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ansa-{rlS,rl 5 '-[ l, 1 "-( I -Silacyclopent- 3-ene- 1, I-diyl)bis(indenyl)] }dichlorozirconium (la,b) 
was synthesized. The crystal structure of meso-[(I,4-CH2CH=CHCH?)SI(CgH6)2ZrCI21 (lb) 
was established by X-ray diffraction analysis. Photoinduced interconversion of the racemic 
(la) and meso forms was studied under various conditions. The photostationary state 
(rac: meso = 55 : 45) was established rapidly when solutions of ansa-zirconocene were 
irradiated with visible light. 
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It is well known (see, for example, the review 1) that 
chiral bridged metallocenes are widely used as homoge- 
neous catalysts in polymerization and copolymerization 
of various (x-olefins, in particular, in industrial propy- 
lene polymerization. One way of improving the effi- 
ciency of these processes is to immobilize the catalyst on 
the surface of a solid-phase carrier and to perform the 
reaction under virtually heterogeneous conditions. In 
this connection,  ansa-metallocenes whose bridging frag- 
ments contain the double bond, which can undergo 
further functionalization followed by "attachment" to 
the corresponding solid phase, show promise. 

Besides, it was established that individual isomers 
(the racemate and the meso form) of chiral metaltocenes 
can undergo interconversions upon photoexcitation. 
These photoinduced intcrconversions of stereoisomers 
were reported tbr a number of titanium complexes z-5 
and were recently studied for some zirconocenes. 6-s 
The racemic form of the catalyst is the active principle 
in the processes of stereospecific polymerization. There- 
fore, studies of the photochemical behavior of chiral 
metallocenes are of obvious theoretical and practical 
interest. 

In this work, we synthesized a mixture of the race- 
mic ( la)  and meso forms of ansa-lrl5,qs"-[l,l "-(l-sila- 
cyclope n t- 3-ene-  1, I -diyl)bis(inde n yl)] }dichlorozirco- 
nium (lb) containing the unsaturated bridging fragment 
and studied photoinduced interconversion of the race- 
mic and meso forms under various conditions. The crys- 

t Deceased. 

tal structure of meso form lb was established by X-ray 
diffraction analysis. 

Results and Discussion 

Synthesis of ansa-zirconocene la, b 

The synthesis of ansa complex la ,b is shown in 
Scheme 1. The reaction of 1 , l -dichtorol l -s i lacyclo-  
pentene-3 with indenyl l i th ium in Et20 proceeded 
smoothly under mild conditions to give l , l ' - ( l - s i l a -  
cyclopentene-3-diyl)bis(indene) (2) (rac : meso = l : 1) 
in quantitative yield. Deprotonation of 2 with two equiva- 
lents of n-butyllithium in ether afforded the dilithium 
salt of the dianion (3), which was isolated in the crystal- 
line form as an adduct with one Et~O molecule. Salt 3 
was characterized by IH and 13C-{CH} NMR spectros- 
copy. The reaction of equimolar amounts of etherate 3 
and ZrCI 4 in toluene gave ansa-zirconocene la ,b as a 
mixture of diastereomers la  and lb ( r a c :  meso = 
55 : 45) in good yield. Subsequent fractional crystalli- 
zation from dichloromethane resulted in isolation of 
meso form lb in the pure form in 25% yield. The crystal 
structure of lb was established by X-ray diffraction 
analysis. The poorer solubility of  the meso form com- 
pared to that of the racemate is rather unexpected 
because the meso forms of the dimethylsilyl derivative 
Me2Si(CgH6)2ZrCI2] 9 (4) and of  the saturated analog 
of complex 1, [(CH2)4Si(CgH6)2ZrCI2] 10 (5) are more 
soluble than the corresponding racemates. Apparently, 
this is associated with the peculiarities of the crystal 
packing of the complex. Unfortunately,  we failed to 
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Scheme 1 

2 3 
( rac:  rneso = 1 : 1 )  

6 

l a  (55%) l b  (45%) 

isolate pure racemate l a  ill the crystalliqe form because 
of  its higher solubili ty as well as because of the fact that 

photoinduced interconversion of l a  and lb  proceeded 
readily (see below). The best ratio of l a  : lb  isomers, 
which was attained in the mother  liquor, was 2 : I. 

