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Organometallic Chemistry 
Synthesis of 1-(cyclopentadienyl)adamantane and 

the corresponding zirconium complexes 
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An effective method t;,~r the synthesis o1 I-{cyclopentadienyl)adamantane based on [he 
reaction of I-bromoadamamane with nickclocene in the presence of PPh~ was proposed. A 
mimber of organic derivatives and bis-cyclopentadienyl complexes of zirconium(iv) were 
prepared from this compound. 
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The preparation of new substituted cyclopentadienes 
remains an important task in organic chemistry, as these 
compounds are the precursors of sandwich complexes of 
group IV metals, which are effective catalysts for homo- 
geneous polymerization of ot-olefins. I This is due to the 
fact that variation of the structure of an organic moiety' 
of metallocene molecule directly effects the properties 
of the catalytic center of the complex and thus allows 
control of the properties of the polymer formed, z-4 

It seems interesting to study the opportunity of prepa- 
ration of zirconocenes containing an adamant- l -yl  sub- 
stituent in their cyclopentadiene rings, being a struc- 
tural analog of Me3C and Me3Si groups, conventionally 
used as bulky substituents. 

The synthesis of 2-(cyclopentadienyl)adamantane 
seems to be not difficult, since adamantan-2-one was 
shown s to form the corresponding fulvene easily upon 
interaction with cyclopentadiene in methanol in the 

presence of pyrrolidine Scheme 1). The fulvene can 
~hrther be reduced into 2-(cyclopentadienyltadamantane. 

Scheme 1 

O 4- ,D 
MeOH 

However. the synthesis of I - (cyclopentadienyl)-  
adamantane has failed until now. The most simple syn- 
thetic approach to the substituted cyclopentadienes is 
the alkylation of cyclopentadienides of alkaline metals 
or magnesium At the same time the reaction of l -halo-  
genoadamamanes with strong nucleophiles is known 6 
not to lead to the formation of substitution products. 
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An a l te rna t ive  way for obta in ing  substituted 
cyclopentadienes is the interaction of halogen deriva- 
tives with nickelocene proceeding on the SET mecha- 
nism. 7 1-his synthetic approach w a s  shown 7-14 to be 
rather effective in some cases The range of" halogen 
derivatives reacting with nicketocene to give substituted 
cyclopentadienes can be extended by the addition of an 
equimolar  quant i ty  of donor ligand (usually tri- 
phenylpl~osphine). In this case the completeness of the 
reaction is due to the tbrmation of a stable IS-elec- 
tronic complex  CpNiBr lPPhO of semi-sandwich 
t,2,pe 8J0.12-14 

We carried out the reaction of nickelocene with 
I -bromoadamantane both in the presence of tnphenyl- 
phosphine and without it, using earlier described proce- 
dures 7--14 IScheme 2). In the absence of triphe- 
nylphosphine the target product was obtained in a very 
low yield: in the presence of an equimolar quamity of 
triphenyfphosphine the yield of compound I* increased 
tip to almost quantitative. 

Scheme 2 
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1" (97%) 
Reagents and conditions: L Et.O. relluxmg, 10 h (the yield 
of 1 10%), or THF. refluxing. I(t h {the yield of I 15%): 
it. PPh;, THF. relluxing. I0 h. 

We succeeded in obtaining the alkvl derivatives of 
compound i too. They could be obtained either by the 
reaction of l , l ' -dtalkylnickelocenes with l -bromo-  
adamantane or by the insertion of alkyt substituents into 
the molecule of compound I. However, the reaction of 
I . l ' -dialkytnieketocene with I -bromoadamantane  was 
found to give a mixture of 1.2- and 1,3-disubstituted 
cyclopentadienes (Scheme 3). 

Therefore we chose the second approach, viz., the 
structural modification of I - (cyclopentadienyl)ada-  
montane. The unique method t\3r the selective insertion 
of non-bulky alkyl substituents into the molecule of 
monosubstituted cyclopentadiene to obtain 1,3-disubsti- 
tuted cyclopentadienes is their conversion into fulvenes 

" Compounds 1, 4, and 5 were oblained as a mixture of 
isomers differing in the position of the double bond. 

