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Summary: In situ generation of i-BuZrCp,CI by treatment 
of Cp,ZrCI, with 1 equiv of t-BuLi followed by addition of 
1 equiv more of t-BuLi can serve as a satisfactory 
"ZrCp," source, permitting direct conversion of various 
alkenes and dienes into the corresponding ZrCp, com- 
plexes in high yields. 

We have reported that treatment of Cp2ZrC12, where Cp 
= t5-C5H5, with 2 equiv of n-BuLi' provides a convenient 
procedure for in situ generation of "ZrCp,", which reacts 
not only with enynes,',, diynes,'V2 and isolated dienes3 to 
produce the corresponding zirconabicycles but also with 
certain alkynes4 and  alkene^'^*^^ in the presence of a 
phosphine to give the corresponding ZrCp,-phosphine 
complexes of alkynes and alkenes. In our initial study' we 
also used t-BuLi, t-BuMgC1, and EtMgBr in the bi- 
cyclization of 7-(trimethylsilyl)-l-hepten-6-yne, but less 
favorable results were obtained. More recently, we have 
encountered major difficulties in directly converting al- 
kenes6 and conjugated dienes7 into the corresponding 
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Table I. Direct Conversion of Monosubstituted Alkenes 
and Conjugated Dienes into Their Zirconocene Complexes 

product 
alkene or diene 

ethylene 
1-butene 
1-octene 
cyclohexylethylene 
tert-butylethylene 
styrene 
isoprene 
2,3-dimethylbutadiene 
1-vinylcyclopentene 
1-vinylcyclohexene 

compd 

1 bSb 
I C  
Id 
le 
1 f 5 b  
2a'" 
2b'" 
2c 
2d 

ia5b 
yield," 9% 
80 (55) 
85 (75) 
85 (65) 
70 (60) 
b 
85 (70) 
70 (60) 
75 (65) 
75 (65) 
70 (60) 

OBy NMR spectroscopy. The numbers in parentheses are iso- 
lated yields. "This complex decomposes at 25 "C to the known 
dimeric Zr(II1) complex { (~-?1:~S-C,H,)(Cp)Zr(PMe,)),.14 

ZrCp, complexes using n-BuLi-Cp,ZrCl,. In these reac- 
tions 1-butene generated i.n situ participated in the for- 
mation of zircona~ycles.~*~ We therefore sought alternate 
reagents that would produce alkene ligands weaker than 
1-butene. We now report that treatment of Cp2ZrC12 with 
1 equiv of t-BuLi a t  -78 "C followed by warming to 25 "C 
quantitatively produces i-BuZrCp,Cl? which, on treatment 
with an additional 1 equiv of t-BuLi at -78 "C, generates 
a ZrCp, derivative that is satisfactory for direct conversion 
of monosubstituted alkenes and conjugated dienes into the 
corresponding ZrCp, complexes without incorporation of 
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NMR (CsD6, Me,Si) 6 27.92, 33.48, 65.57, 112.44. 
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-78 IO 25'C 
I h  

Scheme I1 

an unwanted alkene, e.g., 1-butene (Scheme I). 
The experimental results are summarized in Table I. Of 

the five monosubstituted alkenes we tested, all except 
tert-butylethylene give the desired alkene-ZrCpz-PMe3 
complexes (l)wtg and their minor stereoisomers in 7 0 4 %  
yields by 'H NMR spectroscopy. Similarly, all conjugated 
dienes tested so far provide their 1:l complexes with ZrCp, 
(2)1° in 6 0 4 %  yields. In each case, isobutylene is formed 
in 90-100% yield. The following procedure is represent- 
ative. To a mixture of CpzZrClz (498 mg, 1.70 mmol) 
suspended in 3 mL of EtzO was added at  -78 "C 1.70 M 
t-BuLi in pentane (1.00 mL). After 30 min at  -78 "C the 
mixture was warmed to 25 "C (1 h). This mixture was 
cooled to -78 "C and successively treated with 1.00 mL of 
1.70 M t-BuLi for 1 h at  and a mixture of 1-octene (191 
mg, 1.70 mmol) and PMe, (162 mg, 2.10 mmol) in 2 mL 
of EhO.ll The reaction mixture was warmed to 25 "C over 
1 h and analyzed by 'H NMR spectroscopy which indi- 
cated an 80% yield of IC. After evaporation (0 "C and I1 
mm), the residue was extracted with benzene, and the 
extract was filtered through Celite. Evaporating (0 "C, 
10.1 mm), diluting with Et,O, and cooling to -78 "C in- 
duced separation of a yellow solid, which was filtered at  
-78 "C to give lc12 in 65% isolated yield. 

