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ABSTRACT

Mixed aggregates of chiral lithium amide and lithium ester enolate have been employed in the enantioselective conjugate addition on r,â-
unsaturated esters. Michael adducts were obtained in ee’s up to 76% combining a lithium enolate and a chiral 3-aminopyrrolidine lithium
amide. The sense of the induction was found to be determined by both the relative configuration of the stereogenic centers borne by the
amide and the solvent in which the reaction was conducted.

The stereoselective formation of carbon-carbon bonds by
conjugate addition of carbonucleophiles toR,â-unsaturated
systems has been studied intensively over the past few years.1

Among the useful nucleophiles used in this process, lithium
enolates derived from ketones or esters, which have found
countless applications in aldolisation reactions,2 remain
relatively underemployed.3,4 Most reported examples are
limited to the addition of stabilized enolates such as those
derived from malonates, cyanoacetates, and acetoacetates.5

Indeed, the reactions with simple, unstabilized enolates are
often complicated by side reactions, which include proton
transfers, undesired condensations between reacting species,
and concomitant 1,2-additions.

Nevertheless, a few diastereo-6 and enantioselective7

versions of the conjugate addition were successfully devel-
oped. In the latter case, the lithium enolates have been closely
associated to chiral diethers,7c amines,7a-c lithium alkoxides,7e

or lithium amides.7a Thus, Tomioka’s group has been
studying the influence of chiral diethers (such as2, Scheme
1), on the 1,4-addition of lithium ester enolates onto cyclic
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and acyclic enones.7c Interestingly, the best ee (74%) was
obtained when adding one equiv of LDA to the stoichio-
metric mixture of enolate and chiral ligand (1:1:1). More
generally, the reaction of putative ternary complexes (such
as 3, Scheme 1) was found to give adducts in higher ee’s
than the corresponding binary complexes working without
the assistance of a lithium amide.8,9

The formation of mixed aggregates of ketone or ester
enolates and chiral or achiral lithium amides has also been
evidenced, both in the solid state10 and in solution.8,11 These
entities have been proposed to be decisive actors controlling
the kinetics, the regioselectivity and the enantioselectivity
of the reaction in which they are involved.

3-Aminopyrrolidines (3APLi) are known to form 1:1
noncovalent aggregates, 3APLi:RLi, the structure of which
was established by NMR12 and supported by DFT calcula-
tions.12,13 These aggregates have been used as chiral auxil-
iaries for the enantioselective 1,2-addition of alkyl-,14

aryl-,15 and vinyllithiums16 on aldehydes. We present here
results suggesting that 3APLi can also form aggregates with
lithium enolates of ester (Scheme 2), to be used in enanti-
oselective Michael additions onR,â-unsaturated esters.

The study was conducted with the lithium enolate1
derived from 2,4-dimethylpentan-3-yliso-butyrate4 (Scheme
3). This choice circumvents the problem of the control of

the enolate double bond configuration and leads to the
creation of a single asymmetric center.17 The protocol
retained to run these experiments was designed to avoid, in
a first set of experiments, any interference of the amine used
to deprotonate the ester with the putative complex of enolate
and amide. Therefore, the enolate was generated by adding
3APLi to the ester (30 min at-20 °C; see Supporting
Information). The resulting 3APH (5 or 6) was then
deprotonated in situ by 1 equiv ofn-BuLi added atop
(Scheme 3).

The first experiments were optimized using (E)-tert-butyl
crotonate. Parameters to be considered included the solvent,
the temperature, and the ratio between the enolate, the amide,
and the substrate (Table 1). Preparing the enolate1 with LDA
and leaving the residuali-Pr2NH in the medium led to a poor
13% yield after 6 h (entry 1). A similar result was obtained
replacing LDA with 5-Li (yield ) 11%). In contrast, the
presence of 1 equiv of lithium amide enhanced the yield of
the transformation up to 86% (entry 2), as previoulsy noted
in the enantioselective 1,2-addition of comparable lithium
enolates on imines.18 We next substituted LDA with the
chiral5-Li and were delighted to note that the resulting ester
(+)-7 was obtained in 68% yield and 72% ee (entry 3).
Increasing the chiral amide to enolate ratio improved slightly
the yields but left the ee almost unaltered (entries 4 and 5).
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(yield ) 82%, ee) 76%) were obtained when increasing
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Scheme 1. Putative Ternary Complex Formed between a
Chiral Diether, LDA. and a Lithium Enolate7c

Scheme 2. Hypothesis of a Mixed Aggregate between a
Lithium Enolate and 3APLi

Scheme 3. Protocol to Generate an Enolate:Amide Aggregate
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o-tolualdehyde.14b However, the associated ee’s are lower
(entries 8-10). Finally, a “double inversion” was noticed
when employing6-Li in toluene; the (+)-7 enantiomer was
recovered, but in a mediocre 30% ee (entry 12).

We next probed the influence of the structure of the
substrate on the enantioselectivity of the reaction (Table 2).

Applying the previous protocol to5-Li and tert-butyl
cinnamate (R) Ph) required longer reaction times and led
to very disapointing results inductionwise (entry 1). Raising
the temperature increased significantly the reaction rate while
the ee plummeted (entry 2). A similar observation was made
with amide6-Li (entries 3 and 4).

The congested product resulting from the addition of our
bulky enolate to cumbersome (E)-tert-butyl 4-methylpent-
2-enoate (R) i-Pr) resulted in surprisingly good chemical
yields; however, the associated ee’s remained very low
(entries 5 and 6). Overall, this reaction seems highly substrate
sensitive and requires a re-optimization of its conditions in
every new case.