Scheme 3 
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Five isomers with different positions of 
the double bond can be formed 

with the following reduction. To obtain methyl- and 
iso-propyl substituted l-adamantylcyclopentadienes 6.6- 
dimethylfulvene 2 was synthesized by the interaction of 
cyclopentadiene 1 with acetone in ethanol medium in 
tile presence of a base and 6,6-bis(dimethylamino)fldvene 
3 was synthesized by the reaction between lithium 
adamantylcyclopentadienidc and [( Me~N)2CCII*CI-. We 
succeeded in obtaining I-(isopropylcyclopentadienyl)- 
adamantane  4 and I-(methylcyctopentadienyl]ada-  
montane 5 by reducing fulvenes Z and 3 (Scheme 4). 

Scheme 4 
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For another way of obtaining zirconium ansa-com- 
plexes we tried to insert a dimethylsilylidene bridge 
between the molecules of the cyclopentadienyladaman- 
tanes mentioned above. Only in the case of compound 
1, did we succeed in obtaining product 6, with the yield 
being rather mediocre (Scheme 5). 
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Scheme 5 
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We also tried to obtain bis-cyclopentadienyl com- 
pounds witll a one-membered carbon bridge from 
cyclopentadienes 1. 4. 5. However the reactions w~th 
acetone and formalin, carried out using standard proce- 
dures, t5 led to complicated mixtures of unidentified 
products. 

At the sarne time it was known 16-2~ that a one- 
membered carbon bridge can bc inserted by the reaction 
of lluorenvllithium with substituted fulvenes. By analogy 
to those articles we tried to obtain a non-symmetrical 
bridged compound with the substituted cyclopentadienyl 
ring linked to a lluorenyl fragment. Working on the 
knov~n procedure I~ we succeeded in obtaining corn- 
pound 7 in a practically quantitative yield by the reac- 
tion of ffdvene 2 with fluorenyllithium (Scheme 6). 

Scheme 6 
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Flu - -  f luoren-9-yL 

We tried to obtain the bis-cyclopentadienyl complex 
(AdCp)2ZrCI 2 (8) starting from compound I.  The reac- 
t ion o f  the l i th ium derivative of cyelo- 
pentadienyladamantane with ZrCI 4 was studied in the 
following solvents: Et20, THF.  CH2CI 2, toluene, and 
hexane. Metallocene 8 was successfully synthesized only 
when the reaction was carried t_mt in CH2CI 2, the yield 
of the target product being 2% (Scheme 7). 

It Was shown earlierZl,zz that high yields of metatlo- 
cenes can sometimes be achieved in the intermetallation 
reactions of organosilicon or -tin derivatives of eyclo- 
pentadienes and indenes (Scheme 8). 

Based on this inlbrmation ~e synthesized the SnMea- 
derivative of  cyclopentadienytadamantane and brought 
it into reaction with ZrCI 4. Unfortunately we failed 
to separate and analyze the product of the reaction 
above. 

* Compound 7 was obtained as a mixture of isomers differing 
in the position of the double bond. 

Scheme 7 
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For the zirconocene preparation based on com- 
pound 6 we tried two approaches: the interaction of 
dilithium or ditin derivatives with ZrCI4 in different 
solvents. In the first case the target compound wasn't 
obtained. However the reaction of ditin derivative of 
compound 6 with ZrCI 4 resulted in the formation of 
zireonocene 9 with a high yield: 78% (Scheme 9). 

Scheme 9 
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Rac- and meso-forms of compound 9 were separated 
by c~'stallization. 

In. contrast to zirconocene 9 we succeeded in ob- 
taining the composite cyclopentadienylfluorenyl com- 
plex 10 by the reaction of dilithium derivative 7a with 
ZrCI 4 in CH-CI z (Scheme 10). 

