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Abstract Potassium -butoxide promotes alkylation of non-enolizable ketones and aldehydes by zirconocene
dialkyls The reaction proceeds with loss of cyclopentadienide 1on from the metal center

Organozircomum complexes are finding increasing use 1n organic synthesis ! The majority of
developments 1n this area involve bis(n3-cyclopentadienyl)zirconium ("zirconocene”) denvatives Whereas
complexes of the type RZr(OR')3 have long been known to react as nucleophiles toward carbonyl substrates,?
zirconocene alkyls do not, transmetalation has been used previously to overcome this himitation 3 We report
here that addition of 4-5 eq of KOt-Bu to a THF solution of CpaZrRy (Cp = 1n35-C5Hs, R = CH3, CH2Ph) and

Table 1 Alkylations with CpaZrR2/KO¢-Bu/THF

Entry Substrate R Product(s)? % Yield®
1 PhCHO CH; PhCH(CH3)OH 78 (524
O, _CHO 0. _CH(CH,)OH
2 trans-PhCH=CHCHO CH; trans-PhCH=CH(CH;)OH 99 (46)
CHO CH(CH;)OH
oY O ® o
5 PhyC=0 CH, Ph,C(CH3)OH 100 (89)
6 PhCOCH3 CH3 ———mann (1.3
7 &O CH3 — of
8 PhCHO CH,Ph PhCH(OH)CH,Ph 31
trans-PhCH=CHPh 50

a Inatypcal reaction appx 1 mmol CpyZiR; 1s dissolved 1n 15 mL THF (distilled from sodium-benzophenone) mn a Schlenk flask
under nirogen or argon atmosphere, then 2 2 mmol of the carbonyl compound (dried over 3A molecular sieves) 1s added and the
solution 1s cooled to 0°C  With vigorous stirring, 4-5 mmol of a concentrated (appx 2M) solution of KO¢-Bu/THF 1s added 1n one
portion via syringe (yields are considerably lower 1f less KOz-Bu 1s used or if the reagent 1s added slowly) Alternatively, the base
may be added before the substrate with comparable results  After sturing at 0°C for one hour the reaction 15 quenched with 5 mL of
sat'd KF and worked up by standard techmques b Products identfied by GC and NMR companson with authentic samples ¢

Yields by GC versus p-xylene or biphenyl internal standard, 1solated yields in parentheses Values based on transfer of both R
groups from Zr Sold products punified by flash chromatography on silica gel and/or recrystallhization hiqmd products were 1solated
by preparattve GC d A yield of 62% was obtamned after 1 h at -50°C ¢ Starting matenal detected m nearly quantitative amount
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substrate leads to rapid transfer of both alkyl ligands to a variety of non-enolizable carbonyl compounds (eq 1
and Table 1) In the case of enolizable substrates (eg , entries 6 and 7, Table 1) rapid evolution of methane 1s
observed and the substrate 1s recovered after hydrolysis, suggesting metal enolate formation

(“) 1 Cp,ZIR%, (u)H
1—C-R2
ri-C~ R2 RI—C-R 6
2 4-5 mol-equiv KOt-Bu/THF R3
3 aq KF

The requirement of a large amount of base 1n these reactions may be due to displacement of the cyclopentadienyl
rings by ¢-butoxide We find that when Cp2Zr(CH3); 15 treated with 3 mol-equiv KOz-Bu 1n THF solution for
12 h at room temperature and the mixture 18 cooled to -50°C, crystalline KCsHjs 1s 1solated in 76% yield based
on loss of both Cp rings from the metal This 15 one of relatively few examples of nucleophihc displacement of
a coordinated Cp hgand as CsHs™ 4 The zirconium byproducts have not yet been identified Consistent with
this observation, all of the reactions of aldehydes in Table 1 proceed with formation of deeply colored
byproducts which have been 1dentified as fulvenes for entries 1 and 2 5 Apparently CsHs~ competes with active
Zr alkyl species for the carbonyl substrate  The large amount of elirmnation product in entry 8 may result from
direct ehmmaton from an mtermediate zircomum alkoxide 6

The alkylation reactions of eq 1 almost certainly involve alkyl transfer from a zirconium intermediate
The selectivity for PhCHO versus PhpCO 15 6 1 for CpaZr(CH3), compared with 1 6 1 for CH3L: 7 Whether
the active species are neutral alkoxyalkylzircontum complexes or zircontum "ate” complexes® 1s presently being
explored We are also attempting to find nulder conditions with which to enhance the nucleophilicity of
zirconocene alkyls without transmetallation and investigating these reactions with alkyl groups possessing
B-hydrogens
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