The parameters of the tH and t3C-{IH} N M R  spec- 
tra of isomers la  and Ib in the region of the signals of 
the indenyl fragments are virtually identical to those 
obtained previously I~ for the s i lacyclopentane derivative 
5. In the tH N M R  spectrum of racemate la ,  the pro- 
tons of the bridging CH 2 fragment give an AB system 
with the geminal spin-spin coupl ing constant  )JH-H = 
17 Hz (i.e., the pro tons  of  each CH 2 group are 
nonequivalent) .  The 13C-{IH} N M R  spectrum has one 
signal of the CH 2 group (8 16.99), which corresponds to 
the molecular  symmetry C 2. In the case of meso form 
lb,  the CH2 groups are nonequiva len t  and give two 
signals each in the tH N M R  (8 2.29 and 2.64) and 
13C-{IH} NM R  (8 t6.45 and 16.86) spectra, which is 
indicative of the presence of a symmetry plane in the 
molecule (the point group Cs). 

Crystal structure o f  meso form lb 

The structure of complex lb was confirmed by X-ray 
diffraction analysis (Fig. 1, Tables I - -3) .  Molecule Ib is 
a skewed metallosandwich with nearly pla,mr indenyl  
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Fig. 1. Molecular smmture of complex lb. 
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Table !. Coordinates of nonhydrogcn atoms 
(xl04/A) and their isotropic equivalent thermal 
parameters (x 103/~ 2) for complex Ib 

Atom x y z Ueq 

Zr 616(I) 1723(1) 1989(1) 29(1) 
Si 3326(2) 2661(1) -941(1) 34(1) 
CI(I) -201(2) 2283(I) 4328(t) 44(1) 
C1(2) -1213(2) 170 (1 )  2327(1)  57(1) 
C(I) 1280(6)  3328(3) 74(3) 33(1) 
C(2) -30(6) 2751(4) 147 (4 )  39(I) 
C(3) -1388(6) 3146(4) 1326(4) 44(1) 
C(4) -979(6) 4042(4) 2015(4)  39(1) 
C(5) 620(6) 4126(3) t283(4) 34(1) 
C(6) 1375(6)  4950(4) 1767(4) 43(l) 
C(7) 453(8) 5635(4) 2928(5)  55(2) 
C(8) -1145(8) 5544(4) 3652(5) 55(2) 
C(9) -1883(6) 4766(4) 3224(4) 48(I) 
C(II) 3378(5) 1339(3)  305(3) 3l(1) 
C(12) 2720(6) 1 5 7 ( 4 )  455(4) 42(1) 
C(13) 2404(6) -396(3) 1752(4) 43(1) 
C(14) 2913(6) 393(3) 2450(4)  39(1) 
C(15) 3508(5) 1478(3)  1567(3) 32(1) 
C(16) 4115(6) 2428(4) 2015(4)  39(1) 
C(17) 4137(6) 2269(5) 3261(4)  51(1) 
C(18) 3566(6) t195(5) 4121(4) 53(1) 
C(19) 2956(6) 274(4) 3752(4) 46(1) 
C(21) 4819(7) 3830(4) -1465(4) 54(2) 
C(22) 5660(6) 3647(4) -2994(4) 49(1) 
C(23) 5179(6) 28300) -3567(4) 46(1) 
C(24) 3828(6) 2111(4) -2697(4) 39(l) 