Based on the analysis of the reactions leading to 
metallocenes 8, 9, and 10, we suggest that tile low yield 
of the non-bridged complex 8 can be explained by the 
lability of I-(cyclopentadienyl)adamantane in the pres- 
ence of ZrCi 4, known as a strong Lewis acid. Tile 
formation of bridged complexes proceeds considerably 
faster than can be accounted for by the chelate effect. 
Consequently the competitive reaction leading to the 
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Bu"LI  
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Scheme 10 

Ad 

ZrCl4 P 

CHrCI2 r ~  

2 k i -  10 (67%) 
7 a  (78%) 

d e s t r u c t i o n  o f  t h e  o r g a n i c  co r e  o f  t he  b i s - c y c l o -  

p e n t a d i e n y l  l i gand  has  rto t i m e  to be rea l ized  a n d  t h e  

y i e l d s  o f  ansa-compounds 9 a n d  10 are e n h a n c e d  by  a n  

o r d e r  o f  m a g n i t u d e  in c o m p a r i s o n  with t he  yield o f  

z i r c o n o c e n e  8. 

Experimental  

AJI procedures  ,.,,'ere carried out under argon. The l i thium 
derivatives and zirconium complexes  were obtained using all- 
glass sealed systems of Schlenk flask type. The ethers were kept 
and  distilled over KOH followed by distillation over sod ium 
b e n z o p h e n o n e  ketyl: CH~CI~ was washed with water, concen-  
trated H2SOa, and water to a neutral reaction, dried o,,er 
CaCI 2, and distilled over P 2 0 ~ . T h e  I1t and J 'C N M R s p e c t r a  
were recorded using Vanan VXR-400 and Varian VXR-300 
spectrometers .  

I-(Cyclopentadienyl)adamantane (1) (a mixture of two iso- 
mers differing in the position of the double bond). A mixture 
o f  12.6 g u f  n icke locene  23 (0.067 moles) ,  14.3 g o f  
l - b r o m o a d a m a n t a n e  (Fluka) (0.067 molh and 17.5 g of t r iphe-  
ny lphosph ine  ((}.007 tool) in tetrahydrofuran (90 m D  was 
refluxed with stirring under argon for I0 h. Then the reaction 
mixture was evaporated in vacuum using a water aspirator 
pump ,  followed by washing of  the crystalline vinous precipitate 
with hot hexane {6x50 mL). The extract formed was evapo-  
rated and the resulting dark-cherry oil was purified by c o l u m n  
ch roma tography  with hexane as elnent. Compound  I (12.9 g. 
97%) was obtained as a light-yellnw oil, c~'stallizing at sub-  
r o o m  t e m p e r a t u r e  (m.p .  19--21 ~ F o u n d  (%):  
C.  84.44: H, 9.35. CIsH20. M = 200.33. Calculated (%): C,  
89.94: H, 10,06. IH NMR spectrum {benzene-d(,. 30 ~ 6: 
6.64. 6.42, 6.26, 6.13, 5.93 (all m, 3 H in each, = C I t - - ) ;  2 9 2  
(m,  2 H, - - C H 2 - - )  2.00 (s, 3 H). 1.77 (s, 6 H). 1.61 (s, 0 H) 
{adamantane}.  

1 - ( 3~ lsopropylide necyclopent a- 1,4-dien- I -yl)adamantane 
(2). I-{Cyclopentadien,vl)adamantane (7,";8 g, 0.035 mol) ',,.as 
added to the pre~iously degassed sohnion of  KOH (6.05 g, 
0.108 tool) in EtOlt  {50 roLl. The  mixture was stirred at 20 ~C 
for 15 rain, followed by addit ion of  aceu)ne (3.8 mL.  ) 0 5 2  
moles} and refluxing with stirring for I h. After the end-po in t  
o f  the reaction the mixture was poured rain an 85% solution o f  
H;PO4 (8 mL) in 150 mL of  1t20. The yellow precipitate 
formed was filtered off, washed with water ( 3 f 2 0  mL) and  
EtOH (15 ro l l ,  and then dried in vacuo to give compound  2 {731 
g, 88%1 (m.p. 114--116 ~ Found: C, 89.99: 11. 10.01. 
C1~H24. M = 240.39. Calculated (%): C, 89.94; H, 10.06. 1t-t 

N M R  spec t rum (benzene -d~p  30 ~  d: 6.69 (dd .  
t H. JI  = 5 . 3 8  H z .  J,~ = 1,57 Hz), 6.60 tdd. I H, Jl = 

5.37 Hz, J~ = 2.2 tt,:). 6.24 (t, 1 H. 1.95) ( - - C H = ) :  1.97 (br.s. 
3 H), 1.88 {hr.s, 6 H). 1.70 (br.s, 6 H) (adamantane} ;  1.87. 
1.81 (both s, 3 H in each.  - - C H  ). The I"C N M R  spec t rum 
( C D C b  b 30 'C),  8: 156.9, t47.0. 141.8 ~=C<):  129.6. 121.1, 
111.5 { = C H - - ) ;  42,0.  36.9 ( - - C H : I  34.1 ( > C < ) ;  28.5 
(--CH~}; "~ " =_./ {- -CH<}.  

