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The direct conversion of an allylic alcohol to an a-alkylated carbonyl derivative may be achieved in a one-pot 
sequence via rhodium promoted isomerization of the derived lithium alkoxide or potassium triethylboronate 
com plex. 

The formation and reactivity of enolate anions has unques- 
tionably served as a pre-eminent cornerstone for carbon- 
carbon bond formation in the armoury of the synthetic 
chemist. Traditionally, such intermediates have been gener- 
ated from the corresponding carbonyl compound, either by 
base-induced deprotonation, or via conjugate addition or 
reduction sequences using an appropriate a$-unsaturated 
derivative. We reasoned, however, that an alternative stategy 
should exist, whereby, the selection of an allylic alcohol as a 
substrate would permit prior formation of the derived 
alkoxide anion to be followed by relocation of the carbon- 
carbon double bond using a controlled transition metal- 
mediated isomerization. Although the formation of enolic 
derivatives from a wide variety of allylic ethers (e.g. alkyl, 
aryl, silyl) by such isomerizations has been extensively 
studied2 and is now a standard synthetic operation, as, for 
example in hydroxy group deprotection ,3  the direct genera- 
tion of reactive metal enolates in such a fashion for further in 
situ reaction has not, to the best of our knowledge, been 
previously considered. 

The foregoing concept is summarized in more detail in 
Scheme 1, which also indicates two further factors of 
considerable importance in the overall design. In the first 
instance, our choice of metal M1 was determined by the desire 
to avoid the use of an ionic metal alkoxide which could 
function directly as an irreversible ligand for the transition 
metal M2 and also to obtain covalent enolates of a known and 

well-behaved type. Of equal importance was the selection of a 
cationic transition metal catalyst M2 accommodating three 
vacant coordination sites, and which, by operating either via 
the mallyl hydride mechanism or an 'oxonium ion' ion 
equivalent as shown, would be expected to benefit (in 
energetic terms) from oxygen lone-pair participation. 
Although the catalytic isomerization of allylic alcohols to 
carbonyl compounds is well known,2 the remarkable demon- 
stration of the persistence of simple enols under rhodium 
catalysis, which was reported recently by Bosnich4 during the 
course of our studies, has confirmed this mechanistic approach 
and shown that both hydride abstraction and delivery occur in 
an irreversible fashion. The present work was, however, 
undertaken with the fundamentally different objective of 
generating a synthetically useful enolate; and thereby avoid- 
ing the phenomenon of facile tautomerism, which destroys the 
inherent potential of enols for directly controlled carbon- 
carbon bond formation. 

We now report our preliminary efforts to validate this 
approach using lithium alkoxides or potassium triethylboron- 
ate complexes for M1 in conjunction with the cationic rhodium 
complex [Rh(dppe)(thf)2]+(C104)- ,4 conveniently prepared 
by controlled hydrogenation of the corresponding 1,5-cyclo- 
octadiene (cod) derivative [Rh(dppe)(cod)]+(ClO,) [dppe = 
ethylene bis( dip hen ylp hosphine)] . 

1-Phenylprop-2-en-1-01 1 was selected as a suitable sub- 
strate for initial study of the one-pot isomerization-alkylation 
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sequence outlined in Scheme 2. In a typical experiment, prior 
formation of the alkoxide ‘anion’ in tetrahydrofuran (thf) is 
followed by addition of the rhodium catalyst (2-5 mol%) to 
the reaction via cannula and thermal isomerization is allowed 
to proceed until all of the starting allylic alcohol has been 
consumed, as evidenced by TLC aliquot monitoring. The 
reaction mixture is then cooled in an ice-salt bath, followed by 
addition of the electrophile and allowed to stir overnight. The 
lithium alkoxide 2 was prepared by addition of one equivalent 

Table 1 

Alkoxide Catalyst Product Yield (%) 

2 A 4 82 
2 A 5 75 
2 A 6 62 
2 B 4 68 
3 A 4 69 

+Y 
O, Li 

9 

L 
0 

10 

OBEt,-K+ 

11 12 

of butyllithium to the alcohol , while potassium triethylboron- 
ate complex 3 was generated either by the reaction of 1 with 
potassium hydride and then triethylborane or, at a later stage 
even more simply, by reaction with potassium triethylboro- 
hydride in the presence of triethylborane as catalyst. 

The results for a series of a-alkylated products are given in 
Table 1 and confirm that both the covalent lithium alkoxide 2 
and the boron ‘ate’ complex 3 can undergo this type of 
reaction. Interestingly, we have also shown that Wilkinson’s 
catalyst is highly effective in promoting isomerization of 
lithium alkoxide 2, although its function may be as the 
precursor of an even more reactive species in the catalytic 
cycle. 

The lithium alkoxide 2 was also an appropriate model to 
examine the present sequence in terms of generating a 
particular enolate geometry. As outlined in Scheme 3, 
inherent possibilities exist for control either in the initial 
requirements for stereoselective hydride abstraction, or by 
interconversion of the two n-ally1 intermediates by the n-0-n 
mechanism.5 In the event, isomerization of 2 with 
[Rh(dppe)(thf),]+ followed by reaction with benzaldehyde 
under kinetically controlled conditions6 gave the aldol pro- 
ducts 7 and 8 in good overall yield (84%) with a distinct 
preference (7: 8, 8.6: 1) for the formation of the thermo- 
dynamically less stable syn diastereoisomer. This result 
therefore indicates that at least 86% of the product was 
derived via the 2-enolate.7 

We have also briefly studied the application of this method 
to energetically more demanding substrates. Thus, isomeriza- 
tion of the lithium alkoxide 9 of but-3-en-2-01 with the catalyst 
[Rh(dp~e)(thf)~]+ followed by alkylation of the resultant 
enolate with ally1 bromide gave ketone 10 (36%, isolated and 
further characterized as its 2,4-dinitrophenylhydrazone de- 
rivative) as the sole ketonic regioisomer derived from the 
first-formed thermodynamic enolate. In similar fashion, 
alkylation of the aldehyde enolate produced from the boron 
‘ate’ complex 11 of the corresponding primary allylic alcohol 
gave, after quenching with benzyl bromide the labile 
aldehydes 12 (30% , isolated and characterized as the derived 
primary alcohol from lithium aluminium hydride reduction), 
thereby avoiding the necessities of purifying and manipulating 
isobutyraldehyde via the multistep metalloimine sequences.9 

The foregoing results have hopefully indicated that an 
allylic alcohol can serve not merely as a latent but as a direct 
synthon for entry into enolate anion chemistry and, when 
taken in conjunction with established chemistry involving 
chiral enolates’o and the isomerization of allylic alcohols2.11 
and amines 12 using chiral transition metal catalysis indicates 
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potential for the development of stereocontrolled carbon- 
carbon bond formation. 
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