1. 

4. Ethylene-bis(4,5,6,7-tetrahydro-(S)-l-indenyl)titanium-(S)-l’,l”-bi-2-naphtho- 
late (3) 

To a suspension of 0.45 g (1.5’7 mmol) of (S)-(-)-binaphthol and 1.2 g (3.15 
mmol of rac-ethylenebis(4,5,6,7-tetrahydroindenyl)titanium dichloride in 
150 ml of toluene was added a piece of (ca. 0.5 g) sodium. After stirring under 
N2 for 4 hours at 80°C and 1 hour at room temperature, the sodium was 
removed from the dark red solution_ The solution was evaporated in vacua to 
about one quarter of its volume, and the mixture was transferred to a chroma- 
tographic column containing about 60 ml of silica gel in petroleum ether. With 
toluenelpetroleum ether (l/2) at -20X, a spread-out’red zone was slowly eluted, 
leaving behind an almost black starting zone. 

The red fraction containing the binaphtholate derivative was concentrated 



to yreld 710 mg (1.12 rnmol, 77% of theoretical y1f4d for one enantlomcr) 0J 3 
as a red powder Mass spectrum Parent ion of composltlon C, ,EI ,hOIT~ at rrz e = 
546; elemental analysis. Found C, SO 3l,, H 6 78 Calc C 80.66, 11 6 08% 

NMR data. 7 79-7 72 (m, 4), 7 2-6 85 (m, S), naphthol protons, 5 54 cd, 4), 
cyclopentadlenyl protons, 3.4-3.0 (m, 4), 2.57-2.47 (m, 4), 1.86-1.48 (m, 
lo), 1.23-1.14 (m, 2) ethyIene bridge and tetrahydro indenyl CH, groups. 

After elutron of a yellow substance from the chrsmatogra& hrc column with 
toluene/petroleum ether (3/2), the dark startmg zone wcls eluted with methylent 
chloride saturated with NC1 to &ve, after removal of solvent, 430 mg (0 81 
mmol, 70% of theorettcal yield for one enantiomer) of ‘H NMR spectrally pure 

1 wrth tl specific optrcal rotation, In CHCl, of [(r]& = 2,140” (i cm, 23.2 rng/ 
100 ml), mdxcatmg the presence of (R,JZ)-3. m an optrral purrty of ca. 75%, 

5 C’ieauage of the brnapltthaiate arlduct 3 
About 20 ml of petroleum ether, contamIng 78 mg of the bnlqhtholate 

adduct 3 m suspensron, were cooled to -78-C, 1.6 mmol of methyl llthlum ln 
dlethyl ether were added with a syrmge and the mixture was allowed to warn3 
to room temperature. After sturtng for about 4 hours, the yellow solutron of 
the dimethyl denvatrve was filtered. Exposure of the fileate to gaseous IiCl 1~ d 
to preclpltatlon of a red solId, whrch was frltered off, washed with pentane 
and dried m vacua The matrtnal thus obtained was ldentlfled hy ‘H NMR 
spes’troscopy as pure 1 Its o!,tlcal rotation xn CHCI, (1 pm, 50 mg/100 ml) wv.rs 

r(Y1::5 a -3300“ Repeated (onversion to the dimethyl d~:r~vatlve with CII,LI 
and reconversion to 1 with Ilc’l did not Ghange the specxfrc optical rotation c>f 
this material, which can thu% k)c, regarded as bring puri’ (>‘,.S)-3 
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