[ 3 - ( A d a m a n t -  I - y l ) e y c l o p e n t a - 2 , 4 - d i e n - l - y l i d e n e l -  
N,N,N;N'-tetramethylmethylenediamine (3). To a solut ion of" 
compound  i (5.8 g, 0.029 mol) in 45 mL of  T H F  unde r  argon 
at -70 ~ a t,6 ,I,/ solut ion of  butyll i thium (18.1 niL,  0.029 
tool) was added dropwise with stirring. The reaction mixture  
was stirred for 20 m m  at about  20 ~ and then cooled to 
- 7 0  "C and It.,Me2N)2C(CI)]+CI - (4.96 g, 0.029 tool} was 
added. The mixture formed was stirred Ibr 2 h at 20 ~C and  I h 
w'ith refluxing. Then NEt  3 (4.8 mL, 0.035 tool) was added and 
the mixture was refluxed with stirring for ,_  ~" h. The rcsult ing 
mixture was diluted with 31} mL of H20 and extracted with 
Et ,O (4• mL). The organic  portions were combined ,  washed 
with water, dried over MgSO 4. and evaporated unde r  reduced 
pressure. The dark*brown oil (brined was purified us ing c n l u m n  
chromatography: the unreacted I - (cyclopentadienyl )adamantane  
(2.74 g) was separated by elution with hexane: then ace tone  was 
used as eluent, After solvent  removal 3.81 ~, {44.1%i o f  c o m -  
pound 3 was isolated as dark-red crystals, m.p. 86 ~ Found  
(%): C. 10.13: H. 10.08. C~0H30 N, M = 298.48. Calcula ted  
(%1: C. 80.48; H. 10.13. The  IH N M R  spec t rum (CDCI:,,  
3 0 " C i , &  6.32 (dd, I H, JI = 4.56 Hz, J) :=: 2.4 Hz),  6.25 (rid, 
I H. Jt = 4.8 Hz. J,  = 2.0 Hz), 6.04 (t, I H, J = 2.2 Hz) {ABe .  
= C H - -  of  the Cp-r ingt ;  3,40 (s, 3 H, C1- t9 :2 .00  {br.s, 3 H). 
1,88 (m. 6 H}, 1.72 (m,  6 H) (adamantaneL 

I-(3-lsopropylcyelopentadien-l-yl)adamantane (4)  (three 
isomers differing in the position of the double bond, in the ratio 
~1 : 3 : 9). A suspenskm of  c o m p o u n d  2 (4.34 g, 0.018 tool) in 
30 mL of Et,O was added dropwise at 0 ~ under  a rgon In a 
suspension of LiAiH 4 (0.69 g, 0.018 tool) in 10t} m L  o f  Et20,  
then  the cooling was s topped,  and the reaction mixture  was 
refluxed with stirring for 20 min. After cooling the  react ion 
mixture to t) ~ water was added dropwise until gas ceased to be 
released. After neutral izat ion o f  the mixture formed with 30 m L  
o f  diluted hydrochloric acid, the organic layer was separa ted ,  
washed with H~O (2x50  mk) ,  dried over MgSO 4, and  evapo-  
rated to give 4.09 g (94%) o f  compound  4 as a l ight -brown oil. 
Found  {%): C, 84.44: H, 9,35. ClsH26. M = 242.41. Calcu la ted  
(%): C, 89.19: H. 10,8t. The  IH N M R  spec t rum (CDCI  3. 30 
~ 6 : 1 . 0 8 - 1 . 1 6  {signals from three isomers,  all d. 6 H, - -  
CH(CH3)2.  J = 7,0 Hz): 1.70 lbr.s. ,5 H), 1.76 (br.s, 6 H) ,  2.02 
(br.s. 3 tt) l adamantane) :  2.54--2.72 (m,  I H, - - C H ( C H s ) 2 } :  
2 .46.2 .86,  2.90 (signals from three isomers,  all s, 2 H, - - C H  2 -  
): 11 5.75, 6.22, 2) 5.79, 6.09, 3) 5.99. 6.02 (signals f rom three 
isomerS, all m. 2 H. ~ C H = ) .  

