
Communications to the Editor

Highly Regioselective Alkylation at the
More-Hindered r-Site of Unsymmetrical Ketones by
the Combined Use of Aluminum
Tris(2,6-diphenylphenoxide) and Lithium
Diisopropylamide

Susumu Saito, Masahiro Ito, and Hisashi Yamamoto*

Graduate School of Engineering, Nagoya UniVersity
CREST, Japan Science and Technology Corporation (JST)

Furo-cho, Chikusa, Nagoya 464, Japan

ReceiVed September 17, 1996

An unsymmetrical dialkyl ketone can form two regioisomeric
enolates upon deprotonation.1 To exploit the synthetic potential
of enolate ions, the regioselectivity of their formation must be
controlled. By adjusting the conditions under which an enolate
mixture is formed from a ketone, it is possible to establish either
kinetic or thermodynamic control. Ideal conditions for kinetic
control of the formation of less-substituted enolate are those in
which deprotonation is irreversible, such as those with lithium
diisopropylamide (LDA). On the other hand, at equilibrium,
the more-substituted enolate is the dominant species with
moderate selectivity.2 Although there exists a method to
generate the more-substituted enolate using magnesium re-
agents,3 the selectivity is not always high. We report here a
third, hitherto unknown, method for the kinetically controlled
generation of the more-substituted enolate by the combined use
of aluminum tris(2,6-diphenylphenoxide) (ATPH)4 and LDA
(Scheme 1).
Precomplexation of ATPH with methylcyclohexanone (1a)

at -78 °C in toluene, followed by sequential treatment with

LDA in tetrahydrofuran and methyl trifluoromethanesulfonate5

(MeOTf), furnished, after 2 h, 2,2-dimethylcyclohexanone (2a)
and 2,6-dimethylcyclohexanone (3a) in an isolated yield of 53%
in a ratio of 32:1.6 Other alkylating agents, such as octyl triflate7

(OctOTf), allyl bromide (Allyl-Br), allyl iodide (Allyl-I), and
propargyl bromide, were also used for highly selective alkylation
at the more encumberedR-site of1a to give2b-d exclusively
(entries 2-5). In general, the reaction with the halides required

a higher temperature (-20 to 0 °C) than that with the alkyl
triflates (-78 to -40 °C). This alkylation method was also
successfully applied to other unsymmetrical ketones, and the
results are summarized in Table 1. It should be emphasized
that a high level of discrimination ofR-methine overR-meth-
ylene (entries 1-8),R-methylene overR-methyl (entries 9 and
10), andR-methine overR-methyl (entry 11) was achieved using
ATPH to give2b-i in reasonable yields.
The generation of the kinetically deprotonated more-

substituted enolate could be interpreted in terms of the influence
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of ATPH on the inherent coordination preferences of unsym-
metrical ketones. The X-ray crystal structure of the ATPH-
dimethylformamide complex4d revealed that the three arene rings
of ATPH form a propeller-like arrangement around the alumi-
num, producing a pocket for accepting a carbonyl compound.
It is reasonable to suggest that the bulky aluminum reagent
ATPH prefers coordination with one of the lone pairs of the
carbonyl oxygenanti to the more-hinderedR-carbon of the
unsymmetrical ketone.8,9 As a consequence, the pocket sur-
rounds the less-hindered site of the carbonyl group, thus

obstructing the trajectory of the nucleophilic LDA attacking at
this position (Scheme 1 and Figure 1).
Figure 1 also shows that uponanti complexation with ATPH,

theR-methylene proton of1a lays behind theR-methine proton,
which is more accessible for deprotonation. The crucial role
of the pocket in obtaining the present regioselectivity and high
yields was further demonstrated by an alkylation experiment
with 1a in the presence of methylaluminum bis(2,6-di-tert-butyl-
4-methylphenoxide) (MAD),10 a less-hindered aluminum reagent
lacking a pocket. Complexation of1a with MAD at -78 °C
was followed by addition of LDA. After 1 h, the resulting
enolate was treated with MeOTf, and the mixture was stirred
continuously for 19 h at the same temperature to give2a and
3a in a ratio of∼1:1.
In conclusion, the synthetically useful, highly selective

alkylation at the more-substitutedR-carbon of unsymmetrical
ketones was realized by extending the Lewis acid-base
complexation system to the ordinary ketone alkylation method
using LDA and electrophilic alkylating agents.
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Table 1. Regioselective Alkylation of Unsymmetrical Ketonesa

aUnless otherwise noted, deprotonation of ketones with LDA in the
presence of ATPH at-78 °C for 30 min was followed by treatment
with alkylating agent (R′X), and the mixture was stirred at-78 °C to
room temperature.bThe carbons indicated with arrows are the more-
hinderedR-site. c Yields are of isolated, purified products.d Product
ratios are determined by 300 MHz1H NMR, HPLC, or GC analysis
against authentic samples.

Figure 1. Space-filling model of the ATPH-1a complex. LDA
attacking is more feasible at the more substitutedR-carbon.
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