In a last section, we ran complementary experiments to
probe the possible formation of ternary enolate:amide:amine
complexes, closer to the enolate:amide:chiral ether studied
previously by Tomioka et al.7c Thus, two new protocols were
designed. The first (protocol A) was identical to that
described above (Scheme 3), except that it was followed by
the addition of an extra equivalent of an amine atop of the
enolate-amide mixture. The second protocol (B) implied the
deprotonation of the ester by a given lithium amide, resulting
in an enolate-amine mixture, before a second equivalent of
another lithium amide was added (Table 3). In all cases, the

ratio amine/amide/enolate/tert-butyl crotonate was kept equal
to 1.3:1.3:1.3:1.0, figures adapted from the above results.
The data are presented in Table 3. Its entry 1 suggests that
the addition of i-Pr2NH to the enolate:5-Li complex is
meaningless, the results being similar to those obtained in
Table 1, entry 3. When the order of introduction of the
additives is reversed (entry 2), the output is hardly altered.
This suggests that LDA is more basic than5-Li and that a
similar enolate:5-Li aggregate is obtained in entries 1 and
2. The latter seems to be poorly affected by the chiral amine

Table 1. Conjugate Addition of Lithium Enolate1 on
(E)-tert-Butyl Crotonate (R) Me)

entry amide ratioa solvent temp (°C) 7 (%)b ee (%)c

1 LDA 0.0:1.3:1.0 THF -78 13d

2 LDA 1.3:1.3:1.0 THF -78 86
3 5-Li 1.3:1.3:1.0 THF -78 68 72 (+)
4 5-Li 1.7:1.3:1.0 THF -78 83 74 (+)
5 5-Li 2.6:1.3:1.0 THF -78 81 71 (+)
6 5-Li 2.4:2.0:1.0 THF -78 82 76 (+)
7 5-Li 1.7:1.3:1.0 toluene -78 52 62 (-)
8 6-Li 1.7:1.3:1.0 THF -78 95 55 (-)
9 6-Li 2.4:2.0:1.0 THF -78 91 54 (-)

10 6-Li 2.4:2.0:1.0 THF -20 76 53 (-)
11 6-Li 2.4:2.0:1.0 toluene -78 45 45 (+)
12 6-Li 2.4:2.0:1.0 toluene -20 61 30 (+)

a Ratio between amide:enolate:(E)-tert-butyl crotonate.b Isolated yields
in 7. c Measured by HPLC on a Daicel Chiralpak AD-H column (see
Supporting Information). The absolute configuration of7 remains to be
determined.d Isolated yield after 6 h.

Table 2. Conjugate Addition of Lithium Enolate1 on
(E)-tert-Butyl Cinnamate (R) Ph) and (E)-tert-Butyl
4-methylpent-2-enoate (R) i-Pr) in the Presence of Chiral
3APLi in THF

entry Ra amide temp (°C) time (h) yield (%)b ee (%)c

1 Ph 5-Li -78 6 8 (52) 12 (+)
2 Ph 5-Li -20 2 8 (94) 2 (+)
3 Ph 6-Li -78 6 8 (52) 50 (-)
4 Ph 6-Li -20 2 8 (96) 6 (-)
5 i-Pr 5-Li -78 3 9 (75) 11 (+)
6 i-Pr 6-Li -78 3 9 (79) 15 (+)

a R refers to the Scheme in Table 1.b Isolated yields in8 or 9. c Measured
by HPLC on a Daicel Chiralpak AD-H column (see Supporting Information).
The absolute configurations of8 and9 remain to be determined.

Table 3. Conjugate Addition of Lithium Enolate1 on
tert-Butyl Crotonate in the Presence of Amide and Amine

entry protocola

first
amine/amide

second
amine/amide 7 (%)b ee (%)c

1 A 5-Li i-Pr2NH 79 71
2 B 5 LDA 72 67
3 A 5-Li 5 94 62
4 A LDA 5 60 19
5 B i-Pr2NH 5-Li 47 66

a See text for the definition of the protocols.b Isolated yields.c Measured
by HPLC on a Daicel Chiralpak AD-H column (see Supporting Information).
The (+) enantiomer was recovered in all of these experiments.
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5, which exerts a slightly unfavorable effect on the ee (entry
3), suggesting a “mismatch” relationship between the amine
and its corresponding amide. If the enolate is first aggregated
with LDA and the free chiral amine5 added atop of this
complex (entry 4), the ee drops to 19%. This observation
probably translates the mediocre induction power of the
amine itself, which would hardly interact with the robust
enolate:achiral amide mixed aggregate. Entry 5 finally
supports the above assumptions, since the addition of5-Li
to the enolate:i-Pr2NH mixture once more affords the enolate:
5-Li complex associated with a 66% ee.

Inspired by Seebach’s pionnering works,7a we finally
attempted to form a ternary complex between LiBr, enolate
1, and5-Li. However, generating the enolate with5-Li and
then deprotonating the resulting amine with MeLi:LiBr (1:
1) led to disapointing figures (yield) 15%, ee) 11%).

In conclusion, the above results show that 3APLi lithium
amides act as chiral auxiliaries in the enantioselective
conjugate addition of lithium enolate toR,â-unsaturated
esters. Values for ee’s of up to 76% were reached after
optimization of the experimental conditions. The sense of
the induction appears to be controlled both by the relative

configuration of the stereogenic centers borne by the amide
and by the solvent. The analysis of the data suggests that, at
low temperature, mixed aggregates form between the two
lithiated entities. Within the limits of the Curtin-Hammett
postulate, this complex can be held responsible for the
observed inductions. Detailed NMR and theoretical studies
will be necessary to describe the structure of this putative
species and its interaction with the electrophiles.12,14b
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