i-(3-Methykyelopentadien-l-yl)adamantane (5) (three iso- 
mer_s differing in lhe p_osition o_f the double bond, in the ratio 
,-1 : ! : 1.4). To a suspens ion  o f  LiAIH 4 (0.93 g, 0.025 rnol) in 
50 mL of  T H F  u n d e r  a rgon  at --40 ~ c o m p o u n d  3 
(3.81 g. 12.3 retool) was quickly added, then the coo l ing  was 
s topped,  and the reaction mixture was refluxed with s t i r r ing for 
3 h. Alier cooling the react ion mixture to 0 ~ water  was added 
dropwise until gas ceased to be released, T h e n  the mixture  
formed was neutralized with 30 mL of  diluted hydrochlor ic  
acid; the organic layer was separated,  washed  with H20  
(2x50  mL), dried over MgSO 4, and evaporated unde r  reduced 
pressure. The brown oil obtained was purified by c o l u m n  
chromatography with hexane as eluent. After solvent  removal  
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1.43 g (54.4%~ o f  compound  5 were isolated as a tight-brown 
oil. Found  (%-1: C, 89.6i); H, 10.30. Cn, H22. M = 214.35. 
C a t c u l a t e d l c b ) : C .  8965: H, 10.35 IH N M R s p e c t r u m I C D C I  3. 
30 'C) ,  6: It 6.22. 5.71. 2) 6.011, 5,82, 3) 5.99. 5.96 (signals 
from three isomers,  all m. 2 H, = C H - - ) :  2.90, 2.R5. 2.81 
(signals from tbree isomers, all br.s. 2 It, - -CH2-- ) :  2.05. 2.02 
(both d. J = 1,4 Hzt. 1.97 (dd . . / :  = 4.15 Hz. . /~ = 1.9 Hz) 
tsignats from three isomers, 3 H, --CH3}: 1.99[ 1 .77-1  68 
tall m, 15 H, adanlantane) .  

B i s [ 3 - ( a d a m a n t -  l - y l ) e y c l o p e n t a - 2 , 4 - d i e n -  I - y l l -  
dimethylsi|ane 16). 3"0 a solution or g of  compound  1 (0.022 
moll  in 35 ink  T H F  cooled to 0 ~C under argon a 2.0 M 
solution o f  buiyl l i thium (10.5 mL. 0021 molt was added 
dropwise unde r  stirring. The reaction mixture was stirred at 
2t) : C for 1 h, then  SiMe:CI ! ( 1.26 mL, 0.011 mob  was added, 
and the result ing mixture was stirred rbr 2 h. After the end-  
point o f  the reaction the mixatre was neutralized with 20 mL 
of  diluted HCI solution and extracted with hexane (4• mL). 
) h e  c o m b i n e d  organic extracts were separated, washed with 
H,O.  dried over  MgSO4, and evaporated under  reduced pres- 
sure to give a light-yellow oil with some precipitate. The raw 
product was reco, stallized from 7 mL of  hexane to give 1.47 g 
(32.8%) of  c o m p o u n d  6 aa colorless cus ta l s ,  m.p. 1t5--117 ~  
Found (%): C.  84.08; H, 9.70. C32H~4Si. M = 456.79. Calcu-  
lated ( ~ :  C,  84.14; H. 9,7l .  al--I NMR spectrum (C~,D~,, 
20 "C), 6 : 6 , 7 0  (br.s, 2 H), (~.45 (br,s, 2 H). 6.04 (br.s, 2 it) 
(ABC, = C H - -  o f  Cp-ring):  3.24 tb r s ,  2 H, - -C H<) :  2,02 
{br.s. 6 H), 1.80 dbrs. 12 H). 1.74 (br,s, 12 H} (adamantane}:  
- 0 2 2  (s. 6 H. >SitC_H,,.)2). 