Table 2. Bond lengths (d) in complex lb 

Bond dig, Bond d/A 

Zr--CI(I) 2.397(2) Zr--CI(2) 2.435(2) 
Zr--C(I) 2.475(4) Zr--C(II) 2.474(4) 
Zr--C(2) 2.467(4) Zr--C(12) 2.463(4) 
Zr--C(3) 2.578(5) Zr--C(l 3) 2.552(4) 
Zr--C(4) 2.664(4) Zr--C([4) 2.648(5) 
Zr--C(5) 2.556(4) Zr--C(15) 2.582(5) 
St--C(1) 1.845(5) St--C(1 I) 1.865(4) 
Si--C(21) 1.873(5) Si--C(24) 1.863(4) 
C(1)--C(2) 1.432(6) C(I I)--C(12) 1,423(6) 
C(I)--C(5) 1.450(5) C(I I)--C(15) 1.445(5) 
C(2)--C(3) 1 .408 (7 )  C(12)--C(13) 1.399(5) 
C(3)--C(4) 1.426(6) C(I 3)--C(14) 1.414(6) 
C(4)--C(5) 1.398(6) C(14)--C(19) 1.425(5) 
C(4)--C(9) 1.420(6) C(14)--C(15) 1.433(5) 
C(5)--C(6) 1 .447 (6 )  C(15)--C(16) 1.421(6) 
C(6)--C(7) 1.366(6) C(16)--C(17) 1.357(6) 
C(7)--C(8) t.398(7) C(I 7)--C(18) 1.408(7) 
C(8)--C(9) 1 .364(7 )  C(18)--C(19) 1.352(6) 
C(21)--C(22) 1.510(6)  C(23)--C(24) 1.491(7) 
C(22)--C(23) 1.322(6) 
Zr--Cp(I )" 2.243 Zr--Cp(2) a 2.238 
Zr--PL(I) b 2.223 Zr--PL(2) b 2.229 

'~ Cp is the center of the cyclopentadienyl ring. 
b PL is the plane of the cyclopentadienyl ring. 

Table 3. Selected bond angles (~)) 
complex lb 

Angle ~/deg 

CI(I)--Zr--CI(2) 99.23(6) 
C(I )--Si--C(24) 116.5(2) 
C(I)--Si--C(t l) 95.9(2) 
C(24)--Si--C( 11 ) I 15.2(2) 
C( I)--Si--C(2 l) 116.5(2) 
C(24)--Si--C(21 ) 96.6(2) 
C(I l)--Si--C(21) 117.7(2) 
C(22)--C(2 l)--Si 102.1(3) 
C(23)--C(24)--Si 102.7(3) 
C(23)--C(22)--C(21) 118.9(4) 
C(22)--C(23)--C(24) 119.7(4) 
Cp(1 )--Zr--Cp(2)* 127.7 
PL(I)--PL(2)* 118.9 
Si--C(I)--Cp(1) 162.8 
St--C(1 l)--Cp(2) 162.3 

* See notes in Table 2. 

ligands (the mean deviations of  the carbon atoms from 
tile C(1)--C(9) and C(11)--C(19) planes are 0.012 and 
0.023 Z,, respectively). Tile bridging sitacyclopentene 
group is also virtually planar (the maximum deviation of 
the Si atom from the plane through the five atoms is 
0.019 A). The Zr--C bond distances vary in a rather 
wide range from 2.463(4) ,~ (for the C(12) atom) to 
2.664(4) A (for the C(4) atom). The substantial de- 
crease in the Zr- -C(2)  distance compared to the 
Zr - -C(4)  distance is rather typical of  bisindenyl 
zirconocenes and reflects the noticeable tendency of lb 
to @-coordination with the indenyl ligand. Thus, analy- 
sis of  the data available in the Cambridge Structural 
Database (CSD, November 199711) demonstrated that 
for 29 structures of bisindenylzirconocene dichlorides. 
the average Zr--C(2) distance is 2.525 A, whereas the 
Zr--C(4) distance is 2.587 ,~.. 

The principal structural parameters of complex lb 
and two related compounds, [Me?Si(C9Hr)2ZrCI 2] (4) 
and [(CH~)4Si(CgH6)2ZrC12] (5) (calculations from the 
CSD data), are given in Table 4. On the whole, both for 
the rac and meso forms of these compounds,  the param- 
eters that characterize the metallocene fragment (the 
CI--Zr--CI and Cp(center)--Zr--Cp(center)  angles and 
the Cp(center)--Zr distances) change only slightly. The 
same is true for the characteristics of  the strain of the 
bridging dialkylsilyl group ( the Cind--Si--Cin d and 
Cp(center)--Cind--Si angles). However, it should be noted 
that in the meso complexes, unlike the rac forms, sub- 
stantial differences are observed in the Zr--CI bond 
lengths. The distances to the chlorine atom shielded by 
both phenyl rings are 0.046 and 0.038 g, shorter than 
the distances to the nonscreened atom. 