Treatment of i-BuZrCpzC1, generated by the reaction 
of Cp,ZrC12 with t-BuLi, with an additional 1 equiv of 
t-BuLi in n-hexane-d14 and EtzO-dlo a t  -78 "C for 1 h 
cleanly produced a dialkylated zirconocene derivative in 
>95% yield. The compound was stable for a t  least 1 h at  
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1 h followed by addition of 1-octene and PMe, led to a low yield of 
(l-octene)ZrCpz(PMe3). When the reaction of CppZrClz with 2 equiv of 
t-BuLi was run at  -60 OC for 1 h, the desired (l-octene)ZrCp,(PMeJ was 
obtained in 80% yield. This can substitute the two-step procedure. 
(12) Satisfactory spectral data have been obtained for all isolated 

products. New compounds either have yielded correct elemental ana- 
lytical data or have been converted to known compounds. 
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-60 "C. Its 'H and 13C NMR spectra taken at -60 "C 
identified it as 3: 'H NMR (EtzO-dlo, n-hexane-d14, tolu- 
ene) 6 0.41 (d, J = 8 Hz, 2 H), 0.92 (d, J = 8 Hz, 6 H), 1.09 
(s, 9 H), 6.31 (8, 10 H); I3C NMR (EhO-dlo, Me&) 6 28.68, 
35.09, 36.35, 49.94, 78.79, 111.21. The signal for the 
methine proton was masked by other signals. Little or no 
isobutylene was seen at this point. Treating 3 with 1 equiv 
of PMe, a t  -78 O C  and warming the mixture to -10 "C 
induced smooth transformation of 3 within 1 h into a new 
ZrCp, derivative identified as 4:13 92% yield; IH NMR 
(EtzO-dlo, n-hexane-d14, toluene) 6 -0.02 (d, J = 8 Hz, 2 
H), 1.03 (d, J = 6 Hz, 9 H), 1.50 (s, 6 H), 5.35 (s, 10 H); 
I3C NMR (EhO-dlo, Me4Si) 6 16.71 (d, J = 13 Hz), 32.48 
(d, J = 13 Hz), 35.15 (d, J = 16 Hz), 36.79, 100.59. Little 
or no free isobutylene was present in the mixture. For- 
mation of isobutane, however, was clearly detected by 'H 
NMR (6 0.90, d, J = 7 Hz, coinjection of an authentic 
sample) and I3C NMR spectroscopy (6 24.11 and 24.97). 
Warming the mixture containing 4 to 30 "C led, within 2 
h, to the formation of the known PMe3-stabilized dimer14 
of zirconocene in 85% yield with the concomitant release 
of free isobutylene (85%). In the presence of a 1-alkene, 
however, 1 and isobutylene were obtained in high yields. 
These results are in good agreement with Scheme II.16 
The corresponding reaction of i-Bu,ZrCp, was much 
slower. For example, its reaction with 1-octene and PMe, 
to give IC required 20 h at 25 "C, while the corresponding 
reaction of 3 was complete in 80-90 min even a t  0 "C. 

In summary, the present procedure provides, for the first 
time, a general and convenient method of directly con- 
verting monosubstituted alkenes and conjugated dienes 
into their Cp,Zr complexes. 
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played interesting and somewhat contrasting resulta. In a 1:l ratio, the 
reaction predominantly (ca. 90%) produced t-BuHfCp2C1, which was 
thermally unstable but isolable and characterizable a t  ambient temper- 
ature.', When this compound was heated to 60 OC for 8 h, it was con- 
verted mostly (ca. 90%) to i-BuHfCpzC1. Ita treatment with 1 equiv of 
t-BuLi led to the formation of a mixture that consisted of more than a 
few unidentified species in addition to the desired ChHf(Bu-i)(Bu-t). On 
the other hand, t-BuHfCp,Cl obtained initially reacted with 1 equiv of 
i-BuLi to give a mixture of Cp,Hf(Bu-i)(Bu-t) and CpzHf(Bu-i), in 45 and 
35% yields, respectively. Ita treatment with a 3-fold exceea of PMe, a t  
50 "C gave isobutyleneHfCp2-PMe3. 