I - { 3- [ I - Mei hyl- 1 - ( 9//-  fluoren-9-yl)ethyl ]cyclopentadien- 
I-yl}adamantane (7) (three isomers differing in the position of 
the double bond, in the ratio ~1 : 2.5 : 5). The procedure is 
s imi l a r  to tha t  descr ibed  earl ier ,  t9 To a so lu t ion  o f  
9H-I luorene  (2.7':) g, 0.017 tool) in T H F  (30 ink) at ~20 ~ 
tinder argon a 1.08 ;'d solution of  methyllidliunl in Et20 (16.8 
mL) was added  dropwisc w'ith stirring, after that the mixture 
was stirred at -20  ~ lor 3 h (until gas completely ceased to be 
reDased),  and  then  compound  2 {4.03 g. I).017 moll was added. 
The resnlt ing dark-red solution was stirred at ~20 ':C for 2 days. 
Ai'~er that 50 mL of water was added dropwise to the reaction 
mixture,  which  was then neutralized by a diluted solution o f  
HC1 (20 r o l l .  The  mixture was extracted witb hexane (4• 
m L )  1-he combined  organic port ions were separated, washed 
with H_,O. dr ied over MgSOa. and evaporated under reduced 
pressure. C o m p o u n d  7 I6.56 g, 90.2%) was obtained as a ~,ellow 
cG,stalline subs tance ,  m.p. 108 ~ Found (%): C. 91.50; 
H, 8.50. C3~H3~. M = 406.62. Calculated (%): C. 91.57: H, 
8.43. IH NNIR spectrum ( C D C I >  30 ~ 8 :7 .70  (m, 2 H). 
7 .35--7.00 (m,  6 H) (lluorene),  It 6.50, 5.08, 2) 6.14, 5.92, 3) 
6.09, 6.00 (Mgnals from three isomers, all m, 2 H, = C H - - Y  
4.14. 4.10, 4_06 (signals from three isomers, all s, I H, - - C H <  
of f luorenel :  3.12, 3,10. 2.99 (signals from three isomer's, all 
br_s. 2 H. - - C H 2 - - ) :  1,03, 1.02. 1.01 (all br.s, 15 H) 
I .adamantane):  1.86, 1.83. 1.80 (signals from three isomers, all 
s, 6 H. - - M e ) .  

Bis[ qs-3-(adamant- I-yl)cyelopentadienyl] diehlorozirconium 
(8). To a so lu t ion  of  5,56 g of  compound  1 (27.6 retool) in 40 
mk of Et~O cooled to -40 ~C a 1.6 M solution of butyllithium 
(20 ml_, 32 m m o l .  an excess) was carefully added. The reaction 
mixture was stirred at -20 "C for I h, then the precipitate 
formed was washed with Et ,O (3•  mL) and dried in vacuo, 
giving 4.9 g {86%) of  di l i thium derivative la. The resulting salt 
was added to a suspension o f  ZrCI.~ (5.53 g. 23.4 mmol)  in 
CH2CI 2 (100 mL)  cooled to -80 "C. The mixture was stirred at 
-80  ~ for I h. then warmed to ~2(1 "C, and the solution was 
decanted from the li thium chloride precipitate. Atler removing 

the solvent the residue was recrys.:altized from ErgO. After 
another recry'~tallization from hexane 0.13 g (2cc~ of zirconocene 
8 were obtained. Found (%): C, 64.42; H, 6.72. C~4~H~sC~2Zr. 
M = 560.75. Calculated (%): C. 64.26; H. 6.83. The IH N M R  
spec t rum (CD2CI_,, 30 :C), 6: 6.43, 6.32 (both t. 4 H in each ,  
Cp- r ing .  J-= 2.8 Hz): 2.02 ( b r s ,  6 H), 1.95 Ibr.s, 12 l-l), t .72 
tbr.s.  12 Hi (adamantanel .  