It should be also noted that although crystals of lb 
and of meso form 5 belong to the same space group and 
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Table 4. Comparison of the structural parameters of complexes lb, 4, and 5 

Complex. Zr--CI 8(Zr--CI) a CI--Zr--C1 CR--Si b CR--Si--C R Ch,d--Si c Clnd--gi--Ch, d Zr--Cp d Cp--Zr--Cp Cp--C[,,d--Si 

isomer ~, /deg /,a, /deg /A /deg /~. deg 

lb 2.435 0.038 99.23 1.873 96.6 1.865 95.9 2.243 127.7 
2.397 1.863 1.845 2.238 

4, rac 2.431 0 98.76 1.849 II 1.3 1.871 94.6 2_241 127.8 

5, cac 2.432 0.006 98.25 1.878 96.5 1.866 952 2.261 127.6 
2.426 1.875 [.855 2.247 

5, meso 2.45 t 0.046 97.27 1.877 96.8 1.872 95.4 2.254 127.7 
2.405 1.877 1.871 2.246 

162.8 
162.3 

163.5 

164.3 
t63.0 

163.7 
162.2 

8(Zr--CI) is the difference between the Zr--Ct(1) and Zr--CI(2) distances. 
t~ CR is the carbon atom of the alkyl substituent at the bridging Si atom. 
c Ci,, d is the carbon atom of the indenyl ligand bonded to the bridging Si atom. d Cp is the center of the cyclopentadienyl ring. 

their  unit cell paran]eters and the molecular  geometries  
are similar, these compounds  are not isostructural. 

Pho to induced  i somer iza t ion  o f  i somers  l a  a n d  lb  

With the aim of  revealing the photochemica l  behav- 
ior of  complexes  la ,b in solutions under irradiation both 
with UV and visible light, we carried out a series of  
exper iments  in various solutions. Samples were irradi- 
ated directly in N M R  tubes. Ratios of  the isomers were 
determined from the ~H N M R  spectra. Solut ions of  the 
pure meso form and of  a mixture of  isomers enriched 
with the racemate (2 : 1) were used as the initial samples. 
To examine  the possibility o f  thermal isomerizat ion,  
samples were prel iminari ly heated in the dark at 80--  
90 ~ for 1 h. No  changes in the isomeric composi t ion 
of  l a  and Ib were observed. 

We found that when solutions of  l a  and lb in 
CD2C12, T H F - d s ,  and C6D 6 were irradiated with UV 
light (high-pressure mercury  lamp, 120 W), the photo-  
stationary state (rczc : meso  = 55 : 45) (Scheme  2), 
which is independen t  of  the solvent, was reached in a 
few minutes.  Fur ther  irradiation of  the samples for 1 h 
did not lead e i ther  to a change in the ratio o f  the isomers 
in the solution or  to their  photochemica l  destruction. 
This destruction was observed whet] a solution of  2,3-btl- 
tylene-  1,1 ' -b i s ( te t rahydro indenyl )d ich loroz i rconium in 
T H F  was irradiated with UV light. 6 We also found that 
it] all three solvents the photostat ionary state was at- 
tained within 20 rain alter irradiation with the use of  an 
ordinary incandescent  lamp (150 W) even when solu- 
tions of  the pure meso form lb  were used as the starting 
samples. It should be noted that even storage of  soht- 
tions of  lb in CH2CI 2 or T H F  (but not in benzene)  in 
the scattered daylight over  a rather prolonged period 
(1- -2  weeks) resulted in photoisomerizat ion to give a 
virtually stationary ratio of  the isomers. 

Scheme 2 

cI 

la  (55%) l b  (45%} 

r 

? :Zr ....... Cl 

Au analogous pho to induced  interconvers ion ( includ-  
ing that induced by visible light) was observed previ- 
ously 7 in the case of  a number  of  indenyl z i rconocenes ,  
in particular, in the case o f  dimethylsi lyl  derivative 4. 
However,  the rate o f  the las t -ment ioned  interconversion 
was substantially lower. The  photosta t ionary ratio of  the 
isomers found in the l a s t -men t ioned  case (rac : meso = 
1.2 : I) virtually coincides  with that  de te rmined  by tts 
for l a  and lb (55 : 45). It should be also noted that the 
data on photo isomer iza t ion  of  s i lacyclopentaue deriva- 
tive 5 are unavailable. I~ 
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Therefore ,  ou r  results dem ons t r a t e  tha t  in some cases, 
p h o t o m d u c e d  i n t e r conve r s i on  of  s t e reo i somers  of  chiral  
ansa-metallocenes can  proceed  very readily even u n d e r  
i r radia t ion  with visible light. This  fact should  be taken  
into accoun t  bo th  in the synthes is  of  complexes  and  in 
the  cata lyt ic  r eac t ions  with the i r  par t ic ipa t ion .  

Experimental 

All operations associated with the synthesis, including 
preparation of samples for N M R spectral studies, were carried 
out in all-sealed evacuated vessels of the Schlenk tube type. 
The solvents were dried according to conventional procedures. 
degassed, and introdtmed into the reaction volumes by 
recondensation using a vacuum line. Commercially available 
ZrCf 4 (Merck) was used. I ,I-Dichloro-l-silacyclopentene-3 
was purified by boiling with an aluminum powder followed by 
double recondensation using a vacuum line. Indenyllithit,m 
was prepared by deprotonation of indene with butyllithium and 
purified by recrystal l izat ion from Et?O. The IH and 
13C-{IH} NMR spectra were recorded on a Varian VXR-400 
spectrometer (at 400 and I00 MHz, respectively) at 30 ~ 

Solutions of the complex were irradiated with UV light 
(DRK-120 high-pressure mercury lamp, 120 W) and with 
visible light (incandescent lamp, 150 W) using NMR tubes 
placed at a distance of 15 cm from the light source; the 
samples were cooled with an air stream (the temperature of the 
samples was 40--50 ~ 

Synthesis of I, 1'-( I -silacyclopent-3-en- 1, I -diyl)bis(indene) 
(2) ((I,4-CHzCH=CIICHz)Si(CgH7)z, r a c  : m e s o  = I : 1). 
A solution of indenyllithiuna (4.58 g, 37.51 retool) in Et20 
(20 ink) was added with intense stirring and cooling (from 
- 3 0  to -40  ~ to a solution of 1,l-dichloro-l-silacyctopen- 
tene-3 (2.86 g, 18.68 mmol) in Et;~O (30 mL) for 30 rain. The 
mixture was allowed to warm to -20  ~ and kept for 12 h. The 
solution was filtered off from a precipitate of lithium chloride. 
The solvent was distilled off. Pentane (50 mL) was added. The 
mixture was filtered, and the solvent was distilled off. The 
residual pale-yellow oil was dried under high vacuum. The target 
compound was obtained in virtually quantitative yield. 

IH NMR (CDCt3) , 8:1.00 (br.s, 2 H, CH2Si , mesa); 1.12 
(&B system, 2 H, CH?Si, rac, !JH_tt  = 17.5 Hz); 1.20 (AB_ 
system, 2 H, CH2Si, roe, IJH_ H = 17.5 Hz); 1.38 (br.s. 
2 H, CH2Si, mesa); 3.97 (s, 2 H, H-l ) ;  4.00 (s, 2 H, H-I);  
5.77 (m, 1 H, = C H - C H ~ S i ,  mesa); 5.87 (s, 2 H, 
=C_H_--CH2Si, rae); 5.90 (m, 1 H, =CHH_--CH:Si, mesa); 6.64 
(dd, 2 H, H-2); 6.75 (dd, 2 H, I-t-2); 7.17 (m, 4 H, H-.3); 
7.41 (t, 4 H); 7.50 (m. 4 H); 7.70 (m, 8 H). 13C NMR 
(CDCI3,), 8:12.28 (CH2Si, mesa); 12.89 (CH?Si, rac); 13.26 
(CH1Si , mesa); 42.96, 43.05 (C- l ,  rac, mesa); 121.16 (CH); 
121.23 (CH); 122.89 (CH); 122.99 (CH);  124.05 (CH); 124.09 
(CH); 125.30 (CH); 129.81 (CH); 129.87 (CH); 134.47 (CH); 
130.33 (=CH--CH2Si,  mesa); 130.45 (=C~- -CHeS i  , mesa, 
rac); 144.00 (two C); [44.21 (C); 144.27 (C). 