{g- Dimethylsilylidenebis[ qs-3- (adamant- 1 -y|)cyelopenta- 
dienyl]}dichlorozirconium (9).  To a solution of 0.6 g o f  c o m -  
pound  6 (1.31 mmot) in Et20 (15 mL) cooled to - 4 0  ~ a 
1.6 M solution of butyl l i thium in hexane  (2 mL, 3.2 retool,  an 
excess)  was carefully added. The  resuhing  white suspens ion  was 
cooled to - 0 0  ~ and Et3SnCI (0.8 mL,  4.74 retool, an excess)  
was added. After that the solut ion was decanted from the 
precipitate and evaporated. The  yellow oil obtained was dis-  
solved in toluene (20 mL) and  ZrCI 4 10.31 g. 1.31 retool) was 
added.  1-he reaction mixture was stirred at 60:C for 2 h, then  
cooled to -20 'C. The solution was decanted  and evaporated  to 
give 0.5 g (62%) of complex  9 as a light-yellow cr3.,'stalline 
residue, The rac- and meso- forms  of  zirconocene 9 were sepa-  
rated by recrystallization from an e ther -hexane  mixture (I : I). 
F o u n d  (%): C. 61.19: H. 6.82. C32H42CI2SiZr M = 616.90. 
Calct, lated t%): C. 62.30; H 6.86. IH N M R  spectrum (CD2CI- ,  
30 ~ rac-9: 6.73, 5.98, 5.84 Call t, 2 H in each,  Cp - r i ng ,  
J =  2.9 Hzk 2.11 (br.s, 3 H). 2.08 (br.s, 6 H), 1.92 (br.s, 6 H) 
(adamantane) :  0.68 (s, 6 H, --St.,Me2--); meso-9: 6.87, 6.()7. 
5.93 (all t. 2 H in each. Cp-r ing .  J =  2.9 Hz): 2.00 (br.s, 9 HI,  
1.70 (br.s, 6 H) (adamantane) :  0.74 Is, 3 H). 0,58 (s, 3 H. 
- -S iMe~- - ) .  

{~-(I-  Methylethylidene) [qs-3-(adamant- l-yl)cyclopenta- 
dien- i-yl][@-(gH-fluore,-9-yl)]  }dichlorozircnninm (10). To a 
solut ion o f  compound 7 (4.07 g, l0 retool) in Et20 (50 mL) 
cooled to -40 ~ a 1.6 M solut ion o fbu ty l l l t h ium in hexane  
(12.5 mL.  10 retool) was carefully added.  The dark-red so lu t ion  
obta ined was warmed to ~20 ~ in an  hour  a red-brown liquid 
phase  was formed, which cD'stallized in 2 days. The precipi ta te  
formed was washed with Et20 (3 •  mL)  and dried to give 
3.27 g (78%) ofd i l i th ium derivative 2a_ A portion of d i l i th ium 
salt 7a (2.05 g. 4.9 mmol)  was added to the cooled to - 8 0  ~ 
a n d  vigorously  agi ta ted  s u s p e n s i o n  o f  ZrCI,, ( I . 1 4  g, 
4.9 retool) in CH2CI 2 (100 r o l l  and stirred at this t empera tu re  
lot  I h. The reaction mixture, was t]eated to ~20 ~ the  
solut ion was decanted, and C H , C I ,  was substituted tbr ether.  
The  precipitated bright-red cD'stall ine powder was washed with 
e the r  and dried to give 1.86 g (67 'u  o f  complex 10. F o u n d  
(%): C. 65.58: H. 5.62. C31H32CI2Zr. M = 566.73. Ca lcu la ted  
(%): C,  65.71): H 5.69. The  IH N M R  spectrum (CD2CI_,. 
30 ~ 6: 8.10. 7.85, 7.54, 7.24 (all m.  2 H in each, t luorenyl) :  
6.15, 5.77. 5.61 (all t, 2 H in each ,  Cp-r ing ,  d = 3.0 Hz); 2,37, 
2.36 (both s. 3 tl in each,  - -CH3) ,  1.87 (br.s, 3 H), 178  (br.s,  
6 H), 1.62 (br.s. 6 H) ( adaman tane ) ,  

T h i s  work  was f i n a n c i a l l y  s u p p o r t e d  by t he  g r a n t  o f  

the P r e s i d e n t  o f  the  R u s s i a n  F e d e r a t i o n  " Y o u n g  D o c t o r s  

o f  S c i e n c e "  (No .  9 6 - 1 5 - 9 6 9 9 9 7 ) .  
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