Synthesis of [ I, 1"-( 1 -silacyelopen t-3-en- 1, l-diyl)bis(in- 
denyl)]dilithium (3) (1 : 1 adduct with EtzO (I ,4-  
CH2CIt=CHCHz)Si(CgH6)zLiz-EtzO)).  A 2.16 M solution 
of n-butyllithium (15.2 mL) in hexane (16.45 mmol) was 

Table 5. Crystallographic characteristics and details of data collection and of the structure solution 

Molecular formula ZrlC22H IsCI2Sil 

Molecnlar weight 472.57 

System Triclinic 

Space group P]- 

a/~, 9.573(3) 
b/~, 10.385(6) 
c/fx 10.837(6) 
a /deg 85.78(5) 
~3/deg 64.33(4) 
7/deg 82.15(4) 
VIA 3 961.8(8) 
Z 2 
Calculated density/g cm -3 1.632 

F(000) 476 

Absorption 
coefficicnt/mm-I 0.915 

C~3Jstal dimensions 0.6x0.3• 

Diffractometer Enraf-Nonius CAD4 

Temperamre/K 293(2) 

Radiation, ),/ ,,k Mo-Ka,  graphite 
monochromator, 0.71069 

Scanning range (deg) 2.09 _<- 0 -< 24.97 

Scanning technique m 

Scan step (deg) 0.85 + 0.35tg0 

Ranges of the indices 
reflections - 5  ~ h <_ L0 

- 1 2 ~ k g 1 2  
-6_<1-<. 12 

and refinement of complex Ib 

Number of measured 
reflections 2695 

Number of independen;, 
reflections 

Number of reflections 
with I > 2a(/) 2199 

Procedure for the structure 
solution 

Refinement procedure 

Refinement of hydrogen 
atoms 

Number of refinabte 
parameters 

R-factors with 1 > 2a([) 

R-factors (all reflections) 

Weighting scheme, w -I 

Goodness of fit based on F 2 

Extinction coefficient 

Residual electron density, 
rain/max (e" A -3) 

2377 (Rim = 0.0301) 

Direct (SHELX-86) tz 

Full-matrix least-squares 
procedure based on F 2 with 
anisotropic thermal parameters 
for nonhydrogen atoms 
(S H ELXL-93)I3 

All H atoms were placed 
in calculated positions 
(d (C--H)  = 0.96 A) and 
refined using tile riding model 

236 

R I = 0.0281, wR~ = 0.0812 

R~ = 00517,  wR 2 = 0.1532 

cr2(Fo 2) + (0.0423/D 2 + 1,073P, 
where P = (Fo 2 + Fc2)/3 

1.155 

0.004(2) 

-0 .602/0.432 
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added with intense stirring and cooling to --20 ~ to an 
ethereal sohttion (50 mL) of ligand 1 (5.14 g, 16.45 mmol), 
which was prepared at the previous stage. The reaction mixture 
was allowed to warm to ~20 ~ and kept for 12 h. The white 
precipitate that formed was filtered off and washed three times 
on a filter with the same mixture of solvents. The resulting 
white powdered compound was dried in vacuo (10 -3 Tort). 
Dilithium salt 3 was obtained in a yield of 4.91 g (12.32 retool, 
74.9%). 

IH NMR (THF-d8), 8 :1 .91 (s, 4 H, CH2Si); 6.01 (s, 
2 H, =C_H_--CH2Si); 6.04 (d, 2 H, H-2, 3JH_ H = 3.2 Hz); 
6.47 (m, 4 H, H-5, H-6); 6.88 (d, 2 H, H-3, 3JH_ H = 
3.2 Hz);7.32 (m, 2 H, H-7); 7.64(m, 2 H, H-4). L3C NMR 
(THF-d8),  8:20.50 (CH2Si); 95.14 (C-3); 98.26 (C-1); 1 i4.33 
(CH); 114.63 (CH); 119.40 (CH); 121.67 (CH); 125.99 (CH); 
132.78 (=CH--CH2Si);  133.89 (C); 136.28 (C). 

Synthesis of a n s a - { q s , q s " - [  l , l ' - (  I - s i l a c y c l o p e n t  - 
3-co-  1, I-diyl)bis(indenyl) ] )dichlor0zirconium ( la ,b)  
( I ,4 -CH2CH=CHCHz)Si (Cgt t~ , )2ZrCIz ,  rac : meso = 
55 : 45) and crystallization of the pure meso form lb. A 
suspension of dilithitlm salt 3 etherate (1.34 g, 3.36 retool) 
and ZrC[ 4 (0.78 g, 3.36 retool) in toluene (70 mL) was stirred 
for I day. The dry. residt,e was repeatedly extracted with 
toluene. The toluene extract was concentrated. Tile crystalline 
yellow precipitate was filtered off from the mother liquor, 
washed with toluene and pentane,  and dried in vacuo 
(10 -3 Tort). The target complex la,b was obtained as a mix- 
ture of the rac and meso forms in a ratio 55 : 45 in a yield of 
1.02 g (2.17 retool, 64.5%). Subsequent repeated fractional 
crystallization from diehloromethane gave the pure meso form 
Ib in a yield of 0.26 g (0.53 mmol, 25.5,%). 

JH NMR of ib (CD2CI~), 8:2.29 (br.s, 2 H, CH2Si); 2.64 
(br.s, 2 H, CH2Si); 6.17 (d, 2 H, H-2, 3JH_ H '= 3.5 Hz); 
6.30 (m, 2 H, =CH--CH2Si) ;  6.95 (d, 2 H, H-3, 3JH_ H = 
3.5 Ha); 6.93 (t, 2 H); 7.22 (t, 2 H); 7.51 (d, 2 H); 7.53 (d, 
2 H). 13C NMR (CD~CIL), ,5:16.45 (CH2Si); 16.86 (CH_~Si); 
89.08 (C-l) ;  119.62 (CH); 119.85 (CH); 125.75 (CH); 126.06 
(CH); 126.34 (CH); 127.54 (CH); 130.65 (=C~H--CH2Si); 
130.88 (=C]IH.--CH~_Si); 128.13 (C); 134.93 (C). 

IH NMR. of la (as a 2 : 1 rot• with lb; CD2CI_~), 8: 
2.37 (AB system, 2 H, CH2Si, "~JH--H = 17.0 Ha): 2.56 (A_B 
system, 2 H, CH2Si, 2JH_ H = 17.0 Ha); 6.11 (d, 2 H, H-2, 
3JH_ H = 3.5 Ha); 6.29 (s, 2 H, =CH--CH~Si);  6.90 (d, 
2 t-t, H-3, 3JH_ H = 3.5 Ha); 7.10 (t, 2 H); 7.39 (t, 2 H); 
7.51 (d, 2 H); 7.60 (d, 2 H). ~3C NMR (CD2CI2), 6:16.99 
(CH2Si); 87.94 (C-I);  117.95 (CH); 118.14 (CH); 124.38 

(CH); 126.34 (CH); t27.18 (CH); 128.00 (CH): 130.70 
(=C[-t--CH2Si); 125.89 (C); 133.79 (C). 

X-ray diffraction study of complex lb. The crystallographic 
characteristics and the details of data collection and of the 
structure solution and refinement of complex lb are given in 
Table 5. The coordinates of nonhydrogen atoms and their 
equivalent isotropic thermal parameters are given in Table 1. 
The bond lengths and the selected bond angles are listed in 
Tables 2 and 3, respectively. 

This  work was f inancial ly  suppor ted  by the  Russian 
Founda t ion  for Basic Research  (Projec t  No.  96-03-  
34232a). 
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